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E. A. Bonzosa, M. A. Myxymaosze, U. A. Konobos

OLIEHKA U3HOCOCTOMKOCTU MOJUPUIIUPOBAHHOI KOHCTPYKIIUU
PAJJUAJILHOI'O MOAIIUITHAKA C YYETOM C)KUMAEMOCTH
CMA304YHOI'O MATEPHAJIA

AnHoTanus. MccnenoBanue BKIIOYaeT pa3paboTKy v aHAJIM3 MaTEMaTHUECKO MOJIEITN
MHUKPONOJSIPHOTO  CMa304HOTO MaTepualla B MOAU(DHUIIMPOBAHHOW KOHCTPYKIUH
TTOJTIIATTHAIKA CKOJIBKEHHUS C KOMITOZUITMOHHBIM (DTOPOILTACTCOAEPKAIIM TIOKPHITHEM Ha
MOBEPXHOCTH Bajla M KaHABKOM, KOTOpash CIIOCOOCTBYET YIYYIICHUIO paclpeacieHHs
CMa309YHOT0 MaTepraja 1 MOBBIIICHUIO TOJTOBEYHOCTH CHCTEMBI.

Ha ocHoBe ypaBHEHUS OBM)KEHUS, HCCIEAYEMOTO KHAKOTO CMAa30YHOTO MarepHania,
ypaBHEHUSI HEPA3PBIBHOCTH U YPAaBHEHMsI COCTOSHUS MOMYYEHbl HOBbIE MaTeMaTHYeCKHe
MOJIEJIY, YUYUTHIBAIOIINE JTOTIOJTHUTENBHO TaKOH €ro mapameTp, Kak C)KUMaeMOCTh.

HoBm3Ha paboTel 3akimiodaeTcss B pa3paboTKe METONVKH WH)XEHEPHBIX PpacueToB
KOHCTPYKIUH pajialIbHOTO MOIIMIHUKA CKOJIBKEHUS C IMOJIMMEPHBIM MOKPBITHEM IPU
ydeTe HalW4usg B HEM KaHaBKH, a TAaKK€ 3aBUCHMOCTU BS3KOCTH OT JaBJI€HUS U
C)KIMaeMOCTH CMa30YHOTO MaTephalia, TIO3BOJITIOIINX ONPENEIUTh BEINIHHY OCHOBHBIX
TPHOOTEXHUYECKUX TTAPaMETPOB.

PesynbTaThl uCCIemOBaHUS OOCCICUWIM CHM)KCHHE IMOTPEIIHOCTEH 10 Hecylueh
CHOCOOHOCTH W MO KOX(PGUIMEHTY TpeHUs MOAM(PUIIMPOBAHHOTO IOMIIAITHIUKA B
CpaBHEHHH C TpPaJUIMOHHBIMA KOHCTPYKIMSAMH. B pe3ynprate ymamoch TOOUTHCS
YBEIMYEHHS CPOKa CIYKOBbl paJMalibHBIX MOJIIUITHUKOB, YTO UMEET OOJIbIIOE 3HAYCHUE
JUIS MIX TIPOMBIIUIEHHOTO MTPUMEHEHUSI.

KiroueBble cjioBa: pagualbHbId MNOJIIMIIHUK, OLEHKAa H3HOCOCTOMKOCTH,
aHTU(PUKIMOHHOE TOJMMEPHOE IOKPHITHE, KaHABKA, THAPOAMHAMHUYCCKHH PEXKUM,
BepHUKaIHSL.
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E. A. Bolgova, M. A. Mukutadze, I. A. Kolobov

EVALUATION OF THE WEAR RESISTANCE OF A MODIFIED RADIAL BEARING DESIGN
TAKING INTO ACCOUNT THE COMPRESSIBILITY OF THE LUBRICANT

Abstract. The research includes the development and analysis of a mathematical
model of a micropolar lubricant in a modified sliding bearing design with a composite
fluoroplastic coating on the shaft surface and a groove that improves the distribution of
lubricant and increases the durability of the system.

Based on the equation of motion of the liquid lubricant under study, the continuity
equation and the equation of state, new mathematical models are obtained that additionally
take into account such parameter as compressibility.

The novelty of the work lies in the development of a methodology for engineering
calculations of the design of a radial sliding bearing with a polymer coating, taking into
account the presence of a groove, as well as the dependence of viscosity on pressure and
compressibility of the lubricant, allowing to determine the value of the main tribotechnical
parameters.

The results of the study provided a decrease in errors in bearing capacity and in the
coefficient of friction of the bearing in comparison with traditional designs. As a result, it
was possible to achieve an increase in the service life of radial bearings, which is of great
importance for their industrial applications.



Keywords: radial bearing, wear resistance assessment, antifriction polymer coating,
groove, hydrodynamic mode, verification.
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U. B. borvuux, A. M. Ananxo, A. K. Cxnugpyc, E. JI. Anuxuna

HCCJEIOBAHUE AJITE3MOHHON MPOYHOCTHU AHTU®PUKIIMOHHBIX
MOKPBITUIA HA OCHOBE ®EHUJIOHA *

AnHoTanmus. Ha ceromHsImHWii JIeHb CO3/1aHHE SKOHOMHYECKH S(PQGEKTHBHBIX H
MPOYHBIX (PTOpCOAEPIKAIINX MOKPBITUM C BBICOKOM aJre3MOHHOW NPOYHOCTBIO K
Pa3IMYHBIM METAJUIMYECKUM MOJJIOKKAM SIBIIETCS aKTyalbHOW 3ajaded. OOuH u3
MEPCTIEKTUBHBIX MOJIXOJIOB 3aKJIIOYAETCs] B CO3JaHHUH MHOTOCIIOMHBIX MOKPBITHH, T/
(dbropconepxkamuii KOMIIOHEHT (OpPMUPYET BHEIIHUHA CJIOW, a BHYTPEHHHHA CIIOH,
O0OTalleHHBI apMUPYIOIIMM KOMIIOHEHTOM, OOEeCIedMBaeT MPOYHOE CIEIJIEHHE C
METAJNIMYECKOM TOJI0KKOW. Mexann3M aiare3ud B TaKUX KOMITO3UIIMOHHBIX
MaTepragax OCHOBAaH Ha ONTHMHU3ALIMHU MIOBEPXHOCTHBIX B3auMoeiicTBuii. CTannapTHas
METOJIMKAa OLEHKH aJre3MOHHOM IPOYHOCTH OCHOBaHAa Ha W3MEPEHHH YCWIHA,
HEOOXOIMMOro [yl OTCJIAMBAaHUS IMOKPBITHSA OT cyOcTpara mpu ero orrube Ha 180
rpagycoB. Tak Kak C€OCTaB MAaTPUYHOTO CBSI3YIOIIETO TMPEJCTABIAEeT COOOU
TPEXKOMIIOHEHTHYIO CHCTEMY, a UX cymMma paBHa 100 %, ocHOBOH pa3paboTKH cTaso
HCIOJIb30BaHUE CUMIUIEKC-PEIIETYAThIX JIAHOB TUIIA COCTaB-CBOMCTBO.

KarodeBsble cjioBa: oJMMepHbIE MaTepUANbl, MATPHYHOE CBS3YIOIIEE, aire3MOHHAs
MPOYHOCTh, (EHWIOH, CyOCTpaT, IOPOIIOK MEIU, TPEXKOMIIOHEHTHAs CHCTEeMa,
CHUMILIEKC-AHarpaMma.

HccnenoBanre BBINOIHEHO TMpH  (QuHAHCOBOW mouepkke DejepanibHOro areHTCTBa
xene3Hoopokaoro Tpancnopta (Cornarienue ot 10.01.2024. Ne 109-03-2024-007).
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I. V. Bolshikh, A. M. Ananko, Ya. K. Sklifus, E. D. Anikina

INVESTIGATION OF THE ADHESIVE STRENGTH OF ANTIFRICTION
PHENYLENE-BASED COATINGS

Abstract. Today, the creation of cost-effective and durable fluorinated coatings with
high adhesive strength to various metal substrates is an urgent task. One of the promising
approaches is to create multilayer coatings, where the fluorinated component forms the
outer layer, and the inner layer, enriched with a reinforcing component, provides strong
adhesion to the metal substrate. The adhesion mechanism in such composite materials is
based on the optimization of surface interactions. The standard method for assessing
adhesive strength is based on measuring the force required to peel the coating from the
substrate when it is bent 180 degrees. Since the composition of the matrix binder is a
three-component system, and their sum is 100%, the basis for the development was the
use of simplex lattice plans of the composition-property type.

Keywords: polymer materials, matrix binder, adhesive strength, phenylene, substrate,
copper powder, three-component system, simplex diagram.
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AHAJIN3 COCTOSAHUSA NIOBEPXHOCTHU METAJIVIHMYECKOT'O KOHTPTEJIA
MPHU B3AMMOJIECTBUU C AHTU®PUKIIMOHHBIM IIOKPBITUEM, COJIEPKAIIIUM IIT®D *

AnHoTtanus. [IpoBeneH ananm3 N3MEHEHHS COCTOSHUS IOBEPXHOCTH METAJUINIECKOTO
KOHTpTENa MPH B3aUMOJICHCTBUH C aHTU(PHUKIIMOHHBIM MOKPHITHEM Ha OCHOBE TKaHU C
BoIoKHOM [IT®D mnpu HCIONB30BaHUM TEPMOCTOMKOIO MAaTPUYHOTO CBSI3YIOLIETO
XOJIOMHOTO OTBEPXICHUS Ha OCHOBE (EHWIOHA. AHANM3 MPOBOMWICS Ha OCHOBE
TPUOOJIOTHYECKHUX UCTIBITAHNH Ha MammHe TpeHus M-5018 mo cxeMe «Ba — 9aCTHIHBII
BKIaAp».  JIAs ~ OUEHKM  COCTOSHMS ~ IOBEPXHOCTH  OBUT  HCIOJIb30BaH
HWHTEPPEPEHIIMOHHBIH MHUKPOCKOM — omnThueckuii npoduinomerp NewView-600 dbupmsr
ZYGO. Iloka3zaHo, 4To TOCIIE TPHUPAOOTKH BEIMYMHA CPETHETO apu(PMETHIECKOTO
OTKJIOHEHHS TpOQWIs OT CpeAHEH JMHWU Ha MPOTSHKEHHUH BCEro mepuoja padoThI
TpUOOCUCTEMBI COXpaHsIeT 3HaUYeHHE, He TpeBbimatoniee Ry < 0,5 MkM, 4TO 0OecrieunBaeT
paboTOCIIOCOOHOCTh TPHOOCOTIPSIKCHHS.

KaroueBble cioBa: aHTHQPUKIHOHHOE TIOKPHITHE, TKaHb ¢ BOJOKHOM IIT®D,
CBA3YIOIIEE XOJIOJHOTO OTBEP)KACHHSA, IOBEPXHOCTh METANIMYECKOI0 KOHTPTENa,
TpUOOIOTHYECKUE UCITBITAHUSI.

Jdas outupoBanusi: Wsanoukun, II. T. AHanu3 cOCTOSIHHSI TOBEPXHOCTH
METAJJTHYECKOT0 KOHTpPTENA TPU B3aUMOJCHCTBHM C aHTU(PPUKIIMOHHBIM ITOKPBITHEM,
comepxkammm [IT®D / I1. I'. UBanoukwun, E. /I. Arnkuna, E. I1. bBonsmmx // BectHuk
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P. G. Ivanochkin, E. D. Anikina, E. P. Bolshikh

ANALYSIS OF THE STATE OF THE METAL COUNTERBODY SURFACE
IN INTERACTION WITH AN ANTIFRICTION COATING CONTAINING
PTFE

Abstract. The analysis of the change in the state of the metal counterbody surface in
interaction with an antifriction coating based on fabric with PTFE fiber using a heat-
resistant matrix binder of cold curing based on phenylone was carried out. The analysis
was carried out on the basis of tribological tests on the friction machine 11-5018 according
to the scheme “shaft-partial liner". To assess the surface condition, an interference
microscope - optical profilometer "NewView-600" from ZYGO was used. It is shown that
after running-in, the value of the average arithmetic deviation of the profile from the mean
line throughout the entire period of operation of the tribosystem retains a value not
exceeding Ra < 0.5 um, which ensures the operability of the tribocoupling.

Keywords: antifriction coating, fabric with PTFE fiber, cold-curing binder, surface of
metal counterbody, tribological tests.
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B. H. llonskos

METOIUKA OINPEJAEJEHUA TAPAMETPOB OKCUEHTPUCUTETA
I'mJPOANHAMHUYECKOI'O NIOJUINITHUKA CKOJIBKEHUSA

AnHotamusi. HacTosmass cTtathsi IMOCBAIIEHA HOBOW pa3pabOTaHHOW METOIUKE
pacuera OCHOBHBIX MapaMETPOB 3KCLEHTPUCHUTETAa PajUuabHOIO IOALIMITHHKA
CKOJIBXKCHHUA C Y4YETOM MUHHUMAJIBHOM BEJIWMYUHBI TIJICHKHA KHUAKOIro CMa304HOI'o
MaTepuana, a TAKKe 3HaYCHUIO TONOJHUTEIbHON YIIIOBON KOOPAUHATHI, ONIPEAEIISOIEH
MOJIOXKEHUE 3KCLIEHTPUCUTETA Bajla OTHOCUTENILHO BEKTOPa HAarpy3KH B paboueMm 3a3ope
paccMaTtpuBacMoi TPHUOOCHUCTEMBI. DKCIEPUMEHTAIBHBIC HCCIEAOBAHUSA, TMOJHOCTHIO
MMOATBECPKAAOIIUEC UTOTM TCOPECTUUCCKUX PE3YJIbTAaTOB, IPOBOAUINCH HA CTaHI[apTHOﬁ
MOAEPHU3UPOBaHHON MamuHe TpeHus monenu MM-5018 tuna «Amcraep». Ha ocHoBe
pa3paboTaHHON pPacYeTHON METOINKH, MPOBEPEHHOW HA TOYHOCTh PE3YJIhTATOB B
CpaBHCHUHU C HUTOraMu OSKCIICPUMCHTAJIbHBIX I/ICCJ]CILOB&HI/II\/'I, OBLI IMOJIy4CH HOBbIﬁ,
OTJIMYHBIHI OT CTAHJAPTHOTO, AJITOPUTM YTOUHEHHOT'O pacyeTa napaMeTpoB MOIINITHUKA
CKOJIBXEHUSI, Pa0OTAIOLIETO B THAPOIUHAMUYECKOM PEXXUME CMa3bIBaHUS.

KurodeBble cjioBa: MOAMIUITHUK CKOJBKEHHS, MallliHa TPEHUS, ’KUIKOCTHOE TPEHNE,
JKCLEHTPUCHUTET, YIIIOBask KOOpAWHATA SKCLEHTPHUCUTETA, TONINHA CMa304HOIO CIIOSL.

Jusa unurupoBanms: IlonskoB, B. H. Meroauka onpezneneHuss MapaMmeTpoOB
9KCIICHTPUCUTETA THAPOANHAMUYIECKOTO MOMIIHIHUKA cKoabkenus / B. H. TTonskos //
Bectauk PocTtoBckoro rocynapcTBeHHOTO YHUBepcuTeTa mmyTedl coobmienns. — 2024, —
Ne 4, — C. 34-40. — DOI 10.46973/0201-727X_2024_4 34.

V. N. Polyakov

METHODOLOGY FOR DETERMINING THE PARAMETERS OF ECCENTRICITY
OF A HYDRODYNAMIC PLAIN BEARING

Abstract. This article is devoted to a newly developed method for calculating the main
parameters of the eccentricity of a journal plain bearing taking into account the minimum
film size of the liquid lubricant, as well as the value of the additional angular coordinate
that determines the position of the shaft eccentricity relative to the load vector in the
working gap of the tribosystem under consideration. Experimental studies that fully
confirm the results of the theoretical results were carried out on a standard modernized
friction machine model 115018 of the “Amsler” type. Based on the developed calculation
method, checked for the accuracy of the results in comparison with the results of the
experimental studies, a new algorithm, different from the standard one, was obtained for
the refined calculation of the parameters of a plain bearing operating in the hydrodynamic
lubrication mode.

Keywords: plain bearing, friction machine, fluid friction, eccentricity, angular
coordinate of eccentricity, thickness of lubricant layer.
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C. I1. Puiorcos

SKCHEPUMEHTAJIBHBIE UCCJIIEJOBAHUSA CHHEKTPAJIBHOI'O COCTABA
IIYMA 3YBOJOJIBEKHBIX CTAHKOB

Annortamusi. [IpencraBieHbl pe3ynbTaThl 3KCICPUMEHTAIBHBIX HCCIICIOBAHUN
CHEKTPOB ITyMa M BUOPAIMiA, MPOSBIAIOMNXCS B 3yOOJOMOEKHBIX CTaHKaX MPH WX
MPOMBINUICHHOM AKCIUTyaTallid IO/ PA3JIMYHBIMU TEXHOJIOTMYECKUMH Harpy3kamu. B
3aBUCHMOCTH OT TEXHUYECKHX MApPaMETPOB STHUX CTAHKOB B ITPOIECCE BHITOIHEHUS paboT
COTJIACHO TEXHOJOTMIECKOMY PETVIAMEHTY HICHTU(DUIMPYIOTCS UCTOUHHKH, CO3/A0IIHE
MOBBIIICHHBIC YPOBHU IIIyMa, 8 UMEHHO Pe3ell ¥ 3arOTOBKa, TOTJIa KaK BIUSHUE CTAHUHBI
MOXXHO TIPOMTHOPUPOBATh. ODTO TOJTBEPKAACTCI TEOPETHUECKUMHU BBIBOJAMH O
3aKOHOMEPHOCTSIX (hopMupoBaHus BHUOPOAKyCTUYECKHIX XapaKTEPUCTUK
3y00IONOCKHBIX CTAaHKOB. Ha OCHOBaHMM TNPOBEACHHBIX HCCICAOBAHUN YIANIOCH
BBICTIUTh KIIFOYEBBIC (DaKTOPHI, BIMSIONIME HA BEJIMYMHY IIYMOB W BUOpanui B
3y00/10710€KHBIX CTaHKaX. B miepByto oyepenb 3T0 KOHCTPYKTHBHBIE OCOOCHHOCTH pe3lia
W MaTepHala 3aroTOBKH. Pa3In4yHbIe reOMETPUYECKUE TApaMEeTpPhI pe3lia, TAKHE KaK YroJ
3a0CTpeHUs, (GOpMa U CTEMEHb 3aTOYKH, CYINICCTBEHHO W3MCHSIOT KapTUHY
pacmpenenenust BUOpanuii B mpomecce pesaHus. bonee Toro, marepuansl ¢ Oolee
BBICOKUM MOJIyJIEM YIPYTOCTH W IJIOTHOCTBIO CIIOCOOCTBYIOT MOBBIIICHHIO OOMICH
aMILTUTY bl BUOPAIIHI, YTO OTPAKAETCS Ha CIICKTPE MIyMa.

KiroueBsble ¢JioBa: 3KCIIEPUMEHTAIBHBIC UCCIEIOBAaHUS, YPOBHU 3BYKa, OKTaBHBIC
YPOBHH 3BYKOBOT'O JIaBJICHUS U BUOpAIUii, 3y0010J0€KHBIC CTAHKH.

Mg ourupoBanus: PsokoB, C. II. DOxkcnepuMeHTanbHBIE HCCIIEIOBAaHUS
CHEKTPAILHOIO cocTaBa IrymMa 3y0omosioexubix ctankoB / C. I1. PepkoB // BecTHuk
PoctoBckoro rocyaapcTBeHHOTO yHUBEpcHUTeTa myTeil cooOmenus. — 2024. — Ne 4. — C.
41-48. — DOI 10.46973/0201-727X_2024_4_41.

S. P. Ryzhov

EXPERIMENTAL STUDIES OF THE SPECTRAL COMPOSITION OF GEAR-SHAPING
MACHINE NOISE

Abstract. The article presents the results of experimental studies of noise and vibration
spectra that occur in gear-shaping machines during their industrial operation under various
process loads. Depending on the technical parameters specifications of these machines, during
the execution of work according to the process regulations, the sources that create increased
noise levels are identified, namely the cutter and the workpiece, while the influence of the
frame can be ignored. This is confirmed by theoretical conclusions about the patterns of
formation of vibroacoustic characteristics of gear-shaping machines. Based on the conducted
studies, it was possible to identify the key factors that affect the magnitude of noise and
vibration in gear-shaping machines. First of all, these are the design features of the cutter and
the workpiece material. VVarious geometric parameters of the cutter, such as sharpening angle,
shape and degree of sharpening, significantly change the pattern of vibration distribution
during the cutting process. Moreover, materials with a higher modulus of elasticity and density
contribute to an increase in the overall vibration amplitude, which is reflected in the noise
spectrum.

Keywords: experimental studies, sound levels, octave levels of sound pressure and
vibrations, gear shaping machines.
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U. B. Konecrukos, B. B. Illanosanos, O. U. Kosaneuxo, K. H. I[lorumwixo, H. A. KonoosowcHuwii

HAHECEHHUE U3HOCOCTOMKHUX PVD-ITIOKPBITUI
HA ®PUKIIMOHHBIE TIOBEPXHOCTHU IIECTEPEH
U MY®T-IHECTEPEH NEPCINEKTUBHOMN
ABTOMATHYECKOM KOPOBKH IEPEJIAY *

AnHoTanus. PaccMoTpeHa nepcrekTHUBHAsI CUIOBasi aBTOMaTHYeCKas TPaHCMHCCHS,
paspabotannas yueHsiMu PI'YIIC. B ycrpoiicTBe maHHOW aBTOMATHYECKOW KOPOOKH
nepexiouenus nepenad (AKIIIT) ucnonp3yercst opuruHaibHas, He UMEIOIas aHaJIoTOB
My(dra-mecrepHs, UCHONb3yeMas B KauecTBe (PUKUUOHHOTO YCHIIUTEIBHOTO 3BEHA.
BBumy orcyTcTBHS pa3phIBOB NOTOKA MEpeaaBacMON C MOMOIIBIO JaHHOW My(QTHI-
HIECTEPHH MOIIHOCTH M, KaK CIEACTBUE, YBEIMUYEHHUS CKOPOCTH BKIIOYEHHUS Iepeaad
yIanoch yBenwmuuTh Kod(p¢unuent monezHoro naeiictBus AKIIIl. B mpomecce
JUIATENBHON 3KCIUTyaTalliM KOMIIOHEHTBHI M JAeTald AAHHOTO arperara, B 4aCTHOCTH
LIECTEepHHU, NOABeprarlTcs wu3Hocy. OmHuM H3  clOCOOOB  IMOBBILEHHA HUX
W3HOCOCTOMKOCTH SIBJISIETCd HaHECEHHE BaKyyMHBIX IOKPBITHH, 3alUINAIONINX
MMOBEPXHOCTH OT MX WHTEHCHBHOIO M3HAIIMBaHUA. s peanusanuu JaHHOM 3ajadu
METOJIOM MArHETPOHHOTO PpAaCHBUICHHS IOJY4YE€HO BBICOKOIHTPOIUITHOE IOKPBITHE
CuCrMnFeCoNi na mommoxke m3 cramn 40XH2MA, obnanmatoriee OTHOPOIHOMN
CTPYKTYPOH U TUIOTHBIM IMpPUJIETaHHUEM K MOAJ0XKe. Tpubosioruueckue MUccieaoBaHus
MO3BOJIMJIM YCTaHOBUTH HU3KUH KO3 PummeHT TperHus | = 0,12, KOTOPbIi 3HAYUTEITBHO
HWKe 3HaYeHMH MOJIOKKH U3 cTaju. Pa3paboTaHHOE MOKPHITHE TIO3BOIUT YMEHBIINUTh
KO3 (UITUESHT TPEHUS U H3HOC MY(THI-IIIECTEPHH.

KiaoueBbie cjoBa: TpuOONOrHs, aBTOMaTHuYecKas KOpPOOKa TMepeKIIIOYCHUs
nepeaay, miectepHs, Mmydra-mectepHs, (QPUKIMOHHOE ycuiuTenbHOe 3BeHo, KIIJ,
MexaHHuecKue u Tpudoaorndeckue cporcrsa, PVD, BOC, nokpeiTre, MarHeTpoH.

Jns uurupoBanus: Hanecenne n3nococtoiiknx PVD-nokpeITHIA Ha QPUKIIMOHHBIE
MMOBEPXHOCTH IIECTEPEH U My(T-IIECTEPEH MEPCIICKTUBHOW aBTOMATUYECKOM KOPOOKH
nepenad / U. B. Konecnukos, B. B. IllamoBanos, O. U. KoBanenko [u ap.] / BectHuk
PocToBckOro rocyiapcTBeHHOr0 yHUBepcuTeTa myTteit cooduienus. — 2024. — Ne 4, — C.
49-59. — DOI 10.46973/0201-727X_2024 4 49.

I. V. Kolesnikov, V. V. Shapovalov, O. I. Kovalenko, K. N. Polityko, I. A. Kolodyazhny

APPLICATION OF WEAR-RESISTANT PVD COATINGS ON THE FRICTION SURFACES
OF GEARS AND GEAR COUPLINGS OF A PROMISING AUTOMATIC TRANSMISSION

Abstract. A promising power automatic transmission developed by RSTU scientists
is considered. The device of this automatic transmission (AT) uses an original,
unparalleled gear clutch used as a friction reinforcement link. Due to the absence of
discontinuities in the flow of power transmitted using this gear coupling and, as a result,
an increase in the gear speed, it was possible to increase the efficiency of the automatic

* Pabora BeInosHeHA pu HUHAHCOBOW oaaepxke Poccuiickoro Hayunoro ¢ouaa (mpoekt Ne 21-79-30007).
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transmission. During long-term operation, the components and parts of this unit wear out.
One of the ways to increase their wear resistance is to apply vacuum coatings that protect
surfaces from their intense wear. To achieve this task, a high-entropy CuCrMnFeCoNi
coating on a 40KHN2MA steel substrate was obtained by magnetron sputtering. The
coating has a uniform structure and a tight fit to the substrate. Tribological studies have
allowed us to establish a low coefficient of friction pu = 0,12, which is significantly lower
than the values of the steel substrate. Developed coating will reduce the coefficient of
friction and wear of the gear coupling.

Keywords: tribology, automatic transmission, gear, coupling gear, friction
reinforcement link, efficiency, mechanical and tribological properties, PVD, HEA,
coating, magnetron.

For citation: Application of wear-resistant PVD coatings on the friction surfaces of
gears and gear couplings of a promising automatic transmission / 1. V. Kolesnikov,
V. V. Shapovalov, O. I. Kovalenko [at al.] // Vestnik Rostovskogo Gosudarstvennogo
Universiteta Putey Soobshcheniya. — 2024. — No. 4. — P. 49-59. — DOI 10.46973/0201—

727X_2024_4_49.
Caenennsi 06 apTopax

Kouecnukos Urops Biaagnumuposuy
PocroBckuii  rocynapCTBEHHBIA ~ YHUBEPCUTET
nytert coodmenus (PI'YIIC),

zaseayromuii HUJI HuHM HUY,
wieH-koppecnonaeHT PAH,

OOKTOP TCXHUYCCKUX HAYK,

e-mail: oooedt@rambler.ru

ITanosanos Biaagumup Baagumuposuy

PocroBckuii  rocynapCTBEHHBIA  YHUBEPCUTET
nyTei
coobmenus (PI'YIIC),

kadenpa « TpaHCTIOPTHBIC MaITHBI

U TpHOOTEXHUKAY,

JOKTOp TEXHUYECKUX HAyK, mpodeccop,
e-mail: sha.vww@bk.ru

Kosanenko Oaer Uropesnu
PocroBckuili  rocynapcTBEHHBIH
nyTei

coobmenus (PI'YIIC),

kaenpa «TpaHCIOPTHBIE MAILLIMHEI
1 TpHOOTEXHUKAY,

acIHpaHT

e-mail: olegkovalenko2000@mail.ru
Honutpiko Kupniaa Hukonaesnu
PocroBckuii  rocynapCTBEHHBIN
nyTei

cooomenus (PI'YIIC),

MJIJIINHA HAy4YHBIA COTPYIHUK
kadenpsl «TeopeTraeckas MEXaHUKa,
acCIMpaHT,

e-mail: politykokirill@yandex.ru
Koaonsknniii Uana AjlekceeBU4

YHHUBEPCUTET

YHUBEPCUTET

PocToBCckMiT  TOCYIapCTBEHHBIH  YHHUBEPCHUTET
myTen
coobmenwus (PI'YIIC),

kaeapa «TpaHCOPTHBIE MALITHEI
U TpHOOTEXHUKAY,
aCTIMPaHT,

Information about the authors

Kolesnikov Igor Vladimirovich

Rostov State Transport University (RSTU),
Head of Scientific Laboratory RSTU,
Corresponding Member of RAS,

Doctor of Engineering Sciences,

e-mail: oooedt@rambler.ru

Shapovalov Vladimir Vladimirovich

Rostov State Transport University (RSTU),
Chair «Transport Machines and Tribotechnics»,
Doctor of Engineering Sciences, Professor,
e-mail: sha.vww@bk.ru

Kovalenko Oleg Igorevich

Rostov State Transport University (RSTU),
Chair «Transport Machines and Tribotechnicsy,
Postgraduate Student,

e-mail: olegkovalenko2000@mail.ru

Polityko Kirill Nikolayevich

Rostov State Transport University (RSTU),
Junior Researcher

Chair «Theoretical Mechanics»,
Postgraduate Student,

e-mail: politykokirill@yandex.ru

Kolodyazhny llya Alekseevich

Rostov State Transport University (RSTU),
Chair «Transport Machines and Tribotechnicsy,
Postgraduate Student,

e-mail: 1nexus2mod@gmail.com



e-mail: 1nexus2mod@gmail.com

YK 621.86. + 06

B. B. lllanosanos, T. JI. Casmosa, C. JI. I'opun, /. A. Paoviu, O. U. Kosanenko

PA3BPABOTKA ®PUKIIMOHHON MHOI'OJJUCKOBOM
COEJUHUTEJBHOM MY®ThI JJ151 NEPEJIBUKHBIX JIEKTPOCTAHLIUI

AnHotamusi. IlpemcraBimena pa3paboTka HOBOH (DPUKIIMOHHOW MHOTOIMCKOBOM
COCZIMHUTEIBHON MY(THI C TpeMs KacKaJaMu YCHIICHHS B3aMEH MMIIOPTHOTO aHaJiora OT
MAaITHHOCTPOUTEIHHOTO KOHIIepHa Voith. [1epBbIit i TpeTHii KacKasl MPEACTABIITIOT COOOM
MHOTOJIICKOBBIE MY(THI, pabOTarOIIME B Macie, a BTOPOH — (PPUKIIOHHOE YCUITUTENEHOE
3BeHo (DY3) B Buae [AByX [JOUCKOB M Ten KaueHus. JlaHHBIA arperaT wumeer
ANIEKTPOMAarHUTHOE YIIpaBIeHHE, KOTOpOE MPHUBOIUT €ro B paboTy. YCTaHOBIEHO, YTO
WCTIOJIb30BaHUE TPEX KACKaJIOB yCHIICHUS TOBBIMIAET MPOYHOCTH COCTUHEHUS W CHIDKAeT
W3HOC JleTanieil. 3a cyeT MpUMEHEeHHs MHOTOKacKaJHOW CHCTEMBbI 3aTpauuBaeTCs MEHbIIEe
KOJIMYECTBO JHEPrMM Ha BKIIOYCHHE My(Thl. Ee KOHCTPYKIUS C 3JIEKTPOMAarHUTHBIM
yIpaBIeHHEM 00eCTIeYnBaEeT HA/ICKHOE COSTMHEHNE arperaToB.

KaroueBble ciioBa: coemuHuTENbHas My(dTa, Kackaj YCHICHHS, DIIEKTPOMATHWT,
KO3 pHIMEHT yCuleHHs, KOO OUIMESHT TPEHUSL.

Jasi matapoBanms: Pa3paboTka (GpHUKIIMOHHONH MHOTOAMCKOBOM COCOMHHUTEIHLHOM
My(THI U TiepeABMKHBIX dnekTpoctanuuii / B. B. llanosanos, T. JI. Casamosa, C. JI.
lopurn [u gap.] // BectHuk POCTOBCKOrO rocymapCTBEHHOTO YHUBEpPCHTETa IIyTeH
coobmenust. — 2024, — Ne 4. — C. 60—69. — DOI 10.46973/0201-727X_2024_4 60.

V. V. Shapovalov, T. L. Sayamova, S. L. Gorin, D. A. Ryabysh, O. |. Kovalenko

DEVELOPMENT OF A FRICTION MULTI-DISC CONNECTING COUPLING
FOR MOBILE POWER PLANTS

Abstract. Couplings are of great importance for modern engineering. This paper
describes the development of a new frictional multi-disc coupling with three
amplification stages to replace the imported analog from Voith engineering concern. The
first and third stages are multi-disc couplings operating in oil, and the second one is a
friction reinforcement unit (FRU) in the form of two disks and rolling elements. This unit
has an electromagnetic control that drives it. It has been established in the study that the
use of three stages of amplification increases the strength of the connection and reduces
wear of the parts. Due to the use of a multi-stage system, it is possible to use less energy
to activate the coupling. Its design with electromagnetic control ensures reliable
connection of the units.

Keywords: coupling, amplification stage, electromagnet, coefficient of amplification,
friction coefficient.
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A. E. Konooenxosa, C. C. Bepewaeuna, H. A. Tapymun

PA3BPABOTKA CTPYKTYPbI TUBPUIHON HEMPOHHOM CETH
JIJIS1 CACTEMbBI MOHUTOPUHI'A U UIEHTU®UKALIAN
HEHUCIIPABHOCTEM SJIEKTPUYECKOM MOJICTAHIIUMA *

AnHotanusi. JKeJIe3HOOPOXKHBIA TpaHCHOPT MOTpednsier Oonee 7 % sHepruw,
BbIpabaTeIBaeMOM 35eKTpocTaHIusIMH PD, koTopas pacxomyercsi Kak Ha TAry 0e3/10B, TaK
Y Ha MUTaHHE HETATOBBIX OTpeOuTeNeH (Jero, CTaHIHii, MaCTEPCKHUX, a TAKKe PaiOHHBIX

norpeburenei). Takum oOpazom,

QJICKTpHUYCCKasd

noactranmmst  (OII)  momkna

o0ecneunBaTh HAJEKHOE DIIEKTPONUTAHUE PA3INYHBIX YCTPOHCTB KEIE3HOAOPOKHOTO
TPaHCHOPTa ¥ AIIEKTPOCHAOKEHHE BCEX MOTpeOUTENeH JKEIe3HOIOPOKHOTO TPAHCIIOPTA.
B cBsi3u ¢ 3TUM BO3HUKAET NOTPEOHOCTh B CBOCBPEMEHHOM BBISIBJICHUN HEUCIIPABHOCTEH
B pabote DIl mus obecrieueHus OGecriepeOOHOTO MHUTAHUS, a TAKKE TPEAYIPEHKICHUS
aBapHIfHBIX cUTyaruil. B HacTosmieli paboTe npuBeaeHa 0600mMeHHast cxeMa MOHUTOPHHTA
u uaeHTudukanun Heucnpapaocter Ol ¢ ucnonbp3oBaHUEM THOPUIHON HEHPOHHOW CETH
('HC). Cxema npeacraenena B Hotanuu IDEF( ¢ mopoOHBIM OnTUcaHreM BBITTOTHSEMBIX
¢byakmuii. PaccMoTpeH anroputMm npenoOpabOTKH MaHHBIX IS MPOBEPKH YETKUX W
HEYETKUX 3Ha4YeHUI BBHIOPAHHBIX MapaMeTpoB, BIusommx Ha padory OII. [Ipemioxkena
ctpykrypa I'HC, koropas ocHOBaHa Ha paboTe€ CBEPTOYHON HEHUPOHHOW CeTH,
W3BIIEKAIONIEH MPU3HAKU W MIAOJIOHBI 3HAYCHHWH MapaMeTpPOB, a TaKXKe PEKYpPPEHTHOH
HEHPOHHOW ceTH, OOpadaThIBaroOIlel YETKHUE BXOAHBbIC aaHHble. Paspaborannas ['HC
MMO3BOJIUT COKPAaTUTh BpeMs 0OpaOOTKH BXOJHBIX JaHHBIX, CBOCBPEMEHHO IOJIYYUTh
OLICHKY TeXHUYecKoro cocTosHusi OIl B yCIOBHAX pa3sHOPOAHBIX NAHHBIX, a TaKKe
MIPOBECTH MEPOIPUSATHUS, HANIPABICHHBIC Ha MPEAYNPEKACHUE BBIXOAA MOJCTAHIUU U3

CTpOSL.

* HUccnenoBanue BRITIOTHEHO MU Noiep kke Poccniickoro Hayunoro ¢onza, rpant Ne 23-29-00415.



KnawueBble c10Ba: JHArHOCTUYECKUE MapaMeTphl, CBEPTOYHAs HEHpPOHHAs CETh,
pEeKyppeHTHasl HeHPOHHAsS CeTh, HEUCIIPABHOCTH, DJIEKTPUIECKast TIOICTAHIINS.

Jas murupoBanusi: KononenkoBa, A.E. Pa3paborka cTpyKTypbl THOpUIHON
HEWpPOHHOW CETH MJIA CHCTEMbl MOHHTOPHHTA W HIACHTH(PHUKAIINA HEHUCIPABHOCTEH
anexrpuaeckoit moacranmwm / A. E. Komonenkosa, C. C. Bepemaruna, H. A. Tapytun //
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A. E. Kolodenkova, S. S. Vereshchagina, N. A. Tarutin

DEVELOPMENT OF A HYBRID NEURAL NETWORK STRUCTURE
FOR THE SYSTEM OF MONITORING AND FAULT IDENTIFICATION
OF ELECTRICAL SUBSTATION

Abstract. Railway transport consumes more than 7 % of the energy generated by power
plants in the Russian Federation, which is spent both on train traction and on power supply
for non-traction consumers (depots, stations, workshops, and district consumers). Thus, an
electrical substation (ES) must ensure reliable power supply for various devices of railway
transport and power supply of all consumers of railway transport. In this regard, there is a
need for timely detection of faults in the ES operation to ensure uninterruptible power
supply, as well as to prevent emergency situations. This paper presents a generalized
scheme for monitoring and identifying faults of the electrical substation using a hybrid
neural network (HNN). The scheme is presented in IDEFO notation with a detailed
description of the functions performed. The algorithm of data preprocessing for
verification of crisp and fuzzy values of selected parameters affecting the ES operation is
considered. The authors propose the HNN structure based on the operation of a
convolutional neural network that derives signs and templates of parameter values, as well
as a recurrent neural network that processes crisp input data. The developed HNN will
reduce the time for processing input data, obtain timely assessment of the technical
condition of the electrical substation under conditions of heterogeneous data, as well as to
take measures aimed at preventing substation failure.

Keywords: diagnostic parameters, convolutional neural network, recurrent neural
network, faults, electrical substation.

For citation: Kolodenkova, A. E. Development of a hybrid neural network structure for
the system of monitoring and fault identification of electrical substation /
A. E. Kolodenkova, S.S. Vereshchagina, N.A. Tarutin // Vestnik Rostovskogo
Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2024. — No. 4. — P. 70-79. — DOI
10.46973/0201-727X_2024_4 70.

CaeneHust 06 aBTopax Information about the authors
KosonenkoBa Anna EBrenneBna Kolodenkova Anna Evgenievna
Camapckuii rocyJapCTBeHHBIN TEXHUYECKUH Samara State Engineering University,
yausepcutet (CamI'TY), Chair «Computer Science and Engineeringy,
kagenpa «HpOpMATHKA ¥ BEIYUCITUTEIbHAS Doctor of Engineering Sciences,

TEXHMKAY, Associated Professor, Professor,

JIOKTOP TEXHUYECKUX HAYK, JOILEHT, e-mail: anna82_42@mail.ru

mpodeccop,

e-mail: anna82_42@mail.ru

Bepemarnna Csetiiana CepreeBna Vereshchagina Svetlana Sergeevna
Camapckuii rocyJapCTBEHHBI TEXHUYECKUN Samara State Engineering University,
ynauBepcutet (Caml TV), Chair «Computer Science and Engineeringy,
kadenpa «MHbpOpMATHKA ¥ BEIYUCIUTEIbHAS Candidate of Engineering Sciences,
TEXHMKAY, Associate Professor,

KaHJIUJAT TEXHUIECKUX HAyK, TOICHT, e-mail: werechaginass@mail.ru

e-mail: werechaginass@mail.ru

Tapyrun Hukura AnexceeBu4 Tarutin Nikita Alekseevich

Camapckuii rocyJapCTBEHHBIN TEXHUYECKUN Samara State Engineering University,



yausepcuteT (CamI TY) Chair «Power Supply for Industrial Enterprises»,
kadeapa «DnekTpocHabxeHne NpOMBINUIEHHBIX Postgraduate Student,

MPEONPHUITHR e-mail: nikitarutin@mail.ru

aCIHUPAHT,

e-mail: nikitarutin@mail.ru

TPAHCIIOPTHASA DHEPTETUKA
YJIK 621.331 : 621.311 + 06 DOI 10.46973/0201-727X_2024_4_80

11. A. Jloeynosa

OPI'AHM3ALIMSA YYETA PACXOJA SJIEKTPOOHEPT U
HA TAI'Y IIOE310B HA TATI'OBBIX IIOACTAHIIUAX
KEJIE3HBIX IOPOI' IOCTOSSHHOI'O TOKA

AHHoTanus. B cTaTbe paccMOTpEHBI BOIIPOCH! ONPEAEIICHUS pacxo/1a 3JIEKTPOIHEPTUN
Ha HYX/bI TSATH AT 2JIeKTPU(UIMPOBAHHBIX JKEJIE3HBIX AOPOT IOCTOSIHHOTO TOKA, a TAKXKE
OCHOBHBIE TIPOOJIEMBI, C KOTOPBIMHU CBSI3aHA CIOXHOCTh HEIOCPEICTBEHHOI'O M3MEPEHHUS
pacxosa 3JIeKTPOIHEPTUY Ha TATY 1M0e370B. B kauecTBe MeToa, IO3BOJISIOIIETO PEIIUTh
MOCTaBJICHHYIO 33/ady 0e3 HeoOXOOMMOCTU YCTaHOBKHM Ha 3JIEKTPOIIOJIBI)KHONW COCTaB
yerporicts 'JIOHACC, npeanaraercss METOA, KOTOPbIA OCHOBAH HA MPSMBIX H3MEPEHUIX
TOKOB UM HaIpsyKEHUH B HECKOJBKUX TOUKAaX TAroBOW ceTu. lIpencraBieHHBbIN B cTaThe
QITOPUTM 00pabOTKM 3THX JAHHBIX MO3BOJISET ONPENENIUTh BCE MCXOIHbBIE BEIMYHHBI,
HEOOXOIUMBIE ISl PACUETOB PacX0a 3JIEKTPOIHEPTUH Ha TATY.

KurodeBble cjioBa: oTepu MOIIHOCTH, METOJT BOCCTAHOBJICHHS MOE3JHONW CUTYallWH,
JBYXIyTHasl BCTaBKa, pac4eT MTHOBEHHBIX CXEM.

Jasi nmrupoBanusi: JloryHosa, I1. A. Opranuzanus ydera pacxona 3JIEKTPOIHEPruu
Ha TATy HOC€3J0B Ha TATOBBIX IIOACTAHIHAX IKCJIC3HBIX OJOPOr' IOCTOAHHOI'O TOKa /
I1. A. JlJoryoBa // BectHuk POCTOBCKOTO TOCYAapCTBEHHOTO YHHUBEPCHTETa ITyTEi
cooOmienus. — 2024. — Ne 4. — C. 80-86. — DOI 10.46973/0201-727X_2024_4_80.

P. A. Logunova

ORGANIZATION OF ACCOUNTING OF ELECTRICITY CONSUMPTION
FOR TRAIN TRACTION AT TRACTION SUBSTATIONS
OF DC RAILWAYS

Abstract. The article considers the issues of determining the consumption of electricity
for traction needs for electrified DC railways, as well as the main problems associated with
the complexity of direct measurement of electricity consumption for train traction. As a
method to solve this problem without the need to install GLONASS devices on an electric
rolling stock, a method is proposed that is based on direct measurements of currents and
voltages at several points of the traction network. The algorithm for processing these data
presented in the article allows us to determine all the initial values necessary for calculating
the consumption of electric power for traction.

Keywords: power loss, method of restoring the train situation, double-track insertion,
calculation of instantaneous circuits.

For citation: Logunova, P. A. Organization of accounting of electricity consumption
for train traction at traction substations of DC railways / P. A. Logunova // Vestnik
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A. C. Manuxosckuii, /[. A. Axosnes, A. FO. Myxonao

MNOBBIINEHUE TOYHOCTU METOJ10B IPOI'HO3UPOBAHMUSA
SJIEKTPOIIOTPEBJIEHUSA
B CUCTEME YIIPABJIEHUSA 3JIEKTPOCHABXEHUEM
KEJIEBHOJOPOXHOI'O TPAHCIIOPTA

AHHOTAIMSI. OddexTnBHOE  yIpaBieHHE  JHEPreTHYECKHM  KOMILIEKCOM
KEJIE3HOOPOKHOTO TpaHCHOpTa TpeOyeT omepaTHBHONH 0OpabOTKHM OONBIINX 00HEMOB
WHPOPMALIUH, MTOCTYMAIOMINX U3 aBTOMATU3UPOBAHHOW CHCTEMBI KOMMEPYECKOTO yueTa
3NIeKTpodHeprun. [IpOrHO3HbIC OIICHKH COCTABIISIOT 0a30BYI0 HHG)OPMAIIHIO JTSI PHHSTHSI
pellicHUH O TJIAHUPOBAHHHU DJIEKTPONOTPeONeHHs. TOYHOCTh MPOTHO30B MOTPEOJICHHS
AJIEKTPOIHEPTUU OmpeiensieT 3PGEKTUBHOCTD YIPABICHUS SHEPIeTUICCKUM KOMILUIEKCOM
KEJE3HOAOPOKHOTO TPAHCIOPTa M OOECIeYMBAET HSKOHOMHIO DIIEKTPOIHEPTHH H
CHIDKCHHE 3aTpaT Ha e¢ NpUoOpeTeHHe, MOCKOIbKY MpaBuWiaMd (yHKIMOHUPOBAHUS
SHEPTOPHIHKOB YCTAHOBJICHA OOSM3aHHOCTh MOTPEOUTENEH MO TOYHOMY IJIAHUPOBAHHIO
00BeMOB 3J1eKTponoTpeOieHns. Takum 00pa3oM, aKTyaJbHOCTh PabOThI 3aKJIIOYACTCS B
MOBBIIICHIH TOYHOCTH METOIOB IPOTHO3UPOBAHUS TIOTPEOICHUS DINEKTPHICCKON SHEPTUH
C MPUMCHEHHUEM COBPEMEHHBIX TEXHOJIOTHI 00paboTKN HH(DOPMAIIHH, TPEIOCTABISIOIINX
JUCTIETYEPCKOMY MEPCOHATY BO3MOXKHOCTh BBHIOOpA W peaM3allMy BbIIAHHBIX CUCTEMON
3G GEKTHBHBIX AITOPUTMOB TUIAHUPOBAHUS TOTPEOICHHUS IIEKTPOIHEPTHH, YTO TTO3BOJIUT
CYIIECTBCHHO YIy4IIUTh Ka4eCTBO yIpaBICHUS 3NEKTPONOTPEOICHIEM
AIIEKTPOYCTAHOBOK Ha KeNe3HOAOPOKHOM TPaHCIIOpTE.

KnwueBble ciaoBa:  OPOTHO3MPOBAHHWE  DIIEKTPONOTPEOJICHUS,  yIpaBlICHHE
ANIEKTPONOTPEOICHUEM, HEMPOHHASI CETh, YIPABJISIFONIMA aBTOMAT, TSTra MOE3/I0B.

Jdas  uutupoBanus: ManukoBckuii, A.C. IloBplllieHHE TOYHOCTH METOJIOB
MPOTHO3UPOBAHUS JJICKTPONOTPEONICHHS B CHUCTEME YIPABICHUS DJIEKTPOCHAOKEHHEM
xKenesHogopoxkHoro TpaHcnopta / A. C. ManukoBckuid, J. A. SIkosnes, A. 0. Myxonan
// BecTHUK POCTOBCKOTO rOCYJJapCTBEHHOI'O YHHBEpCUTeTa MmyTel coobmenus. — 2024. —
Ne 4. — C. 87-93. — DOI 10.46973/0201-727X_2024_4 _87.

A. S. Manikovsky, D. A. Yakovlev, A. Yu. Mukhopad

IMPROVING THE ACCURACY OF METHODS FOR FORECASTING POWER
CONSUMPTION IN THE RAILWAY POWER SUPPLY MANAGEMENT SYSTEM

Abstract. Effective management of the energy complex of railway transport requires
the prompt processing of large amounts of information coming from an automated
commercial electricity metering system. Forward-looking estimates provide basic
information for decision-making on power consumption planning. The accuracy of
forecasts of electricity consumption determines the efficiency of managing the energy
complex of railway transport, as well as ensures savings of electric energy and reduction
of costs for its purchase, since the rules of operation of energy markets establish the
obligation of consumers to accurately plan the volume of electricity consumption. Thus,
the relevance of the work lies in improving the accuracy of methods for predicting electric
energy consumption using modern information processing technologies, which provide
dispatching personnel with the opportunity to select and implement effective algorithms
for planning electricity consumption issued by the system, which will significantly improve



the quality of power consumption management of electrical installations in railway
transport.

Keywords: power consumption forecasting, power consumption management, neural
network, control automaton, train traction.
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B. A. I'onuapenxo, A. JI. Xomonenxo, P. A6y Xacan, C. I'. Epmakos, B. A. Xooaxosckuii

K OIIEHKE YPOBHS HAIEXKHOCTH U YIIPABJIEHUIO KOHOUTYPAIIMENA
RAID-MACCHUBOB CUCTEMbBI XPAHEHUS JAHHBIX HA OCHOBE HEYETKOI'O
BbBIBOJA

AnHoTtamusi. llems wcciiemoBaHusl 3aKiovacTcss B pa3paboOTKe METOIUKH OIICHKH
HaJe)KHOCTU CHUCTEM XPAaHEHUs NaHHBIX, ucnonb3yrommx RAID-maccuBbl, Ha OCHOBE
MAaTeMaTUYECKOIr0 ammapara HEYETKOro BhIBOJA. MeToauKa TMO3BOJSET YYHUTHIBATH
pa3M4Hble  acleKThl HaJAEKHOCTH, B TOM YHCIE€ BOCCTAHABIMBAEMOCTh U
pE3EPBUPYEMOCTD, a TAKXKE AIANTUPOBATHCA K HEONPEJAEIEHHOCTSM JAHHBIX, YTO JEIAET
MTOJIXO0J] TMOKUM ¥ TOUHBIM. Hay4Hast HoBi3Ha pabOThI COCTOUT B IPUMEHEHUH HEYETKOTO
BBIBOZA [/ OILEHKH HaaeKHOCcTH cucreM ¢ RAID-maccuBamMu. B omimmume ot
KJIACCHUYECKUX METOJIOB, npeJyiaraeMblil IMOIXOT MO3BOJIIET YYIHUTHIBATH
HEOMPEEICHHOCTH, ONUPAsICh HA SKCIEPTHHIC 3HAHMS U JUHTBUCTUUECKUE MTEPEMEHHBIE.
[IpakTuueckass 3HaYUMOCTb HCCIEOBAHUS OIpPEAeseTCs MPOrpaMMHON peanu3anuei



METOJIa OIEHKH HAaJIe)KHOCTH M YIIPaBIEHUS KOH(QUTYypalnueld CUCTEM, HCIOIB3YIOIINX
RAID-cuctemsl, 9TO CITIOCOOCTBYET CHHKEHHUIO BEPOSTHOCTH OTKA30B M MTOTEPH JTAHHBIX.
OCHOBHBIM pE3yJIbTaTOM PabOThI SBISETCS YCIEIIHAS PEalTU3alusl aJfOPUTMa OICHKU
HaJIe:KHOCTHU C UCTIOJIb30BaHNEM HeueTKoM noruku B cpene MATLAB, nemoHcTpupyromas
BO3MOXKHOCTh TOYHOW OIICHKH YPOBHS HAIEXHOCTH W YIPaBICHHUA KOH(UTypanmei
nH(popMaImoHHbIX cucteM ¢ RAID-mMaccnBaMu ¢ yd4eToM HEOTpeeIeHHOCTH MapaMeTpoB
U peasIbHBIX YCIOBHM SKCILTyaTaIllu.

KuroueBble ciioBa: Oll€HKA YPOBHSI HAJAECKHOCTH, CUCTEMA XpaHEHUs JaHHbIX, RAID-
MAaCCHUBBI, 3EpKAJIMPOBAHUE HAKONUTEJIEH, HEYETKas JIOTUKA, HEONPENEICHHOCTD,
nH(OPMAIMOHHAS CHCTEMA, YIPaBICHHE KOH(PUTYpalnei.

Js nutupoBanus: K orneHke ypoBHS HaJeKHOCTH M YHPaBISHHUIO KOH(UTYypamuen
RAID-maccuBOB CHUCTeMBl XpaHCHHs JaHHBIX Ha OCHOBE HEYETKOro BhIBoAa / B. A.
lonuapenko, A. . Xomonenko, P. A0y Xacan [u ap.] // Bectnux PoctoBckoro
rOCYJapCTBEHHOTO YHHUBepcHuTeTa myteil coodmenus. — 2024. — Ne 4. — C. 94-106. —
DOI 10.46973/0201-727X_2024 4 94.

V. A. Goncharenko, A. D. Khomonenko, R. Abu Khasan, S. G. Ermakov, V. A. Khodakovsky
TOWARDS ASSESSING THE RELIABILITY LEVEL AND MANAGING THE

CONFIGURATION OF RAID ARRAYS OF A DATA STORAGE SYSTEM BASED ON FUZZY

INFERENCE

Abstract. The purpose of the study is to develop a methodology for assessing the
reliability of data storage systems using RAID arrays based on the mathematical apparatus
of fuzzy inference. The methodology allows taking into account various aspects of
reliability, including recoverability and redundancy, as well as adapting to data
uncertainties, which makes the approach flexible and accurate. The scientific novelty of the
work lies in the use of fuzzy inference to assess the reliability of systems with RAID arrays.
Unlike classical methods, the proposed approach allows taking into account uncertainties
based on expert knowledge and linguistic variables. The practical significance of the study
is determined by the software implementation of the method for assessing the reliability
and managing the configuration of systems using RAID systems, which helps to reduce the
likelihood of failures and data loss. The main result of the work is the successful
implementation of a reliability assessment algorithm using fuzzy logic in the MATLAB
environment, demonstrating the possibility of accurately assessing the reliability level and
managing the configuration of information systems with RAID arrays, taking into account
the uncertainty of parameters and real operating conditions.

Keywords: reliability level assessment, data storage system, RAID arrays, drive
mirroring, fuzzy logic, uncertainty, information system, configuration management.

For citation: Towards assessing the reliability level and managing the configuration of
RAID arrays of a data storage system based on fuzzy inference / V. A. Goncharenko,
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C. M. Kosanes, M. A. Bymaxoea, A. H. I'voa, U. A. Onveeiizep, A. B. Cyxanos
OBb30P TPYJAOB KOH®EPEHIIUU 11TI°24

Annortaunus. [IpuBoaurcs kparkoe pedepupoBaHne HanOoJIee HHTEPECHBIX JOKIAI0B
8-it MexmynapoaHoii HaydyHOU KoH(pepeHnnn «MHTemIekTyanpHbie HHGOPMAIOHHBIC
TEXHOJIOTMH B TeXHUKe M Ha mpousBoxactBe» (IITI24), opranmzoBannoit ®I'bOY BO
PI'VIIC, AO «HUNAC» n XapOWHCKHUM MOTHTEXHHYECKUM YHUBepcuTeToM (Kurait) mpu
noaaepxke Poccuiickoi accoranuy HCKyCCTBEHHOIO MHTEIIEKTA, KOTOpas MPOXOHIIa B
nepuof ¢ 1 mo 7 HosiOps 2024 r. B Kurae (rr. lanxait u Xapoun). OTKpbITHE KOHPEPEHINT
IITI’24 cocrosutock B 1. Illanxaii B pamkax Mex1yHapoHOro popyMa 1o 00MeHY OIbITOM
CIEP 2024 mo mnpurmameHnto MUHHCTEPCTBA TPYIOBBIX PECYpCOB U COITMAIBHOTO
obecnieuenust Kutas, B KoTopoMm npuHsuin ogyHoe ydyactue cBbiie 2000 yueHbIx U3 Oonee
gem 120 cTpaH.

Lensto [ITI’24 sBiisizics 0OMEH MepeoBBIM OIBITOM B 00JacT (GyHJAMEHTAIBHBIX U
MPUKIAIHBIX HCCIIEAOBAaHUN B cepe MCKYCCTBEHHOTO HMHTEIUIEKTa, MH()OPMALMOHHBIX
TEXHOJIOTHH U aBTOMAaTH3alllH, a TAKKE Pa3BUTHE MEXAYHAPOAHBIX KOHTaKToOB. Ocoboe



BHUMaHHE OBILIO YACICHO TMIEPEAOBBIM HMHTCIUICKTYAJIBHBIM TEXHOJOIUAM MW HUX
MIPUMCHCHHUIO B  Pas3IMYHBIX o0macTsx IIPOMBIIIIJICHHOCTH, B TOM YHCJIC Ha
JKCJICBHOAOPOIKHOM TPAHCIIOPTE.

KaioueBblie cJioBa: HUHTCJIJICKTYAJIbHbIC I/IH(bOpMaI_II/IOHHI)IC TCXHOJIOI'MH,
I/ICKyCCTBeHHHﬁ HUHTEJUICKT, MHTCJUICKTYaIu3alus IIPOMBIIIJICHHOCTH, I/IHI[yCTpI/IH 4.0.

Joas uurupoBanusi: O630p TpynoB xongepenuuu 1ITI’24 / C. M. Kosanes, M. A.
Byrakosa, A. H. I'yma [u np.] // BectHuk PocTOBCKOTO TOCYyAapCTBEHHOTO YHHBEPCUTETA
nyteir coobmienus. — 2024, — Ne 4. — C. 107-133. — DOI 10.46973/0201-
727X_2024_4_107.

S. M. Kovalev, M. A. Butakova, A. N. Guda, I. A. Olgeyzer, A. V. Sukhanov
REVIEW OF THE PROCEEDINGS OF THE IITI’24 CONFERENCE

Abstract. This article provides a brief summary of the most interesting reports of the
8th International Scientific Conference “Intelligent Information Technologies in
Engineering and Production” (IITI'24), organized by the Federal State Budgetary
Educational Institution of Higher Education RSTU, JSC “NIIAS” and Harbin Polytechnic
University (China) with the support of the Russian Association of Artificial Intelligence,
which was held from November 1 to 7, 2024 in China (Shanghai and Harbin). The opening
of the IITI’24 conference took place in Shanghai, as part of the CIEP 2024 International
Experience Exchange Forum at the invitation of the Ministry of Human Resources and
Social Security of China, which was attended by over 2,000 scientists from more than 120
countries.

The aim of IITI’24 was to share the best practices in fundamental and applied research
in the field of artificial intelligence, information technology and automation, as well as to
develop international contacts. Particular attention was paid to advanced intelligent
technologies and their use in various fields of industry, including railway transport.

Keywords: intelligent information technologies, artificial intelligence, industrial
intellectualization, Industry 4.0.
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U. H. [lyeaues, B. C. Topmoszos

PA3PABOTKA U AHAJIN3 CUCTEMbI MOHUTOPHUHI'A TOPOKHOI'O JIBUKEHUSA,
OCHOBAHHOM HA TEXHOJIOTHUSIX MAIIIMHHOT O 3PEHUSA
N METOJAX KJTACTEPHOI'O AHAJIM3A

AHHoTauus. B 1aHHOW craThe MpeJcTaBlieHa CUCTEMAa MOHUTOPUHIA JIOPOKHOTO
JIBIDKEHUSI, OCHOBaHHAsA Ha MPUHIMIIAX MAIMHHOIO 3peHUs. B OCHOBE CUCTEMBI JieXkKaT



MPOCThIe BeO-KaMephl, YCTAHOBIICHHBIE HAJl JOPOKHBIM MOJIOTHOM, KOTOpPbIe GUKCUPYIOT
M300pakeHMsI TPAHCIIOPTHRIX CpencTB. Jlanee, ¢ MpUMEHEHHEM alTOPUTMOB 00pabOTKU
M300paKCHUI U METOJIOB MAIlIMHHOTO 00yUYeHUS, CHCTEMa OCYIICCTBISET ONPEICICHHE
KOJIMYECTBA M KJIACCU(PHUKAIIMIO TPAHCIIOPTHBIX CPEACTB Ha JIOPOTe.

CucreMa BKIIOYAaeT B ceOS HECKOJLKO KITFOUEBBIX MOJYICH: MOJYJb BBIYUTAHUS
(oHa, MOyl CETMEHTAITUH TIEPETHETO TUIaHa, MOJYJb TIOJTYYCHHsI KOHTYPOB, MOJYJb
oOyueHUs M KIacCH(UKAIMA KOHTYPOB, MOAYJIb BBUICICHHS CBONCTB W MOIYJb
knactepusanun. Kaxnplii U3 3THX MOJIyJEH BBITONHACT creruduyeckue (yHKIUH,
HampaBJICHHbIC Ha O0ECIIeYeHUEe TOYHOTO W HAJIC)KHOTO OOHAPYKECHHUS TPAHCIOPTHBIX
cpenctB. Cuctema Obula MPOTECTUPOBAHA HAa U300PAKEHUAX JOPOKHOTO JBUKCHUS.
Pe3ynbrarhl TECTHPOBAHMS MOATBEPKIAIOT CIIOCOOHOCTh CHCTEMBI aJalTUPOBATHCH K
Pa3INYHBIM YCIIOBHUSM U CHEHAPHSM, UTO SBISCTCS KPUTHUYSCKH BKHBIM JJISI CHCTEM
BUJICOHAOITIOICHUS U YIIPABJICHUS JOPOXKHBIM JIBHIKCHUECM.

B cratbe Takke 0OCYKITAFOTCSI TEPCICKTUBBI JANBHEHIIIETO Pa3BUTUS CHUCTEMEI,
BKITIOYasi BO3MOKHOCTh UCIIOJIL30BaHUS 00JIee CIIOKHBIX apXUTEKTYP HEHPOHHBIX CETeH
W UHTETPALUH C IPYTHMHU CUCTEMaMH.

KamoueBble cj0Ba: MOHUTOPHHI JIOPOKHOTO JIBIDKCHHS, MAaIIMHHOE 3pCHUE,
00paboTka n3o0pakeHn, MaIIMHHOE 00y4YeHNE, KITaCCH(PHUKAIHS TPAHCIIOPTHBIX CPEJICTB.

Jns nutupoBanus: Ilyrayes, 1. H. Pa3paboTka u aHanmm3 cucTeMbl MOHUTOpPHHTA
JIOPOYKHOTO JBIKEHHSI, OCHOBAaHHOM Ha TEXHOJOTHSX MAIIMHHOTO 3pEeHHS M MeToJax
knactepHoro ananmuza / M. H. Ilyraues, B. C. TopmozoB // Bectnux PoctoBckoro
rOCyIapCTBEHHOTO yHHBepcHuTeTa myter coobmenns. — 2024. — Ne 4. — C. 134-145. —
DOI 10.46973/0201-727X_2024_4 134,

I. N. Pugachev, V. S. Tormozov

DEVELOPMENT AND ANALYSIS OF A ROAD TRAFFIC MONITORING SYSTEM BASED
ON MACHINE VISION TECHNOLOGIES AND CLUSTER ANALYSIS METHODS

Abstract. This article presents a traffic monitoring system based on the principles of
machine vision. The system is based on simple webcams mounted above the roadbed that
capture images of vehicles. Further, using image processing algorithms and machine
learning methods, the system determines the number and classification of vehicles on the
road. The system includes several key modules: a background subtraction module, a
foreground segmentation module, a contour acquisition module, a contour training and
classification module, a property allocation module and a clustering module. Each of these
modules performs specific functions aimed at ensuring accurate and reliable vehicle
detection. The system has been tested on traffic images. The test results confirm the
system's ability to adapt to various conditions and scenarios, which is critically important
for video surveillance and traffic management systems. The article also discusses the
prospects for further development of the system, including the possibility of using more
complex neural network architectures and integration with other systems.

Keywords: traffic monitoring, machine vision, image processing, machine learning,
vehicle classification.

For citation: Pugachev, I. N. Development and analysis of a road traffic monitoring
system based on machine vision technologies and cluster analysis methods / I. N. Pugachev,
V.S. Tormozov /I Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey
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B. JI. Bepecxyn, B. C. Bopoowes, H. IO. Kynpeesa, U. b. Penuna

®OPMHUPOBAHUE PA3BUTHUSA TPAHCIIOPTHOM CETH
CEBEPO-BOCTOYHOI'O PETHUOHA P®

AHHoTauus. OOOCHOBaHbI OPTraHU3ALMOHHO-TEXHOJOIMYECKHE PELICHHS IO
Pa3BUTHIO TpaHCIIOPTHOH ceTu CeBepo-BocToOUHOrO pernoHa MHAYCTPUAIbHOIO OCBOCHUS
P®. Jlana xapaktepuctuka Bepxue-Jlenckoro TIIK: HedTemoObiBaromero KoMruiekca,
MPOM3BOJCTBA MUHEPAIBHBIX YAOOpPEHHH, JIECOMPOMBIIIJICHHOTO KOMIUIEKCa M JIp.
[IpuBeneHsl pe3ynbTaThl NPOEKTHBIX M3BICKAHUH 1O (OPMHUPOBAHHIO OCHOBHBIX
HaIpasleHui kene3HoaopoxkHoi nuHuu Y ctb-KyT — Kupenck — Hena — Bepxaeuonckuii
neHTpaibHbId myHKT coopa (L{I1IC) Hedru. [Ipoananm3upoansl bamMoBcko-Y IbKaHCKHUIHA,
bamoBcko-Kupenuckuii u  bamoBcko-MakapoBckuil  BapuaHThl, TyHrycckoe H
Kanununckoe HanpasieHue, a Takxe SApaktuHckuid Bapuant. Caenad BeIBOJ, yTo CeBepo-
Cubupckast MarucTpaib Kak ocHoBa CeBEpHOTO TPAHCIIOPTHOT'O KOPHIOpa CTAHET BTOPOH
mociie TpaHccuOMpCkol Maructpaiiv aprepued B mpezaenax bawkaero Cesepa,
COoeUHSIIONIEeH A3HaTCKyt0 U EBpONENCKYI0 YaCTH CTPaHBI.

KaloueBble cjioBa: crTparerusi, TpPaHCIOPTHAs CE€Th, JKEJIE3HOJOPOXKHAS JIMHUSA,
MOJIEpHHU3aLHsA, TEPPUTOPUATIBHO-TIPOM3BOJACTBEHHBI KOMILIEKC, PECYPCHI, W3bICKAHMUS,
JIOTUCTHKA.

Jnsa umtupoBanus: DopmupoBanue pas3BuTHa TpaHcmopTHOW cetn Cesepo-
Bocrounoro peruona P® / B. JI. Bepeckyn, B. C. Bopo6ses, H. 0. Kynpeesa, 1. b.
Penuna // BectHuk PocTOBCKOro rocyJapcTBEHHOI'O YHHBEPCUTETA ITyTeH COOOIIEHUs. —
2024. — Ne 4. — C. 146-152. — DOI 10.46973/0201-727X_2024_4 146.

V. D. Vereskun, V. S. Vorobyov, N. Yu. Kupreeva, |. B. Repina

FORMATION OF THE DEVELOPMENT OF THE TRANSPORT NETWORK
OF THE NORTH-EASTERN REGION OF THE RF

Abstract. The article substantiates organizational and technological solutions for the
development of the transport network of the North-Eastern region of industrial
development of the Russian Federation. The characteristics of the Verkhne-Lensky TPK
are given: oil producing complex, mineral fertilizers production, timber industry
complex, etc. The results of design surveys for the formation of the main directions of
the railroad line Ust-Kut - Kirensk - Nepa - Verkhnechonsky Central Collection Point
(CPS) of oail are given. Bamovsko-Ulkansky, Bamovsko-Kirenchsky and Bamovsko-
Makarovsky variants, Tunguska and Kalininsky directions, as well as Yaraktinsky variant
are analyzed. It is concluded that the North Siberian Railway as the basis of the Northern
Transport Corridor will become the second artery within the Near North after the Trans-
Siberian Railway, connecting the Asian and European parts of the country.



Keywords: strategy, transport network, railway line, modernization, territorial-
production complex, resources, surveys, logistics.
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B. JI. Bepecxyn, A. H. I'voa, 3. A. Mamaes

METO/bI YIIPABJIEHUA PUCKAMHU U HAJIEZKHOCTBIO
B TPAHCIIOPTHO-JIOTUCTHYECKHUX LEIIAX ITIOCTABOK

AHHOTaHI/Iﬂ. PaCCManHBaIOTCfI METOAHUYCCKHUE ITOAXO0AbI K o0ecrneYeHUIO HaJCKHOCTHU

Y CHIDKEHHIO PHCKOB B pealu3alMyd TPaHCIOPTHO-JIOTUCTHYECKHUX IeMel IOCTaBOK.
[IpoBeneH aHanM3 KOHIENTYaJbHBIX IOAXOJOB K OLEHKE W YIIPABIECHUIO PHUCKAMH,
KJIACCU(UKAIIMN W yYeTa PUCKOB, HAMPABJICHWH TOBBIIMICHUS HAJIEKHOCTH pealln3aluu
TPaHCIIOPTHO-JOTUCTUYECKUX IIeTIel KaKk MHOTOareHTHBIX CUcTeM. PaccMOTpeHBI pa3Hble
MOAXO0ABI K (pOPMATM30BAaHHOMY TPEACTABICHUIO MOJENEH Ha/le)KHOCTH TPaHCIOPTHO-
JIOTUCTUUYECKUX LENEH, CTATHCTUYECKHE U TMHAMUYECKHE acleKThl YIIPABICHUS pUCKaMHU,
MOJEJIM TPUBJICUYCHUS] MHBECTUIUN JAJI1 TOBBIIIECHUS HAAECKHOCTH TPAHCIOPTHO-
JIOTUCTUYECKUX IIeTIed C Yy4eTOM SKOHOMHYECKOW MPHUBIEKATEIHHOCTH JI areHTOB H
¢doxycHoil kommannn B uenu. [lokasaHbl HampaBieHus OOecledeHHs HAAEKHOCTH U
CHIDKEHUS PHCKOB B YCJOBHSAX CTOXACTUYHOCTH IOBEACHHSA arcHTOB, BO3MOXHOCTEH
pPE3EepPBUPOBAHMS CETMEHTOB JIOTUCTHYECKHX IIeTIeH, BApUATUBHOCTH PHIHKA — HAIAYHS
MOHOIIOJINH, OJIUTOIOJINU ¥ KOHKYPEHTHOT'O PHIHKA.


mailto:vvd@rgups.ru

KialoueBble cjioBa: TpaHCIOPTHO-JIOTUCTHYECKAs LEMb IOCTAaBOK, JIOTHCTHKA U
TPAHCIIOPTUPOBKA, MOJIEIUPOBAHNE, ONTHMAIBFHOCTh PEIICHHUH, YIpaBlieHHEe PHCKaMH,
HaJIeKHOCTh LIETIH MTOCTABOK.

Jast uutuposanus: BepeckyH, B. JI. MeToas! ynpaBieHusl pucKaMu U HaIEXKHOCTBIO
B TPaHCMOPTHO-JIOTHCTHYECKUX mersx nocraBok / B. JI. Bepeckyn, A. H. I'yma, D. A.
Mawmaes // BectHuk PocTOBCKOTO TOCYJapCTBEHHOI'O YHHUBEPCUTETA ITyTEeH COOOIIEHUS. —
2024. — Ne 4. — C. 153-160. — DOI 10.46973/0201-727X_2024_4 153.

V. D. Vereskun, A. N. Guda, E. A. Mamaev

RISK AND RELIABILITY MANAGEMENT METHODS
IN TRANSPORT AND LOGISTICS SUPPLY CHAINS

Abstract. The article considers methodological approaches to ensuring reliability and
reducing risks in the implementation of transport and logistics supply chains. The article
analyzes conceptual approaches to risk assessment and management, risk classification and
accounting, and directions for increasing the reliability of transport and logistics chains as
multi-agent systems. The article considers different approaches to the formalized
representation of reliability models of transport and logistics chains, statistical and dynamic
aspects of risk management, and investment attraction models for increasing the reliability
of transport and logistics chains as well as statistical and dynamic aspects of risk
management, and investment attraction models for increasing the reliability of transport
and logistics chains, taking into account the economic attractiveness for agents and the
focal company in the chain. The article shows the directions for ensuring reliability and
reducing risks in the context of stochastic behavior of agents, the possibility of reserving
segments of logistics chains and market variability — the presence of a monopoly, oligopoly
and a competitive market.

Keywords: transport and logistics supply chain, logistics and transportation, modeling,
optimality of solutions, risk management, reliability of supply chain.

For citation: Vereskun, V. D. Risk and reliability management methods in transport
and logistics supply chains / V. D. Vereskun, A. N. Guda, E. A. Mamaev // Vestnik
Rostovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2024. — No. 4. — P.
153-160. — DOI 10.46973/0201-727X_2024_4_153.
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K. E. Kosanes, A. B. Hosuuuxun

OIIEHKA PUCKOB IIPHU DKCILIIYATAIIUN .
MAJIOMHTEHCHUBHBIX KEJIE3HOJOPOKHbBIX JIMHUU

AnHotanus. OLEHKa pHUCKa JKCIUTyaTallid MaJOMHTEHCHBHBIX >KEJIE3HOJIOPOKHBIX
JIMHUI NTO3BOJIAET BBISIBIIATE U CYIIECTBEHHO CHI)KATh IIOTEHIIMANIBHBIC 3aTPYIHEHUS B UX
pabote. B cTathe mpesioxkeH HHCTPYMEHT OLIEHKH PHUCKOB MEPOTPHUSTUHN [1s TIOBBIICHUS
3G GEKTUBHOCTH DKCIUTyaTallMd MAaJIOMHTCHCHBHBIX JIMHUH, BKIIOYAIOIMA B ceOs
MEXaHW3M KOHTPOJIS TOKasareseii padoThl moaoOHbIX auHUH. [IpeararacMerii MexaHU3M
KOHTPOJIsI IOKa3aTesJed OCHOBaH Ha HaOope TEXHUYECKUX, TEXHOJIOTHYECKUX MU
SKOHOMHUYECKHX TIIOKa3aTeJei, KOTOphle SBISAIOTCS CIy4YallHBIMH BEJWYMHAMHU C
3aJaHHBIMU CPEJHMMM 3HAUYCHUSIMU M KOBapHAlMOHHOM MAaTpUIEH, YyUHUTHIBAIOLIECH
KOppeIsiMM MEXKAY IIOKa3aTelsIMH M CE30HHOW HepaBHOMEPHOCTHIO. Pazpaboran
KOMIUIEKC BapUaHTOB JKCIUTyaTallUd MAaJOWHTEHCUBHBIX KEJIE€3HOMOPOXKHBIX JMHUN
(MUJD), yuuThIBarOmMK W3MEHEHWE TMOKasaTened i BbiOopa 3¢ddexkTuBHBIX
HaIpaBJICHU TIpH 3aJaHHBIX HAYAIBHBIX YCIOBHMAX. IIpencraBieHbl pe3ynbTaThl
MOJEINPOBaHNs OLEHKH BEPOATHOCTH BO3HUKHOBEHHS AJbTEPHATHBHBIX BapHaHTOB C
ncroip30BaHneM Merona Monte-Kapio /uid BeposSTHOCTHOTO pachpeesieHusl pUCKOB U
X COBOKYITHOTO BO3JIEHCTBHS Ha IOKa3aTenu. /[aHa KOIMYECTBEHHAs M KadyeCTBEHHAs
OLIEHKa BO3MOXKHBIX BapHaHTOB dKciutyatamu MUJI npu u3menennn ee pruHaHCOBOTO
pe3ynbTaTta.

KuaroueBble cioBa: ynpapieHHe MpoleccaMy MepeBO3KH, MAaJTOMHTEHCUBHBIE JTHMHUH,
moTpeOHass  TPOIMYCKHAas  CIIOCOOHOCTh, HAJW4YHAs  TPOIMYCKHAs  CHOCOOHOCTB,
YKEJIE3HOAOPOKHBIN TPAaHCIIOPT, OLIEHKA PUCKOB.
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K. E. Kovalev, A. V. Novichikhin

RISK ASSESSMENT IN THE OPERATION OF LOW-INTENSIVE
RAILWAY LINES

Abstract. Risk assessment of low-intensity railway lines operation allows identifying
and significantly reducing potential difficulties in line operation. The article proposes a risk
assessment tool for measures to improve the efficiency of low-intensity lines operation,
which includes a mechanism for monitoring line performance indicators. The proposed
mechanism for monitoring indicators is based on a set of technical, technological and
economic indicators, which are random variables with specified average values and a
covariance matrix that takes into account correlations between indicators and seasonal
unevenness. A set of options for operating low-intensity railway lines (LIL) has been
developed, taking into account changes in indicators for selecting effective directions under
specified initial conditions. The article presents the results of modeling the assessment of
the probability of alternative options using the Monte Carlo method for the probabilistic
distribution of risks and their combined impact on indicators. A quantitative and qualitative
assessment of possible options for LIL operation is given when its financial result changes.

Keywords: transportation process management, low-intensity lines, required capacity,
available capacity, rail transport, risk assessment.
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C. M. Haypysb6aes

K BOITPOCY OIITUMM3ALIUU NTPUHATHUSA PEIIEHUSA
Ob OPI'AHU3ALMNU ITPOABUKEHUS TPAHCIIOPTHBIX IIOTOKOB
HA HAITPABJIEHUAX KOPUJIOPA «CEBEP — IOI'»

AnHOTanusi. BrImonHEeHa OIIEHKA ONTUMAIbHOTO MCIOJIB30BAHUSA IPOITYCKHOMN

CIOCOOHOCTH  albTEPHATUBHBIX ~ MapIIPyTOB

CJIEOBAHMS, BXOIAIIMX B COCTaB

TpancroptHoro kopumopa «Cesep — IOr». IlpencraBnena Gok-cxema pacrpeciieHUs
Ipy30M0TOKA, IPUHATHS PEIICHHH O Pa3BUTUH HHPPACTPYKTYPHI U OCBOCHUH IPY30II0TOKA
s 3pPeKTUBHOrO ynpaBiIeHUs] TPAHCIOPTHBIMU TOTOKAMH Ha HANPAaBICHUU KOPUAOpPa
«CeBep — IOr». OCHOBHBIM KpUTEpUEM MPUHATHS PELICHUM SBISETCS HPOIYyCKHAs
CIOCOOHOCTb, PACCUUTHIBAEMas MO METOJIUKE, IPUMEHIEMOI B OTKPHITOM aKI[HOHEPHOM

obmectBe «PoccHiCKHE KEJIE3HBIE

moporm»  (OAO  «PXl»), yuuteBatomeit

JIOTIONTHUTENIbHBIE PE3epPBBI MPOMYCKHOW crmocoOHOCTH. J[s pasrpy3ku OCHOBHOTO
HanpasieHus kopugopa «CeBep — MOr» u (opMupoBaHHS CETH albTePHATUBHBIX
MapIIpyTOB CJICIOBaHMsI B TPAHCIIOPTHOM KOPHIOPE JUIsl 00€CIICUCHHS TapaHTHPOBAHHBIX
MEPeBO30K Ha chydail (opc-MaKOPHBIX OOCTOATENBCTB PACCMOTPEHA BO3MOXKHOCTD
pacnpe/ieNieHusl TPpy30M0TOKa MO MapajuiebHBIM XO0JaM, OPraHU3alMU TSHKEIOBECHOTO
JIBIDKEHUS, BHEAPEHUS aBTOMATHUYECKOW JIOKOMOTHBHOW curHammzamuu (AJICO) c
MOJIBU)KHBIMU OJIOK-Y4aCTKaAMH, CTPOHTEIBCTBO JBYXIYTHONH BCTABKH U BTOPOTO MYTH.
[MpuHUMarOTCs pelieHUs] O HEOOXOJAMMOCTH BBOJA MEPOMPHUSTUS IO TOBBIMICHUIO
MPOMYCKHOH CITOCOOHOCTH W OpraHM3allii MpPOIyCKa BCEX MOE3J0B 10 OCHOBHOMY
HanpasieHuro kopuaopa «Cesep — FOry». JlaHHas MeToaHMKa npeanosiaraeT BBOI HCXOTHBIX
naHHbIX. CIOXKHOCTH 3aKIFOYaeTcs B HEOOXOJUMOCTH YYHTHIBATh IPOITyCKHBIS
CIOCOOHOCTH HE OJIHOTO MapuIpyTa, a COBOKYITHOCTh HECKOJBKHX TapallIeibHBIX

MapIIpyTOB IPH PEIICHNH TaHHOW 3ajauH.

KaoueBble cioBa: KpuTepuu,

OIICHKA, TIIPOITyCKHas CHOCOGHOCTB,

TPAaHCIIOPTHBIA KOPHUAOP, OJIOK-cXema, paclpelesieHHe TIpy30M0TOKa, TPAaHCIIOPTHHIE

pacxoibl.
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S. M. Nauruzbaev

TO THE QUESTION OF OPTIMIZING DECISION-MAKING
ON ORGANIZING THE PROMOTION OF TRANSPORT FLOWS
IN THE DIRECTIONS OF THE “NORTH - SOUTH” CORRIDOR


mailto:kovalev_kostia@mail.ru

Abstract. The article provides an assessment of the optimal use of the capacity of
alternative routes within the “North-South” transport corridor. It presents a flow chart of
freight flow distribution, decision-making on infrastructure development and freight flow
development for efficient management of transport flows in the “North-South” corridor
direction. The main criterion for decision-making is the capacity calculated using the
methodology used by “Russian Railways” (JSC RZD), which takes into account additional
reserves of capacity. In order to relieve the main direction of the North-South corridor and
form a network of alternative routes within the transport corridor to ensure guaranteed
transportation in case of force majeure, the possibility of distributing freight traffic along
parallel routes, organizing heavy-haul traffic, introducing automatic locomotive signaling
(ALSO) with movable block sections, building a double-track insert and a second track is
considered. Decisions are made on the need to introduce measures to increase throughput
and to organize the passage of all trains along the main direction of the North-South
corridor. This methodology assumes the input of initial data. The difficulty lies in the need
to consider the throughput of not one route, but a set of several parallel routes when solving
this problem.

Keywords: criteria, analysis, assessment, capacity, transport corridor, flow chart,
distribution of freight flow, transport costs.
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E. A. Cepeoos

OCOBEHHOCTHU NEPEBO3OK ITACCA’KUPOB C TPAHCIIOPTHBIMU CPEACTBAMMU
JJI1 IMYHOTI'O ITOJIB30BAHU A KEJIE3HOJOPOXHBIM TPAHCIIOPTOM

AHHOTanus. PaccMoTpeHo Hcciaej0BaHue IEPEBO30K I1aCCAXKUPOB € TPAHCIIOPTHBIMU
CpeAcTBaMHM  AJS  JHMYHOIO  IIOJIb30BAHUSl  JKEJE3HOJAOPOXKHBIM  TPAHCIOPTOM.
OTmuurtensHas YepTa TAKUX EPEBO30K 3aKIH0YAETCS B TOM, YTO TPAHCIIOPTHBIE CPENICTBA
JUIL JIMYHOTO TIOJIb30BaHUSI HE MOTYT OBITh 3arpyKeHbl B BaroHel C IU1aTgopm,
npe€aHasHAYCHHBIX AJIA IMOCAAKH M BbICAJIKU ITACCAXKUPOB. Horpy31<a TaKUX TPAHCIOPTHBIX
CPEACTB B KEJIE3HOAOPOKHBIH MMOIBMKHON COCTAB JIOJDKHA OCYILECTBIISITHCS HAa CTAaHLIHUSAX,
00OPYAOBAaHHBIX CIEHUATBHBIMA MOTPY30YHBIMH YCTPOMCTBAMH W PACIOJIOKEHHBIX B
01M30CTH OT aBTOMOOMIIBHBIX JOPOT M BOK3JILHOTO KoMIuiekca. Co3anue 1moIxosmux
YCIIOBHH 1151 COBEPILIEHCTBOBAHUS MIEPEBO30K NMACCAKUPOB C TPAHCIIOPTHBIMHU CPEIACTBAMHU
JUIL JIMYHOTO TIOJIB30BAHUS JKEJIE3HOAOPOKHBIM TPAHCHOPTOM IIOBJIEYET 3a COOOi
[IPUBJICYCHHUE AOIOIHUTEIBHOIO [1aCCaKUPOIOTOKA Ha KEJIE3HOAOPOXKHBINA TPaHCIIOPT.
Takue mepeBo3ku 0coOEHHO OyayT ymOOHBI Ul T€X MACCaXKHPOB, KTO MPEANOYUTAET
HCCIIEI0BATh HOBBIE MECTa M HE 3aBHCETh OT OOIIECTBEHHOTO TPAHCIIOPTA HAa yJAJICHHOM
pPacCTOSHUM OT MECT IIOCTOSHHOTO TpeObiBaHus. B paboTe mpeacTaBieHbl CXEMBI
MIOTPY3KH U pa3rpy3KH BaroHOB Yepe3 OOKOBYIO, a TAKXKE TOPIIOBYIO paMIIbl Ha MOMYTHBIX
CTaHIMAX NP JBUKEHUH TPAHCIIOPTHBIX CPEACTB JUISl JMYHOTO MOJB30BAaHUS MEPETHUM
XOZIOM.

KiroueBbie ci1oBa: >KEIE3HOAOPOXKHBIA TPAaHCIOPT, TPAHCIOPTHBIE CPEACTBA,
CrocoObl TIOTPY3KH TPAHCIOPTHBIX CPEACTB, CXeMa CTAaHLUH, CXEMbl IOTPY3KH U
pasrpy3KH BaroHOB.
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E. A. Seredov

FEATURES OF PASSENGER TRANSPORTATION WITH VEHICLES FOR PERSONAL
USE BY RAIL

Abstract. The article examines the study of passenger transportation with vehicles for
personal use by rail. A distinctive feature of such transportation is that vehicles for personal
use cannot be loaded into wagons from platforms designed for boarding and disembarking
passengers. Loading of such vehicles into railway rolling stock should be carried out at
stations equipped with special loading devices and located in the vicinity of highways and
the station complex. The creation of suitable conditions for improving the transportation of
passengers with vehicles for personal use by rail will entail attracting additional passenger
traffic to rail transport. Such transportation will be especially convenient for those
passengers who prefer to explore new places and not depend on public transport at a remote
distance from their places of permanent residence. The paper presents schemes for loading
and unloading wagons through the side and end ramps at passing stations when vehicles
for personal use are moving in front.

Keywords: railway transport, vehicles, methods of loading vehicles, station layout,
schemes for loading and unloading wagons.
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M. I'. beiun, JI. B. L[vieanckas, H. A. Tanuuesa, T. M. Yepnosa

O HEJOUCHOJIb30BAHUHU I'PY30IIOABEMHOCTHAN
YHUBEPCAJIBHBIX BATOHOB-IIJIAT®OPM ITPU UCITOJIB30BAHUHN
CBEMHBIX MHOI'OOBOPOTHBIX CPEJACTB KPEIIVIEHUSA I'PY30B

AnHotamusi. PaccMotrpen Bompoc TOBBIIIEHUS A()(OEKTHBHOCTH HCIIONIB30BAHUS
YHHBEPCAIBHBIX BaroHOB-ILIAT(GOPM TPU MEPEBO3KE I'PY30B C NMPUMEHEHUEM CHhEMHBIX
MHOT0000pOTHBIX cpenacTB kpemneHus Tpy3oB (MC). IlpuBenen o0030p cepuiiHBIX
YHHBEPCAIBHBIX BArOHOB-TUIAT(OPM H aHATTU3 HCITOJIE30BAHUS UX TPY30I0IbEMHOCTH MTPH
NIPUMEHEHNH MC. OtMmeueHo 3HAYUTEILHOE 3aHWKECHUE JIOIyCcKaeMou
9KCIUIyaTallMOHHOW HArpy3KH Ha CTOCYHYIO CKOOY YHHBEPCAJILHOI'O BaroHa-TuiaT(hOpMBI
[0 CPaBHEHHWIO C PACYCTHHIMU 3HAYCHUSMH, YTO MPUBOJWT K HEIOWCIIONH30BAHUIO
IPy30MOAbEMHOCTH BarOHOB-TUIAT(OPM TIPU MIEPEBO3Ke TPy30B ¢ npuMmeHeHneM MC ais
pa3MelleHns U KpemieHus rpy30B. OTAeNbHbBIE pe3yIbTaThl UCCIIEOBAHUMN HCIIOIb30BAHBI



MpH pa3padOTKe CXEM pa3MEIIEHUS W KPEIJICHHWSI TPY30B JJIST MECTHBIX TEXHHUYECKHX
YCIIOBUH pa3MelIeHns U KPeTIeHHs IECOMaTEPHUaoB.

KawueBbie cioBa: cheMHOEe 000pyJOBaHHE, MHOTOOOOPOTHOE 00OpYIOBaHUE,
KpEIUICHHUE Tpy3a, BarOHBI-IIATPOPMBI, TEXHUYECCKHE YCIIOBUS TIOTPY3KH, CTOCUHBIC
CKOOBI, MECTHBIE TEXHIYECKHE YCIOBUSI.

Jas uutupoBanusi: O HEIOWCIIONB30BAHUHM TPY30MOJIBEMHOCTH YHHUBEPCATBHBIX
BaroHOB-TUIAT(OPM MPU HCHOIB30BAHIH ChEMHBIX MHOTOOOOPOTHBIX CPECTB KPEIUICHUS
rpy3os / 1. I'. be#in, JI. B. Lpmranckas, H. A. Taangesa, T. M. UepHoBa // BecTHHK
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D. G. Bein, L. V. Tsyganskaya, N. A. Tanicheva, T. M. Chernova

ON UNDERUTILIZATION OF THE LOADING CAPACITY
OF UNIVERSAL FLAT CARS USING REMOVABLE
MULTI-TURN CARGO SECURING MEANS

Abstract. The issue of increasing the efficiency of using universal flatcars for the
transportation of goods using removable multi-turn cargo securing means (MS) is
considered. An overview of serial universal flat cars and an analysis of the use of their
carrying capacity in the application of MS are provided. A significant underestimation of
the permissible operational load on the rack bracket of the universal flat car is noted in
comparison with the calculated values, which leads to underutilization of the carrying
capacity of flat cars when transporting goods using MS for placing and securing goods.
Some research results are used in developing schemes for placing and securing goods for
local technical conditions for the placement and securing of timber.

Keywords: removable equipment, multi-turn equipment, cargo securing, flat cars,
loading specifications, rack brackets, local specifications.
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T. B. Bonuex, B. C. Tomunos

COBEPHIEHCTBOBAHHME METOJOB KOHTPOJISA COCTOAHUA
KOJUVIEKTOPHOI'O TAT'OBOI'O QJIEKTPOABUI'ATEJIA ITPU ET'O SKCILVIYATAIIUN

AnHorauusi. PaccmoTpensl
YCTaHOBJICHA  HEOOXOIUMOCTh
IKCIUTYaTHPYEMBIX 3JIEKTPOBO30B.

MEPCHEKTHUBEI
MIOBBIILICHHS
[lpuBenena craTUCTHKAa OTKa30B OOOPYAOBaHHUS

pa3BuTHs BOCTOYHOrO TMOJIMIOHA,
pecypca  paboThl  00OpYAOBaHUS

35IeKTpoBO30B cepur «Epmax». BpigBneHo, uTo HamOonbliee KOJHUYECTBO OTKA30B
MPUXOANUTCS] HA TATOBBIM JIEKTPOABUIATENb, @ UMEHHO HA €r0 KOJIEKTOPHO-IIETOYHBIH
anmapar M3-3a BO3HMKHOBEHHS IMepedpoca 3JeKTPHUECKOH OYTH M MpOo0Os H3OJISIHH.

PaccmoTpensl  mpHYMHBI  MX

TIOABJICHUA.

IIpennaraeTcsi OCHACTUTH  TATOBBIN

3JIEKTPOABUIATEIND TOTOJHUTEIbHBIMY JaTYUKAMH, 3 IMEHHO CUTHAIN3aTOPOM HCKPEHUS,
YTO TO3BOJUT CBOEBPEMEHHO OOHApPYXHBATh HUCKPEHHE B KOJUIEKTOPHO-IIETOYHOM
amnmapare W IpeloTBpamark 00pa3oBaHUE KPYroBOTO OTHS, a TaKKe TeMIlepaTypHBIMU

JaTYUKaMHU,

KOTOpbIe IO3BOJIIT HANPSAMYIO ONPEACSATh TEMIEparypy OOMOTOK.

IpencraBieHsl MecTa JUIsl yCTAHOBKHU JIAHHBIX JATYUKOB.
KuroueBble cj10Ba: TITOBBIM AJIEKTPOJBUTATENh, KOMMyTalus, HebanancHas D/J[C,
HCKPEHHUE, TEMITEPATYPHBIH KOHTPOJIb, MPOOO M30JISIIUHN, KPYTOBOW OTOHb.

Jas unurupoBanms: Bomuek, T. B. CosepiieHcTBOBaHME METOJOB KOHTPOJIA
COCTOSIHUSI KOJUIEKTOPHOTO TATOBOT'O 3JEKTPOJABHUraTeist mpHu ero skciuryaramuu / T. B.
Bougek, B. C. Tomunos // BectHuk PocToBCKOT0 rocy1apcTBEHHOTO YHUBEPCHUTETA Iy TEeH
coobmenust. — 2024, — Ne 4. — C. 202-208. — DOI 10.46973/0201-727X_2024_4 202.

T. V. Volchek, V. S. Tomilov

IMPROVEMENT OF METHODS FOR MONITORING THE CONDITION
OF A COLLECTOR TRACTION ELECTRIC MOTOR DURING ITS OPERATION

Abstract. The article considers the development prospects of the Eastern polygon,
indicates the need to increase the service life of the equipment of the operated electric
locomotives. The statistics of equipment failures of the Ermak series electric locomotives
is presented. It is revealed that the greatest number of failures occurs in the traction electric
motor, namely, in its collector-brush device due to the occurrence of an electric arc transfer
and insulation breakdown. The reasons for their occurrence are considered. It is proposed
to equip traction electric motors with additional sensors, namely: a spark alarm, which will
allow timely detection of sparking in the collector-brush device and prevent the formation
of a circular fire, and temperature sensors, which will allow direct determination of the
winding temperature. The article presents the installation locations of these sensors.



Keywords: traction electric motor, switching, unbalanced EMF, sparking, temperature

control, insulation breakdown, circular fire.

For citation: Volchek, T. V. Improvement of methods for monitoring the condition of
a collector traction electric motor during its operation / T. V. Volchek, V. S. Tomilov //
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, I1. B. Cepeees, A. JI. Poouenko

COBEPIIEHCTBOBAHUE MEXAHUYECKOM YACTH TOPMO3HOM CUCTEMBI
INPUMEHUTEJBHO K THHOBAIIMOHHBIM I'PY30BbIM BAI'OHAM

AnHoTtanus. Jlns cepuiHBIX TIpPY30BBIX BaroHOB B OTEYECTBEHHOW TpaKTUKE
UCTIONB3YyeTCs TpaaulMOHHAs TopMo3Has pelyakHas nepepada (TPII) ¢ omHocTOpoHHMM
Ha)KaTHEM KOMIIO3MLMOHHBIX TOPMO3HBIX KOJOAOK Ha Kkojeca. OwHa oOnagaer
OTIpe/IeTICHHBIMU HeJ0CTaTKaMu. B cTaThe oTMeuaeTcs, 4yTO B IOCIIEHEE BpeMs Ha CEeTH
KEJe3HBIX JOPOT MPOBOAATCS pabOTHI MO0 COBEPIICHCTBOBAHUIO MEPEBO30YHOTO IMpoliecca
MyTEM HCIIOJIb30BaHMsl MHHOBAIIMOHHBIX I'PY30BbIX BaroHOB (C OCEBOM Harpys3kod 25 Tc u
0osiee u ckopocTH A0 120 KM/4), a TakKke BHEIPSHUEM TaK Ha3bIBAEMbIX JJTMHHOCOCTABHBIX
noe3n1oB. B nensix obecriedeHus: 6€30MacHOCTH ABMKEHHSI 1 HOPMATHBHBIX JUTHH TOPMO3HBIX
MyTel TPY30BBIX MOE3J0B C WHHOBAlMOHHBIMU IIOJlyBaroHaMy MpeUIOKeHa HOBas
KOMIIOHOBK2 TOPMO3HOM phIYa)KHOH ITepeaady TPy30BOIr0 BaroHa ¢ ABYCTOPOHHUM Ha)KaTHEM
TOPMO3HBIX KOJIOAOK M OJHUM TOPMO3HBIM IIWJIHHAPOM, JEHCTBYIOIINM Ha OIHY TEJNEKKY, a
TaKXe [M0J00paHbl BEJIMYKHBI [UI€Y PHIYaroB, YJOBIETBOPSIOIINE YCIOBHIO 00ECIIEUeHHOCTH
noesfa TOPMO3HBIMH cpeincTBamu. llo pesynbraTaM MpPOBENEHHBIX TEOPETUUYECKUX U
AKCIIEPUMEHTAITBHBIX HMCCIIEAOBAHUN BHJHO, YTO (AKTHYECKUH TOPMO3ZHOW KOI(PQPHUIMEHT
IPy30BOTO [0€3/1a C WHHOBAIlMOHHBIMM BaroHaMH TOJYYWICs Oonblie MOTpeOHOTrO,
CJIeIOBATEIbHO, 10€3]] 00eCieYeH TOPMO3HBIMHU CPEJICTBAMH.

KaroueBble cjoBa: TOpMO3a, IPy30BOH BaroH, TOPMO3HOH KO3()(UIIMEHT, TOpMO3HAs
pBIYaKHAA Nepeaaya.

J UUTHPOBAHMA: |MaT${HJ, 10. I/I| CoBepIlIeHCTBOBAHNE MEXaHUUYECKOH YacTU
TOPMO3HOM CHCTEMbI IPUMEHHUTENBHO K MHHOBAIIMOHHBIM TPy30BbIM BaroHam / FO. 1. Marsi,

I1. b. Ceprees, A. JI. Ponuenko // BectHuk PocToBCKOro rocyaapcTBEHHOTO YHUBEPCUTETA
nyterd cooduienus. — 2024. — Ne 4. — C. 209-217. — DOI 10.46973/0201-727X_2024_4_2009.

Yu. I. Matyash|, P. B. Sergeev, A. D. Rodchenko

IMPROVEMENT OF THE MECHANICAL PART OF THE BRAKING SYSTEM
AS APPLIED TO INNOVATIVE FREIGHT CARS



mailto:tanya.vol4eck@yandex.ru

Abstract. In domestic practice, a traditional brake lever transmission (BLT) with one-sided
pressing of composite brake shoes on the wheels is used for serial freight cars. It has certain
disadvantages. The article notes that recently, work has been carried out on the railway
network to improve the transportation process by using innovative freight cars (with an axle
load of 25 tf or more and a speed of up to 120 km/h), as well as by introducing so-called long-
component trains. In order to ensure traffic safety and standard lengths of braking paths of
freight trains with innovative gondola cars, a new layout of the brake lever transmission of a
freight car with two-sided pressing of brake shoes and one brake cylinder acting on one bogie
is proposed, and the values of the lever arms are selected that satisfy the condition of providing
the train with braking means. Based on the results of the theoretical and experimental studies,
it is clear that the actual braking coefficient of a freight train with innovative cars turned out
to be greater than required, therefore, the train is provided with braking means.

Keywords: brakes, freight car, braking coefficient, brake lever transmission.

For citation: |Matyash, Yu. I.| Improvement of the mechanical part of the braking system
as applied to innovative freight cars / Yu. I. Matyash, P. B. Sergeev, A. D. Rodchenko //

Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2024. — No. 4.
—P. 209-217. — DOI 10.46973/0201-727X_2024_4_209.
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11 A. Honsixos, U. A. Auyros, O. A. Bopon, U. I1. Tanunosa, A. A. Kysexun, H. P. ['a60paxmarnos

BJIMAHUE TEOMETPUU TPOPUJIA JUCKA
HA ®OMHPOBAHHUE KOHTAKTUPYIOIUX CUJT HA PABOYUX IVIOIIATKAX
TOPMO3HOI'O YCTPOUCTBA

AnHotanus. [lperncraBneHa olleHKa BIMSHHMA TapaMETPOB, XapaKTePU3YIOIIMX
MaKpOHEPOBHOCTh ~HAa IOBEPXHOCTH TOPMO3HOIO JUCKAa HA  paclpeleleHHe
KOHTaKTUPYIOIIUX CHUJI B CUCTEME «ITOJIMIIPUAKUMAIOIIUI MEXaHU3M — TOPMO3HAs KOJIOJKA
— TOPMO3HOM IMCK» U Pa3BUBAEMbI TOPMO3HOM JUCK. B KauecTBe OCHOBHBIX IapaMeTPOB,
XapaKTepU3YIOLUINX MaKpPOHEPOBHOCTh Ha pabOUYMX IMOBEPXHOCTSAX TOPMO3HOTO IHCKa,
ObUIM BBIOpAHBI YIJIbl HAKJIOHA PEIbHOTO MPO(UIs MOBEPXHOCTH B TAHTCHIMAIBHOM U
paauanbHOM HallpaBiCHUSX. BbUIM MONMy4YeHBI 3aBUCUMOCTH Uil pacyeTa IOJIOKECHHUS
LEHTpa JaBJICHUS B TaHNCHIUAJIBHOM M paJdalbHOM HAlpaBIEHUAX B CHCTEME
«TIOJIATIPYKUMAIOIINM MEXaHU3M — TOPMO3Has KOJOJKa — TOPMO3HOM JHCK» C Y4ETOM
YIJI0B HAKJIOHA IPOQUIIS B IByX HanpapieHHsX. [Jisi ONEHKH BIUSHUS YIJIOB HAKJIOHA HA
pacmpezieieHde CHJI IO IUTOIagd KOHTAKTHPYIOUIIMX ITIOBEPXHOCTEH TOpMo3a ObUIH
[IOCTPOEHBI TBEPJOTENBHBIE MOJEIN TOPMO3HBIX YCTPOHCTB C MOAEIUPYEMBIMU
peaNbHbIMM NPOQUIAMH  pabOYMX TOBEPXHOCTEH mAucka. B  KauecTBe OOBEKTOB
MOJEJIMPOBAHUS  MCHOJB30BAJIMCH  IOBEPXHOCTHM  JUCKA €  LUKIWYECKUMH



MaKpOHEPOBHOCTSAMH M ¢ OnHON oOmactero. Ilpm B3ammomelicTBuM paboumx map
TOPMO3HOTO YCTPOWCTBA C OJHON MaKpPOHEPOBHOCTHIO HAa MOBEPXHOCTH IPOHCXOIUIIA
WHBEpPCUS paCOpElEICHHBIX KOHTAKTUPYIOIIUX CHJ, B CPaBHEHUU C JHUCKOM, Ha
MMOBEPXHOCTH KOTOPOTO OBLIH IUKINYECKHE MAaKPOHEPOBHOCTH.

KuaioueBble cji0Ba: TOPMO3HOE YCTPOMCTBO, IIEHTP [aBJICHHS, Yyroll HAKIOHA
peanbHOTo pouIIsl, MAKPOHEPOBHOCTH, MOTUTIPKUMAIOIIANA MEXaHU3M.

Jnas uuTtupoBaHusi: BimsHue reomerpuu mupodwis nucka Ha (QopMHpoBaHHE
KOHTaKTHUPYIONTHUX CHJI Ha pabovMX TUIONIaIKax TopMo3HOoTo yerporicTsa / I1. A. Iomskos,
N. A. Sunxos, O. A. Bopon [u np.] // BectHuk PocCTOBCKOTO rocyaapCTBEHHOTO
yHHUBepcuTeTa myTeit coobrnenus. — 2024, — Ne 4, — C. 218-228. — DOI 10.46973/0201—
727X_2024 4 218.

P. A. Polyakov, I. A. Yaitskov, O. A. Voron, I. P. Talipova, A. A. Kuzkin, N.R. Gabdrakhmanov

THE INFLUENCE OF THE GEOMETRY OF THE DISK PROFILE
ON FORMATION OF CONTACTING FORCES ON THE WORKING PLATFORMS
OF THE BRAKING DEVICE

Abstract. The article presents an assessment of the influence of parameters
characterizing the macro-roughness on the surface of the brake disc on the distribution of
contacting forces in the system "poly-clamping mechanism — brake pad — brake disc" and
the developing brake disc. The angles of inclination of the real surface profile in the
tangential and radial directions were chosen as the main parameters characterizing the
macro-roughness on the working surfaces of the brake disc. Dependences were obtained
for calculating the position of the center of pressure in the tangential and radial directions
in the "poly-clamping mechanism — brake pad — brake disc" system, taking into account
the angles of the profile inclination in two directions. To assess the effect of the inclination
angles on the distribution of forces over the area of the contact surfaces of the brake, solid
models of braking devices with simulated real profiles of the working surfaces of the disc
were built. Disk surfaces with cyclic macroroughness and with one area were used as
modeling objects. When the working pairs of the braking device interacted with one
macro-roughness on the surface, an inversion of the distributed contacting forces
occurred, in comparison with the disk on the surface of which there were cyclic
macroroughnesses.

Keywords: braking device, center of pressure, inclination angle of the real profile,
macro-roughness, poly-clamping mechanism.

For citation: The influence of the geometry of the disk profile on formation of
contacting forces on the working platforms of the braking device / P. A. Polyakov, I. A.
Yaitskov, O. A. Voron [et al.] // Vestnik Rostovskogo Gosudarstvennogo Universiteta
Putey Soobshcheniya. — 2024. — No. 4. — P.218-228. — DOI 10.46973/0201-
727X_2024 4 218.
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PYCCKOM U aHTTIMICKOM SI3bIKaX):

HazBanue crarbu (3ariaBHBIMH OYKBaMH, IOJTYKUPHBIM HIPHPTOM).
damunus, UM, OTYECTBO aBTOpa (IOJTHOCTHIO, 0€3 COKpALICHUH ).

MecTto paOoThI KaXI0TO aBTOPa B IMEHUTEIBHOM MaIexKe.

VYdeHas cTeneHb, yueHOe 3BaHHe, IOJDKHOCTb.

E-mail.

AHHOTanus (KpaTKoe coepKaHue CTaThH, BKIIOUatomee 3—4 npeioKeHus).
Kirouessie cnosa.



YciaoBusi M NOPsiAOK NyOIMKALMM CTaTell B JKypHaJIe

CraThs 10/1KHA OBITH 0)OPMJIEHA MO MPHJIATaeMbIM TPeOOBAHUSIM.
ABTOp MMeeT MPaBo OMy0JIUKOBATH B HOMEPE OJHY CTATHIO.
ABTOP MOKET NMPHCJIATH CTATHIO B a/Ipec PeJaKIUu:
1o 1novTe;
110 3JIeKTPOHHOM 1oYTe;
NMPUHECTH B PEJAKIAI0 U NEePeAaTh 0TBETCTBEHHOMY ceKpeTapio (1. kopmyc, koM. J1 107).
Crarbs, npejcTaB/isieMasi B peIaKIUI0, 10JI:KHA COOTBETCTBOBATH TeMAaTHUKe U3aHUSI.
Temartuka sxypHasia 0XBaThIBACT OCHOBHBIC MPOOJICMBI TPAHCIIOPTA, @ TAKKE IHEPTETHKH, MAITHHOCTPOCHUS
U ynpasjiceHus. [1yOauKyIOTCs CTaThH MO CICTYIOUTUM CEKITUSIM:
—  MalIMHOCTPOEHHUE;
—  IOJBHWKHOM COCTaB, 0€30IaCHOCTE ABUXKEHUS U DKOJIOTHS,
MHPOPMAIMOHHBIE TEXHOJIOTHH, aBTOMATHKA M TEIIEKOMMYHHKAIIAH;
yIIpaBJIeHHE U JIOTUCTHKA Ha TPAHCIIOPTE;
JKENIE3HOIOPOKHBIH ITyTh ¥ TPAHCIIOPTHOE CTPOHUTENBCTBO;
TPaHCIOPTHAS YHEPTETHKA;
MOJICIIUPOBAHME CHCTEM H MPOIECCOB.
5 Penakuuonnasi ko/uieruss NpuHUMaeT MJIsl MyOJMKAWMU CTATbH MOCJe TIIATEJbHOH Hay4YHOM
IKCIEPTU3BI.
Jdnst myOnukanuyu OTOMPAIOT CTAaThH, KOTOpBIE NPENCTABISAIOT HAYYHBIH HHTEpEC M SBISIIOTCS HOBOM
CTYIICHBIO B pa3paboTKe MaHHOH mpobiembl. CTaThi MyOIMIIMCTHYCCKOTO TUIaHa HE MPHHUMAIOTCS.
6 Ha 3acexannu peakosjierud NPUHUMAIOT pellieHue 0 BO3MOKHOCTHU MYOJIUKANMU CTATHH TOJBKO
MPHU HAJTUYUHU TOJIOKUTEILHOM peleH3un.
7 Bce pacxoabl o0 MOAroTOBKE K MyOJMKAIMM M M3IAHUIO KYPHAJIA ONJIAYMBAET YHUBEPCHUTET, B
TOM 4HCJIe H TIOYTOBBIE PACX0bI MPH MepPechLIKe KyPpHAIa aBTOpaM.
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Kpartkasa undopmanus o xxypHaje

Hayuno-texHuueckuii xypHan «BecTHuk PoOCTOBCKOro rocyJapCTBEHHOIO YyHHUBEpPCUTETa IIyTel
coobmennsn» («BectHuk PI'YIIC») 3apeructpupoBan B DexpepanbHoii cimyx0e mo Hag3zopy B cdepe CBs3y,
nH(OpPMaLMOHHBIX TeXHOJIOTHH U MaccoBbIX kommyHHKaruii (POCKOMHA/I30P), cBuieTenbcTBO 0 perucTpaniu
ITN Ne ©C77-77245 ot 20 HOs6ps 2019 1. XKypHan uMeeT MeXIyHapOIHBIN CTaHAApTHBIN cepruanbHblii Homep (ISSN
0201-727X), nmpucsoennsrii KamkHoi# manaroit Poccuntickoit @enepartim.

VYapeaurenem u wuzgareneMm sBisiercs DenepanbHOE TOCYAApCTBEHHOE OIOKETHOE 00pa3oBaTesbHOE
YYpeKAeHHE BEICIIET0 00pa3oBaHus «POCTOBCKUI TOCYyJapCTBEHHBIN YHUBEPCHUTET ITyTeit coodmenus» (PI'bOY BO
PI'VIIC).

I'maBHbI penakrop *kypHana — akagemMuk PAH, 3acinyxeHHbI nedarens Hayku P®, TOKTOp TEXHUYECKUX
Hayk, ipodeccop B. U. KonecHukos.

B cocraB penakipioHHO# Kojuternu BXoaar Beaymue yduensie PI'YIIC, a Taxke Apyrux TPaHCHOPTHBIX U
akageMudeckux yHuBepcuTeToB CeBepo-KaBkaszckoro pernona, Mocksbl, Cankt-Iletepbypra, PecrmyOnuku
benapycs, Uenickoit Pecriy6muxu, [Tonbmiu, @paHmmn.

JKypHan BEIXOAUT ¢ MEPUOTUYHOCTHIO 4 HOMEpa B TOJ, T.€. KaXKAbII KBapTall.

C anpens 2004 rona «Bectaux PI'YIIC» BkimoueH B «llepedeHp MepHOAMYECKUX HAYYHBIX M HAYIHO-
TEXHHYECKHUX M3MaHuil, BBIMTycKaeMblx B Poccuiickoit demepannu, B KOTOPBIX PEKOMEHAyETCS ITyOJIHKaIMs
OCHOBHBIX PE3yJbTaTOB IHCCEPTAllMii HAa COMCKAaHME YYEHOW CTEeNeHM KaHJuaaTa M JIOKTopa Hayk» (peleHue
Ipesumnyma BAK Ne 6/4 ot 06.02.2004 t.). XKypHan Bormien Bo Bce mocieayronie penakmun [lepedns.

«Bectauk PI'YIIC» — momnucHoe m3manue. C 2004 roma »ypHan ObUT BKJIIOYCH B KaTajor MOIIMHACHBIX
m3nannii arenTctBa «Pocrneuarb». Takke BKIIOUEH B KATaJIOT NMOJNHMCHBIX HM3gaHWil OObeIMHEHHOTO KaTauora
«[Ipecca Poccun» (Www.pressa-rf.ru mox ungexcom 53720).

[onnucatbess Ha >KypHal MOXKHO 4Yepe3 areHTCTBO mnoamucku «Ypan-Ilpecc» u arenrctBo «AP3W»,
pacrpocTtpaHsieTcsl KypHan Ha Tepputopuu Poccuiickoit @enepanym. [loamucky MokHO OGOPMUTH Ha KBapTas, Ha
TIOJITO/1a MITH Ha TOJI.

Kypnan «Bectauk PI'YIIC» GecriaTHO pacchluiaeTcsi BCeM OTPaciieBBIM By3aM, B psijJl By30B MUHHUCTEPCTBA
oOpa3oBaHMsI W Hayku Poccum, IEHTpaJbHBIM M 30HAJIBHBIM HAaydHO-TEXHHYECKHM Ombmmorexkam, HUN
UHPOPMAIUH.

IlouToBBIii agpec peJaKLuu:

3344038, PocToBckast 061acTh, T. 0. ropo Poctos-Ha-/loHy,

r. PocroB-Ha-/lony, mi. Pocrosckoro Crpenkosoro ITonka Haponsoro Onondenus, 3a. 2.
PocroBckuii rocyiapcTBEHHBI yHUBEPCHUTET ITyTeH COOOIIECHUS.

Penakuus xypnana «Bectaux PI'YIICy.

Tenedon: +7 (863) 272-62-74. dakc: +7 (863) 255-37-85.

E-mail: pmv_nis@rgups.ru; nis@rgups.ru (I0NOTHATEIBHBIN).

ApxuB KypHajia 1 TpeOOBaHHMs 110 0POPMIIEHHIO CTaTel pa3MelleHs! Ha caiiTe http://vestnik.rgups.ru.
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YBaskaemble unTaTeau!
Bbl Mo2KeTe MOANUCATHLCS HA HAIII J)KYPHAJI Ha caiite WWW.pressa-rf.ru.
Hupeke :xypHaja no karaiory 53720

ITonHOTEKCTOBAsA BepCcUs CTATEl HAXOAUTCH B OTKPBLITOM JOCTYIIE HA caiTe
Poccuiickoii Hay4YHOIi 3J1eKTpOHHO# GubmoTexkn: Www.elibrary.ru
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PHUHII u Science Index

TpeGoBanus Kk oGopMIiIeHHIO cTaTell pa3MellleHb] HA caiiTe
http://vestnik.rgups.ru

Penaktopsl: A.B. Apramonos, T.B. bpoackas,
T.A. Ucaera, T.M. UecHokoBa,
A.H. KonecanueHko (aHMIIMICKUM TEKCT)

Koppexropsr: A.B. Apramonos, T.B. bpoackas,
T.A. Ucaera, T.M. YecHokoBa,

A.H. KonecHndeHko (aHTTTHHACKHI TEKCT)
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DenepajibHOE TOCYIaPCTBEHHOE 0I01KeTHOE 00pa3oBaTeibHOE YUpesKJAeHne BbICIIero 00pa3oBaHust
«PocToBCKHI rocyiapcTBeHHbI YHUBePCUTET MyTell CO00eHnsD
(®I'bOY BO PI'YIIC)

Anpec yHHBEpPCUTETA, H31ATeNs1, pelaKIuu:
344038, PocToBckasi 00,1acTh, I. 0. ropoa PoctoB-Ha-/lony,
r. PoctoB-Ha-Jlony, mi. PocroBeckoro Crpenkosoro Ioaka
Haponnoro Ononvyenns, 31. 2.
Teaepon pexakuuu +7 (863) 272-62-74; daxe +7 (863) 255-37-85.
E-mail: pmv_nis@sci.rgups.ru; nis@rgups.ru

Anpec Tunorpagun :
«M3parenncTBo «D&V». CB-Bo Ne 003679887.
344037, r. PocToB-Ha-/lony, yu. 20 qunus, 54.
E-mail: divprint@mail.ru. Texedon +7 (918) 543-75-63.
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