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DETERMINATION OF REFERENCE VALUES OF COMPLEX FUEL AND
ECOLOGICAL CRITERION AS THE SEPARATE INDEPENDENT FACTOR OF
ECOLOGICAL SAFETY

In this study the approach and method on its basis for calculated assessment of reference values of complex fuel-
ecological criterion of Prof. I. Parsadanov as separate independent ecological safety factor and as reference points
of psychophysical scale of the partial desirability function when using it as the ecological safety factor of power
plants with reciprocating internal combustion engines exploitation process was proposed. Also in the study calculat-
ed assessment of reference values of ecological indicators of reciprocating internal combustion engines as compo-
nents of complex fuel-ecological criterion depending on magnitudes of effective power and coordinates of field of en-
gine operating regimes for different levels of statutory ecological standards in force in Ukraine and previously in
force was carried out. Thus, calculated assessment of reference values of complex fuel-ecological criterion and its
components was performed and obtained the distribution of such reference values in field of 2Ch10.5/12 autotractor
diesel engine operating regimes depending as well as dependences of such reference values on magnitudes of level of
ecological standards EURO, engine effective performance and lower calorific value of engine fuel. So, the study for
the first time proposes the approach to calculated assessment of reference values of the complex fuel-ecological cri-
terion of Prof. I. Parsadanov as reference points of the psychophysical scale of the Harrington's partial desirability
function when using it as the separate independent ecological safety factor of exploitation process of power plants
with reciprocating ICE. The method, based on the proposed approach for calculative evaluation of reference values
of the complex fuel-ecological criterion of Prof. I. Parsadanov as reference points of psychophysical scale of partial
desirability function is suitable for obtaining necessary data for the complex criterion evaluation of the ecological
safety level of operation process of power units with piston ICE using generalized Harrington desirability function, in
the structure of which the complex fuel-ecological criterion acts as a distinct factor of environmental safety.
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Relevance of the study and problem statement

The relevance of the research presented in this
study is due to the following. In the monograph [1] the
analysis of 9 known mathematical apparatuses suitable
for the implementation of complex calculated assess-
ment of the level of ecological safety (ES) of the pro-
cess of accident-free exploitation of power plants (PP)
with reciprocating internal combustion engine (RICE).
According to the results of analysis and systematiza-
tion in the form of the corresponding classification it is
established that the most suitable for achievement of
the formulated purpose it is possible to accept the
mathematical apparatus of complex fuel-ecological
criterion of Prof. |. Parsadanov (NTU “KhPI”) Ky (de-
scribed in the monograph [2]) and the Harrington gen-
eralized desirability function D (described in the work
[3]). In the same source, a comparative analysis of the
advantages and disadvantages of selected alternative
criterion mathematical apparatuses is carried out and it
is concluded that it is rational for further research to
use both apparatuses with mutual strengthening of their
advantages and weakening of disadvantages.

The first step in this way is to use the mathemati-
cal apparatus of the generalized desirability function
with the structure of the considered influencing factors,
identical to the complex fuel-ecological criterion. Since
the main advantage of the Kg criterion is taking into
account the mass hourly fuel consumption of RICE
Gruel, then to use this advantage it is necessary to de-

termine the ponderability of this ES factor in compari-
son with others — emissions of legislatively regulated
pollutants with exhaust gas (EG) flow G(k), which is
done in the monograph [1], that also provides the im-
proved classification of ES factors, the source of which
is RICE in PP, which consists of 15 points, and also
reveals the nature of the influence of the value Gyl for
all other ES factors in the specified classification.
Therefore, given that the fuel component of the Ks
criterion completely determines its ecological compo-
nent, as established in the monograph [1], it is rational
to explore the features of the application of another
approach, namely the use of the K. criterion as a sepa-
rate independent influencing factor in the structure of
the generalized desirability function D. At the same
time it becomes possible to consider indicators of vi-
bration (degree of non-uniformity of rotation of crank-
shaft 8¢, Klimov-Stechkin criteria &cs and 1), noise
(equivalent Laeqy and maximum Lamax noise level),
thermal pollution (mass hourly fuel consumption Gryel
separately from the fuel component of the criterion
Kte), emissions of sulfur oxides G(SOy), etc.

To implement this approach, it is necessary to
have data on the magnitudes of such ES factor (i.e. the
response of the local quality criterion r), which can be
correlated with the reference points of the psychophys-
ical scale of desirability of magnitudes of the response
r “good” and “bad”, and their corresponding magni-
tudes of the scale of values of basic assessment of the
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magnitudes of the partial desirability function d =
=0.63...0.80 and d = 0.2...0.32. Thus for reference
values of indicators of ecological component of Kg
criterion it is proposed to choose the emission magni-
tudes of legislatively normalized pollutants contained
in the relevant standards (for example in [4,5]), for the
current (mark of “good” and d = 0.80) and previous
(mark “bad” and d = 0.20) levels of EURO.

However, different units of RICE, which are cur-
rently in operation, belong to different generations of
such equipment and are in different current technical
condition (corresponding to the degree of physical
wear and compliance with the order of routine mainte-
nance and repair) and therefore are characterized by
different levels of fuel efficiency, i.e. the magnitude of
RICE specific effective mass hourly fuel consumption
ge. Therefore it is necessary to receive dependences of
magnitude of K. criterion, in the structure of which the
indicators of ecological component acquire legislative-
ly established magnitudes, from the magnitude of fuel
component of the criterion for different levels of
EURO standards. However, when analyzing the scien-
tific and technical literature, authors did not find the
results of such a study, so obtaining the set of magni-
tudes of the Ky criterion, which can be correlated with
the reference points of the scale of the partial desirabil-
ity function d, is a topical scientific and technical chal-
lenge with signs of scientific novelty and practical val-
ue.

It should be noted that RICE is a powerful source
of environmental pollution by various physical factors,
including non-renewable energy sources (engine fuel
of petroleum origin) — this is a qualitative aspect of the
relevance of topic of this study, they together produce
up to 75 % of energy (mechanical and electrical) in our
country [2] — this is a quantitative aspect of the rele-
vance of topic of this study.

Purpose of the study is to determine the refer-
ence values of the complex fuel-ecological criterion of
Prof. 1. Parsadanov as the separate independent ES
factor and as reference points of the psychophysical
scale of the partial desirability function. The task of
the study is to determine the necessary characteristics
of the complex fuel-ecological criterion as the separate
independent ES factor and as partial desirability func-
tions for a complex assessment of the ES level exploi-
tation process of PP with RICE based on the mathe-
matical apparatus of the Harrington generalized desira-
bility function. Object of the study is the quantitative
characteristics of the fuel-ecological criterion as the
separate independent ES factor. Subject of the study
are the magnitudes of the reference values of the fuel-
ecological criterion as a separate independent ES factor
for different levels of legislatively established ecologi-

cal standards and depending these magnitudes on the
level of RICE fuel efficiency and other influencing
factors. Methods of the study. Analysis of specialized
scientific and technical, normative, patent and refer-
ence literature [1-22], analysis of data of engine bench
tests on standardized steady test cycles, basics of the
scientific discipline “Theory of RICE” [7-10], im-
proved mathematical apparatus of complex fuel-
ecological criterion, method of least squares.

Tasks of the study are the following points.
1. Development of the method of calculated assess-
ment of reference values of the complex fuel-
ecological criterion as reference points of the psycho-
physical scale of the partial desirability function when
using it as the separate independent ES factor of opera-
tion process of PP with RICE. 2. Calculated assess-
ment of reference values of RICE ecological perfor-
mance indicators as components of complex fuel-
ecological criterion. 3. Calculated assessment of refer-
ence values of complex fuel-ecological criterion and
analysis of its results.

The study was performed on the example of auto-
tractor diesel engine D21A1 (2Ch10.5/12 in accord-
ance with 1SO 3046-1:2002), whose technical descrip-
tion is given in the source [6], and the standardized
steady testing cycle ESC (in accordance with UENCE
Regulations Ne 49 [4]).

Scientific novelty of the obtained results is as fol-
lows. For the first time the approach to calculated as-
sessment of reference values of the complex fuel-
ecological criterion of Prof. 1. Parsadanov as reference
points of the psychophysical scale of the Harrington's
partial desirability function when using it as the sepa-
rate independent ES factor of operation process of PP
with RICE was proposed.

Practical value of the obtained results. The
method based on the proposed approach for the calcu-
lated assessment of reference values of the complex
fuel-ecological criterion as reference points of the psy-
chophysical scale of the partial desirability function
suitable for obtaining the necessary data for the im-
plementation of a complex criteria-based assessment of
the ES level of operation process of PP with RICE us-
ing the Harrington's generalized desirability function,
in the structure of which there is a complex fuel-
ecological criterion as the separate independent ES
factor.

1. Method of calculation evaluation of refer-
ence values of complex fuel-ecological criterion as
the separate independent ES factor

The mathematical apparatus of Harrington's gen-
eralized desirability function D, which is related to
fuzzy logic, is presented in the sources [1, 3]. This
function, in its idea, is a quantitative, unambiguous,
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unique and universal indicator of the quality of the
object under study, and is also characterized by ade-
quacy and statistical sensitivity. The magnitude of gen-
eralized desirability function D for the i-th representa-
tive operating regime of RICE in the model of its oper-
ation, in the structure of which as separate independent
influencing ES factor there is complex fuel-ecological
criterion Ky, determined by the formula (1).

n o n
b, = 2" ey -
k=1

= (Dkl +Vy, +...+uknjdi (kl)Ukl :

di(ky )" - di(ky )
where dx — partial desirability function that meets the k-
th quality criterion, dx=0...1.0, and ki = Kg; n — num-
ber of quality criteria considered; vk — weight factor of
the k-th quality criterion considered, 0 < v < 1, and vi1
= 38.4 +245.3 = 283.7 (see source [1]).

The mathematical apparatus of this function pro-
vides transformation of magnitudes of responses of
local criteria of quality r in the dimensionless scale of
desirability — magnitudes of partial desirability func-
tions dx — according to the table of base mark of desir-
ability scale, that is Table 1, which also contains a psy-
chophysical scale [3].

@)

Table 1. Base marks of the scale of real
desirability dk [3]

Mark of desirability Quantitative magnitude
of the response magnitude ri according
to the desirability scale
dki
Very good 1.0...0.8
Good 0.8...0.63
Satisfactory 0.63 ...0.37
Bad 0.37...0.2
Very bad 0.2...0.0

In this study as partial functions of desirability d
or those that meet, firstly, the fuel-ecological criterion
Kre (marked with index ki in the formula (1)), and sec-
ondly, the values that could potentially be indicators of
other ES factors, included in the improved classifica-
tion in the source [1], which, however, are not taken
into account by the mathematical apparatus of the Kr
criterion (that is, all but the mass hourly emissions of
legislatively normalized pollutants — G(PM), G(NOx),
G(CO), G(CnHm), as well as indirectly — the mass hour-
ly fuel consumption of diesel engine Giel), namely
indicators of noise (equivalent Laequ and maximum
Lamax Noise level), vibration (the degree of uneven rota-
tion of the crankshaft d¢s, Klimov-Stechkin criteria &
and ncs), thermal pollution (mass hourly fuel consump-
tion Grer), emissions of sulfur oxides G(SOx) etc (indi-

cated by indexes ks ... kn in the formula (1)). ES factor
in the structure of the desirability function D, criterion
Kt is chosen as the main one, is a case of a real one-
sided constraint and is described by the formula (2).

dy =exp[— expl(ay; + by - g )] @)

k= KfelGSOx !Scst.acs’ncs’LAequ ) I-Amax""},
where r —actual magnitude of k-th quality criterion on
the i-th representative regime of RICE operation in the
model of its operation; ay and by — coefficients deter-
mined on the basis of establishing correspondence be-
tween a pair of characteristic magnitudes rq and d
according to Table 1.

Data that allows to determine the parameters of
compounds of formulas (2) for the partial desirability
functions di are obtained by solving of system of two
equations (see formulas (3) — (5)) for cases that put in
accordance with one characteristic magnitudes ri; and
dwi, known from practice or normative documents.

iign = exp[— e><p(5‘ki +hy - rkidn)]_
{dkiup =exp|- eXP(aki +hy - rkiup) - @
- In(=In(dyp)) - Mign — IN(=IN(d g )) * Tip (@)
Tkdn — rkup
b, = In(—In(dgy)) - In(—In(dyyp)) Y
Fedn — ikup

where indices up and dn marked characteristic magni-
tudes of rg and dy, corresponding to the assessed
marks on psychophysical scale “good” (i.e. diiup = 0.63
...0,80) and “bad” (i.e. dkian = 0.20...0.32) taking into
account the specific features of the quantities ry;.

The essence of the proposed method is that as
magnitudes of riyp Will be used the individual regime
magnitudes of the Ky criterion (see formula (6)), the
factors of the ecological component of which (G(PM),
G(NOy), G(CO), G(CyHm)) meet current legal stand-
ards (i.e. the level of EURO VI, the most stringent in
terms of historical retrospect), and as magnitudes of
rvian — Value of the Ky criterion, the factors of ecologi-
cal component of which correspond to less rigid in
terms of historical retrospect standards (i.e. levels of
EURO 1I...VI). Such requirements in historical retro-
spect are summarized in Table 2.

_3600-Ng
fEI Hu 'Gfueli

1000 - G )i ,%0. (6)

' h
Gryei +0- T+ (A(K)-G(K),;)
k=1
In standards of toxicity indicators of EG of RICE
[4,5] the maximum permissible magnitudes of specific
effective mass hourly emissions of pollutants with EG
flow are specified (g(PM), g(NO,), g(CO), g(CiHm) in
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kg/(kW-h)), rather than the value of their mass hourly
emission (G(PM), G(NOy), G(CO), G(CnHnm) in kg/h),
which appear in the formula to determine the magni-
tude of the Ky criterion. Such magnitudes are correlat-
ed by formula (7), i.e. the magnitude of mass hourly
emission of k-th pollutant G(k), corresponding to the
normatively established magnitude of the specific ef-
fective mass hourly emission of the same pollutant
g(k), depend on the magnitude of RICE effective pow-
er Ne in kW, and therefore from the coordinates of the
field of its operating regimes (crankshaft speed ncs in
rpm and torque M,, in N-m) which is reflected in the
formula (8).

Table 2. Diesel engine toxicity indicators
[1,2,4,5,7-10]

EURO Year of Specifig effective mass hourly

level introduction emission gk, g/( kW-h)

PM NOx | ChHm | CO

[ 1992 0.612 8.0 11 | 45

11 1996 0.25...0.15 | 7.0 1.1 4.0

i 2000 0.10 50 | 066 | 2.1

v 2005 0.02 35 | 046 | 15

Vv 2008 0.02 20 | 025 | 15

VI 2012 0.01 0.5 0.2 1.0

Gy =9 - Ne, ka/h; (7

Ne =N, -M,, /9550, KW. (8)

2. Obtaining of reference values of indicators
of ecological performance of RICE

Dependencies of magnitudes of reference values
of emission G(PM), G(NOy), G(CO), G(CyHm), total
emission X(G(k)) and totel reduced Z(A(k)-G(k)) and
from magnitudes of effective power N, described by
formula (7) according to Table 2, for different levels of
EURO are illustrated in the form of graphs in Fig. 1.
Distribution of magnitudes of power N., described by
formula (8), in the field of operation regimes of diesel
engine 2Ch10.5/12 is shown in Fig. 2. Distribution of
magnitudes of reference values of emission G(PM),
G(NOy), G(CO), G(ChHm) and Z(A(k)-G(k)) on the
field of operating regimes of that diesel engine for ex-
treme levels EURO | and VI is illustrated in Fig. 3 and
4,

Fig. 1 shows that such dependences for any RICE
are linear, the emission reference values increase with
increasing magnitude of effective power. So with in-
creasing magnitude of N from 0.05 to 25 kW: a) value
Gn(PM) increase from 0.03 to 15.3 g/h for EURO | and
from 0.001 to 0.25 g/h for EURO VI; b) value Gn(NOxy)
— from 0.4 to 200 g/h (EURO 1) and from 0.025 to 12.5
g/h (EURO VI); c) value Gn(ChHm) — from 0.055 for
27.5 g/h (EURO 1) and from 0.01 to 5.0 g/h (EURO
VI); d) value Gn(CO) — from 0.023 to 112.5 g/h
(EURO 1) and from 0.05 to 25.0 g/h (EURO VI); e)

value Z(A(k)-G(k))n — from 23.0 to 11480.5 g/h (EURO
I) and from 1.2 to 604.8 g/h (EURO VI); f) value
2(G(K))n — from 0.71 to 355.3 g/h (EURO 1) and from
0.09 to 24.8 g/h (EURO VI).
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Fig. 1. Dependences of magnitudes of reference values
of magnitudes of mass hours of emissions G(PM),
G(NOy), G(CO), G(CnHm) (a —d) and reference values
of mass emission hour magnitudes X(A(k)-G(k)) and
2(G(k)) (e, f) from the magnitudes of RICE effective
power N for different levels EURO

Fig. 2-4 shows that such distributions for diesel
engine 2Ch10.5/12 have the form of planes inclined to
the axes of both coordinates of the field of operation
regimes of the engine: a) value G,(PM) varies from
0.001 (EURO VI) and 0.029 (EURO 1) (at n. = 800
rpm and M., = 0,56 N-m — regime A) to 0.207 (EURO
VI) and 12.7 (EURO 1) g/h (at n,, = 1800 rpm i M,, =
=110 N'm — regime B); b) value G,(NOx) — from
0.023 (EURO VI) and 0.38 (EURO 1) (regime A) to
10.4 (EURO VI) and 165.9 (EURO 1) g/h (regime B);
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¢) value Gn(CnHm) — from 0.009 (EURO VI) and 0.052
(EURO 1) (regime A) to 4.1 (EURO VI) and 22.8
(EURO 1) g/h (regime B); d) value Gn(CO) — from
0.047 (EURO VI) and 0.211 (EURO 1) (regime A) to
20.7 (EURO VI) and 93.3 (EURO 1) g/h (regime B); €)
value X(A(k):‘G(k))n» — from 1.0 (EURO VI) and 2.2
(EURO 1) (regime A) to 502 (EURO VI) and 9521
(EURO 1) g/h (regime B)

Fig. 2. Distribution of magnitudes of effective power
Ne on field of operating regimes of diesel engine
2Ch10.5/12

3. Results of calculated assessment of reference
values of complex fuel-ecological criterion and their
analysis

For the study formula (6) was converted to the
form of formula (9).

3600 - N
Ky = = =

h
H, '[Gfueli +o-f-Ng 'Z(Ak 'gki)J

k=1

0,2-‘

U =3600/H, = const;

h
:c-f-Z(Ak-gki):f(EURO N

k=1
B U - Ny B U - Ny

Gftjli +VNg 0 -Ng +V-Ng % (9)
= = f(gei;EURO)

gei +V

where U = 84.3 kg/(kW-h) — constant value; V — substi-
tution that is constant for a certain level EURO,
kg/(kW-h).

Entered values U and V have the following physi-
cal meaning: U — magnitude of the specific effective
mass hourly fuel consumption of diesel engine, provid-
ed that its effective efficiency coefficient 1. is equal to
1.0; V — magnitude of the specific reduced effective
mass hourly emission of full set of legislatively stand-
ardized pollutants under certain conditions of RICE
operation. Reference values of V and values of its rela-
tive change oV for different EURO levels for basic
values 6 = 1.0 and f = 1.0 and H, = 42.7 MJ/kg is illus-
trated in Fig. 5 in the form of a histogram. Value of U
for different types of motor fuel, i.e. the value Hy, and
for basic values o = 1.0 i f = 1.0 illustrated in Fig. 4 in
the form of a graph. Fig. 3 shows that the reference
magnitudes of value V with increasing EURO (increas-
ing the stringency of ecological requirements for
RICE) decreases, for EURO VI by 95 % compared to
EURO I.

G n(CnHm),
g/h

Fig. 3. Distribution of reference values of emissions G,(PM) (a, b), Ga(NOy) (c, d) and Gn(CnHm) (e, f)
on the field of operating regimes of 2Ch10.5/12 diesel engine for extreme levels EURO | and VI
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Reference values of specific effective mass hour-
ly fuel consumption of RICE ge for different types of
engine fuel (with different magnitudes of calorific val-
ue Hy in MJ/kg) depend on the value of engine effec-
tive efficiency coefficient ne. Such dependences are
illustrated in Fig. 6. Fig. 6 shows that such dependenc-
es have the form of family of hyperbolas, magnitude ge
while varying from 1440 (me = 0.1, H, = 25 MJ/kg) no
28.8 g/(kW-h) (me = 1.0, Hy = 125 MJ/kg).

Fig. 6 shows that the reference values of the value
U with increasing of value H, decrease according to
the hyperbolic law and in the full range of changes of
the influencing factor (from 25 to 125 MJ/kg) change
on +70 % compared to the basic value H, = 42.7
MJ/kg, which is equal to 84.5 g/(kW-h).

Fig. 8 shows graphs of the dependence of the ref-
erence values of the value g from the value of effec-
tive performance coefficient ne for different types of
engine fuel and for basic values 6 = 1.0 and f = 1.0.
Fig. 8 shows that such values g. fall according to the
hyperbolic law of increasing value ne. At value of ne =
= 0.5, which reflects the objective limit of RICE mod-
ern possibilities, for conventional diesel fuel (Hy = 42.7
MJ/kg) value ge = 168.6 g/(kW-h), when decreasing me
to 0.1 it grows by 400 %, and with growth of ne to 1.0
— decreases by 50 %.

Dependence of reference values of the K. criteri-
on from the magnitudes of RICE specific effective
mass hourly fuel consumption ge for different EURO
levels and basic values ¢ = 1.0, f = 1.0 and Hy = 42.7

Z(Ak-Gk),
kg/h

0,31

0,2

d)
Fig. 4. Distribution of reference values of emission Gn(CO) (a, b) and X(A(k)-G(k))x (c, d)
on the field of operating regimes of 2Ch10.5/12 diesel engine for extreme levels EURO | and VI

MJ/kg, described by formula (9), is shown in Fig. 9.
Actually graphs in Fig. 9 are the basis for obtaining the
desired values of the reference points of the corre-
sponding partial desirability scale.
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Fig. 5. Magnitudes of values V and oV for different
EURO levels for basic values o = 1.0if= 1.0
and Hy, = 42.7 MJ/kg
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Fig. 6. Magnitudes of U and JU for different types of
engine fuel and for basic values 0 = 1.0 and f'= 1.0
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ge, gl(kWh) from O to 1000 %o. The real limits of change in these
16°°é magnitudes are as follows: g. — from 150 to 350
RN g/(kW-h) (see Fig. 6), Kr — from 100 to 500 %o (see
1200

\ Fig. 8). Such graphs, constructed within the specified
1000 S real limits of change of coordinates are given in Fig.
9,b. Fig. 9 shows that the graphs depicted on it are the
family of hyperbolas, the reference values of the Ky
== criterion decrease with increasing magnitude ge, and

: ' the difference between such values for the extreme
values of the EURO level decreases from 1800 (at g. =
0 g/(kW-h)) to 83 % (at ge = 500 g/(kW-h)).

800

600

T

400

200 —=0-
=

0 ! I —— F F F 3
25 35 45 55 65 75 85 95 105Hu, MJkg 125

Fig. 7. Graphs of dependences of the magnitudes
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of value g. from the magnitudes of value H, It is known that the physical meaning of the K
for different constant magnitudes ne criterion is that it is effective performance coefficient
s, gl | sgen of RICE taking into account its legislatively regulated
1400 =K. ey ] EG ecological indicators. Thus, its limit values for any
1200 “\\\ = tgenlu BT NI ::Z stationary engine mode are the values of the effective
800 A\ L 200 performance ne. These are the values it achieves when
228 ‘j:x\ S 100 it is perfectly environmentally friendly, i.e. when there
200 S =" are no legally regulated pollutants in its EG stream.
00 01 02 03 04 05 06 07 08 09Me10 Distribution of magnitudes of ne for 2Ch10.5/12 diesel
Fig. 8. Dependences of reference values ge from the engine in the field of its operating regimes are shown
magnitudes of effective performance coefficient ne in Fig. 3.6. Fig. 3.6 shows that the magnitudes of 1 are
for different types of engine fuel and for basic values distributed on a field of operating regimes of that diesel
o0 - o=10andf=10 L 2000 engine unevenly and acquire magnitudes within 0.08
ron, 50 NEEEN el sk, % (regime A) to 0.356 (regime B).
200 JA LN e trov H 1600 Distribution of reference values of Ky criterion on
700 44 et 1400 field of operating regimes of 2Ch10.5/12 diesel engine
600 - 1200 for extreme levels of EURO — | and VI, and basic val-
500 1000 ues o = 1.0, f = 1.0 and Hy = 42.7 MJ/kg shown in Fig.
400 i ! 1 800 11.
300 P S 5 800 Fig. 11 shows that such reference values of the
200 e = = 40 Kt criterion distributed over the field of operating re-
10 H;%}}' -—:rﬁﬁ-ﬁ-ﬁ--f‘ 55 200 gimes unevenly and reach maximum 61 and 200 %o
oo 50 100 150 200 250 300 350 ge kW) 5(')00 respectively for EURO | and EURO VI on various
a) steady regimes of RICE operation. The nature of the
500 - S toRo distribution differs significantly for different EURO
Kten, % el levels. This difference is due to the peculiarities of the
400 = curov distribution of magnitude of ne of this diesel engine
a50 = and reference values of pollutant emissions in this
00 = ‘Tk = field, presented in Fig. 2—4.
T f 1 Y
250 1 e 5 P
oo e e e
150 B 7 EEm : —:- _+
100 : %
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b)
Fig. 9. Graphs of dependences of reference values of

Kt criterion from the magnitude of RICE specific effec-
tive mass hourly fuel consumption ge for different
EURO levels and basic values o = 1.0, f= 1.0 00 1200
and Hu =42.7 MJ/kg Nke, rpm 1600 1800
Fig. 10. Distribution of magnitudes of ne
on the field of operating regimes of 2Ch10.5/12
diesel engine

They are constructed within the widest of theoret-
ically possible limits of change of magnitudes ge —
from 0 to 500 g/(kW-h) and the K criterion itself —
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1200 1490
Nke, rpm 1600 1800

b)
Fig. 11. Distribution of reference values
of Kre criterion on the field of operating regimes
of 2Ch10.5/12 diesel engine for extreme levels
EURO | and VI

The results of calculations of the reference values
of the Ky criterion averaged over the field of operation
regimes of the autotractor diesel engine 2Ch10.5/12 for
all EURO levels are shown in Fig. 11, the dependence
graph on it is described by the method of least squares
in the form of a 4-degree polynomial — this is formula
(10).

150 Y
Kfen; /
Yoo
50
o —F—
1 2 3 4 EURO ¢

Fig. 12. Graph of dependences of reference values
of the Ky criterion averaged over the field of operation
regimes of the autotractor diesel engine 2Ch10.5/12
for all EURO levels

Kren = 0.735 - EURO* - 8.325 - EURO® +
+34.366 - EURO? - 50.346 - EURO + 45.783, %o. (10)

Conclusions

Thus, based on the analysis of the results of the
study described in this paper, the following conclu-
sions can be drawn.

1. Approach and method on its basis for calculat-
ed assessment of reference values of complex fuel-
ecological criterion of Prof. I. Parsadanov as separate
independent ES factor and as reference points of psy-
chophysical scale of the partial desirability function
when using it as the ES factor of PP with RICE opera-
tion process was proposed.

2. Calculated assessment of reference values of
ecological indicators of RICE as components of com-
plex fuel-ecological criterion depending on magnitudes
of effective power and coordinates of field of engine
operating regimes for different levels of legislative
ecological standards in force in Ukraine and previously
in force was carried out.

3. Calculated assessment of reference values of
complex fuel-ecological criterion and its components
was performed and obtained the distribution of such
reference values in field of 2Ch10.5/12 diesel engine
operating regimes depending as well as dependences of
such reference values on magnitudes of level of eco-
logical standards EURO, effective performance coeffi-
cient of engine and lower calorific value of engine fuel.

Identified dependences are described by formulas
by the method of least squares.

The research has been carried out in the science
and research work of Applied Mechanics and Envi-
ronment Protection Technologies Department of the
National University of Civil Defence of Ukraine “Us-
ing of fuzzy logic and psychophysical scales in a criti-
cal assessment of the level of ecological safety” (State
Reg. Ne 0119U 001001, 2019 — 2021).
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BU3HAYEHHS ETAJIOHHUX 3HAYEHb KOMIIVIEKCHOI'O ITAJIMBHO-EKOJIOI'TYHOI'O KPUTEPIIO
AK OKPEMOI'O CAMOCTIMHOI'O YHHHUKA EKOJOITYHOI BE3IEKA

Konopamenko 0. M., Anoponoe B. A., Konockos B. 0., Tkauenxo O. O., Kaninoc €. B.

Y mpoMy IOCHIKEHHI 3aIpOITOHOBAHO MMiJXiJ 1 METO Ha HOTo OCHOBI Ul PO3PaxyHKOBOTO OI[IHFOBAHHS €TAJIOHHUX 3Ha-
YeHb KOMILJIEKCHOTO IaIMBHO-EKOJIOTi4HOro KpuTepito npod. I.B. ITapcagaHoBa ik OKPEMOTO HE3aJIeKHOTo (hakTopa eKoJIorid-
HO{ O€3MEKH Ta SIK €TAIOHHUX 3HAYEHb IICUXO(I3NYHOI KT YaCTKOBOT (QYHKIIIT Oa’KaHOCTI MPH BUKOPUCTAHHI HOTO 5K (hakTo-
pa eKoJIoTiuHOT 6e3IeKH MPoliecy eKCIUTyaTallii eHeproyCTaHOBOK 3 IIOPIIHEBUMH JBUTYHAMH BHYTPIIIHBOTO 3ropsiHHS. Takox y
JIOCITI/KEHHI HaJIJaHO PO3PAaxyHKOBY OLIHKY €TAJIOHHHUX 3HAa4eHb €KOJOTIYHUX MOKa3HMKIB MOPLIHEBUX JBHUIYHIB BHYTPIIIHHOTO
3TOpPsIHHS K CKJIaJOBHX KOMIUICKCHOTO MajMBHO-EKOJIOTIYHOTO KPHUTEPIl0 3aJIe)KHO BiJ BEIMYMH e(EKTHBHOI MOTYXHOCTI Ta
KOOP/MHAT IOJIS PEXKUMIB pOOOTH IBUTYHA AJIsI PI3HUX PiBHIB B YKpaiHi €KOJIOTiYHMX HOPM — YMHHHUX Ta TUX, L0 PaHiIle JisUTH.
TakuM 4nHOM, OyJI0 3[iHCHEHO PO3PaxXyHKOBE OL[IHIOBAHHS €TAJIOHHMX 3HAYeHb KOMIUIEKCHOTO MaJIMBHO-EKOJIOTIYHOrO KpUTe-
Pifo Ta HOro KOMITOHEHTIB 1 OTPUMAaHO PO3IOJILT TAKKX 3HAYCHB IT0 MO0 PEXKHUMIB POOOTH aBTOTpakTopHOTO am3erns 2410,5/12,

84 ISSN 0419-8719  ABUI'YHU BHYTPILUHbOIO 3IrOPsIHHA 1'2021



Exonoeizauis [JB3

a TaKOXK 3aJISKHOCTI TAKMX €TaJOHHUX BEMYMH Bif piBHA ekojoriunux crangaptie EURO, 3Hadens epexruBHoro koedimieHra
KOPHCHOI [il JBUI'YHA Ta HMW)KYOI TEIUIOTBOPHOI 34aTHOCTI MOTOpHOro manuBa. OTKe, y JTOCHIIKSHHI BHEpPIIE 3alpONOHOBAHO
MiIXiA 10 pO3paXxyHKOBOTO OLHIOBAHHS ETAJIOHHHUX 3HAa4YeHb KOMIUIEKCHOIO MaJMBHO-CKOJIOTIYHOTO KpHUTEpito mpod.
I.B. [TapcagaHoBa sk perepHUX TOYOK NCHMXO(i3WYHOI IIKaJM 4acTKOBOI (yHKIHIi GaxkaHOCTI XappiHIrTOHA IPH BHKOPHCTAHHI
fioro y sikocTi (pakTopa eKoJIoTidHOT Oe3MeKH MPOoIecy eKCILTyaTalil eHeproycTaHoBOK 3 nopuraeBuM JIB3. Mertoaunka, mo6ymo-
BaHAa Ha 3alpOIIOHOBAHOMY WiIXOMi, IS PO3PaxXyHKOBOTO OIIHIOBAHHS €TaJOHHMUX 3HA4YE€Hb KOMIUIEKCHOTO IaIHBHO-
exoJorigHoro kputepito npod. I.B. IlapcaganoBa sk pemepHHX TOYOK ICHUXO(i3NYHOI MIKaIK 4acTKOBOI (yHKIii OakaHOCTI
NpUAaTHA U1l OTPUMaHHSA HEOOXITHHMX JAaHMX JUIA 3I1HCHEHHS KOMILIEKCHOTO KPiTepiaJbHOTO OIIHIOBAaHHS PIBHSA €KOJIOTIUHOI
Oe3meku Mpolecy eKCIulyaTalii eHeproycTaHoBOK 3 mopurHeBuM J[B3 3 BUKOpHUCTaHHIM y3aranbHeHO1 (QyHKIIT OaxaHocTi Xap-
PIHITOHA, Y CTPYKTYPi K01 KOMIJICKCHUH ATTMBHO-CKONOTIYHUI KpUTEPii BUCTYIIAE, SIK OKpeMUil (pakTop eKoJIOoTiuHOT Oe3neKu.
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ONPEJEJEHUE 3TAJOHHBIX 3HAYEHU I KOMIIIEKCHOT' O TOILTUBHO-3KOJIOTHYECKOI'O
KPUTEPHUS KAK OTIEJBHOI'O CAMOCTOSITEJIbHOT'O ®AKTOPA SKOJIOT'MYECKOM BE3OIMACHOCTH

Konopamenxo A. H., Andponosé B. A., Konockog B. I0., Tkauenxo A. A., Kanunoc E. B.

B sToM nccnenoBaHMM TPEIOKEH MOJXOJ U METOJ HA €r0 OCHOBE ISl PAcYETHOTO OLEHMBAHHS STATOHHBIX 3HAYEHHN
KOMIUIEKCHOTO TOIUTMBHO-3KoJ0TH4Yeckoro kputepus npod. M.B IMapcagaHoBa Kak OTAEIBHOTO HE3aBUCHUMOTO (hakTopa SKOJIO0-
TM4ECKON OE30IaCHOCTH U Ka4eCTBE TAJOHHBIX 3HAYCHHI NCUXO(U3NUECKON MIKAJIBl YaCTHYHOH (QYHKIMH JKENaTeIbHOCTH MPU
UCIIOb30BAHUU €r0 B KauecTBe (haKTOpa IKOJOTUUECKOH 0e30MacHOCTH Mpolecca 3KCILUTyaTallui SHEPrOyCTaHOBOK C MOPIIIHE-
BBIMH JBUTATEISIMH BHYTPEHHETO cropaHus. Takke B HCCICIOBAaHUM IPEIOCTABICHA PAacyeTHAsl OL[CHKA JTATOHHBIX 3HAYCHHN
9KOJIOTHUECKUX ITOKa3aTeNell qBUraTeseil BHyTPEeHHETO CrOpaHusl KaK COCTAaBIIIONINX KOMITJIEKCHOTO TOILIMBHO-3KOJIOTHYECKOTO
KPHUTEPHs B 3aBUCHMOCTH OT BeJTHYHH d((QEKTHBHONH MOITHOCTH ¥ KOOPAMHAT ITOJIS PEXKUMOB PaOOTHI ABUTATEIS JUTS PA3IMIHBIX
YPOBHEH 3KOJIOIHYECKUX HOPM — ACHCTBYIONMX B YKpaWHe U TeX, YTO paHee JNeHCTBOBAIM. TakuM o0pa3oM, ObLIO OCYIIeCTBIIe-
HO PacueTHOE OIEHHBAHME 3TAJIOHHBIX 3HAYEHHH KOMIUIEKCHOTO TOILIMBHO-KOJIOTHYECKOTO KPUTEPHS U €r0 KOMIIOHEHTOB U
MOJYYEHO pachpeeieHIe TaKiuX 3HAaUeHHH 10 MO0 PEKUMOB paboThl aBTOTpakTopHOTO nu3eins 2Y10,5/12, a Taxke 3aBHCHMO-
CTH TaKHUX 3TAJIOHHBIX BEJIMYUH OT YpOBHS dKojorundeckux crangaptoB EURO, 3nauennit agpdexkruBHOro ko3ddurmenTa momues-
HOTO AeHCTBHS ABHUTATENs W HU3IIEH TEIIOTBOPHOM CIIOCOOHOCTH MOTOPHOTO TOIUIMBA. MTak, B MCClI€OBaHUHU BIEPBHIE MPEA-
JIOKEH MOAXOJ K PacyeTHOMY OICHMBAHHIO ATAJOHHBIX 3HAYEHHH KOMIUIEKCHOTO TOILUTHBHO-3KOJIOTMYECKOTO KPHUTEPHs IPod.
N.B. IlapcagaHoBa kKak pemnepHBIX TOYCK NCHXO(U3MYECKOW IIKaIbl YACTHYHOW (DYHKIMH JKENaTelbHOCTH XappHHITOHA IIPH
UCHOJIb30BaHUH €r0 B KauecTBe (pakTopa SKOIOrHuecKoi 6e30MacHOCTH Mpollecca 3KCIUTyaTallil SHEProyCTaHOBOK C HMOpILHE-
BeiM J[IBC. Mertonyka, mocTpoeHHass Ha HPEUIOKEHHOM IIOAXO0JIe, VISl PACUSTHOTO OIEHMBAHUS STATOHHBIX 3HAYCHHH KOM-
IUIEKCHOTO TOIUTMBHO-3KOJIOTHYecKoro kputepus mpod. W.B. IlapcamaHoBa Kak pemepHBIX TOYEK MCHUXO(DU3NYECKOW MIKAJIBI
YaCTUYHON (DYHKIMH KeNaTeNbHOCTH MPUTOAHA A IOMYYeHHS HEOOXOTMMBIX JAHHBIX JUII KOMIUIEKCHOTO KPHTEPHAIBHOTO
OLICHUBAHUS YPOBHS YKOJIOTHYECKON 0€30MacHOCTH Mpolecca SKCIUIyaTalll YHEProycTaHoBoK ¢ mopuraeBbiM IBC ¢ ucnons3o-
BaHHEM 0000IIeHHOH (QYHKINH JKeNaTeIbHOCTH XapPHHITOHA, B CTPYKTYPE KOTOPOH KOMIUIEKCHBIA TOTUTMBHO-3KOJIOTHYCCKHMA
KPHUTEPHI BEICTYIIAeT KaK OTACNBHBIA (PaKTOp SKOIOTHYECKOH O€30ITacCHOCTH.
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