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Pedepar:

1. luceprauis nprucBa4YeHa BUPILIEHHIO HAYKOBO-TIPUKJIAHOTO 3aBHAHHS YAO0CKOHAJIEHHS TEXHOJIOTII
06CJIyrOByBaHHS aBTOMATUYHOI JIOKOMOTHABHOI CATHAII3alli] MIISIXOM PO3POOKU i HAYKOBOTO OOI'PYHTYBAHHSI METOLLY
MOHITOPUHTY CUTHAJIBHOTO CTPYMY 3 BUKOPMCTaHHSIM CIIEKTPAJIbHOTO BEMBJIET-aHAJIi3y AJIs1 CBOEYACHOIO
BUSBJIEHHS AedeKTiB KooBoro cTpymy AJIC Ta meTony i 3ac00y aBTOMATHU30BaHOI'O KOHTPOJIIO TEXHIYHOTI'O CTaHY

JIOKOMOTUBHUX NpUCTpoiB AJIC Ha KOHTPOJILHOMY IYHKTI. B epumomy po3iii po3ryisgHyTi cuCcTeMU 6€3IEeKU PyXy



noi3ziB, 0 eKCITyaTyoThCs B YKpaiHi Ta 3akopgoHoM. [IpoBefieHnii CTaTUCTUYHUN aHaJli3 KibKOCTi 360iB i BigMOB
BCiX IMPUCTPOIB 3aJ1i3HNYHOI aBTOMATUKU. [IpoaHanizoBaHi Ta kjiacudikoBaHi OCHOBHI MPUYWHY, IO BIJIMBAIOTH HA
nepenaBajbHy Ta IPUMMAaJbHY anapaTypy CUCTEMHU i 0OYMOBIIIOIOTh IIOSIBY BEJIMKOI KiJIbKOCTI 3aBajl, a TAaKOX
METOJH i 3ac00M 3axXUCTY BiJl HUX. Y APYroMy pO3/ijli OTPMMAaB NOAJIBIINKI PO3BUTOK METOJ, KOHTPOJIIO BIUIUBY
€JIEKTPOMarHiTHuX 3aBay, Bif JIEIT Ha po6oTy 10KOMOTUBHUX NPUCTPOiB AJICH, iK1l Biipi3HS€TbCS Bif iCHYIOUNX
BMMipIOBaHHSIM eJIEKTPUYHUX 3aBaj] B KojioBux curHanax AJICH pisnoro Buny (3, 7K, YXK) 3 ogHouacHUM
BMMIipIOBaHHSIM €JIEKTPOMArHiTHOTO I10J1s1 B3[I0BX 3aJ1i3HUYHOI KoJii Ha HAinbHuLi 30avkeHHs 3 JIEIT 3 HACTynHUM
IIPOBEIEHHSIM CIIEKTPAJIbHOTO aHasi3y. Po3pobieHa KOMIIZIEKCHA MaTeMaTUYHa MOZeJib KaHaJy 3B'13Ky MK
perKkoBUM KoJsioM Ta BxinHumu npuctposmu AJICH B cepenosui Simulink makety MatLAB. HaBenena
MaTeMaTu4Ha MOJEJIb CUTHAJIO-3aBa0BOI CyMillli, IO i€ Ha BXOZi JOKOMOTUBHOIO [IpAMaYya CUCTEMU,
aHaJIITUYHO OMMCaHi IMITYJIbCHI 3aBaZiy Bif JIOKaJIbHMX MAarHiTHUX HEOLHOPIZHOCTEN PENKOBOI JiHil,
KBa3irapMOHIYHA 3aBaJa Bifl JIiHIN eJIeKTponepeady i cTaluioHapHa BUIIAIKOBA 3aBaJa, SIKi aIUTUBHUM YMHOM
00'eiHaHi Mi>k c00010. B TpeTboMy po37isli PO3IJIIHYTO METOAM YAIOCKOHAJIEHHS aHaJli3y CUTHaIbHOrO cTpymy AJIC 3
BHMKOPHCTaHHSIM KOMILJIEKCHOTO nepeTBopeHHst Oyp’e Ta KopoTkovyacHoro nepersopenHst Pyp’e (BikoHHe Pypce
nepeTBopeHHs). Po3po6sieHo i HAYKOBO OOGI'PYHTOBAHO HOBUI METOJ, MOHITOPUHTY CUTHATIBHOTO CTPYMY
JIOKOMOTHMBHOI CUTHai3allii, B OCHOBY SIKOT'O ITOKJIaeHo Neumudpallilo CUrHajIiB 3 3aBajlaMU 32 JI0IIOMOTOI0
CIIEKTPaJIbHOTO BEMBJIET-aHali3y, 10 N03BOJIslE OIIEPATUBHO BUSBIATU AedeKTr Kogosoro ctpymy AJIC i Hafae
MOXJIMBICTb OTPUMATH iH(pOPMALLiIO [IPO JIOKAJIbHI 0COOJIMBOCTI CUTHAJY. BeliBieT-aHasi3 OTpuMaHuX JaHUX
[I0Ka3aB, 10 Pi3Hi BigxunaeHHs B po6oTi camoi cuctemu AJIC Big HOpM BHACJIiOK HEBUKOHAHHS 260 HELOTPUMAaHHS
TEXHOJIOTii 00CIyrOBYBaHHS i pEMOHTY, PAalITOBO BUHUKJIOTO IIOIIKOIKEHHSI UM BiZIMOBU 6e3[10cepeiHbO B IIPOLeci
PyXy 0i37]a BIUIMBAIOTh HA 4aCOBY 3aJIEXHICTb i CIIEKTPaJIbHY CKJIAZOBY CTPYMY, TUM CaMUAM HaJlalouM 3MOTY iX
po3Ili3HaBaHHA. MeTo[| BEeMBIIEeT-aHali3y MoXe OyTH BUKOpPUCTaHU 111 GinbTpauii konis AJIC nepep ix
IeKOIIyBaHHSIM 3 METOI0 3MEHILEHHS BILIMBY 3aBaJ, HA CUTHAJIbHUI CTPYM, SIK JOAATKOBUM METOJ, 00POOKY CHUTHAITY.
JaHui1 MeToJ, TaKOK MO>Ke OyTU MOKJIQZIeHNi1 B OCHOBY pO3pO0OKM IMHaMiuyHOi Mozesi uudposoro (pinbTpa Ta
nemudparopa AJIC 3 MiBUIIEHOIO BipOTigHICTIO NPUIOMY 3allyMJIEHUX CUTHAJIIB, IO JO3BOJIUTh 3HAYHO
HiABUINWTY 3aBafl03aXUILEHICTb JOKOMOTUBHUX NPUCTPOIB AJIC i MigHATH TOKa3HUKY HAZIMHOCTI pO60TU CUCTEMU
Ha HOBUM piBEHb. Y YETBEPTOMY PO3Zii sAKicTb nepesipku AJIC IPONIOHYETHCS MiABUIIUTH IIJISIXOM YAOCKOHAJIEHHS
TEXHIYHOTO 00CJIyTOBYBAaHHS CUCTEMH 33 PaXyHOK aBTOMaTHU3allii Ipoliecy peecTpaliii 3MiH [10Ka3aHb
JIOKOMOTUBHOTO CBiT/I0()OPY Ta AITOPUTMY IepeBipku KaHany AJIC Ha KOHTPOJILHOMY IIYHKTIi. 3alTpONIOHOBAHO
CIIOCi6 KOHTPOJIIO TEXHIYHOI'O CTaHYy JJOKOMOTUBHUX NPUCTPOiB AJIC, sKkuii 3a6e31edye aBTOMAaTUYHy PEECTPaALLilo
doTronpuiiMauemM oKasaHb JIOKOMOTUBHOTO CBiT/I0OpPY, BUMipIOe Yac rOpiHHS JIaMII CBITJI0OPY, BiATIOBITHY
IIOCJIiIOBHICTb 3MiHM [TOKa3aHb Ta, 3aBAsAKk1 EOM, aBTOMaTUYHO aHasi3ye Npaue3gaTHiCTb cucTeMu. Po3pobieno
IOCJiIHUM 3Pa30K JAHOTO MPUCTPOIO, 1O SIBJIsIE COO0I0 aBTOMATH30BAHMI allapaTHO-TIPOTPAMHUM KOMILJIEKC, SIKUI
KOHTPOJIIOE IOCTOBIpHICTb Nepenadi i nexonyBanHs curdaiis AJIC B KabiHi MallIMHICTa HA KOHTPOJIbHOMY ITYHKTI
LIJIIXOM IIOPIBHAHHA iX 3 CUTHAJIAMU Bif KOJIIMHUX IIPUCTPOIB Ta aBTOMATU3Ye€ MPOLIEC [TEPEBIPKY 3MiHU [T0KA3aHb
JIOKOMOTHBHOTO CBiT/I0(hOpa IIpU MJIaHOBOMY T€XHIYHOMY OOGCIyrOBYBaHHI IOKOMOTUBHUX MIPUCTPOIB HA
KOHTPOJIbHOMY ITyHKTi. OCHOBHI pe3y/IbTaTy JOCiKeHb AUCEePTaLiliHOI po60TH IlepefaHi 1J1s1 BAKOPUCTAHHS B
3anopi3pKy AMCTaHII0 CUTHasi3allii Ta 3B'93Ky Ta BIPOBAIKEHi B HABYaJIbHOMY Ipoleci JJHimpoBcbKOro
HalliOHAJIbHOTO YHIBEPCUTETY 3aJIi3HUYHOT'O TPAHCIIOPTY iMeHi akageMika B. Jlazapsna. Takum 4MHOM, B pOOOTi
3aIIPOIIOHOBAHO [1i€Bi METOAU yIOCKOHAJIEHHS TEXHOJIOTii 06CIyrOByBaHHS aBTOMATUYHOI IOKOMOTUBHO]
cUrHasi3anji, sKi MoKpauyTh IKiCTb 00CIyTrOBYBaHHS JIOKOMOTUBHUX IIPUCTPOIB, 30ibIIYIOTh IPOAYKTHUBHICTh
npauji Ta BLOCKOHAJIIOIOTh 3aBa/l03aXUIIEHICTh CUCTEMHY, [I03UTUBHO BILJINBAIOYM Ha 6€3MEeKy PyXy Ha 3aJi3HULL, 110

CTae 0COOJIMBO BKJIMBMM B YMOBAX IiIBULIEHHS MIBUAKOCTI PyXy MOi3MiB.

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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