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A. C. Unvunwix, A. A. Boiiuenko, T. C. Abpamosa

OLEHKA YCWIHA 3ATSKKHA ITYTEBBIX ITYPYIIOB
YIPYI'UX PEJIbCOBbBIX CKPEIIVIEHUU METOJOM TEH30METPUU

AnHoTanus. [IpuBeeHb! pe3yabTaThl UCCIEIOBAHMS YCUIMM 3aTSKKU IIYPYTIOB CKpPETI-
nenwst JKbP-65111 Ha Tpéx rpymimax y3/10B CKPEIUIeHUH ¢ pa3IndHBIM COCTOSIHUEM Pe3hObI IIIy-
PYIIOB IIPH HOPMATUBHOM MOMeHTe 3aTsDkKu 250 H-m.

J7st onpezienieHyst 0CeBOTO YCUITHA B pe3b0€ MCIIOIb30BAINCH TEH30JaTUMKH, YCTAHOBIICHHBIE
Ha KeMMe. CxemMa YCTaHOBKY T€H30[JaTYMKOB BHIOpaHa HCXOAS U3 UCCIICA0BAHNS HATIPSDKEHHO-
Je(hOPMUPOBAHHOTO COCTOSIHUS KJIIEMMBI. XapaKTepHbIMH 30HAMH Ae(OpMaLiy KJIEMMBbI SIBIIS-
I0TCSl 30HBI TIEPETHO0B Ha KOHLEBBIX M OOKOBBIX ydyacTKax. J{oJs ycuiusi HakaTusl KIIEMMBI Ha
pensc coctaBiseT 40,2 % OT yeuiust 3aTsHKKU IIypyTia.

VYeunnue 3aTsSHKKU MYTEBBIX IIYPYIOB ABISIETCS CIyYalHOM BEIMYMHOM, pacnpenenéHHON
10 HOpMAJIBHOMY 3aKoHY. KoppoaupoBaHHbIe U 3arpsA3HEHHBIE MIYPYIBl B YCIOBHUAX YBEIH-
YCHHBIX Tp€6OBaHHI>'I 10 YCUJINIO IpHXKaTuA peiibCa AJid pETHUOHOB € I'OJJOBBIM IIEPCIaiOoM TEM-
nepatyp 6omnee 110 °C He ctocoOHBI 00ecTIeYnTh HEOOX0IMMOE TIpHKaThe B Ooliee 4eM To-
noBuHe ciyyaeB. O4HCTKa Pe3bObI TOBBIIIACT BEPOATHOCTD JOCTHIKEHUS TPeOyeMOro yCuius,
OJIHaKO TOJIBKO MCTIOJIb30BAHNE CMA3aHHBIX IIYPYIIOB MPAaKTHYECKH MOJIHOCTHIO TApaHTHPYET
COOTBCTCTBUC HOPMATHUBaM IIPUIKATUA PCIIbCa.

3HaYUTEeNbHBIA Pa30poc yCUIIHA 3aTSKKU HE MO3BOJISIET 3¢ (HEKTUBHO PEaTU30BIBATE MIPO-
TUBOYTOHHBIEC U YIPYTHE CBOKWCTBA CKPEIJICHUH.

KuroueBsble cjioBa: myTeBOH LIypyIl, IPOMEKYTOUHbIE PENbCOBBIE CKPEIUICHUS, YCHIINE
3aTSDKKH, yCUIINE IPYKATHS Penbea.
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A. S. llinykh, A. A. Voychenko, T. S. Abramova

ASSESSMENT OF THE TIGHTENING FORCE
OF TRACK SCREWS IN ELASTIC RAIL FASTENINGS
BY THE STRAIN GAUGE METHOD

Abstract. The article presents the results of a study on the tightening forces of screws in
ZhBR-65Sh fastenings for three groups of screws with different conditions of the threaded
surface, using a constant standard tightening torque of 250 N-m. Strain gauges installed on the
clip were used for the experimental determination of the actual clamping force in the thread.
The arrangement of the strain gauges was chosen based on a preliminary study of the stress-
strain state of the ZhBR-65 fastening clip. The most characteristic deformation zones of the
elastic clip are the technological bends in the end and side sections. The modeling also showed
that the share of the elastic clip's clamping force acting on the rail base is 40.2% of the tight-
ening force of the track screw.

The results of the study show that the tightening force of track screws is a random variable
distributed according to a normal law. Screws with signs of corrosion and thread contamina-
tion, under increased rail clamping force requirements for regions with annual temperature
fluctuations greater than 110°C, are unable to provide the necessary clamping in more than
half of the cases. Cleaning the threads significantly increases the likelihood of achieving the
required force; however, only the use of lubricated screws almost completely guarantees com-
pliance with rail clamping standards. Such a wide range of tightening forces does not allow
the anti-creep and elastic properties of modern intermediate rail fastenings to be effectively
realized.

Keywords: track screw, intermediate rail fastenings, tightening force, rail clamping force.
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A. JI. Jlanuc, /]. A. Ycos, E. C. Oxpemenxo
30HbI KXECTKOCTH HA NOAXOJAX K MOCTOBBIM IIEPEXOJAM

AnHoranus. OIHUM U3 CTPATETHYECKUX HAIPABJICHUMA DPA3BUTHS KEIIE3HOJOPOKHOTO
TpaHCIIOpTa ABJIACTCA NOBBIIICHUC HAI'PY3KH HaA OCb, CKOpOCTeﬁ 1 HHTCHCHUBHOCTHU JABUXKCHUA
noe3/10B. [loBbIIIeHNe 3THX TTApaMETPOB OCIIOKHEHO «OaphepHBIMU» MECTAMH, B TOM YHUCIIS
nmoaxoaaMu K MOCTOBBIM IEPEXOAAM.

st obecrieueHusT HAZEKHOCTH HA DTUX Y4acTKax B pa0dOTe BBIOJHEHO HCCIIEIOBAaHUE,
OCHOBaHHOE Ha JIJaHHBIX, TIOJYYSHHBIX C IMyTEeHM3MEPUTEIBHBIX BaroHOB Ha 3anaaHo-Cubup-
CKOM JKeJIe3HON Jopore, a TaKKe Ha aHalTN3e HayYHO-TEeXHUIECKOH TnTepaTypsl. BeiBuHyTa
THIIOTE3a O HAJIMYMHU YETHIPEX 30H, I/I€ OX0/1 K MOCTOBOMY IEPEXOAY YCIOBHO pa3/ieisieTcs
Ha yYaCTKH, B KOTOPBIX HAOIIOJaeTCS PA3HOCTh KECTKOCTEH. BEISBIEHO, 4TO CKaYKH JKECTKO-
CTH TPOUCXOJIAT Ha KOHKPETHBIX YJacTKaxX U B OJHHUX M TEX e MeCTax.

B 3710l cBs3U NpejIoKeHa CUCTEMA 30H «IIPOJIETHOE CTPOCHUE — YCTOM — 3€MIISIHOE T10-
JIOTHO», KOTOpasi HE 3aBUCHUT OT YCJIOBUH KCIITyaTal[y. Y CTAHOBJIEHO KaueCTBEHHOE COBIIa-
JIeHNe aBTOPCKUX JaHHBIX N0 3anagHo-CHOMpCKOi XKele3HOH Jopore ¢ OTeYeCTBEHHBIMU U
3apyOe)KHBIMA NCTOYHUKAMH.

B paboTe BbIsSIBIEHO POTHBOPEUHE MEXKTY CYIIECTBYIOIIMMHU HOPMAaTHBHBIMH TPEOOBaHU-
MU U ()aKTUIECKUMH JAHHBIMH O JUTUHE YYaCTKOB MIEPEXOIHOTO MyTH TIepEMEHHOM KEeCTKO-
CTH, YTO TIOTYEPKUBAET HEOOXOAMMOCTh HHIMBUIYAILHOTO ITOAX0/1a K TPOSKTUPOBAHUIO Ta-
KHX YYaCTKOB C YYE€TOM PA3JIMYHBIX SKCINTyaTallMOHHBIX Q)aKTOpOB.

KuroueBble €10Ba: KOHCTPYKITHS IIEPEMEHHOM KECTKOCTH, YU4ACTOK MTEPEMEHHOM )KECTKO-
CTH, UICKYCCTBEHHOE COOPYKEHHE, KECTKOCTh MMYTH, 3€MJITHOE MOJIOTHO, 30HBI )KECTKOCTH.

Jast umrupoBanus: Jlarnuc, A. JI. 30HBI )KECTKOCTH Ha IMOX0aX K MOCTOBBIM IIEpPeX0oaamM
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A. L. Lanis, D. A. Usov, E. S. Okhremenko
STIFFNESS ZONES ON APPROACHES TO BRIDGE CROSSINGS

Abstract. One of the strategic directions of development of railway transport is increasing
axle load, speeds and intensity of train traffic. Increasing these parameters is complicated by
"barrier" places, including approaches to bridge crossings.

To ensure reliability in these areas, the study was conducted based on data obtained from
track measuring cars on the West Siberian Railway, as well as on the analysis of scientific and
technical literature. A hypothesis was put forward about the presence of four zones, where the
approach to the bridge crossing is conditionally divided into sections in which a difference in
stiffness is observed. It was revealed that stiffness jumps occur in specific areas and in the
same places.

In this regard, a system of zones "span structure — abutment — roadbed" is proposed, which
does not depend on operating conditions. A qualitative coincidence of the author's data on the
West Siberian Railway with domestic and foreign sources is established.

The work reveals a contradiction between the existing regulatory requirements and actual
data on the length of sections of the transition track of variable stiffness, which emphasizes
the need for an individual approach to the design of such sections taking into account various
operational factors.

Keywords: variable stiffness structure, variable stiffness section, engineering structure,
track stiffness, roadbed, stiffness zones.
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B. JI. lllanosanos, A. B. Mopo3zos, M. B. Oxocm, T. II. ['opbauesa

INPUMEHEHUE KEPAMUYECKHUX COEP B U3I'OTOBJIEHUU I'EOIIOJIMMEPA
JJISI OBJIETYEHHBIX KOHCTPYKIIUM *

! I/ICCJ'IC,HOBEIHI/IC BBITIOJIHEHO TIPpU q)HHaHCOBOfI MOAACPIKKE CDezxepaﬂbﬂoro AréHTCTBa KCJIC3HOAOPOIKHOI'O

TpaHcnopTa (cornamenue Ne 109-03-2025-007).
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AnHoTanus. Hactosmas paboTta mocBsIeHa paccCMOTPEHHIO BOZMOKHOCTH CO3/JaHHS MaTepH-
ajia, UMEIOIIETO YITYUIICHHBIC XapaKTePUCTUKH, 2 MMEHHO TOHMKECHHBIH BEC M TEIUIOTPOBOIHOCTD,
C MCIIOJIh30BaHMEM HATIOJTHUTEIIS B BUE TIOJIBIX KEPaMHUECKUX chep Iy CHIDKEHHS HApsHKEHHO-
Je(OPMHUPOBAHHOTO COCTOSTHUSI OCHOBAHUS TPYHTOBBIX HHXEHEPHBIX OOBEKTOB M BIIUSHUS TEMITE-
paryp Ha cTabMIbHOCTH TPYHTOB. COCTaBHBIE 3JI€MEHTHI TE€OMOIMMepa MCCIEI0BAaHBl METOIaMHU
JIEKTPOHHON MHUKPOCKOIIMH, OTIPE/ICIICHBI UX COCTAaB U HEKOTOPBIE CBOWCTBA, & TAKXKE TEILIONPO-
BOJIHOCTb, INTOTHOCTh ¥ TIPOYHOCTH Ha C)KaTHe 0OpasIoB reomnonumepa. B pe3ynpraTe BBITIOTHEH-
HBIX UCCIIEIOBaHNH, TIOKa3aHO, YTO TOOABIIEHHE B COCTaB TEOMOIMMEpa MUKpoc(hep yIydIIaeT ero
TETUTIONIPOBOJTHBIE CBOMCTBA M 00JIerYaeT KOHCTPYKIIUIO 3€MJISTHOTO TIOJIOTHA.

KuaroueBrbie CJI0Ba: MIIMHUCTBINA TPYHT, TSOTOIMMEP, 3eMIITHOE TIOJIOTHO, KEPaMUYECKHE MHK-
pocepsl, TeTIONPOBOAHOCTD, 00JIETYCHHBIE KOHCTPYKITHH.

Jnsi nuTupoBanus: [IpuMeHeHHe KepaMUYECKUX cep B U3TOTOBJICHUH TEOOIMMepa st
obneruennbpix koHcTpyKimid / B. JI. lllammoBanos, A. B. Mopo3os, M. B. Oxkocr, T. I1. ['opbauesa
// BecTHHK POCTOBCKOTO roCyIapCTBEHHOTO YHUBEpCUTeTa myTer coobrmenus. — 2025, — Ne 3. —
C. 28-40. - DOI 10.46973/0201-727X_2025_3_28.

V. L. Shapovalov, A. V. Morozov, M. V. Okost, T. P. Gorbacheva

THE USE OF CERAMIC SPHERES IN THE MANUFACTURE
OF GEOPOLYMER FOR LIGHTWEIGHT STRUCTURES

Abstract. This work is devoted to the consideration of the possibility of creating a material
with improved characteristics, namely reduced weight and thermal conductivity, using a filler
in the form of hollow ceramic spheres to reduce the stress-strain state of the foundation of soil
engineering objects and the effect of temperatures on soil stability. The constituent elements
of the geopolymer were studied by electron microscopy methods, their composition and some
properties were determined, as well as thermal conductivity, density and compressive strength
of geopolymer samples. As a result of the studies, it was shown that adding microspheres to
the geopolymer improves its thermal conductivity properties and lightens the design of the
roadbed.

Keywords: clay soil, geopolymer, roadbed, ceramic microspheres, thermal conductivity,
lightweight structures.
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. I. beun, JI. B. [[vieanckas, H. A. Tanuuesa

BbIBOP TEXHUKO-9KOHOMHUYECKUX MAPAMETPOB BAT'OHOB-IIJIAT®OPM
C IOIr'PY304YHOM JJIUHOM 60 ®YTOB
C YYETOM UX TAPUOUKALIUU U IAPAMETPOB I'PY30BOI'O IIOE3A

AHHOTauus. PaccMOTpEeHBl TEXHUKO-3KOHOMHYECKHE MapaMeTphbl BarOHOB-TUIATGOPM C
MOrPy304HOH JunHOM 60 QyTOB C yueTOM X TapU(PUKAIIUH U ITAPAMETPOB I'PY30BOT0 MOE31a.
BrinonHeH aHamu3 CEpUHBIX BarOHOB-TUIAT(GOPM MO MapaMeTpy AJHHBI BaroHa IO OCSIM
CLETJICHUS! ¥ BIMSHUS YKa3aHHOTO IapaMeTpa Ha NeHCTBYIOIIMN TapuQHbI KO3)(HUIIMEHT
IIpU NIEPEBO3KE, a TAKXKE MapaMeTPOB KOHTEHHEPHOTO 110e31a, CYOPMUPOBAHHOTO U3 BATOHOB-
IaTGOPM € Pa3InIHON JUIMHON TI0 OCAM CHEIUICHHsI. PacCMOTpEeHBI TEXHUYECKUE PEIICHHS,
MO3BOJISIONINE COKPATHTh JIMHY BaroHa-IiaTQOpPMBI IO OCSAM CLEIJIEHUS] aBTOCLENOK 0e3
YMEHBIIECHUS MOrpy304HON uMHBEL. OmnpeneneHsl NpeABapUTENbHbBIE TEXHUKO-3KOHOMHYE-
CKHE MapaMeTpbl BaroHa-mat¢opMbl ¢ TOrpy30uHoi umnHOHW 60 (yTOB M JUIMHOHN MO OCSIM
CLIEIUIEHUS aBTOCIIETIOK, MTPHU KOTOPHIX JJIMHA KOHTEHHEPHOT O Moe3/ia TapaHTUPOBAHHO yBe-
muarBaeTcs 10 71 ycIoBHOTO BaroHa, 4to obecreunBaet nepeBo3ky 153...156 equaun TEU
(00bemoB koHTeitHepoB 20 (yTOB) U MOBBIMIACT OKA3aTEIH TaKOro Noe3na Ha 2...4 %. [pex-
JIO’KCHHBIE TEXHUYECKUE PELICHUS] MOTYT OBITh MPUMEHEHBI IPU pa3pabdoTKe HOBBIX H MOJAEP-
HU3UPOBAHHBIX KOHCTPYKLUH BaroHOB-TIaT(opM.

KiroueBble cioBa: yCIOBHBIH O3], KOHTEHHEPHBI MOe37, BaroH-miardopma, mnapa-
METphI BaroHa, Tapud Ha MepeBo3Ky.

Jast umTuposanusi: beiin, /. I'. BoiOop TeXHUKO-3KOHOMHUYECKUX [TapaMeTPOB BarOHOB-
wiatdopm ¢ morpy304Hoi amuHou 60 GyToB ¢ yueToM ux Tapu(UKAIUU U TapaMeTPOB Ipy-
3oBoro noe3na / JI. I'. Betin, JI. B. Lpiranckas, H. A. TannueBa // Bectauk PocToBckoro roc-
YIapCTBEHHOI'O YHHUBepcuTeTa myteid coodmenus. — 2025. — Ne 3, — C. 41-53. —
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D. G. Bein, L. V. Tsyganskaya, N. A. Tanicheva

SELECTION OF TECHNICAL AND ECONOMIC PARAMETERS OF FLAT CARS
WITH A LOADING LENGTH OF 60 FEET, TAKING INTO ACCOUNT THEIR PRICING
AND FREIGHT TRAIN PARAMETERS

Abstract. The technical and economic parameters of flat cars with a loading length of 60 feet
are examined, taking into account their pricing and freight train parameters. An analysis of serial
flat cars is performed based on the parameter of the car length along the coupling axes and the
impact of this parameter on the current tariff coefficient during transportation, as well as the
parameters of a container train formed from flat cars with different lengths along the coupling
axes. Technical solutions allowing to reduce the length of a flat car along the coupling axes of
automatic couplers without reducing the loading length are considered. Preliminary technical
and economic parameters of a platform car with a loading length of 60 feet and a length along
the coupling axes of automatic couplers have been determined, at which the length of a container
train is guaranteed to increase to 71 conventional cars, which ensures the transportation of
153 ... 156 TEU units (20-foot container volumes) and increases the performance of such a train
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by 2...4 %. The proposed technical solutions can be applied in the development of new and
modernized designs of platform cars.
Keywords: conventional train, container train, flat car, car parameters, transportation tariff.
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I'. A. Bybnosa

OIIEHKA ITOKA3ATEJIEM MHOT'O®A3HOM CUCTEMBI
TEXHUYECKOI'O OBCIIY KUBAHUA U PEMOHTA I'PY30BbIX BAI'OHOB

AnHotanus. CTaThs TIOCBAIIEHA OICHKE TOKa3aTesieli MHOTO(A3HOW CHUCTEMbI TEXHUYE-
ckoro obcmyxuBanus (TO) u texymiero 6e3otuenognoro pemonta (TBP) rpy3oBeix BaroHoB Ha
nyHKTax TexHudeckoro oociyxusanus (IITO). AxkryanbHoCTh MccieoBaHUS 0OyCIIOBICHA
pHCKaMy OTKa30B TEXHUYECKHX DJIEMEHTOB BATOHOB B YCIIOBHAX MacCOBOTO 0OCTY>KHBaHHUSI TI0-
TOKOB TIOABIDKHOTO cocTaBa. il ONTHMHU3AIMY TIPOLIECCOB MPEI0KEeHA METO0IOTHS TEOPHH
MaccoBoro oociyxkusanust (CMO) ¢ neKoMIo3uLuel Ha TpU MOCeJ0BaTENbHbIE (Da3bl.

Mogens IITO xak Tpéxdaznoirt CMO Brmoyaet Tpu (asbl, Kaxaas U3 KOTOPbIX paccMar-
puBaeT mporecc odcmyxuBanns Kak Tpu npoctbix CMO co cBonmu napamerpamu. [1o 3aman-
HBIM ITapaMeTpaM pacCUUTaHbI KIIOYEBbIE TOKa3aTenu 3 pekTHBHOCTH.
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PesynbTaThl MOJETUPOBAHNUS TTO3BOJISIOT BBISIBUThH «y3KHE MECTa» Ha KOHKPETHOH dase,
YTO CIOCOOCTBYET MOBHIMICHUIO 3((HEKTUBHOCTH OOCITYKUBAHUS TPY30BBIX BarOHOB, JHUCIIO-
nupyromuxcs B [ITO na 18 %. IIpeanoxkeHHbple METOIBI ONTUMU3AIUU TOATBEPKIAIOT BO3-
MOKHOCTbH TIOBBIIIICHUS MPOIYCKHOM criocooHocTr Ha 15-20 %. TIpakTryeckas 3HAYNMOCTb
paboTHI 3aKITI0YaeTCs B peKoMeHaaImsaxX mo moaepumsanuu [1TO, a nanpHe#mme ncciemnona-
HUs OYIyT COCPEOTOUCHBI HA IMUTAIMOHHOM MO/ISIIUPOBAHUH ITPOIIECCOB MHOTO(a3HO# CH-
CTEMBI TEXHUIECKOTO 00CITy>KUBaHUSI.

KuaroueBble cjioBa: »eJIe3HOJOPOKHBIA TPAHCTIOPT, BATOHHOE XO3SICTBO, TEXHUYECKOE
o0cyXKUBaHKE, TPY30BbIC BarOHbI, aJAITHBHBIN MEXaHH3M.

Jast uutupoBanus: byonona, I'. A. Onenka moka3zareneit MHOroa3HOM CHCTEMBI TEXHHU-
4eCKOro o0CIyXKMBaHUs U PEMOHTa rpy30Bbix BaroHoB / I'. A. Byonosa // Bectauk Poctos-
CKOT'0 TOCYJapCTBEHHOI'0 yHUBepcuTeTa mytel coobmenus. — 2025. — Ne 3. — C. 54-63. —
DOI 10.46973/0201-727X_2025_3_54.

G. A. Bubnova

ASSESSMENT OF THE PERFORMANCE OF A MULTI-PHASE SYSTEM
FOR MAINTENANCE AND REPAIR OF FREIGHT CARS

Abstract. The article is devoted to the assessment of the indicators of a multi-phase system
of technical maintenance (TM) and current uncoupled repair (RIR) of freight cars at technical
maintenance points (TMP). The relevance of the study is due to the risks of failures of tech-
nical elements of cars in the conditions of mass servicing of rolling stock flows. To optimize
the processes, a methodology of mass service theory (MST) with decomposition into three
successive phases is proposed.

The TM model as a three-phase MST includes three phases, each of which considers the
servicing process as three simple MST with its own parameters. Key performance indicators
are calculated based on the specified parameters.

The modeling results allow us to identify "bottlenecks™ at a specific phase, which helps to
increase the efficiency of servicing freight cars located in TM by 18 %. The proposed optimi-
zation methods confirm the possibility of increasing throughput by 15-20 %. The practical
significance of the work lies in recommendations for the modernization of TM, and further
research will focus on the simulation modeling of the processes of a multi-phase technical
maintenance system.

Keywords: railway transport, wagon fleet, maintenance, freight cars, adaptive mechanism.

For citation: Bubnova, G. A. Assessment of the performance of a multi-phase system for
maintenance and repair of freight cars / G. A. Bubnova // Vestnik Rostovskogo Gosudarstven-
nogo Universiteta Putej Soobshcheniya. — 2025. — No. 3. — P. 54-63. — DOI 10.46973/0201—
727X _2025 3 54.
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C. B. bypuxos, JI. B. [{vieanckas

BbIEOP TEXHUUYECKHX PEIIEHUM, OTPAXKIAFOLIAX
KOHCTPYKIHMHU BAI'OHOB-TEPMOCOB ITPU IPOEKTUPOBAHUU
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AnHoTanusi. B pabote paccMaTpruBaroTCsi TEXHUYECKHE PEIICHHS ITOTYYCSHHSI ITyTEM TMOIIaro-
BOW ONTUMH3AIUH OTPAKIAFONIIX KOHCTPYKIINI BarOHOB-TEPMOCOB. OCHOBHO TETTHIO OIITUMU-
3aIMH SBJISETCS CHU)KCHHE MaTepUaIOEMKOCTH 0€3 yBeImYeHHs 001Iero koddguirmenTa termio-
niepeiayn.

KiTr04eBBIM acTieKTOM HCCIIEIOBAHMUS SIBISIETCS pa3pabO0TaHHBIN TOJTAIHBINA arOPUTM OMTH-
MU3aIUK, OCHOBAaHHBIN Ha KOMOMHAIIMY aHATUTUYCCKUX PACYCTOB U METO/Ia KOHEUHBIX AJICMEH-
TOB. 3TO MO3BOJIMIIO OLICHUTh TEIIOTEXHHIECKHUE CBOMCTBA KOHCTPYKIIUH, UCKITFOUHB TETLION30-
JISIIAIO B 30HAX, HE BIMSIONTNX HA OOIIHI KOA(DPHUIMEHT TEIIONPOBOAHOCTH BaroOHa-TEPMOCa.

Pe3ynbrarhl paboThl IMEIOT MPAKTHYESCKYHO 3HAYMMOCTb JJ151 BATOHOCTPOUTEIIBHBIX TIPEIITPH-
ST, TAK KaK TMO3BOJISIOT CHU3UTh CEOSCTOMMOCTh M3TOTOBJICHUS BarOHOB-TEPMOCOB, YMCHbB-
HIUTh TPYJOEMKOCTb TIPOM3BOJICTBA M YITYUIIUThH X TEXHUKO-3KOHOMHYECKHE TOKA3aTEIH.

KaroueBbie cjioBa: BaroH-TEPMOC, MPOCKTHPOBAHHME, ONTHMHU3ALNS, METOJ[ KOHEUHBIX
3JIEMEHTOB, TEIUIOBBIC MOCThI, MATEPUAIIOEMKOCTh, KO3()(PHUIIUEHT Terionepeayn.

Jost untupoBanusi: bypukos, C. B. Bei0op TeXxHHYeCKHX pelIeHUH, OrpakaatonIinx KOH-
CTPYKIIMU BaroHOB-TepMocoB npu npoektupoannu / C. B. Bypukos, JI. B. Lpranckas //
BectHrk PocTOBCKOro rocy1apCcTBEHHOTO YHUBEpCHTeTa IMyTel coobmienust. — 2025. — Ne 3.
—C.64-71. — DOI 10.46973/0201-727X_2025_3_64.

S. V. Burikov, L. V. Tsyganskaya

THE CHOICE OF TECHNICAL SOLUTIONS FOR ENCLOSING
STRUCTURES OF THERMOS WAGONS DURING DESIGN

Abstract. The paper considers technical solutions obtained by step-by-step optimization of
enclosing structures of thermos wagons. The main goal of optimization is to reduce material con-
sumption without increasing the overall heat transfer coefficient.

A key aspect of the research is the developed step-by-step optimization algorithm based on a
combination of analytical calculations and the finite element method. This made it possible to
evaluate the thermal engineering properties of the structure, eliminating thermal insulation in ar-
eas that do not affect the overall coefficient of thermal conductivity of the thermos car.

The results of the work are of practical importance for wagon-building enterprises, as they
make it possible to reduce the cost of manufacturing thermos wagons, reduce the labor intensity
of production and improve their technical and economic performance.

Keywords: thermos wagon, design, optimization, finite element method, thermal bridges,
material consumption, heat transfer coefficient.

For citation: Burikov, S. V. The choice of technical solutions for enclosing structures of
thermos wagons during design / S. V. Burikov, L. V. Tsyganskaya // Vestnik Rostovskogo
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T. B. Bonuek, B. C. Tomunos, JI. C. Kypmanosa, P. B. Boruex

PA3PABOTKA METOJUKH OIPEAEJTEHUST HAPYIHEHUSI KOMMYTAHI/IOI-{HOI\/JI
YCTOUYIUBOCTHU KOJUVIEKTOPHBIX TAI'OBBIX 3JIEKTPOABUI'ATEJIEN

AHHoTanus. PaccMOTpeHbI MepceKTUBBI pa3BUTHS BOCTOUHOr0 MOMUTOHA, C YIETOM KO-
TOPBIX BO3HHMKAET HEOOXOAMMOCTH MOBHIIIEHHSI pecypca paboThl 000pyIOBaHUS SKCILTYaTH-
PYIOILIMXCS 3JIEKTPOBO30B. BhIsBIEHO, YTO HanboIbIIEe KOJTMYECTBO OTKA30B IIPUXOIUTCSA Ha
TATOBBIN AnekTpoasurarens (TO/), a UMEHHO Ha ero KOJUIEKTOPHO-IIETOYHBIN anmnapar u3-3a
BO3HHKHOBEHHS MIepedpoca SEKTPUIECKON JYTH, PACCMOTPEHBI IPUYMHBI ee TTosiBieHus. Pa3-
paboTaHa METOMKA ONpeesieHHsI cTeneHn ucKpeHns 1O/l Ha OCHOBE CpaBHEHMS aHAINTHYE-
CKHU PacCUMTaHHBIX BeJIMYMH peakTuBHOW D/C 1 Mexi1aMenbHOr0 HapsHKEHUS! HHTEIUIEKTY-
AIBHBIM OJIOKOM C IOITYCTUMBIMH MX BETUYMHAMH, YCTAHOBJICHHBIMH ONBITHBIM IyTeM. [Ipen-
CTaBJICH aITrOPUTM pabOThl NPEAIaracMoro nNporpaMMHO-aNapaTHOrO KOMIUIEKCA MOHHMTO-
punra TOJI 31eKTpoBO3a BO BpeMsl IKCILTyaTalUu.

Ki1roueBble cjioBa: TSATOBBIH 3J1€KTPOABHUTaTEN b, KOMMyTaLus, Hebanancuas J/C, uckpe-
HUE, TeMIIEPaTYPHBIH KOHTPOJIb, MPOOOI H30JISALUH, KPYTOBOH OrOHb.

Jast muTupoBanusi: Pa3paboTka METOIMKY ONpeeiIiCHNsI HApYIICHUSI KOMMYTaIllHOHHOM
YCTOHYHMBOCTH KOJUIEKTOPHBIX TATOBBIX dekTpoapurareneii / T. B. Bomuek, B. C. Tommos,
JI. C. Kypmanosa, P. B. Bomuek // Bectauk PocToBCKOTO rocy1apcTBEHHOTO YHHBEPCUTETA
nyteit cooodmenus. — 2025. — Ne 3. — C. 72-79. — DOI 10.46973/0201-727X_2025_3 72.

T. V. Volchek, V. S. Tomilov, L. S. Kurmanova, R. V. Volchek

DEVELOPMENT OF A METHOD FOR DETERMINING
THE VIOLATION OF COMMUTATION STABILITY
OF COLLECTOR TRACTION ELECTRIC MOTORS

Abstract. The article discusses the development prospects of the Eastern Polygon, which
indicate the need to increase the service life of the equipment of electric locomotives in oper-
ation. It was 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. The
reasons for its occurrence are considered. A method for determining the degree of sparking of
the traction electric motor has been developed based on a comparison of the analytically cal-
culated values of reactive EMF and interlamellar voltage by the intelligent unit with their per-
missible values established empirically. The article presents an algorithm for the operation of
the proposed software and hardware complex for monitoring the traction motor of an electric
locomotive during operation.

Keywords: traction electric motor, switching, unbalanced EMF, sparking, temperature
control, insulation breakdown, circular fire.

For citation: Development of a method for determining the violation of the commutation
stability of collector traction electric motors/ T. V. Volchek, V. S. Tomilov, L. S. Kurmanova,
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I U. I'aoocumemos, 10O. A. Ilanun, U. E. Unvun, /1. B. Ilepesepses

BJIMAHUE TAPAMETPOB YIIPYT'UX CKOJIB3YHOB U BYKCOBBIX Y3JIOB PECCOPHOT'O
HHOJABEIINBAHMSI TPEXOCHOM TEJIEXKKH HA TMHAMHWYECKHE KAYECTBA
I'PY30BOU IIVIAT®OPMbI C HOBBIINEHHOU KOHCTPYKIIMOHHOU CKOPOCTBIO

AnHoTanus. KOHCTpyKIUS IPUMEHSIEMBIX B 3KCIIITyaTalllK IPY30BbIX TEJIEkKEK HE 03BO-
JSIeT peannu3oBaTh JBHXEHHE T'PY30BBIX TOE370B B rpaduKke MacCaXUPCKUX Moe3noB. Jlis
3TOTO pa3zpaboTaHa TPEXOCHAs TEJIEKKa, MO3BOJIIONIAS MMOBBICUTh KOHCTPYKLMOHHYIO CKO-
POCTh Tpy30BOro Barona 1o 140 km/4. XapakTepuCTHKH YIIPYroi CBsI3U KOJIECHOH Mapkl ¢ pa-
MOM TEJICKKH U YIIPYTuX OOKOBBIX CKOJb3YHOB OKa3bIBAIOT BIHMSIHUE HA IMHAMUYECKUE Kaye-
CTBa BaroHa.

[IpoBeneHs! HccileOBaHNUSA TMHAMUYECKHUX KAYE€CTB U BO3JCHCTBHS Ha MyTh (3KCIIEPUMEH-
TaJBHBIX TOE3/I0K) JUTMHHOOA3HOH IIaTGOPMBI C MOBBIIIEHHONW KOHCTPYKIIMOHHOH CKOPO-
CTBIO C IBYyMSI TPEXOCHBIMH TEJIEKKaMH, 000py10BaHHBIMH OTBITHBIMH LIITMHTOHHBIMH OYyK-
COBBIMH y3JIaMH U YHNPYTMMH OOKOBBIMH CKOJIb3YHAMH MEXKAY TEJIEKKOW M pamMoH Iat-
¢dopmbl. Ha ocHOBaHMYM TIPOBEICHHBIX UCCIIEIOBAHNH BEIOPaHbI PAllMOHANILHBIE TEXHUYECKUE
pelIeHNs IMITHHTOHHOTO OyKCOBOTO y3J1a U YIPYroro 60KOBOTO CKOJIb3YHa.

KiroueBble ciioBa: nianHHOOa3Has 11aTdopMa, TPEXOCHAs TEJeKKa, PECCOPHOE MOJBe-
HIMBaHUe, OOKOBBIE CKOJB3YHBI, INMTUHTOHHBIN Y3€I.

Jst umTupoBaHusi: BiusiHre mapaMeTpoB yIPYTHUX CKOJB3YHOB M OYKCOBBIX Y3JI0B pec-
COPHOI0 MOJBEUIMBAHUS TPEXOCHOM TEJIEKKU Ha JTMHAMUYECKHE KayecTBa PYy30BOH ILIaT-
(OpMBI ¢ TIOBBIIICHHOW KOHCTPYKIMOHHON ckopocThio / I'. W. Iamxkumeros, 0. A. IanuH,
W. E. Wnbun, [1. B. Ilepesep3es // BectHuk PocTOBCKOro rocy1apcTBEHHOTO YHHBEPCUTETA
nyte#t coodmienus. — 2025. — Ne 3, — C. 80-89. — DOI 10.46973/0201-727X_2025_3 80.

G. I. Gadzhimetov, Yu. A. Panin, I. E. llyin, D. V. Pereverzev
INFLUENCE OF THE PARAMETERS OF ELASTIC SIDE BEARINGS AND AXLE BOX
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UNITS OF THREE-AXLE BOGIE SPRING SUSPENSION ON THE DYNAMIC QUALITIES

OF A FREIGHT FLAT WAGON WITH INCREASED DESIGN SPEED

Abstract. The design of the freight bogies used in operation does not allow the traffic of
freight trains to be implemented within the schedule of passenger trains. For this purpose, a
three-axle bogie has been developed, which allows increasing the design speed of a freight
wagon up to 140 km/h. The characteristics of the wheelset elastic linkage with the bogie frame
and of the elastic side bearings have an effect on the wagon dynamic qualities.

Research was conducted into the dynamic qualities and impact on the track (experimental
trips) of a long-base flat wagon with an increased design speed with two three-axle bogies
equipped by experimental buffer plate suspension rod units and elastic side bearings between
the bogie and the flat wagon frame. Based on the conducted research, rational technical solu-
tions for the spindle axle box unit the buffer plate suspension rod unit and elastic side bearing
were selected.

Keywords: long-base flat wagon, three-axle bogie, spring suspension, side bear-
ings, buffer plate suspension rod unit.

For citation: Influence of the parameters of elastic side bearings and axle box units of
three-axle bogie spring suspension on the dynamic qualities of a freight flat wagon with in-
creased design speed / G. I. Gadzhimetov, Yu. A. Panin, I. E. llyin, D. V. Pereverzev // Vestnik
Rostovskogo Gosudarstvennogo Universiteta Putej Soobshcheniya. — 2025. — No. 3. — P. 80—
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MOJEJHUPOBAHUE TSITOBOI'O JIBUT'ATEJISI DJIEKTPOBO3A
C YYETOM KPUBO HAMATHUYNUBAHUS

AHHoTanus. PaccMarpuBaeTcs MpoIecc CO3MaHus M MCCIEAOBAHUS MOJEIH TATOBOTO
3JIEKTPOJIBUTATEINSI JIEKTPOBO3a B CPee KOMIBIOTEPHOTO CXEMOTEXHIUUECKOIO0 MOJEIUPOBA-
HUs. Mojienb yYuThIBaeT KPUBYIO HAMAarHUYMBAHUS PEaTbHOTO JBUTATENS U HETUHEHHYIO UH-
TYKTHBHOCTH OOMOTKH BO30YKIEHWS, 9TO MO3BOJIAET Oojiee aJeKBaTHO OTPaXKaTh JIEKTPO-
MarHUTHBIC TIPOIIeCChl. HIyKTHBHOCTh OOMOTKHY BO30YKIACHHS OIPEACIISICTCS HA OCHOBAHUH
HAKJIOHA KPUBOW HaMarHW4YMBAaHHS U MAPaMETPOB MOJIFOCOB 0OMOTKH. Takke MOEITh O3BO-
JISIET WCIIONIb30BaTh €€ MPH CXEeMOTEXHUIECKOM MOJIEIHPOBAHUN TIEPEXOIHBIX MPOIECCOB B
CUJIOBOM 3JIEKTPUUECKON LIEMIH 3IEKTPOBO3a. bpUTo MpoBEEeHO CpaBHEHHE IBYX MOJENEH Ts-
TOBOTO JIBUTATENS: B OJHOM yUUTHIBAIACH KPUBAsi HAMarHWYMBAaHUs, a B IPYroi peann3oBaHa
JIMHEWHAs MOJIeNIb, B KOTOPOW WHIYKTUBHOCTh OOMOTKU BO30YXKIEHHS IMOCTOSHHA. Tarxke
OBLJIO TTPOBEACHO CPaBHEHHUE IMAPaAMETPOB TATOBOTO ABUTATEINS U3 SKCIUTyaTalllH C PE3yiIbTa-
TaMUu pacuera pa3paboTaHHOUW Mojeu. Pe3ynbTaThl CpaBHEHHS MMOKA3alH, YTO UCIOJIh30Ba-
HUE HEJMHEHHON MOJICNN TO3BOJISET 0OJiee TOYHO PACCUUTHIBATH BEIUYMHY TOKA TSTOBOTO
JIBUTATEI.

KuaioueBble c10Ba: 3IIEKTPOBO3, TATOBBIN AIEKTPOIBHTATENh, JHHAMAYECKAs WHAYKTHB-
HOCTB, KpUBasA HaMaroninBaHus, UMATAIITUOHHOC MOJACIIUPOBAHUC.

Jas uutupoBanus: Kabansik, FO. C. MoaennpoBaH#e TATOBOTO IBUTATENS SJIEKTPOBO3a
¢ yu€rom kpuBoi HamaramauBanus / 10. C. Kabanbik // BectHrk PocToBCcKOro rocynapcTBeH-
HOro yHHUBepcuTera myteit coobmenus. — 2025, — Ne 3. — C. 90-98. — DOI 10.46973/0201—
727X_2025_3_90.

Yu. S. Kabalyk

SIMULATING OF AN ELECTRIC LOCOMOTIVE TRACTION MOTOR TAKING
INTO ACCOUNT THE MAGNETIZATION CURVE

Abstract. The process of creating and researching a model of a traction electric motor of
an electric locomotive in the environment of computer circuit modeling is considered. The
model takes into account the magnetization curve of a real motor and the nonlinear inductance
of the excitation winding, which makes it possible to more adequately reflect electromagnetic
processes. The inductance of the excitation winding is determined based on the slope of the
magnetization curve and the parameters of the winding poles. The model also allows it to be
used in circuit modeling of transients in the electric power circuit of an electric locomotive.
Two traction motor models were compared: one took into account the magnetization curve,
and the other implemented a linear model in which the inductance of the excitation winding is
constant. The parameters of the traction engine from operation were also compared with the
calculation results of the developed model. The results of the comparison showed that the use
of a nonlinear model makes it possible to calculate the traction motor current more accurately.

Keywords: electric locomotive, traction electric motor, dynamic inductance, magnetiza-
tion curve, simulation modeling.

For citation: Kabalyk, I. S. Simulating of an electric locomotive traction motor taking into
account the magnetization curve / Yu. S. Kabalyk // Vestnik Rostovskogo Gosudarstvennogo
Universiteta Putej Soobshcheniya. — 2025. — No. 3. — P. 90-98. — DOI 10.46973/0201-
727X_2025_3 90.
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A. IO. Konwvros, U. J]. Kouvkosa, A. U. Tpynos

JUATHOCTUPOBAHUE HEIVIOTHOCTHU HUJIMH/JAPA IU3EJISA
HA MEPEXOJHOM PEXKUME XOJIOCTOI'O XOJA

AHHOTanus. M35105keHbl OCHOBHBIE WJEH CIIOCcO0a OLIEHUBAHUS BEJIMYMHBI YTEUEK BO3-
JyXa U3 MWINHAPA JU3ENs IPU CKaTHH, OCHOBAHHOTO Ha aHAJIN3€ CKOPOCTH U3MEHEHHUS BHYT-
PULIMIIMHAPOBOTO AaBieHus. [Ipennoxer HOBBII AMArHOCTUUECKUNA TapaMeTp, BEIYUCIIIEMBIH
[0 TaHHBIM HETIPEPBIBHOIO M3MEPEHUs CUTHaja IpHU Iepexone ausens, padoTaromero 0e3
Harpy3kH, ¢ OJHOTO CKOPOCTHOTO peXuMa Ha Ipyrod. B oTnuume OoT M3BECTHBIX METOAOB,
WCIOJIB3YIOMINX BHYTPUIIMIIMHAPOBOE JIaBJICHUE, OTpeiesieHIe IIpeylaraeMoro rnapaMerpa He
TpeOyeT OTKIIOUEHHS MM0Ia4i TOIUTHBA B HWMHAP. Kpome Toro, mapameTp HEUyBCTBUTEICH
K BO3MO>KHBIM H3MEHEHUSM CTEIIEHU CXKATHs 110 IAINHAPAM, INIOTHOCTH BO3yXa Ha BXOJE B
LITMHID U APYTUM (hakTopam, 3aTpyAHSAIOIINM OLICHUBAHKE T APABIMYECKON IUIOTHOCTH LH-
JIMHIpa N0 BeJIMYMHE JaBJICHUS B KOHIE ckaTus. OCHOBHBIE Pe3yJbTaThl UCCIIEIOBAaHUS T10-
Jy4EHBI B X0O/I€ MAaTEMATHYECKOTO MOJIETMPOBAHNSA U MOATBEPKICHBI SKCIIEPHMEHTAIIBHO.

KuroueBsble cjioBa: au3elnp, MINHAPONOPIIHEBAS TPYIINA, THATHOCTHKA, JaBJIECHUE, CKO-
pOCTh U3MEHEHUS JaBJICHUS, YTEeUKH, JUarHOCTUYECKUIH KpUTEpHUHl.

Jast umtupoBanusi: Konskos, A. FO. [luarHocTupoBanye HETUIOTHOCTH IIJIMHIPA TA3EIIS
Ha MepexoHoM peskuMme xomoctoro xoaa / A. F0. Konskos, U. /1. Konbkosa, A. U. TpyHos //
BectHrk PocTOBCKOTO rOCyIapCcTBEHHOTO YHUBEpPCUTETA ITyTel coodmienus. — 2025. — Ne 3.
—C. 99-109. — DOI 10.46973/0201-727X_2025_3 99.

A. Yu. Konkov, I. D. Konkova, A. |. Trunov
DIAGNOSIS OF DIESEL CYLINDER LEAKS DURING TRANSIENT MODE IDLING

Abstract. The paper presents the main ideas of a method for estimating the amount of air
leakage from a diesel cylinder during compression, based on analyzing the rate of change of
the in-cylinder pressure. A new diagnostic parameter is proposed, calculated using continuous
signal measurements during the transition of an unloaded diesel engine from one speed mode
to another. Unlike known methods using in-cylinder pressure, determining the proposed pa-
rameter does not require shutting off the fuel supply in the cylinders. In addition, the parameter
is not sensitive to possible changes in the degree of compression across the cylinders, the air
density at the cylinder inlet, and other factors that complicate the estimation of cylinder hy-
draulic tightness based on the pressure at the end of compression. The main results of the study
were obtained during mathematical modeling and confirmed experimentally.

Keywords: diesel, cylinder-piston group, diagnostics, pressure, rate of pressure change,
leaks, diagnostic criterion.
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C. B. Kpomos

CKOJIb)KEHUE B TIPECCOBOM COEJVWHEHHUU KOJIECHOM ITAPBI

AHHOTauus. B MexaHN4YecKHX COeIMHEHUAX HA JKEJIE3HOIOPOKHOM TPAHCIIOPTE B OOJIb-
HIMHCTBE UCIONB3YIOTCS IOCAJKU C HATATOM Ul COSAMHEHUs ocH U Koiseca. KonecHas nmapa
IpECTaBIsIeT cOOOH COeTMHEHHE C HATArOM KOJIECa C OChI0 U MOXKET I0JIBEpraThCsi BCEBO3-
MOJKHBIM Harpyskam. BciieacTBue BICOKON KOHIIEHTPALMK HANPSHKEHUH MPOLECCHl yCTaNo-
CTH U (PpETTUHT-KOPPO3UH OCH MOTYT MPHUBECTH K Pa3pyLICHUIO COSAUHEHHS, TIOITOMY HEOO-
XOJMMO MYTEM OLEHKU BEJIMYMHBI CKOJIBKEHUS, BIMSIONIET0 Ha MPOYHOCTh COETUHEHUS KO-
Jieca ¥ OCH B LIEJIOM, OTIPENIENIUTh CIIOCOOHOCTH IIPECCOBBIX COSAMHEHUM COIPOTUBIIATLCS Tpe-
HUIO, BBIIEPKUBATh Harpy3ku. [Ipu nucnosnp3oBannu ypaBHeHus Jlame v YMCICHHOTO METOA
C IPUMEHEHUEM KOMIUIEKca Ansys IPOAHAIU3UPOBAHO PACIPEAEICHUE KOHTAKTHOIO JAaBie-
HUSI, JeopMaliii 1 HaPsDKEHUH Kojleca M OCH, JaHa OLEHKA CKOJIBKEHHUS B IPECCOBOM CO-
eanHenny. HoBH3HA uccie10BaHus 3aKIII0UACTCA B CPAaBHEHUH MOJENN, MaKCUMaJIbHO UMH-
TUPYIOLLEH IPeccoBOe COEJUHEHUE KOJECHOM Mapbl, C COEAUHEHUEM «Bajl — BTYJKa», Iapa-
METPbI KOTOPOT'O ITPOBEPSIIOTCS TEOPETUYECKH. Pe3ypTaThl ncciesoBaHus 00€CIeunBaIOT 10-
HUMaHHUE IPOLIECCOB, POUCXOSIINX B IIPECCOBOM COSIMHEHNH, HE MOJAAIOINXCS puznye-
CKOMY KOHTPOJIIO, B YaCTHOCTH, PACIIPOCTPAHEHHOCTH 30H CKOJIBXKEHHS, a TAK)KE CLEIUICHHS,
BJIMAIOLIMX Ha HECYLIYIO CIIOCOOHOCTb COEAMHEHMs], YTO HENOCPEJICTBEHHO CBS3aHO ¢ 0e3-
OIAaCHOCTBIO JBIKEHHUS.

KiroueBble cjioBa: mpeccoBasi I0Ca/IKa, KOJIECHAs Mapa. METO KOHEYHBIX 3JIEMEHTOB,
KOHTaKTHOE JIaBJIEHHE, 30Ha CKOJIbKEHUSI.

Juast mutupoBanusa: Kporos, C. B. CkonbxeHue B MpecCOBOM COEIMHEHUH KOJIECHOM
napsl / C. B. Kpotos // BecTHrk POCTOBCKOIO TOCY1apCTBEHHOI'O YHUBEPCUTETA yTEeH CO00-
meHust. — 2025. — Ne 3. — C. 110-116. — DOI 10.46973/0201-727X_2025_3_110.

S. V. Krotov
SLIDING IN A PRESS JOINT OF A WHEELSET

Abstract. Most mechanical joints in railway transport use interference fits to connect the
axle and wheel. The wheelset is a is a joint with an interference fit of the wheel with the axle
and can be subjected to all kinds of loads. Due to the high stress concentration, the processes
of fatigue and fretting corrosion of the axle can lead to the destruction of the joint, therefore,
it is necessary to assess the amount of sliding affecting the joint strength of the wheel and the
axle as a whole, to determine the ability of the press joints to resist friction and withstand
loads. Using the Lame equation and the numerical method by means of the Ansys complex,
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the distribution of contact pressure, deformations and stresses of the wheel and axle are ana-
lyzed, and sliding in the press joint is estimated. The novelty of the study lies in comparing a
model that maximally simulates the press joint of a wheelset with a shaft — sleeve joint, the
parameters of which are theoretically verified. The results of the study provide an understand-
ing of the processes occurring in the press joint that cannot be physically controlled, in partic-
ular, the prevalence of sliding zones, as well as adhesion, affecting the bearing capacity of the
joint, which is directly related to traffic safety.
Keywords: press fit, wheelset, finite element method, contact pressure, sliding zone.

For citation: Krotov, S. V. Sliding in a press joint of a wheelset / S. V. Krotov // Vestnik
Rostovskogo Gosudarstvennogo Universiteta Putej Soobshcheniya. — 2025. — No. 3. —P. 110-
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U A Mauba, 1. 1. Maiba

CPABHUTEJIBHBIE TAT'OBO-9HEPTETUYECKHUE UCITIBITAHUSA
JJOKOMOTHUBOB CEPHUH 33C5K

AnHoTanms. [IpencTaBiensl pe3ynbTaThl CPABHUTENBHBIX TATOBO-3HEPTETUUECKUX HUCITBI-
TaHWii JokoMoTHBa cepur 3DCS5K ¢ TOOCHBIM peryiupoBaHHEM TSATH, O0OPYAOBAaHHBIM
ycTpoiictBom aktuBaiuu tpeHus (Y ATJI), ¢ mokomotuBoMm cepun 39CS5K ¢ moocHBIM pery-
JTUPOBaHUEM, HE 0O0OPYJOBAHHBIM YCTPOWCTBOM akTHBanuu TpeHust Y ATJL.

HcnpiTaHus JTOKOMOTHBOB MPOBOAMIIUCH B T'OJIOBE COCTAaBa I'PY30BBIX IOE3/10B Maccoi
7078 u 7101 T Ha yuactke KpacHosipck-Boctounsiii — ct. Mnanckas nonurona BoctouHo-
Cubupckoit aupexkuuu Tsru. CpaBHUTENbHAS OLEHKA TATOBO-CLEIHBIX CBOWCTB JIOKOMOTHBA
cepunt 30C5K Ne 1147, 060py10BaHHOTO yCTPOHCTBOM aKTHBAI[MH TPEHUSI IOKOMOTHBOB, H
smokomoTHBa cepun 3DCS5K Ne 1271, ne obopynosanHoro Y ATJI, nmpoBoauiachk B XoJie aHa-
JM3a 3aperuCTPUPOBAHHBIX TATOBO-YHEPrETHUECKHMH JIa0OpaTOpHsIMU NapameTpoB. Peru-
CTpalus mapaMeTpoB IMPOBOIMIACEH MIPH IBUKEHHH JIOKOMOTHBOB IO Y4aCTKaM JUMHUTHPYIO-
HIUX T0IBEMOB TeperoHoB. [1o utoram 00paboTKH JaHHBIX KOHTPOJIBHBIX MTOE3/I0K UCTIBITYE-
MBIX JIOKOMOTHBOB YCTAHOBJICHO, YTO ITOKa3aTEJIH TATOBO-CLICTIHBIX CBOMCTB JIOKOMOTHBOB
IIPU UCHBITAHUAX B MACHTHYHBIX YCIOBHAX Y OIBITHOTO 3ekTpoBo3a 30CS5K Ne 1147, 06o-
pynoBarnoro Y ATJI, Beliiie, 4eM y KOHTPOJIBHOTO 3j1eKTpoBo3a Ne 1271, He 000py0BaHHOTO
YATIL

Ilo pe3ynbTaram HCHBITAHUIN CAENAHBI BHIBOBI O IBM)KEHUH HOE3/0B 110 YYACTKaM CIIe/10-
BaHUS M JTUMHUTHPYIOIUM noabéMam. [IpoBesieHO cpaBHEHHUE MOTyUYE€HHBIX dKCIIEPHMEHTAb-
HBIX JIJAHHBIX.

KiroueBble ci10Ba: yCTpONHCTBO aKTHBALIMM TPEHHS, TATOBO-IHEPT€THUECKUE UCTIBITAHUS,
MOKa3aTeN! TATOBO-CLEIHBIX CBOWCTB IOKOMOTHBOB, CPAaBHUTEJIBbHBIC PE3YJIbTAThl IPUMEHE-
HUS YCTPOUCTB aKTHUBAIIMU TPCHUSI.

Jist uurupoBanus: MaiiGa, 1. A. CpaBHUTENbHBIE TATOBO-3HEPreTUYECKHUE UCTIBITAHUS
nokomoTtuBoB cepurt 39CS5K / Y. A. Maiiba, . U. Maiiba // Bectauk PocToBckoro rocyaap-
CTBEHHOTO YHHUBepcuTeTa myred coobmenus. — 2025. — Ne 3. — C. 117-124. -
DOI 10.46973/0201-727X_2025_3 117.

I. A. Maiba, I. I. Maiba
COMPARATIVE TRACTION AND ENERGY TESTS OF LOCOMOTIVES
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OF THE 3ES5K SERIES

Abstract. The results of comparative traction-energy tests of a 3ES5K locomotive with axial
traction control, equipped with a friction activation device (FAD), with a locomotive of the
3ES5K series with axial control, not equipped with a FAD friction activation device, are pre-
sented.

The locomotives were tested at the head of freight trains weighing 7,078 tons and 7,101 tons
on the Krasnoyarsk — Vostochny — llanskaya station section of the East Siberian Traction Di-
rectorate. A comparative assessment of the traction and coupling properties of the 3ES5K series
locomotive No. 1147, equipped with a locomotive friction activation device, and the 3ES5K
series locomotive No. 1271, not equipped with a FAD, was carried out during the analysis of
the parameters recorded by traction and energy laboratories. The parameters were recorded
when the locomotives were moving along the sections of the limiting grades of the tracks. Based
on the results of processing data from control runs of the tested locomotives, it was found that
the traction and coupling properties of locomotives during tests under identical conditions were
higher for experimental 3ES5K electric locomotive No. 1147 equipped with a FAD, than for
control electric locomotive No. 1271 not equipped with a FAD.

Based on the test results, conclusions were drawn about the movement of trains along the
sections of the route and the limiting ascents. A comparison of the obtained experimental data
is carried out.

Keywords: friction activation device, traction and energy tests, traction and coupling prop-
erties of locomotives, comparative results of the use of friction activation devices.
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11 A. Honsxos, U. A. Auyxos, C. H. Koporcos, I'. U. I'anumosa, H. A. 3adasnuyk

PA3PABOTKA MATEMATHUYECKOW MOJEJHN ITUHAMUKHA KOJIOJKH
TOPMO3HOTI'O YCTPOMCTBA JUCKOBO-KOJIOJOYHOI'O THUITA
HOJABUKHOI'O COCTABA B IIPOLHECCE TOPMOKEHUSA

AnHotamusi. TopMo3HOe 000pyZOBaHME WMEET OONBIIOE 3HAYECHUE JUIA OOCCIIeUCHHS
KOMITJIEKCHOH CHCTEMBI aKTUBHOI 0e30macHOCTH. HecMOTpst Ha MHOTOYHCIICHHBIE UCCIIEIO0-
BaHMS B 00JIACTH TOPMO3HBIX YCTPOUCTB, B pabOTE 3TOTO y3J1a UMEETCSI MHOKECTBO IIPOOIIEM,
KOTOPBIE MOTYT OTPA3UThCS HA 3a/laHHBIX 3KCIUTYyaTAllMOHHBIX CBOMCTBAX MOJBHUXKHOIO CO-
craBa. J{yst orieHKH (aKTOPOB, BIMAIONIMX HA KPUBYIO TOPMO3HOTO MOMEHTa, ObLi1a pa3pabo-
TaHa MareMaTudeCckasa MOJICIIb, yT-II/ITI)IBaIOH_IaSI KOHCprKTI/IBHbIe, TEXHOJIOTUYCCKHUEC napa-
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METphI KJISHIEBOI0 MeXaHNU3Ma KaK OJHOTO M3 OCHOBHBIX DIIEMEHTOB KOHCTPYKIIUH TOPMO3-
HOTO ycTpoiicTBa. Pemienue cucteMbl ypaBHEHUN CHUJI 1 MOMEHTOB IMO3BOJIMIIO OMPEICIUTh
3aBUCUMOCTH JIJISl pacueTa JUHEHHBIX U YTIOBBIX MEPEMEIEHUN KOJOIKH C YIeTOM e€ UHEep-
[IMOHHBIX XapaKTEPUCTHK, )KECTKOCTHBIX U AeMIIpHPYyOmMUX nmapamMeTpoB. s pacdera naep-
[IMOHHOM HArpy3KH TOPMO3HOH KOJOAKH KaK OCHOBHOM XapaKTEPUCTHKH CMEIICHHUS KOJIOIKH
OTHOCUTEIHHO PACCYUTAHHOTO MOJIOKEHHUS LIEHTPA AaBICHUS B TAHTCHIIMAILHOM U paidaib-
HOM HaIpaBJIEHHUSX OBUIH OIIpeeIeHbl CyMMAapHBIe BETHYNHBI KOJIeOaHNH YCKOPEHUH B MPO-
JIOTEHOM U TIOTIEPEYHOM HAITPABIICHUSIX KOJOAKH [T e€ deThIpex KpaeB. CoriaacHo MmorydeH-
HOM TrarpaMMme MO>KHO yTBEPKIaTh, YTO TOPMO3HAs KOJOKA B HaYaJle TOPMOXKEHHSI CMeIIa-
€TCSl B HAINPABJICHUW BPAIICHUS TUCKA U MEePUPEPUU TOPMO3HOIO JUCKA, YTO MPHUBOIUT K
KPaTKOBPEMEHHOMY YBEIMYEHHUIO TOPMO3HOTO MOMEHTa

KaroueBblie cji0Ba: TOPMOXKCHHE, YIVIOBBIC KOJICOaHMS, YIIIOBBIC YCKOPEHUS, KIICIICBON
MEXaHU3M, HHEPIIMOHHAS Harpy3Ka, TOPMO3HAas KOJIOIKA.

Jasi nmTupoBaHusi: Pa3paboTka MareMaTHUeCKOH MOJESITH JUHAMHUKHA KOJOIKHA TOPMO3-
HOT'0 YCTPOHCTBA JUCKOBO-KOJIOIOYHOT'O THIIA TOJBIKHOTO COCTaBa B MPOLIECCE TOPMOKEHHS
/ TI. A. Tonskos, U. A. Sunkos, C. H. Kopxos [u np.] // BectHuk PocroBckoro rocynap-
CTBEHHOTO yHHUBepcHWTeTa mytei coobmenus. — 2025. — Ne 3. — C. 125-137. -
DOI 10.46973/0201-727X_2025_3_125.

P. A. Polyakov, I. A. Yaitskov, S. N. Korzhov, G. I. Galimova, N. A. Zadayanchuk

DEVELOPMENT OF A MATHEMATICAL MODEL
OF SHOE DYNAMICS OF THE DISC-SHOE TYPE BRAKING DEVICE OF THE ROLLING
STOCK DURING BRAKING

Abstract. Braking equipment is the main provision of an integrated active safety system.
Despite the abundance of work in the field of research on braking devices, this unit remains
with numerous problems that can affect the specified operational properties of rolling stock.
To assess the factors influencing the braking torque curve, a mathematical model was devel-
oped that takes into account the design and technological parameters of the caliper mecha-
nism, as one of the main elements of the braking device design. The system of equations of
forces and moments allowed us to determine the dependencies for calculating linear and
angular displacements of the shoe, taking into account its inertial characteristics, stiffness
and damping parameters. To calculate the inertial load of the brake pad SHOE, as the main
characteristic of the shoe displacement of the pad relative to the calculated position of the
center of pressure in the tangential and radial directions, the total values of acceleration fluc-
tuations in the longitudinal and transverse directions of the shoe for its four edges were de-
termined. According to the diagram obtained, it can be argued that the brake pad at the be-
ginning of braking is displaced in the direction of rotation of the disc and the periphery of
the brake disc, which leads to a short-term increase in braking torque.

Keywords: braking, angular oscillation, angular acceleration, caliper mechanism, inertial
load, brake shoe.

For citation: Development of a mathematical model of shoe dynamics of the disc-shoe
type braking device of the rolling stock during braking / P. A. Polyakov, I. A. Yaitskov,
S. N. Korzhov [et al.] // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putej Soob-
shcheniya. — 2025. — No. 3. — P. 125-137. — DOI 10.46973/0201-727X_2025_3 125.
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MOJEJIUPOBAHUE CUCTEM U ITPOLHECCOB
YK 656.073 DOI 10.46973/0201-727X_2025_3 138
. Y. Kounesa, A. B. Cuemarnuna

OHNTUMM3AIIMOHHAS MOJEJIb PACIHPEJNEJEHUS KOHIEFIHEPHI)IX IIOTOKOB
B TEPMUHAJIBHOU CETU C YYETOM MAPIIPYTHOU KOHCOJIMJAIIUN

AHHoTauus. CTaThsl IPOJIOIDKAET UCCIEA0BAaHHS aBTOPOB, (POKYCHPYSCH Ha ONTHMHU3ALIH
pacnpenencHusl KOHTEMHEPHBIX TOTOKOB B KEJIE3HOAOPOKHON TEPMUHAIIBHON CETH C yYETOM
OpraHM3aliy MapIIPYTHBIX Moe310B. CylecTByomas MOAEIb JUHEHHOTO TIPOrpaMMHUPOBa-
HUSI MOJUQHULIMPYETCS ITyTEM BKIIIOYEHHUS (pakTopa SKOHOMHHU OT MaciuTada rmpu GopMupoBa-
HHUH COCTaBOB, UTO IIPEOOpa3yeT ee B 3a/1a4y CMEIIAHHOTO LIEJI0YHCIEHHOTO TPOTPaMMHUPOBa-
HUS ¥ 3HAYUTENBHO IOBBIIIAET BBIUUCIUTEIBHYIO CI0KHOCTh. JIs pemenus atoil NP-tpya-
HOW MPOOJIEMBI Tpe/IaraeTcs MPaKTHUECKUH UTCPAIMOHHBIA aJTrOPUTM, 00SCIICUHBAIOIIIHIA
OanaHc MEXAy TOYHOCTBIO U peau3yeMocThi0. MoJienb M03BOJISIET ONPECISITh ONTHMANb-
HBIE MapIIPYTHI, CIEHUAIN3AINI0 TEPMUHAIOB, 00bEMBI IEPEBO30K U MPOBOIUTH CLIEHAPHBIH
aHaJM3 JUIsl MOBBIIEHHUS Y3QPEKTHBHOCTH CUCTEMBI KOHTEHHEPHBIX TIEPEBO3OK.

KirodeBbie cj10Ba: KOHTEHHEPHBIE IEPEBO3KH, MaTEMaTHUYECKast MOJIENb, OIITUMH3ALIHSA [10-
TOKOB, TEpPMUHAJIbHASL CE€Th, MAPIIPYTH3ALUS [TOE3/10B, CMEIIAHHOE LIEJIOUYNCIEHHOE TIPOrpaM-
MUPOBaHUE, UTEPATUBHBIA aITOPUTM, JOTMCTUYECKAs LIETIb, )KEIE3HOAOPOKHBIN TPAHCIIOPT.

Jas murupoBanun: Kounena, /[. Y. OntuMu3anuioHHas MOIEITb paclpeaesieHus KOHTEH-
HEPHBIX TIOTOKOB B TEPMUHAIILHOM CETH C y4eToM MapiipyTHOi koHconugauuu / J{. Y. Kou-
HeBa, A. B. CMmeranuna // BectHuk PocToBCKOT0 rocy1apcTBEHHOTO YHUBEPCHUTETA ITyTEH CO-
obmenns. — 2025. — Ne 3. — C. 138-144. — DOI 10.46973/0201-727X_2025_3_138.

D. I. Kochneva, A. V. Smetanina

OPTIMIZATION MODEL FOR CONTAINER FLOW DISTRIBUTION
IN A TERMINAL NETWORK CONSIDERING ROUTE CONSOLIDATION
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Abstract. The article extends the authors' previous research, focusing on optimizing con-
tainer flow distribution in a railway terminal network while accounting for the routing of con-
solidated container trains. An existing linear programming model is modified by incorporating
economies of scale in train formation, transforming it into a mixed integer programming prob-
lem and significantly increasing computational complexity. To solve this NP-hard problem, a
practical iterative algorithm is proposed as a compromise between accuracy and feasibility.
The model enables the determination of optimal routes, terminal specialization, and transpor-
tation volumes, as well as scenario analysis to improve the efficiency of the container trans-
portation system.

Keywords: container transportation, mathematical model, flow optimization, terminal net-
work, train routing, mixed-integer programming, iterative algorithm, logistics chain, railway
transport.

For citation: Kochneva, D. I. Optimization model for container flow distribution in a ter-
minal network considering route consolidation / D. I. Kochneva, A. V. Smetanina // Vestnik
Rostovskogo Gosudarstvennogo Universiteta Putej Soobshcheniya // Vestnik Rostovskogo
Gosudarstvennogo Universiteta Putej Soobshcheniya. — 2025. — No. 3. — P. 138-144. —
DOI 10.46973/0201-727X_2025 3 138.
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3. A. Mamaes, B. J[. Bepeckyn, A. H. I'yoa, U. JI. [loneuii, A. B. Kocmiwokos

METOJIUYECKHUE BOITPOCHI UHTEJUIEKTYAJIBHBIX TEXHOJIOT Ui
YIPABJIEHUS JIOTUCTUKOM MEPEBO30YHOI'O IMTPOIIECCA
HA KEJE3HOJOPOKHOM TPAHCIIOPTE 2

AHHOTanMs. PaccMaTpuBarOTCs METOIUYECKUE MOAXOABI K OIICHKE JEATEIHFHOCTA KPYTI-
HBIX TPAHCIIOPTHBIX XOJIMHTOB Ha IMPUMEPE JKEIE3HOJOPOKHOTO TPAHCIIOPTA JIS peann3a-
MY UHTEJUIEKTYaIbHBIX TEXHOJIOTHH yrpasieHus. [IpoBeeH KOHIENTYaTbHBIA aHATN3 CH-
CTEMBI OpPTaHM3AINH AHATUTHYECKOTO Y4eTa Pe3yJIbTaTUBHOCTH XOJIIWHTA B IIEJIOM H €T0
CTPYKTYPHBIX MOAPA3ACICHUN B €UHON OpraHu3alluOHHO-TEXHOJIOTHYECKOM CUCTEME yIpaB-
JIEHUS IEPEBO30YHBIM MPOLECCOM C YUETOM FOPU30HTANIBHBIX U BEPTUKAIBHBIX CBsA3el. Ilpen-
CTaBJICHO MHOTO00pa3ne TEXHOJIOTHYECKUX CBSA3CH B MEPApXUICCKON OpraHU3alMOHHO-TEX-
HOJIOTHYECKON CTPYKTYype KOPIIOpAaIliH, BKIIOUAIOIIee OCOOCHHOCTH BHUJIOB JICATEIBHOCTH,
CBsI3€H, CTEEHU 3aBUCUMOCTH CMEKHBIX CTPYKTYD.

2 YccnenoBaHye BBINOIHEHO B paMKaX rocyaapcrsennoro saganus Ne 109-03-2025-007 or 13.01.2025 .
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PaccMoTpeHp! KOHKpETHBIE METOBI arperHPOBAHNSA H KOMITJIEKCHOTO y4eTa MoKa3aTesnel
JKEJIEe3HOAOPOKHOTO TPAHCIIOPTA JUIS TOCTHKCHUS SKOHOMUYecKoH 3 dexTuBHOCTH. [IprBe-
JICHBI METO/TbI arPErMPOBAHUS MTOKa3aTeNIel PabOThl CTPYKTYPHBIX TOJIPA3ACICHHIN KEJIC3HO-
JIOPOKHOTO XOJIMHTA C YI€TOM UX TIPEJCTABICHUS B yUETHON IMOJIUTHUKE, BUIBI 3aBUCHMOCTH
MOKa3aTeNiell M0 YPOBHSM YIIPABIEHUS W BHIAM JAESITEIHHOCTH, a TaKKEe KOPPEISAIMOHHBIC
CBsI3M My HUMU. [IpencTaBiieHbl BO3MOKHOCTH KCIIOJIb30BAHUSI HHIUKATOPOB PE3yibTa-
THBHOCTH XOJITUHTA B CHCTEME HHTEJUIEKTYyaTbHOTO YIIPABICHUS TIEPEBO30YHBIM IIPOIIECCOM.

[Ipennoxena cxema Tpanc(opManyy areHTOB IMEPEBO30YHOTO MPOIECca MTPH pealTn3aun
TPACKTOPHUH Pa3BUTHS C IPUMCHCHHEM MHTEIPAIBHBIX MOKa3zarenei 3ppeKTHBHOCTH UHTEI-
JICKTYaJbHOTO YIIPABJICHUS TIEPEBO30YHBIM MTPOIECCOM.

[IpencraBneHHple METOAWYECKHE TOIXOABI aHAM3a TEXHOJIOTMYECKHUX IIPOIIECCOB B
TPAHCIIOPTHO-IOTHCTUYCCKUX CHCTEMaX MOTYT OBITh JIOKAJTU30BAHbBI U JUISI CMEKHBIX OTpac-
JICH W XOJJIMHTOB, TPEACTABISIONINX COOOW CIIOXKHBIC OPraHU3aIMOHHO-TEXHOJIOTUYCCKUC
CTPYKTYPBHI.

KiaioueBble cji0Ba: >KeJIe3HOIOPOXKHBIE TEPEBO3KH, HHTEIUIEKTYallbHOE YIIPaBJICHHE,
TPAHCIIOPTHAS JIOTUCTHKA, HepApPXUUECKasi CUCTEMa, arperupoBaHue MoKa3aTelei, SKCIuTya-
TaIMOHHBIE TTOKA3aTEeNH

st nutupoBanusi: MeTon4ecKre BOIPOCH MHTEIUIEKTYaIbHBIX TEXHOJIOIMH yIIpaBe-
HUS JIOTHCTHKOI MepeBO30YHOrO Mpoliecca Ha JKelIe3HOAOPOXKHOM TpaHcnopre / O. A. Ma-
Mmaes, B. JI. Bepeckyn, A. H. I'yna [u np.] // BectHnk PocToBckoro rocyaapcTBeHHOTO yHHU-
Bepcurera myteidl coobmenus. — 2025. — Ne 3. — C. 145-154. — DOI 10.46973/0201—
727X_2025_3_145.

E. A. Mamaev, V. D. Vereskun, A. N. Guda, 1. D. Dolgiy, A. V. Kostyukov

METHODOLOGICAL ISSUES OF INTELLIGENT TECHNOLOGIES FOR MANAGING
THE LOGISTICS OF THE TRANSPORTATION PROCESS IN RAILWAY TRANSPORT

Abstract. This article examines methodological approaches to assessing the performance
of large transportation holdings, using rail transport as an example, for the implementation of
intelligent management technologies. A conceptual analysis of the system for organizing ana-
lytical accounting of the performance of the holding company as a whole is provided and its
structural divisions within a unified organizational and technological system for transportation
process management, taking into account horizontal and vertical relationships. The diversity
of technological relationships within the hierarchical organizational and technological struc-
ture of a corporation is presented, including the specifics of activities, relationships, and the
degree of dependence of related structures.

This article examines specific methods for aggregating and comprehensively accounting for
rail transport performance indicators to achieve economic efficiency. Methods for aggregating
the performance indicators of the railway holding's structural divisions are presented, taking into
account their presentation in the accounting policy, the types of indicator dependencies by man-
agement levels and activities, and the correlations between them. The paper presents the potential
for using holding performance indicators in an intelligent transportation management system.

A transformation scheme for transportation process agents is proposed for implementing a
development trajectory using integrated performance indicators for intelligent transportation
management.

The presented methodological approaches to analyzing technological processes in transport
and logistics systems can also be applied to related industries and holdings that represent com-
plex organizational and technological structures.

Keywords: railway transportation, intelligent control, transport logistics, hierarchical sys-
tem, aggregation of indicators, operational indicators.

For citation: Methodological issues of intelligent technologies for managing the logistics
of the transportation process in railway transport/ E. A. Mamaev, V. D. Vereskun, A. N. Guda
[et al.] // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putej Soobshcheniya. — 2025.
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B. B. Ilonvsnos

METOJ OIIPEAEJIEHUSA OIITUMAJIBHOT'O HHTEPBAJIA
BUPTYAJIBHO CIEIIVIEHHBIX ITOE3/10B

AHHoTauus. B padore npeanoxeH MeTo ] MOJEIUPOBAHUS ONITUMAIbHOTO MEKIIOE3AHOTO
WHTEpBaJia B YCIOBUSX CIyYalHBIX 3aJIepKeK M0e3/I0B, Ha OCHOBE COOpPAHHBIX CTATUCTHYE-
CKUX JIAHHBIX ¢ TpaHCCHOMPCKOW MarucTpaii. AKTYaIbHOCTh MCCIE0BaHus 00yCIOBICHA
HEOOXOIUMOCTBIO yUeTa CIy4alHbIX OTKIOHEHUH MpH pa3paboTKe rpaduka ABHKEHUS TPY-
30BBIX MTOE3/I0B C MOBBIIIEHHOHN CTEMIEHBIO HAIEKHOCTH B YCIOBHUSIX YMEHBIICHHUS MEXIIOE3 -
HBIX HHTEPBAJIOB C MPIMEHEHNEM CHCTEM MHTEPBaJIHHOTO perynupoBanus. [IposeneHo Mose-
JUpPOBaHHUE 33JEpKEK C HCIOIB30BaHUEM pacmperneneHuil Xu-kBaapat, ['amma, ODpnanra u
BeliOyma a5 onpeaeneHus MUHAMAIBHOTO MEKIIOE3HOTO HHTEpBajia, KOTOPBIN obecneyun-
BaeT yCTOWYMBOCTD Tpadrka 0e3 HaKOTUIEHUS JIONOJTHUTENBHBIX 3a1epikeK. [IpeuioskeHsl pe-
KOMEHJallUH TI0 ONTUMH3ALUU TEXHUYECKONH CKOPOCTH JIBUKEHHUS U BHEIPEHUI0 OydepHOoro
BpPEMEHH JUIsl IPEIOTBPAILCHNSI BO3MOXKHBIX cOOeB B rpaduke.
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V. V. Polyanov

A METHOD FOR DETERMINING THE OPTIMAL INTERVAL
OF VIRTUALLY COUPLING TRAINS

Abstract. The paper proposes a method for modeling the optimal inter-train interval under
conditions of random train delays, based on statistical data collected from the Trans-Siberian
Railway. The relevance of the study is due to the need to take into account random deviations
when developing a freight train schedule with an increased degree of reliability in conditions
of decreasing inter-train intervals using interval control systems. Delays were modeled using
the Chi-square, Gamma, Erlang and Weibull distributions to determine the minimum inter-
train interval that ensures schedule stability without accumulating additional delays. Recom-
mendations are proposed for optimizing the technical speed of movement and introducing
buffer time to prevent possible disruptions to the schedule.

Keywords: train schedule, stochastic deviations, inter-train interval, capacity, virtual cou-
pling, heavy trains, long trains.
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1l E. Paescxas, H. @. Cupuna, K. M. Tumyxun, H. A. Tywun

PACYET ITPOITYCKHOM CIIOCOBHOCTH IMMOJIUTOHA
P ®OPCUPOBAHHOM I'PA®UKE ABUKEHUA ITIOE3/10B

AHHOTauus. BInoiHEeHO nccneoBaHue NPOIYCKHOM CIOCOOHOCTH JKEJI€3HOI0POKHBIX
MIOJIMTOHOB B YCIIOBHSIX BHEJPEHUs (POPCUPOBAHHOTO TpaduiKa IBUKEHUSI TOE3/I0B, XapaKTe-
pU3YIOIIErocss MHTErpalueil coeMHEHHBIX MOE3/I0B B cucTeMy JABMKeHus. [IpoBenen cpas-
HUTEJbHBIN aHAIN3 METOJIUK OTIPEIEIICHUS IPOIYCKHOM CLIOCOOHOCTH, OCHOBAHHBIN Ha COTIO-
CTaBIICHHH PE3YJIbTATOB, TOMYYCHHBIX TOCPEJICTBOM NPUMEHEHUS aHAITUTUIECKON (OPMYIIBL,
WCIIOJIb3yeMOl B MPAKTHUKE, U PE3yNbTaTOB, T€HEPHUPYEMBIX MOCPEACTBOM WMHUTAIIMOHHOTO
MoaenupoBanus. [IpuBeneH BbIBOA O 11€1€c000pa3sHOCTH U HEOOXOAMMOCTH UCIIOJIb30BAHMUS
CHEeNUAIN3UPOBAHHOTO porpaMmHoro komiuiekca (cuctema UMETPA) niis noctpoenust pe-
AMACTHYHBIX MoJieliell QyHKIIMOHUPOBAHUS KeJIe3HOAOPOKHOTO MOJUIOHA, 8JeKBaTHO OTpa-
KAIOIINX CIIOKHBIE B3aMMOICHCTBHUS 3JIEMEHTOB TPAHCIIOPTHOW cucTeMBl. [IpeacraBieHs! pe-
3yJIBTaThl SKCIIEPUMEHTANBHBIX HUCCIIEI0OBAaHNUHN, BBHIIOJIHEHHBIX Ha 0a3e MMHUTALIOHHON MO-
nenu, pazpaboranHoit B YpI VIIC, HanpaBlieHHBIX HA aHAIN3 BIUSHAS (OPCHPOBAHHOTO Tpa-
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(buKa IBIKCHHUS TIOE3/I0B Ha 33JICPIKKH Pa3IMIHBIX KaTeropuii moe3os. [lomy4yeHHble pe3yiib-
TaThI TIO3BOJISIOT OLEHUTH A()(hEKTUBHOCTH BHEAPEHUS (OPCUPOBAHHOTO rparika U BHISIBUTH
MOTCHITUABHEIC Y3KHUE MeCTa B (DYHKITMOHUPOBAHUH JKEJIC3HOJOPOKHOTO TIOJIUTOHA.
KiioueBble cji0Ba: IponycKHast CIOCOOHOCTB, (hOpCHPOBaHHBIN TpaduK, CABOSHHBIE TI0-
e3/1a, UMUTallMOHHOE MojienupoBanue, cucrema MMETPA, jkene3Ho10pOXKHBIN MOJTUTOH.

Jast uuTupoBanus: PacueT mporyckHON CIOCOOHOCTH MONKMTOHA pU (POPCUPOBAHHOM
rpaduke nemxenns moe3nos / I1. E. Paesckas, H. ®@. Cupuna, K. M. Tumyxun, H. A. Tymua
// BecTHUK POCTOBCKOTO roCcy1apcTBEHHOTO YHUBEpCcHUTEeTa IyTel coobrenus. — 2025. — Ne 3.
—C. 162-170. — DOI 10.46973/0201-727X_2025_3_162.

P. E. Raevskaya, N. F. Sirina, K. M. Timukhin, N. A. Tushin

CALCULATION OF THE RAILWAY CAPACITY OF THE POLYGON
WITH A FORCED TRAIN SCHEDULE

Abstract. The presented article is devoted to the study and assessment of the railway pol-
ygon capacity in the context of the introduction of a forced train schedule, characterized by
the integration of connected trains into the traffic system. The authors conduct a comparative
analysis of the methods for determining the capacity, based on a comparison of the results
obtained by applying an analytical formula used in practice and the results generated by sim-
ulation modeling. The paper concludes that it is advisable and necessary to use a specialized
software package (IMETRA system) to build realistic models of railway track operation that
adequately reflect the complex interactions of the elements of the transport system. The article
presents the results of experimental studies carried out on the basis of a simulation model
developed at the Ural State Transport University, aimed at analyzing the impact of a forced
train schedule on delays for various categories of trains. The results obtained make it possible
to evaluate the effectiveness of the forced schedule implementation and identify potential bot-
tlenecks in the functioning of the railway polygon.

Keywords: crossing capacity, forced schedule, double trains, simulation modeling,
IMETRA system, railway polygon.
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NHOOPMAIIMOHHBIE TEXHOJIOI'HH,
ABTOMATHUKA U TEJIEKOMMYHHUKAIINN

VK 656.073.3 : 004.896 DOI10.46973/0201-727X_2025 3 171
A. U. Xawes, C. M. Kosanes, M. B. Konecnukos, I1. C. [llegyyx

®OPMUPOBAHUE CUCTEMBI HOKA?;ATEJ{EI‘/‘I N METOJUYECKHUX I1OJAX0O10B
K OIIEHKE HU®POBOU 'OTOBHOCTHU
TPAHCIIOPTHO-JIOTUCTUYECKHAX MPEJNPUATHM 3

AHHoTauus. PaccmarpuBaercst mpoGiiema OLEHKH TOTOBHOCTU CYOBEKTOB TPaHCIIOPTHO-
JIOTUCTHYECKOM cephbl K peann3anuu MUGPOBLIX MIaTGOPM Kak KIFOUEBOTrO HalpaBICHHS
u¢poBoil Tpancopmanuu orpaciu. Ha ocHOBE CHCTEMHOTO aHAIHM3a OTEUYEeCTBEHHON Hayd-
HOW ¥ HOPMAaTHBHOMW JIUTEPATyphl 000CHOBaHA HEOOXOAUMOCTh IIepexo1a OT (parMeHTapHbIX
MoKazarenei K KOMIUIEKCHBIM MHACKCHBIM METOJUKaM, 00eCICUNBAIOIINM COITOCTABUMOCTD
W YHHBEPCAJIbHOCTH Pe3yNnbTaToB. [Ipeioxken MeToandeckuil Moaxo, BKIOYaommid Gop-
MHUPOBAHUE CHCTEMbI YAaCTHBIX MHIEKCOB IO YETHIPEM OJIOKaM: CTpaTerHuecKas, KaapoBasd,
TEXHOJIOTHYECKass W OpraHu3alMOHHas TOTOBHOCTh. [l kaxkmoro Onoka pa3paboTaHbl
TpYIIBI TOKa3aTeNneH, MO3BOJISIOIINE KOTMUECTBEHHO OLIEHUTh COCTOSIHUE IU(POBOM 3perio-
ctu cyOobekToB. [IpencraBnena npoueaypa HOpMaJIN3aMK AaHHBIX, pacuéTa YaCTHBIX HHICK-
coB 1 (GOPMUPOBAHUS WX B MHTETPAIBHBINA TOKa3aTensb nuppoBoit roroBHOCTH. Chopmupo-
BaHa IIKaJa HHTEPIPETALUH Pe3yIbTaTOB, 00ECIIEYNBAIONIAsl BO3MOXHOCTD KilacCU(UKAIN
OPEANPHUITUH N0 YPOBHSM 3peIOCTH (OTCYTCTBUE, HU3KHM, CpeTHUMH, BbIcOKUiT). Hayunas Ho-
BU3HA MCCJIEIOBAaHUS 3aKII0YAaeTCsl B aJalTaldl MHAEKCHOTO METOAA K clieluduke TpaHc-
MOPTHO-JIOTUCTHYECKOH cepbl U pa3paboTke YHU(UIIMPOBAHHOW CHCTEMBI IOKa3aresen
muQpoBoii 3penoctu. [IpakTryeckas 3HAYMMOCTD 3aKIJIIOYAETCSl B BOBMOYKHOCTH MCIIOJIb30Ba-
HUSI METOJUKH OpraHaMu T'OCY/IapCTBEHHOI'O YIPABJICHUs, TPAHCIOPTHBIMU HPEAIIPUATHIMH
Y JIOTHCTUYECKUMH OIlepaTOpaMu Uil 0OOCHOBaHMS LM(POBBIX CTPATETHH U WHBECTULIMOH-
HBIX PELICHUM.

KiroueBbie ciaoBa: nudposas Tpancdopmanms, TpaHCIOPTHO-JOTHCTHYECKas cdepa,
mudposas miuardgopma, MHAEKC UH(GPOBOH TOTOBHOCTH, CHCTEMa IIOKa3aTeled, MEeTOIuKa
OLICHKH, I (pOBas 3pesiocTh, CTpaTernyeckas, Kaapopasi, TEXHOJIOTHYECKast U OpraHn3aIloH-
Hasi TOTOBHOCTb.

st nutupoBanusa: GopMUpOBaHHUE CHCTEMBI TIOKa3aTeseil 1 METOINYECKHIX MOAX0JI0B K
OIIeHKe ITU(POBOI TOTOBHOCTH TPAHCIIOPTHO-IOTHCTHYECKHUX mpeanpusaTwii / A. 1. Xamies,
C. M. Kosanes, M. B. Konecuukos, 1. C. llleBuyk // BectHuk PocroBckoro rocynapcrseH-
HOTO yHHUBepcuTeTa myTtei coobmenns. — 2025. — Ne 3. — C. 171-178. — DOI 10.46973/0201-
727X_2025_3_171.

A. l. Khashev, S. M. Kovalev, M. V. Kolesnikov, P. S. Shevchuk

FORMATION OF AN INDICATOR SYSTEM AND METHODOLOGICAL APPROACHES
TO ASSESSING THE DIGITAL READINESS OF TRANSPORT
AND LOGISTICS ENTERPRISES

3 Uccnenosanye BBIMOIHEHO B paMKaX rocyaapcTBennoro saganus Ne 109-03-2025-007 ot 13.01.2025.
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Abstract. The article examines the problem of assessing the readiness of transport and
logistics entities for the implementation of digital platforms as a key direction of the industry’s
digital transformation. Based on a systematic analysis of Russian scientific and regulatory lit-
erature, the necessity of moving from fragmented indicators to comprehensive index-based
methodologies that ensure comparability and universality of results is substantiated. A meth-
odological approach is proposed that includes the formation of a system of partial indices
across four blocks: strategic, human resources, technological, and organizational readiness.
For each block, groups of indicators have been developed that make it possible to quantita-
tively assess the state of digital maturity of entities. The procedure of data normalization, cal-
culation of partial indices, and their aggregation into an integral index of digital readiness is
presented. An interpretation scale of results has been developed, allowing the classification of
enterprises by maturity levels (absence, low, medium, high). The scientific novelty of the study
lies in adapting the index method to the specifics of the transport and logistics sector and in
developing a unified system of digital maturity indicators. The practical significance lies in
the possibility of using the methodology by government authorities, transport enterprises, and
logistics operators to substantiate digital strategies and investment decisions.

Keywords: digital transformation, transport and logistics sector, digital platform, digital
readiness index, indicator system, assessment methodology, digital maturity, strategic, human
resources, technological and organizational readiness.
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X. H. Aboynpaxman, E. A. bonzosa, B. A. Koxanosckuii, 10. U. JKapkos, I1. C. [lleguyx

OIIEHKA U3HOCOCTOMKOCTH IO KOY®OUIMEHTY TPEHUSI
MOINP®ULINUPOBAHHOI'O PAIMAJIBHOI'O NIOJAIUITHUKA
C YYETOM HEJIMHEHHBIX ®AKTOPOB

Annorauus. llpeanoxena pacderHas MoAedb MOAH(PUIUPOBAHHONW KOHCTPYKIUH
panuanbHOrO MOALIMITHUKA, OCHOBAaHHAS Ha y4eTe HEIMHEHHBIX (PaKTOpOB, ONMUCHIBAIOIINX
JBIKEHHE MUKPOIOJSIPHOTO CMa304YHOTO MaTepHaia B 3a30p€ pagualbHOrO MOIINAITHUKA C
HECTaH/IapTHBIM, aJJallTHPOBAHHBIM K YCIIOBUSM TPEHHS OTIOPHBIM TipoduiieM. B ornudme ot
OpedpAyIIUX MOXO0J0B, pa3paboTaHHas MOJENb IO3BOJISIET OoJiee TOYHO pPACCUUTAThH
pacnpeneneHie 1aBIeHus U CKOPOCTH B CJI0€ MUKPOIIOJIIPHOTO CMa3049HOTO MaTepraa Mpu
OTIpeJICICHNH Harpy304HOM CIIOCOOHOCTH W BEIMYMHBI Kod(h¢uimenTa Tpenus. Hosuszna
WCCIICIOBAHUSl  3aK/IIOYACTCSI B OJHOBPEMEHHOM Y4YeTe HEIMHEHHBIX (aKTOpoB U
PEOJIOTHYECKUX CBOWCTB MHUKPOIOJISAPHOTO CMa304YHOTO MaTepHaja MOIU(PHLIUPOBAHHOTO
panuansHOrO MOIIMIIHUKA C aJalTUPOBAHHBIM K YCJIOBHSIM TPEHUS OIOPHBIM Mpoduiiem, a
TaKKe B KOMIUICKCHOM BepuU(UKAIMA MOJENU C HCHOJIb30BAHUEM 3KCIEPUMEHTAIBHBIX
JaHHBIX, 00ECIIeYNBAIOLICH €€ MPAKTUYECKYIO 3HAUUMOCTb.

KaroueBbie cjoBa: HenuHeiHble (aKTOPbl, pajUaJIbHBI NOIIIUIHUK, IOKPBITHE,
aIalI THPOBAaHHBIN MPOQUITE, MUKPOIIOJISIPHBIN CMa304YHBII MaTepHral, KaHaBKa.

Jna  ourupoBanus. OLeHKa HW3HOCOCTOMKOCTH MO  KOI(GGHUUIMEHTY TpeHHS
MOJU(QHUIMPOBAHHOTO PAJAUATBHOTO TOAIIMITHUKA C YYETOM HEJIHHEHHBIX (akTopoB /
X. H. A6aynpaxman, E. A. bonrosa, B. A. Koxanosckwuii [u ap.] // Bectauk PocroBckoro
rOCyJIapCTBEHHOT0 yHHMBEpCHTETa myTei cooOmenus. — 2025, — Ne 3. — C. 180-189. —
DOI 10.46973/0201-727X_2025_3 180.

Kh. N. Abdulrakhman, E. A. Bolgova, V. A. Kokhanovskiy, Yu. I. Zharkov, P. S. Shevchuk

EVALUATION OF WEAR RESISTANCE BY THE FRICTION COEFFICIENT
OF A MODIFIED RADIAL BEARING WITH ACCOUNT
OF NON-LINEAR FACTORS

Abstract. A computational model of a modified radial bearing design is proposed. This
model considers nonlinear factors describing the movement of a micropolar lubricant within
the bearing clearance with a non-standard bearing profile adapted to friction conditions.
Unlike previous approaches, the developed model makes it possible to more accurately
calculate the distribution of pressure and velocity in a layer of micropolar lubricant when
determining the load capacity and the value of friction coefficient. The novelty of the study
lies in the simultaneous consideration of nonlinear factors and rheological properties of the
micropolar lubricant of a modified radial bearing with a support profile adapted to friction
conditions, as well as in the comprehensive verification of the model using experimental data,
ensuring its practical significance.

Keywords: nonlinear factors, radial bearing, coating, adapted profile, micropolar
lubricant, groove.
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U. B. borvwux, E. I1. Forvwux, E. /. Anuxuna, A. K. Cxaugyc

AJITE3UOHHAS TIPOYHOCTh AHTU®PUKIIMOHHBIX TOJIMMEPHBIX TOKPBITHIA
C MATPUILEHR XOJIOJHOI'O OTBEPKJIEHUS *

Annotanus. Co3JjaHue SKOHOMHYHBIX U JIOJTOBEYHBIX MOKPBITHIA Ha OCHOBE (hTOpCO-
JIeprKaIluX COSTUHEHNH SBISAETCS OJTHOW U3 CaMbIX BaJKHBIX 33J1a4 COBpEMEHHOM HayKku. On-
HaKO BBICOKasi CTOMMOCTB (DTOPOIIIACTa, SIBISIOMIETOCs KITFOUEBBIM KOMIIOHEHTOM, 00YCIIOB-
JIMBAET MOCTOSHHBINA MONUCK ITyTeH CHU)KEHHSI CTOMMOCTH MTPOM3BOCTBA PACCMAaTPHBAEMBIX
MOKPBITHH 0€3 CHIDKEHUS MX SKCIUTyaTallMOHHBIX XapakTepucTukK. KimoueBas nes 3aKimo-
YaeTcs B CO3/laHUM MHOTOCJIOIHOTO IOKPBITHSA, TJI€ KaXKJIbIH CIIOHM BBIMOJIHAET CBOIO CIEIH-
¢duueckyro QyHKIMIO. MaTprUuHOE CBS3YIOIEe MPEICTABISET CO00 TPEXKOMIIOHEHTHYIO

* HccnenoBanue BBINOJIHEHO TPU (PMHAHCOBOW Mojyiepkke DefepabHOrO areHTCTBA JKEJNE3HOJI0POKHOTO
tpancnopTa (Cornamenue ot 13.01.2025 r. Ne 109-03-2025-007).
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CUCTEMY: KaydyK, MeJIb MOPOIIKOBast U AUCYIbPu MomoOieHa. [IpoBeieHHbIe HCcCIieToBa-
HUS aJITC3UOHHON MPOYHOCTH KOMIIO3UIIMOHHOTO TOKPBITHS, HAHECEHHOI'O0 Ha CTaIbHYIO
MOJIIOXKKY, BBIMOTHSUTUCH METOJIOM OTCIIauBaHuUs 00pa3noB noj yrioM 180 rpamycos.

KiroueBblie ciioBa: KOMIIO3UT, apMHUPYIOIIas OCHOBA, MATPUYHOE CBSI3YIOIIEe, aAre3u-
OHHAsl MPOYHOCTh, KAYIYK, KOHTAKTHBIC TIOBEPXHOCTH, MOPOIIOK MEIU, AUCYIb(MHUI MOITHO-
JIcHa, ONITHMAJIbHBIN COCTaB.

Jst uuTupoBanus: AAre3sMOHHAs MPOYHOCTh AHTU(PPUKIUOHHBIX MOJMMEPHBIX MO-
KPBITHI ¢ MaTpuIieit xomoaaoro otBepxkacHwus / M. B. bonemux, E. I1. bonpmux, E. J[. Axan-
kuHa, 5. K. Cximdyc // BectHuk PocToBCKOT0 rocy1apcTBEHHOTO YHUBEPCUTETA ITyTEH CO-
obmennst. — 2025. — Ne 3. — C. 190-196. — DOI 10.46973/0201-727X_2025_3_190.

I. V. Bolshikh, E. P. Bolshikh, E. D. Anikina, Ya. K. Sklifus

ADHESIVE STRENGTH OF ANTI-FRICTION POLYMER COATINGS
WITH A COLD-CURED MATRIX

Abstract. The creation of economical and durable coatings based on fluorine-containing
compounds is one of the most important tasks in modern science. However, the high cost of
fluoroplastic, which is a key component, has led to a constant search for ways to reduce the
cost of producing these coatings without compromising their performance. The key idea is
to create a multi-layer coating where each layer has a specific function. The matrix binder is
a three-component system consisting of rubber, powdered copper, and molybdenum disul-
fide. The adhesion strength of the composite coating applied to a steel substrate was studied
by peeling the samples at an angle of 180 degrees.

Keywords: composite, reinforcing base, matrix binder, adhesive strength, rubber, contact
surfaces, copper powder, molybdenum disulfide, optimal composition.

For citation: Adhesive strength of anti-friction polymer coatings with a cold-cured ma-
trix / 1. V. Bolshikh, E. P. Bolshikh, E. D. Anikina, Ya. K. Sklifus // Vestnik Rostovskogo
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B. II. I'onosun

METO/AbI OHEHKH BJIUSHUA CMA30YHOI'O MATEPHUAJIA
HA U3HOCOCTOMKOCTD CTAJIBHOI'O KAHATA

AnHoTanus. [IpuBeieHBI pe3ynbTaThl UCTIFITAHUA PA3IMYHBIX KAHATHBIX CMa30YHBIX Ma-
TEpPUAJIOB JUIsI OLIEHKU MX BJIHMAHUS Ha M3HOCOCTOMKOCTh CTaJILHOrO KaHarta. MccnenoBanue
TPHOOTEXHUYECKUX CBOWCTB CMAa30YHBIX MAaTE€pPHaJIOB MPOU3BOIMIOCH B COOTBETCTBHUU C
I'OCT 9490-75 «Matepuaibl CMa304YHbIC KUJIKUE U TUTACTUYHBIC. MeToa onpeaeneHus Tpu-
00JIOTHYECKUX XapaKTEPUCTHK Ha YETHIPEXIIAPUKOBON MAILIMHEY, a TAKXKE 10 MPEATIOKCHHON
B paboTe IKCIIEPUMEHTATBHON METOANKE. BiHsiHIEe CMa309HOTO MaTepHajia Ha H3HOCOCTOM-
KOCTh CTAJIbHOTO KaHaTa OLIEHWBAIOCH 110 YHCIY IMKJIOB Iepernda KaHaTa J0 MOJHOTO pa3-
pymenust B coorsercTBuu ¢ I'OCT 2387-80 «KanaTs! crambHble. MeTO MCIIBITAHUS HA BHI-
HOCJIMBOCTB». Y CTAaHOBJIEHO, YTO HanboJiee KOPPEKTHBIM M JOCTOBEPHBIM METOJIOM OIICHKU
BIIMSIHHSI CMa309HOTO MaTepralia Ha H3HOCOCTOMKOCTh CTAIBHOTO KaHaTa SBJISIETCS HCTIBITA-
HHUE HATYpHBIX 00pa3loB KaHaTa Ha MPOOEKHOH MallIrHe.

KuroueBble c1oBa: H3HOC, M3HOCOCTOWKOCTD, KAHATHAs CMa3Ka, CTAJIbHOW KaHaT, UCIIBI-
TaHus, MPOOSKHAS MAIIHHA.

das umTupoBanusi: ['onosuH, B. [I. MeTonbl OLIEeHKH BIUSHHS CMa304YHOTO MaTepuasia
Ha M3HOCOCTOMKOCTH crajbHOro KaHata / B. I1. I'onoBun // BectHuk PoctoBckoro rocymap-
CTBEHHOTO yHHBepcHWTeTa myTed cooOmenus. — 2025 — Ne 3. — C. 197-204. -
DOI 10.46973/0201-727X_2025_3_197.

V. P. Golovin

METHODS FOR EVALUATING THE EFFECT OF LUBRICANTS
ON THE WEAR RESISTANCE OF STEEL ROPE

Abstract. The test results of various rope lubricants are presented to assess their effect on
the wear resistance of steel rope. The study of tribotechnical properties of lubricants was car-
ried out in accordance with GOST 9490-75 “Liquid and plastic lubricants. A method for de-
termining tribological characteristics on a four-ball machine”, as well as according to the ex-
perimental methodology proposed in the work. The effect of the lubricant on the wear re-
sistance of the steel rope was estimated by the number of rope bending cycles until complete
destruction in accordance with GOST 2387-80 “Steel ropes. The endurance test method.” It
has been established that the most correct and reliable method for assessing the effect of a
lubricant on the wear resistance of a steel rope is to test full-scale rope samples on a running
machine.

Keywords: wear, wear resistance, rope lubrication, steel rope, testing, running machine.

For citation: Golovin, V. P. Methods for evaluating the effect of lubricants on the wear
resistance of steel rope / V. P. Golovin // Vestnik Rostovskogo Gosudarstvennogo Universiteta
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ONPEJEJIEHUE KOMIIOHEHTOB HAHOCTPYKTYPUPOBAHHOI'O CMA30YHOI'O
MATEPHUAJIA JUIA OTKPBITBIX TAKEJTOHAI'PYKEHHBIX Y3JIOB TPEHUSA

AnHoTanus. B paGoTe npencTapieH BapUaHT CTPYKTYPhl CMa304HOTO MaTepuaia Jjis OT-
KPBITBIX TSOKEJIOHATPYKEHHBIX Y3JI0B TpeHHA. Tarke mpejcTaBlieHa MaTpUIla TIAHUPOBAHHS
MOTHO(AKTOPHOTO IKCIIEPUMEHTA C yYEeTOM KOMOMHAINA KOHIICHTPAIIU KOMIIOHEHTOB. Y YH-
TBIBasI CIICIIM(UKY OTKPBITHIX TUHAMUYCCKU HArPYKCHHBIX (DPUKIIUOHHBIX Iap, YCTAaHOBJICHO,
YTO U NAaHHBIX TpuOocucTeM HanOonee >((eKTUBHBIM OyAeT HCIOJIh30BaHHE TBEPAOILIA-
CTHYHOTO CMa304HOro MaTtepuana. COorllacCHO IpeajiaraeMoMy TOAXOy COBEpIICHCTBOBAHHE
CMa30YHBIX MaTCPHAIIOB JIOJDKHO UJITH IO IyTH YIIYYIICHUS CTPYKTYPBI M KOMIUIEKCA BTOPUY-
HBIX CBONCTB HOBBIX CMa304HBIX KOMITO3UIIUH, TIOCKOJIBKY CTPYKTYPY CMa304HOTO MaTepuaa
OTIPEIENISIOT B OCHOBHOM CTPOEHHE M KOMIUIEKC MEXaHUIECKHUX, XUMHUIECKUX U TETUTO(H3IYe-
CKHUX CBOWCTB 00pa3yeMoro 3aryCTHTENIeM TPEXMEPHOTO KapKaca B 00beMe CMa304YHOT'O CIIOS 1
CBSI3aHHOTO C KapKacoOM JBYMEPHOIO HECYIIIETO MOPUCTOTO CJIOS HA TOBEPXHOCTH TPECHUSL.

KiroueBble c10Ba: cMa304yHbBII MaTeprai, CTPYKTYpa, 3aryCTHTENb, KOHIIEHTPAIIHS KOMITO-
HEHTA, TIOBEPXHOCTh TPEHUS, PELENTypa CMa309HOTO MaTepraa.

st nmtupoBanus: 3uHoBbeB, H. B. Onpenenenrne KOMIOHEHTOB HAHOCTPYKTYPHPO-
BAaHHOT'O CMa304YHOT0 MaTepuaa Ui OTKPBITHIX TsHKEIOHArpyKeHHbIX y3110B Tpenus / H. B.
3unoBBeB, I1. B. Xapnmamos // BectHrk PocTOBCKOTO rOCyaapCcTBEHHOTO YHUBEPCHUTETA ITy-
Tell coobmmenus. — 2025. — Ne 3. — C. 205-213. — DOI 10.46973/0201-727X_2025_3_205.

N. V. Zinoviev, P. V. Kharlamov

DETERMINING THE COMPONENTS OF A NANOSTRUCTURED LUBRICANT
FOR OPEN HEAVY-LOADED FRICTION UNITS

Abstract. The paper presents a version of the structure of lubricant for open heavy-loaded
friction units. A planning matrix of a full-factor experiment is also presented, taking into ac-
count combinations of component concentrations. Considering the specific nature of open,
dynamically loaded friction pairs, it has been established that the use of a solid-plastic lubri-
cant is most effective for these tribosystems. According to the proposed approach, lubricant
development should focus on improving the structure and secondary properties of new lubri-
cant compositions. Since the structure of a lubricant is primarily determined by the structure
and complex of mechanical, chemical, and thermal properties of the three-dimensional frame-
work formed by the thickener within the lubricant layer and the two-dimensional porous sup-
porting layer associated with the framework on the friction surface.

Keywords: lubricant, structure, thickener, component concentration, friction surface, lub-
ricant formulation.

For citation: Zinoviev, N. V. Determining the components of a nanostructured lubricant
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B. M. Kpasuenxo, C. FO. Jlozosas, 0. A. Bonoapenko

NCCIEJOBAHUE PABOTOCIIOCOBHOCTH BEPTUKAJIBHOI'O POTOPA
U3MEJILYUTEJIA TP MOJYYEHUU PE3SUHOBOU KPOILIKH ~

AHHoTanus. B HacTosmee BpeMs Kak BTOPHYHOE CHIPhE ITUPOKO HCIONB3YETCsl pe3HHOBAs
KpoIIKa pazmepoM 1-3 MM, KOTOPYIO HOIYYalOT TOCIie TepepaboTK PE3SMHOTEXHUIECKUX H3/Ie-
JUH B TOPU3OHTAIBHBIX M3MENbUUTEIIX. [Ipy 3TOM MaTepuan B3anMOAEHCTBYET JIUIIb C ABYMS
WM TPeMsI PEXXYLIHMH SJIEMEHTaMH, YTO BBI3BIBAET HEOOXOAUMOCTb PUMEHEHHSI MHOTOCTYTICH-
4yaToro m3MenpueHus. [Ipeaaraercss KOHCTPYKIHUS BEPTUKAIBHOTO M3MENIBUUTENS CO CTATOPOM,
MMEIOLINM KIMHOBHUIHBIE N1a3bl, C BEPTUKAJIBHBIM POTOPOM, C U3MEHAEMOI KOMIIOHOBKOH pery-
JIMPOBOYHBIX M PEXYIIMX HOXKEH C pa3HbIM KOIWYECTBOM 3yObeB. [lomydyeHo agekBaTHOE ypaB-
HEHUE PErPecCUH 3aBUCUMOCTH MAaKCUMAaJIbHOTO KOJIMYECTBA KPOILIKH B MHTEpBasie 1-3 MM OT
OCHOBHBIX (DaKTOPOB — TOJIIIMHBI PETYIUPOBOYHOIO HOXA U YBEJIMUEHHS KOJIMYIECTBA PEXKYILUX
HOoxel. MccnenoBanus mokasanu, 4to ajst nomydenust 70—75 % pe3uHOBOM KPOIIKU pa3MepoM
1-3 MM 1enecoo0pa3HO UCTIOIL30BaTh POTOP € 7 PeKyIMMH Hoxkamu U 130 00/MUH, TOTIA TIpU
TOJIIMHE PETryIUPOBOYHOIO HOXA 2 MM IpeobiagaeT Gppakuys TOTOBOro MPoLyKTa 3 MM Ky0o-
BUIHOU (hopMBl, a Tipu ero tommwHe 10 MM peobiamaroT YacTUIlsl pBaHoit popmer 1 Mm.

KiroueBble cjioBa: BEpTUKATBHBINA U3MENBYHUTEND, (PPAKIIUS, pE3UHOBAs KPOIIKA, YpaBHE-
HHUE PETPECCHH, IPOLIEHTHOE cojiep kaHue (HpaKIMK pe3NHOBOM KPOIIKH, YaCTOTa BpAIICHHS,
PEeXKYILIUN HOXK, PETYIUPOBOYHBIN HOX.

Jas nutupoBanus: Kpasuenko, B. M. HccnenoBanue paboTocriocoOHOCTH BEPTHKAIH-
HOTO pPOTOpa HW3MENBUUTENs TMpH NOodydeHuHn pe3nHoBod kpomkw / B. M. Kpasuenko,
C. 10. JlozoBas, 0. A. Bonnapenko // BectHuk PocToBCKOTO rocynapcTBEHHOTO YHHBEPCH-
tera myteit cooOmenus. — 2025. — Ne 3. — C. 214-221. — DOI 10.46973/0201-
727X_2025_3_214.

V. M. Kravchenko, S. Yu. Lozovaya, Yu. A. Bondarenko

INVESTIGATION OF THE OPERABILITY OF THE VERTICAL ROTOR
OF THE SHREDDER DURING THE PRODUCTION OF RUBBER CRUMB

Abstract. Recently, rubber crumb, 1-3 mm in size, obtained from processing rubber products
in horizontal shredders, is currently widely used as a secondary raw material. In this case, the
material interacts with only two or three cutting elements, which necessitates the use of multi-
stage shredding. The design of a vertical shredder with a stator having wedge-shaped grooves,
with a vertical rotor, with a variable arrangement of adjusting and cutting knives with different
numbers of teeth is proposed. An adequate regression equation has been obtained for the de-
pendence of the maximum amount of crumbs in the range of 1-3 mm on the main factors — the
thickness of the adjusting knife and the increase in the number of cutting knives. Studies have
shown that to obtain 70-75 % of a 1-3 mm rubber crumb, it is advisable to use a rotor with 7
cutting knives and 130 rpm, whereas with a 2 mm thick adjusting knife, a 3 mm cuboid fraction
of the finished product prevails, and with a 10 mm thickness, 1 mm ragged particles predominate.

Keywords: vertical shredder, fraction, rubber crumb, regression equation, percentage of
rubber crumb fraction, rotation speed, cutting knife, adjusting knife.

For citation: Kravchenko, V. M. Investigation of the operability of the vertical rotor of the
shredder during the production of rubber crumb / V. M. Kravchenko, S. Yu. Lozovaya,
Yu. A. Bondarenko // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putej Soob-
shcheniya. — 2025. — No. 3. — P. 214-221. — DOI 10.46973/0201-727X_2025_3_214.
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U. B. Ily3ukos, E. B. [lanmioxuna, C. A. Bacun, A. JI. baxno, A. A. Manukos

ISTAIIBI IPOEKTUPOBAHUSA JTUCKOBOI'O BYHKEPHOTI'O 3AT'PY304YHOI'O
YCTPOMCTBA C PAJUAJIBHBIMA KAPMAHAMU, KOITUPOM U PET'YJIMPYEMBIM
KOJIBHEBBIM OPUEHTATOPOM JIJI1 MHOI'OKOMITIOHEHTHBIX
ACUMMETPUYHBIX U3IEJIWI TEJ BPAIIIEHHASA

AnHoTanus. PaccMOTpeHbI HEKOTOPBIE BUJIbI MHOTOKOMIIOHEHTHBIX U3JICTUI Tell Bpallie-

HUSI, UMCIONUX SIBHYIO WJIM HESBHYIO aCHMMETPHIO, U MPEIIIOKEHO YCOBEPIICHCTBOBAHHOE
JIUCKOBOE OYHKEPHOE 3arpy304HO-OPHEHTHPYIOIIEE YCTPOHCTBO € PaHaIbHBIMU KApMaHAMH,
KOITUPOM M PETYJIUPYEMbIM KOJIBIIEBBIM OPUEHTATOPOM, OCYIIECCTBIISIONICEe HAKOIICHHE H3-
JIeNUil, OpPUESHTUPOBAHKE U Pa3JIelICHHE MACChl U3/ICINI Ha TUHUYHBIC SK3EMILISIPBI C Jallb-
Helmed ux mojavedl K UCMONHHUTEIBHBIM OpraHaM aBTOMATHUYECKHX MAIIMH ¢ TpeOyeMoi
MIPOU3BOAMTEIHLHOCTHIO. OINUCaHbl OCHOBHBIC 3TAllbl MPOSKTUPOBAHHUS YCOBEPIIICHCTBOBAH-
HOT'O YCTpPOWCTBA, B MPOIIECCE KOTOPOro OyJAeT pealn3oBaHa 3arpy3ka OTIMYAIOLIUXCS MO
dbopme u pazmepam aCUMMETPUYHBIX MHOTOKOMITOHEHTHBIX U3/CIIHHA, COCTOSIIIUX U3 Pa3iny-
HBIX MAaTEPUAIIOB U TIOKPBITHA, C BO3MOXKHOCTBIO OBICTPOI MepEeHACTPONKU YCTPOUCTBA B 3a-
BHUCHUMOCTH OT JOPMBI ¥ Pa3MEPOB U3JICIIHs, U 00ecIieueHa CTa0MIIbHAs pa0doTa MPU OPUCHTH-
POBaHHHM MHOTOKOMITOHEHTHBIX M3JICIHUH C [ENTbI0 YBEIMYCHHUS €r0 POU3BOAUTEILHOCTH.

KiiroueBble cjioBa: MPOSKTUPOBAHKE 3arPy30YHOT0 YCTPOHCTBA, YHUBEPCATbHOE OyHKEp-
HOE 3arpy304HO-OPHUEHTHUPYIOIIEE YCTPOHCTBO, OPHUEHTUPOBAHHUE MHOTOKOMIIOHEHTHBIX
ACUMMETPUYHBIX U3JICITNH.

s nuTupoBaHus: DTanbl NMPOSKTHPOBAHUS JHCKOBOTO OYHKEPHOTO 3arpy304HOTO
YCTPOHCTBA C paaIbHEIMI KapMaHAMH, KOTTUPOM H PETyJTHPYEMBIM KOJBIIEBHIM OPHUEHTATO-
POM JUIsi MHOTOKOMIIOHEHTHBIX aCHMMETPUYHBIX m3aenwii Ten Bpamienus / WM. B. [1y3ukos,
E. B. [lanTioxuna, C. A. Bacus [u ap.] / BectHuk PocTOBCKOTO rocy1apcTBEHHOTO YHUBED-
curera mytei coobmenns. — 2025. — Ne 3. — C. 222-230. — DOI 10.46973/0201—
727X _2025 3 222.
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DESIGN STEPS FOR A DISC HOPPER FEEDING DEVICE WITH RADIAL POCKETS,
A COPIER, AND AN ADJUSTABLE RING ORIENTATOR FOR MULTICOMPONENT
ASYMMETRIC ROTATIONAL BODIES

Abstract. Some types of multi-component rotating parts having an explicit or implicit
asymmetry are considered, and an improved disk hopper feeding and orienting device with
radial pockets, a copier, and a regulated ring orientator is proposed. This device accumulates
products, orients them, and divides the mass of products into individual pieces, which are then
fed to the actuators of automatic machines with the required productivity. The main stages of
designing an improved device are described, in the process of which feeding of asymmetric
multi-component products differing in shape and size, consisting of various materials and coat-
ings, will be implemented, with the possibility of quick re-adjustment of the device depending
on the shape and size of the product, and stable operation will be ensured when orienting multi-
component products in order to increase its productivity.

Keywords: design of a feeding device, universal hopper feeding and orienting device, ori-
entation of multi-component asymmetric products.
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BJIUAHUE CTAPEHUA HA TPUBOTEXHUYECKHE XAPAKTEPUCTHKHA
ABYXCJIONHOI'O KOMIIO3UTA «MOPO30CTOUKAS PE3UHA —
CBEPXBBICOKOMOJIEKYJISIPHBIU TIOJIUITUJIEH»

AnnHotamus. B cypoBbix ycnoBusix Kpaitnero CeBepa BIusSHHE CTapeHUS MMOJIUMEPOB Ha
WX CBOWCTBA aKTyaJbHO BBHY JJIMTEIBHOTO BO3JEHCTBUS Pa3TUIHBIX (PAKTOPOB OKPYKaAk0-
e cpelbl, MPUBOIAIINX K JACCTPYKIUHU TOIMMEpPOB. B paboTe mpoBe/ieHbl UCTIBITAHUS Ha
TPEHHE U U3HOC 10 CXEME, IMUTHUPYIOIICH y3e) YINIOTHEHUS ABYXCIOHHOTO KOMIIO3UTA «pe-
3WHA — CBEPXBBICOKOMOJEKYISPHBII MOIMATHIIEH» TPH PA3IHUIHBIX HArPy3Kax, CKOPOCTSIX
CKOJIBXKeHUS 1 TemnepaTypax. OIeHEeHO BIUSHUE KIMMAaTHYSCKOTO0 U TEPMUYECKOTO CTape-
HUS Ha (DPUKIMOHHBIC CBOMCTBA M M3HOCOCTONWKOCTD JIBYXCIOWHOTO Kommo3uta. [lomydeHo,
4T0 KOd()(PUIIMEHT TPEHUS 3aBUCHUT OT CKOPOCTH CKOJIbKEHHSI, HATPY3KH M BHEIIHEH TeMIie-
patypsl. CTapeHue MaTepuasa MPUBOIUT K CHIDKEHHIO Kod(ddunmenTa Tperns. M3nococToi-
KOCTh MaTepHualia yBeJIMYUBacTCs Ha 25 % Ha BTOPOM MECSAIIC CTAPCHUS U HE U3MEHSCTCS 32
nocneayrone detsipe. [Ipr yCKOpPEHHBIX HCIBITAaHWSX Ha CTapeHHE M3HOC CHIDKAETCS Ha
15 %. MoHO crenath BEIBOJ O BO3MOXXHOCTH MCTIOIB30BAHUS MaTepraia B y3JlaX TPEHHS B
TEYCHHE CPOKA, OTPAHUYCHHOTO IIECTHIO0 MECSIIAMHU KIIMMATHUECKOr0 CTapEHUs, a B CONPsIKe-
HUAX, 3alMUIICHHBIX OT COJTHCYHOT'O U3JIYUYCHHA, MOXKCT UCII0JIL30BATHCA 663 OI‘paHI/I‘-IeHI/Iﬁ 10
BPEMEHH.

KiroueBble cjioBa: pe3nHa, CTapeHue, OyTaJiueH-HUTPUIBHBINA Kay1yK, HOKPBITHE, CBEPX-
BbICOKOMOHeKyanHBIﬁ IIOJIUDTUIICH, HOHHMCpHBIP'I KOMIIO3UT, TPECHUEC, U3HOC.

Jast muruposanus: Lllkanedi, Y. B. BiusHue ctapeHus: Ha TpUOOTEXHUYECKUE XapaKTe-
PUCTUKH IBYXCIIOMHOIO KOMIIO3UTa «MOPO30CTOMKAS pe3UHA — CBEPXBBICOKOMOJIEKYIISIPHBIN

nonuaTrnen» / Y. B. llkaneit // BectHuk POCTOBCKOTO rocyAapCcTBEHHOTO YHUBEPCUTETA ITy-
teit coobmenus. — 2025, — Ne 3. — C. 231-238. — DOI 10.46973/0201-727X_2025_3 231.

l. V. Shkalei

THE EFFECT OF AGING ON TRIBOTECHNICAL CHARACTERISTICS
OF A TWO-LAYER FROST-RESISTANT
RUBBER - ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE COMPOSITE

Abstract. In the severe conditions of the Far North, the effect of polymers aging on their
properties is important due to the long-term impact of various environmental factors leading
to polymer degradation. In this work, friction and wear tests were carried out using a scheme
simulating a sealing unit, a two-layer composite “rubber - ultra-high molecular weight poly-
ethylene” under various loads, sliding speeds and temperatures. The effect of climatic and
thermal aging on the frictional properties and wear resistance of the two-layer composite was
estimated. It was found that the friction coefficient depends on the sliding speed, load and
external temperature. Aging of the material leads to a decrease in the friction coefficient. The
wear resistance of the material increases by 25 % in the second month of aging and does not
change over the next four. With accelerated aging tests, wear decreases by 15 %. It can be
concluded that the material can be used in friction units for a period limited to six months of
climatic aging, and in friction units protected from solar radiation, it can be used without
time restrictions.

Keywords: rubber, aging, nitrile-butadiene rubber, coating, ultra-high molecular weight
polyethylene, polymer composite, friction, wear.
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