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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
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Tupax: 300 3K3eMIIIIPOB.
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http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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UDC 625.1/5.

V. Solonenko!, N. Makhmetova!*, M. Kvashnin!, N. Ivanovtseva',
V. Nikolaev?

'Academy of Logistics and Transport, Almaty, Kazakhstan;
*Omsk State University of Railway Transport, Omsk, Russian.
E-mail: makhmetova n1958@mail.ru

VIBRODIAGNOSTICS OF METAL RAIL STRANDS FOR
DIFFERENT TYPES OF FASTENINGS

Abstract. Based on the results of studies of mechanical vibrations of
metal rail strands under real reversible moving dynamic load carried out by
the authors, the methodology of vibrodiagnostics of rail strands is proposed,
allowing to compare the dynamic operation of rail strands with different types of
intermediate fasteners.

This article compares the joint dynamic operation of metal rail strands with
several types of intermediate fasteners used on mainline railroads, and selects the
most optimal intermediate fastener design for a particular section of rail strands.

The proposed methodology for vibrodiagnostics of metal rail strands includes
the following set of indicators assessing the joint dynamic operation of rail
strands and fasteners under moving dynamic load:

- peak and RMS values of vibration velocity of the metal rail in the center of
the inter-tie box and in the middle of the sleeper on the axis of the rail strand,
which characterize the bending vibrations of these elements and the mechanical
stresses arising in them;

- the ratio of movable dynamic forces arising in the middle of the sleeper
on the axis of the metal rail thread to the static forces, characterizing the force
dynamic impact on the sleeper.

The results of the relationship between the vibration parameters of the metal
rail under the influence of the moving dynamic load along the various sections
of the metal rail strands based on the variation of different types of intermediate
fasteners are presented.

Key words: metal rail, intermediate fasteners, moving dynamic load, static
force, vibration displacement, vibration velocity, vibration acceleration.
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B.I. CoJionenko', H.M. MaxmeroBa'’, M.SI. KBamnun',
H.B. UBanoBuena', B.A. HukoJiaes?

!JlorucTuka sxoHe KeJlik akaaeMusichl, AnmMarbl, Kazakcran;
2OMOBI MEMJICKETTIK KaThIHAC JKOJIaphl yHUBepcHTeTi, OMOBI, Peceid.
E-mail: makhmetova n1958@mail.ru

METAJIJI PEJIBC KIIITEPIHIH BUBPOAUAT'HOCTHUKACHI
BEKITYIIH 9P TYPJIEPIHAE

AHHOTaUsl. ABTOpIap OpBIHAAFaH HAKTHl alHAIBIMIAFBl SKbUDKBIMAIIBI
JTUHAMHKAJBIK JKYKTEME aCThIHAAFbl METAII PeNbC KINTEPIHIH MEXaHUKAJIbIK
TepOeicTepiH 3epTTey HATHXKENepi OOMBIHIIA pelbc XKINTEepiHiH BHOpoxuar-
HOCTHKACBIH JKYPTi3y OMICTEMECI YCBIHBUIABI, OYJI peibC XKINTEpiHIH JUHA-
MUKAJIBIK YMBICBIH 9PTYpJIl apajiblK OEKITHEIEPMEH CaIbICThIPyFa MYMKIH/IIK
Oepei.

By makanaga TeMip jKOJIIapIbIH MarucTpajibIbIK JKeTIepiHAe KOlIaHblIa-
TBIH apaiblK OekiTnesnepiiH OipHele TYpiMEH MeTalll PeNbCTi KINTepHiH
OipJIeCKeH MTMHAMMKAIBIK JKYMBICHI CAJIBICTBIPBUIIBLI JKOHE PENIBbCTI JKIMTEPIiH
Oenrimi Oip Oemiri ymniH apaiblK OEKITYIIH €H OHTAMJIbl KOHCTPYKIUSCHI
TaHAanael. MeTann penbCc JKINTepiHiH BUOPOIUATHOCTUKACBIH IKYPri3yadiH
YCBHIHBUIBIT OTBIPFaH 9/1ICTEMEC] JKBULKBIMAJIbI TUHAMHUKAJIBIK KYKTEME KE31H/IeT1
penbC KINTepiHiH *KoHe OCKITKIIITepAiH OipiecKeH ITWHAMMKAIBIK KYMBICHIH
OaraylalThIH KOPCETKIMTEP/IIH MbIHAAl KEIICHIH KaMTHIbI:

- OCBHI JJIEMEHTTEP/IIH MUTy TEepOeNiCTepiH KoHE ollapia Taina OoNaThiH
MEXaHHUKAIBIK KepHEYJIEeP/Ii CUTIATTAUThIH PEeNbC KIMIIECIHIH OPTACHIHAAFbI XKOHE
LITaJIIbIH OPTAChIHAFbl METAIL PEJIbC TePOETICTEPIHIH A1PLI KbUIIAMABIFBIHBIH
€H JKOFapFhI JKOHE OpTallla KBaJpaTThIK MOHIEPI,;

- MeTaJul PENbCTi KIMTIH OCIHIEr MIMaJbIH OPTAachlHIA Maiina O0JIaThIH
KBUDKBIMAJIBl  TUHAMHUKAIBIK KYIITEPIiH MIMATFa JAHAMUKAIBIK OCEpiH
CUNATTAaWTBhIH CTATUKAJIBIK KYIITEPTe KaThIHACHI.

ApanblK OeKiTIeNepAiH opTYpJii TYPIEPiH ©3repTy HeTi3iHIe METal PeibC
KINTEPiHIH OPTYPIi OOMKTepiH/E KBUDKBIMAIBI TUHAMHUKAIBIK KYKTEMe dcepi-
HEH METaJUT PENIbCTIH AIpUT mapameTpiiepi apachiHAarbl OalIaHbIC HOTHKENIEpl
KEeJTIPUITeH.

Tyiiin ce31ep: MeTaIIT peibe, apaliblK OCKITHEIep, )KBIKBIMAIIBI THHAMHKA-
JBIK )KYKTEME, CTAaTHKAIBIK KYII, JIPIl aybICTRIPY, TP KBUTIAMIBIFEL, TipiiT
yaeyi.

239



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

B.I. Cosionenko', H.M. MaxmeroBa'’, M.SI. KBamnun',
H.B. UBanoBuena', B.A. HukoJiaes?

'AkazeMus IOTHCTHKH U TpaHcnopra, Anmarsl, Kasaxcraw;
2OMCKHIi TOCYTapCTBEHHBI YHUBEPCUTET MyTei coobienus, Omck, Poccusi.
E-mail: makhmetova n1958@mail.ru

BUBPOJIUATHOCTUKA METAJJIMYECKUX PEJIbCOBBIX
HUTEM [IPU PABJIMUHBIX TUITAX CKPEILIEHUHA

AnHoranus. [lo pe3ynpraTam HUCCIIEJOBaHUNH MEXaHMUYECKHX KOJEOaHMIA
METATHYECKUX PEbCOBBIX HUTEH TOJ pealbHO o0palaeMol MOABHKHON
JTUHAMUYECKON HArpy3KoH, BBIMIOJHEHHBIX aBTOPaMH, MpejiaraeTcsi METOAMKa
MIPOBEJICHUS BUOPOIMArHOCTUKHU PETBCOBBIX HUTEH, IIO3BOJISIFOIIAS TIPOU3BOIUTH
CpaBHEHHUE TMHAMHYECKOW pabOThl PEIbCOBBIX HUTEH C Pa3IUYHBIMU THUIIAMU
MIPOMEKYTOYHBIX CKPEILJICHUH.

B manHOI cTaThe BHITTOJIHEHO CPAaBHEHHE COBMECTHOM IMHAMHYECKOU PaOOThI
METAJTMYECKUX PEJIbCOBBIX HUTEH C HECKOJIBKMMU THUIIAMU MPOMEKYTOUHBIX
CKpEIUICHUH, UCIIOIb3YEMbIMH HA MATUCTPAJIbHBIX JIMHUSX JKEJIE3HBIX J1I0POT, U
OCYLIECTBIJIEH BbIOOp Hambosee ONTUMAJIbHOW KOHCTPYKIIMH ITPOMEXYTOYHOTO
CKpEIUICHUS JUIsl KOHKPETHOI'O Y4aCTKa PEIbCOBBIX HUTEH.

[Ipenyiaraemasi MeToauKa POBEECHUS BUOPOIUATHOCTHKY METAJUTMUECKUX
PEIBCOBBIX HUTEH BKIIFOUAET CIEAYOIINIA KOMITJIEKC TOKA3aTelel, OLIEHUBAIOIINX
COBMECTHYIO JIMHAMHYECKYIO Pa0OTy pENbCOBBIX HUTEM W CKpEIIEHUH MOj
MOABUYKHOW TMHAMUYECKOW HArPy3KOM:

- MIUKOBBIE U CPEIHEKBaIpaTUYeCcKue 3HAYeHHs] BUOPOCKOPOCTU KoJeOaHun
METAJTTHYECKOTO peiibca B IIEHTPE MEXKIYIIMAIBHOTO SIIUKA U B CEpEIUHE
Inaibl Ha OCH PENbCOBOM HHUTH, XapaKTepPHU3YIOIIWe W3TMOHBIE KOJIeOaHUS
JAHHBIX AJIEMEHTOB M BOSHUKAIOIINE B HUX MEXaHUYECKUE HATIPSIKEHUS;

- MIMaJibl HA OCH METAJUNIMYECKON PEeIbCOBOM HUTHU, K CTATUYECKUM CHIIAM,
XapaKTepU3yHoIllee CUIIOBOE JUHAMUYECKOE BO3/ICHCTBUE HA ILIIAITY.

[IpuBenensl pe3ynbraThl B3aWMMOCBSI3M MEXIy MapameTpamMu BUOpaiuu
METAJJIMYECKOTO pelbca MpPU BO3ACHCTBUM TOJABUKHOM JTMHAMHYECKOU
Harpy3Kd TO Pa3ju4HbIM ydYacTKaM METUTMYECKUX PEJIbCOBBIX HHUTEH Ha
OCHOBE BapbUPOBAHMSI PA3IMUHBIX TUIIOB MPOMEKYTOUYHBIX CKPETLIICHUN.

KuroueBble cioBa: METaNIMYECKUN PEIbC, MPOMEXKYTOUHBIE CKPETUICHHUS,
MOJIBYYKHAS TUHAMUYECKAs Harpy3Ka, CTaTU4ecKasl cujiia, BUOpOIepeMeIieHue,
BUOPOCKOPOCTH, BUOPOYCKOPEHHE.
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Introduction. One of the directions of the strategy of the Republic of
Kazakhstan is the development of a network of high-speed and high-speed train
traffic. The organization of such traffic on the railroad network is closely related
to ensuring the necessary level of reliability of metal rail strands, which has a
significant impact on the safety of train traffic. Railroads in developed countries
are constantly looking for ways to use advanced technologies to improve the
reliability and durability of metal rail strands. They invest in the purchase of
sensors and measuring systems of different designs to solve some particular
problems, but so far there is a lack of such technical means that could solve
the problem as a whole, with obtaining all the potential benefits from it. Such
sensors and measurement systems are widely used on freight railroads in North
America, in accordance with AAR 41as guidance document on criteria for wheel
removal based on detector readings, which has been in effect since 1994. U.S.
railroads realize substantial savings by extending the life of metal rail strands
(Kalay, et al., 2002).

Vibrations occurring in metal rail strands under movable dynamic loads
significantly affect the strength, and therefore the durability, of both the elements
themselves and the rail strand as a whole (EN 13146-3:2002), (EN 13481-
6:2002), (ISO 2017-2), (NS 8176:1999). Professor G.M. Shakhunyants noted
that «the adverse effect of vibrations affects both the resistance of the rail strand
to moving dynamic loads in the longitudinal and transverse directions and the
stability and strength of intermediate and joint fastenings» (Shakhunyants, 1987).

Materials and methods. This paper presents some results of measurements
of mechanical vibrations (vibrations) of metal rail strands in two sections of
couplings of different types of intermediate fasteners under the influence of
moving dynamic load and the basic provisions of the methodology for assessing
the response of its structural elements to this impact.

The research was carried out on the main lines of JSC «NC «KTZ» using a
mobile vibration-measuring complex. The complex consists of vibration sensors
(velocimeters) MV-25D-V, which convert mechanical vibrations (vibration)
acting on them into an electric signal. Conversion of analog signals into digital
form is carried out in the electronic block of ADC model E-14-440. Digital data
acquisition from ADC, general measurement control and signal processing are
realized by means of special software of «Notebook» type personal computer.

Vibration sensors are installed in two sections of the studied section of
metal rail strands in accordance with the developed scheme. The scheme of
sensors installation depends on the research tasks and can vary in the process of
vibrodiagnostics in a fairly wide range (Figure 1).
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Figure 1 - Installation options for vibration sensors

In order to minimize the mutual influence of oscillations of metal rail strands
with different types of fasteners at the interface sections, the distance between
the sections should be as large as possible, and the length of the measuring
path does not affect the measurement results. Records are made (at least 5) of
the vibration process of metallic rail strands and fastenings from the impact
of moving dynamic load. Analog signal from vibration sensors in the ADC is
converted into a digital form and brought to the real values of vibration velocity by
calibration coefficients derived for each sensor in the process of their calibration.
Amplitude-time dependences (vibrograms) are built for each element separately
(for metal rail strings, fasteners).

Figure 2 shows plots of the spectral density of vibration velocity (power
spectra) of the metal rail sole vibrations at the interface areas with fasteners
FOSSLOH W14 and ZBR65-Sh, Pandrol Fastclip and KPP-5 at a moving
dynamic load at a speed of 85 km/h.
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Figure 2 - The graph of the spectral density of vibration velocity of the base of the metal rail
under the moving dynamic load at a speed of 85 km/h

Discussion. Using fast Fourier transform (FFT) the plots of signal dispersion
spectral density (amplitude-frequency dependences) - vibration velocity spectra
are built. The root-mean-square value (RMS) of vibrose velocity is calculated.
With the help of numerical integration operation the amplitude-time dependences
of vibration velocity are plotted (oscillograms), and then using FFT the vibration
velocity spectrum plots (amplitude-frequency dependences of vibration velocity)
are plotted.

Further, after a preliminary filtering of the digitized signal from vibration
sensors in the lower frequency range (from 0 to 1000 Hz), by means of
differentiation operation the diagrams of amplitude-time dependence of vibration
acceleration (accelerograms) are constructed. Using FFT, graphs of amplitude-
frequency dependences of vibroacceleration - vibroacceleration spectra (spectral
density of dispersion graphs) are plotted. The RMS of vibroacceleration is
calculated.

It should be noted that the FFT is an approximation of the real Fourier
transform on a finite time interval At and, therefore, to increase the accuracy
of the approximation, the distance between the points should be as small as
possible. In addition, FFT algorithms require that the number of points is 2 to
the power of N, i.e., n = 2N, where N is an integer. As a result, the transition
when analyzing the signal from the time domain to the frequency domain, can
occur in real time. The problem of «spreading» of the spectrum is solved by
using a signal recording technique in which the recording equipment starts and
ends the recording at a signal level close to zero. Measurements and analysis of
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oscillations (vibrations) of metal rail strands in a number of interface sections
with different types of intermediate fasteners have allowed to reveal their main
regularities and to recommend evaluation criteria for comparison of metal rail
strand structures operation in dynamics.

From the analysis of the above results of vibrodiagnostics follows:

1. The main parameters of the response of the elements of the metal rail
strand by different types of intermediate fasteners to the vibrodynamic effects
of the moving dynamic load differ in amplitude-frequency characteristics and
damping criteria;

2. Evaluation criteria obtained during vibrodiagnostics of metal railroad
strings with different types of fasteners adequately reflect the technical condition
of metal railroad strings, and also agree with the score of the railroad strings
according to the results of the impact of moving dynamic load.

Results. Comparing the response of the metal rail thread at the coupling
sections by the area Ap of the power spectrum, and the damping coefficient 3
of the vibration velocity amplitude of the metal rail in relation to the sleeper
vibrations, it can be concluded that the FOSSLOH W14 coupling at the moving
dynamic load speed of 85 km/h absorbs vibrations better than the ZhBR-65ShD
coupling (Fig. 2a, b). A comparison of the same parameters of the sections with
Pandrol Fastclip and KPP-5 fasteners shows that the best damping properties, i.e.
the best vibration dampening ability, belong to the section of track with Pandrol
Fastclip (Fig. 2 ¢, d).

Currently, the railroads use a computerized KVL-P2.0 car laboratory, which
automates the collection, transcription, storage and correlation with standards
of data obtained by car measuring instruments (Instruction, 2011), (Instruction,
2011), (Methodology, 1998), (Solonenko et al, Ne439, 2020), (Solonenko et
al., Ne440, 2020), (Bulavin et al., Ne6, 2021), (Solonenko et al., Ne444, 2020),
(Murzakayeva et al., 2021), (Akhatov et al., 2021).

Table 1 shows the data on the technical condition of the metal rail strand
according to the results of the impact of moving dynamic load and vibrodiagnostics
of the interface sections of the rail strand structures with different types of
fasteners.

Table 1 - Data on the technical condition of the metal railroad track based on the results of
moving dynamic load and vibrodiagnostics of the coupling sections

Section Section 1 (UHR-46) | Section 2 (UHR-30)
FOSSLOH | ZHBR- Pandrol KPP-5
Binding type W-14 (4035| 65SHD Fastclip (228 km)
km) (4036 km) | (227 km)
Technical characteristics of metal rail thread:
. 1B1 1B2
class; group and categories of track
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Metal rails type R-65 R-65 R-65
Locomotive speed; km/h 85 85
Passed tonnage; mln. tn.km.br. 305,4 236,4
Year of the last overhaul of the metal rail 2006 2010
strand
Score of the condition of the metal rail strand,
point (for July 1- section; for August, 2- 10 40 40 150
section)
n, ed 28 39 35 47
vsh, mm/s 39,24 56,32 59,02 83,35
vp, mm/s 98,1 115,82 78,72 97,6
Eval- B 2,50 2,05 1,33 1,26
ua'tiop Ap, o.d. 31413 107296 9115 13588
Criteria Ash, o.d. 15646 34955 7918 9643
AP
Yy —— 2,01 3,07 1,15 1,40
ASh

*Note: n - number of detected faults of the 2nd degree by totals for July
(the 1st site) and August (the 2nd site); vsh - root-mean-square value (RMS) of
vibration velocity of the sleeper; vp - root-mean-square value (RMS) vibration
velocity of the metal rail thread; B - attenuation coefficient; Ap - area of the
dispersion spectral density (vibration velocity spectrum) of the metal rail; Ash -
spectral density area of dispersion (vibration velocity spectrum) of the sleeper;
] - ratio of rail vibration velocity spectrum area to sleeper vibration velocity
spectrum area.

Figure 3 shows diagrams of the relationship between the final number
of 2nd degree deviations and the evaluation criteria obtained as a result of
vibrodiagnostics of the metal railroad strand at the conjugate sections. The
diagrams show that the evaluation criteria adopted during vibrodiagnostics quite
adequately reflect the condition of the metal rail thread, determined by the results
of the impact of the moving dynamic load.

150 120

0 ed W ed
100
100 W Ush, mmfs 20 | Ush mm's
60
50 B Up, mms a0 B Up, mms
20
, By . ny
FOSSLOH .14 JBRGS-W Pandrol Fastclip KPP-3
a) July, Ist section (UPCH-46) b) August, 2nd precinet (UPCH-30)

Figure 3 - Relationship between the final number of departures of the 2nd degree and the
results of vibrodiagnostics of the metal rail strand at the interface areas of various fastener
designs
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Conclusion. From the analysis of the above results of vibrodiagnostics, and
data on the technical condition of the metal rails according to the results of the
impact of moving dynamic load, it follows:

- basic parameters of response of metal rail elements by different types of
intermediate fasteners to vibrodynamic effects of moving dynamic load differ in
amplitude-frequency characteristics and damping criteria;

- evaluation criteria obtained during vibrodiagnostics of metal rail strings
with different types of fasteners adequately reflect the technical condition of
metal rail strings, as well as consistent with the score of the rail strings based on
the results of exposure to moving dynamic load.

The diagnostic methodology proposed by the authors, based on the analysis
of the response of metal rail elements with different types of fasteners to
vibrodynamic effects, allows for the selection of a rail thread design with optimal
damping properties, which is especially relevant to the reconstruction of existing
metal rail threads for new and upgraded locomotives and cars with increased
axial loads and speed characteristics.

The implementation of the proposed vibrodiagnostics methodology will
make it possible to perform an express analysis of the state of metal rail strands
in the coupling sections of different types of fasteners by dynamic parameters
and will allow to make the most optimal decisions when designing new and
reconstruction of existing metal rail strands, taking into account the impact of
moving dynamic load.
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