
185 
 

Сучасний стан наукових досліджень та технологій в промисловості. 2026. № 2 (36) ISSN 2522-9818 (print) 

Innovative technologies and scientific solutions for industries. 2026. No. 2 (36) ISSN 2524-2296 (online) 
 

©  Iryna Chepurna, 2026 

This is an Open Access article under the CC BY-NC-SA 4.0 license https://creativecommons.org/licenses/by-nc-sa/4.0/deed.uk 

UDC 004.738.5:004.451 DOI: https://doi.org/10.30837/2522-9818.2026.2.185 

 

Iryna Chepurna 

 

MODEL OF RESOURCE AND QUORUM MANAGEMENT  

FOR A BLOCKCHAIN-ORIENTED DISTRIBUTED INFORMATION SYSTEM  

IN A MULTI-CLOUD ENVIRONMENT 

 

The subject of this study is a mathematical model for managing computing resources and ensuring quorum in a blockchain-oriented 

distributed information system within a multi-cloud environment. The goal of the work is to develop a set-theoretic model that 

formalizes the multi-cloud deployment of components of a blockchain-oriented distributed information system, taking into account its 

multi-level architecture, the heterogeneity of available resources, the aggregated resource state of nodes, their availability, and the 

conditions for ensuring quorum during operation under variable load. Methods. To achieve the set goal, methods of system analysis 

were used to formalize the system structure and the connections between its components; methods of mathematical modeling were 

used to construct a formal description of the multi-cloud environment, the resource state of nodes, control actions, and quorum 

constraints; statistical analysis methods for processing, aggregating, and normalizing telemetry data; decision-making theory methods 

for establishing conditions for acceptable resource reallocation; and simulation modeling methods for verifying the performance of 

the developed model under conditions of variable load, resource scarcity, and variable node availability. Results. For the first time,  

a formalized set-theoretic model has been developed for managing computing resources and ensuring quorum in a blockchain-

oriented distributed information system within a multi-cloud environment. Unlike existing approaches, combines, within a single 

unified representation, the multi-cloud environment as a set of cloud platforms from different vendors, the multi-level system 

architecture, the aggregated resource state of nodes, the conditions for permissible resource reallocation, and the specified 

requirements for ensuring quorum. Sets of cloud environments, architectural levels, and system nodes are presented; vectors of 

available and allocated resources, an aggregated system state vector, a resource deviation function, a quorum assurance function, and 

a set of permissible control actions are introduced. Simulation studies confirmed the model’s operability under nominal operation, 

resource scarcity, and node availability degradation. This allowed for the formulation of the decision-making process regarding 

resource reallocation and system operability maintenance within a single mathematical framework. Conclusions. The developed 

model provides a formalized description of the processes of managing computational resources and ensuring quorum in a blockchain-

oriented distributed information system in a multi-cloud environment and can be used as a basis for further development of methods 

for optimizing control decisions and experimental research into the system’s operational efficiency under dynamic conditions. 

Keywords: mathematical model; resource management; quorum; blockchain; information system; cloud. 

 

1. Introduction 

 

The digital transformation of the financial sector, 

logistics, healthcare, telecommunications, and other 

industries is accompanied by the widespread adoption  

of distributed information systems. Such systems  

ensure geographically distributed data processing,  

service availability, scalability of computing power,  

and operational continuity under varying information 

flow intensities [1, 2]. 

One of the directions in the development of 

distributed information systems is the integration  

of blockchain technologies into their architecture.  

The use of blockchain enables data integrity, 

transparency in transaction recording, increased trust 

among participants in information exchange, and support 

for decentralized decision-making procedures [3].  

For blockchain-oriented distributed information systems, 

this is of fundamental importance, since their operability 

is determined by the availability of individual nodes  

and the ability to maintain the coordinated functioning  

of a set of components involved in forming and 

confirming the system’s state [4]. 

The further development of such systems is linked 

to the transition to multi-cloud infrastructures [5]. 

Deploying system components in cloud environments 

from different vendors allows for reduced dependence on 

a single vendor, increased scaling flexibility, improved 

fault tolerance, and load distribution across independent 

computing platforms [6, 7]. At the same time, multi-

cloud deployment complicates system management  

due to differences in resource allocation models, service 

characteristics, telemetry data formats, network 

interaction parameters, and conditions for ensuring  

node availability [8, 9]. 

https://creativecommons.org/licenses/by-nc-sa/4.0/deed.uk
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For a blockchain-oriented distributed information 

system, these complications are of a complex nature. 

Under such conditions, it is necessary to ensure the 

rational distribution of computing resources among 

nodes, services, and deployment environments, as well as 

to maintain a set of available nodes that preserves quorum 

and the system’s ability to function in a coordinated 

manner [10, 11]. Given dynamic load changes, partial 

node degradation, changes in the availability of 

individual cloud environments, and the heterogeneity of 

telemetry data, the task of resource management is directly 

linked to the task of maintaining quorum [11–13]. 

Approaches to resource management in cloud and 

distributed systems are primarily focused on service 

scaling, load balancing, telemetry monitoring, or separate 

analysis of blockchain interaction mechanisms [14].  

At the same time, within the framework of such 

approaches, the relationship between the resource state of 

nodes, their availability in a multi-cloud environment, 

and the conditions for ensuring the quorum of  

a blockchain-oriented system is not sufficiently 

formalized. This limits the ability to develop coordinated 

solutions for resource reallocation in situations where 

changes to the system configuration affect performance, 

availability, and the ability to maintain the correct 

functioning of consensus mechanisms [15–17]. 

Therefore, the task of developing a mathematical 

model for managing resources and quorum in  

a blockchain-oriented distributed information system  

in a multi-cloud environment is relevant. Such a model 

must reflect the distribution of system components across 

cloud environments from different vendors, account  

for the system’s multi-tier architecture, the heterogeneity 

of computational resources and telemetry metrics,  

and formalize the conditions under which resource 

reallocation aligns with requirements for node availability 

and quorum maintenance. The construction of such  

a model creates a foundation for the further development 

of methods for optimizing the management  

of blockchain-oriented distributed systems in  

multi-cloud infrastructures. 

 

2. Analysis of current scientific publications  

and statement of the study problem 

 

The issue of managing computing resources in 

distributed information systems plays a significant role in 

current research due to the growing scale of digital 

services, increasing demands for availability, and the 

need to ensure the stable operation of systems under 

fluctuating loads. The integration of blockchain 

technologies into distributed information systems 

expands their functional capabilities by ensuring data 

integrity, transaction transparency, and support for 

decentralized interaction [18]. At the same time, this 

complicates resource management processes, since the 

operability of such systems is determined by the 

sufficiency of computing power, the composition of 

available nodes, and the ability to maintain coordinated 

functioning of components involved in confirming  

the system’s state and executing transactions [19, 20]. 

The paper [21] examines the architectural aspects of 

implementing the Blockchain-as-a-Service concept and 

approaches to deploying blockchain network nodes in  

a cloud environment. It is shown that delegating part of 

the infrastructure functions to a cloud provider simplifies 

the deployment and maintenance of blockchain services. 

However, the presented approach focuses primarily on 

the infrastructure organization of the service and does not 

include a formalized description of coordinated 

management of node resources and quorum maintenance 

when system components are deployed across multiple 

independent cloud environments. 

A stochastic approach to scaling is presented  

in [22], where the Ito equation and the Wiener process  

are used to describe changes in traffic intensity in real 

time. The results confirm the feasibility of developing 

adaptive scaling policies based on predictive load 

estimates. However, the presented model is focused on a 

single-cloud environment; therefore, differences between 

cloud vendors and the conditions for ensuring quorum in  

a blockchain-oriented distributed information system  

are not formalized within its framework. 

Another approach is presented in [23], where an 

adaptive approach to managing cloud infrastructure 

resources based on intelligent load forecasting algorithms 

is proposed. The authors demonstrate that the use of 

recurrent neural networks allows for increased efficiency 

in resource reallocation and reduced operational costs 

compared to static schemes. The primary focus of this 

study is on the performance and economic efficiency of 

cloud services. At the same time, the specifics of 

blockchain-oriented distributed systems, for which, in 

addition to resource provisioning, the conditions for  

node availability and quorum maintenance must be 

formalized, are partially revealed. 

A separate class of approaches is related to the 

migration of virtual machines and periodic analysis of 
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node status. It is precisely this logic that forms the basis 

of the study [24], which examines resource management 

in distributed cloud infrastructures under conditions of 

resource scarcity. The advantage of this approach is the 

relative simplicity of the mathematical formulation and 

its practical focus on maintaining service quality metrics. 

At the same time, it does not address the task of 

consistently accounting for heterogeneous telemetry data 

obtained from cloud environments of different vendors, 

nor does it formalize the impact of changes in the 

composition of available nodes on maintaining the 

quorum of a distributed system. 

General aspects of the described problem of using 

blockchain technologies in digital environments and 

issues of resource provision for complex computing 

platforms are discussed in [21, 23]. Requirements for the 

secure operation of distributed platforms are considered 

in [25]. These results are important for establishing the 

general context of the research; however, they lack  

a comprehensive mathematical model that combines  

the deployment of the system across multiple cloud 

environments, the multi-level organization of its 

components, the aggregated resource state of nodes,  

and formalized conditions for ensuring quorum. 

The analysis conducted indicates that existing 

studies cover individual aspects of building blockchain-

oriented systems, service scaling, telemetry monitoring, 

resource reallocation, and the operation of cloud 

infrastructures [20, 22–24]. The approaches considered 

overlook the task of formalizing a unified management 

model that combines the resource aspect of a blockchain-

oriented distributed information system’s operation  

with the conditions for maintaining a quorum in  

a multi-cloud environment. 

An unresolved part of the general problem is the 

development of a mathematical model for managing the 

computational resources and quorum of a blockchain-

oriented distributed information system, in which the 

multi-cloud environment is presented as a set of cloud 

platforms from different vendors, and the system itself is 

viewed as a multi-level structure of interconnected nodes 

and services. Such a model must account for the 

heterogeneity of available resources and telemetry data, 

dynamic changes in load, changes in node availability, as 

well as the conditions under which resource reallocation 

is aligned with the requirements for maintaining the 

quorum and the stable operation of the system as a whole. 

 

 

3. Research aim and objectives 

 

The aim of this work is to develop a mathematical 

model for managing computing resources and the quorum 

of a blockchain-oriented distributed information system 

in a multi-cloud environment. The model under 

development is intended to formalize the representation 

of a multi-cloud environment as a set of cloud platforms 

from different vendors, reflect the system’s multi-level 

architecture, establish the relationship between the 

resource state of nodes, their availability, and the 

conditions for ensuring quorum, and define formal 

conditions for the system’s transition between states 

during resource reallocation in the course of operation. 

To achieve the stated goal, the following tasks must 

be solved in this work: 

– present a mathematical description of  

a blockchain-oriented distributed information system  

in a multi-cloud environment, taking into account the 

deployment of its components across cloud platforms 

from different vendors, the heterogeneity of available 

resources, the multi-level organization of nodes, and 

dynamic changes in the system’s state; 

– develop a mathematical description of the process 

of managing computational resources based on aggregated 

metrics of the resource system’s steady-state operation, 

resource shortages, and changes in load intensity; 

– define formalized conditions for node availability 

and quorum assurance as constraints that must be adhered 

to when making decisions regarding resource reallocation 

to maintain system operability in a multi-cloud environment. 

 

4. Materials and methods of the study 

 

The subject of this study is the processes of 

managing computing resources and state of nodes, which 

allows for accounting for the ensuring a quorum of 

available nodes in a blockchain-oriented distributed 

information system within a multi-cloud environment. 

The subject of the study is a mathematical model for 

managing computational resources and ensuring quorum 

in a blockchain-oriented distributed information system 

in a multi-cloud environment, which takes into account 

the placement of nodes on cloud platforms from different 

vendors, the heterogeneity of available resources, 

aggregated resource state metrics, and dynamic changes 

in the system’s state during its operation. 
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The research hypothesis is that the use of  

a formalized set-theoretic model, which combines  

an aggregated representation of the resource state of 

nodes with specified quorum conditions, enables 

coordinated decisions regarding the redistribution of 

computational resources and maintains the operability  

of a blockchain-oriented distributed information system 

in a multi-cloud environment under conditions of variable 

load and variable node availability. 

To achieve the set goal, the following were used: 

– methods of system analysis to formalize  

the composition of system components, their 

interrelationships, and the representation of a multi-cloud 

environment as a set of cloud platforms from  

different vendors; 

– methods of mathematical modeling to construct  

a formal description of the resource state of nodes,  

their availability conditions, and quorum constraints; 

– statistical analysis methods for processing, 

aggregating, and normalizing telemetry data; 

– decision-making theory methods for formalizing 

the conditions for resource reallocation as the system 

state changes; 

– simulation modeling methods for verifying  

the performance of the developed model under variable 

load conditions and changes in the composition of 

available nodes. 

The information basis of the study is a set of 

telemetry data received from nodes of a blockchain-

oriented distributed information system deployed in  

a multi-cloud environment. This data includes metrics  

on CPU time and RAM usage, as well as node 

availability indicators in each cloud environment.  

The collected values form a multidimensional time  

series reflecting changes in the system’s resource state at 

discrete points in time.  

For a node , ,c jv  located in a cloud environment c , 

belonging to level  of a multi-level architecture,  

and having index j , the vector of primary metrics at  

time t  is given in the form  

        , , , , , , , ,, ,c j c j c j c jt t t t      ,          (1) 

where  , ,c j t  – processor time usage metric;  

 , ,c j t  – RAM usage metric;  , ,c j t  – a metric that 

reflects the node’s availability at a given point in time t. 

To ensure the comparability of heterogeneous 

metrics (1) obtained from cloud platforms of different 

vendors, a normalization procedure is applied.  

The normalized metric value is defined as 

 
  min

, ,

, , max min
ˆ

c j

c j

t
t





 

 


 





, K  ,         (2) 

where  , ,K     – a set of metric types;  , ,c j t  – 

current value of the metric of type  ; 
max

  and 
min

  – 

the minimum and maximum values of the metric of  

type   in the system under study. 

Normalization (2) ensures that the metrics are scaled 

to a common scale and increases the model’s sensitivity 

to changes in the resource state of the nodes. The 

normalized node metrics are used to form an aggregated 

system state vector at a given point in time t : 

    , , ,
ˆ , , ,c j cS t t c C L j V K      .    (3) 

In formula (3), the set of vectors ( )S t  components 

reflect the resource status of the nodes in all cloud 

environments that make up the blockchain-oriented 

distributed information system.  

The simulation study was conducted in two stages. 

In the first stage, a software model was implemented for 

the processes of collecting, normalizing, and aggregating 

telemetry metrics, as well as the decision-making logic 

for resource reallocation based on changes in the 

system’s state. For this purpose, Python 3.11 and the 

NumPy and Pandas libraries were used, which enable the 

processing of multidimensional data arrays and the 

modeling of discrete system transitions between states. 

In the second stage, a virtualized environment built 

on Oracle VM VirtualBox, Proxmox VE, Docker, and 

Kubernetes was used to verify the operational capability 

of the developed model. This configuration made it 

possible to simulate a multi-cloud environment as a set of 

isolated computing platforms with different resource 

provisioning parameters and to generate simulation 

scenarios of system operation under conditions of 

variable load, resource shortages, and a variable 

composition of available nodes. 

The effectiveness of the developed model is 

evaluated based on the results of simulation scenarios, 

within which changes in the aggregated resource state  

of nodes, the feasibility of resource reallocation, and  

the fulfillment of quorum conditions are analyzed.  

This approach allows us to verify the model’s  

suitability for describing the management processes  

of a blockchain-oriented distributed information system 

in a multi-cloud environment. 
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5. Research results 

 

5.1. Formalization of multi-cloud component 

deployment and the system resource model 

In this study, a blockchain-oriented distributed 

information system is viewed as a set of components 

deployed across multiple cloud environments from 

different vendors. Control decisions regarding changes  

in resource allocation and the configuration of active 

components are generated by a logically isolated element 

of the control subsystem. A block diagram of this 

interaction is shown in Fig. 1. Unlike the previous  

study [26], in which the formalization of metric collection 

was performed for a single cloud environment, in this 

work the system model is extended to the case of  

multi-cloud deployment of components and subsequent 

decision-making regarding resource reallocation. 

A multi-cloud environment is represented as  

an ordered set of independent cloud platforms 

 1 2, , , MC C C C  ,                          (4) 

where M  – the number of cloud environments in which 

the components of a blockchain-based distributed 

information system are deployed. 

Each cloud environment cC , 1,c M  is 

characterized by its own vector of available computing 

resources: 

 1 2, , , H

c c c cR R R R
  

 ,                   (5) 

where h , 1,h H  – type of computing resource.  

Further, 1  may refer to processing resources, 2  – 

RAM, 3  – storage resource, 4  – network resource.  

The system architecture is viewed as multi-tiered, 

although the set of tiers is not identical to the set of cloud 

environments. For a formal description, let us introduce 

the set of levels 

 1 2, , , LL  ,                        (6) 

where L  – number of system architecture levels.  

 

 

 
 

Fig. 1. Block diagram illustrating the interaction between a control subsystem element and the components of  

a blockchain-based distributed information system in a multi-cloud environment 

 

Depending on the implementation method,  

the set L  may include the infrastructure layer, the 

virtualization layer, the containerized services layer,  

the blockchain nodes layer, and the application  

services layer. 

 

For each pair  ,cC , where 
*

cC С , L , let’s 

enter a set of nodes 

 
,, , ,1 , , ,, , , 1,...,

cc c c N cV v v j N  ,        (7) 

where ,cN  – number of nodes in the layer , located in a 

cloud environment cC . 
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Then the complete set of nodes in the system is 

defined as: 

,

1

M

c

c L

V V
 

 .                          (8) 

Each node , , ,c j cv V  is associated with a vector  

of resources allocated for its operation: 

 1 2

, , , , , , , ,, , , H

c j c j c j c jr r r r
  

 ,                 (9) 

where , ,
H

c jr
  – volume of resource type h , assigned  

to the node , ,c jv  in a cloud environment cC . 

In addition to the resources directly allocated to the 

system’s nodes, in every cloud environment, a portion of 

the resources is used to support platform services, 

network interaction, system services, and virtualization 

tools. For a cloud environment cC , these costs are 

represented by a vector 

 1 2, , , H

c c c cS S S S
  

 .                (10) 

In that case, the conditions for the acceptable 

placement of system components within the cloud 

environment cC  are determined as follows: 

,

, ,

1 1

cNL

c j c c

j

r S R
 

 , 1,c M ,             (11) 

where symbol  denotes element-wise comparison  

of vectors. 

Equation (11) specifies the condition under  

which the total resource consumption for the operation  

of nodes at all levels and the service infrastructure  

does not exceed the available resources of the 

corresponding cloud environment. 

The resource state of the system’s nodes at a given 

point in time t  is described by normalized metrics 

aggregated into a vector  S t  in accordance with 

relations (1)–(3). It is this vector  S t  that reflects the 

current state of the set V , taking into account the 

placement of nodes in different cloud environments and 

at different architectural levels. In the structure shown in 

Fig. 1, the control subsystem element receives  S t  as  

a generalized representation of the system’s current state, 

information about node availability, and decision-making 

rules, based on which it generates control actions to 

change the distribution of resources and the configuration 

of active components. 

In light of the above, the functioning of an element 

of the control subsystem at the structural level can be 

expressed as a formula: 

      , ,A t F S t Q t  ,                 (12) 

where  A t  – a generalized representation of a control 

decision at a given point in time t , which can be 

specified by a set of control actions;  Q t  – a vector 

representing the availability of nodes relevant to quorum 

maintenance;   – a set of rules and constraints that 

determine the admissibility of management decisions. 

Equation (12) defines the general decision-making 

framework and serves as the basis for the subsequent 

formalization of the resource management process and 

the conditions for ensuring a quorum. 

Thus, equations (4)–(12) define the formal basis of 

the model for the multi-cloud deployment of components 

in a blockchain-oriented distributed information system. 

The proposed representation distinguishes between the 

set of cloud environments C , the set of architectural 

levels L , the set of nodes V , and the vectors of available 

and allocated resources, which forms the basis for 

describing resource reallocation procedures and verifying 

quorum conditions. 

 

5.2. Mathematical description of the management 

process for computing resources 

The process of managing computational resources 

can be represented as a sequence of discrete control 

decisions made by an element of the control subsystem 

based on the aggregated state vector  S t , defined by 

Equation (3). Within this framework, the control 

subsystem evaluates the current distribution of resources 

among nodes at every instant t , determines the  

need for their adjustment, and generates an admissible 

control action. 

We define the current distribution of computational 

resources for node , ,c jv  at time t  by the vector 

        1 2

, , , , , , , ,, , , H

c j c j c j c jr t r t r t r t
  

 ,         (13) 

In (13), the components of the vector  , ,c jr t  

specify the actual amount of resources of types h  

allocated to node , ,c jv  in the cloud environment cC   

at control step t . 

It is advisable to determine the node’s resource 

demand at time t based on its metric vector  , ,c j t  (1), 

using the formula: 

    , , , , , ,c j c j c jd t G t ,                 (14) 

where  , ,c jG   is a function that transforms the node’s 

metrics into a vector of required resources. 
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Equation (14) provides an estimate of the number of 

resources required by the node , ,c jv  to maintain its 

operation under the current load conditions. The resource 

deviation vector is determined based on the difference 

between the required and actually allocated amounts  

of resources: 

     , , , , , ,c j c j c jt d t r t   .             (15) 

In equation (15), the positive components of the 

vector  , ,c j t  correspond to a resource deficit, while 

the negative components correspond to the presence of a 

reserve. 

The control influence on the node , ,c jv  is 

represented by the vector 

        1 2

, , , , , , , ,, ( , , H

c j c j c j c ju t u t u t u t
  

 .      (16) 

where  , ,c ju t  is the change in the volume of the 

resource of type h  , which is performed at control step t. 

Then, the transition to a new resource allocation is 

determined by the relation: 

     , , , , , ,1c j c j c jr t r t u t   .             (17) 

Equation (17) defines the dynamics of changes in  

a node’s resource state under the influence of a control 

decision. The validity of such a decision must be verified 

at both the cloud environment level and the individual 

node level. 

Constraints on the total amount of resources that can 

be allocated to nodes within the cloud environment cC  

are determined by the condition: 

 
,

, , , ,

1 1

cNL

c j c j c

j

r u S R
 

  , 1,c M  .         (18) 

Condition (18) aligns control actions with the 

available resources of the corresponding cloud environment 

and the service costs introduced in formula (10). 

For each node, permissible limits for resource 

allocation are also specified: 

 min max

, , , , , ,1c j c j c jr r t r .                (19) 

Equation (19) constrains the new node resource 

vector with the platform’s technical parameters, 

virtualization parameters, and service configuration limits. 

A separate condition for stable node operation is 

introduced, defined by the interval of permissible 

resource states 

 min max

, , , , , ,1 )c j c j c jr t  .               (20) 

min

, ,c j max

, ,c j  – the lower and upper bounds of the resource 

interval for stable node operation, respectively , ,c jv  . 

Based on condition (20), it is appropriate to 

introduce a node stability indicator: 

 
 min max

, , , , , ,

, ,

1, 1 ,
1

0, .

c j c j c j

c j
otherwi

r t
t

se

 


 
  



.    (21) 

Equation (21) allows us to transition from  

a continuous description of the resource state to a logical 

indicator of a node’s operational readiness following the 

execution of a control action. 

To select a control decision regarding resource 

reallocation, we introduce a quality functional: 

     
,

, , , , , , 1
1 1 1

cNM L

R c j c j c j

c j

J t t u t
  

   ,        (22) 

where , ,c j  is the weight coefficient of node priority 

, ,c jv ;
1
  is the 1L  is the norm of the vector. 

Functional (22) characterizes the total unregulated 

resource deviation after control actions have been 

performed. The task of managing computational 

resources then reduces to selecting a set of vectors 

 , ,c ju t  for which functional (22) takes on a minimum 

value subject to constraints (18)–(21): 

   *

( )
arg min

R
R R

A t
A t J t ,             (23) 

where     , ,R c jA t u t  is the set of control actions 

formed at step t. 

Thus, equations (13)–(23) define the resource 

component of the mathematical model for controlling  

a blockchain-oriented distributed information system  

in a multi-cloud environment. Within this component, the 

aggregated system state  S t , defined by equation (3), is 

used to assess the nodes’ resource requirements, generate 

control actions, and verify their admissibility under 

resource constraints. 

 

5.3. Formalized conditions for ensuring quorum and 

the admissibility of system transitions between states 

The resource component of the model defines the 

rules for generating control actions based on the current 

aggregated state of the system ( )S t ; however, for  

a blockchain-oriented distributed information system,  

the validity of a control decision is determined by 

resource constraints and the preservation of a sufficient 

number of available nodes to ensure a quorum.  

To this end, we introduce a formalized description  

of the set of nodes relevant for maintaining a quorum. 

Let: 
qV V .                                  (24) 
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In (24), qV  is a subset of the system’s nodes whose 

participation is taken into account when forming  

a quorum. The set may include validators, transaction 

confirmation nodes, replication coordinators, or other 

components upon which the maintenance of the system’s 

consistent state depends. 

For each node , ,

q

c jv V , let us introduce a quorum 

availability indicator 

 , , , ,

, ,

1, 1,

0, ,

c j c j

c j

t

otherwise

   


   
 


          (25) 

where   is the availability threshold. 

Equation (25) establishes that a node is taken into 

account when forming a quorum only if two conditions 

are met simultaneously: the node is accessible according 

to its state metric, and its resource state falls within the 

stable operation interval. 

The availability state of nodes relevant to the 

quorum at time t  is given by 

    , , , ,

q

c j c jQ t t v V  .         (26) 

Based on the vector ( )Q t  (26), we introduce the 

quorum assurance functional: 

   
, ,

, , , ,
q

c j

c j c j

v V

t t 


   ,             (27) 

where , ,c j  is the weight coefficient of node , ,c jv  in the 

quorum formation procedure. 

In the simplest case, for equivalent nodes, it is 

assumed that , , 1c j  ; then the functional  t , defined 

by equation (27), reduces to the number of available 

nodes participating in maintaining the quorum.  

For systems with differentiated roles or non-equivalent 

validators, the values of , ,c j  can be set in accordance 

with the adopted consensus policy. 

We formulate the quorum condition as follows: 

  mint   ,                           (28) 

where 
min  is the minimum acceptable value of the 

quorum assurance functional to maintain the operability 

of a blockchain-oriented distributed information system. 

Equation (28) serves as a formal criterion for the 

admissibility of the current set of available nodes. 

Accordingly, a control action generated by Equation (23) 

can be considered admissible only if, after its execution, 

the value of the functional  1t   does not fall below 

the threshold value 
min . 

Taking into account the constraints (18)–(21) and 

the quorum condition (28), the set of admissible control 

actions is defined as 

   
   

 

    18 21
{}

1

adm

R min

conditionsaremet
A t A t

t

  
  

     

.  (29) 

Then the resource and quorum control problem 

reduce to selecting a control decision that minimizes the 

resource deviation functional (22) over the set of 

admissible actions (29): 

 
   

 
adm

* arg min
R

R
A t A t

A t J t


 .              (30) 

Equation (30) integrates the resource and quorum 

components of the model. Unlike Problem (23), where 

the solution is selected based solely on the resource 

criterion, in Equation (30) the admissibility of an action is 

also determined by the condition that the quorum is 

maintained after the resource allocation changes. 

To describe the system’s transition between states, 

we introduce a generalized state: 

      ,t S t Q t  .                   (31) 

In equation (31), the vector ( )S t  (3) reflects the 

aggregated resource state of the system;  Q t  (26) 

describes the availability state of nodes relevant  

to the quorum. 

The system’s transition to a new state under the 

action of the optimal control decision  *A t  is given by 

      *1 ,t t A t     .              (32) 

where     is the system transition operator between 

discrete time steps. 

Then the transition 

   1t t                      (33) 

is considered admissible if the solution  *A t  belongs  

to the set  admA t  (29). 

Thus, relations (24)–(33) define the quorum 

component of the mathematical model and formalize  

the conditions for the admissibility of transitions of  

a blockchain-oriented distributed information system 

between states in a multi-cloud environment. 

Consequently, we present the mathematical model for 

managing computational resources and ensuring quorum 

in a blockchain-oriented distributed information system 

in a multi-cloud environment as a conditional 

minimization problem: 
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   

 

 

 

 

      

,

, , , ,

1 1

min max

, , , , , ,

*
, ,

( )

, ,

min

*

;

1 ;

1 1;arg min ,

;

1 ;

1 , .

c

R

NL

c j c j c c

j

c j c j c j

c j
R

A t
q

c j

r u S R

r r t r

tA t J t

v V

t

t t A t



 


 


 

   
 

   

    




(34) 

In Equation (34), the objective function  RJ t  

defines the criterion for minimizing the total unregulated 

resource deviation, while the set of constraints specifies 

the resource feasibility of control actions, the limits of 

permissible resource allocation, the conditions for stable 

node operation, quorum assurance, and the admissibility 

of system transitions between states. 

 

5.4. Simulation study of the model  

and analysis of the results 

A simulation study was conducted to verify  

the performance of the developed mathematical  

model for managing computing resources and ensuring 

quorum in a blockchain-oriented distributed information 

system within a multi-cloud environment. The study 

examined a discrete interval of 120 cycles, divided  

into three phases: nominal operation mode, resource 

shortage, and degradation of node availability.  

This division allowed for a sequential assessment  

of the model’s behavior under conditions of normal 

operation, local growth in resource demand, and 

deterioration of node availability relevant to quorum 

maintenance. 

Figure 2 shows the trends of key normalized 

indicators of the simulation model: the aggregated system 

state vector  S t , the quorum assurance functional 

 t , and the resource deviation functional  RJ t . 

Normalization was applied to bring the indicators to  

a common scale and enable their comparative visual 

analysis within a single graph.  

Figure 2 shows that in the initial simulation phase, 

the values of  S t  remain at a relatively low level, while 

 t  is near the upper limit, corresponding to a stable 

quorum. In the resource shortage phase, an increase  

in  S t  is observed, along with the appearance of peaks 

in the  RJ t  function, reflecting an increase in 

unregulated resource deviation as the load increases.  

In the final phase, corresponding to a degradation  

in availability, the level  t  decreases, while the values 

of  S t  remain within the range characteristic of system 

operation following resource adaptation. This indicates 

that at this stage, maintaining a quorum of available 

nodes becomes the determining factor for the 

acceptability of decisions. 

The summarized results of the simulation study  

by phase are presented in Table 1.  

 
Fig. 2. Trends in key normalized indicators of the simulation model 
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Table 1. Generalized results of the simulation study of the model by scenario phases 
 

Simulation phase 
Number 

of cycles 

 S t , 

average 

 Q t , 

average 

 t , 

average 

 RJ t , 

average 

Average total 

resource deficit 

Proportion of 

allowed transitions 

Nominal mode 40 0.531 0.958 8.625 0.0013 0.000 1.000 

Resource deficit 39 0.823 0.926 8,333 0.0086 2.453 0.974 

Degradation of availability 41 0.714 0.710 6.390 0.0001 0.000 0.805 

 

An analysis of the data in Table 1 shows that, in 

nominal mode, the model operates under the most 

favorable conditions: the average value of  S t  is 0.531, 

the average value of  t  is 8.625 with a minimum 

permissible quorum level of 6, and the proportion of valid 

transitions is 1.000. This confirms that, in the absence  

of resource shortages and with high node availability,  

the model generates control actions that do not violate 

either resource or quorum constraints. 

During the resource shortage phase, the average 

value of the aggregate state  S t  increases to 0.823, and 

the average total resource shortage is 2.453. At the same 

time, the average value of the functional  RJ t  increases 

to 0.0086. This means that under increased load, the 

model correctly detects an increase in resource deviation 

and shifts the decision-making process into active 

resource reallocation mode. At the same time, the average 

value of  t  remains at 8.333, and the proportion of 

valid transitions is 0.974, indicating that a majority 

quorum is maintained in most cycles even in the presence 

of a local resource shortage. 

The availability degradation phase is characterized 

by a different dominant factor. In the absence of an 

average resource shortage, the value of  RJ t  practically 

approaches zero, while the average proportion of 

available nodes  Q t  decreases to 0.710, and the average 

value of  t  decreases to 6.390 – that is, it approaches 

the quorum threshold. As a result, the proportion of valid 

transitions decreases to 0.805. The obtained result 

confirms that in this phase, it is precisely the quorum 

constraints defined by relations (28)–(30) that determine 

the validity of control actions much more strongly  

than the resource component of the model. 

Overall, the results of the simulation study confirm 

the validity of the developed model and the correctness  

of the combination of its resource and quorum 

components. Equations (13)–(23) describe the 

redistribution of resources and minimize the resource 

deviation functional  RJ t , while equations (24)–(33) 

constrain the set of feasible solutions with conditions for 

quorum preservation and the admissibility of transitions 

between states. The obtained values of the indicators 

show that the model adequately responds to changes in 

the system’s operating mode: in the resource shortage 

phase, it is sensitive to the deterioration of the resource 

state, and in the availability degradation phase,  

to the reduction in the number of nodes sufficient  

to maintain a quorum. 

Thus, the simulation study confirmed that the 

developed mathematical model is suitable for describing 

the processes of managing computing resources and 

ensuring quorum in a blockchain-oriented distributed 

information system in a multi-cloud environment. 

 

6. Discussion of the research results 

 

The results obtained should be viewed as  

an advancement in approaches to describing multi-cloud 

applications, with a primary focus on architectural 

deployment models and requirements for multi-cloud 

interaction. Study [27] demonstrates that for multi-cloud 

applications, the key issues are component portability, the 

concurrent execution of services across multiple cloud 

environments, and the alignment of architectural 

solutions with infrastructure properties. The proposed 

model specifies these provisions at the level of 

mathematical description by separating the set of cloud 

environments, the set of architectural levels, the set of 

nodes, and the vectors of available and allocated resources. 

This approach allows for a transition from a general 

architectural representation of a multi-cloud system to  

a formalized scheme for managing its resource state. 

Compared to approaches focused on cross-data-

center virtual machine scheduling, the results obtained 

here have a broader scope of generalization. In particular, 

in [27], blockchain is used as a distributed ledger for 

exchanging status information between data centers 

during the scheduling and migration of virtual machines, 

which allowed for a reduction in the number of service 

messages and a reduction in communication latency.  

In the developed model, the blockchain-oriented nature of 
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the system is accounted for in a different context: control 

is linked to the generalized redistribution of 

heterogeneous resources among nodes at different 

architectural levels in a multi-cloud environment.  

This allows for the description of system states and 

control actions within a single formalized representation. 

A concept that is conceptually similar is the 

approach to multi-cluster resource quota management in 

Kubernetes environments. The study [28] proposes  

a combination of predictive and reactive quota scaling 

based on Karmada, where decisions are made based on 

load monitoring and forecasting data. This approach is 

valuable from the perspective of practical implementation 

of dynamic resource reallocation; however, it is focused 

on quotas in a multi-cluster environment and does not 

account for the requirements for maintaining a quorum of 

nodes in a blockchain-oriented system. In the proposed 

model, the aggregated state vector  S t , defined by 

equation (3), is used as the basis for generating control 

actions according to equations (13)–(23), and the 

admissibility of such actions is subsequently verified with 

respect to quorum constraints. This constitutes the 

fundamental difference between the proposed approach 

and purely quota-based scaling. 

An important area of related research is consensus-

oriented orchestration of distributed services. In [29], it is 

shown that for distributed microservice environments,  

a decentralized approach to orchestration is appropriate, 

one that utilizes a consensus mechanism, dynamic leader 

election, and distributed logging. In this work, the main 

focus is on a mathematical model that combines the 

resource state of nodes, their availability, and the 

conditions for the system’s transition between states.  

That is why the quorum is described through the set of 

nodes qV , the availability state vector  Q t , the quorum 

satisfaction functional  t , and the set of admissible 

control actions  admA t . This framework creates a formal 

basis for the subsequent synthesis of control algorithms 

that are consistent with quorum requirements. 

It should be noted that in current research on 

blockchain consensus, the primary focus is often on 

security, survivability, and resistance to attacks, as well 

as trade-offs between different classes of protocols. 

Source [30] systematizes issues of security and reliability 

of consensus mechanisms and demonstrates that the 

choice of protocol significantly influences the properties 

of a distributed system. The proposed model operates at  

a different level of abstraction and determines under 

which resource conditions and with which composition of 

available nodes a control decision is permitted that does 

not violate quorum maintenance requirements. Thus, its 

advantage lies in combining the resource and quorum 

components within a single mathematical framework. 

The results of the simulation study confirm the 

feasibility of this combination. As shown in Fig. 2, in 

nominal mode, the values of  S t  remain in the lower 

range, while  t  remains near the upper limit, which 

corresponds to a stable quorum. During the resource 

shortage phase, an increase in  S t  and the appearance 

of peaks in  RJ t  are observed, reflecting an increase in 

unregulated resource deviation as the load increases. 

During the availability degradation phase, the 

preservation of the quorum of available nodes becomes 

the determining factor for the admissibility of decisions, 

manifested in a decrease in  t  to a level close to the 

threshold value of 
min . 

The data in Table 1 quantitatively confirm this 

pattern. In the nominal mode, the proportion of 

admissible transitions is 1.000, the average value  

of  t  is 8.625, and the average total resource deficit is 

zero. In the resource deficit phase, the average value  

of  S t  increases to 0.823, the average total resource 

deficit is 2.453, and the average value of  RJ t  reaches 

0.0086. At the same time, the average value of  t  

remains at 8.333, indicating that the quorum is 

maintained in most cycles. In the availability degradation 

phase, there is no average resource deficit; the value  

of  RJ t  practically approaches zero, but the average 

value of  Q t  decreases to 0.710, and  t  to 6.390,  

as a result of which the proportion of admissible 

transitions decreases to 0.805. This confirms that the 

model correctly distinguishes between situations 

dominated by resource constraints and situations in which 

quorum conditions become decisive. 

The results obtained suggest that the proposed 

model adequately describes the process of managerial 

decision-making in a multi-cloud environment under 

various system operating modes. Its strength lies  

in the fact that the resource component, represented  

by equations (13)–(23), and the quorum component, 

represented by equations (24)–(33), operate in concert 

within a single mathematical framework. This is precisely 

what makes it possible to reject a resource-efficient 
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action if, after its execution, the quorum condition  

is violated. 

A limitation of the current version is the abstract 

definition of the threshold value 
min  without reference 

to a specific consensus protocol. Further research  

should focus on parameterizing the model for protocols  

in the PBFT, Raft, or Tendermint families, as well as on  

a quantitative comparison of the quality of control 

decisions in scenarios with varying load intensities  

and different degrees of degradation in the set  

of available nodes. 

 

7. Conclusions 

 

As a result of this study, a mathematical model has 

been developed for the first time to manage computing 

resources and ensure quorum in a blockchain-oriented 

distributed information system in a multi-cloud 

environment. Compared to existing models, this model 

takes into account a set of cloud platforms from different 

vendors, the system’s multi-level architecture, the 

aggregated resource state of nodes, their availability, and 

formalized quorum conditions, which made it possible to 

present the process of making management decisions 

regarding resource reallocation and maintaining system 

operability within a single mathematical framework. 

Based on the research results, the multi-cloud 

deployment of components of a blockchain-oriented 

distributed information system was formalized based  

on the separate representation of a set of cloud 

environments, a set of architectural levels, a set of nodes, 

and vectors of available and allocated resources.  

This allowed for a correct description of the system  

as a control object in a multi-cloud environment and  

the specification of resource balance constraints for  

each cloud platform. 

A mathematical description of the process of 

managing computing resources was developed based  

on the aggregated system state vector, node resource 

demand vectors, control actions, and conditions for 

permissible resource reallocation. This made it possible 

to formalize changes in the resource state of nodes under 

conditions of resource heterogeneity, dynamic load 

changes, permissible resource allocation limits, and  

stable node operation. 

Formalized conditions for ensuring a quorum of 

available nodes and the admissibility of system 

transitions between states were determined, for which  

a subset of nodes relevant for maintaining the quorum,  

a state vector of their availability, a quorum assurance 

function, and a set of admissible control actions  

were introduced. This allowed for the integration of  

the resource and quorum components within a single 

mathematical control model. 

The results of the simulation study confirmed the 

effectiveness of the proposed model under conditions of 

nominal operation, resource shortage, and degradation of 

node availability. It was established that in the event of  

an increase in load, the model correctly captures  

an increase in resource deviation, and in the event of  

a decrease in node availability, the condition for ensuring 

quorum becomes the determining constraint on the 

admissibility of control decisions. 

The results obtained can be used for the further 

development of methods for optimizing resource 

management and ensuring quorum in blockchain-oriented 

distributed information systems in a multi-cloud 

environment. 

 

Conflict of interest 

 

The author declares that he has no conflicts of 

interest regarding this study, including financial, 

personal, or authorship-related conflicts, or any other 

conflicts that could influence the study and its results  

as presented in this article. 

 

Funding 

 

The study was conducted without financial support. 

 

Data availability 

 

The manuscript has no associated data. 

 

Use of artificial intelligence 

 

The author confirms that he did not use artificial 

intelligence technology in the creation of this work. 

 

 

 

 

 



197 
 

Сучасний стан наукових досліджень та технологій в промисловості. 2026. № 2 (36) ISSN 2522-9818 (print) 

Innovative technologies and scientific solutions for industries. 2026. No. 2 (36) ISSN 2524-2296 (online) 
 

 

References 

 

1. Opoku, E., Okafor, M., Williams, M., Aribigbola, A. and Olaleye, A. (2024), "Enhancing Small and Medium-Sized 

Businesses Through Digitalization", World Journal of Advanced Research and Reviews, Vol. 23, No. 2, pp. 222–239.  

DOI: https://doi.org/10.30574/wjarr.2024.23.2.2313 

2. Kuchuk, H., Kosenko, N., Kuchuk, N., Gopejenko, V. and Kosenko, V. (2026), "Adaptive Resource Allocation Method for 

the Mobile Fog Layer of High-Density Industrial Internet of Things in Industry 5.0 Networks", Innovative Technologies and 

Scientific Solutions for Industries, Vol. 1, No. 35, pp. 65–78. DOI: https://doi.org/10.30837/2522-9818.2026.1.065 

3. Anthony Jnr, B. (2023), "Distributed Ledger and Decentralised Technology Adoption for Smart Digital  

Transition in Collaborative Enterprise", Enterprise Information Systems, Vol. 17, No. 4, Article 1989494.  

DOI: https://doi.org/10.1080/17517575.2021.1989494 

4. Pronchakov, Y., Prokhorov, O. and Fedorovich, O. (2022), "Concept of High-Tech Enterprise Development  

Management in the Context of Digital Transformation", Computation, Vol. 10, No. 7, Article 118.  

DOI: https://doi.org/10.3390/computation10070118 

5. Almufti, S.M. and Zeebaree, S.R.M. (2024), "Leveraging Distributed Systems for Fault-Tolerant Cloud Computing:  

A Review of Strategies and Frameworks", Academic Journal of Nawroz University, Vol. 13, No. 2, pp. 9–29.  

DOI: https://doi.org/10.25007/ajnu.v13n2a2012 

6. Horiunova, M.S. and Tkachov, V.M. (2025), "Metod Balansuvannia Elastychnykh Potokiv Danykh u Vkladenykh 

Virtualnykh Merezhakh", In: Problems of Informatization: Proceedings of the 13th International Scientific and Technical 

Conference, Vol. 3, Section 4, NTU "KhPI", Kharkiv, pp. 25–26. 

7. Mamidala, J.V., Attipalli, A., Enokkaren, S.J., Bitkuri, V., Kendyala, R. and Kurma, J. (2023), "A Survey on Hybrid and 

Multi-Cloud Environments: Integration Strategies, Challenges, and Future Directions", International Journal of Humanities 

and Information Technology, Vol. 5, No. 2, pp. 53–65. https://doi.org/10.21590/ijhit.05.02.08 

8. Kuchuk, N., Kashkevich, S., Radchenko, V., Andrusenko, Y. and Kuchuk, H. (2024), "Applying Edge Computing  

in the Execution IoT Operative Transactions", Advanced Information Systems, Vol. 8, No. 4, pp. 49–59.  

DOI: https://doi.org/10.20998/2522-9052.2024.4.07 

9. Kuchuk, H., Kalinin, Y., Dotsenko, N., Chumachenko, I. and Pakhomov, Y. (2024), "Decomposition  

of Integrated High-Density IoT Data Flow", Advanced Information Systems, Vol. 8, No. 3, pp. 77–84.  

DOI: https://doi.org/10.20998/2522-9052.2024.3.09 

10. Khan, M.M.I. and Nencioni, G. (2023), "Resource Allocation in Networking and Computing Systems: A Security and 

Dependability Perspective", IEEE Access, Vol. 11, pp. 89433–89454. DOI: https://doi.org/10.1109/ACCESS.2023.3306534 

11. Andrusenko, Y. and Fesenko, T. (2024), "Analysis of the Main Sources of Uncertainty in the Parameters of the Computing 

Environment", In: Current Directions of Development of Information and Communication Technologies and Control Tools: 

Proceedings of the 14th International Scientific and Technical Conference, Vol. 1, Sections 1–2, NTU "KhPI", Kharkiv, p. 65. 

12. Gupta, S. (2025), "Hybrid Cloud Integration and Multicloud Deployments: A Comprehensive Review of Strategies, 

Challenges, and Best Practices", International Journal of Advanced Research in Computer Science, Vol. 16, No. 2, pp. 59–64. 

DOI: https://doi.org/10.26483/ijarcs.v16i2.7233 

13. Okorie, S.H. (2023), "Multi-Cloud Strategy for Enterprise Applications: Cost, Performance, and Resilience  

Considerations", International Journal of Cloud Computing and Database Management, Vol. 4, No. 1, pp. 63–73.  

DOI: https://doi.org/10.33545/27075907.2023.v4.i1a.104 

14. Frolov, D.Ye. (2025), "Model for Ensuring Fault Tolerance of Information Systems Based on Multi-Level Structures", Visnyk of 

Kherson National Technical University, Vol. 2, No. 3(94), pp. 474–483. DOI: https://doi.org/10.35546/kntu2078-4481.2025.3.2.61 

15. Ruban, I. and Tkachov, V. (2025), "Multilevel Model of an Information System on a Mobile Platform and Formalization  

of Its Survivability Criteria", Visnyk of Kherson National Technical University, Vol. 2, No. 3(94), pp. 399–409. DOI: 

https://doi.org/10.35546/kntu2078-4481.2025.3.2.51 

16. Tokariev, V., Tkachov, V., Ilina, I. and Partyka, S. (2019), "Implementation of Combined Method in Constructing  

a Trajectory for Structure Reconfiguration of a Computer System with Reconstructible Structure and Programmable Logic", 

In: Selected Papers of the XIX International Scientific and Practical Conference "Information Technologies and Security" 

(ITS 2019), CEUR Workshop Proceedings, Vol. 2577, pp. 71–81, available at: https://ceur-ws.org/Vol-2577/paper7.pdf 

17. Bayzid, L.H., Kar, T.S., Islam, M.T., Islam, M.S. and Ahmed, F. (2025), "Defending the Distributed Skies: A Comprehensive 

Literature Review of the Arena of Multi-Cloud Environment", Future Internet, Vol. 17, No. 12, Article 548.  

DOI: https://doi.org/10.3390/fi17120548 



198 
 

ISSN 2522-9818 (print) Сучасний стан наукових досліджень та технологій в промисловості. 2026. № 2 (36) 

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2026. No. 2 (36) 
 

 

18. Habib, G., Sharma, S., Ibrahim, S., Ahmad, I., Qureshi, S. and Ishfaq, M. (2022), "Blockchain Technology: Benefits, 

Challenges, Applications, and Integration of Blockchain Technology with Cloud Computing", Future Internet, Vol. 14,  

No. 11, Article 341. DOI: https://doi.org/10.3390/fi14110341 

19. Duran, E., Ozturk, C. and O’Sullivan, B. (2025), "Planning and Scheduling Shared Manufacturing Systems:  

Key Characteristics, Current Developments and Future Trends", International Journal of Production Research, Vol. 63, No. 

13, pp. 4958–4990. DOI: https://doi.org/10.1080/00207543.2024.2442549 

20. AlMuraytib, S., Alqurashi, L. and Snoussi, S. (2022), "Blockchain-Based Solutions for Cloud Computing Security:  

A Survey", In: ICFNDS ‘22: Proceedings of the 6th International Conference on Future Networks & Distributed Systems,  

pp. 338–342. DOI: https://doi.org/10.1145/3584202.3584251 

21. Danish, S.M., Srivastava, G., Nourmohammadi, R., Ashraf, N., Ranjha, A. and Hameed, A. (2024), "Blockchain-as-a-Service: 

Architecture, Opportunities and Challenges", IEEE Internet of Things Magazine, Vol. 7, No. 6, pp. 52–57.  

DOI: https://doi.org/10.1109/IOTM.001.2300199 

22. Pustovoitov, P.Y. and Klavdiiev, V.P. (2025), "Stochastic Model of Telecommunication Network Scalping Based on the 

Winer Process for Cloud Infrastructures", Scientific Notes of Taurida National V.I. Vernadsky University. Series: Technical 

Sciences, Vol. 1, No. 4, pp. 76–84. DOI: https://doi.org/10.32782/2663-5941/2025.4.1/10 

23. Kudrynskyi, P., Zvenihorodskyi, O. and Bai, Y. (2025), "Models and Methods of Analysing Infrastructure  

Performance in Cloud Environments Based on Process Optimisation Methods", Informatica, Vol. 49, No. 12.  

DOI: https://doi.org/10.31449/inf.v49i12.8933 

24. Bugriy, A.M., Sorobey, B.V., Polozov, D.M. and Volk, D.M. (2025), "Metody Upravlinnia Resursamy v Rozpodilenykh 

Systemakh Khmarnykh Obchyslen", In: Problems of Informatization: Proceedings of the 13th International Scientific and 

Technical Conference, Vol. 4, Sections 5–6, NTU "KhPI", Kharkiv, pp. 12–13. 

25. Chepurna, I. (2025), "Model of Computational Resource Metric Collection for a Blockchain-Oriented Information System  

in a Cloud Environment", Visnyk of Kherson National Technical University, Vol. 3, No. 4(95), pp. 276–284.  

DOI: https://doi.org/10.35546/kntu2078-4481.2025.4.3.32 

26. Alonso, J., Orue-Echevarria, L., Casola, V., Torre, A.I., Huarte, M., Osaba, E. and Lobo, J.L. (2023), "Understanding the 

Challenges and Novel Architectural Models of Multi-Cloud Native Applications: A Systematic Literature Review", Journal of 

Cloud Computing, Vol. 12, Article 6. DOI: https://doi.org/10.1186/s13677-022-00367-6 

27. Altahat, M.A., Daradkeh, T. and Agarwal, A. (2025), "Virtual Machine Scheduling and Migration Management Across Multi-

Cloud Data Centers: Blockchain-Based Versus Centralized Frameworks", Journal of Cloud Computing, Vol. 14, Article 1. 

DOI: https://doi.org/10.1186/s13677-024-00724-7 

28. Tran, M.-N. and Kim, Y. (2025), "Hybrid Resource Quota Scaling for Kubernetes-Based Edge Computing Systems", 

Electronics, Vol. 14, No. 16, Article 3308. https://doi.org/10.3390/electronics14163308 

29. Morabito, G., Ficara, A., Celesti, A., Villari, M. and Fazio, M. (2025), "Consensus-Based Distributed Orchestration 

Framework for Microservices in Edge Computing Clusters", Future Generation Computer Systems, Vol. 176, Article 108221. 

DOI: https://doi.org/10.1016/j.future.2025.108221 

30. Bao, Q., Li, B., Hu, T. and Sun, X. (2023), "A Survey of Blockchain Consensus Safety and Security:  

State-of-the-Art, Challenges, and Future Work", Journal of Systems and Software, Vol. 196, Article 111555.  

DOI: https://doi.org/10.1016/j.jss.2022.111555 

 

Received (Надійшла) 20.04.2026 

Accepted for publication (Прийнята до друку) 21.05.2026 

Publication date (Дата публікації) 27.06.2026 

 

Відомості про авторів / About the Authors 

 

Чепурна Ірина Сергіївна – Харківський національний університет радіоелектроніки, асистент кафедри електронних 

обчислювальних машин, Харків, Україна. 

Iryna Chepurna – Kharkiv National University of Radio Electronics, Assistant of the Electronic Computers Department, 

Kharkiv, Ukraine; 

e-mail: iryna.chepurna@nure.ua 

ORCID ID: https://orcid.org/0009-0008-2442-6221 

Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorId=60153860100 

mailto:iryna.chepurna@nure.ua
https://www.scopus.com/authid/detail.uri?authorId=60153860100


199 
 

Сучасний стан наукових досліджень та технологій в промисловості. 2026. № 2 (36) ISSN 2522-9818 (print) 

Innovative technologies and scientific solutions for industries. 2026. No. 2 (36) ISSN 2524-2296 (online) 
 

 

МОДЕЛЬ УПРАВЛІННЯ РЕСУРСАМИ ТА КВОРУМОМ  

БЛОКЧЕЙН-ОРІЄНТОВАНОЇ РОЗПОДІЛЕНОЇ ІНФОРМАЦІЙНОЇ СИСТЕМИ  

В МУЛЬТИХМАРНОМУ СЕРЕДОВИЩІ 

 

Предметом дослідження є математична модель управління обчислювальними ресурсами й забезпечення кворуму блокчейн-

орієнтованої розподіленої інформаційної системи в мультихмарному середовищі. Метою є розроблення теоретико-

множинної моделі, що формалізує мультихмарне розміщення компонентів блокчейн-орієнтованої розподіленої 

інформаційної системи, зважає на її багаторівневу архітектуру, гетерогенність доступних ресурсів, агрегований  

ресурсний стан вузлів, їх доступність і умови забезпечення кворуму під час функціювання за змінного навантаження. 

Методи. Щоб досягти окреслену мету, впроваджено системний аналіз для формалізації структури системи й взаємозв’язків 

між її компонентами; математичне моделювання – для побудови формального опису мультихмарного середовища, 

ресурсного стану вузлів, керівних дій і кворумних обмежень; статистичний аналіз – для оброблення, агрегації та нормалізації 

телеметричних показників; теорія прийняття рішень – для формування умов допустимого перерозподілу ресурсів; імітаційне 

моделювання – для перевірки працездатності розробленої моделі за умов змінного навантаження, ресурсного дефіциту  

й варіативної доступності вузлів. Результати. Уперше розроблено формалізовану теоретико-множинну модель управління 

обчислювальними ресурсами й забезпечення кворуму блокчейн-орієнтованої розподіленої інформаційної системи  

в мультихмарному середовищі, яка, на відміну від наявних підходів, поєднує в межах єдиної уніфікованого середовища 

подання мультихмарного середовища як сукупності хмарних платформ різних вендорів, багаторівневої архітектури системи, 

агрегованого ресурсного стану вузлів, умов допустимого перерозподілу ресурсів і заданих вимог до забезпечення кворуму. 

Запропоновано множини хмарних середовищ, архітектурних рівнів і вузлів системи, упроваджено вектори доступних  

і виділених ресурсів, агрегований вектор стану системи, функціонал ресурсного відхилення, функціонал кворумної 

забезпеченості та множину допустимих керівних дій. Імітаційне дослідження підтвердило працездатність моделі в умовах 

номінального функціювання, ресурсного дефіциту й деградації доступності вузлів. Це дало змогу подати процес прийняття 

рішень щодо перерозподілу ресурсів і підтримки працездатності системи в межах єдиного математичного подання. 

Висновки. Запропонована модель сприяє формалізованому опису процесів управління обчислювальними ресурсами  

й забезпеченню кворуму блокчейн-орієнтованої розподіленої інформаційної системи в мультихмарному середовищі та може 

бути використана як основа для подальшого розроблення методів оптимізації керівних рішень і експериментального 

дослідження ефективності функціювання системи за умов динамічної зміни навантаження й часткової деградації вузлів. 

Ключові слова: математична модель; управління ресурсами; кворум; блокчейн; інформаційна система; хмара. 
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