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It is not possible to limit ourselves only to the analysis
of separate initial and variable factors characterising the
quality of a transportation process in progress, because
they are insufficient for obtaining comprehensive
characteristics of the technical-economical indices of the
transportation process as well as it is impossible to define
the optimal variant of the transportation process
management. The transportation process should be
analysed as a multimeasurable process with a large number
of initial parameters, the general assessment of which
allows the complex evaluation of the efficiency of
functioning of the technological transportation process.
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influence exercised on them by the initial variables  X  and
the variables  Z, characterising the inner state of the pro-
cess. Let us indicate the general probabilities’  X, Z  and Y
density ( )mnkmn ZZXXYY  ..., , , ..., , , 111++ , whereas the
random vectored quantities’  X  and  Z  by the general
probability density mn+ϕ ( )mn ZZXX  ..., , , ..., , 11 . The
probability densities ( , ..., , , 11 nkmn XXϕϕ ++ )mZZ  ..., ,1
and mn+ϕ ( )mn ZZXX  ..., , , ..., , 11  are not zero ones and
they correspond to the equation (1) with determinant σ
and F  meanings correspondingly of (n+m+1)  and  (n+m)
series
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( )( )mnk ZZXXY  ..., , , ..., ,/ 11ϕ �� according to which the
meaning may be defined by the general characteristics of
the prior variables  X  and the inner state variables Z by
transformation of the distribution laws of these random
quantities.
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( /kYϕ ( ))mn ZZXX  ..., , , ..., , 11  is determined by the

general probability densities

( )mnkmn ZZXXY  ..., , , ..., , 111++ϕ ��

( , ..., ,1 nmn XX+ϕ )mZZ  ..., ,1 M
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( )mnmn ZZXX  ..., , , ..., , 11+ϕ �and

( nkmn XXY  ..., , , 11++ϕ )mZZ  ..., ,1  are normal, then for the

analysed case the conditional probability density is:

( )( )=ϕ mnk ZZXXY  ..., , , ..., ,/ 11
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here lkF  ,  – of element lk  ,ρ algebraic supplement in the
determinant (4); v ,µσ − element vm  ,ρ  algebraic sup-
plement in the determinant (3) ( , ..., ,1 nXXv

)mZZ  ..., ,1 , ( )mnk ZZXXYU  ..., , , ..., , , 11 . Given the con-
ditional density ( )( )mnk ZZXXY  ..., , , ..., ,/ 11ϕ  for the
definition of characteristics  X  and  Z  general charac-
teristics of the exit variable  Y, i.e. the probability density

( )kyk Yϕ  is defined with the help of the following integral
equation:
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thus we shall assess the equation (5) and shall obtain
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here ∆−= xy ; ∆−= ii xy , and the coefficient ∆ equals
approximately to the mathematical probability of distri-
bution.
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of the work on the problem.

Selection of equalisation coefficients. Non-
parametric dispersion assessment includes the equalisation
coefficient  λ, the optimal meaning of which is determined
by the distribution dispersion and sample size: the larger
dispersion and the smaller is the sample, the larger is  λ. If
λ  is very small, then even in case of a very large sample
the non-parametric assessment will be very sensitive and
consequently imprecise, otherwise the unevenness of the
distribution density profile will not be assessed.
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The latter formula practically allows good appro-
ximation of the most observed distributions in freight flows
research.
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here the xE − is the mathematical probability of the
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limits, i.e. until we reach the desired precision.
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The assessment of distribution of random factors
by the Bayesian method. Presumably we have a sample X,
made of N meanings Nxx  ..., ,1 . Considering the meanings
x as random quantities we shall assess distribution function
of the random quantity X. For the analytical description of
the distribution X, relevant prior information on the
distribution type is necessary. Let us presume that it is
known, i.e. the parametric probabilities density ( )θ/Xf is
known here
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 −−−−−  vector of the parameters describing the

distribution of the random quantity x; r – is the number of
parameters and presumably known the prior distribution
of the vector parameters ( )θθ . aprf , the latter may be
defined by experimental assessment. Then X distribution
may be assessed with the help of the Bayesian formula
[1].

At the beginning we shall obtain the aposterioric
density of distribution of the vector parameters. Consi-
dering that observations in the sample Nxx  ..., ,1  are
independent, according to the Bayesian formula it is as
follows:

( )
( ) ( )

( ) ( )∫ ∏

∏

θΩ =

=

θθθ

θθ
=θ

N

i
apri

N

i
apri

N

dfxf

fxf

xxf

1
.

1
.

1

/

/

 ..., ,/ � ��8�

here the integration is in r − measurable area �Ω  by
changing the parameter θ. The aposterioric distribution of
X is obtained integrating
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After the new sample of the phenomena
mnn xx ++  ..., ,1  is obtained and it is necessary to specify

the distribution ( )Xf using new data, then instead of the
prior distribution ( )θ.aprf we shall use the former prior
one ( )Nxxf  ..., ,/ 1θ . Let us notice that such method does
not require the storage of all the meanings of a sample;
only the meanings of the aposterioric distribution
( )Nxxf  ..., ,/ 1θ are subject to storage, namely − only a

certain number of coefficients characterising it. At the
beginning of the data accumulation process we may not
have .aprf  on the whole, then the Bayesian postulate is
applied and the prior distribution is considered uniform
[1].
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not calculated here, because it does not depend on  µ  and
σ. After putting (25) into  (21), and after corresponding
rearrangement, we shall obtain
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Thus the aposterioric distribution of the parameters

σ  and  µ
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The aposterioric density may be approximated by
the normal one (23) putting instead of σ  and µ more
probable meanings obtained from (29). By differentiation
we obtain the following more expected meanings of the
parameters ∗∗ =σµ=µ a2ˆ  , . Then the aposterioric den-
sity is approximated by the phenomenon
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In the presence of large N (31), (30) approximates the
density with great precision. As (30) and (31) include only
parameters ∗∗ += anNN  , (or σ̂ ), ∗µ (or µ̂ ),  then every
aposterioric distribution may be very simply used as an
aprioric one. For this purpose only the parameters are
recalculated
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M� 3000 =µ �� 100 =σ �

10 =N (�According to the first sample we calculated x
and ∗s , and further according to  (27) and (28) ∗a and ∗µ .
According to these parameters we have calculated the
meanings of the aposterioric density by the precise for-
mula (30) and the approximate formula (31). Further on we
use the meanings ∗a  and ∗µ  as the parameters of aprioric
distribution and we repeat the calculation procedure for
the second, the third, etc., samples. The diagrams of the
distribution density are presented in Fig 2, where the con-
tinuous line shows the distribution obtained according to
(30), and the dotted line − those according to (31).

xy ln= , then random quantity y is distributed according
to the normal density:
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There may occur difficulties in the interpretation of
the results with  (32), however during the calculation the
simplicity of the formula (32) is very clear. For example, we
need to calculate probability limits for x. Since y − mo-
notharic function x, it is possible to define probability
limits y: 1y and 2y (probability limits 1

1   : yexx = and
1

1
yx ).

The parameters a and β are correspondingly the
medium and dispersion of the rearranged random quantity

xy ln= and they are defined
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here N – sample quantity according to which there were
assessed earlier λ meanings; NN – the amount of reali-
sations obtained.

Non-parametric distribution. It was demonstrated
earlier that the optimal meaning of the equalisation coef-
ficient depends upon the sample quantity N.  Therefore
the coefficients jC are the main function λ, then, having
obtained new information, the coefficient λ has to be
changed and it is not possible to define the meanings of

jC by the formula (8). Therefore it has to be redone.
Since
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���� 8570 −=N both density curves practi-
cally coincide and when the sample exceeds 100 it is pos-
sible to use much more simple (normal) density.

Logarithmic-normal distribution. As experiments
have proved, using logarithmic normal distribution
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it is possible to introduce simplification without losing
precision (sufficient for practice). Namely, if indicated
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Limited by the first members of the line, we have:
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After changing the order of summing, we shall obtain:
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Thus, for the purpose of data accumulation (reha-
bilitation of the distribution densities) it is necessary to
store 1+2k the coefficient bt. After receiving new infor-
mation it is necessary to obtain by (20) the meaning of the
optimal equalisation coefficient λopt. for the new sample
quantity, afterwards to recalculate the meaning  bt by the
formula
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here st
b − the old meaning of the coefficient  tb . And

sN – sample quantity before the obtaining of new data;
gN – quantity of obtained data.

According to the calculated meanings

ktbb 21  ..., , + and formulae  (38)  and  (7)  it is possible to
obtain the assessment of distribution density.

In the course of calculation it is necessary to deter-
mine the degree of the polynomial  (35). As it is apparent
from  (8), the sets to which 1082/ 2 ÷>λiy , practically
will have no influence on the meaning of the coefficient
Cj. Therefore the members, which 220λ>iy , in calculation

of the coefficients tb , should be dismissed. Then in the

line (36) the maximum member 
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will not exceed 10.

Thus k is obtained on condition that the member remaining

in the line  (36) is far less than one, i.e.
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In reality with 0,001!10/10 ≤k we obtain 30≈k .

The Weibull distribution is characterised by two
parameters and its density [2]
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here m – the parameter of form; 0x – the parameter of
scale. This distribution is used in the research of reliability
of transport and loading means, in description of failure
probability (breakdown).

Let us presume that during certain time we analyse n
amount of transport means, and during the time r, nr ≤≤1 ,
transport means failed − broke down, got out of order. The
time of failure will be defined rtt  ..., ,1 . This data may be
used in calculation of the Weibull distribution parameters
m and 0x .

The latter parameters may also be defined by the
method of maximum similarity; for this purpose it is
necessary to solve the non-linear equations

( ) 





 −+= ∑
=

r

i

m
r

m
i xrnx

r
x

1

1 �

( )

∑

∑

=

=

+

−+
=

1

1

ln

lnln

i
i

r

i
r

m
ri

m
i

x
m

r

xxrnxx

x (

Since into the statistics ∑ ∑ i
m
i

m
i ttt ln , an unknown

parameter m is included, the whole sample should be used
in the calculations, for which cause the storage of not
only certain, but of all realisations is necessary.

Accumulation of data.  As it was said before, the
storage of all data is not convenient and not possible,
however a precise method of defining the parameters m
and 0x does not exist. Therefore we shall make a
compromise: we shall assess the parameters by the method
of moments.

Let us presume that the first two moments of the
sample are known
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Having equalised the meanings of sample parameters
to their analytical expressions, we shall obtain the system
of equations enabling to find  0x and  m.
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After the rearrangement of the system of non-linear
equations, i.e. after division of the second one from the
first square
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Since ( ) ( )aaa Γ=+Γ 1 , then
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By the application of the LaGrange’s formula for the
gamma function argument of equation [3]
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from (41) we obtain much more convenient phenomenon

for obtaining m.
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The quantity m is obtained solving the equation  (42),
and 0x – by the obtained meaning and by one of (40)
equations, for example
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Searching for the parameters 0x and m  by  (42), (43)

and  (39),  stored are only the statistics
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The method of moments gives non-optimal
assessment of the meanings  m  and 0x . The quantities of
small samples  m  and 0x , are calculated by the method of
moments and they may differ from the calculated ones by
the method of maximum simplicity, therefore, given a small
n  it is purposeful to calculate m and 0x by the latter method
and for this it is necessary to remember all the meanings

rtt  ..., ,1 . For a large  n  it is better to use the method of
moments [4].

Finally it should be mentioned that stochastic models
have to reflect the main regularities of the investigated
object. The degree of adequacy in the given case depends
on how precisely in the models is assessed the inter-
dependency between incoming and outgoing parameters,
interactive system and environment, ability to correct by
a model the decisions and finally − the application of
stochastic methods in obtaining the optimal behaviour
scheme of the investigated  system.
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