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§1 Úó

ëYG�©{L§Ú�£¬�ëYG�©{L§´£ã+NuÐ�êÆ�., 3)Ô, Ôn, 7

KÆ�+�k2��A^. 'uëYG�©{L§Ú�£¬�ëYG�©{L§�@ÏïÄ, �ë�

Lamperti [14] 9 Kawazu Ú Watanabe [12]. k'T�.37K�¡�A^�?Ø, �ë� Cox � [3],

LambertonÚ Lapeyre [13]. e¡{ü0�eZÄ�Vg. b� c ≥ 0Ú b ∈ R´~ê,
 (z∧z2)m(dz)

´ (0,∞) þ�k�ÿÝ. ½Â [0,∞) þ�¼ê

φ(λ) = bλ+ cλ2 +

∫ ∞
0

(e−zλ − 1 + zλ)m(dz), λ ≥ 0. (1.1)

Kk φ′(0) = b Ú

φ′′(0) = 2c+

∫ ∞
0

z2m(dz) ≤ ∞. (1.2)

¡± [0,∞)�G��m�ê¼L§ {x(t) : t ≥ 0}�ëYG�©{L§, XJÙ=£�+� (Qt)t≥0 d

eª(½: ∫
[0,∞)

e−λyQt(x, dy) = e−xvt(λ), λ ≥ 0, x ≥ 0, (1.3)

Ù¥ t 7→ vt(λ) ´e��§����K)

∂

∂t
vt(λ) = −φ(vt(λ)), v0(λ) = λ. (1.4)

d�¡ φ � {x(t) : t ≥ 0} �©{Å�. =£�+ (Qt)t≥0 w,äk Feller 5, Ïd {x(t) : t ≥ 0} k�
4më�rê¼¢y.

·��±^�ÅÈ©�§�r)�ÑþãëYG�©{L§�E. �d, � (Ω,G ,Gt,P) ´��

�6�VÇ�m, ÷vÏ~^�. � {B(t)} ´IO� (Gt) ÙK$Ä, 
 {M(ds,dz,du)} ´rÝ�
1��8dI[g,�ÆÄ7 (11531001, 11626245) ]Ï
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dsm(dz)du � (Gt) Poisson �ÅÿÝ. �â Dawson Ú Li [5] ¥� Theorem 5.1 Ú 5.2, é?¿� G0 �

ÿ�K�ÅCþ x(0), e¡�Å�§�3;����):

x(t) = x(0)−
∫ t

0

bx(s)ds+

∫ t

0

√
2cx(s)dB(s) +

∫ t

0

∫ ∞
0

∫ x(s−)

0

zM̃(ds,dz,du), t ≥ 0. (1.5)

Ù¥ M̃(ds,dz,du) = M(ds,dz,du)−dsm(dz)du. DawsonÚ Li [5]�y² (1.5)�) {x(t)}´± φ�

©{Å��ëYG�©{L§. ,	, Bertoin Ú Le Gall [2] ïÄ
 (1.5) ���A~.

e¡0�ëYG�©{L§���í2�/ª. b� β ≥ 0 ´~ê, 
 zν(dz) ´ (0,∞) þ�k

�ÿÝ. ¡± [0,∞) �G��m�ê¼L§ {y(t) : t ≥ 0} ��£¬�ëYG�©{L§, XJÙ=£

�+� (Pt)t≥0 deª(½:∫
[0,∞)

e−λyPt(x,dy) = exp

{
− xvt(λ)−

∫ t

0

ψ(vs(λ))ds

}
, (1.6)

Ù¥

ψ(λ) = βλ+

∫ ∞
0

(1− e−zλ)ν(dz), λ ≥ 0. (1.7)

3ù«�¹e, ·�¡ {y(t) : t ≥ 0} ��£¬�ëYG�©{L§, ¿©O¡ φ Ú ψ �Ù©{Å�

Ú£¬Å�.

�£¬�ëYG�©{L§��±^�ÅÈ©�§�r)?1�E. ¯¢þ, ·��±�E�«

�2��.. b� h Ú q ©O´½Â3 [0,∞) Ú [0,∞)× (0,∞) þ��K Borel �ÿ¼ê. é x ≥ 0

-

ρ1(x) =

∫ ∞
0

q(x, z)zν(dz), ρ2(x) =

∫ ∞
0

q(x, z)z2ν(dz).

XJ�3~ê K ≥ 0 ¦�

h(x) + ρ1(x) ≤ K(1 + x), x ≥ 0, (1.8)

·�Ò¡ (h, q) ÷v�5O�^�. XJ�3 [0,∞) þ�üO�]¼ê r ¦�
∫
0+
r(u)−1du =∞ �

|h(x)− h(y)|+
∫ ∞
0

|q(x, z)− q(y, z)|zν(dz) ≤ r(|x− y|), x, y ≥ 0, (1.9)

·�¡ (h, q) ÷v Yamada–Watanabe .^�. b� {N(ds,dz,du)} ´½Â3VÇ�m (Ω,G ,Gt,P)

þ�rÝ� dsν(dz)du � (Gt) Poisson �ÅÿÝ. 2b� {B(t)}, {M(ds,dz,du)}, {N(ds,dz,du)} �
pÕá. �½ G0 �ÿ��ÅCþ y(0), �Ä�Å�§

y(t) = y(0) +

∫ t

0

√
2cy(s)dB(s) +

∫ t

0

∫ ∞
0

∫ y(s−)

0

zM̃(ds,dz,du)

+

∫ t

0

[h(y(s))− by(s)]ds+

∫ t

0

∫ ∞
0

∫ q(y(s−),z)

0

zN(ds,dz,du), t ≥ 0. (1.10)

�â Fu Ú Li [9] ¥� Theorem 5.1, e (h, q) ÷v�5O�^� (1.8) Ú Yamada–Watanabe .^�

(1.9),K (1.10)k;���) {y(t) : t ≥ 0}. AO/,e h(x) ≡ β Ú q(x, z) ≡ 1�~ê,K {y(t)}´�
£¬�ëYG�©{L§, �©O± φ Ú ψ �©{Å�Ú£¬Å��. 3���/e, ·�¡ (1.10)

�)����£¬�ëYG�©{L§, Ù¥¼êé (h, q) û½£¬u)��Ý.

�©�8�´l��ëYG�©{L§Ñu, 2|^;��mþ� Poisson �ÅÿÝ, ÏL¦)

,��ÅÈ©�§, �Ñ���£¬�ëYG�©{L§�,	�«�E. ù«�Eò�Ñ�©{Å

�Ú£¬Å�����ßÚ�*�)º. 3£¬�Ý¼ê (h, q) ÷v Lipshitz ^���¹e, Dawson

Ú Li [4], Fu Ú Li [8], Li [16] ïÄ
aq�ÿÝ�L§��E. 'u�Õá£¬�ëYG�©{L§
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��E, �±ë� Li [15, 16, 17] 9@p�Ñ�ë�©z. ·�ò3 Yamada–Watanabe .^�e?Ø

���£¬�ëYG�©{L§��E¯K.

- D[0,∞) L« [0,∞) �g��¤k�4më�;��¤��m, ¿D� Skorokhod ÿÀ. éu

w ∈ D[0,∞) - τ0(w) = inf{s > 0 : w(s) = 0}. 2- D0[0,∞) = {w ∈ D[0,∞) : é?¿ t ≥ τ0(w) k

w(t) = 0}. ·�^ Qx(dw) L«Ð�� x(0) = x �ëYG�©{L§ {x(t) : t ≥ 0} 3 D[0,∞) þ�

©Ù. d (1.3) ØJwÑ, ":´ {x(t) : t ≥ 0} �áÂ�, Ïd��±b½ Qx(dw) ´ D0[0,∞) þ�

Borel VÇÿÝ.

- (Q◦t )t≥0� (Qt)t≥03 (0,∞)þ���.e©{Å� φ÷v φ′(∞) =∞,�â [16]¥� Theorem

3.10, �3 (0,∞) þ� σ k�ÿÝx (lt)t>0 ¦�∫ ∞
0

(1− e−λy)lt(dy) = vt(λ), t > 0, λ ≥ 0. (1.11)

�â [16] ¥� Theorem 8.22 ½ [17] ¥� Theorem 9.1, d��3 D0[0,∞) þ� σ k�ÿÝ N0 ÷v

N0(w(t1) ∈ dx1, w(t2) ∈ dx2, . . . , w(tn) ∈ dxn)

= lt1(dx1)Q◦t2−t1(x1,dx2) · · ·Q◦tn−tn−1
(xn−1,dxn) (1.12)

Ù¥ {t1 < · · · < tn} ⊂ (0,∞), 
 {x1, . . . , xn} ⊂ (0,∞). ÿÝ N0 ¡�ëYG�©{L§� excursion

Ç.

�©d�ob½ φ′(∞) =∞. éu φ′(∞) <∞ ��¹, ·�ò,1?Ø.

b� {Xt : t ≥ 0} ´��ëYG�©{L§, �÷v E(X2
0 ) < ∞. 2� {N0(ds,du,dw)}

Ú {N1(ds,dz,du,dw)} ©O´ (0,∞)2 × D0[0,∞) Ú (0,∞)3 × D0[0,∞) þrÝ� dsduN0(dw) Ú

dsν(dz)duQz(dw)� Poisson�ÅÿÝ.b� {Xt}, {N0(ds,du,dw)}Ú {N1(ds,dz,du,dw)}½Â3Ó
��VÇ�m�þ, ��pÕá. �Ä�ÅÈ©�§

Yt = Xt +

∫ t

0

∫ h(Ys−)

0

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Ys−,z)

0

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw). (1.13)

·�¡�K�4më�L§ {Yt : t ≥ 0} ´ (1.13) �), ´�þã�§é?¿� t ≥ 0 A�7,¤á.

ùp9±�éu a ≤ b ∈ R ·�5½∫ b

a

=

∫
(a,b]

,

∫ a

b

= −
∫
(a,b]

,

∫ ∞
a

=

∫
(a,∞)

.

e¡´�©�Ì�½n:

½n 1.1 b��5O�^� (1.8) Ú Yamada–Watanabe .^� (1.9) ¤á, 2� φ′′(0) <∞ � ρ2(x)

'u x ≥ 0 ÛÜk.. K�§ (1.13) �3;����) {Yt : t ≥ 0}.

½n 1.2 3½n 1.1 �^�e, �§ (1.13) �) {Yt : t ≥ 0} ´ (1.10) �f).

du·�Øb½ (h, q) ÷v Lipshitz ^�, ùp'u (1.13) �)��35�y²'�P�. ^�

φ′′(0) < ∞ Ú ρ2(x) 'u x ≥ 0 ÛÜk.�^u)��35�y², 
��U¿Ø´7L�. ·�r

d¯K3�a,��Æö.

§2 ý�SN

3ù!¥·��Ñk'ëYG�©{L§�eZ(J, �e�!Ì�½n�y²�O�. b�

X = (W,F ,Ft, x(t),Px)´± φ�©{Å��ëYG�©{L§� HuntL§¢y,2� N0 d (1.12)

�Ñ. �!¥·�æ^ê¼L§nØ¥�eZ~^�L«, X� Sharpe [18]. AO/, �éuVÇÿÝ

Px �êÆÏ"E^PÒ Px L«.
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Ún 2.1 (i) éu x, t ≥ 0 k Px[x(t)] = xe−bt. (ii) e φ′′(0) <∞, Ké x, t ≥ 0 k

Px[x(t)2] = x2e−2bt + xφ′′(0)e−btβ(t),

Ù¥

β(t) =

∫ ∞
0

e−bsds =

b−1(1− e−bt), b 6= 0,

t, b = 0.
(2.1)

y² ©z [16]¥ïá
'uÿÝ�©{L§��A(Ø.ùp�(J´ [16]¥ Corollary 2.26, Propo-

sition 2.27 Ú Proposition 2.38 �(J�A~. �

Ún 2.2 b� φ′′(0) <∞. K�3 [0,∞) þ��K4O¼ê t 7→ C(t) ¦é?¿ t ≥ 0 k

Px

[
sup

0≤s≤t
x(s)2

]
≤ (1 + x2)C(t).

y² 5¿ {ebtx(t) : t ≥ 0} ´�K�, A^ Doob Ø�ªk

Px

[
sup

0≤s≤t
x(s)2

]
≤ e2|b|tPx

[
sup

0≤s≤t
|ebsx(s)|2

]
≤ e2|b|tPx

[
|ebtx(t)|2

]
≤ e4|b|tPx[x(t)2].

dÚn 2.1 =�(Ø. �

Ún 2.3 b� φ′′(0) <∞. K�3 [0,∞) þ��K4O¼ê t 7→ C(t) ¦é?¿ t ≥ 0 k

Px

[
|x(t)− x(0)|2

]
≤ tC(t)(x+ x2). (2.2)

y² Ø�b½ {Xt : t ≥ 0} ´ (1.5) �± X0 = x �Ð��). u´

Px

[
|x(t)− x(0)|2

]
≤ 3b2Px

[(∫ t

0

x(s)ds

)2]
+ 3cPx

[(∫ t

0

x(s)dBs

)2]
+ 3Px

[(∫ t

0

∫ ∞
0

∫ x(s−)

0

zM̃(ds,dz,du)

)2]
≤ 3b2t

∫ t

0

Px[x(s)2]ds+ 3c

∫ t

0

Px[x(s)]ds

+ 3

∫ t

0

Px[x(s)]ds

∫ ∞
0

z2m(dz).

2|^Ún 2.1 =��y(J. �

Ún 2.4 (i) éu t ≥ 0 k ∫
D0[0,∞)

w(t)N0(dw) = e−bt. (2.3)

(ii) e φ′′(0) <∞, Ké t ≥ 0 k∫
D0[0,∞)

w(t)2N0(dw) = φ′′(0)e−btβ(t), (2.4)

Ù¥ β(t) d (2.1) ½Â.
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y² (i) d (1.3), (1.11) Ú (1.12) ·�k

Px[e−λx(t)] = exp

{
− x

∫ ∞
0

(1− e−λy)lt(dy)

}
= exp

{
− x

∫
D0[0,∞)

(1− e−λw(t))N0(dw)

}
.

éþª�üà'u λ ≥ 0 �©�

Px[x(t)e−λx(t)] = x exp

{
− x

∫
D0[0,∞)

(1− e−λw(t))N0(dw)

}
·
∫
D0[0,∞)

e−λw(t)w(t)N0(dw). (2.5)

2- λ→ 0 ��

Px[x(t)] = x

∫
D0[0,∞)

w(t)N0(dw).

qÏ Px[x(t)] = xe−bt, �k (2.3). (ii) é (2.5) �üà'u λ ≥ 0 ¦�, - λ→ 0 ¿A^ (2.3) ��

Px[x(t)2] = x2e−2bt + x

∫
D0[0,∞)

w2(t)N0(dw).

dÚn 2.1 =� (2.4). �

§3 ½n�y²

3�!¥·��ÑÌ�½n�y². Äky² (1.13) �)äk;���5, ,�y² (1.13) �3

��f). k'IO��Å�§�nØ, �ë� Ikeda Ú Watanabe [10, pp.163–166] ½ Situ [19, p.76,

p.104]. b� X = (W,F ,Ft, x(t),Px)´± φ�©{Å��ëYG�©{L§� HuntL§¢y. �!

¥·�E,¬^�ê¼L§nØ¥�eZ~^�L«. 3e¡�y²¥, ·�^ t 7→ C(t) L« [0,∞)

þ��K4O¼ê, ÙäN½Â�±Å1N�.

·K 3.1 b��5O�^� (1.8) ¤á. Kéu (1.13) �?Û) {Yt : t ≥ 0} k

E(1 + Yt) ≤ [1 + E(X0)e|b|t] exp{tKe|b|t}, t ≥ 0,

Ù¥ K ≥ 0 � (1.8) ¥�~ê.

y² éu n ≥ 1 - Tn = inf{t ≥ 0 : Yt ≥ n}. KA�7,k limn→∞ Tn =∞. d (1.8) k

E(1 + Yt∧Tn) = 1 + E(Xt∧Tn) + E

[ ∫ t∧Tn

0

∫ h(Ys−)

0

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

]
+ E

[ ∫ t∧Tn

0

∫ ∞
0

∫ q(Ys−,z)

0

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw)

]
≤ 1 + E(Xt∧Tneb(t∧Tn))e|b|t + E

[ ∫ t∧Tn

0

e−b(t−s)h(Ys−)ds

]
+E

[ ∫ t∧Tn

0

e−b(t−s)ds

∫ ∞
0

q(Ys−, z)zν(dz)

]
≤ 1 + E(X0)e|b|t +Ke|b|tE

[ ∫ t∧Tn

0

E(1 + Ys−)ds

]
≤ 1 + E(X0)e|b|t +Ke|b|t

∫ t

0

E(1 + Ys∧Tn)ds.
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�â Gronwall Ø�ª, ·�k

E(1 + Yt∧Tn) ≤ [1 + E(X0)e|b|t] exp{tKe|b|t}.

3þª¥- n→∞ ¿|^ Fatou Ún=��y(Ø. �

Ún 3.1 b��5O�^� (1.8) Ú Yamada–Watanabe .^� (1.9) ¤á. K (1.13) �)÷v;�

��5.

y² b� {Y1(t) : t ≥ 0} Ú {Y2(t) : t ≥ 0} ´�§ (1.13) �ü�). é t ≥ 0 -

Y ∗(t) = X(t) +

∫ t

0

∫ h(Y1(s−))∨h(Y2(s−))

0

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Y1(s−),z)∨q(Y2(s−),z)

0

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw),

Y∗(t) = X(t) +

∫ t

0

∫ h(Y1(s−))∧h(Y2(s−))

0

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Y1(s−),z)∧q(Y2(s−),z)

0

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw),

5¿ |Y1(t)−Y2(t)| ≤ Y ∗(t)−Y∗(t) ≤ Y ∗(t) ≤ Y1(t)+Y2(t). d·K 3.1,¼ê t 7→ f(t) := E[Y ∗(t)−Y∗(t)]
3?Ûk.«mþk.. �â Kallenberg [11] ¥� Theorem 25.22 ±9�©Ún 2.1 ÚÚn 2.4, ·�

k

f(t) = E

[ ∫ t

0

∫ h(Y1(s−))∨h(Y2(s−))

h(Y1(s−))∧h(Y2(s−))

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Y1(s−),z)∨q(Y2(s−),z)

q(Y1(s−),z)∧q(Y2(s−),z)

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw)

]
= E

[ ∫ t

0

|h(Y1(s))− h(Y2(s))|ds
∫
D0[0,∞)

w(t− s)N0(dw)

+

∫ t

0

ds

∫ ∞
0

|q(Y1(s), z)− q(Y2(s), z)|ν(dz)

∫
D0[0,∞)

w(t− s)Qz(dw)

]
= E

{∫ t

0

e−b(t−s)
[
|h(Y1(s))− h(Y2(s))|+

∫ ∞
0

|q(Y1(s), z)− q(Y2(s), z)|zν(dz)

]
ds

}
.

2d Yamada–Watanabe .^� (1.9) Ú Jensen Ø�ª�

f(t) ≤ E

[ ∫ t

0

e−b(t−s)r(|Y1(s)− Y2(s)|)ds
]

≤ e|b|t
∫ t

0

E[r(|Y1(s)− Y2(s)|)]ds ≤ e|b|t
∫ t

0

r(f(s))ds.

u´, éu?¿�½� T ≥ 0, �3~ê MT ≥ 0 ¦�

f(t) ≤MT

∫ t

0

r(f(s))ds, 0 ≤ t ≤ T.

ddN´í� f(t) = 0, 0 ≤ t ≤ T ; �ë� Ikeda Ú Watanabe [10, p.184]. �é?¿� t ≥ 0 k

E[|Y1(t)− Y2(t)|] = 0. Ïd�4mëL§ {Y1(t) : t ≥ 0} Ú {Y2(t) : t ≥ 0} Ø�«©. �

e¡?Ø�§ (1.13) �)�35. ·��Ä�g´´Äk½Â��%CS�, ¿y²S���;

5, ,�y²d�;S��f4�=� (1.13) �f). - Y0(t) = Xt. éu n ≥ 1 ½Â

Yn(t) = Xt +

∫ t

0

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)
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+

∫ t

0

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw). (3.1)

d [16] ¥� Theorem 10.18, ·��±� {Yn(t) : t ≥ 0} ��4më���.

Ún 3.2 b�¼ê| (h, ρ1) k.� Yamada–Watanabe .^� (1.9) ¤á. Ké?Û t ≥ 0 k

lim
n→∞

E
[
|Yn(t)− Yn−1(t)|

]
= 0. (3.2)

y² d (3.1) ·�k

E[Yn(t)] = E[Xt] + E

[ ∫ t

0

h(Yn−1(s))ds

∫
D0[0,∞)

w(t− s)N0(dw)

]
+ E

[ ∫ t

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

w(t− s)Qz(dw)

]
≤ E[Xt] + E

[ ∫ t

0

e−b(t−s)ρ1(Yn−1(s))ds

]
. (3.3)

w,, þªmà'u t ≥ 0 ÛÜk.. 5¿

Yn(t)− Yn−1(t) =

∫ t

0

∫ h(Yn−1(s−))

h(Yn−2(s−))

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Yn−1(s−),z)

q(Yn−2(s−),z)

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw).

u´, dÚn 2.1 �

E
[
|Yn(t)− Yn−1(t)|

]
≤ E

[ ∫ t

0

∫ h(Yn−2(s−))∨h(Yn−1(s−))

h(Yn−2(s−))∧h(Yn−1(s−))

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Yn−2(s−),z)∨q(Yn−1(s−),z)

q(Yn−2(s−),z)∧q(Yn−1(s−),z)

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw)

]
≤ E

[ ∫ t

0

|h(Yn−1(s))− h(Yn−2(s))|ds
∫
D0[0,∞)

w(t− s)N0(dw)

+

∫ t

0

ds

∫ ∞
0

|q(Yn−1(s), z)− q(Yn−2(s), z)|ν(dz)

∫
D0[0,∞)

w(t− s)Qz(dw)

]
= E

[ ∫ t

0

e−b(t−s)
(
|h(Yn−1(s))− h(Yn−2(s))|

+

∫ ∞
0

|q(Yn−1(s), z)− q(Yn−2(s), z)|zν(dz)

)
ds

]
≤ e|b|t

∫ t

0

E
[
r(|Yn−1(s)− Yn−2(s)|)

]
ds

≤ e|b|t
∫ t

0

r
(
E[|Yn−1(s)− Yn−2(s)|]

)
ds.

- Ln(t) = E[|Yn(t)− Yn−1(t)|]. �â Fatou Ún,

lim sup
n→∞

Ln(t) ≤ ψ′(0)e|b|t
∫ t

0

r
(

lim sup
n→∞

Ln−1(s)
)

ds

≤ ψ′(0)e|b|t
∫ t

0

r
(

lim sup
n→∞

Ln(s)
)

ds.

�k lim supn→∞ Ln(t) = 0. �

Ún 3.3 b�¼ê| (h, ρ1, ρ2) k.. e {τn : n ≥ 1} ���k.�Ê�S�, K� t→ 0 k

sup
n≥1

E
[
|Yn(τn + t)− Yn(τn)|2

]
→ 0. (3.4)
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y² �~ê T ≥ 0 ¦ 0 ≤ τn ≤ T é¤k n ≥ 1 ¤á. d (3.1) ·�k

Yn(τn + t)− Yn(τn)

= Xτn+t −Xτn +

∫ τn+t

0

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

w(τn + t− s)N0(ds,du,dw)

−
∫ τn

0

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

w(τn − s)N0(ds,du,dw)

+

∫ τn+t

0

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

w(τn + t− s)N1(ds,dz,du,dw)

−
∫ τn

0

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

w(τn − s)N1(ds,dz,du,dw). (3.5)

dÚn 2.2 �

E
[
|Xτn+t −Xτn |2

]
= E

{
PXτn

[
|x(t)− x(0)|2

]}
≤ tC(t)E

(
Xτn +X2

τn

)
≤ tC(T + t)E

(
1 +X2

0

)
.

� t→ 0�, þªm>'u n ≥ 1��/ªu". |^ÿÝ N0 �ê¼5, Ún 2.1ÚÚn 2.3, ·�k

E

{∣∣∣∣ ∫ τn+t

0

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

w(τn + t− s)N0(ds,du,dw)

−
∫ τn

0

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

w(τn − s)N0(ds,du,dw)

∣∣∣∣2}
≤ 2E

{[∫ τn

0

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

(w(τn + t− s)− w(τn − s))N0(ds,du,dw)

]2}
+ 2E

{[∫ τn+t

τn

∫ h(Yn−1(s−))

0

∫
D0[0,∞)

w(τn + t− s)N0(ds,du,dw)

]2}
= 2E

{∫ τn

0

h(Yn−1(s))ds

∫
D0[0,∞)

(w(τn + t− s)− w(τn − s))2N0(dw)

}
+ 2E

{[∫ τn

0

h(Yn−1(s))ds

∫
D0[0,∞)

(w(τn + t− s)− w(τn − s))N0(dw)

]2}
+ 2E

{∫ τn+t

τn

h(Yn−1(s))ds

∫
D0[0,∞)

w(τn + t− s)2N0(dw)

}
+ 2E

{[∫ τn+t

τn

h(Yn−1(s))ds

∫
D0[0,∞)

w(τn + t− s)N0(dw)

]2}
≤ 2E

{∫ τn

0

h(Yn−1(s))ds

∫
D0[0,∞)

Pw(τn−s)[(x(t)− x(0))2]N0(dw)

}
+ 2E

{[∫ τn

0

h(Yn−1(s))ds

∫
D0[0,∞)

Pw(τn−s)[x(t)− x(0)]N0(dw)

]2}
+C(t)E

{∫ τn+t

τn

h(Yn−1(s))ds+

[ ∫ τn+t

τn

h(Yn−1(s−))ds

]2}
≤ tC(t)E

{∫ τn

0

h(Yn−1(s))ds

∫
D0[0,∞)

[w(τn − s) + w(τn − s)2]N0(dw)

}
+ 2(1− e−bt)2E

{[∫ τn

0

h(Yn−1(s))ds

∫
D0[0,∞)

w(τn − s)N0(dw)

]2}
+C(t)E

{∫ τn+t

τn

h(Yn−1(s))ds+

[ ∫ τn+t

τn

h(Yn−1(s−))ds

]2}
≤ tC(t)E

{∫ τn

0

h(Yn−1(s))ds+

[ ∫ τn

0

h(Yn−1(s))ds

]2}
+C(t)E

{∫ τn+t

τn

h(Yn−1(s))ds+

[ ∫ τn+t

τn

h(Yn−1(s))ds

]2}
.
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Ï� h k., dÚn 2.4, þªm>� t→ 0 �'u n ≥ 1 ��/ªu". aq/,

E

{[∫ τn+t

0

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

w(τn + t− s)N1(ds,dz,du,dw)

−
∫ τn

0

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

w(τn − s)N1(ds,dz,du,dw)

]2}
≤ 2E

{[∫ τn

0

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

(w(τn + t− s)− w(τn − s))N1(ds,dz,du,dw)

]2}
+ 2E

{[∫ τn+t

τn

∫ ∞
0

∫ q(Yn−1(s−),z)

0

∫
D0[0,∞)

w(τn + t− s)N1(ds,dz,du,dw)

]2}
= 2E

{∫ τn

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

(w(τn + t− s)− w(τn − s))2Qz(dw)

}
+ 2E

{[∫ τn

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

(w(τn + t− s)− w(τn − s))Qz(dw)

]2}
+ 2E

{∫ τn+t

τn

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

w(τn + t− s)2Qz(dw)

}
+ 2E

{[∫ τn+t

τn

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

w(τn + t− s)Qz(dw)

]2}
≤ 2E

{∫ τn

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

Pw(τn−s)[(x(t)− x(0))2]Qz(dw)

}
+ 2E

{[∫ τn

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

Pw(τn−s)[x(t)− x(0)]Qz(dw)

]2}
+C(t)E

{∫ τn+t

τn

[ρ1(Yn−1(s)) + ρ2(Yn−1(s))]ds+

[ ∫ τn+t

τn

ρ1(Yn−1(s))ds

]2}
≤ tC(t)E

{∫ τn

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

[w(τn − s) + w(τn − s)2]Qz(dw)

}
+ 2(e−bt − 1)2E

{[∫ τn

0

ds

∫ ∞
0

q(Yn−1(s), z)ν(dz)

∫
D0[0,∞)

w(τn − s)Qz(dw)

]2}
+C(t)E

{∫ τn+t

τn

[ρ1(Yn−1(s)) + ρ2(Yn−1(s))]ds+

[ ∫ τn+t

τn

ρ1(Yn−1(s))ds

]2}
≤ tC(t)E

{∫ τn

0

[ρ1(Yn−1(s)) + ρ2(Yn−1(s))]ds+

[ ∫ τn

0

ρ1(Yn−1(s−))ds

]2}
+C(t)E

{∫ τn+t

τn

[ρ1(Yn−1(s)) + ρ2(Yn−1(s))]ds+

[ ∫ τn+t

τn

ρ1(Yn−1(s))ds

]2}
.

� t→ 0 �, þªm>'u n ≥ 1 ��/ªu". 2d (3.5) � (3.4) ¤á. �

�
�BQã, e¡�½3k.�m«mþ?Ø.�½~ê T ≥ 0, ^ D[0, T ]L« [0, T ]� [0,∞)

�¤k�4më�;��¤��m,¿D� SkorokhodÿÀ.é w ∈ D[0, T ]·��Xeòÿ: � t < 0

- w(t) = 0; � t > T - w(t) = w(T ). éu�ê i ≥ 1 ½Â R þ��KëY¼ê

γi(x) =


4i2x if 0 < x ≤ 1/2i,

2i− 4i2(x− 1/2i) if 1/2i < x ≤ 1/i,

0 otherwise.

2½Â [0,∞)2 þ�ëY¼ê

fi(u, x) =


1 if u < x(1− 1/i),

i(x− u)/x if x(1− 1/i) ≤ u < x,

0 otherwise.
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éu t ∈ [0, T ] Ú w ∈ D[0, T ] ·�-

li(w, t) =

∫ 1/i

0

w(t+ s)γi(s)ds =

∫ ∞
−∞

w(s)γi(s− t)ds. (3.6)

w, (t, w) 7→ li(w, t) ´ (0, T ]×D[0, T ] þ�ëY¼ê.

- {tj : j ≥ 1} ´ [0, T ] ¥�knê���ü�. éu (s, u, w) ∈ (0, T ]× (0,∞)×D[0, T ] ½Â

F (s, u, w) = e−u
∞∑
i=1

∞∑
j=1

2−i−j li(w, tj − s).

K F ´ (0, T ]× (0,∞)×D[0, T ] þ��ëY¼ê. -M0 L«¦È�m (0, T ]× (0,∞)×D[0, T ] þ÷

v ∫ T

0

∫ ∞
0

∫
D[0,T ]

F (s, u, w)η(ds,du,dw) <∞

� Borel ÿÝ η �¤��m, ¿Xe½Âd�mþ�ÿÀ: éu ηk, η ∈M0 5½ ηk → η ��=�3

(0, T ]× (0,∞)×D[0, T ] þ�k�ÿÝ�fÂñe

F (s, u, w)ηk(ds,du,dw)→ F (s, u, w)η(ds,du,dw),

=é (0, T ]× (0,∞)×D[0, T ] þ�?Ûk.ëY¼ê f k∫ T

0

∫ ∞
0

∫
D[0,T ]

f(s, u, w)F (s, u, w)ηk(ds,du,dw)

→
∫ T

0

∫ ∞
0

∫
D[0,T ]

f(s, u, w)F (s, u, w)η(ds,du,dw).

aq/, - M1 L«¦È�m (0, T ]× (0,∞)2 ×D[0, T ] þ÷v∫ T

0

∫ ∞
0

∫ ∞
0

∫
D[0,T ]

zF (s, u, w)η(ds,dz,du,dw) <∞

� Borel ÿÝ η �¤��m, ¿Xe½Âd�mþ�ÿÀ: éu ηk, η ∈M1, 5½ ηk → η ��=�3

(0, T ]× (0,∞)2 ×D[0, T ] þ�k�ÿÝ�fÂñ¿Âek

zF (s, u, w)ηk(ds,dz,du,dw)→ zF (s, u, w)η(ds,dz,du,dw).

P X = {Xt : t ∈ [0, T ]} Ú Yn = {Yn(t) : t ∈ [0, T ]}. ·��±À {(X,Yn, Yn−1, N0, N1) : n ≥ 1}
���u D[0, T ]3 ×M0 ×M1 ��ÅCþ�. ¯¢þ, �âÚn 2.4 k

E

[ ∫ T

0

∫ ∞
0

∫
D0[0,T ]

F (s, u, w)N0(ds,du,dw)

]
=

∞∑
i=1

∞∑
j=1

2−i−jE

[ ∫ T

0

∫ ∞
0

∫
D0[0,T ]

e−uli(w, tj − s)N0(ds,du,dw)

]
=

∞∑
i=1

∞∑
j=1

2−i−j
∫ T

0

ds

∫ ∞
0

e−udu

∫
D0[0,T ]

li(w, tj − s)N0(dw)

=

∞∑
i=1

∞∑
j=1

2−i−j
∫
D0[0,T ]

N0(dw)

∫ T

0

ds

∫ 1

0

w(tj − s+ r)γi(r)dr

=

∞∑
i=1

∞∑
j=1

2−i−j
∫
D0[0,T ]

N0(dw)

∫ 1

0

γi(r)dr

∫ tj+r

tj+r−T
w(s)ds

≤
∞∑
i=1

∞∑
j=1

2−i−j
∫
D0[0,T ]

N0(dw)

∫ T+1

0

w(s)ds
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≤
∞∑
i=1

∞∑
j=1

2−i−j
∫ T+1

0

e−bsds <∞.

Ïd P(N0 ∈M0) = 1. aq/�±y² P(N1 ∈M1) = 1.

Ún 3.4 b�½n 1.1 �^�¤á, �¼ê| (h, ρ1, ρ2) k.. KS� {(X,Yn, Yn−1, N0, N1) : n ≥ 1}
3 D[0, T ]3 ×M0 ×M1 ¥�;.

y² du (X,N0, N1) �©ÙØ�6u n ≥ 1, ·��Iy²S� {(Yn, Yn−1) : n ≥ 1} 3 D[0, T ]2 ¥

�;. d (3.3) ªØJíÑ, éu?Û t ∈ [0, T ], �ÅCþ� {(Yn(t), Yn−1(t)) : n ≥ 1} �;. 2dÚn

3.3, é?Û��k.�Ê�S� {τn : n ≥ 1}, � n→∞ k

sup
n≥1

E
{
|Yn(τn + t)− Yn(τn)|2 + |Yn−1(τn + t)− Yn−1(τn)|2

}
→ 0.

�â Aldous [1] ��OOK, S� {(Yn, Yn−1) : n ≥ 1} 3 D[0, T ]2 ¥�;; ,�ëw Ethier Ú Kurtz

[7, p.137-138]. �

Ún 3.5 b�½n 1.1 �^�¤á, �¼ê| (h, ρ1, ρ2) k.. K�3f� {nk} ⊂ {n}, ±9½
Â3,�VÇ�m (Ω,F ,P) þ���u D[0, T ]2 ×M0 ×M1 ��ÅCþ (X ′, Y ′, N ′, N ′′) Ú��

u D[0, T ]3 ×M0 ×M1 ��ÅCþ� {(X ′k, Y ′k, Z ′k, N ′k, N ′′k ) : k ≥ 1} ¦� (X ′k, Y
′
k, Z

′
k, N

′
k, N

′′
k ) Ú

(X,Ynk , Ynk−1, N0, N1) Ó©Ù, �� k →∞ A�7, (X ′k, Y
′
k, Z

′
k, N

′
k, N

′′
k )→ (X ′, Y ′, Y ′, N ′, N ′′).

y² dÚn 3.4, kf� {nk} ⊂ {n} ¦� k → ∞ � (X,Ynk , Ynk−1, N0, N1) �©ÙÂñ. �â Sko-

rokhodL«½n,�3VÇ�m (Ω,F ,P)±9½Â3d�mþ,��uD[0, T ]3×M0×M1��ÅCþ

(X ′, Y ′, Z ′, N ′, N ′′) Ú (X ′k, Y
′
k, Z

′
k, N

′
k, N

′′
k ), k ≥ 1 ¦� (X ′k, Y

′
k, Z

′
k, N

′
k, N

′′
k ) � (X,Ynk , Ynk−1, N0, N1)

Ó©Ù, �� k →∞ � (X ′k, Y
′
k, Z

′
k, N

′
k, N

′′
k ) A�7,Âñu (X ′, Y ′, Z ′, N ′, N ′′). dÚn 3.2 Ú��

Âñ½n, é?¿� t ∈ [0, T ] k

E[|Y ′(t)− Z ′(t)|] = lim
k→∞

E[|Y ′k(t)− Z ′k(t)|] = lim
k→∞

E[|Ynk(t)− Ynk−1(t)|] = 0.

¤± {Y ′(t) : t ∈ [0, T ]} Ú {Z ′(t) : t ∈ [0, T ]} Ø�«©. �

·�e¡�Ì�?Ö´y² (X ′, Y ′, N ′, N ′′) ´�§ (1.13) �f). Ï� (X ′k, Y
′
k, Z

′
k, N

′
k, N

′′
k ) �

(X,Ynk , Ynk−1, N0, N1) Ó©Ù, ·�k

Y ′k(t) = X ′k(t) +

∫ t

0

∫ h(Z′k(s−))

0

∫
D0[0,∞)

w(t− s)N ′k(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Z′k(s−),z)

0

∫
D0[0,∞)

w(t− s)N ′′k (ds,dz,du,dw)

= X ′k(t) +

∫ t

0

∫ h(Y ′(s−))

0

∫
D0[0,∞)

w(t− s)N ′k(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Y ′(s−),z)

0

∫
D0[0,∞)

w(t− s)N ′′k (ds,dz,du,dw) + εk(t), (3.7)

Ù¥

εk(t) =

∫ t

0

∫ h(Z′k(s−))

h(Y ′(s−))

∫
D0[0,∞)

w(t− s)N ′k(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Z′k(s−),z)

q(Y ′(s−),z)

∫
D0[0,∞)

w(t− s)N ′′k (ds,dz,du,dw).
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�
{z�¡�Lã, ·�-

U(t) =

∫ t

0

∫ h(Y ′(s−))

0

∫
D0[0,∞)

w(t− s)N ′(ds,du,dw),

Uk(t) =

∫ t

0

∫ h(Y ′(s−))

0

∫
D0[0,∞)

w(t− s)N ′k(ds,du,dw).

aq/, ½Â

V (t) =

∫ t

0

∫ ∞
0

∫ q(Y ′(s−),z)

0

∫
D0[0,∞)

w(t− s)N ′′(ds,dz,du,dw),

Vk(t) =

∫ t

0

∫ ∞
0

∫ q(Y ′(s−),z)

0

∫
D0[0,∞)

w(t− s)N ′′k (ds,dz,du,dw).

Ún 3.6 b�½n 1.1 �^�¤á, �¼ê| (h, ρ1, ρ2) k.. Kk limk→∞E[|εk(t)|] = 0.

y² d εk(t) �½ÂØJwÑ

E[|εk(t)|] ≤ E

{∫ t

0

∫ h(Y ′(s−))∨h(Z′k(s−))

h(Y ′(s−))∧h(Z′k(s−))

∫
D0[0,∞)

w(t− s)N ′k(ds,du,dw)

}
+ E

{∫ t

0

∫ ∞
0

∫ q(Y ′(s−),z)∨q(Z′k(s−),z)

q(Y ′(s−),z)∧q(Z′k(s−),z)

∫
D0[0,∞)

w(t− s)N ′′k (ds,dz,du,dw)

}
≤ E

{∫ t

0

|h(Y ′(s))− h(Z ′k(s))|ds
∫
D0[0,∞)

w(t− s)N0(dw)

}
+ E

{∫ t

0

ds

∫ ∞
0

|q(Y ′(s), z)− q(Z ′k(s), z)|ν(dz)

∫
D0[0,∞)

w(t− s)Qz(dw)

}
≤ E

{∫ t

0

[
|h(Y ′(s))− h(Z ′k(s))|+

∫ ∞
0

|q(Y ′(s), z)− q(Z ′k(s), z)|zν(dz)

]
e−b(t−s)ds

}
≤ E

{∫ t

0

[r(|Y ′(s)− Z ′k(s)|) ∧ (2‖h+ ρ1‖)]e−b(t−s)ds
}
.

�â��Âñ½n, þªmà� k →∞ �ªCu". �

Ún 3.7 b�½n 1.1 �^�¤á, �¼ê| (h, ρ1, ρ2) k.. Ké?¿knê t ∈ [0, T ] ·�k

limk→∞E[|Uk(t)− U(t)| ∧ 1] = 0 Ú limk→∞E[|Vk(t)− V (t)| ∧ 1] = 0.

y² du�{ÚO�aq, ùp�y²1��(Ø. P ηk = N ′′k +N ′′ Ú ζk = N ′′k −N ′′. ·�k

E
[
|Vk(t)− V (t)| ∧ 1

]
= E

[∣∣∣∣ ∫ T

0

∫ ∞
0

∫ ∞
0

∫
D0[0,∞)

1{s≤t}1{u≤q(Y ′(s−),z)}w(t− s)ζk(ds,dz,du,dw)

∣∣∣∣ ∧ 1

]
≤ ζk,i(t) + E

[∣∣∣∣ ∫ T

0

∫ ∞
0

∫ ∞
0

∫
D0[0,∞)

[1{s≤t}1{u≤q(Y ′(s−),z)}w(t− s)

− fi(s, t)fi(u, q(li(Y ′, s), z) ∧ i)li(w, t− s)]ζk(ds,dz,du,dw)

∣∣∣∣]. (3.8)

Ù¥

ζk,i(t) = E

[∣∣∣∣ ∫ T

0

∫ ∞
0

∫ ∞
0

∫
D0[0,∞)

fi(s, t)fi(u, q(li(Y
′, s), z) ∧ i)li(w, t− s)ζk(ds,dz,du,dw)

∣∣∣∣ ∧ 1

]
.

5¿� k → ∞, 3 M1 ¥A�7,/ N ′′k → N ′′. d��Âñ½n, é?¿knê t ∈ [0, T ] k

limk→∞ ζk,i(t) = 0, 
 (3.8) ªm>1���e¡��¤��,

ηi(t) := E

[ ∫ T

0

∫ ∞
0

∫ ∞
0

∫
D0[0,∞)

|1{s≤t}1{u≤q(Y ′(s−),z)}w(t− s)

12



− fi(s, t)fi(u, q(li(Y ′, s), z) ∧ i)li(w, t− s)|ηk(ds,dz,du,dw)

]
= 2E

[ ∫ T

0

ds

∫ ∞
0

ν(dz)

∫ ∞
0

du

∫
D0[0,∞)

|1{s≤t}1{u≤q(Y ′(s),z)}w(t− s)

− fi(s, t)fi(u, q(li(Y ′, s), z) ∧ i)li(w, t− s)|Qz(dw)

]
.

5¿þ¡��¿Ø�6u k ≥ 1. éknê t ∈ [0, T ], 3 (3.8) üà�4��

lim sup
k→∞

E[|Vk(t)− V (t)| ∧ 1] ≤ ηi(t). (3.9)

,��¡, ØJuy

ηi(t) ≤ 2E

[ ∫ T

0

ds

∫ ∞
0

ν(dz)

∫ ∞
0

du

∫
D0[0,∞)

|1{s≤t}1{u≤q(Y ′(s),z)}w(t− s)

− 1{s≤t}1{u≤q(Y ′(s),z)}li(w, t− s)|Qz(dw)

]
+ 2E

[ ∫ T

0

ds

∫ ∞
0

ν(dz)

∫ ∞
0

du

∫
D0[0,∞)

|1{s≤t}1{u≤q(Y ′(s),z)}li(w, t− s)

− 1{s≤t}1{u≤q(Y ′(s),z)∧i}li(w, t− s)|Qz(dw)

]
+ 2E

[ ∫ T

0

ds

∫ ∞
0

ν(dz)

∫ ∞
0

du

∫
D0[0,∞)

|1{s≤t}1{u≤q(Y ′(s),z)∧i}li(w, t− s)

− 1{s≤t}fi(u, q(li(Y
′, s)) ∧ i)li(w, t− s)|Qz(dw)

]
+ 2E

[ ∫ T

0

ds

∫ ∞
0

ν(dz)

∫ ∞
0

du

∫
D0[0,∞)

|1{s≤t}fi(u, q(li(Y ′, s)) ∧ i)li(w, t− s)

− fi(s, t)fi(u, q(li(Y ′, s), z) ∧ i)li(w, t− s)|Qz(dw)

]
≤ 2E

[ ∫ t

0

ds

∫ ∞
0

q(Y ′(s), z)ν(dz)

∫
D0[0,∞)

|w(t− s)− li(w, t− s)|Qz(dw)

]
+ 2E

[ ∫ t

0

ds

∫ ∞
0

|q(Y ′(s), z)− q(Y ′(s), z) ∧ i|ν(dz)

∫
D0[0,∞)

li(w, t− s)Qz(dw)

]
+ 2i−1E

[ ∫ t

0

ds

∫ ∞
0

(q(Y ′(s), z) ∧ i)ν(dz)

∫
D0[0,∞)

li(w, t− s)Qz(dw)

]
+ 2E

[ ∫ t

t(1−1/i)
ds

∫ ∞
0

(q(li(Y
′, s), z) ∧ i)ν(dz)

∫
D0[0,∞)

li(w, t− s)Qz(dw)

]
. (3.10)

d (3.6) k ∫
D0[0,∞)

li(w, t− s)Qz(dw) =

∫ 1

0

γi(r)dr

∫
D0[0,∞)

w(t− s+ r)Qz(dw)

= z

∫ 1

0

γi(r)e
−b(t−s+r)dr ≤ ze|b|(t+1),

¿?
k ∫
D0[0,∞)

|w(t− s)− li(w, t− s)|Qz(dw)

≤
∫
D0[0,∞)

[w(t− s) + li(w, t− s)]Qz(dw) ≤ 2ze|b|(t+1).

þª�à� i → ∞ �ªu". ù�, é (3.10) màA^��Âñ½n� limi→∞ ηi(t) = 0. 2d (3.9)

� lim supk→∞E[|Vk(t)− V (t)| ∧ 1] = 0 éknê t ∈ [0, T ] ¤á. �
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Ún 3.8 b�½n 1.1 �^�¤á, �¼ê| (h, ρ1, ρ2) k.. 2� (X ′, Y ′, N ′, N ′′) dÚn 3.5 �Ñ.

Kéu?Û t ≥ 0 A�7,k

Y ′(t) = X ′(t) +

∫ t

0

∫ h(Y ′(s−))

0

∫
D0[0,∞)

w(t− s)N ′(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(Y ′(s−),z)

0

∫
D0[0,∞)

w(t− s)N ′′(ds,dz,du,dw). (3.11)

y² 3�ª (3.7) üà�4� k →∞, ¿|^Ún 3.6 ÚÚn 3.7 � (3.11) éknê t ∈ [0, T ] A�

7,¤á. |^���mëY5�T�§éu?Û t ∈ [0, T ] A�7,¤á. 2d T ≥ 0 �?¿5=

��y(Ø. �

½n 1.1 �y² �§ (1.13) �)�;���5dÚn 3.1 �Ñ. XJ¼ê| (h, ρ1, ρ2) k., �§

(1.13) �f)��35dÚn 3.8 ��. e¡�Ä (h, ρ1, ρ2) Ã.��¹. éu?Û n ≥ 1 �Ä�§

Y (t) = Xt +

∫ t

0

∫ h(n∧Y (s−))

0

∫
D0[0,∞)

w(t− s)N0(ds,du,dw)

+

∫ t

0

∫ ∞
0

∫ q(n∧Y (s−),z)

0

∫
D0[0,∞)

w(t− s)N1(ds,dz,du,dw). (3.12)

Ï� (h, ρ1, ρ2)3 [0,∞)þÛÜk.,dÚn 3.1ÚÚn 3.8,þ¡�§k;����) {Yn(t) : t ≥ 0}.
éu n ≥ 1 - Tn = inf{t ≥ 0 : Yn(t) ≥ n}. d (3.12) �;���5, Ê�� {Tn} 4O, �é

0 ≤ t ≤ Tn−1 k Yn(t) = Yn−1(t). 2d·K 3.1 ´� limn→∞ Tn =∞. Ïd4� Yt = limn→∞ Yn(t) �

3, w, {Yt : t ≥ 0} � (1.13) �). �

½n 1.2 �y² b� {Yt : t ≥ 0} ´ (1.13) �). - f ´ [0,∞) þ��gëY��¼ê, �g�9

Ùcü��¼êþk.�ëY. é x ≥ 0 -

Lf(x) = cxf ′′(x) + x

∫ ∞
0

[
f(x+ z)− f(x)− zf ′(x)

]
m(dz)

+ [h(x)− bx]f ′(x) +

∫ ∞
0

[
f(x+ z)− f(x)

]
q(x, z)ν(dz).

|^ (1.13) Ú�BúªØJuy

Mt := f(Yt)− f(Y0)−
∫ t

0

Lf(Ys)ds, t ≥ 0

�²��È�. ÛÜ/A^ [9] ¥� Proposition 4.2 �� {Yt : t ≥ 0} ´ (1.10) �f). �
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Abstract: By solving a stochastic integral equation driven by Poisson random measures on a path

space, we construct a continuous-state branching process with dependent immigration under a Yamada–

Watanabe type condition for the immigration rate functions. This construction improves the results

under Lipschitz conditions obtained by Dawson and Li (2003), Fu and Li (2004), Li (2011) and others.

Key words: continuous-state branching process; dependent immigration; immigration rate function;

stochastic integral equation; Poisson random measure; Yamada–Watanabe type condition.

MSC (2010) Subject Classification: 60J80, 60H10, 60H20

15


