AHOTANIA
XmeneBcbka H.I1. IHHOBAIIIT peKOHCTPYKIIIT TJIaHy KOJII i €BpOIEeHChKI HOPMU
JUISL BIIPOBADKEHHS IIBUIKICHOTO pyxy moi3aiB — Kpamidikariitna HaykoBa mpais Ha
paBax PyKOIHUCY.
JHuceprairist Ha 3100y TTS HAYKOBOTO CTYTICHsI JOKTOpa (histocodii 3a creriaabHICTIO
275 OII «TpaHcnopTHI TEXHOJOTI] Ha 3aJI3HUYHOMY Ta MPOMHUCIOBOMY TPAHCIIOPTI» —

YkpaiHcbKkuii fep>kaBHUM YHIBEPCUTET HAYKH 1 TEXHOJOT1H, JHinpo, 2025.

Jucepraliisi NPUCBIYECHA JOCIIDKECHHIO MPOLECY PEKOHCTPYKIII IUIaHy Mij
€BPOIEUCHKY 3aJII3HUYHY KOJIIIO ITPU OpraHi3alii IBUIKICHOTO pyXy MOi3A1B B YKpaiHi.
Hoge 3HaHHs 0a3yeTbcs HAa TAKMX HAYKOBUX MIAXOaX sIK BceO1uHe il JeTallbHe BUBYCHHSI
pI3HUX AaCHEeKTIB 1HHOBAIIMHOI MiSUTBHOCTI, IO HAAAJI0 MOKJIUBICTh MIJBUIIUTH
1HTEpOIEepadeNIbHICTh  YKPAiHChKOI 1 €BPONEHCHKOI TPAHCIOPTHUX CHUCTEM Ta
PEKOMEH TyBaTH 3aX0JI1 3 OpTaHi3allli HIBUIKICHOTO PyXy MOi3/iB B YKpaiHi.

B poOoTi cucTeMarnu3oBaHO HAyKOBI MIAXOAUM 10 BHUBYEHHS MPOOJIEMH,
BITUM3HSHUN 1 3aKOPJOHHHMM JOCBIJI BIPOBAPKEHHS IHHOBAIIIMHUX TEXHOJOTIN Mpu
PEKOHCTPYKIIiT 3ai3Hullb. [loka3aHo, 110 nepexia Ha 1HBECTUIIMHO-1HHOBALIMHUHN eTan
po3BUTKY ekoHoMmiku, Bcryn g0 COT, HaOyTTd acomiiioBaHOTO YJIEHCTBA Yy
€poneiicbkkoMmy Coro31 TOTpedy€e KapIUHATBHUX 3MIH y CTPATET1i MOJATBIIIOTO PO3BUTKY
3aNI3HUI YKpaiHu, MepeBeleHHs ii Ha IHHOBALIMHUN muisx po3BUTKY. Crneuudivxi
YMOBH €KCIUTyaTallli YKpaiHChKUX 3aJi3HUIb Y MOPIBHSIHHI 13 3aX1THOEBPOIEHCHKUMH,
XapaKTEePU3yIOThCSA 3HAYHO OUTBIIUM  OOCSTOM  MEpeBi3HOT POOOTH, OUIBIIO0
IHTEHCUBHICTIO PyXY 1 Maco¥o M0i3/1iB, O1JIbII BUCOKUMU OCbOBUMH HaBaHTAKEHHSIMU Bl
pyXOMOTo CKiaay. 3OUIBIICHHS TMPOMYCKHOI CIPOMOXHOCTI Ta BIPOBAIHKCHHS
HIBUKICHOTO PYXYy Ha YKpPaiHChKMX 3aJII3HUIAX HA0araTo CKJIAJHIIIE 3aBAaHHs, HIK Ha
3aX1THOEBPOIENCHKUX KOJIAX, MOTpeOye KapAMHAIBHUX 3MIH y CTpaTerii MoAadblIoro

PO3BUTKY 3aJII3HUIL Y KpaiHU, IEpeBECHHS 1i Ha IHHOBAIIMHUAN ITUISIX PO3BUTKY.



CrilagHUi CTaH BITYM3HAHOI 1HHOBAIIMHOI Ta BHUCOKOTEXHOJOTTYHOI CKJIaI0BOI
TPaHCIOPTHOT Tally31 MOSICHIOETHCS HEIOCTATHIM PIBHEM 1HBECTYBaHHS, 110 TPU3BEIIO J10
CTPIMKOTO  CTapiHHA pPYyXOMOTO CKJIagy Ta TpaHCIOPTHOI 1H(PPACTPYKTYpH,
HEBIAMOBITHOCTI TEXHIYHOIO 1 TEXHOJIOT1YHOTO PIBHSA BITUM3HSIHOTO TPAHCIIOPTY
€BPOIECVCHKUM BUMOTaM.

Ha npuknagi peamizaiiii iHQpacTpyKTypHUX MPOEKTIB «EBpokoiss MocTHChKa-
JIsBiBY, «E€Bpokodisa JIbBiB — PaBa-Pycbka — BapmiaBa» 1 «E€Bpokomnist Yxropon — Hom»
JOCTIPKEHO JOUUIBHICTh YKIIaJaHHS 3aJI3HUYHUX KOJIM €BPONEHCHKOTO CTaHAApTY 5K
CKJIaJI0BOi 1HHOBAIlIHOI AisuibHOCTI. [loKa3aHo, 1110 MPOJAOBKEHHS €BPOIMEHCHKOI KOl
BiJl KOpAOHIB €Bponu Ha TEPUTOPIIO YKpaiHU CHOPUSATAME  IT1JIBUILIEHHIO
1HTEpOIEepadeIbHOCTI, JO3BOJIUTh ICTOTHO €KOHOMUTH 4ac 1 Oye CIPUATH 301JIbILIEHHIO
MOT3/IOMOTOKY M1k KpaiHaMHU.

VYkiagaHHsl CyMIIIEHOT KOJIii HE MOTpedy€e yJallTyBaHHS OKPEMOrO 3€MIITHOIO
MOJIOTHA, 10 MOHA BIJIHECTH /IO IEpeBar 1bOro crnocoly opraHizaiii pyxy MOi3aiB.
OpHak 3acTOCyBaHHSA CYMIIIEHOI KOJIii MOTpedye pPO3B'SA30K 1 OOXOJIB PO3IIIBHUX
MYHKTIB Yyepe3 HEOOXIAHICTh YKJIAJIaHHs CTPIIOYHUX MEepPeBOAIB HOpMalbHOT 1520 MM 1
eBporeichkoi 1435 MM KOJTIH, 1[0 MPU3BOAUTH 10 3HIKEHHS MIBUAKOCTI PyXy IMOI3/IIB
IIPU NPOXOKEHH] CTaHIIH.

[Ipn ykimagaHHd HOBOI Tpacu IIHMPUHOK Koaii 1435 MM 1 BHOpOBaJKEHHI
BHUCOKOIIBUJKICHOTO PyXy IMOi3/1iB BUHUKAIOTh MHUTAHHS BHUOOPY TMOJIOKEHHS TPacH,
OOIPYHTYBAaHHIO TAKMX OCHOBHHMX MapaMeTPIB K PasilyCu KPUBHUX 1 IOBKUHU NEPEX1THUX
KpuBHX. Ha OCHOBI MpOBEIEHOTO TOCHIIPKEHHS PEKOMEHAY€E€ThCS MIHIMAJIBHO IOy CTUME
3HAUCHHS PaJilyCy BCTAaHOBIIOBATH AU(PEPEHIIINOBAHO 3aJIKHO BiJ MaKCUMaIbHOI
HIBUIKOCTI pyXY 3 YpaxyBaHHsM CHelliaii3aiii HarnpsMiB NepeBe3eHHS MaCaKUpiB.

JI1s1 BCTaHOBJICHHSI ONTHMAaJILHOIO TMOJI0KEHHs Tpacu HOBOi HSR eBpomnelicbkoro
CTaHJApTy, sSKa pO3MISAAEThCA B YKpaiHi Ha NEpPCHeKTHBY, Ha 0a3i alropuTMiB
BUIIAJKOBOTO TIONIYKY PO3pOOJIEHO Ta peai3oBaHO HOBUH METOJ aBTOMATUYHOTO

IMPOEKTYBAHHS TpacCH. 33CTOC}’BaHHH ABTOMATHYHOTI'O IMPOEKTYBAHHSA TpaCH J03BOJISIE 10



10 % 3HU3UTH IPUBEACHI BUTPATH Ta YHUKHYTU HEPAI[IOHAIbHUX IPOEKTYBAHbD.

OCKIJIBKA 30UIBIIEHHS IIBUAKOCTI CTAaBUTh MIJABUINEH] BHMOIH 10 SKOCTI
0OCIIyroByBaHHS 3aJII3HUYHOI KOJIii, TPOBEIEHHS POOIT 3 BUMPABKH i yTPUMaHHS KPUBUX,
HEOOX1/TH1 HOB1 1HHOBAIIIMHI IMAXOU 10 PO3PaXyHKIB MPOCKTHUX MapaMeTpiB IIaHy Ta
BCTAHOBJICHHSI MAaKCUMAaJIbHO JIOMYCTUMO] IIBUIKOCTI pyXy MOi3/1B, Cy4acHI MiAXOIU J10
JIarHOCTYBaHHA Ta 00CIyroByBaHHS 1HQPACTPYKTYPH.

JlonytieHHs, 1o OyJM MPUHHSATI paHilie 1 ¢Jad0 BIUIMBAIM Ha MOKA3HUKU PyXY
noi3AiB mpu MmBUAKOCTAX 10 120 kM/ron, moTpeOyroTh 3MiHM ab0 BiAMOBIIHOTO
KOperyBaHHs ipu mBUAKOCTAX 161-200 km/Toj 1 O1ibllie, TOOTO BUHUKIIA HEOOXIAHICTh
y 3aCTOCYBaHHI CUCTEMHOTO IIIX0/Ty Y TOCIIIKEHH1 IHHOBAIITHUX TIPOIIECIB OB’ I3aHUX
3 MIATOTOBKOIO 3aJII3HUYHOI KOJIIi Il BIPOBAPKEHHS MIBUAKICHOIO PyXy Moi3aiB. B
po0OOTI TOKa3aHO, WO CIeliami3alis 3aJi3HUYHUX HANpsSIMKIB € MepPCHEeKTUBHUM
HampsIMOM ~ PO3BUTKY 3ali3HUYHOTO TPAHCIOPTY, SKAW JO3BOJISIE  M1IBHIIUTH
e(EeKTUBHICTb, O€3MEKY Ta KOHKYPEHTOCIIPOMOKHICTh raiy3l.

3B'I30K MK HAAIMHICTIO YTPUMaHHS 3aJI3HUYHUX KPUBHUX Ta IHHOBAIIMHUMU
TEXHOJIOT1SIMU Jy’K€ TICHUH 1 Ma€ 3HaYHUM BIUIMB Ha O€3MEKy pyXy, €PEeKTUBHICTh Ta
C€KOHOMIYHICTh 3aJI3HUYHUX TIepeBe3eHb. BCTaHOBIEHO, MO pi3HI BUAM KPHUBUX
(OIMHOKI, CIOJIy4€Hi, CyMIXH1) MAarOTh CBOi OCOOJMBOCTI 3 TOYKU 30pYy JMHAMIYHUX
HABAHTAXKEHb, 3HOCY KOJIii Ta BAMOT JJO 0OCIIyTrOBYBaHHS, @ 3ACTOCYBAHHS IHHOBAL[IMHUX
TEXHOJIOT1H 103BOJIsIE OUTBIN €(pEKTUBHO iX YTpUMYyBaTH. BpaxoByrouun 3arpornoHOBaHy B
aucepTanii Kiacu@ikauio IUISHOK MUIaHy JiHII Oyja 3anponoHOBaHA MPIOPUTETHICTh
nepeOy10BU 3 BUKOPUCTAHHAM METOY aHamizy iepapxiit (MAI).

SIK BUIIJIMBAE 3 MPOBEIEHOTO JIOCIHIIKEHHS, HAWOUIbII 3HAYYIIMMU 33 CTyIIEHEM
BOXJIMBOCTI (akTopamMu € paaiyc Kpuboi (48,7%), nami TOAUIIOTH MDK COO0OIO
npioputetu: mnepexigHi kKpubi (20,4%) ¥ migBumieHHs 30BHIIIHBOI peiku (15,9%).
HaiimeHmn BaroMMmMu € BUMOTH JI0 CKjiIafoBuxX KpuBux (4,1%) 1 coiBoagiHHA
BEPTUKAJIbHUX KPUBHUX 3 KpUBUMHU B miaHi (3,1%). Yum Oinbliuid pajaiyc, THM MEHIII

BIJILIGHTPOBI CUJIM [iI0OTh HA TPAHCHOPTHUHN 3aci0, 1Mo 3abe3nedye CcTaOUIbHICTh Ta



3MEHIIIY€ PU3UK aBapiu.

Oco06MBYy CKJIQIHICT MPEJICTABIIIE 3a4a4a ONTUMIBAIT JUITHOK 3 OOMEKEHHIMU
MIBUAKOCTI pyXy. KomruiekcHmid miaxif A0 BHUpIMIEHHS Ii€l mpoOiemMu mependayae
O3S 3aJII3HAYHOT JIiHIT SIK CUCTEMH, Jie 3MIHa OJHOTO IapaMeTpa BILIMBAE HA 1HIIII.
Hampukinaza, 3MeHIIeHHsT pajaiyca KpUBOi MOXKE TPU3BECTH J0 3HMKCHHS JIOMYCTHUMOL
IIBUIKOCTI, 110, B CBOIO YEPTY, MMO3HAYNTHCS HA 3aralbHOMY 4aci MPOXOKEHHSI T013/1a.
Jlnst oTpuMaHHSA JTOCTOBIPHMX pPE3YJbTaTiB 3alpONOHOBAHO MPOBOJUTU JE€TalbHI
pPO3paxXyHKH 3 BHKOPHUCTAHHSM CIEIialli30BAHOTO TPOTPAMHOTO 3a0E3MEUCHHS, SKE
JI03BOJISIE MOJICITIOBATH PI3HI CIIEHApIi eKCIuTyaTallli 3aJli3HUYHOT JIiHIi.

[Ilo6 moka3aTu 1HHOBALIMHI TEXHOJIOTII MPH ONTHUMI3alll IUIaHy 3alli3HUIIL,
3alpOBAXKCHHST SKMX B YKpaiHi J03BOJIMTH 3a0€3MEUYUTH OUIbIl BUCOKUN pIBEHb
Oe3neku, IUIaBHOCTI W KoMmpopTabenbHOCTI 131U, B poOOTI 3acTOCOBAHA CHCTEMa
aBTomaTu3zoBaHoro npoektyBaHHs (CAIIP) po3pobiieHa B YKkpaiHCbKOMY J€pKaBHOMY
YHIBEPCUTETI HAyKH 1 TEXHOJOTIH, IKa BKIIIOYA€ MporpaMui npoayktu MoveRW (Tsrosi
po3paxynku) 1 RWPlan (BunpaBnenHs 1 HpoeKTyBaHHS IUIaHY 3allI3HUYHOI KOJIIY).
[HHOBaLiHUYN TiaXiA Tependadae MOXKIUBICTh 3aCTOCYBAaHHS PI3HUX CIMOCOOIB 3HOMKH
IJIaHy JIHIT 1, MO JyK€ BAXKIUBO, PO3PAXyHKH BUKOHYBATH HE OKPEMHUX KPHUBHX, a
JIJISTHOK JJOBKUHOIO B MEPET1H UM JEKIIbKA MEPETOHIB 3 ONTUMI3AI[IE€I0 TPOEKTHOTO TIJIaHy
3a PI3HUMHU KpPUTEPISIMU 3 3a0€3MEUYEHHSM MaKCHUMaJlbHO BCTAaHOBJIEHO! IIBUIKOCTI.
3anponoHOBaHUI aITOPUTM 1 TEXHOJIOTisI BUKOHAHHS PO3PAXYHKIB 3 BHUKOPHCTAHHIM
CAIIP peanizoBana Ha Hamnpsmkax ['peGinka-IlontaBa-Jlo3oBa, IT’stuxarku-ZlHinpo,
JIsBiB-KpacHe, 1m0 m03BoJIsIE BUPINIYBAaTH HAyKOBO-TIPHUKJIAAHY 3a/lady OINTHMI3allii
MPOIIECY BWIPABIICHHS KPUBUX B IUIAHI 3 BIJIHOBJIEHHSM TPOSKTHUX pajlyCiB YU
30UTBIICHHSIM PajlyCiB KPUBUX WO MepeadavyaeTbCs HOPMATUBHUM JOoKymeHToM LII1-
0287 «IlomosxeHHs PO MPOBEICHHS TTAHOBO-3aMO01KHUX PEMOHTHO-KOJIIHHUX POOIT HA
3QII3HULISIX YKpaiHWy.

3 BUKOPHMCTAHHSM 3allPONOHOBAHOIO AITOPUTMY Oylia MpOBEACHA ONTUMIZAL]

riany Ha JiHii JIbBiB — Opneca 1 moOynoBaHi rpadikv 3MiHH YHCTOTO JUCKOHTOBAHOTO



noxonay. BcraHoBieHO, 10 MpU KUIBKOCTI MAacaXXUPChKUX TOI3AIB 6 map/moly
JOCSTAEThCS 0€330MTKOBICTh Ha 11-My poiri (3aHaATO MOBUIHHE MTOBEPHEHHS KOIITIR), TIPH
8 map/mo0y 6e330UTKOBICTh HA 7-MYy poIli (TPUBAOIMBO TPH JIEP>KABHOMY TUCKOHTI 6%)
1 ipu 10 map/no0y 6e330UTKOBICTh BXKE Ha 6-My poIll (Ay’ke MPUBAOIMBUN ITPOEKT).
KoMmmekcHuit miaxig 40 onTUMizalii miiaHy BUIIPABICHHS Ha KUTBKOX MeperoHax
3a0e3rneyye 3HWKEHHs 00csTiB podiT Ha 15-20%, mokpaltiieHHs sIKOCTi poOIT 32 paXyHOK
30UTBIIECHHS! TOYHOCTI BUKOHAHHS PO3pPaxyHKiB 3 reomeTpii koumii Ha 20-25%, 3HUKEHHS

eKCIUTyaTal[lfHIX BUTpPAT Ta 30UIbIICHHS TepMIHY cIy>k0u Koiii — Ha 10-15%.

KitouoBi cioBa: iHHOBAI[IHI TEXHOJOTIi, KOHCTPYKIIS 3a13HUYHOI KOJii, MJIaH
3aJI3HULI, 3€MJISTHE TMOJOTHO, IITY4YHI CHOPYAM, KOMII'IOTEPHE MOJYJIIOBaHHS,
ONTHUMI3allisl KPUBHUX, HIBUIAKICHHM pPyX, CUCTEMa aBTOMATHU30BAHOTO MPOEKTYBAHHS,

JIOTICTHKA MEPEBE3EHb.



ABSTRACT
Khmelevska N.P. Innovations in the reconstruction of the track plan according to
European standards for the implementation of high-speed train traffic — Qualification
scientific work in the form of a manuscript.
Dissertation for the degree of Doctor of Philosophy in the specialty 275 Transport
technologies (by type). — Ukrainian State University of Science and Technology, Dnipro,
2025.

The dissertation is devoted to the study of the reconstruction process of the railway
alignment for the European track gauge during the organization of high-speed train traffic
in Ukraine. The new knowledge is based on such scientific approaches as comprehensive
and detailed analysis of various aspects of innovative activity, which made it possible to
improve the interoperability between the Ukrainian and European transport systems and
to recommend measures for organizing high-speed rail traffic in Ukraine.

The study systematizes scientific approaches to the problem, domestic and foreign
experience in implementing innovative technologies in railway reconstruction. It is shown
that the transition to an investment-innovation stage of economic development, accession
to the WTO, and obtaining associated membership in the European Union require
fundamental changes in the strategy for further railway development in Ukraine,
transitioning it to an innovative development path. The specific conditions of Ukrainian
railways compared to Western European ones are characterized by significantly higher
transport volumes, traffic intensity, train weight, and axle loads. Increasing throughput
and introducing high-speed traffic on Ukrainian railways is a much more complex task
than on Western European railways and requires fundamental strategic changes.

The challenging state of the national innovative and high-tech transport sector is
due to insufficient investment, leading to the rapid aging of rolling stock and infrastructure
and the mismatch of domestic transport technology levels with European requirements.

Based on the implementation of infrastructure projects such as “Eurotrack



Mostyska—Lviv,” “Eurotrack Lviv—Rava-Ruska—Warsaw,” and “Eurotrack Uzhhorod—
Chop,” the feasibility of laying European standard tracks as part of innovation was
studied. Extending the European gauge into Ukraine will enhance interoperability,
significantly reduce travel time, and increase train flow between countries.

Laying a dual gauge track does not require separate earthworks, which is a
significant advantage. However, its application requires complex track-switching
solutions at junctions due to the need to install both 1520 mm (Ukrainian) and 1435 mm
(European) turnouts, resulting in reduced train speeds at stations.

When constructing a new 1435 mm track and implementing high-speed train
movement, issues arise related to route alignment and justifying key parameters such as
curve radii and transition curve lengths. Based on the research, it is recommended to
define the minimum allowable radius differentially depending on the maximum speed and
passenger transport specialization.

To determine the optimal alignment of a future European-standard HSR (High-
Speed Railway) in Ukraine, a new method of automatic route design based on random
search algorithms was developed. Using automatic alignment design can reduce
equivalent costs by up to 10% and avoid inefficient projects.

Since increased speed imposes higher demands on track maintenance quality,
especially for curves, new innovative approaches are needed for design parameter
calculations, determining maximum permissible speeds, and modern infrastructure
diagnostics and maintenance.

Assumptions previously made and which had minimal effect on train operation at
speeds up to 120 km/h need revision or adjustment for speeds of 161-200 km/h or higher.
A systematic approach is therefore required to research the innovative processes
associated with preparing railways for high-speed trains. The work shows that railway
route specialization is a promising direction that enhances efficiency, safety, and
competitiveness.

There is a strong correlation between the reliability of curve maintenance and



innovative technologies, significantly affecting safety, efficiency, and cost-effectiveness.
It is found that different curve types (simple, compound, reverse) have unique dynamic
load, wear, and maintenance characteristics.

Applying innovative technologies enables more efficient maintenance. Using the
classification of track segments proposed in the dissertation, priorities for reconstruction
were set using the Analytic Hierarchy Process (AHP).

According to the study, the most significant factor is curve radius (48.7%), followed
by: transition curves (20.4%) and cant (15.9%). The least important are curve composition
(4.1%) and vertical-horizontal curve overlap (3.1%). The larger the radius, the lower the
centrifugal forces acting on the vehicle, ensuring stability and reduced accident risk.

A particular challenge is optimizing speed-restricted segments. A comprehensive
solution considers the railway line as a system, where changes in one parameter affect
others. For example, reducing curve radius decreases allowable speed, affecting overall
travel time. Reliable results require detailed calculations using specialized software that
simulates different operational scenarios.

To showcase innovative railway plan optimization technologies, which would
enhance safety, smoothness, and comfort in Ukraine, the study employs a Computer-
Aided Design (CAD) system developed at the Ukrainian State University of Science and
Technology. It includes software like MoveRW (traction calculations) and RWPIlan (rail
plan adjustment and design). This innovative approach allows route surveying in various
ways and performs calculations not for individual curves but for entire segments,
optimizing by multiple criteria to ensure maximum allowable speed. The proposed
algorithm was implemented on the Hrebinka—Poltava—Lozova, Piatykhatky—Dnipro, and
Lviv—Krasne lines, solving the practical scientific task of optimizing curve correction by
restoring or increasing radii in accordance with regulatory document CP-0287.

Using the proposed algorithm, optimization was performed on the Lviv—Odesa line,
and net present value graphs were constructed. It was found that with six train pairs per

day, the breakeven point is reached in year 11 (slow ROI), with eight pairs in year 7



(attractive under a 6% state discount), and with ten pairs in year 6 (very attractive project).
A comprehensive optimization across multiple segments reduces work volume by
15-20%, improves accuracy by 20-25%, cuts operational costs, and extends track lifespan

by 10-15%.

Keywords: innovative technologies, railway track design, railway plan, earthworks,
artificial structures, computer modeling, curve optimization, high-speed movement,

computer-aided design system, transport logistics.



