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MODELING OF THE SINGLE SECTORAL ECOLOGICAL ECONOMY DYNAMICS
IN VIEW OF DIFFERENT TARIFFS ON PRIMARY AND SECONDARY DISPOSAL
OF PRODUCTION POLLUTION

The article proposes one of the possible approaches to simulate single sectoral one-product economy, which produces
the main aggregate product and carries out primary and secondary utilization of the created pollution. The basic model and
its modifications are formalized in the space of eco-economic variables, which include savings (liquid capital) of production
enterprises owner (producer), the price of basic products and tariffs for primary and secondary pollution utilization. The
developed models can be effective methodological tool in the further practice of eco-economic systems general dynamics
research.
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I'puropkiB Mapis BacujiBHna,
KAHOUOam eKOHOMIYHUX HAYK, OoyeHm, 0oyenm Kagheopu eKOHOMIKO-MAmMeMamuiHo20 MOOeT08AHHS
Yepniseyvkozo HayioHanvbHozo yHisepcumenty imeri IOpia @edvkosuua

MOJIEJTIOBAHHSI JUHAMIKH OJJTHOCEKTOPHOI EKOJIOTTYHOI EKOHOMIKH
3 YPAXYBAHHSIM PI3BHUX TAPU®IB HA IEPBUHHY TA BTOPUHHY YTHUJII3ALIIO
BUPOBHUYOIO 3ABPYIHEHHS

Y pobomi 3anpononosaro o0un i3 nioxodie 00 MOOenOBaHHSI OOHOCEKMOPHOI OOHONPOOYKMOBOI eKOHOMIKU, KA 8UPO-
O715€ 0CHOBHUIL azpe208aHull NPOOYKM i 30ILCHIOE NePBUHHY MA 6MOPUHHY YMUAI3AYilo cmeopero2o 3aopyouenns. bazosa
Mmoodens i i moouixayii hopmanizosani y npocmopi eKono20-eKOHOMIYHUX 3MIHHUX, 00 SIKUX HATLeHCAMb 3A0UjAONCEHHS
(nik8IOHULL Kaniman) 61ACHUKA SUPOOHUYUX NIONPUEMCIG (BUPOOHUKA), YIHA HA OCHOBHY NPOOYKYi0 ma mapugu Ha nep-
SUHHY | GMOPUHHY YMUNI3ayiio 3a0pyOHenHta. [l npaKmuxu 00CHiONHCeHHs 3a2anbHOi OUHAMIKY eKON020-eKOHOMIYHUX CUC-
mem po3poodeHi MOOELi MOJNCYMb CILYHCUMU eeKMUBHUM MEMOOOIOIYHUM IHCTPYMEHMAPIEM.

Kniouoei cnosa: oonocexmopHa exonomika, Mooensb, OUHAMIKA, NePBUHHA ThAd 6MOPUHHA YIMULI3AYis.

I'puropxus Mapus BacuibeBHa,
KaHOUOam 3KOHOMUYECKUX HAYK, OOYEHM, OOYeHM Kapeopbl IKOHOMUKO-MATNEMAMUYECKO20 MOOETUPOBAHUSA
Yepnosuyko2o HayuoHaiwbho2o ynugepcumema umenu FOpust @edvkosuua

MOJIEJIMPOBAHUE JUHAMMKH OJJTHOCEKTOPHOM DKOJIOT MYECKOI DKOHOMUKH
C YYETOM PA3HBIX TAPH®OB HA MIEPBUYHYIO M BTOPUUHYIO YTUJIN3ALIUIO
MPONU3BOICTBEHHOTIO 3ATPSI3HEHUS

B pabome npeonoscen 00un uz nooxo006 Kk MOOEIUPOBAHUID OOHOCEKMOPHOU OOHONPOOYKIMOBOU IKOHOMUKU, KOMOpAs
nPoU3800UN OCHOBHOU A2PESUPOBANHDLIL RPOOVKNL U OCYUECMEIISLent NePEUYHYIO U 6MOPUYHYIO YIMULUAYUIO CO30AHHO20 3a-
epsasnenus. Bazoeas mooens u ee mooudurayuu Gopmanuz08ansl 8 NPOCMPAHCIMEE HKOLO20-IKOHOMUUECKUX NEPEMEHHDIX, K
KOMOPbIM OMHOCAMCS HAKONJIeHUs (TUKBUOHBLIL KANUmart) 81aoeivya npou3800CmMEeHHbIX NPeOnpuamuil (npousgooumers),
YeHa Ha OCHOBHYIO NPOOVKYUIO U MAapughvl HA NEPEUUHYIO U 6MOPUYHYIO YIMUTUZAYUIO 3a2pA3Herus. /s npakmuku uccie-
006aHUsL 00Well OUHAMUKU DKOLO20-IKOHOMUUECKUX CUCeM pPA3pabOmanHble MOOCU MO2YN CIYHCUMb IPDeKmueHbim
MEMOOONOSUYECKUM UHCIPYMEHMAPUEM.

Knrouegvie c106a: 00HOCEKMOPHAsL SKOHOMUKA, MOOEb, OUHAMUKA, NEPEUYHAS U 6MOPUYHAS YIMUTUSAYUSL.

Problem setting. One of the most effective tools of scientific knowledge today is simulations. The modern
science has made great progress in its various fields thanks to the method (or methods) of simulation. When
this is in terms of economic and eco-economic systems, the most commonly used are such types of modeling
as observation and its verbal description, economic experiment, game and machine imitation, mathematical
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modeling. In this case the mathematical modeling is an extremely powerful, efficient and economical means of
cognition, the application of which in the context of the development of modern information technology has a
special perspective. And first of all, these perspectives are connected with the research of complex dynamical
systems, phenomena, processes, etc., to which the economy certainly belongs, the ecologization and socializa-
tion of which is a priority issue of a global scale.

The ecologization of economy is a process of continuous ecological improvement in all its spheres [1].
Thereat one should be able to assess the level of environmentalization of production and consumption of prod-
ucts, in particular, by means of quantitative estimation, the comparison of which allows to identify more effec-
tive areas of environmentalization. Constant assessment of the level of ecologization of the economy should be-
come a system in the life of human society and be accompanied by the implementation of effective mechanisms
of ecologization, which are connected in particular, with the construction and improvement of waste treatment
facilities, modern facilities for utilization production, rational use of natural and labour forces, consumer and
ecological culture of people, the latest technical and technological decisions of information, scientific and mo-
tivational support, etc. The fundamental program of implementation of ecologization processes of the economy
is necessary for a systematic assessment of the level of ecologization and implementation of ecologization
mechanisms. However, it is only possible to develop such a program on basis of appropriate scientific research,
in particular on basis of models of ecologization of the economy.

The global models [1-7] are developed in the 1970s and 80s of the 20th century, which used fundamental
knowledge of economics, ecology and society, as well as the experience gained by researchers in the construc-
tion of local models have had a significant impact on the development of eco-economic systems and in general
of eco-economic policies in the world. The global problems or problems of global scale were the field of sci-
entific interests of the participants of the Club of Rome, whose works were regularly published in the so-called
«Reportsy [5]. In the classification plan among global models there are both balance optimization and simulation
models. The peculiarity of global models is that it reflects the attempt of their authors to substantiate scientifi-
cally the interaction of people and the environment on a global scale.

Analysis of recent researches and publications. Significant in order of importance of eco-economic re-
search and their influence on the simulation of the processes of eco-economic interaction were also some models
of'a more local character, in particular the famous interdisciplinary model of the interdisciplinary eco-economic
balance by Leontiev-Ford and its modifications [8], as well as various generalized models of ecological and eco-
nomic balances [9—14]. The current state of the research of eco-economic systems, in particular their modeling
is characterized by many serious achievements, the improvement of methodological and methodological tools
for studying the specifics of eco-economic features in different regions, countries, etc., different approaches to
evaluation and ways of achieving eco-economic equilibrium and sustainable development. Appreciating the
research results obtained in this direction by foreign scientists we also emphasize the important achievements
in economic modeling of environmental processes and systems by Ukrainian scientists, including the authors of
papers [15—18] where dynamic models of inter-sectoral interaction between the economy and the environment
were developed and investigated the relevant equilibrium and optimal trajectory environmental and economic
development, also there was analyzed the possible construction of static and dynamic features of eco-economic
behavior, established the approaches of modeling of the stochastic eco-economic models and their deterministic
equivalents, there was studied the problem of balanced equilibrium prices and their impact on the eco-economic
dynamics etc. However, the whole host of issues related to modeling of eco-economic interaction invite further
investigations.

The purpose and tasks of the research. The notion of ecologization of the economy and the environment
as a whole is inextricably linked with the concept of primary and secondary utilization of human pollution. In
the case of industrial processes, the primary is the utilization of industrial waste, which is a byproduct of the
main production and the secondary one is the utilization of production waste of auxiliary production, i.e., of the
environmentally harmful remnants that were created during primary utilization. The purpose of the proposed
research is to develop the models of the dynamics of single sectoral economy that takes into account is not only
the minimum level of clustering of the elements of a society, which actually produces the main material products
and the corresponding products of pollution, but also that the production of the main products and the disposal of
pollutants are carried out by the same producers (owners) and workers. This specificity is reflected in the ratios
developed by the here below models. Notionally, these models complement the results of the earlier researches
[19; 20] and are intended for the analysis the general dynamics of the eco- economic systems.

Setting objectives. In the case of the single sectoral economy, where along with the release of major mate-
rial products, pollution is utilized, we can assume that the aggregate savings of both social groups (owners and
workers) involved in production is permanent (i.e., we will assume that Mz, + Nz, = z = const, where M and
N — number of owners and workers, 7, and z, — savings (liquid capital) of the owner and the worker), but let us
expand the range of functions of economic behavior, namely, the functions of demand for the main (aggregate)
products g, production of the main products f, release of contamination during the production of basic products
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¢ and utilization of pollution, created during the release of the main products, y add the function of release of
contamination during primary utilization & and the function of secondary utilization of pollution created during
its primary utilization, @. Let a, B, y and ¥ (0 wa.f.y.7-= 1. @+ 6 +v +1~= 1) — are the share of savings of the
owner of the main production for personal consumption, the output of the main (aggregate) products, the primary
utilization of pollution, i.e., the pollution created during the production of basic products and the secondary
utilization of pollution, that is, pollution created during its primary utilization. Let us denote the price of basic
products, the tariff for utilization of primary and secondary pollution by r.#"™ and #(2). Then
HZpy 1 Z

g = 2 SE,. ) - }ﬁ%

— consequently, purchasing, industrial, utilization during primary utilization, utilization during the secondary
utilization of the capacity of the owner of the main production enterprises (single sectoral economy) powers.
Let’s assume that capital provision is the production of basic products or production capacity S also serves as
an argument for the emission of contamination during the release of basic products, and the capital provision of
primary utilization s{*! — is also an argument for the function of primary utilization release, so the above capa-

¥
bilities are arguments for the above-mentioned functions of economic behavior, namely

JS=/SB) ¢ = o(Sp) q=4(s,)
In the partial case, we can assume that
O(Sp) = M(SB) D

where 1,7 (0 = 4,1 = 1) — coefficients or shares of the corresponding release of pollution.

For the formalization of the equation of dynamics of owner’s savings z, , who implements both primary and
secondary utilization, we assume that utilization (primary and secondary) is carried out by the same workers
who produce the main aggregate product. Let d, — wages of a worker in monetary units (m.u.). Taking into ac-
count that the owner’s income depends on the taxable value of sales of basic goods (tax rate m ), and costs — from
expenditures on personal consumption of the basic products, wages and taxes of the workers (wage tax rate m ),
production needs of the main activity (7\3 — the share of costs for these needs), value added tax of the main pro-
duction (tax rate m,), production needs of primary and secondary utilization (7»7 and ,-1.},; — corresponding share
of expenses for these needs), value added tax in the utilization processes (rate m,), the equation for the dynamic
variable 7z, will be as the following:

l1-m
L w Mg+ Na(sz) + Q- Paca-

-p ('15 +n=)f(sﬁ)_ﬁm (Ay +m5)y (S;(n)_ﬁm(l,}ﬁ_nz)@(s’g))'

Ndy(l+7,)
M (2

dzy @EZ-Mzy)
where 52~ = T pN_ — purchasing power of the worker (0 =@ = 1), Q" — the general demand for the
main aggregate product of the other elements of the society and external market. Obviously, equation (2) takes
into account the owner’s costs for both primary and secondary utilization.
Assuming that the salary is proportional to the coefficients K Hy and Hg to the volumes of production of
primary production, utilized pollution during primary utilization and utilized pollution during secondary utiliza-
tion, that is, the owner’s expenses on the salaries of the workers are equal

B FSBHY+ 07T () ey ST @)+ 0@ ) Yy Yy @
m.u., then equation (2) is modified in the equation

dzy _p(l—m . s, 3 o2
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The price of the aggregated product p depends on the difference between the volume of demand and the sup-
ply of aggregate products, that is

P _ 05 (M + Na(sz) + @ - Mf (s5)].

where 9[3 — constant price adjustment factor p, which reflects the inertia of the market for main (aggregate)
products.

Further, considering that ﬁ(lj and ﬁ(zj are two different dynamic variables, we simulate the equation of
their dynamics. Since the change in each of them in time depends on the difference between the corresponding
releases of industrial waste and the demand for their utilization, which coincides with the volume of their direct

4)
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utilization (one of the main assumptions for single sectoral economy), these equations will take the form as:

7(1) ()
9B~ o) My (55)- Moo (s5)]-

G- prvtep)- o (o) ®

where (Y and 6% _ stable coefficients of tariff regulation for primary and secondary utilization.
If equations (5) and (6) take into account the dependences (1), then we obtain the equation

(N

ds(1)
B = 60 [My (s°)- MAF (s5)].

dz—f) = 07 i (s)- MAw (s)] (8)

Supplementing the obtained equations (1)-(8) with initial conditions

pta=p 0,

Zy(te) = Zj3.

P =p*0), ®
Py =),

where amount e 2 p(®) 710, 529 are considered gi ill h i -

1 Ep ) ) given, we will have variants of models (2), (4)
(6), 9); (2), @), (7)-09); (3), (4), (7)-(9). If you accept the model (2), (4)-(6), (9) for the base, it is easy to offer
other variants of models. All these models are formalized by the systems of four differential equations and cor-
responding initial values of the studied dynamic variables, and separately describe the dynamics of tariffs for
primary and secondary utilization.

Conclusions. One of the important assumptions in the development of dynamics models of single sectoral
one-product economy is the assumption of the same or different tariffs for primary and secondary utilization.
Obviously, each of these assumptions makes sense and is adequate in certain practical situations, but none of
them can be universal and uniquely characterize the utilization processes of different levels of the hierarchy. In
this regard, the dynamic models of eco-economic systems should take into account both variants of assumptions
regarding tariffs for primary and secondary utilization.

The article deals with the dynamic models of single sectoral economy considering different tariffs for pri-
mary and secondary pollution utilization. Taking into account different tariffs does not only change the equation
of dynamics of individual variables, it also increases the number of all variables per unit. On the one hand, the
models with different tariffs can be the modifications of models with the same tariffs, but on the other hand
they are independent models, which in fact formalize certain features and differences of primary and secondary
utilization and their influence on the general dynamics of the invastigated eco-economic system. In this case,
both classes of the models (both with the same and different tariffs) admit multiple variants of some initial as-
sumptions, which leads to various modifications of models, which sometimes helps to get rid of the principal
methodological and methodological complications associated with the construction of certain functions of eco-
economic behavior and parameter identification. On the whole, the models with different tariffs expand the
complex of dynamic models of eco-economic systems with primary and secondary pollution utilization and the
possibility of their application in practice.

As to the process of formalization of the models referred to in this article, it is worth noting the fundamental
role of the so-called functions of eco-economic behavior, i.e., the functions of demand for the main product,
its release, the release of industrial waste and its utilization (primary and secondary). The construction of these
functions is a separate stage in the development of structural models of eco-economic dynamics, the details of
which can not be disclosed in terms of this material, limited by the corresponding scope of its presentation. We
only note that the models of these functions reflect the well-known properties of demand, supply and output
functions and to construct them classical approaches in modeling.

The problem of informational support of the proposed models and other models of eco-economic dynamics
is worth particular attention. This problem is of special significance, it is actual and relevant to the particular
object of the research, i.e., the specific eco-economic system of the region, country etc. Obviously, some of the
parameters can be identified statistically if statistical sources are available, and the information they contain is
adequate. Another part of the parameters can be established in the process of experimental investigations with
models, for example, the factors of regulation of prices and tariffs, which is also a complicated task and requires
the researcher to have practical skills and experience in conducting relevant simulation experiments. Though, in
a number of cases, in particular for an unstable and corrupted economy, when there are no statistical data or the
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available data can not be trusted, the problem of identification is solved through the expert conclusions derived
specifically for particular parameters. One of the practical criteria for the admissibility or adequacy of numerical
values of parameters (as well as the model as a whole) is the comparison of computer-generated experiments
with models of the basic regularities and trends of eco-economic dynamics with their real counterparts.
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