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0co6eHHOCTU BNNAHUA NMPOME)KYTOHYHbIX
penbCcoBbIX CKPEenfieHUN Ha 3KCN1yaTalOHHYIO

CTOMKOCTb penbCcoB

H.B. KY3HEL|OBA', E.A. CUJOPOBA?

"Poccuinckas oTkpbITas akagemus TpaHcnopTa (POAT) deaepanibHOroO rocyAapcTBEHHOrO aBTOHOMHOIO 0b6pa3oBaTeNbHOIo yYpeXxaeH s
BbICLIEro obpa3oBaHUs «POCCUNCKIUI YHUBEPCUTET TpaHcnopTa» (PrAOY BO «PYT» (MUWT)), MockBa, 125315, Poccus
2 AKUMOHEpHOe 06LWecTBO «Hay4HO-MCCefoBaTENbCKUIA MHCTUTYT XXENE3HOA0POXHOro TpaHcnopTa» (AO «BHUMXT»),

MockBa, 129626, Poccus

AHHOTaumA. TepMOynpoYHeHHble penbCbl Tna P65 — ocHoB-
HOW TWUM pPenbcoB, MPUMEHSEMbIA Ha CeTU XXeNne3HbiX AopPor
OAO «PXX[». CHuxeHne konnyectBa aedekTHbIX U ocTpogedekT-
HbIX PeflbCOB BO3MOXHO 3a CYeT paLMOHaNbHOro UCMNOoNb30BaHMUs
0COBEHHOCTEN KOHCTPYKLUMIA NMPOMEXYTOUYHbIX PeNbCoBbIX CKpen-
NEHUN N UX TEKYLLLEro COAEPXKaHMS.

B craTbe npwuBeneHbl pe3ynbTaTbl WCCNeAOBaHUA BAUAHWUA
XKECTKOCTM MPOMEXYTOUHBIX CKPEMNEHUMA Ha 3KCMnyaTaLMOHHYIO
CTONKOCTb PenbCcoB. PaccMoTpeHa obuas cTaTucTnka npumMmeHeHns
Pa3NnYHbBIX TUMOB MPOMEXYTOYHBIX PENIbCOBbIX CKPEnaeHUn Ha
CeTN POCCUMCKUX Xene3HbIX Aopor. KpaTko nprBefeHbl OCHOBHbIE
pe3ynsTathl paHee OMyONMKOBaHHbLIX WUCCIEAOBAHUN O BIAUSHUU
XECTKOCTU MPOMEXYTOYHbIX PENbCOBbIX CKPEMNEeHUN Ha Hakone-
HUE KOHTAaKTHO-YCTaNOCTHbIX NMOBPEXAEHUN B pefbcax.

B ocHoBe npoBefeHHbIX aBTOpPaMW pPacHeTOB HaKOMIeHWUs
KOHTaKTHO-YCTaIOCTHbIX MOBPEXAEHUI B penbcax nexar AaHHble
O BEPTUKaNbHOW N FOPU3OHTaNbHOW MOMEepPEYHOM XeCTKOCTU NpPo-
MEXYTOUHbIX PENIbCOBbIX CKPEMMeHU, Mony4yeHHble Mo pe3yrnb-
TaTaM CTEHAOBbLIX UCMbITAHUN. PacyeTbl HaKOMNEHUs KOHTaKTHO-
YCTaNIOCTHbIX MOBPEXAEHUN MNPOU3BOAMANCL C MPUMEHEHUEM
NporpaMMHOro Komrekca «YHMBepcanbHbI MexaHM3m». B npo-
Lecce MOAENMPOBaHMSA paccMaTPUBaNMCh YeTbipe TUna NpomMeXxy-
TOYHbIX pPenbcoBbIX ckpenneHun: APC-4, XXBP-65LU, XXBP-65MLIM
1 W-30. Pe3ynsTtaThl pacyeToB Obinv NonyyYeHbl Ans KpUBOW paany-
CcoM 650 M Ha 6eCcCTbIKOBOM y4acTKe MyTu.

KnioueBble cnoBa: penbcbl; pPebCcoBble CKPEneHus; XecT-
KOCTb; KOHTaKTHO-YCTaNnoCTHble MOBPEXAEHUS PefibCOB

Benenne. Pa3BepHyTas IUIMHA TJIaBHBIX ITyTei

OAO «PX]l» coctasuser 125,8 ThIC. KM, B TOM UHCJIC
Ha XeJie300eTOHHOM ocHoBaHMU Topsiaka 100 TeIC. KM,
M3 HUX TMPOTSDKEHHOCTh MYTU C YIPYTUMU PEIbCOBBIMU
cKkperuieHussMu — 6oitee 40 %.

Ha puc. 1 npencraBieHbl [uarpaMMBbl, XapaKTepu3y-
IOIIKEe MPOTSKEHHOCTh IYTH Ha XeJIe300eTOHHBIX IITTa-
JIaX ¢ pa3IMYHBIMU TUIIAMU ITPOMEXYTOYHBIX PEIbCOBBIX
CKpeIUIeHU.

CrieyeT OTMETUTD, YTO TIPUMEHSIEMbIe KOHCTPYKIIUU
PETBbCOBBIX CKPEIUIEHUI ITPOEKTUPOBAINCH B COOTBET-
ctBum ¢ tpedboBanusamu LIIT 1-86 «Texuudeckue Tpebo-
BaHUSI K IPOMEXYTOUYHBIM PEJIbCOBBIM CKPETUICHUSIM»,
Ha 6a3e KOTOPbIX ObLI pa3paboTaH MEXTOCydapCTBEHHBII
cranmapt 'OCT 32698—2014 «CxperuieHrue pelibCcoOBOE

I E-mail: Sidorova.Elena@vniizht.ru (E. A. Cugoposa)
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MPOMEKYTOYHOE KeJIE3HOAOPOXKHOrO MyTu. TpedoBaHus
0e30MacHOCTU U METOMIbl KOHTPOJISI». DTU TPEOOBAHUS HE
npeaycMarpuBaloT AuddepeHIMauum CKperieHUuid 1o
YCJIOBUSIM 2KCIUTyaTallUU.
C y4eToM TOTro YTO Irpy30HAMNPSIKEHHOCTb U Harpy3Ku
Ha oCh Ha pslIie HampaBJieHu (B repBylo ouepeab BocTtou-
HOTO MOJIMTOHA) 3HAYUTEJbHO BO3PACTAIOT, MOBBIIIAIOTCS
U TpeOOBaHUS K TOJATOBEYHOCTU M TEXHOJOTUYHOCTHU 00-
chyxxuBaHus ckperieHuii. Chepbl pallMOHATBHOTO TIPU-
MEHEHMSI TPOMEXKYTOUHBIX PEIbCOBBIX CKPEIUICHWI Ha
cetn xkejeaHbIX gopor OAO «P2XK]I» ycraHOBIEHBI pac-
nopskeHueM ot 28 mtons 2018 r. Ne 1362/p [1].
[TockonbKy HaKOILJIEH JOCTaTOYHBII OMBIT UCCIIEI0Ba-
HUI CKPEIUICHUM, TIPUMEHSIEMBIX HA CETU XKEJIE3HBIX H0-
pOr, OCHOBHBIE YCWIMSI B HACTOSIIIIee BpeMsl HaIlpaBJICHbI
MMEHHO Ha MOBBIIIEHUE HAEKHOCTU TUITOBBIX KOHCTPYK-
LIV CKPETUIEHUI Ha y4acTKax IMyTU MaJiOro paanyca, pas-
PpabOTKY CKPEIICHU TSI BBICOKOCKOPOCTHOTO IBYKEHUST
[2], a Tak:Ke yTOUHEHUE CTENEHU BIUSIHUSI KOHCTPYKLIMU U
COCTOSIHUSI CKPEIJICHUI Ha 3JIEMEHThI BEPXHETO CTPOSHMSI
nyTy (B MepBylO o4yepelb Ha peibChl) A obecredyeHust
PaBHOPECYPCHOCTU KOHCTPYKIIUU MyTH 2,5 MIIpI, T OPYTTO.
PenbcoBbie ckperieHUsI TpU U3HOCE U CTAapEHUU IPO-
KJIaIoK, U3JI0MaxX MOJKIAaA0K, KOPPO3UU U OcCiIabJeHun
pe3b0OBBIX COCTMHEHM I HEe 00eCTIeurBalOT B IIOJHOM Mepe
CTaOMJBHOCTU IIMPUHBI KOJeU, HEOOXONMMOIO YCUIUS
MPMKATUST pesibca K IIIajie U COMPOTUBICHUS TTPOIOJb-
HOMY YTOHY peJIbCOBOM TUIETH, BCAEACTBUE YeTO YXYAIlia-
eTcs AMHAMUKa B3aUMOIEUCTBUS MYTH U TOABUKHOIO
cocTtaBa. 3ayacTylo JajJbHeMInas KCIUTyaTalusl yJyacTKa
MyTU C YCTAaHOBJAEHHBIMU CKOPOCTSIMU CTAHOBMUTCSI HEIIO-
IMYCTUMOM I10 YCIOBUSIM 0€30I1aCHOCTHU IBUXKECHMUSI.
OcHoBHble TPHYMHBI OTKA30B PeJbCOB B JKCILIya-
tanud. Hanuuue B nmytu nedextHuix (JAP) m octpone-
¢dexTHbIX (OJIP) penbcoB Tak:Ke MPUBOIUT K OTpaHUUe-
HUIO CKOPOCTE ABMXEHUS, a MIPU MPOIycKe AedeKToB
CcpelcTBaMU IMArHOCTUKM — K M3JI0MaM, MOBBIIIEHUIO
3aTpaT Ha TeKyllee coAepXaHWe U PEMOHTHI IIyTH.
Bo3HUMKHOBEHHE KOHTAKTHO-YCTAJOCTHBIX Je(eKTOB
(KY]l) u u3Hoca 3aBUCUT OT COBOKYITHOCTH (haKTOPOB:
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21% 59 %

64 %

Puc. 1. IIpoTssKeHHOCTb Y4acTKOB ITyTH
C Pa3JIMYHBIMU TUTTAMU PEJILCOBBIX CKPETIICHU I
Ha XeJ1e300€TOHHBIX ITasiax (TJIaBHbIe TTYTH):
a — 0011as1 TPOTSKEHHOCTh XKEeJIE3HBIX JOPOT; 6 — TOPOTH
BocToyHOrO MOIMIoHa; 6 — TOpOru 3anaagHoro MOJTMIOHA:
1 — KB-65; 2— APC-4; 3 — XBP-6511I;
4 — XBP-65TIILIM (IT; TTL; TTIIP); 5 — W-30; 6 — TTDK-350

[Mpumeyanue. Bocrounstit monuron — KpacHosipckast, BocrouHo-Cubupckast,
3abaiikanbckas 1 JaabHeBOCTOUHAsI IUPEKLIMK MHDPACTPYKTYPHI,
3anaaHblii MOMMroH — OKTA6pbeKast 1 CBepIIOBCKast TUPEKIIMHI

MHGPACTPYKTYPbl — CTPYKTYpPHBIE Moapa3aeeHus LieHTpaabHOil AMpeKunn
nHpacTpykTypsl — pummnana OAO «PXKD».

Fig. 1. Length of track sections with different types
of rail fastenings on reinforced concrete sleepers (main tracks):
a — total length of the railways; 6 — railways of the Eastern polygon;
6 — railways of the Western polygon: / — KB-65; 2 — ARS-4;
3 — ZhBR-65Sh; 4 — ZhBR-65PShM (P; PSh; PShR); 5 — W-30;
6 — PFK-350

Note. Eastern polygon — Krasnoyarsk, East Siberian, Trans-Baikal and Far
Eastern directorates of infrastructure, Western polygon — Oktyabrskaya,
Sverdlovsk directorates of infrastructure — structural divisions of the Central
Directorate of Infrastructure — a branch of JSC Russian Railways.

KOHCTPYKIIMU TYTU, paauyca KPUBOW, YKIIOHA MYTH, pe-
XUMa TOPMOXEHMS TOABUXHOIO COCTaBa, Harpy3okK OT
KOJIECHOM Maphl Ha PEJIbC, CKOPOCTEN NBUKEHUSI.

WMHTteHcudukaims ycioBuii 3KCILTyaTalluM IYyTH CO-
MPOBOX/IAETCS MOBBILLIEHHBIM OAUHOYHBIM U3BSITUEM PEJIb-
coB. IIpu 3TOM He TOJBKO YBEIUYMBAETCSI YACIbHbBIN BbI-
XOJl PEJIbCOB, HO U MU3MEHSIETCS XapakKTep Mpeodsafaroimx
MPUYUH UX NoBpexaeHuii. HarmpumMep, Ha paHHeill ctanuu
SKCIUTyaTalluM Ha TIPSIMbIX YYaCTKAX U B MOJOTUX KPUBBIX
OCHOBHBIM BUJIOM ITOBPEXKIEHUI PEJIbCOB SIBJISIIOTCS Aehek-
Thl KOHTAKTHO-YCTAJIOCTHOTO MIPOUCXOXKIECHUS, a B KPUBBIX
MaJIoro paanyca — O0KOBOI U3HOC IO YITOPHOI HUTU U BEp-
TUKAJIBHBIA U3HOC U CMATHE — 110 BHYTPEHHEN HUTH.

Takum o6paszom, pakTopaMu, ONIPEACTSIOIINMU DKC-
TUIyaTallMOHHYIO CTOMKOCTb PEJIBCOB, SIBJISIIOTCS UX KOH-
TaKTHasl BBIHOCJMBOCTb U U3HOCOCTOMKOCTD.
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B o6iuiem Buge BearuuHa Hapa6OTKI/I TOHHaXxa IJId
PEIBCOB MOXKET OBITh IpeacTaBja€Ha 3aBUCUMOCTBIO

T =JyPy+ Dyyy Py +0: P, (1)

rae J; — MHTEHCUMBHOCTb M3HOCA PEJIbCOB, BbIPAXEHHAs B
HapabOTKe TOHHAXa 10 00pa30BaHMS ITPEACTLHOTO N3HOCA,
Jy = f(hy); Dyy; — HapabOTKa TOHHaXa IO 0Opa3OBaHUS
KVY; O; — napaboTtka TOHHaxa 10 00pa3oBaHus aedek-
TOB, HE CBSI3aHHBIX C (PU3NKO-MEXaHIIECKUMH CBOMCTBAMU
M Ka4eCTBOM TIPOM3BOICTBA PEIIbCOB (Ie(PEKTHI OT yaapoB,
nedeKTbl CBapKu U Ip.); P, — 107151 0TKa30B, NpUXOIsILIasi-
¢ Ha U3HOC; P, — nmomnst otkas3os, npuxonsauasica Ha KY/I;
P, — nons 0TKa30B, MPUXOAILASACS HA TIPOYMUE NEPEKTHI.

P+ Py + B =1 (@)

OT BO3IEICTBYS KOJIEC B TOJIOBKE peibca B MECTe KOH-
TaKTa U3MEHSIETCS HAITPSDKEHHOE COCTOSTHHE, TIPY 3TOM BO3-
HUKAIOT 3HAUYMTE/IbHBIC 3HAKOIIEPEeMEHHBIC HaIPSDKCHMS,
KOTOpBIC B 30HAX KOHIICHTPAIIMU TIPEBHIIIAIOT TIPeaesT BhI-
HOCJIMBOCTH peiibcoBoii ctanu. [loce orpeneieHHOM Hapa-
0OTKM B 3THX 30HAX BO3HMKAIOT BHYTPEHHUE TTPOIOIbHBIC
TPEIIMHBI, TTPUBOISIINE K M3JIOMaM M OTKa3aM PEJIbCOB.

H3Hoc paboueit MOBEpXHOCTH TOJOBKU pelibca JIMK-
BUINPYET MOBEPXHOCTHBIE KOHTAKTHO-YCTAaJOCTHBIC
TPEUIUHBI, He TaBast UM Pa3BUTHCSA U CTATh IPUIMHOMN 13-
JIOMOB ¥ U3BSATHI PEIbCOB IIPU CBEPXHOPMATUBHBIX pa3-
Mepax TPEIIMH U BBIKpAIIUBAaHUU.

3HaueHUs BePTUKAJIbHOW M TOPU3OHTAJIBHOI MOMepey-
HOIi JKECTKOCTH MPOMEXKYTOYHbIX CKpelvieHuil. BnusiHue
CKpEIIEHUIA B CHCTEME <«KOJIECO— PEIbC— PEIHCOBOE
OCHOBaHME» CICAYeT pacCMaTpuBaTh Ha (DOHE IPYTUX CH-
CTEMHBIX aCTICKTOB, MMEIOIINX 3a9acCTyI0 B3aUMOMCKITIO-
YaoIlre peleHus, a MMEHHO:

1) YBennyeHue ropu30HTAILHON TMOIEPEYHON XKeCT-
KOCTH PEJIbCOBOTO CKPEIUICHUS BeIeT K ITOBBIIICHUIO
JKE€CTKOCTU KOHCTPYKIIUM TYTH B 1IEJIOM M BO3paCTaHUIO
KPUTHYECKON CKOPOCTH IBUKCHMS, UTO BIMSIET HAa XOIO0-
BYIO YCTOMYIMBOCTH BaTOHOB.

2) B KpuBBIX Majoro pagmuyca OCHOBHOI MpoOJieMoit
MMHAMWKY B3aMMOJIEICTBUS ITyTH U TTIOIBUKHOTO COCTaBa
SIBJITIOTCSI 3HAUYMTEJIbHBIC OOKOBBIE CHJIBI. Bo M30exaHme
Cepbe3HBIX AehopManii KOHCTPYKIIUU ITyTH €TO TOpH-
30HTAJIBHYIO TTOIIePEYHYIO KECTKOCTh CIICAYET YBETUUUTD.
OmHaKO HeIOCTAaTKOM TaKOTO PEIICHUS SIBJIIETCS TO, YTO
ero peaym3aliysi MOXeT 0Ka3aTh BpeoHOE BO3ICHCTBIE Ha
IoTIepevyHoe TUMHAMMYECKOe B3aMMOIEICTBHUE Kojieca U
penbca 1 0e30TaCHOCTh IMTPOXOXKIECHMS KPUBBIX.

3) [Ipy KOpPOTKMX HEPOBHOCTSIX Ha ITOBEPXHOCTH
pebca BOBHUKAIOT yAAapHBIC HATPY3KM C BBICOKOU W HU3-
KOIf 9acToTOM. B 3TOM CiTyyae OTHOCUTEIRHO MaJjiasl Bep-
THKaJIbHAS 3KeCTKOCTb PETbCOBOIO CKPEIICHUS CII0CO0-
CTBYET CMSITUCHUIO yIapHBIX HArpy3oK [3].

© AO «BHUWMXT», 2021
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K 4gumcny BaxkHEHIINX TEOPETUIECKUX BOIIPOCOB OT-
HOCHUTCSI YCTAaHOBJICHNE ONTUMATbHOU BETUMIMHBI BEPTH -
KaJbHOM CTaTMYECKON M TMHAMUYECKON KECTKOCTH y3JIa
CKpPETICHUS [IJIS OTIpee/ICHHBIX YCIIOBHIT 9KCILTyaTalllH,
a TaKKe ONTUMAaJIbHOTO COOTHOIICHUS KECTKOCTH aMOP-
TU3UPYIONINUX TPOKIANOK W KJIEMMBI (TIPY*KUHHOTO BJIe-
MEHTa, TIPUKPETUISIONIETO PEIbC K OCHOBAHUIO).

[IpaBUJIBHO CIIPOEKTUPOBAHHBINA Y3€Jl CKpEeIUICHUS
TIOJDKEeH 00eCITeuynBaTh 3aIaHHYIO YIIPYTOCTh M OTHOBpE-
MEHHO COXpaHSITh KJIEeMMHOE TIpIKaTHe peJibca K IImae.

KoHcTpyKIImoHHass KECTKOCTh y37a CKpEIUICHUS
OIIpeNeIISIeTCS KECTKOCTBIO TIPOKIaIKHI-aMOPTHU3aTOpa
(BepTUKAJIbHAS) M KECTKOCTBIO KJIEMMbI Ha KOHTaKTe C
penbcoM (TOpU3OHTAIbHAS TIOTIEPETHAs ).

B HacTosimiee BpeMsT Auara3oH BEpPTUKAIbHOM KeCT-
KOCTHU TIPUMEHSIEMBIX KOHCTPYKIIMI CKpeIUIeHUI KOoJieo-
sercs B mpenenax ot 50 mo 300 MH/M, a cooTHoIIeHNE
JKECTKOCTEH KJIEMMBI Ha KOHTaKTe C PEIbCOM M aMOPTH-
3UpYIOIIeit MPOKIaaKoii coctapisieT ot 1/7 mo 1/20.

Hopmupyembiit TOCT 32698—2014 [4] nuama-
30H 3HAYCHMI BEpPTUKAJIBbHOI XECTKOCTH y37a IIpO-
MEXYTOYHOTO PEIbCOBOTO CKPEIUICHMWSI COCTaBIISIET
50—150 MH/M, ropn30HTaIbHOI TIOTIEPEYHON — HEe Me-
Hee 30 MH/m.

Cormmacno T'OCT 34078—2017 [5] BepTuKalibHas
cTaThyecKasl KECTKOCTh ITOAPENIbCOBBIX ITPOKIAMOK-
aMOPTU3aTOPOB PA3IMIHOTO WCIIOJHEHUS IJIST OMHON 1
TOM e KOHCTPYKIIMYU CKPETUICHUSI HAaXOIUTCS B IUAaIa3o-
He ot 50 mo 150 MH/M n ipu KTMMaTUYEeCKOM CTapeHUU
(moATOBpEeMEHHOM 3KCITyaTallii) MOXKET H3MEHSITHCS
1o 30%, t.e. mocturath 195 MH/m. Ilpu temiepatype
—40 °C x03pGUIMEHT U3MEHEHUST CTATUYECKOM KECTKO-
CTHU MOKET JOCTUTATH 4.

PesynbraThl CTEHIOBBIX WCHBITAHWI TTOKa3bIBAIOT
3HAYUTEJbHBIC OTIWYMS 3HAUYCHUI XapaKTEePUCTUK Bep-
TUKAJIBHOI 1 TOPMU30HTAIIBHOM TTOIIePEYHOM KECTKOCTH Y
CKpeIUICHUI pa3TUYHBIX KOHCTPYKIINIA.

Ha puc. 2 1 3 mipencraBieHbl 0000IIEHHBIE PE3YIbTaThI
CTEHIOBBIX WCIbITaHMH, npoBeaeHHbIXx AO «BHUMXKT»
(;1abopatopust «McrnbITaHust MaTepyuanoB U KOHCTPYKLIMIA»
HII «PCTM», 3aBemyroniii y1abopatopueil KaHI. TEXH.
Hayk 1O.A. ba3aHoB), IO OIpeneieHnI0 BEPTUKAIBHOU 1
TOPU30HTATLHON TMOMePEYHOM XKECTKOCTH PA3IMUHBIX KOH-
CTPYKIIWIA CKPETUICHHH 0 ¥ TTOCIIe MX IUKIMYECKUX HArpy-
JKeHUI Ha 6a3e 4 MJTH LIMKJIOB, UMUTHUPYIOIINX TTOE3THYIO
Harpy3Ky npu HapaboTke ToHHaxa 100 MiH T OpyTTO.

HaumMeHplryto BepTHKalbHYIO JKECTKOCTH (3a cYeT
NIBYX IIPOKJIAIOK — TTOAPEIbCOBOM 1 HAIIIITAIbHOI) MMeeT
ckperuienne Kb-65, mpu stom koHcrpykuusa Kb 3Haun-
TEJIbHO TTOIBEPXKEeHA BIMSTHUAIO JUHAMUYECKOTO HarpysKe-
Hug (yBeJMYEHUE BEPTUKAJIbHOM XecTKocTu B 1,7 pasa
mpu Harpy3ke P = 27 1c).

[MpunoxeHne NUKIWYECKON HArpy3KW ITOBHIIIACT
3HAYCHHUS BEPTUKAIBLHOM XXECTKOCTH B OOJBIICH CTere-

© AO «BHUWMXT», 2021
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KB-65 APC-4  XXBP-65LL XBP-65MLM  W-30
Puc. 2. U3aMeHeHMe BepTUKATBHOM KeCTKOCTH CKPETUTCHUI
TIPU UX HUKINYECKUX HATPYXKEHUSX:

— J10 LIMKJIMYecKux HarpyxeHuit; [ll — Harpy3ska 23,5 1c;
I — narpyska 27 Tc
Fig. 2. Change in the vertical stiffness
of fasteners under its cyclic loading:
— before cyclic loading; il — load 23.5 tf;
B — load 27 tf
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Puc. 3. Vi3MeHeHUe rOpU30HTAIBHOM MTOTIEPEYHOI XKECTKOCTH
CKPETJICHU I MPU UX LIMKJINYECKUX HATPYKEHHUSIX:
— JI0 UMKJIMYeCKUX HarpyxeHuii; il — Harpy3ka 23,5 Tc;
I — Harpyska 27 Tc
Fig. 3. Change in the horizontal transverse stiffness
of fasteners under its cyclic loading:
— before cyclic loading; [l — load 23.5 tf;
B — load 27 tf

HU 111 OECMOIKIATOYHBIX KOHCTPYKILIMI CKpPETJIeHUIA,
3a CYET OOJIBIIMX OCTATOUHBIX Aedopmainuii (cMIThE U
HUCTUpaHKME) MPOKJIAAKM-aMOPTU3aTopa U peslaKCalluu
KJIEMMBbI COOTBETCTBEHHO Ha 40 u 15% nns ckperuieHui
KBP-65111 u 2KBP-65TTIIM 1ipu Harpyske P = 23,51c u
Ha 55 u 25 % nipu Harpy3ke P =27 Tc.

Hns ckpernenust APC-4 yBenuueHue BepTUKAJIbHOMN
JKECTKOCTH TI0CJIe LMKJIMYECKOrO HarpyXeHusl COCTaB-
sset npu Harpyske P = 23,51c — 11 %, a npu Harpyske
P=271c —20%.

Hng ckperienus W-30 yBenuueHue BepTUKaTbHOM
JKECTKOCTH TOC/Ie IMKJIMYECKOTO HAarpy>KeHUs COCTaBIISI-
eT 20 %, 4To 00YCI0BIEHO KOHCTPYKIIMOHHBIMU OCOOEH-
HOCTSIMU KJIEMMbI TOPCOHHOTO TUIIA, UMEIOILICH JIydIIne
yIOpYrue XapakTepUCTUKU MO CPAaBHEHUIO C KJIeMMaMu
XKBP u APC.
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Ja ckperenus [TMOK-350 oTHocuTeIbHOE yBEIMUE-
HUE BepTUKAJIbHOI XKecTKOoCTH gocturaet 110 %.

B 11e;10M TIOBBINIIEHNE BEPTUKAIBHOM KeCTKOCTHU T10-
cJle TMKIIMYECKNX HarpyKeHUI YKa3aHHBIX CKpEIUICHUM
OOYCJIOBJICHO TIOTEepEel YIIPYro-3JacTUYEeCKNX CBOMCTB
MaTepuralia MmoJapeabCOBbIX MTPOKIAA0K-aMOPTHU3aTOPOB.

Haumenpiree BIMsIHME HMKINYECKOS TUHAMUYICCKOE
Harpy>keHHe OKa3bIBaeT Ha 3HAUYCHWE TOPU30HTATHHOMU
ITOTIEPEYHOM XKECTKOCTH KOHCTPYKIIMHM CKPEIJICHUS
XKBP-65111 — ortHocurenbHOe yBeaudenue Ha 20%; y
MMOIKJIAMOYHBIX KOHCTPYKIMM cKkperuieHnit u APC-4,
MMEIOIETO XEeCTKUE YIIOPHBIC BBICTYITBI aHKepa, — Ha
70—90 %. HawubGosbliiasg ropu30HTaJbHAS IOMEepeYHast
JKECTKOCTh OTMEUaeTCs y aHKEePHBIX KOHCTPYKIIMU
ckpemienusi APC-4 (mo 200 MH/M) u IIPK-350 (mo
576 MH/m), a takxe y ckperuienust W-30 (332 MH/m) 3a
CYET BBICOKOTO MOHTAXKHOTO IIPUKATHUSI KIIEMMaMU TTOI0-
IIBBI peJIbCca.

Biugnue XKecTKOCTM y3/a CKpemnJieHHs] HA WHTEHCHB-
HOCTh 00pa30BaHMSA W Pa3BHTHS KOHTAKTHO-YCTAJOCTHBIX
MOBpEXKIeHHA pesbcoB. 2KeCTKOCTh y37a CKPEIICHUS
BIMSICT HA MHTEHCUBHOCTH 00pa30BaHMS W Pa3BUTHUS T10-
BPEXXICHWI KOHTAKTHO-YCTAJOCTHOTO XapakKTepa B 3Jie-
MEHTaX BEpXHETO CTPOCHMS IyTH, M B TIEPBYIO OUepeb B
penbcax [6, 7]. B pesynbrare mccieqoBaHuid, IPOBEIEH-
Hbeix BHUUMKT, Obuto ycTaHOBIEHO, YTO ABYKPATHOE
CHIDKEHME BEPTUKAIBLHOM KECTKOCTH B Y3JIe CKPETIICHUS
MIPUBOIUT K YMCHBIICHWIO KOHTAKTHBIX HAIIPSDKEHU B
pelibce U yMeHbleHHo 10 40 % 3HaueHUI BepTUKATbHBIX
CWJI, AEHCTBYIONINX Ha peikC [§].

[ToBbIITIICHNE CTATUYECKON BEPTUKATBHOM KECTKOCTH
CKpEeIICHUI 1 CHIDKeHUE UX aMOPTU3aIlMOHHOM CIT0C0O0-
HOCTHU B 3UMHUI NEPUOJ TTPU MOBBIILIEHUN MOIYJIS YIIPY-
TOCTH TYTHU IIPUBOIUT K POCTY TIOBPEXKIAEMOCTH PEIHCOB
W yXYAIIEHUIO COCTOSTHMS OasutacTa [9].

DTOT BBIBOI UMEET OCOOCHHOE 3HAUCHNE B COBPEMEH-
HBIX YCIOBUSIX MOBBIIICHUS KECTKOCTU MTPOMEXKYTOUHBIX
PETBCOBBIX CKPETIICHU TSI YBEIMUICHUSI X TOJITOBEYHO-
cty. BeposiTHO, Mpu pelreHnr JaHHOTO BOITpOca He00X0-
MO OTIPENEIUTh PAallMOHAIbHBIC TPAHUIIBI TTOBBIIICHUS
BEPTUKAJIBHOM KeCTKOCTU CKPETUICHUIA.

Ha ocHOBaHMU DaHHBIX, COACPIKAIIMXCS B JIEKTPOH-
Hoi 6a3e EquHoit KopriopaTUBHOM aBTOMAaTU3UPOBAHHOM
cucTeMbl yrpaBiieHus uHbpactpykrypoit (EK ACYI)
OAO «PXK]I», aBropamu 0bII1 ¢(hOPMUPOBAHBI COBOKYII-
HOCTH OMUHOYHBIX U3BSITUIA TEPMOYIIPOYHEHHBIX PETHCOB
tuna P65 no kogam neheKToB KOHTAKTHO-YCTaJI0CTHOIO
MMPOUCXOXICHUSI W PACCUMTaH WX YACIbHBIA BBIXOI
(puc. 4).

Jna uccnemoBaHUs BIMSHUS KECTKOCTH ITPOMEXKY-
TOYHBIX PEIbCOBBIX CKPEIUICHNWIA Ha BO3HUKHOBEHHUE
KOHTaKTHO-YCTAJIOCTHBIX TTOBPEXIEHUIN B pejibcax HC-
MOJIb30BAJIMCh METO/Ibl MOJEIUPOBAHMSI, PEATN30BAHHbIE
Ha 0a3e MpOrpaMMHOTO KOMIUIEKCA «YHUBEPCATbHbIN
MexaHusm» [10].
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B ocHOBY co3maHusI MOfeIeit IeTJIN pe3yIbTaThl CTCH-
TIOBBIX WCMBITAHWI TIO OIpeNesIeHNI0 BEPTUKAIbHON M
TOPU30HTAJIBHON TIOMEePEeYHON SKECTKOCTH Pa3TUIHBIX
KOHCTPYKIIMI PEIbCOBBIX CKPEIUICHUI, TPOBEICHHBIX
AO «BHUMXT». Ona ucciaeqoBaHus ObUTM BBIOpaHBI
yeTbipe THIa ckperuieHnii: APC-4, XXKBP-65111, KBP-
65I11IM, W-30.

Pacuer HaKOIUIEHHBIX TTOBPEXICHUI OCYIIICCTBIISIICS
B y3J71aX KOHEUHO-3JIEMEHTHOM CeTKM (DparMeHTa pejbca.
[Ipu aToM B pacueTe MPUHUMAIIOCH, YTO B KaXKIBI MO-
MEHT BpeMEHM IpHpallleHIe TTOBPEXKICHHOCTA HE 3aBU-
CUT OT HAKOIUIEHHOH MOBPEXAEHHOCTU. B 3TOM ciydae
KOHTaKTHO-YCTaJIOCTHAsI ITOBPEXKICHHOCTh, HAaKOILICH-
Hasl B i-M y3JIe KOHEYHO-3JIEMEHTHOI CETKH, OIpemelisi-
Jack 1o popmyite [11]:

0=y "

SNGY ©)
rae N, (j) — 4Mciio LMKIIOB 10 TIOSBJIEHUS BbIKPAILIMBAHNS
YCTAJIOCTHOTO XapaKTepa; 77 — YMUCJIO LIMKJIOB HATPY>KEeHUSI.

IIpu atoMm B ciaydyae Q =1 HacTymaer Hauyajao paspy-
IIEHUs peibca, APYTUMU CIOBaAaMM, BOSHUKHOBECHHUE BbI-
KpalliBaHMS PEJIbCOB.

B pamMxax BBITTOJTHEHMSI WCCIACTOBAHUI OBIIM TaK-
K€ TIPOBENEeHBI pacueThl HAKOIICHWSI KOHTAKTHO-YCTa-
JIOCTHBIX TOBPEXICHUI pPeIbCOB HAa YJacTKe ITyTH, CO-
JepxKalieM KpuByto paguycom 650 m. ['eomeTpust KpuBoit
obecrieurBaia IBVKCHIE TPY30BOTO BaroHa ¢ Harpy3Kou
23,5 TC Ha OCb U CKOPOCTbIO 60 KM/4 ¢ HeroraieHHbIM
YCKOpeHMEM, OJIM3KMM K HYJTIO (BO3BBIIIEHNE HAPYKHOTO
penbca B KpuBoii coctaBmsiio 70 mum). I1pu aToM paccma-
TPUBAJIOCH HAKOIUICHHE KOHTAKTHO-YCTAJOCTHBIX IIO-
BpeXIeHUI B 0eCCThIKOBO 30HE.

OTmenbHO pacCMaTPUBAIOCHh HaYaJI0 BOSHUKHOBECHUS
KOHTaKTHO-YCTaJOCTHBIX TOBPEXIECHU (BBIKpaIIBa-
HUS) VIS PEIbCOB, JIEXKAIIUX B KPMBOI, Ha HOBBIX ITPO-
MEXYTOUHBIX PEJTbCOBBIX CKPETUICHUSIX M CKPCIUICHUSIX,
HaXOMSIIMXCS B OKCILTyaTaluu.

st pelbCOB Ha HOBBIX PEIBCOBBIX CKPEIUICHUSX,
YIIOKEHHBIX B KPUBOM pamuycoM 650 M, IepBbie I1O-
BpEXICHUSI, COTJIACHO pPe3yJbTaTaM pacuyeToB, Ha CKpe-
mienusx 2KBP-65111 HacTynaooT mo3xe, 4eM Ha IPYyTux
THITaX CKpeIieHn# (puc. 5).

Hamo oTtMeTuTh, 4TO TIpOU3BOAMMAST METOIAMU UMMU-
TaIlMOHHOTO MOJIEIMPOBAHMS OIIcHKA HAKOIIJICHUS I10-
BPEXIECHUI B pebcax HOCHUT IO OOJIBINECH YacTH Kade-
CTBEHHBIN XapakTep. ODTO OOYCIOBICHO IPUHSTBIMU
JNOMYIIEHUSIMUA B MOJIEJISIX HAKOILJIEHUS] TTIOBPEXIEHU 1
MOIEJISX, OTIMCHIBAIOIINX XapAKTePUCTUKH CKPETUICHUIA.

HawnbGonblilee HaKoIIEHHOE TIOBpEXAeHUE ObUIO 3ape-
TMCTPUPOBAHO Ha pPebcax, JeKaIllMX B KPUBOI Ha HOBBIX
ckpermieHnsIx APC-4. TlpudeM npu aHanm3e pe3yIbTaToB
pacyeToB HAKOIUICHMSI KOHTAKTHO-YCTaJIOCTHBIX ITOBPEK-
JICHUI PeJIbCOB B KPUBOIA panrycoM 650 M Ha CKPEIUICHUSIX,
HaxOISIIMXCS B SKCIUTyaTalliy, 3HAYCHMWST HAKOIUICHHBIX

© AO «BHUWMXKT», 2021
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Puc. 4. YienbHBIi BEIXOI PEJTLCOB Ha CKPETUICHUSIX Pa3IMIHBIX KOHCTPYKITWIA:
a — KB-65: M — Bocrouynsiii moauron; Ml — 3anaanblii monuroH; 6 — APC-4: Bl — Bocrounblii mosivroH; Ml — 3amagHblii MOJIUTOH;
6 — XKBP-65111: M — Bocrousnsiii noymron; M — 3amanHsiii mosmrox; e — >KBP-65 TTIIM (IT, TTL, TTIIP): B — BocToYHBbIii IOJINTOH;
M — 3ananueiii noaurod; 0 — W-30: I — 3anagusiii monmurod; e — [MTMOK-350: M — 3anagHblii MOJIUroH
Fig. 4. Specific rail shifts on fasteners of various designs:
a — KB-65: m— Eastern polygon; Il — Western polygon; 6 — ARS-4: Bl — Eastern polygon; Il — Western polygon,;
¢ — ZhBR-65Sh: Bl — Eastern polygon; ll — Western polygon; 2 — ZhBR-65 PShM (P, PSh, PShR): B — Eastern polygon;
I — Western polygon; 0 — W-30: Il — Western polygon; e — PFK-350: Il — Western polygon

noBpexxaeHuit wist ckpervieHuit APC-4 neMoHcTpupoBanu
ropasno 6o0jiee MHTEHCUBHBII POCT, YeM JUTST IPYTHX CKPeTI-
neHuit (puc. 6). Takoil pe3yJbTaT MOXET CBUIETEIBCTBO-
BaTh O HAJIMYMH PUCKOB POCTa KOHTAKTHO-YCTAJIOCTHBIX TTO-
BPEXKIEHUI B pelibcax ¢ TAKUMU CKPETUICHUSIMU, JIeXKaIuX
B KPMBBIX parycoM 650 M 1 MeHee, Ha IPy30BbIX JIMHUSIX,
nocJe nporycka ToHHaxa 100 MH T OpyTTO.

Ilpu >TOM U3 puc. 6 BUAHO, YTO HAKOIJICHUE ITO-
BpPEXICHUI PEebCOB B KPUBBIX pamuycoM 650 M mocie

© AO «BHUMXT», 2021

nponycka 100 MJIH T OpyTTO HaUMHAETCS MO3XEe BCETro Ha
ckperieHussx W-30.

Takum 00pa3oM, pe3ysbTaTbl pacyeTOB MOATBEPXKIAIOT
11e7IeCO00Pa3HOCTb CYIIECTBYIOLICH cdepbl MpUMEHEHUS
ckperieHuit APC-4 1 o3BOJISIIOT MPEATTOIOXUTH BO3MOXK-
HOCTh pacimpeHust chepbl palloOHAILHOTO MTPUMEHEHUS
ckperieHuit W-30.

JpyruM BaXHBIM ITapaMETPOM PeJIbCOBBIX CKpeETLie-
HUI SBIISIETCS WX KECTKOCTh Ha M3rud. CoBpeMeHHBbIE
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Puc. 5. HakoruieHue nMoBpeXaeHUi pesibcoB
B KpUBOii R= 650 M Ha HOBBIX CKPETUIEHUSX:
1 — APC-4; 2 — XBP-65111; 3 — XBP-65I111IM; 4 — W-30
Fig. 5. Accumulation of rail damage
in the curve R=650 m on new fastenings:

1 — ARS-4; 2 — ZhBR-65Sh; 3 — ZhBR-65PShM; 4 — W-30
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Puc. 6. HakorieHye MOBpeXIeHUI peJibcOB B KpUBOil R=650 M
Ha CKPETJICHUSIX, HAXOMSAIINXCS B 9KCIUTyaTalliu:
1— APC-4; 2 — XBP-6511; 3 — XKBP-65TTLLUM; 4 — W-30
Fig. 6. Accumulation of rail damage
in the curve R=650 m on fasteners in operation:
1— ARS-4; 2— ZhBR-65Sh; 3 — ZhBR-65PShM; 4 — W-30
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Puc. 7. BnusHue n3aruGHoii xectkocty ckperuieHuit 2KBbP-65111
Ha HaKOIUICHME KOHTAKTHO-YCTAJIOCTHBIX ITOBPEXKICHUI:

1 — u3rubHas xectkoctb 0,07 MH-m/pan; 2 — u3rubHast KecTKOCThb
0,13 MH-M/pan; 3 — nszru6Has xectkocts 0,2 MH-M/pan; 4 — u3ru6-
Hast xecTkocTb 2,5 MH-M/pan; 5 — usrubnas xectkocts S MH-M/pan

Fig. 7. Influence of bending stiffness of ZhBR-65Sh fasteners
on the accumulation of contact-fatigue damage:
1 — bending stiffness 0.07 MN-m/rad; 2 — bending stiffness
0.13 MN-m/rad; 3 — bending stiffness 0.2 MN-m/rad; 4 — bending
stiffness 2.5 MN-m/rad; 5 — bending stiffness 5 MN-m/rad
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OTeUYeCTBEHHBIC HOPMATUBHBIC TOKYMEHTBI HE HOPMUPY-
0T U3TMOHYIO KECTKOCTh CKPEIUICHUIA, XOTS B 3apy0ek-
HOI1 TTpaKTUKE 3TOT IMapaMeTp NMeeT CBOM HOPMAaTHBHBIC
3HAYCHMUSI.

B pamMkax BbINOJHEHHOW pPabOThI ObUIM MPOBEICHBI
pacyeThl TI0 YCTAaHOBJICHUIO BIMSTHUST M3MEHEHUS U3THO-
HOM XXEeCTKOCTHM CKpPeIUICHUIT Ha KOHTAaKTHO-YCTaJIOCTHBIC
TTOBpEeXIEeHMST pesibcoB. Ha puc. 7 ipencTaBiIeHbI 3aBUCH-
MOCTU HAaKOIUICHMSI KOHTAaKTHO-YCTAJIOCTHBIX ITOBPEXIC-
HUI B pesibcax OT ITPOMYIIICHHOTO TOHHAXKA IIPY pa3IMIHOM
M3rnOHOM KecTKocTH ckperuieHnii 2KbP-65111. PacueTsr
ITOKA3BIBAIOT, UTO CHIDKEHME N3TUOHOM KECTKOCTH BEAET K
3aMETHOMY POCTY KOHTAaKTHO-YCTaJIOCTHBIX TTOBPEKICHUIA
B peJbcax.

Haubompmmii pocT KOHTAKTHO-YCTAJOCTHBIX IIO-
BpEXXICHUI OBUT 3apeTUCTPUPOBAH MPU M3TUOHOM KeCT-
koctu, paBHoit 0,07 m 0,13 MH-m/pan. B [12] ykazano,
YTO TaKasl M3TMOHAsT XXEeCTKOCTh COOTBETCTBYET 3aTsSKKE
mypynoB ckperuieHust 2KBP-6511 no 50—100 H-m, yto
SIBJIIETCS CYIIECTBEHHBIM OCJIa0JICHEM 110 CPaBHEHUIO C
HOPMAaTHBHOM 3aTsKKOM, paBHOM 250 H-M.

3aBUCUMOCTh MAaKCUMAaJIbHOI HAKOTUICHHOM KOHTAKT-
HO-YCTaJIOCTHOM MOBPEXIEHHOCTU PEIBCOB OT U3rMOHOM
JKECTKOCTH peibcoBbix cKkperuteHnii 2KbP-65111 ripu npo-
mymieHHOM ToHHaxe 100 MJTH T OpyTTO ImpeacTaBicHa Ha
puc. 8.

W3 pucyHka BUIHO, YTO MMEET MECTO BIMSHHUE Be-
JIMYMHBI M3TMOHOM 3KECTKOCTH ITPOMEKYTOUHBIX pPEJTb-
COBBIX CKpEIUICHWII Ha WHTEHCUBHOCTh HAKOILJICHUS
KOHTaKTHO-YCTaJIOCTHBIX MOBPeXIeHN B peibcax. Co-
IJIACHO pacyeTaM IPU YMEHBIICHU N U3TMOHOM KeCTKO-
CTU CKpEIUICHUI KOHTAKTHO-YCTaJOCTHBIE ITOBPEXIC-
HUS B peIbcax YBEIMIMBAIOTCS, TIPUYEM MHTCHCUBHOCTD
HX POCTa CTAHOBUTCSI OOJIBIIIE TIOCIIE TIPEOIOICHUS 3HAUC-
HUI U3ruOHOM XecTkoct B 1 MH-M/pan.
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Puc. 8. 3aBUCMMOCTb MaKCUMaJIbHOW HAKOIJIEHHOW KOHTAKTHO-
YCTaJIOCTHOM TIOBPEXKIIEHHOCTHU PETbCOB OT U3TMOHOI XKECTKOCTH
pesibcoBbiX ckperuteHnii KBP-65111 nmpu nporynieHHOM TOHHaXe
100 MytH T OpYTTO: y — MaKCMMaJlbHAsl HAKOTUIEHHAs! TIOBPEXICHHOCTD;
X — M3TMOHAst KECTKOCTh; R? — KO3 (MUILIMEHT IeTepPMUHALIN
Fig. 8. Dependence of the maximum accumulated contact-fatigue
damage of rails on the bending stiffness of rail fasteners ZhBR-65Sh
with a passed tonnage of 100 million gross tons:
y — maximum accumulated damage; x — bending stiffness;
R? — coeflicient of determination
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3akmoyenne. Pe3yabTaThl BBIITOJHEHHBIX HCCIIEHO-
BaHWI1 IMO3BOJISTIOT CEJIaTh BBIBOI, YTO BIMSTHHAE HA 9KC-
IUTyaTallMOHHBIC TIPUYWHBI BOSHUKHOBEHUS 1 Pa3BUTHS
neeKTOB B pelibcax U cHIKeHue Konndectsa AP u OJIP
BO3MOXKHO 3a CUET PallMOHAJILHOTO MCITOIb30BaHUS TIPO-
MEXYTOUHBIX PEJIbCOBBIX CKPEIICHUI W ONTUMM3AIUU
3HAYCHUI OCHOBHBIX XapaKTepUCTUK X KOHCTPYKIIUN. B
YaCTHOCTH, TCHICHIINS K ITOBBIIIICHUIO PAOOTOCIIOCOOHO-
CTH TIPOMEKYTOUHBIX PEIHCOBBIX CKPEIIJICHUI 3a CUET PO-
CTa MX BEPTUKATBLHOM XXECTKOCTH MOJKHA OCHOBBIBATHCS
Ha ONTHMAaJIbHBIX 3HAYCHUSIX BEPTUKATBHOMN KECTKOCTH,
MIPEBBIIICHIE KOTOPBIX BEIET K CHIDKEHUIO CPOKa CITYKOBI
PEITBbCOB.

B pesynbpTaTe MomenupoBaHUS OBUIO YCTaHOBJICHO,
YTO HaMMEHBIINE 3HAYCHUS HAKOIUICHHBIX KOHTAaKTHO-
YCTAJIOCTHBIX TTOBPEXKICHU PEIbCOB B KPUBOM pammy-
coM 650 M HabGmonarorcst s ckperiennii 2ZKBP-65111 u
W-30. PesynpraTaMu pacyeToB OATBEPKICHA CYIIECTBY-
fomas cdepa nmpuMeHeHus ckperuieHniit APC-4 u otme-
YeHa BO3MOXHOCTh PaCIIMPEeHUsI C(pephl palliOHATEHOTO
nmpuMeHeHus ckperuieHnii W-30 3a cueT MX MCITOIb30Ba-
HUSI B KPUBBIX paguycoMm a0 650 M.

BnusHue Ha mpolecc HaKOIUIEHWS KOHTAKTHO-
YCTAJOCTHBIX TIOBPEXAEHUN B pejibcaX W3rMOHOM
JKECTKOCTH PEJIbCOBBIX CKPEIUICHWU II0 pe3yjbTaTaM
pacueToB SIBJISIETCS 3HAYMTEIBHBIM, IO 3TOI MPUYMHE
1Ieaeco00pa3Ho MOMOJTHUTh HOPMATUBHYIO 0a3y pellb-
COBBIX CKPEIUICHUU ITapaMeTpoM HMX M3THMOHOI KecT-
KOCTH, B TOM 4uclie HanuoHanbHbI ctangapt TOCT P
59428—-2021 «CkperuieHre pejibCOBOE ITPOMEKYTOUHOE
KeJIe3HOTOPOKHOTO ImyTH. O0IINe TeXHUIECKHUE YCII0-
BUSI», KOTOPBI BBOIUTCS B IeficTBUE B ceHTsI0pe 2021 T.
B menoM pasBuTHE CTaHIZApTOB B O0JACTH IIPOMEXKY-
TOUYHBIX PEJIbCOBBIX CKPEIJICHUI TOKHO YYUTHIBATH
JKE€CTKOCTh CKpeTJICHW I Ha KpydeHNe U TMHAMNYIECKYIO
JKECTKOCTh, KaK 3TO PeaJn30BaHO B €BPOTICHCKMX CTaH-
IapTax.

HeobGxomuma 1iepepadboTKa cyliecTByommx cdep pa-
IIMOHAJIEHOTO TIPUMEHEHUSI TIPOMEKYTOUHBIX PETbCOBBIX
ckperieHunii Ha cetn fopor OAO «PXK]JI» Ha ocHOBaHUM
pEe3yJIbTaTOB PAcUeToOB, a TaKKe CTCHIOBBIX M SKCIUTya-
TallMOHHBIX MCIBITAHUN CKPEIUICHUM pasIWYHBIX KOH-
CTPYKIIMIA, TIPOBEICHHBIX 3a MTOCICIHNUE TITh JICT.
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Abstract. Heat-strengthened rails of the R65 type are the
main type of rails used on the railway network of Russian Railways.
Reducing the number of cropped and acutely defective rails is pos-
sible due to the rational use of the design features of intermediate
rail fasteners and their current content.

The article presents study results of the stiffness influence of
intermediate fasteners on the operational durability of rails. The
general statistics of the use of various types of intermediate rail fas-
tenings on the network of Russian railways is considered. The main
results of previously published studies on the effect of the stiffness
of intermediate rail fasteners on the accumulation of contact fa-
tigue damage in rails are briefly presented.

Calculations of the accumulation of contact-fatigue damages
in rails, carried out by the authors, are based on the data on the
vertical and horizontal transverse stiffness of intermediate rail fas-
tenings obtained from the results of bench tests. Calculations of
the accumulation of contact-fatigue damage were carried out
using the “Universal Mechanism” software package. In the process
of modeling, four types of intermediate rail fasteners were consi-
dered: ARS-4, ZhBR-65Sh, ZhBR-65PShM and W-30. Calculation
results were obtained for a curve with a radius of 650 m on a con-
tinuous welded track section.

Keywords: rails; rail fasteners; stiffness; rail contact fatigue
damage
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