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MATEMATHYECKAS MOJEJIb TPEHUA U U3HOCA B TUCKOBOM TOPMO3E
HOBOU KOHCTPYKLHUU

BoiiTenko Baagumup AdanacbeBuy
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IIpenioxena HOBast KOHCTPYKIUS IMCKOBOTO TOPMO3a C IJIaBaIOIIe TOpMO3HON KOJIOJKON M BEHTHU-
JINPYEMBIM TOPMO3HBIM JMCKOM C PEryJIupyeMoil BHyTpeHHEH KOHBEKIME. TopMO3Has KOJIoAKa B Ipolecce
TOPMOXEHHS COBEpIIAET KoJieOaTeNIbHbIE ABIKCHHUS BOKPYT IOBOPOTHOW OCH, HE MMPOXOASLICH Yepe3 ee LEHTP
Macc W napauieIbHONW OCH BpallleHNs] TOPMO3HOTO JKCKa, YeM JOCTHIaeTCsl ONTUMAalbHasi yCTAHOBKA U OBICT-
past mpupaboTka QPUKIMOHHON Maphl. YTpaBlIeHHE BHYTPEHHEH KOHBEKIMEH TOPMO3HOTO JWCKA TPH II0-
MOIII TIOBOPOTHOTO KOJIBIIA M PBIYAaroB B (popMe BHIIOK 0OecCIIeYMBaeT ONTUMAIIbHYIO BEHTHIIALNIO IUCKA B
Mpolecce TOPMOXKEHUSI U IKOHOMUIO SHEPTMM BO BpeMs JBHKeHMs noe3fa. [IpennoxeHa maremaTuueckas
MOJIeNIb TPEHUSI U U3HOCA, B KOTOPO OCOOCHHOCTH K0JeOaTeIbHOTO ABMKECHHUS TIaBaloeld TOPMO3HOM KO-
JIOJIKH YITEHBI TIPY pacueTe padoThl CHITBI TPEHUS, a yIIPaBJIeHNE BHYTPEHHEW KOHBEKITUEH TOPMO3HOTO AHCKA
YUYTCHO TIPU pacyeTe TeMIIepaTyp MOBEpXHOCTeH (YPUKIMOHHON Maphl, YTO MO3BOJISIET MOMYYHUTH OOJee TOU-
HBIC JaHHBIC 10 U3HOCY JUCKOBOI'O TOPMO3a HpGI[JIO)KCHHOﬁ KOHCTPYKIIUU.

Kntouegvle cnosa: AUCKOBBIN TOPMO3, TOPMO3HOH AWCK, TNIABAIOIIAas TOPMO3HAsI KOJIO/KA, CHIIA Tpe-
HUS, H3HOC.

MATHEMATICAL MODEL OF FRICTION AND WEAR IN THE DISK BRAKE
OF THE NEW CONSTRUCTION

Voytenko Vladimir Afanasievich
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Candidate of Engineering Sciences, Associate Professor,
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A new design of the disc brake with a floating brake pad and a ventilated brake disc with adjustable
internal convection is proposed. The brake pad in the braking process makes oscillatory movements around
the rotary axis which does not pass through its center of the mass and parallel to the axis of rotation of the
brake disc achieving an optimal setting and fast running-in of the friction pair. Controlling the internal con-
vection of the brake disc with the help of a swivel ring and levers in the shape of forks ensures optimal venti-
lation of the disc during braking and saves energy while the train is moving. A mathematical model of friction
and wear is proposed in which the features of the vibrating motion of the floating brake pad are taken into
account in calculating the work of the frictional force, and the control of the internal convection of the brake
disc is taken into account when calculating the temperatures of the surfaces of the friction pair, which allows
obtaining more accurate data on the wear of the disc brake of the proposed design.

Keywords: disc brake, brake disc, floating brake pad, friction force, wear.
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HccnenoBano n3MeHeHue Tonorpaduu MeTaIMuecKoro KOHTpTeNa MoCie TPEHUs ¢ MacIOHAIIOIHEeH-
HBIM KOMITO3UTHBIM MaTepHalioM. B kadecTBe MaTpUIpl KOMIIO3HUTA OBUT UCTIONB30BaH apOMATHUYECKHA TIOJH-
amup penmnon C-2, B kadecTBE HAHOPA3MEPHBIX HATIOJTHUTENEH U J0OaBOK — MOPOIIOK MOAU(DHUITMPOBAHHOTO
nonurerpadpTopaTiieHa Mmapku P4Mb (comonmmep TerpadTopITHIIEHA C TeKcad) TOPIPOITMIEHOM) U HAHOJO-
0aBka mmuaenu MgAI;O4. B ponu riactudukatopa, HOBBIIIAOIIETO TACTHIHOCTD M TNIACTHYHOCTh MaTepH-
aa rmpu nepepaboTKe 1 HKCILTyaTalnuH, ObLTH UCTTOTB30BaHbl [ITOMC-4 (momuMe T eHUIICHITIOKCAH ), IIUITAH-
aposoe Maciio 11-52, BI'O (BakyymHBIii razons). IIpoBenen aHanu3 BIUSHUS HAIIOJTHEHHUS] KOMIIO3UTA MacioM
Ha Tororpaguio MOBEPXHOCTH TPEHUS METAJUIONOIMMEpHOU napsl. MccinenoBanue Tonorpaduu noBepXHOCTH
TPEHHSI METAJJIOTIOIMMEPHOI! aphl MO3BOJISET IE1aTh BHIBOJIBI O BIMSHUU HAHOPA3MEPHBIX HAMIOJIHUTENEH U
N100aBOK a TakXKe MJIaCTU(PHUKATOPOB, UCTIOJIB3YEMBIX IPH CO3AaHUHM KOMIIO3UTA, HA BO3MOKHOCTh UX PUMe-
HEHMS B KaUeCTBE aHTH(PUKLINOHHBIX MAaTEPHAJIOB AJIsl Y3JI0B TPEHUSI.

Knioueswvie cnosa: monuMepHble KOMITO3UTBI, METAJUIMYECKOE KOHTPTENO, IUTaCTH(HUKALINS, HAHOpa3-
MEpHBIC HAMOIHUTENHN, TPHOOJIOTHYECKHUE HCIILITAHNS, IIEPOXOBATOCTb.
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In this work the change of the metal counterbody topography after friction with oil-filled composite
material is investigated. As a matrix of the composite aromatic polyamide fenilon by S-2, as nanodimensional
fillers and additives as powder of the modified politetraftoretilen of the FAMB brand (copolymer of a tetrafto-
retilen with geksaftorpropileny) and MgAl,O4 spinel nanoadditive have been used. As the softener increasing
elasticity and plasticity of material during the processing and operation have been used by PFMS-4 (po-
limetilfenilsbloksan), cylinder Ts-52 and VGO oil (vacuum gasol). The influence analysis of the composite
filling with oil on topography of the friction surface of the metalpolymeric couple is carried out. The research
of topography of the friction surface of the metalpolymeric couple is capable of giving conclusions about
influence of the nanodimensional fillers and additives and also softeners which have been used during creation
of a composite on possibility of their use as antifrictional materials for frictional units.

Keywords: polymeric composites, metal counterbody, plasticization, nanodimensional fillers, tribo-
logical tests, roughness.
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YCTaHOBJICHO BIMSHHC KIUMATHYSCKUX (AKTOPOB Ha BEC M pa3Mep KOMITO3UIIMOHHBIX
AaHTH(QPUKIIHOHHBIX TOKPHITHH. V310’keHa METOIMKa MCCIIeT0OBaHMs U HCIIBITAaHUS TIOKPBHITHI B BO3AYIIHOM
cpene MpH pa3IWYHBIX TEeMIeparypax M BIAXKHOCTIX. [IpoaHamu3upoBaHBl MOJYYCHHBIE PE3YJIbTATHI
W3MCHCHUS BECOBBIX W pa3MEPHBIX XapakKTepUCTHK o00pa3ioB. CaenaHo 3akIIOUEHUE O BIHMSHUU
TEMIIEPaTypHO-BIAKHOCTHBIX BO3/ICHCTBHIA Ha ITOJIMMEPHBIE TIOKPHITHS B HCCIIETyeMOM AMana3oHe (aKTOPOB.

Knrouegvie cnoga: monmnmepHoe aHTU(GPHUKIMOHHOE TOKPBHITHE, TEMIIEpaTypa, BIAXKHOCTH CPEIIBI,
BO3JICUCTBUE CPEBI.
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In the article the influence of the climatic factors on the weight and size of the composite antifriction
coatings is established. The method of research and testing of coatings in the air at different temperatures and
humidity are observed. The results of the measurement of the weight and size characteristics of the samples
are analyzed. The conclusion is made about the influence of temperature and humidity effects on polymer
coatings in the investigated range of factors.

Keywords: polymer antifriction coating, temperature, humidity of the environment, the impact of the
environment.
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MeTo10M KOHEYHOTO 3JIEMEHTA UCCIIC/IOBAHA 3a/1aya O KOHTAKTHOM B3aWMOJICHCTBUH C(hepUIecKOro
WHJICHTOpPA U YIPYTO# MOJIOCH C MOKphITHEM. HanpshkeHHO-1e(OpMUPOBAHHOE COCTOSHUE MOKPBITHSI OTIH-
CaHO C MPUMEHEHHUEM aHAJOIMUYHBIX JIEMEHTOB KaK JJIs MaTepHaja IOJIOCH], TaK M IS 000JI0YEUYHBIX dJIe-
MeHTOB. CpaBHEHHE PE3yJIbTaTOB MOKA3aJ0 JOCTATOYHYI TOUYHOCTh MPU ONMUCAHUU HOKPBITUS dJIEMEHTAMU
THIA 000JIOYKH, YTO B CBOIO OUYEPE/Ih MIO3BOJISICT 3HAYMTEIIHLHO COKPATUTh BPEMS pacyeTa 3a CUeT OTCYTCTBHUS
HEOOXOIMMOCTH B Pa30MEHUHN HCCIIEAYEMOTO Tella SIEMEHTaMH MaJloro pasMmepa. [loydeHHbIe pe3ylbTaThl
MOTYT HalTH CBOE MPUMEHEHUE MPU aHAITU3E YIPYTOro COCTOSHHUS TEN C MOKPBITUAMH, B 337a4aX WHICHTH-
POBaHMS, U3MEHEHHSI MEXaHUYECKUX CBOMCTB TEJI B TOHKHX MPUIIOBEPXHOCTHBIX CIIOSX.

Knouesvle croea: TIOKpHITHE, KOHTAKTHAS 3ajladya, METOJl KOHEUHOI'O 3JIEMEHTA, MHICHTHPOBAHHE,
000JIOUKH.
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The problem of the contact interaction between a spherical indenter and an elastic band with a coating
is investigated by the finite element method. The stress-strain state of the coating is described using similar
elements for both strip material and coating. Comparison of the results demonstrates sufficient accuracy in
describing the coating with elements of the shell type, which makes it possible to significantly reduce the
calculation time due to the absence of the need to mesh the investigated body by small-size elements. The
obtained results can find their application in the analysis of the elastic state of bodies with coatings, indentation
problems, changing in the mechanical properties of bodies in thin near-surface layers.

Keywords: coating, contact problem, finite element method, indentation, shells.
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PaccMoTpens! nporiecchl JyroBoil CBapKu € MPEPHIBUCTHIM TOPEHUEM AYTH, IPOBEICH aHATIU3 UX CTa-
omnpHOCTH. [lOKa3aHO, UTO TpOIECCHl C MPEPHIBUCTHIM TOKOM MaloOi W OOJNBIION IIHTEIHHOCTH HecTa-
OmpHBL. CTaOMIBFHBIM SBIISIETCS MMITYJIBCHO-IYTOBAsI CBapKa C MPEPHIBICTHIM TOKOM IPH OTPAHUYECHHBIX BO
BpPEMEHH IEpEphIBAX TOKA.

Knrouegvie cnosa: mpepbIBUCTOE TOPEHNE TyTH, UMITYJIbCHO-IyTOBasl CBapKa, epephIBbl TOKAa MaJlon
JUTATETHFHOCTH, TIEPEPHIBBI TOKA OOJBIION ATUTETHFHOCTH.

PROCESSES OF WELDING WITH DISCONTINUOUS ARCHES
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The processes of the arc welding with intermittent arc combustion are considered, and their stability
is analyzed. It is shown that processes with discontinuous current of small and long duration are unstable. The
stable means the pulse-arc welding with intermittent current with time-limited current breaks.

Keywords: discontinuous burning of an arch, pulse arc welding, current breaks of the small duration,
current breaks of big duration.
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B nanHOI#1 cTaThe IpUBEIEHBI PE3YIHTATHI AKCIIEPUMEHTAIBHBIX UCCIICOBAHHIA IITyMa, CO3/1aBaeMOTO
B KaOMHAX MAalIMHUCTOB, MAIIMHHBIX OTACJICHUSIX TEILIOBO30B, B TOM YHCIIE MPH TOPMOXKEHHUH, 4TO (aKTh-
YEeCKH JTaCT BO3MOKHOCTH ONPEIENIeHUs BEIOOPA NHKEHEPHBIX PEIIeHIH CHCTEM BUOPO3AIIHTHI.

Kurouesvie cnosa: mrym, TeIoBo3bl, KaOWHA, MAITUHHOE OT/IEJICHUE, TOPMOXKEHHE.
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The results of the noise field research created in drivers™ cabins and engine rooms of the locomotives
are given in this article including braking, which will actually give the chance for choice definition of the
vibroprotection systems with engineering solutions.

Keywords: noise, locomotives, cabin, engine room, braking.
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[IpencraBneH aHanu3 dKCILTyaTallMOHHBIX TIOKa3aTellel dHePreTHIecKol I(PPEKTUBHOCTH TPY30BbIX
TEIUIOBO30B, MCIOJIb30BaHbI JaHHBIE U3 MUKPOIPOLIECCOPHON CUCTEMBI ympasieHus (OOpTOBOro perucrpa-
Topa). B ocHOBe npemaraeMoro moAxo/a K aHaIn3y JIEKHUT NpeICTaBICHUE CXeMbl IPeo0pa30BaHUs SHEPIUU
Ha JIBYX YPOBHSX. BEPXHEM — JIM3EJIb-TEHEPATOPHAS YCTAHOBKA U HUYKHEM — JJIEKTpUUYECKas Ieperaya MOLl-
HocTH. [laHa oleHKa Pe3yJIbTaTOB aHaJIH3a SHEPreTHIECKor d3PPEKTUBHOCTH TPY30BBIX TEIIOBO30B U chop-
MYJIMPOBaHbl PEKOMEHJAI1H.

Kniouegvie cnoea: TEIII0BO3, JU3ENb-TEHEPATOPHAS YCTAHOBKA, dJICKTPUYECKas Iepeiadya MOIIHOCTH,
OOpPTOBOIT perucTparop, TATOBBIE PACUETHI, MOKA3aTENN SHEPIeTUISCKOH d3PPEKTUBHOCTH.
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The article presents analysis of the energy efficiency operational indicators of the freight diesel loco-
motives by using the trip data from microprocessor control system (recorder of locomotive parameters). The
proposed approach for analysis is based on the representation of the energy conversion scheme at two levels,
the top one is the diesel-generator set and the lower one is the electric power transmission. The evaluation of
the analysis results of the energy efficiency of the freight diesel locomotives is given and recommendations
are formulated.

Keywords: diesel locomotive, diesel-generator set, electric power transmission, recorder of locomotive
parameters, traction calculations, indicators of energy efficiency.
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HpI/IBeIIeHI)I HEKOTOPLBIC CBCACHUA 00 obecrnieyeHun moesaga CXKXaTbIM BO3JYXOM, OIIMCAaHbI ClIy4dan
HapyumieHus Oe3omacHOCTH BOXICHUS IMOC3A0B, BCTPCHAIOMIUCCA HA IMPAKTUKEC W BbI3BIBAOIIIHC ocrna0IeHue
TOpMOSHOfI 3(1)(1)6KTI/IBHOCTI/I H, KaK CJICACTBUEC, BHAYUTCIIBHOC YBCIIMUCHNEC TOPMO3HOTO ITYTH. Onucan OIIBIT,
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MIPOBEJICHHBIHN COTpyTHIUKaMU OMCKOTO rOCyIapCTBEHHOTO YHUBEPCHUTETA ITyTeH COOOIICHHUSI, TOATBEPIKIAI0-
Ui Hanuaue fasHoro agdekra. [IpoBeneHs! NpuMepHBIE TOPMO3HBIE pacdeThl 03 yueTa ddexra ocnadie-
HUS TOPMO3HO# 3D (PEKTHBHOCTH U C €T0 YIETOM.

B pesynbrate mokaszansl cymecTtBoBaHue dhdekra ocnabieHus TOPMO3HOH d(h(HEeKTHBHOCTH B CITy-
Yasgx OMMCAaHHBIX HApYLIEHUH 0e30MacHOCTH IBMKEHUS, a TakKe HEOOXOTUMOCTh pa3paboTKH yCTPOMCTBa,
KOTOpOE B ciIy4ae 0OpbIBa TOPMO3HOW MarnCTpaiy U HaYaBILIET0Cs BCIEICTBUE 3TOT0 SKCTPEHHOT'O TOPMOXKE-
HUS OTKITIOYAJIo OBl MOAady BO3/AyXa OT KOMIIPECCOpa, MMEIOIIET0 KeCTKYIO CBSI3b C KOJEHYATHIM BaJlOM, B
TOPMO3HYIO MarucCTpab.

Knioueswvie cnrosa: Tpy30Boii BaroH, TOpMO3HBIE IPOLIECCHI, 3PPEKTUBHOCTH TOPMO3a, KOMIIPECCOpHAs
YCTaHOBKA, TOPMO3HOM MYTb.

CALCULATED IMPIRICAL SUPPORT OF REDUCTION THE BRAKE EFFICIENCY
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Candidate of Engineering Sciences, Associate Professor,
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In the article there is some information about providing the train with compressed air. It describes the
cases of the safety violation of the driving trains which are encountered in practice and caused a weakening of
the braking efficiency as a result of the stopping distance is significantly increased. The experience is described
and aimed the existance of this effect by employees of the Omsk State Transport University. The approximate
braking calculations were performed without noticing the smoothing effect of the braking efficiency.

As a result, the effect existence of the braking weakening efficiency in cases of the described traffic
safety violations was proved as well as necessity for the device development which would cut off the air supply
from the compressor in consequence of the train breakdown, and the emergency braking would result from
this and has a rigid connection with the crankshaft to the braking line.

Keywords: freight car, braking processes, brake efficiency, compressor unit, braking distance.

YAK 621.331 : 621.311
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CEPHUM 3BII2K
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B craTbe BriepBbIe ITyTeM AOMOJIHUTEILHON 00pabOTKN JaHHBIX COBPEMEHHBIX PErUCTPAaTOPOB Hapa-
METpPOB JBMKECHHUS JIEKTPOBO30B MOCTOSHHOTO Toka DII2K momydeHs! pe3ynbTaThl 0 (haKTHYECKOM pacxojie
AIIEKTPOIHEPTHH Ha COOCTBEHHBIC HYXIBI M OIpe/eNieHa oM JaHHBIX 3aTpar OT pacxojia Ha TSTy MOE3/I0B,
YTO B YCJIOBHMSIX 3KCIUTYyaTallMOHHOI'O MENO MpPeACTaBIsIeTCS TpyIHOpealusyemoil 3amavell. BrlmoineHa
OLICHKA BIUSIOMUX (PaKTOPOB Ha PACXOX 3JIEKTPOSHEPTUH HAa COOCTBEHHBIE HYXIBI JIEKTPOBO30B CEPHU
OI12K. B pesynbrare ycTaHOBJIEHO, YTO HA M3MEHEHHS PAaCXOAa BIIEKTPOIHEPIHMH Ha COOCTBEHHBIC HYIKIIBI
BIIMSIOT Takue (PaKTOPBI, KaK Macca cocTaBa, KOJINYECTBO OCTAHOBOK U TEMIIEpaTypa OKPY>KaloILEero BO3ayXa.
CdhopmMupoBaHbl CTATUCTUYECKUE MOJENU sl HOPMHUPOBAHHS PACXOAa 3JIEKTPOIHEPIUU HAa COOCTBEHHBIC
HYX/Ibl U BBIIIOJIHCHA OIICHKA UX KauCCTBA. yCTaHOBHCHO, YTO OCTAaTKH YPaBHCHUA MHO>KECTBCHHOM perpec-
CHH, YUHUTBIBAIOIIUX W3JIOKCHHBIC BBIIIC Q)aKTOpr, NMOAYUHAIOTCA HOPMAJIbHOMY 3aKOHY pacClpeaCICHUs, YTO
CBHIETENBCTBYET 00 aJeKBAaTHOCTH MX JAJIbHEHIIETO MCIOJIBb30BAHUS ATl OLIEHKU 3HEPreTHYecKO dddek-
THBHOCTH BCIIOMOTATEIHHOTO 000PYyIOBaHMS 3JIEKTPOBO30B MOCTOSHHOTO Toka cepun DII2K. Ilpumenenue
PErpe€CCUOHHBIX MOZICJ'ICI71 TTO3BOJIMT BBIABJIATH 3JICKTPOBO3bI CO BCIIOMOT'aTC/IbHBIM O60p}/ILOBaHI/IeM C HU3KOM
SHepreTHuecKoi 3 (heKTUBHOCTHIO U CBOEBPEMEHHO OTIPABIIATH X HA HEIUIAHOBBIE BUIBI PEMOHTA C LIETIBIO
BOCCTaHOBJIEHHUS TPEOYEMOIr0o TEXHUYECKOT'O COCTOSIHUSI.

Kniouesvie cosa: 31eKTpoNoIBUKHOM COCTaB, PacXo MEKTPOIHEPIrUN Ha COOCTBEHHBIE HYXK/Ibl, 3Ha-
quMble (PAKTOPBI, Macca COCTaBa, KOJINYECTBO OCTAHOBOK, TEMIEpAaTypa OKPYKAIOIEro BO3ayXa, HOPMallb-
HBIN 3aKOH pacupeaesIeHusl.

APPLICATION OF CORRELATION-REGISTRATION ANALYSIS FOR ESTIMATION
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Through additional processing of the modern movement parameter recorders data of the DC electric
locomotive EP2K, the article firstly presents the results of the actual consumption of the electricity for own
needs and the proportion of these costs from the consumption of the trains’ traction is determined, which in
terms of the operational depot is difficult to implement. The estimation of the influencing factors on the energy
consumption for own needs of EP2K series electric locomotives is made. As a result, it was found that the
internal energy consumption is influenced by such factors as rolling stock mass, number of stops and environ-
ment temperature. Statistic models were made to normalize internal electricity consumption and their quality
estimation was fulfilled. It is found that the remainders of the multiple regression equation, which take the
above factors into account, obey the normal distribution law, indicating the adequacy of their further use to
assess the energy efficiency of the EP2K series DC electric locomotives auxiliary equipment. The use of re-
gression models will allow to identify electric locomotives with auxiliary equipment with low energy effi-
ciency and to send them to unscheduled repairs in time to restore the required technical condition.

Keywords: electric rolling stock, electricity consumption for own needs, significant factors, mass com-
position, number of stops, ambient temperature, normal distribution law.
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METOJUKA HACTPOMKH TSATOBBIX JJEKTPOJABUIATEJIENA
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PaccmarpuBaeTcs BOIpoC NOBBILICHUS Pecypca padOThl AIEKTPUYECKUX HIETOK KOJUIEKTOPHBIX TSTO-
BBIX ABHTarteneld. PazpaboTana MeTonuKa onpeeNeHnsl ONTUMAIbHBIX 3HAYEHUH YCUIIU HAaXKaTus Ha IETKY
1 MJIC n06aBOYHBIX MOMIOCOB TATOBBIX 3JEKTPOABHUTrATENEH ¢ yUETOM PEabHBIX PEKUMOB SKCILTyaTallHH,
OCHOBaHHAasI HA MATEMaTHYECKOW MOJIENTN U3HAIMBAHUS IETOK. [Ipe/ioskeHHass METOIMKa MO3BOJIsieT obec-
MEYUTh MUHUMAaJIbHYO HHTEHCUBHOCTD U3HAIINBAHUS IETKU IIyTEM KOPPEKTUPOBKH TApaMETPOB B IpoIiecce
PEMOHTA ¥ TEXHUYECKOTO O0CITYKUBAHUSI.

Knrouegulie cnosa: TATOBBIN IBUTATENH, U3HOC MIETOK, PEKUMBI pabOTHI, TPOrHO3UPOBAHNE, METOTUKA
HACTpPOMKH.
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The article discusses the issue of increasing the service life of the electric brushes collector traction
motors. The technique of determination the optimum values of pressing force on a brush and magnetomotive
force of the additional poles of the traction electric motors give real operational modes based on mathematical
model of the brushes wearing is developed. The proposed method allows ensuring minimum wearing rate of
the brush by adjusting parameters in the process of the repair and maintenance.

Keywords: traction motor, brushes wear, modes of operation, prediction, method of tuning.
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PaccMoTpeHbI BOITPOCHI MPeABAPUTEIIEHON 00pa00TKH HEUNCIIOBOM HH(POPMAIIUH, SBIISIONIHECS aKTy-
ANBHBIMH B 00JIACTH WHTEIUIEKTYAIBHOTO aHAIN3a JaHHBIX, B YACTHOCTH, POIIECCHl AUCKPETHU3AIlNU HEmpe-
PBIBHBIX 3HA4YeHWH aTpUOYTOB MAHHBIX, PE3yJIbTATOM KOTOPOW sBIsieTCs mpeobpa3oBaHne OECKOHEYHOTO
YKCJIa HeTIPEPHIBHBIX 3HAYCHUI aTpUOyTa B IOCTATOYHO OOJIBIIIOE YMCIO KOHEUHBIX HHTEPBaJOB. [Ipeioxken
METO/I, BKITIOUAIOMINIA B ce0sl aNrOPUTMBI TUCKPETU3ALNN PA3IMIHBIX THUIIOB JAHHBIX, YIOBJIETBOPSIOIIAN
KpUTEpUsIM pa3OMeHHs U CIHUSHAS HHTEPBAIOB, MOBBIIAOIINN KOHTPOIHPYEMOCTb IpoIieccoB. BrmoaHena
OIICHKA BBHIYMCIUTEIHHOU CIOKHOCTH aJITOPUTMOB.

Knrouegvle cnosa: UHTEINEKTYaNbHBIN aHANU3 JAaHHBIX, AITOPUTMBI TUCKPETH3AIMHU, KIIACTEPHBIN
aHaJIN3, TEOPHs TPYOBIX MHOKECTB.
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The pre-processing issues of the non-numeric information that are relevant in the field of the data
mining, particularly, the discretization processes of the continuous values of data attributes are considered.
The result of the discretization is the transformation of the infinite number of continuous attribute values into
a sufficiently large number of finite intervals. A method is proposed that includes algorithms for discretization
of the various data types, meets the criteria for splitting and merging intervals, and increases the controllability
of the processes. The estimation of the computational complexity of algorithms is executed.

Keywords: data mining, discretization algorithms, cluster analysis, rough set theory.
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Pazpaboran crioco0 MoCTpoeHHUS LEN0ro Kilacca KOJIOB ¢ 00HAPYKEHHUEM JTFOOBIX OMIMOOK HEYETHBIX
kparnocreit, ma OED(m, K)-xomoB, rme M u K — mmmHe HHGOPMAIHOHHBIX X KOHTPOJIBHEIX BeKTOpPoB. Crrocob
OCHOBAH Ha B3BEHIMBAHUU Pa3psI0B HHPOPMAIIHOHHOTO BEKTOPa MPOU3BOILHBIMH HATYPATbHBIMH YHCIIAMH,
MOCJICIYIOIIEM OIpPECICHINHA HAMMEHBIIIET0 HEOTPHUIATEILHOTO BbIUETa CYMMapHOTO Beca MH(pOPMAIHMOH-
HOT'O BEKTOPA IO OIPEICIICHHOMY MOJYJII0, (DOPMUPOBAHHH 3HAYCHUS MTOMTPABOYHOTO KOIPPHUIIHEHTA B BUIC
CBEPTKH IO MOJTYJTIO 2 TEX Pa3psAa0B HHPOPMAITHOHHOTO BEKTOPA, KOTOPHIC HMEIOT YSTHBIC 3HAUCHHUS BECOBBIX
K03 PHIIMEHTOB, ¥ TIOACYETE CYMMAPHOTO BeCa C y4eTOM COOTBETCTBYIOIIEH monpaBku. [Ipeqiaraemslii crmo-
c00 MOCTPOCHHMS KO/ AaeT BO3MOXKHOCTh (POPMHUPOBAHHS OOJIBIIIOTO MHOXECTBA KOJIOB C CYMMHPOBAHHEM C
yIy4IIEHHBIMHA XapaKTePUCTHKaMU OOHAPYKEHUs OIMMOOK B MH()OPMAIIMOHHBIX BEKTOPax MO CPaBHEHHIO C
KJIACCUYECKUMU KojaMu beprepa u psimom ux moaudukanmii. Jlokazana teopema 00 0OHApYKEHUH JTHOOBIX
OIIMOOK HEYETHOH KPaTHOCTHIO B MH()OPMAIIMOHHBIX BEKTOPaX pa3pabOTaHHBIX KOJOB C CyMMHPOBAHHEM.
[TpuBOAATCS IPUMEPBI HEKOTOPBIX KOJIOB, IIOCTPOCHHBIX 0 MPEIOKEHHOMY CIIOC00Yy.

Knrouesvie cnosa: cucteMbl ¢ OOHApYKEHHEM OTKa30B, TEXHMYECKash THATHOCTHKA, Pa3[eiIHMMBbIC
KOJIBI, KOJIbI ¢ OOHApY)KeHUEM OLIMOOK C HEUETHBIMU KPATHOCTSMH, KOJIbI beprepa, B3BelIeHHbBIE KOJIbI C CyM-
MHPOBAHHEM.

METHOD FOR CONSTRUCTING SUM CODES WITH ANY ERROR
WITH ODD MULTIPLICITIES DETECTION IN DATA VECTORS TO SOLVE
TASKS OF TECHNICAL DIAGNOSTICS

Efanov Dmitry Viktorovich
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Building 22, 18, 3-ed Rybinskaya str., Moscow, 107113, Russia,
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Doctor of Engineering Sciences, Professor,

phone +7-915-480-91-91,

e-mail: TrES-4b@yandex.ru

The article presents the development of the method of formation of the whole class of codes with
detection with any error or odd multiplicity, or OED(m, k)-codes, where m and k is data vector length and
control vector length. The method is based on weighing bits of data vector by random natural numbers, subse-
guent determination of the least non-negative residue of data vector’s total weight by a definite modulo, form-
ing a value of the correction coefficient in the form of modulo two convolutions of those bits of a data vector
that have even values of weight indexes and calculation of the total weight taking into account the correspond-
ing correction. The proposed method of the code constructing makes it possible to form a large set of sum
codes with improved characteristics of error detection in data vectors in comparison with classical Berger
codes and a number of their modifications. The theorem about detection of any error of odd multiplicity in
data vectors of the developed sum codes is proved. Examples of some codes constructed according to the
proposed method are given.

Keywords: systems with failure detection, technical diagnostics, separable codes, odd multiplicity er-
ror detection codes, Berger codes, weighted sum codes.
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NPUMEHEHHUE JIOKAJIBHBIX TPEHIOB IS IIPOTHO3UPOBAHMSI
BPEMEHHBIX PAJ0OB C ITIOMOIIBIO JOJII'O-KPATKOCPOYHOU TTAMSTH
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KaHIUAAT TEXHUYECKUX HayK, JTOIEHT,
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HOxus1it henepanbublil yausepcutet (FODY),

344058, r. PocroB-na-/lony, yn. Munbuakosa, 1. 8a,

kadeapa «Bricias MaTeMaTuKa M UCCIIeIOBAaHUE OTIepaLniiy,
JIOKTOP TEXHHMYECKUX HayK, podeccop, 3aBenyromuii kadenpoii,
tenedon +7 (863)297-51-14,

e-mail: beliavsky@hotmail.com

B mocneaHue ToAbl HEUPOHHBIC CETH MPOACMOHCTPUPOBAIM BIICUYATIISIONINE PE3YJIbTAThl B Pa3jiny-
HBIX 00JIACTIX, HAIIpUMep, 00pabOTKa €CTECTBEHHOTO S3bIKa, KOMIIBIOTEPHOE 3pEHHE, PacliO3HABAHHE PEUH,
aHaIIM3 BPEMEHHBIX PAI0B U 1p. OTHUMHA U3 CaMBIX MOITHBIX B 00HAPYKEHUH 3aBUCHMOCTH B JAHHBIX TIOCIIE-
JIOBAaTEIBHOCTEH SIBIIAIOTCS PEKYPPEHTHBIC HEHPOHHBIC CETHM W OCOOEHHO JOJT0-KPaTKOCPOUHAs MaMsTh
(LSTM), xoTopast XopoIio paboTaeT ¢ BPEMEHHBIMHU JTAHHBIMHU C TOJATOCPOYHBIMU 3aBUCHUMOCTSIMHE OJ1aroaapst
MEXaHW3MY BHYTPEHHEH MaMATh. DTOT yCIieX OCHOBaH HE TOJIHKO Ha BO3MOXXHOCTSIX apXUTEKTYPHI CETH, HO U
CBSI3aH C Ka4eCTBEHHOW Npefo0padOTKON MCXOAHBIX NaHHBIX. [Ipefcka3aHue 3HAYCHHUN BPEMEHHOIO psia
OUYCHb YaCTO CTAHOBHUTCS JAOCTATOYHO TPYTHOU 3ajaucii 1Mo MPUYMHE HECTAIIMOHAPHOCTHU JaHHBIX. BBICOKO-
YPOBHEBBIE MPEACTABICHUS BPEMEHHBIX PSAIOB OOBIYHO AAFOT O0IbIe HH(DOPMAIINY O TIOBEACHHUH IIpollecca,
4eM UX a0COIOTHBIC 3HAYCHUSI.

B nanHO# paboTe OCHOBHOE BHUMAHKE YACISACTCS U3YYCHHUIO U IIPOTHO3UPOBAHUIO JIOKAIBHBIX TPCH-
JIOB BO BPEMEHHBIX PsaX ¢ IOMOIIBI0 PEKYPPEHTHBIX HeHpOHHBIX ceTeii LSTM. [l npemoOpaboTK JaHHBIX
WCTIONIb30BaHbl KYCOYHO-JIMHEHHAs allpPOKCUMAIIHS, KYCOUHO-IOTapudMUIecKas armpoKCUMAaIlns, JIOKaIb-
HBIC IVIaBHBIC KOMIIOHEHTBI U JIMHAMUYeCKoe IpeoOpa3oBanue Xada, aanTupoOBaHHbIC aBTOPAMH ISl UX HC-
nonb3oBanus ¢ LSTM. Tlpenmnonaraercsi, 4To mociae0BaTeIbHOCTh HCTOPHUYECKHX JIOKATBHBIX TPEHIOB OIH-
CBIBa€T JIONTOCPOYHYIO B3aMMOCBS3b BO BPEMEHHOM DSy U, TAKUM 00pa3oM, ECTECTBEHHO BIHACT HA U3MeE-
HEHUE CIIEYIONIETO JOKaIbHOTO TPEHIA.

Knouesvle crosa: NOKaNbHBIN TPEHI, T0OJIFO-KPATKOCPOYHAS MAMATh, PEKYPPEHTHAs HEHPOHHAS CETh
LSTM, mporaoznpoBaHue BpeMEHHOTO Psizia.

APPLICATION OF LOCAL TRENDS FOR FORECASTING TIME SERIES
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In recent years, neural networks have been demonstrated impressive results in various fields, e.g. nat-
ural language processing, computer vision, speech recognition, time series analysis, etc. Recurrent neural net-
works and especially long short-term memory (LSTM) are among the most powerful in detecting dependencies
in these sequences. LSTM works well with temporary data with long-term dependencies due to the internal
memory mechanism. It's no secret that this success is based not only on the capabilities of the network archi-
tecture, but it is also related to the qualitative preprocessing of the original data. Forecasting the values of the
time series very often becomes quite a difficult task due to nonstationary data. High-level representations of
time series usually give more information about the behavior of the process than their absolute values.

In this paper, the main attention is paid to the study and forecasting of local trends in time series using
LSTM. Piecewise linear approximation, piecewise logarithmic approximation, local main components and
dynamic Hough transform have been used for preprocessing of the data. The preprocessing methods have been
adapted for their use in conjunction with LSTM. It is assumed that the sequence of historical local trends
describes the long-term relationship in the time series and, thus, naturally affects the change in the next local
trend.

Keywords: local trend, long short-term memory, recurrent neural network, time series forecasting.
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PocToBckwmit humman «PXK] Jloructukay,
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Yucaos Oner HuxosaeBnu
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tenedon +7-903-435-47-98,
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B cratbe paccMoTpeH 3apyOeKHBIN M OTYEYECTBEHHBIN OIBIT OPraHU3ALMH KOHTPEIHIIEPHBIX ITepeBO-
30k Ha nosmmrone CeBepo-KaBka3ckoi xkene3Hoit qoporu. [Ipoanann3npoBaHbl OCHOBHBIC TCHACHIIMH | TIEP-
CTIIEKTHBBI Pa3BUTHs KOHTpPEWIEPHBIX MepeBo3ok. [IpeacraBiena meroponiorust pacuéra pasMelieHUs U
KpEIUIEHHs Tpeisepa sl CrelHalu3upOBaHHOTO BaroHa-miaTgopmbl. Ha ocHOBe ONBITHON NEepeBO3KH MpU
yuactuun OAO «PX]] Jloructuka» nmo mapupyty Kpacnonap — Tyance — Aasniep nokaszana 3h(heKTHBHOCTD U
OIpeJieNieHbI MPOOJIEMBI, KOTOPbIe HEOOXO0IMMO YCTPAHUTh JJIsl BHEIPEHUS JAHHOTO BUJIa OTIPABOK.

Kniouegvle crnoga: KOHTpeWepHbIe IEPeBO3KH, CIICIIHANTN3UPOBAHHBIA BaroH-mar(opmMa, TpaHCIOpT-
Hasi UHPPACTPYKTYpa, Orpy3Ka U KpeIUIeHHE TPy3a, HHEPLUHOHHbBIE CHIIBI, BETPOBasi HArpy3Ka, YyCTOHUYUBOCTD
rpy3a, cxema kperuienus, cucrema ACY OTPAH.
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METHODOLOGICAL FEATURES OF RAILWAY CONTRAILER TRANSPORTATION
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Suprun Ekaterina Evgenevna
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Student,
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The article considers the foreign and quality experience of the contrailer transportation organization
on the range of the North Caucasian Railway. The main trends and prospects of the contrailer transportation
development are analyzed. The analysis of the technology and calculation of the trailer mounting for a special-
ized flat wagon is presented. On the basis of the pilot transportation with the participation of OAO «RZD
Logistics» on the route Krasnodar — Tuapse — Adler, the efficiency is shown and the problems that need to be
eliminated for the introduction of this type of shipments are determined.

Keywords: contrailer transportation, specialized flat wagon, transport infrastructure, loading and se-
curing cargo, inertial forces, wind load, load stability, mounting scheme, system ASU ETRAN.
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PaccmarpuBaeTcs npoOiiema pa3BUTHS  HHQOPACTPYKTYPBHI  JKEJIC3HOJOPOXKHBIX  TOJUTOHOB.
[Ipennaraercs paccmMaTpuBaTh MOJUTOH KaK COBOKYITHOCTh AYIUIEKCOB. PaccMarpuBaeTcsi TpU CTpaTeruu
ONITUMU3AIMH TTOJIMTOHA TI0 Pa3HBIM KpuTepHsM. [IprBoasSTCS TPUMeEpHl OITHMHU3AIINH TTOJIUTOHA.

Kntouegvlie cnosa: monuroH, ONTAMH3AINS, UMUTAIMOHHBIHN CITYCK, TyTUIEKC.

CALCULATION AND OPTIMIZATION OF RAILWAY POLYGONS
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Chair « Operational Management,

Candidate of Engineering Sciences, Associate Professor,
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e-mail: kolokvital@gmail.com

The problem of the development of the railway polygon infrastructure is considered. It is proposed to
consider the polygon as a collection of duplexes. We consider three strategies for optimizing the range
according to different criteria. Examples of polygon optimization are given.

Keywords: polygon, optimization, imitation descent, duplex.
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IIpencrasiaeH 0030p HMCCICIOBaHHMA B 00JaCTH YCTOWYMBOI'O PA3BUTHSA M «3€IEHON» JIOTHMCTHUKH,
000CHOBaHa IIeNIeCO00pPa3HOCTh U JioKa3aHa 3(PPEKTHBHOCTh WMCIOIB30BAHHUS «3EIEHBIX» TEXHOJOTHH B
MPAKTUYECKON NEATEIbHOCTH KPYIHBIX JIOTUCTUYECKUX U TPAHCIIOPTHBIX kKoMmmnanuil. [Ipennoxkena cucrtema
METOJIOB U MHCTPYMEHTOB «3€JIEHOM» JIOTUCTUKHU. J[OKa3aHO, YTO MPUMEHEHHUE IMPEJICTABICHHON CUCTEMBI
mo3BOJUT A((EKTHBHO HWCIONB30BaTh CYIIECTBYIONINE W pa3pabaThiBaTh HOBBIE WHCTPYMEHTHI JIJIS
JOCTIKEHUSA LIeTIeH YCTOMYMBOrO Pa3BUTHSI LIETICH MOCTaBOK.

Kriouesvie cnosa: «3en€Has» JOrUCTUKA, YCTOMYMBOE pa3BUTHE, 1IENU MTOCTABOK, JIYUIIUE MPAKTUKH,
METOBI U MHCTPYMEHTBI, CHCTEMATH3AIIHS.
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The paper presents the review of studies in the field of the sustainable development and «green»

logistics, efficiency of use «green» technologies in the practice of logistics and transport companies is
proved. The system of methods and instruments of «green» logistics is proposed. The application of the
presented system will use effectively existing methods and develop new tools for achieving the goals for
sustainable chains development.

Keywords: «green» logistics, sustainable development, supplying chain, best practices, methods and

instruments, systematization.
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YCIIOBHSX AajbHEHIIEro pocTa o0beMa 3KCHOPTHBIX TPY30B B ajapec NopToB A3oBo-UepHomMopckoro Oac-
ceitHa. [IpeoKeHbl MEepbI M0 HX TEXHOJIOTUIECKOMY U HHPOPMAITMOHHOMY B3aHMOJICHCTBHUIO [T CHUIKEHHUSI
orpaHuueHud HHQPACTPYKTYPHI U OCBOCHHUIO PACTYIIUX 00BEMOB SKCIIOPTHBIX MEPEBO3OK.
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The analysis of the freight capacity of the railway sections of the South-Western landfill in the condi-
tions of further growth of the volume of export cargo to the ports of the Azov-Black sea basin is done. The
measures to reduce the infrastructure restrictions and improve the technology of roads included in the single
landfill are proposed.

Keywords: export transportation, growth dynamics, infrastructure restrictions, capacity strengthening,
efficiency of the proposed measures.
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KOMIIBIOTEPHOE MOJIEJIMPOBAHUE CBOMCTB ILJIEYA BAt.JIJIACTHOI‘/'I
INPU3MBbI KEJE3HOJAOPOXHOI'O ITYTH, OMOHOJIMYEHHOU IMOJIMMEPHbBIMU
CBA3YIOLIIUMU HA OCHOBE IIOJIMYPETAHA

Xakues 3ernumxan baraynannosuy
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PocToBckwmit rocynapcTBeHHBIH yHUBEpCHUTET IyTelt coobmenns (PIYIIC),
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aCIHUPAHT,

195




ISSN 0201-727X BECTHHUK PI'YIIC Ne3/2018

tenedon +7 (863) 272-63-52,
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SIBHa BukTop AHaTobeBHY

PoctoBckmii rocyaapcTBeHHbIH yHUBepcuTeT myTer coobmenus (PIYIIC),
kadenpa «Duzmkay,

JOKTOp (PU3UKO-MaTeMaTHIEeCKUX HayK, mpodeccop, 3aBeayronuii kadeapou,
tenedon +7 (863) 272-63-52,

e-mail: vay@rgups.ru

Pabora mocpsimieHa ompenesieHHI0 MEXaHHYECKUX CBOWCTB T'€OKOMIO3UTA, C(OPMHPOBAHHOIO B
Iiede 0amIacTHOIO CJ0S XKeJe3HOAOPOXKHOTO IyTH BsDKYLIMMHU MaTepualaMH Ha OCHOBE HojuypeTaHa. Pe-
LIEHUE MIOCTABIEHHOM 33/1a4¥ JOCTUTHYTO METOJOM KOMIIBIOTEPHOIO0 MOJEIUPOBAHUS, PE3YIbTaThl KOTOPOIO
BEepU(DUIIMPOBAHBI HKCIIEPUMEHTATIBHO MOTyYEHHBIMU JaHHBIMH.

ITokazaHa orpaHUYEHHOCTH MOJEH JINHEHHO-YIIPYTMX CBOMCTB T'€OKOMIIO3UTA U MPEATIOKEHA 3aBH-
CHUMOCTB MOAYJISl yIIPYTOCTH TEOKOMITO3UTa OT AedopMmannu. PaspaboTanHast KOMITbIOTEpHAst MOAETH UCIIOIb-
30BaHa JAJIsl pacyera CBOWCTB Iievya 0aiacTHON MPU3MBI, 3aKPETIICHHOTO IIOJIMMEPHBIM CBS3YIOIIUM MaTepH-
aJIOM C yJIyYIIEHHBIMH MEXaHHYECKUMH CBONCTBAMH.

Kniouegvie cnosa: xene3HONOPOKHBIA MyTh, OanaacTHAs MPHU3Ma, KOMIBIOTEPHOE MOJAEIUPOBAHUE,
MIOJIMMEPHBIN CBA3YIOLUN MaTEpUaIl, MOYJIb YIPYTOCTH.

COMPUTER MODEL OPERATION OF THE FOUNDATION PROPERTIES
OF THE RAILWAY TRACK'S BALLAST PRISM WITH JOINT GROUTING
POLYMERIC BINDING ON THE BASIS OF POLYURETHANE

Khakiev Zelimkhan Bagauddinovich

Rostov State Transport University (RSTU),

2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Chair «Physics»,

Candidate of Physical and Mathematical Sciences, Associate Professor,

phone +7 (863) 272-63-52,
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Kruglikov Alexander Alexandrovich
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Candidate of Engineering Sciences, Associate Professor,
phone +7 (863) 272-62-19,

e-mail: aleksan.kruglikov@yandex.ru

Ermolov Yakov Mikhailovich

Rostov State Transport University (RSTU),
Chair «Physics»,
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phone +7 (863) 272-63-52,
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Yavna Viktor Anatolievich

Rostov State Transport University (RSTU),

Head of Chair «Physics»,

Doctor of Physical and Mathematical Sciences, Professor,
phone +7 (863) 272-63-52,

e-mail: vay@rgups.ru

The work is aimed at the determination of the mechanical properties of the geocomposite formed in
the ballast prism foundation of the railway track with polyurethane-based binding materials. The problem is
solved via computer simulation verified by experimentally obtained data.
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The limits of the model of linear-elastic properties of the geocomposite are demonstrated, and realistic
dependence of the geocomposite’s modulus of elasticity on deformation is proposed. The numerical model
developed is used to calculate the properties of a ballast prism foudation strengthened with a polymeric binder
material with improved mechanical properties.

Keywords: railway track, ballast section, computer simulation, polymer binding, modulus of elasticity.

YK 621.317.4 + 06

BJIMSIHUE MATHETOKAJIOPHYECKOI'O 3®®EKTA HA MPOLHECC
HAI'PEBAHUS CTEPXHSA U3 I'AJOJUHUA BHEIIHENW CPEJIOU

Mumenko Eerennii HukosiaeBua

PocroBckwmii rocypapcTBeHHBIH yHUBepcuTeT myTeit coobimenus (PIYIIC),

344038, r. PoctoB-Ha-/lony, mi. PoctoBckoro CrpenkoBoro Ilonka Haponnoro Onomuenus, a. 2,
kadeapa «CBs3b Ha KEIIC3HOJOPOKHOM TPAHCIIOPTEY,

KaHAUAT TEXHUYECKUX HayK, TOICHT,

teneon +7-906-439-94-85,

e-mail: ganemi@yandex.ru

PaccMOTpeHbI BapHaHThI PEHICHHUsI HECTAIIMOHAPHOTO YPAaBHEHUSI TEIUIONPOBOIHOCTH C YYETOM BHYT-
PEHHHX CTOKOB Teruia. [1oTydeHHbIe PeIICHHUS TO3BOJIMIIN BBISIBUTH HEKOTOPBIC OCOOCHHOCTH MOBEICHHS T'a-
JOJIMHUS TIPU €T0 HarpeBaHWU B 00JIACTH TEMIIEPATyp MarHUTHHIX (a3oBbIX MepexoaoB. [lokazaHo BIUsSHUE
TEIJIOEMKOCTH Ha CKOPOCTh Tpolecca HarpeBanus. [loiyueHa oleHka MOTEHIMAILHO BO3MOXKHOTO KOJIHYE-
CTBa M3bIMAEMO¥ MOIIHOCTH Ha €HHHUILY 00beMa.

Knrouesvie crnosa: npeodpazoanue dHeprun, AuddepeHnan-Hoe ypaBHEHHE, Ta 0 TuHIH,

MODELING OF THERMAL CONDUCTIVITY OF GADOLINIUM
IN THE AREA OF TEMPERATURE MAGNETIC PHASE TRANSITION

Mishchenko Evgeny Nikolayevich

Rostov State Transport University (RSTU),

2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Chair «Communication on Railway Transporty,

Candidate of Engineering Sciences, Associate Proffessor,

phone +7-906-439-94-85,

e-mail: ganemi@yandex.ru

The article deals with the solutions of the non-stationary heat equation giving the internal heat flows.
The obtained solutions allowed to reveal some peculiarities of the gadolinium behavior during its heating in
the temperature range of magnetic phase transitions. The influence of heat capacity on the rate of heating
process is shown. The estimate of the potential number of seizures of power per unit volume is obtained.
Keywords: energy conversion, differential equation, gadolinium.
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344038, r. PoctoB-Ha-/lony, m1. PoctoBckoro Ctpenkosoro Ilonka Hapomroro Omomaenus, 1. 2,
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tenepon +7-952-572-90-62,
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HockoB Biaagumup HukosaeBuu

PoctoBckmii rocyaapcTBeHHbIH yHUBepeuTeT myTer coobmmenus (PIYIIC),
kaenpa «TeopeTnyeckne OCHOBBI HICKTPOTEXHUKNY,

KaHAMJAT TEXHUYECKUX HayK, JOLCHT.

Hay‘lHO-I/ICCJ'IeI{OBaTCJ'IBCKaH qacCThb,
JHUPEKTOP,

tenedon +7 (863) 272-62-80,
e-mail: nvn_nis@rgups.ru

B crarbe npoBeeHO CpaBHEHHE TPEX METOOB MOCTPOCHHSI CUCTEM TIPSIMOTO YIPABICHHS MOMEHTOM
ACHHXPOHHOTO JIBUTATENsl — KJIACCHYECKas; CUCTEMa, B KOTOPOW BBIXOJ TaOJIMIbI NEPEKITIOYCHHI SBISETCS
3aJlaHleM JUTS IUPOTHO-UMITYJILCHOM MOIYJISIIMY HANPSDKEHHS; Ha 0a3e MaTeMaTHYeCKOro anmnapara Heyer-
KOU JIOrHKH. PaccMoTpeHa CTpyKTypa CHCTEM MPSMOTO YIpPaBICHHS MOMEHTOM H OTAENbHbBIC OJIOKHU, BXOIS-
mue B ux coctas. [Ipon3Be/ieH aHANIN3 MOTYYSHHBIX PE3yJIbTaTOB.

Kntouesvie crosa: HeueTKast JTIOTUKA, HEYCTKUH PETyJIsTOpP, MATEMAaTHUECKAsl MOJICIb, AICKTPUUCCKUI
NPUBOJ, CUCTEMBI yrpasienus, Matlab.

APPLICATION OF FUZZY LOGIC TO THE SYSTEM OF FUZZY DIRECT
TORQUE CONTROL OF INDUCTION MOTOR

Olkhovatov Dmitry Viktorovich

Rostov State Transport University (RSTU),

2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Chair «Electric Machines and Devices»,

Postgraduate,

phone +7-952-572-90-62,

e-mail: olkhovatovdmitry@gmail.com

Noskov Vladimir Nikolayevich

Rostov State Transport University (RSTU),

Chair «Theoretical Bases of the Electrical Engineeringy,
Candidate of Engineering Sciences, Associate Professor.

Research Part,

Director,

phone +7 (863) 272-62-80,
e-mail: nvn_nis@rgups.ru

The article compares three construction methods of the direct torque control systems in the asynchro-
nous motor: a system with inear output of the switching table is a reference for the pulse-width modulation of
the voltage; and on the basis of the mathematical apparatus of fuzzy logic. The structure of the systems of the
direct torque control and individual blocks included in their composition are considered. The analysis of the
obtained results is made.

Keywords: fuzzy logic, fuzzy regulator, mathematical model, electric drive, control system, Matlab.
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NPUMEHEHUE AJATITUBHOI'O HEJIMHEMHOI'O ®WJIHBTPA KAJIMAHA
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HABUTAIIMOHHOM 3AJIAYM MOJABUXKHOT'O OFBEKTA
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tenedon +7 (863) 272-62-74,
e-mail: poliakova.marianna@mail.ru

[IpexncraBnen crocoO MOBHIIICHUS] TOYHOCTH AJITOPUTMA OLIEHUBAHMS ITAPAMETPOB ITOIBIKHOTO 00b-
exTa. Halineno ananutiueckoe pereHre mocTaBIeHHOM 3a1a4y alalTallii HETMHEHHOTO KaIMaHOBCKOTO al-
TOpPHUTMa OLIEHKH 0 TOYHBIM H3MEPEHUsIM. PaccMOTpeH npuMep, HILTIOCTPUPYIOIINHA 001LyI0 3 EeKTHBHOCTh
MPE/IOKEHHOTO TTOIX0/1a.

Kntouesvie cnosa: HeperynspHble TOYHBIE M3MEPEHHS, KOMIUICKCHPOBAHHBIE M3MEPUTEIbHBIC CH-
CTEMBI, aJanTUBHBIN HEMUHEHHBIH (00001meHHbIN) puibTp Kanmana, koaddunuenT ycunenus, ko3 pumueHT
aJanTamnym.

APPLICATION OF THE ADAPTIVE NONLINEAR KALMAN FILTER ON THE BASIS
OF ACYCLIC PRECISE MEASUREMENTS AT THE SOLUTION
OF THE NAVIGATION PROBLEM OF THE RELATIVE FRAME OBJECT

Polyakova Marianna Vitalievna

Rostov State Transport University (RSTU),

2, RostovskogoStrelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Chair «Automation and Remote Control in Railway Transport»,

Postgraduate,

phone +7 (863) 272-62-74,

e-mail: poliakova.marianna@mail.ru

The increased method in accuracy of the algorithm with parameter estimation of the relative frame
object is presented. The analytical solution of the objective adaptation for nonlinear Kalman’s algorithm of the
assessment on precise measurements is found. The example illustrating overall effectiveness of the offered
approach is reviewed.

Keywords: irregular exact measurements, complexed measuring systems, the adaptive nonlinear (gen-
eralized) Kalman filter, strengthening coefficient, adaptation coefficient.
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TPEFOBAHUA K O®OPMIIEHHIO CTATEH
I LNYBIIHKAITUH B KYPHAJIE « BECTHHK PI'YIIC»

1 Marepunansl craTell IPEACTaBISAIOT B BHJEC TEKCTOB, OT(GOPMATUPOBAHHBIX M pacliedaTaHHBIX
Ha JIa3epHOM WJIM CTPYWHOM TpHHTEpe (MPUTOTHBIX ISl CKaHMpOoBaHWs) Ha Oenoil Oymare dopmara A4
(210%x297 mm) B ogHOM 3K3eMIuLsipe. PekomenayeMsbiii 00beM ctaTbu — 510 cTpaHul.

OnHOBPEMEHHO TEKCT MPEACTABIAIOT B BuAe (aiiia na CD-mucke B TekcToBoM pemakrope Word for
Windows, mpudt Times New Roman, 11 pt, MexcTpoUYHbIi HHTEpBa — OAIMHAPHBIN, BBIPABHUBAHHE TIO IITH-
puHe, ab3arHbIi oTcTyM — 1,25 cM, BCe 1Mot — 2 cM.

2 Ha nepBoii cTpanuie 10/KHbI ObITh YKa3aHBI:

Y/IK — B neBoM BepxHEM yriy;

HHTEpBa;

UHUYUATIBL U haMuiuy agmopoe — 1o ICHTPY, KypCHBOM;

HHTEpBa;

Ha3eanue cmamvu — 3arJIaBHBIMA OYKBaMH, OTYKUPHBIM LIPUPTOM, TIO LICHTPY,

0e3 TIepeHOCOoB;

N UHTEpBaw;

N meKcm cmambu — 1IeYaTaeTcs ¢ MepeHocaMH.

B Cmambsa 007131cHA COOEPIHCAMb 6600HYI0 UACHb, Uelb HAYUHOI PA3PAOOmMKU,

OCHOGHYIO UACHIb U 6bLEOODL.

3 BykBbI TaTHHCKOTO ajdaBuTa HAOUPAIOT KYpcu8oMm, OYKBBI TPEUECKOTO H PYCCKOTO ajl(aBh-TOB
— npsiMbIM TprdToM. MaTemaTrueckie cuMBoiisl lim, In, arg, const, sin, cos, min, max u T.1. HaOUparoT
MPSIMBIM TIPUPTOM.

4  ®opmyasbl. bonbiie GhopMyssl HEOOXOIUMO pa30OUTh Ha OTACIbHBIC parMeHThl. DparMeHThI
(hopMyI1 IO BO3MOKHOCTH JJOJKHBI OBITH HE3aBUCHUMBI (IIpH paboTe B POpMYyTHLHOM PeaKTope Kaxaas CTpoKa
— oTaenbHbIN 00bekT). Hymepamuio ciienyet nedarath B WOrd otaensHo ot popmyst. Pacnonarats hopmyiist
CIIEAyeT MO UEHTPY CTPOKH.

bykeerJul,eul,hun,qug, VuU, O (6yksa) u 0 (HOJb) TODKHBI pa3iNyaThCsl 0 HAYEPTAHHUIO.

Tupe, neduc, 3HaK «KMUHYC» 0003HAUAIOT COOTBETCTBYIOIIUMH 3HAKAMH.

HywmepoBarts crieayet ToibKO T€ (POPMYIIbI, HA KOTOPbIE €CTh CCHUIKU B TEKCTE.

O603HaueHus, TEPMUHBI U WUTIOCTPATHBHBIA MaTepuall JOKHBI COOTBETCTBOBAThH JCHCTBYIOLIMM
I'OCTawm.

5 Pucynku u ¢ororpaduu, BEIOJTHEHHBIE YETKO M KOHTPACTHO, CIEIyeT pa3MeIlaTh B MOPSIKE
WX YIIOMHUHAHHSA B TEKCTE, MOJPUCYHOYHAS TIOJHCH 00sI3aTebHA.

6 bubauorpadguyeckuii CMUCOK MPUBOJAT OOIIUM CIIICKOM B KOHIIE CTAThH M COCTABISIOT B CO-
OTBETCTBUU C TIOCJIEI0BATEIBHOCTHIO CCBIIOK B TEKCTE, KOTOPBIE 0003HAYAIOT apaOCKUMHU IU(ppaMH B KBa-
patHbIX ckoOkax. JlutepaTypy odopmisiiot Toabko corjacio F'OCT 7.1-2003.

O0s13aTeJIbHO MPEACTABUTH NepeBo O0M0IHOrpa)uiyecKoro CnucKa Ha AHIJIMICKHI A3BIK.

TekcT craTby OOKEH OBITH TIIATENBFHO OTPENAKTHPOBAH M TOTOB AJISI MAaKETHPOBAHHS U BEPCTKU
XKypHaia Ha KOMIIbIOTEpE.

7 CTaThs 10JKHA ObITH 00513aTeJILHO MOANMCAHA BCEMU aBTOPaMM.

8 Marepuaisl, npuiaraeMbsle K cTaTbe, e4aTaloT Ha OTACIBHOM JIHCTE.

CaeeHust 00 aBTOpax M AaHHOTAIMS (HA PYCCKOM M aHTJIIMHACKOM SI3bIKaX):

m  VIK

m  Haszeanue cmamuu (3araaBHBIME OYKBaMH, MOJTYKUPHBIM HIPHPTOM).

m  Damunus, ums, omuecmeo agmopa (NOIHOCTHIO, 0€3 COKpaLIEHHH).

m  Mecmo pabomul Ka)coozo agmopa B AUMEHUTEILHOM TaJIexKe.

m  Iloumoessiii adpec mecma papomel C yKazaHUEM ITOYTOBOTO WHJICKCA.

Yuenaa cmenens, yuenoe 36anue, 00axcnocms.

Konmaxkmmnutit menegoH.

E-mail.

Annomayus (KpaTKoe CoJep>KaHNue CTAaThH, BKIIIoUaromiee 3—4 mpeioKeHs ).
Knrouegwie cnosa.

CBeieHuS 110 1. 8 COCTABIISIIOT JIJIS KXKIOTO aBTOpa OTCIHHO (32 HCKITFOUESHIEM aHHOTAIMHN U KITFOUSBBIX
CIIOB) B MOPSJIKE YIIOMUHAHHUS B CTaThE.

BaxxHo deTko, He OMyCKas MHON TPaKTOBKH, YKa3aTh MECTO pabOTHI KOHKPETHOTO aBTopa. Eciu Bce
aBTOPKI CTAaThU PAOOTAIOT WITH YYATCSI B OJTHOM YUPEKICHUN, MOXKHO HE YKa3bIBaTh TIOYTOBBIH aJpec MecTa pabOoThI
KaXJIOTO aBTOPa OTJCIIHHO.

Kaxxnoe xiroueBoe c10BO I CIIOBOCOYETAHUE OTIENSIETCS. OT APYTOro 3arsToil.
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YcaoBus ¥ OPAA0K MyOTHKALUM CTATEH B :KypHase

1  CraTbs A0/:KHA OBITH 0(popMIIeHA IO MPUJIATaeMbIM TPEOOBAHUSIM.

2 ABTOp HMeeT MPaBO ONMYOJHKOBATH B HOMepe OJIHY CTaThIO.

3 ABTOp MOXKeT NPHCJIATH CTATHIO B aJpec peJaKIum:

® [0 moyYTe

344038, r. PocroB #//1, 1. um. PoctoBckoro CrpenkoBoro [lonka Hapoauoro Ononuenus, 1. 2.

PocToBckmii Tocy1apCTBEHHbIH YHUBEPCUTET IyTEH COOOIIEHUS.

Penaxuus xxyprana «BECTHUK PT'VIICy.

® 10 JIEKTPOHHOM MoyYre

E-mail: pmv_nis@rgups.ru, nis@rgups.ru (IomoiHUTETbHEIH).

® MNPHUHECTH B peJaKIHUIO U IIepeaaTh OTBETCTBEHHOMY ceKpeTapro (Ti1. Kopiryc, koM. J{ 107),
tenedon +7 (863) 272-62-74, paxc +7 (863) 255-37-85.

4 Crarbs, npeacTaBiisieMasi B PeIaKINIo, 10JKHA COOTBETCTBOBATH TeMAaTHKe H3JaHMSI.

TemaTHka *KypHajla OXBaTHIBA€T OCHOBHBIE IPOOJIEMbI TPAHCIIOPTA, & TAK)KE IHEPIETUKH, MAIIMHOCTPOCHHS U
yrpasieHus. [1yOauKyroTCst CTaThH 10 CIIETYIOLIUM CEKIIUSIM:

—  MAalIUHOCTPOEHHUE;

—  NIOJBIKHOM COCTaB, 0€30MIACHOCTD ABMKCHUS U SKOJIOTHS;

—  nH()OPMaNNOHHBIE TEXHOJIOTHH, aBTOMaTHKA U TEICKOMMYHHUKAIIWN;

—  yIpaBiIEHHE U JOTUCTUKA HA TPAHCIIOPTE;

—  JKEJIE3HOJOPOXKHBIN ITyTh M TPAHCIIOPTHOE CTPOUTEIHCTBO;

—  TpaHCIIOPTHAs SHEPTeTHKA;

—  MOJETHPOBAHUE CUCTEM U IPOLIECCOB.

5 PepakumMoHHAas KoJIernsi IPUHAMAET A5 MyOTHKANMM CTATHH NOCJIe TIIATeJIbHON HAYYHOIi JKcnep-
TH3bI.

g myGnukanuy oTOMparoT CTaThbU, KOTOPHIE MPEACTAaBIIAIOT HAyIHBII HHTEPEC U SBISAIOTCA HOBOM CTYIEHBIO
B pa3paboTKe AaHHOH mpoOsrembl. CTaThy My OIMIMCTHIECKOTO TIaHa HE IIPHHAMAIOTCSL.

6 Ha3acenanuu peAKOJUIEIHH IPUHIMAIOT PELIEHHE O BOBMOXXHOCTH ITyOJIMKAaNH CTaThH TOJIBKO NPH HAIU-
YU TTOJIOXKHUTEITLHON PELICH3NH.

7  Bce pacxoabl N0 NMOAr0TOBKe K MyO0JIHMKALMM M U3IaHUIO ’KYPHAJIA ONJIAYMBaeT YHUBEPCHTET, B TOM
YHcJIe U NOYTOBBIE PAacX0/bl IPH NepechlIKe JKYyPHATIa aBTOPaM.

Kparkasa nundopmanus o :xypHaJie

Hayuno-TexHudeckuii sxypHas «BecTHUK PocTOBCKOTro rocyiapcTBEHHOTO YHMBEPCHTETa MyTeil cooOIeHns»
(«Bectauk PI'YIIC») uznaetcs ¢ okts10pst 1999 rona, 3apeructpuponas B ['ockomutere o nedatu PO, cBuaerenscTBO
o peructpanuu Ne 018074. XKypHan numeeT MeKIyHapOIHBIN cTaHaapTHEIH cepruanbHbiid HoMep (ISSN 0201-727X), mpu-
cBoeHHbI KHrHOM nanaroit Poccuiickoit denepanuu.

VYupenureneMm u usznareneM ssisercs OenepanbHoe ToCyJapcTBEHHOE OF0PKETHOE 00pa30BaTeNbHOE YUPE)KACHHE
BEICIIIET0 00pa3oBaHus «POCTOBCKHI rocyqapcTBEHHBIH YHIBEPCUTET ImyTeit coodmmeHms» (PI'BOY BO PIVIIC).

I'maBHBII pepakTop KypHana — akageMuk PAH, 3acimyxeHHbIN nesTens Hayku PD, TOKTOp TEXHUYECKHUX HaYK,
npodeccop B.U. KonecHukos.
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IlouToBBIii agpec peJaKUuu:

344038, r. PoctoB H/1, 1. uM. PoctoBckoro Ctpenkosoro [lonka Hapoanoro Ononuenus, a. 2.

PocroBckuii rocy1apcTBEHHBIH YHUBEPCHUTET ITyTeH COOOILICHUS.

Penakuus xypnana «Bectauk PI'YIICy.

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

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

ApXMB :)KypHaja U TpeGoBaHus 10 oGopMIIeHHIO cTaTell pa3MelleHbI HA caliTax:
http://www.rgups.ru B pazaene «Mzpanus» u http://vestnik.rgups.ru
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