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MAHIMHOCTPOEHHUE

11 FO. Konosanos, IO. I1. bynasun, U. B. Bonkos

VJAYUIIEHUE NIPOTUBOBYKCOBOYHBIX CBOMCTB TPAHCIIOPTHBIX MAIIIMH

HA OCHOBE MOJEPHU3AIIMA MHEBMOIIPUBOJIA IECOYHOM CUCTEMBI

AHHoOTanus. PaccMOTpeHs! peXXKUMBI Harpy KEeHUs KeIIE3HOIOPOKHOTO TATOBOTO MOABHK-
HOT'O COCTaBa M0 CHETJICHUIO, ONPEeIIONINe 3HAYCHNSI BETMUYUHBI TPOCKAb3bIBAHUS JIBH-
KYIIUX KOJIEC JIOKOMOTHBOB IIPU PA3IHYHBIX YCIOBHAX SKCIUTYyaTAIlNH, a TAKKe TPOITOIDKHU-
TENBHOCTH U 3 (PEKTUBHOCTH I10/1a4H MIECKa B 30Hy KOHTAKTa KoJiec ¢ pesibcaMu. JlaHHbIe mo-
Ka3aTelld MCIOJIb30BATUCH B MOJICIH YIPaBICHHUS] MOACPHU3UPOBAHHBIM ITHEBMOIIPUBOIOM
CHCTEMBI IEeCKOIMOo1aut (IIECOYHOM CHCTEMBI) Ha OCHOBE aJrOPUTMOB HEUETKOW JIOTUKHU IS
HETPEPHIBHOTO IIABHOTO PETYIMPOBAHMUS KOJIMYESCTBA MIOaBaeMOT0 TIeCKa.

KiroueBbie ciioBa: kod(QQUIMEHT CUEIUICHUS, TATOBBIA MPHUBO, OTHOCHUTEIBHOE MPO-
CKaJIb3bIBaHKE, THEBMOIIPUBO/I, CUCTEMA MECKOIOIa4H, IOKOMOTHB, HEUETKAasl JIOTHKA.

Jas uurupoBanmsi: Konosanos, I1. 0. Viyumenne npoTHBOOYKCOBOYHBIX CBONCTB
TPAHCHOPTHBIX MAILIMH HAa OCHOBE MOJEPHHM3AaLMU MHEBMONPHBOAA IECOYHOM CHCTEMBI /
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P. Yu. Konovalov, Yu. P. Bulavin, I. V. Volkov

IMPROVEMENT OF THE TRANSPORT VEHICLES WITH ANTI-SLIP PROPERTIES BASED

ON THE MODERNIZATION OF THE SAND PNEUMATIC ACTUATOR SYSTEMS

Abstract: The paper considers the modes of the traction rolling stock loading by coupling,
which determine the values of the sliding value of the locomotives ' driving wheels under
various operating conditions of the train, as well as the efficiency and duration of the sand
supply to the contact zone with wheels rails. These indicators were used in the control model
of the sand supplying drive based on fuzzy logic algorithms for continuous smooth control of
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the sand amount.

Keywords: adhesion coefficient, traction drive, relative slip, pneumatic actuator, sand

feeding system, locomotive, fuzzy logic.

For citation: Konovalov, P. Yu. Improvement of the transport vehicles with anti-slip prop-
erties based on the modernization of the sand pneumatic actuator systems / P. Yu. Konovalov,
Yu. P. Bulavin, I. V. Volkov // Vestnik RGUPS. — 2021. — Ne 1. — P. 8-19. DOL:

10.46973/0201-727X_2021_1_8.

Caenenns 00 aBTopax

Konosanos Ilagesa FOpseBuu

PocroBckuii rocyjapcTBEHHBIN YHUBEPCUTET ITyTEU
coobmmenus (PT'VIIC),

kagenpa «TATOBBIN TOABHIKHON COCTaBY,
aCIIMpaHT,

e-mail: pasha_konoval@fromru.com

Byaasun IOpnii I1asaoBny

PocroBckuii rocyjapcTBEHHBIM YHUBEPCUTET ITyTEH
coobmmenus (PI'YIIC),

kadenpa «Baronsr»,

KaHIUJAT TEXHUIECKUX HAYK, NOLCHT,

e-mail: yp@bulavin.org

Information about the authors

Konovalov Pavel Yurievich

Rostov State Transport University (RSTU),
Chair «Traction Rolling Stock»,
Postgraduate,

e-mail: pasha_konoval@fromru.com

Bulavin Yuri Pavlovich

Rostov State Transport University (RSTU),
Chair «Railcars»,

Candidate of Engineering Sciences,
Associate Professor,

e-mail: yp@bulavin.org



ISSN 0201-727X BECTHHUK PI'YIIC Ne 1/2021

Boaxos Urops BacumiabeBuu Volkov Igor Vasilievich

PocToBckuii rocy1apcTBeHHbIN yHUBepcHTeT yTelr  Rostov State Transport University (RSTU),
cooOmmenus (PT'VIIC), Chair «Traction Rolling Stock»,

kadenpa « TATOBBIN TOABIKHON COCTaBY, Doctor of Engineering Sciences, Professor,
JIOKTOP TEXHUYECKHX HayK, mpodeccop, e-mail: igorvolkovrnd@rambler.ru

e-mail: igorvolkovrnd@rambler.ru

HOABUKHOMN COCTAB, BE3OIIACHOCTH JABWXXEHUS U DKOJIOTrUs

YIK 629.423.016.2 + 06 DOI: 10.46973/0201-727X_2021_1 20

A. A. 3apugpean, A. L1l. Mycmagpun

AHAJIN3 UCTIOJIB30BAHUA MOIITHOCTHU I'PY30BBIX 9JIEKTPOBO30B
N BO3MOKHOCTB COKPAIIEHUS SHEPI'OITIOTPEBJIEHUA
3A CHET MOJAEPHU3AIIUU ITPU 3ABOJACKOM PEMOHTE

AnHoTauus. [Ipoananu3upoBaHbl ycI0BHs paOOThI IPY30BbIX 3JIEKTPOBO30B C TSKEIIBIMU
Y IOPOKHUMH cocTaBaMH B ycnoBusix CeBepo-KaBkasckoii sxene3Hoi noporu. [lokazano, uto
3a CYCT MPUMEHCHUA OUCKPETHO-aAalITUBHOI'O YIPABJICHHUA MHOI'OABUIATCIIBHBIM TATOBBIM
IPUBOJIOM (OTKJIFOUEHMS/TIONKIIOUEHHSI TATOBBIX JBUTaTeNCl B 3aBUCHUMOCTH OT Harpy3KH)
MMEETCS] BO3MOXKHOCTh 00JIee MOJIHOTO MCIOIb30BaHUsI MOILTHOCTH JIEKTPOBO3a U COOTBET-
CTBEHHO CYIIECTBEHHOTO IMOBBIIICHHUS €r0 SHEPreTHIecKor 3PPEeKTHUBHOCTH (COKpAICHHUS
YIENBHOTO PAacxo/a 3JIeKTpuYecKoi sHeprun). OCHOBHBIM yCJIOBUEM PEaTH3aLuH AIrOPUTMA
ABIIICTCS] HAIMYHUE Y 3IEKTPOBO3a CUCTEMBI TIOOCHOTO PETYJIMPOBAHUSA CHIIBI TATH. COOTBET-
CTBYIOIIUEC U3MCHCHUS B KOHCTPYKIIUU 3JICKTPOBO30B NPEKHUX JICT BBIITYCKAa MOT'YT 6LITL cae-
JIaHBI TIPY MOJEPHHU3ALIMN B paMKax 3aBOJICKOTO PEMOHTA.

KiroueBble cji0Ba: Tpy30BOM MarucTpajgbHBIN 3JIEKTPOBO3, 30HHO-()Aa30BOE PErYINPOBa-
HHE HaIlPSKEHMs1, COKpAILEHNE YHEPTronoTpeOIeH s, TUCKPETHO-aJalITUBHOE YIIPABJICHHE TSI~
TOBBIM IIPUBOJIOM, 3aBOJICKOM PEMOHT.

st uurupoBanus: 3apudbsia, A. A. AHAITN3 UCTIOJIE30BaHUSI MOIITHOCTH I'PY30BBIX dJIEK-
TPOBO30B U BO3MOXXHOCTH COKPAIIECHHUS 3HEPronoTpeOIeHHs 3a CUeT MOACPHU3ALNH TIPH 3a-
BozckoM pemoHTe / A. A. 3apudssn, A. L. Mycragpun // Bectauk PI'VIIC. — 2021, — Ne 1.
—C. 20-29. DOI: 10.46973/0201-727X_2021_1_20.

A. A. Zarifyan, A. S. Mustafin

ANALYSIS OF THE POWER USE OF THE ELECTRIC LOCOMOTIVES
AND THE POSSIBILITY OF REDUCING ENERGY CONSUMPTION DUE
TO MODERNIZATION ON FACTORY REPAIR

Abstract. The operating conditions of the freight electric locomotives with heavy and
empty trains are analyzed. It is shown that due to the application of the discrete-adaptive con-
trol for multi-engine traction drive, there is a possibility of more complete use of the electric
locomotive power and, accordingly, the significant increase in its energy efficiency. The main
condition for the implementation of the algorithm is that the electric locomotive has a system
of the separate axial traction control. Recently, the corresponding changes in the construction
of the electric locomotives™ production can be carried out during modernization as part of a
factory repair.

Keywords: freight mainline electric locomotive, zone-phase voltage regulation, reduction
of energy consumption.
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A. E. Jlumeunos, 11. A. Honsxos, P. C. Tacues, A. A. I'onuxos, H. A. 3adaanuyx, M. b. Mockanenxo

PA3PABOTKA METOJIA OIIPEJEJEHUS IOBEPXHOCTHOM TEMIIEPATYPBI
TOPMO3HOI'O IUCKA

AnHoTauus. COBpeMeHHbIH MOJIBI)XHONW COCTaB TPAHCIIOPTHBIX CPEICTB Pa3BHBAET BCE
OOJIBIITYI0 CKOPOCTh TPH TMEPEMEICHNH, a TaK)Ke MMEET OOJNBIIYIO IPy30MOJbeMHOCTh MO
CPaBHEHMIO C PETPOCIIEKTUBHBIMH aHAJIOraMHu. JTO HalaraeT Ha TOPMO3HYIO CHCTEMY aBTO-
MOOMJISL IOTIOJIHUTEIbHBIE OIPAaHMUYEHHS B CBSI3M C BO3pAcTalOLIEH HArpy3KOW Ha KOJIECHBIE
(bpUKIHOHHBIE 3NIeMeHTHI. TeMmeparypa npy HUKJINIeCKUX TOPMOKEHHUSIX HAKaTTUBAeTCs He-
PaBHOMEPHO BO BPEMEHHM, YTO HEOOXOJMMO YUUTHIBATH MPH TETIOBBIX MOJEINSAX (PPUKIHOH-
HBIX y3JI0B. Pa3paboTaHHbIH METO OIpeesIeHNs] TOBEPXHOCTHON TEMIIEpaTypbl TOPMO3HOTO
JICKa YYUTBIBAET PEXHUM M BpeMsl oxJiaxaeHus. [IpoBeieHHbIe pacyeTsl oKa3alu, YTo C yBe-
JUYEeHUEM BpeMeHH oxjiaxaeHus Ha 20 % TemmepaTypa B KOHIIE IPOMEXKYTKA OXJIaKICHUS
TOPMO3HOTO JHcKa CHIDKanach Ha 36 %. [Ipu n3MeHeHnn pexxuma OXJaKACHUS, a UMEHHO
ko> dunuenTa Temwonepeaaun ¢ 15 g0 25 Br/M*K, u3MeHeHHE TeMIepaTypbl TOPMO3HOTO
JIMCKa B KOHIIE IIUKJIOB TOPMOKEeHHS gocturano 38,6 %. Kak mokaszanu pacdeTsl, pa3padoTaH-
HBIA METOJ] Ha OCHOBE TETUIOBOW MOJIENIN MPU IMUKJINIECKIX TOPMOKEHHAX TTO3BOJISET IPOEK-
TUPOBaTh (YPUKLIMOHHBIN y3€JI C YUE€TOM NIpeAeIbHON MOBEPXHOCTHON TeMIepaTyphl, OLICHH-
BaTh KCIUTyaTHpyeMble ()PUKIIOHHBIE Y3JIbI HA MPEAMET BO3MOXKHOTO TEperpeBa mpu pas-
JIUYHBIX PEXUMaX TOPMOKECHHS U OXJIaXKICHUS.

Ki1roueBble cjioBa: TOPMOXKEHHE, PEKUM OXJIXKICHHS, KOAQPHULIMEHT TEIIO0TAauH, [TUK-
JIMYHOCTH TOPMOKEHUSI, TEMII OXJIAXKICHUS, BPEMS OXJIAXKICHUS.

Jast murupoBanusa: Pa3pa0oTka MeToma OINpEe/eNieH!s] MOBEPXHOCTHOW TEMIIEpaTyphI
topmo3Horo aucka / A. E. JIuteuHoB, I1. A. Ilonskos, P. C. Tarues, A. A. ['onukos, H. A.
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A. E. Litvinov, P. A. Polyakov, R. S. Tagiev, A. A. Golikov, N. A. Zadayanchuk, M. B. Moskalenko

DEVELOPMENT OF METHOD FOR DETERMINING THE SURFACE TEMPERATURE
OF BRAKE DISC
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Abstract. Modern rolling stock of the vehicles is developing more and more speed when
moving, and also has a higher carrying capacity in comparison with retrospective analogs. This
imposes additional restrictions on the vehicle's braking system due to the increasing load on
the wheel friction elements. The temperature during cyclic braking accumulates unevenly over
time, which must be used with thermal models of the friction units. The development of the
determining method for the surface temperature of the brake disc uses the mode and time of
cooling. The calculations showed that an increase in the cooling time by 20 %, the temperature
at the end of the brake disc cooling period decreased by 36 %. With a change in the cooling
mode, namely the heat transfer coefficient from 15 to 25 W / m?-K, the change in the temper-
ature of the brake disc at the end of the braking cycles reached 38.6 %. As the calculations
showed, the developed method based on the thermal model during cyclic braking, makes it
possible to design a friction unit with limiting surface temperature, to evaluate the operating
friction units for possible overheating under various modes of the braking and cooling.
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Keywords: braking, cooling mode, heat transfer coefficient, braking cycling, cooling rate,

cooling time.
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A. JI. llempywun, U. B. Bonkos, C. C. YepHses

MOBBIIIEHAE SHEPTETUYECKON D®®EKTUBHOCTH HOJBUKHOI'O COCTABA
KEJIE3HBIX TOPOI' C YYHETOM TPEBOBAHHHU 3KOJIOT'MN

AnHoTauus. IlpeacraBieHsl ncciegoBaHNs MapaMeTPOB M XapaKTEPUCTHUK BEHTHIIHHO-
HMHAYKTOPHOTO TeHepaTopa, MpeAHa3sHauYeHHOT O IS JOMOIHUTENIEHOTO TUTAHUS CUCTEMBI TS~
TOBOTO AJIEKTPOCHAOKEHHS B COCTaBE BETPOIHEPreTHIECKOH cTaHnU. OTINIUTENFHON 0CO-
OCHHOCTBIO MPEUIaraeMbIX TEXHUUYECKUX PELICHUH NPU KOMIIOHOBKE 000pPYIOBaHHSI BETPO-
9HEPreTHUECKON CTAaHIINY SIBIISIETCSI 000CHOBaHME COBMENICHUS (YHKIIMI TeHepaTopa U HaKo-
MIUTENS PHEPTUU 7S IPUEMa U TOCIIEAYIONIEro BO3BpaTa SHEPTHH PeKyIlepaluy B CUCTEMY
TATOBOTO 3JIEKTPOCHAaOXKeHHs. B KauecTBe HAKOMMTEINS SHEPTUHU MPEIIOKEHO UCTIONIB30BATh
MaXxOBHK, PaCHOJI0KEHHBI Ha OJJHOM BaJly C T€HEPATOPOM.

KuroueBsble ci10Ba: MOABIKHOM COCTaB KEJIE3HBIX I0OPOT, BETPOIHEPreTHYecKas CTaHIINA,
9HEProd3h(HeKTUBHOCTD, PEKyNEpaLsl, BEHTUIbHO-UHAYKTOPHAS 3JEKTPHUUECKasi MalllnHA.

s uutupoBanus: [lerpymun, A. /1. [ToBeimenne sHepreTrueckoit 3pPeKTHBHOCTH TIO-
JIBIYKHOTO COCTaBa JKEJIE3HBIX JOpOr ¢ ydetoM TpebGoBanuii skonoruu / A. JI. TlerpymmH,
U. B. Boakor, C.C. Yepuses // Bectnuk PI'YIIC. — 2021. — Ne 1. — C. 40-46. DOI:
10.46973/0201-727X_2021_1_40.

A. D. Petrushin, I. V. Volkov, S. S. Chernyaev

IMPROVING THE ENERGY EFFICIENCY OF RAILWAY ROLLING STOCK, TAKING INTO
ACCOUNT ENVIRONMENTAL REQUIREMENTS

Abstract. The article presents studies of the parameters and characteristics of a switched
reluctance generator intended for additional power supply of the traction power supply system
as part of a wind power station. A distinctive feature of the proposed technical solutions for
the layout of wind power plant equipment is the justification for combining the functions of a
generator and an energy storage device for receiving and then returning the recovery energy
to the traction power supply system. As an energy storage device, it is proposed to use a fly-
wheel located on the same shaft with the generator.

Keywords: railway rolling stock, wind power station, energy efficiency, recuperation,
switched reluctance machine.

For citation: Petrushin, A. D. Improving the energy efficiency of railway rolling stock,
taking into account environmental requirements / A.D. Petrushin, I. V. Volkov, S.S.
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A. E. Konooenxosa, C. C. Bepewaeuna

WH®OPMALIMOHHAS MOJJIEP)KKA ITPUHATHUS PEILIEHUN B CUCTEMAX
JUATHOCTUPOBAHUSA OBOPYJOBAHUA HA OCHOBE CETEBOU MOJIEJIN®

AnHoTauus. Jns noBbieHus 3QEeKTHBHOCTH Mpoliecca MPUHATHS PENICHUH Mpu na-
THOCTHUPOBAaHUM MPOMEBIIIIEHHOTO 00opynoBanus (IIpO) npenaraercs MMUTaIMOHHAS CETe-
Bas MOZIeNlb. B KauecTBe MMUTAIIMOHHON ceTeBoi Mozenu BeicTynaet cetb llerpu (CII), xo-
POIIIO 3apEKOMEHIOBABIIIAs CeOsl TPH MOACTUPOBAHMSI TUCKPETHBIX MPOIIECCOB, B OCHOBE KO-
TOPOH JISKAT MPOIYKIIMOHHBIC TTpaBuia. [IpuMeHeHne pa3paboTaHHOM MOJIEH ITO3BOJIUT I10-
BBICUTh Ka4eCTBO yIpaBieHUs U quarHoctupoBanus [IpO, oTciexuBaTh TEKyIIEE COCTOSIHUE
cuctemsl quarnoctupoBanus [IpO u hopMupoBaTh MIaH AUATHOCTUIECKOTO 00CIIEAOBaHUS H
peMoHTa.

Kuaruessble caoBa: cets [leTpu, nepapxuueckue NpoayKIHMOHHBIE MPaBUIIa, AIEKTPOTEX-
HUYECKOoe 000py/I0BaHNUE.

Jast murupoBanun: Kononenkosa, A. E. MadopmarmonHast moaepikka NpuHATUS pellie-
HUI B CHCTEMaX JINarHOCTUPOBaHMUS 000pyI0BaHUs Ha OCHOBe ceTeBoi Mozenu / A. E. Koo-
nenkoBa, C.C. Bepemaruna // Bectauk PI'YIIC. — 2021. — Nel. — C. 47-52. DOI:
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A. E. Kolodenkova, S. S. Vereshchagina

INFORMATION SUPPORT FOR DECISION-MAKING IN EQUIPMENT
DIAGNOSTICS SYSTEMS BASED ON THE NETWORK MODEL

Abstract. To improve the efficiency of the decision-making process when diagnosing in-
dustrial equipment (IE), a simulation network model has been proposed. Petri net (PN) based

* HUccnenoBanue evinoaneno npu (UHAHCOBOH noddepocke PODH: Ne 19-07-00195, Ne 19-08-00152,
Ne 20-38-90005.
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on production rules is used as a simulation network model which is well proven in modeling
of the discrete processes. The application of the developed model will improve the quality of
the IE management and diagnostics, monitor the current state of the IE diagnostics system and
form a plan for diagnostic testing and repair.

Keywords: Petri net, hierarchical production rules, electrical equipment.
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A. JI. Oxomnuxos, JI. A. bapanog

CHHTE3 CUCTEM TEXHMUYECKOTI'O 3PEHUSI IOKOMOTHBA
HA OCHOBE CLIEHAPHOTI'O MOJAXOJA

AHHoTauus. [IpuBeneH aHaIM3 UCIOIB30BAHUS CLIEHAPHOT'O MOAX0AA JJIsl CIIOKHBIX TeX-
HUYECKHUX CHUCTEM, B HACTHOCTH JUIA cucTeM TexHuueckoro 3peHus (CT3) TAroBoro moaBux-
HOro cocraBa. OmucaHbl BO3MOXKHBIE BHJIbI CIIEHApHEB A Takux cucteM, kak CT3, u ux
knaccudukanms. [IpuBenensl npumepsl MeTacueHapues, cueHapues nojcuctem CT3 u cue-
HapHU{ TEXHOJIOTHYECKOT0 YPOBHs. PacCMOTpeHbI BapHaHThI CIIEHAPHEB YIIPABICHUS I0€3/I0M
B 3aBHCHMOCTH OT yCJIOBHH BUIUMOCTH.

KitroueBble ci10Ba: crucTeMa TEXHUYECKOTO 3pEHHUS, CI0KHAS TEXHUIECKasl CUCTEMa, ClLie-
HapHBIN aHAIN3, CHHTE3 CLIEHAPHEB, METACIIEHAPUH, TpadBbl.

Jas nutupoBanus: OxoTHUKOB, A. JI. CuHTE3 CHUCTEM TEXHUYECKOTO 3pPEHUS JIOKOMO-
THBA Ha OCHOBE ciieHapHoro noaxoxaa / A. JI. OxotHukos, JI. A. bapanos // Bectauk PI'VIIC.
—2021. —Ne 1. - C. 53-61. DOI:  10.46973/0201-727X_2021 1 53.

A. |. Okhotnikov, L. A. Baranov

THE SYNTHESIS OF MACHINE VISION SYSTEMS OF LOCOMOTIVE
BASED ON THE SCENARIO APPROACH

Abstract. The article analyzes the use of a scenario approach for complex technical sys-
tems, in particular for systems of technical vision (STV) of traction rolling stock. Possible
types of scenarios for such systems as STV and their classification are described. Examples of
meta-scenarios, STV subsystem scenarios, and technology-level scenarios are given. Variants
of train control scenarios are indicated depending on visibility conditions.

Keywords: technical vision system, complex technical system, scenario analysis, scenario
synthesis, meta-scenarios, graphs.
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M. B. Crxopoboeamos, A. B. [lynemskos, B. B. [lemvsanos, B. A. Anexceenko

OHEHKA 3®®PEKTUBHOCTH TIOKOMOTHUBHOI'O IU®POBOT'O PNIBTPA AJICH ITPH
INOMOIIHA MOJTYHATYPHBIX UBMEPEHUU

Aunnotanus. B cpenre MATLAB+Simulink 6s11a mposeziena orierka 3¢ GeKTHBHOCTH pa-
00TBI IU(POBOTO Y3KOMOJIOCHOTO (PHUIBTPA ABTOMATHYECKOH JJOKOMOTHBHOW CHUTHATU3AIAN
HenpepsiBHOro tuna (AJICH) ¢ moMoripio nosryHaTypHBIX U3MEPEHUH B YCIIOBHSIX IEHCTBHUS
CTAallMOHAPHBIX TAPMOHMYECKHUX U CITyYalHBIX UMITYJILCHBIX MTOMEX. [ MomyHATYpHBIX UC-
MBITAHUN UCTIONIL30BAHBI 3aITUCH (PParMeHTOB CUTHANIA YHCIIOBOTO KOJIA, TOJyYeHHBIE B MPO-
1ecce SKCIUTyaTaliy CUCTEM aBTOMAaTHYECKON JJOKOMOTHBHOW CUTHAJIM3aLUU Ha TOPHO-TIepe-
BaJIbHBIX yyacTkax BoctouHo-CuOupcKoil sxkeIe3H0i Joporu, 000pyA0BaHHBIX 3IEKTPOTITrOon
nepeMeHHoro Toka. [lapameTpom, Mo KOTOpoMy OleHHBANACh d3PPEKTUBHOCTH pabOTHI 1M (]-
poBOro (GUIBTPa, BEICTYINANIA [UITENILHOCT IEPBOIO MHTEPBAJIa MEXKLy UMITYJILCAMHU B KOJI0-
BOi rpyme ko1oB «K» u «3». HopMaTiBHOE 3HaUSHHE 3TOTO MHTEPBaa IPUHATO B IIpeeax
ot 120 no 180 mMumnucekyn. VzmepeHus poIeMOHCTPHPOBAIH BBICOKYIO 3 (EKTHBHOCTD
paboThl GUITBTPa MO KPUTEPHSIM HEOOXOJMIMOTO TOJIABIICHHS BHYTPUTIOJIOCHOH IIOMEXH U CO-
XPaHEHHUIO HOPMATHBHOW JUIMTENFHOCTH MHTEpPBaAa MEXIY HMITYyJIbCAMU YHCIIOBOTO KOJA.
CdopmupoBaHbl MpUKIaIHBIE PEKOMEHAALNH 110 WCHOIBb30BAaHUIO Y3KOMOJIOCHOTO JIOKOMO-

TUBHOTO IIH(YPOBOTO QUIHTPA.

KiroueBble cj10Ba: aBTOMaTHYECCKasl IOKOMOTHBHAS CUrHajmmsanusd, CTallMOHAapHbIC U CITY-
YalHbIe IOMEXH aBTOMATHYSCKON JIOKOMOTHUBHOM CHUTHAJIM3alluu, I_II/I(i)pOBaH o6pa60TKa CHUTI'-

HaoB, ¢pusTpanus nomex, AJICH.

Jast nurupoBanus: OrneHka 3(Q(QEKTUBHOCTH JOKOMOTHBHOTO HU(POBOro (GuibTpa
AJICH mipu momory noyHaTypHbiXx usmepenuii / M. D. Ckopoboraros, A. B. IlynbTskoB,
B. B. JembsnoB, B. A. Anekceenko // Bectuuk PI'YIIC. — 2021. — Nel. — C. 62-69.
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M. E. Skorobogatov, A. V. Pultyakov, V. V. Demyanov, V. A. Alekseenko

ESTIMATION EFFICIENCY OF THE ALSN LOCOMOTIVE DIGITAL FILTER USING SEMI-
IN-LINE MEASUREMENTS
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Abstract. The digital narrow-band filter's performance of the continuous automatic loco-
motive signaling was evaluated using semi-static measurements under the conditions of sta-
tionary harmonic and random pulse interference. Both MATLAB + Simulink software and
recordings of real rail-chain signals were involved in the testing procedure. The records of
numerical code signal fragments obtained during the operation of automatic locomotive sig-
naling systems on mountain-pass sections of the East Siberian Railway equipped with AC
electric traction were used to maintain the semi-static tests. As parameter in which the overall
performance of the digital filter was estimated duration of the first interval between impulses
in code group of codes "Zh" and "Z" acted. The target value of this interval is between 120
and 180 milliseconds. The obtained measurements demonstrated high efficiency of the filter
operation by criteria of required suppression of in-band interference and preservation of stand-
ard duration in interval between pulses of numerical code. The applied recommendations to
apply the narrow-band locomotive digital filter are provided.

Keywords: automatic locomotive alarm, simulated virtual stand, stationary and random
interference of the automatic locomotive alarm, digital signal processing, interference filter-
ing, ALSN.

For citation: Estimation efficiency of the ALSN locomotive digital filter using semi-in-
line measurements / M. E. Skorobogatov, A. V. Pultyakov, V.V. Demyanov, V. A. Ale-
kseenko // Vestnik RGUPS. — 2021. — Nel. — P.62-69. DOI: 10.46973/0201-

Ne 1/2021

727X_2021_1_62.
Ceepnenns 00 aBTOpax

CkopoboraTros Makcum JdayapaoBuy

HpkyTckuii rocyjapcTBEHHOIO YHUBEPCUTETA Iy TEH
coobmmenus (MpI'YIIC)

kadeapa «ABTOMATHKA, TEIEMEXaHUKA U CBA3bY,
CTapUINii TPENoAaBaTeNb,

e-mail: skor_maxim@mail.ru

IynbsTsikoB Anapeit Baragumuposuy

HpkyTckii rocyjapcTBEHHBIA YHUBEPCUTET MyTEH cO-
obmenns (Upl'YIIC),

kadeapa «ABTOMATHKA, TEIEMEXaHUKA U CBA3bY,
KaHJIU/aT TEXHUYECKUX HayK, TOIEHT, 3aBEAYIOLIHI
kadenpoi,

e-mail: pultyakov@irgups.ru

JdembsinoB Baanucnas BaagumuposBuy
HpkyTckuii rocy1apcTBEHHOTO YHUBEPCUTETA ITyTeH
coobmmenus (Upl'YIIC)

kadeapa «ABTOMATHKA, TEIEMEXaHUKA U CBSA3bY,
JOKTOp TEXHUYECKUX HayK, mpodeccop,

e-mail: sword1971@yandex.ru

AnexkceeHko Biaaumup AJsiekcaHApOBUY
MpkyTckuii rocy1apcTBEHHOIO YHUBEPCUTETA ITyTEN
coobmenus (UplI'YIIC)

kadenpa «ABTOMATHKA, TEIEMEXaHHKA U CBS3bY,
KaHIUJaT TEXHUIECKUX HayK, JTOIeHT,

e-mail: bezvoprosov03@mail.ru

VJIK 004.8

Information about the authors

Skorobogatov Maxim Eduardovich

Irkutsk State Transport University (ISTU),

Chair «Automation, Telemechanics and Communi-
cationsy,

Senior Lecturer,

e-mail: skor_maxim@mail.ru

Pultyakov Andrey Vladimirovich

Irkutsk State Transport University (ISTU)

Chair «Automation, Telemechanics and Communi-
cations»,

Candidate of Engineering Sciences, Associate Pro-
fessor, Head of the Chair,

e-mail: pultyakov@irgups.ru

Demyanov Vladislav Vladimirovich

Irkutsk State Transport University (ISTU)

Chair «Automation, Telemechanics and Communi-
cations»,

Doctor of Engineering Sciences, Professor,

e-mail: sword1971@yandex.ru

Alekseenko Vladimir Aleksandrovich

Irkutsk State Transport University (ISTU)

Chair «Automation, Telemechanics and Communi-
cationsy,

Candidate of Engineering Sciences, Associate Pro-
fessor,

e-mail: bezvoprosov03@mail.ru

DOI: 10.46973/0201-727X_2021_1_70

JI.A. Tpoxos
METOJIUKA IPSIMOM JIMHAMHWYECKOM BUOMETPUUYECKOM BEPUDUKAIIUA
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AnHoTtanus. [IpennmoskeHa MeToaMKa HEMPEPHIBHOW ONOMETPHIECKON Bepr(DHUKAITIH, KO-
TOpasi MO3BOJSET IEPMAHEHTHO BaJIMIMPOBATh JINYHOCTH YEIOBEKa IIyTEM aHAJIN3a €ro MoBe-
JIEHYECKUX XapaKTEepPUCTHUK. B OCHOBE METOIWKH JICKHUT IBPUCTHUECKUN aJITOPUTM, UCTIONH-
3YIOIIMA MaTEMaTUYECKUI anmnapaT MHUPOKUX HEHPOHHBIX CETEH, TECHETUUECKHUE aITOPUTMBbI
u anreOpy ruIeppasMepHbIX JBOUYHBIX BeKTOpoB. [Ipenaraemas MeTonnKka HampaBieHa Ha
pemeHne npodaemMbl YHU(DUKAMA TPUMEHEHHsSI METOI0B MAIMHHOTO OOyUeHHS AJIS pelle-
HUS 33/1a91 TUHAMHYECKOH OroMeTprudeckor Bepudukanuu. Y HU(UKaIus IO3BOIHAT UCKITIO-
YUTH TaK HAa3bIBACMBIN «UeIOBEYECKHH (haKTOP», KOTOPBIH YacTo BeleT K CHIYKEHUIO TOUYHO-
CTH BepU(DUKAIIH.

B ocHOBe qaHHOW METOMMKH JISKUT UACS 3aMEHBI IeJICBOH 3a1a4n BepruDUKaIiiy 3a1avei
KIJTACCH(UKAIIH JTMIHOCTH MEXKIY ABYMS KIIACCaMU: «CBOI» M «Iy>KOI», YKa3bIBAIOIIUMH Ha
(baxT npoxokaeHHS WK NpoBajia Bepudukauuu. HelipocereBast Mozienb, ClIocOOHas peniaTh
yKa3zaHHYIO 3a/1ady Kiaccuukanun, Oyner HanpsaMmyto (0TCIoJa 1 Ha3BaHUE METOJUKH) pe-
aTh W IeNeByro 3amady. [Ipemmaraemast MeTonyka B HacTOsAIIEH paboTe paccMaTpUBaeTCs
MPUMEHHUTENIFHO K PEHICHUIO 3a/1a41 OMOMETPUIECKOM BepU(UKAIIH OIIEpaTOPOB Majorada-
PUTHBIX JICTATCJIILHBIX allllapaTOoB. B kauectBe 6I/IOMCTpI/I‘ICCKI/IX JaHHBIX UCIIOJBL3YIOTCA BpEC-
MEHHBIE PSIBI, COMEpIKAIINe 3aperUCTPUPOBAHHbBIE YIPABISIIOIIAE KOMaHAbl omepatopa. B
X0/ie IPUMEHEHUSI METOJMKH MPOBOJMUTCSI CHHTE3 MOJENH, KOTopas Mo3Bojsiia Obl B AWHA-
MUKCE ITPOBEPATH COOTBETCTBUEC MCKAY BPCMCHHBIM PAAOM YIPABJIAIOINX KOMaH[ Oori€paTropa
U OTIepaTopoM, TEM CAMBIM HEMPEPHIBHO BEpU(DUIINPOBATH JIMYHOCTH OIEPATOPa, YIIPABIISIO-
IIETO JIeTaTEIbHBIM aIapaToM.

KiroueBble ciioBa: moBeneHuecKast OMOMETpHs, HEHPOHHAS CETh, OMOMETpUYECKasl BEpH-
¢duxanms, OnHapHas KjiaccUpHKaIs, TUIIeppa3MepHBIN BEKTOP, aHAIN3 BPEMEHHBIX PSIOB.

Jost uurupoBanusi: Tpokos, [. A. Meronuka npssMoi AMHAMHYECKOH OMOMETPUYECKOM
Bepupukamuu / J. A. Tpoko3 // Becrnux PI'YIIC. — 2021. — Ne 1. — C. 70-79.
DOI: 10.46973/0201-727X_2021_1_70.

D. A. Trokoz
DIRECT DYNAMIC BIOMETRIC VERIFICATION TECHNIQUE

Abstract. The paper proposes a method of continuous biometric verification, which gives
permanent validate a personality by analyzing his behavioral characteristics. The proposed
technique is based on a heuristic algorithm that uses the mathematical apparatus of wide neural
networks, genetic algorithms, and the algebra of hyper dimensional binary vectors. The pro-
posed methodology is aimed at solving the problem of unifying the application of machine
learning methods for solving the problem of the dynamic biometric verification. The unifica-
tion will allow eliminating the so-called “human factor”, which often leads to a decrease in the
accuracy of verification.

This technique is based on the idea of replacing the target verification task with the task of
classifying a person between the two classes “friend” and “alien”, indicating the fact of passing
or failing verification. A neural network model capable of solving the specified classification
problem will directly (hence the name of the method) solve the target problem. The proposed
methodology in this work is considered in relation to solving the problem of biometric verifi-
cation of operators of small-sized aircraft. Time series containing registered operator control
commands is used as biometric data. In the course of applying the methodology, a synthesis
of a model is carried out, which would allow in dynamics to check the correspondence between
the time series of the operator's control commands and the operator, thereby continuously ver-
ifying the identity of the operator who controls the aircraft.

Keywords: behavioral biometrics, neural network, biometric verification, binary classifi-
cation, hyper dimensional vector, time series analysis.

For citation: Trokoz, D. A. Direct dynamic biometric verification technique / D. A.
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O. C. lllepcmioxos

CIIOCOBbBI IEPEJAYU UHOOPMALIMU O PABOTE TEXHUYECKUX CPEICTB
B ABTOMATHU3UPOBAHHBIE UHO®OPMALIMOHHBIE CUCTEMbI

AnnHoTtanus. PaccMaTprBaroTcs yCTpOHCTBO M CITOCO0 Tiepeadn HHPOPMAIIHU C IOKOMO-
THBa C IIOMOIIBIO HlJ]Cﬁ(i)&, KOTOPBIC UCIIOJB3YIOTCA IJIA PCTYJIMPOBAHUA ABUKCHUA MOC3/10B
Ha y4yacTKax eJe3HbIX gopor. [Ipencrasien crmocod ocyIiecTBICHHsI KOHTPOJIS COCTOSHHN
CTaHLMOHHBIX PEJIbCOBBIX LIETIEH TOPIIOBUHBI CTAHIIMY C OTPAHUYEHHBIM KOJIMYECTBOM HU30JIH-
PYIOIIMX CTBIKOB 0€3 Ipoccenb-TpaHC(HOPMATOPOB C HCIOJIB30BAHUEM YETHIPEXIPOBOAHOM
KaOeIbHOH JIMHUY.

KiroueBble cioBa: nepenada napopmanuy, e, JT0KOMOTUB, KOHTPOJIb, PEIbCOBBIE
LenH, KabenbHas JTUHHA.

Jast mmruposanusi: [lepcriokos, O. C. CiocoOsI niepenadn nHGpopMaIyu 0 padoTe Tex-
HUYECKUX CPEJICTB B aBTOMAaTH3UpoBaHHbIe HHpopMarmonubie cuctembl / O.C. llepcTiokoB
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0. S. Sherstyukov

METHODS FOR TRANSMITTING INFORMATION ABOUT OPERATION OF
TECHNICAL EQUIPMENT TO THE AUTOMATED INFORMATION SYSTEMS

Abstract. The device and method of transmitting information from a locomotive using a loop are
considered. The device and method allows them to be used for regulating the movement of trains on
railway sections. A method for monitoring the state of the station rail circuits of the station yard neck
with a limited number of insulating joints without impedance bond using a four-wire cable line is
considered.

Keywords: information transmission, loop, locomotive, control, rail chains, cable line.
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H. IO. Espeenosa, /]. FO. Pomencxuii, K. A. Kanunun

COBEPHIEHCTBOBAHME CUCTEMBI ITPOITYCKA 2JIEKTPOIIOE3/10B
HA YYACTKAX C HHTEHCHUBHBIM JIBUKEHUEM

AnHoTamus. PaccMoTpeHbI IPUHIUIIBL (HOPMUPOBaHUS rpaduka IBMKESHUS JICKTPOIIOLE3-
JIOB B yCJIOBHSX WHTEHCHBHOTO MPUTOPOIHO-TOPOJICKOTO ABMKEHUS Ha mpumMepe CaBEnos-
CKOr'0 HampaBJIeHUsI MOCKOBCKOI0 KeJIE3HOJOPOXKHOIO y3J1a, BXoAs1ero B Mapmpyt MIJI-
1. PaccMOTpeHBI HEOCTATKU CYIIECTBYIOIIETO TpaduKa ABIKCHUS MTOE3I0B, 3aKII0YAIOIIH-
€csl B HECOBEPIIIEHCTBE TOPsIIKa MPOIMYyCKa MOe3/10B, MPUBOSIIET0 B HEPAaBHOMEPHOCTH 3a-
TPY3KH TIO€3]I0B ¥ CHIKEHHIO KoM(OopTa Mpoe3/ia MaccakupoB. BBeIeHO MOHSTHE TOKAITBHOM
BPEMEHHOH 3()()EKTUBHOCTH MPOBO3HOM CHOCOOHOCTH Y4acTKa JJIsl Pa3jMuYHBIX KaTCrOPH
MACCaXHUPOB B 3aBUCUMOCTH OT AAJILHOCTH MOE3IKU. BrIpaboTaHbI peKOMEHIAINH 110 B3aHM-
HOW yBSI3KE HUTOK AHAMETPATBHBIX, PaJAUaIbHBIX IPUTOPOIHBIX, NaTbHETIPUT OPOIHBIX TOE3-
JIOB M a3POIKCIIPECCOB C KPUTEPHEM MAaKCHMHU3AIINU Ka4eCTBA TPAHCTIOPTHOTO COOOIICHHS.

KuaroueBsle cioBa: ropojickoit Tpancnopt, MIJI-1, xene3Hon0poKHBINM TPAHCTIOPT, IPH-
TOPOJTHBIE TIEPEBO3KH, IPUTOPOTHO-TOPOJCKUE ITEPEBO3KH, DIIEKTPOIIOE3/T, TPAPUK TBUKCHHS
moe3/10B, 3 PEeKTHBHOCTH, paclicaHme.

Juasi nuutupoBanus: EBpeenona, H. FO. CoBepiueHCTBOBaHUE CUCTEMBI IIPOITYCKa JIEK-
TPOIIOE3/I0B Ha Y4acTKax ¢ MHTeHCHBHBIM nBrkeHueM / H. 0. Erpeenora, /1. FO. Pomenckuid,
K. A. Kamunaun // Bectauk PIVIIC. — 2021. — Ne 1. — C. 88-96. DOI:  10.46973/0201—
727X_2021_1_88.

N. Yu. Evreenova, D. Yu. Romenskiy, K. A. Kalinin

IMPROVEMENT OF THE ELECTRIC TRAIN PASSAGE SYSTEM
IN THE SITES WITH INTENSIVE TRAFFIC

Abstract. The paper considers the principles of forming the schedule electric trains™ sched-
ule in conditions of intensive suburban and urban traffic on the example of the Savelovsky
direction of the Moscow rail-way junction, which is part of the route of the MCD-1. The dis-
advantages of the existing train sched-ule are considered, which consist in the imperfection
due to passing trains, which leads to uneven loading of trains and a decrease in the comfort of
passenger travel. The concept of local time efficien-cy of the carrying capacity of the section
for different passenger categories, depending on the distance of the trip, is introduced. Rec-
ommendations are developed for the mutual linking of the threads of di-ametric, radial subur-
ban, long-distance trains and Aeroexpress trains with maximizing the criterion quality of
transport communication.

Keywords: urban transport, the MCD-1, rail transport, commuter transportation, suburban-
urban transport, electric train, train schedule, efficiency, schedule.

For citation: Evreenova, N. Yu. Improvement of the electric train passage system in the
sites with intensive traffic / N. Yu. Evreenova, D. Yu. Romenskiy, K. A. Kalinin // Vestnik
RGUPS. —2021. — Ne 1. — P. 88-96. DOI: 10.46973/0201-727X_2021_1_88.
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H. H. ®eoomos, M. A. I'apanun, E. B. [Joopvinun, C. A. Baunkosa
HAKOIIMTEJIb SGHEPTUM AJI51 CUCTEMBbLI TATI'OBOI'O SJIEKTPOCHABXKEHUS

AnHoTauus. [IpuBesieHb pe3ynbTaThl HCCIIEA0BAHNS, TIOCBIIEHHOTO pa3paboTKe TeXHU-
YecKUX TpeOOBaHUIl JJI OpraHU3aIllii IPOU3BOICTBA TATOBOTO HAKOMHUTENS 3JEKTPUIECKON
sHepruu. Pa3pabotaHbl TeXHMUECKHE TPEOOBAaHUs, BKIIIOYasi KOHCTPYKTUBHbBIE TPEOOBAaHUS K
NPOJAYKIIMA W COCTaBHBIM YacTAM, TPEOOBaHMS MOHTa)KHOW MPUTOIHOCTH, TPeOOBaHUS K
CpeJIcTBaM 3allIuThl, TPEOOBAHUS K B3aUMO3aMEHIEMOCTH MPOIYKIIMU U COCTABHBIM YacCTsIM,
TpeOOBaHMs K IEKTPOMArHUTHOH COBMECTUMOCTHU MPOAYKIMH, TPEOOBAHMUS K COBMECTHMO-
CTH C OIIEPAaTUBHBIMH LIETISIMH YIIPaBJICHUS 000pYJOBaHUEM CHCTEMBI TATOBOIO JIEKTPOCHA0-
JKEHHsI ¥ pesieliHoN 3amuToil. Pa3paboTaHsl OKa3aTelln Ha3HAUYEHHsI, TEXHHYECKOTO COBEp-
HIEHCTBA NPOAYKLMU M HaaeXHOCTH. [IpoBeneH aHaM3 METPOJIOrHYECKOro o0ecreyeHus 1
paccMOTPEHBl SKOHOMUYECKHE TOKa3aTEIH.

KiroueBble c10Ba: jxele3Has 10pora, XKeae3H0A0pOKHBIN TPAHCIIOPT, CUCTEMA TATOBOI'O
ANEKTPOCHAOKEHUSI, SHEPTHS PEKYTIEPALIUK, HAKOTIUTENb SHEPTHU, TEXHUUECKHE TPeOOBaHUSI.

Jast uurupoBanus: Hakonurenab SHEPrUM Ui CUCTEMBI TSATOBOTO AJIEKTPOCHAOKEHUS /
H. H. ®enoros, M. A. I'apanun, E. B. JloopsianH, C. A. banakosa // Bectauk PI'VIIC. —
2021. — Ne 1. - C. 97-103. DOI: 10.46973/0201-727X_2021 1 97.

N. N. Fedotov, M. A. Garanin, E. V. Dobrynin, S. A. Blinkova
ENERGY STORAGE FOR THE TRACTION POWER SUPPLY SYSTEM

Abstract. The obtained results are devoted to the development of the technical require-
ments for organizing the production of the traction electric energy storage. Technical require-
ments have been developed including design requirements for products and components, re-
quirements for installation suitability, requirements for protective equipment, requirements for
interchangeability of the products and components, requirements for electromagnetic compat-
ibility of products, requirements for compatibility with operational control circuits for equip-
ment of a traction power supply system and relay protection. The indicators™ purposes, tech-
nical perfection of products and reliability have been developed. The analysis of the metrolog-
ical support is carried out and the economic indicators are considered.
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O. H. Yucnos, B. B. Tpanenos, B. B. Anabuna, M. B. baxanos

METOAbI ®OPMUPOBAHUSA U IPUHIUIIBI UHTEJVIEKTYAJIM3ALIUUA B YITPABJIEHUHN
TEPMUHAJBHO-CKJIAJICKOIH CUCTEMOM TPAHCIIOPTHOI'O Y3JIA

AHHOTanus. PaccMaTpuBaroTCsl aCHIEKTHI pa3BUTHs (OPMUPOBAHHS M MPUHIIUIIBI HHTEI-
JIEKTyaIN3aIiy B YIIPaBICHUN TEPMUHAIHLHO-CKIIAICKOM CHCTEMOM TPAHCTIOPTHOTO y3i1a. BeI-
MIOJTHEH aHaAJIN3 TT0Ka3aTesield 00beMOB IIEPEBO30K I'PY30B KeJIE3HOJOPOKHBIM M aBTOMOOHIIb-
HBIM TpaHcropToM Ha nonurone CKXK/I. [lns pemenns 3a1a4 ¥ IOMCKa ONITUMAIIBHBIX MOJIe-
JIeH pacripeiesieHus pecypcoB, POPMaIU3YIOIIMNACS COOTBETCTBYOIIMMU LEICBBIMU (DYHKIIU-
MW MUHUMYMa 3aTpaT WIK MaKCUMyMa TPaHCIIOPTHOM MPOAYKIIUU TPUMEHSIINCH AlITOPUTMBI
JUHEWHOTO M HEJIMHEHHOro mporpamMmmupoBaHus. OHUM M3 NEPCIEKTUBHBIX HaNpaBICHUH
PasBUTHS CKIAJCKUX KOMIUIEKCOB SIBJISI€TCS MHTEIUIEKTyalIn3alys pOOOTU3MPOBAHHBIX CKJla-

JOB.

KroueBble ciioBa: TCPMUHAJIBHO-CKJIaZICKAasA CUCTEMA, MHTCIUICKTYaJINU3alus, TPAHCIIOPT-

HBIH y3€ell, TPAHCTIOPTHAS CUCTEMa, CKIIaJ, TPY3.
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yIpaBJICHHH TEPMUHATIBHO-CKIIAICKON cucTeMoi TpancmoptHoro y3ia / O. H. Yucnos, B. B.
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O. N. Chislov, V. V. Trapenov, V. V. Alabina, M. V. Bakalov

FORMATION METHODS AND PRINCIPLES OF INTELLECTUALIZATION
IN THE MANAGEMENT OF THE TERMINAL-WAREHOUSE SYSTEM
OF THE TRANSPORT UNIT

Abstract. The article examines the aspects of the development of the formation and the
principles of intellectualization in the management of the terminal-warehouse system of the
transport hub. The analysis of the indicators of the volume of cargo transportation by rail and
road transport at the North Caucasian Railroad is carried out. Algorithms of linear and nonlin-
ear programming were used to solve problems and search for optimal models of resource al-
location, formalized by the corresponding target functions of minimum costs or maximum
transport products. One of the promising areas for the development of warehouse complexes
is the intellectualization of robotic warehouses.

Keywords: terminal warehouse system, intellectualization, transport hub, transport sys-
tem, warehouse, cargo.
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FO. B. Illanosanosa

PA3ZBUTHUE IOAXOJ0B U METO/10B K YIIPABJIEHUIO 2OPEKTUBHOCTBIO
N BE3OITACHOCTbBIO JIBUKEHUSA IIOE310B

AnHoTauus. Ha ocHOBaHNY aHanM3a COBPEMEHHBIX CHCTEM aBTOMATH3aIUH JKEJIe3HOI0-
poxxroro Tparcropra (JKAT) o6ocHOBaHBI akTyalbHBIE HATIPABICHHS PAa3BUTHS METOIOB HC-
CJICZIOBAHMSI M YIIPABIICHHUS CIOKHBIMH MPOILIECCAMU B COBPEMEHHBIX YCIOBHSIX HU(PPOBU3a-
uun 1 uHTeekTyanmsanun Ha JK/T. [Ipeanosxkena MoJens COBMECTHOTO y4yeTa Oe30MacHo-
CcTH ¥ 3PPeKTUBHOCTH (DYHKIIMOHUPOBAHUS PA3HOYPOBHEBBIX XO3SHMCTBYIOIINX CYyOBEKTOB,
c(hopMyIMpOBaHkI POJIb, MECTO H 33J[a4d MPOIECCHOTO Toaxoaa K ympasiernunto XK/ T, pac-
KPBITHI 0230BbBIE TOIX0/BI K (HOPMUPOBAHUIO CUCTEM MCKYCCTBEHHOTO HHTEIUICKTA.

Kuarouessble cioBa: 3 (heKTHBHOCTE PadOTHI, OE30MMaCHOCTh JBIKEHUS, HHTEIUIEKTYallb-
Hasl CUCTEMa YIPABJICHUS, IPOLECCHBII MOIXO0, UCKYCCTBECHHbIM HHTEIIICKT.

Jas nutupoBanus: [lamnosanosa, I0. B. Pazputre moaxo10B 1 METOJOB K YIIPABICHUIO
s dextrBHOCTHIO M Ge30macHOCThIO BIkeHus moe3nos / F0. B. Illanosanosa // BectHuk
PI'VIIC. - 2021. — Ne 1. - C. 115-121. DOI: 10.46973/0201-727X_2021 1 115.

Yu. V. Shapovalova

DEVELOPMENT OF APPROACHES AND METHODS TO MANAGING THE TRAINS®
EFFICIENCY AND SAFETY

Abstract. The current directions of the research development methods and management
of complex processes in modern conditions of digitalization and intellectualization at railway
based on the analysis of modern railway automation systems are substantiated. It is proposed
the joint accounting model of safety and efficiency of different-level economic functioning
entities; it is formulated the role, place and tasks of the process approach to railway manage-
ment; it is revealed the basic approaches to the formation of the artificial intelligence systems.

Keywords: work efficiency, traffic safety, intelligent control system, process approach,
artificial intelligence.

For citation: Shapovalova, Yu. V. Development of approaches and methods to managing
the trains’efficiency and safety / Yu. V. Shapovalova // Vestnik RGUPS. — 2021. — Ne 1. —
P. 115-121. DOI: 10.46973/0201-727X_2021_1 115.
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1. B. Xapaamoe

MOHMTOPHUHI U3BMEHEHHUA YIIPYTO-TACCUITATUBHBIX XAPAKTEPUCTHK
JUISA PEHHEHUS 3AJTAY 110 UCCJIEJOBAHUIO TPUBOJIOT'MYECKUX ITPOLECCOB

B CUCTEME «KEJIE3HOJIOPOKHBINA TYTh — HOJABAKHOM COCTAB»

AHHoTamus. PaccMoTpeHbl MeToAb! (PU3UKO-MaTEMaTHIECKOTO MOJCITMPOBAHUS U JUHA-
MHUYECKOTO MOHHUTOPHHTa HEJTMHEHHBIX MEXaHHYECKHX CHCTEM, TO3BOJISIOIINE CO3AaTh (-
(EKTHBHYIO 3KCTIEPUMEHTANBHYIO 0a3y, OCHOBOH KOTOPOIA SIBIIsSiETCS YHUKAJIBHBIHN TabopaTop-
HBII KOMIUIEKC JIs1 MOAEJBHBIX UCIBITAHUN CUCTEM «ITIyTh — MOJBUKHOM COCTaB» C pa3jind-
HBIMHU THUIIAMH TSATCOBOTO U MPULETHOIO MOJBHKHOIO COCTaBa. B oTiMuMe OT U3BECTHBIX U3
Hay4YHO-TEXHUYECKON JTUTEpaTyphl MOAXOI0B MpeAgaraéMblii METO/ MO3BOJSET KOPPEKTHO
MOJIEJIMPOBATh B3aMOCBS3b U B3aUMOBIIUSHUE JUHAMUYECKUX MPOIIECCOB, IPOTEKAIOIINX B
HATYPHBIX KBa3WIMHEHHOW MEXaHNIECKON M HETMHEWHOW (PPUKIIMOHHOM IMoIcHCTEMAX.

KiaroueBble c10Ba: MOHUTOPUHT, KOA(PQUIIMESHT TPEHUS, KPUTEPUH, KOIDDUITUSHT KOP-
peIISLINY, TIOABYXKHOM COCTaB, (PPUKIIMOHHBINA KOHTAKT.

Just nutuposanus: Xapnamos, [1. B. MOHUTOpUHT U3MEHEHUH YIIPYTrO-IUCCUIATUBHBIX
XapaKTePUCTUK AJIsl PeLICHUs 3aad [0 UCCIIEIOBAHUIO TPHUOOJOTHYECKUX MPOLECCOB B CH-
CTEME <OKEIEe3HOJOPOXKHBIA IMyTh — MOABIDKHOW coctaB» / II. B. XapmamoB // BectHuk
PI'VIIC. — 2021. — Ne 1. — C. 122-129. DOI: 10.46973/0201-727X_2021_1 122.

P. V. Kharlamov

MONITORING MEASUREMENTS IN ELASTIC-DISSIPATIVE CHARACTERISTICS
FOR SOLVING TASKS ON STUDYING TRIBOLOGICAL PROCESSES
IN THE «RAILWAY - ROLLING STOCK» SYSTEM

Abstract. Methods of physical and mathematical modeling and dynamic monitoring of
nonlinear mechanical systems are considered, which make it possible to create an effective
experimental base. It is based a unique laboratory complex for model testing of «railway -
rolling stock» systems with various types of traction and trailed rolling stock. In contrast to
the approaches known from the scientific and technical literature, the proposed method allows
one to correctly model the relationship and mutual influence of the dynamic processes occur-
ring in full-scale quasilinear mechanical and nonlinear frictional subsys-tems.

Keywords: monitoring, friction coefficient, criterion, correlation coefficient, rolling stock,
friction contact.

For citation: Kharlamov, P. V. Monitoring measurements in elastic-dissipative character-
istics for solving tasks on studying tribological processes in the «railway — rolling stock» sys-
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727X_2021_1 122.
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10. U. )Kapxos, O. B. Kyoxuna, B. I. Jlvicenko, H. A. Ilonosa

KOMIIVIEKCHOE PEHIEHUE NPUKJAJIHBIX TEXHOJIOI'MYECKUX 3AJTAY
ABTOMATU3ALNU TATI'OBOI'O QJIEKTPOCHABKEHUSA

AHHoTamus. PaccMOTpeHBI BOITPOCHI KOMIUIEKCHOTO PEIICHUS MPUKIIATHBIX TEXHOJIOTH-
YeCKUX 33Ja4 aBTOMATH3allUd TATOBOTO 3JICKTpocHaOkeHus. Hambosiee mepcrieKTHBHBIMU
CpeJICTBaMHU aBTOMATHU3AIMU CHCTEM 3JICKTPU(PHUKAIIUKM U DIICKTPOCHAOKEHHS, B HACTOSIICE
BpEMsl, PEJICTABIISIOTCS MUKPOITPOIIECCOPHBIE CUCTEMBbI TEJICMEXaHUKU U UHTEIUICKTYaJIbHBIC
TepMHUHAJBL. Peanu3aiiis OCHOBOMOIATAIONIMX MPUHIIMIIOB IMOCTPOCHUS aBTOMATH3UPOBaH-
HBIX CUCTEM IOJIpa3yMEBaeT aHAIN3 TATOBOM MOJCTAHIINN KaK 0OBEKTa KOHTPOJIS U yIIpaBIie-
HUS, a TaKke pa3paboTKy COOTBETCTBYIOIIETO MH(POPMAIMOHHOTO obecreueHus. Hammume
KOMMYHUKAIIUA MCKAY CPEACTBAMHU aBTOMATHU3allu CUCTEMBI 3HCKTpOCHa6)KeHI/Iﬂ Ha JIOKaJIb-
HOM YPOBHE M YPOBHE JUCIIETUSPCKOTO YIPABICHUS, CO CKOPOCTBIO M JIOCTOBEPHOCTHIO TIepe-
JIaYd JTaHHBIX, OTBEYAIONINX MPEABABISIEMbIM TPEOOBAHHSM, TIO3BOJISET MPEAMOIONKHUTH BO3-
MOKHOCTD ITOBBIIIICHUS 3(1)(1)GKTI/IBHOCTI/I PeIICHUA MPUKIIAJHBIX TEXHOJIOTMYCCKUX 3aaaY.

KiroueBble c10Ba: 3JICKTPOTATOBBIC CETH, TEXHOJIOTHYCCKHM OOBEKT YIpPaBICHHS, JIC-
KOMITO3UIIHS, CPEJICTBA aBTOMATH3AIUH.

st umtupoBanusi: KoMrekcHoe pelieHne MpUKIaIHbIX TEXHOIOTHIEeCKUX 3a/1a4 aBTO-
MaTH3aIun TAroBoro snektpocHabxkenus / 10. U. XKapkos, O. B. Ky6kuna, B. I'. JIsicenko,
H. A. Ionoga // Bectauk PI'YIIC. — 2021. — Ne 1. — C. 130-165. DOI: 10.46973/0201—
727X_2021_1_130.

Y. I. Zharkov, O. V. Kubkina, V. G. Lisenko, N. A. Popova

COMPLEX SOLUTION OF THE APPLIED TECHNOLOGICAL PROBLEMS OF TRACTION
POWER SUPPLY AUTOMATION

Abstract. The paper considers the complex solution of the applied technological problems
at the traction power supply automation. The most promising means of the automation electri-
fication and power supply systems are currently represented by microprocessor-based teleme-
chanics systems and intelligent terminals. The implementation of the fundamental principles
of building automated systems involves the analysis of the traction substation as an object of
control and management as well as the development of appropriate information support. The
presence of communication between the automation tools of the power supply system at the
local level and the dispatcher control level with the speed and reliability of the data transmis-
sion that meets the requirements suggests the possibility for improving the efficiency of solv-
ing applied technological problems.

Keywords: electric traction networks, technological control object, decomposition, auto-
mation tools.

For citation: Complex solution of the applied technological problems of traction power
supply automation / Y. I. Zharkov, O. V. Kubkina, V. G. Lisenko, N. A. Popova // Vestnik
RGUPS. —2021. — Ne 1. — P. 130-139. DOI: 10.46973/0201-727X_2021_1 130.
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U. A. Konopawos, FO. I'. Ceménos, A. /1. Lo, /[. A. Keyxano

MOJIEJINPOBAHUE OB bEMHBIX XAPAKTEPUCTHUK OBJIACTH HAT'PEBA
KOHTAKTHOI'O TIPOBOJA ITIOABUXHOH SJIEKTPUYECKOU AYT'OU
N UX BBIYUCJIEHUE B CPEJIE MATHCAD

AHHoTanusi. PaccmoTpena mpobnema HapylleHHs B3aUMOACHCTBHA TOKONPUEMHHUKOB
3JIEKTPOBO30B BJIEKTPUPHUINPOBAHHBIX JKEJIE3HBIX AOPOr ¢ KOHTaKTHBIM IPOBOJOM, COIPO-
BOJKJIAIOIIETOCS] BOSHUKHOBEHNEM dJIeKTprudecKkoi 1yTu. [IpuBeneHs! pe3ynbTaTsl HCCIeI0Ba-
HUsI 00JIACTH HarpeBa KOHTAKTHOTO POBO/IA IBMXKYILEHCS SIEKTPHYECKON AYTOH C ITOMOIIBIO
METO/1a ICTOYHUKOB, KOTOPBIN SBJIIETCSA MaTEMaTHUECKON MOJIENBIO, OTMCHIBAIOLIEN IpoIiece
pacipocTpaHEeHHs TeTjia B KOHTaKTHOM IpoBoie. [IpencTaBiena MeToiMka BEIYUCIEHUS 00b-
éMa o0JlacTH HarpeBa, OTPAHMYCHHON M30TEPMUUYECKON MOBEPXHOCTHIO OMPENCIEHHON TEM-
nepatypbl. IlpoBenena Busyanuzanust o0nacTd HarpeBa ¢ npumMeHeHueMm cpeacts PTC
MathCAD. C nenbio qanpHenIero pa3BUuThs CHCTEMbl TEXHUUECKOW JTMarHOCTHKY HapyIlie-
HUI TOKOChEMA, COMPOBOXKIIAEMBIX JIyrooOpa3oBaHHEeM, HEOOXOINMO HCCIIeJOBaHIE XapaK-
Tepa U napaMeTPOB MPOLIECCOB, MPOUCXOAAIINX MTPHU JAHHBIX HAPYIICHUAX.

KuroueBsble ciioBa: 3JI€KTpUYECKUI TPaHCTIOPT, KOHTAKTHAs CETh, KOHTAKTHBIN MPOBOJ,
HapylleHHe TOKOChEMA, 3JIEKTpUYecKas Ayra, JyroBOM TOKOCHEM, TEPMHUUECKOE BIIUSHHUE,
TEIUIOBOM U3HOC, pa3ylnpoOYHEHHE, JUATHOCTUKA, KPUTEPUH OLIEHKH, METOJ] HCTOUHUKOB.
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Jas uutapoBanus: MojaennpoBanne 00ObEMHBIX XapaKTEPUCTUK 00JaCTH HArpeBa KOH-
TAKTHOTO MPOBOJIA MOABHKHOM dJICKTPHUUECKOM AyTro# u ux BerurciacHue B cpeae MathCAD /
. A. Kongpamos, 0. I'. Cemenos, A. J1. Lo, 1. A. Keukaino // Bectuuk PI'YIIC. — 2021. —
Ne 1. - C. 140-148. DOI:  10.46973/0201-727X_2021_1 140.

I. A. Kondrashov, Yu. G. Semyonov, A. D. Tsoi, D. A. Ketskalo
MODELING THE VOLUME CHARACTERISTICS OF THE HEATING AREA

OF THE CONTACT WIRE BY A MOVING ELECTRIC ARC AND THEIR CALCULATION

IN THE MATHCAD ENVIRONMENT

Abstract. The paper is devoted to the study of the interaction violations of the electric
locomotives™ current collectors with a contact wire, accompanied by the appearance of an
electric arc. In order to further develop the system of the engineering diagnostics of current
collection disruptions, accompanied by arcing; it is necessary to study the nature and parame-
ters of the processes that occur with these disruptions.

The main part of the article is devoted to the study of the area of heating the contact con-
ductor by a moving electric arc. The method of sources is applied, which is a mathematical
model that describes the process of heat distribution in a contact conductor. A technique for
calculating the volume of the heating region limited by an isothermal surface of a certain tem-
perature is presented. The heating area was visualized using PTC MathCAD.

Keywords: electric transport, overhead contact system, contact wire, current collection
disruption, electric arc, current collection with arcing, thermal wear, softening, diagnostics,
evaluation criterion, source method.

For citation: Modeling the volume characteristics of the heating area of the contact wire
by a moving electric arc and their calculation in the MathCAD environment / I. A. Kon-
drashov, Yu. G. Semyonov, A. D. Tsoi, D. A. Ketskalo // Vestnik RGUPS. — 2021, — Ne 1. —
P. 140-148. DOI: 10.46973/0201-727X_2021_1_140.
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B. JI. Hezesax

PACYET ITAPAMETPOB ¥ IIOKA3ATEJIE PABOTBI CACTEMbBI HAKOILJIEHU S
SJIEKTPOOHEPI'MHA HA YYACTKAX C PEKYIIEPATUBHBIM TOPMOKEHUEM
SJIEKTPOIIOABUKHOI'O COCTABA

AnHoTauus. [lepcreKTHBBl pelieHus 3a/ad MOBBIMICHUS MPOIMYCKHOH CIIOCOOHOCTH H
YPOBHSI SHEPreTHYECKOH (P PEKTUBHOCTH CHCTEMBI TSATOBOTO 3JIEKTPOCHAOKEHHMS CBSI3aHBI C
HOSIBIICHHEM PETyJIHPYeMbIX YCTpoHcTB. K maHHOMY BHIY YCTPOMCTB OTHOCSITCS CHCTEMBI
HAKOIUICHUS JIEKTPOIHEPIHH, OKa3bIBAIOILINE BIMSIHUE HA TIOKA3aTeJId Harpy304HOH cr1oco0-
HOCTH, YPOBEHB DHEPreTHYECKOM (P PEKTUBHOCTH M HA/IC)KHOCTD CUCTEMBI TATOBOT'O DJIEKTPO-
CHa0KeHUs1. BBITIOTHEHHBIE PacueThl HOKa3bIBAIOT, YTO PA3IMYHBIC YCIOBHS IIPHMEHEHHS pe-
KyIepaTHBHOT'O TOPMOXKEHHS Ha YUACTKE OKA3bIBAIOT BIMSHIE HA YCIOBHS U MIOKA3aTeIH pa-
00THI cucTeM HakoruieHusl. OcHOBHBIE 3(p(eKThI MpK TPUMEHEHHH PEKYIIEPaTHBHOTO TOPMO-
KESHUSI IPOSIBIISIIOTCS B CHIDKEHHN KOA(PQUIIMEHTOB 3anoHeHNs rpaduKa 1 3apsaJHOH Xapak-
TEPUCTHKH, TPEoOIagaHuy 3apsaa B rpaduKe CTENICHH 3apsDKEHHOCTH U YBETMYCHUH TPeOy-
€MOH TIOJIHOW SHEproeMKOCTH. IIpo/IeMOHCTPHUPOBAHO M3MEHEHHWE OCHOBHBIX CTaTHCTHYE-
CKHX MOKa3aTeseil paboThI IPU UCTIOIH30BAaHUHU CHCTEMBI HAKOTUICHHUS SJIEKTPOSHEPTUH B pas-
JUYHBIX YCIOBHSAX NPHUMEHEHUS pPEKYNEepaTHBHOTO TOPMOXEHUS Ha TPHMEpe OJHOTO M3
Y4aCTKOB >KEJIE3HON JOPOTH.

KaioueBble ciioBa: cucTteMa TATOBOTO AJIEKTPOCHAOKEHHUS, MPOITyCKHAsi CIIOCOOHOCTB,
sHepreTuyeckas 3h(HEeKTHBHOCTD, CHCTEMa HAKOIUICHHUS SJIEKTPOIHEPTUH, TIOCT CEKIIHOHUPO-
BaHUsI, rpaMK Harpy3KH, CTETICHb 3apsSHKEHHOCTH, TITyOUHA pa3psilia, TOIHAS SHEPTOEMKOCTb.

Jas nutupoBanus: Hesepak, B. JI. Pacuer nmapameTpoB u oka3zareneii paboThl CHCTEMBI
HAaKOIUICHHUS AJIEKTPO3HEPIHH HAa YYacTKaX C PEKyINepaTUBHBIM TOPMOXKEHHEM 3JIEKTPOIIO-
nskHOro cocrasa / B. JI. Hezesak // Becrauk PI'VIIC. — 2021. — Ne 1. — C. 149-160. DOI:
10.46973/0201-727X_2021_1_149.

V. L. Nezevak

CALCULATION OF THE PARAMETERS AND PERFORMANCE INDICATORS
OF THE POWER STORAGE SYSTEM IN AREAS WITH REGENERATIVE BRAKING
OF THE ELECTRIC ROLLING STOCK

Abstract. The prospects for solving problems of increasing the capacity and energy effi-
ciency of the traction power supply system are associated with the appearance of regulated de-
vices. This type of device includes power storage systems that affect the load capacity indica-
tors, the level of energy efficiency and the reliability of the traction power supply system. The
performed calculations show that various conditions for the use of regenerative braking on the
site affect the conditions and performance of storage systems. The main effects when using
regenerative braking are manifested in a decrease in the filling coefficients of the graph and
the charging characteristic, the predominance of charge in the graph and degree and an increase
in the required total energy intensity. The change in the main statistical performance indicators
when using the power storage system in various conditions of the regenerative braking are
shown, for example, one of the railway sections.

Keywords: traction power supply system, capacity, energy efficiency, power storage system,
post-partitioning, load schedule, degree of charge, depth of discharge, total energy intensity.

For citation: Nezevak, V. L. Calculation of the parameters and performance indicators of
the power storage system in areas with regenerative braking of the electric rolling stock /
V. L. Nezevak // Vestnik RGUPS. — 2021. — Ne 1. — P. 149-160. DOI: 10.46973/0201—
727X_2021_1 _149.
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B. A. Ocunos, A. . Ocunosa

OPI'AHM3AILIUS IVIABKH I'OJIOJIEJIA HA PE3EPBHOM TPOCE
ABYXYPOBHEBOU CUCTEMBI 3ABEMJUIEHUSA OIIOP HA IPUMEPE YYACTKA
JIABAPEBCKAS - IKOPHAS IIEJIb

AHHOTaIIHﬂ. BBCI[GHI/IC JOIOJHUTCIIBHOI'O NPOBOAHUKA, BBIIIOJIHECHHOI'O OIITOBOJIOKOH-
HeIM Kabenem tuna OKI'T B cuctemMy aIIeKTpOCHA0KEHHUS ydacTKa JKeJe3HOW TOPOTH TOCTO-
STHHOTO TOKa, BJI€UYET 3a CO00H MOTPeOHOCTh B PEIICHUH 33/1a49H, HAlIPaBJIEHHOW Ha O0PBOY €
rojoiaénoodpa3oBaHUEM Ha JTOM TIPOBOAHMKE. bBBUIM MpenonokeHbl TpU BapHaHTa
OpraHM3alliy IJIaBKU ToJIoNENa Ha TOTIOTHUTEIBHOM TPOCE Ha MpHUMEpe pealbHOT0 ydacTKa
’Kene3Hoi noporu Jlazapesckas — SAAkopnas Ilens.

KaioueBble c10Ba: MOCTOSHHBIA TOK, BOJIOKOHHO-ONTHYECKAN KaOelb, TOKA KOPOTKOTO
3aMbIKaHUs, COMPOTUBIIEHUE METJIM KOPOTKOTO 3aMbIKaHUsI, IIIaBKa TOJIONIEA.

Jas nutupoBanus: Ocunos, B. A. Opranu3zanus miaBKy royiojiéna Ha pe3epBHOM TPOCe
JIBYXyPOBHEBOW CHCTEMBI 3a3eMJIEHHUS OIOp Ha mpumMepe ydactka JlazapeBckas — SIkopHas
Ilems / B. A. Ocunios, A. U. Ocunosa // Bectauk PI'YIIC. —2021. — Ne 1. — C. 162-168. DOI:
10.46973/0201-727X_2021 1 161.

V. A. Osipov, A. I. Osipova

IMPLEMENTATION OF ICE MELTING ON THE BACKUP CABLE OF THE TWO-LEVEL
GROUNDING SYSTEM SUPPORTS ON THE EXAMPLE OF THE
LAZAREVSKAYA - YAKORNAYA SHCHEL SECTION

Abstract The introduction of an additional conductor made with a fiber-optic cable of the
OCGT type into the power supply system of a DC railway section entails the need to solve a
problem aimed at combating ice formation melting on this conductor. Three options were pro-
posed for organizing ice melting on an additional cable using the example of the real section
Lazarevskaya - Yakornaya Shchel railway.

Keywords: direct current, fiber-optic cable, short-circuit currents, short-circuit loop re-
sistance, ice melting.

For citation: Osipov, V. A. Implementation of ice melting on the backup cable of the
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B. K. Hupkos
HCCJEIOBAHUE CJOYYAWHOT O IMTPOIECCA TATOBOI'O DJIEKTPOIIOTPEBJIEHUS

AHHOTanus. BrImomHeH aHanmW3 cIy4ailHOrO TpoIecca pachpelesieHus] MOTpeOIeHus
3JIEKTPOHEPTHH Ha TATY 1oe3110B. MccnenoBana koppensauuoHHast GyHKLUS AJIEKTPOCHA0XKe-
HUSI TATOBOHM MOJCTaHIUK U JaHO €€ MaTeMaTHdeckoe onucanue. [Ipenioxensl popmyna u
perpeccHoHHbIN (pakTOPHBIN aHANN3, KOTOPhIE MOTYT OBITH UCTIONB30BAHBI TIPH PELICHUU 3a-
J1a4 IPOTHO3UPOBAHMSA 00BEMOB TATOBOTO 3JIEKTPOIIOTPEOIICHHS.

KnioueBble ci10Ba: 371eKTpUPUIIMPOBAHHAS KEJIE3HOJOPOXKHASI MArCTPalb, CUCTEMA TsI-
TOBOTO JIEKTPOCHAOKEHHUSI, KOPPEISHOHHAS (QYHKINS, MATeMaTHUECKHIA aHaH3.

Jas nuruposanus: Yupkos, B. K. Uccnenosanue cimydaitHoro mnpoiecca TAroBOro 3jeK-
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V. K. Chirkov
STUDY OF RANDOM PROCESS TRACTION ELECTRIC CONSUMPTION

Abstract. The analysis of the random process of the distribution of electricity consumption
for the traction of trains is carried out. The correlation function of the traction substation power
supply is investigated and its mathematical description is given. It is proposed a formula and
regression factor analysis and it can be used to solve the problems of predicting the volumes
of the traction power consumption.

Keywords: electrified railway, traction power supply system, correlation function, mathe-
matical analysis
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BSA3KOM HEC)KUMAEMOW KUJKOCTH ITPHA MEJJIEHHOM OBTEKAHUM YACTHI],
HOKPBITBIX )KUAKOU IIVIEHKOU

AnHoTanus. B paboTe paccMaTpuBaeTcs cTallioHApHOE 00TEKaHUE TTOTOKOM BSI3KOM He-
CKMMaeMOH )KHUJIKOCTH CPEPUIESCKON YaCTHIIbI, TTOKPBITOM TOHKO# TuIeHKOH. Ha rpanurie pas-
JleNa JKUJKas IJICHKa — HAOETarOIIHMi MOTOK YYUTHIBACTCS KOA(P(MUIIUCHT MOBEPXHOCTHOTO
HATSDKEHUS, OOBACHSIONMNA COXPAaHHOCTh (DOPMBI BS3KOTO CIIOS KHIKOCTH, MOKPHIBAIOIICH
oOTexaeMoe Teno. PerieHne 3a1auu MoryqaeTcs MepexoioM U3 MOJYyYSHHOTO PEIICHUS s
yacTULbI cheporgaibHON GOPMBL, TOKPHITON BSI3KUM cloeM, dyepe3 GyHKuuio Toka CTokca.

KuroueBble ¢j10Ba: BA3Kas HECKUMAEMAs )KUIKOCTb, CTALIMOHAPHBIA TOTOK, COPOTHUBIIE-
HUE, BsI3Kas TUIEHKa, cepriecKasi 4aCTHIIA.

Jast murupoanus: Kapesa, A. JK. O0 n3aMeHeHHHN THAPOAMHAMHYECKOTO BO3ICHCTBUS
BSI3KOW HECI)KUMACMOMW KUJKOCTH MPU MEIUICHHOM OOTEKAaHUHM YaCTHI], TOKPBITHIX JKUIKOU
wienkoir / A. XK. Kapcan // Becrmmk PI'VIIC. — 2021. — Nel. - C. 174-14.
DOI: 10.46973/0201-727X_2021_1 174.

A. Zh. Karsyan

ABOUT CHANGE OF HYDRODYNAMIC EFFECT A VISCOUS INCOMPRESSIBLE LIQUID
WITH A SLOW FLOW OF PARTICLES, COATED WITH LIQUID FILM

Abstract. This paper discusses the steady stream flow of viscous incompressible liquid of
a spherical particle coated with a thin film. At the interface of the liquid film is incoming flow,
the coefficient of surface tension is used, explaining the safety of the shape of the viscous layer
of the liquid covering the streamlined body. The solution of the problem is obtained by moving
from the obtained solution for a particle of a spheroidal shape coated with a viscous layer
through a Stokes current function.

Keywords: viscous incompressible liquid, stationary flow, resistance, viscous film, spher-
ical particle.

For citation: Karsyan, A. Zh.. About change of hydrodynamic effect a viscous incom-
pressible liquid with a slow flow of particles, coated with liquid film / A. Zh. Karsyan // Vest-
nik RGUPS. —2021. — Ne 1. — P. 174-181. DOI: 10.46973/0201-727X_2021 1 174.
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MATEMATHYECKOE MOJAEJINPOBAHUE TAPAMETPOB COBPEMEHHbIX
TOHAJIBHBIX PEJIbCOBBIX IIEITEM

AnHoTanus. PaccMoTpeH noaxo1 K MOACIUPOBAHUIO PEIbCOBOM IMHUU ISl OTIPEACIICHUS
€€ MEPBUYHBIX ANEKTpUUECKUX napameTpoB. [IpeacraBnenHas MoAenb MO3BOSIET MOJIYUYUTh
KapTHUHY 3JEKTPUIECKOTO ¥ MarHUTHOTO TIOJICH B TIOTIEPEYHOM CEUCHHUH PEITHCOBOU JTMHUH.
Ha ocHoBe noxy4yeHHOT0 pacipeaeieHus oJIeH ONpeIesSI0TC IEPBUYHEIC TAPaMETPhI Pellb-
coBOM nuHUM. JIaHHBIN MOJXO]] MO3BOJSET YUUTHIBATH B HIIMPOKOM MOJOCE YaCTOT HEIUHEH-
HBIE MICKa)KEHUS TPaKTa PeTbCOBOM JIMHHUH TPH Tepeiade KOAMPOBAHHOTO CUTHAJIA COBPEMEH-
HBIX TOHAJIBHBIX PEIHCOBBIX I[ETIEH CO CIOKHBIM CIIEKTPOM.
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V. A. Sisin, M. I. Shestakov

MATHEMATICAL MODELING OF MODERN PARAMETERS
TONE RAIL CHAINS

Abstract. The paper discusses an approach to modeling a rail line to determine its primary
electrical parameters. The described model makes it possible to obtain a picture of the electric
and magnetic fields in the cross-section of the rail line. Based on the obtained distribution of
fields, the primary parameters of the rail line are determined. This approach makes it possible
to take into account in a wide frequency band the nonlinear distortions of the track of the rail
line when transmitting the encoded signal of modern tone track circuits with a complex spec-
trum.

Keywords: tone track circuits, railway safety, signal spectrum, the Bauer code, rail line,
distributed circuit.
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