VE MQT VAI PINH LY GIOI HAN PIA PHUONG

T6 Anh Diing
Truong Bai hoc Khoa hoc Tu nhién, PHQG-HCM

1. PAT VAN PE

Céc dinh ly giéi han dia phuong véi diéu kién can va du cho phan phbi gidi han bat ky mot
chiéu lamot 16p bai toan dong mot vai tro khong nho trong ly thuyét xac suat va thong ké toan.
Tuy nhién trong thuc té ngodi cac bién ngiu nhién mot chidu, con gap céac bién nhiéu chiéu. Vi
vay muc tiéu cia bai bdo ndy 1a mo rong céc dinh ly trén cho cac khéng gian hiru han chiéu.
Ngoai ra, bai bao con xét mot dang dinh Iy gisi han dia phuong khac, do ladinh Iy gisi han dia
phuong cua céc hiéu trén cac khdng gian nhiéu chidu.

Trong bai béo nay chiing ta sir dung mot sd ky hiéu truyén théng sau:

! - Tap hop céc sb nguyén

! - Tap hop céc sb thuc

- Khéng gian vécto s-chiéu véi thanh phan 1a cac sd nguyén

1° - Khéng gian vécto s-chiéu véi thanh phan |a céc sb thuc

2. PINH LY GIOI HAN PIA PHUONG TRONG KHONG GIAN VECTO S-CHIEU
2.1 Pinh ly giéi han dia phwong cb dién
Truéc hét taduarahai dinhly gi¢i han dia phuong da duoc xét trong [4]. Ky hiéu
S, = X, +...+ X, latong c&c bién ngau nhién X,,..., X,
D;(r) =sup|P(S, =m+r)- P(S,=m)|, rT |
ml !

D3(r) =sup|p,(X+r)- p,(X)|, p,(x) lahtmmatdoca S,, X1 ! .
i

Pinhly 211 Giasi ST ! vatdntaiday AT 1 vab T ! (b ® ¥) seo cho khi
ne® ¥

9 A‘Ex -® F(X), (1)
b, 2

trong d6 F(X) 1a ham phan phéi véi ham mat ¢o p(X) lién tuc déu trong ! . Khi d6 dé
X, k=12,...théadinh ly gi¢i han dia phuong, nghiala

aelo Ham- A0, 10
S b g S
déu theo ml !, diéu kién can va du 1a D}1(rn)=0(bn) voi moi day r 1 ! ma

‘rn‘ =0(b,) .binh ly sau cho truong hop lién tuc.

P(S, =m) =

(2)

Pinh 1i 2.1.2 Gia sir (1) thoaman. Bé X, ,k =1,2,...théadinh ly gisi han dia phuong, nghia

la

b, P, (A, +b,x) ® p(x) 3)



déu theo X, diéu kign cin va dii lator n no do ton tai ham mat do p, (X) va DZ(v.) =o(b;*)
véi moi day v, T 1 malv,|=o(b,).

Viéc ngi rong hai dinh |y trén cin cac ky hiéu:
S, = X, +...+ X, latong c&c véc to ngau nhién X ,..., X
Di(r) = sup|P(S m+r)- P(S,=m)|,ri 1°

mi 15

n?

DA(r) = sup|p,(x+1)- p,(X)| . P,(X) lahammatdo cua S, xT 1°,
rfrs

,1/2

| = 8a XP 2, trongdo X =(X ..., Xs) -
Pinhly 2.1.1 Giasr ST !5 vatontaiday AT 13vab 1 ! (b ® ¥)seochokhi
ne® ¥

&s -
Pf.s

A £x ® F(X), 1)
n !ZI

trong d6F (X) 1a ham phan phdi véi ham mat do p(X) lién tuc déu trong ! °. Khi d6 dé

X, , k=12,...théadinh ly gi¢i han dia phuong, nghiala

@16 am- A D, el 0

P(S,=m) = ++0 )
O e T

ddu theo mi '3 didu kien cin va du 1a D\ (r,)=o(b;®) véi moi day r.T 1°ma
r.|=o(b,).

Pinh Ii 2.1.2" Gia sir (1') thoa mén. Bé X, , k=1,2,...théa dinh ly giéi han dia phuong,
nghiala

bY P, (A, +0,x) ® p(x) (3)
déu theo X, didu kién cin vadu Ity n ndo d6 ton tai ham mat do p, (X) va DZ(v,) = ol ®)
véi moi day v, T 1° malv,|=o(b,).

2.2.Dinh ly gi¢i han dia phwong ciia cac hiéu
Taky hiéu

V| ladinh thac caamatran V

ka () laham dac trung caa Xy,

f, (@) lahamdactrung cua s, .

Pinh 1y 2.2.1 Giasir X, 1 ! c6 ciing phan phdi véi budc cuc dai bing mét, co mémen bac
ba hiru han vamatran hiép phuong sai V khéng suy bién, khi d6



(\;;z(m- gzn),r) exp}- L(V—l(m_ an).(m- an))§+

s S T2
n2epegv
trongdo, a = E(X,) , [d|£ C(F,r)<¥ , Flaphan phdi caaX.

Al (r,m) =

(4)

q
5+
I’l2

Hé qua 2.2.1 Giasir X, 1 1°co ciing phan phéi véi budc cuc dai bing mot véi ky vong
bang khdng, c6 momen béc ba hitu han vamatran hi¢p phuong sai V khdng suy bién. Khi d6 véi
moi hang so r vam

A, (rm)=0cn 2 + ©)
e (7]
Nhan xét 2.2.1 Biéu thic (5) khéng déu theo m. Hon nitatheo (4), ton tai C(F, r) va m, sa0
_§+2

cho Al (r,m )=C(F,r)n 2

Nhan xét 2.2.2 Véi diéu kién cua dinh I)’{ 2.2.1 dinh ly gi6i han dia phuong théa man, tham
chi véi mot danh gia cua o du, tuy nhién dé nhan duoc (4) tu dinh |y gidi han dia phuong la
khdng thé ( can doi hoi ton tai mdmen bac cao hon dé co dugc danh gia so du tot hon).

binh |y sau xét truong hop lién tuc.

Pinh Iy 222 Gia st X, 1 ! ®co ciing phan phéi va véi n, ndo do ton tai ham mat do bi
chan p, (x), ngodi racé mdmen bac ba hitu han va matran hiép phuong sai V khéng suy bién,
khi do

Al(r,x)= Vv (Sx _szm)’r) exp}- L(V'l(x- an),(x - an))u+ ?+2 (6)
(2p)n 2 \/|V| n?

trongdo, a =E(X,) , [d| £ C(F,r)<¥ , Flaphan phéi cia X.

2.3 Chirng minh

1) Changminh dinhly2.1.2' : Taky hiéu
Fn(X) — ham phan phéi cua S, ,

F (A, +bx)- F(x),

e, = sup

s
n =mn,.,n’),
n,=&fe, b4,i=12,..S
[a,b] 1ahinh chir nhat s-chiéu.
Di: Tirdidukién()taco e, ® 0, trdo |,
0,)’'b,p, (A, +b,)=b,’ O  pwdu+h 0 [pn@A+bx)- pwldu=

ul [A,+b,x, A, +b,x, ] ul [A,+b,x, A, +b,x, ]

=A, . F(x)+0(e,)+b 0} o(b;*)

=0,)’ p(x,)+0(,)+0,) o(l)

=o(b,) . Hon nira,




dday, x, 1 [x, x+n ] va A, ., F(x) lahiéu bac k cua F(X) theo cac thanh phan ciia vécto X Véi
cacsdgia hy, ..., h,.

Tir d6, do p(x) liéntuc déu, taco

b, p,(A, +b,x) = p(x,)+o(1) = p(x) +o(l)
Nghialatanhan dugc (3').
Can: Giasirtaco (3), khi d6
Ai(n,)=sup|p,M, +x)- p,(x)|
Ars

s| ®&+n - A O a&-AG -5
:supbns p " Le-p ”3+0(bn )
s g bn %] g n
:O(b;ls)

. n
vi p(x) liéntyc tuyét doi va b—” ® 0.Dbinhly chtngminhxong. !
2) Chiérng minh dinh ly 2.2.1
Tir cong thic bién d6i taco

1 . .
Al (r,m) = e 'm0 - e T f (£ dt
(2p)° 9
1 . .
= (e - e ) f (1) di+
@) 9
1 N, -i(m,t) -i(m+r,t)
+ e -e ) [, (@) dt
(2p)’ 3
1
=——[J, +J 7
(2p)S[ ] (7)
trong do,
Q ={r=(@,....1)t|£d ,i=1,...5)
QC={r=(t,...19):[t|£d ,i=1,..,5:f>d }

Vimatran V xéc dinh duong nén c6 thé chon d sao cho cau {|t|£d} nam trong elipxoid:
i R Et.X, - 293/2 §
Lt 1s (v g sup B0 = @ ! 5
T =1 E\t,X, - a)| b
Vavai d @6, sir dung dinh ly 8.4 caa[2] tanhan duoc

e- (an,t)- g(w,r)

Jl — (\)(e— i(m, 1) _ e—i(m+r,t) dt +
||£d
+ é(e— i(m, 1) _ e i(m+r,t)) q I3,n n3/2(Vt’t)3/Ze—Cn(Vr,t) dt
lled
:JU +J12 (8)

trong d6, I, 1aphan so Liapunov:



49 j
n aE(|(t,Xk- a)| )
- k=1 7 - (j-2)/2 i3
Ij,n - ‘Sll‘l_l é B NTE n ’ (.] 2’)
g 4 ,
g 'Q Et.X, - a) U
e k=l u
Taco
N, -itm Cimer - (an,t)- (V1)
Iy = Qe - iy 2 dr -
1S
< itm Cimer -(an,n)- (Vi)
- O(e (.r)_e (+,r))e 2 dt:‘]lq_h]lqp (9)
|1]>d
Theo cong thirc bién ddi ta co
(2p )S/Z oe- ZL(V '1(m— an), (m- an)) - %(V’l(m+r— an), (m+r- an)) O
qu’: 512 ¢e ’ me -
n*? J|V|é 2
Tur d6, sir dung khai trién Taylor tai diém m , nhan duoc
(V *(m- an), F) - LV - an). (- am) &-320
J¢= 52 e " +09n 2. (20)
n? (2p)" V| ¢’
Tiép theo,
< v oy - oven
|J}¢|£C0e2 dt =Ce * O¢"’ dt
|t|>d |t]>d

trong 6, (@ { 11 15:|¢[>d} va C=C(F).

Chu y rang, néu a, lagiatri rieng nho nhat cia matran V , thi gid tri nho nhat cia dang
toan phuong (V?, 1) véi dieukién |¢|=d stlada.® 0.Vivay

-2 da.
L P C2% * . .
|J}¢|£Ce D O¢* " dr 2% 0¢ Ve dy
'S n 1S
Do V déi xing, khéng suy bién nén ton tai matran Q sao cho Q% Q =K, trong d6 K 1a

ma tran dudng chéo, tao thanh tir cac gid trj riéng a, cia matran V . Dé tinh tich phan cuéi
cuing, taddi bién véi t =Cx :



trong do x =(x,,...,xg) .
Nhu vay,

C e -Cn
JOGE ———
| 1¢| nS/2
vatir d6 nhan duoc

5t2 4
2

x -
J¢= g

&'I-O

Bay gio tadanhgia J,,
| =

ll£d

-i(m, 1) _ e—i(m+r,t) |CI | I3 ) n3/2 ‘(VI,I)yZHE’_ Cn(Vi,1) dt £

3/2

|q | (Vt l_)3/2 -Cn(Vt,t) dt -

£C d( )|

=—— d(r, u)| (Vu,u)’? e V" du £

£ C|q| dr” u| (Vu,u)’? ¢ Mgy £

1S

\ * 4 . kuz
— dr|a |u| e M ay £
!S
C(F,r)
542
n 2
trongd6é a’ lagiatri riéng I6n nhit chamatran V .
Cubi cuing

£

.| £C Q)f,(0)|ar
Qe
Vi X, lavécto ngau nhién véi thanh phan nguyén véi budc cuc dai bang mot nén
[fo|<1,:1 Q¢

0 déy f(t) ham dac trung cia X;, Do vay
=a", a=a(F,d)<l1

1 Qe
Tur d6 nhan duogc |J2| £2p)° a*. Nhu vay

5+2 &
&_TO

J, =09n -
e [%]

(11)

(12)

(13)



Con lai, thay (10), (12) vao (9) ; thay (9), (12) vao (8). Vatu (8), (13) va(7) suy ra (4).
binhly 2.2.1 dugc chitng minh xong. !

3) Charng minh h¢ qud 2.2.1

Theo dinhly 2.2.1, doa=0taco

-1 N .. ;.52
A, (r,m) = S+(2V m;r) exp%-i(V‘lm,m)%+ 9 =O0cn *
e

)\ 542
nT(zp)E\/M I 2n 2

Chuang minh xong. !

n

4) Chang minh dinh ly 2.2.2
Tur diéu kién bi chan cua ham mat d6 p,,(x) suy raham dac trung f, (1) kha tich tuyét ddi,

nghialaco cong thic bién ddi cho n3 2n, . Vi vay,

A (r,x)= (2; 5 e - e f(x)dt
1 é hY - (x,t -i(xtr,t hY -i(x,t -i(xtr,t l:,J
=8 (e L+ (e - ) )
2p) 8)cd |t[>d H
1
_W["f"‘]z] (14)

trong d6, d duoc x&c dinh trong chirng minh dinh ly 2.2.1 vatuong tu ta nhan duoc

J = (V- (Sx -S+czm),r) exp}' L(V'l(x- an),(x - an))g"‘ (S:I+z (15)

@y v
oday |o |EC(F,r)<¥.
Taxét J,

I’l2

é
LEC Qlf.|dt=Cé ¢ [f,0]dt +

|¢]>d Ba<|:|eH |t|>H

u
f(0]dt G=C[I, +1,] (16)
¢

Tacs I, = O) £, 0 O |, (0] dr, trongdo T {11 15:d <|1|£ H}. Theobs dé

k=2n+1 d<‘t‘£H
2[3]
& t | g
@) ‘ka(tq)‘ £ expi-2(n-2n)) . inf B L(Xl’d)y
k=2, +1 i gﬁ\d\fg p
O |, (0]dr=C (F.d.)<¥
d<|t|EH
va



trong 46 L(X ,d)= inf (‘)< (x-a,d >2Pk(dx) ,d1 15 (xem[5]). Va <a > lakhoang céch
! al 15 =

tir sb nguyén gan nhat déna .
Vivay I, £C, exp{- 2(n- 2n,)CY hay

e-20
I, = ogn = a7
e @
Tiép theo taco
A
= O |ka(t@| 1(t)|dt
k=2n+1 i|oH
trong d6 @ {tT RN H}.Va
O £y, (19 £exp{ 2n-2m) inf L(Xl,d)]
k=2n,+1
1nf L(X .d)3 C@ (vé6i H nao do du 16n)
jals 2
Vay
-2 0
I,=o¢n * = (18)
e 2

Cudi cuing, tir (14) — (18) suy ra(6). Pinh ly 2.2.2 duoc chiing minh xong. !

3. KET LUAN

Bai bdo c6 thé phét trién theo mot sb huéng sau:
- Néi rong céc dinh |7 trén ratrudng hop vé han chiéu.
- Xem xét ung dung cac dinh |7 trén trong cac md hinh théng ké phi tuyén.
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