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The process of disseminating information in society among its possible adherents (individuals
who perceive this information) under the conditions of «excitement» is considered, which means an
increased level of interest in the assimilation of information. Moreover, the presence of excitement
means that the influence on the rate of change of the current number of adherents, denoted N, consists
of the influence not only of the media and the influence of interpersonal contacts between individuals
depending on the value of N, but also the excitement and behavioral influence of adherents, , in
addition, the rate of change of N over time. A corresponding mathematical model of this process is
proposed and preliminary studied. The model has the form of an ordinary differential equation of the
first order, not resolved with respect to the derivative. The areas of variation of the model parameters
are determined for which the solution of the problem obviously exists. It is shown that under the
restrictions on the parameters formulated in the work, the presence of excitement accelerates the
process of society's perception of the proposed information, i.e. increases the rate of increase in the
number of its followers.

Keywords: mathematical modeling, behavioral hypotheses, information dissemination,
excitement, differential equations.

Introduction. Modern approaches to the study of informational interactions necessarily
include the use of appropriate mathematical models based on sociological knowledge, including
achievements in the field of social psychology. Moreover, taking into account the psychological
characteristics of the perception of information can lead to new mathematical statements, which is
the case in this paper.

When building the model, the basic model of information dissemination in society was taken
as a basis [1].

From a sociological point of view, its most fundamental prerequisite is the provision that
information is disseminated both through interpersonal interactions between individuals and as a
result of media broadcasting. It distinguishes this approach from rumor spreading models (see, for
example, [2-4]), the substantial limitation of which is that they do not take into account the influence
of the media. The indicated position is confirmed empirically. Thus, in [5], which examined the
influence of the media on the genocide in Rwanda during interethnic clashes in 1994, it was shown
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that the most intense ethnic cleansing took place in villages that received the RTLM radio station that
propagandizes violence, as well as in adjacent to them. From this, it was concluded that there are two
mechanisms for transmitting information: through a radio station and with interpersonal
communication between residents of neighboring villages.

This approach has developed in a number of areas. So, in article [6], a basic model of
informational confrontation was developed, in [7] factors such as incomplete coverage of society by
the media, the assimilation of information by an individual only after its repeated receipt, the
possibility of forgetting information (or lost) were introduced interest in them), in [8] the
confrontation was studied, in which it from the parties periodically (for a relatively short time)
enhances the intensity of its broadcasting through the media. The approach was applied to modeling
the confrontation between manufacturers of legal and counterfeit copies of mass innovative products
using computer games as an example in [9].

Among other approaches to information interactions in society, we note the neurological
model of an individual’s choice of position in an informational confrontation, which focuses on the
process of an individual making a decision to support a particular party on the basis of information
incentives coming to him [10]. A model for distributing a political flash mob on the Internet was
proposed in [11]. A number of approaches to the mathematical modeling of information processes in
society focus on social networks and game-theoretic models (see, for example, [12, 13]).

Formulation of the model. In the proposed model, the process of disseminating information
in society will be described as a change in the number of its followers N(t) in time, determined by
the following three factors:

— the work of the media;
— interpersonal communications between already accomplished adherents (their current

number is N(t)) and future adherents (their number is equal to N,—N(t)) , where N, — the

maximum number of possible adherents of this information in society;
— rush perception of information, depending on how many adherents N (t), and on the rate of

change of this quantity dN/dt.
Let «>0, £>0, y>0 are numerical characteristics of the intensity of the influence of
the described factors, respectively.
Summarizing these factors, we formulate the following problem:
dN dN
——=(@+BN+yy| = [N)(No—N), N(0)=N". (1)
dt dt
Here 0<N(t)<N,, t>0, isthe desired function, &, B, 7, N, N° arethe givennon-
negative constants. The function w(dN/dt) 3a sets the excitement factor; for its qualitative

properties, see [14, p. 122] (the account of the excitement factor in modeling ethnopolitical conflicts
is also shown there).

Problem (1) is the Cauchy problem for a nonlinear, unresolved relative to the derivative of an
ordinary differential equation.

In order to explicitly express the derivative dN/dt from equation (1), the function y(z)

approximately describe simplified formulas of the form
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y(@)=>12,
a

w(z) =0, —a>z, z2>a, 3)

where a is the given positive constant. Fig. 1a shows the dependence known in psychology that

corresponds to the meaningful meaning of quantities (see [14]), and Fig. 1b shows its approximation

(2), (3), which allows an analytical study.

—a<z<a, 2

P I.IJT

(a) (b)
Fig. 1. A function that describes the hype factor: (a) the original form; (b) piecewise linear
approximation

Study of the model. To solve problem (1)-(3), we write in explicit form the expression for
the derivative dN /dt from (1) taking into account (2), (3). We get the following two versions of the
equation:

d_N:(a‘i'ﬁN)(No_N):fl(N), _agd_Nga, 4)
at 1-7N(N, - N) .
d_N—(OH_IBN)(NO—N):fZ(N), _ax N AN (5)

dt o a o

Equation (5) with the boundary condition from (1), which describes the process of

disseminating information without taking into account the hype, was considered earlier in [1], where
an analytical solution of the formulated Cauchy problem was obtained and studied for it.

For a solution to equation (4) to exist, it is necessary that the right-hand side of this equation

be bounded, i.e. to her denominator 1—§N(NO—N) do not vanish at any value of the input

parameters. For this, obviously, the condition
a_Ng (6)
y 4
Consider the significant difficulty arising in this problem. When moving in time, for example,
by successive steps t in the numerical solution of the equation, it is necessary at each step to control
the value of the functions f,(N) and f,(N) in order to select with certainty one of the two versions
of the equation, (4) or (5). However, as is easy to see, the function f (N) under condition (6) is
obtained by dividing the function f,(N) by a positive value less than unity, and therefore,

f,(N) > f,(N) for all values N . This means that in this case, for example, the following situation is
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possible: when solving equation (4), the function f (N) becomes larger, which requires a transition
to equation (5), but at the same time f,(N)<a, i.e. transition to equation (4) is required. Thus, the
uncertainty of the choice of a variant of the equation in terms of solvability in the class of smooth
functions may arise. As a result of this, in the general case, the problem is unsolvable.

However, it is possible to set such relations between the initial parameters that ensure the
correct solvability of the problem. Two approaches to the formulation of such relations are proposed.

Option 1. Assume that the condition f,(N)<a for all values 0<N < N,. This means that
only equation (4) will be solved. (Note that this implies restriction on the domain of definition of the
function w(z): —a<z<a). We derive the dependence required for fulfilling this condition
between the parameters of the problem under consideration. So, this condition implies an inequality
of the form

N%[L—NOJN el s g
B+vy p

It is easy to obtain that for its implementation it is enough that the following relation takes

place:

2
a2ﬂ+7(No+ a ) 7)
4 B+y
Note that condition (6) imposed earlier is a consequence of condition (7). Thus, under
condition (7), problem (1) is well defined and has a unique solution; in this case, only equation (4) is
used.

Option 2. Consider in equation (1) function (z) that instead of (3) satisfies the condition,

w(z)=9, -a>z, z>a, (8)
where O is some given positive constant. In this case, equation (5) takes the form
@+ (B+NN,-N) = ,(N), —az N g ©

dt dt = dt
Then we can establish such relations between the parameters that guarantee the fulfillment of

the condition
f,(N) < f,(N), (10)
which in turn ensures the certainty of the transition from equation (4) to equation (5) and vice versa,
i.e. correct solution of the original problem. Indeed, if, when solving equation (4), the derivative
f,(N) becomes greater than value a, then the derivative f,(N) even more than this value, which

entails the transition to equation (5). Conversely, if, when solving equation (5), the derivative f,(N)
becomes smaller than a, then the derivative f (N) also less than a, what determines the transition

to the equation (4).
Condition (10) implies the inequality
N2+ ( a ao—aN,

—Ny)N +
B+yo pB+yo

>0.
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Similarly to the previous one, it can be shown that its implementation is ensured by the
following relation between the parameters of the problem:

2
a>ﬂ+75(No+ i j . (11)
46 L+yo

Condition (6) is obviously a consequence of this relation.

Comparing conditions (7) and (11), we can verify that for 6 >1 fulfillment (11) does not
imply fulfillment (7), i.e. under condition (11) a situation is possible when f, > f, >a. This means
that if condition (11) is satisfied for & >1 in the process of solving problem (1), uniquely determined
transitions between equations (4) and (5) can be carried out. As a result, the function w(z) can be
considered on an unlimited interval.

When 6 <1 condition (11) includes condition (7), i.e. for such values & for all values
0< N <N, the condition f (N)<a and, as follows from the above consideration of this case, only

equation (4) will be solved.

Thus, for the described two options for setting the relations between the parameters, problem
(1) has a solution on any change interval t.

Remark 1. Under the conditions for the correct solvability of the problem under
consideration, for both the 1st and 2nd versions of the relations between the input parameters, the
value of the derivative dN /dt determined from equations (4), (9), i.e. taking into account the hype,
more than the corresponding value N determined from equation (5), i.e. for the task without taking
into account the hype. It follows that the presence of excitement causes a more rapid increase in the
value, i.e. «saturation» (in the sense of reaching value close to the limit value with this quantity N,)

occurs faster.

Remark 2. If conditions (7), (11) are not fulfilled, questions about the existence and properties
of solutions to the problem require additional research.

Conclusion. In the present work, the excitement factor was introduced into the well-known
model of information dissemination in society, which led to a change in the type of differential
equation. This equation for the modified model in the case of a general dependence w(z) is clearly
unsolvable with respect to the derivative of the desired function (rate of change in the number of
adherents). For the selected approximate version of this dependence, the equation of the model, being
resolved with respect to the derivative, leads to the appearance of two equations, which makes the
problem in the general case uncertain. In the present work, the relations between the initial parameters
that ensure the correct solvability of the problem are distinguished. Note that a similar problem has
not previously been encountered in the mathematical modeling of social processes.

The authors are deeply grateful to A.P. Petrov for useful discussions and comments.
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@opMyJIHPOBKA U MPEIBAPUTETbHOE HCCIE0BAHUE MO/IEIH a’KHOTAKHOTO PACIPOCTPAHEHH S
HH(OPMAIIUH B COI[UYME
A. II Muxaiinos, JI. ®. FOxHo

Huctutyt npuxinanyoit maremMatuku uM. M. B. Kengsiima PAH, Mocksa, Poccuiickast deaeparnust

PaccmaTpuBaercs npouecc pacnpocTpaHeHHst UH(GOPMalLMU B COLIMYME CPEIU €€ BO3ZMOKHBIX
alenToB (MHAMBHJIOB, BOCHPUHHMAIONIMX ATy HH(GOPMAIMIO) B YCIOBHUSIX «KHUOTaxa», IO
KOTOPBIM TMOHMMAeTCs TOBBIICHHBI YPOBEHb MHTEpeca K YCBOEHHWIO HH(popmaruu. Ilpu stom
HaJIM4Yue aKUO0Ta)ka 03Ha4yaeT, YTO BIMSHUE HA CKOPOCTh U3MEHEHMSI TEKYIIIET0 KOJIMYECTBa a/IeTNTOB,
o0o3HaueHHOTO N, CKIaabIBaeTCs M3 BIMSHUS HE TOJBKO CPEACTB MAacCOBOM MHQPOpPMALUU U
3aBHUCSIIEr0 OT 3HaueHHs N BIMAHHUS MEXKINYHOCTHBIX KOHTAaKTOB MEXIY WHIAUBUAAMH, HO M
@KHOTaXKHO-TIOBE/IEHYECKOTO BIMSHUS aJIeNTOB, 3aBUCSILET0, KPOME TOTO, OT CKOPOCTH U3MEHEHUS
N no Bpemenu. [IpemnoxeHa u mpeaBapUTEIbHO H3Yy4€Ha COOTBETCTBYIOIIAs MaTeMaTHyecKas
MOJEeNb 3TOro mpoiiecca. Mojenb uMeeT BUJ OOBIKHOBEHHOTO UG (depeHINaTIbHOr0 ypaBHEHUS
MEpPBOrO0 TOPSAJKA, HE pa3pelIeHHOT0 OTHOCUTENIbHO Mpou3BoAHOW. OmpeneneHsl 00j1acTu
W3MEHEHUs MapaMeTpoB MOJENH, NPU KOTOPHIX pEIIeHHWE IIOCTaBICHHON 3aJadyd 3aBEIOMO
cymectByeT. [lokazaHo, 4uTo mpu cPopMyIUpPOBaHHBIX B pabOTe OTpaHUYEHHUSAX Ha MapaMeTpbl
HaJIMYMe aKMOTa)Ka YCKOPSET IMPOIIECC BOCHPUATUS COLIMYMOM IpeiaraeMoi MHpOopMaIuu, T.e.
YBEJIMYUBAET CKOPOCTh BO3PACTAHUS YKCia €€ aenTOoB.

KiroueBble ciaoBa: MaTeMaTHUYeCKO€ MOJECIHUPOBAHHME, IOBEACHYECKUE THIIOTE3bI,
pacnpocTpaHeHue HHPOpMaIUH, aXH0Tax, TuddepeHnanbHble ypaBHEHUS.

ABTOpBI:
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corpynuuk WHctutyra npukiagHoit marematukd uM. M.B. Kengpima PAH (P®, r. Mocksaa,
Muycckast mi., 4).

IOxno JIrogmuiia @uiaunnoBHa, MHcturyra npukinagnoi matematuk um. M.B. Kengeima PAH
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