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MODELING AND ANALYSIS OF LOGISTICS SUPPLY
AND DISTRIBUTION ROUTES FOR HIGH-TECH PRODUCTS
CONSIDERING DIFFERENT MODES OF TRANSPORT

The subject of the article is the processes of organizing and optimizing the logistics of supply and distribution of high-tech
defense products under wartime conditions, in particular, the development of a network-based logistics structure taking into account
reverse flows, risks, and limited resources. The purpose of the study is to develop a model of supply and distribution routes that
optimizes delivery time and costs while simultaneously reducing the risks of cargo loss and increasing the transport utilization rate.
Tasks to be solved: to form a generalized combined structure of the logistics chain; to identify and analyze the main parameters
of supply and distribution routes across different modes of transport; to develop a computer experiment plan; to conduct simulation
modeling of supply and distribution routes; and to develop practical recommendations for implementing logistics projects under
wartime conditions. Research methods and tools: a systems approach, simulation modeling, graphical and comparative analysis,
and the AnyLogic platform. Results obtained: A combined structure of the logistics chain for a military drone manufacturing
enterprise with multiple route options is schematically presented. A model is proposed that formalizes the logistics chain as a network
of nodes and arcs within a transport system and includes a set of input parameters describing vehicles, routes, and order
characteristics. The essence of the computer experiment lies in reproducing the properties of infrastructure and logistics projects
using a discrete-event simulation model, which makes it possible to analyze critical parameters separately for supply and distribution,
as well as to model cases of their interdependence. Particular attention is paid to the separation of routes into supply and
distribution, as well as to the use of different modes of transport. Conclusions: The obtained results confirm that a decisive factor
in logistics decision-making is a balanced ratio between economic costs, risk level, and expected effect. The proposed approach
enables a quantitative assessment of management decision options within supply and distribution logistics chains of manufacturing
enterprises, thereby increasing the validity of choosing an optimal development strategy.

Keywords: logistics; supply chain; risk management; optimization; combined structure; simulation modeling; alternative
routes; supply and distribution; manufacturing enterprise; AnyLogic.

Introduction or even years. Therefore, conducting a full-scale

experiment becomes economically and organizationally
impractical. This is especially relevant for logistics and
infrastructure projects in the field of security and defense,

Efficient management of logistics flows is a key
factor in enhancing the competitiveness of manufacturing

enterprises. In the current context of rising demand and
constrained transportation infrastructure under martial
law, the optimization of delivery routes for raw materials,
components, and finished products plays a crucial role.
Modern logistics systems of manufacturing
enterprises are characterized by a high level of
complexity and a multi-level structure. They encompass
a network of raw material and component suppliers,
manufacturing plants, warehouses, and end consumers,
among which material, informational, and financial
flows are organized. The effective functioning of such
a system depends on the coordination of all elements
of the chain, the optimization of transportation routes.
The study of logistics systems under martial law
conditions is further complicated by the fact that the
response of the transport and logistics network to changes
in management parameters may manifest over months

which are characterized by high costs and increased risks.

Analysis of publications

An analysis of publications on the topic reveals
a significant interest in the issue of combined logistics
routes. In [1], various types of reverse flows, as well as
the factors, barriers, and costs influencing managerial
decisions in this field, are systematized. Article [2]
examines cooperation between the civilian and military
sectors in reverse logistics to support the EU’s circular
economy, proposing a model for integrating a sustainable
supply chain. In [3], an information system for
managing the military supply chain based on incident
analysis is proposed.

Article [4] investigates the use of military logistics
drones for rapid resource delivery in challenging
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environments, emphasizing their autonomy and
flexibility. Study [5] presents mathematical models
and geographic information systems for optimizing
logistics routes under wartime conditions.

The authors of [6] analyze strategies for managing
supply chains in conflict conditions to enhance business
resilience. Paper [7] proposes a concept for integrating
forward and reverse logistics within the framework of
a circular economy, focusing on overcoming barriers
to closing material cycles.

Studies [8] and [9] present algorithms and systems
designed to improve the efficiency of military logistics
support, automate flow management, and forecast
resource needs. In [10], key nodes of reverse logistics
networks  with  remanufacturing are  examined,
highlighting the role of emerging technologies.

It can be concluded that traditional methods for
planning and optimizing logistics processes fail to account
for the dynamics and uncertainty inherent in wartime
conditions. Moreover, existing approaches typically
consider the supply chain as a single entity, without
distinguishing between supply routes and distribution
routes. This reduces flexibility and prevents the
consideration of situations in which supply and distribution
have different priorities, risks, or time constraints.

Therefore, for conducting research on supply
and distribution logistics, the use of the following
methods and technologies is considered effective:

e operations research methods — for the formalization
and forecasting of the technical parameters of transport
infrastructure in order to design optimal routes [11];

e risk theory — for developing risk maps and
performing quantitative and qualitative analyses of
potential threats, taking into account uncertain or
incomplete data [12];

e computer modeling methods — for reproducing
complex scenarios of vehicle movement and the
interaction of agents within supply logistics systems
through agent-based models [13];

o artificial intelligence technologies, in particular
multi-agent systems, for modeling and optimizing
the independent or interdependent operation of supply
and distribution routes [14].

Problem Statement
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simultaneously reducing the risk of cargo loss and
increasing transport utilization. Particular attention is
given to the distinction between supply and distribution
routes, as well as to the use of different modes of
transportation: trucks, trains, and aircraft.

To achieve this goal, the following objectives must
be addressed:

e to formulate a generalized combined structure
of the supply chain encompassing both supply and
distribution routes;

e to identify and analyze the key parameters
of supply and distribution routes across different
modes of transport;

e to design a computer experiment plan including
several modeling scenarios;

e to perform modeling of supply and distribution
paths using an illustrative example, taking into account
the following criteria: time, risks, cost, and reliability;

e to develop practical recommendations for the
implementation of logistics projects during wartime,
considering both separate and joint optimization of
supply and distribution processes.

Model Description

The purpose of this study is to develop a model
of supply and distribution routes that enables the
optimization of delivery time and costs while

The logistics supply — distribution chains of
a manufacturing enterprise can be divided into two
components: the supply routes for material resources
and the distribution routes for finished products. Each
of these components may include various types of
participants in the supply chain and, accordingly,
different structural configurations.

In supply logistics, the main participants are:

e suppliers,
e intermediate warehouses (both  wholesale
and retail),

e intermediaries (carriers or logistics operators).

In distribution logistics, the main participants include:

e intermediaries (both wholesale and retail),

e end consumers.

It should be noted that when considering the
production of dual-use goods during wartime, where the
end users are military units, the storage of finished
products should not be employed in distribution logistics
in order to ensure the fastest possible delivery. Moreover,
volunteer organizations may act as intermediaries in such
cases. Figure 1 schematically illustrates a combined
structure of the supply chain for an enterprise engaged
in the production of military-purpose drones. It should
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also be emphasized that within such a supply chain,
multiple route options exist between the specified
elements. For the analysis of logistics networks and the
selection of optimal solutions, it is effective to apply
simulation modeling, particularly discrete-event models.
This method makes it possible to account for the temporal
dynamics of processes, random events, and variability in
the operating conditions of logistics channels, which
cannot be achieved using a classical analytical approach.
The model formalizes the supply chain as a network
of nodes and arcs of the transport system represented

asagraph G = (V,E), where V — is the set of nodes.

These represent individual elements of the logistics
network: suppliers of raw materials and components,
manufacturing  enterprises, warehouses, and end
consumers. Each node is characterized by its own storage
parameters, throughput capacity, and order processing
capabilities; E is the set of routes between nodes,

i.e., the possible transportation paths. Each arc of the
graph is described by parameters such as route length,
expected travel time, type of transport, throughput
capacity, and risk factors.

Thus, the model includes a set of input parameters
transport

describing vehicles, routes, and order

Supplier |
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characteristics. The transport parameters include the type
of vehicle T ={road,rail,air}, movement speed v,
carrying capacity Q, and unit cost per kilometer c.
A route is characterized by the distance between nodes d ,
base travel time t=d/v, and risk coefficient r, which

reflects the probability of delays or additional costs.
Order parameters include cargo volume W , delivery
priority p, and delivery deadline D .

The input parameters can dynamically change
during the simulation, reflecting fluctuations in supply
and demand as well as the state of transport infrastructure.

As output parameters, the model provides
a comprehensive assessment of the efficiency of logistics
solutions using the following indicators: delivery
time T, , which accounts for possible delays along the

el

route; transportation cost C,, , which includes additional

expenses associated with risks and the choice of transport
mode; and route reliability S, , inversely proportional

rel 1
to the risk coefficient. To obtain an integrated evaluation
of efficiency, an aggregate criterion is applied, combining
normalized indicators of time, cost, and reliability
with corresponding weighting coefficients.
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Fig. 1. The supply chain of supply, production, and distribution of unmanned systems




194

ISSN 3083-7715 (online)
ISSN 3083-7650 (0135-1710)(print)

The logic of the model’s operation can be described
as follows. The model begins by initializing a network
with predefined nodes and routes characterized by
their parameters. Then, an order flow is generated to
represent the demand for raw materials and finished
products from consumers. For each order, the system
determines feasible routes and available transport modes,
calculates the expected delivery time, transportation
cost, and probability of successful delivery. During
the simulation process, random events such as delays,
breakdowns, or other force majeure circumstances
are considered, which modify the base parameters.
An integrated performance score is calculated for all
alternatives, allowing the identification of optimal
routes and the formulation of recommendations
for logistics flow management.

Among the key application features, the model
enables a comprehensive analysis of both supply
channels (from suppliers to production enterprises) and
distribution channels (from manufacturers to end users),
ensuring the evaluation of logistics flow efficiency and
reliability. It also allows for extension and customization
by incorporating additional criteria such as transportation
environmental impact, infrastructure load, and warehouse
turnover, thereby improving the flexibility and accuracy
of assessments. Under martial law or emergency
conditions, the model can be adapted by adjusting risk
coefficients for specific routes or restricting their
availability, which enables forecasting and managing
potential delays and risks. Thus, the proposed discrete-
event model provides a systematic approach to logistics
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network analysis, accounts for temporal and stochastic
factors, and supports scientifically grounded decision-
making in optimizing supply and distribution routes.

Description of the Computer Experiment

For the evaluation of the efficiency and reliability
of logistics channels in a manufacturing enterprise,
a computer experiment was conducted using a transport
network model of Ukraine.

In this study, the enterprise under consideration
has a single plant located in Lviv and a network of
suppliers and customers distributed across cities
throughout the territory of Ukraine. The input parameters
of the experiment were formed based on open data on
transport infrastructure and transportation statistics,
taking into account the specific conditions of operation
under martial law. The main focus was placed on
two types of logistics flows: supply channels for
delivering resources from supplier cities to Lviv, and
distribution channels for delivering products from
Lviv to frontline and key regional cities.

The input parameters for each route included the
type of transport, the distance between nodes, the
expected travel time (both without delays and considering
risk factors), the cargo capacity, and the qualitative risk
characteristics. During the simulation, potential delays
caused by technical or security-related restrictions were
also taken into account. Tables 1 and 2 present the main
parameters of local supply and distribution routes with
the production center located in Lviv.

Table 1. Main parameters of local supply routes to Lviv (fragment)

Time (h)
Ne (Suc;;gl)ger) Transport Dl(slzﬁ:l)ce (W::t:ﬁslfégﬁlsgs / Lo(e; %;ﬁgﬁglty Qualitative advantages / risks
risks)
1 2 3 4 5 6 7
1 |Lutsk Road 170.7 1.71/1.71-4.28 |~20t (truck) Close to Lviv — fast delivery; moderate risk of local
traffic jams
2 | Lutsk Rail 177.6 2.28/2.28-6.84 |~75t (wagon) Higher throughput; requires coordination at stations
3 | Lutsk Air 136.6 0.23/0.23-0.58 |~10-20t Very fast for urgent batches; expensive, limited
(depending on | availability
aircraft)
4 | Rivne Road 225.4 2.25/2.25-6.75 |~20t Short regional route; possible local restrictions
5 |Rivne Rail 234.4 3.00/3.00-12.00 | ~75t Suitable for larger batches; risks at junctions
6 |Rivne Air 180.3 0.30/0.30-0.75 |~10-20t High speed but costly
7 | Ternopil Road 146.2 1.46/1.46-3.65 |[~20t Short routes — quick delivery; min delays in
peacetime
8 | Ternopil Rail 152.1 1.95/1.95-5.85 |[~75t Suitable for medium-sized batches
9 | Ternopil Air 117.0 0.19/0.19-0.47 |~10-20t Minimal delivery time; high cost
10 | Vinnytsia Road 409.1 4.09/4.09-12.27 | ~20 t Medium distance; possible delays on highways
11 | Vinnytsia Rail 425.4 5.45/5.45-21.80 | ~75t Good capacity but high risk of node delays
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1 2 3 4 5 6 7
12 | Vinnytsia Air 327.3 0.55/0.55-1.38 |~10-20t Fast but costly and dependent on airports
13 | Zhytomyr Road 417.1 4.17/4.17-1251 |~20t Medium distance; risks in the central corridor
14 | Zhytomyr Rail 433.8 5.56/5.56-22.24 | ~75t Large shipments possible; complex coordination
15| Zhytomyr Air 333.7 0.56/0.56-1.40 |~10-20t Fast for small urgent cargo
16 | Kyiv Road 584.4 5.84/5.84-17.52 | ~20 t Major supplier; high traffic intensity; increased road
risks
17 | Kyiv Rail 607.8 7.79/7.79-38.95 | ~75 High capacity, but junctions are vulnerable points
18 | Kyiv Air 467.5 0.78/0.78-1.95 |~10-20t Fast delivery of critical materials
25 | Kropyvnytskyi | Road 770.2 7.70/7.70-26.95 | ~20 t Medium distance; moderate risk
26 | Kropyvnytskyi | Rail 801.0 10.27/10.27- ~75t Effective for large batches
51.35
27 | Kropyvnytskyi | Air 616.2 1.03/1.03-2.58 |~10-20t Fast but more expensive
Table 2. Main parameters of distribution routes from Lviv
Approx. Travel time
Direction Transport distance | (without delays/ Loaq Qualitative advantages / risks
type (km) | considering risks) capacity
Lviv — Road ~900 16-20h/20-36h |~20t Door-to-door delivery possible; high attack risks;
Zaporizhzhia long distance
Lviv — Rail ~930 18-24h/24-72 h |~75t(x50- | Large-scale deliveries, but dependence on railway
Zaporizhzhia 70 wagons) |junctions
Lviv — Air ~800 15-2h/3-5h ~10-20t Very fast delivery; high risk of air defense
Zaporizhzhia engagement
Lviv — Dnipro Road ~820 14-18h/18-30h |~20t High mobility; road attack risks
Lviv — Dnipro Rail ~850 16-22h/24-60h |~75t Large volumes; vulnerable infrastructure nodes
Lviv — Dnipro Air ~720 15h/3-4h ~10-20t Fastest option; increased operational risks
Lviv — Kharkiv | Road ~1000 18-22h/24-40h |~20t Long route; risk of shelling
Lviv — Kharkiv | Rail ~1030 20-26 h/30-72h |~75t Large-scale transport; dependence on junctions
Lviv — Kharkiv | Air ~950 2h/3-5h ~10-20t Very fast; vulnerable to attacks
Lviv — Poltava Road ~720 12-16 h/16-28 h |~20t Direct delivery; risks in central Ukraine
Lviv — Poltava Rail ~740 14-20h/24-60h |~75t Suitable for bulk cargo; rail junctions under threat
Lviv — Poltava Air ~650 15h/3h ~10-20t Fastest route; high cost and risk
Lviv — Sumy Road ~965 9.5h/34h ~20t Long route; elevated risk
Lviv — Sumy Rail ~1004 13h/64.5h ~75t Suitable for large batches if infrastructure remains
stable

Lviv — Sumy Air ~772 15h/35h ~10-20t Fast delivery; high cost

Figures 2 and 3 graphically illustrate the inverse
relationship between delivery time and cost parameters
across different types of transport. Thus, even considering
only two parameters, the task of selecting a mode of
transport is a compromise problem. Therefore, solving
the task of forming supply and distribution routes based
on five criteria (some of which are fuzzy and some
qualitative) by algorithmic means is highly complex
and requires the use of simulation modeling.

Table 3 presents the comparative characteristics
of the three main types of transport used in the logistics
routes for the supply and distribution of products: road,
rail, and air transport. To generalize the indicators,
average values from the distribution routes from
Lviv were used, which makes it possible to obtain
a representative picture of the efficiency and limitations
of each transport mode.

The main parameters include route length, expected
travel time, average speed, maximum load capacity,
transportation cost, route throughput, route flexibility,
critical points, qualitative advantages and risks, as well as
infrastructure availability and reliability.

In the logistic network model, each mode of
transport is assigned indicators of risk, reliability,
and weight coefficients for the integrated efficiency
assessment, reflecting the specifics of transport
channel functioning under conditions of increased
uncertainty.

For making strategic decisions regarding cargo
transportation, it is necessary to take into account
possible changes in transportation conditions and
to provide, in addition to the main mode of transport,
reserve and critical alternatives. Moreover, combined
routes based on different modes of transport can be
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developed. By summarizing the data presented in Table 3 that more substantiated decisions can be made
and identifying the primary decision-making criterion, by considering the specific characteristics of the
it is possible to formulate recommendations, which territories along the planned route.

are presented in Table 4. However, it should be noted
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Fig. 2. Delivery time from Lviv by transport type
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Table 3. Distribution of transport modes depending on the primary delivery criterion

Parameter Truck Train Air
Route length, km 820 840 650
Expected travel time, h 8/18 10/35 1/2
(without delays / considering risks)
Average speed, km/h ~80 ~60 ~600
Maximum load capacity, t 20 75 15
Transportation cost per km, UAH 20 8 150
Transportation cost per tonne, UAH | 820 90 6500
Route throughput, t/day ~400 ~3,000-5,000 ~200-300
Route flexibility High Medium Low

Critical route points Roadblocks, road repairs,

shelling zones

Railway junctions,
track damage, transshipment
stations

Airport accessibility, air
defense, weather conditions

Qualitative advantages Door-to-door delivery,

flexibility, local logistics

High capacity, cost efficiency,
stability

Speed, urgency, contactless
delivery

Main risks Shelling, sabotage groups,

traffic jams, road repairs

Track damage, infrastructure
shelling, delays

Air defense strikes, weather
limitations, accident losses

Infrastructure availability High High Low
Reliability Medium High Low
Cargo destruction risk, % 10 4 35
The risk indicator characterizes the probability conducted in [15], resulting in the determination
of delays or additional costs during cargo transportation. of territorial hazard indices for both railway and

Its values were established based on expert evaluations
and analysis of Ukraine’s transport infrastructure.

Table 4. Comparative characteristics of transport modes

road transport.

Table 5. Distribution of cities by hazard indices

on the main supply route F:ﬁéi;d Number of hazardous events City
Primar Main Reserve Critical 01 1 Ivano-Frankivsk
criteriox transport transport transport 01 2 Lutsk
mode mode mode 0.1 0 Uzhho_rod_
Minimization of Air Auto Rail 0.1 0 Chernivtsi
delivery time 0.5 64 Vinnytsia
Minimization of . . 0.5 46 Zhytomyr
delivery cost Rail Auto Alr 0.5 47 Kropyvnytskyi
Minimization of . . 0.5 60 Lviv
delivery risk Rail Auto Alr 0.5 94 Poltava
o ) 0.5 18 Rivne
For road transport, the risk is 0.2, reflecting the 05 18 Ternopil
average influence of road conditions, checkpoints, and 0.5 48 Cherk_as_y
wartime threats. For rail transport, the risk is 0.25, |22 69 Chernihiv_
. . . . . 0.7 971 Zaporizhzhia
accounting for the concentration at junction stations, 07 290 Kyiv
possible track damage, and delays at transshipment points. 0.7 362 Odesa
The highest risk is associated with air transport (0.8) 0.7 105 Khmelnytskyi
— : T . 0.9 9301 Dnipro
due to Ilmlte_d_ airport ac_ceSS|b|_I|ty, air defense threats, 0.9 1187 Mykolaiv
weather conditions, and high maintenance costs. 0.9 3623 Sumy
To assess risk, factors determined by the hazards 0.9 3286 Kharkiv
of wartime conditions can be used, namely the possibility ~ [0:9 3769 _ | Kherson
of attacks on transport infrastructure. The consequences L0 Temporarily occupied territories | Donetsk
) P . ' _q 1.0 Temporarily occupied territories | Luhansk
may include damage to railway tracks, highways, 1.0 Temporarily occupied territories | Simferopol

or bridges. Such events cannot be predicted in advance;
however, based on historical data, it is possible
to estimate the overall level of danger in a specific
territory by considering the frequency of air raid alerts
as well as artillery and missile strikes. Such studies were

Reliability reflects the stability and predictability
of delivery. Although this indicator is not directly
used in the integrated efficiency formula, it serves for
qualitative comparison of transport modes. For road
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transport, reliability is 0.85, for rail transport — 0.90,
and for air transport — 0.50. This correlation aligns
with real-world characteristics: road transport is the
most flexible, rail transport is the most stable, and air
transport is the fastest but least predictable.

The integral assessment of route efficiency ( Score ),
taking into account time, cost, and risk indicators,
is calculated using an additive aggregation formula:

Score = w,Tnorm + w,Cnorm + w,Rnorm,

where Tnorm,Cnorm,Rnorm — are the normalized
indicators of time, cost, and risk, respectively, and
W, W,, W, are the corresponding weighting coefficients.

The weight coefficients of the integrated evaluation
(w, — time, w, — cost, w, — risk) in this experiment are
setas w, =0.2,w, =0.2,w, = 0.6 . The significant weight
of the reflects

risk factor the strategic priority
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of transportation safety during wartime, when even
short-term disruptions or infrastructure damage can lead
to critical consequences. It should be noted that when
the weighting coefficients change — for example, when
transportation time becomes significantly more important
than risk (which may be the case when delivering
cargo for immediate needs at the front line) — preference
will be given to air transport, such as helicopters
or transport unmanned aerial vehicles.

The logistic network model, implemented in
the AnyLogic environment, is shown in Figure 4.
On the schematic diagram, blue squares represent
suppliers, and red squares denote end customers.
The model simulates the dynamic movement of road
and rail transport, allowing analysis of supply routes,
transportation duration, and the collection of statistical
data for further efficiency calculations.

Fig. 4. Scheme of the supply and distribution logistics network implemented in the AnyLogic environment

For the experiment, a discrete-event model of the
logistics system was developed, covering supply and
distribution routes between major industrial and regional
centers. Three baseline scenarios were formulated:

e Scenario 1 — Dependent supply and distribution
using in-house transport. Characterized by stable
operation of road transport over short and medium
distances. The main advantage is route flexibility and the
possibility of direct delivery; however, sensitivity
to wartime risks and road congestion increases.
The average reliability is 0.85.

e Scenario 2 — Dependent supply and distribution
with cost, time, and risk optimization. This scenario

implements an algorithmic selection of the most efficient
transport type according to an integral indicator (Score)
calculated using established weighting coefficients.
The model minimizes the risks of delays and cost
overruns, prioritizing railway transport for large shipments
and road transport for short routes. The average reliability
is 0.87, indicating a balanced system.

e Scenario 3 — Independent supply and distribution.
The channels operate autonomously, involving external
logistics operators. The average reliability is 0.90; however,
the system has lower flexibility and higher costs.

For each scenario, a series of computational
experiments was conducted, resulting in the
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determination of integral efficiency indicators for
the routes. The evaluation, in addition to the three
main criteria, also included an additional reliability
parameter. The obtained results are presented in graphical
form (Figures 5-7), which illustrate the advantages
and limitations of each scenario.

08
0,832 0.833 0.8
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Fig. 5. Integral efficiency of the experimental scenarios

The analysis of the results showed that the integral
efficiency (Fig. 5), which accounts for costs, risks, and
delivery time, is nearly identical in Scenarios 1 and 2
(= 0.83), whereas independent supply (Scenario 3)
demonstrates lower efficiency (0.8) due to a higher risk
of flow concentration (risk coefficient = 0.32).
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Fig. 6. Ratio of reliability to risk across scenarios

Figure 6 illustrates the relationship between
transport system reliability and risk, where reliability
is interpreted as an availability-oriented measure
of successful delivery, while risk reflects aggregated

probabilities of disruptive events under wartime
conditions based on historical data and expert
assessments.  This relationship  supports strategic

decision-making by justifying rail transport as a stable
primary channel, road transport as a flexible backup,
and air transport for critical time-sensitive deliveries
despite higher risk.
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Fig. 7. Delivery time across cities in different scenarios

The best performance was achieved by rail
transport in the optimization scenario, combining
economic feasibility and stability. Road transport
remained effective for short routes within the western
and central regions.

Air transport, despite its minimal delivery time,
proved economically inefficient and the least reliable
(efficiency coefficient ~ 0.3). The stability analysis based
on the reliability-to-risk ratio further confirms the
trade-off between efficiency and robustness across the

considered scenarios. The upper part of the chart
(high reliability) represents the area of high or
satisfactory stability, where the system operates
efficiently with low risk. The lower part (low reliability)
corresponds to the area of low stability, where risks
increase significantly. Thus, the results of computer
modeling confirm the feasibility of a hybrid logistics
strategy, in which road transport ensures responsiveness
on short routes, while rail transport provides stability
and scalability over long distances.
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Conclusions

Within the scope of the conducted
the following results were obtained:

e ageneralized combined structure of the logistics
chain with supply and distribution routes was formed
for an enterprise engaged in the production of military-
purpose drones;

e the key parameters of supply and distribution
routes for different modes of transport — such as delivery
time, cost, risk, and reliability — were identified
and analyzed; an integral indicator of route efficiency
was proposed;

e a computer experiment plan was developed,
including three simulation scenarios that take into account
the interdependence of supply and distribution processes;

e adiscrete-event model of supply and distribution
routes was developed, enabling the analysis of alternative
logistics scenarios with the determination of optimal
delivery time and costs while simultaneously reducing
the risk of cargo loss;

e supply and distribution routes were simulated
using an illustrative case study within the territory of
Ukraine, considering the criteria of distance, time,
risk, cost, and reliability;

e recommendations were developed to support
strategic decision-making in the implementation of
logistics projects under wartime conditions.

The obtained results confirm that
costs do not always correlate with

study,

increased
improved
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performance indicators, as the decisive factor is
a balanced ratio between economic expenses, risk
level, and expected outcomes. The proposed approach
enables quantitative evaluation of management
decision alternatives within the supply and distribution
chains of  manufacturing  enterprises, thereby
enhancing the justification for selecting an optimal
development strategy.
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MOJIEJIIOBAHHS 1 AHAJII3 JIOTICTUYHUX MAPIIIPYTIB
MOCTAYAHHS TA 35YTY BUCOKOTEXHOJOTTYHOI MPOIYKIIIT
3 OI'JIs1 Y HA PI3HI BUJU TPAHCIIOPTY

Ilpeomemom Oocnidsycenna 6 cmammi € npoyecu opeawizayii ma onmumizayii J02icmMuKu NOCMAYaHHA U 30ymy
BUCOKOMEXHONI02IYHOI 0O0POHHOI NPOOYKYII 8 YMOBAX BOEHHO20 YACY, 30KPEMAa PO3POOIEHHA Mepextcedoi 102iCmMU4Hoi cmpyKkmypu
3 027150y HA 360POMHI ROMOKU, PUsUKu 1t obmedxceri pecypcu. Mema 0ocnioicenns — po3poodieHHs MOOeNi Mapuipymie ROCMAaYanHs
ma posnooiny, AKa ONMUMIZYE 4ac i eumpamu OOCMAGKU, OOHOYACHO 3HUMICYIOUU DUSUKU 6MPAMU 6AHMANCIE | NIOSUWYIOUU
KoeqhiyicHm 6UKOPUCNAHHA MPAHCROPMY. 3A6OAHHA: cPOPMYBAMU Y3a2abHERY KOMOIHOBAHY CIMPYKMYPY NOICIMUYHO20 JAHYI02d;
BUBHAUUMU Ul NPOAHANIZY8AMU OCHOBHI NAPAMEMpPU MApPWpymie NOCMAYAHHA md 30ymy 3a pi3HUMU GUOAMU MPAHCNOPMY;
Ppo3podumu  nAan KoMK IOMEPHO20 eKCHePUMEHNY, 3MOOeN08amMU WIIAXU NOCMAYAHHA 11 30Yymy; 3anponoOHyeamu NpakmuyHi
pexomenoayii 0ns peanizayii 102iCMUYHUX RPOEKMI6 y 6oeHHull yac. Memoou @ 3acobu 00CHIOMHCEHHA: cucmemMHull nioxio,
iMimayiiine MOOeno8anHs, cpapiuno-nopiensiibHull ananiz, niamgpopma AnyLogic. Jocaznymi pesynomamu. Cxemamuuno nooano
KOMOIHO8AHY CMPYKMYPY N02ICMUYHO20 N1aHYI02a 05l NIONPUEMCIGA 3 BUPOOHUYMBA OPOHIB BilICbKOBO2O NPUSHAUEHHS 3 MHOICUHOIO
sapianmis wiiAxie. 3anponoHo8ano mMooeiv, wo Gopmanizye I02iCMuyYHULL 1aHYI02 K Mepedxcy 8V31i6 i dye mpaHchopmuoi cucmemu
ma micmums Habip 6XIOHUX napamempis, w0 ONUCYIOMb MPAHCNOPMHI 3acoOu, Mapwpymu U — Xapaxmepucmuku 3amMOG1eHb.
Cymuicmv KOMN IOMEPHO20 eKCnepuMeHmy noasfede y 8i0MeopeHHi enacmueocmell iHGpacmpyKmyprHux i 102iCIUYHUX NPOEKMIE
3@ 00NOMO20I0 OUCKPEeMHO-NOOIE8OI  imimayitinoi MoOeni, wo 0de 3MO2y QHANIZY8amu KPUMUYHI Napamempu OKpPEeMo
OJ151 NOCMAYAHHA MA PO3NOOINY, A MAKONC MOOenosamu 6unaoku ix ezaemosanexcrnocmi. Ocobnugy ysazy npuoineHo po3oinentio
Mapwipymie Ha NOCMAYanHA U PO3NOOLI, a MAKONC GUKOPUCTNAKHIO PI3HUX 6udie mpancnopmy. Bucnoexu. /locsenymi pesyriomamu
niomeepoX’Ccylomy, W0 GUPIUATLHUM YUHHUKOM JIOSICIMUYHUX DIeHb € 30aIaHCO8aHe CNIBGIOHOUIEHHS MIJC eKOHOMIMHUMU
sUMpamamu, piGHeM puzuKky U OuiKyeaHum egexmom. 3anponoHosanuil nioxio CHpusic KiTbKICHOMY OYIHIOBAHHIO Gapianmie
VAPABNIHCLKUX pilleHb Y T0ICIMUYHUX TAHYI02AX NOCMAYAHHA Ul 36YMYy 8UpOOHUYUX NIONPUEMCME, WO NIOBUWYE OOTPYHMOBAHICHb
8UOOPY ONMUMATILHOT cpamezii po36UumKy.

Kniouosi cnosa: nocicmuka; nanyioe NOCMAYAHHA; YAPAGNIHHA DPUSUKAMU, ONMUMI3AYiA, KOMOIHO8AHA CMPYKMYpd;

MOOCTIOBANHSL; ANIMEPHAMUGHL MAPWPYMU, NOCMAYaHHs ma 30ym, eupoonuye nionpuemcmeo; AnyLogic.
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