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Ecological safety is an integral component of national security, both in
global and local scale, with particular interest in some of the economic aspects of
the complex criteria-based assessment process for its level, which is the main
component of the final stage of ecological safety management system as a
component of civil defence [1].

For the purpose of complex assessment of ecological safety level of the
exploitation process of power plants with reciprocating internal combustion
engine, in particular units of emergency and rescue vehicles and special
equipment, which is on the operational duty of the departments of the SES of
Ukraine, it is rational to use the mathematical apparatus of the complex fuel and
ecological criterion of Prof. Igor Parsadanov (NTU «KPI») Ky, described in [2]
and improved in [1]. One of its main advantages over alternatives is the presence
in the structure of values having monetary units, namely: monetary costs for
consumed motor fuel Z;, compensation for ecological damage to the environment
and human Z, and total fuel and ecological costs Zs, which is the sum of the first
two [1, 2] what described by formula (1).

Z,=2,4Z,=9,-P, +0,6-0- 13 (A G, /G,) 1)

k=1

where g, — specific effective mass hourly fuel consumption, kg/(kW-h); Ps — price
of unit of weight of motor fuel, $/kg; o — dimensionless index of relative danger
of pollution for different territories; f — dimensionless coefficient for considering
of scattering character of exhaust gases in atmospheric air; 6 = Py — dimension in-
dex for conversion of scale assessment into monetary, $/kg; Gs.e — mass hourly
consumption of motor fuel, kg/h; G, — mass hourly emission of k-th pollutant in
exhaust gases flow, kg/h; A — dimensionless index of relative aggressiveness of
k-th pollutant in exhaust gases flow.

However, when performing a comparative calculation study for reciprocat-
ing ICE units of the same and different brands and/or models of different release
dates or experimentally investigated at different time periods or of the same en-
gine in different technical condition or, in the rest, of in exploitation process in
the territories of different countries of the world there is a problem of bringing
the units of expression of values Z;, Z, and Z¢ to each other.
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In the original mathematical apparatus at the time of its creation (2003),
such units were $/(kW-h) [2], in [1] it was proposed to switch to the use of one of
the world's reserve freely convertible currencies whose history completely covers
the existing period of the reciprocating ICEs as is — US dollar, i.c. $/(kW-h).
However, due to the extremely volatile exchange rate of the Ukrainian Hryvnia to
the US dollar [3], there is some ambiguity in determining the numerical values of
Zs, Z, and Z, for different historical periods. The results of a comparative calcula-
tion study to justify this choice are summarized in Table 1. The following vari-
ants of the expression of price of weight unit of diesel fuel P; were calculated: a)
1.81 $/kg (magnitude at the time of the monograph [2] publication — 2003); b)
0.34 $/kg (magnitude at the time of the monograph [2] publication); ¢) 23.53 $/kg
(magnitude at the time of the monograph [1] publication — 2019); d) 0.871 $/kg
(magnitude at the time of the monograph [1] publication).

Table 1. Results of the stud

Monetary Year Units of expression
costs UAH/(kW-h) USD/(kW-h)
2 2003 | 2.081 | 2.729 | 2.553 ] 0.391]0.513] 0.480
) 2018 | 27.050 ] 35.472 ] 33.185] 0.567 | 0.744 | 0.696
z, 2003 | 0.574 ] 0.685 | 0.899 ]0.108 ] 0.129 ] 0.169

2018 | 7.463 | 8.903 | 11.681 ] 0.156 ] 0.187 ] 0.245
ICE operational regime | Nenom | Mmax idle_ ] Nenom | Mmax | idle

To consider the phenomenon of inflation of the chosen unit of expression
of value equivalents of the specified criterion, it is proposed to use the mathemat-
ical apparatus of the customer price index CPI, which for the US dollar in 2003
was 175, and is now 254 [4, 5], which is described by formula (2). It is proposed
to describe the dynamics of change in the CPI index over time in the first approx-
imation by formula (3) using the least squares method (R* = 0.994).

2,=2,(t)-CPI5()/100=7,(t)- (£ (@' - R ) = (@7 - ) 100)100,  (2)
CPI(USD) =2105-10"*-t3 —1,205- t* + 2,297 -10% - t —1,460 - 10°, (3)

where index j marks the type of monetary costs (j = e, f or fe); t — current date; Z;
— monetary costs, $/(kW-h); index i marks the type of product; index 0 marks the
magnitude for basic period (for USD it is 1982 — 1984 and CPI = 100); Q — total
amount of produced goods; P — price of produced goods.

Thus, in the study, by means of comparative calculation, the choice of
units of monetary equivalents of the complex fuel-ecological criterion is substan-
tiated. The identified differences in the values of monetary costs can be interpret-
ed as part of the methodical component of the resulting systematic error in the
application of this criterion.

................................................................................................................................................................
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