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METHODS OF COMPARATIVE STATICS AND DYNAMICS IN THE THEORY OF
ECONOMIC CYCLES

The subject of this work is the problem of describing the dynamic behavior of the price in the market of one product. The typical
balance of interaction of supply and demand functions depending on the price is considered. The dynamic model of price evolution is
based on the assumption that the demand function at a given time depends on the supply function at all previous points in time, i.e.
there is a process with an aftereffect. The core of the integral transformation is a characteristic of the second order, which can initiate
periodic regimes in price variables. The aim of the work is to synthesize a mathematical model of price changes in the market of one
product and study the stability of its equilibrium states with the manifestation of the structure of marginal cycles. The task of the
study is to demonstrate the degree of connection between the problem of stability of equilibrium and the problem of obtaining fruitful
results in comparative statics. This duality is the principle of conformity of P. Samuelson. The basic mathematical model of the
studied process of price dynamics is a system of two nonlinear differential equations of the first order. The research methods are the
nonlinear theory of analysis of dynamical systems, the mathematical theory of stability of systems of differential equations, the
conceptual apparatus of analysis of typical bifurcations of birth (death) of the boundary cycle, known as the Andronov-Hopf
bifurcation. As a result of a detailed analysis of the properties and parameters of self-oscillating modes, a double cycle is revealed,
i.e. there is a fact of coexistence around the equilibrium state of stable and unstable limit cycles. Subsequent mathematical
transformations prove that the line of demarcation of these two cycles is completely determined by the static parameters of the studied
system, which illustrates the mechanism of action of the principle of conformity of P. Samuelson. Conclusions: on the example of the
functioning of the labor market, a comprehensive analysis of the stability of two positive equilibrium states, which characterize the
effects of substitution and income. Computer simulations are used to perform computational experiments that demonstrate self-
oscillating modes of price changes. As a result of the analysis of the obtained numerical results, it is possible to draw a conclusion

about the stability of the limit cycle in the vicinity of the equilibrium state, which corresponds to the substitution effect.
Keywords: market; demand; supply; price; dynamics; self-oscillation; bifurcation; stability; principle of conformity.

Introduction

In each problem of economic theory, some variables,
such as prices and quantities, are unknown, which must be
determined. Their values arise as solutions of the given set
of relations for finding the necessary unknowns. The most
important thing is to conduct the analysis in such a way as
to determine what quantitative and qualitative changes
occur with our variables when the external data shifts in
the functional ratios of economic balance sheets. The
usefulness of our approach arises from the fact that with
the help of analytical methods we can determine the
nature of the evolution of unknown variables caused by
the growth of one or more parameters. This is the
narrative of the method of comparative statics, which
means the study of changes in the economic system in the
presence of a transition from one equilibrium to another
without taking into account the transition process
associated with its establishment. The task of comparative
statics is to study the process of determining the
equilibrium points of unknown variables with known
functional relations and various parameters. Thus, in the
simplest market of one product, two independent ratios of
supply and demand by their intersection determine the
equilibrium prices and volumes.

If we consider the pricing process as dynamic, then
the problem of stability of equilibrium states of economic
systems and objects comes to the fore. The interaction of
these conditions with the problems of comparative statics
is the phenomenon which, in connection with the
historical tradition, is called the principle of conformity of
P. Samuelson. But the problem of stability of the
equilibrium state cannot be realized without recourse to
the dynamic theory of systems. That is, comparative

statistical analysis must be substantiated by dynamic
considerations within the synergetic paradigm.

Analysis of previous publications

In the modern economic literature, it is reasonably
believed that a significant contribution to the coverage of
this issue belongs to the Nobel Laureate in Economics P.
Samuelson, which is reflected in a large number of
author's publications of the second half of the previous
century. The most significant can be considered a series of
works [1-3], which formulates the methodological
principles of comparative statics and its relationship with
the problem of stability of the equilibrium of the
microeconomic system. The following development and
the corresponding generalizations are reflected in the
fundamental monograph [4], which is a classic work on
this issue. It should be noted the works of Milgrom,
Shannon [5], Sato, Yano [6, 7] and Savvateev, Kukushkin
[8], which consider in addition to the ordinal approach to
the problem of optimality and the relationship of
advantage, the problem of stochastic description of
models of comparative dynamics in the further
development of methodology Samuelson. From domestic
works it is possible to specify works of Alimpiev [9] and
Matselyukh [10] who wuse in the researches the
corresponding theoretical device.

As a result of the analysis of the considered works it
can be considered that they use linearized mathematical
models of economic systems, which do not take into
account the cyclical nature of economic development, as
well as nonlinearity, no equilibrium and multivariate
evolution of complex systems. In addition, it should be
noted the actual absence of scientific papers, which
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consider the comparative dynamics and mathematical
theory of economic cycles from the standpoint of a single
formalism.

The aim of the work is to synthesize a mathematical
model of price changes in the market of one product and
study the stability of its equilibrium states with the
manifestation of the structure of marginal cycles.

Research methods are focused on the conceptual
apparatus of the theory of nonlinear dynamical systems
and the use of the methodology of economic synergetics.

Results of the study.

The presentation of the main research results is
focused on establishing a functional relationship between
the principle of conformity of Samuelson and the theory
of economic cycles. There are many interesting and
fruitful aspects of dynamics, which are not always directly
related to cyclicality, but important for understanding the
processes classified within the general economic theory.
The most significant among the various sectors of the
dynamics was the one that examines the fluctuations of
employment, income and general business activity.

In our time, the use of the terms "exogenous" and
"endogenous™ has become acceptable for the development
of the theory of business cycles. The first term refers to
theories that explain the reason for the existence of a cycle
in some external non-economic phenomena with quasi-
periodic changes that give rise to cyclical behavior of
economic quantities. From an analytical point of view, the
exogenous theory in its extreme form is similar to
"forced" periodic motion, where the economic system
reacts instantly to external perturbation.

On the other side is the endogenous theory of the
cycle. This category includes various theories that
distinguish between monetary factors, inventories, the
principle of acceleration, etc. The components of the
economic system are determined by dynamic equations
that link different time periods with the corresponding
generation of periodic fluctuations. If the cycle is realized,
then the rise changes to decline, depression changes to
recovery, etc. But it is important that purely endogenous
theories cannot explain the exact or approximate value of
the cycle amplitude other than the influence of the initial
conditions. This interpretation of the parameters of the
periodic process is characteristic of linear systems. An
alternative to this may be to abandon the assumption of
linearity, despite the associated certain mathematical
difficulties. It is essential to us that only nonlinear systems
lead to a theory that explains fluctuations of a fixed
amplitude independent of the initial deviation. For
example, a nonlinear system may have an unstable
equilibrium state such that with a small deviation from the
position of the stationary level, increasing oscillations
begin. But instead of galloping to infinity, a constant
amplitude is eventually achieved and maintained. This
periodic movement can be stable in the sense that each
subsequent deviation can lead to a movement that will go
to the given periodic mode, either from below or from
above. A classic example of such behavior is a nonlinear
"web" model of a single product market.

Let’s consider in more detail the dynamic model of
interaction of supply and demand in the market of one
product. That is, the basic variable is the price of the
product p = p(t), where t— is a continuous time. There

are also supply D=D(p) and demand S =S(p)
functions, depending on the price p.

The dynamics of the interaction of supply and
demand functions is determined using the following
functional equation:

D(p(t)) = [K(t-7)S(p())dz, (1)

where K(t-7) isthe given function of two arguments.

Equation (1) means that demand at the appropriate
time depends on the weighted supply for all previous time.
The function K(t,z) has the meaning of the weight

function "dynamic memory" of previous moments of time
and is descending. As a weight function we choose a
linear combination of two exponents, which has a
representation in operator form:

bA+Db,

K1) = —"—.
Q A2+ald+a,

)

To ensure normalization conditions IK(x)dx:l
0

equality b, = a, must be fulfilled.
Thus, all coefficients a,,a,,b, should be considered
positive numbers, and the function K(A1) is the operator

form of the second-order process. If 4 we can consider a
differential operator, then (1) will take a form:

d?(D(p(t) d (D(p(t)
)., 4(260)

d(S(p(®))
dt

+23,D(p(t)) =
®)
=b +8,S(p(t).

Functional relation (3) is the basis for building a
mathematical model of price changes in the market of one
product, if there are explicit expressions for the supply
S(p) and demand D(p) function.

With respect to the demand function D(p), we can
assume that there is a linear decreasing function of the
price argument D(p)=d, —d,p

The supply function S(p) has a specific nonlinear

nature of behavior in different price segments of the
market and has intervals of growth and decline, which are
due to the behavior of sellers (or producers) of goods. We
will choose an explicit form in the form of a cubic
parabola:

Sy 3 p’
S(p):_Ep +Sz?+s1p_so: (5)

where parameters S,,S,,S,,S,, are also positive numbers.
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Functional equation (3) has stationary solutions that
can be determined by the relation:

D(p)=S(p).

If we use explicit expressions for S(p) and D(p),

i.e. formulas (4) and (5), we obtain an algebraic cubic
equation with respect to the equilibrium price:

P p
83——82?—(Sl+d1)p+80+d0 =0.

5 (6)

Equation (6) can have one or three real solutions
depending on the ratios between the coefficients.

To further develop the mathematical model of price
evolution in the market of one product, it is advisable to
introduce a new variable p(t) = p(t)—p*, which is the

deviation of the price from its equilibrium state p*. The

value p’ is determined by the cubic equation (6). We also

introduce the necessary notation of the derivatives of the
supply function at the equilibrium point:

p”
S’(p) :_53 T"'Sz p* +Sl‘

S"(p)=-S,p"+S,. S"(p")=-S,,

After the necessary transformations of the functional
relation (3) taking into account formulas (4), (5), (6) we
obtain a nonlinear differential equation of the second
order with respect to the variable p(t) :

.. S! . S! _ Sn sz S" . " rjs Sw ~2‘rj
+la,+b-— |p+a,|1+— |p+a,— —+b—-p-p+ +8, — —+b — - ——=0, 7
p (al 1 dljp ao( dljp aodl 2 1d1 p-p aod1 6 bldl 2 (7)
or
~ _ ~ _ ~ r)z_ ~ L_ ﬁ_3_ ﬁz.b_o 8
p+(a1 b1'771)p+ao(1 771)17 %772'7 W, PP a0773'6 b1773' 2 =V, (8)
where __S Y I
ua dlx 7, dlv YR dl-

The parameter 7, is essentially the relative elasticity
of "supply"” to "demand", and 7, and 7, , accordingly, its
first and second derivative at price.

D =Dy

2

) p
P, =4 (771 _1)P1 +(b1771 _al)’pz +ay, '71"'171772}71]72 taghy - —

The matrix of the linear part (9) has the form:

0 1
N [ao (m—-1) bn —al] '
And satisfies the characteristic equation:
A*+(a,—bm)A+a,1-17,)=0.

Solutions (10) 4, have a really negative part under
the conditions:

a1_b1771>0 '

In this case, we can assume that the equilibrium state

(10)

ao(l—’h) >0.

p° is stable. Equilibrium point — a stable node
or focus.
Let’s consider in more detail the situation

when a, = bn,. Suppose, for example, that there is a
connection a =bn—-x where p— is the small
alternating value. Thus, the quadratic equation (10) takes
the form:

A -+’ =0, 11
U

With the help of new variables p,=p, p,=p,

differential equation (8) will be transformed into a system
of two first-order differential equations.

Py PP ©
6 ° 2
where @° =a,(1-7,)>0.
Obviously, the state of equilibrium can be

both stable and unstable focus. For the existence
of a periodic regime such as a limit cycle in the

vicinity of the equilibrium state p*, it s
necessary to check the conditions of Hopf's
theorem [11].

At u=0 characteristic ~ numbers  (11)

A, =tiw, i =-1.

Let’s find the derivative of equation (11) by
parameter y7

Z/Idi—yd—l—l:O.
du du

If ©#=0,then dl:1¢o.
du 2
This means that in system (9) there may be a limit

cycle in the vicinity of the equilibrium state p*, which is

a composite focus.

Before applying bifurcation formulas to determine
the required properties of the limit cycle, it is
necessary to bring the system of two differential
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equations (9) to the form of a model system
in the normal form of Poincare. To do this, use
replacements p, =y, p,=-w-y, t=w-t.. After the
necessary transformations, the system (9) is transformed
into a form:

C
21
& (12)
dljz y1+Czoy12+C11'y1'y2 +C30'y13+cz1y12y21
where
_2n o _bm _ 2bn, _ 2bn,
20 — 1 11— ! 30 — 1 21 — '
A -1 @ mn, -1 (0]

To determine the stability conditions of the
investigated limit cycle, it is necessary to find the so-

called first Lyapunov quantity I1(0)=%.

(4]
appropriate formulas, we obtain the following [12]:

Using the
1
I1(O) = g(czo Gy + C21) : (13)

Taking into account the existing form of coefficients,
expression (13) will be transformed into a form.

b, m
L(0)=—"—n+——|. 14
{0)= ol 7 — (14)
From relation (14) we can draw the following
2
,

conclusions: if 7, < 1 , then the limit cycle is stable in

1
2

7,

the vicinity of the equilibrium state, otherwise 7, >

1
— there is an unstable limit cycle.
In the first case, the mode of occurrence of self-
oscillations is called "soft", and in the second - "hard"
with a catastrophic loss of stability of equilibrium.

;s

The case when 1,(0)=0 or 7, = 1 is the most

m

interesting in terms of the diversity of the dynamic
behavior of the system (9) in the vicinity of the steady
state p". For further analysis, we need an analytical
expression for the second Lyapunov quantity 1,(0) . From
[12] we obtain:

,(0) = %(ZCﬁ -11- Cao) ' (15)
Z %w| o’ 6(1_771)2

Suppose that |, =v— is a small variable in the
vicinity of zero. In expression (16) for 1, the sign is

determined by the parameter 7,. If 773:%>0, then
1

I, >0 for all parameters of the formula (16).

In polar coordinates, there are two independent
differential equations for the amplitude p and phase W

of cycles [12]:

{p = p(u+vp® +1,p%), an

¥ =o.

The positive stationary solutions for the first
equation (17) satisfy the biquadratic equation

u+vp+Lp* =0. (18)

Equation (18) may have zero, one or two positive
solutions for the amplitudes of the cycles.

Fig. 1. Bifurcation diagram of a double cycle

Fig. 1 shows the corresponding bifurcation diagram.
The line H,={(u,v):u=0} refers to a typical
bifurcation of the birth (death) of the boundary cycle,

known as the Andronov-Hopf bifurcation [12]. The state
of equilibrium is stable at # <0 and unstable for ¢ >0.

If we move along the line x=0 to the points where
v <0, then on the phase plane from the composite focus

\ 4

yz,

of the second order an unstable boundary cycle (rough)
will be born, and the focus itself becomes non-rough
stable. When we leave, crossing the line H™, to region 2,
a stable boundary cycle is born from a stable composite
focus. In region 2, two cycles coexist simultaneously:
stable and unstable, which merge and disappear on the

line  T={(uv):v’=4Lu, v<0}. The T line
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corresponds to the bifurcation of the double cycle. Further
in region 3 boundary cycles are absent [13].

Fig. 2 shows the region of coexistence of two
boundary cycles.

Fig. 2. Stable and unstable boundary cycles

The outer cycle is unstable and the inner cycle is
stable.

Let us return to the relation that ensures the equality
of zero of the first Lyapunov quantity, i.e.

= } 19
=1, (19)
Using the explicit form #,, 7,,n,, it is easy to
obtain:
-S"(S"+d,)=(S")". (20)
Given the dependence of all derivatives
of the supply function on the equilibrium
price p°, we have a quadratic algebraic equation
to find p”.
s,} 1[(s,) 2(s.+d,)
p__2 =] == +# . (2]_)
S, 3|\ S, S,
We introduce the following notation
i:;/, 5+, =, S0+ =a . In this case, equation
S S, S,

(21) is transformed into a form:

1
(p-7) = (7 +28), (22)
and the cubic equation (6) is written in the form.
p—3yp?-68y+6a=0. (23)

Let p=p-y. Then (22) and (23) are transformed
as follows:

P =2(r +2p); (24)
p°-3(y*+28)p+2(3a-38y-7°)=0. (25

From the two equations (24) and (25) it is quite easy
to obtain an analytical solution for p and to find the

relationship between the positive coefficients «, 5,y . If
we put B =y, we get the first root p; =y leading to the

3
connection « =8%, and equation (25) can be factorized
as follows:
(P-7)(P°+7-P-8y")=0. (26)
Solutions (26) are:
. . ~1++/33
P =2, Pys = 7£TJ : @7)
Returning to the variable p , we have.
B . y(li \/@)
p = 2y, Prs = T (28)

Among the solution (27) there is one negative, i.e.
having no economic meaning. This fact can be explained
by simple formalisms in the task of the analytical structure
of supply and demand functions. Thus, two positive
equilibrium states remain for further consideration:

r(a39)
P =2y, pp=——"7—",
2

If, for example, the existence of these two stationary
prices is interpreted in relation to the labor market, the
following remarks should be made. For geometric reasons,
it is clear that the supply function changes its behavior
depending on the price p(t) (in this case, the level of

wages). At the first stage, wage growth initiates an
increase in labor supply (the number of people willing to
work increases, labor intensity increases). There is a
demonstration of the so-called "substitution effect". The
logic of employee behavior is as follows: the higher the
price of labor, the more profitable to sell it, reducing
dependence on other income. The supply line S(p), after

passing its maximum, changes its bow in the other
direction. There is a slow decline in labor supply with a
continuous increase in its price, which can be explained
by the "income effect". The essence of this phenomenon is
that the income received by the employee exceeds the
amount needed to meet basic living needs. The demand
function D(p) is a "traditionally" decreasing price

function, which gives two positive points of intersection

P <p;.
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of a line D and a parabola S. That is, we have an

equilibrium price p; =2y that corresponds to the
y(li\/@)
"substitution effect" and a price p, == that

describes the "income effect".

It is here, analyzing the line separating the two
graphical cycles, we found that its description depends
entirely on the static parameters of the supply and demand
functions. This is a clear connection between the
methodology of comparative statics and the stability of
nonlinear models of economic dynamics [14, 15].

For a system of two differential equations (12) for

) 4 b, 1
parameter values: Cyy=_—, C3=-Yy—,Cyp=—"7,
3y o 9y

CZIZE,(}):Y, S3 :dl'
()

Computer calculations of transients and phase
portraits of the dynamics of price changes at different
values of parameters y and b, were performed.

In fig. 3. a, 3.b, 3.c the values of the price, speed of
change of the price and dependence of speed of change of

the price on the price at parameters y = % b, :g are

given.
Fig. 4. a, 4.b, 4.c provide the characteristics of the

- 1
limit cycle for the parameters y = > b = % .

AN
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Fig. 3. a. Price fluctuations
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Fig. 3. b. Fluctuations in the speed of price changes
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Fig. 4. c. Phase portrait of the boundary cycle
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The graphical illustrations of self-oscillating modes
in the vicinity of the equilibrium state, which corresponds
to the substitution effect, demonstrate the stability of the
observed two-fold limit cycle at different dynamic

around the equilibrium states are identified and
their basic characteristics are given. The connection
between the existence of double cycles and statistical
parameters of equilibrium prices is found. Appropriate

parameters. computer  calculations of self-oscillating  modes
are made.

In further research, it is advisable to introduce an
autonomous component into the demand-side model,
which can be a characteristic of seasonal market
fluctuations. In this case, the system under study becomes
nonstationary, which provides a theoretical opportunity to
observe the so-called bifurcations of the doubling of the

period and chaotic behavior in price evolution.

Conclusions

Rejecting the assumption of linearity, this paper
examines in detail the evolution of price changes in the
market of one product within the model mechanism of
"supply and demand". Using the methodology of stability
analysis of nonlinear dynamical systems, the limit cycles
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METO/IU IOPIBHSIJIBHOI CTATHKH I JIUHAMIKHU Y TEOPII EKOHOMIUYHHUX
UKJIIB

[peamerom HamaHoi poOOTH € mpobieMa ONKMCYy AWHAMIYHOI TOBENIHKH I[iHM HAa PUHKY OJHOTO TOBapy. PO3IIsHYTO THIOBHMA
OaxaHc B3aeMofii (QYHKIIH IOMUTY Ta MPOMO3MIII y 3aJeXHOCTI Bix WiHW. JlMHaMidHa MoJenb IiHOBOI eBOMIONil Ga3yeThcs Ha
MIPUITYIIEHH], 0 (QYHKILS TOMUTY y JaHWH MOMEHT Yacy 3aJISKHUTh Bill (GYHKIIT MPOIO3HIi B yci IonepeHi MOMEHTH 49acy, ToOTO
Ma€e MicIle Ipouec 3 MCIsIieto. Y SIKOCTI sapa iHTerpaJbHOTO MepeTBOPEHHsI BHOpaHa XapaKTepHCTHKA IPYroro IOPSIKY, sKa
MOXKe IHINIIOBATH NepiOANYHI PSKUMH Y I[IHOBUX 3MIHHUX. MeT0I0 poOOTH € CHHTE3 MaTeMaTHYHOI MOJIEN IIIHOBUX 3MiH Ha PUHKY
OJIHOTO TOBapy Ta NOCHIIKEHHS CTiHKOCTI ii pIBHOB@)XHMX CTaHIB 3 BHSABOM CTPYKTYpH TPAaHUYHUX IUKIiB. 3aBJaHHAM
HACTYIHOTO JOCTI/DKEHHS € JEMOHCTPYBAaHHS CTYIEHIO 3B’ 3Ky MPOOJIEMHU CTIMKOCTI piBHOBAard 3 MpoOJIeMOI0 OTPUMAHHS ILTIJHUX
pe3ynbTaTiB 'y  MOpiBHAUIBHIA cTatumi. Ll nyampHicts  sBisie coboro mpunmmn BiamosigHocti I1. Camyenscona. basoBoro
MaTeMaTHYHOI0 MOJEIUIIO JOCHIPKyBaHOTO HPOLECY IIHOBOI JIMHAMIKM € CHCTeMa JABOX HETHIHHMX Iu(epeHLialbHUX piBHSIHbD
MepuIoro  MopsAAKy. MeTogaMM JTOCTIKEHb € HENiHIIHA Teopis aHali3y NUHAMIYHHX CHCTEM, MaTeMaTHYHa Teopis CTIHKOCTi
cucteM IuepeHIiaJbHIX PiBHIHB, IIOHATIHHUN armapar aHalli3y THUITOBHX Oidypkamiii HapokeHHS (3arubesti) TpaHUIHOTO IUKITY,
Bimoma sk Oidypkaniss AHapoHOBa-Xomda. Y pe3yiabTaTi IETaTbHOTO aHAN3y BIACTUBOCTEH Ta MapaMeTpiB aBTOKOJIMBAIBHHX
PESKUMIB BUSBICHHH BOPA30BUH IMKI, TOOTO € (pakT CHiBICHyBaHHS HAaBKOJO PIBHOBR)XHOTO CTaHy CTIHKOTO Ta HECTIHKOTo
IpaHUYHUX [UKIIB. [ToganbMMKY MaTeMaTHYHAMU NIEPETBOPEHHAMH JOBEACHO, L0 JiHisd PO3MEXyBaHHS IIMX JIBOX LIUKIIB IIOBHICTIO
BH3HAYAETHCS CTAaTHYHHMHU IMApaMeTpaMH JOCIIKYBaHOI CHCTEMH , sKa UIIOCTPYE MeXaHi3M mii mpuHIumy BiamosimHocti IL
CamyenbcoHa. BucHoBKHU: Ha mpukiIafi QyHKIIOHYBaHHS PUHKY IMpali BUKOHAHUM BHYEPIIHUI aHAJi3 CTIHKOCTI IBOX AOJATHHUX
PIBHOB2)XHUX CTaHIB, SKi XapaKTepH3yIOTh €(eKTH 3aMilleHHS Ta AO0XOLy. 3a JOMOMOTOK  KOMII'FOTEPHOTO MOJCTIOBAHHS
peanizoBaHi OOYHMCITIOBAIbHI €KCIEPUMEHTH, SIKI AEMOHCTPYIOTh aBTOKOJMBAIbHI PEXHUMH €BOJIOLII I[IHOBHX 3MiH. Y HACHiJKy
aHai3y OTPUMaHHMX UYHCENBHHUX PE3yJIbTaTiB MOXKHA 3pOOWUTH BHCHOBOK IIPO CTIHKICTh I'PaHMYHOTO LUKIY y OKOJI PIBHOBaXKHOTO
CTaHy, KU BiJMOBia€ eEeKTy 3aMillICHHS.

KnwuoBi cjoBa: pHHOK; TIONWT; NPOMO3WINS; IliHA, JWHAMIKA; ABTOKOJHMBAaHHsI, OidypKaiis; CTIHKICTh; NPUHIIMII
BIZIMTOBITHOCTI.

METO/Ibl CPABHUTEJIbHON CTATUKHA U JIUHAMHUKHA B TEOPUUA
IKOHOMMWYECKHUX IUKJIOB

IIpenmeToM mpegocTaBIeHHOI paboThI ABIAETCS MpoOiieMa ONUCAHUS JUHAMUYECKOTO ITOBEACHHS IIEHBI Ha PHIHKE OJHOTO TOBapa.
PaccMoTpen TunmuHbIA GanaHc B3auMOACHCTBHS (DYHKLHUI CIIpoca M MPEIIOKEHUS B 3aBUCHMOCTH OT IeHBl. JlnHaMHu4eckas MOJeib
LIEHOBOH 3BOMIONMHU 0OazupyeTcs Ha NPEANONIOKCHUH, YTO (PYyHKIMSA cHpoca B JAHHBI MOMEHT BPEMEHH 3aBUCHT OT (YHKIUH
TIPEUTOKEHUsT BO BCE IMPEABIAYIINE MOMEHTHI BPEMEHH, TO €CTh MMEeT MEeCTO Mpolecc ¢ ImocieaeicTBueM. B kauecTse sapa
HHTETPaJIbHOTO IMpeoOpa3oBaHMsl BhIOpaHA XapaKTEPHCTHKa BTOPOTO MOPs/KA, KOTOpas MOXET HHHIMHMPOBATH MEPUOANYECKHE
PEKHUMBI B [IEHOBBIX U3MeHEeHHsX. LlesibI0 paboTH! SBIISETCS CHHTE3 MAaTeMaTHIECKOH MOJIe/N IEHOBBIX N3MEHEHHUH Ha PhIHKE OJJHOTO
TOBapa U HCCIENOBAHUS YCTOMYMBOCTU €€ PaBHOBECHBIX COCTOSHHUH C ONpelesieHHeM CTPYKTYpHI MpelesbHBIX LMKIOB. 3amadei
HACTOSILET0 UCCIIEIOBAHNUS SIBIISIETCS IEMOHCTPAIMS CTEIICHH CBSI3M NMPOOJIEMbl YCTOHYHBOCTH PAaBHOBECHS C TIPOOJIEMOIt MOy YeHHs
IUTOJJOTBOPHBIX PE3yIbTaTOB B CPABHUTEIBHOW CTAaTHKE. OTa IyalbHOCTh IPEACTAaBIAET CcOOON MHPHHIMI COOTBETCTBUS II.
CamyanbcoHa. ba3oBoii MaTeMaTHIeCKO MOJIENBIO0 N3yJaeMOTo MpoIiecca IIEHOBOH TUHAMUKH SIBIIIETCS CUCTEMA JIBYX HEIWHEWHBIX
T bepeHIMaTbHBIX yPaBHEHUH TIepBOro Tmopsiika. MeToqaMu ncciie1oBaHus SIBISETCS HeNMHEITHAS TeOpHsl aHAIN3a AUHAMIIECKIX
CHCTEM, MaTeMaTHIeCKasi TEOPHSl YCTOMIMBOCTH CHCTeM An(QepeHINaNbHbIX yPaBHEHUH, TIOHATHIHHBIA anpapaT aHalH3a THITHIHBIX
oudypxanuii poxkaeHus (ruOenu) NpeaenbHOTo MK, U3BECTHast Kak Oudypkamms AHnpoHoBa-Xomnda. B pesyasrarte neransHoOro
aHajn3a CBOWCTB M INapaMeTPOB aBTOKOJEOATEIBHBIX PEXUMOB OOHApY)KEH IBYKPATHBIA IMKJI, TO €CTh (DaKT COCYIIECTBOBAHHUS
BOKPYTI' PaBHOBECHOTO COCTOSIHUSI YCTOMYMBOTO W HEYCTOHYMBOTO TpPEIENbHBIX IMKIOB. Ilocieayronmmy MaTeMaTHYeCKUMHU
peoOpa3oBaHUAMU JOKA3aHO, YTO JIMHUS PasTpaHUuEHUs STUX JIBYX LIUKJIOB ITOJIHOCTBIO ONpENeIsieTcs CTAaTHUECKUMU TTapaMeTpamMmu
HCCIIeAyeMOi CHCTEMBI, MIITIOCTPHUPYIONIAs MEeXaHu3M AeiicTBus npuHOuIa cooTBeTcTBHA I1. Camyanscona. BeiBoabl: Ha mpumepe
(YHKIMOHHPOBAHUS PBIHKA TpPyJa BHINOJHEH HCYEPIBIBAIOMNI aHATH3 YCTONYMBOCTH [BYX IOJOXKHUTENBHBIX DPAaBHOBECHBIX
COCTOSIHMH, XapakTepu3yomux >(¢dexTsr 3amemenus n goxoma. C IMOMOMIBI0 KOMIBIOTEPHOTO MOMAEIHPOBAHUS PEaTn30BaHbBI
BBIYHCITUTEINILHBIE SKCIICPIMEHTHI, IEMOHCTPHPYIOIIHE aBTOKOJIe0aTeIbHBIE PEXKUMBI SBOIONUN [IEHOBBIX M3MEHEHUH. B pesynbTate
a”HaJin3a TIOJYYEHHBIX YHUCIICHHBIX pPACcY€TOB MOXKHO CHEJaThb BbIBOJ 06 yCTOﬁqHBOCTM NpeacJbHOro IUKIa B OKPECTHOCTU
PaBHOBECHOTO COCTOSIHUS, KOTOPOE COOTBETCTBYET 3((HEKTy 3aMeIlIeHHUSI.

KiioueBble ci10Ba: PHIHOK; CIIPOC; MPE/UIOKEHHE; 1IeHa; IMHAMUKA; aBTOKoyeOaHus; OudypKaims; yCTOHIUBOCTD; MPUHIIHIT
COOTBETCTBHA.
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