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1 	
20 sÆ 80 Q2$� Cogburn =b$q, ��~�\Ev5;/�/C�^89/�:l';�k [1−4], T\ Alili K [5] \, 9R�~�\; 2 ^���G�`&9�;/|E�t\���E��jN+OJ��~�\;Ev5-�#9lf;, �z?vK [6 − 8] \`&9 p − m 57��~�\Ev5;MRO�, 9��~�\ Markov n!;M	=�E/�Ær!�1:=K [9] \`&9Ev~�\Ev5; Poisson��E/	hJ+���[U�K [10] t [11] \, +Ev~�\Ev5;p|/|E����KVb, ;�'j��/�, "A-h�|;/�~�;N^���G�`&9/�~�\N^���G;/|E��2;#U���k (Ω,F , P ) tXA(�� ~X = {Xn, n ≥ 0} t ξ = {(λj , µj)}j≥1 U�t (Ω,F , P )j^WD Z t (0, 1)2 ;��':�K`E ξ ;[)��g {Xn}n≥0 �nUN^���G�ZFe�J3 n ≥ 0, j ∈ Z,

P
(

Xn+1 = j + 1 | Xn−1 = j − 1, Xn = j, ξ
)

= λj ,�� 2009 P 7 I 28 dw6�2011 P 4 I 19 dw6%W\�
∗ i�d`%*�� (11026088) b`�L�
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P
(

Xn+1 = j − 1 | Xn−1 = j − 1, Xn = j, ξ
)

= 1 − λj ,

P
(

Xn+1 = j − 1 | Xn−1 = j + 1, Xn = j, ξ
)

= µj ,

P
(

Xn+1 = j + 1 | Xn−1 = j + 1, Xn = j, ξ
)

= 1 − µj ,N� {Xn}n≥0 ���~��;3�N^���G�T\ ξ ����~����wk
P (X0 = 0) = 1, P (X1 = 1) = λ0, P (X1 = −1) = 1 − λ0.

2 sv�l�j�n~JG^ k ≥ 0, ; τ0 ≡ 0, τk+1 = inf {n > τk; Xn = k + 1}, σk = τk+1 − τk.

Ωτk
= {τk < ∞}, Fn = σ(X0, X1, · · · , Xn),

Fτk
= {A ⊂ Ωτk

; ∀n ≥ 0, A ∩ {τk ≤ n} ∈ Fn}, Fτk = σ(Xτk+n; n ≥ 0).J3 j ≤ 0, ; Uj = ♯{k; 0 ≤ k < τ1, xk = j, Xk+1 = j − 1}. Z0 = 1, Zn =

U−n+1, n ≥ 1, N> [5] U�
τ1 = 1 + 2

0
∑

j=−∞

Uj = 1 + 2

+∞
∑

n=1

Zn. (1)Æ} 1 Zn �0n��~�\;UTn!�ZG/2PV;Kp|�










f0(s) =
λ0

1 − (1 − λ0)s
,

fn(s) = 1 − µ−n +
µ−nλ−ns

1 − (1 − λ−n)s
, n ≥ 1.' > [5] 6/ 3.3 &U)6/�2�Æ} 2 (i) ek A0 =

+∞
∑

k=1

µ−k+1

λ−k+1
· · · µ−1

λ−1

1−λ0

λ0
< ∞, NA Eτ0 < ∞, +L τ0 < ∞, a.s.

(ii) gJ3 n ≥ 0 A An =
+∞
∑

k=1

µn−k+1

λn−k+1
· · · µn−1

λn−1

1−λn

λn
< ∞, NA Eτn < ∞, +L

τn < ∞, a.s. ∀n ≥ 0.' �HX&SJ (i) r� (ii) rAJ�$&8�> (1) r	6/ 1 8
EZn = f ′

0(1)f ′
1(1) · · · f ′

n(1) =
1 − λ0

λ0

µ−1

λ−1
· · ·

µ−n+1

λ−n+1
,

Eτ0 =

+∞
∑

k=1

EZk =

+∞
∑

k=1

µ−k+1

λ−k+1
· · ·

µ−1

λ−1

1 − λ0

λ0
.6/8S�
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+∞
∑

k=1

µn−k+1

λn−k+1
· · · µn−1

λn−1

1−λn

λn
< ∞, > τk ;E4�2U τkteD σ- 2| Fn ;�n�ZA Xτk

= k, 0 ≤ k ≤ τk < τk+1 < ∞, lim
k→∞

τk = ∞, a.s.

Ωτk
= Ω, a.s. Fτn

⊂ Fτn+1, ∀n ≥ 1.; l(n) = k, 5 τk < n ≤ τk+1, Yk =
τk+1−1

∑

i=τk

fi(Xi), Nk =
τk+1−1

∑

i=τk

|fi(Xi)|, Y ′
k =

k
∑

i=l(τk)

fi(Xi),T\ fi, i ≥ 0tE4K Zj;&�p|��a�J3 n ≥ 1,A n
∑

i=0

fi(Xi) =

l(n)−1
∑

k=0

Yk + Y ′
n.Æ} 3 (i) {Yk; k ≥ 0} t (Ω,F , P ) jI2;���7:�

(ii) g EYk A�� ∀ k ≥ 0, N
∫

{l(n)<k}

Yk dP = (EYk)P (l(n) < k).

(iii) J3o| a, b, {aYk + bσk; k ≥ 0} t {aUk + bσk; k ≥ 0} Ht (Ω,F , P ) j�{I2;���7':�' (i) > Xk ;^WU Yk t^&:K^W;���7�ZJ3 A ∈ B(R), 0 ≤

r ≤ k A
{Yr ∈ A, τk = n}

=
⋃

r≤m<m′<n

{Yr ∈ A, τr = m, τr+1 = m′, τk = n}

=
⋃

r≤m<m′<n

{

m′−1
∑

j=m

fj(Xj) ∈ A, τr = m, τr+1 = m′, τk = n
}

∈ Fn.�1 Y0, Y1, · · · , Yk−1 t Fτk
t&�;�a37

{σk = µ} = {Xτk+1 6= k + 1, · · · , Xτk+µ−1 6= k + 1, Xτk+µ = k + 1} ∈ Fτk ,>YEv$U
P (Y0 = c0, Y1 = c1, · · · , Yk−1 = ck−1, Yk = ck)

=

∞
∑

µ=1

∞
∑

n=k

P
(

Y0 = c0, Y1 = c1, · · · , Yk−1 = ck−1, τk = n, σk = µ,

τk+µ−1
∑

j=τk

fj(Xj) = ck

)

=

∞
∑

µ=1

∞
∑

n=k

∫

Y0=c0,···,Yk−1=ck−1, τk=n

P
(

σk = µ,

τk+µ−1
∑

j=τk

fj(Xj) = ck|Fτk

)

dP

=
∞
∑

µ=1

∞
∑

n=k

∫

Y0=c0,···,Yk−1=ck−1, τk=n

P
(

σk = µ,

τk+µ−1
∑

j=τk

fj(Xj) = ck|Xτk

)

dP

=

∞
∑

µ=1

∞
∑

n=k

P (Y0 = c0, · · · , Yk−1 = ck−1, τk = n)P
(

σk = µ,

τk+µ−1
∑

j=τk

fj(Xj) = ck

)
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=P (Y0 = c0, Y1 = c1, · · · , Yk−1 = ck−1)P (Yk = ck),>fMOU (i) �2�
(ii) >

{l(n) < m} = {τl(n) < τm} = {n ≤ τm} = {τm < n}c ∈ Fτm&8
∫

l(n)<m

Ym dP =

∫

l(n)<m

E(Ym|Fτm
) dP =

∫

l(n)<m

E(Ym|Xτm
) dP

=

∫

l(n)<m

EYm dP = (EYm)P (l(n) < m).

(iii) J3 k ≥ 0, >D aYk + bσk =
τk+1−1

∑

i=τk

(af(Xi) + b), 0= (i) ;SJ��H&187 (iii).Æ} 4 5 {Xn}n≥0 R����;5 {Xn}n>0I2Z EXn = 0n�g +∞
∑

n=1
(ln2 n)EX2

n <

+∞, N Sn =
n
∑

k=0

Xk a.s. x3�' SJ�� [12, E/ 2.3.2].Æ} 5 (Kronecker 6/) k xi > 0, ai > 0, �Z ai eD i 3BS�� lim
n→∞

an =

∞,
+∞
∑

n=1
(xn/an) < ∞, N lim

n→∞

1
an

n
∑

k=1

xk = 0.p} 1 (i) sup
n≥0

Eσ3
n = M < ∞, ,K 0 ≤ p < 1/2, p8 fn(·) ≤ np a.s. �2	

(ii) ,K 0 < α < 1 t�| X > 0, p8 Eσ2
n = o(nα), Z |fn(·)| ≤ X a.s. �2�ek�� (i) �O�� (ii) �2NA�:"r;/|E�

lim
n→∞

1

n

n−1
∑

k=0

[

fk(Xk) − Efk(Xk)
]

= 0, a.s.' (i) > sup
n≥0

Eσ3
n = M < ∞ 	 σ ≥ 0, a.s. 8 sup

n≥0
Eσn ≤ sup

n≥0
E1/3σ3

n = M1/3 =

M1 < ∞, sup
n≥0

Eσ2
n ≤ E2/3σ3

n = M2/3 = M2 < ∞.;
Zk = Yk − EYk =

τk+1−1
∑

i=τk

[fi(Xi) − Efi(Xi)],>�� fn(·) ≤ np, a.s. �28
E

(Zk

k

)2

≤
4

k2
E(τp

k+1σk)2 =
4

k2
E(τk + σk)2pσ2

k ≤
4

k2
E(τ2p

k + σ2p
k )σ2

k

=
4

k2
(Eσ2

kEτ2p
k + Eσ2p+2

k ) ≤
4

k2
(M2E

pτ2
k + M3)
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4

k2
[M2E

p(σ0 + · · · + σk−1)
2 + M3] ≤

4

k2

[

M2(kM2
2 +

k(k − 1)

2
M2

1 )p + M3

]

,T\jrAN^�=r=79 (x + y)2p ≤ x2p + y2p, ∀x > 0, y > 0, 0 ≤ p < 1/2. A 3 ^�=r=79 0 ≤ p < 1/2 	 Jensen �=r��1
+∞
∑

n=1

ln2 nE
(Zn

n

)2

≤

+∞
∑

n=1

4 ln2 n

n2

[

M2

(

nM2
2 +

n(n − 1)

2
M2

1

)p

+ M3

]

< +∞.d>6/ 4 U +∞
∑

n=1

Zn

n < +∞ a.s. �2�J>6/ 5 8 lim
n→

1
n

n−1
∑

k=0

Zn = 0 a.s. �2�)

lim

n→∞

1

n

n−1
∑

k=0

[Yk − EYk] = 0, a.s. (2)5)
1

n

∣

∣

∣

n−1
∑

k=0

[fk(Xk) − Efk(Xk)]
∣

∣

∣

≤
1

n

∣

∣

∣

l(n)−1
∑

k=0

(Yk − EYk)
∣

∣

∣
+

1

n

∣

∣

∣

n−1
∑

k=τl(n)

[

fk(Xk) − Efk(Xk)
]

∣

∣

∣

≤
1

n

∣

∣

∣

l(n)−1
∑

k=0

(Yk − EYk)
∣

∣

∣
+

1

n
2np[(n − 1) − τl(n)]

≤
1

n

∣

∣

∣

l(n)−1
∑

k=0

(Yk − EYk)
∣

∣

∣
+

1

n
2np[τl(n)+1 − τl(n)]

≤
1

l(n)

∣

∣

∣

l(n)−1
∑

k=0

(Yk − EYk)
∣

∣

∣
+

2

n1−p
στl(n)

.> Eσl(n) ≤ M1 < ∞, U lim
n→∞

στl(n)

n1−p = 0, a.s. �2�BA l(n) → ∞, a.s. 	r (2), Jjr6�_��8
lim

n→∞

1

n

n−1
∑

k=0

[fk(Xk) − Efk(Xk)] = 0.

(ii) ek�� (ii) �2�N E
(

Zk

k

)2
≤ 4

k2 X2Eσ2
k, B Eσ2

n = o(nα) 8
+∞
∑

n=1

ln2 nE
(Zn

n

)2

≤

+∞
∑

n=1

ln2 n
4

n2
X2Eσ2

n < ∞.,}D (i) &S�C�E/ 1 8S�



3S ��Y�.
~�|�ZM℄~�?F9W-yC> 523p� 1 k {Zn, n ≥ 0} t (Ω,F , P ) j;���7:� Y tSV���7�gJ3 x > 0, n ∈ N, A P (|Zn| > x) ≤ P (Y > x), N� {Zn, n ≥ 0} �XA/YA�D Y ,f {Zn} < Y .Æ} 6 k {Nn + σn} < Y, EY < ∞, NJ3 n ≥ 0, A
E|Yn| + Eσn ≤ ENn + Eσn ≤ EY < ∞, (3)

E max
0≤i≤n

Ni < ∞, (4)

lim
n→∞

1

n + 1
E max

0≤i≤n
Ni = 0, (5)

lim
n→∞

Nl(n)

l(n)
= 0, a.s., (6)

lim
n→∞

1

n

n−1
∑

k=0

(Nk − ENk) = 0, a.s., (7)

lim
n→∞

1

n

[

l(n)−1
∑

k=0

EYk − E

l(n)−1
∑

k=0

Yk

]

= 0, a.s. (8)' SJ�� [10].p} 2 k {Nn + σn} < Y, EY < ∞, NA/|E��2
lim

n→∞

1

n

n−1
∑

k=0

[fk(Xk) − Efk(Xk)] = 0, a.s.' 5�
1

n

∣

∣

∣

n−1
∑

k=0

[

fk(Xk) − Efk(Xk)
]

∣

∣

∣
≤

1

n

∣

∣

∣

l(n)−1
∑

k=0

(Yk − EYk)
∣

∣

∣
+

1

n
|Y ′

n| +
1

n
|EY ′

n|.>6/ 6 U
lim

n→∞

1

n

∣

∣

∣

l(n)−1
∑

k=0

E(Yk − EYk)
∣

∣

∣
= 0, a.s.,

1

n
|EY ′

n| ≤
1

n
E

(

max
0≤n−1

Nk

) n→∞
−→ 0,

1

n
|Y ′

n| ≤
1

n
Nl(n) =

l(n)

n
·
Nl(n)

l(n)

n→∞
−→ 0, a.s.+L�E/;�C�2�p} 3 ek {fn(Xn)} < Y , EY < ∞�Z {σn} < Z, EZ < ∞, ��; {σn, n ≥ 0}I2�U� Eσ0 < ∞, NA/|E��2

lim
n→∞

1

n

n−1
∑

k=0

[

fk(Xk) − Efk(Xk)
]

= 0, a.s.
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P
(

1
∑

k=0

|fk(Xk)| > x
)

=

∫ +∞

0

P (|f1(X1)| > y − x) dF0(y)

≤

∫ +∞

0

P (Y > y − x) dF0(y)

=P (|f0(X0)| + Y > x)

=

∫ +∞

0

P (|f0(X0)| > x − y) dFY (y)

≤

∫ +∞

0

P (Y > x − y) dFY (y)

=P (2Y > x),)
� { 1
2

1
∑

k=0

|fk(Xk)|} < Y . >fMU {

1
n

n−1
∑

k=0

|fk(Xk)|
}

< Y .^ Y ;/^��p8 Y F {σn, n ≥ 0} I2�NJ3 x > 0 A
P

(

τn+1−1
∑

k=τn

|fk(Xk)| > x
)

=

+∞
∑

m=n

+∞
∑

l=1

P (τn = m)P (σn = l)P
(

m+n−1
∑

k=m

|fk(Xk)| > x
)

≤
+∞
∑

m=n

+∞
∑

l=1

P (τn = m)P (σn = l)P (lY > x)

=P (σnY > x) ≤ P (Y Z > x),-!t {Nn} < Y Z, T\ Y, Z I2��1 {Nn + σn} < Y Z + Z, Z E(Y Z + Z) < ∞. +LE/ 2 ;���2�E/8S� h { � �
[1] Cogburn R. Markov Chains in Random Environments: the Case of Markovian Environments. Ann.

Probab., 1980, 8: 908–916

[2] Cogburn R. The Ergodic Theory of Markov Chains in Random Environments. Z. W., 1984, 66:

109–128

[3] Cogburn R. On the Central Limit Theorem for Markov Chains in Random Environments. Ann.

Probab., 1991, 19: 597–604

[4] Orey S. Markov Chains with Stochastically Transition Probabilities. Ann. Probab., 1991, 19: 907–928

[5] Alili S. Persistent Random Walks in Stationary Environment. Journal of Statistical Physics, 1999,

94(3): 469–494



3S ��Y�.
~�|�ZM℄~�?F9W-yC> 525

[6] y>u�* p-m 46��}�[:Du4� � ��, 2004, 25: 65–78

(Hu Dihe. From p-m Chains to Markov Chains in Random Environments. Chinese Annals of

Mathematics, 2004, 25: 65–78)

[7] y>u���}�[: Markov m :bL�<�D.� #�� (A �), 2004, 34: 268–282

(Hu Dihe. The Construction of Markov Processes in Random Environments and the Equivalence

Theorems. Sci. in China (Series A), 2004, 47: 481–496)

[8] Hu Dihe, Xiao Zhengyan. The Invariance Principle for p-θ Chain. Acta Math. Sin., 2007, 23: 41–56

[9] q �09<�Du}�[Du4: Poisson ��?� �  �, 1997, 40: 266–270

(Wang Hanxing, Dai Yonglong. Poisson Limit Law for Markov Chains in Markovian Environments.

Acta Mathematica Sinica, 1997, 40: 266–270)

[10] gI*�Du}�[Du4:X.{D?� !"� , 2003, 16: 143–148

(Guo Mingle. The Strong Law of Large Numbers for Markov Chains in Markovian Environments.

Mathematica Applicata, 2003, 16: 143–148)

[11] 
�Z�Du}�[Du4:X.{D?� !"����, 2003, 19: 155–160

(Wan Chenggao. On the Strong Law of Large Numbers for Markov Chains in Markovian Environments.

Chi. J. Appl. Prob. Stat., 2003, 19: 155–160)

[12] William F, Stout. Almost Sure Convergence. New York: Academic Press, 1974.

The Strong Law of Large Numbers for Order 2

Random Walk in Random Environments

WANG Weigang

(College of Statics and Mathematics, Zhejiang Gongshang University, Hangzhou 310018)

(E-mail: wwgys 2000@163.com)

AbstractIn this paper, a strong law of large numbers for function of Order 2 random walk

in random environments are investigated. Moreover, when the process tending to positive
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