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ELSINBMWT D 7R, (B T BEVL W5 77 #2 (Stochastic partial differential equation)
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A XSPDERIMERF R FIBT 746 T E 2070 AX, ALHEAS [F] 28 84 07 2 (1) fif B A7 78 1
I — 1k DL A A SR 45 1) 3L, Tt (1984), Rozovskii (1990), Ghanem (1999), Balan (2012)%
TE VBRI . A7 XSPDERIGLiHEWT AT 78, G457 2t S8l vt inl @i %, W46 T btk
L0, B AT 2 W Hiibner45(1993), Huebner flRozovskii (1995), it + 2 A7)
A V2 % #F 155 (W Prakasa Rao (2000, 2003), Zhang#1Lin (2008), Cialenco (2010) 5
HH R SCHR).

Prakasa Rao (2003)#f 5T | 4SPDE

dUL(t,z) = b(0)(AU(t, x))dt + edWg(t, x), (1.1)

HoA =02/022, QR Lo[0, 1] EWienerid e W (¢, z) K T ZHF, ORI SEL, &
FHRIL

WPSHE U, (¢, 2)fEC[0, T b7 A FIMEZE I BE, Hiibners (19931 B 1 {Pj /2 #F 7 1.
PR, FRATTRRAEZY (1.1) 975 7 SPDE.
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Us(t,x) = > Uie(t)ei(x),

78
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He{e;(x),i > 1}ERHETFQWIERZ R, {Ui(t),i > 1}52U-(t, z)Fourier £ 44. % T Fourier
R, () ELE E I R X 8]0, T)_E T EHOWM, Prakasa Rao (2003) 561 % BibbyflSgrensen
(1995) AT 4 th ) 77 V2550 S 4R H0b(0) 25 HAG T, SR G IRIE B0 = b1 (b(0)) %5 Hh S H0 1k
THE. EZR(0) > OMHARYILE 251, UEW] T 2 Fourier 28 251 B HOW I AAR (RIAE A R
BT IET I, ofh R S-S PE AT I EASTE.

AN E: T Fourier R EULE 45 %€ I [8] X [8][0, T'] L HNE SRR AFIE, X T FEHHSH0E
g MR R TH B (MLE), FRAE— & BRI S A T (A EEKRB(9) > 0), IEH] T 4/ 41
Tile 1 OB, MLER 5 AH & VEAA T IEAS 1.

§2. RXFHSEELER

X FR(LL), FAVEE S MO AR E A X [A], FAHOZOM — W &, H5 Bk
Mth HZHTQ = (I — A7, Kb DR BRAE T, MQWRHER g = (1 + (7i)?) ! =
(L+X)75 0 > 1, MR IE A R Ne; = sin(ing), 4 > 1. WERBIERZ &{ey, ... ey o4E
T2iE], UN(t, 2) RU(t, o) (28 E_ R, W

HrhFourier U, (t)i /& T %1 Ornstein-Uhlenbeck /7 72

3

dUic(t) = —=b(0)\iUsc(t)dt + ———
(1) = ~bONVie ()t + =

aw;(t), 1<i<N, (2.1)

HLi R ha 21

1
1
Ui (0) = v, v; = /0 v lg(x)ei(x)dm, 1<¢<N.

Me = OfF, JFE(2.1) 28 Bt~ # o 7 i
dUso(t) = =b(@)\Ujp(t)dt,  1<i < N. (2.2)
FiE 1 PLEENE T2 ML Rozovskii (1990)FI/-44.

BLAE, TATDR Y 12 T Fourier REU; (1), 1 <4 < NLELGER R X[H[0, T) 1 ) L
ABE, A TR (1.1) TSRO0 i .
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B, HGirsanoviE 2 (Girsanov, 1960), J7F2(2.1) X B FI0FEUALLIR B 2N
T
Lia(e)zl/ B(60) — ()] A/ N + LU (¢

9

0
252/ {[b(8g) — b(B)] N/ Ni + LU () }2dt. (2.3)
MR A& Laredo (1990) B i &1, LRI 7 @isup L (0) A7 AE, L, JATAIRAGITHE(2.1) S
0O

WM R (MLE), 108, WA 0 2 51,
EH 2.1 EEREEANHT, il
(I) XHE—0 # 6o, b(6) # b(6o):
(I1) XHE—0 € ©, b(O)FAEH Tk SHL, 18 by (6):
(I11) 77 7E© L 1545 I FE R Ko (6) 75

01
b1(¢91) — 51(92) = , bg(Oé),u(dOé) Xil"f}_%'b\ 01,05 € @;

(IV) JrF2(2.2) IRUS (t) T 2
T
0< / (U4 (0)]2dt < 400 as.  IHEE 0 € O,
0

T B0 6 S B M, B
0;. — 0y as. M e — 0K
TE 2.2 TETH2LINKME T, 80,00 L wiir Ea

1B — 60) 2 N(0, b;2) e — 0,
T
b = A2(\i + )b (60) / (U5 (s))ds.
0

N R N
= (2 00e) /(2 2).

W0, 1< i< NEMSIHE, 57500 T 8.
IR 2.3 EEHLIMEMLT, H

0. >0y as. M e —0n,
0. —00) 2 N(0,672) M08,

Horip? = z 2.



186 N FANEZE STt i i

FIE 2 RIECL L EHEATAL 0, 1< i < NAHOE 00T £, (20, g —
Bie, 1 < i < NEGHENT L.
§3. EIEAYIUERH

NAERH EHE2 1 FN g FE2.2, 7R Jedh H T 41 5] BE.
SIFE 3.1 WA RS (t) Malt), XHL > 0, 2

o(t) < alt)+ L/o o(s)ds.

JUES)
o(t) < alt) —i—/o Pt (s)ds. (3.1)

MERR: 2 DLGihmanAISkorohod (1972) 5 HHP.414EHH. O
T, BATE T FE(2.1), (2.2)E‘Jﬁﬁﬁa\%w\jUia(tﬁﬂUm(t}.
513 3.2 EEH2 1M, HME SR f (x), A

T T
lim /0 F (Ui () dt = /0 fUn®)dt s (3:2)
XHE—LipschitzZ 22 R 8 f (x), B

lim/ F(Uic(t))dW;(t /f 50(t))dWi(t a.s. (3.3)

WERR:  H(2.1)%0, XHME—4E M0 € OFIES e # o, B

¢ teg—e
Uisl(t)—Uisg(t)Z/ (—5(9)/\1)(%1(8)—UiEQ(S))dSJr/ 2 aw; (1),
0 0o VAi+1
i
sup |Use, (t) = Use, (1)
0<t<T
§01 sup /|U151 — Uiy ( |ds + sup /|5152|dW }
0<t<T 0<t<T

gcg{/o Ve, (5) — Uiey (s))%s + | / o1 — 2aldWi(s)] }.
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HACr = C1(0,\) >0, Cy = Cx(0, X, T) > 02F FRAGHE . DA i BEHLAR 2P 5 v] 15

E sup |Uigl (t) - Uisz (t)|2
0<t<T

T T
< 02|:/ E sup |Uic, (8) — Uiey (5)] dt—i—/ (e1 —52)2dt
0

0<s<t

T
= OT(e1 — 29)? + O / E sup |Use, (s) — Us, (s)2d1, (3.4)
0 0<s<t

X H(3.1), &ATH

T
E sup |Ui, (t) — Uie,(t)|* < CoT'(e1 — £2)? +/ eI 0ot () — &9) dt
0<t<T 0

< [CoT 4 CoT%%2T (g1 — £3)?
=: My(e1 — £2),

HrMy > ONAIRIHE R

lim sup |Use, (t) — Ui, (t)] =0 a.s.
E177€2 0<¢<T

PATATHUE 24 1) I e, XL E e € (0,e0)FHUELLRELS(+), Uic()F f (U= () H 2 H
FRE. TARIERR A SISO B, RIAS(3.2) AL
#i f () /& Lipschitz 25 bR £, WIAAAEHEL > 0, 113

[f(@) = f)] < Lz —yl  MER 2,y € (—00, +00).

PRI FIBEATLRR PE IR D6 45 4 (3.4) 19
T
e| [ 1) - 50w = [ Wi 0) - r)a

<L%. / ! E[Uic, (t) — Uie, (t)]2dt
0

< I2T-E sup [Ui, (t) — Uiey(t)]2
0<t<T

< LPTM; - (1 — €9)?
=: My(e1 — €9)?,
Hori My > 09 RIHEH. B (3.3) 4. O
SI3E 3.3 (RS2 1IMNA T, AAEA R HEEM > ofEfs

T
lim sup / B(0) — bB)|U(AWi(t) < M as.
e—=Ugpco
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MERR: B HE 2. 1044 (1), (IT) Al Cauchy-Schwarz A %538, 15

{/OT[b(e)—b(eo)]U / /00 b1(c)Uic (t)dad Wi(t )}
:{/9 bl(a)/o Uie(AW;(1)da}
< [(taa [{ [ vetwawio} aa

e
Esup { /0 16) — e Ui} < E /@ B (a)da /6 { /0 UL awio)} da

_/eb%(a)da-/@/OT EUZ (t)dtda.

N H(3.2)n 15

hmEsup{ / T[b(@)—b(Go)]Uie(t)dWi(t)}Q < /@ b2 (a)da - /@ /0 ' EU2,(t)dtda.

e=0 geco

R, fEEE2. 561, AAER IRIHEM > 0fifs

T
lim sup/ [b(0) — b(00)] Ui (t)dW;(t) < M a.s. O
e—=0gco

PUAE, FRATTRAE I 2 FE2.1.
EIE2.1R9ERR: B (2.3), AT 2 Lo (0) 3 fR B EB 7, 55— 8B 7 A2 BEALA 4>
T, 5 5y e @A o i, B

T
E2Li€(0)—€/ (b(Bg) — b(O)) Ni/ Ni + LU (t
0

T
—;/ [b(8) — b(0)]2N2(1 + \)UA(t)dt. (3.5)
0
H 5l #3.3, 15
T
lim supa/ (b(6o) — b(0))XNiv/ Ni + LU (t )=10 a.s. (3.6)
e=0gco Jo
[RIE, FRATT R 75 5 B AR 4 AT 1518

E X .
Kio(6) = /0 b(6) — b(00) U2 (1)dt.
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R (3.2), XHME—4HEMO c 0, H
lim [ Kie () — Kio(6)] =0 as. (3.7)
IR 5 B2, 19 B 2544 (D) A (T FE &5 & 51 23,2, FRAT A BUIE $eo MRS, AL, 00 €

Offle € [0,e0), H
|Ki8(61) — Ki8(92)| S M|01 - 92‘ a.s. (38)

RO I X [, KR A IR o € 2, XHAER M0 > 0, AAERRD R0, ..., 0,815

©c U{0:10-06; <3}
j=1

454 (3.7)F1(3.8), AIHERS

lim sup |K;-(0) — K;0(0)|

e—=0gco
< lim sup |Ki(0;) — Kio(0;)| +lim sup |K;-(61) — K;=(62)]
e=01<5<n e7010,—02]<5

+ sup |Kio(61) — Kio(62)]
101—02] <6

< 2Mé a.s.
AT EM, AITA

lim sup |K;-(0) — K;0(0)| =0 a.s. (3.9)
e—=0gco

T4, HH e B SR A AT 90%%»1%l‘uﬂﬁﬂggg)&ow)ﬁ@ﬂﬁ—ﬁﬁ. [Fi, B (3.8) ZilE, K;-(0)F

Kio(0)#6T-05E. Ik, 454 (3.5), (3.6)F1(3.9) AT %1, #KI i Bsup Li. (0) IR0, 1 &
0cO

lim @6 =0y a.s. O]
e—0

PR 22, FRATIRAIE B 0;. (K147 U7 TE 254k
EIE2.2M0ERR: 5

o = | B / O Bytas) .

MIAEEH2 1%L, A
b(0) — b(bo) = [M(0) + b1(60)](6 — bo)-
H(2.3), AT Lo (0) 70 RN

Lie(9) = [Aic + 4O (60 — )] = 3 (B + Bel@)le '@ —00), (310
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o
Aje = Xiv/Ai + 1b1(6o) /OT Uie (t)dW;(2),
B = XOu+ 108G [ V20
Au0) = 25+ [ C RO U (Wi (),
Bi(0) = \2(\; +1) /O TW(@) + 2h(0)by (00)|UZ (t)dt.
N THRATTRE 73 AR X P AT 3 18
T, RAEREALER 2 oA R 2 (2 WM ckean, 1969), H
Aie 2 N(©0,02) e 0H, (3.11)
Hrp .
1 = MO+ D) [ WP
M5 #E3.27] 15
Bie — b7 as.  ¥e— 0R. (3.12)

BUTE, BATREEHE =T A (0). EREDIR(9)HI5E IFFIH Cauchy-Schwarz R, A

~ ~ T 2
@) < 00,50} [ { [ B0V TFATL0aW0)} ),
PRIk, 0718 51 BE3.3HUE A J5 25, A TATHUR $eg > OFMIM > OfEfFXHMERe € [0,80], H
E[Ase (0:2)]* < Mp{[0o,0::]}.

Hh M o HE S S 52,1 1045 R, Timm 0ic = 0 a.s., {3

-~

Aic(0ic) = 0 as. M e — 0K

A RIS, AT AL B

~

BZ-E(HiE) — 0 a.s. i—fl e—0 EH‘
é\
Oic = 0y — z’;‘Bi;lAiE.

I ER (3.11)A1(3.12) A1, 24e — O,

Oic >0y as.  FM e B —0p) > N(0,b72). (3.13)
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WL () = sup Li-(0) > L(6;.), 1 (3.10) AT 445
(e Bie — 00))% — (= (Bie — 00))?) + 240 B2 (e (Bie — 00)) — (=~ (Bre — 60))]
< 2B M (R:(0:c) — R-(6:.)),

o
Re(0) = Aie(0)(c™" (B0 — 0)) — %Bz‘e(G)(fl(@o —0))*.

FEEFAB = (0 — 6p), WA
(7 (B — 00)) — (e (0 — 00))]* < 2B (R-(0ic) — Re(0;))-
WA LA _EIE BRI, e — OB, R.(6:) — 0 as. HR.(0;c) — 0 a.s., Mifi

e (05 — 00) — e (i — 00)] = 0 aus.

o~ ~

R, e=(0;e — 0o) BB Fle 1 (0;. — 0o) M FHHTIE 43 4. £H(3.13), RITS
e 1B — 00) D N(0,b72) M e—0R
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Asymptotic Properties about MLE of the Parameter in

Some Singular Stochastic Partial Differential Equation

ZHANG CAIYA

(Department of Statistics, School of Computer and Computing Science, Zhejiang University City College,
Hangzhou, 310015)

In this paper, the singular stochastic partial differential equation with an unknown parameter and
a small noise is studied. The maximum likelihood estimator of the parameter based on the continuous
observation of the Fourier coefficients is proposed. The strong convergence and asymptotic normality of
the estimator are established as the noise tends to zero.

Keywords: Stochastic partial differential equation, maximum likelihood estimator, strong consis-
tency, asymptotic normality.

AMS Subject Classification: 62M40.





