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Abstract. In this paper, we analyze a multi-server queue with customers’ impatience
and Bernoulli feedback under a variant of multiple vacations. On arrival, a customer
decides whether to join or balk the system, based on the observation of the system size
as well as the status of the servers. It is supposed that customer impatience can arise
both during busy and vacation period because of the long wait already experienced
in the system. The latter can be retained via certain mechanism used by the system.
The feedback occurs as returning a part of serviced customers to get a new service.
The queue under consideration can be used to model the processes of information
transmission in telecommunication networks. We develop the Chapman—Kolmogorov
equations for the steady-state probabilities and solve the differential equations by
using the probability generating function method. In addition, we obtain explicit
expressions of some important system characteristics. Different queueing indices are
derived such as the probabilities when the servers are in different states, the mean
number of customers served per unit of time, and the average rates of balking and
reneging.

Key words and phrases: Markovian multi-server queue, probability generating
function, impatient phenomena, server vacations, Bernoulli feedback

1. Introduction

Queueing models with server vacation have been efficiently studied by many
researchers in the last decades and successfully applied in various practical
problems such as telecommunication system design and control, manufacturing
industries, and other related systems. There are two basic vacation queueing
models namely, multiple vacation, and single vacation. In multiple vacation
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queueing models, the server continues to take successive vacations until it
finds at least one customer waiting in a queue at a vacation completion
epoch [1], [2]. Nevertheless, in single vacation queueing models, the server
precisely takes one vacation between two consecutive busy periods. These
two types of vacation models were first introduced by Levy and Yechiali [3].
Eminent literature on the subject is found in [4]-[8] and others.

Over the past few years, queueing models with Bernoulli feedback have
increasingly attracted the attention of many researchers [9]-[14]. Taking
into account the feedback effect makes it possible to bring the considered
models closer to a real situation, where the claims once serviced may require
repeat service for different reasons. For example, in communication networks
erroneously transmitted, a data is retransmitted.

In recent years, a growing body of literature has emerged on the analysis of
queueing systems with impatient customers [15]. This is due to their potential
applications in many related areas, see for instance [16], [17]. Balking is one
form of impatience, which is the reluctance of a customer to join a queue
upon arrival [18], [19]. The other forms are reneging, the reluctance to
remain in line after joining and waiting, and jockeying between lines when
each of a number of parallel lines has its own queue [20], [21]. When the
impatience becomes sufficiently strong, the manager of the firm concerned
has to take some measures to diminish the congestion to levels that customers
can tolerate.

In most queueing situations, customers seem to get discouraged from
receiving service when the server is absent and tend to leave the system
without receiving service. This phenomenon is very precisely observed when
the server is on vacation. This results in a potential loss of customers and
customer goodwill for a service provider. For a comprehensive overview of
the subject, authors may refer to [22]-[29]. Most of the literature mentioned
here studies reneging during the vacation state of the server. However, in
many real-life situations, the abandonment may occur even when the system
is in the busy state. For instance, incoming customers can not have any
information about the state of the server, or when they are not satisfied with
the service time (in particular, when they find that the server takes too much
time to serve the customers). This paper contributes in this sense. In fact,
only a few research papers have been done treating this case [9]-[12], [30].

In this paper, we provide the analysis of a multi-server feedback queue
with a variant multiple vacation policy, balking and server’s states-dependent
reneging. When all the customers present in the system have been served, the
servers immediately leave for a vacation. If they return from a vacation to
find an empty queue, they leave for another vacation; otherwise, the servers,
synchronously, return to serve the queue. These latter are permitted to
take a finite number, say K, of sequential vacations. It is assumed that an
arriving customer who finds the system (all the servers) on vacation period
(respectively, on busy period) activates an impatience timer 7y, (respectively,
Thysy)- If the customer’s service has not been completed before the customer’s

impatience timer expires, the customer abandons the queue. The latter can
be convinced to stay in the system (retained) using certain strategy. In
addition, if the customer is unhappy with the service, he can rejoin the
end of the queue for another one with some probability. That’s what we
call a feedback customer. To the best of the researchers’ knowledge, the
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model under consideration has so far not treated in the literature of queues.
Moreover, our model can be considered as a generalized version of existing
queueing model given by Yue et al. [27] and [20] equipped with many features
and associated with many practical situations.

The rest of the paper is arranged as follows. In Section 2, we introduce the
mathematical description of the model and we give a practical application. In
Section 4, we develop the differential equations for the probability generating
functions of the steady-state probabilities. In Section 5, we give the solution
of the differential equations. In Section 6, we give the probabilities when the
servers are in different states. Some essential system performance measures
of this model are obtained in Section 7. Finally, we conclude the paper in
Section 8.

2. The mathematical description of the model

We consider a multi-server feedback queueing system with K-variant
vacation, balking and server’s states-dependent reneging. The following
assumptions and notations are taken into account to structure the proposed
queueing system:

1. The suggested queueing system consists of ¢ servers. Customers arrive
into the system according to a Poisson process with rate A > 0, they
are served according to First-Come-First-Served (FCFS) discipline. The
service times are assumed to be exponentially distributed with rate u.

2. A multiple synchronous vacation policy is considered; once all the cus-
tomers present in the system are served, the servers, all together, leave
for a vacation. At the end of the vacation period, if the queue is still
empty, they immediately leave for another vacation; otherwise, they re-
turn to serve the queue. The servers are allowed to take all together K
vacations sequentially. When the K consecutive vacations are complete,
the servers switch to a busy period and, depending on the arrival of new
customers, they stay idle or busy. The vacation period is assumed to be
exponentially distributed with rate ¢.

3. Whenever a customer arrives at the system and finds the servers on
vacation period (resp. busy period), it activates an impatience timer
Ty (resp. T, ), which is exponentially distributed with parameter &,

(resp. &). If the customer’s service has not been completed before the
customer’s timer expires, this later may leave the system. We suppose
that the customers timers are independent and identically distributed
random variables and independent of the number of waiting customers.

4. Tt is supposed that a system employs a certain mechanism in order to
keep impatient customers in the system, that is, with some probability
o', a customer may be retained in the system, and with a complementary
probability « it may decide to leave to never return.

5. If, after completion of service, a customer is not happy with the quality
of the service, he can return to the system with some probability 5 for
another service, or decide to leave the system with probability 8 =1—3’.

6. A customer who on arrival finds at least one customer (resp. ¢ customers)
in the system, when the servers are on vacation period (resp. busy
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period) either decides to enter the queue with probability 0 or balk with
probability 6 =1 — 6.

All random variables presented above are mutually independent of each
other.

3. Practical application of the model

The operation mode of a call center with vacation and impatience provides
an initial motivation for our study; a central office is used for receiving or
transmitting a large volume of enquiries. A private branch exchange (PBX) is
a private telephone network used within a company or organizations that offers
various features such as transfer calls, voicemail, call recording, interactive
voice menus (IVR), and call queues. It helps in making an organization’s
communication simpler and more robust.

The incoming calls are routed to an available customer support manager
drawn from the group of agents. Assume that the service facility consists in
a group of ¢ channels (servers) available to meet the demands of the requests.
If an arriving call finds some servers free it immediately occupies the channel
and leaves the system after service. However, the behavior of a call may
vary depending on the waiting expectations provided by the call center and
the personal preferences of each specific customer. Therefore, each call may
decide either to balk or to wait for a while.

The servers commute between busy and vacation periods in groups. When
there is no demands to be handled, the latter, all together, go synchronously
on vacation and come back as one station to the busy period, once the idle
period ends. If there are some waiting calls at the end of the vacation period,
they will be immediately served. Alternatively, they quit for another vacation
period.

The calls have no information on the queue length nor the state of the
servers, then, an increase in the mean waiting time of a customer in the
system can anticipate an increase in the average rate of reneging. Thus, to
avoid losing potential customers, the system should employ some strategies
by choosing the system parameter to further encourage customers to stay in
the system. In the case that the service is not successful, the customer can
repeat its request again and again until the service succeeds.

4. Governing equations

At an arbitrary time, the system state is defined by a continuous time
Markov chain {(L(t); J(t)); t > 0} on the state space Q@ = {(n;j)
n > 0; j=0,K}, where L(t) is the number of customers in the system and
J(t) is the state of the servers, i.e.,

th vacation at time ¢,

j,  if the servers are taking the (j+ 1)
J(t) = J=0,K—1,

K, if the servers are idle or busy at time t.
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Let P, ; = tlim P(L(t) =mn; J(t) =j),n >0; j=0, K, denote the steady-
) —00

state probabilities of the process {(L(t); J(t)); t > 0}. The state-transition
diagram is illustrated in Figure 1.

B+ {n+1)ag,

Figure 1. Transition plot

Using Chapman-Kolmogorov equations, we can formulate the balance
equations for the suggested queueing model as:

A+ @) Py =0aéyPo+ (Bu+a&)P g, n=0, (1)
(OA+ 9+ ay) P o= APy o+ 208y, n=1, (2)
(OA+ ¢ +naky)P, o =0AP, 1o+ (n+1)ay P, 19, 122, (3)
A+ Q)P ; = aoPy j+ 0Py 4, J= LLK—1, n=0, (4)
(OX+ ¢ +aky)P, ;= APy j+2a60P, 5, j=1,K—1, n=1, (5)
(OA+¢+nagy)P, ; =0AP, | j+(n+1)a&yP, 1 ;, j=1,K—1,n>2, (6)
)‘PO,K = d’Po,K—la n =0, (7)

K1
A+ B+ a&y) Py g = APy ic + 2(Bp + a&y) Py g + 'Zo Py n=1, (8

=

(A +n(Bu+ &) P, k=
K—1

:)\Pn—l,K+(”"‘1)(BH+04§1)Pn+1,K+¢ZPn,ja 2<n<c—1, (9)
=0

1=

(OA + cBp +nag, )P, r =
K1

= AP, g+ (cBu+ (n+1)a&)P,yy x+6 > P, n=c, (10)
J=0
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(O + cBp+na&y) P, =
K-1
=0AP, 1 g+ (cBu+ (n+1)a&)Ppiq g+ ¢ Z P, n>c (11)
7=0

Consider the probability generating functions (PGFs) as:

G]<Z) = ZOZnPnJ,
and define p
Gjz) = +G,(2), j=UK

The normalizing condition is defined as

oo K
>y p,=1

n=0 j=0

Multiplying Equation (3) by z", summing all possible values of n, and
using Equations (1) and (2), we get

aéo(l_z)GE)(Z)_(HA(1_2>+¢>G0(Z) = —(5M+04§1)P1,K+§)\(1_Z)Po,o~ (12)

In the same manner, from Equations (4)—(6) and (7)—(11) respectively, we
obtain

a6y (1— 2)G(2) — [OA(1 — 2) + 6]G,(2) =

J

and

a1 2(1 = 2)G(2) = (1= 2)(0Az — cBp)Gc(2) =

K—1
= cPu(l — 2)Fy i + 2(Bp + a&y ) Py i — ¢z Z G;(2)+
K—2 B o
+ ¢z Z Py j+A0z(1 = 2)I'(2) — Bu(l — 2)T5(2), (14)
=0
where ot oy
I(z)= Z 2"P, g and Ty(z) = ) (n—c)2"P, k.

n=0

i
L
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5. Solution of the differential equations

For z # 1, Equation (12) can be written as follows:

) ¢

Bu+a, P, 2
ag " (1l —2)

0450(1_> K1 ady

Gy(z) — [ 1 Gy(z) = —PFyo.  (15)

_ox b
Multiply both sides of Equation (15) by e ~o (1 —2)=%, we get

d

P (e %o “(1 —z)‘%OGO(z)) =

I ey ) ~ (Bptagy)
=e 1= o <a§OP0,0 afo(l_Z)Pl’K).

Next, integrating the above equation from 0 to z, we obtain

[ B+ af
6o+ 2 RG-SR ey} 0
aSo agy
with
; 7@8 _P ; _ 9)\
Cy(2) :/e @60 (1 —s)*¢ods and Cy(2) :/e (1—s)a50 Yds.
0 0
Since Gy(1) = ZZOZO P, o> 0and z =1 is the root of denominator of the

right hand side of Equation (16), we have that z = 1 must be the root of the
numerator of the right hand side of Equation (16). So, we obtain

(Bu+ &) Py OAPy
G,(0) = — (1) — ~C4(1), 17
o(0) e - e ) (1)
where
1 1
% __1

/ *(1—s) “EOds and Cy(1 / *(1—s)°€ ds.
0 0

Noting G(0) = Fy o. Then, Equation (17) implies

_ ado _
P Gt ag om0 oo T oo )
with \ ¢
_ ANy _ aSo
Bt agy #i1) and (Bu + a&y)Cy(1) b
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Substituting Equation (18) into Equation (16), we obtain

Goo) =717 14 2010 - GO e (19)

Next, Equation (13) can be written as

) & D) b
ag - ady(l—z agy 0 ay(l —2)

ag
Similarly, as for Equation (15), we multiply both sides of Equation (20) by

_ox e
e “%”(1—z)2%. Then, we find

G)(z) — { )] G,(z) = Py, 1. (20)

o, _ o
G;(2) = e°®0"(1 —z) =€ x

0
X {Gj(O) + —C1(2) Py ; — aiéo

, = —1. (21
g, 02(2)P0,31}, j=1K—-1 (21)

Since G;(1) = z—:o P, ;> 0(G;(1) = P, ; represents the probability that the

servers are taking the (4 1)™ vacation) and z = 1 is the root of denominator
of the right hand side of Equation (21), we have that z = 1 must be the root
of the numerator of the right hand side of Equation (21). So, we obtain

Cy(1
¢ 2<B> Using Equation (22) repeatedly, we get
aSo

where A =

Now, by substituting Equation (23) into Equation (21), we find

G,(2) = emto*(1 — z) 5% A x
Y B -
x 1+ 20,(z)— ——C z}P L j=T,K 1. (24
{1+ 200.6) - G0 Rogr (21)

To find F, ; the probability that the servers are idle during the busy
period, we use Equations (7) and (23). Thus

PO,K = wopo,()a (25)
where w, = %AK_l.

Remark 1. It is easy to see that 0 < ¢Cy(1) < af,, and OAC; (1) > 0.
Thus, 0 < pCy(1) < a§y + OAC,(1). Consequently, we have 0 < A < 1.
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Next, Equation (14) can be written as:

/ OX  cBp _ Bptagy B A0 B
Gr(z)— (a_fl - @> Gg(z) = —afl(l — Z)Pl’K—i— ngPO7K+a€11“1(Z)
b S =
_@F 22 )+oz§1 1—2) (;POJ - G;(z) | . (26)

In the same way, by multiplying Equation (13) by Y(z) = e o&i " zaer,
we get

T (@G = T6) { S S P ot DR p 4 2200 -
_ Pty —2 KZQP .—Kzlc;@) (27)
aflz ? a£1<1_2) =0 07 =0 !

Then, integrating from 0 to z and using Equations (18) and (23)—(25), we
obtain

ox cBu 1 — AK-
Gy(z) = evei”z aa {((5# +ay)wy + ¢ (ﬁ)) H,y(2)+
cBud g 1— A% L
+ PO ) - 6 (T ) Holo) +
_ cBpr  OX eBr 10X
x | \O gaéie &y 8F1<5>ds — ﬂ'u, saé1 e &y 8P2<S)d8> } PO,O’ (28)
[/ /

¥4

1 cBu _ 60X ¢
H(z) = I/safle aéy (1—s)"tds,
1
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6. Evaluation of probabilities P, j, P, ; and F,

From Equations (18) and (25), we have P x = @, Py o and By x = @y F ¢-
Making use of Equations (4)—(6), we recursively get

K-1
E : Pn,j = 5nPO,07
7=0

where

671 = no 50 {[9)‘ + ¢ + (n o 1)0650] n—1 9)‘571—2} :

Similarly, from Equations (8), (9), we recursively obtain P, ; = @, F o,
where

1
Wy, = m {[)‘ + (TL - 1)(5” + agl)]wnfl - /\wn72 - gb(gnfl} :

Thus, Equation (28) can be written as

Gk(z) =
X , _cBu B 1 — AK-L
= exé17y ag1 {|ig§(()1> +¢ (ﬁ)} H1< ) CﬁN¢AK 1H ( )
1— AKX =
—¢(1_ﬁ1)Hga+Awa@wwMHa@}%p,@m
with
() = o [stieroysas, o) = o [+ oy sas
0
c—1 c—1
©,(2) =) 2"w,, and O4(z) = » (n—c)z"w,.
n=0 n=1

Thus, for z =1 (noting that G'x (1) = P, ; represents the probability that
the servers are busy or idle), we get

Gie1) = Puc = (1) By, (30)
where
o _ AK-1
o) = e { (Gt agmy 4o (ST ) ) w4
c — AK _
AR (1) - 0 (L) Hy0) + ML) — Gty (1)
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with

1
1 chu O
H,(1) = E/saﬁle *€1°0,(s)ds,
1
0

1

3

Now, from Equations (12) and (13), for z = 1, we have

cBp -1 — O

so61 e 2e170,(s)ds.

Hg(1)

—

0

P.’]:Gj(l) :AJ*1P070, JZO,K_l.

By the definition of P,

37

K
Y P=1
j=0

Finally, from Equations (30) and (31), we get

—1

7. Performance measures

using the normalizing condition, we get

(31)

The prime aim of determining probabilities in previous section is to formu-
late different metrics in order to examine the performance of the concerned

System.

7.1. Mean system sizes

Systematic observations of the system state is very important to enhance

the performance and to improve the decision-making.

Let L, be the system size when the servers are in the state j (j = 0, K).
Thus, E(L;) is the mean system size when the servers are in the state j,
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defined by
E(L, ZnP j=0,K,

that is, for j = 0, K —1, E(L;) represents the mean system size when the
servers are taking the (j + 1)th vacation, and E(Ly) represents the mean
system size when the servers are busy. We first derive [E(Lj) for j =0, K —1.

From Equation (15), using the Hospital rule, we get

/7

[E(Lo) = Go(l) =
—OAGY(2) + [OA(1 — 2) + )Gy (2) — NOP,

= l,l_l;l} _aéo : =
_OAG,(1) — ¢Gy(1) + OAP,
ag .
Thus, we get B
HAG + AP,
0450 + ¢
Similarly, from Equation (13), we find
(aéy + ¢)G5(1) = OAG,(1) + A0P, ;, j=1,K—1. (34)
Then, from Equations (33) and (34), we have
AOG (1) + 0P, . .
E(L;) = Gj(1) = 6¢;(1) 0’3], j=0,K—1. (35)

aly+ ¢

By substituting Equation (31) and (35), we get

E(L;) =

A [9+@A
7 a§0+¢

A :|AJPO,07 jZO,K_]..

Thus, the mean system size when the servers are on vacation is obtained as
K-1 K-1
=Y E(L;) =E(Ly)+ Y EL
5=0 j=1

_AOAT! 4 6) A 0+ 0A
T w61 0T g 1) [ A }ZAP“_

([ ANO+04) ) [2—(A+ AFT
‘<aso+¢){ T Y
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Next, from Equation (26) and by using the Hospital rule, we get

E(Ly) = lim G (2) =

1 ¢ ey Ap(O+04) ([ 1—AK
- o cpa) 4 emdar AT (L2
1 -
+ ol {6X0,(1) — BuO, (1)} Fy.0;
where ©,(1) = cil w,, and ©,(1) = Cil(n —c)w,,.
n=0 n=1

7.2. Queueing model indices

The expressions for the mean queue length, the mean number of customers
served and the average rates of impatient customers are established as follows:

— The mean size of the queue is calculated as

o0 o0
E nP E n—c)P
n=1 n=c

= E(L)—c+ {c [% + ?AK—l] - @2(1)} Pyo.

— The mean number of customers served per unit of time is given as
c—1 o)

Ecs = BMZnPn,K + C/BMZP
n=1 n=c

= Bu {c + [@2(1) —c (%AIH + ,41(1_—:4;)” PO,O} .

— The average rate of balking when the servers are in the state j = 0, K is
calculated as

=

¥
o

J

7J=0 n=1 n=c
- 2—A— AKX+ (1-4)0,(1)
=60A<1— P, .
e e T )
— The average rate of abandonment of a customer due to reneging is as
follows
K—1

Rren = Z n@fo + Z no‘ﬁl n,K — aEO (LV> + O‘él[E(LK>

7 n=1

Il
o
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8. Conclusion

In this paper, we studied an M /M /c feedback queue under synchronous
K-variant vacations, balking, server’s states-dependent reneging and retention
of reneged customers. We developed the Chapman—Kolmogorov equations
for the steady-state probabilities and solved the differential equations by
using the probability generating function method. Based on these results, we
obtained the probability generating function of the number of customers in
the system when the system is on vacation period (resp. on busy period). In
addition, we derived explicit expressions of some useful performance measures
for the system. Furthermore, we presented closed-form expressions of some
important other queueing indices such as the probabilities when the servers
are in different states, the proportion of customers served per unit of time,
and the average rates of balking and reneging.

It would be interesting to investigate a similar model with two-phase services
and multiple vacation policy, server breakdown and repair, and customers’
impatience. Further, one can evaluate the optimality of service and repair
rates to minimize the waiting time of the customers in the system.
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MaremaTnvecKuili aHAJIN3 MapPKOBCKON MHOTOJIMHEMHOMN
CUCTEMBbI MacCOBOT0 OOCJIy>KMBaHUsI C OOpaTHOU CBA3BIO,
NPOryJIKaMu NpuOOPOB U HETEPIEJNBbIMU 3asiBKAMU

Amuna Amxxenuka Bymentyd!, Jlarudpa Memxaxpu?,
Moxamens Byanem®, Amur Kymap?

U Vnusepcumem Jorcunnanu Jlabeca 6 Cudu-Beawv-Abbec, 22000, Anscup
2 Vnusepcumem Tnemcan, 13000, Arsicup
3 Ynusepcumem Bedocatin, 06000, Arsicup
4 Viusepcumem Yandueap, Mozanu (Ilendsicab), 140418, Undus

Awunoranusa. B pabore uccienyercs cucTeMa MacCOBOTO OOCIY?KUBAHUS C HETEP-
[IeJTUBBIMU 3agBKaMU, OEPHYJIINEBCKON OOPATHON CBA3BIO U MPOTYJIKAMU IPUOOPOB.
B MoMmeHnT mepes mocTynieHuEM 3asiBKM B CUCTEMY KJIMEHT, aHAJIU3UPYs 3aHATOCTh
CHUCTEMBI ¥ COCTOsIHUE TPUOOPOB, IPUHUMAET PEIIeHre O MPUHATUN 3asdBKU WU €€
yxoJZie n3 CuCTeMbI. HpeﬂnonaraeTCE{, Y9TO HETEpIIeHUE K/IIMEHTAa MOXKET BOSHUKHYTH
KaK B [EPUOJI 3aHATOCTH, TAK ¥ B EPUOJL OT/bIXa (IPOryJIKH) TpubOpOB U3-3a UMEB-
IIAXCS PaHee CJIyvaeB JJIMTETBHOTO OXKUIAHWS Havdajia OOC/IyKUBAHUS B CHCTEME,
nadOpPMAaIHs 0 KOTOPBIX MPEIOCTABIISAETCH C IMTOMOIIBIO ONPEAEIEHHOTO MEXaHU3MA.
Ob6paTrHas CBSI3b COCTOUT B TOM, UTO YaCTh PaHee OOCTYKEHHBIX KJTHEHTOB MOYKET
BEPHYTbCS B CHCTEMY JJIsl TIOBTOPHOTO 00cyKuBanus. Vcciieayemas: cucreMa MOXKET
MIPUMEHSATHCS JJIS aHAJIU3A [ePeIadu JAHHBIX B TEJICKOMMYHUKAIIMOHHBIX CUCTEMAX.
it cTanmMoOHAPHOTO PACIPEIe/IeHs BEPOATHOCTEN 3aIlMCAHBI U PEIIEHBI ¢ TIOMOIIHIO
mpou3BoaAmMMX QyHKIUI ypaBHenns Kosmoroposa—denmena. Kpome Toro, mosry-
YeHbl AHAJIUTUYIECKUE BBIPAYKEHUS IS PANA KJIIOUEBBIX XapaKTEPUCTUK CUCTEMBIL,
HaIIPUMED TAKWX, KAK BEPOSATHOCTU 3aHATOCTH WJIA MPOTYIKU IpubOpa, CpeHee umc-
JIO OOCJIY?KEHHBIX 3aBOK B €IMHUILy BPEMEHU, CPEIHUE MHTEHCUBHOCTH OTKA30B OT
ITOCTYTIJIEHUS. ¥ OTKA30B OT OXKWJIAHUsT HAYAJA 0DCIIYKUBAHUS.

KuroueBblie cjioBa: MapKOBCKast MHOTOJIMHEHHAS CHCTEMa MacCOBOTO 00C/TY )KUBAHMUS,
pou3BoaAiasg PyHKIUs, HETEPIIEIUBbIE 3adBKHU, IPOTYJIKa Tpudopa, odpaTHas CBI3b



