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Abstract. The aim of the work is creation of a block of intersectoral production balance as part of the
Analysis of Territorial Multisector Objects model. For one branch of industry it is achieved by uniting
activity of manufacturing and trading enterprises meeting regional needs, including import and export.
The concept of technological coefficient is corrected and the notion of logistic coefficient is
introduced. The main results are as follows: the influence of government purchases and consumption
in the sphere of small business is defined; methods of using R&D funds to change resource and
material consumption in production and trade are presented. Each variable in the model has three
dimensions, compiled by parent and child coordinates. The variables are split into manufacturing and
trading components with indices. Macroeconomic technological and investment restrictions of
complete demand satisfaction for economic entities in the region are developed. The service
consumption variable is an indicator of full coverage of regional needs in industrial products. It is
positive when other needs of regional industry, trade and households, as well as in other regions and
abroad, are satisfied. Framework conditions affecting regional economy through fuel and energy
complex by decreasing energy and electrical intensity in industry and trade and by the growth of their
exports are developed with reference to payment for its consumption in households. The importance of
work is defined by the model implementation by simple software of object-oriented languages, using
OLAP (data hypercube) to store variables, and by practical and market orientation of this software.
Keywords: Leontief’s model, production, intersectoral, balance, industrial, trade, region, resource
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Rezumat. Scopul lucrérii: construirea unui bloc de echilibru de productie intersectorial ca parte a modelului
AOTM - Analiza obiectelor teritoriale multisectoriale. Acest lucru a fost realizat prin ajustarea coeficientului
tehnologic si introducerea unui coeficient logistic care sa reflecte oferta de produse catre intreprinderile
comerciale. Principalul rezultat ale lucrarii constd in urmétoarele - metode de utilizare a fondurilor de cercetare
si dezvoltare pentru a modifica consumul de resurse si materiale in productie si comert. Variabilele au trei
dimensiuni, compilate de coordonatele parinte si copil: ,,an-luna”, ,,regiune-regiune”, ,,industrie-corporatie”. De
asemenea, contin componente de fabricatie si tranzactionare, cu indici legati de industrie. Existd constrangeri
tehnologice si de investitii cu privire la nevoile subiectilor regiunii, luand in considerare ratele de crestere
industriald si economicad. Variabila consumului necesar este definitd ca indicator al acoperirii cerintelor
produsului. Este pozitiv, cdnd sunt satisfacute nevoile industriei regionale, comertului si gospodariilor, precum si
ale altor regiuni si din strainatate, indicand o crestere a bunastarii populatiei. Au fost dezvoltate conditiile care
determina activitatile economiei regionale create de complexul de combustibil si energie. Se iau in considerare
tendintele de diminuare a energiei electrice si a intensitatii energetice in industrie si comert si a cresterii
exporturilor de energie - ludnd in considerare compensarea acestora pentru consumul casnic. Semnificatia
lucrarii este determinatd de simpla implementare software a modelului in limbaje orientate obiect (clase,
mostenire), folosind OLAP (hypercube de date) pentru a stoca variabile, precum si orientarea practica si de piata
a acestui software.

Cuvinte-cheie: model Leontief, productie, intersectorial, echilibru, industrial, comert, regiune, intensitatea
resurselor, consumul de materiale, complexul de combustibil si energie (CCE).
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OTtpakeHHe NPOU3BOJACTBEHHBIX H JHEPTeTHYECKNX MEKOTPACJIEBBIX CBs3eil B MO/IeJIN aHAIN3a
TEePPUTOPHATBHBIX MYJbTHCEKTOPHBIX 00beKTOB (ATMO)
Camxos T.JL
Cubupckuii rocy1apCTBEHHBIH YHUBEPCUTET TENCKOMMYHHKAIMHA 1 HHPOPMATHKH
Hosocubupck, Poccuiickast @enepanus

Annomayun. 1llens paOOTBL: TOCTPOCHHUE O0I0KA MeICOMpAcie8o20 NpoOyKYUOHHO20 Oanaunca KaK dYacTd
monemn ATMO — Aranmsa TeppuropuaabHbIX MynbTHCEKTOPHBIX OOBEKTOB. DTO TOCTUTHYTO O0BEINHCHIEM
JUISL OTPACIIH JIESITENbHOCTH PON3BOJCTBEHHBIX U TOPTOBBIX MPEANPUATHH, yIOBIETBOPSIIONINX PETHOHAIBHBIX
NOTPeOHOCTEH B CBOEH MPOJIYKLHUH C YYE€TOM BBO3a M BBIBO3a. Takxke Ul 3TOr0 CKOPPEKTUPOBAHBI MOHATHUS
TEXHOJIOTHYECKOTO Kod((duimeHTa ¥ BBEAEH JIOTUCTUYECKUH KOI(POUIMEHT, OTpPaKaIOUMH IOCTaBKU
NPOIYKIUH TOPTOBBIM IpeAnpusiTHsaM. OCHOBHBIMH pe3yJbTaTaMH paOOTHI SABISIIOTCS cieayronye. OTpaxxeHo
BIIMSTHUE TOC3aKYIIOK CO CTOPOHBI FOCYapcTBa M NOTpebieHus B cepe Masioro 6usHeca. [IpuBeeHbl METOAMKA
3aneiictBoBaHus cpencts HVIP Ha n3MeHeHue B pecypco- M MaTepHajIOeMKOCTH B NPOU3BOJICTBE U TOPTOBIIE.
Kaxnast nepeMeHHas MOJEIN UMEET TPH U3MEPEHHMS, COCTaBJICHHBIX POJUTEIBLCKON U JJOUEPHEH KOOPIMHATAMHU:
«rOA-MecsAI», «PETHOH-PAalioH», «OTpacib-KOpHopanus». [lepeMeHHbIe pa3fensioTcs Ha IPONU3BOJICTBEHHYIO H
TOPTrOBYIO KOMIIOHEHTBI, C WHAEKCaMH, IIPUBA3aHHBIMH K HCXOJHOMY OTpacieBoMy. BripaGoTaHbl
MaKpO3KOHOMUYECKHE TEXHOJIOTHUECKHE W WHBECTHUIMOHHBIC OIPaHWYEHHS ITOJHOTO YJOBJIETBOPEHHS CIIpoca
9KOHOMHYECKHX CyOBEKTOB PErHOHa C YYETOM IPOMBIIUIEHHOTO M 3KOHOMUYECKOTo pocra. MHIukatopom
MOJTHOTO TIOKPBITHSI TOTPEOHOCTEH pErMoHa B MPOXYKIMH OTPACid CIY>KHUT IIEPEMEHHAsi CEpBHUCHOTO
notpebnenus (B chepe yciyr). OHa MONOKHUTETbHA, KOTA PYTUEe HYXIbI PETHOHANBHBIX MPOMBIIIICHHOCTH,
TOPrOBIM U JIOMOXO3SMCTB, a TaKKe B JNPYIMX PETHOHAX U 3apy0ekoM, YAOBIETBOPEHBI, CBHICTEIBCTBYS O
pocTe ONarocoCTOSHHs HAaceleHUs pernoHa. Pa3paboTaHbl paMOUHbIE YCIIOBHS, BIUSIOMINE HA PETHOHAIBHYIO
9KOHOMUKY €0 cTopoHbl TOK uepe3 yMeHbIIIeHHe 3HEPro- U 3JIEKTPOEMKOCTH B IMPOMBIIUICHHOCTH M TOPTOBIIE,
U pOCTa X HKCIOPTA — C Y4ETOM OIUIATHI 32 €ro CuUeT MOTPEOJICHUS B IOMOXO3sHCTBaX. 3HAYUMOCTh PabOTHI
OTpezeseTCcs MIPOCTOW MPOTPaMMHON pealM3aliil MOJENIH OOBEKTHO-OPHEHTHPOBAaHHBIMHU SI3bIKaMH (C KX
KJlaccaMi W HacliemoBaHHeM), ¢ ucnoib3oBaHueM OLAP (rumepky0 maHHBIX) UIs XpaHCHHS IEPEMEHHBIX, a
TaK)X€ NPAKTUUECKON U PRIHOYHON OPUEHTHUPOBAHHOCTHIO 3TOro I10.

Knrwouegvle cnosa: nEOHTHEBCKAs MOJENb, IMPOXYKINOHHBIM, MEXOTpaciaeBOH, OanaHC, NPOMBIIIICHHbIH,
TOPTOBBIH, PETHOH, PECYPCOEMKOCTh, MATEPHATIOEMKOCTh, TOIUTMBHO-3HepreTryecknii kommieke (TOK).

Introduction developed model is the block of interindustry
production balance. This block is based on
Leontief’s interindustry balance (11B) model,
which is used for industrial planning.

The urgent problem of economics is the lack
of practices of applying economic and
mathematical tools allowing for the specifics of
market economy in industry, including a high-
tech one. Il. REASEARCH OBJECTIVE

To fill this gap, a model for analyzing
territorial multisectoral objects (ATMO model)
was developed.

The model includes the following blocks:

« interindustry production balance;

« interindustry financial balance;

* interregional trade balance;

* interregional rental balance.

These blocks describe the movement of
commodity and financial flows for a system of
enterprises of different industries in several
regions - within each region and between them.
Thus, functioning of the production and trade
regional industrial system is modeled, with the
consideration of belonging of the enterprises to
specific corporations, and presence in the region
of trading enterprises participating together with
them in the exchange of goods with other regions
and countries.

The most important of the blocks of the

In the block of the interindustry production
balance, an attempt was made to correct a
number of features of the most detailed of the
available 1B models. According to the review
given below they include the following features:

- fragmentary accounting of the contribution
of imported goods including those imported from
abroad, as well as the region in the output of its
products both in the model equations and in the
technological coefficients;

- denial of counter flows of exported and
imported products including export and import
from abroad, and mixing them in one indicator
with a sign that coincides with the sign of the
balance of import-export in the region;

- ignoring such a cluster of the regional
economy as trade enterprises importing products
for industry and households, as well as specific
consumption of products for this import;

- inattention to the influence of the state on
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production and trade activities in the form of
government procurement for the supply of
products;

- rudimentary implementation of mechanisms
for  changing technological  coefficients
depending on the amount of investment in
scientific and technological developments and
related equipment;

- not imparting a non-equilibrium character to
the balance equations, where the imbalances
contain supplies to the rest of the regional agents
excluding manufacturing and trade enterprises,
government agencies, households, partners
outside the region and export ones which
comprise small business of providing services;

- almost complete lack of accounting for the
impact of energy on regional economic
processes, with the exception of the general
dependence of GDP growth on the activities of
the fuel and energy complex (FEC) and
extrapolation of CO emissions to the efficiency
of energy resources use utilizing 1B models.

The developed block of the intersectoral
production balance is intended to get rid of the
indicated drawbacks for a more adequate
modeling of the economic ties of business agents
of the regional branches of industry.

I11. CHARACTERISTICS OF AVAILABLE
11B MODELS

In [1], where xj denotes the supply of
products of the i-th industry to the j-th one, y; is
the final demand for goods of this industry, and
z; is the total output of the industry, functioning
of each industry j is expressed as follows:

D)

The volume of purchases g; of industry j is the
sum of intermediate purchases by enterprises,
population (v;) and imports (m;):

Z, :ij"_ +y,.

)

Technological coefficients are introduced as a
set of technical conditions:

g, = Zixij+vj+mj.

a;=x; /4. 3

These coefficients are redefined on the basis of
pij, which is the share of resources purchased
from industry j, as well as on the "regional trade
coefficient”, rij;, which is the percentage of this
purchase made in the region:
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r,a
]

1]

a =0 (txij/qj)'(xxij_mij)/x Xij'(4)
where ij is purchases from industry j without
regard to the location of the industry, and mj; is
the import of products from sector i to sector j.
Technological factor reflects changes in
production technology [2]. They are given by
intermediate deliveries for the total output of the

industry:

()

where a° u x° represent the old process, and x"
represents the process after technological
changes.

In [3] the model of IIB of Canada illustrates
the equilibrium of the total supply of products to
the general demand:

g+m +m +b+v+s =Ag+e+x +x, (6)

where (n x 1) means vectors of commodity flows
that are defined as (in monetary units):

* g is total number of all domestically produced
goods and services;

» mp is imported goods and services which are
used in the country;

* mgr is imported or reimported goods and
services;

* b is goods and services produced by state-
owned enterprises;

* v is cost of withdrawals from stocks;

* s is other flows from other organizations
(income), sales of vehicles and spare parts,
services of educational institutions, etc.;

» Ag is intermediate demand for goods and
services associated with the (m x 1) vector of
production g, and technological coefficients in
the (n x m) matrix A,

» e is domestic final demand (the sum of
personal spending, fixed capital accumulation,
government spending and restocking);

* Xp is export of domestic production;

* Xr IS re-export.

A model of the equilibrium of the interregional
economy has been developed for the EU [4].
Indices r =1, ..., R denote regions, iorj=1, ..., 1
denote industries, k = 1, ..., K denote factors of
production. The following designations were
introduced:

« A" (I x 1) is the matrix of intermediate cost
coefficients, where aj" is the input of goods from
sector i per unit of output of sector j.

« B" (K x 1) is the matrix of primary data of



PROBLEMELE ENERGETICII REGIONALE 3 (47) 2020

input coefficients by specifying the demand for
goods for industrial purposes k per unit of output
of sector j;

« X" (I x 1) is the vector of regional releases
with notation xi";

« D" (I x 1) is the vector of regional demand for
products with designation D;";

« F' (1 x 1) is the vector of final demand for
regional products;

« " (K x 1) is the vector of regional nutritional
factor with designation fi";

« Y "(K x 1) is the vector of income with the
designation Y';

« S" (K x 1) is the supply vector of regional
factor with designation sy";

 w "is the price vector labeled w;';

* N " means transfers of net income from other
regions to region r;

The balance of the region's economy has the
following form (taking into account the change
in the coefficients a;" and by" and the minimum
costs and demand for its goods):

D'=AXx +F". (7)
£ =Bx (8)
Y =s"w +N (9)
S'=f". (10)

In [5], an interindustry model for Austria is
given, and the supply of a part of products to the
banking sector is investigated. In the presented
work it is interpreted as service consumption.
Let q be the vector of the total output of goods,
then

-1
qg=(1-A) - f, (11)
where | is the unit matrix, A is the matrix of
technological coefficients; and f is the vector of
final demand for consumer goods. The vector of
weighted multiplier release for export has the
following form:
ma=(1— A) " fs, (12)
where fs, is the vector of export shares of goods
i, whose elements are defined as:

fs, = fy /

z

n
>t (13)

The weighted vector of the multiplier of added
export value mva, equals:
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mva, . =VA - (I —A)_1 - s, (14)
where VA is the coefficients matrix of added
value (per unit of production).

The vector of the employment multiplier for
exports mex with the diagonal matrix E of
employment rates e, is:

me, =E - (I - N fs,. (15)

The individual elements in the multiplier
vectors are grouped into product groups, and the
sum over all the elements of the multiplier vector
provides overall export multipliers for output,
value added, or employment. Multiplicative
analysis of the impact of the banking services
sector as an imbalance on the nature of value
added in sectors is carried out for these goods.

In order to determine the level of economic
development activities on an integrated and
coordinated basis by region and sector, a multi-
regional model “input-output” (MRIO) is
developed [6]. The model is based on the
assumption that for each region r and sector i,
intermediate and final demand i in r is satisfied
in fixed proportions of products of sector i from
different regions of the system (including region
r), without distinguishing between final and
intermediate consumption, among different
sectors of use. The basic equations of the MRIO
model are as follows:

X=(1-T-A)"-[T-(C+F+DS+E)- P - Imp], (16)

where X is the vector (340 x 1) of output (17
sectors in 20 areas); A is the diagonal square
matrix with 20 blocks (17 x 17) of technological
coefficients: a (i, j, ) =x (i, j, )/ x(, r); Tisa
square matrix (17x20) x (17x20), divided into
blocks of diagonal vectors (20x20) of dimension
(17 x 17) of interregional exchange coefficients
of the shares of demand for products sold to the
region r. Further, for 17 sectors in 20 regions: C
is the wvector of expenditures on domestic
consumption (both personal and state one); E is
the export vector; F is the investment vector; DS
is the vector of stock changes; Imp means
import; PT means product transfer vector.

The so-called rectangular accounting system
based on the principles of national accounting of
the UN and Eurostat is usually used as data for
the 11B model [7]. The main components of this
system are Supply and Use Tables for region r,
which are analogous to the input and output
tables, respectively. The Production Table for
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regional industries, (vic' e V") shows the supply
of goods from industries i. The Supply Table
reflects goods / services from main and auxiliary
activities. It contains the line for importing goods
from abroad (m"). The upper part of the Use
Table contains the supply of goods to industries
i, (u" e U", and the costs of goods for final
demand of type f, (e« e E"), including the
column for exports abroad, (x"). The usage of
goods / services is grouped into goods in the
same way as in the Supply Table. The lower part
of the Use Table describes the use of primary
resources v by industry i, that is, the creation of
added value (Yvi' € Y"). It includes compensation
of production factors (wages, social benefits,
depreciation, etc.), indirect taxes and subsidies,
and operating surplus.

There are two links between the Supply and
Use Tables. The first link is the output equation,
where the output of industry i, read line by line
from the regional Supply Table for region r, (q"),
is equal to the total use of goods plus the value
added of industry i from the columns in the Use
Table.

g =vi=['u"+i'vy"7 (17)
where i is a unit vector. The second link is the
equation of balance of goods, where the supply
of goods ¢ from the columns of the supply

matrix (q") is equal to the total demand for
goods c¢ from the lines of the usage matrix. It
includes industries, population, imports from
other regions, (t*") inter-regional exports to other
regions (t™), etc.

g" =iV am" 4t Ui +E X" +t]. (18)

In practice, there is a mechanism for how
Intersectoral Tables are processed in the 1IB
model [8]. Typically, Input and Output Tables
are used to obtain the so-called "impact
matrices”. The main derivation equations for
such a matrix is the expression:

[l -D(I —u-P)BI D, (19)
where D is the matrix of coefficients obtained
from the Output Table for each good in the
Output Table, where each of the 300 cells is
divided by the volume of the product output; B is
the matrix of technological coefficients obtained

from the Table of Input - for each industry in the
matrix of input, each of 727 cells is divided by
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the total output; I is a unit matrix; x is a diagonal
matrix of coefficients obtained from imports as a
ratio of use - for each commodity, the total
volume of imports is divided by the total use of
the commodities such as (i) intermediate ones
spent on resources output; and (ii) final demand,
which is the ratio of imports and consumption of
goods; f is a diagonal matrix of coefficients
obtained from stock withdrawals as a utilization
rate - for each commodity the total stock
withdrawals are divided by the total use of the
commodities such as i, which is intermediate
output resources, ii, which is final consumer
demand, i.e. the ratio of stock withdrawals to
total product use.

Using the input and output matrices V and U in
the 11B model should give it market flexibility
[9]. The u; element is the volume of product j
used in the output of products in industry i.
Streams Uu; include their own and imported
products of the j-th industry; vi; denotes domestic
output of product j by industry i. Final demand y
is private and public consumption, investment
and export. It is covered by its own and imported
goods of industry j. The output p of each product
is a commodity balance:

ijZi}vij+mj:§uij+yj. (20)

There is a similar balance for industry i with
the vector w; of its added value:
9; = Zv; =2Zuy +w,. (21)
i j
Technological coefficient q; = u;i / g in the
equation (1) gives the following:

pi:Z_:qji 9 tVj- (22)
|
In matrix form it looks like following:
pP=Qg+y, (23)
where Q is the matrix of engineering

coefficients. The share of the branch i in supply
of goods j looks like s;i= v;i/ p; or vi; = s;; p;, then
it follows from (21):

9= ZS” P; (24)
i

or in the matrix form it is:
g =95 (25)

After a series of transformations, we obtain:
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g=5p=5(1-Q5) 'yeg=501-05)"y (26)

This equation estimates the impact on the
output of industry products when the final
demand for products changes, regardless of
geography.

The 1IB model is applicable to a specific
industry, such as tourism [10]. The products of
sectors are their production and purchases from
other regions and abroad. Demand, on the other
hand, has intermediate and final components.
Final demand includes consumer and investment
demand, government purchases, supplies to
regions and abroad. For sector i we have the
following equation:

X +M T +m :gxij +C +2,+G,+E " +E",(27)
1

where Xi is output for the production of industry
i; Mi'® is purchases in other regions; Mi® is
import; Xjj means intermediate sales in industry
j; Ci is demand; Zj is infrastructure investment;
Gi is government procurement; Ei'" is sale of
trip vouchers; and Ei° is export. We derive the
following from (27):

N
D D TR
Xi=ZXij+Ci+Zi+Gi+Ei -M,” +NE, ", (28)
1

NETR=g ™R _m.

TR
i i [

(29)
Introducing Xij = ajj Xj, where aj means
technological coefficients, (28) can be rewritten
as:

N
Xi =2 X5 +Cjg + Zjp +

1
+Gjy+ By —M;o° +NE;, <, (30)

where subscript 0 represents an exogenous
variable. This system looks as follows in matrix
form:

X =AX +Cy+ Z,+
+G, +E,° —M,” +NE,°.  (31)
The solution is:

*

X = (1-A) (Cy+Zy+

+Gy + Ey” —M," +NE, ). (32)

Equation (31) is used to analyze the influence
of exogenous factors on the region.
The widespread use of renewable energy
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sources (RES) requires investment, which is not
necessarily related to the energy industry itself,
and creation of photovoltaic devices, etc. Since
renewable and non-renewable energy sources are
unevenly distributed, there is a cross-country
distribution of investment and a solution to the
problems of energy transmission over long
distances, which brings the infrastructure closer
to oil and gas. Country data are contained in the
AMADEUS database with information on 5
million firms from 27 EU countries. The 11B
model NEMESIS works with it, and is used to
calculate direct and indirect impact on the
economy and employment. [11].

It reflects the performance of sectors of the
economy, and the price of electricity is taken
from the price equations of the model of the
economy and households sectors. The NEMESIS
model has the following form for the s-th sector
of country c:

PUSH_ , = INVNATRES, ; — INVNATavoid, , + FUEDEM —
~FUEDEMAV - EXPRES, ; — IMPRES_ ¢ + (33)
+OPMAINRES, , — OPMAINavoid,  + AGRIRES,

where

- PUSHc; is governing input;

- INVNATRES:; is investment in research;

- INVNATavoidcs is unnecessary investment due
to the deployment of RES;

- EXPRESS. is RES production import;

- IMPRES.; is RES production export;

- OPMAINRES;s is operation and maintenance
(O&M) costs due to RES deployment;

- OPMAINavoidcs is unnecessary O&M costs
due to RES deployment;

- FUEDEM — FUEDEMAYV is fuel demand
minus demand for fuel not needed due to the
deployment of RES;

- AGRIRES is additional needs in agriculture
and forestry.

The goal of such energy development is to
conserve non-renewable resources and solve the
problems of climate change due to emissions.
Emissions-saving states sell surplus emissions
guotas to other states. This is a negative price
item. When its output falls, a positive (not
negative, as usual) economic effect arises in the
form of payments. This is reflected in the model
of the IIB “carbon tax” [12]. To apply tax rates
to the consumption table on which the 11B model
is based, the tax matrix is built on the basis of
zero matrix of goods in industries. The coal tax
rate tc is displayed in each column of the coal
line. The oil tax rate t, applies to nearly every
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column of the oil and gas production lines. The
natural gas tax rate t, appears in the oil and gas
production line, but only for the natural gas
column of the distribution and electricity
industries. The matrix has the form:

0 0000 OO 0

tC tC tC tC tC tC tC tC
L bl (34)

0 0 00 0O OO 0

00 0000 O 0

This matrix for fuel users is converted into a
vector of indirect value added tax coefficients:

t={U ® T3¢ D)’, (35)

where U is the goods matrix of intermediate

costs; M is the matrix of industries receiving

intermediate goods as raw materials; g is the

amount of output; and D is the matrix od market
share:

D=M§ ",

(36)
where g is output of good, g = Ui + e, (Ui is
industries output, e is the final demand), " is the
notation of the diagonal matrix, i is summing for
all the goods. Tax vector coefficient t adjusts
value added in the IIB model by estimating
changes in raw material prices:
p=( - A) " (v+nci+t), (37)
where v is added value, nci is the share of goods
import, which are not produced in the region.

In this regard, it becomes necessary to analyze
the interregional effects of pollution using 1B
models which include pollution indicators.
Calculations have been made based on the
TELAS methodology [13] using the UK example
of full consumption accounting for the main
greenhouse gas, CO,, but using analytical
methods that can be applied to any greenhouse
gas or other pollutant.

Due to globalization of economy, the indirect
import of greenhouse gases becomes important,
when the release of goods destined for another
country leads to large emissions of greenhouse
gases in the producing country. The MRIO
model which is described above in the review
takes this phenomenon into account [14].
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Calculations were made for 11 European
countries and 37 types of products. Calculations
show that, for example, Spain is a net importer
of greenhouse gases, which comprise 29% of
their domestic production. When using the
Kyoto quota, this should be taken into account.

A model for reducing carbon dioxide emissions
in the UK by 60% by 2050 is considered in [15].
Estimates of carbon dioxide production by
different sources and industries are applied. For
example, the emission of carbon dioxide per one
monetary unit (for example £) of output in the i-
th industry is equal to:

(38)

1 m
Uj :)T_ Z fncn'
1
n=1

where f, is the amount of n-type fuel, used in i-th
industry; ¢, is the share of carbon dioxide,
emitted by n-type fuel; x; is gross output of the i-
th industry.

Naturally, this indicator is included in the usual
1B model.

The tasks listed above are designed to solve the
following set of questions [16]:

1) How much of a country's industry-specific
emissions is for its own use, and how much for
consumption by other countries and industries?

2) How does a country's release of a particular
end product cause emissions in other industries
and between countries in the global production
network?

3) Who makes emissions, for whom and along
which route of the global production network in
the production of gross exports?

4) How much emission is produced to create
one unit of GDP at each stage of production and
along different routes of the global production
network?

Based on the combination of Leontief’s
interregional 1B model and the MRIO model
already mentioned in the review, the authors
partially answered these questions by analyzing
CO; emissions in the global production and trade
network between 41 economies in 35 sectors
from 1995 to 2009 based on the World Input
Output Database (WIOD), which showed the
impact of cross-country split of output on
environment.

In the global economy, both energy
consumption and energy conservation are
important. They are done by traditional
technologies increasing the "cosine phi"
parameter and technologies to reduce energy
consumption by devices. Efficient energy storage
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infrastructure is necessary. In [17], these
problems of the Austrian energy system were
solved by the regional energy model of the 1IB.
It defines the energy requirements of 57
industries for 23 energy sources. Technological
coefficients A and energy intensity e are
introduced, which are calculated as:

t
t_Fﬁ
ei=——,

J Xj

(39)
where gjtis intensity of energy carrier t in sector j
[kWh/€]; FE; is application of energy carrier t
from sector j [kWh/y]; and X; is sector j output
[€/y]. The matrix of energy carrier consumption
rates for the unit of production (RE) is applied.
The columns show the energy consumption in
the supply chain. The sum of the columns is
equal to the sum of the costs of one energy
carrier for the output of a unit of the industry
output to cover final demand.

& 18 n,&

N -1 e e e
RE=6.-(I-A) " = 2152 122% 2n®2 (40)

rnlen rnzen rnnen

Energy demand is expressed as a function of
final demand in the economy:

E=6-(1-A)" Y. (41)

Multiplying the diagonal demand matrix

gives the wvector of the sum of energy
consumption:

Ep

g =6 (1-A)" .Y, (42)

Application of the model showed that Austria
is a net importer of energy.

In [18], it is proposed to combine the Solow
growth model with the 11B model to analyze the
impact of economic growth in energy
consumption. Control feedback arises because
energy itself is a condition for economic growth.
The structure of energy consumption in the 1B
matrix is modeled. Growth factors are
investigated for the analysis of model parameters
in terms of the rate of consumption of renewable

and non-renewable energy, while the
consumption has the form:
Zy =R X By =Py Xy (43)
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where Z; u E; are vectors (mx1) of industry
energy consumption, and P and P, are matrices
(mxm) of energy consumption coefficients with
elements zi = Zi = Xi; and eir = Eir = Xi. Let us
assume that Yj is sector production i in period t.
Its amount equals to the amount of demand in
balance, that is:

m m
Y, = ZYit = Z(Cit + Dy, + G, + NE), (44)
i=1 i=1

where Cj; is consumption, Dy is investment, Gj; is
public expanses, and NE; is export. Energy
consumption like final demand is as follows:

-1
TE, =R -(I

-A) Y,

b
where TE; is the vector of demand for renewable
and non-renewable energy resources during
period t, and Py is coefficient matrix of energy
consumption. Energy consumption during period
t + lis equal to:

(45)

-1
L =R (1-A)
where Ywq is set through Yiw: = @yic Yi, and

growth g,i, defined by power industry, is as
follows:

Y,

t+17 Et+1 = Pnt (- At)il 'Yt+1' (46)

N 1 N Kj . sz)
Byit = Bi +xi+g i B;i +x; +¢g; t

__ & E_ Kitg 47

Bi T+ Bi +x; +¢ 9uit (47)

where S, x and & are fractions of labour,
renewable and non-renewable power, ga is
productivity growth, gui is the growth of those
employed, z; and s” are the speed of regeneration
of renewable resources and a fraction of already
available ones, sF is the fraction of non-
renewable resources in production.

The FEC management tool is investment in
construction of power plants serving several
regions and joint analysis of their efficiency and
environmental friendliness [19]. Here the vector
of the volume of emissions of industries in each
region p (i.e. pollutants / min. R$) is determined
and has the following form:

L_TR
pi = ,

(48)

where TPi- is the vector of emotions released per
year, and Xi* is the vector of output for every i
industry in region L. Secondly, the energy
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intensity vector (e) is introduced, it defines the
energy consumption for production output of 1
min. R$ for sector i in region L (MWh):

L CTE:
ei = y

Xt

(49)

where CTE" is the vector (n x 1) of energy
consumption in region L per year by industry i.

Then we can find output X, direct and indirect
demand impacts on the construction of power
plants (Y). These values are converted to
emissions in order to find emissions Pconstruction-
Then energy demand Econsiruciion 1S €Stimated by
multiplying the diagonal matrix of output (X)
and the vector of energy intensity (e). This
vector is a parameter in the energy model based
on Leontief’s interregional 11B model.

For the intercountry level, a similar GINFORS
model is proposed in [20]. The model-based
forecast points to problems in sustainability of
the consumption of natural resources and in
solving environmental problems.

The core of the model consists of the 11B model
and the Energy Emissions Model (EEM).

In the 11B model, the final demand for product i
at constant prices is:

filt]=c;[t]- C[t] + b;[t] - B[t] +

+d;[t] - G[t] + X;[t], i e[L,...,41]  (50)

where f;i is the final demand; ci, bi, d; are
exogenous variables; C is private consumption,
B is the amount of investment; G is the amount
of government procurement; and X is export.
Prices for import qi[t] in local currency lead to

prices for import in the USA $ ¢j[t] in exchange
rate EXRA[t]:
q; [t] = q; (q; [t — 1], G; [t] - EXTRA[t]). (51)
Import in constant prices mi[t] is the function of
relative price on the basis of import and output
prices qi[t] / pi[t] in local currency and final
demand fi[t] of production i:
i [t]}-

The gross production vector y has the following
form:

q;[t]
pilt]

(52)

m; [t]=m; {

yIt1=[l — ARt - { fd[t]-m[t]}, (53)

where AR is the matrix of technological
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coefficients of non-power industries, for power
industries (2, 7 u 25) it is defined by energy
model (EEM).

This is the model of relationship of economic
processes, energy consumption and emission.
Final energy consumption fe of sector j is
defined by output y and ratio of energy price pe
to price p for the sector production:

fe;[t] = fe;(y;[tl peft]/ p;[tl ). (54)

Final energy carrier demand i is calculated
multiplying carrier’s fraction i in energy
consumption cf of sector j and the final energy
demand in all n sectors:

of;[t] = 5 cfc; j[t] - fe; [1] (55)
j=1

J

The amount of fossil fuel supply and fraction
of CO; in this amount define emissions.

I11. THE STRUCTURE OF THE
PRODUCTION BALANCE UNIT

In the developed ATMO model for the r-th
region with n industries interregional production
balance of the region in matrix form is as
following: (t is the number of the month):

tV(p)r + t A(v)r tX(p)r + t G(v)r tX(vp)r _
_ Lyt e (56)
or in natural units:
tVr tPr‘ " t A(v)r tXr tPr‘ n t G(v)r tX(v)r tPr‘ _
_tY(w)r tPr\+tZr tPr\+tUr tPr‘, (57)
where

« 'Pi" is the diagonal matrix of selling prices of
manufactured products;

« 'Vi" is the stocks of products in warehouses of
the industry enterprises;

« 'X" is the production output on the industry
enterprises of the region;

« X/ js import of production to the region;

« Y™ js the consumption of industries
production in the region;

« 'Z"is export of production from the region;

« 'Ui" is service consumption in the sector of
personal services within the framework of small
business;

«'AV" s technological coefficients of industry
production fractions, spent on the output of a
unit of goods by other industries;
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« 'GY" is logistics coefficients of industry
production fractions, spent on import of a unit of
goods by other industries.

Given coefficients are determined by the
following equations:

, (58)

This basic technological coefficient comprises
the average amount of deliveries of released
production ('x®;") and imported products ('x®%")
from industry i to j for a number of years and
average  production  capacity (%" by
manufacturing enterprises of industry j in average
prices pj'.

Basic logistic coefficient is the following:

(s) (sp) T
(Xsijr )'pir_x ij

(sv) 1
ij
X(v)jr, 0

+X +X (svp)

, (59)

r
i

(wp) r

]

It includes the average amount of deliveries of
released production (x®5") and imported
products (x®;") from industry i to j for a number
of years in the average amount of import ('x")}")
by trade enterprises of industry j in average
prices pj'.

Coefficients ajj' and gj together with the with
indicators of savings (over expenditure) of
production costs by industries 'daj” u 'dgi” form
annual coefficients in total by months (f is the
index of the year) using the following formulas:

12
r O r f _r f-1 _r t r
po=a g o = a; +Z day; (60)
t=1
0 ) r f f-1 12'(
r r r r r
9% =9 5 9 = 9ij +z dgij, (61)
t=1
where
« %;" is a technological coefficient at the

beginning of the planning period;

« %g;i" are logistics coefficients at the beginning
of the planning period;

« Ma;" are technological coefficients for the
previous year (f-1);

« Mg;" are logistics coefficients for the previous
year (f-1).

These coefficients are in the expanded form of
a block which has a construction of n equations
(here 1 is a unity matrix):

tor

Il’tl’
p

P (Il - v)r to,r txr

)- Al

t A(v)r

+
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N S I P S
tG(v)r
_ tY(w)r tpr t zr tPr +t Ur t.r (62)

where

'BYS are fractions of supplies of own
products within the framework of government
procurement;

« 'CY' are fractions of supplies of imported

products within the framework of government
procurement;
YW = Bw - Y s the demand as the
product of the number of consumers by the
specific consumption per month (t-1) due to
demand forecast lags.

Equation for industry i, region r and month t
has the following component-wise form p:

ot
Vl

trtr

n
- Ztau C X

w1 =o)X

(63)

There is a number of parameters: independent
indicators, variables for the previous period
which is month b (t-1):

(64)

There is the fraction of governmental
procurement in the output as the increment 'do®f
of the ratio of household consumption 'y™) to
output *xi", providing its increment:

t-1 r
U.
tc(v)ir _ (1 + t dC(V)ir)~ i (65)
t-1 (v)r
X
There is the fraction of government

procurement in import as an increment 'dc® of
service consumption ratio 'ui" to import XV
providing its increment:

rot b(ef) r

t@r, % J (66)

p
Pi
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There is a fraction of technological savings as
fraction of distribution of unit costs for R&D
'®;" in proportion to fractions of costs for goods
of other industries 'a;" and the effectiveness of
costs for their reduction '0®%" and inversely
proportional to selling prices ‘pi';

t-1 (sc)r t-1 r
(at)r _ Vi i
SR

(

t

(67)

- r
P +

There are also basic unit costs for R&D as a
fraction of R&D volume V€9, proportional to
the fraction of selling prices "'pi" to the sum of
sale and purchase prices “pi" + "p© per good
unit with the size of "x;" (all these indicators are
taken for the previous period);

r t

t r,t-1
X =01+ 2 )

i ) Xir

dx (68)

There is current production output as its growth
'dxi" to it for the previous month (t-1);

v)_r _t—l X(v)_r

I ) |

There is current import of products as its
growth 'dx¥ to it for the previous month (t-1);

tx(v)ir =( o (69)

(70)

There are stocks as fraction 'd®;" service
consumption for the previous month u;";

td(x).r _ i

ot (71)

The fraction of stocks in service consumption
tui" defines stock 'vi" on the basis of the previous
experience.

The fraction of technological over expenditure
/ saving daj" is the fraction of production
reflecting the value of positive or negative
change in production supply if industry i to
industry j due to R&D.

In supplies of industry i notation daj’ means
growth, decrease or stabilization of its products
supply to industry j depending of goods quality
of industry i.

In demand of industry i notation da;’> 0 means
a quality good supplied in large quantity from the
industry j (growth of material consumption), daj" <
0 means a cheaper but lower quality good
produced using materials saving. When da;j" = 0,
the quality does not change. This indicator is the
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sum of the actual unit costs for R&D 'p®;" of
industry i.

The change of 'da;i" for output 'xi" of production of
other industries (partially compensating each other)

is provided by the proceeds:

n
t.r t r t p_to(@drotortor
O D I T A

j=1

(72)
hence

n
> tdajir <t v(d)ir, (73)
j=1
where V@ is per capita GRP growth rate as the
reproduction rate.

The fraction of these costs for the reduction /
growth of material consumption of goods of j-th
industry as a part of a unit of industry product i is
obtained by multiplying R&D '@ by the goods
fraction for of industry j for output (‘a;i") of industry
i. This value of expenditures in changing
material consumption is multiplied by th®);"
which means the change the gross specific
consumption of raw materials / components of
industry i for goods of industry j to the unit of costs.
Parameter (‘pi")™* means the fraction of decrease /
growth of cost for the material consumption p@;" -
fa;i" @ in the price of product 'xi'. R&D costs
change the material intensity of the industry:

t or.-1

(pi)_-

r
ji

) tb(ef)“r.

; (74)

Let us use (74) in the condition of limiting
changes in technological coefficients by the
growth rate of per capita GRP from above and
express the unit costs for R&D:

(dr

n
thajirﬁ tV i (75)
j=1

hence

t(a)r t(d)rtrnt ot (ef) ry-1
p i < v P pi Z(da” b jl) (76)
j=1

Let us equate both parts (76), adding 'dp®;" to
its right part, its positiveness sets the growth of costs
that reduce material consumption:

@r

t
@+ o®
r n t
pi - 2 (day" 3
=1

ef) r

-1
n '

) (77)

Capital unit costs p@;" provide the addition ‘dp@
for R&D, hence we have the following condition:
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tdp(a)ir < t p(at)_r.

(78)

For industries where at least one 'daj" or 'dg;" is
different from zero (in interindustry financial balance
of the model ATMO) the following equation is true:

n
t r t r t r t r
v, = p X day - X; +
j=1

n
tor t rot r
g X dgy X(V)j'
j=1

(79)

Investment growth of regional production 'dy™ is
the cost of production of industry i for growth of
the output in other industries and that is reflected
in coefficients 'da;" and 'dg".

The block reflects the flows of products among
the subjects of the region and both production
and trade enterprises, respectively, producing
and importing products.

Most of the components of the model are
divided according to this feature, however, a

number of wvariables have industry-wide
significance, and are disaggregated into
components with the following indices

corresponding to production and trade:

* i-n is the index defined by the production of
the region;

 i+n is the index showing trade enterprises
activity.

For example, production stocks are marked 'v;.
o« for industry and ‘vi.," for trade and the
following equation is true:

(80)

Also, the distribution by sources of the arrival
of goods in the service sector, expressed by the
indicator of service consumption, is important
for industry 'uin" and for trade 'ui+n" and provides
the following final industry parameter:

(81)
It does not have any sense for a number of

variables, for example, for the output indicator
xi', however, we can formally write:

(82)

Additional variables form:
 additional conditions specifying planning
according to the model;
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» additional tasks within the practice of
working with the model.

IV. GENERAL RESTRICTIONS ON THE
VALUES OF PRODUCTION BALANCE
VARIABLES

The production balance as an element of the
ATMO model performs the function of finding
the optimal values of the output variables " and
import V" as well as technological and logistics
coefficients a;" and 'gj" together with the parameters
of governmental procurement of produced and
imported production ™" and """

Let us introduce the indicator 'c®;y" which is
the fraction of k-th corporation in production
output of the industry i in region r. It makes it
possible  to  decompose the  sectoral
characteristics of production / trade into
corporate ones.

Optimal indicators are defined by maximizing
indicators under restrictions for industries,
regions and new enterprises with their fractions
fdc®; " of corporation k = 1,..., s in a region b
during the year f, increasing the fraction:

x) r
i,k

e
f-1 C(><)i’kr + Z fdc(x)i’kr,b _
b=1

s ol ke, (83)

The fraction of new enterprises in the industry is
as follows:

S
fC(X)ir _ Z fc(x)i’kr _
k=1

(84)

Indicator by month based on annual one is as
following:

f.t dC(X) r _ t dC(X)-r _ f dC(X)-r /12,

t=12-f+1, 12- f+2, ..., f= 200(1), 200(2), ... (85)

Let us single out s = 400 of largest corporations
of the Russian Federation, covering all sectors of
its economy and capable of operating in every
region of any area. Let there be no more than e =
50 regions of any area. At the same time, a
corporation working in the agricultural sector,
which is the main one for any region, receives
index k = 1. If there is no corporation in the region
k or there is no district b in the region, then
corresponding indicator * 'dc®; " = 0 is equal to 0.
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In production balance, restrictions are aimed at
service consumption as an indicator of growth in the
service sector (with fraction of new enterprises
tdC(X)ir)Z

n
tuir.tpir: L - b()r) t Ir tplr Ztaijr‘t Jr t l‘r+
j=1
n
+(1 _ t C(v)ir). tplr B Ztgijr_ tX(v)jr_ tpjr 3
j=1
_ty(w)ir.tpir_tzir.tpir_l_tuir.tpir:tui (t rt (v) )(86)

The indicator reflects the goal of consumer
development which is the growth of service
consumption while meeting the needs of
industries and population:

tr

Ui(xi1 ()r)_)max (87)
(that is done on the basis of the output and
import).

1. Output is limited by average output growth /
decline rate 'd®;" and growth of the enterprises in
industry 'dc®, which increase the output of

production:

tx(mld)ir St ir

td(pr)ir) .

x)r_

@+ ! dc(x)-r +

td( d(pr)r)_t (m|d

<1+ . (88)

where XM is the average output of production,

and its following value is calculated by this way:
tX(mid)ir _ t-1 X(mid)ir

()

n

t-1 r t-1 r t-1
j=1

X" . (89)

where n® is the number of the industries
producing equipment.

2. Imports are limited by the growth / fall rate
of average output 'd®) and growth of the
enterprises in industry 'dc®, that stimulate the
import into the region:
dc(x) r t d(pr)ir) . tX(vmid)irth(v)ir

@+

<@+ t dC(X)ir ot d(pr)ir)_ t (vmld (90)

where M9 js the average amount of output equal
to:

t (vmid)r t-1 (vmid) r
Lumid) -1 (vmid)
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@

n
.y t—1dgjir .
j=1
where n® is the number of industries, providing
infrastructure for the import of goods into the
region.

3. The amount of service consumption of
products in the service sector is determined by
de®" and U@ which is the growth rate of small
business:

t-1 r

pj t-1 (v)r

. (91)

r

t (d)yr t-1
U()-US

@+ D™y WO < P (92)
4. Stock growth rates v give an investment
increase in the industry production, taking into

account the growth of new enterprises ‘dc®;":

r

t-1
Vi

fav < @+ D™y WO (93)

5. The investment growth of the industry is
provided by the growth of population, its income and
growth of enterprises 'dc®;":

fav @ o+ ™y

(94)

where

« WO is the population growth rate;

« YOr is GDP growth per capita which is
considered as GRP for the region;

« WO is the average number of customers for
the previous month;

« "yOr s the unit demand of population for the

previous month.

6. The forecast of demand helps the growth of
government procurement, taking into account new
enterprises'dc®;":

V) r
i A i i

>+ e

b’
). (95)

where

« 'db™"is the growth of output of the fraction of
governmental procurement;

+ 'dc¥ is the growth of the import section of
governmental procurement.

V. FRAMEWORK ENERGY
PRODUCTIOM BALANCE OPERATING
CONDITIONS

The energy factor, which determines the
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development of the economy of the Russian
Federation, in particular, reflected by the ATMO
model of the real sector of the economy,
consisting, as already indicated earlier, of
production and trade, plays an important role in
modeling territorial processes.

For this, the ATMO model formulates a
number of principles for the connection between
the fuel and energy complex and the economy in
terms of the nature and direction of commodity
flows between them. These macroeconomic
requirements are tried to be implemented in
practice by both enterprises within the
framework of their production policy, and by the
state through the macroeconomic instruments
available to it.

The model uses the designation n = 457
showing the number of sectors, which include
types of economic activities from the standard
list of the All Russia Classifier of Economic
Activity Types (OKVED) of the RF (1600 items)
related to the production of any material product,
including the production of agricultural products,
electricity and construction. Let us single out the
industries (types of economic activities) that are
part of the fuel and energy complex - they
correspond to numbers (30 sectors):

* 64-71: mining coal, lignite and peat;

* 72-75: mining oil and natural gas;

¢ 76-78: mining uranium ore;

443-457: generation, transmission and
distribution of electricity, gas,
steam and hot water).

Then let us write out the following relations
in the order of numbering 7-11:

7. The principle of reducing the energy
intensity of the output is reflected in fraction of
technological savings daj". Its negative value
indicates decrease in technological coefficient ‘a;j" of
supplies of industry i by FEC to non-power
industries j where 'daj" is included:

©) s)

fay < 0, iel®, jel®, (96)
where

« 1® = {64-71, 72-75, 76-78, 443-457} and
means a number of FEC.

8. The principle of energy sales promotion is
also expressed by the share of technological
savings 'da;j". Its positiveness indicates increase in
supplies of non-power industry i to a number of FEC
industries j, having influence on technological
coefficient a;" where 'day" is included:
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s) )

gy > 0, ie1®, je1®, (97)
where

« 19 = {64-71, 72-75, 76-78, 443-457} is a
number of FEC industries.

9. The principle of growth in the FEC exports
is implemented through indicator of growth of
reserves 'dvi" for energy industries in two versions -
for production and trade. In the first option, the
increase in the FEC production for the
implementation of the investment policy is exhausted
with the sales policy of the FEC enterprises, and in
the second option, the reserves are accumulated,
compensating for the departure of their own energy
resources abroad at the expense of import:

t t

()

r r .
dv,_, ~0, ‘dv,,, >0, iel”, (98)
where
« 'dvi," is the increase in production
inventories;

* 'dvi." is the increase in stocks in trade.

10. The principle of household consumption
at the expense of the FEC is observed using
increase in service consumption 'du;’, provided
by trade enterprises, where index i+n means that
import production purchased from FEC export
earnings requires services from the service
sector, which is where the growth of service
consumption comes from:

t t
> tdu,, et <Y BTl gg)
igl(®) icl®

where

« y"rjs the export of production which is the
constant from another block of the model;

+ i are the selling prices of manufactured
products.

11. The principle of GRP support at the
expense of the FEC is displayed by the service
consumption indicator ‘uf" with industrial
production with index i as the basis of real GRP
from commodity-producing industries; the
income from their activities complements the
sale of products of the fuel and energy sector - if
they exist in the region, a maximized target
function is introduced, which is "pulled" by the
FEC, and other industries exceed their average
output level for the projected GDP growth:

Z tdui—nr : t

iel

r
p; — max,
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> fy(fd)ir. tu(mid)ir. t S i ¢ |(S),(100)
where

W97 is projected GDP growth in the
Russian Federation;

I is the number of all the industries in the

region.

Taking into account the general restrictions
above, this system of conditions sets the process
of optimizing the strategy of the regional
economy.

VI.DISTINCTIVE FEATURES OF THE
OFFERED MODEL

The block of 11B has a number of features:

+ taking into account only of industries
engaged in material production in the model;

* linking the enterprises that make up the
industry to service companies importing and
selling products from outside the region which
are of the same type in relation to those produced
by these enterprises;

« taking into account the use in the region of
products manufactured not only by the
enterprises of each industry, but also imported by
trading companies;

* detailed control of the location of the supply
of products of an enterprise of a specific industry
in its region and import by a trading company to:

- industrial enterprises of other industries;

- firms selling goods of other industries;

- to state institutions: schools, hospitals,
military units, etc. (supplies of both own and
imported products);

- households;

- other regions;

- for export;

- small business with the functions of service
enterprises, minus the volume of products
reserved within the balance;

* definition of technological coefficients as
the ratio of mutual deliveries not only of region’s
own production, but also of imported products to
the output of other industries;

* introduction of logistic coefficients as the
ratio of mutual deliveries of non-own production
and imported products in the region to the
volume of imports of goods from other industries
by trading companies;

 calculation of technological and logistic
coefficients by step-by-step accumulation of
their monthly changes in the total annual value;

* modeling of the amounts allocated for
scientific and technological development as the
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cost of changing technological coefficients by
means of unit costs for R&D;

« introducing imbalances in the intersectoral
equations, for example, other consumption in
small business, as targets for industries which is
an increase in the consumption of their goods
after meeting other obligations;

* application of special parameters for the
decomposition of sectoral indicators into
corporate, and regional - into district, where the
corporation is correlated with the region where a
particular enterprise is located:;

* imposing constraints on the variables of the
balance equation based on the parameters of the
macroeconomic situation in the regions;

* clarification of solutions obtained using
balance equations, through the framework
conditions of influence of FEC on the rest of the
region's economy.

Conclusion

These features will enable the user of the
model to simulate the following processes in the
system of regional industries:

* determination of the optimal amounts of
output and import of industrial enterprises in the
conditions of competition for resources using the
criterion of equilibrium;

» search for the best operating parameters of
industrial and commercial enterprises in terms of
sustainability of economic activity, mainly the
coefficients of change in the unit costs of
technology and logistics;

* development of possible strategies of the
state, contributing to the activities of sectoral
regional manufacturing and trading enterprises,
consisting mainly in establishing the most
appropriate size of public procurement of
manufactured and imported products.
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