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K. C. Axsepoues, E. A. Bonzosa

KJIWHOBHIHAS OIIOPA CKOJIBXKEHUS C TIOJATJIMBOM OIIOPHOM MOBEPXHOCTBIO,
PABOTAIOLIASL HA CZCKUMAEMOM MATEPHAJIE B YCJIOBUSIX HAJTMYMST PACIITIABA
HA MOBEPXHOCTH HAITPABJIAIOIIEN

AHHoTanus. B paboTe Ha OCHOBE ypaBHEHHMS ABHKECHHUS CMa304HOI'O MaTepHaa, ypaBHe-
HUS COCTOSIHUS, YPaBHEHUS HEPa3pbIBHOCTH U yPAaBHEHUSI, OTIPEAETSAIOIIET0 KOHTYP pacIliaB-
JIEHHON OTNIOPHOM MOBEPXHOCTH, a TaKXe ypaBHEHMs Jlame HalIeHO TOYHOE aBTOMOJIEJIBHOE
peLICHNE C YIETOM CKMUMAEMOCTH CMA304HOI0 Mareprana u aedopManny OrnopHOH HOBEPX-
HOCTH, B pe3yJbTaTe Yero ONpelesieHbl M0Jie CKOPOCTEH M AaBieHue B paboyeM 3a3ope, a
Takke (YHKIMS, XapaKTepU3yIolas pacIUIaBICHHBIH KOHTYP MOBEPXHOCTH OIIOPHOTO
KoJibla. B pe3ynpTare 4nMcieHHOTO aHan3a YCTaHOBJIICHO, YTO MPH ydYeTe MapamMeTpoB, Xa-
PaKTEpU3YIOLINX AeQOPMALHIO OIIOPHOM MOBEPXHOCTH, (PYHKIIUIO, OTIMCHIBAIOIIYIO TPO(UIb
pacIiaBJIeHHOTO KOHTYpa MOKPBITHSL, U COKMMaeMOCTh CMa304HOI0 MaTepuara, HecyIas cro-
COOHOCTb MOJIINITHUKOB BO3PACTAET, a CUJIA TPEHUSI CHUIKACTCSL.

KitroueBble ci10Ba: KIMHOBHIHAS OIIOPA CKOJIBKEHUS, ITapaMeTp C)KUMaeMOCTH, aBTOMO-
JeNIbHOE pelleHe, METO ITOCIIeI0BATENbHBIX TPUOIKEHHUH.

Jast nmrupoBanusi: Axeepaues, K. C. KinnHoBHUIHAS OmOpa CKOJIBKEHUS ¢ OJATINBOM
OIIOPHOH MOBEPXHOCTHIO, paboTarolIast Ha CKMMAeMOM MaTepHalle B yCIOBUSIX HATMUUS pac-
miaBa Ha moBepxHocTtu Hamparisomed / K. C. Axsepaues, E. A. Boarosa // BectHuk
PI'VIIC. — 2021. — Ne 2. — C. 8-16. DOI: 10.46973/0201-727X_2021_2_8.

K. S. Akhverdiev, E. A. Bolgova

THE WEDGE-SHAPED SLIDING SUPPORT WITH A SUPPLY SURFACE WORKING ON
COMPRESSIBLE MATERIAL IN CONDITIONS OF MELT ON THE SURFACE OF THE
DIRECTION

Abstract. In this work, on the basis of the motion equation of the lubricant, the equation
of state, the equation of continuity and the equation that determines the contour of the molten
non-standard support surface, as well as the Lamé equation, an exact self-similar solution is
found due to the compressibility of the lubricant and the deformation of the support surface,
as a result, the field is determined speeds and pressure in the working gap, as well as a function
that characterizes the molten contour of the support ring surface. As a result of numerical
analysis, it was found that had gave the parameters characterizing the deformation of the sup-
port surface, as well as the function characterizing the melt of the support ring coating and the
compressibility of the lubricant, the bearing capacity of the supports increases, and the friction
force decreases.

Keywords: wedge-shaped sliding support, compressibility parameter, self-similar solu-
tion, method of successive approximations.
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B.H. baeposa, B.B. Bacunenxo, B.1. Kupuwuesa, M.A. Myxymaose

PACUYETHASA MOJEJIb PAJIMAJIBHOI'O NIOJAIIUITHUKA C HECTAHJAPTHBIM
OIIOPHBIM ITPO®PUJIEM

AnHoTanus. B paGote Ha 6a3e aCUMIITOTUYECKOTO U TOYHOTO aBTOMO/ICJIBHOTO PEIICHUS
MoJIydeHa pacuéTHasi MOJACb PaHaJbHOrO MOJIIMITHUKA C HECTAHAAPTHBIM OMIOPHBIM IPO-
Gbunem, alanTHPOBAHHBIM K YCIOBUSAM TPEHUSI B THIAPOANHAMHYCCKOM PEXKMME MPH CMAa3bIBa-
HUY JIETKOIIABKUM METAJUIMYECKUM ITOKPHITHEM ITOBEPXHOCTH BaJia.

KuaroueBrble ci1oBa: pagualibHbIN MOIINAITHUK, aalTHPOBAHHBINA POQHIIL, TETKOILIABKOES
MOKPBITUE, TUAPOTHHAMUYECKUIN PEKUM CMa3bIBaHHUS.

Jis uutupoBanusi: PacueTHas Mozaenb pagualbHOrO MOALIMITHUKA ¢ HECTaHIAPTHBIM
onopubiM nipodusiem / B.H. Barposa, B.B. Bacunenko, B.1. Kupumiuesa, M.A. Mykyranze //
Bectuuk PI'VYTIC. — 2021. — Ne 2. — C. 17-24. DOI: 10.46973/0201-727X_2021_2_17.

V. N. Bagrova, V. V. Vasilenko, V. I. Kirishchieva, M. A. Mukutadze

DESIGN MODEL OF A RADIAL BEARING WITH A NON-STANDARD
THE REFERENCE PROFILE

Abstract. In this paper, on the basis of an asymptotic and accurate self-similar solution, a
design model of a radial bearing with a non-standard support profile, adapted to the friction
conditions in the hydrodynamic mode, when the shaft surface is lubricated with a fusible metal
coating, is obtained.

Keywords: radial bearing, adapted profile, low-melting coating, hydrodynamic lubrication
mode.
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[0. I1. bynasun, 11. FO. Konoganos, Y. B. Boaxog

CTEH/IOBBIE UCIIBITAHUSI MOJEJX MOJEPHU3UPOBAHHOMN P®OPCYHKH
HECOYHHUIbI C 3PPEKTOM BUBPOOKUKEHUSI TPU HEITPEPBIBHOU
JAO3UPOBAHHOMU NNECKOIIOJAYE

AuHoTanus. PaccMotpera Moienb (OPCYHKH CHCTEMBI TIECKOIOIaYH TATOBOTO MOABHXK-
HOr0 cOCTaBa, paboTa KOTOPOH OCHOBaHa Ha 3(PQekTe BUOPOOKMKEHHS Tecka. B kadecTse
MCTOYHUKA BHOPAIMOHHOTO BO3JEHCTBUS MCIIOIB30BAJICS ITHEBMOITYJILCATOP. DKCIIEPUMEH-
TaJIbHbIE MCCIIEOBAHUS TOKA3a/M, YTO TakKas KOHCTPYKIHMS MO3BOJSIET 00ECICUUTh Herpe-
PBIBHYIO PETYJIUPYEMYIO TIOady MecKa. B KauecTBe KpUTEpHs, XapaKTEPU3YIOIIEro BO3/ICH-
CTBHE TyJIbCATOPA Ha MECOK, MOYKHO HCITOJIB30BATH MOITHOCTH KOJIeOaHuit MeMOpaHs! Gop-
CYHKH Ha 4acTOTe BO3MYyIIeHHUi. MiMeeTcs Gin3Kast K JIMHEHHON 3aBUCHMOCTh pacxo/ia rmecka
OT MOIITHOCTH KOJIcOaHUH.

KiroueBble ¢JI0Ba: CTCHIOBBIC UCIIBITAHUS, BHOPOOXKUKCHHE, THEBMATHUCCKUHN TIPUBO/I,
BUOPOITYJIbCATOP, HEMPEPHIBHOE T03MPOBAHUE, YaCTOTA, MACCOBBIN PACXO/l, YACTHUIIBI TIeCKa,
(hopCyHKa IMeCOYHUIIBI.

Jast nutupoBanus: bynasus, 0. I1. CtennoBbie UCTIBITAaHUS MOETU MOJAECPHU3UPOBAH-
HOU (DOPCYHKH TIeCOUHHIIBI ¢ 3P PEKTOM BHOPOOKUKECHUS TIPH HEMIPEPHIBHON J03UPOBAHHON
neckonozaue / FO. I1. Bynasum, 1. FO. Konogaiog, U. B. Boskoe // Bectauk PI'YIIC. — 2021.
—Ne 2. - C. 25-31. DOI: 10.46973/0201-727X_2021 2 25.

Yu. P. Bulavin, P. Y. Konovalov, I. V. Volkov

BOARD TESTING MODEL UPGRADED NOZZLE

SANDBOARDS WITH THE EFFECT OF VIBRATING LIQUIDATION WITH CONTINUOUS

DOSED SAND SUPPLY

Abstract. A model of a nozzle for a sand supply system for a traction rolling stock is con-
sidered, its operation is based on the vibro-liquefaction effect of the sand. A pneumatic pulsa-
tor was used as a source of vibration. The experimental studies have shown that this design
allows for a continuous controlled sand supply. As a criterion characterizing the effect of a
pulsator on sand, one can use the vibrations power of the nozzle membrane at the frequency
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of disturbances. There is a close to linear dependence of the sand consumption on the vibra-

tions™ power.

Keywords: board tests, vibration liquefaction, pneumatic drive, vibration pulsator, contin-
uous dosing, frequency, mass flow, sand particles, sandbox nozzle.
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C. A. Bacun, A. B. Escees

HEKOTOPBIE ACIIEKTBI CO3JJAHUSI HOBBIX KOHCTPYKIIMI KOHBEMEPHBIX
N POTOPHBIX HOHMUKCEPOB

AHHOTanMs. PaccMOTpEHBI BO3MOXKHbBIE HAITPABJICHHS CO3[JaHUS HOBBIX TEXHUYECKHUX pe-
IIEHUH COBPEMEHHOTI'0 KJlacca MaIlIWH AJIs IPUTOTOBIIEHHUS T€TEPOT€HHBIX CMECEH — HOHMHK-
cepoB. Ha OCHOBe CylIeCTBYIOIIMX KOHCTPYKIMM JIMHEWHBIX KOHBEHEPHBIX HOHMMKCEPOB
NPOaHaIM3UPOBAHBI MEPCIEKTUBEI pa3padOTKM HOBBIX BapUAHTOB CHHTE3a JAHHBIX MAallWH
JUTS IPUTOTOBJICHUS CMECEH, COCTOSILINX U3 KOMIIOHEHTOB C Pa3IUYHBIMU (PU3NKO-MEXaHUYE-
CKUMH CBOWCTBAMH W BOTIPOCHI 00ECIIeUeHHsI 33/IaHHON POU3BOAUTENEHOCTH JO3UPYIOIIUX
YCTPOMCTB U BCEl HOHHMHUKCHUHTOBOM CUCTEMBI B 11eJI0M. [Ipe1ioxkeHbl MyTH COBEPILIEHCTBO-
BaHUsI CYLIECTBYIOLINX KOHCTPYKLUI POTOPHBIX U OMPOTOPHBIX HOHMUKCEPOB U HHTCHCU(H-
Kallii BHOBb pa3pabaThIBa€MbIX KOHCTPYKIMIA 0 HANOOJIee aKTyalbHBIM M TPHOPUTETHBIM
HaIpaBIeHUSAM pa3BUTHs. Ha oTHOM M3 MpUMepOB MmoKa3aHa peau3alus KOHCTPYKITUH OHpo-
TOPHOT'O aBTOMAaTa JJIsl HPUTOTOBJICHHSI IIUXTHI IPH MPOU3BOACTBE AIMA3HOTO a0pa3uBHOTO
MHCTPYMEHTA U JaHbl PEKOMEHAALNH 110 €€ COBEPLICHCTBOBAHUIO.

KuroueBble ¢J10Ba: IPUTOTOBIEHUE CMECEM, FETEPOr€HHBIE CMECH, JO3UPYIOIINE YCTPOii-
CTBa, KOHBEHepHbIe HOHMHUKCEPBI, POTOPHBIE U OMPOTOPHBIE HOHMUKCEPHI, a0pa3uBHBINA WH-
CTPYMEHT, IIapaMeTpbl IMPOU3BOAUTEIILHOCTA MAIIVHbBI, YHUBEPCAIbHBIE ITaApaMETPUUECKUE

PSIIBL.
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S. A. Vasin, A. V. Evseev

SOME ASPECTS OF CREATING NEW CONVEYOR CONSTRUCTIONS AND ROTARY NON-
MIXERS

Abstract. The possible directions of creating new technical solutions for a modern class
machines for the preparation of the heterogeneous mixtures as nonmixers are considered. On
the basis of the existing designs of linear conveyor nonmixers, the prospects for the develop-
ment of new variants of synthesis of these machines for the preparation of mixtures consisting
of components with different physical and mechanical properties and the issues of ensuring
the specified performance of the dosing devices and the entire nonmixing system as a whole
are analyzed. The ways of improving the existing designs of rotary and biotor nonmixers and
intensifying newly developed designs in the most urgent and priority areas of development are
proposed. On one of the examples, the implementation of the design of a bi-rotor machine for
preparing a charge in the production of the diamond abrasive tools is shown and recommen-

dations for its improvement are given.

Keywords: preparation of mixtures, heterogeneous mixtures, dosing devices, conveyor
nonmixers, rotary and birotor nonmixers, abrasive tools, machine performance parameters,

universal parametric series.
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A. B. Escees

HOHMMUMKCEPBI - HOBbI! KJIACC TEXHOJIOITMYECKUX MAIIVH
JJIs1 AETEPMUHUPOBAHHOI'O ®OPMUPOBAHUA OJHOPOJHOCTHU
TETEPOT'EHHBIX CMECEHR

AHHoTamus. B paboTe mpecTaBieH HOBBIHA KJIACC TEXHOJIOTHYECKUX MAIluH — HOHMHUK-
CEepBl, pEATU3YIOLINI TEXHOIOI UMY [TOJIYYEHUS] MHOTOKOMITOHEHTHBIX CMECE IPY IETEPMUHU-
poBaHHOM (POPMUPOBAHUHU WX OJHOPOJHOCTH U TAPaHTUPOBAHHOM YPOBHE IOKa3aTelneil Ka-
gyecTBa. PaccMOTpeHBI OCHOBHBIE MPEUMYIIECTBA MPEIaraéMbIX KOHCTPYKIIMA HOHMUKCEPOB
IO CPABHEHHIO C TPAAUIIMOHHBIMU TUIIAMU CMECHUTEIICH.
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KiiroueBble cjioBa: TeTepOreHHbIC CMECH, JICTEPMUHUPOBAHHOE (POPMHUPOBAHUE OJTHOPO/I-
HOCTH CMecel, MUKCEpPbI, HOHMHUKCEPBI, KilacCu(uKaIus 000pya0BaHus.

Jas untupoBanus: Escees, A. B. HoHMukcepsl — HOBBIM KJIacC TEXHOJIOIMYECKUX MaIllH
JUTS TETEPMUHUPOBAHHOTO ()OPMUPOBAHUS OJHOPOJHOCTH reTeporeHHbIX cMeceli / A. B. Es-
ceeB // Bectauk PI'VTIC. —2021. — Ne 2. — P. 44-51. DOI: 10.46973/0201-727X_2021_2_44.

A. V. Evseev

NONMIXERS - A NEW CLASS OF TECHNOLOGICAL MACHINES FOR DETERMINATED
FORMATION OF UNIFORMITY HETEROGENEOUS MIXTURES

Abstract. The paper presents a new class of the technological machines-nonmixers, which
implements technologies for producing multicomponent mixtures with a deterministic for-
mation of their homogeneity and a guaranteed level of the quality indicators. The main ad-
vantages of the proposed designs of nonmixers in comparison with traditional types of mixers
are considered.

Keywords: heterogeneous mixtures, deterministic formation of homogeneity of mixtures,
mixers, nonmixers, equipment classification.
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U. A. Mauba

UCHBITAHUA OBOPYJOBAHUS JIOKOMOTHBOB HA YCTOMYUBOCTH
K BO3JIEVICTBHUIO BHEIIIHUX MEXAHUYECKHUX ®AKTOPOB

AnHoTanus. IIpencraBiaeHsl pe3ysbTaThl UCCIECAOBAHUI MPOYHOCTHBIX XAPAKTEPUCTUK
000pyI0BaHMsI TOKOMOTHBOB IIPH IPOBEJCHUN UCIIBITAHUS Ha YCTOMYMBOCTh K BHEIIHUM Me-
XaHWYEeCKUM (akTopaM. B xo1e KOMIBbIOTEPHOT0 MOJETUPOBAHUS 110 OLIEHKE HECyILeH cIio-
COOHOCTH 3JIEMEHTOB KOHCTPYKIIMU YCTPOHCTBAa CMa3bIBaHUsI IPeOHs MOIyYEHBl 3HAYCHUS
pacyeTHBIX HaNpsHKEHUH, neopManuii, Ko3((UIMEHTHI 3amaca CONPOTUBICHUS YCTATOCTH
MPOBOJAMMOTO NPH YCIIOBHU JEHCTBUS COUETAaHUM PACUETHBIX HArpy3oK. OnpeneneHsl Kodd-
(HUIHEeHTHI 3ammaca 1Mo CTaTUCTUYECKON IMPOYHOCTH MOKa3all, 3armac MPOYHOCTH T10 JI0ITyCKae-
MBIM 3HAYEHHUSAM HaNpPSDKEHUN, MAKCUMAaJbHBIA YPOBEHb HAIPSDKCHHMM Ha KAKIOM Y4YacTKe
HECYILETO 3JIEMEHTA KOHCTPYKLUU.

KuroueBble cji0Ba: UCTIBITAHHUSA, YCTPOWCTBO CMa3bIBaHUS TPEOHA, BHEIIHNE MEXaHUYe-
CKHE BO3JICHCTBYSI, HAMPSDKEHUS, KOI(D(QUIMEHT 3araca MpovYHOCTH, TAITbI IPOEKTA.

Jas mutuposanus: Maiiba, M. A. Vcneitanus o00pyaoBaHMs JJOKOMOTHBOB Ha yCTOM-
YUBOCTh K BO3/ICHCTBHIO BHEINHHX MexaHudyeckux ¢akropoB / M. A. Maiiba // BectHuk
PI'VIIC. — 2021. — Ne 2. — C. 52-57. DOI: 10.46973/0201-727X_2021_2_52.
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I. A. Maiba

THE STABILITY TESTS OF THE LOCOMOTIVE EQUIPMENT FOR RESISTANCE
TO EXTERNAL MECHANICAL FACTORS

Abstract. The results of studies of the strength characteristics of the locomotive equipment
during testing for resistance to external mechanical factors are presented. In the course of com-
puter modeling to assess the bearing capacity of the structure elements of the ridge lubrication
device, the values of design stresses, deformations, and safety factors of fatigue resistance
carried out under the condition of the action of a combination of design loads were obtained.
The safety factors for the statistical strength have been determined, the safety factor for the
permissible stress values, the maximum stress level at each section of the load-bearing struc-
tural element have been determined.

Keywords: tests, ridge lubrication device, external mechanical influences, stresses, safety
factor, project stages.

For citation: Maiba, I. A. The stability tests of the locomotive equipment for resistance to
external mechanical factors / 1. A. Maiba // Vestnik RGUPS. —2021. — Ne 2. — P. 52-57. DOI:
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1. B. Xapaamos

NPOEKTUPOBAHUE CUCTEMBI IIOJJAYUA MOJIUDPUKATOPOB TPEHUSA
K ®PUKIITNMOHHBIM ITOBEPXHOCTAM TPUBOJIOTHUYECKOI'O KOHTAKTA
«KOJIECO - PEJIBC»

AnnHoramus. [Ipeanaraercs crocod MoaupUIIMPOBaHUS pa0OYMX MOBEPXHOCTEH ¢ HaHECe-
HUEM Ha NOBEPXHOCTHU TPCHUA TBEPABIX INIAKUPYIOUIUX (pr/IK]_[I/IOHHBIX MaTepuajioB UK IJIaKU-
PYIOIIUX aHTU(PPUKIIMOHHBIX MATepUANIOB Ha OTKPHITHIE y3ibl TpeHHs. J[aHHBIH criocod oco-
OCHHO aKTyaJICH JUISI KOHTAKTa «TpeOeHb Kojieca — TOJIOBKA Pebcay, TIe HeOOXOAMMO CHU3UTH
TpeHue MeX Iy rpeOHeM KoJieca H OOKOBOW MOBEPXHOCTHIO TOJOBKU pelibca JUIsl MPeIoTBpaIle-
HUS BKaThIBAHUS KOJIECa Ha TOJIOBKY PEJbCca, a TAKKE COMPOTUBIICHHS JBMKCHHUIO TI0€3/1a B KPH-
BBIX, TJIE CJIOKHBIC YCIIOBHS SKCILTyaTaIlMH TATOBOTO IMOABMKHOTO cocTaBa. OT HaJIe)KHOCTH pa-
0OTBHI M JIONTOBEYHOCTH BBIIICHA3BAHHBIX Y3JI0B TPEHUS 3aBUCUT 0€30MacHOCTh U A(PPEKTHB-
HOCTB AKCIUTyaTalllH JKeJIE3HOIOPOKHOTO MOIBIXKHOTO COCTABA.

Karouessble ciioBa: Ko3((OUITUSHT TPEHMSI, PUBO] ITOIa4YH, MOAH(DHUKATOP TPEHUSI, IEHTOY-
Hasl [IPY>KWUHA, YCUIINE IIPUKATHUA.

Jns nutupoBanus: Xapnamos, I1. B. [IpoektupoBaHnue ciucTeMbl MMOJIa9d MOJTU(PUKATOPOB
TpeHHs: K PPUKIIMOHHBIM MOBEPXHOCTSIM TPHOOIOTHUECKOTO KOHTAKTa «Kojieco — penbey / I1. B.
XapnamoB // Bectmuk PI'VIIC. — 2021. — Ne 2. — C. 58-66. DOI: 10.46973/0201—
727X_2021_2_58.

P. V. Kharlamov
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DESIGN OF SYSTEM FOR FRICTION SUPPLY MODIFIERS TO FRICTION SURFACES OF
TRIBOLOGICAL CONTACT "WHEEL-RAIL"

Abstract. It is proposed a method of modifying working surfaces with application of solid
cladding friction materials or cladding antifriction materials on friction surfaces on open fric-
tion units. This method is particularly relevant for wheel-head contact, where it is hecessary
to reduce friction between the wheel ridge and the side surface of the rail head in order to
prevent the wheel from rolling onto the rail head, as well as resistance to train movement in
curves where the operating conditions of the traction rolling stock are difficult. Safety and
efficiency of railway rolling stock operation depends on reliability of operation and durability
of said friction units.

Keywords: friction coefficient, feed drive, friction modifier, belt spring, pressing force

For citation: Kharlamov, P. V. Design of system for friction supply modifiers to friction
surfaces of tribological contact "Wheel-Rail" / P. V. Kharlamov // Vestnik RGUPS. — 2021. —
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B. B. lllanosanos, /. A. Pabvuu, I'. A. Apewssin
TEXHOJIOT'USI KOHTPOJISI TEKYIIUX COCTOSIHUI MEXAHUYECKHUX CUCTEM

AnHortamus. [IpuBeneHo 000CHOBaHUE HEOOXOUMOCTH yueTa B3aMMOCBSI3U JJMHAMUYC-
CKHX TIPOIECCOB MEXaHMUYECKOW TOJCUCTEMBI H TIOJCHCTEMBI (PPUKIIMOHHBIX KOHTAKTOB TIPH
MIPOBEICHNH Ta00PaTOPHBIX M CTEHIOBBIX MCIILITAHUN MEXaHUYECKUX CUCTEM C Y3JIaMH Tpe-
Hust. C 1eNIbI0 OCYIIECTBJICHUS TaKOr0 MOJX0/a CIIEAYET 00€CIeUUTh UICHTHYHbIC YCIOBUS
(YHKIIMOHUPOBAHUS TPHOOKOHTAKTA HATYPHOTO OOBEKTA M €ro (PU3NIEeCKON MOEIH, rapa-
METpPbl MHKPO- M MakKpoIIepOXOBAaTOCTEH KOHTAKTUPYIOIIMX IMOBEPXHOCTEH, YacTOThI U
(bopMBI COOCTBEHHBIX KoJieOaHM, (PU3NKO-MEXaHHUECKUE CBOWCTBA (PPUKIIMOHHOTO KOH-
TaKTa IMOCPEACTBOM PErHUCTPAllMK aMILIUTYA0-(a30uacTOTHBIX XapaKTEPUCTHK Psijia KOCBEH-
HBIX MHTErpajJbHBIX MOKAa3aTeeH, OTPaKaoIIUX AUCCUIIATUBHYIO MPUPOY MPOLIECCOB Tpe-
HUS B 3aJIaHHBIX OKTABHBIX (IOJICOKTABHBIX ) ITOJIOCAX YACTOT.

Paccmotpens! mpo6ieMbl, BOZHUKAIOITUE ITPH BRIYUCICHUN 3HAYCHUH KOMITJIEKCHOTO KO-
a¢dumeHTa nepeaadu npyu OleHKe CTaOMIBHOCTH TPHOOCHCTEMBI COTJIACHO UTOTaM aHalln3a
KOJIcOaHMH B HOPMAaJIbHOM M TaHTCHI[MAIIBHOM HAmpaBICHUAX (PHUKIIMOHHOTO B3aHMOJCH-
ctBust. OnuH U3 cambiX 3Q(HEKTHBHBIX CIIOCOOOB UCCIICA0BAHUS HEIMHEHHBIX (PPUKIIMOHHBIX
CHUCTEM — METOJ UX (PU3UKO-MATEMATUIECKOTO MOCITUPOBAHUS, PU 3TOM KBa3WIMHEHHAS
MOJICKCTEMA OITUCHIBACTCS CHCTEMON AU( (HepEHIIHAIBHBIX YPAaBHECHUH, B COOTBETCTBUH C KO-
TOpOH (hOpMHPYETCS SKBUBAJICHTHAS MOJIE]Th MEXaHUUIECKOH TOJICUCTEMBI, TPOIIECCHI TPEHUS
OTHMCBIBAIOTCSI KPUTEPHATEHBEIMU YPAaBHCHUSMH, COTJIACHO KOTOPBIM CO3/IAl0TCS YCIOBHSI (hH-
3UYECKOr0 JKCIIEPUMEHTa, O0OCCICUHMBAIOIIUE IMOMYUYCHHE KOPPEKTHBIX, COOTBETCTBYIOIIHX
HaTypaJbHBIM YCIIOBUSAM Pe3yJIbTaTOB. [IpemioxkeHHbIe METOIBI IMTOBHIIAIOT JOCTOBEPHOCTD
WCCIICIOBAaHNNA HETMHEWHBIX CHCTEM M SIBJIIOTCSA TEOPETHUECKON 0a30i THHAMHUYIECKOTO MO-
HUTOPUHTA U ONTUMHU3AIINI MEXaHUYECKUX CUCTEM C y3JaMU TPCHUS.
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KaioueBble cioBa: GpUKIIMOHHBINA KOHTAKT, Y3€I TPEHHS, KollebaTeIpHOe 3BEHO, PPUK-
[UOHHAS MEXaHUYeCKasi CUCTeMa, TPUOOCIICKTD.

Jas umruposanus: [lanosanos, B. B. TexH0I0rusa KOHTPOJIS TEKYIIUX COCTOSIHUM Me-
xaandeckux cuctem / B. B. lllamosanos, 1. A. Psopm, I'. A. Apemrsta // Bectauk PI'VIIC. —
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V. V. Shapovalov, D. A. Ryabysh, G. A. Areshjan

TECHNOLOGY FOR MONITORING CURRENT STATES OF MECHANICAL SYSTEMS

Abstract. The substantiation of the neccessity with the relationship between the dynamic
processes of the mechanical subsystem and the subsystem of the frictional contacts during
laboratory and the mechanical systems™ tests with friction units is given. In order to implement
this approach, it is necessary to provide identical conditions for the functioning of a tribocon-
tact of a full-scale object and its physical model, the parameters of micro- and macro-rough-
ness of contacting surfaces, frequency and shape of natural vibrations, physical and mechani-
cal properties of the frictional contact by recording the amplitude-phase-frequency character-
istics of a number of indirect integral indicators reflecting dissipative nature of the friction
processes in given octave (fractional octave) frequency bands.

It is considered the problems that arise when calculating the values of the complex trans-
mission coefficient when assessing the stability of the tribosystem according to the results of
the analysis of vibrations in the normal and tangential directions of the frictional interaction.
One of the most effective methods for studying nonlinear friction systems is the method of
their physical and mathematical modeling, while the quasilinear subsystem is described by a
system of differential equations, in accordance with which an equivalent model of the mechan-
ical subsystem is formed, the friction processes are described by criterion equations, according
to which conditions of a physical experiment are created that provide obtaining correct, natu-
ral-looking results. The proposed methods increase the reliability of studies of nonlinear sys-
tems and are the theoretical basis for dynamic monitoring and optimization of mechanical

Ne 2 /2021

systems with friction units.

Keywords: friction contact, friction assembly, oscillatory link, friction mechanical system,

tribospector.
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U. A. Huyxos, A. E. Jlumeunos, I1. A. [lonaxos, H. A. 3adasnuyx
CTPYKTYPHO-IAPAMETPUYECKHI CUHTE3 JUCKOBO-KOJIOJOYHOI'O TOPMO3A

AHHOTanus. B mporecce cTpyKTypHO-IapaMeTpUUYECKOI0 CHHTE3a JMCKOBO-KOJIOIOY-
HOTO TOpMO3a ObLIa BBICTPOEHA CTPYKTYpHAsi CXeMa TOPMO3HOTr0 MexaHusma. [l Kaskaoro
3JIEMEHTa CTPYKTYPBl AMCKOBO-KOJOAOYHOTO TOPMO3a B MPOIECCEe MapaMeTPUIECKOro aHa-
n3a OBIIM ONPEAEIICHBI BXOJHbIE M BBIXOIHBIE TapaMeTpbl. COrjacHO CTPYKTYpe TOPMO3HOTO
MeXaHHU3Ma TUCKOBO-KOJIOJIOYHOTO THIA JUI1 OJHOTO 3JIEMEHTa BXOJIHBIE MapaMeTphl SBIIS-
JIUCH BBIXOJAHBIMH MapaMeTpaMy IPEAbIAYIIEro IeMEHTa, COTNIACHO MPUHLIUITY HepapXUIHO-
CTH BBIpaOOTaHHOH CTPYKTYphl. OTINYHE CTPYKTYpHO-TIapaMEeTPUIECKOTO CHHTE3a OT CTPYK-
TYpUPOBAaHHOTO U MapaMETPUIECKOI0 CHHTE3a 3aK/II0YaeTCsl B TOM, YTO NPU M3MEHEHUH Ta-
paMeTpOB COCTAaBHBIX 3JIEMEHTOB CTPYKTYpa MOKET MOMEHATHCA B XOZE MPOEKTHPOBAHMUSL.
s pa3paboTKH METOIOJIOIMU MPOSKTUPOBAHHSI HA OCHOBE CTPYKTYPHO-TIAPAMETPUIECKOTO
CHHTE3a HE00XOIMMO ONPENENUTh PE3YJIbTUPYIOLINE TapaMeTPhl KaKIO0r0 JIEMEHTa CTPYK-
TYpbI TOPMO3HOTO MexaHu3Ma. Ha ocHOBaHUM pe3yIbTUPYIOMINX apaMeTpoB Obuia pa3pabo-
TaHa CTPYKTYPHAsI CX€Ma C MHOTOBaPUaHTHOW CUCTEMON OXJIaXKIeHUs. B 3aBUCUMOCTH OT pe-
3YJIBTHPYIONUX MTapaMeTPOB (BXOIHOW MapaMeTp — TeMIepaTypa Ha pabounx U Hepaboumx
MOBEPXHOCTSX; BBIXOTHOW — TEMITEPATYPHBIH HAIIOP) MOXKHO U3MEHSTh CHCTEMY OXJIAKIACHUS
TOPMO3HOTO MEXaHHM3Ma JUCKOBO-KOJIOA04HOrO THIa. Cpeau BapuaHTOB MOXKET ObITh CH-
CTeMa BBIHY)KJICHHOT'O NPUHYIUTEIHLHOIO 1 KOMOMHUPOBAHHOTO OXJaxeHusa. Cructema BbI-
HYXJIEHHOTO OXJIaXKACHUS XapaKTepU3yeTcsl HAIMYMEM BEHTHIISILIMOHHOTO anmnapara TOpMo3-
HOTO JIMCKA, TMPOIECC OXJIAKACHHS peaau3yercst 0e3 JONOIHUTEIbHBIX TypOyIu3aTopoB U
CPEICTB HarHeTaHusl BO3AYIIHOrO motoka. CucTeMa MPUHYIUTEIBHOTO OXJIKIACHUS — 3TO
pa3paboTaHHasi KOHCTPYKLHS AJIsl HAarHeTaHUsI BO3AYIIHBIX MAcC Ul YBEJIIMUYEHHUsI CKOPOCTH
TEIUIOOT/Ia4M OT HarpeThiX map TpeHus. KoMOMHUpOBaHHOE OXJIaXK]IeHHE BKJIOYAeT B ceOs
HaJIM4Yie BEHTWIALMOHHOTO allfapara U CHelHajIbHBIX CHCTeM oxyaxaeHus. Ha ocHoBaHun
CTPYKTYpPHO-TIapaMeTPUIECKOTO CHHTE3a BO3MOXKHA pa3pabOTKa METOANKU MPOEKTUPOBAHMS
TOPMO3HBIX MEXaHM3MOB JMCKOBO-KOJOJOYHOTO THMA ISl Pa3IMYHBIX OTpaciieil MallnHO-
CTPOCHUS.

KiroueBble cj10Ba: CTPYKTYpHO-IApaMETPUUECKUIl CHHTE3, TOPMO3HOHM IHCK, pabodas
MOBEPXHOCTh Mapbl TPEHMSA, BEHTWISLMOHHBIN anmapar, CUCTeMa MPUHYAUTEIBHOIO OXJIa-
KJICHUS, CCTeMa KOMOWHUPOBAHHOTO OXJIAXKICHUS.

Jast mmrupoBanusi: CTpyKTYpHO-TIAPAMETPHUECKUAN CHHTE3 TMCKOBO-KOJIOAOYHOTO TOP-
mo3a / U. A. Sunkos, A. E. JlurBunos, I1. A. ITonskos, H. A. 3anasnuyk // Bectauk PI'YIIC.
—2021. — Ne 2. — C. 75-85. DOI: 10.46973/0201-727X_2021 2 75.

I. A. Yaitskov, A. E. Litvinov, P. A. Polyakov, N. A. Zadayanchuk
STRUCTURAL AND PARAMETRIC SYNTHESIS OF DISC AND BRAKE

Abstract. In the process of structural-parametric synthesis of a disc-shoe brake, a structural
diagram of the brake mechanism was built. Input and output parameters were determined for
each element of the disc-shoe brake structure in the process of parametric analysis. According
to the structure of the brake disc-shoe type for one element, the input parameters were the
output parameters of the previous element, according to the principle of the hierarchy of the
developed structure. The difference between structural-parametric synthesis and structured
and parametric synthesis is that when the parameters of the constituent elements change, the
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structure can change during the design. To develop a design methodology based on structural-
parametric synthesis, it is necessary to determine the resulting parameters of each element of
the structure of the brake mechanism. Based on the resulting parameters, a block diagram with
a multivariate cooling system was developed. Depending on the resulting parameters (the input
parameter is the temperature on the working and non-working surfaces; the output is the tem-
perature head), it is possible to change the cooling system of the disc-block type brake mech-
anism. Options include forced and combined cooling systems. The forced cooling system is
characterized by the presence of a brake disc ventilation device, the cooling process is realized
without additional turbulators and means for injecting an air flow. A forced cooling system is
a developed design for injecting air masses to increase the rate of heat transfer from heated
friction pairs. Combined cooling includes both the presence of a ventilator and special cooling
systems. On the basis of structural-parametric synthesis, it is possible to develop a methodol-
ogy for designing brake mechanisms of a disk-shoe type for various branches of mechanical

engineering.

Keywords: structural-parametric synthesis, brake disc, working surface of a friction pair,
ventilation apparatus, forced cooling system, combined cooling system.

For citation: Structural and parametric synthesis of disc and brake / I. A. Yaitskov, A. E.
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JIJISI CO3JAHUSA MOJIEJIA ®YHKIIMOHAJBHOT' O B3AUMOJIECTBUSI CUCTEM
ABTOHOMHOI'O PE®OPUKEPATOPHOI'O BAI'OHA

AnHoTauus. PaccMoTpeHbl 0CHOBHBIE (DaKTOPBI, BIUSIOIINE Ha MPOJOBOJIBCTBEHHYIO O€3-
OTIACHOCTH CTPaHBI U PHIHOK NEPEeBO30K ckopomnopTsamuxcs rpy3oB (CIII). Paspaborana 6mok-
CXeMa MeTO/a aKTya H3alliH TEXHUIECKUX PEIIeHUH, IpefHa3HaYeHHAs IS CO3/IaHUs HHHO-
BAI[IOHHOTO M30TepMUYecKkoro nozasrwkHoro cocrasa (MIIC), Bkmouatomas B cebs mecTb
0JI0KOB, B3aUMOACUCTBYIOMIMX MEXIy cO00i yepe3 cUCTeMy MPSMBIX U OOpaTHBIX CBs3eid,
00ecnevYnBaoIuX pearn3annio OCTaBICHHBIX 3a1a4. Ha ocHOBaHMM MapKeTHHTOBOTO aHa-
n3a peiaka CIII mo tTunam ucnons3zyemoro UIIC onpeneneHbl OCHOBHBIE KPUTEPHU U TEH-
JICHIIH €r0 Pa3BUTHSL.

[Ipennoxennas knaccudukanus pyHknuoHanbHeIx cucteM UIIC mo rpymmam mo3Bommia
(opManm30BaTh CTPYKTYPY aBTOHOMHOTO pedprkeparopHoro Barona (PB) B Bume rpada
(YHKIMOHAIBHOTO B3aUMOICHCTBHS DJIEMEHTOB TEXHHYECKON CHCTEMBI U OOBEKTOB.

Hcnonb3oBaHune MeToa aKTyadu3aluyd TEXHUYECKUX PEUICHUH MpH pa3paboTKe THIaxa
UIIC mpenmonaraet BeIOOp 6a30BOTO AIIEMEHTA BArOHOKOMIUIEKTA U BHECEHUS B HETO M3Me-
HEHUU U IOTIOJIHEHUH, BBITEKAIOIINUX U3 HA3HAYCHMSI BarOHa, LIEJe U YCI0BUH dKCILTyaTalluu
€03/1aBaeMOro o0beKTa

KuaioueBsble cii0Ba: aBTOHOMHBIH peprKepaTOpHBIN BaroH, BarOH-TEPMOC, XOJIOIUIIbHAS
YCTaHOBKA, PHIHOK TPAHCIOPTHBIX YCIYT, Tpad, CKOPOMOPTSIIUNACS TPy3, METO/ aKTyasn3a-
UM TEXHHYECKHUX PEIeHNH, QYHKIIMOHANBHBIC MIOJICUCTEMBI, TEXHUYECKUE XaPaKTEPUCTHKH,
JKEIEe3HOAOPOXKHas HHDPACTPYKTypa.

Juast umrupoBanusi: Bopon, O. A. Ucnonb3oBaHue MeToAa akTyaln3aluy TEXHUYECKUX
peLeHnit U1 co3MaHus MOAETH (PYHKIHOHAIBHOTO B3aUMOAEHCTBHS CHCTEM aBTOHOMHOTO
pedpmwreparopHoro Barona / O. A. Bopon // Bectauk PI'YIIC. — 2021. — Ne 2. — C. 86-94.
DOI: 10.46973/0201-727X_2021_2_86.

O. A. Voron

USING THE METHOD OF UPDATING TECHNICAL SOLUTIONS
TO CREATE A MODEL OF FUNCTIONAL INTERACTION OF THE AUTONOMOUS
REFRIGERATOR CAR SYSTEMS

Abstract. The authors consider the main factors affecting the country's food security and
the market for the transportation of the perishable goods (LNG). The structure and flowchart
of the method of updating technical solutions, implemented for the development of innovative
isothermal rolling stock (IPS), including six blocks interacting with each other through a sys-
tem of direct and feedback connections, ensuring the implementation of the tasks set, has been
developed. Based on the marketing analysis of the LNG market by the types of IPS used, the
main criteria and trends of its development are determined.

The proposed classification of the functional systems of the IPS by groups made it possible
to formalize the structure of an autonomous refrigerator car (RV) in the form of a graph of the
functional interaction of the elements of the technical system and objects.

The use of the method of updating technical solutions in the development of the IPS layout
involves the selection of the basic element of the car set and making changes and additions to
it, resulting from the purpose of the car, the goals and operating conditions of the object being
created

Keywords: autonomous refrigerator car, thermos car, refrigeration unit, transport services
market, graph, perishable cargo, method of updating technical solutions, functional subsys-
tems, technical characteristics, railway infrastructure.

For citation: Voron, O. A. Using the method of updating technical solutions for creating

a model of functional interaction of the systems of the autonomous refrigerator car / O. A.
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E. 10. J[ynvckui, 1. 1O. Hsanos, A. A. Kopcyn, M. A. [{usuney

BJIMAHUE ONIPEJAEJIEHHBIX ®AKTOPOB HA HAJJEZKHOCTDB 301N
SJIEKTPOOBOPYIOBAHMUSA TAT'OBOI'O NIOABUKHOI'O COCTABA

AnHoTanus. PaccMoTpeHo BIUsHHE ONPEICICHHBIX (PaKTOPOB HA HAZECKHOCTD N3OSN
3JIEKTPOOOOPYIOBAHHUS TATOBOTO MOJABIXKHOIO cocTaBa. [IpeacTaBieHa cTaTHCTHUKA OTKAa30B
ob6opynosanus TIIC, a Taxke mMoapoOHO paccCMOTPEHBI MTPHYUHBI HEUCTIPABHOCTEH U TMapa-
METPbI HAAC)KHOCTH. BrinmosHeH aHany3 HEraTUBHBIX q)aKTOpOB, BJIHUAOIIUX HAa HAAC)KHOCTD
M30JISIIIAA OOMOTOK 3IIEKTPOOOOpYIOBaHUS (MEXaHHMUECKHE, TETUIOBBIE, AIEKTPUIECKUE, TEM-
nepaTypHble BO3ACHCTBHUS, BIUSHUE YBIXKHEHHUS U30JISILUH, €€ 3allbIIEHHOCTD, a TAK)KE BO3-
JIEHCTBHE TIepeHanpsHDKeHNH). Y CTaHOBIEHO, YTO B IPOIECCe AKCIUTyaTallid OHHM BO3JEH-
CTBYIOT KOMILJIEKCHO, UTO eIlle OOJbIIEe COKPAIaeT HaIe)KHOCTh U30JISILIUM, IPUBOANT K YXY/-
LICHUIO €€ JUAJICKTPHUUCCKUX CBOWCTB U MOCTEIIEHHOMY N3MEHEHHUIO UX CTPYKTYphI. B cBs3n
¢ 3TUM Heo0xonuMa pa3paboTKa CHCTEM MOHUTOPHHTA COCTOSHUS U30JISILUHU, KOTOPBIE MOTIIH
OBl S(I)Q)CKTI/IBHO 1 OINICPAaTUBHO OUCHUBATH TCKYIICC COCTOAHNE U30JIAIIUN U IIPOTHO3UPOBATH
€€ 0TKa3 ¢ y4eTOM OCTaTOYHOI'0 pecypca.

Ki1roueBble c10Ba: U301, TSATOBBIN 2JIEKTPOABUIATEINb, TATOBBIN ITOABHKHOM COCTAaB,
3IEKTPOOOOPYI0BaHKE, PAKTOPHI, HAJISKHOCTD.

s uuTMpoBaHus: BiusHue onpeneneHHbIX PakTOpoB Ha HAZEKHOCTD N30JISILUN JIeK-
TpoobopyaoBaHus TAroBoro nojasmwkHoro cocrasa / E. 10. dynsckuid, I1. FO. UBaHoB, A. A.
Kopcyn, M. A. Jusunen // Becramk PI'VIIC. — 2021. — Ne 2. — C. 95-103.
DOI: 10.46973/0201-727X_2021_2_95.

E. Y. Dulskij, P. Y. Ivanov, A. A. Korsun, M. A. Divinets

INFLUENCE OF CERTAIN FACTORS ON INSULATION RELIABILITY
ELECTRIC EQUIPMENT OF TRACTION ROLLING STOCK

Abstract. The influence of certain factors on the insulation reliability of traction rolling
stock electrical equipment is considered. The statistics of failures of the TPS equipment are
presented, as well as the causes of malfunctions and reliability parameters are considered in
detail. The analysis of the negative factors affecting the reliability of the insulation of the
windings of electrical equipment such as mechanical, thermal, electrical, temperature effects,
the influence of moisture in the insulation, its dustiness, as well as the effect of overvoltages
has been carried out. It was found that during operation they act in a complex manner, which
further reduces the reliability of the insulation, leads to a deterioration in its dielectric proper-
ties and a gradual change in their structure. In this regard, it is necessary to develop systems
for monitoring the state of insulation, which could efficiently and quickly assess the current
state of insulation and predict its failure, taking into account the residual resource.

Key words: insulation, traction motor, traction rolling stock, electrical equipment, factors,
reliability.
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U. FO. Epmonenxo, /]. B. Mopo3zos, H. Il. Acmawxos

BJIMAHUE IMTPOAOJIBHBIX HAT'PY30K HA BE3OITACHOCTD ABUKEHUSA
ITPU SKCIIVIYATALIUU HA TOPHO-ITEPEBAJIBHBIX YYACTKAX IIYTHU

AHHOTanus. VM3BecTHO, 4TO MpH JBUKEHUH IOE3]1a B €r0 MEKBArOHHBIX COCIMHEHUSX
BO3HHUKAIOT MPOJIOJIBHBIE CHIIBI, KOTOPBIE MEPEAOTCsl Ha HECYINEe KOHCTPYKIIMU BarOHOB H
JIOKOMOTHBOB. B paboTe paccMOTpeHbI BONPOCH HapylIeHH 0€30IIaCHOCTH ABMKEHHUS TPY-
30BBIX TIOE3]I0B MPH CIICJIOBAHUH IO CIIOKHBIM TOPHO-TIEpeBaIbHBIM yyacTkaM BoctouHo-Cu-
oupckoit xenezHoit goporu (BCXK). IlpoBeneno monenupoBaHue KPUTHUECKUX YAAPHBIX
Harpy3oK, JEHCTBYIOIINX B COCTaBe, MPUBEALIMX BIIOCIEACTBUU K CXOAY MOJBHXKHOTO CO-

cTaBa.

KiarwoueBble cjoBa: IIpoaoJibHasA AWMHaAMWKa, CXOJ IIOABUKHOI'O COCTaBa, aBTOCLICITHOC
o60py;[0BaH1/Ie, JIOMaHBII HpO(l)I/IJ'IL myTu, 0e30MacHOCTh JABHOKCHMUA.

Jas muTupoBanusi: Epmonenko, 1. KO. Biausaue npomonbHBIX Harpy30K Ha Oe3omac-
HOCTB JIBIKEHUSI TIPU KCIDTyaTalld Ha TOPHO-TIepeBANIbHBIX ydacTkax mytu / W. 0. Epmo-
nenko, /{. B. Mopo3zos, H. I1. Actamkos // Bectauk PI'VIIC. — 2021. — Ne 2, — C. 104-111.
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INFLUENCE OF LONGITUDINAL LOADS ON TRAFFIC SAFETY
WHEN OPERATING ON MOUNTAIN PASSWAY SECTIONS
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Abstract. It is known that when a train moves in its inter-car connections, the longitudinal
forces arise, which are transmitted to the supporting structures of the cars and locomotives.
The paper considers the issues of violation of the safety of the movement of freight trains when
moving along difficult mountain-pass sections of the East Siberian Railway (ESSR). The mod-
eling of the critical shock loads acting in the train, which subsequently led to the derailment
of the rolling stock.

Keywords: longitudinal dynamics, rolling stock derailment, automatic coupler equipment,
broken track profile, traffic safety.
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C. B. Cmapoegotimog

IKOHOMMWYECKHUE INPEAINOCBIJIKA TPUMEHEHUA
MPUPOTHOT'O XJAJIATEHTA CO; B XOJIOJAUJIbHON TEXHUKE

AnHoTanmsi: PaccmMaTpuBaeTCsl IEPCIIEKTHBA MUCIIOIB30BAHMSI 0CO00 IKOIOTHIECKH 6€3-
omacHoro xonoauibHoro areara R77 (CO,). PaccMOTpeHBI IPeNMYIIIECTBA M HEJOCTATKY XJTa-
narenta R744, a taxke nmpousBelleH 3KOHOMUYECKUH CPaBHUTEIBHBIA aHAIU3 3TOTO XJIaJa-
redTa ¢ R507a, mmpoko HCIONIb3yeMbIM B XOJIOIMILHOW TEXHUKE. BBITIOTHEH pacyeT Kamu-
TaTbHBIX U DKCIUIYaTaIlMOHHBIX 3aTpart.

KuaroueBble ¢jI0Ba: XJT1aareHT, X0JIOA0CHA0KECHIE, PEKYIIEPAIIHs, SHEPTOIIOTPEOIICHNE.
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ECONOMIC BACKGROUND OF THE APPLICATION NATURAL
REFRIGERANT CO: IN REFRIGERATION TECHNOLOGY

Abstract. The prospect of using a particularly environmentally friendly refrigerating agent
R77 (CO2) is considered. The advantages and disadvantages of the R744 refrigerant are con-
sidered, as well as an economic comparative analysis of the refrigerant with R507a, which is
widely used in refrigeration technology. The calculation of capital and operating costs is made.

Keywords: refrigerant, cooling supply, recovery, energy consumption.
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A. JI. Bvikaoopos, T. A. 3apyykas, A. C. Mypamosa-Munexuna

INPUMEHEHHUE TEOPUH PACITIO3HABAHUSA OBPA30B
ITPHU OIMPEAEJIEHUHN MECTA KOPOTKOTI'O 3AMBIKAHUA
B TATI'OBBIX CETAX HEPEMEHHOI'O TOKA

AHHOTanus. PaccMOTpeHbl 0T€YeCTBEHHBIE U 3apyOeKHbIE METOJIbl ONPEEeIICHUSI MECT
YCTOI‘/'I‘-II/IBBIX KOPOTKHUX 3aMBIKAHUM B TATOBBIX CETAX MEPEMCHHOI'0 TOKa U OTMCUYCHBI UX HE-
nocratku. VcciaenoBanbl (pakToOpbl, KOTOPEIE CYIIECTBEHHO BIMSIOT Ha TOYHOCTH OIpeesie-
HUSI MeCTa TIOBPEXICHUsI TIPH KCIIOB30BAHUH CYIIECTBYIOIIMX METOJIOB. Y CTaHOBJICHO, YTO
TaKUMU q)aKTOpaMI/I SABJIAIOTCA CYIICCTBEHHAA HCOAHOPOAHOCTL CTPYKTYPBI TSATOBOM CETH U
CIIy4aiiHbI XapakTep Oyrd B MOMEHT KOPOTKOIO 3aMblKaHMs. [IperokeH MeTo; KOMIbIO-
TEPHOTO MOJCITUPOBAHUS, KOTOPBIH JUIIEH 3TUX HETOCTATKOB. DPPEKTHBHOCTH MPEIOKEH-
HOTO METO/Ia HKCIIEPUMEHTAIBHO MOATBEPKICHA HA JIEHCTBYIONIEM YJacTKe XKEJIEe3HOU 10-
poru.

Ki1roueBble cjioBa: MECTO KOPOTKOTO 3aMBIKAHHS, SIEKTPUUYECKas Iyra, COIPOTUBIICHHE
TATOBOU CETH, JIByCTOPOHHEE U OJHOCTOPOHHEE NMUTAHUE, KOMIIBIOTEPHOE MOJIEITUPOBAHUE,
Teopus pacro3HaBaHUs 00pa30B.

Jast unTupoBanus: beikagopos, A. JI. [Ipumenenne Teopun pacro3HaBaHUS 00pa3oB MpH
OTIpeJIeJIEHNH MECTa KOPOTKOTO 3aMbIKaHHUs B TATOBBIX CETAX IMepeMeHHoro Toka / A. JI. bei-
kasopos, T. A. 3apyukas, A. C. MyparoBa-Munexuna // Bectauk PI'YIIC. — 2021. — No 2. —
C. 119-128. DOI: 10.46973/0201-727X_2021_2_119.

A. L. Bykadorov, T. A. Zarutskaya, A. S. Muratova-Milekhina

APPLICATION OF THE THEORY OF RECOGNITION OF PATTERNS IN DETERMINING
THE LOCATION OF A SHORT CIRCUIT IN AC TRACTION NETWORKS
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Abstract. For effective management of the transportation process on electrified railways,
the power dispatcher must receive reliable information about the operational situation on the
stretch. This requirement is of particular importance in the event of emergency situations in
which the movement of trains is disrupted. This situation arises, for example, in case of per-
sistent short circuits in the traction network for a number of reasons: destruction of insulation
on the rolling stock, insulating structures of the contact network, etc.

A short circuit is a serious accident that causes train downtime. Finding the location of the
short circuit takes from several minutes to several hours, and additional time is required to
eliminate the damage. The faster and more accurately the location of the short circuit in the
overhead line of the railway line is determined, the faster the train schedule will be restored

Keywords: short circuit location, electric arc, traction network resistance, two-way and
one-way power supply, computer modeling, pattern recognition theory.
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P. A. E¢pumos, A. FO. Tumkosa, JI. C. [llopoxosa

KPUTEPHUU OLIEHKH ITPOIOJIBHOI'O TPO®WUJISI COPTUPOBOYHBIX ITYTEN
TP ATTECTALUHN HA BO3MOKHOCTbDB BE3OITACHOI'O POCITYCKA
BAI'OHOB-IUCTEPH JIUISA IEPEBO3KH OITACHBIX I'PY30B 2-I'0 KJIACCA

AnHoTtanus. [IpeacraBieHbl TEOPETUUECKUE BBIBOJIBI IO PE3yJbTaTaM OLECHKH BIUSHUS
MPOJIONILHOTO TPO(HIISI COPTHPOBOYHBIX MyTeH Ha 0E30MaCHOCTh JBUKEHUS TPH POCITYCKE
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BaroOHOB-IIMCTEPH ISl IEPEBO3KH OIMACHBIX I'PY30B B YaCTH COOJIIOCHHS pPeryIaMEeHTHPOBaH-
HBIX CKOpPOCTEeH coynapeHust BaroHoB. OMUCaH MOIXO0/ K aHaIU3Y COOTBETCTBHS (DAKTHIECKUX
3HAYEHHUH MPOJOIBFHOTO PO IMyTH ¢ HOPMATHBHBIMH, IIPEUIOKEHBI KPUTEPHUH, a TAKKE
HOPSAZOK OLEHKH BBHIOOpa Hanbojee panuoHATIbHBIX ITyTeH Ha CTAHINM JUIS pealnu3ali po-
CIIyCKa B aBTOMaTHYECKOM peskuMe. BripaboTaHbl METOA0NOTUYECKHE IPUHIUITBI ONITUMH3a-
UK TpeOOBaHHUN K TPOJOIBHOMY MPOGUITI0 COPTUPOBOYHBIX MyTEH.

KaioueBble cjoBa: mpoIONbHBINH NpO(WIE COPTUPOBOYHOTO ITyTH, BAaroH-LIUCTEpPHA,
VKJIOH, 0€30MacHOCTh ABHMKECHHUS, POCIYCK, CKaThHIBAaHHWE OTIIEINOB, OIICHKAa COOTBETCTBUS,
aTTecTauus CTaHIHU.

Jast umtupoBanusi: Ebumvos, P. A. Kpurepun omeHKH TpOI0IEHOTO TPOMIIIST COPTHPO-
BOYHBIX ITyTeH MPH aTTECTAIlMM HA BO3MOXKHOCTH OE30MaCHOTO POCIYCKa BarOHOB-IIHCTEPH
JUIsl TIEPEBO3KH OMACHBIX rpy30B 2-ro kiacca / P. A. E¢pumos, A. 0. Tumkoga, JI. C. llopo-
xoBa // Bectnuk PI'YIIC. — 2021. — Ne 2. — C. 129-136. DOI: 10.46973/0201-
727X_2021_2_129.

R. A. Efimov, A. Yu. Timkova, L. S. Shorokhova

CRITERIA FOR ASSESSING THE LONGITUDINAL PROFILE OF SORTING WAYS
IN CERTIFICATION FOR THE POSSIBILITY OF SAFE RELEASE

TANK CARS FOR TRANSPORTATION OF DANGEROUS GOODS OF THE 2-ND CLASS

Abstract. The paper presents theoretical conclusions based on the results of assessing the
impact of the longitudinal profile of sorting tracks on traffic safety during the disbanding of
tank cars for the transport of dangerous goods in terms of compliance with the regulated col-
lision speeds of cars. The approach to the analysis of the correspondence of the actual with the
normative values of the longitudinal profile of the track is described, the criteria are proposed,
as well as the procedure for evaluating the choice of the most rational paths at the station for
the implementation of the automatic disbandment. Methodological principles for optimizing
the requirements for the longitudinal profile of sorting paths are developed.

Keywords: longitudinal profile of the sorting path, tank car, slope, traffic safety, dismiss-
ing, rolling off detachments, conformity assessment, certification of the station.

For citation: Evreenova, N. Y. Criteria for assessing the longitudinal profile of sorting
ways in certification for the possibility of safe release tank cars for transportation of dangerous
goods of the 2-nd CLASS / R. A. Efimov, A. Yu. Timkova, L. S. Shorokhova // Vestnik
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K. A. Kanunun
O KOMIVIEKCHOM NNOJAXOJE K AHAJIN3Y JIMHUM BCKM

AHHoTanus. Pa3pabotan MeTo] KOJUPOBKH PA3IUYHBIX MACCAKUPCKUX KOPPECIIOHIEH-
Ui, YIUTHIBAIOMINN reorpaduio paconoKeH sl TUHUA BBICOKOCKOPOCTHBIX JKEJIE3HO0POXK-
HeIx Maructpaieid (BCXXM) u oCHOBHBIE KOJIMYECTBEHHBIC XapPaKTEPHCTHKH COOOILCHHS,
MIPOBEICH CTATUCTHYECKUI aHAIIN3 MUPOBOT'O OIBITA OKCIUTYaTAllMN BEICOKOCKOPOCTHBIX Ke-
JIe3HOAOPOXKHBIX JTMHHUNA. BhIABIEHBI 0coOeHHOCTH dKcmmyaTaunu tuanid BCOXKM B Kurae,
Snonun, ®pannuu, Mcenanuu, ['epMannn. PacCMOTpEHHBIE KOJWYECTBEHHBIE XapaKTEpHU-
CTHKH, TaKHE KaK 00ILIasi MPOTSHKEHHOCTh MApILIPyTa, MapLIPYyTHAsI CKOPOCTh COOOILEHUS U
WHTEHCHBHOCTbD JIBIKCHHS HA Y4aCTKE NPUHSITH HA OCHOBE AKTYaJIbHBIX JaHHBIX IO COCTOSA-
HUIO Ha Hadajio 2021 roja ¢ y4eToM 4acTUYHOI'O COXPaHEHUS KapaHTUHHBIX OTPAaHUYECHUN B
MepeBO3Kax.

B pesynbrare aHanmusza BbIABIEH OOLIMH OOJIMK KOPPECHOHAEHIMH BBICOKOCKOPOCTHOTO
JKENE3HOJOPOXKHOTO COOOIICHUS, MPOTSHKEHHOCTh KOTOpOii coctaBmia 510,68 kM, MapmpyT-
Has CKOPOCTh cooOmieHus 162,76 km/4. Ha ocHOBaHWM TONYyYEHHBIX JAaHHBIX BO3MOXKHA
OLIGHKA OTEYECTBEHHBIX IMPOEKTOB BBICOKOCKOPOCTHOIO COOOILICHUS HA MPEIMET COOTBET-
CTBUS paCYETHBIX TapaMETPOB MUPOBOMY OMBITY IKCILUTyaTallUH.

KuroueBble cji0Ba: BHICOKOCKOPOCTHOH jkene3Hoa0pokHOM TpaHcnopt, BCM, BCXM,
TPAHCIIOPTHBIE KOPUAOPBHI, KEIE3HOAOPOKHBII TPaHCIOPT, NACCAKUPOIOTOK, MEKTyHAPOI-
Hble KOMMYHHKAIIHAN.

Jast uurupoBanus: Kanunun, K. A. O kommiekcHOM noaxoe kK aHanu3y aunuii BCJKM
/ K. A. Kanunun // Bectauk PI'VIIC. — 2021. — Ne 2. — C.137-147. DOI: 10.46973/0201—
727X 2021 2 137.

K. A. Kalinin
INTEGRATED APPROACH TO THE ANALYSIS OF HSR LINES

Abstract. The article develops a method for encoding various passenger correspondence,
taking into account the geography of the location of high-speed railway lines and the main
quantitative characteristics of the message, and provides a statistical analysis of the world ex-
perience in the operation of high-speed railway lines. The features of the operation of HSR
lines in China, Japan, France, Spain, and Germany are revealed. The considered quantitative
characteristics, such as the total length of the route, the route speed of communication and the
traffic intensity on the section, were adopted on the basis of current data as of the beginning
of 2021, with partial preservation of quarantine restrictions in transportation.

As a result of the analysis, the general appearance of the correspondence of high-speed
railway communication was revealed: the length of which was 510.68 km, the route speed of
the message was 162.76 km/h. On the basis of the obtained data, it is possible to evaluate
domestic projects of high-speed communication for compliance of the calculated parameters
with the world experience of operation.

Keywords: high-speed rail transport, high-speed rail, HSR, transport corridors, railway
transport, passenger traffic, international communications.

For citation: Kalinin, K. A. Integrated approach to the analysis of HSR lines / K. A. Kali-
nin // Vestnik RGUPS. — 2021. — Ne 2. — P. 137-147. DOI: 10.46973/0201-
727X_2021_2 137.
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H. A. Kosanesa, T. D. Mamaes

METO/IbI OITIEPATUBHOI'O PEATUPOBAHMA ITPU YIIPABJIEHUHN 1B KEHUEM
B I'OPOACKHUX TPAHCIIOPTHBIX CUCTEMAX

AnHOTanMs. PaccMOTpeHBI TOAXO0BI K aHATTU3Y TPAHCIIOPTHOM JTOPOKHOM CUTYallUU, Me-
TOJBI PETYINPOBaHNs NBHKEHUS B TOPOJCKON cpene. JlaHa oleHKa ypOBHS M JHHAMUKH I10-
Kazareneil aproMmoOmm3anuu Poccuiickoiit denepaiuy 1 perHOHOB, COCTOSHHS aBTOMOOHIIb-
HBIX JIOpOT, BBISBICHA TEHICHIMS CHIKEHHMS CKOPOCTH JABIKEHHUS Ha YJIMYHO-JOPOKHOM
cetu. IIpoanann3upoBaH MUPOBOM ONBIT BHEAPEHHS U COBEPILIEHCTBOBAHUS HH(POPMAIOH-
HBIX TPAHCIIOPTHBIX CHCTEM M COBPEMEHHBIE CXEMBI YIPABIECHUS IBIKEHHEM. [IpuBeneHa
KJIaccU(UKAIHS CUCTEM YIPABJICHUS JOPOKHBIM JBIKCHUEM. PaccCMOTpEHBI aBTOMAaTU3UPO-
BaHHBIE CUCTEMBI YIPABICHUS TOPOKHBIM IBM)KCHHEM, IPUMEHIEMBIE B KPYIIHBIX TOpOJIax
Poccun.

Ha ocHoBe mpoBeZieHHOTO aHaln3a pacCMOTpeHa BO3MOYKHOCTh MPUMEHEHUS OlepaTHB-
HBIX CPEJICTB MOHUTOPHHTA 32 JOPOXKHOW CUTyalluel, B TOM YHCiIe IPU BOZHUKHOBEHUH He-
CTallMOHAPHBIX ((OPC-MaKOPHBIX) PEKUMOB Ha YUaCTKax, I/l BHICOKAs HHTEHCUBHOCTH JIBH-
JKEHUS aBTOTpaHCHOpTa. PaccunTanbl SKOHOMUYECKHE TIOTEPH BBITOJIbI YYACTHUKOB JOPOXK-
HOTO IBMKEHUA MTPU BHEAPEHUH ONEPATUBHBIX CUCTEM MOHUTOPHHTA.

KuroueBsble cjioBa: ynpaBlIeHHUE JOPOXHBIM ABMKEHHEM, TOPOJICKAs TPAHCIOPTHAS CH-
CTeMa, ypOBEHb aBTOMOOMIN3ANY, HHPOPMALIOHHBIE TPAHCIIOPTHBIE CUCTEMBI, Kilaccu(u-
Kallys, MOHHUTOPHUHI, ONEpPaTHUBHOE pearupoBaHUE, MPSMBIE MOTEPH, KOCBEHHBIE MOTEPH,
KBaJIPOKOMTEP.

Hdast umtupoBanusi: Kopanesa, H. A. MeTopl onepaTUBHOTO pearupoBaHUsl IpU YIIPaB-
JICHUH JIBYKEHHEM B TOPOJICKUX TpaHcmopTHbIX cuctemax / H. A. Koanesa, T. D. Mawmaes //
Bectuuk PI'YTIC. — 2021. — Ne 2. — C. 148-157. DOI:  10.46973/0201-727X_2021_2_148.

N. A. Kovaleva, T. E. Mamaev

OPERATIONAL RESPONSE METHODS FOR MOTION CONTROL
IN URBAN TRANSPORTATION SYSTEMS

Abstract. Approaches to the analysis of the traffic situation, methods of traffic regulation
in the urban environment are considered. The assessment of the level and dynamics of indica-
tors of motorization of the Russian Federation and regions, the state of highways, the tendency
to reduce the speed of traffic on the road network is revealed. The article analyzes the world
experience in the implementation and improvement of information transport systems and mod-
ern traffic management schemes. The classification of traffic management systems is given.
Automated traffic management systems used in large cities of Russia are considered.

On the basis of the conducted analysis, the possibility of using operational means of mon-
itoring the traffic situation, including in the event of non-stationary (force majeure) modes in
areas where there is a high traffic intensity, is considered. The economic losses and benefits
of road users during the implementation of operational monitoring systems are calculated.

Keywords: traffic management, urban transport system, level of motorization, information
transport systems, classification, monitoring, rapid response, direct losses, indirect losses,
quadrocopter
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B. A. Kcenogponmosa

OBOBIIEHHAS MATEMATHYECKAA MOJAEJIb ITPONECCOB ITIEPEBO3OK I'PY30B

AnHoTauus. [ToctpoeHa Mozenps mpouecca NePeBO3KH Pa3IMYHBIX TPY30B PA3HBIMU BH-
JlaMHU TPaHCIOpPTa, KOTOphle MMEIOT OJMHAKOBbIE 3Tallbl, C MCIIOJIb30BaHUEM cerel [lerpu.
Oco0eHHOCTH OIIPEeIEIEHHBIX MOPOIECCOB, MPUCYIIUX YIS JaHHOTO BH/a TOBapa U TPAHC-
NOPTa, MOTYT OBITH OTPa)KEHBI KaK JEKOMITO3HLIUSI COOTBETCTBYIOIIETO ATaIla.

[TocTpoenHass *UMUTALIMOHHAS MOJIEIIb TO3BOJISIET OLIEHUTH ITPOAOJKUTEIBHOCTh OIIEPALIIH

U ApYTHE XapaKTEPUCTUKHU.

KiroueBble cioBa: mnponuece nepeBO3Kr, MaTeMaTUiICCKasd MOACIb, UMATAIUOHHASA MO-

Jienb, bu3Hec-Tporecc, ceTh lerpu.

Js uurupoBanus: Kcenodonropa, B. A. O000mEHHas MaTeMaTHIecKast MOJIeNb Ipoliec-
coB niepeBo3ok rpy30B / B. A. Kcernodonrosa // Bectauk PI'YTIC. — 2021. — Ne 2. — C. 158-167.

DOI: 10.46973/0201-727X_2021_2 158,

V. A. Ksenofontova

GENERALIZED MATHEMATICAL MODEL OF CARGO TRANSPORTATION PROCESSES

Abstract. A model of the process of transporting different goods by different modes of
transport, which have the same stages, using Petri networks has been built. The characteristics
of certain sub-processes specific to a particular product and to transport may be reflected as a

decomposition of the relevant stage.

The simulation model made makes it possible to estimate the duration of the operation and

other characteristics.

Keywords: transportation process, mathematical model, simulation model, business pro-

cess, Petri network.
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O. H. Yucnos, M. B. Konecnuxos, B. M. 3a0opoacnuii, M. B. baxanos, B. B. Xan

PA3ZBUTHUE METOJ0OB MOJEJNPOBAHNS B BBIBOPE PAIIMOHAJIBHBIX IAPAMETPOB
PACIIPEJAEJIEHUSI BATOHOIIOTOKOB ITPUITOPTOBBLIX TPAHCIIOPTHBIX CUCTEM !

AnHoTauus. Vccnenyrorest aclieKThl pa3BUTHSI METOJIOB MOJICTUPOBAHUS B BRIOOPE pallu-
OHAJIBHBIX MApaMETPOB PACIPEIEIICHUS BarOHONOTOKOB IPUIIOPTOBBIX TPAHCIIOPTHBIX CH-
cTeM. BhImosiHeH cuTyalMOHHBIN aHaiau3 paboThl NPUIOPTOBBIX TPAHCHOPTHBIX Y3JIOB, a
TaKKe IIPEICTaBIEHa PETPOCIEKTHBA MHOTOOIIEPAaTOPCKOr0 PHIHKA IIOJIBUKHOTO cocTasa. Mc-
cleflyeTcs pa3BUTHE MOTUPHUIMPOBAHHOTO MOX0/a B HCCICIOBAHUH PHIHKA TPAHCIIOPTHBIX
NIEPEBO30K, IIPH KOTOPOM IIPUMEHSIETCS paHee pa3paboTaHHbII aBTOPaMU SKOHOMUKO-Teorpa-
(buUecKuii MeTO pa3rpaHUYCHUs] «00IacTell BIUSHUSD) CTaHIMK MOTrpy3ku. OTHUM U3 mep-
CIIEKTHBHBIX HAIIPaBJICHUI Pa3BUTHS PacCMAaTPUBAEMOI0 METOAA SABISAIOTCA IOJIX0/IbI, OCHO-
BaHHbIE HA HCIOJIb30BAaHMM HeueTKuX Moneneii (HM) ¢ cooTBeTCTBYIOIIMMYU HCXOTHBIMU J1aH-
HBIMH JUISl aHAJIM3a U pacyeTa yNpaBISIIOIINAX BO3ACHCTBUN B CHCTEME PACIIPENEIICHHS Baro-
HOITOTOKOB, a TaK)KE JTMHIBUCTHUECKUMH TTEPEMEHHBIMH, QYHKIMSIMHU MPUHAIS)KHOCTH He-
YETKUX MHOXECTB U Ollepaluil HaJl HUMH.

KiroueBble c10Ba: IPUIIOPTOBBIE TPAHCIIOPTHBIE Y3IIbI, CTAHIIUU MEPEMEIICHHNS, OJIUIO-
MOJIMCTUYECKUI PBIHOK, SKOHOMHUKO-Teorpaduiuecknii MeTo, «00JIacTH BIUSHUSD) CTAHIIHM,
pacnpezneneHle BarOHOIIOTOKOB, MyJIbTHATEHT.

st uuTupoBanusi: PazBuTre METOI0B MOJIEIMPOBAHUS B BBIOOPE PALlMOHAIBHBIX Mapa-
METpPOB paclpeieeH s BATOHOIIOTOKOB ITPUIIOPTOBBIX TpaHCcTOpTHBIX cucteM / O. H. Uucnos
u gap. // Bectauk PTYIIC. — 2021. — Ne 2. — C. 168-179. DOI: 10.46973/0201—
727X_2021_2_168.

O. N. Chislov, M. V. Kolesnikov, V. M. Zadorozhniy, M. V. Bakalov, V. V. Khan

DEVELOPMENT OF MODELING METHODS IN THE SELECTION OF RATIONAL PARAME-
TERS OF THE DISTRIBUTION OF CAR FLOWS OF PORT TRANSPORT SYSTEM

Abstract. The paper examines the aspects of the development of modeling methods in the
choice of rational parameters for the distribution of wagon flows of port transport systems. A
situational analysis of the operation of port transport hubs is carried out, and a retrospective of
the multi-operator rolling stock market is presented. The development of a modified approach
in the research of the transport market is investigated, in which the previously developed by
the authors economic-geographical method of delimiting the «influence areas » of loading
stations is used. One of the promising directions in the development of the method under con-
sideration is the approaches based on the use of fuzzy models (NM) with the corresponding
initial data for the analysis and calculation of control actions in the distribution system of
wagon traffic, as well as linguistic variables, membership functions of fuzzy sets and opera-
tions on them.

! McenemoBanune BBIMOJIHEHO Ipu (puHAHCOBOM moggepxkke PODU, HTY «Cupuyc», OAO «PXK]» u O6paso-
BarenpHOro Gonaa «Tanant u ycrnex» B pamkax HayuHoro npoekra Ne 20-38-51014. [The reported study was funded by
RFBR, Sirius University of Science and Technology, JSC Russian Railways and Educational Fund «Talent and success»,
project number 20-38-51014.]
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ACHUHXPOHHBIN JBUTATEJIb C PASOMKHYTBIM MATHUATOITPOBOJIOM
JJI JEBUTATMOHHOT'O TPAHCIIOPTA

AHHoTanus. [IpuBoasaTCsS CBEACHUS O TATOBBIX ACHMHXPOHHBIX IBUIATENSX C PA30MKHY-
THIMH MarHUTOIIPOBOJAMH H C PETYIHUPYEMBIMU COMPOTUBIIEHHEM KOPOTKO3aMKHYTBIX 00OMO-
TOK BTOPHUYHBIX 3JIEMEHTOB ISl MATHUTHOJIEBUTALIMOHHOTO TpaHcHopTa. MccnenoBano nsme-
HEHHME MAarHWTHOTO MOJIs1 B a3y BO U BBIABICHO BIMAHUE BHITECHEHUS TOKA HA MapaMeTphl
00MOTKH BTOPUYHOTO 3j1eMeHTa perynupyemoro AJ/IPM. YcTaHoBIeHO, 4TO IPH yBETHUCHUN
3aKOpaydrBaHUsA MPOBOJHUKOB M0 IIMPHHE Ia3a 3HAYUTEIHHO YBETUYHBAETCS aKTUBHOE CO-
IPOTHUBJICHUE U YMEHBIIAETCSI UHIYKTUBHOE CONPOTHUBIIEHHE KOPOTKO3aMKHYTOH OOMOTKHU
BTOPUYHOI'0 IEMEHTA, YTO HEOOXOAUMO YUUTHIBATh IPU pacyeTe IIyCKOPEeryJIMPOBOYHBIX Xa-
PaKTEPUCTHK.

KiroueBble cji0Ba: aCHHXPOHHBIH JBUraTelb C PA30OMKHYTHIM MarHUTOIPOBOAOM, BTO-
PHUYHBIHI 3I€MEHT, KOPOTKO3aMKHYTasi 0OMOTKa, Oeryiiee MarHuTHOE T10JI€, ITOABM)KHBIN 3ie-
MEHT, BEITECHEHHE TOKa B Ta3y.

s murupoBanusi: ConoMuH, B. A. ACHHXpOHHBIN IBUTATENb C PAa30MKHYTBIM MAarHHATO-
MPOBOJIOM ISt JieBUTanMoHHoro Tpancnopta / B. A. Conomun, A. B. Conomun, A. A. Yexosa //

Becrauk PI'VIIC. — 2021. — Ne 2. — C. 180-188. DOI: 10.46973/0201-727X_2021_2_180.

V. A. Solomin, A. V. Solomin, A. A. Chekhova

ASYNCHRONOUS MOTOR WITH OPEN MAGNETIC CIRCUIT FOR LEVITATION
TRANSPORT

Abstract. The paper provides information on traction induction motors with open magnetic circuits
and with adjustable resistance of short-circuited windings of secondary elements for magnetic-levita-
tion transport. It is investigated the change in the magnetic field in the SE slot, and it is revealed the
effect of current displacement on the parameters of the winding of the secondary element of the con-
trolled induction motors with open magnetic circuits. It was found that with an increase in the short-
circuiting of the conductors along the width of the groove, the active resistance significantly increases,
and the inductive resistance of the short-circuited winding of the secondary element decreases, which
must be taken into account when calculating the starting and control characteristics.

Keywords: induction motor with open magnetic circuit, secondary element, short-circuited wind-
ing, running magnetic field, moving element, current displacement in the slot.

For citation: Solomin, V. A. Asynchronous motor with open magnetic circuit for levitation
transport / V. A. Solomin, A. V. Solomin, A. A. Chekhova // Vestnik RGUPS. — 2021. — Ne 2.
—P. 188-196. DOI: 10.46973/0201-727X_2021_2_188.
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MOJAEJIUPOBAHUE CUCTEM U IPOLHECCOB

VJIK 514.18 +06 DOI: 10.46973/0201-727X_2021_2_189

A. M. Myxkymaose, B. M. Ilpuxoovro

MATEMATHYECKAS PACYETHASA MOJAEJb ®EPPOMATIHUTHOI'O CMA30YHOI'O
MATEPHAJIA TP HEITIOJIHOM 3AINIOJITHEHUU PABOYEI'O 3A30PA

Annotauus. Ha ocHoBe ypaBHeHuUs TedeHUs peppOMarHUTHOM KHUIKOCTH, a TAKKE ypaB-
HEHHS, ONMCHIBAIOUICTO NPO(UIb PACIJIABIEHHOTO KOHTYypa HANpaBIIOLICH, HaHAEHO
ACHMIITOTHYECKOE U TOYHOE aBTOMOJICJIFHOE pellieH e Ut HylieBoro (0e3 yuera paciuiaBa) u
nepBoro (C y4eToM paciuiaBa) MpUOIIKEHUST KIMHOBUIHON OMOPBI CKOJIBKEHHS ¢ HECTaH-
JapTHBIM ONOPHBIM NMPOGUIEM MOJI3YHA U JIETKOIIABKUM METaJUTMYECKUM MOKPBITHEM I10-
BEPXHOCTH HAIIPABJIIOIICH NpU ydeTe PEeOIOTHUECKHX CBOMCTB CMA30YHOIO Marepuaia u
pacruiaBa, 00JIaAaloIUX TP IAMHUHAPHOM PEXKUME TeUeHUs peppoMarHUTHBIMU CBOMCTBAMH,
IIPY HEIOJIHOM 3amoJIHeHHH padouero 3a3opa. [lomyueHsl aHaTUTHYECKHE 3aBUCUMOCTH IS
npoduis paciulaBICHHON TOBEPXHOCTH NOKPBITHSI HATIPABIISIOIIEH, a TAKOKE VIS MOJISL CKOPO-
CTel M JaBJICHUU MPH HYJIEBOM U MepBoM MpubmmkeHun. OnpeneneHsl OCHOBHBIE padodne
XapaKTePUCTUKH Napbl TpeHHA. BBISIBICHO BIMSAHUE TAPaMETPOB, 00YCIOBICHHBIX PACTIIIABOM
Ha HECYIIYIO CIIOCOOHOCTh U CHITY TPEHHSL.

KuaroueBsble cjioBa: THIPOAMHAMUYECKUI pacdeT, KIMHOBUIHAS OMOPHAs MOBEPXHOCTD,
JIETKOTIIABKOE METAJUINYECKOE MMOKPHITHE, PeppOMarHUTHBIN CMa304HbIH MaTepuall, Hecymast
CHOCOOHOCTb, CHJIa TPEHHUSL.

Jas mutupoBanus: Mykyraaze, A. M. Matemarndeckasi pacdeTHas MoJielb eppoMmar-
HHTHOT'O CMa304YHOT0 MaTepuaja IpU HEMOJIHOM 3aloiiHeHnH pabodero 3a3opa / A. M. My-
kytamze, B. M. Ilpuxompko // Bectmuk PI'VIIC. — 2021. — Ne2. — C. 189-197.
DOI: 10.46973/0201-727X_2021_2_189.

A. M. Mukutadze, V. M. Prikhodko

MATHEMATICAL CALCULATION MODEL OF A FERROMAGNETIC LUBRICANT
WITH INCOMPLETE FILLING OF THE WORKING CLEARANCE

Abstract. Based on the equation of the flow of a ferromagnetic liquid, as well as the equa-
tion describing the profile of the molten contour of the guide, an asymptotic and exact self-
similar solution is found for the zero (without taking into account the melt) and the first (taking
into account the melt) approximation of a wedge-shaped sliding support with a non-standard
support profile of the slider and a low-melting metal coating of the guide surface, taking into
account the rheological properties of the lubricant and the melt, which have ferromagnetic
properties in the laminar flow mode, with incomplete filling of the working gap. Analytical
dependences are obtained for the profile of the molten surface of the guide coating, as well as
for the velocity and pressure fields at zero and first approximation. The main operating char-
acteristics of the friction pair are determined. The influence of the parameters caused by the
melt on the bearing capacity and the friction force is revealed.

Keywords: hydrodynamic calculation. wedge-shaped support surface, low-melting metal
coating, ferromagnetic lubricant, load-bearing capacity. the friction force.
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TPEBOBAHUSA K O®OPMJIEHHUIO CTATEM
JJIA ITYBJIUKALIUNU B KYPHAJIE «BECTHUK PI'YIIC»

1 Marepuanabl cTaTeil NMPEICTABISIOT B BUIE TEKCTOB, 0T(OPMATUPOBAHHBIX M PacledyaTaHHBIX
Ha JIa3epHOM WJIM CTPYWHOM TpHHTEpe (MPUTOJHBIX IS CKaHWpOBaHWs) Ha Oenoil Oymare dopmara A4
(210%297 mm) B omHOM dK3eMITIsipe. PexomenyeMblii 00beM ctatbu — 5—10 cTpanuil.

OHOBPEMEHHO TIPE/ICTABIISIOT IIEKTPOHHYIO BEPCHUIO CTATHH, BHIIIOJTHEHHON B TEKCTOBOM PEAAKTOPE
Word for Windows, mpudt Times New Roman, 11 pt, MexkcTpouHBIl HHTEPBAJ — OIMHAPHBIN, BHIPABHUBAHHE
IO MUpPYHE, a03alHbINA OTCTYI — 1,25 cM, BCe mouis — 2 cM.

2  Ha nepBoii cTpaHHLEe JOIDKHBI OBITH YKa3aHBL:

Y/IK — B neBoM BEpxXHEM yTIIy;

WHTEpBAJ;

UHUYUATIBL U pamMuiuy agmopog — 10 1ICHTPY, KypCHBOM;

WHTEpBA;

HA36aHUe cMampu — 3arJIaBHBIMU OYKBaMH, ITOTYKAPHBIM IIPUQPTOM, IO IIEHTPY, 0€3 IEPEHOCOB;
WHTEpBAJ;

annomauus (80-150 cios);

karoueeste croea (5-10 cios);

WHTEpBAJ;

meKcm cmambou — MEYaTAETCS C IEPEHOCAMU.

WHTEPBA;

CHUCOK Tumepamypel Ha pPyCCKOM M aHTITUHCKOM si3bIKax (He MeHee 10 MCTOYHHKOB).

CtaThs JIOJKHA COJIEPKATh BBOJHYIO YacTh, [Iellb HAYYHOH pa3paboTKH, OCHOBHYIO YacTh U BbI-
BoJbL. TekcT cTaThy TOMKEH OBIThH TIIATEILHO OTPEAAKTUPOBAH U FOTOB AJISl MAKETUPOBAHUSI M BEPCTKH XKYyp-
HaJla Ha KOMITBIOTEpE.

4 ByKBBI JIATHHCKOTO andaBuTa HAOUPAIOT KypCHUBOM, OYKBBI IPEYECKOTO U PYCCKOTO an(aBUTOB
— npsmbIM mpudrom. Maremarndeckne cuMBoIbl lim, In, arg, const, sin, cos, min, max u T.1. HaOUparOT
npsaMbeIM mpudToM. AOOpeBHaTypHl clieAyeT paciinppOBBLIBATH TP UX IEPBOM YIIOMUHAHUH B TEKCTE.

5  ®opmyasl. bonbimue Gpopmyisl HEOOXOAMMO Pa3OUTh HA OTHAENbHBIE (pparmMeHThl. PparMeHTHI
(hopMyIT IO BO3MOXHOCTH JIOJDKHBI OBITH HE3aBUCUMBI (IIpH paboTe B OPMYITLHOM pPeakTope KaXias CTpoKa
— OT/IeNbHBINA 00beKT). Pacmonarats GpopMyibl clienyeT Mo IMEeHTPY CTPOKH.

BykeerJul,eul,hun,qug, VuU, O (6yksa) u 0 (HOJb) AOJKHBI pa3nA4aThCs [0 HAYEPTAHHIO.

Tupe, neduc, 3HaK «MUHYC» 0003HAYaIOT COOTBETCTBYIOIIMMH 3Hakamu. HymepoBaTp ciemyer
TOJIbKO T€ (hOPMyYJIBl, HA KOTOpPbIE €CTh CChUIKU B TekcTe. Homep gopmynsl cnenyer nedatars B Word oT1-
JEIBHO OT GOPMYII, B KPYTIIBIX CKOOKaX IO IIPaBOMY Kparo.
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O003HaueHHs, TEPMUHBI U HJUTIOCTPATHBHBIH MaTepuasl JOJLKHBI COOTBETCTBOBATH JACHCTBYIOIIUM
I'OCTam.

6 Pucynku u ¢ororpadun, BEIOTHEHHBIC YeTKO U KOHTpAacTHO B dopmare *.tif, *.jpg, *.png, c
paspemenuemM He meHee 300 Todek Ha MIOWM, CIEAyeT pa3MemlaTh B MOPSAKE WX YIIOMUHAHHUS B TEKCTE.
CchUIKY HAa PUCYHKH B TEKCTE U MOJPHUCYHOUHASI TOJNHUCH 00s3aTEIbHBI.

7 Tabaumupl cieqyeT pa3MeniaTh Mo Mepe yoMuHaHus B craThe. CChUIKM Ha TaOMUIBI B TEKCTE U
HazaHWs TaOIUI 00sI3aTeTHHBIL.

8 Cnucox auTepaTtypbl NPUBOAAT OOIIMM CIIHCKOM B KOHIIE CTATHH M COCTAaBIISIOT B COOTBET-
CTBHH C IIOCTIEIOBATEIILHOCTBIO CCHIJIOK B TEKCTE, KOTOPBIE 0003HAYAIOT apaOCKUMU Iu(pamMu B KBaJAPATHBIX
ckoOkax. Jlutepatypy opopmisitoT Tonbko corinacHo ['OCT P 7.0.100-2018. [1pu Hanuuuu y craTtby uudpo-
Boro uaeHtupukaropa oobekra (DOI) ero ykazanue ob6s3aTenbHO.

Cratps momKHa OBITH 003aTETHHO TIOIIICAHAa BCEMHU aBTOPAMHU.

9 MarepuaJbl, npujaraemMple K cTaThe, JOJDKHBI COJACPXKATh CIICAYIOIINE CBEIeHHS (Ha PYCCKOM
Y aHTJIMICKOM S3bIKaX):

m HasBanue craThu (3ar1aBHBIME OyKBaMHU, MTOITY>KUPHBIM MIPHPTOM).
damwuust, UM, OTYECTBO aBTOPA (TIOTHOCTHIO, O€3 COKpaIeHHH).

MecTto paboThI Ka)KI0T0 aBTOpa B IMEHUTEIBHOM Maiexke.
Y4enas cTeneHb, ydeHOE 3BaHUE, TOTKHOCTb.
E-mail.
AHHOTanus (KpaTkoe coiep)kaHue CTaThbH, BKIIOYarolee 3—4 MpeyiosKeHus).
KiroueBsie croBa.
Yc0BuA M IOPAI0K MYyOIUKALMM CTATEH B JKypHAJIe

CraTbs 10/KkHA ObITH 0 opMJIeHa N0 PUJIATaeMbIM TPeOOBAHMSAM.
ABTOp MMeeT NPaBo oy0JIMKOBATH B HOMepe OHY CTATBIO.
ABTOp MOsKeT NPHCJIATh CTATHIO B a/Ipec peJaKIuu:
10 Novre;
110 3JIeKTPOHHOI noyre;
NMPHHECTHU B PEIAKINIO U NEePeIaTh 0TBETCTBEHHOMY ceKpeTapio (1. kopiyc, koM. J[ 107).
Cratbs, npeAcTaB/isieMasi B peJaKLHIO, 10JKHA COOTBETCTBOBATh TeMaTHKe H31aHM.

Tematuka *ypHaia OXBaThIBA€T OCHOBHBIE MIPOOJIEMBI TPAHCIIOPTA, a TAK)XKE SHEPTeTUKH, MAIIMHOCTPOCHHUS U
ynpasyeHus. [TyOnukyroTcs cTaTbu MO CASAYIOIINM CEKIHIM:

—  MAaIIMHOCTPOEHHE;

—  TIOABIKHOHM COCTaB, 6€30MacCHOCTb ABMXKEHHS U SKOJIOTHS;

- I/IH(bOpMaL[I/IOHHI)Ie TEXHOJIOI'MH, aBTOMATHKAa U TCJICKOMMYHUKAIIUU,

- YIIpaBJIEHUE U JIOTHCTHKA HA TPAHCIIOPTE;

—  KEeJE3HOJIOPOXKHBIH ITyTh M TPAHCIIOPTHOE CTPOUTEIHCTBO;

—  TpaHCIOPTHas YHEPreTHKA;

—  MOJEIHMPOBaHHE CUCTEM U TIPOIECCOB.

5 PepakuuonHasi KoJulerusi IpUHUMAaeT MJIsl MyOJIMKALMM CTAThHU NOCJe TINATEeJbHON HAY4YHOH JKC-
MepTU3bl.

g myGnukanuy oTOMPAroT CTaThbH, KOTOPHIE MPEACTABIAIOT HAYIHBII HHTEPEC U SBISIOTCA HOBOH CTYIEHBIO
B pa3paboTke maHHO# mpobaembl. CTaThU MyOJIUIIMCTHYESCKOTO TIaHa HE IPUHUMAIOTCSI.

6  Ha3acexanuu peaKoJJIeruy NPUHUMAIOT pellleHre 0 BO3MOKHOCTH My0JIMKAIIMH CTAThH TOJILKO MPH
HAJTNYMH MOJIOKUTEIbHON peleH3uu.

7  Bce pacxoasbl 0 MOATOTOBKe K MyOJUKAIMM U U3JAHHUIO ’KYPHAJIA OIJIAYUBaeT YHUBEPCHUTET, B TOM
YyHcJIe H OYTOBbIE PAcXo/bl MPH MepechblIKe )KypHaIa aBTOpaM.

>~ o o0 W

Kparkasa nundopmanus o xxypHaJie

HayuHo-Texamueckuii sxypHan «BecTHHK POCTOBCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA IMyTeH COOOIIEHUS
(«Bectauk PT'YIIC») 3apeructpupoBan B @enepanbHoi ciry>kOe 1Mo Haa30py B cdepe CBsI3M, HHHOPMAIIMOHHBIX TEXHO-
noruit u MaccoBbix koMmmyHukanuit (POCKOMHA/I30P), cunerensctBo 0 peructpaiuu [T Ne ®C77-77245 ot 20 Ho-
a6ps 2019 r. XKypHan nMeeT MeXAyHApOIHBIN CTaHAApTHBIN cepuainbHbIil HoMep (ISSN 0201-727X), nmpucBoeHHBIH
Kuwmxnoit manaroit Poccuiickoit ®deneparuu.

YupeauteneM u uzznateneM spisiercs: PenepanbHoe rocyapcTBEHHOE OI0KeTHOE 00pa3oBaTesibHOE yUpexK/Ie-
HHeE BbIcIIero oopa3zoBaHus «PocToBckuil rocypapcTBeHHbIN yHUBepcHuTeT myTel coodmenus» (PI'BOY BO PI'VIIC).

I'maBHBII penakTop xypHana — akaaemuk PAH, 3aciayxenHsli gesrens Hayku PO, TOKTOp TEXHUYECKUX HaYK,
npodeccop B.M. Konecunkos.

B cocraB penakuuonHo#i komteruu Bxoaat seaymue yuensle PI'YIIC, a Takke qpyrux TpaHCIIOPTHBIX U aKaje-
Mudeckux yHuBepcutetoB CeBepo-KaBkasckoro peruona, Mocksel, Cankt-IletepOypra, Yipauns! (J{HenmponeTpoBcKuii
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rOCyJapCTBEHHbBIN TEXHUYECKUH YHUBEPCUTET JKEIIE3HOIOPOKHOTO TpaHCcIopTa uM. akaa. B. JlazapsHa, r. Jlnenpormner-
poBck), PeciyOnuku Benapycs (benopycckuii rocynapcTBeHHBIH YHUBEPCUTET TpaHCcTopTa, T. ['omens), Yerickoii Pec-
my6smuku (OcTpaBCKUi TeXHUUECKHH yHUBepcHTeT, T. Octpasa), [Tonbuu (Cune3ckuii TeXHUYeCKUi yHUBEpCUTeT, I. Ka-
toBuue), @pannuu (YHuBepcutet a0 Mag, r. Jle-Mamn).

KypHain BBIXOAUT C IEPUOANYHOCTBIO 4 HOMEpA B TOA, T.€. KaXKIbII KBapTall.

C anpens 2004 rona «Bectauk PI'YIIC» BxitoueH B «IlepedeHs nepuouueckux HayqHbIX U HayYHO-TEXHUUE-
CKUX M3JIaHuH, BeIycKaeMbIX B Poccuiickoit @enepanuy, B KOTOPHIX PEKOMEHyeTCsI IyOJIMKAIUsi OCHOBHBIX pe3yJIbTa-
TOB AWCCEPTAIN HAa COMCKAHNE YUSHOH CTETIeHN KaHAMaTa U NoKTopa Hayk» (pemienne [Ipesummyma BAK Ne 6/4 ot
06.02.2004 1.). XKXypHaa Bomea Bo Bce mOCIeayonue pegakin [lepedns.

«Bectauk PI'YIIC» — monmucaoe m3nanme. C 2004 roga >xypHail BKITIOYEH B KaTaJOT MOMMHCHBIX W3IaHUN
arenTcTBa «Pocneuarsy (B cnennansHoM Katanore «[A3ETBI. JKYPHAJIbI» 3apeructpupoBan nmox nanekcom 53720).

INoamucatbcst Ha XKypHall MOXKHO B JTFOOOM OTZAEJICHHUH CBSI3H, PACHPOCTpaHAeTCs KypHal Ha Tepputopun Poc-
cuiickoit @enepanuu. [Toanrucky MokHO 0POPMHTE Ha KBapTal, Ha ITOJITO/a MIIA HA TOA.

Kypuan «Bectauk PT'VIICy» OecruiaTHO pacchuiaeTcs BCEM OTPACIIEBBIM By3aM, B Psili By30B MUHHUCTEPCTBa
oOpazoBaHust U HayKH Poccuu, HEHTpaNbHBIM U 30HAJILHBIM HayYHO-TeXHHUecKM Oonbnnorekam, HUU undopmarmm.

IlouToBBIil aApec peqaKLuu:

344038, r. Pocros u/]1, 1. PoctoBckoro CrpenkoBoro ITonka Hapogroro OmnomueHus, 1. 2.
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