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AHOTALIS

Pasniox B. I'. PO3BUTOK HAYKOBHUX OCHOB 3 YO€3TICUCHHS PyXY O3B IMUIIXOM
MIIBUIICHHS €(EKTHBHOCTI €KCIUTyaTallli TraJJbMOBUX CHCTEM BAaHTa)XHUX BaroHiB.
— KBamigikariiiina HaykoBa mpaiisi Ha MpaBax PyKOIUCY.

JHucepraiiist 3a 3100yTTS HAyKOBOI'O CTYIEHS JOKTOpa TEXHIYHUX HAyK 3a
cnemianbHicTIO  05.22.07 — pyxoMmMuil Ckjaj 3alli3HULL Ta TAra IOI3MIB
(273 —3ami3HUYHUNA  TpPAHCHOPT). — YKPAiHCBKUNA JEp’KaBHUN  YHIBEPCHUTET
3aJli3HUYHOTO TPAHCIOPTY, MiHICTEPCTBO OCBITH 1 Hayku YKpainu, Xapkis, 2024.

Huceprariiiina poboTa TpPHUCBSIYEHA BHUPINIEHHIO aKTyaJllbHOI HAyKOBOI
npobnemMu Jjig  3alI3HAYHOTO TPAHCIOPTY — PO3BUTKY HAyKOBHX OCHOB 3
yOe3MeueHHs] pyxy IMOi3/IB NUISIXOM IMiIBUIIEHHS €(PEKTUBHOCTI eKCIuTyaTarlii
TaJIbMOBUX CHCTEM BaHT)KHHX BaroHiB.

AKTyanbHICTh POOOTH 00YMOBJIEHA TUM, IO Cy4acHa KOHCTPYKIIisl TalbMOBOT
BaXITHHOT TMepeavi Bi3ka € HEAOCKOHANIO, Y pe3yJbTaTi ii HeTpuBajaoi poOoTH
BUHUKAE BIJIMOBA TMPHUCTPOIO PIBHOMIPHOTO 3HOCY KOJOJOK, IO MPU3BOAUTH O
BUHUKHEHHS iX KIMHOAYaJbHOTO 3HOCY. lle cipuunHse moripiieHHs yMOB O€3MeKu
PYXY, 301IBIIIEHHST ONIOPY PYXOBI B MOi3/1aX Y PEXKUMI TSTU 1 BUOITY, IO TPU3BOIUTH
JI0 3HAYHUX TEPEBUTPAT €HEPrOHOCIIB Ha TATY MOI3IB. Y 3B’SA3KY 3 IIUM BUHMKAE
HEOOXIIHICTh MOJIEpHi3allii TajJbMOBOI BaXXUIBHOI Tiepefaul s MiJBUIICHHS
Oe3neku pyxy Hoi3fiB.

Y BCTymi HaBEACHO 3arajibHy XapakTEePUCTHUKY JUCEPTAIiitHOI poOoTH,
3a3HAUEHO 1i aKTYaJbHICTh, 3B 30K 13 HAYKOBUMH TeMaMH, CHOPMYIIbOBAHO METY, a
TAaKOX 3aBJIaHHS JOCHIJKEHb, IMOJAHO NPAKTUYHE 3HAYCHHS POOOTU 1 HAYKOBY
HOBU3HY.

VY mepiiomy po3aini MNPOBEACHO CTATUCTUYHI TOCHIIKEHHS HECIpPaBHOCTEH
MEXaHIYHUX TaJbMOBUX CHCTEM BI3KIB BaHTKHUX BaroHiB. IIpoananizoBaHo
MIPUYMHM Ta MPUPOTY IX BUHUKHCHHS.

[IpoanamizoBaHO JOCTIIKCHHS BITYM3HSIHUX 1 3aKOPJOHHHX YYCHHX,
MPUCBAYEHI 3aX0JaM CTOCOBHO MOJIEpHI3AIlll TaJlbMOBUX BaXUIBHUX Mepenad 1

mpoOemMaM yoe3eueHHs pyxy noi3aiB. Bukonano aHami3 BITYM3HSIHUAX TIPUCTPOIB 13



3an00iraHHsl BUHUKHEHHS HEHOPMATHUBHOIO 3HOCY TalIbMOBUX  KOJIOJOK 1
3aKOPJOHHUX PI3HOMAHITHUX TaJbMOBHUX CHUCTEM BI3KIB BaHTAKHUX BAaroHiB THITY
«JAXON TMB», «AmstedRail» 1 «Truck Mounted Brake Systemsy, sixkuii 1aB 3mory
PO3MIISIHYTH OCOOJIMBOCTI X pOOOTH 1 BUSBUTH OCHOBHI HEJIOJTIKH.

Y gpyromy po3auii  po3poOsieHO Kiacu(ikalio BHAIB 1 THIIB 3HOCY
KOMITO3UIIIMHUX TalbMOBHX KOJIOJJOK 1 BCTAHOBJIEHO OCHOBHI TPUYMHH iX
BUHUKHEHHS. BH3HA4YeHO O0COOJMBHI XapakTep ABOIUIONIMHHOTO IEPEIOMHOIO
po(diIt0 3HOCY TalIbMOBUX KOJIOAOK HAa PoOOUiil MJIOMIKMHI TEPTSl, 32 AKOTO BBEAECHO
MOHATTS 1X KIMHOAYaJbHOTO (pUKIIIHOrO 3HOCY. BcTaHOBIEHO, 10 3a paxyHOK
KITMHOYaJIbHOTO 3HOCY KOMITO3UIIIMHUX TaTbMOBUX KOJIOJOK iX poOoya mioria oyse
3017IbIIYBATUCS B HIDKHIM YaCTHHI O BU3HAYEHOTO 3HOCY.

3anmpomnoHOBAaHO  METOJT  KBa3ICTATUYHOTO  aHalli3dy, SKUWA  JI03BOJISE
TKBIIOBYBaTH KIWHOMyallbHUH 3HOC KOMIIO3UI[IHHUX TalbMOBUX KOJOJOK.
BukopucranHs 1gaHOTO METOAYy JO3BOJISIE BU3HAYWTH  PAIliOHATBHE  MICIE
pO3TalllyBaHHSI OTBOPY B PO3MIPIN 1 MiABIIIYBAHHS TplaHressl raJbMOBOI BaXKUJIbHOI
nepeadi Bi3ka BaHTaKHOTO BaroHa mojeni 18-100.

Ha ocHOBI CHCTEMHOTO MiIX0Ty 3amMpOMOHOBaHO Kiacudikailito (HakTopis, M0
BIJIMBAIOTh Ha Mpale3/laTHICTh 1 €(EeKTUBHICTh POOOTH TaJbMOBUX CHCTEM BI3KIB
BaHTa)KHUX BaroHiB. e 1ano 3Mory BUBHAUUTH HETATUBHI HACIIJIKH, SIKI BIUTMBAIOTh
Ha XapakTep 1 NOpUYMHM (PUKUIMHMX 3HOCIB KOJOJOK, TIOPYIIEHHS YMOB
eKCIUTyaTallii TaJIbMOBUX BaXKUIBHHUX IMepejay, a TaKok HAHOCSATh 3HA4YHI 30UTKU
3aJTI3HUYHIN IHPPACTPYKTYPi Ta MOTIPIUIYIOTH O€3MEKY PyXY MOi3/iB.

Po3pobmeno rpadoaHamiTHUHUI < METOM IS BHU3HAYEHHS KoOedillieHTa
KJIMHOIyaJIbHOCTI KOMITO3UILIMHOI TaJIbMOBOI KOJOJKMA 3ajJ€KHO Bl Mpooiry
BAHTAKHOTO BaroHa, IO JacTh MOJKJIMBICTh HAJEKHO OIIHUTH €(QEKTUBHICThH
Ipolecy TalbMYBaHHS BAaHTAXKHUX TMOI3MIB 13 KOMIIO3UIIIMHUMHU TalbMOBUMU
KOJIOJIKAMH.

CdopMynboBaHO METO JI1 BU3HAYEHHSI TEOMETPUYHUX IMApaMETPIB KOPUCHOT
VIO KOHTAKTy TaJIbMOBOI KOJIOJIKM 3 MOBEPXHEI0 KOYEHHs KoJjeca 3a YTBOPEHOI

BEPXHBOI MIKIIJIMBOI CTEPTOCTI 3aJCKHO BIJl BETUYMHH 3a30pa MK KOJIECOM 1
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KOJOJKOK. 3acTOCOBYIOUHM MOro, MOXHA OLIIHUTH TajlbMOBY €(QEKTHUBHICTb
BAaHTA)XHOTO 101312, 00J1aIHAHOTO KOMIO3ULIITHUMHU raJIbMOBUM KOJIOJAKAMH.

Y TperhbOoMy pO31UIi BUKOHAHO KOMILUICKCHHM TEIUIOBUH PO3PAXyHOK ISt
KOMITO3HIIIITHOT TaJIbMOBOi KOJOJKH 3 HOMIHAJIBHUMH IapaMeTpamMH, sKa Maja
po6ouy mromry 20000 MM>, i KOJNOJKH 3 KIHHOLYAILHHM 3HOCOM, SIKa Maja po6ody
miomy 15097 Mm%, mo Ha 25 % MeHIIe 33 HOMiHAIbHY. Pe3ylIbTaTH IPOBEIEHOrO
PO3paxyHKy [IOBOJSITh, 110 BEJIWYMHA HATHUCKAHHA Ha KJIWHOAYaJbHO 3HOIICHY
KOJIOAKY € MeEHIIow Ha 25,5 % 3a Ty, sika Jll€ Ha KOJIOJKY 3 HOMiIHAJIbHHUMH
napameTpamu. BusHavueHo, 1o 3MiHa BETUYMHA CUJIM HATUCKAHHS HA KOMIO3UIIHHY
rajbMOBY KOJOJIKY 3 PI3HUMH 3HAYEHHSMH MapameTpiB 3HOCY MiJl 4ac raJbMyBaHHS
MIPU3BOJNTH JIO 3MIHM 1 TadbMOBOi CHJIM, SIKa BUHHMKAE€ MIXK KOJIECOM 1 PEHKOIO.
Pe3ynbrat OTpyUMaHUX pPO3pPaxyHKIB JIOBOJASTH, 110 TEMIIEpaTypa HAarpiBaHHs Mij
4yac raJibMyBaHHsI, 0COOIMBO /I KOJIOJOK Tumy 2TP-11 3 KIuHOAyalbHUM 3HOCOM,
Ha 16,7 % Oynme OUTBIION, HDK JUIsl KOJOJOK 3 HOMIHAJIHPHUMHU 3HAYCHHSIMU
napameTpis.

BuznaueHo TepMOHANpyKeHHUI CTaH KoJieca MpU B3a€MO/IIi 3 KOMIO3UIIHHOIO
TaJIbMOBOIO KOJIOJIKOIO ITi/T Yac TaIbMyBaHHS. Pe3ynbTaTH po3paxyHKy MOKa3aiu, 110
MaKCUMaJIbHI HampyKeHHs, 3a()ikcoOBaHI Ha MOBEPXHI KOUEHHS KoJieca 1 CKIIAJaloTh
701,9 MIla, mo € Hwkuumu 3a jponyctumi Ha 12 %. Busnaueno nomyctumuit
TeMIEpaTypHUM BIUIMB Ha KOJECO TMiJl Yac TaJlbMyBaHHS 32 YMOBHU 3a0e€3MedyeHHs
HOro MIITHOCTI.

3anpornoHOBaHO MaTEMaTUYHHM amapat JJis BA3HAYEHHS MIITHOCTI KOJIOJKH 32
YMOBHU 1i HEPIBHOMIPDHOTO HaBaHTaXXeHHSA. [Ipu 1IbOMYy KOJOAKY PO3MIISIHYTO SIK
CTPUKHEBY CHUCTEMY, HABAaHTAXKEHY 30CEPEIKEHUMH CHJIIaMU Ta 3TUHAIBHUM
MOMEHTOM. Pe3ynbTaTu MpOBEACHUX PO3PAXyHKIB IMOKA3aJld, IO HAMpPY>KCHHS B
KOJIOAI AOPIBHIOIOTH 0:1u3bK0 21,1 MIIa, To6TO nepeBuiytoTh gomyctumi Ha 29 %.

JlocmPKeHO TepMOHAMNPYKEHUM CTaH KOMITO3UIIINHHOI TadbMOBOI KOJIOJKH 3
HOMIHAJIBHUMHU TapaMeTpaMu 1 KOJOAKH 3 ypaxyBaHHSIM HEPIBHOMIPHOTO
HaBaHTaXCHHs. BcTaHOBIEHO, M0 AN KOJOAKKA 3 HOMIHAJPHUMHU 3HAYCHHSIMHU
MaKCUMaJIbHI HAampy>KeHHS BUHUKAIOTh y 1i BEpXHIl 4YacTHHI B 30HI B3a€MOJIi

COMHKKA 3 OOKOBHHOIO, ckiamaioTh 14,9 MIla 1 He mepeBUIIYIOTh IOMYCTHMI



(15Mlla). A s KOJOAKM 3 YypaxyBaHHSIM HEPIBHOMIPHOIO HABaHTaKEHHS
MaKCUMaJlbHI HaMpyXeHHS, SIKI BUHUKAIOTh y COUHLI, ckiaagaioTs 19 Mlla, To06To
NepeBUINYIOTH gomycTumi Ha 21 %. OTke, MIITHICTh KOJOJKH 3a Jii CTAaTHYHHUX CHII
HE 320€3I1eUyeThCS.

Y  yerBepTOMY pO3ILI1I  BHUSBIEHO OCHOBHY MPUYMHY BHHHKHEHHSA
KIIMHOAYaJIbHOTO 3HOCY KOMIIO3UIIMHUX TallbMOBHUX KOJOJOK BAaHTAKHUX BaroHiB.
3a paxyHOK aHay3y JAii 3yCujb, 10 BUHUKAIOTh y TaJbMOBIM CHCTEMI Bi3Ka,
BCTAHOBJICHO, II0 KPYTHHM MOMEHT, SKHUH YTBOPIOETbCA HA TplaHrenl pyuWHye
PI3HOMaHITHI MPUCTPOT i MEXaHI3MH, SKi BCTAHOBIIOIOTHCS HA MPOTHIIIO HOMY.

Po3pobneHo y3araibHEHY CXeMy-MOJeNb PpOOOTH TpiaHTEIbHUX BaKUIBHHUX
nepenau. [IpoBeneno anami3z iXx KOHCTpyKIlii. BcTaHoBieHo, 1o poOoTa TpiaHTeNiB
rajbMOBOI BaXIJIBHOI MEpeaadi € pi3HOI0, 3 CUJIOBOI TOUKHU 30pYy, Yepe3 iXHE pi3HE
KOHCTPYKTHBHE MIJIBIIIIYBAHHSA JIO I€Tallel Bi3Ka BAHTAKHOIO BaroHa.

3anponoHOBAaHO HAYKOBUHM TMIiJIXiA JUIsl OIHKH JIMCHUX CWJI HATUCKAHHS
raJibMOBHUX KOJIOJOK Ha KoJieca. 3ampONOHOBAaHUW MiJX1Jl JIO3BOJISIE MIJABUIIUTH
TOYHICTh TPOEKTYBAHHS €JIEMEHTIB TallbMOBHX BaXUIBHUX Tepenad Bi3KiB
BaHTQ)KHUX BaroHiB.

TeopeT4HO JT0BENIEHO, IO IUISIXOM JIIKBIAAIT MIKIVIUBO JIFOYOTO KPYTHOTO
MOMEHTY, B €JE€MEHTaX TallbMOBMX BaKUIBHUX TIE€pelay Bi3Ka JIOCATAEThCS
HOPMATUBHUH 3a30P MiK KOJOJKOO 1 KOJIECOM, IO JTA€ 3MOTY TIOBHICTIO TTO30yTHCS
KJIIMHOJIyaJlbHOTO 3HOCY KOJIOJJOK Yy TallbMOBUX CHCTEMax Bi3KiB. 3iMCHEHO
OOTpYHTYBaHHSI 3axOJliB IIOAO MOJIEPHi3allli eJEeMEHTIB TajJbMOBUX BaXKITBHUX
nepenad Bi3KIB €KCIUTyaTaI[ifHOTO MapKy BaHTa)KHUX BaroHIB IMiJl 4YaC BUKOHAHHS
IUIAHOBUX BHUJIB PEMOHTY, fAKI JalOThb 3MOTY IIJBUIIUATHA JIOBIOBIYHICTb
MOJICpHI30BAaHUX €JIEMEHTIB TpiaHremis 1o 1,3 pa3a, a pPEMOHTONPUIATHICTbH
1o 100 %.

Po3pobiieHo 1 3aTBEpIKEHO B  YCTAHOBIECHOMY TMOPSAKY TEXHIYHY,
HOPMATHBHY Ta KOHCTPYKTOPCHKO-TEXHOJIOTIYHY JTOKYMEHTAIIIIO JJII BUTOTOBJICHHS
1 BCTAQHOBJIGHHSA Ha BI3KM JOCHIIHMX BaHTAXHUX BaroHiB BHPOOHMIITBA
[TAT «KprokiBcbkuii ~ BaroHoOyniBHMM  3aBOI»  MOJIEPHI30BAaHUX  TaJbMOBUX

BaXUIHHHUX Tiepeaad, po3pobiaeHux 3a Texnoioriero YkpJA3T.
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HaBeneno pesysibTaTu eKCIUTyaTaliiHUX BUIPOOYBaHb JIOCIIHUX BaroHIB 3
npobirom 121,3 TC. KM 3 MOJAEpPHI30BAaHOI TaJlbMOBOIO BAKUIBHOIO MEPEAyeto,
po3pobiieHOr0 3a TexHooriero Ykp/IA3T.

31a1cHEHO 00CTEKEHHS BIIMOBIAHO 10 po3pobiieHoi «lIporpamu ta MeToquKu
IIPOBEJICHHS HAYKOBHX BHPOOHHMYUX JOCTIIPKCHb TaJbMOBHX CHCTEM 1 KOJIC
BaHTO)XHUX BaroHiB». [lig 4ac oOCTEeXEHb Yy JOCIIIHUX TajJbMOBHX BaXKIIBHUX
nepeaad MOMIKOKEHb HE BHSIBJICHO, OTJIST IPUCTPOIB 1 KOJIOAOK JTOBOJAUTH iX CTIHKY
pane3aaTHICTh, Yyepe3 M0 3a0e3MeuyeThCsl PIBHOMIPHUN 3HOC KOJIOJIOK B YMOBaxX
eKCIUTyaTallii Ta MmiIBUIIy€ThCs Oe3MeKa pyxy Moi3IiB.

Y m’stomy po3aiial 3a JOMOMOTOK) METOJIIB MaTE€MaTUYHOI CTaTUCTUKH
YCTaHOBJICHO, 1[0 3aCTOCYBaHHSA Y BaHTa)KHUX BaroHax MOJIEPHI30BAaHOI TallbMOBOT
BaXIJIBHOI TIepeaadi, po3po0ieHoi 3a TexHosoriero YKp/IA3T, nae 3Mory 3010b1TUTH
pecypc KOMITO3UIIIMHUX TallbMOBUX KOJOJOK Yy 2,59 paza. OtpumanHo rpadiunHy
3aJIeKHICTh 3QJIMIIIKOBOTO PECYPCY TATbMOBHX KOJIOJIOK 32 TOBIIMHOIO 3aJIEKHO Bif
npo0Iry BAHTa)KHUX BaroHIB 3 BUKOPUCTAHHSIM PErpeciiiHoi Moei.

JI7isi OIIHIOBAHHA TapaMeTpiB BEIWYMH 3HOCY BEPXHBOI Ta HMXKHBOI YACTHH
KOJOJKM BaHTAXHUX BAaroHIiB 3 MOJIEPHI30BAHOK TaJIbMOBOKO BaXXiJHHOIO
nepenayeto, po3podseHow 3a TexHosoriero YkpJA3T, 3acTocoBaHO METOAMKY
CTATUCTUYHUX OIHOK, IO JIAa€ 3MOTY BU3HAYUTH YTOYHEHI T€OMETPUYHI MapaMeTpu
KOJIOJIKA 3aJIe)KHO BIJ MPOOITy BaHTaXHOTO BaroHa. 3aCTOCYBaHHS PECYPCHUX
XapaKTepUCTUK JI03BOJISIE CIPOTHO3YBAaTM OCHOBHI TOKa3HUKUA €(PEKTUBHOCTI
BUKOPUCTAaHHS BaroHiB. Po3paxyHku moOKazamm, MO0 TOpIr mpoOiry BaroHa o
MOBHOTO 3HOCY TajbMOBOi KOJIOJIKM Yy BEPXHii 4acTuH1 cTaHOBUTH 331,88 Tuc. km, a
HWKHIA — 343,04 THC. KM.

JloBeneHo, 10 THYYKICTh MeTomoiorii bokca-/[keHkinca Ansi CTPyKTypHOI
imentudikamii ARIMA-moxenet gae 3mMory oOupaTd HaMOUIBII NPUAHITHUN
nijkiac moaenei 3-momix AR- ta MA-ckinanoBoi. 3aquiikoBUi pecypc raJibMOBUX
KOJIOJIOK MOJICPHI30BaHOI TallbMOBOI BaXUIBHOI Tepenadi, po3poOJIeHOi 3a
texHonoriero  Ykp/IA3T, pospaxoBanuii 3a ARIMA-mopensmu, 1ae 3MOTy

30UTBIIUTH TPOOIT BaroHa B cepeaHboMy a0 274,95 THC. KM, a TaKOX 30UTBIIUTH
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MDKPEMOHTHHM M€pioJ O TPbOX POKIB ISl JENOBCHKOI'O PEMOHTY BaHTaKHUX
BaroHiB.

VY mocroMy po3/aiii 3alIpONOHOBAHO METOI0IOTIF0 BU3HAUCHHS €KOHOMIYHOTO
1 eKoJIoTiYHOTO e(EKTy BiJl 3aCTOCYBaHHS MOJICPHI30BAaHOI TaJIbMOBOI BaXK1JIbHOI
nepeaadi, po3pobisieHoi 3a TexHosoriero YKp/IA3T, 3a po3paxyHKOBHM NeEpioj,
aJlariTOBaHy JI0 YMOB eKcIuiyatarli BaHTaxHuUX BaroHiB AT «YkpzamizHuis» 3
ypaxyBaHHSM Pi3HOTO BUAY JJOKOMOTHBHOI TATH.

Bu3HaueHO piuHY €KOHOMIIO BUTpaT Ha OJIMH BaHTaXXHUH BaroH poOO4Yoro
napky AT «Ykp3ani3Huish A1 BUKOHAHHS €KCIUTyaTalliiHOTO BAaHTaK0001Ty:

— Ha EJIEKTPOEHEPTiio (E€JEKTPOBO3HA TiAra) CTaHOBUTH 2778 kBT'rOA, 10 ¥
BapTICHOMY BHPa)KEHHI 3a 1iHaMu ctaHoM Ha 2023 pik gopiBHioe 12777 rpH;

— nanauBo (TEIMJIOBO3HA TAra) CTAHOBUTH 986 KT, 1110 Y BapTICHOMY BUPAKEHHI
3a 1iHamMu ctaHoM Ha 2023 pik ngopiBHIOE 57595 rpH;

— IU3elIbHEe MAacTWIO JUisi pPOOOTH TEIUIOBO31B CTAHOBUTH 25 KI, IO Y
BapTICHOMY BUPAKEHHI 3a I[iIHaMu cTaHOM Ha 2023 pik gopiBHIOE 2382 rpH.

Po3paxoBaHo exoHOMiIYHHMIT e(EeKT B 3aCTOCYBaHHS MOJIEPHI30BAHOI
TaJIbMOBOi BaXIJBHOT TMepejavi, 3a po3paxyHKoBHM Tiepion (22 poku), sgKui
CTaHOBHTb:

— Ha OJIMH BaHTAXKHUU BaroH pooouoro napky — 727725 rpH;

— po0Oounii mapk BaHTAXXHUX BaroHiB — 62719 MITH TpH.

Po3paxoBaHO eKOJIOTIYHMA e(eKT BiJi 3aCTOCYBAHHS MOJIEPHI30BaHOI
raJIbMOBO1 BXK1JIBHOI TIepeIadl, 3a poO3paxyHKOBHM MepioJl, SIKUH CTAHOBUTH:

— Ha OJIVH BaHTAXKHUU BaroH podouoro napky — 41485 rpH;

— po6ouMii Mapk BaHTaKHUX BaroHiB — 2327 MIIH IpH.

[IpakTuHe 3HAYEHHS OTPUMAHUX PeE3yJbTaTIB POOOTU MIATBEPIKEHO
BIAMOBIAHUMU akTamMu BrpoBakeHHS B JII «YkpaiHcbkuii HayKOBO-JIOCTITHUN
IHCTUTYT BaroHoOyayBaHHs» (M. Kpemenuyk) 1 im0 «l[laHioTHHCBKUH
BaroHopeMoHTHHH 3aBom» AT «VYkp3an3auis»  (cmt. [lantotune). Takox
pe3ynbTaTH, OTPUMaHI B TUCEPTaIliiHIA POOOTI, BUKOPHUCTOBYIOTHCS B HABYAIBHOMY
npoueci kadgenpu iHxeHepii Barois Ta skocTi npoaykuii YkpAY3T npu niarorosui

3m00yBayiB  BUIIOI OCBITH (OakajmaBpiB 1 MaricTpiB) 3a  CIEIIaJIbHICTIO



273 — 3ani3HUYHUN TPAHCIOPT, a TAKOXK Ul CIIyXadiB HaBYAJIbHO-HAYKOBOTO
LEHTPY OCBITU JOPOCTUX.
Keywords: 6e3nexka pyxy, eanbmoga cucmema, 3ani3HUYHULL MPAHCROPM,

PYXOMUll CKIA0 3aMi3HUYb, MPAHCNOPMHA MEXAHIKA.

ABSTRACT

Raviyuk V. G. Development of scientific basis for train safety by improving
the efficiency of wagon braking systems. — Qualifying scientific work as a
manuscript.

Dissertation for the degree of Doctor of Engineering Sciences in Specialty
05.22.07 Rolling Stock of Railways and Train Traction (273 Railway Transport). —
Ukrainian State University of Railway Transport, Ministry of Education and Science
of Ukraine, Kharkiv, 2024.

The dissertation is devoted to solving an urgent scientific problem for railway
transport, that is the development of scientific basis for train traffic safety by
improving the efficiency of wagon braking systems.

The relevance of the work is due to the fact that the modern design of the
bogie brake lever transmission is imperfect, and even after a short-term operation,
the device for the parallel retraction of brake shoes fails, and dual wedge-shaped
wear appears on the pads. This jeopardises traffic safety, increases resistance to train
movement in both the traction and run modes, thus, this may lead to significant
energy consumption. In this regard, there is a need to modernize the brake lever
transmission in order to improve the train traffic safety.

The Introduction section provides a general description of the dissertation,
indicates its relevance, linkage to scientific topics, purpose, research objectives,
practical significance and scientific novelty.

Section One presents statistical research of malfunctions of the mechanical
brake system of wagon bogies and an analysis of their causes and nature.

The work includes an analysis of measures to modernize the brake lever

transmission, carried out in Ukraine and other countries and related to the problems
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of train traffic safety. It also includes an analysis of devices for preventing excessive
wear of brake pads manufactured in Ukraine, and an analysis of various brake
systems of wagon bogies such as Jaxon TMB, AmstedRail and Truck Mounted
Brake Systems. Thus, their performance characteristics are considered and the main
shortcomings are identified.

Section Two a classification of wear types for a composite brake pad is
developed and the main causes of its wear are identified. A special nature of the two-
plane broken profile of the brake pad wear on the working frictional surface is
described, and the concept of dual wedge-shaped frictional wear is defined. It is
established that due to the dual wedge-shaped wear of composite brake pads, their
working area increases in the lower part to a certain value.

A method of quasi-static analysis is proposed to eliminate the dual wedge-
shaped wear of composite brake pads. By using this method, it is possible to
determine the rational location of the slot in the brake strut and the suspension of the
brake beam of the bogie brake lever transmission in the wagon model 18-100.

On the basis of a systematic approach is proposed for a classification of factors
influencing the safe operation and efficiency of brake systems of wagon bogies. This
makes it possible to identify the negative consequences that affect the nature and
causes of frictional wear of pads, violate the operating conditions of the brake lever
transmission, cause significant damage to the railway infrastructure, and impair the
train traffic safety.

A graphic analytical method is developed for determining the coefficient of
dual wedge-shaped wear of a composite brake pad depending on the wagon mileage;
this can be used for proper evaluating of braking efficiency of freight trains with
composite brake pads.

A method is formulated for determining the geometric parameters of the useful
contact area between the brake pad and the wheel rolling surface according to the
upper harmful abrasion and depending on the value of gap between the wheel and the
pad. This method can be used to evaluate the braking of a freight train equipped with
composite brake pads.

Section Three presents a complex thermal calculation for a composite brake
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pad with nominal parameters and with a working area of 20,000 mm’, and a
composite brake pad with dual wedge-shaped wear and a working area of
15,097 mm?, which is 25 % lower than the nominal value. The results of the
calculation show that the pressure on the pad with dual wedge-shaped wear is 25.5%
less than the pressure on the pad with nominal parameters. It is found that a change
in the pressing force on a composite brake pad with different values of wear during
braking can lead to a change in the braking force occurring between the wheel and
the rail. The results of the calculations show that the heating temperature during
braking, especially for 2TP-11 pads with dual wedge-shaped wear, is 16.7 % higher
than that for pads with nominal parameters.

The thermal stress state of the wheel interacted with the composite brake pad
during braking is determined. The results of the calculations show that the maximum
stresses recorded on the rolling surface of the wheel are 701.9 MPa, which is 12 %
lower than the permissible values. The permissible temperature impact on the wheel
during braking is determined, provided that the strength of the wheel is ensured.

A mathematical apparatus for determining the strength of a pad under uneven
loading is proposed. The pad is considered as a rod system loaded with concentrated
forces and bending moment. The results of the calculations show that the stresses in
the pad are about 21.1 MPa, thus, they are 29 % higher than the permissible values.

The thermal stress states of a composite brake pad with nominal parameters
and a pad with uneven loading are studied. It is found that for a pad with nominal
parameters the maximum stresses occur in its upper part in the area of interaction
between the back and the sidewall; they amount to 14.9 MPa and do not exceed the
permissible values (15 MPa). However, given uneven loading on a pad, the
maximum stresses that occur in the back are 19 MPa, i.e., they exceed the
permissible values by 21 %. Therefore, the strength of the pad under static forces is
not ensured.

Section Four reveals the major cause of dual wedge-shaped wear of the
composite brake pad of a wagon. By analysing the effect of forces arising in the
bogie brake system, it is found that the torque moment generated on the brake beam

can be harmful for various devices and mechanisms installed to counteract it.
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A generalized model diagram of lever transmission operation for the brake
beam is developed. The design of brake beams is analysed and it is established that
the operation of brake beams of the lever transmission is different in terms of power
because their suspension to the parts of the wagon bogie varies for each design.

A scientific approach to evaluating the actual pressing forces from the brake
pad to the wheel 1s proposed. It can be used to improve the design accuracy of brake
lever transmission elements of wagon bogies.

As proven theoretically, by eliminating the harmful torque in the brake lever
transmission elements of a bogie, the gap between the pad and the wheel can reach
its normative value, therefore, it is possible to completely eliminate the dual wedge-
shaped wear of the pads in the bogie brake systems. The dissertation substantiates
measures to modernize the elements of brake lever transmission of bogies for the
operating freight wagon fleet during scheduled repairs, thus the durability of
modernized elements of brake beams can be increased by 1.3 times, and their
maintainability by 100 %.

The design documentation and standard specifications on manufacturing and
installing the modernized brake lever transmission system is properly approved for
bogies of experimental wagons manufactured by Kryukovsky Railway Car Building
Works. The modernization is based on the technology developed at Ukrainian State
University of Railway Transport (UkrSURT).

The dissertation presents the results of operational tests on prototype wagons
with a mileage of 121,300 km and the brake lever transmission modernized using the
UkrSURT technology.

The inspection was carried out in accordance with the Programme and
Methodology for Conducting Scientific Production Research of Wagon Brake
Systems and Wheels, which was also developed. The inspection identified no damage
in the experimental brake lever transmission. Thus, the inspection of the devices and
pads conducted proves their stable operation, which can ensure uniform wear of pads
in operation and improve the train safety.

By using the methods of mathematical statistics, Section Five reveals that if

the brake lever transmission of a wagon is modernised by means of the UkrSURT
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technology, the service life of composite brake pads can be extended by 2.59 times.
A graphical dependence between the residual service life of a brake pad by thickness
and the wagon mileage is obtained by means of a regression model.

In order to evaluate the wear on the upper and lower parts of a pad on the
wagon with modernised brake lever transmission developed by the UkrSURT
technology, a statistical estimation methodology was applied and the refined
geometric parameters of the pad depending on the wagon mileage were determined.
By using the resource characteristics, it is possible to forecast the main efficiency
factors of a wagon. The calculations show that the wagon mileage threshold before
the pad wears out completely is 331,880 km for its upper part and 343,040 km for its
lower part.

Thanks to the flexible nature of the Box-Jenkins method for the structural
identification of ARIM-models, it is possible to choose the most appropriate subclass
of models among the AR- and MA-components. The residual service life of the
brake pads of the brake lever transmission modernized with the UkrSURT
technology was calculated using ARIMA models. This proves that it is possible to
increase the wagon mileage to approximately 274,950 km, and extend the overhaul
period to three years for wagons repaired at wagon repair depots.

Section Six proposes a method for determining the economic and
environmental effect of using the bogie brake lever transmission modernized with
the UkrSURT technology over the calculation period, provided it is adapted to the
operating conditions under which the wagons of JSC Ukrzaliznytsia operate
according to different types of locomotive traction.

The annual cost savings per wagon of the operating freight wagon fleet of
Ukrzaliznytsia for operational cargo turnover are:

— on electricity (electric traction) — 2,778 kWh, which is equal to UAH 12,777
in value terms at prices as of 2023;

— on fuel (diesel locomotive traction) — 986 kg, which is equal to UAH 57,595
in value terms at prices as of 2023; and

—on diesel oil for diesel locomotives — 25 kg, which is UAH 2,382 in value

terms at prices as of 2023.
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The economic effect of the modernised brake lever transmission for the
calculation period (22 years) is:

—UAH 727,725 per wagon of the operating fleet; and

— UAH 62,719 million for the operating freight wagon fleet.

The environmental effect of the modernised brake lever transmission for the
calculation period is:

— UAH 41,485 per wagon of the operating fleet; and

— UAH 2,327 million for the operating freight wagon fleet.

The practical significance of the results of the dissertation is confirmed by the
certificate of commissioning at Ukrainian Scientific Railway Car Building Research
Institute (Kremenchug) and Panyutinsky Car Repair Plant, a branch of
Ukrzaliznytsia. The results obtained are also included in the Bachelor’s and Master’s
curricula of Speciality 273 Railway Transport at the Department of Wagon
Engineering and Product Quality, as well as for students of the Educational and
Scientific Centre for Advanced Training of UkrSURT.

Keywords: traffic safety, brake system, railway transport, rolling stock,

transport mechanics.
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T — ueHTp TOKIHHS
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BCTVYII

AKTyaJbHICTh TeMH. PO3BUTOK TpaHCHOPTHOI CUCTEMHU YKpaiHu MoTpedye
KOMILJIEKCHOT'O BUPIILIEHHS 3aBJIaHb 100 IMiJBUILEHHS €PEKTUBHOCTI €KCIUTyaTalii
3aII3HUYHOTO PYXOMOTI'O CKJIaAy ¥ rapaHTyBaHHs Oe3MeKU pyXy MOi3AiB, a 3pOCTaHHS
oOcsriB  mepeBe3eHb BaHTaxiB Ha AT «Ykp3amizHuisy — 30UIbIICHHS Baru
BAaHTAXXHUX MOI3/AIB 1 MBHAKOCTI iX pyXy. Lle MoxHa focsrtu 3a ymoBU HaAiitHOL
poOOTH aBTOMATHYHUX TrajbM pyxoMoro ckiany. Ilpore BukoHaHué aHami3
TPAHCIIOPTHUX TOAINA y BarOHHOMY T'OCHOJIAPCTBl JIOBOAUTH, IO 32 OCTaHHI POKHU
3HAYHO TIOTIPIIMBCA TEXHIYHUM CTaH TalabMOBOro oOyiajHaHHsA. HaiiGineina
KUIBKICTh TMOIIKO/PKEHb TMPHUINAJA€E HAa MEXaHIYHYy YacTUHY TajlbM, BIJ SAKOi
Hacamrmepes, 3aJeXUTh Oe3lneka pyxXy TMoi3liB. 3a pe3yabTaTaMu OOCTEXKEHb
ralbMOBUX CHCTEM BI3KIB BaHT@KHHUX BaroHiB SK 1HBEHTapHOTO MapKy
AT «Yxp3ani3Huils», Tak 1 MPOMHUCIOBUX MIJIPUEMCTB OyJ0 BCTaHOBIIEHO, IO
OUTBIIICTH MPUCTPOIB JIJIsl PIBHOMIPHOTO BIJIBEACHHS KOJIOJOK BiJI KOJIIC 3HAXOATHCS
B HE3aJI0OBUTbHOMY cTaHi. OfHa 3 MPUYMH — HEIOCKOHAJa KOHCTPYKIIS TaTbMOBOT
BaXIJTHHOT TIEpe/1ayi Bi3Ka.

TunoBuit TplaHrenb, KU 3aCTOCOBYEThCS Yy BI3KaX, Ma€ BPIBHOBAXKEHY
KOHCTPYKIIIIO BIJHOCHO CBOrO MijBillyBaHHs. OjHAK MICIs OPUEIHAHHS O HBHOTO
JieTaniell radbMOBOI BaXKUJIbHOT Iepeaayi 111 ymMoBa nopyuryerbes. 1lin giero cun, ski
CTBOPIOIOTBCSI  BAaror0  MPHUEIHAHWX  JIeTalield, TpiaHredl HaXWUISAIOThCS 1
HAOMMKYIOThCA 70 KOJIC, IO CYMPOBOJKYETHCS MPUTHUCHEHHS BEPXHIX KIHIIIB
konogok. Ilim gac pyxy Barona 0e3 rajabMyBaHHs BiIOyBa€TbCsS IHTCHCHBHE TEPTS
BEpPXHIX KIHI[IB KOJIOJOK 00 Kojeca. BHachmigok mporo Ha BEpXHIX YacTHHAX
raJIbMOBOI IUIOII KOJIOJOK 1HTEHCUBHO 3pOCTA€E MIKIJJIMBA CTEPTICTD, sIKa CIIPUUUHSIE
ix HeHopMmaTuBHUM 3HOC. [li1 yac raqbMyBaHb MIKJIUBA CTEPTICTh KOJOAOK J0JA€
He0a)XaHOTO KOHTAKTHOTO TEPTs, 4depe3 IO TMOTIPIIYEThCA CPEKTHBHICTH
raibMyBaHb y TOi3Jax 1 3pocTae 3arpo3a Oesmemi pyxy mnoi3miB. Takox

CTBOPIOKOTHCA CHpI/ISITJ'II/IBi YMOBHU Ui BUHUKHCHHA  BHUCOKOTCMIICPATYPHHUX
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IOBEPXHEBUX IOUIKO/KEHb Koylic. TOMy pyX y OUIBIIOCTI BAaHTAXKHUX MOI3/IB
CYNPOBOKYETHCSA TYYHHUM TOCTYKYBAaHHSM KOJIC, IIO 3017BIIyE OMip PyXOBI Ta
IPU3BOJUTH JI0 3aMBUX BUTPAT EHEPTOHOCIIB HA TATY IMOi3/iB.

3Ba)karouM Ha BUIIEBHUKJIAJICHE, TeMa JUCEPTALIHOT pOOOTH € aKTyalbHOIO 1
MPUCBSYCHA PO3BUTKY HAYKOBUX OCHOB 3 YyOE3MEUEHHS PyXy MOI3IIB ILITXOM
HIIBHUIICHHS €(EeKTUBHOCTI €KCIUTyaTarlii raJJLMOBHX CHCTEM BaHTaXKHUX BaroHiB,
30pi€HTOBaHA Ha BUPILIEHHS POOJIEMH 32 paXyHOK MOJEpHi3aLlli rabMOBUX CUCTEM
TplaHTeJIbHUX MPHUCTPOIB BaHTAXXKHUX Bi3KiB. Lle 1acTh 3MOry MmiABHUIIUTH IIBUIKICTH
pyXy Ta €(eKTHUBHICTh MpOIECY TrajJbMyBaHHS BAaHTXHUX IOi3/iB, 3MEHIIUTH
eKCIUTyaTalliiiHI BUTpATH 1 COOIBAPTICTh BaHTAXHUX MEPEBE3EHbB, 301JIBIIIUTH PECYPC
BY3JiB TaJbMOBUX CHCTEM BI3KIB Ha BECh TapaHTOBAHMI MIKPEMOHTHHUU Mepioj
eKCIUTyaTallii BaHTa)XHUX BaroHiB, HE3aJ€XHO BiJi BUKOHAHOTO BUIY PEMOHTY, i
MOKpALTUTH 0€3MeKy pyXy Moi3IiB.

38’5130k  po0OTM 3 HAYKOBMMHM NpPOrpaMamMi, IUJIAHAMH, TEeMAMM.
Juceprartiiitna poboTa BUKOHYBasacs BiAMOBIIHO 10 HaiioHansHOT TpaHCOPTHOT
cTparerii Ykpainu Ha mepion mo 2030 poky, 3aTBEp/KEHOT PO3MOPSIKEHHIM
Kab6inety MinictpiB Ykpainu (KMYVY) Big 07.04.2021 p. Ne 321-p, a TakoK HayKOBO-
JOCIITHUX poOIT 3a TemMaMu: «Po3poOneHHsT KOHCTPYKTOPCHKOI JTOKYMEHTAIlli st
BUTOTOBJICHHSI JIOCJTITHOTO 3pa3Ka MPUCTPOIO IS 3ar00IraHHs KIMHOBUIHOTO 3HOCY
raJbMOBHX KOJIOJOK BaHTaxXHuUX BaroHiB» (JIP 0108U006508); «Po3pobka
KOHCTPYKTOPCBHKO-TEXHOJIOT1YHOI JIOKYMEHTAIlli Ha TPOBEJACHHS MOJEepHi3allii
raJlbMOBHUX BaXKUIBHUX Ie€pe/iad Bi3KiB BaHTaxHUX BaroHiB» (P 0111U008972);
«[IpoBeieHHA PO3MIMPEHUX EKCIUTyaTalllHHUX BUMPOOOBYBaHb BAXKIUIBHUX IEpenad
BI3KIB BaHT@XHUX BaroHiB OOJIaHAHUX MPUCTPOSIMH PIBHOMIPHOTO 3HOCY
ranbMoBuX Koyogok» (AP 0113U001807); «IIpoBeaeHHs eKCEpTH3U CTaHAAPTY
«PecypcHl elleMeHTHI KOIITOPUCHI HOpMHU. TexXHIYHE OOCIYroBYBaHHS 1 PEMOHT
ycrarkyBanus. Pyxomwuit ckmam» (AP 0117U003257); «Bumoru 6e3meku miJ 4ac
TEXHIYHOTO0 OOCIIYyTOBYBAaHHS 1 PEMOHTY BAaHTAXKHUX BaroHiB Ta pedpuKepaTopHOro
pyxomoro ckiany» (AP 0122U000287); «BukopucTaHHs HETPAIULIMHUX METOJIIB

OTpUMAaHHS HAHOMIOPOIIKIB 1 CHIKaHHA MPHU po3podii MoaudikoBaHoi MyiTo-ZrO2
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KepaMiku cTiiikoi 10 Ttepmoynapy» (AP 0121U109441), y sxkux aBTtop OyB
BUKOHABLIEM.

Mera i 3aBIaHHsl A0CJHiKeHHsA. MeTolo poOOTH € PO3BUTOK TEOPETHUHHX
M0JIO’KEHb, METOIOJIOTTYHIX OCHOB 1 MPAKTHUYHUX PIIICHb LIOJI0 YOE3MEUCHHS PYXY
MOI3/IB LUIIXOM TMIABUIICHHS €(QEKTUBHOCTI EKCIUTyaTallli TaJlbMOBUX CHCTEM
BaHTa)XHUX BaroHiB.

JUisi 1OCATHEHHs BKa3aHOi METH B poOOTI OyJiM IMOCTaBJ€HI Takl OCHOBHI
3aBJIaHHS HAyKOBUX JOCIIIKEHb:

— IIPOBECTH aHAJII3 CTaHy MPOOJIEeMH 010 YOe3MeUeHHs pyXy MOI3/IIB MIJITXOM
HiABUIIEHHS €()eKTUBHOCTI €KCIUTyaTallil raJlbMOBUX CUCTEM BAaHTAKHUX BAaroHiB;

— 3aMpONOHYBATH KJacuikalir0o BUAIB 1 THUIIB 3HOCY KOMIIO3MIIIIHUX
raJlbMOBUX KOJIOJIOK, BH3HAUUTH OCOOJIMBOCTI KBa3iCTaTMUHOTO MiAXOMY [0
CTBOPEHHS TeOpii 3HOLIYBaHHS KOJOJOK y TaJbMOBHX CHCTEMax BI3KiB BaHTAKHUX
BaroHiB;

— Ha MIJCTaBl CUCTEMHOIO MiAXoay KiacudikyBaTu (pakTopu, N0 BIUIMBAIOTH
Ha Tpale3/aTHICTh 1 €(EeKTUBHICTh POOOTH TaJbMOBHX CHUCTEM Bi3KIB BaHTAXKHUX
BaroHiB;

— po3pobuT rpadoaHaTITUUHUA METOJI Ha OCHOBI EMITPUYHUX BEIWYUH
MIKI/UTUBOTO  3HOCY TalbMOBUX  KOJIOJIOK JUIsI  BU3HA4YEHHS  KoedilieHTa
KJIMHOTyaJIbHOCTI 3aJI€XKHO B1Jl MPOOIry BAaHTaKHOTO BaroHa;

— chopMyITIOBaTH METO/ JIJIsl BUBHAYCHHS TEOMETPUIHUX MapaMeTpiB KOJIOIO0K
BAaHTA)KHUX BAaroHIB 3 ypaxXyBaHHSM HAasBHOI Yy BEPXHIM YaCTUHI KOJOJKH HIKIJTHUBOI
CTEPTOCTI;

— BU3HAYUTH TEIUIOBI PEXMMHU IMiJ Yac TajbMyBaHHsS BaroHa Ha MOBEpPXHI
TEpTs TPUOOTEXHIYHOI IApHU «TajbMOBa KOJOJIKAa — KOJIECO» 3aJe€KHO Bl 3HOCY
KOJIOZIOK;

— MPOBECTH BU3HAYCHHS TEPMOHATPY>KEHOTO CTaHy KOMIIO3HIIIMHOI TaTbMOBO1
KOJIOJKU 32 YMOBHM BHCOKOTEMIIEPATYPHOTO BIUIMBY Ha MOBEPXHIO KOUYEHHS KOJIC B
YMOBAaX €KCIUTyaTal[liHUX PEKHUMIB;

— IIPOBECTH TEOpPETUYHE OOIPYHTYBAaHHSA HaIpsMy MOJEpHI3alii raibMOBHX
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CHCTEM BI3KIB BAHTAXKHHX BaroHiB;

— BUKOHATH €KCIIEPUMEHTANbHI BUIMPOOYBaHHSA, 3a pe3yJbTaTaMU SIKUX
IpOaHaji3yBaTH BIUIMB MOJIEPHI3ALll BAXIJIBHOI NIepenayl Ha e(peKTUBHICTh poOOTH
TraJIbMOBOi CHCTEMH BaHTA)XHOT'O BaroHa B IIJIOMY;

— CIIPOTHO3YBATH 3AJIUIMTKOBHA PECYpC KOMITO3HUIIIMHUX TaJTbMOBUX KOJIOIOK
MOJICpHI30BaHUX TaJbMOBUX BAXKUIBHUX TEpeAad 3aJIeKHO BiJ MPoOIry BaroHa Ha
M1JICTaBl OTPUMAHUX CTATUCTUYHUX BEJIMUUH;

— 3aMPOTIOHYBATH METOJIOJIOTII0 BU3HAYCHHS €KOHOMIYHOTO W €KOJIOTTYHOTO
e(heKTy BiJI BAKOPUCTAHHS MOJICPHI30BaHOI TAJIBMOBOI Ba)XKUIBHOI TTepe/Iadi.

06 ’exm O0ocniodicenHs — MPOIEC ralbMyBaHHSI BaHTAXHOTO BaroHa y CKJIaJi
noizjaa.

Ilpeomem Oocniooxcennss — (PyHKIIOHANIBHI TIapaMETPHU TaTbMOBOI CHCTEMHU
BAaHTAKHOTO BaroHa 3 YpaxyBaHHSIM KOHCTPYKIIHHUX, TEXHOJOTIYHUX Ta
eKCIuTyaTalliiHuX (pakTopiB 13 yMOB O€3IMEKH pyXYy.

Memoou  Oocniosxcenns.  Ilpy  BUKOHAHHI  JAMCEpTaliiHOI  POOOTH
BUKOPUCTOBYBAIMCS Takli Teopii W METONM JOCHIIKEHb: METOAM  Teopii
AMOBIpHOCTEH 1 MaTeMaTWYHOI CTAaTUCTHUKA 1 MaTeMaTUYHOTO TUIaHYBaHHS
eKCIIEPUMEHTIB JJIsl TPOBEACHHS aHalizy 310paHuX B yMOBax eKcIuTyartarlii
CTaTUCTUYHUX JAHUX 1 MEpPEeBIpKM Ha TOYHICTh W aJEeKBAaTHICTh pPO3POOJIEHUX
MaTeMaTUYHUX MOJeNIeH; METOAU TEOPETUYHOI MEXaHIKM IS BU3HAYCHHS
JOCJIIKEHHS PUHIMITY POOOTH TaJIbMOBUX BAXIJILHUX Tepe/iay; METOIM CKIHYECHUX
€JIEMEHTIB 1 METO/IM OY/IIBEIbHOT MEXaHIKH JIJI1 BU3HAUYEHHS OCHOBHMX MOKA3HUKIB
MILHOCTI €JIEMEHTIB IajIbMOBUX CHCTEM BI3KIB BaHTaKHUX BaroHiB, CTATHCTHYHI
METOJIU JJIs NOOYIOBU PETPECIMHUX MOJENeH 1 1X Bepudikarlii.

HaykoBa HOBH3HA o/lepKaHMX pe3yJbTaTiB. PO3BUHYTO HayKOBI OCHOBH 3
yOe3MeUeHHsI PYyXy BaHTAXHUX IOI3MIB IUIIXOM IIJBUIICHHS e(QEKTUBHOCTI
BaroHiB.

Bnepuwe:

— 3 BUKOPUCTaHHSM CHCTEMHOTO MiAXoay KiacudikoBaHo QakTopH, IO
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BIUIMBAIOTh HA XapakTep 1 NPUYMHM BUHUKHEHHS (PUKIIAHUX 3HOCIB
KOMITO3UIIIMHUX KOJOJOK TaIbMOBUX CHCTEM BI3KiB BaHT@)KHUX BAaroHiB B yMOBax
eKCIUTyararlii;

— po3pobiieHo TpadoaHATITUYHUN METOJ IS BH3HAYCHHS Koe(illieHTa
KJIIMHOAYaJTbHOCTI TAJIbMOBOI KOJIOAKHM 3aJICKHO BiJl MPOOIry BaroHa, mo Ja€ 3MOTY
OLIIHUTH €(QEKTUBHICTh TaJbMYBaHHS Ta CIPOTHO3YyBaTH O€3I€YHI yMOBHU OO0Iry
BaroHa;

— copMOBaHO METOJ ISl BU3HAYCHHS TE€OMETPUUHUX MMApaMETPiB KOPHUCHOI
TJIOMII KOHTAKTy TalbMOBOi KOJIOJIKM 3 TIOBEPXHEI0 KOUEHHS KOJjeca 3a YTBOPEHOI
BEPXHBOI IIKIJIMBOI CTEPTOCTI 3aJIEKHO BiJ] BEJIMYMHU 3a30pa MK KOJECOM 1
KOJIOJIKO¥O;

— OTPUMaHO 3aKOHOMIPHOCTI JIsi TPOTHO3YBaHHSI BEIIMYUH 3HOCY KOJIOJIOK
BaHTQKHUX BAaroHIB 13 MOJIEPHI30BAaHUMH TaJIbMOBHMH BaXKUIBHHUMH TepeavamH,
po3pobneHumu 3a TexHojoriero YkpA3T, mo mae 3Mory orpuMard yTOYHEHI
r€OMETPUYHI apaMEeTPU KOJIOJIKH 3aJI€AKHO Bij MPoOIry BaroHa.

Hicmanu nodanvuioco po3eumxky:

— METOJIT BW3HAYCHHS MIITHOCTI KOMITO3MIIIHHOT TaJlbMOBOI KOJOJIKH 3
ypaxyBaHHAM ii HEpPIBHOMIPDHOTO HaBaHTa)XCHHS, SKE YTBOPIOETHCS 4Yepes
HEJIOCKOHAJIICTh KOHCTPYKI[i TaJbMOBOI BaXIJbHOI Iepe/iadl Bi3Ka BaHTAXHOTO
BaroHa,

— perpeciiiHa MoOJENb JJISl MPOTHO3YBaHHS PECypCy TalbMOBHUX KOJIOJOK 3
ypaxyBaHHSM 3aCTOCYBaHHS MOJCPHI30BaHUX TaJbMOBUX BXKIUIBHUX Tepe/ad,
po3pobieHux 3a texHosorito YkpJIA3T, mo, Ha BiAMIHY BiJ ICHYIOUHX MOJCIICH,
7A€ MOKJIMBICTH IPOTHO3YBAaTH 3aJMIIKOBHM PECypc KOJOIOK 3a iX TpaHUYHOI
TOBUIMHU HA BECh TapaHTOBAHUN MIKPEMOHTHHH MEpioJl eKCcIulyaTalii BaHTaKHOTO
BaroHa.

Yoockonaneno:

— HAYKOBHUHM MiAXIJl IIOJO MPOEKTYBaHHS TPIaHTEIbHUX TajJIbMOBUX CHUCTEM
BI3KIB BaHTAKHMX BaroHiB, 30KpeMa OOIPYHTOBAHO MIOIIJIBHICTH BHOOpPY CXeM 1

PO3paxyHKOBHX MaTEeMaTHYHUX MoJele 3 ypaxyBaHHSIM MOJEpHi3allii eJIeMEHTIB
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TaJIbMOBHUX BKUIBHHUX TIEpPeIad I1iJ] 9ac BUKOHAHHS TJIAHOBUX BHJIIB PEMOHTY.

[pakTuyHe 3HAYEHHSI 0/IEPKAHUX Pe3yabTaTiB. 3aMPONOHOBAHO MPAKTUYHI
pILLICHHS, CHOPSIMOBaHI Ha MIABUILECHHS €()EKTUBHOCTI TaJlbMyBaHHS TMOi3/diB,
3MEHILIEHHSI COOIBapTOCTI BAHTAKHUX NEPEBE3CHb 1 MOKpPALIEHHS OE3NEeKH Pyxy
MOI3/IB Ha 3aJI3HUYHOMY TPAHCIOPTI; CTBOPEHO KOMIT IOTEPHI MOJEII TaIbMOBUX
BOXUIBHUX IIepe/ad BI3KIB BaHTAXHUX BaroHIB, sIKI JIalOTh 3MOTY BHU3HAYUTH
MIILHICTh iX CKJIQJIOBUX B €KCIUIyaTallli; CTBOPEHO KOMIT FOTEPHI MOEN1 TaIbMOBUX
KOJOJOK, SKI JAlOTh 3MOTYy BH3HAYUTH I1X HABAaHTAKCHICTH B YMOBax
eKCIUTyaTaI[iiHUX PEKMUMIB.

PesynbraTi HayKOBUX JOCHIKEHb, OTpUMaHli B poOOTi, JOIJIBHO
3aCTOCOBYBAaTM B KOHCTPYKTOPCHKHMX 1 TEXHOJIOTIYHHUX BIJIIIaX SK TIJ Yac
IPOEKTYBAHHS TaJlbMOBUX CHCTEM XOJOBHUX YAaCTHMH BaroHiB, TaK 1 Jyid
YIOCKOHAJICHHS BaroHiB, SKi 3apa3 eKCIUTYaTyIOThCs Ha 3aJ1i3HMIIL,

— YJIOCKOHAJIEHO Ta 3alaTeHTOBAHO I1HHOBAIIWHI KOHCTPYKIIi TaJlbMOBUX
BOXKUIBHUX Tepenad BaHTaxxHux BaroHiB (Ilatentu VYkpainu: 121003, 118624,
121889, 153753, 154619);

— 3alpOTIOHOBAHO 3MIHU Ta JIONIOBHEHHS JI0 HOPMAaTHBHOTO JIOKYMEHTa
JNCTY I'OCT 4686:2018 — Tpuanreni TrajJbMOBOi BaXIJTbHOI TIepeaavi Bi3KiB
BaHTQXHUX BaroHiB. TeXHiIUHI YMOBU 4epe3 ypaxyBaHHS KOHCTPYKTHBHHX 3MiH Yy
PO3IIPIll TpiaHTEIs.

[IpakTiuHEe 3HAYE€HHS OTPUMAHUX PE3YJIbTATIB POOOTH MIATBEPIAKEHO
BIIMOBIAHUMU akTamMu BrpoBajpkeHHs B JIIT «YkpaiHChbkHMi HayKOBO-JOCITITHUN
iHCTUTYT BaroHoOymyBauHHs» (M. Kpemenuyk) 1 im0 «l[laHFOTHHCBKUI
BaroHopeMOHTHUN  3aBoa» AT «Ykp3amizuuis»  (cmT. [lantotune).  Takoxk
pe3yJbTaTH, OTPUMaHI1 B JUCEPTAIiiiHIi PoOOTI, BUKOPUCTOBYIOTHCS B HAaBUAJIbHOMY
npoiieci kadenpu 1HxeHepii BaroHiB Ta skocTi npoaykiii Yxp V3T mpu miaroTosiil
3m00yBadiB  BHIIOI OCBITH (0OakajmaBpiB 1 MaricTpiB) 3a  CICHIaTbHICTIO
273 — 3ani3HUYHUN TPaAHCIOPT, a TaKOXK JUIs CIyXadiB HaBYaJIbHO-HAYKOBOTO

LEHTPY OCBITH gopociux (lomaTtok A).
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Oco0OucTuii BHecok 3100yBaya. Yci pe3ysbTaTu JUCepTaliitHOT poOOTH, sIK1
BUHOCSATBCS Ha 3aXUCT, OTPUMaHI o0coOucTto 3700yBayeM abo 3a Horo
oesnocepenuboi yuacti. Haykoni myoOumikamii [1 — 8, 19, 26 — 30, 35, 37, 38, 43, 46,
47] omy6mikoBaHi 0e3 cIiBaBTOPIB. Y poOOTax, OMyOJIIKOBaHHX y CIIBaBTOPCTBI,
JTUCEPTAHTY HAICKUTh: [9] — CTBOpPEHHS KBa3iAMHAMIYHUX MOJEICH s
yJIOCKOHAJIEHHS TaJlIbMOBOI CHCTEMHM Bi3Ka BaHTa)XHOro BaroHa; [10] — cTBoOpeHHs
3aKOHOMIPHOCTEN F€OMETPUYHUX MapaMeTpiB KOPUCHOI ILJIOIII KOHTAKTY KOJIOJOK 3a
YTBOPEHOTO BEPXHBOIO IIKIIJIMBOTO 3HOCY 3aJICKHO BiJI 3a30pa MIK KOJIECOM 1
raJlbMOBOIO KOJOJKOIO0; [11] — cTBOpeHHs perpeciiiHoi Mojeni Al MPOTHO3yBaHHS
3QJIMIIKOBOTO PECYpCy KOJIOJOK 3a TOBIIMHOKO 3aJIEKHO BiJl MPOOITiB BaHTAKHUX
BaroHiB; [12] — BH3HAYEHHS pPECYPCHUX XapaKTEPUCTUK JJisi MPOTHO3YBaHHS
TEOMETPUYHUX TapaMeTPiB KOMMO3UIIIMHUX KOJIOAOK 3aJIeKHO BiJ MpoOiry
BAaHTAXHOTO BaroHa 3 MOJIEPHI30BAHOI BaXITHHOI TMEpPEJadero  Bi3Ka,
[13] — po3po0ieHHsT CXeMU-MOJIeNl BaXKUIBHOI Mepeaayl Jyisi BU3HAYEHHS CHUJIOBHUX
dakTopiB, MO MAIOTh 3MOTY CTBOPUTH TEPEIYMOBU JO MPOEKTYBAHHS CYYaCHUX
TaJIbMOBUX CHUCTEM BI3KiB BaHTQXXHUX BaroHiB; [14] — mporHo3yBaHHS TPAHUYHOTO
pecypcy KOMITO3MIIIMHUX KOJIOJOK TaJbMOBOI CHCTEMH Bi3Ka 3 MOJCPHI30BaHOIO
nepeavyero 3ajeXHo BiJI MpoOIry BaHTAXKHOTO BaroHa; [15] — cucremaru3ariis
nedeKTiB KOJIC BaHTA)KHUX BAaroHIB 1 BU3HAYEHHS TEPMOHAMPYKEHOTO CTaHy KoJeca
opu  B3aeMojli 3  KOMIO3MILIMHOK  KOJOJKOK MiJ Yac rajlbMyBaHHS;
[16] — po3po06ieHHsT TpoLeYyPH MPOBEACHHS BUPOOHUYUX JTOCTIKEHD 110JI0 3HOCY
KOMIIO3UIIIMHUX TaJIbMOBUX  KOJIOJJOK BAHT@KHMX BaroHiB 1 BHU3HAYCHHS
kmacudikamii iX BB 1 TUmB 3HOCY; [l17] — CTBOpeHHS 3aKOHOMIPHOCTEH
MIPOTHO3YBAaHHS 3aJUIIIKOBOTO PECYpPCY KOMITO3MIIIHUX KOJOJOK MOJEPHI30BAHUX
TaIbMOBUX BaXUIbHUX IIE€pelad 3aJeKHO BiJ NpoOIriB BaHTAKHUX BaroHIB,
[18] — BH3HAYEHHs IIOJIB PO3MOAUICHHS HANpy)XeHb B OallIMaky TIpHU HOro
HEpPIBHOMIPDHOMY HABaHTAKCHHI BiJ KOMIIO3HUIIIKHOI TallbMOBOi  KOJIOJKH;
[20] — po3pobiEeHHA I1HHOBAIITHOTO NPUCTPOIO TaAJIbMOBOI CHUCTEMHU Bi3Ka
BaHTA)XHOTO  BaroHa W  crmocoOy  MoJepHi3allii  pO3MIPOK  TpilaHTes;

[21] — CTBOpEHHsSI CKIHUEHO-CJIEMEHTHOI MOJENl TaJbMOBOTO MHIJIIHIpPA 3 METOIO
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BU3HAYECHHS MIIHOCTI MO0 KOHCTPYKLIi; [22] — CTBOPEHHS CKIHYEHO-EJIEMEHTHUX
MoOJeNeld KOJIOAOK 3 HOMIHAJIBHUMHU MapaMeTpaMyd ¥ KIWHOAYaJbHUM 3HOCOM 3
METOI BHU3HAUEHHS 1X TEPMOHANPYKEHOrO CTaHy; [23] — BH3HA4Y€HHS NUTOMOIO
€HEPrOCIOKMBAHHS JUISl PI3HUX THUINIB TATOBOTO PYXOMOTO CKJIAQay TiJ dac
3aCTOCYBaHHSI MOJICPHI30BaHOI BaXKUIBHOI Tepedadi Bi3ka; [24] — po3poOsieHHS
rpaoaHaNiTUYHOTO METOAYy /IS BU3HAYCHHS Koe(dilieHTa KIMHOAYaJTbHOCTI
KOMITO3UIIMHUX TaJIbMOBUX KOJIOJOK 3aJIEKHO BiJ MPOOIry BaHTaXKHOTO BaroHa,
[25] — po3poOieHHS MAaTeMAaTHYHOTO amapary i BU3HAYCHHS MIIHOCTI
KOMITO3UIIIHHOI TaJbMOBOI KOJIOJKM TIpH il HEPIBHOMIPHOMY HaBaHTa)KEHHI;
[31, 33, 34, 40, 41, 44, 50, 52, 57, 60, 64] — cTBOpeHHS 3aKOHOMIPHOCTEH
OI[IHIOBAHHS TaJIbMOBOI €(PEKTHUBHOCTI 3acO0IB PyXOMOTO CKJIaay, 00JiaJJHAaHOTO
KOMITO3UIIIMHIMHU TaJbMOBUMHU KOJIOJIKAMU Yepe3 I1X HEHOPMATUBHHUHN 3HOC;
[32, 49, 54-56, 58, 59] — CTBOpEeHHS CKIHYCHO-CIIEMECHTHHUX MOJICIICH
TPUOOTEXHIYHUX TAp rajdbMOBUX CHCTEM Bi3KiB BaHTAa)XHUX BAaroHIB 1 MPOBEJICHHS
pPO3paxyHKy Ha MIIHICTh 3a PI3HUX EKCIUTyaTalliiHUX PEXUMIB HABAHTAXKECHHS;
[39, 42, 45, 48, 62] — cTBOpEHHsS KBa3iMHAMIUYHUX MOJEJeH BaXKUIBHUX Nepeaad
TaJIbMOBUX CHCTEM BI3KIB BaHTOKHUX BaroHiB JUISl BH3HAYCHHS paIliOHATBLHUX
pIIlIeHb MoOJIepHIi3allii 3 MOTJISITY JIE€TEPMIHOBAHOTO CUJIOBOTO
HaBaHTAKCHHS €JIEMEHTIB BAXKIJIBHUX nepenay npu raJIbMyBaHHI;
[36, 51, 53, 61, 63, 65 —67] — BOpOBaIKEHHSI NPYKHO-CTPUIKHEBUX 1 HAMPSIMHHUX
€JIEMEHTIB y TaJbMOBUX BAXIJbHUX Iepejadax BI3KIB BAHTAXKHUX BaroHiB s
JTKBIJAIli HEHOPMATMBHOTO 3HOCY TajJbMOBHX KOJOJOK B  €KCILIyaTallii.
JlocmiKeHHs, BUCBITIICHI B YCIX HAYKOBUX Mpamsx, mpooauwincs B Ykp I V3T.
AmnpoOanis pe3yabratiB aucepramii. OCHOBHI MaTepiald pe3yJbTaTiB
IUCEPTALIITHOT POOOTH AOMOBIIATUCSA, OOTOBOPIOBATIUCSA Ta OTPUMAIM CXBAJICHHS HA
33 HaykoBuX KOH(pepeHIsIX: 79 MikHapoaHiii HayKOBO-TEXHIUHIA KOHMEpeHIIil
«P0o3BUTOK HAayKOBOI Ta IHHOBAIIHHOI MIsUIBHOCTI Ha TpaHcmopTi», YkpAY3T, 2017
(Ykpaina, wm. XapkiB); VII MikHaponHii HayKOBO-IPAKTHUUHIA KOH(EpeHLii
«IIpobneMu po3BUTKY TpaHcnopty i jJorictukuy, CHY im. B. [Hana, 2017 (Ykpaina,

M. Onmeca);  1II, IV BceykpaiHChbKMX ~ HayKOBO-TIDAaKTUYHHMX  KOH(EPEHIIAX
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«IIpobnemu eHepropecypco30epekeHHs B IMPOMHUCIOBOMY perioHi. Hayka 1
npaktuka», 2017, 2018 (Ykpaina, m. Mapiynons); 77, 78 MixHapoaHUX HAYKOBO-
npakTuyHuX KoH(pepeHuisx «[IpobieMu Ta mepcrneKTHUBU PO3BUTKY 3ali3HUYHOIO
TpaHCIOPTY», JIHITPOBCHKUIT HAIIOHAIBHUIN YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
iMeH1 akanemika B. JlazapsHa, 2017, 2018 (Ykpaina, M. /{Hinpo); 15th International
scientific conference «European Conference on Innovations in Technical and Natural
Sciences». «East West» Association for Advanced Studies and Higher Education
GmbH, 2017 (Austria,Vienna); I, II, III, V MixHapoaHux HayKOBO-IPAKTHYHUX
koH(pepeHiisx «lIpuknaaai HAYKOBO-TEXHIYHI JOCTIKEHH», AKaIeMisl TEXHIYHUX
Hayk Ykpainu, JIBH3 «[Ipukapnarcbkuii HallioHaJIbHUI yHIBepCUTET iMeH1 Bacuis
Credanuxa» 2017, 2018, 2019, 2021 (Vkpaina, M. IBaHO-DpaHKIBCHK);
XIV international research and practice conference «Modern scientific potential —
2018». Construction and architecture Mathematics Modern information technology
Technical science Physics. Science and education LTD, 2018 (Great Britain,
Sheffield); International scientific and practical conference «Globalization of
scientific and educational space». Innovations of transport. Problems, experience,
prospects, Volodymyr Dahl East Ukrainian National University, 2018 (Italy, Rome);
VIII MixxnapoaHiii HayKOBO-TIpaKTHUHIN KoH(epeHii «TpaHCmopT 1 JOTICTHUKA:
npobnemu Tta pimenns», CHY im. B. J[lana, 2018 (Vkpaina, M. Opeca);
8 MixHaponHii HayKoBO-TexHIUHIH KoHpepeHniii «IIlpobmemMn HamiiHOCTI Ta
JIOBIOBIYHOCTI 1HXKE€HEPHUX cHopyn 1 OyAiBedb Ha 3ali3HUYHOMY TPaHCHOPTI»,
YxpAVY3T, 2019 (VYkpaina, m. XapkiB); HaykoBo-nmpakTHUHMX KOH(EpPEHIIsX
3100yBadiB BHIIOI OCBITH Ta MOJIOJUX BUYCHHX «JloTicTHYHE ympaBiiHHS Ta Oe3MeKa
pyxy Ha Tpancnopti», CHY im. B. Jana, 2018, 2019 (VYkpaina, Kuis, Jluman);
2, 3 MixHapoJHMX HAyKOBO-TEXHIYHMX KOHQepeHIIsX «lHTeleKTyanbH1
TpaHCIOPTHI TexHojorii», YkpAVY3T, 2021, 2022 (Ykpaina, M. XapkiB);
1 MixxnapoaHiii HayKOBO-TexHI4HIM KoH(pepeHnuii «[IporpecuBni TexHonorii 3acobis
tpancnopty», YKpAY3T, 2021 (Ykpaina, M. XapkiB); V MixHapoaHili HayKOBO-
npakTuuHiii koHpepeniii «Hayka. TexHosorii, 1HHOBaIlii, CBITOBI TEHJEHIINI Ta

perioHanbHUN actekT», [HCTUTYT iHHOBaIiiHOi ocBiTH, 2022 (Ykpaina, M. Oxeca);
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[II Mi>kHapoJiHIii ~ HAYKOBO-TEXHIYHIA  1HTepHET-KOH(epeHuii  «lHHOBaliiiH1
TEXHOJIOT1l PO3BUTKY MamMHOOyAyBaHHS Ta €()EKTUBHOTO (DYHKI[IOHYBaHHS
TpaHcnopTHux cuctem», HYBITI, 2022 (Ykpaina, m. PiBue); XIV HaykoBiit
koH(pepenmii «HaykoBi migcymku 2022 poky», TexHomoriunmii teHtp, 2022
(Ykpaina, ™. XapkiB); [V BceykpaiHcpkili HayKOBO-TEXHIYHIM 1HTEpHET-
koH(pepennii «TexHiuHi Hayku B YKpaiHi: cydacHi TeHACHIIi po3BUTKy», KI3T
HAVIT, 2022 (Ykpaina, m. KuiB); 6 th Annual Conferences «Technology Transfer:
Fundamental Principles and Innovative Technical Solutionsy», Scientific Route, 2022
(Tallin, Estonia); MiKHapoOAHIM MYJIBTHAUCUUIUIIHAPHIA HAYyKOBO-TIPAKTUYHIN
IHTEpHET-KOH(PEPEHI[T MOJOIUX JOCHIHUKIB, 3/100yBadiB BHIIOI OCBITH Ta
HaykoBIIB «CyyacHa Hayka: 1HHOBauli Ta nepcrnektuBu», KI3T IAVYIT, 2023
(Ykpaina, ™. KuwuiB); 82 MixHapoaHiii HayKOBO-NIPAKTHYHIA  KOH(EpPEeHIIii
«[IpobiemMu Ta MEPCHEKTUBH PO3BUTKY 3aTI3HUYHOTO TPAHCHOPTY», YKpPaTHCHKHIA
JIEp’)KaBHUM  yHIBEpCUTET Hayku 1 TexHonorii, 2023 (Vkpaina, m. JlHinpo);
II MibkHapoiHIi  HAyKOBO-NpaKTU4YHIA KoH(epeHuii «TpaHcrnopt: Hayka Ta
npakTukay, CXITHOYKpaiHChKUN HallloHANbHUN yHiBepcuteT M. B. Jlams, 2023
(Yxpaina, ™. KwuiB); 4th International Conference on Sustainable Futures:
Environmental, Technological, Social and Economic Matters (ICSF-2023), Kryvyi
Rih National University, 2023 (Ukraine, Kryvyi Rih); 2nd International Conference
on Smart Technologies in Urban Engineering (STUE 2023), O. M. Beketov National
University of Urban Economy in Kharkiv, 2023 (Ukraine, Kharkiv);
XXVI MixkHapoHii HayKoOBO-TeXHIUHIM KoH(epeHiii «TexHomoriss — 2023y,
CxigHOYKpaiHChKHMM HallioHaJdpHUN yHiBepcuteT iM. B. Jamsa, 2023 (Ykpaina,
M. KuiB); 26th International Conference Current Problems in Rail Vehicles: Prorail
2023, Scientific and Technical Societyat the University of Zilina, 2023 (Slovakia,
Zilina); 11l MbkHapoaHii HayKOBO-IIPaKTU4YHIM KoHpepeHii «Pyxomuit ckian
HoBoro nokomiHHA: 13 XX B XXI ctopiuus», YkplY3T, 2023 (Ykpaina, M. XapkiB).

Y mnoBHOMYy 00cCs31 pe3yiapTaTH JAUCEpTaliiHOI poOOTH O0OroBOpeHi Ta
CXBaJiecHI Ha pO3IIMPEHOMY ceMiHapi Kadeapu I1H)KEHepii BaroHiB Ta SKOCTI

npoaykmii YrpIY3T.
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IMyoaikanii. OCHOBHI TOJIOKEHHS AMCEpPTALIiHOI poOOTH 1 pe3ylbTaTu
JOCIIKEHb OnyOJikoBaHl B 67 HayKOBUX Mpausx: 25 OCHOBHMX MpalsiX, 3 SKHUX
16 crareil y HaykoBUX ()axOBHX BUAAHHAX YKpaiHH (3 HuUX 8 — 0e3 CIIBaBTOPIB);
6 HayKOBHX CTaTeH, IO 1HJIEKCYIOThCS HayKoMeTpuuHuMH 0azamu nanux SCOPUS
ta/abo WoS (3 Hux 1 — mepmoro kBaptwio (Q1), 1 — apyroro kBaptmio (Q2),
4 — tperboro kBapTwio (Q3)); 1 — B 1HO3EMHOMY IMEPIOAMYHOMY HAYKOBOMY
BUJIaHHI; 2 TaTeHTax YKpaiHW Ha BUHaXoau Ta 42 myOsikaIisx, sKi J0JIaTKOBO
B1100pakaroTh HAYKOBI PE3YyJIbTaTH JTOCIIIKEHb.

Crpykrypa i o0csar amcepramii. [uceprailis Mae BCTyH, IIICTh PO3JLIIB,
BUCHOBKH, CIIMCOK BHUKOPUCTAHUX JpKepen 3 261 HaliMeHyBaHb 1 HIICTh JIOJATKIB.
[ToBHuit oOcsar aucepTarii ckiamae 408 CTOpiHOK, y ToMy 4ucHi 273 CTOpPIHKH

OCHOBHOTO TeKCTY, 31 Tabmnwuirto, 125 pucyHkis, 46 CTOPIHOK JTO/IaTKIB.
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