MOJABUKHOM COCTAB, BE3OIIACHOCTbD JIBUKEHUSI 1 DKOJIOT' A ST
VK 629.4.077-592 : 629.463 DOI 10.46973/0201-727X_2023 2 8
A. H. bananaes, A. B. ’Kebanos, C. B. Kopxuna

PACHPEJEJIEHUE TEIVIOTBI MEKIY KOJIECOM, PEJIbCOM U TOPMO3HOH
KOJIOJAKOU! IIPHU PA3JIMYHBIX PEXKUMAX TOPMOKEHUSA I'PY30BOI'O COCTABA

AuHoTtanus. [Ipu TOPMOKEHHH TPY30BOTO JKEIE3HOAOPOIKHOTO MOE3/1a C IOMOIIBIO TOP-
MO3HBIX KOJIOJIOK KHHETHUYECKast SHEPTUS IPeodpasyeTcs 3a CUeT TPEHHS B TEIUIOBYIO, YacTh
U3 KOTOPOU MEPEXOAUT B TOPMO3HBIE KOJIOAKH, APYTas 4acTh MEPEXOIUT B KOJIECA, a 3 KOJIEC
TEIJIOTA TIEPEXOIUT B PEIbChI K OKPYIKAIOIIYI0 cpeny. Llenb paboThl COCTOUT B OMpPEaeICHUH
JIOJTH TEIUIOTHI B KOJIECAX TPY30BBIX BATOHOB MPH PAa3IMYHBIX PEKUMAX TOPMOXKEHHS U pas-
JIMYHBIX CKOPOCTSAX JABWKEHUS MOE3/1a, & TAKKE Pa3IMIHON 3arpy3Ke BaroHoB. B paGore BbI-
HOJIHSUIOCH MOJICTAPOBAHKE TPOIIECCa TOPMOXKEHHUS KOJIECHOM Maphl C IOMOIIBI0 METO/Ia KO-
HEeuHbIX 37eMeHTOB B cpene SolidWorks. BeimosnHeHHbIC pacyeThbl MO3BOJIMIN YCTAHOBUTD
JIOJTM TEIIOBBIX TIOTOKOB, HANIPABJICHHBIX B TOPMO3HYIO KOJIOJIKY U B PEJIbC HPH Pa3THIHBIX
peXMMax TOPMOXKEHHsI TPY30BOI0 COCTaBa. Y CTAHOBIICHO BIMSIHUE HA 3TH JOJIH TEMIIEPATYPBI
OKpY’KAroIIeil Cpe/ipl U 3arpy3Kd BaroHa. I1oydeHHbIe pe3ysIbTaThl MO3BOISIOT 60JIee TOYHO
IPOrHO3UPOBATH TEMIIEPATYPY MOBEPXHOCTH KaTaHUst i OOKOBOI MOBEPXHOCTH 000/1a Kojieca,
YTO MMO3BOJIUT AUATHOCTHPOBATH TOPMO3HYIO CUCTEMY I'PY30BOI'0 COCTaBa B ABUKCHUMU.

KiroueBble cJi0Ba: Tpy30BOii COCTaB, TOPMO3HAsI CHCTEMA, KOJIECO, PEIIbC, TOPMO3HAS KO-
JI0JIKa, TEIIOBOM MOTOK, MOJIEIMPOBAHUE TOPMOKEHHUS BaroHa.

Juast uutupoBanus: bananaes, A. H. Pacnipenenenue TemnoTel MEXAY KOJIECOM, PEILCOM
U TOPMO3HOW KOJIOAKOW MpPHU PA3NUYHBIX PEKHMax TOPMOXKEHHUsI TPY30BOTO coOCTaBa /
A. H. bananaes, A. B. Ke6anos, C. B. Kopkuna // BectHrk PocTOBCKOT0 rocy1apcTBEHHOTO
yHUBepcuTeTa myteir coobmienus. — 2023. — Ne 2. — C. 8-19. — DOI 10.46973/0201—
727X_2023 2 8.

A. N. Balalaev, A. V. Zhebanov, S. V. Korkina

THE DISTRIBUTION OF HEAT BETWEEN THE WHEEL, RAIL AND BRAKE PAD UNDER
DIFFERENT MODES OF BRAKING OF A FREIGHT TRAIN

Abstract. When braking a freight train using brake pads, kinetic energy is converted by
friction into thermal energy, part of which goes into the brake pads, the other part goes into
the wheels, and from the wheels the heat goes into the rails and the environment. The purpose
of the work is to determine the proportion of heat in the wheels of freight cars under different
braking modes and different train speeds, as well as different loading of cars. In the work, the
wheelset braking process was simulated using the finite element method in the SolidWorks
environment. The calculations made it possible to establish the proportion of heat flows di-
rected into the brake pad and into the rail under different braking modes of the freight train.
The influence of ambient temperature and car loading on these fractions has been established.
The results obtained make it possible to more accurately predict the temperature of the rolling
surface and the side surface of the wheel rim, which will allow diagnosing the braking system
of a freight train in motion.

Keywords: freight train, brake system, wheel, rail, brake pad, heat flow, car braking simulation.

For citation: Balalaev, A. N. The distribution of heat between the wheel, rail and brake
pad under different modes of braking of a freight train / A. N. Balalaev, A. V. Zhebanov,
S. V. Korkina // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya.
—2023. - No. 2. - P. 8-19. — DOI 10.46973/0201-727X_2023_2_8.

CaenieHusi 06 aBTOpax Information about the authors



Bananaes Anaronuit Hukosiaesnu

Camapckuii TOCyTapCTBEHHBIH YHHBEPCHUTET ITyTCH
coo6mmenus (Caml VIIC),

kaenpa «Baronsr»,

JIOKTOP TEXHUYECKUX HAYK, JOILIEHT, mpodeccop,
e-mail: wagon.samgaps@mail.ru

KedanoB Anexcanap BragumupoBuu

Camapckuil TOCYyIapCTBEHHBIM YHHUBEPCUTET IyTeH
cooOmenus (CamI'VIIC),

kKadenpa «Baross,

KaHIUAAT TEXHUIECKUX HayK, JTOIEeHT,

e-mail: zhebanov@inbox.ru

Kopkuna Ceetsiana BaagumupoBHa

CamMapckuii TOCYZapCTBEHHBIN YHUBEPCUTET ITyTeil
cooOmenus (Caml VIIC),

kaenpa «Baronsn»,

Balalaev Anatoly Nikolaevich

Samara State Transport University (SSTU),
Chair «Wagonsy,

Doctor of Engineering Sciences,

Associate Professor, Professor,

e-mail: wagon.samgaps@mail.ru
Zhebanov Alexander Vladimirovich
Samara State Transport University (SSTU),
Chair «Wagons»,

Candidate of Engineering Sciences,
Associate Professor,

e-mail: zhebanov@inbox.ru

Korkina Svetlana Vladimirovna

Samara State Transport University (SSTU),
Chair «Wagons»,

Candidate of Engineering Sciences,

Associate Professor, Head of The Chair,
e-mail: korkina70@mail.ru

KaHIWJAT TEXHUYECKUX HAYK, JOLEHT, 3aBEIYHOIINI
kadeapoi,
e-mail: korkina70@mail.ru

YK 629.4.066 : 004.04 + 06 DOI 10.46973/0201-727X_2023_2_20

A. JI. Oxomnuxos, A. B. Kocmiokos

KAJIMBPOBKA JATYUKOB CUCTEMbI TEXHUYECKOI'O 3PEHUS TAT'OBOI'O
HNOABUXKHOI'O COCTABA

AnHoTamus. PaccMaTpuBaeTcss anroOpuTM aBTOMATHUYECKOW KaTMOPOBKH JATYHKOB CH-
CTEMBl TEXHUYECKOI'0 3peHHs, KOTOPBIA MPUMEHSETCs ISl BCEX BHIOB CEHCOPOB C pasiny-
HBIMU (pr3ndeckuMu npuHIUNaMu. CucTeMa TEXHUIECKOTO 3pEHHUS B JAHHOM CIIy4dae BBICTY-
naeT Kak AJIEMEHT CHCTEMbl aBTOMAaTHYECKOT'O YIPABJICHUS IBM)KEHUEM IOE3[0B U CIYXKHUT
JUIs OOHAPYKEHUS MPETATCTBUN Ha IyTH ABIKEHUS oe3aa. OTaesbHO NPUBOISTCSA CXEMBI U
OITMCAaHHC KaIII/I6pOBKI/I AJId KaMEp BUAUMOTO JUara3doHa U TCIUIOBU30POB € pa3JIMYHbIMU (I)O-
KYCHBIMHU paccTOSIHUAMMU. {711 TMaapoB NpUBEACHBI ONMCAHUE U CXeMa pacyeTa BHEIIHUX Ia-
paMeTpoB ¢ yderoM npeobpazoBanus 3D-obnaka Touek B 2D-nceBnonzobpaskeHus Ajs 110-
MCKa MapKepOoB 0 PACCTOSTHUIO, KOOPAUHATE U Pe(IEKTUBHOCTH C OJJHOBPEMEHHOM QHIbTpa-
el rceBon300paxeHn 1o riryouHe u o pediekTuBHOCTH. Mcnons30BaHne aBToMaTHYe-
CKOM KaJMOPOBKM TaTYNKOB CUCTEMBI TEXHUUECKOT'O 3pEHUS IPH ITOATOTOBKE M0E3a B JIETI0
1 IIPpU OCYIIECTBJICHHUU MMOC3AKN HAa CTAHIUAX Ka.HI/I6pOBKI/I IIO3BOJIUT ITOBBICUTH TOYHOCTH H3-
MEPACMBIX TapaMETPOB MMOC34a, CHU3UTh BPEMS PCAKIIMU Ha BHCHITATHBIC CUTYalluu, OIITUMHU-
3UPOBATh YHEPro3aTpaThl, CHU3UTh PACXO/bl HA 3apIIaTHBIN (POH M yMEHBIIUTH BIUSHHUE Ye-
JoBevecKoro Qaxropa Ha paboTy MOE310B, a, CIeJOBaTENbHO, TIOBBICUTH 0€30M1aCHOCTD JBU-
JKCHUS.

KiroueBble ci1ioBa: aBToMaTHyecKast KaJIMOPOBKa, BHEIIHUE TAPaMETPhl JaTYHKOB, aBTO-
HOMHBIN TPAHCIIOPT, CHCTEMAa TEXHUUECKOT0 3peHHs, OOHApYyKEHHE MPENATCTBUM, CMEIIEHHUE,
yroJl IOBOPOTA.

Jas uutupoBanusi: OxoTHukoB, A. JI. KanmnOpoBka AaTYMKOB CHCTEMBI TEXHHYECKOTO
3peHus TATOBOTO MOABMKHOTO coctaBa / A. JI. OxotHukos, A. B. Koctrokos // Bectauk Po-
CTOBCKOI'O TOCY/IapCTBEHHOT0 YHUBEpcHUTeTa nyTel coodmienus. — 2023. — Ne 2, — C. 20-29.
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A. L. Okhotnikov, A. V. Kostyukov
CALIBRATION OF THE VISION SYSTEM SENSORS OF THE TRACTION ROLLING STOCK

Abstract. The paper considers an algorithm for automatic calibration of sensors of a vision
system, which is used for all types of sensors with different physical principles. The vision
system in this case acts as an element of the automatic train traffic control system and serves
to detect obstacles in the way of the train. Separately, diagrams and descriptions of calibration
are given for cameras in the visible range and thermal imagers with different focal lengths. For



lidars, a description and a scheme for calculating external parameters are given, taking into
account the transformation of a 3D point cloud into 2D pseudo-images to search for markers
by distance, coordinate, and reflectivity with simultaneous filtering of pseudo-images by depth
and reflectivity. The use of automatic calibration of vision system sensors during train prepa-
ration at the depot and when traveling at calibration stations will improve the accuracy of the
measured train parameters, reduce response time to emergency situations, optimize energy
costs, reduce payroll costs and reduce the impact of the human factor on train operation, and
consequently improve traffic safety.

Keywords: automatic calibration, external parameters of sensors, autonomous transport,
vision system, obstacle detection, displacement, rotation angle.
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B. A. Conomun, A. B. Conomun, H. A. Tpyouyuna, JI. JI. 3amwuna, A. A. Yexosa

HCCJIEJJOBAHUE IMTPOIIECCA HATPEBA HHAYKTOPA TATOBOI'O JIMHEMHOI'O
ACHUHXPOHHOTI'O ABUT'ATEJIA 1JIAA DKCIHEPUMEHTAJIBHOI'O CTEHIA

AnHoTamms. Hapsny ¢ uccienoBaHueM 3JIEKTPOMAarHUTHBIX M TATOBBIX XapaKTEPUCTHK
JMHEWHBIX aCHHXPOHHBIX JBUTATENECH BaKHOE 3HAUCHHE UMEET N3Y4YEHUE TEIIIOBBIX MTPOLEC-
COB B HHX, KOTOPBIE OKa3bIBAIOT 3HAUYNUTEIILHOE BIMSAHNE HA SKCIUIyaTallIOHHBIE MTOKA3aTeNIN
Y HQJISKHOCTh pabOoThl JINHEWHBIX AJIEKTPUYECKAX MallvH. B 1aHHOH cTaThe MpecTaBIeHbI
pe3yabTaThl CTEHOBBIX TEIUIOBBIX MCIIBITAHWN HHIYKTOpa TATOBOTO JIMHEHHOIO aCMHXPOH-
HOT'O JBHTaTeisi ¢ AMCKPETHOW KOHCTPYKLHEW MarHUTONpOBOAa U Tpexda3zHOH OOMOTKH,
MpeITHa3HAaYeHHOT0 JJIS1 BHICOKOCKOPOCTHOTO Mar HUTOJIEBUTAIMOHHOT O TPAHCIIOPTA, B CTAllH-
OHApHOM peXuMe padoThl. [IprBeneHbl pe3ynbTaThl TEMJIOBBIX MCTIBITAHUN IS ABYX 3HAUE-
HUI TOKOBOW Harpy3ku 0OMOTKH MHAYKTOpA TATOBOTO JTMHEHHOTO aCHHXPOHHOTO ABUTAaTENs,
oTpeJiesieHbl 3HAYSHHUs TIOCTOSIHHBIX BPEMEHHU HarpeBa 0OOMOTKH, rpa0aHaIUTHIECKUM ITy-
TEM YCTaHOBJIEHO 3HaYEHHE YaCOBOTO TOKA JIIsI HOMHHAJIFHOTO PeKUMa pabOThI ABUTATEIS.

KuroueBsble c10Ba: HHAYKTOP TATOBOIO JMHEWHOTO aCHHXPOHHOTO JIBUTATeNsl, METOJ] CO-
MIPOTUBJICHNH, YCTAHOBUBIIMICA HAarpeB, IOCTOSIHHAS BPEMEHU HAarpeBa, 4aCOBOM TOK.



Jast nutupoBanus: VccrnenoBaHnue mpoliecca HarpeBa WHAYKTOPA TATOBOTO JIMHEIHOTO
ACHHXPOHHOTO JABUTaTeNs s dKcnepuMeHTansHoro crenaa / B. A. Conomun, A. B. Coio-
muH, H. A. TpyOununa [u ap.] // BectHuk PocToBCKOro rocyaapcTBEHHOTO YHHBEPCUTETA
nyteit coodmenus. — 2023. — Ne 2. — C. 30-37. — DOI 10.46973/0201-727X_2023_2_30.

V. A. Solomin, A. V. Solomin, N. A. Trubitsina, L. L. Zamshina, A. A. Chekhova

INVESTIGATION OF THE INDUCTOR HEATING PROCESS OF THE TRACTION LINEAR
ASYNCHRONOUS MOTOR FOR THE EXPERIMENTAL STAND

Abstract. Along with the study of the electromagnetic and traction characteristics of linear
induction motors, it is important to study the thermal processes in them, which have a signifi-
cant impact on the performance and reliability of the linear electric machines. This paper pre-
sents the results of bench thermal tests of the inductor of a traction linear asynchronous motor
with a discrete design of the magnetic circuit and a three-phase winding, designed for high-
speed magnetic levitation transport, in a stationary mode of operation. The results of thermal
tests for two values of the current load of the inductor winding of a traction linear asynchro-
nous motor are given, the values of the time constants for heating the winding are determined,
and the value of the hourly current for the nominal mode of operation of the motor is deter-
mined by graphic-analytical means.

Keywords: traction linear asynchronous motor inductor, resistance method, steady state
heating, heating time constant, clock current.
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B. C. Yannavicun, B. A. Axcénos

AHAJIN3 UCTTOJB3YEMBIX THCTPYMEHTOB OLHEHKHU NIPO®ECCUOHAJIBHBIX
PUCKOB JIJIsI PABOTHUKOB XO3SIMCTBA DJEKTPUOGUKALIUA
U JIEKTPOCHABXEHUA

AnHoramus. VccnenoBaHa cucTema yrpaBJIeHUs MPOGECCHOHAIBHBIMA PUCKAMH B XO-
3SIMCTBE ANEKTPUDUKALNN U IEKTPOCHAOKEeHHs. PacCMOTpPEHBI OCHOBHBIC OTIACHBIE U BPE/I-
HBIC MIPOU3BOJICTBEHHBIC (JAKTOPHI, BO3JCHCTBYIONIE HA PAOOTHHKOB B OTPACITH SHEPTETHKH.
AHanu3 TPOU3BOJCTBEHHOTO TPaBMAaTH3Ma IMO3BOJIWII CHENATh BBIBOJ, YTO UYCIIOBCUCCKHMA
(akTop B OOJBIICH CTECIEHU SBJISCTCS NMPUYMHON TPaBMHUPOBAHMS PAaOOTHHKOB XO3SHCTBA
ANEKTPUPUKAINA U JIEKTPOCHAOKEHNSI W HUMEHHO €ro HEOOXOIMMO HCCIIEIOBATh C IIEIBIO
(bOpMHPOBaHUSI JTOCTATOYHBIX, 3P(EKTHBHBIX Mep, HANpaBICHHBIX HAa MPEAYNPEKICHHUC
TpaBM U aBapwii B epcrieKTUBe. JlelcTByOIas cucTeMa yrpaBieHus Po(heCcCHOHATBHBIMU
pHCKaM{ HE YYHUTHIBAET B JIOJDKHOM CTENEHH YeJOBEUECKUI (haKTOp MPH OIEHKE PUCKOB.
[IpencraBiaeHbl MEPHI IO MOJICPHHU3AINN CHCTEMBI B YaCTH Y4eTa YeI0BEUECKOro (hakTtopa npu
OLICHKE HpO(beCCI/IOHaJ'II)HI)IX PUCKOB, MMO3BOJMUBIIUC 3HAYUTCIIBHO IIOBJIUATL Ha CHUIKCHUC
IMPOU3BOJACTBCHHOT'O TpaBMaTHU3Ma.

KiroueBble cjioBa: cucTeMa YNpaBICHUS OXPaHOW Tpyna, OlEHKa MPOoQeCcCHOHATBLHBIX
PHUCKOB, MTOBBIIIICHHAS OITACHOCTb.
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pohecCHOHANTBHBIX PUCKOB /ISl pAOOTHUKOB XO3SHCTBA dNEKTPU(PUKAIINH U dJIEKTPOCHA0Ke-
Hus / B. C. Yarueirus, B. A. Axcenos // BecTHrK POCTOBCKOT0O TOCy1apCTBEHHOTO YHUBED-
curera myteit coobmenms. — 2023. — Ne 2. — C. 38-44. — DOI 10.46973/0201—
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V. S. Chaplygin, V. A. Aksenov

ANALYSIS OF THE TOOLS USED TO ASSESS OCCUPATIONAL RISKS FOR EMPLOYEES
OF THE ELECTRIFICATION AND POWER SUPPLY FACILITIES

Abstract. This paper is devoted to the study of the occupational risk management system
in the electrification and power supply sector. The main dangerous and harmful production
factors affecting workers in the energy industry are considered. The analysis of industrial in-
juries allowed us to conclude that the human factor is to a greater extent the cause of injury to
workers of the electrification and power supply facilities and it is necessary to investigate it in
order to form sufficient, effective measures aimed at preventing injuries and accidents in the
future. The current professional risk management system does not adequately take into account
the human factor when assessing risks. The paper presents measures to modernize the system
in terms of taking into account the human factor in the assessment of occupational risks, which
made it possible to significantly affect the reduction of occupational injuries.

Keywords: occupational safety management system; occupational risk assessment, in-
creased danger.

For citation: Chaplygin, V. S. Analysis of the tools used to assess occupational risks for
employees of the electrification and Power Supply Economy/ V. S. Chaplygin, V. A. Aksenov
Il Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya. — 2023. —
No. 2. — P. 38-44. — DOI 10.46973/0201-727X_2023 2 _38.

CaeneHnust 00 aBTopax Information about the authors
Yanapirud Baagumup CepreeBuy Chaplygin Vladimir Sergeevich
Poccuiickuit YHHUBEPCUTET TpaHCcHopTa Russian University of Transport (MIIT),
(PYT MUNT), Chair «Technosphere Safety»,

kadenpa «TexHochepHas 6€30MaCHOCTHY, Postgraduate Student,

acIMPaHT,

JSC "Russian Railways",
OAO «PX]T», Chief Specialist of the Ecology and



TIIaBHBIN CHenUaNnCT JermapTaMenTa 5KOJIOTHH 1 Technosphere Safety Department,
TexHochepHo# 6e30IMacHOCTH, e-mail: waxchaplygin@mosk.ru
e-mail: waxchaplygin@mosk.ru

AxkcénoB Baagumup ArtekceeBHY Aksenov Vladimir Alekseevich
Poccuiickuii yausepcutet Tpancmnopta (PYT Russian University of Transport (MIIT),
MUUT), Chair «Technosphere Safety»,
kadenpa «TexnochepHas 6€30IaCHOCTEY, Doctor of Engineering Sciences, Professor,
JIOKTOP TEXHUYECKHX HayK, mpodeccop, Head of the Department,
3aBenyrommi Kadeapoi, e-mail: vl.aksenov@yandex.ru
e-mail: vl.aksenov@yandex.ru
VK 629.4.027 DOI 10.46973/0201-727X_2023_2_45

C. I llaumapenxo, C. B. Casunxun

BJIMSHUE PACIHHOJIOKEHUA KOHUEBBIX BUTKOB IIPYKUH
KY30BHOI'O PECCOPHOI'O ITIOJABEHINBAHHU A IOKOMOTHUBA
HA ITAPAMETPHI YIIPYT'OM IIONEPEYHOM CBSA3H KY30BA C TEJEXKON

AHHOTanus. PaccMOTpeHbl BHYTpEHHHE CHIIOBBIE (DAKTOPHI, BO3HUKAIOIUIME B MOMEpey-
HOM CeYeHUH pabodyero BUTKA Ky30BHOW MPYXXHHBI IIPU BO3JICHCTBUN Ha HEE BEPTHKAIHHOU
JMHAMAYecKol Harpy3ku. [IpoanammsupoBaHo MX BIMSHHE Ha paclpenesieHue Harpy3Kd 10
0CSIM KOJIECHBIX T1ap, a TAK)Ke Ha IapaMeTphl YIPYroi MOMEPEevHOM CBSI3H TEIEKKH C Ky30BOM.
[TpuBeneH 1 000CHOBaH palOHATIBHBIH BAPUAHT YCTAHOBKH KY30BHBIX MPYKHH C TOYKH 3pe-
HUS YPaBHOBEIIMBAaHHS BHYTPEHHHX CHJIOBBIX (haKTOPOB M OOeCTedeHHs OIarornpHsTHOTO
BIHMCBIBAHHUSA TCJICI)KKH JIOKOMOTHBA B KPUBBIC YYAaCTKU ITYTH.

C ucnonn30BaHuEM KPUTCPpUAJIBbHOI'O IMMOAX0/da IMPU ABUKCHUU JABYXTCIIC)KECUHOTIO CUMMCT-
PUYHOTO JIOKOMOTHBA B KPUBOM y4acTKe IIyTH PACCMOTPEHO BIUSHUE BAPHAHTOB PACIIONIONKE-
HUS KOHIIEBBIX BUTKOB KY30BHBIX IPYKHH Ha OOKOBYIO CHITY, BO3JICHCTBYIOIIYIO Ha KOJIECHYIO
napy W sIBISIONIYIOCS] OCHOBHBIM (DakTOpOM H3HOCa IrpeOHeilt Gangaxei.

KioueBble c10Ba: Ky30BHOE O/IBEIINBAHUE, ITOTIEPEYHAS CBA3b, Ky30BHAS IPYXKHHA, pa-
0ounii BUTOK, MOMEHT M3rH0a, MOMEHT KPy4YeHHs, KOHIIEBOI BUTOK, OOKOBAsl CHIIA.

Jast nurtnpoBanms: Hlanrapenxo, C. I'. Biugnaue pacrnonoxeHns KOHIIEBBIX BUTKOB IIpY-
JKUH Ky30BHOT'O PECCOPHOTO MOJBEIINBAHUS JJOKOMOTHBA Ha MapaMeTphl yIpyrou momeped-
HO¥ cBsi3u Ky30Ba ¢ Tenexkoii / C. I'. IllanTapenko, C. B. CaBunkus // BectHruk PocToBckoro
rOCYJapCTBEHHOTO YHHBepcuTeTa myTed coobmenus. — 2023. — Ne 2. — C. 45-50. —
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S. G. Shantarenko, S. V. Savinkin

INFLUENCE OF THE LOCATION OF THE END COILS OF THE SPRINGS
BODY SPRING SUSPENSION OF THE LOCOMOTIVE
ON THE PARAMETERS OF ELASTIC TRANSVERSAL COUPLING BODY WITH BOGIE

Abstract. The paper considers the internal force factors that arise in the cross section of
the working coil of the body spring when exposed to a vertical dynamic load. It is analyzed
their influence on the distribution of the load along the axles of the wheel sets, as well as on
the parameters of the elastic transverse connection of the bogie with the body. A rational option
for installing body springs is presented and substantiated in terms of balancing internal force
factors and ensuring favorable fitting of the locomotive bogie into curved sections of the track.

Using the criteria approach when a two-bogie symmetrical locomotive moves in a curved
section of the track, the article examines the influence of options for the location of the end
coils of body springs on the lateral force acting on the wheelset and being the main factor in
the wear of the tire ridges.

Keywords: body suspension, cross link, body spring, working coil, bending moment, tor-
sion moment, end coil, lateral force.
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M. B. Oxocm

KOPPEJSINMOHHBIE COOTHOHEHHUSA PU3NKO-MEXAHUYECKHNX XAPAKTEPUCTHUK
I'PYHTOB, UCIIOJIb30BAHHBIX TP COOPYXEHUU KEJIE3HOAOPOKHOT'O
SEMJISIHOI'O ITOJIOTHA IS PABBUTUSA TPAHCIIOPTHOI'O KOMIIVIEKCA
B A30BO-YEPHOMOPCKOM PET'MOHE POCCHUM *

AnHoTauus. Pabora nocssiieHa u3y4eHnto (pU3NKO-MEXaHHIECKUX CBOMCTB INIMHUCTBIX
U TIeCYaHBIX TPYHTOB, HCIIOIB30BAHHBIX MPU CTPOUTEIHLCTBE HOBOTO U PEKOHCTPYKIIUH CYIIe-
CTBYIOIIETO 3eMJISTHOTO MOJIOTHA JKEJIE3HBIX TOPOT 1o HarpasieHnto KorenpHukoBo — Tuxo-
peukas — KpeIMckas [uist pa3BUTHS TOPTOB B A30B0o-UepHOMOpckoM pernone Poccuu u no-
CTPOCHUIO KOPPEJSIIIMOHHBIX COOTHOIICHUH, MOMyYEHHBIX TI0 Pe3yJIbTaTaM KOPPESIMOHHO-
PErpecCHOHHOTO aHalln3a CBOWCTB IPyHTOB. Takue COOTHOIIEHHSI MOTYT OKa3aThbCsl BOCTpE-
OOBaHHBIMH ITPU KOHTPOJIE TOYHOCTH JTAOOPATOPHBIX UCTIBITAHUN CBOMCTB IPYHTOBBIX Mate-
pHAaJIOB U TIOBBICUTH CKOPOCTh WH)KEHEPHO-TEOJOIMYECKUX M3BICKAHWN M MOJ00pe Kapbepa
NIpY JIabHEHIIIEM pa3BUTHHU TIOPOIKHOHN CETH B 3aJ]aHHOM perrnoHe. Kpome Toro, perpeccroH-
HBIE COOTHOIICHHSI MOTYT IOBBICUTH CKOPOCTB NMPUHSTHUS PELICHHs O TPHMEHEHHH Ompesie-
JIGHHOTO BHJIa TPYHTA ISl BOCCTAHOBIICHHUS 3€MJISTHOTO TIOJIOTHA C UCIIOJIb30BaHUEM HEKOTO-
PBIX XapaKTEPHCTHK, KOTOPhIE MOTYT OBITh OMpeJieNieHbl ¢ HAMMEHBITUMH BPEMEHHBIMU 3a-
TpaTaMHu.

KioueBble cjioBa: 3eMJISIHOE TTOJIOTHO, MCIIBITAHUS, KIIACCU(HUKAIMA TPYHTOB, (QU3HKO-
MEXaHMUYECKHE XapaKTEPUCTHKH, PErPECCHOHHBIE COOTHOIICHHSI.

Js uutupoBanusi: Okoct, M. B. Koppemnsiunonnsle cooTHoueHus: Gpru3nko-MexaHude-
CKHX XapaKTepUCTHK TPYHTOB, HCIOIB30BAHHBIX MPH COOPYKEHUH JKEIE3HOJOPOKHOTO 3EM-
JITHOTO TIOJIOTHA JIJIs1 pa3BUTHUS TPAHCIIOPTHOTO KOMILTEKCa B A30BO-UepHOMOPCKOM pETHOHE
Poccun / M. B. Okoct // BectHuK POCTOBCKOTO TOCYIapCTBEHHOTO YHHUBEPCUTETA ITyTEH CO-
obmenus. — 2023. — Ne 2. — C. 51-72. — DOI 10.46973/0201-727X_2023_2_51.
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M. V. Okost

CORRELATION RELATIONS OF PHYSICAL AND MECHANICAL CHARACTERISTICS
OF SOILS USED IN THE CONSTRUCTION OF A RAILWAY SUBGRADE
FOR THE DEVELOPMENT OF THE TRANSPORT COMPLEX
IN THE AZOV-BLACK SEA REGION OF RUSSIA

Abstract. The work is devoted to the study of the physical and mechanical properties of
clay and sandy soils used in the construction of a new and reconstruction of the existing rail-
way subgrade in the direction of Kotelnikovo — Tikhoretskaya — Krymskaya for the develop-
ment of ports in the Azov-Black Sea region of Russia and the construction of correlation ratios
obtained from the results of correlation and regression analysis of soil properties. Such ratios
may be in demand when monitoring the accuracy of laboratory tests of the properties of soil
materials and increase the speed of engineering and geological surveys and the selection of a
quarry with the further development of the road network in a given region. In addition, regres-
sion ratios can increase the speed of decision-making on the use of a specific type of soil for
the reconstruction of the subgrade using certain characteristics that can be determined with the
least time.

Keywords: subgrade, tests, classification of soils; physical and mechanical characteristics,
regression relations.
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E. A. Cepeoos
UMUTAIHUOHHOE MOJAEJIUPOBAHUE BbITIOJIHEHHUSI MAHEBPOB
HA BBITAXKHBIX ITYTAX

AnHoTaums. PaccMaTpuBaeTcst BU3yain3alus MPOLECCOB BRIMOIHEHUS] MAHEBPOB Ha BBI-
TSOHKHBIX MYTSAX C UCTMONb30BaHUEM Iporpammbl AnyLogic. UMuTarnioHHbIe MOAETH BBITION-
HEHHsI MAaHEBPOB B Iporpamme AnyLogic Mo3BOIST BU3yalTU3UPOBATh MPOIIECCHI BHIMTOTHEHHUS
MaHEBPOB Ha BBITSHKHBIX MYTSIX W MOBBICUTH BEPOSTHOCTh MX IMOHMMAaHHUS 00Yy4alOIUMUCS B
y4eOHBIX 3aBEJICHISIX JKEIE3HOAOPOKHOTO TPAHCIIOPTA U PAOOTHUKAMH KEIE3HOJOPOIKHOTO
TpaHcnopra. [[puMeHeHre UMUTAIIMOHHOTO MOJIEIMPOBAHUS TIPU alipoOaliy TEXHUIECKHUX U
TEXHOJIOTHUYECKHX PEIleHNH, HapaBlIeHHBIX Ha MOBbIIeHHE 3P (eKTHBHOCTH PabOTHl CTaH-
[IUH, TIO3BOJIUT CYILIECTBEHHO COKPATUTh HE TOJBKO (DMHAHCOBBIE, HO U BPEMEHHBIE 3aTPaTHl,
CBSI3aHHBIE C IPOBEICHUEM HCCIIEOBAaHHUN Ha pealibHOM 00BbeKTe. B mpuBeaeHHBIX puMepax
PacCMOTPEHO CO3JaHUE UMUTALMOHHBIX MOJIEJIEH BBIIIOJHEHUSI MAHEBPOB HA BBITSKHBIX I1y-
TAX TaKHUMH CIIOCO0aMH, KaK OCAKUBAHUE U TOTUKH.

KuroueBsble cj10Ba: MOAETUpPOBaHUE, BU3yaIU3alysl IPOLECCOB, MAHEBPHI HA BBITSKHBIX
Iy TSIX, MAHEBPBI OCAXKUBAHUEM, MAHEBPHI TOTYKAMH.

Jdas nutupoBanusi: Cepenos, E. A. IMutanimoHHOe MOIETUPOBAHKUE BBHIIOJIHEHUS Ma-
HEeBpoB Ha BRITSDKHBIX IyTsx / E. A. Cepenos // BectHuk PocToBckoro rocyaapcTBeHHOTO
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E. A. Seredov
SIMULATION MODELING OF MANEUVERS ON EXHAUST TRACKS

Abstract. In this paper, the visualization of the processes of performing maneuvers on ex-
haust paths using the AnyLogic program is considered. Simulation models for performing ma-
neuvers in the AnyLogic program will allow you to visualize the processes of per-forming
maneuvers on exhaust tracks and increase the likelihood of their being under-stood by students
of railway transport educational institutions and other interested per-sons. The use of simula-
tion modeling in the testing of technical and technological solutions aimed at improving the
efficiency of the station will significantly reduce not only financial, but also time costs asso-
ciated with conducting research on a real object. In the examples given, the creation of simu-
lation models of performing maneuvers on exhaust paths by means of settling and pushing is
considered.

Keywords: modeling, visualization of processes, maneuvers on high-speed paths, landing
maneuvers, thrusting maneuvers.
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T. B. Boauex

CHUW/XEHUME INOTPEBJIEHUA DJIEKTPOOHEPI'UU HA TAT'Y IOE3/10B
3A CUET IIVTABHOTI'O PET'YJIMPOBAHUSA TOKA BO3BY/KIAEHUSA
TATOBBIX JIEKTPOJABUT ATEJIENA

AnHoTanus. CHHKeHHE TOTPeOICHUS AIISKTPOIHEPTHH Ha TSTY TIOE3/I0B OBLIO U OCTAaeTCS
onHo#t u3 npuoputeTHsix 3a1ad OAO «PX/I». OqHuM U3 CrIOCOOOB CHUKCHHUS TOTPEOICHHS
3JIEKTPOIHEPTHH SIBIISIETCS PAIMOHAIEHOE BOXK/ICHUE TIOE3/I0B B PEXKUME TSITH, KOTOPOE 3aBHU-
CHUT KaK OT JIOKOMOTHUBHOW OpUTAbI, TAaK U OT KOHCTPYKITUHU 3JIEKTPOIOIBMKHOTO COCTaBa.
Kak u3BecTHO, 4eM OBbICTpee TI0e3/] pa3TOHUTCS, TeM OBICTpee 3amaceT KHHETUYECKYIO dHEep-
THIO, ONITUMAILHOE UCTIONIF30BaHUE KOTOPO MO3BOJIIMT CHU3HUTH MOTPEOIICHHE IEKTPOIHEP-
run. B HacTosmiee BpeMst Ha COBPEMEHHBIX OTEUECTBEHHBIX AIIEKTPOBO3aX JUIS JOMOTHUTEIh-
HOT'O pa3roHa HCIIOJIB3YETCS CHCTEMa OCIIa0JIeHUs BO30YKIEHUS TATOBBIX 3JIEKTPOJIBUTATE-
nieii. BBITIOTHEH TATOBBIN pacdeT, KOTOPBIM MO3BOJIIET CPABHUTH MTOTPEOICHIE IIEKTPOIHEP-
TUH [IPH Pa3TOHE M0€3/1a B Ipoliecce paboThI 3JIEKTPOBO3a CO CTYNEHYATHIM U IJIABHBIM PETry-
JUPOBAHUEM OCIIA0JICHUS BO30YKACHUS TATOBBIX 3JeKTpoauraTesneil. C moMompio TTOBOTo
pacdera Npu pasroHe moesJia JoKazaHa SHepreTryeckas 3QQPEKTHBHOCTh CUCTEMBI OCIIA0ICHUS
BO30YK/IEHHS C TIABHBIM PETYIHPOBAHUEM BO30OYKIECHUS AIIEKTPOBO3A.

KuaroueBrbie c10Ba: 3IIEKTPOIHEPTHS, DIIEKTPOBO3, CHCTEMA OCIIA0JIEHUS BO30YKIACHUS TsI-
TOBOTO AJIEKTPOJBUTATEINS, TUIABHOE U CTYIIEHYATOE PETYITUPOBAHHE.

Jast uurupoBanus: Bouek, T. B. CHibkeHue moTpedaeHust 2IEKTPOIHEPTHH Ha TATY T10-
€3/I0B 32 CYET IUIABHOTO PETYJIMPOBAaHUS TOKA BO30YXICHUS TATOBBIX DJIEKTpOJABUTATENEH /
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T. V. Volchek

THE REDUCED ELECTRICITY CONSUMPTION FOR TRACTION DRIVING
DUE TO SMOOTH CONTROL OF THE CURRENT EXCITATION
IN TRACTION ELECTRIC MOTORS

Abstract. The reduced electricity consumption for train traction has been and it is one of the
priorities of the Russian Railways. One of the ways to reduce electricity consumption is the rational
driving of trains in traction mode which depends on both the locomotive crew and the design of the
electric rolling stock. In fact, the faster the train accelerates, the faster it stores kinetic energy, and its
optimal use will reduce electricity consumption. At present, for additional acceleration, modern do-
mestic electric locomotives use a system for weakening the excitation of the traction motors. In this
paper, a traction calculation is carried out, which makes it possible to compare the consumption of
electricity during the acceleration of a train during the operation of an electric locomotive with step-
wise and smooth regulation of the weakening of the excitation of traction motors. With the help of
traction calculation during the acceleration of the train, the energy efficiency of the excitation atten-
uation system with smooth control of the excitation of the electric locomotive was proved.

Keywords: electric power, electric locomotive, traction motor excitation weakening system,
smooth and step regulation.
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M. A. I'apanun, C. A. Baunxosa

MOAEJIUPOBAHUE CUCTEMBI TAT'OBOI'O JIEKTPOCHABXEHUSA
C UCMOJIb30BAHUEM HAKOITUTEJIEA SHEPT A

AnHoTanus. [IpuBeneHbI pe3ysbTaThl UCCIIE0BAHUS, IOCBAIIEHHOTO OLIEHKE aKTyallbHO-
CTU ¥ NEPCIEKTUBHOCTH ITPUMEHEHUSI HAKOIIUTEIIEH SHEPTUU B CUCTEME TITOBOTO 3JIEKTPO-
cHaOXKeHUS! 3JEKTPUPHULMPOBAHHBIX KEJIE3HBIX JOPOT. ABTOpaMH MpeaiokeHa cxema MOoJ-
KITIOUCHUS HAKOTIMTEJISI SHEPTUHU K KOHTAKTHOW CETH U alITOPUTM ero padoTsl. [1o pesynbraram
MOJEIIMPOBAHUS B CHELUAIM3UPOBAHHOM IPOrPAaMMHOM KOMIUIEKCE IPHUBEICHA NpPEIBapU-
TeJIbHAsl OLICHKA aKTyaJIbHOCTH M MEPCIIEKTHB UCIIOIb30BaHMsI HAKOIUTENEH SHEPTHH [T CHU-
CTEMBI TSATOBOTO AJIEKTPOCHAOKEHNUS KeNe3HOJOPOXKHOTo TpaHcnopTa. Ha yuactkax, rae Bo3-
MOXHa PEKyIEPALMs], aBTOPAMH ITPOBEJICHA OLICHKA SHEPTE€THUECKOI 0 IIOTEHIIAAJA U CTENIEHU
€ro HCIOJIb30BaHUs MPH CYLIECTBYIONIEM 000PYOBaHHH Ha TATOBBIX MOJICTAHLUIX U pa3Me-
pax aBwkeHus. Kpome 3T0ro, BEINOIHEH aHAJIN3 PIHKA HAKOMUTENEH SHEPTUH [T IPUMEHE-
HUS B CHCTEME TSITOBOTO AIEKTPOCHAOKEHUS JKEIEe3HBIX JJOPOT.

KiioueBble c10Ba: jkene3Has J0pora, )KeJIe3HOA0POKHBIN TPaHCIIOPT, CUCTEMA TATOBOTO
3IIEKTPOCHAOKEHHS, SHEPI U PEKyTepallii, HAKOIUTENb SHEPTUH, TEXHUUECKHE TPeOOBaHUs,
MOJZEIINPOBAHUE.



Jast umTupoBanus: ['apannna, M. A. MonenupoBaHue CHCTEMBI TATOBOTO MJICKTPOCHAO-
JKCHMSI ¢ MCIT0JIb30BaHueM Hakomnutened sHeprun / M. A. Tapanun, C. A. biunkoea // Bect-
HUK POCTOBCKOIO rocynapCTBEHHOTO YHHBepcHTeTa myTel cooOmeHus. — 2023. — Ne 2. —
C. 85-90. — DOI 10.46973/0201-727X_2023_2_85.

M. 4. Garanin, S. A. Blinkova

THE TRACTION POWER SUPPLY SYSTEM MODELING USING
THE ENERGY STORAGE

Abstract. The paper describes the results of the study devoted to assessing the relevance
and prospects of using energy storage devices in the traction power supply system of the elec-
trified railways. The authors proposed a scheme for connecting an energy storage device to a
contact network and an algorithm for its operation. Based on the results of modeling in a spe-
cialized software package, a preliminary assessment of the relevance and prospects for the use
of energy storage devices for the traction power supply system of the railway transport is
given. In areas where recuperation is possible, the authors assessed the energy potential and
the degree of its use with existing equipment at traction substations and the size of traffic. In
addition, an analysis of the energy storage market for use in the traction power supply system
of railways was carried out.

Keywords: railway, railway transport, traction power supply system, energy recovery, en-
ergy storage, technical requirements, modeling.
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B. B. Jlomanckuti

IHAPAMETPbI 3JIEKTPOCHABKEHUSA TSI'M ITIOE310B JIJ151 HATOJTHEHUA
BA3 JAHHBIX TMUTAINOHHBIX MOAEJIEN

AnHoTanus. [IpoBeficHHBIE UCCIIEIOBAHNS TAPAMETPOB AIIEKTPOCHAOKEHHS TSATH ITOE3]I0B
MIO3BOJISIIOT HAMOJIHUTD 0a3bl JaHHBIX SKCHEPTHBIX CHCTEM U HMOBBICUThH X KaueCTBO JUIS BbI-
0opa sHeprocoOeperaoIx peKUMOB pabOThI AIEKTPOTATOBHIX ceTel. [IpoBeneHs! cepuu cra-
TUCTUYECKUX W3MEPEHHUH TOKOB (MIEPOB HA TATOBBIX MOJCTAHIMSX, MTUTAIONINX TIEPETOHEI,
CTaHIMOHHYIO Harpy3Ky M MOJbE3HbIE TyTH JIOKOMOTUBHBIX JIETIO, a TAK)KE HAIPSKEHUH XO-
JIOCTOT'O X0J1a CMEKHBIX TATOBBIX NoAcTaHIUH. [loydeHbl cTaTUCTHYECKUE XapaKTEPUCTUKH
(bUIEepHBIX HArpy30K, MUTAIOIIUX KOHEYHBbIE T'DAaHHYHBIE YYAaCTKH, CTAHIUH, IOJIHE3IHBIE
MYTH JIETIO, >KEJIE3HOJOPOKHBIE y3JIbl, HAIPSDKEHUS X0JIOCTOTO X0Aa U YIJIbl O MEXY Harpsi-
KEHHSIMH XOJIOCTOTO X0J[a CMEKHBIX TATOBBIX MOACTAHIH. [IpeaoskeHs! anropuT™bl Hamo-
HEeHMs 0a3 JaHHBIX.

KiroueBble ciioBa: Harpy3ku GpuaepoB, HaPsDKEHUE XOJIOCTOrO X0/1a, 0a3bl JaHHBIX.
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V. V. Domansky

TRAIN TRACTION POWER SUPPLY PARAMETERS FOR FILLING SIMULATION
MODEL DATABASES

Abstract. The conducted studies of train traction power supply parameters make it possible
to fill the databases of expert systems and improve their quality in order to select energy-saving
modes of operation of electric traction networks. A series of statistical measurements of feeder
currents at traction substations supplying hauls, station load and access roads of locomotive
depots, as well as open-circuit voltages of adjacent traction substations were carried out. Sta-
tistical characteristics of feeder loads supplying end boundary sections, stations, depot access
roads, railway junctions, open-circuit voltages and angles 6 between open-circuit voltages of
adjacent traction substations are obtained. Algorithms for filling databases are proposed.

Keywords: feeder loads, idle voltage, databases.
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H. H. Unioxun, K. B. Aéoeesa, FO. M. Enusaposa, H. A. Yepmonvicosa

OIIPEAEJIEHUE INEPEXO/JHBIX IIAPAMETPOB B MECTE IIOBPEKJIEHUSA
MOJIBEMHBIX KABEJIEHN DJIEKTPOCHABXEHUSA KEJIE3HOJJOPOKHOI'O TPAHCIIOPTA

AnnoTanus. K HeTATOBBIM MOTPEOUTENSIM OTHOCST YCTPOMCTBA CUTHAIM3AIMH, [IECHTPA-
JU3aIUN U OJIOKUPOBKH, CHJIOBBIE U OCBETHUTENbHBIE HArPYy3KH MPOMEKYTOUHBIX CTaHIUM,
CJ'Iy)Ke6HBIe 1 OBLITOBBIE 3JaHuA, JOKOMOTHUBHBIC N BarOHHBIC ACIIO. HonyquHHe 3HaA4YCHUA
napamMeTpoB IJIAHUPYETCS 3aTEM HUCIONB30BaTh PH pa3paboTKe U TEOPETUUESCKOM 000CHOBA-
HUM METOJIa TIONCKA MECT MOBPEXK/ICHUS Ka0els B YCIOBHUSIX TaIbBAHHYECKOTO U UHITYKTHUB-
HOT'O BJIUSTHUS 3JICKTPUDUIIUPOBAHHOIO KEJIC3HOIOPOXKHOTO TpaHcmopra. [iist JocTikeHus
,Z[aHHOI‘/,I CJIn MPOBCACHBI SKCIICPUMECHTAJIBHBIC UCCIICIOBAHUSA B na60paToprlx YCIOBHUAX C
MOMOIIBI0 METOJa JIBYX SJICKTPOJOB, MPU HCIOIB30BAHUK KOTOPOTO HET HEOOXOIUMOCTH
YYUTBIBATh MAapaMeTPhbl JOMOIHUTEIBHOTO AJIeKTpoaa. s onpeaeseHus] CONPOTHBICHUS U
€MKOCTH I'PaHUIIbI Pa3JieNia «MeTall — JIEKTPOJIUTY» BhiBeeHbI hopMyIbl. B pesynbrare aKc-
MIEPUMEHTA MOJyYSHBI 3aBUCUMOCTH ITEPEXOIHBIX [TapaMETPOB B MECTE IMTOBPEIKACHUS METHON
skutel kabenst BBI. TlonmydeHHbIe 3HaUeHUS IEPEXOIHBIX TAPAMETPOB B MECTE IMTOBPEIKICHHS
MTO3EMHBIX KaOeJIel 2JIeKTPOCHAOKEHHUS JKETIE3HOAOPOKHOTO TPAHCIIOPTa OYyAyT MCIIOIB30-
BaHBI IPH pa3pab0TKE M HAYYHOM 0OOCHOBAaHHH METO/a TIOUCKA MECT TTOBPEXKICHHS KaOes B
YCIIOBUSIX TAIbBAHUYECKOTO U MHIIYKTUBHOT'O BIUSHHUS IEKTPUDUITUPOBAHHOTO )KEIE3HOI0-
POXHOTO TPAHCHIOPTA.

KiroueBble ciioBa: kabelb, MOBpeXkIIeHNE, TPAHUIIA pa3jesa cpell, MeTO JIBYX JJIEKTPO-
JIOB, KOPPO3HSL.



s nuTupoBanus: OnpezieseHue NepexoaHbIX IapaMeTPOB B MECTE OBPEXKICHUS 1101
3eMHBIX KaOesel saeKTpocHabKeHus kele3HomopokHoro tpancmopra / H. H. WMmoxuw,
K. B. ABneesa, H0. M. EmuzapoBa, H. A. UepronsicoBa // BectHuk PoctoBckoro rocyaap-
CTBEHHOTO YHHMBepcuTeTa myTted coobmenmusa. — 2023. — Ne 2. — C. 100-109. —
DOI 10.46973/0201-727X_2023_2_100.

N. N. llyukhin, K. V. Avdeeva, Yu. M. Elizarova, N. A. Chertolysova

DETERMINATION OF TRANSIENT PARAMETERS AT THE POINT OF DAMAGE
UNDERGROUND CABLES FOR POWER SUPPLY OF THE RAILWAY TRANSPORT

Abstract. Non-traction consumers include signaling, centralization and blocking devices,
power and lighting loads of intermediate stations, office and household buildings, locomotive
and wagon depots. The obtained values of the parameters are planned to be used later in the
development and theoretical justification of the method for searching for cable damage points
under the conditions of galvanic and inductive influence of electrified railway transport. To
achieve this goal, experimental studies were carried out in laboratory conditions using the two-
electrode method, when using which there is no need to take into account the parameters of an
additional electrode. Formulas are derived to determine the resistance and capacitance of the
metal-electrolyte interface. As a result of the experiment, the dependences of the transient
parameters at the point of damage to the copper core of the VVG cable were obtained. The
obtained values of transient parameters at the point of damage to underground cables of power
supply of railway transport will be used in the development and scientific substantiation of a
method for finding cable damage points under the conditions of galvanic and inductive influ-

ence of the electrified railway transport.

Keywords: cable, damage, interface, two-electrode method, corrosion.
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A. B. Kocmiokos, B. J]. Bepeckyn

METO10JOT'UsI UCCJENOBAHUMA HICTOUYHUKOB BUBPALIUU U IITYMA
CHUCTEMBI OXJIAJKIEHUSI CUJIOBBIX TPAHC®OPMATOPOB *

AnnoTtauus. PaboTa cuoBbIX TpaHcGOpMaTOPOB CONMPOBOKIAETCS BUOpALIEl U ITyMOM
AIIEMEHTOB KOHCTPYKIIMI cHiIoBOTO TpaHcdopmaropa. B pabore ampoOupoBaHa MeTomnKa
pacuéra BHOpAIMH M IIyMa BCIIOMOTATEJIHbHOTO 00OPYIOBAHUS CUCTEMbI OXJIQXKJICHHUS CHIIO-
BOro Tpancopmaropa. B kauyecTBe OCHOBHOTO UCTOYHHKA IIIyMa CUCTEMBbI OXJIXKACHUS CH-
J0BOro TpanchopMaropa paccCMaTpUBAJICA ACHHXPOHHBIA ABHraTelb ¢ KOPOTKO3aMKHYTHIM
potopom 4A100S4V3. TIpoBeicHbI pa3IHYHbIC BAPUAHTHI UCCIICIOBAHNN BUOpAIIUU U IITyMa
ACHHXPOHHOTO JBUTATENS MPY MUTAHUH OT UCTOYHHUKA MMPOMBIIIJICHHOW YaCTOTHI M Ipeodpa-
30Barteisl HanpsbkeHus. OnpeaeneHbl aMIUTUTYAbl IPOCTPAHCTBEHHO-BPEMEHHBIX BOJIH Mar-
HUTHOW WHIIYKIIMH, COOTBETCTBYIOIIE MOJIaM ITPOCTPAHCTBEHHBIX KoJeOaHMIi cTaTopa U po-
TOpa, B MPOIIECCE MCCIEIOBAHMN OBUIM TAaKXKE PACCUMUTAHBI aMILTUTYIBI Konebanus (BuOpa-
[IUH) CTAaTOpa M pOTOPa, COOTBETCTBYIOIIIE MOAaM MIPOCTPAHCTBEHHBIX KoeOanuil. JlaHsl pe-
KOMCHAAIIUH 110 CHHKCHUIO BI/I6paHI/II/I " mryMa CUCTEMbI OXJTaXKACHUA CUJIOBBIX Tpchq)opMa-
TOPOB.

KiroueBblie cioBa: cuiioBoil TpancdopMaTop, IIyM W BUOpalys, aCHHXPOHHBIN JBHTa-
TCJIb, LIMPOTHO-UMITYJIbCHAS MOAYJIAINA, MAarHUTHasA CUCTEMA, 4aCTOTa MOAbI, pOTOpP, CTATOP,
MarHUTHOE TOJIe, TOTOKOCIEIUICHHE, HHYKTUBHOCTb, JJICKTPOMATHUTHBI MOMEHT.

Jast muruposanusi: Koctiokos, A. B. Merononorus uccieoBanuii HICTOYHUKOB BUOpa-
[IMU 1 IITyMa CUCTEMBI OXJIaXKIEHUS CUIIOBBIX Tpancopmaropos / A. B. Koctiokos, B. /1. Be-
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A. V. Kostyukov, V. D. Vereskun

METHODOLOGY OF RESEARCH OF VIBRATION AND NOISE SOURCES
OF THE COOLING SYSTEM FOR POWER TRANSFORMERS

Abstract. The operation of power transformers is accompanied by vibration and noise of
structural elements of a power transformer. In this paper, a method for calculating the vibration
and noise of the auxiliary equipment of the cooling system for a power transformer was tested.
An asynchronous motor with a squirrel-cage rotor 4A100S4U3 was considered as the main
source of noise in the cooling system for the power transformer. Various options for studying
the vibration and noise of an asynchronous motor when powered by an industrial frequency
source and a voltage converter have been carried out. It is determined the amplitudes of space-
time wave of magnetic induction corresponding to the modes of spatial oscillations of the
stator and rotor. In the research process, the amplitudes of oscillation (vibration) of the stator
and rotor corresponding to the modes of spatial oscillations were also calculated. Recommen-
dations are given to reduce vibration and noise of the cooling system of power transformers.

Keywords: power transformer, noise and vibration, asynchronous motor, pulse width mod-
ulation, magnetic system, mode frequency, rotor, stator, magnetic field, flux coupling, induct-
ance, electromagnetic moment.

For citation: Kostyukov, A. V. Methodology of research of vibration and noise sources of
the cooling system for power transformers / A. V. Kostyukov, V. D. Vereskun // VVestnik Ros-
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. H. Kypunxun, B. B. I'paues, B. @. Tanaes

PACYET HATPY30UHBIX XAPAKTEPUCTHK TSITOBBIX 3JIEKTPOABUT ATEJEN
MOCTOSIHHOI'O TOKA IO JAHHBIM MUKPOITPOLIECCOPHBIX CUCTEM YIIPABJIEHUSI
U JUATHOCTHUKH ~

AnHoTanus. OakTHYeCcKre HArPY30UHBIC XaPAKTEPUCTUKU TATOBBIX DIICKTPOJIBUTATEICH
JIOKOMOTHBA C 3JICKTPUYECCKOHN Mepenadeii MOITHOCTH M0 JaHHBIM MUKPOIIPOLIECCOPHBIX CH-
CTEM YIIPaBJICHHUSI HEOOXOIUMBI JII YTOYHECHHUS PEATIbHBIX TATOBBIX XapaKTEPUCTUK JJOKOMO-
TUBOB ITPH BIMOJIHEHUU OTIEPATUBHBIX TATOBBIX PAcUeTOB. B paboTe HCIOIh30BaTHCh METOIBI
TEOPHH ICKTPHUUCSCKIX MAIIIUH, CTATUCTUYECKONU 00pabOTKY M pErpecCHOHHOTO aHATN3a DKC-
MEPUMEHTAIBHBIX JTaHHBIX. Ha OCHOBaHMHM CTaTHCTHYECKOTO aHAIM3a JaHHBIX PErHUCTPAIUH
MOJICUCTEMBI 00pTOBOM MuarHocTuku 20 cekiuii TermoBo3oB 2TA116Y u TOI1706C npemnio-
JKeHa U 000OCHOBaHA METOJIMKA OMPEACTCHUs (PaKTHUCCKUX HATPY30UHBIX XapaKTEPUCTHK Tsi-
TOBBIX 3JIeKTpoaBuraTelieii. [lonydeHHbIe pe3yabTaThl MO3BOJSAIOT YTOYHUTD MapaMETPhI TsI-
TOBOH XapaKTePUCTUKH JIOKOMOTHBA M MOTYT HMCIIOJIB30BATLCS MPHU BHITIOJHESHUH OTIEPATHB-
HBIX TATOBBIX PACUYCTOB.

KiroueBble cJioBa: HArpy30YHbIC XapaKTEPUCTUKH TATOBBIX JBUTATENCH, TSITOBBIC dJICK-
TPOJBUTATEIIM, TATOBBINA ITPUBO/I.
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D. N. Kurilkin, V. V. Grachev, V. F. Tanaev

CALCULATION OF LOAD CHARACTERISTICS OF DC TRACTION MOTORS ACCORDING
TO MICROPROCESSOR CONTROL AND DIAGNOSTIC SYSTEMS

Abstract. The actual load characteristics of the traction electric motors of a locomotive
with electric power transmission according to microprocessor control systems are necessary
to clarify the real traction characteristics of locomotives when performing operational traction
calculations. The methods of the theory of electrical machines, statistical processing and re-
gression analysis of experimental data were used in the work. Based on the statistical analysis
of the registration data of the on-board diagnostics subsystem of 20 sections of diesel locomo-

" Pabora BeimonHena B pamkax rpanta OAO «PXK/I» Ha pasBuTHE HayYHO-TIEJArOTHYECKUX IIKOJ B 0OJIACTH
KEJIE3HOJOPOKHOTO TPAHCIIOPTA.



tives 2TE116U and TEP70BS, a method for determining the actual load characteristics of trac-
tion motors is proposed and justified. The results obtained allow us to refine the parameters of
the traction characteristics of the locomotive and can be used when performing operational

traction calculations.

Keywords: load characteristics of traction motors, traction motors, traction drive.
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T. JI. Punonv-Capazocu, JI. @. Punoav-Capazocu

NCCIEAJOBAHUE SDHEPTO®®EKTUBHOCTHU NPOLECCOB OCYUIKHN
CXKATOI'O BO3JJYXA C UCITOJIB30OBAHUEM LHEOJIMTOB PA3JIMYHBIX MAPOK

AHHOTauus. PaccMoTpeHbI BONIPOCHI, CBS3aHHBIE C UCCIIEIOBAHUEM SHEPIOEMKOCTH MPO-
[IECCOB OCYIIKH CXATOTO BO3yXa C MPUMEHEHUEM PA3TUYHBIX MAPOK IIEOJIUTOB. BhImoiHeH
aHaN3 TerI0(U3NIECKUX CBOWCTB pacCMaTPUBAEMbIX aJCOPOEHTOB, ONPEAEICHbl YCIOBHS
IPOBEIEHHS TPOLIECCOB aCOPOLIMH B BUE 3aJaHUsl IMAa30HOB U3MEHEHUs CKOpOCTel 1BU-
JKEHUS CKATOTo BO3/IyXa yepes3 ajcopoep, Arana3oHa U3MEHEHHUsI OTHOCUTEIHHOMN BIaXKHOCTH
aTMOC(EepHOro BO3yXa C Y4eTOM OIPEeNICHHOTO KIacca YUCTOTHI CKATOTO BO3IyXa B COOT-
BETCTBUE C HOPMAaTUBHBIM JOKYMEHTOM. Ha OCHOBaHMM NOJTy4EHHBIX PE3YJIbTATOB, BU3YaJIH-
3UPOBAHHBIX B BHJE TMCTOTPaMM, MPOBENIEH aHATN3 IHEPTOdIPPEKTUBHOCTH paccMaTpUBae-
MBIX MapOK IIE€0JIUTOB, C(HOPMYIINPOBAHBI BHIBOIBI.

KiroueBble ciioBa: 3HeprodsdpHeKTUBHOCTD, LIEOJIHUT, CKATHIH BO3AYX, aTMOC(HEPHBIN BO3-
IIyX, IOPO3HOCTb, JHEPT03aTPAThI, KOMIIPECCOP, TUCTOrpaMMa.
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T. L. Ripol-Saragosi, L. F. Ripol-Saragosi

INVESTIGATION OF THE ENERGY EFFICIENCY OF COMPRESSED AIR DRYING
PROCESSES USING VARIOUS BRAND ZEOLITES

Abstract. The paper considers issues related to the study of the energy intensity of the
drying processes of compressed air using various grades brand zeolites, analyzes the thermo-
physical properties of the adsorbents under consideration, determines the conditions for the
adsorption processes in the form of setting ranges of changes in the speeds of compressed air
through the adsorber, the range of changes in the relative humidity of atmospheric air using
certain class of compressed air purity in accordance with the normative a document. Based on
the obtained results, visualized in the form of histograms, an analysis of the energy efficiency
of the brand zeolites under consideration is carried out. The conclusions are formulated.

Keywords: energy efficiency, zeolite, compressed air, atmospheric air, porosity, energy
consumption, compressor, histogram.
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MAIINMHOCTPOEHME

C. A. Bacun, A. B. Egcees, B. @. [lepwun, . A. FOpackosa

YIIPABJJEHHE KAYECTBOM HEKOTOPBIX KOMIO3UTHBIX U TETEPOI'EHHBIX
MATEPHAJIOB MOJN®PUKAITMEN HAHOKOMIIOHEHTAMM

AHHOTauus. ABTOPHI IPEJIAraloT K PACCMOTPEHHIO HOBBIH MOAX0] K aHaTIH3Y GopMupo-
BaHMsI yPOBHS KauecTBa HEKOTOPBIX KOMIIO3UTHBIX U JPYTHX MaTepUalioB IPpU MOAUPUKALNN
X HAHOKOMIIOHEHTaMHU. VcclienytoTes He TOJBKO BOIIPOCHl MOTU(HUKAIINN CBOWCTB TeTEpO-
TeHHBIX CMeCel U KOMITO3UTOB, HO M TEXHOJIOTUYECKHE CTIOCOOBI U 0COOEHHOCTH TTPOU3BO/I-
CTBa CaMUX MOAMMDUIMPYIOUIMX KOMIIOHEHTOB. B KauecTBe MallvH U arperatoB sl IPOU3-
BOJICTBA HAHOMOJIU(PUIMPYIONINX KOMIIOHEHTOB, Ha MIPHUMEpPE MTPOU3BOTHBIX rpadeHa, mpe/-
CTaBJICHBI 3aIIUIIEHHBIE TEXHUIECKHE PEIIEHHS B BUJIE POTOPHOTO MOAYJIS JUIs THAPOIKChO-
nranuy rpadura u GapabaHHON MeJNbHULBI. B KauecTBe KOMIIO3UTHBIX MaTepUaIOB U H3[e-
JIMH ¢ HOBBIMH WJIM YJIYYLICHHBIMHU CBOMCTBAMH MPEJIOKEHBI IPEMHUKCHI C MTOBBIILICHHOH 3(-
(EKTUBHOCTBIO UCTIOJIE30BaHMUsI, CTPOUTEIILHBIE OETOHBI C TIOBBIICHHBIMU IPOYHOCTHBIMH Xa-
PaKTEpUCTUKAMHU, METAJUIOPEKYIIUI HHCTPYMEHT C TIOBBIINIEHHBIMHU JEMITQUPYIOIUMH CBOT-
CTBaMH, a TaK)K€ CUHTETUYECKHE CMA3KU M Maclla CO CBEPXHM3KOM TeMIepaTypoi 3amep3a-
Hust. CHOpMyITHUPOBAHO COOTBETCTBUE JIAHHBIX TEXHOJOTHUH OOIIEH KOHIENIIMK BCEOOIIEero
YIPABJICHUS KAYECTBOM.

DOI 10.46973/0201-727X_2023_2_139



KuioueBble c10Ba: TeTEpOreHHBIE CMECH, KOMITO3UTHI, KOMITO3UTHBIE U3JIENHSI, BCeoOIIee
yIpaBlieHHE KauyecTBOM, CHUCTEMa MCEHEKMEHTa KadecTBa, MOTUPHUIIMPOBAHUE CBOWCTB,
HaHOMaTepHaJIbL.
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S. 4. Vasin, A. V. Evseev, V. F. Pershin, I. A. Yuraskova

QUALITY CONTROL OF SOME COMPOSITE AND HETEROGENEOUS MATERIALS

BY MODIFICATION WITH NANOCOMPONENTS

Abstract. The authors propose for consideration a new approach to the analysis of the for-
mation of the quality level of some composite and other materials when modified with nano-
components. Not only the issues of modification of the properties of heterogeneous mixtures
and composites are investigated, but also technological methods and features of the production
of the modifying components themselves are considered. As machines and units for the pro-
duction of nano-modifying components using graphene derivatives as an example, protected
technical solutions are presented in the form of a rotary module for graphite hydro exfoliation
and a drum mill. As composite materials and products with new or improved properties, pre-
mixes with increased efficiency of use, building concretes with increased strength character-
istics, metal-cutting tools with increased damping properties, as well as synthetic lubricants
and oils with ultra-low freezing point are offered. The correspondence of these technologies

to the general concept of total quality management is formulated.
Keywords: heterogeneous mixtures, composites, composite products, total quality man-
agement, quality management system, property modification, nanomaterials.
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C. A. Bacun, E. B. [lanmmoxuna

PA3PABOTKA KOHCTPYKTUBHBIX OTPAHUYEHUI HA TIAPAMETPBI _
YCOBEPIHIEHCTBOBAHHBIX IMCKOBBIX BYHKEPHBIX 3AI'PY304YHBIX YCTPOUCTB
JJIs1 AETAJIEU C HESIBHOU ACUMMETPUEHN

AnHoTanus. PaccMOTpeHB OCHOBHBIC MPOOJIEMBI OPUECHTHPOBAHUS JIETANICH ¢ HESBHOU
ACUMMETpHUEH B TPAIUIIMOHHBIX MEXaHUYECKUX AUCKOBBIX OYHKEPHBIX 3aIPY30UHBIX YCTPOI-
CTBax, IIPU KOTOPBIX PE3KO CHUIKAIOTCS UX HAJC)KHOCTh U IIPOU3BOUTENBHOCTD. [Ipeioxen-
Hble KOHCTPYKTHBHBIC pelieHus obecreyaTr TpeOyeMble 3HAUeHHs YKa3aHHbBIX ITOKa3aTesen
IpY 3aXBaTe M OPUEHTUPOBAHUH JeTajiel (OpMBbI Te BpAILCHUS C HESBHOW aCHMMETpHUEH.
IToka3aHbl 30HBI IOIYCTUMBIX 3HAYEHUN OCHOBHBIX KOHCTPYKTHUBHBIX I1APAMETPOB 3aXBaThI-
BalOIMX M OPUEHTHPYIOIIUX OPraHOB, YCOBEPIIEHCTBOBAHHBIX MEXAaHWYECKHX OMCKOBBIX
OYHKEpHBIX 3arpy304HBIX yCTPOCTB. Pa3paboTaHHbIe KOHCTPYKTUBHBIE OTPaHUYEHHS TI03BO-
JISIOT ONPEENIUTh ONTUMAIbHBIE ITapaMeTphl OCHOBHBIX Pa0OYUX OPTaHOB OYHKEPHBIX 3arpy-
304YHBIX YCTPOMCTB ISl HIMPOKON HOMEHKIIATYPBL AeTANIEH C HEIBHOM aCUMMETPHEH.

KiroueBble cjioBa: aBTOMaTHUECKas 3aTPy3Ka, OYHKEPHOE 3arpy304HOE YCTPOUCTBO, OpH-
E€HTUPOBAHME JETAJICH C aCUMMETPUEH, AETAIIN C HEIBHON aCUMMETPHUEH, HaJIe:KHOCTh OPUEH-
TUPOBAaHUS ACTAIEH.

Jast nuurupoBanus: Bacun, C. A. Pa3zpaboTka KOHCTPYKTHBHBEIX OTpaHUYCHUI Ha mapa-
METPBI YCOBEPIIEHCTBOBAHHBIX IUCKOBBIX OYHKEPHBIX 3aIPy304YHBIX YCTPOMCTB ISl IeTajIeH
¢ "HesieHOM acumMmetpueti / C. A. Bacun, E. B. [1antroxuna / Becthuk PoctoBckoro rocynap-
CTBEHHOTO yHHUBepcuTeTa mytei coobmenms. — 2023. — Ne 2. — C. 146-154. —
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S. A. Vasin, E. V. Pantyukhina

DEVELOPMENT OF DESIGN LIMITS ON PARAMETERS OF THE IMPROVED DISK HOPPER
LOADING DEVICES FOR PARTS WITH IMPLICIT ASYMMETRY

Abstract. The paper considers the main problems of the parts” orientation with implicit
asymmetry in traditional mechanical disk hopper loading device where its reliability and load
rate are sharply reduced. The proposed design solutions will provide the required values of the
specified indicators when gripping and orienting parts of the shape of rotation bodies with
implicit asymmetry. It is shown that there are zones of permissible values of the main design
parameters of the gripping and orienting bodies of improved mechanical disk hopper loading
devices. The developed design constraints make it possible to determine the optimal parame-
ters of the main working bodies of bunker loading devices for a wide range of parts with im-
plicit asymmetry.

Keywords: automatic loading, bunker loading device, orientation of parts with asymmetry,
parts with implicit asymmetry, reliability of parts orientation.
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C. C. I'yces, B. B. Makaposg

HNCCIEAOBAHUE U CO3JAHUE YHUBEPCAJIBHBIX HUKJIOB TOYEHU A
TOPHEBBIX U ITPOJOJIBHBIX KAHABOK

AHHOTanms. B Hatm nHU OTHUM U3 Ba)KHEHIIMX YCIOBUHM B pa3BUTUH MAIIMHOCTPOEHUS
ABIIIETCSl aBTOMATH3allUs IMPOU3BOACTBEHHBIX NpoueccoB. OCHOBHBIMH COCTaBISIONINMH
MIPON3BOACTBEHHOTO MPOLECCA CYUTAIOTCS KAK aBTOMAaTH3UPOBAaHHBIE TEXHOJIOTMYECKUE TTPO-
[ecchl MEXaHM4YeCKoi 00paboTKH, Tak U COOPKH, TPH MOMOIIN KOTOPBIX JOCTHTAeTCsl HEOO-
XOJIMMasi IPOU3BOJUTEINBHOCTD U Ka4€CTBO MOJIydaeMbIX u3fenuil. Mcnons3oBanue aBroma-
TU3UPOBAHHBIX CUCTEM, COCTOSIINX U3 YHUBEPCAIbHBIX CTAHKOB, cTaHKOB ¢ UIIY, oOpabatsI-
BaIOIIMX LEHTPOB, XapaKTEPHO KAK JJI CEPUMHOIO, TAK U JUIsl MEJIKOCEPUHHOTO NPOU3BO/-
ctBa. J{ns pa3zpaboTku onepanuii Ha crankax ¢ UITY u TexHOnIOrH4Yeckoro mpoiecca Heo00Xo-
JUMBI ONpenes€HHbIe MOAXOAbl M3-32 UX OCOOCHHOCTH: IPH HCIOJIb30BAaHUU aBTOMAaTHYeE-
CKOT'0O 3aMKHYTOT'0 IUKJIa yBEINYUBAETCS 3HAUEHUE MAIlIMHHOTO BPEMEHH;, BIMSIHAE IIPOTEKa-
IOILIETo Mpolecca npu padboTe; BeIUYMHA YHUCIIA ONEpaltii; CIOIb30BAaHUE PA3IMYHBIX WH-
CTPYMEHTOB; HAJIN4YME aBTOMAaTU4YECKOM 3arpy3ku, o0paboTKH, pa3srpy3Ku, KOHTPOJIb, TPAHC-
MOPTUPOBKA; UCIPABIICHUE YNPABISIOMINX MPOrpaMM; ObICTpasi MepeHaNaiKa; BHIIOIHEHHE
Pa3IMYHBIX TEXHOJIOTHYECKUX OIEpalfii Ha OJHOM CTaHKE; MPUMEHEHHE 0a30BbIX IHKJIIOB;
BcTpauBanue ACY TII B cTpyKTypy opraHu3alim; Co3anne o0IIero 1 YaCTHYHOro YIpaBJie-
HUS BCEM NPOLIECCOM.

KuroueBsble c10Ba: MalIMHOCTPOEHNE, IPON3BOICTBEHHBIN NPOIIECC, aBTOMATU3UPOBaH-
HbIE CUCTEMBI, YHUBEPCAJIbHBIE CTaHKH, cTaHku ¢ UIIY.

Hdast uutuposanus: ['yces, C. C. HUccnegoBanue u co31aHNe YHUBEPCATBHBIX UKIIOB TO-
YeHUs TOPLEBBIX U MpojioibHbIxX kaHaBok / C. C. 'yces, B. B. Makapos // Bectauk Pocrtos-
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S. S. Gusev, V. V. Makarov

RESEARCH AND CREATION OF UNIVERSAL TURNING CYCLES
OF END AND LONGITUDINAL FLUTES

Abstract. Nowadays, one of the most important values in the development of mechanical
engineering is the automation of production processes. The main components of the produc-
tion process are considered to be both automated technological processes of mechanical pro-
cessing and assembly, with the help of which the necessary productivity and quality of the
resulting products are achieved. The use of automated systems consisting of universal ma-
chines, CNC machines, machining centers is typical for both serial and small-scale production.
For the development of operations on CNC machines and the technological process, certain
approaches are necessary because of their features: when using an automatic closed cycle, the
value of machine time increases; the influence of the process during operation; the number of
operations increases; the use of various tools; the presence of automatic loading, processing,
unloading, control, transportation; correction of control programs; fast changeover; execution



of various technological operations on one machine; application of basic cycles; integration of
automated process control systems into the structure of the organization; creating general and
partial management of the entire process.

Keywords: mechanical engineering, production process, automated systems, universal ma-
chines, CNC machines.
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M. A. Kpasuenko

METOIUKA PACYHETA BbBIBOPA PALIMOHAJIBHBIX BAPUAHTOB CUCTEM
3BYKONOITIOIMEHMS /151 CHCTEM LIYMO3AIIUTDBI OIIEPATOPOB
KOMITPECCOPHBIX CTAHIIUU

Annotanus. Kaxxias koMmrnpeccopHasi yCTaHOBKa BKJIIOYAET /[Ba arperara — HerocpeICTBEHHO
KOMIIPECCOP M MCTOYHHUK 3HEPruu (OBurarens). IIpudem ucrnonb3yercs ABa TUNA JBUTATEIICH:
SNIEKTPOABUTATENH Ui KOMIIPECCOPOB MO MOIIHOCTH U JIBUTaTely BHYTPEHHETO CTOPaHHA
JUTSL KOMITPECCOPOB OOJTBIIION MOIITHOCTH. CIIeTyeT OTMETUTb, YTO MPAKTHUECKH Ha BCEX YUacTKaxX
KOMITPECCOPHBIX CTAHIMI YPOBHH 3BYKOBOTI'O IaBJICHHS ITPEBBILIAIOT AOITYCTUMbIE HOPMATHBHBIC
BEJIMYMHBI, B OCOOCHHOCTH Y KOMIPECCOPOB OOJIBIION MOIIHOCTH. B yCIIOBHSIX SKCIUTyaTalun
KOMIIPECCOPOB U IBUTATeNel CHU3NUTH YPOBHH IIIyMa B CAMOM MCTOYHHKE HE MTPEACTABIISETCS BO3-
MOXKHBIM, TT03TOMY ObUTa pazpaboTaHa METOAMKA BUOPOAKYCTHIECKOTO pacyeTa JJIsl 3aMKHYTBIX
MOMEIIEHNH 1 (PaKTUIECKH Ha 3TOH OCHOBE 00OCHOBAHBI CUCTEMBI LITYMOBHOPO3ALIUTHI ONIEPATO-
OB KOMITPECCOPHBIX CTAHIIUI 110 KPUTEPHIO BBITOJHEHHUS CAHUTAPHBIX HOPM Ha pab0vnX MecTax.
[Momyvarommuecs: B Xojie pacdera cOOCTBEHHBIE MOJIBI KOJIeOaHUH PacTIpeIeNstoTCs M0 IIUPUHE
COOTBETCTBYIOIIIMX OKTAB, CEPEIUHON KOTOPBIX SIBIISIOTCS CPEJHEICOMETPHUYECKHE YACTOTHI CO-
OTBETCTBYIOIINX OKTABHBIX (PHIIETPOB.

KuroueBble c/10Ba: KOMIPECCOPHbIE CTAHIIWU, CUCTEMbI 3BYKOIIOIJIOMIEHHUS, TPOU3BO/I-
CTBEHHBIC IOMEICHNS, KaOWHBI, JUCTAHIIMOHHOE YIIPABIICHHUE.

st nutupoBanms: Kpasuenko, M. A. Meronnka pacdera BEIOOpa palliOHAIBHBIX BapH-
AQHTOB CHCTEM 3BYKOIOTJIOMIEHHUS ISl CUCTEM IIyMO3AIIUTHI OMEPaTOpOB KOMIIPECCOPHBIX
cranuuii / M. A. KpaBuenko // BectHuk PocTOBCKOr0 rocyjapcTBEHHOIO YHUBEPCUTETA ITy-
teit coobmenust. — 2023. — Ne 2. — C. 167-171. — DOI 10.46973/0201-727X_2023_2_167.

M. A. Savenkova, S. A. Volyanik, A. P. Sychev, V. V. Avilov, P. G. Ivanochkin
THE EFFICIENT POLYMER PHOSPHOR-MOLYBDENUM ADDITIVE FOR LUBRICANTS

Abstract. The state diagram of the copper metaphosphate — molybdenum trioxide system,
in which 2Cu(POs).-4MoQO3 compounds are formed, has been studied by the methods of phys-
ical and chemical analysis such as thermogravimetric, X-ray and IR-spectroscopic. The use of



copper phosphoromolybdate additive to improve the physicochemical properties of greases
used in friction units of railway equipment was studied. Tribotechnical tests of the created
lubricants with a multifunctional additive 2Cu(POs)2-4MoO3z were carried out. The mechanism
of the lubricating action of antiwear, extreme pressure, anticorrosion additives of copper phos-
phoromolybdate in model bases, which used LZ-TsNII greases, used in roller bearings of rail-
way cars and TSIATIM-201, intended for friction units of automobile and aviation equipment,

is considered.

Keywords: friction, wear, lubricants, system state diagram, copper phosphoromolybdate,
multifunctional additive, tribotechnical tests, lubricating effect.
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B. B. lllanosanos, O. U. Kosanenko, U. A. Konooswicnouil, K. A. Kpyuunun, A. JI. O3160xun

PA3PABOTKA AJITOPUTMA YIIPABJIEHUSI
ABTOMATHYECKOUW CHJIOBO TPAHCMUCCHUEN

AHHoTanus. PaccMOTpeHa nepcrneKTHBHAs CUJIOBas aBTOMATHYECKasi TPAHCMHUCCHS, pas3-
paborannas yuéueiMu PI'YIIC. B KOHCTpYKLMH 3TOH aBTOMaTHYECKOH KOPOOKH TepeMEeHbI
nepenad (AKIIII) ncnonb3yercs opurnHalibHasl, He UMEIOLIas aHAJIOrOB My(QTa-IIecTepHs,



UCTIOJIB3YIOIIAsCS B Ka4eCTBe (PUKIMOHHOTO YCHIUTEIHHOTO 3BeHa. braromaps mpumene-
HUI0 MyQTHI-TIecTepHn yaanock yBeanantb KI1J[ AKIIII, BBHIY TOTO YTO MPaKTHIECKH OT-
CYTCTBYIOT Pa3pbIBbI IOTOKA MEPEIaBaEMOM MOIIIHOCTH, OJIarojaps 3TOMY CKOPOCTh BKITIOUE-
HUs Tepeaad yBenuumiach. Takke ObLI pa3paboTaH aIfOPUTM YIPABICHHS TPAHCMHUCCHUECH.
Ero mpuHImnm aeiicTBrs OCHOBAaH Ha IBIKEHHUH AIIEKTPOMArHHUTa, IIEPEMEIAI0Ierocs mapa-
JIENIEHO TEPKOHAM, KOTOPBIE SIBIISIFOTCS] aKTUBATOPAaMH TS 3aMBIKaHUS KITFOUeH. DIIeKTpomMar-
HUT >KE€CTKO 3aKpeIUICH Ha COJICHOUIC, IBUTAIOIIEMCSI BBEPX U BHU3 B COOTBETCTBUH C POCTOM
WIH YMEHBIIEHUEM HANpsHKSHHS, U3MEHSIONMIETOC B OOJBIIYIO WIIM MEHBIIYIO CTOPOHY 3a
CYeT CKOPOCTH BpaIlleHHs BBHIXOJHOTO Basia nBuratels. KOHCTPYKIUS CXEMBI yIpaBICHUS
TPAHCMUCCHUEH MPOCTA B UCIIOJIHEHUH U 00J1aJ1aCT BRICOKOW HAJICKHOCTBIO.

KaroueBble ciioBa: TpaHCMHCCHS, My(Ta-IIECTEPHS, CUCTEMAa YIPABJICHUS, AJITOPUTM,
KOHTAKT, TePKOH, SJIEKTPOMArHUT, HA/ICKHOCTb.

Jnsi uuTupoBanusi: Pa3spaboTka ajiropuTMa yrpaBieHHs aBTOMAaTHYECKOH CHIIOBOM
tpancmuccueii / B. B. Illamosasos, O. U. Kosanenko, 1. A. Komogsokusrii [u ap.] // Bectauk
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V. V. Shapovalov, O. I. Kovalenko, I. A. Kolodyazhny, K. A. Kruchinin, A. L. Ozyabkin

DEVELOPMENT OF AN AUTOMATIC POWER TRANSMISSION CONTROL
ALGORITHM

Abstract. In this paper, a prospective power automatic transmission developed by RSTU
scientists was considered. The design of this automatic transmission uses an original, unparal-
leled gear clutch, which is used as a friction reinforcement link. Due to the use of a gear-clutch,
it was possible to increase the efficiency of the automatic transmission in view of the fact that
there are practically no interruptions in the flow of transmitted power, thanks to which the gear
shift speed has increased. Also, a transmission control algorithm was developed. Its opera-
tional principle is based on the movement of an electromagnet moving parallel to the reed
switches, which are activators for closing the keys. The electromagnet is rigidly fixed to the
solenoid, which moves up and down in accordance with the increase or decrease in voltage,
which changes up or down due to the speed of rotation of the motor output shaft. The design
of the transmission control circuit is simple in execution and has high reliability.

Keywords: transmission, gear clutch, control system, algorithm, contact, reed switch, elec-
tromagnet, reliability.
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YIIPABJIEHUE N JIOTUCTHUKA HA TPAHCIIOPTE
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U. C. Aboynnaes

KIIACTEPU3ALUA CETHU KEJE3HBIX 1OPOI' KAK UHCTPYMEHT OIITUMU3ALIUN
IHAPAMETPOB IIPOEKTUPOBAHUSA OBBEKTOB UHO®PACTPYKTYPbI

AnHoTanus. PaccMoTpeH BOIPOC ONTHMHU3AINH TTapaMETPOB MTPOSKTUPOBAHHS 0OBEKTOB
UHQpacTpyKTypsl. [IpoaHaar3upoBaHbl BO3MOXKHBIE MPU3HAKH, TI0 KOTOPHIM MOYKHO CTPYII-
NHUPOBATh OTAEIbHBIE YIAaCTKUA M HAIPABICHHUS JKEJIC3HBIX JOPOT B KJIACTEPHI, ONPEICIICHBI
HanOoJiee MPUOPUTETHBIC U3 HUX MPHUMEHHUTEIHHO K BOIIPOCY MPOEKTUpoBaHMs. Mcxons n3
3aj1a4, KOTOPbIE JOJDKHBI pelaTh KiacTepbl BHYTPHU MOJIMTOHOB, a TAKXKe psijia TPHHIIUIIOB,
c(hOpMyYIMPOBAHHBIX JUIS BEIICICHUS KIACTEPOB U3 IMTOJUTOHOB KeJIE3HBIX JIOPOT, TIPEITIOKEH
HOBBIN TTO/IX0J1, KOTOPBI MO3BOJIHUT CHHXPOHH3UPOBATH MPOIECC MPOSKTHPOBAHUS C Iepe-
BO30YHBIM TpolieccoM. Kiactepusaius o3BOJIUT MOBBICUTH d()(GEKTUBHOCTD BIOKEHUS (HH-
HAHCOB B Pa3BUTHE JKEJIE3HOIOPOKHON HHPPACTPYKTYPHI M CO3/1aTh MPEIIOCHUIKH JJIsl aBTO-
MaTu3anuy npouecca GopMUpOBaHUS HA0Opa TEXHUIECKUX M TEXHOJOTHYECKHX MapaMeTpOB
00BEKTOB.

KiroueBblie ci1oBa: ene3HOJOPOXKHBIN KIIACTEpP, alITOPUTM BBIOOpa MapamMeTpoB pPa3BH-
THSI CETH JKEJIE3HBIX J0POT, OBBIIIEHHE Y()(HEKTHBHOCTH Pa3BUTHSI HHPPACTPYKTYPHI, TTOJIHU-
TOHHOE IIPOEKTHPOBAHHE.

Jas uurupoBanns: A6nymnaes, M. C. Knacrepusaius ceTH >Kele3HbIX JOPOT KaK HMH-
CTPYMEHT ONTHUMM3ALMH MapaMeTPOB INPOEKTUPOBAHUS OOBEKTOB HHQPACTPYKTYpHl /
U. C. AGgynnaes // BectHuk PocTOBCKOro rocyjapcTBEHHOTO YHUBEPCUTETA MyTeH cood1ie-
Hust. — 2023. — Ne 2. — C. 189-196. — DOI 10.46973/0201-727X_2023_2_189.

I. S. Abdullaev

RAILWAY NETWORK CLUSTERING AS A TOOL FOR OPTIMIZING DESIGN PARAMETERS
OF THE INFRASTRUCTURE OBJECTS

Abstract. The issue of optimizing the design parameters of infrastructure facilities is con-
sidered. Possible signs are analyzed, according to which it is possible to group individual sec-
tions and directions of railways into clusters, the most priority of them in relation to the design
issue are identified. Based on the tasks that clusters within polygons should solve, as well as a
number of principles formulated for the selection of clusters from railway polygons, a new



approach is proposed that will allow synchronizing the design process with the transportation
process. Clustering will improve the efficiency of financial investments in the development of
railway infrastructure and create prerequisites for automating the process of forming a set of
technical and technological parameters of facilities.

Keywords: railway cluster, algorithm for selecting parameters for the development of the
railway network, improving the efficiency of infrastructure development, polygon design.

For citation: Abdullaev, 1. S. Railway network clustering as a tool for optimizing design
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B. H. 3ybxos, H. H. Mycuenxo, O. A. Bopon, 1. JI. Jloneuii

AHAJIN3 Y MEPBI 1O COKPAILIEHUIO OBOPOTA BATOHA
HA CEBEPO-KABKA3CKOM KEJIE3HOM JJOPOT'E

AnHoTanus. BeimonHeH aHanmm3 000poTa BaroHa B yCIOBHAX TOCYAapCTBEHHOTO YIPaB-
JIEHUS BAaTOHHBIM MTAPKOM U PRIHOYHOM YKOHOMHKH. Y CTAHOBIICHO, YTO B YCIIOBUAX COBETCKOM
SKOHOMHUKH O0OPOT BaroHa B JICHCTBUTEILHOCTU B OOJIBIICH CTEICHU XapaKTepu30Bai 3¢-
(heKTUBHOCTP €r0 UCTIOIB30BAHUS U 32 €T0 BHITIOJTHEHWEM OCYIIECTBIISIICS TTOCTOSIHHBIN KOH-
TPOJIb. B pHIHOYHBIX YCIIOBHSX, KOT/Ia BECh BATOHHBIN NMAPK HAXOAUTCS B COOCTBEHHOCTH MHO-
JKECTBA KOMIIAaHUIA — OTIEPaTOPOB MOABMXKHOTO COCTaBa, ONTHUMH3AIHMI 000pOTa BaroHa He OT-
pakaeTcst Ha JOXOHOCTH OIEPaTOPOB OT MEPEBO30K TPY30B, M, COOTBETCTBEHHO, 10 UX MHE-
HUIO, HE CIeIyeT YACNATh JOHKHOTO BHUMAHUS ero yeKkopeHuo. OTcroa cienyeT BBIBO, YTO
B YCJIOBHSIX 0OJIBIIIOTO KOJMUECTBA COOCTBEHHUKOB IMOJIBUYXHOI'O COCTaBa 000pOT BaroHa Iie-
pecTai ObITh OCHOBHBIM ITOKa3aTelleM KauecTBa SKCILTyaTallHOHHON PabOThI KeJe3HBIX JOPOT.
Kak crencTBue, IporCXoIUT POCT BCTPEUHOTO IIOPOXKHETO ITpodera, yBeandeHrne 000poTa Ba-
TOHA U JIOKOMOTHBA, YTO BeACT K MomoiaHUTEeNbHBIM 3aTpataMm OAQO «PXX]l», BEI3BIBaET 10-
TPeOHOCTh YBEJIUYCHUS MOC3AHBIX JIOKOMOTHBOB U OpHraj, YCUICHUsS UHPPACTPYKTYpPhI U3-
3a 3aJIepP’KKH OOJIBIIIOTO KOJIMYECTBA IMOe310B U JIp. [IpenioxkeHpl Mephl 0 yCKOPEHHIO 000-
pOTa BaroHa u MOBBIIEHAIO 3 (HEKTUBHOCTH KCILUTYaTallMOHHON paOOTHI TPAHCIIOPTA.

KuaroueBble cjioBa: COOCTBCHHUKHM BarOHHOTO Tapka, 000pOT OOIEro BaroHa, pa3HOBH/I-
HOCTH 000pOTa BaroHa, 3()eKTUBHOCThH HCIIOJIb30BaHUSI BATOHHOTO TapKa, MEPHI TI0 COKpa-
IIEHHI0 000pOTa BaroHa, 3KOHOMHYECKas OlleHKa YCKOPEHHUsT 000poTa.

Jast mmrupoanusi: 3yoko, B. H. Ananus 1 MepsI 10 COKpaIlIeHHU0 000pOTa BaroHa Ha
Cesepo-Kaskasckoit skene3noit gopore / B. H. 3yokos, H. H. Mycuenko, O. A. Bopos,
W. J1. Jonruii / BectHuk POCTOBCKOr0 rocy1apcTBEHHOTO YHUBEPCUTETA ITyTEeH COOOIICHHUS.
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V. N. Zubkov, N. N. Musienko, O. A. Voron, I. D. Dolgiy

ANALYSIS AND MEASURES TO REDUCE THE TURNOVER OF WAGONS
ON THE NORTH CAUCASUS RAILWAY

Abstract. The analysis of the turnover of the car in the conditions of the car fleet state manage-
ment and the market economy is carried out. It is established that in the conditions of the Soviet
economy, the turnover of the car actually characterized the effectiveness of its use to a greater
extent, and its implementation was constantly monitored. In market conditions, when the entire car
fleet is owned by many rolling stock operators, optimizing the turnover of the car does not affect
the profitability of operators from cargo transportation, and, accordingly, in fact, the attention



should not be paid to its acceleration. This leads to the conclusion that in the conditions of a large
number of owners of rolling stock, the turnover of a wagon has ceased to be the main indicator of
the quality of the operational work of railways. As a result, there is an increase in the oncoming
empty run, an increase in the turnover of a car and a locomotive, which leads to additional costs
for the Russian Railways, causes the need to increase train locomotives and crews, strengthen in-
frastructure due to the delay of a large number of trains, etc. Measures are proposed to accelerate
the turnover wagon and increase the efficiency of the operational work of transport.

Keywords: the owners of the car fleet, the turnover of the common car, the types of turnover
of the car, the efficiency of the use of the car fleet, measures to reduce the turnover of the car, the
economic assessment of the acceleration of turnover.
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A. C. Kopues, P. 3. Xatipyanun

K PASPABOTKE IPOI'PAMM CPEJJHECPOYHOI'O 1 JOJI'OCPOYHOI'O
TIIJIAHUPOBAHUS PA3BUTHS ITAPKA CPEJICTB U3SMEPEHHI OAO «PXK]I»

AnHoTtaunus. [IpuBoaurcs 060cHOBaHHE HEOOXOIMMOCTH pa3pabOTKU paga MojeleH, uc-
MOJIb3yeMBIX TIpH (POPMHUPOBAHUH TPOTPAMM CPEJTHECPOYHOTO U JOJITOCPOYHOIO PA3BUTHS
napka cpeacts uamepennit OAO «PXK/I». IlpencraBnensl Moaenu ynpaBaeHUs dTalaMy KHU3-
HeHHoro nukia cpeacts u3mepeHnit OAO «PXK]», Bkirodas MOAEIN cO3JaHus HAyYHO-TEX-
HUYECKOTO 3371eJ1a, pa3padOTKH U IPOM3BOJICTBA CPEACTB N3MEPEHHIA HAa OCHOBE MCTIOIh30Ba-



HUSI TUCKPETHOM MOJYMapKOBCKON MOJIeNIM M JIOTUCTUYECKOW Mozenu. IIpeacraBieHsl pe-
3yJbTaThl MAaTEMaTHYECKOTO MOJENMPOBaHUSA. PacCMOTpEHBI MOCTOMHCTBA W HEJAOCTATKH
MpeaiaraeMbIX MaTeMaTH4YecKuX Mozeneid. CrenaH BBIBOJ O NadbHEHIINX MEPCICKTUBAX UC-
MOJIb30BAHUS PACCMATPUBAEMBIX MOTYMAapKOBCKUX MOEINIEH MPU CO3TaHUU CIIOKHBIX TEXHU-
YECKUX CUCTEM U APYTON BHICOKOTEXHOJIOTUIHOM MPOIYKIIHH.

KuaroueBble ci10Ba: CpeliCTBO U3MEPEHUM, )KU3HEHHBIN 1IUKJII, BEPOSATHOCTb, MOJIEIUPOBA-
HUE, TPOrPaMMHO-IIeNIEBOE TUIAHUPOBAHUE.

Jasi muruposanus: Kopues, A. C. K pa3paboTke mporpaMm cpeaHECpOTHOTO U TOITO-
CPOYHOTO TJIAHUPOBAHUS Pa3BUTHs Mapka cpeactB m3mepenuit OAO «PXK» / A. C. Kophes,
P. 3. Xaiipymnus // BecTHHK POCTOBCKOTO rOCYIapCTBEHHOTO YHUBEPCHUTETA IyTel cooOIe-
Hust. — 2023. — Ne 2. — C. 206-216. — DOI 10.46973/0201-727X_2023_2_206.

A. S. Kornev, R. Z. Khayrullin

TO FORMATION OF MEDIUM-TERM AND LONG-TERM PLANNING PROGRAMS
DEVELOPMENT OF THE FLEET OF JSC “RUSSIAN RAILWAYS”
MEASURING INSTRUMENTS

Abstract. This paper provides a justification for the need to develop a number of models
used in the formation of programs for medium- and long-term development of the park of
measuring instruments of JSC “Russian Railways”. Models for managing the stages of the life
cycle of measuring instruments of the Russian Railways are presented, including models for
creating a scientific and technical reserve, development and production of measuring instru-
ments based on the use of a discrete semi-Markov model and a logistic model. The results of
mathematical modelling are presented. The advantages and disadvantages of the proposed
mathematical models are considered. The conclusion is made about the future prospects of
using the considered semi-Markov models in the creation of complex technical systems and
other high-tech products.

Keywords: measuring instrument, life cycle, probability, modeling, program-target planning.
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T.E. Jlu, P. I'. Koponv

OLEHKA DOPEKTUBHOCTU 3TAITHOI'O PASBUTUSA TPAHCIIOPTHOTI'O Y3JIA ITYCAH



AnHoTtanus. [IpoekT o0beTMHEHIS KOPEHCKUX JKEIE3HBIX TOPOT HEOOXOIUM I KOHKY-
PEHTOCTIOCOOHOCTH MEXIYHAPOIHOM JOTUCTUKHU. TpancimopTHBIN y3en [lycan OymeT kimtode-
BEIM 00BeKTOM Ha TpaHCKOpPEHCKOH JKeIe3HOIOPOKHON MarucTpaIr, KOTOPOMY B TIEPCIIEK-
TUBE MOTPeOyeTCs pa3BUTHE JUISI OCBOCHHUS YBEINYHBAIOLIETOCS 00beMa IPy30BbIX IIEPEBO-
30k. [loaToMy mens maHHOW pabOTHI 3aKIFOYaeTCsl B OleHKE dPPEKTUBHOCTH MEPOTPUITHHA
ATAIHOTO Pa3BHUTHS TpaHCHIOPTHOTO y3i1a [lycaH. 3agaun BKIIFOYAIOT MAaTEMaTHIECKOE OIHCa-
HUE 3TaIHOTO Mepexoa MEXIy OpraHu3allMOHHO-TEXHOJIOTMUYECKUMH, TEXHUYECKUMU U UH-
bpacTpykTypHEIME MeponpusTHsaMu. [IpeqmeT nccienoBanus — KeIe3HOJOPOKHAS, TTOPTO-
Basi M aBTOTPAHCIIOPTHAS MOJCUCTEMBI TpaHCIIopTHOTO y3ia Ilycan. PaboTa BeimonHeHa ¢ mmo-
MOIIbI0 MaTEMAaTUIECKUX METOAOB UccienoBanus. B pabote mpennoxeno coznanue Llentpa
YIpaBICHHS TPAHCIIOPTHOTO Y371, KOTOPBIA OCYIIECTBIIACT ONEPATUBHBIM 00MEH WH(pOpMa-
et ¢ agmuancTpanuei nopra [lycan, kommanneit KORAIL, TepmuHanaMu 1 KOHTPOJIHPY-
fommMu opranamu. Opraauzanus LieHTpa ynpasiieHust TPaHCIIOPTHOTO y371a TOBBICUT 3 dek-
TUBHOCTh MYJIbTUMOJIAJBHBIX MEPEBO30K 3a CYET WUCKIIOYCHHS JTyOTUpOBaHMS 3a7ad MPH
yIpaBJIeHUH U Tepenade WHGOPMAIUN MEXAYy CYOBEeKTaMH TPaHCIOPTHO-JTOTHCTHYECKOTO
mporiecca. B 3aBepieHNN cTaThi pacCMOTPEH Y€TBEPTHIH 3Tall Pa3BUTHS TPAHCTIOPTHOTO y3I1a
B BH/JIE CO3/IaHUS HOBOT'O TPAHCIOPTHOTO y3J1a UM «CYXOTO MOPTay, a TAKXKe OMUCaH 3KOHO-
MUYECKHA APPEKT ISl YIACTHUKOB JOTHCTUYECKOTO MPOIECcCa M TPAHCIOPTHON CHCTEMBI
Pecrry0imku Kopest.

KuaroueBble cioBa: TpaHCHOPTHBIN y3€l, CyXOH IOPT, TPaHCIOPTHO-JIOTHCTUYECKUN
LeHTp, TpaHckopelckas xeae3Has Jopora, Mopckoit nopt Ilycan.

Jas murupoBanus: Jlu, T. E. Ouenka s pexTuBHOCTH 3TAITHOTO Pa3BUTHS TPAHCIIOPT-
Horo y3na [lycan / T. E. JIu, P. T'. Kopous // BectHuk PocToBckoro rocy1apcTBEHHOTO YHH-
BepcureTa myteil coobmenus. — 2023. — Ne 2. — C. 217-230. — DOI 10.46973/0201—
727X_2023_2_217.

T.Y. Lee, R. G. Korol

ASSESSMENT OF THE EFFECTIVENESS OF THE PHASED DEVELOPMENT
OF THE BUSAN TRANSPORT HUB

Abstract. The project to unify the Korean Railways is essential to the competitiveness of
international logistics. The Busan hub will be a key facility on the Trans-Korean Railway,
which will need to be developed in the future to absorb the increasing volume of freight traffic.
Therefore, the purpose of this work is to evaluate the effectiveness of measures for the staged
development of the Busan transport hub. The tasks include a mathematical description of a
staged transition between organizational, technological, technical and infrastructural
measures. The subject of the study is the railway, port and motor transport subsystems of the
Busan transport hub. The work was done using mathematical research methods. The paper
proposes the creation of a transport hub control center, which carries out an operational ex-
change of information with the Busan Port Authority, KORAIL, terminals and regulatory au-
thorities. The organization of the Transport Hub Control Center will increase the efficiency of
multimodal transportation by eliminating duplication of tasks in the management and transfer
of information between the subjects of the transport and logistics process. At the end of the
article, the fourth stage of the development of the transport hub is considered in the form of
the creation of a new transport hub or "dry port", and the economic effect for the participants
in the logistics process and the transport system of the Republic of Korea is also described.

Keywords: transport hub, dry port, transport and logistics center, Trans-Korean railway,
Busan seaport.
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NHOOPMAIIMOHHBIE TEXHOJIOI'HH,
ABTOMATHUKA U TEJIEKOMMYHHUKAIIUN

YK 656.2 : 004.4 + 06 DOI 10.46973/0201-727X_2023 2 231
B. ]I. Bepecxyn, JI. E. [Ipumwvixun, b. /. aenousn, A. B. Peuwiemos, A. B. Muwenxo

PA3PABOTKA NIOACUCTEMbBI UMUTAIINU IBUKEHUA ITOE3/10B B PEKUME
NCIIOJTHEHUSA HOPMATHUBHOI'O I'PA®UKA JIBUKEHUSA B PAMKAX
YUYEBHO-JTABOPATOPHOI'O KOMILVIEKCA «BUPTYAJIBHAS /KEJIEZHASA 1OPOI'A»

AHHoOTauus. B pamkax peanuzaunu 1adopaTopHOro KoMIuiekca «BupTyanbHas xene3Has
Jloporay pelraercs 3a7ada UIMUTAIUU JBY)KSHUS MOE3/0B 110 pealbHOMY YYacTKY JKeJIe3HOM
JOPOTH C YYETOM HCIOJHEHHs HOPMAaTUBHOIO rpaduka OBIKEHHS moe3noB. PaccmatpuBa-
FOTCSI apXUTEKTypa MOJCUCTEMBI U aITOPUTMBI, KOTOPBIE PEATU3YIOT UMHUTALIMOHHYIO MOJEIb
AaBTOMATUYECKOTO JBM)KEHHUS IMOE370B C BO3MOXKHOCTHIO MCIIOJHEHUS HOPMAaTHBHOTO Tpa-
¢buKa, yYuTHIBas CKOPOCTHBIE OTPAaHHUYCHHS M CUTHAJIBI aBTOMATUYECKOW JIOKOMOTUBHOM CHUT-
Hammzanuu (AJICH). [lpencraBneHa cTpykTypa B3anMOJEWUCTBHUS JaHHOW TMOJCUCTEMBI C
y4eOHO-1ab0opaTOpHBIM KOMIUTEKCOM «BupTtyanbHas sxene3Has gopora» (BXK]). Ommcansr
aJITOPUTMBI PabOTHI TPOrPAMMHON UMUTAITMOHHON MOJIETTH IBMKCHIS 1T0e3/1a. PaccMOTpeHsI
BapUaHThl PadOTHl AITOPUTMOB TIPH PAa3INUHBIX 3HaueHHsAX koxoB AJICH. Y neneHo BHuma-
HHUE OIMCAHUIO NMPOrPAaMMHBIX TE€XHOJIOTMH, MCHOJIBb30BAaHHBIX NMPH pa3paboTKe KOHEYHOTO
nporpaMMHoro obecriedenus. [IpuBeneHo onmucanue padoThl IPOrPaMMHOTO 00ecTieueHHs 1
pe3ybTaThl €r0 BHEAPEHUS B paMkax komruiekca BIXK/I.

KiroueBblie ciioBa: yueOHO-1a00paTOPHBIM KOMIUIEKC, BUPTYyalbHas >Kelle3Hasl 10pora,
HMHTAIMOHHAs MoJielb rmoe3na, C++, Qt.

Jast uutupoBanus: Pa3paboTka moJacHCTeMbl UMUTALINN JIBIKEHHUSI TTOE3/I0B B PEXHIME
WCTIOTHEHUST HOPMAaTHUBHOTO TpaduKa JBIDKEHUS B paMKax y4eOHO-1abopaTOPHOTO KOM-
iekca «BuptyanbHas xene3nas gopora» / B. . Bepeckyn, /1. E. Ilputeikun, b. /1. dari-
nusiH [u 1p.] // BectHuk POCTOBCKOTO TOCY1apCTBEHHOI'O YHUBEPCUTETA ITyTEH COOOIICHHS. —
2023. —Ne 2. — C. 231-239. — DOI 10.46973/0201-727X_2023_2_231.

V. D. Vereskun, D. E. Pritykin, B. D. Dagldian, A. V. Reshetov, A. V. Mishchenko

DEVELOPMENT OF A SUBSYSTEM FOR SIMULATION OF TRAIN TRAFFIC
IN THE MODE OF PERFORMANCE OF THE NORMATIVE TRAFFIC SCHEDULE
AT THE EDUCATIONAL AND LABORATORY COMPLEX
“VIRTUAL RAILWAY”

Abstract. The aim is to simulate the movement of trains along a real section of the railway,
as part of the implementation of the laboratory complex “Virtual Railway” due to the imple-
mentation of the normative train schedule. The architecture of the subsystem and algorithms
that implement a simulation model of automatic train movement with the possibility of ful-
filling the standard schedule using speed limits and automatic locomotive signaling signals



(ALSN) are considered. The structure of interaction of this subsystem with the educational
and laboratory complex “Virtual Railway” (VR) is presented. The algorithms of the software
simulation model of train movement are described. Variants of algorithm operation for differ-
ent values of ALSN codes are considered. Attention is paid to the description of software
technologies used in the development of the final software. The description of the software
operation and the results of its implementation at the VR complex are given.

Keywords: educational and laboratory complex, virtual railway, train simulation model, C++, Qt.
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A. U. Jloneuii, C. M. Kosanes, A. H. ['yoa

HUHTEJJIEKTYAJIbHBIIA MOHUTOPUHT TEPEBO30YHBIX ITPOIIECCOB
HA OCHOBE JUHAMMUYECKOI'O METO/IA TJIABHBIX KOMIIOHEHT

AnnoTtauus. PaccmarpuBaeTcs HOBasi TEXHOJOTHSI MHTEIUIEKTYalIbHOTO MOHHUTOPHHTA MPO-
LIECCOB JKEJIE3HOLOPOKHBIX MIEPEBO30K C UCIOIb30BAHUEM AMHAMHUYECKOIO METO/A ITIaBHBIX
KOMITOHEHT. OHa BKIIFOUAET PEKYPCUBHBIN alTOPUTM BBIYMCICHUS TTIAaBHBIX TPU3HAKOB U TPU
CTaTUCTHYECKUX KPUTEPUS, UCIIOIB3yEMBIX B MEXaHU3Me TIPUHATHS peteHuil. [Ipumenenne
NPEIJIOKEHHON CXEMbl JEMOHCTPUPYET peannu3yeMocTh U 3G (HEeKTUBHOCTD PEKYPCUBHBIX ajl-
TOPUTMOB aJalITUBHOTO MOHUTOPHHIA CJIOKHBIX CJIa00(pOpMaIn30BaHHBIX NIPOLECCOB B OH-
JIalH-pEXKUME.

[TockonbKy B OOJIBIINHCTBE TEXHOJOTHUECKUX IIPOLIECCOB IPOUCXOAAT MEAJICHHBIE, YBOJIIO-
LIOHHUPYIOLINE U3MEHEHHS, TAKUE KaK CTapEHHE HAIIOJIBLHOTO 000pYA0BaHUs, Ipeidbl NaTuu-
KOB, IIEPHOANYECKOE O0CTYKMBaHUE I MOACPHHU3ALUS TEXHUYECKHUX CPEICTB, OXKHUIACTCS, UTO
NpPEJIOKEHHAS B CTaThe CXeMa aJallTHBHOTO MOHUTOPUHTA HaliIeT MIMPOKOe IPUMEHEHHE Ha
JKENE3HOJOPOXKHOM TPaHCIIOPTE.

KiroueBble cj10Ba: MHTEIUICKTYaJIbHBI MOHUTOPHHT, PEKYPCUBHBIM aITOPUTM BBIYHCIICHHUS,
MIOTOKOBBIE JTaHHBIE, CIa00(OpMaTM30BaHHBIE TIPOLECCHI, COPTHPOBOYHBIC CTAHIIMH, WHTEIUICK-
TyalbHBIN aHaIH3, MAIIMHHOE 00y4YeHHE, 00bEM TIEPEBO30K, MTPOITYCKHAS CIIOCOOHOCTb.

Js uutupoBanus: Jonruii, A. Y. UHTen1eKTyanbHbIiI MOHUTOPUHT EPEBO30YHBIX MPO-
IIECCOB Ha OCHOBE JIMHAMHUYECKOT'0 METOo/1a r1aBHbIX KommoHeHT / A. W. Jlonruii, C. M. Kopa-

neB, A. H. I'yna // Bectauk PocTOBCKOTO TOCYyIapcTBEHHOTO YHUBEPCUTETA ITyTel coodie-
Hus. — 2023. — Ne 2. — C. 240-251. — DOI 10.46973/0201-727X_2023_2_240.

A. |. Dolgiy, S. M. Kovalev, A. N. Guda

INTELLIGENT MONITORING OF THE TRANSPORTATION PROCESSES BASED
ON THE DYNAMIC METHOD OF PRINCIPAL COMPONENTS

Abstract. The paper considers a new technology for intelligent monitoring of the railway
transportation processes using the dynamic method of principal components. It includes a re-
cursive principal feature calculation algorithm and three statistical criteria used in the decision
engine. The application of the proposed scheme demonstrates the feasibility and efficiency of
recursive algorithms for adaptive monitoring of complex poorly formalized processes in on-
line mode.

Whereas the most technological processes undergo slow, evolving changes, such as aging
of floor equipment, sensor drifts, periodic maintenance and modernization of technical equip-
ment, it is expected that the adaptive monitoring scheme proposed in the article will be widely
used in railway transport.

Keywords: intelligent monitoring, recursive calculation algorithm, streaming data, poorly
formalized processes, marshalling yards, intelligent analysis, machine learning, traffic volume,
throughput.
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TPEBOBAHUS K O®OPMJIEHUIO CTATEWM
JJIA ITYBJIUKALIUNU B KYPHAJIE «BECTHUK PI'YIIC»

1 Marepuanabl cTaTeil NMPEICTABISIOT B BUIE TEKCTOB, OT(OPMATUPOBAHHBIX U PacleyaTaHHBIX
Ha JIa3€pPHOM WJIM CTPYHHOM MpHHTEpe (MPHUTOAHBIX AJIsl CKaHWpOBaHMs) Ha Oenoii Oymare ¢opmara A4
(210%297 mm) B omHOM 3K3eMILIsipe. Pekomennyemblii 00beM cTatbu — 5—15 cTpanu.

OHOBPEMEHHO TPECTABISIOT MIIEKTPOHHYIO BEPCHIO CTAThH, BHIIIOJHEHHON B TEKCTOBOM PEAAKTOPE
Word for Windows, mpugt Times New Roman, 11 pt, MexkcTpouHBIl HHTEPBaJ — OAMHAPHBIN, BHIPABHUBAHHE
0 MIMPHHE, ad3amHblid otcTyn — 1,25 cM, Bce monst — 2 cM.

2  Ha nepBoii cTpaHHulle JOKHBI OBITH YKa3aHBbI:

Y/IK — B 1eBOM BEpXHEM YTIIY;

WHTEpBAJ;
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— npsMbIM mpudroM. Maremarndeckne cuMBoiibl lim, In, arg, const, sin, cos, min, max u T.1. HaOUpPaAIOT
npssMbIM TprdToM. AGOpeBHATYPHI ClieyeT paciuppPOBBHIBATH MTPH UX TIEPBOM YIIOMUHAHUH B TEKCTE.

5  ®opmyasl. bojbiive GopMyibl HEOOXOAMMO pa3OUTh Ha OT/ENIbHbIC (parMeHTh. DparMeHThI
(hopMyII IO BO3MOXKHOCTH JIOJKHBI OBITH HE3aBUCUMBI (TIpH paboTe B POpMYITHLHOM pellakTope Kax/1as CTpoKa
— OTJIeNbHBINA 00beKT). Pacmonarats GpopMyibl clienyeT Mo IMEeHTPY CTPOKH.

bykeerJul,eulLhun,qug, VuU, O (6ykea) u 0 (HOJIB) JOMKHBI Pa3IN4aThCs 110 HAYEPTAHUIO.

Tupe, neduc, 3HaK «MUHYC» 0003HAYAIOT COOTBETCTBYIOIIMMH 3Hakamu. HymepoBarh ciemyer
TOJILKO T€ ()OPMYIIbI, Ha KOTOPBIE €CTh CChUIKH B Tekcte. Homep gopmynsl cienyer nedatars B Word oT-
JETBHO OT OPMYII, B KPYTIIBIX CKOOKax MO MPaBoOMy Kparo.

WE E E E EEEEEEESR


mailto:%20guda@rgups.ru
mailto:AAlexandrov@r66.ru

O003HaYeHYsI, TEPMUHBI ¥ WJUTIOCTPATUBHEIN MaTepyall JOKHBI COOTBETCTBOBAThH JICHCTBYIOLIUM
I'OCTam.

6 Pucynku u dororpaduu, BEIIOJHECHHBIE YSTKO U KOHTPAcTHO B ¢opmate *.tif, * jpg, *.png, ¢
paspemenuemM He meHee 300 Todek Ha MIOWM, CIEAyeT pa3MeIaTh B MOPSIAKE WX YIOMHUHAHHS B TEKCTE.
CchlUTkH Ha pUCYHKH B TEKCTE W ITOJAPUCYHOYHAS TOANHCH 0053aTEIbHEI.

7  TaGauusl cliefyeT pa3MeniaTh 1o Mepe YIIOMHHaHUS B cTaThe. CCHUIKH Ha TaOJIHIIBI B TEKCTE U
HazaHWs TaOIHI 00s13aTeTHHBL.

8 Cnucox auTepaTtypbl NPUBOAAT OOIIMM CIIHCKOM B KOHIIE CTATHH M COCTAaBIISIIOT B COOTBET-
CTBHH C TIOCTIEIOBATENFHOCTHIO CCHIIOK B TEKCTE, KOTOPbIe 0003HAYar0T apabCKUMU I paMy B KBaJPaTHBIX
ckobkax. Jlureparypy odopmisiroT Tobko cornacao I'OCT P 7.0.100-2018. Ilpu nHanmmuun y ctateut mudpo-
Boro uaeHtudukaropa oorekta (DOI) ero ykazanue o0s3aTenbHO.

Cratps 1omKHA OBITH 003aTETHHO TIOIICAHA BCEMHU aBTOPAMHU.

9  Marepuansl, npujaraeMsble K CTaThe, JJOJDKHBI COJICPKATh CIICAYIONIUE CBEACHUS (Ha PYCCKOM
Y aHTJTUHCKOM SI3BIKaX):

m HasBanue craThu (3ar1aBHBIMU OyKBaMU, ITOJIY>KUPHBIM IIPUPTOM).
damunusi, UMs1, 0OTYECTBO aBTOpa (IIOIHOCTHIO, 0€3 COKpAIICHUH).

MecTto paboThl Ka)KI0TO aBTOpa B MMEHUTEIHHOM Maexe.

VYdeHas cTeneHs, yueHoe 3BaHHe, TOJDKHOCTS.

E-mail.

AHHOTanus (KpaTkoe coiep)kaHue CTaThbH, BKIIOYarolee 3—4 MpeyiosKeHus).
KiroueBsie croBa.

YciioBUS M NOPAJOK NYOJIUKALMHU CTATEH B )KypHAaJie

CraTbsl 10JIZKHA OBITH 0()OPMJICHA 0 NPHJIATaeMbIM TPeOOBAHUSIM.
ABTOp MMeeT NPaBo ONy0JMKOBATH B HOMepe OJIHY CTaThIo0.
ABTOp MOsKeT NPHCJIATh CTATHIO B a/Ipec pelaKIuu:
1o 1noy4re;
110 3JIEKTPOHHOM 1oyYre;
NMPHHECTHU B PEJAKIHUIO U NepeIaTh 0TBETCTBEHHOMY ceKkpeTapio (1. kopiyc, koM. J[ 107).
Cratss, npecTaB/isieMasi B peJaKIHI0, 101’KHA COOTBETCTBOBATh TeMaTHKe U3IaHUs.

Tematuka *ypHajia OXBaThIBA€T OCHOBHBIC MIPOOJIEMBI TPAHCIOPTA, @ TAKXKE SHEPTeTUKH, MAIIMHOCTPOCHUS U
ynpasnerus. [TyOnuKyIoTcs cTaThu 10 CIEAYIOIUM CEKINAM:

—  MAaIIMHOCTPOCHHUE;

—  TOJBIXHOM COCTaB, 6€30MaCHOCTb ABHKEHUSI U SKOJIOTHS;

—  nH(pOpManMOHHBIE TEXHOJIOTHH, ABTOMAaTHKA U TEIEKOMMYHHUKALINN;

- YIIpaBJIEHUE U JIOTHCTHKA HA TPAHCIIOPTE;

—  JKEeJE3HOAOPOKHBIN MyTh U TPAHCIIOPTHOE CTPOUTEIBCTBO;

—  TpaHCIOPTHas YHEPreTHKA,;

—  MOJEIHMPOBaHHE CUCTEM U TIPOIECCOB.

5 PenakuuoHHas KoJlJIerHsi IPUHUMAeT /sl MyOJUKAIMM CTATHU MOCJe TIATeJbHONH HAay4YHOIl 3Kc-
NepTHU3bl.

Jus myOnukanuy oTOMpaloT CTAaThy, KOTOPBIE MPEACTAaBIISIOT HAYYHBIH HHTEPEC M SBJISAIOTCS HOBOM CTYIICHBIO
B pa3paboTKe qaHHOM mpobiembl. CTaThy MyOIMIIMCTHYSCKOTO TUIaHA HE MPUHUMAIOTCS.

6  Ha3acexanum peakoJierny NPUHUMAIOT pellleHre 0 BO3MOKHOCTH My0JIMKAIMH CTAThH TOJILKO MPH
HAJITMYHMH MOJI0KUTEIbHON peneH3nu.

7  Bce pacxoabl N0 NOATOTOBKe K MyOJHKAIMM M U3AAHMIO ’KYPHAJIA ONJIAYMBaeT YHUBEPCUTET, B TOM
YyHcJie U NOYTOBBIE PAacX0/bl PH NepechblIKe )KypHaIa aBTOpaM.
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Kparkasa nndopmauus o :xypHaJie

HayuHo-TexHuueckuii )xypHan «BecTHUK POCTOBCKOro rocy1apcTBEeHHOTO YHHUBEPCUTETA MYTeH COOOLICHUS
(«Bectauk PI'YTIC») 3apeructpupoBan B DenepalibHOi Cityk0e 110 HaA30py B cdepe CBsA3M, MHPOPMAIIMOHHBIX TEXHO-
noruit u MaccoBbix koMmmyHuKanuii (POCKOMHA/130P), ceunerensctso o perucrparmu [T Ne @C77-77245 ot 20 Ho-
s6pst 2019 r. XKypHan nmeer MexXaTyHApOIHbBIM cTaHAapTHRINA cepranbHblii HoMep (ISSN 0201-727X), npucBOeHHBINH
Kuwmxnoit manaroit Poccuiickoit @enepanuu.

VYupeauteneM u u3nateneM spisiercs: PenepabHOE rocyAapcTBEHHOE 010/KETHOE 00pa3oBaTeNIbHOE yUpEexKIe-
HHeE BbICIIero 00pa3zoBaHus «PocToBCKUI rocyAapcTBEHHBIN YHUBEpCHUTET IyTei coobmenus» (PI'bOY BO PI'VIIC).

I'naBHBIN penakTop xypHaia — akageMuk PAH, 3acinyxeHHbIl fesTenb Hayku PO, TOKTOp TEXHUYECKUX HAYK,
npodeccop B.W. KorecHukos.

B coctaB pepakuuonHoit kouieruu Bxoasat Beaymue yuensle PI'YIIC, a Taxoke Ipyrux TpaHCIOPTHBIX U aKaje-
Mudeckux yHuBepcuteToB CeBepo-KaBkasckoro pernona, Mockssl, Cankt-IletepOypra, Pecnyonuku benapycs, Yer-
ckoit Pecriy6mnukw, [Tonbim, ®@panmmm.

KypHan BBIXOAUT C MEPUOAUYHOCTBIO 4 HOMEPA B TOJ, T.€. KaKAbII KBapTall.



C ampenst 2004 rona «Bectauk PT'VIIC» BrimroueH B «IlepedeHb MepruoudecKuX HAYIHBIX M HAyIHO-TEXHUYE-
CKUX U3JJaHHH, BBITyCKaeMbIX B Poccuiickoit @enepanuu, B KOTOPBIX pEKOMEHIYETCS Ty OIMKAIUs OCHOBHBIX PE3yJIbTa-
TOB JIMCCEPTAIlNi HAa COMCKAHWE YUCHOHN CTENeHN KaHIuaaTa u JoKTopa Hayk» (pemenue [Ipesumnyma BAK Ne 6/4 ot
06.02.2004 1.). XXypHax Bomex Bo Bce Iocueayromue peaaxmun [lepedns.

«Bectauk PI'VIICy» — moamucHoe uznanue. C 2004 rona xypHai ObUT BKITFOUCH B KATAJIOT MOITHUCHBIX H3IaHHMA
areHTcTBa «Pocnedatsy. Takke BKIIIOYCH B KaTaJIOT MOAMICHHIX m3aanuii O0penuaéHHOTO Katanora «[Ipecca Poccum»
(www.pressa-rf.ru mog uagexcom 53720).

IMoamucathes Ha XXypHAI MOXKHO B JIFOOOM OTACIICHUU CBSA3H, PACMIPOCTPAHSETCS JKypHAII Ha Tepputopun Poc-
cuiickoit @enepanuu. [Toanrucky MokHO OPOPMHTE Ha KBapTal, Ha ITOJITO/Ia MIIA HA TOA.

Kypnan «Bectauk PT'YIICy» OecruiaTHO paccpuiaeTcss BCEM OTPAaciIeBBIM By3aM, B PsiIi By30B MHUHHCTEpCTBa
00pa3oBaHus 1 Hayku Poccu, IEHTPaIbHBIM U 30HAILHBIM HayYHO-TeXHUUECKUM Onbmuorekam, HUU undopmarnmu.

ITouToBHBIii anpec pegaKkuuu:

344038, r. Poctos v//1, ur. PoctoBckoro Crpenkosoro [Tonka Hapogroro Omomaenus, 1. 2.
PocroBckuii rocynapcTBEHHBIH YHUBEPCUTET MyTEH COOOIIEHNSI.

Penaxmus xyprana «Bectauk PI'YIICy.

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

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

ApxuB )xypHasa u TpeOoBaHU 10 0(OPMIICHHIO CTaTell pa3MeIIeHs! Ha caiite http://vestnik.rgups.ru.
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