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§1.1 ��{ü��ÅÄåXÚ

3Ôn9/¥Ôn¥§/âf0�$Ä¬É��Åå��^"3�

��m¥§âf£Ä £P�x§�§É���{å−γẋ£Ù¥γ ��
K�¤§��	åK(x)±9���Ååξ(t) �K�§ÙêÆ�.�

ẍ+ γẋ = K(x) + ξ(t).

éu��É��Åå�ü{$Ä§ÙêÆ�.�

ẍ = sin(x) + ξ(t).

§1.2 {0��#Öµ5An Introduction to Stochastic Dynam-

ics(�ÅÄåXÚ�Ø)6

3A^êÆ+�¥§<�éu�ÅÄåXÚ�ïÄ,��5�ß

þ§�k
ïÄö�U¬Ï�"y7���£���Ö�ÅÄåXÚ
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5An Introduction to Stochastic Dynamics(�ÅÄåXÚ�Ø)6

±ã7xõc5¤�Ç�ïÄ)�§/�ÅÄåXÚ0ùÂ�Ä:?

�"ÆSù���Æ)¥§n©��´A^êÆ;��§Ù{n©�

�5gÔn!)Ôó§!á�ó§!>fó§�;�"�Ä�Æ)é

u�©�§!ÄåXÚ!VÇØ9ê�©Û�ÆS§ÝØ�§�
k

��¯K�?\Ö¥"Ü©SN´CÏïÄ¤J§�)1ÊÙ���

U�ã!18Ù��ÅØC6/§±91ÔÙ��k�pdLévyD(

�XÚ�²þ<º�m!<ºVÇÚ�ÛÜFokker-Planck�§"Ö¥

�y²§k
�[�Ñ§k
K��Ñg´½öë�©z"¿�30

��ÅÄåXÚ¥�#Vg�§¦�U/òÙ�(½5ÄåXÚ¥�

�AVg�a'"

30�
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éu5�~f£1�Ù¤!©Û�VÇØ��µ�

££1�Ù¤!xD(�.£1nÙ¤±9�Å�©�§�'Vg£1

oÙ¤�§�Ö�:Ì�8¥3±en�¡µ

(1) �ÅÄåXÚ¥�þz�I£1ÊÙ¤µÝ!VÇ�Ý!��U�

ã!²þ<º�m!<ºVÇ¶

(2)�ÅÄåXÚ�ØC(�£18Ù¤µ¦{H{nØ!A^Hartman-

Grobman½né�ÅXÚ�5z!��5�ÅXÚ�ØC6/¶

(3) �pd�ÅÄåXÚ£1ÔÙ¤µ0�d�pd�α-½Lévy$Ä

°Ä�ÄåXÚ"
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§1.3 �©�SNSü

�©nã�ÅÄåXÚ�Ä�Vg!nØ!�{�A^§SN�

)Brownian$Ä!Lévy$ÄÚ�Å�©�§9Ù)��x":?Ø

ÏLþz�I!ØC(�!AÛ�{Ú�pd5�5n)�ÅÄåÆ

y�"

e¡·�k0�Brownian $Ä��Å�©�§£§2)§,�?Ø

|^þz�I(§3)!ØC(�(§4)!AÛ�{(§5)Ú�pd5�(§6)5

�x�ÅÄåÆy�"

2 �Å�©�§

g,�ÆÚó§Æ¥�E,XÚo´Ø�;�/¬É�D(�K

�§Ù¥xD(´�{ü�é~���aD("xD(´êÆÏ"�0§

g�'¼ê�).�ù¼ê�2Â²pdL§"du�ÅL§�õ

ÇÌ�Ý´Ùg�'¼ê�Fp�C�§ù¼ê�Fp�C��~

ê§ÏdxD(�õÇÌ�Ý´²"�"=§d&Ò3��ªãþ�

õÇ´���"dux1´d�«ªÇ£ôÚ¤�üÚ1·Ü¤§Ï

d&Ò�ù«äk²"õÇÌ�5��¡�´/xÚ�0§d&Ò

�Ïd�¡�xD([15]"Ù§Øäkù�5��D(&Ò�¡�k

ÚD("pdxD(´Brownian$Ä�2Â�ê§Ùî�½Â´ïá

32Â¼ênØ�þ�"

§2.1 Brownian $Ä

Brownian$Ä��´�N¥]2�â[ØÊE/�Ã5K$Ä�

y�"§´31827c=I�ÔÆ[ÛËA·ÙK|^w�º*	]2u
Y¥ds®¤$�Ñ��â�uy�"Brownian$Ä´�þ©f�Ã

5K$Äé]2��N�â����EÂ�^E¤�§́ �þ�N©

f8N1��(J"�´·�y3¤`�Brownian$Ä´Ä��§§

´��a�ÅL§"���¢ê�Brownian $ÄêÆ½ÂXe[15]µ
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Definition 2.1 (Brownian$Ä). ½Â3VÇ�m(Ω,F ,P)þ��Å

L§§Bt ½öB(t)§XJ÷v±e^�§K¡��Brownian$Äµ

(i) B0 = 0 a.s.¶

(ii) ��¼êt→ Bt(ω) ëY§a.s.¶

(iii) Bt äkÕáOþµé?¿n90 ≤ t1 < t2 < · · · < tn, �ÅC

þBt2 −Bt1 , · · · , Btn −Btn−1 �pÕá¶

(iv) Bt äkpd²Oþ§=é?¿s, t (0 ≤ s < t), Bt(ω) − Bs(ω)

Ñlþ��0§���t− s ���©Ù"

p��m�Brownian$Ä��±aq½Â"

§2.2 Itô�ÅÈ©��Å�©�§

Itô�ÅÈ©�ÑyI�X�Å©Ûý�¿Âþ�m©"

ItôÈ©´éBrownian$Ä½Â��«�ÅÈ©"�X�[¤��

�§Brownian$Ä���¼ê�,ëY§�A�¤k���¼ê�k

.C�§$�??Ø��§ÏÃ{U��¼ê5½ÂÏ~�Riemann-

StieltjesÈ©½Lebesgue-StieltjesÈ©"��5`,Riemann-StieltjesÈ

©½Â¥��ÙÚØ¬±VÇ1 Âñ��½�4�,�3·��^�

e§�ÙÚ�þ�4��3"Itô´|^ù�5�½Â
éBrownian$

Ä��ÅÈ©"

�½���Åo�|(Ω,F ,Ft,P), Ù¥Ft , σ(Bs, s ≤ t) ´�

�t��Brownian $Ä)¤�σ �ê£/¤��Filtration)"�È�Å

¼ê

f : [0,∞)× Ω→ R1, (t, ω)→ f(t, ω)

÷vü�^�:

(i) f ´Ft ·A�§=f(t, ·) ´Ft �ÿ�¶
(ii) f ´²��È�§=E

∫ T
0
f 2(t, ω)dt <∞.∫ T

0
f(t, ω)dBt �½Âµaqu½Â²;V��È©�d{ü¼ê

����ÿ¼ê�§S§Itô�ÅÈ©�´ké{ü�Å¼ê½ÂÈ

©§2d{ü�Å¼ê3þ��ÿ�Å¼êa¥�È�5§�ò½Â
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òÿ���þ��ÿ�Å¼êa"I�5¿�´,3�ÙÚ��E¥,�

È�Å¼ê3�m«m[ti, ti+1] þ���:Ø´�¿�:,�U´§

��à:ti"ù´��Itô�ÅÈ©������",	§ØÓ��:

�ª¬��ØÓ�4�§l½ÂÑ,	��ÅÈ©"~X§é¤k

�m«mÑ�¥:§���´StratonovichÈ©"�©�?ØItô�Å

È©
∫ T

0
f(t, ω)dBt§Ù�A�Itô �Å�©P�f(t, ω)dBt"

/X

dXt = b(Xt)dt+ σ(Xt)dBt. (2.1)

����§¡�Itô�Å�©�§"nØþé�Å�©�§®kéõï

Ä§)��3��5¯K®²)û§¿�k�«/ª�í2§X^�

��OBrownian$Ä�"�´7L
)�´==3�ê�©{ü��

/âUr)²(L�Ñ5"�Å©Û¥�Í¶���úª�áItôú

ª§§�±w��Å��óª{K"b�Xt ��§(2.1)�)§g(t, x)

�Iþ1w¼ê§Itô úªw�·�XÛég(t, x)��©µ

dg(t,Xt) =[
∂g

∂t
(t,Xt) + b(Xt)

∂g

∂x
(t,Xt) +

1

2
σ2(Xt)

∂2g

∂x2
(t,Xt)]dt

+
∂g

∂x
(t,Xt)σ(Xt)dBt.

p���Å�©�§�kaq�Itôúª[15]"

3 �ÅÄåXÚ�þz�I

�
ïÄ²;�d(½.�©�§¤£ã�ÄåXÚ§<�®²

��Nõ½þ��I§XA��§Poincare�ê§áÚf�Hausdorff�

ê§��"§�½þ/�x
XÚ�NA5½ÄåÆ5�"aq/§é

ud�Å�©�§¤£ã��ÅÄåXÚ§·��F"U
���


�±�N�ÅXÚ&E�þz�I"Ù¥§��g,/kþ�§VÇ

�Ý¼ê§²þ<º�m(Mean exit time)Ú<ºVÇ(Escape proba-

bility)��"
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§3.1 VÇ�Ý¼ê

éu���ÅCþ§��·���§�VÇ�Ý¼ê§@o·�Ò

�±O�§�þ�§��±9?¿�p�Ý"�Å�©�§(2.1)�

)X(t) �6�m§Ïd§�VÇ�Ý¼êp(x, t)���mk'"�

xp(x, t)��müz��§

∂

∂t
p = A∗p

¡�Fokker)Planck �§§Ù¥A∗ ��§(2.1)�Ã¡�)¤�A �

�Ý�f§

A∗p = −∂x(bp) +
1

2
∂xx(σ

2p).

éudBrownian$Ä°Ä��Å�©�§§U
��Fokker-Planck�

§�wªL�ª"ù�:�Lévy$Ä°Ä��/ØÓ"�ö���¹

eJ±��wªL�ª§�Ï3uØ´��Ù�§éA�Ã¡�)¤

���Ý�fL�ª"p��Fokker-Planck�§�[15]"

§3.2 ²þ<º�m

²þ<º�m�^5£ã�ÅXÚ3G��m�,���Ê3


õÈ"·�Äk½Â�Å�©�§(2.1)��)�;�l,�Ð©:x

m©§Äg��«�D �>.��m

τx(ω) = inf{t ≥ 0, Xt(ω, x) ∈ ∂D}.

²þ<º�m½Â�u(x) := Eτx(ω), éu¤kx ∈ D. dDynkin ú

ª[15]§éul«�D�,�Ð©:x m©�)£k�UÔnÆ[��

{§¡�/âf0¤§§�²þ<º�m÷ve¡� �©�§

Au(x) = −1, x ∈ D,

u(x) |∂D = 0,

Ù¥A��§(2.1)�Ã¡�)¤�µ

Au(x) = b(x)u′(x) +
1

2
σ2(x)u′′(x).
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XJ«�D�>.§¤£Xêb�*ÑXêσ ÷v�½1w^�§K�

±�y²þ<º�m��3��5��K5"

§3.3 <ºVÇ

<ºVÇ�^5£ãXÚl��G�?\,��G��=�V

Ç"XÚl���<º�,����VÇ��§K`²ù��

�Ø½"lÐ©:x Ñu�âf§�ÅXÚ(2.1)1�gÏLA½�

�Ü©>.Γ ⊂ ∂D<ºÑ«�D�VÇ¡�<ºVÇ§P�p(x)"<

ºVÇp ´e¡Dirichlet ¯K�)

Ap(x) = 0, x ∈ D,

p |Γ = 1, p |∂D\Γ= 0.

Ù¥A��§(2.1)�Ã¡�)¤�µ

Ap(x) = b(x)p′(x) +
1

2
σ2(x)p′′(x).

4 �ÅÄåXÚ�ØC(�

ØCAÛ(�éu·�n)(½5ÄåXÚu�X��^"~

Xéu�5XÚ§(½
A��m��§XÚ�G�ÒÄ��Ù
¶

aq/§3��5XÚ¥§ØC6/äk�Ó�¿Â"q'X§.56

/´k��1w�ØC6/§§�¹�ÛáÚf¿�äk�êáÚ5

�"=¦Ð©£ÑÑ¤XÚ�Ã���§��ò�§��3.56/

þ¡5�Ä§Ò�±��k���.5XÚ"ïÄ.56/þ�X

Ú¬��ü$¯K��ê"¿�duÙ�êáÚ5�§��5w§Ù

þ�)�5���þ�N
���m¥)�uÐ�/§¦�é.56

/�ïÄ�d���2�@Ó��½"�
ïÄ�ÅÄåXÚ§g,

�F"���ÅXÚ�)´XÛüz�"�d7LÄkÚ?éA�V

g§X�ÅØC8§�ÅØC6/§�ÅáÚf§��"
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§4.1 �ÅÄåXÚ

���ÅÄåXÚ§P�ϕ§�)ü�|¤Ü©µ

£i¤D(�.µ��VÇ�m(Ω,F ,P)þ�°Ä6§=§��3���

mΩþ�6(θt)t∈T§¦�PØC§=é¤k�t ∈ T, θtP = P§�(t, ω)→
θtω 3T × Ω�Ω þ�ÿ"

£ii¤XÚüz�.µ��'uθ �cocycle ϕ§=§��½Â3Ýþ�

mH þ��ÿN�ϕ : T × Ω × H → H, (t, ω, x) → ϕ(t, ω, x)§¦�

�x�ÅN�xϕ(t, ω, ·) = ϕ(t, ω) : H → H é¤k�t, s ∈ T, ω ∈ Ω

§÷vcocycle5�µϕ(0, ω) = idH , ϕ(t+ s, ω) = ϕ(t, θsω) ◦ ϕ(s, ω)"

ùpidH´Hþ�ð��f"

3�����^�e§�Å�©�§(2.1)äkÐ©^�X0 = x�

)ϕ(t, ω, x) ½Â���ÅÄåXÚ"

§4.2 �ÅØC6/

�ïÄ�ÅØC6/§ÄkI�ò�Å�©�§=z¤�k�Å

Xê�©�§§,�éù�#��©�§��5����5��\7

����§Ò�±���ÅØC6/��35(Ø[7, 15]"

5 �ÅÄåXÚ�AÛ�{

·�F"^AÛ��{&?�ÅÄåXÚ[5]"

��U�ãµVÇ�Ý¼êp �±w¤(x, t, p)�m�¡"é�

½��mt§p(x, t)������xm(t)¿�X�ÅXÚ(2.1)3��t�

k�U� �"�X�m�£Ä§ØÓÐ©:Ñu�xm(t) �;,Ò

´��U�ã([15, ch.5]§[12])"5¿§��U�ã¿ØL«äN�;

�"

�ÅÄåXÚ�ÿÀ5�µ�C§ÿÀ�{�^uïÄ�ÅÄå

XÚ"'X§Conley�I[9]^u�x�Å©�§±9�Å6�©)�

L«[10, 11, 13]"
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6 �pd�ÅÄåXÚ

e¡·��ÄdLévy$Ä°Ä��ÅÄåXÚ"

§6.1 Lévy $Ä�½Â95�

3g,�ÆÚó§Æ¥§ÄåXÚo´É��Å6Ä�K�"�

´ù���Å6ÄØ
c¡J��pdL§	§·��Ä�k�pd

L§��ÅÄåXÚ"¦+pdL§��êÆ�.§2��A^u�

«äkØ(½5�E,XÚ§�´3Ôn!/¥�Æ!)ÔÆ!zÆ!

Å��Æ��E,XÚ¥§éõE,�y�Ñ�¹
�pdL§"3

éõ��pdL§¥§Lévy $Ä�@�´�pd6Ä���·��

êÆ�.§α)½�Lévy $Äq´�aAÏ���Lévy$Ä"

§�a�ÿÝkäN�L�ª§�BO�"¤±·����Ädα)

½�Lévy $Ä°Ä��ÅÄåXÚ"Applebaum[2]!Sato[36] �Ñ


Lévy $Ä�½Â§aquBrownian $Ä�½Â"

Definition 6.1 (Lévy$Ä). ��Lévy$Ä, Lt ½öL(t), ´���Å

L§§÷ve¡^�µ

(i) L0 = 0, a. s.¶

(ii) ÕáOþ5µéu?¿��m©�t1 < t2 < · · · < tn§�ÅC

þL(t2)− L(t1), · · · , L(tn)− L(tn−1) ´Õá�¶

(iii)²Oþ5µét > s, Lt − Ls ÚLt−s äk�Ó�©Ù¶
(iv) ��;��VÇëYµéu¤k�δ > 0 �s ≥ 0, P(| Lt − Ls |>
δ)→ 0, �t→ s �"

Brownian $Ä���;�'u�m´ëY�§Lévy$Ä��

�;�´më�4�"Ï~·��âVÇ�Ý¼ê5ïÄBrownian$

Ä§���Lévy $Ä�VÇ�Ý¼êéJ�Ñ"Applebaum[2] J

�Lévy-Khintchine úª´Lévy $Ä�A�¼ê�L�ª"

eL(t) ´Rn þ�Lévy $Ä§KA�¼ê´

Φt(u) = Eei<u,Lt> = etη(u).

10



Ù¥§éuz�t ≥ 0, u ∈ Rn,

η(u) = i < b, u > −1

2
< u,Qu >

+

∫
Rn\{0}

[ei<u,y> − 1− iI{‖y‖<1} < u, y >]ν(dy).
(6.2)

ùp�þb ∈ Rn, Q ´n × n��K½é¡Ý
§ν ´½Â3Rn \
{0} þ�Borel ÿÝ§�÷v

∫
Rn\{0}(‖y‖

2 ∧ 1)ν(dy) < ∞"ù�n�
|(b,Q, ν) ¡�Lévy $Ä�)¤n�|"

�aAÏ��~��Lévy$Ä´α)½�^=é¡�Lévy$

ÄLtα§0 < α < 2"§�n�|�(0, 0, να)§Ù¥

να(dy) = c(n, α)
du

‖u‖n+α
.

ùpc(n, α)´'unÚα��~ê"�α = 2�§Lévy$ÄÒ´Brownian

$Ä§¤±`Brownian $Ä´AÏ�Lévy $Ä"

JanickiÚWeron[24]��Ñ
IO�é¡�α)½�Lévy $Ä

�VÇ�Ý¼ê§�´/ª�©E,§¤±·�Ì�´ÏLA�¼ê

5ïÄLévy $Ä"

Lévy$Ä�±���Å6Ä��."'X`3^=�/6N6Ä

�ë6$Ä¥§���Ä�«lâf�U¬²{�X��/Êî0§3

�â�µ6(3���Å��mã�§¬u)a�§=�â����

�6§²L���Å�mã§q�\,��µ6"ù�±Y�¯��u

y�Ìα)½LévyL§�$Ä5Æ",	§α)½�Lévy$Ä®²

y¢�±��°�6N6ÄÚÉ~�ÛÜL¡*Ñ§)ÔÄÏN�§

7K��ÅÞáy�½öXÚ�·�êÆ�."

d	Brownian$ÄÚLévy$Ä�Ü�©Ù�k¤ØÓ"éuα =

2�Ò´��Iþ��ÅCþ��Ü�Oäk��©Ù�A5"Samorodnitsky

ÚTaqqu[35] �Ñ
L�ª§

P(X > y) ∼ e−
y2

2

√
2πy

, y →∞.

11



éu0 < α < 2�§Iþ�é¡Lévy�ÅCþ��Ü�Oäk�

©Ù�A5, =

lim
y→∞

yαP(X > y) =
1

2
Cασ

α.

Ù¥Cα ´�ê§σ´�Ýëê"

3Rnþ^=é¡�α)½Lévy$Ä�)¤�äke¡�L�ª

£Applebaum[2]¤:

Aαϕ(x) =

∫
Rn\{0}

[ϕ(x+ y)− ϕ(x)]να(dy).

�Ò�mà´Cauchy Ì�È©"

·�Ñ��§Brownian$Ä�)¤�´Laplacian�f§ÏLSobo-

lev�m�5�[1]ÚFourier _C�, �±��ù�α)½�^=é

¡Lévy $Ä�)¤�Ò´�ÛÜ�Laplacian �f§=

Aαϕ(x) = θα,n(−∆)
α
2ϕ, α ∈ (0, 2).

ùpθα,n ´�u0 �~ê"

§6.2 dα)½�Lévy$Ä°Ä�ÄåXÚ

·��Äd^=é¡α)½�Lévy$Ä°Ä��Å�©�§�

.µ

dX(t) = b(X(t))dt+ σ(X(t))dB(t) + dLα(t), X(0) = x ∈ Rn.

·�ÏL²þ<º�m!<ºVÇ!Fokker-Planck �§!æ�

5Ú½��nØóä§5ïÄdα)½�Lévy $Ä°Ä�ÄåX

Ú�1�"

§6.2.1 ²þ<º�mÚ<ºVÇ

d^=é¡�α)½�Lévy $Ä°Ä�ÄåXÚ�²þ<º

�mÚ<ºVÇ�£ã�Brownian $Ä°Ä��aq"ØLα)½

12



�Lévy $Ä°Ä�ÄåXÚ�)¤�Ake¡�L«µ

Au(x) = b · ∇u+
1

2
Tr[σσTH(u)]

+

∫
Rn\{0}

[u(x+ y)− u(x)− I{‖y‖<1}y · ∇u]να(dy).

Ù¥Tr´Ý
�,£Trace),H(u)´u�HessianÝ
"

Imkeller ÚPavlyukevich[22, 23], Yang ÚDuan[45] ?Ø
�D(

rÝ¿©���ÿ§éu(x)�Cq�O"Chen�<[8]ÚGao�<[17]

�éOrnsten-Uhlenbeck XÚ½öDouble-WellXÚ§=b(x) = −x ½
öb(x) = x − x3, �Äd����d �pdD(Ún�|�(0, 0, ενα)

�^=é¡�α)½�Lévy D(°Ä��ÅÄåXÚ��.§=

dX(t) = b(X(t))dt+
√
ddB(t) + dLα(t), X(0) = x ∈ R1.

ÏLê��{§éK�²þ<º���'Ï�X½�êα!<º«

�D!pdD(���d �
�'©Û"

Gao�<[17]^ê�O���{§©Û
XÚ�²þ<º�mÚ<

ºVÇÉ�'Ï��K�§Qiao ÚDuan[32] �<^Cq©Û��{§

�Ä
äkpdD(ÚXa�¹e�α)½�Lévy$Ä°Ä��Å

ÄåXÚ�²þ<ºVÇ�w«L�"Wang �<[44, 43]ÏL�Ãþ

jz?n, uÐÑ¦)���é¡α)½Lévy$Ä�/e�²þ<

º�Ú<ºVÇê��{"Ó�§��y
ê��{�Âñ5§¿�

Ä
 Ýëê!¤£�!pdD(Ú�pdD(rÝ!«���é²

þ<º��K�"¿�ïÄ
d��^=é¡α)½Lévy$Ä°Ä

e²þ<º�Ú<ºVÇ"du���/e¯KäkE,5§�
ï

Ä��B§3éL§Ú«��
é¡5b��§Ú\pd�AÛ¼ê§

ò�5����§ü�§luÐ
�«#�ê��{"

§6.2.2 Fokker-Planck�§

VÇ�Ý¼ê´,	���Ï·�n)�ÅCþ��x§Fokker-

Planck�§Ò´^5£ãVÇ�Ý¼ê��muÐ� �©�§[15,

13



ch.7]"§´ïÄ�ÅÄåXÚ1��k�óä"édBrownianL§°

Ä��Å�©�§�Fokker-Planck�§®²ké¤Ù�ïÄ§Sun�

<[41, 42]�Ñ
Lévy$Ä°Ä��Å�©�§3MarcusÈ©¿Âe

�Fokker-Planck�§�L�/ª�í�"����dÔn�µ�Ñ�

�§, ÙØ=U�~k�/�x�pdD(°Ä��Å�©�§�Ä

åÆ1�, �U��NõÔny���., X/¥ÔnÚ)ÔÔn

XÚ¥���5*Ñ�"

§6.3 �ÅÄåXÚ�A^

�ÅÄåXÚ3/¥Ôn§)ÔÔnÚêÆÔn�+�k2,�

A^cµ"

·�3�Äk'ÄÏN��."'XSuel�<�ComK!Co-mS�

.[39, 40]ÚSmolen�=¹ÏfTF-A �.[38][�©z�ÄåÆ�6

uÄÏ>´�(�!½þëêÚ6Ä§�´·��,Ø�Ùù
Ï�

´XÛ��[�1��"¯õ�nØÚ¢�(J[39, 40] ®²y¢D

(3[�©z¥åX'��^§§�±¦ØÓ�G�(Regime)�m�

Å=�"¯¢þ§·�Ñ¿£�3ïÄÄÏL�!�x�ßÝÚ[�

�m�)ÔzÆ�A�§XDNA�=¹!�È�ò�Å6Ä�Ä?�

��5"

Hao�<[21] �Ä
¬5O��.§|^²þ<º�mÚ²þ<

ºVÇ5�x¬5�Ý�Cz�¹"

,��¡§3�
XÚ¥§D(6Äe�æ�5�±¦?Û�

��=�§¿�²L�ã�m��q=�£5"æ�5¿�X§�

�½G���m�,��´k�[22, 23]"æ�5´��¯a�y

�§©Û§��{Øõ§¤±3ù�+��kéõ¯K��ïÄ"d

	§ÏL½������±5ïÄõ�XÚ����½5X

Û"ù«½5ïÄ3(½5XÚ®²kéõ�nØ[27]§�´�ÅX

Ú�áÚ��½5�vkéÐ�½Â§¤±ù
�¡E,´ïÄ�

9:Úc÷�K"
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What Are Stochastic Dynamical Systems?

Jinqiao Duan1,2, Yayun Zheng2, Lu Bai2, Tao Jiang2

1§Center for Mathematical Sciences, Huazhong University of Science and

Technology, Wuhan, Hubei 430074, China

2§School of Mathematics and Statistics, Huazhong University of Science

and Technology, Wuhan, Hubei 430074, China

Abstract: This is a survey and review about stochastic dynamical

systems. This includes basic concepts, theory, methods and applica-

tions. More specifically, this article discusses Brownian motion, Lévy

motions, stochastic differential equations, and methods to examine

stochastic dynamical behaviors via mean exit time,and escape prob-

ability, Fokker-Planck equations, invariant manifolds, most probable

phase portraits. Finally, an overview about the new book/An Intro-

duction to Stochastic Dynamics” (by Jinqiao Duan) is provided.

Key words: Brownian motion; Lévy motions; stochastic differen-

tial equation; stochastic dynamical system; Fokker-Planck equation;

invariant manifold
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