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Konilfine rocmomapcTBO CTaHOBUTH OJIHY 3 HAWBAXKIMBINIMX Tamy3eid
3aJII3HUYHOTO TPAHCIIOPTY BiJ KO CYTTEBO 3aJICKUTH 3AIMCHEHHS IEPEBI3ZHOTO
nporiecy. OCHOBHMMHM 3aBJaHHSAMH, IO ITOCTAIOTh TEpe]l KOMIHHMKaMH — €
3a0e3nedeHHss TOTped TMepeBI3HOro  Impolecy, Oe3neka  (PyHKI[IOHYBaHHS
TPaHCIIOPTHOI 1HGPACTPYKTYPH, YTPUMAHHsS KOJII Ta KOJIMHUX TPUCTPOIB ¥y
MOCTIMHIA CIIPABHOCTI IS 3a0e3MedeHHs] 0€3MeYHOro Ta IUIABHOTO PYXY MOi3/IB 3
HAaWOUIBIIMMU  IIBUJAKOCTSMM, BCTAHOBJIGHUMHU [UIsl JIaHOI JUIAHKH, TIpH
MIHIMQJIBHUX €KCIUTyaTaIllIHHUX BUTpaTaX.

VY 3B’sA3Ky 31 3MIHOIO yMOB €KCIUTyaTalli, JAediluToM MaTepiaJbHuX 1
TPYJIOBUX PECYpCiB, BUHUKAE HEOOXITHICTh BJIOCKOHAJICHHS IIIXOJIB BEJICHHS
KOJIHHOTO TocmoaapcTBa. be3nmocepeHbO 11€ CTOCYEThCS TEPMIHIB MPU3HAYEHHSI
BUJIIB PEMOHTY 3aJI3HUYHOI KOJii, TOMY IO MPOCTPOUYEHHA ab0 TmepemyacHe
MIPOBEJICHHS PEMOHTIB CYTTEBO BILUIMBAE HA CyYMapHI 3aTPaTH, SIKI HECE 3aTII3HUIIS.

BusnaueHHss HaiOuIbII paIiOHAIBPHUX TEPMIHIB TMPOBEJAEHHS PEMOHTIB
BEpXHBKOI OyIOBM KOJIi, a TaKOX IUIAHYBaHHS PEKOHCTPYKI KOJii mpH
OOMEKEHUX pecypcax 3 ypaxyBaHHSAM ii ()aKTUYHOTO CTaHy — € OJHICI0 3
aKTyaJIbHHUX 3aJ1ad B 00J1aCTi KOJIMHOTO TOCTIOIapCTRa.

Y po0oTi OCHOBHA yBara MPUAUIIETHCS  PO3poOIl BIAMOBITHUX HOPM
MEePI0IMYHOCTI BUKOHAHHS PEMOHTHO-KOJIMHUX POOIT IJIS JUISHOK 3 Mi1ABUIICHUM

BILUIMBOM PYXOMOTO CKJIaJly Ha KOJIO.



JInsi MOCSTHEHHSI MOCTaBJIEHOI METH B JUCEpTalliiiHill pPoOOTI MPOBEIEHO
aHali3 HAyKOBUX MyOdiKalii, 10 JO03BOJIUB 3pOOMTHM BHCHOBOK MpO T€, IO
eKCIUTyaTallisl 3aJi3HUYHOI KOJii B Cy4acHHMX yMOBaX BIZJOYBA€TbCS B yMOBax
nediuuTy MaTepiaibHO-TEXHIYHUX pecypciB 1 pobouoi cunu. B Takux ymoBax
roCTpO CTOITh MHUTAHHS MNPO MIABUIICHHS CTPOKIB HaAliMHOI poOOTH Kojii Ta
CKOPOYCHHSI MaTepiaibHUX 1 TPYAOBHX BUTpaT. OJHUM 3 BaXIIMBUX HAIPSMKIB Y
BUPIIIEHH] I[LOTO MUTAaHHSA € HayKOoBe OOIPYHTYBAHHS IUIAaHYBaHHS TEPMIHIB Ta
NIPOBEJICHHS PEMOHTHHUX POOIT 3 ypaxyBaHHSIM BapTICHUX BHTpAT Ta JOTPUMaHHI
0e3rneku pyxy Moi3aiB.

OCHOBHOIO METOIO JAPYTOro PO3ALTY € BH3HAYCHHS EKCIICPUMEHTAIbHO-
PO3PaxXyHKOBUM IIJITXOM 3HAYCHHS MapaMeTpiB, M0 XapaKTePU3YIOTh JUHAMIYHY
JII0 PYXOMOTO CKJIaJy Ha 3alli3HMYHY KOJIiF0, OOTPYHTYBaHHS MaKCHMAaJIbHO
JOMYCTUMUX (TPAaHWYHUX) BEIIMYMH JHUHAMIYHOTO BIUIMBY PYXOMOT'O CKJIaay Ha
KOJII0, a TaKOXX HaJlaHHS PEKOMEHJallli 11010 HOPMATHUBIB BUTPAT MaTepiasliB
BEpPXHbOI OYJOBM KOJIi Ta poOOUYOi CHWIM Y 3B’SA3KY 3 MiJABUIICHHSIM OCHOBOI'O
HaBaHTAXXEHHSA 10 25 TC/BICh.

3a pe3ynbTaTaMH €KCIIEPUMEHTAIbHUX BUIPOOYBaHb [ii Ha KOJIIO
(cTpykTypHHUiI mMapo3aia «MemiTomonbchbka AUCTaHIiA Kouil»y [IpuaHinpoBChKOT
3QI3HUII 3 BiAcTynmamu (mepekic) 3 cTymeHs) S5-TH BaroHiB 3 OChOBUM
HAaBaHTAKEHHSAM 10 25 TC/BICH, sIKi OyJIM BKIIFOYEHI JI0 CKJIay BaHTXKHOTO MOi3za
(56 BaroHiB, BaHTaX — py/ia), B IKOMY PEIlITa BaroHiB MajJl OChOBE HaBaHTaKCHHS
70 23,5 Tc/BiCh, BUSIBIIEHO:

— CepeJlHI BEpTUKAIbHI HABAaHTAXCHHSI, Ta BIATIOBIIHO CEpe/IHI BEPTUKAIbHI
nedopmMariii, 1 BaroHaMu 3 OChOBUM HaBaHTAXEHHSM JIO 25 TC/BICh OUTBINE HiXK
I BAaroHaMH# 3 OCbOBMM HaBaHTAXEHHIM 10 23,5 Tc/Bich Ha 8 BIICOTKIB.

— MakcuMajbHi (10 CHOCTEpIraNucs) BEPTHKaIbHI HABAHTAKEHHS i
BaroHaMM 3 OCBOBHM HAaBAaHTAKEHHSM 25 TC/BICh TEpPEBHINYBAIN CEpPEaH1
HaBaHTaxeHHs Ha 10,0 Tc, a mig BaroHamMu 3 OCHOBHM HaBaHTa)XEHHSIM 10 23,5

TC/BICh TIEPEBUINYBaAIM Cepe/iH1 3HaueHHs Ha 12,8 Tc. 3a aOCOMIOTHUM 3HAYCHHSIM



MaKCHUMaJIbH1 BEpPTUKAJIbHI HABAHTAXXEHHS CIIOCTEpITaJIMCS TMiJl BaroHamu 3
OCBHOBHMM HaBaHTa)XKEHHAM J10 23,5 Tc¢/Bich Ta gocsraiu 35,2 T¢/BICh.

— CepellHI TOPU30HTAJIbHI CWIH, IO JII0Th Ha PEHKHU BiJ KOJIC BaroHIB 3
OChOBUM HaBaHTAXKEHHSIM 10 25 TC/BICh MOpiBHIOBAIU 2,99 TC, a BiJl KOJIC BaroHiB
3 OCHOBUM HaBaHTaXeHHSAM 10 23,5 Tc/Bich — 2,86 TC.

— MaKCUMaJbHI (1[0 CIIOCTEPITAINCS ) TOPU3OHTAIBHI CUIIM JI11 HA KOJIIIO BiJ
KOJIIC BaroHiB 3 OCbOBHM HaBaHTAXXEHHSM /0 25 TC/BiCh JopiBHIOBAIM 4,7 TC, a Bij
KOJIIC BaroHiB 3 OCbOBHM HaBaHTa)KEHHsIM J10 23,5 Tc¢/Bichk Ha 5,2 TcC.

HasBHicTh moB3yHIB (B MeXax JOMYCKiB J0 | MM) MNOpPU3BOAUTH 10
3pocTaHHs auHaMiyHUX cui Ha 10-15%. Ilin yac BumpoOyBaHb HE BHUSBICHO
BaroHiB, B IKMX BEpTUKAJIbHA JIMHAMIUHA cujia repeBuitye 20 Tc, a rTOpu30HTaIbHA
— 10 ¢ . ToMy HOpPMH JONMYCTHMOIO JIWHAMIYHOTO BIUIMBY MOXYTb OYTH
NPUAHSITH Y BiAIOBiAHOCTI 10 [1010KEeHHS PO MPOBEACHHS MJIaHOBO-3aMI00KHUX
PEMOHTHO-KOIIHHUX POOIT HA 3aTI3HUIIX Y KpaiHH.

CraTucTUYH1 CHOCTEpPEKEHHS BIUIMBY BaroHiB 3 OCHOBHUM HaBaHTaXEHHSIM
70 25 TC/Bich Ha T€OMETPUYHI TMOKA3HUKW CTaHy 3alli3HUYHOI KOJIii 3a mepion
croctepexkeHb 3 TpaBHA 1o Jjuctonan 2018 poxky BHUSBWIM, U0 MOKA3HUKHU
3MIHIOBQJIUCS HE CYTTEBO (B MEXaX CTaTUCTHYHOI MoxwOku). Ilpm mpomy ciin
3a3HAYUTH, IO JOJS BaHTaXy, IO TMEPEBO3UBCSI Yy BaroHax 3 OCbOBHUM
HABaHTAKEHHSAM JIO0 25 TC/BiCh 3a MEPIOJl CIIOCTEPEKEHb CKjlaja MEHIIE OIHOTO
BIJICOTKA.

3a pe3ynbTaTaMy CIOCTEPEkKEHb Ta PO3PaXyHKIB BUTPATH HA YTPUMAHHS
KOJii MPU BIPOBAKEHHI BaroHIB 3 OCLOBUM HABaHTAXKEHHSIM 25 TC/BICh 3pOCTYTh
Ha 6-8 %. CkopoueHHS MIXPEMOHTHHUX II€piOIB BIAMOBIAHO 10 HOPMAaTHUBIB,
nependoayeHux [lonokeHHsIM Tpo MPOBEAEHHS IUIAaHOBO-3aMO0KHUX PEMOHTHO-
KOJIIHHUX POOIT.

VY TperroMy poO3aUTi HaBEAECHO METOAMKY ONTHMI3aIlii CXeMH YTpPUMaHHS
KoJii. B pe3ynbpTaTi aHamizy ICHYIOUUX METOAMK ONTUMI3allli CUCTEMH YTPUMaHHS
KOJIii po3po0jieHa MeToAWKa, 3acCHOBaHAa Ha BHUKOPUCTAHHI JUHAMIYHOTO

MpOrpaMyBaHHs Ta OCHOB TEOPii BIIHOBIEHHS, 10 HAMOUIBIIOW MIPOIO BPaXOBY€



CTaH CHUCTEMHU «3aJli3BHUYHA KOJis». 3anporoHOBAaHA METOJMKA JI03BOJISIE
ONTHUMI3yBaTU CTPATET10 MOJAIBIIOI0 YTPUMAHHS KOJii 3a i1 (PaKTUYHUM CTAaHOM.
OTtpumaHa MaTeMaTHYHY MOJENb Ky MOXXHAa BHKOPUCTOBYBAaTH SIK IIpH
onTUMi3alii KoJli, TaK 1 IPY BU3HAYEHH] BUTPAT HA YTPUMAHHS KOJII B 3aJI€KHOCTI
BiJl (DaKTUYHOT'O CTAaHy Ta MPU CKJIaJaHH1 pIYHOTO IUIAHY PEMOHTHHUX POOIT.

B uyerBepTrOMy poO3AUIl  PO3MNIAHYTO  NPAKTUYHE  BUKOPHUCTAHHS
3aMpONOHOBAHOI METOJIMKH JUIsl BU3HAYEHHS HOPM MEPIOAMYHOCTI BUKOHAHHS
PEMOHTHO-KOJNIMHUX poOIT B 3aJI€KHOCTI BiA YMOB €KCIUTyaTalii KoJIii.
BukopucroByioun po3po0ieHy METOAUMKY Ta OTPUMaHi 3ajJeXHOCTEH BIIMOB
€JIEMEHTIB 3aJII3HUYHOI KOJIi, 3a JIOMOMOIOI0 PO3pOOJIEHOTO MPOrPaMHOIO
3a0e3MeUeHHs] pO3paxoBaHi ONTUMAaJIbHI MDKPEMOHTHI HOPM Uil yCepeaHEHUX
YMOB €eKcCIUTyaTtanii. 3ampornoHOBaHI HOPMH MOXYTh BHUKOPUCTOBYBATHCS MJis
IUTAaHYBaHHS 00CATY POOIT B MeXkax 3ali3HUIIb a00 IX CTPYKTYpHHUX MiIPO3aiIax.
ParionanbH1 HOPMH MEPIOIMYHOCTI PEMOHTIB JJI1 KOHKPETHUX JUISTHOK Ta YMOB
eKCIUTyaTallii MOKYTh BIAPI3HATHCS BiJl yCEPEIHEHUX 3HAUCHb.

OO6pani B auceprarii HampsIMU JOCIIKCHHS Oe3MocepeHb0 MOB’s3aHi 3
BUKO- HAaHHSM HAyKOBO-AOCHIIHUX poOIT y JIHIMPOBCHKOMY HAaIllOHAJIBHOMY
YHIBEPCUTETI 3aJI3HUYHOTO TPAHCIIOPTY IMeH1 akajemika B. Jlazapsna:

— «lIpoBeneHHss mOCTiIKCHb BHU3HAYCHHS HOPMATHUBIB JAWHAMIYHOI il
PYXOMOTO CKJIaJy Ha 3aJII3HUYHY KOJIIO 3aJICKHO BijJl HABaHTa)XKEHHS Ha BiCh 70 25
TOH, Baru MOi3/iB Ta BIUIMBY Ha po3iaa kouiin, Ne nepxkpeectparrii 0118U003656;

— «CTII. Bepxus OymoBa Koiii. YIamTyBaHHS, YKIaJaHHS, PEMOHT 1
yTpuMaHHs 0e3cTHKOBO1 Kouii», Ne gepskpeectparii 0120U101020.

HaykoBa HOBM3HA OTpUMaHUX PE3YIbTATIB:

— HaOyJI0 TOAANBIIOTO PO3BUTKY JOCIHIKEHHS OI[IHKA BIUTMBY BaroHiB 3
OChOBHM HABAaHTAXXEHHSAM 25 TC/BICh HAa CTaH TEOMETPUYHHX [MOKA3HHKIB
3aII3HMYHOT KOJii Ta 3ampoOMOHOBAHO NUISIXA BHPIMIEHHS TMWTAHHSA M[0JI0
BIIPOBA/PKCHHSI B YKpaiHI pyXOMOro CKJaay 3 TIiABUIIEHAM OCHOBHM

HaBaHTAXEHHSAM 3 TOUKHU 30pYy BIUIMBY Ha 3al13HUYHY KOJIIIO;



— BJOCKOHAJICHO METOIWKY 3HAXO/KCHHS pAIOHATBHUX MIKPEMOHTHUX
TEPMIHIB JUIsl JUISTHOK 3 MIABUIIIEHUM BIUIMBOM PYXOMOTI'O CKJIaay Ha KOJIiIO;

— BJOCKOHAJEHO MaTeMaTH4YHY MOJelIh BUTpaT Tpami Ha MOTOYHE
yTpUMaHHS KOJIi B 3aJIEKHOCTI BiJ BaHTAXOHAMPYKEHOCTI, MPOMYIIEHOTO
TOHHAXY, BUJIB Ta TEPMIHIB IPOBEJACHHS PEMOHTIB 3aJII3HUYHOT KOJIIi.

[IpakTiuHe 3HA4YCHHS OTPUMAHHMX PE3YJIbTATIB TOJATAE B MOXKIUBOCTI
BUKOPHUCTAHHS 3aIllPOIIOHOBAHOT METOJIUKH IPU OpTaHi3allii 3aXo/diB 3 PEMOHTY i
yTPUMaHHS JIUISHOK 3 TiJABUIICHUM BILTMBOM PYXOMOTO CKJIaay Ha Koiiro. J[aHa
METOJIMKA JI03BOJISI€E ONTUMI3ZYBATH HE TUIBKU MLKPEMOHTHY CXEMY, TEPMIHM MK
PEKOHCTPYKIII€I0, a TaKOXX BH3HAYaTH ONTUMAJbHY CTPATETil0 MOJAJBIIOTO
yTPUMaHHS KOJIii 010 ii cTaHy.

3anpornoHOBaHy B JAWCEpTallii METOAWKY MOYXHA 3aCTOCOBYBATH JIJIS
3HAXO/KEHHS PaIllOHAIBHUX MIKPEMOHTHUX CTPOKIB JIUI JUISHOK 3 IMiJIBUIIICHUM
BIUTMBOM PYXOMOT'O CKJIQJy Ha KOIito, 10 3a0e3nedye MiHIMaJIbHI CyMapHi
BuTpatd. lle /03BOJUTH EKOHOMIYHO €(EeKTHUBHO VYHPABIATH TEXHIYHUM
00CITyroByBaHHSM 1HPPACTPYKTYpPHU, 110 B CBOIO YEPry € HEBII'€MHOI0 YaCTUHOIO
CTpaTeriyHUX 3aBlaHb AaKI[IOHEPHOTO TOBapHUCTBA «YKP3aJTi3HULA» MO0
3MEHIIIEHHS CO0IBapTOCTI IEPEBE3CHHS BAaHTAXKIB.

KirrodoRi cioBa: 3ali3HUYHUN TPAHCIIOPT, KOJIIMHE T'OCTOIapCTBO, CUCTEMA
BEJICHHsI KOJIHHOTO TOCIOIapCTBa, 3aJli3HUYHA KOJIisI, PEMOHTHO-KOJIIHI pPOOOTH,
r€OMETPUYHI MOKA3HUKH KOJIi1, 0CbOBE HABAHTAKEHHS, HOPMH BUTPAT .
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ABSTRACT
Fedorenko E.M. Substantiation of rational norms of periodicity of repair
work of the railway track. — Qualifying scientific work on the rights of the
manuscript.
Thesis for Ph.D. degree in specialty 275 «Transport technologies (by
types)».— Dniprovsk National University of Railway Transport named after

Academician V. Lazaryan, Dnipro, 2021.

The track economy is one of the most important branches of railway
transport, on which the implementation of the transportation process significantly
depends. The main tasks facing the tracks are to meet the needs of the
transportation process, safety of infrastructure, maintenance of tracks and track
devices in constant working order to ensure safe and smooth movement of trains
with the highest speeds set for this section, with minimal operating costs.

Due to changes in operating conditions, shortage of material and labor
resources, there is a need to change approaches in planning the system of track
management. This is directly related to the timing of the types of railway track
repairs, as delays or premature repairs significantly affect the total costs incurred
by the railway.

Determining the most rational terms for repairs of the upper structure of the
track, as well as planning the reconstruction of the track with limited resources,
taking into account its actual condition is one of the urgent tasks in the field of
track management.

The paper focuses on the development of appropriate standards for the
frequency of repair and track works for areas with high impact of rolling stock on
the track.

To achieve this goal in the dissertation analysis of scientific publications,
which led to the conclusion that the operation of the railway in modern conditions
occurs in conditions of shortage of material and technical resources and labor. In

such conditions, the question of increasing the period of reliable operation of the



track and reducing material and labor costs is acute. One of the important
directions in the decision of this question is the scientific substantiation of planning
of terms and carrying out of repair works taking into account cost expenses and
observance of safety of movement of trains.

The main purpose of the second section is to determine experimentally the
values of parameters that characterize the dynamic action of rolling stock on the
railway track, substantiation of the maximum allowable (limit) values of dynamic
impact of rolling stock on the track, as well as providing recommendations on
standards of materials forces due to the increase of the axial load to 25 ts / axis.

According to the results of experimental tests of action on the track (section
of Melitopol inverter, Prydniprovska railway with indentations (skew) 3 degrees) 5
cars with axial load up to 25 ts / axle, which were included in the freight train (56
cars, freight - ore), in which the remaining cars had an axial load up to 23.5 ts /
axle, found:

- average vertical loads, and accordingly average vertical deformations,
under wagons with axial load up to 25 ts / axle more than under wagons with axial
load up to 23.5 ts / axle by 8 percent.

- maximum (observed) vertical loads under wagons with axial load of 25 ts /
axle exceeded average loads by 10.0 ts, and under wagons with axial load up to
23.5 ts / axle exceeded average values by 12.8 ts. In absolute terms, the maximum
vertical loads were observed under wagons with axial load up to 23.5 ts / axle and
reached 35.2 ts / axle.

- the average horizontal forces acting on the rails from the wheels of cars
with axial load up to 25 ts / axle were equal to 2.99 ts, and from the wheels of cars
with axial load up to 23.5 ts / axle - 2.86 ts.

- the maximum (observed) horizontal forces on the track from the wheels of
cars with axial load up to 25 ts / axle were equal to 4.7 ts, and from the wheels of
cars with axial load up to 23.5 ts / axle by 5.2 ts.

The presence of sliders (within tolerances up to 1 mm) leads to an increase

in dynamic forces by 10-15%. During the tests, no cars were found in which the



vertical dynamic force exceeds 20 tons, and the horizontal - 10 tons. Therefore, the
norms of permissible dynamic impact can be adopted in accordance with the
Regulations on the planned and preventive repair and track works on the railways
of Ukraine.

Statistical observations of the impact of wagons with axial load up to 25 ts /
axle on the geometric indicators of the state of the railway track for the period of
observations from May to November 2018 found that the indicators did not change
significantly (within the statistical error). It should be noted that the share of cargo
transported in wagons with axial load up to 25 ts / axle during the observation
period was less than one percent.

According to the results of observations and calculations, the cost of track
maintenance during the introduction of cars with an axle load of 25 ts / axle will
increase by 6-8%. Reduction of inter-repair periods in accordance with the
standards provided by the Regulations on scheduled maintenance and track works.

The third section presents a method of optimizing the scheme of track
retention. As a result of the analysis of the existing methods of optimization of the
track retention system, a technique based on the use of dynamic programming and
recovery theory has been developed, which takes into account the state of the
railway track system to the greatest extent. The proposed technique allows to
optimize the strategy of further maintenance of the track according to its actual
condition.The obtained mathematical model which can be used both at
optimization of a track, and at definition of expenses for the maintenance of a track
depending on an actual condition and at drawing up of the annual plan of repair
works.

In the fourth section the practical use of the offered technique for definition
of norms of periodicity of performance of repair and track works depending on
conditions of operation of a track is considered. Using the developed technique and
the received dependences of failures of elements of a railway track, by means of
the developed software optimum interrepair norms for average operating

conditions are calculated. The proposed rules can be used to plan the scope of work



within the railways or their structural units. Rational rates of frequency of repairs
for specific areas and operating conditions may differ from the average values.

The main results of the study are related to the implementation of researches
at Dnipro National University of Railway Transport named after Academician V.
Laz- aryan on the following topics:

— «Carrying out research on determining the standards for the dynamic
impact of rolling stock on a railway track, depending on the axle load up to 25 t,
train weight and the effect on track breakdown», 0118U003656;

— «STP.Track superstructure. Construction, laying, repair and maintenance
of continuous welded track» , 0120U101020.

Scientific novelty of the obtained results:

— the study of assessing the influence of cars with an axle load of 25 tf / axle
on the state of geometric indicators of a railway track was further developed and
ways of solving the issue of introducing rolling stock with an axle load of 25 tf /
axle in Ukraine from the point of view of the impact on the railway track were
proposed:;

— improved methodology for finding rational turnaround times for areas with
increased impact of rolling stock on the track;

— improved track facilities management system.

The practical significance of the results obtained lies in the possibility of
using the proposed methodology when organizing measures for the repair and
maintenance of sections with an increased impact of rolling stock on the railway
track.

The methodology proposed in the dissertation can be used to find rational
turnaround times for sections with an increased impact of rolling stock on the
track, which ensures the minimum total costs. This will allow cost-effective
management of infrastructure maintenance, which in turn is an integral part of

Ukrzaliznytsia's strategic objectives to reduce the cost of cargo transportation.
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