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Introduction The operation of the Great Silk Road required

The Great Silk Road, which emerged in the 3rd— coordinating supplies, optimizing routes, ensuring the
2nd centuries BCE, is considered one of the earliest security of caravans, and storing goods—activities
historical stages in the development of logistical that, in essence, correspond to modern principles of
processes. Although the term "logistics" itself was not logistics. Thus, one can argue that it was during this
yet in use during that period, organized flows of period that the foundations were laid for a systematic
goods, resources, and people between cities and states approach to managing material flows, which became
already existed. the cornerstone for the future development of logistics

The development of trade ties following the as both a scientific and a practical discipline.
military and economic expansions of Ancient Greece Previously (before the second half of the 20th
and the Roman Empire led to the formation of century), logistics was used predominantly in the
established transport routes. These routes facilitated military sphere and involved organizing the army's
not only the exchange of goods but also the transfer of supply chain—the delivery of provisions, weaponry,

technologies, cultural values, and knowledge.
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and uniforms, as well as managing inventory and
troop movements.

In the modern economy, logistics is a
comprehensive system for managing flows (material,
informational, and financial) aimed at optimizing
transportation, ~ warehousing, and  distribution
processes in order to reduce costs and improve
efficiency.

Methods of Research

International experience in improving transport
systems based on logistics principles shows that even
in remote territories with low population density, it is
possible to create an effective transport model,
provided that a comprehensive approach is applied.

For example, Germany's experience
demonstrates the high efficiency of logistically
integrated transport systems. In Germany, the
transport infrastructure operates on the principle of
integrating various modes of transport within a single
logistics space.

The key element is the concept of integrated
transport associations (Verkehrsverbund), which
combine bus, rail, and commuter services into a single
system. This ensures seamless coordination among all
parties involved in the transportation process.

The key features of this model include:

* The implementation of a single ticket valid on
all modes of transport;

* Coordination
schedules;

* The use of digital management and control
systems;

* High precision and reliability of transport
operations.

The main conclusion of the German model is that
the efficiency of a transportation system is achieved
not through an extensive increase in the number of
vehicles, but through the optimization and
coordination of passenger flows based on logistical
principles.

The development of logistics in Turkey
demonstrates the highly effective use of the country's
transit potential, which stems from its strategic
geographical location at the crossroads of Eastern and
Western transport corridors. The stability and
intensity of transit flows are helping to establish
logistics as one of the most dynamic sectors of the
national economy.

Regional transport and logistics hubs are being
actively developed across the country, integrating
major cities with peripheral and remote areas. Key
areas for improving the transportation system include
creating modern logistics centers, developing high-
speed bus routes (express service), implementing
digital technologies, including electronic ticketing
systems, and adaptively managing transport schedules
to account for seasonal fluctuations in demand.

and synchronization of

The experience of tourist regions, where the
transport infrastructure flexibly adapts to changes in
passenger traffic, is of particular importance: During
peak seasons, flight frequency is increased and
additional transportation resources are deployed,
while in the off-season, routes are optimized and
operational costs are lowered.

This approach is especially relevant for routes
with a heavy tourist flow, such as the Nukus—Moynak
route. Applying similar logistical principles will
enhance the efficiency of transport resource
utilization, ensure the route's operational stability, and
improve the quality of public transport services.

In the neighboring Republic of Kazakhstan,
regional transport systems are being developed with
consideration for specific factors, such as significant
distances between populated areas and low population
density, which largely mirror the conditions in
Karakalpakstan. This necessitates the use of effective
logistical approaches in organizing transport services.

Key features of Kazakhstan's transport logistics
include state support for inter-district and socially
significant routes, the active digitalization of bus
services, the implementation of GPS monitoring
systems to track vehicle movement, and the
development of distribution warehouse complexes
and transport and logistics centers.

An overview of international experience in
applying logistics methods reveals several universal
approaches to improving regional transport systems.
These include integrating various modes of transport
into a unified network, developing logistics and
distribution centers, optimizing route networks using
digital technologies, and enhancing the efficiency of
traffic flow management. Implementing these
initiatives helps to reduce transportation costs,
increase the public's access to transport services, and
ensure the sustainable socioeconomic development of
the regions.

The route between the cities of Nukus and
Muynak is a key transportation link in the Republic of
Karakalpakstan. The geographical distance of the
route is 200-210 km. The only connection between
the cities is a regional highway, and the travel time is
3.5-4 hours.

The territory's natural and climatic conditions
are characterized by a desert and a sharply continental
climate.

The route runs through a sparsely populated area,
which significantly impacts the provision of transport
services.

Demographics for the cities of Nukus and
Muynak are approximately 343,500 and 33,000
people, respectively.

The population of intermediate settlements is
about 80,000 people.

The total potential transport catchment area
includes over 350,000 people.
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However, the actual passenger traffic is system. For example, the passenger flow forecasting
significantly lower due to: model:
limited economic activity; P = Piverage x Kseason
low travel frequency; where: P - is the projected passenger traffic;
the seasonal nature of tourism. Paverage— average turnover;
The current stage of transport system Koason- Seasonal factor.
development is characterized by the active

digitalization of management processes. Information
technology is becoming a key tool for enhancing
logistical efficiency.

An Intelligent Transportation System (ITS) is a
set of integrated hardware and software solutions that
provides for the automated management of traffic
flows.

The main components of an ITS include:

* GPS navigation systems;

« automated dispatch centers;

* electronic ticketing systems;

« traffic monitoring sensors.

The implementation of an ITS allows for the
following:

* reducing passenger waiting times;

+ improving schedule accuracy;

* lowering operating costs;

« enhancing transportation safety.

Mathematical forecasting models are used to
optimize the performance of the transportation

These calculations allow for the advance
adjustment of the number of runs, helping to avoid
both vehicle overload and underutilization.

For regional routes, digitalization offers the
following advantages:

* reduced management costs;

* increased transparency of the transportation
process;

« improved quality of service;

» greater public trust in the transportation system.

The implementation of digital technologies is
especially  relevant  for  routes  connecting
administrative centers with remote cities, as in the
case of the route between Nukus and Muynak.

The analysis of passenger traffic on the Nukus-
Muynak route has the following structure (calculation
model):

Table 1.
Passenger type Share (%)
Local residents 45
Students 15
Tourists 25
Entrepreneurs 10
Other 5

Average daily passenger flow (estimated):
* Low season: 120-150 people/day

* High tourist season: 300—350 people/day
Annual average:
p. = 2o0People

avg /day

The seasonality coefficient has been determined
based on fluctuations in passenger traffic:

* Low season: K =0.7

» Mid-season: K =1.0

* High season: K=1.5

Formula for calculation:

P=P,s <K
For example, during the high season:

P=220x15=330 PEPLe/,

The existing transportation system does not adapt
to seasonal changes, which leads to:

* overburdened transport in the summer;

« underutilization of buses in the winter.

Current bus service provides 3—4 routes per day

Bus capacity: 45 seats

Average occupancy: 65-85%

Throughput calculation:

Q=NXxV

where: N — Number of vehicle trips;

V — Passenger capacity of the bus.

With 4 flights:

Q=4x45=180 place

During the high season, demand exceeds supply
(330 people per day), which indicates a shortage of
transportation capacity.

Conclusions

The Nukus—Muynak route holds strategic
socioeconomic importance for the region. The current
transportation system operates without modern
logistical tools, and its efficiency is highly dependent
on seasonal fluctuations in passenger traffic.
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