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Abstract. Expressions for expected incomes and variancesystems of HM (Howard-
-Matalytski)-queueing network are obtained. Quegegsystems are unreliable, service
channels in them are exposed to random failuns. supposed, that service rate of messa-
ges, rate of work of serviceable channels and rasbm rate of faulty channels depends on
messages number in these systems. The case whemesdrom transitions between net-
work's states are random variables with the givemants of first two orders is thus con-
sidered.

Introduction

In [1-4] expressions for expected incomes and waga of incomes in systems
queueing networks of arbitrary structure with segviisciplines FIFO have been
received. The incomes of transitions between ndtwastates are random variables
(RV) with specified moments of the first and the@®d orders. In [5, 6] considered
HM-queueing network (QN) with unreliable queueiygtem (QS) in a case when
incomes of transitions between their states are-tlependent determined func-
tions.

Let us examine open exponential QN with one typesages which consist of
N queueing systems (QYY,S,....,S,. The Poisson flow of one type messages

with arrival rateA comes into network. Let the systegn will consist of m iden-
tical service channels, the service time in eacllith has exponential distribu-
tion with parametey (k ) , wherek - messages number in this systémL,n.

Let's suppose, that service channels of systr(outside) are absolutely relia-
ble. At the other QSS,S,....,S, service channels are exposed to random failure
and serviceable work time of each channel of sys&rhas exponential distribu-
tion with parameter3 (k; ). After failure the service channel immediatelyrtstao
be restored and restoration time also has exp@atititribution with parameter
vi(k), i =1,n. Let's consider, that service times of messagestions of service-
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able work of channels and restoration time of serdhannels are independent
random variables. State of such network could becriteed via vector

z(t)=(d(t).k(t)) =(d,.d,.....d, k K,... K, 1), where d(t) - number of ser-
viceable channels in systei§ at the moment, 0<d, (t)Sm, k - messages

number in systen§ at the moment, tD[Otoo ) i=1n. Let Poj - probability

n
of message enter from outside to the syst8m Z Poj =1, P;- probability of
j=1

n
message transition from systef to the systemSj , Zp,j =1, i =1,n. Matrix
j=0

P=H P; is matrix of passage probabilities of irreducilarkovian

chains. Service rate of message occurs accordidig¢pline FIFO.

In the given article the approximating expressifumseexpected (mean) incomes
of QS at the any momeiitare discovered. Provided that values of thesenieso
in initial moment of time are known.

(n+1)x(n+1)

1. Expected incomes of network’s systems

Let us consider dynamics of income changes of swetwork systentS . Let at
the initial moment income of this system equgl. Denote income at the moment

t asV,(t). Dividing time interval[O,t] on m equal parts in lengtit -t sup-
m

pose thatm is large. LetAV, (At) represents of income change of syst§man

|-th time interval lenghtAt, | =1,m. For determination incomé t) of systemS

we will write probabilities of those events whichncappear on time interval.
Following situations are possible.
1) With probability

1—{/1 +§[ﬂj (k, (1)) (6, 1))+ (< 1)) Julk (I))}At ro( )

state changes of systeg will not appear, systeng increases its income by val-

ue r;At at the expense of percents on the money r whelnat. Let also suppose,

that r, is RV with distribution function (d.f. (x), i=1,n; k (1) - message num-
1,x>0

ber ini-th QS onl-th time iterval,u(x) = {O <o Heaviside function.
, X<
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2) With probability
L4 (k (1)u(k (1)) oAt +o(at) ]

x{l_{”*i[ﬂ,(k, (1) 48, 60)) 4 (0 Jull, (1) +

J#i

+H A (k (1)) + 7 (k (1)) Ju(k ('))}At +o(4)

message becomes processed in syserand will pass to outside, income of sys-

tem S will decrease by valu®,, whereR, - RV with d.f. Fy(X), i =1,n.
3) With probability
[ Apg At +0(At) ] x

X{l‘{ﬁi Po; +JZ:[,U1 (kj (I)) +f; (kj (I)) 1Y (kj (I))]u(kj (I))} 2t +of A)]

message from outside will enter to syst&nand will bring to it income of size
r, , wherer, - RV with d.f. F;(X), i =1,n.
4) With probability

L4 (k (1)u(k (1)) pyat +o(At) | x

XHA BT ) 0 0 e )+

c#i

A (kD) +x(k (1)) Julk ('))}At +O(Alt)]

message from the syste will pass to the systerfs , income ofi-th QS change
on AV, (At) = -R, +r A, whereR, - RV with d.f. By (x), i, j=1n, i#].
5) With probability

[,uj (kj (I))u(kj (I)) p;;At +0(At)] x
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x{l—{a é[uc(kc(l)) B (k1)) +re (k. (1)) Ju(k: (1)) +

+[,8j (k, (1)) + (k, (|))]u(kj (I))}At +0(At)]

message from the systeﬁgl will pass to the syster , income ofi-th system will
change oMV, (At) =r, +r.At, wherer; - RV with d.f. Fy (x), i, j=1n,i#].
Evidently thatr; =R;; with probability 1, i.e.

Fy (X)=Fyy (X), 1,i=1n,i#] 1)
6) With probability

['BJ (K (1))u(k (1))t +°(At)] x
{1—%;[%(&('» B0 1) )+

+[/~’i(ki ('))J’VJ (kj(l))Ju(kj ('))]At +°(At)}
number of serviceable channels in syst@mwill decrease, income dfth QS

change omV, (At) =rAt, i, =1n.
7) With probability

L5k (1))u(k; (1)) At +o(at) | 4 (& (1)) u(k (1)) pott +o( 2t) ]
XHA + g[ﬂc(kc(l)) 6. (k. (1) +v. (k. (1)) Ju(k. (1)) +

+[:“j (kj (')) Y (kj ('))]U(kj (')) +

+H A (k (1)) + 7 (k (1) Ju(k ('))}At +o(4)
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number of serviceable channels in syst&mwill decrease, message becomes pro-

cessed in systerB, and will pass to outside, theV, (At)=-R, +r A, i,j=1n.
8) With probability

[ﬁj (k, (1))u(k; (1))t +o(At)][/1 Pt +0(At) ] X

HAZ P é[us(ks(l)) +B,(k (1) 1 (k (1) Ju(k, (1) +

+['“1 (ki (! )) Y (ki (! ))]u(kj (1 ))}At +°(N)]

number of serviceable channels in systSmNiII decrease, message from outside

will enter to systens ; AV, (At) =1, +rAL, i, | =1n.
9) With probability

[k () (ke (1)) 8¢+ o(80) T 4 i 1)l (1)) py ¢ +o( )]

{1—{/1 +§[yq(kqo)) +B, (I (1)) +7a (1)) Ju(k, (1)) +

q;-i,s

#La (e 0) (ks (0)Ju( 1)) +
+LA (k) +0 (k (1)) Julk (I))}At +o(41)

number of serviceable channels in syst8mwill decrease, message from the sys-
tem S will pass to the syste®; AV, (At)=-R; +r A, i, ] =1n,i#]j.
10) With probability

[ﬁs(ks(l))u(ks(l ))At +0(At)J[/’J (kj (I))u(ki (! )) P At +0(At)] x
XHA + S 6 0) #406 0) 2l Ol )+

a#j.s
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L (ks (1)) + v (ke (1)) Ju (ke (1) +
+[:3j (ki (1)) (K (I))]u(kj (l))}At +0(At)]

number of serviceable channels in syst8mwill decrease, message from the sys-
tem S will pass to the syste®; AV, (At)=r, +r.At, i, ] =1n,i#]j.
11) With probability

[yj (k, (1))u(k; (1))t +0(At)] x

c#j

x{l—{/\ +§[ﬂc(kc(|)) +B, (k. (1)) +r. (ke (1)) Ju(k. (1)) +

+[/~’i (ki (I)) +5 (kj (I))]u(kj ('))}At +°(N)]

number of serviceable channels in syst&mwill increase andAV, (At)=rAt,
i,i=Ln,iz#j.
12) With probability

[y (k (1)u(k (1)) at+o(at) |x

x{l—{/\ +§[ﬂc(kc(|)) +B, (k. (1)) +v. (k. (1)) Ju(k. (1) +

+[ui(K(l))w(K(l))]u(K(l))}At+o(m)]

service channel in systemS will be restored, income decrease on
AV, (At)=-g +1, 2, whereg - RV with d.f. H,(X), i =1,n. In this caseg, it's
payment for restoration of service channel in sys&.
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13) With probability
7 (ks (1) ulk (1) at+o(at) L (k (1))u(k (1)) pott +o(at) ] x
x[l—{mg[mm) w6k 1)+ 0) ]l ) +

+['“i (ki (I)) +5 (kj (I))]U(kj (')) +
A (k (1)) +x(k (1)) Julk ('))}At +o( )

service channel in syste@ will be restored, message becomes processed-n sys

tem S and will pass to outsidedV, (At) =—-R, +r A, i,j=1n, i # ].
14) With probability

[ (ke ())u(k (1) at+o(at) J[ 4 (k (1)u(k (1)) pott +o(a) |

{1—{/1 +§[uq(kq(|)) +B,(k, (1) +¥4 (k (1)) Ju(k, (1) +

q#i

+3 (k (1)) u(k (I))}At +o(At)

service channel in systel§ will be restored, message becomes processedsin thi
system and will pass to outsid8V, (At)=-g —R, +r A, i =1,n.
15) With probability

v (k (1)) u(k; (1) st +o(at) |[ Apgat +o(at) ]x

x{l_{jgwg[ﬂs(kso)) 2.0 0) 1k Ol ()

+[/~’i (ki (')) +5 (kj (I))]u(kj ('))}At +°(N)]
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service channel in systei will be restored, message from outside will en¢er

systemS; AV, (At)=r, +rt, i, j=1n,i#].
16) With probability

[v(k (1))u(k (1)) At +o(at) [ ApAt +o(At) |

HAZ P é[us(ks(l)) +B,(k (1) 1 (k (1) Ju(k (1) +

+[ui(K(l))w(K(l))]u(K(l))}At+o(m)]

service channel in systel® will be restored and message from outside wileent
to this systemAV, (At) =-g +r, tr A, i=1n.
17) With probability

e Ol ) (][ )l D)ot ol )
x{l-{hg[yq(kqm) o 0] o )l )

(k. (1)) + B (ke (1) Ju(k (1)) +
+LA (k)40 (k (1)) Julk (I))}At +o(41)

service channel in systei®, will be restored, message from the syst&mwill
pass to the systerj, income ofi-th QS change onAV, (At)=-R; +r A,
I,],S=1n,i#s,i#]j.

18) With probability

[ (ks (0))ulk (1) at+o(at) ][ 4 (k (1)u(k (1)) st +o(at) ]
{1—{/\ +§[ﬂq(kq(')) +B,(k, (1)) +a (ks (1) Ju(k, (1)) +

q#i

+8 (k (1))u(k (I))}At +0(At)}
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service channel in syster§ will be restored, message from the syst&mwill
pass to the syste, income ofi-th system change oAV, (At)=-g R +r A,
i,j=1n,izj.

19) With probability

1 (ks (D) u(k, (1)t +o(2e) ][ a4 (k; (1))u(k; (1)) Pyt +o(at) | x
x{l—{/l + Zn: [,uq(kq(l)) +'8q(kq(|)) +yq(kq(|))]u(kQ(l)) +

g=1
a#j.s

o (k (1) + B (ke (1) Ju(k, (1)) +
+[:3j (ks (1)) (K (I))]u(kj (l))}At +0(At)]

service channel in systel§, will be restored, message from the syst&mwill
pass to the systerfi, income ofi-th system change om\V, (At)=r, +r AL,
i,j,s=1n,i%s,i#j.

20) With probability

[Vi (K ('))U(K ('))At +°(At)J[/”J (kj (I))u(ki (')) P At +°(At)] X
XHA * 2 [hali (1)) +8 (0) ¥4 i (1) (i () +

a#i,

L (k (0)+8 (k (D)) Ju(k (1) +
+[ﬁj (k (1) +y; (K, (I))]u(kj (I))}At +0(At)]

service channel in systerf§ will be restored, message from the syst&mwill
pass to the systeiy AV, (At)=-g +r; +r 4, i, ] =1n,i#j.
21) With probability

[ve (ke (1))u(k. (1)) at+o(at) ][ & (k(1))u(k, (1)) ot +o(At) | x
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{1—%;@4&0» 28,0 #1000

g#c,s

+La (1) + A (k1) Julke (1) +
+[us(ks('))+ys(ks('))]u(ks(l))}m+o(At)

service channel in systei®, will be restored, number of serviceable channels i
system S, will decrease, state changes of syst§mwill not appear. Income of

i-th systemS change onAV, (At)=rAt, i,c,s=1n, i #c.
22) With probability

[/ (k ()u(k (1))at+o(at) ][ A (k. (1))u(k, (1))t +o( at) |
x{l-{hg[yq(kqm) o ) 1l Ol )+
mi[ui (1 1)+ 4 (k (1)) Ju(k (1)) +
+[us(ks('))+ys(ks('))]U(ks('))}At+0(At)]

service channel in systel§ will be restored, number of serviceable channels i
system S, will decrease, state changes of systegh will not appear;

AV, (At)=-g +r A, i,s=1n,
23) With probability

[ve(k ())u(k (1))t +o(at) [ A (k. (1))u(k, (1)) At +o( ) ] x
<[4k (1))u(k (1)) pott +o(t) ] x

XHA # 3 [ (e 1)) #4 ky 1)) 6 (. 0) Ju(i, (1)) +

g=1
g#i,c,s

+L e (c (1) + 8 (k1) Julle () L (e (1) +22 (k (1) Ju (ks (1)) +
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A (k (1)) +x (K (1)) Ju(k ('))}At +o(a)

service channel in systei®, will be restored, number of serviceable channels i
systemS, will decrease, message becomes processed in systand will pass to

outside; AV, (At) =-R, +r A, i,c,s=1n, i #c.
24) With probability

[Vi (K (I))u(K (l))At +0(N)J[,@(ks(l))u(ks(|))m +0(At)] <
X[ 44 (k (1) u(k (1)) Rttt +o( ) ] x

x{l—{A ' i[uq(kq(l)) +8,(k (1)) +va (K (1) Ju(k, (1)) +

g=1
g#i,s

+6,(k (1)) u(k (1) +[ 4 (k (1) +Vs(ks('))]u(ks('))}At +o( 1)

service channel in syster§ will be restored, number of serviceable channels i
systemS, will decrease, message becomes processed in systand will pass to

outside; AV, (At)=-g, —R, +r &, i,s=1n.
25) With probability

[ve (K (1)u(k (1)) at+o(at) ][ B (k,(1))u(k, (1)) ot +o(at) ] x
X[ APyt +0(At)]{l—{ﬂq2n; P +Z [ (I (1)) +84 (K, (1)) +

# (ke () Ju(ke () +[ 4 (k () + A () Ju(k. (D) +
+[ﬂs(ks(l))+Vs(ks('))JU(ks('))}At +0(At)}
service channel in systei®, will be restored, number of serviceable channels i

system S, will decrease, message from outside will enter system S;
AV, (Bt) =1, +rAt, ic,s=1n, i #cC.



184 M. Matalycki, S. Statkiewicz

26) With probability

(v (k (1))u(k (1))at+o(at) ][ B (k. (1))u(k (1)) at +o(At) | x
o pmmo(mn{l—{@ P+ 3 [ (ke (1) #5,(k,(1)

+a (k1)) Ju(k, () +[ 4 (< (1)) +ys(ks(|))]u(ks(|))}At +o(et)]

service channel in syster§ will be restored, number of serviceable channels i
system S, will decrease, message from outside will enter sistem S;

A\/“ (At) = _gi +r0i +r| ﬂ ’ i!S:]?]-
27) With probability

[ ) u(i () +oat)JL 4 (k. () u(k (1)) +o( )]
x4 (K (1))u(k (1)) pyat +o(at) | x

XHA o 2 [k (1)) 8, (. 0)) +74 (ks () Ju(ky 1)) +

q=1
g#i,c,s

e 00) 2.  0)Juli 00)# Lo 0) 1 ) i ()
+[ﬁi(K(I))w(mﬂu(w»}m+o<m>}

service channel in systei®, will be restored, number of serviceable channels i
system$S, will decrease, message from the syst8mwill pass to systen§, in-

come ofi-th QS change oV, (At)=-R, +r,4, i,j,c,s=1n,i#j,i#c.
28) With probability

[y (k (1) u(k (1) At +o(at) [ B (k(1))u(k (1)) At +o( at) ] x
x4 (K (1))u(k (1)) pyat +o(at) | x
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x{l—{A +qil[uq(kq(l)) +B,(ky (1)) +4 (k, (1) Ju(k (1) +

a%i,s

+£,(k (1)u(k (1)) +[ 4 (k. (1)) +Vs('<s('))]u('<s('))}At +0(N)}

service channel in systel§ will be restored, number of serviceable channels i
system S, will decrease. Message from the syst&nwill pass to systeng;

Av, (At)z—gi -R, +r i, i,j,S=l_,n, i #j.
29) With probability

[V (ke (1)u(k. (1))t +o(at) ][ A (k. (1))u(k, (1)) at +o(at) ] x
x[:“j (kj (I))u(ki (')) p; At +°(At)] X

+Le (, (1) + 8. (k (1) Ju(ke (1) +[ 4 (ke (1) 2 (s (1) Ju (ks (1)) +
+['81 (ki (I)) Y (kj (I))]u(kj (I))}At +o( )

service channel in systei®, will be restored, number of serviceable channels i
system S, will decrease. Message from the syst&n will pass to systen§;

A\/” (At) =_rJ| +rim1 i,j,C,S:]._,n, | ¢ J y | ¢ C
30) With probability

[y (K (0))u(k (1) at+o(at) ][ & (k(1))u(k (1)) at +o(at) ]x
<[ 11, (k; (1))u(k, (1)) py At +o( t) ]

H” [ 0) 2,0 0) e ) ol )+

g#].s
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+6, (K (1)ulk; (1)) +[ 4 (k, (1)) ”Vs(ks('))]“(ks('))}At +0(N)}

service channel in syster§ will be restored, number of serviceable channels i
system S, will decrease. Message from the systéip will pass to systeng;

A\/ﬂ (At) = _gi +r]| +riﬂ1 ilj1S=ﬂ], I ¢ J
Let also suppose that RR,, r,, R;, I;, g, are independent with respect to

RV r,i,j=1n,i#].
Income of queueing syste® can be presented as

Vi(t) =, + YAV, (1)
=
Let us introduce denotations for proper mathembgixpectations (m.e.):
M{RJ} =]§Xd':1ij(x)=qj ’ M{rii} :]jxszji(x)zaji i) =1n,
M{t} =[5ar() =6 M{R} =]xar () =D,
M {1} =depm(>; =a, M{g) =];dei(>; =h.izln (@)
according to equality (1)
a, =b,,i,j=1n 3)

Let's finding approximate expression for the expgdhcome of QSS at the

momentt. Under fixed realization of the procekﬁt), subject to probabilities of

events, states of incomes change 1)-30) in &nd denominations (2) we can
write:

M{Av, (at)/k(1} :[C A8, py +Zaji pus; (ks (1))u(k; (1)) -

j#i

4 (k (1))u(k (I))gaﬂ Py —hy (K (1))u(k (|))]At ro(n),i=1n  (4)

J#i
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Allow that mAt =t and equality (3), we will have

MV, (0)/k(t} =D M{aY, (ar) /k(1} =y, +(c +Aay by )t +

+§aji Py 24k () (1)) —jzl’;b,j By 344 (k 1)l (1) -

m

-hY v (k (1))u(k (1))t +o(a), i=1n

+iajipjijuj(kj(x))u( (x))dx~ hjpf,u ))ox -

Average the last relation bk( ) with taking to account normalization condition

ZP( ( ) ) 1, for expected income of systeg we will obtain
v () =MV (U} =vo +2P(k(t) kM {v, (1) (1)} =

=Vio +(G +4ag pq )t +;P(k(t) =k) x
X ” a; Py

i
i=1
j#i

O )

:UJ(ki(x))”(ki(X))dx'gbupuj:/‘i(K(X))”(K(X))dx -

t

-h [ % (k (x))u(k (x))ax, i =Ln

0
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Let at the momentt system S contains d, (t) serviceable channels,

0<d, (t) <m, service rate of messaggs, restoration rate of faulty channels in
it linearly depend on messages number, i.e.

#4 (K (x))u(k (x)) = {NK() K(X)idi(x),

40 (x), k(x)>d (x),
ik (). (). 135, ®
st .
:yimin(ki(x),(m —di(x))) i=1n (6)

Then from (5), (6) follows:

% (1) =M{V; (t)} =vo +(c +Aay py )t +

—hjyi min(k (x),(m ~d,(x)))dx, i =Ln (7)
Let us suppose that averaging of expressimin(k (x),d;(x)) brings
min(Ni (x)a,(x)) ie.
w{min(i (). ()} = min{N () @ ()
M{min(ki (X)v(m -d (X)))} = min(Ni (X) ’(m _ai (X)))’ i=1n,

where N, (x)=M{k (x)} average number of messages (waiting and serving),

d (x) = { x} average number of serviceable channels in®®n the time
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interval [O,X] , i=1n. Then from (7) we will receive the following appimate
expression:

v (t) =M{V; (t)} =vio +(c +Aag pg )t +
+JZ:,UJ-a,-i pji_([min(Nj (x).d, (X))dx_jzl;'uib'j p”.J(;min(Ni (x) ¢ (X))dx—
_Khjmin(Ni (x),(m —ai(X)))dx, i=1n (8)

From (3) and

ZZ’UJaJ' p“jmln( ( ))dx:

i=1 j=1
J#i

t

_ZMImIn( ))dXZb'J Pj»

i= 0
J¢|

expected income of queuing network can be writeen a

{ t)} Z[ +(c +Aag py )t -

Mqoplofm|n( x),d; (x ))dx—yih!min(Ni(x) ,(m —di(x)))dx}

2. Variances of incomes of network systems
From (3) expression (8) can be written
v (8) =M{V; ()} =vo +(G +Aaqpq )t -

,u,bloplojmln( x).,d, (x ))dx+

+JZH; H;3; Djiimin(Nj (x).d, (x))dx—uia,.j p”.J:min(Ni (x) ., (x))dx _

-y min(N, (<) (m 3, (x))) o i =T ®)

Let us introduce denotations
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M{RF} =b,, M{rf} =2, i,i=1n,
M{riz}:czi’ M{Rzo} =byq, M{rozi}:azo"
M{giz}:hzi7 i=1n, (10)

and will consider expression

{0 1) =m{w, -5 v )] 1)
ijM{ V2 (o) /k(t) +

(S o0 ) =

m m

+y. > M{av, (at)av, (at)/k(t} , i=1n

1=1 g=1
|

¢

Considering incomes and probabilities of stated))-8escriptions (10) it is had

M {02 (00 K1} =| 224 5, (K () (1) .

+Z:,[azji:uj(kj()) ( ())le bZIJM(K()) (k,(l))p,j]’r

+hZiyi(K(I))u(lg(l))}At+o(At), i=1n. (11)

Under fixed realization of the proces§t) valuesAV, (At), AV, (At) are inde-
pendent at #q. Then using (3), (4) we can write

M{AV, (at)Av, (at)/k(t)} =o(at)’ (12)

With At - 0 from (11), (12) andnAt =t

M{(V(0) =vo ) 7k(0) =D m{ v (o) k(e +

1=1

m m

+ZZM{ L (at)av, (at)/ k(t)} -

=1 g=1
¢I
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= Aagg Pt + 14by 0P, ijin(lg (X) d (X)) dx +
+§|::uja2ji pji:[min(kj(X),aj(x))dx+yib2ij plj:[min(lg( x) d; (x ))dx +

+yihzi':[min(ki (x),(m —Ji(x)))dx, i=1n

Average the receive relation g(t) we will have

t

M{(V(£) =Vio) '} = A2t Pt + 2453 o, of min (N, ()., () ox +

0

+é|:/'1ja2ji IO,-iimin(Nj(x),aj(x))dx+/,1ib2ij p”imin(Ni(x) d ( ))dx +

+yh2jm|n( (m -d, (x )))dx, i=1n (13)

Expression forv 2{(\/i (t) —vio)}, using (9), looks like
YRIVIOES' {c +Aag Py )t ~44h 0B mln(N (%), (X)) dx +

+Z{UJ% pjljmln( (x).d, (x))dx—,uihj p,jlmin(Ni (x) (x))dx} -

-mimin(Ni (x).(m —ai(x)))dx}z, =L as

Expression for variance of income of (& can be evaluated, using the formu-
la DV, (t)=D(V, (t) -v,) =|\/|[(\/i (t) —\40)2] -M?{(V(t) ~v,,)} and (13), (14),
i=1n.

We will note, for finding of values\, (x), d;(x), i =1,n the method of diffu-
sive approximation can be used. It wil be madeeixt @rticle.
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Conclusions

Thus, in current article the approximate expressiion expected incomes and
variances of incomes of exponential HM-network icase when incomes from
transitions between network’s states are randotiabias with the given moments
of first two orders are received.

The further investigations in this area are assediavith investigation of preci-
sion of the received expressions and distributibthe received results on a net-
works with other specialties.
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