Chuwong II: BIEN NGAU NHIEN

( DAl LUONG NGAU NHIEN)

II.1. Dinh nghia va phan loai.
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11.4. Mot s6 phan phdi xac suat thong dung.
11.4.1 Phan phdi Bernoulli.
11.4.2 Phan phdi nhj thirc.
11.4.3 Phéan phdi hinh hoc
11.4.4 Phan phdi siéu boi.
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11.4.6 Phan phdi déu.
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II.1. Pinh nghia va phan loai
Dinh nghia:
Mot bién s& dwoc goi l1a bién ngdu nhién ( hay con goi 13 bién
sé ngau nhién — random variable, dai livong ngau nhién) néu
trong két qua ctia moi phép thir né sé nhan mot va chi mot
trong cac gia tri cé thé cé cta nd tuy thudc vao sy tac dong
cla cac yéu toé ngau nhién .
Ki hiéu cho bién ngau nhién: X, Y, Z, X, , X, .., X , ...

C4c gia tri cd thé cd cta chung dwoc ki hiéu bang chi caiin
thuong X, Xq, X5,., X, Y, Yoeer-

Bi€én X nao dé dwoc goi la ngdu nhién vi trudc khi tién hanh
phép thir ta chua thé biét chiac chan né s& nhan gid tri 1a bao
nhiéu, chicé thé dy dodn diéu dd véi mot xac suat nhat dinh.
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Bién ngdu nhién dwoc phén lam 2 loai:

* Bién ngau nhién goi la r&i rac néu ta cd thé dém duoc cac
gia tri c6 thé cd chia né ( hiru han hodc vd han).

VD: - S6 chd@m xudt hién khi tung 1 con xtc xac o mét BNN rdi rac.

- Mét nguoi quyét dinh mua vé sé thuong xuyén cho dén khi
trung dwoc gidi ddc biét thi théi. Goi X la s6 tor vé sé khéng tring
giai ddc biét cua nguoi do, thi X la BNN roi rac.

* Bién ngau nhién goi 1a lién tuc néu cdc gia tri cé thé cé cla
né 1ap day mot hay nhiéu khoang trén truc sé.

Nhu vay doi vai bién ngau nhién lién tuc , ngudi ta khéng thé
dém duwoc cdc gia tri co thé cd clia né.

Chiéu cao cua tré em ¢ mét dia phuong, muc nwéc muwa do duoc
sau moi trén mua... la mét vi du vé bién ngau nhién lién tuc.
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Néu ki hiéu { x;,i€l }la tap céac gia tri co thé cd cla X thi viéc X nhan
mot gid tri ndo dé nhu “X= x,”, “X=x,”... thyc chat |13 cac bién cé ngau
nhién. Hon nita, khi thuc hién mét phép th, X nhat dinh s& nhan mot
va chi mot trong cac gia tri co thé cé trong tap {x, ,icl}, do do tap tat
ca cac bién co {“X=x." ,i€l } tao nén mdt nhdm bién co day du.

Lwu y: cn phdn biét khdi niém “Bién c6 ” va “Bién ngau nhién”

1.2 Biéu dién cac phan phdi xac suat ciia BNN

Quy luat phan phdi xac suat cla bi€n ngau nhién 13 su twong
ng gilta cac gia tri co thé co cua nod vdi cac XS tuong ing.

Nguwoi ta thuwong dung 3 hinh thirc mo ta quy luat phan phoi
xac suat cia BNN [a:

- Bang phdn phdi xdc sudt (chi dung cho BNN roi rac)

- Ham mat dé xdc sudt (chi dung cho BNN lién tuc )

- Ham phdn phéi xdc sudt (dung cho ca 2 loai BNN ).
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11.2.1 Bang phan phoi xac suat cda BNN roi rac

Bang phan phdi xac suat ciia BNN roi rac dac trwng cho phén
phdi xac suat ciia BNN X tai moi diém, nd cé dang:

n

‘ Py, P2 . Py

X | %X X . X
P

(--.)
(--.)

o day:
X; < Xy < <X, (...) ; X |3 cacgid tri cé thé co cla X.
p,=P(“X=x,"), Vi.

Cdc tinh chdt : * 0<p <1
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11.2.2 Ham mat do xac suat cua BNN lién tuc

bPé biéu thi murc dé tép trung xdc sudt clia bién ngau
nhién lién tuc trong Idn cdn cua mét diém, ngudi ta dua vao
khai niém ham mat dé xac suat.

Ta nGi f(x) 13 ham mat do F(x) 20, vx

7 ~ ? o« A X N &S %
xac suat cua bién ngau nhién j f(x)dx =1
lién tuc nao do |

Cdc tinh chét:

# P(a<X<b)= [ f(x)dx

* P(X=x%,)=0, VXg;
*P(a<X<b)= P(a<X<b)= P(a<X<b)= P(a<X<bh)
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11.2.3 Ham phan phdi xac suat

Gia st X |a mot bién ngau nhién , con X 13 mdt s6 thuc bat ky.
Khi X thay doi thi xac suat ctia bién c6 “ X < x” cling thay doi
theo.

Ta dinh nghia F(X)=P(X<X), xeR

la ham phdn phdi xdc sudt cta X, (con goi la ham phén bé tich
|Gy — cumulative distribution function ).

Vé mat y nghia, gia tri ham phan phdi xac suat cda bién X tai
diém x, phan anh mirc do6 tap trung xac suat cia BNN X & vé
phia bén tréi cla s6 thuc x, .

(*): trong 1 s6 tai liéu khac, nguoi ta dinh nghia F(X) = P(X<X) , xeR
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Cac tinh chat cia ham phan phdi xac suat :
0<F(x)<1, VXeR F(-00) =0 F(+0) = 1
Néu x, < x, thi F(x;) <F(x,) = F(x)la ham tangtrén R.
P(a<X<b)=Fb)-F(a)

NE&u X 1a BNN roirac thi F(X)=>p,

X; <X

NEu X 3 BNN lién tuc thi F(x) = [ f(t)dt ;

khi dé f(x) = F'(x) va P( a<X < b) =F(b)—F(a).

F(x) 1a ham kha vi trén R ( hodc cé thé trir mét sé dém duwoc
cac diém). Ham phan phéi cda BNN lién tuc 13 lién tuc trén R .
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Vidu 1

Mot hdp gdm 7 bi trang va 3 bi xanh cung c& .
L4y ra ngau nhién 3 vién bi tir hop.

Goi X a bién ngau nhién chi sd bi xanh trong cac bi duoc 13y
ra.

a) Lap bang phdn phéi XS cua X.

b) Goi F(x) la ham phén phéi XS cua X.
Tim F(-1); F(2); F(2,3) va biéu thuc F(x).

c) V& d6 thi ham phdn phéi XS cua X.

d) Tinh E(X); E(X2); D(X); Mod(X); Med(X),

e) Tinh E(2X+1); E(3X?+5).

( cGu d) va e) xem phdn Ly thuyét 11.3 & phia sau).

10
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Hwéng dan:  a) Cac gid tri X c6 thé nhan duwoc 1a {0; 1; 2; 3}
P(X=0) = Xac suat KHONG CO bi xanh nao trong 3 bi duoc lay ra.

G 7
S C: 24
o _ . C.C: 21
P(X=1) =XS CO 1 bixanh trong 3 bi dugcldyra =——t=
C10 40
, ) C;Cl 7
P(X=2) =XS CO 2 bixanh trong 3 bi duoc ldy ra =—=75
10
3
P(X=3) = Xac suat ca 3 bilay ra déu cé mau xanh :gg = 120
Bang phén phdi xdc sudt cua X: i
X. 0 . 2 3
P 7 21 /

24 40 40 120

11
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b) F(x) la ham phén phéi xdc sudt cua X .

F(-1) = P(X< 0) = 0; F(2)=P(X<2)=7/24 + 21/40.
F(2,3) = P(X<2,3) ~0,9917
Téng qudt hon: ( 0 khi X<0

lz0,2917 khni  O0<x<1
24

7 21 i
—+—~0,8167 khi l<x<2
FX)=P(X<x)=>.p,=2 24 40
T2 709917 khi 2<x<3
24 40 40
7+21+7+ 1 = khi 3<X
.24 40 40 120
c) D6 thi ham phén phéi XS cua X: I
p— :
I . |
0 1 2 3 <

12
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Vidu 2

Mot ngudi tung cung Idc 2 con xutc xac cho dén khi duwoc tong
s6 cham trén 2 con xuc xac Ién hon 10 thidirng lai. Goi Y 1a s6
lan ngudi dé da tung xuc xac.

a) Hay IGp bang phdn phéi xdc sudt cua Y.
b) TimP(2<Y?<10).

- c) Trung binh nguoi doé phai tung bao
A nhiéu [n dé duorc téng s6 chém trén 2

_h

con xuc xdc 1én hon 10?
( cGu c) xem phan Ly thuyét 11.3 & phia sau).

13
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Hwéng dan:
a) Goi B, lab/clantungth& i dugctong s6 cham > 10; i=1,2..

3 1 1
— P(B. =—=— P(Bi) =—.
B)=3%=1 (B)=1
Ta tinh duoc:
P(Y=1)=P(B) ==  P(Y=2)=P(B,B,)=ox—
12 2 1212
— 117 1
P(Y=3)=P(B.B.B.) =| = | x=~ ..
*P(Y=3)=P(B.B,B)) (12)X12
Y 1 2 3 .. K oo

o 1 1 1Y =
12 12 12 ﬁ Xﬁ °°°°° ﬁ Xﬁ .......

b) P <v? <10)=p(

2
2<Y<1m:PW=@+HY:$=EMJ%—ﬂ-xi—
12712 (12) " 12

14
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Vidu 3 Cho bién ngau nhién X c6 ham mat dé:

f(x) =4

a) Tim hé sé a.

b) Tinh P(-%<X<%) va P(0<X<3fj (2 céng thirc)

c) Tim xdc sudt trong 5 Ian thuc hién phép thi ngau nhién
thi c6 it nhdt 3 Ian X nhdn gid tri trong khoang ( g %)

d) Tim ham phén phdi F(x) cua bién ngau nhién X.

e) Tinh E(X); D(X).
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Hwéng dan:  a) * Diéu kién f(x) >0, Vx = a=>0.

+00 l2
* Dk [ f(x)dr=1= [ a.cos(x)dx=1=>a= %

—7l2

b)

wld
*P[-E<X<Ej: f lcosxdx
6 4 -716
0,6036
l2
*P(O<X<3—n]: I lcosxdx
4 2

0

X

B
B o eteroton
b
B R
I weeet e,
.‘00000.‘00’“““

o e
o L P
b e P O P o
SRt SRR

‘"’H

iy a

1
o, T, T E
c) Bdy la bt Bernoulli véi n=5; p=0,6036; 3<k<5. XS cdn tim:

C3(0,6036)° (L-0,6036)% + C(0,6036)* (1—0,6036) + CZ(0,6036)° ~ 0,6888
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14 l Frcim phan phii Fix)
d)
: T T ° 1: i :
jo.dt = khi x <=7/,
X _% X 1 1 1
F()=P(X <X)=[ f({Odt=} | 0dt+ [ “costdt="sinx+— khi =7/, < x <7/,
? s ,
7% % 1 X
jo.dt+ j Ecost.dt+jo.o|t=1 khix>%
L . Yy

17
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11.3 MOt s6 tham sd dac trung chia BNN.
11.3.1 Ky vong toan:

Ky vong todn (Expectation/Mean, con goi la vong sd) ciia BNN
X 13 gia tri trung binh theo xac suat cta X, ki hiéu E(X) hay M(X).

Congqg thurece tinh :
- DGi v&i BNN roirac : E(X) :inpi
i

- D6i v&i BNN lién tuc : E(X) :Tx.f(x)dx

—00

? Tim ky vong todn cua cdc BNN trong cdc
® | vidy: VD1_. VD3.

18
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Cdc tinh chét :
E(C)=C CIla mot BNN dac biét nhan gid tri C v&i xac suat =1.
E( a.X+b.Y) =a.E(X) + b.E(Y), vd&iX)Y lacacBNN; a,b eR

E( XY) = E(X).E(Y) néucdcBNN X, Y ladoclap,

(XY déc I1ap tire la quy ludt phén phéi cda bién ngéu nhién nay khéng phu
thuéc vao bién ngdu nhién kia nhén gid tri la bao nhiéu, cé thé xem thém
o chuwong lll).

Tham khéo: Gia st X, Y |a cac bién ngau nhién vayY = @(X), thi:
+ E(Y)=) o(x;).p; néuXlaBNNroirgccd E(X)=) X;.p,

+0o0
+ E(Y)= I o(x). f (X)dx  néu X cé ham mét dé fix).
Cac BNN X+Y; XY s& dwoc nhac vé mat ly thuyét & chuong ||

19
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Vi du 4: Duéi déy 1o béng diém cia 2 nhém SV. ~

Diém nhém 1: Diém nhém 2: =i
67431049667 52108 2 3109 3 10
X1 | 3 4 b 1 9 | 10 X2 2 3 5 8 9 | 10
P (0102030201 01 P 102 :02:01!01101°1!03

a) Hay kiém tra lai két qua: E(X1) = E(X2) = 6,2.

b) Duwoi day la bang PPXS cua cdc BNN (X1-6,2)? va (X2-6.2)? .

(X1-6.2)%|(3-6,2)% |(4-6,2)> |(6-6,2)> |(7-6,2)*> |(9-6,2)*> |(10-6,2)2
P 0.1 0.2 0.3 0.2 0.1 0.1

(X2-6,2)% |(2-6,2)? | (3-6,2)? | (5-6,2)? | (8-6,2)? | (9-6,2)? | (10-6,2)>
P 0.2 0.2 0.1 0.1 0.1 0.3

Hay tinh E([X1-6,2)%) va E([X2-6,2)%)? (4.36va 11.16)
= Ttr d6 ¢ thé so sdnh gi vé sw phdn tdn cua cdc
BNN X1, X2 quanh gia trij trung binh la 6.2 ?

20
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11.3.2 Phwong sai va do léch chuan:

Phwong sai ( Variance/Dispersion, con goi la Tdn s6) cua bién
ngau nhién X duwoc dinh nghia bang trung binh cla binh
phuong sai léch gitra bi€n ngau nhién vdi ky vong todn cta nd.
Ki hiéu bai D(X) hay V(X).

Cong thuc tinh;  D(X) = E[X-E(X)]?> hay D(X) = E(X?) - [E(X)]?
- Néu X la BNN roi rac thi:

CT1 CT2

D(X) = Z[Xi_E(X)]Zpi - inzpi - [EXX)T°

- Néu Xla BNN lién tuc thi:

D) T [ IECOFHAX = [ XAR)EEP

=00

21
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* Phuwong sai cGa bién ngau nhién X phan danh mic d6 phan tan
cua cac gia tri cia X xung quanh gia tri ky vong cua no.
Phuong sai cang nho thi gia tri cba X cang tap trung gan E(X).

 Trong ky thuat, phuvong sai thwong dac trung cho muc do
phan tan cda kich thudc cac chi tiét gia cong hay sai sO cla
thiét bj. Phuong sai cho biét sy 6n dinh clia thiét bi. Trong
néng nghiép, phuwong sai dac treng cho mirc d6 dong déu cua
vat nudi hay cay trong. Trong quan ly va kinh doanh, né dac
trwng cho mrc do rui ro cha cac quyét dinh.

Po léch chuan:

* Do léch chudn ( standard deviation) cla bién ngau nhién X, ki
hiéu o, , la can bac hai cia phuong sai :

o, =o(X)=4D(X)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Khi cAn danh gid mic d6 phan tan cta bién ngau nhién theo
don vi do cla nd, nguoi ta thwong dung dé léch chudn chw
khong phai phuong sai vi 6 léch chuan cé cling don vi do véi
bién ngau nhién can nghién ctru, con don vi do cua phuong
sai bang binh phwong don vi do cda bién ngau nhién .
Cdc tinh chét : * D(X)>0; D(C)=0
* D(CX) = C2.D(X)
* D( X+Y) =D(X) + D(Y), voi X,Y la doc lap.
D( X -Y) =D(X) + D(Y), vai X,Y la doc lap.
* D(C+ X) = D(X)
HQ: Néu X, X,,...,.X. la cdc BNN ddc lap; E(X:)=a; D(X:)= o2; Vi, thi:
 BNN U =X, + X,+..+ X c6 E(U) = n.ava D(U) =n.c?;
o XX+ X S\ O

e BNN X= . c6 E(Y):a; D(X):T'

23
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11.3.3 Mot: M6t clda BNN X ( ki hiéu mod(X)) |a gia tri cGa bién
ngau nhién X tvong &ng voi xac suat [&n nhat néu X 1a bién
ngau nhién r&i rac va trong (rng véi cuc dai cda ham mat do
xac suat néu X 1a bién ngau nhién lién tuc .

11.3.4 Trung vi: Trung vi ( median) cGa bién ngau nhién X, ki
hiéu med(X), la mot gia tri thwc ma:

P(X<med(X)) <% vaP(X>med(X))<%

= Trung vi cua X 1d gid tri nGm chinh giifa tdp cdc gid tri cda X.

Trong Vi du 4:

o(X1)= 2,0881 Mod(X1) = 6 Med(X1) = 6
o(X2)= 3,3407 Mod(X2)= 10 Med(X2)= [5:8]

24

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Quay lai cac VD1 — VD3:

Vidu1: d)E(X)=0,9 E(X2)=1,3 D(X)=0,49 Mod(X)=Med(X)=1.
e) E(2X+1) = 2E(X)+1=2,8 E(3X2+5)= 3.E(X2)+5 = 8,9

Vidu 2: c) S6 lan tung trung binh la E(Y)

k-1 k-1

Z*‘” 11 1 1 Z 11 1 Z*‘” 11

E Y — k. - _— = — k_ e = — k. k_1; e
) e (12) 1 12 12] 12 I I 12

k=1

1 +00 Pt 1 +00 . 1 q ’ 1 1
2l ] 12{“"} 12_1—q} 12" (1- gy

/7 R +00 %
Vidu3: e) E(X) = _[xf(x)dx = j x cos(x)dx =0

oo %
D(X) = j X2f(X)dx — E(X)? = j x? cos(x)dx ~ 0,9348

2
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Vi du 5:

Theo diéu tra, ti |& nguwdi bi mac bénh sét ?
rét @ mot vung la 10%. Nguwai ta can lam s :;
xét nghiém cho 5000 nguoi & vung dé dé 5
tim ki sinh trung sot rét. Co 2 phwong an dua ra:

Phuwong dn 1: Lam cac xét nghiém mau cho twng nguoi mot.

Phuwong én 2: Lay mau tirng 10 ngwdi mot tron lan vdi nhau

roi lam xét nghiém. Néu xét nghiém la dm tinh ( v6 trung) thi

thong qua. Néu xét nghiém la duwong tinh ( co trung) thi chirng

td trong 10 nguoi do cd it nhat mét ngudi bénh, khi dé phai

lam thém 10 xét nghiém 1é cho moi ngudi dé tim ngwdi bénh.
Hoi lam theo phuong an nao thi phai thuc hién it xét nghiém
hon?

(Pdy la VD minh hoa y nghia cua ky vong todn)

26
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Hwéng dan:
* Néu thuc hién theo phuong an | can 5000 xét nghiém.

* Goi X 13 s6 xét nghiém can thuc hién ddi védi moi nhdm 10
nguwoi theo phuwong phap |l.

X 1a bi€n ngau nhién c6 bang phan phdi xac suét :
X 1 11
P ‘ 0,910 1-0,910

— E(X) = 1x0,9%0 + 11x(1-0,910 ) = 7,5132

Suy ra so xét nghiém trung binh cho 500 nhém nhu vay la:
500 x 7,5132 = 3 757 xét nghiém.

* Nhw vay cd thé ndi sd xét nghiém can thuc hién theo
phuwong an Il la it hon phuvong an |.

27
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Vi du 6: ?

A A VA tai : A A - J
Thong ké vé tal nan giao thong cho thay A
hang nam, ti 1¢ mot nguoi bi tal nan xe may theo mirc do nhe va

nang twrong tng la 0,001 va 0,005.

Mot cdng ty bao hiém xe may cé mitc phi thu hang nam la 30.000
dong/nguoi; so tién chi trung binh cho moi ngwoi trong mot vu
tai nan giao thong & mirc do nhe la 1 triéu dong va nang la 3 triéu
dong.

Héi lgi nhuan trung binh hang nam cong ty thu duoc d6i véi moi
ngudi mua bao hiém 1a bao nhiéu, biét rang ngoai thué doanh thu
phai nop 10% thi tong tat ca cac chi phi khac chiém 15% doanh
thu.

Hwdéng dan: 30 ngan -16 ngan - (10%+15%)*30 ngan (d6ng)
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Vidu 7:
Cho biét tudi tho X ( don vi: thang) cia mdt loai con trung la
mot DLNN cé ham phén phdi xac suat :

(0 X <0
3 4
- F(x):%k(4;( —);j x €|0;4]
o 1 x>4

S —

a) Tim hé s6 k va tinh xdc suét dé cén trung chét trudc khi
nd duwoc 1 thdng tubi.

b) Tim ham mat dé xdc suét cua X.
c) Hdy tinh tuédi tho trung binh cua cén trung dé.

d) Hdy tim murc tubi tho ma 1 nira sé cbn trung khéng
séng qua duwoc mure do.

29
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Hwéng dan: a) Do X 1a DLNN lién tuc nén ham F(x) lién tuc
trén R, suy ra F(x) lién tuc tai x=4 = F(4+) = F(4-) =F(4).

4x°  x* 3
— —
3 4

=1 =k =—
“P(0<X<1) = F(1) ~F(0) =~ [4”3—14)—0:1

x=4 (cach lap ludn nay chua chit)

64
Y

( 3 4 256
i*x2(4-x) x €[0;4]

b) f(x)= [F(x)]' =1 64
0 x &|0;4]

c) E(X) = +Iooxf(x)dx:f[e‘)—‘zr*xe’(4-x)dx = %

d) Tim gia trim ma P(X < m) =0,5 hay F(m) =0,5. m chinh Ia trung vi cda X.
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11.3.7 HD S&* dung MTBT tim 1 s6 dac trwng clia BNN roi rac:

Cac budc thuc hién

May CASIO fx 570 ES

May CASIO fx 500 MS....

Xo6a nh& bai cti

Mé& cét tan sd (néu
may chwva m@)

SHIFT -- MODE (SETUP) —
--w -- 4 (STAT) -- 1 (ON)

Vao ché do théng ké
mot bién.

MODE -- 3 (STAT) --1 (1-VAR)

MODE -- MODE --...-- 1 (SD)

Nhap di¥ liéu

X  FREQ
1| x1 | p1
2 | x2 | p2

Xn pn AC

Nhép lan lwot trén dong theo thir tu:

X; ’ P; M+

Xila cac gia tri cia BNN, p, la cac XS
twong wng,

Doc két qua E(X)

SHIFT — 1 (STAT)- 4 (VAR) -
- 2( x)--=

SHIFT -2 (SVAR)-1(x )-=

Poc két qua

JDX)

SHIFT — 1 (STAT)- 4 (VAR) —
-3 (cX ) --=

SHIFT — 2 (SVAR)- 2 ( Xon)-- =

Tham khao cac KQ
trung gian

SHIFT — 1 (STAT)- 3 (SUM) - ....

SHIFT — 1 (SSUM) - ......
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11.4 MOT SO QUY LUAT PHAN PHOI XAC SUAT
THONG DUNG

11.4.1 Phan phdi Bernoulli. ( tham khao)

Dinh nghia: BNN roi rac X goi la c6 phan phoi Bernoulli, (Bernoulli
Distribution), ki hiéu X ~ B(1, p) v&i tham sé p € (0,1) néu X cd

bang PPXS dang:

Tinh chdt:

X

0

1

P

1-p

p

* Néu X ~ B(1, p) thi E(X)=p va D(X) = pq; qg=1- p.

* Phéan phoi nay con goi la phan phoi Khong — Mét, k.h X~ A(p).
* NE&u Xy Xy;..;X. ~B(1,p) thibi€n ngau nhién X = X+ X,+..+ X_

cé phan phoi Nhj thire B(n,p)( xem muc ti€p sau).
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11.4.2 Phan phdi nhi thirc:

Dinh nghia: BNN r&i rac X goi la c6 phan phodi nhj thirc (Binomial
Distribution), ki hiéu X ~ B(n, p), v&i 2 tham s6é neN; p € (0,1);
(g=1-p) néu X c6 bang PPXS dang:

X 0 1 k . | N

P. | g" | nplg™®|.. Ckpkqn—k e | P"

n

Tinh chat:

* Xet day n phep th&r Bernoulli v&i xac suat “thanh céng” trong
moi phép thir 1a p. Ky hiéu X 1a s6 1an “thanh céng” xuat hién
trong day n phép th thi X ~ B(n, p).

* Néu X ~ B(n, p) thi E(X)=np va D(X)=npq, v&i g=1-p.

* Mod (X) chinh [a s6 Ian “thanh cong” cé kha nang nhat.

33
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* Khis6 n khd lén, p khong qud gan 0 hay qud gan 1, nguoi ta
thudng xép xi phén phéi Nhj thire B(n,p) véi phdn phdi Chuén
N(np,npq) (xem phén phdi chuén & muc 11.4.8), cu thé:

2

1 k—np 1 %

\/T f(\/T) (1) vai f(x) = ﬁe (ham Gauss)

+Ck k n-k _

+ > Cpg" R D(X,)-D(X,) (2)dday D(X)=[——c¢ 2dt
Z : (2) & day O(x)= IF
5 ham tich phan Laplace va X == i1 9
d Nam tich phan Laplace va P = —

Jnpg

* Khisd nkhd lén va p rat gdn vdi 0 hodc 1 thi nguoi ta thuong
dung xdap xi phdn phdi Nhj thic B(n,p) véi phdn phdi Poisson
P(np) (xem phdn phéi Poisson & muc I1.4.5), cu thé:

L Ck pkqn—k - e *Af

, A=n.p 3)

K!
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Mébt sé lvu y thém:

*

Xap xi & cOng thirc (2) la t6t nhat néu n I&n va np>5; ng>5
hodc npg>20. Cong thirc (2) 1a két qua dinh ly gidi han
Moivre — Laplace.

Cong thirc (2) ¢ thé hiéu chinh dé c6 két qua tét hon bang
cach tang k2 1én ntra don vi va k1 giam di ntra don vi, khi tinh

< k=k,
x1, x2. Cu thé : Z Chp*g™* ~ d(X) —CD(X:)
k=k,
kl—i—np k2+l—np
X: = 2 X* = 2

Jnpg © Jnpg

Cong thire (3) xap xi tot khi n> 20 va p< 5%. (K&t qua xap xi rat
chinh xac khi n>100 va A=np <10). Vi p nho nén nguadi ta con
goi no la cong thirc cha dinh luat so hiém.
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Vidu 8
Mot tong dai ndi bd ciia mdt co quan phuc vu ?

100 may dién thoai. Xac suat dé trong mét phut @ |

-—

(!

-—

|

moi may dién thoai goi dén téng dai la 0,02.

a) Tim xac suat dé trong 1 phat ¢ 3 may goi dén tong dai.

b) Goi X Ia BNN chi s6 mdy dién thoai goi dén tong dai trong 1
phut. H3y cho biét X cé phan phdi gi?

c) Tim s6 may goi dén tong dai trung binh trong mot phat.

d) Tim xac suat trong mot phat cé tir 3 dén 10 may goi dén
téng dai ( tinh bang cdc céng thirc xdp xi réi so sénh vdi cdch
tinh truec tiép).
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Vidu 9

Ty 18 ndy mam cla mot loai hat gidng 1a 75%. Néu gieo ngau
nhién 120 hat giong thi xac suat cé dwoc tir 80 hat ndy mam

tro 1én 1a bao nhiéu?
Vi du 10 ?:

, . ) P A 0
Xac suat 1 san pham bij lot qua khau kiém tra -

chat lvgng ban dau la 8%.

({

e N

l

a) Tinh xac suat trong 900 sdn pham c6 70 sdn pham khéng
duwoc kiém tra chat lvong ban dau.

b) Tinh xac suat trong 9000 sdn pham cé tir 700 dén 800 san
pham khong duoc kiém tra chat lwong ban dau.
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Vidu 8 Dady la bai toan Bernoulli voi n=100; p=0,02.
a)C: x0,02°0,98" b) X ~ B(n=100;p=0,02) c) E(X)= np=2

100

d) * Tinh truec tiép: ZC" x 0,02°0,98'°* ~ 0,3233087

100

10 100 x 0,02 3-100x0,02

* Xap xi pp Chudn: o ) — D(— ) ~ 0,237525
P PP J100x0,02x0,98 /100 0,02 x 0,98
10 k
* Xap xi pp Poisson: Ze 2% ~ (0,3233153; A=100x0,02 =2
Vidu9 |
Y Gk (0.75)4(0.25)'** ~a( 120290 ) 89299 _ 98 249%
& J90 % 0,25 J90 % 0,25
Vidu 10
2) C°(0,08°(092 x (090D )4 199868 40,3870 ~ 0,0476
J900x0,08x0,92 /900 x 0,08 x 0,92
b) o 00-9000x008 , . 700-9000x0,08 \ (3,1083) - (~0.7771) - 0,7805

9000 0,08x0,92° /9000 x 0,08 x 0,92
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11.4.3 Phan phdi Hinh hoc (tham khdo)

Dinh nghia: BNN roi rac X goi la cé phan phoéi Hinh hoc
(Geometric Distribution), ki hiéu X ~ G(p) v&i tham sé pe(0;1) néu
bang phan phdi xac suat cta X c6 dang:

X 1 2 3 |.. k
P | p |gp|d’p|..| (1-p)lp
Tinh chét:
* Néu X ~P(A) thi: E(X)=1; D(X)=l2—1
p P> P

* X dwoc coi la s6 ther nghiém Bernoulli can thiét dé co duwoc
suw thanh cong.

*Trong Vidu 2, BNN Y c6 phan phoi hinh hoc.
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Vi du 11;

MOt bang chuyén tuy ddng sdn xudt ra cac san pham vdi xac
suat phé pham la p va duoc dirng ngay dé diéu chinh khi xuét
hién mét ph& pham. Tim ky vong clia s6 san pham duoc san

xuat gitta 2 1an diéu chinh ké nhau. DS: 1/p.
Vidu 12:

Hai ciu thd bong r6 1an lwot ném bdong vao ré cho dén khi
ném lot md&i thdi. Xac sudt ném tring ro cia nguwoi thi nhat

la g va nguoitht 2 1a b.

a) Lap bang phan phdi xac suat cho bién ngau nhién X 13 s6 lan

ném cla nguwoi th nhat.
b) Tim so6 [an ném trung binh cda ngudi th nhat
va tim D(X).

HD: X ~G(p=a+(1-a).b )
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11.4.4 Phan phdi siéu boi.
Dinh nghia: BNN X goi la cé phan phoi Siéu boi (Hypergeometric
Distribution), ki hiéu X ~ H(N,M,n), v&i tham sé la cac s6 tv
nhiénn, N, M, n< M< N ; néu bang PPXS cta X cé dang:

X 0 1 k n
P, Chu C,Cuh | - CKACR:(M CR/I
Tinh chdt: ch | Gy en Cx

* Néu X ~ H(N,M,n) thi E(X) =np
3 D(X) nqu_n &i M vag=1
va = — Vv =— vag=1-—p.
N —1 PN
 Khin<<N (nratnhosovdiN)thinguoitathuong xdp xi
phdn phéi Siéu béi vdi phdn phdi Nhj thiee , tire la coi nhu
k ~n-k
— CuCrm
C\

~C*p*q™; k=0,1,...,n. (xem muc I1.5.5)

Pk
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Vidu 13
Mot 16 hang cd N= 50 bdng dén, trong d6 lan 10 béng héng.
L4y ngau nhién 5 bdong dé kiém tra.
Goi X [a BNN chi s6 bong hong trong 5 béng duworc lay ra.
a) Tim P(X =2).
b) Hay cho biét X cé phan phoi gi ?
c) Tinh s6 béng hong trung binh trong cac
béng dugc lay ra va phuong sai cda X.

Lwu y 1: NéEu doi giad thiét la “Mét 16 hang cd 50 bong deén,
moi bong dén cé ti 1é hong 1a 20% ...“ = X c6 PP Nhi thirc.
Lwu y 2: NEu d6i gid thiét N=500, ta thdy n=5 << N=500 nén

c1C2 08 3
P(X= 2)—M 0.003436 =~ Cz( 10) (@j =0.003765
Cio 500 ) \ 500
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11.4.5 Phan phdi Poisson.
Pinh nghia: Bi€én ngau nhién roi rac X goi 1a cé phan phdi
Poisson (Poisson Distribution), ki hiéu X ~ P(A) ; v&i tham so
A>0, néu bang phan phdi XS cta X cé dang:

X 0 1 2 k
P. e—ﬂ e—/l ﬂ, e_’1 .12 e_/l/lk
21 k!

Tinh chdt:

* Néu X ~P(L) thi E(X) =D(X)=A * A-1< Mode X < A; Mode Xe N

* Trong thuc tién, cdng thirc Poisson cé thé dung thay cho cong thirc Bernoulli khi
s6 phép thir rat I&n va xac suat thanh cdng rat nho. Co nhiéu BNN tuén theo luat
phan phdi Poisson, chang han nhu s6 ngudi vao cac tram phuc vu cdng cong
trong mot don vi thdi gian; hay s8 16i trong moi trang clla mot quyén sach; s6
hoa n& trong ngay cliia mot loai hoa; sé lan truy cip vao may chi web trong moi
phut; s6 lvgng ngdi sao trong 1 thé tich khéng gian vii tru,...
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Dudi day la biéu dé minh hoa cho phan phdi Poisson,

khi A (hay a)=2 ; va khi A = 5.

CuuDuongThanCong.com
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k= 0 | 2 3 4 5 b 1 8 9 10 11 12
A=2 0.0353) 02707, 02707 0.1804f 00902 00361 00120, 00034 00009 0.0002| 3.82€-05( 6.944E-06| 1.157E-06
A =5 00067 00337 00842] 01404 0.175( 0.755 0.1462) 01044 00653 00363 00181 0.0082] 0.0034

ma=2
Ha=5
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Vi dy 14
Biét rang s6 ngudi vao mot dai ly buu dién trong mot khodng
thoi gian xac dinh 1a mét BNN c6 phan phoi Poisson.
Quan sat thay c&r 5 phut c6 12 nguoi ghé vao mét dai ly buwu
dién.

Tim xac suat trong mot phut cd 3 ngudi vao ?

dai ly bwu dién do. -
~ ‘ Il N

Hwong dan: -

Goi X la s6 nguoi vao moét dai ly buu dién trong
khoang thoi gian 1 phut. Khi do X ~ P(A).
Tl gid thiét ta thay s6 nguoi trung binh vao DLBD nay

trong 1 phut 1a 12/5=2,4 = E(X)=2,4= A =2,4.

Al My v Ia 4 2,8
VAy xac suat can tim la P(X=3) = ¢ ST 0,2090
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11.4.6 Phan phoi déu.
a) Phén phéi déu lién tuc:

Pinh nghia: Bién ngau nhién X dwoc goi 1a cé phan phdi déu
(Uniform Distribution) trén doan [a, b] , ki hiéu X~ U(a,b) néu
ham mat do cua né cé dang:

(_1 b bl |
f()=1b-a "> -
0 X ¢[a,b] 2 b
Tinh chat:
, a+b —a)?
* NEuX~U(ab) thi E(X)= —— va D(X) = (blza)

b) Phén phdi déu roi rac: Néu X chi nhan n gia tri vdi xac suat
nhu nhau thi ta ndi X cé phan phoi déu roi rac.
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* Trong thong ké ngudi ta thudng c6 quy wdc: néu ta khong biét gi vé
gid tri cGa tham s can wéc lwgng thi coi nhu moi gid tri cd thé cé
ctia tham so la dong kha nang. Piéu dé dan dén viéc quan niém gia
tri tham s6 can wdc lwgng nhw mot BNN tuén theo quy luat phan
phoi déu.

Vidu 15
Gia thiét rang c& 15 phut c¢6 1 chuyén xe buyt di qua tram. Chuyén
dau tién bat dau ldc 5g00. Sinh vién A tdi tram vao mot thoi diém
bat ky trong khoang tlr 5g00 dén 5g30. Tim xac suat sinh vién A

Vidu 16

] ®

Mot doan thang AB dai 12 cm duworc chia _—
thanh 2 doan b&i mot diém M |y ngau nhién trén AB. Ngudi ta
dung 2 doan AM va BM dé lam 2 canh cda 1 hinh chit nhat. Tinh
dién tich trung binh cta hinh chit nhat do.
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Hwéng dan:
Vi dy 15 :
Goi X la thoi diém sinh vién A cé mdt & bén xe buyt. Ttr gid
thiét cé thé xem X c6 phdn phéi déu trén [5g00; 5g30]. X c6

ham mat dé: L er5900:5030
f(x)=1 30 =[5900:5930]

0 X ¢[5900;5g30]
XS can tim = P( 5g00<X<5g05)+ P( 5g15<X<5g20)=1/,.

Vi du 16:

Goi X la d6 dai doan AM, Bnn X c6 phan phoi déu trén(0;12).
Dién tich HCN = X(12-X) = 12X — X2
E(X) = E(12X — X2) = 12.E(X) - E(X?) = 24 ; do:

12 1 12
E(X)= | x.—dx =6 E(X?)= | x*.—dx = 48
(X) ;‘; 12 (X% ! 12

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

11.4.7 Phin phdi mil.
Dinh nghia: Bién nn lién tuc X dwoc goi la cé phan phoi mii
(Exponential Distribution) v&i tham s6 A >0, ki hiéu X ~ E(A),

néu ham méat do cia né co dang : (0 0 x <0
X)=
—AX
, >
Tinh chat: e x=0

1
* N&uX~E(L) thi E(X) = 5 va D(X)

Phén phéi mii ¢ trng dung trong

nhiéu linh vure, né thuwong duoc ding
trong viéc ddnh gid qud trinh san xuat
va cung cdp dich vu. Trong cdc hé théng
ky thuat, thoi gian lam viéc lién tuc cua
mdy moc thiét bi giita 2 Ian stra chiva

ciing tudn theo phdn phéi mi. ! \

>
I

==

wnmown
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Vidu 17 Thoi gian cho dwoc phuc vu cta khach hang @ mdt clira
hangla 1 BNN X c6 ham mat do xac suat Sal(J)I() ) Ae Kkhix >0
(don vi x: phut) P 0 Khix <0

a) Tim hé sé A va tinh xac suat thoi gian cho duoc phuc vu cha mot
khach hang nao day nam trong khoang tir 0,4 dén 1 phut.

b) Hay tim thoi gian khach phai cho trung binh va phwong sai cua X.

Vidu 18 ?

Khodng th&i gian (phat) gitra 2 ngudi ké tiép nhau SN
dén 1 may ATM la mot BLNN ma ham mat 1 o
dé xac suat co dang: f(x) = {ke2X x>0

0 X <0

Néu c6 mot nguwdi vira dén may ATM thi xac suat sé co ngudi ké tiép
dén may nay trong vong 2 phut tiép theo la bao nhiéu?

50

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

11.4.8 Phan phdi chuan.

Dinh nghia: BNN X dwoc goi la cé phdn phéi chuéan (Normal
Distribution), ky hiéu X~ N(a, ¢2), néu

ham mét dd xac suat ctia X c6 dang:

1 _(X—a-2)2
f(X)=——e 2 ,0>0, xeRR
%) o271

09 I

Noog
aaaa
NMNINNDN
[ T 1}
ou—o
LMoOoN

TETEFE
[T

0.8 |

0.7
0.6

Tinh chdt: os |

0.4

Néu X~N(a, o?) os |
thiE(X)=a,D(X)=c2 .|

0.1 |
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- Truwong hopa=0vac=1thi X~N(0, 1), con goi la phén phoi
(chuan) chuan tac. Him mat d6 cda phan phdi chuan tac dwoc
goi la ham mat do Gauss. "

f(x) = 1 o2

V27

- Néu X~Nf(a, o?) thi
X-a

Y=—~ N(O 1)
G \
- Gia tri ham méat d6 Gauss co thé tinh truc ti€p bang MTBT

hay tra tlr bang | trong phan Phu luc phia sau gido trinh. Khi tra

bang ta lvu y ham Gauss Ia ham chan, va vdi cac gia tri x ma |x

|>3 thi f(x) xap xi bang 0.

- VD: f(1,24) =0,1849. (Tim sé nam & dong 1,2; c6t 4 trong
PL1, thém 0,.. & trudc két qud tim duoc ). f(- 1,24) ~0,1849.
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- Ham phan phdi xac suat cta phan phdi chuan tac la mdt ham
khong biéu dién dwoc & dang ham so cap.
F(x)= j —e 2t

2

- Trong tinh toan nguwoi ta con thuwong dung ham tich

phan Laplace:

Ham @ la ham |&, téng trén R. Dé thdy F(x) =

f(x)

D(x)

t2

D(X) = j—e 2t

CuuDuongThanCong.com
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Ta cd thé tim gid tri d(x) theo cac cach:

*Cdch 1: Dung bdng |l _dé tim gén dung gid tri cua ham.

Vi du: ®(1,24) ~ 0,39251. (-1,24) ~ - 0,39251

Khi x >5, ham tang rat chdm vé 0,5 nén néu cd thé bd qua sai
s6 thi d(x) = 0,5 khi x> 5. Twong tw, ®(x) ~-0,5 khix<-5.
*Cdch 2: St dung MITBT CASIO fx 570 ES PLUS dé tinh | ®(x)]:
Vao ché do thong ké 1 bién MODE -- 3 (STAT) -- 1 (1-VAR)
Nhan phim AC dé bd qua budc nhép sé liéu.

BAm SHIFT -- 1 (STAT) -- 5 (Distr) -- 2 (Q( ) -- x (Nhép x) -- =

Néu x > 0 thi @(x)=Q(x) > 0; néu x< 0 thi ®(x)=-Q(x)<0

Tham khao: Néu chon 1 (R() thi ta dwoc gia tri ham F(x).
*Cdch 3: Dung MTBT bGm truc tiép theo céng thirc ham @(x).

54
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NECNG@ Vb < x < p) =R oY

-|-P(|X—a|<8):2.CD(—) &> 0.
O

Cm: Vi 1 _M db % 1 _y_2 X—a
+P(a< X< p) = e 7 dx = | ——e 2dy, y=—r
( B) iﬁﬂ iﬂ . Y o
—a a—a

Y el W
+P(|X —al<¢) =P(-e< X —a<g) %

=P(a—s< X <a+eg) / %\

:(D(a+g ay_ (D(a £-2)_ 2@(2\ i

a-& a a+te
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* Nguodi ta thuong nhac dén cac quy tac 2- sigma va 3- sigma:

+ P(|Xal<20) = 2. ®(2)
+ P(|X-al<30) = 2. ®(3)

MOt cong ty thuwe phdm dang
‘j chuan bi dwa mot loai banh
md&i ra thi truvong.
Ngudi ta nhan thay rang s6 ngay s
dung t&t cia moi chiéc banh trong
diéukién khuyén cdo la bnn cé phan
Ph&i chuan ma trung binh 13 40 ngay
Va phuong sai 4 ngay2. (dung théng
ké, sé hoc sau).
Cong ty nén cong bo thoi han sir dung
cua loai banh nay la bao nhiéu ngay?

CuuDuongThanCong.com
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Phan phdi chuan la 1 quy luat phan phdi rat thuong gap vi cé
nhiéu phan bo xac suat trong tu nhién va trong thuc té doi
séng co hinh dang kha giéng phan phdi chuan.

Trong cong nghiép, ngudi ta d3 xac dinh duoc rang kich
thudc clda cac chi tiét do cdc nha may san xuat ra sé cé phéan
phdi chuan néu qua trinh san xuat dién ra binh thuwong.

Trong ndng nghiép, ndng suat ciia cung mot loai cdy trong tai
cac thira rudng khac nhau cling cé phan phdi chuan.

Cac chisd vé thé lyc va tri tué con nguwdi cling tudn theo phéan
phdi chuan...
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Vidu19 Trong lwong san pham X do mdt may tv dong san
xuat 13 moét BNN tudn theo qui luit chuan vai E(X) = 100 g va
dd léch chuan 1g. San pham duoc coi la dat tiéu chuan ky
thuat néu trong lvong clia né nam tir 99 dén 101,2 g .

a) Tim ti |& sdn pham dat tiéu chuan do may san xuéat.

b) Cho mdy san xuat lién ti€p 200 san pham. Tim xac “ !
suat co duwgc it nhat 100 sdn pham dat tiéu chuan.

k\'

(
f

Hwdéng dan
a) P(99 <X <101,2) =®[101’21_100)—®[99_1100j=0,38493+0,34134:72,63%

b) Goi Y la s6 san pham dat tiéu chuan trong 200 san pham.
Y~ B(n=200;p=0,7263). Xac suat can tim:

p(100<Y < 200) =@ 2020078 ) 100 20007263
J200x07263%0,2737 ) | /200 0,7263 x0,2737

]:0,5+0,5:1
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Vidu 20
Tudi tho clla mot loai san pham 13 bién ngau nhién phan phéi
chuan védi trung binh 11 ndm va dd léch chuan la 2 nam.
a) Néu quy dinh thoi gian bdo hanh san pham la 10 ndm thi ti
|& sdn pham phai bao hanh I3 bao nhiéu?
b) NEu mudn ti Ié sdn pham phai bao hanh chi la 10% thi
nguoi ta can quy dinh thoi gian bao hanh la bao [3u ?
c) Néu mdt sdn pham da hoat dong tét qua thoi gian bdo
hanh 13 10 ndm (cAu a) thi xac suat né van hoat déng tot trong
3 nam tiép theo la bao nhiéu ?

Tudi tho san pham trong bai ndy dwoc quy wdc la khodng
thoi gian tir khi ngudi diung mua sén phdm cho dén khi
san phdm cén dem dén bdo hanh. &

39

,;\ LA
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Goi X la tudi tho clia sdn pham loai nay. X ~ N( 11, (2 ndm)3).
a) P(X<10)=P(0<X<10) =

_ @[102 ”] @[%} _ 0(-05)+ 0,5 = 0,915+ 0.5 = 0,3085

b) Goi A |3 th&i han bao hanh can tim theo yéu cau.
N ST A-11
Tu gia thiét suy ra P( X < A)=10%, hay CD[ )+0,5=0,1

N q)[ﬂ} = 0,4 = D 128):>u ~_128 (do ham @ don diéu).
2 2 Suy ra A= 8,4 nam.

c) Ala b/c sdn pham d3 hoat dong t6t qua thai gian bdo hanh,
B 13 bién ¢d san pham van hoat dong t6t trong 3 ndm tiép.
Xac suat can tim: 13-11
0,5-d( =)
p(B/a)= PAB) _POC13) 5

o) oo =0.5142
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SV doc gido trinh dé tim hiéu thém vé cac dang phan phdi sau:

11.4.9 Phéan phéi Student (A)
Khi n > 30, PP Student coi nhu

xap xi PP Chuan chuan tac. 2
11.4.10 Phan phdi Chi binh phwong (B)

0.1

( hay Khi binh phuwong)

11.4.11 Phan phdi Fisher (C)
oy T 1 r
: 0.9
0.8 — k=1 ] 058
! —k=2 .
i k=3 ] 0.7 (C)
o6k (B) ke .
041 -
02k i
0.0 ! I \\T‘—‘¥“\‘ .
0 2 4 6 8 00 0.5 15 2 2.5 3 3.5 4
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11.5 CAC DINH LY GIO1 HAN

I.5.1 Bt dang thirc Chebyshev:
Néu X la bién ngau nhién co ky vong toan va phuong sai hiru han
thi voi moi s6 duong etuy y ta luén co:

D(X

2
&

P(IX —E(X)|<¢&)=1-

Vidu 21:
Thu nhép trung binh hang nam cta dan cv & 1 vung la 18 triéu va do
léch chuan la 3,2 triéu dong. Hay tim mot khoang thu nhdp hang nam
xung quanh gia tri trung binh cda it nhat 95% cu dan vung do.

HD: Goi X la BNN chi mlc thu nhdp hang nam cua dan cu trong vung.
Ta chua biét phan phoi xac suat cia X nhung biét E(X)=18 triéu,
D(X)= (3,2 triéu dong)>.

Theo bdt Chebyshev thi: P(|X -18/<&)>1-

Cho vé phai =0,95 = ¢ =14,3108.
Khoang can tim ( 18 -14,3108; 18+14,3108)

3,2°
2
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11.5.2 Pinh ly Chebyshev:

e Néu cdc BNN X,, X,, ...,X, déc Igp tirng déi, co cdc ky vong todn
hi*u han va cdc phuong sai déu bi chdn trén bdi hang sé C thi
V@i moi s6 duwong stuy y ta luén co:

<5J=1

lim P(

* Trwong hop riéng, néu cdc BNN X, X,, ..., X doc Idp tirng doi,
c6 cung ky vong E(X) = m, i=1,2,...,n; va cac phuong sai cung
bi chan trén thi vdi moi sé duwong stuy y ta ludn co:

i POX1+X2+"'+X” <5):1

n
Binh ly nay con goi la luGt sé Ién cua Chebyshev.

X, + X, 4.4 X, E(X)+E(X;)+..+E(X,)
n n

—Mm

N—+00
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* Pinh ly Chebyshev chirng minh su hdi tu theo xac suat cua
trung binh sé hoc cia 1 s6 I&n BNN vé trung binh s6 hoc cla
cac ky vong todn tuwong trng, mac du tirng BNN déc 1ap cé thé
nhan gia tri khac nhiéu so vdi ky vong todn cla chung.

* Pinh ly Chebyshev c6 nhiéu &ng dung rong rai trong cac linh
vue khac nhau. Vi du:

+ Trong viéc do lvong 1 dai lwong vat ly, ngwoi ta thuong tién hanh
do nhiéu lan va lay trung binh sé hoc cta cac két qua do lam gia tri
thuc cda dai lwvong can do. Pinh Iy Chebyshev chi ra rang trung
binh s6 hoc cla cac két qua do sé sai léch rat it so vdi gia tri thuc
cta dai lwgng can do.

+ Dinh ly Chebyshev cho phép du doan gid tri clia trung binh s6 hoc
cac BNN. N& 1a co s& clua phuwong phap mau trong thong ké: dua
vao mau ngau nhién kha nho cé thé két luan vé toan bo tap hop
téng quat cha cac déi twong dwoc nghién cliru.
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11.5.3 Dinh ly Bernoulli:

Néu f, = % la tén sudt xudt hién bién c6 A trong n phép thtr déc

IGp va p la xdc sudt xudt hién bién cé dé trong moi phép thi thi
v&i moi s6 dwong ¢ tay y ta lubn co:

lim P(|f —p|<¢)=1

N—>+00

* Dinh Iy nay con goi la luat s6 I&n cla Bernoulli, dwoc xem I3
co s toan hoc cta dinh nghia xac suat theo thong ké.

« O day sy hoi tu theo xac sudt cla tan sudt f = m/n — p khac
vai su hdi tu theo nghia gidi tich cd dién. Theo nghia giai tich,
vdi € >0 cho trudc, ludn ton tai sé ty nhién N dé v&i moi n> N
thi |[m/n —p|< €. Su hditu hiéu theo nghia xac suat & cho du
n I&n bao nhiéu di nira thi van cé thé xdy ra trwdng hop ca
biét ma biéu thirc |m/n — p|< € khong dwoc thda man.
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11.5.4 Dinh ly Gio’i han trung tam:
( Trwong hop riéng)

Gia su X,, X,,...,.X, la cdc BNN déc Igp cung tuén theo mét quy
lugt phdn phdi xdc sudt nao dé. Ki hiéu E(X;)= a va D(X)= o2, Vi.
Khi n— co, chuing ta co sw hdi tu theo xs cua cdc BNN sau:

a) Bnn X=X+ X,+ ...+ X, hi tu vé phdn phdi chuan N(n.a,n.oc?)
XK+X,+..+X

N
X —-a

I I A A e A 2
b) Bnn X = " hoi tu vé phdnphdi chudn N(a,%),

hay Bnn U = héi tu vé phdn phéi chuén tdc N(0,1).

Jn :

Lo J : v 1 ;-
NOi cach khac, khin — oo, ta co: PU <X) = _[e 2 dt

J2r

Trong phan thong ké, khi n>30 ta st&r dung cong thirc xap xi nay.
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Vidu 22:
Tung 1 con xtc xdc 200 lén. Tinh xdc sudt téng sé chdm thu
duwoc trong cdc IGn tung nhén gid tri tir 300 dén 650.

Goi X; |a s& chdm xu&t hién trén con xdc xac & [an tung thir i,
i=1,2,...,200.
Cac X. doc lap, ta tinh dwgc E(X,) = 3,5 va D(X.) = 2,9167.
Pat X =X+ X, + ... + Xy, -
E(X) = 200x3,5 = 700; D(X) = 200x 2,9167 = 583,3333 .
Theo dinh ly gidi han trung tam: X ~ N(700; 583,3333)
Do d6 xac suat can tim:

650 — 700 ]_q{ 300700
/583,3333 /583,3333

P(300£X£650)z®[ ]:1,92%
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Vidu 23:
Chon ngau nhién 500 sé trong doan [1; 2]. Tinh xdc suét gid tri
trung binh cda cdc sé dé ndm trong khodng (1,45; 1,55).

Goi Bnn X la gia tri s6 th& i dugc chon, i=1,2,...,500.
Ta xem nhu X. cé phan phoi déu lién tuc trén [1; 2.
Cac X, doc lap va ta tinh dwgc E(X)) = 1,5; D(X,) =1/12~ 0,0833.
it wo Xat Xot oo+ X
500

Theo dinh ly gldl han trung tam: X ~ N(l 5: 0.8333 =0 000167j
Do dé xac suat can tim: 500

P(700§X§800)zCD( L>-15 ]-cp[ Lao-15

=99,99%
/0,000167 /0,000167
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I1.5.5 Cdc céng thire gan dung: ( trich tir GT, da st dung & muc 11.4.2; 11.4.4)
1- Xip xi Phan phéi Siéu bji véi phan phoi Nhi thive

Dinh 1y 4.18 Cho X ~ H (N, M, n). Néu n ¢o dinh va lim % =p thivéi k=0,n, taco

N—oow

]%im P(X =k)=Ckphg*

Theo dinh 1y 4.18, néu N kh4 16n so v6i n thi c6 thé coi X ~ B(n, %j

O

k ~n-k k n—k
tie 1a ta c6 cong thic gan ding CuCnow o (%j (1 —%j k=0,n

" M N

2- Xip xi Phan phéi Nhi thicc véi phan phoi Poisson
Pinh 1y 4.19 ChoX ~B (n, p). Néup — 0 va np — A khi n — o thi v6i £=0,n ta c6

k
HmP(X =k) = e X

n—>o0 k!

Theo dinh 1y 4.19, néu p kha bé va n kh4 16n thi c6 thé coi X ~ P (np), tic 1a ta

ciptqt <o L p o

c6 cong thic gan ding: ]
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3- Phan phéi Nhi thivc va phan phéi Chudn
Dinh 1y 4.20 (Pinh 1y Moivre - Laplace dia phuong). Cho X ~ B (n, p). Néu n, k € N sao

cho x = * =" 1 chan khi n — oo thi P(X = k) = — .f(k‘”p}xn

Vnpq Jynpq | \Jnpq

trong d6 A, —» 1 khin — o va fla ham mat do Gauss.

Theo dinh 1y 4.20, khi n kh4 16n ta c6 cong thic gan ding

hok onk 1 k—np

Cn 9
P ~ Jnng f[ Jynpq J

Dinh ly 4.21 (Pinh 1y Moivre - Laplace tich phin). Véi gid thiét nhu trong dinh ly 4.20,

> ky, —np ki —np
ta ¢ Pl <X <ky)=x, CI{ 2 }_q)[ 1 J
1 2 { B oa

trong d6: A, > 1 khi n —» « va ® la tich phan Laplace.

k=0,n

Theo dinh 1y 4.21, khi n kh4 16n ta c6 cong thic gan dung:

ko —np k, —np
P(ky<X<k,) Crp*q"™" ~ [ 2 ]—d)[ 1 j
kzkl ynpq ynpq
Hai cong thic gan dang sau cung nay thuong chi st dung khi p khong qua gan 0
hoic 1, vi trong trudng hop d6 sai s6 1a 16n.
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1.6 HAM CUA BIEN NGAU NHIEN

Dang bai: Cho biét quy luat phan phdi xac suat cla bién ngau
nhién X, hdy tim quy ludt phan phoi ?

xac suat cda bién ngau nhién Y=f(X).

Vi du 24 °

S—

Cho X c6 bang phan phoi xdc suit:

X 1 2 n

P — — —

Tim bang phan phoi xdc suit cia BNN Y = cos (% Xj
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Huéng dan:

X
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Vidu 25

Cho X la bién ngau nhién cé phén phéi déu
trén doan [1, 4]. Tim ham phén phéi xdc suat

cla bién ngau nhién Y =InX + 1.

Hwéng dan: 1 o
\ o — xell; 4
Ham mat d6 xdc suatcia X:  f (X) =<3 T

0 xe[l4
( 0 x <1
Ham phan phdi XS cua X : Fx(x)=<lx—l 1<x<4
3 3
1 X>4

Ki hiéu Fy(y) la ham phan phdi xac suat cua Y. Ta thay:
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Fy(y) = P(Y<y)=P(InX+1<y)=P(X<e¥l)=F(ev!) vdiyeR
( 0 eVt <1
1 1

—J eVt _Z 1<e¥ <4

1 eVt >4
( 0 y <1
1 1

:<§ey_l—§ 1S y£|n4+1

1 y>In4d+1

§
Ttr ddy co thé tim thém d‘u’o;c ham mat dé XS cda Y:

ley‘1 1<y<In4+1

f,(y)=43
0 y ¢[L; In4+1]

k
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