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H. C. 3a0opooicnas, M. A. Mykymaose, B. U. Kupuwuesa

PACYHETHAS MOJIEJIb MUKPOIIOJIAPHOI'O CMA30YHOI'O MATEPHAJIA
B INIOAIINUITHUKE C IIJIABKUM IIOKPBITUEM ITPU HEITOJIHOM 3AITIOJIHEHUHU
PABOYEI'O 3A30PA

AHHoTanus. B pabote Ha OCHOBE ypaBHCHHS TCUCHHS MHUKPOTIOISAPHON KUIAKOCTHU ISt
«TOHKOTO CJIOST», YPaBHEHUSI HEPA3PBIBHOCTH, a TAK)KE YPAaBHEHHS, ONMHACHIBAIOIIETO TPODUITH
pacIIaBJICHHOTO KOHTYpPa HAaIIPaBIIAIONIEH, TTOKPHITONM METAJUIMYECKNM CILIAaBOM, C YIETOM
(hOpMYJIBI 11 CKOPOCTH JUCCHIIAIMU MEXaHUYECKOW YHEPTHH HAWICHO aCHMITOTHYECKOE U
TOYHOE aBTOMOJEIBLHOE PEIICHUE KIMHOBUIHOU OMOPHI CKONBKEHUS C aIallTUPOBAHHBIM K
YCIIOBHSIM TPEHHUS OOPHBIM MTPO(UIIEM TOJI3yHA U METAJUTHIECKUM IIOKPBITHEM TTOBEPXHOCTH
HaIPaBJISAIONICH MPU yueTe 3aBUCUMOCTH PEOJIOTUYECKUX CBOMCTB CMAa304YHOTO MaTepHaia u
pacmiaBa, o0IaaroIuX IPY JAMUHAPHOM PEKUME TECUCHUSI UCTHHHO BS3KUMU CBOHCTBaMH,
OT JaBIICHUS TPU YaCTHYHOM 3alOJHEHHH pabouero 3a3opa. [lomydeHbl aHamuTHYECKHE 3a-
BHCHUMOCTH JIJISl IPOQIIIS PACIUIaBIEHHOW TOBEPXHOCTH METAILTMYECKOTO MIOKPHITHS HAIIPAB-
JISTIOIICH.

KaioueBble ci0Ba: 4acTHYHOE 3alOJHEHHE, MHUKPOMOJSIPHAS JKUAKOCTh, KIMHOBHIHAS
OTIOpa CKOJIBKEHUS, THIPOIMHAMAKA

Juasi nmrupoBanusi: 3anopoxknas, H. C. PacueTHas Mozenp MHUKpPOIOJISIPHOTO CMa30y-
HOI'0 MaTcpuajia B IOJUIMITHUKE C IIJITAaBKUM IMOKPBITUEM ITPU HEIIOJIHOM 3aIll0JTHCHUHN pa6oqer0
3a3opa / H. C. 3apopoxnas, M. A. Mykyranze, B. . Kupumuesa // Bectauk Bectauk Po-
CTOBCKOTO TOCYJITAPCTBEHHOTO YHUBepcuTeTa mytel coodmenus. — 2021. — Ne 4. — C. 8-17. —
DOI 10.46973/0201-727X_2021_4_8.

N. S. Zadorozhnaya, M. A. Mukutadze, V. I. Kirishchieva

CALCULATION MODEL OF A MICROPOLAR LUBRICANT IN A BEARING WITH A FUSIBLE
COATING WHEN THE WORKING GAP IS NOT FULLY FILLED

Abstract Based on the equation of the flow of a micropolar liquid for a "thin layer", the
continuity equation, as well as the equation describing the profile of the molten contour of a
guide coated with a metal alloy, taking into account the formula for the rate of mechanical
energy dissipation, an asymptotic and accurate self-similar solution of a wedge-shaped slid-
ing support with a slider support profile adapted to friction conditions and a metal coating of
the guide surface is found, taking into account the dependence of the rheological properties
of the lubricant and the melt, having truly viscous properties under the laminar flow regime,
depending on the pressure when the working gap is partially filled. Analytical dependences
for the profile of the molten surface of the metal coating of the guide are obtained.

Keywords partial filling, micropolar liquid, wedge-shaped sliding support, hydrodynam-
ics.

For citation: Zadorozhnaya, N. S. Calculation model of a micropolar lubricant in a bear-
ing with a fusible coating when the working gap is not fully filled / N. S. Zadorozhnaya,
M. A. Mukutadze, V. I. Kirishchieva // Vestnik Rostovskogo Gosudarstvennogo Universiteta
Putey Soobshcheniya. — 2021. — No.4. — P. 8-17. DOI 10.46973/0201-727X_2021_4_8.
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U. A. Mauba

PA3PABOTKA NIPOT'PAMMBI 1 METOJIMKH UCNIBITAHUM YCTPOMCTBA AKTUBAILIAU
TPEHMSI JIOKOMOTHBA HA YCTOMYUBOCTH K BO3JIEMCTBHUIO BHEIITHUX
MEXAHUYECKHUX ®PAKTOPOB

Annortanus. [IpencraBieHbl pe3ynbTaThl HCCIEOBAHUN TTO0 pa3paboTKe mporpamMM U Me-
TOJIMK CTEHOBBIX UCTIBITAHUN OCHOBHBIX 3JIEMEHTOB YCTPONWCTBA aKTUBALIMU TPEHUS JIOKOMO-
TUBOB. B X01e 000CcHOBaHMS BBIOOPA PEKUMOB U BUAOB HCIIBITAHUHN ITPOBE/ICH aHAIIN3 pa3Me-
meHnss 000pyIOBaHMsI yCTPOMCTBA aKkTUBAIK TpeHus tokomoTtuBa (Y ATJI) B anektpoBose
39C5K. YcraHoBNIEHO, YTO 4acTh 000pyIOBaHUS, OOECIICYHBAIOIICTO YIIPABICHUE CHUCTE-
MaMH ITHEBMOTIPHBO/IA, pa3MellieHa B Ky30Be IOKOMOTHBA, & YaCTh MEXaHUIECKOI0 000py10-
BaHMsI U [THEBMONIPHUBO/] PACIIONOXKEHbI HA paMe TEJIEXKH JOKOMOTHBA. B xozne paspabotku
IPOrpaMMBbl HCIIBITAHWN OBUIM yCTAHOBJIEHBI TPEOOBAaHUS TIO MIPOBEPKE HCIPABHOCTH U Mpa-
BUJIBHOCTH (YHKIIMOHUpOBaHUs ycTpoiicTBa. YATJI Brimrouaer B ceOst MPOBEPKY YCHIIUS
Ha)kaTHs, CO3/1aBa€MOr0 MHEBMOLIMIMHIPOM, POBEPKY repmeTHuHocTd. [IpoBepka mpoBo-
JUTCS TIOCTIE BO3/AEHUCTBUSA BHEIIHUX MEXaHWYECKMX BO3JCHCTBHUM IO MPUHLHUITY TPOBEPKU
(YHKIIMOHUPOBAHUS C WCIIOJIF30BAaHHEM MTHEBMATHUECKOW cXeMbl. [IpoBepKy COXpaHHOCTH
BHEIITHETO BUAA U HajexkHocTH Kperuiennid Y ATJI mocie Bo3neicTBIS BHEITHUX MEXaHUYe-
CKuX (haKTOPOB MPOBOJIAT METOAOM BU3YaJIbHOIO KOHTPOJIS (OCMOTpPa) HEBOOPY>KEHHBIM TIJla-
30M HapyXHbIX TOBEpXHOCTEH sreMeHToB KoHCTpYKuuu Y ATJL. Ilpeacrasnenusiii B pabote
MaTepual M03BOJIIET KOPPEKTHO MPOBOINTH HCTIBITAHUS U TIOIY4aTh Pe3yIbTaThl, KOTOPHIE B
CiIy4yae TOATBEP)KJICHHH COOTBETCTBUS TPEOOBAHMUSIM TEXHMYECKOM [TOKYMEHTAI[MH Ha
ycrpoiictBo YATIJI, obecneunBaroT HafeKHOCTh PabOTHI 00OPYIOBAHUS B 3KCILTyaTallUH C
3aJlaHHON HapaOOTKOM Ha OTKa3.

KuroueBsble ci10Ba: HCTIBITAHNA, YCTPOMCTBO aKTUBALIMU TPEHHUS, BHEIITHIE MEXaHUUECKHE
BO3/ICHCTBUS, HANIPSKEHHUS, TPOBEPKA MPABMIBHOCTH (DYHKIIMOHUPOBAHHUSL.

Jst nurupoBanms: Maiiba, M. A. Pa3paboTka mporpaMMmbl U METOAWKH HCIIBITAHUH
YCTPOMCTBA aKTUBALIMU TPEHHUS JIOKOMOTHBA Ha yCTOWYMBOCTD K BO3ACHCTBHIO BHEIIHUX Me-
xaHndeckux Qakropos / . A. Maii6a / Becthuk BectHruk PocToBcKoro rocyiapcTBeHHOTO
yHUBepcuTera nyted coobmenus. — 2021. — Ne 4. — C. 18-23. — DOI 10.46973/0201—
727X_2021_4_18.
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I. A. Mayba

DEVELOPMENT OF THE PROGRAM AND METHODOLOGY TESTING
OF THE LOCOMOTIVE FRICTION ACTIVATION DEVICE FOR RESISTANCE
TO EXTERNAL MECHANICAL FACTORS

Abstract. It is presented the results of the research development programs and methods for
bench testing the main elements of the locomotive friction activation device. In the course of
substantiating the choice of modes and types for testing, an analysis was made of the equip-
ment placement for a friction activation device for a locomotive (UATL) in a 3ES5K electric
locomotive. It has been established that a part of the equipment providing control of the pneu-
matic drive systems is located in the locomotive body, and a part of the mechanical equipment
and the pneumatic drive are located on the locomotive bogie frame. During the development
of the test program, the requirements for checking the serviceability and correct functioning
of the device were established. UATL includes checking the pressing force created by the
pneumatic cylinder, checking the tightness. The test is carried out after exposure to external
mechanical influences according to the principle of a functional test using a pneumatic circuit.
Checking the safety of the appearance and reliability of the UATL fasteners after exposure to
external mechanical factors is carried out by the method of visual control (inspection) with the
naked eye of the outer surfaces of the UATL structural elements. The material presented in the
work allows you to correctly conduct tests and obtain results that, in the case of confirmation
of compliance with the requirements of the technical documentation for the UATL device,
ensure the reliability of the equipment in operation with a given MTBF.

Keywords: tests, friction activation device, external mechanical influences, stresses, oper-
ability check.

For citation: Maiba, I. A. Development of the program and methodology testing of the
locomotive friction activation device for resistance to external mechanical factors /
I. A. Mayba // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey Soobshcheniya. —
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HU. C. Moposkun, A. JI. O3560KuH

HNCCIEJOBAHUE U PABPABOTKA CXEM 3AKUT'AHUA AYT'
JIJII TAPUCTOPHBIX BBINIPSIMUTEJIEA

AnHoTanus. VccienoBanus MPOBOAMINCE C LETbI0 OMTUMHU3AIUU PAOOTHI CXEMBI 3aXKH-
raHusl Iyrd B Hayajie CBapku U (OPMHUPOBAHHUS KaIUTd MaJIbIX Pa3MEpPOB IPH OKOHYAHHH
cBapku. C y4eToM MPOBEICHHONW KOPPEKTUPOBKH IIUKIIOTPaMMBI pa3padoTaH BapuaHT MOJIEp-
HU3UPOBAHHOM CXE€MbI TUPUCTOPHOTO BBIIPSMUTENS ISl MUTAHUS CBAPOYHOIO MTOCTA MPH M0~
JTyaBTOMAaTHYECKOW CBapke. B pesynbTare mccienoBanuii ObUTH OTIPEIeIeHBl ONTHMAIbHBIE
rmapaMeTphbl 3JIEMEHTOB cXeM. Bblin mo00paHbl oNTHMajIbHBIE HapaMeTphbl PaOOThl CXEMBI,
MIPH KOTOPBIX HE HAOIIOAAUCH OOPBIBBI IyTH U ()OPMUPOBAHUE KATUIA HA KOHIIE 3JIEKTPOIA.
JIiis HaIe)HOTO OECKOHTAKTHOTO 3a)KMTaHUs IyTH HE0OX0IUMO 00ECIIEYUTh COOTHOIIIEHHE U
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< 2d,. BbIJIO YCTaHOBIIEHO, YTO MPOIIECC TMEPEX0/Ia OT MOBBIIMICHHOTO HAMPSIKEHHS K YCTaHO-
BUBIIEMYCS HAITPSDKEHUIO CBAPKH MPOXOIUT O€3 0OphIBa AYTH MPHU HUCIOIB30BAHUY CBAPOY-
HBIX TTPOBOJIOK 1,6 11 2,0 MM Ha pa3IMIHBIX PEKUMaX CBAPKH.

KiroueBble clioBa: OECKOHTAKTHOE 3a)KUTaHHUE JTyTH, THPUCTOPHBIA UCTOUYHHUK NMHTAHMUS,
UKJIOTpaMMa, HAITPSDKEHUE, MOICPHU3AIMH CXEMBI BBITTPSIMHUTEIISL.

Jast uutupoBanusi: Moposkus, U. C. MoaenupoBaHue ruipoIMHAMHUKHU M TEIIOOOMEHA
B KaHanax ¢ Typoynusaropamu / Y. C. MoposkuH, A. JI. O310kun / BecTHuk PocToBCcKOTO
rOCY/IapCTBEHHOT'0 YHUBEpCUTETA MyTel coobmenus. — 2021. — Ne 4. — C. 24-31. — DOI
10.46973/0201-727X_2021_4_24.

I. S. Morozkin, A. L. Ozyabkin

RESEARCH AND DEVELOPMENT OF ARC IGNITION CIRCUITS FOR THYRISTOR
RECTIFIERS

Abstract. Studies were conducted to optimize the operation of the arc ignition circuit at
the beginning of welding and formation of a small drop at the end of welding. Using the cy-
clogram adjustment, the version was developed upgraded circuit of the thyristor rectifier for
power supply to welding station at semi-automatic welding. As a result of the studies, the
optimal parameters of the elements of the schemes were determined. Optimal circuit operation
parameters were selected, at which no arc breaks and formation of a drop at the end of the
electrode were observed. For reliable contactless ignition of the arc, the ratio dc < 2de must be
provided. It was found that the transition process from increased voltage to steady state the
welding stress passes without breaking the arc using the welding wires 1.6; 2.0 mm in various
welding modes.

Keywords: contactless arc ignition, thyristor power supply, cyclogram, voltage, moderni-
zation of rectifier circuit.

For citation: Morozkin, I. S. Research and development of arc ignition circuits for thyris-
tor rectifiers / 1. S. Morozkin A. L. Ozyabkin // Vestnik Rostovskogo Gosudarstvennogo
Universiteta Putey Soobshcheniya. — 2021. — Ne 4. — P. 24-31. — DOI 10.46973/0201—
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11 A. Ilonsaxoe

OYHKINOHAJBHO-CTPYKTYPHASA MOJEJIb
CTPYKTYPHO-TAPAMETPUYECKOI'O CUHTE3A TOPMO3HOI'O MEXAHU3MA
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AnHotamus. Ilpemioxena (QyHKIHOHATBEHO-CTPYKTYpPHasi MOJENh TOPMO3HOTO MeXa-
HHU3Ma B Ka4eCTBE OCHOBAHHUS CTPYKTYpHO-TIapaMeTpHUYEeCcKOro cuuTesa. /s ee cozganus Top-
MO3HOW MEXaHHM3M Pa3BUBAJICA IMOAIEMEHTHO C COXpPaHEHHWEM HEPapXWIHOCTH. B kauectBe
AJIEMEHTa 3aMelleHus ObLT BEIOpaH y3el OXJIaX IeHHs] TOPMO3HOTO TUCKa. B pesymprare pas-
paboTaHHOH (QYHKIMOHANBHO-CTPYKTYPHOH MOJIENN ObUIM MPEJI0KEHBl BXOJHBIE U BBIXO-
HBIE MaKpOIapaMeTphl, SBISIOIUecs 0a3UCHBIMH IS Pa3paOdOTKH MaTeMaTH4eCKOH MOJACIH
CTPYKTYpPHO-TIapaMEeTPUIECKOTO CHHTE3a TOPMO3ZHOTO MEXaHU3Ma.

KiroueBblie ci1oBa: QyHKIMOHAIBHO-CTPYKTYPHAsT MOJIENb, TOPMO3HOW MEXaHM3M, Y3el
OXJIaXKJICHHS, JIEMEHT 3aMeIICHUsI, CTPYKTYpHO-TIapaMETPUIECKUH CHHTE3, MaKpomapaMeTp.

Jost untupoBanusi: [Tonsikos, [1. A. @yHKIMOHATBHO-CTPYKTYPHAs MOJICNb CTPYKTYPHO-
apaMeTpPHIECKOro CHHTe3a TopMo3Horo Mexanusma / I1. A. Ilonskos // Bectank BecTHHk
BectHrk PocTOBCKOro rocy1apcTBEHHOTO YHUBEpCHTeTa IMyTel coobmienust. — 2021, — Ne 4,
—C. 32-43. - DOI 10.46973/0201-727X_2021_4_32.

P. A. Polyakov

FUNCTIONAL-STRUCTURAL MODEL OF THE STRUCTURAL-PARAMETRIC SYNTHESIS
OF THE BRAKING MECHANISM

Abstract. It is proposed the functional-structural model of the braking mechanism as the
basis for structural-parametric synthesis. To create it, the braking mechanism was developed
piecemeal with the hierarchy preservation. The brake disc cooling unit was selected as a re-
placement element. As a result of the developed functional-structural model, input and output
macroparameters were proposed, which are the basis for the development of a mathematical
model of the structural-parametric synthesis of the braking mechanism.

Keywords: functional-structural model, braking mechanism, cooling unit, replacement el-
ement, structural-parametric synthesis, macroparameter.

For citation: Polyakov, P. A. Functional-structural model of the structural-parametric syn-
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NOJIBUKHOM COCTAB, BESOITACHOCTD JIBUKEHUS Y SKOJIOT U
O. C. Bepueun, A. A. 3apugvan, B. U. [nuc

HNCCIEAOBAHHUE 3JIEKTPOMEXAHNWYECKHUX ITPOIECCOB
B TAT'OBOM ITPUBOJE MATUCTPAJIBHOI'O I'PY30BOI'O 2JIEKTPOBO3A
MNEPEMEHHOTI'O TOKA C YYETOM BJIMSTHUSI KOHTAKTHOM CETH

AnHortanus. [IpeacrapieHa MareMaTndeckasi MOJIETh TATOBOTO 3JIEKTPONPHUBOIA Mard-
CTPAJIBHOTO TPY30BOTO 3JIEKTPOBO3a TIEPEMEHHOTO TOKA, YIUTHIBAIOIIAS BIIUSTHUE ITPOIIECCOB
B KOHTaKTHOH CETH U HEIMHEHHOCTH 3JIEMEHTOB JICKTPUUECKON CXeMbl CUJIOBBIX LIETICH TsI-
roBeIx Auratenei. [Ipemmaraempie MeTOIBI MOTYT OBITh TPUMEHEHBI TIPU aHAIHM3E HEIITaT-
HBIX BHEIITHUX BO3/ICHCTBHA, TAKMX KaK HECTAIIMOHAPHBIE MMPOIIECCH B KOHTAKTHOM CETH, CPHIB
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CLICTVICHUS] KOJIECHOM Maphl ¢ pelibcaMi, pe3K0e U3MEHEHNE YNPABIISAIONINX BO3IEUCTBUI CO
CTOPOHBI MAILIMHUCTA U T. II.

KuioueBble c10Ba: 3IEKTPOBO3, TATOBBIHN AIEKTPOIPUBOI, KOJIECHAS TTapa, 00BEKT yIpaB-
JIEHUsI, CTPYKTypHas cxemMa, KOMIBIOTEpHAs MOJIENb

Jast mutuposanusi: Bepurun, O. C. McciaenoBannue 2IeKTPOMEXaHUIECKUX MTPOIIECCOB B
TATOBOM IIPUBOJIE MAarUCTPAILHOTO TPY30BOT0 AJIEKTPOBO3a IEPEMEHHOT'0 TOKA C YIETOM BITH-
suus kKoutaktHo# cetn / O. C. Bepurun, A. A. 3apudssn, B. U. Ilnuc / Bectauk PoctoBckoro
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0.S. Verigin, A. A. Zarifyan, V. I. Plis

RESEARCH OF ELECTROMECHANICAL PROCESSES IN THE TRACTION DRIVE OF THE
MAIN FREIGHT ELECTRIC TRUCK ALTERNATIVE CURRENT WITH THE INFLUENCE OF

THE CONTACT NETWORK

Abstract. The paper presents a mathematical model of a traction electric drive of a main-
line freight electric locomotive of the alternating current with the influence of processes in the
contact network and the nonlinearity of the electric circuit elements in the power circuits of
the traction motors. The proposed methods can be applied in the analysis of abnormal external
influences, such as non-stationary processes in the contact network, disruption of adhesion of
a wheel pair with rails, a sharp change in the control actions from the driver, etc.

Keywords: electric locomotive, traction electric drive, wheel-set, control object, structural
diagram, computer model.
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0. C. Kabanvix

HNCCIEAOBAHUE ACUHXPOHHOI'O SJIEKTPUYECKOTI'O ITIPUBOJA
C IOHWKEHHBIMU ITIYJbCALUAMU DJIEKTPOMAT'HUTHOI'O MOMEHTA

AHHoTaums. PaccMOTpeH 3J1eKTpU4eCKU TPUBOJ] C ACHHXPOHHBIM JIBUTaTelieM, B KOTO-
POM TIpUMEHEeHa TEXHOJIOTHSI CHIKEHHSI ITyJIbCAIMiA 3JIEKTPOMAarHUTHOTO MOMeHTa. s mo-
CTH)KCHUS ITOT0 CTaTOpHAs OOMOTKA pa3Jie/icHa Ha JIBE HJICHTUYHBIC 0OMOTKH, MOTYYarOIIne
MUTaHKE OT OTACIHFHBIX HMHBEPTOPOB HanpspkeHus. CrcreMa yrpaBieH!s STHUMHA HHBEPTOPaMH
MTOCTPOEHA TaKUM 00pa3oM, YTOOBI OHU TCHEPHUPOBAIH TOKH C OJUHAKOBOH (pa3oif, HO pa3imy-
HBIMH (ha3aMU BBICIIMX FAPMOHHK. Takoe TeXHUUECKOE PEIICHUE TPUBOIUT K B3aUMHOM KOM-
TICHCAIINH ITyJIbCAIIUH MAarHUTHOTO MIOTOKA OJJHOUMEHHBIX (a3, B pe3yJIbTaTe Yero CHUKAOTCS
MyJIBCAIlA KaKk CYMMapHOTO MarHMTHOTO TIOTOKA, TaK W AJIEKTPOMArHUTHOTO MOMEHTa Ha
BajTy ABurarens. [|Jis ucciueqoBaHus MpeIiaracMoro AIEKTPUIECKOro MPUBOa ObLIO MPOBE-
JICHO KOMITBIOTEPHOE MOJICITUPOBAHUE, PE3yJIbTaThl KOTOPOTO JOKa3bIBalOT 3(h(HEKTUBHOCTH
JTAHHOTO MeTo/1a. JOTTOTHUTETHHO OBIIIO OMIPEIEICHO, YTO HCITOIb30BaHNE ITMPOTHO-UMITYITh-
CHOM MOJYJISIINH C CHHYCOHUJATBHBIM OTIOPHBIM CUTHAIOM ITPUBOIUT K TTOSBICHHIO JOTIOTHH-
TCJIBbHBIX HYJ'II)CElHI/Iﬁ QJICKTPOMAaronuTHOr0O MOMCHTA. IIJISI CHMKCHHA 3TUX Hy.HI)CEl]_[I/Iﬁ 6I>IJIO
MIPUMEHEHO J00aBJIeHNE TPEThel TApMOHHKY B OTIOPHBIN CHTHAJ B CHCTEMe yrpaBieHus. Ta-
KO€ pellIeHne AOMOIHUTENFHO CHU3WIIO MYJIhCAIIMA DIIEKTPOMArHUTHOTO MOMEHTA, a TaKKe
noBeicmiio KIT/] mpuBona.

KuiioueBble ci10Ba: JIEKTPUUSCKUM MPUBO], ACHHXPOHHBIN JBUTATEIb, MYJIbCAIHH YJIEK-
TPOMAarHAUTHOTO MOMEHTa, K03()(PHUIIMEHT IMOIe3HOTO ACHCTBUS, HHBEPTOP HAIPSDKEHUSI.

Jas mutupoBanus: Kabameik, FO. C. HccnenoBanne acHMHXpPOHHOTO 3JEKTPHYECKOTO
MIPUBOIA C MMOHIKEHHBIMU ITyJIECAIUAME dIIeKTpoMarauTHOTO MoMmeHTa / FO. C. Kabanbik //
Bectark PocToBCKOro rocyaapcTBeHHOr0 yHUBepcuTeTa myTei coobmenus. — 2021, — No 4.
—C. 56-64. — DOI 10.46973/0201-727X_2021_4_56.

I. S. Kabalyk

RESEARCH OF AN ASYNCHRONOUS ELECTRIC DRIVE
WITH THE REDUCED ELECTROMAGNETIC TORQUE RULES

Abstract. An electric drive with an asynchronous motor is considered, in which the tech-
nology of reducing the pulsations of the electromagnetic moment is applied. To achieve this,
the stator winding is split into two identical windings, powered by separate voltage inverters.
The control system for these inverters is designed in such a way that they generate currents
with the same phase, but different phases of the higher harmonics. This technical solution leads
to mutual compensation of pulsations of the magnetic flux of the phases of the same name, as
a result of which the pulsations of both the total magnetic flux and the electromagnetic moment
on the motor shaft are reduced. To study the proposed electric drive, a computer simulation
was carried out, the results of which prove the effectiveness of this method. Additionally, it
has been determined that the use of pulse width modulation with a sinusoidal reference signal
results in additional ripple of the electromagnetic torque. To reduce this ripple, a third har-
monic was added to the reference signal in the control system. This solution further reduced
the pulsations of the electromagnetic torque, and also increased the drive efficiency.

Keywords: electric drive, induction motor, torque ripples, efficiency, voltage inverter.

For citation: Kabalyk, I. S. Research of an asynchronous electric drive with the reduced
electromagnetic torque rules / I. S. Kabalyk // Vestnik Rostovskogo Gosudarstvennogo Uni-
versiteta Putey Soobshcheniya. — 2021. — No. 4. — P. 56-64. — DOI 10.46973/0201—
727X_2021_4 56.
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A. A. Yexosa

MMAPAMETPBI OBMOTKH BTOPUYHOI YACTH TSTOBOTI'O JJUHEIHOT O JBUT ATEJISI
P TPOTAHIUM C MECTA BBICOKOCKOPOCTHOI'O MATHUTOJEBUTAIIMIOHHOT O
MOE3/IA

AHHoTamms. PaccMoTpeHa HOBasi KOHCTPYKIIMA aCHHXPOHHOTO ABHUraTeNs C Pa30MKHY-
TBIM MarHuTonposoaoM (AJIPM) nsist BBICOKOCKOPOCTHOTO MarHUTOJIEBUTALIMOHHOTO TPaHC-
MOPTa, KOTOPasi MO3BOJISIET U3MEHATH CONPOTUBIICHUE KOPOTKO3aMKHYTOH OOMOTKH BTOPHY-
HOM 4acTu B HIMPOKUX Ipesenax. [lomydeHs! cooTHOMEHHs UId pacyeTa akTUBHOTO ¥ HHAYK-
TUBHOTO COIPOTUBIICHUI KOPOTKO3aMKHYTOH 00MOTKH AJIPM ¢ OlleHKOH JIeiicTBUS TIOBEPX-
HocTHOTrO 3¢dekra. [IpencraBieHHble pe3ynbTaThl MO3BOJAT MPOCKTHUPOBATH BBICOKOCKO-
POCTHBIE MarHUTOJIEBUTALIMOHHBIE CHCTEMBI C 3aJaHHBIMHU U PETYIHPYEMBIMH ITyCKO-PETYIIHU-
POBOYHBIMH XapaKTEPUCTUKAMH.

KuroueBble c10Ba: aCUHXPOHHBIN IBUTaTENb, PA30MKHYTBIA MAarHUTOIPOBOJ, IIyCKOBOM
PEKUM, aKTUBHOE U MHIYKTUBHOE CONPOTHUBIICHHSA, KOPOTKO3aMKHYTast 0OMOTKa BTOPUYHON
YacTH.

st untupoBanusi: Yexosa, A. A. [TapameTpbl 0OMOTKH BTOPUYHOM YaCTH TATOBOTO
JIMHEMHOTO IBUTaTeNs IIPU TPOTAaHUH C MECTa BHICOKOCKOPOCTHOTO MarHUTOJIEBUTAI[OH-
Horo moe3aa / A. A. Uexosa // BectHuk PocTOBCKOTO TOCY1apCTBEHHOTO YHUBEPCUTETA ITY-
Tei coobmenus. — 2021. — Ne 4. — C. 65-73. — DOI 10.46973/0201—
727X_2021_4 _65.

A. A. Chekhova

WINDING PARAMETERS OF THE SECONDARY PART OF A TRACTION LINEAR MOTOR
AT STARTING A HIGH-SPEED MAGNETOLEVITATION TRAIN

Abstract. It is considered a new design of the induction motor with an open magnetic cir-
cuit for high-speed magnetic-levitation transport, which allows changing the resistance of the
short-circuited winding of the secondary element over a wide range. The differences are ob-
tained for calculating the active and inductive resistances of the short-circuited winding of the
IMOMC with an assessment of the surface effect. The presented results will make it possible
to design high-speed magnetic-levitation systems with preset and adjustable starting and con-
trol characteristics.

Keywords: induction motor, open magnetic circuit, starting mode, active and inductive
resistance, short-circuited winding of the secondary element.

For citation: Chekhova, A. A. Winding parameters of the secondary part of a traction lin-
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NHOOPMAIIMOHHBIE TEXHOJIOI'MM,
ABTOMATHUKA N TEJEKOMMYHHUKAIINHU

YK 621.3 + 06 DOl 10.46973/0201-727X_2021 4 74
T. B. Baceesa, E. A. Anomman

BBIYMCJIUTEJIBHO 3®®EKTUBHBIN CIIOCOB ONPEJAEJEHUASA IAPAMETPOB
INPOMEXYTOYHbBIX CUHYCOHNJAJIBHBIX COCTABJIAIOLINX
JAUCKPETHOI'O CIIEKTPA CUTHAJIA ITIPAMBIM KOPPEJISAIMOHHBIM METOJIOM

AHHoOTanms. /{7151 olleHKN MapaMeTpoB CHHYCONIANbHBIX COCTABIISAIOIIMNX C YACTOTOM, KO-
TOpasi He KpaTHa 4acTOTE OCHOBHOI I'apMOHHMKH CUTHaja (Zajnee — IpOMeKyTOUHbIE TapMo-
HHUKH), OOBIYHO UCHOJIB3YIOTCSI METObI HHTEPIIOIUPOBAHUS TAPaMETPOB FApMOHUK CUTHAJIa,
KOTOPBIC B CBOKO OYEPE/Ib HAXOAATCS C TIOMOIIBI0 ObICTpOTro npeodpazoBanus Oypee (BI1D).
OnHako HawOOJBIIYI0 TOYHOCTH OLIEHKH MapaMeTpOB MOXKET O0ECTIEYHTh HAXOXKACHUE UX
MPSIMBIM KOPPETSALUOHHBIM METOJOM.

CyTb IpAMOTO KOPPESIIMOHHOIO METO1a 3aKJIF0YAETCs B BBIYMCICHUH KOPPEIALMI CUTr-
HaJla ¢ KOMITJICKCHOM 9KCITOHEHIIMANBHOM (PYHKIMEH IPU pa3udHBIX TapaMeTpax 3Tol (GyHK-
1uy. CyIIecTBEHHBIM HEAOCTATKOM TAaKOro MOAXO/a SIBJISIETCS ero O0JIbInas BEIYUCIUTEIbHAS
CII0KHOCTb.

B pabote paccMaTpuBaroTcst criocoObl OBICTPOI pean3ayy NpsIMOTO KOPPEISIIUOHHOTO
MeToja. Brijensercs 1Ba OCHOBHBIX M0JX0/1a. B mepBoM MeTo OMMCHIBAaETCs ¢ UCIOIb30Ba-
HUEM MAaTPUYHBIX ONEPALMiA, IS BBITOJIHEHUS KOTOPBIX UMEIOTCS XOPOIIO ONTUMH3UPOBAH-
Hble OMONMMoTeUHbIe (PYHKIMHU, paOdOTAOIIIE HAa PA3IMYHBIX BRIYHCIUTENBHBIX TIATPopMax.
IIpu BTOpOM MOIX0/1€ UCTIONB3YETCSl TEXHUKA JTOTIOHEHUS CUTHAJIA HYJISIMU U OTIpE/IeTIeHHS
IPOMEKYTOYHBIX TAPMOHHK C TIOMOIIBIO CIEIHATIbHBIX yCeueHHBIX Bepcuii BIID (pruned
FFT, YBII®).

[Ipencraiensl peanu3auy 000MX MOIXO/I0B C UCIOJIB30BAaHHEM IUIATGOPMEI ISl HAyd-
HBIX BhIUUCIIeHHi SCIPY. [IpuMeHeHre BBICOKOYPOBHEBBIX OHOIHOTEK O€3 HAITMCAHUS IUKIIOB
110 00paboTKe JaHHBIX MO3BOJIMIIO UCIIONIB30BATh MOJIEIH Ha si3bike Python s ananusa 6bicT-
pOAENCTBUS METOAOB.

[lo pe3ymbraram MojenupoBaHus Obla TMOKa3aHa MPUHLIMIHAIbHAS BO3MOXKHOCTb HC-
MOJIb30BaHUS IPSIMOTO KOPPEISLIMOHHOTO METOa JJIsl pelieHus OOBbSIBICHHOH 3a/1a4u Ha CO-
BPEMEHHBIX KOMITBIOTEPAX M JaHbl PEKOMEHIAIIMH TI0 CIIEHAPUSAM MTPUMEHEHHUsS] PACCMOTPEH-
HBIX TIOJIXO/IOB K peaju3aliy 3TOro MeToa.

KiroueBble c10Ba: rapMOHMKA, JUCKpETHOE NTpeodpazoBanne Oypre, ObIcTpoe npeodpa-
3oBaHne Dypre, METO OMOTHEHUS HYJSIMH, yceueHHOoe ObicTpoe npeobpasoBanue Dypse,
KOPPENSIUOHHBIA METO/I, TOBOPAUMBAIOIINE MHOKHUTEIH, OBICTPOACHCTBUE, CIIEKTPAIbHBIN
AHaJIN3, MOJICIUPOBAHMUE.

s uutupoBanus: Baceesa, T. B. BorunciutensHo 3 GeKTHBHBIN crIOcO0 OmMpe/ieIeHHs!
MapaMeTpoB MPOMEKYTOUHBIX CHHYCOMAAIBHBIX COCTABIISIOMINX AUCKPETHOTO CIIEKTpa CHUT-
HaJla TPSIMBIM KoppessinnoHHeIM MeTogoM / T. B. Baceesa, E. A. Anbr™an // Bectauk Po-
CTOBCKOT'0 TOCYJapCTBEHHOI'O YHUBEpcUTeTa myTei coobmenus. — 2021. — Ne 4. — C. 74-82.
—DOI 10.46973/0201-727X_2021_4_74.

T.V. Vaseeva, E. A. Altman

A COMPUTATIVELY EFFECTIVE METHOD FOR DETERMINING THE PARAMETERS OF
NONHARMONIC SINUSOIDAL SIGNAL SPECTRUM COMPONENTS BY DIRECT
CORRELATION METHOD

Abstract. To estimate the parameters of nonharmonic sinusoidal components of a signal,




ISSN 0201-727X BECTHHUK PI'YIIC Ne 4 /2021

methods of interpolating the parameters of the signal's harmonics are usually used, which, in
turn, are found using the fast Fourier transform (FFT). However, the greatest accuracy of the
parameter estimation can be provided by finding them by the direct correlation method.

The essence of the direct correlation method is to calculate the correlations of a signal with
a complex exponential function for various parameters of this function. A significant disad-
vantage of this approach is its great computational complexity.

The paper discusses ways for implementation the direct correlation method. There are two
main approaches. At first, it is described the method with using matrix operations, for which
there are well-optimized library functions that work on various computing platforms. The sec-
ond approach uses the technique of padding the signal with zeros and detecting non-harmonic
components using special pruned versions of the FFT (pruned FFT).

The paper presents the implementation of both approaches using the scientific computing plat-
form SciPy. The use of high-level libraries without writing data processing loops made it pos-
sible to use models in the Python language for analyzing the performance of methods.

Based on the simulation results, the fundamental possibility of using the direct correlation
method for solving the declared problem on modern computers have been shown, and recom-
mendations were given on scenarios for the application of the considered approaches to the
implementation of this method.

Keywords: harmonic, discrete Fourier transform, fast Fourier transform, zero complement
method, truncated fast Fourier transform, correlation method, turning factors, speed, spectral
analysis, modeling.

For citation: Vaseeva, T. V. A computatively effective method for determining the pa-
rameters of nonharmonic sinusoidal signal spectrum components by direct correlation method
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B. JI. Bepecxyn, /. B. Pomanosa, /[. E. [lpumvikun, H. H. Mycuenko

OCOBEHHOCTH IMMOCTPOEHUSI METOJUKHU JIEJIOBBIX TP HA BUPTYAJILHOI
’KEJIE3HOM JJOPOTE IIPY B3AMMO/JEMICTBUM IEPCOHAJIA JTUPEKLINU
YIOPABJIEHUSI JBUKEHUEM U TSITU

AnHoTanus. PaccMoTper MexaHu3M (GyHKUMOHUPOBAHUS U IPUHLHUIIBI TOCTPOCHUS YIeOHO-
nabopaTtopHOro KoMIulekca «BupTyasbHas xene3Has A0poray, OnucaHbl 0COOEHHOCTH IPOBee-
HUS IETIOBBIX UTP, MPOAHAJIM3UPOBaHa YCIIEIIHOCTh NCTIOIHEHUS TOCTABICHHBIX 33124, TIPEeII0-
JKEHBI BAPHAHTBI YCTPAHEHHUS OIIMOOK, IyTH Pa3BUTHS IPOCKTA.

KiroueBbie ciioBa: yueOHO-Ia00paTOPHBIA KOMIUIEKC, HU(PPOBOH ABOMHMK >KEIE3HOHU J0-
poru, BUpTyaJlbHasi XKeJle3Has Jopora, aBTOMaTU3UpOBaHHOE pabouee MecTo.

st uutupoBanusi: OcoOEHHOCTH MTOCTPOEHNUS METOIUKH JEJIOBBIX UTP HA BUPTYaJIbHOM Ke-
JIE3HOH Jlopore, MPH B3aMOJICHCTBUM TMepcoHana JIupekiun yrpaBieHus IBUKEHUEM U TSTH /
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V. D. Vereskun, D. V. Romanova, D. E. Pritikin, N. N. Musienko

FEATURES OF THE METHODOLOGY CONSTRUCTION OF BUSINESS GAMES
ON A VIRTUAL RAILWAY WITH INTERACTION
OF THE STAFF DIRECTORATE OF TRAFFIC CONTROL AND TRACTION

Abstract. The mechanism of functioning and the principles of building the educational and
laboratory complex "Virtual Railroad" are considered; the features of conducting business games
are described; the success of the tasks is analyzed, options for eliminating errors; ways of project
development are proposed.

Keywords: educational laboratory complex, railroad digital twin, virtual railroad, automated
workplace.
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HUCKYCCTBEHHBIV UHTEJUIEKT B CACTEME MOHUTOPUHT A, TMATHOCTUKH
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N MPOI'HO3UPOBAHUSA TEXHUYECKOI'O COCTOSHUA
PAAUOTEXHHUYECKHUX CUCTEM*

AHHOTanus. B cratee paccMOTpeHb! BOIIPOCHI IPUMEHEHUS HCKYCCTBEHHOTO HHTEIJIEKTa
IIPU TTOCTPOEHHUS SKCIIEPTHON CHCTEMBI JUIA TPOBEEHHUSI MOHUTOPHUHTA, TUATHOCTUKH U TPO-
THO3WPOBAHMS HA OCHOBE 000OIICHNUS YUCICHHO-aHATUTHIECKOTO METO/1a OLICHUBAaHHA Tapa-
METPOB CIy4alHBIX POLIECCOB Ha CIIy4yail alipMOPHO HEU3BECTHBIX 3aKOHOB pacIpeleseHUs
ciTy4aiHbIX BennunH. [Ipoananu3npoBaHbl 0COOCHHOCTH, CBSI3aHHBIE C YKa3aHHOM MTOCTaHOB-
Koit 3amaun. [IpensioskeHo B paMKax SKCIIEPTHOM CHUCTEMBI BBEJICHHE CEMeHCTBa 0000IEHHBIX
byHKIMI npaBrononoOus, onpeaesieMbIX Ha OCHOBE Pa3IMYHBIX 3aKOHOB PacIHpeieieHus
napaMeTpoB cirydaiiHoro mpouecca. [IpuBeaeHsl COOTHOIIEHHS, ONpeessone 0000IeH-
HyI0 (QyHKIOMIO paBaonoaoous. Ha mpumMepe ciucTeMbl OJJHOBPEMEHHO M HE3aBUCUMO (DYHK-
MUOHHUPYIOLINX TEHEPaTOPOB PAacCMOTPEHBI BOMPOCH! MOCTPOCHUS U MONyueHHs HauOoiee
IPaBIONOJO0HBIX OLEHOK TEKYIIUX 3HAUYCHUH 4acTOThl F€HEPAaTOPOB, MO3BOJISIOIINE MOBbI-
CUTh TOYHOCTh JUArHOCTHPOBAHUS M NPOTHO3MPOBAHUSA TEXHUYECKOI'O COCTOSIHHS CHUCTEM
CBSI3H, PAIMOJIOKAIINH, PaANOHABUTALIUH U PAAUOTEXHUIECKOTO 00eCTIeYeHuSI.

st paccMaTpUBaeMoi 3KCIIEPTHON CUCTEMBI MpeAcTaBieHa 0JIOK-CXEMA B3aUMOCBS3U
MPOYKLHM, BHIITOJIHIEMBIX B CHCTEME KOHTPOJISI U TUArHOCTUKH.

KiroueBble cjioBa: ciryyaifHble IpoLecchl, PyHKIMS MpaBaonoao0us, IIOTHOCTh pacipe-
JeJICHHs, TEHEPaTOPhl BHICOKOYACTOTHBIX CUTHAJIOB, BapHualus AjlaHa, IPOIyKIHOHHAs MO-
JeIb.

st uutupoBanms: VICKyCCTBEHHBIM MHTEIUIEKT B CUCTEME MOHUTOPHUHIA, TUATHOCTUKHU
Y TPOTHO3MPOBAHMS TEXHUYECKOTO COCTOSHUS pamunorexHmueckux cucrem / JI. JI. T'abpu-
anbsH, b. X. Kyneoukass, [1. U. Koctenko, O. A. Cadapssa // Bectauk PoctoBckoro rocy-
JIAPCTBEHHOr0 yHHUBepcuTeTa mytei coobmienus. — 2021. — Ne 4, — C. 91-99. — DOI
10.46973/0201-727X_2021_4 91.

D. D. Gabriel’an, B. H. Kulbikayan, P. I. Kostenko, O. A. Safaryan

ARTIFICIAL INTELLIGENCE IN THE SYSTEM OF MONITORING, DIAGNOSTICS
AND FORECASTING THE TECHNICAL CONDITION
OF THE RADIO ENGINEERING SYSTEMS

Abstract.
The paper discusses the use of the artificial intelligence in the construction of an expert system
for monitoring, diagnostics and forecasting based on the generalization of the numerical-ana-
lytical method of estimating the parameters of random processes in the case of a priori un-
known laws of the distribu-tion of random variables. The features associated with the specified
formulation of the problem are analyzed. The introduction of a set of generalized likelihood
functions determined on the basis of var-ious laws of distribution of parameters of a random
process is proposed within the expert system. The relations defining the generalized likelihood
function are given. Using the example of a system of simultaneously and independently func-
tioning generators, the issues of constructing and obtaining the most plausible estimates of the
current frequency values of generators are considered. They make it possible to increase the
accuracy of diagnosing and predicting the technical condition of the commu-nication systems,
radar, radio navigation and radio engineering support.
For the expert system under consideration, a block diagram of the relationship of products per-
formed in the control and diagnostic system is presented.

Keywods: random processes, likelihood function, distribution density, high-frequency sig-
nal generators, Allan variation.

* PaboTa BBINIOJTHEHA [TPU MaTepHAIbHOH noiepxkke POOU, rpant Ne 19-01-00151/21.
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C. M. Kosanes, A. H. ['voa, A. Y. [{oneuii, B. Chawen, A. B. Cyxanog

AHAJIMTUYECKHA OB30P TPYJIOB KOH®EPEHIIUU IITI’21*

Annoramus. 30.09-4.10.2021 roga B I[II'T «Cupuyc» (Poccus) Obuta mpoBeieHa S-s
MesxxayHapogHas HayuHast KoH(pepeHIHs «HTeIeKTyanpHble HHPOPMAIOHHBIE TEXHOJIO-
TUH B POMBINIIEHHOCTH ¥ Ha nipou3Bonactee» (I1T1°21), oprannzoBanHas PoctoBckum rocy-
JApCTBEHHBIM YHHBEPCHTETOM IyTei cooOmienusi, Poccuiickoil acconmanueil HCKyCCTBEH-
HOT'O MHTEJJICKTa, a Tarke VSB-rexHndeckum yHuBepcutetoM r. Octpassl (Yenickas Pec-
nyonuka). OCHOBHOH 1eNb0 KOH(MEPEHIMH SIBUIIOCH 00CYXKIEHUE MPHUIOKECHUH COBpEeMeH-
HBIX MHTEIUIEKTYaJIbHBIX HHPOPMAIIMOHHBIX TEXHOJIOTUH B MPOMBILUICHHOCTH, a TAKXKE Tep-
CIIEKTHB Pa3BUTHSI IPUKIIATHBIX U QYH/IAMEHTAILHBIX aCTIEKTOB TEOPUH HCKYCCTBEHHOTO WH-
TEJIJICKTa U COBPEMEHHBIX MH()OPMAIIMOHHBIX TEXHOJIOTHH. B JaHHON cTaThe MpejcTaBiIeHbl
HaunboJiee MHTEpecHble PabOTHl B 00JACTH NPUKIAJHBIX WHTEIUIEKTYAIBHBIX TEXHOJIOTH,

npezacTaBieHHble Ha KoHpepeHuu [T 21.

KiroueBble ci10Ba: WHTEIUIEKTYaIbHbIE HHQOPMAIIMOHHBIE TEXHOJIOTHH, HCKYCCTBEHHBIH

! VcenemoBanue BRITONHEHO TIpH (PUHAHCOBOH mojepxkke PODU B pamkax HaydHsx mpoektos Ne 19-07-00195, 20-07-

00100, 20-37-51002.
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Jast uuTupoBaHusi: AHamuTHYECKUH 0030p TpyaoB koHdepenmuu [IT1°21 / C. M. Koga-
neB, A. H. I'yna, A. U. JJonruii, B. Cramren, A. B. Cyxanos // Bectauk PocToBckoro rocy-
JAPCTBEHHOTO YHUBEpcUTeTa myTed coobmenus. — 2021. — Ne 4. — C. 100-121. —
DOI 10.46973/0201-727X_2021_4_100.

S. M. Kovalev, A. N. Guda, A. I. Dolgiy, V. Snasel, A. V. Sukhanov
ANALYTICAL REVIEW OF THE PROCEEDINGS OF THE IITI’21 CONFERENCE

Abstract. The 5" International Scientific Conference «Intelligent Information Technolo-
gies for Industry» (IITT’21) was co-organized by Rostov State Transport University, Russian
Association of Artificial Intelligence and VSB-Technical University of Ostrava on September
30" — October 4™ in Sirius Village (Russia). The main aim of the conference was a discussion
of the applications of modern intelligent information technologies for industry and the devel-
opment of theory in area of artificial intelligence and information technologies. The paper

Ne 4 /2021

presents the most interesting works presented at [ITI’21.
Keywords: information intelligent systems, artificial intelligence, soft computing, applied

intelligent technologies for industry.
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valev, A. N. Guda, A. I. Dolgiy, V. Snasel, A. V. Sukhanov // Vestnik Rostovskogo Gosudar-
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10.46973/0201-727X_2021_4_100.

Ceepnenns 00 aBTOpax

Kosanes Cepreiit MuxaiijioBu4

PocroBckuii rocyjapcTBEHHbIN YHUBEPCHUTET I1y-
teit coobmenus (PIYIIC),

Kadenpa «ABTOMATHKA U TeJIEMEXaHUKa Ha XK.-]I.
TpaHCIopTe», mpodeccop,

PocToBckuii Gunman

AO «HayuHo-nccnenoBaTenbCKui 1 MPOEKTHO-
KOHCTPYKTOPCKHI MHCTUTYT UH(QOPMAaTH3ALNH, aB-
TOMAaTH3alIMU U CBSI3U Ha ’KEJIE3HOI0POKHOM
tpancnopre» (Poct® HUNAC), rnaBublifl Hay4-
HBII COTPYIHUK,

JIOKTOP TEXHUYECKUX HayK, mpodeccop,

e-mail: ksm@rfniias.ru

I'yna Anexcanap HuxonaeBuu

PocroBckuii rocyjapcTBEHHbIN YHUBEPCUTET I1y-
teit coobmenus (PI'YIIC),

kadenpa «Madpopmarukay,

JOKTOp TEXHUYECKUX HayK, podeccop, 3aBenyro-
uid kadeapoi, MpopeKTop Mo Hay4HOH padoTe,
e-mail: guda@rgups.ru

Hoarnii Anexcanap Uropesny

AO «HayuHo-nccnenoBaTenbCKUil ¥ MPOEKTHO-
KOHCTPYKTOPCKHUI MHCTUTYT HH(OpPMATH3aLINH, aB-
TOMATH3ALIMU U CBSI3U Ha XKEJIE3HOIOPO)KHOM
tpancnopre» (HUNAC),

KaHIUJaT TEXHUYECKUX HAYK, OICHT, TeHEPaJIb-
HBIH JUPEKTOP,

e-mail: info@vniias.ru

Information about the authors

Kovalev Sergey Mikhaylovich

Rostov State Transport University (RSTU),
Chair «Automatics and Remote Control on Rail-
way Transporty», Professor

JSC «NITAS»,

Rostov Branch, Chief Scientific Researcher,
Doctor of Engineering Sciences, Professor,
e-mail: ksm@rfniias.ru

Guda Alexander Nikolayevich

Rostov State Transport University (RSTU),
Chair «Informaticsy,

Doctor of Engineering Sciences, Professor, Head
of the Chair, Vice Rector for Scientific Research,
e-mail: guda@rgups.ru

Dolgiy Alexander Igorevich

JSC «NITAS»,

Candidate of Engineering Sciences, Associate
Professor, General Manager,

e-mail: info@vniias.ru


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

ISSN 0201-727X BECTHHUK PI'YIIC Ne 4 /2021

Cuamen Bamas Snasel Vaclav

OctpaBckuii Texandeckuit yaupepcuret (VSB- Technical University of Ostrava (VSB-TUO),
TUO), Doctor of Engineering Sciences, Professor, Rec-
JIOKTOP TEXHUYECKHX HayK, Ipodeccop, pekTop, tor,

e-mail: vaclav.snasel@vsb.cz e-mail: vaclav.snasel@vsb.cz

CyxanoB AHjapeii BagepbeBuu Sukhanov Andrey Valerievich

PocTOBCKMiA TOCY1apCTBEHHBIN YHHUBEPCHTET ITy- Rostov State Transport University (RSTU),
teit coobmenus (PIYIIC), Chair «Computing Techniques and Automated
kadenpa «BeraucnutensHas Texuuka u aBTomatu-  Control Systems», Associate Professor,
3UPOBAHHBIE CHCTEMBI YIIPABICHUS, JSC «NIIAS»,

Poct® HUMAC, oTaelileHue HHHOBALMOHHBIX U Rostov Branch, Vice Head of Department,
MHTEIUICKTYalIbHBIX TeXHooruii i posoii cran-  Candidate of Engineering Sciences,

I[MH, 3AMECTUTENh HAUYaIbHUKA OT/IEIEHNS, e-mail: iitil6@rgups.ru

KaHIuIaT TEXHUYECKUX HAYK, JOLEHT,
e-mail: a.suhanov@rfniias.ru

YIIPABJIEHUE U JIOTUCTUKA HA TPAHCIIOPTE
VK 656.21 + 06 DOl 10.46973/0201-727X_2021 4 122
B. H. 3yoxos, U. @. Kpasuenxo

COBEPHIEHCTBOBAHME TEXHOJIOTMH PABOTHI CTAHIIUU CAJIBCK HA BA3E EE
PEKOHCTPYKIIMHA JJIsA OCBOEHUSA PACTYIIUX OBBEMOB I'PY30BbIX IIEPEBO30OK

AHHoTanus. PaccMOTpeHO TeKylllee COCTOSIHHUE MPOU3BOACTBEHHBIX MolHocTell CeBepo-
KaBkasckoii sxene3Hoi Joporu B nenoM u ctaHuuu CaiabCk B yacTHOCTH. C y4eTOM nepcrneK-
TUBHOTO M TEKYILIEro YpPOBHEH 3arpy3ku OOOCHOBaHa HEOOXOAMMOCTH PEKOHCTPYKLHH
yuactka KorenbHukoBo — THxoOpelk Iuist YCHIIEHHs TIPOITyCKHOM crmocoOHocTu. lpoBenen
aHaJN3 TEXHOJOTMYECKUX M MHQPACTPYKTYPHBIX OTPaHMYCHHN HEYETHON TOPJIOBUHEI MapKa
«Cesep» cranimu CallbCK, MPEIUIOKEH PS MEPOIIPUATHH M0 UX YCTPAHEHHUIO.

KiroueBble cj10Ba: jKeIE3HOIOPOKHAS CTAHIINS, TIPOITYCKHASL CIOCOOHOCTD, TEXHOJIOTHS
paboThI, PEKOHCTPYKIIMSI TAPKOB U MyTeH, SKoHOMUYecKas 3Q(HEKTUBHOCTb.

Jast murupoanusi: 3yokos, B. H. CoBepiiieHCTBOBaHUE TEXHOJOTHH Pa0OThI CTAHIMH
Canbck Ha 6a3e e€ peKOHCTPYKLUH [T OCBOCHHUS PACTYIIMX 00bEMOB I'PY30BBIX MIEPEBO30K /
B. H. 3y6xoB, U. ®. KpaBuenko // BectHuk PocToBCKOro rocy1apcTBEHHOIO YHUBEPCUTETA
nyteit cooomienus. — 2021. —Ne4 — C. 122-131. — DOI 10.46973/0201-727X_2021_4_122.

V. N. Zubkov, I. F. Kravchenko

IMPROVEMENT OF OPERATING TECHNOLOGY OF SALSK STATION ON THE BASIS
OF ITS RECONSTRUCTION FOR DEVELOPING THE GROWING VOLUMES
OF FREIGHT TRANSPORTATION

Abstract. The current state of the production facilities of the North Caucasian Railway as
a whole and the Salsk station are considered. Taking into account the prospective and current
level of loading, the necessity of reconstruction of the Kotelnikovo — Tikhoretsk section is
substantiated in order to increase the throughput. The analysis of the technological and infra-
structural limitations of the Salsk station, in particular the odd throat of the Sever park, was
carried out, a number of measures were proposed to eliminate them.

Keywords: railway station, traffic capacity, work technology, reconstruction of parks and
tracks, economic efficiency.

For citation: Zubkov V. N. Improvement of operating technology of Salsk station on the
basis of its reconstruction for development the growing volumes of freight transportation /
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E. B. Knumosa

INPOITY CKHASA CITIOCOBHOCTBH OJHOIIYTHOT O ITIEPEI'OHA
B IEPUO/J BOCCTAHOBJIEHU S ABUKEHUA ITIOE310B

AunnoTauus. [IpenctaBineHbl pe3ysbTaThl HCCIeJOBaHMSI POITYCKHOM CIIOCOOHOCTH OTHO-
MYTHOT'O IIEPEroHa B MEPHO/IBI IOJTHOTO NPEKPALIEHUS U BOCCTAHOBJICHHUS IB)KEHHSI TIOE3710B
IIPY Pa3INYHbIX TUMAX rpaduKa IBHKEHUS 10E310B. Y CTAHOBJICHO, YTO MEPEPHIBBI B ABHXKE-
HUH T0€3/I0B Ha OJHOMYTHBIX MEPEroHax, CBA3aHHbIE C PA3TUYHBIMU (POPC-MAKOPHBIMH 00-
CTOSITENILCTBAMH, TAKUMH KaK CXObI CEJIeH, JIABUH U JpP. MOTYT HACTYIIHUTh B JIFOOOH MOMEHT
Y HE MOTYT OBITh CIIPOrHO3UPOBaHbl. OHAKO B ONEPATHUBHBIX YCIOBUSIX BO3HHKAET HEOOXO-
JUMOCTB OIIEHKH OCHOBHBIX TIOKa3aTesiel paboThI KeJIe3HOJOPOKHOTO YHaCTKa, B YACTHOCTH,
MIPOMYCKHOM CITOCOOHOCTH MEPErOHa M0CJI€ BOCCTAHOBJICHUSA IBMKEHUS [TOE3/10B; IPOJIOJIKH-
TEJIbHOCTH BOCCTaHOBJICHHS HOPMAJIBHOW pabOThl y4acTKa; JONOIHUTEIBHBIX 3KCIUTyaTali-
OHHBIX PacXoJIOB, CBS3aHHBIX C OpraHH3anueil paboThl BOCCTAHOBHUTEILHBIX MOE3/I0B H 3a-
JIep>KKaM{ TTACCAKUPCKUX M TPY30BBIX MOE3/0B.

PesynpTathl nccnenoBaHus NpeICTaBICHbBI B BUAE 3aBUCMOCTEH KIIIOUEBbIX IOKa3aTeNeH
paboThl yyacTka OoT K03 GHULIMEHTa TAKETHOCTH MIPH YUCIIE TT0E3/10B B AaKeTe He OoJiee IBYX.
[Ipumenenue mpencTaBIeHHON aJaNTHPOBAHHOW METOAWKH TO3BOJIMT OIIEHUTH BPEMs BOC-
CTaHOBJICHHUSI HOPMaJILHOW pabOTHI MeperoHa (ydacTka) xejle3HOH JOPOru, a TaAKKe oInpese-
JIUTH JOTIOJTHUTEINIbHBIE SKCIITyaTallMOHHBIE PACXO/IbI, CBSI3aHHBIE C pa00TOH BOCCTAaHOBUTEIb-
HBIX MTOE3/I0B, C 33JAeP KKaMH TaCCAKUPCKUX U TPY30BBIX MOE37I0B MPU Pa3IHMYHBIX TUIIAX rpa-

(buKa TBUKEHUS.

KiroueBnle ciioBa: OHHOHYTHBIﬁ MEPETOH, NPEKPAICHUC NBUKCHUA ITOC310B, BOCCTAHOB-
JICHHUC ABWXCHUS MMOC3O0B, MPOITYCKHAA CIIOCOOHOCTD INEPETOHOB, 3aACPIKKH IMOC30B, IKC-

ITyaTalluOHHBIC PaCXO/bI.

s untupoBanus: Kiumvosa, E. B. [IponyckHast ctocoGHOCTH OJIHOITYTHOTO TIEpETOHA B
TIEPHUOI BOCCTaHOBJICHUs ABrokeHus moe3os / E. B. Kimumosa // Bectauk PoctoBckoro rocy-
JApCTBEHHOrO yHHBepcuTeTra mnyTed coobmenus. — 2021. — Ne 4. — C. 132-143. —
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E. V. Klimova

SINGLE-TRACK STAGE CAPACITY DURING THE RESTORATION
OF TRAIN TRAFFIC
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Abstract. The results of a study of the capacity of a single-track stage during the periods
of complete cessation and restoration of train traffic under various types of train schedules are
presented. It is established that interruptions in the movement of trains on single-track stages
associated with various force majeure circumstances, such as mudslides, avalanches, etc. they
can occur at any time and cannot be predicted. However, in operational conditions, there is a
need to assess the main performance indicators of the railway section, in particular, the capac-
ity of the stage after the restoration of train traffic; the duration of the restoration of normal
operation of the section; additional operating costs associated with the organization of the
work of recovery trains and delays of passenger and freight trains.

The results of the study are presented in the form of dependencies of the key performance
indicators of the section on the batch ratio when the number of trains in the package is not
more than two. The application of the presented adapted methodology will allow us to estimate
the time of restoration of normal operation of the railway stage (section), as well as to deter-
mine additional operating costs associated with the operation of recovery trains, with delays
of passenger and freight trains under different types of traffic schedules.

Keywords: single-track stage, termination of train traffic, restoring train traffic, stage traf-
fic capacity, train delays, operating costs.

For citation: Klimova, E. V. Single-track stage capacity during the restoration of train
traffic / E. V. Klimova // Vestnik Rostovskogo Gosudarstvennogo Universiteta Putey Soob-
shcheniya. — 2021. — No. 4. — P. 132-143. — DOI 10.46973/0201-727X_2021_4 132.

Caenennsi 06 apTopax Reference

Kaumosa Exarepuna BukropoBHa Klimova Ekaterina Viktorovna

Cubupckuii rocyaapcTBeHHBIN yHHBepcuTeT myteir  Siberian Transport University (STU),
coobmenus (CI'VIIC), Chair «Track Maintenance Managementy,
kadenpa «YmpaBieHue IKCIUTyatalMoHHONW pabo- Candidate of Economic Sciences, Associate
TOI, Professor,

KaHIUIaT SdKOHOMUYECKHUX HAYK, JOIIEHT, Head of the research laboratory

3aBeyIOIINN HayIHO-HUCCIICIOBATEIILCKOM TabopaTo-  «Improving the transportation processy,
pueii  «CoBepIlieHCTBOBaHHE MepeBo30YHOro mpo- e-mail: kate-kitton@yandex.ru

eccay,

e-mail: kate-kitton@yandex.ru

KEJIE3HOJIOPOKHBII IYTh U TPAHCIIOPTHOE CTPOUTEJBLCTBO
V]IK 621.64 + 06 DOl 10.46973/0201-727X_2021_4 144
M. M. Kymens

BO3MOXHOCTHU NPUMEHEHUA AYKCTUKO-OMUCCHUOHHOI'O METOJA KOHTPOJISA
B CUCTEME MOHUTOPUHI'A COCTOSIHUA TPYBOIIPOBOAOB

AHHOTaNUsA. DJIEMEHThI TPYOOIPOBOIHOIO TPAHCIIOPTA OTHOCSTCS K OMACHBIM MPOU3-
BOJICTBEHHBIM 00BEKTaM M HOABEPIaoTCs KaK NEPUOANIECKOMY, TaK U HENIPEPHIBHOMY AHa-
THOCTHPOBaHMIO. [/ OLleHKH cOCTOSsIHUSL 00BEKTOB TPYOOIIPOBOIHOIO TPAHCIIOPTA U MOBBI-
LIEHUS HAJIEXKHOCTH KOHTPOJISI IPUMEHSIETCS PsJl METOJIOB HEPA3PYILIAIOIIET0 KOHTPOJIS, B
TOM YHCJIE aKyCTUKO-3MUCCUOHHBIN. PaboTa nocBsiIleHa HCCiIe0BaHUIO IIAPAMETPOB aKyCTH-
94eCKOIl IMHUCCHH, KOTOPBIE TIO3BOJISIIOT HAXOAUTh U MACHTH()UIIPOBaTh fedeKThl. CTaThs co-
JIEPKUT Pe3yIbTaThl AKYCTUKO-IMUCCUOHHOTO KOHTPOJISI METAINIMYECKUX COCYJOB AaBICHUS
Kak 0e371epeKTHBIX, TaK U C UCKYCCTBEHHO HAHECEHHBIMH KOHIIEHTPATOPaMH HaNPSHKCHUH B
BUJI€ TIPONMIIOB Pa3IUYHON KOH(UTYpaluy, HOPMAIEHO OPHUEHTUPOBAHHBIX K OBEPXHOCTH
o0bekTa KOHTpos. [ MapaBinyeckoe HCIBITAHUE COCYIOB JIABJICHHUS OCYILIECTBISIIOCH NPU
CTaTUYECKOM Harpy3Ke C IMOMOIIBI PYYHONH HACOCHOM CTaHLMU 0 pa3pylieHud. IlomydeH-
HBI€ Pe3yJbTaThl UCTIBITAHUH MTO3BOJIMIIN HCIOIb30BaTh 00paboTaHHbIE JaHHBIEC IPU aHAIN3E
Y OLICHKE TEXHHUYECKOT'O COCTOSHUS OMACHBIX MPOU3BOACTBEHHBIX OOBEKTOB, MMEIOLINX aK-
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THUBHBIE UCTOYHHUKH aKyCTHIECKON SMUCCHH, KOTOPbIE N3IYYalOT YIpyrue KojlebaHus B Teue-

HUE BpeMCHH HarpyxeHuid. Ha ocHOBe MaccuBa CTaTHCTHYECKUX JAHHBIX pa3paboTaH criocod

OTIpeieNICHHs] PACCTOSIHUA OT MPHEMHOTO IpeoOpaszoBaTelsi 0 UCTOYHHKA aKyCTUYECKOU

SMUCCHH, KOTOPBII MO3BOJIUT COKPATUTH YHCIIO MpeoOdpa3oBareneld Ha 00beKTe KOHTPOIS U

OCYIIECTBISITS MOHUTOPHUHT B YCIOBUSAX OTPAHUUYECHHOTO JOCTYIA K TOBEPXHOCTH.
KiaroueBrble ¢cjI0Ba: akyCTHUYECKAsh IMHUCCHUS, THUIT HCTOYHUKA, JIOKAIUS, TPYOOIPOBOTHBIN
TPaHCIIOPT, CHCTEMA TUAarHOCTHKH.

Jasi nutupoBanus: Kyrenb, M. M. Bo3MOXXHOCTH IPUMEHEHHSI aKyCTHKO-3MUCCHOH-
HOTO METOAA KOHTPOJISI B CHCTEME MOHUTOPUHTA COCTOSTHUS TpyOonpoBoaoB / M. M. Ky-
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M. M. Kuten

POSSIBILITIES OF APPLICATION THE ACOUSTIC-EMISSION CONTROL METHOD
IN THE PIPELINE CONDITION MONITORING SYSTEM

Abstract. Elements of pipeline transport are classified as hazardous production facilities
and are subject to both periodic and continuous diagnostics. A number of non-destructive test-
ing methods, including acoustic emission, are used to assess the state of pipeline transport
facilities and improve the reliability of control. The work is devoted to the study of acoustic
emission parameters, which make it possible to find and identify defects. The article contains
the results of acoustic emission testing of metal pressure vessels, both defect-free and with
artificially ap-plied stress concentrators in the form of cuts of various configurations, normally
oriented to the surface of the test object. Hydraulic testing of pressure vessels was carried out
under static load using a manual pumping station until failure. The obtained test results made
it possible to use the processed data in the analysis and assessment of the technical state of
hazardous pro-duction facilities with active sources of acoustic emission, which emit elastic
vibrations during the loading time. On the basis of an array of statistical data, a method has
been developed for determining the distance from the receiving transducer to the source of
acoustic emission, which will make it possible to reduce the number of transducers at the test
object and to carry out monitoring in conditions of limited access to the surface.

Keywords: acoustic emission, type of source, location, pipeline transport, diagnostic sys-
tem.
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METOJIUKA OIPEJEJIEHUSA IOTEPHh MOIIIHOCTH B TATOBOM PEJILCOBOM CETH
C YYETOM PEAJILHOM MOE3/THON CUTYAIIUN
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AnHoTtanus. CHIDKEHHE TTOTEPh MOIIHOCTH SBJISETCS aKTyaJIbHOHM 3a7adeii B CHCTEME TsI-
TOBOTO DJIEKTPOCHAOKEHHSI HKEJE3HOIOPOKHOTO TPaHCIOpTa. B cTarbe MpHUBOAWTCS METO-
JIMKa OTIpeCNICHUS TOTEPh MOIIIHOCTH B TATOBOM PEIBCOBOM CETH MMOCTOSTHHOTO TOKA C yU4E€TOM
peasbHOM MMoe3IHOH cuTyannu. B kKadecTBe BXOAHBIX JaHHBIX MCTONB3YIOTCS: KOOPAHHATHI
PacToI0KeHHS TATOBBIX MOACTAHIINI Ha yYaCTKe JKEJIEe3HOH TIOPOTH, TOKU 3JIEKTPOBO30B, Ma-
paMeTphI TATOBOM PEIbCOBOM CETH, JITTMHA y4acTKa. BXOHbIC TaHHBIE MOTYT OBITh ITOJTYYCHBI
Y3 aHaJIn3a UCCIIEyeMOT0 y4acTKa U TATOBBIX PacdyeToB. YUaCTOK >KEeJIE3HOU JOPOrH Mpe-
CTaBIISIETCS B BHJE DKBHBAJICHTHOMN CXEMBI, TIe TATOBAsI PEIbCOBAsI CETh 3aMEHSIETCS MPOTA-
>KEHHBIM MPOBOJHUKOM, & TITOBBIC MOJCTAHIIUU U 3JEKTPOBO3BI — U3BECTHBIMU COCPEIOTO-
YEeHHBIMU TOKOBBIMHU Harpy3kamu. Jlanee mpou3BOAUTCS pacyeT 3MCKTPUUYECKUX BEIUYUH B
TATOBOM PEIHCOBOM CETH. 3aTEM PaCCUNUTHIBAIOTCS OOIIHE ITOTEPH MOIITHOCTH B OOpaTHOM TsI-
TOBOW CETH BOJIM3M TSTOBBIX TOJCTAHIWN MPH PacCMATPUBAEMBIX IMOE3IHBIX CHUTYaIUSIX.
Takxe paccCMOTpeH MpUMEpP MTPUMEHEHHS MPEII0KEHHOW METOJIMKH C UCIIOJIB30BAHUEM Pe-
aJBHBIX 3HAYCHHI TOKOB 3JIEKTPOBO30B M TATOBBIX MOJCTAHIIUHN Ha yyacTke 3anaaHo-Cubup-
CKOH xene3Hou noporu. Pacuer mokasai, 4To IpH U3MEHEHUHU MOE3AHOM CUTYyallMH 3HA4M-
TEIHHO U3MEHSIIOTCS 3HAUCHUS TIOTEPh MOIITHOCTH B TSATOBOM penbcoBoii cetu. [Ipemnoxennas
MCTOJUKA MO3BOJJIACT ONPCACIIATE IMOTECPHU MOIIHOCTU B TATOBOM peHLCOBOP'I CCTU C YUCTOM
pEaNbHOM MTOEe3THOM CUTYalllH, YTO B CBOIO OYepPeab MOXKET OBITh HCITOIE30BAHO IS OIICHKH
MOTEPh MOIIHOCTH U Pa3paOd0TKHA MEPOIPHUATHI 110 X CHIDKEHUIO.

KuroueBsble cjioBa: moTepu MOIIHOCTH, TATOBas PelbCoBasl CETh, MIEKTPUUECKUE BEIH-
YUHBI, IIOTEHIINAJ, TOK, IOE3HASI CUTYaITHsI.

Jast umtupoBanus: [Tungok, O. B. Meroauka onpeneneHus NoTepb MOITHOCTH B TSTO-
BOI1 peNTbCOBOM CETH C YUETOM pealibHoi noe3aqHon cutyanuu / O. B. [Tuamiok, K. B. Apneea
// BecTHHK POCTOBCKOTO TOCYAapCTBEHHOTO YHHMBEpCHUTEeTa myTei coobmenns. — 2021. —
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O. V. Pindiuk, K. V. Avdeeva

METHODOLOGY FOR DETERMINING LOSSES IN A TRACTION RAIL NETWORK USING
THE REAL TRAINING SITUATION

Abstract. Reducing power losses is an urgent task in the traction power supply system of
the railway transport. The paper provides a method for determining power losses in a DC
traction rail network using the real train situation. The following are used as input data: coor-
dinates of the traction substations location on the railway section, electric locomotive currents,
parameters of the traction rail network, section length. Input data can be obtained from the
analysis of the investigated area and traction calculations. The section of the railway is pre-
sented in the form of an equivalent circuit, where the traction rail network is replaced by an
extended conductor, and the traction substations and electric locomotives are replaced by
known concentrated current loads. Next, the calculation of electrical quantities in the traction
rail network is carried out. Then, the total power losses in the reverse traction network near
the traction substations are calculated for the train situations under consideration. An example
of the application of the proposed methodology using real values of the currents of electric
locomotives and traction substations on the section of the West Siberian Railway is also con-
sidered. The calculation showed that when the train situation changes, the values of power
losses in the traction rail network change significantly. The proposed methodology makes it
possible to determine the power losses in the traction rail network, taking into account the real
train situation, which in turn can be used to assess power losses and develop measures to re-
duce them.

Keywords: Power losses, traction rail network, electrical quantities, potential, current,
train situation.

For citation: Pindiuk, O. V. Methodology for determining losses in a traction rail network
using the real training situation / O. V. Pindiuk, K. V.Avdeeva // Vestnik Rostovskogo Gosu-
darstvennogo Universiteta Putey Soobshcheniya. — 2021. — Ne 4. — P. 154-164. — DOI
10.46973/0201-727X_2021_4 154.




ISSN 0201-727X

BECTHHUK PI'YIIC

Ne 4 /2021

Caenenns 00 aBTopax

IInuaox Oabra BaaaguMupoBHa

OMCKuil ToCyJapCTBEHHBIN YHUBEPCUTET Iy Tel
coobmenus (OmI'YIIC),

Kadeapa «IMeKTPOCHAOKECHHE KEIE3HBIX JOPOT»
aCIHUPAaHT,

e-mail: hffjjffn@gmail.com

AsBneeBa Kcennss BacnibeBHa

OMckuii TOCYJapCTBEHHBIN YHUBEPCUTET ITyTeH
cooOmenust (OMI'YIIC),

kadenpa «TenekoMMyHUKaMOHHBIE, PaJHOTEX-
HUYECKHE CUCTEMEI H CETH»,

KaHIUaT TEXHUIECKUX HAYK, TOICHT

e-mail: avdeeva_kv@mail.ru

YK 621.5+ 06

Information about the authors

Pindiuk Olga Vladimirovna

Omsk State Transport University (OSTU),
Chair «Power Supply of Railways»,
Postgraduate Student,

e-mail: hffjjffn@gmail.com

Avdeeva Ksenia Vasilyevna

Omsk State Transport University (OSTU).

Chair «Telecommunication, Radio Engineering
Systems and Networksy,

Candidate of Engineering Sciences, Associate Pro-
fessor,

e-mail: avdeeva_kv@mail.ru

DOl 10.46973/0201-727X_2021_4_165

T. JI. Punonv-Capazocu, O. B. Casenves

NCCIEJOBAHUE BO3SMOKHOCTU CHUXKEHUS 3ATPAT DOHEPT'UN
ITPU ITPON3BOJACTBE XOJIOJA

AHHoTanus. Marepuain cTaThb MOCBAIICH UCCICIOBAHUIO BO3MOYKHOCTH CHYDKCHUS 3a-
TpaT SHEPTUH MPU MPOU3BOJICTBE X002 B XOIOMIbHBIX ycraHoBkax Ha COz. Paccmarpu-
BAIOTCS TOJIOBBIC 3aTPAThl SHEPTHUHU TPH MIPOU3BOJICTBE XO0JI0a KaCKaIHOM XOIOIUIBLHON Ma-
muael Ha CO2, Gycreproii xonoauwibHoN MammHbl Ha CO2, OycTepHO# XOJOMIBHON Ma-
musel Ha CO2 ¢ KoMIpeccopamMu MapaJuIeIbHOTO CKATHs U OYCTEPHOH XOJIOAWIBHON Ma-
sl Ha CO2 ¢ BHENIHUM OXJIaXICHHEM. AHAITN3 pabOThl PEICTABICHHBIX CXEM BU3YallH-
3UpyeTCs C MOMOIIBIO AuarpamMm B KoopauHatax Log (p) — h u rucrorpamm, Ha OCHOBaHUH
KOTOPBIX JIeNaeTcs BHIBOA 00 SHEProdPEeKTUBHOCTH MPEJCTABICHHBIX CXEM.

KaioueBble ciioBa: sHeprus, sHeprodGHEeKTHBHOCTD, CXeMa XOJIOAOIPOU3BOACTBA, TUa-
rpamMMa, 030HOO€30I1aCHOCTh, OyCTepHasi cxema, KacKaJHas CXeMa, KOMIIpeccopa, BHEIIHee
OXJIaXK/ICHHE.

Jast nutupoBanms: Punons-Caparocu, T.JI. MccnenoBanne BO3MOXHOCTH CHH)KEHHS 3a-
Tpat 3Hepruu npu npousBoactae xonoxa / T. JI. Punons-Caparocu, O. B. Casenbes // Bect-
HUK BecTHUK POCTOBCKOTO TOCYIapCTBEHHOTO YHUBEpCUTETa ImyTel coodmenms. — 2021, —
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T. L. Ripol-Saragossi, O. V. Saveliev

RESEARCH POSSIBILITY TO REDUCE ENERGY COSTS
WHEN PRODUCING COLD

Abstract. The paper material is devoted to the study of the reducing energy consumption
possibility in the cold production in refrigeration units on CO2. The annual energy consump-
tion for the cold production cascade CO2 refrigeration machine, CO2 booster refrigeration
machine, CO2 booster refrigeration machine with parallel compression compressors and CO2
booster refrigeration machine with external cooling are considered. The operation analysis of
the presented circuits is visualized using diagrams in the coordinates Log (p) - h and histo-
grams, on its basis a conclusion is made about the energy efficiency of the presented circuits.

Keywords: energy, energy efficiency, refrigeration scheme, diagram, ozone safety, booster
circuit, cascade circuit, compressor, external cooling.
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B. A. Ocunos, I1. A. Jlocynosa

MOBBIIEHUE TOYHOCTH METOJIA BOCCTAHOBJIEHMS TIOE3/THOM CUTYALIUA
IIYTEM BHEAPEHUA AHAJIMTHYECKUX METO1OB OBPABOTKHN COBPAHHBIX TAHHbBIX

Annortamus. [Tpenioxen cnocob onpeseneHus MoTepb SHEPTHU B TATOBOM CETH IOCTOSH-
HOTO TOKa. B OCHOBY NpHWHIWIIA H3MEPEHUS MOJOKEH METOJ MOCTPOSHUS Psifa PaCUeTHBIX
MT'HOBEHHBIX CXEM aHAIM3UPYEeMOTo ydacTka. [IpeamosxkeHHoe pereHne mo3BoIseT 1Mo orpa-
HUYCHHOMY Ha0Opy JaHHBIX MOJYYUTh HEOOXOIUMBIC CBEICHUS JIJIS MIOCTPOCHUS MTHOBCH-
HOI1 cxembl. [lokazaHa BO3MOKHOCTh MPUMEHEHHUS MPEIOKEHHOTO METOAa TP PA3THUHBIX
CXeMax MHUTaHUs Y9acTKa ANEeKTPUPUITMPOBAHHOH JKEIe3HON JOPOTH ITOCTOSTHHOTO TOKA.

KuroueBnble €10Ba: IOTEPH SHEPTUU, TSATOBAS CETh, MIEKTPUIECKUE JKEIIE3HBIE TOPOTH T10-
CTOSTHHOTO TOKA, OTIPEJCIICHNE KOOPJAMHATHI AJIEKTPOIOIBIDKHOTO COCTaBa, CUCTEMBI HUTA-
HUSL.

Jast utmrupoBanusi: Ocunos, B. A. TloBbilieHHE TOYHOCTH METO/1a BOCCTAHOBJIEHUS I10-
€3/THOW CUTYaIluH IyTeM BHEJPCHUS aHAIMTHYECKUX METOJOB 00pabOTKHM COOpaHHBIX JaH-
Hbix / B. A. Ocunos, I1. A. JloryHoBa / BectHuk POCTOBCKOTO rocy1apcTBEHHOTO YHHBEPCH-
tera myted coobmenus. — 2021. — Ne 4. — C. 176-182. — DOI 10.46973/0201-
727X 2021 4 176.

V. A. Osipov, P. A. Logunova

INCREASING THE ACCURACY OF THE TRAINING SITUATION RECOVERY METHOD
BY IMPLEMENTING ANALYTICAL METHODS FOR PROCESSING THE COLLECTED DATA

Abstract. A method for determining energy losses in a direct current traction network is
proposed. The measurement principle is based on the method of constructing a number of
calculated instantaneous schemes of the analyzed area. The proposed solution allows for a
limited set of data to obtain the necessary information to build an instantaneous scheme. The
possibility of using the proposed method for various power supply schemes for a section of a
DC electrified railway is shown.

Keywords: energy losses, traction network, direct current electric railways, determination
of the coordinates of electric rolling stock, power supply systems.
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B. M. Kypetiyux, A. M. LImyuneiii, O. b. Cnupudornos

YETBIPEXYPOBHEBBII METO/I PA3SBUEHUS TPA®OB
JJIA PEHHEHUSA 3AJAYU CAITP KUBEP-OU3NYECKUX CUCTEM*

AnHoTanus. PaccMoTpeHsl Bonpockl pa3duenus rpada, a Takke BOINPOCH NPUMEHEHHS
METa’BPUCTHUECKUX anropuTtMoB ontumusanuu. Ocsemiersl npodaemsr CAIIP kubep-duzn-
yeckux cucteM. IIpeanoxen HOBBII YeThIPEeXypOBHEBBIH MeTOA pa3dueHus rpada ¢ UCHOob-
30BaHKEM aJrOpUTMAa MayKooOpa3HbIX 00e3bsH. OH anpoOMpOBaH Ha TECTOBBIX 3a/1a4ax U 3a-
Jaue pazouenus rpada kudep-pusrueckoit cucreMsl. JJaHHBINA METO] TOKa3aJl MPEUMYIIIECTBO
[0 CPaBHEHMIO C CYIIECTBYIOIIMMH METOJaMH. AKTYaJIbHOCTh MPEIOKEHHOTO HCCIIEA0Ba-
HUSI 3aKITI0YAETCS B MIOBBIIICHUH Ka4ecTBa Pe3yIbTaTOB METOI0B pa3ouenus rpada. HoBusna
WCCIIEIOBAHUS 3aKJII0YAeTCs B IPUMEHEHUH METO/1a pa30oreHus rpada, OCHOBAHHOTO Ha MHO-
roypoBHeBoM mnoaxoje. MccienoBaHue XxapakTepu3yeTcs BBEIEHHEM UYETBEPTOrO YpPOBHS
MHOT'OYPOBHEBOI'O [10J1X0/1a — BepuuKauu rpadoBoil MOAEIN Ha OCHOBE H30Mop(dhu3Ma rpa-
¢os.

KiroueBble ciioBa: pazduenue rpada, aaropuT™ ONTUMH3ALUHN, META3BPUCTUUECKUH ajl-
TOPHUTM, KHOep-(pHU3nIecKre CUCTEMBI.

Jas nurupoBanus: Kypeitunk, B. M. UeTpipexypoBHEBbI MeTO] pa3dueHus rpados s
pemtenus 3anaun CAIIP xubep-dpusuueckux cucrem / B. M. Kypeituuk, A. M. Lltyunsrii,

O. b. Cniupunonos // BectHuk PocTOBCKOro rocyapcTBEHHOTO YHHUBEPCUTETA MyTei cO00-
mennst. — 2021, — Ne 4, — C. 183-188. — DOI 10.46973/0201-727X_2021_4 183.

V. M. Kureichik, A. M. Shtuchny, O. B. Spiridonov

FOUR-LEVEL GRAPH PARTITIONING METHOD
FOR SOLVING THE CAD CYBER-PHYSICAL SYSTEMS PROBLEM

*HcenenoBanue BBIOIHEHO 3a cueT rpanTa Poccuiickoro Hayanoro douna Ne 22-21-00316, https://rscf.ru/project/22-21-
00316/
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Abstract. It is considered the questions about graph partitioning and the application of the
metaheuristic optimization algorithms. The CAD problems of the cyber-physical systems are
highlighted. A new four-level graph splitting method using the arachnid algorithm is proposed.
It has been tested on test problems and the problem of partitioning the graph of a cyber-phys-
ical system. This method has shown an advantage over existing methods. The relevance of the
proposed research bases on improvement the quality of the graph partitioning methods results.
The novelty of the research proposes the application of the graph partitioning method based
on the multilevel approach. The study is characterized by the introduction of the fourth level
of a multilevel approach as verification of a graph model based on graph isomorphism.

Keywords: graph splitting, optimization algorithm, metaheuristic, cyber-physical

systems.
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A. B. Mypasves

MOAEJUPOBAHME 'NIPOANHAMUKHA U TEIIJIOOGMEHA
B KAHAJIAX C TYPBYJIU3ATOPAMU

AHHoTanus. PaccMoTpeHbl MaTeMaTHYeCKOe MOJICTTMPOBAHUE B KaHAJIAX TETTIOOOMEHHBIX
TpyOOK ¥ BIUSHHE TypOyiIM3aTOpa Ha WHTEHCH(HKALMIO TEIIOMAcCOIepeHoca. Y CTaHOB-
JIEHO, YTO MPUMEHEHUE TaKMX BHJOB TPYyOOK yNydIIaeT TerJlonepenady MexXIy cpelamu,
YMEHBIIAET TEPMUUYECKOE CONMPOTHBICHHUE 33 CUET BHIMBIBAHHE OTJIOXKEHHH C MOBEPXHOCTH
TpyOOK, 3T0 mo3Bojsier yBennuuts KI1/] TerioodMeHHOTO anmnapara v yiay4dlIuTh pecypco-
3HEeprocOepeKeHHE.

KiroueBbie ciaoBa: TypOynu3aTop, KOJbIICBbIE KaHABKH, HHTEHCU(UKAIHS, TeIIonepe-
Jayda, TerooOMeH, TeMI000MEHHBIE anapaThl, IOBEPXHOCTh TEIUIOOOMEHA.
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MypaBbeB, A. B. MoaenupoBaHre ruipoJUHAMIKH B TEIUIOOOMEHA B KaHallaX ¢ TypOynn3a-
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A. V. Muravyov

MODELING OF HYDRODYNAMICS AND HEAT EXCHANGE
IN TUBES WITH TURBULATORS

Abstract. The paper considers the mathematical modeling in tubes of the heat exchange
and the effect of the turbulator on the intensification of a heat and mass transfer. It was estab-
lished that the use of such tubes types improves heat transfer between media, reduces thermal
resistance due to the leaching of deposits from the tubes’ surface. It gives increasing the effi-
ciency of the heat exchange apparatus and improving resource and energy conservation.

Keywords: turbulator, annular grooves, intensification, heat transfer, heat exchange, heat
exchangers, heat exchange surface.
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TPEBOBAHUSA K O®OPMJIEHHIO CTATEM
JJIA ITYBJIUKALIUNU B KYPHAJIE «BECTHUK PI'YIIC»

1 Marepuansbl cTaTeil NpeICTaBISIIOT B BUAE TEKCTOB, OT(OPMATUPOBAHHBIX U PacleyaTaHHBIX
Ha JIa3epPHOM WJIM CTPYHHOM MpHHTepe (MPHUTOJHBIX JJIsi CKaHWpOBaHMs) Ha Oeinoii Oymare ¢opmara A4
(210%297 mm) B otHOM 3K3eMIUIsipe. PekomeHayeMblii 06beM ctatbu — 5—10 cTpanu.

OHOBPEMEHHO NPEACTABIISIOT MIEKTPOHHYIO BEPCHIO CTaThH, BHIITIOJIHEHHON B TEKCTOBOM PEAAKTOPE
Word for Windows, mpudt Times New Roman, 11 pt, MexxcTpouHbBIi HHTEpBaI — OAMHAPHBIN, BRIpAaBHUBAHHE
0 IIUpPHHE, a03alHBIA OTCTYI — 1,25 cM, BCce Moyt — 2 cM.

2  Ha nepBoii cTpaHHIle TOKHBI OBITH YKa3aHBI:
Y/IK — B neBoM BEpXHEM YTIIy;
WHTEpBA;
UHUYUATIbL U pamuiuy agmopoe — 10 LEHTPY, KypCUBOM;
WHTEpBAJ;
Ha36aHue cmampu — 3arJIaBHBIMU OYKBaMH, ITOTY>KUPHBIM IIPUQTOM, 10 LIEHTPY, O€3 NEPEHOCOB;
HWHTEpBAJ;
annomauusn (80-150 cios);
Karouesste cnoea (5-10 cios);
HWHTEpBAJ;
meKcm cmambpy — 11e4aTaeTcs C NePEeHOCaMH.
WHTEpBAJ;
CRUCOK Jlumepamypsl Ha PyCCKOM U aHTJIMHACKOM s13bIKax (He MeHee 10 HCTOYHUKOB).
CraThs 10JDKHA COZIEPKATh BBOJAHYIO YacTh, LeNb HAYYHOH pa3pabOoTKH, OCHOBHYIO YacTh U BbI-
BOJIbL. TeKCT cTaThy IOJKEH OBIThH THIATELHO OTPEAAKTUPOBAH U TOTOB JIJISl MAKETHPOBAHUSI U BEPCTKH JKYyp-
HaJla Ha KOMITBIOTEpE.

4 ByKBBI JJATUHCKOTO anaBuTa HAOUPAIOT KypCHUBOM, OYKBBI IPEUECKOTO U PYCCKOTO aj(aBUTOB
— npsiMbIM TpudToM. MaTematuieckue cuMBOJIH lim, In, arg, const, sin, cos, min, max ¥ T.J. HAOUPAIOT
npsMbIM TprdToM. AGOpEeBHATYpPHI ClieAyeT paciInPOBHIBATH ITPH UX TIEPBOM YIIOMUHAHUU B TEKCTE.
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5  ®opmyasl. bonbmue Gpopmynsl HEOOXOAUMMO Pa3OUTh HA OTAENbHBIE (pparMeHThl. PparMeHTHI
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MecTto paboThI Ka)KI0T0 aBTOpa B IMEHUTEIBHOM Maiexe.

VYdeHas cTeneHs, yueHOe 3BaHHE, TOJDKHOCTS.

E-mail.
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KiroueBsie croBa.

YciioBuS M NOPAJOK NYOJIUKALMHU CTATEH B )KypHAaJie

Crarbs 10/kHA ObITH 0 OpMJIeHa N0 PUJIATaeMbIM TPeOOBAHMSAM.
ABTOp MMeeT IPAaBo ONy0JIMKOBATH B HOMepe OJHY CTATBIO.
ABTOP MO:KeT MPHUCIATH CTATHIO B a[Ipec PeIaAKINHU:
1o MmoyTe;
110 3JIeKTPOHHOIi noyre;
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5  PenakumonHasi KoJulerusi NpUHUMAaeT JUIsl My0JIMKAIMU CTAThH TOCJIe THIATEJbHOH HAYYHOMH JKC-
MepTHU3bI.
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