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(IJsz(aMeHTa.ﬂbele U NMPpUKJIAAHbIC np06.11eM1>1 TCXHUKH U TCXHOJOI'MA

TEOPETUYECKASA MEXAHUKA U EE INPUTTIOXXEHUA

YK 539.3 DOI: 10.33979/2073-7408-2022-353-3-3-8

B.C. lIOPKHH, C.H. POMAIIIMH, M.B. XOPOIINJIOBA, C.H1. AKYIINHA

HOATBEPXKJAEHUE NOABJIEHUS TEPEKTHOCTH
ITPHU YITPOYHEHUUA U3-3A EE DOHEP'ETUYECKOU
HNPEAIIOYTUTEJBHOCTH

AHHOTAUMA. B npednazaemoi nybruxayuu npugooumcs nOOMEEPIHCOeHUe HA OCHOBE UMEIOWUXCA 6
aumepamype meopemuieckux u IKCNEPUMEHMALbHBIX OAHHbIX NOIYYEHHO20 A8MOPAMU GbIPANCEHUSL OISl 8EPOSIMHOCIU
OOHapyoicenust  deghekma  cmpyKmypvl — YAPOYHEHHO20 —Mamepudid. Bwulpagicenue NOMYYeHO HA — OCHOBAHUU
NPEONONOdCEHUsL O MOM, YMO NPUYUHOU OeheKmHOCHU Mamepuaila npu e20 YNPOUHeHUU SGNSEMCsl IHeP2emuiecKdst
NPeOnoYMumenbHOCHb COCMOSIHUSL ¢ Oeekmamu no cpasHeHuio ¢ cocmosnuem 0Oe3 nux. Ilomyuennoe 6 pabome
KAYeCmEeHHOe CO2NACOBAHUE MEOPEeMUUECKUX 6blB0008 C U3BECTMHbIMU OAHHbIMU NPUHAMO 6 Kauecmee NPU3HAKA
UCKOMO20 NOOMBEPAHCOCHUS.

KawueBble clIoBa: ynpounenue, Oepekm, NOBPEHCOCHHOCMb, HENOKANbHAL Meopust, MUHUMUZAYUSL
NOMEHYUATIbHOU IHEeP2ULL.
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V.S. SHORKIN, S.N. ROMASHIN, M.V. KHOROSHILOVA, S.I. YAKUSHINA

CONFIRMATION OF THE APPEARANCE OF DEFECTS DURING
HARDENING DUE TO ITS ENERGY PREFERENCE

Annotation. The proposed publication provides confirmation on the basis of theoretical and experimental data
available in the literature of the expression obtained by the authors for the probability of detecting a defect in the
structure of a hardened material. The expression is obtained on the basis of the assumption that the cause of the defect
of the material during its hardening is the energy preference of the state with defects compared to the state without
them. The qualitative agreement of theoretical conclusions obtained in the work with known data is accepted as a sign
of the desired confirmation.

Keywords: hardening, defect, damage, nonlocal theory, minimization of potential energy.
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I ®. CAOMHA

EJNMVHCTBEHHOCTDb U KOPPEKTHOCTD PEHLIEHUSA _
3AJJAYH COXPAHEHUSA YACTOT ITOIIEPEYHbBIX KOJTEBAHUUN
TPYBOIIPOBOJA C KKUAKOCTBIO HA TAPHUPHBIX OITOPAX

AHHOTAIMSI: B cmamve npedcmasnenvl pe3yivmamuvl peuteHus 3a0auu COXpaHeHus Oe30NacHbIX 4acmom
CB0000HBIX NONepeunslx Koaebanuti mpyoonpoeood ¢ H#HUOKOCMbIo NPU YNPy2ux e2o wapHupHulx onopax. Mcciedosan
80MPOC O Cywecmeosanuy peuwieHua 3a0auu. JJoKa3aHa eOUHCMEEHHOCMb DeuleHUus ¢ Y4emom KOPPeKmHOCmuU
nocmasnennoi 3a0ayu no A.H. Tuxonogy. Hccaedosan u naiioen aneopumm pewenus 3a0a4u coxpanenis nepevix mpex
yacmom KoIebanuti mpyoonpoeooa ¢ HCUOKOCHBIO ¢ HOMOWBIO COOMBEMCMBYIOUUX UBMeHeHUll 6 KoI@duyuenmax
JHcecmKocmu  e2o ynpyeux wiapnupnvix onop. Ilonyuenvl ananumuueckue @opmynvl pacuemog KodIQ@uyuenmos
JAHCECKOCIU YNPY2UX ONOP, NOOMEEpAHcOaioujue OOKA3AHHYI0 eOUHCMBEHHOCTb PelenUs 3a0auy COXPAHeHUs 4acmom
Konebanuil. [lpuseden uucieHHvill paciem coXpaHeHus 6e30NACHbIX Yacmom KoneOanuil npu UsMeHeHUsX napamempos
AHCUOKOCMU UIU MPYOONPOBOOA.

KiaueBrble ciioBa: uzeudHvle Koredanus, mpyoonpogoo ¢ HCUOKOCMbI0, eOUHCMBEHHOCHb, KOPPEKMHOCHb NO
A.H. Tuxonogy, napamempul H#UOKOCMU, COXPAHEHUE YACTOM, KO3QOUYUEHNBL HCECMKOCU.
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G.F. SAFINA

UNIQUENESS AND CORRECTNESS OF DECISION
TASKS OF PRESERVATION OF TRANSVERSE OSCILLATION
FREQUENCIES OF PIPELINE WITH LIQUID ON HINGED SUPPORTS

Abstract: The article presents the results of solving the problem of maintaining safe frequencies of free
transverse vibrations of a pipeline with a liquid with elastic hinged supports. The question of the existence of a solution
to the problem has been investigated. The uniqueness of the solution has been proven, taking into account the
correctness of the task set by A.N. Tikhonov. An algorithm for solving the problem of preserving the first three
frequencies of vibrations of a pipeline with a liquid using appropriate changes in the stiffness coefficients of its elastic
hinged supports was investigated and found. Analytical formulas for calculating stiffness coefficients of elastic supports
were obtained, confirming the proven uniqueness of solving the problem of preserving vibration frequencies. Numerical
calculation of preservation of safe oscillation frequencies in case of changes in fluid or pipeline parameters is given.

Keywords: bending vibrations, pipeline with fluid, uniqueness, correctness according to A.N. Tikhonov,
parameters of fluid, preservation of frequencies, stiffness coefficients.
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A.A. TIOJIAYBHLIN, B.A. TOPJIOH, T.B. IIOTYPAEBA, O.A. JEPJIU

BBIHY X KXJIEHHBIE KOJIEBAHUSA BAJIKU HA YIIPYT'OM OCHOBAHUHA
ITPU BHE3AITHOM TPEHHIMHOOBPA30OBAHUU

AnHoTauus. [locmpoena mamemamuieckas MOOelb GbIHYHCOCHHBIX U32UOHBIX Kolebanuil Oanxku dinepa-
bepnynnu ma ynpyeom ocmosanuu Bumxnepa, unuyuupoganuvix GHe3anublM 00paA306aHUeM NONEPEYHOU MPEeujuHbi.
Dusuueckou Modenvlo OANKU ¢ MPEWUHOU NPUHAMA KOHCMPYKYUS U3 08YX OANOYHBIX CE2MEHMO8, COEOUHEHHbIX
npysicunoti kpywenusi. banika wnazpyoicena pagnomepno pacnpedenrénnoli Hazpy3Kou eOUHUYHOU UHMEHCUBHOCU U
JHCECMKO 3aueMNeHa no KoHyam. JJunamuyeckue npo2ub u u3eubarowjuii MOMEHm UCCAeOYIOMCs NymemM PA310ICEeHUs.
GHEWH el HASPY3KU U HAYATbHLIX CMAMUYECKUX Npo2uba u MOMeHma 6 psiobl HOo (hopmam coOCMEEHHbIX KOLeOaHuil
nogpesicoennoti oanku. I[lpueodsmes uuciennvie OYeHKu U CPABHEHUs HANPSINCEHHO - 0eDOPMUPOSBAHHBIX COCMOSIHULL
6anKu npu K6A3UCMAMULECKOM U 6HE3ANHOM 00PA308AHUL MPEWUH PA3HOL 2IYOUNBL U TOKATUZAYUU.

KaroueBble cioBa: 6aika HA YIpyeoM OCHOBAHUU, KEAZUCMAMUYECKOE U BHE3ANHOe MpeuuHooopasosanue,
Gopmel u yacmomvl cOOCMEEHHBIX KOACOAHUL, BbIHYICOCHHbIE KOIEOAHUS, OUHAMUYECKUE HANPAICEHUs, ONACHble
ceyenus.
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A.A. PODDUBNY, V.A. GORDON, T.V. POTURAEVA, O.A. DERLI

FORCED VIBRATIONS OF A BEAM ON AN ELASTIC FOUNDATION
WITH SUDDEN CRACKING

Abstract. A mathematical model of forced bending vibrations of an Euler-Bernoulli beam on an elastic
Winkler foundation, initiated by the sudden formation of a transverse crack, is constructed. The physical model of a
beam with a crack is a construction of two beam segments connected by a torsion spring. The beam is loaded with a
uniformly distributed load of unit intensity and is rigidly clamped at the ends. Dynamic deflection and bending moment
are investigated by expanding the external load and the initial static deflection and moment into series according to the
eigenmodes of the damaged beam. Numerical estimates and comparisons of the stress-strain states of the beam under
quasi-static and sudden formation of cracks of different depths and localizations are given.

Keywords: beam on an elastic foundation, quasi-static and sudden cracking, forms and frequencies of natural
vibrations, forced vibrations, dynamic stresses, dangerous sections.
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O.I'. KOXVYC, I'.B. BAPCVYKOB, B.C. IlIOPKHUH, JI.FO. ®POJIEHKOBA

HCCJIEJJOBAHUE YCJIOBUM 3AJIMITAHUSA ATJIOMEPATOB
ABPA3BUBHBIX YACTHUIl HA CTEHKAX KAMEPBI YCTAHOBKH
HCEBAOOXUW/XEHUA ITPU ®POPMUPOBAHUUN COEIUHEHUSA
ABPA3UB-ITIOJIUMEP

AHHOTanMsl. B cmambe npedcmagiensl pe3yibmamvl UCCICO08aHUST YCAOBULL 3ANUNAHUSL A2TIOMEPAnos8
abpa3uBHbIX HACMUY HA CMEHKAX Kamepbl YCMAHOBKU NCE8000NCUINCEHUS. NPU DOPMUPOBAHUU COCOUHEHUsT abpa3us-
noaumep. YcmamoeieHo, 4mo 6 Cloe NCeBO00NCUNCEHHO2O Clos, Npule2arujeM K CmeHke paboueil Kamepwl
cyuiecmeyom yCioeusi NPUIUNanusi K Hell adpasueuvlx yacmuy u ux azromepamos. Ilpednodiceno peuienue 0715
CHUDICEHUS. 3ANUNAHUSL A2IOMePAmo8 Nymem YMeHbULeHUs. CONPOMUBTICHUSL CIEHKU 8030VULHOMY NOMOKY, 4O MONCHO
006umvbcst 80Y8OM 8 He20 OONOTHUMENbHO20 B030YXA 34 CHem YCMAHOBKU Cemyamou Kamepvl 01 HaHeceHus
NOKpbIMusl adpas3ue-noaumep.
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KPUMUYECKUE PEHCUMbL
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0.G. KOZHUS, G.V. BARSUKOQV, V.S. SHORKIN, L.Yu. FROLENKOVA

INVESTIGATION OF CONDITIONS FOR STICKING
OF AGGLOMERATES OF ABRASIVE PARTICLES ON THE WALLS
OF AFLUIDIZATION UNIT CHAMBER DURING THE FORMATION
OF ABRASIVE-POLYMER COMPOUND

Abstract. The article presents the results of a study of the conditions for sticking of agglomerates of abrasive
particles on the walls of the chamber of the fluidization unit during the formation of the abrasive-polymer joint. It has
been established that in the layer of the fluidized bed adjacent to the wall of the working chamber, there are conditions
for adhesion of abrasive particles and their agglomerates to it. A solution has been proposed to reduce the sticking of
agglomerates by reducing the resistance of the wall to air flow, which can be achieved by blowing additional air into it
by installing a mesh chamber for applying an abrasive-polymer coating.

Keywords: abrasive, waterjet cutting, encapsulation, polymer coating, coating, critical conditions
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I''B. BAPCVYKOB, T.A. ) KXYPABJIEBA, E.M. CEJIEMEHEBA

UCCJEJTOBAHUE BJIUAHUA PEXKUMOB XUMUKO-TEPMUYECKOM
OBPABOTKHU MEJJHOI'O HIJIAKA HA ET'O IPOYHOCTD
IMPU TNAPOABPA3ZNBHOM PE3AHUU

AnHoTauus. [Ipednoosicena memoouka QuHUWHOU 0OpAOOMKY 3ePKANLHOU NOBEPXHOCMU 8UOA BHEOCEB020
napabonoudd, OCHOBAHHAS HA BblOOpe 3AKOHA CHAMUA NPUNYCKA NpU WAUGO8aHuu Cc80000HbIM aOPASUBOM.
Hanvuetiuee noauposanue npeononazaemcs npoussoosamyumcs no c@epuieckoli NO8epXHOCMU, KOMopas nocie CHAmMus
HA2py3KU MpancoopmMupyemcs 8 UCKOMYI0 NHOBEPXHOCHb BHE0Ce8020 NapadoIoudd.

KawueBble caoBa: cudpoabpaszushoe pesauue, MeOHbLU WIIAK, GHEOCe8OU napabonoud, uiiugosatue,
nonuposanue, HanpagiIeHHvll ueu.
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G.V. BARSUKOV, T.A. ZHURAVLEVA, E.M. SELEMENEVA

STUDY OF THE INFLUENCE OF MODES OF CHEMICAL AND THERMAL
TREATMENT OF COPPER SLAG ON ITS STRENGTH AT WATERJET
CUTTING

Abstract. A technique for finishing a mirror surface of the form of an off-axis paraboloid is proposed, based
on the choice of the law for removing the allowance during grinding with a free abrasive. Further polishing is assumed
to be carried out on a spherical surface, which, after removing the load, transforms into the desired surface of an off-
axis paraboloid.

Keywords: waterjet cutting, copper slag, off-axis paraboloid, grinding, polishing, directional bending.

Ne 3 (353) 2022 13



https://www.elibrary.ru/contents.asp?id=34466480&selid=28842544
https://www.elibrary.ru/contents.asp?id=34264133&selid=26683558
mailto:awj@list.ru
mailto:awj@list.ru
mailto:SelemenevaL@mail.ru

MalHPlHOCTPOI/ITeJlI)HLIe TCXHOJIOTMH U oﬁopyszalme

BIBLIOGRAPHY

1. Barsukov G.V., Stepanova E.Yu., Kozhus O.G. Innovative technologies for cutting with a supersonic liquid
iet: economics, market, state and development prospects. Bulletin of the Bryansk State Technical University. 2017. No.
1 (54). pp. 243-253.

2. Stepanova E.Yu., Barsukov G.V., Stepanov Yu.S. Breakthrough technologies of a new generation of
shaping of spatially complex surfaces of high-tech products. Izvestiya of the Tula State University. Technical science.
2016. No. 8-2. pp. 243-249.

3. Barsukov G.V., Kozhus O.G., Vinokurov A.Yu. Investigation of the abrasive ability of artificial and natural
abrasives that ensure the performance of waterjet cutting // Fundamental and applied problems of engineering and
technology. - No. 2. - 2018 - S. 34-41.

4, Galinovsky, A.L. Minimization of the technological cost of waterijet cutting, taking into account the cost and
technological parameters of the processing process [Text] / A.L. Galinovsky, V.A. Tarasov, V.M. Elfimov // News of
higher educational institutions «Engineeringy. - 2011. - No. 4. - with. 46 - 54

5. Hooastrate, A.M., Pi, V.N., Karpushchewski, B. Cost optimization for multiple-head AWJ cuttina. In Proceedings
of the 18th International Conference on Water Jettina, Gdansk, Poland, 13-15 September 2006. 2006. 251-264.

6. Babu, M.K., Chetty, O.V.K. A study on recycling of abrasives in abrasive water jet machining. Wear 254,
2003, 763-773.

7. Mort, G.A., Results of abrasive water jet market survey. In Proceedings of the 8th American Water Jet
Conference, vol. 1, 1995, 259-282.

8. http://tpc-incom.ru/pages/kupershlak/

9. http://dakal.ru/publikatsii/nikelshlak-ili-kupershlak-kakoi-abrazivnyj-material-vybrat.html

10. Rabah M. A. Influence of Particle Size and Calcination Temperature on the Abrasiveness of Garnet for Water Jet
Cutting of Tough Materials // Solid State Phenomena. - Trans Tech Publications Ltd, 2018. - T. 277. - P. 17-26.

Barsukov Gennady Valeryevich Zhuravleva Tatyana Alexandrovna

Orel State University, Orel Kaluga branch of MSTU named after N.E. Bauman
Doctor of Technical Sciences, Professor of the Candidate of Technical Sciences, Doctoral Candidate
Department of Mechanical Engineering 302026, Orel, st. Komsomolskaya, 95

302026, Orel, Komsomolskaya st, 95 Tel.: + 7 (4862) 413295

Ph.: + 7 (4862) 413295 E-mail: awj@list.ru

E-mail: awj@list.ru

Selemeneva Elena Mikhailovna
Orel State University

named after 1.S. Turgeneva, student
Phone: +79102036687

E-mail: SelemenevaL@mail.ru

© bapcyxos I'.B., XKypasnesa T.A., CenemeneBa E.M., 2022

14 Ne 3 (353) 2022




(IJsz(aMeHTa.ﬂbele U IIPUKJIAAHBbIC HpOﬁJIeMbI TEXHUKH U TCXHOJIOI'HA

VK 629.4.027.4: 656.2 DOI:10.33979/2073-7408-2022-353-3-34-42

B.1. BOPOBLEB, C.H. 3JIObMH, O.B. UBMEPOB, E.B. HUKOJIAEB

METO/Ibl KOMILIEKCHOI'O AHAJIM3A JIMHAMUYECKOM CUCTEMBbBI
TATI'OBOI'O ITPUBOJA JIOKOMOTHUBA

AHHoOTauus. Paccmompena 3adaua co30anus Memooos aHaiu3a OUHAMUYEeCKOU CUCTHeMbl MA208020 NPUEOOd
JIOKOMOMUBA, NPUSOOHBIX ONsl pazpabomku dKcnepmuwvix cucmem. Ilpednodcenvr Kiaccu@urayusi OUHAMUYECKUX
6030€liCMBUll HA MA208blll NPUBOOD JTOKOMOMUBA, NPUMEPHbIU ANCOPUMM AHAAU3A Pe3YIbMAmMo8 UCHbIMAHUL U
B03MOJICHASL CMPYKMYPA ABMOMAMUUPOBAHHO20 KOMIIEKCA. 3anamenmosana KOHCmMpYKYus cmenoa st PuU3u4eckozo

MOOenUpOBaAHUSL.

Kuarwuesbie ciioBa: np06ﬂesz CO30aHUsL HOBOTL MEeXHUKU, OUHAMUKA MS208020 npueoda JloKomomuea, aHaiusz
pe3yibmamoe ucnblmayuﬁ, asmomamusayusl HayuiHoblx uccare0o8anuil.
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V.l. VOROBYEV, O.V. IZMEROV, S.N. ZLOBIN, E.V. NIKOLAEV

COMPLEX METHOD OF DYNAMIC SYSTEM ANALYSIS
FOR LOCOMOTIVE TRACTION DRIVE

Abstract. The problem to create the methods of dynamic system analysis for locomotive traction drive, suitable
for development of expert systems is considered. Classification of dynamic impacts in locomotive traction drive, an
approximate analysis algorithm of results of tests and possible structure of expert system are offered. The stand for
physical modeling is patented.

Keywords: problems of creation of new equipment, locomotive traction drive dynamics, analysis of the test
results, automation of scientific researches.
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IL.T'. MOPEB, K.H1. KAIIbIP1H, B.A. 'OJIEHKOB, C.1O. PAJTYEHKO,
J.0. IOPOXOB, 1.O. ITPOKOIIOB

INOCTPOEHUE KPUBBIX YITPOYHEHMUS B YCJIIOBUAX
MHTEHCUBHOMU INIACTUYECKOU JE®@OPMALINHN

AHHOTAamMs. B cmamve npusodumcsa onucanmue YHU8EpcaibHo2o Mmemoda nocmpoenus HII-kpusvix
YRpOUHeHUsl, NPUSOOHBIX 018 YUCIeHH020 Mooenuposanusa HII/J-oopabomxu. Hcnonv3oeanue makux KpUusbix no3601um
uzbexcamv OWUOOK pacyéma, CEA3AHHBIX ¢ HEKOPPEKMHbIM 3a0aHueM 3aKoHa ynpounenus. Ilpednacaemvlii memoo
OCHOBAH HA NPOBeOeHUU 08YX UCNbIMAHUL (MeCmo8): OCANCUBAHU 8 YCII08UAX 0OHOPOOHOU Oedhopmayuu u 1006020
mecma na UIIJ. On nozsonsem yuecmsv 6K1a0 Me30N0N0C U NOAOC cO8Ud, 0OPA3YIOUUXCA 8 HEKOMOPBIX MAMEPUANAX
npu naacmuyeckou depopmayuu u NPUEOOAWUX K pasynpouHenuro mamepuana. B ycrosusx HUIIJ/[ maxue cmpykmypol
He 00pasylomcs, 4mo u onpagovieaem npuMeHeHnue Oanno2o memooda. B ciyuae omcymcmeus mesononoc npu
UCNBIMAHUY HA O0CAOKY mecm He Hyxcoaemcs 6 Koppekmupogke. Ilocmpoenue nauanvnoeo yuacmxa HMII-xkpueoil
YRPOUHEHUs NPOBOOUMCS NO PE3YIbMAMAM USMEPEHUS MUKPOMBEEPOOCIU.

KiloueBble c0Ba: unmencusHaa niacmuyeckas Oedopmayus, O0eQopMaAyuoHHOe YHpOUYHeHue, Kpueds
VApOUHEHUsl, Me30N0N0CHl U NOIOChI CO8Uea.
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P.G. MOREYV, K.I. KAPYRIN, V.A. GOLENKOV, S.Y. RADCHENKO,
D.0. DOROHOV, I.0. PROKOPOV

CONSTRUCTION OF A STRESS-STRAIN CURVE UNDER SEVERE
PLASTIC DEFORMATION

Abstract. A universal method of construction an SPD stress-strain curve is proposed. Such a curve allows
avoiding errors in numerical analysis of SPD processes. The method is based on two tests: upsetting with uniform
strain and any test on severe plastic deformation. The effect of meso-bands and shear bands resulting in softening of a
material is evaluated. During an SPD process, such structures are not formed therefore compensation of this effect is
necessary. If meso-bands are absent then the upsetting test needs no correction. The initial segment of stress-strain

curve is constructed based on microhardness measurements.

Keywords: severe plastic deformation, work hardening, stress-strain curve, meso-band, shear band.
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E.1O. KPVIIEHA, JI.H. KYPIIOMOBA, A.B. LHIAMPHH, E.I1. KPbII'MTHA

IKCIIEPUMEHTAJIbHBIE HCCJIEJOBAHUSA BUBPOIIPOTUPKHA
JAETAJIEX CPEJAMUA OPTAHUYECKOI'O ITPOUCXOKAEHUA

AHHOTAIMSl. B cmamve nokazana akmyambHOCMb U HAYYHAA 3HAYUMOCHL — NPUMEHEHUs npoyeccd
sUbpayuonnoll  npomupky  Ha  QuHUWHBIX  dmanax —obpabomku  Oemaneu. Ilpeocmaenenvl  pe3yrvmamuvl
IKCNEPUMEHMANIbHBIX — UCCIeO008AHULl NPOMUPKU 00pabomanuvix Oemaneii nocie 6ubpoadpasusHol omoenouHou
o6pabomxku ¢ npumeneruem COJK. [Ipeonoscenvi onmumuzayuoHHble COOMHOUEHUS, UHMEHCUBHOCTU BUOPONPOMUPKU
Odemanneii cpeoamu Op2aHU4ecKo20 NPOUCXOHCOEHUSL.

KiioueBble cl10Ba: gubpayuoHHas npomupka, OpeaHuiecKue spanyivl, YoaieHue HCUoKocmu.
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E.Y. KRUPENYA, L.N. KURDYUMOVA, A.V. SHAMRIN, E.P. KRYGINA

EXPERIMENTAL INVESTIGATIONS OF VIBRATING PARTS
WITH MEDIA OF ORGANIC ORIGIN

Abstract. The article shows the relevance and scientific significance of the application of the vibration wiping
process at the finishing stages of parts processing. The results of experimental studies of wiping machined parts after
vibroabrasive finishing with coolant are presented. Optimization ratios for the intensity of vibration wiping of parts
with organic media are proposed.

Keywords: vibratory wiping, organic granules, liquid removal.
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A.B.TOPHH, P.K. 3APELIKMI, A K. TIO3JIHSIKOB

AHAJIM3 METOJ1OB YIIPABJIEHUA U KJIACCI/I(I)I/IKAI[I/IﬁU
JJIA JUATHOCTUPOBAHUA AHOMAJIBHBIX COCTOSAHUHU

AHHoTanus. B cmamve onucansi npobaemvl, cesazannble ¢ UCNONbI0BAHUEM U3BECTNHBIX CUCMEM, OCHOBAHHBIX
Ha HelupoHHuIX cemax. [na pewenus dmux npoOiem npeonazaemcs UCHONb306aHUE ATbINEPHAMUBHOU CUCTEMB,
OCHOBAHHOU HA A0ANMUBHOU pe30HaHcHOU meopuu. I[lpeocmasnenvt cnocobwer npumenenus APT Ha npumepe
Kraccugurayuy u306padcenul, a maxxce OUASHOCMUKY AHOMANbHLIX COCTOAHULL pOomopHol cucmemyl. Onucaivl
OCHOBHbIE MeopUU, 8blOEIEHHbIE 8 MAMEMAMUYECKOU NCUXOI02UU, NPUMEHEHUE KOMOPLIX MOICEN PEeUUmb U36ECMHYIO
npobaemy “Helipona 6adOywiKu”, npu KOMOPoU 0151 OUACHOCIMUPOSAHUSL KAHCO020 KOHKPEMHO20 COCMOSIHUSL 8 NAMSIMU
OBM gvioensiemces cgoil pazoen namamu.

KiaoueBble cioBa:  adanmusHnas — pe30HAHCHAS — Meopus,  AHOMAAbHble  COCMOSAHUA,  CBOUCMBO
accoyuamueHOCmu, MawuHHoe ooyuenue, HeUpoOHHAs Cemb, HelipoH OADYULKIL.
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AV. GORIN, R.K. ZARETSKIY, A.K. POZDNYAKQOV

ANALYSIS OF CONTROL METHODS AND CLASSIFICATIONS
FOR DIAGNOSING ANOMAL STATES

Abstract. The article describes the problems associated with the use of known systems based on neural
networks. To solve these problems, it is proposed to use an alternative system based on the adaptive resonance theory.
The methods of application of ART are presented on the example of image classification, as well as the diagnosis of
abnormal states of the rotor system. The main theories identified in mathematical psychology are described, the
application of which can solve the well-known problem of the “grandmother cell”, in which a separate section of
memory is allocated in the computer memory for diagnosing each specific state.

Keywords: adaptive resonance theory, anomalous states, associativity property, machine learning, neural
network, grandmother cell.
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JILA. CABHUH, /1.JI. KO3bIPEB, B.B. POMAHOB, O.A. UBAHOB

NCCJIEIOBAHUE TUHAMUYECKUX CBONCTB
MEXAHUYECKOU BUBPO3AIIIMTHOU CUCTEMbI
B 3ABUCUMOCTHU OT TABAPUTHbBIX PASMEPOB

AnHoTamms. Cmamovs noceawena uccie008anusmM OUHAMUKYU DUIYAXCHOU PelaKCAyUuoOHHOU 8UBPO3AUUTNHOL
cucmemsl ¢ QPUKYUOHHBIM OeMn@epom 8 3asucumMocmu om 2abapumos (niey pwvluaea) YCMAHOBKU. Aemopul
npeonazaiom cxemy BUOPO3AWUMHON CUCHEMbl, ee MAMeMAMUYEeCKyI0 MoOelb, a MAK JHce CMPYKMYPHYIO cXemy
DUIYAXCHOU  PeNaKcayuoHHoU 8ubposawumuou cucmemsl. Ilpedcmagnena 3a8UcCUMOCMb UHMESPATbHO20 Kpumepus
Kauecmea om 2eoMempuiecko2o Ko3gh@uyuenma uHepyuu Mexanudeckoll cucmemsl 00beKma 3auyumal.
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MexampoHHAs cucmema.
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L.A. SAVIN, D.L. KOZYREV, V.V. ROMANOQV, O.A. IVANOV

STUDY OF DYNAMIC PROPERTIES MECHANICAL VIBRATION
PROTECTION SYSTEM DEPENDING ON DIMENSIONS

Abstract. The article is devoted to the study of the dynamics of a lever relaxation vibration protection system
with a friction damper, depending on the dimensions (lever arms) of the installation. The authors propose a scheme of a
vibration protection system, its mathematical model, as well as a structural diagram of a lever relaxation vibration
protection system. The dependence of the integral quality criterion on the geometric coefficient of inertia of the
mechanical system of the protected object is presented.

Keywords: friction damper, vibration protection, link suspension, relaxation, control, mechatronic system.
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C.B. MAMOPOB, M.3. BOHJAPEHKO, M.A. TOKMAKOBA, B.A. TIO3JTHAKOBA

NCCIEAOBAHUE IMHAMUKHU ACCUMETPUYHOTI' O POTOPA
B AKTUBHBIX KOMBUHUPOBAHHBIX OITOPAX

AHHOTAmMSl. B cmamve paccmampueaiomcs — pe3yibmamvl  U3yHeHus —OUHAMUYECKO20 —NOBeOeHuUs
ACUMMEMPULHO20 HCECTNKO20 POMOPA 6 AKMUBHBIX KOMOUHUPOBAHHBIX ONOPAX, GKIIOUAIOWUX NOOUUNHUK KAYEHUs,
MHO201eNecmKOo6blll  2A300UHAMUYECKUL  NOOWUNHUK U CUCIEMY DNeKMPOMASHUMHLIX U  Nbe303JeKMPUYECKUX
npueo0os. Mexanuzm pabomul 2NeKMPOMASHUMHBIX U NbE30INEKMPULECKUX NPUBOOOE ONUCHIBACICS 8 UMUNAYUOHHOU
MoOenu Ha OCHOBe YPABHEeHUll, ONUCHIBAIOWUX DJIEKMPOMAZHEMU3M U nbe30Ighgexm. Pesynomambr mamemamuiecko2o
MoOoenupoganus npeocmasnensvl 6 gude ouazpamm Komnbenna, amniumyono-uacmomuslx XapaKxmepucmux cucmembl
POMOP-NOOUUNHUK U HCECIKOCHU AKMUBHBIX KOMOUHUPOBAHNBIX ONOP.

KaroueBble c10Ba: pomop, KoMOUHUPOBAHHbI NOOWUNHUK, JHCECMKOCMb, COOCMBEHHASA YACMOMA, AKMUBHOEe
ynpasnenue.
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S.V. MAIOROV, M.E. BONDARENKO, M.A. TOKMAKOVA, V.A. POZDNYAKOVA

INVESTIGATION OF THE DYNAMICS OF AN ASYMMETRIC ROTOR
IN ACTIVE COMBINED SUPPORTS

Abstract. The paper focuses on the results of studying the dynamic behavior of asymmetric rigid rotor on the
active hybrid bearings (AHB) including a rolling bearing, a gas-dynamic multi-foil bearing and a system of the
electromagnetic and piezo actuators. The mechanisms of electromagnetic and piezo actuators operation are described
by a simulation model based on the equations describing electromagnetism and piezo effect. The results of
mathematical modeling in the form of Campbell diagrams, the frequency response of the rotor-bearing system, the
stiffness of the AHB.

Keywords: rotor, hybrid bearings, stiffness, natural frequencies, active control.
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A.B. CbITHUH, A.1I0. KOPHEEB, A.A. KHPUYEK, 1.B. KHO/IEJIb

IMPUMEHEHME YIIOPHBIX MEXATPOHHBIX JIEIIECTKOBBIX
HOAIMITHUKOB B TYPBOMAIIINMHAX CUCTEM
PACHPEJAEJEHHOU DOHEPTETUKH

AHHOTanMsl. B cmamve paccmampugaiomcs —aodanmugHvle ONnopbl  POMOPOE  8blCOKOCKOPOCMHBIX
mypoomawun. B xauecmee onop 6vibpanvl mMexampoHHvle 2a300uHaMuiecKue NOOWUNHUKYU C YAPY20-NOoOamiugou
ONOPHOU NOBEPXHOCMbIO. ABMOpbL npednazaiom 8 Kauecmee YRpY2ux NeMeHmOo8 — MHO20CIOUHble JIenecCmKu ¢
npumeHeHuem OUMOPDHLIX Nbe30INEKMPUUECKUX INEMEHMO08, PabOMalowux 8 pexicume cenepamopa 0 onpedeneHus.
Oepopmayutl ynpyeux 21eMeHmos, a makdice 8 pexcume axmyamopa 01 GopMuposanus ONMUMATLHOU ONOPHOU
nogepxnocmu. IIpedcmasnenvt ocHogHble CHOCOOLL, OCOOEHHOCMU U OCHOBHbIE XAPAKMEPUCMUKU HOOKIIOYEeHUs
oumopos Kk ucmounuxy numanus. Ilpeonodcena Konyenyus MHOLOCIOUHBIX YRPYUX DNEMEHMO8, MEXHON0UYEeCKUll
npoyecc ux U320MosneHUus U pe3yibmamvl NPAKMU4ecKol peanu3ayul 6 8uoe MexampoHHo20 MHO20eNecHK08020
2a300UHAMUYECK020  NOOWUNHUKA ¢ OUMOp@HbIMU — nbe30dnekmpudeckumu  aenecmkamu.  IIpeocmaenena
mMamemamuyeckas mooeib 0aHHO20 6U0a ONOP HA OCHOBAHuU ypasHeHus Pelinonvoca Ons cnos 2az060t cmasku, a
makdice ypagHenue nbe302NeKmpuieckozo dpgexma.

KnaroueBble ciaoBa: Oumopghuwili snemenm, aenecmKosviil 2a300UHAMUYECKUTl NOOWUNHUK, AKMUBHOE
YnpasneHue, MexampoHuKka, Nbe3021eMeHm
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AV.SYTIN, Y.S. KORNEEV, A A. KIRICHEK, I.V. KNODEL

DESIGNING MECHATRONIC RESISTANT SLIDING BEARINGS
WITH ELASTIC BIMORPH ELEMENTS

Abstract. The present paper considers adaptive rotor bearings of high-speed turbomachines. The mechatronic
gas dynamic bearings are chosen with elastic surface. Authors suggest using multilayer foils with bimorph piezoelectric
elements that operate in the generator regime to determine the deformation of elastic elements and in the actuator
regime to form an optimal bearing’s surface. The paper shows basic methods, main features and characteristics of
bimorph connection to the power supply. A concept of multilayer elastic elements, technological process of their
manufacturing and results of their application to a mechatronic foil gas dynamic bearing are presented. A
mathematical model of the bearings in question is shown based on the Reynolds equation for the gas film, equations of
theory of elasticity and additional expressions for consideration of the piezoelectric effect. The surface area of every
elastic element is described using the momentum theory of thin-walled nonclosed cylindrical shells and the effect of
bimorph piezoelements is taken into account by means of setting the boundary conditions along the free generatrix of
each element.

Keywords: bimorph element, foil gas dynamic bearing, active control, mechatronics, piezoelemen.
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A.1O0. POJJUYEB, P.H. IIOJIIKOB, 1.B. POINYEBA, K.K. HACTEITAH1H

MOHUTOPHUHT U TUATHOCTUKA U3HAIIIMBAHUS PABOYEN
MNOBEPXHOCTHU NOAIIUITHUKA CKOJIBKEHUA

AHHOTanMsl. B cmamve paccmampusaiomcst 3aKOHOMEPHOCMU USMEHEHUs MEXHUYECK020 COCMOSIHUS
azpeaamos, Y3108, MEXAHU3ZMOG U UX CUCMEM Onpeoensiowue 3ampamvl pecypcos U Hnomepu, C6a3aHHble C
nodoepoicanuem pabomocnocoOHOCmu 3HepeoceHepupyiowe2o 0bopyoosanus. Ilpeocmasnen ananus aumep amypHbix
UCMOYHUKOB OMEYeCmBeHHOU U  3apyOediCHOl  aumepamypvl  ROCESUEHHBIN  MOHUMOPUHEY U OUASHOCMUKE.
Paspabomana xonyenyus MOHUmMOpUHea cOCMOAHUA NOOWUNHUKA CKOTbICEHUS 8 PEATbHOM 8pEeMEHU U NPEeOUKMUBHOU
OUASHOCMUKU NPEedeNbHO20 UsHAuUeanus pabouel nogepxnocmu. [Ipednosicena NPpUHYUNUATbHASL CXemMa MOHUMOPUH2A
COCMOsIHUSL NOOWUNHUKA  CKOJIbIICEHUL 6 peanbHoM @pemenu. Onucan unmepgetic npoepammvl MOHUMOPUH2A
COCMOSIHUSL NOOWUNHUKA CKOJIbICEHUSL 8 PEATIbHOM 6PEMEHU U NPEOUKMUBHOU OUASHOCIMUKU NPeOelbHO20 USHAUUBAHUSL
paboueii nogepxuocmu. CoenaHvl 8b1800bl U OAHbI PEKOMEHOAUUU NO OdlbHeluemMy NPUMEHEeHU NpPeoCcmasieHHoU
KOHYenyuu MOHUMOPUH2A COCMOSIHUS NOOWUNHUKA CKOJIbIUCEHUS. 8 PEAlbHOM BpeMeHU U NPeOUKMUBHOU OUASHOCIUKY
npeodenbHo20 UHAWUBAHUS paboUeli NOGEPXHOCIU.

KoaroueBble ciioBa: mMonumopune, OUaeHOCMUKA, NOOWUNHUK, CKOTbIICEHUE, NOBEPXHOCMb, USHOC.
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A.Yu. RODICHEV, R.N. POLYAKOV, I.V. RODICHEVA, K.K. NASTEPANIN

MONITORING AND DIAGNOSIS OF WEAR OF THE WORKING
SURFACE OF A PLAIN BEARING

Abstract. The article discusses the patterns of changes in the technical condition of units, components, mechanisms
and their systems that determine the cost of resources and losses associated with maintaining the performance of power
generating equipment. The analysis of literary sources of domestic and foreign literature devoted to monitoring and
diagnostics is presented. The concept of monitoring the condition of a plain bearing in real time and predictive diagnostics of
the limiting wear of the working surface has been developed. A schematic diagram of monitoring the state of a plain bearing
in real time is proposed. The interface of the program for monitoring the condition of a plain bearing in real time and
predictive diagnostics of the limiting wear of the working surface is described. Conclusions are drawn and recommendations
are given for the further application of the presented concept of monitoring the condition of a plain bearing in real time and
predictive diagnostics of the limiting wear of the working surface.

Keywords: monitoring, diagnostics, bearing, sliding, surface, wear.
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VK 53.08 DOI:10.33979/2073-7408-2022-353-3-97-102

J.B. IlIYTHUH, A.C. DPETUCOB

AHAJIN3 TOYHOCTH ITOKA3AHU JATUNKOB INIEPEMEIIIEHUIA
HPU ONPEAEJEHHUMU ITOJIOKEHHUSA POTOPA B OITIOPAX
AKNIAKOCTHOI'O TPEHUA

AHHOTanusl. B cmamvse npeocmasnen ananus MoYHOCMU NOKA3AHUU UHOYKMUBHBIX OAMYUKOG PACCHMOAHUA
npu usMepeHuu nepemeujenuli pomopos 6 Onopax MHCUOKOCMHO20 mpeHus. B xode nposedennozo sxcnepumenma
NOKA3aMusi UHOYKMUBHO20 OAMYUKA CPAGHUBANUCL C NOKA3AHUAMU MEXAHUYECKO20 MUKPOMEmpa-uHOuKamopad.
Pezynomamer nokasvisaiom, 4mo pasmax NOKA3aHUNl UHOYKMUBHO20 OAMYUKA CYUJECBEHHO NPesbluaem pasmax
NOKA3aHULl MEeXaHU4ecKo2o Mukpomempa. [lannvie cO21ACYIOMCs € OAHHLIMU OpY2UX asmopos, NOJYYeHHbIMU OJis
BUXPEMOKOBLIX — 0amuuko@ nepemewjenus. Ilpogeden  OONOIHUMENbHLII — AHANU3 — PACHPEOeNeHUs  NOKA3AHUU
nPOMecmupoOBaHHbIX USMEPUMENBHBIX CPEOCME 3a NOaHbLlL obopom pomopa. Xapakmep pacnpeoeneHus noxkazvisaem,
umo 6vb100p penesanmuol MemoOuKy 0oOpabomKy NOKA3aHUl 0aMyuUKa Modjcem obecneuums npuemiemyio movHoCHL
uzmMepenutl, ecau He mpebyemcs omcaelcusane paccmosaHus 00 HOBEPXHOCHU POMOPA 6 PedxicuMe peaibHO20 8peMeHU
C  MHO20KpAMHOU e20 NepeoyeHKoll 8 meyenue 00Ho20 obopoma. Takue uzmepumenbuvie 3a0a4u XapakmepHvl Ol
cucmem Ynpaeienus AKMueHvlx MPUOOMPOHHLIX NOOWMUNHUKOS IHCUOKOCTNHO20 MPEeHUs ¢ @QYHKYUAMU 2auleHus
subpayuil. B makux ciyuasx pekomenoyemcs npumeHenue eMKOCMHbIX 0amyUKo8 paccmoatus, NOZPeutHocms KOmopbix
CONOCMAagUMA ¢ NOZPEUHOCIBIO MEXAHUYECKUX UIMEPUMETTbHBIX CPEeOCmS.

KaroueBble ciaoBa:  pomopuble — cucmemvl, — aKmMueHvle — NOOWUNHUKY,  MPUOOMPOHHBIE — ONOPbI,
subponepemenjenus, UHOYKMuGHvle OamuyuKy pacCmosaHus, MOYHOCHb USMEPEHUIL.
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D.V. SHUTIN, A.S. FETISOV

ACCURACY OF VIBRATION SENSORS IN PROBLEMS OF ACTIVE
CONTROL OF ROTOR SYSTEMS

Abstract. The article presents the results of experimental studies of vibration displacement sensors as part of
active rotor systems. The structure of the experiment, information-measuring system is given. The results of
measurements for a smooth and worn shaft surface are given. Conclusions are drawn about the applicability of
inductive vibration sensors for control tasks of active rotor systems.

Keywords: active control system, vibration displacement sensor, rotor.
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A.B. KOPHAEB, C./I. AHTOHOB, K.K. HACTEITAH1H

YTOYHEHUE MATEMATHUYECKOM MOJIEJIA PAZBUTUSA
YACTHUYHbBIX PA3PSA10B B JE®EKTE N30/

AHHOTALMS: B cmamve paccmompen npoyeccyt (hopMuposanis HacmuyHblX paspsaoos 8 2a3080M GKIIOYEHUU
8 Cll0e UBOTAYUOHHO20 MAMEPUand PACnoNOACEHHOU MencOy O08YMs NPOGOOHUKAMU. YMOUHEHO MameMamuyeckoe
onucauue npoyeccos usmMeHenus Hanpadjcenus na degpekmuom yuacmke. Paccmompeno enuanue c60600HbIX 3apa008 Ha
XApaxmepucmuKy Yacmuynslll paspsoos.

Knroueevte cnosa: wacmuunsiii paspsao, 0eghekm u30aAYuUU, UCKPOBble pa3psaobl, eMKOCHHAA MOOelb Oedekma
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A.V. KORNAEV, S.D. ANTONOV, K.K. NASTEPANIN

REFINED MATHEMATICAL MODEL OF DEVELOPMENT OF PRIVATE
DISCHARGE IN INSULATION DEFECT

Abstract: The article considers the processes of formation of partial discharges in a gas inclusion in a layer of
insulating material located between two conductors. The mathematical description of the processes of voltage change
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in the defective area has been refined. The effect of free charges on the characteristics of partial discharges is
considered.

Keywords: partial discharge; insulation defect; spark discharges; capacitive model of insulation defect;
partial discharge characteristics.
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U TEXHOJIO NN
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M.A. INTAXOTHUKOBA, E.A. EOPEMOBA, H.H. JIbICJHHUKOBA

PE3YJDBbTATBI UCCJIEJOBAHUSA MEXAHU3MA TEPMOOKHUCJIEHUSA
ABUAIIMOHHOI'O MACJIA

AHHoOTAamMsl. B cmamve npedocmasnenvi pe3yibmamovl UCCIeO08AHUS NPOYECCO8 OKUCTEHUA, UCNAPEHUs U
memnepamypHuIX npeoopazo8anull 8 ABUAYUOHHOM Macie 8 memnepamypuom unmepsaie om 170 0o 190 °C. Onucana
MEMOOUKa UCCIeO08aHUA ABUAYUOHHO20 MACLA HA MEPMOOKUCTUMETbHYIO CIAOUTLHOCHb, 8KIIOYAIOWAA NPUMEHEHUe
UCNBIMAMETbHBIX U KOHMPOTbHLIX NPUOOPOS, MAKUX KAK YCMPOUCME0 ONid MepMOCMAMUPOSarUs Macei, pomomemp
0711 NPAMO20 POMOMEMPUPOBAHUSA OKUCTEHHBIX MACE, 8UCKO3UMEMp U 1eKmpoHHble gecbl. Onpedenensvli CKopocmu
NpUpaujeHus nPoyecco8 OKUCTEHUA, UCNAPEHUs U MeMNepamypHbiX npeodpaso8anull, yuumvl6arOuux CO8MecmHble
Oelicmeus npoyeccos OKUCHeHUs U UCHAPeHUs Om 6peMeHu U MeMnepamypvl MmepMOCMAmuposanus, a maxice
KpumuuecKkue memnepamypvl dSmux npoyeccos. B pesyivmame nposedenus KCNepumMeHmos YCmanHo81eHo GlusHue
npoyeccos OKUCIeHUs HA 8A3KOCHHblE CEOUCMBa asuayuonHozo macia. Ilpednoxcena epago-ananumuueckas mMooens,
no360MA0OWAA  ONpedenumy — KpUMU4eckylo  memnepamypy  npoyeccog  OKUcienusi no  Kodpguyuenmy
MEPMOOKUCTUMETLHOU CIAOUTBHOCTIU.

KinloueBble clIOBa:  aguayuonHoe MAcCO,  UCNAPAEMOCHIb,  KOIPQuyueHm  mMepMOOKUCTUMETbHOU

cma6uﬂbﬂocmu, 643K0CNb, UHOCKC B513KOCMIU.
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M.A. PLAKHOTNIKOVA, E.A. EFREMOVA, N.N. LYSYANNIKOVA

RESULTS OF THE STUDY OF THE MECHANISM OF THERMAL
OXIDATION OF AVIATION OIL

Abstract. The article presents the results of a study of the processes of oxidation, evaporation and temperature
transformations in aviation oil in the temperature range from 170 to 190 °C. Method of research of aviation oil for
thermal-oxidative stability is described, including the use of test and control devices, such as a device for thermostating
oils, a photometer for direct electrophoresis of oxidized oils, a viscometer and electronic scales. The incremental rates
of oxidation, evaporation and temperature transformation processes are determined, taking into account the combined
effects of oxidation and evaporation processes on the time and temperature of thermostating, as well as the critical
temperatures of these processes. As a result of the experiments, the influence of oxidation processes on the viscosity
properties of aviation oil was established. A graphic-analytical model is proposed that allows determining the critical
temperature of the oxidation and evaporation processes by the coefficient of thermal-oxidative stability.

Keywords: aviation oil, volatility, thermo-oxidative stability coefficient, viscosity, viscosity index.
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TEXHOJIOTHASI TPAHCKYTAHHO OIIEHKU AKTUBHOCTH
MOHOAMMHOKCHJIA3 HA OCHOBE AHAJIU3A IAPAMETPOB
®JYOPECLIEHLIUU

AHHOTanMsl. B Oannoii pabome OnUCaHbl BOZMOINCHOCMU MEMOO08 MPAHCKYMAHHOU pecucmpayuu
UHmMeHcusHocmu U epemenu xcusHu gayopecyenyuu DA ona Oanvreuweli oyenku akmusHocmu MAQO. B xolde
uccnedosanuss Oviia anpooOUpoBana Ho8as Memooukd, No360AI0WAA NOIYUAMb OUAZHOCIUYECKYIO UHGOpMayuio o
MemadoIueckOM COCMOAHUY KNeMOK MKAHU 8 PEdCUMe PeanbHo20 8peMeH U ONUCAHO YCMPOUCME0 O OUASHOCIUKU
axmusnocmu MAO, ocnosannoe Ha cO8MECMHOM NPUMEHEHUU MEMOo008 IIyopecyeHmHoll CneKmpoCKONUY u pemeny
orcusnu gayopecyenyuu, u. Onucanvl mexnuyeckue 0emanu peanu3ayuu UsMepenus epemMeny HCUsHu ryopecyenyuu u
oughysHozo ompadiceHus: CUCMeEMOUL 8 UCCIeOYEeMbIX MKAHIX 00OPOBOIbYES.
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O.A. STELMASHCHUK, V.V. SHUPLETSQOV, E.A. ZHEREBTSOV

NOVEL TECHNIQUE FOR TRANSCUTANEOUS ASSESSMENT
OF MONOAMINE OXIDASE ACTIVITY BASED ON THE ANALYSIS
OF SKIN FLUORESCENCE PARAMETERS

Abstract. This paper describes the possibilities of transcutaneous recording of the intensity and lifetime of
fluorescence of FAD for further assessment of MAO activity. In the course of the study, a new technique was tested and
a device for diagnosing MAO activity was described, based on the combined use of fluorescence spectroscopy and
lifetime fluorescence methods, which allows obtaining diagnostic information about the metabolic state of tissue cells in
real time. Here we describe the technical details of the implementation of the measurement of the lifetime of
fluorescence and diffuse reflection by the system in the skin of volunteers.

Keywords: fluorescence lifetime, monoamine oxidase, mitochondria, diagnostics

BIBLIOGRAPHY

1. Kandurova K. et al. Fiber-optic system for intraoperative study of abdominal organs during minimally
invasive surgical interventions // Appl. Sci. 2019. Vol. 9, Ne 2. P. 217.

2. Becker W. Fluorescence lifetime imaging - techniques and applications // Journal of Microscopy. 2012. Vol.
247, Ne 2. 119-155 p.

3. Becker W. The bh TCSPC Handbook // Scanning. 2010. 768 p.

4. Niesner R. et al. Selective Detection of NADPH Oxidase in Polymorphonuclear Cells by Means of
NAD(P)H-Based Fluorescence Lifetime Imaging // J. Biophys. 2008. Vol. 2008. P. 13.

5. Datta R. et al. Fluorescence lifetime imaging microscopy: fundamentals and advances in instrumentation,
analysis, and applications // J. Biomed. Opt. 2020. Vol. 25, Ne 7. P. 071203.

6. Nakashima N. et al. Picosecond fluorescence lifetime of the coenzyme of D-amino acid oxidase. // J. Biol.
Chem. 1980. Vol. 255, Ne 11. P. 5261-5263.

7. Riick A. et al. SLIM: A new method for molecular imaging // Microsc. Res. Tech. 2007. Vol. 70, Ne 5. P.
485-492.

8. Anderson R.R., Parrish J.A. The Optics of Human Skin // J. Invest. Dermatol. 1981. Vol. 77, Ne 1. P. 13-19.

9. Stelmashchuk O. et al. Noninvasive control of the transport function of fluorescent coloured liposomal
nanoparticles // Laser Phys. Lett. 2017. Vol. 14, Ne 6.

10. Tarakanchikova Y. et al. Allocation of rhodamine-loaded nanocapsules from blood circulatory system to
adjacent tissues assessed in vivo by fluorescence spectroscopy // Laser Phys. Lett. 2018. Vol. 15, Ne 10.

11. Becker W. Advanced time-correlated single photon counting techniques // Springer Ser. Chem. Phys. 2005.
Vol. 81.

12. Angelova P.R., Abramov A.Y. Role of mitochondrial ROS in the brain: from physiology to
neurodegeneration // FEBS Lett. 2018. Vol. 592, Ne 5. P. 692—702.

13. Ubbink R. et al. Mitochondrial oxygen monitoring with COMET: verification of calibration in man and
comparison with vascular occlusion tests in healthy volunteers // J. Clin. Monit. Comput. 2020. Vol. 35, Ne 6. P. 1357—
1366.

14. Lunt S.Y., Vander Heiden M.G. Aerobic glycolysis: Meeting the metabolic requirements of cell
proliferation // Annu. Rev. Cell Dev. Biol. 2011. Vol. 27. P. 441-464.

15. Di Stasi S.M. et al. The stability of lidocaine and epinephrine solutions exposed to electric current and
comparative administration rates of the two drugs into pig bladder wall // Urol. Res. Springer, 2003. Vol. 31, Ne 3. P.
169-176.

Ne 3 (353) 2022 43




le/lﬁopbl, OMOTeXHUYECKHE CUCTEMbI U TEXHOJIOTHH

Stelmashchuk Olga Andreevna

Orel State University named after I.S. Turgenev, Orel,

PhD Student, Department of Instrument Engineering, Metrology
and Certification, Junior Researcher, Laboratory of Cell
Physiology and Pathology, Scientific and Technological Center
for Biomedical Photonics

Russia, Orel, st. Komsomolskaya, 95

E-mail: o.a.stelmashuk@gmail.com

Zherebtsov Evgeny Andreevich

Orel State University named after 1.S. Turgenev, Orel,
Senior Researcher, Science and Technology Center for
Biomedical Photonics

Russia, Orel, st. Komsomolskaya, 95

E-mail: zherebzow@gmail.com

Shupletsov Valery Vitalievich

Orel State University named after I.S. Turgenev,
Orel,

postgraduate student of the Department of
Instrument Engineering, Metrology and
Certification, trainee researcher of the Scientific
and Technological Center for Biomedical
Photonics

Russia, Orel, st. Komsomolskaya, 95

E-mail: matoka_97@mail.ru

© Crenpmamyk O.A., lllynnenos B.B., Kepe6mnos E.A., 2022

44

Ne 3 (353) 2022




(IJsz(aMeHTa.ﬂbele U NMPpUKJIAAHbIC np06.11eM1>1 TEXHUKH U TCXHOJIOI'HA

YK 616-079.2 DOI: 10.33979/2073-7408-2022-353-3-127-134

AN. JOJII'UX, O.A. CTEJIbMAIIVYK, E.A. )KEPEBLIOB

PETUCTPALIMSA ITAPAMETPOB BPEMEHU ’KU3HU
OJIYOPECHEHIUUA JIJ51 OHEHKH ITATOJIOTHYECKOI'O
COCTOSHUS KJETOK ITPH HEMPOJIETEHEPATUBHBIX
3ABOJIEBAHUAX

AnHoTamus. Paboma nocesawena 603M0ACHOCIU NPUMEHEHUS MEMOOa 8peMenU HCU3HU Qryopecyenyuu O
OYEHKU NAMON0SUYECKO20 COCMOAHUA KIeMOK NPU HeliPpoOe2eHepamueHblX COCOSHUAX ¢ Yebl0 PAHHel OUAZHOCUKY
U C60eBPEeMEHHO20 NeyeHuss OauHbix 3abonesanuil. llapamempsbl NPoOOIHCUMENLHOCIU HCUSHU  (DIYOpeCcyeHyuU
anoo2eHHo020 ¢yopodopa HAIH 6 wrnemounoii kynvmype 20-Oneguvix pudbpobracmos ¢ mymayuei 6 cene PINKI
usmepanu ¢ nomowvto kamepwl pco.flim FLIM c ynempaguoremosvim nasepom (375 wm/10 mBm) u amniumyoHou
mooynayueii Ha wacmome 40 MI'y. Boisignennvle cmamucmuueckue pasiuyus NOKA3bl6arm nepcneKmueHOCHb OYeHKU
K1emouHo20 MemaboIu3mMa ¢ UCNONb308AHUEM OAHHO20 Memooad Osl NOCAedyioujell C0eepeMeHHON OUaeHOCUKY
oonesnu Iapxuncona. annvlii no0xo0 8 nociedyoujem mMoxcen no3601ums noayuams donee noopooHyio ungopmayuio
0 PasIUUHBIX OUOXUMUYECKUX NPOYECCax 8 KIemKax 6 OUHAMUKe, 4 MaKdice Canem 0CHO8oU 01 panHell OUazHOCMUKY
3a0071e6aHU.

KnloueBble cnoBa: onmuueckas OuacHocmuxa, guayopecyenyus epemenu ccusnu, HAJH, 6onesns
Hapxuncona, PINKI, ¢pubpobracmeoi.
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O.A. STELMASHCHUK, A.l. DOLGIKH, E.A. ZHEREBTSOV

USE OF FLUORESCENCE LIFETIME TO ASSESS THE PATHOLOGICAL
STATE OF CELLS IN NEURODEGENERATIVE DISEASES

Abstract. The paper is devoted to the possibility of applying of fluorescence lifetime method for the evaluation
of the pathological state of cells in neurodegenerative diseases for the purpose of early diagnostics and early treatment
of these diseases. Lifetime parameters of endogenous NADN fluorophore fluorescence in cell culture of 20-day-old
fibroblasts with a mutation in the PINK 1 gene were measured by pco.flim FLIM camera with ultraviolet laser (375
nm/10 MW) and amplitude modulation at 40 MHz. The identified statistical differences show the promise of assessing
cellular metabolism using this method for the subsequent timely diagnosis of Parkinson's disease. This approach may
subsequently allow obtaining more detailed information about various biochemical processes in cells in the dynamics
and become the basis for early disease diagnosis.

Keywords: optical diagnosis, lifetime fluorescence, NADH, Parkinson's disease, PINK 1, fibroblasts.
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P.C. XJIOIIOTOB

AHAJIA3 TPEHJIO0B MEJJUIIMHCKOW NHO®OPMATUKH

AHHOTAamMsl. B cmamve npedcmasnenvl 6bl600bl U3 AHAIU3A UHMEHCUBHO passugaiowetica obaacmu
COBpeMenH020 30pABOOXPAHEHUS — MEeOUYUHCKOU UHDOPMAMUKY, OXAPAKMEPU306AH ONbIM NPUMEHEHUs YUPDPOBbIX
mexHono2ull 8 Meouyune, UOSHMUPUYUPOBAHLL MUPOSble MeKyujue MEXHON0UYecKUue mpeHobl U NpeoCcmasieHsl
pe3ynomamul npocHO3uposanus ux paseumus 6 Poccuu. Oxapaxmepusogana cemanmuxa NOHAMUSL «MeOUYUHCKAA
UHDOPMAYUOHHAA cUCTNEMA», KOHKDEMUSUPOBAHbl (PaKmopbl U MeHOeHYUY PA36UMUSL MEOUYUHCKUX UHDOPMAYUOHHBIX
cucmem. Ilo pesyrsmamam aHaiu3a 0CHOGHbIX MUPOBLIX MPEHO08 U OAPLEPOS PA3GUMUA MEXHONO0UL UCKYCCIMBEHHO20
UHMENIeKMa CHOPMYIUPOBAbL OCHOBHBIE YCA08USL YCKOPEHHO20 PA3SUMUSL MEXHON02ULl UCKYCCMBEHHO20 UHMEIeKmd
MeQuyuHcko2o HasHauenus. OyeHeno OmHOuleHUe O00WeCMEEeHHOCU K HAONI00AeMOMY pACUWUPEHUIO CHeKmpa
MEOUYUHCKUX YCTIYe, OKA3bI8aeMblx 6 yudposom opmame. I1okazano, umo 0CHOSHOU XAPAKMEPUCTIUKOL MeHOeHYull 8
passumuu Yyugpoeoi MeOUYUHbl AGIAEMCA NAYUEHMOOPUEHIMUPOBAHHOCHIb. Pe3YIbMAMOM Yugposoll mpanchopmayuu
30pasooxpanerus Q0IHCHO CMamy YKpenieHue 300po6bs U NOBbLIUWEHUE KAYeCmEad HCUSHU HACETEeHUS.

KaoueBble ciioBa: yugposas meouyuna, MeOUYUHCKAA UHGOpMamuka, uyu@posoe 30pasooxpaneHie,
UHPOPMAYUOHHbIE MEXHOIOUYU MEOUYUHCKO2O0 HAZHAYEHUS, UCKYCCMBEHHbII UHMEeNNeKN, OIOKYeUH-MeXHOA02UU.
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R.S. KHLOPOTOV

ANALYSIS OF TRENDS IN THE FIELD OF MEDICAL INFORMATICS

Abstract. The article presents conclusions from the analysis of the intensively developing field of modern
healthcare - medical informatics; the experience of using digital technologies in medicine is characterized, the world
current technological trends are identified and the results of predicting their development in Russia are presented. The
semantics of the concept of "medical information system™ is characterized, the factors and trends in the development of
medical information systems are specified. Based on the results of the analysis of the main global trends and barriers to
the development of artificial intelligence technologies, the main conditions for the accelerated development of artificial
intelligence technologies for medical purposes are formulated. The attitude of the public to the observed expansion of
the range of medical services provided in digital format was assessed. It is shown that the main characteristic of trends
in the development of digital medicine is patient focus: the result of the digital transformation of health care should be
to improve health and improve the quality of life of the population.

Keywords: digital medicine, medical informatics, digital healthcare, medical information technologies,
artificial intelligence, blockchain technologies.
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O0.1. MAPKOB

JAUHAMUKA TEMIIEPATYPHOI'O I10JI5S1 BETBU .
TEPMOJJIEKTPUYECKOI'O OXJIAIMTEJIA ITPU CTEHHEHHOU
3ABUCUMOCTHU AMIUVIATY bl UMITYJIbBCA TOKA

AHHOTAUMSA. BvinoiHeno uucienHoe mMooeiuposanie memnepamypHoeo nojs 6emeu mepmodneKmpuiecKo2o
oxnaoumens Ilenomve 8 necmayuonapuom pexcume. Ha npumepax paziuunoil cmeneHHou 3a8UCUMOCIU AMAAUNYObL
UMAYIbCA MOKA OM 8PEeMEHU NOKA3AHO U3MEHeHUe OUHAMUKY MeMNepamypHo20 NoisA 8emeU mepmMoIieMenma

KiawueBble cioBa: mamemamuueckoe MOOeIUposauue, memnepamypHoe noie, meepoomebHbie
mepmoanekmpuieckue oxaaoumenu Ilenomoe, umMnyabc MoKa, HECMAYUOHAPHBLIL PEHCUM.
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O.1. MARKOV

DYNAMICS OF THE TEMPERATURE FIELD
OF THE THERMOELECTRIC COOLER BRANCH WITH A POWER
DEPENDENCE OF THE AMPLITUDE OF THE CURRENT PULSE

Abstract. Numerical simulation of the temperature field of a branch of a Peltier thermoelectric cooler in a
non-stationary mode is performed. The examples of different power dependence of the amplitude of the current pulse on
time show the change in the dynamics of the temperature field of the branch of the thermoelectric element.

Keywords: mathematical modeling, temperature field, Peltier solid-state thermoelectric coolers, current
pulse, non-stationary mode.
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N.A. TAJIKUH, I".H. JIVKbAHOB
METO/ HOBBIHNEHUA YYBCTBUTEJIBHOCTHU JATYUKOB IbIMA
K PA3JIMYHBIM UCTOYHUKAM 3AJIBIMJIEHUSA

AHHOTanMsl. B cmamve onucamvl NpuHYUNbLL pPabomvl ONMUYECKUX OemeKmopos OblMd, NpusedeHa
Mamemamuyeckdas Mooeib 8bIXOOHO20 CUCHALA 68 N0O0OHbIX u3eewamensix. Ha ocnosanuu nomyueHHvix OaHHblX ObLl
npo6edeH psi0 ONbIMOE C NPUMEHEHUEM KOMOUHUPOBAHHBIX MEMOO08 AHAIU3A ONMUYECKUX CUSHATI08 OISl NPO6EOeHUs
IKCNEPUMEHMO8. 3a OCHO8Y Obll 63M 08YXOUANA30HHLIL ONMOINEKMPOHHBIN NONCAPHBIL U38EULAMENb, C NOMOUbIO
KOMOpP0o20 eCmb GO3MONCHOCHb UMEPSIMb GeIUYUHY OMKIUKA (omoouoda Ha SCHbIUWKU CEeMOOU0O08 C NOMOULbIO
ocyunnoepagha. Ilposedenvt ucnvimanus 6 ObLMOBOM Kauale. B pezynomame nonyuenvi kpugvle 3a6UCUMOCU BEIUYUHBL
OMKIUKA OM ORNMUYECKOU NIOMHOCMU 8030YXd U PACCYUMAHO omHoweHue omkauxkos 6 UK u Y@ ouanasonax ons
OblMa om mieuieeo XI0NKo8o2o Gumuisi, napa@urHosoeo cnpes u 2opswei noauypemanosol neuvl. IIposedeno
CPasHeHUe NONYYEHHbIX DPe3VAbMAmos C pPe3VibMAamdamMy AHAIOSUYHBIX UCHBUMAHULL MENJI08bIX U UOHUZAYUOHHBIX
ovimoswix damuuxos. CoenaH 861600 0 NPEUMYUeCmeax NPUMeHeHUs 08YXOUANd30HHO20 ONMUYECK020 usgeujamers OJis
NOBbIUEHUST YYECMBUMENbHOCIU K DA3IUYHBIM UCTHOYHUKAM ObIMA U 603MOICHOCIU VYMEHbUIEHUS] YUCTA JIOJCHBIX
Cpabamvl8anuil NONCAPHLIX OAMUUKOB.

KaioueBble CJI0Ba: ObiMOGOU NOJCAPHBLIL U3GEWAMENb, ONMUYECKAs WIOMHOCHb ObIMA, ObIMOBOU KAHAI,
onmuuecKkuil 0amuuK, menio6ol 0amyuK, UOHUZAYUOHHBII damyuk, paccesnue Penes, paccesnue Mu.
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I.A. GALKIN, G.N. LUKJANOV

METHOD OF INCREASING THE SENSITIVITY OF SMOKE SENSORS TO
VARIOUS SOURCES OF SMOKE

Abstract. The article describes the principles of operation of optical smoke detectors, provides a mathematical
model of the output signal in such detectors. Based on the data obtained, a number of experiments were carried out
using combined methods of analyzing optical signals for conducting experiments. A dual-band optoelectronic fire
detector was used as a basis, with the help of which it is possible to measure the magnitude of the photodiode response
to LED flashes using an oscilloscope. Tests were carried out in the smoke channel. As a result, curves of dependence of
the response value on the optical density of air were obtained and the ratio of responses in the IR and UV ranges for
smoke from a smoldering cotton wick, paraffin spray and burning polyurethane foam was calculated. The results
obtained were compared with the results of similar tests of thermal and ionization smoke detectors. The conclusion is
made about the advantages of using a dual-band optical detector to significantly reduce the number of false alarms of
fire sensors.

Keywords: smoke detector, optical density of smoke, smoke channel, optical sensor, thermal sensor, ionization
sensor, Rayleigh scattering, Mie scattering.
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B.I'. IMCNYKUH, H.B. IUCUYKNHA

JJACKPUMHMHATOPHBIN METO/I OHEHKH ®A30BOI'O CJIBUT' A

AunHotammsi. Cmamovs nocesujeHa uccie008aHusM 8 06nacmu paspabomku MAmemMamuyeckoeo annapama
NOCMPOCHUA CXeM ONMUMATbHBIX UsMepumenel OUCKPUMUHAMOPHO20 MURA, UCNONb308AHUE KOMOPLIX 0becneyugaem
nogvluleHue 00CMOBEPHOCIIU USMEPEHUL BLIXOOHO20 NAPAMEMPA A68MOSEHEPANOPHBIX USMEPUMETbHBIX NPUOOPOs ¢
O08YXKOHMYPHOU KOeOAmenbHOU CUCmeMOoU 3a cuem noayueHus oonee 3¢pghekmusHoll oyeHKku azosvix cO8uco08 npu
KOHMpOIe Napamempos okpyscaiowell cpedbl 8 YCI08UAX Ccayuaiinozo eosdeticmeus nomex. Cunmes cxem
NOOONMUMATLHO2O UsMepumens Qasvl USMEPUMETbHO20 CUSHANA OA3UPYEemca HA NPOBEOEHHOM AGMOPAMU AHATU3e
CMOXACMUYECK020 Npoyecca usmeHeHus hazoeo2o cosu2a noo GuUAHUEM KOHMPOIUPYEMO20 NAPAMEMPA U BbIAGTEHUU
pAda ozpanuienull, He NO360IAIOWUX NOCPOUMb ONTNUMATLHYIL UsMepumens @dasvl 8 peanvHblX YCI08UAX, K020a
NONe3HbI CUSHAT, DOPMUPYEMbIL ONOPHLIM 2eHepamopoM, OMAUYAemCcsa Om dMANOHHO20, d B03HUKAIOWUE NOMexu
BbIXO0AM 30 PAMKU KNACCA HOPMATLHBIX ULYMOS.

KiloueBble ClI0Ba: agmozenepamopHvie usMepeHus, ONMUMAanbHulil usmepumens asvi, aszoswvlii cosue,
OUCKPUMUHAMOPHBIL MEMOO USMEPEHUTL, MOYHOCIb USMEPEHUL.
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ESTIMATION OF PHASE SHIFT AT AUTOGENERATING
MEASUREMENTS

Abstract. The article is devoted to research in the field of developing a mathematical apparatus for
constructing schemes of optimal discriminator-type meters. The use of such schemes provides an increase in the
reliability of measurements of the output parameter of autogenerator measuring devices with a two-circuit oscillatory
system by obtaining a more effective assessment of phase shifts when monitoring environmental parameters under
conditions of random interference. The synthesis of the schemes for an optimal measuring signal phase meter is based
on the authors' analysis of the stochastic process of changing the phase shift under the influence of the controlled
parameter. A number of limitations have been identified that do not allow building an optimal phase meter in real
conditions when the useful signal generated by the reference generator differs from the reference oscillator, and the
resulting interference is outside the normal noise class.

Keywords: autogenerator measurements, optimal phase meter, phase shift, discriminator measurement
method, measurement accuracy.
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OCOBEHHOCTH OBECHIEYEHUSI EJJMHCTBA U3MEPEHUI
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IPU MPUCOEJIUHEHUU CETEN CBS3U CIIEIIUAJIBHOT'O
HABHAYEHUA K CETAM CBs3U OBIIEIO ITIOJIb30OBAHUA

AHHOTanMsl. B Oannoti cmamve uccie008amnbl 0COOEHHOCU 00ecneueHust eOUHCMEAd UMEPEHUT 8 Cemsix
Ce3U CNeyuanbHo20 HasHavenus ¢ kommymayueti nakemos (CCCH), npucoedumsiemvlx K cemsim cesi3u 00ujeco
NOMb308aHUsL eOUHOU cemu dnekmpocesasu Poccutickoti @edepayuut, UCROIb3YIOUUX MEXHOLO2UU KOMMYMAYUY NAKEMO8
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napamempos ¢ CCCH, komopble N03601810M ONpedeiums HeoOXooumvle mouHbie U OO0CMOGEPHblE 3HAUEHUs.
usMepsieMblx Napamempos ¢ yeivlo obecneveHuss eOuHcmea uzmepenuti ¢ Edunoii cemu anexmpoceszu Poccuiickoll
Deodepayuu (ECD).
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N.V. DAVYDOVA, Y.N. IVANOV, Y.A. REMIZOV, V.O. IVANOV, V.A. LUBIMOV

FEATURES OF ENSURING UNIFORMITY OF MEASUREMENTS
IN THE UNIFIED TELECOMMUNICATION NETWORK OF THE RUSSIAN
FEDERATION WHEN CONNECTING SPECIAL-PURPOSE
COMMUNICATION NETWORKS
TO PUBLIC COMMUNICATION NETWORKS

Abstract. This article examines the features of ensuring the uniformity of measurements in special-purpose
packet switched communication networks (SSSN) connected to public communication networks of the unified
telecommunication network of the Russian Federation using technologies for switching data packets of the Internet
protocol IP. The need to use modern methods of measuring parameters in the SSSN is justified, which make it possible
to determine the necessary accurate and reliable values of measured parameters in order to ensure the uniformity of
measurements in the Unified Telecommunication Network of the Russian Federation (EEA).

Keywords: transport network of special communication with packet switching, measurement methodology,
measuring instruments, metrological support.
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A.N. HEBHAHOB, K.B. [I0JIMACTEPLEB, O.A. CYCJIOB

BECXOPAOBBIE METO/AbI U3MEPEHUA BEPTUKAJIBHBIX
HEPOBHOCTEM )KEJE3HOJOPOKHOI'O ITYTH

AnHoTamusi. Paccmompenvr 3adauu xowmpona neposnocmeil nymu, npogeden ux awanu3, HOKA3AHA
nepCneKmusHOCMy  paseumus  0ecxopooguix Memooos Konmpoas. Ilpusedenvl mamemamuuecKue GblpaANHCEHUs,
KOMopble NO360AI0M ONPeoeiamb HEPOBHOCTNU HCENIE3HOOOPOANCHO20 HYMU 8 6ePMUKANLHOU NIOCKOCMU U3 CUSHANA
akcenepomempa, a maxice OAmM4uUK0O8 y2ia HAKIoOHA, KOMopble YCMAaHAGIUBAIOMCA HA OYKCax NOOGUIICHO20 COCMABA.
Buixoouvie cuenanvt amux oamuuxog mozym 6vims 00padbomarnsl ¢ NOMOWbIO DOPMOBOU AGMOMAMULECKOU CUCTEMbL 8
pedicume peanbHo20 8peMeHu Uil nepedasamvcsa Ha cepsep oopabomku, 20e ¢ y4emom 2e0N0KAYUOHHBIX KOOPOUHAM
Moz2ym Oblmb NPOAHATUIUPOBaHbL DONIee NPOMAICEHHbIE YHACHKI NYMU.

KnaroueBble cioBa: J[Juacnocmuka nymu, HepOGHOCMU HYMU,
axcenepomemp, 0am4ux y2id.

0amuuKuy, Mamemamuyeckds MoO0eb,
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A.l. NEZNANOV, K.V. PODMASTERYEV, O.A. SUSLOV

CHORD-LESS METHODS FOR MEASURING VERTICAL IRREGULITIES
OF THE RAILWAY TRACK

Abstract. In this article, the problems of controlling track irregularities are considered, their analysis is
carried out, and the prospects for the development of chordless control methods are shown. Also in this article are
mathematical expressions that allow you to determine the irregularities of the railway track in the vertical plane from
the accelerometer signal, as well as tilt angle sensors that are installed on the axle boxes of the rolling stock. The
output signals of these sensors can be processed by the on-board automatic system in real time or transmitted to a
processing server, where, taking into account geolocation coordinates, longer sections of the path can be analyzed.

Keywords: Path diagnostics, path irregularities, sensors, mathematical model, accelerometer, angle sensor.
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