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ASSESSMENT OF FUEL AND ECOLOGICAL EFFICIENCY OF EXPLOITATION
PROCESS OF RECIPROCATING ICE OF POWER PLANTS WITH CONSIDERING

OF EMISSION OF BENZO(A)PYRENE AND POLYCYCLIC AROMATIC
HYDROCARBONS

In this study, the author has improved its previously proposed methods for determining the value of mass hourly emi-
ssions of benzene(a)pyrene and polycyclic aromatic hydrocarbons in diesel engine exhaust gases flow. The purpose
of the study is to obtain the values of complex fuel-ecological criterion that characterize the ecological safety level of
diesel engine exploitation process considering the emissions of benzo(a)pyrene and polycyclic aromatic hydrocar-
bons as toxic and carcinogenic pollutants. The distributions of such emissions have been obtained over the field of a
2Ch10.5/12 autotractor diesel engine operating modes field and over the modes of standardized steady testing cycle
ESC. The mathematical apparatus and method of application of complex fuel-ecological criterion of Prof. Igor Par-
sadanov have been improved. The author has obtained the distributions of these indicator values of ecological safety
level of power plants with reciprocating ICE exploitation process over the field of 2Ch10.5/12 autotractor diesel en-
gine operating modes of and over modes of standardized steady testing cycle ESC, as well as its average operating
value. It has been established that, average operating values of K criterion and the oKt effect for all investigated
variants of accounting for mass hourly emissions of B(a)P and PAH in diesel engine exhaust gas flow are almost
identical and reduce the value of the Kre criterion on 29 — 32 % — from 63 %o up to 42 — 45 %o.. The scientific novelty
of the obtained results is that the approach of Prof. Igor Parsadanov for criteria-based assessment of fuel-ecological
efficiency of autotractor diesel engines exploitation process as a part of power plant considering the of mass hourly
emissions of benzo(a)pyrene and polycyclic aromatic hydrocarbons with RICE EG flow as the toxic pollutants and
also methods for determining of such emissions and ponderability of such pollutants received further development
towards in direction of application of this mathematical apparatus for standardized steady testing cycles.

Key words: ecological safety, environmental protection technologies, power plants, reciprocating internal combus-
tion engines, pollutants emission, criteria-based assessment, benzo(a)pyrene, polycyclic aromatic hydrocarbones.

Introduction and problem statement

According to the results of the analysis of the ma-
thematical apparatus of the complex fuel-ecological
criterion of Prof. Igor Parsadanov (NTU «KhPl») Kg
described in the monograph [1] and improved in the
monograph [2] and developed on the basis of method
[3] found that it has the following advantages. 1) Ta-
king into account the values of the full set of legislative
normalized indicators of toxicity of exhaust gases of
reciprocating internal combustion engine (RICE). 2)
Availability of physical content. 3) Taking into account
the features of the engine exploitation model. 4) Ta-
king into account the value of the RICE fuel consum-
ption. 5) Availability of components that have mone-
tary equivalents. 6) Availability of an absolute internal
scale with one reference point, which characterizes the
specific assessment object. 7) Operation with specific
values of influencing factors.

However, the main disadvantages of the Ky crite-
rion are the following. 1) Failure to take into account
statutory norms or other special magnitudes of influen-
cing factors. 2) Obtaining only the average operating
values (the original mathematical apparatus described
in the monograph [2], does not give individual mode
magnitudes). 3) Dependence of the internal scale refe-
rence point value on the type and condition of the as-
sessment object. 4) Uncertainty for idling modes and
low informativeness for low effective power modes. 5)
Uncertainty of some aspects of the instrumental and

methodological component of the systematic error in
determining its values. 6) Impossibility to take into ac-
count a wider range of ecological safety (ES) factors
that are different in physical nature from emissions of
gaseous pollutants.

The same source formulates the concept of im-
proving the mathematical apparatus and method of the
Kr criterion application, one of the main points of
which is the partial overcoming of item 6 of the above
disadvantages, namely, the introduction of the criterion
of new ES factors into mathematical apparatus.

In particular, in the classification of ES factors,
the source of which is RICE in power plant (PP), pre-
sented together with the concept, with the correspon-
ding classifier, built on a hierarchical principle (see Ta-
ble 1 [2]), in addition to directly legally regulated fac-
tors — gaseous and aerosol pollutants in the flow of ex-
haust gases (EG), there are also legally regulated indi-
rectly — sulphur oxides SOy, polycyclic aromatic hyd-
rocarbons (PAH), heavy metal compounds, greenhouse
gases (COy), as well as non-regulated emissions of mo-
tor fuel and oil, aerosol of crankcase gases and water
vapor and some others. Such ES factors can in princi-
ple be introduced into the structure of the Ky criterion.

Other material ES factors contained in the classi-
fication, in order to be part of the influencing factors of
the mathematical apparatus of the K criterion, must
transform to the gaseous state (these are spills of liquid
pollutants), and those who under normal conditions can
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not make such transformation (waste, i.e. solids-pollu-
tants) such a mathematical apparatus cannot be taken
into account directly at all.

Table 1. Proposed hierarchical classifier of ES factors
the source of which are RICE [2]

Classifier . Current
Code Ecological Safety Factor Status
A POLLUTANTS 3/14
Aa Gaseous and aerosol substances- 2/8
pollutants
A.a.l Legislative normalized directly 2/2
Emission of products of uncompleted combus-
A.a.l.l tion of motor fuel in EG aerosol flow (CaHm, Yes
CO, PM)
Emission of products of complete combustion
A.a.l2 of motor fuel in EG aerosol flow (NOx) Yes
A.a.2 Legislative normalized indirectly 0/3
Aa2l Emission of sulphur oxides in EG aerosol flow No
(SOx)
Emission of PAH and compounds of heavy
A.a.2.2 metals in EG aerosol flow (benzo(a)pyrene, No
PAH, TEL)
Emission of greenhouse gases in EG aerosol
Aa23 | {50 (CO,, HO, CHi, NOY No
A.a.3 Legislative unnormalized 0/3
Emission of vapour of motor fuel and oil caused
A.a3.1 by phenomena of large and small reservoir No
breathing
A.a3.2 Emission of aerosol of carter gases No
A.a33 Increasing of atmospheric air humidity (H20) No
A.b Liquid substances-pollutants 0/6
A.b.1 Flammable and explosive 0/2
A.b.1.1 Pollution of environment by motor fuel No
A.b.1.2 Pollution of environment by motor oil No
A.b.2 Incombustible 0/2
A.b.2.1 Pollution of environment by cooling liquid No
A.b.2.2 Pollution of environment by breaking liquid No
A.b.3 Consistent 032
Ab31 Pollution of environment by consistent lubri- No
cants
ADb.32 E?dllutlon of environment by conservation lig- No
B HARMFUL INFLUENCE FACTORS 0/6
B.a Energetic pollution of environment 0/3
B.a.l Pollution of environment by noise and vibration No
B.a.2 Pollution of environment by heat No
B.aj P_ollutlon of environment by electromagnetic No
fields
B.b Informational pollution of environment 0/3
B.b.1 Pollution of environment by wrong information No
B.b.2 Pollution of environment by information noise No
B.b.3 Pollution of environment by disturbing factors No
B.c Consumption of non-renewable energy Yes 1/1
source
C WASTES (SOLID SUBSTANCES- 0/3
POLLUTANTS)
Pollution of environment by alloys of ferrous
Ca and non-ferrous metals No
Pollution of environment by polymer and com-
C.b posite materials No
Pollution of environment by glass and ceramic
C.c substances No

*A.a.ll, Aalz2, B.c - ES factors which are taken into account by
original mathematical apparatus; A.a.2.1, A.a.2.3, Aa3.1 - Aa3.3,
B.a.1, B.a.2 — ES factors which are manifested in normal exploita-
tion process of RICE and can be considered; A.b.1.1, A.b.1.2,
A.b.2.1, Ab.2.2, Ab.3.1, A.b3.2, B.a3, B.b.1 - B.b.3, C.a—C.c—
ES factors which are not manifested in normal exploitation process
of RICE but can be considered; A.a.2.2 — ES factor which are stud-
ied in this article.

The same applies to non-material ES factors, i.e.
harmful influencing factors — energy and information
pollution of environment. The only harmful factor that
can be taken into account in this case is the consump-
tion of a non-renewable energy source — motor fuel of
petroleum origin, which is partly devoted in mono-
graph [2].

There is the main alternative to the K criterion —
mathematical apparatus of integral index of ecology-
chemical evaluation of RICE of Prof. Pavlo Kanilo
(KhNAHWU) [4]. This criterion was applied in several
studies, that was analysed in the study [5].

It is known that RICE operational process produ-
ces significant mass hourly emissions of PAH inclu-
ding benzo(a)pyrene (B(a)P) as the toxic and carcino-
genic pollutants [4, 5].

However, the analysis of scientific and technical,
normative, reference and patent literature the results of
the studies of expansion the range of ES factors which
takes into account by the mathematical apparatus of the
Kt criterion was not revealed, so the implementation of
such research and analysis of its results is an relevant
scientific task.

Purpose of the study. Obtaining the values of
complex fuel-ecological criterion that characterized the
ES level of diesel engine exploitation process conside-
ring the emissions of benzo(a)pyrene and polycyclic
aromatic hydrocarbons as the toxic and carcinogenic
pollutants. Problem of the study. Obtaining the distri-
bution of values of complex fuel-ecological criterion
for autotractor diesel engine 2Ch10.5/12 on the stan-
dardized steady testing cycle ESC considering the emi-
ssions of benzo(a)pyrene and polycyclic aromatic hyd-
rocarbons as the toxic and carcinogenic pollutants. Ob-
ject of the study. Ecological safety of diesel engine
exploitation process the exploitation model of which
corresponds to testing cycle ESC. Subject of the stu-
dy. Influence of emissions of benzo(a)pyrene and poly-
cyclic aromatic hydrocarbons as the toxic and carcino-
genic pollutants on qualitative and quantitative aspects
of object of the study. Methods of the study. Analysis
of specialized scientific and technical, reference and
normative literature, analysis of results of motor bench
tests, basics of scientific discipline «Theory of RICE»,
«Theory of ESMS», «Environment protection techno-
logies», improved mathematical apparatus of complex
fuel and ecological criterion, method of least squares.

Tasks of the study

1. Analysis of features of complex fuel-ecological
criterion and standardized steady testing cycle ESC.

2. Obtaining of initial data set for implementation
of calculated assessment for standardized steady tes-
ting cycle ESC and diesel engine 2Ch10.5/12 as a part
of PP.
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3. Improving the application method for assessing
of value of mass hourly emissions of benzo(a)pyrene
and polycyclic aromatic hydrocarbons with RICE EG
flow and ponderability of such ES factor as the toxic
pollutants.

4, Calculated assessment of values of complex
fuel-ecological criterion for standardized steady testing
cycle ESC and analysis of its results.

Scientific novelty of obtained results. The appro-
ach of Prof. Igor Parsadanov for criteria-based assess-
ment of fuel-ecological efficiency of autotractor diesel
engines exploitation process as a part of power plant
considering the of mass hourly emissions of benzo(a)-
pyrene and polycyclic aromatic hydrocarbons with
RICE EG flow as the toxic pollutants and also methods
for determining of such emissions and ponderability of
such pollutants received further development towards
in direction of application of this mathematical appara-
tus for standardized steady testing cycles.

Practical value of obtained results. The obtained
results are suitable for providing the qualitative and qu-
antitative assessment of ES level of different types of
diesel engine exploitation process considering the emi-
ssions of benzo(a)pyrene and polycyclic aromatic hyd-
rocarbons with RICE EG flow as the toxic pollutant.

Analysis of publications

Results of using the mathematical apparatus of in-
tegral index of ecology-chemical evaluation of RICE
of Prof. Pavlo Kanilo, that is the alternative to mathe-
matical apparatus of complex fuel-ecological criterion
of Prof. Igor Parsadanov, which was improved by the
author for D21A1 [6] (2Ch10.5/12 in accordance with
ISO 3046-1:2002) autotractor diesel engine which op-
erates on modes of ESC standardized steady testing
cycle (in accordance with UENCE Regulations Ne 49
[7]) of this study presented in source [5].

Analysis fuel-ecological criterion of Prof. Igor
Parsadanov

The values of the criterion Ky for i-th RICE stea-
dy representative operational mode with value of we-
ight factor WF are determined by formula (1) and its
components — by formulas (2) — (5) [1, 2].

h
K =me '(1—[3)'103 = f£z_1(Ak -Gy )/Gfuel j' %o; (1)

h

D (Ac-Gy)= A(PM)-G(PM )+ A(NO, )- G(NO, ) +

3

+A(C,Hpy)-G(C,H,, )+ A(CO)-G(CO), ka/h; (2)
where the index i indicates the values for a separate re-
presentative mode of RICE operation or range in the its
exploitation model; Gl — mass hourly fuel consumpti-
on, kg/h; Gx — mass hourly emission of k-th pollutant in
EG flow, kg/h; Ax — dimensionless index of relative ag-
gressiveness of k-th pollutant in EG flow; h = 4 [4] -

number of pollutants in EG flow; 1. — effective effici-
ency coefficient; p — coefficient of relative exploitation
ecological monetary costs.

The average operational value of criterion Kg is
described by formula (2) as it was proposed in study

2.

N 7 N
K fome =1 z(Kfei WF, )/Z(WFi)lOOO, %o. (3)
i=1 i=1

Methods of obtaining of values of mass houly
emissions of B(a)P and PAH in criteria-based asses-
sment

In present study the following methods is propo-
sed for such assessment that takes into account the to-
xic influence of B(a)P and PAH emission on a human
in accordance of which formula (2) converts into the
formula (4) where value of coefficients 4(B(a)P) and
A(PAH) determine the formulas (5) and (6) [3, 4].

h
(A -Gy )= A(PM)-G(PM )+ A(NO, )-G(NO, )+
m=1
+A(C,H,,)-G(C,H,,)+ A(CO)-G(CO)+
+ A(B(a)P)-G(B(a)P)+ A(PAH)-G(PAH)
A =a oy Py - By, ®)
_ [MPC,,(CO)-MCP,,(CO)
“"\ MPC,(k)-MPC,, (k)

where ay — index of relative danger of presence of k-th
gaseous or aerosol pollutant in atmospheric air that a
human breathes; ox — correction that takes into account
the probability of accumulation of k-th gaseous or ae-
rosol pollutant in environment components, trophic
chains and admission to the human body by non-inha-
lation way; Bk — correction that takes into account the
probability of formation of other (secondary) pollutan-
ts, more harmful than the original, by the source of the
k-th gaseous or aerosol pollutant emitted into the atmo-
sphere; 6k — correction that takes into account the im-
pact of k-th gaseous or aerosol pollutant on other reci-
pients except a human; MPCa(CO) and MPCy(CO),
MPCaa(k) and MPCui(k) — maximum permissible con-
centration of reference (Aco = 1,0, MPC4(CO) = 3,0
mg/m3, MPCu(CO) = 20,0 mg/m? [5, 24]) and k-th pol-
lutant in air average day-and-night and maximal one-
time, mg/m?®,

The information about magnitudes of values
A(B(a)P) and 4(PAH) has been summarized in Table 2
from data in sources [4, 5].

In previous stage of this study, results of which ha-
ve been described in article [5], it was detected that in
case of considering of magnitudes of value of G(B(a)P)
in criteria-based assessment the magnitude of value
A(PM) is about 1.587-1072 % from total ponderability
of ecological component of criteion Kyr, magnitude of
value A(NOy) — 3.262-10° %, magnitude of value
A(CO) —7.932-10°° % and the rest of such ponderabili-

ka/h; (4)

: (6)
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ty 99.981 % is accounted for magnitude of value
A(B(a)P) — see Table 2. In case of considering of mag-
nitudes of value of G(PAH) the ponderability of such
pollutant is 0.990 % from total ponderability and for
value A(PM) — 1.571:102 %, value A(NOy) — 3.232:
1072 %, value A(ChHm) — 2.503-10* %, value 4(CO) —
7.826-107° %, value 4(B(a)P) — 98.991 % — see Tab. 2.

Table 2. Parameters of B(a)P as the pollutant in

composition of EG of diesel RICE [4, 5]

Indicator

Pollutant o o | Be | o A
CcO 1.0 1.0]101| 1.0 1.0
CnHm 0.63 1.0]50| 1.0 3.16
NO> 27.4 1011015 41.1
SOz 11.0 1.0]101| 20 22.0

C (Soot) 175 20|10 1.2 415
PM — — — — 200
B(a)P 6.3-10° | 20 [ 1.0 | 1.0 | 12.6:10°
PAH 6.3-10° | 20 [ 1.0 ] 1.0 | 12.6:10°

Obtaining of initial data set

In the previous stage of this study, results of
which are described in article [5], the improved appro-
ach was proposed for obtaining of components of for-
mula (4). Figures 1-3 show the distributions of the va-
lues of mass hourly emissions G(B(a)P) and G(PAH)
over the field of operating modes and ECS testing cyc-
le modes. Data from motor bench tests of 2Ch10.5/12
autotractor diesel engine have been obtained in studies
[8 —11].

Results of the study and their analysis

In the second stage of the calculation study, the
evaluation results for the following variants were obta-
ined (see Table 3).

Variant A — Reference — without taking into acco-
unt the values of G(B(a)P) and G(PAH).

Variant B — Single hydrocarbons — with conside-
ring the value of G(B(a)P), which is distributed over
the field of operation modes of the diesel engine simi-
lar to the value of G(CyHn).

Variant C — Dual hydrocarbons — with conside-
ring the values of G(B(a)P) and G(PAH), which are
distributed over the field of operation modes of the di-
esel engine similar to the value of G(CnyHn).

Variant D — Single particles — with considering
the value of G(B(a)P), which is distributed over the
field of operation modes of the diesel engine similar to
the value of G(PM).

Variant E — Dual particles — with taking into ac-
count the values of G(B(a)P) and G(PAH), which are
distributed over the field of operation modes of the die-
sel engine similar to the value of G(PM).

The results of the calculated study are illustrated
in Fig. 4 — 7. Fig. 4 shows the distribution of magnitu-

des the value of Z(Ax-Gk) by the modes of the ESC tes-
ting cycle for all variants of the study, Fig. 5 and 6 —
such distributions for the values of Ks and 8Kr. Fig. 7
shows the average operational values of Kg and 8Kse
for all study variants.

On Fig. 4 it can be seen that maximal magnitude
of of the value of X(Ax-Gy) for variant A (the best) (17
kg/h) reaches on mode Ne 10 (nominal effective power
Nes = 1750 rpm, M = 95 N-m) and minimal (1.5 kg/h) —
on made Ne 1 (minimal idle nes = 750 rpm, M= 0
N-m). For variant E (the worst): maximal (35 kg/h) —
on mode Ne 2 (maximal torque nes = 1250 rpm, M =
=110 N-m) and minimal (3.0 kg/h) — on mode Ne 1.

On Fig. 5 it can be seen that maximal magnitude
of the value of K criterion for variant A (68 %o) rea-
ches on mode Ne 8, minimal (3 %o) — on mode Ne 1.
For variant E: maximal (48 %o0) — on mode Ne 5, mini-
mal (1 %o) —on mode Ne 1.

G(B(a)P), g/h G (B(a)P) = f (G (PM))
0,015J
0,014
0,005+
- M=110 N'm
M =88 N'm
M =66 N'm
0+ M =44 N'm
o o M=22Nm
8 8 8 o ° M = 0,56 N-m
- 9 2 3 e
Nks, rpm - © ]
a)
G(PAH), g ﬁ G (PAH) = f (G (PM)) [
0,2-‘ 2 E_-——EE
- —
~

0,154

e ]

-

—
>~—~ M=110 N-m
M =88 N-m

Nke, rpm

Fig. 1. Distributions of magnitudes of values G(B(a)P)
=f(G(PM)) (a) and G(PAH) = f (G(PM)) (b) on oper-
ational modes field of 2Ch10.5/12 autotractor diesel
engine [5]
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Fig. 6. Distribution of magnitudes the value
of 0K+ by the modes of the ESC testing cycle

0 6.

for all

variants of the study
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Fig. 7. Average operation magnitudes of values
of Kre and 0K+ for all study variants

On Fig. 7 it can be seen that overage operation
magnitudes of values of K and 6K for all studied va-
riants of considering of mass hourly emissions of
B(a)P and PAH almost equal to each other and decline
the value of Ky criterion on 29 — 32 % — from 63 %o up
to 42 — 45 %o.

Conclusions

Thus, in present paper based on the improved me-
thods of determination of values of mass hourly emis-
sions of benzene(a)pyrene and polycyclic aromatic
hydrocarbons in diesel engine exhaust gases flow for
2Ch10.5/12 autotractor diesel engine and on modes of
standardized steady testing cycle ESC the mathemati-
cal apparatus and method of application of complex
fuel-ecological criterion of Prof. Igor Parsadanov, have
been improved.

Distributions of values of such indicator of ecolo-
gical safety level of power plants with reciprocating
ICE exploitation process on operational modes field of
2Ch10.5/12 autotractor diesel engine and on modes of
standardized steady testing cycle ESC and average
operation values have been recieved.

It has been reveled that average operation values
of values of criterion Kr and effect 5Ky for all studied
variants of considering of mass hourly emissions of
B(a)P and PAH in diesel engine exhaust gases flow al-
most equal to each other and declines the value of Ks
criterion by 29 — 32 % — from 63 %o up to 42 — 45 %e.

The research was carried out in the science and
research work of Applied Mechanics and Environment
Protection Technologies Department of National Uni-
versity of Civil Defence of Ukraine «Using of fuzzy
logic and psychophysical scales in a critical assess-
ment of the level of ecological safety» (State Reg. Ne
0119U001001, 2019 — 2021).
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OLIHIOBAHHSA MAJIMBHO-EKOJIOTTYHOI E@EKTUBHOCTI MMPOIECY EKCILUTYATAIIIT ITIOPITHEBOT'O
JAB3 EHEPTOYCTAHOBKH 3 YPAXYBAHHSM BUKHN/IIB BEH3(a)[IIPEHA TA TTIOJIIUKJITYHUX
APOMATHUYHUX BYIJIEBOJIHIB

0. M. Konopamenxo

V naHOMy JOCHIPKEHHI BIOCKOHAICHO 3alPOIIOHOBaHI aBTOPOM paHillle METOIMKY BU3HAYCHHS 3HAUYCHHS MacOBUX T'OJMH-
HUX BHKU/IB O¢H3(a)IipeHy Ta MOMIIUKIIYHUX aPOMaTHYHHUX BYTJICBOAHIB 3 IOTOKOM BiAIIPAIlbOBAaHHX I'a3iB AN3EIBHOTO JABUTY-
Ha. MeToIo JOCIIUKEHHS € OTPUMAaHHS BEJIMYMH KOMIUICKCHOTO MaJMBHO-EKOJOTIYHOTO KPHUTEPIIo, sIKi XapaKTepH3yIOTh PiBEeHb
€KOJIOTIUHOI Oe3MeKN MpOoIeCcy eKCIUTyaTallii JU3eIbHUX ABUTYHIB 3 ypaxyBaHHSIM BHKHUIIB OeH3(a)mipeHy Ta MOTIIUKIIYHHX
apOMaTUYHUX BYTJICBOHIB K TOKCHYHUX Ta KAHLEPOTCHHUX MOMIOTAaHTiB. OTPUMAHO PO3IMOIIIN TaKUX BUKUIB IO MOJIO po0o-
49X PEXUMIB aBTOTpakTopHOro mu3ens 2410,5/12 Ta 3a pexkuMaMu CTaHIAPTU30BAHOTO CTAI[iOHAPHOTO BHIIPOOYBAIHHOTO IIHK-
my ESC. BrockoHaneHO MaTeMaTHYHHN amapaT Ta METOIHUKY 3aCTOCYBaHHS KOMIUIEKCHOTO MAIMBHO-EKOJOTIYHOTO KPUTEPiro
mpod. Irops [Mapcaganosa. OTpHUMaHO PO3MOAINTK 3HAYCHB [[LOTO MOKA3HUKA PIBHS €KOJIOTIYHOT OE3MEKH MPOIECy eKCIUTyaTallii
€HeproycTaHoBok 3 nopuraeBuM /IB3 mo momo pobounx pexxumiB aBroTpakTopHoro ausens 2410,5/12 ta 3a pexuMaMu CTaH-
JTapTH30BaHOTO CTallioHapHOTO BUNpoOyBansHoro nukiry ESC, a Takox Horo cepeHboeKCILTyaTalliiiHe 3Ha4eHHs. BeranosieHo,
IO CcepefHbOCKCIUTyaTaliiHi 3HaueHHs1 kputepito Kr Ta epexry 6Kfe 11t ycix mocmimKeHHX BapiaHTIB BpaxyBaHHS MacOBHX
roguaHEX BUKUAiB B(a)ll i [IAB 3 moTokoM BinmparboBaHUX Ta3iB JU3ENs MaibKe iJeHTHYHI OJHE OJHOMY Ta 3HHXKYIOTH 3Ha-
geHHA kpuTepito Kre Ha 29 — 32 % — 3 63%0 10 42 — 45 %o. HaykoBa HOBHM3HA OfEpKAaHUX PE3y/IbTATiB MOJIATA€ B OTPUMAHHI
MOJANTBIIOTO PO3BUTKY Miaxony mpod. Irops [lapcamaHoBa 1momo KpuTepiiB OLIHIOBaHHS HaJHMBHO-EKOJOTIYHOI eeKTUBHOCTI
IpoIecy eKCIUTyaranii aBTOTPaKTOPHUX AN3ENbHUX IBUTYHIB SIK YACTUHM €HEPrOYCTAHOBKH 3 YpaxXyBaHHSIM MacOBHX TOIWHHUX
BUKHJIB OeH3(a)mipeHy Ta MONIIMKIIYHAX apOMaTHYHUX BYTJICBOIHIB 3 MOTOKOM BiJIpalbOBaHUX Ta3iB mopiuHeBoro JIB3 sk
TOKCHYHHX IOJIIOTAHTIB, & TAKOX B PO3POOJICHHI METOIVKH BH3HAYEHHS TaKMX BHUKHUIIB Ta X BaroMOCTi Y HaNpsSMKy 3acTOCY-
BaHHS [[bOr'0 MaTEMaTHYHOTO anapaTy Ul CTaHAapTH30BaHUX CTA[iOHAPHUX BUIPOOYBATBHUX [IUKIIIB.

Kurouosi ciroBa: exonoriuHa 6e3rneka; TEXHOJIOTIT 3aXUCTy HABKOJIMIITHBOTO CEPEIOBHUINA; CHEPTEeTHYHI YCTAHOBKH; TTOPILI-
HEBi JIBUTYHH BHYTPILITHBOTO 3TOPSHHSA; BUKUIH MOJIIOTAHTIB, KpUTEpiaJbHE OLIHIOBaHHS, OcH3(a)MipeH; NOMIUKIIYHI apoMaTH-
YHi BYTJIEBOJIHI.

OILIEHKA TOILIABO-3KOJOI'MYECKOM 3®@®EKTUBHOCTH ITPOLECCA SKCILIYATALUU
MNOPIIHEBOTI'O ABC QHEPI'OYCTOHOBKMU C YYETOM BbIEPOCOB BEH3(A)IIMPEHA
U NNOJIMIUKINYECKUX APOMATHYECKHUX YIVIEBOAOPOJ10B

A. H. Konopamenko

B naHHOM HCCleIOBaHMM YCOBEpPLICHCTBOBAHBI MPEIOKEHHbIE aBTOPOM paHee METOJUKH ONpEAETIeHHs 3HAYeHUs Macco-
BBIX YAaCOBBIX BHIOPOCOB OeH3(a)THpeHa U MONUIMKINYECKUX apOMATHYECKUX YIIICBOJOPOAOB C MOTOKOM OTPabOTaBLIMX Ta30B
J3eIbHOro ABHraTers. Llenpio necaenoBanus SBISETCs OTydeHHEe BEITMYHH KOMIUIEKCHOTO TOIUIMBHO-KOJIOTHYECKOTO KpUTe-
pHs, XapaKTepU3YIONIUX YPOBEHb SKOJIOTHIECKOH OE30IIacHOCTH Ipolecca SKCINTyaTalllH IHM3ENbHBIX JBUTAaTeNed C ydeToM
BBIOPOCOB OeH3(a)IMpeHa U MONMUIUKINIECKUX apOMaTHIECKUX YTIIEBOJOPOIOB KaK TOKCHYHBIX U KaHI[EPOTCHHBIX ITOJIIOTAHTOB.
[onmy4eHsl pacpeneneHuss TaKHX BBIOPOCOB IO MO0 paboduX peXHMOB aBTOTpakTopHOro amzens 2410,5/12 u mo pexxumam
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CTaHapTU3UPOBAHHOTO CTAIIMOHAPHOTO UCIBbITaTeNbHOTO IKKia ESC. YcoBepIeHCTBOBaHB MaTEMAaTUUECKHI anmapar u MeTo-
JMKa IPUMEHEHHs] KOMIUIEKCHOTO TOIUIMBHO-3KoJIorHdeckoro kpurepus npod. Urops Iapcananosa. IlomydeHs! pacipeneneHus
3HAYEHUH 3TOr0 MOKa3aTelNlsl YPOBHS 3KOJIOTMYECKOil 6€30IacHOCTH IMpolecca SKCILTyaTallud SHEProyCTaHOBOK C MOPIIHEBBIM
JBC no nomo pabounx pexxuMoB aBToTpakTopHOro ausens 2410,5/12 1 no pexnMaM CTaHIapTU3UPOBAHHOTO CTAIOHAPHOTO
ucnsITatensHoro mukiaa ESC, a takke ero cpemHesKCIuTyaTalliOHHOE 3HAYeHHe. Y CTAHOBIICHO, YTO CPEIHEIKCIUIyaTallnOHHEIe
3HaueHns kputepns Kre u adpexra dKre A BceX HMCCIeTOBAHHBIX BapHAaHTOB ydeTa MAacCOBBIX 4acOBBIX BEIOpocoB B(a)ll u
ITAY c motokoM 0TpaboTaBIIMX ra3oB AW3EIS TOYTH HICHTHIHBI APYT APYTY U CHIDKAIOT 3HaueHue kpurepus Kr Ha 29 — 32 %
— ¢ 63 %0 10 42 — 45 %o. HayuHas HOBU3HA MOTyYEHHBIX PE3YIbTATOB 3aKIIOYAETCS B TOM, UTO TOIYYHII AalbHEHIIee pa3BUTHE
noxaxox npo¢. Urops ITapcaganoBa kK KpUTEPUATFHOMY OLICHHBAHUIO TOIUIMBHO-3KOJIOTHYECKOH 3()(heKTHBHOCTH Hpoliecca IKC-
IUTyaTallud aBTOTPAKTOPHBIX IU3EIbHBIX ABUTaTeNedl Kak 4acTH SHEPrOyCTAHOBKM C YUYETOM MACCOBBIX HacCOBBIX BBIOPOCOB
OeH3(a)TUpeHa U MOJMLIUKINYECKAX apOMaTHYECKUX YTJIEBOJOPOJOB C MOTOKOM OTpaboTaBIIMX ra3zos mopurHeBoro [IBC kak
TOKCHYHBIX ITOJIFOTAHTOB, a TAKXKE B pa3pabOTKe METOIVKH OIIPE/ICNICHNs TaKHX BEIOPOCOB M MX BECOMOCTH B HAIIPABJICHUH NIPHU-
MEHEHUSI 3TOT0 MaTeMaTHYEeCKOT0 aIapaTa Uil CTaHIapTU3NPOBAHHBIX CTAMOHAPHBIX HCIBITATENEHBIX IIUKIIOB.

KnroueBble ci1oBa: sKoyornueckasi 6€30IMacHOCTD; TEXHOJIOTHH 3alUTHI OKPYKAaroIIel cpelbl; SHePreTHIeCKUe YCTaHOB-
KU, TOPIIHEBHIE JIBUTaTeNI BHYTPEHHEr0 CrOpaHus; BHIOPOC IOJUIIOTAaHTOB, KPUTEPHAIBHOE OI[CHHUBAaHHE, OeH3(a)IUpeH; HOJH-
[UKJIMIECKHE apOMaTHIECKHE YTIEBOIOPOIBL.
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AL Ilonue’anuyx

PEAJIIBAIIISA HA BA3I MIKPOTYHEJIIO METOAY TUHAMIYHOI'O KOHTPOJIIO
KOHIEHTPAIIIU TBEPIUX YACTUHOK Y BIANTPAIBOBAHUX I'A3AX TIU3EJIIB

Tpoananizosano cyuacHi memoou OUHAMIYHO20 KOHMPOTIO 8UKUOIE MBEPOUX YACIUHOK 3 8IONPAYbOBAHUMU 2A3AMU
Ousenie. Poszensmymo npunyunu Oii ma mexuiuni xapaxmepucmuxu memooig: Method for Real-Time Mass
Microbalances, Tapered element oscillating microbalance — TEOM, Quartz Crystal Microbalance — QCM ma Laser
Induced Incandescence — LII. Bcmanogieno, wo mounicms yux menodie 3abesneuye MOXCIueicmy 6UMIpI08aHb HAO-
HU3LKUX KOHYEHMPayili meepoux yacmuHox 3 yymaugicmio 0o +2 mxe/m® 6 dianazonax: 1,25 ... 0,25 ... 0,063 me/m®,
8I0N08IOHO 00 sumoe Hopm €8po-3, €epo-4,5 ma €epo-6, a wEUOK0is 6KAZAHUX MemOOi8 3abe3neuye MONCIUGICb
KOHMPONIO MUMMEBUX 3HAUEHb GUKUOIE MBEPOUX YACMUHOK 6 X0Oi 6UKOHAHHS MPAHIIEHMHUX GUNPOOYBATTbHUX YUK-
aie ouzenie: European Transient Cycle (ETC), Worldwide Transient Vehicle Cycle (WTVC), Worldwide heavy-duty
transient cycle (WHTC) ma in. Ha ocnosi ananisy éxazanux memoois, c8imogoco ma GimuusHAHO020 00C8idy cmeo-
Ppenna i ekcnayamayii cucmem eKONOIYHOI OlaeHOCMUKU OU3ENi8 3aNPONOHOBAHO Ol NPAKMUYHO20 3ACMOCYBAHHSL
Memood OUHAMIYHO20 KOHMPOIIO KOHYEHMPAYill Meepoux YacmuHoK 3 ONMUYHUM yymausum eiemenmom. Cymuicmo
0aH020 MeMOOy NONAZAE Y HENPAMOMY SUSHAUEH] MUMMESUX KOHYSHMPAYill M8ePOUX YACMUHOK 3d NOKASHUKOM ON-
MUYHOT Henpo30pOCmi — OUMHOCII GIONPAYbLOBAHUX 24316 OU3ENSL 3 BUKOPUCIAHHAM eMRIPUUHOL 3ANEHCHOCME MIdNC
YUMU BETUNUHAMU, KA 6CIAHOBIIOEMbCS 8 X001 KANIOPYBAHHA ONMUYHO20 OemeKmopa meepoux YacmuHoK pagi-
MempuuHo cucmemoio — mikpomynenem MKT-2. Posensinymi npunyunoga cxema 0ano20 mMemooy, mexHiuHi 3acoou
ons 1020 peanizayii, 00 AKUX GIOHOCAMbCS. HACMKOBONOMOKO8A CUCMEMA PO30ABIeHHs BIONPAYbOBAHUX 24316 NOGI-
mpsim 3 MKT-2 ma OunamiuHuii Oemexkmop meepoux YacmuHoK. Bcmanosneno makcumanso 0onycmumi 3HaUeHHs
Koeghiyienmis posdasienHa ionpayvosanux 2asie nosimpam 6 MKT-2, npu axux s3abesneyyemvcsi nompiona mou-
Hicmb 8UMIPIOBab KOHYEeHMPayiti meepoux 4acmuHoK onmuyHum oemexkmopom 3 uymausicmio + 0,1 % 3a wixanoio
Hartridge npu ionosionocmi pieHie euxkudie meepoux 4acmuHox ousens sumozam Hopm €8po 3-6.

Knrwwuoei cnosa: ousenv, gionpayvosani 2azu, meepoi YaCMUHKY, OUHAMIYHULI KOHMPOIb, MIKDOMYHelb, KOHYeHmpa-
Yist, OUMHICMb.

BECh Marepiaj, 3i0paHuil Ha crerialbHUX (QUIBTPYIO-
4yux 3acobax micis mpornyckanHs depe3 Hux BT, po3-
0aBJIEHUX YMCTHM IOBITPSM JI0 TEMIIEPaTypH, IO He
nepesuirye 52 °C [1].

Beryn

Bimomo, mo poboTa TpaHCHOPTHUX AHM3EIIB pi3-
HOTO TIPHU3HAYCHHS CYNPOBOJDKYETHCS BHUKHIAMHU Y
aTMoc(epy HIKIUIMBUX PEUYOBHH — IPOJYKTIB 3rOpsiH-

HS TIAJIMBA, 1[0 CIIPHUSE PO3BUTKY JIOKAJIBHUX Ta III00a-
JBHHUX EKOJIOTIYHHX MPOOJIEM HaBKOJHIIHBOTO Cepe-
JIOBHIIA, TaKWX SK: MAPHUKOBHH e(eKT, pyHHyBaHHS
030HOBOTO HIapy arMoc¢epH, MOTIpIIEHHS SKOCTi HOo-
BITpS, YTBOPEHHSI CMOTiB, BUIAIiHHSI KHCIOTHUX OIla-
IiB Ta 1H.

Jo ckimany HaiOuLTEII HeOE3MeYHUX 3a i€l Ha
OpraHi3M JIFOJHA Ta JTOBKIUIA 3a0pYAHIOIOUUX PEYo-
BHH y CKJIaJli BifnpaipoBaHux rasis (BI') muzenis Bif-
HocsATh TBepai 4actuHKU (TY), ski BHU3HAYAIOTH SK

st 3a0e3nedeHHs epeKTHUBHOTO KOHTPOJIIO HOP-
MOBaHUX BUKHIIB am3enbHuX TU mependadeHo BUKO-
PHUCTaHHS CKJIQAHUX BHCOKOBAPTICHUX BHMIipIOBANb-
HHUX KOMIIJIEKCIB — pO30aBIsIFOYMX TYHEIIB, SIKI B yMO-
Bax IHTEHCHBHOI €KOJIOTiYHOi MOJEpHi3aIii cydacHHX
JIBUTYHIB TIOBUHHI MaTH TaKi BIACTUBOCTI, SIK: BHCOKa
YHIBEPCAJIBHICTh — MOXJIMBICTh BHKOPUCTAHHS IPU
MIPOBEACHH] €KOJIOTIYHOI AIaTHOCTHKH AW3ETIB Pi3HUX
TUIIIB aBTOMOOITBPHUX, TEIUIOBO3HUX, TPAKTOPHUX,
CYZAHOBHX Ta iH.; BUCOKAa TOYHICTH — MOJKJIUBICTH BH-
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