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ASSESSMENT OF MARKET EQUILIBRIUM OF BASIC DYNAMIC MODELS

OLIHKA PUHKOBOI PIBHOBATY OCHOBHUX AUHAMIYHUX MOAENEN

The main models used to assess the market equilibrium are analyzed. Refinements of the mech-
anism of interaction between supply and demand are proposed, which are necessary for practical
forecasting in the stock market. Elements of differential calculus are used for forecasting. The solu-
tion of the differential equation shows that the movement of the market cannot be described by a
single equation. If demand changes, then this will entail a change in supply, which balances the
market. The full cycle of market fluctuations, by analogy with the cobweb pattern, is divided into 4
quarters of the /2 period. An assessment is made of the stability of the market equilibrium for each
period. To do this, on each ©/2 period, we write down and solve the differential equation. On the
basis of research, the dependence of the change in the amplitude of market fluctuations during one
half-period and the equation of market fluctuations relative to the equilibrium point was obtained.

Key words: dynamic models, assessment of market equilibrium, demand function, supply
function, market price stability.

Obopom aneopummiuHoi mopeieni Ha BeIUKUX POHOOBUX MATOAHYUKAX CbO2OOHI CA2A€, 30 Oesi-
xumu oanumu, 70%. Ilpu yvomy edxice i0emvbcs He nPpoCmo npo me, wjob eunepeoumu KOHKypeHmie
y 30ilICHeHHT mpan3akyii, a ti 3ymimu nepeddoauumu pyx yinu. 3pooumu ye MoXiCHA, HANPUKILao, 3a
00NOMO2010 MAMEMAMUYHOL QOPMYIU, WO BPAXOBYE NPUXOBAHY NIKBIOHICMb PUHKY 3 Yi€i NIK6I0-
HOCMI 3A5160K HA KYNi6I0 ma npooaoic. Buchaicenns uepau 3aa60x Ha KYniuio abo npooaic modjce
ceioyumu npo weuoKull pyx yinu. B pobomi ananizylomscsa 0CHO8HI MOOeN, WO BUKOPUCMOBYIONb-
¢l OISl OYIHKU PUHKOBOI pigHosacu. [IponoHyomsbcst YmouHeHHs MEXanizmy 63a€Mo0ii nonuny ma
npono3uyii, HeoOXIiOni 01 NPAKMUUHO20 NPOSHO3VEANHS HA (OHO08OMY PUHKY. [{iia npocHo3ysan-
H5l GUKOPUCTOBYIOMbCS elleMeHmu Ou@epenyianvioco oouucients. Pyx punxy, y cmanui smiujenis
w000 MOUKU PIBHOBARU, 3A0AEMbCA OUpepeHyianbHUM piHAHHAM. Piwenns akoeo ceiouums, wjo
DVX PUHKY HEMONCTUBO ONUCAMU OOHUM PIBHAHHAM. AKWO 3MIHUMU NONUM, Ye CHPUYUHUMb 3MIHY
nPONo3uYii, AKa 6PiGHOBANCYE PUHOK. [{I NPOSHO3Y PO3GUMKY PUNKY OYIHIOEMbCSL 11020 NOGEOINKA
nicisi 6yob-1k020 00ypenus. Hanpukiad, Hecnodieane 3nudicents (nidguuyeHHs) oocsey yiHu Ha
axyii’ nionpuemcms. 11o6HULL YUK KOTUBAHHS PUHKY 34 AHANOCIEIO 3 NABYMUHONOOIOHOIO MOOe-
0 po3dusaemvcsi a 4 usepmi nepiody w/2. [lpoeooumvcs oyiHka cmitikocmi puHKo8oi pieHosa-
2U KoxcHoMy nepiooi. Ilposisuiu 00Chioxcentsi no 6cim ugepmsam nepiooy KoIuaHv, OMpUMAHO
3aKOH KOMUBAHL PUHKY NPOMALOM 00HO20 Nepiody Npu PizHOMY HOECOHAHHI elacmu4HOCi NONU-
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my 11 nponosuyii. Ompumano 3a1exiCHICMb 3MIHU aMnaimyou KOMUeaHs PUHKY NPOMALOM 00HO20
Hanienepiooy ma pieHAHHs KOIUSAHb PUHKY U000 MOUKU pigHosacu. PyHoameHmanbuil Memoo,
o 3aCMOCOBYEMbCA O NPOSHO3YBAHHS, TPYHIYEMbCA O0CTIONCEHHT CYKYNHOCTNE PISHOMAHIMHUX
YMO8 T pakmopis, wo € Ha PUHKY, ma po3poOKU HA OCHOGI eKoHoMempuuHux modenetl. Ilpu 3acmo-
CYBAHHI MEXHIUHO20 AHANI3Y, HA GIOMIHY 810 (YHOAMEHMANLHOO, QOCTIONCYEMbCA OUHAMIKA YIH
Ha mopeax. 3’51co8yeEmbCsl IX MeHOCHYIN Y MUHYIOMY Md NePeHOCIMbCIL GUABLEH] 3AKOHOMIPHOCMI
Ha manudymue. IIpome simuusnsani peanii Oipxco8oi mopeieni, K GUABTAIOMBCS Y HEPO3GUHEHOCT
CMPOKOBO2O BIPICOBO2O PUHKY, HE3HAUHOMY 00CA3I MA HEPeSYIAPHOCHI YKAAOCHUX Y200, 3HAUHO
VIMPYOHIOIOMb 3ACTOCYSAHHS OAHUX MEMOOI8.

Knrwwuosi cnosa: ounamiuni mooeii, oyiHka puHKogoi pieHosazu, QyHKyis nonumy, QyHKyis
npono3uyii, CmiuKicms puHKo8oi yiHu.

Formulation of the problem. Nowadays, to assess market equilibrium, two main
dynamic models are used: the cobweb model and the Evans model. The web-like model
quite clearly shows the process of interaction between supply and demand in markets, but
their equations do not contain time as one of the main characteristics of the dynamic pro-
cess (which includes all economic processes). Evans' model does not have this drawback. It
makes an attempt to take into account the time factor.

Analysis of recent research and publications. The hypothesis about the existence of
general economic equilibrium was originally set out in the work of L. Walras «Elements
of Pure Political Economy». Pure political economy was conceived by Walras as a theory
of price determination under a hypothetical regime of free competition. The author argued
that «...this theory is mathematical, which means that although it can be stated in ordinary
language, its proof must be mathematical. It is entirely based on the theory of exchange,
which, in turn, is entirely expressed — in a state of market equilibrium — in a double fact (the
central idea of the theory of general equilibrium): firstly, the fact that each participant in
the exchange receives maximum utility, secondly, in the fact of equality of the volumes of
demand and supply for each product for all participants. Only mathematics can give us the
condition for maximum utility” [1]. These two facts underlie the equilibrium state in mar-
kets, according to Walras L. If the first fact defines equilibrium as the state of each individual
economic entity, then the second fact fixes equilibrium as the state of the system of inter-
acting entities as a whole. As new research appears, theoretical explanations (algorithms) of
general economic equilibrium inevitably become more complex, incorporating approaches
from related disciplines: game theory, algebra and linear programming. The theory of gen-
eral economic equilibrium is becoming the leading approach for modeling socio-economic
processes. Mathematical substantiation of the Walras hypothesis was carried out in the 1950s
in the works of Arrow-Debre [2], McKenzie, Gale, Nikaido. Further work was carried out
on the improvement of models and their generalization [3; 4]. The Evans model is a model
in which an attempt is made to take into account the time factor [5; 6]. General economic
equilibrium models are actively used as an applied tool in analyzing the effectiveness of
economic policies, as well as the influence of various kinds of exogenous influences and
endogenous changes on the economy at various levels.

Formulation of the purpose of the article. Study of the impact on the the volume of
purchases that provide the seller with the greatest profit.

Presentation of the main material. For practical forecasting, it is necessary to clarify
the mechanism of interaction between supply and demand in the stock market. Let us also
apply elements of differential calculus for this. Let us depict the position of the market in a
displaced state relative to the equilibrium point by a distance x (Figure 1) and assume that
the market has balanced due to a corresponding increase in price by the value AP . In this
case, the restoring force of the market will be equal to —cx, where ¢ is the price elasticity
(rigidity) of demand or supply.

The differential equation of market movement in this case has the form: x"=-cx, or:

x"+k*x =0 )
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Figure 1. Elasticity (rigidity) of supply and demand

Where k> = c . Thus, choosing the origin of coordinates in the position of the static equilib-
rium of the market, we always obtain a differential equation of free fluctuations of the market
without a constant term on the right side. The resulting differential equation (1) of free mar-
ket fluctuations is a second-order linear homogeneous equation with constant coefficients. Its
chara cteristic equation has the form: A’ +&* =0 .The roots of the characteristic equation are
imaginary: A, =+ki . Therefore, the solution of the equation is written in the form:

x = C,coskt + C, sin kt. 2)
To determine the integration constants C, and C,, we differentiate solution (2):
x"=—=Cytsinkt + C,tcoskt. 3)

Letus substitute into (2) the initial conditions # =0,x = x, =—— ,andin(3) 1 =0,x" = x; = 0.
. . AP . ¢
We define integration constants: C, =x, =———,C, =0. Equation (2) of market movements
c

(market changes) after substituting the values of C, and C, will take the form x = ————coskx,
C

where k =+/e.

At the same time, it is obvious that the market movement, in our case, cannot be described
by a single equation. Indeed, when one of the main parameters of the market (for example,
demand) changes, in accordance with general economic laws, a change in supply inevitably
occurs, which balances the market. In this case, the elasticity (rigidity) of supply takes place,
i.e., at point 2 (Figure 1), the changed state of the market is balanced due to the action of the
market mechanism according to the neoclassical theory of market equilibrium. However,
the elasticities of supply and demand are different, which is due to the initially opposite
intentions of market participants (sellers and buyers). The difference in elasticity leads to a
discrepancy in changes in the volumes of supply and demand. Therefore, for further analysis
of the interaction between supply and demand, we introduce the designations ¢, and c,. In
a formalized form, the dependences ¢, and ¢, have the form (Figure 1):

¢, = AA%’ =1gB; ¢, = i}; =tga , where AQ - increment (change) in the volume of goods
(shares, etc.) on the market; AP, - increment (change) in price when the volume of supply of
goods (shares, etc.) changes on the market equal to AQ ; AP, - increment (change) in price
with a change in the volume of demand for goods (shares, etc.) in the market equal to AQ.
In other words, the larger the value of ¢, the less elastic supply or demand. To predict the
development of the market, it is necessary to evaluate its behavior after receiving some kind
of disturbance. Having divided the cycle (period equal to 27) of market fluctuations by anal-
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Figure 2. Scheme of market fluctuations (one period)

ogy with the cobweb model into 4 quarters of the period 7/2, we will assess the stability of
the market equilibrium as the ability to withstand these disturbances (Figure 2).
In the first quarter of the oscillation period (Figure 2) of market equilibrium, the differ-
ential equation has the form (1) or:
d’Q
dar’
Thus, choosing the origin of coordinates in the position of market equilibrium, we obtain
a differential equation of free fluctuations without a constant term on the right side. The
resulting differential equation (1) and (4) is a second-order linear homogeneous equation
with constant coefficients. Its characteristic equation has the form
2k =0 )
The roots of the characteristic equation are imaginary: A,, =+ki . Therefore, the solution
of the equation is written in the form:

+k°Q0 =0, where k¥’ =c, “4)

O = Ccoskt + C,sinkt. (6)
To determine the integration constants C, and C,, we calculate
6;—? =—Cksinkt + C,kcoskt. 7

40 _do, _

— Y

e C . AP .
Substituting into (6) the initial conditions ¢ = 0,0 = 0, = —— ,andin(7) £ =0, o
Ca

AP
we get C,=——,C, =0.
Ca
After substituting the integration constants, we obtain the equation for market fluctua-
tions in the first quarter of the period (Figure 3):

AP
0 =-"—coskt, where k=.Jc, . (3
Ca
Respectively
%:Eksmkr, where & :\/a . )
ch'

Having carried out similar reasoning for the remaining three-quarters of the period of
fluctuations, we come to the conclusion that, by successively solving the obtained equations
of market fluctuations, we will obtain the law of market fluctuations during one period with
different combinations of supply and demand elasticity (Figure 3, 4 and 5).
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Figure 3. Period of market fluctuations for the case c; < c,— supply is less elastic
than demand (supply is more rigid than demand)

kt, pan

Figure 4. Period of market fluctuations for the case c, = c,— supply and demand have
the same elasticity

20-

Figure 5. Period of market fluctuations for the case c, > c, — supply is more elastic
than demand (supply is less rigid than demand)

Carrying out similar reasoning, one can write the equations for price fluctuations (Figure 6).
Summarizing the above, we can derive the following dependence of the change in the
amplitude of market fluctuations during one half-period:

Q1:Q0C_d; szQlc_d:QO[c_dj PEEEE Qn:Qo(c_d) > (10)
c, c, c,

likewise

2 n
P1=Poc_d§P2:P|c_d=Po[c_d]§~-~ Pn=P0[C_d]s (11)
C C C C

s s s
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Figure 6. Graphical interpretation of fluctuations
in the volume of goods (shares) and prices

where 7 is the serial number of the half-period of fluctuations of the market parameter;
0, and P, are the initial value of the deviation of the market parameter, in particular, volume
and price, respectively. Thus, we write the solution of the equation of market fluctuations
with respect to the equilibrium point

Q:QO[Z”’J cos(kt +, ) (12)

s

or

P=p, (Z"]n cos(kt +9,) (13)

s

where ¢, is the initial phase of the nth half-cycle; k is the average frequency of free

market fluctuations: & :1/% . The full period of market fluctuations is determined by
2
the formula: 7 ==".

Analysis of equations (13) and (14) shows that the market will be in a state of stable
equilibrium only when ¢, <c, .That is, the elasticity of demand is greater than the elasticity
of supply, or, in other words, the supply is more rigid in comparison with demand. Moreover,
the magnitude of the largest deviations with their decrease changes the more intensively, the
greater the rigidity of supply in relation to demand (Figure 7).

Thus, for m >1, the equilibrium is unstable; for m =1, the equilibrium is not defined; for
m <1, the equilibrium is stable (Figure 8).

Analysis of Figure 8 shows that with the same deviation from 1 for m >1, the intensity
of the increase in deviations is much greater than their decrease for m <1. An analysis of

. 2 . . .
equation T = % shows that the period of fluctuations will be the longer (longer), the greater

the elasticity of supply and demand (less rigidity).

Conclusions. The presented free fluctuations of the market in their pure form (without
noise) are impossible, since even during one period (especially since we have adopted a con-
ditional period measured in radians), additional market disturbances can be observed, which
will be superimposed on free fluctuations, significantly distorting the picture.
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Figure 7. Intensity of change in the magnitude of the largest market deviations
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Figure 8. Intensity of change in the magnitude of the largest market deviations
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