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Abstract

Railway line capacity and optimal station placement are key parameters in
rail transport systems. With growing passenger and freight demand, precise
evaluation of these factors is essential to prevent congestion and enhance
performance. The primary goal of this research is to propose methods for
optimizing train station intervals and increasing railway line capacity.
Secondary objectives include identifying factors affecting freight and
passenger transport capacity, analyzing the relationship between line
capacity and station interval optimization, and examining the impact of
increasing train frequency on capacity. The methodology relies on
operations research network models, representing railway lines as graphs to
calculate maximum flow capacity. Queueing theory with the M/M/c model
and Markov processes was used to analyze waiting times and random
delays. Simulations were conducted using OpenTrack software. UIC 1998,
SCOTT, Steinback, and American formulas were applied to calculate
optimal operational capacity. Traffic and infrastructure data were analyzed
using statistical measures like the ninth decile and moving average.
Network models and simulations showed that optimizing station intervals
(10-12 km) and resource allocation increases capacity by 25-82%, with an
estimated actual capacity of 150-180 trains daily. Queueing theory
confirmed a nonlinear relationship between train frequency and delays, with
long queues at traffic intensities above 0.8. Hypothesis testing using
regression (R2=0.85) and Pearson correlation (r=0.75) validated the
significant impact of infrastructure, fleet, and topography. Results indicate
that infrastructure (60%), fleet, and human resources significantly affect
capacity, with a positive relationship for station interval optimization and a
nonlinear relationship for increased train frequency. The proposed method
enhances decision-making accuracy and system sustainability.

Keywords: Railway Line Capacity, Station Placement, Queueing Theory.
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