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K. C. Axsepoues, E. A. Boneosa, E. A. Konomyn, E. O. Jlacynosa

BJMUSIHUE HEJTUHENHBIX PAKTOPOB HA PABOTY KJIMHOBUJIHOM OITIOPHI
CKOJIb’)KEHUS, PABOTAIOIIEN B YCJIOBUAX PACCJIOEHMA
CMA30YHOI'O MATEPHAIJIA

AnHoTtanus. [IpoBeneHo uccienoBanue, NOCBSIICHHOE Pa3pabOTKe W aHAIN3Y MOJEIH
JIBIDKCHUS HEC)KUMAEMO#l HICTHHHO BSI3KOM HKOCTH B pab04eM 3a30pe KIIMHOBUIHON OTIOPHI
CKOJIBKCHHUSL.

HoBsle Mozmenu nomydeHsl Ha 06a3e KIIaCCHYECKUX HEIMHEHHBIX YPaBHEHHUH B ITPUOIIIIKE-
HHU JJISI KTOHKOTO CJIOS» C YYETOM CHJI MHEPLUH U YPaBHEHHS HEPa3phIBHOCTH, OIHCHIBAIO-
IIET0 JJAMUHAPHBIN PEXUM JBIKCHUS CTPATU(OUIMPOBAHHBIX clioeB. [IpoBeIEHHbIH YKCIIeH-
HBIIl aHAJIN3 TIOTyYEHHBIX MOJIeTIel TO3BOJIHII BBITIOJIHUTE KOJHYECTBEHHYIO OLICHKY d(pdeK-
THBHOCTH CTPaTU(HKAINHN CIIOEB IIPH y4eTe CHJI nHepuuu. J{Jst 3aBepIIeHns: KOMITIEKca Teo-
peTndecKrx pa3paboToK ObLI BBHITIOIHEH YUCICHHBIN aHaIH3.

HoBusHa paboThI 3aKIF0UaeTCsl B KOHKPETU3AIMU METOANKY HH)KEHEPHBIX pacyeToB KOH-
CTPYKIMHY KIIMHOBUTHOM OMOPBI CKOJIBKSHUS TIPH ydeTe CHII HHEPIIUHU U CTPATH(DUKALIIH KU
KOro CMa3o4Horo mMarcpuaja, HO3BOJ’IHIOIIICI>1 OLICHUTH BCJIMUYMHY €I'0 OCHOBHBIX TpI/I6OTCXHI/I-
YEeKHUX MMapaMeTpoB, THAPOJUHAMUYECKOTO JAAaBJICHUS, HATPY304HOW CIIOCOOHOCTH, KOAPHU-
[IUEHTAa TPEHUS, a TAKKE PACIIUPUTH 00JIACTh MPAKTHYECKOTO IIPUMEHEHHS.

KiroueBbie c10Ba: KIMHOBUAHAS OMOpa CKOJNBXKEHHUS, CTpaTU(UKAINSA, CHa HHEPLUH,
yucio PeliHonbAca, TOUHOE pelIeHuE.

Jnst uurupoBanus: BiusHue HenmuHelWHBIX (akTOpoB Ha pabOTy KIMHOBUIHOHN OTOPEI
CKOJIB)KEHUSI, paboTarolieil B ycIOBHAX pacciioeHns cma3zouHoro matepuana / K. C. Axsep-
mues, E. A. bonrosa, E. A. Komotys, E. O. JlaryHnosa // BectHnk PocToBcKoTo rocyaapcTBeH-
HOT'O yHUBepcHTeTa myTeii coobmenus. — 2022. — Ne 4, — C. 8-18. — DOI 10.46973/0201—
727X_2022_4_8.

K. S. Akhverdiev, E. A. Bolgova, E. A. Kopotun, E. O. Lagunova

INFLUENCE OF NONLINEAR FACTORS ON THE OPERATION
OF THE WEDGE SUPPORT SLIDING WORKING UNDER DELATING CONDITIONS
LUBRICANT

Abstract. The paper is devoted to the development and analysis of a movement model of
an incompressible truly viscous fluid in the working gap of a wedge-shaped sliding support.

New models are obtained on the basis of classical nonlinear equations in the approximation
for a "thin layer", taking into account the forces of inertia and the continuity equation describ-
ing the laminar mode of motion of stratified layers. The numerical analysis of the obtained
models made it possible to obtain a quantitative assessment of the effectiveness of stratifica-
tion of layers using the inertia forces. To complete the set of theoretical developments, a nu-
merical analysis was performed.

The novelty of the work lies in the specification of the methodology of engineering calcu-
lations of the wedge-shaped sliding support structure using the inertia forces and stratification
of the liquid lubricant, which makes it possible to estimate the magnitude of its main tribo-
technical parameters, hydrodynamic pressure, load capacity, coefficient of friction, as well as
to expand the scope of practical application.

Keywords: wedge-shaped sliding bearing, stratification, inertia force, Reynolds number,
exact solution.
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M. A. Kpasuenko

TEOPETHYECKOE UCCJUIEAJOBAHUE ITPOLECCOB IYMOOBPA3OBAHMUSA
KOMITPECCOPHBIX YCTAHOBOK

AHHoTauus. LlenssMu TeopeTndeckux ucciae10BaHuil, IpeICTaBICHHbBIX B TAHHOU CTaThe,
ABJISIFOTCA MICHTU(UKALMS NCTOYHUKOB U YCIIOBHS T'€HEepalyy IIyMa pu paboTe KoMIpec-
COPHBIX CTaHIIMI, ONpe/ielieHue MoJielieii ero oOpa3oBaHus, KOTOPBIE MO3BOJST PACCUUTATH
YPOBHHU IIyMa, cO3/1aBaeMble B pabodell 30He MAIIMHUCTOB TIPU Pab0OTe KOMITPECCOPHBIX yCTa-
HOBOK Pa3JIMYHON MOIIHOCTH. BBIOOp ONTHManbHOM KOMIIOHOBKH Pa3MEIICHUS 3allUTHOTO
OT 1IyMa 000pYyTIOBaHHUS HA OCHOBE DPIrOHOMHUKH pabourX MECT U PacUEeTHBIX cxeM (popMupo-
BaHUS CIIEKTPOB IIyMa.

KiroueBble cjioBa: KOMIpECCOpHasi YCTaHOBKA, UCTOYHUKH IIyMa, TeHEpalys myMma, 3a-
IIMTHAas KaOMHA, IOMELICHHUE.

Jasi nurupoBanusi: KpaBuenko, M. A. Teoperuyeckoe HCCIENOBAHHE MPOLECCOB
nryMooOpa3oBaHHsl KOMIIPECCOPHBIX ycTaHOBOK / M. A. KpaBuenko // BectHuk PocToBckoro
TOCY/IapCTBEHHOTO YHHBepcuTeTra myTedl cooOmeHus. — 2022. — Ne 4. — C. 19-25. —
DOI 10.46973/0201-727X_2022_4_19.

M. A. Kravchenko

THEORETICAL STUDY OF THE PROCESSES OF NOISE GENERATION
IN COMPRESSOR INSTALLATIONS

Abstract. The purpose of the theoretical studies presented in this paper is to identify the
sources and conditions for generating noise during the operation of compressor stations, to
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determine the models of its formation, which will allow us to calculate the noise levels gener-
ated in the working area of the drivers during the operation of compressor units of various
capacities. The choice of the optimal layout for the placement of noise-protective equipment
based on the ergonomics of workplaces and design schemes for the formation of noise spectra.
Keywords: compressor unit, noise sources, noise generation, protective cabin, room.
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B. A. Kpymosa

CUCTEMA CHUKEHUSA IITYMA Y3JI0B KOJIECHBIX ITAP MOCTOBbBIX KPAHOB

AnHoTanus. Llens nccneoBaHuil 3aKII09aeTCS B TEOPETUIECKOM 000CHOBAHUH CHCTEMBI
IIyMO3AIINTHl y3/1a KOJECHBIX Map Kak OJHOTO W3 OCHOBHBIX HMCTOYHHMKOB, CO3AIOIINX
YPOBHHU 3BYKOBOTO JIABJICHUSI, MPEBBIMIAIONINX CAaHUTapHbIE HOPMBI. MeToJ HCCIeTOBaHMUS
3¢} PeKTHBHOCTH CHCTEM CHIKEHUS IITyMa KOJIECHBIX Iap OCHOBAH Ha OCHOBHBIX MTOJ0KEHHIX
TEeXHUYECKOW BHOPOAKYyCTHKH M METO/AX pacuera 3ByKowmsosiimu. [IpuBeneHHbIE B CTaThe
TEOPETUUECKUE PE3YNIbTAThl 3BYKOU3OJISIIUH TOPLEBBIX IOBEPXHOCTEH U CyMMapHOTO 3P QeK-
TUBHOTO KO3 PHUIMEHTA IOTEPh KOIeOaTeNbHOM YJHEPTHH MO3BOJIAIOT 000CHOBAHHO BBHIOPATH
Martepual BUOPONOTIIOMAONINX KOHCTPYKIUH MO X (PU3NKO-MEXaHHYECKUM XapaKTepUCTH-
kaM (Monynb fOura, ko3 dunuent Ilyaccona u koadduiueHT noreps KosaedaTenbHONU YHEP-
THH).

KaioueBble cjioBa: MOCTOBOM KpaH, 3BYKOHM3OJISIIMS, TOALIMITHUKH, KOJECHBIE Iaphl,
IIyM, BUOpanus, UICTOYHUKY [IIyMa, CAHUTapHbIE HOPMBI.

Just nmtupoBanus: Kpyrosa, B. A. Cucrema cHIXEHHS IIyMa y3JI0B KOJIECHBIX ITap MO-
cToBbiX KpaHoB / B. A. Kpyrosa // BecTHrk POCTOBCKOI0O rocy1apcTBEHHOTO YHUBEPCHUTETA
nyteit coodmienus. — 2022. — Ne 4. — C. 26-31. — DOI 10.46973/0201-727X_2022_4 26.

V. A. Krutova
NOISE REDUCTION SYSTEM FOR WHEELSET ASSEMBLIES OF THE OVERHEAD CRANES

Abstract. The purpose of the research is to theoretically substantiate the noise protection
system of the wheelset assembly as one of the main sources that create sound pressure levels
exceeding sanitary standards. The investigating method of the effectiveness of wheelset noise
reduction systems is based on the basic provisions of technical vibroacoustics and methods for
calculating sound insulation. The theoretical results of sound insulation of the end surfaces
and total effective coefficient of vibrational energy losses given in the paper make it possible
to reasonably choose the material of vibration-absorbing structures according to their physical
and mechanical characteristics (Young's modulus, Poisson's ratio and the coefficient of vibra-
tional energy losses).

Keywords: overhead crane, sound insulation, bearings, wheel pairs, noise, vibration, noise
sources, sanitary standards.
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O. JI. Manomwisices, []. O. Manomvioces, A. A. Ilvixanos, U. H. Jlebeoes

PA3PABOTKA CUCTEMbI YIIPABJIEHUS CTEHAOM
JJISI UHCIIBITAHUSA CBOPHBIX KOHCTPYKIUHN HA YCTAJIOCTHYIO ITIPOYHOCTD

Annotauus. [IpencraBieHo KOHCTPYKTHBHOE pelliCHHE CTEHAA JJISl HCIIBITaHHsI COOPHBIX
KOHCTPYKLMI Ha YCTaJOCTHYIO IPOYHOCTh, OTPa’KEHa OTJIaZKa CHCTEMBI €r0 YIpaBIICHHS,
BKJIIOYAIOIIast B ceOs 3Tarbl NOATOTOBKU U MIPOBEACHHS YCTATOCTHBIX HCIIBITAHUHA COOPHBIX
KOHCTPYKIMI TOABHKHOTO cocTaBa. OCHOBHBIM KpUTEpUEM pa3pabOTaHHOM CHCTEMBI yIIpaB-
JICHHUS SIBJIIETCS] YHUBEPCAIBHOCTB, T.€. BO3MOXKHOCTD MCIIOJIb30BaHMS €€ B Pa3INUHBIX CTEH-
Jax Juis IPOBEACHUS aHAJIOIMYHbIX HCHbITaHU. [Ipennoxkena cuctemMa ynpaBieHUs CTEHAOM,
obecrieurBaroiasi HIOATOTOBKY €ro K MCHBITaHUsAM. PaboTa crcTeMbl yIpaBiieHHsl OCHOBaHA
Ha HCIOJIb30BaHUM JATYMKOB XO0JUIa, pelie TalMepa U MPUMEHEHUH THHAMUYECKOTO TOPMO-
JKEHHS CUIIOBOTO 3JIEKTPOJBHUTraTe sl CTeHAA. JJMHaAMU4ecKoe TOPMOKEHHE 3IEKTPOABUT AT
peanr30BaHO Ha MOIYNPOBOJIHUKOBOM MPHOOPE U BKIIOYAET B ce0sl CHMUCTOPHBIH mpeoOpa-
30Bateib HanpsokeHus. [IpumeneHne mpeodpa3oBaTens MO3BOJISET YIPOCTUTH MTOA00D BEIH-
YHHBI TOPMO3HOTO HANPsDKEHHS MyTEM MTOBOPOTA PYKOSATKH EPEMEHHOIO PE3UCTOpa B OTIIH-
YHe OT KJIACCHYECKHUX CXEM, B KOTOPBIX ITOI00P YPOBHS HAIPSKEHUS OCYIIECTBISICTCS IMyTEM
3aMEeHBl TPOMO3/IKOrO HArpy304HOTO pe3ucTopa JHOO0 TMOHIKAIOIIETO TpaHcopMaTopa.
[MynbT crenna pa3paboTaH ¢ y4€TOM MPOCTOTHI YIIPABICHUS U UMEET BCETO YEThIPE KHOTKH.
HcnprTanue pa3paboTaHHOIN CHCTEMBI yIIpaBJIeHHs HOATBEPIMIO €€ COOTBETCTBUE HEOOXOIH-
MBIM TpeOOBaHMS, @ TAKXKE YJOOCTBO MCIIOIB30BAHMS U BRICOKYIO HAJIEKHOCTD.

KuaroueBsble cinoBa: cOopHas KOHCTPYKIIHSA, YCTAIOCTHOE UCTBITAHUE, CUCTEMA yIIpaBiie-
HUSI, JAWHAMHUYECKOE TOPMOXKEHHE, CHMHUCTOPHBIH MpeoOpa3oBaTesb, MO3ULIMOHUPOBAHHE
CTEeHJA.
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O. L. Malomyzhev, D. O. Malomyzhev, A. A. Pykhalov, I. N. Lebedev

DEVELOPMENT OF A CONTROL SYSTEM OF A STAND FOR TESTING
PREFABRICATED STRUCTURES FOR FATIGUE STRENGTH

Abstract. A constructive solution of the stand for testing prefabricated structures for fa-
tigue strength is presented, debugging of its control system is reflected, including the stages
of preparing and conducting fatigue tests of prefabricated structures of rolling stock. The main
criterion of the developed control system is universality, i.e. the possibility of using it in vari-
ous stands for similar tests. A stand control system is proposed, which ensures its preparation
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for testing. The operation of the control system is based on the use of Hall sensors, a timer
relay and the use of dynamic braking of the power electric motor of the stand. Dynamic brak-
ing of the electric motor is implemented on a semiconductor device and includes a triac voltage
converter. The use of a converter makes it possible to simplify the selection of the braking
voltage by turning the variable resistor knob, unlike classical circuits in which the voltage level
is selected by replacing a bulky load resistor or a step-down transformer. The stand's remote
control is designed with ease of operation in mind and has only four buttons. Testing of the
developed control system confirmed its compliance with the necessary requirements, as well
as ease of use and high reliability.

Keywords: prefabricated structure, fatigue testing, control system, dynamic braking, triac
converter, positioning of the stand.
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HNCCIEJAOBAHUE KUHETUKU U MEXAHU3MA ®OPMUPOBAHUSA
BTOPUYHBIX CTPYKTYP MOJU®UIIUPOBAHHOM SMOKCHUJIHOM CMOJIBI *

AHHoTanus. B paboTe mpeanprHsATa MONBITKA ONMMCATh KHHETUKY U MEXaHNU3M 00pa3oBa-
HUSl BTOPUYHBIX CTPYKTYpP IPH TPEHUH MOJUMEPHOTO KOMIIO3UTa JaHHOM CTPYKTyphl. B Kka-

* HccnenoBaHue BBIMOJHEHO Npu (HUHAHCOBOM momnepkke POOU B paMkax Hay4HOrO HpOEKTa
Ne 20-08-00614.
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YecTBE MaTPUIIbl KOMIIO3UTA HCIIOIb30BaIach SIMOKCHUAHASA JuaHoBas cMoia D/1-20, s oT-
BEPKJCHUS CMOJIBI IPUMEHEH TEXHUUECKUN MOMATUIIEHIIONNAMIH. B kauecTBe HaloJIHUTe-
e NcToNb30Baich nonuterpadgropatuner Mapku ©®4MB, BRIIOTHSAIOUIHI PO aHTU(PHK-
[IMOHHOM COCTAaBIISIONIEH, U mIHHENN MeTauioB (Mn/Mg)Fe 04, KoTOpble TPUMEHSIIHCH IS
YIYYIIEHUs] MEXaHUYECKUX XapaKTEPUCTHK KOMIIO3UTA. AHaIM3 M3MEHEHHS MOBEPXHOCTH
TpUOOKOHTAKTa OCyIIecTBIsIICS MeToioM MK-criekTpockonru HapyeHHOTO TOJTHOTO BHYT-
PEHHET0 OTPa)KEHMS C MCIOIb30BaHUEM MAIIMHBI TPEHHS TOPLIEBOIO THIIA, B KOTOPOH peau-
30BaHa CXEMa MCIBITAaHUN «manen — auck». CrexTpsl Obutd 3anucasl npu nomoum MK
Oypoe-criektpomerpa Bruker ALPHA II. M3ydyenue Mopdonoruu u onpeneneHue 3JIeMeHT-
HOT'0 COCTaBa CTPYKTYP, 00pa30BaBIIMXCS HA TOPOKKAX TPEHUS] METAJUNTMIECKOTO TUCKA, OCY-
HIECTRISIMCH TPU TIOMOIIIH CKaHUPYIOMIETO 3IIeKTpoHHOTO MUKpockomna ZEISS EVO MAL1S,
OCHAIIIEHHOTO SHEPrOANCIEPCHOHHBIM criekTpoMeTpoM X-Max S50N.

[okazano, uTo B mporecce padoThl HAOTIOAAETCS HECTAIIMOHAPHBIA PEXXUM, KOTOPBIH BO3-
HHUKaeT BCJIEACTBUE 00pa30BaHMA M OTPbIBA C(HOPMHUPOBABIIMXCSI BTOPUUHBIX CTPYKTYp. Ha
Ha4YaJIbHOW CTaIuM B3aMMO/IEHCTBHYS Ha IIOBEPXHOCTH METAINIMUECKOI0 TeJIa 00pa3yroTcs MatT-
TEPHBI U3 TPYIII STIOKCUAHOW CMOJIBI, TPOAYKTHI H3HOCA (PTOPOILIACTA MPEACTABISIIOT cO0O0M
BBICOKOOPHEHTUPOBAHHYIO IUIEHKY IIEpeHOca C MajbIM CABUIOBBIM COIPOTHUBIEHUEM. Mei-
KOJMCIEPCHbIC YACTHULBI LIMHHENH, 00JIaJarolie BBICOKMM IPENEIOM IPOYHOCTH, BBHICTY-
MAIOT B poJid a0pa3uBHBIX YaCTHII, OYHUILAS TOBEPXHOCTh KOHTPTENA OT OKMUCHOM TUIEHKH, CTI0-
COOCTBYIOT (DOPMHUPOBAHUIO CBS3EH MEKAY KOHTPTEIOM M MPOAYKTaAMU U3HOCA KOMITO3UTA.

KiiroueBble cj1oBa: KOMIIO3UTHBIE MAaTE€PUabl, THOPHUIHbIE HAIOIHUTENH, KOG GUIUEHT
TpeHusl, IIeHKa nepenoca, MK-cekTpsl, BTOpu4HbIE CTPYKTYPBHI.

s nurupoBanms: VccnenoBanne KHHETUKU M MEXaHU3Ma (GOPMUPOBAHHS BTOPHUYHBIX
CTPYKTYp MoauduuupoBaHHou 3mokcuanoi cmoisl / JI. C. Manrtypos, I1. I'. BaHOuUKHH,
A. W. Azosmn, I1. B. Xapmamos // BectHuk POCTOBCKOT0 rOCy1apcTBEHHOTO YHHBEPCUTETA ITy-
teil coobmenus. — 2022. — Ne 4. — C. 41-51. — DOI 10.46973/0201-727X_2022_4_41.

D. S. Manturov, P. G. Ivanochkin, A. I. Azojan, P. V. Kharlamov

INVESTIGATION OF KINETICS AND MECHANISM
OF SECONDARY STRUCTURES' FORMATION OF THE MODIFIED EPOXY RESIN

Abstract. The paper attempts to describe the kinetics and mechanism of formation of sec-
ondary structures during friction of a polymer composite of this structure. Epoxy diane resin
ED-20 was used as the composite matrix, technical polyethylene polyamine was used to cure
the resin. polytetrafluoroethylene of the F4AMB brand, acting as an antifriction component, and
metal spinels (Mn/Mg)Fe.O. were used as fillers, which were used to improve the mechanical
characteristics of the composite. The analysis of changes in the tribocontact surface was car-
ried out by IR spectroscopy of disturbed total internal reflection using an end-type friction
machine, in which a finger-disk test scheme was implemented. The spectra were recorded
using the Bruker ALPHA 11 IR Fourier spectrometer. The study of morphology and determi-
nation of the elemental composition of structures formed on the friction tracks of a metal disk
was carried out using a scanning electron microscope ZEISS EVO MA18 equipped with an
energy dispersive spectrometer X-Max 50N.

It is shown that in the process of operation, a non-stationary mode is observed, which oc-
curs due to the formation and separation of formed secondary structures. At the initial stage of
interaction, patterns of epoxy resin groups are formed on the surface of the metal body, the
wear products of the fluoroplast are a highly oriented transfer film with low shear resistance.
Fine spinel particles with a high tensile strength act as abrasive particles, cleaning the surface
of the counterbody from the oxide film, contribute to the formation of bonds between the
counterbody and the wear products of the composite.

Keywords: composite materials, hybrid fillers, coefficient of friction, transfer film, IR
spectra, secondary structures.

For citation: Investigation of kinetics and mechanism of secondary structures™ formation
of modified epoxy resin/ D. S. Manturov, P. G. lvanochkin, A. I. Azojan, P. V. Kharlamov //
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A. A. Hazapemos

PA3PABOTKA KOHCTPYKIIMU CPEJICTBA MAJIOM MEXAHU3ALIUU
I IVINPOBAHUSA PEJIBCOB HA ITEPEI'OHAX U CTAHIUAX

AnHoOTanms. JlaeTcs onucaHue KOHCTPYKIUU CPEACTBA MaIO MEXaHU3aI[MU — MALIUHBI Ca-
MOXOJIHOH penbconuTU(OBAIFHON MEXaHH3UPOBAHHOMN, KOTOPAs CHIKAET YCIIOBUS TSKECTU U
HANPSHKEHHOCTH TEXHOJOTHYECKOT0 Tpoliecca NUIM(GOBaHMS PEJIbC HA IEPETOHAX M CTAHIUSIX.
Hcnonp3oBanue Takoil MAalIMHBI TO3BOJIIET OOECIEUUTh YCIOBHUS TSKECTH TPYAOBOTO IPO-
1iecca B 4acTH (PM3MUYECKUX HATPy30K Ha JIOMYCTUMBIX YPOBHSIX, 8 TAK)KE CHU3UTh YPOBEHD aKy-

CTHYECKOro TMCKoM(opTa.

KiroueBble cioBa: numgoBaHie peibc, HICTOYHUKY ITyMa, CPeCTBA MaJIOi MeXaHH3alluH,
MallliHa CaMOXO/IHasl pesibCONIIN(OBaIbHAS MEXaHU3UPOBAHHAS.

st umtupoBanusi: Hazapetos, A. A. Pa3pa0oTka KOHCTPYKIIMHM CPEJCTBA MaJlO MEXaHH-
3aluy U NUTHQOBaHHUS PEJIbCOB Ha Neperonax u craHumsax / A. A. Hazaperos // Becthuk Po-
CTOBCKOT'0 I'OCYJIApCTBEHHOT0 YHUBepcHUTeTa mytel coodmmenust. — 2022, — Ne 4. — C. 52-58. —

DOI 10.46973/0201-727X_2022_4_52.

A. A. Nazaretov

DESIGN DEVELOPMENT OF SMALL
MECHANIZATION FOR GRINDING RAILS AT THE RAILWAY STATION
AND STATION-TO-STATION BLOCK




ISSN 0201-727X BECTHHUK PI'YIIC Ne 4 /2022

Abstract. The research paper describes the design of a small-scale mechanization tool, for
example, a self-propelled mechanized rail grinding machine which reduces the severity and
tension of the technological process of the rail grinding at the railway station and station-to-
station block. The use of such a machine makes it possible to ensure the conditions for the
severity of the labor process in terms of physical activity at acceptable levels and to reduce the
level of acoustic discomfort.

Keywords: rail grinding, noise sources, small-scale mechanization, self-propelled mecha-
nized rail grinding machine.

For citation: Nazaretov, A. A. Design development of small mechanization for grinding
rails at the railway station and station-to-station block / A. A. Nazaretov // Vestnik Ros-
tovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2022. — No. 4. — P. 52-58.
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A. B. Cuoawos, I1. I'. Usanoukun, C. A. [Janunvuenxo,
. C. Maumypos, U. B. Konecnuxos, B. B. Asunos

NCCIEJOBAHUE BJINSITHUSA ME)K3.JIEKT}"OI[HOFI CPEJbI
HA PE3YJIBTATBI OBPABOTKH CTAJIBHOU ITOBEPXHOCTH
METOJOM 3JIEKTPOUCKPOBOI'O JIETUPOBAHMUA *

AHHOTauus. VccienoBaHo BIMsSHUE MEXIJIEKTPOAHONW Cpelbl, B KauecTBE KOTOPOW HC-
MOJIb30BaHBI YTIIEBOIOPOIHAS cpefa (MHAyCcTpuaibHoe Maciio M-40) 1 moau3THIICHIOKCaHO-
Basi )KUJIKOCTh, HA PE3YJIbTaThl 00Pa0OTKH CTaTbHON MOBEPXHOCTH METOJIOM 3JIEKTPOUCKPO-
Boro nerupoBanus (QUJI), a *MEHHO Ha XMMHYECKHUI1 COCTAB MOBEPXHOCTH U €€ TPUOOIOTH-
YecKHe XapaKTepUCTUKU. TpuOoIornyeckue MCTBITaHUS MPOBOJMINACEH IO CXEME «POJIUK —
KOJIOJIKa» B PEXXKHUME IpaHUYHOTO TpeHus. VccienoBanus CTPyKTYpHO-(pa30BbIX H3MEHEHHN
MOBEPXHOCTEH BBIMOJHIUCH METOAOM PacTPOBOH 3JIEKTPOHHOW MHKPOCKONMH. MeToaoM
PEHTIeHOBCKOH (oToanekTpoHHol cnekrpockonuu (POIC) Obun mMcciieoBaHbl XUMHYE-
CKuii cocTaB chOpMUPOBABIINXCS TNICHOK TPEHHUS M XUMHUUECKAs CBS3b B 3THX IUICHKaX. Y cTa-
HOBJICHO, YTO 3JIEMEHTHBIM COCTaB MOKPHITUH 3aBUCHUT HE TOJBKO OT pexumoB DUJI, Ho u ot
cocTaBa XHMIKOW Cpesibl, B KOTOpOi mpousBoauin o0padoTky. Kpaiine HU3KO€ copeprkaHue
KHCJIOPOJIa B MOKPBITUSX CBHIETEIBCTBYET O TOM, UTO KHIKUE cpeibl 3Q(HEKTUBHO Mpelo-
XPaHAIOT MMOBEPXHOCTH CTANIM U 3JIEKTPOAA OT OKMCIEHus B nmpouecce DNJL

KiroueBble ciioBa: MoauduKanys MoBEPXHOCTH, JIEKTPOMCKPOBOE JIETHPOBAaHHUE, MUHE-
paJIbHOE MacJo, MOJIUITHIICHIOKCAHOBASL dKUAKOCTh, H3HOCOCTOMKOCTD, CIIEKTPOCKOIHS.

Jast uurupoBanun: VccnenoBaHue BIUSHUS MEXKAIIEKTPOIHON CpPelbl Ha Pe3yIIbTaThl 00-
pabOTKH CTANBHOW TMOBEPXHOCTH METOJIOM 3JIEKTPOHCKpoBoro Jeruposanus / A. B. Cuna-
moB, I1. I'. BanoukuH, C. A. Jlanuneuenko [u ap.] // BectHuk PocToBCKOTO TOCYAapCTBEH-
HOT'O YHHBepcuTeTa mytei coobmienus. — 2022, — Ne 4, — C. 59-65. — DOI 10.46973/0201—
727X _2022_4 59.

* HccnenoBanue BBINOJIHEHO TPU (PMHAHCOBOW Mojyiepkke DefepabHOrO areHTCTBA JKEJNE3HOJI0POKHOTO
TpancnopTa (mpotokon ot 11.01.2022 r. Ne AB-1).
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A. V. Sidashov, P. G. Ivanochkin, S. A. Danilchenko,
D. S. Manturov, |. V. Kolesnikov, V. V. Avilov

RESEARCH OF THE INTERELECTRODE MEDIUM INFLUENCE
ON PROCESSING RESULTS OF THE STEEL SURFACE
BY METHOD OF THE ELECTRIC SPARK ALLOYING

Abstract. The interelectrode medium influence, which uses a hydrocarbon medium (indus-
trial oil 1-40) and a polyethylsiloxane liquid, on the processing results of a steel surface by the
method of the electric spark alloying (ESA), namely, on the chemical composition of the sur-
face and its tribological characteristics, is researched. Tribological tests were carried out ac-
cording to the "roller — pad" scheme in the mode of boundary friction. Studies of the structural
and phase changes of surfaces were carried out by scanning electron microscopy. The chemical
composition of the formed friction films and the chemical bond in these films were studied by
X-ray photoelectron spectroscopy (XPS). It is established that the elemental composition of
coatings depends not only on the modes of ESA, but it is also on the composition of the liquid
medium in which the treatment was performed. The extremely low oxygen content in the coat-
ings indicates that liquid media effectively protect the surface of the steel and electrode from
oxidation during the ESA process.

Keywords: surface modification, electric spark alloying, mineral oil, polyethylsiloxane
liquid, wear resistance, spectroscopy.

For citation: Research of the interelectrode medium influence on processing results of the
steel surface by method of the electric spark alloying / A. V. Sidashov, P. G. Ivanochkin,
S. A. Danilchenko [et al.] // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey
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11 H. ll]epbax, B. U. Kywmun, H. H. I'ny6oxos

KOMILTEKCHOE ®U3UYECKOE MOJEJUPOBAHUE ITPUBOJIA TANKOBEPTA
MAHIIUHBI IMI'

AnnoTtanus. [Ipu peanuzanuu MoIeNUpoBaHus (QPUKIUOHHBIX MEXaHHUECKHX CHCTEM
HEOOXOJMMO JTOCTUTATh KaK MOXHO OoJiee IOJIHOTO ONMCAHUS BHEIIHErO BO3JCHUCTBUS HE
TOJILKO Ha MEXaHHMYECKYH) CHCTEMY, HO M Ha IPOIECCHI, MPOTEKAIOUINEe BHYTPU CUCTEMBI
BCJICJICTBUE YKA3aHHOTO BO3JICHCTBUS. MaTeMaTHUECKOE MOJICIIMPOBAHHE U3-3a OTCYTCTBUS,
JIOCTOBEPHOT'O U MIPOBEPEHHOI'O BPEMEHEM OITUCAHUS CHCTEMBI MOYKET BHOCUTD TIOTPEIITHOCTH
B pe3ynbTaThl. Du3ndeckoe MOICTHPOBAHIE, PEATN3yeMOe IIOCPEACTBOM MOJICIIMPOBAHUS CH-
CTEMBI Ha CTEH/IC, HE B TIOJIHOM Mepe XapaKTepH3yeT peallbHYI0 dKCILTyaTaluio cucteMsl. [1o-
3TOMY Ui OOJiee IPUEMIIEMOTO ONMCAHUS MEXaHUYECKOW CHCTEMBI B CTAaThe MCIOJIh30BAHO
OIMUCAaHUEC TIOCTPOCHHA SKBUBAJICHTHBIX PACYCTHBIX CXEM C HCIIOJIB30BAHUEM IIPUHIMUIIOB
YIPONICHUS BBHY TOTO (DakTa, YTO KHHETHYECCKAS M MOTEHIMAIbHAS SHEPT U CUCTEMBI OCTa-
eTCcsl HeM3MeHHOM. J[aHHBIN METO/ B 3HAYMTEIBHOM CTEIICHH TOBBINIAET JJOCTOBEPHOCTh pe-
3yJIbTaTOB CTCHAOBLIX UCIBITAaHUH.

KuroueBble cjI0Ba: S5KBUBAJICHTHAS pacyeTHAsI CXeMa, MOJICJIMPOBAHUE, MY(ThI ITPEICib-
HOI'0 MOMEHTA, TPHOOTEXHIUECKHE XapaKTEPUCTHKH, MOJICITh, SJIEMEHT TPUOOCOTPSHKESHUS.

Jast uurupoBanusn: [llepoak, [1. H. KommiekcHoe puznueckoe MoaenvpoBanue mpuBoaa
raiikoBepra Mammubl [IMI™ / I1. H. Hlep6ak, B. . Kymrtun, H. H. T'iny6okos // Bectauk Po-
CTOBCKOI'O TOCY/IapCTBEHHOT0 YHUBEpcHUTeTa nyTel cooduienust. — 2022. — Ne 4, — C. 66—74.
—DOI 10.46973/0201-727X_2022_4_66.

P. N. Shcherbak, V. I. Kushtin, N. N. Glubokov
INTEGRATED PHYSICAL MODELING OF THE DRIVE OF A PMG MACHINE

Abstract. It is necessary to achieve as complete description as possible of the external
impact not only on the mechanical system when implementing the simulation of friction me-
chanical systems, but it is also on the processes occurring inside the system as a result of this
impact. Due to the lack of a reliable and time-tested description of the system, mathematical
modeling can introduce errors into the results. Having been implemented by modeling the
system on the bench, physical modeling does not fully characterize the actual operation of the
system. Therefore, for a more acceptable description of the mechanical system, the paper uses
the description of the construction of equivalent calculation schemes using the principles of
simplification, in view of the fact that the kinetic and potential energy of the system remain
unchanged. This method greatly increases the reliability of bench test results.

Keywords: equivalent calculation scheme, simulation, limiting torque couplings, tribo-
technical characteristics, model, tribocoupling element.
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U. A. Auyxos, I1. A. [onsaxos

BJIUAHUE NPOJOJbHOM TUHAMUKHA IMACCAKUPCKOI'O BAT'OHA
HA EI'O TOPMO3HBIE CBOUCTBA

AnHotanus. [Ipy HeyCTaHOBUBIIKXCS PEKUMAX ABMXKEHUS NMACCAKUPCKUE BarOHbI UCIIbI-
THIBAIOT Pa3JIMYHbIE TUHAMUYECKHE BO3JCHCTBUSI CO CTOPOHBI OOPHON MOBEPXHOCTH U CMEXK-
HBIX BaroHOB. TOPMO3HOI peXUM TaKKe SIBISICTCS HEyCTAHOBUBIIMMCS, UTO BIICUET 3a cOOOM
M3MEHEHHUE MPOJOJbHON JUHAMUKHA BaroHa M, Kak CJIEJCTBUE, NIEpPEpaCIIPENCICHUE HArPy30K
MEX]y OCSIMU TIEPEeTHUX M 3aJHHUX TeJeKeK BaroHa. PaspaboranHast MaTeMaTnieckass MOJIENb
BEPTHKAJIBHBIX, IPOJIOJBHBIX U YIIIOBBIX KOJeOaHU Ky30Ba ACCAKUPCKOT0 BarOHa B ITPOIIECCE
TOPMOXKCHHUA CBUACTCIILCTBYET 06 HN3MCHCHUAX TOPMO3HBIX yCI/IJ]I/Iﬁ B CUCTEME «KOJIECO — OII0P-
Hasi IOBEPXHOCTb» U1 OCEH MEepeAHUX U 3aJHUX TENEXKEK, UTO HEITOCPEACTBEHHO OTPAXKACTCS
Ha TOPMO3HOH 3(PPEKTHUBHOCTH MACCAKUPCKOTO BaroHa B meinoM. [loMruMo BIHSHUS TPOIOIH-
HOM IMHAMUKH Ha paclpeesieHUe Harpy30K MeXJy OCSMHU BaroHa yKa3aHHasl MOJIEJIb TI03BO-
JISICT OLICHUTh U3MEHEHHUE B KOHTAKTE (PPUKIIMOHHOIO y3j1a. MI3MeHeHHe Mpo10IbHOr0 HAaKJIOHA
BaroHa BJICYET BEPTUKAIBLHOE CMEILECHUE MOJIOKEHUS LICHTpa JaBICHUSI BO B3aUMOACHUCTBYIO-
HIMX TIapax TPeHHUs, YTO TpeNoIpeaAeiseT nospieHne dPPeKTa cCepBOYCHICHUS B TOPMO3HBIX
MEXaHU3Max JUCKOBO-KOJIOJI0YHOIO THIIA.

[Tonyyennass MateMaTuyeckass MOJEIb MO3BOJUT B JalbHEHIIEM YIPaBJIsATh MPOLIECCOM
TOPMOKEHUS MMaCCAKUPCKOTO BaroHa M pa3padoTaTh Ha €€ OCHOBE KOHIICTIIIHIO aIallTHBHON
TOPMO3HOU CUCTEMBI.

KuaroueBrblie ciaoBa: mpooiabHas JUHAMKKA, BarOH, YTJIOBbIE KOJIeOaHuUs, YCKOPEHUS yT-
JIOBBIX KOJIeOaHUH, MOJI0KEHUE IICHTPa JIABJICHHUS, JUCKOBO-KOJIOIOUYHBIH TOPMO3, CEPBOYCH-
JIEHUeE.

Jas muTupoBanus: SAurkos, M. A. Bimsiare mpo1osHON THHAMHUKY ITaCCaXKUPCKOTO Ba-
rOHa Ha ero TopMo3Hbie cBoricTBa / M. A. Sunkos, [1. A. Tlonskos // Becrhuk PocToBckoro
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I. A. Yaitskov, P. A. Polyakov

THE INFLUENCE OF THE LONGITUDINAL DYNAMICS OF A PASSENGER CAR
ON ITS BRAKING PROPERTIES

Abstract. In case of unsteady movement modes, the rolling stock cars experience various
dynamic effects from the sides of the support surface and adjacent cars. The braking mode is
unsteady, which entails a change in the longitudinal dynamics of the car and, as a consequence,
a redistribution of loads be-tween the axles of the front and rear bogies of the car. The devel-
oped mathematical model of vertical, longitudinal and angular vibrations of the car body dur-
ing braking indicates changes in braking forces in the wheel-bearing surface system for the
axles of the front and rear bogies, which directly affects the braking efficiency of the rolling
stock as a whole. In addition to the influence of longitudinal dynamics on the loads distribution
between the car axles, this theory enables to estimate the change in the contact of the friction
unit. The change in the longitudinal inclination of the car affects the vertical displacement of
the position of the center of pressure in the interacting friction pairs, which determines the
phenomenon of the effect of servo reinforcement in disc-pad type braking mechanisms.

The resulting mathematical model will enable to further control the braking process of the
rolling stock car and on its basis to develop the concept of an adaptive braking system.

Keywords: longitudinal dynamics, wagon, angular oscillations, acceleration of angular os-
cillations, position of the center of pressure, disc brake, servo reinforcement.

For citation: Yaitskov, I. A. The influence of the longitudinal dynamics of a passenger car
on its braking properties / 1. A. Yaitskov, P. A. Polyakov // Vestnik Rostovskogo Gosudar-
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U. A. Angpeposa, /1. /J]. I'abpusnvan, b. X. Kynvourasan, O. A. Cagpapwsan, JI. H. Cmascaposa

B3AMMOCBS3b OTKJIOHEHUSA YACTOTHI 1 BEPOSITHOCTHA BUTOBOM OIIUBKHA
IIPU IEPEJAYE KAM CUT'HAJIOB

AnHoTanms. PaccMOTpeHBI BOIIPOCH B3aMMOCBSI3H BEPOSTHOCTH OMTOBOHN OIIMOKH IpH
nemoxnyisimun  M-KAM  (kBampaTypHO-aMIUTUTYIHAs MOIYJISIKS) CUTHAJOB — C OJHOMU
CTOPOHBI, C BEJIMYNHON OTKJIIOHEHUS YACTOTHI CUTHAJIA OT HOMUHAJIBHOI'O 3HAYE€HHUS — C IPYToM
CTOPOHBI, B YCJIOBUSX HaJMUYWS aJUTUBHOTO OEIOTO TayCCOBCKOTO IIyMa B KaHAJIe CBS3H.
UccnenoBanusi MpPOBEACHBI MNPU CIECAYIONIUX JOMYIICHHUSX: OTKIOHEHHE YacTOTHI OT
HOMUHAJIBHOT'O 3HAUYCHHUS MPUHUMACT CIydyalHOE, HO MOCTOSHHOE B TEUCHHE IUTEILHOCTH
UMITyJIbCA 3HA4Y€HUE; OTKJIOHEHHS 4YacTOThl MOMYUHSIOTCS HOPMAaJIbHOMY 3aKOHY
pacnpeneneHus. OTMEUEHO, YTO BJIMSHHE OTKJIOHEHUS YacCTOThI CHTHANAa OOYCIOBIMBAET
HAJIMYUE IBYX (AKTOPOB, MPUBOAAIIUX K POCTY BEPOSITHOCTH OMTOBOW OIIMOKU: CHUKCHHC
YpOBHS CUTHAJIa Ha BEIXOJIE YCTPOICTBA KOPPEISAIIUOHHON 00pabOTKH, IOSABIICHIE CITyYaitHBIX
¢baykryannii ¢a3pl CUTHaIa Ha WHTepBaje 00paboTku mMmiTynsca. [lomydeHsl Ha OCHOBE
YUCJIICHHOT'O MOJICITUPOBAHUS U TIPOAHATM3UPOBAHBI 3aBUCUMOCTH MOBBIIICHUS BEPOSTHOCTH
OMTOBOW OIMOKM TPH pPA3NHYHBIX 3HAYEHUSAX JAUCIEPCHU OTKIOHEHUS YacTOTHI OT
HOMHHAJIHHOTO 3HAYECHHUS ¥ OTHOIICHHS CUTHAJI/IIIYM B KaHAJIe CBSI3U.

KaroueBbie cioBa: M-KAM curHanbl, BEepOSTHOCTh OMTOBOW OIIMOKH, OTKIOHCHUS
9aCTOTHI, HOPMAJIbHBIN 3aKOH PACTIPEICICHHUS.

st uutnpoBanus: B3anMocBs3b OTKIIOHEHHUS YaCTOTHI M BEPOSITHOCTH OUTOBOM OMIMOKH
npu nepenade KAM curnanoB / U. A. Andepona, /. . ['abpuanesn, b. X. KynsOukasa
[ ap.] // BectHuk PocTOBCKOTO rOCy1apCTBEHHOTO YHUBEPCUTETA ITyTer coobmenns. — 2022.
—Ne 4. —C. 89-95. — DOI 10.46973/0201-727X_2022_3_89.

I. A. Alferova, D. D. Gabrielyan, B. H. Kulbikayan, O. A. Safaryan, L. N. Stazharova

INTERCONNECTION OF FREQUENCY DEVIATION AND BIT ERROR PROBABILITY
IN TRANSMITTING CAM SIGNALS PROCESSING

Abstract. The paper deals with the probable interconnection of bit error in the demodula-
tion of M-CAM signals: on the one hand, with the magnitude of the deviation of the signal
frequency from the nominal value; on the other hand, in the presence of additive white Gauss-
ian noise in the communication channel. The studies were carried out under the following
assumptions: the frequency deviation from the nominal value takes a random, but constant
value during the pulse duration; frequency deviations obey the normal distribution law. It is
noted that the influence of the signal frequency deviation causes the presence of two factors
leading to an increase in the probability of a bit error: a decrease in the signal level at the
output of the correlation processing device, the appearance of random fluctuations in the signal
phase at the pulse processing interval. The dependences of increasing the probability of a bit
error at different values of the variance of the frequency deviation from the nominal value and
the signal-to-noise ratio in the communication channel are obtained on the basis of numerical
modeling and analyzed.

Keywords: M-CAM signals, probability of bit error, frequency deviations, normal distri-
bution law.

For citation: Interconnection of frequency deviation and bit error probability in transmit-
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A. I'. Beoepuuxos, B. B. Cepeees

IOPEKTUBHOCTDb IPUMEHEHUA POBOTOTEXHUYECKHUX KOMIIVIEKCOB
IPU 1OCTABKE MATEPHUAJIBHBIX CPEJACTB

AuHoTauus. PaccmarpuBaercst 3 QpeKTUBHOCTh MPUMEHEHHST POOOTOTEXHUYECKUX KOM-
IUIEKCOB MPU JTOCTaBKE MaTepPHAIbHBIX CpelAcTB. [IpUBEICHBI OCHOBHbBIC HAIPABICHUS HC-
MOJIE30BaHUS POOOTOTEXHUYECKHUX KOMIUIEKCOB B IPOIECCAX OCYIIECTBICHHS TOTHCTHUECKUX
yenyr. OnpeeneHbl YeThipe Hanbosee akTyaibHbIe chepbl IPUMEHEHUS POOOTOTEXHUIESCKUX
KOMILIEKCOB Ha POCCHHCKOM PhIHKE: BOCHHAsI cdepa, MpOMBIIIICHHasI, chepa cepBUca U mep-
COHAJILHOE HCITI0JIb30BaHue poooToB. [1puBenensl nanHeie IFR World Robotics mo pocty mipo-
JaX JJOT'UCTHYCCKHUX pO6OTOTeXHI/I‘IeCKI/IX KOMIIJICKCOB. BBIJICHCHBI OCHOBHBIC XapaKTCpH-
CTHKH pOOOTOTEXHUUECKUX KOMILJICKCOB JIOTUCTHYECKOTO Ha3HadeHus1. K HUM OTHECEHBI aB-
TOHOMHOCTh, CaMOCTOSITCJIbHOE BBITIOJIHCHUE 3aa4d; CaMOCTOSTEIbHOE Iepe/IBIKEHNIE,
aJlanTalys IoJ MOCTABJICHHbBIC 3a/1a4d; CIOCOOHOCTh K PACMO3HABAHUIO W3MEHSIOIIUXCSI
ycnoBuit 3amaun. Crenad BBIBOJ O TOM, 4TO 3()(HEKTUBHOCTh MPUMEHEHUS] POOOTOTEXHHUYEC-
CKHX KOMILICKCOB TIPH JIOCTABKE MATEPUATLHBIX CPEJCTB 00SCIEYMBACTCS 3a CUET B3aMMO-
HeﬁCTBHH rpymm pO6OTOB " 4CJIOBCKA, UCITIOJIb30BaHUA TEXHOJIOTHHA HNCKYCCTBCHHOT'O MHTCII-
JICKTA, PA3BUTHUS CCHCOPHBIX CHOCOOHOCTEH BOCIPHUSATHS OKPY)KAOIICH IeHCTBUTEIBHOCTH,
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MPOEKTUPOBAHUS MPUHIIUIIOB U CIIOCOO0B MHTEPIIPETALNN HU3MEHSIOIINUXCS YCIOBHIA U MPH-
HATHUS pOOOTOM COOTBETCTBYIOIICTO PEIICHHMS.

KaroueBrblie ciioBa: poOOTOTEXHUYSCKUE KOMIUIEKCHI, IOCTABKA MAaTePUAIBHBIX CPEJICTB,
MepeIBIKEHIE TPY30B, JIOTHUCTHKA.

Jasi mutuposanus: Benepuukos, A. I'. DpdheKTHBHOCTh TPUMEHEHHUS pOOOTOTEXHUYE-
CKHMX KOMITIEKCOB IIPH JOCTaBKe MaTepHaabHBIX cpeacts / A. I'. Benepaukos, B. B. Ceprees
// BectHuk PocTOBCKOTO rocy1apcTBEHHOTO YHUBEpCUTeTa ImyTeil cooOmenus. — 2022, — Ne 4,
—C. 96-102. — DOI 10.46973/0201-727X_2022_4 96.

A. G. Vedernikov, V. V. Sergeev

IMPROVING THE EFFICIENCY FOR USING ROBOTIC SYSTEMS
IN THE MATERIAL RESOURCE DELIVERY

Abstract. This paper researches the efficiency for using robotic systems in the material
resource delivery. It is given the main directions for using robotic complexes in the process of
providing logistics services. The four most relevant areas of robotic systems application in the
Russian market are identified: military, industrial, service and personal use of robots. The data
of IFR World Robotics on the growth of sales of logistics robotic systems are given. The main
characteristics of robotic systems for logistics purposes are highlighted. These include
autonomy, independent performance of the task; independent movement, adaptation to the
tasks, the ability to recognize changing conditions of the problem. The effectiveness for using
robotic systems in the delivery of material resources is ensured through the group interaction
of robots and humans, the use of artificial intelligence technologies, the development of
sensory abilities to perceive the surrounding reality, the design of principles and methods for
interpreting changing conditions and the robot making an appropriate decision.

Keywords: robotic complexes, material resource delivery, movement of goods, logistics.
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A. K. Kanaes, E. B. Onapun, A. A. Ilpusanos

OLEHKA BEPOATHOCTHO-BPEMEHHBIX XAPAKTEPUCTUK ATAKHA
MAHUITYJIUPOBAHUS CUTHAJIAMHA TOYHOT'O BPEMEHH

AHHoTanus. PaccmoTpen npouecc peannzauuu KubepaTtak Ha TEPpUTOpUAIbHO-pacipe-
JIeJIEHHbIE TEJIEKOMMYHHKALMOHHBIE CUCTEMBl METOOM MaHHUITYJIMPOBaHHS COOOLICHHUSIMH,
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COZCpXKAIMUMHU CUTHAJIBI TOYHOI'O BPEMCHHU. I[aHa OIICHKA XapaKTCPUCTHUK aTaKu B 3aBUCHUMO-

CTH OT ,I[eﬁCTBHfI 3JIOYMBIIIUICHHUKA.

KiioueBnle cioBa: KI/I6epaTaKa, TCIICKOMMYHHUKAIIMOHHAA CUCTEMA, CUCTEMAa C€OWHOIO
BPEMCHH, CUT'HAJI TOYHOT'O BPEMEHHU, YEJIOBEK IMOCEPCIUHE, yCTOfI‘IPIBOCTL TCXHOJIOITHYCCKHX

MPOIIECCOB.

Jasi umrupoBanusi: Kanaes, A. K. Onenka BeposSTHOCTHO-BPEMEHHBIX XapaKTEPHUCTHK
aTaky MaHUIyJIUpoBaHMs curHanamu touHoro BpemeHu / A. K. Kanaes, E. B. Onapun,
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A. K. Kanaev, E. V. Oparin, A. A. Privalov

ESTIMATION OF THE PROBABILISTIC-TEMPORAL CHARACTERISTICS
OF THE PRECISION TIME PROTOCOL ATTACK

Abstract. In this paper we discuss a process of performing the precision time protocol
cyber attacks on geographically distributed telecommunication systems. The authors estimate
the dependence of the attack characteristics on an attacker’s actions.

Keywords: cyberattack, telecommunication system, the system of a single time, precision
time protocol, man-in-the-middle, sustainability of technological processes.
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K. B. Anowrkun, B. H. 3yoxos, H. H. Mycuenxo

COBEPHIEHCTBOBAHME IIVIAHUPOBAHUA U OPTTAHU3ALIUMU ITPOBEJIEHUS «OKOH»
JJIs1 BBIITIOJIHEHU S PEMOHTHO-CTPOUTEJIBHBIX PABOT KAK MEPA OBECIIEYEHUA
HAJEXKHOCTHU PABOTHBI KEJIE3HBIX JOPOT

AunnoTtamus. IlpemiokeHa METOAMKA pacdyeTa ONTHMAIBHOW MPOJOKUTEILHOCTH
«OKHa». YCTaHOBIICHBI OCHOBHBIC MPHUYHHBI, MPEMSITCTBYIOIINE BBITIOJHEHHUIO HOPM BhIpa-
OOTKH B MEPUOJIBI «OKOHY, pa3pabOTaHbl MEPhI MTOBHIIICHHS YPOBHS YIPABICHUS JTBIKCHIECM
B YCIIOBHSX MPOBECHUS «OKOH» Ha y4acTKax YKEJIEe3HOH JTOPOTH, YITEHBI BOZMOXKHOCTH aB-
TOMATH3UPOBAHHON CHCTEMBI «IIBOPYC» IS MOCTPOEHUS IpaduKa JIBMKCHHUS MMOES3I0B Ha
CMEXKHBIX JIOpOrax Ha epHOIBI TPOBEICHHSI «OKOH» WIIM OTMEHBI OTACIBHBIX MACCAKUPCKUX
MOE3/10B, JaHa YKOHOMUYECKas OleHKa 3P PEKTUBHOCTH UX B3aUMOACHCTBHS. BhIsIBIICHBI TIPO-
0JIeMBI, MPEMATCTBYIOIINE HOPMATLHOMY BBITOJHEHHIO 3aSBOK Ha MPOWU3BOJICTBO «OKOHY,
yCTpaHEHBI HEJIOCTATKU B PA0OTE OTICIBHBIX JUPEKIUH U CITYKO NPU BO3HUKAIOIIUX 3aTPY/I-
HEHUAX, 000CHOBaHA HEOOX0AMMOCTh co3nanus LlenTpa mranupoBanus «okon» (LII1O) ms
MOBBINICHHUS YPOBHS B3aWMOJCHCTBHUS AUPEKIUN JTOPOTH M JOCTIOKEHHS ONMTHMAILHBIX pe-
3yJIBTaTOB.

KiiroueBble ci10Ba: TUIAHUPOBAHUE, OPTaHU3AINS U CITOCOOBI TPOBEICHUSI OKOHY, BBISIB-
JICHUC HpO6HCM 1 Ka4CeCTBA UX BLINIOJHCHUSA, TOBBIICHUEC YPOBHSA BSaHMOﬂCﬁCTBHH ILI/IpCKHI/II\/'I
JIOPOTH B IIEJIAX 00ECIeUCHUsT OE30MaCHOCTH JIBIKEHHS, SKOHOMUYECKas OIICHKa CIIOCOOOB
MIPOBENICHUS «OKOHY.

Juast uurupoBanus: AnomkuH, K. B. CoBepiieHcTBOBaHME MJIAHUPOBAHUS U OPTaHM3a-
LIUH MPOBEICHUS «OKOH» JAJISI BBIIIOJHEHUSI PEMOHTHO-CTPOUTENBHBIX paboT Kak Mepa olec-
neYeHus HaJeKHOCTH paboTsl xkene3Hsix gopor / K. B. Anomxkun, B. H. 3y6okos, H. H. My-
cueHko // BecTHuk POCTOBCKOTO TOCyZapCTBEHHOTO YHHBEPCHUTETA IyTEH COOOIICHHSA. —
2022. — Ne 4. — C. 109-117. — DOI 10.46973/0201-727X_2022_4_109.

K. V. Anoshkin, V. N. Zubkov, N. N. Musienko

IMPROVEMENT OF THE SLOT PLANNING AND ORGANIZATION FOR REPAIR AND
CONSTRUCTION WORKS AS A MEASURE TO ENSURE THE RAILWAY RELIABILITY

Abstract. The paper proposes a method for calculating the slot optimal duration. The main
reasons hindering the implementation of production standards during the slots periods are
identified, measures have been developed to improve the level of traffic control in the slot
conditions on railway sections, the possibilities of the automated Elbrus system for scheduling
trains on adjacent roads for the slot periods are considered. It is given the economic assessment
of the interaction effectiveness. The problems hindering the normal execution of applications
for the slot production have been identified. The shortcomings in the work of individual direc-
torates and services in case of difficulties have been eliminated. The necessity of creating a
Slot Planning Center (SPC) to increase the level of interaction between the directorates of the
road and achieve optimal results is substantiated.

Keywords: slot planning and organization, methods of an implementation, identification
of problems of conducting, economic assessment of slot conducting options, increasing the
level of interaction of road directorates, improving traffic safety.

For citation: Anoshkin, K. V. Improvement of the slot planning and organization for repair
and construction works as a measure to ensure the railway reliability / K. V. Anoshkin,
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B. H. 3yoxos, E. B. Pazanosa, C. M. Haypysz6aes

COBEPHIEHCTBOBAHME PABOTBI CTAHIIUU ACTPAXAHB-II B CUCTEME
MEXIYHAPOJHOI'O TPAHCIIOPTHOI'O KOPUAOPA «CEBEP - I0I'» B YCJIOBUSAX
OXKNIAEMOI'O POCTA I'PY30II0OTOKA

AHHoTanus. B cTatbe paccMaTpuBaroTCsS HaNpaBIeHHs pa3BUTHs cTaHIMu Actpaxanb-ll ¢
HEJNBI0 peaTu3alii HOBBIX (DYHKIIUH COPTUPOBOYHOMN CTAHIIUM JJIsl pabOTHI B TOMOIIb MTOPTY
O KaK KITIOUEBOTO JIEMEHTa TPaHCIOPTHOTO Kopuaopa «Cesep — KOr» B ycroBusx oxujae-
MOT0 POCTa TPY30II0TOKA. B CBS3M C MPOTrHO3UPYEMBIM 3HAYUTEITHHBIM POCTOM TPY30MIOTOKA Ha
JTAHHOM HarpaBJIeHHH TpeOyeTcsl pa3BUTHE TIOPTOBOH U JKEJIE3HOIOPOIKHON HHPPACTPYKTYPHI.
C 37101 1IeNbi0 B IOPTY MJIAHUPYETCS CO3JIaHUE TPAHCIOPTHOTO Xaba, KOTOPBIM MO3BOJIHUT CO-
KpPaTUTh PACCTOSIHUE W CO31aTh Ooliee MPHUBIIEKATENbHbIE YCIOBHUS ITEPEBO3KH TPY30B, TEM Ca-
MBIM 00€CIIEYUTh BO3MOXXHOCTh YBEITHUEHHS TPY30TIOTOKOB U TOBBIMIEHUS JIOXOJIOB KEIE3HBIX
nopor. Kak cienctBue, s pa3BUTHS KeJIE3HOIOPOKHONW HHPPACTPYKTYPHI BO3HHKAET HEOO-
XOJIMMOCTh YBEJIMUEHUS TepepadarpIBaroiieil cnocodHoctru crannun Actpaxans-ll mns toro,
4TOOBI OPraHMU30BaTh €€ paboTy B ToMoIb opTy Onist 1o mepepadoTKe 0’KUAAEMOro POCTa Io-
e3fonoToka. [IpeanoskeHust JaroTcsl ¢ y4eTOM HMMEIONIErocsl OmbITa paboThl COPTUPOBOYHOU
craunun baraiick CeBepo-KaBkazckoit xene3noit moporu (CKIK]). Omnenka TEXHOJIOTHH pa-
00T1hI cTanuK Actpaxanb-l| 1 npenoxenuii o ee KOPPEKTUPOBKE OCYIIECTBIISETCS C UCIOIb-
30BaHHEM TEOPHH CHCTEMBI MACCOBOTO 0OCTY)KUBaHU. BBITOTHEHHBIN pacyeT 5KOHOMHYECKOM
3¢ GEKTUBHOCTH TpeJIaraéMbIX MEPOTIPHUSITHH 10 TOBBIIICHUIO TepepabdaThIBarONIIeii crioco0-
HOCTH cTaHUMHU AcTpaxanb-ll moaTBepkIaeT ux 1eaecoodpa3HOCTh Il 00ecTIeYeH s IEPEBO-
30K I'py30B 10 TpaHCIOPTHOMY Kopunopy «Cesep — IOr».

KiroueBble cjioBa: TPAHCIIOPTHBIN KOPUIOP, POCT 00BEMOB MEPEBO30K, pa3BuTHE HHpaA-
CTPYKTYpBI, HOBbIE (DYHKIMM CTaHLWH, MaTEMAaTHUYECKOE MOJECINPOBAHKE, OLEHKA 3arpy3Ku,
KOPPEKTHPOBKA TEXHOJIOTHH, aBTOMATU3ALH, SKOHOMHUYECKas 3P (PEKTUBHOCTb.
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Jast nutupoBanus: 3yokos, B. H. CoBeprercTBoBanue paboTh! cTaHInu AcTpaxanb-1I B
CHCTEME MEXKIYHApPOIHOTO TpaHCIOPTHOTO Kopunopa «Cesep — KOr» B yCloBusX 0)KUIaeMOT0
pocra rpy3onotoka/ B. H. 3y0kos, E. B. Ps3anosa, C. M. Haypy36aces // Bectauk PocToBckoro
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V. N. Zubkov, E. V. Ryazanova, S. M. Nauruzbayev

IMPROVEMENT OF ASTRAKHAN-II STATION OPERATION IN THE SYSTEM
OF THE INTERNATIONAL TRANSPORT CORRIDOR "NORTH-SOUTH" IN THE
CONDITIONS OF THE CARGO TRAFFIC EXPECTED GROWTH

Abstract. The paper discusses the directions of development of the Astrakhan-I1 station in
order to implement new functions of the marshalling yard to work in support of the port of
Olya as a key element of the North-South transport corridor in the conditions of the expected
growth of cargo traffic. Due to the projected significant increase in cargo traffic in this direc-
tion, the development of port and railway infrastructure is required. Moreover, it is planned to
create a transport hub in the port, which will reduce the distance and create more attractive
conditions for cargo transportation, thereby providing an opportunity to increase cargo flows
and increase railway revenues. As a consequence, for the development of railway infrastruc-
ture, there is a need to increase the processing capacity of the Astrakhan-I11 station in order to
organize its work to help the port of Olya process the expected increase in train traffic. The
proposals are given taking into account the existing experience of the Bataysk marshalling
yard of the North Caucasian Railway (SKZHD). Evaluation of the Astrakhan-I1 station oper-
ation technology and proposals for its adjustment is carried out using the theory of the queuing
system. The calculation of the economic efficiency of the proposed measures to increase the
processing capacity of the Astrakhan-I1 station confirms their feasibility for ensuring the trans-
portation of goods along the North-South transport corridor.

Keywords: transport corridor, traffic volume growth, infrastructure development, new sta-
tion functions, mathematical modeling, load estimation, technology adjustment, automation,
economic efficiency.

For citation: Zubkov, V. N. Improving the work of the Astrakhan-II station in the system
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JI. B. Kaiioanosa, 10. I1. I[layes

NCHOJb30BAHUE TEOPUA MACCOBOI'O OBCJ1YKUBAHUSA B CPABHI/ITEJILHOFIu
OIEHKE ®YHKIIMOHAJIBHBIX XAPAKTEPUCTUK KOHTPEWJIEPHBIX TEXHOJIOI'HU

AHHOTanus. PaccMOTpeHBl pa3nUyYHbIE BAPUAHTHl OpraHU3ally TPY30BBIX OINEpALUil ¢
KOHTpeMJiepaMy MPU UCTIOIB30BAaHUU PA3HBIX KOHTPEUJIEPHBIX TeXHOJOrul. s aHanu3a u
cpaBHEHHSA (PYHKIIMOHATILHBIX XapaKTEPUCTUK CUCTEMBI MACCOBOT'O OOCITY>KUBaHMsI OBLIIH pac-
CMOTPEHBI CIEYIOIIe KOHTpelnepHble TexHoornu: CargoSpeed (HecompoBoskiaeMas Ie-
peBoska); Modalohr (compoBoskmaemasi, HecompoBoKIaeMas IepeBoska); Flexiwaggon (co-
MpOBOXAaeMast, HecompoBoXkaaeMas mepeBoska); CargoBeamer (HeconpoBokaaemasi mepe-
BO3Ka); «berymiee mocce» (conpoBokaaemas nepeBo3ka); Lo-Lo (HecompoBoxaaemast nepe-
BO3Kka). Ha ocHOBE Teopry MaccoBOTO OOCITYKHBaHHUS MIPOBEACH aHATH3 MHTEHCUBHOCTH T10-
CTYTIAIOMIETO TIOTOKA aBTOIIOE3/10B HAa KOHTPEHIEPHBIN TEPMUHAN U 1aHa OleHKa d(()eKTHB-
HOCTH 00CITYy>KHBaHUsI KOHTPEHUIEPOB MIPH UCIIOIB30BAaHUN PA3TMYHBIX TEXHOJIOTHYECKUX pe-
IIeHnH Ha TepMuHaie. Mcrnonp30BaHne MpenioKeHHBIX aHATUTHYECKUX BBIPAKEHUH TT03BO-
JSET TPU Pa3HBIX 3HAYEHUSX WHTEHCUBHOCTH ITOTOKOB aBTOIIOE3I0B YCTAaHOBUTH HanOolee
3¢ deKTHBHBIC BapPUAHTHI KOHTPEHICPHBIX TEXHOJIOTHHA.

KuroueBsble cj10Ba: KOHTpeHIepHBIN M0€3/1, KOHTpeIepHas epeBo3Ka, KOHTpeIepHbIi
TEpPMHHAJ, KOHTPEHIepHbIE TEXHOJIOTHH, aBTOIIOE3]], CHCTEMa MAaCCOBOTO O0OCITyKHBaHUSI.

Jast umtupoBanus: Kaiinanosa, JI. B. Mcnosnb30BaHue Teopun MaccoBOro 00CTyKHBa-
HUS B CPAaBHUTENBHON OLIEHKE (DYHKIMOHAJIBHBIX XapaKTEPHUCTUK KOHTPEHIEPHBIX TEXHOJIO-
ruii / JI. B. Katiganosa, 1O. I1. I1anes // BectHuk PocToBCKOT0 rocy1apcTBEHHOTO YHHBEPCH-
Tera myted coobOmienus. — 2022. — Ne 4. — C. 128-135. — DOI 10.46973/0201—
727X_2022_4_128.

L. V. Kaidalova, Yu. P. Patsev

USING THE THEORY OF QUEUING IN A COMPARATIVE EVALUATION
OF FUNCTIONAL CHARACTERISTICS OF THE CONTRAILER TECHNOLOGIES

Abstract. The paper considers various options for organizing cargo operations with con-
traileres using different contrailer technologies. Based on the theory of queuing, an analysis of
the intensity of the incoming flow of road trains to the contrailer terminal was carried out and
an assessment was made of the efficiency of servicing contraileres when using various tech-
nological solutions at the terminal.

Keywords: contrailer train, contrailer transportation, contrailer terminal, contrailer tech-
nologies, road train, queuing system.
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C. A. Caeaiioax, T. O. I paghosa
YHOPABJIEHUE PUCKAMHU B TPAHCIHHOPTHO-JIOTHCTUYECKHNX KOMITAHUSAX

AnHoTauus. He3aBucrMo OT MpUYMH BOSHUKHOBEHUS PHCKAa B KOMMEPUECKOW JIesTeNb-
HOCTH €CTECTBEHHBIM SIBIISICTCS JKEJIAHNE KayKI0H KOMITAHUY YMEHBIIUTH BO3MOKHBIE TOTEPH,
CBSI3aHHBIC C peanu3aluell pucka. YIpaBleHHe pUCKaMU B OHM3Hece — 3TO MPOIECC UICHTH-
(pI/IKaHI/II/I, OLICHMUBAHUA U YIIPABJICHUA ACJIOBBIMU PUCKAMHU, 4 TAKXKEC MAKCUMAJIbHOI'O UCIIOJIb-
30BaHUs JIETIOBBIX BO3MOXKHOCTEH. Llenpio cTaThy SBISETCS ONMpENeNiCHHEe BCEBO3MOMKHBIX
GopM ympaBiieHHs pUCKaMH B TPAHCIIOPTHOM OmzHece. [y opraHuzanuii, mperocTaBisio-
X JJOTUCTUYCCKUC YCIIYTI, ATMHAMUYCCKUEC U3MCHCHUA BO BHEIIHEH Cpeac BIMAIOT HA PUCK
BBITIOJTHEHHS TIPOIIECCOB M YTPOKaroT 3(P(HEeKTHBHON MHTErpalii pecypcoB, CKOOPANHHUPO-
BaHHOMY YIPaBIJICHUIO OTIEPALIMSIMH U, KaK CJIEJCTBIE, HETaTUBHO BIHSIOT Ha yIOBIETBOPEH-
HOCTBb U JOAJIBHOCTH KIIMCHTOB.

KiroueBble ciioBa: MEHEPKMEHT, MaPKETHUHT, KAYECTBO, TPAHCIIOPT, CEPBHC, YIIPaBICHHE
pucKamu, Ou3HEC-cpena.

Jast nmrupoBanus: Caraiinak, C. A. YnpaBieHue puckaMu B TPAaHCIOPTHO-JIOTHUCTHYE-
ckux kommnanusx / C. A. Caraiinak, T. O. I'padosa // BectHrk PocToBCKOrO rocynapcTBeH-
HOT'O YHHUBEpCHTETA ImyTel coobmenus. — 2022, — Ne 4, — C. 136-143. — DOI 10.46973/0201—
727X_2022_4 _136.

S. A. Sagaidak, T. O. Grafova
RISK MANAGEMENT IN TRANSPORT AND LOGISTICS COMPANIES

Abstract. Regardless of being risks in business activities, it is obvious that every company
aims to reduce the potential losses associated with risks. Risk management in business is the
assumption that business risks will be correctly identified, assessed and managed and that
business opportunities will be fully exploited. The purpose of this paper is to identify all pos-
sible forms of risk management in the transport business. For organizations providing logistics
services, dynamic changes in the external environment affect the risk of process execution and
threaten the effective integration of resources, coordinated operations management. As a re-
sult, it affects customer satisfaction and loyalty.

Keywords: management, marketing, quality, transport, service, risk management, business
environment.
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A. B. Kocmiokoe

BE3OIIACHBIE YCJIOBUS DKCIINIYATALIUU JEKTPOBOPYIOBAHUS
SHEPTETUYECKHX XO3SMCTB IPEIINPUSTHIA

AnHoTamus. PaccmaTpuBaroTcsi BONpochl 00ecTiedeHns dIeKTPoOe30macHOCTH paboTHH-
KOB DHEPreTHUECKHX XO3SHCTB, HAIIPABICHHBIE HA MPEAYTPEKICHUE aBAPUIHBIX CUTYAIHH 1
IMPUHATHUE CBOCBPCMCHHBIX MEP MO HCAOIMYIICHUIO HECUACTHBIX CIIYy4YaCB Ha MPCANPUATHAX
TPaHCIIOPTHOM OTpaciy. BIoIHEH aHaTN3 BpeIHBIX TPOU3BOICTBEHHBIX ()aKTOPOB MPH IIPO-
BEJICHUU PA3IMYHBIX BUJIOB pabOT ¢ yUETOM IITATHBIX U aBapHUHBIX pexkUMOB. [Ipenaraercs
HCIIOJIb30BaTh CUCTECMY MOHHTOPHHIAa OCHOBHBLIX nokasaresiei HpOHSBOI{CTBCHHOﬁ CpcablL
SHEPreTUUYECKUX XO3SIMCTB TPAHCIOPTHBIX NPEANPUATHN, KOTOpas OTJIMYACTCS OT TPAIULIU-
OHHBIX CHCTEM MOHHTOPHHTA TEM, YTO JOMOJIHUTEIHFHO OCYIIECTBISICTCS MOHUTOPHHT COCTO-
SHUSL ANEKTpooOOopyaoBaHus. JlaHHas crucTeMa MOHHMTOPHHIA MO3BOJIIET CBOCBPEMEHHO
IIPEAOTBPATUTh BO3MOKHBIE ABAPUH B SHEPIETUYECKUX XO35MUCTBAaX TPAHCIIOPTHBIX IIPEANIPU-
ATHH, IPEYNIPEIUTh 00CITYKUBAIOIINIA MEPCOHAT O KPUTHIECKOM COCTOSIHUH BBICOKOBOJIBT-
HOTo 000py/IOBaHUS M N30€XKaTh HECYACTHBIX CITyYacs.

KnioueBble cjioBa: OnacHbIC U BPEJHbIE IIPOU3BOACTBEHHBIE (DAKTOPBI, AEKTPOOOOPY10-
BaHWE, HaJAEKHOCTh CHCTEM 3JIEKTPOCHAOKEHHS, IIEKTPOOE30IIaCHOCTh, TaTYHKN KOHTPOJIS,
MOHHUTOPHHT COCTOSIHUSI TPOU3BOJICTBEHHOM CPEIIBI.

Jas murupoBanus: Koctiokos, A. B. be3omacHsie yciioBus 3KCILTyaTanuy 31eKTpoo0o-
PYyIOBaHUS SHEPreTUIeCKUX X03sicTB npeanpustuii / A. B. Kocriokos // Becthuk Poctos-
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A. V. Kostyukov

SAFE OPERATING CONDITIONS FOR ELECTRICAL EQUIPMENT
ENERGY FARMS OF ENTERPRISES

Abstract. The paper considers some issues of ensuring the electrical safety of employees
of the economic economy, aimed at preventing accidents and taking self-time measures to
prevent accidents at the enterprises of the transport industry. The paper analyzes hazardous
industries when considering various types of work, taking into account regular and emergency
modes. It is proposed to use a system for monitoring the main indicators of the production

" Pabora BeimonHena B pamkax rpanta OAO «PXK/I» Ha pasBuTHE HayYHO-TIEJArOTHYECKUX IIKOJ B 0OJIACTH
KEJIE3HOJOPOKHOTO TPAHCIIOPTA.
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environment of energy enterprises of industrial enterprises, which differs from monitoring sys-
tems in that monitoring of the state of electrical equipment is observed and observed. This
monitoring system makes it possible to prevent emergencies in manufacturing enterprises,
warns maintenance personnel about the critical high-voltage state of the equipment and avoids
accidents.

Keywords: hazardous and harmful production factors, electrical equipment, reliability of
power supply systems, electrical safety, control sensors, monitoring of the state of the produc-
tion environment.

For citation: Kostyukov, A. V. Safe operating conditions for electrical equipment energy
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B. A. Ocunos, I1. A. Jlocynosa

AJI'OPUTM KOPPEKTUPOBKH MI'HOBEHHBIX CXEM IIPH HAJIMYUH
HEOJHOPOJHOCTEHU B TAT'OBOU CETHU ITIOCTOAHHOI'O TOKA

AnHoTanus. CTaThs MOCBSIIEHA H3YYEHUIO BOIIPOCOB U3MEPEHHUS MOTEPh SHEPIHU B Ts-
TOBBIX CETSX IMOCTOSHHOTO TOKA. B KadecTBe MeTo[a, MPUMEHSEMOro AJIsl ONpEeNICHNUs 110-
Tepb DHEPTUH, HCIIONB3YETCs PacdyeTHBI METOJl, OCHOBAHHBIM Ha HCIIOJB30BAaHUM 3aKOHA
Jlenna — /xoyns. OaHako Npy NPUMEHEHUH JJAHHOTO METO/Ia Ha CrielM(pUIecKuX ydacTKax
JKEJIE3HBIX TOPOT, KOTJa B MpeeNiaX aHaAIU3UPyEMOI0 y4acTKa MEHSFOTCS] THITBI KOHTAKTHOM
MIOJIBECKH, UIMEIOTCS JIBYXITyTHBIE BCTABKH JINOO €CTh KaKHEe-JIMOO IPyrue HEoJHOPOIHOCTH B
TATOBOM CETH, MOTYT BOZHUKHYTbH CIIO)KHOCTH B COCTABJIEHHH PaCYETHON MIHOBEHHOM CXEMBI.
Hacrosmas pabota packpbsiBaeT 0COOEHHOCTH IPUMEHEHHsI YKa3aHHOTO METO/1a IPH BO3HHK-
HOBEHHUH MOJOOHBIX MPOOJIEM M PEIJIaraeT B Ka4eCTBE PEILEHHUS sl KaXKI0ro CIIydyasi peKo-
MEH/IallMU K BBIMOJIHEHUIO PacyeTOB.

KiroueBble ci10Ba: NOTEpH MOLIHOCTH, METOJ BOCCTAHOBIEHHS IMOE3JHOM CHUTYyallVH,
JIByXITyTHasl BCTaBKa, pac4eT MTHOBEHHBIX CXEM.

Just murupoBanusi: Ocunos, B. A. AnTropuTM KOppEKTUPOBKH MIHOBEHHBIX CXEM IpH
HAJIMYUH HEOJAHOPOIAHOCTEH B TATOBOM CeTH MocTosiHHOrO Toka / B. A. Ocurios, I1. A. Jlory-
HoBa // BecTHUK POCTOBCKOTO rocy/lapCcTBEHHOTO YHHBEPCHTETA MyTel coobmmenus. — 2022.
—Ne 4. - C. 152-160. — DOI 10.46973/0201-727X_2022_4_152.

V. A. Osipov, P. A. Logunova

ALGORITHM FOR CORRECTING INSTANTANEOUS CIRCUITS IN THE PRESENCE
OF INHOMOGENEITIES IN THE DC TRACTION NETWORK

Abstract. The paper is devoted to the study of the energy losses measurement in DC trac-
tion networks. The calculation method based on the use of the Lenz-Joule law is used as a
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method used to determine energy losses. However, when using this method on specific sec-
tions of railways, when the types of contact suspension change within the analyzed section,
there are double-track inserts or there are any other inhomogeneities in the traction network,
difficulties may arise in drawing up a calculated instantaneous scheme. This paper reveals the
method’s application features in the event of such problems and offers solutions for each case.

It is given the recommendations for performing calculations.
Keywords: power loss, train situation recovery method, double-track insertion, calculation

of instantaneous circuits.
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B. A. Ocunos, A. U. Ocunosa

COITPOTUBJIEHUE CUCTEMBI I'PYIIIIOBOI'O 3A3EMJIEHUA U EI'O BJIUSIHUE

HA YYBCTBUTEJBHOCTH PEJTEMHOM 3AIIUTHI

AHHOTanms. PaccmaTpuBaroTcs cilydan pa33eMIICHUs ONOP KOHTAKTHOW CETH, PUBOJIS-
LIME K HEraTUBHBIM MOCIEACTBUAM, U 3JIEMEHTBI, COCTABJISAIONINE COIPOTUBIICHUE, ITETIU KO-
POTKOTO 3aMbIKaHUs [P aBapUU Ha KOHTaKTHOH ceTu. OnmucaH crnoco0 MOBBIIEHUS HAAEK-
HOCTH (DyHKLIMOHUPOBAHMS PEEHHBIX 3aIIUT MIPU SKCIUTyaTAlH CYIIECTBYIOLINX 3a3EMJISIIO-
LIUX YCTPOMCTB. BBINOIHEH pacuy€T CONPOTUBIEHUM IEMEHTOB, COCTABIISIOIIMX CONPOTHUB-
JICHHE TIETIN KOPOTKOTO 3aMbIKaHMs, IPOU3BENEH aHANN3 3HaueHUH. [IpuBeneH MeTon, 1mos-
BOJISIFOIIMN YMEHBIIUTH CONPOTUBIICHUE METIIM KOPOTKOT'O 3aMBIKaHUS 3a CYET 00pa3oBaHMs
JIOTIOJIHUTENBHOIO IIyTH TOKA KOPOTKOI'O 3aMBIKaHHs IIyTEM IOJKIIIOUYEHHUS K TPOCY IPYIIIO-
BOT'O 3a3eMJICHHSI METAJUIMIECKUX 000JI0UEK ONTOBOJIOKOHHOTO Kademns. CrenaHnbl BEIBOBI O
COCTABJISIIOIINX, OKA3bIBAIOIINX HAWOOJNbIIEe BIMSHUE HAa 3HAYCHUE CONPOTHBICHUS NETIH
KOPOTKOTO 3aMbIKaHUSI.

KawoueBble cjioBa: peseiiHas 3allluTa, COMPOTHUBICHHE METIN KOPOTKOTO 3aMbIKaHUS,
TOKH KOPOTKOT'O 3aMbIKaHHsI, BOJIOKOHHO-ONTHYECKUN Kabenb, TPYIIOBOE 3a3eMJICHUE OTIOop,
YCTOMUYUBOCT.

Just ntutupoBanus: Ocunos, B. A. ConpoTuBieHre CUCTEMBI IPYNIIOBOr0 3a3¢MJICHUS U
€ro BIMSHUE Ha YyBCTBHTEILHOCTh penelHoi 3ammThl / B. A. Ocumos, A. 1. Ocunosa //
Bectauk PocToBCKOro rocy1apcTBEHHOTO YHHBEpcHTeTa ImyTel coobmienus. — 2022. — Ne 4.
—C. 161-169. — DOI 10.46973/0201-727X_2022_4 161.
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V. A. Osipov, A. I. Osipova

RESISTANCE OF THE GROUP GROUNDING SYSTEM AND ITS INFLUENCE
ON RESPONSE OF THE RELAY PROTECTION

Abstract. The paper considers the cases of grounding of the contact network supports,
leading to negative consequences, and the elements that make up the resistance of the short
circuit loop in the event of an accident on the contact network. A method for increasing the
reliability of the functioning of relay protections during the operation of existing grounding
devices is described. The calculation of the resistances of the elements that make up the re-
sistance of the short circuit loop is carried out. The analysis of the values is obtained. A method
is presented that makes it possible to reduce the resistance of the short circuit loop due to the
formation of an additional short circuit current path by connecting the metal sheaths of the
fiber optic cable to the group ground cable. Conclusions are drawn about the components that
have the greatest impact on the resistance value of the short circuit loop.

Keywords: relay protection, short-circuit loop resistance, short-circuit currents, fiber-optic
cable, group grounding of supports, stability.
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B. H. Yepuuix, A. B. boiiko

HEKOTOPBIE CIIOCOBHBI BBISIBJIEHUSA I'OJIOJIEIHO-U3MOPO3EBBIX OFPA3OBAHUM

HA KOHTAKTHOM CETH JIEKTPU®UIIMPOBAHHBIX )KEJIE3HBIX JIOPOI’

AnHoTanus. PaccMoTpeH MHHOBAIIMOHHKIN METO] paHHET0 00HAPYKEHUS TOJONETHO-N3-

MOPO3€BbIX 00pa30BaHMH Ha KOHTAKTHOW CETH AEKTPU(PUIMPOBAHHBIX KEJIE3HBIX 10POT, KO-
TOPBII OCHOBBIBAETCSI HA PErUCTPALIMH B PEAIbHOM BPEMEHU CHIIBI TSDKEHMSI IIPOBOJOB KOH-
TaKTHOM CETH, TaK Ha3bIBaeMOM TeH303¢dexTe. B paboTe mpuBeAEHBI CYIIECTBYIOMINE METO-
JIUKH OOpBOBI € TONI0JIENOM H JaHa OLEHOYHAS XapaKTepPUCTHKA OMMCHIBAEMbIX METOJIOB. AB-
TOpaMH MPEJIOKEH U ONMCAH HOBBIA METO/ paHHEro OOHApYXEeHHUs FOJIONEAHBIX 00pa3oBa-
HUI Ha yCTPONCTBAX KOHTAKTHOM CETH 3JIeKTpU(UITMPOBAHHBIX JKeJIe3HBIX Aopor. [IpuBenena
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0JIOK-CXeMa PeaTbHO CYMIECTBYIOMIETO KOMIUIEKCA, IPHUMEHSEMOTO Ha BEICOKOBOJIBTHBIX JIU-
HUSX 3JIEKTPOIepe/Iay, ¢ MPEIOKEHUEM PeaTu3alliy U JaTbHEHIIEr0 pa3BUTUS CUCTEMBI JIS
MIPUMEHEHUS €r0 Ha KOHTaKTHOH ceTH. [{aHa olleHKa pe3yabTaToB UCCIICIOBaHMSI IPUMCHCHHUS
JTAHHOTO METO/Ia B TATOBOW CETH KEJIE3HBIX JIOPOT.

KuroueBrblie cjioBa: T00JIEM, TOIOIETHO-U3MOPO3EBEIe 00pa3oBaHusI, OOprOa ¢ ToIoNE-
JIOM, TCH30/JIaT4YMK, KOHTAKTHASI CETh.

Js uutupoBanus: Yepnsix, B. H. HekoTopble ciocoOb! BEISIBICHHS TOJI0ETHO-H3MO-
pPO3eBEIX 00pa30BaHM HAa KOHTAKTHOW CETH AIICKTPpU(DHIMPOBAHHBIX KEJIE3HBIX AOpOT /
B. H. Yepnsix, A. B. boiiko // BectHrk PocToBCKOTO TOCYyAapCTBEHHOTO YHUBEPCUTETA ITyTEH
coobmenus. — 2022. — Ne 4. — C. 170-176. — DOI 10.46973/0201-727X_2022_4 170.

V. N. Chernykh, A. V. Boyko

SOME METHODS OF IDENTIFYING ICE AND FROST FORMATIONS ON THE CONTACT
NETWORK OF THE ELECTRIFIED RAILWAYS

Abstract. The paper is devoted to the innovative method of early ice detection and frost
formations on the overhead system of the electrified railroads, which is based on real-time
registration of the tensile strength of overhead wires, the so-called tenso-effect.

Keywords: ice, ice and frost formations, ice control, strain gauge, contact network.
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B. JI. Bepecxyn, /[. E. [Ipumuvikun, b. /[. Jaenouan, /[. B. Pomanosa

MNNPUHIOUIIBI UMUTAIIMOHHOI'O MOJAEJIMPOBAHUSA PEAJIBHOI'O YHACTKA
JKEJIE3HOM JJOPOT'Y C TOUKH 3PEHUSA PASPABOTKH EI'O TOOJIOT MYECKOM
CTPYKTYPbI 1 EE CBSI3U C IU®POBBIMU MOJIEJIIMA OFBEKTOB
NHOPACTPYKTYPBI

AnHoTanusi. PaccMorpena uzaes o0bennHeHns: HUPPOBBIX Moenell 00bEKTOB JKeIe3HOH
JIOPOTH B TPOTPAMMHO-JIOTHYECKYIO CTPYKTYPY C LIETBIO OCYIIECTBICHHS OPTaHNU3alluH JIEN0-
BbIX Urp. OTME4YeHa BaKHOCTh NMPABIIIBHOTO B3aWMOJIEHCTBHUS OOBEKTOB B PAMKaX KOMITBIO-
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TEPHON MMUTALMOHHON MOJEIH Ul NPaBUIBHON OpraHU3alldN pacdeTa JUCTAHIUHU 1O CHI-
HaJBHBIX TOYEK, 3aHATOCTH YYaCTKOB, a TAK)KE OPraHM3allii CUTHAIN3AalUY Ha BUPTyaIbHOU
JKene3Hol gopore. OCBeeHbl BOIIPOCH peann3alii TONOJIOTHYECKOH CTPYKTYPHI C TpeXMep-
HOI MOJENBIO y4acTKa.

KiroueBble ciioBa: yueOHO-1ab0paTOPHBIM KOMIUIEKC, BUPTYyalbHas XeJe3Hasl 1opora,
BXX, Tpenaxep, Tononorust, uQpoBoil TBOWHUK.

Juast opuTupoBanusi: [IpUHIMIBEI UIMUTAMOHHOTO MOJENMPOBAaHUSA PEATbHOIO ydacTKa
JKEJIC3HON TOPOTH € TOUKH 3PEHUS pa3pabOTKU €ro TOHOJIOIHIECKOM CTPYKTYPHI U €€ CBSI3U C
¢ poBEIME MozesIME 00BekTOB mH(ppacTpykTypsl / B. JI. Bepeckyn, /. E. IlpuTsikun,
b. 1. Jarngusn, . B. Pomanosa // BectHuk PocToBckoro rocy1apcTBEHHOTO YHHBEPCUTETA
nyteit coobmienus. — 2022. — Ne 4, — C. 177-183. — DOI 10.46973/0201-727X_2022_4 177.

V. D. Vereskun, D. E. Pritikin, B. D. Dagldiyan, D. V. Romanova

PRINCIPLES OF SIMULATION MODELING OF A REAL RAILWAY SECTION
DUE TO THE DEVELOPMENT OF ITS TOPOLOGICAL STRUCTURE AND ITS
RELATIONSHIP WITH DIGITAL MODELS OF THE INFRASTRUCTURE OBJECTS

Abstract. The research paper discusses the idea of combining digital models of the rail-
way objects into a program-logical structure in order to organize business games. It is con-
sidered the importance of the objects™ correct interaction within the framework of a computer
simulation model, for the correct organization of the distance calculation to signal points, the
employment of sections and the organization of signaling on a virtual railway. The issues for
realization of the topological structure with a three-dimensional model of the site are given.

Keywords: laboratory system, Virtual Railway, simulator, topology, Digital Twin.
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A. K. Kapcan

BJUSIHUE TAHTEHIIUAJIBHOM JE®OPMAIIMA IOBEPXHOCTH OBTEKAEMOI'O TEJIA
HA COINPOTUBJIEHUE JBUKEHUIO TP HECTALIMOHAPHOM OBTEKAHUU
BSI3KOM ) KUJIKOCTBIO

AnHoTanus. PaccMoTpeHa 3a1aua HECTALMOHAPHOTO OCECUMMETPUYHOI0 OOTEKaHUsI M0-
TOKOM BSI3KOH HEC)KHMAaeMOM >KUIKOCTH CEPHUUECKOr0 Tesia pajiuycoM a, IOBEPXHOCTh KO-
TOPOTO MOXET COBEpIIIATh MaJIbIe TAaHTCHIMANIbHBIC TIepeMelieHus. [IpuBenena dhopmyna st
OTIpeJIeIICHHSI CUITBI, ISHCTBYIONIEH Ha 00TEeKaeMOe TEJI0 CO CTOPOHBI BSI3KOM KHUIKOCTH. Y cTa-
HOBJICHA CBSI3b MEXIY 3aKOHOM TaHT'CHLHUAJIbHOHN AeopMaluy MOBEPXHOCTU OOTEKaeMOTro
TeJIa U YMEHBIICHUEM CONPOTUBIIECHUS ABWKEeHUI0. OnpeiesieHa 3aBUCUMOCTh TaHT €HIMATIb-
HBIX TIEpEMEIICHUN MOBEPXHOCTH CHEPUIECKOro Teida OT BPEMEHH, MO3BOJIAIONIAsl YMEHb-
HINThH CUJIOBOE BO3JEHCTBHE HAOEratoIero NOTOKa, B YaCTHOCTH, CAEIATh €r0 PABHBIM HYJIIO.

KiroueBble cj10Ba: Manble TaHI€HIIMATbHBIE NIEPEMELICHNS], CONPOTUBIICHUE JIBIXKEHHIO,
nedopmupyemoe chepuueckoe Teno, ypaBHeHuUs IBIkeHUs CTokca, KO3(GHLIUEHT compo-
TUBJICHUSA, OCCCUMMETPUIHOC 06TCK3HI/IC, HeCTaHHOHapHLIﬁ MOTOK BSI3KOM KHUIAKOCTHU.
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cTH 00TEeKaeMoro Tejia Ha CONPOTHUBJICHUE ABIKEHUIO IPH HECTALIMOHAPHOM OOTEKaHUH BA3-
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A. J. Karsyan

EFFECT OF TANGENTIAL DEFORMATION OF SURFACE OF STREAMLINED BODY
ON RESISTANCE TO MOTION IN NON-STATIONARY FLOW OF VISCOUS FLUID

Abstract. This paper deals with the problem of non-stationary axisymmetric flow of a vis-
cous, non-compressible liquid, a spherical body of radius a, the surface of which can make
small tangential movements. A formula is displayed to determine the force exerted on the
streamlined body by the viscous fluid. The main goal is to establish a connection between the
law of tangential deformation of the surface of the streamlined body and reducing resistance
to movement. Dependence of tangential displacements of spherical body surface on time is
determined, which makes it possible to reduce force action of incoming flow, in particular, to
make it equal to zero.

Keywords: small tangential movements, resistance to motion, deformable spherical body,
Stokes equations of motion, resistance coefficient, axisymmetric flow, non-stationary flow of
viscous liquid.
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A. A. Kocmoznomos, B. O. 3exyep

Ob OCOBEHHOCTSAX U IT'PAHULAX IPUMEHUMOCTHU BAPUAITMOHHOI'O METOJIA
UJIEHTU®UKAIIUA MTAPAMETPOB JUHAMUYECKUX CUCTEM ~

AHHoTanMs. 3a7ada rmapaMeTpHIeCKOd HISHTH(OHUKAIINY SBISETCS HETUHEHHOW HEKOp-
PEKTHOM 3amadeii, penieHne KOTOPOH IMPUBOIUT K TIpodieMaM oOecIiedeHNsT OMHO3HAYHOCTH
U YCTOMYMBOCTHU pellIeHUs. Pe3ynbTaThl pellieHus: TaKuX 3a/ad, MOJyYeHHbBIE HA OCHOBE HUC-
MOJTE30BAHUS allapara aCHHXPOHHOTO BapbHPOBAHMS, XapPAKTEPU3YIOTCS BBICOKOW CKOPO-
CTBIO CXOJAMMOCTH ¥ TOYHOCTH P MUHIUMYME BBIUHCIIUTENBHEIX 3aTpaT. B craThe mpoBeieHa
paboTa 1o onpeneacHu0 rpaHull 3pHEKTUBHOTO MPAKTUISCKOTO IPUMEHEHUS METO/a Bapu-
AI[MOHHOW UICHTU(DUKAIIMY TTApaMETPOB B YCIOBHUAX MOMEX HAOIIOACHUS.

KuaroueBrble ciioBa: mapameTpudeckas HICHTH(QUKAIWS, THHAMHUYECKas CHCTEMa, acHH-
XPOHHOE BapbHPOBaHNE, HEKOPPEKTHAS 3a7a4a.

Jast murupoBanus: Kocrornoros, A. A. O6 0COOEHHOCTAX W T'paHUIAX MPUMEHUMOCTH
BapUaIIOHHOTO METOAA UACHTH(UKAIIMK TapaMeTpoB TuHaMuieckux cucreM / A. A. Kocro-
riotoB, B. O. 3exuep // Bectauk PocToBckoro rocyaapcTBeHHOTO YHUBEPCUTETA MyTeH CO-
obmenust. — 2022. — Ne 4. — C. 193-199. — DOI 10.46973/0201-727X_2022_4_193.

A. A. Kostoglotov, V. O. Zekhtser

ABOUT FEATURES AND LIMITS OF APPLICABILITY OF THE VARIATIONAL
IDENTIFICATION METHOD OF DYNAMIC SYSTEMS' PARAMETERS

Abstract. The parametric identification problem is a nonlinear ill-posed problem, the so-
lution of which leads to problems of ensuring unambiguity and stability of the solution. The
results of solving such problems, obtained by using asynchronous variation apparatus, are
characterized by a high rate of convergence and accuracy with a minimum of computational
costs. In this article, research is carried out to determine the boundaries of effective practical
application of the variational identification method for parameters in the conditions of obser-
vation interference.

Keywords: parametric identification, dynamic system, asynchronous variation, ill-posed
problem.
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A. H. Anmponos, T. A. Aumponosa, C. B. bBywyes, /. B. Boakos, K. M. Konscos

IIYTHU PA3BUTHUSA NIOABUKHOI'O COCTABA B PAMKAX IU®POBU3ALIUN
KEJE3ZHOAOPOKHOI'O TPAHCIIOPTA

AnHoTanmms. PaccMaTpuBaeTcss MOABM)XHOM COCTaB Kak OAWH U3 KIIOYEBBIX OOBEKTOB
uQpoBoil TpaHchopMaLUHU SKEIE3HOIOPOKHOTO TPAHCHOPTA. AHANIM3UPYS HAIPaBICHUS
mUQpoBOil TpaHCHOPMALMK, KOHLEHIHMIO HU(PPOBOTO MOABMKHOIO COCTaBa CTPYKTYPHO
MOYKHO pa3JeNUTh Ha TPH TEXHOJIOTMYECKUX OJIOKA: «yMHBIH JJOKOMOTHBY, «yMHBIN Tacca-
JKUPCKUI COCTaB» U «YMHBIH rpy30BOi cocTaBy. [1o kaxmomy 670Ky MPUBOASTCS OCHOBHBIC
TEHACHIINN Pa3BUTHI.

KuroueBbie cioBa: nudposas sxene3Has Jopora, [UPpPOBOi OABMKHON COCTAB, YMHBIN
JIOKOMOTHB, YMHBII Baro.

Jost uurupoBanus: [1yTu pa3BUTHS MMOABUKHOTO COCTaBa B paMKax HU(PPOBU3ALINH JKe-
ne3HoopoxkHoro Tpancnopra / A. H. Arrpomnos, T. A. Aatponosa, C. B. bymyes [u ap.] //
BectHrk PocTOBCKOTO rOCyIapCTBEHHOTO YHUBEPCUTETA ITyTel coodmienus. — 2022, — Ne 4.
— C. 200-208. — DOI 10.46973/0201-727X_2022_4 200.

A. N. Antropov, T. A. Antropova, S. V. Bushuev, D. V. Volkov, K. M. Kolyasov

WAYS TO DEVELOP ROLLING STOCK AS PART OF THE DIGITALIZATION
OF RAILWAY TRANSPORT

Abstract. The article discusses the rolling stock as one of the key objects of the digital
transformation of railway transport. Analyzing the directions of digital transformation, the
concept of digital rolling stock can be structurally divided into three technological blocks:
“smart locomotive”, “smart passenger train” and “smart freight train”. For each block, the
main development trends are given.

Keywords: digital railway, digital rolling stock, smart locomotive, smart wagon.
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T. B. Boauex, P. B. Bonuex

PA3PABOTKA CUCTEMBI JMAT'HOCTHUKU 310POBbS U KOHTPOJIA BAUTEJBHOCTH

MAIIMHUCTA JIOKOMOTHBA

AnHoTanus. OnHON U3 BAKHEUIINUX 33129 POCCHIICKUX KENE3HBIX TOPOT SIBISICTCS MTOBBI-
IICHUE YPOBHS 0€30MaCHOCTH JIBHIKEHHS TOE3/I0B, TAK KaK OT 3TOT0 BO MHOTOM 3aBUCHT 3(-
(heKTUBHOCTB TIEPEBO30YHOTO Tpotiecca. [[puunHoi HapyIeHns 0e30MacHOCTH IBIKEHUS Ha
JKEJIe3HBIX JOPOraX MOXKET SIBJISATHCS CHIDKEHHE 0OJPCTBOBAHUS M PabOTOCIIOCOOHOCTH Ma-
mrHUACTa. B HacTosee Bpems s NOAJIEPKAHUS U KOHTPOJIS €r0 aKTUBHOI'O COCTOSIHUA Ha
MPOTSHKEHUU BCEH MOE3/IKH MPUMEHSETCS TeJeMeXaHNIecKash CHCTeMa KOHTPOJIS OOJpCTBO-
BaHMs MAITMHNCTA, OCHOBAHHAS HAa OTCICKHWBAHUN JUHAMHKH WU3MEHEHNS KOXKHO-TaJbBaHU-
YECKOHN peakluu 4ejioBeKa. B cTaThe BBISBIECHBI HEAOCTATKU THUIIOBOM CUCTEMBI KOHTPOJIA
00 pcTBOBAHUS MAIIMHUCTA. biiaromapst pa3BUTHIO IIM(PPOBBIX TEXHOIOTUH MTPeIaracTcs CH-
CTeMa IMarHOCTHKH 370POBbsS U KOHTPOJIS OJUTEIEHOCTA MAIIMHUACTA Ha 0a3e AJIEKTPOHHBIX
JATINKOB KOHTPOJISI COCTOSTHHSI OpraHn3Ma desoBeka (matauk JKI', TemmnepaTypsl, mMyJibco-
METP, TUPOCKOIT U aKCEJIEPOMETP), YCTAaHOBJIIGHHBIX B HAPY4HBIH Opacier. [Ipeanaraemoe Tex-
HUYECKOE PEIICHHE MO3BOJIUT UCKIIOYHTH JIOXKHBIE CpadaThiBaHUs MpuOopa 0E30MacHOCTH,
COKpaTUTh BpeMs1 Ha PeApeCcOBbIN METUIUHCKUI OCMOTP MAIIMHUCTOB, TPOBOJUTH JUATHO-
CTUKY (hYHKIIMOHAIHHOTO COCTOSIHAS MAITUHUCTOB B ITyTH CIICIOBAHUS, YTO ITO3BOJUT CHH-
3UTh PUCK BHE3AITHOTO YXYIIICHUSI CAMOUYYBCTBUS B peiice. [ moarBepxkaeHus 3 peKTuB-
HOCTH TIpeJyIaraeMoro opaciiera JIOKOMOTUBHOW Opurajioi Ha yuyactke MapuuHck — KpacHo-
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SIPCK TPOBEJIEHO IKCIIEPHUMEHTAIBHOE HCCIIE0BaHNE, TIO3BOJISIOIIEE CPABHUTH THIIOBYIO CH-
CTEeMY KOHTPOJISI 00IPCTBOBAaHUS MAIIIMHKUCTA U Pa0OTY CMapT-4acoB, KOTOPEIC padOTAIOT aHa-
JIOTHYHO TIpeJiaraeMoMy OpaciieTy.

KaioueBsble cioBa: 0€30MaCHOCTD, KOHTPOIb OOAPCTBOBAHUS MAIIMHUCTA, ITYIHCOMETP,
KOKHO-TThbBAaHMYECKAs PEAKIUs, AITOPUTM PaOOTHI.

Jast umrupoBanusi: Bomaek, T. B. Pa3paboTka cucTeMBI AMArHOCTHUKU 30POBBS M KOH-
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T. V. Volchek, R. V. Volchek

DEVELOPMENT OF A SYSTEM FOR DIAGNOSTICS OF HEALTH AND CONTROL
OF VIGNIANCE OF A LOCOMOTIVE ENGINEER

Abstract. One of the most important tasks of the Russian Railways is to increase the level
of train safety, since the efficiency of the transportation process largely depends on this. The
reason for the violation of traffic safety on the railways may be a decrease in the wakefulness
and efficiency of the driver. Currently, a telemechanical system for monitoring the driver's
wakefulness is used to maintain and monitor his active state throughout the trip, based on
tracking the dynamics of changes in the human skin-galvanic reaction. The article reveals the
shortcomings of a typical system for monitoring the driver's wakefulness. Thanks to the de-
velopment of digital technologies, a system for diagnosing the health and monitoring the vig-
ilance of the driver is offered on the basis of electronic sensors for monitoring the state of the
human body (ECG sensor, temperature, heart rate monitor, gyroscope and accelerometer) in-
stalled in a wristband. The proposed technical solution will eliminate false alarms of the safety
device, reduce the time for a pre-trip medical examination of drivers, diagnose the functional
state of drivers en route, which will reduce the risk of sudden deterioration of well-being on
the flight. To confirm the effectiveness of the proposed bracelet, the locomotive crew con-
ducted an experimental study on the Mariinsk-Krasnoyarsk section, which allows comparing
a typical driver's wakefulness monitoring system and the operation of a smartwatch that works
similarly to the proposed bracelet.

Keywords: safety, driver's wakefulness monitoring, heart rate monitor, galvanic skin reac-
tion, algorithm of operation.
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A. H. Ckauxos

OBOCHOBAHUE HAIIPABJIEHUI PACYETHO-3KCINEPUMEHTAJIBHBIX PABOT
11O BHEJAPEHUIO METOJA YIIPABJIEHUSI IAPAMETPAMU
M3rUMBHBIX KOJEBAHUM KY30BOB ITACCAKHPCKHAX BATOHOB

AHHoTanus. PaccmMaTpuBaioTcs CymecTBYOIINE HOPMAaTHBHBIE METOIBI PACUETHO-IKCIIE-
PUMEHTAJILHOTO OIIpeeSICHHs TapaMeTPOB U3TMOHBIX KOJIeOaHU Ky30BOB aCCAKUPCKUX Ba-
TOHOB. Y CTaHOBJIEHO, YTO IIPH pacyeTax HHU3IIeH YacTOTHl M3THOHBIX KojeOaHuit mo hopmy-
JIaM U3 HOPMATHBHBIX JOKYMEHTOB, €€ 3HaUCHHS SIBJISIOTCS 3aBBIICHHBIMU M HE OTPAKAIOT
peanbHOe COCTOSIHUE U3TOTOBICHHBIX BarOHOB. B CBsI3H ¢ 3TUM OBLI IPeJIOKEH U anpoOupo-
BaH On0uHbI MeTox JlaHIoma co caBUramMu, pealn30BaHHBIA B IPOrPaMMHOM KOMILIEKCE
SCAD. Kpome Toro, npu onpeaeacH!H pacueTHIX 3HAYCHUH HU3IIEH 4aCTOThI H3THOHBIX KO-
nebaHnii PEKOMEHAOBAHO MPOBECTH KOPPEKTUPOBKH PEIyKIMOHHBIX KOA(P(HUINEHTOB, WC-
MOJIb3YEMBIX MIPH ONPEAEICHIH FeOMETPHUECKOT0 MOMEHTA HHEPLIUU CPEIHETO CEUECHUS Me-
TaJNIOKOHCTPYKIIUU Ky30Ba.

J1 SKCTIeprMEHTAIILHOTO OTIPEAEIICHISI TapaMeTPOB M3THOHBIX KOJIeOaHui 000pyI0BaH-
HOT'0 Ky30Ba pa3padoTaH croco0 MpuMeHEeHUs] KOMOMHUPOBAHHOTO MeTo/Ia (BO30YKIeHUE KO-
nebaHnii BUOPOMAIIMHON M COPOCOM Tpy3a) C BBIHECEHHEM BO3ACHCTBYIOIINX YCHIIUI Ha
Hapy>KHbIE TTOBEPXHOCTH Ky30Ba. B 3TOM cirydae BHOpoMaIlrHa MOHTAPYETCS Ha CIeIHalb-
HoU matdopMme, KOTopasi KpENMHUTCsl Ha KOHIEBOHM Oallke BMECTO YAapHO-TATOBBIX YCTPOHCTB.

KiroueBble c10Ba: METaNIOKOHCTPYKIUS Ky30Ba, TapaMeTpbl HM3TMOHBIX KOJIeOaHuH, ra-
0apuTHO-BECOBBIE MTApaMeTPhI, HOPMATHBHBIE 3HAUEHUS, KOMOMHHPOBAHHBIN METO/.
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A. N. Skachkov

BASIC FUNCTIONS OF COMPUTATIONAL AND EXPERIMENTAL WORKS
FOR THE IMPLEMENTATION OF THE PARAMETER MANAGEMENT METHOD
OF BENDING VIBRATIONS OF PASSENGER CAR BODIES

Abstract. The paper considers existing basic functions for calculation and experimental
determination parameters of bending vibrations of passenger car bodies. It has been estab-
lished that when calculating the lowest frequency of bending vibrations according to the for-
mulas from regulatory documents, its values are overestimated and do not reflect the real state
of the manufactured cars. Consequently, the shifted block Lanczos method realized in SCAD
was suggested and approved. Furthermore, calculating the lower bending vibration frequency
parameters is recommended to be complemented by amending the reduction coefficients used
in defining the geometrical moment of inertia of the cross section of the body’s metalwork.

For experimental definition of the bending vibration parameters in the equipped car body,
a combined method application (a vibrator and a weight drop from a certain height) with shift-
ing the operating forces to the body’s outer surface was introduced. In this case, the vibrator
is installed onto a special platform which is secured at the end girder instead of draw-and-
buffer gears.

Keywords: body’s metalwork, bending vibration parameters, weight and size parameters,
regulatory values, combined method.
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. C. @ponosa

TEOPETUYECKHUE 3ABUCUMOCTH BO31YIIHOM COCTABJISIIOIIEN IITYMA
BATI'OHOB-DJIEKTPOCTAHLIMI

AHHoOTauus. Bo Bpems paGoThl Iu3eib-TeHEPATOPOB BHYTPH BarOHOB-3JIEKTPOCTAHIIUM
BO3HHKAET 3BYKOBOW ()OH, KOTOPHIH COTIACHO 3aKOHAM PaclpOCTPaHEHUS 3BYKa, OTpaKaeTCs
OT IIOBEPXHOCTEW BHYTPH BaroHa: CT€H, Moja, Ieperopook, notonka. Takum obpazom, dop-
MHPYETCsI 3ByKOBOE I0JIe Ha pabounx MecTax, MecTax OTAbIXa U MPHEeMa IHIIH, IPEBbILIA0-
1iee NpeaeabHO JOMYCTUMbIE 3HaueHUs. J{J1s CHIDKEeHUS ypOoBHEH IIyMa 0 CAHUTAPHBIX HOPM
B YKa3aHHBIX [TOMEILEHUX, CIeTyeT IPOBECTH pacueT CUCTEMBbI 3ByKOU30ISIMH BarOHa-3JI1eK-
TPOCTaHLMH, KOTOpast JOJKHA YYUTHIBATh CIIEUU(PHKY KOMIIOHOBKH MOTOPBAaroHa.

KuroueBble cioBa: au3enb-reHEpaTop, 3BYKOBOE IM0JI€, BarOH-3JIEKTPOCTaHIINA, 3BYKO-
M30JIALMSA, ICTOYHHUKH [IyMa, CAHUTAPHbBIE HOPMBI.

Juast umrupoBanusi: ®poinoaa, /1. C. TeopeTuueckue 3aBUCUMOCTH BO3AYIIHON COCTaBIISI-
toleit myma BaroHos-anektpocraniuii / JI. C. @ponosa / Bectnuk PocToBckoro rocynap-
CTBEHHOTO yHHUBepcHWTeTa mytei coobmenus. — 2022. — Ne 4. — C. 227-232. -
DOI 10.46973/0201-727X_2022_4 227.

D. S. Frolova
THEORETICAL DEPENDENCES OF THE AIR COMPONENT OF THE POWER PLANTS NOISE

Abstract. During the operation of diesel generators inside the power station cars, a sound
background arise according to the laws of sound propagation is reflected from the surfaces
inside the car: walls, floors, partitions, and ceilings. Furthermore, a sound field is formed at
workplaces, places of rest and eating, which exceeds the maximum permissible values. To
reduce noise levels to sanitary standards in these premises, it is necessary to calculate the
soundproofing system of the power station car, which should take into account the specific
layout of the motor car.

Keywords: diesel generator, sound field, power car, sound insulation, noise sources, sani-
tary standards.
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C. I llaumapenxo, C. B. Casunkun

IHOBBIINEHUE 2OPEKTUBHOCTHU SKCIIVIYATALIUU I'PY30BbIX
JIEKTPOBO3O0B ITPU BOXXIAEHUU TSAXKEJIOBECHBIX IIOE3/10B

AHHoTanus. C mOsBIEHHEM IPY30BBIX 3JEKTPOBO30B HOBBIX CEpuil Ha MOJMIOHE 3a-
nanHo-Cubupckoii, CeepanoBckoit, KOxHO-Y panbckoil skene3HsIx 1opor Oblia pemieHa mpo-
OseMa TSHKEIOBECHOTO JBMKEHHS MO BOKACHUIO moe310B Maccoi 7000—9000 T onHUM OBYX-
CEKI[MOHHBIM 3JIEKTPOBO30M Ha y4acTKax CO CJIOXKHBIM npodwmieM. Ilpu cienoBanum Takux
MOE3/I0B 10 JIMMUTHPYIOIIMM HOAbEMaM HE00X0AUMa pealln3alys TATOBBIM IIPUBOJIOM MaK-
CUMAaJIbHO BO3MOKHOM KacaTeIbHON CUJIBI TSTH, YTO IPUBOJUT K MPEAEIBHBIM 110 CLEIUICHUIO
peskumam ero pabotsl. bosee Toro HabnronaeTcs TeHASHLNS K MOBBILICHUIO HHTEHCUBHOCTH
n3HOca OaHAakel KOJECHBIX I1ap U CHIXKEHUIO HX pecypca.

PaccmarpuBaroTcst BIMsIHAE OTHOCHTEBLHOTO CKOJIBKEHHS Ha (POpPMUpPOBAHUE SHEPreTH-
YEeCKHX 3aTparT B IITHE KOHTAKTa MEKAY OaHIaKOM M PEIBCOM U BO3MOKHOCTb OIPEeNICHUS
BEJIMYMHBI OTHOCHUTENIFHOTO CKOJBKEHHS Ha OCHOBE aHan3a (aiyioB MUKPOIPOLIECCOPHON
CUCTEMBI YIIPaBJIEHUS U TUArHOCTUKH.

Ha ocHOBe 3HepreTHYecKkoro KpuTepusi H3HOca MaTepuasa 6aHaaxel KOJIEeCHBIX map Io-
Jy4eHbI OPMYJIBI JUTS OLIEHKH U3HOCA M pacuéTa 3HEpruy, He0OX0AUMOil 715t HOPMHUPOBAHUS
(PUKIMOHHOTO KOHTAKTa B CHCTEME «KOJIECO — Pelibey. MccaemoBaHo BIMsSHIE KOJTHMYECTBA
JIBIKYIIUX OCell IOKOMOTHBA Ha pecypc OaHIaxkel KoJecHbIX nap. JJaHbl peKOMEeHJaluy 10
BOXKJICHUIO TSKEIOBECHBIX ITOE30B.

Kio4yeBble CJI0Ba: KOHTaKT «KOJIECO — PENIBCY», OTHOCUTENIBHOE CKOJIBKEHHE, YIIPYTHE Je-
dopmanuy, niaacTudecKue neGopManuy, Cuila CLEIUICHUs, SHEPreTUIeCKUe 3aTpaThl, 00bEM
W3HOIIIEHHOTO0 MaTepHaa.

Jas uurupoBanusi: lanrapenko, C. I'. TloBbimienue 3p¢GEKTUBHOCTH 3KCILTyaTalluH
IPy30BBIX 3JEKTPOBO30B IpHU BOXKACHUHM TspKenoBecHbIX mnoe3fnoB / C. I'. lllantapenko,
C. B. CaBunkuH // BectHuk PocTOBCKOr0 TOCy1apCTBEHHOIO YHUBEPCHTETA ITyTeH CO0OIIe-
Hust. — 2022. — Ne 4. — C. 233-238. — DOI 10.46973/0201-727X_2022_4 233.

S. G. Shantarenko, S. V. Savinkin

INCREASING THE OPERATION EFFICIENCY OF THE ELECTRIC FREIGHT
LOCOMOTIVES FOR DRIVING HEAVY TRAINS

Abstract. The paper proposed the solvation with the advent of the freight electric locomo-
tives of new series at the range of the West Siberian, Sverdlovsk, South Ural Railways and the
problem of heavy traffic for driving trains weighing 7000-9000 tons with one two-section
electric locomotive on sections with a complex profile. When such trains follow limiting as-
cents, it is necessary to implement the maximum possible tangential traction force by the trac-
tion drive, which leads to the limiting modes of its operation in terms of adhesion. Moreover,
there is a tendency to increase the intensity of wear of wheel pair tires and reduce their re-
source.

It is considered the influence of the relative slip on the formation of energy costs in the
contact patch between the shroud and the rail and the possibility of determining the value of
the relative slip based on the analysis of the files of the microprocessor control and diagnostic
system.

On the basis of the energy criterion of wear of the wheel pair tyres, formulas have been
obtained for assessing wear and calculating the energy required to form frictional contact in
the wheel-rail system. The influence of the number of driving axles of the locomotive on the
resource of wheel pair tires has been studied. Recommendations for driving heavy trains are
given.

Keywords: wheel-rail contact, relative slip, elastic deformations, plastic deformations, ad-
hesion force, energy costs, volume of worn material.
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II. B. Anexceesa, K. B. Aéoeesa

PA3PABOTKA MATEMATHYECKOM MOJEJH SAIIUTHBIX TOTEHIIUAJIOB
METAJUVIMMECKUX INIOA3EMHBIX COOPYKEHUU C YYETOM BJIMAHUA
SJNIEKTPUOUIINPOBAHHOI'O KEJIE3HOJAOPOKHOT'O TPAHCIIOPTA

AnHoTanus. PaccmoTrpena pa3paboTka perpeCCHOHHBIX MOETCH Ul MOTEHIIHAIOB JIpe-
HAKHBIX YCTAHOBOK 3a3¢MJISFOIIMX YCTPOMCTB TATOBOM MOACTAHIIMN U TPYOOTIPOBO/IA C IIENIBIO
nmoaAcCp KaHus 3alllMTHBIX IMOTCHIHUAJIOB ITOA3EMHBIX COOpy)KeHI/Iﬁ B 30HC 3alllUTHI. I[J'IH JOCTHU-
JKEHUS JaHHOM 11eJI MPOU3BE/ICH pacyeT MOTSHIINAIOB TATOBOH MOICTAHIIMY U TPYOOIIPOBOa
B 3aBUCHMOCTH OT H3MEHEHHUS COMPOTHBIICHUS APEHAKHBIX YCTAaHOBOK. C MOMOIIBIO MMaKeTa
MathCad onpenenenbl K03 HUIMEHTBI PErPECCHOHHBIX YPAaBHEHHI U 3HAYECHHSI CTEIICHEH, B
KOTOpBIC BBOJATCS (hakTophl. [IpoBepka pe3ynbTaToB IPOBE/ICHA C TIOMOIIBIO CPaBHEHUS pac-
yeTHOTO Kputepus duriepa ¢ TabnuunasiM. Ha 0CHOBaHMM MOTYYEHHBIX JAHHBIX MPHUBEICH
MpUMeEp pacyueTa MOTEHIIMAIOB B KOHKPETHO!M KoopauHare. [TonydeHHas B pe3yybraTe paspa-
0OTKH I/IH(I)OpMaHI/IH ITO3BOJIMT B PEXKUME PC€aJIbHOI'O BpEMCHU YIIPABJIATH MIOTCHIIMAJIaMU I10/1-
3€MHBIX MCTAJNIMYECKUX COOpy)I(eHHﬁ, MogACpIKMBasd UX B 30HC 3allIUTHI.

KiroueBble cJI0Ba: pPErpecCHOHHBIM aHANW3, 3alIUTHBIA TMOTCHIMAN, 3a3eMIISIONICe
YCTPOHCTBO, METAJUTMUECKOE IMOJI3EMHOE COOpYKEHHE, NpEHaKHas YCTaHOBKA, KOPPO3Us,
TPYOOIIPOBOI.

Jast nutupoBanms: Anekceena, [1. B. PazpaboTka MaTemMaTHuecKoil MOJENH 3alTUTHBIX
MNOTEHIHATIOB METAIUTMYECKUX MOJ3EMHBIX COOPYKEHUH C yUETOM BIHMSHUS 3IEKTPUPHULIUPO-
BaHHOTO KeJle3HoopoxkHoro Tpancnopta / I1. B. Anekceesa, K. B. ABneesa // Bectauk Po-
CTOBCKOT'O TOCYJapCTBEHHOT0 YHHMBepcHTeTa myTeit coobmenns. — 2022. — Ne 4. — C. 239-
246. — DOI 10.46973/0201-727X_2022_4 239.

P. V. Alekseeva, K. V. Avdeeva

DEVELOPMENT OF A MATHEMATICAL MODEL TO MAINTAIN THE PROTECTIVE
POTENTIALS OF METAL UNDERGROUND STRUCTURES TAKING INTO ACCOUNT
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THE INFLUENCE OF ELECTRIFED RAILWAY TRANSPORT

Abstract. The article is devoted to the development of regression models for the potentials
of drainage installations of grounding devices of a traction substation and a pipeline in order
to maintain the protective potentials of underground structures in the protection zone. Based
on the data obtained, an example of calculating potentials in a specific coordinate is given.

Keywords: regression analysis, protective potential, grounding device, metal underground
structure, drainage installation, corrosion, pipeline.
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B. U Kywmun, C. E. Typuux, I1. H. ll{epbak

OIIPEAEJIEHHUE ITOITPABOK B JAJIBHOCTH IIPU U3MEPEHUAX
SJIEKTPOOIITUYECKUMU CUCTEMAMUA

AnHoTamus. Cpefpl, CKBO3b KOTOPBIE TPOXOANT EKTPOMArHUTHOE U3ITyUIEHHE, UCTIONb-
3yeMoe JUIsl OTpeIeNIeHUs JalbHOCTeH, 00J1aIatoT pa3In4HbBIMU XapakTepucTiukamu. [locien-
HUE OKa3bIBAIOT BIMSIHHME HA CKOPOCTH PAaCHpPOCTPAHEHHS DJIEKTPOMArHUTHBIX BOJIH H, COOT-
BETCTBEHHO, Ha TOYHOCTb BBIYMCIICHUH. BiusiHue atMocdeps! Ha 3aepKKy paJldocUrHaia
SBIISIETCSl aKTYaJIbHON MPOOJIEMOH, pellieHrne KOTOPOoil B HacTosIIee BpeMsi OrpaHHYHBACTCS B
OCHOBHOM BBIUHCJIEHUEM NTONPABOK B JAIIBHOCTH C IPUMEHEHHEM PA3INIHBIX MOJENIEH aTMO-
cepsl.

B nanHoii pabote npeasaraercs pelieHue 3aa4u ONpeesICHUs OIIPaBOK B U3MEPCHHBIE
JTATBHOCTH 110 M3BECTHBIM ITapaMeTpaM aTMOC(EPHI TOJIBKO B HAYAIBHON 1 KOHEYHOW TOYKAX
TPAEKTOPUU DIEKTPOMATHUTHBIX BOJIH.

KiroueBbie cioBa: atMocdepa, 3a7epkka pajiuoCUTHANIA, TIONPABKUA B JAIBHOCTH, MO-
Jenn aTMocepsl, 3JEeKTPOMArHUTHBIE BOJTHBI.

Jas murupoBanus: Kymrun, B. . OnpeneneHue monpaBok B JATBHOCTH MPU U3MEpe-
Husx snekrpoontrndeckumu cucremamu / B. WM. Kymrun, C. E. Typuuk, I1. H. Illep6ax //
BectHuk PocToBCcKOro rocy1apcTBEHHOrO yHUBEpcHTETa ImyTed coobmenus. — 2022. — Ne 4,
— C. 247-255. — DOI 10.46973/0201-727X_2022_4 247.
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V. I. Kushtin, S. E. Turchik, P. N. Shcherbak

DETERMINATION OF THE DISTANCE CORRECTIONS IN MEASUREMENTS
BY ELECTRO-OPTICAL SYSTEMS

Abstract. The spaces through which electromagnetic radiation passes, used to determine
ranges, have different characteristics. The latter have an impact on the speed of propagation
of electromagnetic waves and, accordingly, on the calculation accuracy. The influence of the
atmosphere on the delay of the radio signal is an urgent problem, the solution of which is
currently limited mainly to the calculation of range corrections using various atmospheric
models.

In this paper, the authors propose a solution to the problem of determining corrections to
the measured ranges from the known parameters of the atmosphere only at the initial and final
points of the electromagnetic waves’ trajectory.

Keywords: atmosphere, radio signal delay, range corrections, atmospheric models, elec-
tromagnetic waves.

For citation: Kushtin, V. I. Determination of the distance corrections in measurements by
electro-optical systems / V. I. Kushtin, S. E. Turchik, P. N. Shcherbak // Vestnik Rostovskogo
Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2022. — No. 4. — P. 247-255. —

DOI 10.46973/0201-727X_2022_4 247.

Ceepenns 00 aBToOpax

Kymrun Baagumup UBanoBu4

PocroBckuii rocyjapcTBEHHbI YHUBEPCUTET MTyTEH
coobmenus (PI'YIIC),

kaenpa «3bIcKaHus, TPOSKTUPOBAHNE

Y CTPOUTEIBCTBO JKEJIE3HBIX I0POT»,

JOKTOp TEXHUYECKUX HayK, mpodeccop,

e-mail: ips@rgups.ru

Typuuk Cer1ana EBrenbeBna

PocroBckuii rocyjapcTBEHHBI YHUBEPCUTET MTyTEH
coobmenus (PT'VIIC),

kaenpa «3bIcKkaHus, TPOESKTUPOBAHNE

U CTPOUTEIBCTBO JKEIE3HBIX TOPOT»,

ACCHCTEHT,

e-mail: ips@rgups.ru

Ilep6ak Ilerp HukonaeBuu

PocroBckuii rocyjapcTBEHHbI YHUBEPCUTET MTyTEH
coobmenus (PT'VIIC),

katenpa «I1yTb U myTeBoe X03IHCTBOY,

JOKTOp TEXHUYECKUX HayK, mpodeccop,

e-mail: pph@rgups.ru

Information about the authors

Kushtin Vladimir lvanovich

Rostov State Transport University (RSTU),
Chair «Research, Design and Construction
of Railwaysy,

Doctor of Engineering Sciences, Professor,
e-mail: ips@rgups.ru

Turchik Svetlana Evgenievna

Rostov State Transport University (RSTU),
Chair «Research, Design and Construction
of Railwaysy,

Lecturer,

e-mail: ips@rgups.ru

Shcherbak Peter Nikolayevich

Rostov State Transport University (RSTU),
Chair «Track and Track Facilities»,

Doctor of Engineering Sciences, Professor,
e-mail: pph@rgups.ru



