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In the asymptotic case of large K, the Gaussian approximation method [13; 17] can be used to analytically 
reconstruct the normal probability density function
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from the found moments of the process � t� � and to analyse this process using the normal density properties, 
K t� � �1  being the inverse covariance matrix [18].

Numerical example
Consider the data network with a router to which two terminal devices are connected via two data links. 

The mathematical model of this network will be the above-described G-network of four nodes (n = 4). Nodes 
S1 and S2 are data links, nodes S3 and S4 are terminal devices, the external environment S0 is a router. The struc-
ture of the G-network is set by the following non-zero elements of the transition matrices: p01 0 6

� � . , p01 0 2
� � . , 

p02 0 19
� � . , p02 0 01

� � . , p13 0 65
� � . , p13 0 01

� � . , p10 0 34= . , p24 0 02
� � . , p24 0 7

� � . , p20 0 28= . , p31 0 99
� � . , p31 0 01

� � . , 
p42 0 01
� � . , p42 0 99

� � . , q12 0 97= . , q10 0 03= . , q21 0 95= . , q20 0 05= . , q30 1= , q40 1= .

Let the number of data packets not exceed K = 100 000, and the network operation be specified by the 
following parameters: the arrival rate is λ0 = 0.001; the number of node servers are m1 = 1, m2 = 1, m3 = 1, 
m4 = 1; the service rates are µ1 = 10, µ2 = 10, µ3 = 100, µ4 = 100; the initial placement of packets is � �i ijt t i j1 1 1

0 0 1 4
� � � �� � � � � � �, , , , .

,

� �i ijt t i j1 1 1
0 0 1 4

� � � �� � � � � � �, , , , .
,

Let us solve set (5) by numerical methods under the above initial condition. The figure shows a graphical 
solution of set (5) for �1

1� � � �t  and � �1

1

1

� � � � � � �t D t , which allows us to observe the dynamics of the average 
relative number of packets at the node S1 ant its variation.

The figure demonstrates that the process does not reach the steady state in the considered time interval. 
At time t = 30 000, the average number of packets at the node S1 is K t�1

1
100 000 0 457 5 45 750

� � � � � � �. . 
It can be concluded that the efficiency of the data network is limited by the data link capacity modelled by the 
queueing system S1. It is recommended to expand this data link, which is the network bottleneck. Similarly, we 
can get the results for the rest of the network nodes.

Dynamics of �1
1� � � �t  and � �1

1
1

� � � � � � �t D t

� 1
1 ��
��t

, �
�

11
1

��
��

�
��

t
D

t


