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REVIEW OF MODELS OF DISSEMINATION OF INFORMATION
IN SOCIAL NETWORKS
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Abstract. This article provides an overview of information dissemination
models in social networks. The authors discuss various approaches to modeling
the processes of information dissemination in social networks, including stochastic
models, graph-based models, and models based on user behavior. The article
describes the main components of the models, such as nodes (users) and the links
between them, as well as the characteristics of the disseminated information, such
as its format, content and target audience. Next, the authors discuss examples of
specific models, such as the SIR (Susceptible-Infected-Recovered) model, which
is used to model the spread of infectious diseases, as well as the IC (Independent
Cascade) model, which is used to model the spread of information in social networks.
In conclusion, the authors note that social media dissemination models can be used
for various purposes such as identifying key social media users, predicting trends
in dissemination of information, and improving marketing strategies.

Key words: Information dissemination models, social networks, social network
analysis, user influence, content rebroadcasting (repost), viral marketing, behavioral
models, statistical models, social media analytics, recommender systems, network
dynamics
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AHHOTamus. Byn Makamana oNeyMETTIK JKeNUIepJeri aknaparThl TapaTy
YJIrisiepiHe 1oy Kacanajsl. ABTOpIap SJIEYMETTIK XKeJIiepe aknapaTTbl TapaTry
MpOoLeCTEPiH MOIENBACYAIH 9PTYPIl TOCULACPiH, COHBIH ILIHIE CTOXAaCTHUKAJBIK
MOJICNBEP/i, TpadUKaIbIK MOJACIBACPIl JKOHE MaijanaHyllbl MiHE3-KYJIKbIHA
HeTi3JeNTeH MOACIbICPAl TalKplIalapl. Makanana Tydinaep (mainananymsuiap)
JKOHE OJIAP/IbIH aPACHIH IAFbI OalIaHBICTAP CHSIKTHI MOJICIIBJICPIIH HET13r1 Kypamiac
OeutikTepi, cOHMai-aKk OHBIH (OPMaThl, Ma3MyHBI KOHE MaKCaTThl ayJUTOPHUSICHI
CHUSIKTBI TapaTbUIaThIH aKMapaTThIH CHIIATTaMajapbl CHIIATTAIFaH. Opi Kapai,
aBTOpJIAp JKYKOAJBl aypylapAblH TapalyblH MOJENbACY YLIIH KOJAaHBbLIATHIH
SIR (Sesceptible-Infected-Recovered) moneni, conmaii-ak Mozenbaey YUIiH
naiinanansuiateid  IC  (Toyenciz Kackam) yarici CHUSKTBL HaKThl YIATUIEpAiH
MBICAJIAPBIH  TAJIKBUIANIBL. QJIEYMETTIK KeJiliepAe aKmapaTThlH Tapalysl.
KopeIThIHABUIIAH KeTie, aBTOpiap oJCyMETTIK >KeNiiepii Tapary MoAembIepiH
QJIEyMETTiK MEIUaHbIH HETi3rl MaijaiaHylmbuIapblH aHBIKTaY, aKlapaTThl TapaTy
TEHICHIMSIAPBIH O0JDKAY JKOHE MAPKETUHITIK CTpaTerHsIapAbl )KETUIAIPY CUSKTHI
OpTYpJIi MaKcaTTap/ia KoJIaHyFa OOJaThIHbIH aTarn eTei. TyHiH ce3ep: aJIeyMeTTiK
KeJi, ONeyMEeTTIK el MOHHUTOPHUHII, OJIEyMETTiK oj-ayKaT, MaijaiaHyIbl
KaObUIIaybIH Oaranay, OaraapiiaMaiiblK KAMTaMachl3 €Ty KyHheci.

Tyiiin ce3mep: AKmapaTTbl TapaTy MOIEIBAEPI, OJIEYMETTIK JKelijep,
QJIEYMETTIK JKelliH1 Tanjay, naiaananybIHBIH dCepi, BUPYCTHIK MApKETHHT, MiHE3-
KYJIBIK YJITUIEPi, CTATUCTUKAIBIK MOZICIBICD, 9JICYMETTIK ME/1a aHATMTUKACHI
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AnHoTauus. J[aHHas ctaTbg NpeacTaBisieT 0030p MOJeNei pacpocTpaHeHHs
WHPOPMAIIMH B COLMAIBHBIX CETAX. ABTOPHI OOCYKAAIOT Pa3IMUHbIE MOAXOIBI
K MOJCIHMPOBAHMIO TPOLIECCOB paclpocTpaHeHus MH(QOpMAalUU B COLHMAIBHBIX
CeTsIX, BKIIOYasl CTOXaCTUYECKHE MOJCIH, MOJIEIM Ha OCHOBE Ipad)oB U MOJIEIH,
OCHOBaHHBIC Ha MOBEJCHHUHU MOJb30BaTeNie. B crarbe OMMCHIBalOTCS OCHOBHBIE
KOMIIOHEHTHI MOJIEJIeH, TaKue Kak Y3Jbl (IIOJb30BAaTeNN) U CBS3H MEXKAY HUMH,
a TaKKe XapaKTepUCTUKU pacHpocTpaHseMod HHQOpMAlMH, TaKHE Kak ee
¢dopmart, conepkaHue u LeneBas ayrutopus. Jlajgee aBTopbl 00CYKIAIOT MPUMEPHI
KOHKPETHBIX Mojeneii, Takux kak moaeib SIR (Susceptible-Infected-Recovered),
KOTOpasi MCHONB3yeTcsl IJIsi MOAETMPOBAHUS PACPOCTPaHEHHUS HHQPEKIHMOHHBIX
3aboneBanui, a Takxke moznens IC (Independent Cascade), koTopast ucnomnb3yercs
IUIL MOJEITUPOBAHUS PACIPOCTpaHEHUs] MHPOPMAIHM B COLMAIBHBIX CeTsX. B
3aKIIIOUCHHE aBTOPHl OTMEYAIOT, YTO MOJCIH PAacHpOCTpaHEeHUs WHQOpMaIHn
B COLIMAJBHBIX CETAX MOTYT HCIONB30BaThCA U PA3IMYHBIX Lesel, TAKHX Kak
OIlpeJicTieHNEe KIIOYEBBIX IOJIb30BaTee B COLMATBHBIX CETAX, MpelCcKa3aHue
TEHJEHIMH B pacnpocTpaHeHHMH HHPOPMALUHK M YITyUYIICHHS MapKeTHHTOBBIX
CTpaTerui.

KioueBble cjioBa: MoJenu pacnpoCTpaHEHUs WH(POPMAIMH, COLUANbHBIC
CETH, AaHAJIN3 COLUAJIbHBIX CETEH, BIMSHUE M10Ib30BaTEIICH, BUPYCHBIM MAPKETHUHI,
MOBEACHYECKHE MOJIENIN, CTATUCTUYECKHE MOJISIIN, AaHATUTHKA COLIMATBHBIX MEANa

Introduction

In the modern world, social networks are an integral part of our lives. Millions
of people around the world use social networks to communicate, get information,
business contacts and much more. However, in addition to simple communication,
social networks are a huge source of information that can spread with great speed
among users.
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Studying the processes of dissemination of information in social networks is
essential to understand how information is distributed in society, how it affects the
opinions and behavior of people, and how it can be used in various fields such as
marketing, politics, etc (Timofeev et al., 2019: 119; Gribanova, 2018: 66).

To understand the processes of information dissemination in social networks,
various mathematical models have been developed that allow us to analyze the
processes of information transmission in networks. One such model is the SIR
model, which is used to study the spread of infectious diseases, but can also be
applied to analyze the processes of information transmission in social networks.
Another model is the IC model, which describes the process of dissemination of
information in social networks, based on the influence of users on each other.

In this article, we will consider the main models of information dissemination
in social networks, as well as methods for analyzing the processes of information
transmission, such as centrality analysis, clustering and community detection,
which can be used to study and optimize the processes of information dissemination
in social networks.

Research materials and methods

Models of information dissemination in social networks: basic approaches.
There are two main approaches to modeling the dissemination of information in
social networks: network and non-linear models.

1. Network models. This approach is based on graph theory and considers a
social network as a collection of nodes (people or organizations) and connections
between them. Network models can be used to study how information propagates
through these links, how resources are distributed within a network, and which
nodes are central in that network. One of the most common examples of the network
model is the social media influence model, which is used to study how messages
can be distributed across various social media platforms (Newman, 2010).

2. Nonlinear models. This approach is based on the theory of dynamical systems
and is used to study how changes in one node of the network can affect other nodes.
Nonlinear models can be useful for predicting how changes in one node might
affect the entire network. An example of a non-linear model would be the virus
spread model, which is used to study how an infectious disease can spread through
a population (Hethcote, 2000).

Both approaches have their advantages and disadvantages, and they are often
used in combination to gain a more complete understanding of the processes taking
place in social networks.

Network models of information dissemination. Network models are used to
study the dissemination of information in social networks and include various
approaches. Let’s consider three main types of network models.

1. Distributed models. These models are based on the fact that each node in the
network decides whether to propagate information further or not, based on some
decision rule. An example of a distributed model is a linear threshold model, in
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which each node has some threshold level of influence, and only if the number of its
neighbors that have already propagated information exceeds this threshold, it also
begins to propagate information.

The IC (Information Cascade) model is a model that describes the process of
dissemination of information in a group of people. In this model, each person
makes a decision based on their own observations and other people’s previous
actions. Each node has an activation probability, which can be represented as a
number from 0 to 1. When a node becomes active, it can activate its neighbors
with some probability. Propagation occurs in stages: at each stage, all nodes that
were activated in the previous stage are activated, as well as all their neighbors
that were activated in the previous stage with a probability equal to their activation
probability (Bikhchandani et al., 2000:49).

The formulas for the IC model can be written as follows:

Decision Probability:

P=f(>S), (1)

where P is the probability of making a decision, / is the personal information
that the person has, and S is the information that comes from other people.
Personal information:

I=i+aXpj, )

where [ is personal information, i is the initial information that a person has, o is
the coefficient of influence of the initial information, is the sum of decisions made
by other people.

Information that comes from other people:

S = B Y. pk, 3)

where § is information that comes from other people, f is the coefficient of
influence of information coming from other people, is the sum of decisions made
by other people.

Other people’s solution:

pj = fUj,S)), @

where is other people’s decision, is other people’s personal information, is
information that comes to other people.

These formulas can be used to describe the IC process and understand how
people make decisions based on the information they get from other people
(Toropov, 2016).
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The LT model is a more complex model that takes into account the influence
of not only the activation probability of each node, but also the weight of links
between nodes. Each node has a weight, which can be represented as a number
from 0 to 1. When a node becomes active, it can activate its neighbors if the link
weights between the node and its neighbor exceed a certain threshold. Distribution
occurs in stages, similar to the IC model (Goyal et al., 2010: 241).

The IC model is simpler and faster than the LT model, but it does not take
into account the influence of link weights between nodes. The LT model is more
realistic, but may be more time and resource intensive. Both models can be used
to analyze the distribution of information in social networks, marketing campaigns
and other areas.

2. Models of influence. These models consider the process of information
dissemination as a result of interaction between network nodes. In these models,
each node can influence its neighbors by changing their probability of making
decisions about the dissemination of information. An example of an influence
model is the Cascade model, in which each node can influence its neighbors by
changing their decision probability (Gorkovenko, 2019: 55).

3. Models of random walks. In these models, information propagation is treated
as arandom walk through the network. The node that propagates information moves
to a random neighbor node with some probability. An example of a random walk
model is the PageRank model, which is used to rank web pages in search engines
(Algazinov et al., 2010: 241).

Each of these approaches has its advantages and disadvantages, and the choice
of model depends on the purpose of the study. It is important to understand that
network models are used not only to study the distribution of information in social
networks, but also to study other processes that occur in networks, such as the
distribution of resources and interaction between nodes.

Nonlinear models of information dissemination. Nonlinear dissemination models
are used to study the dissemination of information in social networks, marketing
campaigns, political campaigns, and other areas. These models take into account
non-linear relationships between various factors such as the number of people who
see certain information and the number of people who actually respond to it.

One of the most well-known non-linear information dissemination models is the
viral distribution model, also known as the Susceptible-Infected-Recovered (SIR)
model, which describes how information is distributed through social networks. In
this model, each participant has a certain probability of infecting another participant,
and this probability may depend on factors such as the number of connections
between participants and the degree of their interaction.

The virus dissemination model is a mathematical model that describes the
process of information dissemination in a society, as the spread of an infection
in a population. In this model, each person can become infected and transmit
information to other people, who in turn can become «carriers» and continue to
spread (Gorkovenko, 2017: 103).
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The formulas for the viral information dissemination model can be written as
follows:
Basic distribution model:

as
= = —psi
dal

2= — 5
where S is the number of exposed people, / is the number of infected people,
is the infection rate, y is the recovery rate, ¢ is the time.
Dissemination of information taking into account the influence of the
environment:

as
s —BSI —2S
- = BSI—vl, (6)

where A is the coefficient of environmental influence.
Immunization Model:

as

i —BSI — S

i BSI —yI

E=)/I+MS, (7)

where R is the number of people with immunity, x is a coefficient characterizing
the immunization process.
Model taking into account the changing degree of protection of the population:

as _

— = —BSal — 1S

i

g = fBSal —yl

=yl +us, 8)

where a is the coefficient of the degree of protection of the population, which
may change over time.

These formulas can be used to describe the process of viral dissemination of
information in society, and to understand how changes in various parameters can
affect the dissemination of information and the control of this process (Khrapov et
al., 2019: 225).

Another non-linear information dissemination model is the «contagion»
model, which describes how information can be disseminated through marketing
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campaigns or other forms of advertising. In this model, the advertiser can choose a
specific strategy that can have more or less impact on the target audience depending
on their characteristics and preferences.

Non-linear dissemination models can help improve the effectiveness of
marketing campaigns, political campaigns, and other dissemination processes.
However, like any model, they must be carefully tested against real data and used
with care when making decisions based on their results.

Threshold models and competition models are two examples of non-linear
information dissemination models used in econometrics and other fields to describe
non-linear relationships between variables (Avetisyan et al., 2018: 199).

Two of the best-known threshold models are the Sharma-Tamas model and the
Granovetter model.

The Sharma-Tamas model is based on the assumption that each person has a
certain threshold, which determines how many people with a certain opinion must
be in his environment in order for him to accept this opinion. If the number of
people supporting an opinion exceeds a threshold, the person accepts that opinion.
If the number does not reach the threshold, he remains in his opinion. The Sharma-
Tamas model was developed to explain the dynamics of the spread of opinions in
social networks.

Granovetter’s model is based on the idea that people have two types of connections
in their social network: strong and weak. Strong ties are those that connect people
who know each other very well, while weak ties are those that connect people
who don’t know each other very well. Granovetter’s model assumes that people
are more affected by their weak ties than their strong ties. This is because people
with strong ties often have very similar opinions, while people with weak ties can
represent diverse points of view.

Both models — Sharma-Tamas and Granovetter - are useful tools for studying
the dynamics of influence and distribution of opinions in social networks. They
can help in understanding how people form their opinions and make decisions in
the context of a social network, which can have important practical applications in
fields such as marketing, politics, and social psychology (Wiedermann et al., 2020).

Competition models describe relationships between multiple variables that
compete with each other for limited resources.

Two of the more well-known competition models are the Lotka-Volterra model
and the takeover model.

The Lotka-Volterra model is a mathematical model developed to study the
interaction between two species in an ecosystem: predators and prey. The model
assumes that the number of prey and predators changes over time depending on
their interaction. The number of prey increases when the number of predators is
small, and decreases when there are many. Likewise, predators increase when
there are many prey and decrease when there are few. The Lotka-Volterra model
can be used to analyze various ecosystems such as marine and forest ecosystems
(Trubetskov, 2011:66).
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The engulfing model, also known as the Gompertz model or the life cycle model,
is a mathematical model that describes the change in population size over time.
The model takes into account births, deaths and competition for resources. Each
individual in a population has a probability of dying or producing offspring. When
the population reaches its maximum size, it begins to absorb its own individuals,
which leads to a decrease in the population size. This model can be applied to the
analysis of animal and plant populations (Delitsyn, 2015).

Both the Lotka-Volterra and engulfing models are useful tools for studying
interactions between species and competition for resources in ecosystems. They can
help predict population dynamics and understand how changes in one population
can affect another population in an ecosystem.

Results and discussion

Methods for analyzing information transfer processes in networks are necessary
to understand how information propagates in a network and how it is influenced by
various factors, such as node properties, types of connections, and other network
parameters. They help identify important nodes, groups of nodes, and information
paths in the network.

Thus, methods for analyzing the processes of information transfer in networks
can be used to:

- understanding of the structure and properties of information transmission
networks;

- optimization of information transfer processes in networks;

- identification of key nodes that may be vulnerable in case of attacks on the
network;

- identification of groups of nodes that can work together to achieve a specific
goal;

- search for optimal ways of information transfer in the network;

- determining the degree of influence of nodes on the processes of information
transfer in the network.

Let us consider some methods for analyzing the processes of information
transfer, such as the analysis of centrality, clustering and detection of communities
(Tabassum et al., 2018).

Centrality analysis:

Centrality analysis is a method for evaluating the importance of nodes in a
network. There are several measures of centrality, including:

Betweenness centrality:

BC(w) = Y(s,t) € S()4 (s, t|v)/8(s,t) 9)

where is the set of shortest paths between all pairs of nodes passing through
node v; o(s, t) is the number of shortest paths between nodes s and #; and is the
number of shortest paths between nodes s and ¢ that pass through node v.
Closeness centrality:
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CC(w)=1/Yyd(v,u) (10)

where 1is the shortest distance between nodes v and .
Degree centrality:

DCW) =k(@)/(n—1) (11)

where is the number of links linking node v and # is the total number of nodes
in the network.

Clustering:

Clustering is a method of dividing nodes in a network into groups that have
similar properties or structure. There are several clustering methods including:

Method of K-means (K-means):

The K-means algorithm consists of the following steps:

Select K random cluster centers.

Assign each node to the nearest cluster center.

Update cluster centers using the average of all nodes belonging to the given
cluster.

Repeat steps 2-3 until the stop criterion is reached.

Hierarchical clustering method:

The hierarchical clustering method consists of the following steps:

Start with each node in a separate cluster.

Merge nearest clusters until all nodes are merged into one cluster or until the
stop criterion is reached.

The joining criteria can be different, for example, cosine distance or Euclidean
distance between nodes.

Community detection:

Community detection is a method of identifying groups of nodes in a network
that are more closely related to each other than to the rest of the nodes in the
network. There are several methods for community detection, including:

Louvain method:

The Louvain method is an iterative community detection method that optimizes
the modularity that describes the quality of network partitioning into communities.
The algorithm consists of the following steps:

Assign each node to a separate community.

For each node v, consider all possible reassignments of the node to another
community, and calculate the change in modularity for such a reassignment.

Reassign node v to the community that gives the greatest increase in modularity.

Repeat steps 2—3 for each node in the network until the stop criterion is reached.

Method of graph theory of spectral clustering (Spectral clustering):

Spectral clustering is a community detection technique that uses the spectral
decomposition of a graph’s adjacency matrix to extract communities. The algorithm
consists of the following steps:
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Calculate the adjacency matrix of the graph.

Calculate the spectral decomposition of the adjacency matrix.

Select the first k eigenvectors corresponding to the k smallest eigenvalues.

Apply the K-means method to the obtained vectors to partition the graph into k
communities.

These methods of analyzing information transfer processes can be used to
understand the properties of networks, identify important nodes and groups of
nodes, and also optimize information transfer processes in networks.

Application of information dissemination models in social networks. Social
media dissemination models are used to analyze how messages and ideas spread
among network users. These models can be useful for predicting how quickly and
in what way information will spread on social networks, as well as identifying
the most influential users and communities. Below are a few examples of the
application of social media dissemination models.

User power analysis: Information dissemination models can help identify
powerful users in a social network. This can be useful for marketing as these users
can be used to promote products or services.

Community analysis: Information dissemination models can help define user
communities in a social network and evaluate their interaction. This can be helpful
in understanding cultural differences and identifying potential audiences.

Predicting User Behavior: Information dissemination models can help predict
user behavior on a social network. This can be useful for decision making in
marketing and politics.

Trend detection: Information dissemination models can help identify trends in a
social network, such as changing user interests and trends in public opinion.

Create Viral Campaigns: Information dissemination models can help create viral
campaigns that will spread quickly on social media. For example, a company can
create a video that generates strong user interest and then use distribution models to
determine how it will be distributed across the network.

Determining the most effective promotion channels: Information dissemination
models can help determine the most effective channels for promoting products and
services in social networks. For example, a company can use distribution models
to determine which social networks are most popular among its target audience and
then focus their efforts on those channels.

Ad response analysis: Information dissemination models can help analyze
user response to social media ads. For example, a company can use information
dissemination models to determine how many users saw and react to an ad and then
tailor its strategy accordingly.

Negative Information Control: Information dissemination models can be used
to control the dissemination of negative information on social media. They can
help identify users who may be spreading negative messages and prevent those
messages from spreading further.
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Prevention of cyberattacks: Information dissemination models can help prevent
cyberattacks on social networks. For example, they can help identify users who
may be vulnerable to attack and take steps to protect against cyberattacks.

Event Response Analysis: Information dissemination models can be used to
analyze user reactions to social media events. For example, they can help determine
how users react to news, political events, sports events, and so on (Batura, 2012:
13).

Conclusion

The article presents an overview of the main models of information dissemination
that are used to analyze the processes of information dissemination in various social
networks. The article describes various models, including viral spread models, IC
and LT models, competition models, etc.

The article also considers the main applications of information dissemination
models, including predicting user behavior in social networks, marketing and
advertising campaigns, controlling negative information and preventing cyber-
attacks, some methods for analyzing information transmission processes are
considered to understand how information is distributed on the network and how it
is affected. various factors.

The article’s findings highlight that information dissemination models have
great potential in various areas such as social networking, marketing, and security,
and that the use of these models can help improve social media performance and
marketing campaigns. However, it is important to understand that the choice of
model should depend on the specific task and context, as well as on the data on
which the model will be based.

There are several areas for further research in the field of information
dissemination models in social networks:

Development of new information dissemination models that take into account
the complex interactions between users and the characteristics of the social network,
such as the topology and dynamics of connections between users.

Development of more accurate methods for estimating the parameters of
information dissemination models, taking into account the complexity and
heterogeneity of data in social networks.

Development of more efficient algorithms for predicting and controlling user
behavior in social networks based on information dissemination models.

Exploring the interaction between information dissemination models and other
social network models such as social network evolution models and community
formation models.

Applying information dissemination models to analyze a wider range of social
media issues, such as analyzing the impact of social media on public opinion and
decision making.

Development of innovative methods for predicting and controlling user behavior
based on deep learning and natural language analysis.
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Research in these areas can help improve understanding of social media
dissemination processes and apply them to a variety of purposes such as
improving marketing campaigns, preventing cyberattacks, and controlling negative
information.

REFERENCES

Algazinov E.K., Muzychenko V.A., 2019 — Algazinov E.K., Muzychenko V.A. Application of the
PageRank algorithm for the ranking problem in bft systems // Vestnik VSU, Series: system analysis
and information technologies, 2019, no. 4 - Pp. 55-63.

Avetisyan A.A., Drobyshevskiy M.D., Turdakov D.Yu., 2018 — Avetisyan A.A., Drobyshevskiy
M.D., Turdakov D.Yu. Methods for Information Spread Analysis. Proceedings of the Institute for
System Programming of the RAS (Proceedings of ISP RAS). 2018, 30(6): 199-220. (In Russ.).

Bikhchandani S. & Hirshleifer D., 2000 — Bikhchandani S. & Hirshleifer D. Information
Cascades in Social Networks. The Journal of Economic Perspectives, 14(2), 49-64.

Batura T.V., 2012 — Batura T.V. Methods of analysis of computer social networks // Vestn. NSU.
Series: Inf.tech. - 2012. - T.10. - No. 4. — Pp. 13-28.

Delitsyn L., 2015 — Delitsyn L. 1. scientific basis for the development and application of
quantitative models for the dissemination of new information technologies: Specialty 05.25.05
- Information systems and processes: dissertation for the degree of doctor of technical sciences /
Delitsyn Leonid Leonidovich; Moscow State Institute of Culture. — Moscow, 2015.

Goyal A., Bonchi F. & Lakshmanan L.V., 2010 — Goyal A., Bonchi F. & Lakshmanan L.V.
Learning influence probabilities in social networks. In Proceedings of the third ACM international
conference on Web search and data mining (Pp. 241-250).

Gorkovenko D.K., 2017 — Gorkovenko D.K. Review of information dissemination models in
social networks / D.K. Gorkovenko. - Text: direct // Young scientist. - 2017. - No. 8 (142). — Pp. 23-28.

Gorkovenko D.K., 2017 — Gorkovenko D.K. Comparative analysis of cellular automaton
epidemic models in modeling information dissemination in social networks. St. Petersburg State
Polytechnical University Journal. Computer science. Telecommunications. Control. 2017. V. 10. No.
3.S.103-113. DOI: 10.18721/JCSTCS.10309.

Gribanova E.B., 2018 — Gribanova E.B. Algorithms for modeling the dissemination of
information during marketing activities in groups of an online social network, Probl. Upravl., 2018.
issue 1. 66-73.

Hethcote H.W., 2000 — Hethcote H.W. The mathematics of infectious diseases. SIAM review,
42(4). 599-653.

Khrapov P.V., Stolbova V.A., 2019 — Khrapov PV., Stolbova V.A. Mathematical Modelling
of the News Spreading Process in So-cial Networks. Sovremennye informacionnye tehnologii i
IT-obrazovanie = Modern Information Technolo-gies and IT-Education. 2019; 15(1): 225-231.
DOI: 10.25559/SITITO.15.201901.225-231© Khrapov P.V., Stolbova V.A., 2019. HAYYHOE
ITPOI'PAMMHOE OBECITIEYEHME B OBPASOBAHUN 1 HAYKE / SCIENTIFIC SOFTWARE
IN EDUCATION AND SCIENCE Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.
tepdf.org).

Newman M.E., 2010 — Newman M.E. Networks: an introduction. Oxford University Press.

Timofeev S.V., Sukhodolov A.P., 2019 — Timofeev S.V., Sukhodolov A.P. A model for
disseminating new information in society. St. Petersburg State Polytechnical University Journal.
Physical and mathematical sciences. 2019. V. 12. No. 4. S. 119-134. DOI: 10.18721/JPM.12412.

Tabassum S., Pereira F.S.F., Fernandes S., Gama J., 2018 — Tabassum S., Pereira F.S.F,
Fernandes S., Gama J. Social network analysis: An overview. WIREs Data Mining Knowl Discov.
2018; e1256. https://doi.org/10.1002/widm.1256.

Toropov B.A., 2016 — Toropov B.A. A model of independent repost distribution cascades in
an online social network // Cybernetics and Programming. - 2016. - No. 5. - P. 199 - 205. DOI:
10.7256/2306-4196.2016.5.20624.

119


file:///C:/Users/%d0%93%d1%83%d0%bb%d0%bd%d1%83%d1%80/Downloads/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/www.tcpdf.org
file:///C:/Users/%d0%93%d1%83%d0%bb%d0%bd%d1%83%d1%80/Downloads/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/%d0%b8%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0%d1%82%d0%b8%d0%ba%d0%b0%203/www.tcpdf.org
https://doi.org/10.1002/widm.1256

NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Trubetskov D.1., 2011 — Trubetskov D.I. Phenomenon of the Lotka—Volterra Mathematical Model
and Similar Models // Izvestiya vuzov. HDPE. 2011. Vol. 19, no. 2. S. 69-88. DOI: 10.18500/0869-
6632-2011-19-2-69-88.

Tabassum S., Pereira F.S.F., Fernandes S., Gama J., 2018 — Tabassum S., Pereira F.S.F,
Fernandes S., Gama J. Social network analysis: An overview. WIREs Data Mining Knowl Discov.
2018; €1256. https://doi.org/10.1002/widm.1256A.

Wiedermann M., Smith E.K., Heitzig J., 2020 — Wiedermann M., Smith E.K., Heitzig J. et al.
A network-based microfoundation of Granovetter’s threshold model for social tipping. Sci Rep 10,
11202 (2020). https://doi.org/10.1038/541598-020-67102-6.

120


https://doi.org/10.1002/widm.1256
https://doi.org/10.1038/s41598-020-67102-6

ISSN 1991-346X 1.2023

MA3MYHbI

K.K. Adnyryaosa, I'A. Ycken0aesa, M.H. Taeren, A.K. lllyknposa
KYBBIP XXABJIBIFBIHJIA MAJIbI KbI3AbIPYbIH TEXHOJIOI USIJIBIK
IMPOLECIH ABTOMATTAHBIPY......c.ooiiiiiiiiiiiiieeeeeeeee e 5

K.C. ABkypoBa, C. I'natiok, JI.M. Keigeipasuna, H.K. Kypmanranuesa
AKITAPATTBIK-KOMMYHUKALMSJIBIK XKYMWEJIEPIE KYKBIK
BY3VIIbIHbI EPTE AHBIKTAY XXOHE COUMKECTEHIIPY/IIH
WHTEJUIEKTYAJLIABL OICL......ccooiiiiiiiiiiiieenececiceeeeceseteee e 22

A. BexapsbicTankbizbl, O. K. MambipOaes
ATTJIIOTUHATHUBTI TUIJEPTE APHAJIFAH COMJIEV/I
ABTOMATTBI TYPAE TAHY HKYMECL.......oooveiveeeecieieceeeeeeeee e 37

A.C. EpumobeToBa, J.H. [lalibip6aeBa, JI. UepukoaeBa
BUKYBTBIK MHTEPIIOJIALUAFA HETT3IHAE CYPETTEPTE
XKACBIPBIH AKITAPATTBI EHI'I3V.....ocoiiiiiiiiiiciciiecceeeeeceee 50

ML.b. EcenoBa, I.b. AoaukepumoBa, A. ToJicroii, 2K.b. Jlamaiesa,

A.A. HekecoBa

BUANIAFBI APAMILIOIITEP OLLIAFBIH AHBIKTAY YIIIH
TEKCTYPAJIBIK BEJITJIEP OJAICTEPIH KOJIIAHV.....ocecviiiiiieeieeee, 64

JI.3. Kommmena, T.K. Kykabaesa, I1I. Typaes, M.A. bepauesa,

P.K. CenrupoaeBa

HAKTbBI YAKBIT PEXKUMIHAE MEDIAPIPE )KOHE SVM APKbBIJIbI

KA3AK BIM TIHITH TAHVY.....ooiiiiiiiieeeeene ettt 82

K.C. UkcebaeBa, K. Kernucos, A.b. Meaemona, .M. banues,

K.K. barucos

FAJIBIMJIAPIBIH FbIIBIMU X)KOBAJIAP BOUBIHILIA TPAHTTBIK
KAPXBUIAHJIBIPYFA KATBICYFA OTIHIMAEPIH JJAVBIHIAY/bIH
AKITAPATTBIK JKYTIECL ...t 94

A.A. Umanoepai, P.H. Moagamena
OJIEYMETTIK MEJIUA TAPATY YJIT'IUIEPIHE HIOJIVY.......oooveieeieieiieeneen 107

I'. Kanman, M.F. Ecmaran6er, M.M. Kamankapun, A.U. I'adaynuna,
J.B. ILlneckayeB

239



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

K.T. Kniproi36aii, E.X. Kakumixanon

I'AK TEXHOJIOT'UAJIAPBI HET'T3IHAE AJIMATBI OBJIBICBIHBIH
I'EOAEPEKTEP BFA3ACBHIH K¥PY BITCOIN XKEJICIHAEI'T KY IIKTI
TPAH3AKIUAJIAPIABI AHBIKTAY....c..iiiiiiiiiiiiieeeeeeeeeeeeeeeieeen 136

HI.7K. MycupaaueBa, M.2K. lllajizat, A.K. bekeroBa, E. Afaiiyibl,
A.Bb. MaHacoBa
BITCOIN XEJICIHAEI'T KY IIKTI TPAH3AKLUAJIAPIBI AHBIKTAYV.....154

A.Y. Myxusaun, ¥.T. MaxaxanoBa, M.Y. MykameBa, A.A. MyxaHoBa
AKITAPATTBIK TEXHOJIOTUSIJIAP TOTEHILE XXAFIANA

KAIIIBIKTAH OKBITYIA OKCITEPUMEHTTHBIK JEPEKTEPII

TAJIAY KYPAJIBL PETIHIE.......cotioiieiiieeieeeee ettt 170

A.B. Toxkraposa, b.C. Omapos, I.H. Ka3oexoBa, C.A. MaMHiKoB,

®.E. Temip0exoBa

OJIEVMETTIK XXEJIIJET'T KASAK TULI BEMOIEI CO3EP

KOPBIH MAIIMHAJIBIK OKBITYIA XXUHAKTAY.....cccvieieieeeeeeeen 191

A.9. lllekepoek, I'.b. AGauxepumona, 7K.b. Jlamamesa, M.I. BaiiGyJioBa,
A.K. TokkynueBa

TEPEH, OKBITY AJITOPUTMIMEH PEHTTEHAIK KECKIHHIH,
KITACCUOUKATLIMSCDL.......cccciieeiieeiteeieeeie ettt e eiee s e sveeesnveeens 204

3.9. dabaaposa

JPEG2000 KbICYBIHAH KEHMIH [TU®PIIIK BEVMHEJIEPIIH
1537627101 1 KONV 315 5: TN N 3 0 228

240



ISSN 1991-346X 1.2023

COJIEP)KAHUE

K.K. Aonyryaosa, I'A. Ycken0aesa, M.H. Taeren, A.K. lllyknpoa
ABTOMATU3ALIMA TEXHOJIOTMYECKOI'O ITPOLECCA ITOJOI'PEBA
HE®TH HA TPYBOIIPOBOJHOM OBOPYIOBAHMMU............ccoeevveveiinnne. 5

/K.C. ABkypoBa, C.A. I'natiok, JI.M. Keigeipaiuna, H.K. Kypmanranuesa
WHTEJUJIEKTYAJIU3UPOBAHHBIN METO]] PAHHETO

BBIABJIEHUA WIEHTUOUKALIMNY HAPYIIIUTEJIA

B NTHOOPMALIMOHHO-KOMMYHUKALIMOHHBIX CUCTEMAX.............. 22

A. Bexapsbictankbizbl, O. K. MambipOaes
UHTET'PAJIBHASI CUCTEMA ABTOMATHUYECKOI'O PACIIO3HABAHU A
CJINTHOM PEYU J1J151 ATTJIIFOTUHATUBHBIX S3bIKOB............................ 37

A.C. EpumobeToBa, J.H. [lalibip6aeBa, JI. UepukdaeBa
BHEJIPEHUE CKPBITOM MTH®OPMAILIMU B U30BPAXKEHUU
HA OCHOBE BUKYBUYECKOM UHTEPIOJIALAM. ........oooooeoreeerereanns 50

M.b. EcenoBa, I.b. Aonukepumona, A. Tosacroii, 7K.b. Jlamamesa,

A.A. HekecoBa

[MPUMEHUMOCTBb METOJJOB AHAJIM3A TEKCTYPHbBIX
M30BPAXKEHUI JJ14 BBISIBJIEHUSI OYATOB COPHbBIX

TPAB ITHIEHULIBL........coooiiiiiiieit ettt ettt st e e 64

JI.3. Kommmena, T.K. Kykabaesa, I1I. Typaes, M.A. bepauesa,

P.K. CenrupoaeBa

PACIIO3HABAHUME KA3AXCKOI'O JKXECTOBOI'O A3bIKA B PEAJIBHOM
BPEMEHU C UCITOJIb3BOBAHMEM MEDIAPIPE u SVM......coccoviiniiiiinne 82

K.C. UkcebaeBa, K. Kernucos, A.b. Meaemona, .M. banues,

K.K. barucos

HMH®OPMALIMOHHA I CUCTEMA TIOAI'OTOBKU 3ASBOK J1JI51
YYACTHUA B TPAHTOBOM ®UMHAHCHUPOBAHNMU YUEHBIX

[TO HAYUHBIM TTPOEKTAM.......cotiiieiieiteieeiteee ettt 94

A.A. Umanoepai, P.H. Moaaamena

OB30P MOJIEJIEM PACITPOCTPAHEHU S NTHO®OPMALIMU
B COLHUAJIBHBIX CETAX.....coiiiiiiiiiiiieieieneceeee e 107

241



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

I. Kanman, M.¥. Ecmaranoer, M.M. Kamankapuu, A.I. I'adnynuna,

J.B. ILlneckayeB

PEIIEHME KOPE®EPEHIIMU C ITOMOIIBIO METOA
KITACTEPUBALII. ......c.cviiieiiieeiie ettt ettt e e taeesneee s 121

K.T. Kniproi36aii, E.X. Kakumixanon

CO3JIAHME BA3bI TEOJJAHHBIX AJIMATUHCKOM OBJIACTH HA
OCHOBE I'MC-TEXHOJIOI'MM O METOJIE UJIEHTUDUKAILN
[MOJO3PUTEJIbHBIX TPAH3AKLIMI B BUTKOMH CETH........................ 136

HI.7K. Mycupaauea, M.2K. llaiizat, A.K. bekeroBa, E. Adaiiyn,

A.Bb. MaHacoBa

O METOJIE UIEHTU®UKALINU [TOJJO3PUTEIBHBIX TPAH3AKLIWNI

B BUTKOMH CETH.....ccctiiiiiieie ettt n 154

A.Y. Myxusaun, ¥.T. MaxasxkanoBa, M.Y. Mykamea, A.A. MyxaHoBa
NHOOPMAILIMOHHBIE TEXHOJIOI'MM KAK CPEJACTBO AHAJIN3A
OKCITEPUMEHTAJIbHBIX JTAHHBIX TP DKCTPEHHOM
JUCTAHIUOHHOM OBYUEHMUMU...........oooiiiiiiieieeeeeeeeeeee e 170

A.B. Toxkraposa, b.C. Omapos, I.H. Ka36exoBa, C.A. MaMuKkoB,

®.E. TemupoexoBa

CBOP BA3bI JAHHBIX O SI3bIKE HEHABHCTU B COLIMAJIBHOM

CETU HA KA3AXCKOM A3bIKE C MCITIOJIbB3OBAHUEM

MAIIMHHOI'O OBYUEHHS.......coviiiieeiieeieeeeeee ettt 191

A.A. lllekepoek, I.b. AoaukepumoBa, K.b. Jlamamesa, M.I'. Baii0y;oBa,
A.K. TokkynueBa

KJIACCUDUKALIMSA PEHTTEHOBCKUX N30BPAXKEHUI

C IOMOUIBIO AJITOPUTMA TJIYBOKOI'O OBYUYEHUA...........cccvvenrennene 204

3.9. dabaaposa
VIIVUILIEHUE BU3YAJIBHOT'O KAYECTBA HU®POBbBIX
M30BPAXKEHUI TTOCJIE CKATHUE JPEG2000.............coeoveeeeeeerresreerierenann. 228

242



ISSN 1991-346X 1.2023

CONTENTS

J.K. Abdugulova, G.A. Uskenbayeva, M.N. Tlegen, A.K. Shukirova
AUTOMATION OF THE TECHNOLOGICAL PROCESS OF HEATING
OIL PIPELINE EQUIPMENT. ...ttt 5

Z. Avkurova, S. Gnatyuk, L. Kydyralina, N. Kurmangaliev

THE INTELLECTUALIZED METHOD OF EARLY DETECTION

AND IDENTIFICATION OF THE VIOLATOR IN INFORMATION

AND COMMUNICATION SYSTEMS......ooiiiiiiiiiiiieninteeeeenre st 22

A. Bekarystankyzy, O. Zh. Mamyrbayev
INTEGRATED AUTOMATIC SPEECH RECOGNITION SYSTEM
FOR AGGLUTINATIVE LANGUAGES........cccociiiiieiiiniecieneeeeneeeeens 37

A. Yerimbetova, E. Daiyrbayeva, L. Cherikbayeva
EMBEDDING HIDDEN INFORMATION IN IMAGES BASED
ON BICUBIC INTERPOLATION......cc.cectiiiiniiieiiniiiieeeniesteeeee e 50

M. Yessenova, G. Abdikerimova, A. Tolstoy, Zh. Lamasheva, A. Nekessova
APPLICABILITY OF TEXTURE IMAGE ANALYSIS METHODS
FOR DETECTION OF WHEAT WEED POCKS........ccoeoieiriieieeieeee e 64

L. Zholshiyeva, T. Zhukabayeva, Sh. Turaev, M. Berdieva, R. Sengirbayeva
REAL-TIME KAZAKH SIGN LANGUAGE RECOGNITION USING
MEDIAPIPE AND SVM. ..ottt 82

Zh.S. Ixebayeva, K. Jetpisov, A.B. Medeshova, I.M. Bapiyev ,

Zh.Zh. Bagisov

AN INFORMATION SYSTEM FOR THE PREPARATION

OF APPLICATIONS FOR PARTICIPATION IN GRANT FUNDING

OF SCIENTISTS IN SCIENTIFIC PROJECTS.....c.eeiiiiiieeeeeeceeeeeene 94

A. Imanberdi, R. Moldasheva
REVIEW OF MODELS OF DISSEMINATION OF INFORMATION
IN SOCIAL NETWORKS. ..ottt n 107

G. Kalman, M.G. Esmaganbet, M.M. Zhamankarin, A.I. Gabdulina,

D.V. Pleskachev
COREFERENCE SOLUTION USING THE CLUSTERING METHOD.......... 121

243



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

K. Kyrgyzbay, E. Kakimzhanov
CREATION OF A GEODATABASE OF ALMATY REGION BASED

ON GIS TECHNOLOGIES......cc.cooiiiiiiieteteeeteeceeeeieeeere e

Sh. Mussiraliyeva, M. Shaizat, A. Beketova, Y. Abayuly, A. Manassova
IDENTIFICATION OF SUSPICIOUS TRANSACTIONS IN

THE BITCOIN NETWORK .....cccccoiiiiiiiiinnienecececnec et

A. Mukhiyadin, U. Makhazhanova, M. Mukasheva, A. Mukhanova

INFORMATION TECHNOLOGIES AS A MEANS OF EXPERIMENTAL

DATA ANALYSIS IN EMERGENCY DISTANCE LEARNING....................

A.B. Toktarova, B.S. Omarov, G.N. Kazbekova, S.A. Mamikov,
F.E. Temirbekova
COLLECTING HATE SPEECH DATABASE ON SOCIAL NETWORK

IN KAZAKH LANGUAGE BY USING MACHINE LEARNING.................

A. Shekerbek, G. Abdikerimova, Zh. Lamasheva, M. Baibulova,
A. Tokkuliyeva
CLASSIFICATION OF X-RAY IMAGES USING THE DEEP

LEARNING ALGORITHM.....coociiiiiiiiiiiinieneeneeeeeseenec e

E.E. Eldarova
IMPROVING THE VISUAL QUALITY OF DIGITAL IMAGES

AFTER JPEG2000 COMPRESSION.......cociiiiiiiiiiniinicnieeceeee e

244



Publication Ethics and Publication Malpracticein
the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethicalguidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any otherlanguage, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected
Misconduct (http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article
may be checked by the Cross Check originality detection service http://www.elsevier.com/editors/
plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

[IpaBuina oopmiieHHs cTaTb A1 MyONUKALIMY B XKypHAJIE CMOTPETh Ha caiTax:
www:nauka-nanrk.kz
http://physics-mathematics.kz/index.php/en/archive
ISSN2518-1726 (Online),

ISSN 1991-346X (Print)

3aMecTHTeNb AUPEKTOP OTAENA U3NaHus Hay4dHbIX KypHaioB HAH PK P, JKoauxwiser
Penaktopsl: M.C. Axmemosa, /[.C. Anenos
Bepctka Ha xomnbtotepe [ /. Kaowvipanosa

[Togmucano B meyats 30.03.2023.
Dopmar 60x881/8. Bymara odcerHas. [Teuats — puzorpad.
15,5 n.1. Tupax 300. 3axasz 1.

Hayuonanvnas axademus nayx PK
050010, Anmameut, ya. Llleguenko, 28, m. 272-64-39





