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2. Improvement of service technology for automatic locomotive signaling.

Pedepar:

1. luceprarnis npucBsYeHa BUPILIEHHIO HAYKOBO-TIPUKJIAHOTO 3aBHAHHS YAOCKOHAJIEHHS TEXHOJIOTiI
00CJIyrOByBaHHS1 aBTOMATUYHOI JIOKOMOTUBHOI CUTHaIi3allil MIJIIXOM PO3POOKU i HAYKOBOTO OOI'PYHTYBAaHHS METOLY
MOHITOPUHTY CUTHAJIBHOTO CTPYMY 3 BUKOPMCTAHHSIM CIIEKTPAJIbHOTO BEMBJIET-aHaIi3y AJ1s1 CBOEYACHOTO
BUSIBJIEHHS e eKTiB KojoBoro cTpymy AJIC Ta meTomy i 3aco6y aBTOMaTU30BaHOTO KOHTPOJIIO TEXHIYHOTO CTaHy
JIOKOMOTUBHUX NpUcTpoiB AJIC Ha KOHTPOJILHOMY IYHKTI. B repuiomy po3apisi po3ryisiHyTi cucTeMu 6€31eKU pyxy
noi3ziB, 0 eKCITYaTyIThCs B YKpaiHi Ta 3akophoHOM. [IpoBeieHni1 CTaTUCTUYHUIN aHaJIi3 KiJIbKOCTi 360iB i BiTMOB
BCiX IIPUCTPOIB 3a1i3HUYHOI aBTOMATUKU. [IpoaHaniszoBaHi Ta KinacugikoBaHi OCHOBHI IPUYMHY, 110 BIIMBAIOTh HA

neperaBajbHy Ta IPUMMAJbHY anapaTypy CUCTEMHU i 0OYMOBIIIOIOTh IIOSIBY BEJIMKOI KiJIbKOCTI 3aBajl, a TAaKOX



METO[IY i 3ac0o6Y 3aXUCTY BiJi HUX. Y APYrOMYy PO3/iJli OTPMMAaB MOAaIbUINI PO3BUTOK METO, KOHTPOJIIO BILJIUBY
eJleKTpoMarHiTHux 3asay, Bif JIEIT Ha po6oTy T0KOMOTHBHUX ITpucTpoiB AJICH, sikuii BinpisHsieTbCS Bif icHyI09MX
BMMipIOBaHHSIM €JIEKTPUYHMX 3aBaJ] B KojioBUx curHanax AJICH pisnoro Buny (3, 7K, YXK) 3 ogHouacHUM
BMMiPIOBAaHHSIM €JIEKTPOMArHiTHOTO N0JIs1 B3[IOBX 3aJi3HUYHOI KoJii Ha HinbHuULi 30vkeHHd 3 JIEIT 3 HaCTynHUM
[IPOBEEHHSIM CIIEKTPAJIbHOTO aHasidy. Po3pobieHa KOMIIZIEKCHA MaTeMaTUYHa MOZeJib KaHaJly 3B'13Ky MK
pelikoBUM KoJioM Ta BxinHumu npuctposmu AJICH B cepenosuii Simulink nmakety MatLAB. HaBenena
MaTemMaTU4Ha MOJeJIb CUTHAJI0-3aBaJloBOi CyMilli, 1110 Aiie Ha BXOZi IOKOMOTUBHOTO IIpUiiMaya CUCTEMH,
AQHaJIITUYHO ONUCAHI IMITYJIbCHI 3aBaIM Bif, JIOKAJIbHMX MArHiTHUX HEOGHOPIOHOCTEN PEMKOBOI JIiHii,
KBa3irapMOHiYHA 3aBaJja Bif JIiHill eJleKTponepenay i cTalioHapHa BUIIAIKOBA 3aBajia, SKi aIUTUBHUM YHHOM
00'eJHaHi Mi>k c00010. B TpeTbOoMy pO37isli PO3IJISIHYTO METOAM YAOCKOHAJIEHHS aHaJli3y CUTHalIbHOrO cTpymy AJIC 3
BUKOPUCTAHHSM KOMILJIEKCHOTO nepeTBopeHHst Pyp'e Ta KOpoTKoyacHoro nepetBopeHHs Oyp’e (BikoHHe Dypce
nepeTBopeHHs). Po3po6y1eHO i HAYyKOBO O6I'PYHTOBAHO HOBUI METOJ], MOHITOPMHTY CUTHAJIBHOTO CTPYMY
JIOKOMOTHMBHOI CUTHai3allii, B OCHOBY SIKOT'O ITOKJaeHo Jemudpallilo CUrHaliB 3 3aBajlaMU 3a JI0IIOMOT0I0
CIIEKTPaJIbHOTO BEMBJIET-aHali3y, 10 [O3BOJIsE OIIEPATUBHO BUSBIATU AedeKTr Kogosoro ctpymy AJIC i Hafae
MO>KJIMBICTb OTPUMATH iH(OPpMaLLilo ITPO JIOKaJIbHI 0COOGJIMBOCTI cCUrHay. BeliBieT-aHasi3 OTpUMaHUX JaHUX
MOKa3aB, 1[0 Pi3Hi BimxuaeHHs B po6oTi camoi cuctemu AJIC Big HOpM BHACTiIOK HEBUKOHAHHS 200 HETOTPUMAHHS
TEXHOJIOTii 00CIyrOBYBaHHS i pEMOHTY, PAalITOBO BUHUKJIOTO IIOIIKOIKEHHSI YU BiZIMOBU 6€3110CepeiHbO B IIPOLECi
PyXy 0i3]a BIUIMBAIOTh HA 4YaCOBY 3aJIEXHICTb i CIIEKTPaJIbHY CKJIAZOBY CTPYMY, TUM CAMUAM HAaJIal04M 3MOTY iX
posnizHaBaHHS. MeTo[] BeliBIeT-aHasi3y MoXe 6yTU BUKOPUCTaHUil 11 (pinbTpauii kogis AJIC nepep, ix
IeKOJlyBaHHSIM 3 METOI0 3MEHILIEHHS BIIMBY 3aBafl HA CUTHAJIbHUI CTPYM, SIK JOAATKOBUM METOJ, 06POOKY CUTHAITY.
JaHui1 MeToJ, TaKOK MO>Ke OyTU MOKJIQZIEHNI B OCHOBY PO3pO0OKM IUHaMiuHOI Mogeri uudpoBoro (pinbrpa Ta
nemudparopa AJIC 3 miABUIEHOIO BipOTiAHICTIO MPUIOMY 3allyMJIEHUX CUTHAJIIB, IO TO3BOJIUThH 3HAYHO
MiJBULINTY 3aBaJ03aXUIIEHICTh JOKOMOTHUBHUX MPUCTPOiB AJIC i MiTHATH TOKA3HUKYU HALINHOCTI POGOTH CUCTEMU
Ha HOBUM piBEHb. Y YETBEPTOMY PO3LiJi AKicTb nepesipku AJIC IPONOHYETHCS MiABUIIUTH IIJISIXOM YAOCKOHAJIEHHS
TEXHIYHOT'O 00CJIyTOBYBAaHHS CUCTEMU 33 PaXyHOK aBTOMaTHU3allii Ipoliecy peecTpallii 3MiH [10Ka3aHb
JIOKOMOTHBHOTO CBIiT/I0()OPYy Ta aJIFOPUTMY IlepeBipku KaHany AJIC Ha KOHTPOJIbHOMY ITyHKTi. 3alIpOIIOHOBAHO
CII0Ci0 KOHTPOJIIO TEXHIYHOI'O CTaHYy JJIOKOMOTUBHUX NPUCTPOiB AJIC, skuii 3a6e3rnedye aBTOMAaTUYHYy PeeCTpaLiilo
doTronpuiiMayeM oKasaHb JIOKOMOTUBHOTO CBiT/I0(OPY, BUMipIO€e Yac rOpiHHS JIAaMII CBITJI0dOPY, BiATIOBIIHY
IIOCJIiIOBHICTh 3MiHM MTOKa3aHb Ta, 3aBAAKY EOM, aBTOMaTHYHO aHaji3ye rnpaue3fgaTHicTh cucteMu. Po3pobieHo
TOCJIiTHAM 3Pa30K IAHOTO MPUCTPOIO, IO SIBJISIE COO0I0 aBTOMATU30BAaHUU allapaTHO-TTPOTPAMHUI KOMILJIEKC, SIKU
KOHTPOJIIOE IOCTOBIpHICTb Nlepeadi i nexomyBanHs curdaiis AJIC B KabiHi MallIMHICTa HA KOHTPOJIbHOMY ITYHKTI
LIJIIXOM TIOPIBHAHHA iX 3 CUTHAJIAMU Bif KOJIIMHUX IIPUCTPOIB Ta aBTOMATU3Ye MPOLIEC [TIEPEBIPKY 3MiHU [T0KA3aHb
JIOKOMOTHBHOTO CBiT/1I0()0pa MpH [JIAHOBOMY TEXHIYHOMY OOCITyrOBYBaHHI IOKOMOTUBHUX IIPUCTPOIB HA
KOHTPOJIbHOMY ITyHKTi. OCHOBHI pe3yJsIbTaTy JOCJiKeHb AUCepTaliliHoi poboTU IepefaHi 1J1s1 BAKOPUCTAHHS B
3anopi3pKy AMCTaHII0 CUTHAi3allii Ta 3B’93Ky Ta BIPOBAIKEHi B HABYAJIbHOMY Ipoleci JJHimpoBCbKOro
HalliOHAJIbHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TPAHCIIOPTY iMeHi akageMika B. JlazapsHa. Takum 4MHOM, B pOOOTI
3aIIPOIIOHOBAHO [Ii€Bi METOAU yIOCKOHAJIEHHSI TEXHOJIOTii 06CIyroByBaHHS aBTOMATUYHOI IOKOMOTUBHO]
cUrHasi3auji, siKi MoKpauyTh IKiCTb 00CIyTrOBYBaHHS JIOKOMOTUBHUX IIPUCTPOIB, 30i1bIIYIOTh IPOAYKTHUBHICTh
npati Ta BLOCKOHAIIOIOTh 3aBafl03aXUIIEHICTh CUCTEMHY, [I03UTUBHO BIJIMBAIOYM Ha O€3MEKy PyXy Ha 3aJIi3HULL, 110

CTae 0CO6IMBO BOXKJIMBUMM B yMOBaX MiJBUILEHHS IBUAKOCTI pyxy MOi3iB.

2. The dissertation is devoted to the solution of a scientific and applied problem of improvement of service
technology for automatic locomotive signaling by development and scientific substantiation of a method for
monitoring the signal current by the spectral wavelet analysis for the detection defects of code current ALS and
method of automation periodic control the ALS locomotive devices at the checkpoint. In the first section the
traffic safety systems of trains operated in Ukraine are considered. A statistical analysis of the number of failures
and malfunctions of all railway automation devices was performed. The main defects which affect the transmitting
and receiving equipment of the system and cause a large number of interferences, as well as methods and means
of protection against them are analyzed and classified. In the second section the method of controlling the



influence of electromagnetic interference from PL on the operation of locomotive devices ALSN received further
development, which differs from existing methods by measuring electrical interference in different types of ALSN
code signals (green, yellow, red-yellow) with simultaneous measurement of the electromagnetic field along the
railway track at the convergence section with PL followed by spectral analysis. The complex mathematical model
of the communication channel between the rail circuit and ALSN input devices in the Simulink environment of the
MatLAB package has been developed. The mathematical model of the signal-interference mixture operating at the
input of the locomotive receiver of the system is given, pulse interference from local magnetic inhomogeneities of
the rail line, quasi-harmonic interference from PL and stationary random interference, which are additively
combined with each other, are analytically described. In the third section the methods of improving the analysis of
ALS signal current using complex Fourier transform and short-term Fourier transform (window Fourier transform)
are considered. The new method of monitoring the signal current of locomotive signaling has been developed and
scientifically substantiated. It is based on the decoding the signal-noise mixture by means of spectral wavelet
analysis, which allows to quickly detect defects of ALS code current and provides information about local signal
features. Wavelet analysis of the obtained data showed that various deviations in the operation of the ALS system
from the norms due to non-performance or non-compliance with maintenance and repair technology, sudden
damage or failure directly in the process of train movement affects the time dependence and spectral component
of the current, making it possible to recognize them. The wavelet analysis method can be used to filter ALS codes
before decoding them in order to reduce the effect of interference on the signal current, as an additional method
of signal processing. This method can also be used as a basis for developing the dynamic model of digital filter and
ALS decoder with increased probability of receiving signals with interference, which will significantly increase the
immunity to interference of ALS locomotive devices and bring the reliability of the system to a new level. In the
fourth section it is proposed to improve the quality of ALS inspection by improving the maintenance of the system
by automating the registration process of the changes in the readings of the locomotive traffic light and the
algorithm for checking the ALS channel at the checkpoint. A method for monitoring the technical condition of ALS
locomotive devices is proposed, which provides automatic registration of the readings of locomotive traffic lights
by photo detector, measures the glowing time of traffic light lamps, the corresponding sequence of readings and,
automatically analyzes the efficiency of system using a computer. A prototype of this device was developed, which
is an automated hardware and software complex that controls the accuracy of transmission and decoding of ALS
signals in the driver's cab at the checkpoint by comparing them with signals from track devices. The main results
of the research of the dissertation are transferred for use in the distance of signaling and communication in
Zaporizhzhia and introduced in the educational process of the Dnipro National University of Railway Transport
named after Academician V. Lazaryan. Thus, the dissertation proposes effective methods for improvement of
service technology of automatic locomotive signaling, which improve the quality of service locomotive devices,
increase productivity and improve system immunity to interference, positively affecting railway safety, which
becomes especially important in the conditions of the increased speeds of trains movement.
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