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Abstract: An important task of analyzing the behavior of individuals in society, in a large crowd of people is the development of 

mathematical models of behavior. The complexity lies in the heterogeneous nature of individuals, in the diversity of their behavioral 

characteristics, interests, and features of social behavior. Here the possibility of mathematical modeling of crowd behavior is considered 

and a mathematical model is proposed. 
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Introduction. Background 
Currently, mathematical modeling finds its application in various 

fields of human activity, for example, when analyzing the possible 

behavior of people in certain conditions. There are social forms of 

behavior in which the manifestations of the will, desires and needs 

of an individual are seriously limited by the direct or indirect 

influence of other people. The peculiarity of the crowd consists in 

the specifics of socio-psychological phenomena that determine, in 

general, the uniformity of the behavior of its participants. The 

complexity is the heterogeneity of the nature of individuals, the 

diversity of their behavioral characteristics, interests, and features of 

social behavior.  Theoretical analysis of crowd behavior 

mechanisms can help predict and control crowd behavior.  This 

makes it possible to talk about the need for mathematical modeling 

of crowd behavior 

Basic provisions 
Let's analyze the object of research, identify the main characteristics 

and patterns inherent in it. Consider the mechanism of formation 

and composition of the crowd. People's social life has many 

different forms.  There are also forms in which the manifestations of 

the will, desires and needs of an individual are severely limited by 

the direct or indirect influence of other people. For example, a 

crowd. 

A crowd is a structureless cluster of people deprived of a clearly 

perceived commonality of goals, but mutually connected by the 

similarity of an emotional state and a common object of attention. 

Almost everyone has either been in a crowd or seen its behavior 

from the outside. Sometimes, succumbing to simple human 

curiosity, people join a group considering and discussing an event. 

Growing quantitatively, becoming infected with the general mood 

and interest, people gradually turn into a discordant, disorganized 

cluster, or crowd. The main mechanisms of crowd formation and 

the development of its specific qualities are a circular reaction 

(increasing mutually directed emotional infection), as well as 

rumors. 

The crowd does not reason and does not ponder.  An individual, 

even without experiencing mental pressure from other individuals, 

but only perceiving the behavior of these other individuals, become 

infected with their behavior, obey and follow it. But 

"insubordination" can cause internal anxiety in an individual.  

Let's define the main stages of crowd formation. This is the 

formation of the nucleus of the crowd, the process of circulation, 

the identification of a common object of attention, the activation of 

individuals through arousal. Let's explain the content of these 

stages.  

Formation of the core of the crowd. Despite the fact that one of the 

essential features of a crowd is the random composition of the 

people forming it, often the formation of a crowd begins with a 

certain core, which can be the instigators. The initial core of the 

crowd may arise under the influence of rationalistic considerations. 

But in the future, the development of the crowd occurs in an 

avalanche and spontaneously. A circular reaction begins, prompting 

the audience to show similar emotions through mental interaction. 

The feelings of individuals become more acute, there is a 

willingness to respond to information coming from those present. 

Excitement is also growing. The next stage is the appearance of a 

new object of attention, on which people's attention, feelings and 

imagination are focused. The object of attention gives individuals a 

general orientation of behavior. This becomes a kind of orientation 

factor that unites the crowd into a single whole. The last stage in the 

formation of a crowd is the activation of individuals as a 

consequence of stimulating them through exciting impulses. Such 

stimulation occurs most often as a result of the leadership of the 

leader. This may encourage the individuals who make up the crowd 

to take concrete action.  

 A leader in a crowd may appear as a result of a spontaneous choice, 

and often manages the crowd consciously in a predetermined 

direction. The accumulation of individuals in a crowd instinctively 

obeys the authority of the leader. The crowd obeys the one who 

declares himself its ruler. [1,2,3,4] 

The mechanisms of mass behavior can be used, for example, by a 

politician with any views and any moral level. In such cases, the 

crowd becomes a toy in the hands of the leader. Usually, people 

who want to control a crowd have techniques for influencing it. 

They know that in order to convince the crowd, you must first 

understand what feelings inspire them, pretend to share them, and 

then conjure up images that seduce the crowd. It is necessary to 

present any ideas to the crowd in integral images, without indicating 

their origin.  

A speaker who wants to captivate the crowd uses strong, effective 

expressions. Exaggerating, asserting, repeating and never trying to 

prove anything by reasoning - these are the ways of argumentation 

for the crowd. 

A statement then has a good effect on the crowd when it is repeated 

many times in the same expressions, in which case the idea is 

embedded in the minds so firmly that it is perceived by the crowd as 

a proven truth. This technique is successfully used by leaders.   

 One of the important factors determining the influence of a leader 

on a crowd is his charm, that is, the power of emotional impact.  

Thus, it is possible to direct or redirect the behavior of the crowd by 

introducing a suitable leader into it. Or neutralize the crowd by 

introducing several leaders with different orientations of emotional 

impact.  

The crowd can be of different types. A spontaneous crowd 

is formed and manifests itself without any organizing principle on 

the part of, as a rule, a specific individual. The driven crowd is 

under the influence of the leader.  An occasional crowd is formed 

on the basis of curiosity about an unexpected incident (road 

accident, fire, fight). The conventional crowd 

Arises because of interest in any mass entertainment or spectacle. 

An ecstatic crowd is characterized by a state of general ecstasy 

based on increasing infection. 

Regardless of the type, the crowd does not reason and does not 

ponder. The crowd does not tolerate any disputes or contradictions. 

The judgments of an "average" individual from the crowd are 

always imposed and are never the result of a comprehensive 

discussion. The evoked representation becomes the nucleus for 

further crystallization, paralyzing the critical abilities of individual 

individuals. The same direction of the feelings of individuals is 

determined by suggestion. Psychological "infection" determines the 

direction of the special properties of the crowd. In a crowd, there is 

such a socio-psychological phenomenon as emotional resonance. 
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People from the crowd infect others and get infected from them 

themselves. The participants of the crowd, when exchanging 

emotional charges, gradually inflame the general mood. The feeling 

inherent in the crowd spreads and intensifies rapidly due to 

suggestion and "infection". Whatever the feelings of the crowd, 

good or bad, their characteristic feature is one-sidedness. The crowd 

has no critical attitude towards itself. 

 In the temperamental sphere, the psychological characteristics of 

the crowd are manifested in activity and diffuseness. Let me remind 

you that people and an individual, perceiving the behavior of 

neighboring subjects, are infected by their behavior, obey and 

follow it. Of course, insubordination (of the so-called "negatively" 

oriented subjects) is also possible. The behavior of a crowd is 

determined by the presence or absence of a leader in it. Let's focus 

on the psychological characteristics of an individual in a crowd. 

These features have the most direct impact on his behavior in the 

crowd.  An important feature of an individual's self—perception in 

a crowd is the feeling of his own anonymity. Lost in the "faceless 

mass", acting "like everyone else", a person ceases to be responsible 

for his own actions. A conscious personality disappears and 

dissolves in the crowd. The same direction of feelings and ideas, 

determined by suggestion. The desire to immediately turn inspired 

ideas into action is characteristic of individuals in a crowd. In a 

crowd, an individual experiences a state of unity, feels the power of 

human association that affects him.  Let's also recall the influence 

of the leader on the crowd. That is, with the help of a leader, you 

can influence the direction of crowd behavior. 

One of the important issues is the prediction of crowd behavior in 

real, especially in non-trivial conditions. It is not possible to carry 

out full-scale tests. Therefore, there is a need for a theoretical study 

and prediction of the properties of crowd behavior. The purpose of 

this study is to select an analytical model that provides forecasting 

of the behavior and the main set of properties of the crowd, a 

theoretical analysis of the main characteristics. 

Individuals in a crowd can be considered as some local "volumes", 

initially differently oriented, for the correct prediction of crowd 

behavior, it is necessary to take into account the micro-

characteristics of these local objects, which are being targeted with 

the aim of their further favorable reorientation. The organization of 

carriers of "emotional charges" from individual (chaotic) 

distribution to the hierarchical organization of processes, including 

local instabilities, is an illustration of the internal connections of 

what is happening in a crowd. 

Organization from individual (chaotic) distribution to hierarchical 

organization of processes is an illustration of the internal 

connections of what is happening in a crowd, in a single object of 

discrete structure 

Based on the above, let's consider an analytical model of crowd 

behavior. Analytical relations are proposed for predicting the 

behavior of such real macroscopic objects as a crowd. The relations 

are developed on the basis of the available real data on the behavior 

of the crowd in various conditions. Methods of mathematical 

analysis of crowd behavior should allow, on the basis of a single 

approach, to predict the behavior of an object with any internal 

structure, the behavior of any type of crowd, to reflect its scale and 

characteristic properties in the process of behavior evolution. In this 

regard, the following tasks were solved.  Development of a scenario 

of a multi-level process of behavior of the object of study with an 

arbitrary and changing internal structure in the process under 

arbitrary influence. Formulation of the principles of model 

construction. Creation of mathematical methods in order to obtain 

the necessary tools for modeling multi-level processes. 

The model is based on the following principles.  

In the human community, there is a homogeneous "local" volume 

corresponding to the individual, in which the processes that cause 

his reaction with subsequent action are possible.  

The "local" volume can be considered as a mathematical point in a 

continuous continuum. Changing the behavior of the crowd, its 

emotional intensity is a multi–level process that takes place in 

conditions of constant interaction of local objects with the external 

environment. 

A two-level model of the process of forming properties is chosen: 

applied stresses generate micro-stresses that cause acts of emotional 

"transfer" and micro-actions that turn into macroscopic scale 

changes. 

The driving force in a continuum with a structure is the effective 

stress field σ*ik, determined through the applied σik, oriented ρik (ρik 

are associated with the macroscopic impact of the crowd) and 

undirected λik stresses as a consequence of the orientation effect: 

σ*ik = σik – ρik + λik. 

At the macroscale level, the results of crowd behavior in various 

modes of exposure that simulate real conditions are concentrated. 

For K * we take the so-called effective temperature of emotional 

intensity, which depends on an external driving force, and not only 

on the initial emotional intensity and the emotional intensity of 

differently oriented individuals. The effect of the effective "stress 

field" σ*ik depends on the orientation of individual local subjects, 

that is, their local bases. The elementary act of the result of the 

impact is implemented according to the "shift + turn" scheme. 

Translational and rotary modes of the direction of reorientation of 

structural objects are organically interconnected in the concept. The 

effective "temperature" of emotional intensity (K* ) is determined 

as follows: 

dK* = dK - K0 Dik dσik aik/q0 

Here, K is the "temperature" of emotional intensity, K0 is the 

"temperature" of emotional "equilibrium", Dik is the distortion 

tensor as a consequence of the impact of the applied "forces", q0 is 

the reaction effect associated with the internal reaction and the 

degree of "uncertainty" of the elements of the structure.  σik is a 

characteristic of the stress field, aik is a set of coordinates 

characterizing the orientation of local subjects. In general, values 

are characterized by some conventional units. But with further 

details of the model, for example, the temperature of emotional 

intensity can be associated with the physical characteristics of 

individual components of the crowd 

A change in the phase state F (the degree of readiness for specific 

physical actions as a consequence of the impact of the general 

emotional "heat" of the crowd) of the emotional state of the subject, 

depending on its own orientation and external influence, as well as 

on the total normalized phase, the emotional "temperatures" of the 

beginning of the reaction Ks and the maximum intensity Kmax (that 

is, the transition to specific physical actions)  the increase in 

effective emotional tension is described by the ratio: 

dF= (H(1-Fmax)H(dK*))dK*/(Kmax-Ks),  

where H(x) is the Heaviside function 

The general phase state of the crowd is determined by integrating 

the phase state of individual subjects according to a set of 

coordinates characterizing the orientation of separate local bases - 

individual subjects. 

If several leaders are "embedded" in the crowd, the crowd structure 

can be considered as "grainy".  In modeling, this means that a 

"grain" with some orientation cannot cover volumes related to 

another ―grain‖. 

Conclusions 
The scientific novelty lies in the fact that an analytical approach to 

the laws of crowd behavior based on two-level mathematical 

modeling is proposed.  Theoretical analysis of crowd behavior 

mechanisms can help predict and control crowd behavior. This is 

important because it is not possible to conduct full-scale tests. 
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