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Abstract. In the paper, a retrial queueing system of M,/M,/1 type with probabilistic priority and interruptions is
considered as a model of a two-modal communication network. Two classes of customers come to the system
according Poisson arrival processes. There is one service device (or channel). If a customer finds the server
occupying by a customer of the same class, it goes to an orbit and makes a repeated attempt after a random delay.
If an arrival customer finds the other class customer on the server, it can interrupt its service with the given
probability and start servicing itself. Customers from the orbit behave the same way. There is a multiply access
for customers in the orbit. Service times and inter-retrial times have exponential distributions. Customers are
assumed heterogeneous, so the parameters of the distributions are different for each class. In the paper, we
propose the original marginal asymptotic-diffusion method for finding of the stationary probability distributions
of the number of each class customers under the long delays condition.
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1. Introduction

Heterogeneous of information is characteristic of modern telecommunication networks. Transmitted
data may contain text, sound, image, service information, etc. Thus, we observe several arrival
processes in networks with different characteristics (required job, quality of service, permissible
latency, possibility of losses). In the field of robotics and telemedicine, multimedia networks
are called as multimodal communication [1]. Interest in multimodal systems is increasing with
the development of multimodal interfaces. By modality it is called physically recorded elements
of communication (human-machine and/or human-human), including both the transmitted data
(message) and individual information. The set of multimodal data and their size may vary depending
on the task. So, in speech recognition systems based on audio recordings, it is sufficient 70-80 Kb for
a speech modality [2], while for a sign modality (i.e. in Russian sign language), one modality record
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can require 125 Mb [3]. One of solutions to ensure the quality of data transmission is to distribute user
application data into several sub-streams and to provide multi-stream data transmission using several
available communication interfaces. Often some modalities may be different by priority [4]. It means
that some information is more significant than other in a particular task (i.e. urgent emergency
messages must be delivered immediately that leads to interruption of lower priority information
transmission).

Most of the works devoted to the problems of multi-stream data transmission are based
on the analysis of data transmission quality parameters using simulation models. Here, the
mathematical modelling is applied for analyzing and optimization of multimodal data transmission
systems, taking into account the priorities, interruptions and the existence of repeated attempts of
information transmission after fails. In this way, we propose the mathematical model of multimodal
communication system in the form of a retrial queueing system with two classes of arrivals and
opportunity of interruptions in the case of probabilistic priority.

Retrial queueing systems (or queueing system with repeated calls) [5, 6] are new class of queuing
models widely applied in various communication systems (call-centers, cellular networks, LANS, etc.
[7, 8]). In retrial queues, there is a some virtual place (the orbit) for repeated calls, where unserved
calls wait during random time before an attempt to receive service again.

In spite of the large number of studies of retrial queueing systems of various configurations,
heterogeneous models are weak investigated. Retrial queues with several types of customers (and
several orbits too) are called as multiclass RQs and considered in [9-15]. Most of cited papers are
devoted only stability analysis, while probability distributions or even means of processes under
study are hardly investigated. Queuing models with interruption are proposed in [16, 17]. Different
types of service interruptions are described in [18]. Queuing systems with probabilistic priority are
presented in [19, 20]. Retrial queues with different types of priority are studied in [8, 21-23]. The
most close study of retrial queues with two classes and priority are considered in [24, 25].

The rest of the paper is organized as follows. In Section 2, the mathematical model is described,
the process under study is denoted and a system of differential Kolmogorov equations is written. In
Section 3, we propose the original marginal asymptotic-diffusion analysis method for the two-class
retrial queueing system studying. We derived the formula for the marginal asymptotic stationary
probability distribution of number of each class calls in the orbit under the long delays limit condition.
Section 5 consists some conclusions.

2. Mathematical model

Let us consider a retrial queueing system with two classes of customers. A customer of the n-th class
comes to the system according Poisson arrival process with parameter 4,,, where n = 1, 2. There is
one server. If the server is idle, the n-th class customer starts its servicing during the exponentially
distributed random time with rate u,,. We assume that customers have probabilistic priority. If an
arrival customer finds the servicing customer of the same class, it goes to the orbit. If a customer
finds the other class customer on the server, it can: a) with probability s, interrupt the servicing and
starts servicing itself (and the displaced customer goes to the orbit); b) with probability 1 — s, joins
to the orbit. After a random time distributed exponentially with rate g,,, a customer from the orbit
makes a repeated attempt to get service. The customers from the orbit behave in the same way (and
with same probabilities). So, in the model we assume that there are no loses of customers.

Note that it does not matter to consider one common orbit for both classes of customers or two
orbits for each class. It is important to distinguish a number of customers of each class in the system
at some time moment. The model structure is presented on Figure 2.
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Figure 1. Two-class retrial queueing system with probabilistic priority

Note that in real life, the most common situation is when one class of customers is prioritized
(s; = 1and s, = 0). The considered mathematical model and obtained further results are general and
can be applied for different cases.

Let us denote random processes of the number of the n-th class calls in the orbit by i,,(t), where
n = 1,2. Process k(t) determines states of the server as follows:

0, if the server is free,
k(t) = {1, ifthe 1-stclass customer is servicing,

2, ifthe 2-nd class customer is servicing.

Denote by P{k(t) = k,i;(t) = iy,i,(t) = iy} = P(k, iy, iy, t) the probability that the server has state
k and there are i; customers of the first class and i, customers of the second class in the orbit at
time t. Process {k(¢),i;(t), i,(t)} is three-dimensional continuous-time Markov chain. Let us write the
following system of Kolmogorov equations for probability distribution P(k, iy, i, t):

9P(0, iy, iy, t . ; .
(+12) = _(Al + 12 + L0 + llgz)P(O, l1,1p, t) +

+ i P(L, iy, b, £) + 4o P(2, 1y, 1, 1),

OP(1,iy, 05, t . . .
(+12) = _(Al + 12 + M1 + lezaz)P(l, 11,1, t) + /11P(0, 11,1, t)+

+ (il + 1)01P(0, il + ]., i2, t) + /11$1P(2, il’ iz - 1, t)+
J +/12(1 _SZ)P(lailaiZ - 17t)+llp(1» il - 1’i2» t)+ (1)
+ (ll + l)UISIP(Z, il +1, iz -1, t),

0P(2,iy,1,,t . .o .o
% = —(A; + A + pp + i15101)P(2, iy, ip, ) + A,P(0, iy, ip, )+

+ (12 + 1)0'2P(0, il’ iz +1, t) + lezp(l, il -1, iz, t)+
+ (1 = 5))P(2,i; — 1,iy,t) + A,P(2,0q,0, — 1, )+
+ (iz + 1)02S2P(1, il - ]., i2 + ]., t).
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Let us introduce the partial characteristic functions:

[se] [so]
H(k, Uy, Uy, t) = z Z ejulil . ejuzizp(k’ il’ i2, t).

i1=0i=0
Then we rewrite Equations (1) for the characteristic functions as follows

—aH(O’ Lal;’ U ) = —(4 + 1)HO,uy,up, t) + Jjo —0H(0,51;1, Uy, ) +
1

. OH(0,uy,u,, t
+ ]UZ% + lulH(l’ Uy, Uy, t) + IuZH(z’ Uy, Uy, t)7
OH(1, uy, u,,t
% = _(ll + /‘12 + [/ll)H(l, Uy, Uy, t) + /‘llH(O, Uy, Uy, t)+
, 0H(1,uy,uy,t) . _.. OH(O,uy, uy,t)
+]O’2S2# — joie 1“1#+
+ A151€7%2H(2, Uy, Uy, ) + A5(1 — 85)e/™2H(1, uy, uy, t)+
J
: o OH(2,uq, Uy, t
+ e/ H(1, ug, uy, t) — jalsle‘f”1e1“2(+uz),
1
OH(2,uq, Uy, t
QUM l) 1y 4 2y ) 1,10, 0) + O, w0 )+
aH(Z, Uy, uZ,t) . : 5H(0, Uy, u,z,t)
T e 7 L P Nt S L
51.11 ]Uze 5112 +
+ AzSzejulH(l, Uy, Uy, t) + /11(1 - Sl)ejulH(Z, Uy, Uy, t)+
0H(1, uy,uy, t)
auz ’

+ jois,

+ 1,002 H(2, Uy, Uy, t) — jo,5,e T H2ei™1
Introduce matrix form of the characteristic functions:
H(ul, Uy, t) = {H(O, Uy, Uy, t), H(l, Uy, Uy, t), H(Z, Uy, Uy, t)}.

So Equations (2) are transformed in the following matrix equation:

OH(u;, Uy, t ; ;
% = H(uy, uy, £)(A + /1B, + e/"2B,)+
+ jglw(ll — e, — emithietaL,) 4
5u1
H(uy, u,, ¢ . o
+ jazw(h — ey, — eluigmitagy),
5112
where
—(4 +42) A A
A= 1 —(Ay + A5 + py) 0 ’
723 0 —(A4 + 2, + wa)
0 O 0 0 0 0
Bi=l0o 4 As, |- B2=|o A,0-s5) o0}
0 0 A(-s) 0 A1851 Ay

@

©)
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1 0 0 01 0 0 0 0

L={o o ofp =|o o ofr L=[o o of
0 0 s 0 0 O 0 s O
1 0 0 0 0 1 00 0

Li=lo s, 0] =0 0o of- Is=[0 0 s,
0 0 0 0 00 0 0 0

3. Asymptotic Analysis

The further analysis can be devided on several stages:

1. Derivation of “marginal” asymptotic equations for each process i, (t) and i,(¢) under a long delay
limit condition.

2. Finding of the asymptotic stationary means of numbers of calls of each class and stationary
probabilities of the server states.

3. Implementation of asymptotic-diffusion analysis for “marginal” asymptotic equations. Finding
of the asymptotic stationary probability distribution of numbers of customers of each class.

3.1. Marginal asymptotic equations

Let us derive marginal asymptotic equations for process i (t) when parameter o, — 0. First of all, we
introduce infinitesimal parameter ¢ and substitutions

0y, =10, 0=¢, U,=¢Ww,
H(u;, uy, t) = F(uy, w, t, €).

From System (3), we obtain the following asymptotic matrix equation:

OF(uy, w, t,€)

- =F(up, w, t,e)(A + e/"1B; + ¢/V<B,)+
OF(uy, w, t,
5 9P w.1.0

+j ™ (I, — e™ /I, — e~ Jth1e/WeL )+
OF(u;, w, t, : : ;
+j (ulal:U 2 (I, — e~JWeLg — eftgJweyy),
Under limit ¢ - 0, we have
OF(u,, w, t .
% =F(u;, w, t)(A + /1B, + B,)+
OF(uy, w,t . )
+jo %(Il —e7 /M, —eT MM+ 4)
1
. OF(up, w,t )
+J7’2M(I4 =I5 — e/"I).

dw

Let the solution have the following form:

F(up,w,t) = Hy(uy, t)el W2,
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By substituting in Equation (4), we have

5H1(u1, t)

ot = H;(up, 1)(A + By + 13x,(Is — 1) + e/“1(By + 12,06))+

) (5)
%:?’t)(ll —e /(I + Iy)).

+jo
In the same way, the following marginal asymptotic equation for process i,(t) (when o, — 0) can

be derived:
OH,(u,, t)

ot = Hy(up, )(A + By + nxy(I, — 1) + e/2(B, + 1, 13))+

aHz(uz, t) I4 _ ; (6)

+jo, IS ( e~ 2 (15 + Ig)).

3.2. Asymptotic means

The next step of the study is finding of parameters x,,, n = 1, 2. Let us write Equation (3) in the steady
state
H(up, u,)(A + e/™B, + e/2B,) + jo — el — emlteitag)+
7)
0H(uq,u . . . (
M(I4 —_ e_]ulls — e]ule_]uZIﬁ) = 0.
auZ

For obtaining an additional scalar equation, we multiply (7) by unit vector e. Taking into account

the form of matrix A, B, B, and I, (v = 1, 6), we obtain

OH(uy, uy)
du, L

+jo,

H(uy, uy)((e/*1 — 1)B; + (e/*2 — 1)B,)e+

i aH((;,Z, Uu,) (A — eI, + (1 — e~ Jtelt2)L;)e+ (8)
‘io, aH(ul, uz) oM, up) (4 _ e—juz)ls +(1- eju1e—juz)16)e =0

Let us use the following substitutions:
Op = W0, 0 =&, U, = eWw,, H(u;,u,) = F(wy, wy,¢), n=1,2.

From Equations (7)-(8), we obtain the following system:

F(w;, w,, £)(A + e/W1EB, 4 e/W2fB,)+
5F(w1, ws, E)

+in 3w, (I — e /Wi, — em/ Wit ) 4
OF(wy, w,, . . .
+Jra- (ugw’;vz 2 (I — 7L — e/1%e™ /02 ) = 0, )
< 9

F(wls W, E)((ejwls - l)Bl + (ejwzs - 1)B2)e+
W((l _ e—jwls)lz +(1- e—jLU1Eejsz)I3)e+

OF(wy, w,, . )
_,_j},ZM((l emIWEY, 4 (1 — eligemiwayL e = 0

+in
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Using Maclaurin series, Equations (9) are written under € — 0 as follows

. OF(w;, w
F(w;, w,)(A + By + By) + JJ/I(a—J)IZ)(Il -, - I+
. OF(w;, wy)
+JV26—12(I4 -I;-Ig) =0,
; 2 (10)
. OF(wy, w,)
F(w;, w,)(w; By + w,By)e + JVla—wl(wllz + (w; — wy)Iz)e+
. OF(wy, w
+172M(w215 + (w; — wy)Ig)e = 0.

ow,

Let us find the solution in the following form:
F(wy, wy) = R - exp {jwyx; + jw,x,}.

By substituting into (10), we get

R(A+B; +By) — 10 R(I; — I, —I)e — p,x,R(I, —Is — 1) = 0,
RB,e — %, x;R(I, + I3)e + ,x,RIge = 0,
RB,e + 31 x,RIze — ,x,R(I5 + I )e = 0.
By solving the system above and taking into account the normalization condition Re = 1, we can

obtain the values of stationary probabilities of server states Ry and asymptotic stationary means
M{iy (1)} = nxi/oy and M{ix()} = 12x2/05.

3.3. Asymptotic-diffusion analysis

Let us solve asymptotic Equations (5)-(6). First of all, we write this equations in general form as

follows
O0H(u,t) O0H(u, t)

ot du
where matrices A;, A,, J;, J, have the following values for corresponding classes of customers:

= H(u, t)(A; + eJ¥A,) + jo J, — e 94y, (11)

- for the first class of customers (process i;(t)):

1

Ag J=A+ B; + 1,x,(Is — 1),
1

Ag )= By + ppx,16,

(12)
ng) = I1,
O =1+ 1;
- for the second class of customers (process i,(t)):
AP =A+B L-1I
i =A+B +nx (I - L)),
2
%j=m+%hh 13
J1 = 14,
1P =15+ 1,
By multiplying Equation (11) by unit vector e, we have an additional equation:
% =(e/*-1) (H(u, DA, + ja%e‘jujz) e. (14)
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3.3.1. First asymptotics

Let us denote
o=¢ ot =c¢ct =1, u=cw, Hu,t) = F(w,1,¢).

Then equations (11) and (14) are rewritten as

eZETD _ gz, o)A, +eveny) + IR g, o) (15)
ot ow
F(w,7,6)e e ( OF(W,7,8) _jue )
E—ar =(e 1) (F(w, 1,8)A; + J—aw e 1, |e. (16)
Under € — 0, Equation (15) has the form
OF(w,T
Fw, A, + A7) + D g, ;) =0, 17)
We assume that the solution has the following form
F(w,7) = R - W@, (18)

where values of vector R depend on x(7) too.
By substituting (18) into Equation (17) and taking into account normalization condition, we obtain
the following system for R finding:

R(Al + Az) - x(f)R(Jl - Jz) = 0, (19)
Re = 1.
By using Maclaurin series in Equation (16), we have the following equation under ¢ —» 0
OF(w,7)e . OF(w, 1)
Substituting (18) into (20), we obtain that
dx(t
dg ) = (RA; — x(T)R]p) e.
A derived equation is a differential equation for x(7) with a transfer coefficient:
a(x) = RA,e — x(7)R],e. (21)
3.3.2. Second asymptotics
Let us make the following substitution:
e Ju
H(u,t) = H¥(u, t) exp ?x(ot) . (22)
By substituting (22) into Equations (11) and (14), we have:
H(u, 1) + jua(x)H®(u, t) = me — ey )y
at J =T 2 (23)

+HO(u, £) (A} + e/A, — x(at)(J;, — e774T,)),



148 DCMEACS. 2024,

32 (2), 140-153

AHP (u, e
ot

. . . )
=("-1) (H(Z)(u, (A, — e "x(at)],) + jcre_J”aHa—L(tu’t)Jz) e.

+ jua(x)H®(u, t)e =

Let us denote
o=¢, ot=¢ct=1, u=cew, HD(,t)=FDw,1,¢).

Thus, Equations (23)-(24) are rewritten as follows

2 IFA(w, 1,¢€)
ot

AF@(w, 7,¢) ;
—jwe
3w Ji—e 1)+

+F@D(w, 1,¢) (A + /%A, — x(T)(J; — e7Y,)),

+ jwea(x)FA(w,1,¢) = je

2 AFD(w, ,¢)e
ot

. . ) (2)
= (/% -1) <F(2)(w, 7,€)(A, — e JWEX(T)],) + jee JWE WJZ) e.

+ jwea(x)FO(w, 7,¢)e =

For simplicity of notation, in further expressions we will write x(7) = x.
Let the solution be in the following form

FO(w, 1,¢) = &(w, 7)(R + jwef) + O(c2).

By substituting (27) into Equation (25), after some transforms we obtain

6¢(w T)
at
= &(w, )R(jwA; — jwx],) + jwd(w, (A1 + A, + x(J, — J)+

+2P8D R 4 jue) 3, - (1 - juoe)ls)-
—sdb(w, OfJ, — (1 — jwe)J,) + O(2).

R + jwef) + jwea(x)P(w, T)(R + jwef) =

Under € — 0, we have

0P (w, 7)/0w
flA, + 8 + 3005 ~ 1) = ACOR — R(A, = xFy) - “2 e VEURG, -y,
It is obvious that vector f can be written as the sum
. _0P(w,7)/0w
f=CR+g —wdb(w,r)

where C = const, vectors g and q are defined by the following equations:

g(A; +A; +x(J; —J1)) = a(X)R — R(A; — xJy),
q(A; +A; +x(J2 - 1) = R0, - T2,

ge =0,

qe = 0.

By comparing the second equation with (19), we can note that q = R'(x).

(24)

(25)

(26)

27)

(28)
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For finding function &, (w, 7), we substitute Expression (27) into Equation (26)

,0P(w, 7)
¢ ot
= juwed(w, )R + jwef)(A, — (1 — jwe)x(1)],)e+

+92 0, R (A, — x(OT)e + (0w 92 DRtie + 0.

+ jwea(x)P(w, 7)(1 + jwefe) =

After some transforms, we obtain

aqjg:’f) = (jw)?d(w, 7)X
X (—a(x)fe + f(A, — xJ,)e + xR],e + %Rh + @) + O(e).

Taking into account (28), under € — 0 we finally have

B2WD _ (jwpew o)
(03]
X (g(Az —xJ,)e + xRJ,e + %(mze —q(A; — x],)e) + a(zx)>
So, we obtain the following equation
0d(w, r) 6(15(w 7) , (] )?
37 30 a'(x) + —=—&(w, 7)b(x),
where
b(x) = a(x) + 2[g(A; — xJ,) + xRJ,] e. (29)

Let us introduce probability distribution density function
1 +00
Pi = — _jWyd§
y,7) o [oo e (w, 7)dw

of diffusion process dy(r) = y(r)a’(x)dt + v/ b(x)dw(r), where w(7) is a Wiener process. We can write
the following Fokker-Planck equation for P(y,7):

anyT, 0)__9 (P(y,‘[)ya () + =

)

Combining the results of two asymptotics, we introduce process z(t) = x(t) + €y(7), such as
dz(7) = a(z)dt + y/ ob(z)dw(r). which is diffusion random process satisfying the following Fokker-

Planck equation
0P(z,7) _ _d(P(z, Da(z))  10%(P(z, ‘L')O'b(Z))

or 0z 2 0z2
In steady state, it is easy to obtain the following expression for probability distribution density of

process z(7):
o (% alx)

Returning to processes i,(t), we conclude that stationary probabilities of numbers of each class
customers in the orbit are calculated as follows:

P (l ) = L ex % /anln an(x)d (30)
= B P12 )y B
where C = const obtained from the normalization condition, parameters a,(x) and b,,(x) are defined
by expressions (21) and (29) with corresponding matrices (12)-(13).
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4. Results and discussion

In this way, it was shown that asymptotic marginal distributions of the number of calls of each class
in the orbit have the form (30). Undoubtedly, in real stochastic processes of the numbers of k-class
calls ir(t) (where k = 1, 2) are correlated, but the obtaining a two-dimensional distribution is difficult
(or may be impossible). The asymptotic marginal method let us analyze marginal distributions with
enough high accuracy. In addition we obtained expression for transfer coefficients (21), which can
help us to define stability conditions of the system (if all a;(o0) < 0) or the condition of partial stability
(if only a,(o0) < 0 or only a,(e0) < 0).

5. Conclusions

In the paper, we have proposed an original method of the marginal asymptotic-diffusion analysis of
the two-class retrial queueing systems studying. We have considered non-classical model of retrial
queues - systems with interruptions of servicing, furthermore, customers have probabilistic priority.
Such model has not yet been studied analytically. The proposed model and analytical results allow
to evaluate the effectiveness of various scenarios of multimodal data transmission with possibility
priority e.g. by setting of interruption probabilities or delay rates.

Note that in real life (i.e. in communication networks) the most common situation is when one
class of customers is prioritized (s; = 1 and s, = 0). The considered mathematical model is more
general and the obtained results can be applied in different cases.

In further research, we plan to study more complex models of multimodal comunication networks,
such as multiclass retrial queues with probabilistic priority, multiclass retrial queues with constant
retrial rate and models with non-Poisson arrivals.
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MapruHanbHbI acuMnToTUYECKU-AUG PY3NOHHDbIN aHANIU3 JBYK/1aCCOBOM
RQ-cucTtembl C BepOSATHOCTHbIM MPUOPUTETOM KaK MaTeMaTU4YeCKOM
MoJenu CeTU CBA3M C AByMoganbHON UH(opmauuen

A. A. Hazapos, E. A. ®énoposa, f. E. IamaiinoBa

HayuoHnanvruiil uccaedosamenvckuti Tomckuil 2ocydapcmeennulil yrugepcumem, np-m. Jenuna, 0. 36, Tomck,
634050, Poccuiickas ®edepayus

AHHoTaums. B pabore uccienyercs RQ-cuctema M,/M,/1 ¢ BEpOSTHOCTHBIM IIPUOPUTETOM U BEITECHEHUEM
3asIBOK KaK MOZIeJIb ABYMOZQJIBHOM CeTH CBA3U. Ha BX0O/ CCTeMBI ITOCTyIIaeT ABa KIacca 3asgBoK, T.€. ABa II0-
TOKa. B cucTeme uMeeTcs 0ZiHO 0OCIy)XKMBaloIllee YCTPOUCTBO (KaHaJl cBsI3u). Eciiu BxozsIas 3asiBKa 3acTaeT
Ipr6Op 3aHITHIM 3asBKOM TOTO JKe KIacca, OHa UeT Ha OPOUTY U OCYIIeCTBIseT CAyJaliHyIo 3afepKKy de-
Pe3 9KCIIOHEHIIMAIBHO paclipe/ieIeHHOe CIydaiiHoe BpeMs. Eciu ske Ha mpubope HaXOAUTCS 3asBKa JPyroro
THIIA, TO C HEKOTOPOU BEPOSITHOCTHIO BO3MOXKHO [IPEPHIBaHIE 00CIyKUBaHUs (BbITECHEHNE 3as1BKY). Heo0-
CIy’KeHHas 3asiBKa yXOZUT Ha opbuTy. O6parasce K Ipubopy ¢ OpOUTEL, 3asiBKU JeHCTBYIOT TEM XKe 00pasoM.
BpeMs 06cy>kuBaHUS KOXXKJOH 3asBKU paclpe/iIeHO SKCIIOHEeHIINalbHO. Ha opbrTe peayn30BaH IIPOTOKOI
MHOECTBEHHOTO [JOCTYIIa. B cTaThe MpeyIoKeH OPUTMHATIBHBINM METO/, MAPTUHAIBHOTO aCUMIITOTHYECKU-
Inbby3rOHHOTO aHaIN3a B YCIOBUY GOIBIION 3aZlepsKKU 3asIBOK Ha OpOUTe [k HaXOXKAEeHNs CTAllMOHAPHBIX
pacripezieleHUI BepOSITHOCTEH YnCiIa 3asIBOK KOKIOT0 TUIIA B CUCTEME.

Knioyesble cnoBa: RQ-cricTeMbl, TeOPHS MacCOBOI'O OOCIYXKMBAaHUs, BePOSITHOCTHBIE IIPUOPUTET, BEITECHEHIIE,
ACHMIITOTHYECKHU-IUGbGY3NOHHBIN aHATN3



