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Anomauia. Y cmammi posenaHymo MoOepHi308aHy KOHCMPYKYII0 KPAHOB020 X0008020
Koleca 3 elaCmUuyHol0 B6Cmagkolo. Memoto 00CniodceHHs € OOTPYHMYBAHHA PAYIOHATLHOL
KOHCMPYKYIi X0008020 Kolleca HA OCHOBI GU3HAYEHHS OUHAMIYHUX 3YCUNb, AKI BUHUKAIOMb NpU
nepecysanti 8aHMAMNCHO20 6i3ka ma mocmy Kpaua. Ompumano 3anedcHocmi Oasi 6USHAYEHHS
OUHAMIYHUX 3YCUNb, SIKI GUHUKAIOMb NPU NEPecy8anHi X0008020 KPAHOB020 KOJleCd 3 YPaX)y8aHHAM
AHCOPCMKOCI NPYICHO2O0 KINbYs, AKE 6CMABIEHO 8 X0008€ KONeco. 3anponoHo8ano KOHCMPYKYIto i
MemoOUKy po3paxyHKy X0008020 KPAHOB020 Koecd i3 3a8YIKAHI308AHUM KIIbYeM.

Knwuoei cnosa: xoneco xo0oge, enacmuuna Cmagka, MOCMOSUl KPAaH, 8i30K 6AHMANCHULL,
OUHAMIKA, HABAHMANCEHHS, KOTUBAHMHS.

Abstract. The article considers the modernized design ofctlame running wheel with an
elastic insert.The purpose of the study is to sufigtte the rational design of the running wheel on
the basis of determining the dynamic forces thatipevhen moving the truck and the crane bridge.

Crane equipment is of great importance for the raectation of lifting and transport
operations in various industries. Bridge cranesfpen various lifting and transport operations.
Installation and dismantling of equipment and maeli Also take part in the technological
process of the metallurgical industry.

The costs associated with the replacement andraggin of the running wheels are 15-17%
of the cost of repairing the entire crane. At theng time more than 90% of crane wheels fail due to
wear of flanges.

The main tasks for the diagnosis of crane wheetsrail tracks are usually solved during
scheduled maintenance by visual inspection of theeland rail and identify their wear. But this
diagnostic tool does not quite satisfy the modemndaions of the cranes, namely, the compatible
condition of the wheels and rails is not assessed, it is impossible to carry out such control
constantly during operation.

Mechanisms for moving bridge cranes have seversigds. The mechanism for moving the
truck, as a rule, has one drive, which transmitgiamoto the two drive wheels. The mechanisms of
movement of the crane can be with the central aphmte drive. The mechanisms of movement
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with the central drive can be with a low-speed smrassion shaft, with a high-speed transmission
shaft and with a medium-speed transmission shatft.

With this design, the gearbox shafts are connetiethe drive wheel shaft by means of a
clutch and a transmission shaft. This impairs tiperation of the entire mechanism, because the
presence of the transmission shaft increases thelsxity of the manufacture of the crane and its
weight and requires a very precise installation.

To overcome these shortcomings, a separate dritteeadnd beams of the bridge is used.

If the load on one of the support beams of thedw&rit less than on the other, the engine
speed on this support increases and the suppoihbeg run forward relative to the more loaded
support. But the first engine begins to receiveraased load, which is transmitted through the
metal structure of the bridge and unloads the eagihthe second support, due to which the speed
of the first engine decreases and the speed afdbend engine increases until they are equalized.

Thus, in the process of moving the crane with ausgp drive is the redistribution of load
between the two engines. Although the scheme ohélcbanism with separate drives requires two
engines, two brakes and two gearboxes, it is tle@pést, light weight and easy to manufacture.

The design of running wheels of cranes and cramgs cshould exclude a possibility of
derailment of wheels. To do this, the running whéelve two side flanges - flanges, which serve to
guide the running wheels on the rails.

The dynamic forces that arise when moving the srwélcranes are quite large and cannot be
ignored when designing cranes. Most of all, theg rmanifested by wear of wheels and rails during
the occurrence of distortions on the cranes.

Thus, improving the performance and operationaiaf@lity of crane running wheels is a
very important task of modern crane construction.

The research technique is based on analytical nustiod research of dynamic efforts in the
mechanism of movement of the truck of the bridgeecr The decision of three mass dynamic
schemes of movement of the cargo cart is received.

The analysis of the received decisions showedathapplication of a running wheel with an
elastic insert, dynamic factors at movement oftthek decreases. Dependences for determination
of dynamic forces which arise at movement of ainmorane wheel taking into account rigidity of
an elastic ring which is inserted into a runningeeh are received. The design and a technique of
calculation of a running crane wheel with the vulized ring are offered.

Keywords: running wheel, elastic insert, overhead crane,l&ngldynamics, load, oscillations.

AHaji3 ocTraHHIX JocChigKeHL i
nyoJikaniii. Y pob6ori [1] posrisHyTO
JUHAMIYHI MOJIEi MOCTOBOTO KpaHa. ABTOpH
BU3HAYAIXA JIHIWHI KOJIMBAHHSA MOJIENI, SKa
nae omnMc BiOpawii BaHTaXy 1 TpoJeiB mix yac

Beryn.  Jlunamiuni  3ycwuid,  SIKi
BUHHUKAIOTh TIPU TIEPECYBaHHI BaHTAXKHHX
Bi3KiB BaHTQXXHHX KpaHIB, MAlOTh JIOCTaTHHO
BEIMKI 3HAYCHHA 1 iX HEMOXHa He
BpaxoBYBaTH NpU TPOEKTYBaHHI KpaHIB.

Oco01MBO BOHM TPOSBIISIOTHCS 11 4aC 3HOCY
KOJiC 1 peloK 1 BUHMKHEHHS IEPEeKOCiB Ha
KpaHax, skl MalOTh 3HAYHHUU pecypc.

VY 3araJibHOMY BHUTJISAI  KOHCTPYKIIi
XOJIOBUX KOJIIC € JOCTAaTHbO >KOPCTKUMH 1 HE
3[IaTHI CIIpUMMATH TOIITOBXH 1 MEPEKOCH, SIKi
BUHUKAIOTh BHACIIIOK BUHUKHEHHS BiXUJICHb
peiikoBoi  Komii  BiI =~ PEKOMEHIOBAaHUX
nmapameTpiB, IO MPHU3BOJUTH 1O TIOSBU
ICTOTHOTO 3HOCY pebop 1 peiok.

PYXy KpaHa 1 OIIHWIA CHJIH TEPTS B CHCTEMI.
OriHEHO BIUIMB 3MIHHOCTI HaBaHTaXEHHS
MPO-TATOM [1i CHJI OMOpYy MpHU TEepecyBaHHI
KpaHa.

MOoIJIMBICT, MOJIEpHI3allii MeXaHI3My
MepecyBaHHs BaHTAXHOTO Bi3Ka MOCTOBOTO
KpaHa [UIIXOM 3aMiHU TPHUCTYIIHYACTOTO
BEPTUKATHHOTO IWIHAPUIHOTO PEAyKTOpa Ha
JOBOCTYIMHYACTHA 1  OKPEMO  BHUHECEHY
3y04acTy mepenady po3risiHyTo B poOorti [2].
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XomoBe Kojeco TpH LbOMY Oe3MocepeHbo
BCTAHOBJICHO Ha Bajly KOJIICHOI mapu Bi3Ka.
ABTOpH CTBEP/KYIOTh, II0 TaKa CTPYKTypHa
CcXeMa 3MEHIIIUTh BTPATH €HEpPrii 1 MiABUIIUTH
Ha1MHICT.

Crnioci0O po3B’si3aHHS 3a/a4i onTUMI3aIi
MepecyBaHHs BaHTAXHOTO Bi3Ka MOCTOBOTO
KpaHa Ha 3aJlaHy BiJCTaHb, IO A€ TOBHE
MOJIOJIAHHS ~ HEKEPOBAaHUX  MaTEMaTHYHHX
KOJIMBaHb BaHTa)Xy Ha KaHATHOMY ITiJBICI,
3aIpoIOHOBaHO B poboTi [3].

Pesynbpratn EKCTICPUMEHTATbHUX
JOCIIJIKEHB MOSIBU OOKOBHUX CHJI Y MOCTOBOMY
KpaHi, SKi 3MIHIOIOTBCS B TIPOIECI PyXY,
HaBe/ieHO B po0OoTi [4]. Byno BctaHOBIICHO, 110
eKCIIepUMEHTaJ bHI 3HAa4eHHSI OOKOBUX CHJI
MEHII, Hi’)K BU3HAUYEH]1 TEOPETHUYHO.

OnTuMalbHAN XIMIYHMHA CKJIag crail 1
TEXHOJIOTII0 TEXHIYHOI 0OpOOKH IJI XOIOBUX
KOJIC  INAaXTHUX  BaroHeToK, MO0  Mae
T IBULLIUTHA 3HOCOCTINKICTE KOJIiC,
3aIpoIoHOBaHo B poboTi [5].

AHani3 ocTaHHIX TyOmiKaiiid MoKa3as,
10 JUIS MIJBUINEHHS IOBIOBIYHOCTI XOIOBUX
KOJIC 3aCTOCOBYIOTHCSI OiNbII ONTHUMAIIbHUN
Marepian 1 TepmiuHa oOpoOKa, ajie BOHU HE
aI0Th 3MOT'HA 3MEHIIUTH IMHAMIYHI
HAaBaHTAKCHHSI B MEXaHI3MI TMigidoMy, 0
JOCATAETHCSI HOBOIO KOHCTPYKIIEKD XOJOBOTO
KoJieca 3 eTaCTUYHUMHU BCTaBKaMH.

Bu3znayeHHsi MeTM Ta 3aBJaHHS
aocaimkenHsi.  JIocmiKeHHS — TIPUHITUIIB
(GyHKIIOHYBaHHS KPAaHOBOTO XOJIOBOTO KoJjieca
BHKOHYBQJIOCH 3 METOI0 BHOOpPY Ha OCHOBI
MPOBEICHOTO aHalli3y BJOCKOHAJIEHOI HOro
KOHCTPYKIIii,  sIKa  JO3BOJIUTH  CYTTEBO
[T ABUIIIUTH Horo pecypce [6, 7].
VY nockoHaNeHHS TIOJISTAaE y 3MiHI KOHCTPYKITIi
XOJIOBOTO KOJIeca IUISXOM JI0JIaBaHHS T'yMOBOT
BCTaBKH, IO, SK HACTINOK, BIUIMBAaE Ha
3HWKEHHS Hallpy)KeHb Yy KoOJeci, XOJOBii
yactuHi Ta pebopai [8]. Ha kpanoBe xom0Be
KOJIeCO TiJ| JI€I0 HABAaHTAXKEHHS BIUTMBAIOTH
craruuHi 1 auHamiudi cuan [9]. Craruuni
CUINA IATHCA Ha BEpPTUKAIBHI 1
ropusonTanbHi  [10]. Cunm  BepTHKAIBLHOTO
CIpsiMyBaHHsS OOYMOBIICHI: JISI MEXaHi3My
MepecyBaHHs BaHTAXKHOTO Bi3ka — Barorwo

BaHTaXy 1 BaHTAXHOTO Bi3Ka; JUISI MEXaHI3MY
MepecyBaHHsT MOCTOBOTO KpaHa — Baroko
MocTy 1 BanTaxy [11]. Cuin rOpU30HTAITBHOTO
crpsiMyBaHHs OOYMOBJICHI CHJIAaMH TEPTS, IO
BUHUKAIOTh MDK peiKoI0 Ta  KOJECOM.
JluHaMiuHI CHJIM TIPOSIBIISIOTBCS BHACIIOK
PO3BHUTKY MEPEXiTHUX MPOLECIB, y TOMY UHUCII
MIPU TIepeKocax 1 Mepexo/l KOIIC Yepe3 CTUKHU
peiikoBoi kodii [12, 13].

Mertoro IOCHIIKEHHS € OOTPYHTYBaHHS
pamioHabHOI KOHCTPYKIi XOJ0BOTO KoJjeca
Ha OCHOBI BH3HAYCHHS TWHAMIYHHUX 3YyCHIIb,
SK1 BUHUKAIOTh TP ME€pPEeCyBaHHI BaHTa)KHOTO
Bi3Ka Ta MOCTY KpaHa.

Jlnist TOCATHEHHSI METH OYJIO TTOCTaBJICHO
Takl 3aBJaHHA:

— OOTpyHTYBAaTH KOHCTPYKIIiIO KPaHOBO-
T'0 XOJIOBOTO KOJIeca 3 €JTaCTUYHOI0 BCTABKOIO;

— BU3HAUUTU JHHAMIYHI (aKTOpPH TNpH
pobOOTI MexaHI3My TepecyBaHHS BaHTAKHOTO
Bi3Ka Ha 06a31 TPUMACOBOT INHAMIYHOI CUCTEMHU

3  ypaxyBaHHSM TIPY)KHOCTI  €JIaCTHYHOI
BCTAaBKU.
OcHOBHA  YacTHMHA  JOCJiIKEeHHS.

3anpornoHoBaHa KOHCTPYKIIiSl € TPHIIAPOBOIO
— JIBa 30BHINIHMX IIApH 1 OJIUH CEPEIHIMN.
30BHIIHI  mapu  3po0ieHi i3  MIIHOTO
matepiany (1), a cepenHili map € MPYKHUM
jgerkuM MarepiagoMm (2). Taka KOHCTPYKIIis
Ma€ He TIJIBKU 3MEHIICHY Macy, ajie i BUCOKY
MIIHICTh 1 JKOPCTKICTh, IO OOYMOBJICHO
HacaMIiepe]l 3HAYCHHSIM OUIBIIIOTO MOMEHTY
iHepuii Beiel crinku (puc. 1).
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Puc. 1. KoHCTpyKIIisi KpaHOBOTO X0JI0BOTO
KoJseca

SKIIo TOPIBHATH MO0 KOHCTPYKINIO 3
KIIACUYHOIO OJHOIIAPOBOI0, TO 301TbIIEHHS
MOMEHTY 1HEpIli MOXKe csraTh Oaratbox
JIECSITKIB pa3iB.

3a yMOBH BpaxyBaHHS THYYKOTO ITiJIBiCY
BaHTAXKY OTPUMYEMO TPUMACOBY CHCTEMY

(puc. 2).

—_—
m3 m2 m]
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———»/ \ / \/ —— —»/ \ / \/ ‘-1 ——
C, - C,
W
Puc. 2. TpumacoBa cucrema:

M; — Maca dYacTWH, 5Ki o0epraroThcs (Maca poTOpa [IBHUTYHA, MOTOPHOI My(]TH,

raJbMIBHOIO IIKiBa Ta 1H.); My — 3Be/IeHa Maca MOCTYNaIbHO-PYXOMHX YacTHH; Mz — Maca

BaHTaXY;
KOPCTKICTh 1HIIOTO MPY>KHOTO 3B'SI3KY

MexaHi3M MPHUBOJIa TIEPECYBAHHS BAaHTAXK-
HOTO Bi3Ka PO3TAIIOBAaHUM Yy MDKKOJIHHOMY
mpoctopi. OOepTOBMII MOMEHT Ha TSTOBI
KoJieca TIepElaeThCsl 3a JAONMOMOTOK) TpaHC-
MiciiiHoro Baja. B mpomeci A0KJIamHOTO
JOCIIDKEHHS JAUHAMIKM MEXaHI3My Tepecy-
BaHHS BUKOPHCTOBYEMO PO3PaXyHKOBY CXEMY,
sIKa CKIIQJA€ThCS 3 TPHOX MAcC 1 JABOX MPYXKHUX
3B's3kiB. [IpuBoasium BCi  mapameTrpu 0
XOJIOBOi YaCTHHHM Bi3Ka 1 BAHTAXY, OTPUMYEMO
CXeMy MOCTYMaJabHOTO pyxy (puc. 2), 1e My —
Maca 4acTHH, 10 o0epTaroThes (Maca poropa
JIBUTYHA, MOTOpPHOI My(]TH, TaJIbMiBHOTO
mKiBa Ta iH.), Mp 3BelcHa  Maca
NOCTYINAJIBHO-PYXOMHX 4YaCTWH, [Ty — Maca
BaHTaxy, C KOC(IIIEHT KOPCTKOCTI

C1 — KoedIIieHT )KOPCTKOCTI TUXOXITHOTO TpaHcMiciiHoro Bana, C; —

TUXOXIHOTO TpaHcMmiciiiHoro Bama, G —
KOPCTKICTh APYrOro MPY>KHOTO 3B’ A3KY.

Po3B’13yeMo oTprMaHy cucTeMy:

m¥% = P-W- G( x- ¥

m%=G(x- %)~ G(x= % (1)
m% = G( %~ x)
[Ticns  poss’sBanas  cucremu (1)
oTpUMaeMo AudepeHiiaIbHe PIBHIHHSA:
Xtax+ax= g, )

ac
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_ P-W[C +C, B g
aizm(gﬁw}m(qw), "2\ Tm m)
2\m m, 2m
Po3B’ 5130k piBHAHHS (2) 3HAXOAUMO Yy
:&[ch s 2C2 + qj BUTJIAA]L.
2\ m m )
X, = Asinkt+ A cosk,t+ A sinkt A coskt# X , (3)
a, B 2
ne Xihast — g k1,2,3,4 = i\/_% + % —a,.
Koedimientn A;, A, BH3HAYaEMO,
BUKOPHCTOBYIOUH ITOYATKOBI YMOBH: AL - _ a3k22 A2 — a3k1
a,(kK-K) " koK
%(0)=0,%(0 = - . —
., _ _ icIst  1bOro  PiBHSAHHS HaOyBae
Xl(o) =0.x, ( O) =G BUTJISY:
3naxoaumo koedimientu: A3=A4=0.

Xl:

@’IO?J

{ &IJ&m%t@m%ﬂ_ 4)

PiBHAHHS pyXy Uit APYTOi 1 TPEThOi Mac OyIyTh CKJIAJATH:

xzzz_z{l @ ki{kz{nél:i jcoskit ki(n(l:ll(i jcoé&zt}—%_ (5)
_af, K [(.G m_vf_J_m[m% j_} }
% az{l kzkﬂl CJL ¢ Yelg Yoo

Rl G o3

3ycuiuis B IPYKHUX 3B’ I3KaX 3HaXOAMMO 3 BUpa3y.
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[TpoBenemMo po3paxyHOK JJisi MOCTOBOTO
KpaHa BaHTAXOIJIMOMHICTIO S5 T TPOTOHOM
22,5 M, BHCOTOIWO mimiioMy 8 M, peKUMOM
po6otu 7K. PesymbTaTé po3paxyHKiB MOJAHO
Ha puc. 3—6, ne psax 2, 4, 6, 8Bignosimae
CTaHIapTHOMY (IITATHOMY) XOJ0BOMY KOJIECY,
psn 3, 5, 7, WiAmosizae KOHCTPYKIIIT Koyieca 3
MPY>KHUM K1iJTBIEM.

VY pesynbraTi po3paxyHKIB OTPUMYEMO
3Ha4YCHHS Koe(ilmieHTa JUHAMIYHOCTI s

CTaHAApTHOTO X0J0BOIo KoJIeca, SIKHAM
H

Eop__ Gk
a, (K - k)

(coskt— cost) .

nopiBHtoe 1,65,1 ans TpumiapoBoro koseca 3
MIPY>KHOIO BCTaBKOIO, AKUM fgopiBHIoE 1,1.

Sk OGauumo, TpU 3aCTOCYBaHHI Ha
BAaHTAKHOMY BI3KY XOJIOBHX KOJIiC
3allpONOHOBAHOT  KOHCTPYKII  HIBHJAKICTBH
KOJIMBaHb BaHTaXYy 3MEHINYEThCS B 4,8 pasy, a
npuckopeHHss — B 6,0 pasy. Takox Taka
KOHCTPYKIlISI KOJIC Ja€ 3MOTy 3HH3UTH
IIBUJIKICTh KOJIMBAaHb METAJIOKOHCTPYKIIH Y
1,2 pa3y, a npuckopennst —B 1,43pa3y.

9500
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Puc. 3.T'padiku cun Fy

-0,25

t.c

Puc. 4.T'padik xonmuBaHHs X1

(7)
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Puc. 5.T'padik konuBauus X2

t.c

Puc. 6.T'padik xonmuBaHHs X3

TakuM YMHOM, OTpPUMAaHI pILICHHA
TPUMACOBO1 CUCTEMH JI03BOJISIIOTh BU3HAYATH 3
JOCTaTHBOIO TOYHICTIO TUHAMIYHI MapaMeTpu
HAaBaHTAXXEHb, SKI BHUHUKAIOTHL MIJ 4Yac
MepecyBaHHS XOJOBUX KOJIC BaHTaXHHUX
Bi3KIB KpaHIB MocToBoro tumy. OTpumani
pO3pa-XyHKH JIOBEIH, IO 3aCTOCYBAaHHS
XOJIOBOTO  Kojieca 13  3aBYJIKAHI30BaHUM
KUTBLIEM  3HAYHO  3MCHINYE  JHHAMIYHI
HABaHTAKCHHS.

BucHoBku. [IpoBeneHo oOrpyHTYBaHHS
MOJICPHI30BaHOT ~ KOHCTPYKIlli  KPaHOBOTO
XOJIOBOTO KOJieca 3 €INaCTHYHOI0 BCTaBKOIO.
3anpornoHOBaHO  KOHCTPYKIIO  KPaHOBOTO

XOZIOBOTO  KoJjeca, sKa
JEKUTBKOX IIapiB.
Busnayeno nuHamiyHi (akTopu IpH
pobOOTI MexaHI3My TepecyBaHHS BaHTAKHOTO
Bi3Ka Ha 6a31 TPUMACOBOT IMHAMIYHOI CUCTEMHU
3  ypaxyBaHHSM TPYXHOCTI  €JIACTUYHOI
BcTaBKku. OTpUMaHO 3HauYeHHsS Koe(ilieHTa

CKJIaAa€EThCA 3

IMHAMIYHOCTI IUIA LITaTHOTO Ta
BJIOCKOHAJICHOro  Kojic. Jlmg  mraTHOro
XOJIOBOTO Kojieca 3HAYeHHs KoedillieHTa

IuHaMivdHocTl ckiaanmo 1,65, mit XomoBoro
Kojieca 3 TIPY)KHOIO BCTaBKOI KOE(QIIi€HT
IMHAMIYHOCTI1 CKJIaJac 1,1.

30ipHuk HaykoBux npaunb YKpAY3T, 2020,8un. 193



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

Cnucok eukopucmanux osxcepe

1. Raksha S.V., Anofriev P.G., Bohomaz V. M., &piatnyk O. S. Mathematical and
S-models of cargo oscillations during movement dide crane. Naukovyi Visnyk NHU. 2019.
Ne 2.P. 108-115. URL: https://DOI:10.29202/ nvngu/201262/

2. ApramonoB /. H., IlerpoB A. M. MonepHusamusi MexaHU3Ma TEPEIBIKCHHS TEJICKKH
MOCTOBOTO KpaHa. Monooou uccnedosamens. 2017. Beimn. 5 (8). C. 12-16. URL: http://mid-
journal.ru/upload/iblock/18e/2_artamonov_12_ 16.pdf.

3. Korytov M. S. Bridge crane trolley movement hretanti-sway modeProbl. Upr. 2017.
Issue 2P. 10-16. URL: http://mi.mathnet.ru/eng/pul015.

4. Zelc A., Zuber N., Sostakov R. Experimen-tal determorabf lateral forces caused by
bridge crane skewing during travellingzksploatacja | Niezawodnosc — Maintenance and
Reliability. 2018. Vol. 20. No. 1P. 90-99. URL: http://dx.doi.org/10.17531/ein.2018L2.

5. Gankevich V. F., Gryaznova L. V., Lisnyak A. Ways to enhance the reliability of wheel
pairs of locomotive transport. Naukovyi Visnyk NHU2012. Ne 5. P.76-79. URL:
https://nvngu.in.ua/index.php/ru/component/jdowd/éinish/35-05/565-2012-5-gankev/0.

6. Fidrovska N., Slepuzhnikov E., Perevoznik I. @ntact problem solution with taking into
account shear deformations. Science and Educatidleva Dimension.Natural and Technical
Sciences 2019. VII (23), Issue 193P. 80-81. URL: https://doi.org/10.31174/SEND-NT2019-
193VII23-20.

7.CnenyxnukoB E.JI. Pacuer TpexcinolHON IWIMHAPUYECKON KOHCTPYKUMH. [ OopHas
mexanuxa u mawunocmpoenue. 2016.Ne 1. C. 62—65. URL: http://repositsc. nuczu.edu.ua/ hahdl
123456789/7460.

8. Increase of operating reliability of the traveheel using the use of the elastic inserts /
N. Fidrovska, E. Slepuzhnikov, O. Larin, I. Varcken V. Lipovyi, K. Afanasenko, S. Harbuz.
EUREKA: Physics and Engineering. 2020. Issée (30). P. 69-79. URL: http://doi:10.21303/
2461-4262.2020.001387.

9. Molyneux-Berry P., Davis C., Bevan A. The Infhee of Wheel/Rail Contact Conditions
on the Microstructure and Hardness of Railway W&eBhe Scientific World JournaNMolume
2014. Article ID 209752. 2014. 1-16. URL: http://dx.doi.org/10.1155/2014/209752.

10. An analytical mathematical method for calcaatof the dynamic wheel-rail impact force
caused by wheel flat / M. Bogdeiis, R. Zygies, G. Bureika, S. DailydkaVehicle system
dynamicslissue 54 (5). 201&. 689—705. URL.: https://doi.org/10.1080/0042311420153114.

11. CnenyxuikoB €.]J[. BwusHaueHHs JUHAMIYHUX HaBaHTAXEHb TNPH TEpECyBaHHI
BAaHTOXHOTO Bi3Ka MOCTOBOTO KpaHa. Mawunobyoysannua. 2015. Ne16. C.34-37. URL:
http://nbuv.gov.ua/lUJRN/ Mashbud_2015 16 7.

12. Ren Z., lwnicki S., Xie G. A new method for el@hining wheel-rail multi-point contact.
Vehicle System Dynamic2011. Issue 49 (10)P. 1533-1551. URL: https://doi.org/10.1080/
00423114.2010. 539237.

13. Shabana A. A., EI-Ghandour A. |., Zaazaa KStdy of the effect of the spiral geometry
on wheel/rail contact forcegournal of Multi-body Dynamic2011. 225 (2)P. 111-125. URL:
https://doi.org/10.1177/1464419311406626.

dinporcrka Hatanis MukonaiBHa, I-p TeXH. HayK, mpodecop kadenpu OyaiBeIbHUX 1 JOPOKHIX MAIIUH XapKiBCHKOTO
HALIOHAJILHOTO aBTOMOOIIBEHO-H0pokHBOr0 yHiBepcuTeTy. ORCID iD: 0000-0002-5248-273Xen.: (097) 396-98-83.
E-mail: nfidrovskaya@ukr.net.

CrnenyxHikoB €BreH JIMUTpOBUY, KaH]I. TEXH. HAYK, BUKJIAZa4 KaQeIpu creniaabHOl XiMil Ta XiMIYHOT TEXHOJIOTIi
HauionaneHoro yHiBepcureTy uBineHoro 3axucty Ykpainu. ORCID iD: 0000-0002-5449-351%¢n.: (067)922-99-14.
E-mail: ors2011@ukr.net.

30ipHuk HaykoBux npaunb YKpAY3T, 2020,8un. 193
42



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

ITonomapenko Poman Bonogumuposud, kaH/. TEXH. HAYK, C.H.C., 3aCTYITHUK HAaYaJIbHUKA KadeIpH MOKeKHOT Ta
PATYBaJIbHOI i AroToBKH HamioHansHOro yHiBepcuTeTY IMBiapHOTO 3axucty Ykpainn. ORCID: https://orcid.org/0000-
0002-6300-3108Texn.; +38(066)-029-71-21E-mail: prv@nuczu.edu.ua.

Ko3zoz0it imutpo CepriiioBud, KaH]. TEXH. HayK, JOLUEHT KadeJpyu OXOPOHH MpAalli Ta HABKOJIHIIHLOTO CEPEIOBHIIA
VKpailHCBKOTO Iep>KaBHOTO YHIBepCcUTETY 3aiisHuuHoro TpaHcnopty. ORCID iD: 0000-0003-3615-1815.

Ten: +38(066)519-47-31. E-mail: Dmitry_1980@ukr.net

Fidrovska Nataliia, Dr. Sc. (Tech.), professorted epartment of construction and road machinearkfhnational
automobile and road university. ORCID iD: 0000-0228-273X.E-mail: nfidrovskaya@ukr.net.

Slepuzhnikov Evgen, PhD (Tech.), lecturer at theadignent of special chemistry and chemical techgolaf the
National university of civil defense of Ukraine. QR iD: 0000-0002-5449-3512. E-mail: ors2011@ukt.ne
Ponomarenko Roman, PhD (Tech.), Deputy Head ob#martment of fire and rescue training Nationavarsity of
civil defence of Ukraine. ORCID Number: https:/fiokorg/0000-0002-6300-3108. Email: prv@nuczu.edu.ua
Kozodoi Dmytro, PhD (Tech.), Associate Professapé@rtment of labor protection and environment, Ukaa State
University of Railway Transport. ORCID iD: 0000-3615-1815. E-mail: Dmitry_1980@ukr.net.

CratTio npuiiasaro 29.10.202(.

30ipHuk HaykoBux npaunb YKpAY3T, 2020,8un. 193
43



