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FEATURES OF DETERMINATION OF THE EFFICIENCY OF DEVICES FOR
IMPROVEMENT OF ECOLOGICAL SAFETY LEVEL OF VEHICLES WITH
RECIPROCATING ICE EXPLOITATION

This article describes the results of analysis and numerical study of prof. I.V. Parsadanov conversion formula as the
one of relevant issues of the metrological features of determination of particulate matter mass hourly emission in ex-
haust gases flow of reciprocating internal combustion engine on the testing bench without dilution tunnel. Purpose of
the study is detection of relationship between magnitudes of cleaning efficiency coefficients of particulate matter filter
of diesel reciprocating internal combustion engine for unburned hydrocarbons volume concentration in exhaust gas
flow and emission of particulate matters with using of conversion formula for whole diapason of changing of influen-
cing factors. Object of the study is efficiency of operation of system of neutralization of legislative normalized pollu-
tants in diesel internal combustion engine exhaust gases flow, namely particulate matter filter. Subject of the study is
relationship between magnitudes of indicators that characterized object of the study which connected with each other
by conversion formula. It was showed that the magnitudes of values of efficiency coefficients of operation of particu-
late matter filter of diesel reciprocating internal combustion engine for indicators of opacity and concentration of un-
burned hydrocarbons in exhaust gas which was obtained by direct measurements during bench motor tests and also
mass hourly emission of particulate matter in exhaust gas flow which was obtained with using of the conversion for-
mula, is not equal to each other for every individual operational regime of diesel engine. Calculation assessment and
graphical illustration of relationship between magnitudes of this coefficients for unburned hydrocarbons volume con-
centration in exhaust gas flow and emission of particulate matter for whole diapason of changing of influencing fac-
tors was carried out. For the first time it was detected the differences between magnitudes of values of efficiency co-
efficients of particulate matter filter operation process of diesel internal combustion engine in pairs for mass hourly
particulate matter emission with exhaust gases flow and opacity and toxicity of exhaust gases which connected with
each other by conversion formula.
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Introduction
In the 1% part of the study [1] was shown that the

process of accident-free exploitation of power plants,
namely vehicles, with reciprocating internal combusti-
on engine (RICE), namely diesel, is characterized by
certain indicators of its ecological safety level [1]. One
of the main of legislative normalized indicators of that
level is mass hourly emission of particulate matter
(PM) in exhaust gas (EG) flow Gpwm in kg/h [2, 3]. The
methodological basis of ensuring of necessary ecologi-
cal safety level of the process is appropriate ecological
safety management system (ESMS) that was developed
and described in [2, 4]. The main manner for solving of
the task is decreasing of magnitude of Gpm by the way
of processing of EG flow (neutralization), namely puri-
fication of EG flow from PM (filtration), and also the
main instrument for such solving is diesel particulate
matter filters (DPF) of different constructions [2]. Effi-
ciency of functioning of ESMS should be assessed
complexly with using of different known criteria based
mathematical apparatuses [4, 5], which should takes
into account the value of Gpwm.

Problem statement

The value of Gewm in accordance to normative do-
cuments should be obtained by experimental way thru
using of gravimetric method and such measuring ins-
truments as full- of partial-flow dilution tunnels [4, 5].
It should be noted that cost of such complexes of mea-
suring instruments of foreign manufacturing are in ran-

ge from two hundreds to two millions US dollars. But
nowadays in Ukraine there are only two such com-
plexes and only one of them are certificated. It means
that the most of scientists who works within ICE field
of knowledge such measuring instruments is not avai-
lable.

In connection of worded above problem the wide-
spread becomes the conversion formulas of different
types that allows to converts the magnitudes of indica-
tors of opacity (coefficient of weakening of light flux
Np in %) and toxicity (volume concentration of un-
burned hydrocarbons Ccn in ppm) of EG into the mag-
nitudes of Gpwm value. Thus we are talking about the
usage of readings of other measuring instruments that
are more affordable and less expensive, namely opaci-
meters (around 2 thousand US dollars) and mul-
ticomponent gas analyzers (around 3 thousand US dol-
lars). There are several known conversion formulas —
Parsadanov [3], Alkidas [6], Muntean [7], MIRA [8],
but the most widespread in Ukraine is the first of them.

The degree of purification of RICE EG flow from
legislative normalized pollutant, namely PM, with us-
ing of aggregate of vehicle EG neutralization system,
namely DPF, is characterized by magnitude of appro-
priate cleaning efficiency coefficient Kce [1, 2, 5]. In
case when such device executes the purification of
RICE EG flow from several pollutants simultaneously,
albeit with different efficiency, than interest of scien-
tific and technical kind is the task about relationship
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between magnitudes of values of cleaning efficiency
coefficients for different types of pollutants.

In case when the one ecological safety indicators
of studied process forms the others and connected with
each other by appropriate conversion formulas then
worded above task takes the nature of methodical and
instrumental errors [1, 2] what are the relevance of the
study. Besides the additional relevance such to the
study gives the results of intensive development of
alternative energetic, namely solar energy technologies
that based on photovoltaic converters which based on
nanostructured semiconductor materials.

The data obtained by calculations using of obser-
ved conversion formula are in initial data set for execu-
ting of complex criteria-based assessment of ES level
of accident-free exploitation process of power plants
with PICE [4, 11].

Purpose of the study

Detection of relationship between magnitudes of
cleaning efficiency coefficients of DPF for unburned
hydrocarbons volume concentration in exhaust gas
flow and PM mass hourly emission with using of con-
version formula. Object of the study is efficiency of
operation of system of neutralization of legislative nor-
malized pollutants in diesel RICE EG flow, namely
DPF. Subject of the study is relationship between mag-
nitudes of indicators that characterized object of the
study which connected with each other by conversion
formula. Tasks of the study are the following. 1. Ana-
lysis of features of prof. 1.V. Parsadanov conversion
formula. 2. Determination of dependences of magnitu-
des of efficiency coefficients of DPF operation process
from readings of measuring devices. 3. Calculated
study of relationship between magnitudes of efficiency
coefficients of DPF operation process for unburned
hydrocarbons volume concentration in exhaust gas
flow and PM mass hourly emission that connected with
each other by conversion formula for different constant
magnitudes of indicators of EG opacity. 4. Qualitative
and quantitative analysis of the calculation study re-
sults.

Analysis of publications

In studies [2, 4] was developed ESMS of exploi-
tation process of vehicle with PICE; in study [3] was
proposed the conversion formula that developed based
on results of analysis of data from certification tests of
autotractor diesel engine SMD-31 on motor testing
bench of Ricardo firm that equipped with full-flow di-
lution tunnel of AVL firm; in studes [4, 5] was investi-
gated the certain metrological features of the conver-
sion formula with using of mathematical apparatus of
Pierson curves family; in studies [6 — 8] was proposed
the other conversion formulas; in studies [9, 10] sho-
wed the experimentally obtained data about operational

characteristics of DPF of nontraditional construction
that used in this study as initial data for calculations
and detects the differences in magnitudes of cleaning
efficiency coefficients of DPF for opacity, emission of
PM and unburned hydrocarbons in diesel RICE EG
flow; in studies [4, 11] presented the results of calcu-
lation studies of certain aspects of application of com-
plex fuel and ecological criterion for assessment of ES
level of accident-free exploitation process of power
plants with RICE, that operates with magnitudes of PM
reduced effective mass hourly emissions obtained us-
ing the conversion formula. Other researches [13 — 21]
are dedicated to close topic of the study scientific area.

The MIRA (The Motor Industry Research Asso-
ciation) conversion formula is described by formulas

(1) -G [8].

N =100-(1—exp(-&-1-C)), %; (1)
Cc =In(L—N/100)/(e-1), g/m?; )
e=3-d2/(2-p-d2), mig; ®)

where Cc — PM volume concentration in EG flow,
g/m3; £ = 6,82 m2/r — specific coefficient of light flax
transmittance; p = 1 g/m® — PM density; da = 0,1-10°8
m — PM equivalent projective diameter; dy = 0,13-10°°
m — PM equivalent volume diameter.

A.C. Alkidas'a conversion formula has the follo-
wing form [6]:

Ce =565-(In(10/(10—BSU ))}-*®, mg/m?;  (4)

where BSU — EG flow opacity of Bosch scale.

G.G. Munteana conversion formula [7]:
Cc =(~184-BSU —727,5)- log(L— BSU /10) ,mg/m?.(5)

Ratio between measurement units of EG folw

opacity for the Harritage scale HSN and the Bosch
scale BSU describes formula (6) [5].

HSN =-2,64-107*-BSU 2 +
+0,111642 - BSU —1,023-107° '
Analysis and calculated investigation of prof.
1.V. Parsadanov conversion formula
The said conversion formula that described in

monograph [3] and was transformed in this study for
greater clarity has the following form.

Gen = (@-Np +b- N3 +¢-Cepy +d-CZy )k, kg/h; (7)
a =2,3-10° kg/(h-%); b =5,0-10° kg/(h-%2);
c=0145- f , kg/(h-ppm); d =0,33- f 2 kg/(h-ppm?);

4,78-10°% (G, + G )
T 0,7734-G,, +0,7239-G; '
k=10"2-(0,7734-Gy;, +0,7239-G, ), kg/h. (9)

where Gr and Gair — mass hourly fuel and air consump-
tion of PICE, kg/h.
In accordance with results of motor bench tests of

(6)

(8)
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autotractor diesel engine 2Ch10.5/12 exhaust system of
which equipped with DPF that given in studies [9, 10]
for specific points of RICE operational regimes field
we can conclude the following points (see Table 1).
Magnitude of the value Np changes in the range from
20 % (regime of minimal idle — regime A) to 70 % (re-
gime of maximal torque — regime C); magnitude of the
value Ccy changes in the range from 70 ppm (regime
of nominal power — regime B) to 210 ppm (regime A);
magnitudes of the values Kce(Gpwm), Kce(Np) and
Kce(Ccr) are not equal each other for the same steady
PICE operational regimes (points of RICE operational
regimes field); magnitudes of the values Np and Cey
has nonlinear impact on magnitude of the value Gpu
because in formula (7) these values are both in the first

and in the second degree; magnitude of the value Np in
the range that observed on motor test bench has much
more significant impact on the value Gpu than the
magnitude of value Ccy. Equation (7) is illustrated on
Fig. 1 in form of isolines family with constant magni-
tudes of influencing factors.

Analysis of relationship between magnitudes of
operation efficiency coefficients of DPF for unbur-
ned hydrocarbons volume concentration in EG flow
and PM emission

The data that experimentally obtained during
bench motor tests of operational characteristics of DPF
which was developed with the participation of the au-
thor of this study showed in studies [9, 10] and was
used in the study as initial data.
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Fig. 1. Isolines of dependences of magnitude of mass hourly PM emission in PICE EG flow Gpm
from the magnitudes of values coefficient of weakening of light flux Np and volume concentration
of unburned hydrocarbons in EG flow Ccn

Table 1. Parameters of operation of 2Ch10.5/12 diesel engine and DPF for specific operations regimes

Parameter Nks Mr | Ne | Gruel | Gair | APpopF | AGruet | No | CcH | Gem | Kce(Np) | Kce(CcH) | Kce(Gpwm)
Measur. units | rpm | N-m | kW | kg/h | kg/h kPa % % | ppm | g/h % % %
?;?;T;I S 800 | 00 | 00 | 0493 | 488 51"2034(?; 51&? 191 | 210 | 26 Sszﬂ 21;‘51 3515
?}ec?r:ﬁils 1800 | 95 | 17,9 | 4,321 | 1091 1%,%?)*** 3;3; 389 | 72 | 147 5363;* 27293 égg
?rflgixm&g 1200 | 110 | 138 | 3593 | 72,3 ﬁ’iﬁl ;ggi 676 | 105 | 22,7 ?523** 293"?"11 §§’55

Notation: * marks the parameters of DPF that is not filled by PM at all (at the beginning of the DPF interregeneration period);
** marks the parameters of DPF that is completely filled by PM (at the end of the DPF interregeneration period)

KCE(GPM )= (GPM.ICE _GPM.DPF )/GPM.ICE 100%’ (10)
KCE(ND = (ND.ICE - ND.DPF )/ ND.ICE 100%1 (11)

KCE (CCH ): (CCH.ICE _CCH.DPF )/CCH.ICE -100% ’ (12)
where indexes DPF and ICE marks the values for the

Under the term “DPF operational efficiency coef-
ficient for opacity, PM and unburned hydrocarbons
emission” we understand the values that described by
formulas (10) — (12).
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cases of PICE exhaust system of which equipped and
not equipped with DPF respectively.

From the results of analysis of data from studies
[9, 10, 12] we can conclude the following points (see
Table 1). Studied DPF improves simultaneously indi-
cators of EG opacity (Np) and EG toxicity (Ccx), but
together with declination of indicators of PICE fuel ef-
ficiency — from 0.73 % (regime B) to 1.08 % (regime
C) at the beginning of the DPF interregeneration period
(*) and from 3.65 % (regime B) to 5.40 % (regime C)
at the end of the DPF interregeneration period (**) be-
cause it has the hydraulic resistance — from 1.046 kPa
(regime A*) to 3.844 kPa (regime (B*) and from 5.230
kPa (regime A**) to 19,220 kPa (regime B**). Magni-
tude of the value Kce(Gpwm) changes in the range from
32.5 % (regime A*) to 75.5 % (regime C*) and from
60.1 % (regime A**) to 85.5 % (regime C**). Magni-
tude of the value Kce(Np) changes in the range from
28.3 % (regime A*) to 62.0 % (regime C*) and from
53.4 % (regime A**) to 75.3 % (regime C**). Magni-
tude of the value Kce(Ccn) changes in the range from
7.9 % (regime B*) to 14.1 % (regime A*) and from
22.3 % (regime B**) to 27.5 % (regime A**). Magni-
tude of the value Gpm changes in the range from
2.6:102 kg/h (regime A) to 22,7-10° kg/h (reg. C).

Dependences of magnitudes of the values
Kce(Gem) and Kee(Ccn) from magnitude of the value
Cch.ice at invariant magnitude of the value Ccn.ppr for
different diapasons of values of readings of gas analy-
zer is presented on Fig. 2.

On the Fig. 2 it can be seen that magnitude of the
values Kce(Gpm) and Kce(Cen) in case of invariant va-
lues of readings of gas analyzer and presence of DPF
Cch.opr are depends from the values of readings of gas
analyzer and absence of DPF Cch.ce honlinearly and
also curvature of them decreases almost to zero due to
decreasing of the value Cch.prr as well as difference
between magnitudes of the values Kce(Gem) and
Kce(Cen) that also increase due to increasing of value
CcH.ice.

On the Fig. 3 there are curves of dependences of
relationship between magnitudes of values Kce(Gpwm)
and Kce(Ccn) from magnitudes of values Npce (rea-
dings of gas analyzer) at constant magnitude of value
Np (readings of opacimeter) that averaged on the step
ACcH = 10% for whole diapasons of change of magni-
tude of influencing factors Cch.ice = 0 — 5000 ppm and
Np = 0 — 100%.

Also on Fig. 3 showed the dependence of value of
ratio ACcn/Ccn from value Cc.ice.
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Fig. 2. Dependences of magnitudes of the values Kce(Gpm) and Kee(Cer) from magnitude of the value Cen.ice
at invariant magnitude of the value Ccn ppr for different diapasons of values of readings of gas analyzer

On the Fig. 4 there are curves of dependences of
relationship between magnitudes of values Kce(Gpwm)
and Kce(Ccn) from magnitudes of values Ccr.ce at
constant magnitude of value Np = 0 ppm and constant
magnitude of value Cch.opr and Ccx = 0 — 500 ppm.

Thus, the Fig. 2 shows, that magnitudes of value
Kce(Cch) always less than magnitudes of value Kce
(Gpwm). It means that in the case of assessment of DPF
operational efficiency with using of the magnitudes of
value Kce(Cch) such efficiency will always be under-

valued in comparison with the case of using of magni-
tudes of value Kce(Gpwm). The magnitude of such effect
depends from magnitudes of value Cch.ice (there is di-
rect correlation) as well as from magnitudes of value
Cch.opr (there is reverse correlation). The qualitative
aspects of that effect which was determined on the
Fig. 2 can be assessed quantitatively based on data
shoved on the Fig. 3. It can be seen that the magnitude
of such effect depends from magnitudes of value Np
and reaches of its maximum 135 % at Np =0%, Cch.ice
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=500 ppm and also Kce(CcH) = ACcn = 10 ppm.
On the Fig. 3 can bee seen that magnitude of ratio of
coefficients Kce(Gem)/Kce(Ccn) on every selected step

ACch = Cchiice — Cchore = 10 ppm has nonlinear depe-
ndence from magnitudes of the value of Cch.ice and in-
crease with it at any magnitudes of the value Np.
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Fig. 3. Curves of dependences of ratio between magnitudes of values Kce(Gem) and Kce(Cer) from magnitudes
of values Ccpice at constant magnitude of value Np that averaged on the step 4Ccx = 10 ppm for whole diapasons
of change of magnitude of influencing factors Npjce = 0 — 100 % and Ccy = 0 — 500 ppm
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Fig. 4. Curves of dependences of relationship between magnitudes of values Kce(Gpm) and Kee(Cen)
from magnitudes of values Ccxice at constant magnitude of value Np = 0 % and constant magnitude
of value Ccuppr and Cey = 0 — 2500 ppm

The border curve at Np = 0 % is not contain the
points with magnitudes less than 1.0 and maximum
value 1.35 the observed ratio reaches at Cch.ice =
=500 ppm and then “go on the shelf”. Curvature of
isolines decreases with increasing of magnitude of the
value Np and at Np = 25 % comes to naught and then
change the sign. Influence of magnitudes of the value
No on magnitudes of the value observed ratio until Np
= 15 % with increasing of magnitudes of the value
Cch.ice up to 250 ppm are growing and at Np > 55 %
on the contrary — decreases; and when Cch.ice > 250
ppm the picture changes to the opposite. When Np > 0

% the observed ratio can take on values that less than
1.0 at with well-defined magnitudes of the value
CcH.ice.

The coordinates of the points of equality of mag-
nitudes of the values Kce(Gpm) and Kce(Cch), that is
Cch.ce and Np, has direct correlation together. From
certain magnitude of the value Np (about 30 %) the va-
lue of observed ratio Kce(Gpm)/Kce(Cern) never has
magnitudes more than 1.0. The curve dx/x on the Fig. 3
reflexes the value of ratio ACcu/Cerice and is the rela-
tive value of contribution of selected step of decreasing
of absolute value of toxicity of EG flow with using of
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DPF that detected as the difference in readings of gas
analyzer on the background of the current level of indi-
cators of RICE EG toxicity.

At worded above diapasons of values Ccu.ice and
Np the ratio Kce(Gpm)/Kce(Ccr) mostly has magnitudes
less than 1.0.

On the Fig. 4 can be seen, that ratio of the values
Kce(Gem) and Kce(Cer) at constant values of readings
of gas analyzer and presence of DPF in RICE exhaust
system Ccuppr are depends from values of readings of
gas analyzer and absence of DPF in RICE exhaust sys-
tem Ccuice nonlinearly for the case of when Cepice >
Ceuppr and Np = 0 % and always less than 1.0 (that is
belongs to the range 0.75 — 1.0) and decreases with ris-
ing of value Ccxppr and increasing of value Cepice.

Conclusions

Thus, in this study were analyzed and numerical
investigated the conversion formula of prof. I.V. Parsa-
danov about the influence of indicators of RICE EG
opacity and toxicity on magnitude of value of PM mass
hourly emission in diesel engine EG flow.

It was showed that the magnitudes of values of
efficiency coefficients of operation of DPF of diesel
RICE for indicators of opacity and concentration of
unburned hydrocarbons in EG which was obtained by
direct measurements during bench motor tests by
opacimeter and gas analyzer and also for mass hourly
emission of PM in EG flow which was obtained with
using of the conversion formula, is not equal to each
other for every individual operational regime of diesel
engine. Calculation assessment and graphical illustrati-
on of relationship between magnitudes of this coeffici-
ents for concentration of unburned hydrocarbons in EG
flow and mass hourly emission of PM in EG flow for
whole diapason of changing of influencing factors was
carried out.

It should be noted that for the first time it was de-
tected the differences between magnitudes of values of
efficiency coefficients of DPF operation process of
diesel RICE in pairs for mass hourly PM emission with
EG flow and opacity and toxicity of EG which connec-
ted with each other by conversion formula. Also for the
first time it was carried out qualitative and quantitative
assessed detected effect for whole diapason of chang-
ing of influencing factors — indicators of opacity and
toxicity of EG of diesel RICE on its operation regimes
field.

In terms of prospects of practical application of
the obtained results the worded above conclusions
shows that basing on the detected effect it is possible to
substantiate the using for assessment of efficiency of
operation process of DPF of any construction exactly
mass hourly PM emission with EG flow even if its

magnitudes calculated obtained by using of conversion
formula but not by direct measurements with using of
gravimetric method. Also it becomes clear that dasing
on the results of qualitative and quantitative assessment
of detected effect it is possible to develop the methodic
of determination of appropriate part of methodical er-
ror at assessment of operation efficiency of DPF of any
construction.

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
0119U 001001, 2019 — 2021) and also Scientific work
of young scientists that carried out at the expense of
state budget of Ukraine of Berdyansk State Pedagogi-
cal University «Development of technology for asses-
sing the quality and safety of nanotechnology products
throughout the life cycle» (State Reg. Ne 0117U
003860, 2017 — 2020).
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OCOBJIMBOCTI BUSHAYEHHS EOCEKTUBHOCTI MPUCTPOIB 1JIs1 MOKPAIIEHHSA PIBHA EKOJIOTTYHOI
BE3INEKHU EKCIINIYATALIII TPAHCIIOPTHHUX 3ACOBIB 3 IOPHIHEBUM B3

Konopamenko O. M., Yepnooau I. O., /lepkau 0. @., Koeanenxo C. A.

[IpoananizoBaHo 1 PO3paxyHKOBO JOCIHIIKEHO GopMyiy mepepaxyHKy npod. [.B. [TapcagaHoBa sk OZHOTO 3 aKTyaJIbHHX
MHUTaHb METPOJIOTIYHUX OCOOIMBOCTEH HPOIECYy OTPUMAHHS 3HAUYeHb MacOBOT'O F'OJMHHOTO BHKUIY TBEPANX YaCTHHOK MOpPIIHE-
BOTO JIBUT'YHA BHYTPIIIHBOTO 3rOPSIHHS HA MOTOPHOMY BHUIIPOOYBAIEHOMY CTEHJI, HE 00JaIHAHOMY TyHEJeM po3BeieHHs. Me-
TOO JTOCIIJDKCHHS € BUSBIICHHS CITiBBiTHOIICHHS 3HAY€Hb KOC(IIiEHTIB €HEeKTUBHOCTI poOOTH (iNbTpa TBEPIUX YaCTHHOK JTH3C-
JIBHOTO MOPIIHEBOTO JIBUI'YHA BHYTPIIIHBOTO 3TOPSHHS 32 BHKUAAMH TBEPAUX YaCTHHOK Ta KOHIIEHTPALi€I0 HE3TOPIIMX BYT-
JICBO/IHIB y BiANPabOBaHUX T'a3aX i3 3aCTOCYBAaHHAM (OPMYIIH IepepaxyHKy UL BCHOTO JTialma3oHy 3MiHH 3HAUCHb BIUTMBAIOYHAX
(hakTopiB. OO’ €KTOM IOCTIKEHHS € €(PEeKTUBHICTH (YHKIIIOHYBaHHS CHCTEMH HEHTpaii3amii 3aKOHOZABYO HOPMOBAHUX IIO-
JIOTAHTIB MOTOMLI BiANPAalbOBAaHUX Tra3iB IW3EJFHOTO JBUTYHA BHYTPIIIHBOTO 3TOPSHHA, a came (uIbTpa TBEPAUX HYACTHHOK.
IIpenmeroM mocmikeHHS € B3a€MO3B’SI30K MK 3HaUEHHSIMH MOKA3HHKIB, SKi XapaKTEPU3YIOTh 00 €KT JOCIIKEHHS, TTOB’ I3aH1
MDK co00r0 GopMymoro nepepaxyHky. IlokazaHo, 0 3HaueHHS KOe(ili€HTIB eeKTUBHOCTI poOOTH GiIbTpa TBEPAUX YACTHHOK
JIM3€IBEHOTO JIBUTYHA BHYTPIITHBOTO 3rOPSIHHS 3a ITOKa3HUKaMH JMMHOCTI i KOHIIEHTpAaIlii He3ropijinX BYTJIEBOJHIB Y BiIpanbo-
BaHUX Ta3ax, OTPUMaHI NMPSIMHMHU BUMIPIOBAaHHSMH y XOJli CTEHIOBHX MOTOPHHMX BHUIIPOOYBaHb, @ TAKOXX MAacOBOTO T'OJMHHOTO
BUKHIY TBEPAUX YaCTHHOK 3 IOTOKOM BiANPAIlbOBAHMX Tra3iB, OTPHMaHI 3a BKa3aHOIO (hOPMYJIOI0 MepepaxyHKy, He 30iraroThCs
JUISL KOYKHOTO CTaIliOHAPHOTO PeXKUMY Horo po6oTu. Po3paxyHKOBO OIIHEHO Ta MPOLTIOCTPOBAHO IpadiuHO CIiBBITHOIICHHS 3HA-
YeHb IUX KOC]Ii€HTIB 32 KOHIICHTPAII€I0 HE3TOPUINX BYTJIEBOAHIB Y BiAMPAI[bOBAaHHUX Ta3aX 1 BUKUIOM TBEPIMX YaCTHHOK IS
BCBHOTO Jiala30Hy 3MiHH BIUTMBAIOYNX (PaKToOpiB. Briepime BUSBICHO Pi3HUIIO MiXK 3HAYCHHSIMH BEIWYHH KOE]imi€HTIB e(eKTHB-
HOCTI poOOTH (ibTpa TBEPAWX YACTWHOK JM3EIBHOTO JBUTYHAa BHYTPIIIHBOTO 3TOPSHHS IOIAPHO IJIi MAacOBOTO TOJUHHOTO
BUKHU/Ty TBEPAUX YACTUHOK 3 MMOTOKOM BiJPAllbOBAHUX Ta3iB Ta AUMHOCTI i TOKCHYHOCTI BiANPalbOBaHMUX Ta3iB, IO IOB’s3aHI
MK CO00I0 (POPMYJIIOI0 TIEPEPAXYHKY.

KorouoBi ci1oBa: TeXHOJIOTIT 3aXHUCTy HaBKOJMIIHBOTO CEPEIOBUINA; €KOJIOTIUHA Oe3IeKa; eHepreTHYHI YCTaHOBKH; JBH-
T'YHU BHYTPIIIHBOTO 3rOPSIHHS; BUKHJ] TBEPIUX YaCTHHOK; TUMHICTh; (hOpMyJIa mepepaxyHKy; METPOJIOTIs, TIOJFOTAHTH.

OCOBEHHOCTH ONPEAEJIEHUA 3@ ®EKTUBHOCTH YCTPOMCTB JJIS YIYYIIEHAS YPOBHSI 9KOJIO-
I'NMYECKOMU BE3OIMTACHOCTHU SKCIINIYATAIIUA TPAHCIIOPTHBIX CPEACTB C IOPIHNHEBBIM ABC

Konopamenko A. H., Yepnooait I. A., /lepkau F0.®., Kosanenko C. A.

[IpoananuzupoBaHa U pacyeTHO HcclenoBaHa Gpopmyna nepecdera npod. 1.B. [TapcaganoBa kak 0AWH U3 aKTyaJbHBIX BO-
HPOCOB METPOJIOTHUECKHX 0COOCHHOCTEH Ipoliecca MOTyYeH s 3HaUeHHI MacCOBOI0 YaCOBOTO BHIOPOCA TBEPIBIX YACTHIL TTOPIII-
HEBBIM JIBUTATEJIEM BHYTPEHHETO CrOpaHWs Ha MOTOPHOM HCIIBITATENIbHOM CTEHJIE, He 000pY/I0BaHHOM TYHHeENIeM pa30aBJIeHUs.
Llenplo MccneoBaHus SIBISICTCS BHISBIEHHE COOTHOIICHHUS 3HAUeHUI K0 puieHToB 3p(heKTHBHOCTH pabOTHl (GUIBTPaA TBEp-
JIBIX YaCTHII JIU3€TEHOTO IMOPIITHEBOTO JABUraTellsl BHYTPEHHETO CrOpaHusl 10 BEIOPOCY TBEPJBIX YAaCTHI] M KOHIEHTPAIUK HECTO-
PEBILHX YIJICBOJOPOIOB B OTPabOTABIIMX ra3ax ¢ MpUMeHeHneM (HOpMyIbl epecyera Julsi BCEero AMara3oHa H3MEHEHHMS 3Have-
HUH BIUSIOMUX (pakTopoB. OOBEKTOM HCCIEIOBAHUS SBISACTCS 3PPEKTHBHOCTE (QYHKIIHOHUPOBAHHS CHCTEMBI HEHTpaIu3aluu
3aKOHO/IaTeJIbHO HOPMHUPOBAHHBIX MOJUTIOTAHTOB B IOTOKE OTPa0OTABIINX Ia30B ANU3EILHOTO JBHIATENsl BHYTPEHHETO CrOpaHus,
a UMeHHO (HJIBTPa TBEPIbIX YacTHL. IIpeMeTOM HCCIeI0BaHUs SBISIETCS B3aMMOCBS3b MEX/Y 3HAUCHUSIMH TIOKa3aresei, Xa-
PAKTEPU3YIOIINX OOBEKT HCCIECJOBAHMS, CBS3aHHBIE Mexay coboit ¢opmynol nepecdyera. ITokasaHo, 4YTO 3Ha4YeHHS KO-
3¢ uireHToB 3G PEKTHBHOCTH paboThl (GUIBTPa TBEPABIX YACTHI[ AU3EIBHOTO JBHUIraTels BHYTPEHHETO CrOpaHUs 10 MoKa3a-
TEJISIM JIBIMHOCTH M KOHIICHTPALIMH HECTOPEBIINX YIIICBOJOPOIOB B OTPAOOTABIIHX ra3ax, MOJydeHHbIE MPSIMBIMH U3MEPECHUSIMH
IPH CTEHAOBBIX MOTOPHBIX HCCIECJOBAHHUIX, @ TAKKE MaCCOBOTO YaCOBOT'O BBIOPOCA TBEP/BIX YACTHI] C IIOTOKOM OTPAaOOTaBIIUX
rasoB, IOJIy4eHHBIC TI0 YIOMSHYTOI GopMyrie mepecyera, He COBNMAAa0T Ul KaXJIO0ro CTallHOHAPHOTO pexXnuMa paboThl BUTa-
Tess. PacyeTHO OLCHEHO U MPOWLTIOCTPUPOBAHO IpaMYEeCKN COOTHOLICHHE 3HAYCHHS THX KO (HUIHEHTOB 10 KOHIEHTPAIIUK
HECTOPEBIINX YIJIEBOAOPOIOB B OTPabOTABIINX Tra3ax U BHIOPOCY TBEPBIX YACTHII JUIS BCETO JMala30Ha BIHUSAIOIMX (HaKTOPOB.
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BrepBbie BBISBICHO Pa3iM4ue MEXIYy 3HAUCHUAMM BEIMYUH KOd(dUIMEeHTOB 3(deKkTHBHOCTH PabOThl (QUIbTPa TBEPIbIX Ya-
CTHUIl AW3EJIBHOTO JIBUraTeNsl BHYTPEHHETO CrOPAHMS IOIAPHO Ul MAacCOBOTO 4acOBOTO BHIOPOCA TBEPABIX HACTHI] C IIOTOKOM
0TpabOTaHHBIX ra30B M JHIMHOCTH M TOKCHYHOCTH OTPa0OTAaBIIMX ra30B, CBSI3aHHBIX MEXKAY co00l (popMyIIoi mepecyeTa.
KnroueBble c10Ba: TEXHOIOTHHN 3aIIUTHI OKPYKAIOIIEH Cpebl; HKOJIOTHIecKast 6e30MacHOCTb; SHEPTeTHUECKUE YCTaHOB-
KM, IBUTATe]H BHYTPEHHET0 CTOPaHMs; BHIOPOC TBEP/BIX YaCTHI]; JHIMHOCTE,; (JOpMylia IiepecdeTa, METPOJIOTHS; IOJUTIOTAHTEL.

YK 503.175; 621.43.06 DOI: 10.20998/0419-8719.2019.2.08

AL Ilonug’anuyk, I.B. Ilapcadanos, O.11. Cmpokos, O.1. Kacnin, 0.0. Ckypidina

CTBOPEHHS HA BA3I MIKPOTYHEJISI YHIBEPCAJIBHOI CHCTEMHA
EKOJIOI'TYHOI'O JIAT'HOCTYBAHHSA TPAHCIIOPTHUX ABUI'YHIB I
KOTEJIEHDb

Hageoeno onuc excnepumenmansrHo2o 3paska yHieepcanbHoi cucmemu eKono2iuHo2o 0iaeHocmy8ants mpancnopm-
HUX OBUZYHIB | KOMENbHUX YCMAHOBOK, po3podaeHoi (haxisyamu XapKiecbko2o HAYiOHANbHO20 YHIGepcumemy MicbKo-
20 2ocnodapcmea im. O.M. bexemosa i Hayionanvnozo mexuiunozo yHisepcumemy «XapKigCokuti nonimexuHivHuil in-
cmumympy. Biosnaueno 6iominni enacmusocmi yici cucmemu: yHigepcanibHicmos, 6aeamo@yHKYioHa bHicmb, KOMNA-
KMHICMb, MOOILIbHICMb, NPOCMOMA 6 eKCIyamayii, GUCOKi cmynikb asmomamu3ayii ma ingopmamusHicms ooep-
JHCYBAHUX PE3YILINAMIG, MONCIUBICING SUKOPUCIAHHS 8 HAYKOBO-00CTIOHINl ma y Hasyanvhiti cpepax. Poszenanymo:
CmMpYKmypy, CKnao ma QYHKYIOHAIbHI MONCTUBOCIE OCHOBHUX MOOYIIS yici cucmemu. 1) uMipioganvbHo2o, uwjo 6Kuo-
yae 6 cebe npobogiodiprutl npucmpii — mikpomyunenv MKT-2, npunadu ma obraonanus 0ns 6e3nocepednbo20 KoH-
MPon0  NOKA3HUKIE XiMiuHo20 1 (Di3uyH020 3a0pYOHEHHA HABKOMUWHBO2O cepedosuwd; 2) mecmyeanbHo-
O0eMOHCMPAaYiliHO20, WO CKIAOAEMbCA 3 ABMOHOMHOL YCMAHOBKU 0151 OOCHIONCEHHA aepOOUHAMIYHUX NPOYECi8 ) Gu-
XJIONHUX CUCMeMAax 08USYHI8 I OUMOBUX mMpPybax KomeieHsb, 1a060pamopHoi CMilKu-mpanc@opmepa 0us MOHMANICY
PI3HUX BUNPOOYBATLHUX CMEHOI8, MYTbMUMEOIUH020 KOMIAEKCY, ocHaueHozo niaanuwemuum IIK i ingpopmayiiinoro
SMART-nanennio 3 diaconanmo 43 "ons demoncmpayii pob6omu npunadis, 0ONIAOHAHHS, NPUKIAOHUX NPOSPAM, pe-
3YIbMAmis 00CAOHCeHb ma iH.; 3) 1a60pamopHo20, Wo CKIA0AEMbCsl 3 NPULAdie ma 0bIa0HaKHs 015 1abOPAMoOPHO-
20 aHanizy npoo, 6i0i6panux 6 X00i eKON02IUHUX Q0CAIONHCeHb HamypHUX 00'ekmis. Cucmemamuzoeani memoou i me-
MOOUKU, WO 00380I0Mb GUIHAYAMU | AHANIZY8AMU NOKAZHUKU, WO XAPAKMEPUZVIOMb XIMIUHI I i3uuHi 3a6pyOHeH-
H5 HABKONUWHBO20 Cepedosuyd MpaHCROPMHUMU O8u2yHamu i komenvHAmuU. [Ipedcmasneni pesynomamu exchepu-
MEHMAanbHo20 GIONPAYIOBAHHS SUMIPIOBANLHOI cucmeMy HA HAMYPHUX 00'€Kkmax: OGeH3UHOBOMY OBUSYHI N1€2K0B020
asmomobina - BA3-21081, asmompaxmopromy ouzeni - 44H12/14, eazoeux xomnax - JJKBP-20/13, AOI'B-100E,
meepoonanuenomy komii - K4-M-2M-4. Bunpobysanus niomeepounu npaKxmuyHy npuoamuicms CmeopeHoi eUMipio-
BAILHOI CUCMEMU.

Knrouosi cnosa: mpancnopmui 08ucyHu; KoOmenbHi YCMAHOBKU; 3A0PYOHIOIOUI PeHOBUHU; eKONocIuHe 0iaeHOChy-
6AHHL; YHIBEPCANbHA CUCTEMA; MIKDOMYHENb; eKCnepUMEeHMAalbHe 8i0npayio8anHsi.

Beryn
ExosorivHIiCTh € OMHAM 3 HaWOUIBII BaXKJIMBHUX

— VHIBEpCAIBHICTh — MOXKJIMBICTh BHKOPHCTaHHS
Ha MOTOPHHUX 1 0€3MOTOPHHMX BHUIPOOYBAJILHHX CTEH-

MOKa3HUKIB SIKOCTI Cy4aCHMX TPAHCIIOPTHHUX JIBHUTYHIB
(TH) i xorenpHuX yctaHoBok (KVY), mo oOymoBieHO
3HaYHUM HETATHBHUM BIUIMBOM XiMi4HOTO Ta (i3ud-
HOTO Xapakrepy LUX 00’ekTiB Ha noBkuLIL. CyMmapHa
gacTka y 3a0pyaHeHi aTMoc(epHOro MOBIiTPST MiCBKOTO
cepenoBuma KoMyHambHEMHA KVY Ta TpaHCIOPTHUMHU
JB3 nocsarae 90%. CucremMaTHyHi BUKHIU 3a0pyaHIO-
IOYMX PEYOBHH 3 JUMOBUMH Ta3aMH KOTEJICHb Ta Bill-
MpalbOBAHUMH Ta3aMH JBUTYHIB MPU3BOASATE JO IIOTi-
pIIEHHS TIOKa3HHMKIB SIKOCTI HAaBKOJMIIHBOTO Cepe-
nmosumia (HC), migBHIIeHHsT KaHIIEPOTeHHOT HeOe3meKn
Ta BUHUKHEHHS PEriOHANBHUX i TI00aTbHUX E€KOJIOTIY-
HUX TpoOieM. Y 3B’SA3Ky 3 IIMIM CTBOPEHHS CHCTEM
ekoutoriuaoro miarnoctyBanus T[] i KY, ski qo3Boss-
I0Th ¢(EKTHBHO OIIIHIOBATH BIUIMB IUX O00’€KTIB Ha
JIOBKUJUTSI, € aKTyaJTbHUM HAMPSMKOM JOCHTIKEHb.

Jlo HaWOIbpII 3HAYMMHUX BIIACTHBOCTEH CUCTEM
ekoutorivaoro mpiarnocrysanns T/ 1 KY cmin BimaecTu:

Jlax, HATYpHUX OO0’€KTax, pI3HMX 3a THIIOM, NpPHU3HA-
YEeHHsIM, rabapuTamu;

— baraTo()yHKIIIOHAJIBHICTE — MOXIIUBICTH OJIHO-
YaCHOTO BH3HAYEHHS €KOJOTIYHMX ITOKAa3HHUKIB, SKi
XapaKTepU3yIOTh XiMiuHi Ta (i3udHi 3a0pyIHEHHS Ha-
BKOJIMIIIHBOTO CEPE/IOBHUINA, 30KpeMa MacoBi 1 MUTOMI
BUKHIY B aTMochepy 3a0pyHIOI0YMX PEYOBHUH 1 map-
HUKOBHX Ta3iB 3 jguMmoBuMH razamu (JII') koreneHb i
BianpanpoBanumu razamu (BI') aBurysiB, akyctuyHi i
TEIUTOB1 3a0pyAHEHHS, KOJIMBAHHSI, BiOpaIlii, iH.;

— 3a0e3MeUYeHHs PeriaMeHTOBaHOT TOYHOCTI BIEMIPFO-
BaHb MPH MEHITIO1, HDK Y aHAJIOTiB, BapTOCTi 00JIaTHAHHST;

— KOMIAKTHICTb, MOOITBHICTE Ta 3PYYHICTH Yy
eKCILTyaTarlii;

— 3a0e3MeyeHHs] MOXKIIMBOCTI TPUBaJIOl aBTOHOM-
HO{ po0OTH 0€3 BUKOPUCTaHHS €IEKTPHIHIX MEPEK;

— BHCOKa iH()OPMATHBHICTh OTPUMAHHX PE3YJIbTATIB;

— IHHOBAI[IHICTh BIPOBAPKEHUX TEXHOJOTIYHHX
Ta TEXHIYHHUX PillIeHB;
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