AHHOTaLMM Hay4YHbIX CTaTel U KAloYeBble CNoBa ANA BCeX HayuHbIX cTaTei n 0630pos,
onyb6AMKOBaHHbIX peLeH3upyemMbiM HaydyHbiM U3gaHuem 3a nocaeaHue Asa roga
Tom 3, No 5 ¢ 2024 / Vol. 3, no. 5¢ 2024

MeToAUKA MPOTrHO3UPOBAaHUS MOTPEGUTEIbCKOM
I€HHOCTH HHHOBALUHU

AHHOMayusA. OnpedeneHa 00CMAMOYHAA KpumepuansHaa 6a3a 0419 oueHKu
nompebumesnbCKUX U MexHUYeCKUX XapakmepucmuKyeHHOCMHoU UHHOB8AUUU, MPUCBOeHbI
8ecosble KoaghghuyueHmMbl SKCepmMHbIM Memooom, paspabomaHa memoouKka ppoHMUpPo-
8aHUA UeHHOCMHbIX UHHOBAYUU U npedcmasaeHa Keaaumempu4ecKas WKana o1
UHMepnpemMayuu nosy4YeHHsIX pe3ysbmamos.

Knwouesble cnoea: uHHosayuu, mpeHObl, opMuposaHUe mpeHO08, nameHMHbIl aHAAUS3,
YeHHOCMHble UHHO8AYUU

Ana yumupoeanus: LLykuHa []. C. MemoOduka npozHo3uposaHus nompebumesnscKol yeHHocmu
UHHosauyuu // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 5-9. DOI:
10.31799/2949-0693-2024-5-5-9.

CuMy/IIMOHHOE MOJAe/JIUMPOBaHMeE yIIpaBJIeHUs
eMKOCThI0 Oydepa Kak K/J114eBor GaKkTop
ONTUMHU3ALUU IPOU3BOAUTE/TbHOCTH
PO6GOTU3UPOBAHHOM JIMHUHU PO3/IMBA

AHHOmMayus. Viccnedyemcs enusHue ynpasaeHus eMmKocmeto bygepa Ha
npouseooumenbHOCMb POOOMU3UPOBAHHOU AUHUU PO3/1UBA C UCM01b308aHUEM Memoda
duckpemHozo cobbimuliHo2o modenuposaHus. Lleabro pabomesi sengemcs oueHKa
803MOXCHOCMeEU 0OMTMUMU3aYUU NPOU3800CMBEHHO20 NPOUEcca 3a cyem npasubHO20
ynpasneHus 6ygepom, Komopbili KOMIeHcUpyem nomepu, 8bI38AHHbLIE MPOCMOAMU
060pydosaHuA. B pamkax uccnedoeaHus NocmpoeHa cumyaayuoHHAA MoOesb, Komopas
110380/159€m oyeHUMb 8/USHUE PA3/AUYHbIX CUEHapuUes 8pemMeHU 80CCMAHOB/EeHUS Noce
3Ha4yumesibHbix cboes U UsMeHeHUs emKocmu bygepa Ha obwyo Mpou3soouMenbHOCMb
cucmemeol. lTposedeHHbIl aHAAU3 MOKA3as, YMOo yeenudeHUe emKocmu bygepa 0o
0NMUMAsnbHO20 3HAYEHUA M0380749em CyuecmeeHHO Mo8bICUMb 3hPeKmusHOCMb cucmems! U

Methodology for predicting the consumer value of
innovation

Abstract. The work defines a sufficient criterial base for assessing the consumer and
technical characteristics of a value-based innovation, assigns weighting coefficients using the
expert method, develops a methodology for fronting value-based innovations, and presents a
qualimetric scale for interpreting the results obtained.

Keywords: innovations, trends, trends formation, patent analysis, value innovations

For citation: Shchukina D. S. Methodology for predicting the consumer value of innovation.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(5):5-9. (In Russ.). DOI:
10.31799/2949-0693-2024-5-5-9.

Simulation modeling of buffer capacity
management as a key factor in optimizing the
performance of a robotic bottling line

Abstract. This paper investigates the impact of buffer capacity management on the performance
of a robotic bottling line using discreteevent simulation. The primary goal of the research is to
evaluate the optimization potential of the production process through effective buffer
management, which mitigates losses caused by equipment downtime. A simulation model was
developed to assess the influence of various recovery time scenarios after significant failures and
buffer capacity changes on the overall system performance. The analysis demonstrated that
increasing buffer capacity to an optimal level significantly improves system efficiency and reduces
the impact of downtime. The model was validated using real experimental data, confirming its
applicability for optimizing production line performance. This model enables the prediction of
system behavior and supports informed decision-making for enhancing system resilience and
efficiency.
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CHU3UM®b 8AUsAHUEe 8pemeHU rnpocmoes. Modesns bbiaa sepuguyuposaHa ¢ MOMOUWbIO PedsbHbIX

9IKCnepuUMeHmMasnbHuIX OOHHbIX, YmMo Modmeepouso ee NMPUMeHUMOCMb 018 ONMUMU3AyUU
pabomel npou3sodcmaeeHHbIX AUHUl. JaHHaa modesnb npedocmassisgem 803MOXHHOCMb
po2Ho3upo8aHUA NosedeHUa cucmemsl U MPUHAMUA 060CHOBAHHbIX peweHul Mo ynyvyweHuro
ee ycmoliyusocmu u npouzeooumesnbHOCMU.

Kntoueasle cnoea: cumynayuoHHoe ModenuposaHue, po6omu3upo8aHHAs AUHUSA PO3/UEd,
pezynuposaHue emkocmu 6yghepa, onmumu3ayus npouzsodumesnbHoCmu npou3eodcmaeHHol
AUHUU

Ana yumupoearus: Keac E. C., ConéHnili C. B., KyabmeHko B. 1. CumyasyuoHHoe
MoOenuposaHue ynpasaeHus eMmKocmeoto byghepa Kak Karouesol hakmop onmumusayuu
npouseodumesnbHoCMu pobomu3uposaHHol AuHUU po3ausa // MHHOB8AYUOHHOE
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 10-22. DOI: 10.31799/2949-0693-2024-5-10-22.

AI/ICCI/IHaTPlBHOCTb B OpraHM3allMOHHbIX CUCTEMAX:
INOKa3aTeJIM U l'lpOﬁJIeMbI HU3MEPECHUA

AHHOmayus. B Hacmoswee spems hopmuposaHue ycmoliyugsix 0p2aHU3ayUOHHbIX
cucmem — 3as102 0buwjeli KOHKypeHmocnocobHocmu. Paccmampuearomcs 80Mpocs|
usmMepeHUA NPU3HAKoe OUCCUNamueHOCMU op2aHU3ayUOHHbIX CUCMeM, Komopble
110380/1810M y8eauYUMb CMeneHb OMKPLIMOCMU CyUWecmsyoujux CmpyKkmyp ynpasneHus
npednpusmMuUAMU Tymem fMOHUMAHUSA MpupoObl U MeXaHU3MO8 YrpasaeHus usmeHeHUAMU,
HAx00ACb 00 8HYMPEHHUMU U 8HEWHUMU 8b61308aMU. TaKMe Ucciedytomcsa 803MOXHOCMU
HusenuposaHus npobem, C8A3AHHbIX C U3MepeHUeM MPU3HaKoe duccunamueHocmu

Knrouessle cnoea: cucmemsl, 0p2aHU3AYUOHHbIE CUCMEMbI, TPU3HAKU, I'IpO6/1€MbI,
usmepeHuA, BHeWHUe 8b1308bl

Ana yumupoeaHusa: Hazapesuy C. A. JuccunamusHocms 8 0p2aHU3AYUOHHbIX cucmemax:
rnokaszamesu u npobaems! usmepeHus // MHHosauyuoHHoe npubopocmpoeHue. 2024. T. 3, No 5,
C. 23-26. DOI: 10.31799/2949-0693-2024-5-23-26.

Keywords: simulation modeling, robotic bottling line, buffer capacity regulation, production line
performance optimization

For citation: Kvas E. S., Solyonyj S. V., Kuzmenko V. P. Simulation modeling of buffer capacity
management as a key factor inoptimizing the performance of a robotic bottling line. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(5):10-22. (In Russ.). DOI: 10.31799/2949-
0693-2024-5-10-22.

Dissipativity in organizational systems: indicators
and measurement problems

Abstract. Nowadays, the formation of sustainable organizational systems is the key to overall
competitiveness. The article deals with the issues of measuring the signs of dissipativity of
organizational systems, which allow to increase the degree of openness of existing management
structures of enterprises, by understanding the nature and mechanisms of change management,
being under internal and external challenges. As well as explores the possibilities of leveling the
problems associated with measuring the signs of dissipativity.

Keywords: dissipative systems, organizational systems, attributes, problems, measurements,
external challenges

For citation: Nazarevich S. A. Dissipativity in organizational systems: indicators and
measurement problems. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(5):23-26. (In Russ.). DOI: 10.31799/2949-0693-2024-5-23-26.
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JBpUCTUYECKHUE MOJe/IM B OPraHU3aLMOHHOM
JAU3aliHe AJis1 NPOEeKTUPOBaHUA GepeKJIUBOro
MPOMU3BOACTBA

AHHOmauyus. B cospemeHHbIX yc08usx 2a106aa6HOU KOHKYpeHyuu npednpuamusam
Heobxo0UMO CmMpPemMumMbCA K Mo8blIuEeHUI 3(heKmuUBHOCMU POoU3800CMBEHHbIX
npoyeccos. bepexcnusoe npoussodcmeo (Lean Production) cmaHosumcs 00HoU u3
KAtoYesbix KoHYyenyul, cnocobcmeayowux MUHUMU3AYUU 3ampam, yay4yuweHuro Kayecmea
MPOOYKYUU U COKPAUW,eHUK CPOKO8 rnpouzsoocmed. OOHUM U3 nepcrieKmugHbiX Nooxo008 K
IPOeKMupPoBaAHUIO U BHeOpeHUo bepexs1ugo20 npou3sodcmaa A6AAemMCcA UCons6308aHUe
3gpucmuyeckux mooesneli 8 op2aHU3aYUOHHOM Ou3aliHe. Paccmampusaromcs 0CHo8Hble
MPUHYUMbI 38pUCMUYECKO20 N0OX00d, €20 POsb 8 OP2AHU3AUUOHHOM Ou3aliHe u 8nusaHUE
Ha nocmpoeHue 3ghghekmusHbIx cucmem bepexca1uso2o npouszsoocmsa.

Knrouesble cnoea: sspucmuyeckue moodesu, op2aHu3ayuoHHbIl du3aliH,
bepexcsusoe npouszso0cmeo

Ana yumuposarus: NMawuHa E. A., Hazapesuuy C. A. Ispucmuyeckue moodenu 8
0p2aHU3aYUOHHOM Ou3aliHe 08 NPoeKkmuposaHusa bepexusozo npouzeodcmsa //
MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 27-30. DOI: 10.31799/2949-0693-2024-
5-27-30.

Heuristic models in organizational design for lean
manufacturing design

Abstract. In the current environment of global competition, enterprises need to strive to improve
the efficiency of production processes. Lean Production is becoming one of the key concepts that
contribute to minimizing costs, improving product quality and reducing production time. One of
the promising approaches to the design and implementation of Lean Production is the use of
heuristic models in organizational design. This article discusses the basic principles of the heuristic
approach, its role in organizational design and its impact on the construction of effective lean
manufacturing systems.

Keywords: heuristic models, organizational design, Lean Production
For citation: Pashina E. A., Nazarevich S. A. Heuristic models in organizational design for lean

manufacturing design. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(5):27-30. (In Russ.). DOI: 10.31799/2949-0693-2024-5-27-30.
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OTedyecTBEHHbIE POGOTHI-MAaHUNYJISATOPBI: aHAJIU3
rOTOBHOCTH NMPOU3BOACTBA M NNePCNEeKTHBBI
pa3BUTHUSA

AHHOMayus. Lleasto uccnedosaHus Aeaaemcs evissaeHue meHoeHyuli passumus
omeyvecmeeHH020 MPou38o0cmMea pobomos-MaHUMyaAmopos. PaccmompeHs! naaHs! Poccuu no
8XOHCOEHUIO 8 YUC/I0 25 CMPAH M0 YypOo8HIO naomHocmu pobomusayuu, nposedeHa oyeHKa amux
nnaHos. llpedcmasneH 0630p Haubosee ussecmHsbix npouszsodumerneli omeyecmeeHHbIX
pob0oMo8-MaHuUNyaMopos, oueHeHbl 803MOMCHOCMU 3Mux npednpuamuli noddepiusameo
ysenuveHue 0b6vemos npouzsoocmaa, 8vioeseHsl audepsl, cocobHele obecrneyume
dopozocmosaujue paspabomku U pacnona2arouue 3Ha4umMenbHsIMU NPoU3800CcM8eeHHbIMU
MOWHOCMAMU.

Kntoueasble cnoea: pobom-maHurnyaamop, npouzeodcmeo pobomos, omevyecmaeHHoe
npou3eodcmeo, umnopmo3sameweHue, po6omMomexHuUKd, KonnabopamueHsie po6omel

Ana yumupoeaHus: Cepzees 1. A., ConéHeili C. B. OmevyecmeeHHble pobomel-MaHUnyAamMopel:
aHAAU3 20MOBHOCMU MPOU3800CMEA U nepcrekmussl pa3sumus // MHHosayuoHHoe
npubopocmpoerue. 2024. T. 3, Ne 5. C. 31-36. DOI: 10.31799/2949-0693-2024-5-31-36.

BeKTopbl HMIIOPTO3aMelleHs KaK PaKTOPhI
TE€XHOJIOTUYECKOH 3pesIocTu

AHHomayus. TexHono02u4YecKas 3penocmes obycnosneHa ymeHuem adanmuposamecs K meKywum
COBPEMEHHbIM CIOHHBIM IKOHOMUYECKUM YC08UAM HO (hOHE MexXHO02UYeCcKo20 8aKYyMa.
Mpoyecc umnopmo3sameuwjeHus KpaliHe 60a1e3HEHHO OWYyu,aemcsa 8 cghepe 8bICOKOMOYHO20
o0bopyodosaHusa 3a cvem 30CMAMOYHO PecypcoemMKo20 U 6016w o020 hUHAHCOB020 BEHYYPHO20
8/1UBAHUA CpedCcme C MPOAOH2UPOBAHHbLIM 3GPEKMOM, Komopeblli Moxem 0ame pe3yaemam
MOosIbKO CYCMA HECKO/bKO MeCcAyes IKCepuMeHmos, HanauusaHus pabomsl 0amyuKos,
paduo3neKmMpoHHbIX Npeobpazosamerneli. 3aK0HOAaMeNbHO MPOYECC UMMTOPMO3aMeleHUs 8
obaacmu Mmemposozuu celivac mosbKo YCA0HHAMCA U3-3a yeenuyeHus obvbema cmaHOapmos u
nocmaHosneHuli lMpasumenscmaa Pocculickoli ®edepayuu. Paccmampusaiomces nepcrekmussl
pacwupeHus hopmama umnopmo3amewjeHusl.

Knrouesbie cnoea: umnopmosameujeHue, Memposno2us, CmaHoapmu3ayus
Ansa yumupoeanus: EnugarHyes K. B. Bekmopbl uMnopmo3ameweHus KaxK ¢gakmopol

mexHosoau4eckoli 3penocmu // UHHoeayuoHHoe npubopocmpoerue. 2024. T. 3, Ne 5. C. 37-44.
DOI: 10.31799/2949-0693-2024-5-37-44.

Domestic robotic arms: analysis of production
readiness and development prospects

Abstract. The purpose of the study is to identify trends in the development of domestic production
of robotic arms. The article indicates the goals of Russia’s appearance in the 25 leader countries.
An overview of the most famous domestic manufacturers of robotics arms is presented. The
possibilities of these enterprises in production are shown. The leaders enterprises are highlighted
having ability to provide expensive research and development and have significant production
capacities.

Keywords: robotic arms, robot manufacturing, domestic production, import substitution, robotics,
collaborative robots

For citation: Sergeev P. A., Solyonyj S. V. Domestic robotic arms: analysis of production readiness
and development prospects. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(5):31-36. (In Russ.). DOI: 10.31799/2949-0693-2024-5-31-36.

Import substitution vectors as factors of
technological maturity

Abstract. Technological maturity is due to the ability to adapt to the current modern difficult
economic conditions in a technological vacuum. The process of import substitution is extremely
painful in the field of high-precision equipment due to a rather resource-intensive and large
financial venture infusion of funds with a prolonged effect, which can give a result only after
several months of experiments, setting up sensors, radio-electronic converters. Legislatively, the
process of import substitution in the field of metrology is only now increasing the volume of
standards and Government Regulations. The theses consider the prospects for expanding the
import substitution format.

Keywords: import substitution, metrology, standardization
For citation: Epifantsev K. V. Import substitution vectors as factors of technological maturity.

Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(5):37—44. (In Russ.). DOI:
10.31799/2949-0693-2024-5-37-44.
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WHHOBaLlMOHHOE pelIeHre B UCC/IeJOBAHUM
IIOBEPXHOCTHU CJI0KHOU reoMeTpu4ecKo ¢popmMsl
CKaHUPYKWILUM UHTepPepeHUOHHBIM LHIYIIOM

AHHOmauyus. PaccmompeH 80npoc usmepeHus MuKpopenbeda noeepxHocmu UHCMpYymMeHmos
CMOMamMos02U4eCcKo020 Ha3HAYEHUS CKaHUPYOWUM UHMepgpepeHUUOHHbIM wyrnom. Om
MUKpopenbega MnosepxHocmu noaupa 3a8Ucum Kayecmeo yposHA Icmemuku pecmaspayuli Ha
meepdbix mKaHax 3y6a, a UHMepgpepeHYUOHHbIU Uy no38oasem noay4umes moyHyro u
0ocmogepHyo UHGOPMAYUIo 0 2e0MempuYecKUX napamempax Heaaadkux nosepxHocmed,
noamomy paboma rnepcrnekmueHa u akmyasbHa. OnucaHsi 06pasybi 014 ucciedosaHul,
Komopele npedHa3HayYeHbl 0414 yOaneHuUs u3AUuwWKo8 KOMIo3UmHOo20 mamepuana u 06pabomxu
KOHMypa pecmaspayuoHHol nosepxHocmu. loay4yeHsl OaHHbIe 0 MUKpopesbege rnosepxHocmu
oaUpos, @ UMeHHO — pe3ysbmamel UsmepeHuli paccmMosHUsA 00 NO8EePXHOCMU MoAUPOs, d
makxce UHpopmayusa o pacnpedesneHuu KosghghuyueHma ompareHus om uccaedyemoix
nosepxHocmeli 8 monepeyHoOM HanpaesneHuu.

fn04esble €108a: Ko3ghpuyueHm ompaxceHus, Noaup, UHmepgepeHyuoHHbIU wyr, anepmypHoil
Y2011, KOHMPOAUPYeMas No8epxXHOCMb, A8MOK/IA8UPOBAHUE, OAUHA KozepeHmHocmu

Ana yumupoearusa: Matiopos E. E., }yneza U. A., Hosukos A. B. IHHOBAUUOHHOE peuleHue 8
uccnedo8aHUU No8epxXHOCMU CA0OXHOU 2eomempuvecKoli (hopmbl CKAHUPYOWUM
uHmMepgepeHyUoHHbIM Wynom // MHHosauuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 45-50.
DOI: 10.31799/2949-0693-2024-5-45-50.

[IpyMeHeHUE METOJ0B ONITUYECKOM CIEKTPOCKONMUHU
B 3aJla4ax UAeHTUPUKALHUH U KOHTPOJIS
MHUKPOILJIACTHKA

AHHomayus. OnucaHsl meopemudeckue memoos! orpedesneHus XUMUYECKUX XapaKmepucmuk
MUKPOMAACMUKQ € UCMOAb308AHUEM CIEKMPOCKONUU. PaccmompeHa mexHOo102UA 8bIA6AEHUS
crnekmpanbHol XapakmepucmuKu MUKPONAACMUKA € MpUMeHeHUeM Memodo8 UHpPAKPacHoU
crnekmpomMempuu ¢ gypbe-npeobpasosaHuem, pamMaHo8cKol cnekmpomempuu u Memooda
/103epHO-UHOYYUPOBAHHOU 3MUCCUOHHOU ciekKmpocKonuu.

Knroueeble cn0ea: sK0102Us, 302pA3HEHUE MUKPOM/AACMUKOM, OMUYECKds CIeKmMpPOCKomus,
MHO20KAHA/bHLIL ciekmpanbHbili onmuyeckul npubop, pPaAMaHOBCKASA CIeKMpomMmempus,
UHPPAKPACHAA ciekmpomMempus ¢ ¢hypoe-rpeobpazosaHuem, Memoo Aa3epHO-UHOYUUPOBAHHOU
3MUCCUOHHOU criekmpocKonuu

An innovative solution in the study of a complex
geometric surface with a scanning interference
probe

Abstract. The paper considers the issue of measuring the microrelief of the surface of dental
instruments with a scanning interference probe. The quality of the aesthetics of restorations on
hard tooth tissues depends on the microrelief of the surface of the polish, and the interference
probe allows you to obtain highly informative, accurate and reliable information about the
geometric parameters of non-smooth surfaces, therefore the work is promising and relevant. The
paper describes research samples that are designed to remove excess composite material and
process the contour of the restoration surface. Data on the microrelief of the surface of the
polishes were obtained, namely: the results of measurements of the distance to the surface of the
polishes, as well as information on the distribution of the reflection coefficient from the studied
surfaces in the transverse direction.

Keywords: reflection coefficient, polish, interference probe, aperture angle, controlled surface,
autoclaving, coherence length

For citation: Maiorov E. E., Zhulega I. A., Novikov A. V. An innovative solution in the study of a
complex geometric surface with a scanning interference probe. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2024;3(5):45-50. (In Russ.). DOI: 10.31799/2949-0693-2024-5-45-
50.

Application of optical spectroscopy methods in
problems of identification and control of
microplastics

Abstract. Theoretical methods for determining chemical characteristics of microplastics using
spectroscopy are described. The technology of revealing the spectral characteristic of microplastic
using Fourier-transform infrared spectrometry, Raman spectrometry and laser-induced emission
spectroscopy methods is described.

Keywords: ecology, microplastic pollution, optical spectroscopy, multichannel spectral optical
device, Raman spectrometry, Fourier transform infrared spectrometry, laser-induced emission
spectroscopy method

For citation: Kitaev V. V., Kazakov V. I. Application of optical spectroscopy methods in problems of
identification and control of microplastics. Innovacionnoe priborostroenie = Innovative
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Ana yumuposarusa: Kumaes B. B., Kazakos B. W. [pumeHeHUe memodoe onmu4eckoli
CMeKmpoCcKonuu 8 3a0a4Yax U0eHMU@UKayUU U KOHMPOAS MUKponaacmuka // MHHoeayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 51-58. DOI: 10.31799/2949-0693-

2024-5-51-58.

CpaBHUTE/JIbHbIH aHA/IN3 IPUMEHEeHM S
HelipoceTeBOro M HEYETKOTrO PeryJiATOPOB B
CUCTeMe aBTOMAaTU4YeCKOro ynpaB/eHuA
JieTaTeJbHOT0 anmnapara 1no yrjiy KpeHa

AHHomayus. OcywecmesieH CUHmMe3 cucmembl A8MOMamu4eckozo ynpasnaeHus (CAY) yenom
KpeHa semamesbHo20 annapama c npumeHeHuem Helipocemesgozo peaynsmopa NARMA L-2.
JlaHo KayecmeeHHoOe 3aKsYeHuUe 0 yenecoobpasHocmu npumeHeHUs OGHHO20 peayaamopad 8
uccnedyemoli CAY, a makxce nposedeH cpasHumMesbHbil aHAAU3 pa3pabomaHHo20
Helipocemegozo pe2ynamopa u HeyemkKko20 pe2ynamopa npumeHUmenbHo K 0aHHol CAY.
OcHosHoU noKkazamersb KA4ecmea cucmemel, UC0Mb308aHHLIU 8 X00e CPABHEHUS, — KOHEYHbIU
nepexodHsili npoyecc, xapakmepusyrowuli ycmotivusocms cucmemsi. Kpumeputii
0nNMUManbHOCMU repexo0HbIX MPOYECCOo8 8 PACCMAMPUBAEMOM CayYade — MUHUMYM 3HA4YeHUs
rnepepezyauposaHuUs u owubKu peaynuposaHus. ModesnuposaHue nposedeHo 8 cpede Matlab
Simulink.

Knrouyeeble cnoea: cpagHUMesbHbIl aHAAU3, CUCMeMa a8MOoMaMUYEeCcKo20 ynpaeneHus, memoosl
UCKyccmeeHH020 UHmMesnnekma, Helipocemegoli pe2ynamop, UCKyccmeeHHAas HelpoHHasA cems,
obyyeHue, nepexodHsili npoyecc

Ana yumuposaHus: NeaHos M. E., Esepckuli B. B. CpasHUmMenbHoIl aHAAU3 npumeHeHus
Helipocemegozo U HeyemKo20 pe2ysnamopos 8 cucmeme a8MOMAMUYECKO20 ynpasaeHUsa
siemamesbHO20 ANNapama o yany KpeHa // MHHoeayuoHHoe npubopocmpoeHue. 2024. T. 3,
Ne 5. C. 59-64. DOI: 10.31799/2949-0693-2024-5-59-64.

Ucnosib30BaHUEe KOMIIBIOTEPHOI'0 3peHUs AJI
BepuUKaLUU ABUKEHUS IKCTpyaepa 3D-
IpUHTEpa

AHHOMayus. UccnedosaHa 803MOXHOCMb UCMOMAb308AHUS KOMIMbrOmMepHOo20 3peHUA ons
8epupuKayuu 08UXEHUS SKcmpydepa. pa o ysemy ¢ MOMOWbIO U8eMmHo20 MapKepa u

8bIYUMAHUSA (hOHA HA OCHOBe onpedeneHus dsuxceHus. Bmopoli mooxo0 oKa3ascsa HeycrnewHbIM.
Mepebili Mo0xo00 okazasaca 0ocmamo4Ho moyHeim (RMSE=1,163). [loka3aHa 803MO¥HOCMb

Instrumentation. 2024;3(5):51-58. (In Russ.). DOI: 10.31799/2949-0693-2024-5-51-58.

Comparative analysis of using of neural network
and fuzzy logic controllers in the automatical
control system of an aircraft by roll angle

Abstract. The synthesis of the roll angle control system of the aircraft using the NARMA L-2 neural
network controller has been carried out in this article. The qualitative conclusion is given on using
this controller in this researching system, as well as a comparative analysis of the developed neuro
controller and fuzzy controller in relation to this system. The main indicator of the quality of
system used in the comparative analysis is the transient process characterizing the stability of the
system. The criterion for the optimality of transients in this case is the minimum value of overshoot
and control error rate. The simulation using Matlab Simulink was carried out.

Keywords: comparative analysis, automatic control system, artificial intelligence, neuro network
controller, artificial neuro network, training, transient process

For citation: Ivanov M. E., Ezerskiy V. V. Comparative analysis of using of neural network and fuzzy
logic controllers in the automatical control system of an aircraft by roll angle. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024;3(5):59—64. (In Russ.). DOI: 10.31799/2949-
0693-2024-5-59-64.

Using computer vision to verify the movement of a
3D printer extruder

Abstract. This problem explores the possibility of using computer vision to verify the movement of
an extruder. Approaches to finding the extruder by color using a color marker and by background
subtraction based on motion detection were tested. The second approach was not successful. The
first approach turned out to be quite accurate (RMSE=1.163). The study shows the possibility of
using computer vision to monitor the operation of open-design 3D printers.
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UCMob308AHUA KOMITbIOMEPHOR20 3peHus 048 KOHmMpPossa pabomel 3D-npuHmMepos omKpbimoli
KOHCMPpYyKyuU.

Kntoueaoble cnoea: demekyus 06bekmos, mpekuHa 06bekmos, KoMblomepHoe 3peHue

Ansa yumupoearus: Mpuzopees . B., babuuHeukuli C. I". icrnonb308aHUE KOMMbIOMeEPHO20
3peHus 011 sepugpukayuu dsuxceHus akcmpydepa 3D-npuHmepa // UHHOBAUUOHHOE
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 65-70. DOI: 10.31799/2949-0693-2024-5-65-70.

JlaT4vK Ha OCHOBe UHTepPpepomMeTpa Maxa -
Ilanaepa

AHHOMayusA. [11a peweHus 300a4u KOHMPOAA HAMPAXEHHO-0edopMUPOBAHHO20 COCMOAHUSA
mexHUYecKux 06beKmMo8 NpUMeHaHom Memoosl U3MepeHUs, OCHOBHbLIMU U3 KOMOpPbIX A8AS0MCA
MexaHu4ecKue, meH30MempuYyeckue U noe3oasnekmpuyeckue. PaccmompeHsl meopemudeckue u
npakmuyeckue nodxo0bl K MOCMPOEHU PYHKUUOHAAbHbIX CXeM 80/10KOHHO-0MMUYeCKUX
usmepumersbHbix npeobpazosamerseli MexaHUYECKUX 8eauYUH Ha 6a3e uHmepgpepomempa Ha
MoAUMEPHOM ONMUYeCKOM 80/10KHe. PaccmompeHHbIli Memod 0CHOBAH HA MPAMOM
KOppenayuoHHOM CpasHeHuU pacnpedeneHuli UHMeHCUBHOCMU OMOPHO20 U MeKYWe20 CrekKs-
u3obpaxceHull, Ymo r1o38ossem MPosodUMb A8MOMAMU3UPOBAHHbIU KOHMPOsb NAPaMempos
deghopmayuu mexHuyeckux ob6vekmos.

Kniouesbie cnoea: damyuk, uHmepgepomemp Maxa — LjaHdepa, noaumepHoe 0rimogosoKHo,
crnekn-uzobpaxceHue

Ana yumupoeaHnus: Kpayko A. @., LLlakuH O. B. lam4uk Ha ocHose uHmMepgepomempa Maxa —
LaHdepa // NHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 71-75. DOI: 10.31799/2949-
0693-2024-5-71-75.

MOAEJIPIpOBaHI/Ie MEXAdHHU3MOB TPAHCIIOPTHBIX
COEAI/IHEHﬂﬁ C IOMOII b0 BPpEMEHHBIX ceren HETpl/l

AHHOmayus. PaccmompeHsi MexaHu3mbl OMKPbIMUA U 3aKPbIMUA MPAHCIOpMHbix coeduHeHul
npomokona CTI-UCC. [Jns mexaHU3mMo8 MocmpoeHsbl 8pemMeHHble UuHaubumopHsele cemu Mempu,
rnoseonsouue Modenuposames pabomy MexaHU3MOo8 C Pa3NUYHbIMU 3HAYEHUAMU malimepos u
3a0epicek. [TpusedeHol npumepsl pabomes! OaHHbLIX MEXAHU3MOS.

Kntouesble cnoea: 6opmossie cemu, npomokossl nepedavu 0aHHbix, CTI1-UCC, modenuposaHue,
cemu lempu

Ansa yumupoeanus: Yymakosa H. 10., MamoHmosa A. A. ModenuposaHue MexaHU3Mos

Keywords: object detection, object tracking, computer vision

For citation: Grigoriev D. V., Babchinetsky S. G. Using computer vision to verify the movement of a
3D printer extruder. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(5):65—
70. (In Russ.). DOI: 10.31799/2949-0693-2024-5-65-70.

Sensor on the basis of the Mach - Zehnder
interferometer

Abstract. To solve the problem of controlling the stress-strain state of technical objects,
measurement methods are used, the main ones being mechanical, strain gauge and piezoelectric
methods. Theoretical and practical approaches to the construction of functional schemes of fibre-
optic measuring transducers of mechanical quantities on the basis of an interferometer on a
polymer optical fibre are considered. The considered method of signal processing of
interferometer on polymer optical fibre is based on direct correlation comparison of intensity
distributions of reference and current speckle-images, which allows to carry out automated
control of deformation parameters of technical objects.

Keywords: sensor, Mach — Zehnder interferometer, polymer optical fibre, speckle imaging

For citation: Kryachko A. F., Shakin O. V. Sensor on the basis of the Mach — Zehnder
interferometer. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(5):71-75. (In
Russ.). DOI: 10.31799/2949-0693-2024-5-71-75.

Modeling of transport connection mechanisms
using temporal Petri nets

Abstract. The article considers the STP-ISS protocol mechanisms of opening and closing transport
connections. Temporal inhibitory Petri nets are constructed for the mechanisms, allowing to model
the operation of mechanisms with different values of timers and delays. Examples of the operation
of these mechanisms are presented.

Keywords: on-board networks, communication protocols, STP-ISS, modeling, Petri nets

For citation: Chumakova N. Yu., Mamontova A. A. Modeling of transport connection mechanisms
using temporal Petri nets.Innovacionnoe priborostroenie = Innovative Instrumentation.
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mpaHcnopmHbix coeduHeHul ¢ nomouwibto epemeHHbix cemeli lMempu // MHHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 5. C. 76—86. DOI: 10.31799/2949-0693-2024-5-76-86.

O nepuoANYECKUX KOIe6aHUAX Henoyku Toaa

AHHomayus. Lleno4ka To0a —5mo 00Ha U3 nepabix OudepeHyuanbHO-pa3sHOCMHbLIX
HenuHeliHbIx uHmMezpupyemeolx modenell. Jocmamo4yHo 0a8HO U38ECMHbI YC08USA, NPUBodAWUE K
nepuoduYHoOCMu ee o HoMepy y3aa yernoyku. Bmecme ¢ mem ycnosus, npusodaujue K
nepuoduYecKuM rno spemMeHu peweHuam smol modesu, 00 cux nop He bbiau onucaHel. B
npedcmasneHHol pabome npusedeHsl yc108UsA, MPU KOMOPbIX MOYMU nepuoduyeckoe no
8pemMeHU KOHe4YHO30HHOe peweHue yerno4ku Tooa bydem seujecmeeHHbIM U MepuodudecKUM.

Knrouessle cnoea: uernoyxka Toda, mama-gpyHKYUS, CIEKMpPanbHas KpUeds, KOHEYHO30HHOE
peweHue, UHme2pupyemoe HeauHeliHoe ypasHeHue

Ana yumupoearusa: CmupHos A. O. O nepuoduyeckux KonebaHuax yenovku Toda //
MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 5. C. 87-93. DOI: 10.31799/2949-0693-2024-
5-87-93.

2024;3(5):76-86. (In Russ.). DOI: 10.31799/2949-0693-2024-5-76-8

On periodic oscillations of the Toda chain

Abstract. The Toda chain is one of the first differential—difference nonlinear integrable models.
The conditions leading to its periodicity by the number of the chain node have been known for a
long time. However, the conditions leading to time-periodic solutions of this model have not yet
been described. The present paper presents the conditions under which an almost periodic finite-
zone solution of the Toda chain will be real and periodic.

Keywords: Toda chain, theta function, spectral curve, finite zone solution, integrable nonlinear
equation
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AHaJ/iu3 U OLleHKa K/II04YeBbIX KOHCTPYKTUBHBIX
0COO0EHHOCTEM, onpee/IAIIIUX KaueCTBO
3JIEKTPUYEeCKUX KOHTPOJIbHO-U3MEePHUTE/IbHbIX
NnpUuGoOpoB

AHHOmauyus. [lapamemp Kayecmea Xapakmepusyemcs crioc0bHOCMbto U30esus 8biMosaHAMb
nonHom obveme u AocMamoyHol cmeneHu 3aA6/eHHbie NAacrnopmom GyHKyuu. 4ns
3/1eKMPUYECKUX KOHMPObHO-U3MEPUMESbHbLIX MPUBOPO8 OUEHOYHbIM APAMEMpPOM,
0MUCLIBAIOUUM, HOCKO/bKO Ka4ecmeeHHo ycmpolicmeo 8binoaHAem ceou hyHKyuUU, A8a5emcs
moyHocme. [laHHOE 3Ha4YeHue 3a8ucum om MHO2UX PaKmMopos, 8 pasauyHoli cmeneHu
OKa3blearowux so3delicmeue Ha UusMepumenbHoe ycmpolicmeo. Y4umeleas pa3Ho8uOHOCMb
KOHCMpyKyuli npubopos, 0cOBeHHOCMU U PA3/UuYHYO CmereHb YA38UMOCMU KOHCMPYKMUBHbIX

Y3708, MOXHO coenams sblsod, 4Ymo CHUXeHUe maKoeo napamempa, KaK mo4YHocme npu6opa, y

pasHbelx ycmpolicme 6ydem, coomeemcmeeHHO, pa3Has, 0axce rnpu 00UHAKO8bIX BHEWHUX
ycnosusx akcnayamayuu. Liene uccnedosaHus 3aKao4aemcs 8 ocyuwecmasneHuu nodpobHo2o

aHanusa KOHcmpyKL{Llﬁ 3/1IeKMpPpU4eCKUX KOHMpPOsIbHO-U3MepumersibHbIX npu6opoe 0014 8blABAEHUA

Haubosee yyscmeumesbHbIX KOHCMPYKMUBHbIX 31eMeHmos, y4em ocobeHHocmeli U creyuguru
U3HOCA KOMOPbIX M0380/1UM CHOPMUPOBAMb MOOEU, ONUCHIBArOWUE OUHAMUKY USMEHEHUs
MoYHocmu 3n1ekmpuyeckozo npubopa.

Knroyeeble cnoea: KOHMPOAbHO-U3MepUmesnbHbie npubopsl, UsMmepumesibHbie
npubopsl, usmepumessHele ycmpolicmea, mo4YHOCMb, Mo2pewHoCms, Ka4ecmeo
u30enuli, Ha0exHoCMsb Y3708, AHAA020-Yugposoli npeobpazosamers

Ana yumupoeaHnus: bobpsiwos A. I1., Conénelli C. B., KyzemeHko B. 1. AHanu3 u oyeHKa
K/1104e8bIX KOHCMPYKMUBHbIX ocobeHHocmel, orpedenaroujux Ka4ecmao 31eKmpu4ecKux
KOHMPOsIbHO-U3MepumesbHbix npubopos // UHHosayuoHHoe npubopocmpoeHue. 2024.
T.3, Ne 4. C. 5-13. DOI: 10.31799/2949-0693-2024-3-4-5-13.

Analysis and evaluation of key design features that
determine the quality of electrical test and
measurement instruments

Abstract. The quality parameter is characterized by the ability of the product to perform fully
and sufficiently the functions declared in the data sheet. In the context of electrical measuring
and control devices, accuracy is an evaluation parameter describing how well the device
performs its functionality. This value depends on many factors that affect the measuring
device to varying degrees, and given the variety of device design, features and varying
degrees of vulnerability of structural units, we can conclude that the reduction of such a
parameter as the accuracy of the device in different devices will be correspondingly different,
even under the same external operating conditions. The purpose of this study is to carry out a
detailed analysis of the design of electrical test and measurement devices to identify the most
sensitive structural elements, considering the peculiarities and specificity of wear which will
allow to form models describing the dynamics of changes in the accuracy of electrical devices

Keywords: control and measuring instruments, measuring instruments, measuring devices,
accuracy, error, product quality, reliability of assemblies, analog-to-digital converter

For citation: Bobryshov A. P., Solony S. V., Kuzmenko V. P. Analysis and evaluation of key design
features that determine the quality of electrical test and measurement instruments.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(4):5—13. (In Russ.). DOI:
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Pa3pa6oTKa KOHLeNIUHY YHUBEPCAJIbHOM
I1IaTPOPMbI 6€CIIMIOTHOTO JIeTaTe/IbHOT O
amnmapara Ha OCHOBe npuMeHeHusa metoga QFD

AHHOMayus. Ha ocHose npumeHeHuUa Memooda yHKYuU pazeepmeoisaHus kayecmsa (QFD)
paspabomaHa KoOHYenyus yHusepcassHol naamgopmel becnuaomHozo nemamesnbHo20
MY/16MUpPOMOpPHO20 annapama. YHueepcasnbHaa naamegopma b6ecriugomHo2o
slemamesbHO20 annapama 3a c4em mooysbHol cOOPKU 10380/UM 8bIMNOAHAMb WUPOKUL
Kpye 2pax0aHCKux 3a0a4. Kpome mozo, KoOHYenyusa yHusepcanoHol naamegopmsi
paspabomaHa ¢ yyemom e20 U320moesieHus 8 ycao8uax cepuliHo2o npou3soocmsa.

Kntouesble cnoea: 6ecnunomHeili nemamesneHolli annapam, yHUBepCanbHasA
naamgopma, QFD

Ana yumuposaHus: 3a2udynnuH P. C., TkavyeHko A. A., Muxees M. A., Kptokosa A. K.
Pa3zpabomka KoHuyenyuu yHusepcanbHol naamgopmesl 6ecrnunomHo20 semamenbHo20
annapama Ha ocHoee npumeHeHus memoda QFD // UHHosayuoHHoe npubopocmpoeHue.
2024. T. 3, Ne 4. C. 14-21. DOI: 10.31799/2949-0693-2024-3-4-14-21.

HWHHOBAIMH B BEeHAUHTIeE: HalipaBJICHUA
TEXHUYECKOro COBEPIICHCTBOBAHUA

AHHOomayus. O603Ha4yeHbl haKMopsbl POCMA, OCHOBHbIE HAMPABAEHUA U MeHOEHYUU, C
MOMOW,bi0 NAMEHMHO20 aHAAU3a npusedeHbl Mpumepbl UHHOBAUUOHHO20
mexHo102Uu4ecKo20 passumus 8eHOUH208020 cepsuca. OmmeveHol Mexxompacnaesoli u
MHO0200UCYUNAUHAPHLIG Xapakmep UHHO8AYUU, UX pOsb 8 KOHKYpeHUuUU. BoigeneHol
ynpassaeH4yecKue pymuHsl, NpeodoseHue Komopbix 803MOXCHO Yepe3 bosee WUPOKYIo
adanmayuto Digital-mexHonoauli, cocmasneH npogunb 8eHOUH2A U NpednoHceHbl Hosble
nokazamenu KPI.

Knrouesble cnoea: mopaossili agmomam, 8eHOUH2, UHHO8AUUU, mexHuYecKull

ypo8eHb, mexHoso2u4eckas modepHu3ayus, obaa4yHele mexHonoauu, KPI
npodykmueHocmu

Ana yumupoeanus: Kpynura H. H. UHHOoBayuu 8 seHOUH2e: HaNpasaeHUs mexHU4ecKo2o

cosepuieHcmeosaHus // MHHoeayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 22-27. DOI:

10.31799/2949-0693-2024-3-4-22-27

Development of the concept of a universal
unmanned aerial vehicle platform based on the
application of the QFD method

Abstract. Based on the application of the Quality Function Deployment (QFD) method, the concept
of a universal multi-rotor unmanned aerial vehicle platform has been developed. The universal
platform of an unmanned aerial vehicle, due to its modular assembly, will allow it to perform a
wide range of civil tasks. In addition, the concept of a universal platform is developed taking into
account its production in mass production conditions

Keywords: unmanned aerial vehicle, universal platform, QFD

For citation: Zagidullin R. S., Tkachenko A. A., Mikheyev M. A., Kryukova A. K. Development of the
concept of a universal unmanned aerial vehicle platform based on the application of the QFD
method. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(4):14-21. (In Russ.).
DOI: 10.31799/2949-0693-2024-4-14-21.

Innovations in vending: directions for technical
improvement

Abstract. Growth factors, main directions and trends are outlined, examples of innovative
technological development of the vending service are given with the help of patent analysis. The
intersectoral and multidisciplinary nature of innovations and their role in competition are noted.
Management routines have been identified, which can be overcome through a broader adaptation
of Digital-technologies, a vending profile has been compiled and new KPI-indicators have been
proposed

Keywords: vending machine, vending, innovation, technical level, technological modernization,
cloud technologies, productivity criteria
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[loaxoa K oNTUMHU3ALUU IPOLECCa yIpaBJIeHUs
MepPCOHAJ/IOM MOCPEACTBOM BHeApeHUsI HUPPOBbIX
TEeXHOJIOTUM

AHHOomayus. HanpaeneHue pazsumus yugppossix mexHosn02uli 8 HAWU OHU —
06beKMUBHAA PeasnbHOCMb, Komopas npednosnazaem, 8 nepsyro oyepeds, UUPPOBU3AYUI
rnpoyeccos Kak ocHosy uugposoli mpaHcgopmayuu busHeca, crnocobcmayowyo
Mo8bIWEHUIO Kayecmea MpodyKYUU U ycaye, MosslieHuro 2ubkocmu u adanmueHocmu K
U3MeHeHUAM Ha pelHKe. Liugpposas mpaHcopmayusa 6U3Heca oCHO8AHA HA
Ucrnosb308aHUU HOBbIX mMexHoMo2ul, Makux Kak MHmepHem gewell, UcKyccmeeHHbll
UHMes1eKm, aHAAUMUKA OaHHbIX, 0671a4Hble 8bI4UCAeHUA U Op. IMuU mexHoao2uu
110380750M A8MOMAMU3UPOBAMb U ONMUMU3UPOBAMs bu3Hec-nMpoyeccyl, cobupams u
aHanusuposams 6oavwue obvemsl OaHHbIX, MPUHUMamMb 6os1ee MoYHble U 060CHOBAHHbIE
peweHus, a makxe co30asams Hosble Yugposslie npodyKkmel u ycayau. Kak cnedcmsue,
nosbIWAOMCA MoKAazamesnu pesyssmamusHocmu oesmesibHocmu npednpusmud, busHec
cmaHosumca Haubosiee KOHKYPeHMOCMOCOOHbIM U 20MO8bIM K U3MEHEHUAM HA PbiHKeE.

Knrouessle cnoea: yugposusayus, yugposas mpaHcghopmayus, npoyecc,
onmumu3ayus, nPoyeccHolli Nnooxoo

Ana yumuposaHus: Musnosa B. M., laspunosa A. [. [lodxo0 Kk onmumu3ayuu npoyecca
yrpasneHus nepcoHanom nocpedcmeom sHedpeHUs yugpossix mexHosnoauli // MHHO8auUOHHOE
npubopocmpoeHue. 2024. T. 3, Ne 4. C. 28-33. DOI: 10.31799/2949-0693- 2024-4-28-33

An approach to optimizing the personnel
management process through the introduction of
digital technologies

Abstract. The direction of digital technology development nowadays is an objective reality, which
primarily involves the digitalization of processes as the basis for digital business transformation,
contributing to improving the quality of products and services, increasing flexibility and
adaptability to changes in the market. Digital business transformation is based on the use of new
technologies such as the Internet of things, artificial intelligence, data analytics, cloud computing
and others. These technologies allow you to automate and optimize business processes, collect
and analyze large amounts of data, make more accurate and informed decisions, and create new
digital products and services. As a result, the performance indicators of enterprises are increasing,
the business becomes the most competitive and ready for changes in the market

Keywords: digitalization, digital transformation, process, optimization, process approach
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[IpoekTpoBaHMe NIPOU3BOACTBEHHbIX IPOLECCOB
MU3roTOBJIEHUS HAYKOEMKOM NPOAYKIIUU

AHHOmMayusA. IHHosayuu u2parom pewarouyio poss 8 COBPEMEHHOM Mupe, onpedenasn
8EKMOp pa3sumus SKOHOMUKU, obujecmea u mexHosozauli. B ycnosusx enobaneHol
KOHKYPEeHYUU U cmpemumesioH020 MeXHU4eCK020 Mpo2pecca KOMNaHuu u 2ocydapcmea
8bIHYHOEHbl UCKaMb HO8ble Mymu MoebiWeHUsA 3dhhekmusHOCMU, Kayecmea u
ycmolvyusocmu ceoeli npodykyuu u ycaye. BeedeHue uHHosayuli 8 npou3sodcmeeHHsle
npoyecceol, buzHec-modenu, MapKemuH208ble cmpamezuu U 0p2aHU3ayuOHHbIe
CMpYKmMypsl CMaHo8UMCA Heomvemsaemoli YHacmeto cmpameauu pa3sumus ycrnewHblx
KomnaHuli. B daHHOU cmamee paccmompeHsi pasauyHsle sudbl U murel UHHo8ayul, a
MAKM#e ux 8aUAHUE Ha HaYKOeMKue ompacsau rnpomblwaeHHoCcmu.

TexHos102uYecKUue UHHOBAUUU ABAAOMCA 0OHOU U3 KtoYesbix 08UXYWUX CuU npoapecca.
OHU sKA04Yarom 8 ceba KaK paduKasabHele, MAK U yaydwarouue UHHo8ayuu. PadukanbHsie
UHHoBsayuu npedcmasasaom coboli NPUHYUNUAAbHO HOBblEe MEXHOM02UU, KOmopble Mo2ym
M0/IHOCMbIO U3MEHUMb Cyujecmesyroujue poiHKU Uau co30ame Hosele. lTpumepsi makux
UHHosayuli — paapabomka HmepHema, co30aHue rnepsbix MepCcoHAs1bHbIX KOMMboMepos
U Opyaux pesosroyUOHHbIX mexHoMo02ull, Komopble U3MeHUAU 06pa3 HU3HU MUAUOHO8
mooeli. C Opyaoli cCmopoHsl, yayduwiaroujue UHHo8ayuu npedcmasadiom coboli
cosepuwieHcmaosaHue cyuecmsyowux mexHonozulli u npodykmos. 3mu UHHO8AYUU MeHee
80cmpeb0o8aHbI, HO He MeHee 8aX(Hbl, MAK KAK OHU M0380/80m Mo8biliams
npou3sodumenbHOCMb U Kayecmao npodyKyuu. [lpumepamu moaym CAayxums yayquweHue
npoyeccopos, paspabomka Hos8bIx 8epculi onepayuoHHbIX cucmem u Opyaux mexHosoaul,
Komopble deaaom Hawy noecedHesHYyH #U3Hb 6onee KompopmHol u sgppekmusHol.
HaykoemKas npodyKyus A6s39emcs 8GHCHbIM KOMMTOHEHMOM UHHOB8AUUOHHOU 3KOHOMUKU.
371eKMPOHUKQA, A8UAKOCMUYECKAS MexXHUKA, buomexHos02uu, UHPOPMAYUOHHbIE
mexHOo102UU, HAHOMEXHO/02UU, SHEepP2eMUKA U poboMomexHUKa — 8ce amu ompacau
mpebyrom 8bICOKUX UHBECMUYUli 8 HaYYHbIe Uccnedo8aHUsA U pa3pabomku u A8a4910mcs
OCHOBHbIMU 08U2aMeENAMU MEXHOM02UYECKO20 npozpeccad.

JluHamuKa passumus cospeMeHHO20 MPOMbIlAeHHO20 npou3sodcmea onpedensem
MOCMOAHHYIO UHHOBAUUOHHYIO HANPasAeHHOCMb 0714 peuwleHus 3a0a4 mexHoa02uu u
op2aHU3ayuU npouzsodcmea u 3a0aY yrnpasaeHus.

Knrouessle cnosa: npouseodcmeo, HayKoemkasa I'IpOdyKL{UFI, npouseodcmeeHHb/e
npouyeccol

Ana yumupoeanusn: YabaHeHko A. B., Pacceixaesa M. [., Komaposa B. C. llpoekmuposaHue
pou3800cMEeHHbIX MPoyeccos u32omosseHus Haykoemkoli npodykyuu // MHHo8ayuoHHoe
npubopocmpoerue. 2024. T. 3, Ne 4. C. 34-39. DOI: 10.31799/2949-0693- 2024-4-34-39

Design of production processes for the
manufacture of high-tech products

Abstract. Innovations play a crucial role in the modern world, determining the vector of economic,
social and technological development. In the context of global competition and rapid technological
progress, companies and governments are forced to look for new ways to improve the efficiency,
quality and sustainability of their products and services. The introduction of innovations into
production processes, business models, marketing strategies and organizational structures is
becoming an integral part of the development strategy of successful companies. This article
examines various types and types of innovations, as well as their impact on knowledge-intensive
industries.

Technological innovation is one of the key drivers of progress. They include both radical and
improving innovations. Radical innovations are fundamentally new technologies that can
completely change existing markets or create new ones. Examples of such innovations include the
development of the Internet, the creation of the first personal computers and other revolutionary
technologies that have changed the way of life of millions of people. On the other hand, improving
innovations are improvements to existing technologies and products. These innovations are less
dramatic, but no less important, as they allow for increased productivity and product quality.
Examples include the improvement of processors, the development of new versions of operating
systems and other technologies that make our daily lives more comfortable and efficient.
Knowledge-intensive products are an important component of an innovative economy. Electronics,
aerospace engineering, biotechnology, information technology, nanotechnology, energy and
robotics — all these industries require high investments in research and development and are the
main engines of technological progress.

The dynamics of the development of modern industrial production determines the constant
innovative orientation of both solving the problems of technology and organization of production,
as well as management tasks

Keywords: manufacturing, high-tech products, production processes

For citation: : Chabanenko A. V., Rassyhaeva M. D., Komarova V. S. Design of production
processes for the manufacture of high-tech products. Innovacionnoe priborostroenie = Innovative
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Tunbl cTaHAAPTU3UPOBAHHOU PAabOThI B CHCTEMeE
6epeXJIMBOro Npou3BOACTBA B MPOU3BOACTBEHHBIX
cucremax «ToroThI» U «PocaTomMma»

AHHOMayusa. PaccmompeHa cmaHOapmu3uposaHHas paboma Kak 00UH U3 Ko4esbix
anemeHmMos npoussodcmeeHHol cucmemsl «Toliomel», @ makxe ee a0ANMUPOBAHHASA
8epcuA 8 paMKax npoussodcmeeHHol cucmemel «Pocamoma». PaccmompeHs!
cywecmasyroujue mpu muna cmaHoapmu3uposaHHoUl pabomel, NpedHAa3Ha4YeHHble 018
pa3UYHbIX MPOU3B00CMBEHHbIX yca08ull. [IpusedeHbl npumepsl 047 Kaxd020 U3 mpex
murnos, @ Makxe ux coomsemcmaue npou38o0CMBEeHHbIM MPOYUECCam.

Knroueesie cnoea: cmaHOapmu3uposaHHaa paboma, npou3eo0cmeeHHas
cucmema «Tolioma», Mpou3sodcmeeHHas cucmema «Pocamoma», epems makma,
8peMsA YUKAa, cmaHoapmu3ayus

Ana yumupoearusa: 3onomyxuH K. B. Tunsi cmaHOapmu3uposaHHoUl pabomel 8 cucmeme
bepexnusozo Npou3sodcmaa 8 npoussodcmeeHHbIx cucmemax «Toliomel» u «Pocamoma» //
UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 40-44. DOI: 10.31799/2949-0693-2024-
4-40-44.

UaenTduKa s HECOOTBETCTBHIA B IIpoIecce
BXO/JHOT'0 KOHTPOJIA C IOMOIIbI0 TEXHOJIOTUH
KOMIIBIOTEPHOIO 3pEHUS

AHHOomayus. B cospemeHHol npou3sodcmeeHHOU cpede Ka4ecmao 8xo00AuUe20 Cbipba U
mMamepuasnoe Hanpamyto eausem Ha 6e30nacHocms KoHe4yHol npodykyuu. Cmames
0C8AWEHA aHANU3Y NPUMeHEHUS MeXHO02UU KOMMbIOMePHO20 3peHuA 017
udeHMuUUKayuU U Knaccugukayuu Hecoomeememauli Ha smare 8X00H020 KOHMPOIA.
Pa3pabomaHbl UHHOBAYUOHHbIE aa120pUMMbI MOUCKA peweHul npu obHapyxeHuU
npou38o0cmeeHHbIX Hecoomeemcmeuli, 8KkaouYarowue 8 cebs obHapyxeHue dedeKkmos ¢
MOMOUW,bIO MEXHOA02UU KOMIbIOMEPHO20 3PeHUS.

Kntouesbie cnoea: KoMnblomepHoe 3peHue, KOHMPOsb Ka4ecmad,
udeHmuguKkayua Hecoomeemcmeul, 8X00HOU KOHMPOsbL, AA20PUMMbI
KOMMbloMepHo20 3peHus, Kaaccugpukayus depekmos, ceepmoyHsie HelipoHHble
cemu

Ana yumuposarus: Musnosa B. M., BazeHnelimep K. A. MOeHmugurkayusa
Hecoomsemcmauli 8 npoyecce 8X00HO20 KOHMPOJIA C TOMOUJbIO MexXHO02uU

Types of standardized work in lean production
systems: Toyota production system and Rosatom
production system

Abstract. The paper examines standardized work as one of the key elements of the Toyota
Production System (TPS) and its adaptation in the Rosatom Production System (RPS). The three
existing types of standardized work designed for various production conditions are discussed.
Examples for each of the three types are provided, as well as their correspondence to production
processes.

Keywords: standardized work, Toyota production system, Rosatom production system, takt time,
cycle time, standardization

For citation: Zolotukhin K. V. Types of standardized work in lean production systems: Toyota
production system and Rosatom production system. Innovacionnoe priborostroenie = Innovative
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Identification of nonconformities in the process of
incoming inspection with the help of computer
vision technology

Abstract. In modern production environment the quality of incoming raw materials and materials
directly affects the safety of the final products. The article is devoted to the application of
computer vision technology for identification and classification of nonconformities at the stage of
incoming inspection. Innovative algorithms of search of decisions at detection of production
nonconformities including application of detection of defects with the help of computer vision
technology are developed.

Keywords: computer vision, quality control, identification of nonconformities, incoming inspection,
computer vision algorithms, classification of defects, convolutional neural networks

For citation: Milova V. M., Vagenleiter K. A. Identification of nonconformities in the process of
incoming inspection with the help of computer vision technology. Innovacionnoe priborostroenie
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KOMMblomepHo20 3peHus // HHoeayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4.
C. 45-50. DOI: 10.31799/2949-0693-2024-4-45-50.

PedppakTroMeTpudecKHii KOHTPOJIb ONTHYECKH
MYTHBIX KUAKO0}a3HbIX CpeJ IKCIIepHUMEeHTaTIbHOM

YCTaHOBKOM

AHHOMayus. PaccmompeHsl 80rpocs| uccnedo8aHUA ONMUYeCcKU MYMHbIX )’I’(UdKOd)GE’HbIX

cped ¢ npumeHeHUem Memooda nosHO20 8HYyMpeHHe20 ompaxceHus. [aa aHanusa
onmuy4ecku MymHbix #UOKOPDA3HbIX Cped nepcreKkmusHO U aKkmyasabHO NPUMEeHAMb
onmuyeckue mexHos02uu, 8 4aCMHOCMU, peghpakmomempuyecKue Mmemoos! u
mexHuYeckKue cpedcmed, MakK KaK OHU A8/S0MCA 8bICOKOUHMOPMAMUBHbIMU,

8bICOKOMOYHbLIMU U 00CMOBEPHLIMU UHCMpPYyMeHmMamu uccaedosaHull. Lleas pabomesi —
u3yyeHue oNMUYECKUX Mapamempos ornmu4YyecKku MymHsix HUOKOpa3HbIx cped 8 nuwsesoli

POMbIWAEHHOCMU 3KCrepuMeHmasnsHol peppakmomempuyeckoli ycmaHosKol.

[Mosy4eHbl 3a8UCUMOCMU TOKA3amess NMpesnoMaeHuUs 800HbIX pacmeopos A6104YHO20 COKA
0m KOHUeHMpayuu, a makie onpedeneHa cxoOUMOCMb SKCAEePUMEHMAbHBIX U 30800CKUX

OaHHbIX 018 OAUHbI 80/HbI A = 633 HM.

Knrouesble cnosa: pechpakmomempu4eckas yCmaHOBKa, OMuYecKu MymHas
cpeda, nokasamesno npenomsaeHUs, KOHUeHMPayus, NoaUHOM, cxodumocms,
nozpewHocmo usmepeHus

Ana yumupoesarus: Matiopos E. E. Pecppakmomempuyeckuli KOHMposb
onmuYecKu MymHbIX ¥UOKodasHbix cped sKkcriepumeHmasnbHoli ycmaHoskoli //
UHHOoBaAYUOHHOE npubopocmpoerue. 2024. T. 3, Ne 4. C. 51-55. DOI:
10.31799/2949-0693-2024-4-51-55.

UcciepoBaHue IKCIepUMEHTA/IbHOM
UHTepdepeHIMOHHOM YCTAHOBKM Ha 6a3e
uHrepPpepomeTtpa ’KameHa A/ U3MepPEHUA
CMelleHHA TOYEK MOBEPXHOCTHU

AHHOMayusa. Paboma noceaweHa usmepeHUro amraumyobl 8bIX0OH020 CU2HAAA Npu
U3MeHeHUU y2na Mexdy naacmuHamu npu pasHoli moauwjuHe 8 uHmepgpepomempe
MameHa, a makce onpedesneHuUo 4y8cmeumesibHoCMu yCmaHOoeKuU 0715 PaznUuYHbIX
8e/1IUYUH CMeWw,eHUs moyvek nogepxHocmu obvekma. C nosesneHuem cospemeHHol
UHMepgepeHyUuoHHoU annapamypel ucciaedosamesnu 0ocmuaau 60abWUX YCrexos 8
peaucmpayuu, 0bpabomke u aHAsAU3e NoaAy4eHHbIX OGHHbIX, 0OHAKO He peweHbl 8ce

Refractometric control of optically cloudy liquid-
phase media by an experimental setup

Abstract. The paper considers the issues of studying optically cloudy liquid-phase media using the
method of total internal reflection. For the analysis of optically turbid liquid-phase media, it is
promising and relevant to use optical technologies, in particular, refractometric methods and
technical means, since they are highly informative, highly accurate and reliable research tools. The
purpose of this work — the study of optical parameters of optically turbid liquid-phase media in the
food industry with an experimental refractometric installation. The dependences of the refractive
index of aqueous solutions of apple juice on the concentration are obtained, and the convergence
of experimental and factory data for the wavelength A = 633 nm was determined.

Keywords: refractometric installation, optically cloudy medium, refractive index, concentration,
polynomial, convergence, measurement error

For citation: Maiorov E. E. Refractometric control of optically cloudy liquid-phase media by an
experimental setup. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(4):51—
55. (In Russ.). DOI: 10.31799/2949-0693-2024-4-51-55.

Investigation of an experimental interference
installation based on the Jamin interferometer for
measuring the displacement of surface points

Abstract. This work is devoted to measuring the amplitude of the output signal when the angle
between the plates changes at different thicknesses in the Jamin interferometer, as well as
determining the sensitivity of the installation for various values of displacement of points on the
surface of the object. With the advent of modern interference equipment, researchers have
achieved great success in recording, processing and analyzing the data obtained, however, all
problems in the design of interference devices and systems have not been solved, so the work is
relevant and promising. A diagram of the interaction of light rays passing through the glass plates
of the interferometer, as well as an optical scheme of an interference installation for monitoring
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npobsiemMol 8 KOHCMPYKMOPCKOU Yacmu UHMepgepeHYUOHHbIX npubopos u cucmem,
noamomy uccnedosaHue akmyasnsbHo U nepcrnekmuesHo. lpusedeHsl cxema
83aumodelicmeusa ceemosbix sy4vel, Mpoweowux CMeKAAHHbIe NAAcCmuHb!
UHmMepgepomempa, a MaKHe oMuUYecKas cxema UHmepgepeHyUuoHHOU ycmaHo8Ku
KOHMPpOsAa anemeHmapHsix cmeweHul. [loayveHsl 3a8ucumocmu amnaumyosbl 861X00H020
CU2HANa OM yen1a Mex 0y CMEKAAHHLIMU NAACMUHAMU U KaaUubpoBoYHbIe Kpussie
3KCnepumMmeHmanbHol uHmepgepeHYUOHHOU yCMaHOBKU 018 Pa3au4YHol moaujuHel
nAacMuH.

Knroyesbie cnosa: onmuyeckue memoosl, UHmepgepomempus,
na0cKonapasnnesnbHsie naacmuHel, KaaAubpPoOBOYHAA KpUBASA, Yy8CMBUMENbHOCMb,
pasHocme xo0a ay4eli, MoAWUHA NAACMUHbI

Ana yumupoearusa: Matiopos E. E. ViccnedosaHue aKkcrnepumeHmasnsHol
UHMepgepeHyuoHHoU ycmaHo8KU Ha basze uHmepgepomempa ameHa 015
U3aMepeHUs CMeweHUs moYeK nosepxHocmu // MIHHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, Ne 4. C. 56— 60. DOI: 10.31799/2949-0693-2024-4-
56-60.

H3y4dyeHue BJIMAHUA HAJIUYUSA ayrMEeHTAL U
AAHHbIX HAa KAYeCTBO 00y4YeHUs MO e/lU
cermeHTanum YOLOS8n

AHHOMayus. MiccnedosaHo 8ausHUe ayameHmayuu 0aHHbIX Ha Ka4ecmeo obyyeHue
mooesnu YOLO (You Only Look Once) sepcuu nano npu obyyeHuu Ha Habope 0aHHbix TACO
0514 ceameHmayuu mycopa. Pezynbmamel uccaedo8aHuUs 2080pAM 0 MOM, 4Mo
ayameHmMayua OaHHbIX, HECMOMPSA HA yeenuyeHue epemeHu 0by4yeHUs MpornopuUoHanbHO
cmeneHu yene4yeHUs HAb6opa OaHHbIX, CMO2/a yay4wums Kayecmso pabomsi modenu.
Pe3ynemamei uccnedosaHus nomoaym s8bibpame Haubosee nodxodsawue napamempsi
ayameHmayuu 0aHHbLIX, YMO M03680UM MOBbICUMbL Kayecmeo pabomel modenu 6e3
Heobxodumocmu nepexoda K 6oaee 3ampamHoli modesnu. 3mo daem 803MOMHOCMb
cOenams onepamusHoe 0bHapyxceHue Mmycopa npouje, Ymo bydem cnocobcmsosame
nosviweHUo 6e3onacHocmu u 3aujume oKpyxaroweli cpedbl Ha cmpoumesnbHbIX
0bbekmax.

Knrouessble cnoea: ceamenmayus, TACO, YOLO, ayameHmayus OaHHbIX

Ana yumupoesarusa: babuuHeukuli C. I, V3y4yeHue 8aUgHUA HAAUYUA ay2meHmayuu
OaHHbIX Ha Kayecmeo obyyeHua modenu ceameHmayuu YOLOS8n //
UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 61-67. DOI:
10.31799/2949-0693-2024-4-61-67.

elementary displacements, is presented. The dependences of the output signal amplitude on the
angle between the glass plates and the calibration curves of the experimental interference setup
for different plate thicknesses are obtained.

Keywords: ptical methods, interferometry, plane-parallel plates, calibration curve, sensitivity, beam
path difference, plate thickness

For citation: Maiorov E. E. Investigation of an experimental interference installation based on
the Jamin interferometer for measuring the displacement of surface points. Innovacionnoe
priborostroenie = Innovative Instrumentation. 2024,3(4):56—60. (In Russ.). DOI: 10.31799/2949-
0693-2024-4-56-60.

Studying the impact of data augmentation on the
quality of training of the YOLO8n segmentation
model

Abstract. The article examined the influence data augmentation for quality training of the “YOLO”
(You Only Look model Once) version of nano when trained on the “TACO” data set for
segmentation garbage. The results of the study suggest that data augmentation, despite the
increase in training time in proportion to the degree passion for the data set, was able to improve
the quality. The research results will help you choose the most appropriate data augmentation
parameters, which will improve quality of model performance without the need to switch to a
more expensive one models. This will make prompt detection of garbage easier, which will help
improve safety and environmental protection in construction sites.

Keywords: segmentation, TACO, YOLO, data augmentation

For citation: Babchinetsky S. G. Studying the impact of data augmentation on the quality of
training of the YOLO8n segmentation model. Innovacionnoe priborostroenie = Innovative
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Moay/ibHBIA NOAXO0M K pa3padoTKe 00 bEKTHO-
OpPUEHTHPOBAHHBIX CUCTEM /JI1 aHA/IU3a
BpPEMEHHbIX PAJAOB

AHHomayusA. PaccmompeH Mo0ys1bHbIli MOOX00 K CO30aHUI0 KOMIAEKCA C UCM0Ab3080HUEM
06eKMHO-0pUeHMUPOBAHHOU MexXHOs102UU, A UMEHHO — 06beKMHOo-Kaaccosas
cMpyKkmypa u npuHyunel ee nocmpoeHus. CripoekmuposaHa KAaccoeasa cmpykmypa
cucmemsl 06pabomKu U aHAAU3a MHO20MEPHbIX 8BpEMEHHbIX PAO08 C UCMO01b308AHUEM
MOOYbHO20 M00X00a. 3a cvem 06 bEKMHOOPUEHMUPOBAHHOU U MOBYAbHOU apxumekmyp
obecrneyeHbl 2ubKOCMb U MacWwmabupyemocms cucmemel, Ymo 10380s5em /e2K0
0dobasnams Hosble an2o0pummsl U MemoOdsbl aHanusa. locmpoeHa UML-duazpamma
Knaccoe 014 0beauyeHUA peanu3ayuu cucmemsl € UCHONb308aHUEM A3bIKA
PO2PAMMUPOBAHUA.

Knrouesblie cnosa: 06vekmHo-opueHmMupo8aHHbIl nodxo0, ModynbHbIl Modxoo0,
cucmema, aHasAU3 8pemeHHbIX PA008, CU2HAs, abCMPaKyus, Kaacc

Ana yumupoearus: lanumosa M. B., 3onomyxuH K. B. ModynbHbili nodxod K
paspabomke 06beKmMHOo-0pUeHMUPOBAHHbIX cUcCmeM 0718 aHA/U3A 8peMeHHbIX
pados // MHHosauuoHHoe npubopocmpoeHue. 2024. T. 3, Ne 4. C. 68—73. DOI:
10.31799/2949-0693-2024- 4-68-73.

ApxuTeKkTypa BbICOKONpousBoauTeabHOro NAND
Flash-kKoHTpoJ//1epa ¢ pacnpeaeieHHOU
NPOrpaMMHO-aNNnapaTHON NOACUCTEMOM
KOppeKI UM OLIUOO0K

AHHOmMayus. NpouzsodumesnnbHOCMb, HAOEHHOCMb U 3HepP203dhheKmMusHOCMb
cospemMeHHbIX mgepdomesnbHbiX HaKonumesnel 8 3Ha4YumesnbHol cmerneHu onpedensalomcs
803MOMCHOCMAMU KOHMPO/11epos, YyCMAaHOB/eHHbIX 8 HUX. BblbpaHHasA apxumexkmypa
KOHMPposaepa u anzopummbl, KOMopble 8 Hem peasu308aHsi, onpedenaom
XapaKmepucmuKu U Cmoumocme KOHe4YHo20 ycmpoticmea. OOHUM u3 Haubosee
Ha2pyHeHHbIX Y3708 KOHMPOepa Asasemca nodcucmema MoMexoycmoliyugozo
KoOuposaHus. B daHHoli pabome npednazaemcsa pacrnipedeneHHaAA apxumexkmypa
nomexoycmoliyugeix 6510K08 Ha Npumepe Kooeka Kooa boysa — Yoyoxypu — XokeuHzema u
apxumeKmypa KoHmposnepa SSD-Hakonumens, 0CHOBAHHAA HA HUX. OcobeHHOCMbIO
OaHHOU apxumeKmypbl A87a7emca 21yboKaA UHMe2Ppayus 8bl4UCAUMESbHbIX Adep 8

Modular approach to the development of object-
oriented systems for time series analysis

Abstract. The article considers the modular approach to the creation of a complex using object-
oriented technology, namely the object-class structure and the principles of its construction. The
class structure of the system of processing and analyzing multivariate time series using the
modular approach is designed. Due to the object-oriented and modular architecture flexibility and
scalability of the system are provided, which allows to easily add new algorithms and methods of
analysis. The UML class diagram is built to facilitate the implementation of the system using a
programming language.

Keywords: object-oriented approach, modular approach, system, time series analysis, signal,
abstraction, class

For citation: Galimova M. V., Zolotukhin K. V. Modular approach to the development of object-
oriented systems for time series analysis. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024,;3(4):68-73. (In Russ.). DOI: 10.31799/2949-0693-2024- 4-68-73.

Architecture of a high-performance NAND Flash
controller with a distributed software and
hardware error correction subsystem

Abstract. The performance, reliability and energy efficiency of modern solid-state drives are
determined by the capabilities of the controllers installed in them. Depending on the selected
controller architecture and the algorithms implemented on this architecture, the characteristics
and cost of the final device are determined. One of the most loaded controller nodes is the ECC
subsystem. This paper provides an overview of currently used NAND controller architectures. A
distributed architecture of Error Correction blocks is proposed using the BCH codec as an example,
and an SSD drive controller architecture based on them is proposed. A feature of this architecture
is the deep integration of computing cores into the decoding process, which makes this process
hardware-software and significantly increases the flexibility and capabilities of the Error
Correction NAND Flash controller system.

Keywords: NAND, SSD controller, Flash, ASIC, BCH, memory controller, noise-resistant codes
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npoyecc 0eKoOUPOBAHUA, YMO Oesaem 3Mom NPoyecc NPo2PaAMMHO-ANNapPamMHsIM U
cywjecmeeHHo ygeauyusaem 2ubKocmb U 803MOXHOCMU omexoycmolivyusoli cucmemel
NAND Flash-koHmponnepa. [TpedcmasneHsl npeumyujecmea npednazaemoli
apxumeKmypeol 0 CPABHEHUIO C UCMOMb3YeMbIMU HO OaHHbIU MOMEHM apxumeKkmypamu
NAND-KoHmponnepos.

Knrouessle cnosa: NAND, SSD controller, Flash, ASIC, BCH, koHmposnnep namamu,
nomexoycmodliyugblie KoOb!

Ana yumupoearusa: Xpycmanes B. B. ApxumeKkmypa 8bICOKONPoU3800UMesbHO20
NAND Flash-koHmponnepa ¢ pacripedeneHHOU nMpo2pammHO-annapamHol
nodcucmemoli Koppekyuu owubok // HHosayuoHHoe npubopocmpoeHue. 2024. T.
3, Ne 4. C. 74-81. DOI: 10.31799/2949-0693-2024-4-74-81.

For citation: Khrustalev V. V. Architecture of a high-performance NAND Flash controller with a
distributed software and hardware error correction subsystem. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2024;3(4):74-81. (In Russ.). DOI: 10.31799/2949-0693-2024-4-74-

81.
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[IpakTuka npumenenusa TQM B
pPaZM03JIEKTPOHHOM NPOMBILIJIEHHOCTH

AHHomayusA. Onucbi8aromMca HeKomopele ycrexu u Heyoadu npumeHeHus memoda TQM Ha
npednpusamusax 060poHHOU NPOMbIWAEHHOCMU U padUO3AEeKMPOHUKU U CO0epHamcs
peKoMeHOayuu 0718 mex, Kmo xeanaem eHedpums makol memoo Ha ceoem paboyem mecme.

Kniouessble cnoea: ynyyweHue ka4ecmea, 8ceobujuli MeHeOHMeHmM Kayecmed, MocmosHHoe
cosepueHcmeosaHue, NAaHUposaHue

Ana yumuposaHus: ®ponosa E. A., Typ A. C. lpakmuka npumeHeHus TQM s
paduosnekmpoHHol npomeiwneHHocmu // MHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No
3. C. 5-8. DOI: 10.31799/2949-0693-2024-3-5-8

OpraHv3aLMOHHbIN AU3aWH AJ1S1 TEXHOJIOTHYEeCKUX
MHHOBAIUM

AHHOMayusa. OnucaHa KoOHYenyus ocospemeHeHHo20 Modxo0a K op2aHu3ayuu npouzeoocmsa —
0p2aHU3aYUOHHbIU OuzaliH. OnpedeneHa 83aUMOCBA3b MeOy 8bicmpausaHuem
0p2aHU3AUYUOHHO20 Ou3aliHa u eHeOpeHUEeM MexHOA02UYecKUX UHHo8ayul 8 pamkax
npeseHmMueHol nepecmpoliku cywecmeayroujeli cucmems! Ha KOHMpcucmemy 05
dybauposaHus cyuecmeayowux yHKyuli unu snemeHmos yesnesoli cmpyKkmypeol.
Pe3zynbmamom uccnedosaHus Asnsemcs peweHue npobaems! npu hopmupo8aHUU 5manos
pa38epmMbI8AHUA OCHOBHbIX MPOUECCO8 Mo peanu3ayuu NpUHYUNos opeaHU3ayuoHHo20 OusaliHa
U 8HEOPEeHUA 8 CMPYKMYPHYIO U4es10CMHOCMb Ypasaaouux cucmem npoussodcmeeHHol
uepapxuu nocpedcmeom mexHo102u4ecKUxX UHHosayud.

Practical application of TQM in the radioelectronic
industry

Abstract. The article describes some of the successes and failures of the TQM method at defense
and electronics companies and provides recommendations for those who wish to implement
such a method in their own workplace.

Keywords: quality improvement, total quality management, continuous improvement, planning

For citation: Frolova E. A., Tur A. S. Practical application of TQM in the radioelectronic industry.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(3):5-8. (In Russ.). DOI:
10.31799/2949-0693-2024-3-5-8.

Organisational design for technological innovation

Abstract. This article describes the concept of a modern approach to production organisation —
organisational design. The interrelation between building organisational design and
implementation of technological innovations within the framework of preventive restructuring of
the existing system into a counter-system to duplicate existing functions or elements of the
target structure is defined. The result of the research is the solution of the problem in the
formation of the stages of deployment of the main processes for the implementation of the
principles of organisational design and implementation in the structural integrity of the control
systems of the production hierarchy by means of technological innovations.

Keywords: organisational design, technological innovation, trend, preventive redesign,
organisation structure, organisation infrastructure, change management
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Knroueasle cnoea: opeaHu3ayuoHHsIl dusaliH, mexHosno2uyeckue UHHOBAYUU, MpeHo,
npeseHMuegHas nepecmpolika, Cmpykmypa opaaHu3ayuu, UH@PPacmpykmypa opaaHu3ayuu,
ynpassaeHue usmeHeHUAMU

Ana yumupoesarus: Hazapesuy C. A., benosa M. t0. OpaaHu3ayuoHHbIl 0u3aliH 018

mexHos102u4eckux uHHosayul // MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, No 3. C. 9-14.

DOI: 10.31799/2949-0693-2024-3-9-14.

HccieaoBaHue TUNIOBbIX HECOOTBETCTBUI

B OOHOBJIECHHOU HH(}OPMAILLMOHHOM CUCTEMe
cynepcepsuca «IlocTynyieHue B By3bl OHJIAUH»

AHHOmMayuA. Cmasumcs yesnb c030aHUA Memoodu4ecKo2o annapama 014 obecrieyeHus
Kayecmea NpuHAMUA peweHus npu esibope 06pazosamesnbHo20 yupexcoeHus. lposodumcsa
aHAAU3 NPobaeMamuKu yHKUUOHUPOo8aHUsA pabomel cynepcepeauca «llocmynaeHue 8 8y3bl
OHAalH» u npuemHoli KamnaHuu 8y308 Poccuu. lpednazaemcsa 3nemMeHm MmemoouYyecKo20
annapama 011 obecrieyeHus KAYeCmMaa NPUHAMUSA peweHus npu 8slbope 06pasosamenoHO20
YYpexoeHus.

Kntoueaoble c08a: npuemMmHas KamMnaHus, nocmyrnaeHue, nocmynaeHue 8 8y3el OHAAUH,
cynepcepsuc, 8y3sl Poccuu

Ana yumuposaHus: Tuxomuposa A. 0., Hazapesuu C. A. ViccnedosaHue murossix
Hecoomsemcmeuli 8 06HO8eHHOU UHGopMayuoHHoU cucmeme cynepcepsuca «llocmynneHue
8 8y3bl OHAaliH» // NHHOBaAUUOHHOE npubopocmpoeHue. 2024. T. 3, No 3. C. 15— 20. DOI:
10.31799/2949-0693-2024-3-15-20.

Be6-npuio:xeHue 1o aHaJIU3y JaHHbIX
MEeTOAAaMHU ONMcaTe/IbHOM CTATUCTUKU U
MaILUHHOI'0 00yYeHus

AHHomayusa. OnucaHsl npoyeccs! 8bibopa cpedcma paspabomKu u peanu3ayuu ¢ Ux MoOMOWbHo
8e6-MpusnoxeHus o aHanu3y OaHHbIX Memodamu onucamesbHol cMamucmuKu U MawUuHHO20
obyyeHus. Kntoyesas ocobeHHOCMb pazpabomxu npedcmasasemcs 8 6ocmynHocmu
npo2pammHo20 cpedcmeaa 04 ntodeli 6e3 crneyuanbHeix 3HaHUli 8 06s1aCMU CMAMUCMUKU U
MAWUHHO20 06yYeHus.

Knrouessle cnosa: 3e6—npunome/-lue, paspa6omKa, MAWUHHoOe o6yquue, cmamucmuka

For citation: Nazarevich S. A., Belova M. Yu. Organisational design for technological innovation.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(3):9-14. (In Russ.). DOI:
10.31799/2949-0693-2024-3-9-14.

Investigation of typical inconsistencies
in the updated information system of the
superservice “Admission to Universities online”

Abstract. The aim of the work is to create a methodological apparatus to ensure the quality of
decision-making when choosing an educational institution. The analysis of the problems of the
functioning of the superservice “Admission to Universities online” and the admission campaign
of Russian universities is carried out. An element of the methodological apparatus is proposed to
ensure the quality of decision-making when choosing an educational institution.

Keywords: admission campaign, admission, admission to universities online, superservice,
universities of Russia

For citation: Tikhomirova A. Yu., Nazarevich S. A. Investigation of typical inconsistencies in the
updated information system of the superservice “Admission to Universities online”.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(3):15-20. (In Russ.). DOI:
10.31799/2949-0693-2024-3-15-20.

Web-application for data analysis
using descriptive statistics and machine learning
methods

Abstract. The process of selecting development tools and using them to implement a web
application for data analysis using descriptive statistics and machine learning are described. The
key feature of the development seems to be the availability of the software tool for people
without special knowledge in the field of statistics and machine learning.

Keywords: web-application, development, machine learning, statistics
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Ana yumupoearus: LLluxomos A. A., TypHeukas E. /1. Beb-npunoxceHue no aHanu3sy 0aHHbIX
Memooamu onucamesnbHol cmamucmuKu U MAWUHHo20 06yveHus // MHHO8ALUOHHOE
npubopocmpoerue. 2024. T. 3, No 3. C. 21-28. DOI: 10.31799/2949-0693-20243-21-28.

MaTeMaTH4YecKasi MOJ€eJIb OLIEHKH cpegHel
Hapa6OTKH Ha 0TKa3 CEPBONPHUBO/a

AHHOomauyus. PaccmompeHsi nodxo0bl K 04eHKe HapabomKu Ha OMKA3 MeXHU4YeCKUX cucmem 8
ycnosusx 8o3delicmeus sHeWHUX hakmopos okpyxaroujeli cpedsl. [pednoxceHa
mMamemamu4eckas modesib OUeHKU 0Cmamo4HOo20 pecypca pabomel mexHU4YecKux cucmem,
Yy4UMbIBAOW,AA PEXHUM pabomebl U cmereHb 3a2py3KU mexHU4YecKol cucmemel, Ha npumepe
cepsonpusoda.

Knrouessle cnoea: Hapabomka 00 omka3sa, HeuwHUe 8030elicmayroujue (haKkmopbl, PEXCUM
pabomel, KO3ghgpuyueHm 3a2py3KuU, MOWHOCMb, MOMOK 3Hepauu, ceps8onpusood

Ana yumupoearusa: KopobeliHukos U. C., lempos A. 0. Mamemamu4eckas mooesnb oUeHKU
cpedHell HapabomKu Ha omKa3s cepgonpusoda // MHHosayuoHHoe npubopocmpoerue. 2024. T.
3, No 3. C. 29-32. DOI: 10.31799/2949-0693-2024-3-29-32.

CBepXIIMPOKOMNOJI0CHOE CXEMOTEXHUYECKOEe
Mo/JeJIMpOBaHUe JIMHMMH C pacnpeae/ieHHbIMU
napaMeTpamMu

AHHOMayus. lMpednazaemcs Ucnob308aMe HeMUHUMAAbHO-A308b1l MPexnoatoCHUK
ussecmHoli Mopgonoauu (a UMEeHHO — CUMMeMpPUYHYHO epeKkpbimyto T-06pasHyo
371eKMPUYECKYI0 Uerb) 8 Kayecmee 3K8u8asaeHMHOU cxembl 0715 WUPOKOMOAOCHO20 U
CBEpPXWUPOKOMNOA0CHO20 MOOEAUPOBAHUSA 8 cCUCMeMe d8MoMamu3upo8aHHO20
MPoeKmMuUpPo8aHUA AUHUL ¢ pacnipedeneHHbIMU Napamempamu, KaK HU3KOOMHbIX (m. e.
MPOB0OGHUKO8), MAK U 8bICOKOOMHbIX (M. e. pe3ucmopos). lpedaazaromca 3Ha4eHus
napamempos yKa3aHHoU cxembl, no38oasaouue obecneyums mManyio no2pewHocmeo
MOOenupPoBaHUSA HA CBEPX8LICOKUX Yacmomax. C4umaemcs, Ymo 371eKmpoMazHUMHsle
npoyeccsl 8 AUHUU Mo2ym 6bimb KOPPEKMHO ONUCAHbI mesaezpadHeIMU ypasHeHUAMU. OueHKa
rnozpewHocmu modenuposaHus MPo8oduMca MemoooM 8bI4YUCAUMENbHO20 SKCepuMmeHmda.
Mod nozpewHOCMbo MOOeAUPO8AHUS MOHUMAeMcA abCoAMHAA 8eaAUYUHA PA3HOCMU
3Ha4eHUus MoOynA Ko3gguyueHma rnepedayu AUHUU, N0ay4YEeHHO20 HA OCHOBE UCMOAb308AHUSA
mesnezpadgHelx ypasHeHul, U 3Ha4eHUs, Noay4eHHo20 Ha OCHOB8e UCMOo/b308aHUA T-06pasHoli
3KeusasneHmMHoli cxemol. BoifgsneHa 0b61acme npednoymumesnbHO20 UCMOAb308aHUA T-
o0bpasHoli cxemeol.

For citation: Shikhotov A. A., Turnetskaya E. L. Web-application for data analysis using
descriptive statistics and machine learning methods. Innovacionnoe priborostroenie = Innovative
Instrumentation. 2024;3(3):21-28. (In Russ.). DOI: 10.31799/2949-0693-20243-21-28.

A mathematical model for estimating the average
operating time for a servo failure

Abstract. The approaches to assessing the operating time for failure of technical systems under
the influence of external environmental factors are considered. A mathematical model for
estimating the residual life of technical systems is proposed, taking into account the operating
mode and the degree of loading of the technical system using the example of a servo drive.

Keywords: operating time to failure, external influencing factors, operating mode, load factor,
power, energy flow, servo drive

For citation: Korobeynikov I. S., Petrov D. Yu. A mathematical model for estimating the average
operating time for a servo failure. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024,3(3):29-32. (In Russ.). DOI: 10.31799/2949-0693-2024-3-29-32.

Ultrawideband circuit modelling distributed
parameters lines

Abstract. The article presents an employment of the non-minimal-phase quadrupole of the
familiar morthology (viz., the symmetric spanned T-shape equivalent circuit with the parameters
of the circuit offered) for wideband and ultrawideband simulation of distributed parameters
lines. The values of the parameters that provide a small quantity error of simulation at ultra-high
frequencies are offered. The propagation of electromagnetic waves along the line is considered
to be correctly described with the telegraph equations. The estimation of the error of simulating
is carried out by means of a computational experiment. The error of simulating is considered to
be the module of the difference between two values of the transmission factor, one value being
obtained upon the basis of the telegraph equations and the other one being the value of the
transmission factor of the T-shape equivalent circuit. The domain of a preferable employment of
the T-shape equivalent circuit is detected and described. A part of the results of the experiment is
partly exposed in one table and five pictures.

Keywords: distributed parameters lines, circuit modelling ultrawideband simulation, T-shape
equivalent circuit
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Kntouessble cnoea: nuHuu CpGCﬂpedeﬂeHHbIMU napamempamu, ceepXwupoKornosocHoe
cxemMmomexHu4veckoe MOdEﬂUpOBGHUE, T—O6pG3HGFI JKeueasieHMHaAa cxema

Ana yumupoeaHusa: KoHHukos U. A., lIpycos A. B. CeepxuiupoKornosnocHoe cxeMomexHu4eckoe
modenuposaHue AuHull ¢ pacnpedeneHHsbIMU napamempamu // UHHOBAUUOHHOE
npubopocmpoeHue. 2024. T. 3, No 3. C. 33-39. DOI: 10.31799/2949-0693-2024-3-33-39.

MeToabI yinpaB/JI€HUA JAdHHBIMHA B OpraHU3alluA:
IIPUHLHUIIBI, l'lpOﬁJIEMbI U NMepCII€eKTUBbI

AHHOomayus. Paccmampuearomca ocobeHHocmu peweHus 3a0a4 ynpassneHus OGHHbIMU 8
opaaHu3ayuax npubopocmpoumesnsvHoli ompacau. [JaHHble Mpedcmasaatomcsa KaK YHUKAAbHbI
0c060 UeHHbIT HemamepuanbHbili pecypc opeaHu3ayuu, ynpasaeHue Komopsim umeem ceou,
omau4Hsie om Opyaux aKmueos, MpuHYuUnel u npobaemsl. MMpusedeHbl OCHOBHbIE MPUHYUbI
ynpassaeHus 0aHHbIMU, PyKO80OCMBO KOMOPbIMU 10380s5em 00cmu4s 3(hheKmusHo20
yrnpaeseHus He MosbKo OaHHbIMU, HO U op2aHu3ayueli 8 yesom. [TpodemMoHCmMpuposaHsi
OCHo8Hble npobremsl, c8olicmeeHHble Mpoueccy ynpasaeHus OaHHbIMU, U MPeOoHEHb! Mymu
Ux peweHus. PaccmompeHsl 803MOXCHbIE PUCKU MPU OMK/AOHEeHUU om NPUHYUNos ynpaeneHus
OQHHBIMU U U2HOPUPOBAHUU YemKo pazpabomarHHol cmpamezuu yrpassieHus 0aHHbIMU.
Ocoboe sHUMaHue yoesneHo paccmompeHuro npobaemsl ynpasaeHUs OaHHbIMU 8 OP2aHU3AYUU.
PaccmompeHbl 0OCHOBHbIe nepcrnekmugbl 3(ekmueHo20 ynpaesneHus OaHHbIMU 8
opaaHu3ayuax npubopocmpoumesnsHoli ompacnu.

Knrouyeesle cnoea: ynpassaeHue OaHHbIMU, 3dhghekmuesHoe ynpaeneHue opaaHusayuel,
UHhopmayus, OaHHbIE, Uugpposas SKOHOMUKA

Ansa yumupoearus: /luciokos [. C., Akosnesa E. A. Memodel ynpasaneHus 0GHHbIMU 8
0p2aHU3aYUU: NPUHYUMbI, NPobaemsl u nepcrnekmuss! // UHHos8ayuoHHoe npubopocmpoeHue.
2024.T. 3, No 3. C. 40-47. DOI: 10.31799/2949-0693-2024-3-40-47.

Yiy4dilieHHe KauecTBa pacno3HaBaHUs OKaThIIIel
MOJIUMETA/UTHYECKUX PY/, Ha H306paKeHHH
3a CYeT alaTUBHOM KOPPEeKIUU KOHTpacCTa

AHHOmayusa. PaccmompeHa npobaema pacrno3Ha8aHus pasmepos okamelwel
rnoaumemanau4yeckux pyo rnocsae KOMKO8AHUsA 017 KOHMPOsA Kayecmea npoyecca.
pednoxeHo npumeHUMb cucmemy mexHU4ecKo20 3peHuUs, PAco3HAO WY Kadps!
8udeonomoka. [1oKa3aHa He803MOMCHOCMb MPUMEHEHUs CYWecmasyowux an2opummos,
aghghekmusHbix 017 06pabomku u3obpaxceHuli neH KaauliHbix IOMAYUOHHbLIX MAWUH.
pednoxeHo yay4wums pacrno3HasaHue 3a c4em adanmusHol HACMpoUliKu KOHMpacmHocmu

For citation: Konnikov I. A., Prusov A. V. Ultrawideband circuit modelling distributed parameters
lines. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(3):33-39. (In Russ.).
DOI: 10.31799/2949-0693-2024-3-33-39.

Data management methods in organizations:
principles, issues and perspectives

Abstract. The features of solving data management problems in organizations of the instrument-
making industry are considered. Data is presented as a unique, particularly valuable intangible
resource of the organization, the management of which has its own principles and problems,
different from other assets. The basic principles of data management are presented, the
guidance of which allows you to achieve effective management not only of data, but also of the
organization as a whole. The main problems inherent in the data management process are
demonstrated and ways to solve them are proposed. Possible risks are considered when
deviating from the principles of data management and ignoring a clearly developed data
management strategy. Detailed attention is paid to considering the problem of the data life cycle
as an important problem of data management in an organization. The main prospects for
effective data management in organizations of the instrument-making industry are considered.

Keywords: data management, effective management of an organization, information, data,
digital economy

For citation: Lisyukov D. S., Yakovleva E. A. Data management methods in organizations:
principles, issues and perspectives. Innovacionnoe priborostroenie = Innovative Instrumentation.
2024;3(3):40-47. (In Russ.). DOI: 10.31799/2949-0693-2024-3-40-47.

Improving the quality of recognition of
polymetallic ore pellets in an image by adaptive
contrast correction

Abstract. The problem of recognizing the sizes of polymetallic ore pellets after clumping to
control the quality of the process is posed. It is proposed to use a technical vision system that
recognizes frames of a video stream. It is shown that it is impossible to use existing algorithms
that are efficient for processing images of foams of potassium flotation machines. It is proposed
to improve recognition by adaptively adjusting image contrast. It is shown that there is an
optimal contrast setting that ensures recognition of the largest number of pellets. After contrast
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usobpaxceHus. [lokasaHo, YmMo cyuecmayem onmumMasnbHaAA HacMpoliKa KOHmpacmHocmu,
obecneyusarouias pacrnosHasaHue Haubosowezo Konudecmsa okamsiwel. lTocsne KoppeKkyuu
KOHmMpacmHocmu onmumasneHsili yposeHs bUHapu3ayuu makxice cmewaemca. Kpome amoeo,
yyscmeumesnbHOCMb K owubKe onpedesneHua yposHa BUHAPU3AYUU CHUXAemCs, Ymo A8aAAemca
00#UMesnbHbIM pe3ya6mamom. B yesom docmuzHym pocm Koanu4ecmea pacno3Hasaemsix
okameiwel Ha 20 % o cpasHeHUto € UCXOOHbIM MemMOOOM.

Knrouessle cnoea: nonumemannuyeckas pyda, OKamelWu, KOMKosaHue, peecynuposaHue,
pacriozHasaHue, cucmema mexHu4ecKozo 3peHus

Ansa yumupoearus: 3amoHckuli A. B., ®edoceesa K. A., Ky3Heuoe C. B. Yny4yweHue Kayecmea
pacrno3HasaHuUA okamelweli moaumMmemannuyeckux pyo Ha uzobpaxceHuu 3a cyem adanmueHoli
KoppeKkyuu koHmpacma // UHHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 3. C. 48-52. DOI:
10.31799/2949-0693-2024-3-48-52.

MeTpoJiornyeckue aclieKThbl OLeHKHU
4YyBCTBUTEJIbHOCTHU METOJ0B UCCIEA0BAaHUH B
KOJIOpUMMeTpPHH BUPPOBbIX U300paKeHUN

AHHOMayusa. Onucsieaemca Memod usMmepeHUs yeema 8 MpPo2pPamMmHO-annapamHbix cpedax,
OCHOBAHHbIU Ha NpuHyuUne AuHeliHolU KanubposKu, No3eoaarowuli nymem nocmpoeHus
nepedamoyHbix pyHKYUl U 2padyuposoyHblx 3ae8ucumocmeli YucaeHHsIMU Memoodamu
pacwupame OuHamuyeckuli duanas3oH apkocmel yugpossix uzobpaxceHul, nosviuas
moy4Hocme pe3ysnbmamos usmepeHull. [10CKonbKy YyecmeumenbHOCMb Memoda pa3AuyHa 8
YBemMoBbIX KAHANAX, 018 YyMEeHbWEHUA HeornpedeneHHoCmu Ha Ha4aa6HOM amare uccredyemeole
ysema Kaaccuguyupyomcs no cekKmopam ysemosozo npocmpaHcmsa. lpedaoxceH
KOMI/EKCHbIU M00X00 K oUeHKe YyyscmeaumesibHocmu rnpu 8aaudayuu memooos
Kosiopumempuu yugpossix u3obpaxceHuli c y4emom npocmpaHcmeeHHo20, 8pEMEHHO20,
APKOCMHO20 U XPOMAMUYECKO20 KOMMOHeHMOo8. OUeHKa oCywecmenaemcsa Ha ypoeHAX
nopoezosvbix 3HavyeHul, hyHKUUOHAAbHbIX 3as8ucumocmeli U KoaghguyueHmos
YyecmeumesnbHOCMU, BKAKYAA KpUumepuu 8aaudayuu. B kayecmee mexHUK 8aaudayuu
peKomeHOyemca Ucrosnb308ams MeMHO8bIE CHUMKU 0114 onpedesneHus 8bI6pocoabix 3HayeHul u
YPOBHA WyMO8 U306paxceHull, @ maxk#e maH2eHcbl Y2108 HAKAOHA yHKYUOHANbHbLIX
3as8ucumocmeli U KOHMPObHbIE KAPMbI.

Knrouyesble cnoea: Kosopumempus, Yugposoe u3obpaxceHue, 4yecmaumesnbHOCMb,
nepedamoYHasa pyHKYUS, 2padyupo80OYHAS 3a8UCUMOCMb, 8AAUOAYUSA

correction, the optimal binarization level also shifts. In addition, sensitivity to the error in
determining the level of binarization is reduced, which is a positive result. In general, an increase
in the number of recognized pellets by 20 % was achieved compared to the original method.

Keywords: polymetallic ore, pellets, clumping, regulation, recognition, technical vision system

For citation: Zatonskiy A. V., Fedoseeva K. A., Kuznetsov S. V. Improving the quality of
recognition of polymetallic ore pellets in an image by adaptive contrast correction.
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Metrological aspects of assessing the sensitivity of
research methods in digital image colorimetry

Abstract. A method for measuring color in hardware and software environments is described
based on the principle of linear calibration, which allows by constructing transfer functions and
calibration dependencies by numerical methods, to expand the dynamic range of brightness of
digital images increasing the accuracy of measurements results. Since the sensitivity of the
method varies in color channels, in order to reduce uncertainty at the initial stage, the colors
under study are classified by sectors of the color space. A comprehensive approach to sensitivity
assessment in the validation of digital image colorimetry methods is proposed taking into
account spatial, temporal, brightness and chromatic components. The assessment is carried out
at the levels of thresholds, functional dependencies and sensitivity coefficients, including
validation criteria. As validation techniques, it is recommended to use dark images to determine
the outlier values and noise levels of images, as well as tangents of the angles of inclination of
functional dependencies and control maps.

Keywords: colorimetry, digital image, sensitivity, transfer function, calibration dependence,
validation

For citation: Saukova Y. M. Metrological aspects of assessing the sensitivity of research methods
in digital image colorimetry. Innovacionnoe priborostroenie = Innovative Instrumentation.
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Ana yumupoeaHus: Caskosa E. H. Memposozau4yeckue acnekmsl oUeHKU YyecmaumenbHocmu
Memo0o8 uccredosaHuli 8 Konopumempuu yugpossix uzobpaxceHuli // UHHOBAUUOHHOE
npubopocmpoeHue. 2024. T. 3, No 3. C. 53-65. DOI: 10.31799/2949-06932024-3-53-65.

Pa3pa6oTKa NporpaMMHOro o6ecrne4eHus
JJI1 OMITHYECKOH CHCTEeMBbI CJIeJJOBaHUA 3a
00bEeKTOM

AHHOomayusA. Cmamos noceauw,eHa pa3pabomke an20pUMmma, No3eoAAU,E20 OMCAeHUBAMb
nepemeuweHuUA 06vekma ¢ 3a0aHHol ysemosoli Memkoli u ynpaename 0suxceHuem mMmobusnbHol
pobomomexHuyecKoli cucmemsi 8 3a8UCUMOCMU OM CHUMAHHO20 nepemeweHusA. lMpusodumca
peanusayusa paspabomaHHO20 an2o0pumma Ha A3bike Python c ucrnone3osaHuem 6ubauomeKku
KommnbromepHo20 3peHus OpenCV. [atomca pekomeHdayuu no Hacmpolike 0aHHOU npoz2pammel
u annapamuol peaausayuu onuceisaemoli onmu4yeckoli cucmemsi.

Knroueesie cnoea: OpenCV, KomnbiomepHoe 3peHue, ysemosbie KOHMypbl, Usemosas cucmema
HSV, seb-kamepa, criedosaHue 3a 06bEKMOM, omcnexcusaHue nepemeweHus obvekma

Ana yumupoearusa: KanawHukos 4. A., beameH [1. A. Paspabomka npo2pammHo20o
obecrieyeHuUs 009 onmuyeckoli cucmemsi c1e008aHUA 30 06bekmom // MHHo8aUUOHHOEe
npubopocmpoeHue. 2024. T. 3, No 3. C. 66—70. DOI: 10.31799/2949-0693-2024-3-66-70.

UccaepoBaHue BJAUSAHMSA ABYXYPOBHEBOM
00pabOTKHU JAaHHBIX HA aHAJ/IU3 BpeMEeHM nepesadu
MAaKeTOB C MCNO0J/Ib30BaHMEM METOJ,0B MAalIUHHOTO
00y4YeHUs

AHHOmMayus. lposedeHo uccnedosaHue, NOCBAWEHHOE aHAAU3Y 8AUAHUA 08YXypos8Hes8oUl
06pabomku OaHHbIX HO MPOUECcc aHAAU3a 8peMEHU rnepedayu rMaxKemos 8 KOMMboMepHbIX
cemsx ¢ npumeHeHUem Mmemodoe MauwUHHO20 0byYeHUs. B cospemeHHbIx cemesbix cucmemax
cywiecmeyem nompebHocmo 8 aghhekmueHoli 06pabomke OGHHbIX, rpexcoe Yem oHU Moaym
6bIMb UCM0Ab308aHbI 071 06YYEHUA A120pUMMO8 MAWUHHO20 0by4eHusA. B 0aHHoM
uccnedosaHuUU npedaazaemcs memoduKa, OCHOBAHHASA Ha 08yxyposHesoli 06pabomke OGHHbIX,
Komopas sKaw4Yaem 8 cebs npedsapumersbHyo 06pabomky 0aHHbIX U ux 0anbHelwul aHanu3
C UCMob308aHUEM MEMOO08 MAWUHHO20 0byyeHus. Ocoboe BHUMaHUe ydensemcs aHaAU3y
epemMeHU nepedayu MaKemos, KOMopoe A6/9emca 8aXCHbIM MoKazamesnem
npoussodumenbHocmMu cemu. Pezysbmamel uccaiedo8aHuUs mo2ym 6bimb nosesHsl 044

Software development for an optical object
tracking system

Abstract. The article is devoted to the development of an algorithm that allows you to track the
movement of an object with a given color label, and control the movement of a mobile robotic
system depending on the read movement. The implementation of the developed algorithm in
Python using the OpenCV computer vision library is presented. Recommendations on the
configuration of this program and the hardware implementation of the described optical system
are also given.

Keywords: OpenCV, computer vision, color contours, HSV color system, webcam, object tracking,
object movement tracking Acknowledgements. The paper was prepared with the support of the
Strategic Project “Priority — 2030. Creation of robotic tools to

expand the functionality of a person”.

For citation: Kalashnikov D. A., Bezmen P. A. Software development for an optical object tracking
system. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,;3(3):66-70. (In
Russ.). DOI: 10.31799/2949-0693-2024-3-66-70.

Study of the influence of two-level data processing
on packet transmission time analysis using
machine learning methods

Abstract. This article presents a study devoted to the analysis of the influence of two-level data
processing on the process of analyzing packet transmission times in computer networks using
machine learning methods. In modern networked systems, there is a need to efficiently process
data before it can be used to train machine learning algorithms. This study proposes a technique
based on two-level data processing, which includes pre-processing of data and its further
analysis using machine learning methods. Particular attention is paid to packet transmission
time analysis, which is an important indicator of network performance. The results of the study
can be useful for optimizing the process of analyzing network data and increasing the efficiency
of machine learning systems in the context of network applications.
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onMUMU3ayUU MPoYecca aHaAU3a cemesbix OaHHbIX U N0BbIWEHUA 3hgheKkmusHocmu cucmem
MAWUHHO20 06y4YeHUA 8 KOHMEKCMe cemesbiX NpusaoxceHud.

Kntouesoie cnoea: PBFT, Raft, pekyppeHmHble HelipoHHble cemu, obecreyeHue HadexHocmu,
pacnpedeneHHble cucmemsi

Ana yumupoeanusa: Kuamos K. Y. UccnedosaHue snusaHua 08yxyposHesoli 06pabomKu 0aHHbIX
Ha aHAnU3 8pemeHu nepedaqu Nakemoe ¢ UcCMonb308aHUemM memodos MawuHHo20 obyyerHus //
UHHOoBayuoHHOEe npubopocmpoeHue. 2024. T. 3, No 3. C. 71-75. DOI: 10.31799/2949-0693-
2024-3-71-75.

CTpyKTypa U apxuTeKTypa MmocTtoB SpaceFibre -
PCle

AHHOMayus. B Hacmosuwjee spemsa cmaHdapm SpaceFibre wupoKo ucnone3yemcs 8 cemsx
a3POKOCMUYECKo20 Ha3Ha4YeHuUsA. Ha amanax omaadku u mecmuposaHus smux cemetli
3a4yacmyto cyujecmsyem Heob6xo0UMOoCmb MOOKAYAMb K HUM MepCOHAbHbIe KOMMblomepbl
(MK). O0Hako oHu He umerom uHmMepgelica SpaceFibre. bonbwuHcmeo MK umerom uHmepgpelic
PCle, ux nodknr4eHUe Moxem ocyuecmsnamecs Yepez mocm SpaceFibre — PCle. lTosmomy
paspabomka makux Mocmos Aea15emcs o4eHb akmyassbHol 3adayveli. CmaHdapm PCle
obecrieqyusaem 8bICOKYIO CKOPOCMb nepedayu OaHHbIX. B 3mom omHoweHUU e20 803MOXHOCMU
cpasHUMbI ¢ SpaceFibre, o0Hako 8 cmaHOapme SpaceFibre noddepxcusaromcs pasnuYHsie
MexaHU3Mbl obecrevyeHus Kayecmea cepsucd, Komopsie 8 PCle omcymcmeytom. B daHHoU
cmameoe npeodsnazamcsa apxumeKmypHsle peweHus U Mpomokos nepedavu 0aHHbIX, Komopele
rno3eossom obecrnedyums N0OOePHKY 3Mux MexaHU3Mos rnpu nepedaye 0aHHbIx SpaceFibre —
PCle. BbinonHaemcsa oyeHKa xapakmepucmuk, 00CMUMXCUMbIX PU UCMOMb308AHUU 3MUX
MEXAHU3MO8.

Knrouessle cnoea: Spacefibre, PCle, mexaHu3mel obecrieyeHUs KaYecmea cepsuca, peasbHoe
8pems, U30AAYUA MOMOKO8 OaHHbIX, OUHAMUYECKAA peKoHpu2ypayua

Ana yumuposaHus: BuHozpados A. 0., Cysoposa E. A. Cmpykmypa u apxumeKkmypa Mmocmos
SpaceFibre — PCle // UHHo8auuoHHOe npubopocmpoeHue. 2024. T. 3, No 3. C. 76-84. DOI:
10.31799/2949-0693-2024-3-76-84.

dopMHUpOBaHHUE COLMOTEXHUYECKUX TPEHAOB
LLleHHOCTHBIX MHHOBAL MM

AHHOmMayusA. Paccmampusaromcs 80npocsl, C8A3AHHbIE C pa3sumuem Ho8biX mexHosno2ud,
opmuposaHuem mpeHO08 U cmerneHbio 8aUAHUA pazsumus onpedeneHHbix meHoeHyuli Ha

Keywords: PBFT, Raft, recurrent neural networks, reliability ensuring, distributed systems

For citation: Kiyamov J. U. Study of the influence of two-level data processing on packet
transmission time analysis using machine learning methods. Innovacionnoe priborostroenie =
Innovative Instrumentation. 2024;3(3):71-75. (In Russ.). DOI: 10.31799/29490693-2024-3-71-75.

Structure and architecture of SpaceFibre - PCle
bridges

Abstract. Currently, the SpaceFibre standard is widely used in aerospace networks. During the
debugging and testing stages of these networks development, it is often necessary to connect
personal computers (PCs) to them. However, PC typically do not have a SpaceFibre interface.
Most PCs have a PCle interface, and they can be connected to SpaceFibre via the SpaceFibre —
PCle bridge. Therefore, the development of such bridges is a very important task. The PCle
standard provides high data transfer rates. In this regard, its capabilities are comparable to
SpaceFibre, however, the SpaceFibre standard supports various quality of service mechanisms
that are not available in PCle. This article proposes architectural solutions and a data transfer
protocol that allow us to support these mechanisms for SpaceFibre — PCle data transferring. The
evaluation of the characteristics achievable using these mechanisms is performed.

Keywords: SpaceFibre, PCle, quality of service, real time, data flows isolation, dynamic
reconfiguration

For citation: Vinogradov A. Yu., Suvorova E. A. Structure and architecture of SpaceFibre — PCle
bridges. Innovacionnoe priborostroenie = Innovative Instrumentation. 2024;3(3):76-84. (In
Russ.). DOI: 10.31799/2949-0693-2024-3-76-84.

Formation of sociotechnical trends of value
innovations

Abstract. The work examines issues related to the development of new technologies, the
formation of trends and the degree to which the development of certain trends influences new
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Hosble MPpodyKMbl U UHHOBAUUU. BbisisneHsl Haubosee 3Ha4uMble meHOeHyuu passumus 3a
2023 2., npoaHanu3uposaHsl mpeHo «[eHepamusHbili UCKYCCMBEHHbIU UHMesnnekm» u
YEeHHOCMHAA UHHOBAYUSA, ChOPMUPOBABUWAACA 8 pe3yabmame e20 noA8AeHUs.

Kntouesble ¢a108a: UHHOBAUUU, MPEHObI, (hOPMUpPOBAHUE MPEHO08, NAMeHMHbIlU aHAAU3,
UeHHOCMHble UHHo8ayUU

Ana yumuposaHus: LLykuHa [. C. DopmuposaHue coyuomexHuU4ecKux mpeHo008 YeHHOCMHbIX
uHHosayuli // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 3. C. 85-88. DOI:
10.31799/2949-0693-2024-3-85-88.

Hcnosib30BaHUE METO/A ra30Boi xpoMmaTorpadpuu
JIJIS1 OLl€HKM MHIIEBBIX PACTUTEIbHBIX MaceJl B
KayecTBe UCTOYHHKA MOJIMHEHACBIIEHHbIX U
HaCBILLEHHBIX )KMPHBIX KUCJIOT

AHHOmayus. Xpomamozpaguveckuli MemooO aHAAU3A 10380/5em OYeHUMb KoauyecmeeHHole
COOMHOWEHUA KOMMOHEeHMO8 MPUpPOOHbIX MAces U COOepHaHUe 8 HUX HUPHbIX Kucsaom.
Pe3ynemamsl uccnedo8aHuUsA ¢ NpumeHeHuem xpomamoepagpa «Kpucmann 5000.2» moaym
6b6IMb UCN0Ab308aHBI 071 pacyema peKoMmeHOyemblx 003 macen npu yrnompebaeHUU ux 8
Kayecmee nuujessix npodyKmos u 6uoa02udecku akmusHbix 006aB8OK.

MpueedeHbl ceedeHus 0 XPOMamozpapuYecKoM aHAAU3E PA3UYHbIX PACMUMesbHbIX Maces
0115 onpedesneHus HUPHOKUCAOMHO20 cocmasd. Macsaa Xxapakmepu3yomcs 8bICOKUM
co0epHaHuem HUpPHbIX KUC/OM pa3AuYHbiX U008, KAK HACLIUJEHHbIX, MAK U HEHACbIUEHHbIX
(w-3, w-6 U W-9).

Kntoueaoble cnoea: xpomamozpaguyeckuli HaAU3, HUpHbIe KUCA0MbI, pacmumesbHble Macad

Ansa yumupoeanus: ®omuyesa T. U. Micnone3osaHue memoda 2a3080l xpomamozpaguu 015
OUEHKU Muujesbix pacmumesnbHbiX MAces 8 Ka4ecmee UCMOYHUKA MOAUHEeHACbIUEHHbIX U
HACbIWEHHbIX ¥UPHBIX KUcsom // MHHosauuoHHoe npubopocmpoerue. 2024. T. 3, No 3. C. 89—
93. DOI: 10.31799/2949-0693-2024-3-89-93.

products and innovations. The most significant development trends for 2023 have been
identified the “Generative artificial intelligence” trend and the value innovation that has
emerged as a result of its emergence have been analyzed.

Keywords: innovations, trends, trends formation, patent analysis, value innovations

For citation: Shchukina D. S. Formation of sociotechnical trends of value innovations.
Innovacionnoe priborostroenie = Innovative Instrumentation. 2024,3(3):85—-88. (In Russ.). DOI:
10.31799/2949-0693-2024-3-85-88.

The gas chromatography method used to evaluate
polyunsaturated and saturated fatty acids balance
in the oils of natural origin

Abstract. The chromatographic analysis method allows us to evaluate the natural oils
components quantitative ratios for the content of fatty acids. The results of the study using the
«Crystal 5000.2» chromatograph can be used to calculate the oils recommended doses to use it
as food products and biologically active additives.

The article provides information about the chromatographic analysis of various vegetable oils for
fatty acid composition. The oils are characterized by a high content of fatty acids of various
types, both saturated and unsaturated w-3, w-6 and w-9.

Keywords: chromatographic analysis, fatty acids, vegetable oils
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YucsieHHOEe MOAe/IMpOBaHMe IpoLecca
aAJUTHUBHOIO IPOU3BOACTBA IOCPEACTBOM
KaJIMOPOBOYHOU MO e/

MeTO0/J,0M BO3POXK/JeHHA YIPYyroro caos

AHHOMayusA. AOdumuegHoe rnpouzsoocmso, uau 3D-neyams, npedcmasnsem coboli npoyecc
C030aHUA MpexmMepHbIX (hu3uYecKux 06beKmos Ha ocHose Lugposbix modesneli nymem
nocsedoeamesibHO20 HAPAULUBAHUS Mamepuana cnol 3a coem. Ima cmames oKkycupyemcs
Ha YuC/eHHOM MOoOeAUPOoBaAHUU Npoyecca a00umueHO20 Npou3soocmea KanubposoyHoli
(mapuposo4Holi) Modenu ¢ ucrnonb308aHuUem creyugu4eckozo nooxooa —memood
803pOHOeHUs yrpy2020 c108. Memood 803poxcdeHus ynpya2020 cq08 —3Mo MeXHUKQ,
HanpasaeHHas Ha MUHUMU3ayuo HanpaxeHul u depopmayuli 8 npoyecce a00UMUBHO20
npou3eodcmea, Ymo 0CoObeHHO 8AHCHO MPU CO30AHUU MOYHbLIX U HAOEHCHbIX KAAUuBpPOBOYHbIX
modesneli. Memod eKknro4yaem 8 cebsa supmyasibHoe 80CCMAHOB/1eHUe ynpyaux ceolicme
Kax0020 €105 Nocse e2o HaHeCceHUs U NoauMepu3ayuu, Ymo no3goasem npedcKaszsleams u
KOppekmuposame 803MOXHble UCKaxeHUs. AOOumusHoe npou3sodcmso, uau 3D-neyame,
npeobpasyem npou3eodcmeeHHyo UHOYCMPUtO, N0380/184 C030a08aMb CAOMHbIE hOPMbI U
cmpyKkmypol, Komopole 6blu 6bl HE803MOXCHbI UU IKOHOMUYECKU He8bl200Hb! Mpu
ucrnonb308aHUU MpPAaduUUOHHbLIX Memooos. OOHAKO, HECMOMPSA HA 06WUPHbIe 803MOXHOCMU,
npoyecc conposoxoaemcs padom mpyoHocmel, 8KAHOYAA yripasaeHue 8HympeHHUMU
HanpsaxeHuamMU u npedomspauwieHue degopmayuu usdenuli. [JaHHbIe npobaemsl 0cObeHHO
aKmyasbHel Npu npoussodcmee KaaubposoyHbix modenell, mpebyowux 86ICOKOU moyHocmu.

Knrouesble cnosa: adoumusHoe npou3soocmaso, ModenuposaHue, noaumepsl, FDM,
MexaHu4ecKue ceolicmea mamepuanos

Ansa yumupoeaHnus: YabaHeHKo A. B. YucneHHoe modenuposaHue npouyecca adoumusHo20
npou3sodcmea nocpedcmeom KaaubposoyHol modesnu MemoOom 803pOHOeHUs yrpya02o C/0A
// MHHo8ayuoHHoe 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
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priborostroenie = Innovative Instrumentation. 2024,;3(2):5-10. (In Russ.). DOI: 10.31799/2949-
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[IpuMeHeHue UCKYCCTBEHHBIX HEUPOHHBIX CeTel
B yIIpaBJIEeHUU Pe3yJIbTaTUBHOCTBI0O TEXHUYECKOT0
AOKYMEHTO0060poTa

AHHomayus. pednazaemcsa N0OX00 K yny4weHUro Mpoyeccos co21aco08aHUA MexHU4ecKol
doKymeHmayuu ¢ y4emom o2paHu4YeHuli cucmemsl MEHEOHMEHMA KaYecmea HayKoemKo20
npouseodcmea. PaccmompeH U npoaHanu3uposaH 3apybexcHsill onsim peweHusA 30004
KnaccuguKkayuu G0KyMeHmMo8 ¢ MOMOWbIO UCKYcCmeeHHbIX HelipoHHbIx cemell. [pednoxceHa
yAy4weHHasa mooess Mapwpyma co2aaco8aHus mexHuvyeckoli 00KymeHmauyuu e cpede
asmMomMamu3supos8aHHoli cucmembl NPeonpUAMUs, He npomusopevauias mpebosaHuUAM
cucmembl MeHeOXMeHMa Ka4ecmea op2aHU3ayuUU U N0380A0UaA Yay4Wums Ka4ecmeo
rpoyeccos coenaco8aHus mexHu4yeckoli 0O0OKyMeHmMayuu HayKoemKo20 npou3eoocmsa.

Kntouesble cn0ea: cucmema, UCKyccmeeHHas HelipoHHAA cemb, mexHu4yecKkuli
dokymeHmoobopom, Hecoomeemcmaue, mexHu4eckas 0OKyMeHmauyus, Ka4ecmso,
MOOepHU3aUUSA, yayduweHue, HayKoemKoe npou3soo0cmeo, op2aHu3ayus, cucmema
MeHeOHMeHma Ka4yecmesa

Ana yumupoeanus: NeaHos M. B., TywiasuH B. A. [TpumeHeHue UCKycCmMBeHHbIX HelipOHHbIX
cemeli 8 ynpasseHUU pe3sys1bmamusHOCMbIo mexHuU4ecko2o 0okymeHmoobopoma //
MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, No 2. C. 11-17. DOI: 10.31799/29490693-2024-
2-11-17.

TakTHKa NpOEeKTUPOBAHUS GepeKTIUBbIX
MPOU3BOACTBEHHbIX CUCTEM

AHHOmMayus. Viccnedyemcs npobsaema adanmayuu rnpu npoekmuposaHuu bepexsussix
npou3e800CMBeHHbIX cuCmeM Ha omevecmeeHHbix npednpuamusx. Onucelearomcsa
pyHOameHmMasnbHble cmpameauu u Memodsl, Ucronb3yemole Npu paspabomke cucmem
6epexcnueo2o Npou3eodcmead, Ha OCHO8e KOMOopbIX Pa3pabamsieaemcs MakmuKa nepexooa ¢
MpaouyUOHHbIX MPOU3B80OCMBEHHbIX CUCMeM Ha bepexciussle Npou3eoo0cmeeHHble CUCmemsl.

Knrouesslie cnosa: 6€p€)+(I7UGO€ npou3606cmeo, mpGaUHUOHHGﬂ I'I,DOU360(3CH’16€HHG}7 cucmema,
6€p8MﬂUBGFI ﬂpOUS‘BOdCI‘nBEHHGFI cucmema, asniemeHmel 6epe)+mueoeo npouseodcmea

Ana yumupoearus: BuHHU4YeHKo A. B. TakKmuKa npoekmuposaHus bepexnusslx
npou3eodcmeeHHbIX cucmem // MHHosayuoHHoe 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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OpraHu3anMoOHHBIA AU3aH IBPUCTUYECKUMHU
MOJe/IsIMU

AHHOMayusA. B yciosuax nocmoaHHo usmeHaAoujelica 0esnogoli cpedbl cospemeHHbie
op2aHU3ayUU CMankuearmca ¢ HeobxodumMmocmoro adanmayuu ceoux Cmpykmyp 0n1s
obecrieyeHuUs ycmolyueocmu u KOHKypeHmocrnocobHocmu. 38pucmu4veckue mooenu
0op2aHU3ayUOHHO20 0u3aliHa npedsaazarom asbmepHAmMuUBHsIl Noo0xo0 K mpaduyuoHHOMY
cmpykmypuposaHuto npednpuamull, GKyeHmMupysa HUMaHuUe Ha 2ubKkocmu, ModysbHoCMU U
umepamusHocmu. B 0aHHOM uccnedo8aHuu paccmampusearomca meopemuveckue u
npakmu4yeckue acrekmeol MpuMeHeHUsa 38pucmuyeckux mooeseli 8 0p2aHU3AUUOHHOM Ou3aliHe,
QHAAU3UPYemca Ux 8AUAHUE HA 0NepamueHyo 3h¢heKmusHOCMb U UHHOBAUUOHHYHO
aKkmusHocmes rpeonpusamud.

Knrouesble cnoea: sspucmuyeckue mooesnu, op2aHu3ayuoHHsIl 0u3aliH, UHHO8AYUOHHAA
aKMUBHOCMb, OP2AHU3AYUOHHAA cucmema

Ana yumuposarus: MawuHa E. A., Hazapesuy C. A. Op2aHU3ayUOHHbIL Ou3aliH
38pucmuyeckumu modenamu // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 2. C. 22-25.
DOI: 10.31799/2949-0693-2024-2-22-25.

Mojeu o6ecriedeHUA Ka4yeCcTBa
IPOrHO3UPOBAHUS HECOOTBETCTBUM B
NPOM3BOACTBEHHOU CUCTEMe

AHHOMayuA. Kaxodas cucmema Hy#0aemcs 8 ynpasaeHuU Hecoomeemcmeusmu, Komopsie
moaym 6bImb HOPMAMUBHbLIMU, MEeXHUYECKUMU UsU 0p2aHU3ayuoHHbIMU. Hecoomeemcmeus
Mo2ym 8bi38amb 00pOo20CmMosAWUe UHYUGeHMbl Uau asapuu 8 KOMIMNAHUU, HOHeECMU yuwepb KaK
Kayecmsy npooyKyuu, mak u 300poseto u bezonacHocmu compydHuUKos. llosmomy Heobxo0umo
yMemb 8bIA8A1AMb, Yrpaesaams U Npo2HO3uposams Hecoomeemcmaeus, d MaK#e 8eposmHOCMb
Ux 803HUKHoBeHuUA. ObecneyeHue Kauecmea mpebyem cmpameauli U NPoyeccos no
YCMpaHeHUo 0eheKmos, HO Ha MPAKMUKeE noaHOCMbto 6e3dedeKkmHbili npoyecc mpyoHo
npedcmasums U3-3a PA3/UYHbIX MPUYUH, MAKUX KGK Oe@heKmHble KOMIoHeHmbl, cay4aliHeie
cbou 8 npoyecce, omrazsl 06opydosaHus, pazpabomra Ho8ol NPOOYKYUU U BHEOPEHUE HOBbIX
mexHosnoauli. [loamomy Heobxodumo npedycmompems 803MOXCHOE HaAUYUe
Hecoomeemcmaeul. [Jna npo2HO3upos8aHuUs Hecoomeemcmeauli Heobxo0uMo 8b16upamMe
aghgpekmuesHble modesnu, Ymobbl MUHUMU3UPOBAMb OMepPU rnpou3so0cmeeHHol cucmemei.
UHCmpymeHmebl Npo2Ho3uposaHus Hecoomaemcmauli 00axcHbI 6biMb 8bI6PAHLI 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 ¢ I'IOIT)pE6HOCmFIMU u xapakmepucmukamu KomnaHuu u I'I,DOU3BO(3CIT76€HHOG
cucmemel.

Kntouesble cno06a: mexHonoau4veckuli puck, Hecoomeemcmaue, 0edpekm, Koppekmupyowue
delicmeus

Ana yumuposaxus: Bepxosckas A. U., Hazapesuu C. A. Modenu obecneyeHus Kayecmsea
npo2Ho3uposaHus Hecoomeemcmauli 8 npouzsodcmeaeHHol cucmeme // MHHoBayuoHHoe
npubopocmpoerue. 2024. T. 3, No 2. C. 26—31. DOI: 10.31799/2949-0693-20242-26-31.

AHaJ/IM3 C/10XKHBIX KOMIIO3UTHBIX MaTepUaJIOB

C CoJep>KaHUEeM MeTaKPUJIOBbIX MOHOMEPOB
cneKTpodoToMeTpOM, pabOTAIIHUM B JUANa30HE
JJIMH BOJIH 200-1100 HM

AHHOomayuA. HacmoAawasa cmamesA NoceaweHa Usy4eHuro onmu4yeckux napamempos
KOMMo3umos, (homonoanumepu3o8aHHbIx npu t = 10 ¢ 8 pa3auYHbIX MeMnepamypHbiX yCa08UAX
asmomMamu3upo8aHHeIM ciekmpogomomempom. [lepcrnekmugHo UcnoabL308amMs
crnekmpogomomempel 048 U3y4eHUA OMMUYECcKUX caolicme KOMMO3UYUOHHbIX MamMepuaos,
mak Kak amu npubopsl npedocmasasaom 00CmosepHyHo, HA0eH(HYH U 8bICOKOMOYHYIO
UHpopmayuto 0b uccinedyemom obvekme. M3yueHue onmuyeckux napamempos obpasyos
KOMIMO3Uma pasHbiX em U320moeseHuUs, 0meepHOeHHbIX 8 mMeYyeHUe CMaHOapmMHo20
PeKoMeHO0BAHHO20 8pEMEHU MPU PA3AUYHbBIX MeMnepamypax, a8momamu3upo8aHHbIM
crnekmpogomomempom U A8UAO0Ck Yenbto Hacmoawel pabomel. [onydeHsl cnekmpasnsHele
308UCUMOCMU KO3ghghuyueHma noaaoweHus om 0auHbl ceemosoli 8osHbl K(A) o6pazyos
Estelite Asteria ommeHkos A3.5B, A4B, B3B npu epemeHu gpomononumepusayuu t =10 c u
memnepamypax T =20 u 47 °C. BbiagneHo, Ymo npu Ha2pesaHuu KOMMNOo3umos ornmu4yecKoe
Kavyecmeo pecmaspayuli He CHUX(A0Cb.

Kntouesble cnoea: spems gpomononumepusayuu, cnekmpogpomomemp, ceemogunemp,
memnepamypa, KOMMo3um, 08yx/y4e8as cxemd, KoaghguyueHm no2aoweHus

Ana yumuposaHus: Matliopos E. E. AHGU3 CA0HHbLIX KOMIMO3UMHbIX MAMepuasos ¢
codepiaHuem Memakpuno8sIX MOHOMepPO8 criekmpogomomempom, pabomaroujum 8
duanazoHe 0suH 80aH 200—-1100 Hm // MHHOBaYUOoHHOe npubopocmpoeHue. 2024. T. 3, No 2. C.
32-37.D0I: 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(A) 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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HUMmuTanuoHHass Mogesib QYHKIIMOHUPOBAHUSA
YCTAaHOBKH 10 NIPOU3BOACTBY AeTa/ied MeTOA0M
NMOCJIONHOI0 HaMJIaBJICHUA

AHHomayusA. Paccmampusaemca modenuposaHue npoyecca 3D-neyamu Kak 00uH u3 crnocobos
yAyYyweHusa Kayecmea u agpgpekmusHocmu 0aHHol mexHosnoeuu. lpedsapumensHoe
UMUMAYUOHHOE MOOeNUPOBaHUE M038015em 8biA8UMb 803MOM(HbIE MPObaEeMbI U Mpedaorums
onmumassHele napamempel 0117 obopydosaHua u Mamepuanos. Pesynsmamom pabomsi
Asagemca pazpabomka UMUMAayuoHHol modenu, Komopas no3eonsem b6osee MoOYHoO
npedcKazams pesyanbsmamel ne4amu U KOHMPOAUPo8aMb KaYecmeo npou3eoo0uMbsix peasnbHoll
ycmaHosKol demaned.

Knrouesble cnoea: umumayuoHHoe modenuposaHue, a00umusHble mexHono2uu, Kayecmeao 3D-
neyamu, SiminTech

Ana yumupoesaHus: LLleHukos A. A. IMumayuoHHAs mooesb (hyHKUUOHUPOBAHUSA YCMAHOBKU
o npouseodcmey demareli memodom nocaoliHo2o HannasneHusa // UHHos8ayuoHHoe
npubopocmpoerue. 2024. T. 3, No 2. C. 38—43. DOI: 10.31799/2949-0693-20242-38-43.

Pa3pa6oTKa KOMILUIEKCHOM CKaHUPYOILI el
CUCTEeMBI AJi onpeaesieHus AedeKToB GopMbl

AHHOMayusa. Paccmampueaemcs 80npoc npuMeHeHUs MpUrnaeKcHo20 (My6muceHCcopHoz20)
0amuyuKa eMKOCMHO-0MMUYECKU-8UXPEMOK08020 Mura, umMerou,e2o npedsapumernsHyro
cucmemy npeobpazosaHus, Komopbili 6bia UCMOAb308AH KAK A/1bMePHAMUBa KOHMAKMHO20
wyna Ha kpyanomepe RoundTestRA-120p [1]. Mpoyecc cHAMuUsA 0aHHbIX ¢ demanu Ha npubope
014 usmepeHus degheKkmos hopMbl umeem pAd ca0Hocmel, C8A3AHHbIX C OaUumenbHoUl
KanubposKol, enusHuem KoagguuyueHma ycunus, donzoli npedsapumensHoli Kanaubposkoli
npubopa, He803MOXHOCMbIO UCMOAb308AHUA Npubopa 011 demaneli 6oabwo2o duamempa u
6071bW020 8eca. [10006PAHHbIE XAPAKMEPUCMUKU MPUrAeKCHO20 0amyuKa no3eoaunu
UCnobL308aMb €20 BMECMO KOHMAKMHOR20 Wyna npu usmepeHuu deghekmos popmMbl demanu
0419 pa3HbIx Mamepuanos. IMeHHO 8 6ECKOHMAKMHOM U3MepeHUU Pa3HbIX Mamepuanos
30KAH04AeMcA NPeumMyu,ecmeo mpunaeKcHo2o 0amyuKa.

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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Knioueeble €n068a: mpunaekcHas cucmema, 8UXpemoKoebllii 0amyuK, onmuyeckul nasepHoili
damyuk, aHanu3 depekmos Oemanu Ana yumuposaHus: Enugaryes K. B. Paspabomka
KoMnineKcHoli ckaHupyouweli cucmemsi 018 onpedeseHus deghekmoa hopmel //

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

JK0JIOro-TeXH0JIOTH4eCKOe HOpMHUPOBaHUE
KaK 3¢ PeKTUBHbIN HHCTPYMEHT 00ecleYeHuUs
KayecTBa QYHKIMOHUPOBAHUSA CUCTEMbI
BOJ,00TBeJeHMs IPOU3BOACTBA

AHHOMayusa. PaccmompeHsl 80Mpocsl obecreyeHus Ka4ecmaa 04UCMKU CMOYHbIX 800 U
MexXaHu3Mbl ux peweHus. OnpedesneHa He0bXo00UMOCMb 2aPMOHU3AUUU IK0102UYECKO20 U
MexHO102U4eCK020 HOPMUPOBAHUSA C Uesnbto 00CMUMEHUA
npeodnpuaAMUAMUB800010/a16308aMeENAMU 300AHHbIX IKOM02UYECKUX CMAHOAPMos u
mexHoso02u4ecKkux nokasamesnel. PaspabomaH Hosbili Memod ycmaHosneHus cesaseli mexoy
9K0/102UYECKUMU U MEXHOM02U4EeCKUMU HOPMamu8amu C npumeHeHUem 6aHKa 2e00aHHbIX
meppumopuanbHol 800HO-pecypcHoli cucmemsi. [pednoxceHHbIl Memoo eKao4Yaem e ceba
KOHUenmyasnbHy mampuyy modesnu ycmol4ueo2o hyHKYUOHUPOBAHUA meppumopuasasHoli
800HO-pecypcHoli cucmemsl, Ha OCHoge Komopoli pa3pabomaHsl MpuU ypOBHA HOPMAMUEBO8 8
3a8ucuUMocmu om cmereHu pa3sumus npou3soocmea, U UHGOPMAYUOHHO-MPO2PAMMHbIl
KOMI/eKc 01 peanu3ayuu modesnu 3K01020-mexHOoA02U4eCcKo20 HOPMUPOBAHUSA 0114
omoesibHbIX MPouU3800CcM8, M0380A7AWUL No8bICUMb 3¢hgheKmUBHOCMb yrpasneHus
meppumMopuUanbHeIMU 800HO-PECYPCHBIMU CUCMEMAMU, 0 MAKHE KOHKYPEeHMOoCnocobHOCMb
npednpusmuli 3a cuem 8bifBAEHUA U 0O0CHOBAHUSA 83AUMOBAUAHUS MEXHON02UYECKUX
HOPMamugos U HOpMamueo8 Kavyecmeaa OKpyxcaroweli cpeosi.

Knroueesobie cnosa: HopmamugHo 0onycmumsili c6poc, mexHon02uyecKue HopMamuebl,
9K0/1020-mexHOos02u4ecKkoe HOpMUposaHue, UHHOPMAYUOHHOe obecreyeHue, cucmema
sodoomeedeHus, Hopmamues donycmumozo 8ozdelicmeus, Hauay4was 0ocmynHas
mexHosnoaus

Ana yumuposaHusa: *unvHuKoea H. A., LluwKuH U. A., bepe3uHa A. A. IKonozo-
mexHosn02u4ecKkoe HOpMUpPOB8aAHUE KaK IhghekmueHbIl UHCMpymeHm obecnevyeHus Kayecmea
PYHKUUOHUPOBAHUSA cucmemsl 80000meedeHus rnpouszeodcmsda // 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
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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.
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Moaxoa k popmupoBanuio cui Kopuosiuca gas
MOCTyNaTe/IbHOTO U YIJIOBOTO NepeMelleHusA
MaTepHUa/IbHOTO 06'bEKTA B UHEPIMAJILHOM
MPOCTPAHCTBE

AHHOmMayus. B ocHose hopmuposaHus cua Kopuonauca nexcum snemeHmapHoe ycmpolicmeo
0414 ueneHanpasaeHHo20 CO30aHUA HA HECywem mese 08UMCYU,e20Ca MamepuanbHo20
06vekma yKasaHHoU cusbl KAk pe3ynbmama e3aumodelicmsus Hecywe2o mena u
mamepuanbHo20 mena (MamepuansHol MOYKU), nepemeujaemMo20 0MHOCUMenbHO Hecyuje2o
mesia Kak nocmynamessHo, MAK u 8pawamesnsHo. Takoe omHocumesnsHoe nepemewjeHue
docmuzaemcs KoHcmpyKuuel u3 HapyxHol U 8HympeHHel 8pawarouuxca 8 Hecyuwem mese
Pamok u npamonuHeliHol Hanpasaaoweli 8 cocmase sHympeHHeli pamku. MamepuanbHas
mouKa npuobpemaem sAuHeliHy0 CKOPocMs 800416 NpAMonuHeliHol Hanpasaauwell U y2n08yto
CKopocmb emecme ¢ npamosuHeliHoli Hanpasasaowel. Takum obpaszom, 8 cocmase
abcoM0mMHo20 AUHeliHO20 YCKOPEeHUAs MamepuanbHol MoYKU 8bi0enAalomcs ynpasasemoe
ycKopeHue Kopuonuca u e2o «none3Has» cocmasasowas, obycnosneHHas omHocumensHol
Y1080l CKOPOCMbIO BPALLEHUS OMHOCUMEAbHO20 8eKMopd sAuHeliHol ckopocmu.

BHympeHHaAs cuna Kopuonuca npusodum 8 dsuxceHue Hecyujee meso coobpasHo
OMHoCUMenbHOMY O8UMHCEHUID MaMepuasabHOU MOYKU — 800716 MeKyuw,e20 MosaoXeHus
nepneHOUKyAAPaA K npamonuHeliHol Hanpasaaowel u coenacHo 08uxeHuU0 MamepuanbHol
MOoYKu 8 oepaHu4YeHHoU no dauHe npamonuHeliHoli Hanpaensowel. B obwem cayyae
mpaekmopus 0suxceHus bydem KpusosuHelHol, a 0s8uxeHuUe Hecyuje2o mesa no Heli —
02PAHUYEHHbIM.

1A cnpamaeHus mpaekmopuu nepemeweHuUs nosca Hecywe2o mesa snemeHmapHsie
ycmpolicmea 06veouHAomca e napy: 0b6a udeHmuyHsl Opye opyay, HO 0OHO 8 Ha4asbHOM
ros10#eHUU 1o8epHYMo omHocumessHo 0pyz020 Ha 180°.

C yenbio obecriedeHUs HEO2PAHUYEHHO20 NOCMYyrnamesnbHO20 nepemeujeHus 0603Ha4eHHo20
mamepuasnsbHo2o obvekma 8 6ol MomeHmM ynpasasemo2o co30aHud Ha bopmy sekmopa
«0se3H020» ycKopeHusa Kopuosuca ebinonHaemca o6HyneHue nAuHeliHoli ckopocmu Hecyuw,e2o
mesna, Ymo NpusodUM K Ha4asbHoli CKOPOCMU Hecyuje2o 06beKMa MosbKo 3a ciem
«nonesHoli» cunsl Kopuonuca.

Ana ocywecmeneHus yKka3aHHO20 osuxeHuUA npedﬂaeaemcs ucrosb3oeaHuUe Hacmpausaemoco
MHOZOdJyHKL{UOHGﬂbHOZO cpedcmea c obecrieyeHUem e20 3Hep20CHG6)+(eHUﬂ 60meBbIM
UCMOYHUKOM.

Hpusodumcn aHanumuyeckoe 00Ka3amenbcmao ocywecmesieHUA YKA3aHHO20 nepemew,eHUA
Hecyuw,e2o mesa Ha ocHoee HblOMoHo8cKoli modenu npocmpaHcmea u epemeHu, ripuyem

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 |. 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 MAMeEMamu4eckux solpaxceHuli agasemca ocHoeol 0a: paspabomxu
an20puUMMa U Po2PamMMsl YrpasneHus.

Kniouesble cnoea: MmamepuanbHAA MOYKa, MamepuansHelli 06bekm, Hecyujee mesno,
UHepyuasnbHoe NPocMpaHCcmMeo, UHepyuaabHasA Haguaayus, yckopeHue Kopuonuca, cuna
Kopuonuca, akcenepomemp, 2upockonu4yeckuli uHmeapamop nuHeliHbIx ycKopeHul

Ana yumuposanus: Ozypyos U. A., lepsyxuH 4. A., AppaHaceesa O. B. [Modxo0 K
gopmuposaHuto cun Kopuonuca 05 mocmynamesbHo20 U y2n108020 repemeujeHus
MamepuanbHo20 06vbekma 8 UHepYUanLHOM npocmpaHcmee // IHHosayuoHHoe
npubopocmpoeHue. 2024. T. 3, No 2. C. 61-71. DOI: 10.31799/2949-0693-2024-2-61-71.

[locTpoeHue rpaHuUIbl 06/1aCTU BOSHUKHOBEHUS
ABYXIIepUOANYECKUX KOJIe0aHUM B HEJIMHEMHOU
MOJeJ/I CEHCOPHOr'0 HelipoHa

AHHOmMayus. C nomouwjbto buypKayUuoHHO20 aHAAU3A peweHa 3a0a4a onpedeneHus ycaosul
B03HUKHOBEHUS COXHbIX 08yXrnepuodudeckux KonebaHuli 8 sude pexcuma naveyHol
aKMusHoCMuU 8 HesuHeliHolU Modesiu ceHCOpHO20 HelipOHA CUHAMbHbIX 2aH2/Ue8 KPbIC U
nocmpoeHus 2paHuybl smol 06aacmu npu U3MeHeHUU Napamempos mooesau. AKmyasnsHOCMs
npeodnoxeHHo20 No0xo0a cocmoum 8 Heobxo0UMOCMU BbIABAEHUSA 8AUAHUA PA3AUYHbIX
napamempos aHaAu3upyemoli Mooesau Ha UsMeHeHUe Percumos UMMyA6CHOU akmusHocmu
CEHCOPHbIX HEeliPOHO8, CBA3AHHOE C BO3MOMHbIMU U3UYECKUMU UAU XUMUYECKUMU
s8o3delicmsusamu.

Knrouesble cnoea: bugypKayuoHHeIl aHanau3, 08yxnepuoduyHocme, bbicmpas u meodsneHHas
noocucmemoi

Ana yumupoesarus: fuk O. E., ®ponosa E. A., AkunuH A. C. [locmpoeHue 2paHuyel obaacmu
B03HUKHOBEHUA d8yxrepuoouyecKkux KonebaHuli 8 HeauHeliHol modenau ceHcopHozo HelipoHa //
MHHosayuoHHoe npubopocmpoerue. 2024. T. 3, No 2. C. 72-77. DOI: 10.31799/2949-0693-
2024-2-72-77.

O HeJIMHENHOM PE€30HaHCE NMOJIAPU30BAHHBIX
OIITUYE€CKHUX BOJIH
AHHomayus. BeieedeHol uHmMezpupyemoie 08yXKOMMIOHeHMHble HesuHeliHble

dughepeHyuanbHbIE YPasBHEHUS, UMeroWUe NpunoxeHus 8 HeauHeliHoli onmuke. Moay4eHebl
CMAayUOHApPHbIe ypasHeHUs, Komopbim yoossaemeopsaom fnpocmeliwue HempusuasbHele

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. YKa3aHb! 3HaYeHUsA napamempos CmayuoHapHeIx ypasHeHul, npu KOmopebix 8
paccmompeHHoU HenuHeliHolU Modesnu 803HUKAem Pe30HAHC, 3aKavarowulica 8
B803HUKHOBEHUU HEO2PAHUYEHHO 803pACMAOU4UX peweHul.

Kntouessble cnosa: HenuHeliHoe ypasHeHue LLipeduHzepa, ypasHeHue Kayna — Hetoanna,
ypasHeHue YeHb — Jlu — /loto, ypasHeHue [epOxukosa — MleaHosa, 8eKMopHoe uHmezpupyemoe
HenuHeliHoe ypasHeHue

Ana yumupoearusa: CmupHos A. O. O HeauHelHOM pe30HaHce NoAAPU30BAHHbIX ONMUYECKUX
80s1H // HHOBaAUUOHHOEe 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 — lvanov equation, vector integrable nonlinear equation
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Ob6ecneyeHHe Ka4yeCTBA 3aKYINKH 3JIEKTPOHHOH
KOMIIOHEHTHOM 6a3bl HA OCHOBE CTaTUYECKHUX,
AUHAMHUYEeCKMX Mo/JeJied U HeMPOHHBIX ceTer

AHHOomauyus. PaccmompeHa npobaema obecrievyeHus Ka4ecmea 31eKmpPoHHO20 U30enus Ha
amane 8bIbopa MOCMABWUKA 31eKMPOHHOU KomnoHeHmHol 6a3bl. 0bycaoeneHa
Heobxodumocms obecrnevyeHuUs Ka4ecmaa 3aKymnok. [pusedeHsl cmamuveckue mooenu 8elbopa
10CMasuUjUKO8 Ha OCHOBE /TIOKA/bHbLIX U 0606WEeHHbIX Kpumepues U OuHamu4yeckue mooesnu
8bI60pPa MOCMABULUKO8 Ha OCHOBe HelipoHHbIX cemedi.

Kntouesble cnoea: nokazamesnu, Kpumepuu, mexHos102Us, 31€KMpPOHHAA KOMIMOHEHMHAA 6a3aq,
Kayecmeo

Ana yumuposarus: KopwyHos I'. N., Makapos E. []., bopuceHko K. A. ObecnieyeHue kayecmsa
3aKYNKU 31eKmpoHHOU KomnoHeHmMHoU 6a3bl HO 0OCHOB8e cmamu4ecKux, OUHAMUYECKUX

moderneli u HelipoHHbIX cemeli // HHoBayuoHHoe npubopocmpoexue. 2024. T. 3, No 1. C. 7-11.

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

OpraHu3sanus NpocjaeKuBaeMOCTH 3JIEKTPOHHOM
NPOAYKIMHU HA 3TallaX )KU3HEHHOT 0 UKJ/Ia

Ha OCHOBe 6a30BOM PPOBOMN MOe/ U

AHHOMayusA. PaccmompeHa npobsaema opeaHU3ayuu Mpou3so0cmeeHHbIX MPoyeccos U
obecneyeHusA Ka4ecmaa MpoOyKUUU C MOYKU 3peHUs aKmyanu3ayuu, BHeOpeHuA u
apxusuposaHus eceli KOHCMPYKMOopPCKoli OoKymeHmauyuu ro uzdeausm. ObocHosaHa
Heobxo0uMocms cucmemMamu3ayuu u azpe2ayuu OaHHbLIX, Komopsble npu nposedeHuu
10BMOPHLIX 30KA308, BO3HUKHOBEHUU CHOPHbIX cumyauyull uau Hecoomeemcmeuli cmoaym
cMame Ka104e8biMu 06beKmamu npu noucke crnocobos peweHus. llpedcmasneHo peweHue Ha
ocHose 6a3080li yugposoli Modesu ¢ 3nemeHmamu peKypcuu.

Knrouesble cn108a: Ka4ecmaso, 4ugpposas Moodesb, NPOCAeHU8AEMOCMb, OOKYMEHMAauyus

Ana yumupoeaHus: KopwyHos I'. N., Makapos E. []. Op2aHu3ayus npocaexcusaemocmu
371eKMpPOoHHOU NPOdyKUUU Ha 3Manax ¥UsHeHHo20 YUKAa Ha ocHose bazoeol yugpposoli

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-
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HU3MepeHMe nNapaMeTpPOB LiBETA 3JIEMEHTOB
ONTUYECKOMN CUCTEMBI IKCIIepUMEHTa/IbHOU
KOJIOPUMETPHUYECKOMN YCTAaHOBKOM

AHHOomayus. Paboma 3ampaausaem 80MpocCs! U3MepeHUs napamempos ysema 371emeHmos
onmuyeckoli cucmemsl 3KcriepumeHmansbHol Konopumempuveckoli yemaHogKol. B Hay4Hol
MPaKmMuKe Kosopumempuyeckue npubopsl U KOMMaeKcol 80cmpebosaHsl U 0arom
B803MOMCHOCMb M10/1y4UMb 8bICOKOMOYHYIO U 00CMOBEPHYHO UHGHOPMAUUIO 0 KOHMPOSUPYEMOM
obvekme, noamomy paboma akmyaneHa u nepcriekmueHa. lpedcmaeneHsl sHewHUli U0,
PYHKUUOHAAbHAA CXeMa U mexHUYecKue napamempbi SKCrnepuMeHmasnbHol yCMAaHOBKU.
Mony4eHsl 3KCNepUMeHMasnbHbie pe3ys1bmamel KOOPOUHAM YsemHocmMu ceemoguaempos u3
YyBemMHO020 CMEeKa PasHbIx npouzeodoumeseli HA U8EMOBOM mpey2obHUKe, nposedeH
CpaBHUMEsbHLIU AHAAU3 SKCTePUMeHMAsbHbIX OAHHbIX.

Kntouesble c1068a: Konopumempuyeckas ycmaHo8Ka, ueemosoli mpey20/bHUK, ceemoguasmp,
KoopOuHama ygemHocmu, 4ye8emosas cucmema KoopouHam, ¢pomoouood

Ana yumuposaHus: Maliopos E. E., lywkuHa B. I1., lyaues P. b. UsmepeHue napamempos
ysema snemeHmMOo8 orMu4eckoli cucmembl IKCepUMeHmManbHol Koaopumempuyeckol
ycmaroekoli // HHo8ayuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C. 17-21. DOI:
10.31799/2949-0693-2024-1-17-21.

KOHTpO.JIb KauecTBa MeIHOM PyAbl C IOMOIIbIO
METo/ia JIa3epHO-UCKPOBOIi SMHUCCHOHHOM
CIIEKTPOCKOIHHU

AHHOmayus. AHanumu4veckue memodel KpaliHe 8ocmpebosaHbl 8 20pHod0bbIsaroweli
ompacau, Komopas Aengemcs 00HoU u3 Karuyesbix ompacneli pocculickoli MpomMbluneHHOCMU.
OHU 8bINOMAHAIOM 8AX(HblE (PYHKUUU MOHUMOPUH20, U3MEPEHUA U KOHMPOsIA MexHO102U4ecKux
npoyeccos, KOmopsie Heobxo0umel 075 oNMUManeHol pabomel. OOHUM U3 Memooos,
Komopbili Moxcem rnomMouYb 8 ornpedesneHuU Kayecmaea Coblpbs, ABAAEMCA AA3epPHO-UCKPOB8as
IMUCCUOHHAA cnekmpockonus (/IN3C). B daHHol pabome npedaazaemcs ucnons3osams JINIC-
mMemo0 071 onpedeneHus npucymcmaeus meou 8 npobax 2opHodobbisaroweli
npomsiwneHHocmu. [aa amoli 3a0a4u 6l cObPaH 3KcnepuMmeHmasbHelli Makem, 8blbpaHa
onMuYecKas cxema 3KcrnepumeHma u onpeodesneHsl napamempsl 1a3epHO20 U3yveHus. boiau
u320mosseHsl mabsemku U3 2uncosoli OCHOBbI C 8KAKOYEHUAMU MeOU, MPo8edeHbl mecmosble

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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usmMepeHuA crekmpos naa3msl, 06pasyowelica Ha nosepxHocmu mabsaemox, u bbina
onpedesneHa meods (Cu(l)) Ha OnuHe 8onHbl 324,7 u 327,3 HM.

Kntouesble cn1086a: 1a3epHO-UCKPOBAA IMUCCUOHHAA CIEKMPOMEMPUSA, CIeKMpPanbHaAa
Xapakmepucmuka, criekmpassHsll aHAAU3, meds

Ana yumupoeanus: MucHukosa T. C. KoHmposne kauecmaa medHol pydel ¢ noMowbto memooda

71a3epHo-UCKPo8oli sMUCCUOHHOU ciekmpocKkonuu // MHHoeayuoHHoe npubopocmpoeHue. 2024.

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

JKCnepuMeHThI 0 KOHTPOJII0 KOJIMYeCTBA
00'bEKTOB Ha NIOBEPXHOCTH HA OCHOBE 00Pa0OTKHM
JIa3epHbIX JAHHbIX 1 METOA0B PAaCIO3HABAHUS C
60pTa MaJIbIX JIeTaTe/IbHbIX allllapaTOB

AHHOmMayua. O6veKMOoOM Hay4YHO20 UCCNe008aHUSA A8/19emCcs a120pUMM 0bHAPYHCeHUsA U
8bl0esneHUA 06beKmMoe Ha ocHose 06paboMKU a3epHbIX OaHHbIX — 001aKA MoYek,
M0sy4eHHO20 C MOMOWbIO UHMEAEKMYAsAbHOU 0MMUKO-31eKmMpPoHHOU cucmembl
onepamugHo020 MOHUMOPUH2a 3eMHOU nosepxHocmu, peanusyemoli Ha 6a3e Mmasbix
AemamesnbHeix annapamos. HayyHas paboma umeem secomoe npakmuveckoe 3Ha4yeHue 014
paspabomku npo2pammel a8BMoOMamMu3upoB8aHHO20 0bHapy#ceHuUs U 8bideseHuUs 06veKmos Ha
Habarwdaemoli nosepxHocmu. Pazpabomka anzopumma rno3soaum nposodume bosee
ahgpekmusHoe u moYyHoe pacno3HasaHue obvekmos Ha Habadaemoli nosepxHOCmMu, Ymo
Moxcem 6bimb 1071€3HO 8 PA3AUYHbIX Chepax, MAKUX KaK 2eode3usd, Kapmozpagus,
MOHUMOPUH2 MPUPOOBHbLIX Pecypcos, oxpaHa okpyxaroujeli cpedsi, obecriedeHue 6e3onacHocmu
u m. 8. [1na docmuxeHuUsa nocmasneHHol yeau Ucnonb3yromca Memoos! 1a3epHo20
CKaHUpoBaHUsA 3eMHoU nosepxHocmu, memoosl 277y60K020 0by4YeHus U u3ssiedyeHus npu3HaKos
0714 KAaccugukayuu obHapy#eHHbIx 06 beKmos Ha rnosepxHocmu.

lMposedeHbl aKcnepumeHmMeol Mo 06Hapy#ceHuU 06bekmos Ha 0bs1aKe moYeK. B pamkax
3KCnepumeHmoe bbl/u UCnonb308aHbl 06710KA MOYEK, NOAYHEHHbIE C OMMUKO-31eKMPOHHbIX
cucmem onepamueHo20 MOHUMOpPUH2a 3eMHol nosepxHocmu Ha 6aze 6ecrunomHol
asuayuoHHol cucmemel (BAC). B npoyecce uccnedosaHusa papabomaHa npo2pamma no
KOHMPOIo KoAuvyecmsa 06beKkmos Ha 0cHo8e Memo008 pacrno3HA8aHUA 06beKkmos.
MpusedeHsl pe3yabmamesl Mo 0b6pabomke na3epHbIX OaHHbIX 0610KA MOYeK, peanusyemsix Ha
6a3e manbix BAC, Ymo Aea9emcs 02UYHbIM MPOOoAXEHUEM U pazsumuem OaHHO20
HanpasaeHus.

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. I., 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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Kntouesble cn08a: nasepHsie OaHHble, Haba0aemas MosepxHocmMsb, 06Hapy#eHue 06vekmos,
manoili nemamensHbil annapam, 061aKko0 moyek, 6ecrnuao0mHas A8UAYUOHHAA cucmema

Ana yumuposaxus: AgpaHaceesa B. U., 3anuwjyk A. A., Henawes B. A., Mpuzopos M. 0.,
Mopo3o8 A. B. IkcnepumeHmbl 0 KOHMPOsIO KoAu4ecmea 06vbeKmos Ha MosepxHocmu Ha
ocHoge 06pabomKu na3epHbsIX OAHHbIX U Memo0do8 pacro3HasaHua ¢ bopma mMasnbix
nemamenbHbIx annapamos // HHosayuoHHoe npubopocmpoeHue. 2024. T. 3, No 1. C. 28-35.
DOI: 10.31799/2949-0693-20241-28-35.

HHTerpupoBaHHasa cucTeMa KOHTPOJIA
TeXHUYECKOI'0 COCTOSAHUA aBUAllMOHHOI'0
ABUraTeJis Ha 6a3e CIeKTPOCKONNYeCKUX
U3MepeHUum

AHHOMayuA. BHedpeHue 8cmpoeHHbIX cUCMeM KOHMPOsIA MexHUYecKo20 COCMOAHUSA naaHepa
camonema, cusnoeoli ycmaHoeKu u 6opmoebix cucmem uzpaem Kao4esyro posb 8 NogbiuieHuu
6e30MacHOCMU 10emo8 U COKPAWeHuU pacxo0o8 Ha mexHu4eckoe obcayxusaHue. Imu
cucmemeol 10380770M 06HAPYHUBAMb U3HOC U ospexcdeHus asuayuoHHblx dguzamenedl,
KOHMPOAUPO8aMb UCMOMb308AHUE PECYPCa U OUEeHUBAMb COCMOAHUE KOMMOHeHMo8. OGHAKO
cywecmeyroujue memodsl Uaz2HOCMUKU U3HOCa dsuzamerneli HeA0CMAaMOYHO y4UMbl8aom
8/1UAHUE BHEWHUX haKMOPOB8 HA UX COCMOAHUE, a C y8eauYeHUEM CAOXHOCMU KOHCMPYKYUU U
mpebosaHuli K mexHuU4ecKkomy obcayHusaHuto Heobxod0umo papabomame 6osnee Haoex Hole U
npodsUHymMble cucmembl KOHMPOAA MEXHUYECKO20 COCMOAHUA. amyuKu pa3auyHelx 8U0os
cobuparom uHgpopmayuro o pabome dsuzamers, 8KAKYAA memnepamypy, 0dsseHuUe 2a3a,
8ubpayuI, CKOPOCMb BPAWEHUS POMOPA, HaAUYUE MBepPObIX YacMuy, 8 MAcse, PAcxo0
monauea u 8030yxa, KoHYesoli 3a30p A0MAMOK u dpyaue napamempesl. Imu OaHHbIE Mo2ym
6bIMb UCMO0/16308AHLI COBMECMHO C KOHMPObHO-U3MepumesnbHol annapamypoli dpyaux
cucmem 0su2amesia, MAKUX KK demomamuyeckoe yrnpasaeHue U npomugeonoxapHasn
cucmema. Mpednazaemcs Ucnonb308aMb MHO20AAbMEPHAMUBHYIO CUCMeMy KOHMpPOAs
MmexHUYEeCKo20 COCMOAHUSA a8UAUUOHHO20 08U2ames C NpuMeHeHuUem bpa2208cKoli pewiemku 8
Kayecmee usmepumesnbHo20 ycmpoticmea. lpumeHeHuUe 8CMpPOeHHbIX cucmem KOHMpOosa
umeem saxcHoe 3Ha4eHue 014 obecrie4eHUs 6€30MacCHOCMU U CHUXeHUS 3ampam Ha
obcnyxcusaHue.

Knrouesble cn08a: MHO20aA1bMEPHAMUBHAA cCUCMEMA KOHMPOIA, KOHMPOs1b MEXHUYECKo20
COCMOAHUA aeUayUuUoHHO20 aBUZCImEﬂﬂ, cusossble ycmpot‘icmea, 6p32206CKGH pewemka,
CI'IEKmpCIﬂbeIa aHanus

Ana yumupoeaHus: Cepdrok K. B. UIHmezpuposaHHas cucmema KOHMPOsA MeXHUYEeCKO20
COCMOAHUSA A8UAUUOHHO20 08u2amess Ha 6a3e CeKmMpocKonu4ecKux usmeperuli //

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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WHHOoBayuoHHOe npubopocmpoeHue. 2024. T. 3, No 1. C. 36—41. DOI: 10.31799/29490693-2024-
1-36-41.

[IpiMeHeHHUe BOJIOKOHHOM ONTHUKH B
CIIEKTPOCKONMUYECKUX CUCTEeMaX KOHTPOJIs
du3nYecKux ¥ TEXHOJIOTHYECKHMX POLECCOB

AHHOmMayusA. Paboma nocsaweHa ucciedosaHuto ocobeHHocmel npumeHeHUs 80/10KOHHO-
onmuyeckol cucmemsl nepedayu (BOCI) aHanu3upyemsix cU2HAs08 8 cucmemax
ducmaHyuoHHol onmuyeckoli cnekmpockonuu. Liensto uccnedosaHus A8aaaacs paspabomka
mamemamu4eckux moodeneli U MemoOUK pacyema UCKaxeHuUl u 3Hepaemu4eckux nomepeo,
B803HUKAOWUX NNpu rnepedaye onmu4yecKux CU2HAs108 M0 80/10KHY, UH3080MYy 610Ky 88000
u3sy4YeHus u cucmeme coanacosaHus BOCIT ¢ exo0Hol anepmypoli cnekmpasasbHoz20 rnpubopa.
MpoeedeHo uccnedosaHue uckaxceHuli annapamHol hyHKYuU cnekmpasnabHo2o npubopa npu
PUMEHEeHUU 0nMmMuYecKo20 80/10KHA 0718 ONMUYECKO20 CeKmpasnbHo20 npubopa ¢
dugppakyuoHHol pewemkoli. Ha ocHoge 8biMosIHEHHO20 KOMMbIOMePHO20 MOOenuUpPO8aHUsA
roay4YeHa OUeHKa ywupeHus annapamdoll yHKYuU crnekmpasnabHoz2o npubopa ¢
dugppakyuoHHol pewiemkoli Npu UCMNoAb308aHUU 0OHOMOO08020 U MHO20M0O08020
0nMuYecKux 80/10KOH. MccnedosaHbl 3HepaemuyecKue nomepu onmu4YecKo20 U3ay4yeHus 8
cucmeme coenacoeaHusa BOCT ¢ exodHol anepmypoli cnekmpasbHoz2o npubopa: npedaomeHa
MamemMamuyecKas Mooesb U Ha ee 0CHO8E PaCCHUMAHbI 8e/UYUHbI SHEp2emuYecKux rnomeps.
MpednoxceHHaa mamemamuyeckaa Mooesb N0380s4em rnpu 3a0aHHbIX 8XOOHbLIX Mapamempax
crnekmpasnbHo20 npubopa ocyuw,ecmenams pacyemsi napamempos onmuyecKux 31emeHmos
018 MUHUMU3AUUU 3Hepaemuveckux nomepo. PazpabomaHHble MemMoOuKU pacyema,
npednoxeHHble MamemMmamuyeckue Mooesau U pe3yabsmamel KOMIbIOMepPHOo20 MOOenUpPO8aHUSA
mMoaym 6bimb MPUMEHEHbI U UCM0/b308AHbI MpU paspabomke u pacdeme cucmem
ducmaHyuoHHol onmuyeckoli cnekmpocKonuu 0415 KOHMPOA PU3UYECKUX, pU3UKO-
XUMUYECKUX U MexHOM02UYeCcKUX Npoyeccos.

Kntoyeaoble cn08a: onmuxa, CriekKmpoCcKomnus, omu4ecKoe 80/10KHO, annapamHas yHKYus
crnekmpansHo20 Npubopa, cucmemsl KOHMPOJIA, OUGPAKYUOHHAA pewemKa, IHepeemuyeckue
nomepu

Ana yumuposaHus: Kazakos B. U., Kumaes B. B. [l[pumeHeHuUe 80/10KOHHOU OMMUKU 8
CNeKMpPOCKOMUYecKUx cucmemax KOHMpPOosA usu4ecKux U mexHosno2uvecKux npoyeccos //
WHHOoBayuoHHOEe npubopocmpoeHue. 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
Instrumentation. 2024,3(1):42-50. (In Russ.). DOI: 10.31799/2949-06932024-1-42-50.
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[loaGop ONTUMAJILHOTO peKHUMa pa6oThl AAaTYUKA
u3MepeHus Bakyyma [lupanu

AHHOMayus. MposedeHo usyyeHue pabomsl dam4uka [TUpaHU 8 WUPOKOM UHMep8ane
dasneruii 1000 + 1072 m6ap 8 ammocgepe 8030yxa u azomd. [TOKA3AHO, YMO KAK 8 pexcume
cmabunu3ayuu moKa, mak u 8 pexume cmabuausayuu memnepamypsl Habawodaemcsa
cyuwjecmeeHHsill yHOC MOWHOCMU Hazpesamernsa npu usmeHeHuu 0aeseHus 2a3a 8 Kamepe. B
pexcume cmabunuszayuu memmnepamypesl yoanoce ymeHoWums paboyyro memmnepamypy
Haepesamesa do 1000 + 200 °C, ymo no380:us0 NPUMeHAMb 8 Ka4ecmae mamepuana
Haepesamesa 0aMYUKA 80/1bpam.

Knrouesble cnosa: usmepeHue sakyyma, 0amyuk lupaHu, 8osnsgpam, azom, 8030yx

Ana yumuposaHus: Pymekos E. B., Hosukosa 0. A., Kazaes A. A. [1o06op onmumansHo20
pexcuma pabomel damyuka usamepeHus saxkyyma lupaHu // UHHoeayuoHHoe
npubopocmpoeHue. 2024. T. 3, No 1. C. 51-55. DOI: 10.31799/2949-0693-2024-1-51-55.

ABTOMaTHU3MpOBaHHAsA cUCTeMa AJIsA
CKaHUPOBAHUS NPOCTPAHCTBEHHOM CTPYKTYPHI
IJIa3MEHHOM CTPYM METOA0M ONTHYECKOH
3MMCCUOHHOM CIEKTPOCKOIIUU

AHHOmMayusA. OnucaH pa3pabomaxHebili NPo2PAMMHO-aNNAPaMmMHbIi KOMMAEKC 0414
peaucmpayuu crnekmpanbHol NPocmpaHcmeeHHoU UHGopMayuu o bbicmponpomeKaruyux
npoyeccax 8 KOHOEHCUPOBAHHbIX CPeAAX C BbICOKUM 8PEMEHHbIM U MPOCMPAHCMBEHHbIM
paspeweHuem. [TpedcmasneHs! OaHHbIe usmepeHuli nonel pacrnpedeneHus memnepamypsi 8
moHKoU nnasmeHHOU cmpye 8 MOMoKe 2esaus U ap20Ha npu nomMmowu 0aHHO20 KoMaeKcd.

Knrouesble cnosea: onmuyeckas IMUCCUOHHAA CIEKMPOCKOMNUA, o6pa6omKa GGHHbIX,
asmomamu3sayusa U3M€p€HUL7

Ansa yumupoeaHnus: [Joa4eHko A. A., MuHuyk M. 3. ABmomMamu3upo8aHHasA cucmema 0114
CKAHUPOBAHUA NPOCMPAHCMBEHHOU CMpyKmMyps! naa3meHHolU cmpyu memooom onmuyecKol
3MUCCUOHHOU criekmpocKonuu // MHHosayuoHHoe 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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UccegoBaHre BO3MOKHOCTU NPUMEHEHUS
OJHOBMTKOBOI'0O BUXPETOKOBOI'0O JaTYUKa i
u3MepeHus gePpeKToB popMbl

AHHOmMayus. Ha kpyenomepe RoundTest RA-120P c yenbto umnopmo3ameu,eHus u
npedomepauwjeHus nocmeneHHoO20 UCMUPAHUA Wyna bblau nposedeHsl IKCnepuUMeHmMeo! ¢
6eCKOHMAKMHbIMU OaMYUKaMU — 0aMYUKOM 8UXPEMOK0B8020 Mura U 0amyuKom /1a3epHbIM
2e1Ue8o-UoHH020 Muna — € uesnbto co30aHusA c080eHHOU 20/108KU 041 onpedeneHus 0eghekmos
¢opmbl. PaccmompeHsl pe3ysnemamel 3KCnepumeHma ¢ pasaudHeIMu munamu
6ecKoHMAaKMHbIX 0aMYUKO8, MAKME CUCMEMamuU3Uupo8aHbl Ppasau4Hele crnocobsi obpabomku
8bIXOOHbIX CU2HA/108 HO OCHOBe bUbUO2PAPUHECKO20 U NAMEHMHO20 AHAU3A nepedosblx
paspabomok 8 obaacmu usmepeHus 0epekmos popmel. ChopMyUPOBAHbI HAMNPABAEHUA
danbHeliwux uccnedosaHudl.

Knrouesble cnoea: suxpemoKosbili 0amyuk, onmuveckul nazepHoili 0amyuK, aHAAU3
dehekmoes Oemasnu, Kpyaaocme, paduasbHoe bueHue, 06pabomka cueHas108, hopMuposaHuUe
Kpyanozpammel, 6ECKOHMAKMHbIe U3MepeHUs

Ana yumuposaHusa: Enugparuyes K. B., llempoe I. A., besionyxos B. H., 3aakuH O. A.
UccnedosaHue 803MOXHOCMU MPUMEHEHUA 00HOBUMKOB020 8UXPEMOKOB8020 00MYUKA 0115
usmepeHus degpekmos popmel // HHOBaYUOHHOE npubopocmpoeHue. 2024. T. 3, No 1. C. 63—
76.DOI: 10.31799/2949-0693-2024-1-63-76.

CeTeBble KaJIBKYJISTOPbI HA OCHOBE BpEeMEeHHbIX
aBTOMATOB /ISl OLLeHKHU XapPaKTePUCTUK
BbIYMC/IUTEJIBHBIX CeTell C BO3MOXKHOCThIO
AUHAMUYeCKOU peKOHpUrypanuu

AHHOMayusA. MHozaue sbl4ucaumensHele cemu 00M#CHbI obecrnevusames 00HOBPEMEHHYHO
nepedayy 60s16W020 KOAUYECM8a MOMOK08 OAHHbIX, 0715 KAXO020 U3 KOMOpPbIX OOHCHbI
obecrieyusamoca pasauYHsle napaMmempsl KAYECMBad Cepsaucd, U30aAYUA O0m Opy2ux MOMOKo8
OaHHbIX. [ 0603HaYeHUsA 3mo2o Kaacca cemeli 8 HaACMoAWwee 8pems 4Yacmo Ucrosb3yemcs
mepMuH «cemu, YyecmeumesibHble Ko epemeHu» (Time Sensitive Networks, TSN). Konuuecmeo
rnepedasaembix MOMOKO8 OAHHbIX, Mymu ux nepedayu, Heobxod0umele napamempsl MOMOKOS,
mpebyemble XapaKkmepucmuKu Mmo2ym MeHAMbCA 80 8peMeHU 8ciedcmeue U3MeHeHUs
pexcumos hyHKUUOHUPOBAHUA cucmembl, HA60po8 pewaemblx 3a0a4, a3 8bI4UCAUMENbHO20
npouyecca, cmpykmypsl cemu (WmamHo uau 8 pe3ysbmame omka3ose obopydosaHus). [Ana
OYEHKU XapaKkmepucmuk ebl4ucaumernsHoix cemel, npexcde 8ce2o MakcumMasnbHO20 8pemeHu

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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docmasKu OaHHbIX, Yaw,e 8ce20 UCMoAb3yIOMCa cemeable KasbKyaamopsl Ha 6ase (min, +)unu
(max, +)-aneebp. OOHaKO cyujecmayem psAd cepbesHbix 02paHu4eHuli Mpu ucrnonbL308aHUU
MAaKux cemesbix KanbKyaamopos 0419 0aHHO020 Kaacca cemeli. B daHHoU cmamee mbi
paccmampueaem 803MOHCHOCMU MO (POPMUPOBAHUIO CEMEBbLIX KA/bKY/AAMOPO8 Ha OCHO8e
8peMeHHbIX A8MomMamos 019 0aHHO20 K/AaCCca cucmem, MNoKa3vieaem rnpeumyuecmsd 3moao
nooxoaoa.

Kntouesbie cnoea: cemesble KanbKynamMopsl, peMeHHbIE 8MOMAmMbI, 10KA/bHbIE
8blYUCIUMEbHbIE Cemu, MeEXAHU3Mbl obecrevYeHUA Kayecmea cepauca, OUHaMUYECKaa
pexkoHgpuaypayus, SpaceFibre

Ana yumupoeaHusa: Cysoposa E. A. Cemeabie KanbKynamopsl Ha 0CHOBE 8pPEeMEHHbIX
asmomamos 0715 OYEeHKU XapaKkmepucmuk 8bl4ucaumesnbHeix cemeli C 803MOXHOCMbIO
duHamuyeckoli pekoHgpuzypayuu // MHHosauyuoHHoe npubopocmpoerue. 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 METOAMKHU yIIpaBJeHHUA yCTapeBaHHUEM
Ha 0CHOBe 3P EeKTUBHOI0 UCI0/Ib30BaHUS
KOMIIOHEHTOB NPOM3BOACTBEHHOMN CCTEMbI C
npuMeHeHUeM nukJia lemunra - lllyxapra

AHHomayus. [IpogedeH aHAU3 NPUYUH BO3HUKHOBEHUA U 1ocaedcmauli MopanbHO20 U
MexHO0/102UYeCcKo20 ycmapesaHUs 31emMeHmos npouzeo0cmea, d makie cocmasneHa
MemoOUKa ynpassneHua ycmapesaHuem 8 coomeemcmeuu ¢ FTOCT P 70383-2022.
lMpedcmasneHHbIl anzopumm ynpasaeHUs NPoueccom ycmapesaHus 0CHOBAH HA UUKAUYHOU
modenu ynpasneHus PDCA u exknoyaem 8 ceba sapuamusHble delicmsus, ompaxeHHble 8
muccuu npednpusamus. [pednoxceHHas MemoOuKa no38oaaem oCyuecmsnams ynpasneHue
mexHUYeCKUM NoOMeHYUaaoM NpodyKkma u npedomepauw,ams npouzeoocmeeHHole momepu.

Kntouesble ca08a: npou3sodcmeo, npodyKm, ycmapesaHue, yrnpassneHue ycmapesaHuem,
noodxo0, Ka4ecmeso

Ana yumuposaHusa: MumszauHa M. H., Hazapesuy C. A. Pazpabomka memoOuKu yrnpasaeHus
ycmapesaHuem Ha OCHo8e 3(hheKmuBHO20 UCMOMb308AHUA KOMITOHEHMO8 MPou3800CMBeHHOU
cucmemol ¢ npumeHeHuem yukaa emuHea — LLlyxapma // IHHogayuoHHoe npubopocmpoeHue.
2023.T. 2, Ne 6. C. 5-10. DOI: 10.31799/2949-0693-2023-6-5-10.

KauyecTBO TEeKCTyphI NIOBEPXHOCTH U
MeXaHu4YecCcKHe CBOMCTBA MaTepUuaJioB
aAAUTUBHOIO NIPOU3BOACTBA C ApMUPOBAHHBIMU
yrjiepoAHbIMU BOJIOKHAMH npou3BoacTtBa FDM

AHHomayus. [lpedcmasseHsl pe3ynemamsl MexaHU4ecKux ucrsimaHuli modesned,
U320MOoBseHHbIX € UCM0b308aHUEM 08yX mexHoso2uli 3D-neyamu — memodom nocsoliHo2o
HannasneHua (FDM) u Henpepbi8HbIM yanepoOHbIM 8010KHOM (CFF). B obeux mexHono2uax
ucnosne3yromcsa Mamepuassl Ha ocHose noaunakmuoa (PLA) unu HelinoHa (PA), apmuposaHHble
yanepodHbIMu 80/10KHaMU. Paboma eKkntouaem 8 cebs KaK UCMbIMAHUsA uccnedyembix
Mamepuasnos Ha 0OHOOCHOE PACMAXCEHUE, MAK U Memposo2uveckKue usmepeHus
rnosepxHocmeli, Nosy4eHHbIX ¢ MTOMOWbio 08yx mexHonoauli 3D-neyamu. Pesynsmamel
ucrnelMaHuli NoKasanu 3Ha4uMesnbHoe 8AUAHUE MUNa MexHOoA02UU 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 modeseli U HO Ka4ecmeo MexHO102U4eCcK020 N08epPXHOCMHO20 C101. [locne
aHAAU3a Napamempos nepesuvyHo20 NPogus, Wepoxoeamocmu U 80AHUCMOCMU MOXCHO
4YemKo 3aA8UMb, YMO KaYeCmeo mexHos102u4ecKo20 08epPXHOCMHO20 CA0A HAMHO20 sy4dwe y
modesneli, u32omossieHHbIX Mo mexHosnozuu CFF, no cpasHeHuro ¢ mexHosnozueli FDM. Kpome
mo2o, MPo4YHOCMb Ha pPa3pelie mooesell, U320moesaeHHbIX U3 mamepuanad, 0602aueHHo20
yanepoOHbIMU 80/I0KHAMU, HOMHO20 8bluwe 011 06pa3y0s, U320mMossieHHbIX 10 MeXHO02uUU
CFF, no cpasHeHuto ¢ FDM.

Knrouessle cnoea: 3D-neuams, yenepooHsie 8040KHA, noaumepsl, FDM, CFF, mexaHu4YecKue
ceolicmea

Ana yumupoearusa: YabaHeHKo A. B. Kauecmeo meKkcmypbl ogepxHOCMU U MexaHU4YecKue
ceolicmea mamepuanos a00uMueHO20 MPou3800CcMEd ¢ APMUPOBAHHbLIMU y21epodHbIMU
80s10kHamu npouszsodcmea FDM // MHHosayuoHHoe npubopocmpoeHue. 2023.T. 2, Ne 6. C. 11—
16. DOI: 10.31799/2949-0693-2023-6-11-16.

Yiy4iieHHe MPOoLeCCOB COTJIAaCOBAHUS
TeXHUYECKOHN JOKYMEHTAalU1 B paMKaX CUCTEMBI
MeHeJKMeHTa KaueCTBa HAyKOeMKOro
MpOU3BO/JCTBA

AHHOMauyusA. lMpednazaemca Nooxo0 K yay4weHUro Mpoyeccos co2aaco8aHus mexHuyeckol
GoKyMeHmMayuu ¢ y4emom o2paHuYeHuli cucmemol MeHeOXMeHmMa Kayecmea HayKoOemMKo20
npoussodcmea. PaccmompeHa u NpoaHanu3upos8aHa cucmema mexHu4yecKo2o
0oKymMmeHmMoobopoma ¢ MOMOWbIo 31eMeHmos8 Meopuu UCKYcCmeeHHbIX HelipOHHbIx cemedl.
BoblsisrieHbl NpU4UHbI B03HUKHOBEHUsA Hecoomeemcmauli 8 npouyecce npoussodcmeaa usdenuli u
npednoxeHa anbmepHaMuUBa fo yay4weHUro Mpoyeccos mexHuvyeckozo 0oKymeHmoobopoma 8
yc108uUAX omcymemaus yugpoesoli cesa3u Yukaa paspabomku ¢ npouzsodcmeom. pedraoxrceHa
yAy4weHHas Mmooess Mapwpyma coaaacos8aHus mexHudyeckoli 00KymeHmMauyuu e cpede
asmomamu3suposaHHol cucmemsi PednpuamMuUA, He MPomMueopevawas mpebosaHUAM
cucmembl MeHeOXMeHMa Ka4ecmeaa op2aHU3ayuu U Mno380aA0UaA Yay4wums Kayecmeo
Mpoyeccos coenaco8aHus mexHu4eckoli 00KyMeHmayuu HayKoemKo20 npouzeoocmea.

Knrouessle cnosa: cucmema, uMmumayuoHHaAA Modenb, UcKyccmeeHHaA He(ijHHGFI cemey,
mexHuveckul 00KyM€Hmoo6opom, Hecoomeemcmeue, mexHu4ecKkasa aOKyMeHmUHUﬂ,
Kayecmso, MOdEpHU3CIL(Uﬂ, ynyyweHue, HayKkoeMmKoe npouaeodcmso, opeaHu3ayuda, cucmema
MeHeOdHMeHma 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 yumuposaHus: VisaHos M. B. Yay4yweHue npoyeccos co2nacos8aHusa mexHu4Yeckol
O0KyMeHmMayuu 8 PamMKax cucmemsl MeHeOXMeHMa Kayecmea HayKoemMKo20 rpouzeodcmaa //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 17-24. DOI: 10.31799/2949-0693-
2023-6-17-24.

Pa3pa6oTKa KOHLeNnTya/JIbHOW MO E/IU OLEHKH
KayecTBa OpeHAa

AHHOMayus. PaccmompeHsl 0OCHosHble npobemsl 81UAHUA BPeHOa Ha UMUOH KOMIAHUU.
lMpednoxceH Habop nokazamesel, KoOmopeble M0380a1amM c030amb MoOesb 0718 OUEHKU U
usmepeHUs Kayecmea bpeHoa.

Knrouessle cnoea: 6peHd, umuodx, SERVQUAL

Ana yumuposaHusa: YoaxuHa C. B., PaxmamynnuHa I1. /1. Pazapabomka KoHyenmyaneHol
moodenu oyeHKU Kayecmea bpeHda // HHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C.
25-35. DOI: 10.31799/2949-0693-2023-6-25-35.

AHa/IM3 He06X0AUMOCTHU IPYMMEHEHHUA METO0B
TEXHUYECKOI'0 TBOPYECTBA C Le/1bI0 HHUIUALMH
MHHOBAIlMOHHOM JAeATe/IbHOCTH

AHHOMayuA. TexHU4eckoe meop4yecmso moxem 6bimb C8A3AHO KAK CO 88e0eHUeM HOBbIX
mexHOo102u4ecKUX peweHul, MaK u ¢ ux ycosepweHcmsosaHuem uau nepepabomkoli yxe
cywecmsyrouux. B amom ciyyae Mol MOXeM 2080pUMb O MOM, YMO MexHUYecKue
paspabomku Mo2ym 6Ks4ame 6 cebs He MosIbKO UHHOBAUUOHHbIE udeu, HO Makxie u
3hgheKmuBsHOe UCnonb308aHUE U38ECMHbIX MemMoo08 U NMpUHUUros.

Hay4yHo-mexHuUYecKaa Ho8U3Ha ucciedo8aHuli U U3bICKaHUl 3aKMo4aemcs 8 CO30aHUU HOBbIX
3HaHUL, Komopsble N038070Mm 8HeCMU U3MeHeHUs 8 061acmu HAyKU U mexHUKU. 3mo moaym
66imb docmuxceHue cosepuwieHcmasa 8 onpedesneHHol 061acmu, OMKpbIMue Ho8bIX hu3Uu4ecKux
Ae8neHuUll unu nosAeseHue HoBbIX Mamepuasos. HayyHsie ucciedosaHus 4acmo 8edymca Ha
0CHOBe meopemuyecKux NpedrnocslnoK, 0OHAKO pe3ysbmamol 3Mux Uccaedo8aHuli A0aHHbl
coomeemcmeoeams nNposepeHHbIM hakmam u 0oKazamesnbcmeam. Ceszb mexHU4ecKo20
meopyecmea u Hay4HO-mexHuU4ecKol HoBU3HbI mpebyem omoenbHO20 aHAAU3d.

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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Kntouessle cnosa: HAy4YHO-mexHuU4YecKkaa Hosu3Ha, mexHuU4ecKoe meop4yecmseo, 8enosbHbIl
aHanus, muriel HOBU3HbI

Ana yumuposaxus: Bepxosckasa A. U. AHanu3 Heobxodumocmu npumeHeHus Mmemodos
MexHUYecKo20 meop4yecmaa ¢ Uesbto UHUYUAYUU UHHOBAYUOHHOU desmensHocmu //
WHHoBayuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 36—40. DOI: 10.31799/29490693-2023-
6-36-40.

KoHTposb kayecTBa UT-npoAyKTa yepe3 MeTPUKHU
3/l0POBbS

AHHOMAYUA. PaccmompeHs! XapakmepucmuKu mpoyeccos paspabomxu npo2pammHo20
obecneyeHus, enuAWUe Ha KaYecmaeo npodyKkma, makue KaKk MempuKu Kayecmea Kodoeoli
6a3bi, MempUKU 300p08bA MPOYECCO8 PAa3pabomKu U MEMPUKU 300p08bS A8MOMAMU3AYUU.
YKa3aHbl 0OCHOBAHUSA 0715 NMPUMEHEHUS MemMPUKU U rnpusedeHsl nNpasusna 0715 ee OYeHKU.
MpedcmaesneH pacyem 300p08bA NPOOYKMA U OUEHKU €20 KaYecmed Ha 0CHO8e MEMPUK.

Kntouesble caoea: paspabomka npozpammHoz0 obecrieyeHuUs, KaYecmaeo, npoyeccsl, MempuKku
300posbAa

Ana yumuposaHus: KypuyoeiH K. A. KoHmpone kayecmesa UT-npodykma Yepez Mempuxu
300posbsa // MHHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 41-45. DOI:
10.31799/2949-0693-2023-6-41-45.

[lpumenenue metoaa fuzzy DEMATEL ayia
BbISIBJICHUS ONITUMAJIBHBIX UHULIMATUB
HUCI0JIb30BaHUA UHCTPYMEHTOB OepeKJIUBOro
NIPOU3BO/ACTBA HA NPeANPUATUAX

AHHomayus. pusedeHo onucaHue memoda fuzzy DEMATEL, npumeHaemozo 011
npuopumu3sayuu npedsnoxceHuUll 3KCNepmos no yay4weHuro npou3so0cmeeHHo20 npoyecca, ¢
UcCrosb308aHUEM UHCMPYMeHMos bepex1ugo2o npou3sodcmeaad, a makxe 015 8biAsneHus
83aUMOCBA3U Mexdy npedaazaembimu UHUYUamuseamu. lipedcmasneH npumep Ucrnonb308aHUA
memooa fuzzy DEMATEL, onucaHa nocsnedoe8amesibHOCMb 8bIMOAHAEMbIX pacyemos, nposedeH
aHAU3 NOAYYEHHbIX Pe3ysn6mamos.

Knrouessle cnosa: fuzzy DEMATEL, mpey2onbHble HeYemkue Yucad, UHCMpyMeHmMbl
bepexcusozo npouzsoocmaa, bepexusoe npou3soocmeo

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
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Ana yumupoearus: 3onomyxut K. B. lpumeHeHue memoda fuzzy DEMATEL 0ns ebifeneHus
0NMUMGAsbHbIX UHULUAMUB UCMOMb308GHUA UHCMPYMeEHMo8 bepexaugo2o npoussoocmsa Ha
npednpusmusx // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 46-51. DOI:
10.31799/2949-0693-2023-6-46-51.

MeToJAMKa BU3ya/IM3allM¥ KOMILIEKCHOTO
MoKa3aTeJ il KayecTBa C UCNO0JIb30BaHUEM
CBOGOJHOT0 MPOrPaMMHOI0 06ecneYyeHus

AHHOMayusA. Paccmampusaemca MemoOuKa nocmpoeHus 0pesosudHol cmpykmypol
KOMM/eKCHO20 MoKa3amessa Kauecmaead C UCrosnb308aHUEM c80600H020 Mpo2pamMmmHO20
obecneyeHus (LibreOffice u graphviz). Mpedaazaemcs Hoeayua Mo susyanu3ayuu y3s108
OOMUHUPYOWUX U KOMMeHcupyemblx nokazamesed.

Knrouyeenle cnoea: KomnaeKcHolli MoKkazamesns Kayecmea, OOMUHUPYroujUe noKasamenndu,
KomneHcupyemele nokasamesnu, 2pag, depeso

Ana yumuposaHus: TywasuH B. A., ®ponosa E. A., Typ A. C. Memooduka susyanusayuu
KOMI/AEKCHO20 NOKAa3amessa Ka4Yecmeaa ¢ Ucnosnb308aHUemM c80600H020 NMpo2pamMmHO20
obecnieyeHus // HHosauuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 52-57. DOI:
10.31799/2949-0693-2023-6-52-57.

BiinsiHMe pasuyca MaTpHUIbl HA IPOLECC BHIBOPOTA
TPYyO B XO0JIOAHOM COCTOAHUM

AHHOMayuA. Paccmampueaemcs 8aUsHUE 2e0MeMPUYECKUX XapaKkmepucmux wmamnogoli
OCHACMKU HA 803MOXCHOCMb MposedeHuUsA onepayuu 86180po0mMa mpyb4yameix 3020MOBOK 8
X0/100HOM cocmosAHuUU. Ha ocHose ucrnone308aHUA Modeau meyeHUs Mamepuasna 8 o4aze
dehopmayuu npeodsIoHeHa 3a8UCUMOCMSb 110 OnpedesneHu0 MAKCUMAbHbIX CHUMAOUWUX
Hanpax}eHul U cus, a makyce npusedeHsl pe3ynbmamel 3KCNePUMEHMAIbHbIX OGHHbIX,
noay4YeHHbIX Npu ebigopome mpyo.

Knrouesbie cnoea: sbisopom mpyb6, ouaz decpopmayuu, paduyc Mampuybl, Crumarowue
HanpAaxeHus

Ana yumupoeanus: Cakosa H. B. BausHue paduyca mampuybl Ha npoyecc 8bisopoma mpyb 8
X0/100HOM cocmosaHuu // HHoeayuoHHoe 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.).
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K Bonpocy o KOHTpoJie ABMXKEHUA 00 bEKTA
3KCNepUMEeHTa/IbHOM rojiorpagpuyecKkou
YCTaHOBKOM

AHHOMayua. Paboma nocesweHa uccaed0o8aHuo 08uxceHUs 06vbeKma memooom
2onozpacguyeckoli uHmMepgpepomempuu No cxeme nNPoxodsauie2o AazepHo2o nyyka. Onmuyeckue
usmepeHuUs 3aHUMarm 00HO U3 8edyLWux Mecm 8 aguayUOHHOM rpubopocmpoeHuu,
MAWUHOCMPOEHUU, O MAKXe 8 Pa3/UYHbIX HAYYHbIX MPAKMUKAX, MAK KOK A8AAOMCA
8bICOKOUHEPOPMAMUBHLIM, 00CMOBEPHLIM U 8bICOKOMOYHLIM UHCMPYMEHMOM KOHMPOASA
06bekmos u cped pa3Ho20 azpe2amHo20 COCMOAHUA, M03MOMY 0aHHAA paboma akmyasnbHa u
nepcriekmueHa. [pusedeHsl sBHewWHUl 8UG, ONMUYECKAs cXxeMa U mexHuU4ecKkue napamempel
3KCrnepumeHmanbHol 2on02paguyeckoli uHmepgepeHYUoHHOU ycmaHosKu. [ToKa3aHbl
UHMepgepeHyUOHHbIe M08 0415 Pa3AuYHbIX 8UO08 O8UMCEHUU,  MAKMe cxema
s8ocrnpou3sedeHus 20/102pAMMbI 10C/e 3anUCaHHbIX nepemewieHuli o6vekma. MosnyyeHol
pe3ynbmamel nepemeweHuli uzobpaxceHus ob6vekma no ocu 0X Ha 100 mkm u o ocu 0Z Ha 150
MKM U onpedesieHa OMHOCUMesbHAA Mo2pewHoCmsb onpedeneHus dx u dz, Komopas He
npesviwaem 5 %.

Knrouessle cnoea: 2onozpamma, d?OanZde)LI"fECKLIE’ 8bICOKOpa3pewarwue naacmuHku,
d7OKG/7bHGFI NM70CKOCMb /IUH3bl, OMHOCUMEsTbHAA MocpewHocms, UHmepd)epquwHHaﬂ nosoca

Ansa yumupoearus: Maliopos E. E., Apegpoes A. B., AgpaHaceesa O. B. K sonpocy o KoHmposne
dsuxceHUA 06bekma aKcrnepumeHmansHoll 20sn02paguyeckoli ycmaHosKol // MHHosauyuoHHoe
npubopocmpoeHue. 2023. T. 2, No 6. C. 63—69. DOI: 10.31799/29490693-2023-6-63-69.

[IpyuMeHEeHUEe HEYETKOr0 peryJjsaTopa aJis
yJIy4llleHUsl KauyecTBa MepexogHOro npoiecca
aBTOMAaTa TATH

AHHOMayuA. PaccmompeH npuHyun nocmpoeHus cucmem yrnpasaeHusA ¢ He4emKumu
peayaamopamu Ha npumepe cucmemsl ynpasaeHus (CAY, ACS, Automatic Control System)
rnymeesoli cKopocmu siemamesbHO20 annapama —asmomama maau. B pamkax uccnedosaHusa
paccmampueaemcs AUHeapu308aHHAsA (be3biHepyuoHHAsA) modenb CAY, 8 Komopol
UCM0/b308aHbI UHELlHbIe an20pUMMbl YyrpasaeHUA U yrnpouweHHsle Mamemamu4eckue mooenu
38eHbes nepedamoyHbix pyHKyul 670K08 3a0aHUA napamempos u OuHamu4eckol obpamHol
c8A3u, ycunumeneli U 803Mywaroujux 8osoelicmeuli, a Makxice He y4umeol8aromMca BHeWHuUe
cnyyaliHeie momexu. MccnedosaHue agaaemca demoHcmpayueli npeumyuwecmesa
UCr0/163080HUA HEYEMKO20 peaynamopa (KOHMposaepa) no CPaBHEHUIO 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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duHamuyveckoli obpamHoli ceasu 011 noddepxcaHusa ycmoliyugocmu cucmemel. Heuemkuli
pezynsmop nocmpoeH Ha 0cHose 00HO20 U3 Memodo8 UCKYCCMB8EHHO20 UHMesnnekma —
Heyemkoli noauke. ModenuposaHue pabomesl 8cex cucmem npou3sedeHo ¢ MOMOU4bIO MAKeMos
MatLab — Simulink u Fuzzy Logic Toolbox.

Kntouesble cno0ea: asmomam mseau, mymesas CKopocms, b6e3bIHepyUOHHAA cucmema,
UCKyccmeeHHbIl UHmesaekm, cucmema demomMamuyeckozo yrnpasneHus, Hedyemrudi
pez2ynaamop, nepexodHsil npoyecc

Ana yumupoeanus: MeaHos M. E. [pumeHeHUe HeYemKo20 pe2ynamopa 044 yay4weHus
Kayecmea nepexodHo20 npoyecca asmomama maau // MHHosayuoHHoe npubopocmpoeHue.
2023.T. 2, No 6. C. 70-75. DOI: 10.31799/2949-0693-2023-6-70-75.

KoHuenrtya/jibHble aclieKThbl KATErOPUPOBAHUS
NPOMBILJIEHHBIX IPeANPUATHUI 10 YPOBHIO
a3pOTEeXHOTeHHOM ONaCHOCTH

AHHOMayUA. Kpamxo oXapakmepu308aHbl KOHUENyuU Kame20pupo8aHUs MpoMbIAeHHbIX
npednpuamul, OCHOBAHHbIE HAO MHO2006PA3HbIX peanameHMUPOBAHHbIX U UHbIX TOKA3amessx
302pA3HEHUS NPU3eMHO20 C108 ammocgepsl. [lpedcmasaeHsbl NOHAMUS, yenu, 3a0a4u,
npuopumemsl U QUCKYCCUOHHbIE acriekmel Oelicmsyroujux peaamMeHmos8 Kame2opuposaHus. B
Kayecmee docmynHo20 pabove20 UHGHOPMAYUOHHO-AHAAUMUYECKO20 UHCMpPYyMeHmad
npednoxeH npuem NOCMpPoeHUs Kapmel pacrnpedeneHus UCMO4YHUKO8 8bI6p0Cos,
nosgosnstouleli mosbicume 0ceedoMaAeHHOCMb Ceyuaaucmos o pucke asapuliHeix cumyayud u
nepeooyepedHbIX Mepax ux MPoguaaKMuUKU.

Knrouessle cnosa: ammoctbepa, 603ayXOOXp0HHbI€ pea2saameHmeol, UCMOYHUK BbI6pOCG, 30Ha
8/1UAHUA, npedeﬂbHo dOﬂychMble KOHUeHmpayuu, HopmamusHo donycmumwe 6bl6pOCbI,
KameeaopuAa onacHocmu, G9p0m€XH02€HHbIﬁ PUCK, yu.(ep6

Ana yumupoeaHusa: KunpuaHosa E. H., KpynuHa H. H. KoHuenmyanbHsie acnekmeol
Kamez20puposaHus npomblaeHHbIX npednpuamuli rno yposHio asapomexHo2eHHol onacHocmu
// NHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 6. C. 76—84. DOI: 10.31799/2949-0693-
2023-6-76-84.

YcTpaHeHMe UCKaXKeHU I Ha U300paKeHUsIX,
MOJIy4YaeMbIX CUCTEMO TEXHUYECKOTI0 3peHuUs

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

For citation: lvanov 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 NPoyecc KOppeKyuu u3obpareHus cucmemsl MexHUYecKo2o
3peHUS, COOepHau,e2o CMasbl Ha 0MOesibHbIX y4acmKkax. PazpabomaHa sKcrnepumeHmanbHas
YCMAHOBKA, NpedHa3Ha4YeHHAs 015 noayvyeHus u3obpaxceHuli 08uxyujuxcs o6vekmos.
PazpabomaH u peanu3oeaH an20pumm KoppeKuuu cmMasos 8 npoepammHoli cpede Spyder.
MposedeH aHanu3 pe3ynemamos 0bpabomku uzobpaxeHud.

Knrouesble cnoea: cucmemsl mexHUYECKO20 3peHusi, CMa3, KoppeKyusa uzobpaxceHul,
KOHMposnbs Kayecmsa

Ana yumuposaHusa: dunumonos C. [., bynamos B. B. YcmpaHeHue uckaxceHuli Ha
U306paxceHusx, Noay4aemoix cucmemoli mexHU4ecKo20 3peHus // MIHHo8ayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 6. C. 85-89. Doi: 10.31799/2949-0693-2023-6-85-89.

HpI/IMEHEHl/Ie HCKYCCTBE€HHOI'O HHTECJ/IVIEKTA B
dHaAJIN3€ COCYAUCTbIX naToJIoru Mo3ra

AHHOmayusA. Paccmampusaemcs npumeHeHue UCKYycCMeeHH020 UHMesnekma 014 aHaau3a
CUHXPOHU3ayuU 8elisnemHbix CrieKmpoe c8epxmedaeHHbIX PUMMO8 31eKmpo3Huedanozpamm u
271eKMPOKAPOUOPAMM Y MAUUEHMOB C PA3/AUYHLIMU COCYOUCMbIMU TAMOA02UAMU MO32d.
AkmyaneHocms pabomsi 06ycnoeaeHa Heobxo0UMOCMbHO Pa3pabomKu co8pemMeHHbIX
Memo008 aHaAU3a cocyoucmelx namosoauli Mo3aa u 3ghheKmusHO20 MOHUMOpPUHaa
cocmosHuA 300posbsa nayueHmos. [pednoxceHHoll 8 pabome UHOEKC cxo0cmea no3eosnsem
8bi0esIuMb 8pemMeHHble UHMepP8asbl CUHXPOHU3AUUU MexOy buosnekmpuyeckol
aKMUBHOCMbIO MO32a U cepOeyHo-cocyoucmoli cucmemoli U moay4ums usyasbHble
XApaKmepucmuKu 4acmomHo20 crekmpa.

Knrouesble cnoea: uckyccmeeHHbll uHmesnnekm, uHoekc cxoocmaa,
aneKkmposHyepanoepamma, sapuabenbHoCMb cepOeyHo20 pumma, HerpepoigHoe selignem-
npeobpasosaHue

Ansa yumupoeanus: Tumoe B. E., fluk O. E., Apegbes A. B., Bnacosa A. O. lpumeHeHue
UCKyccmeeHH020 UHmMesnnekma 8 aHanu3se cocyoucmelx namosoauli mosaa // MHHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 6. C. 90-97. DOI: 10.31799/2949-0693-20236-90-97.

[locTpoeHne ruGKHX 00pa30BaTE/IbHbIX MPOLECCOB
B BBICILIUX Y4€OHbIX 3aBeJeHUAX
AHHomauun. Paccmampueaemc,q mexHos102UA UCroab308aHUA 2ubkoli mMemodonozuu

ynpaeneHusa onsa pa3pa6omku U nocCmpoeHUA Kypcoe U CMbIC108bIX cenzeli dUCL{UﬂﬂUH 8bicwezo
O6p03OBGHUFI 0018 nod2omosKu crneyuanucmos UHMeHepHbIX HGI'IpGG/IEHUU.

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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Knroueasle cnosa: ob6pazosamernbHas desmesnbHOCMb, cucmemMHbIli Moo0xod, Kayecmeo
o0byyeHus, 2ubKkoe ynpasneHue

Ana yumuposanus: AHmoxuHa F0. A. locmpoeHue 2ubKux 06pazosamesnbHbIX MPOYECCO8 8
sbicwiux yyebHbix 3aeedeHusx // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 6. C. 98—
101. DOI: 10.31799/2949-0693-2023-6-98-101.

MeTo/; MOCTPOEHHSI KOHEYHO30HHBIX
3/UTUNTHYECKHUX MOTEHI[HA/IOB onlepaTopa Jupaka

AHHOmMayus. lNpednazaemca memoo NoOCMpPOEHUA 3AaAUNMUYECKUX KOHEeYHO30HHbIX
nomeHyuasos onepamopa Aupaka, 8blpaxcaroujuxca Yepes cobcmeeHHsle pyHKYUU
onepamopa LLipeduHzaepa ¢ 3AAUNMuUYEeCKUM KOHEYHO30HHbIM MOMeHyuasaoM. [TokazaHo, Ymo
10 KA OOMy g-30HHOMY 3/A7AUNMUYEeCKOMY MomeHyuasy onepamopa LLipeduHezepa Mo#CHO
nocmpoume 2g+1 pazau4Heix (2g—1)30HHbIX 3AAUNMUYECKUX TOMEHUUAs08 ornepamopa
Jupaka.

Knroueesie cnoea: onepamop LUpeduHzepa, onepamop Jupaka, CekmpanbHas Kpueas,
KOHEeYHO30HHOE peweHue, Mampuya MoOHoOOPOMUU, 3AAUNMuYeckuli nomeHyuan

Ana yumuposaHusa: CmupHos A. O. Memod nocmpoeHus KOHeYHO30HHbIX 3/AUNMUYECKUX
nomeHyuanos onepamopa Aupakxa // HHosayuoHHoe 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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[Ipo61eMbl HAacCTpOMKH AAaTYUKOB RoundTest RA-
120P mo yri1iy HaK/JioHa ¥ 10 BbICOTHBIM
mapaMeTpam

AHHOMayusA. MpedcmaeseHsl pe3yabmamel UCCA008AHUSA 8AUAHUA HA MOYHOCMb UsMepeHuli
y2/1a HaKAOHA Wyna ¢ pasaudHbImM wazom. Takxe nposedeH aKcnepumeHm rno 3a8ucumocmu
pe3yn6mama yeHmpupos8aHuUsa om 83aUMHO20 PACIONOHEHUA Nepeo2o U 8Mopo20 KACaHUSA
demasnu wynom Kpyanomepa (no HOpmamusy Kanubpoexku ob6a3amesbHbl 08 MOYKU KACAHUSA).
MonyyeHsl pe3ynomamsi, 0OHO3HAYHO orpedessArwue oNMUMAasbHble 3HaYeHUs 08yX
napamempos npu nposedeHuu UeHMpPUPOBAHUS/HUBEAUPOBAHUS. [ToayyeHHbie pe3yaemameol
6ydym rone3Hsl Npu Kanubposke u ncmuposKe Kpyaaomepa RoundTest RA-120P.

Kniouesble cn08a: Kpyz2nomep, UeHMPUPOBAHUE, HUBEAUPOBAHUE, OMKAOHEHUA (hOPMbl, Wy
Ana yumuposaHus: EnugaHyes K. B. lMpobaemsl Hacmpoliku damyukos RoundTest RA-120P no
yas1ly HaK/I0HA U 10 8bICOMHbIM napamempam // iHHosayuoHHoe npubopocmpoerue. 2023. T.
2, No 5. C. 5-10. DOI: 10.31799/2949-0693-2023-5-5-10.

YHuBepca/ibHbIi1 QUHUTHO-BPEMEHHOU
ONTUMAJIbHbIN MeTO A PUIbTPALUUN JUCKPETHBIX
CUTHaJIOB UHPOPMALUOHHO-U3MEPUTETbHbBIX
CUCTEM

AHHOMayuA. Paccmampuearomcs onmumasbHble huHUMHO-8pemeHHble 6e3 06pamHoli u ¢
obpamHoli cea3bto Memodel 06pabomku 8 0bwem cayyae HeMAapPKOBCKUX U HE2ayCCOBCKUX
CU2HA/08 Ha hOHE MPOU3BO/bHBIX MOMeX UsMepeHus, obecrnequsaroujue yHU8epcanbHOCMb
MpuUMeHeHUA U yrpoujeHue an20pummos pabomsl UHGHOPMAYUOHHO-U3MEPUMESTbHLIX CUCMEM.

Knrouyesble cnoea: onmumassHele hUHUMHO-8peMeHHble MemoOobl uaAbMPAyUU OUCKPEMHbIX
CU2HAN08, MPOU3B0sbHbLIE MOOEsU CU2HAI08 U NOMeX U3MePeHUs, OUEHKA Kayecmea
aneopummoe 06pabomku cuzHas08, Mamemamuyeckuli annapam Ha OCHoge meopem
0pMO20HANbHO20 NpoeyuposaHus u Jyba

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 (0. 1. YHusepcanbHbili puHUMHO-8pemeHHOU onmumasneHoeil
mMemo0d unempayuu OUCKpemHbIX CU2HAA08 UHGOPMAYUOHHO-U3MePUMesnbHoIX cucmem //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 11-17. DOI: 10.31799/2949-0693-
2023-5-11-17.

Pa3pa6oTKa CTPYKTypPbl BEPOATHOCTHOM MOeJu
JIJ1s1 MHOTOHOMEHKJ/IATYyPHOT0 IPOU3BOACTBA

AHHomayus. Onucsigeaemcs rnpoyecc paspabomku cmpykmypsi 8epoamHocmHol modenu 04
MHO20HOMEHKAamypHoz2o npoussodcmea. [lpedsnazaemca UCron6308amMb 8€POAMHOCMHbIE
modenu 04 onpedeseHUs 0ONMUMAnbHOU cmpyKkmypsbi npouzeoocmesd. BeposmHocmHsie
MOOesIU OCHOBAHbI HO 8€POAMHOCMHbLIX MeMOoOaX U M0380/1410M y4ecmb pa3suyHble hakmopel
U HeornpedesneHHOCMU, Komopble Mo2ym 803HUKHYMb & npouyecce npou3eoo0cmaa u Komopele
mozym 6bime 8apuabesnbHeIMU 8 3a8UcCUMOCMU om ocobeHHocmel opeaHu3zayuu. Takum
06pa3om, cmames umeem NpaKMuYyeckoe 3HayeHue 017 npednpuamudi, 3aHUMArOUUXCA
MHO20HOMEHKAAMYPHbLIM MPOU3800CMBOM, U Moxcem bbimb UCM0Mb308AHA 01 pa3pabomku
onMuUManbHOU cmpyKmyps! Mpou3e00cmea Ha 0CHO8e 8ePOAMHOCMHbIX Modenel.

Kntouyesble cnoea: seposmHOCMHble MoOesU, MHO20HOMEHKAAamypHoe npou3eoo0cmso,
XpoHoMempax orepayuli, nepeHanado4Hbie npoyeccel, npoyeccel npupabomku

Ana yumupoeaHusa: BuHHU4YeHKo A. B. Paspabomka cmpyKkmypsl 8epoamHocmHol modesnu 005
MHO20HOMEHKAamypHo20 npoussodcmea // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No
5. C. 18-22. DOI: 10.31799/2949-0693-2023-5-18-22.

OuneHka pPe3yJIbTATHBHOCTH IOTOKA CO3JaHUA
IH€EHHOCTH

AHHOMayusa. PaccmompeHs! npobsaemsl OUeHKU pe3ybmamueHoCmMU MomoKa co30aHus
yeHHocmu Ha npoussodcmee. [Mpednazaromca KOMMAEKCHAA MOOesb OUeHKU, ee
UHmMepnpemayus u nocaedyroujee 803MOMCHOe pa3sumue, OCHOBAHHOe Ha KOMBUHayuu
memodoe SERQUAL, oceoeHHO20 06bema u memooa aHaAu3a uepapxud.

Knrouesble ca08a: nomok co30aHUA UeHHocmu, oc8oeHHbIl 06vem, SERQUAL
Ana yumupoearus: Mabxew M., TywasuH B. A. OueHKa pe3ysemamueHocmu Momoka

For citation: lvanov 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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c030aHuA yeHHocmu // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 23-26. DOI:
10.31799/2949-0693-2023-5-23-26.

UccieaoBaHue BJIUSHUA KJIUMATHYE€CKUX
¢dakTOpOB Ha nNponecc pujlaMeHTU3aALUH NPHU
NPOTOTUNHPOBAHUH AAJUTUBHBIX U3A€/TUIA

AHHOomauyusA. OnucaHel pe3ysnemamel UcC1e008AHUSA M0 8bIABAEHUIO 8AUAHUA MUKOBbLIX
usmeHeHuli memmnepamypel U 81ax¥HOcCMU 8 1a60paMOPHOM UAU NMPOU3800CMEEHHOM
npocmpaHcmee Ha npoyecc uaameHmu3ayuu Npu MPoOmMomunupos8aHUU ado0umueHbIX
u3denuli 8 pAMKax 3aMKHYMO20 UUK/A pesepcusHo20 UHXUHUPUHea uzdenul. B yenax
rnosblWeHUs Kayecmesa npoyecca puaameHmu3ayuu npu npomomunuposaHuu adoumusHbIx
u3denuli 8 1a6opaMOPHOM UAU NMPOU380OCMBEHHOM MPOCMPAHCMEe 8bI08UHYMbI 2UNome3bl 0
8/1UAHUU 8HEWHUX MemMnepamypHbix hakmopos Ha npoyecc 3D-neyamu u pesyasmupyroujee
Ka4yecmeo co30asaembix nymem pesepcusHo20 UHXUHUPUHea uzdenul. onyckossle
napamempel UCXOOHO20 U30esus A8AAMCA 3ManoH-06pa3yom 019 a00UMUBHO20 u3oesnus,
103MOoMy OUeHKa (haKmopos 8aUAHUA MUKPOKAUMAma 8 1a60pamopHom uau
pou3so0cMeeHHOM NMPOCMPAHCMEBE HA MPOMeKaHUe NPoyecca nocaoliHo2o cuHme3sa
fAenaemca akmyaneHol 3a0ayell. 1o peaysabmamam uccnedo8aHUSA NpPeodsIoHeH
cybonmumansHsili Kaumamuveckuli pexcum 011 n1abopamopuu uau npou3eo0cmeeHHo20
npocmpaHcmea, obecneqyusarouuli manodeghekmHoe npomeKaHue npouyecca
npomomunuposaHus.

Knrouesble cnosa: addumusHoe rnpouzsoocmso, puaameHmusayus PLA-naacmuka, 3D-
mexHonozauu, FFF-ycmpolicmea, KaumamuvecKkue pexumsi

Ana yumuposaHus: Hazapesuu C. A., CaupudeHko A. B. UccnedosaHue 8ausHUA
KAUMamu4ecKux hakmopos Ha Npoyecc puaameHmu3ayuu npu npomomunuposaHuu
adoumusHsix uzdenuli // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 5. C. 27-31. DOI:
10.31799/2949-0693-2023-5-27-31.

dopMHUpOBaHUE APXUTEKTYPbI CUCTEMBI
HHTepHeTa Belneu
AHHOMayusA. PaccmompeHsl HeKomopeie apxumekmypsl UHmepHema seuwjeli U3 u3gecmHbix

UCMOYHUKO8, ChopMUPOBAHBI KpUMeEPUU K CMaHAapmu3upos8aHHOMY npedcmasneHuto
cucmemsl MHmepHema seweli. [locmpoeHa modens MHmepHema eeweli ¢ npuMmeHeHUem

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 asmomMamuyecko20 ynpasneHus ¢ ydemom mpebosaHuli npedcmasneHus crnocobos
83aumodelicmeus scex 31eMeHmMo8 CMpPyKmMypbi.

Kntoyeaoble cnoea: uH@popMayuoHHbie mexHosoauu, MumepHem sewieli, UHPOPMaAYUOHHbIE
cucmemsl, cucmema a8MmMoMamu4ecKoz0 ynpasseHus, UHphopmMayuoHHas 6ezonacHocme, loT-A

Ana yumuposaHusa: Macmepos A. [1., benali B. E., BoiepaHosckaa A. B., ConéHelli C. B.
GopmuposaHue apxumexkmypsi cucmemsl UHmepHema seweli // MHHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 5. C. 32-42. DOI: 10.31799/2949-0693-2023-5-32-42.

BusnoHepckasa MHHOBaTHKaA
KaK MHCTPYMeHT UuPppoBoH TpaHcPopmManuu

AHHOMayuA. Hacmosauw,as cmames NoceAweHa HO8OMY HAMPABAeHUo — 8U3UOHepPCcKol
UHHosamuke. [lpedcmasneH KOHYenmMyasbHbili 06pa3 HO8020 MblwaeHUs nNpu obyvyeHuu
cmydeHmos HanpassneHua « MIHHO8aMUKa». BU3UOHepCKasa UHHOBAMUKA — 3Mo Mpoyecc
paspabomku u eHeOpeHUs HOBAMOPCKUX U PesostoyUoHHbIX udel, KoHuyenyud, mnpodykmos unau
yCsly2 Ha OCHOB8e 8U3UOHEPCKO20 MblWAeHUS. BU3uoHepbl —3mo a0u, Komopsie 8udam u
noHUMarom nomeryuan bydyuwjux usmeHeHull, soamoxcHocmeli u pabomarom Hao co30aHuem
UHHosayuli. BusuoHepckas uHHosamuka npednosnazaem ymeHue npedcKassleams u
aHanusuposams bydyujue meHoeHyuu u nompebHOCMuU PbIHKA, UCC1e008aMb HO8bIE
mexHos02uuU U paspabameisams cmpameazuu, Ymobbl MpedsIoH UMb Ho8ble U YHUKAIbHbIE
peweHus, 8Kko4as obecrneyeHue HU3HEHHbIX UUKa08, pabomy HA0 cO30aHUEeM HOBbIX
npodykmos, ycaye unau busHec-modenel, Komopsie Mo2ym NOaAHOCMbIO U3MEHUMb
cywecmsyroujue ompacau uau co30ame co8epUIEHHO Ho8ble.

Knrouesble cnoea: 8U3UOHEPCKAA UHHOBAMUKA, BU3UOHEPCMBO, 8U3UOHEP-UHHOBAMUK

Ana yumupoesaHus: Hazapesuy C. A., lMawuHa E. A. BusuoHepcKasa UHHOBAMUKA KaK
uHcmpymeHm uyugpoeoli mpaHchopmayuu // HHo8auyuoHHoe npubopocmpoeHue. 2023.T. 2,
No 5. C. 43-48. DOI: 10.31799/2949-0693-2023-5-43-48.

CrneKTpaJ/IbHbIA aHAJIM3 U NIPOCTeMIlINe pelleHus
MoauuMpoOBaHHOrO ypaBHeHUA KopTeBera - e
dpusa

AHHOMayus. B pabome c nomow;bro memooa Mmampuuybl MOHOOPOMUU CMPOUMCSA uepapxus

UHMez2pupyembix HeauHeliHbix OughghepeHyuanbHbIX ypasHeHull u uccaedyromcs cnekmpasnbHele
Kpueble, accoyuupoBaHHble ¢ MHO20Gha3HbIMU peweHuAMU. [MpusedeHbl npumepsl npocmeliuux

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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HempusuasbHbIx peweHuli MoAuPUYUPOBaHHO20 ypasHeHus Kopmeseza — de dpusa u
coomeemcmeayroujue UM crnekmparbHsle Kpuasle.

Kmioueeble cnoea: HenuHeliHoe ypasHeHUe, CeKmpasnbHasa KpUeas, CONUMOH, KUHK,
MHO020¢ha3Hoe peweHue, Mampuuya MoOHOOPOMUU

Ana yumupoeanusa: CmupHos A. O. CnekKmpasbHsIl aHaAU3 u npocmeliwue peweHus
moduguyuposarHHo20 ypasHeHus Kopmeseza — de ®pu3sa // MHHosayuOHHOe
npubopocmpoerue. 2023. T. 2, No 5. C. 49-55. DOI: 10.31799/2949-0693-2023-5-49-55.

F'eonHpopMaLMOHHOE MOAE/IMPOBAHME U
HUCKYCCTBEHHBbIN UHTEJ/LJIEKT

AHHOMayusa. Paccmampusaromcs 803MOXHOCMU U Nepcriekmusbl UHmez2payuu mexHoaozuu
2e0UHPOPMAYUOHHO20 ModenuposaHus. OnucblI8aroMcA NPeuMyu,ecmea npuMeHeHuUs Kaxool
U3 mexHos02uli U 803MOXCHOCMU NPUMEHEHUA mexHo02uli npu ux uHmezpayuu. lpusedeHsl
npumepbl omoesibHbIX KOMIOHEeHM 8U3YasbHbIX COCMABAAULUX MmexHoAo02ul
2€0UHOPMAYUOHHO20 MOOeAUPOo8aHUsA. ONUCAHbI 803MOXCHOE pa3suMue paccMampusaembix
mexHosnozauli 8 0603pumom byoyuiem u ux CO8BMeCmHAs UHmMe2payus.

Knrouyeeble cnoea: uckyccmeeHHbili UHMesAAeKm, 2e0UHEGOPMAYUOHHOE MOOenuposaHue,
UHOKOMMYHUKAYUOHHbIE cUCMeMbl

Ansa yumupoeanus: Bazuzos M. P. [eouHdopmayuoHHoe ModenuposaHue U UCKyccmeeHHbll
uHmesnnekm // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 56—60. DOI:
10.31799/2949-0693-2023-5-56-60.

Moay/bHasA CTPYKTypa CUCTEeMbI yIIpaBJIeHUS
XapaKTepUCTUKAMU NNeHbl KaJIMUHOM
¢10TOMAIIMHBI

AHHOmMayus. lNpednoreHa MOOYsAbHAS CMPYKMypPa UHGOPMAyUOHHOU 06pabomKu OaHHbIX 06
usmMeHeHUsx 8 avelike KanulHol ¢h10MomMawuHsl Mo OGHHLIM MEXHUYECKO20 3PeHUS,
108bIWAOWAA HA0EHHOCMb U MPoU3800UMeAbHOCMb CUCMEMbI CUZHAAU3AUUU.

Kntouesble cn08a: KanuliHaa NpoMblwaeHHOCMb, h10Mayus, mexHuU4ecKoe 3peHue,
ynpaesneHue
Ana yumuposaHus: ®edoceesa K. A. MoOyabHAs cmpykmypa cucmembsl yrpasneHus

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 reHol KaauliHoli pnromomatuuHel // HHosayuoHHoe npubopocmpoeHue.
2023.T. 2, No 5. C. 61-65. DOI: 10.31799/2949-0693-2023-5-61-65.

BiuaHue nangemun COVID-19 Ha cTenneHb
ynoTpeo/ieHus JieraJbHbIX
HEMPOCTUMYJIMPYIOLIMX BellleCTB Ha NpuMepe
PUHIAHAUUN

AHHOMayusa. Paccmampusaemcs s8o3delicmaue ne2anbHbIX Helipocmumyaupyrowux eeujecms 8
nepuod naHdemuu COVID-19 Ha »cumeneli @uHasHOuUuU. C ucnonb3o8aHuem Habopos
nepecmaHo8KU YacCmHbIX Kpumepues bblau MposedeHsbl AHAAU3bI, M0380AA0WUE OUeHUMb
803MOXKHOE 8nuAHuUe naHoemuu COVID-19 Ha ynompebneHue Helipocmumynupyroujux
seuwjecms. [Mpu 3mom 6biau ycmaHosaeHbl ONMUMAsbHbIE 8€CA YACMHbIX Kpumepues, Komopebie
obecneyusarom HauboAbWYH NAABHOCMb O0MyCMUMOU oueHKU. Imo n0380us0 MOCMpPoUMs
MoOesnb OUEHKU 3ghgheKmuUBHOCMU MOKyrnamesscKoli cnocobHocmu u npo2Ho3uposame ee
usmeHeHus. [lposedeHHbIe aHAU3bI U CpasHeHUe haKmuYecKux u paciemHsix 3HavyeHull 3a
nepuod naHdemuu COVID-19 nokaszanu, Ymo OaHHbIU Memood umeem 8bICOKYH MOYHOCMb U
10380715€m foaAy4ams 00CMAMOoYHO XOpowlue pe3ysbmamel.

Kntouesble cnoea: GuHaaHOUA, 8eca YACMHbIX Kpumepues, fe2asbHble Helipocmumynupyroujue
seuwjecmsa, nocmnpozHo3, naHoemus, COVID-19, modensb oyeHKU 3¢hgpekmusHocmu, mooeso

Ana yumuposaHus: LLlakneuHa [1. A., Usmalinosa E. B. BausHue naHdemuu COVID-19 Ha
cmeneHb ynompebaeHus ne2asnbHoix Helpocmumyaupyroujux eeujecmes Ha npumepe
®duHnaHouu // HHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 66—73. DOI:
10.31799/2949-0693-2023-5-66-73.

MopaesbHOe ucc1ej0BaHUE BJUSIHUA IAHAEMUU
COVID-19 Ha cocTosiHME XKeJIe3HOLOPOKHOTr 0
TpaHcnopTa 'epmaHumn

AHHOomayusA. Cmames noceauw,eHa onpeoeseHuro 8ausHUA naHdemuu COVID-19 Ha cocmosaHue
HeneaHo0opoxrHo20 mpaHcrnopma ®edepamusHoli Pecrniybauku FfepmaHus. KoHkpemHsle
Kpumepuu u (pakmopel, 8ausowWue Ha cucmemy, bolau 86I6paHsl U3 06wedocmynHeix
exe200HbIX CmamucmuYeckux 0aHHbIX. Paccyumarbsl HOPMUPOBAHHbIE 3HAYEHUSA 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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¢axkmopos. llocmpoeHebl nuHeliHaAs MHO20(haKMOPHAA U KOHEYHO-PA3HOCMHbIe Modesnu
rnepsozo u 8mopozo nopsadkos. [1o Haubosee adeksamHol Modesnu nosny4veH MNPoz2Ho3
U3MeHeHUA cucmemel Ha nepuod naHoemuu.

Kntouesble cnosa: 3xcene3Ho0opoxHelli mpaHcrnopm, COVID-19, modenuposaHue,
npoeHo3uposaHue

Ana yumupoeaHus: lNnexos I1. B., Yekynaesa B. A. ModenbHoe uccnedosaHue 81UAHUA
naHdemuu COVID-19 Ha cocmosHue #ene3Ho0opoxHo2o mpaHcnopma lepmaruu //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 5. C. 74-79. DOI: 10.31799/29490693-2023-
5-74-79.

COBepH.IEHCTBOBaHI/Ie MeToaA 0B 06pamemm C
TBEPABIMH OBITOBBIMH 0TX0AaMH B ApKTI/IKe C
yY4€TOM KJIMMATHY€CKHUX HM3MEeHeHUuH

AHHOomayus. [nobansHoe usmeHeHUe KAUMAMa MPUBEsO K yeenudeHuUto cpedHezo nokasamesns
memnepamypel Ha 3emse Ha 1 °C om nokazamenel Hayana XX 8. AHAAU3 NOCAEOHUX
KAumMamu4eckux mpeHA08 oKaselgeaem, Ymo 3mo 8bi36l8aem U3MEHEHUE 380/0UUOHHO
cnoxcuswelica NpupodHol sKkocucmemsl ADKMUKU. B ce8A3u ¢ samum npussbi4Hele crnocobbl
ymunusayuu meepobix bbimoabix omxodoe 8 Apkmuyeckoli 3oHe Pocculickoli ®edepayuu
Mo2ym 0Ka3amoCA HeaghgheKMuUBHbIMU 8 YCA08UAX U3MeHAoWe20¢A Kaumama. B daHHol
cmameoe paccMompeHsl cyujecmesyrouue Mmemoosbl ymuau3ayuu omxo0os 8 ApKmuke.
MpedcmasneH aHanAU3 NOCAEOHUX KAUMamMu4ecKux mpeHAo8. BeedeHo noHamue npupodHo-
mexHu4eckoli 2eocucmembl «0/1U20H — OKpyHcarou,as cpeda». MpednoxeHa MemoouKa
MOHUMOPUH2a MpupodHO-mexHu4YecKol eeocucmemsl U OaHbI peKoOMeHOayuu o
cosepweHcmao8aHUI0 cucmemMsl 06paujeHUA ¢ meepobiMu 66ImogbIMU OMX00aMU 8 YCA08UAX
usmeHeHus kKnumama KpatiHezo Cesepa.

Knrouessle cnosa: msepdb/e 6bimosbie OmXOde, AmeUKG, Kaumam, ee4Haa mep3ssioma,
271060a16HOE U3MeHeHue Kaumama

Ana yumupoeanus: *unoHukoea H. A., MuHkuHeH E. A. CosepweHcmeosaHue memooos
obpauweHua ¢ mgepdsimu bbimossiMu omxodamu 8 ADKMUKe C y4emom KAUMamu4ecKux
usmenreHuli // MHHoBayuoHHoe 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. Improvement 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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[IpoeKTHpOBaHHE CUCTEMBI YIIPABJICHUS
aKTUBHOTO QUJIbTPa rapMOHHUK

AHHOomayus. B HacmoAauwee spems ocoboe s8HUMaHue ydensemcsa npobaeme obecrieyeHuUs
Kayecmea 3a0aHHbIX Napamempos snekmpuveckol cemu, 8 pe3ysiemame ye2o ece bonvwee
pacrnpocmpaHeHuUe 8 31eKmpocemsx noay4arom aKmueHsle uabmpsl NooasneHus
8bICOKOYACMOMHbIX 2dPMOHUK, ABAAOWUECA NPeobpa3osamenamu snekmpudeckoli sHepauu.
Ha peiHKe 3HaYUMenbHoe pacnpocmpaHeHue noay4unau npeobpasosamenu UMNOPMHO20
npou3ssodumeris, Ymo C8A30HO C OMCymcmeuem KOHKYPeHmMocnocobHo2o ome4yecmaeHH020
npednoxeHus. [IpoekmuposaHUe aKMUBHO20 (hunbmMpa 2apPMOHUK ABAAEMCA KOMMAeKCHOU
3a0a4eli onmumu3ayuu npoepammHol u annapamdoli yacmel. B npoyecce pazpabomku
ycmpolicmea cyujecmasyem 8bICOKAsA 8epOAMHOCMb 00nycmume psA0 MexHUYeCcKUX OWUBOK,
Ymo MOX em ros8suAMb HAQ CHUXEHUE 3¢hheKmUBHOCMU U CPOKA cayxcbol uzdenus. Ana
peweHuUs onuUCcaHHbIX Mpobaem Heobxo0UMO UCMOMb308aMb KOMIAEKCHbIU M00X00 K
npoekmMuposaHuto npeobpasosamesns ¢ y4emom onMmMuMu3ayuu npo2pammHol u annapamHol
yacmeli ycmpolicmea. Llensto uccnedosaHus a8a9emca noabiuwieHue sghgpekmusHocmu pabomei
AKMUBHO20 hunbmpa 2apMOHUK nymem pa3pabomku onmumu3upos8aHHoU cucmemel
ynpasneHus 017 No00epHaHUA 3000HHbIX KAYeCMBEHHbIX Napamempos 20p00cKoll
3anekmpocemu nepemeHHoO20 mpexgasHo20 HanpaxceHus. Mpu nposedeHuu uccnedosaHuli
Ucnose308aHsl MemMoObl CMPYKMYpPHO20 U MAmMeMamu4ecKko20 aHaAU3d, mocmpoeHus moodenell
8 cpede OUHAMUYECKO20 MOOesIUPO8AHUSA. Pe3ysiemamom uccnedo8aHUsA A8/9emcs MoOesb
cucmembl ynpasneHus aKmMusHbIM uabmMpomM 2aPMOHUK € y4emom MPoyeccos, 8KAYAIOWUX
pabomy annapamol yacmu.

Kntouesble ca08a: cucmema yrnpasneHus, AKMUeHsIl ¢huasmp, annapam-as 4acme, MoK,
HanpsaxeHue, MUKpOKOHmMponnep, NM/-pezynsmop, modenuposaHue

Ana yumuposaHus: Tpemoeakos H. K., KyaemeHko B. I1., ConéHas O. A. [lpoekmuposaHue
cucmemsl yrpasaeHus akmueHo20 (hunbmpa 2apMoHUK // MHHosayuoHHoe npubopocmpoetue.
2023.T. 2, No 4. C. 5-10. DOI: 10.31799/2949-0693-2023-4-5-10.

MeToAbI aHa/IM3a Ka4yeCcTBa B IPOrHO3MPOBaHUH
MoAe/iel MAallMHHOTO0 0Gy4Y€eHu

AHHOMayus. Mccnedyfomcn Memodb/, ucriosne3lyemeole ona OHPEOEHEHUH Kayecmea u
HadexHocmu pe3yanbmamaoes rnpo2HO3UpoeaHUA PA3HbIX mooesneli MAWUHHO20 o6yquu,q

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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(nuHeliHas peepeccus, nec peweHuli u Oepeso peweHul), nymem onpedeneHusa anbgel
Kponbaxa, t-kpumepus CmetodeHma, KoagguyueHma KoHKopdayuu, kpumepus duwepa 018
OaHHbIX N0 06bemy UHHOBAYUOHHbIX Mo8apos, pabom, ycaye u OaGHHbIX 10 8HO8b BHEOPEHHbIM
unu NoosepaasWuMca 3HaYUMesbHbIM MeXHON02UYECKUM USMeHEeHUAM 8 meveHue MocnedHuUX
mpex fem UHHOBAYUOHHbIM Mo8apam, pabomam, ycayaam.

Kntouesble cnoea: anvga KpoHbaxa, Ha0exHocms, MauwuHHoe obyveHue, npo2HO3UposaHue,
cmamucmuyeckull aHanu3

Ansa yumupoesaHusa: BuHHu4eHKo A. B., icmomuHa (0. . Memodel aHanu3a Ka4ecmea 8
npo2Ho3UpPoB8aHUU Modesnell MawuHHo20 obyyeHuA // MHHosayuoHHoe npubopocmpoeHue.
2023.T.2, No 4. C. 11-15. DOI: 10.31799/2949-0693-2023-4-11-15.

[Ipo6./1eMbl NPMMEHEeHHUs NIoKa3aTe/IeH
pe3yJIbTATUBHOCTH U K/II0YeBbIX NIOKa3aTe/IeH
3P PeKTUBHOCTHU

AJIS1 OPraHU3aLMOHHOH CHCTEMbI

AHHOMayusA. MpedcmaeseHsl Npobaemsl MpuMeHeHUs nokazamesel pe3ynabmamugHocmu;
paccmampusaromcs 80Mpocsl, B03HUKAIOUWUE 8 poyecce MexaHUCmu4ecKozo npumMeHeHUs
nokaszameseli peaynbmamueHocmu 048 KOHMPOsA NPOUECCo8 U MexHoA02uYecKux onepayuli e
0pP2aHU3AYUOHHbIX cucmemax. lMpusedeHs! pacnpocmpaHeHHble Hecoomeemcmeus U OWUBKU 8
cbopke Katoyessbix nokazamesneli 3¢hghekmusHOCMU U pe3yabmamusHOCMU U 8biA8/eHbI
OCHOBHble pasznu4vusa mexody Humu. lpedcmassneHbl HECKOMbKO ¢hopM 0718 co8epUIeHCMBOBAHUS
MemoouYecKoz20 annapama fo ydyemy u aOMUHUCMPUPOBAHUKO MoKazamernel
pe3yn6mamusHOCMU U Kto4esblx nokazameseli aghhekmusHocmu, npogedeH aHaau3
pacnpocmpaHeHHOCMU U YrIOMUHAHUSA 8 Hay4YHbIX pabomax Kaw4esolx nokazameneli
3ghgheKmuBHOCMU C MOMOWbIO AHAU3A K/H0YEBbIX C/108 8 Hay4HoU 6ase Scopus.

Kntouesble cnoea: pe3ysnsmamusHOCMb, KAYeable nokasamesnu 3¢¢6KmU8HOCI'T)U,
Op2aHU3AYUOHHAA cucmema, Ka4ecmeo, rnpoueccel, I'IpO6/7€MbI 6b160pa

Ana yumuposaHus: Hazapesuu C. A. [pobaemel npumeHeHuUs nokazamesned
pe3ynbmamusHOCMU U K/to4esbix nokasamesnell aghghpekmusHocmu 0715 0p2aHU3AYUOHHOU
cucmemol // HHoBayuUoHHOE npubopocmpoerue. 2023. T. 2, No 4. C. 16-22. DOI:
10.31799/2949-0693-2023-4-16-22.

[loBbIIEHUE MPOU3BOAUTEIBLHOCTHU BEG-
npuaoxeHud 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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AHHomayus. lpusodamca pekomeHOayuu o paspabomeke eeb-npunoxeHuli, Komopsie
nomoaym ysy4uiume npou3sooumesibHOCMb U Kayecmao npodykma. Paccmampusaromcs
ocobeHHOCMU A3bIKa npozpammuposaHus C# u ¢ppelimeopka Asp.NETCore, enusrowjue Ha
b6oicmpodelicmaue npusnoxceHus. lTposodumcsa mecmuposaHue U cpasHeHuUe
paccmampusaembix Memooos ¢ nomoujbto RestAPl — das peanusayuu paccmampusaembix
memodos, Postman — 0514 e3aumodelicmeus ¢ APl u cpasHeHUs Mosy4eHHbIX pe3ys6mamos no
8peMeHU OMK/UKQ.

Knrouessle cnoea: RestAPl, C#, Asp.NETCore, 6poKkep coobweHuli, mpou3sodumesnbHOCMb 8eb-
npunoxceHus
Ana yumuposaHus: ConéHelli C. B., Boponaes U. A., lasudeHko M. H. lMosbiweHue

npouszsodumesnsHocmu eeb-npunoxceHuli Ha Asp.NETCore // UHHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 4. C. 23-29. DOI: 10.31799/2949-0693-2023-4-23-29.

AMILUIUTYAHBIH METOJ, onpeje/ieHUs IapaMeTPoB
ABH>KE€HHUS MAJIOpPa3MePHBIX PO6G0TU3UPOBAHHBIX
KOMILJIEKCOB

AHHOMayus. PaccmompeHa 3a0a4a 06HapyHeHUsA Maa0pamepHo20 pobomomexHuU4ecKozo
KOMM/IeKCa C UCrnonb308aHuem Hedopo2020 MobusbHO20 Maa02abapumHozo cpedcmea
0b6HapyM#eHUs ¢ NoeopomHol aHmMeHHoU. Llenbto uccnedo8aHus A8UMAOCL onpedesneHue
napamempos 08UXeHUSA U KOOPOUHAM Masa0pa3mepHO20 po6oMomexHUYeCcKo20 KOMMAeKca Mo
pe3yabmamam nocaedosamesnoHol oueHKU neseH208 Ha Hez2o. PazpabomaH memoo
onpedeneHus Kypca 08UXeHUS MAaA0pa3mMepHO20 pobomomexHU4eCcKo20 KoOMaeKca o mpem
nesneHaam, nocaedo8amesibHO NoaAy4aemMosIM Haubosee MPOCMbIM U MOMEX03aULUULEHHbIM
amnaumyoHeim criocobom. Chopmupo8aHo mpaHcyeHOeHmMHoe ypasHeHuUe U NpueedeHo e2o
peuweHue. 1o nosyYeHHOMY Kypcy 8 pe3ysbmame peweHus ypagHeHUs onpedesneHbl CKopocmb
U KOOpOUHAMbI MO0HEHUA MAIOPA3MEPHO20 POOOMOMEXHUYECKO20 KOMIT/IEKCA 8 MOMEHMbI
e20 obHapyxceHus. [asa mecmuposaHus pazpabomaHHo20 Memood chopMuposaHa
MamemMamuyecKas UMUMayuoHHAA MoOesb hyHKUUOHUPOBAHUS MO8OPOMHOU aHMeHHbI,
dsuxteHUA pobomomexHU4eCcKo2o KOMraeKca u 0bpabomku uHgopmayuu ¢ peanudayueli
paspabomaHHo20 Memooda. Pe3yabmamesl YUCAEHHO20 3KCepuMeHma MoKasanu
pabomocnocobHocme npeodnoxceHHo20 memooda onpedeneHus Kypca pobomomexHu4yecKko20
KomneKca. [aa CHUMeHUs oWubKuU onpedeneHus Kypca npedsioneHo Ucrnonb308ams ¢gusasmp
Kaamaxa, Ymo no380:1us10 cOKpamume rnoepeuwHocms onpedesneHus Kypca 6 mpu pasa.
MpednoxceHHbIl Memod Mo380a5em KaK ycuaume 3aujumy Ha3emMHO20 OXPaHAeMo20 06bekma,
mak u obecrneyums 6€30M1ACHOCMb MOPCKO20 ABMOHOMHO20 Heobumaemozo Mo08o0HO20
annapama 0asbHe20 MAa8aHUA 0mM MAs0PA3MEPHbLIX MOPCKUX PO6OMOMexXHUYEeCKUX
KOMM1eKcos.

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 fulfilment. 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 |. 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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Knroueeblie cnoea: manopasmepHoilipobomomexHuyeckuli Komraekc, 0aa6HOCMb
o6HapyxeHus, 6e301acHocme 06beKma, Mo8OPOMHAA AHMEHHA, PEHCUM WYMOIeneH208aHUS,
amnaumyOHelili memod

Ana yumupoearus: /laHyos K. B., /laHyos B. B., KopakuH A. B., MapmeiHoea /1. A.
AmMnaumyoHeil memoo onpedeneHus Napamempos 08UMEHUS MAI0PA3MEPHbIX
pobomu3uposaHHbIX Komaekcos // UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 4. C.
30-40. DOI: 10.31799/2949-0693-2023-4-30-40.

TexHoJsiorusa nocrpoenusa B Hugin Lite HauBHOrO
6aileCcOBCKOro KjaccupukaTopa Ha OCHOBe
HUCXOJHOIr0 HA60pa JAHHBIX

AHHOmayus. Ha 6asze npocmeliwezo Habopa daHHbIX paccmampusaemcs peasnu308aHHAA 8
Hugin Lite mexHono02ua nocmpoeHus HaueHo20 6aliecosckoeo Kaaccugpukamopa. [JaHo
nodpobHoe onucaHue nocaedo8amesnbHOCMU Wa208 Mo MOCMPOEHU0 CMPYKmMyps!
baliecosckoli cemu Ha 6a3e ucxo0Ho20 Habopa OaHHbIX, ee 0byYeHUs U UCMoAb308aHUA 015
npozHo3a. PaccmompeHsl pasHsie nooxo0sl K HACMpoliKe cemu 8 criy4ae, Ko20a rnepemeHHsble 8
ucxo0Hol 8blbopke A8a910MCcA OUCKPEMHbIMU (CUMBOIbHBIMU, YUC/I08bIMU, UHMEPB8AbHbIMU)
unu HernpepoieHbIMU. [TOKA3aHA 803MOXHOCMb OUEHKU Kayecmea HacmpoUlKu cemu npu
UCM0MAb308AHUU UHMEPBAsbHbIX NepemMeHHbIX. [ nocmpoeHus Kaaccugukamopa beiau
uCnosb308aHsl peasnuzosaHHsle 8 Hugin Lite anzopumm NPC (Necessary Path Condition) dnsa
nocmpoeHus cmpykmypeoi u anzopumm EM (Expectation Maximization) a5 o6yyeHus cemu.

Knrouessle cnosa: UCKyCCfnSeHHbIﬁ uHmennekm, baliecosckue cemu, KﬂGCCU¢UKOHUﬂ, npocHOo3,
3KCrepmeHole cucmemel

Ana yumupoesaHus: Bazuzos M. P., Xabapoes C. M., Momanos A. [1. TexHon02Us NoCMpoeHus 8
Hugin Lite HaueHo20 6alieco8cKo20 KaaccuphuKamopa Ha 0CHOBe UCX00H020 Habopa OaHHLIX //
UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 4. C. 41-50. DOI: 10.31799/2949-0693-
2023-4-41-50.

HcciepoBaHue TeMniepaTypHBIX peXKMMOB
dunamenTusanuu PLA-n1acTuka npu
NPOTOTUNIMPOBAHUU

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.
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AHHOmMayusA. Paccmampusaemcsa cmerieHb 8/UAHUA MeEMNepamypHO20 PeXuma Ha npoyecc
npomomurnupoeaHus ¢ ucnonsb3osaHuem PLA-nnacmuKa, 8 YacmHocmu, Ha rnossaeHue
Odehekmoes 8 Hane4yamaHHOM u3desnuu.

Kntouesble cnoea: adoumusHoe npoussodcmeo, punameHmusayua PLA-naacmuka, 3D-
mexHonoauu, FFF-ycmpolicmea, uH@pakpacHas mepmoapagus

Ana yumupoesarus: Hazapesuy C. A., CaupudeHkKo A. B. ccnedosaHue memnepamypHbix
pexcumos unameHmusayuu PLARsacmuka npu npomomunuposaruu // iHHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 4. C. 51-55. DOI: 10.31799/2949-06932023-4-51-55.

OHeHKa TEXHUYECKOro COCTOAHHMA BO3AYIIHBbIX
JIMHUM JJIEKTpoInepeaadimn

AHHOMayusA. Paccmampusaemcs 3a0a4a UHmMe2pasnbHol oyeHKU 8030YWHbIX AUHUU
anekmponepedayu. [IPoaHaNU3UPO8aAHA Npoyedypa OUaz2HOCMUKU U aHA/AU3d OMKA308,
OCHOBAHHASA HA MemoOdax UCKYCCMBeHH020 UHmesnnekma. [pednonceHa 803MOHHOCMb
UCnonb308aHUA PO6oMOMexHU4YecKUx cpedcme Ha 6a3e a8MoHOMHbIX MOBUAbHLIX PO60MO8.
PaccmompeHa udes co30aHuUAs asmMoHOMHOU pobomu3uposaHHoU uHmesnekmyansHol
cucmemel oueHKU 8030y WHbIX NUHUL 3nekmponepeday, skaovaroweli 8 cebsa becnunomHsie
annapamel, KOMMAAEKC OUa2HOCMUYeCKUX cpedcme U cepgeeps UHmMesnnekmyanbHoli 06pabomku
UHopmayuu.

Kntouesble ¢a106a: HA0eHHOCMb 31eKMPOCHABHEHUS, MeXHU4YeCKoe COCmosaHue
3nekmpoobopydosaHus, asapuliHoe OmKa4eHUe, KACKAOHble asapuu, cucmemel
3/1eKMPOCHAbM#eHUsA, OUa2HOCMUKA 371ekmpoobopydosaHus

Ana yumuposaHus: PoicuH A. B., ConéHelli C. B. OueHKa mexHuU4ecko2o COCMOosHUA 8030YWHbIX
AuHuli anekmponepedayu // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 56—60.
DOI: 10.31799/2949-0693-2023-4-56-60.

CpaBHUTEJ/IbHbIN AaHA/IU3 KJIACCUYECKON U
MHTe/JIEKTYaIbHOH CHCTeM aBTOMAaTHY€eCKOTO0
ynpaBJIeHHs YyIJI0M KpeHa HU3KO0JIeTALLero
anmapara

AHHomayus. [IposedeH cpasHUMesnbHbIl aHAAU3 CUCMEMbl YPasaeHUs y2a0om KpeHa
flemamesnsHoO20 annapama, ycmoliyueocme Komopoli obecrneyusaemcs Kaaccu4ecKkumu
mMemooamu onMmumMu3ayuu nepedamoyvHol hyHKUUU 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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aHanozu4yHoli cucmemel, ycmoliyueocms Komopoli docmuzHyma npumeHeHuem a33u-
peaynamopa. CuHme3s peaynamopa npouseedeH ¢ npumeHeHuem 00Ho20 U3 Mmemodos
UCKyccmeeHH020 UHmMennekma — Hedyemkoli no2uku. ModenuposaHue pabomel 8cex cucmem
npoussedeHo ¢ nomouwbto nakemos MatLab R2015a — Simulink u Fuzzy Logic Toolbox.

Knioueeble cn0ea: cpasHUMesbHbIU AHAAU3, UCKYCCMBEHHbIU UHmensnekm, cucmema
a8MoMamuyecKoeo ynpaeneHus, Heyemxuli peayaamop, nepexooHslli npoyecc

Ana yumupoeanus: NearHos M. E., E3epckuli B. B., bensakos A. A. CpasHumesnbHbIl aHAAU3
Knaccu4eckol u UHmMesnnekmyaabHol cucmem asmomamu4ecKozo yrnpassneHus y2a10M KpeHa
HU3KosemAaAwe2o annapama // MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 4. C. 61-67.
DOI: 10.31799/2949-0693-2023-4-61-67.

OneHKa CHHXpPOHHM3alM¥ BpEMEHHBIX PAJAOB AJIA
aHaJ/IM3a Ae3aJanTalMOHHBIX PACCTPOMCTB

AHHOMayusa. Memod cuHxpocxamozo eeliesemHo20 NpeobpasoeaHus npUMeHeH K
onpedesneHu 803MOXHOU CUHXPOHU3AUUU 8peMeHHbIX PA008, MoayYeHHbIX U3 PeaKmuUeHbIX
nammepHo8 31eKMpPOo3HYehanozpamm npu omeemax mo3aa Ha nepuoouvecKue Cmumysel
PpasHbix yacmom. ObHapyHceHbl PA3AU4US 8 MOPAOKAX CUHXPOHU3AUUU 3MUX MammepHo8 8 08yxX
2pynnax aAuy, — 300possix U ¢ 0e3a0anmayuoHHbIMU paccmpolicmeamu.

Knroueaole cnoea: seliesiemsl, 31eKmMpo3HYedanoepamma, CUHXPOHU3AYUS

Ana yumupoeaHus: CmupHos A. O., fuk O. E., ®ponosa E. A., Tumos B. E. OyeHKa
CUHXPOHU3AYUU 8peMeHHbIX pados 08 aHanu3a 0e3adanmayuoHHbIx paccmpolicme //
UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 4. C. 68—75. DOI: 10.31799/2949-06932023-
4-68-75.

BuauMoCTb MaJIbIX BO3rOpaHHil CKBO3b KPOHBI
JAepeBbeB: HEKOTOPbIE pe3y/ibTaTbl HATYPHbIX
UCC/IeJ0BaHMI HA TeppuTOpPUH JIeHMHIpagCKOH
006J1aCTH

AHHOMayusa. PaccmompeHbl 80r1pocsl MOHUMOPUH2a MAsbiX 80320,DGHUU 8 s1ecax ¢ 603(3yX0.
Ana nosy4eHUA OUeHOK 8UOUMOCMU 040208 20PEeHUA CK80O3b KPOHbI depeebee 8bIMosIHEH
KOMI1/1EKC I0s1€8bIX U KAMepPAas1bHbIX pa6om, 8 MOoMm 4ucsie ocywecmesieHo MO@&WUPOBGHUB
2eomempuu eu3uposaHuUA, nocmassieHbl HAMYpPHbIE SKCNepumMeHmsol HaG Mecmoeom 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: lvanov 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. O., 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 0b6aacmu, nposedeH aHaAAU3 COOPAHHbIX PA3HOPOOHbIX OaHHbIX.
CocmasseHbl pekomeHOayuu 0711 peanu3ayuu MOHUMOPUHaa 80320paHull 8 necax.

Knrouesble cnosa: suoumocme naameHu, 0emekmuposaHue rnaameHu, OUCMaHYUOHHbIU
MOHUMOPUHe, KPOHbI 0epesobes, AecHOol Mos02, NecHble no1apsi

Ana yumupoeanusa: MamesneHok U. B. BuOuMocme Masbix 80320paHUL CKBO3b KPOHbI
Odepesbes: HEKomopeble pe3yabmamel HOMYPHbIX Ucc1edo8aHull Ha meppumopuu
JleHuHepadckoli obnacmu // HHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 4. C. 76-83.
DOI: 10.31799/2949-0693-2023-4-76-83.

Oco6eHHOCTH YHUPUKALMH KOJTUYECTBa
HOPMATHUBHO-TEXHUYECKOI JOKYMEHTALUH B
CTPYKTYPHOM NoJpa3ae/IeHUU

Ha OCHOBAaHUY NPUHIUNOB QYHKIMOHAJIbHOM
e HHOCTH

AHHOMayusa. OnucaHsl npobaemamuxka AoKkymeHmoobopoma e cospemMmeHHOU op2aHu3ayuu u
crnocobel aHanu3a mekyuweli 00KymMmeHmMauuu ¢ yesbto nepesood 8 uugposyro popmy, Ymo
11038071UM COKPAMUMb MPyo003ampamel U No8bICUMb MNPOU3800UMenbHOCMb mpyoa
nepcoHana opeaHuU3ayuU.

Knroueesie cnoea: 0oKymeHmMoobopom, CmpyKkmypuposaHue yHKUUU Kayecmea,
yugposusayusa

Ansa yumupoeanus: LLawmypuH A. A. OcobeHHOCMU YHUGUKaYUU Koau4ecmea HopmMamueHo-
mexHu4eckoli 00KymeHmayuu 8 CmpykmypHom nodpasoeneHuu Ha 0OCHOBAHUU MPUHYUNOs

PYyHKUUOHAAbHOU yeHHocmu // MHHosauuoHHoe npubopocmpoerue. 2023. T. 2, No 4. C. 84-87.

DOI: 10.31799/2949-0693-2023-4-84-87.

KoppensinyoHHas MmaTpuna ajs
CJIOKHOCTPYKTYPUPOBAHHBIX MOBEJeHY€E€CKUX
$paKTOpOB U NapaMeTPOB TEXHOJIOTUIECKOTO
npounecca

AHHOMayusA. MpedcmasneHsl pe3yabmamel aHAAU3a cesseli mexoy nosedeHYeckumu
gakmopamu onepamopa mexHoso2u4eckoli AUHUU U TApamempamu 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.
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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. BvisgneHol 2pynmsl Mokazamesedl, KOMOPbIM NPUCBAUBAIOMCA PAHHCUPOBAHHbIE
secoeble KoaghguyueHmeol 3KkcnepmHsim memodom. Ha ocHose smux OaHHbIX paccyumsieaemcs
U hopmupyemca KoppeasyuoHHas Mampuya, no3eoAsrowas esideaums Haubosee 3HaYUMble
napamempsi, Komopbsie Mo2ym 6bimb UC0/16308aHbI 014 YPABAEHUS U KOHMPOA
mexHos102u4ecKo20 npouecca. Kpome moao, aHaAAU3 MoayYeHHbIX PE3Yabmamos Moxem
8bl0enums cmpameauyeckue 3a0a4u 0415 yay4weHUs Kayecmaa npodyKyuu, onmumusayuu
Mpou3800CMBEHHbIX MPOUECCco8 U MosbleHUA 3ghhekmueHocmu npoussodcmsa.

Knrouyeesle cnoea: KoppeaayuoHHas Mampuya, nosedeHyeckue pakmopsi onepamopa,
mexHos102u4ecKuli MPoYece, 8auUAHUE (hakmopoe npou3sodcmeaa

Ansa yumupoesaHusa: BuHHu4eHKo A. B. KoppenayuoHHas mampuya 048
CAOHHOCMPYKMYPUPOBAHHbIX M0BEOEHYECKUX haKMOpPOo8 U napamempos mexHon02u4ecKo2o
npoyecca // MHHosayuoHHoe 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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UccnepoBaHue BJAUSHUSA CKOPOCTH TPACCUPOBKHU
Ha TOYHOCTb U3MepPEHM LIePOX0BATOCTHU
npoduaomerpom SurfTest SJ-410

AHHOmauyus. B ycnosusx HernpepsigHO20 pa3gumus npomsiwaeHHocmu, papabomku 6osee
MOYHbIX MPpub0OPO8, MAWUH 8 067aCMU 371EKMPOIHEP2eMUKU, a8UAUUOHHbIX
8bICOKOCKOPOCMHbIX d8ueamesneli u npeobpa3o8aHuUa pasauYHbIX 8UG08 3HepauU 014
rnosblWeHUA KoaghguyueHma nosesHo2o delicmeus Heobxodumo ucrnosnb3osaHue bosee HUIKUX
napamempos Wwepoxo8amocmu KUHEMaMUYeCKUX 31emMeHmos, HaX00AUWUXCA 8 30He
HernocpedcmeeHHO20 KoHmMakma. CnedosamesnbHO, HEO6X00UMO co8epuIeHCmMa8o8ame
npubopesl 017 usmepeHUs wepoxosamocmu. [na pacwupeHus moYyHocmu u Ouana3oHos
usmepeHuli 0aHHbIX MPUBOPOB HYHHO PazsuUBaMb 3MasoHHy 6a3y npogunomempos,
ysenu4ueas peanu3yemocmes nosepoYHoli CxeMol 3a c4em MpUMeHeHUs 3MasnoH08 Pocculickozo
npouszsodcmea. B Hacmosauwee spemsa npubopsi 015 U3MepeHUs Wepoxoeamocmu «npusa3aHbl»
K HecKonbKum cmaHoapmam: 8 Poccuu 0aHHele MemoOdbl pe2yaupytomcs
MeH20cyoapcmeeHHbIMU U HAUUOHAAbHbIMU CMAaHOapmamu, 3apybexcHole cmaHOapmel
ucnose3yrmcsa 8 cocmase UHOCMPAHHO20 MPOo2PAMMHO20 obecrieyeHus — 3mo cmaHOapmel
ISO, ANSI, JIS. laHHas epynna espornelicKux, aMepUKaHCKUX, AMOHCKUX cmaHdapmos
mpaduyuoHHO umeem HebonbWY PA3HOCMHYIO UHMeprnpemayuto 8 obaacmu onpeoeneHus
napamempos wepoxoeamocmu, CKOpoOCMU MPOXOHOEeHUA Wyna, nopAaoKa omobpaxceHus
nonyveHHol uHgopmayuu. B cea3u ¢ smum Heobxodumo bosnee nodpobHo npedcmasums
nopA0oK nposedeHus usmepeHuli Ha Npogusomempe ¢ PasAUYHbIMU MUNAMU HACMPOEK.

Knrouesslie cnosa: npod)unomemp, HGCI‘npOLjKU mpaccuposkKu, pesysemam usmepeHus,
nozpewHocms usmepeHua

Ana yumuposaHus: EnugaHyes K. B., Epppemos H. HO. UccnedosaHue sausHUA cKopocmu
mpaccuposKu HA MOYHOCMb U3MepeHUs wepoxoeamocmu npogunomempom SurfTest SJ-410 //
MHHOoBayuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C. 5-11. DOI: 10.31799/2949-0693-2023-
3-5-11.

ABTOMaTH3aLUsl CHCTEMbI IOUCKOBOM
ONTHMMHU3allUU Beo-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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AHHOMayus. Uccnedyemcs 0671aCmb KOHKYPEeHMHO20 Npod8uXCeHUA KOMMepYecKux eb-
pecypcos. CchopmysuposaHsl Kpumepuu 3aUHMepPecosaHHbIX CMOPOH 0 OMHOWEHUI K 8e6-
pecypcy. AHaau3supyromca criocobel pazpabomku calima u ebibupaemca ayywuli. PaspabomaH
as20pUMM oNMUMU3ayuUU seb-pecypca.

Kntouesble cnoea: seb-pecypc, onmumu3ayus, UHPOPMAUUOHHbIE MeXHOA02UU, Kpumepuu
Ansa yumupoearus: Komapos T. U., YabaHeHKo A. B. Aemomamu3ayus cucmembsl MoucKosol
onmumu3sayuu seb-pecypca // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C. 12—16.
DOI: 10.31799/2949-0693-2023-3-12-16.

MeToA MAaIIMHHOTO 3peHUA AJiAA KOHTPOJIA
Ka4yeCTBad NIPOAYKIHHA

AHHOMayusa. PaccmompeHsl 03MOXHOCMU MAWUHHO20 3peHUs 0719 KOHMPOoAA Kayecmaa
npodyKyuu Ha npouzsodcmee. OnucaH memood peaau3ayuu u mMocmpoeHusa aa20pummos
0bpabomku uzobpaxceHuli C MOMOWbIO MAUWUHHO20 0ByYeHUs.

Kntouesble cno8a: MawuHHOe 3peHuUe, MawuHHoe oby4yeHue, KOHMPOsb KaYecmad,
8U3YasbHbIU KOHMPOsb

Ana yumupoesaHusa: YynpuHosa O. B., CmenawkuHa A. C., lomaszaH E. B. Memod mawuHHO20
3peHus 0418 KOHMPOoAA Kayecmea

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

AHanu3 miatdpopm AJisi 060y4yeHUA OCHOBaM
UHPOPMALMOHHOM 6€30MaCHOCTH

AHHOMayuA. B coepemeHHOM MUpe C UCMO0b308aHUEM UHHOPMAYUOHHbIX mexHo102uli 8
ducmaHyuoHHOM oby4eHuU U 06pa308aHUU 8 y4ebHbIX 3a8e0eHUAX HaYaau MPUMeHAMb
cucmemy oHnaliH-06pazosaHusa. OHaaliH-naamegopma 018 0by4eHUs —3Mo OCHOBAHHASA HA
npozpammHom obecrevyeHuU OHAAUH-UHGPAcMpyKkmypa, Komopas no3eosnsem
nonb308amenam 06y4amscsa Mo yxe 20mosbim y4ebHbIM Mamepuanam u nybauKkoeams ceou
y4yebHbie nocobus uau Kypcel. Ha daHHeIl momeHm makoli 8ud obyyeHUs A8a19emca MAKUM Hce
pe3ysbmamusHbIM, KaK U 04HOe 0By4YeHue, U umeem npeumyu,ecmsa 8 8ude MeHbWUxX
8peMeHHbIX 3ampam. B cmamoee 6ydem npusedeH aHAAU3 Kypcos 1Mo UHGOPMAUUOHHOU
b6e3onacHocmu Ha Haubosee nonyasapHbIX POCCUliCKUX OHAalHMAamgopmax 05 0byyeHus —
«fAHOekc.lMpakmukym», «Hemonoaus», 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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Kniouesbie cnosa: oHnaliH-0by4yeHue, asmomamusuposaHHoe obyyeHue, OUCMAHYUOHHOE
o0byyeHue, uHghopmayuoHHas 6e30nacHocms, MoOHemu3ayus

Ana yumuposarus: ConéHvlli C. B., Boponaes Y. A., Mpoxcupko E. A. AHanu3 naamdgopm 01
06y4eHus 0CHoBam UHpopmayuoHHol 6eszonacHocmu // HHosayuoHHoe npubopocmpoeHue.
2023.T. 2, No 3. C. 21-27. DOI: 10.31799/2949-0693-2023-3-21-27.

CpaBHUTE/JIbHbIA aHAJIM3 POrPaMMHOTO
oGecnevyeHus, NPUMEHSIeMOro AJis pelleHus
3/IEKTPOIHEPreTUYECKUX 3a4a4

AHHOMayusA. Mpueodumcsa aHasAU3 NPo2PAMMHbLIX KOMIAEKCO8, NpeOHA3HaYeHHbIX 0414
pewieHus anekmposHepzemuyeckux 3a0ay. lposedeH 0630p ux 803mMoxcHocmel, 0603HaYeHb!
npeumywecmea u Hedocmamku.

Knioueeoble cnoea: aHasu3, NPo2pamMMHbIG KOMIAAEKE, pexcum pabomei 3AeKmpocemu, MoK
KOpOMKO20 3aMbIKAHUA

Ana yumuposaHus: ConéHaa O. A., CmekneHés A. t0. CpasHumesnoHbll aHAAU3 MPO2PAMMHO20
obecrneyeHus, MpumMeHAemMo2o 0114 pelleHUs 31eKmpoaHepemuyeckux 3a0ay //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 28-35. DOI: 10.31799/29490693-2023-
3-28-35.

Bonpockl 6€301aCHOCTA UHTE/LJIEKTYa/IbHbIX
CUCTEM

AHHOmayusA. PaccmompeHsi 80rpocsl 6301acHOCMU UHMeNNeKmyasnbHbiX CUCMeM U KAaccs!
803MOM(HbIX aMAK. bosiee demasibHO NPOAHANU3UPOBAH KAACC AMAK, HANPasaeHHbIl Ha
HapyweHue yes0cmHocmu OaHHbIX, U MOKA3aHbI crnocobbl 3awumel om AaHHO20 KAACCa amaK
Ha npumepe K008, UCnpasaAfoUWUX OUUBKU.

Knlouesble cnoea: uHmMesnnekmyasbHble cUcCmemel, 6eson05Hocmb, Kpunmoepad)un, meopuAa
KOdUpOBGHUﬂ, amakxku

Ana yumupoesarus: KynpusHos M. C., /lesuHa A. b. Bonpocbel 6e3onacHocmu
UHMesAeKkmyanbHeix cucmem // MHHosauyuoHHoe npubopocmpoerue. 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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AHaJ/in3 COCTOSIHMA PBIHKA UCKYCCTBEHHOT O
UHTeJ/JIeKTa B Poccun

AHHOMayus. MposedeH aHaAU3 COCMOAHUSA POCCULICKO20 PbIHKA UCKYCCMBEHHO020
uHmesnnekma. Paccmompersl cmpykmypa, 06bem u 001U PbIHKQ, MPOYECCHI UHBECMUPOBAHUA U
GhUHAHCUPOBAHUSA 8 MEXHO02UU UCKYCCMBEHHO20 UHMessnekma e Pocculickol ®edepayuu.
BbinonHeH 0630p 0CHOBHbIX KOHKYpeHmMos u nompebumerneli Ha pbiHKe.

Kntouesbie cnoea: uckyccmaeHHbili UHMeAAeKM, QHAAU3 PbIHKA, mexHos02uu, pocculickull
PbIHOK, meHOeHyuu pazgumus

Ana yumupoeanus: byivuk . [., ConéHaa O. A. AHaAU3 COCMOAHUA PbIHKA UCKYCCMBEHHO20
uHmesnekma e Poccuu // UHHo8auuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C. 41-47. DOI:
10.31799/2949-0693-2023-3-41-47.

KoHuenuusa po60TOTEXHUYECKON CUCTEMBI A1
JAUATHOCTHKH 3JIEKTPUYECKUX MAIlIMH NPHU
PEMOHTE U TEXHUYECKOM 06C/TY>KMBAaHUU

AHHOMayuA. PaccmompeHsi U MPOoaHaau3uposaHs pobomomexHuyecKue cucmemsit,
ucnosne3yrouueca 0414 OUa2HOCMUKU Y3/108 3EKMPUYeCcKUX MAWuH. BelsgneHa npobaema
uCnosb308aHuUA pobomomexHuUYecKux cucmem 0115 MOBbIWEHUA KAYecmed U yCKOPeHUs
npouyeccos OUA2HOCMUKU 3/1KMPUYECKUX MAWUH 8 YC/I08UAX POU3800CMBa, a MaKxce 80
8pemsA peMoHMO8 Ha MAoWAdKax 3aKa34uKa. PaccmompeHa memodosio2us npumMeHeHus
damyuka subpayuu 8 pobomomexHu4eckoli cucmeme 015 onpedeneHus NaomHocmu
30KAUHOBKU 11A308 CMAmopa 2eHepamopa.

Knrouessle cnosa: 3/71eKmpu4yecKkue MawuHbl, ceHepamop, peMoHm, p060m0m€XHU'4€CKGFI
cucmema, ucrielmaHuAa, asmomamusayua

Ana yumupoesarus: Jlau C. 0., Conénbliii C. B. KoHyenyus pobomomexHu4eckol cucmemel 045
OUa2HOCMUKU 3/1€KMPUYECKUX MAWUH MPpU pemMoHme U mexHu4ecKkom obcayxwusaHuu //
WHHOoBayuoHHOe npubopocmpoeHue. 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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UccnepoBaHue cnoco60B NPUMEHEHUS
TEXHOJIOTUN BUPTYA/IbHOU U JONOJTHEHHOU
peasibHOCTH

B 00pa30BaTe/IbHOM M NPOMBILJIEHHOM 06/1aCTAX

AHHOMayusA. BupmyansHoli peasnbHOCMbIO HA3bI8AOM UHMEPAKMUBHbLIU Mup, CO30aHHbIl ¢
UCM0b308AHUEM COBPEMEHHbIX KOMITbIOMEPHbIX MPO2PAMM, KOMOopbIli 80CIPUHUMAEMCA
4es108eKOM Yepe3 OCHOBHbIe 0p2aHbl Uyecma. 3a0a4a MmexHo102UU 3aK4Yaemcs 8
no2pyxeHuU Yeno8eKa 8 co30aHHYIo cpedy € UCMOAb308AHUEM OGMYUKO8 CEeHCOPUKU.
JononHeHHasa peasabHOCMb, 8 omauYue om supmyassHol, 00nosaHAem peasbHbili Mmup
uyugppossbiMu 0b6vekmamu 8 sude ayouo, 2paghuKu, MeKCcma 8 pexume peasibHo20 8pemMeHU C
803MOMCHOCMbIO 83aumodelicmeus. [JaHHAA mexHoA02UA Ucnone3yemcs 044 obecrnevyeHus
HOB020 ypo8HsA 83aumodelicmesus none3osamesneli C OKPYHAOUUM MUPOM. U3ydeHo
npumeHeHue mexHosozuli supmyansHol peansHocmu U 0onosnHeHHoU peasnsHoCmMu 8
obpazosamersbHoli cgpepe. posedeHo uccnedosaHue KomnaHul, MpedocmasAsauUx 20mosbie
pewieHus, @ MaKXe 3anpocsl Ha co30aHue npusaoxceHuli supmyansbHol peassHocmu 044
MPOMbIWAEHHbIX U 06pa308amesbHbIX yupercoeHul.

Kntoueesble cnoea: supmyasbHas peanbHOCMb, O0N0AHEHHASA PeasnbHOCMb, UMMEPCUOHHbIE
mexHono2uu, 06pa3oeaHue, NMPOMbIWAEHHOCMb

Ansa yumupoearus: obpoiwos [. ., PomaHeHko B. B., Kyabmenko fO. 1., KysemeHko B. I1.,
Conénili C. B. UccnedosaHue cnocobos npumeHeHUs mexHonoauli aupmyanvHol u
dornosiHeHHOU peasbHocmu 8 06pazosamesibHol U MPOMbIWAeHHOU 06aacmax //
UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 54-61. DOI: 10.31799/2949-0693-
2023-3-54-61.

<l>opmam.1—1aﬂ l/I,ZleHTI/l(l)l/lKa].lI/Iﬂ IMNEePpUuOANICCKHUX
SIBJIEHUH B YHUCJIOBbIX pAaAgax

AHHOMayusA. Paccmampusaromcs npobaema udeHmudukayuu nepuoduvecKkux seseHuli 60
8pemMeHHbIX pAAax; NoHAMuUe 8pemMeHH020 PAAd, OCHOBHbIE OMUCLIBAIOU4UE e20
mamemamuyeckue Mooesu, pasauyHele Memoosl U 2uromessl, npumMeHseMble 8 meopuu
8pemMeHHbIx pAdos. Takxce ucciedyromca memoobl, MPUMeEHAEMbIe 8 Pa3AUYHbIX 061acmax
3HaHUl, HanpasaeHHbIe Ha MOUCK U 8biAgreHue nepuodudeckoli KoMnoHeHMbl. TaK KaK OaHHbIe
memoOosl 061a0a0m onpeodesneHHbIMU HE00CMamKamu, 0418 peuwleHus yKa3aHHol npobaemel
npednazaemcs nNpumeHeHue MoOUGpUKayuu Memooa amnupuyeckol modosoli GeKomnoszuyuu.
Mpoussodumca peanusayus OaHHO20 AA20pUMMA 8 8UOE MPO2PAMMbI U NPOU3800UMCS

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., Solyonyj 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 pabomocrnocobHocmu. [ToMmumo 3moeo, cpasHusaemcs sgphekmusHocme pabomel
npednoxeHHo20 MOOUPUYUUPOBAHHO20 A/120pUMMA C KAACCUYECKUM 8APUAHMOM.

Knrouesble cnoea: spemeHHoU psad, nepuoduyeckue KoaebaHus, ce30HHOCMb, YUKAUYHOCMS,
amnupuyeckasa modosas 0eKomnozuyus, Kybudeckuli cnaaliH, crnaliH AKUMbI

Ana yumuposanus: lnexos M. B., Kydpesa A. P., lyces A. A. dopmaneHaa udeHmugurayus
nepuoduyeckux AsneHul 8 Yucnoasix padax // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2,
No 3. C. 62-66. DOI: 10.31799/2949-0693-2023-3-62-66.

I/I,ZleHTl/I(l)I/IKal.(I/IH NNoJIb30BaTeJ/iA HA OCHOBE
KJ/IABHUATYPHOTI'O ITIOYEPKaA

AHHOMayus. Boidsuzaemca 2uriome3a 0 mom, Ymo y Kau0020 Yean08eKa UHOUBUOYAsbHbIl
nooxo0 K Habopy mekcma Ha Kaasuamype. Takum 06pa3om, MOHCHO coenams rpeodnosnoxeHue,
4Ymo OaHHbIU napamemp MOXHO UCMNOAb308aMb 05 UOeHMUUKaAyuu noas3osamesneli Kaxk
b6buomempuyeckuli nokazamesno. Cpedu memodos buomempuyeckoli aymeHmuguKkayuu
npeodnoxeHHobIl N0AX00 OMHOCUMCA K Kamez20puu BUHAMUYeCKUX Memooos, Ymo 3ampyoHsem
noxuweHue wabs0Ha Mo4epKa rnosnv3osamess. B pabome Kpamko onucaHel cyujecmsyrowue
memoOsl u cnocobel udeHmugukayuu nonszosamesneli Mo KAABUAMYPHOMY NOYEPKY U
8bIM0/IHEHO UCCAeA08AHUE MPUMEHEHUS OUeHOYHO20 Napamempa epeMeHuU yOepHaHuUs KAasuw
014 onpedeneHuA nosav3osamesns. B pezysbmame uccaedosaHus 00KA3aHO, Ymo epems
yOepxaHua Kaasuw cnocobHo udeHmuguyuposams nosas3osamerneli 8 85 % cayyaes.

Knrouesble cnosa: aymeHmuguKkayus, udeHmuguKkayus, 3auuma uHgpopmayuu,
KaasuamypHolili noyepk

Ansa yumupoeanus: Bapaamosa C. A., BasunuHa E. A. MOeHmMudgukayus nosnszosamens Ha
OCHO8e K/a8uamypHozo novepka // UHHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 3. C.
67-71. DOI: 10.31799/2949-0693-2023-3-67-71.

MeToA rosiocoBOo HAeHTUPUKALUMHU JUKTOPA

AHHOomayus. lNpednoxceH HosbIl Mo0OX00 K hopMUPOBAHUIO BEKMOPOB NPU3HAKO8, OCHOBAHHbIU
Ha ceMaHmuyecKux ocobeHHocmsax peyu Oukmopa. OmauyumensHoli 0cobeHHOCMbIO
npednoxeHHo20 Memooad A8/9emca Mo, Ymo, MOMUMO aHA/U3d 20/10CO8bIX XAPAKMepPUCMuUK
OUKMopa, MakKxce aHAAU3UPYIOMCA U pevesble — 0COBeHHOCMU NocmpoeHUs npednoxceHull, ux
cemMaHmuka, cnosapHeil 3anac u m. 8. PazpabomaH npozpammHelli Modynb ueHmuguxkayuu
AIUYHOCMU HA OCHOBE MPednoHeHHO020 Memood U nposedeHo CPasHeHUEe ¢ MpaduyuoHHO
ucnonbL3yemoIM Npu peweHuU 3a0a4u udeHmupuKayuu OUKMopo8 Memodom, OCHOBAHHLIM HA
MEe-4acmomHbIX KercmpasbHbIX KosghgpuyueHmax. CpasHUMesbHbIl aHaAU3 NOKA3as, Ymo

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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paccmampugaemelli 1o0xo00 M03807a5em y8eaudumes MoYyHoCmMo UGeHMUPUKAYUU AUYHOCMU,
00HAKO npu 3mom oH mpebyem 60abWUX 8peMEHHbIX 3ampam.

Knouesble cno6a: pacrosHasaHue 20s0ca, UCKYCCMBEeHHbIl UHmMesnnekm, MawuHHoe obyyeHue,
aymeHmugukayus, Mmopgonoaudeckuli aHanu3, HelipoHHble cemu

Ana yumupoeanus: LLlamakosa E. C., Kosnomoliyes B. C. Memoo 20n0co80l udeHmugpuKkayuu
dukmopa // NHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 72-76. DOI:
10.31799/2949-0693-2023-3-72-76.

®opMyJIbHBIH METOJ, ayTeHTUPUKALUU
MoJib30BaTeJIs

AHHOMayus. N3y4yeHol 80Mpocel NpUMeHeHUs MHO20(haKmMopHol aymeHmu@duKayuu KaK
Memoda nosbIWEeHUA 3aWUMbl OGHHbLIX 0M HECAHKYUOHUPOBAHHO20 docmyrna 8 rnpoyecce ux
XpaHeHusa u nepeda4u. PaccmompeHsl Haubosee nonynsapHele Memodsl MHO20(AKMOpPHOU
aymeHmMuGuKayuu, 8biagaeHbl ux 60cmouHcmea u Hedocmamku. lpednoxeH memoo
MHO020(haKMOpPHOU aymeHmMuuUKayuu, AuwWeHHsIl Yyacmu UMerwuxca Hedocmamekos 8
uccnedyemoix Memooax, — hopmysabHbIl Memod aymeHmuguKkayuu noaszosamesneli. Memoo
no3sosnsaem 6e3 cyuecmeeHHbIX MexXHUYECKUX UsMeHeHUll U yseaudeHus Haepy3Ku Ha cucmemy
nposodums 6e30MacHy0 aymeHmMupuKayuro noas3osamesnel.

Knrouesble cnosa: MHO20(hakKmMopHasa aymeHmMuGUKayus, 3auuma uHgopmayuu,
HeCaHKYUOHUPOBAHHbIU docmyr, UHGOPMAYUOHHbIE cucmeMbl, BuomMmempuKa, Naposns

Ana yumuposaHus: Konomoliyes B. C., Mapkosckuli E. C., lybposuHa /. A. @opmybHbili
mMemod aymeHmu@uKayuu rnonssoseamens // MHHosayuoHHoe npubopocmpoerue. 2023.T. 2,
No 3. C. 77-83. DOI: 10.31799/2949-0693-2023-3-77-83.

MoaenupoBaHMe paGoThI CIeASIEro
3JIEKTPONPUBO/A C y4€TOM TEMIIEPATyPhbl
OKpYy>Kawlleu cpeabl

AHHOmayusA. Paccmampusaemcs 8ausHUe memnepamyps! oKpyxaroueli cpedsl Ha
duHamuyveckue ceolicmea cnedsauweao 31eKmponpusood.

Knrouesble cnoea: mamemamu4yeckoe MOOeﬂUpOBGHUE, :-Jnekmpoaeueamenb, ouHamuyecKue
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: Kpoinos t0. M., Aeanos A. A., /lumeuHeHko A. M. ModenuposaHue pabomeoi
criedauyeao 31eKkmponpueodd ¢ y4emom memnepamyps! okpyxcarouieli cpedol //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 3. C. 84-90. DOI: 10.31799/2949-0693-
2023-3-84-90.

[loaxoabl K OpraHMsanuy MPoOU3BOACTBA
KOHKYPEHTOCIIOCOOHOM 3JIEKTPOHHOU NPOAYKIUU
C y4€TOM THUIIA OPraHU3ALUOHHOU CTPYKTYPhI U
TEXHOJIOTUYECKHX BO3MOKHOCTEM NpeAnpUusITUs

AHHOMauyus. lNpednoxeHbl anpobuposaHHbIe HA NpPednpuasmuUU cpedHe20 busHeca NoAxoobi K
€030aHU cmpyKkmypel, obecneyusarouseli 2ubKoe U ceoespemeHHoe ynpaessneHue
mexHos102u4ecKUMU U Opyaumu pecypcamu. s obecriedeHus KOHKypeHmocnocobHocmu
31eKmpoHHoUl U npubopHoUl NPodyKyuU UCMoNb308aHbI ONMUMU3AUUOHHbIe Modesnu [lapemo u
Hawa. 3mu modenu onmumu3upyrom 8blbop 3aKA34YUKa, pacrpedesneHue pecypcos 8 ycao8uax
HenosHol ornpedesneHHOCMU, pagHbIe YyCa08Us KOHKYpeHmMocnocobHocmu ecex 8udos
npodyKyuu u ycaye. lpusedeHHas pempocnekmuea cmpykmyp om masno2o 0o cpedHezo
6u3Heca nony4eHa Ha OCHOBe OMbiMaA U He 3ampaausaem U38ecmHbsie Mmursl CMpPyKmMyp.

Knrouesble cnosa: cmpykmypa, cpedHuli busHec, 31eKmpoHHAsA npodyKyus,
KOHKYpeHmMocnocobHoCms, onmumu3sayus

Ansa yumupoeaHnus: NearHos U. A., KopwyHos I'. Y. [00x00b! kK opeaHu3ayuu npouzeoocmea
KOHKYpeHmMocnocobHol 3neKmpoHHOU npodyKyuu ¢ y4emom murd op2aHU3ayUOHHOU
CMpyKmMypel U mexHosn02u4eckux 803moxcHocmeli npednpuamus // MHHoeayuoHHoe
npubopocmpoenrue. 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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CUHTEe3 aHTEHHBIX CCTEM C
KBa3WMapa6o/IM4eCKUMH pedJieKTopaMH

AHHOomayus. lpedcmasneH aHanumu4yeckuli 0630p o0 Memooe cuHme3a pegsekmopos
napaboauyecko2o muna ¢ 3a0aHHbIMU Napamempamu. [pueedeHbl OCHOBHbIE 8bIPAXCEHUS,
Xapakmepusyroujue 83auMOoCeA3b 2eoMempuyvecKux napamempos napaboaoudos. lokasaHa
830UMOCBA3b 371eKMPUYECKUX U 2e0Mempu4ecKux napamempos CUHMe3Upyembix AHMeHHbIX
cucmem. lpusedeHsl epaguyeckue Mamepuassl, MOACHALUUE CYWHOCMb PACCMaMpPUBaemMbix
usuyeckux asaeHuli. [eMoHCMpupyromca Ka4ecmeeHHble OmMaAU4Us peasnbHbiX AHMeHHbIX
cucmem om cUHMe3UpyemMbix aHanumu4eckux mooesel. [lpedcmasneH npumep
KOMMblomepHo20 MoOenupos8aHus aHmeHHol cucmemol ¢ K8a3unapaboauyecKkum
pedaieKmopom u npodosbHbIM HemovevHoim 0baydyamenem. [TpusedeH aHAAU3 101yYeHHbIX
pe3ynemamos.

Knroueesie cnoea: napabonuyeckue peghaeKmopbi, CUHMe3 3epKasnbHbIX AHMEHH,
anekmpu4eckue napamempsl aHMeEHH, 2e0Mempu4ecKas Cmpykmypa ompaxcamenel,
naccusHsili peghsiekmop

Ana yumupoearHua: OsodeHko A. A. CUHMe3 aHMeHHbIX cucmem € KeasunapaboauyecKkumu
pedaekmopamu // HHoayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 5-10. DOI:
10.31799/2949-0693-2023-2-5-10.

UccieaoBaHre BO3MOXKHOCTH NMOBbILLIEHUS

3¢ PeKTUBHOCTH NPOU3BOACTBEHHBIX NPOLLECCOB B
NPUGOPOCTPOEHUHU

3a CYeT MCM0JIb30BAHMA KOJIJIA00OPATUBHbBIX
poOGOTOB

AHHomayus. B daHHol pabome uccnedyemcsa 803MOXHOCMb NPUMEHEHUA mexHon02uu
cosmecmHoli pabomel Yes0eexka u poboma e npouyecce Mpouzeoocmea paduo31eKmpPoHHol
MpodyKyuu. Paccmampusaromca mexHoa02uu pacrno3Ha8aHus 0suxeHuli Yesosekaonepamopa
017 peanusayuu coemecmroli pabomel Yyesoeeka U KOboma nMpu MOHMaAx3ce Ne4YamHbix rnaam
paduo3neKmMpoHHOM NPUBOPOCMPOEHUU C Yesbio MAKCUMU3AUYUU MOA0HUMEeNbHO20
CUHep2emuyecKoz20 aghgpekma om coemecmHol pabomel Yesi08eKa u poboma. [aHoi

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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peKomeHOayuu Mo peanu3ayuu UHHeHepHbIX peweHul Ha 6a3e paccmampueaembix 8 CMamoe
mexHonoaull.

Kntouesbie cnosa: yenosek, Kobom, coemecmHas paboma, sgpcpekmusHocmes, MHOycmpus 5.0

Ana yumuposaHusa: Cmewyk E. A., LLleHukos Al. A. iccnedosaHue 803MOXHOCMU 108bIWEHUSA
aghghekmusHOCMU NMPou3800CMBEHHbIX NPOUeccos 8 NPubopocmMpoeHuUU 3a cHvem
UCnonb308aHUA KonnabopamusHsix pobomos // UHHosayuoHHoe npubopocmpoeHue. 2023. T.
2, No 2. C. 11-19. DOI: 10.31799/2949-0693-2023-2-11-19.

Opranusauuonﬂaﬂ pOﬁaCTHOCTb KaK 0COOE€HHOCTb
IBOJJINI MU HEPAPXNYECKUX CTPYKTYP YVIIPpABJICHUA

AHHOmMayusA. Onucelsaromcs pucku, co3dasaemsle sHewHell cpedol, okasvisaroujue sausHue
Ha X00 MPOMEeKAHUA MeXHO02UYECKUX MPOUECCO8 8 CMPYKMypPHOM nodpazoeseHuu.
ApaymMeHmMupo8aHa Heobxo0UMOCMb MPUMEHEHUA UHCMPYMeHMOo8 XPOHOMEMPUU C Uesbio
pacyema ycmol4ueocmu 0p2aHU3aUUOHHbLIX CMPYKMYyp ynpaeneHusa K 0ecmabuausupyrouum
GaKmopam Ha OCHose opMo20HaNbHO20 Maccusa Tazymu.

Kntouesble cno8a: pobacmHocmb, 0pMO20HAIbHbIE MACCUBLI, OP2AHU3AYUUOHHAA CMPYyKmMypa
Ana yumuposaHusa: Hazapesuy C. A., MepKynoea A. 0. Op2aHu3ayuoHHas pobacmHocme Kak
0Cc0BEHHOCMb 380/0YUU Uepapxu4ecKux cmpykmyp ynpasneHus // UHHoeayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 2. C. 20-24. DOI: 10.31799/2949-0693-2023-2-20-24.

ABTOMaTH3aIUsI CUCTEMbI KOHTPOJIA Ka4eCTBaA IIpH
IMIPOU3BOACTBE JIAKOKPACOYHBIX I/IB,Zle.IlPlﬁ

AHHOMayus. Paccmampusaromca nomeHyuasbHbele HanpasaeHus asmomamu3sayuu memoda
aHanusa pGCﬂpEOEHEHUﬂ no pasmepam 4yacmuy moHKO20 rnomosqsa. Paspa6ambleaemm
anzopumm rnpouyecca. Hpedﬂaaaiomc‘ﬂ 803MOXHOCMU 017 e20 ycosepweHCmMeosaHuUA.

Knrouessle cnosa: /1a3epHaA 6ud)pam4un, ycosepweHcmeosaHue Memoda, /I0KOKPACO4YHble
U30€/1Uﬂ, yacmuybl moHKo020 rnnomosa

Ana yumupoeanus: lMy3eipesa B. C., YabaHeHKo A. B. Aemomamu3ayus cucmemsl KOHMPOonAs

Kayecmea npu npou3eoocmee AaKOKPacoyHbix usdenuli // UHHosayuoHHoe 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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OGecneyeHre KOHTPOJISI KaueCTBa CTA0U/IM3aLUU
M0JIOKEeHUA 06bEKTOB Ha OCHOBE
WHHOBALMOHHOT'O TEXHUY€ECKOTO U
METPOJIOTUYECKOT0 06ecrnedYeHus

AHHOMayusA. PaccmompeHsl 0cobeHHOCMU MPpUMEHEHUA 10synpo8oOHUKOBbIX 00MYUKOS,
CrpoeKmuposaHHsix no mexHonozauu MEMS, 0na peweHusa 3a0a4y cmabunuzayuu rnoaoxeHus
obvekmos. [pednoxceHa MemoOUKa oyeHKU Ka4ecmaa pabomel cucmemsl cmabunusayuu Ha
OCHOBe KOMIAEKCHO20 Kpumepus Kayecmsa. [IpedsnoneHa UHGOpMayUOHHAA cCmpyKmypa,
HaNpPasAeHHAA HA M08bIWEHUE KaYecmea KOHmMposasa cmabuauzayuu nymem MuHUMU3ayuu
8peMeHU rnepedayu UHpopmayuu.

Kntouesble cnosa: cmabunuszayua NoaoxeHUs, Ka4ecmao, UHOPMAYUOHHAA CMPYKmMypa,
MEMS-2upocKon, napassnesnbHAs CUHXPOHHAA nepeodava uHgpopmayuu

Ana yumupoeanusa: Makapos E. []. ObecnevyeHue KoHMpona Kadvecmsa cmabunauzayuu
nosoxeHus 06eKmos Ha 0OCHO8e UHHOBAUUOHHO20 MeXHUYeCKo20 U Mempos102u4ecKo20
obecrieyeHus // UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 30-35. DOI:
10.31799/2949-0693-2023-2-30-35.

UccnepoBaHue AMHAMUAYECKUX XapaKTEePUCTHK
B BBIYUC/IUTEJ/ILHBIX CETAX C YepPBAYHOU
KOMMyTanueun

AHHOMayusa. Paccmampusaemcs npobaema usyyeHus OUHAMUYECKUX XapaKmepucmuk
UHOPMAYUOHHBIX TOMOK08. [Tpou38o0umca oyeHKa akmyanbHocmu uccaedosaHuli u
paspabomok, paccmampugaromcsa nocaedHue 0ocmuxieHusA u pabomel 8 obnacmu
MPOEKMUPOBAHUSA U U3YYeHUS XapaKmepucmuk pasau4Helx cemeli. Cmasumcs yesnb
onpedeneHus OUHAMUYECKUX XapAKmMepUCMUK UHHOPMAYUOHHbIX TOMOK08 8 6ecCmynuKosbixX
mapwpymax sblyucaumernsHoix cemeli ¢ yepeayHoli kommymauyueli. Kpamkuli 0630p
mexHos02uu Yyepea4Hol Kommymayuu u becmynukoeoli Mapwpymu3sayuu nomoaaem
demarnbHee paccmompeme npednazaemyro 041 uzy4eHus 06aacme. ONUCbIBAOMCA OCHOBHbIE
MexXaHU3Mbl, 00CMOUHCMBa u 0baacmu nNpuUMeHeHUs paccmampusaemoli mexHosn02uu.
pednazaemca Habop xapakmepucmuk 0115 UsMeHeHUs napamempos 6ecmynuKoabIx
mMapwpymos 8 cemsx ¢ yepsa4Hol kommymauyuel. Kaxoas u3 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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[na npakmuyeckux uccnedosaHuli npedaazaromcs mpu cemesole monosoauu. [ns
uccnedosaHusA UCMONL3YIOMCA pe3ysnbLmamel meopuu cemeli u meopuu cucmem ynpasaeHus.

Knroueaoble cnoea: yepssayHas KOMMymayus, OUHAMUKA, cemu, XapakmepucmuKu, Mapuwpymel

Ansa yumupoearus: KapaHdawes A. A., OneHes B. /1. UccnedosaHue QuHamu4ecKux
XApakmepucmuK 8 8bl4Uc/aumesibHbix cemsx ¢ YepsayHoli kommymauueli // HHosayuoHHoe
npubopocmpoeHue. 2023. T. 2, No 2. C. 36—44. DOI: 10.31799/2949-0693-2023-236-44.

MeToa HeJIMHEHON ONITUMAJIBHOM CIIEKTPaJIbHO-
¢vHUTHOM PUIBTPALMM HABUTALUOHHBIX
CUTHAJIOB B YCJIOBUSIX allPpUOPHOM
Heolpeae/JeHHOCTH

AHHOmMayus. B pabome paccmampusaemcsa memoo onmumasnsbHol HeauHelHol ¢punsmpayuu
OUCKpemHbIX CU2HA/108 HA OCHOBE UCMO/Mb308AHUA CIEKMPAAbHO-GUHUMHO20 npedcmasneHus
oueHuUB8aemMo20 CU2HaAA U NPUHYUNA MaKCUMasabHo20 Npasdonodobus Ha (hoHe a00UMUBHbIX C
00HOMOOAsIbHBIM 3AKOHOM pacrnpedeneHus NomMex usmepeHus 0458 WUPOKo20 Kaacca mooenel
U3MepeHUA U CU2HA08.

Knrouyeeble cno0ea: onmumanbHas HeauHelHaa oueHKa, CiekmpasnbHo-UHUMHoe
npedcmaeneHue cuzHana, pasnoxeHue KapyHeHa — /1038a, NpUHYUN MakcumasabHO20
npasdonodobus

Ana yumuposaHus: NeaHos 10. . Memod HeauHeliHol onmumansHol cnekmpasnbHo-
uHUMHOU hunempayuu HaABU2AUUOHHbIX CU2HA/08 8 YCA08UAX ANpUuopHoU
HeonpedeneHHocmu // HHosayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 45-51. DOI:
10.31799/2949-0693-2023-2-45-51.

Pa3pa6oTka MeTOA0B MOJIy4YeHUs NPUK/IAJHON
MMUTALMOHHOM MOJe/I1 O0PTOBOM CETHU HA OCHOBE
ee popMa/ILHOT0 ONIUCAHUS

AHHOMayusa. Paccmampuearomcs cywecmsyroujue nodxoosl K paspabomye, mecmuposaHuio u
sepuguKkayuu cospemeHHbIX 6OPMOBbIX MPOMOKO008 U MOKA3aH Mpomomur npo2pammHO20
obecrneyeHus, Komopoe Ha ocHoge (hopManbHOl mModesu cemu co3daem NPUKAaoHyr Mooderb.
Ha ocHoge aHanu3a cywecmesyroujux peweHull Cpopmupo8aHsbi mpeboeaHusA K npo2pammHOMy

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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obecrieyeHuUo, Komopoe 00HCHO ocyu,ecmename 0aHHbIG nepexod. ChopmyauposaHsl
npobaemsl, Komopsie naaHupyemcs pewums 8 xo0e danbHeliwux uccaedosaHul.

Kntouesbie cnosa: 6opmossie cemu, KOMMYHUKQUUOHHbIE MpomoKosel, SystemC, cemo lempu,
UMUMayuoHHoe ModenuposaHue

Ana yumupoeanus: CuHés H. U., OneHes B. /1. Paspabomka memodo8 noayyeHuUa npuknaoHou
umumayuoHHol modesau 6opmoeoli cemu Ha 0CHoge ee (hopManbHO20 onucaHus //
WHHOoBayuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 52-63. DOI: 10.31799/2949-0693-
2023-2-52-63.

UccnepoBanue npeJUKTUBHOU aHAJIUTUKU
Ha 6a3e MUKPOKOHTpOJLIJIepa C IPpUMEeHeHUueM
MeToA0B TinyML

AHHOomayusA. CmpemumesnbHbili pocm MUHUGMIOPU3AUUU MAAOMOUHbLIX 8BCMPaAUBAEMbIX
ycmpolicme u npoepecc 8 onMuMU3ayuu an20pummos MawuHHo20 obyyeHusa (ML) omkpeinu
Hosble nepcrekmusel 0119 MIHmepHema seweli. 9mo peanausayus anzopumma ML e
ycmpolicmeax MHmepHema sewel. @pelimeopk TinyML 6bin co30aH ¢ smoli yesnsbio.
CnocobHocmb obecneyusame HadexcHyro pabomy ycmpolicme MHmepHema sewieli 6e3
nocmosHHo20 docmyna K 06/1a4HbIM cepsucam rnpu o0HospemeHHol pabome ML denaem e2o
MHo2006ewarouum sapuaHmom 015 npunoxceHuli MUumepHema sewell, Ugyuyux
3KOHOMUYeECKU 3¢hchekmusHble peweHus. Raspberry Pi Pico —3mo naama MUuKpoKoHmposinepa,
Komopas xopouwlo nooxoo0um 0715 Ucnonb3osaHus 8 TinyML u dpyaux npunoxeHusx,
mpebyrouux HU3Ko20 sHepaornompebaeHus u Hebonbwozo popm-gpakmopa. B smom
uccnedosaHUU PaccMampusaromMcs Xapakmepucmuku ycmpolicmea Raspberry Pi Pico W u
so3moxkHocmu TinyML, peanusya npo2Hocmuyeckyro modesb Ha Smom ycmpolicmeae ¢
ucronb3osaHuem modesnu HelipoHHoU cemu.

Knrouessle cnoea: TinyML, Raspberry pico, Modesnu UcKyccmeeHH020 UHmMesnnekma,
MUKPOKOHmMposnep

Ansa yumupoeanus: o ®. X., /ie Y. [., 3ylikoe M. A., bepéskuH A. A., Kupu4ék P. B.
UccnedosaHue npedukmueHol aHaAUMUKU Ha 6a3e MUKPOKOHMPOAAepa ¢ MpuMeHeHUem
memoodos TinyML // HHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 2. C. 64-75. DOI:
10.31799/2949-0693-2023-2-64-75.

[Ipo61eMbl 06ecie4yeHUsA UHTeponepade/IbHOCTH
IPU UHTErpanyu AeiCTBYIOMMX

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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dBTOMATHU3HUPOBAHHbBIX CUCTEM YVIIPABJ/ICHHUA H
I/IH(l)OpMal.(I/IOHHle CHUCTEM

AHHOmayus. Paccmampusaemca crneyugpuka obecrneyeHua uHmeponepabensHocmu
delicmeyoujux U MoOepHU3UpPYyemMbIX d8MOMaMU3UPOBAHHbIX cucmem ynpaesaeHus (ACY) u
UHopmayuoHHbix cucmem (MUC). lMokazaHo, Ymo nepcriekmuesi obecrieyeHus
uHMeponepabeabHOCMU 1eXam 8 0CHOB8e MPUMEHEHUSA UHMeAAeKmyasbHbIX cucmem, A0pom
Komopbix A8asemca Mmoodesns npedmemHoli obaacmu. B kKauecmee Karo4yesblx 31emMeHmos
obecrieyeHUA UHMeponepabenbHOCMU AHAAU3UPYHOMCA OHMO02UYECKUE CUCMeMbl KaK cnocob
UHMezpayuu 0aHHbIX U 3HaHUl U eOuUHOoe UHOPMAYUOHHOE MPOCMpPaHcmeo Kax
npakmu4eckoe sonsaoweHue uHmeponepabenbHocmu. [na obecnevyeHus peanusayuu maxKoao
noodxo0a 8 ocHosy hyHKYUoHanbHocmu ACY u UC donxcHbl 66imb 10a0M#eHb! MPUHYUbI
8eKnapamueHo20 NPoOeKMUpPOB8AHUSA MPUKAAOHO20 NPo2pamMMHO20 obecneveHus U peaausayuu
UCnosHUMesnbHbIX cucmem, OCywecmenAawWux 8bl4UCAEeHUSA 0 30/10XeHHbIM 8 cucmemy
3HAHUAM.

Knrouesble cnoesa: uHmeponepabenbHocme, Modess npedmemHol obaacmu, oHmosnoaus,
OaHHbIe, 3HaHUA, eOUHOe UHGOPMAYUOHHOEe MPOCMpPAHCMB0, NPUKAAOHOEe po2pammHoe
obecrieyeHue, UCKycCmM8BeHHbIlU UHmMesnekm

Ana yumuposaHua: Oxmunes M. 0., Cokonos b. B., KopomeicauyeHko B. H., Oxmunes 1. A.,
3aH4ypuH A. 3. [pobaemsi obecrieyeHus uHmeponepabesnsHocmMu Npu UHMe2pPayuu
delicmeyowux a8MOMAMU3UPOBAHHbIX CUCMEM YnpaesaeHuUsa u UHOPMAUUOHHbLIX cucmem //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 76-83. DOI: 10.31799/2949-0693-
2023-2-76-83.

CpaBHMTEeJ/IbHBINA AaHA/IN3 KOHL NI U NOCTPOEHUs
TsKeJIbIX 9KpaHom1aHoB Pelican ULTRA, Liberty
Lifter u «Ops1an»

AHHOMayUA. B cmamoee KpumuyecKku aHaAu3upyromca mpu KOHUenyuu nocmpoeHus 60saswux
3KPAHOMAAHO8 — 08YX AMEPUKAHCKUX U 00H020 pocculickozo. CpasHusaromca ux 00cmouHcmea
U Hedocmamku 1o Kpumepusm monsaueHoU 3KOHOMUYHOCMU, CKOPOCMU OBUMEHUS,
peaynapHocmu pelicos, MoKazamesam mMmopexodHocmu, mpebosaHUAM K UHGpacmpykmype.
Paccmampuearomcsa 8apuaHmeol KoAecHo20 Waccu, CHUXcarowue mpebyemyto 045 eanema
MOWHOCMb cmapmosbsix dguzameseli, a makxe 83sem ¢ 8006l U MOCAOKA HA 800Y.
Mpednazaemca u 060cHyemcsa nepeyeHb HOB8bIX MUCCUL, KOmopbie MAXcesnblli IKPAHOMAAH
MOXem 8bIMoAHUMb Ay4ue Opy2ux mpaHCnopmHsix annapamos. Uccnedyemcs
UHHOBAUUOHHAA NpUenekamesnbHOCMb 3KpaHonaaHos. 06ocHyemcsa Heobxo0umocms

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 HA MAXCE10M 3KPAHOMAAHe UHmMesnnekmyasabHoli cucmemsl a8mMmomMamu4ecKo20
ynpaesneHus dsuxceHuem, npomomun komopoli 6bis1 co30aH 40 nem Ha3ao. 1o oneimy
npowneix nem ymesepxcoaemcs, Ymo 015 c030aHUA cosepwieHHoU cucmemel
a8MoOMamuYecKo2o ynpaeneHus UHaHCUPOBaHuUe A0AXHO cocmasnams He meHee 1/10 om
0buwez0 06vema (hUHAHCUPOBAHUA CO30AHUSA IKPAHOMNAAHA.

Kntouesble €a108a: 3KPAHOMNAAH, 30HA IKPAHHO20 3¢hgheKma, MexHUKO-3KOHOMUYECKAsA
MpPaHCIopmHas aghgpekmusHOCMb

Ana yumupoeaHnus: Heboinos A. B., Hebbinoe B. A. CpasHumensHbIl aHAAU3 KoHuenyul
rnocmpoeHus maxcensix akparHonaaHos Pelican ULTRA, Liberty Lifter u «OpaaH» //
MHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 84-97. DOI: 10.31799/29490693-2023-
2-84-97.

Hcnosib30BaHUeE MOJIMT'OHA pacnpejeaeHus A/
CUHTE3a AJITOPUTMOB MO/ e/IMPOBAHUSA YU CIOBBIX
MHPOPMALUOHHBIX MOTOKOB

AHHOomayus. pu NPoekMupoBaHUU CAOHCHbIX CUCMEM WUPOKO UCMO0Ab3YOMCA Memoos!
UMUMAUUOHHO20 MOOesIuUPOB8AHUSA, 8 YACMHOCMU MOOes1UPOBAHUSA BXOOHbIX UHOPMAYUOHHbIX
nomoKo8 0aHHbIX. Yacmo cmamucmu4eckue XapakmepucmuKu 3mux OGHHbIX Heu38ecmHsl, HO
umeemcsl 02paHUYEHHOE YUC/0 peasbHbix 3anuceli 8XOOHbIX UHHOPMAYUOHHbIX MTOMoKos. B
3amom cayyae 045 NPosedeHUs CMamucmu4ecKux SKcrepumeHmos Heobxo0umMo pacuiupume
Konu4ecmeo nodobHsbIx 3anucel, a 041 peweHusa amol 3a0a4u Ucnonb3yemcsa memooosno2us
cuHmMe3a an20puUMMOo8 MoOesAUPOBAHUA CMAMUCMUYECKUX 3K8UBAEHMO8 UCXOOHbIX TOMOKO8,
Komopble, KaK npasuso, CUHME3UpPYomcsa Ha 0OCHO8e 2ucmoz2pamm pacripedeneHuli. B 0aHHoU
pabome cUHME3UPOBAHbLI A120PUMMbI CMAMUCMUYECKUX IK8UBAAEHMOB, UCMONb3YIOWUX
n0s1U20HbI pacripedeneHuli, NTocMpoeHHble Ha OCHOBE UMEOULUXCA 2UCMO2PaMM, Ymo
nosbiWaem mo4YHOCMb 80CMPOU3BEOEHUA CMAMUCMUYECKUX XapaKmepucmuK 8X00HbIX
MOMoK08 OaHHbIX.

Kntoyeaoble €A08a: CI0XHAA cUCMEMA, an20pUMM MOOeaUPO8AHUS, UHGOPMAYUOHHbIG MOMOK,
cmamucmu4eckull 3K8UasneHmM, CUHMe3, 2UCMo2pPAMMa, 0U20H pacrpedesneHus

Ana yumupoeaHusa: TropuHosa B. A., /lanwuH K. B., LLlenema A. 1. icnone3o8aHue noau2oHa
pacnpedeneHus 045 CUHMeE3d aA20pUMMO8 MOOesTIUPOBAHUS YUCA08bIX UHGHOPMAYUOHHbIX
nomokos // MHHosayuoHHoe 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-
98-103.
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l'azoBas xpomaTorpadusi Kak MeToJ, OLleHKHU
6aJiaHca MOJIMHEHACHIIEeHHbIX U HACBIIEHHBIX
’KUPHBIX KUCJIOT B Mac/IaxX U JKUpPax NPUPOAHOTO
MPOUCXO0XKAEHUS

AHHOMayus. NpusedeHbl c8edeHUs 0 XPOMamozpagpu4ecKom uccaedo8aHuUU maces U Hupos
PA3/UYHO20 NMPOUCXOHCOEHUSA U ONUCAHUE UX 0se3Hbix 0711 Yen08e4ecko20 op2aHu3ma ceolicma
C MOYKU 3peHus HUPHOKUCAOMHO20 cocmasd. Macaa xapakmepu3sytomcs 8bICOKUM
codepHaHueM HUPHbIX KUC/I0M Pa3s1u4vHbIX BUGOB, KAK HACblIWEeHHbIX, mMaK U HeHacblWeHHbIX
Kucnom omeza-3, omeza-6 u omeza-9.

Xpomamoezpagpuyeckuli Memood aHAAU3a NM0380/5em OUeHUMb KoauYyecmeeHHsle
COOMHOWEHUA KOMITOHEHMO8. BbIbop nuujessix Macen U #upos, MpuMeHAeMblX 8 Kayecmee
buosi02uYecku aKmugHbix 006AB0OK U 1eKAPCMBEHHbIX Cpedcma 0118 passu4Helx yesnel,
Heobxo0uMo ocywecmaname Ha OCHOBAHUU Memoodu4yecKux pekomeHoayuli «Hopmel
¢husuonozuveckux mnompebHocmel 8 aHepauU U NUUW,EBbIX 8EWECMBaX 0417 Pa3AUYHbIX 2Py
HaceneHus Pocculickoli @edepayuu», nons3yacs, pe3ysnsmamamu ucca1ed008aHus ¢
ucrionb3osaHuem xpomamoezpaga «Kpucmanna 5000.2».

Knrouessle cnosa: XpOMGmOZde)U‘-IECKUﬁ aHanu3, YupHeoele Kucsaomel

Ansa yumupoeanus: ®omuyesa T. U., KonyxcHukosa E. B. [a308a:a xpomamozpagus KaK memoo
OYeHKU 6a1aHCa NOMUHEHACLIWEHHbIX U HOCLIUEHHbIX HUPHbLIX KUCIOM 8 MACAaX U HUpax
npupodHo2o npoucxoxcdeHus // IHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 104—
109. DOI: 10.31799/2949-0693-2023-2-104-109.

KoppenssuuoHHast 06pa60TKa ayeK UMIYJIbCOB C
HeU3BEeCTHbIMH NIapaMeTpaMu

AHHOmMayusA. Pazpabomax cnocob usmepeHus 0aumesnsHocmeli UMnyas6cos Mo pesyaemamam
obpabomku ¢yHKyuli 83aumMHOl Koppenayuu ¢ 3masaoHHbIM cueHanom. O60cHO8aAH 8b160p
napamempos 3masioHHbIX UMITYA6C08 U ycaosuli nposedeHus npoyedyp, Heobxooumsix 017
pacyema ¢yHKyuli 83aumMHoUl Koppenayuu. Moay4eHo aHAaAUuMuYecKoe 8bipaxceHue,
ro3eosAWee 0YyeHUMs C MOYHOCMbI0 00 8UMenbHOCMU 3MAN0HHO20 CU2HA/D 8peMeHHbIe
napamempsi umnynscoe 8 obpabamelisaemoli nayxe. lpedcmasneHsl pe3yabmamel NnpumMepa
aHAAUMUYECK020 MOOenupPo8aHUsA NAYKU, codepxcaweli ummysbcol ¢ HeU38ECMHbIMU
napamempamu. CehopmynupoeaHsi NpedaoreHus no npakmu4veckoli peanusayuu

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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pazpabomaHHo20 Nodxoda. OnpedesneHs! 0onyweHUs, Xapakmepusyouwue moyHocmso characterizing the accuracy of the obtained estimates are determined. Directions for further

nosy4yaemsix oyeHoK. ChopMynupo8aHsl HANPAsAeHUA 0anbHeliwe20 uccaedo8aHus. research are formulated.
Kntouesble cnoea: (hpyHKYUA 83aUMHOL KOppenayuu, usmepeHue daumessHocmel UMMYn6cos, Keywords: cross-correlation function, measurement of pulse durations, correlation signal
KoppenayuoHHas o6pabomka cueHan08 processing
For citation: Ovodenko A. A., Dvornikov S. V., Kryachko A. F., Dvornikov S. S. Correlation
Ana yumupoeaHus: Osoderko A. A., leopHukos C. B., Kpauko A. ®., fisopHukos C. C. processing of pulses with unknown parameters.
KoppenayuoHHas 06pabomka navyexk ummnysnscos ¢ Heu38ecmHbsimu napamempamu //
WHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 2. C. 110-115. DOI: 10.31799/29490693- Innovacionnoe priborostroenie = Innovative Instrumentation. 2023;2(2):110-115. (In Russ.). DOI:
2023-2-110-115. 10.31799/2949-0693-2023-2-110-115.
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CpaBHI/ITeJIbelﬁ dHAJIN3 CUTHAJIOB, HCI1I0JIb3YEMBbIX
B MHOT'OKdHaJIBHBIX CUCTEMAX PAAUOCBA3HA

AHHOmMayus. MpusedeHsl pe3ya6mamel UccAed08aHUA CU2HA08 OugepeHyuanbHol
keadpamypHol ¢pazoeoli MoOyAayuU U YyacmomHol MoOyAAUUU C MUHUMAbHbIM CO8U20M MO
nokasamenam cnekmpansHoli shhekmusHocMU U nomexoycmodiiyugocmu ux npuema npu
KozepeHmMHol obpabomke. PaccmompeHsl ocobeHHOCMU npumeHeHus pazoeneHus KaHAM08 8
3a8UcCUMOCMU 0M UCNoAb3yemozo duanazoHa Yacmom. O6OCHOBAHbI yMuU CHUMXEHUSA
HeaamusHbIx nocaedcmesull npu nepexode K 02paHU4YeHHOU nosoce Yacmom paduoKaHana 8
MHOR20KAHAMbHbIX cucmemax paduocsAsu. [pednoxceH 8bibop suda ModyAayUU CU2HANA UCX00A
u3 obecnevyeHuUs MUHUMAAbHOU 3aHUMAeMOoU Moa0CsI Yacmom npu COXpPaHeHUU 00rnycmumoz0
YPOBHA 3HEp2emuYecKux nomeps npu npueme. lMpedcmasneH aHaaumuveckuli annapam
OYeHKU crnekmpansHol 3¢hghekmuBHOCMU CU2HAMAbHLIX KOHCMpYKYul. JlemoHcmpupyromca
pe3ynbmamel cpasHUMesIbHOU OUeHKU criekmpasnbHol sghdhekmusHOCMuU cu2Ha108
dugppepeHyuanscHol keadpamypHoli ¢pazosoli MoOyaayUU U YacmomHol Mmodyaayuu ¢
MUHUMGbHLIM CO8U20M MPU PA3UYHBIX 02PAHUYEHUAX 8 CeKmMpasnbHOM MPoCcMpaHcmae.
JlaHa cpasHUMenbHAA OUEeHKa CKOPOCMU Crnadd ypOoBHA IHEP2eMUYECKUX COCMAsAAoWUX 8
crnekmpe 8 3a8ucuUMocmu om KoHmposupyemol nosocel. [IpogedeHo cpasHeHUe pe3ya6mamos
OUEeHKU rmomexoycmoliyusocmu Ko2epeHmHOo20 npuema cu2Han08 ouggepeHyuansHol
KeadpamypHol ¢azosoli MoOyaayuu u YacmomHol MoOyAAYUU C MUHUMAIbHLIM CO8U20OM 10
MOKa3amesto 3HaYeHUs KoppeaayuoHHO20 UHMe2pasa, paccyumsieaemoao 0415 ppazmeHmos,
onpeoenAlwWux MpomueononoxHele UHHOPMAYUOHHbIE CUMBObI. CchopmMyAupPoBaHsl
HanpasaeHus 0anbHeliwux uccnedosaHud.

Knrouesble coea: criekmpasnbHas 3hgheKmusHOCMb CU2HAA08, MoMexoycmolyusocms npuema,
€nocobbl yraomHeHUs KaHA08, CU2HAsbl YacmomHol MoOYAAYUU C MUHUMA/IbHbIM COBU20M,
cueHanel dughgpepeHyuansHol KeadpamypHoli ¢pazosoli modyaayuu

Ana yumuposaHusa: AHmoxuH E. A., lsopHukos C. B., becmyzauH A. P., KupwuHa Y. A.,
JeopHukos C. C. CpasHUmMenbHbIl aHaMU3 CU2HA08, UCMOAb3YEMbIX 8 MHO20KAHA1bHbIX
cucmemax paduoceasu // HHosayuoHHoe npubopocmpoerue. 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:
10.31799/2949-0693-2023-1-6-14.
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MeTo/Abl OLIEHKH U YCTPaHEeHHUs Y3KUX MECT,
CHUKAIOIIMX NMPONYCKHYI0 CIOCOGHOCTh MOCTOB
SpaceFibre-Ethernet

AHHomayus. CmaHdapm SpaceFibre 6611 pazpabomaH crneyuasnsHo 017 6opmoseix
sblyUCAUMenbHbIX cemeli ¢ yyemom ux mpebosaHuli u ocobeHHocmeli. OOHAKO, MOCKObKY
OaHHbIl cmaHOapm 6bia paspabomaH coecem Hedas8HoO, cywecmayem 606w oe Koau4ecmeo
obopydosaHus, He umerouje2o 0aHHO20 UHmMepgelica, Komopoe Heobxo0UMO MOOKAHYaMb K
cemam SpaceFibre. AkmyaneHol 3a0ayell Asnaemca NookaYeHue K cemu SpaceFibre
nepcoHanbHo2o Kommneromepa (I1K). [1K moxcem ucrnons3oeamecs 8 yenax omaaoku, 2eHepayuu
mecmosbix MomoKoe OaHHbIX, MOHUMOPUHaa pabomesl cemu. bonbwuHcmeo cospemeHHbIx MK
umerom uHmepgelic Ethernet. B 0aHHol cmamese npedsaazaemcs npomokon Eth-SpFi 1.0,
npedHa3HayeHHbIl 0418 peweHua amol 3a0a4u. [TpedcmasseHsl 6apuUaHmM annapamHol
peanu3ayuu MPomoKosaa U Mamemamu4eckas Mooesb 0514 OUEHKU XapaKmepucmuk rnepedayu
OaHHbIX, O0CMUMUMBIX MPU UCM0/16308aHUU 3MO020 NPOmMoKosa. C ucrnonb3o8aHuem smux
modesneli 8bINOAHEHA OUEHKA XapaKMepuUCmMuUK, ornpeodeneHsl peKoMeHO0B8AHHbIE 3HAYEHUA
napamempos, 8auAWUX Ha O0CMUXCUMbIe XapaKMepuCMuUKU.

Knroueesie cnoea: cemso Ethernet, cemo SpaceFibre, annapamuas peanusayus npomokona,
MamemMamuyecKas Mooesib MPOMOKOA, OUEeHKA XapakmepucmuK npomoKona

Ansa yumupoeanus: BuHozpados A. 0., Cysoposa E. A., Coiwyukos A. H0. Memods! oyeHKu u
YCMPAHEHUA Y3KUX MeCM, CHUXAOWUX NPonycKHy crnocobHocme mocmos SpaceFibre-Ethernet
// NHHoeayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 15-24. DOI: 10.31799/2949-0693-
2023-1-15-24.

ApxuTeKTypa 6a3bl JaHHbIX AJIA
aBTOMATH3HUPOBAHHbIX U3MepPEHU

AHHOMayuAa. PaccmompeH sapuaHm apxumexkmypel 6a3bl OGHHbIX 048 MPOU3800CMBEHHbIX
npednpuamul. OCHOBHbIMU Ueaamu co30aHuUA 6a3bl OaHHbIX ABAAMCA YCKOpeHUe Mpoyeccos
06pabomku u aHAAU3a OAHHbIX, M08bIWEHUE 3hheKMUBHOCMU NMPOU38OOCMBEHHbIX MPOUECCOS.
OnucaHbl 0OCHOBHbIe NPo2PamMmel 0758 peanu3ayuu.

Knrouesble cnoea: asmomamusayus npouszsoocmea, 6a3bl OGHHbIX, YUPpPossble U3MepeHUs,
«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: Yynpurosa 0. B., CmenawkuHa A. C. Apxumekmypa 6a3ol OaHHbIX 017
a8MoMamu3upo8aHHbIX usmeperuli //

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

HpOﬁJIEMbI IMIPOCEKTUPOBAHHUA KOMMYHUKAIIUOHHBIX
IIPOTOKOJIOB HOBOI'O IIOKOJICHUA

AHHOomauyus. OnucaH nooxod, KoMopsIli MOMOXem aemoMamu3upPo8amMs U hpopmanu308ameo
npoyecc NpoeKmMupo8aHUSA COBPEMEHHbLIX KOMMYHUKAUUOHHbIX MPOMOK0n08. posedeH
Kpamkuli aHanu3 cywecmasyowux nodxodoe K paspabomke npomokosos. lpednoxeHa Hoeas
Memo00102us, KOMopPaa oXxeamsieaem 8ecb npouyecc paspabomku, Ha4uHas om cbopa
mexHu4eckux mpebosaHull U 3aKaHYUBAA CO30aHUEM OKOHYamensHol creyudukayuu
npomokosna u e2o npomomurnos. Memodosoaus 1o3gosasem obHApyHuUmMs 8ce oWUbKU U
Hecoomeemcmaeus 8 MPoMoKosaax 00 amana annapam-dol peanu3ayuu, Nosmomy ee
npuMeHeHuUe CHUXaem cmoumocms U epemMa pa3pabomku, Ymo pewiaem ece 0OCHOBHbIE
npobsembl NPOEKMUPOBAHUA KOMMYHUKAYUOHHbIX MPOMOKO/08 HO8020 MOKO/EHUS.
Pazpabomka 8 coomeemcmeuu ¢ memodosnoazueli ycrewHo 3akaHyusaemca peanusayueli
cneyuguKayuu npomoKona.

Kntouesble ca08a: npomokossl, cemu, npobsaembl MPOEKMUPO8AHUSA, MeMOO0s102us,
cneyuguKkayusa npomokona

Ansa yumupoeaHnus: OneHes B. /1. [Ipobembl npoeKmMupo8aHus KOMMYHUKAUUOHHbIX
POMOKO/108 HO8020 MOKoAEHUSA // HHO8AUUOHHOE npubopocmpoeHue. 2023. T. 2, No 1. C. 29—
36. DOI: 10.31799/2949-0693-2023-1-29-36.

KOHTpOJIJIep HEYEeTKOM JIOTUKH AJIA pa3Melll€eHUuA
AAHHBIX B MHOTOYPOBHE€BOM XpaHUWJINIILE€

AHHOmMayus. Mpednazaemca anzopumm pasmewseHus ¢alinos rno yposHAM uepapxuvyecKozo
XpaHuauwia 0aHHbIX. Cymb an20pUMMa 3aKAI0HAemcs 8 yueme Mempuk, YKa3bl8aoWux Ha
mpe60o8aHUA K XPAHEHUIO U 8b160PY YPOBHA cUCMeMbl XpaHeHUA OaHHbIX, COOmeemcmeayrouie2o
8bIMosHeHU0 mpebosaHuli. Anzopumm peanusyemcs e sude KOHMpPonaepa Heyemxoli 102UKu,
Komopbili uHMezpupyemcs 8 pabomy cucmemesl XpaHeHUs OaHHbIX 00 NPOYEecca 3anucu HoO8020
¢atina. MokazaH npumep pabomesl KOHMPOsAepa HeyemKol N02UKU 019 palinos ¢ Pa3HbIMU
MempuYyecKUMU 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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Kniouesbie cnosa: 60nbwiue 0aHHbIE, MHO20YPOBHEBAA CUCMEMA XPAHEHUsA OQHHbIX,
mpeb0o8aHUA K XpAHEHU0, MempuKu ¢alinos, KOHMpPosnep Heyemkol A02UKU, 0P2aHU3AYUSA
PAYUOHALHO20 XPAHEHUA

Ansa yumupoearus: Coesemos b. A., TamapHukosa T. M. KoHmposnep HeyemKol n02uKu 0418
pasmeuwieHUa OaHHbIX 8 MHO20ypOBHEeB8OM XpaHuauwe // HHoeayuoHHoe npubopocmpoeHue.
2023.T.2, No 1. C. 37-42. DOI: 10.31799/2949-0693-2023-1-37-42.

dopmanusanusa TPe6OBAaHUU K XapaKTepUCTUKAM
ceTu IEEE 802.11 Ha ocHOBe npeaBapUTE/IbHOI'O
006c/Ie0BaHUA

AHHOmayus. MNpu npoekmuposaHuu cemu IEEE 802.11 saxcHeliwum waz2om A6a5emcsa
1OCMAHOBKA 300a4U, BKAOYAOU,AA 8 ceba MHOXecmeo mpebosaHuUli K XapakmepucmuKam
b6ecrnposodHoli cemu, OCHOBHbIM Cpedu KOMOopbIX A8/18emcs yposeHs MouHoOCmu
MPUHUMaemMO020 CU2HAA Ha NokKpsisaemol naow,adu. lpu smom, npumeHsas
Ccrneyuanu3upo8aHHsIe NPO2PAMMHO-ANNAPamMHeie KOMMAEKCLI 10 MOOEAUPOBAHUIO U
paduoobcnedosaHutro becripo8odHOl cemu, UHMCeHep ornepupyem MooenbHbIMU 3HaYeHUAMU
YPOBHA MOWHOCMU cu2Hand. Bmecme ¢ mem peasnsHoe KaueHmMckoe ycmpolicmeso, pabomy
Komopozo Heobxodumo obecrieyums, umeem omsau4Helli om udmepumesbHoU NpUCMasKu
YpOBEeHb Yy8cmaeumesibHoCMu, a MoMomy Ha NPAaKmMuke Heobxo0umo 8HOCUMb
coomeemcmaytowyto nonpasky. Takas nonpaska Aeasemcsa 00OHUM U3 OCHOBHbIX NApamempos,
Komopble Heobxo0umo onpedeanume Ha amane npedsapumesnsHo2o 06¢1ed08aHUA, U UMEHHO
e20 onpedesieHuUo rnocsauweHa 0aHHas paboma.

Knrouessle cnoea: IEEE 802.11, Wi-Fi, paduoobcnedosaHue, npoekmuposaHue, mpebosaHus K
MOKPbIMUIO, YPOBEHbL NMPUEMA CU2HAAA

Ana yumuposaHus: Bukynos A. C., [TapamoHos A. Y. ®opmanuzayua mpebosaHuli K
xapakmepucmukam cemu IEEE 802.11 Ha ocHoge npedsapumesbHo20 0bcnedosaHus //
UHHosayuoHHoe npubopocmpoerue. 2023. T. 2, No 1. C. 43-53. DOI: 10.31799/29490693-2023-
1-43-53.

HenvHenHbIN popMUpyOIIUNA QUIABLTP AJISA
UMUTALUU QIIOKTyalMi JIOKALMOHHbIX CUTHAJIOB,
OTPaKEeHHBIX OT 6eperoBou JIMHUU

AHHomayus. [1pu ModenuposaHuu aokmyayuli 10KAYUOHHbIX CU2HAM08, OMPAHEHHbIX OM
bepezosoli nuHuUU, HE0O6X00UMO MOBenupPo8aMsb PAOKMYayUU amnaumyo uau MmowHocmel

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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axo0-cueHana, npedcmasnsaouje2o coboli Modyns 8ekmopa, 06pa308aHHO20 OMPAHEHUAMU OM
nodcmunaroweli nosepxHocmu 3emau u nodcmunaroueli nosepxHocmu Mops.
CmamucmudyecKkue XapakmepucmuKu ompaxceHuli om amux nodcmunarowux nosepxHocmeti
annpoKcumupyromces pacrnpedeneHuaMuU Balibyana u no2apugpmuyecku-HopmanbHeIm
pacnpedeneHuem coomeemcmeeHHo. HenuHeliHbil ghopmupyrowuli hunbmp socrnpou3sooum
amu gaokmyayuu ¢ y4emom ycaosuli HabaOeHUA 3nemMmeHma paspeweHus, Co0epHawe2o
ompaxceHuUsa om 3emsau U 0m MOPA, YMO 10380s49em UCI0/163080Mb €20 HENOCPEeOCMBEHHO Mpu
UMUMAYUOHHOM MOOesUPOB8AHUU MPOYEecca MOHUMOPUH2a U3MeHeHUs oyepmaHuli 6epezosoli
AUHUU.

Kntouesbie cnosa: anzopumm MooenuposaHus, Mooysb 8eKMOopPd, 02apuUdMu4ecKu-
HopmasnbHoe pacnpedeneHue, pacrnpedeneHue Balibynana, popmupyrowuli punemp, 6epezosas
AUHUA

Ana yumuposarnusa: Bammumera I'. M., Ucakos B. U., LLlenema 4. A. HeauHeliHbil
gpopmupyrowuli punemp 019 umumayuu GaKkmyayuli 10KAUUOHHbIX CUZHAM08, OMPAHEHHbIX
om bepezosoli nuHuu // UHHosauuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 54-60. DOI:
10.31799/2949-0693-2023-1-54-60.

ATaku Ha o6y4YawIlue BbIGOPKH B CUCTEeMax
MalIMHHOI'0 00y4YeHM U 3alllMTa OT HUX

AHHOMayuAa. Paccmampuearomca Haubosnee akmyasbHble 8UObI aMAK HaA obyyaroujue u
mecmoassle 8b160pKU 015 HelipoHHbIx cemeli. lpedcmasneH 0630p 803MOHCHbIX MEMOO08
3aWumel om U3gecmHbIX AMaK Ha obyvaroujue 86I60PKU.

Knroueeble cnoea: HelipoHHbie cemu, oby4yarowjue 8bI60PKU, AMAaKuU Ha HelipoHHble cemu,
3awuma HelipOHHbIX cemel, MAWUHHoe o0by4eHue

Ansa yumupoeaHus: bezzamees C. B., AgpaHacsesa A. B., CynpyH A. . AmaKu Ha oby4arowue
8bI60PKU 8 CUCMEMAX MAWUHHO20 06yYeHUA U 3auuma om Hux // MIHHo8ayuoHHOe
npubopocmpoenrue. 2023. T. 2, No 1. C. 61-71. DOI: 10.31799/2949-0693-2023-161-71.

I/ICKYCCTBEHHBIﬁ HHTEJ/IVIEKT B YIIPABJIEHUH
UHHOBAIINAMMU
AHHOMayus. VickyccmeerHoill uHmennekm usmeHsem pabomy op2aHu3ayuu u ynpasneHue

UHHoOBayuAmMuU 8 Hed. bbicmpoe mexHono2uyeckoe pazsumue U 3ameHa yenoseyveckol
deamesnoHocmu UCKYyCCMBEHHbIM UHME1/1IEKMOM delicmeumensHo mo2ym 3acmasumeo

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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PYKOB0OOCMBO MepeocmsICaUmMs 8ece UHHOBAUUOHHbIU npoyecc op2aHu3ayuu. B pabome
OnuCaHbl 0671aCMU UCMO0/63080HUSA UCKYCCMBEHHO20 UHMes1eKma rnpu paspabomxe
uHHosayuli 8 opeaHusayuu. Memodsl MawuHHO20 0byYeHUs, AnAUUECA cocmasHol Yacmeto
UCKyccmeeHH0o20 UHmesnsnekma, 6biau paspabomatsl 0448 aHAAU3A OGHHbIX C Yesbto
KaaccuguKkayuu, Npo2HO3UPOBAHUA U MPUHAMUA peweHull, OCHOBAHHbLIX HO PaKMUYECKUX
OaHHbIX, Ho8bIMU criocobamu. [1na demoHcmpayuu 803MoxcHocmel UCKYCCMBEHHO20
UHMes11eKMa paccMompeHa 3a0a4a oyeHKU yugposol 3peanocmu opeaHusayuu ¢
ucnosb308aHuem Mmemooos MawuHHo20 0byyeHus. Heobxooumas 08 hopmuposaHus modenu
6a3a npumepos co30aHa MOCPEOCMBOM 2eHepPayuU 8bI6PAHHbLIX PAKMOPOEB, y4acmeyouux 8
nocmpoeHuu oyeHkuU. O0Hol u3 Ay4wux No0obpaHHbIX Mo b6asze npumepos modeneli oKazanace
2nyboKas HelipOHHAA cemb € YembIPbMA CKPbIMbIMU CI0AMU, MOKA308WAA MOYHOCMb
Knaccugukayuu, pasHyto 95 %. [podeMoHCMpPUPOB8AHA 803MOXHOCMb onpedeseHus Kaacca
yugposoli 3pesocmu o 8blbpaHHoOU Mmodesnu.

Knroueesle cnoea: uckyccmeeHHbili UHMesAAeKkm, yrnpasaeHue UHHO8AYUUAMU, uugpoeas
3peaocms op2aHuU3ayuu, 2ay60Kaa HelipoHHas cemo

Ana yumuposaHusa: AHmoxuHa t0. A., Kpuueackuli M. /1., OsodeHko A. A. icKkyccmeeHHbil
UHMesnneKkm 8 ynpassneHuu UHHosayuamu // MHHosauyuoHHoe npubopocmpoeHue. 2023. T. 2, No
1. C. 72-79. DOI: 10.31799/2949-0693-2023-1-72-79.

UccnegoBaHre 0COGEHHOCTEN NPUMEHEHUS
aAJUTUBHBIX TEXHOJIOTUU B IPOU3BO/ACTBEHHBIX
npoueccax

AHHOMayusA. 3ampazusaemcs mema 8HeOpeHUsA a00UMUBHbIX MexHos02ull 8
npoussodcmeeHHbIli npoyecc, dasabHeliue20 pazsumMus, a MAK#eE 803MOXHOCMU
socrnpoussedeHus uzdenuli U3 pasauvyHelx Mamepuanos. Uccnedyromca ocobeHHocmu u
yC/108UA, KOMOpble HE0BX00UMO y4UMbIBAMb NPU U320MoeseHuU u3denus Memooamu
adoumueHbIx mexHosnoaul.

Knrouesble cnosa: asmomamu3sayus, ad0umusHbie mexHosa02uu, a00umusHoe rnpou3soocmao,
ceneKkmueHoe s1a3epHoe CreKkaHue, npou3soo0cmeeHHsIl npoyecc

Ana yumuposaHus: Conénoili C. B., Co3damenesa M. 3., PoicuH A. B. ccnedosaHue
ocobeHHocmeli npumeHeHUA a00uUMuUBHbIX mexHosozuli 8 Mpou3sodcmeeHHbIx npoyeccax //
WHHOoBayuoHHOe 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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OnTumMu3anua rpapuIecKuxX U300pakeHUuu B
cucreme Adobe Photoshop

AHHOmayus. B HacmosAuwjee spems WUPOKO PACpoCmMpaHeHo UCronb308aHUe 2pagpudecKux
usobpaxceHuli 015 npedocmasaeHus UHGOPMAYUU HA PA3AUYHbIX UHGHOPMAUUOHHbIX Ppecypcax,
makux Kak web-cepsucel. [pu ocywecmesneHuu 2a106a1bHbIX MPOEKMO8 Koau4ecmso
MyabMuUMeoua 8 UHGHOPMAYUOHHOU cucmeme y8eau4usaemcs U CKOpocmo 3a2py3Ku web-
CMpaHUYsl nossiwaemcs. B 0aHHOU cmamee paccmampusaromcsa 8apuaHmMel oNMUMU3ayUU
epaguku e npoepamme Adobe Photoshop 05 yckopeHusa pabomel web-cepgucos.

Knrouesble cnoea: 2paguyeckue uzobpaxceHus, onmumudayus 2paguku, ouzepuHe, JPEG, GIF,
mynemumedua, Adobe Photoshop, koaghgpuyueHm cxcamus, popmam cpalina, Kayecmso
u3obpaxceHus, napamempsl cxamus, cxamue 049 web

Ana yumuposaHus: ®edoceesa C. H., Maliopos E. E. Onmumu3ayus 2paghu4eckux
u3obpaxceHuli 8 cucmeme Adobe Photoshop // MHHosayuoHHoe npubopocmpoeHue. 2023. T. 2,
No 1. C. 85-93. DOI: 10.31799/2949-0693-2023-1-85-93.

Mojesid 6MOXUMHUY€E€CKOT0 OKUC/IEHUA
OpraHM4YecKHUX BellleCTB B CTOYHbIX BOJaxX
cy/ib}aT-1e/UTI/JI03HOT0 NpeANpUuATHS

AHHOmayus. lNpusedeH aHanumu4veckuli 063op meopuli u Memodo8 pacyema napaMmempos
6UOXUMUYECKO20 OKUC/eHUSA Op2aHUYecKux eeujecms 8 800HOU cpede. [pedsoxceH Hoabili
Mo0x00 K OyeHKe Mapamempos mpexKomnoHeHmMHoUl Modenu 6UOXUMUYECKO20 OKUCAEHUA
Oop2aHUYeCcKUx seujecms, paspabomaHHoU Ha ocHose paccMompeHHol memodosoauu.

Knrouesble cnosa: mamemamuyeckue mooenu, CKOPOCMb OKUCneHUuA, buoxumuyecKkoe
OKUCs1eHUEe opeaHuU4ecKux sewecms, cynbd)am-uenmonom—loe npednpugmue

Ana yumuposaHus: CmpozaHosa M. C., *uneHukosa H. A. Modenu buoxumu4eckozo
OKUC/EHUSA Op2aHUYEeCKUX 8euyecms 8 CMOoYHbIX 800aX CYbam-yentoa03Ho20 npednpuamus
// MHHo8ayuoHHoe 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/IOrMU MCKYCCTBEHHOT'O MHTEJLJIEKTA JJIs1
MpOBEPKU

U KOPPEKTHPOBKH HOPMAaTUBHOM U TEXHUYECKOMU
JAOKYMEeHTaLuu

AHHOMayus. lModzomoeka mexHu4ecKoli U HopMamueHoUl OOKYyMeHMayuu A6AAeMCA 8AHHbIM
371eMeHmMoM rpouszsoocmeeHHo20 npoyecca. Lienoto pabomel asnsemca co30aHue Kpumepues
Kavyecmea paspabameisaemoli mexHu4yeckol u HopmamueHoli ducyunauHel, ocoboe BHUMAHuUe
yOenaemca nposepke coomeemcmeus cooepuaHus 00KYMeHmMos He MOosbKOo Mo hopme, HO U
o codepxaHuto. lpusedeHsbl Kpumepuu pesya6mamueHoOCMU fpoyecca paspabomxu
mexHuveckol u HopmamugHoUl GoKyMeHmayuu, npedsnoxeH crnocob nossiweHus Kayecmsa
doKymeHmayuu, npusedeHsl Modesu, Mo380AAUUE BMOMAMU3UPO8AMb MPoyecc ee
nposepKu Ha coomeemcmaue cooepxamesnvHol Yacmu. B kayecmse uHcmpymeHma
ucrnonb3yromcsa memoodsl 06pabomKu ecmecmeeHHO20 A3bIKA U MAWUHHO20 0byYeHUus.
Mpobnemy Kayecmea OOKyMeHMayuU MOXCHO pewums rpu eHedpeHUU Cneyuanu3upoB8aHHbIX
a8MOMaMU3UPOBAHHbLIX UHMENAEKMYasbHbIX CUCMeM, M0380AA0WUX HE MObKO
2eHepuposames coomeemcmeayroujue wabaoHel 049 mexHu4eckol u HopmamuegHoU
GoKyMeHmMayuu, Ho U rnposepAame 8HympeHHee cooepiaHue OOKyMeHMo8.

Kntoueaoble cnoea: mexHuyeckas AOKyMeHmMayus, HopMamueHas AoOKyMeHmMayus, oyeHKa
Kayecmea, MemoOuKa oeepKu, usmepeHus

Ana yumupoeaHusa: AHmoxuHa f0. A., Okpenunos B. B., ®ponosa E. A., CmenawkuHa A. C.
TexHos102uU UCKycCMBeeHH020 UHMesnAeKkma 0414 NposepKU U KOpPekmuposKu HopmamusHol u
mexHu4eckol dokymeHmauuu // HHogayuoHHoe npubopocmpoeHue. 2023. T. 2, No 1. C. 100—
107.DO0I: 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
for improving 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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BivsiHMe aBTOMaTHU3alL MU IPOLECCa MOBEPKU
KOHTPOJIbHO-U3MEPHUTETbHbIX IPUOOPOB HA
OLIeHKY NOTpeIllHOCTH N0BepPsAeMBbIX Cpe/CTB
U3MepeHUum

AHHOMayuA. [1a8HasA 300a4a aemomamu3ayuu a16020 Npouecca 3aKaYaemcs 8
COKPaWeHUU MamepuasbHbIX U 8peMeHHbIX 3ampam Ha ocyuecmeneHue mol uau uHol
onepayuu. B pezysnemame npogedeHus meponpuamudli, onmumu3ayuu npou3eo0cmeeHHbIx
Mpoyeccos ocywecmenaemcs CHUXeHuUe MpoyeHma 803HUKHOBEHUA OWUBOK, NPueooAUWUX K
HeKoppekmHomy pe3ysnemamy, mpebyrouwemy nposedeHus dopabomok. Ljugppossie
mexHonozauu, 6s1azo0aps ceoemy bbicmpomy passumuro, crocobcmsyrom mexHusayuu u
onmumu3ayuu npou3soo0cmeeHHbIX npoueccos. B Hacmosuwee spems 011 obecreyeHus
asmomMamu3ayuu NPUMEHAIOMCA PA3/1UYHO20 POOd KOMMAbIOMEpPHbIe U MeXampoHHbIe
mexHos102UU, PYHKUUOHUPYOWUE COBMECMHO 8 e0uHol cucmeme, 8 PAMKAX 8bIMOAHEHUS
onpedeneHHoli npouzsoocmeeHHoU 3ada4u. Kaxdaa omoenbHas yugposas mexHosno02us
Hecem 8 cebe cobcmeeHHbIl npoyeHm no2pewHocmu, ompaxicarowulica Ha 8blnoaHAemoul
KomneKcHol cucmemol 3adaye.

Knrouesble cnosa: asmomamu3sayus, KOHmpO.ﬂbHO-LBMepumeﬂbelﬁ npu6op, uud)poable
MmexHOos102uU, KOMINbloMepHble MexHos102uU, KOMINeromepHoe 3peHue, rnozpewHocms,
usmepumersbHoe ycmpoﬁcmso

Ansa yumupoeaHus: 6obpoiwos A. M., Conéreili C. B. BausHue asmomamu3sayuu npoyecca
108epPKU KOHMPOAbHO-U3MePUMeAbHbIX MPUboPo8 Ha OUeHKY noepewHocmu nosepaemMsix
cpedcms uzmepenuli // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C. 6-11. DOI:
10.31799/2949-0693-2022-2-6-11.

MeToauKa OlleHUBAaHUA Pe3yJIbTaTUBHOCTH U
3¢pPEeKTUBHOCTHU CUCTEMBI yIpaB/JIeHHUS Ka4eCTBOM
U3Je/IMi O00POHHON NPOAYKIIUU

AHHOmMayus. NpedcmassaeHsl pe3yabmamsi AHAAU3A OP2AHU3AUUOHHbLIX CMPYKMYyp U

npoyeccos PyHKYUOHUPOBAHUSA cUCMeMbl yripasneHus Kayecmeom uzdenuli 060poHHOU
npodyKyuu, cozdasaemoli 8 pAMKAX HAY4YHO-UCCAeA08aMENbCKUX 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. OnpedeneHbl HEOOCMAMKU U pa3pabomaHsl NpedaoXeHUs Mo CO8epuIeHcmaeo8aHuo
cywecmesyrouje2o nopAaGKa U UCrosnb3yeMsix MemMOOUK OUEeHUBAHUS Pe3ynbmamusHoOcCmu u
aghpekmusHocmu cucmemeol yrpasaeHus Kayecmsom. Pazpabomara u npedcmasneHa
CMPYyKMypHO-YHKYUOHANbHAA MOOEsb CUCMEMbI U MPOUECCco8 yrnpassaeHus Kayecmeom
o0bopoHHol npodyKyuu, cozdasaemoli 8 pAMKaxX HAy4YHO-UCCAe008amenbCKUX U OrblMHO-
KOHCMPYKmMopcKux pabom, komopas 0ornosaHAem u demanusupyem ucnosns3yemyio 8
HacmosAwee spems nocpedcmsom noopobHo2o onucaHus yenel, 3a0a4, ucnoaHumesned,
pe3ynemamos, pecypcos u Opyaux apmegpakmos npou3so0cmeeHHbIX U yrpasaeHYecKux
npoyeccos. ObocHoBaH cocmas nokasameseli pe3ysnemamusHocmu U 3¢ghgpekmusHocmu
npoyeccos u cucmemsl yrnpasaeHus Kayecmeom o6opoHHoU npodykyuu. PazpabomaHsi
MemOoOUKU U3MepPEeHUA, pacyema U oyeHUsaHua amux nokasamesnel KaK HernocpedcmeeHHo Ha
mekKyuwux smanax co30aHusA uzdeauli, Mak u arnocmepuopHo HaA CAedyrUWUX Smarnax.
Ucnonv3zosaHue paccmompeHHo020 8 cCmamee MOOesbHO20, a20pUMMUYEcKoz0 U
MemoouyecKoz20 obecreyeHuUA M0380UM NOBbICUMb ONEPAMUBHOCMb U MOYHOCMb
OYeHUBAHUA Ka4ecmea (hyHKYUOHUPOBAHUA CUCMeEMb! yrIpassneHus, d MaK1e peasau3osams ee
cucmemamu4ecKoe U YeneHanpasneHHoe coseplieHCmaosaHue.

Knrouessle cnoea: usdenus 06opoHHOU npodyKyuu, npoyeccHolli nooxood, nokazamenu
pe3yabmamusHocmu U 3(hdhekmusHocmu, cucmema MeHedOHMeHma Kavyecmsa

Ana yumuposaHus: CamoHos A. B., TkayeHKo T. /1. MemoduKka oueHusaHus
pe3yanbmamusHoCmMu U 3(pheKmusHoOCMuU cucmemel yrnpassaeHUs Kayecmesom usoenuli
060poHHOU npodykyuu // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C. 12-19. DOI:
10.31799/2949-0693-2022-2-12-19.

C60p ¥ aHA/IM3 JAaHHBIX MAPAMETPOB U
XapaKTePHCTUK BO3/AYIIHBIX TUHHUI
3JIeKTponepeay C ie/ibl0 NOBbIIIEHUA
HaJAeKHOCTH CUCTEM 3JIEKTPOCHAGKEeHHU

AHHOomayus. lNepedaya snekmposHepauu Ha 6oabuwiue PacCMoAHUA OCyu,ecmansemcsa
npeumyecmeeHHo npu nomouju 8030yuwHsix AuHUli anekmponepeday. Onopsl, NpPoeoda u
npoyue 31eMmeHmsl UCMbIMbIBAOM He MOsIbKO 3AeKmpuyecKue Hazpy3Ku, Ho U MexaHu4yecKue.
Yyem scex sudos 8030elicmasuli Ha NUHUU 3aAeKMponepedayu rMo3eosasem mo4yHo ornpeoensime
mexHU4YecKoe cocmosHuUe 31eKmpoobopydo8aHuUs u ocmamoyHsili pecypc. C60p uHpopmauyuu
MOMEem oCywecmensimosCca MHOXECmMeom Memodo8, C NOMOWbI0 KOMOpPbIX AHAAU3UPYyemcs
6a3a 0aHHbIX, KOmopas eKn4Yaem 6 ceba OaHHbIE M0 CUe MOKA, HAMPAXEHUo, Yacmome,
8esIUYUHe Nposuca nposood, e2o memrepamype, amraumyoe KonebaHuli nod so3delicmsuem
8empo8bIx Ha2py30K, 8030elicmauto usayyeHuli pa3Hbix Ciekmpos, 0aumenbHOCMU U 8eau4uHe
nepeapy30K HA AUHUAX U Op. Bce amu OaHHble UCMOob3yomcs 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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8eposAsMHOCMHbIX MOOesAX, pe3yabmamel pabomel KOMOPbIX 10380At0M onpedeaums
mexHuYeckoe cocmosHue 31ekmpoobopydoeaHus U MPo2HO3UPo8aAMs nosedeHue
aneKmpomexHu4ecKoli cucmemel.

Kntoyeaoble cn08a: cucmema 31eKmpocHab1eHus, Ha0eXHOCMb, 8030y WHble AUHUU
anekmponepedayu, napamempsl sHepeemuyeckux cucmem, Kubepgusuveckue cucmemel 8
371eKmposHepzemuKe

Ana yumupoeanus: PeicuH A. B., ConéHas O. Al., Co3damenesa M. 3. C60p u aHAAU3 OGHHbIX
napamempos u xapakmepucmuk 8030y WHbIX AUHUU 31ekmpornepeday ¢ Yesbro nossIWeHUs
HadexHocmu cucmem snekmpocHabxcerus // HHosayuoHHoe npubopocmpoerue. 2022. T. 1,
No 2. C. 20-25. DOI: 10.31799/2949-0693-2022-2-20-25.

KoMnieKcHBIM MeTO/i aJaITUBHOM ONITHMa/JIbHOM
dubTpan¥iv NPOU3BOJIbHBIX AUCKPETHBIX
CUTHAJIOB B YCJIOBUAX PIYKTYALUOHHBIX U
peryJiipHbIX IOMeX U3MepeHus

AHHOMayusa. Paccmampusaemcsa memod adanmueHoli onmumManbHO-UH8APUAHMHOU
¢uHUMHO-8pemeHHoU nuHeliHol duckpemHoUl hunempayuu MPou380osbHbLIX CUZHA08 8
YC108UAX PAYKMYAYUOHHbIX U pe2yssapHOo20 mura rnomex, npucyujux UHepyuanbHeim
cucmemam HaBU2AUUU U U3MePUMesbHbIM CUCMeMam AemamesibHo20 annapamad.
Uccnedyemolli memood 06pabomKu cu2HAn08 8 ycno08usx napamempuveckol anpuopHol
HeonpedesneHHocmu obecreyugaem 60see MOYHYH OUeHKY CU2HAA08 HA OCHOoge
UCnoAb308aHUA ONMUMAIBHO20 0Nepamopa uabMpPayuu 8X00Ho20 cUeHaMAa ¢ nomexoli
peaynapHo20 Muna, 8 omau4ue om Ucrnosb3yemo20 8 HaCMosAWee 8pemMs ornepamopa
0bpabomKu uHgopmayuu Ha ocHoge obecrevyeHus acmamu3sma 3a0aHHO20 MOPAGKA unu
KOppeKyuu MoKasaHull uamepumesnbHbIX cucmem.

Kntoyesble cnoea: huHUMHO-8peMeHHAA KOMITAEKCHAA ONMUMAsIbHASA OUEHKA,
napamempuy4ecKkas anpuopHas HeonpeoeaneHHOCMs, a0anmuseHas puaempayus, OUCKpemHsie
MPOU380/1bHbIE CUSHASbI, (hIYKMYAUUOHHbIE U pe2ysapHo20 mund nomexu, KOMIAEKCHbIe
oyeHKu ¢ obecneyeHuem acmamusma

Ana yumupoesaHus: NeaHos 10. 1. KomnaekcHoili memod adanmusHoli onmumaneHol
unbmMpayuu nPou3eosbHbIX OUCKPEMHbIX CUZHA08 8 YC08UAX (hIyKMYAUUOHHbIX U
peaynapHbix momex usmepeHus // MHHoeayuoHHoe 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: Ivanov 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 pacyeTa JaTYUKOB Ha IOBEPXHOCTHBIX
aKyCTHYeCKHX BOJIHAX C MOMOIIbIO
3KBHUBaJICHTHBIX CXEM

AHHOMayUA. B Hacmosuee spems nepcrnekmMusHbIM HanpasaeHuem 8 usmepumesnsvHoli
mexHuKe, ucnonb3yemoli 8 cocmase 60pMOo8bIX A3POKOCMUYECKUX CUCMEM, A8aemcs co30aHue
damuukos, nepedarowux UHGopmayuro 06 usmepsaemMom fnapamempe rnpu NOMowu
paduoKaHana. B daHHolU cmamee npednazaromcs Ho8ble anA20pUMMbI pacyema
XapakmepucmuK rnaccusHo20 4y8cmeumesibHo20 3/1eMeHMa HA MO8ePXHOCMHbIX AKYCMUYECKUX
8osHax (MAB), npedHa3Ha4eHHO20 017 U3mepeHUs HeOOHOPOOHbIX MexaHu4ecKux oegopmayuli
(unu HanpsxceHul). C amol yenvto NPUBOOUMCA Mamemamu4eckas mooess pacyema
8cMpeyYHo-Wmelpeso2o Npeobpasoeamesns YyecmeumesbHo20 anemeHma Ha [AB Ha 6ase
cucmembl 31eKMPOAKYCMUYeCKUX GHA10208 € UCMO/b308AHUEM MOOesU K8UBANEHMHbIX CXEM
Ha 6a3e wecmunontoCHUKO8. AHAA02UYHO Pa3pabomaHa mamemamuyeckas mooesns 017
8bIMOMHEHUSA PacYemos XapaKkmepucmuk ompaxcaroweli cmpykmypel. O6veouHeHue
YKa3aHHbIX Modesel no3eosndem npou3sodumes pacyem napamempos 4yecmeumesnbHo20
anemMeHma 8 yes1om.

Knroueesle cnoea: anzopumm pacyema 0amyuKd, NO8epPXHOCMHbIE AKYyCMuU4ecKue 80/HbI,
MamemMamuyecKas Mooesb, OMPAXaoU,as Cmpykmypa

Ansa yumupoearus: bozocnosckuli C. B., Mepatok B. B. Memoduka pacdema 0amyuKos Ha
108ePXHOCMHbIX AKYCMUYeCKUX 80/HAX C MOMOUbIO K8UBAIEHMHbIX cXeM // MHHOB8AUUOHHOE
npubopocmpoenrue. 2022. T. 1, No 2. C. 33—40. DOI: 10.31799/2949-06932022-2-33-40.

JAMHaMM4YecKoe ynpaBjeHue U QUuibTpanus
IMOTOKOB JAHHBIX B TPAH3UTHBIX
MapupyTusaTtopax ceteu SpaceFibre

AHHOMayuA. MHoaue cospemeHHble fI0KA/bHbIE 8bIYUCAUMEsbHbIE Cemu a3POKOCMUYECK020
Ha3Ha4yeHUus npedcmasnasaom coboli bonbwue pacrnpedeneHHble napansensHole
sblyUCAUMesnbHble cucmemsl. Takue cucmemsl Mo2ym cocmoame u3 nodcucmem (nodcemeli) u
BK/1I04aMb 8 cebA 0ecAMKU U COMHU MepMUHAsbHbIX y3108. CoomeemcmeeHHO, makue cemu
donicHbl obecrieyusames nepedavy 60sbUI020 KOAUYECMB8A NOMOK08 OaHHbIX, obecreyusameo
071 HUX pa3/uYHble Napamempsl Kauecmea cepsuca. B xo0e (hyHKYUOHUPOBAHUA cemu moxcem
MEeHAMbCA Perum yHKUUOHUPOBAHUSA CUCMeEMbI, MO2ym MOABAAMbCA U 308epuamscs,
nepemewamsca Ha Opyaue mepmMuHasbHbIE Y36l 3a0a4u. B peaysbmame c60e8 U 0mKa3oe
cemeesoe 060pyd08aHUE MOXem fepecmasams yHKUUOHUPOBAMb UAU PYHKUUOHUPOBAMb

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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HeKoppekmHo. B coomeemcmeuu ¢ smum, 8 cemu 00a1HO obecrnevusamsca OUHAMUYECKOE
ynpasaeHue NomoKamu OaHHbIX, UX (hunbmMpayus.

B 0aHHoOU cmamse Mbl paccmampusaem 803MOXCHOCMU U 02paHuUYeHus cmaHdapma SpaceFibre
0n15 obecrieyeHus amoli pyHKyuoHaneHocmu. Mol npedaazaem nooxod Ha 6a3ze KoHuenyuu
pPo2pPamMmMHO-KOoHGu2ypupyemsix cemell, no3eoaaowuli ycmpaHume pad oepaHu4eHuli
cmaHoapma SpaceFibre.

Kntoyeable €108a: /10KAsbHbLIE BbIYUCAUMESbHLIE CEMU A3POKOCMUYECK020 Ha3HAYEeHUS,
MmexaHu3Mbl obecrieyeHus Kayecmsa cepauca, QUHAMUYECKas peKoHpuaypayus, SpaceFibre

Ana yumuposaHua: Cysoposa E. A. JuHamu4yeckoe ynpassaeHue u uasmpayus nomokxoe
OaHHbIX 8 MPAH3UMHbLIX Mapwpymuszamopax cemeli SpaceFibre // UHHo8ayuoHHoe
npubopocmpoeHue. 2022. T. 1, No 2. C. 41-50. DOI: 10.31799/2949-0693-2022-2-41-50.

ApXMTEKTypHble 0COOGEHHOCTH MIOCTPOEHMA CTEeKa
MPOTOKOJIOB AeTEPMUHUPOBAHHOU ONITUYECKOM
CeTH peaIbHOro BpeMeHH

AHHOMayua. Cmames NoceAweHa 8onpocy nocmpoeHus cmeKa npomokonoe 011 cemeli
peansHo20 8pemeHu. [TposedeH aHanU3 0emepMUHUPOBAHHbIX CUCMEM PeasbHO20 8PeMEHU,
paccmompeHbl Ux apxumeKkmypa u npumeHsemeble rMpomoKosl. [jasnee onucaHsl MexaHu3mel,
rnossonswue docmuzame Heobxo0UMbIX Xapakmepucmuk obecrneyeHUs 00CMABKU OGHHbIX
0514 N0006HbIX cemeli. PaccmompeHbi KOHUenmyasbHbsle MPUHYUMsl IOCMPOEHUA
demepMUHUPOBAHHbIX ONMUYecKux cemeli peasbHO20 8peMeHU, OCHOBAHHbIX HA MexHoA02UU
CrnekmpanbHo20 yraomHeHUs KaHaso08. [MpusedeHo nodpobHoe onucaHue pa3pabamsieaemozo
cmeKa npomokos08 019 0emepMUHUPOBAHHOU onmuYecKoli cemu peasibHO20 8pemMeHU, e20
rnoyposHesas apxumekmypa u 3a0a4u, pewiaemble NMPomMoKoAaMU Kax 0020 U3 yposHeli cmeka.
Paspabameisaemebie nodxo0sbl K NOCMpPOoeHUto cemeli M0380/1Am 108bICUMb 3¢hgheKmuBHOCMb
KomnneKkcos bopmoeozo obopydosaHus pocculickol aguayuu.

Knrouesble cnoea: cmek npomoKosos, demepMUHusm, onmu4ecKue cemu, criekmparsibHoe
yniomHeHue, asuayusa

Ana yumuposaHus: KocbsH4yk B. B., CenbsectoK H. U., 3v1b6uH E. 0., Hosukos B. M., OneHes B.
/1. ApbxumekmypHble 0CObeHHOCMU NMOCMPOeHUs CMeKa rpomoKos108 0emepMUHUPO8AHHOU
onmuyeckoli cemu peasnbHo20 spemeHu // 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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[IpuMeHeHH e AJITOPUTMA B3BEILIEHHOTO
IMK/JIMYECKOTro epe6éopa AJiA MHOrOKaHa/IbHOM
nepegayu

AHHomayusA. Memodsl MHO20KaHAbHOU nepedayu 0aHHbIX — Cr1ocob yeeauyums nponycKHyo
crnocobHocmeo be3 Ka4ecmeeHHO20 U3MEHEHUSA hU3UYECKUX KOMITOHEHMO8 KaHA/08 3a cHem
ysenu4yeHus 4ucaa KaHaa08. B cmamee paccmampusaemca 00uH u3 cnocobos yayywume
cywecmesyroujue memoosbl 30 cyem npUMeHeHUs 838eweHH020 YUKaAuYecKozo nepebopa.

Knrouesble cnoea: MHO20KAHAAbHAA nepedaya, cemu c8:A3uU, 838eWeHHbIl YuKauyeckul
nepebop

Ana yumupoeaHua: CmenaHos B. E. [IpumeHeHuUe an2opumma 838eWeHH020 YUKAUYEeCKo20
nepebopa 0719 MHO20KaHAAbHOU nepedayu // UHHosayuoHHoe npubopocmpoeHue. 2022. T. 1,
No 2. C. 65-70. DOI: 10.31799/2949-0693-2022-2-65-70.

Oo6ecneyeHve JUHAMHUYECKOTO
pekoHpurypupoBaHusi MocTtoB SpaceFibre-
Ethernet

AHHOMayusA. B xode hyHKYUOHUPOBAHUA cucmem Ha 6a3e 0KA/bHbLIX 8bIYUCAUMEbHbIX cemeli
MO2ym MEHAMbCA UX percumsl (pyHKUUOHUpPosaHUs. CoomeemcmeeHHO, U3MeHAoMCA U
nomoku nepedasaemMbix OGHHbIX. B c8A3u ¢ amum ucnone3yemoe cemesoe obopydosaHue

0013 HO N000epHUBAMb BO3MOHHOCMb OUHAMUYECKOU peKOHpU2ypayuu — pekoHguaypayuu,
8binosHAemol be3 npekpauwieHuUs nepeda4yu NomMoKos 0aHHbIX. B daHHoU cmamee mbi
paccmampusaem, Kak moxcem 6bime obecrevyeHa 803MOXHOCMb QUHAMUYECKOU
peKoHguaypayuu mocmos SpaceFibre-Ethernet. Paccmampuearomcs npobsaemel, 803HUKAOWuUe
8 npoyecce OUHAMUYECKOU peKOHgu2ypayuu, u npedaazaromcs nymu ux peweHus.

Knroueeble c10ea: 10KAbHbIE 8bIYUCAUMEbHBIE CEMU A3POKOCMUYECKO20 Ha3HAYeHUS,
MexaHu3Mbl obecreyeHusa Kauecmea cepsauca, OUHaMU4ecKasa pekoHguaypayus, SpaceFibre,
Ethernet

Ana yumupoeanus: Cysoposa E. A., BuHozpados A. 10. ObecneyeHue OUHAMUYECKO20
pekoHpuaypuposaHus mocmos SpaceFibreEthernet // UHHoBayuOHHOE 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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[IpumeHeHue ceteit [leTpu AJ1s1 aHa/IM3a TAGJIHIL],
pacnucaHusA KOMMYHUKAIUOHHBIX IPOTOKOJIOB

AHHOMayusa. Ha pabomy 60pmosbix 8blyUCAUMENbHLIX cemell HanpAMYyIo 8ausem npasusabHoe
pacnpedeneHue KaHAAbHbIX pecypcos. MexaHu3m naaHUupo8aHus, peanusyemsili 8 pa3audHbIX
KOMMYHUKQUUOHHbIX MPOMOKO0/1aX, 10380/15em ocyujecmsnams 0aHHoe pacripedeneHue npu
nomouwju mabauy pacnucarus. lpu npoekmuposaHuu bopmossix cemeli He06Xx00UMO
cocmasums KoppekmHyto mabauyy pacnucaHus. [1oamomy 8axcHbIMU 3a0a4amu A8AAOMCA
aHAAU3 U posepKa KoppekmHocmu mabauy, pacnucaHus. B daHHol cmamee npedcmasneH
nodxo0 K aHanu3y u nposepke mabsauy, pacnucaHua ¢ NpuUMeHeHUeM maxKo2o0 UHCMpymeHma
uccnedosaHus cucmem, Kak cemu lempu.

Knrouesble cnoea: bopmossie cemu, SpaceWire, KOMMyHUKayuoHHble npomokossl, CTI1-UCC,
cemo lMempu, modenuposaHue

Ana yumupoearus: Yymaroea H. 0., OneHes B. /1. MpumeHeHue cemeli llempu 014 aHanu3a

mabauy pacnucaHus KOMMYHUKAUUOHHbIX TPOMoKos08 // HHosayuoHHoe npubopocmpoeHue.

2022.T. 1, No 2. C. 81-90. DOI: 10.31799/2949-0693-2022-2-81-90.
MeToza onpeaesieHUsI NPOYHOCTHBIX
XapaKTEePUCTUK KOMIIO3UIJMOHHbIX MaTepHUaJIOB

AHHomayus. OnucaH Mmemod onpedesneHus nokazameseli MPoYHOCMU U yrpyaocmu
M0AUMEPHbLIX KOMMTO3UYUOHHBIX MAMEPUAs08 HA OCHOBE M0/UYpPemaHo8020 CBA3YU4e20 C
PA3AUYHBIMU MenKoOUCNePCHbIMU HamoaHUMenamu. lpusedeHsl pe3yasmamsl npu
UCMLIMAHUAX Ha cHamue.

Kntouesble ¢a108a: KOMMIO3UYUOHHbIU Mamepuas, noaumepHoe ceAasyouwjee, noauypemat,
yrnpya2ocme nosaumepos

Ansa yumupoeanus: CmenawkuHa A. C., lywuHa E. A. Memod onpedesneHus npoYHOCMHbIX
XapakmepucmuK KOMMo3uyuoHHbIX Mamepuasnos // HHosayuoHHoe npubopocmpoeHue. 2022,
T.1, No 2. C. 91-95. DOI: 10.31799/2949-0693-2022-2-91-95.

O npo6JsieMax COBMECTHOI'0 OLeHUBaHUA
IapaMeTpoB IUVIOTHOCTU paclpejeseHus
BEPOSITHOCTE HOPMAJILHOIO C/Iy4alHOT O
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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AHHOMayuA. Paccmampusaemcs 803MOXCHOCMb M0/yYEHUA HEKOPPEUPOBAHHbLIX COBMECMHbIX
OUeHOK Napamempos HOPMasbHO20 Cay4YaliHo2o MPoyecca MemodoM MAKCUMAbHO20
npasdonodobus Ha 0OCHose KOMIAEKCHOU Modesu 8bIWeonucaHHo20 cueHana. lNpusodamcsa
rnosiy4eHHble asmopamu paHee pesyabmamel 017 08yx nNap 83AUMHO HEKOPPENUPOBAHHbIX
OUEHOK, NpednpuHUMaemcs NomnsIMKa pacnpocmpaHeHus noay4eHHoIx pe3ys6mamos Ha ece
Mpu OCHOBHbIX MAPAMEMPA AHAAUMUYECKO20 CU2HANAd, 0en1aemcs 861800 0O (hu3uYecKol
Hepeanusyemocmu nosy4eHHoU cucmemsl HEKOPPENUPOBAHHbIX OUEHOK.

Kntouesbie cnoea: coemecmHoe oyeHUsaHUe napamempos, HEKOPPeNUPOBAHHbIE OUEHKU,
HopManbHbIl cay4aliHell npoyecc

Ansa yumupoeaHusa: AHoOuHa-AHOpuesckaa E. M., BuHoepadosa E. I1. O npobaemax
COB8MECMHO20 OUEeHUBAHUA Napamempos naomHocmu pacnpedeneHus sepoamHocmetli
HOpMasbHO20 cnyvaliHo2o npouecca // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C.
96-101. DOI: 10.31799/2949-0693-2022-2-96-101.

OYHKIMOHA/JIbHAS COBMECTUMOCTh KOMILJIEKCa
aBHAIMOHHO-TEXHUYECKHUX CPE/ICTB U CUCTEM
KOpao6Jisi ¢ BEpTOJIETAMM Pa3/IMYHOr0 Ha3HAYEeHUA

AHHOMayus. Haauyue asuayuoOHHO20 800pYHEeHUA Ha Kopabae npudaem emy pso
3HAYUMesIbHbIX HOBbIX KaYecme. ABUAUUOHHOe 800pyXHeHUe 3mux Kopabseli npedHa3HaYeHo
0017 peweHuA cnedyrouux mumnossix 3a0ay: yyacmue 8 6auMHeM 8030y UWHOM
Mpomueos10004HOM OXpaHeHUU; HaHeceHue yoapos no Kopabaam u Kamepam NPOMUBHUKA;
y4yacmue 8 yHU4moxceHuu o6bekmoe UH@PPacmpykmypsl cucmems! 6a3UpoO8aAHUA 80EHHO-
MOPCKUX CUs U Opyaux 8aXHbIX HA3EMHbIX 06EKMO8 U MOPCKUX COOpyxceHUl; yyacmue 8
OecaHMHbIX onepayusx; NOUCK U CriaceHue sKunaxeli semamesnbHbIX annapamos, mepnaujux
b6edcmeue. [Tpakmuvecku HU 00UH Kopabsb cospemeHHOU nocmpoliku He aAuweH 8 mol uau
UHoOU mMepe asuayUOHHO20 800PYyHeHUA. Ecu pecypcbi 8000uU3MeweHUa Kopabaa cmosb Masel,
4ymo He moaym obecreyums 6a3uUposaHUEe MUAOMUPYEMbIX 8ePMOAEMHbIX KOMIIIEKCO8,
npumeHsAoMca pobomomexHu4eckue cpedcmea OUCMAHYUOHHO NUAOMUPYEMbIX
slemamesibHbIX ANNapamos.

Maamoli 30 803MOXHOCMb UMEMb A8UAUUOHHOE BOOPYXeHUe A8a7emca nompebHocmes 6
pasmeuweHUU Ha Kopabre KOMMAeKca a8uayUoHHO-mexHuU4ecKux cpedcms, obecneyusaroujux
e20 6oesoe NMpumeHeHue U Mo020MOoBKY K Hemy, a makxce onpedeseHHo20 Habopa
mamepuanbHuix cpedcms. PYHKYUOHAbHAA COBMECMUMOCMb A8UALUUOHHO-MEXHUYECKUX
cpedcme Kopabis ¢ 8epMoemamu pa3nUYHo20 Leneeo20 Ha3HaYeHUs AeaAemca npedmemom
Hawe20 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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Knioueeble cnoea: asuaHecyujuli Kopabsb, sepmonem KopabesbHsil, a8UAYUOHHO-
mexHuyeckue cpedcmesa Kopabiis, nonemHas nany6a, aH2ap, MPAHCIopmMuUpPosKa, Pecypcsl
8o0ousmew,eHus

Ana yumupoearusa: OsyuHHuKosa H. A., lonoculi A. C. ®yHKUUOHAABHAA COBMECMUMOCMb
KOMIM/AEKCa asuayUuoHHO-mexHuU4YyecKux cpedcmes u cucmem Kopabss ¢ eepmonemamu
pa3nAu4YHo20 HasHaveHuA // HHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C. 102-108.
DOI: 10.31799/2949-0693-2022-2-102-108.

YnpaB/ieHUe opraHu3anyel OHJIalH-00yYeHU s

AHHOMayus. B coepemeHHomM mupe 6016WuHCMB0 Ardeli noayyarom obpa3osaHue oHAAUH,
obpemas npu a3mom coomeemcmeaytowjue Oumnaomsl U cepmugukamel. Ha psiHke
0bpazosamerbHbix ycaye cyusecmayem pao UHGHOPMAUYUOHHbLIX cucmem, npedocmasaaoujux
nonb308amMenAM Kypcol o 00y4eHuto ceyuanabHOCMAM UHGOPMAYUOHHbIX mexHonoauli u
MPUHOCAUWUX HeManblli 00x00 ceoum enadenvuam. a3 omkpeimusa cobcmeeHHoU opaaHu3ayuu
10 yrnpasseHuto UHGopmMayuoHHoU cucmemoli Kypcoe Heobxodumo yemkoe npedcmassneHue
0pP2aHU3AYUOHHOU CmpyKkmMypbl KOMNAaHUU U 6usHec-npoyeccos ee noopasdeneHuli. B daHHol
cmamese NodpobHO paccMompeHa op2aHU3ayus ynpasaeHus UHGopmayuoHHol cucmemoli
obyyarouux Kypcos.

Knrouesble ¢n106a: 0p2aHU3AUUOHHAA CMpyKmypa, duazpamma, busHec-npouecc, Kypcsi,
mexHos02uu, opeaHu3ayus, catim, 6a3a 0aHHbIX

Ana yumuposaHus: ®edoceesa C. H., Matiopos E. E. YnpasneHue opaaHu3dayueli OHAAQUH-
06yyeHus // HHoBauuoHHoe npubopocmpoeHue. 2022. T. 1, No 2. C. 109-115. DOI:
10.31799/2949-0693-2022-2-109-115.

YnpagBJ/ieHHe pCKaMU IPOU3BOCTBEHHOIO
IpeaAnpUATHA METOAAMH CUCTEMHONH NH)XKEHEPHUH

AHHOMayuAa. Paccmampueaemcs nodxo0 K yrnpasaeHuro pUckamu Ha ocHoge bepexcaueoli
yugposuU3aAYUU U CUCMeMHO020 N0OX00d NPOUECccos yrnpasaeHuUa pUCKaMU npou3eoo0cmeeHHo20
npednpuamus. [IpoaHaAU3upPo8aHsl HEOOCMAMKU Cywecmeayoujux nooxodos, oaromcs
pPEeKoMeHOayuU Mo passumuro cucmemsl YrpasaeHus PUCKamu npou3so0cmeeHHo20
npeonpusamus.

Knroueaole cnosa: pucku, cucmemHsili nodxo0d, cucmemMHasn UH#eHepus, bepexausasn
yugposusayusa

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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Ana yumuposarHusa: AHmoxuHa F0. A., TywasuH B. A., ®ponosa E. A. YnpasneHue puckamu For citation: Antokhina Yu. A., Tushavin V. A., Frolova E. A. Enterprise risk management by
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Pa3sBuTHe uuppoBOil METPOJIOTUH - IYTh B HOBOE
Ka4yeCTBO 3KOHOMUKHU

AHHOomayus. Paccmampusaemcs 3apybexcHoili u omeyecmaeHHbIl 0Mbim CMAaHO8/1eHUsA
yugposoli Memposoauu Kak saxcHeliweao HanpaeneHuUs 8 npoyecce yugposusayuu
3KOHOMUKU. [TpedcmasseHbl MOOX00bI K pa3sumuio yugposoli Memposozuu 8
op2aHu3ayuoHHoU, 3akoHodamesnbHol, memodu4veckoli u mexHu4veckoli cgpepax. Ocobubili
aKyeHm coenaH Ha obecreyeHuu Kayecmeaa, obujedocmynHocmu u 6e3onacHocmu yugpossix
Memposo2u4ecKux ycsye 014 busHeca u HacesneHus.

Knrouyeebie cnoea: uugposu3ayus SKOHOMUKU, UUugposas Mmemposoaus, yu@posasn
naamgopma, 0b61a4YHbIE MexHon02uu, Memposoauyeckas akademus

Ana yumuposaHus: Okpenusos B. B. Pazsumue yugpposoli Memposnoauu — nyms 8 Hogoe
Kauecmeo 3KOHOMUKU // MHHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 1. C. 7-16.

PeBostronysa B MeTpOJIOTUHA
KaK oTpakeHHe nudpoBU3aL Uy B
NPUGOPOCTPOEHUH

AHHOMayusa. PaccmompeHsi Hogble 3a0a4u 8 06aacmu npu6opocmMpoeHus, C8A3AHHbIE C
3KCMOHEeHYUAAbHbIM HaPACMAaHUeM Koau4vecmsea 0am4yuKkos 8 okpyxaroueli cpede,
HacblweHHOU pasAuYHbIMU UHGHOPMAUUOHHLIMU U YIIPAsAAIOWUMU CUCMEeMaMU, d MakKXe ¢
uyugpposuszayueli. Ocoboe sHumaHue yodeneHo bau3Kol nepcrnekmuse WupoKo20 UCMOoNb63080HUSA
CUAbHO20 UCKYCCMBEeHHO020 UHMenneKkma 8 mexHU4ecKUx KOMnAeKcax pasHoobpasHozo
HasHaveHuA. [1oKa3aHblI Ho8ble Memodbl U cpedcmed, Komopsie nompebytomcs 015
Mempos02u4ecKko20 06CAyHUBAHUA cpedcme U cucmem usmepeHudl, 8 mom yucsne
UCMOAb3YUWUX UCKYCCMBEeHHbIU UHMesekm, 8 meyeHue Ux Cpoka cayxubol. OmmeveHa
Heobxo0umocmb Ka4ecmeeHHO20 U3MeHeHUs mpebo8aHuli K Mo020mosKe crneyuaaucmos ¢
8bicLUM 06pa308aHUEM, KOMOPLIM MPedcmoum y4acmeosams 8 paspabomke u
memposoau4eckom obecrnevyeHuu nepcrnekmMusHbIX cpeocms 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 a reflection 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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Kntoyesblie cnosa: Memposoaus, Yugposusayus, Mempono2udeckuli CaMOKOHMPOne,
yugpossle 080UHUKU, BUpMYAsbHbIEe UCMbIMAHUSA, SKCrepmHble OUeHKU, usmepeHue
MHO20MapamMempuyecKux 8eau4uH

Ansa yumupoearus: MpoHuH A. H., CanoxHukosa K. B., TalimaHos P. E. Pesontoyus
Mempos02uU KaK ompaxceHue yugposusayuu 8 npubopocmpoeHuu // MIHHO8AUUOHHOE
npubopocmpoeHue. 2022. T. 1, No 1. C. 17-26.

UcKycCcTBEHHbIA UHTE/VIEKT KaK OJAMH M3
3J1IeMeHTOB LuPpPOBOH TpaHCPOpMaL UM B
MeTpPOJIOTUH

AHHOmayus. PaccmompeHbsi 80M1pocel YUGPposu3ayuu 8 Memposo2uu, d makie npumeHeHus
mexHos02uli UCKyccmeeHHO20 UHMesAeKma, 8 YacmHocmu HelipoHHbix cemel, 05
80CCMAHOB/EHUSA (hYHKYUU U3MepeHUs Npu peweHuu memposo2u4eckux 3a0ay. lpusedeH
npumep peweHuUA npakmuyeckol 3a0a4u usmepeHUa 0ebuma He@hMAHLIX CKBAHUH C TOMOU|bIO
cpedcmea usmepeHuli ¢ anemMmeHmMamu UCKycCmeeHHOo20 UHMesnnekmad.

Knrouyeeble coea: uugposu3ayus, UCKycCmaeHHbIl UHMesnnekm, UCKyccmeeHHasa HelipoHHas
cems, pyHKUUA usmepeHull, MHo2ogha3sHbIl pacxodomep

Ansa yumupoeanus: KysuH A. 0., KpowkKuH A. H. ickyccmeeHHbIl uHmesnnekm Kak oOuH U3
371eMeHmos yugposol mpaHcgopmayuu 8 Memponoauu // HHosayuoHHoe
npubopocmpoeHue. 2022. T. 1, No 1. C. 27-35.

[uppoBas Tpancpopmanusa MHPOPMALUOHHOM
COCTaBJIAWILEN METPOJIOTHH

AHHOMayusA. PaccmompeHa yugpposas mpaHcghopmayusa uHopMayuoHHol cocmasnsoweli
obecneyeHus eOUHCMBaA usmepeHuli, ee meKyujee COCMosHUE U NepcrneKkmussl pa3sumus.
MpusedeHsl NpuopumemHsie HaNPasaeHUsA Pa3suMUsA UHGOPMAyUoHHoU cucmemel,
npedHasHavyeHHol 018 co30aHuUA U 8edeHus dedepanbHo20 UHGHOPMAYUOHHO20 hoHAA Mo
obecrieyeHuU0 eOUHcM8ea uamepeHud.

Kntouesble cnoea: yugpposusayus, PedepansHoili UHhopmMayuoHHbIl ¢poHO no obecneyeHuro
eduHcmea usmepeHul, UHPOPMAYUOHHAA COCMABAAIOWAA

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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Ansa yumupoearus: fleHuceHko C. A., Ky3uH A. 0., KpacasuH U. B., ®ponoea 10. /1. Qugposas
mpaHcgopmayus uHpopmayuoHHoli cocmasnsowel memponoauu // UHHoBayUOHHOE
npubopocmpoeHue. 2022. T. 1, No 1. C. 36—43.

BepexiuBasa uuppoBU3aALUA OPraHU3ALUOHHBIX
cUCTEeM

AHHOomayus. MpedcmassneH codepicamensHelli 832170 HA cmbicoeoli Opelih napaduamol
mexHon02uYecKoli op2aHU3ayUU PYHKYUOHUPOBAHUA NPOU3800CMBEHHbIX cucmem om
MexaHucmuyeckol UHOycmpuaau3ayuu K yugpoesoli mpaHcgopmayuu u MHOycmpuu 4.0.
ChopmuposaH opuauHabHbIb pakypc ucrnonb3osaHus bepexcausoli udeonoauu 044
pa38epmoI8AHUA MPOUECCO8 YU Posoli mpaHchopMayuu 0p2aHU3AYUOHHbLIX CUCMeM U
HCU3HEHHbIX YUKM08 CO30aHUA YeHHOCMU, ymo4YHeHbl HEKomopble ocobeHHocCmu 8ocnpuamus
YPOBHSA 3pes10CMu OCHOBHbIX MPOYECCOB8 U MEPbI UX 20MOBHOCMU K U3MEHEHUSAM.
ChopmuposaHo onucaHue 0KyMeHmMapHo20 OCHOBAHUSA 0718 OCyu,ecmeneHus hopmanusayuu
npoyecca nepexo0a Ha HOBYID MeEXHO102U4eCKy KOHUEeNYuo yugposoli mpaHcghopmayuu,
0nucaHbl HOPMAMUBHO-PABO8bIE OOKYMeHMbI, peanameHmupyoujue cooepucaHue
HayuoHaneHol npoepammel «Llugpposas akoHomuka Pocculickoli @edepayuu». PaccmompeHsi
80I1POCLI KOPNOPAMUBHOU KOAAU3UU MeX Oy cmeliKxon0epamu om pasauyHbiXx Memooosoauli
ynpasaeHus npoyeccamu, co0epramesnbHO OMUCAHbI KOHPAUKMbI NPpUMeHeHUs
mpaduyuoHHo2o uHcmpymeHmapusa TQM (Total Quality Management — «eceobujee
ynpaeneHue kayecmgom») u LEAN (Lean production — «bepexcaugoe npouzeo0cmso») 8
0pP2aHU3AYUOHHbIX cucmemax. YnpasneHue usmeHeHUAMU KaK 8axcHbIl npoyecc
UHHOBAUUOHHO20 nosedeHus Op2aHU3aYyUOHHbLIX CUCMeM onupaemcsa Ha (hopmManu308aHHble
UHCMPYMeHMbl MEHEOHMEHMA PUCKOB, BKMAOYAA Cmpameau4eckue pucku muepayuu
Kaoposo20 nepcoHana. 3ameujeHue pymuHHbIX Mpoueccos npedsaazaemosimu Yugppossimu
peweHUSMU MoXem npusecmu K ympame op2aHU3ayuoHHO20 3HAHUSA 8 peanusyembix
npoyeccax, Ymo ompasumcs Ha yposHe 3peaocmu npoyeccos, noesicum cornpomusneHue
epcoHasna usmeHeHUAM U ygeaudum 0enpeccusHoCms KoprnopamusHol Kysnemypel.

lMpedcmasneHbl 803MOMCHbIE MOOX00bI K HUBEMNUPOBAHUK 8HYMPEHHUX KOHPAUKMOB 8
npoyeccax ynpasneHus UsmeHeHUAMU Op2aHU3ALUUOHHbIX CUCMEM C MOMOWbI0 UHCMPYMeHmMo8
bepexcnusoli yugposoli mpaHcopmayuu.

Knroueasole cnosa: bepexcnusas yupposusayus, opeaHU3ayUOHHbIE CUCMEMbI, HUIHEHHbIE
YUK/Tbl, ypOBHU 3pesnocmu, UHHO8AYUU, yripasseHue usmeHeHuAMU, bepexcausas udeosnoaus,
HayuoHanbHble MPo2pammsl, Yugposas mpaHchopmayus

Ana yumuposaHus: Hazapesuuy C. A., TywasuH B. A., ®ponosa E. A. bepexcnusas
YU posU3AYUA OP2AHU3AUUOHHbIX cucmeMm // HHosayuoHHoe npubopocmpoeHue. 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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HUccneaoBaHre METPOJIOTHYECKHX XapaKTEPUCTUK
MHHOBALMOHHOTO Y/JIbTPAa3ByKOBOIO IJIOTHOMeEPA
ra3a Turbo Flow UDM

AHHOmayus. PaccmompeHa npobsaema usmepeHus pacxooa 2a3d Ha y3nax yyema cpedHeli u
masoli npouzsodumesnibHOCMU, @ UMEHHO: U3-30 OUHAMUYECKU MEeHAWe20C KOMMNOHEHMHO20
cocmaea 2a3a, ecnedcmeue CMewusaHUA 2030 U3 PA3auYHbIX MecmopoxoeHuli, 803HUKaem
Hecoomeemcmaue rnepuoduyecKku 8HOCUMO20 8 8bI4UCAUMESb PACX0OOMePad KOMMNOHEHMHO20
cocmaea u peasnbHo20 cocmasa 2a3a 8 mpybonposode. Co2aacHo NocaedOHUM MexHUYeCcKUM
mpeb0o8aHUAM, Y376l y4ema 2a3a 00HCHbI 8bIMOAHAMb PYHKYUU A8MOMAMUYECKO20
onpedesieHus KOMIMOHeHMHO20 COCMA8a 2a3d U NA0MHOCMU 2a3a NMpuU CMAaHOAPMHbIX
y€n08usAX. 3mo npueooum K 3Ha4umesibHOMYy yOOPOHAHUI CMPoUMesnboCmed Hosblx U
PEeKOHCMPYKYUU Cyuecmsyowux y3108 y4ema. B cmamee onucaHbl MoouguKkayuu
pa3pabomaHHO20 UHHO8AUUOHHO20 U3Mepumess naomHocmu 2a3a Turbo Flow UDM, a make
aKycmu4ecKuli MemooO uamepeHuUs naomHocmu, NosnoxceHHoIl 8 e2o 0CHosy. B ocHoge aexum
usmepeHuUe CKopocmu 38yKa yAbmpassyKossiM npeobpazosamesnem pacxood 2a3a U ee
nepecyem rpu U3gecmMHbiX memnepamype U 0assneHuu 8 3Ha4YeHuUe NaAo0mHocmu 2asa 8
308UCUMOCMU OM KOHYEHMpPayuu KOMMNOHeEHMOo8 20308010 cMmecu. B peaynsmame nposedeHusA
meopemu4ecKux U 3KCrnepumeHmasnbHbix UcCAe0o8aHulli paccHumaHel No2pewHocmu,
B8HOCUMbIE 8 pe3yabmam U3MepeHUs NaA0MHOCMU 2430 0M 8AUAOULUX BXOOHbIX 8€UYUH —
memnepamypel, 0asaeHUs U CKOPOCMU 38YKa 8 2a3e.

SKcrnepumeHmManbHLIM Mymem yCmaHosseHb! MoepelHocmu onpedeseHus KOMINOHEHMHO20
cocmasa npupodHO20 2a3d € MOMOWbO Pa3pabomaHHO20 aKycmu4ecKko2o memodoad,
peasnu308aHHO20 8 UCCe0yemMoM MA0MHOMeEpPE 8 YCa08UAX MOOKOHMPOAbHOU 3Kcnayamayuu
Ha y3ne yyema 2a3za. OmHocumesibHaa noepewHocms onpedeneHus 0CHOBHO20 KOMIOHEHMA
MpuUpPoOHO20 2030 — MeMAHQ, 8 CPABHEHUU C MOKA3AHUAMU XPOMAmMOo2pagpuyecKko2o aHanu3a
npedsapumesnibHO omobpaHHbeIx NPob 2a3a, — cocmasasem He bonee 0,26 % 3a spemeHHOU
nepuod 2 mecaya. [lpu 3mom omHocumenbHAA No2pewHocms onpedeneHus naomHocCmu 2asa,
npusedeHHAs K CMaHOapPMHbIM YCA08UAM 30 3mom e rnepuod, He npessiwaem 0,176 %.

Kntouessle cnosa: CKOPpOCMb 38yKa, rnJa1o0mHocme 2asa, ynbmpaseykoeot)' niomHomep,
npupodeuj 2as, KOMMOHEHMHbll cocmas, omHocumernibHAA rnozpewHocmeo

Ansa yumupoeanus: Conomuyes P. U., Conomuyesa C. B. UccnedosaHue mempono2udecKux
XapakmepucmuK UHHOBAUUOHHO20 Ybmpa3eyKo8o2o naomHomepa easa Turbo Flow UDM //
UHHosayuoHHoe npubopocmpoerue. 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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KoHuenuusa MOpCKOU rOpu30HTAJIbHOU NMMOCAAKH
KPbLIbEBOI'0 KOCMUYECKOro anmnapara nyreMm
CTBIKOBKH C 3KPAaHOILJIAHOM

AHHOMayus. locydapcmeeHHble pacxodbl HA pa38uMuUe KOCMOHABMUKU COCMAsAAom
3HAYUMesnbHYIo Yacme 6100HEMa MHO2UX CMPAH, 8 MOM YUC/e HECKObKUX PA38UBAIOULUXCH.
3Ha4yumenbHoe cHuxceHue yoenbHol cmoumocmu KOCMUYecKux 3amnyckos, 6e3ycnosHo,
Asnsemca 00Hol u3 eaxcHeliuwux 34004 KOCMOHABMUKU. ICHO, Ymo 3ghgheKmuBHbIM crocobom
CHUXEHUA CmOoUMOCMU 3ar1yCKOo8 U NocadoK Asnaemca obecriedeHue cywecmeeHHol
MHO020pa3080CMU UCM0/16308aHUA 8CeX cmyrneHell U 31eMeHmo8 KoCMu4ecKoli mexHUKU.
Mpuyem cmpemumbeca HyHHO He K MUHUMA/1bHOMY 080UHOMY UCMO0/163080HUIO, O K
decamukpamHomy u 6oabwemy. B Hacmoswel nybaukayuu, umerow,eli omyacmu 0630pHbili
Xapakmep, aHaausupyemca u yenybaaemca KOHyenyus uHmezpuposaHHol mpaHcrnopmHol
cucmembol, sknodaroweli 8 cebs 8030ywHo-Kocmuveckuli camonem (BKC) u skpaHonaaH,
ucrosne3yemoili KOK pa32OHWUK Mpu 3aMyCcKe, U MOOBUMCHYHO MOCAO04HYHO naamgopmy npu
nocadke. Mocadka 3akno4aemcs 8 cmoikoske BKC u 9KpaHONAAHA HA 3aKA0HUMeENbHOM amare
CHUXEHUS U 8bIpasHUBAHUA cKopocmeli. KonecHoe waccu He mpebyemcsa HU Npu 8371eme, HU
npu nocadke, Ymo n0380/sAem Mo8sICUMb M0/E3HYI0 Ha2PY3KY.

Kntouesble cn08a: cmoumocms KOCMUYECKUX 3ayCcKO8, MHO20pa3080CMb, UHME2pUPOBAHHAA
mpaHcrnopmHyaa cucmema, 803dyulHO-KOCMU‘4€CKUU camorsem, 3KpaHorns1aH, CMoelKO8Ka dst
Kpblsabesblx annapamos

Ana yumupoeaHus: Hebwbinos A. B., Hebbinos B. A., MaHpepos A. U. KoHuyenyusa mopckoli
20pU30HMANbHOU NOCAOKU KPblabeso2o KOCMUYECKO20 annapama rnymem cmolKO8KU C
3KpaHonaaHom // HHosayuoHHoe npubopocmpoeHue. 2022. T. 1, No 1. C. 65-81.

MoaaepKKa NPUHATHS PellleHU# 10 MOCTPOEHHUI0
CHUCTEM 3KCIUTyaTalluUd aBUATEXHUKHU Ha 6a3e
WHTEPAKTUBHBIX 3/IEKTPOHHBIX TEXHUYECKHUX
PYKOBO/JCTB 1 METO/10B KOMIIbIOTEPHOTO

MO/ e/IMPOBAHUA

AHHOMayuA. ShghekmusHOCMb NPUMEHeHUS, pa38epmbI8aHUSA, MOCMPOEHUSA cucmem
3Kcnayamayuu asuayuoHHol mexHuUKu (CIAT) 8 3HayumesnoHol cmeneHu 3a8ucum om
KomMnemeHmMHOCMU U cgoespemMeHHOCMU pewleHull, MPUHUMAeMbiX MexHUYeCKUM nepcoHaa0m
603 Ha3eMH020 06CAyHUBAHUA. IMeHHO Noamomy 8 ucmopu4eckoli pempocrnekmuse

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
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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 coomeemcmayowux KOMIAEKCo8, CPeOCmMe Ha3eMHO20 0OC/YHUBAHUA
conpoeoxdanoce pazpabomkoli a0eK8amHo20 UHCMPYMeHMAapus noodepH KU MPUHAMUSA
peweHuli Mo ux NPUMeHeHUto, ONMUMAabHOMY (PAUUOHAALHOMY) MOCMPOEHUIO cUCMeM
IKCAAyamayuu asuamexHUKU Ha 6aze makux cpedcme. AHAAU3Y ONbima CO8ePUWEHCMBOBAHUA
MaKo2o UHCMpymeHmapus, npeocmasaeHuro Poau UHMEPAKMUBHbIX 3/1EKMPOHHbLIX
mexHU4YeCcKux pykosoocms, Memoo0o8 KOMMbIomMepHO20 MOOesIuUpPOBAHUA 8 COBPEMEHHOM
npoyecce 060CHOBAHUA peweHuli M0 MOCMPOeHUIo YKA3AHHbIX cucmem u onpedesneHuto nymel
passumusa memodos KOMMNblomepHo20 MooenuposaHusa 8 uHmepecax CIAT nocseaweHa 0aHHAA
cmames.

Kntouesble €a108a: cucmembl IKCAyamayuu aguayuoHHOU mexHUKU, UHMepaKkmueHole
3/1eKMPOHHbIE MEXHUYECKUe pyKoeoodcmea, mocmpoeHue cucmemel, T0OOEePHKA NPUHAMUSA
peweHul, KoMmnstomepHoe MoOenuPo8aHUE, UMUMAUUOHHOE MOOenupPosaHUe

Ana yumupoeanus: NeakuH A. A., ®ponosa E. A. [Moddeprka npuHAMuUA pewieHul no
10OCMPOEeHUI0 cUCMeM KCAYamayuu aeuamexHUKU Ha 6a3e UHMepaKmMueHbIX 31eKMPOHHbIX
MmexHUYecKux pyKosoocme u Memodo8 KOMMbIomepHo20 modenuposaHus // HHo8ayuoHHoe
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
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