
Vt Ut t

F (x)

g (x) = µ−1F̄ (x) , x > 0,

F̄ (x) = 1 − F (x)

F (x)

..., X2, X1

µ F (x)

Yn = n = 1, 2, ...

{Yn} X1+X2+ · · ·+Xn

t

Vt Ut
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n

n

n

F̄ (x) X

S(n)(x) f(x)

F̄ (x)

S(n) (x) =
r(n−1) (x)

r(n−1) (0)
F̄ (x) ,

n r(n) (x) = E [(X − x)
n
|X > x]

X

n = 1, 2, ... n

X

f(x) F (x)

n E(Xn) < ∞

S(n) (x) =
1

µ(n−1)

∫

∞

x

S(n−1) (u) du,

µ(n) =

∫

∞

0

S(n) (u) du,

S(0) (x) =
f (x)

f (0)
.

S(0) (x)

f (x)

X S(1) (x) = F̄ (x)

S(2) (x)

n

n

F̄ (x) S(n)(x)
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h
(1)
1:m(x) =

1 + d
dx
m

(1)
1:m(x)

m
(1)
1:m(x)

.

h
(1)
1:m(x) = −

d

dx
h
(2)
1:m(x).

1

h
(2)
1:m(x)

,+h
(2)
1:m(x)

mh(x) = h1:m(x)

S(n)(x)

h(n)(x) = −
d

dx
logS(n)(x),

m(n) (x) =

∫

∞

x
S(n)(u)du

S(n) (x)
,

n = 2, 3, 4, ..

h(n)(x) =
[

m(n−1) (x)
]

−1

.

m(n)(x) h(n)(x)

h(n)(x) =
1 + d

dx
m(n)(x)

m(n)(x)
.

Xm, ..., X2, X1 m

F (x)

X1:m = min(X1, X2, ..., Xm)

X1:m

F̄1:m(x)

F̄1:m(x) = [F̄ (x)]m

X1:m

S
(2)
1:m(x) =

∫

∞

x
F̄m(u)du

E[X1:m]
.

h(x) X1:m

mh(x) = −
d

dx
log h

(2)
1:m(x) + h

(2)
1:m(x).
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b′ =
b

m(a+ 1)− a
.

X

S
(n)
1:m = (1 + cx)

n−1
F̄m(x),

c

X

S
(n)
1:m(x) =

n!(− b
a
)n−1(1 + a

b
x)n−1−m−m

a

µ∗(n)[1− (1 + 1
a
)m]...[n− 1− (1 + 1

a
)m]

µ∗(n) = n!µ∗1µ
∗

2...µ
∗

n−1

µ∗i = E[X
(i)
1:m].

S
(n)
1:m(x) =

(

1 +
a

b
x
)n−1

F̄m(x).

S
(n)
1:m

S
(n−1)
1:m (x)

= (1 + cx),

∫

∞

x

S
(n−1)
1:m (x) = (1 + cx)µn−1S

(n−1)
1:m (x).

x

d
dx
S
(n−1)
1:m (x)

S
(n−1)
1:m (x)

=
−(cµn−1 + 1)

µn−1(cx+ 1)
.

S
(n−1)
1:m (x) = K(1 + cx)

−1− 1
cµn−1 .

n = 2 K = 1 x→ 0

S1:m(x) = (1 + cx)−1− 1
c .

�

F̄ (x) =
(

1 +
a

b
x
)

−(1+ 1
a

)

, x > 0,

b > 0 a > −1

a → 0

−1 < a < 0 a > 0

n

X

E(Xn) <∞ F̄ (x)

X

n = i, i+ 1 x > 0

c

S(n)(x) = (1 + cx)n−1F̄ (x).

m(n)(x) = Cnm
(1)(x)

h(n)(x) = Knh
(1)(x)

r(n)(x) = An[r
(1)(x)]n

An Kn Cn r(n)(x) = E[(X − x)n|X > x]

X

a′ > −1 X1:m

b′ > 0

a′ =
a

m(a+ 1)− a [
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m
(1)
1:m(x) m

(n)
1:m(x)

n n

n

n

x

X

m
(n)
1:m(x) = Cn,mm

(1)
1:m(x)

h
(n)
1:m(x) = Kn,mm

(1)
1:m(x)

r
(n)
1:m(x) = An,mr

(1)
1:m(x)

r
(n)
1:m = E[(X1:m − x)n|X > x],

An,m Kn,m Cn,m

m
(n)
1:m(x) = Cn,m

∫

∞

x
S
(n)
1:m(t)dt

S
(n)
1:m(x)

m
(n)
1:m(x) = Cn,m m

(1)
1:m(x),

Cn,m =
[−(1 + 1

a
)m+ 1]

[−(1 + 1
a
)m+ n]

.

r
(n)
1:m(x) = E[(X1:m − x)n|X1:m > x]

= m(1 +
1

a
)(
a

b
)

×

∫

∞

x
(t− x)n(1 + a

b
t)−(1+ 1

a
)m−1dt

(F̄ (x))m

= m(1 +
1

a
)(
a

b
)(1 +

a

b
x)−m(1+ 1

a
)

×

∫

∞

0

yn(1 +
a

b
(x+ y))−m(1+ 1

a
)−1dy

= m(1 +
1

a
)(
b

a
)n

×(1 +
a

b
x)nβ(n+ 1,m(1 +

1

a
)− n).

r1:m(x) =
b

a
.

1

m(1 + 1
a
)
(1 +

a

b
x),

�
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mY (t) mX(t) mY (t)

Y X

lr ⇒ hr ⇒ st,

lr ⇒ rhr ⇒ st,

hr ⇒ mrl.

X ≤hr Y

X
(2)
1:m ≤lr Y

(2)
1:m,

Y
(2)
1:m X

(2)
1:m

g
(2)
1:m(x) f

(2)
1:m(x)

Y X

g
(2)
1:m(x)

f
(2)
1:m(x)

=

Ḡ1:m(x)
E[Y1:m]

F̄1:m(x)
E[X1:m]

,

x

X ≤hr Y

X
(2)
1:m ≤∗ Y

(2)
1:m,

≤∗

E[X
(n)
k:m] = n = 1, 2, ...

X
(n)
k:m ≤st Y

(n)
k:m X ≤st Y E[Y

(n)
k:m]

n = 2

F (x) ≥ G(x) x X ≤st Y

P (Xk:m > x) =

∫ 1

F (x)

k

(

m

k

)

tk−1(1− t)m−kdt

≤

∫ 1

G(x)

k

(

m

k

)

tk−1(1− t)m−kdt

= P (Yk:m > x).

h(n)(x) ≥ (≤)h(n+1)(x).

x

h
(1)
1:m(x) ≥ h

(2)
1:m(x).

−
d

dx
log(h

(2)
1:m(x)) ≥ 0.

d

dx
log(m

(1)
1:m(x)) ≥ 0

Y X

Ḡ(x) F̄ (x) G(x) F (x)

g(x) f(x)

Y X •

F̄ (x) ≤ Ḡ(x) x X ≤st Y

Y X •

x Ḡ(x)/F̄ (x) X ≤hr Y

X •

G(x)/F (x) X ≤rhr Y Y

x

Y X •

x g(x)/f(x) X ≤lr Y

X •

mX(t) ≤ t X ≤mrl Y Y [
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g(n)(x)

n

h(n)(x) =
g(n)(x)

S(n)(x− 1)
= [m(n−1)(x)]−1.

X

Ge(p)

f(x) = pqx, x = 0, 1, 2, ...

X(n) q = 1 − p

X

Ge(p) X

Ge(p) X(n)

m(n)(x) = m(x) h(n)(x) = h(x) n = 1, 2, ...

m

X

S
(n)
1:m(x) = S1:m(x),

h
(n)
1:m(x) = h1:m(x),

m
(n)
1:m(x) = m1:m(x).

E[X
(2)
k:m] = E[Y

(2)
k:m]

∫

∞

x

P (Xk:m > t)dt

E[Xk:m]
≤

∫

∞

x

P (Yk:m > t)dt

E[Yk:m]
,

X
(2)
k:m ≤st Y

(2)
k:m.

0, 1, 2, ... X

f(x)

S(x) = F̄ (X) = P (X > x)

X

h(x) =
f(x)

S(x− 1)
,

m(x) = [S(x)]−1
∞
∑

t=x

S(t).

n = 1, 2, ... n

g(n)(x) =
S(n−1)(x)

µ(n−1)
, x = 0, 1, ...,

S(0)(x) = S(x) µ(n−1) =
∑

∞

x=0 S
(n−1)(x) < ∞

S(n−1)(x) µ(0) = µ

n− 1

X n

S(n)(x) = [µ(n)]−1S(x+ n)

×E[(X − x− 1)(n)|X > x+ 1],

µ(n) = E(X(n))

X(n) = X(X − 1) · · · (X − n+ 1).
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n

s
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