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Modern warfare has changed the understanding of strategy, tactics, and the use of new types of equipment, 

both in terms of operational-tactical actions and new technologies in military systems. The emergence of UAVs 

of various types has enabled their use not only on the battlefield but also deep behind enemy lines. However, to 

achieve parity with the adversary in military operations, it is necessary to ensure the rapid implementation of 

innovations in the development of new military equipment, with the ability to scale and mass-produce the re-

quired volume of weaponry. Therefore, research on establishing a new set of design activities that will reduce 
the development the life cycle (LC) of military equipment development is relevant. The subject of the study is 

the development of analytical and simulation models that make it possible to analyze and plan the necessary 

project activities to reduce the LC of high-tech products (UAVs). The purpose of the study is to create a set of 

mathematical and simulation models that enable the formation of a new product architecture, the optimization 
of key project indicators, and defining project activities aimed at LC reduction under limited capabilities. The 

tasks addressed include: systematically analyzing the LC of developing a high-tech product with a focus on its 

reduction; creating a new method for forming the product architecture using a component-based approach; 

establishing parallel design processes that will ensure LC reduction; optimizing the time, cost, and risks of 

project activities under resource constraints; modelling of the proposed activities for LC reduction in the de-
velopment of a high-tech product (UAV). The research utilizes a range of mathematical methods and models, 

including: system analysis for establishing the sequence of project activities that ensure LC reduction; a model 

of component-based representation of the new product architecture; a method for selecting a rational design 

variant using lexicographic ordering; a model for optimizing time and cost under acceptable project risks; 

agent-based simulation of the sequence of project activities to ensure LC reduction for new equipment devel-
opment. The following results were achieved: a system representation of project activities for LC reduction 

was proposed; a component architecture of the new product was substantiated; the basic architecture was 

adapted to the requirements of developing new equipment; a set of possible design variants for creating new 

equipment was generated, with the selection of a rational one; time and cost optimization was conducted with-
in acceptable levels of project risk; and a simulation of the sequence of project activities was performed.  Con-

clusions: the proposed approach makes it possible to justify project activities for reducing the development LC 

of new equipment, enabling the rapid production of relevant systems under the special conditions of the coun-
try. The scientific novelty of the approach lies in the scientific justification of project activities for LC reduc-

tion using a component-based method and the parallel execution of design processes, which ensures the rapid 

development of military equipment and enables the mass production of relevant systems for the frontline. 

 
Keywords: rapid creation of new technology; life cycle of complex product creation; component architecture; 

parallel design processes; time and cost optimization; design risks; limited capabilities; simulation modeling. 
 

1. Introduction 
 

The current state of the country has led to an ur-

gent need for the development and serial production of 

new military equipment to ensure the successful execu-

tion of defense tasks [1, 2]. However, the existing ap-

proaches to the creation of military equipment, includ-

ing UAVs, are oriented toward a long life cycle (LC) of 

development, which does not allow the formation of the 

required quantity of modern weaponry needed to create 

asymmetry in the enemy’s military actions. It is neces-

sary to analyze all stages of the LC with the aim of  

reducing them under the specific conditions the country 

is facing [3, 4]. Therefore, there emerges a relevant task 

of conducting research aimed at shortening the LC, 

which will make it possible to transition to the serial 

production of various types of UAVs that constitute a 

key innovative element of modern hybrid warfare. 
 

1.1. Motivation  
 

The analysis of existing design activities related to 

the creation of UAVs has demonstrated the need to 
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identify opportunities for reducing each individual stage 

of the life cycle (LC), which will subsequently lead to a 

reduction of the overall cycle [5, 6]. In this way, it will 

become possible to rapidly transition to the serial pro-

duction of high-tech products, ensuring mass and scala-

ble manufacturing [7]. However, the existing approach-

es to the development of modern equipment do not al-

low for a comprehensive reduction of the LC [8, 9]. 

Therefore, there is a need to formulate and scientifically 

substantiate a new approach, as well as new methods 

and models, that will make it possible to shorten the LC 

and ensure the rapid creation of new military equipment 

under the limited capabilities imposed by the country’s 

special state.  

 

1.2. State of the Art and problem statement 

 

There exists a range of problems in the develop-

ment of modern new equipment, the resolution of which 

will enable the formation of the necessary defence po-

tential of the country under conditions of the enemy’s 

aggressive actions. Some of these problems are in the  

process of being solved, but new ones have also 

emerged that require further research. Let us consider 

several studies in the areas listed below: 

1. Development of a new component-based archi-

tecture of the product, which will allow the formation of 

a set of relatively isolated components whose composi-

tion depends on the direction of the product’s applica-

tion. 

In [10], the use of a scientific and methodological 

framework for multi-criteria selection is presented for 

determining the composition of onboard equipment of 

combat aircraft in order to expand their combat capabili-

ties through modernization. A scientific and methodo-

logical approach is proposed for identifying, within a 

multi-criteria space, the resulting set of variants of 

onboard equipment configurations for combat aircraft 

undergoing modernization. The authors of [11] present a 

multi-purpose system architecture for autonomous plat-

forms with multiple UAVs. Based on this architecture, a 

framework has been developed that enables developers 

to ensure rapid prototyping of autonomous systems in-

volving multiple UAVs. 

2. Formation of a new sequence of design activi-

ties for creating an innovative product. 

The articles [12, 13] is devoted to analyzing the 

factors that influence the effectiveness of design deci-

sions in modern conditions of rapid digitalization. Em-

phasis is placed on the necessity of considering such 

variables as the quality of planning, the innovativeness 

of the applied technologies, the rational use of re-

sources, and the ability to adapt to unpredictable risks. 

A comparative SWOT analysis makes it possible to 

identify the advantages and disadvantages of different 

project implementation options, taking into account 

factors such as work duration, cost, resource availabil-

ity, and environmental impact. This enables the identifi-

cation of internal strengths and weaknesses of the pro-

ject, as well as external opportunities and threats. 

3. Seeking a compromise between reducing the 

time required to develop a high-tech product, project 

costs, and associated risks.  

In [14], the authors apply a hybrid method that in-

tegrates the fuzzy analytical hierarchy process and a 

fuzzy method of multi-criteria optimization and com-

promise decision-making, while examining the most 

influential and conflicting criteria related to economic, 

environmental, social, and risk-based aspects. Linguistic 

variables are used in the decision-making process to 

reduce the uncertainty of criterion weights. In [15], a 

multi-criteria decision-making model based on robust 

compromise (RoCo) is proposed, which employs non-

linear programming and is solved using genetic algo-

rithms. 

4. Scientific substantiation of new approaches to 

the rapid development of modern equipment, especially 

military equipment. 

The article [16] examines the transformative role 

of small, low-cost unmanned aerial vehicles in future 

wars, drawing on lessons learned from recent military 

operations and emphasizing their relevance for force 

planning. The importance of using artificial intelligence 

and autonomous drones to protect critical infrastructure 

is emphasised. In the defence sector, the potential of 3D 

printing has revolutionized the production of weapons 

and equipment [17]. The adaptation of components to 

the specific requirements of a mission increases the ef-

fectiveness of military operations while simultaneously 

reducing the costs associated with mass production.  

5. Acceleration of testing innovative products for 

military needs. 

To assess the reliability of military equipment un-

der near-limit conditions, the application of a mathemat-

ical model of boundary-value testing has been proposed 

[18]. The scenarios developed within this model include 

verifying the compliance of the tactical and technical 

characteristics of a prototype of military equipment, 

predicting possible failures, and evaluating the impact 

of each level on the overall reliability of the system. 

Boundary-value testing helps enhance the efficiency and 

reliability of the evaluation process for military equip-

ment prototypes. The authors of [19] have developed 

the structure of an automated system that incorporates 

global experience in technical solutions through com-

prehensive analysis of technology readiness levels. This 

system objectively determines the percentage of com-

pliance with technology readiness requirements with 

high accuracy for the implementation of technologies 

and prototypes of weapons and military equipment.  
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6. Reduction of technological preparation time for 

production using modern information technologies.  

The article [20] is devoted to the experience of 

JSC “Motor Sich” in creating and implementing an in-

tegrated system for the technological preparation of 

production of new aircraft engines, which includes a set 

of interrelated automated subsystems. The implementa-

tion of the integrated system has made it possible to 

reduce the technological preparation time for production 

by up to 33%. The authors of [21] propose a method for 

using artificial neural networks to automate the techno-

logical preparation process. It is demonstrated that the 

use of this software tool in production significantly in-

creases efficiency while maintaining optimal calculation 

accuracy. 

7. Formation of serial production based on virtual 

distributed management using modern robotic process-

es. 

The requirements for organizing new production 

facilities in accordance with the Industry 4.0 concept 

have led to the creation of enterprises in the form of 

virtual manufacturing systems focused on the develop-

ment of new innovative products. In [22], models for 

the rational placement of a virtual production facility 

under conditions of limited enterprise capabilities are 

developed. The modeling of the production cycle is car-

ried out taking into account time delays and queues that 

occur during the execution of technological operations. 

The article [23] examines a systems approach to estab-

lishing robotic production for small nano-class space-

craft to ensure their serial manufacturing. An intelligent 

production cell is described as the fundamental element 

of matrix-type serial robotic manufacturing.  

8. Establishing resilient production of modern 

equipment under conditions of threat exposure.  

The authors of [24] model potential costs associat-

ed with ensuring the resilience of an enterprise under 

risks of possible threats (political-economic, climatic, 

terrorist, and military). A simulation model is developed 

to study the effects of threats and resulting losses, ena-

bling preventive actions to ensure enterprise stability. 

The article [25] presents research results on key risks 

related to the implementation of projects for supplying 

weapons and military equipment during modern war-

fare, providing an analysis of the probability of these 

risks occurring and the potential consequences of their 

realization. The most critical risks that may lead to fail-

ure of such projects are identified. In the article, supply 

projects are understood as measures related to the de-

velopment, production, and procurement of weapons 

and military equipment for the needs of the Armed 

Forces of Ukraine.  

This is not a complete list of problems, which con-

tinue to expand under the conditions of modern hybrid 

warfare, indicating the relevance of conducting research 

aimed at reducing the life cycle of new equipment de-

velopment to enable the rapid production of current mil-

itary products. This work presents solutions addressing 

a portion of the aforementioned problems. 
 

1.3. Objectives and methodology 
 

A contradiction arises between the need for the 

rapid production of high-tech products (UAVs) under 

conditions of their serial manufacturing for the coun-

try’s defence needs, and the lack of improved or suffi-

ciently developed methods, models, and information 

technology that would make it possible to shorten the 

life cycle of creating products required for successful 

military missions involving UAVs. 

The purpose of the study is to develop a method 

and models that enable the reduction of the life cycle of 

creating relevant products for frontline needs and to 

ensure their serial production under the limited capabili-

ties and threats imposed by the country’s wartime situa-

tion. 

In accordance with the stated research objective, it 

is necessary to solve the following tasks:  

1. Perform a system analysis of the life cycle of 

creating a high-tech product (UAV), with the possibility 

of its subsequent reduction. 

2. Develop a component-based design method for 

modern high-tech products (UAVs) that enables adapta-

tion to evolving battlefield conditions. 

3. Create a new scheme of design activities for 

the rapid development of an innovative product (UAV). 

4. Optimize time, risk, and cost to ensure the fast 

creation of a new product (UAV). 

5. Conduct agent-based modeling of the sequence 

of design activities aimed at structuring and shortening 

the life cycle of developing a high-tech product (UAV). 

The article is structured as follows: 

Section 2 is devoted to a system analysis of actions 

aimed at the rapid creation of a high-tech product 

(UAV) by shortening its life cycle. 

Section 3 concerns the application of the compo-

nent-based design method for creating relatively isolat-

ed components that together form a new architecture of 

the innovative product (UAV). 

Section 4 presents the formation of design activi-

ties for creating a new product (UAV) in the directions 

of synthesizing a basic architecture and adapting it to a 

specific type of equipment. 

Section 5 is related to the formation of an optimi-

zation model for assessing the reduction of life cycle 

time using constraints related to project cost and risks.  

Section 6 is dedicated to the development of an 

agent-based model for simulating the shortening of the 

life cycle of creating a high-tech product (UAV) for 

rapid production. 
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Section 7 contains a discussion of the scientific  

results and their presentation in the form of a methodol-

ogy that highlights the significance of the conducted 

research for practical application. 

Section 8 concludes the article by summarizing the 

findings, outlining prospects for further research, and 

addressing the development of an applied information 

technology for planning design activities under condi-

tions of a shortened life cycle for creating new equip-

ment (UAVs). 
 

2. System analysis of the life cycle  

of developing a high-tech product (UAV) 
 

Under conditions of hybrid warfare, the serial pro-

duction of military equipment (drones, missiles, etc.) 

plays a critical role. New (innovative) high-tech prod-

ucts can create asymmetry in combat operations, ena-

bling the formation of the necessary defensive potential 

to counter the enemy’s offensive actions. Therefore, 

research into modelling the reduction of the life cycle 

(LC) for developing high-tech products is of great rele-

vance. 

To achieve this, it is necessary to: 

− establish a systematic sequence of actions for 

reducing the life cycle of high-tech products (UAVs) to 

ensure the rapid production of required items for the 

frontline; 

− develop a new architecture for a complex prod-

uct (UAV) using relatively isolated components; 

− perform optimization of design activities using 

indicators of time, cost, and project risks; 

− create a simulation model to analyze, over 

time, the formed sequence of design activities under 

conditions of life cycle reduction. 

Existing approaches are oriented toward forming 

the life cycle of high-tech products under peacetime 

conditions. However, given the current situation in the 

country, it is critically important to rapidly develop and 

serially produce relevant products for the frontline 

(weapons, ammunition, etc.). Therefore, research has 

been conducted on reducing both individual LC stages 

and the overall cycle of developing high-tech products 

using modern design technologies.  

At the stage of synthesizing the architecture of a 

high-tech product (for example, drones), it is proposed 

to use a modern component-based approach for rapid 

product creation using typical components (existing 

ones with positive operational experience; modernized 

components; and new, innovative components). The 

greatest risks, as well as increases in time and cost, are 

associated with the innovative components. Therefore, 

an optimization model was developed to identify a ra-

tional variant of the architecture of a high-tech product 

using a compromise between project risks, time, and 

costs. A multivariate analysis of possible configurations 

of the high-tech product was performed to identify a 

rational option for project planning. In the optimization 

models, a lexicographic ordering method was proposed, 

which allows the use of both quantitative and qualitative 

indicator assessments. When the number of variants was 

large, the method of integer (Boolean) programming 

was employed.  

For the stage of technological preparation for pro-

duction, it is reasonable to use modern 3D printers, 

which allow rapid fabrication of individual components 

of military equipment. The long testing stage, which 

existed in the past, has been shortened by conducting 

trials directly under combat conditions on the battle-

field. 

For serial production and its scaling, it is necessary 

to use a virtual cloud environment for distributed manu-

facturing control. 

Simulation modelling makes it possible to analyze 

the management and formation of the life cycle of de-

veloping a high-tech product (UAV) using the multi-

agent Any Logic environment. 

The following mathematical methods and models 

were proposed, which make it possible to: 

− perform a system analysis of LC reduction and 

identify critical factors; 

− create a model for component-based synthesis 

of the architecture of a high-tech product using typical 

components; 

− develop a model for optimizing project time 

and risk to select a rational project implementation sce-

nario; 

− form a model of virtual distributed control for 

serial production of high-tech products; 

− conduct simulation and agent-based modelling 

of the sequence of LC stages. 

Thus, the proposed approach makes it possible, at 

the early stages of developing high-tech products, to 

analyze the product life cycle and ensure its reduction, 

especially in the stages of component architecture for-

mation, technological preparation, and serial production. 

This enables the serial manufacturing of innovative 

products. The overall defensive potential will contribute 

to creating asymmetry in combat operations against the 

enemy. The studies presented in the sections of the work 

provide scientific substantiation for a new approach to 

the rapid development of high-tech products, based on 

component-based design, reduction of technological 

preparation, and battlefield testing. 
 

3. Component-based method for designing 

modern high-tech products (UAVs) 
 

Innovative technologies of modern warfare have 

created the necessity to develop a new architecture for 
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complex systems (UAVs) that can rapidly adapt to 

changing conditions of military operations. Existing 

approaches are based on the traditional design para-

digm, where a new product is developed almost from 

scratch. This does not allow for the rapid creation of 

innovative products and does not meet the urgent needs 

of the military. Therefore, a design method based on a 

component-based approach has been developed. In this 

method, a set of relatively isolated components is 

formed, from which the product architecture can be 

constructed as a combination of their configurations. It 

is proposed to form a basic architecture of a high-tech 

product (UAV), consisting of three main types of com-

ponents: 

− existing components used in analogous systems 

and proven to be effective in technological applications; 

− components that require modernization based 

on existing solutions, enabling their adaptation to new 

operational conditions; 

− new, innovative components that do not cur-

rently exist but must be developed to meet the require-

ments of the technical specification. 

Thus, the structure of the architecture of a new in-

novative product (UAV) can be represented as a tuple of 

sets: 

 

А=˂A1, A2, A3>,         (1) 

 

where А1 – the set of existing components; 

A₂ – the set of modernized components; 

A₂ – the set of innovative components. 

It should be noted that the ratio of the sets A₂, 

A₂, and A₂ within the composition of a high-tech 

product (UAV) determines the time, cost, and risks of 

the project related to the development of a new type of 

complex system (for example, interceptor drones).  

The following project situations are possible: 

1. The product consists mainly of components 

from set A₂. Components from sets A₂ and A₂ are 

minimally used in the product (UAV) architecture. This 

ensures rapid development of the high-tech product, but 

its innovativeness and effectiveness under modern war-

fare conditions will be very low. The development time 

(T), project cost (W), and risks (R) will be minimal. 

2. The product consists primarily of components 

from sets A₂ and A₂. Innovative components from set 

A₂ are used to a limited extent. A significant number of 

components require modernization. This leads to an 

increase in development time (T), cost (W), and project 

risks (R). 

3. The product consists mainly of components 

from sets A₂ and A₂. Components from set A₂ are 

used minimally. This results in a further increase in de-

velopment time (T), cost (W), and project risks (R). 

Such a configuration may become unacceptable due to 

constraints on time (T), cost (W), and project risks (R). 

4. The product consists predominantly of innova-

tive components from set A₂. Components from sets 

A₂ and A₂ are scarcely present. This greatly increases 

development time (T), project cost (W), and risks (R). 

Such a situation may lead to the impossibility of com-

pleting the project. 

Thus, depending on the ratio of the sets A₂, A₂, 

and A₂, different scenarios for creating new equipment 

(UAVs) arise. Excessive innovativeness may lead to the 

impossibility of developing new equipment under the 

current conditions in the country. Therefore, a complex 

task emerges – finding a compromise among the indica-

tors (T, W, R), under limited capabilities, to ensure the 

rapid creation of relevant defence products (for exam-

ple, UAVs).  

Let us assume that it is possible to form a set of al-

ternative variants for identifying a compromise solution 

among the indicators (T, W, and R). We will use the 

lexicographic ordering method, which makes it possible 

to select a rational project implementation option for 

developing a new high-tech product (UAV). In the lexi-

cographic ordering method, different metrics (qualita-

tive and quantitative) may be used to evaluate the indi-

cators (T, W, and R). 

Let us consider an illustrative example of selecting 

a rational variant for creating a new product (UAV) 

using a component-based architecture. The evaluation 

of time (T) and project cost (W) will be performed in a 

quantitative metric, while risks (R) will be represented 

qualitatively. For qualitative assessments, we introduce 

the linguistic variable yjk: 

 

1

ik

minimum risk if ,  for the j th variant,

the k th UAV architecture configuration

was selected with predominant use of

components 

mod erate risk if ,  for the j th variant,

the k th UAV architectu

A - 

 А ;  

В - 

y =









1 2

А

re configuration

was selected with predominant use of

components 

acceptable risk if ,  for the j th variant,

the k th UAV architecture configuration

was s
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 А , А ;

С -

n

 

th predomi ant use of

components





2 3

3

risk if ,  for the j th variant,

the k th UAV architecture configuration

was selected with predominan

n

, 

n

А ;

D

s

 - very high 

 А

t use of

compo e t .






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
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

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

















  (2) 
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For the time indicator (T), the largest value is 

12 months. For the project cost indicator (W), the larg-

est value is 1 million UAH. Let us represent the im-

portance of the indicators (T, W, and R) in the form of a 

priority sequence: 

 

Т, R, W,   (3) 

 

where the development time of the new product is 

placed first, as it is the most critical factor for ensuring 

production speed. 

Let us assume that we have ten possible variants 

for creating a new high-tech product (UAV), each based 

on a different composition of components (A₂, A₂, 

A₂). 

 

1. 8    С   750 6.   9    C  600 

2. 6    D   1000 7.   12  A  350 

3. 9,5 B   550 8.   10  B  450  (4) 

4. 8,5 C   700 9.   11  A  400 

5. 7    D   800 10. 10  B  500 

 

Let us lexicographically order the variants: 

 

2. 6    D 1000 3.   9,5 B  550 

5. 7    D 800 8.   10  B  450  (5) 

1. 8    С 750  10. 10  B  500 

4. 8,5 C 700  9.   11  A  400 

6. 9    C 600  7.   12  A  350 

 

We will exclude the variants with extremely poor 

values of the indicators (T, W, R). We obtain: 

 

1.   8    С   750 

4.   8,5 C   700 

6.   9    C   600 

3.   9,5 B   550   (6) 

8.   10  B   450 

10. 10  B   500 

9.   11  A   400 

 

From this, it follows that if time (T) is used as the 

most important indicator for the project of creating a 

new product (UAV), the first variant is the optimal 

choice. 

Thus, this section has presented a new method for 

designing a complex product (UAV) based on a compo-

nent-oriented approach. It has been demonstrated that 

different configurations of the component composition 

(existing, modernized, and innovative) within the prod-

uct architecture make it possible to form multiple vari-

ants of the component architecture. The selection of a 

rational variant, using the indicators of time, cost, and 

risk, was carried out using the lexicographic ordering of 

variants. 

4. A new scheme of design activities 

for the rapid development 

of an innovative product (UAV) 
 

Existing methods for developing complex products 

generally rely on executing a sequence of design activi-

ties in which the product is created almost from scratch. 

The component-based approach proposed in Section 3 

enables the execution of parallel project activities when 

developing a high-tech product (UAV). Let us define 

two parallel directions of project activities: 

- the first direction is associated with the formation 

of a basic architecture of the product with a unified set 

of components. This architecture will later be used to 

create new types of equipment; 

- the second direction concerns the development of 

a specific type of new equipment in the selected field of 

application (for example, drones). This requires per-

forming project activities related to adapting the basic 

architecture and modernizing existing components to 

meet the requirements of the new project.  

Within the basic UAV architecture, the compo-

nents requiring modernization are identified, and new 

components necessary for the development of the high-

tech product are defined. The personnel structure of the 

project consists of two teams. The first team forms and 

improves the basic product architecture, while the sec-

ond team performs work related to the development of 

the specific type of equipment (for example, interceptor 

drones). 

The sequence of design activities for creating and 

improving the basic architecture of a complex product is 

presented in Fig. 1. 

 

 

 

 

Fig. 1. Scheme for developing the basic architecture  

of a complex product 

 

Here: 

P1 – formulation of project requirements for de-

veloping a typical product; 

P2 – formation of the basic component architecture 

of the typical product; 

P3 – development of unified components; 

P4 – integration of unified components consider-

ing the basic product architecture; 

P5 – testing of the prototype; 

P6 – development of standard technological pro-

cesses. 

The second direction is focused on modernizing 

the basic product architecture to create a new type of 

equipment (for example, interceptor drones). Within the 

structure of the new architecture, the components that 

Р1 Р2 Р3 Р4 Р5 Р6 
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require modernization are identified, as well as the new 

components that must be developed. 

Figure 2 presents the sequence of project activities 

for creating the new product, which includes both the 

modernization of existing components and the devel-

opment of new ones (Fig. 2). 

 

 

 

 

 

 

 

 

Fig. 2. Scheme of work for developing 

a new type of equipment 

 

Here:  

FR1 – formulation of requirements for the project 

of creating a new product; 

FC2 – formation of the component-based architec-

ture of the new product; 

DMC3 – development of modernized components; 

DIC4 – development of innovative components; 

IC5 – integration of components into the architec-

ture of the new product; 

TP6 – testing of the prototype of the new product; 

DNTP7 – development of new technological pro-

cesses. 

Thus, the proposed new scheme of design activi-

ties is carried out by two teams of designers. This ap-

proach offers several advantages over existing methods:  

− the formation and improvement of the basic 

product architecture, which serves as the foundation for 

creating new products in the selected domain (UAVs); 

− the use of two development teams working in 

parallel: the first develops the basic architecture of the 

product, while the second designs a specific type of new 

equipment; 

− the parallel work of the development teams re-

duces the duration of the project for creating new 

equipment; 

− the reduction of the life cycle for developing 

new equipment at the initial stages associated with 

forming the component-based architecture. 

Thus, this section has proposed a new scheme of 

design activities that employs a component-based repre-

sentation of the new product and incorporates two paral-

lel directions of work for the design teams (the creation 

and refinement of the basic product architecture, and the 

development of a specific type of new product). This 

makes it possible to shorten the life cycle of developing 

high-tech products and ensure, in the future, the rapid 

production of relevant equipment for military defense 

operations. 

5. Optimization of time, risks, and cost 

to ensure the rapid development 

of a new product (UAV) 
 

The reduction of the life cycle (LC) for developing 

high-tech products (UAVs) is fundamental for ensuring 

the rapid production of relevant equipment under the 

country’s special wartime conditions. A multi-stage LC 

requires finding rational solutions to shorten the dura-

tion of each stage. However, limited resource capabili-

ties do not allow full implementation of measures to 

shorten all LC stages. Therefore, a relevant task arises—

identifying a rational (optimal) variant for executing 

actions related to the development of a new product 

under restricted conditions. 

Let us construct an optimization model for identi-

fying a rational variant of LC reduction using the meth-

od of integer (Boolean) programming. Let us introduce 

the Boolean variable xie, which has the following val-

ues: 

 

ie

e
x

1, if ,  for the i th LC stage,  

the reduction was carri d 

a
=

out 

using the e th set of  ctions;

0, otherwise.











       (7) 

 

Key indicators for evaluating the actions aimed at 

reducing the LC of developing a high-tech product 

(UAV): 

- time of LC reduction (T); 

- cost of implementing reduction measures (W); 

- risks associated with the execution of project ac-

tivities (R). 

Using the Boolean variable xie, the indicators (T, 

W, and R) take the following formal form: 

 

inM

ie ie

i 1 e 1

T t x ,

 

   

inM

ie ie

i 1 e 1

W w x ,

 

   (8) 

inM

ie ie

i 1 e 1

R r x ,

 

  

 

where M is the number of LC stages considered for re-

duction; 

nᵢ is the number of possible action variants for re-

ducing the i-th LC stage; 

tᵢₑ is the time required to perform the e-th set of ac-

tions for reducing the i-th LC stage; 

wᵢₑ is the cost of performing the e-th set of actions 

for reducing the i-th LC stage;  

FR1 FC2 

Р3 

DMC3 

DIC4 

IC5 TP6 DN

TP7 
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rᵢₑ is the risk associated with performing the e-th 

set of project actions for reducing the i-th LC stage. 

As the primary indicator for LC reduction, we will 

use the project time (T), which must be minimized: 

 

inM

ie ie

i 1 e 1

min T,T t x ,

 

        (9) 

 

under the constraints of project cost (W) and project risk 

(R): 

 

inM

ie ie
'

i 1 e 1

W wW W , x ,

 

       (10) 

inM

ie ie
'

i 1 e 1

R rR R , x ,

 

   

 

where 'W , 'R  is the admissible values of the project 

cost and project risks for developing the new equip-

ment. 

The solution of the presented optimization prob-

lem can be carried out using the following approaches: 

− a complete enumeration of all possible variants, 

when their number is small; 

− the branch-and-bound method (or its modifica-

tion), when the number of variants is large; 

− a randomized method, when the number of var-

iants is very large (aimed at improving the value of the 

objective function). 

Thus, this section has formulated and solved the 

relevant task of reducing the LC of creating a new high-

tech product under conditions of limited project cost and 

risk. An optimization model has been developed for 

determining the rational set of design actions to shorten 

each stage of the LC, thereby ensuring the reduction of 

the overall cycle. This enables, in the future, the rapid 

development of high-tech products (UAVs) under the 

constrained conditions of the country’s wartime state.  

 

6. Agent-based modelling of the sequence  

of design activities for structuring  

and reducing the life cycle of developing  

a high-tech product (UAV) 
 

To study the reduction of the life cycle (LC) for 

developing a high-tech product (UAV), an agent-based 

simulation model was developed using the Any Logic 

platform. The model makes it possible to evaluate po-

tential options for LC reduction by selecting different 

sets of design actions at individual LC stages. For each 

possible variant of design actions, the model assesses 

the project time (T), cost (W), and risk (R). The set of 

agents enables the formation of various scenarios for 

implementing actions aimed at reducing the LC of de-

veloping a high-tech product: 

1. Formation of the component composition of 

the high-tech product architecture using existing, mod-

ernized, and innovative components (agent “composi-

tion formation”). 

2. Selection of design activities for the R&D stage  

(agent “R&D”). 

3. Selection of design activities for prototype test-

ing (agent “testing”). 

4. Selection of design activities for production 

preparation (agent “production preparation”). 

5. Selection of actions for launching serial pro-

duction (agent “serial production”). 

6. Simulation of the time required to perform de-

sign activities at each LC stage (agent “time simula-

tion”). 

7. Simulation of project risks for each LC stage 

(agent “project risk”). 

8. Simulation of the cost of project activities at 

each LC stage (agent “cost”). 

9. Optimization of LC duration for creating new 

equipment under constraints on project cost and risk 

(agent “optimization”). 

10. Assessment of the LC reduction level for the 

new equipment (agent “LC reduction”). 

11. Management of the scenario of actions related 

to LC reduction (agent “management”). 

12. Generation of results of the LC reduction simu-

lation for the new equipment (agent “results”). 

Figure 3 presents the structural diagram of the 

multi-agent model used to study LC time reduction in 

the development of high-tech equipment (UAV). 

As a result of the simulation, the following output 

data are generated: 

− the time required to perform the tasks at each 

LC stage; 

− the cost of performing the tasks at each LC 

stage; 

− the risks associated with performing the tasks 

at each LC stage; 

− the overall values of project time, cost, and 

risks after LC reduction; 

− the percentage reduction of the LC. 
Thus, in this section, a multi-agent model has been 

developed that makes it possible to investigate various 

scenarios for reducing the life cycle of developing a 

high-tech product (UAV) under the existing constraints 

imposed by the country’s current conditions. 
 

7. Discussion 

 

The needs of the frontline have become critically 

acute due to the lack of a sufficient range of modern 

military equipment capable of  creating  asymmetry  on 
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Fig. 3. Structural diagram  

of the multi-agent model 

 

the battlefield through its innovative characteristics. 

However, in order to develop high-tech products 

(UAVs) and ensure their rapid production during war-

time, it is necessary to shorten the life cycle of creating 

relevant equipment. In this work, a system analysis of 

actions aimed at reducing the LC under the country’s 

special wartime conditions has been conducted. It has 

been concluded that modern approaches must be used 

for the rapid development of the architecture of a new 

product (UAV). Therefore, a component-based ap-

proach has been proposed, which, taking into account 

unified components, allows the formation of an appro-

priate product architecture for subsequent transition to 

serial production. The main types of components have 

been identified (existing, modernized, innovative), from 

which a new product can be created in a specific appli-

cation domain. It has been shown that the use of these 

components within a high-tech product directly influ-

ences the time, cost, and risks associated with develop-

ing the new system. Creating a product solely from ex-

isting components (analogues) cannot significantly im-

prove its characteristics. On the other hand, developing 

equipment primarily from innovative components may 

significantly increase project time, cost, and risks. 

Therefore, it is necessary to find a compromise depend-

ing on the importance of the indicators (time, cost, 

risks). To address this, the lexicographic ordering meth-

od has been proposed to identify the most suitable vari-

ant for developing the new product, allowing the use of 

both qualitative and quantitative metrics. Furthermore, 

to accelerate the development of a new product, two 

parallel design directions were proposed: 

− creating the basic product architecture based on 

unified components; 

− adapting existing components to the technical 

requirements through their modernization; 

− developing new components that are not pre-

sent among the existing ones. 

This enabled the design teams to carry out parallel 

development processes for the creation of the new prod-

uct (UAV). 

Under constrained conditions for rapidly develop-

ing new equipment in the country’s wartime environ-

ment, it is necessary to optimize the time required for 

design activities while satisfying cost and acceptable 

risk restrictions. Therefore, an optimization model was 

developed using integer (Boolean) programming to se-

lect a rational combination of design actions at individ-

ual LC stages, enabling a reduction of the overall LC.  

A simulation model was developed in the form of 

a multi-agent environment to analyze various scenarios 

of LC reduction actions under time, cost, and risk con-

straints. 

The developed set of models is aimed at studying 

the process of LC reduction to enable the rapid devel-

opment of military equipment. This makes it possible to 

conclude that the proposed approach is both timely and 

effective, enabling the rapid creation of new equipment 

and subsequently ensuring scalability and mass produc-

tion of relevant military products. 

Future research will focus on developing an ap-

plied information technology for modelling the se-

quence of design activities that support LC reduction in 

the development of new equipment (UAVs) and ensure 

its rapid production, thereby contributing to the success 

of military missions and strengthening the country’s 

defense capabilitiy. 

 

8. Conclusions 
 

The conducted research enables the planning of 

design activities aimed at reducing the life cycle of de-

veloping high-tech products (UAVs), namely: 

− forming a modern component-based architec-

ture of a new product using three types of components 

(existing, modernized, and innovative); 

− presenting a set of possible variants for devel-

oping the product in order to select a rational one; 

− identifying a compromise variant for designing 

a high-tech product using the indicators of time, cost, 

and project risks; 

− organizing parallel processes for developer 

teams to create the new product and reduce the LC; 

2. R&D 1. Composition 

formation 

4. Production 

preparation 

3. 

Testing 

11. 

Management 

6. Time 

simulation 

7. Project risk 

8. Cost 

9. Optimization 12. Results 10. LC 

reduction 

5. Serial 

production 
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− developing a unified component-based basic 

architecture of the product (UAV); 

− adapting the product architecture to create the 

required new type of equipment (UAV) relevant to 

modern wartime conditions; 

− optimizing the development time of the new 

product by reducing the duration of individual LC stag-

es; 

− performing simulation modelling of the se-

quence of design activities over time to evaluate LC 

reduction. 

The novelty of the proposed approach lies in the 

scientific substantiation of design activities aimed at 

reducing the life cycle of developing high-tech products 

(UAVs), achieved through the creation of an integrated 

system of systemic, optimization, and simulation mod-

els. This system enables the planning of design actions 

for developing new types of equipment under the lim-

ited capabilities imposed by the country’s special war-

time conditions. 

Thus, the main conclusion (the main contribution) 

of the study is the following:  

The proposed system of models enables the justifi-

cation of LC reduction, the selection of an appropriate 

product architecture (UAV), the determination of the 

component composition required for the new product, 

the optimization of project time, cost, and risks, and the 

substantiation of the sequence of design activities for 

reducing the LC. This, in turn, makes it possible to tran-

sition to the rapid development of new equipment, en-

sure mass production, and achieve scalable manufactur-

ing. 

Therefore, the conducted research on reducing the 

life cycle of high-tech product development (UAVs) 

provides a solution to the urgent task of creating new 

types of military equipment, which will enable the for-

mation of military parity on the battlefield. 
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МОДЕЛЮВАННЯ СКОРОЧЕННЯ ЖИТТЄВОГО ЦИКЛУ ЩОДО ШВИДКОГО СТВОРЕННЯ 

БПЛА ДЛЯ ВИКОРИСТАННЯ У ВІЙСЬКОВИХ МІСІЯХ 

О. Є. Федорович, А. В. Попов, Т. С. Пісклова, Л. В. Малєєв, А. В. Рибка, В. А. Федорович 

Сучасна війна змінила представлення щодо стратегії, тактик військових дій, а також використання но-

вих видів техніки., як для оперативно-тактичних дій так і для нових технологій у військовій техніці. Поява 

БПЛА різноманітного призначення призвело до можливості їх використання не тільки на полі бою, а й в 

глибокому тилу противника. Але, для створення паритету у військових діях з противником, необхідно за-

безпечити швидке втілення інновацій у розробку нової техніки, з можливістю масштабування та масованості 

випуску необхідної кількості озброєння. Тому, актуальне проведення дослідження щодо формування ново-

го комплексу проєктних дій, які дозволять скоротити життєвий цикл (ЖЦ) створення військової техніки. 

Предметом дослідження в роботі є розробка аналітичних та імітаційної моделей, які дозволять аналізувати 

та планувати необхідні проєктні дії щодо скорочення ЖЦ створення високотехнологічних виробів (БПЛА). 

Метою дослідження є створення комплексу математичних та імітаційної моделей, за допомогою яких мож-

на сформувати нову архітектуру виробу, оптимізувати основні показники проєкту та сформувати проєктні 

дії щодо скорочення ЖЦ, в умовах обмежених можливостей. Завдання, які необхідно вирішити: системно 

проаналізувати ЖЦ створення високотехнологічного виробу у напрямку його скорочення; створити новий 

метод формування архітектури виробу, з використанням компонентного підходу; сформувати паралельні 

процеси проєктних дій, які забезпечать скорочення ЖЦ; оптимізувати час, витрати та ризики проєктних ро-

біт, в умовах обмежених можливостей; провести моделювання запропонованих дій щодо скорочення ЖЦ 

створення високотехнологічного виробу (БПЛА). Використані математичні методи та моделі: системний 

аналіз, для створення послідовності проєктних дій, які забезпечують скорочення ЖЦ; модель компонентно-

го представлення архітектури нового виробу; метод вибору раціонального варіанту проєктування, з викори-

станням лексикографічного впорядкування варіантів; модель оптимізації часу, витрат, в умовах допустимих 

ризиків проєкту; агентне імітаційне моделювання послідовності проєктних дій для забезпечення скорочення 
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ЖЦ створення нової техніки. Отримані наступні результати: запропоноване системне представлення проєк-

тних щодо скорочення  ЖЦ; обґрунтована компонентна архітектура нового виробу; проведено адаптування 

базової архітектури до вимог проєкту створення нової техніки; сформована множина можливих варіантів 

проєкту створення нової техніки, з вибором раціонального; проведена оптимізація часу, витрат, в умовах 

допустимих значень проєктних ризиків; проведене імітаційне моделювання послідовності проєктних дій. 

Висновки: запропонований підхід дозволяє обґрунтувати проєктні дії щодо скорочення ЖЦ створення нової 

техніки для подальшого швидкого випуску актуальної продукції, в умовах особливого стану країни.  Новиз-

на запропонованого підходу полягає у наступному: науковому обґрунтуванні проєктних дій щодо скорочен-

ня ЖЦ створення нового виробу, з використанням компонентного підходу та паралельного виконання проє-

ктних дій, що забезпечить швидкість створення військової техніки та дасть можливість щодо масованого 

випуску актуальної продукції для фронту. 

Ключові слова: швидке створення нової техніки; життєвий цикл створення складних виробів; компо-

нентна архітектура; паралельні процеси проєктування; оптимізація часу та витрат; ризики проєктування; 

обмежені можливості; імітаційне моделювання. 
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