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ABTOpamu npeacTaB/ieHbl METOANKA
u pe3ynibTaTtbl MOAEJINPOBAHUS
BSKBUBaJ/IeHTHOM reoOMeTpPUn4YeCcKom
HEepOBHOCTHU PeJsibCOBOro nyTu
TOHHEeJIs1 MEeTPOMNOoJINTEeHa Ans
peLueHust 3aga4yv uccrsegoBaHns
ciyqaiiHbIX KOsie6aHMii NaccaXXupCcKmux
BaroHoB. CreHepupoBaHHbIV NMO4

3TU LUesn npoLecc BO3MYLLeHNS
obecrne4ynBaeTcs C MOMOLLbIO
npubanmxKeHHOro MeToAa CKoJib3Lero
cymmMmupoBaHusi. JeMOHCTPpUpPyoTCcs
ABa BO3MOXHbIX Mogxoaa, Kaxabli

13 KOTOPbIX rpearnosiaraeT CBou
uccnenoBaTesibCKUi 4NarnasoH.

Knoyesbie c/ioBa: METPOMOJINTEH,
PEesIbCOBbIV MyTb, MOABUXHOM COCTAB,
TOHHEJIb, FEOMETPUYECcKas HEPOBHOCTb,
maremartuyeckasi MoAesib, CreKTpasbHas
MJIOTHOCTb.
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BOTPOCHI TEOPWUV

MoaenupoBaHue

HepOBHOCTEM PesibCOBOrro
nNyTU TOHHEnNS
MeTponoJInTeHa

Me Bun XAH
Ye Win HAN

Cepooounues Eeeenuii Bacuavesun — dokmop
mexHuveckux Hayk, npogeccop Mockoeckozo
20Cy0apcmeeHH020 yHUugepcumema nymeti CoOo0useHusl
(MHHUT), Mockea, Poccus.

He Bun Xan — acnupanm MUHT, Mockeéa, Poccus /
Sneon, Pecnyoaukxa Coio3 Mesanma.

€JIbCOBBIM TTyTh B TOHHEJIE METPOIIO-

JINTEHAa UMEeT HEKOTOPbhIE OTIMYUS

OT KOHCTPYKIIMM HAa3eMHOTO XeJie3-
HOmopoXHoro myTu. [Toatomy npu mccieno-
BaHUM METOJOM MaTeMaTUYeCKOrO MOJIETH-
pOBaHMS JIMHEHHBIX U HEJIMHEMHBIX KosieOa-
HUII METPOBAaroHOB ISl PEIICHUS] CUCTEMBI
IuddepeHINaNbHBIX YPaBHEHU T HEOOXOIM -
MO UMETb «CT€HEepMPOBAHHBIN» CITydyailiHbII
Mpoliecc Bo3MyllleHUsI. B KauecTBe TaKOBOTO
OOBIYHO MPUHUMAIOT 9KBUBAJICHTHYIO TeOMe-
TPUYECKYI0O HEPOBHOCTH M(?). TeHepauuio
MOI00HOTO POIa MOXKHO BBITIOJTHUTD ITPUOITHI-
SKEHHBIM METOIOM CKOJIB3SIIIIETO CyMMUPOBa-
HUSI, TOAPOOHOE OMMCAaHKUE KOTOPOTO MPHUBE-
neHo B [1].

151 pellieHusT 3ama4yu, Kacalolencs nu-
HaMUKU BarOHOB METPOIIOJIUTEHA, 3TO ObUIO
c/ieJlaHO B COOTBETCTBUM C 3aJaHHOM CITeKT-
paJbHOM IUTIOTHOCTBIO CITy4aifHOTO TTpoliecca
SKBUBAJICHTHON T€OMETPUUYECKOIl HEPOBHO-
CTU PEeNbCOBOTO MYyTU TOHHENS Gn((o). Uc-
TMOJIb30BaHa CIieKTpaibHasi IJIOTHOCTb, TOJTY-
YeHHasl Ip1 00pabOTKe Pe3yIBTaTOB TMHAMM -
KO-TIPOYHOCTHBIX MCITBITAHW I BATOHA MOZIE/TN
81.717, npoBeneHHbIX B 1984 rogy MbITULIMH-
CKMM MAalllMHOCTPOMTEIbHBIM 3aBOJIOM COB-
MECTHO ¢ Kaeapoi «DIeKTpuyecKas TAra»



ITapameTpsl aHAIMTHYECKOTO BbIPAXKEHHS CIEKTPAIbHOM MIIOTHOCTH

Taoumna 1

Homep cocTtasnsiowen a, o, a,
crekTpa pag/c: m/c pag/c: m/c

1 1,0 0 0,697
2 0,0018 0,20096 0,12
3 0,002 0,25749 0,109
4 0,01 0,314 0,074

MMUMUT Ha KomblieBoit 1 [oppKoBCKO-3amo-
CKBOPEUKOU TMHUAX MOCKOBCKOTO METPOIIO-
snmreHa. OHa anMmpoOKCUMUPOBaHa, Kak Mpe-
JIOKCHO B 2], aHATUTUYECKIM BEIpaXKeHUEM,
KOTOpPOE COOTBETCTBYET I hepeHIINPYEeMO-
My CITy4aiiHOMY TPOLIECCY:
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rae Sf] — IUcTiepcusi SKBUBAJIEHTHOM Teome-
TPUUIECKON HEPOBHOCTH (B pacuerax S, =
13,01 MM?); ®— Tekyllee 3HaYeHUE YaCTOThI,
pan/c; o, — 9acToTa j-TO MaKCMMyMa CITeKT-
paJIbHOM MJIOTHOCTHU; @, — J0JIs1 AUCIEPCUH,
MPUXOJAIICIHCS Ha j-Ii MAKCUMYM CIIEKTPAJIb-
HO1 IJTOTHOCTH; @, — TIOJIOBUHA ITUPUHBI j-TO
MaKCHMYyMa CITeKTPaJIbHOM IUTOTHOCTH Ha TT0-
JIOBUHE €O BBICOTHI.

[TomyyeHHBIC TP AITITPOKCUMALINH TTapa-
METPhl aHATTUTUYECKOTO BhIpakeHus G, (o)
IIJIST CKOPOCTH ABIDKEHUS v = | M/C IpuBeze-
HBbI B Tabutie 1.

B xonme MonmenupoBaHus 1M (?) METOAOM
CKOJIB3SIIIETO CyMMUPOBaHSI BO3MOXHEI IBa
moaxoma. B mmepBoM MoOmenMpyrOT 3KBUBa-
JICHTHYIO TCOMETPHIECKYI0 HEPOBHOCTD JIISI
CKOPOCTH ABMXKeHMs 1 M/c, a 3aTeM mpu
oIpene/IcHUN TMHAMHWKN BaroHa METPOIIO-
JINTEHA «IBUXYTCSI» 110 9TO HEPOBHOCTH
C HY>KHOM CKOPOCTBIO. DTOT MOIXOI ITaBeH-
CTBYET B MCCJICIOBAaHUY KOJIeOaHMIT MaTeMa-
TUYECKUX MOJIEJIEN ITOABMXHOTO COCTaBa IPpK
WX IBUKEHUH 10 CMOIECTMPOBAaHHOMY y4acT-
Ky IYTU C MEPEMEHHOI CKOPOCThIO B COOT-
BETCTBHMU C 3KCIUTyaTallMOHHBIM IpadUKOM.
M3BecTHO, 4TO ABMXEHUE C IMEPEMEHHOMI
CKOPOCTBIO SIBJISICTCS OCHOBHBIM IIPH BKC-
IUTyaTalli¥ BarOHOB MeTponoiauTeHa. Ha-
IIpUMep, Ha KOJTbLIEBOM TMHUNA MOCKOBCKO-
ro MeTPOIIOJUTEHA ABUXEHHE BarOHOB
C IOCTOSIHHO# CKOPOCThIO COCTABJISIET BCETO
20% oT 001LLEero BpeMEeH!U IBUXKEHMUSI.
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Ecnu ucronb3oBaTh TaHHBIN TTOAXO/ TSI
WUCCJIEIOBAHUS KOJIEOaHUI MaTeMaTUYECKUX
MOJIEJIEW TIPU UX JNBUXEHUM C TMOCTOSTHHOU
CKOPOCTBIO, TO TOTAAa MOTPEOYeTC s Ha KaxKI0U
CKOPOCTHU MPOE3XKaTh BECh MOAECIUPYEMBIA
Y4acTOK ITyTU. TOJIBKO B 3TOM CJIydyae CHEeKT-
pajibHasi MJIOTHOCTb CMOJIEIUPOBAHHOTO
CJIyJaiiHOTO TIpoliecca 1(?) OyaeT COOTBETCT-
BOBaTh 3afaHHON BhipaxeHueM (1). Takas
0COOEHHOCTh MPUBOIUT K YCIOXHEHUIO 00-
pabOoTKU Pe3ybTaTOB, TOCKOIbKY Ha KaXXI0U
CKOPOCTU IBUXKEHUS MOJTYYaeTCsl pa3IndHas
JUIATEJIbHOCTD PeaIM3alvii CIy4yaHbIX IIPO-
LEeCCOB peakUui AUHAMUYECKOW MOIEIUn
9KUTMAaX—TTyTh Ha BXOJHOE BO3MYIIICHUE.

Bo BTOpOM MOAX0IE MOAETUPYIOT SKBUBA-
JICHTHYIO TEOMETPUYECKYI0 HEPOBHOCTD JJIST
KaXJ0l CKOPOCTU NBUKEHUS B MPUHITOM
nporpaMMoi ucciaenoBaHus nuamnasone. [pu
9TOM, TIPUMEHSISI AITOPUTM, TTPUBEACHHBIN
B [ 1], umuTHpyeTcs peanusanys HEPOBHOCTEH
NPUMEHUTEJIBHO K HA00Opy HEOOXOAUMBIX
CKOPOCTE, MoJl KOTOPbIe MapaMeTphl BbIpa-
sxenust (1) o, u [3, (Tabnuua 1) mepecunThIBa-
nmuch ¢ v = 1 m/c. Ha kadenpe «Dnekrporioe-
31a U JoKoMoTuBbl» MUUT mar nuckperu-
3alUU TIPU TeHEpaIuu 1(?) OOBIYHO TIPUHU-
maroT paBHbIM Af = 0,001 c. JInuHa Kaxmoin
peanu3alnun HEPOBHOCTH — [ = 32,768 c,
YHCJIO TOYEK Peau3alliy peakiuyu JUHAMU-
YECKOUW CUCTEMBbI 9KUTIAX—ITyTh COCTABIISIET
N=32768, 4T0 COOTBETCTBYET 2'3. DTO HYKHO
JUUIST BBITIOJTHEHUST CTIEKTPAIbHOTO aHaIN3a
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Puc. 1. CnekTpanbHasi NIOTHOCTb 3KBUBa/I€HTHOM
reomeTpun4eckor HePOBHOCTU MPU CKOPOCTHU
AaswmxeHns v =90 km/4y.

Ceppno6uHues E. B., Ne BuH XaH. MoaennmpoeaHue HepOBHOCTE pesisCOBOro NyTH TOHHENS MeTPOonoJiTeHa




C TTOMOIIbIO OBICTPOTO MpeodpazoBaHUSI
®Dyproe.

B kauecTBe npuMepa Ha puc. 1 npuBeneH
rpaduK CIeKTpaJbHOU TUIOTHOCTU 2KBUBA-
JIEHTHOM T€OMETPUYECKOM HEPOBHOCTHU, BbI-
YUCJIEHHBII MO BBIpaxXeHHio (1) mas
v =90 kM/4.

TTonyyeHHBIE TAKUM CITOCOOOM HEPOBHO-
CTU MOTYT OBITb MCITOJIb30BaHbI ITPU UCCIIEI0-
BaHUM KOJI€OAaHUN JMHAMUYECKUX MOJIENIEN
U APYTUX TUIIOB BarOHOB METPOIIOJIMTEHA

¢ 0IM3KO# HArpy3Koil OT KOJIECHOM Taphl
Ha peJibC.
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SIMULATION OF IRREGULARITIES OF SUBWAY TUNNEL TRACK

Serdobintsev, Evgeny V., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Ye Win Han, Moscow State University of Railway Engineering (MIIT), Yangon, Republic of the Union of Myanmar.

ABSTRACT

Track in subway tunnel has some differences
from the design of ground railway track. Therefore,
to proceed with a study using the method of
mathematical modeling of linear and nonlinear
oscillations of subway cars for solving a system of
differential equations, it is necessary to have a
«generated» random disturbance process. The
objective of the authors was to present methodology
and results of simulation of equivalent geometrical
irregularities of subway track tunnel to solve the

problem of research of random fluctuations of
passenger cars. The authors used simulation
method, mathematical calculations and analysis.
Perturbation process, generated for these
purposes, is provided by the approximate method
of moving summation. Two possible approaches
are shown, each of which includes a range of
research and computation. Irregularities obtained
by those methods can be used to study oscillations
of dynamic models of subway cars with a similar
load from a wheel set on a rail.

Keywords: subway, track, rolling stock, tunnel, geometrical irregularity, mathematical model, spectral

density.

Background. Track in subway tunnel has some
differences from the design of ground railway track.
Therefore, it is necessary to base on a «generated»
random disturbance process in the study using the
method of mathematical modeling of linear and non-
linear oscillations of subway cars for solving a system
of differential equations. As such, generally equivalent
geometric irregularity n (t) is taken. The generation
of this kind can be carried out by approximate meth-
od of moving summation, a detailed description is
givenin [1].

Objective. The objective of the authors is to pres-
ent methodology and results of simulation of equiva-
lent geometrical irregularities of subway track tunnel.

Methods. The authors use simulation method,
mathematical calculations and analysis.

Results. To solve the problem concerning the
dynamics of subway cars, a generation was produced
in accordance with a given spectral density of a ran-
dom process of equivalent geometrical irregularity of
tunnel track G (). Spectral density was used, which
was obtained })y processing the results of dynamic-
strength tests of cars of 81.717 model, conducted in
1984 by Mytishchi machine-building plant in coop-
eration with the department of «Electric Traction» of
MIIT on the ring and Gorky-Zamoskvoretskaya lines
of the Moscow Metro. Spectral density was approxi-
mated as proposed in [2], with an analytical expres-
sion that corresponds to a differentiable random
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process:
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where S,f is variance of equivalent geometrical

G,(w,v)=

(1)

irregularity (in calculations S,f = 13,01 mm?); wis
current frequency, rad/s; ®; is frequency of the j-th

maximum of spectral density; a; is proportion of

variance attributable to the j-th maximum of spectral
density; a; is halfwidth of the j-th maximum of spectral

density at half of its height.
Parameters of an analytical expression G, () for

the velocity of v=1m /s, obtained at approximation,
are shown in Table 1.

During the simulation of n (t) by moving summa-
tion two approaches are possible. Within the first one
equivalent geometric irregularity is simulated for the
speed of 1 m /s, and then in order to determine the
dynamics of subway cars they «move» on this irregu-
larity at the correct speed. This approach dominates
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