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[IpencraBiena poOoTa MpUCBAYEHA BUPIIMIEHHIO HAYKOBO-TEXHIYHOI MPOOJIeMu Mi-
JBUIICHHS PECypCIiB pOOOTH pEeoK B OCOOJMBHUX yMOBAaxX €KCIUTyaTallii 3ali3HUYHUX
KOJIIA B KpUBHX 3 pajiycamu 450 M 1 MEHIIIE 32 paXyHOK BCTAaHOBJICHHS OOTPYHTOBaHUX
HOpPM YJAIITYBaHHS, YTPUMaHHS Ta €KCIUTyaTallii Koiii. AKTyalbHICTh TEMH AHMCEpTa-
iitHOT poOOTH 3yMOBIICHA BU3HAYCHHSM MPUYUH BHCOKOI IHTEHCHBHOCTI PO3BUTKY Jle-
(eKTiB KOHTAKTHO-BTOMHOI'O TTOXO/PKEHHSI, B TOMY YHCJII OOKOBOTO 3HOCY TOJIOBOK pe-
MoK, Ta po3poOKa 3ax0/IiB, SIKI peajbHO CHOBUIBHATH TaKi MPOIECH Y KPUBUX AUISTHKAX
KOJ1i MaliuXx pajiyciB, a TaKOX JO3BOJIATH IMIABUIIUTH TEPMIHHU CIIY)KOU PEHOK, CKOPO-
TUTH TIOTpeOy B HUX Ta 3MEHIIUTH 3aTpaTH Mpaill Ipu MOTOYHOMY yTPHUMaHHI ¥ AaTu
3HAYHUN €KOHOMIUYHUM €(eKT.

3MmicT aucepranii. ¥ BeTyni o0IpyHTOBAaHO aKTyallbHICTh TEMH, COPMYIHOBAHO
METy 1 3a7a4i JOCTiKeHHS, ITOKa3aHOo 3B’ SI30K POOOTH 3 HAYKOBUMH MpOrpamMaMu, Tuia-
HaAMU 1 TeMaMH, PO3TJISTHYTO HAYKOBY HOBH3HY, aKTyaJbHICTb 1 MPAKTUYHE 3HAYCHHS
OJIepKaHUX PE3YIbTATIB.

B nmepmomy po3aijii po6otu copMynbOBaHO 3arajbHUN MIAXiA O BUPIMICHHS
poOIeMu MIABUIIICHHS PECypPCiB poOOTH pEeHoK y KpUBHX JUITHKaX Majoro paaiyca.Ha
OCHOBI JJaHUX TIPO IHTEHCUBHICTh TEXHIYHUX BIIMOB KOJii MO OI9YHOMY 3HOCY PEHOK Ta
iHImMM fedeKTaM Ha MOBEPXHI KOYEHHS, Oyio 3po0JICHO BHCHOBOK, IO MPUYHHAMHU
IIHOTO € 0COOJMBOCTI B3a€MOII1 KOJIT 1 pyXOMOTO CKJIay, CEPeN SIKUX HAAMIPHO BEJIHKI
PiBH1 TOPU30HTAIBHUX JUHAMIYHUX CHJI, 3HAYHO OUIbIII KyTH HaOIraHHS KOJIC Ha pei-
KM Ta BEJIUKI TPaJl€HTU KPUBU3HU KOJIIT B 30HAX TOPU30OHTAIBHUX HEPIBHOCTEM.

Ha ocHoBi aHaIi3y KOHCTPYKIIHM Ta (aKTUYHUX YMOB €KCILTyaTalli KoJiii B KpUBUX
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MaJliX pajlyciB BCTAHOBIIEHO, 1110 HAMOLIBII BXKUBAHOKO KOHCTPYKLIEID B TAKUX KPUBHUX €
JIAaHKOBA KOJIisl Ha JepeB’siHUX a0o0 3ai300eToHHMX mmmanax. Maibxe 80 % komiid B KpuBHX
eKCIUTyaTy€eThCsl HA JAUISIHKAX 3 BAaHTQXKOHANPYXKEHICTIO 10 15 MIIH. TKM OpYyTTO/KM 3a piK
MPU HIBUJKOCTAX PYXY HacaXUPChKUX Moi3aiB 70 80 kM/roa 1 BaHTaxHHUX 10 60 KM/TOJ.

AHai3 ICHyIOYMX MOJIelel 1 METO1B PO3paxyHKiB CHJI B3a€EMO/IIi pyXOMOTr0 CKja-
Iy 1 KOJii, pO3paxyHKIB HAIIPYKEHOT0 CTaHy €JIeMEHTIB KOJIii OKa3aB, 10 B OUIBIIOCTI
MojieNiell BUKOPUCTOBYIOTHCS IUIOCKI PO3PaXyHKOBI CXEMH B SIKMX KOJIisl PO3TJISAIal0ThCS
aK Oajka BEJTUKOI JIOBXMHHU Ha CYLUIBHIA MPYXHIA OCHOBI. 3a HEOOXITHOCTI pe3yybTa-
TH PO3PAaXyHKIB OEIHYIOTHCS 3 BAKOPUCTAHHAM MPUHITUITY CYIIEPIO3UILil.

Ane, 3a JyMKOIO PsiIy BUEHUX, B OCOOJMBHUX YMOBax €KCIUTyaTallli B KpUBUX Ma-
WX pagiyciB MPHUHITUIT CYNEPIIO3UIlli HEMOMXIMBO BUKOPUCTOBYBATU, OCKITLKH PIBEHb
BEPTUKALHUX HaBaHTAKEHb Ha IIPEHKOBI OCHOBH CYTTEBO BIUIMBAE HA TPYKHO-
TVICUITATUBHI XapaKTEPUCTUKU I1i€l OCHOBM B TOPWU3OHTANBHIN miomuHi. Lle B cBorO
Yyepry CyTTEBO BIUIMBAE HA PIB€Hb TOPU3OHTAILHUX CHIL

Y apyromy po3aijii BUKIAJEHO TEOPETUYHI OCHOBU JOCIIKEHb BIUTUBY PyXOMO-
ro CKJaJy Ha KOJiI0 Y KPUBUX MalluX pajiyciB. 3a OCHOBY OyJiO MPUWHATO MaTeMaTH4-
HY MOJIEJIb TIPOCTOPOBOT JUHAMIYHOI CUCTEMH «EKIMaK—KoJIisi». B 1Mkl Moaei Kois po-
3TISAAETHCS SIK TPOCTOPOBA KOHCTPYKILIS, SIKa CKJIAIA€ThCs 3 OaIOK-peroK, 10 crupa-
I0ThCS Ha 0araro OKpeMHX pEHKOBUX OMOp-IINajl 3 HEeTIHIMHUMHU TPYy>KHO-
JTUCUTIATUBHUMHU XapaKTepUCTUKaMH. B icHylouy MareMaTuyHy MOENb Oyinu BHECEHI
3MiHH, SKI BPaXOBYIOTH 1HEPIIiiHI BIACTUBOCTI KOJii. PO3riIsHyTO KIHETHYHI W CHUIIOBI
3B’SI3KM MDK €JIEMEHTaMHU MIJICUCTEMH «eKimax». BpaxoBaHO HENiHIMHI CHIIM CYXOTO
TepTs y GPUKIIHHUX MOTanyBayax KOJIMBaHb, MOXJIMBICTh «BaJITHHS Ky30Ba Ha CKOB-
3yHHU Ta BUHUKAIO4l MPU IbOMY CHJIM i MOMEHTH CHJI B3a€MOJII MK Ky30BOM Ta Bi3Ka-
MU. BpaxoBaHO HENIHIMHICTH 3B’SI3KIB y TOMY BHMNAAKY, KOJIU MOMEHTH CHJI TepTs Ha
I’ ITHUKaX 1 CKOB3yHaX BUSBISIOTHCA OUTBLIIMMH 32 CyMy MOMEHTIB TOPHU30HTAJIBbHUX
peakIlii peCOpHUX KOMILUICKTIB 1 MOMEHTIB TO3/IOBXKHIX 1 TONEPEUHUX CHJI B3aEMOJI1
KOJIIC €Kinaxa 3 pelKaMu.

JI1s1 BpaxyBaHHSI IHEpLUIMHUX BIACTUBOCTEHN OyJIO CKJIaJeHO PO3paxyHKOB1 PiBHSH-

HS KOJIUBaHb PEUKH, sIK OaJKH, siIka Ma€ IHEPIIiTHI XapaKTePUCTUKH, HA OaraTboX MpyxK-
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HUX OTOpax I €0 PyXOMOTO HaBaHTaXEHHs. 3arajbHa pO3paxyHKOBa CHCTEMa piB-
HsHb OyJjia BUpilI€eHa Y MaTpUYHOMY BUIJIAJI 32 Jonomororo metony Kpamepa. Ha oc-
HOBI PO3pPOOJICHHX MaTEMaTUYHUX MOjeneil Oylo BHU3HAYEHO MEpeNiK MPOCTOPOBUX
KOPCTKOCTEN PEMKOBHUX OMOp, Kl HEOOXIJHI JJIsl pO3paxXyHKiB.3alpoONOHOBaHA METO-
JMKa BU3HAYCHHS CHJI B3a€MOJIii JO3BOJIMIIa BPaXOBYBAaTH HE TUIBKW MPYKHI i TeOMeT-
PUYHI XapaKTEPUCTUKH PEHOK, MKOPCTKOCTI OMOp, EMIOpy IIMaj, a TaKOoXK Macy KOJIii,
sKa Oepe ydacTh y il KOJIMBaHH1 y Oyb-IKW MOMEHT Yacy .

Hanpukinii po3auty, Ha OCHOBI OTpUMaHUX MaTEMaTUYHUX MoJieel, 0yIo BU3HA-
YEeHO TePeiK )KOPCTKOCTEH PEUKOBUX OIIOP.

Y TpeThoMy PO3dijdi HABEJACHO PE3yNbTaTH JOCIIIKEHb MPOCTOPOBUX JKOPCTKOC-
Tl pEeWKOBHX OINOp MPU 3aCTOCYBAHHI JiepeB’sSHUX a00 3a1i300€TOHHUX IINal Ta
JIEB’SITU TUIIIB MPOMIKHUX CKPITUICHb, SIKI OyJIM PO3TIISIHYTI SIK CUCTEMH 3 IMOCII1I0BHO
Ta TapajelbHO 3’€THAHUX KOPCTKOCTEH MPYXKHUX EJIEMEHTIB CKPIIJICHh Ta CHCTEMHU
«umana—6anacty.

BusnayeHo nepeik 3aj1eXHOCTEN 3MIH JKOPCTKOCTEH MPYKHUX €JIEeMEHTIB, K1 He-
00XimHO OYyJI0 BH3HAYUTHU EKCIepuMeHTanbHO. Ilig dac ekcruryarariii BiOyBarOThCS
3MiHU (PI3UKO-MEXaHIYHUX XapaKTePHUCTHK MOJIMEPHHUX MaTepiajiB, y TOMY YHUCII TYMH
1 moniypetany. Jlisi BU3HaUCHHS KUIBKICHUX XapaKTEPUCTHK 3MiH JTUHAMIYHOI KOPCT-
KOCTI TIPOKJIAJIOK MPOMDKHHUX CKPIMJIEHb BHACHIJIOK CTapiHHS OyJd MPOBEICHI BUIIPO-
OyBaHHS MMPOKJIAIOK, 110 OyJIM B €KCIUTyaTarlii.

JlocnmipKeHHsIMU B JTAOOPATOPHUX YMOBaX BCTAaHOBJIEHO >KOPCTKOCTI TMPYXKHUX
€JIEMEHTIB MPOMIKHHUX CKPITUICHb-TIPOKIAIOK, MPYKHUX Maild abo KiIeM MpH CTaTH4-
HOMY a00 AMHAMIYHOMY HaBaHTa)KeHHI. 3po0JieHa MPOrHO3HA OIliHKA 3MIH ITUX IMapamMe-
TPIB M1/ Yac eKCIuTyaTaii Kotii.

ExcriepumenTanbHI JOCTIIHKEHHS B KOJIi JO3BOJMIN BCTAHOBUTH EMITIpUYHI 3a-
JISKHOCTI 3MIH JKOPCTKOCTEH CHCTEMHU «Imaia—0anacT» i 3ali300€TOHHHX Ta Je-
PEB’SHUX TN Bil TEPMiHIB eKcIuTyartaii kouii. BcTaHOBIEHO BIUTMB OCHOBUX HAaBaH-
Ta)K€Hb Ha 111 TapaMeTpHu.

[IpoBeneHi AOCHIIKEHHS JO3BOIUIN BCTAHOBUTH HE TUIBKHU KOPCTKOCTI PEHKOBUX

OTOp, a TAKOXK MPOTHO3YBAaTH 3MIHU MiJ] Yac eKCIuTyaTallii Koiii. AHali3 [IUuX YMOB MO-
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Ka3aB, 110 TOJIOBHUMH YWHHUKAMH, K1 BIUTMBAIOTH HA 3MIHU MPOCTOPOBHUX JKOPCTKOC-
TEl peUKOBUX OMOP, € TEPMIHHU il €KCIUTyaTallli.

B yeTBepTOMY PO31iJIi BUKOHAHO YHCEIbHI JOCTIIKCHHS BIUIMBY KOHCTPYKTHB-
HUX XapaKTEepUCTUK PEHKOBOI KOJIii, HOPM yJAlITyBaHHS 1 YTPUMAaHHs, TEPMIHIB €KC-
IUTyaTauii, pe>kUMiB BEJEHHS MOi3AiB HAa OOKOBHI 3HOC 1 MOIIKOJIXKYBaHICTh PEHOK B
KPUBHUX MaJIUX paiiyciB. J[ns y3araabHEHHS BIUIMBY CHJIOBHX 1 T€OMETPHYHHUX ITapame-
TPiB B3a€MO/IIi pyXOMOT0 CKJIaAy 1 KoJiii 0yJI0 BUKOPUCTAHO MapaMeTp, KU B CyyacH1d
JiTepaTypi Ma€e Ha3By «(akTop OOKOBOTO 3HOCYY.

JlocTiKeHO BIUIMB PajiiyCciB KPUBHMX, TOPU30HTAIBLHOTO HEMOTAIICHOTO MPHCKO-
pPEHHS, MUPUHHU KOJii, IJIABHUX 130JIbOBAHMX Ta CTUKOBHUX HEPIBHOCTEH, THIIIB IIIIAJ,
NPOMDKHUX CKPITUICHB, PEXUMIB BEJICHHS MOi3/IIB.

BcraHoBieHO, 10 MaKCHMMaJIbHI 3HAYCHHSI TOPU30HTAJIBHUX IOMEPEYHUX CHII, 32
BiJICYTHOCTI HECIPABHOCTEH IJIaHy, BUHUKAIOTh HE Y KPYTOBUX KPUBUX, TOOTO Ha Jijs-
HI[l CTAJIOTO pyXY €Kila)ka, a B MEPEeXiIHUX KPUBHX, JI€ BUHHUKAIOTh YAAapHI MpOLEeCH
MDK rpeOeHsMH KoJjlic 1 perikamu. Takoxk OyiM BUKOHAHI JOCIIPKEHHS BIUIMBY KOHC-
TPYKIIi MiAPEHKOBOI OCHOBM Ha JAWHAMIYHI IPOIECH B3a€EMOJII PyXOMOI'Oo CKJIaay Ta
KOJI1i y KpUBHX MAJIUX PadiycCiB.

AEKBaTHICTh 3alPOMOHOBAHMX MOJICNICH 1 METOMIB Il BUPINIEHHS MOCTABICHUX
3a/1a4 MiATBEP/KCHA TOPIBHSHHIM PO3PaXyHKOBHUX PE3YJIbTATIB 3 €KCIIEPUMEHTAIBHU-
MU JaHuMH. LI HOCHiDKeHHS TPOBOIMIIKCH M Yac pyXy CHEIiaIbHOTO PyXOMOTO
CKIIany, KUK ckiagaBcs 3 JokomotuBa TI'M-4 1 aBox miatdopm moxeni 13-401, mio
Oynu 3aBaHTa)XKeHI MEOCHEM 10 BaroBOi HOPMU; MIBUAKICTh PYXY MOCTYMOBO 30LIBIITY -
Banack Big 20 mo 50 km/ron. ExcriepumenTanbHa IisHKa Oylia po3TalloBaHa y Kpyro-
Biif kpuBiit R = 420 M 1 3 miABUIIIEHASIM 30BHIITHBO1T peiiku Ha 40 MM.

Po3pobneHo mpakTHYHI peKOMEHAAIIl Mpo yJamTyBaHHSI 1 OCOOJIMBOCTI €KCILTya-
TaIlii KoJiii B KpUBUX MAJIUX PaAiycCiB, SIKi JTO3BOJISATH 3MEHIITUTH IHTEHCUBHICTH OOKOBO-
ro 3HOCY periok 110 40 % 1 3MEHIIMTH 1X IMOIIKOKYBaHICTh IHITUMH BUAAMHU Je(PEKTIB.

KurouoBi cioBa: pecypcu podOTH pelioK, KpUBI MaJIUX pajlycCiB, MiAPEHKOBa OC-
HOBA, PY>KHO-AUCUIIATUBHI XapaKTEPUCTUKU PEUKOBUX OIOP, B3a€MOJ1s KOMIi i pyXxo-

MOTO CKJIaJy.



ABSTRACT

Tuley, Yu. L. Rationalization of the arrangement, maintenance norms for a rail
track in small radius curves to increase the rail operational life. — Qualifying scientific
work on the rights of manuscripts.

Dissertation for the degree of a candidate in technical sciences (doctor of philoso-
phy) in the specialty 05.22.06 “Railway track” (27 — Transport). — Ukrainian State Uni-
versity of Railway Transport, Kharkiv, 2018.

The work is devoted to solving the scientific and technical problem of increasing the
resources of the work of rails in the special conditions of operation of railway tracks in
curves with radii of 450 m or less due to the establishment of reasonable norms for the
arrangement, maintenance and operation of the track. The urgency of the topic of the dis-
sertation is determined by the definition of the causes of the high intensity of the defects
of contact-fatigue origin, including the lateral wear of the rails, and the development of
measures that will actually slow down such processes in curved sections of the small ra-
dius, as well as increase the service life of the rails, reduce the need in them, to reduce la-
bor costs while maintaining maintenance and give a significant economic effect.

The content of the dissertation. The introduction substantiates the relevance of
the topic, formulates the purpose and objectives of the study, shows the connection of
work with scientific programs, plans and themes, reviews the scientific novelty, relev-
ance and practical significance of the results.

In the First Chapter of the work the general approach to solving the problem of
increasing the resources of work of rails in curves in small-radius areas is formulated.
On the basis of the data on the intensity of the technical failure of the track on the side
wear of the rails and other defects on the rolling surface, it was concluded that the rea-
sons for this are the features of the interaction of the track and rolling stock, including
excessively large levels of horizontal dynamic forces, much larger angles of wheel run
on the rails and large gradients of curvature of the track in the zones of horizontal in-
equalities.

Based on the analysis of constructions and actual conditions of operation of the
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track in the curves of small radii, it has been established that the most used construction
in such curves is the lane track on wooden or reinforced sleepers. Almost 80 % of the
tracks in the curves are operated on areas with a cargo intensity of up to
15 million tkm gross/km per year at speeds of passenger trains up to 80 km/h and
freight up to 60 km/h.

An analysis of existing models and methods for calculating the forces of interac-
tion between the rolling stock and the track, calculations of the stressed state of the ele-
ments of the track showed that in most models, flat calculation schemes are used in
which the track is considered as a beam of large length on a solid elastic basis. If neces-
sary, the results of calculations are combined with the use of the principle of superposi-
tion.

But, according to a number of scientists, in the special conditions of operation in
the curves of small radii, the principle of superposition can not be used, since the level
of vertical loads on the submarine bases substantially affects the elastic-dissipative cha-
racteristics of this basis in a horizontal plane. This in turn significantly affects the level
of horizontal forces.

In the Second Chapter the theoretical bases of studies of the impact of rolling
stock on the track in the curves of small radii are described. The basis was a mathemati-
cal model of the spatial dynamic system "crew-track". In this model, the track is consi-
dered as a spatial structure, which consists of beam rails, based on many separate rail
sleepers with nonlinear elastic-dissipative characteristics. Changes have been made to
the existing mathematical model that take into account the inertial properties of the
track. The Kinetic and power relations between elements of the "crew" subsystem are
considered. The nonlinear forces of dry friction in the friction bearers of the oscillations,
the possibility of "rolling" the body on the sliders and the forces and moments of the
forces of interaction between the body and the carriages arising therewith are taken into
account. The nonlinearity of bonds is taken into account when the moments of frictional
forces on the heels and sliders are greater than the sum of the moments of the horizontal
reactions of the spring kits and the moments of the longitudinal and transverse forces of

the interaction of the wheels of the crew with the rails.
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In order to take into account the inertial properties, the calculated equations of the
fluctuations of the rails, such as beams, which have inertial characteristics, were compiled
on many elastic supports under the action of a moving load. The general calculation sys-
tem of the equations was solved in a matrix form using the Cramer method. On the basis
of the developed mathematical models, a list of the spatial stiffness of the rail supports,
which are necessary for the calculations, was determined. The proposed method for de-
termining the interaction forces allowed to take into account not only the elastic and
geometric characteristics of the rails, the rigidity of the supports, the jointing diagram, as
well as the mass of the track, which participates in its oscillation at any time t.

At the end of the section, on the basis of the obtained mathematical models, a list
of stiffnesses of rail bearings was determined.

The Third Chapter presents the results of investigations of the spatial stiffness of
rail supports in the application of wooden or reinforced sleepers and nine types of in-
termediate fasteners, which were considered as systems of successively and parallel
connected stiffnesses of elastic fasteners and the system of “sleeper-ballast”.

A list of dependences of changes in the stiffnesses of elastic elements, which had
to be determined experimentally, was determined. During operation, changes in the
physical and mechanical characteristics of polymeric materials, including rubber and
polyurethane, are taking place. To determine the quantitative characteristics of changes
in the dynamic stiffness of the spacers of intermediate fasteners as a result of aging,
tests of the gaskets in service were carried out.

Research in laboratory conditions has established stiffness of elastic elements of
intermediate fasteners, gaskets, elastic washers or clamps at static or dynamic load. Pro-
jected estimation of changes of these parameters during the operation of the track is
made.

Experimental studies in the track allowed to establish the empirical dependence of
changes in the stiffnesses of the "railroad ballast" system for reinforced concrete and
wooden sleepers from the duration of the operation of the track. The influence of axial
loads on these parameters is established.

The conducted studies allowed to establish not only the stiffness of the rail sup-
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ports, but also to predict changes during the operation of the track. Analysis of these
conditions showed that the main factors that influence the changes in the spatial stiff-
ness of the rail supports are the terms of its operation.

In the Fourth Chapter, numerical studies of the influence of the structural charac-
teristics of the rail track, the rules of arrangement and maintenance, the terms of opera-
tion, the modes of trains for lateral wear and damaged rails in the curves of small radii
have been completed. In order to generalize the influence of power and geometric pa-
rameters of the interaction of rolling stock and the track, the parameter used in modern
literature is called "the factor of lateral wear".

The influence of curves radii, horizontal unpaid acceleration, track width, smooth
insulated and joints inequalities, types of sleepers, intermediate fastenings, modes of
trains is studied.

It was established that the maximum values of horizontal transverse forces, in the
absence of malfunctions of the plan, arise not in circular curves, that is, in the area of
steady crew movement, but in transient curves, where there are shock processes be-
tween the crests of wheels and rails. Studies were also carried out on the effect of the
sub-frame construction on the dynamic processes of the interaction of the rolling stock
and the track in the curves of small radii.

The adequacy of the proposed models and methods for solving the problems is
confirmed by comparing the calculated results with the experimental data. These studies
were conducted during the movement of a special rolling stock, which consisted of the
locomotive TGM-4 and two platforms model 13-401, loaded with crushed stone to the
weight norm; the speed of the movement gradually increased from 20 to 50 km/h. The
experimental site was located in a circular curve R = 420 m and with an increase in the
outer rail of 40 mm.

Practical recommendations on the arrangement and features of the operation of the
track in the curves of small radii are developed, which will reduce the intensity of lateral
wear of rails to 40 % and reduce their damage by other types of defects.

Keywords: rail operational life, small radius curves, rail foundation, elastic-

dissipative characteristics of rail supports, track/vehicle interaction.
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BCTYII

AKTyaJIbHicTh TeMHU. [IpOTSHKHICTD KpUBUX OUISHOK KOJii 3 paaiycamu 450 m Ta
MEHIIE He nepeBulrye 8 % po3ropHyTOi JOBXKHHH TOJIOBHUX Ta CTAaHUIMHUX KOJIM Ma-
riCTpajdbHUX 3aI3HULL YKpainu. B Toi sxe yac 1o 40 % peiiok, siki MaloTh AedeKTu
KOHTaKTHO-BTOMHOTO ITOXOJDKEHHS Ha TIOBEPXHI KOYCHHS, B TOMY YMCJIi OOKOBHIA 3HOC
TOJIOBOK PEHOK, 3HAXOMATHCS caMe B TakKuX KpuBuX. CITill 3a3HAYNUTH, 1110 BUKOPUCTAHHS
JIOPOTHUX 3aXO1B 0 OOpOTHO1 3 TakKMMU JepeKTaMu (HanpuKiaj, JyOpuKallis Ta BUKO-
PUCTaHHS TEPMO3MIITHEHUX PEHOK) HE 3aBXKIN JAIOTh MO3UTHUBHUMN pe3yJIbTarT.

ToMy BU3HAYCHHS IPUYHUH BHCOKOT IHTECHCUBHOCTI PO3BUTKY JAe(EKTIB KOHTAKTHO-
BTOMHOTO TIOXOJ/UKCHHSI, B TOMY YHCJII OOKOBOTO 3HOCY TOJIOBOK PEHOK, Ta po3poOKa
3aX0/iB, SIKI peajbHO CHOBUIBHATH TaKi MPOLECH Y KPHUBUX MAUISHKAX KOJII Maux
paziyciB, € BOXXJIMBUM 1 aKTyaJIbHUM 3aBJIaHHSM, BUPIIICHHS SKOTO M€ MiJBH- IIUTH
TEPMIiHHU CITY’KOU PEHOK, CKOPOTUTH MOTPeOy B HUX Ta 3MEHIIUTH 3aTpaTH Ipalli Mmpu
NOTOYHOMY YTPUMaHHI i AT 3HAYHUN €KOHOMIYHHUH e(eKT.

3B’A30K po00OTH 3 HAYKOBMMH NporpamMaMm, INIaHaMu, TeMaMu. Juceprariiiina
po0oTa y3araJibHIOE JOCIIHKEHHs aBTOpa, skl BUKOHyBaiuch 3 2008 mo 2017 pik Biamo-
BIJTHO JI0 TUIAHY HAYKOBO-JOCTITHHX POOIT YKPaiHCHKOTO JEPKaBHOTO YHIBEPCUTETY 3a-
J3HUYHOTO TPAHCIIOPTY, PO3POOJIEHOTO BIANOBIIHO 10 TpaHCHOPTHOI cTparerii Ykpainu
Ha niepioa 10 2020 poky, cxBajieHOi1 po3nopspkeHHsIM Kabinety MiHicTpiB YKpaiHu Bif
20 >xoBTHs 2010 p. Ne 2174-P B pamkax TeMaTuyHOro riaHy MiHicTepcTBa TPAHCIIOPTY 1
3B’s13Ky YKpainu, Tema ‘“Po3poOka Teopii Ta METO/IB ONTHUMI3aIlli HECYUNX KOHCTPYKIIIH
TpaHCMOPTHUX criopya’” (HoMmep nepkaBHO1 peectparrii 0110U002127).

B 2013-2014 pokax poOOTH BHKOHYBAJIUCS BIAMOBIIHO 0 ASPKOOMKETHOI HAY-
KOBO-0CTIAHOT TeMu « TeopeTuyHi Ta eKCIIepUMEHTaNbHI JOCTII)KEHHS BIUIUBY €JIEKT-
POKOPO31MHOTO 1 HAMTPYKEHO-TePOPMOBAHOTO CTUKY 3ATI3HUYHUX CHIOPY. 1 KOJIIK Ha 1X
HAJIMHICTH 1 6e3meKy pyxy» (Homep aepskaBHoi peectparitii 0113U001031).

Merta i 3apa4di gocaimkeHHsi. MeToro quceprariiHoi poOOTH € BUPIMICHHS HAYKO-
BO-TEXHIYHOI MPOOJIEMH TIABUIIICHHS PECYPCIB pOOOTH peHOK B OCOOJMBUX YMOBax €KC-
TUTyaTarlii 3aJIi3HHYHNX KOJIiN Yy KpUBUX MUISHKAX 13 pagiycamu 450 M 1 MeHIIe 3a paxyHOK
BCTAHOBJICHHS OOTPYHTOBAHUX HOPM YJIAIITYBaHHS, YTPUMAHHS Ta EKCIUTyaTallii peiKoBoi

KOJii B Takux ymoBax. [{yist mocsirHeHHs 11i€1 MeTu Oyl MOCTaBIeH]1 HACTYIIHI 3a/1a4i:
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— BUKOHATHU aHalli3 (PaKTUUHUX YMOB €KCIUTyaTalli KoJili B KpUBUX MaJluX paJilyCiB
Ta aHaJli3 MOXKJIMBUX HANPSMIB BUPILIEHHS MPOOJIEMH, IO PO3TIATAETHCS;

— 3IMCHUTH MOJANBIINN PO3BUTOK KOMILIEKCY MAaTEMaTUIHUX MOJIENEH MPOCTOPOBOT
JUHAMIYHOT CUCTEMH «EKIMak—KOJish» JIJIT MOXKIIMBOCTI 1X 3aCTOCYBaHHS B YMOBAaX MaricT-
PAIBHUX 3aJT13HUIb 332 PAXYHOK 3aCTOCYBAaHHS MAaT€MaTHUYHOI MOJIEJ1 KOJMBaHb KOJIi SIK
0anku Ha 0araThOX MPYKHO-TUCUIIATUBHUX OIMOpaXx 3 HEMHIMHUMHU XapaKTEPUCTUKAMMU;

— pO3pOOHUTH MaTeMaTH4YHI MOJIENI MPOCTOPOBHX KOPCTKOCTEH PEUKOBUX OMOpP MpH
BUKOPUCTAHH] PI3HUX TUMIB CKPIMJIEHb JJIS J€peB’THUX LINaJl Ta 3aj1300€TOHHUX MIMal,
SIKI BAKOPUCTOBYIOTHCS Ha 3QTI3HUIIX YKpaiHU B KPUBUX MayuX pafiyciB. [IpoBectu ekc-
HepUMEHTAIbHI TOCITIKEHHS JKOPCTKOCTI MPYKHUX EJIEMEHTIB TAKHUX PEHKOBUX OTIOP.

— BUKOHATH TEOPETHYHI Ta EKCIEPUMEHTATbHI TOCIIIHPKCHHS JJIsi BCTAHOBJICHHS
IPOCTOPOBUX KOPCTKOCTEH PEHKOBHX OTIOP MPU 3aCTOCYBAaHHI IT'SITH THIIIB CKPITUICHD
IUTS IEPEB’ THUX IITIAJT Ta YOTHPHOX THITIB CKPITUICHB JJIs 3a71i300€ TOHHUX IIITIAJ;

— JIOCTIIUTH YHCETBHUMH METOJAMH TIPOIECH 3MiH TOPU3OHTAIBHUX ITOTIEPEUHIX
CWJI Ta CyMapHUM (paKTOp 3HOCY pEHOK y KPUBUX MaJIMX PaJilyCiB IIPHU PI3HUX KOHCTPYKIIi-
X PEUKOBHX OIMOpP, BCTAHOBUTH BIUTUB XapaKTEPUCTHK YJIAIITYBAaHHS KOJIIi Ha 111 TPOIIECH;

— pe3yabTaTu TEOPETUUYHHUX AOCHIIHKEHb MEPEBIPUTU Pe3yJIbTaTaMH E€KCIIEPUMEH-
TaJIbHUX POOIT 3 BU3HAYECHHS FOPU3OHTAJIBHUX MOMEPEUHUX CUJI, IO JIIOTh HAa KOJIIIO
i 4yac pyxy JIOCIIAHOTO IMOTATa, 0 Ma€ TOYHO BHU3HAYCHI XapaKTEPUCTUKH (OCHOBI
HAaBaHTAXKECHHS, IBUJIKICTh PyXy Ta iH.);

— pO3pOOUTH 1 PEKOMEHIYBaTH OOIPYHTOBAHI JIOMYCKH IO YTPUMAHHIO PEHKOBOI
KO y TUIaH1 JUIsl 3SMEHIIICHHS] TOPU30HTATBHUX MOMEPEYHUX CHII JIi1 pyXOMOTO CKJIamy,
10 JaCTh MOXJIMBICTh 3MEHITUTH OOKOBUM 3HOC Ta IHTEHCHBHICTh BUHUKHEHHS 1HIIIUX
nedeKTiB KOHTAKTHO-BTOMHOTO MOXO/DKeHHS. BU3HAUNTH AOMYyCTUMI MIBUIKOCTI PyXy
MOT3/11B 32 HASIBHOCT1 HECTIPABHOCTEH TIJIaHY KOJIH.

O06’eKT H0CiIKEeHHsT — TIPOIIeCH OOKOBOTO 3HOCY Ta BUHUKHEHHS 1HIIHMX Je(eK-
TiB KOHTAaKTHO-BTOMHOTO TTOXO/IKCHHSI B peKaxX B KPUBUX MAJIOTO PAiycCy.

IIpeamer gociaigKeHHs] — BIUTMB TOPU3OHTAJIBHUX TMOTEPEUYHUX CHJI HA OOKOBHIA
3HOC Ta BUHUKHEHHS 1HIHX Je(eKTIB KOHTAKTHO-BTOMHOTO TIOXO/PKEHHS B peHKax.

Metoau aociimkeHHss. B poO0TI BUKOPHCTaHO KOMIUICKCHHUM MIAXIT A0 BHUPI-
IIICHHS TIOCTABIICHUX 3aJ1a4, SIKUi 0a3yeThCs Ha:

— aHAJTITUYHUX METO/IaX TEOPETUYHOI Ta OY/IBEIbHOT MEXaHIKH 3 BUKOPUCTAHHSIM
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MPOCTOPOBHUX MOJIEIEH /ISl BA3HAYCHHS TOPU30HTAIBHUX MONEPEYHUX CHII JIii Ha KOJIit0
PYXOMOTO CKJIa1y Y KPUBHUX;

— METOAaX EKCHEePUMEHTAIbHHUX JIOCHIIKEHb pOOOTH, SIK KOJIi B LLIOMY, TaK 1
PEUKOBHX OIIOP.

HaykoBa HOBHM3HA 0/1ep:KaHMX Pe3yJIbTATIB:

1. Habynu nmoanpioro po3BUTKY MOJIEl i METOIU PO3PaxXyHKIB B3a€EMOJIIl pyXOMO-
ro CKJIQAy 1 KOJIii MPH 3aCTOCYBAaHHI 3arajbHOi pO3paxyHKOBOI CXeMH KOJii y BUTJISA Oa-
JIOK, IO CIIUPAIOTHCSI HA TIPYKHO-UCUTIATUBHI OTIOPH 3 HETIHIHHUMH XapaKTePUCTUKAMHU.

2. OTpuMana MmoaaibIInid pO3BUTOK MaTeMaTUYHA MOJIENb KOJIMBaHb Oaiky Ha Oa-
raTboX MPYKHO-TUCUTIATHBHUX OMOPaXx, 3aBISKHA YOMY 3’ SIBHJIACH MOXKIIUBICTh 3aCTOCY-
BaHHS TPOCTOPOBOI JMHAMIYHOT CHCTEMHU «EKIMaX—KOJIis» NIl BUSHAYCHHSI TIPOCTOPO-
BUX CHJI B3a€EMO/II1 €KIMaXKiB Ta KOJII1 B YMOBAaX MariCTpajJbHUX 3aJ13HUIIb.

3. Po3pobinieHi mareMaTH4Hi MOJEIi MPOCTOPOBUX KOPCTKOCTEH JEB’SITH THUIIIB
PENKOBUX OMOp MPU BUKOPHUCTAHHI BCIX THUIIB MPOMDKHUX CKPIIUICHB, SIKI 3aCTOCOBY-
I0ThCS HAa MaricTpaJibHUX 3ali3HUIAX. BUKkoHaHa MPOrHO3HA OIIiHKA 3MIH IIUX KOPCTKO-
CTeH Tij] 9ac eKcIuTyaTallii Kosii.

4. J1ns yMOB MaricTpajibHUX 3aJi3HUIb YKpaiHU BIEpIlEe BCTAHOBIEHO PIBEHb I'O-
PU3OHTAIBHUX MOMEPEYHUX CHJI YUCEIbBHUMH METO/JaMH 3 BUKOPUCTAaHHSIM MaTeMaTH4-
HUX MOJIeNIeH, B OCHOBY SIKUX IMOKJIAJCHO PO3PAXyHKOBY CXEMY KOJIIi SIK OaJKu Ha Tpy-
KHO-TUCUTIATUBHUX OMOpax. Bu3HaueHO BIUIMB Ha IIi CHJIM MAapaMeTpiB yJIalITyBaHHSA
Ta eKCIUTyaTaIlii Kojii, a TAKOXK PeKUMIB BEJICHHS TIO1311B.

5. Brepiie oOrpyHTOBaHO Ta 3alpOIIOHOBAHO PAIllOHANIBHI, 32 KPUTEPIEM CyMap-
HOro (hakTopa OOKOBOTO 3HOCY PEMOK, HOPMH yTpUMaHHsS peiKoBOi KOii y IUIaHi Ta
HOPMH YTPUMAaHHS PEUKOBUX CTUKIB.

IIpakTuyHe 3HAYeHHS OJeP:KAHUX Pe3yJIbTATIB.

1. EdekTUBHICTh a7anToBaHOI 1O YMOB MariCTpaJIbHUX 3ai3HUIIL MaTEMAaTHYHOI MO-
JIeIT TUHAMIYHOI CHCTEMH «EKIMaK—KOIIisI», Ky JOBEJIEHO JI0 TPOrpaMHOr0 MPOIYKTY, J10-
3BOJISIE O€3MOCepeTHhO BUKOPUCTOBYBATH 11 JUIS PO3PaxyHKIB CHJI B3a€MOJIli PyXOMOTO
CKJIaJTy 1 KOJIii, B TOMY YHCJIi Y CKJIaJHIX YMOBAX €KCIUTyaTallii y KpUBUX MAJIMX PaJI1yCiB.

2. Pe3ynbrati 1oCHipKeHb AUCEPTAIiiHOT POOOTH JO3BOJIMIIM BCTAHOBUTH OOTPY-
HTOBaHI HOPMHU YTPUMaHHSI PEHKOBOI KOJIIi y IUJIaH1 Ta HOPMHU YTPUMAHHS PEHUKOBHX

CTUKIB y KPUBUX MaJIUX PaJilycCiB.



18

3. 3acTocyBaHHs Pe3yJbTaTIB JAOCIIKEHb J03BOJISIE€ MOJIMIIATA TEXHIYHUU CTaH
3aJII3HUYHUX KOJIIA Yy KPUBUX MajluX pajlyciB, 3a0e3neuyBaTu Oe3neKy pyxy HOi3ZiB Ta
CIPHSITH CKOPOYCHHIO BUTPAT HA MIOTOYHE YTPUMAHHS Ta PEMOHTH KOJTii.

4. Opepkanl B uceprallii pe3yiabTaTH BUKOPUCTOBYIOTHCS 1]l YaCc BUKJIAJAHHS
mucuuiutia «Komiine rocriogapctBo» Ta «OpraHizaiis 1 MiIaHyBaHHS KOJIMHOTO rocro-
JapcTBa B YMOBaxX 0OMEXEHHX PECypciB», B KypCOBOMY Ta TUIIJIOMHOMY MPOEKTYBaHHI
OpU MiATOTOBII (paxiBIIB 332 OCBITHBOIO MPOTPaMor0 «3ali3HUYHI CIIOPYAU Ta KOJiiHE
TOCIIOAAPCTBO» B Y KPaiHCHKOMY JCP)KaBHOMY YHIBEPCHTETI 3aTI3HUYHOTO TPAHCTIOPTY.

5. IlpakTH4He BIPOBAIKEHHS PE3yJbTATIB JUCEPTALIMHOI pOOOTH MIATBEPIKEHO
BiZIOBITHUMU aKTaMHU, HaJJaHUMU B JI0JIaTKaX J0 JUCEPTAIIil.

OOrpyHTOBaHICTB | XOCTOBIpPHICTH HAYKOBHUX IOJ0KE€Hb, BUCHOBKIB i peKo-
MeHaaniii. Bci HaykoB1 MONOKEHHsI, BUCHOBKH 1 PEKOMEH/Iallli, ojiep>KaHl B JucepTa-
ifH1A poOOTI, € OOTPYHTOBAHUMHU 1 IOCTOBIpHUMH. BOHM OTpMMaHi Ha OCHOB1 BUKOPH-
CTaHHS METOJIB 1 MPUMOMIB HAYKOBUX JOCIIKEHb, SIK1 0a3YIOThCS HA MPUHIIUIIAX CUC-
TEMHOCTI Ta BKJIIOYAIOTh:

— KOMIUTEKCHUN MiIXI A0 BUPIMICHHS MPOoOJeMH MiABUIIEHHS pecypciB poOoTH
perioK y KpUBUX IUISHKAX KOJii MaJluX paaiycis;

— BUKOPHUCTAHHS BIIOMHX aHAJITUYHUX METOJIB TEOPETUYHOI W OyiBEIBHOT Me-
XaHIKU;

— MOJIETIOBaHHSI POOOTH PEUKOBOI KOJIi 3 ypaXyBaHHSAM JHUCKPETHOI MiApPEHKOBOT
OCHOBHM B YMOBaxX MariCTpajibHUX 3aJI13HHUIIb.

JIOCTOBIPHICTH PE3YNbTATIB MIATBEPIKYETHCS 3aI0BUTLHOIO 301KHICTIO TEOPETHY -
HUX 1 eKCIIEPUMEHTAIBHUX JaHUX JOCHIIKEHb, pe3yJbTaTH JOOPE Y3roKYIOThCS 3 Ja-
HUMU 1HITUX TOCHITHUKIB, K1 Oy OJepKaHi B MOPIBHAHHUX YMOBaX.

Oco0ucTnii BHecOK 3100yBayva. Ajanraifii MaTeMaTHYHOI MOJENl BU3HAYCHHS
Koe(imieHTIB AUCUMAIll 32 pe3yIbTaTaMu €KCIIEPUMEHTATBLHUX POOIT 10 yMOB Marict-
pajbHUX 3alI3HUIIL; aHATI3 MOSIBU Ta PO3BUTKY A€(PEKTIB KOHTAKTHO-BTOMHOIO IMOXO-
JDKCHHSI y KPUBUX MaJiuX PaJiiyCiB MaricTpaabHUX 3ajIi3HHIIb; aHAJI3 pe3yIbTaTiB unce-
JBHUX JOCIIKeHb, BCTAHOBJICHHS aHAMITHYHUX 3aJIKHOCTEH BIUTMBY HECIIPABHOCTEH
KOJIii; MaTeMaTu4Ha 00poOKa OTpUMAaHUX PE3yJbTaTiB; PO3PAXyHKH CTIMKOCTI Oe3CTH-
KOBOI KOJIii, aHaJIi3 OTPUMaHUX Pe3yJIbTAaTIB; aHaJl3 KOHCTPYKIIN peKOBUX CKPIILICHb

JUTS1 3aJ11300€TOHHUX 1INl BITYU3HSHOTO Ta 3aKOPAOHHOTO BUPOOHUIITBA; TEOPETUUHO-
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OOIPYHTYBaHO 3aCTOCYBaHHS pPO3PaxXyHKOBOI CXeMH KOJii sK Oalku Ha MPYy>KHO-
JAVCHUITATUBHUX OMOpaXx JUIsi YMOB MariC TpaJIbHUX 3aJ1i3HUIIb.

Anpo0auisi pe3yabratiB qucepranii. OCHOBHI ITOJIOKEHHS 1 PE3yIbTaTH AUCEPTa- LIKHUX
JOCHIKEHb TOTIOBIIATUCH HA 6 MIXXKHAPOJIHUX HAYKOBO-TEXHIUHUX KOH(PEPEHIIISAX:

- wa 70, 71, 72 Ta 73-i1 MDKHapOJHHUX HAaYKOBO-TEXHIYHHX

KoH(pepeHUsAX Kapeap YKpaiHChKOro JEp>KaBHOTO YHIBEPCUTETY 3aJI3HUYHOI'O TPAHCIOPTY
Ta CHELIANICTIB 3aJI3HUYHOTO TPAHCIOPTY 1 NANPUEMCTB «PO3BUTOK HayKkoBOi Ta
1HHOBAII1THOT A1HOCTI Ha TpaHcmopTi» (M. Xapkis, 2008—2011 pp.);
—  Ha MuikHapoJHiil HayKoBO-TeXHIYHIM KoHGepeHuii «HoBl TexHonorii, oOmaaHaH- HS,
MaTepiaiad B OyIIBHMIITBI 1 Ha TPaHCHOPTI», npucBsueHidt 80-piuuto kadenpu OyaiBe- JbHUX,
KOJIIMHKMX Ta BaHTAXXHO-PO3BAaHTAXyBAJIbHUX MaluH (M. XapkiB, 26-28 nucrona- na 2014 p.);
— Ha VI MubkHapoaHii HaykoBoO-TexHIYHIA KoH(epeHuii «IIpobmemMu HagiiiHOCTI Ta
JOBTOBIYHOCT1 1H)KEHEPHUX CHOpPYyH Ta OyAiBedb Ha 3ali3HUYHOMY TPAHCIOPTI» (M.
Xapkis, 19-21 kBitasg 2017 p.).
Huceptariiina po6oTa B MOBHOMY 0OCsI31 JOIMOBiTalachk Ta 0OrOBOprOBaJiach Ha 3a- CiJaHHI
kapeapu «Koumiss Ta kousiiiHe TocmomapctBo» (M. XapkiB, 24 kBitHa 2018 p.) Ta
MibkkadenpaibHoMy ceminapl kadeap «Komis Ta komiiftHe rocrogapcTBo», «bymaiBenbHi,
KOJIHHI Ta BaHTAXKHO-PO3BaHTAXKyBaJbHI MalllMHUY», «ByaiBeNbHI MaTepiaiu, KOHCTPY- KIIii
Ta criopyan», «bysiBellbHa MexaHIKa Ta TiApaBiika» Ta «BUITyKyBaHHS Ta MPOCK- TyBaHHS
NUISIXIB CITOJTyYEHHS, Teofe3il Ta 3eMJICYCTPOr» YKpaiHChKOTO JIEPKABHOTO YHIBEPCHUTETY
3QJII3HUYHOTO TpaHcropTy (“25” tpaBusa 2018 p.)
Iy6aikanii. OcHOBHUI 3MICT AKMCEpTaIliifHOT poOoTH ommyOJikoBaHO B 11 HayKOBUX Mparisx, 3
akux 8 crtareil y (axoBux BuAaHHAX, pekomeHmoBaHnx MOH VYkpaiau, B Tomy umcni 7 y
BHUJIAHHAX, IO BXOAATH JO MDKHAPOJHMX HAyKOMETpHUYHHMX 0a3, 3 skux 1 — B Scopus; 1
myOmikaIiss anmpoOamiifHOro XapakTepy y Marepiajgax KoH(EpeHIIii, 1o i1HIeK- CYIOThCS B
Scopus; 1 — te3u nomoBiner Ha KOH(pepeHIIii; 1 — momaTkoBa myOTiKaIis.
Crpykrypa auceprauii. /[ucepTtariis ckiagaeThcs 3 aHOTaIlli YKpaiHCHKOIO Ta aH- TIIHCHKOIO
MOBaMH, BCTYIYy, YOTUPBHOX PO3/LTIB, 3araJIbHUX BUCHOBKIB, CIUCKY BUKO- PUCTAHUX JIKEPEI
Ta nmomatkiB. [(ucepraris BukinaaeHa Ha 200 cTopiHKax IpyKOBAaHOTO TEKCTY 1 MIiCTHTH 162 —
CTOPIHKH OCHOBHOT'O TEKCTY, 25 — Tabnuilb, 60 — pucyHkiB, 165

— HallMEeHYBaHb JITepaTypH, 2 JOAATKU HA 3 CTOpPIHKAX.
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