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Lean: BeISIBUTH, MPUMEHHUTE U CPABHUTH TIOKA3aTENIM MHTEHCHBHOCTH HAKOILICHHUS OJJAHOYHOTO BBIXOJIA
PENbCOB OT MPOMYIIEHHOTO TOHHAXKA MOJI BIMSHUAEM Pa3IMYHbIX OCEBBIX HArpy3ok. Meroabl: [Ipume-
HSTUCH cOOp, aHanu3 u 00paboTKa CTATHCTUYCCKUX JaHHBIX, OTYYSHHBIX U3 OTYETHOH JIOKYMEHTA-
LMY MYTEHCKUX MOPA3/IICHUH 10 CPEJICTBAM aBTOMATU3UPOBAHHBIX cucTteM yrpasieHus ACY-I1yTs.
PesynbTarsl: [loka3zana HeOOXOIUMOCTh UCCIISIOBAHUS OJJMHOYHOTO BBIXOJIA PEJILCOB OT MPOITYIIEHHOTO
TOHHAJKa [TPY BJIUSIHUN Pa3JIMYHBIX OCEBBIX HArpy30K. Ha ocHOBE MaTteMaTnyeckol MOJIe/id paboThl BEpX-
HETO CTPOSHHUsI yTH pa3paboTaHa METOJIMKa OICHKH OJIMHOYHOTO BBIXO/Ia pesibcoB. Ha ocHOBe aHanm3za
CTATHCTUYECKUX JIAHHBIX OTpeJIesicHa YNCIICHHAs CpeTHeCeTeBast BEIMUMHA KOO (UIMEHTOB 1 Tapame-
TPOB, HauOOJIee TTOAXOASIIUX IS OIMHOYHOTO BBIXO/Ia PelbcoB. Pa3zpaboTana MeToAMKa Onpee/ieHUs
CPEHHMX OCEBBIX HArpy30K Ha JIBYXIYTHBIX yYaCTKaX >KEJIC3HOAOPOKHOTO MYTH C SIPKO BBIPAKCHHBIM
pa3iuyreM rpy30MoTOKOB B YUSTHOM M HEYSTHOM HampaBieHusX. [1Jis UCClieIoBaHMs OIMHOYHOTO BBIXO/IA
PENbCOB MPH BIUSHUM PA3JIMYHBIX OCEBBIX HAIPY30K JABYXITYTHBIC YUACTKU JKEIC3HOAOPOKHOTO MyTH
BBIOpaHBI TAKUM 00pa30M, 4TOOBI IO OJHOMY W3 ITyTeH MpeodIaaano IBMKEHHUE TSHKEIBIX TPY30BBIX
MOE3JI0B, a [0 BTOPOMY — MOPOXKHUX 1M0e3/10B. [TocTpoeHbI 3aBUCHMOCTH OJIMHOYHOTO BBIXO/IA PEIHCOB
OT TIPOTYIICHHOTO TOHHAXKA HAa Y4acTKaxX 00pallleHus MMOIBUYKHOTO COCTaBa CO CPETHUMHU OCEBBIMH Ha-
rpy3kamu 9,8 u 21,9 TOHH Ha OCh, MPOU3BEJICH CPABHUTEIIBHBIN aHAJIN3 MOCTPOSHHBIX 3aBUCUMOCTEH.
I[MpakTuyeckas 3HAYUMOCTD: [10 pa3paboTaHHON METOAMKE OIICHKU OJUHOYHOTO BBIXOJIa PEIbCOB
MOXKHO OTIPENEIISTh ONTUMATBHBIA CPOK CITY>KOBI PETbCOB B ITyTH, 00bEM PabOT IpH TEKyIIeM O0CTy-
YKHUBAHUH KEJIC3HOTOPOKHOTO MYTH, a TAKIKE HA3HAYATH PEMOHTHI ITyTH.

)KCJ'ICSHO,[[OPO)I(HLIﬁ nyThb, O,[[I/IHO“IHI:IIZ BBIXO/I pCJILCOB, HpOHyH.ICHHLIﬁ TOHHAaX, OCEBbIC HAI'PY3KH, UH-
TCHCUBHOCTD BbIXOJa PCJILCOB, IPOrHO3UPOBAHUC.

Vladimir P. Beltyukov, Cand. Eng., assistant professor, bw@peterlink.ru; *Anna V. Sennikova,
postgraduate student, sennikova.anna.1988@mail.ru (Petersburg State Transport University) INFLUENCE
OF AXIAL LOADING ON INDIVIDUAL RAIL DAMAGE

Objective: To determine, apply and compare variables of intensity of accumulation of individual rail
damage from shipped tonnage under the influence of various axial loadings. Methods: Statistical data
obtained from reporting documentation of track units operating ASU-Put automatic control systems was
collected, analysed and processed. Results: The study demonstrated the need to study the dependency
of individual rail damage from shipped tonnage under the influence of various axial loadings. On the basis
of mathematical simulation of operation of track superstructure, a method for evaluation of individual
rail damage was developed. On the basis of analysis of statistical data, numerical network-average value
of coefficients and parameters that is most suitable for individual rail damage was identified. A method
for calculation of average axial loads at double-track railway sections with pronounced difference in
up-and-down train cargo flows was developed. For a study of individual rail damage under the influence
of various axial loads double-track railway sections are selected so that traffic on one of the tracks
consisted primarily of heavy freight trains, and on the other of unloaded trains. Dependencies of individual

ISSN 1815-588X. M3sectna MIryrc 2016/2



106

CoBpeMEHHbIE TEXHONOMMY — TPaHCMOoPTY

rail damage from shipped tonnage at sections of circulation of rolling stock with average axial loads
of 9.8 and 21.9 tonnes per axle were calculated, comparative analysis of obtained dependencies was
undertaken. Practical importance: The method of evaluation of individual rail damage thus developed
will allow to determine optimal service life for rails in the track, the volume of work in line maintenance,

and to set track repairs.

Railway track, individual rail damage, shipped tonnage, axial loads, intensity of rail damage, forecasting.

Penbcbl — caMblif METAIIOEMKUN 3TIEMEHT
BEPXHETO CTPOEHMUS ITyTH, TOITOMY AK€ HE3HA-
YUTEIbHOE YBEJIMUEHHE CPOKA CITYKObI pETbCOB
naeT OOIBIYI0 SKOHOMHIO MeTalia. B Hactos-
111e€ BpeMsI UJIET OUCK TEXHUIECKUX KOHCTPYK-
THBHBIX M TEXHOJIOTHYECKUX PEIICHUIA, KOTOPHIE
MO3BOJIMIIM OBl YBETMUUTH CPOK CITYKOBI JKerie3-
HOJIOPOXKHBIX peJibCcoB [1].

Cpok ciy>kObl pelibCOB XapaKTepU3yeTcs Ha-
paboTKO# TOHHAXa OPYTTO, MPOIMYIIEHHOTO 110
KEJIE3HOJOPOKHOMY IyTH.

B HacTosiiiee Bpemst He yUUTHIBAETCS BIUS-
HHUE Ha CPOK CIYXKOBI pEbCOB OCEBBIX HArpy-
30K, XOTSI MX TIOBBIIIEHUE CHUXKAET CPOK CITYKObI
PENbCOB M YBEJIMUUBACT 3aTPAThl TPY/a Ha TEKY-
uiee copepkanue nytu [4, 8, 12-15].

YacToTa npuioKeHHs Harpy30K OT TOJIBUK-
HOTO COCTaBa U BEJIMYMHA OCEBBIX HATPYy30K
CYILIECTBEHHO BIMAIOT HA UHTEHCUBHOCTD OJIU-
HOYHOTO BbIX0Ja pesibcoB [2, 3, 11], moaTomy
HEO0OX0UMO pa3paboTaTh METOAUKY OIICHKH
OJIMHOYHOTO BBIXOJIa PEJILCOB HA YUaCTKaX C pas-
JUYHBIMU OCEBBIMH HArpy3KaMu.

Lenbio uccnenoBanus sIBASETCS MOTYUYEHUE
U UCTIOJIb30BaHME TIOKa3aTeNeil ”HTEHCUBHOCTH
HAKOIIEHUS OJJMHOYHOTI'O BBIXO/IA PEIbCOB IPH
BIIMSHUY PA3INYHBIX OCEBBIX Harpy30K.

MaremaTrnueckas MoaeJb
OAMHOYHOI'0 BHIX0JA PeJibCOB

B IletepOyprckom rocynapcTBEHHOM YHH-
BEpCUTETE MyTell COOOLIEHUS CO3IaHa MOJIEIb
paboThI BepxHero cTpoenus nmytu [5—7, 10], ko-
TOpast MPeayCcMaTPUBAET YEThIPE 3Tana padboThl
BEPXHETO CTPOEHHUS MyTH:

1) npupaboTtku (cTabuanzanuu) nocie pe-
MOHTAa;

2) HOPMaJTBHOM IKCIUTyaTallnH;

3) yXyaleHus: COCTOSHUS IyTH;

4) crabunu3anuy COCTOSHUS IyTH MTpU OOJb-
1I0M 00beMe TIIaHOBO-TIPeTyIPeAUTEIbHBIX pa-
00T TEKYILETO COMePIKAHMS.

B sTOoM cityuae 3aBUCHMOCTB, KOTOpast Hau-
Oornee BEpHO XapakTepusyeT GU3NUECKYIO CYIII-
HOCTb pabOThI BEpXHETO CTPOCHHUS MYTH, UMEET
BUJI

Q(x)zBlﬂxm_1+C+Ax
0

Xl:l_e_(%)a:l N 5

g In(n) +1

rae €(x) — MHTEHCUBHOCTh OTKa30B; B — K0d(-
(UIMEHT, YYUTHIBAIOIIMNA HATMYNE MHOKECTBA
3JIEMEHTOB B CUCTEME; m — IapaMeTp (GOpMBbI B
TepUo NpUpabOTKH; £ — MapameTp Macmraba B
HepHO TPUPAOOTKH; X — IIPOIYIICHHBIH TOHHAXK,
MIH T OpyTTO; C — OHOBAS MHTEHCUBHOCTD OT-
Ka30B, BbI3BAHHBIX CITy4aifHbIMU (haKTOpamMu U He
3aBHCAIIAs OT MPOIYIIEHHOTO TOHHAXA; 4 — KO-
3dunment npu GyHKIMU, KOTOpask ONUCHIBAET
HIepUOJL CTAOUIIBHOM pabOThl MYyTH U YXyALIEHUS
COCTOSIHHS, YYUTBIBAIOIIMN MHOTOJIEMEHTHOCTh
CHCTEeMBI; B — MapaMeTp MacIiTaba B epuos Hop-
MaJIbHOM 9KCIUTyaTalyu; o — napameTp GopMbl B
HepHOJ HOPMAJIBHOM IKCILTyaTallu; 1) — KO-
(ULMEHT NONHOTHI BOCCTAHOBJIEHUSI pecypca.

Takum 06pazom, 3a1aua CBOIUTCS K Onpese-
JICHUIO YMCJIEHHBIX BETMYMH KOA()DUINEHTOB U
napaMeTpoB, HanOOJIee MOAXOAANINX [T OJTH-
HOYHOTO BBIXO/Ia PEJILCOB.

[TockonbKy 3amaveii ObITIO BBISIBUTH TOJNBKO
BJIMSIHUE OCEBBIX HArpy30K HA UHTEHCUBHOCTb
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OZIMHOYHOTO BBIXOJIa PEJILCOB, OOJNIBIIAS YaCTh
apaMeTpPOB 3aBHCHMOCTH OTpe/ieieHa Ha OCHO-
BE MCCIICJIOBAHUS CTATUCTHYECKHUX JAHHBIX JJIs
BCEX YCJIOBHH AKCILTyaTally CETH KEJIE3HBIX J0-
por OAO «PX]I» o 6a3am nanueix ACY-I1yTs,
OHa COOTBETCTBYET CPEAHECETEBBIM 3HAUCHHSIM:
B =19,9; m=0,0288; ¢, = 0,169; C = 0,001,
A=12,0,1=0,9.
[1pu 3TOM 3aBUCUMOCTH TIPUMET B

O(x)=3,3912x 712 4

10, 8[1 _e " }

+ 0,001+ . s
—In(0,9)+1
p

Criemyrommmii 3Tar pacueToB CBOIUTCS K OITpe-
JIeJICHUIO OCTAaBILIMXCS TapaMETPOB, XapaKTepu-
3YIOIIUX paboTy PEeNbCoB, O, B U K MOCTPOEHUIO
3aBHCUMOCTH OJMHOYHOTO BBIXOJA PEILCOB OT
MPOMYIIEHHOTO0 TOHHAXKA MO/ BIUSIHUEM Pa3iny-
HBIX OCEBBIX HArpy30K.

BbI60p yuacTKoB KeJIe3HOT0POKHOTO
MyTH /15 AaHAJIN32 OJIMHOYHOT0 BHIX0/1a
peabcoB

Panee B III'VIIC 6b11 HccnenoBad OJUHOY-
HBII BBIXOJl PENLCOB B 3aBUCUMOCTH OT IPy30-
HAIpPsHKEHHOCTHU U CKOPOCTHU JIBUXKEHUS T10€3/10B
[9]. BbisicHMIIOCH, UTO C yBETMYEHUEM TPy30HA-
MPSHKEHHOCTH WM CKOPOCTH JIBHKEHHS [TO€3/10B
HWHTCHCUBHOCTbL OJMHOYHOI'O BbIXOAa PECIbCOB
BO3pacTaia He Bcerga. M3 atoro Obul caenan
BBIBOJI, UTO BJIMSTHHE OCEBBIX HArPy30K Ha WH-
TCHCUBHOCTb OAMHOYHOI'O BbIXO/id PCJIbCOB 3HA-
YUTCJIBHO 60.HI)IIIC, YEM BJIIMAHUE CKOPOCTU IBU-
’KEHHS TI0€3/10B U IPY30HANPSIKEHHOCTH.

HCCHGHOB&HI’IH OJMHOYHOI'O BbIXOJa PCJib-
COB OT MPOMYIIEHHOTO TOHHAXA C Pa3INYHBIMU
OCEBBIMHU Harpy3KaMH OCIIOXKHSETCS TEM, 4TO B
MacnoOpTHBIX JAaHHBIX BEPXHEIO CTPOCHUS IIYTH
OCEBBIC HAIr'py3KH HE YYUTBIBAOTCA, IIO3TOMY I10-
TpeboBanIoch pa3padoTaTh METOAMKY OIpeiee-
HUS CIIEKTpa OCEBBIX HArpy3okK. B ocHOBe aToi
METOAUKHU pacCMaTpuBaJIMCh ABA THUIIA Y4aCTKOB

KENE3HOJOPOKHOTO MYTH C PA3THYHBIM CIEK-
TPOM HArpy3o0K: IO OJHOMY ITyTH IpeodiiagaeT
JIBIKEHHE TSHKEIIBIX TPY30BBIX MTOE3/10B, MO BTO-
pPOMY — MOPOXKHUX TTOE3/I0B.

J171s1 BBISIBIICHUS BEITMUMHBI OCEBBIX HAIPY30K
BbIOpanu 12 AByXMyTHBIX y4acTKoB (puc. 1),
Ha KOTOPBIX SIPKO BBIPAKEHO PA3IUYHE TPY30-
MIOTOKOB B YETHOM M HEUETHOM HATIPABIICHUSX:
byii — Kupos, Mocksa — FOnuno, FOnuno — Exa-
tepuHOypr, bekacoBo-Copt. — fraHoso, fra-
HOBO — Bockpecenck, Camapa — YensOuHck,
Yensbunck — KapOsimero, HoBooOpasioBoe —
Camapa, Taiter — Upkyrck, Upkyrck — Yura,
Yura — Xabaposck, XabapoBck — BinaanBocTok.
OceByto Harpy3Ky AJsl KaxJI0TO MyTH y4acTKa
OTpeeNIsIN 1o GopmyIie

rie P, — oceBas Harpyska Juist i-ro IyTH, TOHH Ha
0Ch; I, — rpy30HanpsKEeHHOCTh Iy TH, IS KOTO-
pOro onpenenseTcst 0ceBasi Harpy3ka, MJIH TKM
OpyTTO Ha KM B TO; I' | — cpejtHsis rpy3oHanpsi-
KEHHOCTb Ha PacCMaTpUBaEMOM y4acTKe, MIIH
TKM OpYyTTO Ha KM B Irof; P — cpeuss ocesast
Harpyska, TOHH Ha OCb.

Jlnst aHanu3a ¥ MOCTPOEHUs! TpaMKOB OH-
HOYHOTO BBIXOJIa PEJIbCOB yYacTKH ObLIM pa3-
OUTHI Ha 1ieTIble KUIOMETpBL. B pacyeTs! BowLu
TOJIBKO T€ KMUJIOMETPBI, Ha BCEM MPOTSKEHUH KO-
TOPBIX KCIUTyaTallUOHHBIE U KOHCTPYKTUBHBIE
XapaKTEePUCTUKU OJMHAKOBBI:

* UCKJTFOYAJIICh KUJIOMETPBI, PACIIOJIOKEHHbIE
Ha CTaHLUAX, TaK KaK HA CTAHLIMOHHbIE KUJIO-
METpBI TOMNAJJal0T HEUCTIPABHOCTU CTPEIOYHBIX
IIEPEBOJIOB, YTO MCKAKAET aHAJIMU3 OJMHOYHOTO
BBIXO/Ia PEJIbCOB;

* UCKJIIOYAJIUCh KUJIOMETPBI, Ha KOTOPBIE 110-
aJaay KpyroBble KpUBbIE: AJIs aHAINU3a KPyro-
BBIX KPHBBIX HE0OX01Ma OoJiee AeTanbHas pas-
OuBKa MMyTH (110 MTHKETaM);

* UCKJTFOYAJIUCh KUJIOMETPBbI, Ha KOTOPbIX pac-
YETHBIN CPOK CITy>KObI (OTHOILICHHE MPOIYIEeH-
HOI'0 TOHHaXKa U IPY30HANpPSHKEHHOCTH) U (ak-
THUYECKUH CPOK CITykObl (Pa3HOCTh TEKYILIETO
rojia ¥ rojia OCJIETHET0 KalMTalbHOIO PEMOHTA
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[Ipeobmanaer moposkHEE ABUKCHIEC

m

JByXIyTHBIM y4acTOK

Yacrora npuI1oKeHUsI Harpy30K
OT MOJBUKHOIO COCTaBa
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Yacrora npuIoKeHUsI Harpy30K
OT MOJIBUKHOTO COCTaBa
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30  OceBas Harpy3Ka,
TOHH Ha 0Ch

Puc. 1. JIByXnyTHBIE yUaCTKH C APKO BBIPAXKEHHBIM PA3IIMYHBIM I'PY30TIOTOKOM

MyTH) pa3auyarorcs 0osblue yeM B 3 paza. 1o
OOBSICHSETCS TEM, UTO Ha ATUX KUJIOMETPax Ipy-
30HANPSKEHHOCTh PE3KO BO3POCIIA WK yraia
(M3MEHWINCh YCIIOBHS SKCIUTYaTaIllH ), TIO3TOMY
JlaHHBIE He OY/IyT OMUCHIBATH TOUHYIO MHTEHCHB-
HOCTb OIMHOYHOTO BBIXO/IA PEIbCOB;

* IPUHUMAJIKCh B pacyeT KUJIOMETPHI TOIBKO
C HOBBIMH pelibcaMu Mpou3BojcTBa HoBoKy3-
HEI[KOT'O METaJTypruueckoro KoMOuHaTa TUma
P65 c xauectBom Tepmoynpounenus T1 ¢ mpu-
BeJeHHBIM M3HOocoM 0—12 MM u 0e3 OOKOBOTO
U BOJHOOOPA3HOTO M3HOCA. Y MepeokKEeHHbBIX
PENIbCOB HEU3BECTHBI YCIOBUS HKCILTyaTalluu
710 TIepeyKJIaJKku, a 3HAYUT, U IPUpOoAa UX Jie-
(ekToB;

* IPUHUMAJIKCh B pacyeT KUJIOMETPHI TOIBHKO
C HOBBIMH ’K€JI€300€TOHHBIMHU IITIaJIaMH C TH-
nioM ckperuiennit Kb, ¢ mebenouHbiM bannactom
TOJILMHON 0T 35 MM U Oosee, U ¢ OECCTHLIKOBOI
KOHCTPYKIIMEH MyTH, YTOOBI UCKIIOUUTH BIIUS-
HHE MOCTOPOHHUX (haKTOPOB HA OMHOYHBIN BbI-
XOJl PETIbCOB.

Hroro nns pacuera Ob110 BEIOpaHO 2238 KM.

Pe3y.]'[bTaTbI AaHaJIu3a OAUHOYHOI'0
BbIX0/Ja peJIbLCOB

Pesynbrathl HccienoBaHys OAMHOYHOTO BBIXO-
JIa peTIbCOB OT MPOIYIIEHHOTO TOHHAXA CO CPei-
HMMH OCEBBIMU Harpy3kamu 9,8 u 21,9 ToHH Ha
0Cb IIOKa3aHbl Ha puC. 2. BUIHO, YTO NHTEHCUB-
HOCTb OJJMHOYHOTO BBIXO/IA PENILCOB HA YUaCTKAX
¢ oceBbIMU Harpy3kamu 21,9 n 9,8 TOHH Ha OCb J10
HapaboTku ToHHaKa 400 MJTH T OpYTTO Ha OTHOM
YPOBHE, a 3aTeM Ha Y4aCTKaX C OCEBBIMU HArpPy3-
kamu 21,9 ToHH Ha ochk Bo3pacTaet B 3,15 paza
M0 CPAaBHEHUIO C HArpy3kou 9,8 TOHH Ha OCh.

3aKJaroueHue

Pa3paboTana MeToIMKa ONpE/ICNICHUs CPEi-
HHX OCEBBIX HAIPY30K HA y4acTKax ¢ sPKO BbIpa-
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Puc. 2. OnuHOYHBIH BBIXOZ PEIBCOB B 3aBUCUMOCTH OT MPONYIIEHHOTO TOHHAXA

KEHHBIMH Pa3IMYUSAMU IPY30MOTOKOB B YETHOM
Y HEYETHOM HarpaBJICHUSX.

Ha ocHoBanum co3gaHHON MaTEeMaTHYECKOM
MOJIEST PaOOTHI BEPXHETO CTPOCHUS My TH MPO-
aQHAJM3UPOBAH OJMHOYHBINA BBIXOJ PEIbCOB HA
yUYacTKax ¢ pa3IMuHbIMU OCEBBIMHU HATrPy3KaMHU.
AHan3 nokazaJ MpeBbIICHUE POCTa OMHOYHO-
T0 BBIXOJIa PEIbCOB Ha yuacTKax oOparieHus Ba-
TOHOB C BBICOKUMH OCEBBIMH Harpy3kamu Oosee
4yeM B 3 pasa nmocie HapaOOTKH TOHHAXKa CBBIIIE
400 muH T OpyTTO.

Pesynbrarel vccnenoBanust MOTYT ObITH MC-
M0JIb30BAaHBI MPU OLEHKE pecypca KeIe3HO10-
POXKHBIX PENTBCOB B YCIOBUSIX OOpaIlleHus MOA-
BIKHOT'O COCTaBa C BBICOKUMH OCEBBIMH Harpy3-
KaMH.
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