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@ Dit vin dé
@ Udc luong diém
© Uéc lugng khodng
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@ Dit vin dé
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Q@ Uéc lugng va ¢d miu
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Chuong 6. USc luong tham sb téng thé

@ Dit vin dé

@ Udc luong diém

© Uéc lugng khodng
Q@ Uéc lugng va ¢d miu
Q Bai tip
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D3t van dé

Gia st w, = {X1, X2, ..., X,} 13 mét mAu ngu nhién sinh bi bién ngiu
nhién X cé quy ludt xac sudt Q(x,0). Van dé dat ra la:
© Udc luong tham sb chua biét 6 cda tdng thé Q bao gdm u, 2, p.

IR R A ORI E Ly thuyét Xéc suit va Théng ké Toan hoc ~ Ngay 12 théng 10 nim 2013 6/ 60



>/

D3t van dé

Gia st w, = {X1, X2, ..., X,} 13 mét mAu ngu nhién sinh bi bién ngiu
nhién X c6 quy ludt xac subt Q(x, ). VAn dé dit ra la:
© Udc luong tham sb chua biét 6 cda tdng thé Q bao gdm u, 2, p.
@ Ham uéc luong 13 cic théng ké ctia m3u

A

0 = f(wn) = (X1, X2,..., Xn)
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D3t van dé

Gia st w, = {X1, X2, ..., X,} 13 mét mAu ngu nhién sinh bi bién ngiu
nhién X cé quy ludt xac sudt Q(x,0). Van dé dat ra la:
© Udc luong tham sb chua biét 6 cda tdng thé Q bao gdm u, 2, p.

@ Ham uéc luong 13 cic théng ké ctia m3u
0 = f(wn) = F(X1, X2,..., Xp)
@ Udc luong diém
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6.1 Udc luong diém

@ Udc lugng khéng chéch
@ Uéc lugng viing

© Udc luong hiéu qua

@ Udc luong hop ly cuc dai
@ Udc luong theo md men
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Uéc luong khéng chéch

Dinh nghia

Théng ké § duoc goi 1a mét udc lugng khdng chéch cha tham s6 0, néu

E(G) =0

@ Ban chit 13 ding thic

E(—0) =
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Dinh nghia

Théng ké § duoc goi 1a mét udc lugng khdng chéch cha tham s6 0, néu

E(G) =0

@ Ban chit 13 ding thic

E@G—-0)=0

@ Néu E(f) +# 0, thi théng ké 0 13 uéc luong chéch so véi tham sb 6
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Uéc luong khéng chéch

Trung binh m3u X = %ZJ'-'ZI X; 1a mot uéc lugng khong chéch cia tham

sb téng thé I

@ Dung dinh nghia va tinh cht cta ky vong, ta c6

E(X) = EC Y X) = - > E(X) =
=1 j=1
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]
Uéc luong khéng chéch

Trung binh m3u X = %ZJ'-'ZI X; 1a mot uéc lugng khong chéch cia tham

sb téng thé I

@ Dung dinh nghia va tinh cht cta ky vong, ta c6

E(X) = EC Y X) = - > E(X) =
=1 j=1

@ Diéu nay khéng phu thudc vao ¢ m3u va ding cho moi quy luat xéc
sut
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Uéc luong khéng chéch

Phuong sai miu S2 = %EJ"ZI(XJ — X)? 1a mét uéc lugng chéch clia

phucng sai téng thé o2

© Duing dinh nghia va tinh chAt cia ky vong, ta c6

n—1
02 # o

n

E(S2)= EC D (%~ X)) =
j=1
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Uéc luong khéng chéch

Phuong sai miu S2 = %EJ”ZI(XJ — X)? 1a mét uéc lugng chéch clia

phucng sai téng thé o2

© Duing dinh nghia va tinh chAt cia ky vong, ta c6

E(S2)= EC D (%~ X)) =

=1

n—1,

@ Diéu nay 13 ly do cin phai c6 phuong sai m3u diéu chinh
n

A 1 — n
2 _ 2: L 2: 2
Sn_ ()<J X) n—15"

j=t
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Uéc luong khéng chéch

LS (X — X)? 1a mdt uéc luong

Phuong sai m3u diéu chinh $2 = 1 1
khdng chéch clia phuong sai tong thé o2

@ Dung dinh nghia va tinh cht cla ky vong, ta cé

n—1 n
n n-—1

02) — 02

E(S2) = E(
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LS (X — X)? 1a mdt uéc luong

Phuong sai m3u diéu chinh $2 = 1 1
khdng chéch clia phuong sai tong thé o2

@ Dung dinh nghia va tinh cht cla ky vong, ta cé

n—1 n
n n-—1

02) — 02

E(S2) = E(

@ Khi n Ién thi phuong sai m3u 13 uéc lugng khdng chéch tiém can cla

tham s6 o2, vi

n—1
0% =o?

lim E(S2) = lim

n— o0 n—oo N
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Uéc luong khéng chéch

Gid st X ~ B,(p), k 13 s5 phép thir thanh cong clia n phép thir doc 1ap
Bernoulli. Khi dé,
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Uéc luong khéng chéch

Gid st X ~ B,(p), k 13 s5 phép thir thanh cong clia n phép thir doc 1ap
Bernoulli. Khi dé,

@ Khi n I6n thi tAn suit m3u f, ~ p. DAy I3 ban chit cla théng ké
(Luét yéu cac so6 16n)
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Uéc lugng viing

Dinh nghia

Théng ké § dugc goi 13 mét udc luong viing clia tham sb 6, néu

Ve > 0, lim P<|é—9|>e)=0
n—oo

© L3 két qua cla Ludt yéu so Ién
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Uéc lugng viing

Dinh nghia

Théng ké § dugc goi 13 mét udc luong viing clia tham sb 6, néu

Ve > 0, lim P<|é—9|>e)=0
n—oo

@ L3 két qua cla Luat yéu sb 16n
© Ban chit: khin 16n, thi § ~ 0
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Uéc lugng viing

7,

Théng ké 8 13 mdt udc luong viing clia tham sb 6, néu

~
pa

© Théng ké 0 13 ubc luong khdng chéch cla tham sb 0
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Uéc lugng viing

Théng ké 8 13 mdt udc luong viing clia tham sb 6, néu

© Théng ké 13 wéc luong khdng chéch cha tham sb 6

@ limp_oo D(0) =0
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Ching minh

Q Xét Ve > 0, do 0 13 mét wdc luong khdng chéch cha tham sb 6,

0<P(]§—6\>:P(]§—E(§)\ze>g
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Ching minh

Q Xét Ve > 0, do 0 13 mét wdc luong khdng chéch cha tham sb 6,

0<P(]§—6\>:P(]§—E(§)\ze>g

1 N
< ?D(e)

@ Né&u D(f) — 0 khi n — oo, ta cé didu phai chiing minh.
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Uéc lugng viing

Trung binh m3u X 13 mét udc luong vitng clia tham sb p, i

@ Trung binh m3u X 13 uéc luong khéng chéch clia tham sb u
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Uéc lugng viing

Trung binh m3u X 13 mét udc luong vitng clia tham sb p, i

@ Trung binh m3u X 13 uéc luong khéng chéch clia tham sb u
@ lim, 0 D(X) =2 =0
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Uéc lugng viing

2 \
, Vi

Phuong sai m3u S2 khéng 13 mdt uéc lugng viing ctia tham sb o
phuong sai m3u X khdng phai 1a uéc luong khdng chéch clia tham s6 o

2
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Uéc luong hiéu qud

Dinh nghia

Théng ké 8 dudc goi 13 mét udc luong hidu qué clia tham sb 6, néu
© Théng k& § 13 mét udc luong khdng chéch cha tham sb 6
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Dinh nghia

Théng ké 8 dudc goi 13 mét udc luong hidu qué clia tham sb 6, néu
© Théng k& § 13 mét udc luong khdng chéch cha tham sb 6
@ Phuong sai D(A) < D(6), véi 0 13 mét uéc lugng clia tham sb 0
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Uéc luong hiéu qud

Dinh nghia

Théng ké 6 con dusc goi la mot uéc lugng khdng chéch véi phuong sai bé
nhat cda tham s6 0
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© Diéu kién dé théng ké 0 13 mét uéc luong khéng chéch cta tham sb @
cé thé dé dang kiém tra
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© Diéu kién dé théng ké 0 13 mét uéc luong khéng chéch cta tham sb @
cé thé d& dang kiém tra

@ Khé khin trong viéc xac dinh su bé nhit ctia phuong sai D(0) so véi
cac phuong sai clia cac uéc lugng khéng chéch khac clia tham s6 6
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© Diéu kién dé théng ké 0 13 mét uéc luong khéng chéch clia tham sb 0
cé thé d& dang kiém tra

@ Khé khin trong viéc xac dinh su bé nhit ctia phuong sai D(0) so véi
cac phuong sai clia cac uéc lugng khéng chéch khac clia tham s6 6

© D6 13 nguyén nhan phai sit dung bt ding thiic théng tin cla
Crame-Rao
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B4t ding thdc théng tin Crame-Rao

B4t ding thiic

Vi moi uéc luong khéng chéch 6 clia tham sb 6, c6

1
nln(0)

D(h)

v

@ Dai lugng /,(6) 1a don vi théng tin Fisher, xac dinh bdi

In(0) = E(% In p(x,6))
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Vi moi uéc luong khéng chéch 6 clia tham sb 6, c6

1
nln(0)

D(h)

v

@ Dai lugng /,(6) 1a don vi théng tin Fisher, xac dinh bdi

In(0) = E(% In p(x,6))

Q@ Bt ding thirc ding v6i moi uéc luong khdng chéch clia tham sb 6

v
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Uéc luong hiéu qud

Két luan

Théng ké 6 13 mét udc luong khéng chéch véi phuong sai bé nhit (hiéu
qud) cla tham s6 6, néu
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Uéc luong hiéu qud

Gia sit X ~ M(u, 0?). Khi dé, trung binh m3u X |13 mét uéc lugng hiéu
qua cha tham s6 pu
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Loi giai

@ D2 dang thiy ring trung binh m3u X 13 mét uéc luong khdng chéch
cla tham s6 pu
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Loi giai

@ D2 dang thiy ring trung binh m3u X 13 mét uéc luong khdng chéch
clia tham sb 7
@ Mt khic, ta c6 D(X) = Z
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Loi giai

@ D2 dang thiy ring trung binh m3u X 13 mét uéc luong khdng chéch
clia tham sb u

@ Mit khic, ta c6 D(X) = &

O Lai khing dinh 13 ding, néu

IR R G CEEEIE Ly thuyét Xéc suit va Théng ké Toan hoc  Ngay 12 thing 10 nim 2013 24 / 60



Loi giai

@ D2 dang thiy ring trung binh m3u X 13 mét uéc luong khdng chéch
clia tham sb u

@ Mit khic, ta c6 D(X) = &

O Lai khing dinh 13 ding, néu

@ Xét don vi théng tin I,(1) cha bién ngiu nhién X ~ N(u, 0?)
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LSi gidi

@ Bién X c6 ham mat do6
1
X, = —
p(x, 1) —

e 3 (5H)

N|—=
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Loi giai
@ Bién X c6 ham mat do6

1
p(x, ) = E

@ Khi dd, Inp(x,u) = |”(m}g) - %(%)2

e 3 (5H)

N|—=
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Loi giai
@ Bién X c6 ham mat do6

1

o2

1(x=py2
e 3(55)

p(x, 1) =

@ Khi dé, In p(x,'u) = |n(0\}g) _ % % 2

© LAy dao ham riéng theo p, ta c6

d X —
dTLlnp(X’H) =7
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LSi gidi

@ Bién X ¢6 ham méat db

L dC3y

X, =
p(x, i) —

@ Khi dé, In p(x,u) = ln(m}g) _ 1 % 2

© LAy dao ham riéng theo p, ta c6

d X —
dTLlnp(X’H) =7

Q Suy ra,

g g

(1) = E(i{lnp(x”u)>2 _ E<x—2u>2 _1
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Uéc luong hop ly cuc dai

Dinh nghia 1
Ham L(X1, Xa,...,X,,0) = HJ'-’Zl px;(x,0) dugc goi 1a ham hop Iy clia
tham s6 6

v

Dinh nghia 2

Théng ké 0 duoc goi 13 mét uéc luong hop 1y cuc dai ctia tham sb 6, néu
ham hop ly L(X1, X2, ..., X,,0) dat gid tri cuc dai (dia phuong) tai diém 6
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Thuat toan Fisher tim uéc lugng hop ly cuc dai

@ Xac dinh ham hop ly L(X1, Xa, ..., Xn,0) cha tham sb 0
@ Gidi phuong trinh

d
%mL(Xl,XQ,...,Xn,Q):O

tim diém cé kh3 ning dat cuc tri 0

© Kiém tra diéu kién

d? A
WL(X]_,Xz, e ,Xn,e) < O

© Né&u didu kién théa man, thi théng ké § 13 uéc lugng hop Iy cuc dai
ctia tham sb 0

v
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Giai thich

© Dua vao dinh Iy Fermat: néu ham sb y = f(x) cé cuc tri tai diém xo,
thi 2 f(xp) = 0. (Diéu nguoc lai khdng diing)

@ Dua vao dinh Iy vé cu’cvtri: néu hé7m s6y = f(x) c6 cuc tri tai diém
xo va f(xp) < 0, thi diém xp 1a diém cuc dai ctia ham s6 f

© Do ham s6 f > 0 nén ham sb f va In(f) c6 cling cuc tri.

@ Vi vy ma Fisher d3 xét diém cuc dai clia ham In L(X1, X2y ..., Xn, 0)
thay cho ham L(X1, Xz,..., X,,0) > 0.
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Uéc luong hop ly cuc dai

Gia sit X ~ (i, 0?). Khi dé, trung binh m3u X 13 mét udc lugng hop ly
cuc dai clia tham s6 u
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LSi gidi

@ Xéc dinh ham hop Iy ctia tham s p 13

1 ClS (el
L(X1, Xo, ..., Xn,pu) = (—=)"e 257 i1 (%= 1)
oV 2T
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LSi gidi

@ Xéc dinh ham hop Iy ctia tham s p 13
1

1 2
)e 22 i=1(xi—n)
oV 2

L(Xl,XQ,.. .,Xn,u) = (

@ Gidi phuong trinh
d
d—luln L(X1,X2y..., Xn,u) =0

cho nghiém i =X = 257 | X;
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LSi gidi

@ Xéc dinh ham hop Iy ctia tham s p 13
1

1 2
)e 22 i=1(xi—n)
oV 2

L(Xl,XQ,.. .,Xn,u) = (

@ Gidi phuong trinh

d
d—luln L(X1,X2y..., Xn,u) =0

cho nghiém i =X = 257 | X;

© Kiém tra diéu kien

2

dp?

In L(X1, Xa, ..., Xn, ) = —— < 0

o2
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LSi gidi

@ Xéc dinh ham hop Iy ctia tham s p 13
1

1 2
)e 22 i=1(xi—n)
oV 2

L(Xl,XQ,.. .,Xn,u) = (

@ Gidi phuong trinh

d
d—luln L(X1,X2y..., Xn,u) =0

cho nghiém i =X = 257 | X;

© Kiém tra diéu kien

Q K&t luan, trung binh m3u X 13 uéc luong hop Iy cuc dai cda tham sb
7!
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N
Uéc luong hop ly cuc dai

Gia st X ~ M(u,0?). Khi dé, phuong sai mau S2 13 mét uéc lugng hop ly

cuc dai cta tham sb o2

Xin mai cac ban gidi vi du 2!
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o Trung binh m3u X 13 cic udc lugng tdt cho tham sb u cha téng thé
sinh bdi bién ngiu nhién X phan phdi chuan N(u, o2)
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o Trung binh m3u X 13 cic udc lugng tdt cho tham sb u cha téng thé
sinh bdi bién ngiu nhién X phan phdi chuan N(u, o2)
@ 13 ubc luong khong chéch cha tham sb
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o Trung binh m3u X 13 cic udc lugng tdt cho tham sb u cha téng thé
sinh bdi bién ngiu nhién X phan phdi chuan N(u, o2)
@ 13 ubc luong khong chéch cha tham sb
@ |3 udc lugng viing clia tham s6
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o Trung binh m3u X 13 cic udc lugng tdt cho tham sb u cha téng thé
sinh bdi bién ngiu nhién X phan phdi chuan N(u, o2)
@ 13 ubc luong khong chéch cha tham sb
@ |3 udc lugng viing clia tham s6
© 13 ubc lugng hgp Iy cuc dai cla tham s6

PGS.TS.Trdn Lbc Hing (UFM, 10/2013)
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o Trung binh m3u X 13 cic udc lugng tdt cho tham sb u cha téng thé
sinh béi bién ngiu nhién X phan phdi chuan M(u, 02)

uéc luong khdng chéch ciia tham sb

uéc lugng vitng clia tham sé p

uéc lugng hgp Iy cuc dai cla tham sb 1

uéc luong hiéu qua clia tham sb x

o O O o

o
2]
o
]
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o Trung binh m3u X 13 cic udc lugng tdt cho tham sb u cha téng thé
sinh bdi bién ngiu nhién X phan phdi chuan N(u, o2)
@ 13 ubc luong khong chéch cha tham sb
@ |3 udc lugng viing clia tham s6
© 13 ubc lugng hgp Iy cuc dai cla tham s6 i
@ |3 ubc lugng hiéu qud cla tham s6 u
@ Vi vay, trong nhiéu bai todn théng k& ma bién ngiu nhién X ¢ phan
phdi chuan véi tham s6 p va o2, trung binh m3u X c6 thé thay thé
cho trung binh tong thé u

IR R G CEREIE Ly thuyét Xéc suit va Théng ké Toan hoc  Ngay 12 thing 10 n3m 2013 32 / 60



]
Uébc luong md men

Dinh nghia

Théng ké § dugc goi 13 uéc luong mo men cia tham sb 6, néu né I3
nghiém cta hé phuong trinh

~

Hj = Hj

e &day, fij = E,(X)) =10, Xf 13 m6 men miu cip j,j=1,2,...
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]
Uébc luong md men

Dinh nghia

Théng ké § dugc goi 13 uéc luong mo men cia tham sb 6, néu né I3
nghiém cta hé phuong trinh

e &day, fij = E,(X)) =10, leémémenmgucépjj:12...
o vau =EX)=3"1 xJp,IamomentongthecapJJ—l2...
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Uébc luong md men

@ Trung binh miu I3 uéc lugng md men clia trung binh tf;ng thé W

@ Phuong sai m3u 13 uéc lugng md men clia phuong sai tong thé o2
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LSi gidi

@ VGi j=1, ta c6 phuong trinh

fh = p1 <= X =p=E(X)
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LSi gidi

@ VGi j=1, ta c6 phuong trinh
fh = p1 <= X =p=E(X)
o Véi j=2, ta cé phuong trinh

12 = p2 <= S + (X)? = E(X?) = 0® + (E(X))?
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-
LSi gidi

@ VGi j=1, ta c6 phuong trinh
fh = p1 <= X =p=E(X)
o Véi j=2, ta cé phuong trinh

12 = p2 <= S + (X)? = E(X?) = 0® + (E(X))?

@ Suy ra,
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-
LSi gidi

@ VGi j=1, ta c6 phuong trinh
fh = p1 <= X =p=E(X)
@ VGi j=2, ta c6 phuong trinh
fir = o <= Sp + (X)? = E(X?) = 0 + (E(X))

@ Suy ra,
@ Trung binh m3u X 13 uéc lugng md men cha trung binh téng thé -
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-
LSi gidi

@ VGi j=1, ta c6 phuong trinh
fh = p1 <= X =p=E(X)
@ VGi j=2, ta c6 phuong trinh
fir = o <= Sp + (X)? = E(X?) = 0 + (E(X))
@ Suy ra,

@ Trung binh mau X 13 uéc lugng mé men cia trung binh tong thé Iz
@ Phuong sai miu S2 13 uéc lugng md men clia phuong sai tong thé o2

IR R G CEEEIE Ly thuyét Xéc suit va Théng ké Toan hoc  Ngay 12 thing 10 n3m 2013 35 / 60
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6.2 Uéc luong khodng

@ Dst vin dé

@ Khoang uéc luong cho trung binh téng thé
© Khoang udc lugng cho phuong sai t(’gng thé
© Khoang udc luong cho tin sult téng thé
@ Khoang uéc lugng va cd miu
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D3t van dé

Bai toan

Gia st X ~ F(x,60),60 13 tham s& chua biét, cAn uéc luong. Tir mau
wp = {X1, X2, ..., Xp}, xdc dinh hai thong ké 0; va 03,sao cho

P<é\1<¢9<é\2) =7

@ Khoang <9A1; 9A2> dugc goi la khodng udc lugng tham sb 0
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D3t van dé

Gia st X ~ F(x,60),60 13 tham s& chua biét, cAn uéc luong. Tir mau
wp = {X1, X2, ..., Xp}, xdc dinh hai thong ké 0; va 03,sao cho

P<é\1<¢9<é\2) =7

@ Khoang <9A1; 9A2> dugc goi la khodng udc lugng tham sb 0

o Xac sult y € (0,1) dugc goi la do tin cdy cho khodng udc luong

(ea;e;)
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@ Khoang <€A1; 0A2> con dugc goi 1a khodng udc luong dbi xdng
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@ Khoang <€A1; 9A2> con dugc goi 1a khodng udc luong dbi xdng

e Xéc sudt v € (0,1) thudng dugc chon gin 1 nhu
0.99, 0.999, 0.95, 0.90
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@ Khoang <9A1; 9A2> con dugc goi 1a khodng udc luong dbi xdng

e Xéc sudt v € (0,1) thudng dugc chon gin 1 nhu
0.99, 0.999, 0.95, 0.90

o Mbét sb tai lidu goi (e}e}) véi db tin cly v 13 v%— khoang tin cay
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N
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@ Khoang <9A1; 9A2> con dugc goi 1a khodng udc luong dbi xdng

e Xéc sudt v € (0,1) thudng dugc chon gin 1 nhu
0.99, 0.999, 0.95, 0.90

o Mbét sb tai lidu goi (e}e}) véi db tin cly v 13 v%— khoang tin cay

~
2

o Cic théng ké 7 va 6, thudng dudc chon néu ching 13 wéc luong tht

7
A A P

cho tham s6 can uéc lugng 6

PGS.TS.Trdn Lbc Hing (UFM, 10/2013)
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Khoang uéc lugng cho trung binh téng thé

Gid st X ~ N(,0?), i 1a tham sb chua biét, can uéc lugng. Tir mAu
wp = {X1, X2, ..., Xn}, xdc dinh hai thong ké 0; va 03,sa0 cho

P(é\1<u<é\2> =

@ Gia sir tham sb thi hai o2 d3 biét
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Khoang uéc lugng cho trung binh téng thé

Gid st X ~ N(,0?), i 1a tham sb chua biét, can uéc lugng. Tir mAu
wp = {X1, X2, ..., Xn}, xdc dinh hai thong ké 0; va 03,sa0 cho

P(é\1<u<é\2> =

@ Gia sir tham sb thi hai o2 d3 biét

e M3u dugc chon véi ¢ n dii 16n, trong thuc t& m3u c6 n > 30 duoc
coi la mau I6n
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Co s6 ly thuyét

Dinh Iy 1

Gid st (X1, X2, ..., Xp) 12 miu sinh ra tir n quan sat déc lap clia mot bién
ngdu nhién X ~ N(p, 02). Khi d6, bién ngiu nhién Z = X—;E\/ﬁ c6 phén
phéi tiém can chuin khi n — oo, tiic 13

n—o00 o

X — 1 [
lim P< 'u\/ﬁ<x> =d(x) = — e_%y2dy
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Khoang uéc lugng cho trung binh téng thé

Bai toan 1

Khoadng uéc lugng cho tham sb 1 v6i do tin cdy v xac dinh bdi

(Y—zw%<u<x+z \/_>

o Gia sir tham sb thi hai o2 d3 biét
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Khoang uéc lugng cho trung binh téng thé

Bai toan 1

Khoadng uéc lugng cho tham sb 1 v6i do tin cdy v xac dinh bdi

(Y—zw%<u<x+z \/_>

o Gia sir tham sb thi hai o2 d3 biét
o Trung binh mdu X = Y7, X; duoc tinh tif mAu
wn = {X1, X2, ..., Xp}
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Khoang uéc lugng cho trung binh téng thé

@ Phéan vi chuan mdc v la 73 dugc xac dinh sao cho
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Khoang uéc lugng cho trung binh téng thé

@ Phéan vi chuan mdc v la 73 dugc xac dinh sao cho

e Ham Laplace
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Phan vi chuan mifc 3

@ néu y=0.99 thi 2=2.58
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Phan vi chuan mifc 3

@ néu y=0.99 thi 2=2.58
@ néu v=0.95 thi z3=1.96
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Phan vi chuan mifc 3

@ néu y=0.99 thi 2=2.58
@ néu v=0.95 thi z3=1.96
© néu y=0.90 thi z;=1.65
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Khoang uéc lugng cho trung binh téng thé

Théng ké sb phit di [am mudn clia mét co quan, c6 két qua sau X sb
phat muon: 0, 1, 2, 3, 4 5 6, 7, 8 9
n;—tan sb: 183, 15,16, 14, 13, 2, 1, 1, 1, 1

o Cho biét X ~ N(p, 0 = 0.1). Véi dd tin cdy 0.95 hidy xac dinh khodng
uéc luong dbi xtng cho sé phat di 1am mudn trung binh.
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Khoang uéc lugng cho trung binh téng thé

Théng ké sb phit di [am mudn clia mét co quan, c6 két qua sau X sb
phat muon: 0, 1, 2, 3, 4 5 6, 7, 8 9
n;—tan sb: 183, 15,16, 14, 13, 2, 1, 1, 1, 1

o Cho biét X ~ N(p, 0 = 0.1). Véi dd tin cdy 0.95 hidy xac dinh khodng
uéc lugng doi xiing cho s6 phat di lam mudn trung binh.

o D& sai sb uéc luong khéng vuct qui e = 0.01 véi db tin cay 0.99 thi
can quan sit mét m3u cé ¢ bao nhiéu?
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Khoang uéc lugng cho trung binh téng thé

Gid st X ~ N(u,02), 1 va o2 13 hai tham sb chua biét, can uéc lugng
tham s& p. T miu w, = {X1, X, ..., Xy}, xac dinh hai thong k& 67 va
0>,sa0 cho

P(§3<u<é4> =7

@ Gi3 sir tham sb thi hai 02 chua biét
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Khoang uéc lugng cho trung binh téng thé

Gid st X ~ N(u,02), 1 va o2 13 hai tham sb chua biét, can uéc lugng
tham s& p. T miu w, = {X1, X, ..., Xy}, xac dinh hai thong k& 67 va
0>,sa0 cho

P(é3<u<é4> =7

o Gi3 sir tham sb thi hai o2 chua biét
e M3u dugc chon véi ¢ n di 16n, trong thuc t& m3u c6 n > 30 duoc
coi 13 m3u 16n

IR R G CEEEIE Ly thuyét Xéc suit va Théng ké Toan hoc  Ngay 12 thing 10 nim 2013 45 / 60
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Giai thich

@ Do tham sb thit hai 13 62 ciing chua biét, nén phai st dung mét
thong ké 13 udc lugng tbt cho o2
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Giai thich

@ Do tham sb thit hai 13 62 ciing chua biét, nén phai st dung mét
thong ké 13 udc lugng tbt cho o2

@ Chon théng ké |3 phuong sai m3u diéu chinh S2 vi né 13 wéc lugng
khdng chéch clia tham sb o2
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-
Giai thich

@ Do tham sb thit hai 13 62 ciing chua biét, nén phai st dung mét
théng ké 13 uéc luong tbt cho o2
@ Chon théng ké 13 phuong sai m3u diéu chinh SAE vi né la udc luong
khéng chéch clia tham sb o2
© Nhu vay, xét théng ké
X —

&)
S

T = IUJ\/EN Tn—l

c6 phan phdi Student véi n-1 bac tu do
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Co s6 ly thuyét

Néu X € N(u, o2), thi bién nglu nhién T = 5 n c6 phan phbi

Student véi (n-1) bic tu do
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Khoang uéc lugng cho trung binh téng thé

Bai toan 2

Khoang udc luong cho tham sb u véi db tin cay v xac dinh bdi

_ Sn - Sn
(X —ty(n— 1)% <p<X+ty(n- 1)%>

o Gia st tham sb thit hai o2 chua biét, dudc thay bdi phuong sai m3u
diéu chinh S?
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Khoang uéc lugng cho trung binh téng thé

Bai toan 2

Khoang udc luong cho tham sb u véi db tin cay v xac dinh bdi

_ Sn - Sn
(X —ty(n— 1)% <p<X+ty(n- 1)%>

o Gia st tham sb thit hai o2 chua biét, dudc thay bdi phuong sai m3u
diéu chinh S?

e Trung binh miu X = %ZJ"ZIXJ dugc tinh tir miu
Wnp = {Xl,XQ, e ,Xn}
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Khoang uéc lugng cho trung binh tcA;ng thé khi chua biét o2

(n — 1) dugc tra tir bang théng ké
va dé tu do (n-1)

@ Phan vi Student mic vy 3 ¢t
Student ng véi d6 tin ciy

N2 ]2
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Khoang uéc lugng cho trung binh tcA;ng thé khi chua biét o2

@ Phan vi Student mic ~ la t%(n — 1) dugc tra tir bang théng ké
Student (g véi do tin cdy 4 va do tu do (n-1)

o Trudng hop mau nhd, n < 30 ciing thudng str dung phan phbi
Student dé uéc lugng
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Khoang uéc lugng cho trung binh tcA;ng thé khi chua biét o2

@ Phan vi Student mic ~ la t%(n — 1) dugc tra tir bang théng ké
Student (g véi do tin cdy 4 va do tu do (n-1)

o Trudng hop mau nhd, n < 30 ciing thudng str dung phan phbi
Student dé udc lugng

@ Cha y khi n 16n thi cic phén vi chu3n va student trung nhau (theo
dinh ly tiém can chuin clia phan phéi Student), hay

ty(+o0) =2z

DR
DR

IR R G CEEEIE Ly thuyét Xéc suit va Théng ké Toan hoc  Ngay 12 thing 10 nim 2013 49 / 60




Khoang uéc lugng cho trung binh téng thé

Théng ké s6 phit (X) di vao I6p mudn ctia sinh vién mét trudng dai hoc,
cé két qud thong ké sau

X;:0, 1, 2, 3, 4, 5 6, 7, 8 9

nj:103, 25, 36, 4, 3, 2, 1, 1, 1, 1

o Cho biét X ~ N(,02). V6i db tin cdy 0.95 hiy xac dinh khodng udc
luong dbi xtng cho sb phit vao I6p mudn trung binh cda sinh vién.

PGS.TS.Tran Léc Hung (UFM, 10/2013)
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Khoang uéc lugng cho trung binh téng thé

Théng ké s6 phit (X) di vao I6p mudn ctia sinh vién mét trudng dai hoc,
cé két qud thong ké sau

X;:0, 1, 2, 3, 4, 5 6, 7, 8 9

nj:103, 25, 36, 4, 3, 2, 1, 1, 1, 1

o Cho biét X ~ N(,02). V6i db tin cdy 0.95 hiy xac dinh khodng udc
luong dbi xtng cho sb phit vao I6p mudn trung binh cda sinh vién.

o Xét trudng hop tan suit n; c6 gia tri 1 cho tAt ca gid tri cla X

PGS.TS.Tran Léc Hung (UFM, 10/2013)
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Khoang uéc lugng cho xac suat tcA;ng thé P

Bai toan 3

Gid sit X ~ Bn(p),p € (0,). Tu miu w, = {X1, X2, ..., Xy}, xac dinh hai
thong ké «95 va 96,530 cho

P<§5<P<é6> =7

e M3u sinh ra tir phép thir Bernoulli, véi xac subt thanh cong p € (0,1)
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Khoang uéc lugng cho xac suat tcA;ng thé P

Bai toan 3

Gid sit X ~ Bn(p),p € (0,). Tu miu w, = {X1, X2, ..., Xy}, xac dinh hai
thong ké 95 va 96,530 cho

P<§5<P<é6> =7

e M3u sinh ra tir phép thir Bernoulli, véi xac subt thanh cong p € (0,1)
@ St dung dinh ly tiém cin chu3n (chuong 5)
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Co s6 ly thuyét

Dinh ly 3

Gia st tién hanh n quan sit doc 1ap, véi xac subt thanh céng ctia mbi

quan sat la p,p € (0,1). Goi k la s6 quan sit thanh cbng trong n quan
p " k_ ,

sat, 0 < k < n. Khi dé, bién ngdu nhién Z = —= P \/n c6 phan phoi

v/ pP(1-p)

tiém can chuan khi n — oo, tifc 13

K—p 1 X 1,2
lim P(" n <x> =®(x) = — e 2¥ dy
p(l —p)
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Khoang uéc lugng cho xac suat tcA;ng thé P

Gia st X ~ B,(p), p € (0,). Khi d6, khodng uéc lugng dbi xiing cho xac
sult t8ng thé p véi db tin ciy v xac dinh bdi

<fn_z,y M<p<fn+zl M)
2\/ n 2 n

o Tan sudt miu £, = % I3 udc luong tdt cho xac sult téng thé p
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Khoang uéc lugng cho xac suat tcA;ng thé P

Gia st X ~ B,(p), p € (0,). Khi d6, khodng uéc lugng dbi xiing cho xac

sult t8ng thé p véi db tin cay v x4c dinh bdi

<fn_z,y M<p<fn+zl M)
2\/ n 2 n

o Tan suat miu f, = £ 13 udc lugng tt cho xéc sult téng thé p

n

@ Phan vi chuan 7y xac dinh nhu trong bai toan 1.
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Khoang uéc lugng cho trung binh téng thé

Thim dd 1500 sinh vién hoc n¥m thi nht hé tin chi, ¢6 30 sinh vién gap
khé khan trong phuong phap hoc. Véi do tin cdy 0.90 hdy udc lugng ty 1€
sinh vién gdp khéa khan trong phuong phap hoc trong toan trudng.

@ goi p la ty |1& sinh vién gip khé khan trong phucng phdp hoc cla toan
trudng, p € (0,1). Tan sudt m3u fisgp = oo = 0.02 Véi v = 0.9 ¢6
Z20.45 = 1.65

1500
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Khoang uéc lugng cho trung binh téng thé

Tham do 1500 sinh vién hoc nam tha nhit hé tin chi, c6 30 sinh vién gdp
khé khan trong phuong phap hoc. Véi do tin cdy 0.90 hdy udc lugng ty 1€
sinh vién gdp khéa khan trong phuong phap hoc trong toan trudng.

@ goi p la ty |1& sinh vién gip khé khan trong phucng phdp hoc cla toan
trudng, p € (0,1). Tan subt m3u fis00 = 1ag5 = 0.02 V&i v = 0.9 c6
Z20.45 = 1.65

@ Khodng udc lugng cho p véi dé tin cdy 0.9 la

0.02 — 1.65

0.02(1 — 0.02) 0.02(1 — 0.02)
—;0.02 +1.65¢/ —=
1500 ' * 1500
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Khoang uéc lugng cho phuong sai téng thé o2

Gid st X ~ Ny, 0?), v6i tham s& can uéc lugng 13 0. Khi d6, khoang
uéc lugng ddi xiing cho phuong sai téng thé o2 véi do tin cay 7 xéc dinh

b ) )
(n—1)S2 o (n— 1)53)
—_—— < 0T <
(x%w(nl) ng(nfl)
2

e Cho truéc do tin cdy v € (0,1), tra bing x2, xac dinh cac gi4 tri
xX3_,(n—1) va x4 (n—1) sao cho
= 2

1—
P<X2 <xi.(n- 1)) = P<x2 > X3 (n— 1)> =—
2
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Khoang uéc lugng cho phuong sai téng thé o2

Gid st X ~ Ny, 0?), v6i tham s& can uéc lugng 13 0. Khi d6, khoang
uéc lugng ddi xiing cho phuong sai téng thé o2 véi do tin cay 7 xéc dinh

b ) )
(n—1)S2 o (n— 1)53)
—_—— < 0T <
(x%w(nl) ng(nfl)
2

e Cho truéc do tin cdy v € (0,1), tra bing x2, xac dinh cac gi4 tri
xX3_,(n—1) va x4 (n—1) sao cho
= 2

1—
P<X2 <xi.(n- 1)) = P<x2 > X3 (n— 1)> =—
2

@ Dua vao dinh ly chuong 3
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|
Co s6 ly thuyét

Néu (X1, X2, ..., X,) 13 mét m3u sinh tir bién ngiu nhién cé phan phbi
chuan N(u, 02), thi 25152 c6 phan phéi x2_; véi (n-1) bac tu do

o2
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|
Khoang uéc lugng cho phuong sai téng thé

2 A A Ay 2 2 A A N, R 7 A A
Do chi s6 trén huyét 4p cia mét s6 ngudi cao tudi, c6 thong ké sau

129,132, 140,138, 143,133, 137, 140, 143, 138, 140

e Tinh trung binh m3u X va phuong sai miu S?2
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|
Khoang uéc lugng cho phuong sai téng thé

2 A A Ay 2 2 A A N, R 7 A A
Do chi s6 trén huyét 4p cia mét s6 ngudi cao tudi, c6 thong ké sau

129,132, 140,138, 143,133, 137, 140, 143, 138, 140

e Tinh trung binh m3u X va phuong sai miu S?2
e V&i db tin cay 0.95 hdy uéc luong phuong sai téng thé o2.
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Bai tap chuong 6

Quan st tudi tho X gid clia mdt sb béng deén ta cé théng ké sau

Xj: 1000 1200 1400 1600 2000

nj: 20 17 18 21 22

o Tinh trung binh m3u X va phuong sai mau S2
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Bai tap chuong 6

Quan st tudi tho X gid clia mdt sb béng deén ta cé théng ké sau

Xj: 1000 1200 1400 1600 2000

nj: 20 17 18 21 22

o Tinh trung binh m3u X va phuong sai mau S2

e Xic dinh khodng udc luong cho tudi tho trung binh cta cic béng den
véi dé tin cay 0.9
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Bai tap chuong 6

Quan st tudi tho X gid clia mdt sb béng deén ta cé théng ké sau

Xj: 1000 1200 1400 1600 2000

nj: 20 17 18 21 22

o Tinh trung binh m3u X va phuong sai mau S2

e Xic dinh khodng udc luong cho tudi tho trung binh cta cic béng den
véi dé tin cay 0.9

o D& sai sb uéc luong khéng qué 30 gid véi db tin cdy 0.95 thi can
quan sat bao nhiéu béng den.
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|
Bai tap chuong 6

Bai tap 2

Dé uéc lugng sb c4 cb trong mot hé nubi, nguoi ta b3t 1én 200 con c4,
danh diu va tha vao lai trong hd. M6t thai gian sau bit [&n 20 con thi thiy
c6 5 con bi danh dau. Véi dd tin cdy 0.99 hay udc lugng so ca cé trong ho
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Bai tap chuong 6

Bai tép 3

Tham do 1200 ngudi thi cé 768 ngudi tng hd Ung ci vién A. Véi do tin
cay 0.90 h3y udc lugng sb i tri Gng hd Gng cl vién A néu biét ring trong
khu vuc dé c6é 5000 ngudi
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