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bulky and fire-hazardous equipment for storage of an onboard reserve of Hydrogen. The research of toxicity indexes of the ful-
filled for diesel gases with use of regular diesel fuel was conducted at the motor stand for three modes of its loading — 0.8; 1.0;
1.2 kW. At the following stage researches for the same load conditions with addition to fuel of the Hydrogen microdoses in a
fraction — 0.49 ; 1.15; 1.83% (on mass) have been executed. Motor influence research results of hydrogen microdoses on diesel
midget of toxicity indicators 198,5/11 have been brought to diesel fuel. The effect consists in the composition exception of the
exhaust gases of the unburnt hydrocarbons and weakening of white damp in EG practically up to 0 and concentration of nitrogen

oxide for 14-26%.
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DESCRIPTION OF MASS HOURLY EMISSIONS OF PARTICULATE MATTER
OF DIESEL ENGINE BY BETA-DISTRIBUTION WITH TAKING INTO ACCOUNT

THE PASSPORT ACCURACY OF GAS ANALYZER

Relevance of the study is that qualitative and quantitative results of solving of its tasks suitable for developing of me-
thodic of decreasing of methodical errors of determination of values of mass hourly emission of particulate matter in
exhaust gas flow of reciprocating internal combustion engine with using of conversion formula and readings of opa-
cimeter and gas analyzer. Purpose of the study is obtaining of parameters of beta-distribution that approximate the
empirical law of distribution of values of mass hourly emission of particulate matter in exhaust gas flow of reciproca-
ting internal combustion engine which achieved by indirect measuring with taking into account the accuracy of direct
measuring of its components that has nonlinear impact. Task of the study is obtaining of rational values of number of
multiple measuring of coefficient of atenuation of light flux and volume concentration of unburned hydrocarbons in
exhaust gas on individual operational regime of diesel engine during bench motor tests for case of automation of
measuring process. Methodic of the study is in consistently application of following methods: analysis of scientific
and technical literature, analysis of data of bench motor tests, application of prof. Parsadanov conversion formula,
mathematical apparatus of beta-distribution, numerical calculation studies. It was detected that empirical distributi-
on of values of mass hourly emission of particulate matter in exhaust gas flow of reciprocating internal combustion
engine which obtained with using of one of known conversion formula of prof. Parsadanov as the function of indica-
tor of opacity and toxicity of exhaust gas, has a significant difference from the normal distribution law at number of
measurements less than 50 even in case of confirmation of the hypothesis of normality of distribution law of readings
of opacimeter into limits of its passport measuring errors. That results were described by the mathematical apparatus
of beta-distribution by carrying out the numerical calculation studies with using of program product written of the
language Borland Pascal 7.0. The parameters of beta-distribution were obtain as the function of number of multiple
measuring.

Key words: beta-distribution; opacimeter; multi-component gas analyzer; internal combustion engine; accuracy of

measuring, engine bench tests; environment protection technologies; ecological safety.

Introduction and relevance of the study

Vehicles with diesel reciprocating internal com-
bustion engine (RICE) are powerful source of legislati-
ve normalized pollutants from the number of which
particulate matter (PM) has the second place by the va-
lue of reduced toxicity [1 — 5]. PM are the disperse
phase of aerosol of RICE exhaust gas (EG) and formed
as the product of uncompleted combustion of motor fu-
el and consists of carcinogen substances and also for-
ming the city smog [1 — 5].

Results of quantitative assessment of amount of
emission of such pollutant in accordance with norma-
tive documents [6] usually expressed in units of mass
hourly emission Gpm — kg/h, namely the assessment ex-
ecutes by the experimental way with using indirect me-
asuring by gravimetric method during motor bench
tests of PICE on stationary standardized testing cycle
with using of complex of measuring equipment that na-

med as dilution tunnels. However, such complex of
measuring equipment is difficult and high cost (from a
hundred thousand to millions US dollars) and also sho-
uld be certificated [1]. Nowadays on Ukraine territory
there is only one certificate dilution tunnel of foreign
manufacturing. That means what in most of depart-
ments of scientific institutions in our country that im-
plements the scientific and researching works on topics
which related with PICE and because of this fact they
laboratories has motor test benches do not have the op-
portunity of obtaining the values of Gpm.

For execution of experimental researches the re-
sults of which can be compared with results that obtai-
ned with using of dilution tunnels, scientists of that de-
partments develops and uses different conversion for-
mulas which allows to convert the readings of more af-
fordable, cheaper and common measuring equipment
into values of Gpm. To the number of such measuring
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equipment it can includes opacimeters and multicom-
ponent gas analyzers of different constructions because
main components of PM are soot cores and adsorbed
and condensed on its surfaces unburned hydrocarbons
of motor fuel. To the number of such formulas it can
includes Parsadanov [3], Alkidas [7], Muntean [8] and
MIRA [9].

Such conversion formula is function that related
the value of Gpm with readings of opacimeter (smoki-
ness — coefficients of weakening of the light flux Np in
% or coefficients of weakening or transmission of the
light flux K in m) and also gas analyzer (volume con-
centration of unburned hydrocarbons in EG flow Cey
in ppm). That dependence has nonlinear character [1].
Such measuring equipment — opacimeter and multi-
component gas analyzer — are characterized certain va-
lues of accuracy of measurement which contains in its
passports [10, 11].

As it known from the basics of metrology the
character of distribution of random values of results of
indirect measurements (because case of application of
such conversion formulas can be considered as indirect
measurement) in case of nonlinear dependences of its
results from values of results of direct measurements
(readings of opacimeter and multicomponent gas ana-
lyzer) has the character that substantially differs from
the normal distribution law in values of asymmetry and
excess. Wherein such effect present even in case of ac-
cordance of distribution laws of results of direct mea-
surements to the normal law what caused by instru-
mental errors of measuring equipment. The effect is
stronger than smaller is the number of repeated measu-
rements at the same value of mathematical expectation
(that means on the same regime of operational regimes
area of PICE).

During the bench motor testing usually are limi-
ted to from 3 to 10 times measuring on one regime po-
int. That means what for obvious reasons it is not ex-
pected availability of initial data set with 50 ... 1000
values (for different recommendations [12]) without
automation of measuring process and joining the mea-
suring equipment into single complex. Among these
reasons are time of sampling and actual measurement,
inertia of the device and also monetary and labor costs
for the experiment.

As shown in studies [12, 13] in this case for more
adequate description of observed phenomenon to phy-
sical reality the empirical distribution law of Gpwm value
in the form of histogram can be approximated with us-
ing of family of curves of probability densities of Pear-
son which not close to normal distribution law, namely
beta-densities.

However, such studies have not yet been carried
out therefore obtaining of parameters of beta-distribu-

tion of Gpwm value which defined by known conversion
formula with taking into account the passport accuracy
of measuring equipment, readings of which has nonli-
near influence on observed physical value, for several
PICE special operational regimes, is relevant scientific
and technical task which have scientific novelty and
practical value. Qualitative and quantitative results of
solving of the task are suitable for development of me-
thodic of decreasing of value of methodic error of de-
termination of Gpym value and also appropriate recom-
mendation list.

Purpose of the study is obtaining of parameters of
beta-distribution that approximate the empirical law of
distribution of values of mass hourly emission of PM
in EG flaw of piston ICE which achieved by indirect
measuring with taking into account the accuracy of di-
rect measuring of its components that has nonlinear
impact. Object of the study is distribution law of values
of mass hourly PM emissions in PICE EG flow. Sub-
ject of the study is parameters of beta-density which
approximate object of the study.

Analysis of mathematical apparatus and fea-
tures of application of prof. 1.V. Parsadanov con-
version formula

Nowadays are known several conversion formu-
las for transformation of values of indicators of PICE
EG smokiness into values of PM mass hourly emissi-
on, but only formula of prof. 1.V. Parsadanov (NTU
«KhPly) takes into account values of volume concen-
tration of unburned hydrocarbons of motor fuel in EG
flow [3, 7 — 9]. That dependence after certain transfor-
mations described by formulas (1) — (3).

Gen =(a-Np +b-N2 +¢-Cepy +d-CZy )k, ka/h (1)
a=2,3-10° kg/(h-%), b =5,0-10" kg/(h-%?),
c=0145-f , kg/(h-ppm), d = 0,33 f 2 kg/(h-ppm?),
4,78:10° - (G + G el )
T 0,7734-Gy, +0,7239 G gy | @)
k =0,001-(0,7734- Gy, +0,7239- G ), kg/h. (3)

Family of Pearson family curves

In Mathematical Statistics execute of approxima-
tion basing on typical distribution laws such as normal,
logarithm-normal, exponential, Waybill, gamma-distri-
bution and others. The advantage of application of ty-
pical distribution laws is they well-study and opportu-
nity for gating of grounded, unassembled and relatively
highly effective evaluations of parameters. However,
the above-mentioned typical distribution laws do not
have the necessary variety of forms, therefore their ap-
plication does not provide the necessary generic repre-
sentation of random variables.

Moments of the distribution of a random variable
do not characterize it completely, but they define it
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uniquely under certain conditions, which are executed
for almost all distribution laws that are used in practi-
ce. When solving the problems of experimental data
processing, knowing values of the moments is equiva-
lent to knowing the distribution function and the coin-
cidence of the values of first moments of the two dis-
tributions indicates that they are approximately uni-
form. In the case of not knowing the exact form of the
distribution function, but with knowing of values of the
first moments, it is possible to select another distributi-
on law with similar values of the first moments. In pra-
ctice, such an approximation gives good results if valu-
es of the first four moments are coincide.

It is considered [12, 13] that an arbitrary nonne-
gative function f(y)z 0 that satisfying the conditions

of normalization | f(y)dy =1 can be considered as

the probability density P(y) of some random variable.
The various nature of probability densities P(y) is gi-
ven by the Pearson curves system, which is given by
the differential equation (4), where coefficients a and
by, i=012 completely specify the distribution sys-
tem. Solving of the equation is written in the general
form of equation (5). Conducting recurrent transforma-
tions, determine the senior moments through the youn-
ger ones, what allows determine the constants a and
b; through the selective estimates of the central mo-

ments of distribution and lead to a system of equations
(6). In the general case, the Pearson distribution is de-
termined by four moments m,, u,, p, i g,. The so-

lution to this system is summarized in Table. 1. It is
known that the nature of the curve may be different de-
pending on the value of the roots of the equation

by +by+ b2y2 =0. Marking the roots of the equation
through y; ta y,, their value is determined by the

equation (7). For certainty signs are chosen in such a
way that y; <y, . The values of the roots depend on the

magnitude of value K. If K <0, than the roots are real
and have different signs (Type | distribution by Pear-
son classification). If K > 1, than the roots are real and
have different signs (Type VI distribution by Pearson
classification). If 0 < K < 1, than the roots are complex
(Type 1V of distribution). Type | of distribution by Pe-
arson classification is beta-distribution which can be
written in different forms, but the usual way is to write
in the form of equation (8). The standard beta distribu-
tion is focused on a segment from 0 to 1. Through line-
ar transformations, the beta-value can be converted so
that it will take values at any interval. Type VI distri-
bution is a beta distribution of the 1l kind and expres-
sed in the form of equation (9). There is nothing defi-

nite to say about the type of IV distribution, there are
only isolated cases of this distribution

dP -a
dy  by+by+byy

p(y):cm{ | Ldy]. (5)

by +byy +b,y?
—a+b =0
by + 3b2;l2 = _ﬁz
—ap, + 3o, +4b,p; =,
—a, +3b, L, + 4y, +5b,p, = -1,

by h 1 b?
=——Ll1+ [1-= | K= (@
N2 2b, K 4byb, )

T(p+a) p- <y<
( ) F( ) ( )y ( Y) , 0<y<1. (8)
(y)= F(p+a) y"* ’
I(p)r(a) (L+ y)P*
Methodic of determination of beta-distribution
parameters
Generalized beta-distribution describes the distri-

bution of random variable z=o+(B—a)y, which li-
near function of random variable y , that has beta-dis-
tribution of I type with parameters p, g and is distri-
buted in interval o<y <[. The opposite statement is

also true — if the random variable z has a generalized
beta distribution with the specified parameters, then the
random variable y has a beta-distribution of | type
(y=(z—a)/(B-a)) with parameters p, q [19]. Go-

ing to the variable Gpy , which varies in range

- (6)

0<y<o. (9)

Gem min <Gpm < Gpmmax (it is easily determined
from the analysis of empirical data), we can record the
density of probabilities by the formula (10), the initial
moments — by the formula (11), and the central ones —
by the formula (12).

Table 1 — Coefficients for definition of type
of distribution by Pearson classification

d= 1Oﬁ2ﬁ4 —18;@ _12El§
Co =11, (40,1, —312) by = Co /d
6, =i i, + 312 by=cy/d, a=b
C, = —2H,H, + 61 + 3115 b, =c,/d

. K n n!
In this formulas C, = K :m, k<n -
Hn -

binomial coefficients, I'(¢) — gamma-function, which

by definition T'(z)= th’le’zdt, (Rez >0) [19].
0
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For an integer argument, the calculation of the ga-
mma-function is related to the calculation of the facto-
rial, but for the general case, it is necessary to use the
approximation, for example, the Sterling formula (12),
or other approximations through a continuous fraction.
This provides quite accurate research accuracy.

For the continuous distributions, the relations bet-
ween the initial and the central moments described by
formula (14) are also valid [13], which can also be us-
ed in the calculations, which for the moments up to the
4" rank inclusive gives the expressions, summarized in
Table. 2. All calculations of the Pearson curves require
high accuracy of calculations (it is necessary to hold up
to 8...10 characters after a comma), which is explained
by the multiplicative scheme of accumulation of errors
in power terms. For generalized beta-distribution the
mathematical ~ expectation  my(p,q),  dispersion

D(p,q), coefficients of asymmetry Sk and excess Ex

describes by formulas (15) and (16).
Replacing m,(p,q) and D(p,q) in the correspon-

ding sample estimates m, and 52 (that defined by the

formulas from [12, 19]) we can use the relationships to
determine the distribution parameters (p,q) and get
the formulas (17) and (18).

These equations takes into account moments of
1%t and 2™ rank, which is quite natural, but we can de-
finite the parameters (p,q) with the coincidence of 1%,
3 or 4™ rank initial moments. Equations for finding of
(p,q) are nonlinear and so solutions of system of non-
linear equations we got approximated with order of ac-
curacy close to 108 [17]. These new parameters we
marksas p*, q°.

To determine the distribution form, to use the
consent criteria, etc., to put forward hypotheses about
the distribution form, the sample should be presented
as a histogram, which consists of mg, columns of a

certain length AGem. That histograms allow us to see
how values of the variables are distributed at the gro-
uping intervals, that is, how often the variables take va-
lues from different intervals. It is generally accepted
that intervals of the same length should be used. In the
literature on the statistical processing of experimental
data [18] specific recommendations are given regar-
ding the choice of the number of intervals of grouping
Mg, » Which differ significantly from each other.

Table 2. Moments of the distribution

Moment Initial moments Central moments
rank
0 mp =1 Ko = 1
(by definition) (by definition)
1 m; (determined) p,=0
2 mzzmlz"'llz P-z:mz_mlz
3 m, =m; + Mg =My —
+3pu,m, + —3m,m, +2m;
4 (ini-
ti(al) m, =M/ +6p,m; +4u,m, +p,
4t(r(;(|3)n- K, =m, —4m,m "’6mzml2 _3ml4

According to our recommendations, we use the
Stargess formula (19).

Derivative from decomposition of Gamma-functi-
on in series by the Stirling formula (13).

Derivative from Gamma-function with using of
Psi-function that obtained by asymptotical formula
(21).

f(GPM ): F(p + q) (GPM _GPM min)p_l(GPM ma;;J;ﬁ?PM )q_l , (10)
r(p)r( ) (GPM max _GPM min)
+ Dip+k
mn(p,(]) (1—‘p( q ZC GPM max GPM mln) GPM m'n(p(i—qu)k)' (11)
k
N I(p+n-k)
Mn(p q) ( PM max PMmln ) ; (p‘f‘qJ F(p+q+n—k) ( )
1
F(Z):ezzzz(zn);{1+i+ 1 _ 18 571 16387 5246819 6} a3
12z 288z° 51840z° 2488320z 209018880z> 75246796800z
n
my _ch :ukml 1 Hn Z(_l)nikcrl:mkmlnik ! (14)
k=0
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GPMmin'q+GPMmax'p (GPMmax_GPMmin)Z'p'q
m,(p,q)= , D(p,q)= : (15)
(20 o =B o (prasy)
_2:(a=p) [p+arl _6{(p-a(p+ra+1)-p-q-(p+a+2)
Sk , Ex= . (16)
p+g+2Y\ p-q p-q-(p+a+2)-(p+a+3)
p= I:ﬁl_GPM min % (rﬁl_GPM min_)(zePM max _rﬁl)_l , (17)
GPM max _GPM min S ]
q= Gpm max _rﬁl % (rﬁl —Gopm min)(zGPM max _rﬁl)_l ) (18)
GPM max _‘]Pmin L S ]
My, =log, N +1=3322-IgN +1. (19)
1
Fl’(z)ze’zzz7(2n)%>< (1+i+ L - 139 s o7 y +j
12z 288z° 51840z° 2488320z (20)
( 1) ( 1 1 139 571 j
x|Inz—— |- + - - +...
2z 127° 1447°% 17280z" 6220807°
, -1 21 4yt 6!
15(z)=¥(2)(z), ¥(z)=d[In(2))/dz, ¥(z)=~Inz—(22) —(122 T +(1202 ) —(2522 y (21)

Table 3. Comparison of results of application bench tests obtained in researches [14, 15] and summa-
of different manner of obtaining of derivate rized in Table 4. The second one obtained from tech-
of Gamma-function nical documentation of opacimeter [10] and multi-

Variant ¥(1) (1) I'2=%(1) component gas analyzer [11] and also summarized in
—C (Euler’s . Table 4.

Note CogStam) _ ro=t This study carried out for two points of operatio-

Magnitude | -0,5772157 -0,5791283 | -0,57896825 nal regimes area of diesel engine 2Ch10.5/12: a) re-

Obtaining of initial data

In order to carry out the calculation study, data is
required regarding the magnitude of the mathematical
expectation of PM mass-hourly emissions with EG
flow of the autotractor diesel engine 2Ch10.5/12 and
instrumental errors. The first one obtained with using
of formula (1) herewith we were used data from motor

gime with maximal smokiness of EG — this is regime
of maximal torque with following coordinates of op-
erational regimes area: ngs = 1200 rpm and Mt = 110
N-m; b) regime with maximal volume concentration of
unburned hydrocarbons of motor fuel in EG — this is
regime of nominal power with following coordinates of
operational regimes area: ngs = 1800 rpm and Mt = 95
N-m.

Table 4. Initial data for calculation study [10, 11, 14, 15]

Passport accuracy, %
Point N, | Mr. | Gair, Gruet» | Np, | Cons Opacimeter | Gas analyzer
rpm | N-m | kg/h kg/h % ppM™ Np [10] Cey [11]
Mt max | 1200 | 110 | 72.315 | 3,657 | 71.6 27 +25 +5.0
Nepom | 1800 | 95 | 109.218 | 4,312 | 38.9 72 +25 +5.0

Description of empirical law of distribution of
values of PM mass-hourly emission of diesel engine
2Ch10.5/12 by mathematical apparatus of Pearson
family curves as the function of passport accuracy
of opacimeter and gas analyzer

In order of implementation of researches which
relates with empirical data approximation it necessary
to gat the random numbers with a given distribution
law. In terms of mathematical statistics its numbers are

random sample of volume N from general totality that
is distribute with the law.

Mechanism of generating of random numbers that
vas used in the study vas described in [18]. With using
of random numbers generator RANDOM it generates
the realization of random variable r, (i=1...N),

which distributed evenly in the range [0, 1] and has the
name of a standard uniform sequence.
For the normal distribution with zero mathema-

tical expectation (m,=0,0) and unit dispersion
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(o,=1,0) basing on two consecutively taken numbers
(rn,ry), (r3,rg ). (ry_g, fy ) (for N values we has
N/2 couples of numbers) we gat respectively two
numbers (u;,u,), (Uz,Uy),..., (Uy_g,Uy ) OF normal

distributed random variable r, described by formula
(20). When we get realization of researching parameter
in form of normal random variable with non-zero
mathematical expectation mp,g and standard deviation

opar that is different from the unit, we use the equati-

on (23) from [18] for linear transformation of random
variable with no violation of normality.

Uy =—-2-Inr, -cos-7-r.,,),
Uy =+/—2-In-1, -sin(2- 71 4), (i =1,3,..., N -1). (22)

X; = Mppg +Uj - Oppr, (1=1...N). (23)

Table 5. Dependences of quantity of grouping intervals from volume of sample

Volume of sample N
of random variable 50 100 200 300 | 400 | 500 1000
Exact value, g/h 6.643 | 7.644 | 8.644 | 9.230 | 9.644 | 9.966 | 10.966
Quantity of grouping intervals mg, 7 9 9 11 11 11 11

For definiteness in work, the sample size N we
was set which in any case will be limited by quantity of
observing or experiments (see Table 5). In accordance
with formula (19) we obtained the exact values which
with taking into account of unimodality of distribution
due to recommendations round to the nearest larger
odd number.

In the study we consider the case when magnitude
of value Ccn is considered constant and derivation of
determination of magnitude of value Np is considered
to be normally distributed within the limits indicated in
Table 4 passport accuracy of measuring equipment.
For value Np carried out numerical modeling with fol-
lowing parameters: 1) mpar = 71.6 %; opag = 0.01

with appropriate parameters for point with My .
2) Mpag = 38.9 %; oppr = 0.01 with appropriate pa-
rameters for point with N, . Calculation results with
using formulas (1) — (3) for these variants are follo-
wing: 1) a=2.3-102 kg/(h-%), b =5.0-10° kg/(h-
%2), ¢ = 0.00279 kg/(h-ppm), d = 1.268-10° kg/(h-
-ppm?), f = 0.006199, k = 0.05858 kg/h, Gpy =
=0.029617 kg/h; 2) a =2.3-10° kg/(h-%), b =5.0-10°
kg/(h-%?), ¢ =0.002788 kg/(h-ppm), d = 1.264.10°
kg/(h-ppm?), f =0.006196, k = 0.08758 kg/h, G,y =
=0.037781 kg/h.

Given the nonlinearity of the parameter Gp,, de-
pendence from value N, formally, under the conditi-

on of a normal distribution of the error of measurement
of the second value, distribution of Gpy, must differ
from the normal. But the acceptance or rejection of the
hypothesis of normality should be confirmed by calcu-
lations of the coefficients of asymmetry and excess.
Selective (depending on the sample size) coefficients

of asymmetry Sk and excess Ex are determined by

the formulas (24).
Sk=1,/S%, Ex=1i,/S*-3. (24)
For normal distribution Sk = 0, that is the distri-
bution is symmetrical relative to the mathematical ex-
pectation. If the right tile of histogram are longer than
the left one, than Sk > 0 and Sk > 0 in the opposite
case. For normal distribution Ex = 0. If the peak of
histogram are conditionally sharp, than Ex > 0 and
Ex > 0 if the peak are conditionally smooth (rounded).
For previous conclusion about ability of approximation
of empirical data by the normal distribution law in con-
ditions of availability of data set of pretty large volume
(about 10%) we provide calculation of selective mean
square deviations of coefficients of asymmetry (S;)

and excess (S, ) [13] with using formula (25). In some

cases, such coefficients calculate by formula (26). If
the selective distribution are normal or close to it, than

coefficients Sk and Ex calculate by formula (26) has
asymptotic to normal distribution laws with zero values
of mathematical expectations and mean square deviati-
ons, what describes by formula (27).

It is believed that if the condition [Sk|<3s, is

fulfilled, then the distribution is symmetric. If at the sa-
me time, inequality ‘Ex‘ <58, is fulfilled for the coef-
ficient of excess, the distribution can be considered
normal. It should be noted that in literature there are
other options (‘S~k‘ <28, ‘Ex‘s 2S, etc.), which indi-
cates the ambiguity of the application of this criterion
of normality distribution.
_|_6(N-2)
YN +1)-(N+3) ]
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[ 24-N-(N-2)-(N-3)
3 _\/(N +172-(N+3)-(N+5) @)

Skzﬁ, Ex—k—“—S,

Jo T
s o -3 -5
(D)
i) ow

s - \/ 6-N-(N-1)
Y(N=2)-(N+1)- (N +3)
S _J 24N (N ~1)
27V (N=3)-(N=2)-(N +3)-(N +5)

The developed in previous studies methodic of
application of beta distribution was improved.

Firstly, it was changed the manner of obtaining
of value of derivative of Gamma-function from the di-
rectly taking the derivative from Stirling formula to the
using of Psi-function that obtained with using of asym-
ptotical formula. The results of comparison of results
of the both applied approaches between which other
and with the theoretical value is showed in this table.

Secondly, it was changed the manner of determi-
nation of normality of distribution law from using of
Student criterion of consent to using of entropy coeffi-
cient that allows assessing the degree of approximation
of empirical distribution law to the normal law not only
qualitatively but also quantitatively.

Along with the analysis of the «proximity» of the
empirical distribution to the normal using the coeffici-
ents of asymmetry Sk and excess Ex, the criterion in
the form of an entropy coefficient K., is also used.

By histogram this estimate is determined by formula
(28) [18].

x
£
Il
k=t
N
~

. (27)

Meo|

d,-N 1
Koo =———.10%, Xx=——->r.-lg(r.), (28
entr 2 ] S N ; rJ g (rJ ) ( )

where d, (or AGpm) — width of bar graph column; N

— volume of the data set (amount of measurements); S
— mean square deviation; my, — number of bar graph

columns; ri

«hits») in j-th column.

For normal distribution K., =2.066 ~ 2.07, his
is generally the maximum value for all of distributions,
the minimal magnitude of value K., equal 1.11 for

— number of observations (number of

arcsine distribution law and other is in the specified bo-
undaries. Under this criterion, any distribution other

than normal will have a magnitude of entropy coeffici-
ent less than 2.066. This applies to continuous distribu-
tions, for a histogram one can expect some exaggerati-
on in the magnitude of the entropy coefficient.
Student’s criterion of consent:
m,
. iI((rj Neefine). @)

In order of carrying out of calculation study it
was improved in accordance with worded above prin-
cipals the software product “Applied Beta-Distributi-
on” that was developed in the program space Borland
Pascal 7.0.

Improved software product “Applied Beta-Distri-
bution” that was used for calculations presented on Fig.
4. as well as the results of calculated comparative study
in this software product.

It was carried out such modeling for samplings of
initial data with volume 50, 100, 200, 300, 400, 500,
700 and 1000 items of influencing factors of both ty-
pes. For each magnitude of sampling volume such mo-
deling was carried out 15 times.

Determination of dependence of beta-distribu-
tion parameters of mass-hourly PM emissions of
diesel engine 2Ch10.5/12 from quantity of initial
data in sample

Carried out the calculated study for Cgy =

=Mpag = 27 ppm and opag = 0.02 with appropriate
parameters for the point My . -

For N =50 was provide 4 independent modeling
studies, for N = 100, 200 and 1000 — 2 studies for
each.

When analyses data from this calculations and al-
so results of modeling for sample with N = 300, 400
and 500, which due to lack of space are not presented
in the study but fundamentally not different from those
given in the study, it possible to conclude what there is
the principal opportunity for approximation of em-
pirical distributions of values of such nature with using
the beta-density.

In all variants without any exceptions values of
coefficient K are negative, roots of equation (27) are
real and with different signs. Entropy coefficient K,
are increasing with rising of volume of sample data set
N gradually approaching the its limit value 2.07.

Carried out the calculated study for Cqy =

=Mpag = 72 ppm and opag = 0.01 with appropriate
parameters for the point Ng,., . The character of em-

pirical distributions for all researched volume of sam-
ple data set (from N =50to N =1000) allows to ap-
proximate them with using the beta-density. On Fig. 1
— 15 presented some results of the study. It can be seen
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that for relatively small volume of sample data set with Operating window of developed and improved
N =50 the distributions has significant differences for program product “Applied Beta-Distribution” as well
different single modeling calculations (see Fig. 1 — 3). as results window is showed on Fig. 4.

On all of Figures: histogram — empirical distribution;
solid curve — normal distribution; dotted curve — beta-

distribution.
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Entropy coefficients equal respectively: 1) for N
= 50 respectively for modeling Ne 1 -4 K, =1.882;
1.875; 1.763; 1.640; 2) for N =100 respectively for
modeling Ne 1, 2 K, =1.989; 2.055; 3) for N =200
respectively for modeling Ne 1, 2 K., =2.017; 2.020;
4) for N = 1000 respectively for modeling Ne 1, 2
Kenr = 2.059; 2.089.
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Fig. 4. Improved software product “Applied Beta-
Distribution” (a) and results of its application (b)

Fig. 5 and 6 contains the histogram of dependen-
ce of values of number of break intervals me and gra-
phs of dependence of values of coefficients of asym-
metry As and excess Ex of beta-distribution from the
magnitude of volume of sampling of initial data N for
both influencing factors.

Fig. 7 contains the graphs of dependence of valu-
es of parameters p and g of beta-distribution and also
entropy coefficient Kenye from the magnitude of volume
of sampling of initial data N for both influencing fac-
tors.

On graphs on Fig. 5 and 6 can be seen that all
curves of density of beta-distribution which approxi-
mate the empirical data in case of variation of both in-
fluencing factors has the same pronounced characteri-
stic shape of peak with low sharpness (smooth with Ex
< 0). The sharpness of peaks has nonlinear dependence
from volume of sampling of initial data N and increa-
ses with its increasing approaching to sharpness of pe-
ak of the normal distribution law (Ex = 0).

It also can be seen that there is insignificant left-
sided asymmetry (As >0) of all worded above curves
with magnitude that are invariant from volume of sam-

pling of initial data N. For the normal distribution law
As =0.

On graphs on Fig. 7 can be seen that the magnitu-
de of volume of sampling N has nonlinear influence on
the magnitudes of all physical values on these graphs.
Values of parameters p and q are almost equal to each
other and increases with its increasing of sampling of
initial data N.
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Fig. 5. Histograms of dependences meo = f (N)
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Fig. 6. Graphs of dependences As = f (N)
and Ex =f (N)

Values of entropy coefficient Kenr intensive incre-
ases with its increasing of sampling of initial data N in
diapason 50 — 300 measurements from 1.84 to 2.05 and
then “goes on shelf” asymptotically approximates to
value of 2.07 that are characteristic of the normal dis-
tribution law.
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Thus, graphics of the Fig. 6 and 7 was described
as formulas (28) — (31) by method of less squares.

As=2.412-10"°-N +1.322-1072;R? =0.975, (30)
Ex=9.815-10"2-In(N)-0.763;R? =0.986, (31)

p.q=1.674-N°%%R?=00912, (32)
Kenr =0.863-In(N)—1.548;R? =0.978. (33)
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Fig. 7. Graphs of dependences p = f (N),
g =f(N) and Kener = f (N) for various values of Ccy
and constant value of Np

Conclusions

Thus, in accordance to results of the study it can
make following general conclusions.

1. Results of analysis of scientific and technical
literature on topic of the study allows to conclude that
obtaining of values of mass-hourly PM emission with
PICE EG flow as the legislative normalized pollutant
with using of dilution tunnels at the time is not availa-
ble for departments of scientific institutions in Ukraine.
That’s why in practice it been used different conversi-
on formulas components of which determines by direct
measurements with using of more available measuring
equipment, namely opacimeters and gas analyzers.
This is the relevance of the study.

2. From the results of analysis of mathematical
apparatus of known conversion formulas — Parsadanov,
Alkidas, Muntean and etc. — follows that obtainned by
indirect measurements with using of opacimeter and
gas analyzer values of components of conversion for-
mulas has nonlinear influence. Wherein, appears the
problem of selection of law that is adequate to physical
reality and describes the empirical distribution of rese-
arched value because its denormalization is appears ev-
en in case of normality of distribution law of values of

influencing factors.

From the results of analysis of special literature
and passports of opacimeter and multi component gas
analyzer vas determined that for the first magnitude of
coefficient of weakening of the light flux determines
with accuracy +2.5 % and for volume concentration of
unburned hydrocarbons in PICE EG flow — with accu-
racy +5.0 %. Results of measurements in limits of the-
se errors are distributes by normal law.

2. From the results of analysis of mathematical
apparatuses of family of Pearson family curves its be-
came obviously that this is universal calculation instru-
ment for approximation that allows to describe by for-
mulas the empirical distributions which presents by
histograms of almost any forms. For researched case
solution of characteristic equation of general distribu-
tion using differential equation of Pearson family cur-
ves gives such magnitudes of coefficients which attests
about accordance of empirical distribution of studied
physical value to | type of distributions of Pearson
classification — beta-density.

3. For obtaining of initial data set for description
of empirical distribution of values of mass-hourly PM
emissions with PICE EG flow, namely magnitudes of
mathematical expectation of studied value, vas analy-
zed data of motor bench testing of autotractor diesel
engine 2Ch10.5/12 (values of mass-hourly PICE fuel
and air consumption) and according to them initial data
set: in the first case — sample of random variable of va-
lues of coefficient of weakening of the light flux and
constant value of volume concentration of unburned
hydrocarbons in PICE EG flow, and in the second case
these variables swaps their places.

4. Carried out the calculation assessment of valu-
es of parameters of beta-density for approximation of
magnitudes of values of mass-hourly PM emission
with PICE EG flow as the function of values of coeffi-
cient of weakening of the light flux in EG flow in case
of distribution of it by normal law in limits of passport
measurement accuracy of opacimeter and constant va-
lue of volume concentration of unburned hydrocarbons
in PICE EG flow in the first case and in the second ca-
se these variables swaps their places.

5. According to the results of the settlement rese-
arch, it was established that empirical distribution of
values of mass-hourly PM emission with PICE EG
flow which obtained using one of known conversion
formula as the function of values of coefficient of wea-
kening of the light flux in EG flow has substantional
difference from normal law at amount of measure-
ments less than 50 even in case of hypothesis confir-
mation about normality of readings of opacimeter and
gas analyzer in limits of passport measurement accura-
cy. Thus, in the study carried out the selection of ratio-
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nal number of multiple measurements of values of co-
efficient of weakening of the light flux in EG flow in
the first case and volume concentration of unburned
hydrocarbones in EG flow in the second case on PICE
individual operational regime during motor bench tes-
ting for the case of automation of measuring process.

6. It was obtained parameters of beta-density for
description of studied indicator of ecological safety as
well as its dependencies from number of measure-
ments.

Scientific novelty of obtained results is in the fol-
lowing paragraphs.

1. For the first time it was proposed for descrip-
tion of empirical distribution law of values of mass ho-
urly PM emissions with PICE EG flow which obtained
with using of conversion formulas with taking into ac-
count nonlinear influence of passport measuring accu-
racy of opacimeter and gas analyzer what distributed
by normal law, with using of Pearson family of curves
of probability densities.

2. For the first time it was obtained dependencies
of parameters of beta-distribution of values of mass ho-
urly PM emissions with PICE EG flow from quantity
of initial data in set for main points of its operational
regimes area.

Practical value of obtained results is in the follo-
wing paragraphs.

1. Obtained parameters of beta-distribution of va-
lues of mass hourly PM emissions with PICE EG flow
as the function of readings of opacimeter and gas ana-
lyzer with taking into account its passport measuring
accuracy are available for developing of methodic for
assessment and decreasing of value of methodic error
of Gpm Vvalue determination in case of small amount of
initial data in set at automation of measuring process
and also for ranking of known conversion formulas.

2. Obtained dependencies of parameters of beta-
distribution of values of mass hourly PM emissions
with PICE EG flow from quantity of initial data in set
for main points of its operational regimes area allows
justification of selection of minimal number of measu-
rements of EG smokiness and toxicity of EG flow on
single operational regime in case of automation of me-
asuring process.

3. Developed software in Borland Pascal environ-
ment is available to following calculation researches.

Results of the study in form of appropriate metho-
dica and software product was implemented into edu-
cational process of Applied Mechanics and Environ-
ment Protection Technologies Department of National
University of Civil Defence of Ukraine when teaching
discipline “Metrology, Standardization, Certification”.

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 lo-
gic and psychophysical scales in a critical assessment
of the level of ecological safety» (State Reg. Ne 0119
U001001, 2019 — 2021) and also Scientific work of
young scientists that carried out at the expense of state
budget of Ukraine of Berdyansk State Pedagogical
University «Development of technology for assessing
the quality and safety of nanotechnology products thro-
ughout the life cycle» (State Reg. Ne 01170003860,
2017 — 2020).
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OIIMCAHHSA BETA-PO3IIO1IVIOM MACOBUX TOAUHHUX BUKUIIB TBEPAUX YACTUHOK JU3EJIS 3
YPAXYBAHHSIM MACIIOPTHOI TOYHOCTI T'A30AHAJII3BATOPA

O.I1. Cmpoxos , O.M. Konopamenxo , B.IO. Konockoeé , I.B. Miwenxo

AKTyaNbHICTh JOCII/KCHHS TIOJISATa€e B TOMY, IO KUTBKICHI Ta SIKICHI pe3yabTaTH BUPIIICHHS 33a7a4 TOCTIPKEHHS PUIaTHI
JUISL CTBOPEHHSI METOIWKH 3HIKEHHS METOMOJOTIYHOI MOXHOKM BH3HAUCHHS BEIMYMHM MACOBOTO TOJWHHOTO BHUKHIY TBEPIHX
YaCTHHOK 3 MOTOKOM BiANPanbOBaHMX Ta3iB MOPITHEBOTO JBHI'YHA BHYTPINIHBOTO 3TOPSHHS 3 BUKOPUCTaHHSIM (hOpMyT Iiepe-
paxyHKy Ta IOKa3iB JUMOMipa i ra3oaHaiizaTopa. MeToio TOCHiPKeHHS € OTPHIMaHHS TapaMeTpiB OeTa-IIiIbHOCTI, 0 alPOKCHU-
My€ eMIIpHYHMIT 3aKOH PO3MOALTY 3HaueHb rOJUHHUX MacoBux BUKHIiIB TY 3 motoxom BI' mopmrneBoro /[IB3, oTpuMaHux He-
NPSMUMH BUMIPIOBaHHSIMHM 3 ypaxyBaHHSIM TOYHOCTI NMPSIMHUX BUMIPIOBaHb 1X CKJIAJOBHX, 10 YNHATH HENiHIHHMI BIJIMB. 3aBaa-
HHSIM JIOCJTI/KEHHS € OTPUMaHHS PallioHAIBHUX 3Ha4YeHb KiJIbKOCTI 0araTopa3oBHX BUMipIOBaHb KoedilieHTa mociallieHHs CBIT-
JIOBOTO MOTOKY Ta 00 €MHOT KOHIIGHTpaLlil He3ropijiuX ByriieBoAHIB y BI' Ha ojHOMY pexxuMi poOOTH AW3ENs y CTEHIOBHX MO-
TOPHUX JOCTIPKEHHSX JUIs BUMAAKY aBTOMATH3aIli{ Mpomecy BUMipioBaHb. MeToiKa BUKOHAHHS JaHOI HayKOBOI pOOOTH MOJIs-
rajga y mociiJIoOBHOMY BHKOPUCTaHHI HACTYITHIX METO/IB: aHAN3 HAYKOBO-TEXHIYHOI JIITEpaTypy, METOMKA aHATI3y JaHUX MO-
TOPHUX CTEHAOBHX BHIIPOOYBaHb, METOIMKA 3aCTOCyBaHHS (popmynu mepepaxyHky npo¢. I.B. ITapcamanoBa, maremarmaHmit
amapat 6eTa-po3IoALTy, METO YHCETbHUX PO3PaXyHKOBHX JOCIIKEeHb. BCcTaHOBIICHO, 1[0 eMITipUIHIN PO3IIOIUT 3HAYEHb Mac-
oBoro roguuaHOro Bukuay TU 3 BI' mopmueBoro JIB3, oTpumaHux mpu 3acTOCyBaHHI OJHI€T 3 BiTOMUX (OPMYII IepepaxyHKy
npoo. I.B. TTapcananoBa, sik pyHKILIs TOKa3HUKIB JUMHOCTI i TokcudHOCTI BI', CyTTEBO BiAPI3HAETHCS Bifi HOPMAJIBHOTO 3aKOHY
3a KUJIBKOCTI BUMIpIOBaHb, MEHIIiH 3a 50, HaBiTh IPH MiATBEPXKEHHI TMIIOTE3H PO HOPMAIIBHICTH PO3MOALTY MMOKAa3iB JUMOMipa
y MeXax IacrnopTHOI MOXHOKU BUMIpIOBaHb. Pe3ynpTaTi OMMcaHO MaTeMaTHYHUM anapaTtoM OeTa-po3MoAiily HUIIXOM 31iiiCHeH-
Hsl PO3PaxyHKOBOTO JOCII/PKEHHS 3 BUKOPHCTAHHSIM MPOrPaMHOr0 MPOJYKTY, po3pobieHoro y cepenosuii Borland Pascal 7.0.
OTpumaHo apaMeTpu OeTa-ITBHOCTI U ONMCAaHHS TOCHIPKYBaHOTO TOKA3HUKA €KOJIOTTYHOT Oe3MeKH Ta X 3aJIeKHOCTI Bif Ki-
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JIBKOCTI BUMIpIOBaHb.
Kurouosi ciioBa: Gera-po3nonin; quMomip; 6araTOKOMIIOHEHTHHI ra3oaHalti3aTop; JBUIYH BHYTPIIIHBOTO 3rOPSIHHS; MO-
xu0Ka BUMIpIOBaHb; CTEHAOBI MOTOPHI AOCIIIXKECHH; TEXHOJIOT1{ 3aXHUCTY HaBKOJIHUIIHHOTO CEPEAOBHILA; EKOJIOTIUHA Oe3IeKa.

OIIMCAHMUE BETA-PACIIPEJEJTEHUEM MACCOBBIX YACOBBIX BBIBPOCOB TBEPJAbIX YHACTUIL AU3EJIA
C YYETOM NMMACHOPTHOI TOYHOCTH 'A30AHAJIU3ATOPA

A.Il. Cmpokos, A.H. Konopamenko, B.IO. Konockosé , H.B. Muwenko

AKTYaJIbHOCTb UCCIIE€0BAHMS 3aK/II0UAECTCSI B TOM, YTO KOJIMUECTBEHHbIE U KaUECTBEHHbIE PE3yIbTaThl PEIICHUS 3a1a4 HC-
CIIeIOBAaHMS TIPUTOAHBI AT CO3JaHHUSA METOJUKU CHIDKEHHUS] METOIUYECKOH MOTPEIIHOCTH OMpeJeeH s BEIUYHMHBI MacCOBOTO
JacoBOTO BBIOpOCA TBEPIBIX YaCTHIL C TIOTOKOM OTPaOOTAaHHBIX I'a30B MOPIIHEBOTO JBUIATEIs] BHYTPEHHETO CTOPAHUS C HCIIOJb-
30BaHMEM (OpPMyII IiepecyeTa M OKa3aHUi AbIMOMepa U razoaHanu3saropa. Llenbio ucciaenoBaHus SBIseTCs MOJMyYeHHE Tapame-
TpOB O€Ta-IUNIOTHOCTH, aNNPOKCUMHUPYIOIIEH SMIMPUYECKUil 3aKOH paclpeeleHus 3HaYeHNIT 9acOBBIX MacCOBEIX BEIOpocoB TU
¢ morokoM OI" mopmaeBoro /IBC, moiry4eHHBIX KOCBEHHBIMH W3MEPEHHMSAMH C YI€TOM TOYHOCTH NPSIMBIX U3MEPEHHI HX coc-
TaBIISIONINX, OKa3bIBAIOIINX HEJIMHEWHBIH BIHMsSHKE. 3a1auei HCCIeOBaHus SBISIETCS ITOJyYeHNE PalliOHATIbHBIX 3HAUCHUI KO-
JIMYEeCTBa MHOTOKPATHBIX M3MepeHnil KoddduimenTa ocnabieHust CBETOBOTO IIOTOKAa U 00BbEMHOH KOHIIEHTPAUH HECTOPEBIINX
yrieBogopozioB B OI' Ha ogHOM pexxuMme paboTHI AU3eisl B CTCHIOBBIX MOTOPHBIX MCCIICIOBAHMAX JUIS CIydas aBTOMaTH3alUH
mpolecca n3MepeHuid. MeToKa BHIIOIHEHHS JaHHOW HayqHOH paboThl COCTOSIA B OCIEI0BATEILHOM HCIOJIB30BAHUNU CIIEY-
IOIIUX METOJIOB: aHAJIN3 HAY4YHO-TeXHUIECKOH JINTEpaTyphl, METOIUKA aHAIN3a JAaHHBIX MOTOPHBIX CTEHAOBBIX HCIBITAHUI, Me-
TOAMKA NMpUMEHeHUs GopMyibl mepecuyera IlapcanaHoBa, MaTeMaTHYeCKHil anmmnapar Oera-pacnpenesieHus, METOJ YHUCICHHBIX
pacyeTHBIX UCCIIECIOBAHUM. Y CTaHOBJIEHO, YTO SMIIMPUIECKOE paclpeaeieHie 3HaYeHH MaccoBoro yacooro Beiopoca TH ¢ OI'
nopuraeBoro [IBC, nosry4eHHBIX py NIPUMEHSHNH OJTHOM 13 M3BECTHBIX (opMyi nepecuera npod. 1.B. [Tapcaganosa kak ¢yH-
KIUS [oKa3aresiell AbIMHOCTH U TOKCHYHOCTU O CyIeCTBEHHO OTIMYAETCsl OT HOPMAJIBHOI'O 3aKOHA MPU KOJMYECTBY U3Mepe-
HUH, MeHbIIeM 50, ake NpU MOATBEP)KACHUN THUIIOTE3bl 0 HOPMaJbHOCTH pacIipe/ieNieHUs ToKa3aHWi JIMOMepa B Ipezenax
MIACHOPTHOH IOTPEIIHOCTH M3MEepeHHi. Pe3ynbraTel onucaHsl MaTeMaTHYECKUM arapaTtoM OeTa-paclipeiesieHus] yTeM pac-
YETHOTO HMCCIICOBAHUS C UCIOIB30BAaHUEM IPOTPaMMHOTO MpOIyKTa, paspadoraHHoro B cpexe Borland Pascal 7.0. Ilomydens
napaMeTpsl 0eTa-INIOTHOCTH JUIS ONMUCAHMS U3yd9aeMOTo MOKa3aTels 3KOJOTHIEeCKOil 0€30MacHOCTH U UX 3aBUCUMOCTH OT KOJH-
YECTBA U3MEPEHUI.

KnroueBble cioBa: Oera-pacrpesesneHue; AbIMOMEP; MHOTOKOMITIOHEHTHBIH Ia30aHAIN3aTop; JABUraTellb BHYTPEHHETO
CrOpaHusl, IOTPEITHOCTh U3MEPEHHUI; CTEHI0BbIE MOTOPHBIE MCCIIEA0BAHMS, TEXHOJIIOTHU 3aIIUTHI OKPYKAIOIIeil CpeIsl; SKOII0-
rudeckas 0€30MacHOCTb.
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