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 ! "#$%&'('$& )** !"#%&& '() *'"'+%",&+,&+(, ηi(t) -( ,%( './-(0 &1 .3,&/(03 40(3(', #' i,% 5.(.( 6, ,#/(/&/(', t7 i = 1, 2! 8('&,( 63 σi
j(t) ,%( 346( &.4#(9 -: j,% .3,&/(0&1 i,% 5.(.( 6, ,%( /&/(', t7 j = 1, ηi(t)! "%(' ,%( &/-#'6,#&' &15.(.(3 .'9(0 &'3#9(06,#&' /6: -( 9(30#-(9 -: ,%( '(;, /60$&<#6'06'9&/ 40&(33

(

η1(t); η2(t); σ
1
j (t), j = 1, η1(t); σ

2
j (t), j = 1, η2(t)

)

, (1)=%(0( 2
∑

i=1

ηi(t)
∑

j=1

σi
j(t) = σ(t)!"%( 40&(33 >)? =( 3%6@@ %606,(0#A( -: ,%( 1&@@&=#'B 1.',#&'3!

G(k1, k2, x, t) = P{η1(t) = k1, η2(t) = k2, σ(t) < x}; (2)

P (k1, k2, t) = P{η1(t) = k1, η2(t) = k2} = G(k1, k2, V, t), (3)

ki = 0, ni +mi, k1 + k2 ≥ 1, i = 1, 2;

P0(t) = P (0, 0, t) = P{η1(t) = 0, η2(t) = 0}. (4)C,D3 @(607 ,%6, 3,(69: 3,6,( &'9#,#&'3 1&0 ,%( /&9(@ .'9(0 &'3#9E(06,#&' 60( 6@=6:3 36,#3F(97 #1 V #3 F'#,(! "%(' ηi(t) ⇒ ηi7 σ(t) ⇒ σ#' ,%( 3('3( &1 6 =(6$ &'<(0B('(7 =%(0( ηi7 σ 60( ,%( 3,6,#&'60:'./-(0 &1 .3,&/(03 40(3(', #' i,% 5.(.( 6'9 3,6,#&'60: .3,&/(03,&,6@ <&@./( 0(34(,#<(@:! G&7 ,%( 1&@@&=#'B @#/#,3 (;#3,
g(k1, k2, x) = lim

t→∞
G(k1, k2, x, t) = P{η1 = k1, η2 = k2, σ < x}; (5)

p(k1, k2) = lim
t→∞

P (k1, k2, t) = P{η1 = k1, η2 = k2} = g(k1, k2, V ), (6)

ki = 0, ni +mi, k1 + k2 ≥ 1, i = 1, 2;

p0 = p(0, 0) = lim
t→∞

P0(t) = P{η1 = 0, η2 = 0}. (7)- .+'+,#('"/ 0&+#1%"& (012%" ),&+",20+,#(+(, δi,k -( H0&'($(0D3 3:/-&@I δi,k =

{

0, i 6= k,
1, i = k.

J.0,%(0 =( 3%6@@.3( ,%( '(;, '&,6,#&'3I κi = min(ki, ni)7 γi = min(ki + 1, ni)! C,
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P ′

0(t) = − (a1L1(V ) + a2L2(V ))P0(t)+µ1P (1, 0, t)+µ2P (0, 1, t); (8)

P ′(0, 1, t) = a2P (0, 0, t)L2(V )− a1

∫ V

0

G(0, 1, V − x, t)dL1(x)−

−a2

∫ V

0

G(0, 1, V − x, t)dL2(x)− µ2P (0, 1, t)+

+µ1P (1, 1, t) + 2µ2P (0, 2, t); (9)

P ′(1, 0, t) = a1P (0, 0, t)L1(V )− a1

∫ V

0

G(1, 0, V − x, t)dL1(x)−

−a2

∫ V

0

G(1, 0, V − x, t)dL2(x)− µ1P (1, 0, t)+

+2µ1P (2, 0, t) + µ2P (1, 1, t); (10)

P ′(k1, k2, t) = (1− δ0,k1
) a1

∫ V

0

G(k1 − 1, k2, V − x, t)dL1(x)+

+ (1− δ0,k2
) a2

∫ V

0

G(k1, k2 − 1, V − x, t)dL2(x)−

− (1− δm1+n1,k1
) a1

∫ V

0

G(k1, k2, V − x, t)dL1(x)−

− (1− δm2+n2,k2
) a2

∫ V

0

G(k1, k2, V − x, t)dL2(x)−

−(κ1µ1 + κ2µ2)P (k1, k2, t) + (1− δm1+n1,k1
) γ1µ1P (k1 + 1, k2, t)+

+ (1− δm2+n2,k2
) γ2µ2P (k1, k2 + 1, t),

ki = 0, mi + ni, k1 + k2 ≥ 2, i = 1, 2. (11)C9 +,%5?* +,5,% 1'?&,&1'+ ,5D% 485%< 931- %A$5,&1'+ :E;>:  ; ./%'
t →∞ .% 17,5&' ,/% 91881.&'( %A$5,&1'+ 913 ,/% 9$',&1'+ :F;>:G;B

0 = − (a1L1(V ) + a2L2(V )) p0 + µ1p(1, 0) + µ2p(0, 1); (12)

0 = a2p(0, 0)L2(V )− a1

∫ V

0

g(0, 1, V − x)dL1(x)−

−a2

∫ V

0

g(0, 1, V − x)dL2(x)− µ2p(0, 1)+µ1p(1, 1)+ 2µ2p(0, 2); (13)



 ! "#$%&'('$& )*+
0 = a1p(0, 0)L1(V )− a1

∫ V

0

g(1, 0, V − x)dL1(x)−

−a2

∫ V

0

g(1, 0, V − x)dL2(x)−µ1p(1, 0)+ 2µ1p(2, 0)+µ2p(1, 1); (14)

0 = (1− δ0,k1
) a1

∫ V

0

g(k1 − 1, k2, V − x)dL1(x)+

+ (1− δ0,k2
) a2

∫ V

0

g(k1, k2 − 1, V − x)dL2(x)−

− (1− δm1+n1,k1
) a1

∫ V

0

g(k1, k2, V − x)dL1(x)−

− (1− δm2+n2,k2
) a2

∫ V

0

g(k1, k2, V − x)dL2(x)−

−(κ1µ1 + κ2µ2)p(k1, k2) + (1− δm1+n1,k1
) γ1µ1p(k1 + 1, k2)+

+ (1− δm2+n2,k2
) γ2µ2p(k1, k2 + 1),

ki = 0, mi + ni, k1 + k2 ≥ 2, i = 1, 2. (15),('&-( -%( .-#(/-0(1 &'3&/4-#&' &5 -%( i-% &67(6 &5 -%( 54'-#&'
Li(x) 81 L

(k)
i (x)9 #!(!

L
(0)
i (x) ≡ 1, L

(k)
i (x) = L

(k−1)
i ∗ Li(x) =

=

∫ x

0

L
(k−1)
i (x− u)dLi(u), k = 1, 2, . . . .:( 1%8// 41( -%( '(;- '&-8-#&' 5&6 -%( .-#(/-0(1 &'3&/4-#&' &5 54'<-#&'1 Fi(x), i = 1, r=

F1 ∗ · · · ∗ Fr(x) = ∗
i=1

r

Fi(x):( 8/1& #'-6&74( -%( 5&//&>#'? '&-8-#&'=
Ni(k) =











(niρi)
k

k!
, k = 0, ni,

nni

i ρk
i

ni!
, k = ni + 1, ni +mi,

(16)>%(6( ρi = ai/(niµi)!:( 8' (81@ 3(6#5@ A@ 7#6(- 14A1-#-4-#&'9 -%8- -%( 1&/4-#&' &5 -%((B48-#&'1 C)DEFC)+E 8' A( 6(G6(1('-(7 81
g(k1, k2, x) = p0N1(k1)N2(k2)L

(k1)
1 ∗ L

(k2)
2 (x), k1 + k2 ≥ 1, (17)



 !" #$%$%&'( )*+,%-+ .&,/ 01--1' 2%-13* )45%./%'% .% 17,5&'
p(k1, k2) = g(k1, k2, V ) =

= p0N1(k1)N2(k2)L
(k1)
1 ∗ L

(k2)
2 (V ), ki = 0, mi + ni. (18)831- ,/% '13-59&:5,&1' 1';&,&1' n1+m1
∑

k1=0

n2+m2
∑

k2=0

p(k1, k2) = 1 .% 59+1/5<% ,/5,
p0 =

[

n1+m1
∑

k1=0

n2+m2
∑

k2=0

N1(k1)N2(k2)L
(k1)
1 ∗ L

(k2)
2 (V )

]−1

. (19) !"# $%&& '(%)*)+$+,-=/% +,5,&1'53* 91++ 431757&9&,* pi
L >13 $+,1-%3+ 1> i,/ ?$%$% @i = 1, 2A5' 7% 17,5&'%; >31- ,/% >1991.&'( %?$&9&73&$- %?$5,&1' BC℄E ./&/ .&997% .3&,,%' 1$, >13 ,/% 5+% 1> i = 1F

a1

(

1− p1
L

)

= µ1

n1−1
∑

k1=1

k1p
1
k1
+ n1µ1

(

1−

n1−1
∑

k1=1

p1
k1

)

, (20)./%3% p1
k1
=

n2+m2
∑

k2=0

p(k1, k2)E p2
k2
=

n1+m1
∑

k1=0

p(k1, k2)G, >1991.+ >31- @CHA 5'; 5'591(1$+ %?$5,&1' >13 i = 2 ,/5,
pi

L = 1− (niρi)
−1

ni−1
∑

ki=1

kip
i
ki
− ρi

−1

(

1−

ni−1
∑

ki=0

pi
ki

)

. (21). /()+,(*(- 012)#( %3 41#1#& 5+," %22%02#2%(- &'*#G' ,/% 43%+%', +%,&1' .% 1'+&;%3 5' %<&;%', (%'%359&:5,&1' 1> 5'59*:%;1-7&'5,&1' 1> ?$%$%+I )$441+%E ,/5, .% /5<% 5 1-7&'5,&1' 1'J+&+,&'( 1> rE r = 1, 2, . . . E M/M/n/m ?$%$%+ .&,/ '1'J/1-1(%'%1$+$+,1-%3+ 1''%,%; <&5 1--1' -%-13* +45%I K%, aiE µi 7% ,/%35,% 1> $+,1-%3 533&<59 431%++ 5'; +%3<&% ,&-% 4535-%,%3 1> ,/% i,/?$%$% 3%+4%,&<%9*E i = 1, rE Li(x) 7% ,/% ;&+,3&7$,&1' >$',&1' 1> i,/?$%$% $+,1-%3 +45% 3%?$&3%-%',E V 7% ,/% -%-13* <19$-%I =/%'



 ! "#$%&'('$& )*+,&- ./0/#&'0-1 2-&303#4#/#(. p(k1, . . . , kr) = P{η1 = k1, . . . , ηr = kr}5/%0/ /%(-( 0-( k1, . . . , kr 7./&8(-. #' &--(.2&'9#': ;7(7(5 <( &3/0#'/%( ,&44&<#': -(40/#&'=
p(k1, . . . , kr) = p0

r
∏

i=1

Ni(ki) ∗
i=1

r

L
(ki)
i (V ),<%(-( /%( ,7'/#&' Ni(k) #. 9(/(-8#'(9 31 >)?@ -(40/#&'5 #' <%#%

i = 1, r! "%( -(40/#&' >)A@ ,&- p0 #' /%#. 0.( %0. /%( '(B/ ,&-8=
p0 =

[

∑

k1,...,kr

r
∏

i=1

Ni(ki) ∗
i=1

r

L
(ki)
i (V )

]−1

,<%(-( /%( .7880/#&' ,&- (0% .73.-#2/ #. 0--#(9 &7/ ,-&8 0 /& ni+mi!"%( 4&.. 2-&303#4#/1 &, i/% ;7(7( 7./&8(- #. 9(/(-8#'(9 31 -(40C/#&' >D)@5 <%(-(
pi

ki
=

∑

k1,...,ki−1,ki+1,...,kr

p(k1, . . . , ki−1, ki, ki+1, . . . , kr), k = 0, ni +mi. !"# %&# '( &)*+,#-&#./#. 01#1#& 2)3" '44'*4#4'.5 &6%#E' /%( 2-(.('/ .(/#&' <( .%044 0'041F( /%( 0.( &, /<& ;7(7(. &'C'(/(9 G#0 &88&' 8(8&-1 .20( >r = 2@! "%( :('(-04#F0/#&' ,&- 0-C3#/-0-1 r #. &3G#&7.! E, ni = 15 <( &3/0#' ,-&8 >)?@5 /%0/ Ni(k) = ρi
k5

i = 1, 2! "%('5 0. #/ ,&44&<. ,-&8 >)H@I>D)@5
p0 =

[

m1+1
∑

k1=0

m2+1
∑

k2=0

ρ1
k1ρ2

k2L
(k1)
1 ∗ L

(k2)
2 (V )

]−1

, (22)

p(k1, k2) = p0ρ1
k1ρ2

k2L
(k1)
1 ∗ L

(k2)
2 (V ), ki = 0, mi + 1, (23)

pi
L = 1−

1

ρi

(

1− pi
0

)

, i = 1, 2. (24)"%( &3/0#'(9 -(40/#&'. 0-( :('(-0441 '&/ &'G('#('/ ,&- 04740C/#&'. 3(07.( &, J/#(4/K(( &'G&47/#&'. 2-(.('(! "%(.( &'G&47/#&'.0' 3( :('(-0441 (./#80/(9 31 L&'/( M0-4& /(%'#;7(! "%(1 0'2-(#.(41 04740/(9 #' .&8( .2(#04 0.(.! N&- (B0824(5 4(/ i/%



 !" #$%$%&'( )*+,%-+ .&,/ 01--1' 2%-13* )45%7$%$% $+,1-%3 +45% 3%7$&3%-%', /5+ (5--5 8&+,3&9$,&1' .&,/ ,/%:1;;1.&'( 8%'+&,*
li(x) = γf(αi, x) =

f

Γ(αi)
xαi−1e−fx, αi > 0, f > 0, i = 1, 2<,/% 4535-%,%3 f &+ +$441+%8 ,/% +5-% :13 91,/ 7$%$%+=> ?,@+ A'1.'B,/5, &' ,/&+ 5+% ,/% 1'C1;$,&1' L

(k1)
1 ∗ L

(k2)
2 (x) &+ ,/% (5--5 8&+,3&D9$,&1' :$',&1' Yf(α, x) .&,/ 4535-%,%3+ f 5'8 α = k1α1 + k2α2B &>%>.% /5C%

p(k1, k2) = p0ρ1
k1ρ2

k2Yf(k1α1 + k2α2, V ),

p0 =

[

m1+1
∑

k1=0

m2+1
∑

k2=0

ρ1
k1ρ2

k2Yf(k1α1 + k2α2, V )

]−1

.?' ,/&+ 5+% ,/% 3%;5,&1' :13 ,/% E3+, 7$%$% $+,1-%3 ;1++ 431959&;&,*/5+ ,/% :1;;1.&'( :13-F
p1

L = 1−
1

ρ1

[

1−

m2+1
∑

k2=0

ρ2
k2Yf(k2α2, V )

]

. !"#$ %&$()* )%$%?' ,/&+ +%,&1' .% 1'+&8%3 ,/% 5+% 1: L1(x) = L2(x) = L(x) <,/% $+D,1-%3+ +45% 3%7$&3%-%',+ 8&+,3&9$,&1'+ 53% ,/% +5-% :13 91,/ 7$%$%+=>G/%' :31- < "=B < H= 3%;5,&1'+ .% 19,5&'
p(k1, k2) = p0N1(k1)N2(k2)L

(k1+k2)(V ), ki = 0, mi + ni, i = 1, 2;

p0 =

[

n1+m1
∑

k1=0

n2+m2
∑

k2=0

N1(k1)N2(k2)L
(k1+k2)(V )

]−1

.I1. +$441+% 588&,&1'5;;* ,/5, n1 = n2 = 1B m1 = m2 = ∞ 5'8$+,1-%3 +45% 3%7$&3%-%', /5+ 5' %J41'%',&5; 8&+,3&9$,&1' .&,/ ,/%4535-%,%3 f F L(x) = 1− e−fx> )$441+% 5;+1B ,/5, ρ1 6= 1B ρ2 6= 1 5'8
ρ1 6= ρ2> G/%' :31- <KK=B <K!= 3%;5,&1'+ .% 19,5&'

p(k1, k2) = p0ρ1
k1ρ2

k2

[

1− e−fV

k1+k2−1
∑

j=0

(fV )j

j!

]

,

ki = 0, 1, . . . , i = 1, 2;



 ! "#$%&'('$& )*+
p0 =

{

∞
∑

k1=0

∞
∑

k2=0

ρ1
k1ρ2

k2

[

1− e−fV

k1+k2−1
∑

j=0

(fV )j

j!

]}−1

. (25) !" #$ &'#'&"! "(! $#)
∞
∑

k1=0

∞
∑

k2=0

ρ1
k1ρ2

k2

[

1− e−fV

k1+k2−1
∑

j=0

(fV )j

j!

]

=

= e−fV

∞
∑

k1=0

∞
∑

k2=0

ρ1
k1ρ2

k2

[

efV −

k1+k2−1
∑

j=0

(fV )j

j!

]

=

= e−fV

∞
∑

j=0

(fV )j

j!

j
∑

k1=0

ρ1
k1

j−k1
∑

k2=0

ρ2
k2 =

=
e−fV

1− ρ2

∞
∑

j=0

(fV )j

j!

j
∑

k1=0

ρ1
k1

(

1− ρ2
j−k1+1

)

, (26)*(!+!
j

∑

k1=0

ρ1
k1ρ2

j−k1+1 = ρ2
j+1

j
∑

k1=0

(

ρ1

ρ2

)k1

=
ρ2

ρ2 − ρ1

(

ρ2
j+1 − ρ1

j+1
)

,

j
∑

k1=0

ρ1
k1 =

1− ρ1
j+1

1− ρ1
,*(!,!

∞
∑

j=0

(fV )j

j!

j
∑

k1=0

ρ1
k1 =

∞
∑

j=0

(fV )j

j!
·
1− ρ1

j+1

1− ρ1
=

efV − ρ1e
ρ1fV

1− ρ1
,

∞
∑

j=0

(fV )j

j!

j
∑

k1=0

ρ1
k1ρ2

j−k1+1 =
ρ2

ρ2 − ρ1

∞
∑

j=0

(fV )j

j!

(

ρ2
j+1 − ρ1

j+1
)

=

=
ρ2

(

ρ2e
ρ2fV − ρ1e

ρ1fV
)

ρ2 − ρ1
.-. $#/$"0"#"01, 12 &'#'&"!3 $#)$ "1 +!'&"01, 4567 *! 1/"&0, &2"!+$0)8'! "+&,$21+)&"01,$

p0 =

[

1

(1− ρ1)(1− ρ2)
−

ρ1
2e−(1−ρ1)fV

(1− ρ1)(ρ1 − ρ2)
−

ρ2
2e−(1−ρ2)fV

(1− ρ2)(ρ2 − ρ1)

]−1

.

(27)



 !" #$%$%&'( )*+,%-+ .&,/ 01--1' 2%-13* )45%7/% 81++ 431959&8&,* 5' 9% :%,%3-&'%: ;31- ,/% 3%85,&1' <=!>?./%3% ;13 i = 1 .% /5@%
p1

0 =

∞
∑

j=0

p(0, j) =

∞
∑

j=0

p0ρ2
j

[

1− e−fV

j−1
∑

i=0

(fV )i

i!

]

=

= p0e
−fV

∞
∑

j=0

ρ2
j

[

efV −

j−1
∑

i=0

(fV )i

i!

]

= p0e
−fV

∞
∑

j=0

ρ2
j

∞
∑

i=j

(fV )i

i!
=

= p0e
−fV

∞
∑

i=0

(fV )i

i!

i
∑

j=0

ρ2
j = p0e

−fV

∞
∑

i=0

(fV )i

i!
·
1− ρ2

j+1

1− ρ2
=

=
p0e

−fV

1− ρ2

(

efV − ρ2e
ρ2fV

)

,./%'%
p1

L = 1−
1

ρ1

[

1−
p0

(

1− ρ2e
−(1−ρ2)fV

)

1− ρ2

]

(28)5': 5'581(1$+8*
p2

L = 1−
1

ρ2

[

1−
p0

(

1− ρ1e
−(1−ρ1)fV

)

1− ρ1

]

.7/% 3%85,&1'+ <=A>? <=B> 5' 9% (%'%358&C%: ;13 ,/% 5+% 1; 539&,353*
r <./%3% ρi 6= ρj ;13 i 6= j 5': ρi 6= 1 ;13 i = 1, r>D 7/% 3%85,&1' <=A>&' ,/&+ 5+% /5@% ,/% ;13-

p0 =







r
∏

i=1

1

1− ρi

−

r
∑

i=1

ρi
re−(1−ρi)fV

(1− ρi)
∏

j 6=i

(ρi − ρj)







−1

.7/% 81++ 431959&8&,* pi
L &+ :%,%3-&'%: 9* ,/% 3%85,&1' <=!>? ./%3%

i = 1, r 5':
pi

0 = p0







∏

j 6=i

1

1− ρj

−
∑

j 6=i

ρj
r−1e−(1−ρj)fV

(1− ρj)
∏

k 6=j,k 6=i

(ρj − ρk)






.



 ! "#$%&'('$& )*) !"!"#"$ %#& '()+,,)( ,-%(.#/ ,0,1+$,)##+1+& 2.% )$$)# $+$)(0 ,'%++' ,-(.('/ .(/#&' 1( &'.#2(- 3&-( &3,4#5/(2 &36#'5/#&' &7 /1&89(9(#': .;./(3. &''(/(2 <#5 &33&' 3(3&-; .,5(! "%( =-./ &7/%(3 #. M/M/n/m 89(9( 1#/% '&'>%&3&:('(&9. 9./&3(-.? 1%#%15. -(,-(.('/(2 #' .(/#&' )! @(/ a1? µ 6( /%( -5/( &7 9./&3(- 5->-#<54 ,-&(.. 5'2 .(-<#( /#3( ,5-53(/(- &7 /%#. 89(9( -(.,(/#<(4;5'2 L1(x) 6( /%( 2#./-#69/#&' 79'/#&' &7 9./&3(- .,5( -(89#-(3('/
ζ1 &7 /%( 89(9(! "%( .(&'2 &'( #. ,-&(..&->.%5-#': .;./(3 A)B℄!D('&/( 5. ξ1 5'2 ξ2 /%( .(-<#( /#3( &7 /%( =-./ 5'2 .(&'2 .;./(3-(.,(/#<(4;! @(/ ζ2 6( /%( 9./&3(- .,5( -(89#-(3('/ &7 /%( .(&'2.;./(3 5'2 F (x, t) = P{ζ2 < x, ξ2 < t} 6( /%( 2#./-#69/#&' 79'/#&'&7 /%( -5'2&3 <(/&- (ζ2, ξ2)! E&? #' .(&'2 .;./(3 /%( .,5( -(89#-(>3('/ 5'2 .(-<#( /#3( 5-( :('(-544; 2(,('2('/ 5'2 L2(x) = F (x,∞)?
B2(t) = F (∞, t) 5-( /%( 2#./-#69/#&' 79'/#&'. &7 -5'2&3 <5-#564(. ζ25'2 ξ2 -(.,(/#<(4;! @(/ r 6( 5 35F#393 '936(- &7 9./&3(-. ,-(.('/#' /%( .(&'2 .;./(3 G#/ #. ,&..#64(? /%5/ r = ∞H! E9,,&.(? /%5/ 5449./&3(-. ,-(.('/ #' /%( .(&'2 .;./(3 5-( '936(-(2 #' -5'2&3 &-2(-A)℄! @(/ η1(t)? η2(t) 6( /%( '936(- &7 9./&3(-. ,-(.('/ #' /%( =-./5'2 .(&'2 .;./(3 5/ /#3( 3&3('/ t!D('&/( 5. ξj

∗(t) /%( 4(':/% &7 /#3( #'/(-<54 7-&3 /%( 3&3('/ t /& /%((,&% &7 j/% 9./&3(- .(-<#( &3,4(/#&' G#' /%( .(&'2 .;./(3H! @(/
σ

(i)
j (t) 6( /%( 3(3&-; .,5( &9,#(2 6; j/% 9./&3(- &7 i/% .;./(3?

i = 1, 2! "%(' /%( &36#'5/#&' &7 89(9(. 9'2(- &'.#2(-5/#&' 35; 6(2(.-#6(2 6; /%( '(F/ 35-$&<#5' -5'2&3 ,-&(..
(

η1(t), η2(t); σ
(i)
j (t), j = 1, ηi(t), i = 1, 2; ξj

∗(t), j = 1, η2(t)
)

. (29)D('&/( /%( /&/54 9./&3(-. <&493( #' /%( &36#'5/#&' &7 /%( .;./(3.5/ /%( 3&3('/ t 5. σ(t) =
2
∑

i=1

ηi(t)
∑

j=1

σ
(i)
j (t)! @(/ V 6( /%( 3(3&-; <&493(&7 /%( &36#'5/#&'!I(4&1 1( .%544 9.( /%( 7&44&1#': '&/5/#&' 7&- <(/&-.J

Yk = (y1, . . . , yk) Y i
k = (y1, . . . yi−1, yi+1, yk).E&3(/#3(. 1( .%544 1-#/( y1 &- /%( <549( &7 /%#. &3,&'('/ #'./(52 &7

Y1 #7 k = 1? 5'2 (y1, y2) &- /%(#- <549(. #'./(52 &7 Y2 #7 k = 2! K( 54.&.%544 9.( /%( '&/5/#&' (Yk, z) = (y1, . . . , yk, z)!



 !" #$%$%&'( )*+,%-+ .&,/ 01--1' 2%-13* )45%7% +/588 /535,%3&9% ,/% 431%++ :";< =* ,/% >1881.&'( >$',&1'+?
G(k1, k2, x, y1, . . . , yk2

, t) =

= P
{

η1(t) = k1, η2(t) = k2, σ(t) < x, ξj
∗(t) < yj, j = 1, k2

}

,

k1 = 0, n+m, k2 = 1, r; (30)

W (k1, k2, y1, . . . , yk2
, t) =

= P
{

η1(t) = k1, η2(t) = k2, ξ
j
∗(t) < yj, j = 1, k2

}

=

= G(k1, k2, V, y1, . . . , yk2
, t), k1 = 0, n+m, k2 = 1, r; (31)

P (k1, k2, t) = P {η1(t) = k1, η2(t) = k2} ,

k1 = 0, n+m, k2 = 0, r. (32)@> k2 = 1, rA ,/%'
P (k1, k2, t) = W (k1, k2,∞, . . . ,∞, t),./%3% ∞k = (∞, . . . ,∞) &+ 5 kB1-41'%', C%,13DE/% +,%5F* +,5,% 1'F&,&1'+ >13 ,/% -1F%8 $'F%3 1'+&F%35,&1' 53%1=C&1$+8* 58.5*+ +5,&+G%FA &> V &+ G'&,%D )1 ,/% '%H, 8&-&,+ %H&+,?

g(k1, k2, x, y1, . . . , yk2
) = lim

t→∞
G(k1, k2, x, y1, . . . , yk2

, t),

k1 = 0, n+m, k2 = 1, r; (33)

w(k1, k2, y1, . . . , yk2
) = lim

t→∞
W (k1, k2, y1, . . . , yk2

, t) =

= g(k1, k2, V, y1, . . . , yk2
), k1 = 0, n+m, k2 = 1, r; (34)

p(k1, k2) = lim
t→∞

P (k1, k2, t), k1 = 0, n+m, k2 = 0, r. (35)@> k2 = 1, rA ,/%' p(k1, k2) = w(k1, k2,∞, . . . ,∞)DI%, $+ &',31F$% ,/% >1881.&'( '1,5,&1'?
κ = min(k, n), γ = min(k + 1, n).@, 5' =% %5+&8* +/1.' =* -%5'+ 1> 431%++ :";< 5'58*+&+A ,/5, ,/%>$',&1'+ :JK<L:J"< +5,&+>* ,/% >1881.&'( 453,&58 F&M%3%',&58 %N$5,&1'+?

∂P (0, 0, t)

∂t
= −[a1L1(V ) + a2L2(V )]P (0, 0, t)+

+µP (1, 0, t) +
∂W (0, 1, y, t)

∂y







y=0
; (36)



 ! "#$%&'('$& )*+
∂P (1, 0, t)

∂t
= a1L1(V )P (0, 0, t)− a1

∫ V

0

G(1, 0, V − x, t)dL1(x)−

−µP (1, 0, t)−−a2

∫ V

0

G(1, 0, V − x, t)dL2(x)+

+2µP (2, 0, t) +
∂W (1, 1, y, t)

∂y







y=0
; (37)

∂P (k, 0, t)

∂t
= a1

∫ V

0

G(k − 1, 0, V − x, t)dL1(x)−

−(1− δk,n+m)a1

∫ V

0

G(k, 0, V − x, t)dL1(x)− κµP (k, 0, t)−

−a2

∫ V

0

G(k, 0, V − x, t)dL2(x) + (1− δk,n+m)γµP (k + 1, 0, t)+

+
∂W (k, 1, y, t)

∂y







y=0
, k = 2, n+m; (38)

∂W (0, 1, y, t)

∂t
−

∂W (0, 1, y, t)

∂y
+

∂W (0, 1, y, t)

∂y







y=0
=

= a2P (0, 0, t)F (V, y)− a1

∫ V

0

G(0, 1, V − x, y, t)dL1(x)−

−a2

∫ V

0

G(0, 1, V − x, y, t)dL2(x)+

+µW (1, 1, y, t) +
∂W (0, 2, y, z, t)

∂z







z=0
; (39)

∂W (0, k, Yk, t)

∂t
−
1

k

k
∑

i=1

[

∂W (0, k, Yk, t)

∂yi

−
∂W (0, k, Yk, t)

∂yi







yi=0

]

=

=
a2

k

k
∑

i=1

G(0, k − 1, V − x, Y i
k , t)dxF (x, yi)+

+µW (1, k, Yk, t)− a1

∫ V

0

G(0, k, V − x, Yk, t)dL1(x)+

+(1− δk,r)

[

∂W (0, k + 1, (Yk, z), t)

∂z







z=0
−

−a2

∫ V

0

G(0, k, V − x, Yk, t)dL2(x)

]

, k = 2, r; (40)



 !! "#$#$%&' ()*+$,* -%+. /0,,0& 1$,02) (34$
∂W (k1, k2, Yk2

, t)

∂t
−

1

k2

k2
∑

i=1

[

∂W (k1, k2, Yk2
, t)

∂yi

−

−
∂W (k1, k2, Yk2

, t)

∂yi







yi=0

]

= a1

∫ V

0

G(k1 − 1, k2, V − x, Yk2
, t)dL1(x)+

+
a2

k2

k2
∑

i=1

∫ V

0

G(k1, k2 − 1, V − x, Y i
k2

, t)dxF (x, yi)+

+(1− δk1,n+m)

[

γµW (k1 + 1, k2, Yk2
, t)−

−a1

∫ V

0

G(k1, k2, V − x, Yk2
, t)dL1(x)

]

−

−κµW (k1, k2, Yk2
, t) + (1− δk2,r)

[

∂W (k1, k2 + 1, (Yk2
, z), t)

∂z







z=0
−

−a2

∫ V

0

G(k1, k2, V − x, Yk2
, t)dL2(x)

]

, k1 = 1, m+ n, k2 = 1, r. (41)6+ 70880-* 720, $9#4+%0&* :;<=>:! =? +.4+ +.$ *+4+%0&42) 7#&+%0&*:;;=>:;@= *4+%*7) +.$ 70880-%&' $9#4+%0&*A
0 = −[a1L1(V ) + a2L2(V )]p(0, 0) + µp(1, 0) +

∂w(0, 1, y)

∂y







y=0
; (42)

0 = a1L1(V )p(0, 0)− a1

∫ V

0

g(1, 0, V − x)dL1(x)− µp(1, 0)−

−a2

∫ V

0

g(1, 0, V − x)dL2(x) + 2µp(2, 0) +
∂w(1, 1, y)

∂y







y=0
; (43)

0 = a1

∫ V

0

g(k − 1, 0, V − x)dL1(x)−

−(1− δk,n+m)a1

∫ V

0

g(k, 0, V − x)dL1(x)−

−κµp(k, 0)− a2

∫ V

0

g(k, 0, V − x)dL2(x)+

+(1− δk,n+m)γµp(k + 1, 0) +
∂w(k, 1, y)

∂y







y=0
, k = 2, n+m; (44)



 ! "#$%&'('$& )*+
−

∂w(0, 1, y)

∂y
+

∂w(0, 1, y)

∂y







y=0
=

= a2p(0, 0)F (V, y)− a1

∫ V

0

g(0, 1, V − x, y)dL1(x)−

−a2

∫ V

0

g(0, 1, V −x, y)dL2(x)+µw(1, 1, y)+
∂w(0, 2, y, z)

∂z







z=0
; (45)

−
1

k

k
∑

i=1

[

∂w(0, k, Yk)

∂yi

−
∂w(0, k, Yk)

∂yi







yi=0

]

=

=
a2

k

k
∑

i=1

g(0, k − 1, V − x, Y i
k )dxF (x, yi) + µw(1, k, y1, . . . , yk)−

−a1

∫ V

0

g(0, k, V − x, Yk)dL1(x)+

+(1− δk,r)

[

∂w(0, k + 1, (Yk, z))

∂z







z=0
−

−a2

∫ V

0

g(0, k, V − x, Yk)dL2(x)

]

, k = 2, r; (46)

−
1

k2

k2
∑

i=1

[

∂w(k1, k2, Yk2
)

∂yi

−
∂w(k1, k2, Yk2

)

∂yi







yi=0

]

=

= a1

∫ V

0

g(k1 − 1, k2, V − x, Yk2
)dL1(x)+

+
a2

k2

k2
∑

i=1

∫ V

0

g(k1, k2 − 1, V − x, Y i
k2
)dxF (x, yi)+

+(1− δk1,n+m)

[

γµw(k1 + 1, k2, Yk2
)−

−a1

∫ V

0

g(k1, k2, V − x, Yk2
)dL1(x)

]

−

−κµw(k1, k2, Yk2
) + (1− δk2,r)

[

∂w(k1, k2 + 1, (Yk2
, z))

∂z







z=0
−

−a2

∫ V

0

g(k1, k2, V − x, Yk2
)dL2(x)

]

, k1 = 1, m+ n, k2 = 1, r. (47)



 !" #$%$%&'( )*+,%-+ .&,/ 01--1' 2%-13* )45%7% 58+1 /59% ,1 ,5:% &',1 51$', ,/% ;1881.&'( <1$'=53* 1'=&,&1'
(1− δk1,n+m)γµw(k1 + 1, k2, Yk2

)+

+(1− δk2,r)
∂w(k1, k2 + 1, (Yk2

, z))

∂z







z=0
=

= (1− δk1,n+m)a1

∫ V

0

g(k1, k2, V − x, Yk2
)dL1(x)+

+(1− δk2,r)a2

∫ V

0

g(k1, k2, V − x, Yk2
)dL2(x),

k1 = 1, m+ n, k2 = 1, r, (48)./&/ ;1881.+ ;31- ,/% ;5, ,/5, &' ,/% 5'58*>%= 1-<&'5,&1' 5=-&,,&'(,1 ,/% +*+,%- =$3&'( +1-% ,&-% &',%3958 1; k $+,1-%3+ 431<5<&8&,* &+%?$58 @&' +,%5=* +,5,%A ,1 431<5<&8&,*B ,/5, k $+,1-%3+ 1-48%,% ,/%&3+%39&% =$3&'( ,/&+ &',%3958CD/% '13-58&>5,&1' 1'=&,&1' ;13 ,/% 1-<&'5,&1' /5+ ,/% ;1881.&'(;13-E
n+m
∑

k1=0

r
∑

k2=0

p(k1, k2) = 1. (49)F%, $+ &',31=$% ,/% ;1881.&'( '1,5,&1'E
N(k) =











(nρ1)
k

k!
, k = 0, n,

nnρk
1

n!
, k = n + 1, n+m,./%3% ρ1 = a1/(nµ)C7% 58+1 &',31=$% ,/% ;1881.&'( ;$',&1'+E

H(x, y) = P{ζ2 < x, ξ2 ≥ y} =

∫ x

v=0

∫ ∞

u=y

dF (v, u) =

= P{ζ2 < x} −P{ζ2 < x, ξ2 < y} = L2(x)− F (x, y);

Φy(x) =

∫ y

0

H(x, u)du = L2(x)

∫ y

0

[1− B2(u|ζ2 < x)]dy,./%3% B(u|ζ2 < x) = P{ξ2 < u|ζ2 < x}C



 ! "#$%&'('$& )*+",$#'- #'.& ,&0'. .%( 1233(.42 &5 .%( 50'.#&'1
g(k1, k2, x, y1, . . . , yk2

) ,'6 w(k1, k2, y1, . . . , yk2
)7#.% 4(18(. .& .%( 9,4#,:;(1 y1, . . . , yk2

<:(,01( &5 4,'6&3 '03:(4#'-&5 01.&3(41 #' .%( 1(&'6 121.(3=> #. ,' :( (,12 1%&7'> .%,. .%(50'.#&'1 6(?'(6 :2 .%( 4(;,.#&'
g(k1, k2, x, Yk2

) = p(0, 0)N(k1)a2
k2

[

L
(k1)
1 ∗

(

∗
i=1

k2

Φyi

)]

(x) (50)1,.#152 (@0,.#&'1 <*A=B<*C=! D. 5&;;&71 54&3 4(;,.#&' <EF= .%,.
w(k1, k2, Yk2

) = p(0, 0)N(k1)a2
k2

[

L
(k1)
1 ∗

(

∗
i=1

k2

Φyi

)]

(V ) (51)G('&.( ,1 HI℄
D(x) = lim

y→∞
Φy(x) = L2(x)

∫ ∞

0

[1− B2(u|ζ2 < x)]du =

=

∫ x

u=0

∫ ∞

y=0

dF (u, y)."%(' 54&3 <EF=> <E)= 7( &:.,#'
p(k1, k2) = w(k1, k2,∞k2

) = p(0, 0)N(k1)a2
k2L

(k1)
1 ∗D(k2)(V )."%( &(K#('. p(0, 0) ,' :( 6(.(43#'(6 54&3 .%( '&43,;#L,.#&'&'6#.#&' <*I=M

p(0, 0) =

[

n+m
∑

k1=0

r
∑

k2=0

N(k1)a2
k2L

(k1)
1 ∗D(k2)(V )

]−1

.D5 7( 6('&.( .%( 84&:,:#;#.2 .%,. .%(4( ,4( k1 01.&3(41 #' .%( ?41.@0(0( ,1 p1(k1) =
r
∑

k2=0

p(k1, k2)> .%( ;&11 84&:,:#;#.2 5&4 .%#1 @0(0( %,9(&:9#&01;2 .%( 5&;;&7#'- 5&43M
p1

L = 1− (nρ1)
−1

n−1
∑

k1=1

k1p1(k1)− ρ1
−1

(

1−

n−1
∑

k1=1

p1(k1)

)

.



 !" #$%$%&'( )*+,%-+ .&,/ 01--1' 2%-13* )45%7% &',318$% ,/% 91::1.&'( '1,5,&1';
w2(k2, Yk2

) =
m+n
∑

k1=0

w(k1, k2, Yk2
) =

= p(0, 0)

m+n
∑

k1=0

N(k1)a2
k2

[

L
(k1)
1 ∗

(

∗
i=1

k2

Φyi

)]

(V ). (52)</% :1++ 431=5=&:&,* 913 ,/% +%1'8 +*+,%- 5' =% 1=>&1$+:* 1=?,5&'%8 931- ,/% '%@, %A$&:&=3&$- %A$5,&1';
a2(1− p2

L) =

r
∑

k2=1

∂w2(k2, (∞k2−1, z))

∂z







z=0
. (53)</%' 931- BCDEF BC!E 5'8 931- ,/% 95, ,/5, ∂Φz(x)

∂z







z=0
= L2(x) .%G'5::* 1=,5&' ,/% :1++ 431=5=&:&,* 913 ,/% +%1'8 +*+,%- &' ,/% 91::1.&'(913-;

p2
L = 1− p(0, 0)

r−1
∑

k2=0

m+n
∑

k1=0

N(k1)a2
k2L

(k1)
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