
 

 

 

 

 

 

 

ESTATÍSTICA 
 

Material de Consulta 



Indicadores para dados univariados

x1, x2, · · · , xnamostra ordenada

x(1) ≤ x(2) ≤ · · · ≤ x(n)

mediana x̃ =


x(n+1

2
) n ímpar

x(n/2) + x(n/2+1)

2
n par

Quantil de ordem θ (0 ≤ θ < 1)

Q∗
θ = (1− ϵ)x(r) + ϵx(r+1) com 1 + (n− 1)θ = r + ϵ

Q1 = Q∗
0.25, Q3 = Q∗

0.75

barreira inferior BI = Q1 − 1.5(Q3 −Q1)

barreira superior BS = Q3 + 1.5(Q3 −Q1)

s2x =

∑n
i=1 (xi − x)2

n− 1
=

n
∑n

i=1 x
2
i − (

∑n
i=1 xi)

2

n(n− 1)
se x′i = a+ bxi então x′ = a+ bx, s2x′ = b2s2x

regra de Sturges (divisão em classes)

o n. de classes próximo de 1 +
lnn

ln 2

Indicadores para dados bivariados

(x1, y1), (x2, y2), · · · , (xn, yn)

cov(x, y) =

∑n
i=1 (xi − x) (yi − y)

n− 1

=
n
∑n

i=1 xiyi −
∑n

i=1 xi
∑n

i=1 yi
n(n− 1)

r = rxy =
cov(x, y)

sxsy
se sx ̸= 0, sy ̸= 0

se x′i = a+ bxi e y′i = c+ dyi

cov(x′, y′) = bd cov(x, y)

rx′y′ =

{
rxy se bd > 0

−rxy se bd < 0

Regressão linear simples

ŷi = b0 + b1xi ŷi − y = b1(xi − x)

yi = ŷi + ei b1 =
cov(x, y)

s2x
= r

sy
sx

, sx ̸= 0

b0 = y − b1x∑n
i=1(yi − y)2 =

∑n
i=1(yi − ŷi)

2 +
∑n

i=1(ŷi − y)2

⇔ SQT = SQE + SQR

coe�ciente de determinação

R2 =
s2ŷ
s2y

=
SQR

SQT
=

cov2(x, y)

s2x s2y
= r2

Probabilidade de acontecimentos

P (A−B) = P (A ∩B) = P (A)− P (A ∩B)

P (A ∪B) = P (A) + P (B)− P (A ∩B)

P (A|B) = 1− P (A|B), se P (B) ̸= 0

Parâmetros (de funções) de uma v.a. X

E[φ(X)] =

{ ∑
i φ(xi)pi, se X discreta∫ +∞

−∞ φ(x)f(x)dx, se X contínua

σ2 = V ar(X) = E[(X − µ)2] = E[X2]− µ2

(µ = E[X])

V ar(a+ bX) = b2V ar(X)

Quantil de probabilidade p, χp, de uma v.a. X é o

menor valor x tal que F (x) ≥ p (se X contínua

F (χp) = p)

Pares aleatórios (X,Y ) discretos com f. massa de

probabilidade conjunta P [X = xi, Y = yj ] = pij

pi· =
∑

j pij p·j =
∑

i pij

P [X = xi|Y = yj ] =
pij
p·j

Parâmetros de funções de um par aleatório (X,Y )

E[g(X,Y )] =

{ ∑
i

∑
j g(xi, yj)pij , (X,Y ) discreto∫∫

R2 g(x, y)f(x, y)dxdy, (X,Y ) contínuo

σX,Y = Cov(X,Y ) = E[(X − µX)(Y − µY )]

= E[XY ]− E[X]E[Y ]

V ar(X ± Y ) = V ar(X) + V ar(Y )± 2Cov(X,Y )

Cov(a+ bX, c+ dY ) = bdCov(X,Y )

ρ = ρX,Y =
σX,Y

σXσY
, σX ̸= 0, σY ̸= 0

ρa+bX,c+dY = ρX,Y se bd > 0

Distribuição uniforme discreta

X ⌢ UD(1, 2, . . . , n)

E[X] =
n+ 1

2
, V ar[X] =

n2 − 1

12

Distribuição binomial

X ⌢ B(n, p) ⇔ n−X ⌢ B(n, q), com q = 1− p

P (X = x) =
(
n
x

)
pxqn−x, x = 0, . . . , n

E[X] = np, V ar[X] = npq

Distribuição de Poisson

X ⌢ P(λ), λ > 0

P (X = x) =
e−λλx

x!
, x = 0, 2, . . .

E[X] = λ, V ar[X] = λ
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Aproximações das distribuições

X ⌢ H(N,n, k) e
N

n
> 10 ⇒ X ∼ B(n, p), com

p =
k

N
X ⌢ B(n, p), n ≥ 20 e p ≤ 0.05 ⇒ X ∼ P (λ), com

λ = np

X ⌢ B(n, p), np > 5 e nq > 5 ⇒ X ∼ N (µ, σ), com

µ = np e σ =
√
npq

X ⌢ P (λ) e λ > 12 ⇒ X ∼ N (µ, σ), com µ = λ e

σ =
√
λ

Teorema Limite Central

Sejam X1, . . . , Xn v.a.'s independentes e

identicamente distribuidas com valor médio µ e

variância σ2 (�nita), Sn =
∑n

i=1Xi e

X̄n =
∑n

i=1

Xi

n
, então para n �grande� (n ≥ 30)

Sn − nµ

σ
√
n

∼ N (0, 1) e
X̄n − µ

σ/
√
n

∼ N (0, 1)

Teste de Shapiro Wilk

H0: X tem distribuição normal

H1: X não tem distribuição normal

Testes χ2 de Pearson

X2 =
∑k

i=1

(Oi − Ei)
2

Ei
∼ χ2

(k−1) sob H0

X2 =
∑a

i=1

∑b
j=1

(Oij − Eij)
2

Eij
∼ χ2

(ab−1) sob H0

X2 =
∑a

i=1

∑b
j=1

(Oij − Êij)
2

Êij

∼

χ2
(a−1)(b−1) sob H0

Expressões úteis

Combinações de n elementos k a k, n, k ∈ N0, k ≤ n

Cn
k =

(
n

k

)
=

n!

k!(n− k)!

Algumas regras de primitivas

Uma primitiva de xe−x é −e−x(x+ 1)

P (fg) = Fg − P (Fg′), com F = Pf

P (f ′fα) = fα+1

α+1 + C, com α ̸= −1

P (f ′ef ) = ef + C, P f ′

f = ln |f |+ C

Distribuições em Python (scipy.stats)

Métodos

pdf(x, ...)=probability density function at x

f(x) para v.a. contínua

pmf(k, ...)=probability mass function at k

P (X = k), se X é v.a. discreta

cdf(x, ...)=cumulative distribution function

F (x) = P (X ≤ x)

ppf(pr, ...)=percent point function (inverse of

cdf) at pr → quantil de probabilidade pr

Distribuições

Binomial (n, p)

binom.pmf(k, n, p)

binom.cdf(x, n, p)

binom.ppf(pr, n, p)

Poisson(λ)

poisson.pmf(k, mu), mu=λ

poisson.cdf(x, mu)

poisson.ppf(pr, mu)

Normal(µ, σ)

norm.pdf(x, loc, scale), loc=µ, scale=σ

norm.cdf(x, loc, scale)

norm.ppf(pr, loc, scale)

Qui-quadrado com n graus de liberdade

chi2.pdf(x, df), df=n

chi2.cdf(x, df)

chi2.ppf(pr, df)

t-Student com n graus de liberdade

t.pdf(x, df), df=n

t.cdf(x, df)

t.ppf(pr, df)

F -Snedecor com (m,n) graus de liberdade

f.pdf(x, dfn, dfd), dfn=m, dfd=n

f.cdf(x, dfn, dfd)

f.ppf(pr, dfn, dfd)
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�
� � �H� �j� �H��� �H���F� �3� � �H� �7� �3� � �3� �O� �3� � �3� �b� �3� �
� � �3� �O�O�O� �H� �H�}�7� �3� �O�7�O� �H� �?�j�7� �3� �7�O�O� �3� �O�O�O� �H� �b�O�7� �3� �O�7�O� �H� �7�j�7� �3� �O�?�O�

� �3� �O�O�O� �H� �7�O�7� �3� �j�7�O� �H� �7�O�7� �3� �O�O�O� �3� �H�}�O� �H� �j�O�7� �3� �7�O�O� �H� �?�j�7� �3� �O�?�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �O� �7�O�O� �7� �O�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O�

� � �3� �j�7�?� �H� �7�7�7� �3� �3�1��� �H� �b�F�?� �3� �b�b�}� �3� �?�j�O� �H� �O�?�O� �3� �H�/�O� �H���/�O�?� �3���F�7�7�
� �3� �O�O�7� �H� �O�O�?� �3� �O�7�j� �H� �7�O�7� �3� �7�O�O� �3� �?�7�j� �H� �H�}�7� �3� �7�O�O� �H� �7�?�O� �3� �7�7�O�
� �3� �O�7�O� �H� �7�O�7� �3� �O�7�O� �H� �7�j�?� �3� �O�?�O� �3� �O�7�O� �H� �j�O�b� �3� �O�7�O� �H� �7�O�7� �3� �j�7�7�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �O� �7�O�O� �7� �O�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O�

� � �3� �3�1�b� �H� �O�7�H� �3� �O�7�7� �H� �O�O�7� �3� �3�/�7� �3� �F�j�3� �H���F�7�O� �3���F�?�O� �H� �7�3�}� �3� �O�O�O�
� �3� �O�7�O� �H� �?�b�7� �3� �O�7�j� �H� �H�}�O� �3� �7�7�O� �3� �O�H�F� �H� �7�O�7� �3� �b�7�O� �H� �7�3�/� �3� �3�}�O�
� �3� �O�7�j� �H� �7�O�7� �3� �O�7�O� �H� �O�O�?� �3� �7�O�j� �3� �H�}�O� �H� �j�7�O� �3� �j�?�O� �H� �7�7�O� �3� �O�O�O�
� �O� �O�7�O� �H� �7�O�7� �3� �O�7�j� �H� �7�O�?� �3� �O�7�3� �3� �7�3�}� �H� �O�j�?� �3� �j�F�O� �H� �O�7�7� �3� �O�O�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �O� �7�O�O� �7� �O�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O�

� � �3� �O�?�O� �H� �?�O�O� �3� �O�O�j� �H� �O�O�7� �3� �7�O�7� �3���/�O�3� �H���O�}�7� �3� �j�7�7� �H� �O�7�7� �3� �O�H�F�
� �3� �j�7�?� �H� �H�}�O� �3� �O�O�O� �H� �?�j�?� �3� �O�O�7� �3� �7�7�j� �H� �b�7�?� �3� �O�O�7� �H� �7�7�O� �3���}�O�O�
� �3� �O�7�O� �H� �7�3�1� �3� �j�?�7� �H� �?�b�b� �3� �O�7�j� �3� �7�O�O� �H� �7�7�O� �3� �O�O�7� �H� �?�O�H� �3� �7�7�O�
� �O� �O�7�O� �H� �7�O�O� �3� �O�O�7� �H� �7�O�7� �3� �O�?�O� �3� �7�O�j� �H� �7�j�7� �3� �3�/�O� �H� �7�O�7� �3� �3�}�O�
� �O� �O�7�O� �7� �7�O�7� �3� �O�7�O� �H� �7�O�O� �3� �O�7�O� �3� �7�j�7� �H� �O�7�j� �3� �O�7�O� �H� �7�3�}� �3� �O�7�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �O� �7�O�O� �7� �O�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O�

� � �3� �7�O�H� �H� �?�3�1� �3� �j�7�H� �H� �?�j�b� �3���F�?�O� �3���7�F�7� �H� �j�O�F� �3� �7�O�j� �H� �O�O�7� �3� �3�}�7�
� �3� �O�O�O� �H� �7�j�7� �3� �O�?�j� �H� �O�O�F� �3� �7�7�O� �3� �j�7�j� �H� �3�}�H� �3� �7�7�O� �H���/�O�7� �3���}�7�7�
� �3� �O�O�7� �H� �7�7�j� �3� �j�7�O� �H� �7�3�7� �3� �O�7�O� �3� �F�O�j� �H� �7�b�b� �3� �?�7�j� �H� �7���}� �3� �7�O�O�
� �3� �O�7�O� �H� �7�O�O� �3� �O�?��� �H� �7�O�7� �3� �O�O�?� �3� �O�7�j� �H� �O�j�?� �3� �j�?�O� �H� �F�O�j� �3� �j�?�j�
� �O� �O�7�O� �H� �7�O�7� �3� �O�7�O� �H� �7�O�?� �3� �O�O�?� �3� �7�O�3� �H� �j�O�7� �3� �j�?�O� �H� �7�O�7� �3� �O�7�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �H� �7�O�7� �3� �O�7�O� �3� �7�O�O� �H� �O�O�O� �3� �O�O�7� �H� �7�3�}� �3� �O�?�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �O� �7�O�O� �7� �O�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O�

� � �3� �O�7�O� �H� �j�7�7� �3� �j�?�O� �H� �?�O�O� �3���}�7�j� �3� �7�j�?� �H� �7�j�7� �3� �j�?�O� �H� �H�F�7� �3� �O�O�7�
� �3� �j�7�7� �H� �O�7�7� �3� �H�/�O� �H� �7�7�O� �3� �O�7�j� �3� �O�7�7� �H� �7�O�7� �3���F�?�O� �H���/�j�F� �3� �O�O�O�
� �3� �O�7�j� �H� �O�?�O� �3� �j�?�j� �H� �O�O�?� �3� �O�?�7� �3� �?�b�H� �H� �7�j�?� �3� ���/�O� �H� �H�}�?� �3� �O�?�O�
� �3� �O�7�O� �H� �7�j�?� �3� �O�O�7� �H� �7�O�O� �3� �j�?�7� �3� �O�?�j� �H� �O�O�O� �3� �H�/�j� �H� �7�O�7� �3� �7�7�O�
� �O� �O�7�O� �H� �7�O�7� �3� �O�7�O� �H� �7�j�?� �3� �O�O�H� �3� �O�H�F� �H� �7�O�7� �3� �O�7�j� �H� �?�b�b� �3� �O�?�7�
� �O� �O�7�O� �7� �7�O�7� �3� �O�7�O� �H� �7�O�7� �3� �O�7�j� �3� �7�O�j� �H� �O�3�/� �3� �O�H�F� �H� �7�7�O� �3� �O�O�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �3� �O�7�O� �3� �7�O�O� �H� �O�O�?� �3� �O�7�7� �H� �7�O�7� �3� �O�O�O�
� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O� �O� �7�O�O� �7� �O�O�7� �O� �O�7�O� �7� �7�O�7� �O� �O�7�O�

� � �3� �O�7�7� �H� �O�O�O� �3� �O�7�O� �H���/�j�?� �3���}�7�3� �3� �O�O�7� �H� �O�3�/� �3� �3�/�O� �H� �7�O�?� �3� �O�7�O�
� �3� �7�j�7� �H� �H�}�H� �3� �j�7�O� �H� �?�O�7� �3� �O�O�H� �3� �7�O�7� �H���}�O�H� �3���}�7�7� �H� �7�O�O� �3� �O�O�O�
� �3� �O�?�b� �H� �7�3�/� �3� �O�?�j� �H� �?�O�7� �3� �j�?�j� �3� �7�H�}� �H� �b�O�?� �3� �3�}�?� �H� �7�7�H� �3���/�7�b�
� �3� �O�7�O� �H� �7�j�?� �3� �j�?�O� �H� �?�j�O� �3� �O�7�j� �3� �7�j�7� �H� �7�O�?� �3� �7�?��� �H� �j�O�?� �3� �O�7�O�
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�?� �7� �O�O� �O� �O�7� �O� �O�7� �O� �O�7� �O� �O�7� �O� �7�O� �O� �7�O� �7� �7�O� �7� �7�O� �H� �O�O�

À
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Densidade duma N(0,1)

Φ(z)

z

�3� �O� �H� �3� �3� �O� �3� �O� �3� �7� �H� �O� �3� �7� �3� �j� �3� �O� �H� �7�
�H� � �3� �?�O�O�7� �3� �7�7�O�7� �3� �7�O�7�O� �H� �H�O�/�j� �3� �b�F�7�O� �3� �H�/�O�?� �3� �O�?�O�j� �H� �7�O�?�O� �3� �?�3�}�7� �3� �7�O�7�7�
�H��� �3� �?�O�O�7� �3� �?�O�O�7� �3� �?�j�O�7� �H� �O�H�}�O� �3� �7�O�7�O� �3� �O�?�O�O� �3� �7�7�j�7� �H� �?�j�F�j� �3� �7�H�/�j� �3� �O�7�7�O�
�H� � �3� �7�7�j�?� �3� �7�7�3�}� �3� �7�O�7�O� �H� �7�O�7�j� �3� �?�7�j�7� �3� �7�7�j�b� �3� �O�O�O�O� �H� �7�O�?�b� �3� �H�}�j�?� �3� �3�1�j�7�
�H� � �3� �H�F�7�H� �3� �j�b�F�7� �3� �j�7�O�O� �H� �j�7�7�O� �3� �7�O�O�O� �3� �O�7�O�7� �3� �7�O�j�7� �H� �?�O�O�3� �3� �?�j�O�7� �3� �j�b�F�?�
�H� � �3� �O�O�?�j� �3� �j�?�3�/� �3� �O�O�O�7� �H� �O�O�?�j� �3� �O�7�O�7� �3� �j�?�O�?� �3� �j�7�O�?� �H� �7�O�7�j� �3� �7�7�j�7� �3� �O�O�7�7�

�H� � �3� �7�3�/�O� �3� �O�?�j�O� �3� �O�7�7�b� �H� �7�3�/�7� �3� �?�j�?�O� �3� �7�7�O�?� �3� �H�}�O�7� �H� �b�F�?�O� �3� �b�}�O�?� �3� �O�7�?�O�
�H� � �3� �7�O�O�7� �3� �O�?�O�O� �3� �7�O�7�j� �H� �7�j�?�j� �3� �?�O�O�H� �3� �?�j�H�}� �3� �?�j�7�j� �H� �F�j�O�O� �3� �7�H�F�7� �3� �O�F�j�7�
�H� � �3� �7�7�O�?� �3� �7�H�O�}� �3� �7�?�b�?� �H� �7�j�?�O� �3� �7�7�O�O� �3� �O�?�O�O� �3� �O�?�O�j� �H� �7�7�7�j� �3� �?�j�7�7� �3� �7�O�O�F�
�H� � �3� �?�O�3�1� �3� �7�H�}�7� �3� �7�7�O�O� �H� �7�O�O�7� �3� �?�O�j�7� �3� �O�O�7�?� �3� �O�O�H�O� �H� �7�j�?�j� �3� �H�}�j�7� �3� �3�/�j�7�
�H� � �3� �H�F�7�?� �3� �3�/�j�?� �3� �j�b�F�H� �H� �j�7�7�3� �3� �O�7�O�7� �3� �j�?�O�?� �3� �O�H�/�b� �H� �7�O�7�O� �3� �7�O�7�O� �3� �O�7�O�H�

�7� � �3� �?���}�?� �3� �7�O�j�7� �3� �7�O�3�/� �H� �7�j�?�j� �3� �O�7�O�7� �3� �j�?�3�1� �3� �j�7�?�j� �H� �O�O�?�O� �3� �O�7�O�7� �3� �O�O�H�1�
�7��� �3� �7�7�j�7� �3� �O�7�j�?� �3� �O�7�O�7� �H� �j�7�O�7� �3� �O�O�7�7� �3� �j�F�j�7� �3� �j�?�O�O� �H� �O�7�7�O� �3� �7�3�}�7� �3� �O�O�7�7�
�7� � �3� �7�7�j�7� �3� �O�7�O�7� �3� �O�7�j�O� �H� �O�O�7�j� �3� �7�j�O�b� �3� �O�?�j�O� �3� �O�7�3�F� �H� �7�j�?�O� �3� �7�O�j�?� �3� �O�H�/�j�
�7� � �3� �7�O�j�?� �3� �O�?�j�7� �3� �O�7�j�7� �H� �O�O�O�?� �3� �7�O�O�7� �3� �3�7�/�O� �3� �3�/�O�O� �H� �H�/�O�O� �3� �H�}�j�b� �3� �3�}�O�F�
�7� � �3� �H�}�j�F� �3� �j�?�j�?� �3� �j�7�O�7� �H� �j�7�7�7� �3� �O�O�7�O� �3� �j�?�7�j� �3� �j�7�7�j� �H� �O�7�O�O� �3� �7�O�j�?� �3� �O�H�}�7�

�7� � �3� �7�O�3�/� �3� �O�?�O�O� �3� �O�O�O�?� �H� �O�O�7�O� �3� �7�O�j�7� �3� �O�7�7�O� �3� �7�O�O�j� �H� �?���}�7� �3� �?�b�7�O� �3� �7�7�j�7�
�7� � �3� �?�b�O�?� �3� �7�O�O�7� �3� �7�j�7�O� �H� �7�j�?�b� �3� �?�j�j�?� �3� �j�?�j�?� �3� �j�b�F�?� �H� �O�O�7�?� �3� �O�7�j�7� �3� �j�F�O�O�
�7� � �3� �O�O�?�O� �3� �j�?�O�O� �3� �j�7�O�7� �H� �j�7�H�}� �3� �O�7�O�O� �3� �j�?�O�?� �3� �O�7�O�O� �H� �7�3�/�7� �3� �7�j�?�O� �3� �O�7�j�7�
�7� � �3� �7�7�j�O� �3� �O�?�j�O� �3� �O�O�7�j� �H� �O�O�7�O� �3� �7�j�H�}� �3� �O�O�7�?� �3� �O�7�j�7� �H� �7�O�O�7� �3� �7�O�O�O� �3� �j�?�O�O�
�7� � �3� �O�H�F�?� �3� �j�b�}�7� �3� �j�7�O�O� �H� �j�7�O�7� �3� �O�7�O�H� �3� �j�F�O�3� �3� �j�7�7�O� �H� �O�O�7�7� �3� �O�7�3�}� �3� �j�?�j�?�

�b� � �3� �O�O�O�7� �3� �j�7�O�?� �3� �j�?�O�3� �H� �j�7�7�j� �3� �O�7�O�O� �3� �j�?�O�O� �3� �O�7�O�O� �H� �7�O�O�O� �3� �7�3�F�F� �3� �O�H�}�7�
�b��� �3� �7�j�H�1� �3� �O�O�O�7� �3� �O�7�O�O� �H� �O�O�?��� �3� �7�O�O�O� �3� �O�?�b�7� �3� �O�?�j�3� �H� �7�j�?�O� �3� �7�j�7�O� �3� �O�O�O�F�
�b� � �3� �7�O�3�/� �3� �O�7�7�j� �3� �O�7�j�7� �H� �O�j�b�}� �3� �7�j�?�j� �3� �O�O�O�?� �3� �O�7�O�O� �H� �7�O�?�j� �3� �7�O�j�?� �3� �O�7�O�7�
�b� � �3� �7�O�j�?� �3� �O�7�j�?� �3� �O�7�O�O� �H� �O�O�H�}� �3� �7�O�O�7� �3� �O�7�O�H� �3� �O�7�O�O� �H� �7�3�7�O� �3� �7�3�}�?� �3� �O�H�F�?�
�b� � �3� �7�3�}�7� �3� �O�O�7�O� �3� �O�O�O�?� �H� �O�j�F�b� �3� �7�j�7�7� �3� �O�O�7�7� �3� �O�7�O�j� �H� �7�O�O�?� �3� �7�O�7�O� �3� �O�7�O�H�

�b� � �3� �7�O�j�?� �3� �O�7�O�7� �3� �O�?���}� �H� �O�7�O�O� �3� �7�7�O�O� �3� �O�?�j�H� �3� �O�?�b�O� �H� �7�7�O�j� �3� �7�j�7�7� �3� �O�O�O�?�
�b� � �3� �7�j�7�?� �3� �O�O�?�j� �3� �O�O�7�O� �H� �O�j�7�7� �3� �7�j�7�O� �3� �O�O�7�7� �3� �O�7�O�O� �H� �7�O�O�H� �3� �7�O�O�O� �3� �O�7�7�O�
�b� � �3� �7�O�j�?� �3� �O�7�O�?� �3� �O�7�j�?� �H� �O�O�7�O� �3� �7�O�O�7� �3� �O�O�7�O� �3� �O�O�H�O� �H� �7�j�7�7� �3� �7�j�O�?� �3� �O�O�7�7�
�b� � �3� �7�j�?�7� �3� �O�O�O�7� �3� �O�O�7�O� �H� �O�j�?�j� �3� �7�j�O�F� �3� �O�O�7�H� �3� �O�O�7�O� �H� �7�j�?�j� �3� �7�O�O�H� �3� �O�7�O�O�
�b� � �3� �7�O�3�/� �3� �O�7�3�/� �3� �O�7�j�O� �H� �O�O�7�3� �3� �7�O�O�7� �3� �O�7�7�3� �3� �O�7�7�j� �H� �7�O�O�H� �3� �7�O�j�?� �3� �O�7�O�H�

�H� � �3� �7�O�O�O� �3� �O�7�O�7� �3� �O�7�j�?� �H� �O�O�O�7� �3� �7�O�O�O� �3� �O�7�O�7� �3� �O�7�O�O� �H� �7�O�7�O� �3� �7�O�O�7� �3� �O�7�O�7�
�H��� �3� �7�O�O�7� �3� �O�7�O�7� �3� �O�7�3�}� �H� �O�O�H�}� �3� �7�O�3�/� �3� �O�7�3�/� �3� �O�7�j�H� �H� �7�O�O�?� �3� �7�O�j�?� �3� �O�7�j�?�
�H� � �3� �7�O�O�H� �3� �O�7�O�?� �3� �O�7�O�O� �H� �O�O�7�O� �3� �7�O�7�O� �3� �O�7�7�j� �3� �O�7�7�O� �H� �7�O�?�j� �3� �7�O�7�O� �3� �O�7�j�?�
�H� � �3� �7�O�j�7� �3� �O�7�j�?� �3� �O�7�j�O� �H� �O�O�O�O� �3� �7�O�j�?� �3� �O�7�O�7� �3� �O�7�O�3� �H� �7�O�7�j� �3� �7�O�O�?� �3� �O�7�O�O�
�H� � �3� �7�O�O�7� �3� �O�7�O�7� �3� �O�7�O�O� �H� �O�O�O�7� �3� �7�O�j�b� �3� �O�7�j�7� �3� �O�7�j�7� �H� �7�O�O�?� �3� �7�O�j�7� �3� �O�7�j�?�

�H� � �3� �7�O�j�7� �3� �O�7�j�?� �3� �O�7�j�7� �H� �O�O�O�7� �3� �7�O�O�7� �3� �O�7�O�H� �3� �O�7�O�3� �H� �7�O�7�j� �3� �7�O�O�7� �3� �O�7�O�7�
�H� � �3� �7�O�O�?� �3� �O�7�O�O� �3� �O�7�O�j� �H� �O�O�7�O� �3� �7�O�O�7� �3� �O�7�O�O� �3� �O�7�O�j� �H� �7�O�7�O� �3� �7�O�O�7� �3� �O�7�O�7�
�H� � �3� �7�O�O�7� �3� �O�7�O�7� �3� �O�7�O�O� �H� �O�O�7�O� �3� �7�O�O�H� �3� �O�7�O�H� �3� �O�7�O�j� �H� �7�O�7�j� �3� �7�O�O�O� �3� �O�7�O�O�
�H� � �3� �7�O�O�7� �3� �O�7�O�7� �3� �O�7�O�O� �H� �O�O�7�7� �3� �7�O�O�?� �3� �O�7�O�?� �3� �O�7�O�7� �H� �7�O�7�j� �3� �7�O�O�O� �3� �O�7�O�O�
�H� � �3� �7�O�O�O� �3� �O�7�O�O� �3� �O�7�O�O� �H� �O�O�7�O� �3� �7�O�O�7� �3� �O�7�O�7� �3� �O�7�O�O� �H� �7�O�7�O� �3� �7�O�O�O� �3� �O�7�O�O�
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Densidade duma t(n)

tα

α

ø
ù �3� � �3� �O� �H��� �3� �O� �3� �j�7� �3� �H� �3� �O�O� �H� �7�3�
� �H� �j�?�O�j� �O� �7�O�O�7� �3� �j�7�7�7� �3� �3�/�j�O� �}�H� �7�7�j�7� �H�O� �j�?�j�7� �7�3� �j�?�j�F� �H�}�H� �7�O�7�7�
� �H� �7�O�7�O� �3� �H�}�j�?� �O� �O�O�7�O� �H� �3�/�O�O� �3� �O�j�?�j� �3� �O�?�b�7� �3� �j�F�j�7� �O�H� �O�O�H�}�
� �H� �O�7�7�j� �3� �?�7�j�7� �O� �O�O�O�F� �H� �j�?�O�O� �H���}�j�F�b� ��� �?�O�j�7� �H� �7�O�O�3� �}�3� �b�/�b�?�
� �H� �O�7�O�O� �3� �F�j�j�?� �O� �7�7�j�b� �H���}�H�}�j� �b� �O�7�?�b� �3� �?�O�O�j� ��� �O�?�j�O� �H���F�?�3�/�
� �H� �7�j�b�}� �3� �7�7�O�7� �O� �b�7�7�7� �H� �3�}�7�j� �b� �O�7�O�7� �3� �O�?�j�O� ��� �O�O�H�/� �H� �O�7�7�O�

� �H� �7�7�O�O� �3� �b�F�O�?� �O� �j�7�j�?� �O� �7�O�3�}� �b� �O�j�7�3� �3���/�j�7�j� �3� �7�O�?�j� �H� �7�O�7�7�
� �H� �7�O�H�F� �3� �b�O�O�1� �O� ���1�j�O� �O� �O�?�b�7� �b� �O�7�O�j� �H� �O�O�7�j� �3� �j�7�7�j� ��� �7�O�O�?�
� �H� �7�3�/�j� �3� �?�O�O�7� �O� �O�7�O�O� �O� �j�?�j�O� �b� �O�O�7�O� �H� �O�7�7�j� �3� �j�7�7�O� ��� �7�7�j�?�
� �H� �7�O�7�O� �3� �?�j�O�7� �O� �O�7�O�7� �O� �O�7�3�O� �b� �7�j�b�}� �H� �j�b�/�O� �3� �?�O�O�7� ��� �7�7�O�H�
�}� �H� �7�O�H�}� �3� �7�O�O�H� �O� �j�7�H�/� �O� �3�}�?�j� �b� �O�7�H�/� �H� �7�7�j�O� �3���}�7�j�O� �����/�O�j�?�

�O� �H� �O�7�O�7� �3� �7�j�?�j� �O� �O�7�7�O� �O� �7�O�7�O� �b� �7�O�7�O� �H� �H�/�O�O� �3���}�O�7�3� ��� �j�F�b�?�
�F� �H� �O�7�7�O� �3� �7�j�?�O� �O� �j�?�j�7� �O� �7�O�O�7� �b���F�7�7�3� �H� �O�H�}�O� �3� �j�F�b�?� �3� �j�?�O�7�
�}� �H� �O�7�O�7� �3� �7�O�O�7� �O� �j�?�3�}� �O� �O�?�O�O� �b���}�O�7�j� �H� �j�?�O�3� �3� �3�}�O�7� �3� �j�b�}�7�
�/� �H� �O�7�O�H� �3� �7�j�?�j� �O� �7�j�7�7� �O� �7�H�}�3� �b���/�O�j�7� �H� �j�F�O�j� �H� �j�?�O�7� �3� �7�O�7�7�
�F� �H� �O�O�?�O� �3� �7�3�F�?� �O� �7�O�O�H� �O� �O�?�O�j� �b���}�3�1�b� �H� �O�O�?�j� �H� �7�O�j�H� �3� �7�O�7�7�

�}� �H� �O�O�?�O� �3� �7�O�3�/� �O� �O�7�j�?� �O� �?�j�7�O� �b���O�}�7�3� �H� �7�7�7�j� �H� �j�?�j�7� �3� �O�7�3�}�
�F� �H� �O�O�?�j� �3� �7�O�j�?� �O� �O�7�O�7� �O� �7�7�O�3� �b���}�O�7�j� �H� �7�7�O�O� �H� �O�7�j�7� �3� �7�j�O�7�
�}� �H� �O�O�b�F� �3� �7�O�O�7� �O� �O�7�O�7� �O� �7�?�j�O� �b���}�O�7�j� �H� �O�7�7�O� �H� �j�?�7�O� �3� �3�/�7�O�
�}� �H� �O�7�7�j� �3� �7�j�7�O� �O� �j�7�O�?� �O� �O�?�3�}� �b� �O�O�7�j� �H� �7�7�7�j� �H� �O�7�O�O� �3� �O�?�7�O�
�7� �H� �O�7�O�?� �3� �7�O�O�O� �O� �j�7�7�?� �O� �O�F�b�O� �b� �O�j�?�O� �H� �O�7�7�O� �H� �7�j�7�7� �3� �O�b�}�H�

�H� �H� �O�7�O�7� �3� �7�O�O�O� �O� �j�?�3�/� �O� �O�?�j�?� �b� �j�7�7�3� �H� �H�}�7�j� �H� �O�H�}�O� �3� �O�7�H�}�
�O� �H� �O�7�?�j� �3� �7�j�7�H� �O� �j�b�F�F� �O� �H�}�H�/� �b� �j�7�7�j� �H� �7�7�O�j� �H� �3�/�j�7� �3� �7�?�j�7�
�7� �H� �O�7�7�O� �3� �7�j�7�H� �O� �3�/�7�O� �O� �H�/�O�j� �b� �O�O�7�O� �H� �j�7�O�j� �H� �O�O�7�7� �3� �j�?�j�7�
�?� �H� �O�7�H�F� �3� �7�7�j�O� �O� �3�}�7�?� �O� �H�/�O�O� �b� �O�O�7�O� �H� �j�O�H�}� �H� �7�7�O�7� �3� �j�7�j�?�
�O� �H� �O�7�7�O� �3� �7�7�O�O� �O� �3�/�O�O� �O� �7�7�3�/� �b� �j�7�O�?� �H� �j�O�H�O� �H� �7�O�?�O� �3� �b�?�3�/�

�7� �H� �O�O�?�j� �3� �7�7�j�?� �O� �3�1�j�O� �O� �7�O�7�j� �b� �j�O�7�7� �H� �b�?�O�O� �H� �O�?�j�H� �3� �j�O�7�7�
�O� �H� �O�O�?�O� �3� �7�O�O�7� �O� �3�/�j�?� �O� �7�7�j�7� �b� �j�H�/�O� �H� �b�7�7�O� �H� �O�?�O�O� �3� �b�b�}�7�
�7� �H� �O�O�7�O� �3� �7�O�O�O� �O� �3�}�O�?� �O� �7�H�O�}� �b� �7�j�?��� �H� �j�O�H�/� �H� �7�7�j�7� �3� �j�7�3�/�
�7� �H� �O�O�?�O� �3� �7�O�O�?� �O� �3�7�/�O� �O� �O�7�3�}� �b� �7�b�7�7� �H� �j�O�7�j� �H� �O�?�O�O� �3� �O�7�j�F�
�O� �H� �O�O�?�3� �3� �7�j�O�?� �O� �3�/�7�j� �O� �O�O�O�7� �b� �7�b�7�O� �H� �b�7�O�7� �H� �O�?�O�O� �3� �O�O�H�/�

�j� �H� �O�O�?�7� �3� �7�O�O�O� �O� �O�7�O�7� �O� �O�7�O�j� �b� �j�H�/�O� �H� �b�?�j�7� �H� �7�?�O�j� �3� �O�7�O�7�
�7� �H� �O�?�j�7� �3� �O�7�7�O� �O� �7�7�j�b� �O� �j�7�7�3� �b� �O�O�O�7� �H� �j�7�j�O� �H� �j�7�O�7� �3� �7�H�/�3�
�O� �H� �O�?�7�b� �3� �O�7�O�7� �O� �7�O�7�O� �O� �j�?�O�j� �b� �O�O�7�O� �H� �O�7�3�F� �H� �O�7�j�7� �3� �7�H�F�b�
�7� �H� �O�?�O�3� �3� �O�7�O�H� �O� �7�7�j�?� �O� �O�7�O�3� �7� �O�7�7�O� �H� �O�7�O�3� �H� �7�j�7�O� �3� �H�/�j�?�
�O� �H� �O�?�3�}� �3� �O�O�O�7� �O� �7�O�O�7� �O� �O�?���F� �7� �O�O�7�O� �H� �j�?�O�j� �H� �O�7�O�O� �3���}�O�O�?�

�O� �H� �O�?�3�}� �3� �O�O�O�?� �O� �7�H�}�7� �O� �O�H�}�O� �7� �O�O�7�j� �H� �O�7�j�7� �H� �O�H�F�O� �3���}�7�j�7�
�}�7� �H� �O�?�O�j� �3� �O�7�O�O� �O� �7�7�O�O� �O� �O�7�j�7� �7� �O�O�7�j� �H� �O�?�b�O� �H� �j�7�7�O� �3���F�?�j�F�
�O�/� �H� �O�7�7�O� �3� �O�7�j�?� �O� �7�7�O�7� �O� �j�?�O�j� �7� �O�3�}�O� �H� �O�7�j�7� �H� �j�b�F�7� �3���}�O�7�7�
�F�?� �H� �O�7�7�3� �3� �O�7�j�F� �O� �7�7�O�O� �O� �j�7�7�j� �7� �j�7�7�O� �H� �j�7�7�j� �H� �3�}�?�b� �3���F�?�j�F�
ú �H� �O�7�?��� �3� �O�?�b�F� �O� �7�O�?�O� �O� �7�O�O�O� �7� �O�j�?�7� �H� �O�7�O�O� �H� �7�7�j�O� �3� �O�7�7�O�

û
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θ Condições Intervalo de Con�ança Estatística de Teste H1 Região Crítica p-value

µ

População com dist. normal

e σ conhecido; ou n > 30 (se

σ desconhecido usar s)

]
x− zα/2

σ√
n
, x+ zα/2

σ√
n

[
Z =

X − µ0

σ/
√
n

µ ̸= µ0 |Zcalc| > zα/2 2P (Z > |Zcalc|)
µ < µ0 Zcalc < −zα P (Z < Zcalc)

N (0, 1) µ > µ0 Zcalc > zα P (Z > Zcalc)

µ
População com dist. normal

e σ desconhecido

]
x− tα/2

s√
n
, x+ tα/2

s√
n

[
T =

X − µ0

S/
√
n

µ ̸= µ0 |Tcalc| > tα/2 2P (T > |Tcalc|)
µ < µ0 Tcalc < −tα P (T < Tcalc)

t(n−1) µ > µ0 Tcalc > tα P (T > Tcalc)

σ2 População com dist. normal

]
(n− 1)s2

χ2
α/2

,
(n− 1)s2

χ2
1−α/2

[
χ2 =

(n− 1)S2

σ2
0

σ2 ̸= σ2
0

χ2 < χ2
1−α/2

ou χ2 > χ2
α/2

2min
{
P (χ2 < χ2

calc) ,

P (χ2 > χ2
calc)

}
χ2
(n−1) σ2 < σ2

0 χ2 < χ2
1−α P (χ2 < χ2

calc)

σ2 > σ2
0 χ2 > χ2

α P (χ2 > χ2
calc)

p

n provas de Bernoulli

independentes repetidas, n

grande

]
p̂− zα/2

√
p̂(1− p̂)

n
, p̂+ zα/2

√
p̂(1− p̂)

n

[
Z =

P̂ − p0√
p0(1− p0)

n

p ̸= p0 |Zcalc| > zα/2 2P (Z > |Zcalc|)

p < p0 Zcalc < −zα P (Z < Zcalc)

∼ N (0, 1) p > p0 Zcalc > zα P (Z > Zcalc)

µ1 − µ2

Amostras independentes.

Populações com dist. normal

e σ1 e σ2 conhecidos; ou n1 e

n2 grandes (se σ1 e σ2

desconhecidos usar s1 e s2)

]
x1 − x2 − zα/2

√
σ2
1

n1
+

σ2
2

n2
, x1 − x2 +

Z =
X1 −X2√
σ2
1

n1
+

σ2
2

n2

µ1 ̸= µ2 |Zcalc| > zα/2 2P (Z > |Zcalc|)

zα/2

√
σ2
1

n1
+

σ2
2

n2

[
µ1 < µ2 Zcalc < −zα P (Z < Zcalc)

N (0, 1) µ1 > µ2 Zcalc > zα P (Z > Zcalc)

µ1 − µ2

Amostras independentes.

Populações com dist. normal

e σ1 e σ2 desconhecidos mas

supostos iguais

]
x1 − x2 − tα/2 sp

√
1

n1
+

1

n2
, x1 − x2 + T =

X1 −X2

Sp

√
1

n1
+

1

n2

µ1 ̸= µ2 |Tcalc| > tα/2 2P (T > |Tcalc|)

tα/2 sp

√
1

n1
+

1

n2

[
µ1 < µ2 Tcalc < −tα P (T < Tcalc)

t(n1+n2−2) µ1 > µ2 Tcalc > tα P (T > Tcalc)

Sp =
√

(n1−1)S2
1+(n2−1)S2

2

(n1+n2−2)

1
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θ Condições Intervalo de Con�ança Estatística de Teste H1 Região Crítica p-value

µD =
Amostras emparelhadas.

População das diferenças

com dist. normal e σD

conhecido; ou n > 30

]
d− zα/2

σD√
n
, d+ zα/2

σD√
n

[
Z =

D

σD/
√
n

µD ̸= 0 |Zcalc| > zα/2 2P (Z > |Zcalc|)

µ1 − µ2 µD < 0 Zcalc < −zα P (Z < Zcalc)

N (0, 1) µD > 0 Zcalc > zα P (Z > Zcalc)

(se σD desconhecido usar sD)

µD =
Amostras emparelhadas.

População das diferenças

com dist. normal e σD

desconhecido

]
d− tα/2

sD√
n
, d+ tα/2

sD√
n

[
T =

D

SD/
√
n

µD ̸= 0 |Tcalc| > tα/2 2P (T > |Tcalc|)

µ1 − µ2 µD < 0 Tcalc < −tα P (T < Tcalc)

t(n−1) µD > 0 Tcalc > tα P (T > Tcalc)

σ2
1/σ

2
2

Amostras independentes.

Populações com distribuição

normal.

]
s21
s22

1

fα/2
,
s21
s22

1

f1−α/2

[
F =

S2
1

S2
2

σ2
1 ̸= σ2

2

F < f1−α/2

ou F > fα/2

2min {P (F < Fcalc) ,

P (F > Fcalc)}

F(n1−1, n2−1) σ2
1 < σ2

2 F < f1−α P (F < Fcalc)

σ2
1 > σ2

2 F > fα P (F > Fcalc)

p1 − p2
Provas independentes

repetidas, n1 e n2 grandes

]
p̂1 − p̂2 − zα/2

√
p̂1q̂1
n1

+
p̂2q̂2
n2

, p̂1 − p̂2 + Z =
P̂1 − P̂2√

p̂(1− p̂)
(

1
n1

+ 1
n2

) p1 ̸= p2 |Zcalc| > zα/2 2P (Z > |Zcalc|)

zα/2

√
p̂1q̂1
n1

+
p̂2q̂2
n2

[
p1 < p2 Zcalc < −zα P (Z < Zcalc)

∼ N (0, 1) p1 > p2 Zcalc > zα P (Z > Zcalc)

p̂ =
n1p1 + n2p2
n1 + n2

2
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