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The paper explores the possibilities of using extended production and trade in the commodity market. The results
are obtained on the basis of a certain economic-mathematical model that allows to express the producer’s net proceeds
through essential market parameters. These include: the price and volume of sales of goods or services, the absolute value
of the coefficient of price elasticity of demand, the inflation rate, the coefficient of production costs and the level of the
tax rate. The strengths and weaknesses of trade in the conditions of extended production are revealed. An analysis of the
conditions which, on the basis of the law of demand, ensure the growth of net proceeds from the sale of products is given.
The best ways of implementing the extensive way of enterprise development are indicated.
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O AMHAMUKE AOXOAA TIPEATIPUATUA
1P DKCTEHCUBHOM ITYTU PA3BUTHUS

b. C. KAJIHTHH ", E. C. BOT OJTIOBCKAA-CHHAKOBA"

YBenopyccruii 2ocydapemeennuiii yuusepcumem, np. Hezagucumocmu, 4, 220030, 2. Munck, Berapyce

HccnenyroTest BO3MOKHOCTH HCIOIB30BaHMSI PACIIMPEHHOTO IPOU3BOJCTBA M TOPTOBJIM Ha TOBAPHOM PBIHKE. Pe3yiib-
TaThl MOJTY4YEHBI HA OCHOBE MTOCTPOCHUS ONPEICIICHHOW HIKOHOMHUKO-MaTeMaTHIECKONH MOJICIH, TTO3BOJISIOIICH BBIPa3UTh
BBIPYYKY-HETTO IIPOM3BOAMTENS Yepe3 CYIICCTBEHHbBIC MapaMeTpbl PhIHKA, & HMEHHO: LIEHy H 00beM MPOAaX TOBapa
WA OKa3bIBAEMOH yCIIyTH, a0COTIOTHYIO BEITHYNHY K03(p(PHUIIHEHTA IICHOBOH TaCTHYHOCTH CIIpoca, ko3 durment nagp-
JISIAK 338 PACCMaTPUBACMBIN MEPHOJ BPEMCHH, KOAPPHUIIMEHT U3ACPIKEK MPOU3BOACTBA U YPOBEHb HAJOTOBOW CTABKH.
BbIsBIICHBI CHUJIBHBIC M CJIA0BIC CTOPOHBI TOPTOBJIM B YCIOBUSAX PACHIMPSHHOTO MPOU3BOACTBA. [IpoaHaIn3upoBaHbl yc-
JIOBUSI, KOTOPBIE HA OCHOBE 3aKOHA CIIpOca 00ECIEUMBAIOT POCT BBIPYUKU-HETTO OT PEaTHM3allK MPOAYKINHU. YKa3aHbI
HaWJIy4qIIne criocoObl pean3aiy SKCTEHCHBHOTO MY TH Pa3BUTHSI MPEAIPHUTHS.
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Introduction

The paper is devoted to the study of one of the possible methods of production and trade in the market
of goods or services, set out in [1, p. 115; 2, p. 125] and [3], which is called the extensive method. We study
a simple situation of increasing the output and realization of goods without special price changes using a cer-
tain economic-mathematical model. Unlike the available results, the dependence of the manufacturer’s net
proceeds on the model parameters, including the advantages and disadvantages of this approach, as well as the
benefits and prospects of trade are analysed. By net proceeds we mean all gross proceeds that the entrepreneur
receives on the basis of concluded contracts, minus the taxes calculated from it [4, p. 122].

Let the manufacturer sells on the market for a certain period of time ¢ units of goods at a price p per unit.
Then the proceeds from the sale will be gp monetary units. Let the tax rate on this amount according to the

current legislation is i, where 0 < i < 1, i. e. net proceeds of the seller are the value qp(l - i).

Extensive method

In the method, which is based on the increase in output [2], proceeds are determined by the expression:

R = q(p+0)+Aq,(p+G)(l—a)= (q +Aq1(l—a))(p+(5),

where the following notations are used: ¢ and p — sales volume and price; Ag, — changes in sales; ¢ — back-
ground inflation in monetary terms per unit of output; a(0 < a < 1) — coefficient of production costs in the
production of an additional unit of product.

In the paper [2] the formula (1.17) of dependence of sales volume ¢ = ¢( p) from price p is formulated.
By using this formula and expressing on this basis parameter p, the formula of proceeds is

A
R =(q+Aq(1- a))(p +0 - pe—f;),

where e > 0 — absolute value of the price elasticity of demand.

To further analyse the dependence of the proceeds on the parameters of the model, we introduce the fol-
lowing quantities:
_Ag, b= o

k="t k=

Let’s call them, respectively, the coefficient of changes in sales and inflation rate. Then the proceeds will
take the following form:

Ry =qp(1+ k(1= a))(e(1+ &, ) = k, ) e. (1)

Suppose that 7 is the initial share of total payments from proceeds to obtain the entrepreneur’s net proceeds,
and 7, means the corresponding share of total payments from the changed proceeds. Obviously, taking into ac-
count the tax scale, the inequality 7, > i will be fulfilled. If an extensive method of trading is used, net proceeds

of the entrepreneur will be expressed by the formula R, (1 — i ), where R, is a seller’s proceeds in the extensional
method [3]. If we substitute here the formula for proceeds (1), we obtain the formula for net proceeds C,:

C =qp(1+k,(1- a))(e(1+kp)—kq)(l—il)/e. )

The initial net proceeds are formed from the initial gross proceeds qp(l + kp) (see [3]) and the tax rate.
The increase in net proceeds by using an extensive method in comparison with the original one, which is equal
to qp(l +k, )(1 - i), will occur when the following inequality is executed:

C > qp(l + kp)(l - i).

Let’s explore this condition. We substitute expression (2) and obtain

qp(l + kq(l - a))(e(l + kp) - kq)(l - il)/e > qp(l + kp)(l - i).

We consistently simplify this inequality. Then we obtain the relation
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(1+ k(1= a))(e(1+k,) -k, )(1=0) > e(1+k,)(1 - ).

We introduce the following notation for the convenience of studying the above inequality:

x=k, e=e(l+k,), I=(1-i)/(1-4).

q

Then the investigated inequality of increase of net proceeds leads to an inequality with the unknown variable x
in the form:

(1+x(1-a))(e -x)>el, x>0.
Then we get the following:
(1+x(1-a))e-x)>el & -x*(1-a)-x(1-2(1-a))+e(1-1) > 0.
As a result, we have the inequality:
X(1-a)-x(e(l-a)-1)+2(I-1)<0. 3)

Remember, that i, > i, and since / = (1 - i)/ (1 - il), we have the inequality / > 1. Let’s analyse the quadratic

trinomial in expression (3). For this purpose we write out its discriminant:

D=(e(1-a)-1) -42(1-a)(I -1).

We consider two cases.
1. Suppose first that D > 0. Then we have two solutions:

(e(1-a)-1)- \/(5(1 —a)-1) - 4e(1-a)(1 -1)

X = )

2(1-a)

(e(1-a)—1)+ (e(1-a)-1) - 42(1- a)(1 1)
2(1-a) '

Xy =

Both roots are positive. In this case, the solution of inequality (3) is the interval x;, <x < x,.

2. If we have the inequality D < 0, then taking into account the assumption 1 — a > 0 the inequality (3)
doesn’t have solutions.

The result of the research leads to the conclusion that the growth of net proceeds using an extensive method
will be if and only if the coefficient of changes in sales &, is subject to the following condition:

(€(1-a)-1) —4e(1-a)(I-1)>0, x, <k, <x,
The case i, = i. Here / = 1 and the roots of the square trinomial (3) take the following form:
x=0, x,= (E(l —a)- 1)/(1 - a).

From the previous arguments it follows, that when i, = i conditions for grows of net proceeds are equivalent
to the requirement of one inequality:

0<k,<(e(1-a)-1)/(1-a). @)

Optimization of net proceeds

We need to calculate the maximum of the net proceeds function (2) with respect to the variable x =k, as-
suming that condition (4). To do this, we formulate the following nonlinear programming problem:

C(x)=qp (l +x(1- a))(é —x)(1-1i)/e - max,
0<x<x, ®)

e(1-a)-1>0.
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We solve the problem (5) graphically. For this case we construct a graph of the function C, (x) First we trans-
form the function C,(x) as follows:

C(x)= qp(1+x(1 - a))(E—x)(l - il)/e =
= qp(E+ ex(l—a)—x-x*(1- a))(l - il)/e =
=gp(-x’(1-a)+x(2(1-a) -1)+2)(1-i)/e.

This is a quadratic function, in which the branches of the parabola are directed downward. Let’s find the
coordinate x = x" of the top of the parabola with respect to the variable x of the function C,(x), calculating the
derivative and equating it to zero:

dcd‘—ix) = gp(2x(1-a)+2(1-a) -1)(1-i)/le =0,
2x(1-a)=1-e(l-a)= x"= %(E— 1_1 a).

Using the second restriction presented in (5), we obtain the inequality e >1/ (1 - a), where e >0 and

0 < a < 1, which means x* > 0. Now we calculate the value of the function C,(x) at the point x":

G (x)= qp{—(%(? ~ 1_1 a)]z(l_ a)+ %(E— 1_1 a)(E(l —a)-1)+e|(1-i)le=

1

= qp(_z(?(l— a)+ 1 _1 - 25) + %(52(1— a)-2e + 1_1 a) + EJ(] —i)/e=

+ EJ(I —i)le. (6)

It is clear, that C, (x*) > 0. Let’s calculate the roots of Cik

the quadratic function C,(x). Its discriminant has the

form
D=(e(1-a)-1) +42(1-a)=
=e(1-ay+1+2e(1-a)=(e(1-a)+1)" /
As a result, we get the following roots: /

x=-1/(1-a), x,=¢. /

8, |mmmmmmm e

<Y

x|

When the graph of the function Cl(x) intersects the (1 - a) 0

axis Oy we have CI(O) = qu(l - )/e. The graph is
based on all the data obtained above and shown in fig. 1. Fig. 1. Net proceeds function graph C, = C,(x)
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Research of the dependence of the function Cl(x*) on various parameters
Dependence on the parameter i,. Using equality (6), we transform the function C, (x) of the parameter i

taking into account that 0 < i, < 1. In this case, we replace the value e with e(l + kp). So we have

co(il): %qp(%ez(l+ kp)z(l — a) + 2(11_ a) + e(1+ kp)](l - i1)/e =

= %qp(%e(l+ kp)2(1— a) + m + (1+kp)}(1 —i), e(l-a)—-1>0, (7)

where (D(il) is a linear function of the argument i;. We note, that for i, = +<o it follows: (o(il) — —oo, and

for iy — —eo occurs: ®(i;)— +eo. Then we calculate the two limits in the case when i, — +0 and i, — 1

o = lim (l)(il)= %qp[%e(1+ kp)z(l —a)+

i —>+0

ﬁ - (1+kp)} lim o(3,) = 0.

e( —da i =1
The maximum value of the function ®(i,) is achieved at i, — 0, in the case of an increase in the share of

total payments from proceeds the amount of net proceeds naturally decreases.
On the basis of the above data, we represent the graph of the function co(il) in fig. 2.

A

N
N\
N\

N\
_N
(O]

o
N o

0 1N i

Fig. 2. Net proceeds function graph ® = (1)(1'1)

Dependence on the parameter k,. We express the function represented in formula (7) as B(kp ), which is
defined for E(l — a) —1>0, 1. e. for kp > (1—6(1 - a))/e(l - a) we have

B(kp) = %qp[%e(l+kp)2(l— a) + m + (1+kp)](1_ il) =

1 1 1
= Eqp(ae(l - a) + Ek;e(l - a) + kpe(l— a) +

1 .
o= )+1+kp)(l—zl):

e( —da
:%qp(%kje(l—ahkl, (e(l—a)+1)+%e<1_a)+ 2e<11_ a)HJ(l—l})-

The function B(kp) is quadratic, its graph is a parabola, the branches of which are directed upwards. To de-

termine the coordinates of the top of the parabola, we calculate the derivative of the given function and equate
it to zero. So we have

= %qp(kpe(l —a)+e(l—a)+ 1)(1 -i)=0,
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kpe(l—a):—e(l—a)—1<:>k;:—[1+

Now we calculate B(kp) at the point k, = k;:

B} 1 1 1
B(’%>=5qp{5(‘1‘e(l—_a

+ —qp(%e(l - a) +

2

—lqp 1 1+ ! +
2 2 ez(l—a)2

+l _2_;4__
2P\ T e1—a) " 2

1

= %qp(%e(l —a)+

2e(1 - a)

1

Fl-Le(l—a)-

e(l -

e(l—a) +

2

2e(1-a)

e(l - a)

+1)(1— i)=

1
Ze(l - a)

1
26(1 - a)

|

)Jz e(1-a) - (H ﬁ)(e(l o 1))(1 o

a)]e(l —a)—e(l- a)](l —i)+
+ 1)(1 —i)=
—1](1—1'1):0.

Taking into account the condition k, > (1 - e(l - a))/e(l —a)= lgp > 0 the graph of the function B(kp) is

shown in fig. 3, where is set the following:

B(O)Z%qp(%e(l_aH 2¢(1 - a)
B(Ep)=%(%[lj)2 I;e(é+1

_ap(l-4) E(L
2 2\ &?

_a(-i)( 1 e
2 2¢ 2

—-1=-

-3

2
B

£
2

3
+—A+1
2e

)

e

_ap(1-4)

1
+1—e+7—1+i+

2

m>|l\.>

1
— +1J:
2e

_qp(l—il)

e

Based on the above graph, it can be concluded that the function of the entrepreneur’s net proceeds grows

with an increase in the inflation rate kp.

Fig. 3. Net proceeds function graph B = B(kp)

BA
-
B(0) 4 !
S
G o %

kp

21



JKypuaa Besopycckoro rocyiapcTBeHHOr0 yHuBepcutera. Jxkonomuka. 2017. Ne 2. C. 1624

Dependence on the parameter e. Now we express the function represented in formula (7) as y(e), which
is defined for 2(1—a) —1> 0, i.e. for e >1/(1-a)(1+k,)=&> 0:

Y(e) = %qp(%e(l+ kp)2(1 —a)+ 26(11_ " +(1+ kp)}(l—il).

It should be noted that when e —1/(1-a)(1+k,)+0 the function vy(e)— gp(1+k,)(1—i), and when

e — oo the function y(e) — oo, So we calculate the derivative and equate it to zero:

dz’(ee) = %qp(%(l k) (1-a) - mJ(l —i)=0,

1 k) (1-a) o et = : e =i;-
2¢*(1-a) N 2<1 kp) (1-a) (1+kp)2(l—a)2 b2 (1+kp)(1—a)

Next, we define the value of the function y(e) at the points ¢ = & and e;:

y(e;)lqp[(Hk") (1-a) +(1+k )(1-a) +1+k]

27| 2(1+k,)(1-a)  2(1-a)

SHITONIE

to +1+kp}(1—z1 (1+k)1—z1

P

NE (1+k ) (1-a) (1+k)(1-a) .
Y( )=—611{2(1+k)(la) 2(1-a) +1+kp](lll):

T 2p+1+ka(l—il):0.

Taking into account the requirements &, > 0 and 0 < i, < 1, we obtain the inequality y(el*) > 0. The graph of
the function y(e) is shown in fig. 4.

Analysing fig. 4, we can conclude that the net proceeds function y(e) increases with e > e;.

YA

T
e —————
I

<
—_
NJA_
=
1
~

), |-====---

[ )

Fig. 4. Net proceeds function graph v = v(e)
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Dependence on the parameter a. We transform expression (7) as a function (p(a) for the value 0 <a< 1,

which is defined for e(1—a) —1>0, i.e. for a < (e —1)/e, & >1. So we have the following:

¢(a)= M[%e(l vE) - %e(1+ k)a+ 2e(11— a7 (1+ kp)],

The function @(a) presented above has the following properties: when a — oo then @(a) — —eo; when

a — —eo then @(a) —> ee. At the point a = 0 we get:
1_i
0(0)= —qp(2 ll)(%e(l+kp)2+ + (1+kp)) >0

The coordinate of the extremal point of the function graph (p(a) with respect to the variable a is calculated

as follows:
s e eI

2e

da 2 2V 2e1-a)

1 1 > ) 1 1
e (1+k) e (l—a s ——— & [I-d|= ,
2e(1-a)’ 2( ”) ezl+kp)2 e(1+kp)

a=1- ! a=1+ !

e(l+k,) 7 e(l+k,)

The values of the function (p(a) at the points a; and a; are respectively equal to

ofa)= #[%e(l #h,) = Se(i+k,) {1 - e(%k)}] "

gt

_ gp(1-i) [ (1+k) (1+2k) (1+k )}(1_i1):qp(1+kp)(lil);

2 | 2efiv k)

ol [ (1+%) ——e(H")[”e(likp)B+
J
(af)

+ qp(l_i‘)[l/{z (1—1— ] (1+%) J (1_,)[_e(1+k,,)2 _(1+k”)+(1+kp)]—0.
2 2 2e(l+k,) 2

Since k,> 0 and 0 </, < 1, so we have ¢|a;

Taking into account the conditions a < e —1 /e and 0 < a < 1, we obtain e(l +k ) >1. Then we have
a; >0 and a; > 0. The graph of the function (p( ) is shown in fig. 5.
The function has economic meaning only in the area of 0 < a < g;, since by condition a <1-1/ e(l + kp).

In this case, the value of net proceeds (p(a) falls on a given interval with the increase of the parameter a.
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Fig. 5. Net proceeds function graph ¢ = (p(a) fore >1

Conclusion

The analysis of the extensive development path is carried out on the basis of the economic-mathematical
model of the enterprise’s net proceeds function, which depends on such parameters as price, sales volume,
absolute value of the price elasticity of demand, inflation factor, cost factor of production and the level of tax
rate. The nature of dependence of net proceeds on these parameters was studied and, based on the obtained
results; conclusions were made on the possibility of increasing of net proceeds, as well as on the positive pros-
pects of production and trade. For each of the parameters of the model, not only the conditions for reaching
the maximum of net proceeds are indicated, but also the preconditions for its reduction. For completeness of
research graphical illustrations of studied dependences of enterprise net proceeds for each of the economic
variable model are given.
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