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To implement the functions of planning and distributing channel
resources in networks of low-power mobile subscriber terminals
based on high-throughput satellites in geostationary and highly
elliptical orbits, it is necessary to develop models for the joint
maintenance of real-time multiservice traffic and elastic data traf-
fic. The models should take into account the uneven placement of
terminals in local areas, their limited number, the possibility of
simultaneous servicing by each terminal of requests for the trans-
mission of two types of traffic, one of which is elastic data traffic,
the other real-time traffic, with a limit on the speed of information
transfer by the terminal. The purpose of the work is to solve the
modeling problem taking into account the listed factors. Model
based on multidimensional stepwise Markov processes is con-
structed. A list of tasks that can be solved using the model is
defined, including both the tasks of determining the minimum
required network resource to meet the specified quality require-
ments, and the tasks of finding preferred resource distributions
between local areas according to the criterion of minimizing the
average service time for data transfer requests. Numerical exam-
ples of solving each task are presented. The developed model can
be used in the construction of control systems for information
transmission networks based on high-throughput satellites.
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1 Introduction

Currently, the Russian Federation is actively working on the
development of a satellite constellation, including, inter alia, high-
throughput satellites (HTS) in highly elliptical and geostationary
orbits, and the creation on this basis of broadband subscriber
access systems to public terrestrial networks, in particular, the
Internet [1, 2, 23]. At the same time, mobile satellite
communication services, especially broadband access for
vehicles, are coming to the fore [3]. The possibilities of creating
terminals for such systems are confirmed, for example, in [4]. The
article considers a broadband satellite network with the topology
"star" based on HTS, where low-power subscriber terminals (ST)
installed on vehicles in local service areas (LA) of the spacecraft's
on-board antenna beams provide drivers with access to services of
communication and data transmission via a central earth station (CS)
connected to terrestrial telecommunications networks (Fig. 1).

<«——> Flastic data transfer traffic (file downloads, 6-mail, web browsing, etc)

<—> Real-time service traffic (audio, video calls, etc.):
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" satellite network subscribers

Fig. 1. Network structure

The provision of services is carried out according to requests
processed by the CS management system, and depending on the
characteristics of the services requires either real-time traffic
transmission (for example, for voice or video calling services), or
allows delays and changes in the transfer speed (file downloads,
e-mail, etc.). Accordingly, traffic on the network can be
conditionally split into real-time traffic and elastic traffic. In
addition to the uneven distribution of a given number of ST in a
certain set of LA, the analyzed network has the following features:

1) Due to the low power, the ST cannot occupy the entire
frequency band of the beam, and, accordingly, the maximum
transmission speed is limited.

2) ST are personal. Therefore, it can be assumed that drivers
use no more than one real-time service at any given time, although
data can be exchanged simultaneously (for example, you can hold
a telephone conversation and download files or browse web pages,
etc.).

The traffic generated when receiving services is serviced by
providing the necessary channel resource, which, as a rule, is
expressed as an integer number of information transfer speed units
(bits/s) [5]. In this case, the speed unit is usually chosen as the
largest common divisor of the set of speeds required for
transmitting different types of traffic. The quality of network
operation is often assessed by such indicators as the proportion of
requests for the transmission of traffic of each type, lost due to the
lack of a free channel resource, as well as the average service time
of the request for data transmission [5].

o

To solve the tasks of planning and distributing a channel
resource in a network of low-power ST based on HTS, it is
necessary to develop mathematical models of network functioning
processes that allow evaluating the values of quality indicators
depending on the volume of resources provided, taking into
account the set and characteristics of the services, the number and
intensity of ST work, their placement on the LA, accepted
procedures for the provision of a resource. The assessment should
be carried out both for an individual LA and for the network as a
whole. The purpose of this article is to develop these models that
take into account the listed features of the ST network.

A large number of papers have been devoted to modeling the
processes of servicing multiservice traffic (for example, [6-21]).
These issues are considered in relation to various
telecommunication networks and applications (to access nodes of
mobile communication networks (for example, [6, 14, 15, 16]),
The Internet of Things (for example, [10, 11, 14, 17]), surveillance
systems (for example, [6, 9]), cloud computer systems (for
example, [13]), satellite communication systems (for example,
[19-21]). The general approach (([5, 13-21]) involves the
assumption of the Poisson nature of the input streams and the
exponential distribution of service times and volumes of
transferred files, which allows us to build models based on
multidimensional stepwise Markov processes that take into
account the main specifics of the analyzed systems.

The irreversibility of these processes makes it difficult to
obtain analytical results. Estimates of quality indicators are based
on the numerical solution of systems of equilibrium equations
(SEE). Direct use of the results of the work [5-20] is impossible,
because they do not take into account the factors associated with
the placement of ST in a set of LA, as well as the admissibility of
simultaneous transmission by one ST at a limited speed of two
information flows, one of which relates to real-time traffic, the
second to elastic traffic. The maintenance of streams generated
from several LA is considered in [21], however, the noted features
of the ST operation are also not taken into account there. In order
to achieve this goal, section 2 builds a mathematical model for the
joint maintenance of multiservice traffic on the network. Section
3 is devoted to the characterization of tasks that can be solved
using the developed model. Section 4 provides numerical
examples of solving such tasks using the model.

2 Mathematical model

Let's first consider a fragment of a network that includes N
homogeneous ST of one LA (Fig. 2). Let the resource allocated to
the area be v units. Each ST can simultaneously serve traffic from
one of the K real-time services and elastic data traffic.

Note that the case when a subscriber can use no more than one
service at a time belongs to the Engset type models, the state of
which is determined by the vector of the number of subscribers
receiving each service [5]. In the network under consideration, an
ST can receive up to two services at once, i.e. this approach is not
applicable. The same service characteristics are provided by the
ST using the same services at the current time. To account for this
circumstance, the state of the ST is denoted by a pair (k,g), where
k is the number of the real-time service from 1 to K or 0, g is one
or zero, depending on whether data traffic is currently being
serviced or not. Obviously, the total number of ST states is 2(K+1).
The graph of transitions between states is shown in Figure 3.
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Fig. 2. Features of joint maintenance of real-time and elastic traffic
in a separate LA

Fig. 3. Graph of transitions between ST states

Let the resource volumes required for servicing requests be
given by the vector (by, by, ..., bk, b,), where b (k =1, 2, ..., K)
are the resource values for requests for real-time traffic
transmission and b, is the minimum resource for servicing data
transfer requests. In this case, the maximum resource for a data
transfer request is bp.x and is determined by the maximum
transfer speed of ST. Let's introduce a vector
b =(0,by, ..., by, b, (by + b,), ..., (bx + b,))  consisting of
2(K+1) components, the first (K+1) components of which
correspond to the states ST from (0,0) to (X,0), and the second
(K+1) components of the ST states from (0,1) to (K,1). We also
denote by n 4) the number of ST that are currently in the state
(k,q), and by n = (n(o_o), s K0, T(0,1)) ...,n(Kll))the vector of
the amounts of ST in the considered LA, which are in the
corresponding states. The sum of the components # is equal to the
number of ST in LA N. Obviously, the minimum resource required
to service all ST in the area in the current state is [ = nb", i.e., if
the total resource of the LA is v, then incoming requests can be
allocated a resource from the remaining part of v-/. In this case,
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the resource for transmitting data traffic can be increased to by ax
if a particular ST is in the state (0,1), and to (bpayx — by) if the ST
is in the state (k,1), £=1,2,....K. Note also that the number of
requests for the transmission of real-time traffic of the k-th type
served in the system is (n(klo) + n(k,l)), k=1,2,...,K, and the
number of requests for data transmission is Yx-q (k1)

We will assume that the flows of requests for the transmission
of real-time traffic and data are independent, the intervals between
the moments of receipt of requests are subject to an exponential
distribution. If the ST is not currently busy transmitting real-time
traffic, then new requests are received with intensities 5y, k =
1,2, ..., K. In essence, this means that the interval until the moment
of receipt of a new request for real-time traffic transmission has
an exponential distribution with the parameter § = YX_, B, and

the probability that this will be a k-type request is k k/ B Also, if

the ST is not currently busy transmitting data traffic, then new

requests arise with the intensity of f,. The request service time is

also subject to an exponential distribution with the parameters p,

k=1,2,..,K, and yu, (4, corresponds to the transmission of data

traffic at a minimum speed, i.e. when allocating a resource b,.
The set of network states is written as:

S=qmunb" <v; ny g =0k=01,..,K,q

()

The sets of network states for which incoming requests for the
transmission of real-time traffic of type & are refused are defined
as:

U, ={ninesS,nb™>v—by, (nee +ne) > 0}. )

In (2), the condition ("(0,0) + n(o,l)) > 0 means that there are
ST in the network capable of generating requests of type k. The
set of network states for which incoming requests for data traffic
are refused:

K
Us=jmn€esS,nb" >v—b, ) nge >0
k=0

3)

Similarly, in (3) the condition ¥.X_, N(y,0) > 0 means that there
are ST in the network capable of generating requests for data
traffic transmission.

Denote by p(n), n € S, the probabilities of finding the network
in state n in steady state. Let's assume that state n, as a result of
the occurrence of an event of receipt or completion of service of
the request, can be reached from states n;, € S;,(n) with
transition intensities a(n;,, ), and from state n, as a result of the
occurrence of an event of receipt or completion of service of the
request, it is possible to get to states Mgy € S,u,:(M)  with
transition intensities a(m,Mgy,;). Then the probabilities p(n)
satisfy the SEE:

p(nin)a(ninl n) n
MinESn () 4)

p(n) a(n, ngy,) =

Mout€Sout (M)

€S
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To solve the SEE, as can be seen from (4), it is necessary to
determine the sets S, (n), S,,,: (1), as well as the corresponding
a(ni,, n) and a(n, nyy,). Let's denote by e 4y a unit vector of
dimension of vector n containing 1 in the position corresponding
to the component n 4y in vector n, and zeros in the remaining
positions. Any event of receipt or completion of the service of
requests in the network corresponds to the difference of two unit
vectors. For example, the receipt of a type k request corresponds
to the transition of the network from state n to state 1 — e 4) +
€(q), 1.€. the ST group, in which real-time requests are not
serviced, and the service of data transfer is in the ¢ state, is reduced
by one ST, and one ST is added to the ST group, in which A-type
requests are serviced and the service of data transfer is in the ¢
state. Possible transitions in the network between states, their
conditions and intensities are characterized by Table 1, where it is
assumed that the network is in state n.

Table 1
Possible transitions between network states

Transition conditions

Th h —
e event that . Network state change, conditions,
caused the Changing the transition intensity
transition state of the ST

(coefficients in SEE)

Transitions to state n (set S;;, (1))

Entering state n when requests are received

0,9) - (k,q@), Mt €0q ~ € > M Nukg >0
k=12,...K |(nog +1) Bk

Request  for|(k,0) » (k, 1), [P+ €uo0) — €k = M N1 >0,

data transfer | k =0,1,..,K |(nge +1)Be

Entering state n when the request service is completed

(k,q) > (0,q) [N~ €oq) +Exkg > M MES\U,

k=12...K |ngg >0 (nug + 1)

n—ewotewy > NNE S\U,,

N(k,0) > 0, (n(k,l) + 1)[12"

(n—eqo +ewn)

Transitions from state n (set S, (M)

Exit from state n when requests are received

0,9) > (k,q) [n >N —eqgq) +egq, 1 ES\U,

k=12,..,K N(o,q) = 0, Tl(o‘q)ﬁk

Request  for|(k,0) —» (k, 1), |n > N — ey + €1, N € S\Ue,

data transfer k=01,..,K [ngoe >0,nuo0be

Type k request

Type k request

Request  for|(k, 1) - (k,0),
data transfer k=01,..,K

Type k request

Exit from state

n when the request service is completed

(k,q) > (0,q), (m>n+ewq ~ ekq: kg > 0>
Type k request ) ’ ’ ’
YPERTEAUSST = 12, K |ngegtte
Request  for|(k,1) —» (k,0), | > N+ €x0) — €x,1)> Nk,1) > 0,
data transfer | k=0,1,..,K |ngpuk®n)

The table contains the function u¥ (), which makes sense of
the intensity of servicing data transfer requests for ST groups that
either served only such requests (case k£ = 0), or simultaneously
served requests for real-time traffic transmission of type k with
data transfer requests. Let's define uX(n). For convenience, we
will assume that the numbers of real-time services are numbered
in the order of increasing the b parameter, i.e. b; < b, < -+ < by.
At the same time, the maximum possible resource for servicing
requests for data traffic transmission, when all ST are operating at
maximum speed, is obviously Ve = N0 .1)Pmax + 1(1,1) Pmax —
b1) + n21)(bmax — b2) + -+ + n(x,1)(bimax — bg). At the same
time, in the network at state n, the resource for servicing data

o

traffic is v, = v — 1+ b, X.K_, N,1). There are two possible
cases here. If v, = Vgipy, then the maximum possible resource
can be assigned to each ST, taking into account the requests for

real-time traffic transmission, and ud(n) =y, bm‘”‘/ b
e

pim) = p, max bl)/ b He () = He (B b")/ b,
If v < Verm, then the following procedure is performed:
)PutL =K.
2) If Y- N1y > 0, calculate the value of resources for the
maintenance of the requests with a uniform distribution between

ST bunf =

Vet , otherwise the end of the
/(Zi=o "(k,l))]

procedure.
3)If byns < (Byax — by), itis assumed that ug(n) = pZ(n) =
-+ = pg(n) = pebyns/be. The end of the procedure.

4 Assign k) =g, Pmar =ODfand vy = v -

n(L,l) (bmax - bL)-

S)Put L:=L—1 and, if L = 0, go to step 2), otherwise the
end of the procedure.

Note that the rows of Table 1 are taken into account when
forming each equation from the SEE several times. For example,
the first line, entering state n when k-type requests are received,
can be counted up to 2k times, i.c. up to k times for the case ¢ =0
and up to & times for the case ¢ = 1. The transition is included in
the equation when the condition n 4y > 0 is met. The second
line, entering state # when data transfer requests are received, can
be counted up to (k+1) times, etc.

To solve the SEE, following the approaches developed in [5],
we will use the Gauss-Seidel method. The Gauss-Seidel recursion
linking the estimation of the non-normalized probabilities of the
states of successive (s-th and (s+1)-th) steps of the iterative
process, taking into account (4), will have the form:

P(s+1) (n) —

an,ng,) |,nes )

Nout€Sout (M)

pGstD) (nip)a(ng,, n) /

Nin€Sin(n)

Here, estimates of non-normalized probabilities, unlike
normalized ones, are indicated by a capital letter P. The upper
index corresponds to the step number, and the double index (s, s +
1) means that not only the results of calculations of step s are used
for evaluation, but also the components of the evaluation vector
already calculated at (s + 1) step. The convergence of the method
is estimated based on the achievement of a small (at the level of
10® — 10'%) normalized difference between two successive
approximations to the vector of unknown probabilities [5]. The
probabilities p(n), n €S, are obtained by normalization:

pm =2 =N ©

nes

The calculated probabilities p(n), n € S, allow us to obtain
the values of quality indicators. Let's start by defining the
indicators for a particular LA. It should be noted that the loss of
requests in the network can be estimated both from the position of
the operator and from the position of the user of communication
services [5]. Let's limit ourselves to an assessment from the user's
point of view.
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Since the input traffic in the considered network depends on
its state n, the proportion of requests for the transmission of traffic
of each type lost due to the lack of a free channel resource should
be estimated as the ratio of the intensity of the lost requests of the
corresponding stream to the intensity of the received requests of
this stream [5]. For k-type real-time traffic service requests, we get

_ Laneu (p(n)(n(o.o) + "(0,1)))

Ty, = ) (7)
Ynes (p () (n,0) + n(o,l)))
and for data transfer requests
_ Znew, (P Thoo ko)) )

e s (P () Ty 0y)

The average service time of a data transfer request is calculated
using Little's formula as the ratio of the average number of
serviced data requests y, to the intensity 1,(1 — m,) of the flow
of data transfer requests accepted for service, and is equal to:

Y
Ae(1—m,)

Ye = Z <p(n) z:=0n(k,1)) ©)

nes

Ae = Pe Z (p(n) z:=0n(k,0))'

nes

w

Since in the network under consideration, ST are located in
several LA with numbers m= 1,2, ...,M, then the quality indicators
should be calculated as weighted averages on a set of LA.
Belonging to a particular LA will be indicated by the upper index
m. The average service time of a data transfer request in the W,
network is determined by the ratio:

(10)

Taking into account (9), we obtain

M m
_ Zm=1)e

W, = =L an

3 Characteristics of the tasks that can be solved using the
developed model

The developed model can be used to determine the minimum
required resource and solutions for its distribution between LA in
multiservice networks of low-power ST based on HTS. The initial
data for solving the tasks are:

— he number of ST ineach LAN™,m = 1,2, ..., M;

— the maximum transfer speed of ST in units of resource b,y 4y;

— a list of real-time services, their characteristics (by, py, k =
1,2,..,K);

— haracteristics of elastic data traffic (b,, Ue);

— requirements for the quality of service provision (m;, < 7y,
k=12,...K, t, <t uWm<W*',m=1,2,..,M),

T-Comm Vol.l17. #2-2023
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— the intensity of occurrence of requests for each type of Sy,
k=1.2,..,Kandf, at ST.

Note that for given ST characteristics, the quality indicators for
individual LAn]*, k = 1,2, ..., K, n]', W™, as well as A7* and y.",
m=1,2,...,M, are functions of the number of ST N™ and the
allocated LA resource v™, m = 1,2, ..., M. This allows you to use
two-step procedures to solve tasks. At the first step, the
dependencies wy*, w3, W™, A%t and y;"* are obtained from the
possible values of v™ for given N™, m = 1,2, ..., M, and at the
second step, on the basis of these dependencies, preferred
solutions for the network as a whole are found.

The task of minimizing the required resource has the form:

M
v= Z v™ - min,
m=1
(™ N™) < mp,m=12,..,M, k=12,.. K, (12)
alt(v™, N™) < m;, Wm (™, N™) < W+,
m=12,..,M.

Obviously, the total resource will be minimal if the minimum
resources provided by each LA. Therefore, to solve the task, first
for each LA (m=12,..,M) using the dependencies
g (™ N™), al(v™, N™), W™(v™, N™) it is necessary to find
the minimum resource values v*, va" and v, that satisfy the
corresponding constraints (12). Then v™ is obtained in the form
v™ = max(v], v, v, and v = Y M _ v™.

We will consider the task of finding the preferred distribution
of resource v between LA in two formulations. The first one
provides for minimizing the average service time of a data transfer
request in the network W, and, taking into account (10) and (11),
has the form:

m=1y" @™, N™)

5
M_ AT (v, N™)(1 =z (v™, N™))

W, = min,

(13)

e (™ N™) <m,,m=12,..,M,k=12,..,K,
(W™ N™) < m;, W™ N™) < W,
m=12,..,M.
The second formulation proceeds from the fact that ST of all
LA should have equal opportunities for data transmission, and,

accordingly, the maximum average service time of a data transfer
request on a set of LA is subject to minimization:

Y (™, N™) .
max. - min,
meLd \ AT (v™, N™)(1 — nl(v™, N™))
M
m —
Z v =1, (14)
m=1

e (W™ N™) <m,,m=12,..,M,k=12,..,K,

gt (v™ N™) <@y, Wm(w™ N™) < W,
m=12,.., M.
When solving tasks in both formulations, you should first find
the minimum resources of the LA v, m = 1,2, ..., M, ensuring
the fulfillment of restrictions on the limit values of quality
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. . _ M m . .
indicators. In fact, the resource v, = v — Y311 Uiy, is subject to

distribution between LA.

Since the solutions of SEE and the values of quality indicators
can only be obtained numerically, a direct search seems natural to
solve tasks. Obviously, the number of variants is equal to the
number of combinations from (vp +M - 1) to (M —1), ie.
Cﬂg +4_;. Direct search can be used when v, and M are small. For

example, if the ST are located in seven LA, and the volume of the
unallocated resource is 30-40 units, then it is necessary to
calculate about 2-10 million variants. If the dependencies of
quality indicators and parameters for individual LA are calculated
in advance in the form of tables, then such a search is not difficult
for a personal computer.

If the intensity of the flow of requests of each type can be
approximately considered constant (as in the Erlang model), and
the loss of data transmission costs is negligible, the dynamic
programming method can be used to solve the task in the first
formulation [12] by analogy with how it is done in [11].

Regarding the solution of the task in the second formulation, it
is necessary to note that the dependencies of the average service
time of the request for data transfer on the resource for each LA
are non-increasing (see an example of such dependencies in
Figure 4). In these conditions, the resource should be distributed
step by step, sending the next unit to the LA, where the current
achieved average service time is maximum.

5
E
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g
§1A 5
e o
. °°
£ %60
& o ©o
512 9 0| %o
= o ©o oo
3 o %, ° ©o0o0o000
S Ooooo ©0co0o00000°
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b o ©000000°°
< ©,°%00 co00°?®
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2 o ©O0o0oo00000° 5 5.0 o
g 08 ©00000000°° 0o®
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Number of ST >
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Fig. 4. Example of the dependencies of the average service time
of a data transfer request on a resource allocated to the LA
for a different number of ST

Taking into account the above circumstances, the generalized
schemes for solving tasks (12), (13) and (14) include the following
steps:

1) Construction for each LA of the dependencies
ik =1,2,...,K), t]t, W™, A" and y;" on the possible values
of v™ for given N™, m = 1,2, ..., M. Finding the minimum values
of v’ from them, ensuring the fulfillment of the constraints of
the corresponding tasks (12), (13) or (14), as well as the value of
the distributed resource v, for tasks (13) and (14). The vector
(Vi VEins -+ VL) s the solution to task (12). And for tasks
(13) and (14), the upper bounds of the LA resource values for
dependencies are expanded to vy, + V.

o

2) Acceptance of minimum values for tasks (13) and (14) as
initial resource values (v™ = v, m = 1,2,..., M).

3) When solving the task (14) performing v, steps, including:

— determination of the number of LA with a maximum value
WM™, N™), ie. m=argmax WM™ N™)  where

me[1,M]

W™(v™, N™) is calculated according to (14);

— allocation of the resource unit of the m-th LA (v™ == v™ + 1).

4) When solving task (13), the following steps are performed:

— generation of a set of variants G(M, vp) for allocating an
additional resource v, to an existing set of M LA. The generation
is carried out step by step. Obviously, G(M, 1) includes M variants
(the resource unit is transferred to one of the M LA). G(M, i) is
obtained from G(M,i— 1) by adding to each variant from
G(M,i — 1) a unit of resource in one of the LA (M variants) and
filtering out the matching variants;

— calculation of the objective function of the task (13) for each
variant of G(M , vp) and determination of the variant providing a
minimum of W,.

4 Numerical examples of the use of model

As an example, consider the case of placing ST in three LA,
with Nt = 50, N> = 100 and N3 = 150. Maximum transfer rate
ST in resource units bq, = 8. Two real-time services with
parameters are available to drivers: b; = 1, b, = 4, yy = 0,3 min°
! U, = 0,15 min’!, as well as elastic traffic transmission services
with parameters b, = 2, ., = 0,3 min!. The intensity of
occurrence at each ST of requests for real-time traffic g; = 0,03
min’!, f, = 0,002 min’!, and for elastic data traffic 8, = 0,01
min™'. Let the quality-of-service requirements be set in the form
m; =m, =m, <0,01.

In accordance with the task solving scheme described in the
third section, the dependencies of the service parameters for each
LA on the allocated resource are first obtained. Figure 5 shows the
dependencies for the second real-time service mi (v1), w2 (v?) and
i (v3), since this service requires maximum resource costs to
service requests. The dependencies W1(vl), W?2(v?) and
W3(v3) are shown in Figure 6.
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Fig. 5. Dependence of the probabilities of denial of service
for requests of the second real-time service on the amount
of resource allocated to the LA
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Fig. 6. Dependence of the average service time (in minutes)
of requests for the transmission of elastic data traffic (ET)
on the volume of the resource allocated to the LA

Figure 6 shows that the minimum LA resources are v, =23,
V2 =351 v3,, = 47. Therefore, the minimum network resource
is 105.

Suppose that during operation the network resource is 115
units, i.e. v, = 10. Solving the task in formulation (14), we obtain:

— minimum average time 0,91392 min.;

—L resources v! =25, v? =39 and v3 =51.

To solve the task in formulation (13), a set of variants has been
formed with a total number of €, = 66. Comparing the variants
gives the result:

— minimum average time is 0,9059 1min.;

—L resources v! =23, v? =39 and v3 =53.

The difference in the results can be explained by the fact that
in order to minimize the average time for servicing requests for
data traffic transmission over the network, it is preferable to invest
the resource in the third LA, from where the main part of the
request flow comes, allowing some increase in the average time
for the first LA, from where the flow is minimal.

5 Conclusion

For networks of low-power subscriber terminals based on
HTS, a model of joint maintenance of real-time multiservice
traffic and elastic data traffic has been built, taking into account
the uneven placement of terminals in local areas, a limited number
of terminals, the possibility of simultaneous servicing by each
terminal of requests for traffic transmission of two types, one of
them which is elastic data traffic, another real-time traffic, with a
limit on the speed of information transfer by the terminal. When
constructing the model, the apparatus of multidimensional
stepwise Markov processes and the Gauss-Seidel method were
used to find the probabilities of network states in steady-state
mode. Using the model, both the tasks of determining the
minimum required network resource to meet the specified quality
requirements can be solved, as well as the tasks of finding
preferred resource distributions between local areas according to
the criterion of minimizing the average service time for data
transfer requests. The results obtained make it possible to use the
model in planning and managing the operation of networks based
on spacecraft with high throughput.
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AHHOTauusa

[na peanuzaumm GyHKLUMA NNaHMPOBaHUA U pacrpefie/ieHna KaHalbHOTO pecypca B CETAX MaJIOMOLLHbIX MOBUIbHBIX AOOHEHTCKMX TEPMUHANIOB Ha
6ase KOCMMYECKMX anmnapaToB C BbICOKOM MPOMYCKHOM CMOCOBOHOCTBIO Ha reOCTaLMOHAPHOM W BbICOKOINIUMTUMHECKMX opbuTax Tpebyetca
paspaboTka MoZenei NpoLeccoB COBMECTHOrO OBCY>KMUBAHUA MyNbTUCEPBUCHOTO Tpaduka peanbHOro BpeMeHU 1 31acTUHHOTO TpaduKa AaHHbIX.
Mopaenn AonXHbI y4uTbIBaTb HEPaBHOMEPHOCTb Pa3MeLLieHUs TEPMUHASIOB MO JIOKaslbHbIM 30HaM, OrpaHMYEHHOEe WX KOJIMYECTBO, BO3MOXHOCTb
OZIHOBPEMEHHOTO OOCNYXMBAHUA KaXXAbIM TEPMMHANOM 3aABOK Ha nepejadvy Tpaduka JByX TWUMOB, OAWH U3 KOTOPbIX ABMAETCA 3/1aCTUYHbIM
TPadpuKOM AaHHbIX, APYroil TpapuKOM peasibHOro BPEMEHW, NMpY OrpaHMYEHUM Ha CKOPOCTb Nepefayn MHGOpMaLmn TepMuHanoM. Llenb pa6orsl
COCTOWT B peLUeHUM 334a4U MOZESIMPOBAHUA C yHEeTOM MepeuncnieHHbiX $akTopos. [locTpoeHbl MOAENN Ha OCHOBE MHOTOMEPHbIX CTYMeHYaTbIX
MapKoBckux npoueccoe. OnpezieneH nepeyeHb 3a4a4, KOTOPbIe MOTYT peLlaTbCA C UX UCMOJb3OBaHUEM, BKIIFOHAIOLMIA KaK 3aZja4in onpegenieHuns
MUHUMaJIbHO HEOBXOAMMOro pecypca CeTu AN BbIMOMHEHUA 3aJaHHbIX TPeOOBaHMI MO KayecTBy, TaK M 3aJja4M OTbICKAHUA MPEeANOYTUTENbHbIX
pacnpezenenuii pecypca Mexzy NOKasbHbIMU 30HaMU MO KPUTEPUIO MAHMMU3ALIMK CPe/IHEro BpeMeHN OBCyXUBAHWA 3aABOK Ha NepeAady AaHHbIX.
MpeacTaBneHbl YMCNEHHble MPUMepbl pelueHus Kaxgon 3agadn. PaspaboTaHHble Mogenu MoryT ObiTb MCMOMb30BaHbl AfA MOCTPOEHUA CUCTEM
YMNpaBfieHUs CeTbio Nnepefain HGOpMaLmMn Ha H6aze KOCMUYECKUX aMnapaToB C BbICOKOM MPOMYCKHOM CMOCOBHOCTLIO.

Kniodesbie cnosa: kocmudeckue annapamsi ¢ 8bICOKOU NPONYCKHOU CnOCoOBHOCMbIO, KAHAbHBIU Pecypc, Mybmucep8ucHbIll mpacpuk, mpaguk peasnbHozo
8peMeHu, 31acmutHbIl mpaguk, MobusibHble A6OHEHMCKUE MEPMUHATTBI.
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