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XAPAKTEPHUCTUKA BILIUBY MICIIb BUBYXIB BOEITPUITIACIB HA
EKOJIOI'TYHUM CTAH IIPUWIEIJIOI TEPUTOPII

B.IO. Konockos, k.m.n., oou., 10.10. /liooeeun
Hauionansnuil ynieepcumem yuginbHno2o 3axucmy YKpainu
ByJ. UepHuinescbka, 94, M. Xapkis, 61002, Ykpaina. E-mail: koloskov@nuczu.edu.ua

Ha cywacHomy etami po3BuTky 30poitHux Cui YkpaiHu 0COOIMBOI aKTyaJIbHOCTI HaOyBae
3aBJaHHs 3a0€3MeUYeHHs] eKOJIOTIYHOI Oe3MeKH Micllb 30epiraHHs Ta 3HEHIKO/DKEHHS OO€mpHUnacis,
K1 BAYEpHad TepMiH Oe3medHoi ekcruryaTailii, abo >k yMOBHU 30epiraHfs SKuX OyJIO CYTTEBO
nopyuieno. Oco0aMBOi TOCTPOTH 11e 3aBAaHHs HaOyBae y 3B’s13Ky 3 arpecieto Pociiicekoi @enepartii
Ha cxoil YKpaiHW Ta IMOB’S3aHUM 3 HEIO MacHITaOHUM 3a0pyAHEHHSM TEpUTOPIl HAIIOI Jep>KaBU
BUOYXOHEOE3MeYHUMH MPEIMETaMHU.

Knrouosi cnosa: Bubyx, 6oenpunac, BIUIUB, EKOJIOTIYHUHN CTaH.

JIITEPATYPA
1. Konockog B. 1O., ITonumyk E. A. YTunuzanus HeNpUroaHsbix JUisl JaIbHEUIIIETO UCIIOIb30BaAHUS
0OCTIPUIIACOB C yYETOM KPUTEpPHEB 0€30MacHOCTH // DKojorus u mpombinuieHHOCTh. 2011. Ne 4
(29). C. 109-114.
2. Heunmopyk H. B.,  Cre6naumna M. A.,  Tlomumyk E. A.,  Komockos B. 0.  YTunuzanus
HENPUTOJHBIX JUIS JAJBHEHMIIErO0 MCIIOJIb30BaHUsA aBHALMOHHBIX 60€HpHHaCOB // OTKpBITHIE
WH(pOpMaIMOHHBIE M KOMIIBIOTEPHBIE HHTETpupoBaHHbIe TexHomoruu. 2010. Ne 48. C. 227-233.
3. Lima D., Bezerra M., Neves E., Moreira F. Impact of ammunition and military explosives on
human health and the environment // Reviews on environmental health. 2011. Vol. 26, No. 2. P.
101-110.
4. Vasarevicius S., Greiciute K. Investigation of soil pollution with heavy metals in Lithuanian
military grounds // Journal of Environmental Engineering and Landscape Management. 2004. Vol.
12, No. 4. P. 132-137.
5. ldzelis R. L., Greiciute K., Paliulis D. Investigation and evaluation of surface water pollution
with heavy metals and oil products in Kairiai Military Ground territory // Journal of Environmental
Engineering and Landscape Management. 2006. VVol. 14, No. 4. P. 183-190.
6. Lewis T. A, Newcombe D. A, Crawford R. L. Bioremediation of soils contaminated with
explosives // Journal of Environmental Management. 2004. Vol. 70, No. 4. P. 291-307

DETERMINATION OF REFERENCE VALUES OF COMPLEX FUEL-ECOLOGICAL
CRITERION AND PONDERABILITY OF ITS FUEL COMPONENT

O.M. Kondratenko, Cand.Sc.(Eng.), Assoc. Prof., S.A. Kovalenko, MSc, 0.S. Botsmanovska,
Student, N.M. Podolyako, Student
National University of Civil Defence of Ukraine
Chernychevska str., 94, Kharkiv, 61023, Ukraine, E-mail: kondratenkoom2016@gmail.com

In the study methods of calculation assessment of reference values of complex fuel-ecological
criterion as reference points of psychophysical scale of partial function of desirability at its use as
the ecological safety factor of exploitation process of power plants with reciprocating internal com-
bustion engines are developed. The calculated study of reference values of the engine ecological in-
dicators as components of the complex fuel-ecological criterion is carried out. The calculated evalu-
ation of the reference values of the complex fuel-ecological criterion and its fuel and ecological
components is performed. The calculated evaluation of the values of the coefficients of partial desi-
rability functions for the complex fuel-ecological criterion in accordance with the selected reference
values of the response functions and the desirability scale is carried out.

Keywords: ecological safety, environmental protection technologies, criteria-based
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assessment, reciprocating internal combustion engines, reference value, ponderability.

Introduction. The relevance of this study is due to the following. In the monograph [1] the
analysis of 9 known mathematical apparatuses suitable for realization of complex calculated assess-
ment of ecological safety (ES) level of accident-free exploitation process of power plants (PP) with
reciprocating internal combustion engines (RICE) is carried out. According to the results of analysis
and systematization in the form of appropriate classification, it is established that the most suitable
for achieving this goal can be considered mathematical apparatuses of complex fuel and ecological
criterion of prof. Igor Parsadanov Ky and the generalized desirability function of Harrington D. In
the same source a comparative analysis of the advantages and disadvantages of selected alternative
criterion mathematical apparatuses is made and it is concluded that it is expedient for further rese-
arch to use both apparatuses with mutual strengthening of advantages and weakening of disadvanta-
ges. The first step in this way is to use the mathematical apparatus of the generalized desirability
function with the structure of the considered influencing factors, identical to the complex fuel-eco-
logical criterion. Since the main advantage of the K, criterion is taking into account the mass hourly
fuel consumption Gy Of RICE, to use this advantage it is necessary to determine the ponderability
of this environmental damage factor compared to others — emissions of legislative normalized pol-
lutants with exhaust gas (EG) flow Gy, carried out in the monograph [1]. The source [3] also provi-
des an improved classification of ES factors, the source of which is the RICE in PP, which consists
of 15 items, as well as the character of the impact of Gy on all other ES factors in this classificati-
on. However, the analysis of scientific and technical literature did not reveal the results of such a
study, so obtaining a set of magnitudes of the criterion Ks, which can be correlated with the referen-
ce points of the scale of partial desirability function d, is an urgent scientific and technical problem.

Purpose of the study: determination of reference values of complex fuel-ecological criterion
of prof. Igor Parsadanov as reference points of the psychophysical scale of the partial function of
desirability.

Object of the study: quantitative characteristics of the fuel-ecological criterion of prof. Igor
Parsadanov as the ES factor.

Subject of the study: magnitudes of reference values of fuel-ecological criterion of prof. Igor
Parsadanov for different levels of legislative established environmental standards and depending on
the level of fuel efficiency of RICE.

Material and research results. Given that the fuel component of the K criterion completely
determines its ecological component, as detected in the monograph [1], it is rational to explore the
features of another approach, namely the use of the K criterion as a separate influencing factor in
the structure of the generalized desirability function D. At the same time it becomes possible to
consider indicators of vibration (degree of non-uniformity of crankshaft rotation ds, Klimov-Stech-
kin criterias &g and 1), noise (equivalent Laegy and maximum Lamax Noise level), thermal pollution
(mass hourly fuel consumption Gy, Separately from fuel component of the K criterion), emission
of sulfur oxides Gsoy, etc. To implement such approach, as follows from the algorithm for applying
formula (1), which describes the Harrington generalized desirability function given in [1], it is nece-
ssary to have data on the values of such ES factor (i.e. the response of the local quality criterion r),
which can be correlated with the reference points of the psychophysical scale of evaluation of desi-
rability of the response value r «good» and «badly», as well as their corresponding magnitudes of
the scale of values of the basic evaluation of the magnitudes of the partial desirability function d =
=0.63...0.8andd =0.2... 0.32.

D :é‘)k\/ 1dl?ik :(Uklwkz+".+Ukn\7di(k1)okl +di(kp) - di(ky ), (1)

K
dyg = EXP[— exp(aki +Dyi - 1y )] k= {K fer Gs0, 1 Ocs+ Ecs s Mess Laequ LAmax"'-}! 2)

=
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where dy — partial desirability function that meets the k™ quality criterion, d =0 ... 1,0, and ky = Kg;
n — the number of considered quality criteria; vx — ponderability coefficient of considered k™ quality
criterion, 0 < v <1, and v = 38,4 + 245,3 = 283,7, ry; — the actual value of the k™ quality criterion
on the i™" representative RICE operation regime in the model of its exploitation; ay and by — coeffi-
cients determined on the basis of establishing of correspondence between a pair of characteristic va-
lues ry; and dy; according to the Table. 1.

Table 1 — Basic assessments of the scale of real desirability di [1]

Assessment of the desirability of | Quantitative value according to the desirability scale dy;
response ry; value

Very good 1.0...0.8

Good 0.8...0.63

Satisfactory 0.63 ... 0.37

Badly 0.37...0.2

Very badly 0.2...00

It is proposed to choose as the reference value of emissions of legislative normalized pollutants
contained in the relevant standards (see [1 — 3]) for the current values («good» and d = 0.8) and pre-
vious scores «badly» and d = 0.2) EURO levels. However, different RICE which are currently in
exploitation 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
maintenance and repair) and therefore are characterized by different levels of fuel efficiency, i.e.
magnitude of specific effective mass hourly fuel consumption ge. Therefore, it is necessary to obtain
the dependences of the magnitudes of the criterion Ky, in the structure of which the indicators of the
ecological component acquire the legislative normalized values, from the magnitude of the fuel
component of the criterion for different levels of EURO standards. The data allowing to choose the
parameters of the components of formula (2) for the partial desirability functions di are obtained by
solving of systems of two equations (see formulas (3) — (5)) for cases that correspond to each other
the characteristic values of ry; and dy;, known from practice or regulations.

yign = EXP[— exp(aki + By + Fian )]
{dkiup = exp[— 9Xp(aki + By + Hiup )] )
& = (In(_ln(dkup)) “Tign = IN(=IN(dygn ) - i )/(rkdn - rkup)i (4)
b = (IN(=1n(dyn)) = NIy )it ~ T ) 5)

where the indices up and dn denote the characteristic magnitudes of ry; and dy;, which correspond to
the obtained estimates on the psychophysical scale «good» (i.e. diyp = 0.63 ... 0.8) and «badly» (i.e.
dwign = 0.2 ... 0.32) taking into account the specific features of the values ry;.

The essence of the proposed method is that as the magnitudes of ryy, will be used the individu-
al regime magnitude of the criterion K (see formula (6)), the factors of the ecological component
of which (Gpm, Gnox, Gennmy Geo) meet current legal standards (i.e. EURO level VI, the most strin-
gent in terms of historical retrospect), and as the magnitudes of ryjqn — the magnitudes of the criteri-
on Kg, the factors of the ecological component of which meet less stringent in terms of historical re-
trospect standards (i.e. levels EURO I...VI). Such requirements in historical retrospect are summa-
rized in Table 2.

h
K 5 =(3600- Ny )/<Hu G fyeli )'Gfueli /(Gfueli +o-f 'El(Ak 'Gki)j) %0 (6)
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Table 2 — Diesel EG toxicity standards [1 — 3]

Level | Year of | Specific effective mass hourly emission g,
EURO | introduction | g/(kW-h)
PM NOy | CoHm | CO
I 1992 0.612 80 |1.1 4.5
Il 1996 0.25...0.15]7.0 |11 4.0
i 2000 0.10 50 | 066 |21
[\ 2005 0.02 35 |046 |15
V 2008 0.02 20 (025 |15
VI 2012 0.01 05 |0.2 1.0

The standards of toxicity of EG of RICE [1 - 3] indicate the maximum allowable values of spe-
cific effective mass hourly emissions of pollutants with the EG flow (gpm, 9noxs 9cnHms Qco iIn
kg/(kw-h)), and not the values of their mass hourly emission (Gpm, Gnox, Genam: Geo In kg/h),
which appear in the formula (6) for determining the magnitude of the criterion K.

Such values are correlated by formula (7), i.e. the magnitude of the mass hourly emission of the
k™ pollutant Gy, which corresponds to the normatively established magnitude of the specific effec-
tive mass hourly emission of the same pollutant gi, depends on the value of RICE effective power
Ne in kW, and therefore, from the coordinates of the field of operating regimes of the engine
(crankshaft speed ncs in rpm and torque M in N-m) that reflects the formula (8).

Gy =9y - Ne, karh; (7
Ne =n,, - M,, /9550, KW. 8)

Dependence of the reference values of the Ky, criterion on the magnitude of the specific effecti-
ve mass hourly fuel consumption of RICE g, for different levels of EURO and the basic magnitudes
of coefficient o = 1,0, factor f = 1,0 and value H, = 42,7 MJ/kg, shown in Table. 3.

Table 3 — Dependence of the reference values of the Ks criterion on the magnitude of the specific
effective mass hourly fuel consumption of RICE g. for different levels of EURO and the basic
magnitudes of coefficient 6 = 1,0, factor f = 1,0 and value H, = 42,7 MJ/kg

e 0 50 100 | 150 [200 |250 |300 |[350 |400 |450 |500
150. | 138. | 127. |118. |111. | 104.
I [183.6 |165.5 7 4 9 9 0 5 98.1 |92.7 |87.9
193. | 173. | 157. | 144. |132. |123. | 114. |107. | 100.
Il | 251.5 | 218.8 7 7 5 0 7 0 7 4 9
Level | 1111367.0 |301.4 255. | 222. |196. |175. |159. |145. |133. |124. | 115.
EUR 7 0 2 7 1 4 9 0 5
0 | 558.9 | 4198 336. | 280. | 240. |210. |187. |168. |153. | 140. | 129.
V ' ' 1 2 3 3 0 3 0 3 &)
447. | 353. | 292. |249. |217. |192. |172. |156. | 143.
V 9525 | 608.7 5 5 5 0 0 5 6 5 5
V | 3484. | 1136. | 678. |484. |376. |307. |260. |225. |198. |177. |160.
I 19 3 8 0 0 5 0 3 7 8 8

Conclusions. Thus, in this study methods of calculation assessment of reference values of com-
plex fuel-ecological criterion as reference points of psychophysical scale of partial function of desi-
rability at its use as the ES factor of exploitation process of PP with RICE are developed. The calcu-
lated study of reference values of RICE ecological indicators as components of the complex fuel-
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ecological criterion is carried out. The calculated evaluation of the reference values of the complex
fuel-ecological criterion and its fuel and ecological components is performed. The calculated evalu-
ation of the values of the coefficients of partial desirability functions for the complex fuel-ecologi-
cal criterion in accordance with the selected reference values of the response functions and the desi-
rability scale is carried out.
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BU3HAUYEHHSA ETAJIOHHUX 3HAYEHb KOMIIVIEKCHOTI'O
MMAJIMBHO-EKOJIOTTYHOI'O KPUTEPIIO TA KOE®IIHIEHTY BATOMOCTI
HOI'0 MAJIMBHOI CKJIAJOBOI
O.M. Konopamenko, xk.m.n., ooy., C.A. Koeanenxo, macicmp, O.C. boumanoecvka, cmyo.,

H.M. Ilooonako, cmyo.

Hauionanvnuii ynieepcumem yuginibHo2o 3axucny YKpainu

Byi1. UepHuinescrka, 94, M. Xapkis, 39600, Ykpaina. E-mail: kondratenkoom2016@gmail.com

VY nocnikeHH1 po3po0ieHI METOIM PO3PAXyHKOBOTO OIIHIOBAHHS €TaJJOHHUX 3HAYCHb KOMIUICKC-
HOTO MAJIMBHO-EKOJIOTIYHOTO KPUTEPIIO K PEIEPHUX TOUOK MCUXO0(]I3NIHOT IIKATH YaCTKOBO1 (hyH-
Kuii 6akaHOCTI IpU HOro BUKOPUCTaHHI AK (aKTOpa €KOJIOTIYHOI Oe3MeKH MpoLecy eKCIuTyaTarii
€HEeproyCTaHOBOK 13 MOPIIHEBUMH JBUTYHAMHU BHYTPIIIHBOTO 3ropsiHHS . [IpoBeneHo po3paxyHKo-
B€ JOCTIPKEHHSI €TAJIOHHUX 3HAUY€Hb €KOJIOT1YHUX MOKA3HHKIB JBUTYHA SIK CKIIAJJIOBHX KOMILIEKC-
HOTO TAJMBHO-EKOJIOTIYHOTO KpUTepito. [IpoBeneHo po3paxyHKOBE OIIHIOBAHHS €TaJOHHUX 3Ha-
YeHb KOMIUIEKCHOTO MaJMBHO-EKOJIOTYHOT0 KPUTEPII0 Ta HOro MaJUBHOI 1 €KOJIOTIYHOI KOMIIOHEH-
TiB. 31MICHEHO PO3PaxXyHKOBE OIIHIOBAHHS 3HAYCHBb KOE(PIII€HTIB 4aCTKOBOI (PyHKIIiH Oa)kaHOCTI
KOMILIEKCHOTO TaJMBHO-CKOJIOTIYHOTO KPHUTEPIEI0 BIANOBIIHO 10 OOpaHMX ETAIOHHUX 3HAYECHb
(GbyHKIIH BIATYKY Ta MIKaId OaKaHOCTI.

Knwuosi cnosa: exonoriuHa HeOe3MeKa, TEXHOJOTII 3aXUCTy HABKOJHMIIHBOIO CEpEeOBUINA,
KpUTEpiadbHEe OIlIHIOBAHHS, TOPIIHEBI JBUTYHHW BHYTPINIHBOTO 3TOPSHHS, CTAJIOHHE 3HAYCHHS,
BaroMicCTb.

REFERENCES
1. Vambol S.O., Vambol V.V., Kondratenko O.M., Mishchenko 1.V. (2018) Criteria-based
assessment of ecological safety level of exploitation process of power plants : monograph, Kharkiv,
Publ. Styl-l1zdat, 320 p.
2. Kondratenko O.M. (2019) Metrological aspects of complex criteria-based assessment of
ecological safety level of exploitation of reciprocating engines of power plants: monograph
Kharkiv, Publ. Styl-1zdat, 532 p.

64



«[Npobaemun eKonoriyHoi 6esnekmn»

3. Parsadanov, 1.V. (2003), Improving the quality and competitiveness of diesel engines based on
complex fuel and ecological criteria: monograph, Kharkiv, Publ. NTU “KhPI”, 244 p.

4. Kondratenko O., Mishchenko I., Chernobay G., Derkach Yu. and al. (2018) Criteria based
assessment of the level of ecological safety of exploitation of electric generating power plant that
consumes biofuels, 2018 IEEE 3rd International International Conference on Intelligent Energy and
Power Systems (IEPS-2018): Book of Papers, 10-14 September, 2018, Kharkiv, Ukraine, pp. 57-1
- 57-6, DOI: 10.1109/1EPS.2018.8559570.

TAKING INTO ACCOUNT OF EMISSION OF POLYCYCLIC AROMATIC
HYDROCARBONS IN CRITERIA-BASED ASSESSMENT OF ECOLOGICAL SAFETY
LEVEL OF VEHICLE WITH RECIPROCATING ICE EXPLOITATION PROCESS

O.M. Kondratenko, Cand.Sc.(Eng.), Assoc. Prof., S.A. Kovalenko, MSc, 0.S. Botsmanovska,
Student, N.M. Podolyako, Student

National University of Civil Defence of Ukraine

Chernychevska str., 94, Kharkiv, 61023, Ukraine, E-mail: kondratenkoom2016@gmail.com

In present study was improved methods of calculated assessment of the magnitudes of the complex
fuel and ecological criterion of prof. Igor Parsadanov and the Index of ecological and chemical as-
sessment of prof. Pavlo Kanilo, taking into account: emissions of sulfur oxides and consumption of
engine oil for fumes and emissions of benzo(a)pyrene and other polycyclic aromatic hydrocarbons
in the composition of exhaust gases diesel reciprocating internal combustion engine in power plant.
Set of initial data for calculated assessment for a standardized steady testing cycle ESC was obtai-
ned. Calculated assessment of the magnitudes of the criterion and the index is carried out taking
into account the engine emissions of the specified pollutants.

Keywords: ecological safety, environmental protection technologies, criteria-based assessment,
reciprocating internal combustion engines, benzo(a)pyren, polycyclic aromatic hydrocarbons.

Introduction. The relevance of this study is due to the following. According to the results of
the analysis of the mathematical apparatus of the complex fuel-ecological criterion of prof. Igor
Parsadanov K. in the monograph [1], which also proposed a faceted classifier of such mathematical
apparatuses, found that it should be classified as «Internal» or «Causal». The main alternative to it
is the mathematical apparatus of the integral index of ecological-chemical evaluation prof. Pavlo
Kanilo. The original versions of these apparatuses is described respectively in monographs [2, 3].
The main disadvantage of the K criterion is the absence in the composition of the considered eco-
logical safety (ES) factors, specified in their hierarchical classifier, proposed in the monograph [1].
The same source formulates the concept of improving the mathematical apparatus and methods of
applying the K criterion, one of the main points of which is the partial overcoming of this disadva-
ntage, namely, the introduction of the criterion of new ES factors, which are essentially emissions
of gaseous pollutants. In particular, in the classification of ES factors improved by the author, the
source of which is reciprocating internal combustion engine (RICE) in the power plant (PP), with
the corresponding hierarchical classifier in addition to legally regulated directly gaseous and aerosol
pollutants in the exhaust gases (EG) flow, there are also legally regulated indirectly — sulfur oxides
SOy, polycyclic aromatic hydrocarbons (PAH) (including benzo(a)pyren (B(a)P)) etc., as well as
legally unregulated — emissions of vapors of motor fuel and oil, aerosol of crankcase gases and etc.
However, the analysis of scientific and technical literature by the authors of the study to expand the
range of ES factors taken into account by the mathematical apparatus of the Ky criterion is not re-
vealed, so the implementation of such research and analysis of its results is an urgent scientific and
technical task.

Purpose of the study: expansion of the nomenclature of ES factors, which are taken into
account by the mathematical apparatus of the complex fuel-ecological criterion K, in particular
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