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X =&(x,v)0, +n(x,v)0,.
lykanumu € mepetBopeHHs x* = x + &&(x,v), v¥ =v+¢en(x,v), M0 3aIUIaiTh
iHBapiaHTHUM 0a3oBe audepeHIliiiHe PIBHAHHS PyXy Y MIPOCTOPI:

mvé}=5(x,v;p),
dx

ae S(x,v;p) — cymapHa MpOEKIIsl YCIX CHUJ Y3IOBXK HANPSMKY pyXy, sIK (QyHKIIis
HEeBIOMUX mapamerpiB  p(p;, P,,...P;), AHATITHYHI BHpa3d SKUX HEBIAOMI.
Meronamu, 3aCHOBaHUMHU Ha JUCKPETHUX OlepaTopax, siKi 3aJ0BOJBHSIIOTh YMOBU
1HBapiaHTHOCTI, KOHCTPYIOIOTHCSI PI3HMIIEBI pPIBHAHHA, IO MOXYTh BKJIIOYATH
HEJIHIMHI KOMOIHAIl 3MIHHUX y TOukKax X, x+1, a Takoxk x —1, 106 3a0e3neynTn
30epexxeHHs cuMeTpii [1].

Ha oCHOB1 JUCKpPETHOI CX€MH BHKOHYE€ThCS 1HTErpyBaHHs Bl x =0 10 x =x,.

OTtpumani 3Ha4eHHs v, € 06a3010 JJiA ITepaIliiHOro MijgAd0py p MO CHOCTEPEKEHHIO.
MeToro HaBYaHHS € 3HAXOPKECHHS ONTUMAIBHUX 3HAYCHb apamMeTpiB p(py, Pyye--Pi)

, Kl MIHIMI3YIOTb PI3HMII0 MK HIBUIKOCTSMH, MPOrHO30BAHUMHU MOJIEIUIIO, Ta
(haKTUYHUMH 3HAYCHHSIMHU y KOHTPOJIBHUX TOYKaX.

InBapianTHa cxema, po3poOJieHa 3a METOJ0M TPyHOBOTO aHamizy, Oyae OuibIi
TOYHO BIATBOpPIOBATH (PI3UKYy TIpolleCy, HaBITh NpPH BEIUKUX Kpokax Af, Ta
3a0e31euyBaTH CTIMKICTh MOJCITIOBAHHS.

[1] Cherevko 1., Piddubna L. On approximation of solutions of differential-difference equations. Matematychni Studii.
V.9 (1998), No.2, p.187-192.
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In the current conditions of railway transport development, robotic systems play a
significant role in improving the efficiency and safety of transportation. In global
practice, they are used for infrastructure monitoring, maintenance, and automation of
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transport processes. In Ukraine, these technologies are in their formative stages, mainly
in the form of research and laboratory projects.

The main areas of application for robotics on the railways are the inspection and
diagnosis of the condition of tracks, contact networks, bridges, and tunnels. Ground-
based mobile platforms are capable of detecting defects in rails and sleepers using
computer vision, laser, and ultrasonic inspection systems. Air drones are used to
monitor long sections of track and inaccessible objects, ensuring rapid detection of
damage or obstacles in the path of trains.

Sorting stations abroad use automated systems of maneuvering operations capable
of moving cars without the involvement of a machinist. Such systems are based on
artificial intelligence, radar, and laser scanning technologies. In Ukraine, such solutions
have not yet been put into industrial operation, but developments in this area are
underway at technical universities and scientific institutions.

Maintenance robots play a special role, as they can inspect and repair signaling,
centralization, and interlocking devices, as well as communication system components.
They are capable of operating in difficult or dangerous conditions, reducing risks to
staff. A promising area is the introduction of autonomous security systems equipped
with video cameras and remote control devices.

The further development of robotics on the railway is linked to the introduction of
intelligent control systems that combine robots means, sensor networks, and artificial
intelligence. Such solutions will ensure comprehensive monitoring of infrastructure,
optimization of rolling stock operation, and increased safety.

Despite being in the early stages of implementation, the potential for using robots
in Ukraine's railway industry is significant. Robotization will reduce operating costs,
improve maintenance efficiency, and contribute to the modernization of the country's
transport system.

Therefore, robotics is an important element of innovative development in railway
transport. Its application allows for increased traffic safety, automation of complex
technological processes, and reduced risks for employees. It is important for Ukraine
to continue scientific research, testing, and the gradual introduction of robotic systems
into the railway industry, which will contribute to its competitiveness and technological
modernization.
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