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Abstract

For the last 15 years in periodic literature there has appeared a series of scientific publications that has laid the
foundation of a new scientific direction on creation of piecewise-linear economic-mathematical models at
uncertainty conditions in finite dimensional vector space. Representation of economic processes in finite-
dimensional vector space, in particular in Euclidean space, at uncertainty conditions in the form of
mathematical models in connected with complexity of complete account of such important issues as: spatial in
homogeneity of occurring economic processes, incomplete macro, micro and social-political information; time
changeability of multifactor economic indices, their duration and their change rate. The above-listed one in
mathematical plan reduces the solution of the given problem to creation of very complicated economic-
mathematical models of nonlinear type. In this connection, it was established in these works that all possible
economic processes considered with regard to uncertainty factor in finite-dimensional vector space should be
explicitly determined in spatial-time aspect. Owing only to the stated principle of spatial-time certainty of
economic process at uncertainty conditions in finite dimensional vector space it is possible to reveal
systematically the dynamics and structure of the occurring process. In addition, imposing a series of softened
additional conditions on the occurring economic process, it is possible to classify it in finite-dimensional vector
space and also to suggest a new science-based method of multivariate prediction of economic process and its
control in finite-dimensional vector space at uncertainty conditions, in particular, with regard to unaccounted
factors influence.

Keywords: Finite-dimensional vector space; Unaccounted factors; Unaccounted parameters influence function;
Principle of certainty of economic process in fine-dimensional space; Multi alternative forecasting; Principle of
spatial-time certainty of economic process at uncertainty conditions in fine-dimensional space; Piecewise-linear
economic-mathematical models in view of the factor of uncertainty in finite-dimensional vector space;
Piecewise-linear vector-function; 3-Dimensional Vector Space; 2-Component Piecewise-Linear Economic-
Mathematical Model in 3-Dimensional Vector Space; Hyperbolic surface.

I. Introduction. Formulation of the problem

In publications [1-5,12] theory of construction of piecewise-linear economic mathematical models with regard
to unaccounted factors influence in finite-dimensional vector space was developed. A method for predicting
economic process and controlling it at uncertainty conditions, and a way for defining the economic process control
function in m-dimensional vector space, were suggested.
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In addition to this we should note that no availability of precise definition of the notion “uncertainty” in
economic processes, incomplete classification of display of this phenomenon, and also no availability of its precise
and clear mathematical representation places the finding of the solution of problems of prediction of economic
process and this control to the higher level by its complexity. Many-dimensionality and spatial in homogeneity of the
occurring economic process, time changeability of multifactor economic indices and also their change velocity give
additional complexity and uncertainty. Another complexity of the problem is connected with reliable construction of

such a predicting vector equation in the consequent small volume AV, , (X, X,,...X,,) of finite-dimensional vector-

space that could sufficiently reflect the state of economic process in the subsequent step. In other words, now by
means of the given statistical points (vectors) describing certain economic process in the preceding volume

N
V= ZAVN (X, X,,...X,,) of finite-dimensional vector space R, one can construct a predicting vector equation
N=1

Zn+1(x1, X,,.-Xy) in the subsequent small volume AV, (X, X,,...X,,) of finite-dimensional vector space. The goal
of our investigation is to formulate the notion of uncertainty for one class of economical processes and also to find

mathematical representation of the predicting function Zn+1(x1, X,,..X.,) for the given class of processes depending
on so-called unaccounted factors functions. In connection with what has been said, below we suggest a method for

constructing a predicting vector equation Zn+1(x1, X,,.-X,) in the subsequent small volume AV, (X, X,,...X,,) of
finite-dimensional vector space [1-7, 14].

Il. Materials and methods:
In these publications, the postulate spatial-time certainty of economic process at uncertainty conditions in
finite-dimensional vector space” was suggested, the notion of piecewise-linear homogeneity of the occurring

economic process at uncertainty conditions was introduced, and also a so called. The unaccounted parameters

N
influence function w, (iﬁ",an_l'n) influencing on the preceding volume V = EAVn of economic process was

N=1
suggested.
1> 2
Z,=Z1+A {1+wn (in’an—l,n)_'_ 26‘)i (’1iki’0‘i'1vi } 1)
i=2
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On this basis, it was suggested the dependence of the n-th piecewise-linear function Z_ on the first piecewise-linear

n
function Z, and all spatial type unaccounted parameters influence function @, (iﬁ",a
preceding interval of economic process, in the form Egs. (1)—(5):

Z,=7, {1+A{1+wn (Zn s %o )+“' 2o 0 } ’

i=2

) influencing on the

n-1,n

Where
@ (ﬂ«iki V) = ﬂ«iki CosQiqi =
i . ‘zi—l -7 a z.iifiil‘ . Z,(Z-4)
,Ulkl "t 2.1(2}-1 - z.iifiil) |§2 - a.1”2.1k1 - 51
are unaccounted parameters influence functions influencing on the preceding AV,, AV, ,.AV, small volumes of
economic process;

a

‘ COSQ 4 ()

= skove sk
(@-2.3)@,, - 2,7

= Y
(ai+l - Zi-l1

are arbitrary parameters referred to the i-th piecewise-linear straight line. And the parameters g, are connected with

ti = (- ,uik-'il) ) for Y, ;- |~1ik-ii1 @)

the parameter i, , referred to the (i-1)-th piecewise-linear straight line, in the form Eq. (8);

= = |lzk, =
a,-a/7" -ai‘
k | 2 1
A= - ) — S 9
Zl(zl - al)
is a constant quantity;
a)n (ﬂ’n’ an-l,n) = ﬂ’ncosan-l,n =
b sk |5 ko = /= —
M, Zoa = Znd s~ 20 Zl(Zlkl - al)

k ' = (7 7K 2 =5k =
My -y Z,(Z,1- 2,5 |az - alnzlkl -

is the expression of the unaccounted parameters influence function that influences on subsequent small volume AV

= ‘ CcosSt (10)

of finite-dimensional vector space. And the parameter g, referred to the n- piecewise-linear straight line is of the

form:
_ oy (@205, -y
W= (g - Py )2 et _Snd 2 TR (12)

— n1)2
(an+l - Zn—l1

Here the parameter g, is connected with the parameter u, , of the preceding (n-1)-th piecewise-linear

vector equation of the straightline in the form Eq. (11). Thus, in finite-dimensional vector space, the system of
statistical points (vectors) is represented in the vector form in the form of N piecewise-linear straight lines depending

on the vector function of the first piecewise-linear straight-line Z, = 4,d, + 14d,, and also on the unaccounted

parameters influence function @, (4,, @, ,) in all the investigated preceding volume of finite-dimensional vector

n-1,n

space R, .
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After that, in publications [6-11,13-15] a solution was found of solve a problem on prediction of economic
process and its control at uncertainty conditions in finite-dimensional vector space. It became clear, that the

unaccounted parameters influence functions @, (4,, @, ,) are integral characteristics of influencing external factors

occurring in environment that are not a priori situated in functional chain of sequence of the structured model but
render very strong functional influence both on the function and on the results of prediction quantities Eq. (6). It is
impossible to fix such a cause by statistical means. This means that the investigated this or other economic process in
finite dimensional vector space directly or obliquely is connected with many dimensionality and spatial inhomogenlity
of the occurring economic process, with time changeability of multifactor economic indices, vector and their change
velocity. This in its turn is connected with the fact that the used statistical data of economic process in finite-
dimensional vector space are of inhomogeneous in coordinates and time unstationary events character.

n-1,n

We assume the given unaccounted factors functions @, (4,, @, ,) hold on all the preceding interval of
finite-dimensional vector space, the uncertainty character of this class of economic process. In such a statement, the
problem on prediction of economic event on the subsequent small volume AV, ,, of finite-dimensional vector space
will be directly connected in the first turn with the enumerated invisible external facts fixed on the earlier stages and
their combinations, i.e., the functions o, (in, o

n-1,n

) that earlier hold in the preceding small volumes

n-1,n
AV, AV,,....AV,, of finite-dimensional vector space. Therefore, by studying the problem on prediction of economic
process on subsequent small volume AV, ,, it is necessary to be ready to possible influence of such factors. In
connection with such a statement of the problem, let’s investigate behavior of economic process in subsequent small
volume AV, finite-dimensional vector space under the action of the desired unaccounted parameters function

®,(A,,a,,,) that was earlier fixed by us in preceding small volumes AV, of finite-dimensional vector space, i.e.,

@,(Ay, 0y 5), 05(As,0535), oo @y (Ay, 0ty ). IN connection with what has been said, the problem on
prediction of economic process and its control in finite-dimensional vector space may be solved by means of the
introduced unaccounted parameters influence function @, (4,, e, ,) in the following way. Construct the (N+1)-the

n-1,n

vector equation of piecewise-linear straight line Z,,,= ”:NﬂJNH(éNQ - Z:N ) depending on the vector equation of

the first piecewise-linear straight line Z, and the desired unaccounted parameter influence function @, (iﬁ Qgy ﬁ.)

That we have seen in one of the preceding small volumes AV,,AV,,.....AV,, of finite-dimensional vector space. For
that in Egs. (6)—(11) we change the index n by (N +1) and get:

N
2.N+1:2.1{1+ 1+ Z“)i (’liki 1 Gigi )+ 01 (A aN,N+l)j|} (12)

=2
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For the behavior of economic process on the subsequent small volume AV, ,, of finite-dimensional vector
space to be as in one of the desired preceding ones in small volume AV it is necessary that the vector equations of

piecewise-linear straight lines Z ,, and Z, to be situated in one of the planes of these vectors and to be parallel to
one another, i.e.

Zy,y =CZ,

(18)
In connection with what has been said, to AV, finite-dimensional space there should be chosen such a vector-point
d,,, that the piecewise-linear straight lines Z,,, = (d,,, — Z{") and Z,=(d,, —Zgﬁ’f) could be situated in the

same plane of these vectors and at the same time be parallel to each other (Fig. 1).

— 2N—\ \\0-"0’

Fig. 1. The scheme of construction of prediction function of economic process ZN+1 (B) at uncertainty conditions in

finite-dimensional vector space R, . Prediction function ZN+1 (B) will lie in the same plane with one of the desired
preceding f -the piecewise-linear straight line and will be parallel to it.

In other words, they should satisfy the following parallelism condition:

- 7k 5k
Ay, —Zy") = C(aﬁ+1 Bﬁll (19)
Here
M . M _
Ay, = Zamz,m'm’ Ag.g = Za[m,m'm )
m=1 m=1

—'k _ ky 77 Kpa _ Kpa %
N ZZNNmIm’ZBI Zzﬁlmm

Excludmg in Eq. (19) the parameter C, We get:
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k k k
aN+2,1 - ZNN,l _ aN+2,2 - ZNN,z _ _ aN+2 M ZNNM (20)
k[&—l - k[&—l T - k[s 1
a[3+1,1 - 2[371,1 a[3+1,2 - Z[371,2 aB+l,M ZB 1,M
It is easy to define from system Eq. (20) the coefficients of the vector &, ,:
k
a -z,
ok B+1.2 B-1.2 k
Anizz =ZN2 Kyt (aN+2,1 — Iy
as+1 1 ZB 11
k
a —z."
ok p+13 B-13 k
aN+23 ZNh,ls + (a N+21 ZNTII
a[m 1 ZB 11
a Z [S -1
_ _k B+1,M B-1,M K
aN+2,M - ZN’?‘M + (aN+2,M—1 - ZN’?‘M—I (21)

k[sl
as+1 M-1— ZB—l M-1

In this case, the vector &, ., will have the following final form:

a.N+2 a‘N+2 1I + a‘N+2 272 +aN+2 3"3 to + a‘N+2,M IM (22)

As the coordinates of the point (of the vector) a,,, now are determined by means of the piecewise-linear
vector Z; =d,;,,; — k“ . taken from one of the preceding stage of economic process, it is appropriate to denote them

in the form a, ., (,B) [8-13]. This will show that the coordinates of the point &, ., (3) were determined by means of

piecewise-linear straight line Z,. In this case it is appropriate to represent Eq. (22) in the following compact form:

aNJrz (ﬁ) = Zamz,m (ﬁ)rm (23)

Now, in the system of Eqs. (12)-(17), instead of the vector &, we substitute the value of the vector &, ,(f),and
also instead of @y, (Ay,;, 0ty n,1) introduce the denotation of the so-called predicting influence function with

regard to unaccounted parameters Q. ; (Ay,1, @y y.1) - In this case the prediction function of the economic process

ZN+1 () with regard to influence of prediction function of unaccounted parameters Q. ,; (4y,, 0y y,,) Will take
the following form:

Z.NJrl(:B):Z {:H- 1+ EC() (j' | l|)+QN+l(j'N+l7 aN N+l)j|} (24)

i=2
Here

; (ﬂ«?i VOig;) = ﬂf‘ cosy ; =

TR PR R ACART:
= k‘ui ‘ j 1. -1 = 1(#1 #ka'l)ﬁ COSUy (25)
we-m 4(Z,-75) |a2-a1|zll- |
(3, -25) @ - 25) |
M=y - |1) - 12 1 v Hig> ,uiif'il (26)
(ai+1 'Zi-'i )
|éz '§1| 2.1kl -gl
A= (' -p) | (27)

= 7=k =
Zl(zll - al)
And the prediction function of influence of unaccounted parameters Q,,,(Ay,1, 0ty 1) Will take the form:
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QNJrl(ﬂ«NJrlvOCN N+1) :A‘NHCOS(ZN N1 (28)
JTR 4 -2 |y (B) - 2y Z,(Z0 -4)
AN+ =—% ' I — T I (29)
H—H Z,(Zy -Zy") |az '31”21l _al‘
_ oy @y 20 (@ (B)-Z3)
Mna= (UN N ) — N2 s Hn> ,UKJN (30)

(_.N+2 (,B)' _’:\(IN )
Here the vector &,,,,() is determined by Eq. (23).

Note the following points. It is seen from Eq. (11) that for pu, = u,ﬁ“ the value of the parameter ., = 0. By this
fact from Eq. (28) it will follow that the value of the predicting function of influence of unaccounted parameters

Qi (Mg oy ) Will equal:
Q. Ay ay ) =0 for gy, =0

QN+1(}“N+1’aN,N+1)¢Of0r My >0 (31)

This will mean that the initial point from which the (N+1)-th vector equation of the prediction function of economic
process ZN+1([3) will enanimate, will coincide with the final point of the n-th vector equation of piecewise-linear

straight line Z,, and equal:

Zy.7L {1"' 1+ ZC‘)(’lk1 Oy }}’ for py,, =0 (32)

For any other values of the parameter Uy, # 0 the points of the (N +1) -th vector equation will be determined by
Eq. (24). It is seen from Eq. (28) that A,,, =0 and Q,(Ay,, =0; ay y,,) =0 will follow cosay ., =0 and
Uy, # 0. This will correspond to the case when the influence of external unaccounted factors on subsequent small
volume AV, ., are asin the preceding small volume AV, of finite-dimensional vector space. In this case it suffices to

continue the preceding vector equation Z,, to the desired point ., = y,, > ur of subsequent small volume of
finite-dimensional vector space.

The value of the vector function Z, ., (tx 1) = Zy (fn,1s Ans @1 ) atthe point g, = py ., will be one

of the desired prediction values of economic process in subsequent small volume AV, . In this case, the value of the
controlled parameter of unaccounted factors will be equal to zero, i.e.,

Qo (i # 0 Ay # 05 cosay g = 0jay n, =0) =0

For any other value of the parameter g, ,, taken on the interval 0< ., < uy,, and cos@y ., #0, the
corresponding prediction function of unaccounted parameters will differ from zero, i.e., Q (4, 0ty y.1) 0.
Thus, choosing by desire the numerical values of unaccounted parameters function %(UNH;)‘B’O‘HB) =
Q. (e Oy, n41) COrresponding to preceding small volumes AV,,AV,,....AV,, and influencing by them beginning

with the point i, ,, =0 to the desired point u:m, we get numerical values of predicting economic event

AN (TN Oy n41) ON subsequent step of the small volume AV, (Fig. 2).
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Fig. 2. The graph of prediction of process and its control at uncertainty conditions in finite-dimensional vector space.
It is represented in the form of hypersonic surface whose points, of directrix will form the line of economic process
prediction. Taking into account the fact that by desire we can choose the predicting influence function of

unaccounted parameters ., (£t .1} An 1, ay n.1) » then this function will represent a predicting control function of

unaccounted factors, and its appropriate function Zﬁ;ﬂ(u;',\,ﬂ;l’,‘\,ﬂ, Qy n41) Will be a control aim function of
economic event in finite-dimensional vector space. Speaking about unaccounted parameters prediction function
Q1 (s A O )

we should understand their preliminarily calculated values in previous small volumes AV ,AV,,....AV, of finite-
dimensional vector space. Therefore, in Eq. (24) we wused calculated ready values of the function
Q1 (y 13 Aniay Oy 1) -Thus, influencing by the unaccounted parameters influence functions of the form

Q1 (13 Anaay 0y 1) OF by their combinations from the end of the vector equation of piecewise-linear straight

line Z (u™; A%, a4 ) situated on the boundary of the small volume Zy.,,(8) = Zy .1 (£ 115 Anoxs Oy yor)
there will originate the vectors AV, and AV,,,, lying on the subsequent small volume AV, .These vectors will
represent the generators of hyperbolic surface of finite-dimensional vector space. The values of this series vector-

* = * . .
functions for small values of the parameter £iN_ 1 = N _ .18, Zy . (Hy .15 Ane @y nea) Will represent the points

directrix of hyperconic surface of finite-dimensional vector space (Fig. 2). The series of the values of the points of
directrix hyperconic surface will create a domain of change of predictable values of the function of

Z;+l(u;+l;l’,;+l, Oy nsy) in the further step in the small volume AV, .This predictable function will have

minimum and maximum of its values [Zy.,(t.13 An1r @ o) lmin AN [Z 1 (Hans Aans @ pst)Imae - THUS, the

found domain of change of predictable function of economic process in the form Z ., (ttr.1; A1 Oy ni1) OF N

other words, the points of directrix of hyperbolic surface will represent the domain of economic process control in
finite-dimensional vector-space.

I11. 2-Component Piecewise-Linear Economic-Mathematical Model and Method of Multivariate Prediction
of Economic Process With Regard to Unaccounted Factors Influence in 3-Dimensional Vector Space
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In this article we give a number of practically important piecewise-linear economic-mathematical models with
regard to unaccounted parameters influence factor in their-dimensional vector space. And by means of two- and
three-component piecewise-linear models suggest an appropriate method of multivariant prediction of economic
process in subsequent stages and its control then at uncertainty conditions in 3-dimensional vector space [6-11,13-15].

Given a statistical table describing some economic process in the form of the points (vector) set {a,} of 3-
dimensional vector space R,. Here the numbers a,; are the coordinates of the vector &, (ani, @, @n3, ...... ani). With
the help of the points (vectors) @, represent the set of statistical points in the vector form in the form of 2-
component piecewise-linear function [1-6]:

Z,=8,+1(d,-a) (33)

Z,=8,+1,(38;-8,) (34)

Here Z, =7,(2,,2,,,2,5) and Z,=17,(2,,2,,,2,) are the equations of the first and second piecewise-linear
straight lines on 3-dimensional vector space; the vectors & (a,,a,,,8,;), @, =4a,(a,,a,,a,;) and
d, =3d,(a,,,a,,,8,,) are the given points (vectors) in 3-dimensional space; 4, = 0 and w, = 0 are arbitrary
parameters of the first and second piecewise-linear straight lines. And it holds the equality A, + 4, =1 and
A, + 1, =1; a,, is the angle between the piecewise-linear straight lines; k; is the intersection point between the

first and second straight lines (Fig. 3). Note that in the general case, the intersection point of these straight lines may

also not coincide with the point &, . Therefore, according to the conjugation condition Zlkl = szl, we denote the
intersection point between the first and second piecewise-linear straight lines in 3-dimensional vector space by

Zlkl (Fig. 3). Allowing for this fact, we write the equation of the second piecewise-linear straight line in the form Eqg.

(35): Z, = Zlkl +u,(a, - Zlkl) (35) where the value Zlkl is the value of the point (vector) of the first piecewise-

linear straight line at the kl-the intersection point and equals:

Fig. 3. Construction of 2-component piecewise-linear economic-mathematical model

% =7 {1 500 +ml(7b2,oa\,2m
27 T

In 3-dimensional vector space R;.
z.1kl =a+ ,ulkl (a,-4,) (36)
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In particular case, Z* =&, for u* =1. In this case, the intersection point Z,* coincides with the point &,. Now,
according to Egs. (1)—(11) of, the vector equation for the points of the second piecewise-linear straight line depending
on the vector function of the first piecewise-linear straight line Z, and introduced unaccounted parameters influence

spatial function ®, (4,, e, ,) in 3-dimensional vector space is written in the form (Fig. 3) [7-9]:

2,72 {1+A [+, (7 , 01,1} &
Here
|§z '§1| 7' -4,
A= (' - 1y )TJ )
Z1(21 'al)
A = Hy ‘zl - 2.1kl éS - zlkl 2.1(2.1kl - 51) (39)
2 ﬂlkl - 1y Z,(Z, - Zlkl) |§2 - élnzlkl - 51‘
w,(4,, a,,) = Aycosa, , “
(8- 7)(8,-4,)
M=y 'Ufl) = ——k122 %  for gy :ulkl @)
(as -4

Eq. (41) is the mathematical relation between arbitrary parameters , and ;. For the second piecewise-linear
straight line, representing a straight line restricted with one end, condition Eq. (41) will hold for all z,. ulkl.

Furthermore, for the second intersection point K, , i.e., for u, = y? , the appropriate value of the parameter £, will
be determined as follows:

(@-7")° ,
(8 -7)@ -a) "
The value of cosa, , between the first and second piecewise-linear straight lines is determined by means of the scalar
product of 2 vectors of the form (Fig. 3):
AB-AC  (7,-Z)(Z,-Z)
=

= “2)

02 = ‘Aé‘ -‘Aé‘ - z, -z 7 “

_Zl

By calculating the values of cosa, , we can use any values of arbitrary parameters g and g, .
Thus, in 3-dimensional vector space, determining the points (vectors):

3 3 3
8= 2y, 8= 2y, 8= 2y,
m=1 m=1 m=1

3 3

K K = K -

it = Xy iy = Zl[alm + 1t (Qom - agm)] iy (44)
m=1 m=

Eq. (37) will represent an equation for the second vector straight line Z,=Z, (1,,®,) depending on the unaccounted
parameter influence function w,(4,,a,,) and arbitrary parameter 1, = ylkl. Represent the vector equation for

the second piecewise-linear straight line Eq. (37) in the coordinate form. For that take into account that in 3-
dimensional space the vectors of the first and second piecewise-linear straight lines in the coordinate form are
represented in the form:

Z, = X2y, boand 7, = Dz, 0 (45)
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In this case, the coordinates of the vector Z, Eq. (37), ie., z,,, will be expressed by the coordinates of the first
piecewise-linear vector z, , spatial vector A, and the unaccounted parameter influence function ,(4,,a,,), in
the form:

2,y ={IH+A[l+ 0,(4; , 0 ,)]}2,,, , for m=1,2,3 (46)

Here the coordinate notation of the coefficients A, 4, and w,(4,,a,,) , by Egs. (38)-(41), will be of the form:
3
Z(azi - &y )2
A = (,Ulkl My ) = (47)
Z(azi -ay;)[ay + p(ay -ay)]

i=1

\/_E{asi -[ay; + ,Ulk (ay -y )I}Z

Im?

A, = Mkl“_zﬂ : : (48)
' ' Z(azi - ay; )2
i=1
w,(4,, a,,) = Aycosa, , (49)

3
_Z(aZi -ay)[a -ay - ,Ulkl (ay -ay)]
My = (M4 _“|1<1) = 3 , for o, 2 ,ulkl (50)
E:asi “&y - ,ulkl (az -y )]2

i=1

3
Z(azi -ay)[ag -2y - ,Ulkl (2 -ay)]
pyt =12 (1 - ") (51)
E:asi -8y - ,ulkl (ay -ay; )1
i=1
Now, for the case economic process represented in the form of 2-component piecewise-linear economic-

mathematical model, investigate the prediction and control of such a process on the subsequent AV,(x,,X,,X;)
small volume of 3-dimensional vector space with regard to unaccounted parameter influence function w,(4,,a,,) .

And the value of the unaccounted parameter @, (4,,a;,) function is assumed to be known [6-11,13-15]. A method

for constructing a predicting vector function of economic process ZN+1([3) with regard to the introduced

unaccounted parameters influence predicting function Q, (4., ) N mM-dimensional vector space,

represented by Egs. (24)—(30) was developed above. Apply this method to the case of the given 2-component
piecewise-linear economic model 3-dimensional vector space. It will be of the form:

Z,() = 7,{1+ All+ @, (X5, a, ) + Qs (Mg, 00,5)1} (52)
Where
@, (ﬂ«;z val,z) = jf;z "COSQy 5 =
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ko z_z’kl a -7 7 z.kl__.
KIUZ ‘ 1 — 1 ‘ ‘jk 1 — lEl _.kai)_’ C0sa12 (53)
My =y 7,(2,-7%) |a2_a1| ‘le_al‘
(8, -)(&-7")
o = (y —po) A2 e M 2 (54)
(a _21 )
——k =
. —a[|7" -4,
A= (' —ul) ﬁkl‘ . | (55)
21( sy
Oy (A5,0,5) = 45 - cosa, 5 (56)
i _ :u3 ‘22 - ZZKZ ‘54 (1)_ ZZKZ _.1(_.1kl _51) (57)
3= ) = = = = =1 = =
wi-w o L(Z,-74%) |6, -4z -3
=  sk\/z =k
k (as _211)(a4(1)_222) k
My = (py — 15°)- = " Hy 2 My py 20 (58)
@m-z)
Here, according to Eq. (40), the vector &, (/) is of the form:
3
d,(1) =a, D), +a, D)i, +a,D)i; = Za4m @iy (59)
And the coordinates of a,, and a,, are expressed by the arbitrarily given coordinate a,, >z in the form:
8y —ap 8y — 8y 8y — 3
Hence:
1) = 22 —ap 1) — k,
a42( ) 222 (a41( ) Z21
217 %1
an(l)= 2+ 20 (a, (1)~ 2 (1)
21~ 8y
Here the coefficients a,,, a,, and z:2 are the coordinates of the vectors &, &,, Z)° in 3-dimensional vector

space and equal:
3 3
a :Zalm'im’ ZaZm' m z.Zk :Zz.zkrznlm (62)
m=1

Note that in the vectors Z, (1) and & a, (1) the index (1) in the brackets means that the vector Z. (1) is parallel to the

first piecewise-linear vector function Z, . This means that the economic process beginning with the point Z ~2k2 will
hold by the scenario of the first pieceW|se -linear equation (Fig. 4).

Fig. 4. Construction of the predicting vector function 23 (B) with regard to unaccounted parameter influence

predicting function Q,(4,,a,,) on the base of 2-component economic-mathematical model in 3-dimensional
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vector space R;.

The expression of cosa, , corresponding to the cosine of the angle between the second piecewise-linear

straight line Z, and the predicting third vector straight line 23 (@ on the base of the scalar product of 2 vectors, is
represented in the form (Fig. 4):

= =k = =k
_ (Zz —222)-(614(1)—222)
COSOly 3 == = oy
‘22_22 a4(1)_22

(63)

IV. Results Method of Numerical Calculation of 2-Component Economic-Mathematical Model
and Definition of Predicting Vector Function with Regard to Unaccounted Factors Influence in 3-
Dimensional Vector Space

Below we have given the numerical construction of a 2-component piecewise-linear economic mathematical
model, and by means of the given model will determine the predicting function on the subsequent third small volume
of the investigated economic process in 3-dimensional vector space [6-11,13-15]. Given a statistical table describing

some economic process in the form of the points (vectors) set {&,} in 3-dimensional vector space R,. Represent the
set of vectors {@} of statistical values in the form of adjacent 2-component piecewise-linear vector equation of the
form Eq. (32):
Z, =7 +u,(d,-7° (64)
where Zy = Z;(244,219,213) and Z, = Z,(Z51,Z9,253) are the equations of the first and second piecewise-
linear straight lines in 3-dimensional vector space; the vectors & (841,842,843), 8y = a,(a,1,85,,893) and
8y = d3(as;, a3y, 833) are given points (vectors) in 3-dimensional space of the form:
=i, +1,+i, d, =3l +2i, + 4,5, (65)
a, = 61, + 41, + 7, (66)
u, = 0 and u, = O are arbitrary parameter. Substituting Eq. (65) and (66) in Eq. (3264), the coordinate form of
the vector equation of the first vector straight line will accept the form:

Z, = (1+2/11)i;+(1+/11)i; +(1+3’5/11)i:°, (67)

As the intersection point of 2 straight lines Zlkl that should satisfy the conjugation condition Zlkl = szl may
also not coincide with the point &,, then its appropriate value of the parameter g, will be ulkl >1. In this
connection, in numerical calculation, we accept the value of the parameter ulkl for the intersection point between

piecewise-linear straight lines equal 1.5, i.e., ulkl =15. Then the value of the intersection point Zlkl Eq. (67) will
equal:

7 = 4i, + 2,51, + 6,25, (68)
By Eqg. (37) the equation of the second straight line in the vector form is expressed by the vector equation of the first

piecewise-linear straight line Z, of the form Eq. (67) and the unaccounted parameter function w,(4,, c,,) in the
form:

Z,= z.1{1"' AL+ W, ()“2’ al,z)]} (69)
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Here the coefficient A and the unaccounted parameter function @, (4,, o, ,) of the economic process will be of the
form Eqgs. (38)—(41) and (1143):

< xlzk .5
A=(u1k1-ul)w for . " =15 (70)
Z,(Z" -4))
o, (M52, Oy,) = AS? oS0l , (71)
Jy = o S 1) 72
w47 -7) Iaz-all\zlkl-al\
cosar,, = B8 12 ‘Zlkl) (73

2,-2

Here the parameter 1, corresponding to the points of the second piecewise-linear straight line is connected
with the appropriate parameter 1, by Eq. (41). Here for the values p, > ulkl =15. In Eq. (73) the vector Z, is
calculated by Eq. (65) for any value of , in the interval 0 < g, <1, and the vector Z, is of the form Eq. (64) for
any value of u, > ylkl. By calculating the value of the expression Cosc, , by Eq. (73), the value of Z, may be

calculated for the value of &, or for 1, that corresponds to the value of the second intersection point k,, i.e., for

i > 1122 . Substituting the value of the parameter ylkl =15, and also Eq. (3466) in Eq. (41), set up a numerical
relation between the parameters fi, and 4 in the form:

i, =11927(u, -1,5) for g, >15; 0< p, < pus? >1 (74)
Thus, (74) is the numerical representation of mathematical relation between the parameters £, and g, . Defining any

value of 1, >0 by Eq. (74), it is easy to determine the appropriate value of the parameter . From (74) it will
follow:

u, =1,5+0,83844, (74a)

Calculate the values of the coefficient A, the unaccounted parameter function w,(4,, c,,) of economic process

and cosa, ,. For that, substituting Eqgs. (66)—(67) in Eq. (74), and also the numerical value of the parameter

" =15 in Egs. (70)~(73), define the numerical values of A, @, (A,, @y ,) and Cosa,, for p, > 15 in the

form:
25,8751

A=—(u — 75

18 575 25875 1 (7%)
0,75+ 25875,

01208 388125-51,25:, +17.25:2 76

% = O e 10375,0-1725,¢ 38 besy L nzo (76)

cosa, , =0.8495 (77)

Numerical values of A and A, for the second intersection point, i.e., for g, =31768 calculated by Egs. (75) and
(76) will be equal to:

A(31768) =-0,4719, A, =(31768) =-0,7495

Substituting Eqgs. (67), (75)—(77) in Eqg. (69), find the equation of the second vector straight line in the vector form
depending on the vector function of the first piecewise-linear straight line and appropriate for the second linear

straight line of the parameter 1, > 1,5 in the form (Fig. 5):
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Z, =0y (1) Z, = o (1) - [A+2))1; + L+ pa) 1, + (L+3,524,)1 ]
for

W =15

Here

258751
9,75+ 25875 4,

@ (1) =1- (1, -1,5)

9,75+ 25,875- 1,

+0,1026 .
9,75+19,375- 11, —17,25.

38,8125-51,75- 1, +
+17,25;

Numerical values ¢, () at the second intersection point, i.e., for g, = 31768 will equal:

©,(3,1768) =0,8297
Fig. 5. Numerical representation of 2-component piecewise-linear economic-mathematical model in 3-
dimensional vector space R;.

21

(78)

(79)

Now investigate the problem of prediction and control of economic process in the subsequent AV, (X, X,,X;)

volume of 3-dimensiona vector space with regard to unaccounted parameters factor that hold on preceding states of
the process [6-11,13-15].Above for the case of 2-component piecewise-linear straight line it was numerically

constructed the second vector straight line (78) depending on an arbitrary parameter 1, and unaccounted parameter
influence space function w, (4,,a; ,) . On the other hand, for the 2-component case economic process a predicting

vector function 23(1) with regard to the introduced unaccounted parameter influence predicting function

Q,(4;,a, ;) was suggested in the form:

Z,(1) = 2L+ All+ @, (A5 ,ay,) + Q4 (A5, 255)]}

(80)
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Here the coefficient A, the unaccounted parameter function w, (izkz’al,z), and also the unaccounted parameter
predicting function Q,(4,,c, ,) are of the form Egs. (53)—(58) define numerical values of these expressions. As the

economic process predicting function ZS () is the third piecewise-linear function, at first we define the value of the
vector function szz at the second intersection point K,. The parameter 1, acting on the segment of the second

piecewise-linear straight line changes in the interval 0 < 1, < y? >1. Here the value of the parameter y? belongs
to the intersection point between the second and third straight lines. According to approximation of statistical points,

this point should be defined. Therefore, giving the value of the parameter y? at the second intersection point K,,

define from Eq. (41) the appropriate value of the parameter ylkz , in the form:
(3, -2)°

(53 - zlkl )(éz - é.1)

For conducting numerical calculation we accept y? = 2. For the value of the parameter y? =2, we define the

=t + g (81)

appropriate numerical value of the parameter i, that will be denoted by ylkz , from Eq. (81) or Eq. (74). It will
equal:

w' =31768 (82)

Thus, we established the range of the parameter g, corresponding to the change of the parameter 1, of the segment
of the second piecewise-linear straight line, in the form:

1,5< 1, <31768 for 0< 1, < pjyz =2 (83)

Though Eq. (81) is valid for the values of the parameter 1, >2 as well. In this case, the value of the prediction
function Zg‘fz (1) at the intersection point K, ie., for g, =0, u, =2, ylkz = 31768 coincides with the value of
the function of the second piecewise-linear straight line:

Zy ()= 1z; (84)

Note that at the intersection point k,, i.e., for y? =2, uskz =0 the unaccounted parameters influence predicting

function Q,(4,,a,,) = 0.But the function Z, has the form (78). Therefore, it suffices to substitute to Eq. (78) the
value of the parameter ylkz = 31768 that will be defined both as the value of the predicting function Zg‘fz @ at the

initial point 1, =2 Ls = O of the third vector straight line and the value of the point szz at the final point of the
second piecewise-linear straight line at the point k2, in the form:

Z§*(1)] ,,-a.7e0 = 6,1013i, +3,46551, +10,055i,

for  u,=2, 1% =31768, u, =0 (85)

Calculate the point &,(1). For that give in an arbitrary form 1 of the coordinates of the vector &, (1), for instance,
the coordinate a,,(1), and by Eq. (61) calculate the remaining coordinates of the vector &, (1). Furthermore, a,,(1)
is given so that a,,(1) were greater than the coordinates z)2 =5,8411. Therefore accept the value a,,(1)=65. In
this case, substituting Eqs. (66) and (85) in Eq. (61), define the vector &, (1) in the coordinate form depending on an
arbitrarily given value of 844 (1) in the form:

a,(1) =a,i, +(1,3707 + % a,)i, +(~3,5163+2,25a,,)i, (86)

For the value a,, (1) =six,5, the vector accepts the form &, (1):
a, (1) = 6,5i, +3,5374i, +11,1087I, (87)
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For numerical definition of the coefficient A the unaccounted parameter function wz(izkz,al,z) and also the
unaccounted parameter predicting function Q,(4,,a,,) allowing for Egs. (66)-(68), (74), (79), (41) and (85)
conduct the following calculations:

1) ‘Z ai‘ ‘4|1+25|2+6 251, — 1, — —|3‘_623 (88)

2) |§2 a|= ‘2|1 +i, +3 5|3‘ =4,1533 (89)
) Z,(21 — &) = |+ 20T, + (L+ )T, + (L+ 35T, (3T, +

+1,5|2 +5,251,) = 9.75+ 25,875, = Ay (1y) (90)

4) (2,2 )={oo (I 20) T + (L+1)T, + (L350 |-
—5,8411i, —3,3177i, —9,6262i,} =
=[p (L+ 214,) ~5,8411]1, + [ (L+ 1) - 33177, +
+[py (1+354,) —9,6262], (91)
()4 220 + @ )T, + (L4 350)F, |-
~5,8411i; —3,3177i, —9,6262i, | =
\/ @0 (1+211,) —5,8411F + [, 1+ 11,) -3,3177] +
+[p, (1+3,51,) —9,6262]

) Z,(Z kz) (00(,“1)[(1"'2,“1) +(1+:u1) +(1+35/11) 1-

5) |2, - 2

= Ay (1) (92)

—[18,785+48,6916.,]1= A, (14,) (93)
OEAGESAE

=|a,,i, +(1,3707 +%a4172 +(-3,5163+2,25a,, )i, —

~5,8411, —3,3177i, - 9,6262i;| =

1
(D) —5,8411)2 + (—1,947 + ~ a,, (1))
_ (@, )2+ ( t38 @) +=A3(M1) (94)
+(~131425+ 2,25a,, (1))’

8) [4,)-2] =
= (a,, (1)) - 58411) +(-1,947 +%a41 @)°+

+(-131425+2,25a,, (1))2 (95)
9) (@ - Zlkl )@, - z.zkz )=

=2(a,;(1)—-6,1013) +1,5(-1,947 + % a,a, 1)+

+0,75(-131425+2,25a,,(1)) (96)
Substituting the values a,,(1) =6.5 and Eq. (86) in Egs. (86)—(98), we have:
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8, (1) - 237 | =1,9929 (97)
[4,(1) - Z,2]>=39715 (98)
(a; - Zlkl )@, (@) - z.zkz ) =2,5532 (99)

Now set up numerical relation between the parameters u, and g, . For that, substituting Eqgs. (97)—(99), and taking

into account the numerical values a,,(1) = 6,5 and 1)

the form:

2 =2, the relation Eq. (58) between the parameters will be of

2,5532
3,9715
Substituting the numerical dependence between the parameters u, and i, in the form Eq. (74) in (100), set up

s =(u, —2) for u, 22, 3 =20 or sy =1,6429(u, —2) (100)

dependence of the parameter 1, on the parameter L in the form:

U, =0,7668(u, —31768) for p, >31768 (100a)

or

w, =13041- u, +31768 for py, 20

Now, substituting Egs. (88), (89), (90), (92), (93), (94), and (100) in Eq. (57), define the unaccounted factors predicting
parameter A, in the form:

13 — _0,0296 lLtl _371768 . Al(lLtl)AQ (lLtl)AS(lLtl)
15 A, (1)
where @, (1) is of the form Eq. (79).

for u, >31768 (101)

Now, by Eq. (63), calculate the cosine of the angle cosc,; between the economic process predicting vector function
Z.,(1) and the second piecewise-linear vector-function Z,(u,) in the form (Fig. 6.):
_ (a,@®- z.zk2 )(Z, (1) — z.zk2 )

COSQlyq =~ o s
‘a4(1)_22 Zz(,uz)_zz

Fig. 6. Numerical construction of predicting vector function 23 (B) on the base of  2-component

(102)

economic-mathematical model in 3-dimensional vector space R,.
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Z,=Qy( )" [(1+2p) (1+p)| +(1+3 Su,)i- A

(1) 5, 8411| +3, 31771 +9, 6262|3

Taking into account Egs. (91)—(95), expression of cosa, , takes the form:
cosa, 4=
(6,7263 1, +2,3610) ¢, (1,) —18,8484

L6372 \/[(00 (1+24,) - 58411F +[p, 1+ 11,) —33177F +
+[p, (1 +354,)—9,6262]

For u, =5 the numerical value of cosa, ; will be:

cosa, , =0,9448 (103)

From Eq. (2456) calculate Q,(4,,a, ;). For that substitute Egs. (90)—(100), (92), (6294), (100), (103) in Eq. (56), and

calculate Q,(4,,a,,):

O,k a, ) = 0,028 =31768 A () A (1) A (1)
15— A,

For
11, > 31768 (104)

Now calculate the unaccounted parameter function @, (i‘;z ,@; ,) belonging to the second piecewise-linear straight

line, and take into account the character of relation between the parameters 1, and £ given in the form Eq. (74):

t, =11927(u, —15) for g, >15, 0< pu, < 2 >1 (105)
Hence:

u, =15+0,8384L, (106)
For i, = uy* from Eq. (106):

w? =15+0,8384,° (107)

For the considered example, for the second intersection point K, the value of the parameter ygz earlier was accepted

to be equal to 2, i.e, ykz = 2. In this case, the appropriate numerical value of the parameter ylkz by Eq. (107) will
equal:
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w2 =3,1768 (108)

Now carry out appropriate calculations by Eq. (53) for defining w, (A5 ., ,), and calculate the vector Z () in it
for the value of the parameter s, = u° =31768. Taking into account s =15, us® =2, u=31768,
cosa, , = 0,8495, and also Eqs. (45), (56)—(58), define the numerical value of @, (A ,Q; ,) in the form:

@, (A3 ,01,) = A2 -cosa,, =—0,635 (109)

Substituting Eqgs. (88)—(90) in Eq. (55), express the coefficient A by the parameter p, > ylkz =3,1768 in the form:

A=-25875 # =15 for u, > ylkz =31768 (1092)
:ul)
where

A (1) = 9,75+ 25,875,

Substituting the numerical values of the coefficient A Eq. (109a), the unaccounted parameter influence
function w, (i‘;z ,@;,) Eq. (109) and also the unaccounted parameter influence predicting function Q,(4;,a,;)
Eqg. (104) in Eq. (52), for the case of 2-component piecewise-linear straight line find the form of the economic
process predicting vector function ZS (2 in 3-dimensional vector space in the form (Fig. 6) [4-6 ]:

Z,0)= 21{1—9,4444LL5-[1—

A (1)
_0,0767 31768 AC) A () A () | oo 1, > 31768, (110)
#—15 A, (1)
where
Z, = (1+2/11)i;+(1+/11)i; +(1+3’5/11)i:°, (111)
A (1,)=9.75+25,8751, (112)
A ()= [0, 0+ 241,) —5,8411] + [2(/)0 A+ 1) 33177 + w3)
+[p, (1+3,51,) —9,6262]

1
(a, —58411)% +(-1,947+>a,)" +
Au)= " 3" (114)
+(-131425+2,25a,,)°
A4 (:ul) =@ (/11)[(1"' 2/11)2 +(1+ ,ul)2 +(1+ 315/11)2] -
—[18,785+ 48,6916, ] (115)

258751
9,75+ 25875 1, | 1+

@ (1) =1- (1, -1,5)

9,75+ 25,875 1,

+0,1026 5
9,75+19,375- 1, —17,25;

38,8125-5175 1, + (116)

+17,25u;
Eq. (78) is written in the compact form as follows (Fig. 7):
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Fig. 7. Compact form of representation of numerical expression of the predicting vector function 23(/3)

constructed on the base of 2-component model in 3-dimensional vector space R,.

£ s RWoX (ST Y

Z,(0) = A(w) 7, (117)
where
-15
) =1-9,444451720 1
Al = AG) "
15 A (1)
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