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f(s) =

∞∫
0

e−sxdF (x), m1 =

∞∫
0

xdF (x) < ∞, b1 =

∞∑
k=1

kak < ∞;

F (x) = 1− F (x), α(z) =

∞∑
k=0

zkak; an =

∞∑
k=n

ak,

pn(s) =
∞∑

k=n

pk(s), qn(s) =
∞∑

k=n

qk(s),
0∑

k=1

bk = 0.
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i=−1

zipi(s) =
f(a(s, z))

zf(s)
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∞∑
i=0

ziqi(s) =
1− f(a(s, z))

a(s, z)
. ���
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pi(s) =
1

f(s)

i+1∑
k=0

ak∗i+1

∞∫
0

e−(λ+s)x (λx)
k

k!
dF (x) ( i = −1, 0, 1, ... ) ;

qi(s) =

∞∫
0

e−sx P{η(x) = i }F (x) dx =

i∑
k=0

ak∗i

∞∫
0

e−(λ+s)x (λx)
k

k!
F (x) dx.
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zkRk(s) =
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(
a(s, z)

)− z
, |z| < ν−(s), �F�

,� ν−(s) / 8,���+ #
%-�& %-������ f
(
a(s, z)

)
= z �� '%
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 ρ = λm1b1" ν− = lim
s→+0, ρ>1

ν−(s)N

pi = lim
s→+0

pi(s), Ri = lim
s→+0

Ri(s), qi = lim
s→+0

qi(s). �C�
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∞∑
i=−1

zipi =
f
(
λ(1 − α(z))

)
z

; pi =
i+1∑
k=0

ak∗i+1

∞∫
0

e−λx (λx)
k

k!
dF (x) ( i = −1, 0, 1, ... ) ;

∞∑
k=1

zkRk =
z

f
(
λ(1 − α(z))

)− z
, |z| < min{1, ν−} ;

∞∑
i=0

ziqi =
1− f

(
λ(1 − α(z))

)
λ(1 − α(z))

, qi =

i∑
k=0

ak∗i

∞∫
0

e−λx (λx)
k

k!
F (x) dx,

∞∑
k=0

qk = m1.
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h� ���!" -

ϕn(t, k) = Pn{ ξ(t) = k, τ(m) > t } ( 1 ≤ n, k ≤ m+ 1 ),

Φn(s, k) =

∞∫
0

e−stϕn(t, k) dt, Re s > 0.

�.���,�
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 ϕ0(t, k) = 0� 3�#
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��7.� $
%��
� '
��
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1 ≤ n ≤ h 
,�%0��


ϕn(t, k) =

m−n∑
j=0

t∫
0

P{η(x) = j }ϕn+j−1(t− x, k) dF (x)+

+

t∫
0

P{η(x) ≥ m+ 1− n }ϕm(t− x, k) dF (x)+

+
(
P{η(t) = k − n }+ I{k = m+ 1}P{η(t) ≥ m+ 2− n })F (t).
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��
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ϕn(t, k) =

t∫
0

P

{n−h∑
i=1

βi ∈ dx

}
ϕh(t− x, k)+

+ I{h+ 1 ≤ k ≤ n− 1}
t∫

0

P

{n−k∑
i=1

βi ∈ dx

}
F (t− x) + I{k = n}F (t).

�H�

>�%�+,��
 � ��� - �H� ,
 '�%���
%��& O�'
���� 3%�*
��7.� �'-��-,�
(���� ���"

,�%0��
 %-������ ,
� �����.���� $��#9-+ Φn(s, k)

Φn(s, k) = f(s)

m−n∑
j=0

pj−1(s)Φn+j−1(s, k) + f(s)pm−n(s)Φm(s, k)+

+ qk−n(s) + I{k = m+ 1}qm+2−n(s), 1 ≤ n ≤ h,

�B�
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Φn(s, k) = fn−h(s)Φh(s, k)+

+ I{h+ 1 ≤ k ≤ n}fn−k(s)
1 − f(s)

s
, h+ 1 ≤ n ≤ m+ 1

�I�

� �%���.�
7 ��
�
7

Φ0(s, k) = 0. ���

3�%����(� � �I� Φm(s, k) - ��- Φn(s, k) ,
� h+ 1 ≤ n ≤ m− 1 - '-,������(� 2*
� �B�" 
�%���8�
 %-������

Φn(s, k)− f(s)

h−n−1∑
j=−1

pj(s)Φn+j(s, k) =

= f(s)Ln(s)Φh(s, k) +Mn(s, k), 1 ≤ n ≤ h.

��J�

P��

Ln(s) = fm−h(s)pm−n(s) +

m−1∑
j=h

pj−n(s)f
j−h(s);

Mn(s, k) = qk−n(s) + I{k = m+ 1}qm+2−n(s)+

+

(
I{h+ 1 ≤ k ≤ m}pm−n(s)f

m+1−k(s)+

+

m−1∑
j=h+1

pj−n(s)f
j−k+1(s)I{h+ 1 ≤ k ≤ j}

)
1− f(s)

s
.
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Φn(s, k) =

(
1 +Qh+1−n(s)− f(s)

h−n∑
i=1

Ri(s)Ln+i(s)

)
Φh(s, k)−

−
h−n∑
i=1

Ri(s)Mn+i(s, k), 1 ≤ n ≤ h,

����

,� Qn(s) =
n−1∑
j=1

Rj(s)dn−j−1(s)" dk(s) = 1− f(s)
k−1∑
i=−1

pi(s)�

6� ,
'
�
�
7 �'-��-,�
(���� �F� �
0�� 
�%����� %-��-��&

f(s)

n∑
j=1

Rj(s)pn−j(s) = Rn(s)−
(
1− f(s)

) n∑
j=1

Rj(s)− 1, n ≥ 1. ����

Q� �'-��-,�
(����" � ��#
0 %-��-��& dk(s) = 1− f(s) + f(s)pk(s) ,�7�&K

1 +Qn(s) = 1 +
(
1− f(s)

) n−1∑
j=1

Rj(s) + f(s)

n−1∑
j=1

Rj(s)pn−j−1(s) = Rn−1(s).
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Φn(s, k) = Dn(s)Φh(s, k)−
h−n∑
i=1

Ri(s)Mn+i(s, k), 1 ≤ n ≤ h, ��F�

,�

Dn(s) = Rh−n(s)− f(s)

h−n∑
i=1

Ri(s)Ln+i(s), n ≥ 0. ��C�

>%�+���(� � ��F� n = 0" � �%���.�
2 ��
�� ��� 
,�%0��


Φh(s, k) =
1

D0(s)

h∑
i=1

Ri(s)Mi(s, k). ����

��0�" �� ,
��
� ��#� ��
%����

������� �� /0� 123�045&� 1 ≤ k ≤ m+ 1 � Re s > 0 '��3&045� 627��8�55�9

∞∫
0

e−st Pn{ ξ(t) = k, τ(m) > t } dt =

= Dn(s)Φh(s, k)−
h−n∑
i=1

Ri(s)Mn+i(s, k), 1 ≤ n ≤ h;

∞∫
0

e−st Pn{ ξ(t) = k, τ(m) > t } dt = fn−h(s)Φh(s, k)+

+ I{h+ 1 ≤ k ≤ n}fn−k(s)
1− f(s)

s
, h+ 1 ≤ n ≤ m,

��H�

1� :;5<=�� Φh(s, k) 3&65�>�5� 3 ?�@AB � Dn(s) * 3 ?�CA	
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∞∫
0

e−st P{ ξ(t) = k, τ(m) > t } dt =
m∑

n=1

an

∞∫
0

e−st Pn{ ξ(t) = k, τ(m) > t } dt+

+ am+1

∞∫
0

e−st Pm+1{ ξ(t) = k, τ(m) > t } dt =

=

m∑
n=1

anΦn(s, k) + am+1Φm+1(s, k).
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� Φm+1(s, k) �
0�� 
�%����� � %-��
��- �I�" '%�+���(�" 4
 n = m + 1�
P�'�%" ��#
%���
��7.� �'-��-,�
(���� ��H�" �
0��
 ,���
&�
 %
�'����� '%��� .��1
���� ��B�

∞∫
0

e−st P{ ξ(t) = k, τ(m) > t } dt =

=

(h−1∑
n=1

anDn(s) +

m∑
n=h

anf
n−h(s) + am+1f

m−h+1(s)

)
Φh(s, k)−

−
h−1∑
n=1

an

h−n∑
i=1

Ri(s)Mn+i(s, k) +

( m∑
n=h+1

anf
n−k(s)I{h+ 1 ≤ k ≤ n}+

+ am+1f
m−k+1(s)I{h+ 1 ≤ k ≤ m+ 1}

)
1− f(s)

s
.

��I�

R
� 
�%����� �
�%�0���� ,
�
∞∫
0

e−st P{ τ(m) > t } dt" ��� �%��� '�%�+�� � %-��
��-
��I� ,
 '-,���
������� '
 k �-, � ,
 m+ 1�

A��'
��%�,�-� 
�.��
����� �
0�� '�%�#
�����&" 4


m+1∑
k=1

(
qk−n(s) + I{k = m+ 1}qm−n+2(s)

)
=

∞∑
k=0

qk(s) =
1− f(s)

s
.

>
���.��

m+1∑
k=1

Mn(s, k) .�%�� Mn(s)� P
,-

Mn(s) =
1− f(s)

s
+ f(s)

(
1− fm−h(s)

s
pm−n(s) +

m−1∑
j=h+1

pj−n(s)
1 − f j−h(s)

s

)
;

m+1∑
k=1

Φh(s, k) =
1

D0(s)

h∑
i=1

Ri(s)Mi(s),

- � ��I� 
�%���8�


∞∫
0

e−st P{ τ(m) > t } dt =
(h−1∑

n=1

anDn(s) +
m∑

n=h

anf
n−h(s) + am+1f

m+1−h(s)

)
×

× 1

D0(s)

h∑
i=1

Ri(s)Mi(s)−
h−1∑
n=1

an

h−n∑
i=1

Ri(s)Mn+i(s)+

+
1

s

m∑
n=h+1

an
(
1− fn−h(s)

)
+

am+1

s

(
1− fm+1−h(s)

)
.

����

3�#
��8�
 
�.��
����" '
�%-��- ,
� '�%�*
,� � ���� ,
 �%���9- '%� s → +0�
3�#
%���
���������
 '
�
-,
��
��- {pi}" {qi} - {Ri}" �����.��- � �C�� �
� ��-* n ≥ 1
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� ���� ��'
���7�& %-��
��-
n∑

i=1

Ripn−i = Rn − 1,

�
��" �%�*
��7.�" 4
 f(0) = 1" ,
� n ≥ 0 � ��C� 
�%���8�


Dn(0) = Rh−n −
h−n∑
i=1

Ri

(
pm−n−i +

m−1∑
j=h

pj−n−i

)
= Rh−n − (Rh−n − 1) = 1. ��J�

��#-
&#�

lim
s→+0

(h−1∑
n=1

anDn(s) +

m∑
n=h

anf
n−h(s) + am+1f

m+1−h(s)

)
=

∞∑
n=1

an = 1,

�
" �%�*
��7.� ��J�" '-�
� '�%�*
,� � %-��
��- ���� ,
 �%���9- '%� s → +0" 
,�%1
0�8�
 $
%��
� ,
� ��%�,�&
2 �%���

��- '�%-
,� ��+���
��-

M τ(m) = m1

( h∑
i=1

Ri

(
1 + (m− h)pm−i +

m−1∑
j=h+1

(j − h)pj−i

)
−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
1 + (m− h)pm−n−i +

m−1∑
j=h+1

(j − h)pj−n−i

)
+

+
m∑

n=h+1

(n− h)an + (m+ 1− h)am+1

)
.

����

>%�+���(� � %-��
��- ��I� s = 0" 
,�%0��
 �'-��-,�
(����
∞∫
0

P{ ξ(t) = k, τ(m) > t } dt =
h∑

i=1

RiMi(k)−
h−1∑
n=1

an

h−n∑
i=1

RiMn+i(k)+

+m1

( m∑
n=h+1

anI{h+ 1 ≤ k ≤ n}+ am+1I{h+ 1 ≤ k ≤ m+ 1}
)
.

����

P��

Mi(k) =Mi(0, k) = qk−i + I{k = m+ 1}qm−i+2+

+m1

(
I{h+ 1 ≤ k ≤ m− 1}

m−1∑
j=k

pj−i + I{h+ 1 ≤ k ≤ m}pm−i

)
.

��F�

3�#
%���
��7.� ���

�� ��
%��� �-,�
�
���� ?�F" S� CH@" - �-%#�7.� ��#" �# �
?H@" 
�.��
��
 �%���9-

lim
t→∞P{ ξ(t) = k } =

λ

λM τ(m) + 1

∞∫
0

P{ ξ(u) = k, τ(m) ≥ u } du ( k = 1, m+ 1 );

lim
t→∞P{ ξ(t) = 0 } =

1

λM τ(m) + 1
.

6�-,�� �� ,
'
�
�
7 ����/��F� 
�%���8�
 ��#� ���%,0�����
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ρ0(m) =
1

λM τ(m) + 1
;

ρk(m) =
λ

λM τ(m) + 1

( k∑
i=1

Riqk−i −
h−1∑
n=1

an

k−n∑
i=1

Riqk−n−i

)
( k = 1, h );

ρk(m) =
λ

λM τ(m) + 1

( h∑
i=1

Ri

(
qk−i +m1pk−i

)−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
qk−n−i +m1pk−n−i

)
+m1ak

)
( k = h+ 1, m );

ρm+1(m) =
λ

λM τ(m) + 1

( h∑
i=1

Riqm+1−i −
h−1∑
n=1

an

h−n∑
i=1

Riqm+1−n−i +m1am+1

)
.

��C�

"� ������� �
����
���
 �#����
� 
� �����
� ���!�� 	
��
����
 �������
� θ

h� ��" ,
� �#
2 �-,����� ��
�� 
���0��
��- ,
�0��� .�%�� �m = ∞�� ����0�1
�
�& �����.����� ��%�,�&
2 �%���

��- '�%-
,� ��+���
��- �� �%�
,�.�
�
 %
�'
,-
�
#-
&#
��- ���
�
��& � ��#-+ ������-�

>%
���
-��8�
 '
��,-�#� '%� m → ∞ 
#%���* ,
,��#-� � $
%��
- ����" �#�
�����.�8 ��%�,�7 �%���
-��& '�%-
,� ��+���
��- M τ(m)� ��#-
&#�

mpm =

∞∑
i=m

mpi ≤
∞∑

i=m

ipi,

�
 lim
m→∞mpm = 0" �


lim
m→∞mpm ≤ lim

m→∞

∞∑
i=m

ipi = 0.

E��

�-.�
 ,
�
,��&��" 4
 lim
m→∞mam = 0�

P�'�% �
0�� '�%�+�� ,
 �%���9- '%�m → ∞ � %-��
��- ���� - 
,�%0��� $
%��
�
,
� ��%�,�&
2 �%���

��- '�%-
,� ��+���
��- ,
� ������� � θ

h� ��

M τ(∞) = m1

( h∑
i=1

Ri

(
1 +

∞∑
j=h+1

(j − h)pj−i

)
−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
1 +

∞∑
j=h+1

(j − h)pj−n−i

)
+

∞∑
n=h+1

(n− h)an

)
.

����

>-�
� '�%�*
,� ,
 �%���9- '%� m → ∞ � �'-��-,�
(����* ��C� 
�%���8�
 ��#�
���%,0�����
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ρ0(∞) =
1

λM τ(∞) + 1
;

ρk(∞) =
λ

λM τ(∞) + 1

( k∑
i=1

Riqk−i −
h−1∑
n=1

an

k−n∑
i=1

Riqk−n−i

)
( k = 1, h );

ρk(∞) =
λ

λM τ(m) + 1

( h∑
i=1

Ri

(
qk−i +m1pk−i

)−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
qk−n−i +m1pk−n−i

)
+m1ak

)
( k ≥ h+ 1 ).

��H�

$�  ������� �#�����

� ��!����
�!� ������
��� >�%�,��-� '
��,�8�

�
�
%���� ,
� 
�.��
���� '
�
-,
��
���+ Ri" qi � i ≥ 1�� 6����0��
" 4
 9- �
�
1
%���� �� ��
�0��& �-, '�%����%� m" �
�� ,
� 2*�&
2 %��
-��9-2 ,
�����&
 �


,-��
-�$
%��9-87 '%
 �*-,��+ '
�-# - %
�'
,-
 .��� 
��
��
������� �$��#9-7 F (x)��

6 
���.��& '
�
-,
��
���+ Ri" qi ��'
���7�& %�#�%����- �'-��-,�
(����K

R1 =
1

p−1
, Rk+1 =

Rk −
k−1∑
i=0

piRk−i

p−1
( k ≥ 1 );

q0 =
1− f(λ)

λ
, qk =

k∑
i=1

aiqk−i − pk−1

λ
( k ≥ 1 ).

>%�'�����
" 4
 .�� 
��
��
������� %
�'
,-
���+ �� ��#
�
� T%
���� ,%��
�

'
%�,#�

(
F (x) = 1 − (1 + μx)e−μx" x ≥ 0

)
� ��%�,�-� ���.����� m1" � ���
�
����

��,*
,��& '�%��� �a1 = 0N a2 = 1N ai = 0" i > 2��
5#4
 a2 = 1" �
 
�.��
���� �� $
%��
���

pi =

i+1∑
k=0

ak∗i+1

∞∫
0

e−λx (λx)
k

k!
dF (x) ( i = −1, 0, 1, ... )

,�7�& ��#- %���
&����K

p2i−1 =
(i+ 1)μ2λi

(λ+ μ)i+2
; p2i = 0 ( i = 0, 1, 2, ... ) ;

p2i−1 = p2i−2 =

(
λ+ (i + 1)μ

)
λi

(λ+ μ)i+1
( i = 1, 2, 3, ... ) ;

∞∑
i=1

pi = p1 +
2λ2(2λ+ 3μ)

μ(λ+ μ)2
.

)�*�+ h = 4" λ = 1" μ = 1" �
,- m1 = 2� 	
��
����
 ��'�,#�K m = 8 �'%�#1

�, ��N m = ∞ �'%�#
�, ���
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 ������ �� �
%����7.��& $
%��

7 ����" 
�.��
78�
 ��%�,�7 �%���
-��& '�%-
1
,� ��+���
��- ������� � 
���0��
7 .�%�
7

M τ(8) = m1

( 4∑
i=1

Ri

(
1 + 4p8−i +

7∑
j=5

(j − 4)pj−i

)
−

−
2∑

i=1

Ri

(
1 + 4p6−i +

7∑
j=5

(j − 4)pj−i−2

))
= 1658.

>
���.��
 .�%�� πi ���9-
��%�� +�
�-%�-��& �
�
" 4
 ,
�0��� .�%�� ,
%-��78 i�
P
,- π0 = ρ0 + ρ1" πi = ρi+1" i ≥ 1� � %�,#� LπiM ���
�9- � ����,��- +�
�-%�
��- πi"

�.��
��- �� �%�
,�.��� %
�'
,-

� ρi" ���+,���� �� $
%��
��� ��C�� � ��0�&
��
%�,#� 9-82 ���
�9- ,
� '
%-������ ��'����- ���.���� �-,'
�-,��* -�
�-%�
���+ ,
�
.��� t = 150 000" 
,�%0��- �� ,
'
�
�
7 ������� -�-��9-+�
�
 �
,�
7�����  UVV
WXYZ[ ?�C" ��@�

P��
�9� �� ���9-
��%��+ %
�'
,-
 ,
�0��� .�%�� �'%�#
�, ��

�
�0��� .�%�� �i� J � � F C
πi J"JJ�C J"JJB� J"J�H� J"J�I� J"��JH

πi � UVV WXYZ[� J"JJ�B J"JJB� J"J�B� J"J��� J"��J�
�
�0��� .�%�� �i� � H B I /

πi J"�F�C J"�HCC J"�C�J J"JB�H /
πi � UVV WXYZ[� J"�F�H J"�HF� J"�CCH J"JB�� /

 ������ �� 6� $
%��

7 ���� ���*
,��
 ��%�,�7 �%���
-��& '�%-
,� ��+���
��-
������� � ��
���0��
7 .�%�
7

M τ(∞) = m1

( 4∑
i=1

Ri

(
1 +

∞∑
j=5

(j − 4)pj−i

)
−

2∑
i=1

Ri

(
1 +

∞∑
j=5

(j − 4)pj−i−2

))
= 2276.

���9-
��%��+ %
�'
,-
 #-
&#
��- ���
�
��& � ������- 
�.��
78�
 �� $
%��
���
��H�� 	���
&����" 
�%����- ,
� ���9-
��%�
�
 %
�'
,-
� ,
�0��� .�%��" ����,��- �
���
� ��

P��
�9� �� ���9-
��%��+ %
�'
,-
 ,
�0��� .�%�� �'%�#
�, ��

�
�0��� .�%�� �i� J � � F C
πi J"JJ�I J"JJ�F J"J��F J"JB�J J"�I�H

πi � UVV WXYZ[� J"JJ�I J"JJ�� J"J��C J"JB�� J"�IFH
�
�0��� .�%�� �i� � H B I �

πi J"�H�F J"���I J"�J�H J"JBC� J"JHFF
πi � UVV WXYZ[� J"�HIB J"���� J"�JIJ J"JBCH J"JHFJ
�
�0��� .�%�� �i� �J �� �� �F . . .

πi J"JCC� J"JFH� J"J��B J"J��� . . .
πi � UVV WXYZ[� J"JCF� J"JF�� J"J�H� J"J��J . . .
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BC� DEF �+ �	�$�		� λ
�GH DEF �+ �	�$�		� μ
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 K��� ��
����
 �L
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 $���

�DSDRIOD >�@
OIPFBIOD EE
ODR�0SIOD
�DSDRIOD KDTUVWXWY�CZK@">"K��BC�LLL
N[B0O 9"�0O�+ 	�������		� �������	� �����

ORISN\DR "]FO
�0O� ODNO B EQMJDR"D�"]FO+ ������		� 	� ����
	
 $���
 K��� ��
����
 �L
�IOD BN ^BF"]FO
EFDFD MJDR
ND0_D N`N
aD[IRO MJDR
ODNO B EQMJDR"IJ"��F9
��F� N[B0O �"�0ON
IabISMD KDTUVWXWY�CZK@">"K���GHLLcDTUVWXWY�CZK@">"K���GHLLL+ $�� ����
����
ORISN\DR "�0O9
��F9 N[B0O �"�0OR
IabISMD KDTUVWXWY�CZK@">"K���GHLLcDTUVWXWY�CZK@">"K���GHLLL+ $�� ����
����
�0O9 RDBDIND N`N
ODR�0SIOD
�0ON B]�0M N ^BF
ODR�0SIOD
�0OR B]�0M R ^BF
]FO ODR�0SIOD
�DSDRIOD d" �
B]�0M N ^BF
ODR�0SIOD
�DSDRIOD MJIN�
ODR�0SIOD �
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$	f� ����$
 ��� ����	��� �
����	������� ���)���� � �����
�8� 9�:� ��6���
� ������	����% 
 �� ��
��	�	
�� g �<:?� g 6� �<" h�� g /� =��?�

9� �����8� 9�:� e��	
$	f� ����$
 ��� ����	f� �
����	����
� ���)����� � �����
�8� 9�:� g i�" �<:@�

=� ;2*<��71.= >�?� NX����CjkVl mCZkn �W oHXHX�Wp YqXVjG � ;2*<��71.= >�?� ��[jVrXXs�Wpn

Vt YqX 2nd 0WYXjWCY�VWCZ NG�UVn�H� VW NX����CjkVl �VsXZnu OqXVjG CWs IUUZ�rCY�VW�
MV�U�XpWX K\jCWrXLu FW�lXjn�YX sX OXrqWVZVp�X� g �<<;� g [� A�

?� @������ A� 8	��
� ����������	
� ����
����	�% ��
	f �$����
 � �
����� ���������
����
�
��	
� ������� ����	)
��� � @������ A� ��5��� 83 v�//w� /��� (
�������
	�
�� g �<::� g h?� g M� 9<�==�
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@� �����8� 9�:� e��	
$	f� ����$
 ��� ��
$�%	f� ��
���	
% � �����8� 9�:�� B����	�
��� C�:�� D��EF���� B� g 8-�����" �<;:�

A� B����	��� G�A� ��������		� �
���� ����
���
��		� � ������	�, $����,u �
��
� � � ��	�� 	�
� � B����	��� G�A� g i�" 9>>;�

:� B����	��� G�A�x�
������ ����	���� �� �����
$	��� ��������
 ����
	
 $���
 � �
��
����� �
�
 Mθ/G/1/b � B����	��� G�A� ��v��� ���� �
�	� g 9>>:� g 6� @<" h<� g
/� ��A<���:;�

;� B����	��� G�A� /
�����Mθ/G/1/b � ���	���,,$
� ���	�� ����	��� �����
 � B����	�
��� G�A� ��y��	� i
*������� 
	��
� /���� (�������� 	�
�
� g 9>>:� g h�� g M� ��?��9��

<� B����	��� G�A� e��	
$	� ������
 ��� �
���� �
�
Mθ/G/1/b � ���	���,,$
� ���	��
����	��� �����
 � B����	��� G�A� ��v��� ���� �
�	� g 9>>:� g 6� @<" h:� g /� ;;?�;<>�

�>� B����	��� G� A� 6�$	� �������		� ��� ��������
��
� �
����
 Mθ/G/1/b � ���	���
�,,$
� ���	�� ����	��� �����
 � B����	��� G� A� �� y��	� i
*������� 
	��
� /����
(�������� 	�
�
� g 9>>:� g h9� g M� ��?��9>�

��� H*=*I� J� IWCZGn�n Vt zW�YX �rCUCr�YG M/G/1 oHXHX m�Yq C jXnH�X ZXlXZ � H*=*I� J�
��[XjtVj�CWrX DlCZHCY�VW� g �<;@� g bVZ� @" h=� g [� �<:�9>=�

�9� H*=*I� J� EHXHX�Wp IWCZGn�n� bVZ� 9� � H*=*I� J� g OqX SXYqXjZCWsnu DZnXl�Xj Nr�XWrX [H{Z��
nqXjn P�b�" �<<=�

�=� K��
��� ��K� 6���
� ��������� ����
�
��	
� � K��
��� ��K�� �������� 9�G�� �����

�
��� K�C� g 7�" �<;9�
�?� B�
� 9�L�7����
����	
� �
����� 5	���
��	����	f� �������� �[NN|VjZs � B�
� 9�L�

g /}��" 9>>?�
�@� M
�����	 N�9� 0����)�%	� �����,��		� �
���� �������� ����
���
��		� � M
����

��	 N�9� g '����" 9>>:�

)*+*,)-. /0 
������ ,12 
���� 34*4*+
5�6. �)/47 ,))�8,9+ ,12 6.)*+./92 :9/-;�1�

/0 ,1 �1746 09/5


<=>?@ :),6��-.4;1$ ABC'< D.*)1/8A�2

1?�+(O�*3 P3�5(2O�<- 4Q H(7134+4I-�
������ R+�S�7(� T*O1.UO=* O<2�� � �

2#5*3 V2*3=4 W*<�43*+ P3�5(2O�<- 4Q XY5�5�
%&��� XY5�5� P3�5(2O-<(<OY=* ?<2�� �
(�)*�+, -./01(2345-�6-*144�74)

OqX �θ������ oHXHX m�Yq pjVHU Cjj�lCZn CWs YqjXnqVZs {ZVrk�Wp nYjCYXpG
Vt CW �WUHY ~Vm �n �WlXnY�pCYXs� 0t CY YqX �V�XWY Vt {Xp�WW�Wp YqX nXjl�rX Vt
YqX WXTY rHnYV�Xj YqX WH�{Xj Vt rHnYV�Xjn �W YqX nGnYX� XTrXXsn nV�X ZXlXZ
h" YqX �WUHY ~Vm �n {ZVrkXs mq�ZX nXjl�rX UjVrXnn pVXn �Yn VmW mCG� OqX Cjj�lCZn
Vt YqX WXm rHnYV�Xjn jXnH�X mqXW YqX WH�{Xj Vt rHnYV�Xjn �W YqX nGnYX�
sXrjXCnXn YV YqX ZXlXZ h� BCUZCrX YjCWntVj�n tVj s�nYj�{HY�VWn Vt YqX WH�{Xj Vt
rHnYV�Xjn �W YqX nGnYX� VW YqX {HnG UXj�Vs CWs tVj YqX {HnG Y��X s�nYj�{HY�VW
tHWrY�VW CjX tVHWs� IlXjCpX sHjCY�VW Vt YqX {HnG Y��X" CWs tVj�HZCX tVj YqX
XjpVs�r s�nYj�{HY�VW Vt WH�{Xj Vt rHnYV�Xjn �W YqX nGnYX� CjX V{YC�WXs� OqX
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X�XrY�lX rCZrHZCY�lX CZpVj�Yq� tVj YqX XjpVs�r s�nYj�{HY�VW" {CnXs VW jXrHjjXWY
jXZCY�VWn mq�rq sV WVY sXUXWs XTUZ�r�YZG VW m" �n UjVUVnXs�

T(- S42ZO, YqX �θ������ CWs �θ���� oHXHX�Wp nGnYX�n" {ZVrk�Wp Vt CW
�WUHY ~Vm" {HnG Y��X" XjpVs�r s�nYj�{HY�VW�
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