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EQUILIBRIUM PRICE ON THE MARKET OF ONE GOOD. EVANS MODEL

PIBHOBAXHA LIIHA HA PUHKY OOHOIO TOBAPY. MOAEJIb EBAHCA

In economic theory, the concept of equilibrium is important. This is the state of the object,
which it retains in the absence of external influences. Achieving a balance between supply and
demand is one of the main indicators of the effectiveness of the functioning of the country's
economy in market conditions. There are many models for establishing an equilibrium price in
the market for one product. The most famous equilibrium models are considered: L. Walras, A.
Marshall, "spider"” model with discrete time and Evans' model with continuous time. Evans's eco-
nomic model for studying the establishment of an equilibrium price in the market of one product
is considered. Its solution is given using the apparatus of differential equations. Graphs of the
dependence of price on time are constructed, proving the main assumption of the model that the
price changes depending on the relationship between supply and demand and its increase is di-
rectly proportional to the excess of demand over supply and the duration of this excess.
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B exonomiuniti meopii easciusum € nonsmms pisnosaeu. Lle cmawn 06'exma, sikuil 6in 36epi-
eae 3a eiacymﬂocmi 308HIWHIX 8NUBIE. Jlocsenen s pigHoga2u MIdic NONUMOM i NponosUYiero
€ 0OHUM i3 OCHOBHUX NOKA3HUKIE ehekmuenocmi GyHKYIOHY8aHHs eKOHOMIKU KDAiHU 6 YMOBAX.
PpunKy. Punkosa pisnosaza — cumyayis na punKy, npu sKii Hemae menoenyii 00 sMinu puHKo6oi
yinu abo obcsezy bnae, ujo npooaiomscs. Pienosasicna punkosa yina — yina, 3a AKoi éerudu-
HU nonumy ma nponosuyii mosapy 36icaiomvcs. Punkosa pienosaea yinu ma obcse dnaea,
WO NPoOAEMbCsL, MONCYMb 3MIHIOBAMUCS Y 8I0N06I0b HA 3MIHU nonumy ma nponosuyii. Icnye
bacamo mooeneil 6cmManoGiIeHts. PIHOBANCHOT YiHU PUHKY 00H020 mosapy. Poszensdaiomuvcs
Hausioomiwi mooeni pisnosazu: Banvpaca JI., Mapwania A., «<nagymunonodiona» mooens 3
ouckpemuum yacom i mooenv Eeanca 3 6esnepepsnum uacom. Ionoenum y nioxodi Banvpaca
JI. 8i03Hauaemoca pisnuys 6 oocaeax nonumy ma nponosuyii. I'onosnum y nioxooi Mapwanna
A. € pisnuya yin P, ma P, Mapwann suxooums i3 mozo, wo npooasyi, nepui 3a 6ce, ped-
2ylomy Ha pisHUYIo Yinu nonumy ma yinu nponosuyii. Ilagymunonodiona mooensb — mooens,
wo 3006pasxcye mpaekmopiio pyxy 00 CMaHy pieHosacu, Kouu peaxkyis nponosuyii 4u nonumy
3aniznioemucs. Bona eusnauae OuHamivnuil npoyec: mpackmopilo Kopu2yeamnHs yin ma oocsey
8UPOOHUYMBEA NI Hac pyxy 6i0 00HO20 CMAHY PieHO8A2U 00 THUL020, BUKOPUCIIOBYEMbCS Ol
ONnuUCy KOMUGANb YiH HA PUHKAX CLIbCbKO20CNOO0APCbKOL NPOOYKYii; Ha Oipicosomy puHky, oe
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npono3uyisn peazye 3MiHy yiwn iz deaxkum saniznenusm. Mooens Eeanca ye modens 3 b6esnepeps-
Hum yacom. Posensinymo exonomiuny mooenv Eganca 3 6usuenHs 6CmMaH081eHHA PIBHOBAICHOT
Yinu Ha punKy 00no2o mosapy. Haeeoeno ii po3e sizanns 3a donomozoio anapamy ougepenyi-
ANbHUX PIBHAHL, Ma NOOYO0BAHT 2paiKu 3anedcHocmi Yinu 610 yacy, wo 0060058Mmb OCHOBHE
NPUNYUeHHs MOOeN, WO YIHA 3MIHIOEMbCS 8 3ANeHCHOCMI 610 CNIBBIOHOUIEHb MIdC NONUMOM
ma nponozuyiero, ii 301nbeH s NPAMO NPONOPYIIIHO 00 nepesulyents NORUMY Hao NPOno3u-
yico ma mpueanocmi ybo2o nepesuwjerts. Taxkoxc HasedeHo 0esKi iI0OMOCmi nNpo emanu no-
6y006u MamemMamuyHux mooenet ma iCmopuyHi i00Mocmi, iKi 0ONOMa2arms HPOCMeNCUmMu
€BoNIoYITI0 eKOHOMIUHO20 MOOETIOBAHHS.

Knrwwuosi cnosa: pisHosadicHa yina, eKOHOMIYHA MOOelb, NONUM, NPONO3UYis, ougepenyi-
anvHe PiBHANHHSL.

Formulation of the problem. Currently, two main dynamic models are used to assess
market equilibrium: the “spider” model and the Evans model. The cobweb model quite
clearly illustrates the process of interaction between supply and demand in organized mar-
kets, however, in the equations of supply and demand, there is no time as one of the main
characteristics of dynamic processes (which include all economic processes). Evans' model
does not have this shortcoming, in which an attempt is made to take into account the time
factor. The characteristics of supply and demand determine the nature of market price stabil-
ity. In this regard, the Evans model also requires clarification.

Analysis of recent research and publications. At the end of the 19th century, the equi-
librium models of the economic system by A. Marshall, L. Walras, Arrow-Debré, Evans,
the cobweb model, etc., appeared [1-3]. These models are considered classical models of
economic equilibrium and assume the achievement of an equilibrium state of the economic
system with the equality of aggregate demand and aggregate supply. The global financial
and economic crisis (2008—-2009) confirmed the fact that the real economic system develops
cyclically and cannot be in equilibrium for a long time (no more than 50-60 years). For
many years, work has been carried out to improve existing models and generalize them
[3-6]. Evans' model with continuous time is interesting to study.

Formulation of the purpose of the article. The purpose of the work is to consider the
economic model of Evans and to study the establishment of an equilibrium price in the mar-
ket for one product. Solve it using the apparatus of differential equations, build graphs of
price versus time. Show the basic assumption of the model that the price changes depending
on the relationship between supply and demand. And that its increase is directly proportional
to the excess of demand over supply and the duration of this excess.

Presentation of the main research material. Determination of the equilibrium price.
When the price ceiling is set below the equilibrium price, there is a shortage and demand
exceeds supply. This situation will lead to competition between buyers for the opportunity
to buy this good. Competing buyers begin to offer higher prices. In response, sellers begin to
raise prices. As prices rise, demand decreases and supply increases. This continues until the
price reaches its equilibrium level (P; Q). When price floors are set above the equilibrium
price, supply exceeds demand and there is a surplus of goods. Market equilibrium and devi-
ations from it are shown in Figure 1.

There are four options for the influence of shifts in supply and demand curves on the
price and volume of goods:

1. An increase in demand for a good causes a shift in the demand curve to the right, result-
ing in an increase in both the equilibrium price and the equilibrium quantity of the good.

2. A decrease in demand for a good shifts the demand curve to the left, resulting in a
decrease in the equilibrium price and equilibrium quantity of the good.

3. An increase in the supply of a good shifts the supply curve to the right, resulting in a
decrease in the equilibrium price and an increase in the equilibrium quantity of the good.

4. A decrease in the supply of a good shifts the supply curve to the left, resulting in an
increase in the equilibrium price and a decrease in the equilibrium quantity of the good.
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Figure 1. Market equilibrium and deviations from it
Market equilibrium. P, — equilibrium price; O,— equilibrium quantity of a good

Using these four options for changing supply and demand and shifting their curves, it is
possible to determine the equilibrium point in case of any fluctuations in supply and demand.
However, the above-mentioned “four rules” of supply and demand do not always “work”,
because often, both the demand curve and the supply curve shift simultaneously, which
greatly complicates the analysis of real economic phenomena and processes. A scientifically
based method of supply and demand analysis involves supply:

1) distinguish between a change in demand or supply that leads to a shift in the curve, and
a change in the amount of demand or supply that causes movement along the curve;

2) to keep all other conditions equal, which requires knowledge of the difference between the
influence due to a change in the price of a good, and the influence due to a change in other factors.

The equilibrium price is one of the mechanisms for establishing market equilibrium.
The equilibrium price is the price at which the volume of demand is equal to the volume
of supply, in other words, this is the only price that meets the condition: P, =P, =PF. At a
given price, the equilibrium quantity of goods offered on the market is also established:
0, = 0, = Qq. The equilibrium price performs the most important functions:

— informational — its value serves as a guideline for all market entities;

—normalizing — it normalizes the distribution of goods, giving a signal to the consumer
about whether a given product is available to him and how much supply of a product he
can count on at a given level of income. At the same time, it affects the producer, showing
whether he can recoup his costs or whether he should refrain from production. Thus, the
producer's demand for resources is normalized;

— stimulating — it forces the manufacturer to expand or reduce production, change tech-
nology and assortment so that the costs “fit” into the price and there is still some profit left.

The most famous equilibrium models: L. Walras, A. Marshall, “spider” model with dis-
crete time and Evans model with continuous time.

The market of one product is considered, time is considered continuous. Let d(7), s(7),
p(1) be the demand, supply and price of this commodity at time t, respectively. Both demand
and supply are considered to be linear functions of price, i.e. d(p)=a—bp, a,b>0 — demand
falls as price rises, s(p)=a+Bp, a,B>0 — supply increases as price increases. It is natural
to assume that a > a, that is, at a zero price, demand exceeds opposition (in other words, the
product is desired). The basic assumption is that the price changes depending on the rela-
tionship between supply and demand: dp = r(d —s)dt. Where r >0, that is, the price increase
is directly proportional to the excess of demand over supply and the duration of this excess.

. . . dj
So, we get the differential equation: ;]; =r(d-s).
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Substituting into this equation the linear dependences of supply and demand on the price,
we obtain a linear non-homogeneous differential equation with the initial condition:

d,
Z=r((b+p)-p-a+a); p(0)=p,.
This equation has a stationary point: p* = ((Z;(l;))

j[: <0, if p" <0, The price p’itself is the equilibrium price — when supply and demand are

equal. The equilibrium price can also be found graphically — as a point of intersection of the
supply and demand lines (Figure 1). But the assertion that equilibrium implies equality of
supply and demand is incorrect. Indeed, supply and demand are functions, and the equality
of functions implies a coincidence, not an intersection of graphs. Consequently, at the equi-
librium point, the values (volumes) of supply and demand coincide, and not the graphs of
functions.

Practical application of the Evans equilibrium price model. Let us describe the process
of establishing an equilibrium price if time is continuous and the market for one commodity
is considered. Demand D and supply S linearly depend on the price: and the price change is
proportional to the excess of demand over supply with a proportionality coefficient.

D=28-2p; S=19+p; y=1; p" < p(0).
Let's consider different cases. Let's build graphs. On the basis of the resulting calcula-

tions and the constructed graphs, we will draw the appropriate conclusions.
The price increase is directly proportional to the excess of demand over supply with

dj e
>0, It's clear that £>O, if p*>0 and

. . . . . . dj
a proportionality coefficient. The Evans differential equation has the form: L_ y(D-S).
Substitute in this differential equation the linear dependence of supply and demand
. . . . . dp
on the price, we obtain a differential equation: ;=—y((b+ﬁ)~ p—a+oc). In our case:

dj . . .
i -1((2+1)-p—28+19)=9-3p. The general solution to this equation would be:

dt . , o (a-a) 28-19
p(1)=3-C-e™. Let's find a point of stable equilibrium: p* = (5P =" 3. The graph
(Figure 2) shows that the integral curves given by the equation p(t)>: 3—C-estriving for a

balance p" =3.

—row1
—lOW 2
rows

Figure 2. Integral curves given by the equation

At the initial moment of time: p(0)=9,p(0)> p",p" - p(0)=—-6,p(1)=3+6-¢”. In this
case, the price of the good decreases, approaching the equilibrium price. (row 1, Figure 2).
If at the initial time: p(0)=1,p(0)< p’, then C=2and p(t)=3-2-¢. In this case, the price
of the good increases, approaching the equilibrium price (row 2, Figure 2). The stationary
solution is stable, and deviation from it eventually leads to a return to the original state.
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Similarly, consider and depict graphically cases of excess demand over supply and equality
of demand to supply, B >b. Demand D and supply S are linearly dependent on price: B=5,
D=8-0,5p, S=2+1,5p, y= y proportionality factor. We get the differential equatlon

dj
dlt) 3 p . General solution of the differential equation in the form: p(1)=3-C-e”
_a-o _ 8-2 >
=3, p(0)=4 > p’. Then C=-1, respectively p(1)=3+1-e
“hip osiis > PO)=4 p(0)>p , respectively p(1)
as
4
1 ¥
3 [
25 1 —row1
2 —row?2
el Trows3
1 ]
05 |
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Figure 3. The price of a commodity decreases, approaching the equilibrium price

If p(0)=1p(0)<p’, then C=2=p(t)=3-2-¢". The price of a commodity increases,
approaching the equilibrium price (row 2, Figure 3).
Let the linear supply and demand equations be as follows: D=28-3p, §=19+3p. We
. . . dj . .
compose the Evans differential equation: £:3(3—3 p). General solution of the equation

describing the dynamics of the equilibrium price: p(¢)=1,5- Ce™; 1=1,5.

15 +
/’/_— —row?2
11 ——rows3

05 +

Figure 4. Equilibrium price

If p(0)=2,p(0)> p’, then C=-0,5=p(t)=1,5-0,5-¢*. The price of a good rises towards
the equilibrium price. (row 1, Figure 4). If, then C=0,5= p(t)=1,5+0,5-¢". The price of a
commodity decreases, approaching the equilibrium price (row 2 in Figure 4). So, we have
shown that the price varies depending on the relationship between supply and demand. The
price increase is directly proportional to the excess of demand over supply and the duration
of this excess.

Conclusions. The use of mathematical modeling in economics makes it possible to make
quantitative economic analysis deeper, expand the scope of economic information, and
intensify economic calculations. We considered the economic model of Evans to study the
establishment of an equilibrium price in the market for one product. It is different in nature
from the original. The study of the properties of the original using a mathematical model
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is more convenient, cheaper, and takes less time than physical modeling. The model was
solved using the apparatus of differential equations. Graphs of the dependence of price on
time are constructed, which prove the main assumption of the model that the price changes
depending on the relationship between supply and demand and its increase is directly pro-
portional to the excess of demand over supply and the duration of this excess. The appli-
cation of the method of mathematical modeling in the economy is an objective stage in its
development, associated with the existence of stable quantitative patterns and the possibility
of a formalized description of many, although by no means all, economic processes.
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