BICHUK XHTY Ne3(66), TOM 2, 2018 p. DOYHIIAMEHTAJIBHI HAYKH

VK 510.24+519.86
P.P. TROKHIMCHUCK

Lesya Ukrayinka East European National University

EQUILIBRIUM ECONOMETRICS AND POLYMETRICAL ANALYSIS

The basic laws of equilibrium econometrics (Hiks laws and Le Chatelier—Samuelson principle) are
analyzed. The principal possibility of using of more expanded methods of polymetric analysis to solve of this
problem is discussed. Questions of using of conjugate variables quantities and principles are observed. Features of
this concept are observed. The interdependency of basic laws of polymetrical analysis, information theory and
econometrics are analyzed too.
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ILII. TPOXUMYYK

CXiZHO€BPOIICHCHKNUIT HalliOHATEHUI yHiBepcuTeT iMeHi Jleci Ykpainku
PIBHOBA’KHA EKOHOMETPHUKA TA MOJIMETPUYHUIMA AHAJII3

IIpoananizosano ocnoaui 3axonu pienosaxcroi exonomempuxu (3axonu I'ikca ma npunyun ne Illamenve—
Camyenvcona). Ilokazano, wo pieHosadicna exoHomempuxa OyOyeandach 3d aHalo2iclo 3 PIGHOBANCHOI Qi3uKo-
Ximiynow —mepmoounamicoro. (062080pHOEMbC  OOYLIbHICMb  GUKOPUCHAHHA  NOJIMEMPUYHO20 aHAN3Yy OJis
po36’sa3anns yici npodremu. JJocaiodceni NUMAanHs 3aCmMocy8ants CNpsidcenux sminnux ma npunyunis. Ilokaszano,
wo nopso 3 nepemeopenuamu Pyp’e ma Jlannaca ooyinono adanmyeamu npunyunu Peres ma neeusnauenocmi 01
3a0au  pieHOB8AdCHOI ekoHomempuku. [lemanvHo obeosoproomecs ocobnueocmi  yiei  konyenyii. Taxooc
NPOAHANI308AHO NPOOAEMU B3AEMOGNIUGY OCHOGHUX 3AKOHI6 NOJNIMEMpPUYHO20 aHANi3y, meopii ingopmayii ma
E€KOHOMEMPUKU.

Kniouosi cnosa: pisnosascna exonomempuxa, 3axonu Xikca, npunyun ne ILllamenve—Camyenvcona,
NONIMEmpUYHULL AHAI3, eBONIOYILIHI cUucmemu.

ILII. TPOXUMYVYK

BocTounoeBporneiickuii HaMOHANbHBIA YHUBEpCUTET UMeHH Jlecu YKpanHku
PABHOBECHASI DJKOHOMETPHUKA U IOJIUMETPUYECKUA AHAJIA3

IIpoananuzupoeano OcHoGHbIe 3AKOHbL PABHOBECHOU 3IKOHOMEMpUKU (3aKOHbl Xukca u npuHyun e
Ulamenve-Camyenvcona). Ilokazano, umo pasHo8eCHas 3KOHOMEMPUKA CO30A6ANAC, NO AHANIOSUU C PABHOBECHOU
mepmoounamurou. Obcyxcoaemcs yeiecooopasHOCMb UCHOIb308AHUS NOTUMEMPULECKO20 AHAIU3A O/ peluleHUs.
amoii npodaemvl. Hccne0oeanvt 80npocsl NpumMeHeHus CONPAXCEHHbIX nepemenHblx u npunyunos. lloxasano, wjo
Hapady ¢ npeobpazosanuimu Dypve u Jlaniaca yenecoobpaswo aodanmuposamv npuHyunvl Penes u
HeonpeodeneHHoCMU 074 3a0ai PAGHOBECHOU IKOHOMempuku. JlemanoHo 00CyxHcOaromes 0cobenHoCmu 3moll
Konyenyuu. Taxce npoananu3uposansl npodiemsl 63aUMOIUAHUA OCHOBHBIX 3AKOHO8 NOAUMEMPULECKO20 AHAU3A,
meopuu uHpopmMayuu u SKOHOMEMpUK.

Kniouogi cnosa: pagnogecnas skonomempuxa, 3axonvl Xuxca, npunyun ne Illamenve-Camyenscona,
NONUMEMPUYECKULl AHANU3, IG0TIOYUOHHBIE CUCTHEMDI.

Analysis of recent research and publications

In theoretical and mathematical physics, the use of the polymetric method for analyzing "old" sciences and
the creation of "new" is quite successful [1, 2]. The polymetric analysis itself was created by the universal system of
synthesis of analysis and formalization of knowledge [1, 2]. It is based on the idea of triple optimization and has
allowed to unite at the methodological level into a single system all well-known created and not yet created
information systems. This optimization is guided by a measure element, a generalized quadratic form, which,
through the (quantitative and qualitative) transformations acting on it, includes a measurement procedure [1, 2]. At
the same time, the polymetric method can be used as an expert system of "correctness" and completeness of one or
another theory. For this purpose, a hybrid theory of systems was built that allows the classification of existing
information systems from the point of view of their operational, including computational, complexity [1, 2]. This is
a theory of open systems, although there are only 10 minimal types of formalization systems, the total number of
specific systems can be arbitrarily large [1, 2].
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Purpose of the study
In this paper, we focus on one of the methods included in the polymetric analysis and is based on the
expansion of the Rayleigh principle and its formal quantum-mechanical extension, known as the principle of
uncertainty [3], and called the method of conjugate variables. This approach allowed quite simply combining the
basic laws of physics and information theory into a single system [1, 4]. This theory is called the theory of
information-physical structures [4]. Now we represent this concept more detaily.
Presentation of the main research material
We give Rayleygh principle in a one-dimensional form according by N. Bohr [3]:
Ak-Ax=Aw-At=1, (1)
where Ak, Ax, Aw, At - changes of the wave number, coordinate, frequency and time, respectively.
When multiplying this relation by /4 (Planck constant) and replacing the sign of equality with a sign more-
equal (=), then we will have uncertainty principle
Ap-Ax=AE-At>h. 2)
The formula (1) is condition of separation two waves (Rayleygh principle) and mathematical formulation
of basic principle in classic theory of coherence [5].
If we change in correlation (2) sign more-equal (=) on sign equality (=) than we have basic principle of
quantum theory of coherence (3) [5]
Ap-Ax=AE-At=h. 3)
Formula (3) is nothing more than a mathematical expression of Bohr's complementarity and the uncertainty
principle.
The main concepts of the theory of information-physical structures are [4]:
1) the principle of fundamental harmonic equilibrium;
2) the equivalence of all canonical parameters: £ — energy; p — linear momentum; k — wave number; X

— coordinate; @ — frequency; ¢ — time;

3) polymetry, that is, for each physical phenomenon corresponds to its own metric (symmetry, geometry,
dimension, etc.).

Other examples of using the conjugated variables are Laplace and Fournier transformations, which are
effective computing methods of modern science and techniques [1].

Theoretical basis for the using conjugate variables quantities in science may be de Broglie correlation [6]

St =S =, @

(equivalence of quantity of ordered and disorder information) [1, 6]. Where S, — action, S, — entropy, k, —

Boltzman constant, S, — dimensionless generalization of action and entropy (generalized measure). Therefore we

can go from dimensional quantities (action and entropy) to undimensional quantity - number of proper quanta or
after generalization to number of mathematical operations. Thus, theory of informative calculations may be
represented as numerical generalization of classical theory of information.

Therefore, it was advisable to use this approach for the "revision" of the form of writing economic laws [1,
7, 8], which was implemented on an example of equilibrium econometrics [9-14]. This theory was called
generalized econometrics [1, 7, 8], although it could be called the theory of information-economic structures.

In general, econometrics is called science, which studies quantitative and qualitative economic
relationships using mathematical and statistical methods and models of economics [9-14]. The modern definition of
the subject of econometrics was formulated in the charter of an econometric society, the main goals of which were
the use of statistics and mathematics for the development of economic theory [9-14]. Theoretical econometrics
examines the statistical properties of assessments and tests, while applied econometrics deals with the application of
econometric methods for the estimation of economic theories. Econometrics provides a toolkit for economic
measurements, as well as a methodology for evaluating the parameters of micro- and macroeconomics models. In
addition, econometrics is actively used to predict economic processes both in the scale of the economy as a whole,
and at the level of individual enterprises [9-14], along with macro and microeconomics [9-14]. In practice, this is a
theoretical economy in the narrower sense of the word.

In this paper, we present the main aspects of the application of polymetric analysis for problems of
econometrics, especially for a more compact recording of the laws of equilibrium econometrics.

Basic results and discussions

As an example of using the polymetric method, we give a generalized econometric analysis. Compared to
physics and information theory, this science seems simpler, but if that were the case then there would not be so
many social cataclysms that so often affect the history of mankind [1].

Classical econometrics [9] mainly includes methods of statistical and factor analysis, and the laws of the
Walras-Leontiev type (for evolution systems) and von Neumann-Marx (for "revolutionary” systems). However, the
current level of development of society requires more advanced theories, as evidenced by the study B. Gavrylishin
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[15]. In the modern economy, it is imperative to take into account such factors as ecology, sociology, psychology,
etc., that is, a fertile field for the use of a polymetric approach.

First we introduce a new terminology [1, 7-9]:

z; - total output of the i-th industry;

z; - total output of the i-th industry, which is consumed by j-th industry;

¢ ; - demand for the i-th product;

aj; - constant coefficients of cost of the i-th product per unit of output j-th industry;

o - salary;

q ; - profit per unit of output in the second-area industry;

an+1,i - coefficients of labor costs in the i-th industry.

The system of equations of balance and outputs of all products in systems of the Leontief type may be
represented as:

z, :zaﬁzi+cl.;(i:1...n). &)
/=
System of equations of balance of prices, wages and profits is next:

w+q;(i=1,.n). (6)

n+l,i

D, =J_Z:laj,.p/ +a

In systems of the Leontief type there is a twin between outputs and prices in the sense that the matrix of

coefficients {a. } of the subsystem for determining prices is obtained by transposing the matrix {aﬁ} subsystem

y
for the determination of issues. Both subsystems have common algebraic properties, so you can use one half of the
equations in the future.

Leontief system is a partial case of the general equilibrium system of Walras, consisting of four groups of
equations:

I — functions of the market offer for goods;

II — functions of market demand for goods;

IIT "— query and supply equations for goods and factors;

IV — equations that connect prices to production costs.

In the Walras model, the propositional functions for the factors and the query function for goods are given
by the theory of marginal utility in terms of prices. In the Leontief model there are no analogues for these functions,
since the vector of final demand (ci,...c,...) and the newly created costs (a,, ®+4q,,...a, @+q,) are

n+1,1 n+l,n
parameters. Issues are determined independently of the prices given by the cost price equations. This independence
and the assumption of the continuity of the technical coefficients lead to the simplicity of the Leontief model.

We give the basic laws of equilibrium econometrics according to [9].

The first Hicks law. The excess demand from the zero product to the j-th causes an increase of the relation
the equilibrium price of the j product to the equilibrium price of the zero product, except in the case when the
product j is free.

The second and third Hicks laws in a weak form. In the result of the shift of priorities from zero product to
j-th in the indeterminate system 1", the ratio of the price of any product to the price of zero product does not
decrease; besides, there is no product for which this ratio would have increased in a larger proportion, as for the j-th
commodity.

The second and third Hicks laws in a strong form. As a result of shifting the priorities from the zero
product to the j-th in a highly undisturbed system, the equilibrium price of any product in relation to the price of
zero commodity increases in a smaller proportion than the price of the j-th commodity.

The principle of Le Chatelier — Samuelson. Let the condition of strong gross substitutability be fulfilled.
The increase in the price of any product with the number j>m due to the shift of priorities, by changing the query of
the zero product to the j-th (where j>m), for the case when the prices of all goods with numbers (1, ... m) are
maintained constant (due to the adaptation of the offer of each these products) is less than the growth of the price of
the same commodity with the same shift of priorities for the case when the offer of one of the mentioned n goods,
say, a commodity with the number m, is not adapted and, accordingly, the price of the m commodity may change .

In addition to equilibrium econometric models there are also models of economic growth. These are the
models of Smith, von Neumann, Kondratiev, and others. However, in order to illustrate the possibility of applying a
polymetric approach to econometrics, we will have enough equilibrium case.

Now let's consider how it is possible in this case to proceed to representations of the polymetric measure.
We take the first half of the equations (5) of the Leontief model. We introduce inverse econometric parameters:
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N, N,

k,=—:b =—=y, = . @)
z, c a,z;
Generalized econometric parameters then have the form:
ky =kz;B; =bc; Y, =z,y;. ®)
In general
Nji=j
k, = o (92)
, {fl(k,-,z,-);z *
Nyi=j
B, =1 o (9b)
! {fz(bi’cj);lij9
N3 91 = ja
Y = 9¢
! {/@(zf,-;y,,m);iim;jvtn- o)
A generalized econometric equation can be written as follows
Flky) = F(Y,)+ Fy(B,), (10)
where F; - functional dependence.
In the linear case:
k; =Y, +B; an
or
kz,=z,,,tbc;. (12)
Fori=j=m=n we have
kz=Zy+bc. (13)
Minimizing these ratios we will get:
dz dz dk dc dz dc
b2 _dz_, dk _de_, . E__de_ (14)
dy dk db dz db dy
After solving of these equations we will be obtained
z=z,+A4Yy; c=c,+A4z (15a)
Z=Z+Ak; Z=Z,+ Ab; (15b)
k=k,+Ab; c=c,—A4y. (15¢)

That is, we have linear laws for preserving the amount of costs, demand and inverse quantities. These laws
are truie in a specific area. As is easily seen, the relation (15) is also a linear generalization of the Hicks laws and the
principle of Le Chatelier — Samuelson.

More complex dependencies are obtained from the next relationship

dk-dz=dz -dy+db-dc (16)
or in a generalized form —
dk; = dY, +dB,. a7
From the equation (12) in a simplified form we can obtain a correlation
dk-dz=dz -dy+1L,, (18a)
dk-dz=db-dc+1L,, (18b)
dz -dy=db-dc+L,, (18¢)

where L;, L, L3 — constants.
Solutions of the equations (18) are more complicated than the solution of equations (14) — (15). In general,
they have the form:

k=ky+ Ay, 2=2+ AF(L,2)+ AF,(L,z). (19)

That is, in the relations of type (19), unlike the relations (15), we can take into account small changes of
any of the econometric parameters. Equations of type (16) yield Volterra-type equations, as well as a more complex
type equation. That is, based on equilibrium conditions, dynamic systems can be described: to investigate both
economic growth and decline.
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By changing the number of corresponding quadratic members in the equation, we can introduce additional
factors that affect the economy, including environmental factors, psychology, etc. Many of them can be taken into
account with the help of generalized mathematical transformations. For a more complete modeling of such
econometric models, you need to use a computer.

Generalized mathematical form of the principle of Le Chatelier — Samuelson according to relationship (4)
may be represented in next form

4S8, 20. (20)

Where S, must be represented through conjugate "economical" quantities.

Sign more (>) is corresponded to non-equilibrium econometrics, sign equal (=) — equilibrium econometrics.

This concept is complemented basic methods of modern econometrics and show principal possibility of
application the modified methods of modern mathematical physics for the problems of modern economics and
econometrics.

Roughly speaking the principle (20) unites the Quantum Mechanics, thermodynamics and information
theory, including econometrics, in one system.

Conclusions
The basic concept of Polymetric analysis is discussed.
The Rayleygh and uncertainty principles and its modifications are represented.
The basic laws of equilibrium econometrics are observed.
Problem of using conjugate parameters for the formulation of the basic laws of equilibrium econometrics is
analyzed.
5. We show that polymetric method (method of conjugated quantities) may be used for the unification of laws the
equilibrium econometrics.

6. The generalized mathematical form of the principle of Le Chatelier - Samuelson is proved and represented.
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