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Annotation

This qualification paper explores the application of fiber-optic distributed acoustic
sensing (DAS) and neural networks to enhance railway transport safety and efficiency
through continuous train integrity and track condition monitoring. A critical analysis of
existing monitoring methods is performed, highlighting their limitations, and the advantages
of DAS technology, such as immunity to electromagnetic interference, long-distance
monitoring capabilities, and cost-effectiveness, are substantiated. The principles of operation
for various fiber-optic sensors and their application in detecting deformations and vibrations
are detailed.

The scientific novelty of this research lies in the development and substantiation of a
fundamentally new approach to utilizing existing telecommunication cables as distributed
acoustic sensors for rolling stock identification under hardware constraints. Unlike traditional
localized sensor applications, this work proposes a method for software compensation of the
Gauge Length effect using deep learning.

Vibration analysis is conducted to understand the propagation of rolling stock-induced
waves and to detect anomalies based on signal spectrum changes. Significant attention is
given to integrating neural networks (CNN-LSTM, Autoencoder, U-Net) for automated
processing and classification of sensor data. This enabled high accuracy in train type
recognition (98.5%) and effective wheel defect detection without the need for a large labeled
fault database. An algorithm for spatial signal deconvolution using the U-Net architecture is
proposed, ensuring accurate axle counting even when signals merge in the raw sensor output,
effectively transforming DAS into a precision accounting tool.

Keywords: railway rails, monitoring, distributed acoustic sensing, DAS, fiber optic sensors,

proactive detection, track integrity, elastic waves, traffic safety




AHoTarisg

VY kBamidikamiiHiii poOOTI JOCHIPKEHO 3aCTOCYBaHHS BOJIOKOHHO-ONMTHYHUX
cercopiB (DAS) Ta HeHpOHHMX Mepex IJs MiABUILEHHS Oe3Meku Ta e(pEeKTHBHOCTI
3aJII3HUYHOTO TPAHCHOPTY LUIAXOM CYLIBHOTO MOHITOPHHTY IUTICHOCTI MOi3/1a Ta CTaHy
Koiii. BukOHAaHO KpPUTUYHUN aHaMi3 ICHYIOUMX METOMIB KOHTPOJIIO, BHUSBJICHO iXHi
0OMeKeHHs Ta OOTPYHTOBAHO MEpeBaru TEXHOJOTIT PO3MO/IIIEHOr0 aKyCTUYHOT'O CEHCHHTY,
Taki SK HECHPUUHATIMBICT, JIO EJIEKTPOMArHITHUX 3aBaji, BEIMKa JalbHICTh Mii Ta
E€KOHOMIYHA e(EKTUBHICTh. JIeTaIbHO PO3IJISHYTO MPUHIMIN POOOTH PI3HUX THIIIB
BOJIOKOHHO-ONITHYHUX CEHCOPIB Ta 1X 3aCTOCYBAaHHS I ACTEKII1 nedopmartiii 1 BiOpartiii.

HaykoBa HOBHU3HA JOCHIIPKEHHS TIOJIATAE Y PO3pOOIIl Ta OOTPYHTYBaHH1 IIPUHITUIIOBO
HOBOT'O METOJly BUKOPHCTaHHS ICHYIOUHMX TEICKOMYHIKAIIHUX KaOeiB SK PO3MOIIICHIX
aKyCTHYHHX CEHCOPIB IS 1IeHTU(IKALI pyXOMOT0 CKJIaJy B yMOBaX arapaTHUX OOMEKEHb.
Ha BigmiHy Bix TpaauIiiiHUX TOYKOBUX pIIIEHb, 3alPOIIOHOBAHO METOJA MPOrpaMHOL
komreHcanii edexkty Oasum BumiproBanHs (Gauge Length) 3a momomororo riauOOKOro
HaBYAHHSI.

[IpoBeneno BiOpariiiHuil aHami3 Ui PO3YMIHHSI MOIIMPEHHS XBHJIb BiJl PyXOMOT'O
CKJIaJly Ta BUSIBIICHHS] aHOMaJIiil HA OCHOBI 3MiH CIEKTpPY CUTHATY. 3HAUHY yBary mpuIIeHO
iHTerpariii HeliponHux Mepex (CNN-LSTM, Autoencoder, U-Net) ans aBTOMaTtu30BaHO1
00poOkK Ta Kimacuikarii ceHCOpHUX AaHuX. lle M03BOIMIIO AOCATTH BHUCOKOI TOYHOCTI
po3nizHaBaHHa TuMiB MOi3AIB (98.5%) Ta edexkTuBHOrO BUSIBICHHS Ne(EKTIB KOJIC 0e3
HEOOX1JJHOCTI CTBOPEHHS BEJIMKOI PO3MIUueHOI 0a3u HECHpaBHOCTEH. 3amporioHOBAHO
aJITOPUTM TMIPOCTOPOBOI JAEKOHBOMIOLII CUTHAITy 3a jgomomMororo Mepexi U-Net, 1m0
3a0e3neuye TOYHUHN MIAPaXyHOK OCe HaBiTh MPH iXHHOMY 3JHUTTI Y BHUXIJIHOMY CHTHAJ1
ceHcopa, nepersoprorourl DAS Ha npenu3iiHuil iIHCTPYMEHT OOJIKY.

Knrouosi cnosa: saniznuuni petiku, MOHIMOPUHe, pO3N0OLIeHe aKycmuyHe 30H0V8aAHHS,
DAS, 6010KOHHO-ONMUYHI CeHCOPU, NPOAKMUBHE BUABTIEHHS, YINICHICIMb KOJIIL, NPYICHI X8UJLI,

be3nexa pyxy.
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Beryn

CydacHuil eram pO3BUTKY 3aJi3HUYHOTO TPAHCIOPTY, IO XapaKTePU3YETHCS
BIIPOBA/DKCHHSIM BHUCOKONIBUIKICHMX MaricTpajield Ta TMiJBUIIEHHSM I1HTEHCHBHOCTI
IepeBe3eHb, BIUCYBA€ SIKICHO HOBI BUMOTH JI0 CHUCTEM 3a0e3MeueHHs Oe3MeKu pyxy Ta
J1arHOCTHKY 1H(PpacTpyKTypu. TpaauiiitHi TUCKPETHI 32001 KOHTPOJTIO, TaKi SIK peHKOBI
JAHIIOTH, JIYWJIBHUKKA OCEH, CHCTEMH paJiodacTOTHOI 1JeHTUdIKalli Ta TMOCTH
aKyCTUYHOTO KOHTPOJII0, 3a0€3MeuyI0Th MOHITOPUHT JIUIIIE B OKPEMHX TOUKaX MapuIpyTy,
3aJMINAI0Yd  HEKOHTPOJIbOBAHUMHU MPOTSKHI JAUISHKA KOJIi, IO CTBOPIOE PHU3UKHU
NpOMyCKy TepelaBapiiHUX CTaHIB pyXxomoro ckmamy. Kpim Toro, ckiaaHa
eJIEKTpOMarHiTHa OOCTaHOBKa Ha eJeKTpU(IKOBAHMX AUISHKAX BHUCOKOIIBHIKICHUX
MaricTpaieid CyTTEBO 3HW)KY€ HAIIMHICTh KIACHYHUX EJIEKTPOHHHX JIaTUYHKIiB.
BpaxoBytoun 1€, CTpaTerivHUM HAIMPSIMKOM PO3BUTKY Tally3i € Mepexia M0 TeXHOJOTii
0e3mepepBHOTO MOHITOPUHTY, Cepell SKUX HAWOUIBII TMEePCIEeKTUBHOI BOAYAETHCS
TEXHOJIOTI  po3MojiieHoro akycruuyHoro cencunry (DAS). Bona mo3Bossie
BUKOPHCTOBYBATH ICHYIOYl BOJIOKOHHO-ONITHYHI Ka0el SIK MacUB BIPTyaJbHHUX JATUHUKIB
BiOpamii. I[Ipore mumpoke BmpoBamkeHHs DAS cTpuMyeTbcs HU3KOIO HEBHPIIICHUX
HAayKOBO-TEXHIYHUX IPo0seM, 30kpema epexrom 6a3u BumiproBanHs (Gauge Length), mo
IPU3BOJIUTH JI0 MIPOCTOPOBOTO POSMUTTS CUTHAJIB B OJIM3HKO PO3TAIIOBAHUX OCEH, Ta
HU3BKUM CITIBBIIHOIIEHHSIM CUTHAJ/IIyM. Y 3B'SI3Ky 3 LIUM, PO3pOOKa HOBUX METOJIB
00po6ku curHamiB DAS 13 3acToCcyBaHHSIM TEXHOJIOT1H TIMOOKOTO HABYAHHS /IS TOYHOT
igeHTudikamii Ta JIarHOCTHUKU PYXOMOTO CKJIaAy € aKTyaJbHOI0 HayKOBO-IIPHKIAJIHOIO
3a/1a4ero.

KBanigikarmiiitna poO0oTa BHUKOHYETHCSI y KOHTEKCTI MPIOPUTETHUX HAMPSMKIB
MOJIEpHI3allli TPAaHCTIOPTHOI 1IHPPACTPYKTYPH, CIPSIMOBAHKUX Ha HUGPOBIZAIIIO 3aT13HUIL
Ta BIIPOBA/KEHHS I1HTEJEKTYaJIbHUX TpaHCHOpTHUX cucTteM (Smart Railway) s

Hepexoy 10 cTpaTerii 00CIyroByBaHHs 32 (PAKTUYHUM CTAHOM.
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