AHHOTauuun HAY4HbIX CTaTeu U KlouveBble C/10Ba ANA BCeX HAaYy4YHbIX cTatem u 0630pOB,
OHVGIWIKOBaHHbIX peueHsnpyembiMm Hay4HbIM UsgaHmem 3a nociaegHue Asa roaa
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YucieHHOe MOAe/IMpOBaHHeE IIpoLecca
aAJUTHUBHOIO NPOU3BOACTBA NOCPECTBOM
Ka/IMOPOBOYHOU MOAE/IH

MeTOA0M BO3POXKAEHUA YIIPYroro cjaos

AHHOMayusA. AboumusHoe npouszsoocmso, unu 3D-neyams, npedcmasnsem coboli npoyecc
C030aHUA MpexmepHbIX u3uYecKux 06veKmoe Ha 0CHO8e Yugposbix modeneli nymem
nocnedosamesnbHO20 HAPAULUBAHUA MAMepPUana caol 3a croem. 3ma cmamos GoKycupyemcs
HQ YucaeHHOM MOOenuUPoBaHUU fpoyecca ad0umueHo20 nNPou3eodcmea KaaubposoyHol
(mapuposouHoli) Modenu c ucnoab308aHUEM Crieyupuyecko20 Nodxooa — memooa
803pOHOEHUA ynpy2020 c10A. Memod 803poxdeHUA ynpy2020 C/0A —3MO MEXHUKQA,
HaNpasaeHHAs Ha MUHUMU3ayuro HanpsaxceHul u degpopmayuli 8 npoyecce a00UMuUBHoO20
npouszsodcmea, Ymo 0cobeHHO 8aX#HO MpuU CO30AHUU MOYHbIX U HAOEXHbIX KaaAUubpPo8OYHbIX
modernell. Memod sKkao4aem 8 cebsa 8upmyasnbHoOe 80CCMAHOBAEHUE yrpyaux ceolicma
Kaxc0020 C/107 nocae e2o HAHeCeHUsA U NoaAUMepPU3ayuU, Ymo no3eosaem rnpedcKassbieame u
KOppekmuposame 803MOXCHbIE UCKadeHUA. ABdumusHoe npou3sodcmeo, uau 3D-neyame,
npeobpazyem npou3so00cmeeHHy UHOYCMpPUto, 038047 030a8aMb CAOMHCHbIE hopMbl U
CMpyKmMypeol, Komopeoie bblau 6bl HEBO3MOMHbI UAU SIKOHOMUYECKU Heabl200HbI rpu
UCrno6308aHUU MPAOUYUOHHbIX Memo0os8. OOHAKO, HeCMOMpPA HA 0bWUpPHbIe 803MOXCHOCMU,
npouecc conposoxcdaemcs padom mpyoHocmedl, 8BKAOYAA yripasaeHUe 8HyMpPeHHUMU
Hanpa}eHuaMu u npedomepaujeHue oepopmayuu uzdenul. aHHsie npobaemosl 0ocobeHHO
aKMYyanbHbI NpuU npouzsodcmee KanubposovHblx mooenel, mpebyroujux 8bICOKOU moyHocmu.

Kntoueeole cnoea: adoumusHoe npou3sodcmeo, modenuposaHue, noaumepsi, FDM,
MexaHu4Yeckue cgolicmea mamepuasnos

Ana yumupoeaHus: YabaHeHKo A. B. YucneHHoe modenuposaHue npouyecca ad0umusHo20

npou38o0cmea Nocpedcmeom KanubposoyHoli MoOdesnu memoOom 803POHOEHUA Yrpya02o C/0A

// MHHoBayuoHHoe npubopocmpoeHue. 2024. T. 3, No 2. C. 5-10. DOI: 10.31799/2949-0693-
2024-2-5-10.

Numerical simulation of the additive
manufacturing process by means of a calibration
model using the elastic layer regeneration method

Abstract. Additive manufacturing, or 3D printing, is the process of creating three-dimensional
physical objects based on digital models by sequentially building up material layer by layer. This
article focuses on numerical modeling of the additive manufacturing process of a calibration
model using a specific approach — the elastic layer regeneration method. The elastic layer
regeneration method is a technique aimed at minimizing stresses and deformations in the
additive manufacturing process, which is especially important when creating accurate and
reliable calibration models. The method involves the virtual restoration of the elastic properties
of each layer after its application and polymerization, which makes it possible to predict and
correct possible distortions. Additive manufacturing, or 3D printing, is transforming the
manufacturing industry, allowing the creation of complex shapes and structures that would be
impossible or economically unprofitable using traditional methods. However, despite the
extensive possibilities, the process is accompanied by a number of challenges, including
managing internal stresses and preventing deformation of products. These problems are
especially relevant in the production of calibration models that require high accuracy.

Keywords: additive manufacturing, modeling, polymers, FDM, mechanical properties of
materials

For citation: Chabanenko A. V. Numerical simulation of the additive manufacturing process by
means of a calibration model using the elastic layer regeneration method. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(2):5-10. (In Russ.). DOI: 10.31799/2949-
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[IpuMeHeHMe MCKYCCTBEHHBIX HEMPOHHBIX ceTel
B yIIpaBJIEHUH Pe3yIbTaTUBHOCTbI0 TEXHUYECKOI'0
JOKYMEHT0060poTa

AHHOmMayus. Mpednazaemca nodxo0d K ysay4yuweHUo NPoueccos co2aaco8aHus mexHu4eckol
O0KYMeHmMauyuu ¢ y4emom o2paHuYeHuli cucmemsi MeHeOHMeHMa Ka4ecmea HayKoemKo20
npoussodcmea. PaccmompeH U NpoaHaAUu3upoeaH 3apybexcHsili oneim peweHus 3a00a4
KaaccuguKkayuu 00KymMeHmMos ¢ MoOMOWbIO UCKYcCmeeHHbIX HelipoHHbIx cemeli. [pednoxceHa
YAy4YWeHHas Mooesb Mapuwipyma co2saaco8aHUA mexHu4eckol 00KyMeHmayuu 8 cpede
asmomamu3uposaHHol cucmemsl Npednpuamus, He Ipomugope4awas mpebosaHuaIM
cucmembl MEHEOHMEHMA Ka4ecmea 0p2aHU3ayuu U no3eoaouds yay4uums Kauecmeo
MPOYECcos8 co2nacos8aHus mexHU4eckol OOKyMeHmayuu HayKoemKoz20 npou3eoocmaa.

Knioueevble cnoea: cucmema, UCKycCcmeeHHAs HelipoHHaA cems, mexHuYecKuli
dokymeHmoobopom, Hecoomeemcmaue, mexHu4yeckas 0KyMeHmauyus, Ka4ecmaeo,
MoOepHU3ayus, yay4weHue, HaGyKoemKoe npou3eo0cmaeo, op2aHu3ayus, cucmema
MeHedHMeHma Kayecmaa

Ana yumupoearusa: VieaHos M. B., TywasuH B. A. [lpumeHeHuUe UCKycCmeeHHbIX HelipOHHbIX
cemeli 8 ynpaeneHuUU pe3yabmamugHOCMbIO mexHu4ecko2o 0okymeHmoobopoma //
UHHosayuoHHoe npubopocmpoerue. 2024. T. 3, No 2. C. 11-17. DOI: 10.31799/29490693-2024-
2-11-17.

TakTHKa NPOEKTUPOBaHMSA GepPerKTUBBIX
MPOU3BOJACTBEHHBIX CUCTEM

AHHOMayusA. Yiccnedyemcs npobaema adanmayuu rnpu npoekmuposaHuu bepexussix
Mpou3800CMBEHHbIX cCUCMeM Ha omevecmeeHHbIX npednpuamusx. Onucsisaromcs
¢yHOameHMasnbHble cmpameauu U memoodsl, UCMoAb3yemMble npu paspabomke cucmem
bepexcnusozo Npou3soocmea, Ha OCHO8e KOMOPLIX Pa3pabamoleaemca MAKMuUKa nepexood ¢
MpaduyUOHHbIX MPOU380OCMBEHHbIX cUCMeM Ha bepexiuasle Mpou3e0d0cmeeHHbIe CUCMEMbI.

Kntouesvbie cnoea: bepexnueoe npou3eodcmeo, mpaduyuoHHAA Npou3eo0cmeeHHas cucmema,
bepexcnusasn Npou3sodcmMeeHHas cucmema, 3nemeHmeol 6epexciuso20 Npou3sodcmea

Ana yumuposarus: BunHuyeHKo A. B. TakmuKa npoekmuposaHus bepexnuselx
npoussodcmeeHHbIx cucmem // UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 2. C. 18-21.
DOI: 10.31799/2949-0693-2024-2-18-21.

Application of artificial neural networks
in performance management of technical
document management

Abstract. An approach to improving the processes of technical documentation approval taking
into account the limitations of the quality management system of knowledge-intensive
production is proposed. Foreign experience of solving problems of document classification using
artificial neural networks is considered and analyzed. The improved model of the route of
technical documentation coordination in the environment of the automated system of the
enterprise, not contradicting the requirements of the quality management system of the
organization and allowing to improve the quality of the processes of coordination of technical
documentation of knowledge-intensive production is offered.

Keywords: system, artificial neural network, engineering document flow, nonconformity,
engineering documentation, quality, modernization, improvement, high-technology production,
organization, quality management system

For citation: Ivanov M. V., Tushavin V. A. Application of artificial neural networks in performance
management of technical document management. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(2):11-17. (In Russ.). DOI: 10.31799/2949-06932024-2-11-17.

The tactics of designing lean production systems

Abstract. The article examines the problem of adaptation in the design of lean production
systems at domestic enterprises. Describes the fundamental strategies and methods used in the
development of lean production systems, based on which tactics for the transition from
traditional production systems to lean production systems are developed.

Keywords: lean manufacturing, traditional production system, lean production system, elements
of lean manufacturing

For citation: Vinnichenko A. V. The tactics of designing lean production systems. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(2):18-21. (In Russ.). DOI: 10.31799/2949-
0693-2024-2-18-21.
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OpFaHI/IBaHPIOHHbIﬁ zmsaifm IBPpUCTHYE€CKHUMHU
MOA€E/IIMH

AHHOMayusA. B yci108usax nocmosaHHo usmeHaowelica denosoli cpedsbl cospemeHHble
0pP2aHU3AUUU CMAAKUBAIOMCA C HE06X00UMOCMbIO A0anMayuu ceoux cmpykmyp 04
obecneyeHusa ycmolyusocmu u KOHKypeHmocnocobHocmu. 3epucmuyeckue mooenau
0pP2aHU3AYUOHHO20 Ou3aliHa Npedsadaarm aabmepHamuUeHsbil MoAxo0 K mpaduyUuoHHOMY
CMpYKmMypuposaHuto npednpuamuli, aKUeHMupys sHUMaHUe Ha 2ubKocmu, MoOysbHOCMU U
umepamusHocmu. B daHHOM ucc1edo8aHUU paccmMampusaomca meopemuyeckue u
MpakmuyecKue acnekms! NPUMeHeHUS 38pucmuYeckux modeseli 8 opeaHuU3ayuoHHom ou3saliHe,
aHaAU3uUpPyemca ux eausHUe Ha 0nepamueHyo 3¢hheKmu8HOCMb U UHHOBAYUOHHYHO
aKkmusHocme ripeonpusmud.

Knroyeseole cnosa: aspucmuyeckue MOdeﬂU, OpZGHUB’GL{UOHHbI(j du.?GﬁH, UHHOBAUUOHHAaA
dKmMueHOCMsb, Op2aHU3aAUYUOHHAA cucmema

Ana yumupoearusa: MawuHa E. A., Hazapesuy C. A. Op2aHU3ayUOHHbIG Ou3aliH
3spucmuyeckumu modenamu // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 2. C. 22-25.
DOI: 10.31799/2949-0693-2024-2-22-25.

Moaenu o6ecrneyeHUs KayecTBa
IIPOTHO3UPOBAHHUA HECOOTBETCTBUH B
HpOHBBO,Z[CTBeHHOﬁ CUcTreme

AHHOomayusa. Kaxoaa cucmema Hyxdaemcs 8 ynpasaeHuu Hecoomeemcmauamu, Komopeole
mMoaym 6bimb HOPMAMUBHbLIMU, MEXHUYECKUMU UU 0p2aHU3aYUOHHbIMU. Hecoomeemcmeaus
Mo2ym 8bI38amMb 00pPO20CMOoAWUE UHYUOEHMbI UAU a8apuu 8 KOMINAHUU, HaHecmu yujepb Kak
Kayecmey npodyKyuu, mak u 300poseto U bezonacHocmu compyodHuKos. [loamomy Heobxodumo
yMemb 8bIA8/AMb, Yyrpasaams U Mpo2HO3Upo8amMs HECOOM8emcmaeus, d MAKXe 8epPOAMHOCMb
ux 803HUKHoBeHus. ObecneyeHue Kayecmea mpebyem cmpameauli u NMPoyeccos rno
ycmpaHeHuto ehekmos, Ho Ha NPaKkmMuke nosaHocmeoto bezdegpekmHbili npoyecc mpyoHo
npedcmasume U3-3a PA3AUYHbIX MPUYUH, MAKUX KaK 0egheKmHble KOMMOHEHM®bI, Cry4aliHble
cbou e npoyecce, omkazsl 060py008aHUSA, pazpabomka Ho8ol NMPodyKyUU U 8HeOpeHUe HOBbIX
mexHosnozaull. [losmomy Heobxodumo npedycmompems 803MOXCHOE HaAUYUe
Hecoomeemcmasuli. [1na npoz2HO3uposaHus Hecoomsemcmauli Heobxoo0umo sblbupams
aghpekmuesHble Mmooesnu, Ymobbl MUHUMU3UPOBAMb MOMEPU MPOoU3800CMBEHHOU cucmemsi.
UNHCcmpymeHmMebl Npo2HO3Upo8aHUA Hecoomeemcmauli 00aM#cHbI 6bimb 8b16PAHbI 8

Organizational design by heuristic models

Abstract. In an ever-changing business environment, modern organizations are faced with the
need to adapt their structures to ensure sustainability and competitiveness. Heuristic models of
organizational design offer an alternative approach to traditional enterprise structuring,
emphasizing flexibility, modularity, and iterativity. This article examines theoretical and practical
aspects of applying heuristic models in organizational design, analyzing their impact on
operational efficiency and innovation activity of enterprises.

Keywords: heuristic models, organizational design, innovation activity, organizational system

For citation: Pashina E. A., Nazarevich S. A. Organizational design by heuristic models.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(2):22-25. (In Russ.). DOI:
10.31799/2949-0693-2024-2-22-25.

Quality assurance models for forecasting
nonconformities in the production system

Abstract. Every system needs to manage non-conformities, which can be regulatory, technical or
organizational. Non-conformances can cause costly incidents or accidents in a company, and can
damage both product quality and the health and safety of employees. Therefore, it is necessary
to be able to identify, manage and predict non-conformances and their likelihood of occurrence.
Quality assurance requires strategies and processes to eliminate defects, but in reality a
completely defect-free process is hard to imagine due to various causes such as defective
components, random process failures, equipment failures, new product development and the
introduction of new technologies. Therefore, it is necessary to anticipate the possible existence of
nonconformities. For predicting non-conformities, efficient models should be selected to
minimize the losses of the production system. Nonconformance prediction tools should be
selected according to the needs and characteristics of the company and the production system.

Keywords: technological risk, nonconformity, defect, corrective actions
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coomeemcmeuu ¢ I70mp€6H06mﬂMU u XapakmepucmuKkamu KoOMnaHuu u npou3eodcmeeHHoﬁ
cucmemel.

Knroueeble cnoea: mexHoso2udyeckull puck, Hecoomeemcmeue, 0edheKkm, Koppekmupyowue
delicmeus

Ana yumupoearus: Bepxosckasa A. U., Hazapesuy C. A. Modenu obecneyeHus Kayecmesa
MpO2HO3UPOBAHUA Hecoomaemcmauli 8 Mpou3sodcmeeHHol cucmeme // UIHHO8ayUOHHOe
npubopocmpoeHue. 2024. T. 3, No 2. C. 26—31. DOI: 10.31799/2949-0693-20242-26-31.

AHaJ/in3 CJ10KHBIX KOMIIO3UTHBIX MaTepHaJioB

C CoZep>KaHUEM METAKPHUJIOBbIX MOHOMEPOB
cneKTpodoTOMETPOM, pAaGOTAKIIMM B AMalla30He
JJINH BOJIH 200-1100 oM

AHHOMayuA. Hacmoawaa cmamea NoCeAWEHA U3yYeHUI0 OMTMUYECKUX Mapamempos
KOMMo3umos, ¢homonoaumepu3osaHHeix npu t = 10 ¢ 8 pasaudHeIx memnepamypHsIX yca08UnaxX
asmMomMamu3upos8aHHeIM criekmpogomomempom. [lepcrnekmueHoO UCrnoaL308aMb
crnekmpogomomempol 045 U3y4eHUA ONMuUYecKux ceolicme KOMMO3UyUOHHbLIX MaMepuasos,
mak Kak amu rnpubopsl npedocmasnsaom 00CmosepHyto, HA0EXHYHO U 8bICOKOMOYHYHO
uHgopmayuo 06 uccnedyemom obvekme. V3yyeHue onmuyeckux napamempos obpasyoe
KOMIMO3uma pasHbIX em U320moseseHUsA, 0meepHOeHHbIX 8 meyeHUe CMmaHOapmMHoO20
peKomMeHO0B8AHHO20 8peMeHU NpU PasauYHsIX memnepamypax, agmomamu3upo8aHHbIM
crnekmpogomomempom U A8U0Ck Yenbto HacmoAwel pabomel. [MoaydeHs! cnekmpasnsHsle
308UCUMOCMU KO3hhuyueHmMa rnoaaoujeHus om 0auHbl caemosoli 8osHbl K(A) 06paszyos
Estelite Asteria ommerkos A3.5B, A4B, B3B npu epemeHu pomonoaumepusayuu t =10 c u
memnepamypax T = 20 u 47 °C. BoiagneHo, Ymo npu HazpesaHUU KOMMO3Umos onmu4ecKoe
Kavyecmeo pecmaspayuli He CHUXA0Ch.

Kntoueasle cnoea: spems hpomononumepusayuu, cnekmpogomomemp, ceemoguasmp,
memnepamypa, KOMIo3um, 08yxsy4esas cxemd, KO3(hpuyueHm noanoujeHus

Ana yumupoearusa: Maliopos E. E. AHanU3 CAOHCHLIX KOMMTO3UMHbIX MAMEPUAsI08 ¢
codepxaHuem Memakxpuso08bIX MOHOMEPO8 CieKmpogpomomempom, pabomarowum 8
ouana3oHe 0suH 80aH 200—1100 Hm // UHHosauuoHHoe npubopocmpoeHue. 2024. T. 3, No 2. C.
32-37. DOI: 10.31799/2949-0693-2024-2-32-37.

For citation: Verkhovskaya A. I., Nazarevich S. A. Quality assurance models for forecasting
nonconformities in the production system. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024,3(2):26-31. (In Russ.).DOI: 10.31799/2949-0693-2024-2-26-31.

Analysis of complex composite materials
containing methacrylic monomers with a
spectrophotometer operating in the wavelength
range of 200-1100 nm

Abstract. This article is devoted to the study of the optical parameters of composites
photopolymerized at t = 10 s under various temperature conditions by an automated
spectrophotometer. It is promising to use spectrophotometers to study the optical properties of
composite materials, since these devices provide reliable, reliable and highly accurate
information about the object under study. The study of the optical parameters of composite
samples of different years of manufacture, cured during the standard recommended time at
various temperatures, by an automated spectrophotometer was the purpose of this work.
Spectral dependences of the absorption coefficient K()) of Estelite Asteria samples of shades
A3,5B, A4B, B3B were obtained at photopolymerization time t =10 s and temperatures T = 20
and 47 °C. It was revealed that the optical quality of the restorations did not decrease when the
composites were heated.

Keywords: photopolymerization time, spectrophotometer, light filter, temperature, composite,
two-beam circuit, absorption coefficient
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HNMuTanMmoHHasa Mo/JeJb (l)YHKI.lPIOHPIpOBaHI/IH
YCTAHOBKH I10 IIPOU3BOACTBY AETaJIeﬁ MeTOoaA0M
NMOCJOMHOr0 HallJIaBJIEeHUSA

AHHOmayus. Paccmampusaemcs mooenuposaHue npoyecca 3D-ne4amu Kak 00UH u3 cnocobos
yAy4YweHua Kayecmea u aghgpekmusHocmu 0aHHoU mexHonozuu. [pedsapumesnsHoe
UMUMAyUOHHOE MOOesUuPoBaHUE N0380/7eM 8bIABUMbL 803MOM(HbIE MPobaembl U NpedsnoHums
onmumasbHsle napamempsl 043 060py0o8aHUA U mamepuanos. Pezynemamom pabomel
A8n19emcsa pa3pabomka uMumayuoHHo U modesu, Komopas no3eoansem b6osee MoYyHo
npedcKasame pesyabmamsi ne4amu U KOHMpPoaupo8aMs Ka4ecmaeo rpou3so0umbix peasbHo
ycmaHosKkol demanedi.

Knrouesole cnosa: umumayuoHHoe moodenuposaHue, a00umusHsle mexHos102uu, Kayuecmeo 3D-
neyamu, SiminTech

Ana yumuposanus: LLieHukog A. A. UMUmMayuoHHas Mooesb yHKUUOHUPOBAHUSA YCMAHOBKU
no npouszeodcmay demasneli Memodom nocsoliHo2o HannAaeneHus // MHHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, No 2. C. 38—43. DOI: 10.31799/2949-0693-20242-38-43.

Pa3pa6oTKa KOMIVIEKCHOUW CKAHUPYIOLLen
CUCTeMBI AJis onpepeeHus JepeKToB GpopMbI

AHHOmayusa. Paccmampusaemcs 80npoc nNPUMEHEeHUS mPursaeKcHo20 (Mysa6muceHCopHo2o)
0amyuUKa eMKOCMHO-0MMUYECKU-8UXPEemMOoK08020 murd, UMerouje2o npedsapumersHyro
cucmemy npeobpa3oeaHus, Komopelli 6bia UCHOAb308AH KAK A/AbMEPHAMUBA KOHMAKMHO20
wyna Ha kpyenomepe RoundTestRA-120p [1]. Mpoyecc cHAMUSA OaHHbIX ¢ demasnu Ha npubope
0715 usmepeHus deghekmos hopMbi umeem pPA0 CA0XHOCMel, C853AHHbIX € 0aUumensHol
Kanubposkol, enusHuem KoagguyueHma ycunus, donzoli npedsapumensHoli KanubposKoli
npubopa, He803MOXHOCMbIO UCM0Mb308aHUA Npubopa 011 demasneli 6onbwozo duamempa u
60s1bwWo020 8eca. [To00bpPaHHbIE XapakMepuCMUKU MpursaeKcHo2o0 0am4yuKa Mno3eonuu
UCnos1b308aMb €20 BMECMO KOHMAKMHO20 Wyna npu usmepeHuu oegekmos gopmsl demanu
0714 pa3HbIX Mamepuanos. UMeHHO 8 6ECKOHMAKMHOM U3MepeHUU Pa3HbIX Mamepuanos
3aKaKYaemMcsa Npeumyu,ecmeo mpuraeKkcHo20 0amMYuKa.

Simulation model of the functioning of an
installation for the parts production using the
fused deposition modeling method

Abstract. The article discusses the modeling of the 3D printing process as one of the ways to
improve the quality and efficiency of this technology. Preliminary simulation modeling allows
you to identify possible problems and suggest optimal parameters for equipment and materials.
The result of the work is the development of a simulation model that allows you to more
accurately predict the results of printing and control the quality of products.

Keywords: simulation modeling, additive technologies, 3D printing quality, SimInTech
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Development of a comprehensive scanning system
for detecting shape defects

Abstract. The article considers the issue of using a triplex (multi-sensor) sensor of a capacitive-
optical-eddy current type with a preliminary conversion system, which was used as an
alternative to a contact probe on the RoundTestRA-120p [1]. The process of removing data from
a part on a device for measuring shape defects has a number of difficulties associated with
prolonged calibration, the influence of the force coefficient, long pre-calibration of the device,
the inability to use the device for parts of large diameter and heavy weight. The selected
characteristics of the triplex sensor made it possible to use it instead of a contact probe when
measuring defects in the shape of a part for different materials. The advantage of a triplex
sensor lies precisely in the non-contact measurement of different materials.

Keywords: triplex system, eddy current sensor, optical laser sensor, part defect analysis
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Knroueevle cnoea: mpurnsaekcHas cucmema, 8UXpemoKkosslli 0am4yukK, onmuyeckuli na3epHoili
damyukK, aHanus degpekmos demanu aa yumuposarus: Enugaryes K. B. Pazpabomka
KomrinekcHoli ckaHupyroweli cucmemsi 015 onpedeneHus depekmos hopmel //

UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 2. C. 44-52. DOI: 10.31799/2949-0693-
2024-2-44-52.

JKO0JIOro-TeXHOJIOTH4YeCKOe HOpMHPOBaHUe
KaK 3¢ peKTHUBHBIA MHCTPYMEHT 00ecnedYeHus
KayecTBa PYHKIIUOHUPOBAHUA CUCTEMbI
BOJ0OTBeAEeHHUA NPOU3BO/CTBA

AHHOmMayua. PaccmompeHsi 80rpockl obecreyeHus Ka4ecmea o4UCmKU CMOYHbIX 800 U
MexaHu3Mbl ux peweHus. OnpedeneHa He0bxo0UMOCMb 20PMOHU3AYUU IKOA02UHYECKO20 U
mexH0102u4ecKo20 HOPMUPOBAHUA C Uesbio 00CMUMEHUSA
npednpuamuamueo0onob308amenamu 3a0aHHbIX IK0A02UYECKUX CMAHOapmos u
mexHos102u4ecKux nokasamenel. PazpabomaH Hosbili Memod ycmaHoeneHuUs cesaseli mexoy
3KO0/102UYECKUMU U MEXHOA02UYECKUMU HOPMAmMueamu ¢ npumeHeHuem 6aHKa 2e00aHHbIX
meppumopuanebHol 800HO-pecypcHoli cucmembi. [pednoxeHHbIl Memoo eKkauaem 8 cebs
KOHUenmyansHyo mampuyy moodesnu ycmoliyueozo (hyHKYUOHUPOBAHUA meppumopuasnsHol
B800HO-pecypcHol cucmemsl, Ha 0CHose Komopol pa3pabomaHsl mpu yposHa HOPMAMUE0o8s 8
3@8UcCUMOCMU om cmereHu pa3eumus Mpou3soocmea, U UHGHOPMAaYUOHHO-MPO2PAMMHbI
KOMMeKc 0418 peanu3ayuu Moodesu 3K01020-MexHO102U4eCK020 HOPMUPOBAHUSA 015
0moesbHbIX NPoU3800cM8, M0380A7UUL NO8bICUMb 3¢hgheKmUuBHOCMb YrpasneHus
meppumopuasnbHbIMuU 800HO-PECYPCHBIMU CUCMEMAMU, G MAKHE KOHKYpeHmMocnocobHocmeo
npednpusmuli 30 cyem 8biA8AEHUA U 060CHOBAHUA 83AUMOBAUAHUA MexXHO102U4eCcKUX
HOPMAMUBO8 U HOPMAMUBO8 KaYecmea oKpyxcatoujeli cpeosl.

Knroyesvbie cno8a: HopmamusHo donycmumelli cOpoc, mexHosno2u4eckue HopMamuebl,
3K0/1020-MexXHO102U4eCcKoe HOPMUPOBAHUE, UHGPOPMALUOHHOE obecreyeHue, cucmema
godoomeedeHus, Hopmamusg 00Mycmumo20 8030elicmeaus, Hauay4was 0ocmynHas
mexHono2us

Ana yumuposarus: unvHukosa H. A., LluwkuH U. A., bepe3uHa A. A. IKono20-
mexHos102u4ecKoe HOPMUPOBAHUE KaK 3¢hghekmusHbIli UHCmpymeHm obecrieyeHuUs Kayecmsa
(PYHKUUOHUPOBAHUA cucmemsl 80000meedeHus npouseodcmed // MHHO8AUUOHHOE
npubopocmpoeHue. 2024. T. 3, No 2. C. 53-60. DOI: 10.31799/2949-0693-2024-2-53-60.

For citation: Epifantsev K. V. Development of a comprehensive scanning system for detecting
shape defects. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(2):44-52. (In
Russ.). DOI: 10.31799/2949-0693-2024-2-44-52.

Environmental and technological regulating as an
effective tool for ensuring the quality of operation
of the production water disposal system

harmonization of environmental and technological regulation has been identified in order for
water user enterprises to achieve specified environmental standards and technological
indicators. A new method has been developed for establishing connections between
environmental and technological standards using a geodata bank of the territorial water
resource system. The proposed method includes a conceptual matrix of a model for the
sustainable functioning of territorial water resource systems, on the basis of which three levels of
standards have been developed depending on the degree of development of production, and an
information and software complex for implementing a model of environmental and
technological standardization for individual industries, which makes it possible to increase the
efficiency of territorial water management -resource systems, as well as the competitiveness of
enterprises, by identifying and justifying the mutual influence of technological standards and
environmental quality standards.

Keywords: normatively permissible discharge, technological standards, environmental and
technological regulation, information support, drainage system, permissible impact standard,
best available technology

For citation: Zhilnikova N. A., Shishkin I. A., Berezina A. A. Environmental and technological
regulating as an effective tool for ensuring the quality of operation of the production water
disposal system. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(2):53—-60.
(In Russ.). DOI: 10.31799/2949-0693-2024-2-53-60.
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IMoaxoa k popmupoBaHuio cu Kopuosauca aas
MOCTyNaTe/IbHOTO U YIJIOBOTO NepeMelleHUus
MaTepHUa/IbHOr0 06'beKTa B MHEPLUAJILHOM
IPOCTPAHCTBE

AHHOmMayus. B ocHose hopmMuposaHua cusa Kopuosuca nexcum snemeHmapHoe ycmpolicmeo
0414 yeneHanpasneHHo20 CO30aHUA HA Hecyu,em mese 08UXCyu,e20ca MamepuanbHo20
06veKkma yKa3aHHoU cunbl KAk pesyabmama e3aumodelicmeus Hecywe2o mena u
MamepuanbHo20 mesa (MamepuanbHOU MOYKU), nepemewyaemo20 OmHOCUMesnbHO Hecywezo
mesna KaK mocmynamesbHO, MaK u 8paujamesnsbHo. Takoe omHocumesnsHoe nepemeweHue
docmuzaemca KoHecmpykyueli U3z HapyxHol u eHympeHHell 8paWaoWUXCca 8 Hecywem mesne
Pamok u npamosuHeliHoli Hanpaenaoweli 8 cocmase eHympeHHel pamku. MamepuasnbHas
mouka npuobpemaem auHeliHytO CKOPOCMb 8006 NPAMOUHeliHoU Hanpaeaaowel u yenosyro
cKopocmb emecme ¢ npamonuHeliHol Hanpaenswowel. Takum 06pa3om, 8 cocmaese
abconroMHo20 AUHelHO20 YCKOPEHUA MamepuanbHOU MOYKU 8bI0ensomcs ynpasnsemoe
ycKopeHue Kopuosuca u e2o «nosae3Has» cocmasnsarouias, 0bycaosneHHas omHocumensHol
y2710801i CKOPOCMbIO BPAWEHUA OMHOCUMeNbHO20 8eKMopad AuHeliHol ckopocmu.

BHympeHHAA cuna Kopuonauca npusodum e 0suxceHue Hecyuw,ee mesao coobpasHo
OmHocumesnoHOMy 08UMEHUID MaMepuaabHOU MOYKU — 800sb MeKyu,e20 MosAoXeHUs
neprneHOUKyAApa K npamoauHeliHol Hanpasasouwel u co2nacHo 08uXeHuo MamepuansHol
MOYKU 8 02paHuYeHHol no dauHe npamonuHeliHol Hanpasnaowel. B obwem cayyae
mpaekmopus 08uxceHus bydem kpusonauHeliHol, a dsuxceHUe Hecyuwe2o mena rno Heli —
02PAHUYEHHbIM.

[na cnpamaeHUs mpaekmopuu rnepemeweHus noaoca Hecyuje2o mesna anemeHmapHeie
ycmpolicmea 06veduHsAomcs 8 napy: 06a udeHmMu4Hol Opye Opyay, HO 0OHO 8 HAYAAbHOM
M0A0HEHUU N0B8EPHYMO 0OMHocumessbHo 0pyao2o Ha 180°.

C yesnbio obecneyeHUs Heo2PAaHUYEHHO20 NoCMynamessHo20 nepemeujeHus 0603Ha4eHHo20
mMamepuanbHo2o 06vekma 8 11060l MomeHm ynpassnsemoao co30aHus Ha bopmy sekmopa
«10/1e3H020» ycKopeHusA Kopuosuca ebinosnHaemca o6HyneHue AuHeliHoli ckopocmu Hecyuje2o
mesna, Ymo npusodUM K Ha4asbHO U cKopocmu Hecyuje2o 06beKMA MOsIbKO 30 cyem
«nose3Hol» cunvl Kopuonuca.

Ana ocyw,ecmesieHUA yKka3aHHo20 osuxeHuA npednazaemcn ucrose3oeaHue Hacmpaueaemozo
MHOZOd)yHKL{UOHGﬂbHOZO cpedcmsa c obecnevyeHuem e2o 3Hepeoc;—la6)+ceHu;7 6opmoeb//v1
UCMOYHUKOM.

Hpueodumc:ﬂ aHanumu4yeckoe 00Ka3amesnbCcmMaeo ocywecmesneHUA yKa3aHHoO20 nepemew,eHusa
Hecyweeco mesna Ha ocHoee HblOMOHOo8CKOU modenu npocmpaHcmea u epemeHu, ripuvyem

Approach to the Coriolis forces formation for
translational and angular displacement of a
material object in inertial space

Abstract. The formation of Coriolis forces is based on an elementary device for the purposeful
creation of a specified force on the supporting body of a moving material object as a result of the
interaction of the supporting body and the material body (material point), which is moved
relative to the supporting body both translationally and rotationally. This relative displacement is
achieved by a structure consisting of an outer and inner frame rotating in the supporting body
and a rectilinear guide consisting of an internal one scope. A material point acquires a linear
velocity along a rectilinear guide and an angular velocity along with a rectilinear guide. Thus, in
the composition of the absolute linear acceleration of a material point, the controlled Coriolis
acceleration and its “useful” component are distinguished due to the relative angular velocity of
rotation of the relative linear velocity vector.

The internal Coriolis force sets the supporting body in motion according to the relative motion of
the material point: along the current position of the perpendicular to the rectilinear guide and
according to the motion of the material point, in a rectilinear guide limited in length. In general,
the trajectory of motion will be curvilinear, and the movement of the supporting body along it
will be limited. To straighten the trajectory of the pole movement of the supporting body,
elementary devices are combined into pairs: both are identical to each other, but one is rotated
relative to the other by 180 degrees in the initial position.

In order to ensure unlimited translational displacement of the designated material object at any
moment of the controlled creation of the “useful” Coriolis acceleration vector on board, the
linear velocity of the supporting body is zeroed, which leads to the initial velocity of the
supporting object only due to the “useful” Coriolis force.

To carry out this movement, it is assumed to use a customizable multifunctional vehicle with its
power supply by an on-board source. An analytical proof of the implementation of the specified
displacement of the supporting body on the basis of the Newtonian model of space and time is
given, and a set of mathematical expressions is the basis for the development of an algorithm
and a control program.

Keywords: material point, material object, supporting body, inertial space, inertial navigation,
Coriolis acceleration, Coriolis force, accelerometer, gyroscopic integrator of linear accelerations

For citation: Ogurtsov I. Ya., Pervukhin D. A., Afanaseva O. V. Approach to the Coriolis forces
formation for translational and angular displacement of a material object in inertial space.
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COBOKYMHOCMb MAMeMamuyecKux ebipaxceHuli aeasemcs ocHoeol 0415 paspabomku
an20pUMMA U NPo2PamMmel ynpasaeHus.

Knrouyesoble ca0ea: MamepuanbHAs MoYKa, mMamepuasnsHslli 06bekm, Hecywee meno,
UHepyuasas6Hoe NPoCmMpPaHCMeo, UHepyUaabHaA Hagu2ayus, yckopeHue Kopuoauca, cuna
Kopuosnuca, akcenepomemp, 2upockonu4eckuli uHmezpamop auHeliHblx ycKopeHul

Ana yumupoearus: Ozypyos W. A., MepsyxuH 4. A., AgpaHaceesa O. B. [100x00 K
opmuposaHuto cun Kopuonuca 8438 nocmynamenbHo20 U y2108020 nepemeuleHus
MamepuanbHo20 06bekma 8 UHEPYUAnLHOM npocmpaHcmee // UHHoeayuoHHoe
npubopocmpoeHue. 2024. T. 3, No 2. C. 61-71. DOI: 10.31799/2949-0693-2024-2-61-71.

[locTpoeHue rpaHuUIbl 06/1aCTU BOSHUKHOBEHUA
ABYXIEpUOANYECKUX KOJIe0AaHUM B HEJIMHEMHOU
MO/e/I1 CEHCOPHOTI'0O HelipoHa

AHHOomayus. C nomouwbto bUpypKayuoHHO20 aHAAU3A peweHa 3a0a4a onpedeseHus ycnosuli
B03HUKHOBEHUSA CAOMHbIX 08YXMepuoOUYecKUX KoaebaHuli e sude pexcuma nayeyHol
aKmMueHocmu 8 HesnuHeliHol Mmodenu ceHCopHo20 HelipOHA CMUHAbHBIX 2aH2Ue8 KPbIC U
nocmpoeHus 2paHuybl 3mol 06aacmu npu U3MeHeHUU napamempos Mmooeau. AKmyansHOCMb
npednoxeHHo20 N0OX00a cocmoum 8 Heobxo0UMOCMU 8bIABAEHUA 8AUAHUSA PA3AUYHbIX
napamempos aHanusupyemoli Modenu Ha U3MeHeHUe PeHUMOo8 UMMyYAbCHOU akmueHocmu
CEHCOPHbIX HelipOHO8, CB8A3AHHOE C B03MOMCHbIMU (hU3UYECKUMU UAU XUMUYECKUMU
sosdelicmsuamu.

Knrouesole cnoea: 6ugpypKayuoHHbIl aHaau3s, 08yxnepuoou4Hocms, bbicmpas u MedsieHHAsA
nodcucmemol

Ana yumupoearus: [uk O. E., ®ponosa E. A., AkunuH A. C. [TocmpoeHue epaHuybi obaacmu
B03HUKHOBEHUA Asyxnepuoduveckux Konebaruli 8 HeauHeliHol Mmodesu ceHcopHo2o HelipoHa //
UHHOoBayuoHHOE npubopocmpoeHue. 2024. T. 3, No 2. C. 72-77. DOI: 10.31799/2949-0693-
2024-2-72-77.

O HeJIMHEHHHOM PE€30HAHCE NMOJIAPU30BAHHBIX
OIITUYECKUX BOJIH
AHHOmayus. BoigedeHol uHMezpupyemolie 08yXKOMMOHEHMHbIe HeAUHelHble

OudggpepeHyuansHsle ypasHeHUs, uMetoujue npuaoxeHus 8 HeauHeliHol onmuke. osny4eHs!
CMayuoHapHsle ypasHeHUs, KOMopbimM y0o8nemeopsAom npocmeliwue HempuauasbHsle

Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(2):61-71. (In Russ.). DOI:
10.31799/2949-0693-2024-2-61-71.

Constructuon of the boundary of the two-period
oscillation region in the nonlinear model of
sensory neuron

Abstract. Using bifurcation analysis, we solved the problem of determining the conditions for the
occurrence of complex two-period oscillations in the form of a burst activity mode in a nonlinear
model of a sensory neuron in the rat spinal ganglia and constructing the boundary of this region
when changing the model parameters. The relevance of the proposed approach lies in the need
to identify the influence of various parameters of the analyzed model on changes in the modes of
impulse activity of sensory neurons associated with possible physical or chemical influences.

Keywords: bifurcation analysis, two-periodicity, fast and slow subsystems

For citation: Dick O. E., Frolova E. A., Akilin A. S. Constructuon of the boundary of the two-period
oscillation region in the nonlinear model of sensory neuron. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2024;3(2):72-77. (In Russ.). DOI: 10.31799/2949-0693-2024-2-72-
77.

On the nonlinear resonance of polarized optical
waves
Abstract. Integrable two-component nonlinear differential equations with applications in

nonlinear optics are derived. Stationary equations are obtained, which are satisfied by the
simplest nontrivial solutions. The values of the parameters of stationary equations are indicated,
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peweHus. YKa3aHbl 3Ha4eHUs Napamempos CmayuoHapHelx ypasHeHul, npu Komopbix 8
paccmompeHHol HeauHelHoU Mmodesnu 803HUKAEM Pe30HAHC, 3aKaYarouulics 8
B03HUKHOBEHUU HEO02PAHUYEHHO 803paAcmMarojux peweHud.

Kniouesoie cnoea: HenuHeliHoe ypasHeHue LLipeduHzepa, ypasHeHue Kayna — Hetoanna,
ypasHeHue YeHo — /lu — /lbto, ypasHeHue epdxuKkosa — MieaHO8A, BeKMOPHOE UHMe2pupyemoe
HenuHeliHoe ypasHeHue

Ana yumuposarus: CmupHos A. O. O HenuHEelHOM Pe30HAHCEe N0AAPU30BAHHBIX OMMUYECKUX
80s1H // MHHOBAYUOHHOe npubopocmpoeHue. 2024. T. 3, No 2. C. 78-85. DOI: 10.31799/2949-
0693-2024-2-78-85.

at which a resonance occurs in the considered nonlinear model, consisting in the appearance of
infinitely increasing solutions.

Keywords: nonlinear Schrédinger equation, Kaup — Newell equation, Chen — Lee — Liu equation,
Gerdjikov — Ivanov equation, vector integrable nonlinear equation

Acknowledgements. The research was supported by the Russian Science Foundation, grant 22-
11-00196 (https://rscf.ru/ project/22-11-00196/).

For citation: Smirnov A. O. On the nonlinear resonance of polarized optical waves.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(2):78-85. (In Russ.). DOI:
10.31799/2949-0693-2024-2-78-85.
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OGecneyeHHe Ka4eCTBA 3aKYNKHU 3JIEKTPOHHOM
KOMIIOHEHTHOM 6a3bl HA OCHOBE CTaTU4Y€eCKHUX,
AAHAMUYECKHMX Mo/Jie/ie U HeUPOHHBIX ceTel

AHHOMayus. PaccmompeHa npobaema obecriedeHus Ka4ecmea 31eKmpPoHHO20 U30enua Ha
amane 8bI60pa NOCMABWUKA 371eKMPOHHO Ui KoMnoHeHMHol 6a3sel. ObycnoseneHa
Heobxodumocme obecneyeHus Ka4ecmea 3aKynok. [lpusedeHsl cmamuveckue modesnu svibopa
10CMAaBU4UKO8 HA OCHOBE MTIOKA/bHLIX U 0606WEeHHbIX Kpumepues u OUHaGMUYecKue Mmooenu
8b160pa MOCMABU{UKOB HA OCHOBE HelipOoHHbIX cemell.

Knrouesole cnosa: nokasamernu, Kpumepuu, mexHos102uA, 3/1IEKMpPOHHAA KOMINOHeHMHQAA 6030,
Kayecmeo

Ana yumupoeaHus: KopwyHos I'. U., Makapos E. /1., bopucerko K. A. ObecrieyeHue Ka4ecmesa
3aKynKuU 31eKmMpoHHOl KommnoHeHmMHoU 6a3bl HO 0OCHO8e cmamu4ecKux, OUHaMUYECKUX

modeneli u HelipoHHbIX cemeli // HHOBayuoHHoe npubopocmpoerue. 2024. T. 3, No 1. C. 7-11.

DOI: 10.31799/2949-0693-2024-1-7-11.

OpraHusanms NpocjaeKuBaeMOCTH IJIEKTPOHHOU
NPOAYKIIMHY Ha 3TallaX ’KU3HEHHOI0 MKJIa

Ha OCHOBe 6a30BOM LU PPOBOM MOJe/ U

AHHOmMayus. PaccmompeHa npobsema op2aHu3ayuu npou3eo0cmeeHHbIX Npoyeccos u
obecneyeHusa Kayecmaa MPoOYKUUU € MOYKU 3peHUs aKmyanu3ayuu, BHeOpeHus U
apxusuposaHusA eceli KOHCMPYKMOopPCKol 00KyMeHmMauyuu rno usdeausam. O6ocHo8aHA
Heobxodumocms cucmemMamu3ayuu U azpe2ayuu 0aHHbIX, Komopabie npu nposedeHuu
MOBMOPHLIX 30KA308, B03HUKHOBEHUU COPHLIX cumyayuli unu Hecoomeemcmauli cmoaym
cmame KAoYesbiMU 06vbeKkmamu npu noucke crnocobos pewieHus. lpedcmasneHo peuieHue Ha
ocHose 6a30860li yugposoli modenu ¢ anemeHmMamu pekypcuu.

Knrouessle cnosa: kayecmeo, MudeOBGﬂ modernb, npocnsexcusaemocms, doxyme:-lmauun

Ana yumuposeaHus: KopwyHos I'. U., Makapos E. []. OpeaHu3sayus npocnaexcusaemocmu
3/1eKMPOHHOU NPOOYKUUU HO 5Manax ¥U3HeHHO20 YUKs1a Ha ocHose 6a3080l yugposoli

Ensuring the quality of procurement of electronic
component base based on static, dynamic models
and neural networks

Abstract. The article discusses the problem of ensuring the quality of an electronic product at the
stage of selecting a supplier of electronic component base. There is a need to ensure the quality
of procurement. Static models of supplier selection based on local and generalized criteria and
dynamic models of supplier selection based on neural networks are presented.

Keywords: indicators, criteria, technology, electronic component base, quality

For citation: Korshunov G. I., Makarov E. D., Borisenko K. A. Ensuring the quality of procurement
of electronic component base based on static, dynamic models and neural networks.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(1):7-11. (In Russ.). DOI:
10.31799/2949-0693-2024-1-7-11.

Organization of traceability of electronic products
at life cycle stages based on a basic digital model

Abstract. The article examines the problem of organizing production processes and ensuring
product quality from the point of view of updating, implementing, and archiving all design
documentation for products. There is a need for systematization and aggregation of data, which,
when carrying out repeat orders, the occurrence of controversial situations or inconsistencies,
can become key objects in the search for solutions. A solution is presented based on a basic
digital model with recursion elements.

Keywords: quality, digital model, traceability, documentation

For citation: Korshunov G. I., Makarov E. D. Organization of traceability of electronic products at
life cycle stages based on a basic digital model. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024,;3(1):12—16. (In Russ.). DOI: 10.31799/2949-06932024-1-12-16.
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modenu // UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C. 12-16. DOI: 10.31799/2949-
0693-2024-1-12-16.

HU3MepeHHe napaMeTpOB LiBETA 3JIEMEHTOB
ONTUYECKOM CUCTEMBI IKCIIepUMEHTa/IbHOU
KOJIOpMMETPUYECKO YCTaHOBKOM

AHHOmayusa. Paboma 3ampaaugaem 80npocsl UsMepeHUs NapaMmempos ysema 31eMeHmos
onmuyecKoli cucmemsl 3KcriepuMmeHmManbHo U Kosopumempuyeckoli ycmaHoekol. B HayyHol
MPAaKmMuKe Kosopumempuyeckue npubopsl u KomraeKcsl ocmpebosatsl u darom
B03MOMCHOCMb M0/1Y4UMb 8bICOKOMOYHYIO U A0CMOBEPHYIO UHBOPMALUIO O KOHMPOAUPYEMOM
o06vekme, nosmomy paboma akmyasbHa U nepcriekmueHa. [pedcmasneHol HewHUl 8ud,
(PYHKUUOHAAbHAA CXeMd U mexHUYecKue napamempbl SKCnepumMeHmanbHoli ycmaHoeKuU.
Mony4eHbl 3KCNepUMeHMasnbHble pe3ysbmamsl KOOPOUHAM yeemHoCmu c8emoguabmpoe u3
UBeMHO20 CMeKsa PasHbIX Npoussodumeseli HA UBEMOBOM mpey2osbHUKE, MPosedeH
cpasHUMesnbHolli QHAAU3 IKCEPUMEHMAbHLIX OAHHBIX.

Knioueeoble cn08a: KonopumMempu4yeckas ycmaHoB8Ka, usemosoli mpey20/bHUK, c8emogusabmp,
KoopOuHama ysemHocmu, yeemosas cucmema KoopouHam, ¢pomoouod

Ana yumupoearusa: Matiopos E. E., [ywkuHa B. I1., ynues P. b. U3mepeHue napamempos
ysema snemeHmMo8 onmuveckoli cucmemesl IKcriepumMmeHmansHol Konopumempuyeckoli
ycmaHoskoli // MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, No 1. C. 17-21. DOI:
10.31799/2949-0693-2024-1-17-21.

KoHTpoJ1b KauecTBa MeJHOM Py/bl C IOMOIIbIO
METO0/1a JIa3€ePHO-UCKPOBOI SMUCCHOHHOM
CNIEKTPOCKOMUH

AHHOMayus. AHasaumu4yeckue memoos! KpaliHe socmpebosaHbl 8 20pHOO00bbIsaowel
ompacsau, Komopas Asasemcsa 00Hol U3 Kar4yesbix ompacseli pocculicKol npomelwaeHHoCmu.
OHU 8bIMNOAHAIOM 8aM(HbIE (hYHKUUU MOHUMOPUH20, U3MepPeHUS U KOHMPOA MexHO102Uu4ecKux
npouyeccos, Komopesle Heobxodumel 0414 onmumasnsHol pabomesi. OOHUM U3 Memodos,
Komopeblli Moycem nomoye 8 onpedesneHUU KaYecmaea Cobipbs, ABAAEMCA AA3ePHO-UCKPOB8AA
3MUCCUOHHAA cnekmpockonus (/IN3C). B daHHol pabome npednazaemcs ucnosas3osams JIN3C-
mMemod 018 onpedeseHus npucymcmeus meou 8 npobax 2opHodobeisaroweli
npomeiwneHHocmu. [aa amol 3a0ayu bbin cobpaH sKkcnepuMmeHmasnbHell makem, 8bl6paHa
0NMUYecKas cxema sKCrnepumeHma u onpeoesieHsl napamempsl 103€pHO20 U3sayveHus. boiau
u3zomossieHsl mabsaemku U3 2uncosoli 0CHO8bI C 8K/AOHYEHUAMU Medu, NposedeHbl mecmossle

Measurement of the color parameters of the
elements

of the optical system by an experimental
colorimetric installation

Abstract. The work touches upon the issues of measuring the color parameters of the elements
of the optical system with an experimental colorimetric installation. In scientific practice,
colorimetric devices and complexes are in demand and make it possible to obtain high-precision,
informative and reliable information about the controlled object, so the work is relevant and
promising. The article presents the appearance, functional scheme and technical parameters of
the experimental installation. Experimental results of chromaticity coordinates of colored glass
filters from different manufacturers on a color triangle were obtained, a comparative analysis of
experimental data was carried out.

Keywords: colorimetric installation, color triangle, light filter, chromaticity coordinate, color
coordinate system, photodiode

For citation: Maiorov E. E., Pushkina V. P., Guliyev R. B. Measurement of the color parameters of
the elements of the optical system by an experimental colorimetric installation. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(1):17-21. (In Russ.). DOI: 10.31799/2949-
0693-2024-1-17-21.

Quality control of copper ore using laser-induced
breakdown spectroscopy technique

Abstract. Analytical methods are highly demanded in the mining industry, which is one of the key
sectors. They fulfil an important function of monitoring, measuring and controlling the processes
that are necessary for optimal operation. One of the methods that can help in determining the
quality of raw materials is of laser-induced breakdown spectroscopy (LIBS). This paper proposes
to use the LIBS method to determine the presence of copper in mining samples. For this task, an
experimental layout was assembled, the optical scheme of the experiment was selected and the
parameters of laser radiation were determined. Tablets from gypsum base with copper
inclusions were made, test measurements of plasma spectra formed on the surface of tablets
were carried out and copper (Cu(l)) was determined at wavelengths of 324.7 and 327.3 nm.
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usMepeHUs Cnekmpoe raa3mol, 06pasyouelica Ha nosepxHocmu mabaemok, u 6bina
onpedeneHa meos (Cu(l)) Ha dauHe 8osHbI 324,7 u 327,3 HM.

Knrouesble cnoea: na3epHO-UCKPOBAA IMUCCUOHHAA CIEKMPOMEMPUH, CEKMpPanbHAA
Xapakmepucmuka, cneKmpaﬂbe/ﬁ aHanus, melb

Ana yumupoearusa: MucHukoea T. C. KoHmposb kayecmea medHol pyobi C TOMOWbIO Memooa

7103epHO-UCKPo8oLi aMUCCcUOHHOU cnekmpockonuu // HHosayuoHHoe npubopocmpoeHue. 2024.

T.3, No 1. C. 22-27. DOI: 10.31799/2949-0693-2024-1-22-27.

JKCepUMEHTbI 0 KOHTPOJII0 KOJIMYeCTBA
00'b€KTOB Ha IOBEPXHOCTH HAa OCHOBE 00PabOTKHM
JIa3epPHbIX JAHHBIX M1 METOA0B PacCnO3HABAHUS C
60pTa MaJIbIX JIeTaTe/IbHbIX aNlllapaTOB

AHHOMayusa. O6veKMoM Hay4YHo20 UCCAed08aHUS A8/19emcs an20pUMM 0BHAPYHEeHUS U
sbidesneHuUss 06vEKMOo8 Ha 0CHOo8e 06pabOMKU 1a3epPHbIX OAHHbLIX — 06/1aKA MOYeK,
M0/1y4eHHO20 C MOMOWbIO UHMeAeKmMyasabHoU 0MuUKo-31eKmpoHHOU cucmemel
onepamueHo20 MOHUMOPUH2a 3eMHol nosepxHocmu, peasnusyemoli Ha 6a3e masbix
nemamesnsHbIX annapamos. Hay4Haa paboma umeem secomoe nNpakmuveckoe 3HayeHue 014
pa3pabomku Npo2pamMmel G8MOMAMU3UPOBAHHO20 0BHAPYHEHUA U 8bidesneHUs 06beKmos Ha
Habawoaemoli nosepxHocmu. Paspabomka an20pumma no3eoaum nposooume bosee
aghghekmusHOe u moyHoe pacnozHasaHue ob6veKkmos Ha Habaoaemoli nosepxHocmu, Ymo
MoXem 6bimb Mose3HO 8 PA3/AUYHbIX Chepax, MAaKUX KaK 2e00e3us, Kapmozpagus,
MOHUMOPUH2 NPUPOOHbIX PeCypcos, OXpaHa okpyxcaroujeli cpedel, obecnieyeHue b6e3onacHocmu
um. 0. [na docmuieHus nocmassaeHHol yesnu ucrnosib3ytomca memoodsbl 103epHo20
CKAHUPOBAHUA 3eMHOU nogepxHocmu, Memodsl 2ay60K020 0byYeHUA U u3eaeveHUs MPU3HAKos
0715 Knaccuukayuu obHapy#eHHbIX 06bEKMO8 Ha M08epPXHOCMU.

lMposedeHbl 3KcepumeHmMsl Mo 06HaApyHeHU0 06beKMOo8 Ha 06/1aKe moYeK. B pamkax
IKcrepumeHmMos bblau UCrnob308aHbI 0671aKA MOYEK, MOAYHEeHHbIE C ONMUKO-31€KMPOHHbIX
cucmem onepamusHoO20 MOHUMOpPUH2a 3eMHoU nosepxHocmu Ha 6a3e becriunomHoli
asuayuoHHol cucmemsi (BAC). B npouecce uccnedosaHus paspabomaHa npo2pamma rno
KOHMPpOs1o Konuyecmea 06eKmos Ha 0CHose Memod08 Pacrno3HasaHus 06vbeKmos.
MpusedeHbl peaynsmamel no o6pabomke nasepHoix OAHHbIX 0671GKA MOYEK, peasnu3yemsix Ha
6a3e manvix BAC, Ymo A8a5emcsa A02U4HbIM MPOOOAHEHUEM U paszsumuem OaHHO20
HanpaeneHus.

Keywords: Laser-induced breakdown spectroscopy, spectral characterisation, spectral analysis,
copper

For citation: Misnikova T. S. Quality control of copper ore using laser-induced breakdown
spectroscopy technique. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(1):22-27. (In Russ.). DOI: 10.31799/2949-0693-2024-1-22-27.

Experiments to control the number of objects on
the surface based on laser data processing and
recognition methods on board small aircraft

Abstract. The object of scientific research is an algorithm for detecting and highlighting objects
based on processing laser data — a cloud of points obtained using an intelligent optical-electronic
system for operational monitoring of the earth’s surface, implemented on the basis of small
aircraft. Scientific work has significant practical significance for the development of a program
for automated detection and selection of objects on the observed surface. The development of
the algorithm will allow for more efficient and accurate recognition of objects on the observed
surface, which can be useful in various fields, such as geodesy, cartography, monitoring of
natural resources, environmental protection, security, etc. To achieve this goal, methods of laser
scanning of the earth’s surface, deep learning and feature extraction methods are used to
classify detected objects on the surface.

Experiments were carried out on object detection based on processing laser data — point clouds.
As part of these experiments, point clouds obtained from optical-electronic systems for
operational monitoring of the earth’s surface based on UAS were used. As part of the study, a
program was developed to control the number of objects based on object recognition methods.

The presented results on processing laser point cloud data implemented on the basis of small
naval aircraft are a logical continuation and development of this direction.

Keywords: laser data, observed surface, object detection, small aircraft, point cloud, unmanned
aviation system

For citation: Afanasyeva V. ., Zalischuk A. A., Nenashev V. A., Grigorov M. Yu., Morozov A. V.
Experiments to control the number of objects on the surface based on laser data processing and
recognition methods on board small aircraft. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024,;3(1):28-35. (In Russ.). DOI: 10.31799/2949-0693-2024-1-28-35.
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Knrouesole cnosa: nasepHeole aGHHble, Habnwdaemas nosepxHocmeo, O6HprJf(€HU€ O6'beKm06,
manelli nemamensHell annapam, 0651aKo movyex, becrnunomHasn asuayuoHHaAa cucmema

Ana yumupoearusa: AgpaHacsesa B. U., 3anuwyk A. A., HeHawes B. A., puzopos M. 0.,
Mopo3oe A. B. IKcnepumeHmebl 0 KOHMPOIO Koauyecmaea 06beKMo8 Ha No8epxXHOCMU Ha
0CHoge 06pabomKu na3epHbIX OAHHbIX U Memodo8 pacro3Ha8aHuUs ¢ bopma masbix
nemamesnsHbIX annapamos // MHHosauuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C. 28-35.
DOI: 10.31799/2949-0693-20241-28-35.

HHTerpvpoBaHHasi CMCTeMa KOHTPOJISA
TeXHUYECKOI'0 COCTOSTHUSI aBUALUOHHOT0
JBUTaTeJ/is Ha 6a3e CIeKTPOCKONMMYeCKUX
U3MepeHUum

AHHOMayus. BHeopeHue 8CMpPoeHHbIX CUCMeM KOHMPO/IA MeXHUYECKo20 COCMOAHUA NaaHepa
camonema, cusno8oli ycmaHoeKu u 60pmosbix cucmem U2paem Ka4vesyto posb 8 MoasiueHuu
6e30MacHOCMU N0/emoe U COKpaweHUU pacxo0os8 Ha mexHu4Yeckoe obcayxusaHue. Imu
cucmembl 10380510M 06HAPYHUBAMb U3HOC U NospexdeHus asuayuoHHbIx 0gueamenel,
KOHMPOAUPO8AMb UCMOAb308AHUE PECYPCA U OUEHUBAMb COCMOAHUE KOMNTOHeHMOo8. OOHAKO
cywecmsyroujue memoosl OUa2HOCMUKU U3Hoca 08ueameseli He0oCMamoYHO y4yumsl8aom
8/1UAHUE BHEWHUX haKMOPO8 HA UX COCMOSAHUE, d C y8enuYeHUeM CAOXHOCMU KOHCMPYKYUU U
mpe6o8aHuli K mexHuU4ecKomy o0b6CayHueaHuto Heobxodumo paspabomams 60see HadexcHble U
Mpod8uUHymMble cucmembl KOHMPOAA MEeXHUYECKO20 COCMOAHUA. JamYuKU pa3au4Helx 8U008
cobupatom uHpopmayuto o pabome dguzamerns, 8KAOHAA mMemMnepamypy, 0asneHue 2asa,
8UbPAYUID, CKOPOCMb BPAWEHUSA POMOopad, Hasauyue meepobix Yacmuy, 8 Macse, Pacxoo
monnauea u 8030yxa, KOHYesoli 3a30p A0MAMOK U Opyaue napamempel. Imu OaHHble Mo2ym
6bIMb UCM0/163080GHBI COBMECMHO C KOHMPOIbHO-U3MepumensHol annapamypoli opyaux
cucmem 08u2amess, MAKUX KAK 8MOMamu4ecKoe yrnpasaeHue u npomusonoxapHas
cucmema. lMpednazaemcsa UCnonb308aMb MHO20G/1bMEPHAMUBHYIO CUCMEMY KOHMPOA
MexHUYecKo2o0 COCMOAHUA a8UAUUOHHO20 d8u2amers ¢ NpumeHeHuem 6p32208cKoli pewiemxu 8
Kauecmee usmepumesnbHo20 ycmpolicmea. [pumeHeHuUe 8CMpoeHHbIX CUCMEeM KOHMPOoA
umeem eaxcHoe 3Ha4yeHue 017 obecriedeHus 6€30MACHOCMU U CHUMX(EeHUS 3ampam Ha
obcnyxcusaHue.

Knrouyesole cnoea: MHO200/16MepHAOMUBHAA cUCMeMa KOHMPOid, KOHMPOs1b MeXHUYEeCKO20
COCMOAHUA asuayUuoHHO20 deueameﬂﬂ, cunoeoble ycmpoﬁcmea, 6p32206CK(7}7 pewemka,
CneKmpGﬂbelﬁ aHanus

Ana yumupoearus: Ceporok K. B. IHme2puposaHHAsA cucmema KOHMPOAS MexHU4YeCKo20
COCMOAHUSA A8UAUUOHHO20 d8u2amess Ha 6a3e CNeKkmMpPoCKonu4YecKux usmepeHud //

Integrated system of aircraft engine technical
condition control based on spectroscopic
measurements

Abstract. The implementation of in-built condition monitoring systems for aircraft airframe,
propulsion and onboard systems plays a key role in improving flight safety and reducing
maintenance costs. These systems can detect wear and damage to aircraft engines, monitor
service life utilisation and assess the condition of components. However, existing engine wear
diagnosis methods do not sufficiently account for the influence of external factors on engine
condition, and with increasing design complexity and maintenance requirements, more reliable
and advanced condition monitoring systems need to be developed. Sensors of various kinds
collect information about engine operation, including temperature, gas pressure, vibration, rotor
speed, solids in oil, fuel and air flow, blade end clearance, and other parameters. This data can
be used in conjunction with instrumentation of other engine systems such as automatic controls
and fire protection system. It is proposed to use a multi-alternative system for monitoring the
technical condition of an aircraft engine using a Bragg grating as a measuring device. The use of
inbuilt monitoring systems is important to ensure safety and reduce maintenance costs.

Keywords: multi-alternative control system, aircraft engine technical condition control, power
devices, Bragg grating, spectral analysis For citation: Serdiuk K. V. Integrated system of aircraft
engine technical condition control based on spectroscopic measurements. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(1):36—41 (In Russ.). DOI: 10.31799/2949-
0693-2024-1-36-41.
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UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C. 36-41. DOI: 10.31799/29490693-2024-
1-36-41.

[IpuMeHeHUEe BOJIOKOHHOM ONITUKH B
CNEeKTPOCKOMUYECKUX CUCTEMAaX KOHTPOJIs
dH3nYECKHX U TEXHOJIOTUYECKHUX MPOLECCOB

AHHOomayusa. Paboma rnoceaujeHa uccnedosaHuto ocobeHHocmeli npumeHeHUs 80/10KOHHO-
onmuyeckoli cucmemol nepedayu (BOCI) aHaAu3upyemsix cu2HA08 8 CUCMeMax
oucmaHyuoHHoUl onmuyeckoli cnekmpockonuu. Llensto uccnedosaHus aenanace paspabomkxa
mamemamu4eckux mooenel U MemoOUK pacyema UCKaXeHUl u a3Hep2emu4yecKux nomepe,
B03HUKAOWUX PpU nepedaye onmuyeckux cuzHas08 rno 8070KHY, 1UH3080MYy 610Ky 88000
u3nyyeHus u cucmeme coznacosaHusa BOCTI c exo0Hol anepmypoli cnrekmpaneHo2o npubopa.
lposedeHo uccrnedosaHue uckaxceHul annapamsoli pyHKYuU crekmpassHo20 npubopa npu
MPUMEHEHUU 0NTMUYECKO20 80/10KHA 0418 ONTMUYECKO020 CreKmMpasbHo20 npubopa ¢
dugppakyuoHHol pewemkoli. Ha ocHose 8bIMoHEHHO20 KOMITbIOMEePHO20 MOOeNUPO8AHUSA
osy4YeHa oYeHKa ywupeHus annapamdol hyHKyuu criekmpasasbHo20 npubopa c
OugpaKyuoHHoU pewemkol npu Uucnosa6308aHuUU 00HOMOO08020 U MHO20MO0O08020
0nMu4YecKux 80/10KOH. MccnedosaHbl a3Hepzemu4ecKue nomepu onmu4yeckozo Uussy4eHus 8
cucmeme coenacosaHus BOCI c exodHol anepmypoli criekmpansHo20 npubopa: npedaoxceHa
mMamemamu4eckas Mooesb U Ha ee 0CHO8e PaccyumaHbl 8eAUYUHbI SHep2emu4ecKux nomepsb.
MpednoxeHHaA MamemMamu4ecKkaa Mooesb N0380s49em npu 3a0AHHbIX BXOOHbIX NAPAMeMpPax
crnekmpasnsHo20 Npubopa ocyu,ecmenams pacyemei napamempos onMmMu4ecKux 31emMmeHmos
0719 MUHUMU3QUUU SHepaemu4yeckux nomeps. PaspabomaxHslie MemoOuKu pacyema,
npedsoxeHHble Mamemamuyeckue moodenu U pe3ysnbmamel KOMIbIOMepHo20 MOOenUPO8aHUA
moaym 6bimb npumMeHeHbl U UCMoA6308aHbI Mpu pa3pabomke u pacyeme cucmem
ducmaHyuoHHoU onmuy4eckol criekmpocKonuu 04158 KOHMPOA (hu3uYecKux, ¢husuxo-
XUMUYECKUX U MexHO/102U4ecKUX npoyeccos.

Knrouyeesble cnoea: onmuKa, CnekmpocKonus, 0fMuYecKoe 80/0KHO, annapamHas yHKYuUA
crnekmpanbHo20 Npubopa, cucmembl KOHMPOS, OUBPAKYUOHHAA peuiemKa, IHepaemuyecKue
nomepu

Ana yumupoearus: Kazakos B. U., Kumaes B. B. llpumeHeHuUe 80/10KOHHOU OMMUKU 8
CMeKmMpPOCKONUYECKUX CUCMeMAaX KOHMPOSA PU3UYECKUX U mexHO102UYecKUx npoyeccos //
UHHosayuoHHoe npubopocmpoerue. 2024. T. 3, No 1. C. 42-50. DOI: 10.31799/29490693-2024-
1-42-50.

Application of fibre optics in spectroscopic systems
of control of physical and technological processes

Abstract. The work is devoted to the study of the peculiarities of application of fibre-optic
transmission system (FOTS) of analysed signals in remote optical spectroscopy systems. The aim
of the study was to develop mathematical models and methods of calculation of distortions and
energy losses arising during the transmission of optical signals through a fibre, a lenticular
radiation input unit and a system for matching the VOSP with the input aperture of a spectral
instrument. The study of distortions of the hardware function of the spectral instrument when
using optical fibre for an optical spectral instrument with a diffraction grating has been carried
out. On the basis of the performed computer modelling the estimation of the broadening of the
hardware function of the spectral device with a diffraction grating when using single-mode and
multimode optical fibres has been obtained. The energy losses of optical radiation in the system
of matching of FOSS with the input aperture of a spectral device are investigated: a
mathematical model is proposed and the values of energy losses are calculated on its basis. The
proposed mathematical model allows, given the input parameters of the spectral device, to
calculate the parameters of optical elements to minimise the energy losses. The developed
calculation methods, proposed mathematical models and results of computer modelling can be
applied and used in the development and calculation of remote optical spectroscopy systems for
control of physical, physical-chemical and technological processes.

Keywords: optics, spectroscopy, optical fibre, spectral instrument hardware function, control
systems, diffraction grating, energy losses

For citation: Kazakov V. I., Kitaev V. V. Application of fibre optics in spectroscopic systems of
control of physical and technological processes. Innovacionnoe priborostroenie = Innovative
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IloaGop onTHMAJILHOTO PeXKUMa paGoThI JaTUMKaA
u3MepeHus Bakyyma [lupanu

AHHOMayus. MposedeHo usy4yeHue pabomel damyuka MupaHu 8 WUPOKOM UHMepsasne
daenenuli 1000 + 1072 mb6ap 8 ammocgpepe 8030yxa u a3omad. [TOKA3AHO, YMO KAK 8 pexcume
cmabunu3ayuu MoKa, makK u 8 pexume cmabuausayuu memnepamypsi Habarodaemca
cywecmeeHHsbIl yHOC MOWHOCMU Hazpesamesnsa Npu usmeHeHuu 0aeneHUA 2a3a 8 Kamepe. B
pexcume cmabunuzayuu memmnepamypesl yoanoce ymeHowumes pabodyro memnepamypy
Haepesamens 0o 1000 + 200 °C, ymo no380us0 MpUMeHAMb 8 Ka4ecmee mamepuana
Hazpesamena 0am4uKa 801bHPaAM.

Knioueesbie cnosa: usmeperue sakyyma, damyuk [MupaHu, 8onegpam, azom, 8030yx

Ana yumuposaHus: Pymekos E. B., Hosukosa F0. A., Kasaes A. A. [To06op onmumanbHo20
pexcuma pabomsl damyuka usmepeHus eakyyma luparu // UHHoBayuoHHOE
npubopocmpoerue. 2024. T. 3, No 1. C. 51-55. DOI: 10.31799/2949-0693-2024-1-51-55.

ABTOMaTHU3UpPOBAHHAA CUCTeMaA AJIA
CKaHMPOBAHUS NPOCTPAHCTBEHHOU CTPYKTYPhI
IJIA3MEHHOU CTPYU METOA0M ONITUYECKOM
3MHUCCUOHHOM CIIEKTPOCKONUH

AHHOMayus. OnucaH paspabomaHHsIl npo2pammHO-annapamHsili Komnaexc 014
peaucmpayuu crekmpaabHOU NPOCMpPaHcMeeHHOoU UHGopmayuu o bbicmponpomeKarowux
npoueccax 8 KOHOEHCUPOBAHHbIX Cpedax C 8bICOKUM 8PEMEHHbIM U MPOCMPAHCMBEHHbIM
paspeweHuem. [IpedcmasseHsbl daHHble usmepeHul noaeli pacnpedeneHUs memnepamypel 8
moHKol naasmeHHoU cmpye 8 MoMoKe 2eAUA U ap2oHd rpu nomMowsu 0aHHO020 KOMIIAEKCa.

Kntoyesbie cn108a: 0onmu4eckas IMUCCUOHHAA CeKmMpPocKonuA, 06pabomxa OaHHLIX,
asmomamusayus usmepeHulii

Ana yumupoearus: [loayeHko A. A., luH4yyk M. 3. Aemomamu3uposaHHaa cucmema 014
CKAHUPOBAHUA MPOCMPAHCMBEHHOU cmpyKmypbl naasmeHHol cmpyu memooom onmu4eckoli
3aMuccuoHHoU criekmpocKonuu // HHoeayuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C. 56—
62. DOI: 10.31799/2949-0693-2024-1-56-62.

Optimization of operating conditions for a Pirani
vacuum gauge

Abstract. A study of the Pirani sensor operation in a wide pressure range of 1000 + 1072 mbar in
air and nitrogen atmospheres has been carried out. It is shown that both in the heating current
stabilization mode and in the temperature stabilization mode, a significant heating power loss is
observed when the gas pressure in the chamber changes. In temperature stabilization mode, it
was possible to reduce the operating temperature of the heater up to 1000 + 200 °C, which
made it possible to use tungsten as the sensor heater material.

Keywords: vacuum measurement, Pirani sensor, tungsten, nitrogen, air

For citation: Rutkov E. V., Novikova Yu. A., Kazaev A. A. Optimization of operating conditions for
a Pirani vacuum gauge. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(1):51-55. (In Russ.). DOI: 10.31799/2949-0693-2024-1-51-55.

Automated system for scanning the spatial
structure of a plasma jet using optical emission
spectroscopy

Abstract. The developed software and hardware complex for recording a two-dimensional
spectral pattern is described. The temperature space distribution in a thin plasma jet in helium
and argon using the system are presented.

Keywords: optical emission spectroscopy, data analysis, automation of measurements

For citation: Dyachenko A. A., Pinchuk M. E. Automated system for scanning the spatial structure
of a plasma jet using optical emission spectroscopy. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024,;3(1):56—62. (In Russ.). DOI: 10.31799/29490693-2024-1-56-62.
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UccieaoBaHre BO3MOXKHOCTH IPUMEHEHUS
OJHOBHMTKOBOI'0 BUXPETOKOBOIO AaTYUKa JJ1
u3MepeHus gePpeKToB popMbl

AHHOomayus. Ha kpyanomepe RoundTest RA-120P c yenbto umrnopmo3sameweHus u
npedomepawjeHus nocmerneHHoO20 UCMUPAHUA Wyrna bblau NPo8edeHsl SKCIepUMEHMbI C
6ecCKOHMAKMHbIMU 0aMYUKaMU — 0aMYUKOM 8UXPEemoK08020 murna u 0am4uKOM /1a3epHbIM
2enueso-UoHHO20 Mura — C Yesnbto c030aHUA cO8oeHHOU 20/108KU 015 onpedesneHua degpekmos
hopmbil. PaccmompeHsl pe3ysnbmamel S3KCnepuMeHma ¢ pa3audyHelMu munamu
6ecKOHMAKMHbIX 0GMYUKO8, MAKHEe CUCMeMamu3upo8aHsl pas3snu4yHsie cnocobsl obpabomku
8bIXOOHbIX CU2HA/108 HO OCHOBe bUbAUO2PAPUHECKO20 U NAMEHMHO20 aHAAU3A nepedosslx
paspabomok 8 obaacmu usmepeHus dedpekmos popmol. ChopMynupo8aHsl HANPAsAEHUA
daneHeliwux uccnedosaHud.

Knrouesble cnoea: suxpemoKosblili damyuk, onmuyeckuli na3epHolli 00MYUK, AHAAU3
deghekmoes Oemasnu, Kpyanocme, paduasasbHoe bueHue, 06pabomKa cuzHan08, hopMUPOBaAHUE
Kpyanoz2pammel, 6eCKOHMAaKmMHsle usmepeHus

Ana yumupoearus: EnugaHuyes K. B., Mempoe I. A., benonyxoe B. H., 3askuH O. A.
UccnedosaHue 803MOXHOCMU NpuMeHeHUs 00HOBUMKOB020 BUXPEMOK0B8020 OaMYUKaA 0114
usmepeHusa degpekmos popmbi // HHOBaUUOHHOE npubopocmpoeHue. 2024. T. 3, No 1. C. 63—
76. DOI: 10.31799/2949-0693-2024-1-63-76.

CeTeBble KaJILKYJIITOPbI HA OCHOBE BpeMEeHHbIX
aBTOMAaTOB /1Al OLleHKH XapaKTepPUCTUK
BbIYHMCJ/IUTE/IbHBIX CETel C BO3MOXKHOCTbIO
JAUHAMMYECKON peKOHpUTrypanuu

AHHOomayusa. MHozue 8bi4ucaumesnsHele cemu 00/4HbI 0becre4usams 00HOBPEMEHHYHO
nepedayy 6016W020 KOsU4YeCmaa MomoKo8 OaHHbIX, 0718 Ka# 0020 U3 KOMOpPbIX 00HCHbI
obecriequsamobca pasauYHole NapaMmempsbl KAYECMaa cepsuca, U3oaAYUA om Opy2ux MoMoKoe
O0aHHbIX. []na 0603Ha4YeHUA 3Mo2o Kaacca cemeli 8 HACMOAWee 8peMsa Yacmo UCroAb3yemcs
mepMuH «cemu, 4yecmeumesbHele Ko spemeHu» (Time Sensitive Networks, TSN). Koauyecmeo
nepedasaemblx MOMOKO8 OAHHbIX, Mymu ux nepedayu, Heob6xo0umble Napamemps! MOMOKOS,
mpebyemble XapaKmepucmuKu mo2ym MeHAMbCA 80 8peMeHU 8cnedcmeue U3MeHeHUsA
PEeXUMO8 (hyHKUUOHUPOBAHUA cucmeMsl, HAbopos pewiaemblx 3a0ay, a3 8bI4UCAUMENLHO20
npoyecca, cCmpykmypsi cemu (WMamHo uau 8 pesysasmame omkasos 06opydosaHus). [Ana
OUEHKU XapaKmepucmuK 8bl4ucaumesnsHsix cemeli, npexcoe 8ce2o MAaKCUMasabHO20 8pemMeHu

Study of the possibility of using a single-turn eddy
current sensor for measurement of mold defects

Abstract. Experiments with non-contact sensors were carried out on the RoundTest RA-120P
roundmeter in order to import substitution and prevent gradual abrasion of the probe: an eddy
current sensor and a laser sensor of the helium-ion type in order to create a double head for
determining shape defects. The article considers the results of an experiment with various types
of contactless sensors, and systematizes various methods of processing output signals based on
a bibliographic and patent analysis of advanced developments in the field of measuring shape
defects. The directions of further research are formulated.

Keywords: eddy current sensor, optical laser sensor, part defect analysis, roundness, radial
runout, signal processing, circular pattern formation, non-contact measurements

For citation: Epifancev K. V., Petrov G. A., Belopukhov V. N., Zayakin O. A. Study of the possibility
of using a single-turn eddy current sensor for measurement of mold defects. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(1):63-76. (In Russ.). DOI: 10.31799/2949-
0693-2024-1-63-76.

Network calculus based on timed automata for the
characteristics evaluation of computer networks
with the dynamic reconfiguration

Abstract. Many computer networks must provide simultaneous transmission of a large number
of data flows (streams), for each of which different quality of service parameters and isolation
from other data streams must be provided. The number of transmitted data streams, their
transmission paths, parameters, required characteristics can change over time due to changes in
system operating modes, sets of tasks to be solved, phases of the computation process, network
structure (planned or as a result of terminal nodes and routers failures). Network calculators
based on (min, +) or (max, +) algebras are most often used to evaluate the characteristics of
computer networks, primarily the maximum data delivery time. However, there are a number of
serious limitations when using such network calculators for this class of networks. In this article,
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00cmasKu OaHHbIX, Yauje 8ce20 UCMob3yomca cemesble KasabKyaamops! Ha 6ase (min, +)uau
(max, +)-anzebp. OOHaKo cyujecmayem pA0 cepbe3HbiX 02paHu4eHul npu ucrnonbL308aHUU
MaKux cemesbix KaabKynamopos 0414 0aHHO20 Kaacca cemeli. B daHHol cmamee mobl
paccmampusaem 803MOXCHOCMU M0 POPMUPOBAHUIO CEMeBbIX KA/bKY/AMOopos8 Ha 0CHO8e
8peMeHHbIX aemomamoe 0158 aHHO20 K/AACCa cucmem, NoKa3bieaem rMpeumyuecmsa smoao
nooxooa.

Kniouesble cnosa: cemesbie KasnbKyaamopel, 8pemMeHHbie a8momMamel, 0KAAbHbIE
eblyUCAUMesbHbIE cemu, MexaHu3Mbl obecriedeHus Kayecmeaa cepauca, OUHAMUYECKAA
peKkoHeuzypayus, SpaceFibre

Ana yumupoesaHus: Cysoposa E. A. Cemesbie KasbKynamopsl HQ 0CHO8E 8pEeMEHHbIX
a8MomMamos 0414 OUEHKU XapaKmepucmuK 8bl4ucaUmMesnbHelx cemeli ¢ 03MOHHOCMbIO
duHamuyeckoli pekoHguaypayuu // MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C.
77-88. DOI: 10.31799/2949-0693-2024-1-77-88.

we consider the possibilities of creating network calculators based on timed automata for this
class of systems, and show the advantages of this approach.

Keywords: network calculus, timed automata, local area networks, quality of service
mechanisms, dynamic reconfiguration, SpaceFibre
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Pa3pa6oTKa MeTOAMKM ynpaB/JieHHUA yCTapeBaHUEM
Ha OCHOBe 3¢ PEeKTUBHOrO HUCNOIb30BAHUA
KOMIIOHEHTOB NPOU3BOACTBEHHOMN CUCTEMBI C
npuMeHeHueM HUKJ/a [lemunra - lllyxaprta

AHHOMayus. lMposedeH aHAAU3 NPUYUH 803HUKHOBEHUA U nocanedcmeuli MopasnbHO20 U
MexHO02UYECKO20 YyCMapesaHuUsa 31eMeHmos npou3eo0cmasa, @ Makx#e cocmassneHa
mMemoduKa yrnpasneHua ycmapesaHuem 8 coomsemcmasuu ¢ FOCT P 70383-2022.
MpedcmasneHHsbIl anzopumm yrnpasaeHus NPOYECcoM ycmapesaHus OCHOBAH HA YUKAUYHOU
modenu ynpasnerHus PDCA u skaroyaem 8 cebs sapuamugHsie 0elicmeus, ompaxieHHslie 8
muccuu npeonpuamus. MpednoxieHHas MemoduKa M0380s4em ocyuecmesnams yrnpaeneHue
MmexHUYeCcKUM MomeHyuasaom npodykma u npedomepaw,ams mpou3so0cmeeHHsle nomepu.

Knrouesble cnoea: npou3soocmeo, npodykm, ycmapesaHue, yrnpassneHue ycmapesaHuem,
nooxo0, Ka4yecmaeo

Ana yumupoearusa: MumszuHa M. H., Hazapesuy C. A. Pazpabomka memoOuKu ynpasneHus
ycmapesaHuem Ha 0CHose 3¢hgheKmuBHO20 UCM0/b308AHUA KOMMTOHEHMO8 Mpou38o0dcmeeHHoU
cucmemsl ¢ npumeHeHuem yuknaa JemuHaa — LLlyxapma // IHHoeayuoHHoe npubopocmpoeHue.
2023.T. 2, Ne 6. C. 5-10. DOI: 10.31799/2949-0693-2023-6-5-10.

KayecTBO TeKCTypbl IOBEPXHOCTHU U
MeXaHU4YeCKHe CBOMCTBa MaTepUuaJioB
AAJUTUBHOIO IIPOU3BOACTBA C APMUPOBAHHbIMH
yrjiepoAHbIMHY BOJIOKHAMHY nNpousBoacTBa FDM

AHHOmayus. [lpedcmasseHs! pesya6mamel MeEXaHUYecKux ucrneimaruli modenel,
U320mossieHHbIX € UCMosb308aHUeM 08yx mexHosnozuli 3D-neyamu —Mmemooom nocaoliHo20
HannasneHusa (FDM) u HerpepbigHbIM y2iepoOHbiM 80710KHOM (CFF). B 0beux mexHon02usx
ucrnob3aylomca mamepuass! Ha ocHoge noaunakmuoa (PLA) unu HelinoHa (PA), apmuposaHHbie
y2nepoOdHbIMU 8010KHAMU. Paboma eKstouyaem 8 cebs KaK UCMbIMAHUA uccaedyembix
mMamepuanos Ha 00HOOCHOe pacmsaxeHUe, MaK u Memposoauyeckue UsmepeHus
nosepxHocmel, Nosay4YeHHbIX € MOMOWbI0 d8yx mexHoaozuli 3D-neyamu. Pesynemamel
ucneImaHuli MOKA3aau 3HAYUMesnbHoe 8AUAHUE MUNA MeXHOA02UU HA MPOYHOCMb

Development of obsolescence management
methodology based on the effective use of
production system components using the Deming -
Shewhart cycle

Abstract. The article analyzes the causes and consequences of moral and technological
obsolescence of production elements, and also compiled the methodology of obsolescence
management has been compiled in accordance with GOST R 70383-2022. The presented
algorithm for managing the obsolescence process is based on the cyclic PDCA management
model and includes variable actions reflected in the mission of the enterprise. The proposed
method allows you to manage the technical potential of the product and prevent production
losses.

Keywords: production, product, obsolescence, obsolescence management, approach, quality

For citation: Mityagina M. N., Nazarevich S. A. Development of obsolescence management
methodology based on the effective use of production system components using the Deming —
Shewhart cycle. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(6):5-10. (In
Russ.). DOI: 10.31799/2949-0693-2023-6-5-10.

Surface texture quality and mechanical properties
of materials of additive manufacturing with carbon
fiber reinforced FDM-production

Abstract. The article presents the results of mechanical tests of models manufactured using two
3D-printing technologies, FDM and CFF. Both technologies use PLA or PA based materials
reinforced with carbon fibers. The work includes both uniaxial tensile testing of the materials
under study and metrological measurements of surfaces obtained using two 3D-printing
technologies. The test results showed a significant influence of the type of technology on the
strength of the constructed models and on the quality of the technological surface layer. After
analyzing the parameters of the primary profile, roughness and waviness, it can be clearly stated
that the quality of the technological surface layer is much better for models manufactured using
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nocmpoeHHbix mooeseli U Ha Ka4ecmeo mexHOo102U4ecK020 Mo8epxXHOCmHo20 co4. [locne
aHAAU3a Napamempos nepsuvHo20 Npoguss, Wepoxoeamocmu U 80JAHUCMOCMU MOMXCHO
YemKO 3048UMb, YMO KAYecmeo MexHO02U4eCKO20 08epXHOCMHO20 C/105 HAMHO20 fyvwe y
modenell, uszomosseHHbix No mexHonoz2uu CFF, no cpasHeHuto ¢ mexHonozaueli FDM. Kpome
moao, MPO4YHOCMb HA PA3pbI8 Mooesell, U320moeseHHbIX U3 Mamepuasnd, 06o02aujeHHo20
y2n1epoOHbIMU 80/10KHAMU, HOMHO20 8blule 018 06pa3y08, U320MOB/EHHbIX 10 MexHo02UU
CFF, no cpasHeHutro ¢ FDM.

Knrouessle cnoea: 3D-neuame, yenepodHsie 80A0KHA, noaumepsl, FDM, CFF, mexaHu4ecKue
ceolicmea

Ana yumupoearusa: YabaHeHko A. B. Kayecmeo mekcmypel nosepxHocmu u mexaHu4eckue
ceolicmea mamepuano8 a00UMUBHO20 MPou3800CcMEa ¢ APMUPOBAHHLIMU y2nepoOHbIMU
80/10KHaMu npoussodcmea FDM // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, Ne 6. C. 11—
16. DOI: 10.31799/2949-0693-2023-6-11-16.

Y/y4yiieHue MpPoLecCoB COrJIaCOBaHMS
TeXHUYEeCKOH JOKYMEHTAIlMM B paMKaX CUCTEMBbI
MeHe/)KMeHTa KayeCcTBa HAyKOeMKOro
MPOU3BOACTBA

AHHOMayus. Mpednazaemca nooxo0 K yay4yweHuUto MPoyeccos co2naco8aHUA mexHu4ecKol
O00KYMeHmMauyuu ¢ y4emom o02paHu4eHull cucmemsl MeHEOHMEHMA Ka4ecmea HayKOeMKO20
npoussodcmea. PaccmompeHa u MpoaHanu3upo8aHa cucmema mexHu4ecKo2o
0oKymeHmMoobopoma ¢ NOMOWbIO 3eMeHMo8 MeopuuU UCKYCCMBeHHbIX HelpOHHbIX cemel.
BolAsneHbl Npu4uHbl 803HUKHOBEHUA Hecoomeemcmauli 8 npouyecce npoussodcmea uzdenuli u
npednoxeHa aabmepHAMUEa o ysay4yueHuto NPoyecco8 mexHu4ecko2o 0okymeHmoobopoma e
yc08uAx omcymemeus yugpoeol ceasu yukna paspabomku ¢ npoussodcmeom. lpednoxeHa
yAy4WeHHAs Mooesib Mapuwpyma co21aco8aHUA mexHu4YecKkoli 00KymeHmayuu e cpede
a8mMomMamu3uposaHHol cucmemsl NPednpuAmMuUA, He MPomueope4aw,as mpebosaHuaM
cucmembl MEHEOHMEHMA Ka4ecmea Op2aHU3AUUU U 10360AA0WAA YAy4UUMb KA4ecmeo
Mpoyeccos co2nacosaHus mexHu4eckoli 00KyMeHmMayuu HayKoemKo20 npou3soocmsa.

Knroueaswle cnosa: cucmema, uMumayuoHHAA MoOesb, UCKYCCMBeeHHAs HelipoHHAA cemb,
mexHuYeckuli 00KymeHmMoobopom, Hecoomsemcmaue, mexHuU4YecKas O0OKyMeHmauyus,
Kauecmeo, MoOepHU3aYUs, yay4yuweHue, HayKoemKoe npou3eo0cmeo, op2aHuU3ayus, cucmema
MeHedHMeHmMa Kayecmea

CFF-technology compared to FDM-technology. In addition, the tensile strength of models made
from carbon fiber enriched material is much higher for CFF-models compared to FDM.

Keywords: 3D-printing, carbon fibers, polymers, FDM, CFF, mechanical properties

For citation: Chabanenko A. V. Surface texture quality and mechanical properties of materials of
additive manufacturing with carbon fiber reinforced FDM-production. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(6):11-16. (In Russ.). DOI: 10.31799/2949-
0693-2023-6-11-16.

Improvement of the engineering documentation
approval processes in accordance with the quality
management system of high-technology
production

Abstract. An approach is proposed to improve the engineering documentation approval
processes, taking into account the limitations of the quality management system of high-
technology production. The engineering document flow system is analyzed using elements of the
artificial neural networks theory. The causes of nonconformities have been identified in the
production process and proposed an alternative to improve engineering document flow
processes in the absence of a digital connection between the development cycle and production.
An improved model of the route for approving engineering documentation in the environment of
an product lifecycle management system is proposed, which does not contradict the
requirements of the organization’s quality management system and makes it possible to improve
the quality of the processes for approving engineering documentation of high-tech production.

Keywords: system, simulation model, artificial neural network, engineering document flow,
nonconformity, engineering documentation, quality, modernization, improvement, high-
technology production, organization, quality management system

For citation: Ivanov M. V. Improvement of the engineering documentation approval processes in
accordance with the quality management system of high-technology production. Innovacionnoe
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Ana yumupoearus: VieaHos M. B. YayyweHue npoyeccos co2anaco8aHus mexHu4eckol
00KYMeHmMauuu 8 pamKax cucmemol MeHeOXMeHMa Ka4yecmaa HayKoemKoz2o0 npoussodcmea //
UHHOoBaYUOHHOE npubopocmpoeHue. 2023. T. 2, No 6. C. 17-24. DOI: 10.31799/2949-0693-
2023-6-17-24.

Pa3pa6oTKa KOHIENTya/IbHON MO/IE/IH OLleHKH
Ka4yecTBa 6peHa

AHHOomayus. Paccmompetbl 0CHOBHble npobsiembl 8AUAHUA 6peHOa Ha UMUOHC KOMIAHUU.
MpednoxeH Habop nokasamerneli, KOMopble M03680A9M CO300Mb MOOesb 0717 OUEHKU U
usmMepeHuUs Kayecmea bpeHoa.

Knrouessle cnoea: bpeHo, umuodxc, SERVQUAL

Ana yumupoearus: YoaxuHa C. B., PaxmamynnuHa [1. /1. Pazpabomka KoHuenmyasabHol
moodesnu oueHKU Kayecmea bpeHda // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C.
25-35. DOI: 10.31799/2949-0693-2023-6-25-35.

AHanu3s HGOﬁXOAI/lMOCTI/I IIPpUMEHEHHUA METO40B
TEXHUYE€CKOro TBOp4eCTBad C 1€JIbI0O MHULIUALIUHA
HHHOBauHOHHOﬁ AeATEe/IBHOCTH

AHHOMayusa. TexHu4Yeckoe meopyecmeao Moxem 6bimb C8A3AHO KAK CO 88edeHUeM HOBbIX
mexHos102UuYecKux peweHuli, mak u ¢ ux ycosepuieHcmeoeaHuem uau nepepabomkoli yuce
cywecmesyroujux. B amom cayyae moi Moxcem 2080pUMb 0 MOM, YmMo mexHu4ecKue
pa3pabomku mMmozym eKaA4ame 8 cebs He MOosbKO UHHOBAUUOHHbIE Udeu, HO Makie u
aghghekmusHoe ucrnonb308aHUe U38eCmMHbIX Memo008 U NPUHYUMNos.

Hay4yHo-mexHuYecKas HOB8U3HA uccaedo8aHuUli U U3bICKaHUU 3aKA04aemca 8 CO300HUU HOBbIX
3HaHUL, KOMopbie N0380A70M BHECMU U3MeHeHUA 8 06:acmMU HAYKU U MEXHUKU. Imo moaym
6bImb docmuiiceHue cogepuieHcmasa 8 onpedesneHHol 061acmu, omKpsImue HO8bIX uU3U4ecKUx
AeneHul unu rnoseneHue HOBbIX Mamepuanos. HayyHele uccaedo8aHuUs Yacmo 8edymcs Ha
OCHOoBe meopemuyecKux npednocblaoK, 0OHAKO Pe3yabmamel 3Mux Ucc1edo08aHuU i A0MHCHbI
coomeemcmaeosams nposepeHHbIM pakmam u dokazamesnscmeam. CeA36 MexHUYeCcKo20
meop4yecmaea u Hay4YHo-mexHuU4YecKoli Ho8u3HbI mpebyem omadenbHo20 aHAU3A.

priborostroenie = Innovative Instrumentation. 2023;2(6):17-24. (In Russ.). DOI: 10.31799/2949-
0693-2023-6-17-24.

Development of a conceptual model quality
assessment of company’s brand

Abstract. The article discusses the main problems of brand influence on the company’s image.
Also proposes a set of indicators that will create a model for assessing and measuring brand
quality.

Keywords: company’s brand, image, SERVQUAL

For citation: Udakhina S. V., Rakhmatullina P. L. Development of a conceptual model quality
assessment of company’s brand. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(6):25-35. (In Russ.). DOI: 10.31799/2949-0693-2023-6-25-35.

Analysis of the need of applying methods of
technical creativity in order to initiate innovative
activity

Abstract. Technical creativity can be related both to the introduction of new technological
solutions and to their improvement or reworking of existing ones. In this case, we can say that
technical developments can include not only innovative ideas, but also the effective use of known
methods and principles.

Scientific and technical novelty, on the other hand, consists in the creation of new knowledge
that makes it possible to make changes in the field of science and technology. It may be the
achievement of excellence in a particular field, the discovery of new physical phenomena, or the
emergence of new materials. Scientific research is often conducted on the basis of theoretical
assumptions, but the results of this research must be consistent with verified facts and evidence.
The relationship between technical creativity and scientific and technical novelty requires a
separate analysis.

Keywords: scientific and technical novelty, technical creativity, vepol analysis, types of novelty

For citation: Verkhovskaya A. I. Analysis of the need of applying methods of technical creativity
in order to initiate innovative activity. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(6):36—40. (In Russ.). DOI: 10.31799/2949-0693-2023-6-36-40.
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Knrouyesble cnoea: Hay4HO-mexHUYECKAA HOBU3HA, MeXHU4YeCcKoe meopyecmaso, 8erosbHbIl
aHaau3s, muriel HOBU3HbI

Ana yumupoearus: Bepxosckasa A. V. AHanu3 Heobxodumocmu npumeHeHUs memooos
MmexHUYecKo20 meopyecmed ¢ yesbio UHUYUAYUU UHHOBAYUOHHO U desmenbHocmu //
UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 36—40. DOI: 10.31799/29490693-2023-
6-36-40.

KoHuTposb kayecTtBa UT-npoAyKTa Yyepe3 MeTPUKHU
340pPOBbS

AHHOmMayua. PaccmompeHsi XapakmepucmuKu npoyeccos paspabomxu npoepammHO20
obecneveHus, snuaWUE HAO KAYeCmaso NPoodyKmMa, maKkue KaK MempuKu Kayecmea Ko0oeoli
6a3bl, MeEMpPUKU 300p08bA MPOUECCO8 PA3PABOMKU U MEMPUKU 300p08bA A8MOMAMU3ALUU.
YKa3aHbl 0CHOBAHUA 014 MPUMEHEeHUA MempuKU U npueedeHsbl npasusaa 015 ee oUeHKU.
MpedcmasneH pacyem 300p08bA NPOOYKMA U OUEHKU e20 Kayecmed Ha 0CHO8Ee MeMPUK.

Knrouessble cnoea: paspabomka npozpammHo20 obecrieyeHus, Kayecmaso, npoyeccsl, Mempukxu
300posbsA

Ana yumupoearusa: KypuysiH K. A. KoHmposne kayecmea UT-npodykma Yepe3 MempuKu
300poebs // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 41-45. DOI:
10.31799/2949-0693-2023-6-41-45.

I[Ipumenenue meroaa fuzzy DEMATEL assa
BbISIBJIEHUSI OIITUMAJIbHbIX UHUIIUATUB
HUCI0J/1Ib30BaHUA HHCTPYMEHTOB 6€epe>K/JINBOro
NPOU3BOACTBA HA NpeANPUATHUAX

AHHOmayus. lpusedeHo onucaHue memooda fuzzy DEMATEL, npumeHsemozo 015
npuopumu3sayuu npedaoxceHull 3Kcrnepmos o yay4yweHuto npou3so0cmeeHHo20 npoyecca, ¢
ucnosnbL308aHUEM UHCMpyMeHmMoes bepexau8o20 npou3soocmeaa, a makice 011 8biAsseHUsA
83aumoceasu mexdy npedaazaemobimMu UHUYUamueamu. lipedcmaesneH npumep UCnonb6308aHUSA
memoda fuzzy DEMATEL, onucaHa nocnedos8amesibHOCMb 8bIMOAHAEMbIX pac4emos, nposedeH
aHQAU3 MOYyYeHHbIX Pe3ys1bmamos.

Knrouessle cnoea: fuzzy DEMATEL, mpey20obHbie HeyemkKue 4ucaa, UHCmpymeHmel
bepexuso2o npouzsodcmasa, bepexcausoe npou3so0cmso

Health metric based quality control of IT-product

Abstract. The article describes characteristics of software development processes that affect
product quality. Metrics of source code health, development and automatization processes are
considered. Reasons and rules for applying each health metric are presented. Calculation of
product health based on metrics is made and some conclusions on its quality is also made.

Keywords: software development, quality, processes, health metrics

For citation: Kuritsyn K. A. Health metric based quality control of IT-product. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(6):41-45. (In Russ.). DOI: 10.31799/2949-
0693-2023-6-41-45.

Application of the fuzzy DEMATEL method to
identify optimal initiatives for applying lean tools
at enterprises

Abstract. The description of the fuzzy DEMATEL method is given, which is used for prioritisation
of experts’ proposals for improvement of the production process, using lean tools, as well as for
revealing the relationship between the proposed initiatives. An example of using the fuzzy
DEMATEL method is presented, the sequence of calculations performed is described, and the
results obtained are analysed.

Keywords: fuzzy DEMATEL, triangular fuzzy numbers, lean tools, lean manufacturing

For citation: Zolotukhin K. V. Application of the fuzzy DEMATEL method to identify optimal
initiatives for applying lean tools at enterprises. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(6):46-51. (In Russ.). DOI: 10.31799/2949-06932023-6-46-51.
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Ana yumupoearus: 3onomyxuH K. B. [TpumeHeHue memooa fuzzy DEMATEL 0n4 evisieneHus
0NMMUMQIbHLIX UHUYUAMUS UCMO0/b308AHUA UHCMPYMEHMO8 bepexauso2o npou3soocmaa Ha
npednpusmusx // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 46—51. DOI:
10.31799/2949-0693-2023-6-46-51.

MeToAMKa BU3ya/IM3alMU KOMILJIEKCHOT'O
MoKa3aTeJis KauecTBa C UCNO0JIb30BaHHUEM
CBOGOJHOTrO MPOrPaMMHOr0 o6ecrneyeHus

AHHOmayusa. Paccmampusaemcsa memoOuKa nocmpoeHus 0pesosudHoli cmpykmypebl
KOMI/IEKCHO20 MOKA3amesa Ka4ecmaad C UcCrnoss308aHUEM c80600H020 Npo2pammHO20
obecneyeHus (LibreOffice u graphviz). lNpednazaemcsa Hosayusa Mo 8u3yanu3ayuu y3a108
OOMUHUPYOU4UX U KOMIeHCUpyeMblx nokasamesed.

Knroueasble cnoea: KOMMAeKCHbIl NoKasamess Ka4yecmeaa, OOMUHUpPYOujUe noKkasamenu,
KomrmeHcupyemeble nokazamesnu, epag, oepeso

Ana yumupoearus: TywasuH B. A., ®ponosa E. A., Typ A. C. MemoOuka su3yanausayuu
KOMIM/IEKCHO20 MOKAa3amesis Kayecmad ¢ Ucnosb308aHuem ce0b600H020 npo2pammHO20
obecneyeHus // HHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 52-57. DOI:
10.31799/2949-0693-2023-6-52-57.

BinsaHue pagnyCa MaTpulibl Ha NIpoLHecC BbIBOPOTa
TpYﬁ B XO0JIOAHOM COCTOAAHHUH

AHHOMayusa. Paccmampusaemcs 87UsHUE 2e0MeMPUYECKUX XapaKmMepucmuK wmammnoeo
OCHACMKU HA 803MOMXCHOCMb MPO8edeHUs Onepayuu 8bI80p0mMa mpyb4ameoix 3a20mMoeoK 8
X0/100HOM COCMOAHUU. Ha 0cHoge Ucnoab308aHUA MOOenU meyeHUs Mamepuand 8 o4aze
deghopmayuu npednoxieHa 3a8UCUMOCMb 110 ONpedesneHU0 MAKCUMAbHBIX CHUMAOUUX
HanpsAxeHul u cus, a makxe npusedeHsl pe3yabmamesl SKCepUMeHManbHbIX OGHHBbIX,
nosy4eHHobIX npu 8sisopome mpyo.

Knroueeole cnoea: sbisopom mpyb, ouae dedpopmayuu, paduyc Mampuybl, CHUMAarOuUe
HanpajieHus

Ana yumupoeaHus: Cakosa H. B. BausHue paduyca mampuubl Ha npoyecc 8sisopoma mpyb 8
X0/100HOM cocmosHuU // IHHoeauuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 58-62. DOI:
10.31799/2949-0693-2023-6-58-62.

Visualization technique for complex quality
indicator using free software

Abstract. The methodology of drawing a tree structure of a complex quality indicator using free
software (LibreOffice and graphviz) is considered. An innovation of visualization of nodes of
dominant and compensated indicators is proposed.

Keywords: complex quality indicator, dominant indicators, compensated indicators, graph, tree

For citation: Tushavin V. A., Frolova E. A., Tur A. S. Visualization technique for complex quality
indicator using free software. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(6):52-57. (In Russ.). DOI: 10.31799/2949-0693-2023-6-52-57.

Influence of the matrix radius on the tube eversion
process in the cold state

Abstract. The paper examines the influence of geometrical characteristics of stamping tooling on
the feasibility of tube billets eversion in cold state. Based on the model of the flow of material in
the focal point of deformation, the author proposes the function for determining the maximum
compressive loads and forces, and presents the experimental data obtained during the tube
eversion process.

Keywords: tube eversion, focal point of deformation, matrix radius, compressive loads

For citation: Sakova N. V. Influence of the matrix radius on the tube eversion process in the cold
state. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023,;2(6):58—62. (In Russ.).
DOI: 10.31799/2949-0693-2023-6-58-62.
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K Bonpocy o0 KOHTpoJie ABMKEeHHS 00’ beKTa
3KCNepUMeHTa/IbHOU rosiorpadpuyecKkon
YCTaHOBKOM

AHHOMayusA. Paboma nocesweHa uccnedo8aHuo 0suxiceHus obvekma memoodom
20s102pagudeckoli uUHMepgepomempuu No cxeme MPOXoOAULE20 1A3ePHO20 NMyYKa. OnmuyecKue
usmepeHuUs 3aHUMarom 00HO U3 8edywux Mecm 8 asuayuoHHom npubopocmpoeHuu,
MAWUHOCMPOEHUU, @ MAKXe 8 Pa3aAUYHbIX HaYYHbIX MPAKMUKAX, MAK KaK ABAAIOMCA
8bICOKOUH(OPMAMUBHbIM, 0OCMOBEPHbLIM U 86ICOKOMOYHbLIM UHCMPYMEHMOM KOHMPOASA
06bEeKmMo8 U cped pa3Ho20 a2pe2amHo20 COCMOAHUSA, M03MoMy OaHHAA paboma akmyasnbHa U
nepcrnekmusHa. MpusedeHbl 8HewHUl 8Ud, 0OIMUYeCcKas cCXxema u mexHu4YecKue napamempol
aKcnepumeHmansHoli 2onozpaguyeckoli uHmepgepeHyUuoHHol ycmaHosKu. MoKasaHs!
UHMepgepeHYUOHHbIE 05 0414 pa3Au4HbIx 8UC0E 08UXEHUU, 0 MAKXe cxema
socrpousgedeHus 20402paMMbI OC/E 3aNUCAHHbIX NepemeweHuli o6vbekma. MosyyeHel
pe3ynsmamei nepemeuweHuli uzobpaxceHus o6vekma no ocu 0X Ha 100 mkm u o ocu 0Z Ha 150
MKM U onpedesneHa omHocumesbHasA nozpewHocms onpeodeneHus dx u dz, Komopas He
npessiwaem 5 %.

Knrouessle cn106a: 20/102pamma, homozpacpuyeckue 8bICOKopaspewaroujue naacmuHKu,
(hOKaAbHAA MA0CKOCMb AIUH3bI, OMHOCUMENbHAA N02PEWHOCMb, UHMePGEPEHUUOHHAA N0A0Ca

Ana yumupoeaHus: Maliopos E. E., Apegpbes A. B., ApaHaceesa O. B. K sonpocy o KoHmpose
dsunceHUA 06beKMa 3KCepuMeHmanbHol 2on02paguyeckoli ycmaHoekol // HHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 6. C. 63—69. DOI: 10.31799/29490693-2023-6-63-69.

[IpuMeHeHNEe HEYETKOTr0 PeryJjsAaTopa A
yJIy4llIeHUA KadecTBa Mepexo HOro npouecca
aBTOMAaTa TATH

AHHOMayusa. PaccmompeH NpuHyun nocmpoeHus cucmem yrnpasneHus ¢ Heyemxumu
peaynamopamu Ha npumepe cucmemel ynpasneHusa (CAY, ACS, Automatic Control System)
nymesoli ckopocmu AemamenbHo20 annapama — asmomama msau. B pamkax ucciedosaHus
paccmampueaemcs AUHeapu308aHHaA (6e3biHepyuoHHaA) modensb CAY, 8 Komopoli
UCrnosb308aHsI UHeliHble an20pUMMbI yripasneHus u ynpouweHHsle mamemamuyecKkue mooenu
38eHbes repedamoyHbix pyHKYUl 6s10K08 300aHUA napamempos u GuHamu4eckoli obpamHol
ceA3u, ycunumesneli u 803mywarowux sosdelicmesuli, @ Makxe He y4umel8arOMCA BHEWHUE
cnyyaliHble nomexu. MiccnedosaHue Asnaemca demoHcmpayuel npeumyuwiecmaa
UCrnosab308aHUA HEYEMKO20 peaynamopa (KoHmMpoaepa) no CpasHeHUo Co 36eHOM

On the issue of controlling the movement of an
object by an experimental holographic installation

Abstract. The work to the study of the motion of an object by the method of holographic
interferometry according to the scheme of a passing laser beam is devoted. Optical
measurements occupy one of the leading places in aviation instrumentation, mechanical
engineering, as well as in various scientific practices, as they are a highly informative, reliable
and high-precision instrument for monitoring objects and media of different aggregate state,
therefore this work is relevant and promising. The appearance, optical scheme and technical
parameters of an experimental holographic interference installation are given. Interference
fields for various types of movements are shown, as well as a scheme for reproducing a
hologram after recorded object movements. The results of moving the object image along the 0X
axis by 100 um and along the 0Z axis by 150 um were obtained and the relative error of
determining dx and dz, which does not exceed 5 %, was determined.

Keywords: hologram, photographic high-resolution plates, focal plane of the lens, relative error,
interference fringe

For citation: Maiorov E. E., Arefyev A. V., Afanaseva O. V. On the issue of controlling the
movement of an object by an experimental holographic installation. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(6):63—69. (In Russ.). DOI: 10.31799/2949-
0693-2023-6-63-69.

Use of the fuzzy controller to improve the quality
of the transient process of the traction maschine

Abstract. The principle of construction of control systems with fuzzy controllers is considered on
the example of the control system (ACS) of the ground speed of an aircraft — traction machine.
The study considers a linearized (inertia-free) ACS model, which uses linear control algorithms
and simplified mathematical models of links: transfer functions of parameter setting blocks and
dynamic feedback, amplifiers and disturbing influences, and also does not take into account
external random noise. This research is a demonstration of the advantages of using a fuzzy
controller in comparison with a dynamic feedback link to maintain the stability of the system.
The fuzzy controller is based on one of the methods of artificial intelligence — fuzzy logic.
Simulation of the operation of all systems was performed using MatLab Simulink and Fuzzy Logic
Toolbox packages.
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duHamuyeckol obpamHoli ceAa3u 018 NoddepxaHus ycmoliyugocmu cucmemsi. Heuemku i
pez2ynamop nocmpoeH Ha 0CHo8e 00HO20 U3 Memo008 UCKYCCMBEHHO20 UHMesnnekma —
HeyemkKoli no2uke. ModenuposaHue pabomel 8cex cucmem rpou3sedeHo ¢ MOMOWbHO NAKemos
MatLab — Simulink u Fuzzy Logic Toolbox.

Knioueeble cnosa: asmomam msaau, mymeesas cKopocmo, 6e3bIHEPYUOHHAA cucmema,
UCKycCmeeHHbIl UHMennekm, cucmema asmomamu4ecKo20 ynpassneHus, Hedemxul
peaynamop, nepexoOHslli npouyecc

Ana yumupoearus: ieaHos M. E. [IpumeHeHuUe HeYemKo20 peayaamopa 045 yay4yuweHus
Kayecmea nepexodHo20 npoyecca asmomama msau // UHHosayuoHHoe npubopocmpoeHue.
2023.T. 2, No 6. C. 70-75. DOI: 10.31799/2949-0693-2023-6-70-75.

KoHuenTya/ibHble aCIEKThl KATETOPUPOBAHUS
IMPOMBILJIEHHBIX MPEeANPUATHI 10 YPOBHIO
a3POTEXHOTeHHOM ONMACHOCTH

AHHOMayuAa. Kpamko oxapakmepu3o8aHbl KOHYENUUU Kame2opupoeaHUs npoMbliaeHHbIX
npednpusmud, 0CHOBAHHbIE HO MHO2006PA3HbIX Pe21AMEHMUPOBAHHbIX U UHbIX MOKA3AaMensx
302pA3HEHUA MPU3eMHO20 €104 ammocgepel. [TpedcmasneHbl NOHAMUSA, yesnu, 3a0a4u,
npuopumemsi U OUCKYCCUOHHbIE acrekmsl elicmeyoujux pe2nameHmos Kame2opuposaHus. B
Kayecmee 0ocmynHo2o paboye2o UHPOPMAUUOHHO-AHAAUMUYECKO20 UHCMPYyMeHma
npeodnoxeH npuem nocCMpoeHUs Kapmeol pacnpedeneHus UCMOYHUKO8 8b16p0cos,
no3sossroweli mosbicums 0c8e00MAEHHOCMb CEyUaaUCcmMos o pucke asapuliHoix cumyayull u
nepeooyepedHsIx Mepax Uux nPo@duAaKMUKU.

Knroueseole cnoea: ammocgepa, 8030yX00XPaHHbIE pe2aameHmel, UCMOYHUK 8b16poca, 30Ha
87UAHUSA, NpedesnbHo AoNycmuMble KOHUeHMpayuu, HoOpMamueHo 0ornycmumele 8b16p0CbI,
Kamez2opus 0nacHoCmu, a3pomexHo2eHHbIl puck, yujepb

Ana yumupoeaHus: KunpusHosa E. H., KpynuHa H. H. KoHyenmyasneHsie acrniekmel
Kamez20puposaHuUs npombisaeHHbIX npednpuamuli no yposHo aspomexHo2eHHoU onacHocmu
// MHHoBayuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 76—84. DOI: 10.31799/2949-0693-
2023-6-76-84.

YcTpaHeHHe HCKaXKeHU Ha U306pakeHUAX,
MoJIy4YaeMbIX CUCTEMOM TEXHUYECKOTO0 3peHM s

Keywords: traction machine, ground speed, inertia-free system, artificial intelligence, automatic
control system, fuzzy controller, transient process

For citation: Ivanov M. E. Use of the fuzzy controller to improve the quality of the transient
process of the traction maschine. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(6):70-75. (In Russ.). DOI: 10.31799/2949-0693-2023-6-70-75.

Conceptual acpects of categoring industrial
enterprises by the level of aerotechnogenic hazard

Abstract. The concepts of categorization of industrial enterprises based on a variety of regulated
and other indicators of pollution of the surface layer of the atmosphere are briefly characterized.
The concepts, goals, objectives, priorities and debatable aspects of the current categorization
regulations are presented. As an accessible working information and analytical tool, a technique
for constructing a map of the distribution of emission sources is proposed, which makes it
possible to increase the awareness of specialists about the risk of accidents and priority
measures for their prevention.

Keywords: atmosphere, air protection regulations, source of release, zone of influence, emission
limit, hazard category, aerotechnogenic risk, damage

For citation: Kipriyanova E. N., Krupina N. N. Conceptual acpects of categoring industrial
enterprises by the level of aerotechnogenic hazard. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(6):76-84. (In Russ.). DOI: 10.31799/2949-0693-20236-76-84.

Eliminating distortions in images obtained by a
technical vision systems
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AHHOMayusa. CModenuposaH Mpoyecc KoppeKyuu u30bpaxeHus cucmemsl mexHU4ecKo2o
3peHus, codeprauwe2o cMa3sl HO 0mOenbHbIX y4acmyax. PaspabomaHa sKkcnepumeHmansbHaa
YCMAHOBKA, nNpedHa3HaYeHHas 014 Moay4YyeHus usobpaxeHuli 0suxcyusuxca o6vekmos.
Pa3pabomaH u peasau3o8aH aa20puUMM KOppeKyuu cma3os 8 npozpammHoli cpede Spyder.
MposedeH aHanu3 peszyabsmamos 06pabomku uzobpaxceHudl.

Kniouesble cnosa: cucmemsi mexHU4YECK020 3peHUs, CMA3, KOppeKyusa usobpaxceHud,
KOHMpPOsb Kayecmea

Ana yumupoearusa: dunumoros C. [., bynamos B. B. YcmpaHeHue uckaxceHul Ha
U306paXeHUAX, NoayYaemsix cucmemoli mexHu4eckozo 3peHus // HHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 6. C. 85-89. Doi: 10.31799/2949-0693-2023-6-85-89.

le/lMeHeHI/le HCKYCCTBEHHOI'O MHTEJ/IJIEKTA B
dHaJIn3€e COCYyAUCTbIX naToJIOorui Mo3ra

AHHOmMayus. Paccmampueaemcs npumMmeHeHuUe UCKYcCmeeHH020 UHmesnekma 014 aHaAu3a
CUHXPOHU3aYUU selisemHbIx CIeKmpoe ceepxmedsieHHbIX PUMMO8 31eKMpPOo3HYedanoepamm u
371eKMPOKAPOUO2PAMM Y NAUUEHMO8 C PA3AUYHLIMU COCYOUCMbIMU MAMOA02UAMU MO32d.
AkmyansHocms pabomel 0bycnosneHa Heobxodumocmesro pa3pabomKu cospeMeHHbIX
mMemod08 aHau3a cocyoucmelx namosio2uli Mo32a u 3¢hgheKmusHo020 MOHUMOPUH2a
cocmosAHuA 300posbA nayueHmos. [pednoxceHHsil 8 pabome uHOEKC cxodcmea no3eosasem
8bl0enums spemMeHHble UHMepPeaasbl CUHXPOHU3AUUU Mexdy buosnekmpuyecKol
aKMUBHOCMbIO M032a U cepOeyHo-cocyducmoli cucmemoli u nosay4ums eusyasbHble
XapaKkmepucmuKu 4acmomHo2o criekmpa.

Knrouessle cnoea: uckyccmeeHHbil uHMesnnekm, uHoeKkc cxoocmea,
371eKkMpo3aHyepanozpamMmma, eapuabenbHocmes cepOeyHo20 pummad, HenpepsieHoe selienem-
npeobpasosaHue

Ana yumupoearusa: Tumos B. E., fuk O. E., Apegpbes A. B., Baacosa A. O. lpumeHeHue
UCKYCCMBeHH020 UHMesnaeKkma 8 aHasu3e cocyducmelx namosoauli Mo32a // MIHHO8auUOHHoe
npubopocmpoenue. 2023. T. 2, No 6. C. 90-97. DOI: 10.31799/2949-0693-20236-90-97.

[locTpoeHMe ruGKUX 06pa30BaTebHBIX MPOLECCOB
B BbICIIUX Y4€OHBIX 3aBeJeHUSIX
AHHomauun. Paccmampueaemcn MexHO/102UA UCMoaAb308aHUSA 2ubKol memodosozauu

ynpassaeHus 048 pa3pabomku U MOCMpoeHUs Kypcos U CMbIC/108bix ceaseli ucyunauH ebicuezo
06pa3osaHua 0158 M0O20MOBKU CEYUAaAUCMo8 UHXEHePHbIX HanpasneHul.

Abstract. The article simulates the process of correcting an image of a technical vision system
containing blur in certain areas. An experimental setup has been developed for obtaining images
of moving objects. An algorithm for correcting smears has been developed and implemented in
the Spyder software environment. The results of image processing were analyzed.

Keywords: technical vision systems, lubrication, image correction, quality control

For citation: Filimonov S. D., Bulatov V. V. Eliminating distortions in images obtained by a
technical vision systems. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(6):85-89. (In Russ.). Doi: 10.31799/2949-0693-2023-6-85-89.

Application of artificial intelligence in the analysis
of cerebral vascular pathologies

Abstract. This paper deals with the application of artificial intelligence to analyze the
synchronization of wavelet spectra of ultra-slow rhythms of electroencephalogram and
electrocardiogram in patients with different degrees of cerebral vascular pathology. The
actuality of the work is determined by the need to develop modern methods of analyzing
cerebral vascular pathology and effective monitoring of patients’ health status. The similarity
index proposed in the work allows us to identify time intervals of synchronization between
bioelectrical activity of the brain and cardiovascular system.

Keywords: artificial intelligence, similarity index, electroencephalogram, heart rate variability,
continuous wavelet transform

For citation: Titov V. E., Dick O. E., Arefyev A. V., Vlasova A. O. Application of artificial
intelligence in the analysis of cerebral vascular pathologies. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(6):90-97. (In Russ.). DOI: 10.31799/2949-06932023-6-90-97.

Building flexible educational processes in higher
education institutions
Abstract. The article deals with the technology of using flexible management methodology for

the development and construction of courses and semantic links of higher education disciplines
for training specialists in engineering fields.
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Knroueeole cnoea: obpazosamenbHas 0esmesibHoCMb, cucmemHbIl Nnooxo0, Ka4ecmeo
o0byyeHus, 2ubkoe yrnpasneHue

Ana yumupoearua: AHmoxuHa f0. A. locmpoeHue 2ubkux 06pa3osamesnbHbIX MPOYECCO8 8
sbicwiux yuyebHbix 3a8edeHusx // MHHoeauuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 98—
101. DOI: 10.31799/2949-0693-2023-6-98-101.

MeTo OCTPOEHUA KOHEYHO30HHbIX
3JTMITHYECKHUX MOTEHIMAJIOB onepaTopa Jlupaka

AHHomayus. pednazaemca Mmemoo nocmpoeHUs 3AAUNMU4eCcKUX KOHEYHO30HHbIX
nomeHyuanos onepamopa [Jupaka, esbipaxicarouuxca yepez cobcmeeHHole pyHKYUU
onepamopa LLpeduHzepa ¢ 31auNmMu4ecKkum KOHe4HO30HHbIM nomeHyuaaom. [TokasaHo, Ymo
110 Ka#0oMy g-30HHOMY 37AUrMu4YecKomy nomeHyuaay onepamopa LLipeduHzepa moxHoO
nocmpoume 2g+1 pasau4Helx (2g—1)30HHbIX 3AAUNMUYECKUX TOMEHYUAA08 orepamopad
JAupaka.

Kntouessle cnoea: onepamop LLipeduHzepa, onepamop Jupaka, cnekmpasnbHas Kpueas,
KOHEeYHO30HHOe peweHue, Mampuya MOHOOPOMUU, 3AaAUNMUYecKuli nomeHyuan

Ana yumupoearusa: CmupHog A. O. Memod nocmpoeHus KOHeYHO30HHbIX 3AAUNMUYecKUx
nomeHyuasnoe onepamopa Aupaka // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C.
102-111. DOI: 10.31799/2949-0693-2023-6-102-111.

Keywords: educational activities, systemic approach, quality of learning, flexible management

For citation: Antokhina Yu. A. Building flexible educational processes in higher education
institutions. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(6):98-101. (In
Russ.). DOI: 10.31799/2949-0693-2023-6-98-101.

A method for constructing finite-gap elliptic
potentials of the Dirac operator

Abstract. The paper proposes a method for constructing elliptic finite-gap potentials of the Dirac
operator expressed in terms of eigenfunctions of the Schrédinger operator with an elliptic finite-
gap potential. It is shown that for each g-gap elliptic potential of the Schrédinger operator, it is
possible to construct 2g+1 different (2g—1)-gap elliptic potentials of the Dirac operator.

Keywords: Schrédinger operator, Dirac operator, spectral curve, finite-gap solution, monodromy
matrix, elliptic potential

For citation: Smirnov A. O. A method for constructing finite-gap elliptic potentials of the Dirac
operator. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(6):102-111. (In
Russ.). DOI: 10.31799/2949-0693-2023-6-102-111.
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IIpo61embl HacTporku AaTYUKOB RoundTest RA-
120P o yri1y HakJioHa M 10 BBICOTHbBIM
napaMeTpam

AHHomayus. [lpedcmasseHsl pe3yaemamel UCCAEO008AHUA 8AUAHUA HA MOYHOCMb U3mepeHuli
yena HaKAoOHA Wyna ¢ pasau4HeiM wazom. Takie nposedeH sKcrnepumeHm rno 3asucumocmu
pesynemama yeHmpupos8aHUA 0m 83aUMHO20 PACONOHEHUSA MepP8o20 U 8MOPO20 KACAHUA
demasnu wynom Kpyanomepa (no HOPMamusy Kanubposxku oba3amesbHbl 08€ MOYKU KACAHUSA).
MonyyeHsl pe3ynbmamei, 00HO3HAYHO onpedensiouue onMUMAsbHble 3Ha4eHus 08yxX
napamempos npu nposedeHuu UeHMpPUpPOoBaHUsA/HUBeAUPOB8aHUs. [TosnydeHHble pe3ynbmamel
6ydym nosnesHbl NpuU Kanubposke u ocmuposke Kpyaaomepa RoundTest RA-120P.

Knrouyesole cnoea: Kpyaaomep, UeHMpUpo8aHuUEe, HUBEAUPOBAHUE, OMKAOHEHUSA GOopMbl, Wyn
Ana yumupoearus: EnugaHyes K. B. MMpobaemosl Hacmpoliku damyukoe RoundTest RA-120P no
yesny HAK/A0HA U 110 8bICOMHbIM napamempam // MHHo8ayuoHHoe npubopocmpoeHue. 2023. T.
2, No 5. C. 5-10. DOI: 10.31799/2949-0693-2023-5-5-10.

YHuBepca/bHbIA PUHUTHO-BPEMEHHOM
ONTUMAJIbHBIN MeTO A PUIBTPALMU JUCKPETHBIX
CUTHAJI0B UHGOPMALMOHHO-U3MEepPUTEIbHbIX
CUCTEM

AHHOMayusa. Paccmampusaromcs onmumarsnsHele huHUMHO-epemMeHHble 6e3 06pamHol u ¢
o0bpamHoli cesa3bio Memodsl 06pabomku 8 0bwem csy4ae HeMapPKOBCKUX U He2ayCcCO8CKUX
CU2HA/108 HA (hOHE NMPOU3B0/IbHBIX TOMEX U3MepeHus, obecrneyusaroujue yHU8epcanbHOCMb
MpUMeHeHUA U yrnpoujeHue an2opummos paboms! UHGHOPMAYUOHHO-U3MEPUMESbHbIX CUCMeM.

Kntoueeble cn08a: onmumasnbHsie hUHUMHO-8pemMeHHble Memodbl huabmpayuu OUCKPEemMHbIX
CU2HQ/108, NIPOU3BO/bHLIE MOOE/U CUZHA08 U MOMEX U3MEePEeHUS, OUeHKA Kayecmaa
anzopummos 06pabomku cuzHan08, Mamemamuyeckuli annapam Ha 0CHoO8e meopem
0pMO20HAbHO20 NpoeyuposaHus u [yba

Problems with setting up RoundTest RA-120P
sensors by inclination angle and height parameters

Abstract. The paper presents the results of a study of the influence of two factors on the
accuracy of measurements — the angle of inclination of the probe with different pitches, and also
an experiment was conducted on the dependence of the centering result on the relative position
of the first and second contact of the part with the caliper probe (according to the calibration
standard, two points of contact are required). Results were obtained that clearly determine the
optimal values of two parameters when performing centering/leveling. The results obtained will
be useful when calibrating and adjusting the RoundTest RA-120P roundness meter.

Keywords: roundmeter, centering, leveling, shape deviation, probe

For citation: Epifancev K. V. Problems with setting up RoundTest RA-120P sensors by inclination
angle and height parameters. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(5):5-10. (In Russ.). DOI: 10.31799/2949-0693-20235-5-10.

Universal finite-time optimal method of filtering
discrete signals of information and measurement
systems

Abstract. The paper considers optimal finite-time methods without feedback and with feedback
for processing, in general, non-Markov and non-Gaussian signals against the background of
arbitrary measurement interference, providing versatility of application and simplification of
algorithms for the operation of information and measurement systems.

Keywords: optimal finite-time methods of filtering discrete signals, arbitrary models of
measurement signals and interference, evaluation of the quality of signal processing algorithms,
mathematical apparatus based on orthogonal projection theorems and Doob
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Ana yumupoearus: NeaHos I0. M. YHusepcanbHbil puHUMHO-8pemMeHHOU onmumMasbHbIl
mMemoo punbmpayuu GUCKPemMHbIX CU2HA108 UHHOPMAYUOHHO-U3MepUmesbHbix cucmem //
UHHOoBaYUOHHOE npubopocmpoeHue. 2023. T. 2, No 5. C. 11-17. DOI: 10.31799/2949-0693-
2023-5-11-17.

Pa3pab6oTKa CTPYKTypbl BepOSITHOCTHOM MO/ e/1U
ZJIs1 MHOTOHOMEHKJ/IATYPHOI'0 NPOU3BOACTBA

AHHOmMayusA. Onuceieaemcs npoyecc paspabomku cmpykmypbl 8eposmHocmHol modenu 017
MHO20HOMEHKAamypHo20 npou3sodcmea. [pednazaemcs UCnoAb308aMb 8ePOAMHOCMHbIE
moodenu 011 onpedeaneHUs onMumMasbHol cmpykmypel npou3sodcmea. BepoamHocmHsie
MoOenu 0CHOBAHbI HA 8EPOAMHOCMHbLIX MEMOOAX U M0380/A10M y4ecms pasaudHsie pakmopbl
U HeonpedesneHHOCMU, KOmopble Mo2ym 803HUKHYMb 8 npouecce npou3eo0cmed u Komopele
moaym 6bimb eapuabenbHbIMu 8 3a8ucumocmu om ocobeHHocmel opeaHuzayuu. Takum
06pa3om, cmamos umeem MPaKMuYeckKoe 3HavyeHue 017 npednpuamul, 3aHUMAIOWUXCA
MHO20HOMEHKAaMYpPHbIM MPou3800cmMeom, U Moxcem bbimb UCoaA6308aHA 048 pa3pabomku
onmumasnbHolU cmpyKkmypbl npou3eo0cmea Ha 0CHO8e 8epPOAMHOCMHbIX Modesel.

Knrouesoie cnosa: seposmHocmHeoie Modeﬂu, MHO2OHOMEHKMamypHoe I'IpOUBBOOCH’IBO,
XPOHOMEMpPAaM onepauuﬁ, I'lepEH(JﬂGanHble rnpouyeccel, npoyecco! npupaGomKu

Ana yumupoearus: BuHHUYeHKo A. B. Pazpabomka cmpykmypesi 8eposmHocmHoli modenu 014
MHO20HOMeHKAamypHoao npouszeodcmea // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No
5. C. 18-22. DOI: 10.31799/2949-0693-2023-5-18-22.

OuneHkKa pe3y/1bTAaTUBHOCTH MOTOKA CO34aHUS
LLleHHOCTHU

AHHOmayusa. PaccmompeHsi npobaembl OUeHKU pe3ysn6mamusHOCmU MomokKa co30aHUA
uyeHHocmu Ha npouszsodcmaee. [lpednazaromcsa KOMeKcHas Mooesb OUEHKU, ee
UHMepnpemayus u nocnedyroujee 803MOXCHoe pa3eumue, 0CHOBAHHOE Ha KOMBUHAYUU
memooos SERQUAL, ocgoeHHo20 o6bema u memoda aHanu3a uepapxud.

Knrouesble ca108a: Nomok co30aHuA UeHHocmu, oceoeHHbili o6vem, SERQUAL
Ana yumupoesarusa: Mabxew M., TywasuH B. A. OueHKa pe3ysbmamusHOCMU MomMoKa

For citation: Ivanov Yu. P. Universal finite-time optimal method of filtering discrete signals of
information and measurement systems. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(5):11-17. (In Russ.). DOI: 10.31799/2949-0693-2023-5-11-17.

Development of a probabilistic model structure for
multi-nomenclature production

Abstract. The paper describes the process of developing the structure of a probabilistic model for
multi-nomenclature production. It is proposed to use probabilistic models to determine the
optimal structure of production. Probabilistic models are based on probabilistic methods and
allow considering various factors and uncertainties that may arise in the production process and
which may be variable depending on the characteristics of the organization.

Thus, this article is of practical importance for enterprises engaged in multi-nomenclature
production and can be used to develop an optimal production structure based on probabilistic
models.

Keywords: probabilistic models, multi-nomenclature production, timing of operations,
changeover processes, run-in processes

For citation: Vinnichenko A. V. Development of a probabilistic model structure for multi-
nomenclature production. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(5):18-22. (In Russ.). DOI: 10.31799/2949-0693-2023-5-18-22.

Evaluating the performance of the value creation
stream

Abstract. The article deals with the problems of evaluating the performance of the value
creation flow in manufacturing. A complex model of evaluation, its interpretation and its further
possible development based on the combination of SERQUAL, mastered volume and hierarchy
analysis methods are proposed.

Keywords: value stream, earned value, SERQUAL
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co30aHuA yeHHocmu // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 5. C. 23-26. DOI:
10.31799/2949-0693-2023-5-23-26.

HccieaoBaHue BJAMAHUS KJIUMAaTUYE€CKHX
dakTOpOB Ha nponecc pulaMeHTU3aLUH NPHU
NPOTOTUNUPOBAHUU AAJUTHUBHBIX U3AEJIUN

AHHOomayusa. OnucaHsl pe3ysbmamel UcC1e008AHUSA M0 8bIABAEHUIO 8AUAHUSA MUKOBbIX
usMeHeHuli memnepamypel U 8AAHHOCMU 8 1060PAMOPHOM UAU NPOU3800CMEEHHOM
MpocmpaHcmMee Ha NPoyecc uaameHmu3ayuu npu NPOMOMuUNUPOBAHUU A00UMUBHbLIX
uzdenuli 8 pOMKaAxX 3AMKHYMO20 UUK/Q peeepcueHO20 UHHUHUpUHea usdenul. B yensx
MoebIWeHUA Ka4ecmed Mpouecca uaameHmu3sayuu npu NPOmMomunuposaHuU adoumusHbIX
uzdenuli 8 1a60paMOPHOM UAU NPOU3B0OCMBEHHOM MPOCMPAHCMEE 8bI08UHYMBbI 2UMOME3bI O
8/1USHUU 8HEWHUX meMrepamypHbix hakmopos Ha npoyecc 3D-neyamu u pesyasmupyrowiee
Kayecmeo co30a8aemMbix mymem pesepcusHo20 UHHUHUPUH2A u3denull. [jonyckossbie
napamempel UCXOOHO20 U30enus ABAAIOMCA 5MasnoH-06pa3yom 0449 a00uMuUBHO20 u3desnus,
M03MOMYy OUEHKA (haKmMopoe 8AUAHUA MUKPOKAUMAMA 8 1a60pamopHOM uau
Mpou3eodcmeeHHOM MPOCMpPAHCMae Ha NPoMmeKaHue Npoyecca nocaoliHo2o cuHmesa
[endaemca akmyaneHoli 3adayveli. o pe3yasmamam uccaedo8aHuUs NPeodsIoHeH
cybonmumasnsHsili Kaumamuveckuli pexcum 045 nabopamopuu uau rnpou3eo0cmeeHH020
npocmpaHcmaa, obecneyusarowjuli masodegekmHoe npomeKkaHue npoyecca
MpomomurnuposaHus.

Knroueeole cnoea: adoumusHoe npou3soocmeo, punameHmu3sayus PLA-naacmuka, 3D-
mexHosnozuu, FFF-ycmpolicmea, KnaumamuyYecKkue pexcumesl

Ana yumupoearus: Hazapesuu C. A., CeupudeHko A. B. UccnedosaHue eauaHusa
KAumamu4eckux (pakmopos Ha npoyecc huaameHmusayuu npu npomomunuposaHuu
addumueHeix uzdenuli // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 5. C. 27-31. DOI:
10.31799/2949-0693-2023-5-27-31.

dopMUpOBaHUE APXUTEKTYPbl CUCTEMbI
HWHTepHeTa Belneu
AHHOMayusA. PaccmompeHsl HeKomopesie apxumexkmypsl UHmepHema sewjeli U3 Uu3gecmHsbix

UCMOYHUKOB, ChopMUPOBAHbI KpUMEPUU K CMAHAapmu3upo8aHHOMY npedcmasneHuto
cucmemsl MHmepHema sewell. lMocmpoera modens MHMepHema seweli ¢ npumeHeHuem

For citation: Mabhash M., Tushavin V. A. Evaluating the performance of the value creation
stream. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(5):23-26. (In
Russ.). DOI: 10.31799/2949-0693-2023-5-23-26.

Study of the influence of climatic factors on the
filamentization process during prototyping of
additive products

Abstract. The article describes the results of a study to identify the influence of peak changes in
temperature and humidity in a laboratory or production space on the process of filamentization
during prototyping of additive products within a closed cycle of reverse engineering of products.
In order to improve the quality of the filamentization process when prototyping additive
products in a laboratory or production space, hypotheses have been put forward about the
influence of external temperature factors on the 3D-printing process and the resulting quality of
products created through reverse engineering. The tolerance parameters of the initial product
are the reference standard for the additive product, therefore, assessing the influence of the
microclimate in a laboratory or production space on the course of the layer-by-layer synthesis
process is an urgent task. Based on the results of the study, a suboptimal climate regime for a
laboratory or production space was proposed, ensuring a low-defect prototyping process.

Keywords: additive manufacturing, filamentization of PLA plastic, 3D-technologies, FFF-device,
climatic regimes

For citation: Nazarevich S. A., Sviridenko A. V. Study of the influence of climatic factors on the
filamentization process during prototyping of additive products. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(5):27-31. (In Russ.). DOI: 10.31799/2949-0693-2023-5-27-
31.

Forming the architecture of the Internet of things
system

Abstract. The article considers some architectures of the Internet of things from well-known
sources, forms criteria for a standardized representation of the loT system. A model of the
Internet of things has been built using the theory of automatic control, taking into account the
requirements for representing the ways of interaction of all elements of the structure.
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meopuu a8mMomMamuyecKoeo ynpaeneHus ¢ ysemom mpebosaHuli npedcmasnaeHus cnocobos
83aumooelicmeus ecex 31eMeHmMoe CMpyKmMypbl.

Knrouyeesle cnoea: UHGOPMAYUOHHbIE mexHo102uu, MHmepHem eewieli, UHPOPMAYUOHHbIE
cucmemsl, cucmema deMomMamu4ecKko20 ynpasaeHus, UHPoOPMayuoHHasa 6e3onacHocme, loT-A

Ana yumupoearusa: Macmepos A. I1., benali B. E., BoizpaHosckas A. B., Conénili C. B.
dopmuposaHue apxumekmypbl cucmemsl UHmepHema seweli // MIHHOBAUUOHHOE
npubopocmpoeHue. 2023. T. 2, No 5. C. 32-42. DOI: 10.31799/2949-0693-2023-5-32-42.

BusunoHepckasa HHHOBaTHKA
KaK UHCTPyMeHT uuPppoBoi TpancopManuu

AHHOmayusa. HacmoAawas cmames noceaweHa HO80OMY HANPAsaeHur — 8U3UoHepcKol
UHHosamuke. [lpedcmassneH KOHYENMyasbHsIli 06pa3 HOB020 MblWAEHUA NMpuU 0by4yeHuU
cmydeHmos HanpassneHua «MHHO8amMuKa». BU3UOHEPCKAA UHHOBAMUKA — 3MO rpouecc
paspabomku u 8BHEOPEHUA HOBAMOPCKUX U pesoMoyUOHHbIX udell, KoHuenyul, MpodyKmos uau
ycye Ha OCHOBe BU3UOHEPCKO20 MbilaeHUs. BusuoHeps! —3mo at00u, Komopble sudam u
noHUMarom nomeryuan byodywux usmeHeHuli, soamoxcHocmeli u pabomarom Hao co30aHuem
UHHosayul. BusuoHepckaa uHHo8amuKa npednosazaem ymeHue npedcka3sieams u
aHaaAu3uposamo byoyujue meHoeHyuuU u mnompebHOCMU PbIHKA, UCCAe008a0Mb HOBbIE
mexHos02uu U paspabameisame cmpamezuu, Ymobbl MPeOSOH UMb HO8ble U YHUKAbHbIE
peweHus, 8Kn4Yaa obecrnevyeHue HU3HeHHbIX UUKa08, pabomy HaO co30aHUEeM HOBbIX
npodyKkmos, ycaye unu busHec-modenel, Komopblie Mo2ym MoAHOCMbIO U3MEHUMb
cyujecmesyrowue ompacau uau co30amse cosepuieHHo Hosble.

Knroyesole cnosa: 8usUoOHepCcKas UHHOBAMUKA, 8U3UOHEPCME0, BU3UOHEP-UHHOBAMUK

Ana yumupoesaHus: Hasapesuy C. A., lMawuHa E. A. BU3UOHepCcKasa UHHOBAMUKA KK
uHCMpymeHm yugposoli mpaHcgopmayuu // MHHosayuoHHoe npubopocmpoexue. 2023. T. 2,
No 5. C. 43—48. DOI: 10.31799/2949-0693-2023-5-43-48.

CneKTpaJ/IbHBIXA aHA/IU3 U IPOCTeHIINe pellieHUs
MoauGUIMPOBAHHOIO ypaBHeHUs1 KopTeBera - ae
dpusa

AHHOmayus. B pabome c nomouw;bto Memooda Mampuubl MOHOOPOMUU CMPOUMCA Uepapxus

UHMezpupyembix HeauHeliHbix OugpepeHyuanbHbIX ypasHeHUl U uccaedyromcs criekmpasbHoie
Kpueble, dcCoyUuUPOBaHHbIE C MHO20GQa3HbIMU pelieHuaMU. [pusedeHsl npumepsl npocmeliwiux

Keywords: information technology, Internet of things, information systems, automatic control
system, information security, loT-A

For citation: Masterov A. P., Belay V. E., Vygranovskaya A. V., Solyonyj S. V. Forming the
architecture of the Internet of things system. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(5):32—42. (In Russ.). DOI: 10.31799/2949-0693-2023-5-32-42.

Visionary innovation as a tool for digital
transformation

Abstract. This article is devoted to such a new field as visionary innovation. A conceptual image
of new thinking when teaching students in the areas of innovation is presented. Visionary
innovation is the process of developing and implementing innovative and revolutionary ideas,
concepts, products or services based on visionary thinking. Visionaries are people who see and
understand the potential for future change, opportunity and work to create innovation.
Visionary innovation involves the ability to predict and analyze future trends and market needs,
explore new technologies and develop strategies to offer new and unique solutions. This includes
life cycle support, working to create new products, services or business models that can
completely disrupt existing industries or create entirely new ones.

Keywords: visionary innovation, visionaryism, visionary-innovatior

For citation: Nazarevich S. A., Pashina E. A. Visionary innovation as a tool for digital
transformation. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(5):43—48.
(In Russ.). DOI: 10.31799/2949-0693-2023-5-43-48.

Spectral analysis and simplest solutions of the
modified Korteweg - de Vries equation

Abstract. Using the monodromy matrix method, a hierarchy of integrable nonlinear differential
equations is constructed and spectral curves associated with multiphase solutions are
investigated. Examples of the simplest nontrivial solutions of the modified Korteweg — de Vries
equation and their spectral curves are given.
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HempueuasbHbIX peweHul MoOUPUUUPOBAHHO20 ypasHeHUs Kopmegeza — de dpusa u
coomeemcmeyrowjue Um crekmpasbHsie Kpusble.

Knrouesole cnoea: HenuHeliHOe ypasHeHUe, CekmpasnbHaa KpUBAs, COAUMOH, KUHK,
MHO020¢ha3Hoe peweHue, Mampuya MoHoOpoMuU

Ana yumupoearusa: CmupHos A. O. CnekmpanbHbIl aHAAU3 U npocmeliuiue peweHus
MoOuguyuposaHHo20 ypasHeHua Kopmeeseaa — 0e ®pu3sa // MHHo8ayuoHHOe
npubopocmpoeHue. 2023. T. 2, No 5. C. 49-55. DOI: 10.31799/2949-0693-2023-5-49-55.

F'eonHpopMaLMOHHOE MOAE/ITUPOBAHME U
HCKYCCTBEHHBI UHTEJ/IJIEKT

AHHOMayuA. Paccmampusaromcs 803MOXCHOCMU U NepCcriekmusbl UHme2payuu mexHoao2uu
2€0UHpOPMALUOHHO20 MOOenupos8aHus. Onucbi8arOMcA NPeumMmyu,ecmasa nNpPUMeHeHUs Kaxcoo U
U3 mexHos102uli U B03MOXHOCMU MPUMeEHeHUsA mexHono2ull npu ux uHmezpayuu. lpusedeHsl
npumepbl 0maoesnbHbIX KOMIOHEHM 8U3YAsbHbIX COCMABAAUUX MexHoA02ull
2€0UHpOPMaLUOHHO20 MOOenuposaHuA. OnucaHbl 803MOXCHOE pa3sumue paccmampueaemoix
mexHosozuli 8 0603pumom bydyusem u ux CoeMecmHas UHmMezpayus.

Knroyeseole cnosa: UCKyCCITlBeHHbI[] UHmennekm, ZEOUHd)OpMGMUOHHOE MOdEﬂUpOBGHUe,
UHd)OKOMMyHUKGuUOHHbIe cucmemel

Ana yumupoearusa: Bazuzos M. P. [eouHpopmMayuoHHoe MOOenupos8aHuUe U UCKYCCmeeHHbI U
uHmennekm // MHHoeayuoHHoe npubopocmpoeHue. 2023. T. 2, No 5. C. 56—60. DOI:
10.31799/2949-0693-2023-5-56-60.

Moay/ibHasi CTPYKTypa CUCTeMbI YIIPaBJIeHUs
XapaKTepUCTUKAMM NeHbl KaJIMNHOU
¢s10TOMALIUHBI

AHHomayus. lpednoxceHa ModynbHas cMpPyKmMypa UHGopMayuoHHol 06pabomku OaHHbIX 06
usMeHeHUsx 8 Avelike KaauliHOU (hsI0MOMAWUHbI M0 OAHHBIM MeXHUYEeCKo20 3peHus,
M08bIWAOWAA HA0EHHOCMb U NPOU3800UMEbHOCMb CUCMEMbI CU2HAAU3AYUU.

Knrouesble cnoea: KanuliHaa NpomMelwiaeHHOCMs, h10mayus, mexHu4yeckoe 3peHue,
ynpassneHue
Ana yumupoearus: ®edoceesa K. A. MoOdyabHAs cmpykmypa cucmemsl yrnpasneHus

Keywords: nonlinear equation, spectral curve, soliton, kink, multiphase solution, monodromy
matrix

For citation: Smirnov A. O. Spectral analysis and simplest solutions of the modified Korteweg —
de Vries equation. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(5):49—
55. (In Russ.). DOI: 10.31799/2949-0693-2023-5-49-55.

Geoinformation modeling and artificial
intelligence

Abstract. The article discusses the possibilities and prospects for integrating geographic
information modeling technology. The advantages of using each technology separately and the
possibility of using technologies when integrating them are described. Examples of individual
components of each technology and their visual components are given. The possible
development of these technologies in the near future is indicated.

Keywords: artificial intelligence, geoinformation modeling, infocommunication systems

For citation: Vagizov M. R. Geoinformation modeling and artificial intelligence. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(5):56—60. (In Russ.). DOI: 10.31799/2949-
0693-2023-5-56-60.

Modular structure of a foam characteristics control
system for potassium flotation machine

Abstract. A modular structure for information processing of data on changes in a potassium
flotation machine cell according to technical vision data has been proposed, increasing the
reliability and performance of the alarm system.

Keywords: potash industry, flotation, technical vision, control
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XapakmepucmuKamu rneHsl KanuliHol gpaomomawuHesl // IHHo8ayuoHHoe npubopocmpoeHue.
2023. T. 2, No 5. C. 61-65. DOI: 10.31799/2949-0693-2023-5-61-65.

Binsanue nanaemuu COVID-19 Ha cTeneHb
ynoTpeo6/ieHus JierajJbHbIX
HEeMPOCTUMYJIMPYIOLIMX BellleCTB Ha IpuMepe
OUHIAHAUN

AHHOmMayusa. Paccmampusaemcs go3odelicmeue se2asbHbix Helpocmumyaupyouux eeu,ecms 8
nepuod naHdemuu COVID-19 Ha xumeneli @uHasHOuUuU. C ucnone308aHUeM Habopos
nepecmaHo8KU YaCmHbIX Kpumepues bbiau nposedeHbl AHAAU3bI, 10380/70WUe OUeHUMb
803MOXHOE 8ausaHuUe naHdemuu COVID-19 Ha ynompebnaeHue Helipocmumynupyouwux
sewecms. Mpu amom 6blu YyCMaHO8/EHb! ONMUMAsbHbIE 88CA YACMHbIX Kpumepues, Komopeble
obecneyuearom HaubobUWYHO MAABHOCMb dormycmumoli oyeHKU. IMo no360us0 MoOCMpPoums
Mo0Oesib OUeHKU 3ghdheKmusHoCMU NoKynamesnobckol cnocobHocmu u npoz2Ho3uposams ee
usmeHeHuA. [lposedeHHbIe AHAAU3bI U CpABHEHUE (haKMUYeCKUX U pacyemHbix 3HaveHuli 3a
nepuod naHdemuu COVID-19 nokaszanu, Ymo OaHHbIG MemoO umeem 8bICOKY0 MOYHOCMb U
11038019€m Moay4ams 00CMAMOYHO Xopowue pe3yabmambel.

Knioueeoie cnosa: PuHAAHOUSA, 8eCa YACMHbIX Kpumepues, fe2asbHble Helipocmumynupyroujue
sewjecmea, nocmnpoeHos, naHdemus, COVID-19, modesnb oueHKU aghghekmusHocmu, Mooeslo

Ana yumupoearus: LLakneuHa [1. A., U3malinosa E. B. BausHue naHdemuu COVID-19 Ha
cmeneHb yiompebeHus ne2anbHeix Helipocmumynupyroujux seujecme Ha npumepe
GuHnaHduu // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 66—73. DOI:
10.31799/2949-0693-2023-5-66-73.

MogesbHOe UCC/IeJ0BaHMe BIUAHUSA NaHAeMUHA
COVID-19 Ha cocTOosAHUE KeJIe3HOLOPOKHOTr0
TpaHcnoprTa 'epmaHumn

AHHOmMayuA. Cmames nocssaweHa onpedeseHuro 8ausHuUA naHoemuu COVID-19 Ha cocmosHue
eneaHodopoxHo20 mpaHcriopma dedepamusHoli Pecniybauku lepmaHusa. KoHKkpemHsbie
Kpumepuu u ¢hakmopel, enusouue Ha cucmemy, bolau 8bi6paHbI U3 06WEO0CMYyNHbIX
exe200HbIX cmamucmu4eckux OaHHbIX. PaccyumaHsl HOPMUPOBAHHbIE 3HAYEHUA Kpumepues U

For citation: Fedoseeva K. A. Modular structure of a foam characteristics control system for
potassium flotation machine. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(5):61-65. (In Russ.). DOI: 10.31799/2949-0693-2023-5-61-65.

Impact of the COVID-19 pandemic on the extent of
exposure to legal neurostimulant substances using
Finland as a case study

Abstract. This article examines the effects of legal neurostimulant substances during a pandemic
on Finnish residents. Using permutation sets of private criteria, analyses were conducted to
assess the possible impact of the COVID-19 pandemic on exposure to neurostimulant substances.
In doing so, the optimal weights of the private criteria were established that provided the
greatest smoothness of acceptable estimation. This made it possible to build a model for
assessing the effectiveness of purchasing power and to predict its changes. The conducted
analyses and comparison of actual and estimated values for the period of the COVID-19
pandemic showed that this method has high accuracy and allows obtaining quite good results.

Keywords: Finland, private criterion weights, legal neurostimulant substances, postforecast,
pandemic, COVID-19, performance evaluation model, model

For citation: Shakleina P. A., Izmaylova E. V. Impact of the COVID-19 pandemic on the extent of
exposure to legal neurostimulant substances using Finland as a case study. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(5):66—73. (In Russ.). DOI: 10.31799/2949-
0693-2023-5-66-73.

Model study of the impact of the COVID-19
pandemic on the state of railway transport in
Germany

Abstract. The article is devoted to determining the impact of Covid-19 pandemic on the state of
railway transport in Germany. Specific criteria and factors influencing the system were selected
from publicly available annual statistics. The normalized values of the criteria and factors were
calculated. Linear multifactor and finite-difference models of the 1st and 2nd orders were
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@akmopos. [locmpoeHsl AUHeTHAs MHO20GaKMOPHAA U KOHEYHO-PA3HOCMHbIE MOOenuU
nepeo2o u 8mopo2o nopsAoKos. llo Haubosee adeksamHoli Modesnu nosayveH MNPozHo3
U3MeHeHUs cucmemMbl Ha nepuoo naHoemuu.

Knroueeole cnoea: rene3HodopoxHbili mpaHcriopm, COVID-19, modenuposaHue,
poz2Ho3uposaHue

Ana yumupoearus: lNnexos I. B., Yexkynaesa B. A. ModesnbHoe ucciedos8aHue 8aAUdHUSA
naHdemuu COVID-19 Ha cocmosHue 1ene3Ho00poxrHo20 mpaHcrnopma lepmaruu //
UHHOoBaYuoHHOE npubopocmpoeHue. 2023. T. 2, No 5. C. 74-79. DOI: 10.31799/29490693-2023-
5-74-79.

CoBeplIeHCTBOBaHUE METOJ0B 06palleHHUs C
TBepPAbIMHU GbITOBbIMU OTX0AAMHU B ADKTHKE C
y4eToM KJIUMaTH4YeCKHX U3MEHEHU !

AHHOmayus. [106a1bHOe U3MEHeHUe KAUMama npueeso K ysenuyeHuto cpedHe20 nokasamensa
memnepamypel Ha 3emse Ha 1 °C om nokazamenel Hayana XX 8. AHAAU3 NOCAeOHUX
KAUMamu4ecKux mpeHO08 oKa3sieaem, Ymo 5mo 8bi3bieaem UsMeHeHUe 380/10YUOHHO
crioxcuswelica npupodHoli skocucmemsl ADKMUKU. B ceA3u ¢ smum npusbiyHbie criocobsl
ymunu3ayuu meepobix bbimosbix omxo0oe 8 Apkmuyeckoli 30He Pocculickoli ®edepayuu
MO2ym oKa3ambCA Hea(hPheKMUBHbIMU 8 YC08UAX USMEHAIW,e20CA Kaumama. B daHHo U
cmameoe paccmompeHs! cyujecmayrowue memoobl ymuau3ayuu omxo0os 8 ApKmuke.
lMpedcmasneH aHAAU3 NOCAEOHUX KAUMAMUYeCcKux mpeHoos. BeedeHo noHAmue npupooHo-
mexHuYecKol eeocucmemsl «M0AU2OH — OKpyHarowaa cpedax. [IpednoxieHa memoouKa
MOHUMOPUH2a MPUpPOoOHO-mMexHuU4YecKol eeocucmemsi U OaHbl peKomeHAayuu rno
cosepuwieHcMeo8aHUI0 cucmemsl 0bpawjeHus ¢ meeposimu bbImossbIMU 0mxo0amu 8 ycao8unax
usmeHeHuA Knumama KpaiiHezo Cesepa.

Knroyeseole cnosa: msepdble 6bimossble OmXOde, ApPKMUKa, Knumam, 8e4yHaA mep3snoma,
2n106an16HoOe UusMeHeHue KAumama

Ana yumupoearusa: }unvHukoea H. A., MuHkuHeH E. A. CosepuieHcmeosaHue memooos
o0bpaweHus ¢ meepdbimu bbIMOBbIMU OMX0OAMU 8 ADKMUKE C y4emom KAumamu4ecKux
usmeHeHul // MHHosauyuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 80-90. DOI:
10.31799/2949-0693-2023-5-80-90.

constructed. Using the most adequate model, a forecast of changes in the system for the period
of the pandemic was obtained.

Keywords: railway transport, COVID-19, modeling, forecasting

For citation: Plekhov P. V., Chekulaeva V. A. Model study of the impact of the COVID-19
pandemic on the state of railway transport in Germany. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(5):74-79. (In Russ.). DOI: 10.31799/2949-06932023-5-74-79.

Improvement of waste disposal methods with
regard to climate change in Arctic

Abstract. Global climate change has already led to a 1°C increase in the average temperature of
the planet from pre-industrial levels. An analysis of recent climate trends shows. This leads to
changes in the evolutionarily established natural ecosystem of the Arctic. In this regard, the
usual methods of solid waste disposal in the Arctic may be ineffective in a changing climate. This
article reviews the available methods of municipal solid waste disposal. An analysis of recent
climate trends is given. It offers recommendations for improving the MSW management system
in a changing climate in the Arctic.

Keywords: municipal solid waste, Arctic, climate, permafrost, global climate change

For citation: Zhilnikova N. A., Minkinen E. A. Inprovement of waste disposal methods with
regard to climate change in Arctic. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(5):80-90. (In Russ.). DOI: 10.31799/2949-0693-2023-5-80-90.
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[IpoekTHpOBaHME CUCTEMBI yIPABJI€HUS
AaKTHMBHOT0 PU/IbTPA rapMOHMK

AHHOMayusa. B HacmosAuwee spems ocoboe sHUMAHue ydensemcs npobraeme obecrnevyeHus
Kayecmea 3a0aHHbIX apamempos 3aekmpuyeckoli cemu, 8 pe3ysnbmame Yezo ece bonbuiee
pacnpocmpaHeHue 8 3eKMpPoCemMAxX Noay4arom aKkmueHsle uabmpbl No0asaeHus
8bICOKOYACMOMHbIX 20PMOHUK, ABAAOU4UECA MPeobpa3zosamenamu 3aeKkmpudeckoli sHepauu.
Ha pbiHKe 3Ha4umesnbHoe pacnpocmpaHeHue noay4uau npeobpazoeamesnu UMNOpPMHoO20
npousgodumesis, Ymo C8A3AHO C OMCYyMCcmeUem KOHKYPeHmMocnocobHo20 ome4yecmeeHHo20
npednoxceHus. [poekKMuposaHUe aKMUBHO20 huabMpPa 2aPMOHUK ABAAEMCA KOMMAEKCHOU
3a0a4ell onmumu3ayuu npoepammHol u annapam+ol yacmed. B npoyecce pa3pabomku
ycmpolicmea cyu,ecmsyem 8bICOKAA 8epOAMHOCMb 00Mycmume pA0 mexHU4YecKux owubox,
4mMo MoXcem Mos8saUAMb Ha CHUX(EHUE 3(PheKmUBHOCMU U CPOKA cayxbbl uzdenus. [ns
peweHus onuUCaHHbIX Mpobaem Heob6xoOUMO UCMOMNb3080Mb KOMIAEKCHbIU M0OX00 K
MpoeKkmuposaHuto npeobpasosamers € y4emom onmumMU3ayuu npoepammHol u annapamHol
yacmel ycmpolicmea. Llenoto uccnedosaHus aeaaemca nosviuieHue agpgpekmusHocmu pabomel
AKMUBHO20 hunbmMpa 2apMOHUK ymem pa3pabomiyu onmumu3uposaHHoU cucmemol
yrnpasseHus 0415 No00epHaHUs 3a0aHHbIX KAYEeCMB8eHHbIX Mapamempos 20p00cKol
anekmpocemu nepemMeHHo20 mpexgasHo2o HanpaxeHuA. lpu nposedeHuu uccaedosaHuli
UCMo/1b308aHbLI MEMOOLI CMPYKMYPHO20 U MAMEMaMUYecKo20 aHaU3a, NocmpoeHusa modesnell
8 cpede OUHAMUYECKO20 MOOenupPosaHus. Peynsmamom ucciedosaHus aeaaemca mooess
cucmemsl ynpaeneHua akmueHbIM husbmpom 2aPMOHUK € y4emom MPoUEeccos, 8KAYAIOWUX
pabomy annapamHol yacmu.

Knarouessle caoea: cucmema ynpassaeHus, akmueHelli puabmp, annapamHas 4acms, Mok,
Hanpsx}eHue, MUKPOKOHmMposnep, MU-peaynamop, modeauposaHue

Ana yumuposaHusa: Tpemoakos H. K., KyzbmeHko B. I1., ConéHaa O. A. [lpoekmuposaHue
cucmemsl ynpassneHus akmueHo20 (uabmpa 2apMoHUK // MHHosayuoHHoe npubopocmpoeHue.
2023.T. 2, No 4. C. 5-10. DOI: 10.31799/2949-0693-2023-4-5-10.

MeToAbI aHa/IM3a Ka4yeCcTBa B NIPOTHO3UPOBAaHUH
MoOJeJied MAIIMHHOTO 00y4YeHUus

AHHOmMayusa. Viccnedyromca memodsi, Uucrnosb3yembie 044 onpedeneHus Kayecmea u
HadexcHoCcmMu pe3ysbmamos npo2HO3UPOBAHUSA PA3HbIX Modenell MawuHHO20 0b6y4yeHus

Designing an active harmonic filter control system

Abstract. At present, special attention is paid to the problem of ensuring the quality of the
specified parameters of the electrical network, because of which active filters for suppressing
high-frequency harmonics, which are electrical energy converters, are becoming more
widespread in power networks. In the market, converters of an imported manufacturer have
become widespread due to the lack of domestic supply. Designing an active harmonic filter is a
complex task of optimizing software and hardware in accordance. During the development of
the device, there is a high probability of making several technical errors, which can affect the
efficiency and service life of the product. To solve the described difficulties, it is necessary to use
a hierarchical approach to the design of the converter, considering the optimization of the
software and hardware of the device. The aim of the study is to increase the efficiency of the
active harmonic filter by developing an optimized control system to maintain the specified
quality parameters of the urban three-phase AC voltage network. When conducting research,
methods of structural and mathematical analysis, building models in the dynamic modeling
environment were used. The result of the study is a model of the active harmonic filter control
system, considering the processes, including the operation of the hardware.

Keywords: control system, active filter, hardware, current, voltage, microcontroller, PID
controller, simulation

For citation: Tretiakov N. K., Kuzmenko V. P., Solenaya O. Ya. Designing an active harmonic filter
control system. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(4):5-10. (In
Russ.). DOI: 10.31799/2949-0693-2023-4-5-10.

Methods of quality analysis in predicting machine
learning models

Abstract. The methods used to determine the quality and reliability of the prediction results of
various machine learning models are carried out (linear regression, decision forest and decision
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(nuHeliHasa pezapeccus, nec peweHul u 0epeso peweHul), nymem onpedesneHus anbgbi
KpoHnbaxa, t-kpumepus CmerodeHma, KoagguyueHma KoHKopdauuu, Kpumepus Quwepa 015
OaHHbIX M0 06BveMY UHHOBAUUOHHbLIX Mo8apos, pabom, ycsye u OGHHbIX 10 8HO8b 8HEOPEHHbLIM
unu nodsepaasuwiuMcsa 3HAYUMEbHbIM MEXHOA02UYECKUM U3MEHEHUAM 8 meveHUe nocnedHux
mpex fiem UHHOBAYUOHHbIM MOo8apam, pabomam, ycayaam.

Knrouesole cnosa: ansga KpoHbaxa, HadexHoCms, MawuHHoe oby4eHue, NPo2HO3UPOBAHUE,
cmamucmudyeckuli aHanus

Ana yumupoearusa: BuHHuyeHKo A. B., Ucmomuna f0. 1. Memodel aHanu3a Kayecmea 8
MpO2HO3UPOBAHUU Modeseli MawUuHHO20 0by4YeHusA // IHHosayuoHHoe npubopocmpoeHue.
2023.T.2, No 4. C. 11-15. DOI: 10.31799/2949-0693-2023-4-11-15.

Mpo61eMbl NPUMeHeHH NoKa3aTesaen
pe3y/IbTaTUBHOCTH U KJII0YEBbIX MOKa3aTesel
3dPpeKTUBHOCTHU

AJ1s1 OPraHU3aLMOHHON CHCTEMBbI

AHHOmMayus. MpedcmasseHsi npobaems! MpuMeHeHUA nokasamesneli peyabmamusHocmu;
paccmampuearomcs 80Mpocsl, B03HUKAOWUE 8 Mpoyecce MexaHUucmu4yecKo2o npumeHeHUs
nokazameneli pe3ynbmamueHocmu 075 KOHMPOA MPOUECCo8 U MexHoA02u4ecKux onepayuli 8
0p2aHU3AYUOHHbIX cucmemax. [pusedeHsl pacnpocmpaHeHHble Hecoomeemcmesus U OWUBKU 8
cbopke Kntovesbix nokasameseli 3¢hgheKmueHOCMU U pe3ysabmamueHOCMU U 8bIA6/eHbI
OCHOBHbIE Pa3au4usa Mexdy HUMU. [TpedcmassieHbl HeCKOAbKO PoPM 0418 COBEPUEHCMBOBAHUA
Memoou4ecKo20 annapama fo y4emy u aOMUHUCMPUPOBAHUIO NoKasamenel
pe3ynbmamueHOCMU U Kao4esbix nokasamesnel agppekmusHocmu, nposedeH aHaAAU3
pacnpocmpaHeHHOCMU U YIOMUHAHUSA 8 Hay4YHbIX pabomax Kato4vessix nokazamesnel
3ghchekmusHOCMU C MOMOWbIO OHAU3A K/HOYEBbIX C/108 8 HAY4YHOU base Scopus.

Knrouessie cnosa: pesysbmamusHocme, Kao4yeable nokKasamesnu 3d7¢7€KmU8HOCIT)U,
OpedHU3ayuUoHHAA cucmema, Ka4ecmeo, npouyecceol, ﬂpO6ﬂ€Mbl sb/60pa

Ana yumupoearus: Hazapesuu C. A. [pobaemsi npumeHeHuUs nokasamenel
pe3ynbmamusHOCMU U Kto4esbix nokazamenel aghgpekmusHocmu 0118 op2aHU3aYUOHHOU
cucmemsl // MHHoB8auuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 16-22. DOI:
10.31799/2949-0693-2023-4-16-22.

[loBbIlIEHUE NPOU3BOAUTE/IBHOCTU BEO-
npusoxeHu Ha Asp.NETCore

tree), by determining the Cronbach’s alpha, Student’s t-criterion, concordance coefficient, Fisher
criterion for data on the volume of innovative goods, works, services and data of innovative
goods, works, services, newly introduced or subjected to significant technological changes over
the past three years.

Keywords: Cronbach’s alpha, reliability, machine learning, forecasting, statistical analysis

For citation: Vinnichenko A. V., Istomina Yu. P. Methods of quality analysis in predicting machine
learning models. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(4):11-15.
(In Russ.). DOI: 10.31799/2949-0693-2023-4-11-15.

Problems of application of performance indicators
and key performance indicators for an
organizational system

Abstract. The article presents the problems of applying performance indicators, discusses issues
arising in the process of mechanistic application of performance indicators to control processes
and technological operations in organizational systems. Common inconsistencies and errors in
the assembly of key performance and performance indicators are given and the main differences
between them are identified. Several forms are presented for improving the methodological
apparatus for recording and administering performance indicators and key performance
indicators, an analysis was made of the prevalence and mention of key performance indicators in
scientific papers using keyword analysis in the Scopus scientific database.

Keywords: performance, key performance indicators, organizational system, quality, processes,
choice problems

For citation: Nazarevich S. A. Problems of application of performance indicators and key
performance indicators for an organizational system. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(4):16—22. (In Russ.). DOI: 10.31799/2949-0693-2023-416-22.

Improving the performance of Asp.NETCore web
applications
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AHHOmMayus. Npusodamca pekomeHOayuu no paspabomeke seb-npuaoxeHul, Komopsie
nomoz2ym yay4uwume rnpou3sooumesnsHocme U Kayecmao npodykma. Paccmampusaromcsa
ocobeHHOoCMU A3bIKA npo2pammuposaHus C# u ¢ppelimeopka Asp.NETCore, snusrouue Ha
b6bicmpodelicmeue npusaoxceHus. [Ipo8ooumMca mecmuposaHue U CPasHeHue
paccmampueaembix Memooo8 C MoMoubto RestAPl — 0419 peaausayuu paccmampusaemoix
memooos, Postman — 85 e3aumoodelicmaus ¢ APl u cpasHeHUs noay4YyeHHbIX Pe3yabmamos rno
8pemMeHU OMK/UKA.

Knrouessle cnoea: RestAPIl, C#, Asp.NETCore, 6pokep coobuweHul, npoussodumenbHocmMeo 8eb-
npusaoxeHusa

Ana yumupoearus: Conénviii C. B., Boponaes U. A., lasudeHko M. H. NosbiweHue
npouszsodumesnbHocmu eeb-npunoxceHuli Ha Asp.NETCore // IHHoB8aUUOHHOE
npubopocmpoenHue. 2023. T. 2, No 4. C. 23-29. DOI: 10.31799/2949-0693-2023-4-23-29.

AMIUIMTY/JHBIA METOJ, onpe/ie/IeHHs IapaMeTpPOB
JABUKE€HHUS MaJIOpPa3MePHbIX pO6GOTU3NMPOBAHHbBIX
KOMILJIEKCOB

AHHOmayusa. PaccmompeHa 3a0a4a 0bHapy#eHUA ManopamepHo20 pobomomexHu4ecKko2o
KOMI/EeKCa € UCrnos6308aHUEM HEO0P02020 MobUIbHO20 Manoz2abapumHozo cpedcmsa
0bHapyx#eHuUsa c nosopomHol aHmeHHoU. Llenbto uccnedosaHuUA A8UMOCL onpedesneHue
napamempos 08uUXeHUA U KOOPOUHAM Masnopa3mMmepHoO20 pobomomexHU4YecKo20 KOMIAEeKCd o
pe3zynbmamam rnocnedosamesnoHol oyeHKU rnesneH208 Ha Hez2o. PaspabomaH memod
onpedesneHus Kypca 08uUXeHUs MasaopasmepHo20 pobomMomexHU4YecKo20 KOMIAEKca o mpem
neseHaam, nocaedosamesbHoO nosay4aemsiM Haubosee MPocMeiM U MOMeX03a WU U,eHHbIM
amnaumyOHsIM criocobom. CchopmMupoB8aHO MPaHCUEeHOeHMHOoe ypasHeHuUe U rnpusedeHo e2o
peweHue. o noay4eHHOMY Kypcy 8 pe3yasmame peweHus ypasHeHus onpedesneHbl CKOPoCms
U KOOPOUHAMbI MOAOHEHUA MAA0PA3MepPHO20 pPOB6OMOoMexHU4eCcKo20 KOMIMAEKCA 8 MOMEHMbI
e20 0bHapyx eHus. [na mecmuposaHua pa3pabomaHHO20 Memooa chopmuposaHa
mamemamu4eckas UMUMAayUuoHHAsA Mooesnsb hyHKUUOHUPOBAHUA MOBOPOMHOU AHMeEHH®bI,
dsuxceHua pobomomexHU4eCcKo20 KoMIaeKca u 0bpabomku uHgopmayuu ¢ peanusayueli
paspabomaHHo20 MemoOa. Pe3ysemamesl YUC/AEHHO20 SKCAEPUMEHMA NoKa3au
pabomocrnocobHoCMb NpedAoHEeHH020 Memood onpeodeaneHuUs Kypca pobomomexHU4YecKo2o
Komnaekca. [na cHUxeHua owubku onpedeneHus Kypca npedsoXeHo Ucnons308ams uasmp
KaamaHa, ¥mo no3e0:us10 COKpamume nozpewiHocms onpedesneHuUs Kypca 8 mpu pasa.
MpednoxeHHbIl Memoo M0380/5em KaK ycuaums 3auumy Ha3emMmHo20 OXpaHaemo20 o6vekma,
mak u obecrieyume 6€30MACHOCMb MOPCKO20 ABMOHOMHO20 HE0bUMaemo20 MoA8o0HO20
annapama 8asneHe20 NAA8AHUA OM MAA0PA3MEPHbIX MOPCKUX pO6omMomexHUYecKux
KOMIaeKcos.

Abstract. The article contents advices for developing a web application that will help improve
the performance and quality of the product. Introduces the features of the C# programming
language and the Asp.NETCore framework that affect the performance of the application. The
methods of optimisation shown in this article were tested and compared on the architecture of
RestAPI. Postman was used for comparison of time of the responses fulfiiment. Postman also
used for the generation of responses to the RestAPI.

Keywords: RestAPI, C#, Asp.NETCore, message broker, web application performance

For citation: Solyonyj S. V., Voropaev I. A., Davidenko M. N. Improving the performance of
Asp.NETCore web applications. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(4):23-29. (In Russ.). DOI: 10.31799/2949-0693-2023-4-23-29.

Amplitude method for determining the motion
parameters of small-sized robotic systems

Abstract. The problem of detecting a small-sized robotic complex using an inexpensive mobile
small-sized detection tool with a rotary antenna is considered. The aim of the study was to
determine the motion parameters and coordinates of a small-sized robotic complex based on the
results of a consistent assessment of bearings for it. A method has been developed for
determining the course of movement of a small-sized robotic complex using three bearings,
successively obtained by the simplest and noise-free amplitude method. A transcendental
equation is formed and its solution is given. Based on the course obtained as a result of solving
the equation, the speed and position coordinates of the small-sized robotic complex at the
moments of its detection are determined. To test the developed method, a mathematical
simulation model of the functioning of the rotary antenna, the movement of the robotic complex
and information processing was formed with the implementation of the developed method. The
results of the numerical experiment proved the operability of the proposed method for
determining the course of the robotic complex. To reduce the error in determining the course, it
is proposed to use the Kalman filter, which made it possible to reduce the error in determining
the course by three times. The proposed method makes it possible to enhance the protection of
both a ground protected facility and ensure the safety of a marine autonomous long-range
uninhabited underwater vehicle from small-sized marine robotic systems.

Keywords: small-sized robotic complex, detection range, object safety, rotary antenna, noise
direction finding mode, amplitude method

For citation: Lantsov K. V., Lantsov V. V., Koryakin A. V., Martynova L. A. Amplitude method for
determining the motion parameters of small-sized robotic systems. Innovacionnoe
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Kntoueasole cnosa: masnopasmepHbili pobomomexHu4eckull KOMraeKc, 0aa16HOCMb
0b6HapyeHus, 6e3onacHocmes 06beKma, M08OPOMHAA GHMEHHA, PEXCUM WYMOreneH208aHUS,
amnaumyoHsIli memoo

Ana yumupoearusa: /laHyos K. B., /laHyos B. B., KopaxkuH A. B., MapmeiHosa /1. A.
AmMnAumyoOHell memoo onpedeneHus Napamempos 08UXEHUS MAA0PA3MeEPHbIX
pPo6oMU3UPOBAHHbIX KOMMeKcos // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C.
30-40. DOI: 10.31799/2949-0693-2023-4-30-40.

TexHosiorusa nocrpoenua B Hugin Lite HauBHOro
6aileCOBCKOro KjaccupukaTopa Ha OCHOBe
HUCXOJHOIr0 HA60pa AAHHbIX

AHHOomayus. Ha 6ase npocmeliwezo Habopa OaHHbIX paccmampusaemcs peasnu308aHHAA 8
Hugin Lite mexHosn02ua nocmpoeHua HausHo2o baliecoscko2o Knaccugpukamopa. aHo
nodpobHoe onucaHue nocaedo8amesnbHOCMU WaA208 o MOCMPOEHU CMpPyKMypbl
baliecosckoli cemu Ha baze Uucxo0HO020 HABOPA OGHHbIX, ee 0by4YeHUS U UCMOoAb308AHUA 018
npozHo3a. PaccmompeHbl pasHbie nodxodel K Hacmpolike cemu 8 cryyae, K020a nepemeHHble 8
ucxo0Holi 8bI60PKe ABAAOMCA OUCKPEMHBIMU (CUMBOIbHBIMU, YUCA08bIMU, UHMEPBATbHEIMU)
unu HernpepbisHbLIMU. [1OKA3GHA 803MOXCHOCMb OUEHKU Kayecmaa Hacmpoliku cemu npu
UCnosb308aHUU UHMEPBAsbHLIX NepemMeHHbIX. [as nocmpoeHus Kaaccugukamopa bbiau
ucrnosb308aHsl peasnuszosaHHsle 8 Hugin Lite anzopumm NPC (Necessary Path Condition) das
nocmpoeHus cmpykmypeol u anzopumm EM (Expectation Maximization) 0aa obyyeHua cemu.

Knrouessle cnosa: UCKyC(.‘mBeHHbIﬁ UHmMesnnekm, baliecosckue cemu, KﬂGCCUd)UKGHUﬂ, NnpoecHOo3,
3KCrepmeHele cucmemesl

Ana yumuposanusa: Bazuzos M. P., Xabapos C. 1., Mlomanos A. [1. TexHosn02usa NocmpoeHus 8
Hugin Lite HausHo20 6alieco8CKO20 KAACCUPUKaMOopa Ha 0cHose UCX00H020 Habopa AaHHbIX //
UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 41-50. DOI: 10.31799/2949-0693-
2023-4-41-50.

HcciiegoBaHue TeMnepaTypHbIX peXXUMOB
duinramenTusanum PLA-niacTuka npu
NMPOTOTUNIMPOBAHUU

priborostroenie = Innovative Instrumentation. 2023;2(4):30-40. (In Russ.). DOI: 10.31799/2949-
0693-2023-4-30-40.

Technology for building a naive Bayes classifier in
Hugin Lite based on the original dataset

Abstract. Based on the simplest dataset, the article discusses the technology of building a naive
Bayes classifier implemented in Hugin Lite. A detailed description of the sequence of steps for
building a Bayesian network structure based on the initial dataset, its training and use for
forecasting is given. Different approaches to setting up the network are considered in the case
when the variables in the initial sample are discrete (symbolic, numeric, interval) or continuous.
The possibility of assessing the quality of network tuning using interval variables is shown. To
build the classifier, the following implemented in Hugin Lite were used: the NPC (Necessary Path
Condition) algorithm to build the structure and the EM (Expectation Maximization) algorithm to
train the network.

Keywords: artificial intelligence, Bayesian networks, classification, forecast, expert systems

For citation: Vagizov M. R., Khabarov S. P., Potapov A. P. Technology for building a naive Bayes
classifier in Hugin Lite based on the original dataset. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(4):41-50. (In Russ.). DOI: 10.31799/29490693-2023-4-41-50.

Research of temperature regimes of filamentation
of PLA plastic during prototyping
Abstract. The article examines the degree of influence of the temperature regime on the

prototyping process using PLA plastic, in particular, on the appearance of defects in the printed
product.

16 man 2024 r.



AHHOMayusa. Paccmampusaemcsa cmeneHs 8AUAHUS MeMIepamypHO20 PeEXUMA Ha Mpoyecc
MpoMoMunuUpPoBAHUSA € UCMOAb308aHUEM PLA-naacmuka, 8 YyacmHocmu, Ha nosesneHue
dechekmos 8 HarneyamaHHOM U30enuu.

Knroueeole cnoea: adoumusHoe npou3soo0cmeo, pusameHmusayus PLA-naacmuka, 3D-
mexHosnozuu, FFF-ycmpolicmea, uHgpakpacHas mepmozpagpus

Ana yumupoearus: Hazapesuu C. A., CeupudeHKo A. B. MicciedosaHue memmnepamypHbix
pexcumos gunameHmusayuu PLARAGcmuKka npu npomomunupoeaHuu // MHHO8AUUOHHOe
npubopocmpoerue. 2023. T. 2, No 4. C. 51-55. DOI: 10.31799/2949-06932023-4-51-55.

O eHKa TeEXHUYECKOro COCTOSIHUA BO3AYIIHbIX
JIMHUW 3JIeKTponepesadyu

AHHOMayusa. Paccmampusaemcs 3a0a4a UHMe2pasabHoOl OUeHKU 8030YWHbIX AUHUL
anekmponepedayu. [lpoaHanusuposaHa npoyedypa Guaz2HOCMUKU U GHAAU3A OMKA308,
OCHOBAHHAA HG MemMoOax UCKYCCMBeHH020 uHmesnsnekma. [pedioxeHa 803MOXHOCMb
UCnosb308aHUA pobomomexHuYeckKux cpedcme Ha 6a3e A8MOHOMHbIX MOBUbHbIX po6omos.
PaccmompeHa udes co30aHUA a8MOHOMHOU pobomu3upoeaHHoU UHMennekmyanasHol
cucmemol ouyeHKU 8030y WHbIX AUHUL 3nekmponepedad, ekaouarouweli 8 ceba becrnuaomHeoie
annapamel, KOMIAEKC OUd2HOCMUYECKUX cpedcme U cepeepbl UHmMesnekmyanbHol 06pabomku
UHgopmayuu.

Knroyesvbie cn108a: HaAOeHHOCMb 31eKMPOCHABHEHUSA, MeXHU4YEeCKOe COCMOoAHUE
31eKmpoobopyd08aHuUs, asapuliHoe OMKO4eHUE, KACKAOHble a8apuu, cucmemel
3/1eKMpPocHabxceHuUA, Ouaz2HoCMuKa 3nekmpoobopydosaHus

Ana yumupoearus: PvicuH A. B., Conénbili C. B. OueHKa mexHU4ecKo2o coOCmosHUS 8030YWHbIX
nuHuli anekmponepedayu // MHHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 56—60.
DOI: 10.31799/2949-0693-2023-4-56-60.

CpaBHHUTE/IbHBIA aHAJIN3 KJIaCCUYECKOU U
HHTE/JIEKTYaJIbHOM CICTE€M aBTOMAaTU4Y€CKOTr0
ynpaBJ/ieHHA YyIJIOM KpeHa HU3KO0JIeTAILLero
anmapara

AHHOMayus. MposedeH cpasHUMesbHbIU AHAAU3 CUCMeMb] YrpasaeHUs yeom KpeHa

nemamensHo20 annapama, ycmoliyusocme komopoli obecrne4yusaemcs KAaccu4ecKumu
Memooamu onmumMu3ayuu nepedamoyHoli pyHKYUU U 38eHbAMU 06pamHoli ceasu, u

Keywords: additive manufacturing, filamentation of PLA plastic, 3D technologies, FFF-devices,
infrared thermography

For citation: Nazarevich S. A., Sviridenko A. V. Research of temperature regimes of filamentation
of PLA plastic during prototyping. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(4):51-55. (In Russ.). DOI: 10.31799/2949-0693-2023-4-51-55.

Assessment of the technical condition of overhead
power lines

Abstract. The article deals with the problem of integral assessment of overhead power lines. The
procedure for diagnostics and failure analysis based on artificial intelligence methods is
considered. The possibility of using robotic means based on autonomous mobile robots is
proposed. The possibility of creating an autonomous robotic intelligent assessment of overhead
power lines, including unmanned vehicles, a set of diagnostic tools and servers for intelligent
information processing, is considered.

Keywords: reliability of power supply, technical condition of electrical equipment, emergency
shutdown, cascade accidents, power supply systems, diagnostics of electrical equipment

For citation: Rysin A. V., Solyonyj S. V. Assessment of the technical condition of overhead power
lines. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(4):56—-60. (In Russ.).
DOI: 10.31799/2949-0693-2023-4-56-60.

Comparative analysis of classical and intelligent
systems of automatic roll angle control of a low-
flying vehicle

Abstract. A comparative analysis of the roll angle control system of the aircraft, the stability of

which is provided by classical methods of optimizing the transfer function and astatic links, and a
similar system, the stability of which is achieved by using a fuzzy controller. This regulator is
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aHasno2uyHol cucmemel, ycmoliyueocme Komopoli docmueHyma npumeHeHuem ¢a33u-
pezynamopa. CuHme3s pea2ynamopa npou3eedeH ¢ NpumMeHeHUem 00HO20 U3 Memooo8
UCKYCcCmBeHH020 UHMesnnekma — Heyemkoli no2uku. MoodenuposaHue pabomel 8cex cucmem
npoussedeHo ¢ nomouwbto nakemos MatLab R2015a — Simulink u Fuzzy Logic Toolbox.

Knroueavble cnoea: cpasHUMesnbHeIl aHAAU3, UCKYCCMBeHHbIU uHmesnnekm, cucmema
asmomMamuy4ecKozo yrnpasaeHus, Heyemkul pe2yansmop, rnepexoOHsil npoyecc

Ana yumupoearus: VieaHos M. E., E3epckuli B. B., benskos A. A. CpasHumMesbHbIli aHAAU3
Knaccu4eckoll U uHMennekmyanbHol cucmem a8MoMamMu4YecKko20 ynpasaeHuUa y2n0mM KpeHa
HU3KosnemAwe2o annapama // MHHoeayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 61-67.
DOI: 10.31799/2949-0693-2023-4-61-67.

Ouenka CUHXPOHH3aAI U BPEMEHHbIX pAAO0B AJIA
dHaJ/JIN34a Ae3aJdallTaAlluOHHbIX paCCTpOﬁCTB

AHHOomayusa. Memood cuHxpocramoezo eelieniemHo20 npeobpa3o8aHus NPUMeHeH K
onpedesneHuo 803MOXCHOU CUHXPOHU3AUUU 8PEMEHHbIX PAO08, MOYYeHHbIX U3 peaKmMUBHbIX
nammepHo8 371eKMpPo3HYeGan02pamMm Npu omeemax mMo3ad Ha nepuoduyeckue Cmumyssl
pazHeix Yyacmom. O6Hapyx#eHbl pa3au4us 8 NopAOKAX CUHXPOHU3AYUU 3MUX NammepHo8 8 08YX
2pynnax Auy, — 300poesix U ¢ 0e3adanmayuoHHbIMU paccmpolicmeamu.

Knrouesole cnoea: selieniemel, 31eKMpPO3HUEPAN02pAMMA, CUHXPOHU3AUUSA

Ana yumupoeaHus: CmupHos A. O., [luk O. E., ®ponosa E. A., Tumos B. E. OueHka
CUHXPOHU3AYUU 8peMeHHbIX pAa0oe 018 aHAAU3a 0e3a0anmayuoHHbIx paccmpolicme //
UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 68-75. DOI: 10.31799/2949-0693202 3-
4-68-75.

BUAUMOCTb MaJIbIX BO3TrOPaHUM CKBO3b KPOHBI
JlepeBbEeB: HEKOTOPbIE pe3y /ibTaTbl HATYPHbIX
HcceJ0BaHMI Ha TeppuTopuHu JIeHUHIrpaaCcKou
06J1aCcTH

AHHOMayus. PaccmompeHsl 80rpoCbl MOHUMOPUH2G MAsIbIX 80320paHuUll 8 necax ¢ 6030yxa.
8 nosy4eHus oueHoK 8uAUMOCMU 040208 20PeHUS CKB03b KPOHbI Oepesbes 8bIMosaHeH
KOMINAIEKC N0/1€8bIX U KAMepasbHbIX pabom, 8 MOM Yucse 0CywecmeaneHo modeauposarue
2eo0mMempuu 8U3UPOBAHUS, TOCMABAEHbI HAMYPHbIE SKCIEPUMEHMbI HA MECMOBOM y4acmKe Ha

based on one of the methods of artificial intelligence — fuzzy logic. Simulation of all systems was
performed using MatLab R2015a — Simulink and Fuzzy Logic Toolbox packages.

Keywords: comparative analysis, artificial intelligence, automatic control system, fuzzy
controller, transient process

For citation: Ivanov M. E., Ezerskiy V. V., Belyakov A. A. Comparative analysis of classical and
intelligent systems of automatic roll angle control of a low-flying vehicle. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(4):61-67. (In Russ.). DOI: 10.31799/2949-
0693-2023-4-61-67.

Evaluation of time series synchronization for the
analysis of disadaptation disorders

Abstract. The method of the synchrosqueezed wavelet transform is applied to determine the
possible synchronization of time series obtained from reactive patterns of
electroencephalograms during the brain responses to periodic stimuli of different frequencies.
Differences in the synchronization orders of these patterns were found in two groups of
individuals: healthy persons and persons with disadaptation disorders.

Keywords: wavelets, electroencephalogram, synchronization

For citation: Smirnov A. 0., Dick O. E., Frolova E. A., Titov V. E. Evaluation of time series
synchronization for the analysis of disadaptation disorders. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(4):68-75. (In Russ.). DOI: 10.31799/2949-0693-2023-4-68-
75.

Visibility of small fires through tree crowns: some
results of field studies in the Leningrad region

Abstract. The issues of air-based monitoring of small-size fires in forests are considered. To
estimate the visibility of fires through tree crowns, a complex of field and office work was carried
out, including modeling of the sensing geometry, field experiments on a test site in the Leningrad
region, an analysis of the collected heterogeneous data. Recommendations for the
implementation of forest fires monitoring were made.
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meppumopuu JleHuHepadckoli obaacmu, nposedeH aHaAU3 COBPAHHbLIX PA3HOPOOHbIX OGHHbIX.
CocmassneHsl pekomeHAayuu 015 peanusayuu MoHUMOpPUHaa 80320paHuli 8 Aecax.

Knrouessle cnosa: sudumocme naameHu, demeKmuposaHue naameHu, 0ucmaHuu0HHbu7
MOHUMOPUHZ, KPOHbI depeebee, necHol nosoe, 71eCHole Noxapsl

Ana yumupoearusa: MameneHok U. B. BuBumocmb Masbix 80320pAHUL CKBO3b KPOHbI
Odepesbes: HeKomopeble pesya6mamesl HAMYPHbIX UCCAe008aHUli Ha meppumopuu
JleHuHepadckoli obaacmu // HHoBayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 76-83.
DOI: 10.31799/2949-0693-2023-4-76-83.

Oco6eHHOCTH YHUPUKALUY KOJIMYECTBa
HOPMAaTHUBHO-TEXHUYECKOM JOKYMEHTALlUU B
CTPYKTYPHOM NojApa3ae/eHuU

HAa OCHOBAaHUM NPUHIUNOB QYHKIMOHAJIbHOM
e HHOCTHU

AHHOmayus. OnucaHel npobaemamuxka 00KyMmeHmMoobopoma e cospemMeHHOU opaaHU3ayuu u
crnocobbl aHanuza mexkyweli OOKyMeHMayuu ¢ yesnoto nepesoda 8 yugposyro hopmy, Ymo
10380/1UM COKPAMUMb MpPyod03ampamel U Mo8bICUMb Pou3800UMensHocMs mpyoa
MepcoHana opeaHU3ayuU.

Kntouesble cnosa: dokymeHmMoobopom, cmpykmypuposaHue pyHKyuU Ka4ecmsa,
uugposusayus

Ana yumuposanusa: LLiawmypuH A. A. OcobeHHOCMU YHUGDUKAYUU KOAUYecmad HOpMamugeHo-
mexHu4eckol OOKyMeHmayuu 8 cmpykmypHom nodpasoeneHuu Ha OCHOBAHUU MPUHYUNO8
(PyHKYUOHAnbHOU yeHHocmu // MHHOBayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 84-87.
DOI: 10.31799/2949-0693-2023-4-84-87.

KoppensuyoHnHass MaTpuna AJsi
CJIOKHOCTPYKTYPHPOBAHHBIX MOBEAEHYECKHX
$paKkTOpOB U MapaMeTPOB TEXHOJIOTHYECKOT0
npouecca

AHHOmMayus. [pedcmaesneHsl pe3yanbmamel aHAAU3a cesaseli MenOy nogedeH4YecKumu
haKkmopamu onepamopa MexHo102u4ecKoll AUHUU U Mapamempamu mexHo102U4ecKo20

Keywords: flame detection, flame visibility, forest canopy, forest fires, remote sensing, tree
crowns.

For citation: Matelenok I. V. Visibility of small fires through tree crowns: some results of field
studies in the Leningrad region. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(4):76-83. (In Russ.). DOI: 10.31799/2949-0693-2023-4-76-83.

Features of unification of the quality of normative
and technical documentation in a structural
division on the basic

of the principles of functional value

Abstract. The article describes the problems of the workflow of a modern organization and ways
to analyze the existing documentation in order to convert it into digital form, which reduces
labor costs and increases the productivity of the organization’s personnel.

Keywords: workflow, structuring the quality function, digitalization

For citation: Shashmurin A. A. Features of unification of the quality of normative and technical
documentation in a structural division on the basic of the principles of functional value.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(4):84— 87. (In Russ.). DOI:
10.31799/2949-0693-2023-4-84-87.

Correlation matrix for complex structured
behavioral factors and process parameters

Abstract. The results of the analysis of the links between the behavioral factors of the operator
of the technological line and the parameters of the technological process are presented. Groups
of indicators have been identified, which are assigned ranked weighting coefficients by the
expert method. Based on these data, a correlation matrix is calculated and formed, which allows
to identify the most significant parameters that can be used to control and control the
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npouyecca. BeidsneHsl 2pynnel nokasameseli, KOMOPbIM NPUCEAUBAIOMCA PAHHUPOBAHHbIE
gecosble KoaghuyueHmeol IKCepmHsIM MemoooM. Ha ocHose amux OaHHbIX paccyumoieaemcs
u hopmupyemcs KoppenayuoHHAs Mampuya, no3eonaouas evideaums Haubosee 3HaYuMble
napamempsl, Komopble mo2ym 6biMb UCMOAb308aHbI 0418 YNPABAEHUA U KOHMPOAA
mexHos102u4ecko20 npouyecca. Kpome mozo, aHaU3 MoaAy4YeHHbIX Pe3ysibmamos Moxem
eblfenums cmpamezuyeckue 3a0a4u 044 yay4YweHUa Ka4ecmea npoodyKyuu, onmumu3ayuu
Mpou3800CMBEHHbIX MPOUECCO8 U Mo8bIWEHUA 3dhheKmusHOCmMU npou3eodcmad.

Kntoyeasoble cnoea: KoppenayuoHHAs Mampuya, nosedeHyeckue ¢pakmopel onepamopa,
mexHos02u4eckul npoyecc, 8aUAHUE haKmMopos npou3soocmaa

Ana yumupoearusa: BuHHu4YeHKo A. B. KoppenayuoHHas mampuya 015
C/IOHHOCMPYKMYPUPOBAHHbIX N0BEOEHYECKUX haKMOPOB U Mapamempos mexHo102u4ecKo20
npouecca // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 88-92. DOI:
10.31799/29490693-2023-4-88-92.

technological process. In addition, the analysis of the results obtained can highlight strategic
objectives for improving product quality, optimizing production processes and increasing
production efficiency.

Keywords: correlation matrix, behavioral factors of the operator, technological process,
influence of production factors

For citation: Vinnichenko A. V. Correlation matrix for complex structured behavioral factors and
process parameters. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(4):88—
92. (In Russ.). DOI: 10.31799/2949-0693-2023-4-88-92.
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UccneaoBaHue BJAUSHHUA CKOPOCTH TPACCUPOBKH
HA TOYHOCTb U3MEPEHUS IEPOXOBATOCTH
npoduiomerpom SurfTest SJ-410

AHHOmMayus. B ycnosusx HerpepbigHO20 pa3sumMuUs NpomsluneHHocmu, pa3pabomku bosee
MmoYHbIX Mpubopos, MaWUH 8 061acMuU 3AeKMPOIHEP2EMUKU, A8UAUUOHHbBIX
8bICOKOCKOPOCMHbIX 08u2amerneli U Npeobpa3osaHUA Pa3AUYHbIX 8UOO8 SHepauu 05
nosbiWeHUA KoaghguyueHma nosesHo2o delicmeus He0bX00UMO UCMO0Ab308aHUE Boslee HU3KUX
napamempos wepoxoeamocmu KUHEMAMUYECKUX 3/1eMeHMOo8, HaX00AUW,UXCA 8 30He
HernocpedcmeeHH020 KOHMakma. CiedosamesbHo, HEO6X00UMO cosepuIEHCMBO8AMb
npubopsl 017 usmepeHuUs wepoxosamocmu. a7 pacwupeHus moyHocmu u ouana3oHos
usmepeHuli OaHHbIX MPUbBOPO8 HYHHO PA38UBAMb 3MANOHHYH 6a3y NPoguUIOMeMPOs,
ysenu4usas peanusyemocms rnosepo4Holi cxemol 3a cHem npuUMeHeHUs 3MasoH08 Pocculickozo
npouzsodcmea. B Hacmosuwiee spems npubopsl 0417 U3MEPEHUA Wepoxoeamocmu «pusa3aHsl»
K HECKOAbKUM cmaHdapmam: 8 Poccuu daHHble MemoObl pe2ynupyomcs
Mex2ocydapcmeeHHbIMU U HAUUOHAAbHLIMU CMAaHOapmamu, 3apybexcHole cmaHoapmel
ucrnonb3ayomca 8 cocmase UHOCMPAHHO20 MPO2PAMMHO20 obecreveHus —3mo cmaHoapmel
ISO, ANSI, JIS. laHHasA epynna esponelicKux, aMepuKaHCKUX, AMOHCKUX CMaHOAdpmoe
mpaoduyuoHHO umeem HebobWYHO PA3HOCMHYH UHMepnpemayuro 8 obaacmu onpedeneHus
napamempos wepoxo8amocmu, CKOPOCMU MPOXOHOeHUs Wynd, mnopaoKa omobpaxeHus
nosay4eHHol uHgopmayuu. B ceasu ¢ smum Heobxodumo bosee NodpobHO npedcmasume
MopAOOK nposedeHus usmepeHuli Ha npoguaomempe ¢ Pa3AUYHbIMU MUMNAMU HACMPOEK.

Knroyeselie cn0ea: npogunsomemp, HacmpoUliKu mpaccuposKu, pe3ysnbmam usmepeHus,
noepewHocms usmepeHus

Ana yumupoeaHus: EnugaHyes K. B., Epppemos H. 0. UccnedosaHue 8auaHuUa ckopocmu
MpaccuposKU Ha MOYHOCMb U3MepeHUsa uiepoxosamocmu npogunomempom SurfTest SJ-410 //
UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C. 5-11. DOI: 10.31799/2949-0693-2023-
3-5-11.

ABTOMaTH3aLUA CUCTEMbI MIOMCKOBO M
ONTUMM3aAL MU BeG-pecypca

Investigation of the effect of tracing speed on the
accuracy of roughness measurement profilometer
SurfTest SJ-410

Abstract. In the conditions of continuous development of industry, the development of more
precise instruments, machines in the field of electric power, high-speed aircraft engines and
conversion of various types of energy to increase efficiency, it is necessary to use lower
roughness parameters of kinematic elements located in the zone of direct contact. Therefore, it
is necessary to improve the devices for measuring roughness. To expand the accuracy and
measurement ranges of these devices, it is necessary to develop the reference base of
profilometers, increasing the feasibility of the verification scheme through the use of Russian-
made standards. Currently, devices for measuring roughness are tied to several standards: in
Russia, these methods are regulated by interstate and national standards, foreign standards are
used as part of foreign software, these are I1SO, ANSI, JIS standards. This group of European,
American, and Japanese standards traditionally have a small difference interpretation in the field
of determining the roughness parameters, the speed of the probe passage, and the order of
displaying the information received. In connection with this, it is necessary to present in more
detail the order of measurements on this device with different types of settings.

Keywords: profilometer, trace settings, measurement result, measurement error

For citation: Epifancev K. V., Efremov N. Yu. Investigation of the effect of tracing speed on the
accuracy of roughness measurement profilometer SurfTest SJ-410. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(3):5-11. (In Russ.). DOI: 10.31799/2949-
0693-2023-3-5-11.

Automation of the system of search engine
optimization of a web resource
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AHHOmMayus. Viccnedyemcs 061acms KOHKYPEHMHO20 Mpod8uXeHUs KOMMepYecKux eeb-
pecypcos. Chopmynupos8aHsl Kpumepuu 3aUHMepPeco8aHHbIX CMOPOH M0 OMHOWEHUIO K 8eb-
pecypcy. AHaausupyromcsa cnocobel paspabomku calima u sbibupaemca ayqwuli. Pazpaboma
anzopumm onmumu3ayuu ee6-pecypca.

Knioueesbie cnosa: seb-pecypc, onmumusayus, UHPOPMAYUOHHbIE MEXHOI02UU, Kpumepuu
Ana yumuposaHua: Komapos T. N., YabaHeHKo A. B. Aemomamu3ayusa cucmemsl nouckogol
onmumu3sayuu eeb-pecypca // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C. 12-16.
DOI: 10.31799/2949-0693-2023-3-12-16.

MeToA MalIMHHOTO 3peHMUA AJISI KOHTPOJIA
KavecTBa NPOAYKLUHU

AHHOmayusA. PaccmompeHsl 803MOXHOCMU MAWUHHO20 3peHUs 01 KOHMPOoAA Kayecmaa
npodyKkyuu Ha npouszsoocmaee. OnucaH Mmemoo peanu3ayuu U nocmpoeHus an20pummos
06pabomku uzobpaxceHuli c TOMOWbIO MAUWIUHHO20 0By4YeHUs.

Knioueesble cnosa: mawuHHoe 3peHue, MawuHHoe 0byyeHue, KOHMPOsb Kayecmea,
8U3yasbHLIU KOHMPOb

Ana yumupoearusa: YynpuHosa O. B., CmenawkuHa A. C., lMoma3zaH E. B. Memo0d mawuHHO20
3peHus 014 KOHMPOA Kayecmea

npodykyuu // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 17-20. DOI:
10.31799/2949-0693-2023-3-17-20.

AHaniu3 ni1atpopMm AJ1si 06ydeHUs OCHOBaAM
UHQPOPMALMOHHOM 6€30MaCHOCTH

AHHOmMayus. B cospemeHHOM mupe ¢ Ucnosnb308aHUEM UHHOPMAYUOHHbIX mexHo1o02uli 8
OucmaHyuoHHOM o0by4eHuu U 06pa308aHUU 8 y4ebHbIX 3a8e0eHUAX HaYaau MPUMeHAMb
cucmemy oHnaliH-o6pa3zoeaHusa. OHaaliH-naamgopma 018 0by4yeHUSs — 3Mo 0OCHOBAHHAA HA
Mpo2PamMMHOM obecrevyeHuU OHAAUH-UHBPACMPYKMypa, Komopas no3eoasem
Mo16308aMenam 0by4amascs Mo yxe 20mosbim yuebHbIM Mamepuanam u nybauKkoeams ceou
yyebHble nocobus uau Kypcel. Ha 0aHHbII mMomeHm makKoli 8u0 obyyeHus A8/9emcsa MAKuM e
pesysnbmamusHbIM, KOK U OYHOe 0bydeHue, U uMeem rnpeumywecmesa 8 sude MeHbWux
spemMeHHbIX 3ampam. B cmamee 6ydem npueedeH aHAAU3 Kypcoe no UHPOPMAYUOHHO U
6e3onacHocmu Ha Haubosee NonyaapHLIX pocculickux oHaaliHnaamgopmax 011 0byyeHUs —
«fAHOeKc.[Tpakmukrkym», «Hemosnoausa», Stepik, Skillspace, MOOC, iSpringLearn.

Abstract. The article explores the area of competitive promotion of commercial web resources.
Stakeholder criteria are formulated and applied to the web resource. Website development
methods are analyzed and the best one is selected. An algorithm for optimizing a web resource is
being developed.

Keywords: web resource, optimization, IT, criteria

For citation: Komarov T. I., Chabanenko A. V. Automation of the system of search engine
optimization of a web resource. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(3):12-16. (In Russ.). DOI: 10.31799/2949-0693-2023-3-12-16.

Machine vision method for product quality control

Abstract. The possibilities of machine vision for product quality control in production are
considered. The method of implementation using machine learning and the construction of
image processing algorithms is also described.

Keywords: machine vision, machine learning, quality control, visual control

For citation: Chuprinova O. V., Stepashkina A. S., Pomazan E. V. Machine vision method for
product quality control. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(3):17-20. (In Russ.). DOI: 10.31799/2949-0693-2023-3-17-20.

Analysis of the platform for teaching the basics of
information security

Abstract. In the modern world in educational facilities began to apply the online education
system with the use of information technology in distance learning and education. Online
learning platform is a software-based online infrastructure, which allows users to learn from
ready-made training materials, and publish their tutorials or courses. For now, this type of
training is just as effective as full-time training and has the advantage of less time consuming.
This article makes a brief review of IS courses on most popular Russian online learning platforms
(Practicum.yandex.ru, Netology.ru, Skillspace.ru, MOOC.org, iSpring Learn).
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Knroueevle cnoea: oHnaliH-06y4eHUe, a8MomMamu3uposaHHoe obyyeHue, OUCMAHUUOHHOe
obyyeHue, UHPOPMAUUOHHAA 6e30MacHoCMb, MOHemu3ayus

Ana yumupoearus: Conénvili C. B., Boporniaes U. A., lMpoxcupko E. A. AHanu3 naamegopm 015
06y4eHUs 0CHOBaM UHpopMayuoHHol 6e3onacHocmu // MHHoeayuoHHoe npubopocmpoeHue.
2023.T.2, No 3. C. 21-27. DOI: 10.31799/2949-0693-2023-3-21-27.

CpaBHUTeJ/IbHBbII aHA/IN3 NPOTPAMMHOTO
obGecreyeHusl, IPUMEHAEMOro A/ peleHus
3JIEKTPOIHEpPreTuYeCcKMx 3asayu

AHHOMayus. Mpueodumcs aHAAU3 NPO2PAMMHbLIX KOMIIAEKCO8, MpedHa3HAYeHHbIX 075
peweHus anekmpoaHepaemu4eckux 3a0ay. lMposedeH 0630p ux 803moxcHocmeli, 0603Ha4eHbI
npeumywyecmesa u Hedocmamku.

Knrouessie cnosa: aHanus, I'lpOZpGMMHbIU KOMIMAEKC, pexrum p060mbl 371eKmpocemu, MoK
KOPOMKO20 3aMblKaHUA

Ana yumupoearus: ConéHas O. A., CmekneHés A. 10. CpasHumenoHbIli aHAAU3 MPO2PAMMHO20
obecrneyeHus, MPUMeHAeMOo20 0718 pelieHUs 3eKmposHep2emuYeckux 3a0a4 //
UHHoBayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 28-35. DOI: 10.31799/29490693-2023-
3-28-35.

BOl'IpOCbI 0€e30MaCHOCTH HHTEC/IVIEKTYAJ/JIbHBIX
CUCTEM

AHHOMayusa. PaccmompeHsi 80npocel 6e30M1acHoCMU UHMESAEKMYasbHbIX CUCMEM U KAaccol
B03MOX}(HbIX AMAK. bosiee 0emasnbHO NPOAHAAU3UPOBAH KAACC aMaK, HaNpPaeneHHsll Ha
HapyuweHue yea0cmHocmu 0aHHbIX, U MOKA3aHbl cocobbl 3auumel om 0aHHO20 KAacca amak
Ha npumepe KoGo8, UCIPasAAOUUX OWUBKU.

Knroyeseole cnosa: UHmMesnnekmyaribHele cucmemel, 683OI'IGCHOCInb, Kpunmoepad)un, meopuAa
KOC)UpOBGHUﬂ, amaku

Ana yumupoearusa: KynpusHos M. C., flesuHa A. b. Bonpocel 6e3onacHocmu
UHMesnnekmyanbHsix cucmem // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C. 36—
40. DOI: 10.31799/2949-0693-2023-3-36-40.

Keywords: online learning, automated learning, distance learning, information security,
monetization

For citation: Solyonyj S. V., Prozhirko E. A., Voropaev I. A. Analysis of the platform for teaching
the basics of information security. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(3):21-27. (In Russ.). DOI: 10.31799/2949-0693-2023-3-21-27.

Comparative analysis of software for electrical
power tasks

Abstract. The article provides an analysis of software packages designed to perform electrical
energy tasks. A review of it’s functional, advantages and disadvantages is given in this article.

Keywords: analysis, software package, short-circuit current, electrical power grid mode

For citation: Solenaya O. Ya., Steklenev A. Yu. Comparative analysis of software for electrical
power tasks. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(3):28-35. (In
Russ.). DOI: 10.31799/2949-0693-2023-3-28-35.

Security issues of intelligent systems

Abstract. This article briefly discusses the security issues of intelligent systems, analyzes classes
of possible attacks. A class of attacks aimed at violating data integrity is considered in more
details, and ways to protect systems against this class of attacks are shown on the example of
error-correcting codes.

Keywords: intelligent systems, security, cryptography, coding theory, attacks

For citation: Kuprianov M. S., Levina A. B. Security issues of intelligent systems. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(3):36—40. (In Russ.). DOI: 10.31799/2949-
0693-2023-3-36-40.
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AHa/IN3 COCTOAHUSA PBIHKA HCKYCCTBEHHOTIO
HUHTeJ/IJIeKTa B Poccuu

AHHOMayus. MposedeH aHaAU3 COCMOAHUA POCCULICKO20 PbIHKA UCKYCCMBEHHO020
UHMesnnekma. PaccmompeHsi cmpykmypa, 06bem u 001U PbIHKA, NPOUECCbl UHBECMUPOBAHUA U
(PUHAHCUPOBAHUA 8 MEXHOA02UU UCKYycCmeeHHo20 UHmennekma 8 Pocculickoli ®edepayuu.
BobinosiHeH 0630p OCHOBHbIX KOHKYpeHmMos u nompebumeneli Ha pbiHKe.

Knrouesble cnoea: uckyccmeeHHbIl UHMennekm, aHaau3 pbiHKA, mexHon02uu, pocculickuli
PbIHOK, meHOeHyuu pa3sumus

Ana yumupoearus: bylyuk /. 4., ConéHasa O. A. AHaAu3 cOCMOAHUA PbIHKA UCKYCCMBEHHO20
uHmensnekma e Poccuu // HHosayuoHHoe npubopocmpoenue. 2023. T. 2, No 3. C. 41-47. DOI:
10.31799/2949-0693-2023-3-41-47.

KoHuenmus po60TOTEXHUYECKOH CUCTEMBI AJIA
JANArHOCTHKHY 3JIEKTPUYECKHX MAIIUH IIPH
PEMOHTE U TEXHUYECKOM 06C/TYKMBAHUU

AHHOMayusA. PaccmompeHs! U NpoaHanusuposaHsl pobomomexHuYecKue cucmemei,
ucrnone3yroujueca 0117 OUAZHOCMUKU Y3108 31eKMPUYECKUX MaWUH. BbiasneHa npobaema
ucnosb3o8aHUA pobomomexHUYEeCKUX cucmem 0114 NoeblWeHUA Ka4ecmea U YCKOpeHUA
npoyeccos OUA2HOCMUKU 371eKMpPUuYecKux MawuH 6 ycro8usax npousso0cmea, a maxke 6o
8pemMsA peMoHMOo8 Ha NaA0wWadKax 3aKas4uka. PaccmompeHa memodono2ua npuMeHeHuA
damyuka subpayuu 8 pobomomexHu4eckoli cucmeme 0715 onpedesneHus naomHocmu
30K/IUHOBKU 10308 CMamMopa 2eHepamopa.

Knrouessle cnosa: 3/71eKmpu4yecKkue mawuHebl, ceHepamop, peMoHm, p060m0mEXHU'4€CKGFI
cucmema, ucneimaHusa, asmomamusayua

Ana yumupoearus: Jlay C. K., ConéHeliii C. B. KoHuyenyua pobomomexHu4yeckoli cucmemel 015
OUa2HOCMUKU 31BKMPUYECKUX MAWUH MPU peMoHmMe U mexHUYecKom ob6caywusaHuu //
UHHoBayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 48-53. DOI: 10.31799/2949-0693-
2023-3-48-53.

The analysis of the state of the artificial
Intelligence market in Russia

Abstract. In the given article the analysis of a condition of the Russian market of an artificial
intellect has been carried out. The structure, volume and shares of the market, processes of
investment and financing in the Russian Federation have been considered. A review of the main
competitors and consumers in the market is performed.

Keywords: artificial intelligence, market analysis, technology, Russian market, development
trends

For citation: Buichik D. D., Solenaya O. Ya. The analysis of the state of the artificial Intelligence
market in Russia. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(3):41-47.
(In Russ.). DOI: 10.31799/2949-0693-2023-3-41-47.

The concept of a robotic system for diagnosing
electrical machines during repair and maintenance

Abstract. The robotic systems used for diagnosing the units of electrical machines are considered
and analyzed. The problem of using robotic systems to improve the quality and speed up the
diagnostics of electrical machines in production conditions, as well as during repairs at customer
sites, is presented. The methodology for using a vibration sensor in a robotic system to
determine the wedging density of the generator stator slots is considered.

Keywords: electrical machines, generator, repair, robotic system, testing, automation

For citation: Lach S. Yu., Solyonyj S. V. The concept of a robotic system for diagnosing electrical
machines during repair and maintenance. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(3):48-53. (In Russ.). DOI: 10.31799/2949-06932023-3-48-53.
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UccaeaoBaHue cnocoO60B NpUMEHEHUs
TEXHOJIOTM BUPTYAJIbHOM U JONO/IHEHHOU
peasibHOCTH

B 00pa30BaTeJIbHOM M NPOMBILLJIEHHOUW 00J1aCTAX

AHHOmMayusa. BupmyansbHol peaanbHOCMbi0 HA3b18AIOM UHMeEPAaKMUBHbIl Mup, cO30aHHbIU ¢
UCrnosnb308aHUEM CO8PEMEHHbIX KOMMTbIOMeEPHbIX MPo2pamm, Komopblli 0cnpuHUMAemMcs
4es108eKOM Yepe3 0CHOBHble 0p2aHbl Yyecme. 3a0a4a mexHo102UU 3aKA04Yaemcs 8
Mo2pyxeHUU 4esn108eKa 8 CO30aHHYH cpedy C UCroNb308aHUEM 0GMUYUKO8 CEHCOPUKU.
JlonosnHeHHasA peasnsHOCMb, 8 omauYyue om supmyassHol, 00noaHAem peassHsll mup
uugposbiMu 06vekmamu 8 sude ayouo, 2paghuKku, meKcma 8 pexcume peasnbHo20 8pemMeHuU C
803MOXHOCMbIO 83aumModelicmeus. JaHHaA mexHoA02uUA UCnonb3yemca 0415 obecrnevyeHus
HOB8020 ypoBHA 83aumodelicmeus nosv3osamerneli C OKPYHAOUUM MUPOM. N3y4eHO
npumeHeHue mexHosoauli supmyanesHol peansHocmu u onoaHeHHoU peanbHocmu 8
obpazosamesnbHoli cghepe. NposedeHo uccnedosaHue KOMNAaHuUl, MPedoCcMasAfWUX 20mosble
peweHus, a makxe 3anpocs! Ha co30aHue NpuaoxeHuli supmyansbHol peanbHocmu 04
MpomblwWseHHbIX U 06pazosamesnbHbIX yYpercoeHul.

Knrouesoie cnosa: supmyanbHAsa peasnsHoCMe, donosHeHHan peasbHOCMb, UMMEPCUOHHbIE
mexHos10ecuu, O6p03060HUE, npomeselWsneHHocmeo

Ana yumupoearus: bobpoiwos /. 1., PomaHeHko B. B., KysabmeHko 0. I1., KyzemeHko B. I1.,
Conénoili C. B. UccnedosaHue criocobos npumeHeHuUs mexHosao2uli supmyansHol u
donosiHeHHOU peasbHocMu 8 06pazosamernbHol u npombliuwneHHol obaacmsx //
UHHoBayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 54—61. DOI: 10.31799/2949-0693-
2023-3-54-61.

<DopmaJ1bHaa I/I,Z[eHTl/I(l)I/IKaHI/IH NMNepuoaANIECCKHUX
SAABJIEHUM B YHUCJIOBbIX pAaAAax

AHHOMayusa. Paccmampusaromcs npobaema udeHmu@uKkayuu nepuodudeckux aeneHuli 6o
8peMEHHbIX pAGax; MOHAMUE 8peMEHHO20 PAOA, OCHOBHbIE ONUCHIBAIOWUE €20
mamemamuyeckue Moodesu, pasauyHele Memoosl U 2uromesbl, MpUMeHAeMbIe 8 meopuu
epemMeHHbIx pados. Takxce uccnedyromca memodsl, MpUMeHAeMbIe 8 PasAU4HbIX 0baacmsax
3HaHuUl, HanpassaeHHbIe HA MOUCK U 8blABAeHUE MNepuoduyeckoli KOMNoHeHMebl. TaK KaK OaHHbIe
memo0sl 061a0arom onpedesneHHbIMU HE00CMamKamu, 0414 peuleHus yKkasaHHol npobaemel
npedsaazaemcsa npuMeHeHuUe MoouguKkayuu memoda smnupu4eckoli Mo0o8oli deKomnosuyuu.
Mpoussodumcs peanusayus OGHHO20 aA120pUMMA 8 8UOE MPO2PAMMbI U Mpou38odumcs

Research of ways of using virtual and augmented
reality technology in educational and industrial
fields

Abstract. Virtual reality is an interactive world created with the use of modern computer
programs, which is perceived by a person through the basic senses. The task of technology is to
immerse people in the created environment, using sensors sensorica. Augmented reality, unlike
virtual reality, augments the real world with digital objects in the form of audio, graphics and
text in real time with the possibility of interaction. This technology is used to provide a new level
of interaction between users and the world around them. This article aims to study the
application of virtual reality and augmented reality technologies in the educational sphere. The
research of the companies providing ready-made solutions, as well as requests of industrial and
educational institutions in this technology was made.

Keywords: virtual reality, augmented reality, immersion technologies, education, industry

For citation: Bobryshov D. P., Romanenko V. V., Kuzmenko Yu. P., Kuzmenko V. P., Solyony;j S. V.
Research of ways of using virtual and augmented reality technology in educational and industrial
fields. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023,;2(3):54—61. (In Russ.).
DOI: 10.31799/2949-0693-2023-3-54-61.

Formal identification of periodic oscillations in
numeral series

Abstract. We use the problem of identifying patterns of growth in time series. The main
mathematical models that describe it, various methods and conclusions used in the theory of
time series are considered. The methods used in various manifestations aimed at searching and
identifying the periodic component are also considered. Since the data detects occurrences, a
modification of the empirical mode decomposition method is used to solve this problem. The
implementation of this algorithm in the form of a program was made and its performance was
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nposepka ee pabomocnocobHocmu. lMomumo smozo, cpasHuU8aemcs agppekmugHocmo pabomel
npednoxeHHo20 MoOUGUUUPOBAHHO20 AA20PUMMA C KAACCUYECKUM 8APUAHMOM.

Knrouessle cnoea: spemeHHol pAd, nepuoduyeckue KoaebaHus, Ce30HHOCMb, YUKAUYHOCMS,
amnupuyeckasa Mmodoeas 0eKkommnosuyus, Kybuyeckuli cnaaliH, cnaaliH AKUmsi

Ana yumupoeaHrus: lNnexos I. B., Kydpesa A. P., lyces A. A. ®opmanbHas udeHmuguKkayus
nepuoduyecKux asneHull 8 4ucnoabix padax // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2,
No 3. C. 62-66. DOI: 10.31799/2949-0693-2023-3-62-66.

UaenTHpUKAIMA 10/1b30BaTE IS HA OCHOBE
KJIaBUATYPHOTO NnoyepkKa

AHHOMayus. Boidsuzaemcs auriome3a o0 mom, Ymo y Kax0020 4es08eKa UHOUBUOYA bHbIl
noodxo0 K Habopy mekcma Ha Kaasuamype. Takum 06pa3om, MOXCHO cOeaameo npeodnosoxeHue,
4mo OaHHbIlU napamemp MOXCHO UCM0aAb308aMb 018 UOEeHMUBUKayUU noaszoeamesneli KaK
b6uomempuyeckuli nokasamesns. Cpedu memooos buomempuyeckoli aymeHmugukayuu
npednoxeHHoIl N00Xo0 oMHOCUMCA K Kame20puu GUHAMUYEeCKUX Memodos, Ymo 3ampyoHsem
noxuweHue wabsaoHa NoYepKa nosb3oeamers. B pabome Kpamko onucaHsl cyujecmayroujue
memoOdsl u crnocobsl udeHmughukayuu rnosnsszosamerneli Mo KAasuamypHoOMy rnoYepky u
8bIM0/IHEHO UCCAeA08aHUE NMPUMeEHEHUA OUeHOYHO20 Napamempa epemMeHU yoepHaHUs KAasuw
014 onpedeneHus nose3osamerns. B peyssmame uccaedosaHus 00KA3aHO, Ymo 8pems
yoepiaHusa Kaasuw cnocobHo udeHmuguyuposams nossszosamerneli 8 85 % cayvaes.

Knroueeole cnoea: aymeHmugpukayus, udeHmuguKayus, 3aWuma UHpopmayuu,
KnasuamypHsili noyepk

Ana yumupoearusa: Bapaamosa C. A., BasuauHa E. A. MDeHmudgukayusa nons3osamens Ha
0CHO8€ KaasuamypHo20 novepka // HHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C.
67-71. DOI: 10.31799/2949-0693-2023-3-67-71.

MeTo/ roiocoBo¥ HaAeHTUPUKAIUY JUKTOPA

AHHOmayus. MpednoxeH HOoBbIli M0AX00 K (hopMUPOBAHUIO BEKMOPOEB MPU3HAKO8, OCHOBAHHbIL
Ha cemaHmuyecKkux ocobeHHocmsax peyu Oukmopa. Omau4umesnsHoli ocobeHHoCMbio
npednoxeHHo20 Memoodd A6A4emca Mo, Ymo, MOMUMO AHA/U3A 20/10CO8bIX XAPAKMepUCMUK
OUKMOpPa, MakKkx e aHaAAU3UPYIOMCA U pevesble — 0CO6eHHOCMU NOCMpoeHUsA NPeodnoxeHul, ux
cemMaHmMuKka, ca108apHsIl 3anac u m. 0. PaapabomaH npo2pammHeiii Modyab udeHmuguKkayuu
AIUYHOCMU HA OCHOBE MpPedsIoHeHHO20 Memooda U nposedeHO CPABHEHUE C MPAdUUYUOHHO
UCrnosb3yeMbIM Mpu peweHuu 300a4u udeHmMuU@pUKayuu OUKMopos memodom, OCHOBAHHbIM HA
MesI-4acmomHbIX KercmpasbHbix KosgguyueHmax. CpasHUMenbHbIl aHAAU3 NOKA3as, YmOo

checked. In addition, the efficiency of the proposed modified algorithm is compared with the
classical application.

Keywords: time series, forthcoming, seasonality, cyclicality, empirical mode decomposition,
cubic spline, Akima’s spline

For citation: Plekhov P. V., Kudreva A. R., Gusev A. A. Formal identification of periodic oscillations
in numeral series. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(3):62—66.
(In Russ.). DOI: 10.31799/2949-0693-2023-3-62-66.

User identification based on keypad handwriting

Abstract. The paper suggests that each person has an individual approach to typing on the
keyboard. Thus, it can be assumed that this parameter can be used to identify users as a
biometric indicator. Among the biometric authentication methods, the proposed approach
belongs to the category of dynamic methods, which makes it difficult to steal the user’s
handwriting template. The paper briefly describes the existing methods and methods for
identifying users by keyboard handwriting and a study of the use of the estimated key holding
time parameter to determine the user. As a result of the study, it was proved that the key hold
time is able to identify users in 85 % of cases.

Keywords: authentication, identification, information security, keyboard handwriting

For citation: Varlamova S. A., Vavilina E. A. User identification based on keypad handwriting.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(3):67—71. (In Russ.). DOI:
10.31799/2949-0693-2023-3-67-71.

The method of voice identification of the speaker

Abstract. In this paper, a new approach to the formation of feature vectors based on the
semantic features of the speaker’s speech is proposed. A distinctive feature of the proposed
method is that in addition to analyzing the speaker’s voice characteristics, speech characteristics
are also analyzed: features of sentence construction, their semantics, vocabulary, etc. A software
module for identification of a person based on the proposed method has been developed, and a
comparison has been made with the method traditionally used in solving the speaker
identification problem based on mel-frequency cepstrum coefficients. Comparative analysis has
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paccmampuseaemsili T0OX00 N038075em y8eauYums Mo4YHOCMs UOEHMUGUKAYUU AUYHOCMU,
00HAKO npu 3mom oH mpebyem 66abWUX 8BpEMEHHbIX 3ampam.

Knrouyesole ca106a: pacno3HasaHue 20/0¢a, UCKYCCMBEHHbIU UHMennekm, MawuHHoe oby4yeHue,
aymeHmuguKayus, mopgosaozuveckuli aHanu3, HelipoHHbIe cemu

Ana yumupoearusa: LLlamakosa E. C., Kosiomoliyes B. C. Memod 2onocoeoli udeHmugpukayuu
dukmopa // HHosauuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 72-76. DOI:
10.31799/2949-0693-2023-3-72-76.

®opMyJIbHBIN METO/J, ayTeHTUPUKAL MU
110J1b30BaTe A

AHHOmMayus. M3y4yeHsl 80Npocel NpUMeHeHUs MHO20(aKmMOpPHO U aymeHMu@UKayuu Kak
Memooa nosbIWEHUA 3aUuUmbl O0HHbLIX OM HECAHKYUOHUPOBAHHO20 00Cmyna 8 npoyecce ux
XpaHeHus u nepedayu. PaccmompeHsi Haubosee nomnynapHele Memoobl MHO20(haKMopHoO U
aymeHmMu@uKayuu, 8biseneHsl UX 00CMouHcmMaea u Hedocmamku. lMpedaoxceH memoo
MHO020(haKmopHoUl aymeHmuguKayuu, AUWeEHHbIU Yacmu UMEU,UXCA HeA0CMamKos 8
uccnedyembix memooax, — popMybHbIl Memood aymeHmuguKkayuu nosasszosamerneli. Memoo
no3eossem 6e3 cyu,ecmeeHHbIX MEXHUYECKUX U3MeHeHUU U yeenudeHusa Hazpy3Ku Ha cucmemy
nposodums 6e30MacHyro aymeHmu@uUKayuio nosszosamerned.

Knrouyesoble ca0ea: MHO20GhaKMOPHAA aymeHMU@PUKAYUS, 3aWuma UHGopmayuu,
HEeCaHKYUOHUPOBAHHbIU docmyn, UHOPMAYUOHHbIE cucmemMbl, GUOMemMpPUKa, Naposb

Ana yumupoesarusa: Konomoliyes B. C., Mapkosckuli E. C., ly6posuHa . A. ®opmynbHbili
mMemoo aymeHmuguKkayuu rnoss3oeamens // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2,
No 3. C. 77-83. DOI: 10.31799/2949-0693-2023-3-77-83.

MoaempoBaHue padoThI C/IeJALLETO
3JIEKTPONPHUBO/JA C y4€TOM TeMIepaTypbl
OKpYy>Kawlleu cpeabl

AHHOMayusa. Paccmampusaemcs 87uUsHUe memnepamypsl oKpyxcaroujeli cpedsl Ha
duHamu4ecKue ceolicmea cnedaujezo 31eKmponpueood.

Knrouessie cnosa: mamemamuyeckoe MOdeﬂUpOSGHUE, 3/1€Kmp066U2(7m€/7b, OuHamu4ecKkue
xapakmepucmuku

shown that the considered approach allows to increase the accuracy of identification of a
person, but at the same time it requires more time.

Keywords: voice recognition, artificial intelligence, machine learning, authentication,
morphological analysis, neural networks

For citation: Shamakova E. S., Kolomoitcev V. S. The method of voice identification of the
speaker. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(3):72-76. (In
Russ.). DOI: 10.31799/2949-0693-2023-3-72-76.

Formulaic user authentication method

Abstract. The work discusses the use of multi-factor authentication as a method of increasing
data protection from unauthorized access during their storage and transmission. Several of the
most popular methods of multi-factor authentication are considered and their advantages and
disadvantages are revealed. A method of multi-factor authentication is proposed, which solves
part of the existing shortcomings in the methods under study, — the formulaic method of user
authentication. The method allows for secure authentication of users without significant
technical changes and an increase in the load on the system.

Keywords: multi-factor authentication, information protection, unauthorized access, information
systems, biometrics, password

For citation: Kolomoitcev V. S., Markovskiy Eu. S., Dubrovina D. A. Formulaic user authentication
method. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(3):77-83. (In
Russ.). DOI: 10.31799/2949-0693-2023-3-77-83.

Modeling of the operation of a tracking electric
drive taking into account the ambient temperature

Abstract. The influence of ambient temperature on the dynamic properties of a tracking electric
drive is considered.

Keywords: mathematical modeling, electric motor, dynamic characteristics

For citation: Krylov Yu. M., Agapov A. A., Litvinenko A. M. Modeling of the operation of a
tracking electric drive taking into account the ambient temperature. Innovacionnoe
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Ana yumupoearus: Kpeinos 0. M., Aeanos A. A., JlumeuHeHKo A. M. MoodenuposaHue pabomel
cnedsauje2o 31eKkmponpueodd ¢ yyemom memmnepamypesl okpyxrcaroweli cpedsl //
UHHOoBaYuOHHOE npubopocmpoeHue. 2023. T. 2, No 3. C. 84-90. DOI: 10.31799/2949-0693-
2023-3-84-90.

IloaxoAbl K OpraHu3an My NPpOU3BO/ACTBA
KOHKYPEHTOCIOCOOHOH 3JIEKTPOHHOH NMPOAYKIUHA
C y4€TOM THIA OPraHU3aALUOHHOU CTPYKTYPhI U
TE€XHOJIOTUYEeCKHX BO3MOXXHOCTE! NpeAnpUusTUs

AHHOmMayus. lpednoxeHsl anpobuposaHHsbie Ha npednpuamuu cpedHe20 busHeca Nooxoodel K
co30aHu0 cmpykmypel, obecriedusarouieli 2ubKoe U ceoespemeHHoe yrpasneHue
mexHo02UYecKUMU U Opya2umu pecypcamu. [aa obecrevyeHus KOHKypeHmocrnocobHocmu
anekmpoHHoli u npubopHoUi NPOOYKYUU UCMO1b308aHLI ONTMUMU3AYUOHHbLIE MoOdenu Mapemo u
Hawa. 3mu modenu onmumusupyrom 8b160p 3aKA34UKa, pacrpedeneHue pecypcos 8 ycraosusx
HenosaHol onpedesneHHOCMU, PasHbie YCA08UA KOHKYPeHmMocrnocobHocmu ecex 8udoe
npodykyuu u ycaye. [pusedeHHas pempocrnekmusa cmpykmyp om maso20 00 cpedHez0
bu3Heca Mosy4eHa Ha OCHOBe OMbIMa U He 3ampaausdaem U38ecmHble murbsli CMPyKmMyp.

Knrouesole cnoea: cmpykmypa, cpedHuli busHec, 31eKmpPoHHASA NPooyKyus,
KOHKYpeHmMocrnocobHocms, onmumusayus

Ana yumupoearus: MeaHos U. A., KopwyHos I. U. [o0x00bI K opeaHu3ayuu npou3soocmaead
KOHKYypeHmMocrnocobHol 3n1eKkmpoHHOU MpodyKyuu ¢ y4emom mura op2aHu3ayuoHHOU
CMpPYyKMypbl U MexHoA02U4YecKux 803MoxHocmel npednpuamus // UHHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 3. C. 91-96. DOI: 10.31799/2949-0693-2023-3-91-96.

priborostroenie = Innovative Instrumentation. 2023;2(3):84-90. (In Russ.). DOI: 10.31799/2949-
0693-2023-3-84-90.

Approaches to organizing the production of
competitive electronic products, taking into
account the type of organizational structure and
technological capabilities of the enterprise

Abstract. Approved at a medium-sized enterprise, approaches to creating a structure that
provides flexible and timely management of technological and other resources are proposed.
Pareto and Nash optimization models were used to ensure the competitiveness of electronic and
instrumentation products. These models optimize the choice of the customer, the distribution of
resources in conditions of incomplete certainty, equal conditions for the competitiveness of all
types of products and services. This retrospective of SME structures is based on experience and
does not use known types of structures.

Keywords: structure, medium business, electronic products, competitiveness, optimization

For citation: Ivanov I. A., Korshunov G. |. Approaches to organizing the production of competitive
electronic products, taking into account the type of organizational structure and technological
capabilities of the enterprise. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(3):91-96. (In Russ.). DOI: 10.31799/2949-0693-2023-3-91-96.
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CHHTE3 aHTEHHBIX CUCTEM C
KBa3unapa6o/iM4ecCKUMH pedieKTopaMu

AHHOmMayus. MpedcmasneH aHaaumuyeckuli 063o0p 0 Memode cuHme3a peghaekmopos
napaboauyecko2o muna c 3a0aHHLIMU napamempamu. [pusedeHbl OCHOBHbIE 8bIPAH(EHUS,
Xapakmepu3syroujue 83aUMOCBA3b 2e0MeMpPU4ecKuUx napamempos napaboaoudos. Mlokasara
83AUMOCBA3b 3EKMPUYECKUX U 2e0MeMPUYECKUX Mapamempos CUHMe3UPYemMbIX AHMEHHbIX
cucmem. lpusedeHsl epaguyeckue mamepuassl, MOACHAWUE CYyUWHOCMb PACCMamMpU8aembix
pusuvecKux aeneHull. [emoHcmpupyromca KayecmeeHHble 0mMaAUYUA PeasnbHbIX AHMEHHbIX
cucmem om cuHme3supyembix aHaaumu4eckux mooesel. [pedcmaeneH npumep
KOMMblomMepHo20 MOOenupoB8aHUs aHmMeHHol cucmemsl ¢ K8A3unapaboauyecKum
pedaeKkmopom u npooos1eH6IM HemoyeyHbiM 0bayyamenem. [MpusedeH aHAAU3 M0AYy4YeHHbIX
pesysnemamos.

Knroueseie cnoea: napabonudyeckue pedekmopsl, CUHMe3 3epKasbHbIX AHMEHH,
anekmpuyeckue napamMempsl GHMEHH, 2e0MeMpUYEcKas cmpykmypa ompaxcamened,
naccueHsili pehiekmop

Ana yumuposaHusa: OgodeHko A. A. CUHMe3 aHMeHHbIX cucmem ¢ Kea3unapaboauyeckumu
pegnekmopamu // HHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 5-10. DOI:
10.31799/2949-0693-2023-2-5-10.

UccieaoBaHre BO3MOXKHOCTH MOBBILIEHUS
3¢pPeKTUBHOCTH NPOU3BOACTBEHHbIX NIPOLECCOB B
NPHUGOPOCTPOEHUHU

3a CYeT UCNO0JIb30BaHUS KOJ/IJIAGOPAaTUBHBIX
po6OTOB

AHHomayus. B daHHoli pabome ucciaedyemca 803MOXHOCMb MPUMeHEHUS MexHO102uuU
cosmecmHoli pabomesl Yenoseka u poboma e npouyecce NpPou3eo0cmea pPaduo3aeKmMpPoHHol
npodyKyuu. Paccmampusaromca mexHon02uu pacno3Ha8aHus 0guxeHuli Yesoeekaonepamopa
0117 peanusayuu coemecmHol pabomesl Yes08exka U KO6oma nNpu MoOHMa#ce ne4amHseix naam e
paodu031eKMPOHHOM MPUBOPOCMPOEHUU C Yenblo MAKCUMU3AYUU 00X UMENbHO20
CUHep2emuyeckoz20 agppekma om cosmecmHol pabomei Yyenoseka u poboma. [aHsi

Synthesis of antenna systems with quasi-parabolic
reflectors

Abstract. An analytical review of the method for the synthesis of parabolic type reflectors with
given parameters is presented. The main expressions characterizing the relationship of the
geometric parameters of paraboloids are given. The relationship between the electrical and
geometric parameters of the synthesized antenna systems is shown. Graphic materials
explaining the essence of the considered physical phenomena are given. The qualitative
differences between real antenna systems and synthesized analytical models are demonstrated.
An example of computer simulation of an antenna system with a quasi-parabolic reflector and a
longitudinal non-point feed is presented. An analysis of the obtained results is given.

Keywords: parabolic reflectors, synthesis of mirror antennas, electrical parameters of antennas,
geometric structure of reflectors, passive reflector

For citation: Ovodenko A. A. Synthesis of antenna systems with quasi-parabolic reflectors.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(2):5-10. (In Russ.). DOI:
10.31799/2949-0693-2023-2-5-10.

The research of production processes efficiency
increasing possibility in instrumentation through
the use of collaborative robots

Abstract. In this paper, the possibility of applying the human and robot collaboration technology
in the production of electronic products is investigated. The technologies of recognition of
human operator movements for the implementation of human and a robot collaboration during
the printed circuit boards installation in electronic instrumentation in order to maximize the
positive synergetic effect of human and a robot collaboration are considered. Recommendations
on the implementation of engineering solutions based on the technologies considered in the
article are given.
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peKomMeHOayuU Mo peanu3ayuu UH¥eHepHbIx peweHuli Ha 6ase paccmampueaemsix 8 CMmamse
mexHosoaull.

Knrouessle cnoea: yenosek, Kobom, coemecmHas paboma, aghgpekmusHocme, MHOycmpus 5.0

Ana yumupoearusa: Cmewyk E. A., LLleHukos Al. A. UiccnedosaHue 803MOXHOCMU 108bIWEHUSA
aghpekmusHOCMU NMPouU3800CMBEHHbIX MPoyeccos 8 NpubopocmpoeHuU 3a cyem
UCnosb308aHUSA KonnabopamusHeix pobomos // MHHosayuoHHoe npubopocmpoeHue. 2023. T,
2, No 2. C. 11-19. DOI: 10.31799/2949-0693-2023-2-11-19.

OpraHu3anMOHHAsA p06ACTHOCTb KaK 0COOEHHOCTh
3BOJIIOLMM HePAPXUYECKHUX CTPYKTYP yHpaBJeHUs

AHHOMayusa. Onuceiearomca pucku, cozdasaemslie sHewHell cpedoli, okasvisaroujue eausHuUe
Ha X00 NPOMeKaHUA MexHOA02UYEeCKUX MPOYeccos 8 CMpyKmypHOM nodpasoeneHuu.
Ap2ymeHmuposaHa Heobxo0uMOCMb MPUMEHEHUA UHCMPYMEHMO8 XPOHOMemMpPUU C Yesnbto
pacdema ycmolivyusocmu op2aHU3ayUOHHbIX CMPYKMYyp ynpasaeHus K decmabunusupyrouum
haKkmopam Ha 0CHO8e OPMO20HANbHO20 Maccusa Tazymu.

Kniouesbie cnosa: pobacmHocms, 0pmo20HAAbHbIE MACCUBbLI, OP2AHU3AUUOHHAA CMPyKmMypa
Ana yumupoearusa: Hazapesuy C. A., Mepkynoea A. 0. Op2aHU3ayuoHHAs pobacmHocme Kak
0cobeHHOCMb 380/104UU Uepapxu4ecKux cmpykmyp ynpasneHus // MHHo8ayuoHHoe
npubopocmpoerue. 2023. T. 2, No 2. C. 20-24. DOI: 10.31799/2949-0693-2023-2-20-24.

ABTOMaTI/IBaI.U/IH CUCTEMBI KOHTPOJIA Ka4Ye€CTBa IIPpH
IMPOU3BOACTBEC JIAKOKPACOYHBIX PIBAEJII/Iﬁ

AHHOMayusA. Paccmampusaromcs nomeHyuasabHble HanpasaeHus asmomamu3sayuu memooa
aHanu3a pacrnpedesneHus Mo pasmepam 4Yacmuy MoHKo20 nomosa. Pazpabamsigaemcs
anzopumm npoyecca. [pednazaromca 803MOHHOCMU 8715 €20 YyCO8epPUIEHCMBOBAHUS.

Kntoueevie cnoea: nazepHas Qupparyus, ycosepuieHcmeosaHue memodd, 1aKOKPACOYHbIe
u3denus, Yacmuysl MOHKO20 IOMOAA

Ana yumupoeaHrus: lNy3eipesa B. C., YabaHeHKko A. B. Aemomamu3ayus cucmemMbsl KOHMpPOsA

Kauecmea npu npou3eo0cmee AaKoKPacoYHbIx usdenuli // MHHosayuoHHoe npubopocmpoeHue.

2023.T. 2, No 2. C. 25-29. DOI: 10.31799/2949-0693-2023-2-25-29.

Keywords: man, kobot, collaboration, collaboration, efficiency, Industry 5.0

For citation: Smeshchuk E. A., Shchenikov Ya. A. The research of production processes efficiency
increasing possibility in instrumentation through the use of collaborative robots. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(2):11— 19. (In Russ.). DOI: 10.31799/2949-
0693-2023-2-11-19.

Organizational robust as a feature evolutions of
hierarchical management structures

Abstract. The article describes the risks created by the external environment that affect the
course of technological processes in a structural unit. The necessity of using chronometry tools to
calculate the stability of organizational management structures to destabilizing factors based on
the Taguchi orthogonal array is argued.

Keywords: robustness, orthogonal arrays, organizational structure

For citation: Nazarevich S. A., Merkulova A. Yu. Organizational robust as a feature evolutions of
hierarchical management structures. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(2):20-24. (In Russ.). DOI: 10.31799/2949-0693-2023-2-20-24.

Automation of the quality control system
in the production of paint and varnish products

Abstract. The article discusses potential directions for improving and automating the method for
analyzing the size distribution of particles of fine grinding. The process algorithm is being
developed. Opportunities for improvement are offered.

Keywords: laser diffraction, improvement of the method, paint and varnish products, fine
particles

For citation: Puzyreva V. S., Chabanenko A. V. Automation of the quality control system in the
production of paint and varnish products. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(2):25-29. (In Russ.). DOI: 10.31799/2949-0693-20232-25-29.
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O6ecnieyeHue KOHTPOJIA Ka4eCTBAa CTaﬁl/IJIl/IBallI/ll/I
M0JI0KEHHUA 00BbEKTOB HA OCHOBE
MHHOBAIIUOHHOI'0O TEXHUYECKOIO U
METPOJIO'HYE€CKOoro o6ecrneyeHus

AHHOMayusA. PaccmompeHsi 0co6eHHOCMU APUMEHEHUS Mosynpo8ooOHUKO08bIX 0aMYUKOS,
CPOEeKMUpPOBAHHbIX MO0 mexHoao2uu MEMS, 018 peweHus 3a0a4 cmabuau3ayuu noaoxeHus
06veKkmos. lpednoxeHa MemoOuKa oyeHKU Kavecmeaa pabomel cucmemsi cmabuau3ayuu Ha
OCHOB8€E KOMI/IEKCHO20 Kpumepus Kayecmaa. [1pednoxeHa UHphopMayuoHHAS CMpyKmypa,
HanpaesneHHas HA NoBbIWEHUE KA4ecmea KOHMpPOoas cmabuau3ayuu nymem MUHUMU3AYUU
spemeHu nepedayu UHGoOpMayuU.

Kniouegbie cnosa: cmabunuzayua noaoxneHus, Ka4ecmeso, UHGPOPMAUUOHHAA CMpPpyKmypa,
MEMS-2upockon, napasnnenbHas CUHXPOHHAA nepedayd UHPopmMayuu

Ana yumuposaHusa: Makxapos E. []. ObecnevyeHue KOHMPoOAA Kayecmaa cmabunusayuu
nosn0xeHUA 06veKmMos Ha 0OCHO8e UHHOBAYUOHHO20 MEeXHUYECKO20 U Mempos02u4ecko20
obecneyeHus // UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 30-35. DOI:
10.31799/2949-0693-2023-2-30-35.

UccieaoBaHue JUHAMHY€E€CKUX XapaKTEPUCTUK
B BbIYMCJIMTE/IbHBIX CETAX C YEPBAYHOU
KOMMYTanuen

AHHOmMayusa. Paccmampusaemca npobaema usyyeHus OUHAMUYECKUX XapaKmepucmux
UHGOPMayUOHHbIX TOMOK08. [1pou3800UMcA OUeHKa akmyasasbHocmu uccaedosaHuli u
paspabomok, paccmampuearomcs nocaedHue 0ocmuxceHusa u pabomei 8 obaacmu
MPOEKMUPOBAHUSA U U3yYeHUA XapaKmepucmuk pasauyHsix cemeli. Cmasumcs yesnb
onpedeneHus OUHAMUYECKUX XaPaKmepucmuK UHGOPMALUOHHbIX MOMOKO8 8 6ecmynuKosbix
mapuwpymax solqucaumesnbHoix cemeli ¢ yepsayHol kommymauueli. Kpamkul 0630p
mexHos02uu Yepsa4Hol Kommymauuu u 6ecmynukoeoli Mapwpymusayuu nomoaaem
demarbHee paccmompems npedaazaemyro 01 usyvyeHusa 06aacms. OnuCLIBAOMCSA OCHOBHbIE
MexXaHu3Mbl, 00cmouHcmea u 06aacmu NPUMeHeHUs paccmampueaemoli mexHosno2uu.
Mpednazaemca Habop xapakmepucmuk 018 U3MeHeHUA napamempos becmynuKkoesix
Mapuwpymos 8 cemsx c Yepssa4Holi Kommymauueli. Kaxoas uz Hux noopobHo onucsisaemcs.

Ensuring quality control of stabilization of the
position of objects based on innovative technical
and metrological support

Abstract. The study investigated features of the application of semiconductor sensors designed
using MEMS technology to solve problems of stabilizing the position of objects. A methodics for
assessing the quality of the stabilization system is proposed, based on a comprehensive quality

criterion. Proposed information structure aimed at improving the quality of stabilization control
by minimizing the time of information transfer.

Keywords: position stabilization, quality, information structure, MEMS gyroscope, parallel
synchronous information transfer

For citation: Makarov E. D. Ensuring quality control of stabilization of the position of objects
based on innovative technical and metrological support. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(2):30-35. (In Russ.). DOI: 10.31799/29490693-2023-2-30-35.

Investigation of dynamic characteristics in
computer networks with wormhole networks

Abstract. Current paper deals with the problem of studying the dynamic characteristics of
information flows. The relevance of research and development is assessed, the latest
achievements and work in the field of design and study of the characteristics of various networks
are considered. The purpose of the paper is to determine the dynamic characteristics of
information flows in deadlock-free routes of computer networks with wormhole routing. A brief
overview of the technology of wormhole routing and deadlock-free routing helps to consider in
more detail the area proposed for study. The main mechanisms, advantages and areas of
application of the considered technology are described. A set of characteristics is proposed for
changing the parameters of deadlock-free routes in networks with wormhole routing. Each of
them is described in detail. Three network topologies are proposed for practical research. For the
study, the results of the theory of networks and the theory of control systems are used.

Keywords: ormhole routing, dynamics, networks, characteristics, routes
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Jna npakmuyeckux uccaedosaruli npedaazaromca mpu cemegbie monosoauu. [ns
uccnedo8aHUA UCMOAb3YIOMCA pe3ynbmamsl meopuu cemeli U meopuu cucmem ynpasneHus.

Knrouyesole cnoea: yepsayYHaAa KOMMymayus, dUHGMUKO, cemu, Xxapakmepucmuku, mapwpymel

Ana yumupoearusa: KapaHdawes A. A., OneHes B. /1. iccnedosaHue QUHAMUYECKUX
XapaKmMepucmuK 8 8bI4UC/IUMEsbHbIX CeMAX ¢ Yeps8aYHol kommymauyueli // IHHo8ayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 2. C. 36—44. DOI: 10.31799/2949-0693-2023-236-44.

MeToA He/IMHEMHOM ONNITUMAJIBHOM ClIEKTPaJIbHO-
duHUTHOM PUIBTPAL MM HABUTALUOHHBIX
CHT'HAJIOB B YC/IOBUSIX alIPUOPHOH
Heolpeae/IeHHOCTH

AHHOMayus. B pabome paccmampusaemca Memoo onmumasbHol HeauHelHol ¢punsmpayuu
OUCKpemMHbIX CU2HA/108 HO OCHOBE UCIMO/b308AHUSA CNEKMpPAnbHO-pUHUMHO20 npedcmasneHus
oueHuUBsaeMo20 CU2HAA U MPUHYUNA MAKCUMAAbHO20 npasdonodobus Ha hoHe a00UMUBHbIX C
00HOMOOAIbHBIM 30KOHOM pacrnpedeneHus NomMex usmepeHus 0118 WUPOKO20 Kaacca moodeneli
U3MepeHUs U CU2HAs08.

Knroyesble cn108a: onmumanbHAA HeauHelHaA OYeHKa, CnekmpasnbHO-(huHUMHoe
npedcmasneHue cuzHana, pasnoxeHue KapyHeHa —/1038a, NpuHYUN MaKcumasnbHO20
npasdonodobus

Ana yumuposarusa: NeaHos F0. . Memood HenuHeliHOU onmumasnbHOU cnekmpanbHo-
puHUMHOU hunbmMpPayuu HaBU2AUUOHHbIX CU2HA08 8 YCA08UAX ANPUOPHO U
HeonpedeneHHocmu // HHoeayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 45-51. DOI:
10.31799/2949-0693-2023-2-45-51.

Pa3pa6oTka MeTOoA0B MOoJIy4YeHUsI NPUK/IAJHON
MMUTALMOHHOM MO/Je/ I 60PTOBOM CeTH HA OCHOBE
ee ¢popMaILHOTO ONMUCAHUSA

AHHOmMayusA. Paccmampuearomcs cywecmayrowue nooxoosl K paspabomke, mecmupoeaHuio u
sepuguKayuu cospemeHHbIx 60pPMOBbIX MPOMOKO108 U MOKA3aH MPomomun npo2pammHo20
obecne4yeHusi, Komopoe Ha 0CHoge (PoPMasnbHOU MoOesau cemu co30aem MPUKAadHy Moderob.
Ha ocHose aHanu3a cyuecmsyowux peweHuli chopmuposaHsbl mpebos8aHUs K Mpo2paMmMHOMY

For citation: Karandashev A. A., Olenev V. L. Investigation of dynamic characteristics in computer
networks with wormhole networks. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(2):36—44. (In Russ.). DOI: 10.31799/2949-0693-2023-2-36-44.

The method of nonlinear optimal spectral-finite
filtering of navigation signals under conditions
of a priori uncertainty

Abstract. The paper considers a method of optimal nonlinear filtering of discrete signals based
on the use of a spectral-finite representation of the estimated signal and the maximum
likelihood principle against the background of additive with a single-modal distribution law of
measurement interference for a wide class of measurement models and signals.

Keywords: optimal nonlinear estimation, spectral-finite representation of the signal, Karunen —
Loev decomposition, maximum likelihood principle

For citation: Ivanov Yu. P. The method of nonlinear optimal spectral-finite filtering of navigation
signals under conditions of a priori uncertainty. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(2):45-51. (In Russ.). DOI: 10.31799/2949-06932023-2-45-51.

Development of methods for obtaining an applied
simulation model of the onboard network based on
its formal description

Abstract. The development, testing and verification of modern on-board protocols is a very
knowledge-intensive task. It is necessary to develop a different range of models for each stage of
new standard development to decide finally to verify and validate the new protocol. All this
requires a lot of time. To reduce the development time, it is necessary to optimize the process of
preparing the models. To do this it is necessary to transform the formal model of the new
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obecnevyeHuro, Komopoe G0AMHO ocyu,ecmename 0aHHbIl nepexod. CehopmynuposaHsi
npobaemMbl, Komopble NAaHUpPyemcsa pewums 8 xooe 0asbHelwux ucca1edo8aHul.

Knrouyessle cnoea: 6opmosslie cemu, KOMMYHUKAQUUOHHbIE MPomoKosi, SystemC, cems lMempu,
uMuMayuoHHoe modenuposaHue

Ana yumupoearusa: CuHés H. U., OneHes B. /1. Pazpabomka memodo8 rnosy4vyeHus npuxknaaoHol
umMmumayuoHHol modenu 6opmosoli cemu Ha 0CHoee ee hopMasbHO20 ONUCAHUA //
UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 52—63. DOI: 10.31799/2949-0693-
2023-2-52-63.

HccnepaoBaHue npeJUKTUBHOU aHAIUTUKU
Ha 6a3e MUKPOKOHTpOJIJIepa C IPpUMEeHEeHUeM
MeToA0B TinyML

AHHOMayusa. CmpemumesbHbili pOCM MUHUGMIOPU3AYUU MATOMOWHbIX 8CMPaUBaemMbIx
ycmpolicme u npozpecc 8 oMuMU3ayuU aa120pUMMO8 MAWUHHO20 0b6y4yeHuUsA (ML) omKpoiau
Ho8ble nepcrnekmussl 019 MHmepHema seweli. 3mo peanusayus anzopumma ML e
ycmpolicmeax lumepHema seweli. ®pelimeopk TinyML 6bia co30aH ¢ amoli yesnbio.
CnocobHocmb obecnevyusames HadexcHyro pabomy ycmpolicme iHmepHema seuwjeli 6e3
MocmosAHHo20 docmyna K 06aa4YHb6IM ceps8ucam npu o0HospemeHHoli pabome ML denaem ezo
MHO02006ewarouwum sapuaHMom 044 npunoxceHull UumepHema sewell, uwywux
3KOHOMUYECKU 3¢hghekmusHble peweHus. Raspberry Pi Pico —3mo naama mukpokoHmposinepa,
Komopas xopowo nooxooum 0714 Ucnonb3oeaHus 8 TinyML u Opyaux npunoMceHusx,
mpebyroujux HU3K020 aHepaonompebaeHua u HebobwWo2o0 hopmM-gpakmopa. B amom
uccnedo8aHuUU paccmMampusaromca xapakmepucmuku ycmpolicmea Raspberry Pi Pico W u
go3moxkHocmu TinyML, peanusya npo2HocmuYyeckyto mooess Ha 3mom ycmpolicmee ¢
ucronvs3osaHuem modenu HelipoHHOU cemu.

Knroueeole cnoea: TinyML, Raspberry pico, Modenu UcKkyccmeeHHO20 UHMes11ekma,
MUKPOKOHMponep

Ana yumupoearus: fjo ®. X., /le Y. A., 3ylikoe M. A., bepé3kuH A. A., Kupu4ék P. B.
UccnedosaHue npedukmusHol aHaAUMUKU Ha 6a3e MUKPOKOHMpPOAAepa ¢ npumeHeHuem
memodoe TinyML // UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 64-75. DOI:
10.31799/2949-0693-2023-2-64-75.

[Ipo6sieMbl 06ecieyeHUsI MHHTEpOonepade/IbHOCTU
NPY UHTErpanyu AeiCTBYIOIMX

standard into an applied one. In this article the existing approaches will be considered and the
prototype of software, which on the basis of formal network model creates an applied network
model, will be shown.

Keywords: on-board networks, communication protocols, SystemC, Petri net, simulation
modeling

For citation: Sinyov N. I., Olenev V. L. Development of methods for obtaining an applied
simulation model of the onboard network based on its formal description. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(2):52-63. (In Russ.). DOI: 10.31799/2949-
0693-2023-2-52-63.

Predictive analytics research based on a
microcontroller using TinyML methods

Abstract. The rapid growth in the miniaturization of low-power embedded devices and
advancement in the optimization of machine learning (ML) algorithms have opened up a new
prospect for the Internet of Things (loT). It is the implementation of the ML algorithm within the
loT device. TinyML framework was born with that purpose. Its ability to empower the loT device
to function reliably without consistent access to cloud services while delivering accurate ML
services makes it a promising option for loT applications seeking cost-effective solutions. The
Raspberry Pi Pico is a microcontroller board which is well suited for use in TinyML and other
applications that require low power consumption and a small form factor. In this study, we
review the characteristics of the Raspberry Pi Pico W device and the ability of TinyML by
implementing a predictive model on that device using a Neural Network model.

Keywords: TinyML, Raspberry pico, Al models, microcontroller

For citation: Do P. H., Le T. D., Zuykov M. A., Beryozkin A. A., Kirichek R. V. Predictive analytics
research based on a microcontroller using TinyML methods. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2023;2(2):64-75. (In Russ.). DOI: 10.31799/29490693-2023-2-64-75.

Problems of ensuring interoperability in the
integration
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dBTOMATHU3NUPOBAHHbLIX CUCTEM YIIPpABJICHHUA U
I/IH(l)OpMaIII/IOHHbIX CUCTEM

AHHOMayusa. Paccmampusaemca crneyuguka obecneyeHus uHmeponepabessHocmu
delicmeayrouux U MoOepHU3UPyeMbiX A8MOMAMU3UPOBAHHbLIX cucmem yripassaeHus (ACY) u
UHGopmayuoHHbIx cucmem (UC). MNokazaHo, Ymo nepcriekmussl obecrnevyeHus
UHMeponepabenbHOCMU Ae#Am 8 0CHOB8e NPUMeHeHUS UHMeAAeKmyasabHbIX cucmem, A0pOm
Komopebix Aagaaemca mooens npedmemHol obaacmu. B kauecmeae Kaoyegolx 3nemeHmos
obecneyeHus uHMeponepabeabHOCMU aHAAU3UPYIOMCA OHMO/I02U4ecKUe cucmembl KaK crnocob
UHMe2payuu 0aHHbIX U 3HaHUl U e0UHOoe UHPOPMAYUOHHOE MPOCMPAHCME0 KaK
Mpakmuyeckoe eonsoueHue uHmeponepabensHocmu. [na obecriedeHus peaausayuu maxkoao
nodxo0a 8 ocHosy pyHKyUOHaAAbHOcMU ACY u MIC 00axHbI bbimb MOA0MEHbI MPUHYUMbI
0eKAapamueHo20 NPOeKMUpPOBAHUSA MPUKAAOHO20 MPo2paMMHO20 obecriedeHus U peaausayuu
UCMoHUMeEnbHbIX CUCMEM, OCYUW,eCMBASIoWUX 8bI4UCAEHUS M0 3070HEHHbIM 8 cucmemy
3HAHUAM.

Knroueeole cnoea: uHmeponepabensHocmos, Modesns npedmemHoli 0baacmu, oHMoA02us,
OaHHble, 3HAHUSA, eOUHOoe UHOPMAYUOHHOE MPOCMpPAHCMa0, NPUKAAOHOE MPo2paMmMHoe
obecnevyeHue, UCKycCmeeHHbIlU uHmessnekm

Ana yumupoesaHusa: Oxmunes M. I0., Cokonos b. B., KopomeicauyeHko B. H., Oxmunes [1. A.,
3aH4ypuH A. 3. [pobaemsl obecrieyeHus uHMeponepabesnsHoCMU NpPU UHMe2payuu
delicmeyowyux a8MOMaAMU3UPOBAHHbIX CUCMEM YRpasaeHuUsa U UHPOPMAUUOHHbIX cucmem //
UHHoBayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 76-83. DOI: 10.31799/2949-0693-
2023-2-76-83.

CpaBHUTEJIbHbIN AaHA/IN3 KOHLENIUUA IOCTPOEHUA
TsKeJ1bIX 3KpaHomIaHOB Pelican ULTRA, Liberty
Lifter u «<OpJsian»

AHHOMayusA. B cmamee Kpumu4ecku aHAAU3UPYOMCA Mpu KOHYenyuu nocmpoeHus 60aswux
9KPAHOMNAAHO8 — 08YX AMEPUKAHCKUX U 00HO20 pocculickoz2o. CpasHUBaoMcA ux 00CMouHCmMea
U Hedocmamku no Kpumepuam mornaueHol 3KOHOMUYHOCMU, CKOPOCMU O8UM(EHUS,
peaynapHocmu pelicos, MOKa3amenam MopexooHocmu, mpebosaHUAM K UHGpacmpykmype.
Paccmampusaromca eapuaHmMeol K0ecH020 Waccu, CHUXarowue mpebyemyio 018 e3nema
MOoWwHOCMb cmapmosbix 0suzamesell, @ Makx3e 83snem ¢ 8006l U 10CAOKA HA 800Y.
Mpednazaemca u 060cHyemcs nepeyeHb HOBbIX Mucculi, Komopble maxcenslli SKPAHONAAH
MO3#em 8bINoaAHUMb sy4Ywe Opyaux mpaHCIopmHsix annapamos. Uccnedyemcsa
UHHOBAUUOHHAA NpusaekamenbHocms akpaHonaaHos. O6ocHyemca Heobxodumocme

of existing automated control systems and
information systems

Abstract. The article discusses the specifics of ensuring the interoperability of existing and
modernized automated control systems and information systems. It is shown that the prospects
for ensuring interoperability underlie the use of intelligent systems, the core of which is the
domain model. As a key element of ensuring interoperability, ontological systems are analyzed
as a way of integrating data and knowledge, and a unified information domain as a practical
embodiment of interoperability. To ensure the implementation of such an approach, the
principles of declarative design of application software and the implementation of executive
systems that perform calculations based on the knowledge embedded in the system should be
based on the functionality of automated control systems and information systems.

Keywords: interoperability, domain model, ontology, data, knowledge, unified information
domain, applied software, Artificial Intelligence

For citation: Okhtilev M. Yu., Sokolov B. V., Koromyslichenko V. N., Okhtilev P. A., Zyanchurin A.
E. Problems of ensuring interoperability in the integration of existing automated control systems
and information systems. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(2):76-83. (In Russ.). DOI: 10.31799/2949-0693-2023-2-76-83.

Comparative analysis of the concepts of heavy
ekranoplanes Pelican ULTRA, Liberty Lifter and
«Orlan» construction

Abstract. The article critically analyzes three concepts of building large ekranoplanes — two
American and one Russian. Their advantages and disadvantages are compared according to the
criteria of fuel efficiency, cruise and maximal speed, regularity of flights, seaworthiness
indicators and infrastructure requirements. Variants of a wheeled chassis are considering, which
reduce the required power (trust) of the starting engines required for take-off, especially for
take-off from water and landing on water. A list of new missions that a heavy ekranoplane can
perform better than other transport vehicles is justified. The innovative attractiveness of
ekranoplanes is investigated. The necessity of installing an intelligent automatic motion control
system, which prototype was created 40 years ago, is substantiated. According to the experience
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YCMAHOBKU HO MAXENOM 3KPAHOMNAAHE UHMennekmyanbHol cucmemsl a8MomMamu4eckozo
ynpaeseHus dsuxceHuem, npomomun komopoli 6bia co3daH 40 nem Ha3ao. 1o oneimy
npowsbix 1em ymeepiucdaemcs, Ymo 015 C030aHUA cosepweHHo U cucmembl
a8MOMAaMUYECKO20 ynpaesneHus huHAHCUPOBAaHUE 00HHO cocmasnames He meHee 1/10 om
0buwje2o 06veMa PUHAHCUPOBAHUA CO30AHUA IKPAHOMAAHA.

Knroyesble ¢1108a: SKPAHOMAAH, 30HA SKPAHHO20 3¢hheKma, MexHUKO-IKOHOMUHECKas
MPAaHCIopmMHas 3ghghekKmusHoCcMeo

Ana yumupoeaHus: Heboinos A. B., Hebbinos B. A. CpasHumesnbHbIl aHAAU3 KoHuenyul
rnocmpoeHus maxcensix akparonaaHos Pelican ULTRA, Liberty Lifter u «OpnaaH» //
UHHoBayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 84-97. DOI: 10.31799/29490693-202 3-
2-84-97.

HcnoJsib30BaHMe NOJIUTOHA pacinpeaejeHuda AJid
CHUHTE3a aJITNOPUTMOB MOAE/IUPOBAHHUA YHUC/IOBBIX
I/IH(l)OpMaIII/IOHHbIX IIOTOKOB

AHHOMayus. Mpu NPoeKkmupo8aHUU CAOMHCHbIX CUCMEM WIUPOKO UCMOb3YHMCA Memoob!
UMUMAYUOHHO20 MOOEAUPOBAHUSA, 8 YACMHOCMU MOOEeUPOBAHUSA 8XOOHbIX UHGHOPMAYUUOHHbIX
Momoko8 0aHHbIX. Yacmo cmamucmuyeckue XxapakmepucmuKu 3mux OGHHbIX Heu38ecmHsl, HO
umeemcs 02paHUYeHHOE YUCs0 peasbHbIX 3anuceli BX0OHbIX UHHOPMAYUOHHbIX MTOMOKos. B
3Mmom cay4yae 018 NPosedeHUs CMamucmu4ecKux aKcrnepuMeHmos Heobxo0uMo pacwupume
Kosuyecmao nodobHeix 3anuceli, a 04 peweHus smol 3a0a4u Ucrnosab3yemcsa memooono2us
CUHMeE3a aA20PUMMO8 MOOEAUPOBAHUA CMAMUCMUYECKUX 3K8UBAIEHMO8 UCXOOHbIX NOMOKO8,
Komopble, KaK npasuso, CUHMe3Upyomcs Ha 0CHose 2ucmozpamm pacrnpedeneHull. B daHHO
pabome cuHMe3UpPOoBAHbI AA20PUMMbI CMAMUCMUYECKUX IK8UBAAEHMO8, UCMO01b3YIoWUX
noau20HbI pacnpedeneHul, TOCMpPOeHHbIe Ha 0OCHO8E UMEeUWUXCA 2UCMOo2pamm, Ymo
nosbiwiaem moYyHoOCMb 80CMPOU3BEOEHUS CMAMUCMUYECKUX XaPaKmMepucmuK 8X00HbIX
MOMOKO8 OaHHBIX.

Knrouesslie cnosa: crioxnHaA cucmema, an20pumm MOOEHU,DOBCIHLIH, UHdJOpMGL(UOHHbIﬁ nomok,
cmamucmudyeckuli 3KeuedasieHmM, CUHmMes, 2ucmoepamma, rnosiueoH pacnpedeHEHUH

Ana yumupoearusa: TropuHosa B. A., /lanwuH K. B., LLlenema A. I1. icnonb3o8aHUe Noau20Ha
pacnpedeneHus 048 cUHMe3a aa120pUMMO8 MOOEeNUPOBAHUA YUCAO08BbLIX UHGHOPMAUYUOHHbIX
rnomokos // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 98— 103. DOI:
10.31799/2949-0693-2023-2-98-103.

of past years, in order to create a perfect automatic control system, funding should be not less
than 1/10 of the total funding for the creation of heavy ekranoplane.

Keywords: ekranoplane, ground effect zone, technical and economic transport efficiency

For citation: Nebylov A. V., Nebylov V. A., Comparative analysis of the concepts of heavy
ekranoplanes Pelican ULTRA, Liberty Lifter and «Orlan» construction. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(2):84-97. (In Russ.). DOI: 10.31799/2949-
0693-2023-2-84-97.

The use of the polygon distribution for the
synthesis of numerical information flow modeling
algorithms

Abstract. When designing complex systems widely used simulation methods, in particular,
modeling input information data flows. Often the statistical characteristics of these data are
unknown, but there is a limited number of real entries of input information flows. In this case, for
statistical experiments it is necessary to expand the number of such records to solve this problem
used methodology for synthesizing algorithms and modeling statistical equivalents of initial
flows, which, as a rule, are synthesized on the basis of distribution histograms. In this paper,
algorithms of statistical equivalents are synthesized and using distribution polygons. Based on
available histograms, which improves the accuracy of the statistical characteristics reproduction
incoming data streams.

Keywords: complex system, modeling algorithm, information flow, statistical equivalent,
synthesis, histogram, polygon distribution

For citation: Tyurinova V. A., Lapshin K. V., Shepeta A. P. The use of the polygon distribution for
the synthesis of numerical information flow modeling algorithms. Innovacionnoe priborostroenie
= Innovative Instrumentation. 2023;2(2):98-103. (In Russ.). DOI: 10.31799/2949-0693-2023-2-
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I'azoBas xpomaTorpa(])ml KaK MeToJ OIl€HKH
6aJiaHca NMO/JIMHEHACBIINI€EHHbIX U HACBHIIIIEHHBbIX
KHUPHBIX KHUCJ/IOT B MAdC/IdX U X KUPAX IIPUPOAHOTO
IMPOUCXO0KACHUA

AHHOMayus. MpusedeHbl c8e0eHUS 0 XPOMAmMOozpaguYecKomM UccaedosaHuU macesn U #upoe
PA3/1UYHO20 MPOUCXOHOEHUA U ONUCAHUE UX M01e3HbIX 018 Yes08e4eCK020 0p2aHU3Ma ceolicme
C MOYKU 3PeHUs HUPHOKUCIOMHo20 cocmaead. Macaa xapakmepu3yrmcs 8bICOKUM
co0epxHaHUemM HUPHbIX KUC/0M Pa3auYHbIX U008, KOK HACLIUEHHbIX, MAK U HEHACbIW,eHHbIX
Kucnom omeza-3, omez2a-6 u omeza-9.

Xpomamoepadguyeckuli Memod aHaAU3d 10380749em OUeHUMb KoaAu4YecmeeHHole
COOMHOWEHUA KOMMOHeHmMo8. Bolbop nuujessix macesn U #upos, npumMeHAaeMblx 8 Ka4ecmee
buosioauyecku akmusHblx 006a80K U 1eKAPCMBEHHbIX cpedcmea 0418 pasnudHelx yened,
Heobxodumo ocywecmensame Ha OCHOBAHUU Memoou4ecKux pekomeHoayuli « Hopmel
pusuonozaudeckux nompebHocmel 8 sHep2uUU U NUULEBLIX 8EULECMBAX 0417 PA3AUYHbIX 2Py
HaceneHus Pocculickol ®@edepayuu», Moab3yace pe3ynbmamamu ucciedo8aHUs ¢
ucnons3zoeaHuem xpomamozpaga «Kpucmanna 5000.2».

Knroueseole cnosa: XpOMGmOZde)U‘leCKUﬁ dHau3, XUpHsle Kucaomel

Ana yumupoearusa: omuuesa T. U., KoayucHukosa E. B. [a308a:a xpomamozpagus Kak memoo
OyeHKU 6as1aHCa MoAUHEeHACbIUEHHbIX U HACLIUEHHbIX HUPHBIX KUCAOM 8 MACAAX U HUPaAx
npupooHo20 npoucxoxdeHus // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 104—
109. DOI: 10.31799/2949-0693-2023-2-104-109.

KoppensauuoHHast 00pa60TKa nayeK UMIYJIbCOB C
HeU3BeCTHbIMU MIapaMeTpaMH

AHHOmayusa. Paspabomar criocob usmepeHus 0aumenbHocmeli UMMYAbCO8 MO pe3yabmamam
0bpabomku pyHKYUl 83aUMHOL KOppenayuu ¢ 3masoHHbIM cuzHanom. OboCcHO8AH 8bI60p
napamempos amasIoHHbIX UMITYAbCo8 U ycaosuli nposedeHus npouedyp, Heobxo0umMbix 015
pacyema @pyHKyuli 83aumHoli Koppenayuu. [Mosy4eHo aHaaAuMuU4YecKoe 8bipaiceHue,
M0380/15t0Uiee OUEeHUMb € MOo4YHOCMbIo A0 01UMenbHOCMU 3MA0HHO20 CU2HANA BPEMEHHbIE
napamempsl uMnynasbcos 8 06pabameieaemoli nayxe. lpedcmasneHsl pesyabmamel npumepa
aHaAUMUYecKo20 MoOeaUPOoBAHUSA NAYKU, cOOepXHaujeli UMMysbCbl C HeU38eCMHbIMU
napamempamu. ChopmynupoeaHsi NpedaoxeHus Mo npakmuveckoli peaausayuu

The gas chromatography as a method to evaluate
polyunsaturated and saturated fatty acids balance
in oils and fats of natural origin

Abstract. The article provides information on the chromatographic study of oils and fats of
various origins and a description of their beneficial properties for the human body in terms of
fatty acid composition. The oils are characterized by a high content of fatty acids of various
types, both saturated and unsaturated omega-3, omega-6 and omega-9.

The chromatographic method of analysis allows us to evaluate the quantitative ratios of the
components. The selection of edible oils and fats used as biologically active additives and
medicines for various purposes should be carried out on the basis of the “Norms of physiological
energy and nutritional needs for various groups of the population of the Russian Federation”,
using the results of the study on the Crystal 5000.2 chromatograph.

Keywords: chromatographic analysis, fatty acids

For citation: Fomicheva T. I., Koluzhnikova E. V. The gas chromatography as a method to
evaluate polyunsaturated and saturated fatty acids balance in oils and fats of natural origin.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(2):104— 109. (In Russ.).
DOI: 10.31799/2949-0693-2023-1-104-109.

Correlation processing of pulses with unknown
parameters

Abstract. A method has been developed for measuring pulse durations based on the results of
processing cross-correlation functions with a reference signal. The choice of the reference
impulses by the parameter and the conditions for carrying out the procedures necessary for
calculating the cross-correlation functions is substantiated. An analytical expression has been
obtained that makes it possible to estimate, up to the duration of the reference signal, the
temporal parameters of pulses in the processed packet. The results of an example of analytical
modeling of a burst containing pulses with unknown parameters are presented. Proposals for the
practical implementation of the developed approach are formulated. The assumptions
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paspabomarHo20 Nooxoda. OnpedesieHbl O0NyuweHUs, Xapakmepusyrouwue moYyHocmeo
nosy4yaemoix oyeHoK. ChopmynuposaHsl HanpasaeHus danbHeliwez2o Uccie008aHUA.

Knrouessle cnoea: pyHKUUA 83aUMHOU KOppenayuu, usmepeHue daumesnbHocmeli UMynecos,
KoppenauyuoHHas 06pabomka cueHan08

Ana yumupoearusa: OsodeHkKo A. A., flsopHukoe C. B., Kpayko A. @., fleopHukos C. C.
KoppenayuoHHas 06pabomka navex UMmnysAbco8 ¢ HeuzeecmHoeimMu napamempamu //
UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 110-115. DOI: 10.31799/29490693-
2023-2-110-115.

characterizing the accuracy of the obtained estimates are determined. Directions for further
research are formulated.

Keywords: cross-correlation function, measurement of pulse durations, correlation signal
processing

For citation: Ovodenko A. A., Dvornikov S. V., Kryachko A. F., Dvornikov S. S. Correlation
processing of pulses with unknown parameters.

Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(2):110-115. (In Russ.). DOI:
10.31799/2949-0693-2023-2-110-115.
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CpaBHHTeJIbeIﬁ dHaJIM3 CUT'HAJIOB, UCII0JIb3YEMBbIX
B MHOI'OKaHaJ/IbHBIX CUCTEMAX paaAHOCBA3H

AHHOmMayus. lpusedeHsbl pe3yabmamsi UCCAE008AHUSA CU2HAM08 OupepeHyuanbHO U
KeadpamypHol ¢pazosoli Modyaayuu u yacmomHol Mmodyaayuu ¢ MUHUMA/IbHbIM CO8U20M 10
noKasamenam criekmpassHol agphekmusHocmu u nomexoycmodliyusocmu ux npuema npu
KozepeHmHoli o6pabomke. PaccmompeHsi 0co6eHHOCMU MpUMeHeHUSA pasdeneHus KaHasoe 8
3@8UCUMOCMU OM UCM0/b3yeMo20 0uana3oHa yacmom. O60CHOBAHbI MyMuU CHUMEHUSA
HezamueHbIx nocaedcmauli npu nepexode K o2paHu4eHHol nosoce 4yacmom paduoKaHana 8
MHO20KAHAAbHbIX cucmemax paouoceAsu. lpednoxceH 8bibop 8uda ModyAayuu CU2HAAA UCX00A
u3 obecrnevyeHUs MUHUMAbHOU 3aHUMaemol MoaA0CbI Yacmom npu CoOXpaHeHuU 6onycmumozo
YpOBHsA 3Hepaemu4ecKux nomeps npu npueme. lipedcmasneH aHaaumuyeckuli annapam
OUeHKU criekmpasbHoli 3hgheKmueHOCMU CUu2HaAbHbIX KOHCMpyKyul. JemoHcmpupyromcs
pesysnbmamel cpasHUMesnbHol oyeHKU criekmpasbHoli 3ghhekmueHoCMu cu2Han08
dugpgpepeHyuansHoli KeadpamypHoli pazosoli Modyaayuu U YacmomHoUl MmodyAayuu ¢
MUHUMGAbHLIM CO8U2OM MPU PA3AUYHBIX 02PAHUYEHUAX 8 CIEKMPAAbHOM TPOCMPAHCMEe.
JlaHa cpasHUMenbHAA OUEeHKA CKOpocmu crnada ypoeHs 3Hep2emu4ecKux cocmasaiouiux 8
crnekmpe 8 3a8UcUMOCMU om KoHmposupyemoli nosaocel. [IposedeHo cpasHeHuUe pe3yabmamos
oueHKU rnomexoycmolyusocmu Ko2epeHmMHOo20 rnpuema cuzHas08 ouggepeHyuansHol
keadpamypHol ¢pazoeoli MOOyAayuU U YacmomHol MoOYAAYUU C MUHUMAIbHLIM CO8U20M 10
MOKA3amesto 3HaYeHUsA KoppenayuoHHO20 UHMe2pasa, paccyumoieaemozo 011 ppaemeHmos,
onpedenaouux MPoMuUBono0HHbIE UHPOPMAYUOHHbIE CUMBObI. CHOPMYAUPOBAHbI
HanpasneHus 0anbHelwux uccaedoe8aHull.

Knrouyessle ca0ea: criekmpanbHaa 3¢hheKmusHOCMb CU2HA08, MOMexoycmo liyusocms npuema,
€rnocobbl ynaomHeHUsA KGHAA08, CU2HAsbl YaCMOMHOU MOOYAAUUU C MUHUMAbHbIM CO8U20M,
cuzHanel duppepeHyuansHol keadpamypHoli ¢ha3o8ol Modyaayuu

Ana yumupoearua: AHmoxuH E. A., fleopHukos C. B., becmyauH A. P., KupwuHa Y. A.,
JleopHukos C. C. CpasHUMesnbHbIl GHAAU3 CU2HA/08, UCMOMb3YeMblX 8 MHO20KAHANbHbIX
cucmemax paouocessu // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 6—-14. DOI:
10.31799/2949-0693-2023-1-6-14.

Comparative analysis of signals used in
multichannel radio communication systems

Abstract. The results of the study of signals of differential quadrature phase modulation and
frequency modulation with a minimum shift in terms of spectral efficiency and noise immunity of
their reception during coherent processing are presented. The features of the use of channel
separation depending on the used frequency range are considered. The ways of reducing the
negative consequences during the transition to a limited frequency band of the radio channel in
multichannel radio communication systems are substantiated. The choice of the type of signal
modulation is proposed, based on ensuring the minimum occupied frequency band while
maintaining an acceptable level of energy loss during reception. An analytical apparatus for
estimating the spectral efficiency of signal structures is presented. The results of a comparative
evaluation of the spectral efficiency of signals of differential quadrature phase modulation and
frequency modulation with a minimum shift under various constraints in the spectral space are
demonstrated. The results of a comparative assessment of the rate of decline in the level of
energy components in the spectrum, depending on the controlled band, are presented. A
comparison has been made of the results of the assessment of the noise immunity of the
coherent reception of differential quadrature phase modulation and frequency modulation
signals with a minimum shift in the value of the correlation integral calculated for the fragments
defining the opposite information symbols. Directions for further researchs are formulated.

Keywords: spectral efficiency of signals, noise immunity of reception, channel multiplexing
methods, frequency modulation signals with minimum shift, differential quadrature phase
modulation signals

For citation: Antokhin E. A., Dvornikov S. V., Bestugin A. R., Kirshina I. A., Dvornikov S. S.
Comparative analysis of signals used in multichannel radio communication systems.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(1):6—14. (In Russ.). DOI:
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MeToAbl OLLeHKH U YCTPAaHEHHUs Y3KUX MECT,
CHUKAIOLIMX NPONYCKHYI0 CIOCOOGHOCTbh MOCTOB
SpaceFibre-Ethernet

AHHomayusa. CmaHoapm SpaceFibre 611 pa3pabomaH crieyuansHo 0118 6opmossix
sbl4ucaAUMeEsbHbIX cemeli ¢ yyuemom ux mpebosaHuli u ocobeHHocmeli. OOHAKO, MOCKO/bKY
daHHeIl cmaHdapm bbin paspabomaH coscem HeOd8HO, cyuecmayem b6osbuioe Koauyecmeo
o0bopydosaHus, He umerouje2o 0aHHO20 UHMepgelica, Komopoe Heobxo0UMO MOOGKAYAMb K
cemsam SpaceFibre. AkmyanbHol 3a0ayvell asasemcsa NoOKAYeHue K cemu SpaceFibre
nepcoHansHo20 komnetomepa (MK). MK moxem ucnone308amecs 8 yeasx omaaoKu, 2eHepayuu
mecmosbix MomMoKo8 0aHHbIX, MOHUMOpPUH2a pabomel cemu. boabwuHcmeo cospemerHbix MK
umetom uHmepdpelic Ethernet. B daHHOU cmamee npedaazaemcs npomokon Eth-SpFi 1.0,
npedHa3Ha4yeHHolIl 018 peweHus amoli 3a0a4u. [TpedcmasneHsl sapuaHm annapamHol
peanusayuu NPoOmMoKoa U Mamemamuyeckas Mooesb 0414 OUEHKU XapaKkmepucmuk nepedayu
OaHHbIX, OOCMUMCUMBIX MPU UCMO063080HUU 3M020 NPOMoKod. C Ucrnonb308aHUEM 3MUX
mooesneli 8bINOMHEHA OUEHKA XapaKkmepucmuk, onpedeseHsl peKoMeHO08AHHbIE 3HAYEeHUSA
napamempos, 8AUAIOULUX HA O0CMUXCUMBbIE XAPAKMEPUCMUKU.

Knruesoie cnosa: cemo Ethernet, cemoe SpaceFibre, annapamHas peaausayus npomokona,
mamemamu4eckas MoOesb NPOMOoKO/1d, OUEHKA XaPAKmMepucmuK npomokoa

Ana yumupoeaHus: BuHozpados A. 0., Cysoposa E. A., Colujukos A. 0. Memodel oyeHKU u
YCMpaHeHUs y3KUX Mecm, CHUXarWUX MpornyckHy crnocobHocme mocmos SpaceFibre-Ethernet
// MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 15-24. DOI: 10.31799/2949-0693-
2023-1-15-24.

ApxuTeKTypa 6a3bl JaHHbBIX AJIA
aBTOMATH3HUPOBAHHbIX U3MepPEeHUN

AHHOMayua. PaccmompeH sapuaHm apxumexkmypol 6a3bi OaHHbIX 0418 MPOU3800CMBEHHbIX
npednpusmudl. OCHOBHbIMU UeaaMU co30aHUA 6a3bl OHHbIX ABAAOMCA YCKOPEeHUe npoyeccos
06pabomku u aHaAU3a OAHHbIX, No8bIWeHUe 3hheKmuBHOCMU NMPOoU3800CMEBEHHbIX MPOYECCO8.
OnucaHbl 0CHOBHbIE NPO2PAMMbI 015 Peanu3ayuu.

Knrouessle cnoea: asmomamu3sayus npouseodcmaed, 6a3sl OGHHbIX, UUppossle UsMepeHus,
«YMHble» cpedcmea usmepeHuli

Methods for detecting and eliminating bottlenecks
that reduce the bandwidth of SpaceFibre-Ethernet
bridges

Abstract. The SpaceFibre standard was developed specifically for on-board local networks,
taking into account their requirements and features. However, since this standard was
developed quite recently, there is a large number of equipment that does not have this interface
but that needs to be connected to SpaceFibre networks. An actual task is to connect a personal
computer (PC) to the SpaceFibre network. The PC can be used for debugging, for generating test
data streams, for monitoring network operation. Most modern PCs have an Ethernet interface.
This paper proposes the Eth-SpFi 1.0 protocol designed to solve this problem. The paper presents
a variant of the hardware implementation of the protocol and a mathematical model for
evaluating the characteristics of data transmission achievable with using this protocol. Using
these models, the characteristics of the protocol were evaluated, the recommended values of
parameters affecting the achievable characteristics were determined.

Keywords: Ethernet network, SpaceFibre network, hardware implementation of the protocol,
mathematical model of the protocol, evaluation of protocol characteristics

For citation: Vinogradov A. Yu., Suvorova E. A., Syschikov A. Yu. Methods for detecting and
eliminating bottlenecks that reduce the bandwidth of SpaceFibre-Ethernet bridges.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(1):15-24. (In Russ.). DOI:
10.31799/2949-0693-2023-1-15-24.

Database architecture for automated
measurements

Abstract. A variant of the database architecture for manufacturing enterprises is considered. The
main purpose of the creation is to accelerate the processes of data processing and analysis, to
increase the efficiency of production processes. The main programms for implementation are
described.

Keywords: production automation, databases, digital measurements, smart measuring
instruments
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Ana yumupoearus: YynpuHosa O. B., CmenawkuHa A. C. Apxumexkmypa 6a3bl 0aHHbIX 0414
asmomMamu3upo8aHHbIx usmepeHuli //

UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 25-28. DOI: 10.31799/2949-0693-
2023-1-25-28.

HpOﬁJ'leMbI IMPOEKTHUPOBAHUA KOMMYHHUKAIIUOHHbIX
IIPOTOKOJIOB HOBOI'O TIOKOJICHHUA

AHHOmayusA. OnucaH nodxod, Komopelli MOMOXem aemomamu3upo8ame U popmMaau308ams
Mpoyecc MPoOeKMuUpPOBAHUSA COBPEMEHHbIX KOMMYHUKAUUOHHbIX MPOMOK008. [TposedeH
Kpamkuli aHanu3 cyuecmsyrowux nodxo0o8 K paspabomeke npomokxonos. lpedaoxeHa Hoeas
Memo00s102Us, KOmopas oxeameslgaem 8ech npoyecc pa3pabomku, HayuHas om cbopa
mexHuyeckux mpeboeaHull U 3aKaH4ueaa co30aHUemM OKoHYamesbHol cneyugukayuu
MpomMoKoa u e2o npomomunos. Memodos102us no3eosaaem 06HapyHumMeo ece owubKuU U
Hecoomeemcmeus 8 MPoMoKoaax 0o amana annapamHdoli peaausayuu, nosmomy ee
MpuMeHeHuUe CHUXaem cmoumocme U epems pa3pabomku, Ymo pewaem 8ce OCHOBHbIe
nMpobsemMbl MPOEKMUPOBAHUA KOMMYHUKAUUOHHbIX MPOMOKO/108 HOB020 MOKOAEHUS.
Pa3spabomka 8 coomeemcmeuu ¢ memodosoauell ycrnewHo 3aKaH4Yusaemcs peaausayueli
cneyuguKkayuu NPomoKod.

Kniouesbie cnoea: npomoKosbi, cemu, npobsaemsi MPOeKmMuposaHusa, Memodosoaus,
crneyuguKkayus npomokoaa

Ana yumupoearusa: OneHes B. /1. [(pobaembl MpoeKmMupo8aHUs KOMMYHUKAUUOHHbIX
MPOMOK0s108 HOB020 MNOKOoAeHUA // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 29—
36. DOI: 10.31799/2949-0693-2023-1-29-36.

KOHTpOJIJIep HEeYeTKOM JIOTUKH AJIA pa3Melll€eHUuA
AdHHbIX B MHOI'OYPOBHEBOM XpAdHUW/INIIE

AHHOMayus. lMpednazaemca an20pumm pasmeweHus ¢alisoe Mo ypoeHAM uepapxu4ecKozo
XpaHuauwa 0aHHbIx. Cymb a120pUMMa 3aKA0HAEMCs 8 yyeme MempuK, YKa3bl8aouuX Ha
mpeboB8aHUA K XPAHEHUIO U 8bI60PY YPOBHSA cUCMeMbl XpaHeHUs OaHHbIX, COOmeemcmayruie2o
8bIMosIHeHUO mpebosaHuli. Anzopumm peasausyemcs 8 8ude KOHMpPoAnepa Hedemkol a02UKU,
Komopelli uHmezpupyemcs 8 pabomy cucmembi XpaHeHUsA OaHHbIX 00 Npoyecca 3anucu Ho8020
¢aliina. MokazaH npumep pabomesl KOHMpPOsnepa HevemKol 102UKU 044 ¢alinos ¢ pasHbLIMU
MempUYeCcKUMU XapaKmepucmuKamu.

For citation: Chuprinova O. V., Stepashkina A. S. Database architecture for automated
measurements. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(1):25-28.
(In Russ.). DOI: 10.31799/2949-0693-2023-1-25-28.

Problems of new generation communication
protocols design

Abstract. The article describes an approach that helps to automate and formalize the process of
designing of modern communication protocols. A brief analysis of existing approaches to the
development of protocols was carried out. The article proposes a new methodology that covers
the entire development process, from the gathering of technical requirements to the creation of
the final specification of the protocol and its prototypes. The methodology makes possible
detection of all errors and inconsistencies in protocols before the hardware implementation
stage, therefore its application reduces the cost and development time, which solves all the main
problems of designing new generation communication protocols. Development in accordance
with the methodology successfully ends with the implementation of the protocol specification.

Keywords: protocols, networks, design problems, methodology, protocol specification

For citation: Olenev V. L. Problems of new generation communication protocols design.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(1):29-36. (In Russ.). DOI:
10.31799/2949-0693-2023-1-29-36.

Fuzzy logic controller for placing data in multi-
level storage

Abstract. An algorithm for arranging files by levels of a hierarchical data warehouse is proposed.
The essence of the algorithm is to take into account the metrics that indicate the requirements
for storage and select the level of the data storage system that corresponds to the fulfillment of
the requirements. The algorithm is implemented as a fuzzy logic controller, which is integrated
into the operation of the data storage system before the process of writing a new file. An
example of the operation of the fuzzy logic controller for files with different metric
characteristics is shown.
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Knrouessle cnoea: 6obuiue OaHHbIE, MHO20YPOBHEBASA CUCMEMA XPaHeHUS OaHHbIX,
mpeboB8aHUA K XpAHEHUIO, MEMPUKU ¢alinos, KOHMposnep HedemKoli 102UKU, Op2aHU3ayUA
PAYUOHANBHO20 XPAHEHUSA

Ana yumupoearus: Cosemos b. A., TamapHukoea T. M. KoHmponnep He4emKoli s102uKu 015
pasmeujeHus OaHHbLIX 8 MHO20YPOBHEBOM XpaHuauuie // MHHOB8AyUOHHOe npubopocmpoeHue.
2023.T. 2, No 1. C. 37-42. DOI: 10.31799/2949-0693-2023-1-37-42.

dopmanusanus TPe60BaHUM K XapaKTepUCTUKaM
cetu IEEE 802.11 Ha ocHOBe npeABapuUTEJIbHOI0O
06c/Ie0BaHUA

AHHomayus. lNpu npoekmuposaHuu cemu IEEE 802.11 saxcHelwum wazom Aeaaemcsa
MocCMaHo8Ka 3a0a4u, 8KAYAOWAA 8 cebs MHOXecmseo mpebosaHuli K XapakmepucmuKam
6ecrposodHoli cemu, OCHOBHbIM CPEOU KOMOPLIX ABAAEMCA YPOBEHL MOWHOCMU
MPUHUMAEeMO20 CU2HAA Ha MoKpblisaemol naowadu. [pu smom, npumMeHss
Crneyuanu3upoeaHHele MpPo2pamMmHO-annapamHelie KOMIAEKCol Mo MOOeaUPOB8AHUIO U
paduoobcnedosaHuto becriposodHol cemu, UHMCeHep onepupyem MooesbHbIMU 3HAYeHUSMU
YPOBHA MOWHOCMU cu2HAAd. Bmecme ¢ mem peansHoe KaueHmckoe ycmpolicmeo, pabomy
Komopozo Heobxodumo obecrieyums, umeem omsau4HsIl om usmepumesbHoU NPUCMAasKu
ypoeeHb YyecmaumesibHocmu, a MOMoMy Ha NPAKMUKe Heo6X00UMO BHOCUMb
coomeemcmayroulyto nonpaeky. Takas nonpaska Aea3emca 00HUM U3 OCHOBHbIX NapamMempos,
Komopble Heobxo0umo onpedeaums Ha amane npedsapumesibHo20 06¢cAe008aHUSA, U UMEHHO
e20 onpedesieHuto noceaweHa 0aHHas paboma.

Knrouessle cnoea: IEEE 802.11, Wi-Fi, paduoobcnedosaHue, npoekmuposaHue, mpebosaHus K
MOKPbIMUIO, YPOBEHb NPUEeMa Cu2HaAa

Ana yumupoearusa: Bukynos A. C., lNapamoHos A. Y. dopmanuzayus mpebosaHuli K
xapakmepucmukam cemu IEEE 802.11 Ha ocHose npedsapumesnbHo2o obcnedosaHus //
UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 43-53. DOI: 10.31799/29490693-2023-
1-43-53.

HenmHeWHbIA popMuUpyrmui GUIbTP AJIs
UMUTALUU QIIOKTYaL U JIOKALMOHHBIX CUTHAJIOB,
OTpa’kKeHHbIX OT 6GeperoBoy JTUHUU

AHHOmMayus. Mpu modeauposaHuu GaoKmyayuli A0OKAYUOHHbIX CU2HAI08, OMPAXEHHbIX OM
bepezoeoli nUHUU, HE0OX00UMO MOOenuUpPo8aMb AKMyayuu amnaumyo uau mowHocmel

Keywords: big data, tiered data storage system, storage requirements, file metrics, fuzzy logic
controller, rational storage organization

For citation: Sovetov B. Ya., Tatarnikova T. M. Fuzzy logic controller for placing data in multi-
level storage. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023,;2(1):37—42. (In
Russ.). DOI: 10.31799/2949-0693-2023-1-37-42.

Determination of IEEE 802.11 network coverage
requirements based on preliminary site-survey

Abstract. While IEEE 802.11 network design process an important step is the problem
formulation, which includes many different requirements to the wireless local area network
characteristics. One of the most important WLAN characteristics is signal strength. Working
within specialized software for design and site survey an engineer is operating with the modelled
signal strength level. At the same time the real client device that should work within the
environment has different sensitivity than specialized measuring device, and thus a
corresponding offset must be taken into consideration. Such offset is one of the key parameters
that must be defined during the preliminary site-survey. In the present work its determination
will be considered in a more detailed way.

Keywords: IEEE 802.11, Wi-Fi, site survey, design, coverage requirements, signal strength

For citation: Vikulov A. S., Paramonov A. I. Determination of IEEE 802.11 network coverage
requirements based on preliminary sitesurvey. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(1):43-53. (In Russ.). DOI: 10.31799/2949-0693-2023-143-53.

The nonlinier forming filter for simulating
fluctuations of location signals reflected from the
shoreline

Abstract. When simulating fluctuations of location signals reflected from the coastline, it is
necessary to simulate fluctuations in the amplitudes or powers of the echo signal. It is a vector
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9xo0-cueHana, npedcmasnaouje2o coboli Modysnb sekmopa, 06pa308aHHO20 OMPAHEHUAMU OM
nodcmunatoweli nosepxHocmu 3emnu u nodcmunatroweli moeepxHocmMu MopA.
Cmamucmuyeckue XapakmepucmuKu ompaxeHuli om smux nodcmunaroujux nosepxHocmedii
annpoKcumupyromcs pacnpeoeneHuamu Balibynana u no2apugpmuvecku-HOPManbHbIM
pacnpedeneHuem coomsemcmeeHHo. HeauHeliHoll popmupyrowjuli punbmp socripoussooum
amu ¢arokmyayuu ¢ yyemom ycaosuli HabaodeHus anemeHma paspeweHus, cooepxau,e2o
ompaxeHuUA om 3emsu U 0m MOPA, YmMO 0380/1Aem UC0/16308aMb €20 HernocpedcmeeHHO npu
uMUMayuOHHOM MOoOenUPOBAHUU MPOYECCa MOHUMOPUH2a U3MeHeHUA odepmaHuli bepe2osoli
AUHUU.

Knroueevble caoea: anzopumm mooenuposaHus, Modysb 8eKMopad, 102apUdMUYeCKU-
HopMasneHoe pacnpedeneHue, pacnpedeneHue Balibynana, popmupyrowuli punsmp, bepezosas
AUHUA

Ana yumupoearusa: Bammumena I'. M., Vicakos B. U., LLlenema /. A. HeauHeliHbili
gopmupyrowuli punbmp 019 UMUMAyuu paKmMyayuli A0KAUUOHHbIX CU2HA08, OMPAXEHHbIX
om bepezosoli nuHuu // HHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 1. C. 54—60. DOI:
10.31799/2949-0693-2023-1-54-60.

ATaku Ha oGy4yamoiiye BBIGOPKH B CHCTEMAX
MaIIUHHOTO O6YyYEeHHUS M 3alUTA OT HUX

AHHOMayusA. Paccmampusaromca Haubosiee akmyasbHble 8Udbl amak Ha obyyaroujue u
mecmossle 8b160pKu 017 HelipoHHbIX cemeli. lMpedcmasseH 0630p 803MOMCHLIX MeMOO08
3aWUMebl oM U38eCMHbIX aMAaK Ha 0By4aroujue 8bI60PKU.

Knioyesoie cnoea: HelipoHHble cemu, oby4yaroujue 8bI60PKU, AMAKU HA HelipoHHble cemu,
3awuma HelipoHHbIX cemeli, MawuHHoe obyyeHue

Ana yumupoeaHus: be3zzamees C. B., AjpaHaceesa A. B., CynpyH A. ®. Amaku Ha oby4yarouue
8b160PKU 8 CUCMEMAX MAWUHHO20 06yYeHUA U 3auuma om Hux // IHHoeayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 1. C. 61-71. DOI: 10.31799/2949-0693-2023-161-71.

HCKYCCTBCHHbIﬁ HHTCJ/IJICKT B ynpaBJIeHI/Il/I
MHHOBAIIUAMU
AHHOMayus. VickyccmeeHHolli uHmMesaekm usmeHsem pabomy op2aHU3ayuu u ynpasneHue

UHHoBaUUAMU 8 Hell. Bbicmpoe mexHo02u4ecKoe passumue U 3aMeHd YesnoseyecKoli
deamenbHOCMU UCKYCCMBeHHbIM UHMennekmom delicmeumesnsHo Mo2ym 3acmasume

modulus formed by reflections from the underlying surface of the earth and the underlying
surface of the sea. The statistical characteristics of the reflections from these underlying surfaces
are approximated by the Weibull distributions and the logarithmic-normal distribution. The
nonlinear forming filter reproduces these fluctuations. It takes into account for the observation
conditions of the resolution element containing reflections from the land and the sea. Ultimately,
It is possible to use it directly in the simulation modeling and monitoring the change process in
coastal outlines.

Keywords: modeling algorithm, vector module, logarithmic-normal distribution, Weibull
distribution, forming filter, coastline

For citation: Wattimena G. M., Isakov V. I., Shepeta D. A. The nonlinier forming filter for
simulating fluctuations of location signals reflected from the shoreline. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2023;2(1):54—60. (In Russ.). DOI: 10.31799/2949-
0693-2023-1-54-60.

Attacks on data sets in machine learning systems
and protection against them

Abstract. The most actual types of attacks on training and test data sets for neural networks are
considered. A review of possible

methods of protection against known attacks on training data sets is presented.

Keywords: neural networks, training data sets, attacks on neural networks, neural network
protection, machine learning

For citation: Bezzateev S. V., Afanasyeva A. V., Suprun A. F. Attacks on data sets in machine
learning systems and protection against them. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(1):61-71. (In Russ.). DOI: 10.31799/2949-0693-2023-161-71.

Artificial intelligence in innovation management

Abstract. Artificial intelligence is changing how organizations work and manage innovation. In
line with the rapid technological development and the replacement of human activity, artificial
intelligence can indeed force the management to rethink the entire innovation process of the
organization. The paper describes the areas of using artificial intelligence in the development of
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PYKOBOOCMBO repeocmbiCAUMb 8eCb UHHOBAYUOHHDIU nMpouyecc opeaHuzayuu. B pabome
onucaHel 061aCcMU UCMNO0Ab308AHUA UCKYCCMBEHHO20 UHMesnaeKkma npu paspabomke
uHHosayul 8 opeaHu3ayuu. Memoodbl MawWUuHHO20 0by4eHus, A8aAOWUECT COCMABHOU Yacmbto
UCKyccmeeHH020 uHmesnekma, boinu pa3pabomars! 0414 AHAAU3A OAHHBIX C Yesbto
KAaccuguKkayuu, Npo2HO3UPOBAHUA U NPUHAMUSA peweHuli, 0CHOBAHHbLIX HA (haKMUYeCcKUx
OaHHbIX, HOBbIMU criocobamu. a8 0eMOHCMPayuu 803mMoXHocmel UCKYCcCMB8eHH020
UHMenneKkma paccmompeHa 3a0a4a oyeHKU Yugposoli 3peanocmu opaaHU3ayuU ¢
ucrnosbL308aHUEM Memodo8 MAWUHHO20 0byyeHus. Heobxodumas 048 hopmuposaHuUs moodenu
6a3a npumepos co30aHa nocpedcmeom 2eHepayuu 8bl6PAHHLIX haKMOPO8, y4acmeyu ux 8
nocmpoeHuu oyeHku. O0Ho u3 ay4wux nodobpaHHeIx no b6ase npumepos moodeseli 0Ka3anace
21y60KasA HelipOHHAA Cemb C YembIPbMsA CKPbIMbIMU CA0AMU, MOKA3G8WASA MOYHOCMb
KaaccuguKkayuu, pasHyto 95 %. MpodemMoHCMpuUpo8aHa 803MOXHOCMb onpedeneHus Kaacca
uyugposoli 3pesocmu no eelbparHHol modenu.

Knrouessle cnosa: UCKyCCfT)BeHHbIlj UHmenneKkm, ynpassaeHue uHHoeayuamu, L{Ud)pOGGH
3pesnocmeob opeaHusayuu, 2ﬂy60KGﬂ HeﬁpOHHGFI cemo

Ana yumuposarnusa: AHmoxuHa f0. A., Kpuuesckuli M. /1., OgodeHKo A. A. ckyccmeeHHbI U
UHMesnseKkm 8 ynpasaeHuu UHHo8auyuamu // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No
1. C. 72-79. DOI: 10.31799/2949-0693-2023-1-72-79.

HcciaepoBaHue 0COO0EeHHOCTEN IIPUMEHCHUA
AU THUBHBIX TE€XHOJIOTUM B MMPpONU3BOACTBEHHbIX
nmponeccax

AHHOMayusa. 3ampaausaemcsa mema eHeOpeHuUs ad0UMUBHbIX mexHos102uli 8
npoussodcmeeHHbIl npoyecc, 0anbHeliweao pa3sumus, a MAKM#e 803MOHHOCMU
socnpoussedeHus uzdenuli us pasauYHsIXx Mamepuanos. Miccnedyromcesa ocobeHHocmu u
YC€108UA, KOMopble HE0OX0OUMO y4UMBbIBAMb MPU U320MossaeHUU u3denus memodamu
ad0umusHbIX mexHos102ul.

Knroueeole cnoea: asmomamusayus, a00UMuUBHble mexHo102uu, a00UMueHoe Npou3eo0cmeo,
cenekmueHoe s1a3epHoe CreKaHue, Npou3eoo0cmeeHHsIl npoyecc

Ana yumupoearus: Conénvili C. B., Co30amesnesa M. 3., PvicuH A. B. UccnedosaHue
ocobeHHocmell npumeHeHUs ad0umueHbIX mexHos102ull 8 MPoU3800cMEeHHbIX npoyeccax //
UHHOoBayuoHHOE npubopocmpoeHue. 2023. T. 2, No 1. C. 80-84. DOI: 10.31799/2949-0693-
2023-1-80-84.

innovations in the organization. Machine learning methods, an integral part of artificial
intelligence, have been developed to analyze data in order to classify, predict and make decisions
based on evidence in new ways. To demonstrate the capabilities of artificial intelligence, the
problem of assessing the digital maturity of an organization using machine learning methods is
considered. The database of examples necessary for the formation of the model was created by
generating the selected factors involved in the construction of the assessment. One of the best
examples of models matched from the database turned out to be a deep neural network with
four hidden layers, which showed a classification accuracy of 95 %. The possibility of determining
the class of digital maturity according to the selected model is demonstrated.

Keywords: artificial intelligence, innovation management, digital maturity of organization, deep
neural network

For citation: Antokhina Yu. A., Krichevsky M. L., Ovodenko A. A. Artificial intelligence in
innovation management. Innovacionnoe priborostroenie = Innovative Instrumentation.
2023;2(1):72-79. (In Russ.). DOI: 10.31799/2949-0693-2023-1-72-79.

Research of the specific application of additive
technologies in production processes

Abstract. The publication touches on the introduction of additive technologies into the
production process, considers further development, as well as the possibility of reproduction of
products from various materials. Studies features and conditions, which should be considered in
the manufacture of the product by methods of additive technologies.

Keywords: automation, additive technologies, additive production, selective laser sintering,
manufacturing process

For citation: Solyonyj S. V., Sozdateleva M. E., Rysin A. V. Research of the specific application of
additive technologies in production processes. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(1):80-84. (In Russ.). DOI: 10.31799/2949-06932023-1-80-84.
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OnTumMu3sauua rpadpuyecKrux H300pakeHuH B
cucreme Adobe Photoshop

AHHOMayus. B Hacmosuwjee spems WuUpoKo pacrpoCcmpaHeHo UCMOAb308AHUE 2pAPUYECKUX
u3o6paxceHuli 0na npedocmasneHus UHPOPMAYUU HA PA3UYHbIX UHGOPMAYUOHHLIX pecypcax,
makux Kak web-cepeucsl. [pu ocyujecmeneHuu 2106as1bHbIX MPOEKMo8 Koau4ecmeo
Mynbmumeoua 8 UHPOPMAYUOHHOU cucmeme y8eauYyus8aemca U CKopocme 3a2py3Ku web-
cCMpaHuyel noselwaemcs. B daHHol cmamee paccmampusaromcs eapuaHmsl onmMuUMU3ayuu
epagpuxu 8 npoepamme Adobe Photoshop 0n4 yckopeHus pabomel web-cepsucos.

Knrouessle cno8a: epaguyeckue usobpaxieHus, onmumu3ayusa 2paguku, dusepuHe, JPEG, GIF,
mynabmumeoua, Adobe Photoshop, koaghgpuyueHm cxcamus, popmam ¢palina, Kayecmeo
u306paxceHus, napamempsl CHamus, cxamue 0119 web

Ana yumupoearus: ®edoceesa C. H., Maliopos E. E. Onmumu3ayus 2pagpuyeckux
u3obpaxceHuli e cucmeme Adobe Photoshop // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2,
No 1. C. 85-93. DOI: 10.31799/2949-0693-2023-1-85-93.

Moaesy 6MOXMMHYECKOr0 OKHCIEHHUS
OpraHUYeCKHUX BeleCTB B CTOYHBIX BOAAX
Ccy/ib$aT-1e/UII0JIO3HOTO NpeANPUITUS

AHHOmayus. lpusedeH aHanumuyveckuli 063op meopuli u MemoOos pacyema napamempos
buoxumu4ecKo2o OKUC/eHUsA op2aHuU4ecKux seujecms 8 800HOU cpede. [pednoxceH HOBbIl
M00X00 K OUeHKe Mapamempos mpexKoMnoHeHMHoli Modesiu BUOXUMUYECKO20 OKUCAEHUSA
Op2aHUYecKux eeujecms, paspabomaHHoli Ha 0cHo8e paccmompeHHolU Mmemodoso2uu.

Knrouesoie cnosa: mamemamuyeckue Moodesu, CKOpoCme OKUCAeHUs, buoxumuyeckoe
OKUC/IeHUe op2aHUYecKUX seuiecms, cysabham-uenntonosHoe npeonpusmue

Ana yumupoeaHus: CmpozaHosa M. C., MunbHukosa H. A. Modenu buoxumuyeckoz2o
OKUC/IeHUA Op2aHUYECKUX 8eU,ecme 8 CMoYHbIx 800aX CyAbham-yesa03H020 npednpuamus
// MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 94-99. DOI: 10.31799/2949-0693-
2023-1-94-99.

Optimization of graphic images in the system
Adobe Photoshop

Abstract. Currently, the use of graphic images to provide information on various information
resources, such as web services, is widespread. When implementing global projects, the amount
of multimedia in the information system increases and the speed of loading a web page
significantly increases. This article discusses options for optimizing graphics in Adobe Photoshop
to speed up the work of web services.

Keywords: graphic images, graphics optimization, dithering, JPEG, GIF, multimedia, Adobe
Photoshop, compression ratio, file format, image quality, compression parameters, compression
for the web

For citation: Fedoseeva S. N., Mayorov E. E. Optimization of graphic images in the system Adobe
Photoshop. Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(1):85-93. (In
Russ.). DOI: 10.31799/2949-0693-2023-1-85-93.

Models of biochemical oxidation of organic
substances in wastewater of sulfate-pulp plant

Abstract. The analytical review of theories and methods for calculating parameters of
biochemical oxidation of organic substances in an aquatic system are considered in the article. A
new approach to the estimation of three-component model parameters of biochemical oxidation
of organic substances developed based on the considered approaches is proposed.

Keywords: mathematical models, oxidation rate, biochemical oxidation of organic substances,
sulfate-pulp plant

For citation: Stroganova M. S., Zhilnikova N. A. Models of biochemical oxidation of organic
substances in wastewater of sulfate-pulp plant. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2023;2(1):94-99. (In Russ.). DOI: 10.31799/2949-0693-2023-194-99.
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TexHO0/10rMu HCKYCCTBEHHOT'O UHTE/LJIEKTA AJIs
NpPOBEPKHU

U KOPPEKTHPOBKH HOPMAaTUBHOM U TEXHUYECKOM
AOKyMeHTaluu

AHHOmMayusa. lo02omosxka mexHu4yeckol U HopMamueHol OOKYyMeHmMayuu A6AAemcs 8aHCHbIM
371eMeHMoM npou3eodcmeeHHo20 fpouyecca. Liensio pabomel Aendemcsa co30aHuUe Kpumepues
Kayecmea pa3pabamelsaemoli mexHuYeckol u HopmamueHoU OucyurauHel, ocoboe BHUMAHuUe
yOensemcs npoeepKe coomeemcmaeus co0epHaHuUs 00KYMEHMoe8 He MOosbKO Mo hopme, HO U
o codepxaHuto. lMpusedeHbl KpuMepuu pe3yabmamusHOCMuU NpPoyecca paspabomxu
mexHuyeckol u HopmamueHoli 00KyMmeHmMauyuu, npednoxeH crnocob nossiWeHUs Kayecmesa
dokymeHmauyuu, npusedeHsl Modesu, Mo380/A0UUE A8MOMamMuU3UpPo8amMs npoyecc ee
MposepKu Ha coomeemcmaue codepxamesnvHoli Yacmu. B kayecmee uHcmpymeHma
ucrnonb3yomca memoosl 06pabomxKu ecmecmeeHHo20 A3bIKA U MAWUHHO20 06yYeHUs.
Mpobaemy kayecmea OOKyMeHMayuu MOXCHO pewums fpu 8HEOpeHUU Creyuanu3upo8aHHblx
aB8mMoMamu3upoB8aHHbIX UHMeENAEeKmMyasbHbIX cucmem, Mo380910UUX HE MOSbKO
2eHepuposame coomsemcmayrouyue wabsoHsl 049 mexHu4eckol U HopmMamueHoU
00KYyMeHmMauyuu, Ho U nposepsams HympeHHee codepicaHue 00KyMeHmMos.

Knroyesoble cs1068a: mexHu4eckas O0KyMeHmMayus, HoOpMamueHas 00KyMeHmayus, oyeHKa
Kauecmed, MemoOuKa NMosepKu, UsMmepeHus

Ana yumuposaHusa: AHmoxuHa l0. A., Okpenunos B. B., ®pososa E. A., CmenawkuHa A. C.
TexH0a102UU UCKYCCMBEHHO20 UHMesAeKma 0418 Npos8epKu U KOPPEKMUPOBKU HOPpMAmMuUeHo U u
mexHuueckol doKymeHmauyuu // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 100—
107. DOI: 10.31799/2949-0693-2023-1-100-107.

Artificial intelligence technologies for checking
and correcting regulatory and technical
documentation

Abstract. Preparation of technical and regulatory documentation is an important element of the
production process. The purpose of the work is to design quality criteria for the developed
technical and regulatory discipline, special attention is paid to checking the compliance of the
document not only in form but also in content. The paper presents the criteria for the
effectiveness of the developing process of technical and regulatory documentation. The method
forimproving the quality of documentation is proposed, models are given. It allows to automate
the process of checking documentation for compliance with the content. As a tool natural
language processing and machine learning methods are used. The problem of documentation
quality can be solved by introducing specialized automated intelligent systems that allow not
only generating appropriate templates for technical and regulatory documentation but also
checking the internal content of documents.

Keywords: technical documentation, normative documentation, quality assessment, verification
technique, measurements

For citation: Antokhina Yu. A., Okrepilov V. V., Frolova E. A., Stepashkina A. S. Artificial
intelligence technologies for checking and correcting regulatory and technical documentation.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(1): 100-107. (In Russ.).
DOI: 10.31799/2949-0693-2023-1-100-107.
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B/iMssHMe aBTOMaTHU3al My IPOLEeCcca MOBEPKU
KOHTPOJIbHO-U3MEPHUTE/IbHbIX IPUOOPOB HA
OLIEHKY MOrpeuIHOCTHY NOBepsieMbIX CPEeACTB
U3MepeHUum

AHHOomayus. [nasHas 3a0a4a asmomamu3sayuu a06020 Npoyecca 3axkA4aemcs 8
COKPAW,eHUU MamepuasbHbIX U 8peMEeHHbIX 3ampam Ha ocywecmeaaeHue modl uau uHol
onepauyuu. B pesysbmame nposedeHus meponpuamuli, onmumu3ayuu rnpou3eoo0cmeeHHbIX
MpPOYEeccos ocywecmenaemcs CHUXeHUe npoyeHma 803HUKHOBEHUSA OWUBOK, MpusooAUUX K
HeKoppekmHomy pesyasmamy, mpebyowemy nposedeHus dopabomok. Lugposele
mexHosozuu, 6aazodapsa caoemy bbicmpomy passumuro, crrocobcmeayrom mexHu3ayuu u
onmumu3ayuu rnpoussoodcmeeHHbIX npoyeccos. B Hacmoswee spems 015 obecrevyeHus
asmomMamu3ayuu NPUMeHAoMCA Pa3auYHo20 poOad KOMIbIOMepHble U MeXampoHHble
mexHos102uU, hyHKUYUOHUPYroujUue coeMecmHo 8 eGUHoU cucmeme, 8 PAMKAX 8bIMOAHEHUSA
onpedeneHHol npoussodcmeeHHolU 3a0a4u. Kaxcoaa omoenbHaa yudposas mexHoao2usa
Hecem 8 cebe cobcmeeHHbIl npouyeHm nozpewHocmu, ompaXarouulica Ha ebinoaHAemol
KomnneKkcHoli cucmemoli 3a0aye.

Kntoyeasoble cnoea: asmomamu3sayus, KOHMPOsbHO-U3MepumesbHbil npubop, yugpossie
mexHos102uuU, KOMIbloMepHble MeXHOA02UU, KOMITbIomepHoe 3peHuUe, Mo2pewHocme,
usmMepumesnbsHoe ycmpolicmeo

Ana yumupoearusa: 6obpoiwos A. M., ConéHelli C. B. BauaHue aemomamu3ayuu npoyecca
108epKU KOHMPOIbHO-U3MePUMesbHbIX Mpubopos Ha OUEHKY No2pewiHocmu nosepsaembix
cpedcme usmepeHuli // HHosauyuoHHoe npubopocmpoerue. 2022. T. 1, No 2. C. 6-11. DOI:
10.31799/2949-0693-2022-2-6-11.

MeToauKa OLleHUBAHUA Pe3yJIbTaTUBHOCTU U
3P PeKTUBHOCTHU CUCTEMBI YIIPABJIEHHUS Ka4eCTBOM
U3AeJIMii 000POHHOM NPOAYKIUHA

AHHOmMayus. MpedcmasseHsi pe3yabmamsl AHAAU3A 0P2AHU3AUUOHHbIX CMPYKMyp u
npoueccos ¢hyHKUUOHUPOBAHUSA CUCMeMbl yrpadsaeHUs Kayecmeom uzdesnuli o60poHHol

npodykyuu, cozdasaemoli 8 PAMKAX HAYYHO-UCCAE008aMeENbCKUX U OMbIMHO-KOHCMPYKMOPCKUX

Influence of automation of verification process of
control and measuring instruments on error
estimation

of verifiable measuring instruments

Abstract. The main task of automation of any process is to reduce material and time costs for
carrying out this or that task, accompanied by decreasing the percentage of arising errors
leading to incorrect results that require revision. Digital technology, thanks to its rapid
development, contributes to the technicalization and optimization of production processes. At
present, various types of computer and mechatronic technologies are used to provide
automation, functioning together in a single system, within the framework of a specific
production task. Each individual digital technology carries in itself its own percentage of error
reflected in the performed, complex system, the problem.

Keywords: automation, instrumentation, digital technology, computer technology, computer
vision, error, measuring device

For citation: Bobryshov A. P., Solony S. V. Influence of automation of verification process of
control and measuring instruments on error estimation of verifiable measuring instruments.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2022;1(2):6—11. (In Russ.). DOI:
10.31799/2949-0693-2022-2-6-11.

Methodology for evaluating the effectiveness and
efficiency of the quality management system of
defense products

Abstract. The results of the analysis of organizational structures and processes of functioning of

the quality management system of defense products created within the framework of research
and development work are presented. The shortcomings were identified and proposals were
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pabom. OnpedesneHbl HEOOCMAMKU U pa3pabomaHel NpedaoHeHUs Mo cosepueHcMmeo8aHU0
cyujecmayrowe2o NopAOKa U UCrosb3yemMblx MemoOUK OUeHUBAHUA pe3yanbmamusHocmu u
aghghekmusHOCMU cucmemsl yripassneHuUs Kayecmsom. PaspabomaHa u npedcmasneHa
CMPYKMypPHO-QYHKYUOHAAbHAA MOOesb cucmeMbl U MPOoYeccos ynpasaeHus Kayecmeom
060poHHOU MpodyKyuu, co30asaemoli 8 paMKAX HaYyYHO-UCCIe008aMENbCKUX U OMbIMHO-
KOHCMPYyKMOopCcKux pabom, Komopas 00nosaHAem u 0emasnu3upyem ucrosnb3yemyio 8
HacmosAwee spems Nocpedcmseom NodpobHoz20 onucaHus yenel, 3a0a4, ucnoaHumenetd,
pe3ynbmamos, pecypcos u 0pyaux apmedakmos npou3so0CmMEEHHbIX U yrpasneH4Yeckux
npoyeccos. O6ocHoB8aH cocmas rnokasamereli pe3yasmamusHOCMU U sghpekmusHocmu
npouyeccos u cucmemsl ynpasneHus Kayecmsom o6opoHHo U npodykyuu. PazpabomaHsi
MemOoOUKU U3MepeHUs, pacyema u oyeHUsaHUA smux nokasamesel KaK HernocpedcmeeHHO Ha
meKywux amanax co30aHuUA uzdenuli, Mmak u anocmepuopHo HA CAeOYOWUX IMAnax.
Ucnonb3oeaHue paccmompeHHo20 8 Cmamee MoOesbHO20, A/120pUMMUYEcKo20 U
mMemoouveckozo obecrieyeHUs Mo0360aAUM MO8bICUMb ONEPAMUBHOCMb U MOYHOCMb
OYeHUBAHUA Kayecmea (hyHKYUOHUPOBAHUA cucmeMbl yrpasneHuUs,  makxe peaau3oeams ee
cucmemamuyeckoe U YyeneHanpasneHHoe cosepuieHcmaosaHue.

Knroueeole cnoea: uzdenus 060poHHOU NpodyKyuu, npoueccHsili nodxoo, nokasamesnu
pesynbmamusHOCMU U 3¢hghekmusHOCMU, cucmema MeHeOHMeHma Kayecmea

Ana yumupoearusa: CamoHos A. B., TkayeHKo T. /l. Memoduka oueHusaHus
pe3ynbmamusHoCMu U 3¢hgheKmusHOCMU cucmemsl yrpassneHus Kayecmeom usoenuli
060poHHOU npodykyuu // MHHosayuoHHoe npubopocmpoerue. 2022. T. 1, No 2. C. 12-19. DOI:
10.31799/2949-0693-2022-2-12-19.

Co0p ¥ aHA/IU3 JAHHBIX IAPaMEeTPOB U
XapaKTepHCTUK BO3AYIIHbIX IMHU I
3JIeKTpomnepeay C e/ibl0 NOBbIIIEeHUA
HaAEXHOCTH CUCTEM 3JIEKTPOCHAGKEeHUA

AHHOomayus. lNepedaya anekmposHepauu Ha 6obWUE PACCMOAHUA OCyWecmenaemcs
MpeumMyLyecmeeHHo Npu NoMouiu 8030yWHbIX AUHUL snekmponepeday. Ornopel, NPosoda u
npoyue 31emeHmbl UCMbIMbIBAOM He MOsIbKO 3AeKmpuyecKue Hazpy3Ku, HO U MexaHu4YecKue.
Yuem scex sudoe 8o30elicmauli Ha AUHUU 3eKmponepedayu no3e8oasem moyHo onpedensims
mexHuUYecKkoe cocmosHue 31eKkmpoobopy0o8aHuUs u ocmamoyHeili pecypc. C6op uHgpopmayuu
MOXem ocyu,ecmesimoCa MHOXECMBOM Memooo08, C MOMOUWbIO KOMOpPbIX aHAAU3Upyemcs
6030 0aHHbIX, KOMOopPasA 8KAYAaeM 8 cebs OaHHbIe 110 CUse MOKaA, HaNPAXEHUo, yacmome,
sesIuYUHe rposuca nposodd, e2o memnepamype, amraumyoe KonebaHuli nod sosdelicmsuem
8emposbix Ha2py30K, 8030elicmauto usnyyeHuli pasHbIx cnekmpos, 0a1UuMmesnbHOCMU U 8enuvuHe
nepezpy3oK Ha AUHUAX U Op. Bce smu daHHble UCnosb3ylomca 8 SMIUPUYecKUX u

developed to improve the existing procedure and the methods used to assess the effectiveness
and efficiency of the quality management system. A structural and functional model of the
system and processes of quality management of defense products created within the framework
of research and development works has been developed and presented, which complements and
details the currently used one through a detailed description of goals, tasks, performers, results,
resources and other artifacts of production and management processes. The composition of
indicators of the effectiveness and efficiency of processes and the quality management system of
defense products is substantiated. Methods of measuring, calculating and evaluating these
indicators have been developed, both directly at the current stages of products creation, and a
posteriori at the following stages. The use of the model, algorithmic and methodological support
considered in the article will increase the efficiency and accuracy of assessing the quality of the
functioning of the management system, as well as implement its systematic and purposeful
improvement.

Keywords: defense products, process approach, performance and efficiency indicators, quality
management system

For citation: Samonov A. V., Tkachenko T. L. Methodology for evaluating the effectiveness and
efficiency of the quality management system of defense products. Innovacionnoe priborostroenie
= Innovative Instrumentation. 2022;1(2):12-19. (In Russ.). DOI: 10.31799/2949-0693-2022-2-12-
19.

Collection and analysis of data on parameters and
characteristics of overhead power lines in order to
improve the reliability

of power supply systems

Abstract. The transmission of electricity over long distances is carried out mainly with the help of
overhead power lines. Supports, wires and other elements experience not only electrical loads,
but also mechanical ones. Accounting for all types of impacts on power lines allows you to
accurately determine the technical condition of electrical equipment and residual life. The
collection of information can be carried out by a variety of methods, as a result of which a
database is analyzed, consisting of the current flowing through the conductor, the voltage and
frequency of the network, the amount of wire sag, its temperature, the amplitude of oscillations
under the influence of wind loads, the impact of radiation of different spectra, duration and
magnitude overloads on lines and other parameters. All these data are used in empirical and
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8EePOAMHOCMHbIX MOdenﬂX, pesynabmamel pCI60mbI KOMOpbIX 10380s140m onpedenumb
mexHuU4YecKoe cocmoAHue 3neKmpoo6opydoeaHu;7 u npocHo3upoeame nosedeHue
3ﬂ€KmpOm€XHU‘IE‘CKOU cucmemel.

Kntoueeble cnoea: cucmema 31eKmpocHabieHus, HadexHocmeo, 8030yWHbIe AUHUU
anekmpornepedayu, napamempsl 3Hep2emu4eckux cucmem, Kubepgusudeckue cucmemel 8
3n1eKmpo3Hep2emuKe

Ana yumupoeaHus: PoicuH A. B., ConéHas O. A., Co30amenesa M. 3. C6op u aHAAU3 OQHHbIX
napamempos u XxapakmepucmuK 8030yUWHbIX AUHUU 3nekmponepeday ¢ Uesbto MNosbieHUA
HadexHocmu cucmem anekmpocHabxceHus // MHHosayuoHHoe npubopocmpoerue. 2022. T. 1,
No 2. C. 20-25. DOI: 10.31799/2949-0693-2022-2-20-25.

KoMniekcHbI MeTO/Z, aJalITUBHON ONITUMA/IbHOH
duabTpanyu Npoy3BOJIbHBIX AUCKPETHBIX
CHTHAJIOB B YCJIOBUSIX QPJIYKTyallMOHHBIX U
peryJisipHbIX IOMeX U3MepeHUA

AHHOmMayusA. Paccmampusaemca memod adanmugHol onmumasnbHO-UH8APUAHMHOU
puHUMHo-8pemeHHol nuHeliHol duckpemHoU hunbmpayuu Mpou3eosbHbIX CU2HAI08 8
YCA08UAX hyKMYAUYUOHHbIX U pe2yapHo20 muna nomex, npucyujux UHepyuaabHoim
cucmemMam Has8uU2ayUU U U3MepumesnbHbIM CUCMEMAM emamesbHo20 annapama.
Uccnedyembili memod 06pabomKu Cu2HAM08 8 yCa08UAX NApamempu4eckoli anpuopHol
HeonpedeneHHocmu obecrne4yusaem 60see MOYHYH OUeHKY CU2HA/108 HA OCHOogse
UCnosb308aHUA ONMUMAsLHO20 0repamopa GuabMpPAyUU 8X00H020 cu2HAAad ¢ nomexol
peaynapHo20 murna, 8 omsau4ue om Ucrosb3yemoz20 8 Hacmosuiee 8pemMs onepamopa
06pabomku UHOPMayuu Ha 0cHose obecrneyeHUs acMamu3ma 3a0aHHO20 NOPAOKA Uu
KOppeKyuu noKasaHul usmepumesnoHbiX CUCMEM.

Knroueesle cnoea: huHUMHO-8pEeMeHHAA KOMIAEKCHAA ONMUMAsIbHAS OUEHKA,
napamempuyveckas anpuopHas HeornpedeseHHOCMb, a0anmMueHas puabmpayus, OUCKpemHsie
MPOU3B80/1bHbIE CU2HASIbI, PIYKMYAYUOHHbIE U pe2yaspHo20 muna nomexu, KOMraeKcHble
OyeHKU ¢ obecnieyeHuem acmamusma

Ana yumupoearus: VieaHos I0. . KomnaeKcHeili Memoo adanmueHoli onmumanbHol
hunempayuu npou3eosbHbIX OUCKPEMHbIX CU2HA08 8 YCA08UAX (hayKMYyaYUOHHbIX U
peaynapHbix nomex usmepeHus // MnHosayuoHHoe npubopocmpoerue. 2022. T. 1, No 2. C. 26—
32. DOI: 10.31799/2949-0693-2022-2-26-32.

probabilistic models, the solution results of which allow the technical condition of electrical
equipment.

Keywords: power supply system, reliability, overhead power lines, parameters of energy
systems, cyber-physical systems in the power industry

For citation: Rysin A. V., Solenaya O. Ya., Sozdateleva M. E. Collection and analysis of data on
parameters and characteristics of overhead power lines in order to improve the reliability of
power supply systems. Innovacionnoe priborostroenie = Innovative Instrumentation.
2022;1(2):20-25. (In Russ.). DOI: 10.31799/2949-0693-2022-2-20-25.

A complex method for adaptive optimal filtering
of arbitrary discrete signals under conditions of
fluctuating and regular measurement noise

Abstract. A method is considered for adaptive optimal-invariant finite-time linear discrete
filtering of arbitrary signals under conditions of fluctuating and regular type of interference
inherent in inertial navigation systems and measuring systems of an aircraft. The studied method
of signal processing under the conditions of parametric a priori uncertainty provides a more
accurate assessment of signals relative to the classical approach of processing evaluation
information based on providing astatism of a given order or correcting the readings of
measuring systems.

Keywords: finite-time complex optimal estimate, parametric a priori uncertainty, adaptive
filtering, discrete arbitrary signals, fluctuation and regular type noise, complex, estimates with
astatism

For citation: lvanov Yu. P. A complex method for adaptive optimal filtering of arbitrary discrete
signals under conditions of fluctuating and regular measurement noise. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2022;1(2):26—32. (In Russ.). DOI: 10.31799/2949-
0693-2022-2-26-32.
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MeToauka pacdeTa AdTYUKOB Hd IIOBEPXHOCTHBIX
dKYCTU4Y€CKHUX BOJIHAX C IOMOILIbIO
JKBHUBAJICHTHbBIX CXEM

AHHOMayusA. B HacmoAwee spema nepcrekmusHbIM HanpasaeHuem e usmepumesnsHol
mexHuke, ucnoss3yemoli 8 cocmase 60pMoBbiX A3POKOCMUYECKUX CUCMEM, A8A1AemCcA CO30aHUe
damuyukos, nepedarowux UHopmayuro 06 usmepaemom napamempe npu NoMouwu
paduokaHana. B daHHoU cmamee npednaazaromca Ho8ble aa20pUMMbl pacdema
XapaKmMepucmuK naccugHo20 4y8CMeumesibHo20 3/eMEHMA HA NMOBEPXHOCMHbIX AKYCMUYECKUX
sos1Hax ([MAB), npedHa3HaYeHHO20 015 U3MmepeHUs HEOOHOPOOHbIX MeXaHUYecKux degpopmayuli
(unu HanpaxceHul). C smol yenvro npusodumca Mamemamu4eckas Moodesb pacdema
8cMpeyYyHo-wmelpesozo npeobpasosamerssa 4ysacmaumesnbHo20 anemeHma Ha MAB Ha 6ase
cucmembl 31eKMpPoaKycmu4ecKux aHaAs0208 C UCO016308aHUEM MOOEU K8UBANEHMHbIX CXEM
Ha 6a3e wecmunoatoCHUKO8. AHAA02UYHO paspabomaHa Mamemamu4eckasa moodesns 014
8bIM0/IHEHUA PACYEmMO8 XapaKkmepucmuK ompaxcarouweli cmpykmypsl. O6veduHeHue
YKO3aHHbIX Mooesell 10380s14em npou3sodumes pacyem napamempos 4yscmeumesnbHo20
anemeHma 8 yesom.

Kntouesvbie cnosa: anzopumm pacdema 0am4UKA, NOBEPXHOCMHbIE KYCMUYeECKUe 80/1Hb,
mMamemamu4ecKkas Modesib, OmpaXcarouias cmpykmypa

Ana yumuposarusa: bozocnosckuli C. B., [Mepatok B. B. Memoduka paciema 0amyuKkos Ha
M08EPXHOCMHbIX AKYCMUYECKUX 80/HAX C MOMOU{bIO IKBUBAAEHMHbIX cxeM // UHHO8AYUOHHoe
npubopocmpoeHue. 2022. T. 1, No 2. C. 33-40. DOI: 10.31799/2949-06932022-2-33-40.

JAuHaMu4YecKoe ynpasjieHre U QuabTpanus
NMOTOKOB JAaHHbIX B TPAH3UTHBIX
MapupyTHu3aTopax ceteu SpaceFibre

AHHOmayusa. MHozue cospemeHHble /I0KAbHbIE 8bIYUCAUMESbHbIE CeMU A3POKOCMUYECKO20
HasHaveHus npedcmasnsaom cobol 6oabwue pacrnpedesneHHsie napasnsnenbHole
sblyucAUMesnbHble cucmemsl. Takue cucmembl Mo2ym cocmoAame U3 nodcucmem (nodcemedi) u
8KAOYAMb 8 cebs 0eCAMKU U COMHU MEePMUHAbHbIX y37108. CoomeemcmeeHHo, maxkue cemu
domHbl obecrieyusams nepedayy 6016W020 KoaAUYeCMaed MNomoKoe 0aHHbIX, obecrneyusame
0418 HUX pa3au4Hble napamempsl Ka4ecmea cepauca. B xo0e (hyHKYUOHUPOBAHUA cemu mMmoxem
MEHAMbCA PEHCUM (PYHKYUOHUPOBAHUA CUCMEMbI, MO2ym MOABAAMbCA U 308epuambcs,
rnepemeusamsca Ha Opyaue mepmuHaasbHole Y3l 3a0a4u. B pesynbmame c6oes u 0mKa3os
cemeesoe 060py008aHUE MOXEM Mepecmasams yHKUUOHUPOBAMSb UsU (hyHKUUOHUPOBAMb

Method for calculating sensors on surface acoustic
waves using equivalent circuits

Abstract. At present, a promising direction in measuring technology used as part of onboard
aerospace systems is the creation of sensors that transmit information about the measured
parameter using a radio channel. This article proposes new algorithms for calculating the
characteristics of a passive sensitive element on surface acoustic waves (SAW), designed to
measure inhomogeneous mechanical deformations (or stresses). For this purpose, a
mathematical model for calculating an interdigital transducer of a SAW sensitive element based
on a system of electroacoustic analogs is presented using a model of equivalent circuits based on
six-terminal networks. Similarly, a mathematical model has been developed to perform
calculations of the characteristics of a reflective structure. Combining these models makes it
possible to calculate the parameters of the sensitive element as a whole.

Keywords: sensor calculation algorithm, Surface acoustic waves, Mathematical model, Reflective
structure

For citation: Bogoslovsky S. V., Perlyuk V. V. Method for calculating sensors on surface acoustic
waves using equivalent circuits. Innovacionnoe priborostroenie = Innovative Instrumentation.
2022;1(2):33-40. (In Russ.). DOI: 10.31799/2949-0693-2022-2-33-40.

Dynamic control and filtering of data flows in
transit routers of SpaceFibre networks

Abstract. Many modern aerospace local area networks are large distributed parallel computing
systems. Such systems may consist of subsystems (subnetworks) and include dozens and
hundreds of terminal nodes. Accordingly, such networks must ensure the transmission of a large
number of data flows (streams) with various quality of service (QoS) parameters. During the live
of the network, the mode of the system may change, tasks may appear and finish, move to other
terminal nodes. As a result of failures and faults, network devises may stop functioning or
function incorrectly. Therefore, the network must provide dynamic control and filtering of data
flows. In this paper we review the capabilities and limitations of the SpaceFibre standard to
provide this functionality.
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HeKoppeKkmHo. B coomeemcmeuu ¢ amum, 8 cemu 001xHO obecriequsamosca OUHAMUYECKOoE
ynpassaeHue MomoKamu OaHHbIX, UX huabmpayus.

B daHHOU cmamee mMbl paccmampuseaem 803MOXHOCMU U 02paHu4YeHUs cmaHdapma SpaceFibre
015 obecrnieueHus amol pyHKYuoHasneHocmu. Mol npedaazaem nooxod Ha base KoHyenyuu
MpPo2PaMMHO-KOHu2ypupyembix cemeli, no3soasarowuli ycmpaHume psao o2paHuveHuli
cmaHoapma SpaceFibre.

Knroueebie cn08a: 0KAbHbIE 8bIYUCAUMENbHbIE CEMU A3POKOCMUYECKO20 Ha3HAYeHUS,
MexaHu3mMbl obecrievyeHUs Ka4ecmea cepeuca, QUHAMUYECKas peKoHguaypayus, SpaceFibre

Ana yumuposaHusa: Cysoposa E. A. JuHamuveckoe yrnpasneHue u ¢punsmpayusa nomoxkos
OaHHbIX 8 MPAH3UMHbIX Mapwpymusamopax cemeli SpaceFibre // UHHosayuoHHoe
npubopocmpoenHue. 2022. T. 1, No 2. C. 41-50. DOI: 10.31799/2949-0693-2022-2-41-50.

ApXUTEKTypHbIE 0COOEHHOCTH NOCTPOEHHUS CTEeKa
MPOTOKOJIOB J€eTePMUHUPOBAHHON ONITUYECKOU
CeTH peasIbHOr0 BpeMeHU

AHHOmayusa. Cmameos Noceauw,eHa 80Mpocy nocMpoeHUsa CmeKa npomokoso8 011 cemeli
peanbHozo spemeHu. posedeH aHanu3 demepmMuHUPOBAHHbIX CUCMEM PedsibHO20 8peMeHU,
paccMompeHsl UX apxumekmypa u npumeHsemble MpomoKosl. Jasee onucaHbl MexaHu3msl,
no3eosrowWue docmuzame He0obxo0UMbIX XapaKkmepucmuk obecnevyeHuUs 00CMABKU OaHHbIX
014 N0006HbIX cemeli. PaccmompeHbl KOHYenmyasabHsie NPUHYUNs ToCmMpoeHus
0emepMUHUPOBAHHbIX ONMUYeCcKUx cemeli pedsbHO20 8peMeHU, OCHOBAHHbIX HO MexHo102UU
CneKkmpasnbHo20 yraomHeHUs KaHanos. MpusedeHo nodpobHoe onucaHue paspabameieaemozo
CmeKa npomoKos108 018 0emepMUHUPOBAHHOU onmuYeckol cemu peasbHO20 8pemeHU, e2o
MoyposHesas apxumekmypa u 3a0a4u, pewiaemslie npomoKoaamu Kaxdo2o u3 ypoeHeli cmeka.
Paspabamesisaembie MoAxo0bl K NOCMpoeHuto cemeli M0380/4mM Mo8bICUMb 3(hheKmusHOCMb
Komnaekcos 6opmoeso2o obopydosaHusa pocculickoli asuayuu.

Knroyeseole cnosa: cmek npomokornos, OemepMUHusm, onmu4eckue cemu, criekmpasibHoe
yrniomHeHue, asuayusa

Ana yumupoearusa: KocesaH4yyk B. B., Cenbeectok H. U., 3bi6uH E. 0., Hosukos B. M., OneHes B.
J1. ApxumexkmypHsle ocobeHHOCMU MoCMpPOoeHUs CmeKa NpomoKos108 0emepMUHUPOBAHHO U
onmu4ecKkol cemu peasnbHO20 epemeHu // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No
2. C. 51-64. DOI: 10.31799/2949-0693-2022-2-51-64.

We propose an approach based on the concept of software-defined networks (SDN) that
eliminates a number of limitations of the SpaceFibre standard.

Keywords: aerospace local area networks, quality of service mechanisms, dynamic
reconfiguration, SpaceFibre

For citation: Suvorova E. A. Dynamic control and filtering of data flows in transit routers of
SpaceFibre networks. Innovacionnoe priborostroenie = Innovative Instrumentation.
2022;1(2):41-50. (In Russ.). DOI: 10.31799/2949-0693-2022-2-41-50.

Architectural features of a protocol stack design
for a deterministic real-time optical network

Abstract. Current paper is devoted to the issue of building a protocol stack for real-time
networks. Authors provide the analysis of deterministic real-time systems; consider their
architecture and protocols used. Also paper describes mechanisms to achieve the necessary data
delivery performance for such networks. The conceptual principles of constructing deterministic
real-time optical networks based on the technology of spectral multiplexing are considered. In
conclusion, a detailed description of the protocol stack being developed for a deterministic real-
time optical network, its layer-by-layer architecture and tasks solved by the protocols of each of
the stack layer is given. The developed approaches to the building of networks will improve the
efficiency of on-board equipment for Russian aviation.

Keywords: protocol stack, determinism, optical networks, wavelength division multiplexing,
aviation

For citation: Kosyanchuk V. V., Selvesuk N. I., Zybin E. Yu., Novikov V. M., Olenev V. L.
Architectural features of a protocol stack design for a deterministic real-time optical network.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2022;1(2):51—-64. (In Russ.). DOI:
10.31799/2949-0693-2022-2-51-64.
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l'lpumeHe}me AJITOPUTMA B3BECILLICHHOTIO
IMK/IN4YE€CKOoro nepeﬁopa AJIA MHOTI'OKaHaJIbHOM
nepegadyu

AHHomayusa. MemoOdel MHO20KaHAAbHOU nepedayu OaHHbIX — Cocob yseauyums npPonycKHyr
crnocobHocmeb 6e3 KayecmeeHHO20 U3MeHeHUsA (u3U4ecKUX KOMITOHEeHMOo8 KaHas08 3d cHem
yeenuYyeHUA Yucaa KaHasa08. B cmamee paccmampusaemcs 00UH U3 criocobos yay4wume
cywecmsyrowue memo0dsl 3a cyem MpuMeHeHUs 838elleHHO20 YUKAUYecKkozo nepebopa.

Knroueevle cnoea: MHO20KAHAAbHAA Nepedayd, cemu cesA3uU, 838euwleHHbIl YuKau4eckuli
nepebop

Ana yumuposanusa: Cmena+os B. E. [lpumeHeHuUe a120pumma 838eWeHH020 YUKAUYEeCKo20
nepebopa 014 MHO20KaHanbHol nepedayu // MHHosayuoHHoe npubopocmpoerue. 2022. T. 1,
No 2. C. 65—-70. DOI: 10.31799/2949-0693-2022-2-65-70.

O6ecnieyeHve JUHAMHUYECKOTI0
pekoHuUrypupoBaHusi MocToB SpaceFibre-
Ethernet

AHHOmayus. B xo0e ¢hyHKYUOHUPOBAHUA cucmem Ha 6a3e 0KAAbHbIX 8bl4UCAUMEbHbLIX cemeli
MO2Yym MEHAMbCA UX PeXCUMbl hyHKYUOHUPOBAHUA. COOMBEMCMEEHHO, U3MEHAIOMCA U
MomoKu nepedasaembix OaHHbIX. B C8513U € amuM ucrons3yemoe cemegoe 060pydosaHue
00HHO N000ePHUBAMb 803MOXHOCMb OUHAMUYECKOU peKoHpuU2ypayuu — pekoHguzypayuu,
sbinosHAemol be3 npekpaujeHuUs nepedayu MoOMoKos 8aHHbIX. B daHHO U cmamee mobl
paccmampusaem, Kak Moxem 6bimb obecriedeHa 803MOXHOCMb OUHAMUYECKOU
peKkoHguzypayuu mocmos SpaceFibre-Ethernet. Paccmampusgaromcs npobaemel, 803HUKaOwue
8 npouyecce OUHAMUYECKOU peKoHGuU2ypayuu, U npedaazaromcs nymu ux peweHus.

Kntoueeole cn108a: /10KA1bHbIE 8bIYUCAUMESbHbIE CeMU a3POKOCMUYECKO20 Ha3HAYeHUS,
MexaHu3Mbl obecrevyeHus Ka4yecmea cepsuca, OUHaMU4ecKas pekoHguaypayus, SpaceFibre,
Ethernet

Ana yumuposaHusa: Cysoposa E. A., BuHozpados A. 10. ObecneyeHue OUHaMUYECKO20
pexoHpuzypuposaHus mocmoe SpaceFibreEthernet // MHHosayuoHHoe npubopocmpoeHue.
2022.T. 1, No 2. C. 71-80. DOI: 10.31799/2949-0693-2022-2-71-80.

Application of the weighted Round Robin
algorithm for multichannel transmission

Abstract. Multichannel data transmission methods are a way to increase bandwidth without
qualitatively changing the physical components of channels, by increasing the number of
channels. The article discusses one of the ways to improve existing methods by using weighted
Round Robin.

Keywords: multichannel transmission, communication networks, weighted Round Robin

For citation: Stepanov V. E. Application of the weighted Round Robin algorithm for multichannel
transmission. Innovacionnoe priborostroenie = Innovative Instrumentation. 2022;1(2):65-70. (In
Russ.). DOI: 10.31799/2949-0693-2022-2-65-70.

Ensuring dynamic reconfiguration of SpaceFibre-
Ethernet bridges

Abstract. During the operation of systems based on local area networks, their modes may
change. Accordingly, the flows (streams) of transmitted data also change. In this regard, the
network equipment used must support the possibility of dynamic reconfiguration —
reconfiguration performed without stopping the transmission of data streams. In this paper, we
consider how the possibility of dynamic reconfiguration of SpaceFibre-Ethernet bridges can be
provided. The problems arising in the process of dynamic reconfiguration are considered and
ways to solve them are proposed.

Keywords: aerospace local area networks, quality of service mechanisms, dynamic
reconfiguration, SpaceFibre, Ethernet

For citation: Suvorova E. A., Vinogradov A. Yu. Ensuring dynamic reconfiguration of SpaceFibre-
Ethernet bridges. Innovacionnoe priborostroenie = Innovative Instrumentation. 2022,;1(2):71-80.
(In Russ.). DOI: 10.31799/2949-0693-2022-2-71-80.
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IIpumeHeHue ceteii [leTpu A aHa/IM3a TaGIULL
pacnucaHusi KOMMYHUKALMOHHBIX NPOTOKOJIOB

AHHOmMayusa. Ha pabomy 60pmoebix 8bl4UcAUMEbHbIX cemeli HanpAMYIo 8ausem npasuabHoe
pacnpedesneHue KaHAbHbIX pecypcos. MexaHu3m naaHUupo8aHUA, peanusyemoili 8 pasauyHbIx
KOMMYHUKQUUOHHbIX IPOMOKO/1aX, N038074em ocywecmaniams 0aHHoe pacnpedesneHue npu
nomowu mabauy pacnucaHus. llpu npoekmuposaHuu bopmoseix cemeli Heobxo0umo
cocmasums KOppekmHyo mabauyy pacnucaHus. [1oamomy 8axcHeIMu 30004aMu ABAAOMCA
aHAU3 U MPOBEPKa KoppekmHocmu mabauy, pacnucaHus. B daHHo U cmamee npedcmasneH
Mo0x00 K aHanu3y u nposepke mabauly, pacnucaHus ¢ npuUMeHeHUemM mako2o UHCmpymeHma
uccnedoeaHua cucmem, Kak cemu Mempu.

Knrouessle cnosa: 6opmossle cemu, SpaceWire, KOMMYHUKAUUOHHbIe Mpomokossi, CTI-UCC,
cemo lempu, modenuposaHue

Ana yumuposarua: Yymakosa H. 0., OnenHes B. /1. [lpumeHeHue cemeli llempu 014 aHanu3a

mabauy pacnucaHus KOMMYHUKAUUOHHbIX TPOmMoKosos // MHHosayuoHHoe npubopocmpoeHue.

2022.T. 1, No 2. C. 81-90. DOI: 10.31799/2949-0693-2022-2-81-90.
MeTon onpeaesJIeHUuA NIpO4YHOCTHBIX
XdPAKTEPUCTHUK KOMINIO3UIIUOHHbBIX MATE€PUAIO0OB

AHHomayus. OnucaH memoo onpedesneHus nokasameneli MPoYHoCMU U yrpyaocmu
M0AUMEPHBIX KOMIO3UYUOHHBIX MAMEPUAs08 Ha OCHOBE MO/UYPEeMaHO8020 C8A3YIOU,e20 C
PA3AUYHBIMU MesIKOOUCTePCHbIMU HanoaHUMenamu. lpusedeHsl pesyaemamel npu
UCMbIMAHUAX HO CHamue.

Kntouesble cnoea: KOMIo3uyUOHHbIU mamepuas, noaumepHoe cesasyowiee, noauypemat,
yrnpyaocme rnoaumepos

Ana yumupoeaHus: CmenawkuHa A. C., l'ywuHa E. A. Memod onpedeneHus MPOYHOCMHbIX
XapaKmepucmuK KOMMo3uyuoHHbIX Mamepuasnos // UHHosayuoHHoe npubopocmpoeHue. 2022,
T. 1, No 2. C. 91-95. DOI: 10.31799/2949-0693-2022-2-91-95.

O npo6yieMax COBMECTHOI'0 OLleHUBAHUA
MapaMeTpoB IVIOTHOCTHU pacnpejeieHus
BEepPOATHOCTEN HOPMAJIbHOIO CIYy4alHOTO
npouecca

Application of Petri nets for the analysis of
schedule tables of communication protocols

Abstract. The correct distribution of channel resources directly affects the operation of on-board
computer networks. The scheduling mechanism implemented in various communication
protocols allows this distribution to be carried out using scheduling tables. In the design of
onboard networks, it is extremely important to draw up a correct schedule table. Therefore, an
important task is the analysis and verification of the schedule tables. This article presents an
approach to the analysis and verification of schedule tables using such a system research tool as
Petri nets.

Keywords: on-board networks, SpaceWire, communication protocols, STP-ISS, Petri net,
modeling

For citation: Chumakova N. Yu., Olenev V. L. Application of Petri nets for the analysis of schedule
tables of communication protocols. Innovacionnoe priborostroenie = Innovative Instrumentation.
2022;1(2):81-90. (In Russ.). DOI: 10.31799/2949-0693-2022-2-81-90.

Method for determining the strength
characteristics of composite materials

Abstract. The paper describes a method for determining the strength and elasticity of polymer
composite materials based on a polyurethane binder with various fine fillers. The results of tests
during compression tests are given.

Keywords: composite material, polymeric binder, polyurethane, elasticity of polymers

For citation: Stepashkina A. S., Gushchina E. A. Method for determining the strength
characteristics of composite materials. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2022;1(2):91-95. (In Russ.). DOI: 10.31799/2949-0693-2022-2-91-95.

On the problems of joint estimation of probability
density distribution parameters of a gaussian
process
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AHHOMayusA. Paccmampusaemcs 803MOXHOCMb MOAYYeHUA HEKOPPENUPOBAHHbBIX COBMECMHbIX
OUEHOK apamempos HOPMAsbHO20 C/y4YaliHo20 Mpoyecca MemodomM MAKCUMAT6HO20
npasdonodobus Ha 0CHoB8e KOMAEKCHOU Modesnu 8bIWeonucaHHo20 cueHana. Mpusodamca
noayYeHHbie a8Mopamu paHee pesyanbmamel 07157 08yX Nap 83AUMHO HEKOPPENUPOBAHHbIX
OUEHOK, NpednpuHUMaemcs nonsbimKa pacnpocmMpaHeHus Moay4yeHHsIX pe3ysn6mamos Ha ece
Mmpu 0CHOBHbLIX NAPAMEMPA AHAAUMUYECKO20 cuzHana, desaemcs 8bi800 0 gu3uyecKoli
Hepeasu3yemocmu nosyyeHHoli cucmembl HEKOPPEeaUPOBAHHbIX OUEHOK.

Kntoueasle cnosa: cosmecmHoe oyeHU8aHue Napamempos, HeKoOpPenupPoBaHHble OUeHKU,
HopmanbHeIl cayqaliHell npoyecc

Ana yumupoearusa: AHoOuHa-AHOpuesckas E. M., BuHoepadosa E. . O npobaemax
CO08MecmHOo20 oUeHUBAHUA Napamempos naomHocmu pacrnpeodesneHus sepoamHocmeti
HOpMasbHO20 cnyvaliHo2o npouyecca // MHHosayuoHHoe npubopocmpoerue. 2022. T. 1, No 2. C.
96-101. DOI: 10.31799/2949-0693-2022-2-96-101.

dyHKIMOHA/IbHAsA COBMECTUMOCTb KOMILJIEKCa
aBUAIMOHHO-TEXHUYECKHUX CPECTB M CUCTEM
KOpaoJisl C BepTOoJIeTaMU Pa3/IMYHOr0 Ha3HAYEeHM

AHHOmayus. Haau4ue aguayuoHHO20 800PYHEHUA HA Kopabne npudaem emy psao
3HAYUMeENbHbIX HOBbLIX KaYyecma. ABUayUOHHOe 800pYyXHeHue amux Kopabneli npedHa3Ha4YeHo
071 peweHuUs cnedyrowux munossix 3a0a4: yyacmue 8 6auxHeM 8030YWHOM
npomugos10004YHOM OXPAaHeHUU; HaHeceHue yoapos o Kopabaam u Kamepam npomusHUKa;
ydacmue 8 yHUYMoXeHuUU 06beKkmoes UH@PPacmpyKkmypel cucmemol 6a3UpPOBAHUA B0EHHO-
MOPCKUX CUS U Opyaux 8aXHbIX HA3eMHbIX 065eKMo8 U MOPCKUX COOPYHceHUU, yyuacmue 8
decaHmHbIX 0Mepayusax; MOUCK U cnaceHue skunaxceli semamesbHbIX annapamos, mepnaujux
b6edcmeue. [MpakmuyecKu HU 00UH Kopabb cospemeHHOU nocmpoliKu He auweH 8 moli uau
UHoU mepe asuayuUOHHO20 8oopyHeHus. Ecau pecypcel sodousmeuwjeHusa Kopabaa cmosb Masbl,
4Ymo He moz2ym obecrne4ums 6a3UpPOBAHUE MUAOMUPYEMbIX 8EPMOEMHbIX KOMI/EKCO8,
npumeHaomca pobomomexHu4eckue cpedcmea OUCMAHYUOHHO MUA0OMUpPyeMbIX
s1emamesbHbIX anNnapamos.

Maamoli 30 803MOXHOCMb UMEMb ABUAUUOHHOE BOOPYXHEHUE AsaAemca mompebHOCMb 8
pasmeuwjeHUU Ha Kopabe KOMIEKCa asuayUOHHO-MexXHUYEeCKUX cpedcms, obecrnequsaroujux
e20 boesoe npumeHeHue U 1o020Mo8Ky K Hemy, d makxie onpedeneHHo20 Habopa
mamepuasnbHeix cpedcmas. QYHKYUOHAIbHAA COBMECMUMOCMb 08UAYUUOHHO-MEXHUYECKUX
cpedcme Kopabnsa c sepmosemamu Pasnu4HO20 Yenesoao Ha3HAYeHUs Asaaemcs npedmemom
Haweao paccMompeHus.

Abstract. The paper considers the possibility of obtaining uncorrelated joint estimates of the
parameters of a gaussian process by the maximum likelihood method based on a complex model
of the signal. The results obtained by the authors earlier for two pairs of mutually uncorrelated
estimates are presented, an attempt is made to extend the results obtained to all three main
parameters of the analytical signal, and a conclusion is made about the physical impossibility of
the obtained system of uncorrelated estimates.

Keywords: joint parameter estimation, uncorrelated estimates, gaussian process

For citation: Anodina-Andrievskaya E. M., Vinogradova E. P. On the problems of joint estimation
of probability density distribution parameters of a gaussian process. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2022;1(2):96—101. (In Russ.). DOI: 10.31799/2949-
0693-2022-2-96-101.

Functional compatibility of the complex of aviation
technical means and ship systems with helicopters
for various purposes

Abstract. The presence of aviation weapons on the ship gives it a number of significant new
qualities. The aircraft armament of these ships is designed to solve the following typical tasks:
participation in close air anti-submarine escort; strikes against enemy ships and boats;
participation in the destruction of infrastructure facilities of the naval base system and other
important land facilities and offshore structures; participation in landing operations; search and
rescue of aircraft crews in distress. Almost no ship of modern construction is deprived to some
extent of aviation weapons. If the displacement resources of the ship are so small that they
cannot provide the basing of manned helicopter systems, robotic means of remotely piloted
aircraft are used.

The payment for the opportunity to have aviation weapons is the need to place on the ship a
complex of aviation technical means, ensuring its combat use and training for it, as well as a
certain set of materiel. Functional compatibility of aircraft and technical means of the ship with
helicopters of various purposes is the subject of this review.

Keywords: aircraft carrier, ship’s helicopter, ship’s aviation equipment, flight deck, hangar,
transportation, displacement resources

For citation: Ovchinnikova N. A., Golosiy A. S. Functional compatibility of the complex of aviation
technical means and ship systems with helicopters for various purposes. Innovacionnoe
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Knioueeole cnosa: asuaHecywuli Kopabsb, sepmosem KopabenbHbil, a8UaUUOHHO-
mexHu4eckue cpedcmea Kopabs, nosemHas nasayba, aHaap, MPAHCIopPMUpPOBKad, pecypcol
sodousmelweHus

Ana yumupoearusa: OsyuHHUKo8a H. A., loaoculi A. C. ®yHKUUOHA6HASA COBMECMUMOCMb
KOMIAEeKca asuayuoHHO-mexHU4YecKuUx cpedcme u cucmem Kopabssa ¢ sepmosemamu
pa3UYHO20 Ha3HaveHus // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C. 102—-108.
DOI: 10.31799/2949-0693-2022-2-102-108.

Ynpas/jieHHe OpraHusanyei OHJIaiiH-00y4YeHus

AHHOMayus. B cospemeHHomM mupe 6oabwuHcMeo nodeli noayvyarom obpa3osaHue oHAAUH,
o06pemas npu 3mom coomseemcmaytowjue Oumnaomsl U cepmugukamel. Ha poiHke
06pazosamesbHbIX ycaye cywecmayem pAad UHPOPMAUUOHHbIX CUCMeM, NPedocmaesnatouux
M0/16308aMeNAM Kypcbl 10 06y4eHUIo CneyuanbHOCMAM UHPOPMAUUOHHbIX mexHoao2uli u
MPUHOCAUWUX HeMablli 00x00 caoum esaadenvyam. Laa omkpeimusa cobcmeeHHol opaaHu3ayuu
110 ynpasaeHuo UHGOPMayuoHHoU cucmemol Kypcos Heobxo0umo yemKoe npedcmassneHue
0pP2aHU3AYUOHHOU CmpyKmMypbl KOMIAaHUU u busHec-npoyeccos ee nodpasdeneHull. B daHHoU
cmamse NoOpobHO paccMompeHa op2aHU3ayusa yrnpasaeHus uHgpopmayuoHHol cucmemoli
06y4arOUUX KypCos.

Knioueeble cnoea: op2aHU3ayUOHHAA CMpyKmypa, 0uazpamma, busHec-npouecc, Kypcsl,
mexHos02uu, op2aHu3ayus, calim, 6a3a 0aHHbIX

Ana yumupoeaHus: ®edoceesa C. H., Maliopos E. E. YnpasneHue opeaHu3ayueli oHAalH-
06yyeHus // HHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C. 109-115. DOI:
10.31799/2949-0693-2022-2-109-115.

YnpaBsieHHe pUCKaMH IPOU3BOACTBEHHOTO
npeanpUATHA METOAAMHU CUCTEMHOM NUHXKEHEPUH

AHHOMayusA. Paccmampusaemcs nooxo0 K ynpassaeHuro pUcKamu Ha ocHose bepexcnusoli
yughposuzayuu u cucmemHo20 noo0xoda NPoYeccos ynpassaeHus pucKamu npou3eo0cmeeHHo20
npednpusamus. [IpoaHanu3uposaHsl HEAOCMAMKU cyujecmayrowux nooxo0os, oaromcs
peKomeHOayuU 1o pa3sUMUI0 cUCMeMbl YrpasneHUs puckamu npou3sodcmeeHHo20
npeonpusmus.

Knrouessle cnoea: pucku, cucmemHolli nodxod, cUCMeMHAA UHX¥eHepus, bepexcaueas
yugpposuzayus

priborostroenie = Innovative Instrumentation. 2022;1(2):102—-108. (In Russ.). DOI:
10.31799/2949-0693-2022-2-102-108.

Managing the organization of online training

Abstract. In the modern world, most people receive education online, while acquiring the
appropriate diplomas and certificates. In the market of educational services, there are a number
of information systems that provide users with courses in information technology specialties, and
bring not a small income to their owners. To open your own organization for managing the
information system of courses, you need a clear formulation of the organizational structure of
the company and the business processes of its divisions. This article provides a detailed
introduction to the organization of the management of the information system of training
courses.

Keywords: organizational structure, diagram, business process, courses, technologies,
organization, website, database

For citation: Fedoseeva S. N., Mayorov E. E. Managing the organization of online training.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2022;1(2):109-115. (In Russ.). DOI:
10.31799/2949-0693-2022-2-109-115.

Enterprise risk management by systems
engineering methods

Abstract. The article considers the approach to risk management on the basis of lean
digitalization and system approach of risk management processes of the production enterprise.
The disadvantages of existing approaches are considered, recommendations for the
development of the risk management system of the production enterprise are given.

Keywords: risks, systems approach, systems engineering, lean digitalization
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Pa3BuTHe 1MPppoBOil METPOJIOTUH — IYTh B HOBOE
Ka4eCTBO 3KOHOMHUKH

AHHOmayusa. Paccmampusaemcs 3apybexcHsili U omevyecmeeHHbIl onsim cmaHoeneHus
yugposoli Memposioz2uu Kak saxcHeliwe2o HanpasneHus 8 npouyecce yugposusayuu
3KOHOMUKU. lpedcmasneHbl MoOxo0bl K pazsumuto yugposoli memposozuu 8
op2aHuU3ayuoHHol, 3aKkoHodamesnbHoU, memooduyeckol u mexHudyeckoli cgpepax. Ocobbili
aKueHm coenaH Ha obecrevyeHuu Kayecmaa, obwedocmynHocmu u 6e30nacHocmu yugppossix
MemposoauyecKux ycaye 011 6usHeca u HaceneHus.

Kntoyeasle cnoea: yugposusayus 3KOHOMUKU, Uugposas Mmemponoaus, yugpposas
naamgopma, obaayHsle mexHosnozuu, Memposoau4eckas akademus

Ana yumupoearusa: Okpenunoes B. B. Pazsumue yugpposoli mMemposozuu — nyme e Hogoe
Kayecmeo 3KoOHOMUKU // MHHoeayuoHHoe npubopocmpoeHue. 2022. T. 1, No 1. C. 7-16.

PeBoJTO1MSI B METPOJIOTHH
KaK OTpakeHue nudppoBU3aLUU B
NpUGOPOCTPOEHUM

AHHOMayusa. PaccmompeHsi Hossle 3ada4u 8 obaacmu npubopocmpoeHus, ceA3aHHbIe C
SKCMOHEHUUAAbHBIM HapacmaHuem Koaudyecmea 0amyuKkos 8 okpyxaroueli cpede,
HacblweHHOU pasauvyHbIMU UHPOPMAUUOHHbLIMU U YNpasAfoWUMU CUCMeMAaMU, d MAKXe C
yugpposusayueli. Ocoboe sHUMAHUe yOeneHo bau3KoU nepcrekmuse WupoKo20 UCMoAb308aHUSA
CUMbHO20 UCKYCCMBEHHO020 UHMeseKma 8 mexHUYeCKUX KOMIMAeKcax pa3Hoobpa3Ho20
Ha3HayeHus. [TokazaHbl Ho8ble Memodbl U cpedcmea, Komopble nompebyromcs 014
Memposi02u4ecKko20o 0bCayHueaHua cpedcme u cucmem usmepeHuli, 8 mom yucsne
UCMO/b3YIOUUX UCKYCCMBEeHHbIl UHMesaekm, 8 mevyeHue Ux CPoKa cayubol. OmmeyeHa
Heobxo0uMocmb Ka4ecmeeHHO20 U3MeHeHUs mpebosaHuli K T0020moeKe creyuanucmos ¢
gbIcWUM 06pa308aHUEM, KOMOPLIM Mpedcmoum y4acmeoeams 8 paspabomeke u
Memposoau4eckom obecriedeHuU nepcrnekmusHbIX cpeocmea U cucmem.

The development of digital metrology
is the way to a new quality of the economy

Abstract. The article examines the foreign and domestic experience of the formation of digital
metrology as the most important direction in the process of digitalization of the economy.
Approaches to the development of digital metrology in organizational, legislative,
methodological and technical spheres are presented. Special emphasis is placed on ensuring the
quality, accessibility and safety of digital metrological services for business and the public.

Keywords: digitalization of the economy, digital metrology, digital platform, cloud technologies,
Metrological Academy

For citation: Okrepilov V. V. The development of digital metrology is the way to a new quality of
the economy. Innovacionnoe priborostroenie = Innovative Instrumentation. 2022;1(1):7-16. (In
Russ.).

The metrology revolution
as areflection of digitalisation in instrumentation

Abstract. New challenges in the field of instrumentation related to the exponential growth of the
sensor number in an environment saturated with various information and control systems, as
well as to digitalisation, are considered. Particular attention is paid to the near-term prospect
concerning the widespread application of strong artificial intelligence in various technical
complexes. New methods and means required for metrological maintenance of measuring
instruments and systems during their service life, including those using artificial intelligence, are
shown. The necessity of qualitative changes in the requirements for training specialists with
higher education, who will take part in the development and metrological assurance of
prospective instruments and systems, has been noted.

Keywords: metrology, digitilisation, metrological self-check, digital twins, virtual tests, expert
assessments, measurements of multidimensional quantities

For citation: Pronin A. N., Sapozhnikova K. V., Taymanov R. E. The metrology revolution as a
reflection of digitalisation in instrumentation. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2022;1(1):17-26. (In Russ.).
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Knrouyesole cno0ea: Memponozus, Uugdposusayus, Memposo2udeckuli CAMoKOHMpOoe,
yugpossle 080LUHUKU, BUPMYAsbHbIE UCMbIMAHUS, IKCePMHbIe OUeHKU, UdmepeHue
MHO20MapamempuYyecKux 8enuyuH

Ana yumupoearus: MNpoHuH A. H., CanoxcHukosa K. B., TalimaHos P. E. Pesostoyus
Memposioauu KaK ompaxceHue yugposusayuu 8 npubopocmpoeruu // UIHHO8ayuoHHoe
npubopocmpoerue. 2022. T. 1, No 1. C. 17-26.

HUCcKycCcTBEeHHbIN UHTEJ/LJIEKT KaK OJJUH U3
3J1IeMeHTOB uppoBoi TpaHcpopMaL v B
MeTpPOJIOTUH

AHHOmMayusa. PaccmompeHsi 80Mpockl Yugposu3ayuu 8 Memposoauu, d MAaKHe npumMeHeHUs
mexHos102ull UCKYycCCMBeHH020 UHMes1eKkmd, 8 YacmHocmu HelipoHHbIx cemeli, 014
80CCMAHOB/EHUA (PYHKUUU UMEPEHUSA MPpU peweHuu memposoauyeckux 3aday. MpusedeH
npumep peweHua Npakmuyeckol 3a0a4u usmepeHus 0ebuma HeghmsaHbIX CKBAXCUH C MOMOUWbIO
cpedcmea uamepeHuli ¢ 31emeHmamu UCKYyCCmeeHHo20 UHmMesnnekma.

Knroueesle cnoea: yugposusayus, UCKYcCmeeHHbIl UHMesnekm, UCKycCmeeHHasA HelipoHHAA
cems, hyHKUUSA UamepeHuli, MHo20gha3HbIl pacxodomep

Ana yumupoearusa: KysuH A. 0., KpowkKuH A. H. UcKkyccmeeHHbIl uHmMennekm Kak oOuH u3
3nemeHmMo8 yugposoli mpaHcgopmayuu 8 Memponoauu // MHHoeayuoHHoe
npubopocmpoeHue. 2022. T. 1, No 1. C. 27-35.

uppoBast TpaHcopMmanysa MHGOPMALMOHHOM
COCTaBJISAIOLIE METPOJIOTUH

AHHOmayus. PaccmompeHa yugposas mpaHcghopmayusa uHgpopmayuoHHol cocmasnsroueli
obecneyeHus eduHcmea usmepeHul, ee meKyujee CocCmosHue U nepcrekmussl pa3gumus.
MpusedeHsl NpuopumMemMHele HaNPAsAeHUsA PassuMuUsA UHGOPMAYUOHHOU cucmemsl,
npedHasHa4yeHHoU 015 co30aHUA U sedeHus DedepasnbHO20 UHPOPMAYUOHHO20 ¢hoHOa Mo
obecrie4eHuto eduHcmea usmepeHud.

Knroueeole cnoea: yugpposusayus, @edepansbHeili UHPOPMAYUOHHbIG hoHO no obecnevyeHuo
eduHcmaea usmepeHuli, UHPOPMAYUOHHAA COCMAsAAWas

Artificial intelligence as one of the elements of
digital transformation in metrology

Abstract. The aspects of digitalization in metrology is considered, as well as the use of artificial
intelligence technologies, in particular neural networks, to restore the measurement function
when solving metrological tasks. An example of solving a practical problem of measuring the
flow rate of oil wells by means of measuring instrument with elements of artificial intelligence is
given.

Keywords: digitalization, artificial intelligence, artificial neural network, measurement function,
multiphase flowmeter

For citation: Kuzin A. Yu., Kroshkin A. N. Artificial intelligence as one of the elements of digital
transformation in metrology. Innovacionnoe priborostroenie = Innovative Instrumentation.
2022;1(1):27-35. (In Russ.).

Digital transformation of the information
component of metrology

Abstract. The article deals with the digital transformation of the information component of
measurement assurance, its current state and development perspectives. The priority directions
of development of information system intended for creation and maintaining the Federal
information fund on assuring the uniformity of measurements are given.

Keywords: digitalization, Federal Information Fund on Uniformity of Measurements, information
component

For citation: Denisenko S. A., Kuzin A. Yu., Krasavin I. V., Frolova Ju. L. Digital transformation of
the information component of metrology. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2022;1(1):36—43. (In Russ.).
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Ana yumupoearus: fleHuceHko C. A., Ky3uH A. 10., KpacasuH U. B., ®ponoea 10. /1. ugpposasa
mpaHchopmayua UHPopMayuoHHol cocmasnsoweli memponoauu // MIHHo8ayUOHHOe
npubopocmpoeHue. 2022. T. 1, No 1. C. 36—43.

BepexxiuBasa uuppoBU3anya OPraHu3auOHHbIX
CHCTEM

AHHOmMayus. lpedcmasneH codepxicamensHoili 8327790 HA cMbica080U Opelich napaduamsi
mexHos102u4ecKoli op2aHU3aUUU (PYHKUUOHUPOBAHUSA MPOoU380OCMBEHHbIX cUCmem om
mexaHucmuyYeckol UHOycmpuanu3ayuu K yugposoli mpaHcgopmayuu u MHOycmpuu 4.0.
CehopmuposaH opuuHanbHeIl pakypc ucnosb3oeaHusa bepexausoli udeosnozuu 01
pa3eepmobi8AHUA MPOYECCo8 Yugpposol mpaHchopMayuu 0peaHU3aUUOHHbIX cucmem u
HCUBHEHHbIX YUK/08 CO30aHUA YeHHOCMU, ymoYHeHbl HeKomopble 0cobeHHoCmu 8ocnpuamus
YPOBHSA 3p€/0CMU OCHOBHbIX MPOUECCO8 U Mepbl UX 20MOBHOCMU K U3MeHEHUAM.
CehopmuposaHo onucaHue OKyMeHMapHO20 OCHOBAHUSA 071 OCyulecmeneHus hopmanusayuu
npouecca nepexoda Ha HOBYI MexXHOA02UYECKY0 KOHUenuut yugposoli mpaHcghopmayuu,
OMUCAHbI HOPMAMUBHO-MPABOBbIE OOKYMEHMbI, pe2iameHmupyroujue cooepicaHue
HayuoHaneHol npoepammel «L{ugpposasn skoHomuKa Pocculickoli @edepayuu». PaccmompeHoi
80r1pPOCbI KOPopamMueHol KoAAu3uu mexdy cmelikxoan0epamu om pasau4Hbix memoooso2uli
ynpasaeHus NPoYeccamu, co0epHamesnbHo OMuUCaHbl KOHGAUKMbI MPpUMeHeHUA
mpaduyuoHHo20 uHcmpymeHmapusa TQM (Total Quality Management — «eceobuee
ynpaeneHue kauecmaom») u LEAN (Lean production — «bepexciusoe npou3soocmeso») 8
0pP2AHU3AUYUOHHbIX cucmemax. YnpassneHue UsMeHeHUAMU KaK 8axHbll npoyecc
UHHOBAUUOHHO20 N08edeHUs 0paaHU3AUUOHHbIX CUCMEM Onupaemcs Ha pOPMasnu308aHHbIE
UHCMPYMEHMbl MEHEOXMEHMA PUCKOB, BKAKOYAA CmpameauvecKue pucku muapayuu
KaOpoeo2o nepcoHasna. 3amewieHue pymuHHbIX MPoyeccoe npedsaazaemsimu Yu@dpossimu
peweHUAMU MoXem npusecmu K ympame op2aHU3ayUOHHO20 3HAHUSA 8 peasu3yembix
npoyeccax, Ymo ompasumcs Ha yposHe 3pesaocmu npoyeccos, Mosbicum conpomussneHue
nepcoHana UsMmeHeHUAM U ygeauyum OenpeccusHoCmMb KOPMopamueHoU Kynemypsl.

lMpedcmasseHbl 803MOMCHbIE MOOX00bI K HUBEAUPOBAHUIO 8BHYMPEHHUX KOHGAUKMOEB 8
npoyeccax ynpasneHus UsMmeHeHUsMU 0p2aHU3aYUOHHbIX CUCMEM C MOMOWbIO UHCMPYMeHMo8
b6epexcnusoli yugposoli mpaHchopmayuu.

Knroueasvole cnosa: bepexusas yugpposu3ayus, op2aHU3AYUOHHbIE CUCMEeMb, HU3HEHHbIe
YUK/IbI, YPOBHU 3peaocmu, UHHO8AUUU, yripasneHue usmeHeHUaMU, bepexciusasn udeosnoaus,
HAUUOHAsbHbIE MPO2PAMMbI, YUpPOB8as MpaHcHopmMayus

Ana yumupoeaHus: Hasapesuy C. A., TywasuH B. A., ®ponosa E. A. bepexnusas
yugposu3ayUA 0P2aHU3AUUOHHBIX cucmem // MHHosayuoHHoe npubopocmpoerue. 2022. T. 1,
No 1. C. 44-53.

Lean digitalization of organizational systems

Abstract. The article presents a meaningful look at the semantic drift of the paradigm of the
technological organization of the functioning of production systems from mechanistic
industrialization to digital transformation and Industry 4.0. An original perspective on the use of
lean ideology for deploying the processes of digital transformation of organizational systems and
life cycles of value creation is presented, some features of the perception of the level of maturity
of the main processes and the measure of their readiness for change are clarified. A description
of the documentary basis for the implementation of the formalization of the process of transition
to a new technological concept of digital transformation has been formed, and legal documents
regulating the content of the National program «Digital Economy of the Russian Federation»
have been described. The issues of corporate conflict between stakeholders from various process
management methodologies are considered, the conflicts of using traditional TQM (Total Quality
Management) and LEAN (Lean production — «lean production») tools in organizational systems
are described in detail. Change management as an important process of innovative behavior of
organizational systems relies on formalized risk management tools, including the strategic risks
of personnel migration. Replacing routine processes with proposed digital solutions can lead to a
loss of organizational knowledge in the processes being implemented, which will affect the level
of process maturity, increase staff resistance to change and increase the depressiveness of the
corporate culture. Possible approaches to leveling internal conflicts in the processes of managing
changes in organizational systems using the tools of lean digital transformation are presented.

Keywords: lean digitalization, organizational systems, life cycles, maturity levels, innovation,
change management, lean ideology, national programs, digital transformation
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HUccnegoBaHre METPOJIOTUYECKHUX XapaKTEPUCTUK
MHHOBALMOHHOTIO yJIbTPAa3BYKOBOI'0 IJIOTHOMePA
ra3za Turbo Flow UDM

AHHOmayus. PaccmompeHa npobaema uamepeHuUsa pacxo0a 2a3a Ha y3nax yvema cpedHeli u
masoli npouzsodumesnoHOCMU, G UMEHHO: U3-30 OUHAMUYECKU MEHAWe20CA KOMIOHEHMHO20
cocmasa 2a3a, scaedcmeaue CMewusaHUA 203d U3 pa3/1UYHbIX MECMOPOXOeHull, B03HUKaem
Hecoomeemcmaue nepuoou4ecKU 8HOCUMOR20 8 8bI4UCAUMESb PACXO0OMEPA KOMMOHEHMHO20
cocmasa u pedasnbHO20 cocmasa 2a3a 8 mpybonposode. Co2nacHO NOCAeOHUM MEXHUYECKUM
mpebo8aHUAM, Y3716l y4ema 2a3a 00H#CHbI 8bIMOAHAMb PYHKUUU A8MOMAMUYECKO20
onpedesieHuUs KOMIMOHEeHMHO20 COCMasa 2a3a U MA0MHOCMU 2a3d Npu CMAaHOapmMHbIx
yca08usAx. Imo npueodum K 3Ha4umesabHOMy yOOPOHAHUI CMpPoUMensCcmed HoebixX U
PEKOHCMPYKUUU cyujecmasyouux y3a108 yyuema. B cmamee onucaHol ModuguKkayuu
pa3pabomaHHO20 UHHOBAUUOHHO020 UaMmepumess naomHocmu 2a3a Turbo Flow UDM, a makxce
aKycmuyecKuli MemooO usmepeHus Nao0mHocmu, rMosnoxeHHsll 8 e2o ocHosy. B ocHose nexcum
usmepeHue CKoOpoCcmu 38yKa ynbmpa3eyKossiM npeobpazosamesnem pacxooa 2a3a u ee
nepecyem npu U3BecmMHbsIX memnepamype u 0aeaeHUU 8 3HaYeHUe NAo0mHoCcMu 2a3a 8
308UCUMOCMU OM KOHUEHMPAyuu KOMNOHeEHMo8 2a3080li cmecu. B pe3ynbmame nposedeHus
meopemuy4ecKux U 3KCriepumeHmasbHeix Ucc1e008aHUll paccyumaHsl nozpewHocmu,
8HOCUMbIE 8 pe3ysbmam U3MepeHUA NA0MHOCMU 2030 OM 8AUAIOUUX BXOOHbIX 8eUYUH —
memrepamypel, 0assneHUA U CKOPOCMU 38YKa 8 2a3e.

SKcrnepumeHmManbHLIM ymem ycmaHo8seHbl Mo2pewHoCcmu onpeodeneHus KOMIOHeHMHo20
cocmaesa npupooHO20 2a3d € MOMOUbIO Pa3pabomaHHO20 AKYyCMuYecko2o Memood,
peanu308aHHO20 8 uccaedyemMom MNAOMHOMEPE 8 YCa08UAX MOOKOHMPOAbHOU SKCNAyamayuu
Ha y3ne yyema 2a3a. OmMHocumMesnbHAA nozpewHocmeo ornpedesneHus 0CHOBHO20 KOMIOHEHMAd
MpuUpPoOHO20 2a3a — MEMAHQ, 8 CPABHEHUU C MOKA3AHUAMU XPOMAMO2pagpuvecko2o aHanu3a
npedsapumesibHO 0mobpaHHbIX Mpob 2a3a, — cocmasnsem He bonee 0,26 % 3a spemeHHO U
nepuod 2 mecaya. [pu 3mom omHocumesnbHas NozpewHocms onpedesneHus NAo0MHOCMuU 2a3a,
npusedeHHAs K CMaHAAaPMHbIM yCaA08UAM 3d 3mom e nepuod, He npesviwaem 0,176 %.

Knroyeseole cnosa: CKOpOoCmeb 38yKa, niaomHocme 2asa, yﬂbmpaseyKosoﬁ naomHyomep,
npupode/ﬁ 2as, KOMMOHeHMHb!l cocmas, omHocumernbHaAA no2pewHocmeo

Ana yumupoearusa: Conomuyes P. U., Conomuyesa C. B. MiccnedosaHue memposno2u4ecKux
XapakmepucmuK UHHOBAUUOHHO20 Ybmpa3eyKoeozo rnaomHomepa 2a3a Turbo Flow UDM //
UHHOBaYuoHHOEe npubopocmpoeHue. 2022. T. 1, No 1. C. 54-64.

Metrological characteristics investigation of
innovative ultrasonic gas density meter Turbo
Flow UDM

Abstract. The gas flow measurement problem at metering stations of medium and low
productivity is considered, namely: due to the dynamically changing gas component
composition, due to the gas mixing from various fields, there is a discrepancy between the
component composition periodically entered into the flowmeter computer and the actual gas
composition in the pipeline. According to the latest technical requirements, gas metering units
must perform the functions of automatically determining the gas composition and gas density
under standard conditions. This leads to a significant increase in the cost of building new and
reconstructing existing metering stations. The article describes the modifications of the
developed innovative gas density meter Turbo Flow UDM, as well as the acoustic method of
density measurement, which is its basis. It is based on the measurement of the sound speed with
an ultrasonic gas flow transducer and its conversion at known temperature and pressure into the
value of the gas density depending on the gas mixture components concentration. As a result of
theoretical and experimental studies, the errors introduced into the result of measuring the gas
density from the influencing input quantities — temperature, pressure and sound velocity in the
gas —are calculated. The errors in determining the component composition of natural gas were
experimentally established using the developed acoustic method implemented in the density
meter under study under controlled operation conditions at the gas metering unit. The relative
error in determining the main component of natural gas — methane, in comparison with the
readings of the chromatographic analysis of pre-selected gas samples — is no more than 0.26 %
over a time period of 2 months. In this case, the relative error in determining the gas density,
reduced to standard conditions for the same period, does not exceed 0.176 %.

Keywords: sound speed, gas density, ultrasonic density meter, natural gas, component
composition, relative error
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KoHuenmus MopcKoii ropu3oHTa/IbHOH MOCaaKH
KPBbLIBEBOI'0 KOCMHUY€CKOTI0 anmnapara nyTeMm
CTBIKOBKH C 9KPaHOIJIAHOM

AHHOmMayusa. MocydapcmeeHHsle pacxoobl HA pa3eumue KOCMOHA8MUKU COCMABAAM
3HA4YUMesnbHY Yacme 6H0OHEeMa MHO2UX CMPAH, 8 MOM HYUC/Ie HECKObKUX Pa38UBAIOWUXCA.
3HauyumesnovHoe CHUXeHuUe yoenbHol cmouMocmu KOCMUYECKUX 3aMycKoe, 6e3ycnoeHo,
[engemcs 00HoU u3 saxcHeliuwux 304004 KOCMOHABMUKU. ICHO, Ymo 3¢hheKmu8HbIM criocobom
CHUXY(EeHUS CMOoUMOCMU 3arycKos U nocadok Aeasemcs obecneyeHue cyujecmeeHHo U
MHO020pa3080CMU UCIO0/b308AHUA 8CeX cmyrneHel U 31eMeHmMo8 KOCMUYecKol mexHUKU.
Mpuyem cmpemumoCcs HYHHO He K MUHUMAAbHOMY 080UIHOMY UCMO0/16308AHUIO, A K
decamuxkpamuomy u bonewemy. B Hacmoaweli nybaukayuu, umetoweli omyacmu 0630pHslii
Xapakmep, aHaau3upyemca u yenybasemca KOHUenyus UHmez2pupo8aHHol mpaHcnopmHol
cucmembl, 8kAoYaroweli 8 cebs 8030ywHo-Kocmuyeckuli camonem (BKC) u akpaHonaaH,
ucnosnb3yemolli KAK pa32oHWUK MpuU 3anycKe, U No08UMCHYHO MOCAO04HYIO naamgopmy npu
nocaoke. locadka 3aknouaemcs 8 cmelkoske BKC u 3KpaHOMNAAHA HA 3aKAI0YUMENbHOM amarne
CHUXEHUA U 8blpasHUBaHuA ckopocmeli. KonecHoe waccu He mpebyemca HU npu e3seme, HU
fpu nocadke, 4mo n0360s49em o8bICUMb M0/1e3HYH Ha2py3Ky.

Knrouesole cnosa: cmoumocms KOCMUYECKUX 3anycKos, MHO20pPA3080CMb, UHMe2puUpoB8aHHAA
mpaHcrnopmHasa cucmema, 8030yWHO-KOCMU'4€CKU(7 camosnem, 3KpPAaHonaAdH, CMblKOBKa dByX
Kpblabessbix annapamos

Ana yumupoeaHusa: Heboinos A. B., Hebbinoes B. A., lNaHpepos A. U. KoHuenyusa mopckoli
20pU30HMANLHOU NOCAOKU KPblbeso20 KOCMUYECKO20 annapama nymem CmblKOBKU €
3KpaHonaaHom // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 1. C. 65-81.

IMoaaepKKa NPUHATHSA PeLlIeHH I M0 MOCTPOEHUI0
CHUCTEM 3KCIUIyaTallU4d aBUATEXHUKHU Ha Ga3e
UHTEePAKTUBHBIX 3JIEKTPOHHBIX TEXHUYECKUX
PYKOBO/JCTB 1 METOA0B KOMIIbIOTEPHOTO

MO/ eJTUPOBAHUA

AHHOMAyusA. IhhekmusHOCMb NPUMeHeHUSs, Pa38epmbl8aHUSA, MOCMPOEHUS cucmem
3KCAyamayuu asuayuoHHol mexHuku (CIAT) 8 3HauumensHol cmeneHu 3agucum om
KomMnemeHmHOCMU U ceoespeMeHHOCMU peweHuli, MPUHUMaeMblX MeXHUYEeCKUM MepCcoHasnom
603 Ha3eMH020 06CYHUBAHUA. IMeHHO M03MoMy 8 ucmopudeckoli pempocnekmuse

The concept of winged space vehicle marine
horizontal landing by docking with ekranoplane

Abstract. Government spending on the development of astronautics makes up a significant part
of the budget of many countries, including several developing ones. A significant reduction in the
unit cost of space launches is certainly one of the most important tasks of astronautics. It is clear
that an effective way to reduce the cost of launches and landings is to ensure a significant
reusability of all stages and elements of space technology. Moreover, you need to strive not for
the minimum double use, but for tenfold and more. This publication, which is somewhat of an
overview, analyzes and deepens the concept of an integrated transport system, including an
aerospace plane (ASP) and an ekranoplan (EK), used as an accelerator during launch, and a
mobile landing platform during landing. The landing consists in the docking of the ASP and EK at
the final stage of descent and equalization of speeds. No wheeled undercarriage is required for
either takeoff or landing, allowing for higher payloads.

Keywords: space launch cost, reusability, integrated transport system, aerospace plane,
ekranoplane, docking of two winged vehicles

For citation: Nebylov A. V., Nebylov V. A., Panferov A. I. The concept of winged space vehicle
marine horizontal landing by docking with ekranoplane. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2022;1(1):65-81. (In Russ.).

Decision support for building systems of aircraft
operation based on interactive electronic technical
manuals and computer modeling methods

Abstract. The efficiency of application, deployment, and construction of aircraft equipment
operation systems (AEOS) largely depends on the competence and timeliness of decisions made
by the technical personnel of ground maintenance bases. That is why, in a historical
retrospective, the development of appropriate complexes, ground handling facilities was
accompanied by the development of adequate decision support tools for their application, for
optimal (rational) construction of aircraft maintenance systems on the basis of such facilities.
This article analyzes the experience of improving such tools, presents the role of interactive
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passumue coomeemcmaeyouux KOMIAEKCo8, CPedcme Ha3eMHOo20 06CAYHUBAHUA
conpoeox0anoce pazpabomkoli a0eK8aMHO20 UHCMpPYMeHMapus Nod0epHcKu MPUHAMuUS
peweHuli Mo ux NpuMeHeHUr, ONMUMAA6HOMY (PAUUOHAABHOMY) MOCMPOEHUo cucmem
SKCMAYamayuu asuamexHUKU Ha 6aze makux cpedcms. AHA/U3y 0Mbima Co8epUIeHCMBOB8AHUS
MaKo2o UHCMpymMeHmapus, NpedcmasneHuto posu UHMepaKmuUBHbLIX 31eKMPOHHbIX
MmexHUYecKux pykoeoodcmas, Memodoe KOMbomepHOo20 MoOenupos8aHuUs 8 COBPEMEHHOM
npoyecce 060CcHOBAHUA peweHUl Mo MOCMPOEHUIO YKA3AHHbIX cucmem U onpedeneHuto nymel
paszeumus memoodoe KOMMblomepHO20 MOOeaupPoB8aHusa 8 uHmepecax CIAT noceaweHa OaHHAS
cmames.

Knroueewle cnoea: cucmemsi 3KCAyamayuu aeuayuoHHo U mexHUKU, UHMepaKmueHblie
3/1eKMpPOHHbIE MeXHUYECKUEe pyKosooOCmad, NocmpoeHue cucmembi, T0O0epHKa NPUHAMUSA
peweHuli, KomrnsromepHoe ModenuposaHue, UMUMAayUoOHHOe MOOenuposaHue

Ana yumupoearus: VieakuH A. A., ®ponoea E. A. [oddepxcKa npuHAmMuUA peweHuli no
1OCMPOEeHUI0 cUCMeM 3KCAYamayuu aeuamexHUKU Ha 6a3e UHMepaKkmueHsIX 31eKMpPOHHbIX
MmexHUYecKux pyKkogoocme u Mmemooo8 KOMbiomepHo20 modenuposarus // UHHo8ayuoHHoe
npubopocmpoeHue. 2022. T. 1, No 1. C. 82—-89.

electronic technical manuals, computer modeling methods in the modern process of justifying
decisions on the construction of these systems and identifies ways of developing computer
modeling methods in the interests of AEOS.

Keywords: aircraft operation systems, interactive electronic technical manuals, system
construction, decision support, computer modeling, simulation modeling

For citation: Ivakin Y. A., Frolova E. A. Decision support for building systems of aircraft
equipment operation on the basis of interactive electronic technical manuals and computer
modeling methods. Innovacionnoe priborostroenie = Innovative Instrumentation. 2022;1(1):82—
89. (In Russ.).
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