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The conditions of martial law and the complexity of the operational environment 

in Ukraine impose new requirements on the resource management systems of the State 
Emergency Service of Ukraine (SESU) garrisons. The growing scale of technological, 
natural, and military threats necessitates scientifically grounded methods for 
managerial decision-making to ensure continuous operational readiness. Existing 
approaches are mainly focused on statistical analysis or spatial optimization, but they 
do not capture the stochastic dynamics of changes in resources or the interrelationships 
among management subsystems. This has created the need for a comprehensive model 
that enables a formalized description of the processes of managing the forces and 
means of an SESU garrison. 

The development of a stochastic model for describing and evaluating the 
effectiveness of resource management in an SESU garrison will enhance the 
substantiation of managerial decisions [1] and ensure the rational allocation of material 
and technical resources. 

The changes in the state of each process are described by state-transition graphs 
and intensity matrices, which together form a system of differential equations for the 
dynamics of mean values. For each type of resource (human, technical, or material), 
probable states−such as standby, engagement, utilization, and recovery−are defined, 
with transitions occurring between them at specific intensities. 

The dynamics of the resource management process within an SESU garrison can 
be represented as a vector stochastic process X(t) with dependent components: 

𝑋𝑋(𝑡𝑡) = 𝑌𝑌(𝑡𝑡),𝑍𝑍(𝑡𝑡),𝑊𝑊(𝑡𝑡),𝑉𝑉(𝑡𝑡), 
𝑌𝑌(𝑡𝑡) = 𝑌𝑌1(𝑡𝑡),𝑌𝑌2(𝑡𝑡), … ,𝑌𝑌𝑅𝑅(𝑡𝑡), 
𝑍𝑍(𝑡𝑡) = 𝑍𝑍1(𝑡𝑡),𝑍𝑍2(𝑡𝑡), … ,𝑍𝑍𝐿𝐿(𝑡𝑡), 
𝑊𝑊(𝑡𝑡) = 𝑊𝑊1(𝑡𝑡),𝑊𝑊2(𝑡𝑡), … ,𝑊𝑊𝐽𝐽(𝑡𝑡), 

 𝑉𝑉(𝑡𝑡) = 𝑉𝑉1(𝑡𝑡),𝑉𝑉2(𝑡𝑡), … ,𝑉𝑉𝐺𝐺(𝑡𝑡). (1) 



Innovative Approaches in Modern Science and Technology 
 

612 

𝑌𝑌𝑟𝑟(𝑡𝑡) − an integral stochastic process that describes the number and stages of 
occurrence of events within the territory under the control of the SESU garrison, where 
r denotes the type of event (for example, fires of various alarm levels, emergencies, 
traffic accidents, etc.), r = 1, 2, …, R; 

𝑍𝑍𝑙𝑙(𝑡𝑡) − a stochastic process that describes the activity of the personnel, where l 
denotes the assignment (specialization) of the personnel (for example, crew 
commander, squad leader, driver, nozzle operator, etc.), l = 1, 2, … , L.; 

𝑊𝑊𝑗𝑗(𝑡𝑡) − an integer-valued stochastic process that describes the utilization of non-
consumable assets (firefighting and rescue equipment, communication and command 
systems), where j denotes the type of equipment (primary or special fire engines, etc.), 
j = 1, 2, … , J. 

𝑉𝑉𝑔𝑔(𝑡𝑡) − an integral stochastic process that describes the utilization of consumable 
resources, where g denotes the type of consumable (fuel and lubricants, extinguishing 
powders, etc.), g = 1, 2, … , G. 

The total amount of available resources in the SESU garrison is defined by the 
following vectors: 

𝑁𝑁(𝑙𝑙) = �𝑁𝑁1
(𝑙𝑙),𝑁𝑁2

(𝑙𝑙), . . ,𝑁𝑁𝐿𝐿
(𝑙𝑙)�, де 𝑁𝑁𝑖𝑖

(𝑙𝑙) − the number of personnel of type i; 

𝑁𝑁(𝑗𝑗) = �𝑁𝑁1
(𝑗𝑗),𝑁𝑁2

(𝑗𝑗), . . ,𝑁𝑁𝐽𝐽
(𝑗𝑗)�, де 𝑁𝑁𝑖𝑖

(𝑗𝑗) − the number of non-consumable assets of 
type i; 

𝑁𝑁(𝑔𝑔) = �𝑁𝑁1
(𝑔𝑔),𝑁𝑁2

(𝑔𝑔), . . ,𝑁𝑁𝐺𝐺
(𝑔𝑔)�, де 𝑁𝑁𝑖𝑖

(𝑔𝑔) − the number of consumable resources of 
type i. 

The interaction of the components of the process X(t) is that changes in one of the 
elements affect the others (Fig. 1). 

 

 
Figure 1. Process graph X(t) 

 
We will assume that each of the components of the process X(t) is a homogeneous 

decomposition of an integer random process [2]: 

 𝑌𝑌𝑟𝑟(𝑡𝑡) = ∑ 𝑦𝑦𝑘𝑘
(𝑟𝑟)(𝑡𝑡)𝑁𝑁𝑟𝑟

(𝑟𝑟)

𝑘𝑘=1 ,  𝑟𝑟 = 1, … ,𝑅𝑅, (2) 
𝑁𝑁𝑟𝑟

(𝑟𝑟) − the maximum possible number of simultaneous events of category r ; 
(𝑦𝑦)𝑘𝑘

(𝑟𝑟) = 𝑦𝑦0
(𝑟𝑟),𝑦𝑦1

(𝑟𝑟), … ,𝑦𝑦�𝑛𝑛𝑦𝑦�
(𝑟𝑟)  represents a random walk process over a certain set of 

states of a single unit of the component process Yr(t) and is an elementary integer-
valued stochastic process; 𝑛𝑛𝑦𝑦 + 1− the number of possible states (stages of occurrence 
and elimination) of a single event; 
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 𝑍𝑍𝑙𝑙(𝑡𝑡) = ∑ 𝑍𝑍𝑘𝑘
(𝑙𝑙)(𝑡𝑡)𝑁𝑁𝑙𝑙

(𝑙𝑙)

𝑘𝑘=1 ,  𝑙𝑙 = 1, … , 𝐿𝐿, (3) 
Zk

(l) = �Z0
(l), Z1

(l), … , Znl
(l)� represents a random walk process over a certain set of states 

of a single unit of personnel of type l and is an elementary integer-valued stochastic 
process; (n l +1) − the number of possible states of a single unit of personnel of type l; 

 𝑊𝑊𝑗𝑗(𝑡𝑡) = ∑ 𝑤𝑤𝑘𝑘
(𝑗𝑗)(𝑡𝑡)

𝑁𝑁𝑗𝑗
(𝑗𝑗)

𝑘𝑘=1 ,  𝑗𝑗 = 1, … , 𝐽𝐽 , (4) 
𝑤𝑤𝑘𝑘

(𝑗𝑗) = �𝑤𝑤0
(𝑗𝑗),𝑤𝑤1

(𝑗𝑗), … ,𝑤𝑤𝑛𝑛𝑗𝑗
(𝑗𝑗)� is a process of random walking through a certain set of 

states of one unit of a non-consumable resource of type j and is an elementary entire 
random process; (n +1) − the number of possible states of one unit of a non-consumable 
resource of a type j; 

 𝑉𝑉𝑔𝑔(𝑡𝑡) = ∑ 𝑣𝑣𝑘𝑘
(𝑔𝑔)(𝑡𝑡)

𝑁𝑁𝑔𝑔
(𝑔𝑔)

𝑘𝑘=1 ,  𝑔𝑔 = 1, … ,𝐺𝐺 , (5) 
Де  𝑣𝑣𝑘𝑘

(𝑔𝑔) = �𝑣𝑣0
(𝑔𝑔),𝑣𝑣1

(𝑔𝑔), … ,𝑣𝑣𝑛𝑛𝑔𝑔
(𝑔𝑔)� is a process of random walking through a certain set of 

states of one unit of expended funds of the form g and is an elementary integer random 
process; (n +1) − the number of possible states of one unit of expendable species g. 

The intensity of transitions between different states of each component depends 
not only on its own characteristics, but also on the characteristics of other components. 
That is, the process of managing the resources of the SES garrison is complex.. 
 

References 
1. Runefors, M. (2019). Measuring the Capabilities of the Swedish Fire Service to 
Save Lives in Residential Fires. Fire Technology, 56(2), 583–603. 
https://doi.org/10.1007/s10694-019-00892-y 
2. Minas, J. P., Simpson, N. C., & Tacheva, Z. Y. (2020). Modeling emergency 
response operations: A theory building survey. Computers & Operations 
Research, 119, 104921. https://doi.org/10.1016/j.cor.2020.104921 
 
 

ДО ПИТАННЯ СПРАЦЮВАННЯ ПОВЕРХОНЬ 
ҐРУНТООБРОБНИХ РОБОЧИХ ОРГАНІВ 

 
Корчак Микола Миколайович  

к.т.н., доцент 
Заклад вищої освіти “Подільський державний університетˮ, Україна 

 
Характерною особливістю ґрунтообробних робочих органів є короткий 

цикл роботи в загальному технологічному процесі при їх інтенсивному 
спрацюванні, коли втрата металу становить приблизно 140 г/га. Інтенсивна 
втрата металу призводить до порушення геометричної форми робочого органу, 
що викликає погіршення показників якості роботи. Дослідження зносу і пошук 
шляхів його зниження постійно привертає увагу дослідників. 
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