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X E {0,1,2, ...... , n} 

x --;B(n,p) 

P(x = xJ = c;px(l - p)n-x 

1..J...,, ,y ..:;_,~ 3 ~ ,q=l-p ~ ç.by ..:;_,~) p ~ ç.~ ..:;_,~ ~ J)~ r..?Y:-­

·t_l>.-J 'j~ ) 0_.r'" ~1 0_,.L; o..l>~l ,J)..\.:..,a.)1 

X=xi 41_,J1 ~~WI 

0 NNN 

1 BNN ,NBN ;NNB 

2 

3 

X E {0,1,2,3} 

x--;B(3,p) 

BBN,BNB ,NBB 

BBB 

P(x =xi)= C:fpx(l - p) 3-x 

~~~)11 

3 0 qp 
2 2 2 2 

pq +q p+pq =3pq 
2 2 2 p q+p q+qp =3qp 2 

3 0 pq 
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n n L p(x = xa = L C~px (1- p)n-x = 1 
x=O x=O 

= [p + ( 1 - p)] n = 1 n = 1 

n 

E(X) = L xp(X = xJ 
x=O 

n 

= L xC~px (1 - p )n-x 

x=O 
n 

= L xc~px (1 - P )n-x 

x=O 

L
n n! 

= X px(l - p)n-x 
x!(n-x)! 

x=O 
n 

L n(n-1)! 
xc1 )n-x = X p -p 

x(x - 1)! (n - x)! 
x=l 

n 
~ (n-1)! 

E(X) = n L (x - 1)! (n - x)! px(l - p)n-x 
x=l 
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8 

O=X 
j(X-U)jX i 

'x-u(d - T)xd (T - x)x = 
jU 

u 

O=X 

·x-u(d - T)xd~.J(T - x)x i = 

u 

O=X 

·ex= x)d(T - x)x i = [(T - x)x]H = v 
u 

L= V 

·v + (X)H = (zX)H Ç= 

·v = (x)H - (zX)H Ç= 

V = (x - zX)H Ç= V = [(T - x)X]H 

L= (zX)H 

·du= (X)H 

'(X) zH - (zX)H = (X)A 

·du= (X)H 

'1-u(T)du = 

·1-u(d - T + d)du = 

:1- X= _X 



f n! 
a= L x(x - 1) x(x - l)(x - 2)! (n - x)! px(l - p)n-x. 

x=2 

X-= X - 2: 

= n(n - 1)p2[p + (1 - p)t-2 

1 a = n(n - 1)p2 
1 

V(x) = E(x 2 ) - E2 (x) 

E(x2) =a+ E(x) = n(n - l)p 2 + n.p 

V(x) = n(n - 1)p2 + np - n2p2 

= nzp2 _ np2 + np _ nzp2 

= np ( 1 - p) = n. p. q / q = 1 - p 

1 V (x) = n. p. q 1 
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-1 

:JL::.>1 ~\ -2 

."10 Y>-=..>~ 5 ~ ~~1 ;yk.l1 .)J.>:. :A" 

x--? B(n,p) 

X --? B( 40,0.4) 

X E {0,1,2,3, ...... ,40} 

P(x =xi) = C,f0 (0,4)x (0,6) 40-x 

E(X) = np. 

E(X) = ( 40)(0,4) = 16. 

V(x) = n. p. q = ( 40)(0,4)(0,6) = 9,6 

p(x = 10) =? 

ex= 10) = cioco 4)10(0 6) 30= 40! (0 4)10(0 6)30 
p 40 1 1 10!30! 1 1 
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= 40X39X38X37X36X35X34X33X32X31X30!(0 4)10(0 6)30 

10!30! 1 1 

1 p(x = 10) = 0,0196 

p(B) = p(x ;:::: 3) =? 

= C~0 (0,4) 0(0,6) 40 +C!0 (0,4) 1(0.6)39 +C~0 (0,4) 2(0,6) 38 

= (0,6) 40 +40(0,4)(0,6)39 + 2~;~, (0,4) 2(0,6) 38 

= s.10-7 

p(B) = 1 - p(B) = 1 - S.10-7 = 0,99 

1 p(B) = 0,99 
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X-?B(n,p) 

x -7 B(30,0.2) 

P=4/20=0 ,20 

X E {0,1,2,3, ...... ,30} 

P(x = xi) = Cf0 (0,2)x (0,8)30-x 

E(X) = np. 

E(X) = (30)(0,2) = 6. 

V(x) = n. p. q = (30) (0,2) (0,6) = 4,8. 

p(A) =? 

p(A) = p(x = 3) = Clo (0 ,2)
3
(0,8)

27 

= ~ (O 2) 3(0 8)
27 

3!27! ' ' 

= 30X29X28X27! (O 2)3(0 8) 27 

3X227! 1 1 

= 4060 X 0,008 X 0,0024 = 0,078 

1 p(x = 3) = 0,078 

p(B) = p(x > 2) 

=1-p(B) 
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p(B) = p(x > 2) 

= 01989 

p(x < 27) =? 

p(C) = p(x < 27) 

= 1 - p(C) 

= 1 - p(x > 27) 

= 1 - [p(x = 28) + p(x = 29) + p(x = 30)] 

= 1 - [c~g (012)28 (018)2 +c~6 (012)29 (018) 1 +c~g (0,2)30 (018)0
] 

= 1 - [2:~~! (0.2)
28

(018)
2
+30(012)

29
(018) + 1(0))

30
(1)] 

13 



·Lli..;:,\ . w . . . J..j 

~\.).JI uL..GJ.JI ~ 5 J-<PG: 0î JL...:.>1 -1 

~~_,JI d..-..8-~ _y~1 ,}>-~ 6 ~ 0Î JL...:.>1 -2 

~Gj _}-JI 0~ ~ 0i JL...:.>1 -3 

0\S' bl ,~1 ~ y- Ji:-.- j-<...:., ~ ..:..>~ 4 if 4.:JWI u~lhU è..UI j4>. 0y~ 

:J: L. y_,.lkll ,0,02 ($)~ ~ uo/1 (.5..G-1 ~l.al JL...:.>1 

~01;.,hJI ,.GÎ ~l.al ($Î ~ ;/Î JL...:.>1 y L. -1 

~~l.al if ?i ~ ;;i JL...:.>1 y L. -2 

~~l.al _y~1 ,fa ~ ':/Î JL...:.>1 y L. -3 

~ 68 0Î b_,J ~ 100 if 0~ ~ ,}>-~ rff J--.0 ..;.;l>W.!1 ..L>Î Jl.::>1 ~ 

·cW.11 J~1 r~ ..!.:.? J:>)~ i,,~ t ~ 0î ~ ~~1 ~) ,,_Li..';J1 l-)\>-~UR 
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.~I _,Î o.ill J_,b ê° ...,_._.,~ ...'.:.>.:il:l-1 ..;_,~~<(; .:i..lç. .2 

J_,_;. ~I _,Î o.ill J_,b 015' l~j _µ1 Jj J_,_;. o..l>~ ~ if _?Î ...'.:.>.:il:l-1 .J~<(; JL..;;;.-1 .3 

x 4 P(À) 

3- X E {0,1,2,3, ........ } 

Àx 

P(x =X·)= e-À._ 
i x! 

=1 

15 

.µ1J1 

:~ 

.(~I) o.J.ll l) ...'.:.>.:il:l-1 ..:.i~\}0 .:i..lç. :X -1 

0yS; (ijy Jj ~:X -2 

-4 



+co 

E(x) = I xi p(x =xi) 
x=O 

+co 
Àx 

= e-il I-cx---1-)! 
x=1 

X
1 
=X - 1 

+co Àx' +1 +co Àx' 
E(x) = e-À ~ = e-ÀÀ ~ -

L x'! Lx'! 
x'=O x'=O 

=À 

E(x) =À. 

V(x) = E(x2 ) - E2 (x) 

E(x2 ) =? 

E(x(x - 1)) =a 

E(x2 
- x) =a 

E(x2
) - E(x) = a 

E(x2) =a+ E(x) 

E(x2
) =a+ À 
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a= E(x(x - 1)) 

+oo 

= I x(x - l)p(x =xi) 
x=O 

+oo JlX 
= ~ x(x - 1) e-À-

1 ~ X. 
x=O 

+oo JlX 
= e-À ~ x(x -1)-

1 L X. 
x=O 

+oo JlX 

= e-À I x(x - l) x(x - l)(x - 2)! 
x=2 

+oo JlX 

= e-À I (x - 2)1 
x=2 

X
1 
=X - 2 

+oo /lx'+z 

E(x(x - 1)) = e-À I x'! 

I
+oo JlX'Jl2 

- e-À 
- x'! 

x 1=0 

1 E(X(X -1)) = A2 

E(x 2 )=a+Jl 

= Jl2 +Il 

V(x) = /l2 +Il - ll2 

V(x) =Il 

x 1=0 
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xE{0,1,2 ... } 

À= 100, 

X '-7 .'.P(100) 

1oox 
p(x =xi)= e-100. __ 

x! 

\ E(x) = V(x) = À = 100 

100C9o) 
p(A) = p(x = 90) = e-10.--

90! 
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p(B) = 1 - p(B) 

= 1- p(x < 3) 

= 1 - [p (x = Ü) + p (X = 1) + p (X = 2) + p (X = 3)] 

p(x > 4) = 1 - p(x < 3) 

= - [ -100 (100)~ (100)2 -100 (100)3] 
1 e . ~~~ e - l,,__~ ; · :Z .. + e . 3 . ..-' ·' . ~ ' 2 ! ! 

= 1 - e-100 [1 :r,,~'o<Fls-&9b '~À,00.000] 
\ \ . ""tr.--~\_ j ~J f ~ 1 \. ' '"~,f>,\J 1 ) • 3 

515.303 ' ·;\ ,/ :,'. / 
p(B) = 1- e-

100
. \~-:: _'~. ' >' ;.·:- · .. / 

3 ----~ ,_;.-.- , .. · 
" .- _ .p' 

180 
À= 60 

=3 

À=3 
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X 4 .'.P (3) 

X E {0,1,2, ... , ... } 

Àx 
p(x = xJ = e-À_ 

x! 
-3 3X 

= e .­
x! 

2- E(x) =À= 3 

V(x) =À= 3 

p(A) = p(x > 2) 

p(A) = 1 - p(A) 

= 1 - p(x < 2) 

= 1 - [p(x = 1) + p(x = O)] 

- 1 [ -3 31 + -3 30] - - e .- e .-
11 O! 

= 1 - [3e-3 + e-3 ] 

=1-[4e-3 ] 

=1-4e-3 

= 0,8008 

1 p(A) = p(x 2". 2) = 1 - 4e-3 = 0,8008 
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-.;_,l,.:.Î ,üJ\1~5 i.,?JW ~j}I ri -'~ 0Î ~,~\>. o-'~ ~..w l...k:; c:_L:;! 0 ~ ~ 

:j< \.. y_,lh\.I ,a..Jaj 600 ~ 9p ~ 

{~_;:cil l..°lA> .J ~ i.,?.lJI t:j_,::ll y W ,~j}I ri-'~ y Jpl _;:cil 0Î L,<o) I ~! -1 

~-:r-l::JI j é'_,JI ~I 

~~ 4 L.r" _?Î ~J J~I ~\ -2 

~_?\fi~~ ~J J~I ~I -3 

~~ ~J J~i ~I -4 

~~\ <l.,a.) Jj\fl J.!lkJI 0 ..l>._,: ~ Jlk::;I o..lo ~ \.. -1 

~t:jyJl 1..°lA> -:r-l; ~i -2 
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~~~;, 10 J')\;.:. y~1 ~ 01.J}~"" jj_,:G 0î J~! Y' \_,, -1 

~~~;, 10 j')\;.:. y~1 ~ 01.J}-::···" jj_,:G 0î J~l Y' \_,, -2 

~~;, 15 l} _?~1 ~ uG~ 4 jj_,:G 0î J~I y. t_,. -3 
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t:ib- ~ -:.,.) X ~f ~ Lil> ~ ,ô.T' Il ;\,,~I 1~ J~~ (:}Jf dJb- <J .T''JI ~ 

.J3'J1 ôrlJ cWI 

:y~I 

~(ô:i~'jl ~I) ..:.Jl':ll ~I <J J3'JI ôrlJ ,.WI ô.r<JI Jy J_rd-1 JL...:.>1 y L. -1 

~ (ô:i~'j~ ~I) J3'JI ôrlJ ,.WI ô_,5J1 Jy J_rd-1 Jl...:>-1 y L. -2 

~ (ô:i~'jl ~I) .. ~ ,p_? 1# JL...:.>1 y L. -3 

~ (ô:i~l J3~ ~I) .. ~ ,p_? 1# JL...:.>1 y L. -4 

.._jj_,:;: J3'JI ô,,.JJ ~1# ~) ,J3'JI ôrlJ ,.WI ô_r.,<JI 1# y 0")1 .ill J~I pdl 

... w.1ô.r<JI1# ..:;_,L; Jy bli...? ô:i~)I~ ~I Jy~ ~ ,a.,~1 ~ 3Î ~I 

5 
p =-

8 
3 

q=-
8 

p+q=l 
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3 3 5 45 
p(x = 3) = 8. 8. 8 = 512 = 0,0878 

p(x =xi)= qx-1 .p 

p(x = 2) = c~pk. qn-k 

5 2 3 1 

= C~ X (
8

) (
8

) = 3 X 0,141 = 0,422 

cz c1 
s· 3 = 0 535 

3 / 
Cs 

n 

E(x) = L xp(x = xa 
x=l 

24 



n n 

= I xqx-1. P = PI xqx-1 

x=1 x=1 

1 
E(x) = -

p 

V(x) = E(x 2
) - [E(x)] 2 

E(x(x - 1)) =? 

n 

E(x(x -1)) = I x(x - l)qx- 1 .p 
x=1 

n 

E(x(x - 1)) =p. q I x(x - l)qx- 2 

x=O 

25 



:~ 

2 2q 
E(x(x - 1)) =p. q. P3 = pZ s_.,;,~JI _:;_ _, _i f , :_ . 

E(x(x - 1)) = E(X 2
) - E rlY.i~. 1 Il ~i::\\ 

'f :<. { . -~ " . l ' .• L_"' '>' 1 . . 

2 q i, "':"".\ 1 ' 1..;;;,,JJ j ,:: 
'\ """'=t~- f i' 

E(x
2

) = p 2 + E(x) ~~~~~>; 
- ""\.... . \"\ ,./ .. ~ - \ ~ · / . 

2q 1 2q + p .,.-.--__ .' 
E(x 2

) = -+- = p2 p p2 

2q + p 1 
V(x) = E(x 2

) - E 2 (x) = p2 p2 

1-1 = -(p + q) 

2q + p -1 
-----

p2 

2q + p - (p + q) - 2q + p - p - q 
- 2 p2 p 

q 
p2 

26 



J.Ui ~l.o! J~! y w , .. :.Jl.~.AJ 4 i.,?°J. il_; I~! ,0.6 (,,>j~ '.,?°~ J_,.1 if J.Ui ~ l.o! J~I Jj 

~ Jj \ri ô_rJJ 

p = 0.6 

q = 0.4 

- -; ... -

P(A) = (0,6) + (0,6)(0,4) + (0,4)(0,4)(0,6) 
+ (0,4) (0,4) (0,4) (0,6) 

= 0,6 + 0,24 + 0,096 + 0,0384 

= 0,9744 

:y_,lk.JI 

~X JµI ~ L;:!l::J~ W_y.1.1 ~I ..l>.-jÎ .,:~ o_? ~ ..;.;G-- )~ J.:':. XJIS'I~! -1 

~ ~Ll-1 ~I if ~ Jjf l) "~ o_? J~ J~I -2 

8 2 
p = 12 = 3 

4 1 
q = 12 = 3 

p+q=1 
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1 1 3 
E(x) = - = - = -

p 2 2 
3 

E(x) = 1,50 

q 1/3 1 9 3 
V(x) = p2 = (2/3)2 = 3 X 4 = 4 

V(x) = 0,75 

~"p,.~j~ / . "~\,j.1 ~1 .... ~ Jjî J ,.L,a...i o <J_ .1:..:A" -2 I \\ . ~ ........... I \ • u . - - · '.r' ~ 

\\~'.,/ (1)4 (2) ~- = 3 3 

2 

243 

:y_,lh.JI 

~ x J~I ~ JL:::l~ w_,:11 ~1 ..L>.-JÎ .,.1-=>y ë_? ~ u~ -=>~ J:.':, x0l5'bl -1 

~ ~1)1 ~\if ~ JJÎ L) ,_\.:>y o_? J~ J~I -2 

~ ë.:>Lç.~~ u!?' 4 ~ ~ JJ~\ o)I L) ,.b_,... ô_? J~ J~I -3 

~~L::J1 ~1 L) JJ~1 ~ ,.1.:>_,... ë_? )~ J~1 -4 

1 
E(x) = - = .1/9/13 = 13/9 = 1,44 

p 

28 



9 
p = 13 

4 
q = 13 

V(x) =~=~X (13)2 
p 2 13 9 

4 X 13 52 

92 81 

V(x) = 0,6419 

9 4 
p = 13} q = 13 

p(B) = (:3) + (143) (:3) + (143) (1:) (193) + (1:) (143) (143) (:3) 

29 



~~I J~ ~j~I :(Ü4) ~) o?~I 

:~~\ J~ ~j_,.JJ J~~\ l)yl.all ~~ -1 

_pd1 ._j~3 ~..\..,a.l~ ~ ·n o..:... ~ ,,.br ~nu .. ~ o_? bi j>- <.?_,::>; J3.J..;..,,:> ~ 

.~bhl J; ~jy Jj ~X 0Î J~ ,~ J-d'I ,_~\..;.;~<JI ;...lY ~ <.?jj\ X Ji_,..;,..JI 

~ bi(bi -1)! 
=Lx x(x - 1)! (bi - x)! 

:~~I J~ ~j_,.JJ ~~.WI ..:;~\ -2 

:E(x) ~~I 3Î ~4}1 j-c~I -

ni! (n - 1)! (bi +ni - n)! 
X n---------

(n - x)! (ni - n + x)! (bi + ni)(bi +ni - 1)! 
n 

bin I (bi - 1)! ni! - X---------
(bi +ni) (x - 1)! (bi - x)! (n - x)! (ni - n + x)! 

x=i 
(n - 1) ! (bi +ni - n) ! 

x---------
(bi +ni - 1)! 

30 



E(x) = np 

V(x) = E(x 2 ) - [E(x)]2 

ni! 
X X 

( n - x) ! (ni - n + x) ! 

(n - 2)! (bi +ni - n)! 

(hi+ ni - 2)! 

bi. n (bi - l)(n - 1) ~ c~1-32 X cJi;x 
- (bi +ni)· (bi +ni - n) L c(nb-~n )-z 

x=2 1 1 

( ) 
bi. n (hi - 1) (n - 1) 

E x(x - 1) = .-----
(bi + ni) (bi +ni - 1) 

= E(x 2
) - E(x) 

3i 



V(x) 

= bi. n [(bi - l)(n - 1) + (bi +ni - l)(bi +ni) - (bin)(bi +ni - 1)] 
bi +ni (bi +ni - l)(bi +ni) 

bi. n (bi +ni - bi)(bi +ni - n) 

(bi +ni)· (bi + ni)(bi +ni - 1) 

n. p. q. (bi +ni - n) 
V(x) = (bi +ni - 1) 

32 



_;;dl J_;,.; ( &-' 0 6 :l..ü.,a.l ~ o.:.,. ~ ;J.. L,o &-' 1 0) :a., l,_,. &-' 0 7 J-ç- t.? .Y= J j..l:...o 

.:J.,y--11 :J.,WI ~I .:.~ Y.Ç. t.,?.lJI X Jl_r:.-JI 

x 4 H(n, b11 n1 ) Ç:::} x 4 H(6,7,10) 

X = {0,1,2,3,4,S,6} 

p(x = Xt) =? 

E(x) =? 

E(x) = np 

7 
p = 17 

33 



7 
= (6)(17) 

E(x) = 2,47 ~ 2 

V(x) =? 

( ) 
n. p. q. (b1 + n1 - n) 

Vx =-----­
(b1 + n1 - 1) 

7 10 
6. (17). c17). (7 + 10 - 6) 

V(x) = (7 + 10 - 1) 

V(x) = 0,999 ~ 1 

2 4 
C7 C10 

p(x = 2) = p(A) = 6 
C17 

p(x = 2) = p(A) = 0,356 

p(B) = p(x < 3) = 1 - p(B) 

p(B) = p(x < 3) = 1 - p(x> 3) 

-3 

."_;S'~I ~ ~w ~ ~"').S ~ J_,.d1:B" 

."jj~I ~ ~w ~ t!) ~ J_,.dl:B" 

p(B) = p(x < 3) = 1 - [0,127 + 0,0169 + 0,00056] 

p(B) = p(x < 3) = 1 - 0,14446 

p(B) = p(x < 3) = 0,85. 
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05 ~,y _pl ~Lo.,.~)) 0µ 06 '~ ~j ~ J_r=l-1 ~~..li:,, 10 0::-1 ,y 

x 4 H(n, b1 , n1) ~ x 4 H(S,6,4) 

X = {1,2,3,4,S} 

p(x = xa =? 

E(x) =? 

E(x) = np 

35 

. (~..L,a.I~ Jl;.:;> :il) ~w ~Ir:-~ 

:JJ-1 

:xJ J~jJ\ ~_)JJI -1 



6 
= C5)C10) 

E(x) = 3. 

V(x) =? 

c2cs-2 
p(x = 2) = p(A) = 6 

: 
C10 

c2c3 
p(x = 2) = p(A) = T 

C10 

6! 4! 

p(x = 2) = p(A) = ~~ 
5! 5! 

60 
p(x = 2) = p(A) = -

252 

p(x = 2) = p(A) = 0,238 

: J ~ 1 1. .. A •.• .;o- -1 

:A" 

36 



p(B) = 1 - p(B) = 1 - p(x < 1) 

p(B) = 1 - p(x = 1) = 1 - 0,0238 

p(B) = 0,976 

p(C) = p(x > 1) 

p(C) = 1. 
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;i..l.,a:.JI 4~~1 .;:J~j_,:11 ~1; ~i :~l'.Jl ~I 

38 

. ~I C;!j_,:JI 

.~I C;!j_,:JI 

·~~I C;!j_,:JI 

~ ... ~~)~_,; 
''.-i:~ ·j/ ~~ C;!jy 

';' ( . ~,,:~ C;!jy 

' ; ' \ ' 
\ . 

-1 

-2 

-3 

-4 

-5 

-6 



: a..JL.o.::.>-1 dj\.S - . - ._,:, - L. . - Ji ~ ,,. j.J\ :-11 - ~~.r·~(:!:JY c--y ~ 

1 1 (X - x)2 
f = ôWexp[ - 2 ô ]. 

'.l .~AÏ 
·~ 

·~ 

• 
• 

E(x) = i 

v(x) = 82 

. J _,..G:-1 ~ J. ...:;..i~l5:..:J1 ~ li ~1 c:üPJ w~ : ...::..> llL.o.::.>- li 1 yl....>-

J
y Jy 1 1 (X - x)2 

p (X < y) = f (X) 8 X = w exp [ -
2 

Ô ] . 
-OO -OO Ô 2n 

On pose: 

x-x 
t = => x = ôt + .x => a.x = ôat. 

ô 

39 



:Jl!.o 

ojGi~ j_çL., 1000 l.}.L.J..I 4.....J ~ C!jy Ji (vLçU~) u~}k.~I ,y t_j r->-~ 

_j_çL., 50 ':?J~\ 

_j_çL., 1100 ~)~\ ~ J_,..Q: 'J L>Î JL...:;;..1 ~\ -

:j;>JI 

- 1.b.Ji 1·~ - 1- · - JI ~ <\.....:._y . - ·X ..... J . ~ u----~ C}JY c~ - i..jr- ~ · 

• X 4 N(l000,50) 
• P(x < 1100) =? 

= p(t < 2) - CO Q 2 + CO 

P = (x < 1100) = 0,9772 

0.9772 :y. j_çl..., 1100 ~)~\ ~ J_,..Q: 'J L>Î JL...:;;..i :L>~l -

40 



P(x < 21) 
P(x < 17) 

p(18 <X< 2 
p(x>19) 

P(x < a) = 0,86 

P(x > b) = 0,70 

p(b <X< c)= 0,60 

X 4 N(20,3) 

1J P(x < 21) = ? 

x-x t = -
8
- ::::> x = ot + x; t 4 N(0,1) 

P(x < 21) = P (t < 
21

; 
20

) 

= p (t < ~) = P(t < 0,33) 

P(x < 21) = P(t < 0,33) 

= 0,6293 

41 

:~i -1 

:~a - b - C ~I iJ:>- -2 

-1 

. i , 

-=--------· . ....l. ______ l ___________ _ 
-OO 0 0,33 + oo 



P(x < 21) = 016293 

2) P (x < 1 7) = ? 

x- 20 
t = 

3 
~ x = 3t + 20; t 4 N(OJ) 

( 
17-20) 

P (x < 17) = P t < 
3 

= P(t > 1) 

--
- OO - 1 Û + 1 + OO 

=1-P(t<+l) 

= 1- 018413 

= OJ587 

P(x < 17) = OJ587 

3) P(18 < X < 21) = ? 

- OO ....:...1 Û 

(
18 - 20 21 - 20) 

P(18 <X < 21) = p 3 < t < --3-

42 

+ oo 



= P(-0,66 < t < +0,33) 

= P(t < +0,33) - P(t < -0,66) 

= P(t < +0,33) - [1 - P(t < 0,66)] 

= P(t < +0,33) - 1 + P(t < 0,66) 

= 0,6293 - 1 + 0,7454 

= p(t > -0,33) 

-OO - 0,66 0 0,33 + 00 

- OO 0 +0,66 +oo 

- OO 0 0, 33 + OO - OO - 0 , 33 0 + oo 

p(x > 19) = p(t > -0,33) 

= P(t < + 0,33) = 0,6293 

p(x > 19) = 0,6293 

43 



1) a=? 

a=0,28~t=+1, 

a- 20 

~a= 23,24 

2) b =? 

P(x > b) = 0,70 

( 
b - 20) 

pt> 3 =0,70 

(
b - 20) 

[ 3 - +oo[ 
a 

-OO 

o~~ 
-OO - (· ~=~g) Ü + OO 

3 / 

2 = 0,30 ~ a = 0,60 ~ t = -0,524 

b - 20 
~ 3 = -0,524 

~ b = 20 - (0,524) (3) 

44 



=> b = + 18,428 

(.,?J~I .ij~~ (10) \.}.L.....oll .i.k...J ~ é}jy Jl ~ ~ Jl>.;,,.1 y (~lb 300) ..;:_,~')ly ...::,_;\.5' 

.(02) 

X 4 N(l0,2) 

~c13) ) c1 O) ~ ~ r-2~')ly ..::,_tj) ù:!jj1 ~1 ~ i./' ~ c1 

~c13) ) c1 O) ~ ~ r-2~')ly ..::,_tj) ù:!.w1 ~1 ,)~Y" ~ c2 

~Y~~1 c0/o25) J1 ~ .:r ~lb~~ ~')ly __µî i./' ~ c3 

,. • .u._,o 0 L>..;,,.i ·~ ;UkJ\ ..::.> ~ ')ly 1 • ~ 'J ....::._ç. . • : X v.-- <..:? • U--· l./r ~ ~ 

P(10 < X < 13) =? 

x-10 
t = 2 =>X= 2t + 10; t 4 N(0,1) 

45 



(
B - 10) 

[ 2 - +oo[ 

a 
Z = 0,25 ~ a = 0,50 

a= 0 50 ~ t = 0 674 = 
' ' 

B-10 

2 

c0 ,90) r cm+ 3290) J cm - 3290) 0.:-! L. G~ x 0~ 0i J~1 0i ~ 1::.1 

.OJ m ~ ,_/" W ,C0,08) Y' c45785) .:i..WI X J_,A: 'j 0Î J~~ 

x 4 N(m,o) 

P(m - 3290 < x < m + 3290) = 0,90 

P(x < 45785) = 0,08 

x-m 
t = 

0 
; t 4 N(0,1) 

(
m - 3290 - m m + 3290 - m) 

p 8 < t < 8 = 0,90 

Ç:::} ( 45 785 - m) 
p t < 8 = 0,08 

(
-3290 +3290) 

p 8 < t < 8 = 0, 90 

Ç:::} ( 45 785 - m) 
p t < 8 = 0,08 

47 



/ ' 0,05 
,, o9o .· 
,' ,,.· . / 

- / / , /· .-1 / ,.. / , -- ;;. 

0,05 

-OO - 3290 3290 o 0 +- +oo 
0 

~ (-3290 +3290) 
p 8 < t < 8 = 0)90 

q p (t < 45785-m) _ 
- 0 - 0)08 

~ p (t < 45785 - m) 
- 2000 = 0}08 

a 
2 = 0)08 ~ a = 0)16 

0,08 

- OO ( 45.785-m î 
\ 2000 ; Q +OO 

a= 0)6 ~ t = -1A05 

45785 - m 
2000 = -lA05 ~ m = 48595 

48 

8 = 2000 



~ .:iî L-....._;11 ~.Li, J.:._} ,a(x) = 12 (,?J~ JGil 3 , .X = 120 .1....,y. ~1 C::!)pl 

.~l.S".u1 ..;.il>.-)~,:_;-- %20 ,).>-~ ~ YJJ,,j 

X 4 N(120,12) 

P(90 < X < 130) =? 

x-120 
t = 12 ::::>X = 12t + 120; t 4 N(0,1) 

90 - 120 130 - 120 
P(90 <X < 130) = p ( 12 < t < 12 ) 

(
-30 10) 

P(90 < x < 130) = p 12 < t < 
12 

P(90 < x < 130) = p(-2,50 < t < +0,83) 

P(90 < x < 130) = P(t < +0,83) - P(t < -2,50) 

P(90 < x < 130) = P(t < +0,83) - [1 - P(t < +2,50)] 

P(90 < x < 130) = P(t < +0,83) - 1 + P(t < 2,50) 

P(90 <X< 130) = 0,7967 - 1 + 0,9938 

P(90 <X < 130) = 0,7905 

49 

:y_,.lh.JI 

-1 

-2 



p(x > B) = 0,20 

x-120 
t = 12 ~X= 12t + 120; t 4 N(0,1) 

p(x > B) = 0,20 

~ B = 130,104 

if %10 .:.ii ~ ,81 J-~ J 72 .h...p. W. l...:jj ~1)1 UI ~· .::..il .• ~ é)Y 

:y_,.lkll 'è?lLI Jl ~ ~ ~G.....,oÎ ~ o~I ,.:A .• ')\,JI 

X 4 N(72,9) 

p(x > B) = 0,10 

x- 72 
t = 9 ~X= 9t + 72; t 4 N(0,1) 

p(x > B) = 0,10 

( 
B - 72) 

p t > 9 = 0,10 

50 



- 0 20 a _ 10 ::::} a - , -- 0, 
2 

a= 0,20 
B- 72 

51 



Uniform Distribution ~1 ~jJJI : c06) ~J ~?~I 

:~ 

.:i\5'1~µ ,~ j.-~ ..;;_,~ .:.>Î ~ ~\ ~i,kJI ~\.,,... y i~J ,~G" J~I ~\.:. .J (:ijy _Y' 

~~ ~1 cil':)'~\.:. .:.>~ a < x < b Y' ol..i..,cUniform) ~ Cijy .J JP ~X ~\ 

1 
f(x) = b _ 

0 a b X 

Cijy)\ \..U, f) ~~ l.û_, '( b_, â) ~ Cijy)\ \.Û .jl.::.J,.,. J.>..y ,.i.;µ Cijy)\ t L,.... if) • 

. ~1 (:i),:!~ li~i ~_,. x 4 U(a, b) :~~1 o_,_ra.J~ 

:~l~jJJI~~ -J 

:~ 

:E(x) (~4)1 ~_,..li) -1\.-.?JI Lyl -

E(x) = f,b xf (x) ax = f,b (-1
-) ax 

a a b-a 

b 
_1_ [~ x2] = _1_ (~) [b2 _ a2] 
b-a 2 a b-a 2 

(~) (b~a) ~b - a)(b +a) = 

52 

b+a 
2 



E(x) = b+a 
2 

:v(x) l.ft~1 -

:~ lS' ~\ c:j?J 0:1~1 yL>. lr~ 

= G) (b ~ J [ (b - a) ( b 2 + a 2 + ab)] 

E(x 2
) = G) [(b 2 + a 2 +ab)] 

b 
2 + a 

2 + ab [b + a] 2 

v(x) = E(x 2
) - E2 (x) = 

3 
-

2 
4b2 + 4a2 + 4ab - 3(b + a) 2 

12 
4b 2 + 4a2 + 4ab - 3b 2 

- a 2 
- ab 

-------------
b2 + a 2 

- 2ab 
------

12 
v(x) = (b - a)z 

12 

12 

53 



:c C.D.Fy ~1 ê'-~1 aJ1~ -2 

f (x) = p(X < x) = f f (x) dx = b ~ a r dx 

x-a 
f(x) = b - a 

54 



,fa ~_,Lw. -.:.i~~ ~ rüJ ,J_}! cj ~JJ 'v-b~ ~ 1500 ~JW1 _?1).1 J..>.Î ;iJy.-..1 

:~~1 .. L,,,._,l~ ,~1 (::!j_,:l1 ~ c::-.LJ ~)1 o_fail1 ..:....ïl5'1~) .Lli J~ )..t.. 

f(x) = 
1 

12-0 

1 

12 
) 0<. X< 12 

8xp(x > 7) = 8x(l-F(7)) = lSüo(1--:
2
-_-

0
-
0

) 

= 625 Ton 

55 
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Negative Exponential diaribution :~WI ~~1 ê!lfll :c07) ~J o_r"~I 

· .L ~ h; 
·~ 

f (x) = ee-ex Ü <X< +oo 8>0 

l
+oo 

E(x) = 
0 

xf (x) ax 

l
+oo 

= e 0 xe-ex ax 

56 

: ~~I ê!lfll ._,ajl.P -1 

:E(x) (~4)1 ~pl) ~\.......?JI L_,J1 -



v(x) = E(x 2
) - E 2 (x) 

= E(x 2
) - [~J2 

E(x 2 ) = 7 

E(x2 ) = i+oo x 2 f (x) ax 

57 

:~ 

U =X~ aU = ax 

1 
av= e8xax ~V= -- e-ex e 

:v(x) ~~' -



l
+oo 

= e 0 x 2 e-ex ax 

u = x 2 ~ au = 2xax 

2 
0 + ez 

2 
E(x 2 ) = -ez 

2 1 1 
v(x) = ez - ez = ez 

1 
v(x) = ez 

l
+oo 

f(x) = p(x < x) = 
0 

f (x)ax = ( 1 - e-8x) 

58 

:~ 



~~1 ~..t> .. ~~ ~)! ;;µ 1 ,y- ;;_p-J.1 J~ 'JI jjl;S'aJ1.) •!• 

~~.),y J.'Î l) ~I ~..t> >-~1 J~I L.. •!• 

Ü <X< +oo 

:~.),y J.'Î l) ~I ~~l> >-~1 J~I yL>- •!• 

p(x < 1) = ( 1- e-~x) = 1- e-~(i) = 0,3935 

59 



i=1 

V(x 2
) = 2n 

60 

:~ 

. . b . . ~ L . · • ~,.,.r 

. ~) . ~ J..~ C::.f \.,[' 



f (x) 

61 

: .·iUI " -1 \ '-? • . -/f-' 

:~ 

xz 



x 2 = L (fa - fe) 
2 

fe 

:~ 

cTest ofindependent) :J')l..a.......~I Jl_p:-1 J ~.J ~1,.$'.J\ J~I 

l) y ~l::J~ X ~...b-Î ,~_,LÎ ~J ..:.il~L:...1.1 ,y~~~ Î_,A; ~I jsU.1 ,y _faS' l) 

:Jlj.-.JI ~ d.;\.:.:. 'jl Li.:>j~ (o~L:...1.1 ..:.iG~<8 1) fa oj")\.>.JJ> J~I JJ..G:-

:~ 

v = (r - l)(C - 1) 

62 



: Jl_:;,o 

LY-_;JI iü 1..Ll, .__,o)~ ~l..,,)'1 ô~J iJ.ll tj ~A.;~ ~w, ...:;_j\.S'l~l ~ 0fi .:iî ~ LY-) .:lGÎ 

:JL::.ll 0\fl'Jll JJ.J.>.. J ~~J :ûL> c1500) L-G.>., is.1-JI .. .. .. · 

o-J.1 

1320 

105 

75 

1% 0 

2:r.2:C 
fe = N 

0 

476 

31 

31 

538 

1320 X 615 
fe = 

1500 
= 541,2 

AB 

90 

08 

07 

105 

63 

tj 

B A ÎJ.ll 

__,o}I o~ 

211 543 ~ 

22 44 bp 

09 28 ~~ 

242 615 ~I 



2 _ " (f O - fe) 
2 

Xcal - Li fe 

(543 - 541,2) 2 (211 - 212,96) 2 (31 - 26,90) 2 

= 541,2 + 212,96 + ... + 26,90 

a = 5°/o ~ 1 - a = 95% 

V = (r - 1) ( C - 1) = (3 - 1) ( 4 - 1) = 6 

x(95% ,61 = 12,6 : JL:.l~_, 
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~A JI ~I _, ~ ~I ..:;.;GWI .:i..l.Y cf JUI J_,..B.-1 cJ ~}I ..:;.,wW,1 ..:;.;G~ _,..,.,.1.; C:--

._;5'~ L 30 .:.r r}-~Î ç.~ ~A JI) ,L 30 cf r}·._ç.j ç.~ 

.;,-JI 

30~ 

.fS'~ 30 

l:r.l:C 
fe = N 

70 X 50 
fe = 

170 
= 21 

20 

50 

70 

100 

120 170 

170 

:y_,.lh.JI 
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~\ ~ ~i 
o}-:··J1 U 

u-JI 
70 30 40 30J 

_?~30 

~\ 

2 
Xcal Y~ -

2 _ ~ (fo - fe) 
2 

Xcal - Li fe 

(30 - 21) 2 (20 - 29) 2 ( 40 - 49) 2 (80 - 71) 2 

= 21 + 29 + 49 + 71 

X~al = 9,44 

a = 1°/o => 1 - a = 99% 

v = (r - l)(C - 1) = (2 - 1)(2 - 1) = 1 

x[99% ,i] = 6,63 :Jl:l~_, 
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400 130 200 70 

400 100 85 

200 70 45 

1000 300 200 

1000 

~I ;\!,.) ~- o~ ~ - '.) .r" 
1 

400 120 200 80 ' 
f-1 

400 120 200 80 J)) 

200 60 100 40 faÎ 

~ 300 500 200 ~I 
2 

Xcal yl..-.>- -

2 _ ~ Clo - le) 2 

Xcal - LA le 

68 



(70 - 80) 2 (200 - 200) 2 (130 - 120)2 (85 - 80) 2 

80 + 200 + 120 + 80 
(215 - 200) 2 (100 - 120)2 (45 - 40) 2 

+ + +----
200 ~-~o 40 

(85 - 100)~;/~ti~ 
+ 1 ... r "" 

100 '( ~€~.01· j1)Y; 
;~ K=:.1.~1 . , J-

x~az = 11,3958 ~, _j .~ 
~ ;<t I 
~( lt ,c_ ,,-*" / 

~·~r:./ 

a = 5% ~ 1 - a = 95°/o 

v = (r - l)(C - 1) = (3 - 1)(3 - 1) = 4 

X~al = 11,3958 > x[95% ,4] = 9,49 
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student 

n 
n > 2 ~ v(t) = n-z:d..W1 • 

: student ~jj ~L.,a..?- -

0 l?î 30 l?JL.; Ji J.'Î ~1 ~ Jy~ L.~ ~1 ë!j_,JJ ~\..,:. ~l>S student ë!)Y ~ 

~ ~I ô!j_,.:ll :i.4wl ..:.;~~QI ~ ~ Js- Jy.=-JJ J ~LJ-1 ol,i, J J ,ô~I ..:..il:.:JI ~l> 

~1 J '-:?J~1 tbL1 y~ i~ ,%95 .JL..;.,..1 ~ J~ J.ç- Jy.=-JJ :J\:.. Ü':ll J~ l) (::'Y 

30 Lr" J.'Î ~I ~ J\.5'1)1 L.i 'J'j)JJ.I JG!;I J>-b ~ ~ ~LJ-1 .k.._,JI JÎ ..\S"'LJ 1,96 

i>'J .)...b.;;j '-:?J~1 tb.:JJ ~)J_,,..a.J1 ~1 0î l?î ,~_)-1 ..:..il>.-).) i~ J~1 ~ n < 3 0 l?i 

:student~jj J~1 -

~ '(~~ CJ) J'JJJJ.1 ë!j_,JJ l?J~I J)_).~1 .)Y.-J i.J>. ~L> 0 student ë!jy ~ 

~L:;S" ~ J ,~_)-1 ..:..il>.-J.) .).).>. ~ ~lb J ë!j_pl 1..LJ, Jl..a> ~1 JJ..LJ:-1 Lr" student 4..:i .)J,j. 

70 

x-m t = -~-:JL:ll IÜ\.., t~ a; . u · -
-vn 
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V(F) - 2 l~(l1 +lz-
2

) pourl > 4 : ·~~1 • 
- l1Clz-2) 2 (lz-4) 2 

V• 

,y J _,..,... y J 'ë'.; '2~ ê!j_,J ~~ y LS pb ~ y fi.sher ê!j_,J ~1 ~1 01 

.~L. ~ rJ J>.- i 
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.~1 ~_if14 j JJ--"I~\ ~_if14 .;r..J..?JI '°:?~ ~jJJ _j...ÛS:(11) ~J o?~I 

.~ n ~ n,p o~ .:r-JJ-1 ~~ ê!j_,:J 1.......0L>- ~P ~ x i:.r<J 

y 4 .P(À);À = np 

P(x = xJ = c;px(l - p)n-x 

: 1..:W- f.. ..LW 1 J:, J.r"' • 

. µ1 if yfo.. p -

n > 10 -

:~I ~_if14 -

1 1 (X - np)
2 

P ( x = x J ~ n ~ + 00 r::;:;:;; M"""rT exp [ -
2 

r::;:;:;; ] 
vnpqv2ll · vnpq 

x-np 
t = r::;:;:;; 4 N(0,1) 

vnpq 

73 

: 1..:W- f.. ..l.l-J 1 .. b,_r;i • 

. J.:.-i_,.11 if ':1) µ1 if ':1 yfo. ':1 p -

n > 30 -

npq > 3 -



D 
D 

74 

. ..;.,~I ~fa :JJ~I ~\ -

. _r--1.i::ll ~fa \.~t.:JI ~\ -

. ..;.,~~\ Jl:;>I :~t.:JI ~\ -



12 ~J O_rÏ'~\ :JJ~I ~I 

:..:.i~l~p 

2,2 2,4 2,8 2,12 2,16 
4,2 4,4 4,8 4,12 4,16 
8,2 8,4 8,8 8,12 8,16 
12,2 12,4 12,8 12,12 12,16 
16,2 16,4 16,8 16,12 16,16 

2 3 5 7 9 
3 4 6 8 10 

5 6 8 10 12 
7 8 10 12 14 

9 10 12 14 16 

~if~..;_,~ ~LJ-1 .1_.._,JI ~ 8, 4 iY..... Y' E ~ ~LJ-1 .1_.._,JI .:.i i .k>-JI.; 

:~ 

1.U JL...::>)'1 C:jyll ~4SI :y u~I <.:?fa ...) ...1J> 'JP y:;..~ ~LJ- 1 .1_.._,Jü1.U 0_;>-Î Jl 

.~I 
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76 

.. · n<30~1 ~ 01.5' bl L.Î 

·~ 

() 

x 4 N(m, ,rn? 

. - ...... ... d1 1.w : 
c...-::--~ u · ~ 



:J~ 

P(x < 160) =? 

x-m 0 
t = 

0 
=> x = -Jn t + m; t 4 N(0,1) 

-Jn 
.X-150 -

=> t = =>X= 4t + 150; t 4 N(0,1) 
4 

( 
160 - 150) 

P(x < 160) = P t < 
4 

= P(t < 2,5) 

P(x < 160) = 0,9938 
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* () = 
1 

* () = 2 

:y.,.th.JI 

X - X : ... _Il . LJ.1 . 1. _11 . J. ~Il J~'J'I ·-·li .:l~I 1 2 ~ ~ ~Y u:: Jf'"'"' • , (i:Jr . 

:Jl.:.o 

Jw JY:-i Lp) 700°-JJj (,,>)~ JY.~ 12000 Y' AL......._;... Jw JY:-i Ly 

.600 OjJj (,,>)~ JY.~ 11000 Y' EL......_;... 

JY:-i .1_.._y .y- A L......._;il ~ 0~ Jo~ 49 .y y JY:-i .1_.._y ..lJ.,r.:; 0i J~l ~i -

.900 .y?~ B L......._;i1 ~ 0~ Jo~ 36 .y y 

78 



P(x1 - x 2 < 900) =? 

x1 - x2 4 N (1000, .J (100) 2 + (100) 2 ) 

x1 - x2 4N(1000,141,42) 

x1 - x2 - 1000 
t = l l ~ x1 - x2 = 141,42t + 1000; t 4 N(0,1) 

4 ,42 

( 
900 - 1000) 

P(x1 - x2 < 900) = P t < 
141142 

= P(t < -0, 70) 

= 1 - P(t < +0,70) 

= 1 - 0,7580 

P(x1 - x2 < 900) = 0,2420 

I~ if ~ . p ~ ~ ~~ _r....:J JI .r"'WI ~ ,N y- or~ .)...l.ç ~ ~ 

.p~ ~ll-~ _r....:J JI L,i,.r"'~ ~ ,n FI ...:;.;I~ 4- ~1 

~1 ~ 0l5'1~)) J~ ~1 ~jy JP ~ ~ 1..u, <.>_;>i Jl 4- if~ P ~1 

: ~ L...5' en> 30 
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80 

" 4 N( ŒE_) p p, ~-;;-

:t_~Jl WJ..li ~I -

p 4 N(p, !!) 

p 4 N (p, !!) 
:t_~J) WJ..li ~I -

[pq ~ 
p 4 N(p,~-;--~N=l) 

·\ w . . ~J.- · ~· 

:J\io 



P(p < 0.10) =? 

P(p < 0.10) = P(t < 0.52) 

= 0,6985 

P(p < 0.10) = 0,6985 

,y~ 'P1 if>~ ~l?: ~ ~1 or~~ Ni r or~ .:i~ J/~I\ ~ ~ 

0_r"'~ .:i~ ~w1 e:::J.1 J·Piif> ~L;L~ ~ ~1 ~r~ ~ ,n1 rd-1 ..:.il~~ e:::J.i 1.0> 

,n2 rd-1 ..:.i1~ ~ e:::J.i 1.0> ,y~ ,p2 if>~ ~l?: ~ ~1 or~~ ,N2 r 

* 
(J = 

1 

:y_,J.k.JI 

. p" - p" : . .. _\\ . . ·I\ .' .u J ;\\ j~':JI ·.·Il .:iGc.I 1 2 ~ ~ '-'·'"' 'r-"' • • ë}Jr .. 
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mm 20 r F I o~ ).wÎ .1....p JÎ Jl ÜJU 0 . 1 ~ -~~L<.}.1 FI if ~y a.Jï ~ 
-· \ i .. ' 

• \ --_,...; . <A . ..J_.:; ( 

~/.;'i ~J/ .mm 1 oJJj <.?J~ Jl_I~ 
[; ...-t 

( 
~: .J_J\ ,,..kJ.1 ~ 

_.,::-- ...;r u . t... 

'\\ ~ )il yfo.JI 

. rnrn21 ~'JI D"" Cf w,; ~~~:,( 'J oî Jt.,,,.1 ~î -1 

·~ ~jy.J ~ JP ~FI __,hi JÎ vP~ -2 

.mm 18.y-~ ':1Jmm20 ~ 25 )..WÎ .1....p J~ ':10Î J~I ~î -

x4N(20,1) 

1-P(x < 21) =? 

x 4 N(m, ~)=?x 4 N(20, ~) 
vn v64 

=?X 4 N(20,0,125) 

P(x $ 21) =? 

x-m a 
t = ~ x = c t + m; t 4 N(0,1) 

a -vn 
Fn 

x=-20 
~ t = -~x = 0,12St + 20; t 4 N(0,1) 

0,125 

P(x < 21) = P (t < -
2

-
1

---
2
-
0

) 
- - 0 125 

J 

= P(t < 8) 
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P(x < 21) = 0,99. 

2-P(18 < x < 20) =? 

=?i 4 N(20,0,2) 

x-20 
t =-=>.X= 0,2t + 20; t 4 N(0,1) 

0,2 

P(18 < X< 20) = P(x < 20) - P(x < 18) 

= p (t < 20-20) - p (t < 20-18) 
0,2 0,2 

= P(t < O) - P(t < -10) 

= P(t < 0) - 1 + P(t < 10) 

= 0,5 - 1 + 0,99 

= 0,49 

P(18 < x < 20) = 0,49 

:y_,.lk.JI 

.%4 y-~I orl ~ yWI ~y;~ 0Î JL>l ~Î -1 

.%5 y-~\ orl ~ yWI ~y;~ 0Î JL>l ~Î -2 

84 



(0,05)(0.95)) 

500 

= 1 - P(t < 1,0259) 

= 1- 0,8461 

P(p < 0.04) = 0,1539 

2- P(fi >O. 05) -? 

p 4 N (p, /ii_nq) ==)p 4 N (0.05, (o,o5)(o.95)) '1-:;; 500 

p 4 N(0.05,0.0097) 

p - 0.05 
t = o.

0097 
::::} P = 0.0097t + 0.05; t 4 N(0,1) 

P(p > 0.05) = p (t > 0,05 - 0.05) 
0.0097 

=0 

P(p > 0.05) = 0,5 
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:y_;.k.JI 

~L,a... J~! o..L- .k.....y.- <Y' JJ\11 ~1 ~L,a... J~! o..L- .1......y.- J.:.r- '1 0î JL...::>-! ~i -

( 

500 
i 1 4 N 2500, ri7\i\ 

v400 

i 1 4 N(2500, 24,27). 

7000 - 400)· 
7000 - 1 

X2 4 N ( m 2 , ~J; X2 4 N ( 11000, ,:0). 
x2 4 N(2300, 56,56) 

86 
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x1 - x2 4 N(2500 - 2300, .j (24,27) 2 + (56,56) 2 ) 

= P(t < -1,624) 

= 1 - P(t < 1,624) 

= 1- 0,9474 

P(x1 - i 2 < 100) = 0,0526 

200; t 4 N(0,1) 

. ,%4-5 ~ B ~IJ,.1 L) J %50 ~ A ~IJ,.1 L) J_,):U1 ~ 

:yj.k.JI 

~ J A ~IJ:.1 yJ\.1 if ~ 49 if y L) )_,s-:u1 ~ ji; 'J .:.iî Jk:.:-) ~î -

. %5 if ?~ B ~IJ:.1 yJ\.1 if ~ 36 if y L.? )_,s-:u1 

87 



- P (fJ2 - p1 < o. os) -? 

~1 2+ ~2 2) 
P1 - P2 4 N (P1 - P2, ~ ni ~ nz 

~ P2 - P1 4 N(-0,05, 0,1094) 

P(f52 - p1 < o,o5) =? 

t = f52 - f5 1 + o,o5 ,,.._ _ ,,.._ _ 
0,1094 ~ P2 P 1 - 61,557t + 0,05; t 4 N(0,1) 

P(p _ p < 0,05) = p (t < 0,05 + 0,05) 
2 1 0,1094 

= P(t < 0,91) 

P(f52 - p1 < o,o5) = o,8186 
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E(ê) = 8 

lim v(ê) = 0 
ll-7+00 

13 ~J a_rP~\ :~W\ Jyi.Jl 

: ,ft .il.! 1 :i.t_,k; 

89 

:~ 

:J..l..WI ~L...:2;.:- -1-1 

:~\ ~J.;, -1 



v(ê) = !(~) 

( ) [ 
olnf(x, e) z] 

I 8 = nE ( ) 
88 

.crz . L:.U :i..........JL Wh..~ sz ..û.11 crz .;_;_,L; ~ J- . . . L - ) • . l... . 

:JL':.o 

"'~ o o o o (x . -m) 2 
0'2 = L..t::l t :•A "~AI\ • W -

10000 c-·- J... 
"'100( -)2 

à-2 = L..i=l Xi-X ·LJ\ . W -
100 . - J.. . 

"'~oo(x · -x)2 
s2 = L..t::l i '· A"-A!\ • w JAJ -

99 ·c-·- J.. . y!. 
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)~WI ~l~I ~ .r.5'~1 0~)!1 ~~ 8 ~I .r....L.ad • 

: _y.S'~I JL<... ~I dJ\.) J _ri -1 

f (xv S1, Sz, ... , Sk) X f (xz, S1, Sz, ... , Sk) X ... 

X f (xn, Sv Sz, ... , Sk) 

._y.S'~I J~~I dJl..U <:,>~I ~)-ç._,.LJ1 ln~ -2 

.Sv Sz, ... , Sk :J! ~~ _y.S'~I JL<...~1 dJb <:,>~\ ~).ç._,.LJ ~_}..\ ..:;_,~\ ~ -3 

-fl ..:;_,w,J.\ J! ~~ ~ ~I C~y-01 Ji { ,fa.U &.:JL... ~_}..\ ..:;_,~\ o..0> ~ -4 

. Sv Sz, ... , Sk : ~.r-..l.Qj .>.:J 

:J!,;.o 
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{ 
Ü Si X< Ü. 

f (x, 8) = n -8x · > 0 1J e SI X_ . 

{ 
Ü Si X< Ü. 

f(x, 8) = 8 -8x · > 0 e SI X_ . 

f (xv Sv S2 , ... , Sk) X f (x2 , Sv S2 , ... , Sk) X ... 

X f Cxn, Sv Sz, ... , Sk) 

2- ln(v) = lnene-8 2:r,,1xi 

= Inen + lne-8 2:P=1 xi 
n 

3-

= n Ine - e L xi 

i=l 

o ln(v) = ~ _ '1!1 . 
oe e .L..1=1 X1 

4- o ln(v) = O Ç:} ~ _ '1!1 . = O ae e .L..1=1 X1 

....... n 
~()=---

LÎ=1 xi 
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( 
Œ) x-m 

i 4 N m, % ; T = Œ / , T 4 N(0,1) 

1% 

p(-t < T < +t) = 1 - a 

x-m 
-t < < +t (irn =1-a 

=; p (- <5/_.;n t <X - m < + a/-rn, t) = 1 - a 

=; p (x - 0/-rn,t < m < x + 
0/-vnt) = 1- a 

93 



:30 ~ n: J_,~1 AlWI • 

. ~1 C!j_,:)1 JJJ.>.. if t :r_,h.,. Cî -

2 Lf=1(Xi-x) 2 
• 

. ~I C!j_,:)1 J)J.>.. if t ' s = 1 :-! J..uï:J~ Cî -- n-

:30 < n) .. ;JWI AJWI • 

tJ ,Cî = 30cm Jl,.i~1~ m Y' .1......yl1 IJ,_,b~L<).1 ~1 if ty ~ ~_;.. ~ 

LÎ=i xi = 5500cm Ll.J.>..J ~ 50 if~ 

5500 _ LÎ=1 xi 
x=---

50 
Ç::>x=llO. 

n 

n = 50> 30 

1 - a = 0,95 ~ a = 0,05 

~ t = 1,96. 

p ( 110 - 30/ v'Scïl,96 < m < 110 + 30/v'Scïl,96) = 0,95 

94 



p(101,68 < m < 118,31) = 0,95 

n = 25 < 30 

"100( -)2 
2 Lii=l Xi - X 

s = ~ s = 
99 

l:i=1 (xi - .x)z 
n-1 

=; s = ~ = -Vsoo <=> s = 22,36. 

1- a= 0, OS 

V= n -1 = 24 
~ t = 2,064 

p (X - s /y.;/ < m < X + 5/v'rÏ t) = 1 - a 

.student J_,..1.>. .:.r 

P (900 - 22136/ 2 064 < m < 900 + 22136/ 2 064) {25' - - {25' 

= 0,95. 

p(890,77 < m < 909,23) = 1 - a. 
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p 

=1-a 

• 

. ~I (::!jpl J_,..L>. 

: n 1 , n 2 < 30:41.':ll aJw1 • 

.~ _, J~ ~I é!jy JÎ J>_;:, -

.~I é!jpl J_,..L>. ,y t :JL.._,h-. C\ 1 cr2 -

.student é!jy J_,..L>. ,y t 

V = ll1 + llz - 2: ~)-1 :î.>.-J~ -

: Jt!.o 

Oj.)j <.fJ~ Ji)-~ 13000 Y' A L......_;il l} J~ .}~ 50 ,y ~ JY:-i ..1...,,p JL5' 

o;.Jj <.fJ~ JI)-~ 12000 y. B L......_;i1 cj J~ J-~ 40 ,y ~ JY-î ..1...,,p JL5' _, 700 

.800 
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1 - a= 0,95 ==:? a= 0,05 

==:? t = 1,96. 

2 I~1 (xi1 -x1)2 
Si = n 1-i 

n 

L (xii - :Xi)2 =? 
i=i 

' 2 2 CJ2 x n2 
S2 = 

n 2 -'-- 1 

50(700) 2 

---= 500000 
49 

40(800) 2 

__ 3_9_ = 656410,25 

s 2 s 2 
_i_ + _2_ t < m < (.Xi - .X2) + 
ni n2 

=1-a 

97 

: y_,.Lb.JI 

student J_,...G:-~ 

s 2 s 2 
_i_ + _2_t 
ni n2 



500000 656410,25 
p (13000 - 12000) -

50 
+ 

40 
(1,96) < m 1 - m 2 

< (13000 - 12000) + 

=1-a 

p(681,47 < m1 - m2 < 1318,524) = 0,95 

fi 4 N(p,~) 

T = N ; T 4 N(0,1) 
pq 
n 

.p ~ ü:ll ôp ~4::1 -

p(-t < T < +t) = 1 - a =; p -t < N < +t =1-a 

98 



( ffJci /\ ffJci ) ==}p -'1--;:;-t<p-p<+'1--;:;-t =1-a 

1 - a= 0,95 ==}a = 0,05 

==} t = 1,96. 

400 
p= <=>p=04 

1000 ' 

( 

(0,4)(0,6) 
p 0,4 - 1000 (1,96) < p < 0,4 + 

= 0,95 

p(0,36 < p < 0,44) = 0,95 

99 

:J\io 

. ô_}~ ... J 1 ..!,.l.t .;_lli ;W ls- 40 0 

(0,4)(0,6) (1 96)) 
1000 ' 



~ J_,~i if~ 'Pz ~\.:Ji JP1 ~ ~ ~G:: ~ ~1 °.r<'L,ç. ~ J_,~1 '~ ~ 

Pz ,nz ~I 01) ~~\.:JI if~ j .~\_::!..~ ~ ~I L,i,_r<'L,ç. ~ ~Pl ,nl ~I ub 

,.. 
4 

N( Jpzqz) 
Pz pz, --

Ilz 

t = CP1 - Pz) - CP1 - Pz) 4 N(O,l) 

P1q1+Pzqz 
n1 Ilz 

P 
(p ........ 1 _ p"'2) _ P1q1 + P2q2 t < 

n1 n2 - P1 - Pz 
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:Jl.io 

~~ 1 OO if ~ iJ .. ~ )'1 1..u. J-~Jl1 ~ -.;:_jlS-' .J:o J_,.QJ1 -1.;..L....;;; ~ ~..G:- -.~! _)J..p 

.._/' _;>-Ï ~if~~ 150 if 4G' ~ l) .. ~'jl \.il J-~Jll ~ -.;:_jlS-') .%60 .._/'~~if 

.%50 

1 - a = 0,95 ~ a = 0,05 

~ t = 1,96. 

p (0,6 - 0,5) -
0,6 X 0,4 0,5 X 0,5 

100 + 150 (1,96) < P1 - P2 

< (0,6 - 0,5) + 
0,6 X 0,4 0,5 X 0,5 

100 + 150 (1,96) 

p(0,0249 < p1 - p2 < 0,2249) = 0,95 

101 
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1 X 
f (x) = - e -a:; x > 0, a > 0. 

a 

1 X 
f (x) = - e -a:; x > 0, a > 0. 

a 

1- E(x) =? 

E(x) = f
0
+

00 

xf (x) ax. 

E(x) = f
0
+

00 

x (~) e-~ax . 

E(x) = (~) f
0
+

00 

xe -~ax. 

f=x~at =ax 

X X 

ag = e-aax ~ g = -ae-a 

-1 

.X 
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X +oo X 

( ) 
1 [ --J 1 r+oo __ 8 E X = ; -axe a 0 +; Jo ae a X . 

-v(x) =? 

v(x) = E(x2 ) - E2 (x) 

l
+oo 

E(x2
) = 

0 
x 2 f (x) 8x 

f = x2 ~ a f = 2xax 

X X 

ag = e-aax ~ g = -ae-a 

103 



X +co 
E(x2

) = c[-x2 e -a L + 2a2
) 

E(x2
) = (0 - 0) + 2a2 

E(x2
) = +2a2 

v(x) = +2a2 
- a2 

v(x) = +a2 

V(x X X a) - 2_ e-~Ir=l Xj 
V 21 ... 1 ni - an 

1 1 "n 
2 - ln(v) =ln-+ lne-aL..i=1xi 

an 

n 

ln(v) = -n !na - ~L xi 
i=l 
n 

3 _ ôln(v)=-n+~~xi 
oa a a2 L 

i=l 
n 

4 _ ô ln(v) = 0 {:::} _ n + ~ ~ x· = 0 
ôa a a 2 L 1 

i=l 

,,.... Ir=1xi 
~a=---

n 

104 
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E(â) =a 

1 
E(â) = - E(x1 + x2 + · .. + Xn)· 

n 

1 
E(â) = - (a+ a+ · · · + a). 

n 

1 
E(â) =-an. 

n 

E(â) =a. 

lim v(â) = 0 
n~+oo 

n 

v(â) = : 2 v(L xi) 
i=l 

105 
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1 
v(â) = 2 [v(x1 ) + v(x2 ) + ... + v(xn)J. 

n 

1 
v(â) = 2 nv(x). 

n 

1 
v(â) = -a2 

n 

az 
v(â) = -

n 

lim v(â) = lim 
az 

n~+oo n~+oo n 

lim v(â) =O. 
n~+oo 

1 
v(â) =!(a) 

I(a) = nE [ c°lnfo~' a))z] 

1 X 
lnf (x, a) = ln-e-a 

a 
X 

lnf (x, a) = -lna + lne-a 

X 
lnf (x, a) = -lna + ~ -

a 

olnf (X, a) 1 X __ o_a __ = - a +-a
2 

olnf (x, a) -a+ X 

oa a2 
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olnf (X, a) 
2 

_ -a+ X 
2 

( ôa ) - -( a2 ) 

n 
I(a) = - (a 2 + 2a2 

- 2a2
) a4 

n 
I(a) = 2 a 

1 
!(a) = v(â) 

1 1 
v(â) =!(a) = n 

a2 

.X i+J ifn ~I ..:.il) ~p y~ v-L..Î ~_;;)\JI J~)ll ~p À 4LJ.I .J..,\j -1 

.(~~I ,, ... , .. >) ... ~:JI ,~I iJ_ç.) .J...\.A.11 1.1:> ~l.a..> V'.J~I -2 
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v(X) = I(~) 

Àx 
lnf(x, À) = lne-À­

x! 

lnf (x, À) = -A+ lnÀx - lnx! 

lnf (x, À) = -A+ xlnÀ - lnx! 

ôlnf(x, À) x 
ôÀ = - l +A 

ôlnf (x, À) -A+ x 
-------

ÔÀ A 

ôlnf (x, À) 
2 

_ -A+ x 
2 

( ôÀ ) - -( A ) 

ôlnf(x À) 1 
( ÔÀ, ) z = A z (A z + x z - 2Ax) 

I (À) = nE [ (ôlnfô~' À))2] 

110 



n 
I(Jl.) = A 

1 
I(A.) = v(X) 

( ") 1 1 
v A = l(Jl.) = n 

A 

1-v(x11 x2 , ... , Xn, m, cr) = f ( x1 , m, cr) X f ( x2 , m, cr) X ... X 

f(xn, m, cr) 

v(x11 x2 , ... , Xn, m, cr) 

1 1 (X1 - m)2 
1 

= yWexp[-- ] X yWexp[ 
cr 2n 2 cr cr 2n 

1 (x2 - m) 2 

1 1 (Xn - m) 2 

- - ] x ... x exp [ - - ] 
2 cr crvW 2 cr 

1 1 ~(X· -m)2 
v(x11 x2, ... ,Xn 1 m,cr) = n exp[--L i ] 

( crvW) 2 i=l cr 
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3-

_ô ln_(v) = _ ~ (2) ~ (xi - m) (-!:.). 
ôm 2 ~ cr Œ 

i=l 
n 

ôln(v) n 1 I(xi-m)(-l)(xi-m) 
--= ----(2) 2 . 

ÔŒ Œ 2 i=l cr cr 

n 
ô ln(v) ( 1) ~ 

ôm = Œ2 L (xi - m). 
i=l 

ô ln(v) -nŒ 2 + Lt=l (xi - m) 2 

4-

ÔŒ 

ô ln(v) 
ôm =O.{::} 

3 
cr 

n C2) I (xi - m) = O. 
i=l 

ô ln(v) 
ÔŒ = Ü. 

-nŒ 2 + '1~ (x · - m) 2 
~l-1 i = 0 

3 . 

cr 

n 

Icxi -m) =o. 
i=l 

n 

-nŒ 2 + I (xi - m) 2 = O. 
i=l 
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n 

Lxi -nm =O. 
=> i=l 

2 Lt=1 (xi - m) 2 

(J =------
n 

_____ l:i=1 xi 
m=--­

n 

Lt=t (xi - m) 2 

n 

0~)11 >Ir-) ..J..,., .~Lill J..:>-Î 0 <.f)JJ.JI >lAl) 0 0~_,.k G->,_,>. ~0J.ll ~pl (..5..l..:>-) j')I..,:. 

11 ~V>\>- .k.....p 0~ J3~I ~_,,k.J~ <J'JJJ.JI ..:..At ~I wJ.JI ,y ._,jl.k 50 ,y ~ ~.1:.:.Î J3~I 

0L(j ~UI ~_,,k.J~ <.f'JJJ.JI ..:..At ~I wJ.JI ,y ._,jl.k 40 ,y ~ ~.1:.:.Î J ,5 --'J~ (,?J~ Ji).~ 

.4--! J~ (,?J~ Ji).~ 10 ~L.)\.ç. .k.....p 

1 - a= 0,95 => t = 1,96. 

=1-a 
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= 0,95. 

p(l - .Jû,9(1,96) < m 1 - m 2 < 1 + .Jû,9(1,96)) = 0,95 . 

p(-0,859 < m 1 - m 2 < 2,859) = 0,95. 

114 



.9..W1~_;li~1..ia? J ~) J-î Jso ..'.:.->-l)I J? if c:P.Y:H0 :Jl'll ~_;li • 

~_)J1 ~ 1.il H0 ~..w1 ~_,..w ~J., 0fa 0i û'L..î Jso c:P.Y:H1 :~w1 ~_;li • 
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Valeur f de la variable de Fisher-Snedecor F ( V1 ; v 2 ) 

ayant la probabilité 0.01 d'être dépassée. 

Y1 : degrés de liberté du numérateur 

Y2 : degrés de liberté du dénominateur 

f 

12 V1 2 3 4 3 6 1 8 9 LO ll U f3 l4 l:5 
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98.50 99. 00 99.16 99.25 99.30 99.33 99.36 99.38 99.39 99.40 99.4 1 99.-12 99.42 99.43 99.43 

34.12 30.82 29-46 28.71 28.24 27.91 27.w 27A9 2ï.3+ 272.3 27.13 27.05 26.98 26.92 26.87 

21.20 18.0ü 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.55 M.45 14.37 14.31 14.25 14.20 

16.26 13.27 12.06 IJ.39 I0.97 10.67 IOA6 10.29 10.16 mos 9.96 9.S9 9.82 9.77 9.72 

13.75 10.92 9.78 9JS • 8.75 8A7 8.26 8.JO 7.98 i .87 7.i9 7.72 7.66 ï.60 756 

1225 9.55 - 8.4 5 7:85 7.46 î.1 9 6.99 6.84 6.72 6.62 6.54 6.47 6.41 6.36 631 

11.26 S.65 î.59 7.0 1 G.63 6.37 6.18 6.o3 5'91 5.81 5.13 5.61 5.61 5.56 5.52 

J0.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.1.8 5.ll 5.05 5.01 4.96 
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9.65 

9.33 

9.07 

S.86 

8.68 

853 

8.40 

819 

8.18 

8.10 

S.02 

7.56 

"L2 1 

6.93 

6.70 

6.51 

G.36 

6.23 

6.11 

6.01 

593 

5:85 

5.78 

6j5 

.6.22 

5.74 

5.56 

5.42 

5.29 

5.19 

5.09 

5.01 

4,94 

4.87 

7.95 5.72 4.82 

7.SS 5.66 4.76 

7.&2 5.6i 4.72 

7.77 557 4.68 

7.72 5.53 4.61 

7.68 5.49 4.60 

7,64 5.4'5 4.57 

7 .60 5.42 4.54 

7.56 . 5.39 . 4:51 

7.3 l 5.IS ·i.31 

5.99 5.64 539 

5.07 5h7. 532 

5.41 

S.21 

5.04 

4.89 

4.77 

4.67 

4.58 

4.50 

4.43 

4.37 

5.06 

4.86 

4.69 

4.82 

4.62 

4.46 

4.56 4.32 

4.44 4.20 

'ÎJ'l 4.10 

4.25 4.01 

4. l7 3.94 

4.10 ' 3.87 

4.04 3.81 

5.20 

4.89 

4.64 

4.44 

4.28 

4.14 

4.03 

3.93 

3.84 

3.77 

3.70 

3.64 

5.06 

4.74 

484 
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4.50 4.39 

4.30 . 4.19 
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4.54 
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4Jô 
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3.71 "3.60 351 

3.63 3.52 3.43 

3.56 3.46 3.37 

3.51 3.40 3.31 

4.77 

4.46 

422 

4.02 

3.86 

3.73 

3.62 

3.52 

3.43 

3.36 

3.29 

3.24 

4.71 

4.40 

4.16 

3.96 

3.80 

3:67 

3.55 

3.46 

"3.37 

330 

323 

3.17 

4.31 3.99 3.76 359 3.45 3.35 3 .26 3.18 3.i2 

4.26 3.94 3:7 l 3.54 3.41 3.30 3.21 3.14 3.0'.' 

4.22 3.90 3.67 3.50 336 3.26 3.17 3.09 3.03 

4.18 3.85 3.63 3.46 3.32 3.22 3.13 3.06 2.99 

4.14 3.82 3.59 3.42 3.29 3.18 3.09 3. 0~ 2.96 

4.l l 3.ï8 3.56 3.39 3.26 3.15 3.06 2.99 2.93 

4.07 3.75 3.53 3-16 3.23 3.12 3.03 2.96 ' 2.90 

4.04 3.73 350 3.33 3.20 3.09 3.00 2.93 2.87 

4.02 , 3.70 3.47 . 3.30 ; 3.17 3.07 2.98 2.91 2.84 

3.83 ' 351 ' 3.29 '. 3.12 2.99 2.89 ' 2.80 i 2.73 ' 2.66 

Exemple: v1 = 5 d.d.I. et v2= 10 d.d.I. P ( F5 , 10 :S f) = 0.99 :::> f = 5,64 

4.65 

434 

4.10 

3.91 

3.75 

3.61 

3.50 

3.40 

3.32 

3.24 

3.18 

3.12 

J.07 

3.02 

2.98 

2:94 

2.90 

2.87 

2.84 

2.Sl 

2.ï9 

2.61 

4.60 

4.29 

4.05 

'.3 .86 

3.70 

3.56 

3.45 

335 

3.27 

3.1 9. 

3.13 

3.0ï 

3.02 

2 .. 9ï 

2.93 

2.89 

2.86 

2.82 

2.79 

2.77 

2.56 

4.56 

4.25 

4.01 

3.82 

3.66 

3.52 

3.41 
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3.23 

3.15 

3.09 
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2.9& 

2.93 

2.89 

2.85 

2.81 

2.78 

2.75 

2.ï 3 

2.70 

2.52 
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n den ... t ... 

.., 
0 t 

0 . 9 o. s {). 3 0 . 2 û .1 0 . 05 0 . 02 0 . 01 O . CS l 

1 0 . 1584 1. 0CC' 1 ,963 3 .078 6 . 314 12.71 . 3 1 . 82 63.6 6 636 . 6 

2 0 . 1421 0.816 5 1. 386 1. 886 2.920 4.303 6 .965 9 . 925 31.60 

3 D.L}66 0 . '7649 1.250 1.63 8 2 .3 53 3. 182 L.54 1 5 . 84 1 1 2 .92 

4 0 . 1338 0 . 7 ; D7 1. 1 90 1. 533 2 . 1 32 2 . '.J76 3. 74.7 4 . . 604 8 .. 6 1 0 

5 D. 1322 0.7267 1.15 6 1. 476 2 . 015 2 . 571, 3. 365 4 . 03 2 6 . 869 
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7 0. 1 30 3 0 . 7 111 l.11 9 1. 415 1. 895 2 . 365 2 . 9913 3 . 49 9 5 .. 4'.:8 

8 0 . 1 2 97 0 . 7G6 ·1 1. 1 08 1.397 1.860 2.3C6 2. 8 96 3 . 355 5 . C41 

9 0 . 129 3 0 . 7 02 7 1..lC:l 1.333 1 . 833 2.262 2 . 821 3 . 2 50 -1.'?Bl 

10 0 . 1269 0 . 69 9 8 l. 093 1. 372 1. 8 1 2 2.228 .2 .764 3. 1 69 4 . .. 5 8 7 

11 0 . 1286 0.697,1 1. 088 1.363 1. 796 2.201 2 .718 3 .1 0 6 4 . 4 3 7 
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17 0 . 1276 0 . 6892 1.069 1. 3 3 3 1. 740 2 . . 110 .2 .5 67 2 . 89 8 3 . 9 55 
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19 0 . 1 2 74 0 . 6 8 T 6 l.C56 1. 328 1 . . 729 2 . C93 2 . 5 39 2.861 3.883 

20 0 . 1 2 7 3 0 . 6.8 70 1. 054 1.325 1. 72 5 2 . 086 2 . 528 2.845 3.SS D 

2 1 0.127 2 0 .. 686 4. 1.063 1.323 1. 721 2.û80 2 . 518 2 . 8.31 3 . 819 

22 {L1271 0 . 6858 l. 06 1 1..321 
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2 . S.t)B 2. 819 :3. 792 

2 .50 0 2 . 807 l . 768 
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25 0 . 1269 0 . 684.4 1. 058 1. .31.6 2: . 485 2.787 3 . 7 2 5 

2 .479 2 . 779 3 . 707 

27 0 . 126 8 0.68 3'7 1.057 1. .314 1. 703 2 . 0 52 2 .473 2. 771 3. 690 

2: 8 0 . 126 8 0. 6 8 34 1. 056 1. 313 1. 701 2 . ü48 2. 467 2 .. 'ï' 6 .3 3 .674 

29 0. 1 2 68 0 .68 30 1. 055 1. 3 1 .l 1.699 2 . C45 2. ·'162 2 . 756 3 .. 659 

3() 0' 1267 0 . 6828 1 .055 1. 310 1 . 69? ~ ·t'4 ? - 4E -1 2 . ·1~ru. 

~ : ;~;1 ~ :;;6 2.5;6 

3 . 646 
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