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MATHEMATICAL MODELING OF THE MARKET
OF THREE GOODS IN TERMS OF SUPPLY LAG

MATEMATUYHE MOAENIOBAHHA PUHKY TPbOX TOBAPIB
B YMOBAX JNATA MOCTAYAHHA

The mathematical model of the free market of three goods in the conditions of supply lag in
the interval of discrete time with market parameters, demand vector and initial conditions is con-
sidered. The results of simulation modeling of the market of 3 goods with the values of parameters
and initial conditions are obtained. Graphs of the optimal dynamics of prices of three competing
goods, graphs of the dynamics of demand for the three competing goods at the optimal dynamics
of prices are analyzed. Graphically presents the dynamics of additional supplies of three compet-
ing products, the order of which was made t steps earlier in forecasting at time t optimal prices.
It was found that during the initial time interval the balances of unsold goods accumulate, the
market is overstocked, so at the end of the interval orders for goods are terminated. The dynamics
of the optimal allowable total deliveries of goods to the market and the graphs of the dynamics
of sales of goods are presented and analyzed. The dynamics of the maximum allowable profit of
the seller is obtained.

Key words: mathematical model, demand function, supply function, equilibrium, delivery lag,
initial conditions.

Y pobomi docniosceno epanuuni (nomenyitini) mMoxHcIUB0CHI OMPUMAHHS MAKCUMATLHO2O
CYKYNH020 00X00Y NPOOasys Ha GibHOMY PUHKY MPbOX MOBAPIE i3 NOOANLUUUM CUHINE30M ONMU-
ManbHOI demepminosanoi cmpame?ii nocmayvanus mosapy Ha puHok. Punkoeuil npoyec cxkiaoa-
€muvcs 3 6azamvox akmie oOMiHy Mmosapamu ma nocay2amu, y AKux bepyms yu4acms npooaseyb,
Ha CMOPOHI SIKO20 € NPONO3UYIsL MOBAPY, | NOKYNeyb, NpeoCcmasieHuti NONUMom Ha moeap. Pos-
2NAHYMO MAMEeMaAMUyHy MO0 BLIbHO20 PUHKY MPLOX MOBAPI6 8 YMOBAX d2a NOCMAYAHHS
Ha iHmMepeay OUCKPEmMHO20 Yacy 3 NapamMempamu PUHKY, 6eKMOpoM NONUMY Md NOYAMKOSUMU
ymogamu. 3a 00nomo2o10 MamemMamuyHoi MoOeni OMpPUMAHO Pe3yIbmamu iMimayiino2o mooe-
JI0BAHHS PUHKY MPbOX MO6API6 31 3HAUCHHAMU NAPAMEMPI6 ma novamxosux ymos. Ilpedcmas-
JIEHO 2pApiK ONMUMANTbHOI OUHAMIKU YIH MPbOX KOHKYPYIOUUX MOBAPIE, NOYAMKOSI YIHU 080X 3
AKux (1-20 ma 2-20) Hudicui 3a pieHOBANHCHI, A MPEMbO20 — ULYE 30 PIBHOBANHCHY. 32000M YIHU 6CIX
MPbOX MOBAPIE HAOIUICAIOMBCS 00 ACUMATNOMUYHO PIBHOBAICHUX 3HAUEHb (00 MOUKU CNOKOIO).
Taxooic npedcmagaeno epapix OuHaAMIKU RONUMY HA PO3LTAHYIMY MPIUKY KOHKYPYIOUUX MO6apie
3a onMUManbHoi OuHamiyi yix. Lle 0Oun i3 pe3yibmamis niugy 0OUH Ha OOHO2O KOHKYPYIOUUX
mosapis. [Ipodemoncmposano epagiku OUHAMIKU 000AMKOGUX NOCIAYAHL MPIUKU KOHKYPYIOUUX
Moeapie, 3amMo81eHHs AKUX 3p00IEHO T KPOKAMU paniwe nio uac npocHo3y6anHsa Ha MOMEHM 4acy
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t onmumanvHux Yin. Buseneno, wo npomscom nouamrkoeo2o iHmepeaiy 4acy HakONU4ymvCs 3a-
JUWKU HeNPOOAHUX MO8aApis, PUHOK 3AMOAPIOEMbCS, MOMY HANPUKIHYI IHMePBany 3aMO61eHHs
mosapie npununsiomuvcs. Ipoananizoeano npedcmasieny OUHAMIKY ONMUMATbHUX OONYCMUMUX
CYMAPHUX 3ATUWIKIE MA 3AMOGLIEHb NOCIAYANHS MOBAPIE PUHKY Md epaghiku OUHAMIKU npooa-
arcie moeapis. Ompumaro OUHAMIKY MAKCUMATbHO OONYCMUMO20 NPUOYMKY NPOOAsYysl 3 02150y
Ha ONMUMANbHY CMPAmMe2ilo NOCMAa4aHHs Mosapie Ha PUHOK, PUHOK A8MOMAMUYHO 8UXOOUNMb 31
CMamy Kpusu, GUKIUKAHO20 NOPYUIEHHAM 1020 PI6HOGAU, | Nepexooums 00 PiBHOBAINCHO20 PYXY,
acumnmomuunol pisHosazu, ujo 3a6e3neuye MaKCUMAaibHull npUOYmox npooasyst ma noghe 3a-
00801€HHA CROACUEH020 NONUMY. IMimayiline MOOETI08AHHS PUHKY MPLOX MOBAPI6 NPOiNocmpy-
610 OESIKI OCHOBHI 3AKOHOMIPHOCII 83AEMOOLL MOBAPIS HA PUHKY MAUNCE BLIbHOL KOHKYPEHYI.

Knrwowuoei cnosa: mamemamuuna mooens, GyHKyis nonumy, hyukyia nponozuyii, pienosaza,
Jla2 NOCMABOK, NOYAMKOGI YMOGIL.

Formulation of the problem. The application of mathematical modeling in economics
allows to make deeper quantitative economic analysis, expand the field of economic infor-
mation, and make more efficient economic calculations. The mathematical model differs
in nature from the original, but the study of the properties of the original using the mathe-
matical model is more convenient, cheaper and less time consuming. The application of the
method of mathematical modeling in economics is an objective stage of its development,
associated with the existence of stable quantitative patterns and the possibility of a formal-
ized description of many, though not all, economic processes.

Analysis of recent research and publications. Building a market model, modeling and
forecasting its development is one of the most important problems of the economy. Most
market models were built on the principle of establishing a competitive balance, the exis-
tence of which was stated in the work of Walras [1]. The mathematical substantiation of the
Walras hypothesis was performed in the 1950s in the works of Arrow-Debre [2], Mackenzie,
Gale, Nicaida. Further work was carried out to improve the models and their generalization
in the monographs of Morishima, Nikaido, Lancaster and other modern authors [3; 4]. These
market models struck a balance between supply and demand, but could not be a market
model, as they, firstly, lacked competition between producers and consumers, and secondly,
did not reflect the focus of market participants ( producers and consumers), which is the
basis of competition [5—7]. Imbalance characterizes a market that is not in equilibrium [8].
Imbalance can occur for a very short time or over a long period of time.

Formulation of the goals of the article. The market model reflects the balance between
supply and demand, taking into account each market participant. A mathematical model
has been built, which, along with the balance sheet, can reflect the purposefulness of each
market participant [9]. Methods for solving a vector problem based on the normalization
of criteria and the principle of guaranteed results have been developed [10-12]. In a com-
petitive market with a large number of buyers and sellers, we use the method of search to
determine the equilibrium price, excluding prices at which there is a surplus or shortage of
product. It is necessary to investigate the behavior of the mathematical model in the case of
three products, to analyze the results.

Presenting main material. Consider the example of the market n = 3 goods with a
supply lag t=10 at a discrete time interval from ¢=-1 mo t=7 =1000 according to market
parameters:

50 0 0 3 0,3
R=|0 50 0|, P=[2|, B=l02]; (1)
0 0 50 1 0,1

demand vector parameters:
8 0,8 -0,2 -0,1
0,=|4|, 4=/-0,4 0,4 -01]; 2)
2 -0,2 -0,1 0,3
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all products are competing because all non-diagonal elements of matrix A are non-nega-
tive) and initial conditions:

14 2
P(0)=F=|10|, 0"(0)=|1|. 3
27 0
The main diagonal minors of the matrix A are positive:
08 -02 -0l
0,8 -0,2
det(0,8)=0,8>0, det 04 04 |024>0, det-04 04 -0 = det(4)=0,048 > 0.

-02 -01 03

Thus, the matrix A is positive. Then the matrices 4+4" ta A+A4" +R — positively
defined, and accordingly there is an optimal equilibrium state of the market. In the pic-
ture1—13 the results of simulation modeling of the market of 3 goods with the values of
parameters and initial conditions in example are given. In the picture 1, 2 graphs of the
optimal dynamics of prices of three competing goods are presented, the initial prices of two
of which (1st and 2nd) are lower than equilibrium, and the third - higher than equilibrium.
The graphs show that over time, the prices of all three goods are approaching asymptotically
equilibrium values (to rest) P*.

In the picture 3, 4 graphs of dynamics of demand for the considered three competing
goods at optimum dynamics of prices are presented. It can be seen that stable asymptotic

P, =18.9128, P, = 24.4622, P, = 20,6105
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demand is achieved for the 2nd and 3rd commodities, while for the 1st commodity the
demand asymptotically decreases to zero. This is one of the results of the influence of com-
peting products on each other.

In the picture 5, 6 graphs of the dynamics of additional supplies of the analyzed three
competing products are presented, whose order is made t steps earlier when forecasting at
time t optimal prices. The graphs show, that during the initial period of time from 0 to t=10
the market receives standing orders made on the previous equilibrium interval of the market.
As can be seen from the figure 7, 8 during this initial interval, the balance of unsold goods
accumulates, the market is overstocked, so that at the end of this interval, orders for goods
cease. Accumulated balances are sold off for a long time until there is a shortage of goods.
The volume of orders increases sharply for the 2nd product and gradually increases for the
Ist and 3rd products. The market begins an equilibrium movement to asymptotic equilib-
rium, in which demand for the first commodity falls to 0. Therefore, orders for this product
at some point in time begin to decline and reach 0. Orders for the 2nd and 3rd goods reach a
stationary level, which ensures asymptotic market equilibrium.

On the graphs of the figure 9, 10 the dynamics of the optimal allowable total (balances
plus orders) supply of market goods is presented.

In the picture 11, 12 graphs of the dynamics of sales of goods are presented. It is clear that
there is a certain time interval in which sales fall to zero. This happens when the 1st and 2nd
goods, which are in effective demand, are not on the market due to market imbalances, and the

Q%'=0, 0%'=3.8413, Q% =2.0456
T T T

7
——
6 R | | Y. Y - b
Z,~E AT
: . —O; : i 03['0"02}
[{ - B .............. ,_,_,Qg_ 3 + of =
T ; ; ; ; : e %
O 4L ; : N NP N i : i -
N : : H . 2 5 ; H I
0 N™M
+3 p
o 1
off-----f gt T IR e ey - .e..-..i.-‘..-.-.‘.-.m..q
0
F| BN | S S SRS SRR | 10 H
: : i - 15
0 i i i i 1
0 200 400 600 800 1000
t
Drawing 5. Dynamics of orders Drawing 6. Phase trajectory of orders
Q%=0, @%=0, @°'=0
25 R —ajaia))
" T J—— ‘ i 3
! 30 : + Q=0
207 —3 X
: " .-.-.og 0 :
cc-ﬂ 15: ..... R e s Rt SR o
o : 10
= i
o 10f : 1
: i
P S : ................................................................ ~— 2
i 05 _ 3
: .
0 i i i i Q° 0o Q®
0 200 400 600 800 1000 2

t

Drawing 7. Dynamics of balances Drawing 8. Phase trajectory of residues




12 | «TaBpilicbkmii HaykoBuii BicHuk. Cepisi: Exonomika». Bunyck 11, 2022

Q'=0, Q}=3.8413, Q}=2.0456 i |—0ya0y
25 — 4 - : e
H : : Q : ' + Q*=Q
- 30 : k
— : ‘ %
imimi Q| : ! i
-- 9 20 ;
i o
10 i
0 :
10 o
- . - 2
: : 5
i H 0
600 800 1000 Q B Q,
t
Drawing 9. Dynamics of supply Drawing 10. Phase trajectory of supply
Q%'=0, Q%'=3.8413, Q% =2.0456
7 — e —
H H H 05
—q — Q30303
S S H
—_— g - -
H H = 5
00
o’ 2 :
-\ciu .bm
» - 1
o
ol
10 H
E 2
d . : _ : 1
(1] 1 1 1
0 200 400 600 800 1000 o
t
Drawing 11. Sales dynamics Drawing 12. Phase trajectory of sales

3rd product for the same reason is so expensive that it becomes “out of pocket” buyers. Then

the sales dynamics is restored, gradually approaching the asymptotically optimal level Q*".
Eventually, in the picture 13 the dynamics of the maximum allowable profit of the seller

is presented. It can be seen that as a result of bringing the market out of equilibrium, the
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total (for all goods) seller’s profit falls to a negative value (losses exceed revenue), and by
no means can the seller quickly restore the state of market profitability due to the restraining
influence of three factors: limited effective customer demand, lag in the supply of goods and
market inertia. Gradually, based on the optimal strategy of supplying goods to the market,
the market automatically emerges from a state of crisis caused by its imbalance, and moves
to equilibrium, to asymptotic equilibrium, which provides maximum profit for the seller and
consumer demand.

Conclusions. The example of simulation modeling of the market of 3 goods illustrates
some basic laws of interaction of goods in the market of almost free competition. “Almost”,
because the penalty component of the target function, which gives the market inertia, is an
external factor that restricts free competition.
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