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tenedon +7 (863) 259-53-48,
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HUccnenoBanbl cTpyKTypa, (pa3oBbIid COCTaB, TIOPOMETPHUUECKUE U TPHOOTEXHUUECKUE CBOMCTBA T'U-
MEP3BYKOBBIX T'a30TEPMHUYECKUX MOKPBITHA M3 BBICOKOXpOMHCTHIX cTaneil 40X13, 95X18 u 06X19HIT B
HCXOIHOM COCTOSIHUM M IIOCJIE HOHHO-TTY4EeBOT'0 a30TUPOBaHus B nHTEpBaie TeMmepatyp 650-890 K. O6na-
PYKE€HO, UYTO B MOKPBITUAX U3 MapTeHCUTHBIX cTaned 40X13 u 95X18 B HCXOMHOM COCTOSIHMM COAEPKHUTCA
AHOMAaJILHO BBICOKOE KOJIHMYECTBO MeTacTaOMiIbHOH Y-¢a3bl. [lokaszaHo, 4TO MOHHO-ITy4€BOE a30THPOBAaHUE
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ra30TepPMHUYECKUX TIOKPBITHH MPUBOAUT K OOpPA30BAHHUIO B MX MOBEPXHOCTHBIX CIIOSIX MPEUMYIIECTBEHHO
BBICOKOA30THCTHIX HUTPHUIIOB. Y CTAHOBIICHO, YTO MPH TPAHNYHOM TPEHUH W3HOCOCTOWKOCTH 00pabOTaHHBIX
HOHAMH a30Ta MOKpeITHHA U3 craneit 40X13, 95X18 u 06X19HIT B 5, 2 m 140 pa3 npeBhITaeT UX U3HOCO-
CTOWKOCTB B HICXOJHOM COCTOSIHUH.

Knioueswvie cnosa: Tunep3ByKkoBOe Tra30TePMUUECKOE HANBUICHUE, BHICOKOXPOMHUCTHIE CTalld, HOHHO-
Jy4eBO€ a30THPOBaHMe, ()a30BBIN COCTAB, H3HOCOCTONKOCTB.
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Chair «Theoretical Mechanics»,

Candidate of Physical and Mathematical Sciences, Associate Professor,
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The structure, phase composition, and tribological properties durometrical hypersonic thermal coat-
ings from high-chromium steels 40X13, 95X18 and 06H19N9T at baseline and after the ion-beam nitriding
in the temperature range 650-890 K are researched. It is found that the surfaces of martensitic steels 40X13
and 95X18 in the initial state contain an abnormally high number of metastable y-phase. It is shown that ion-
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beam nitriding thermal coatings lead to the formation of the surface layers mainly of High-nitrides. It is
found that for boundary friction wear coating treated with nitrogen ions from steel 40X13, 95X18
06H19NIT and 5, 2 and 140 times, respectively, higher than their wearing resistance in the initial state.

Keywords: hypersonic gas-thermal spraying, high-chromium steels, ion-beam nitriding, phase com-
position, wearing resistance.
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HccnenoBaHo BIMSHUE Pa3IMYHBIX METANTUYECKUX HATMOJIHUTENEH Ha Teriou3nyeckne xapaxTe-
PUCTHUKH MeTayutonoinMepoB. [loka3zaHo, YTO HAMOJHUTENW HE CHIKAIT TEPMOCTOMKOCTh ()EHHIIOHA U
yIAYYIIAT KO(PQPHUIUEHTH TEPMUYECKOr0 JHHEHHOTO pacIIMpEHHs, TeIUIONPOBOJHOCTH H TEMIIEPaTypo-
npoBogHoCcTH. OOHApyKeHa KOPPEJSIIUsI MEXAY TEPMHUCCKHMMH CBOWCTBAMHU M CTPYKTYPHBIMH TIpeBpaliie-
HUSMH Ha MOJIEKYJIIPHOM YPOBHE.

Kniouesvie cnoga: apoMaTHveckuil MONMAMUJ, METAJUIOTONUMEPHI, TEIO(U3NIECKUE XapaKTepu-
CTHKH.
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The effect of different metallic fillers on thermal characteristics of metallopolymers has been inves-
tigated. It is shown that the fillers do not reduce the heat resistance of phenylone and improve the thermal
coefficients of linear expansion, coefficients thermal conductivity and thermal diffusivity. Correlation be-
tween thermal properties and structural changes at the molecular level is detected.

Keywords: aromatic polyamide, metallopolymers, thermal charecteristic.
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KOHTAKT YIPYI'UX TEJ B YCJIOBUsAAX TPEHUSA KAYEHUA
PN HAJIMYUHU TTPOMEXYTOYHOI'O CJIOA
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naboparopust TpUOOJIOTHH,

akagemuk PAH,

JOKTOp (U3UKO-MaTEeMaTH4YECKUX HAaYK, 3aBelyromias JadopaTopuet,
TJIaBHBIM HAYYHBIA COTPYIHUK,
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W310KeHbl MOCTAHOBKM M METOJIbI PEIICHHS KOHTAKTHBIX 33J1a4 O KaYCHUH C MPOCKAb3bIBAHUEM
TBEPIBIX U Je(HOPMUPYEMBIX TE MPU HATHMYUKM MEXKy HUMH TOHKOTO BSI3KOYIIPYTOr0O CJOS, MOJICIUPYIOIIe-
IO BJIUSTHUE MPOMEXYTOUHOM CPeJibl Ha XapaKTep B3aUMOJICHCTBHS. Pe3ynbTaThl HCIOMB3YIOTCS JIJIs aHAIn3a
3aBUCHMOCTH BEJIMUYMHBI CHJIBI COMPOTHBIICHUS MEPEKATHIBAHUIO OT CBOWCTB 3TOTO CJIOS, a TAKXKe OT KO3(]-
(UIIMEHTa TPEHUS CKOJILKCHUS MEXK]TY CJIOEM U KaTSIIUMCS 110 HEMY TEJIOM.

Knouesvle cnosa: BI3KOYNPYruil CJIOW, OTHOCUTEIBHOE MPOCKAIb3bIBAHUE, TPEHUE KAYCHUs, KO-
(PUITUEHT CLICTUICHUSI.

CONTACT OF ELASTIC BODIES IN FRICTION OF SWING CONDITIONS
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Statements and methods of the solution of contact tasks on swing with slipping of solid and deform-
able bodies in the existence between them the thin viscoelastic layer modeling influence of the intermediate
environment on the nature of interaction are formulated. The obtained esults are used for the analysis of de-
pendence of power force resistance level to rolling on properties of this layer, and also from sliding friction
coefficient between a layer and the body sliding on it.

Keywords: viscoelastic layer, relative slipping, swing friction, coupling coefficient.

VIIK 620.22 : 621.891
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W3nosxeHbl HaNPaBJICHUS ¥ OCHOBHBIC PE3YJIbTAThl UCCIICIOBAHUN B 00JIaCTH TPUOOJIOTHIECKOTO Ma-
TepUalloBeIcHUs, poBeicHHbIe Hukomaem AnexcanapoudueM byiie u ero yjaboparopueil IIBETHBIX METall-
JIOB U TPUOOJIOTHH.

Kniouesvie cnosa: anTU(PPUKIIMOHHBIC CIUIABBI, TPUOOJIOTHS, COBMECTUMOCTh TPHOOCHCTEM, CaMOOP-
raHu3aIusl.
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The main directions and results of studies in the field of tribology material science performed by N.
Bushe and his laboratory of nonferrous materials and tribology are presented.
Keywords: antifrictional alloys, tribology, compatibility of tribosystems, selforganization.
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tenedon +7 (863) 273-86-34,
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Mutpun bopuc Uropesuu

JloHCcKO# rocynapcTBeHHbIN TexHuueckuit yausepcureT (AITY),
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TEXHUK,
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e-mail: hammavet@gmail.com

Jns uccnenoBaHus BIMSHUS M3HOCA U Pa30rpeBa OT TPEHUSI HA BO3MOYKHOCTh BOSHUKHOBEHHMS TEP-
MOYIIPYTrOoi HEYCTOHYMBOCTH CKOJIB3SIIEr0 KOHTaKTa PAacCMaTPHBACTCs HavyalbHO-KpaeBas KBa3WCTaTH4e-
CKasl 3aJja4a O CKOJIb)KEHHHU >KECTKOTO Tesla B BHJE MOJYIUIOCKOCTH IO IMOBEPXHOCTH YIPYTOTO MOKPBITHS
KOHEYHOU TOJIIIMHEI, CIETUICHHOTO ¢ Hene(hopMupyeMbIM OCHOBaHHEM. CKOJIbKEHHE KECTKOTO Tella COIpo-
BOJK/IAETCSl H3HOCOM TOKPBITUS M €r0 pa3orpeBoM OT TpeHHs. JJjis pemeHns 3a1auu UCnoib3yercs npeoopa-
3oBanue Jlamiaca, ¢ IOMOIIBIO KOTOPOTO pelIeHHe 33Ja4d MpPEACTABIIeTCS B BUAE KBaApaTyp oOpaTHOTO
npeoOpa3oBanus Jlamnaca, a mocie n3y4eHust CBOWCTB MOBIHTET PATBHBIX (DYHKIHMIA — B BUJIE PSAIOB 11O c00-
CTBEHHBIM YHMCIIaM 33/1a4H, COBIAIAIOIINX C MOJTIOCAMHU TIOABIHTErPAbHBIX (yHKIMHA. Pacnonoxenune momo-
COB B KOMILJICKCHOH TNIOCKOCTH MHTETPUPOBAHMS M3Y4aeTCsl C IOMOIIBIO YACICHHBIX METOJIOB B 3aBUCHUMO-
CTH OT TpeX 0e3pa3MepHBIX MapaMeTPOB 3a/1a4, YTO MO3BOJISET BIJICIUTH TPAHUIIBI 00J1aCTe YCTOHUMBBIX
W HEYCTOHYMBBIX PEUICHUI B POCTPAaHCTBE Oe3pa3MepHBIX mapameTpoB. [1oapoOHO uccnemyroTest Temnepa-
Typa U HalpsDKEHHS Ha KOHTAKTE B 3aBUCHMOCTH OT MapaMeTPoB 3a/1a4M KaK B 00JIaCTH YCTOHYUBBIX, TaK U B
00JIaCTH HEYCTOHYMBBIX PEIICHUH.

Knioueswvie cnosa: nzHoc, QPUKIMOHHBIA Pa30rpeB, TPEHHE, CKOJIBKEHHE, KOHTAKT, TEPMOYINpYyTas
HEYCTOMYUBOCTb.
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Lubyagin Igor Anatolyevich
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Technician,
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To study influence of wearing and frictional heating on possible development of thermoelastic insta-
bility of sliding contact, the initial boundary value problem was considered as follows. A rigid body, repre-
sented by a half-plane, is sliding over the surface of an elastic coating with finite thickness, which is bonded
to underformable substrate. Sliding is accompanied by wear coating and its frictional heating. To solve the
problem, the Laplace integral transform was used, which helped to represent the solution in form of contour
integrals of the inverse Laplace transformation. After analysis of integrand functions properties, the solution
was represented as a series over eigenvalues of the problem, which coincide with poles of integrands. Dispo-
sition of poles in an integration complex plane and its dependence three dimensionless parameters of the
problem were studied with the aid of numerical methods. Based on results, boundaries of stable and unstable
solutions was determined in the dimensionless parameters space. Contact temperature and stresses were
thoroughly studied in dependence problem parameters, both in stable and unstable solutions™ domain.

Keywords: wearing, frictional heating, friction, sliding, contact, thermoelastic instability.
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[IpoBeeHO KBAHTOBOXUMHUYECKOE UCCIICIOBAHUE B3aUMOJICHCTBHS CHIIMKATHBIX U (DOC(ATHBIX MPHU-
CaJIoK C MOBEPXHOCTHIO kene3a. Mcnonbs3oBansl meroa DFT u moaens nmnactunsl. [lokasano, 4to npu BeICO-
KUX KOHLEHTpAaLMIX MPUCATOK UX COBMECTHOE JACHCTBUE HE CBOAUTCS K CYMME JECHCTBUM Ka)XIOU U3 HUX.
DTOT BBIBOJI COTTIACYETCA € PEe3yJIbTaTaMU AKCIIEPUMEHTANTBHBIX UCCIICIOBAaHUMH.

Knrouesvie cnosa: cMazouHble MaTepuaibl, TPAHUYHOE TPEHUE, XUMUYECKasl CBSI3b, KOMIBIOTEPHOE
MOJIETTUPOBAHHUE.
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The quantum-chemical study of the interaction of silicate and phosphate additives with iron surface
is carried out. The DFT method and a slab model are used. It is shown that in the case of high concentrations
of the additives their combined action is not reduced the sum of the actions of each of them. This conclusion
is consistent with results of experimental studies.

Keywords: lubricants, boundary friction, chemical bond, computer modelling.

164




ISSN 0201-727X BECTHHUK PI'YIIC Ne 4 /2016

YK 621.891 + 539.18

TPUBOJIOT'NYECKUE U MEXAHUYECKHUE XAPAKTEPUCTUKU
METAJUIONOJIMMEPHBIX ITAP TPEHUS
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B paGore mpuBOmsTCSs  pe3ynbTaThl  MCCIEAOBAHMN MO  ONPEACTCHUIO  HANPSIKEHHO-
n1eOpMHUPOBAHHOTO COCTOSHHS TOBEPXHOCTHBIX CJIOEB 3JIEMEHTOB TPEHHS Maphl «IOJIUMEP — METaJLD», T03-
BOJISIIOIIETO OOBEKTHBHO CYJIUTh O TPaMEHTE MEXaHMUECKHX CBOUCTB MX MarepuanoB. ONpeaensioTcs TeM-
1Bl HarpeBaHUS M OXJIAKACHHUS METAUTMYECKUX SJIEMEHTOB TPEHUS, BIUSIONMX HA MEPEToIIpU3aLUIO
MHUKPOBBICTYIIOB UX Pa0OUYMX MOBEPXHOCTEH, M BBISABISIETCS €€ BIUSHNUE Ha BEIMYHHY TUHAMHUYECKOTO KO-
a¢dunmeHTa TpeHus .

Kniouesvie cnosa: TpnOOIOTUsl, METaI — HOIUMED, IOBEPXHOCTHBIN CIIOH, ANHAMUUYECKUN KOIhPU-
[IUEHT TPEHMUS, OJIMMEpHasi HaKJIaaKa, TEMIT OXJIaXKICHHSI.
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The paper presents the results of studies to determine the stress-strain state of the surface layers of
the elements of friction pairs «polymer — metal», which allows an objective judgment about the gradient of
mechanical properties of materials. The rate of heating and cooling the metal elements of friction affecting
the repolarization microelevation on their working surfaces, and revealed its effect on the value of the dy-
namic coefficient of friction was determined.

Keywords: tribology, metal — polymer surface layer, the dynamic coefficient of friction, polymer
overlay, the rate of cooling.
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C npusneuenuem teoperuueckux ocHoB @.I1. boynena u JI. Teiibopa, METOAMK IMHAMHYECKOTO

MOHHMTOPHUHTIA MPOLECCOB TPEHUs, SIKCIIEPUMEHTAIILHOW TEPMOJINHAMUKN U aKyCTHYECKOM IMHCCHUU TOKa3a-
Ha BO3MOXXHOCTb C Y4€TOM CHUHEPreTUYECKOro I101X0/1a UCCIIEI0BAHUS Ha MOJEIISIX [IPOLIECCOB TPEHUsI, IIPO-
TEKaIOMIUX BO (PPUKIIMOHHOM KOHTAKTE «KOJECO IMOJBM)KHOTO COCTaBa — TOPMO3Hash KOJOJAKa», a TaKKe

HpEAOTBPALICHUS BO3MOXKHBIX TEPMOIIOBPEXKACHUM IIOBEPXHOCTEN TPEHHUS.
Kniouesvie crosa: cuHepreTrka, KOMIUIEKCHBIN KoadduimeHT nepenaun GpUKIMOHHOTO 3BEHA, aM-

IUIMTYAHbIC (Da30BbIe YaCTOTHBIC XapaKTEPUCTUKU, MHTEIPAJIbHBIC OIICHKH, OKTaBHBIM aHaJM3, IIepOXOoBa-
TOCTh, AKTUBHBIH O00BEM MOBEPXHOCTH TPEHUs, JIorapu(PMHUUSCKUI JIEKPEMEHT 3aTyXaHWs, TeMIleparypa

BCIIBIIIIKH.
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BASED ON SYNERGISTIC APPROACH
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With involvement of the theoretical foundations F. P. Bowden and D. Tabor, methods of dynamic
monitoring of friction processes, experimental thermodynamics and acoustic emission, the possibility of tak-
ing into account the synergetic approach of research on models of friction processes occurring in friction
contact "wheel for rolling stock brake shoes," and also to prevent possible thermal damage to friction surfac-
es is shown.

Keywords: synergetics, transfer function of the friction link, the amplitude-phase frequency charac-
teristics, integrated assessment, octave analysis, the roughness, active volume surface friction, logarithmic
decrement of attenuation, the temperature of the flash.

YVIK 539.621 + 621.891

PE3VJIbTATbI CTEHAOBBIX UCHBITAHUMA TPUBOCOIPSIKEHUS
«IIAP — CEJJI0»

Iycrep JleBa llImyabeBuy

VY dbumMckuii Tocy1apCTBEHHBIA aBUAIIMOHHBIA TexHu4eckuil yausepcureT (YIATY),
450004, Pecniyonuka bamkopcrocran, r. Yda, yi. Kapaa Mapkcea, 1. 12,

kadenpa «OCHOBBI KOHCTPYMPOBAHUS MEXaHU3MOB U MAIITUHY,

JIOKTOP TEXHUUYECKUX HaYK, mpodeccop,

tenedon +7 (347) 273-07-34,

e-mail: OKMiM@ugatu.ac.ru

KamanernunoBa Permna PamunieBna

VY dbumMckuii rocy1apCTBEHHBIN aBUAIIMOHHBIA TexHuueckui yausepcuret (YIATY),
kadenpa «OCHOBBI KOHCTPYHPOBAHUS MEXaHU3MOB U MAIITHH,

aCCHUCTEHT,

tenedon +7 (347)273-07-34, +7-919-140-14-95,

e-mail: regisha07.90@mail.ru

IIpeacraBieHa METOAMKA U PE3yJbTaThl CTEHAOBBIX UCIBITAHUI Ha TPEHHE PEaIbHOW Mapbl Lapa U
ce/uia, BBITIOJIHEHHBIX M3 KepaMuKo-meTayuindeckoro marepuaia TIC-)KCOY. Pe3ynbTaThl CTCHIOBBIX HC-
MBITAHUKA COMOCTABJICHBI C IaHHBIMH J1a00PaTOPHBIX UCCIIEIOBAHUI.

Kniouesvie cnosa: MPOYHOCTH aIT€3UOHHON CBSI3M HA CPe3, MOJIEKYJIsIpHAs cocTaBisromas Koadu-
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The technique and results of bench testing on a real pair of friction ball and seat, made of ceramic-
metallic material of TiC-ZhS6U are given. The results of bench testing were compared with laboratory stud-
ies data.

Keywords: adhesive bond shear strength, molecular component of the friction coefficient, ceramic-
metallic material, tribological characteristics.
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TEOPETUYECKOE ONPEJEJEHHUE IPEJEJBHBIX 3HAYEHH BBIXOJA
HITOKA JJIs1 TOPMO3HBIX CUCTEM I'PY30BbIX BAI'OHOB
C PA3BJEJBHBIM TOPMOKEHUEM
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ObocHoBaHa npobIeMa HOPMUPOBAHUS BBIXOJIa IITOKA B TOPMO3HBIX CUCTEMaX I'PY30BBIX YETHIPEX-
OCHBIX BaroHOB C Pa3JIE€NbHBIM MOTENEKEUHbIM TPUBOAOM. OmpeneseHbl OrpaHHueHus ISl TOPMO3HBIX CH-
CTeM, MO3BOJIAIONINE HAWTH INpelesibHbIe 3HAUEeHUsI BhIXOAa TOKa. IlomydeHsl TeopeTHuecKkd 00O0CHOBAH-
HbIE TIPEJIENbl BBIX0O/A IITOKA JUJIS TPY30BBIX BarOHOB C pa3/ielbHBIM TOpMOXkeHHeM. [IpenoxeHsl n3meHe-
HUS B HOPpMaTHBHYIO HoKyMeHTanuto OAO «PX]».

Kniouesvie cnosa: ppluaxsas nepeaaya, ynpyras COCTaBIISIONIAs BHIX0JA IITOKA, IEPeIaTOYHOE OT-
HOILIEHUE, HOPMUPOBaHUE, METOIUKA, peAeTbHbIE 3HAaUEeHUs, CPEAHUNA 3a30D.
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The article justifies the problem of normalization of the output rod in the brake system four-axle
freight wagons with independent bogie drive. The limitations for braking systems that allows you to find the
limit value of the output stock are determined. The theoretically grounded output limits of the stock for
freight cars with separate brake are obtained. The changes to regulatory documents of JSC «RZD» are pro-
posed.

Keywords: leverage, the elastic component of the output rod, gear ratio, regulation, methods, limit
values, average gap.
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C YUETOM SKCHEPUMEHTA
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ITpu nmoctpoeHnu cucteM (QYHKIHOHAIBHOIO KOHTPOJISL YacTO HCHOJB3YIOTCS KJIACCHYECKHE U MO-
IyJbHbIE KOJBI C CYMMHPOBAaHUEM, UMEIOIINE PA3IHYHbIE XaPaKTEPUCTHUKH MO OOHAPYKEHHIO OIMOOK Ha
BBIXOJIaX JOI'MYECKHX cXeM. B craThe ommchIBaeTCs METOAMKA IIOCTAHOBKH 3KCIIEPUMEHTOB C HAOOPOM KOH-
TPOJIBHBIX IPUMEPOB, MTO3BOJISIONIAs JaTh MPAKTHUECKYIO OLIEHKY Pa3JInYHBIX CIIOCOOOB IIOCTPOCHHS CUCTEM
(YHKIMOHANBHOTO KOHTpoMs. JlaHHast paboTa JOMONHSET TEOPUI0 (PYHKIIMOHATHLHOTO KOHTPOJS JAUCKPET-
HBIX CUCTEM IO KOJJaM C CyMMHUPOBaHHEM NPAKTHYECKUMH PE3yJIbTaTaMH.

Kniouesvie crnoga: TexHuueckasi JUarHOCTHKA, QYHKIIMOHAIBHBIA KOHTPOJb, Ko beprepa, Momyb-
HBIA KOJ C CyMMHUPOBaHHEM, HH)OPMAIIMOHHBIA BEKTOp, HEOOHApy>KuBaeMasi OlMOKa, MOJETUPOBAHUE, CH-
MYJISLUSA OJUHOYHBIX HEMCIPABHOCTEH.
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Classic and module codes with summation that have different characteristics for detection of errors
on logic devides outputs are often used in concurrent error detection systems formation. This paper describes
the method of experiment organization using the complex of benchmarks that allow to make the practical
evaluation of different ways of concurrent error detection system formation. This work supplies the theory of
digital systems concurrent error detection using codes with summation with practical results.

Keywords: technical diagnostics, concurrent error detection, Berger code, module code with summa-
tion, data vector, undetectable error, simulation, single fault simulation.
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2KenesHoqopoKHBIE CTAaHIIMH PACCMATPUBAIOTCS OOBIYHO JIMOO CO CTPYKTYPHOH, MO0 C TEXHOJIOTH-
YeCKOW TOYKH 3peHms. Hanbosee TpyIHO ONMUCHIBaEMbIC TIOJIPA3CICHAS CTAaHITUI — TOPIOBUHBI — paccMart-
PHUBAIOTCS YIIPOIIEHHO-CTPYKTYPHO. B CYIIECTBYIOMIMX METOIMKAX pacyeTa TOPIOBUHY TPEJICTABISET OJHA,
HaunboJliee 3arpykeHHasi, cTpeika. B cTaTthe mokaspiBaeTcsi HEKOPPEKTHOCTh M OTPAaHMYCHHOCTh TaKOTO TOJI-
X072 B (QOPMYITUPYETCs] HOBBINA, CTPYKTYPHO-(PYHKIIMOHAILHBIH. MHHUMAIBHBIM 3JIEMEHTOM TOPJIOBUHBI
3ECh ABJISICTCA <<BI/IpTyaJ'IBHBII71 KaHal», JJICMCHT, KOTOpBIﬁ B OTJIMYHE OT CTPECIIKU UMECT Q)yHKHI/IOHaHBHOC
3HaveHue. [Ipemyaraercsi TEXHOJIOTHSI ONPEICTICHUS PA3THYHBIX 1aPaMETPOB TOPJIOBHHBI M B3aUMO/JICHCTBUS
ee C MapKOM.

Kniouesvie cnoea: TopiaoBuHa, MapK, BUPTyaJbHBIH KaHal, NPOIYCKHAs CHOCOOHOCTb, CTPYKTYpa,
GbyHKLUS, 3aepKKa.
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STRUCTURAL AND FUNCTIONAL STUDIES
OF RAILWAY STATIONS
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The railway stations are usually considered either with structural or from the technological point of
view. The most difficult described divisions of stations — mouths — are considered simply and structurally. In
the existing calculation procedures the one most loaded mouth represents the shooter. In article the incor-
rectness and limitation of such approach are shown and it is formulated the new structurally functional ap-
proach. The minimum element of a mouth is here «virtual channel», an element which unlike an arrow has
functional value. The technology of determination of various parameters of a mouth and its interaction with
the park is offered.

Keywords: mouth, park, virtual channel, throughput capability, structure, function, delay.
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[Ipoananu3upoBaHbl CBOWCTBA JUCIEPCHO apPMUPOBAHHBIX OCTOHOB. /3 BBINIOJHEHHOTO aHAIH3a
CJIEIyET, YTO KOHCTPYKIIMOHHBIC (PrHOPOTIEHOOETOHBI MOTYT OBITH 3P (GEKTHBHO IPUMEHEHBI JJIST H3TOTOBJIC-
HUSl HEKOTOPBIX BUJIOB M3TH0AEMBIX CTPOUTEIBHBIX KOHCTPYKIUi. [IpuBeNeHbI pe3yabTaThl 3KCIEPUMEH-
TaJbHBIX UCCICAOBAHUN CICIUICHUS METAIUIMYECKON U CTCKJIOIUIACTUKOBOW CTEP)KHEBOUM apMaTyp C MEHO- U
(hubporeHoOeTOHOM.

Knioueswvie crosa: dpubponeHoOETOH, CleTUIEHNE, KOMITIO3UTHAS CTEPKHEBask apMarypa.

CLUTCH CONSTRUCTION OF FIBER FOAM CONCRETE
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From the analysis of the properties of concrete, it follows that structural fibropenobetona can be ef-
fectively used for manufacturing some types of flexible building structures. The results of experimental stud-
ies of adhesion of metal and fiberglass rod armatures with foam and fiber foam concrete are proposed.

Keywords: fiberfoamconcrete, grip, composite bar reinforcement.
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PaccMoTpeHB! BOIIPOCHI ONTHMH3AIUN CPOKOB IO OCMOTPaM M IpOMEpaM KOHTPOJIUPYEMBIX Hapa-
METPOB Ha CTPEJIOYHOM IEPEBOIC, MPUMEHEHUS aBTOMATHU3UPOBAHHBIX CPEJICTB KOHTPOJS M aHaIM3a pe-
3yJNbTaTOB M3MEPEHUH Ha CTPEIIOYHBIX NepeBoaax (diekTponnsle madmorsl ¢ MPM KCITJ MXKT) ¢ reompu-
BSI3KOM MPOBOIAMMBIX H3MepEHHH K 1 poBeiM MoaessiM myT (LIMII) B BRICOKOTOUHOI cricTeMe KOOpAHHAT
(BKC) m aBTOMaTH3WpOBaHHOW Tiepeqadell mx pe3ynbTaToB B 0azy maHHBIX KOMIUIEKCHO# CHCTEMBI mpo-
CTPaHCTBEHHBIX JaHHBIX HHPPACTPYKTYPHI Kene3nopopoxxaoro tpancnopra (KCITA MXKT).

Knrouegvie cnosa: BeicokoTouHas koopauHatHas cuctema (BKC), kommekcHas cuctema mpocTpas-
CTBEHHBIX JTaHHBIX HHPPACTPYKTYPHI xKene3nogpopokaoro tpancnopta (KCII MXKT), ontumusariust nepruo-
JUYHOCTH TIPOMEPOB Ha CTPETIOYHBIX ITEPEBOAX.
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Doctor of Physical and Mathematical Sciences, Professor,

phone +7 (863) 272-63-30,

e-mail: suvorova_tvlll@mail.ru

The problems of optimization of terms for inspection and measurements of controlled parameters on
the turnouts, the use of automated means of monitoring and analyzing the results of measurements diverters
(electronic templates MRM KSPD IGT) georeferenced the measurements to digital models of the way (CIP)
in a high-precision coordinate system (VCS) and automated transmission of the results to the database of the
Integrated system of spatial data rail infrastructure (STAP IGT) are considered.

Keywords: high-precision coordinate system (VVCS), comprehensive system of spatial data rail infra-
structure (STAP IGT), optimization of the frequency measurements diverters.
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B pa60Te HM3JI0KEH TEXHOJIOTHUYCCKUI mpouecc opraHn3aluu NEPEXOJHbIX YYAaCTKOB KEJIC3HO0-

POXHOTO IMYTHU B MCCTaX NMPUMBIKAHUA K HCKYCCTBECHHOMY COOPYKCHHUIO. B ero ocHoBe J1€XUT «OMOHOJIHYH-

BaHHE» OAJJIACTHOTO MaTepHaia HEOPraHUIECKUMHU CBA3YIOIIMME Ha OCHOBE MOJNypEeTaHa.
N3ydeHo u3MeHEHUE BUOPOAMHAMUYCCKUX U JAe(POPMALMOHHBIX XapaKTEPUCTUK OAJIACTHOTO CJIOS
JKEJIE3HOJOPOKHOTO MYTU B 3aBUCUMOCTH OT CTEIIEHH €0 «OMOHOJIMYUBAHUS» CBA3YIOIUM MaTEpPHAIIOM.
Iloka3zaHo, YTO KOHTPOJIb CILIOIIHOCTH W TIIyOWHBI «OMOHOJHYMBAHU» 0aNIACTHOrO MaTepuaia
MOXHO BBIIIOJIHSITh METOAOM I€OpaguOIOKaALIUH.
Knrouesvle cnoga: xenesHOMOPOXKHBIN MyTh, MOABIKHON COCTaB, OayiacTHAas MPU3Ma, TIOJTUMEPHBIN

CBSI3YIOILIMI MaTepHall, reopagroIOKallMOHHbIE H3MEPEHHs, BUOpOCeicMUYecKrne N3MEPEHUs, MOYJIb YIIPY-

ToCTH, aMHHHTYIIHO-qaCTOTHBIﬁ aHaJIn3.
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The work covers technological process of construction of transition segments of railway track in the
junction to the engineering structure. The basis of it makes the ballast material monolith via inorganic bind-
ing substances based on polyurethane.
Changes of vibration dynamic and deformation characteristics of railway track ballast layer depend-
ing on the degree of making it monolith via binding substances are studied.

It is displayed that continuity and depth control of making the ballast material monolith can be car-
ried out by method of ground penetration radar (GPR).
Keywords: railway track, rolling stock, ballast section, polymer binding substance, ground penetra-
tion measurement, vibration seismic measurement, modulus of elasticity, frequency-response analysis.
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OddekT ramenus BUOpalMy NpyU HATUYMK BHIEMKH Ha MOBEPXHOCTH CPElbl M3ydYajcs HAa OCHOBE
MOJICJIBHOM 33/1ayyl O BSI3KOYIPYT'OM MOIYIPOCTPAHCTBE C MPSMOYTOJbHON BHIEMKOM Ha JUIIEBOM MOBEPXHO-
ctu. B nanHO# paboTe mpemaracTcss KOMOMHUPOBAHHBIN YNCICHHO-aHATUTHICCKII METO/T, BKITFOYAFOIIHA B
ce0st pacuéT KOHEYHO!H 00J1aCTH METOIOM KOHEUHBIX AJIEMEHTOB, IPH 33JaHUU TPAHUYHBIX YCIOBUH yUUTHI-
BaJIOChH BIIMSHHE MOTyOECKOHEYHOW 001aCTH Ha OCHOBE MOJIEIBHOM 3a/1a4H O MOIYIPOCTPAHCTBE.

Kniouesvie cnosa: BuOpo3aliuTHBIE KOHCTPYKIUH, BSI3KOYIPYTO€ MOTYMPOCTPAHCTBO C BBHIEMKOW Ha
TpaHuILE.
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The increased oscillation effect in the presence of dredging on a surface was studied on the basis of a
model problem about a viscoelastic half-space with rectangular dredging on the front face. In this work the
combined numerical and analytical method including calculation of finite domain a finite element method is
offered, at a problem of boundary conditions of semi-infinite area was considered by means of boundary
conditions.

Keywords: vibroprotective designs, viscoelastic half-space with dredging on border.
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IIpencraBieHsl pe3yabTaThl HCCIEA0BAHNS HANPSKEHHOCTH MATHUTHOTO MOJISL OJTHOCEPICYHUKOBOTO
JMHEHHOTO aCHHXPOHHOT'O JIBUTATeNsl C MONEPEYHBIM MarHUTHBIM NoToKOM. [lomydeHo oOriee BeIpakeHHE
JUIS OTIpeNieTIeHNs HaNpsHKEHHOCTH MarHUTHOTO MOJSl B IPOU3BOJIBHOM Touke. PaccMOTpeHBI KOHKpETHBIE
MIPUMEPHI, TO3BOJISIOIINE COMOCTaBUTh HANPSHKEHHOCTH MAarHUTHOTO MOJIS B MONEPEYHOM M MPOJTOJIEHOM
HaTpaBJICHUIX U OLICHUTH BIHMSHUE MIEPBUYHOTO MPOAOIBHOTO KpaeBoro 3¢ dekra.
Kniouegvie cnosa: nuHelHbI aCHHXPOHHBIN JABUraTelNb, MMONEPEUHbIM MarHUTHBIN MOTOK, NMEPBUY-
HBII IPOJOTBHBIN KpaeBoi 3(hPexT, oMHOCepACTHUKOBBIN HHITYKTOP.
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The results of the study of the maanetic field odnoserdechnikovoqgo linear induction motor with
transverse flux are presented. A general expression for the maagnetic field at any point is obtained. The
concrete examples to compare the maanetic field strength in the transverse and longitudinal directions and
evaluate the impact of primary longitudinal edge effect are considered.

Keywords: linear induction motor, transverse magnetic flux, primary longitudinal edge effect,
odnoserdechnikovy inductor.
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[Ipennoxken Meron OIOYHOTO JEMEHTa VIS MCCIIEAOBAaHMS MaTEpHaJioB C MOTYOrpPaHMYCHHBIMU U
OrpaHUYEHHBIMHE JeheKTaMH B IOKphITHSX. [lomydeHHOe pelieHne ObUIo TOKa3aHo, COJIEPKHUT CHHTYIISIPHBIN
YJIeH, KOTOPBIA Pa3pyIInT TeJo.

Kniouesvie cnosa: 6G104YHBIA 37IEMEHT, (aKTOPU3ALMs, TOTOJIOTHS, METOIl HHTETPaIbHON 1 audde-
peHIaTbHON (haKTOpU3allH, BHEITHHE (DOPMBI, OJIOUHBIE CTPYKTYPBI, TPAaHIUYHBIC 33]1a4H.
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The Block Element Method is used for study of the coverings with the semi-infinite and finite de-
fects. The obtained solution proves the appearing singular term destroys the body.

Keywords: block element, factorization, topology, integral and differential factorization methods, ex-
terior forms, block structures, boundary problems.
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B umkeHepHOH MpaKTHKE MPEACTaBISIOT OONBIION MHTEpPEC 33Ja4i MOACIUPOBAHHS U MACHTH(H-
Kallul MEXaHUYECKUX CBOMCTB IPYHTOBBIX OCHOBaHMH, JIE)KALIUX MO QyHAaMEHTHBIMU OJIOKaMU 3[JaHUH, a
TaKKe Pa3IMIHBIMHU CTPOUTEIHHBIMU M HIDKEHEPHBIMHU COOPYKeHUSIMH. B HacTosmei pabore chopmymupo-
BaHO TU(QepeHInATFHOE YPaBHEHUE B YACTHBIX [TPOM3BOJHBIX BTOPOTO MOPS/IKA C IEPEeMEHHBIMU KO3 du-
[IMEHTaMH, C TOMOIIBI0 KOTOPOTO MOKHO OIMCHIBAaTh JAe(hOPMUPOBAHNE TPYHTOBOTO OCHOBAHUS ¢ HEOTHO-
poIHbIMH KO3 (HHUIIMEHTAMHU ITOCTEIH T10]] TPOU3BOJIbHOM Harpy3koi. ChopmynupoBaHa u uccienoBata o0-
patHas k03(h(dUIMEHTHAs 3ajadya O PEKOHCTPYKLMH 3aKOHOB HEOJHOPOAHOCTH KOI(D(UIMEHTOB MOCTETU
TPYHTa, JISKAIIEro IOJI PacIpee]IeHHONH Harpy3Koi, Ha OCHOBE M3MEPSEMBIX NAHHBIX Ha MOBEPXHOCTH
rpyHTa. B xauecTBe MeTona pemeHust 0OpaTHOM 3a1aun npuMeHeH MeToa ['anepkuHa. Ha ocHoBe pe3ynbra-
TOB IIPOBE/ICHHBIX BBIYUCIHUTEIBHBIX 3KCIIEPHMEHTOB M0 PEKOHCTPYKIIMH C/IEJIAaH BBIBOJ O PadOTOCIIOCOOHO-
cTH ¥ 9 (HEKTUBHOCTH MPEATIOKESHHOTO METO/IA.

Kntouegvle cnosa: obpatrHas xodddumnmeHnTHas 3amada, WACHTU(UKALNNSA, TPYHT, HEOIHOPOIHOCTD,
KO3 QUITUCHTHI TOCTENH, MU dEepeHIMATBHOE YPAaBHEHUE B YACTHBIX MTPOU3BOIAHBIX, MeTO ["ajiepkuHa.
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In engineering practice tasks of modeling and identification of mechanical properties of the soil ba-
ses lying under base blocks of buildings, and also various construction and engineering constructions are of
great interest. In this work the differential equation in private derivatives of the second order with variable
coefficients by means of which it is possible to describe deformation of the soil basis with heterogeneous
coefficients of a bed under any loading is formulated. The return coefficient task about reconstruction of
laws of heterogeneity of coefficients of a bed of the soil lying under the distributed loading on the basis of
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the measured data on the surface of soil is formulated and researched. As a method of the solution of the re-
turn task Galerkin's method is applied. On the basis of results of the made computing experiments on recon-
struction the conclusion is drawn on working capacity and efficiency of the offered method.

Keywords: the return coefficient task, identification, soil, heterogeneity, bed coefficients, the differ-
ential equation in private derivatives, Galerkin's method.
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I'panysspHbIe BBIYMCICHHUS — HauboJyiee OBICTPO pa3BUBAIOMIASCS MapaaurMa Jjis o0padOTKH WH-
(dopMaiuu B 00JIACTH BBIYUCIIUTEIBHOTO MHTEIUICKTa. HeueTkue mpuOinmKeHHbIe MHOXKECTBA MOXKHO pac-
CMaTpUBaTh KaK METOJ TPaHYJISIPHBIX BbIUMCICHUH. ['paHynupoBanre MHGOPMAIUU — JOBOJIBHO IIIUPOKOE
MOHATHE, BKIIIOYAIOLIEE KaK YETKUM, TaK MU HEYETKUM moaxoAbl. B crarhe mpeasiaraercsa HOBBIM METOJI Tpa-
HYJUPOBaHUS WHGOPMAIIMK B HEYCTKUX CUCTEMaX IOJAJICPIKKU MPUHATHS pelieHni. PaccMOTpeHbI TeopeTH-
YECKUE aCIeKThl HEYETKOIrO T'PaHyJIMPOBaHUSA HH(MOPMAIMKM Ha OCHOBE HEUETKUX OTHOIICHUM IOJ00US.
[IpencraBnensl HanboJiee CYNICCTBCHHBIC ONPENCICHUS U TEOPEMBI JIJISi HEYCTKUX OTHOIICHUHM Moao0us u
OTHOILIEHUH 3KBUBAJICHTHOCTH. B COOTBETCTBUU C BBIAIBUHYTHIMHU YTBEPKICHUIMU JaHbl ONPEACICHUS HUXK-
HEW M BEpPXHEH almnpoKCUMallMi HEYETKOro MHO)KecTBa. PaccMOTpeHBI MpUMeEpHI, JEMOHCTPUPYIOLIUE HO-
BbI€ MOJIX0/Ibl K YCTAHOBJICHUIO TPAHYJIIPHON CTPYKTYpPbl HEUETKOTO MHOYKECTBA.

[IpenyioxkeH METOA PEAYKIIMHM aTPUOYTOB B CHCTEMax MOJICPKKH MPUHSATHS PEUNICHUA HAa OCHOBE
HEYETKMX MH(POPMAIIMOHHBIX TpaHys. PaccMOTpeHbl pa3inyHble MMOCTAHOBKH 3a7aud PEAYKIMH aTpruOyTOB
Ha OCHOBE HEYETKHMX OTHOILIECHUH MOJ00US MEXy 00bEKTaMU SKBHBAJICHTHBIX KJIacCOB. OnpenesieHbl yCio-
BUS CYIIECTBOBAHUS sJ[pa HECOKPATUMBIX aTpuOyToB. OnUcaHa CTPYKTypa PEIyKIUM aTpUOyTOB B TEPMH-
HaX HEYETKUX IPaHyJISIPHBIX MHOXKECTB. PacCMOTpEHBI yCIIOBHS CYILIECTBOBAHUS OTHOCUTENIbHOW PEAYKINN
aTpuOyTOB, CTPYKTYPBI HIDKHEH U BEpXHEH alnpOKCUMAIINH.

Jloka3aHO YTBEP)KJCHHE O JIOCTATOUHBIX U HEOOXOJIUMBIX YCIOBHSX JJIS CYIIECTBOBAHUS OTHOCH-
TEJIbHOU PEIYKIUKM aTPUOYTOB, OMMCHIBACMBIX HEUSTKUMH MPUOJIMKCHHBIME MHOKeCTBaMu. OXapaKkTepu30-
BaHa CTPYKTYypa PEAYKIUH aTprOyTOB C UCIOJIb30BaHHEM MH()OPMAIMOHHBIX TpaHyil. [IpuBeaeH BBIYHCIIHU-
TEJbHBINA IPUMEP PEAYKIIUU aTPUOYTOB C UCIIOJIB30BAHUEM HEUYETKUX MH(OPMAIMOHHBIX IPAHYJI HA OCHOBE
HEYETKOT'0 OTHOIIEHHS I10100HS.

Kntouegvle crnoga: penykius aTpuOyTOB, HEUETKHE OTHOIIEHHS ITOJ0OWS, TPaHYISIpHbIC HEUETKHE
MHO’KECTBA, HEUETKHE MPHOIIKEHHBIE MHOXKECTBA.
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The granular computing is the most rapidly growing paradigm of information processing in the field
of computational intelligence. Fuzzy rough sets can be used as a method of granular computing. Information
granularity is rather broad concept including both crisp and fuzzy approaches. The new method of infor-
mation granulation in fuzzy decision support systems is proposed in this paper. Theoretical aspects of fuzzy
information granularity based on fuzzy similarity relations information are considered. Important definitions
and theorems are presented for fuzzy similarity relations and equivalence relation. Definitions of lower and
upper approximations of fuzzy sets are given. The examples that demonstrate new approaches to establish-
ment granular structure of fuzzy set are considered.

The method of attribute reduction based on fuzzy information granules in fuzzy decision support sys-
tems is proposed. Various formulations of problem based on attribute reduction of fuzzy similarity relations
between objects of equivalent classes are considered. The conditions for the existence of indispensable core
attributes are defined. The structure of attribute reduction in terms of fuzzy information granules is de-
scribed. The conditions of existence relative reduction and structure of lower and upper approximations are
considered. The statement of sufficient and necessary conditions for relative attribute reduction with fuzzy
rough sets is proved. The structure of attribute reduction is characterized by information granules. The ex-
ample is given to illustrate attribute reduction with fuzzy informational granules based on fuzzy relations.

Keywords: attribute reduction, fuzzy similarity relations, granular fuzzy sets, fuzzy rough sets.
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[IpencraBneHo perieHre CTAlMOHAPHON 33/1a4M O paANaIbHOM MOJIIUITHUKE CKOJIbKEHUS] KOHEUHON
JUIMHBI C TIOPUCTOM CIIEYEHHOM OMOPHOM BTYJIKOM NEPEMEHHOW TONIIWHBI. PellleHne 3a1a4r BBINONHSIIOCH
Ha OCHOBE MOIU(DHMLIMPOBAHHOTO ypaBHEeHHUs PeifHonmpaca m ypaBHeHHs [lapcu, ompenensomyx TedeHue
CMa304YHOr0 Marepuajia B mopucToi BTyike. KomOuHMpoBaHHas mogada >KUAKOTO CMa304HOIO MaTepuaia
OCYIIECTBISIETCA KaK B OCEBOM, TaK U B paJialbHOM HaIlpaBJICHUSAX.

B pesynbrare pemieHus MOCTaBIEHHOW 3a/aud ¢ MPUMEHEHHEM pasjioxeHus B psaa Teinopa, mpu
ydeTe aBTOpaMy OCHOBHBIX OTJIMYHUTENBHBIX (PaKTOPOB OT paHee PEIICHHBIX 3a7a4: OTHOCUTENbHBINA SKCIICH-
tpucuteT (€ ), MOPHCTas BTYJIKA NEPEMEHHOM TOJNIIMHBI, MO3BOJISIOIAS PETYIMPOBATh B Mpeeiax dKCIEH-
TPUCUTETA COOCHOCTD MOALIMITHUKOBBIX OMOP M KOMIIEHCHPOBATh HEPABHOMEPHBII U3HOC pabouymnX MOBEpX-
HOCTEH, HaMEHbIas TOJIIKHA IOPUCTON BTYJIKH IIEPEMEHHON TONIIUHBI U T.A. — ONPEACICHO NABICHUE B
paboueM cMa30YHOM CJIO€ U B TIOPUCTOM ONOPHOH BTyske. Kpome Toro, onpeneneHs! yCHIINE B CIIOE XKUIKO-
ro CMa304HOTO MaTepuaja NpU HEMOJHOM M IIOJIHOM 3allOJHEHUH pabodero 3a3opa MOALIMITHUKA CMa304-
HBIM MaTepHaJioM, Hecylasi ClIoCOOHOCTh, O0YCIIOBIICHHAS JaBICHHEM B CMa30YHOM CJIO€, a TaKkKe 00J1acTh
yCTOWYHMBOM paOOThl moammnHuKa. [IpoBeieH YrcIeHHbIN aHATU3 MOTYYEeHHBIX TEOPETHYECKUX UCCIIeI0Ba-
HUHI C Y4ETOM JOTOJIHUTEIBHBIX TPHOOTEXHUYECKUX MMapaMeTPOB, BIMSIOUIMX HA HECYHIYIO CIIOCOOHOCTH
MOJIIMITHUKA TPH TOJIHOM M HETIOJIHOM 3aIlOJTHEHWH Pabodvero 3a30pa CMa304YHbIM MaTepUaliOM, COOTBET-
CTBYIOIIEM 3aKOHOMEPHOCTSAM T'HAPOIMHAMUYECKOr0 TPEHUS, CBUAETEILCTBYIOIINN 00 UX aJeKBaTHOCTU M
BO3MO>KHOCTH ITPUMEHEHUS B HHKCHEPHOU MTPAKTHKE.

Knrouesvie cnosa. paguanbHBIA MOAIIUIHUK CKOJIBKEHHS, MOPUCTasl CHeueHHasl MOIIUITHUKOBAs
BTYJIKa MEPEMEHHOM TONIIMHBI, THAPOAMHAMUKA, TPHOOTEXHUYECKUE MapaMeTpbl, KOMOMHUPOBaHHAs TOAa-
Ya KUJKOTO CMa304YHOT0 MaTepuara.

DEVELOPMENT OF COMPUTATIONAL MODELS OF THE RADIAL BEARING
OF FINITE LENGTH WITH A POROUS SINTERED RING OF VARIABLE
THICKNESS IN THE COMBINED FEED OF THE LUBRICANT
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Rostov State Transport University (RSTU),
Chair «Higher Mathematicsy,
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A solution to the stationary problem of radial sliding bearing of finite length with sintered porous
bearing sleeve of variable thickness is presented. The decision tasks were performed on the basis of the mod-
ified Reynolds equation and the equation of Darcy, which define a lubricant in a porous bushing. The com-
bined flow of the liquid lubricant is carried out both in the axial and radial directions.

The solution of the tasks, applying the decomposition in a Taylor series, considering the authors of
the main distinguishing factors from previously solved tasks: the relative eccentricity (€ ), a porous sleeve of
variable thickness, which allows to vary the eccentricity of the alignment of the bearings and to compensate
for uneven wear of the working surfaces, the smallest thickness of the porous sleeve of variable thickness,
etc. To determine the pressure in the working lubricating layer and a porous support sleeve. In addition, to
determine the stress in the layer of liquid lubricant at the incomplete and the complete filling of the working
gap of the bearing lubricant, load bearing capacity, due to the pressure in the lubricating layer, as well as the
range of stable operation of the bearing. Numerical analysis of the obtained theoretical investigations taking
into account additional tribological parameters that affect load bearing capacity under full and partial filling
of the working gap of the lubricant, corresponding to the hydrodynamic friction laws, certifying their ade-
guacy and application in engineering practice.

Keywords: radial bearing, the porous sintered bearing bushing of variable thickness, hydrodynamics,
tribological parameters, the combined supply of liquid lubricant.

YK 517.97

OBOBIIEHHBIE YPABHEHUS DWJIEPA - JJATPAHXKA B KPUBOJMHEWHBIX
KOOPIANHATAX JIsA PEHHEHUA 3AJAY C ITOABUKHBIMU I'PAHUIIAMMU

Kopnaer Auiekceii BaseppeBuu

OpnoBckuii rocyaapcTBeHHbI yHuBepcuTeT nMeHu M.C. Typrenesa (OI'Y),

302026, r. Opén, yn. Komcomonbckas, a. 95,

Hay4no-00pa3oBaTenbHbIH EHTp «MeXaTpoHHKa U MEXITyHapOIHbBIH WHKUHUPHUHTY,
KaHIUAAT TEXHUYECKUX HAyK, TOLEHT,

CTapIlNil HAyYHBINA COTPYIHUK,

tenedon +7-953-478-15-91,

e-mail: rusakor@inbox.ru

Kopnaesa Enena IlerpoBna

OprnoBckuii rocyaapcTBeHHbI yHuBepcuTeT nuMeHu M.C. Typrenesa (OI'Y),
kadenpa «MHDOpMaALIMOHHBIE CHCTEMBI,

KaHAUaT GU3UKO-MaTEeMaTHIeCKUX HaYK, JOICHT,

tenedon +7-953-817-30-50,

e-mail: lenoks_box@mail.ru

Pabota mocasimeHa npo6iieMe TOCTAaHOBKY BapHAIIMOHHBIX 3a7a4 ITOMCKAa MUHUMYMa (pyHKIFOHAIa
HECKOJBbKUX (DYHKUUH B KPUBOJIMHEHHBIX OPTOrOHAIBHBIX KOOPAMHATAX, XapaKTepu3yeMbIx Ko3hduiueH-
tamu ['. Jlame. [Ipenoxen u obocHOBaH crioco0 3ajjaHusi TPAHUYHBIX YCIOBHU, YUUTHIBAIONINA BO3MOXK-
HOCTb Bapuallli HEU3BECTHHIX (YHKUMI Ha rpaHuue. [lodydyeHHble pe3ynbTaThl MOTYT OBITH MCIIONB30BaHbI
IIpU IMMOCTAaHOBKE U PCIICHHUU BapUallMOHHBIX 3a1a4 I'MApOANHAMUKHU, B YaCTHOCTU FPIJIpOJII/IHaMH‘IeCKOfI TCO-
pUU CMa3KH.

Kntouegvle crosa: BapranlmOHHOE MCYUCIIEHUE, BApHALIMOHHbIE 3a/1a4¥ C MOABIKHBIMH TPAaHUIIAMH,
KPUBOJIMHEITHBIE OPTOTOHAJIBHBIE KOOPAMHATHI, KpaeBble 334a4i THAPOINHAMUKY.
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EULER - LAGRANGE GENERALIZED EQUATIONS IN CURVELINEAR
COORDINATES FOR VARIATIONAL PROBLEMS WITH SLIDING BOUNDARIES

Kornaev Aleksey Valeryevich
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Chair «Informational Systemsy,

Candidate of of Physical and Mathematical Sciences, Associate Professor,
phone +7-953-817-30-50,
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The aim in this work is to solving variational problems of target functional minimum search in curvi-
linear orthogonal coordinates, characterized by G. Lame’s coefficients. The method of boundary conditions
defining, taking into account the possibility of variation of the unknown functions at the boundary is pro-
posed and justified. The results can be used in the formulation and solving of variational problems in hydro-
dynamics, in particular, the hydrodynamic lubrication theory.

Keywords: variation calculus, variational problems with sliding boundaries, curvilinear orthogonal
coordinates, boundary value problems in hydrodynamics.
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TPEFOBAHUA K O®OPMIIEHHIO CTATEH
JUIA ITIYBITUKALIHA B KYPHAJIE « BECTHUK PI'YIIC»

1 Marepuanbl craTeii IPeICTaBISIOT B BHJEC TEKCTOB, OT(OPMAaTHPOBAHHBIX U PacIieyaTaHHBIX
Ha JIa3epHOM HJIM CTPYHHOM HpHUHTepe (NMPHUTOAHBIX Uil CKAaHHPOBaHWs) Ha Oenoit Oymare ¢dopmara A4
(210x297 mm) B ogHOM 3K3eMILTsIpe. PexoMeHyemblii 00beM cTathi — 4—10 cTpaHmil.

OIHOBPEMEHHO TEKCT MPEACTABISIOT B BUe (aitna Ha CD-aucke B TekcToBoM penaktope \Word for
Windows, mpudT Times New Roman, 11 pt, MeXCTpOUHBI MHTEPBAI — OAMHAPHBIN, BHIPABHUBAHHE II0
IUpUHE, a03aIHbIA 0TCTYM — 1,25 M, BCe Mo — 2 cM.

2 Ha nepBoii cTpanuie 10/KHbI ObITh YKa3aHBI:

m  V/IK — B 1eBOM BEpXHEM YTIIy;

B HWHTEPBAI;

B UHULUATbL U (pamMuiuu agmopos — 1o NeHTPY, KYpCHBOM;

B UHTEPBAI;

B Ha3éanue cmamvu — 3aTTABHBIMU OYKBaMH, TTOTY>KHPHBIM MIPUGPTOM, TI0 TIEHTPY,

0e3 TIepeHOCOoB;

E UHTEpBaw;

B meKcm cmambu — 1IeYaTaeTCs C IePeHOCaMH.

B Cmambsa 00dicHaA cOOEPIHCAmb 6600HYIO HACMb, UETb HAYYHOU Pa3pPadoOmKU,

OCHOBHY'I0 UaCMp U 6blEOObL.

3  BykBsl natuHckoro andasuta HaOHPAIOT Kypcusom, OYKBBI TPEYECKOTO H PycCKOro anaBh-
TOB — NpsAMBIM HpudToM. MaTematndeckue cumBoisl lim, In, arg, const, sin, cos, min, max u T.1. HaOu-
ParoT MPSAMBIM IIPUGTOM.

4  ®opmyasl. [Ipu Habope hopmy cieayer moyib30BaThest penakTopoM Gopmyn Math Type.

Bonpmme Gopmyner HeoOXoauMO pa3doUTh Ha OTAETbHBIE (pparMeHTsl. DparMeHTH HOPMYII IO BO3-
MO>KHOCTH JIOJDKHEI OBITH HE3aBUCHUMBI (TIpH padoTe B (hOPMYIIEHOM peAaKTOpe KaKaasi CTPOKa — OTAENbHBIH
00bekT). Hymepamuro crnemyet nedarars B Word otaensho ot ¢popmyst. Pacmonarats Gopmyiisl cieayer mo
LEHTPY CTPOKHU.

bykeerJul,eul,hun,qug, VuU, O (6yksa) u 0 (HOJIb) TODKHBI Pa3NyaThCs 0 HAYEPTAHHUIO.

Tupe, neduc, 3HaK «<MUHYC» 0003HAYAIOT COOTBETCTBYIOIIMMH 3HAKAMHU.

HywmepoBarts cieayet ToibKO T€ (POPMYIIbI, HA KOTOPBIE €CTh CCHUIKU B TEKCTE.

O06o03HaueHNs, TEPMUHBI U WUTIOCTPATHBHBIA MaTepuall JOJKHBI COOTBETCTBOBAThH ACHCTBYIOLIMM
I'OCTawm.

5 Pucynku u ¢ororpaduu (He Oonee MATH), BHITIOTHEHHBIE Y€TKO M KOHTPACTHO, CIIEAYyET pa3-
MeIIAaTh B MOPsIIKE UX YIOMUHAHUS B TEKCTE, IOAPHCYHOUHAs! TOMUCH 00s3aTeIbHA.

6 bubauorpaguyecknii CMUCOK MPUBOAAT OOIIMM CIIUCKOM B KOHIIE CTaThbH M COCTABIISIIOT B
COOTBETCTBHUHU C IIOCJIEIOBATEIBHOCTBIO CCBUIOK B TEKCTE, KOTOpble 0003HAYar0T apaOCKUMU Iudpamu B
KBaJpaTHBIX CKOOKax. JIuteparypy ogopmiasiioT Toabko coriacuo FOCT 7.1-2003.

O0s13aTe/IbHO MPEACTABUTH NepeBo O0M0IHOrpa)uiecKoro CnucKa Ha AHIJIMICKHI A3BIK.

TekcT craTby NOMDKEH OBITH TIIATENBFHO OTPENAKTHPOBAH M TOTOB AJISI MAaKETHPOBAHHS M BEPCTKU
KypHaia Ha KOMIIbIOTEpE.

7 CraTbs 10/:KHA ObITH 00513aTeJILHO MOANUCAHA BCEMH aBTOPaMHU.

Marepuaiibl, npuiaraemMbie K cTaThbe, IeYaTarOT Ha OTICIEHOM JIHCTE.
8  AHHOTanus (Ha PyCCKOM U aHTJIMICKOM SI3bIKaX):
VK.
Haszeanue cmamou (3ariaBHbIMUA OYKBaMH, TIOJTYKHPHBIM IIPUPTOM).
Annomauyusa (KpaTkoe cojiep KaHne CTaThH, BKIIOUYatoliee 3—4 mpeaioKeHus ).
Knioueevie cnosa.
Kaxmoe ki1roueBoe CJI0BO MM CIIOBOCOYETAHHE OTACISETCS OT JIPYTOTo 3aIsiToM.
CaeeHus 00 aBTOpax (Ha PyCCKOM M aHIIIMACKOM SI3bIKaX):
Damunusn, umsa, omuecmeo asmopa (TIOITHOCTHIO, 0€3 COKPAIIICHHIA).
Mecmo pabomst Karxcoo20 agmopa B UMEHUTEIBHOM MaJIEKe.
Iloumoewiit adpec mecma padomsl C yKazaHUEM IOUYTOBOT'O UHJIEKCA.
m  Yuenas cmenens, yuenoe 36anue, 00J1ICHOCHLD.
BaxxHo ueTko, He JOIMycKass UHOW TPAKTOBKH, yKa3aTh MECTO pa0OThl KOHKPETHOTO aBTopa. Ecmm
BCE aBTOPHI CTAaThU Pa0OTAIOT WIIM y4yaTcs B OJTHOM YUPEKICHUH, MOXXHO HE YKa3bIBaTh MECTO pabOThI KKIOTO
aBTOpa OTIEIBHO.
m  Konumaxkmmutit menegoH.
m  E-mail
Caenenust Mo 1. 9 COCTABJISIIOT 151 KA:KI0T0 aBTOPA OTAETBHO B MOPSIKE YIOMHUHAHUSA B CTAThE.

| I e
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YcaoBus 4 NOPSAOK MYOJUKANMM CTATEH B KypHaJje

CraThbs 10JI2KHA OBITH og)opM.neHa Mo NMpuJaraeMbIiM TpeOOBaAHUSIM.
ABTOp HMeeT NPaBo ONMy0JIMKOBATH B HOMEpE OJHY CTAThIO.
ABTOP MOKeT MPUCJIATH CTATHIO B ajipec peIaKUHu:
1o movre
344038, r. Pocros H/]I, . uMm. PoctoBckoro Crpenkosoro [Tonka Hapognoro Ononuenus, 2.
PocToBCKHii TOCYTaPCTBEHHBIA YHUBEPCHUTET ITyTEH COOOIICHUSI.
Penaxuust xypuana «K BECTHUK PI'YIIC».
® [0 DJIEKTPOHHOIi mouTe
E-mail: vim_nis@sci.rgups.ru,
nis@rgups.ru %HOHOHHHTCHLHBIﬁ).
® MPUHECTH B PeNaKIUI0 U IepeAaTh OTBETCTBEHHOMY cekperapio (Ti. xopmyc, koM. J[ 107),
tenedon +7(863) 272-62-74, paxc +7 (863) 255-37-85.
4  Crarbd, IpeAcTABIAeMas B PIAKIINI0, I0J’KHA COOTBETCTBOBATh TeMAaTHKe H3IaHHS.
Temartuka )ypHajla OXBaTBIBAET OCHOBHBIC MPOOJIEMBI TPAHCIIOPTA, a TAKXKE YHEPTCTUKU, MAITUHO-
CTpOeHHS U yrpaBiieHus. [IyOIUKyrOTCS CTaThH 1O CIEAYIONINM CEKIIHAM:
—  MalllMHOCTPOECHHE;
—  MOJBMKHOM COCTaB, 0€30MaCHOCTh ABIKEHUS M DKOJIOTH;
—  TpaHCIIOPTHAS SHECPIEeTHKA;
—  nH(pOPMAIMOHHBIC TEXHOJIOTUH, ABTOMATHKA U TEIICKOMMYHUKAIIUY;
—  ympaBJeHHE U JIOTUCTHKA Ha TPAHCIIOPTE;
—  KEJIe3HOJOPOXKHBIHN IyTh U TPAHCIIOPTHOE CTPOUTEIHCTBO;
—  MOJEJIHMPOBAHUE CHUCTEM M MPOIIECCOB.
. 5 PepakuuoHHas KoJUIErnsl MPUHUMAET JJIsl MyOJUKAIIMU CTATHU MOCJE THIATEJIbHOI HAYY-
HOM KCIEepPTHU3bI.
Jlist myOnuKanun OTOMpPAlOT CTaThH, KOTOPBIE MPEICTABISIOT HAyYHbIH HHTEPEC U SBISIIOTCSA HOBOU
CTYIIEHBIO B pa3pa00OTKe JaHHOH MPoOsieMbl. CTaThH IMyOIUIIMCTHYSCKOTO TUTaHA HE TPUHUMAIOTCS.
Ha 3acemanuu peaKoUIeTUH MPUHUMAIOT PEIICHHE O BO3MOXKHOCTH ITYOJIMKAIUN CTAaThH TOJBKO
MIPY HAJIMYUH TTOJIOXKHUTEITHHON PEleH3NH.
7 Bce pacxoabl Mo MOAroTOBKE K MyOJHKAIMY U M3IAHUI0 )KYPHAJIA OMJIAYUBAET YHUBEPCH-
TeT, B TOM 4YHCJI€e H MOYTOBbIE PACXOABI PH MePechIKe KypPHAIa aBTOpPaM.

® WNEF-

KpaTtkas undgopmanus o ;kypHasie

Hayuno-TexHnueckuii xypHas «BecTHUK POCTOBCKOro rocy1apcTBEHHOIO YHHUBEpPCUTETA ITyTEH CO-
obmenns» («Bectauk PI'YIIC») u3zgaercs ¢ oktsOpst 1999 roga, 3apeructpupoBaH B I 0CKOMHTETE 110 TIEYaTH
P®, cBugerenscTBO 0O ‘PGFI/ICTpaHHI/I Ne 018074. XKypHan nMeeT MeXKITyHAPOIHbIA CTAaHAAPTHBIN CePUATBHBIN
Homep (ISSN 0201-727X), npucBoennsiii Knmxnol nanaroit Poccuiickoit depepanu.

Yupenurenem W M3JaTeneM sBIseTCs ['0CynapcTBEHHOE 00Pa3soBaTENbHOE YUPEKICHUE BBICIIETO
?lg)lggﬁ%nomﬂworo obpazoBaHusi «POCTOBCKHMH TOCYyNapCTBEHHBIH YHUBEPCHTET IyTEHl COOOLICHUS

JIAaBHBIN peﬂaKT(ﬁ )II?/pHaJ'Ia — akagemuk PAH, 3acnyxennsiii nestens Hayku P®, nokrop TexHuue-

CKUX HayK, npogeccop B.M. KonecHnkos.
COCTaB PeNaKIMOHHOM KoJulernu BXoaaT Benayuiue ydeHele PI'VIIC, a Takke Apyrux TpaHCHOPT-
HBIX M aKaJeMU4ecKux yHusepcuretoB CeBepo-Kaskasckoro pernona, Mocksbl, Cankr-IlerepOypra, Ykpau-
HbI (J{HEnmponeTpoBCKUHM TOCYJapCTBEHHBIM TEXHUUECKUN YHUBEPCUTET KEJIE3HOIOPOKHOTO TPAHCIIOPTA UM.
akan. B. Jlazapsina, r. JlnenponerpoBck), Pecriyonuku benapych (bemopycckuii rocy1apcTBeHHbBIH YHUBEPCH-
TET TpaHcIopTa, T. ['omens), Yemickoil Pecniyonmuku (OcTpaBckuii TeXHUUYEeCKHi yHUBepcuTeT, I. OcTpasa),
E/Iom;um (Cunesckuii Texnnueckuii ynuepcutet, r. Karosuie), @paniuu (YHUBepeuteT a0 MoH, 1. Jle-

aH).

KypHaun BEIXOAUT C MEPHUOANYHOCTHIO 4 HOMEpa B TOJ, T.€. KaX/Iblil KBapTall.

C ampens 2004 rona «BectHuk PI'YIIC» BkitodeH B «llepedeHb neproANYECKNX HAYUHBIX U HAYYHO-
TEXHUYECKUX W3JaHuH, BBIIyCKaeMbIX B Poccuiickoii @enepanun, B KOTOPbIX PEKOMEHIYETCs IyOnuKanus
OCHOBHBIX Pe3yJIbTaTOB AMCCEPTALMN HA COMCKAaHHWE YUEHOU CTEMEeHHU KaHIHuaTa 1 JOKTOpa HayK» (pelieHue
[pesnnuyma BAK Ne 6/4 ot 6.02.2004 r.). XKypnan Borexn Bo Bce nocieayromue penakiuuu [lepeuns.

«Bectauk PI'YIIC» — moamucuoe m3mganue. C 2004 ronma >xypHalI BKIIOYEH B KaTajor MOAMHCHBIX
m3nannii areHTcTBa «Pocmeuatsy (B cienmanbaoM Karanore «["A3EThI. JKYPHAJIbID» 3apeructpupoBan moj
nHaekcoM 53720).

[MoanucaThbest HA KypHAI MOXHO B JJFOOOM OT/AEJICHUH CBSI3U, PACIIPOCTPAHSIETCS KypHAJ Ha TEppH-
topuu Poccutickoit ®eneparun. [loamucky MoxkHO 0()OpMUTH Ha KBapTaj, Ha MOJIToa wuin Ha roa. Llena on-
HOTO HOMepa — 450 pyOeid.

Kypnan «Bectauk PI'YIIC» 6ecrimatHo pacchuiaeTcsi BCEM OTPacieBBIM By3aM, B Pl By30B MuHU-
CTEpCTBA £paBOBaHI/I$I u Hayku Poccum, meHTpasbHBIM M 30HAJBHBIM HAayYHO-TEXHHYECKMM OHOIMOTEKaMm,
HWW nadopmarum.

IlouTOBBIN afpec pegaKIum:

344038, r. Poctos H//1, 1. uM. PoctoBckoro CrpenkoBoro [Tonka Hapogroro Onomuenus, 1. 2.

PocToBCKHii TOCYTapCTBEHHBIN YHUBEPCUTET IyTel COOOIICHUSI.

Penaxmus xxypraana «Bectauk PI'VIICy.

Tenedon: +%[2863 272-62-74. dakc: +7(863) 255-37-85.

E-mail: vim_nis@sci.rgups.ru ; nis@rgups.ru (IonoiHUTENbHbIH).

ApXuB KypHaJa U TpeOoBaHus Mo 0opMIeHHIO cTaTeli pa3MellleHbl HA caliTax:
http://www.rgups.ru B pazaene «M3nanusi» u http://vestnik.rgups.ru
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