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HccnenyroTes BOSMOXHOCTH TOCYAapPCTBEHHOTO PETYINPOBAaHIS 00beMa BBIITyCKa MPOAYKIMH MPEATPUHIMATEIS IPH
pacmmpeHHOM npousBoacTse. [Ipennonaraercs, 94To rocy1apcTBO NPHUMEHSET JIbIOTHBIC HAJIOTOBBIE CTABKM B KaueCTBE
OCHOBHBIX CTUMYJIOB. 32 OCHOBY B3$5ITa MaTeMaTHUECKas MOJIENb BEIPYUKHU npeanpusatus. [1o pesynsraram nccinegoBaHus
MOJICJIN BBIABJIICHBI YCJIIOBUS MaKCUMU3allUX JO0X0Aa MPCANTPUHUMATEIIA: NPEANIPUATAC JOCTUTaCT MAaKCUMAJIbHBIX BBIT'OJ]
IIpU HapalluBaHUH NPOU3BOJACTBA B CIy4yasX MUHMMAJIbHOH JIbTOTHOH HAlOTrOBOM CTAaBKH, MaKCHUMAaJbHBIX 3HAUEHHSX
TEMIIa pOCTa IIeHBl ¥ KO PHUIIMEHTa N3AEPKEK OT IPONU3BOJICTBA JONOIHUTEIBHON SMHUIIBI TPOIYKLIUH. YCTaHOBJIEHO
TaKXe, 9TO MaKCUMH3AIMH JI0X0/1a CIIOCOOCTBYET (hYHKIIMOHUPOBAHKE MPEANIPUATHS JTN00 Ha PHIHKAX TOBAPOB C BHICO-
KOW IIEHOBOU 3JIACTUYHOCTBIO, JTMOO Ha PHIHKAX TOBAPOB C IIEHOBOW AIAaCTUIHOCTHIO, OTM3KON K HYITIO.

Knwuesvie cnosa: roCyJapCTBECHHOC PCTYIUPOBAHUEC,; NOXOMA; JBIOTHBIC YCJIOBHUA, HAJIOTOBAsA CTaBKa, HapallluBaHUEC
BBIITYCKaA.
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Introduction

This article is a continuation of the research carried out in [1-4].

The mathematical model of the proceeds of an enterprise which uses the extensive way of development of
production and trade was first analyzed in detail in the article [3]. It was found out that the company’s proceeds
depend on such indicators as the coefficient of sales increase, the level of inflation, the coefficient of costs in
the production of an additional unit of products and the coefficient of price elasticity of demand. The influence
of each of the parameters on the difference between the initial proceeds of the entrepreneur and the proceeds,
when he enters the extensive development path, was also considered. In particular, it was identified that the
maximum benefit from the transition to an increase in production is achieved under the following conditions:
when the company operates in the markets of highly elastic goods, has a small coefficient of costs and a small
coefficient of sales increase, operates with a minimum level of inflation.

In [1, 2] the dependences of the maximum income of an enterprise, that follows the extensive path of de-
velopment, on various market parameters were studied. As a result, it was revealed that an entrepreneur max-
imizes his income in the event of an increase in production, if he is operating in the markets of highly elastic
goods, while the share of total tax payments from the proceeds and the coefficient of costs in the production of
an additional unit of products tend to zero.

In [4] the qualitative characteristics of the dependencies obtained in [3] were analyzed, i. e. the indicators of
proceeds elasticity were analyzed. The values for each parameter of the proceeds model were determined, with
a tendency toward which the proceeds are the most elastic. In addition, several bifurcation points were revealed,
reflecting the fact that with a small change in their values, the sign of the proceeds elasticity function changes.

However, in papers [ 1-4] such an important issue from an economic point of view as the possibility of state
regulation of an entrepreneur’s income wasn’t considered. The proposed article is devoted to this problem of
the theory of market economics. It is formulated and studied in the following formulation.

It is assumed that in a certain period of time the state plans to expand the production of some products.
Therefore, in order to encourage the producer to increase the output, the government can appoint certain ben-
efits for expanded production. So the parameter of the assigned tax benefits gives the potential to regulate the
income of the enterprise. We study the theoretical aspects of one of the forms of such actions.

Proceeds

We recall the definitions and notation of [1; 3]. Let the producer sells ¢ pieces of goods at a price p for one
unit on the market for a certain period of time. Then the proceeds from the sale will be gp of monetary units.

Suppose that in order to increase proceeds, the entrepreneur increases production and sales of his products
to the value ¢, = ¢ + Ag, Aq > 0. Investigations of such case are carried out under the following assumptions.

1. At the end of the observed period of time there is a natural inflation in the amount of G(G > 0) monetary
units per unit of output. It is called underlying inflation for the period of time associated with external factors
(vising prices for energy resources, raw materials, transportation costs, additional services, etc.).

2. Without underlying inflation, the increase in output in the market by an amount Aq in accordance with the
law of demand leads to a price change to a certain value p,, where p, < p, and taking into account underlying
inflation — to the value p, + © per unit of goods.

3. Underlying inflation does not cause changes in the volume of sales (the government reduces the impact
of inflation on consumer demand, for example, using indexation of wages, etc.).

Next let’s study the possibility of benefit from increasing production of products by the entrepreneur and
investigate his risk of possible losses and miscalculations.

Let a (0 < a < 1) denotes the coefficient of costs in the production of an additional unit of products
for each of Ag units. Consequently, additional products add at the end of the observed period the amount
Aq(p, +0)(1-a) to the proceeds ¢ ( p, +O).

Thus, the total proceeds are represented by the formula

R=q(p1+6)+Aq(p1+G)(1—a). (1)

We transform the right side of (1) using the following considerations. In the paper [5, p. 24] the formu-
la (1.17) for the sales volume ¢, = g, ( p) is given as a function of the price p. It is obtained by expanding this
function in a Taylor series. We use this formula in the first approximation, assuming that p is the initial value.

Then we can write:
e\p—p
ql=q(l—uj, )

p
where e is the absolute value of the coefficient of price elasticity of demand.
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Using the formula (2), we can define a new price p, that was formed at the end of the period by solving this
equation with respect to the parameter p,. Using equality ¢, —¢ = Ag and not taking into account underlying
inflation, from the formula (2) we get:

p1=p(1—u)=p( —ﬂ)- 3)
eq eq

In this case, the proceeds R after the substitution of (3) into (1) take the form:

A A
R=q(p+0—p—q)+AAq(p+G—p—qJ, 4
eq eq
where for brevity of the analysisis laid4=1—-a,0<A4 <1.
For the convenience of investigation of the properties of the dependence of the proceeds on the parameters
of the model, we introduce the following quantities:

=2 4 =S )
q P
Let’s call them, respectively, the coefficient of sales increase and the level of inflation [6; 7], so that
k, 100 % is the percentage increase in sales, and k,100 % — the percentage of underlying inflation.
As we will see below, in all theoretical arguments there is not always the coefficient &, but the quantity
1+ kp. Therefore, in order to reduce technical calculations, it is also convenient to use the concept of the rate
of price growth K [6], which corresponds to formula:

p+oO

(¢
=l+—=1+k,. (6)
P P
Taking into account notations (5) and (6), we transform the right side of the proceeds formula (4) as follows.
We take the factor ¢ from the first bracket of the formula (4), and the factor p — from the second bracket. Then
finally this formula takes the form:

K, =

k‘] k‘i
R=¢qp KP—: +gpAk, | K, —— |. @)

e
It expresses the dependence of the proceeds on the parameters kq, e, K, anda=1-A4,0<A4 <1, which de-
fine the mathematical model for research.
Preferential terms "
Let us note that the first component of the right side of the formula (7), which equal to gp (K b —L |, corre-
e

sponds to the initial output of the product. Let the tax rate for it is equal to i (0 <i< 1). The second component

of the right side of the formula (7) is the output of additional units of production. We assign for the second
component a special preferential tax rate j, 0 <j <i. Then, in accordance with the formula (7), the total income
of the producer (denote it as C) can be written as follows:

(er - kq)(l —i) N qpAk, (er - kq)(l —j) _ qp(er - kq)(l —i+ A(l —j)kq).

C=gqgp

It should be noted that the use of tax incentives in the policy of state regulation of expanded production
should be based on the choice of the tax rate j in such a way, that, on the one hand, it stimulates an increase in
output, and, on the other hand, enables the producer to profit from this.

Let’s analyze these phenomena analytically, using a mathematical model in such a way as to ensure the
simultaneous implementation of these goals.

Since the producer’s income expressed by the formula above is not assumed to be negative, the first bracket
must be positive, i. e.

eK,>k,. ®)

Next, we write down the condition of the producer’s interest in increasing the output. In other words, the
entrepreneur’s income in expanded production should be greater than the initial. Since the initial income is
equal to ¢(p+06)=gpK,, then the required condition is ensured by inequality
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(eKﬁ_kq)(l_ei+A(1_j)kq)>qup<1_i)' ®

We successively transform this inequality, taking into account the constraint (8). We have:

C=qp

(eK, =k, )(1-i+k,A(1- j))> K, (1-i) & 1_j>A(e(]1(1—_)i)kq)'

Taking into account the economic sense of the tax rate j we obtain:
—i
A (eK b, kq)
Let us point out the relationship between this condition and the important economic limitations of the
model.

First of all, we define the necessary condition under which the right side of (10) is positive. This, in turn,
should provide the opportunity to choose the tax rate j. To do this, we use the inequality

i >O@A(er—kq)—(1—i)
A(er _kq) A(er _kq)

0<j<l- ek, >k, (10)

> 0.

Taking into account the requirement (8), this is equivalent to the system of inequalities
A(eK, —k,)>1—i, K, > k,.

In addition, we must not forget about the condition 0 < j <i for a preferential tax rate. Combining all of the
above, we come to the conclusion that if the parameters of the model satisfy the system of inequalities:

(11)
0<j<i,
then the government plan for stimulating the producer through a preferential tax rate j can be realized.

Income optimization

Let’s calculate the maximum income of the entrepreneur depending on the control parameter k. For this we
consider the income function

(ek, -k, )(1-i+A4(1-))k,)

e

C(k,)=qp

defined by (9). This is a quadratic function, the graph of which is the part of the parabola with downward
branches. We first indicate the domain of its definition, taking into account the requirements of (11). We
note that the variable k, enters only in the first two inequalities of system (11), so we can use the following
equivalent conditions:

(12)

A(eK, ~k,)>1-i, kq<er_%,
T |k <ok, - —=
A(er—kq) q P A(l—j).

Since 0 < 1-j < 1, then the first inequality from the obtained system can be omitted, because it is a consequence
of the second inequality. Consequently, the domain of definition of the function (12) with respect to a variable
k, is given by the inequalities:

—i

=i
A(1-)

0<k,<eK,— for 0<j<i. (13)
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—(1-1)
) A(1=)
coordinate of the top of the parabola k, =k, is the average of the roots of the quadratic function

~ 1 1—i
k,=—|eK, ——— | 14
=) "

According to (13) the point lgq belongs to the interval of definition of the function C (k . ) Now we calculate

We should note that the function C(kq) is zero at points k, = €K, and k, = . Therefore, the

the value of income for k, = lgq. It is equal to C=C (lgq ), where

e qp(eA(l—j)Kp +(1—i))(l_l_+ ed(1-))K, —(1—1')).

24e(1- ) 2

As a result of simplifications, we obtain:
~ qp . )2 o
C=——"F——|ed(1-j)K, +1-i] , 0< j<i 15
4Ae(1_j)( (1-/)K, +1-i) J (15)

Expression (15) means the maximum income of an entrepreneur who has accepted the government’s
proposal to expand production. It is achieved when the coefficient of sales increase k, is equal to &, which is
defined by the formula (14).

Dependence of the maximum income on the preferential tax rate

It should be noted that the state can influence the value of the maximum income of the entrepreneur (15)
by choosing a preferential tax rate within the range of variation j that satisfies the system of inequalities (11).
This influence on the value (15) can be either upward or downward. In this case, the area of influence of the

tax rate ; is subject to the system of inequalities (11), where k, = l:rq. Namely, we have a system of constraints
for the parameter j in the form:

AleK,-k,) (16)

We transform the first of the inequalities (16). We have:

1-i
eAKp

—i

j<1_A(er_k:q)

& (1-))A(eK, —k,)>1-i =1-j>

—i

As a result, we obtain the condition j<1- . Thus, the required domain of definition of the variable j

eAKP

isn’t larger than the domain defined by the following constraints:
1—i
edK,

O<j<i, j<l-

This system of inequalities makes sense only if the right side of the second inequality is positive. Namely,
the following relations must be fulfilled:

1= >0 & edK >1-i & e> l_l.
’ AK

P P

1—

Consequently, we can consider the function ¢() defined by (15) in the form:

qp

(p(j)=m(eA(l—j)Kp+1_i)z’ an

40



Journal of the Belarusian State University. Economics. 2019;1:36—45

which is given on the set of values of the variable j:
. 1-i
1-i for e>——. (18)
— AK

We transform expression (17) as follows:

<p<j>=f—j’e(<eAKp P (1- )+ 204, <1—f>+(1_i)'2}

From this we easily find the derivatives of the function (17). They are equal:

d‘P_(J')zﬂ[_(eAK )2+ (1—i)2]. d’o(j) _ qp 2(1—1’)2.
di  4de =Y ) &t 4de (1-j)

The first derivative is equal to zero when the following relations are satisfied:

1—i . edK —(1-i)
edK ( j) = /= eAK

P

eAK eAKp

L . . . A 1- -
Taking into account the system of inequalities (18), we obtain that j > i, (1 - Lsisl-i> ! J
p

This means that the point j = ; is located to the right of the definition interval of the function ¢(/) . Therefore,
the derivative is negative, and hence the function decreases for all 0 < j < ; . In addition, the following limit
equations hold:

o 4p Voo N gqp(1-i) 2
lim (p(]) = m(eAKp +1- l) , lim (p(j) = —(eAKp + 1) .

Jj—o+0 j—i-0 4A4e

Moreover, the second derivative is positive, and hence the function @(j) is convex.

(edK, +1-i)

The graph of the function is shown in fig. 1, where ¢ = gp and in accordance with condi-

- 44e
tions (18) j =min<{1— —L gt
edK,
0(/)
¢
0 Jj i

Fig. 1. The graph of the maximum income function ¢(;)=C

The figure confirms the increase in the maximum income with a lower tax rate ;.

Conditions (17), (18) mean that the use of a preferential tax rate j by the government creates conditions for
a real increase in the entrepreneur’s income, on the one hand, and on the other hand, the government has the
ability to regulate the largest of such allowable incomes towards reducing it.

Notes.
1. If the tax rate j is absent (the tax on the increased part of production is not withdrawn), then the entre-

preneur § income has the best value equal to

¢=%(e,41<p+1—i)2.

41



Kypuaa Besopycckoro rocyiapcTBeHHOr0 yHuBepcuTera. JkoHoMuka. 2019;1:36—45

2. If the domain of definition of the function (p( j) is an empty set, i. e. there is a condition for the price
elasticity of demand in the form

1-i
O<es——o,
P

then the government can’t influence the maximum of the entrepreneur’s income This fact corresponds to
markets with relatively low price elasticity of demand.

Dependence of the maximum income on the rate of price growth
According to the maximum income formula (15), we consider the function:
qp . 2 .
o(x)=——F—led(1-j)x+1-i) , 0< j<i,

where the notation x = K, for the rate of price growth is used. The domain of definition of this function is
given by the condition (13). From this we obtain the restrictions on the variable x in the form of the following
relations:
1—i A(l=-j)k, +1-i
O<k <ex————— x> (=),
! A(1-j) ed(1-j)

The function o(x) is quadratic, its graph is the part of the parabola with the branches directed upwards. The

1
vertex of the parabola corresponds to the value x = —Tl_) <0.
ed{l=y
, , _ A(l-j)k, +1-i _

We calculate the value of the function at the extreme left point x =X = L of the interval of

its definition. We obtain: ed(1-j)
A(l=j)k, +1—i
eA(1-j)x+1—i=ed(l1- j) (1=))k, ——+1-i=A(1-j)k, +2(1-i).
ed(1-j) 1

Therefore, at this point we have

a(f)zﬁ(/l(l—j)kq +2(1-4))’.

The graph of the maximum income function Oc(x) is shown in fig. 2.

A
o

=y

Fig. 2. The graph of the maximum income function oc(x) =C, x=K,

The figure shows that an increase in the rate of price growth, of course, leads to an increase in the maximum
income of the entrepreneur. This means an increase in the level of inflation, which leads in turn to the growth
of only the nominal value of income, i. e. to the depreciation of money.

Dependence of the maximum income on the price elasticity of demand

The formula of the maximum income C can be considered as a function of the variable e. Therefore, it is

interesting to find out the dependence of the function C on the type of market taking into account the price
elasticity of demand. It should be reminded that the parameter e is subject to the condition (8), more precisely
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. . ~ 1 1—i . .
to the inequality eK, > k , where k, =k = Eer - Wl) Hence, the following inequality must be ful-
=J
filled with respect to the variable e:
eK, > ~eK, ———L |
PU2 24(1-)

This inequality holds for all e > 0. Thus, using the formula (15), we can consider the function

c(e):ﬁ(e/l(l—j)[(p+l—i) , e>0, (19)

for 0 <j <i. We transform the expression for G(e). As a result, we obtain the function

c(e):ﬁ{e(A(l—j)Kp)Z +24(1-j)(1-i)K, +@] e>0.

Hence we compute the first and second derivatives of the function (19). They have the form:

S PP

dofe)  qp . ~
){(AO J)Kp) e’ de* 2A(1—j)e3’

de  4A(1-j

The first derivative is equal to zero in the domain of definition e > 0 at the point
1—-i
A1- K,

p

e=e=

It is clear that the derivative is negative for 0<e< e and it is positive for e> e. This means that the
function G(e) decreases in the first case and increases in the second case. In addition, the second derivative is
positive, i. e. the graph of the function is convex. We calculate the following limit values:

lim G(e) =+oo, lim (e) = +oo,

e—+0 e—+too
1-i

A (1 -J ) Kp

tion G(e) reaches its minimum. Let us calculate this minimum value:

Research shows, that at the point e= e = , where the sign of the derivative changes, the func-

(1-/)

o(8)= 1 2l 2(4(1-)K, ) + 2401~ 1-i)K, + (1_5)2]=qp(1—i)1<p.

. . . A 1-i
The graph of the function G(e) is shown in fig. 3, where e = —l
A(I_J)Kp
A
a(e)
O(@) p-r---->
0 é e >

Fig. 3. The graph of the maximum income function c(e)=C
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The graph shows that, depending on the absolute value of the coefficient of price elasticity of demand e, the

. . . . . . 1—i
maximum income of the entrepreneur decreases with changing e in the interval 0 <e < m and then
1-i — )%

A(l-j)K, "

Dependence of the maximum income on the coefficient of costs

increases for e >

Consider the maximum income formula C (15) as a function B(«) of the variable a:
qp . \2
=————le(l-a)(1-j)K +1-i), O<a<l. 2
In this case, we have the following limits:

fmple)= g el K1) Jim Ble) = e

Let us determine the value a at which the function B(a) represented by the formula (20) is equal to zero.

We have e(1-a)(1-j)K, +1—i=0, where a = a’. The quantity a" is equal to:
. 1—i
a=l+———m—-.
e(l - ])KP

The maximum income function B(a) has an economic sense only on the interval 0 < a < 1 and the value a’

1s outside the domain of definition of the function, because a* > 1.

To determine the extreme values of the function B(a), which is represented by the formula (20), we trans-
form it as follows:

ap N .
=—|e(l-a)(l-j)K, + —————+2(1-i)K |. 21
B(a) 4[e< A=K+ i+ 200K, @1
Next, let’s find the derivative of the function (21), for this we equate it to zero and write down the roots:
\2
M) _ap —e(1-/)K; /I
da 4 e(1-a) (1)
1—i 1—i
=l-—; a, =1+ ——m7—.
TR, T - )k,

One of the found roots does not belong to the domain of definition of the function, namely a = a,, more-
over a, = a". It is clear that the derivative is negative on the interval 0 <a < q, and it is positive for a, <a < 1.
Therefore, the function has a minimum at the point a = a,. We calculate the value of the function B(a) at the
points a, and a = 0. We have:

B(a)=qp(1-i)K,>0.
_ qp . \2

B(0)= m(e(l - j)K, +1-i), B(0)>0.

The graph of the maximum income function of the enterprise B(a) is shown in fig. 4:

B(a)A

B(0)
B(a)

»
>

a

R

0 a,

Fig. 4. The graph of the maximum income function B(a)=C
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Based on the obtained graph, we can conclude that the value of the maximum income decreases as the indica-
tor a grows to the value a,. Further, with an increase in the coefficient of costs in the production of an additional
unit of products, there is a growth in the possibilities for increasing the maximum income of the entrepreneur.

Conclusion

This paper is devoted to the study of incentives used by the state to influence the increase in the output of
the entrepreneur. As such incentives, the state uses preferential tax rates.

It is revealed that the maximum income of an entrepreneur who accepted the government’s proposal to
expand production is represented by the expression (15). It is achieved when the coefficient of sales increase
k,is equal to k, , which determined by the formula (14).

The maximum value of the entrepreneur’s income is influenced by such factors as the preferential tax rate,
the rate of price growth, price elasticity of demand and the coefficient of costs. As a result, the following con-
ditions are obtained for the maximum benefit of the enterprise from the increase in the output:

e the entrepreneur’s income increases when the preferential tax rate tends to zero (fig. 1);

e the increase in the rate of price growth leads to an increase in the maximum amount of the entrepreneur’s
income (fig. 2);

e the entrepreneur’s income reaches its maximum value in the markets of goods with price elasticity close
to zero or in the markets of highly elastic goods (fig. 3);

o the higher the coefficient of costs in the production of an additional unit of products, the greater the ben-
efit which the enterprise receives from increasing output (fig. 4).
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