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lNMpeacraBneHa BepOSATHOCTHas
MoAeJsib UICKYCCTBEHHOIro0 COOPY)XXeHUS,
Ha OCHOBe KOTOopoJi pa3paboTaH
NPoOrpamMmMHbIVi KOMIJIEKC,
MO3BOJIIIOLLNI paccYnTaTb UHTEPBaJibl
npeaynpeauTesibHbIX 3aMeH Un
PEMOHTOB AJ1s1 JII00bIX 3/IeMEHTOB
UH)XeHEepPHbIX KOHCTPpYKUuii. Komnnekc
nomMmoraert rMIpUuHUMaTb OonTMalJibHbie
peLweHus no ynpaBsiieHUio TeXHN4YeCKNM
COCTOSIHNEeM MOCTOB, BOAONPONYCKHbIX
TPYO n Apyrnx o6 bEeKTOB AOPOXKHOM
WHEPAaCTPYKTYpbI MO0 KPUTEPUSIM
Hage>XXHoCTu n 6e30MnacHOCTH.
lMporpammbl HanucaHbl Ha s3bike C#
Ans yaobcrBa ncrnosnb3oBaHus co3gaH
UHCTaNNauuoHHbIN naket. C ero
yyactueM MOXXHO Ha4epPTUTb HOBYIO
KOHCTPYKULMUIO WUJIN )KE CreHepupoBaTh
ee BapuaHT Ha OCHOBE CTaHA[apPTHbIX
rnpoTOTUIOB.

Knovesbie cioBa: TpaHcrnopTHas
MHGPACTPYKTYPa, TEXHNYECKOE COCTOsIHUE,
HaAexXHOCTb, 6e30MacHOCTb, yrpaB/ieHue,
aBTomMarn3aums, rporPaMmHbIi KOMIIEKC,
MHTEepPBasbl PeAYnPeanTesbHbIX 3aMeH.
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NHXXEHEPHAY SKOJIORAA

OnTumanbHbIN MHTEpPBan
npeapynpeanuTesibHbiX 3aMeH Ang
MCKYCCTBEHHbIX COOPYXEHUN
)XeJie3HbIX gopor

Cmupros Baaoumup FOpveeuu — kanouoam mexuu-
yeckux Hayk, doyenm Kagedpsl «Cucmemvl asmoma-
MU3UPOBAHHO20 NPOCKMUPOBAHUS MPAHCHOPMHbIX
KOHCmpyKyutl u coopyyceruit> Mockosckoeo 2ocy-
dapcmeenH020 yHugepcumema nymei cooOujeHus
(MHUT).

Koc Oxcana Heopesna — acnupanm Mockosckoeo
20cyoapcmeerHoeo yHueepcumema nymeii coooueHus
(MHUT).

CKYCCTBEHHBIE COOPYKEHMS — CIIOXK -
Hble U OTBETCTBEHHBIC 3JIE€MEHTHI
IYTEBOTO XO3SIMCTBA XEJE3HBIX J10-

por. UX ucripaBHOCTb M HAJIEXKHOCTb UMEIOT

0o0JIbIIIOE 3HAYEHUE JJIST OCYIECTBICHUS
becrepedoitHOro U 6€30MacHOro ABUXKEHUS
noe3noB. O611ast MPOTSIKEHHOCTh UCKYCCT-

BEHHBIX COOPYXEHUI Ha CETU XEJIe3HbIX

nopor P® mpesbllaeT ceroaHsi HECKOIbKO

TBICSY KMJIOMETPOB U Yallle BCETO 3TO MOCTBI

U BOJIOIIPOMYCKHbBIE TPYOHI.

s cTpouTeNbCTBAa UCKYCCTBEHHBIX
COOPYXEHMI MPEUMYIIECTBEHHO UCITOJIb3Y-
I0TCSI XKeJIe300€TOH, METaJIJI U KOMITO3UTHbBIE
MarepHaibl. A OCHOBHBIM METOJIOM O0€eCIIe-
YeHUsI MX OKCIUTyaTallMOHHOM HaleXKHOCTH
1 6e30TMaCHOCTH SBJISIETCS ONTUMaJIbHas
OpraHu3alus TEXHUIECKOTo O0CTYKUBaHUS
JeCTBYIOIINX OOBEKTOB.

[Tpu mIaHUPOBAHMUM YACTOTHI OOCTYKH -
BaHUSI MOXKHO BBIICJIMTH 1Ba TPUHIIAITU AT b-
HO pa3HbIX MOAX0/a:

* C ITIOCTOSTHHBIM TTEPHOIOM 00CITYK1Ba-
HUsI, PACCYMTAHHBIM IT0 HEKOTOPBIM yCpeI-
HEHHBIM JIJIsI MOCTOB TTOKa3aTeJisiM, TO €CTh
00CIyXMBaHUE 10 HOPMaTUBY;

* C IEPEMEHHBIM ITEPUOIOM, OTIPEHLIIs-
€MBbIM Ha OCHOBE OLIEHKU (DAaKTUYECKOTO



COCTOSTHUSI MOCTOB, TO €CTh 00CIyXXKHMBaHUE
Mo (pakKTUYECKOMY COCTOSITHUIO.

B HacTosimee BpeMs HabmiogaeTcs
ycTOMUYMBasl TEHICHIIUS MPEeANOYTSHUS
BTOPOMY ITOAXOY.

J1J1s1 TOTO YTOOBI OMIPEACTUTD CPOK CITYKObI
KOHCTPYKIMHN HE IO HOPMUPYEMBIM MeEXpe-
MOHTHBIM CPOKaM, a ITo (haKTUIECKOMY TeXHU -
YECKOMY COCTOSIHIIO, HEOOXOIMO ITOCTPOUTH
BEPOSITHOCTHYIO MOJIEJIb UCKYCCTBEHHOTO CO-
OpPYKEHUS KaK CJIOXHOM TEXHUYECKOU CUCTE-
MBI, KOTOpasi TOMOraeT CIIPOrHO3MPOBATh
nmpenesbl 0€30TKa3HOM pabOThI, a COOTBET-
CTBEHHO UM U OCYIIECTBJSITb 3aMEHBI MU
PEMOHTHI TePSTIOIINX HaEXKHOCTD 3JIEMEHTOB.

VYropaBieHue TEXHUUECKHUM COCTOSTHUEM
HMCKYCCTBEHHOTO COOPYXEHUSI pacCMaTpH-
BaeTCs B YCJIOBMSIX HAKOTIJICHUS TTIOBPEXKIE -
HUI 10 HACTYIJICHUS OMpPEeAeICHHOTO Mmpe-
JIeabHOTO ypoBHA [1—5].

Bo3bpMmem BapuaHT MonenIu, KOrma ome-
pexarilinee HaKOTJIeHUE MOBPEXIACHUN
MPOMCXOAUT MPEUMYIIECTBEHHO B OJHOM
U3 2JIEMEHTOB METaTMUYEeCKUX TPOJIETHBIX
CTpOeHU (packoc, MoABecKa, HUXHUIMA
mosic), a paboTOCIIOCOOHOCTh 1 Oe3omac-
HOCTb KOHCTPYKITUM KOHTPOJIUPYETCS ABYMSI
YPOBHSIMH IIpEIEIbHBIX COCTOSTHUM [6].

JlomycTuM, UTO HAKOIIEHUE TTOBPEXKIE-
HUM B 2JIEMEHTE HOCUT MOHOTOHHBIN Xapak-
Tep U oTpaxkaeTcs mapameTpoM v (t). [Tycts
3TOT MOHOTOHHO BO3pacTalOLINIi TapaMeTp
KOHTPOJIMPYETCS B TUCKPETHBIE MOMEHTHI
t, = kxAt ¢ uHTepBaIOM At.

Korna mapamerp nocTuraer ypoBHs v,
MMOSIBJISIETCS YCTAJOCTHAS TPEIHA, a KoTaa
YPOBHSI v — TIPOMCXOIUT YCTAIOCTHOE pa3-
pyIlIeHUEe 3JIeMeHTa KOHCTPYKIIUMH .

[Myctb C, — cpeanHue 3aTpaThl Ha BOCCTA-
HOBJICHUE MCKYCCTBEHHOTO COOPYXECHUS
10 TIPEBBILIEHUS TAPAMETPOM V YPOBHA V__;
C,=C, + A, — cpeaHue 3aTparthl Ha BOCCTa-
HOBJICHHE MCKYCCTBEHHOTO COOPYXECHUS
IMocCJie TIPEBBIIICHUS TTapaMeTPOM vV YPOBHS
v..» C,=C, + A, — cpenHue 3arparthl Ipu
TIPEBBILICHUH YPOBHS V|

OnrtumanbHasl cTpaTerus yrnpaBiaeHUs
TeXHUYECKUM COCTOSTHUEM UCKYCCTBEHHOTO
COOpYXEHUS MO ero (aKTUIECKOMY COCTO-
SIHUI0, O0ecIieunBapIasi MUHUMYM Cpell-
HUX YIEJbHBIX 3aTpaT, CBOAUTCS K BBIOODY
VIIPEXKIaIOIIero ypoBHSI HAKOIJICHUS 1O~
BpexneHui o, < L, onpenensiemoro myrem
pellIeHUs] ypaBHEHUS:

AjH(v)f(L-v)dv:C+A[1-F(L)], (1)

rne C — cpenHue 3aTpaThl HAa yCTpaHEHUE
MOBPEXIECHUI, HE IIPEBOCXOASIINX YPOBEHb
L;

C + A [1-F (L)] — 3aTpaThl B ciiyuae
BBIXOJ1a MIOBPEXICHUI 32 ypOBEHb L ;

H (v) — cpenHee KonnuecTBO MOBPEKIL-
HUI HAa UHTepBaJie Av;

f(v) =F(v).

[ist ypoBHeii v 1 v ypaBHEHME 3aMu-
LIETCSl COOTBETCTBEHHO B Buae (2) u (3):

Ay

Al.[ HW(v,, -v)dv =C, + A [1-F(va)] : ()

(o)
)

AzI HY (WY (v, -v)dv =C, + A, [1-FO(v,)[ &)

ITycts T | — cpenHee BpeMs 6€30TKa3HOM
paboThI BJIEMEHTA UJIU BpeMsl OT Havasia ero
9KCTITyaTaluu 10 JOCTUKEHUS 3aJaHHOTO
NpeaeSbHOTO ypoBHA HagexHoctu; T —
cpenHee BpeMsi 3aMeHbI (peMOHTa) paboTo-
crmoco6Horo anemeHra, a T, — cpenHee
BpeMs 3aMeHbl (PEMOHTA) OTKa3aBIIETro
3JIEMEHTa KOHCTPYKIIUU.

3a eAMHUILY MPUMEM MHTEPBAI BPEMEHHU,
B T€UYeHHE KOTOPOTO TIO0 MOCTY IPOXOAUT
1000 moe3mos.

P (x, t) — moka3aTesib, UMEIOLIUIA CMBICT
BEPOSITHOCTH 3aCTaTh JIEMEHT B pabOOTOCTIO-
COOHOM COCTOSIHUU B TPOU3BOJBHBIN MO-
MEHT t U mpopaboTaTh 0€30TKA3HO MOCie
3TOTO B TEUEHUE BPEMEHU X, KOTOPOE Ha30-
BEM TIpEayTPEeIUTETbHBIM NHTEPBATIOM.

BpemeHna mraHoBBIX 3aMeH (PeMOHTA)
aJIeMEHTA SIBJISIOTCS pean3alusiMu HeKO-
TOpPOU ciydyallHOU BeIUu4YuHbI T, uMeronein
pacupeneiaeHue G(t). MHTepBalIbl MeXIy
3aMeHaM¥ (peMOHTaM1) 00pa3yioT BO Bpe-
MEHU TIOCJIeIOBATEIbHOCTh HE3aBUCUMBIX,
OJIMHAKOBO pacIpeNeIeHHBIX CIydailHbIX
BEJIMUMH ¢ GpYHKIMEH pactipeneneHus F(t).
U B 5TOM TI1aHE eCTeCTBEHHOE MPOI0JIKe-
Hue: H(t) — MateMaTuueckoe oXuUAaHUE
YuCjia BOCCTAHOBJIEHU K MOMEHTY BpeMe -
HU t.

HckyccTBEeHHOE COOpYXeHUEe — CUCTEMA,
KoTOpast QYHKIIMOHUPYET NITUTETbHOE Bpe-
M, ITO3TOMY MOKa3areib p (X, t) paccMo-
TPUM IIpU t —>c0.

3anuiem BeIpaxkeHue s p (X, t) uepe3
bynxkuun G(t), F(t) u H(t) u nmepeiinem
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71 _ F(T+X)—]_ ‘ B ]-_F(T)
T 1Fq (OO [ - FOM = 2 ©
| 1 1_F(T) T - _ o B
1T, 1—F(r+x)[[1 Ft+x)ldt j;ll F(r)ldt

K IIpeneny nmput .
IMocne mpeo6Gpa3zoBaHMii TONTYIUM BhIpa-
KEHUeE:

jl// (1, x)dG(1)

p(x)=— )
J W0 +T, +(T, ~T) F@0)ldG(r)

4

rae
t+x t

w(t,x) = f [1— F(r))dt = f [1— F(t+x))dt ;
0 0
A () =wy(t,0)>0;
B =y (0 +T +(T,-T)F()>0.
Bripaxenue aas p (x) U3 (4) npeacran-
JsieTcs B BUue (5), KOTopoe sBJIsieTcs: Apo0-
HO-JMHENHBIM (YHKIIMOHAJIOM OTHOCH-
TeabHO G(t):

jA(t)a’G(t)
p(x)=Lt——.
f B(t)dG(f)

(%)

151 3TOTO (DyHKIIMOHAJIA CJIeTyeT HAalTh
Takoi 3akoH pacrnpeaeiaeHuss G(t), npu
KOTOPOM BEPOSITHOCTh P(X) MpUHUMAET
MaKCUMaJIbHOEe 3HaUY€HHUE, TO €CTh IIPEJCTO-
WT PEIIUTh CJIOXKHYIO 3a/1a4y BapUallMOHHO-
ro ucuuciaeHusi. OHa CBOIUTCS K UCCIIEI0-
BaHUWIO Ha 3KCTpeMyM (YHKIIMK OJHOTO
apryMeHTa.

TTocne HaxoxXaeHUST dKCTpeMyMa (PyH-
KLIMA ¥ Ipeo0pa3oBaHuii moayuum (6), roe

an=-—TD_
1-F(t)

PenieHueM npencTaBieHHOIO MHTErPO-
auddepeHIMaIbHOTO YPaBHEHUSI SIBISIETCS
MHTEpBaJl MPeaynpeauTeIbHbIX 3aMeH WJIn
PEMOHTOB 3JIEMEHTOB T.

PazpaboTtaHHBII MPOrpaMMHBIN KOM-
IUIEKC T03BOJISIET PACCUMTAaTh MHTEPBAJIbI
MpeaynpeanuTeIbHbIX 3aMeH UM PEMOHTOB
JUIST JTI0OBIX 3JIEMEHTOB MCKYCCTBEHHBIX
COOPYXEHUI pa3IMYHbIX TUIIOB.

® MUP TPAHCNOPTA 01°1

I[IporpaMMHBII KOMITJIEKC HamKucaH
Ha si3bike C# J171s1 y1o6CTBa UCTIOJIb30BAHMS
CO3JaH MHCTAISIUOHHBINA makeT. C ero
y4acTHUEM MOXHO HAYePTUTh HOBYIO KOH-
CTPYKIIMIO UK K€ CreHepUpOBaTh KOH-
CTPYKLHUIO HA OCHOBE CTAHAaPTHBIX TPOTO-
TUTIOB.

BbiBOAbI

1. HabniopaeTcs ycToiiuuBasi TeHASHLIMS
repexo/ia OT CTPaTeruy YIpaBIeHUST TEXHM -
YEeCKUM COCTOSIHMEM MCKYCCTBEHHBIX COO-
PYXEHU1 HAa OCHOBE HOPMUPYEMBIX MEXPE-
MOHTHBIX CPOKOB K CTpaTeruu yrpaBJeHUs
1Mo hakKTUIECKOMY TEXHUYECKOMY COCTOSI-
HUI0, KOT/Ia pelliaeTcs 3a/1ada ONTUMU3aLNU
yCJI0BUI obecrnieyeHust 6€30TKa3HOM U 0e3-
OITaCHOI paboThI CO3aBaeMOi TpaHCIOP-
THOM MH(PaCTPYKTYPHI.

2. PazpaboTaHHBIi1 TpOrpaMMHBINA KOM-
TUIEKC BBIYMCIIEHUSI ONITUMAaJIbHOTO MHTEP-
BaJia MpeynpeauTe]IbHbIX 3aMeH (PEMOHTA)
3JIEMEHTOB MCKYCCTBEHHBIX COOPYXEHUN
00J1aiaeT BBICOKOM CTEIEeHbIO YHUBEPCAb-
HOCTHU, CITOCOOEH K BOCTIPUSATHIO Pa3INIHbBIX
BUJIOB ONTMMU3AILIMU, €My CBOMCTBEHHA
MHBapUAHTHOCTh OTHOCUTEIBLHO TUITOB IO~
€3J10B.

3. C moMouIbl0 MPOTPAMMHOTO KOMITJIEK-
ca OBLIM MOJIyYeHBI pe3yJbTaThl BBIYKCIIC-
HUI ONTUMAJILHOTO MHTEpBaja Mpeaynpe-
JUTEIbHBIX 3aMeH (PEMOHTA) LISl TOJIBECOK
MeTaJIndecKuX mpoaeTHbiX ctpoeHuii [TICK
¢ pacyeTHbIMU Tipojetamu 33—110 M nipu
BEpOSITHOCTU Oe30TKa3Hoit padboThl 0,9845
u 0,9515.
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OPTIMUM TIME SPANS OF PREVENTIVE REPLACEMENTS FOR RAILWAY

ENGINEERING STRUCTURES

Smirnov, Vladimir Yu. — Ph.D. (Tech), associate professor of the department of automated design engineering
systems of transport facilities and structures of Moscow State University of Railway Engineering (MIIT),

Moscow, Russia.

Kos, Oxana I. — Ph.D. student of Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

As total length of engineering structures within the
railway network of Russian Federation exceeds some
thousand km, their reliability has a direct impact on
the traffic safety.

The reliability and safety of their operation depends
on correct maintenance. Two approaches prevail in
calculating of time spans of maintenance of a bridge:
the permanent one that uses mean values for bridge
maintenance works, and the flexible one that uses the
results of the assessment of actual state of a bridge.
The trend to use the least approach now dominates.

The authors use the method of probabilistic
model of a structure as of a complex technical system
to forecast the limits of faultless operation. So the
control of technical state of engineering structure
is considered under the conditions of damage
accumulation till the determined level [1-5].

Automation of the control with the help of a
specially designed software package permits flexible
interventions when the real state of a structure
demands replacement or reinforcement works. The
model under the study demonstrates the advanced

accumulation of damages in one of the bridge span
elements and the control of the safety of the whole
construction uses two levels of limit states [6].

The programming language for software package
is C#. Installation package facilitates the operations
assisting to design a new construction or to generate
a construction based on standard prototypes.

The software package of computation of optimum
time spans for preventive replacements of the
elements of engineering structures has some special
features: high generality as it fits any kind of
engineering structures, interactivity while computing.
It conforms to any moment of operation of structures
(from the beginning of operation or at any other
moment), suits rowing function of failures, considers
all possible variants of replacements. It also takes into
account different optimization scenarios (minimum
visits to the structure, resources saving, climate
specific conditions). Invariance as for train types is
also of importance.

All'the organizations that design or operate railway
structures can efficiently use the software.

Key words: transport structure, technical state, reliability, safety, control, automation, software,

replacement time spans.
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