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EFFICIENCY AND RELIABILITY OF MULTI-OBJECT CONTROL METHODS
IN COMPLEX NETWORKS

Abstract. Topicality. Efficient multi-object control in network environments ensures optimal performance and reliability.
Due to delays and errors, traditional control methods often face challenges in managing complex, large-scale networks. The
aim of the research. This study aims to evaluate and compare the efficiency and reliability of three distinct multi-object
control methods: independent control, sequential control with error correction, and simultaneous control with global error
correction. Research methods. The research employs mathematical modelling, probabilistic time graphs, and generating
functions to develop and analyze the three control methods. Research results. To determine each method's performance, the
study considers various factors such as network size, control distance, and error probability. Control distances are categorized
into local, adjacent, and distant groups to assess their impact on control efficiency. Independent control, while simple and
autonomous, becomes inefficient in larger networks due to insufficient coordination between objects. Sequential control
enhances accuracy and reliability through stage-wise verification but faces increased control times in larger networks.
Simultaneous control significantly reduces control time by managing all objects concurrently but is sensitive to error
frequency, leading to potential delays in high-error environments. The study finds that control distance and network size
significantly affect the performance of these methods, with simultaneous control maintaining stable control times in extensive
networks, provided error rates are low. Conclusions. Independent control is most suitable for small, localized networks,
sequential control is ideal for accuracy-critical applications, and simultaneous control is recommended for large-scale
networks requiring rapid control and low error rates. Future research should explore hybrid approaches and the impact of
emerging technologies like machine learning and artificial intelligence to further enhance multi-object control efficiency and
reliability. This study provides a foundation for optimizing control strategies in increasingly complex network environments.
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Introduction

The advent of complex systems in various domains
necessitates the development of efficient multi-object
control strategies [1]. Multi-object control involves
regulating and verifying numerous interconnected entities
within a network. This field has gained significant
attention due to its applications in various areas, such as
industrial automation, telecommunications, and network
control [2]. The efficiency of these control strategies
directly impacts the overall performance and reliability of
the systems involved. Ensuring accurate and timely
regulation over multiple objects is critical in network
control. The complexity of these tasks arises from the need
to manage numerous interconnected nodes, each
potentially affecting the others [3]. Traditional network
control methods, which often rely on sequential control
processes, may not suffice for large-scale networks where
delays and errors can propagate through the system,
leading to inefficiencies and increased risk of failures [4].

Recent research has focused on optimizing multi-
object control through various methodologies [5]. These
methods generally fall into three categories: independent
control, sequential control with error correction, and
simultaneous control with global error correction [6].
Independent control allows for autonomy by managing
each object separately, potentially reducing system
complexity but often leading to inefficiencies due to
insufficient coordination between objects [7]. Sequential
control involves a step-by-step process where each stage

is verified and corrected as necessary, optimizing control
through the results achieved at each stage but potentially
slowing down due to its sequential nature [8].
Simultaneous control, on the other hand, involves all
objects undergoing the control process at the same time,
with global error correction [9]. If an error is detected in
any object, the entire process is repeated, which aims to
minimize control time through parallelization but can
cause significant delays if errors are frequent.

The primary objective of this study is to develop and
analyze mathematical models for these three multi-object
control methods. The study aims to determine the most
effective strategy by evaluating their performance under
various conditions. Factors such as control distance,
probability of error detection, and the time required for
control processes are considered in this evaluation.

The methodology employed in this study is based on
the Work Breakdown Structure (WBS), a proven approach
for modelling sequentially performed operations.
Probabilistic time graphs and generating functions
represent the control processes and evaluate their
efficiency. The study involves categorizing control
distances, analyzing probabilistic characteristics, and
assessing the impact of network size and error probabilities
on control performance.

This research is significant because it has the
potential to enhance the efficiency and reliability of multi-
object control systems. By providing a comparative
analysis of different control methods, the study aims to
offer valuable insights into their applicability in various
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network configurations. The findings can guide the design
and implementation of more robust and efficient control
systems, particularly in large and complex networks where
traditional methods may fall short.

This paper is structured to first detail the
development of mathematical models for the three multi-
object control methods, describing the scenarios
considered for distance distribution between controlling
and controlled objects. Following this, the results of the
model analyses are presented, highlighting the
performance of each control method under different
conditions. The discussion interprets these results,
comparing the effectiveness of the control methods and
discussing their implications for network control. Based on
the findings, the paper concludes with recommendations
for the most efficient control method, considering various
network sizes and error probabilities. By addressing these
aspects, this research aims to contribute to the network
control field and provide a foundation for future studies in
multi-object control optimization.

Materials and Methods

Let us consider the most general version of multi-
object control, where each object is controlled by a single
center with subsequent verification of the results at the
control center and, if necessary, repetition of the control
process. In this case, three methods of multi-object
control can be used. The first method involves organizing
the control process for each object separately. Here, the
control processes of many objects are independent of
each other. The control systems of the objects are
autonomous. The second method involves sequential
control and monitoring of the correctness of this control of
network objects, with the correction of detected errors. In
the third method, all objects carry out the control process
simultaneously. If a control error is detected in any object,
the control process is repeated for all objects. The second
and third methods allow for optimizing network control
tasks considering the results achieved at each object.

We will develop models and examine the
effectiveness of these three methods. The control
system's topology is represented by a vector h of
dimension 1 x N, where N is the number of controlled
objects. Each element of the h; vector characterizes the
distance to the i-th object. In this case, distance is
measured in kilometers or by the number of transit nodes
to the controlled object. If the distances are short, the
control process is faster. As the distance to the controlled
object increases, the effectiveness of control decreases.

We will categorize the distances between objects into
three groups for further analysis. The first group consists of
objects for local control (i.e., control of neighboring
objects). The second group includes objects in adjacent
segments (at a distance of 2-3 transit nodes). The third group
consists of objects located more than three transit nodes
away. We will represent the probability distribution of
controlled objects across these groups with a vector (ps; pz;
p3), where the numbers indicate the probabilities of an object
belonging to the first, second, or third group, respectively.

In subsequent research, we will consider the
following scenarios for the distribution of distances
between the controlling and controlled objects:

1. Predominant control of local objects:
(0.9; 0.05; 0.05).

2. Uniform distribution: (0.33; 0.34; 0.33).

3. Predominant control of distant objects:

(0.1;0.2; 0.7).

First and foremost, it is necessary to determine the
methodology for developing the mathematical model. As
demonstrated above, the method based on the Work
Breakdown Structure (WBS) has proven fruitful in the
development of mathematical models describing
sequentially performed operations. According to this
method, the probabilities are multiplied sequentially, and
the time taken for their completion is summed. With many
objects, the control processes for each are carried out
similarly. However, these processes are performed in
parallel in the tracks. Consequently, some particularities
arise in model development, which include:

o The control time for objects is equal to the control
time of the slowest among them;

e The condition for successful control is the correct
resolution of the control task for all objects. This condition
is analogous to the condition for correct control using the
sequential method.

If individual operations result in cycles with varying
durations, calculating the average time to solve the task
must consider the longest average time of any cycle in any
operation. In the other cycles, only the probabilities of
performing individual operations should be considered.

From the above, it is evident that the WBS can be
used to develop a model of multi-object control. Each arc,
representing the control process of an individual object,
accounts for both the time and the probability of operation
execution. Arcs that consider the control process of
individual operations are characterized only by the
probability of completing a specific stage.

In this case, the mathematical model of the multi-
object control problem-solving process will be equivalent
to a similar model using the sequential method.

Assume that the network has M controlled objects. In
the absence of interfering factors, we denote the duration
of the control cycle for any of the objects as Tenr. The
duration of the control cycle in the presence of interfering
factors is Tnentr. The time to monitor the results of solving
the network control task is denoted by t«. Thus, the relative
speed of solving the control task will be

C = Tener/(max (Tyeneri) + Te)- €Y)
Results

Based on the methodology described above, models
of multi-object control for the three methods have been
developed using probabilistic time graphs and generating
functions. The probabilistic time graph of controlling
each object for the first method is shown in Fig. 1.

1
Pz

Fig. 1. Probabilistic time graph
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In Fig. 1, the following are indicated: Pr4, Punde, Pde
are probabilities of correct control, undetected error, and
detected error as a result of monitoring, respectively; P
and P’y are probabilities of correct monitoring when
control is correct and when errors are not detected. The
graph, according to Fig. 1, takes into account the relative
time of performing the control stage about the time

Tener = Tic + Tps + Ty + Tc,ki 2)

where Tic is the time for information gathering, Tps is the
time for solving the control task, Tq is the time for
delivering the control information, and T'c is the time for
implementing the accepted decision and monitoring its
execution. An error in control may occur if the control
information is delivered incorrectly, the decision is incorrectly
made and executed, and the monitoring fails to detect these
errors (Fig. 1). It is considered that modern monitoring
systems function satisfactorily if no more than 1% of errors
occurring in the system are undetected. The components
included in the time interval T for each controlled object
vary. When analyzing the probabilistic-time characteristics of
the network, it is necessary to focus on the maximum values
of these components and, therefore, on Tcwmax. This control
interval depends on the size of the network, i.e., on M, the
distances between objects, and their controlled properties.
These features will be accounted for by the factor Keny.
Consequently, the following equality holds true:

Tentrmax = Tentr * M Kepgr- (3)

By the division of controlled objects into three
groups introduced earlier, it can be assumed that the
following values of these coefficients might be adopted:

1 2 4
D Kener = K 2) Kener = iYL 3) Kener = M 4

The values of these coefficients can vary. However,
this does not significantly impact the comparative
characterization of multi-object control methods. The
graph shown in Fig. 1, through equivalent transformations,
is converted to the form presented in Fig. 2.

|

Fig. 2. Converted WBS

This graph depicts

f1(@) =Pq- 2% (5)
f2(2) = Pynge z!; (6)
f3(2) = Py - 2" @

The relation defines the generating function:
F(z) = (fi(Z) + fz(Z))/(l - f3(Z)) (8)
The relative average transmission time is:
dF (z)
Tavg1 = 7 lz=1 - €))

The probabilities of correct decision-making and
the probability of an undetected error are respectively:

_ f1(2) )
Prg, = -G | z=1; (10)
_ fa(2) )
Punge, = -G | z=1; (11)

Since objects are managed independently in an
i-object system, the WBS in multi-object control
transmission will have the form shown in Fig. 3.

1

Fig. 3. Resulting WBS

For the graph presented, the following expressions
are valid:

Fi(@) = (Prg,)" - 2" TworXenr; (12)
Fy(2) = i = 1MCly - (Punde,) ¥
x(l — pundel)M_i . zTavgy Kentr (13)
The generating function takes the form:
F(z) = Fi(2) + F,(2). (14)
The formula determines the transmission time:
Tavg = dF—(Z) z=1- (15)
dz
The probability of error equals:
Perr = F5(2) | z=1- (16)

Fig. 4 and 5, respectively, illustrate the dependence
of the relative average network control time and the error
probability on the probability of correct execution of
technology stages constructed by the obtained
expressions (1-16). The graphs are constructed under
parallel control of all network objects. From the
presented graphs, it is apparent that in the considered
case, the average time does not depend on the number of
controlled objects (M) and is determined by the
maximum control time of a single object. There is a
significant dependency on the network size (coefficient
Kentr) and the probability of correct decision-making in
control tasks (Pra) when this probability varies within the
range of 0.6 — 0.9. When P> 0.9, changes in this
probability have little effect on the average control time.

The number of controlled objects significantly
affects the error probability in control (Fig. 5). This
impact increases as the system's ability to detect
emerging errors deteriorates (Punde). When using
independent control channels, there is a possibility for
both object-specific control and sequential control of
objects. With sequential control, the time to solve the
task, compared to the results shown in Fig. 4, increases
proportionally with the number of objects. Compared to
the data in Fig. 4, the error probability remains virtually
unchanged. The probabilistic time graph for the second
control organization method is depicted in Fig. 6.
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Fig. 4. Dependence of T,y = f(Prq)
with different values

U

Fig. 6. The probabilistic time graph describing the functioning
of an M-object system

In Fig. 6, the following notations are introduced:
Prai is the probability of correct control for the i-th object;
Pgei is the probability of error detection when controlling
the i-th object; Pungei is the error non-detection probability
when controlling the i-th object.

This probabilistic time graph is converted into its
equivalent form through transformations, as shown in
Fig. 7. On this graph, the following are denoted:

M
Fy(z) = zMKentr . (Pey - 2™) - 1_[ Prdi'
i=1

F,(z) = F3(2) - (1 = Pgy) - 27

]
Fs(z)

Fig. 7. The transformed probabilistic time graph
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Fig. 5. Dependence of P, = f(Prq)
with different values M

M j
FZI(Z) = zMKentr . z 1Pundej : 1_[ 1Proii- (17)
j= i=

Fy(2) = F3(2) - (1 = Pgy) - 2.
For channels with identical characteristics, these
expressions will have the form:
Fl(z) = zMKenir . (Prd)M : Pck : ZTK;
FZI(Z) = zMKener . Pinae 1- (Prd)M)/(l - Prd);
M
M-Kentr . M
— Ird
x Py, . zTtMKentr 4 ;M-Kener | (prd)M . (1 _ pck); (18)
The generating function is equal to:
F(2) = () +FR@)/(1-F@). 19)
The error probability is determined by the expression:
Perr = FZ(Z)/(l - F3(Z)) |z:1- (20)

The average delivery time is determined by (1).
Fig. 8 and 9, respectively, show the dependencies of
control time and error probability on correct decision
probability (Prq) and the number of controlled objects in

F3(z) = Pge - z + Fy(2)x

the channels (M), constructed using the above
expressions with different initial data.
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Fig. 8. The dependence of Tavg= f(Prd)
for different values of M and Kentr
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Fig. 9. The dependence of Perr = f(Prd)
for different values of M and Kecnt

From these Fig. 8, it is evident that the nature of the
dependency of relative control time for the second
method is similar to the dependencies for the first
method.

However, in this case, the relative average
transmission time increases significantly with the
number of objects. There is a more noticeable
dependence on the probability of a correct decision (Prq)
than with the first method. The error probability when
using the second method is significantly lower than for
the first method (almost an order of magnitude lower
when Py=0.9) (Fig. 9).

Using the formulas and graphs obtained, one can set
acceptable values of control time and error probability to
determine the acceptable number of controlled objects
and network size requirements.

The probabilistic time graph for the third control
organization method is depicted in Fig. 10.
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Fig. 10. Graph of the third control organization method

The generating function for the probabilistic-time
graph shown in Fig. 10 is equal to:

( PrdM . Pck . Z(M‘Kcntr+TK) + )

P, . z(M-Kener+Tio)
+PundeM ck ' Z ener

1 — zM-Kentr x

(PdeM + PundeM (1 —=Pg) - 27 +)
+Pray - (1 —Pg) - 2%

(21

On this probabilistic time graph, the following are
denoted:

M
— MK, +T . .
PTdM(Z) = Z( cntr+TK) | | Prdl- ;
=1

Punaem(2z) = zMKener 470

Mo i M-i
X ) 1CM " Funde; * (1 - Pundei) ; (22)
i=

M
PdeM(Z) = z(MKener +7ic) . Z Cl\i/I ' (Pdei)LX

=1
M—i
X(l _Pdei _Pundei) l +PrdM(Z) ' (1_Pck)x

X7 (MKener+Tk) + P,

indeM P(_,'k . Z(M'Kcntr"'TK).

The average delivery time is determined by formula
(1). The error probability is given by:
Pundem 1- Pck) AL

P.. =
err 1— PdeM « zM-Kener

lz=1- (23)

Based on these formulas, graphs showing the
dependence of relative time and error probability on
various initial data were constructed (Fig. 11 and 12).
The nature of these dependencies is similar to that of the
second control method. However, the control time for the
third method is shorter, and the error probability is almost
the same as for the second method.
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Fig. 11. The dependence of Tavg=Ff(Prd)
for different values of M and Kentr

Fig. 12. The dependence of Perr=f(Prd)
for different values of M
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The developed mathematical models for multi-
object control organization enable the assessment of
important characteristics such as average time and
variance of control time, as well as error probability,
considering the number of objects and their state.

As aresult, it is possible to compare and reasonably
choose the most efficient method for multi-object
control. However, general recommendations can be made
based on the available graphical dependencies. Since the
error probability for the first method (independent
control channels) is higher than for the second and third
methods, it is preferable to use this method in small local
networks or at the last level of the hierarchy in
hierarchical control. This method's advantage is adapting
the control process to the current situation, transitioning
from object-by-object control to parallel control of all
objects.

Additionally, implementing this method is
significantly simpler than using the other methods.

Using the second and third control methods results
in an error probability almost an order of magnitude
lower. Therefore, these methods are recommended for
use at the higher levels of hierarchical control, where
tasks are distributed to lower levels and control errors are
unacceptable.

If there are constraints on error probability and
control time, the best method is the third one, which
allows for parallel control of objects. This method allows
for the possibility of selective control of individual
objects. The final control decision is made considering
the verification of control processes across all objects.
However, the implementation of such a control method
is significantly more complex.

Discussion

The study presents a comprehensive analysis of
three distinct methods for multi-object control in network
environments: independent control, sequential control
with error correction, and simultaneous control with
global error correction. The mathematical models
developed and analyzed offer valuable insights into the
efficiency and reliability of each method under various
conditions.

The independent control method, where each object
is controlled separately, offers simplicity and autonomy.
This method allows for decentralized control, reducing
the complexity of coordinating multiple objects.
However, the lack of inter-object communication and
coordination can lead to inefficiencies, particularly in
larger networks.

The results indicate that the independent control
method performs well in small-scale networks or
scenarios with sufficient local control. However, as
network size increases, the efficiency of this method
diminishes due to the absence of synergies between
control processes.

Sequential control with error correction involves a
step-by-step approach, where each control stage is
verified and corrected as necessary. This method
optimizes control by leveraging the results achieved at
each stage, ensuring high accuracy and reliability. The
probabilistic time graphs and generating functions used

in this study highlight the benefits of sequential control
in error minimization. The primary drawback of this
method is the potential increase in control time due to the
sequential nature of operations. As network size grows,
the cumulative delay from sequential processing can
become significant, making this method less suitable for
real-time or large-scale applications.

Simultaneous control with global error correction
represents the most advanced method examined in this
study. By controlling all objects concurrently and
applying global error correction, this method aims to
minimize overall control time. The models demonstrate
that simultaneous control significantly reduces the time
required to manage multiple objects compared to the
other methods. However, this approach is highly
sensitive to error frequency. In scenarios where errors are
frequent, the need to repeat the entire control process can
lead to substantial delays. Despite this, the method excels
in environments with low error rates, providing rapid and
efficient control across extensive networks.

The study's results underscore the importance of
network size and control distance on the performance of
multi-object control methods. For independent control,
the efficiency decreases as the network size increases due
to insufficient coordination between objects. Sequential
control exhibits a linear increase in control time with
network size, highlighting the cumulative nature of
delays inherent in this method. In contrast, simultaneous
control maintains a relatively stable control time across
different network sizes, provided that error rates remain
low.

Control distance, defined as the distance between
the controlling and controlled objects, also plays a crucial
role. Shorter control distances facilitate faster control
processes, while longer distances introduce delays and
reduce control efficiency. The study categorizes control
distances into local, adjacent, and distant groups,
demonstrating how each category affects control
performance. The findings indicate that methods
incorporating distance-based optimization, such as
sequential and simultaneous control, outperform those
that do not, particularly in large and geographically
dispersed networks.

Error probability is a critical factor influencing the
choice of control method. The models show that
independent control has a higher error probability due to
the lack of error correction mechanisms. Sequential
control, with its built-in error correction at each stage,
significantly reduces error rates, making it suitable for
environments where accuracy is paramount. Due to its
global error correction approach, simultaneous control
achieves the lowest error probability, especially in
scenarios with low initial error rates.

However, its performance degrades rapidly in high-
error environments, underscoring the need for robust
error detection and correction mechanisms.

The practical implications of these findings are
significant for network control in various domains.
Independent control offers a straightforward and
effective solution for small, localized networks or
scenarios where decentralization is beneficial. In
contrast, sequential control is ideal for applications where

67



Advanced Information Systems. 2025. Vol. 9, No. 1

ISSN 2522-9052

accuracy and reliability are critical despite potential
delays. Simultaneous control is best suited for large-scale
networks where rapid control is essential, and error rates
are low.

These insights can guide the design and
implementation of multi-object control systems across
diverse applications, from industrial automation to
telecommunications.

Organizations can optimize the efficiency and
reliability of their control systems by selecting the
appropriate control method based on network size,
control distance, and error probability.

Future research should explore hybrid approaches
that combine elements of these methods to further
enhance control efficiency and reliability. Additionally,
investigating the impact of emerging technologies, such
as machine learning and artificial intelligence, on multi-
object control could provide new avenues for
optimization and innovation in this field.

Conclusions

This study has comprehensively evaluated three
multi-object control methods in network environments:
independent control, sequential control with error
correction, and simultaneous control with global error
correction. By developing and analyzing mathematical
models, we have identified key insights into the
efficiency and reliability of each method.

Although simple and autonomous, independent
control becomes inefficient in larger networks due to the
lack of inter-object coordination. It is most effective in
small-scale or local networks where the need for
coordination is minimal. Sequential control with error
correction, while optimizing accuracy and reliability
through stage-wise verification, faces challenges with
increased control time as network size grows. This
method is best suited for applications where accuracy is
crucial despite potential delays.

Simultaneous control with global error correction
significantly reduces overall control time by managing
all objects concurrently.

This method excels in large networks with low error
rates, offering rapid and efficient control. However, it is

highly sensitive to error frequency, which can cause
substantial delays if errors are frequent.

The impact of network size and control distance on
the performance of these methods is significant.
Independent control loses efficiency with increasing
network size, while sequential control's linear increase in
control time reflects cumulative delays. Simultaneous
control maintains stable control times across different
network sizes, provided error rates are low. Control
distance also affects efficiency; shorter distances
facilitate faster processes, while longer distances
introduce delays. Methods that optimize based on
distance, such as sequential and simultaneous control,
outperform others in large, dispersed networks.

Error probability plays a critical role in determining
the most suitable control method. Independent control
has a higher error probability due to the absence of error
correction mechanisms. Sequential control effectively
reduces error rates through built-in corrections, making it
ideal for environments where accuracy is paramount.
Simultaneous control achieves the lowest error
probability in low-error scenarios but is less effective in
high-error environments.

In practical terms, independent control is
recommended for small or localized networks, sequential
control for accuracy-critical applications, and
simultaneous control for large-scale networks requiring
rapid control and low error rates.

These findings guide the design and
implementation of multi-object control systems,
optimizing efficiency and reliability based on network
characteristics and requirements.

Future research should investigate hybrid
approaches combining elements of these methods to
further enhance control efficiency and reliability.
Additionally, exploring the impact of emerging
technologies, such as machine learning and artificial
intelligence, on multi-object control could offer new
opportunities for optimization and innovation. This study
lays the foundation for future advancements in multi-
object control, aiming to develop more robust, efficient,
and adaptive systems for increasingly complex network
environments.
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EdexTuBHicTh Ta HagiliHicTh MeTOAiB MYIbTHOG’€EKTHOIO YNPABIiHHSA B CKJIAAHUX MepeKax
K. M. Pykkac, A. I'. Mopo3sosa, /1. }O. Y3nos, B. O. Ky3unenosa, [. I. Uymauenko

AHoTaunisi. AkryanapHicTs. EdexTnBHE KepyBaHHS OaratbMa 00’€KTaMH B MEPEKEBHX CEpEIOBHINAX 3abe3medye
ONTHMAaJIbHY TPOXYKTHBHICTh Ta HaAiHHICTh. Uepe3 3aTPHMKH Ta TIOMUJIKH TPaJULiitHI METOAN KEePYBaHHS 4acTO CTHUKAIOTHCS 3
TPYAHOLIAMH B YNpPAaBIiHHI CKJIaJHUMHU BEIMKUMHU Mepexamu. Mera nociimxenns. Lle nocimikeHHsT Mae Ha METi OLIHUTH Ta
HOPIBHATH e(EeKTHBHICTh Ta HAIMHICTH TPHOX PI3HMX METOMIB KepyBaHHs OararbMa 00’€KTaMH: HE3aleKHOTO KepyBaHHS,
HOCITIIOBHOTO KepyBaHHS 3 KOPEKIi€I0 MOMHIIOK Ta OJHOYACHOTO KepyBaHHS 3 IIOOAJbHOK KOpPEeKIi€ro MoMuiok. Meroan
AocaigKeHHs. Y JOCIHI/DKEHHI BUKOPHUCTOBYIOTHCSI MaTéMaTHYHE MOJETIOBaHHS, IMOBIPHICHI 4acoBi rpadiky Ta HOPOMKYIOH
GyHKIIT U1 po3poOKH Ta aHaNi3y TPHOX METOMIB KepyBaHHS. Pe3ynabTarn mociimkeHHs. /[ BU3HAYCHHS MPOXYKTUBHOCTI
KOXXHOTO METOJY JOCII/PKEHHSI BPaXOBY€ pi3Hi (haKTOpH, TaKi sIK pO3Mip MEpEXKi, BiICTAaHb KEPyBaHHS Ta HMOBIPHICTh TIOMHJIOK.
Bincrani kepyBaHHS KITacHU(IKyIOThCS Ha JIOKAJBHI, CyMDXHI Ta BiJJIaJieHi TpyNW IJis OLIHKH iX BIUIUBY Ha €(EKTHUBHICTBH
KkepyBaHHs1. He3anexHe kepyBaHHs, X04a i MPOCTE Ta aBTOHOMHE, cTae Hee()eKTUBHUM Y BEIMKHX Mepexkax depe3 HEeAOCTaTHIO
KOOpJMHALI0 MiX 00’ektamu. ITocnmioBHEe KepyBaHHs MMiJBHUILY€ TOYHICTh Ta HAIWHICTh 3aBISIKM MOETANHIN MepeBipLi, ane
CTHKA€ThCs 31 301MBIICHHAM Yacy KepyBaHHS y BENHMKUX Mepekax. OnHoyacHe KepyBaHHS 3HAYHO CKOPOUYE Yac KepyBaHHS,
KepyIouH BciMa 00’ €KTaMK OTHOYACHO, aJie € Yy TIIMBUM JI0 YaCTOTH MMOMHJIOK, 1[0 MOYKE MPU3BOIHUTH JI0 3aTPUMOK y CEPEIOBHUILAX
3 BHCOKHM piBHEM MOMMIOK. JOCHI/UKEHHsS IOKa3ye, IO BiCTaHb KEPyBaHHS Ta PO3Mip Mepeki 3Ha4YHO BIUIMBAIOTH Ha
MPOIYKTUBHICTh LIUX METOIIB, MPUYOMY OHOYACHE KEpyBaHHs MiATPUMY€ CTaOUIbHMII Yac KepyBaHHsS B BENHKHX MeEpexax 3a
YMOBH HU3BKOI 4aCTOTH MOMUIIOK. BucHOBKH. HesasexxHe kepyBaHHs € HaifO1IbIII i IXOISIINM IS MaJIUX JIOKAII30BaHUX MEPEK,
TIOCITiTOBHE KEPYBaHHS 1/1eaIbHO MiAXOINUTH JUIS JONATKIB, ¢ BaXKJIMBA TOUHICTh, a OJHOYACHE KEPYBAaHHS PEKOMEHIYEThCS VIS
BEJIMKHX MEpeX, Ki HOTPeOyIoTh MIBUAKOTO KEPYBaHHS Ta HU3BKOTO PiBHS MOMIIOK. MaiiOyTHI TOCTIPKEeHHS MalOTh TOCTIIUTH
riGpuaHi MiX0qu Ta BIUTMB HOBUX TEXHOJIOTIH, TAKHX SIK MAIIMHHE HABYAHHS Ta IITYYHHN IHTENIEKT, U1l TOAAJIBIIOTO MiIBHILICHHS
e(eKTHBHOCTI Ta HaIIMHOCTI KepyBaHHs Oararbma 00’ekramu. Lle mocmimkeHHs 3a0e3nedye OCHOBY JIsl ONTHUMI3ALl cTpaTerii
KepyBaHHS B yMOBaX Bce OiJIbII CKIIAJHUX MEPEKEBUX CEPEIOBHILL.

KawuoBi cioBa: 6araroo0'ekTHe ynpaBIiHHS; epeKTHBHICTH KOHTPOIIIO; MEpEeXka; CTpaTerii KOHTPOIIO.
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