
���������	��

������� ���������������! #"$�%�!"$&('*)+�-,/.0�21��0��35424�6
78��9	:<;>=@?5.0A�B!CD?5.0&FEG���!H
IKJ
L ���
�#M*��N

OKPGQ�RTSVU>WYX�S[Z!R�\]\
^`_badc�e
SVf!P-Z

g�h�PGUji�S[i�Plk+;
'�mon-�2&p.

(un)
�� ��+Hq�#&p.%�r,/�2 G�2�s�%t��*?5 G.u�2�s�vH

a > 0
mTw��x�2�%H�yT�2���o.%���$.

ε > 0 z &����s{-&FHq.0� N
.%�s��E2�#�|yT�2���o.%���$.

n > N z
a − ε 6 un 6 a + ε. }  ~y#?5�0.0&F,/����&��s� z y����#� ε = a

2 > 0 z �� K.0�%�����2����� �/{$&�Hq.0�! #,/��"$� N
.0�!��EG����y�������.%���$.

n > N z
a
2 6 un 6 3a

2

m#�
?�y#�0�!C+&��s�%��"$�!H�"��s�${�&x �B!t2?��x&x.0B*H�"$�� � #�������%B!H0���p.v?j.��!H%,/�2CDy$.0B2m
3$m

f
�!Hq.o"$Bs�%&x�j?�1��x��H0���

R z �/.oy����#��.0����. x ∈ R z f ′(x) = 1 − 2x z "�� �����x�8.v?51����!?���"����j?��0&F?j.%&x�2 #H�Hq�#&x�j?5 G.��

x

f ′(x)

f(x)

−∞ 1
2 +∞

+ 0 −

−∞

1
4

−∞

)�m��[?2�
]0, 1[

�!Hq.8�� b&� G.0�s�%�j?5���x�+H�.v?51����ryT?5�
f
m }  b�/���/. z f(0) = 0

�/.
f( 1

2 ) = 1
4
z �/. f

�!Hq.�H�.%�0&F,�.%�sCD�s G.�,s�0�2&�H%H%?5 G.0�
Hq�#�

[0, 1
2 ] z "$�� #, f(]0, 1

2 ]) ⊂]0, 1
4 ] ⊂]0, 1[

m����bC+�!CD� z f
(

1
2

)

= 1
4

�/.
f(1) = 0 z �/. f

�!Hq.>H�.%�0&F,�.%�sCD�s G.
"$B!,s�0�2&�H%H%?5 G.0�8Hq�#�

[ 12 , 1[ z "$�2 #, f(( 1
2 , 1[) ⊂]0, 1

4 ] ⊂]0, 1[
m$�(?5�o,/�2 #H0B!EG���s G. z f(]0, 1[) ⊂]0, 1[

m
wo&� #H0& z y#��&�H%EG��� u0 ∈]0, 1[ z �� D�! D"�B!"$��&x. z y#?5�(�%B!,s���%�0�! #,/��H0��� n ∈ N z EG����y�������.0����. n z un ∈]0, 1[

mG����CDCD�
�� ��!Hq.o�s ~"$B!1��$.�"$��,/�2y�&�� z �2 K�%B!"$&�t��8,/�s.q.%���0B*,/���%�0�! #,/� z C+�!CD�|Hq&��!�x�����!Hq.o&xCDCDB!"�&�?5.0��mn-��&x. z yT�2����.0�2�$. n

"�?� #H
N z �F?+y��0�2y��%&xBs.0B P(n)

�
un ∈]0, 1[

m
����&FH0EG���

u0 ∈]0, 1[
y#?5��A-�-yT��.0A��*Hq� z P(0)

�*H�.o�2Bs�%&p�#B2m
n-��&x.

n ∈ N
.0�s��EG��� P(n)

Hq�2&p.���B!�0&x�#B2m-w��x�2�%H
un ∈]0, 1[ z �s.�,/��CDCD� ]0, 1[

�*H�.�Hq.%?�1�����yT?5�
f z un+1 = f(un)�!Hq.o�s #,s���%��"#?5 #H

]0, 1[ z "�� �2� P(n + 1)
m

�(?5�o,/�2 #H0B!EG���s G. z P(0)
�*H�.o�-�v?5&�� z �/.oy����#��.0�2�$. n

"#?5 #H
N z P(n)

�s G.0�v?��� �� P(n + 1)
m#��� ?5y��%�!H�����y��%&x #,s&xy��

"$���%B!,/�#�0�%�s #,s� z P(n)
�!Hq.o�-�%?�&x��y�������.%���$.

n
"�?5 TH

N
m

wo&� #H0& z �! �y#?5�0.0&F,/����&��s� z y����#��.0����. n ∈ N z un > 0
m

���sC<?��%EG���2 #H�EG����y#?5��AG�-y��5.%A��!H0� z u0 < 1 = 1
0+1

mT=~�2 2.%�0�2 #H�y����#H�t2Bs �B!�%?��x�!C+�! G.�EG���ryT�2����.0�2�$.
n ∈ N

∗ z
un < 1

n+1

���2���#H�,s��CDy��%�s #"��0�!�`y����#H�����&� �yT�2���%EG���2&-�/� ?�&��/{�,s�x�#H
0
"$���F?+�0B*,/���%�%�s #,s�*��m

n-��&x. z yT�2����.0�2�$. n
"�?� #H

N
∗ z ��?+y��%��y#�0&�B/.%B Q(n)

�
un < 1

n+1

m
�r� ?5y#�0�*H��x��.%?�1����!?5�~"$�8�j?5�%&F?j.0&��� THu"��

f z u1 6 1
4 < 1

1+1 z
"$�2 #, P(1)

�*H�.o�2Bs�%&p�#B2m
n-��&x.

n ∈ N
∗ .0�!�
EG��� Q(n)

Hq�2&p.o�2Bs�%&p�TB�m�wo�����vH z y���&FH0EG��� n > 1
�V�%?�&�H0�� KyT�2���o�F?�EG���!���� �?+.0�v?5&x.0B����|,s?2H

0 �y#?5�0.v� z
0 < un <

1

n + 1
6

1

2
,

�/. z y���&FH0EG��� f
�!Hq.o,/�%��&FH0H%?5 G.0�8H0���

[0, 1
2 ] z

un+1 = f(un) 6
1

n + 1

(

1 − 1

n + 1

)

<
1

n + 1

(

1 − 1

n + 2

)

=
1

n + 1
· n + 1

n + 2
=

1

n + 2
,

"�� ��� Q(n + 1)
m

'



�(?5��,/�� THqB*E2�#�s G. z Q(1)
�*H�.��-�%?�&x� z �s.uy�������.0�2�$. n

"�?5 #H
N

∗ z Q(n)
�s G.%�%?j�F �� Q(n + 1)

m$�r� ?5y#�0�*H ����y��%&� #,/&�yT�
"$���%B!,/�#�0�%�s #,s� z Q(n)

�!Hq.o�G�v?5&���yT�2����.0�2�$.
n
"#?5 #H

N
∗ m

wo&� #H0& z yT�2���`.0����. n ∈ N z 0 < un < 1
n+1

m��`�� #, z (un)n∈N

,s�� -���!�0t2���2�s�vH
0
"�� ?�y��0�*Ho���|.%A�Bs�2�0�!C+��"�� �! #,s? �

"$�%�sCD�s G.!m
�V1T��n-��&x.oy�������.%���$.

n ∈ N z vn = nun
m#w��x�2�%H8�

∀n ∈ N, vn+1 − vn = (n + 1)un+1 − nun = (n + 1)un(1 − un) − nun = un(1 − (n + 1)un).

� � z "�� ?�y��0�*H��F?+EG���*H�.%&x�2 �y��0B*,/B*"$�s G.0� z y�������.%���$. n ∈ N z (n + 1)un < 1 z "$�� #, (vn)n∈N

�!Hq.r�VHq.0�%&�,/.0�sCD�! 2.��
,/�%��&FH0H%?5 G.%��m$����y#�x�#H z

∀n ∈ N, 0 < vn <
n

n + 1
< 1.

��?�H0��&x.0�
(vn)n∈N

�*H�. "$�2 #,�,/�%��&FH%H0?� 2.%���s. C<?j���2�0B!�uyT?5�
1 } ���x�`,/�� -�2�s�%t��u���s�vH��� <�%Bs�!� L mG���2C+CD��y�������.0����.

n ∈ N z 0 < vn < 1 z �x��.%A�Bs�2�0�!C+�8"$�8y��%������ �t2�sCD�s G.�"$�!H�&� �BstG?5��&p.%B!H�?5CD�! ���� 0 6 L 6 1
m$�`�8y��x�TH z (vn)n∈NB/.v?5 G.o,/�%��&FH0H%?5 G.0���/.�Hq.0�%&F,�.0�!CD�s G.�yT�GHq&x.0&���� z L 6= 0

m��`�� T,
L ∈]0, 1]

m
�[,!��n-��&x.

n ∈ N
m �  ��/{$y��%&xCD�

wn
�s ����� #,/.0&��� �"$�

un
�

wn = n(vn+1−vn) = n(n+1)un+1−n2un = n(n+1)(un−u2
n)−n2un = nun−n(n+1)u2

n = vn−
n + 1

n
v2

n.

����CDCD�
(vn)n∈N

.%�s #"8�2�s�vH
L z (v2

n)n∈N

.0�s T"8���s�vH
L2 m!�`��y����#H z lim

n→+∞

n

n + 1
= 1

mswo&� #H0& z (wn)su
,s�� -���!�0t2� z�/.�H%?+�x&�CD&p.%���!Hq.

L − L2 = L(1 − L) z "�� ?5y��%�!H����!H��%�st2�x�*Hu?��0&x.0A#C+Bs.0&FEG���!H��#H0���!�x���!HoH0�������!H���&xCD&x.0�*Hsm
� mon-&

L 6= 1 z ?5�����vH L(1 − L) > 0 z "��� #, z "�� ?5y��%�!HD���@y��%Bs��&�C+&� #?�&x�%� z &����s{-&FHq.0� n0
.0�!�`EG���~y������ .0����.

n > n0 z
wn > 1

2L(1− L),
"$�� T,

vn+1 − vn > 1
2nL(1 − L)

m#wo�����vH z

∀n > n0, vn − vn0
=

n−1
∑

k=n0

(vk+1 − vk) >
1

2
L(1 − L)

n−1
∑

k=n0

1

k
.

���2C+CD���F?DHqB!�0&�� ∑

1
k

"$&x�2�s�%t��8���!�%H
+∞ z �� ��s ~"$B!"���&p.�EG��� (vn)n∈N

.%�s #"��2�s�vH
+∞ m

�`B!H0����B z ���r ��|C�� B/.v?5&FHoy#?2H��0�! #"$�@,s��CDy$.0� z �! @"$�� # #?5 G.���� �s{$�s�v,/&F,/� z E2��� &�����?��j?5&x.��� @?5�%t��#C+�! G.�"$��H0Bs�%&x�*H z yT�2������!EG���!�����2�#Hu ��|"$&FHqy��2H0&x�!�8y#?�H��! #,/�2�0��"$��.0�2�#H����!H��2�$.0&���H� #B!,/�*H0H%?5&��%�!H!m
� m �  ?	CD�� G.0�%B@"�?� #H<�F? EG���*H�.%&x�2 �V)51��<EG���

(vn)n∈N

,/�2 G�2�s�%t��!���s�vH
L ∈]0, 1]

m��(?�� ,/�� THqB*E2�#�s G. z �!�x���~ ��@y��s��.,s�� -���!�0t2�s�+���s�vH
+∞ � ��? EG���!Hq.0&��� dy��%B!,/B*"$�s G.%��?�1T�2�$.0&x. � �� ��~,/�2 2.%�%?2"$&F,�.0&��� z "��� #,���� A-�-yT��.0A��*Hq� L 6= 1

�*H�.
�!�0�%�� �B!��m-�(?5�o,s�� #H0B!EG���! 2.

L = 1 z ,5� �!Hq. � � � "$&��0�8EG������?+��&xCD&x.0�|"$� (nun)n∈N

�!Hq.
1
m �  ��s �"$B*"$��&x.`EG���

un ∼
+∞

1

n

m

g�h�PGUji�S[i�P�� ;
'�m�c�P-\
Z
	�S�UjP-i5f��
n-�2&p.

(un)n∈N

�� ��>H0��&x.0�K"�� B!�xB!C+�! G.%H+"$�
F
,/�2 -���s�%t��*?5 G.����!�%H

` ∈ R
m�=~�� G.0�%�� TH|EG���

` ∈ F
m�n-�#y�yT�GHq�2 #HrEG���

` 6∈ F z "$�2 #, ` ∈ {RF
m�����CDCD�

F
�*H�.
���s�%CDB z {RF

�!Hq.`���#���s�0.!m��`�� #,r&x���/{$&FH�.%�
ε > 0

.%�s�(EG���
B(`, ε) ⊂ {RF

m
�����#�u,s��,vA��2&p{ "$�

ε z �2 �s �"$B!"���&p. z y#?5��"$B/�T �&p.%&x�2 K"$���F?r,/�2 -���s�%t��! #,/� z ��� �s{-&FHq.0�s T,/�8"$� N ∈ N
.0�s��EG����yT�2����.0����.

n > N z un ∈ B(`, ε) z "$�� T, un ∈ {RF z "��� #, un 6∈ F
m
���!��?�,/�2 G.0�%�!"$&x.��x���V?5&x.rEG���

(un)n∈N

�!Hq.|�� ��<H0��&x.0� ��j?5���s�#�%H�"�?� #H
F
m��(?5�o,s�� #H0B!EG���! G. z �[� A-�-yT��.0A��*Hq�|"$�8�F?D"$BsCD�� TH�.%�%?5.0&��� �y#?5����� ?�1#H0���%"��`�*H�.��V?��#H0H0� z "��� #, ` ∈ F

m
3$m����Gi2S���UjR���e
P��
�  �CD�� G.0�%�8��?D,s�� G.0�v?5y��2H0Bs�+�#H0&

F
 �� �!Hq.oy#?2H����s�%C+B z &����/{$&FH�.%���# ��|Hq�#&p.%�|"�� B!�xB!CD�s G.%Ho"�� F

,s�� -���!�0t2�!?5 G.u���s�vHu�� 
�%Bs�!�

` 6∈ F
m }  �s���s. z H0& F

 �� �!Hq.�y#?�H
���!�0CDB z ?��x�2�%H {RF
 �� �!Hq.�y#?�H����#���s�0. z "$�2 #, z �!  #&�?� 2.8�F?�"�B/�# �&x.0&��� 	"�� �� 

�2�����!�q. z &����/{$&FH�.%� ` ∈ {F
�VEG��� �� �Hq�`��{$�*� z .0�s��EG����y������u.0�2�$. ε > 0 z B(`, ε)

 �� �!Hq.uyT?�H�,/�2 2.%�s -�K"#?5 #H
{RF z "$�2 #,�%�s #,s�� G.0�%�

F
�
B(`, ε)∩F 6= ∅.

���*,/&#�*H�.��-�v?5&�y����#�(.0�2�$.
ε z  ��5.v?5CDCD�s G.�y������ ε = 1

n z
yT�2���(.%���$.

n ∈ N∗ m�wo&� #H0& zy�������.0�2�$.
n ∈ N

∗ z B(`, 1
n ) ∩ F

�*H�.� #�� ~�-&�"���m �  ~y��s��.�"$�2 #,|,vA��2&�H0&x� z y�������.0�2�$. n ∈ N
∗ z un ∈ B(`, 1

n ) ∩ F
m

�
?KH0��&x.0�
(un)

,s�� #Hq.0�%��&x.0�D"$�D��?�H0���0.0�r�*H�.81�&��s � .%�s�%CD�!H8"�?5 TH F z �s.8,s�� -���!�0t2�|���!�%H ` 6∈ F z ,!?5�8yT�2����.0�2�$. n z
d(un, `) < 1

n

m

3



g�h�PGUji�S[i�Pb_>;��������	��
��
����� ��������������������
�� �	�!�"�#�"�$�%�������#��
&�'����(*)���)"�	�"
&�������,+')������"�
���-
��.)0/����*�2143�5
6 
&�7�

fn
��� ��+*+8�9�������:��
��;(*)%<=�$���>���
�

[0, +∞[
+����

fn(x) = xn − nx + 1
5

'�mon-�2&p.
n > 3

m#��? ���� T,�.0&��� 
fn

�!Hq.o"$Bs�%&���?�1����8H0���
R+

�s �.%?� G.�EG��� ���2 #,�.%&x�2 Ky������- ���CD&F?5��� z �s.|�

∀x ∈ R+, f ′
n(x) = nxn−1 − n = n(xn−1 − 1).

w�&x #H0&��
• f ′

n

�!Hq.
 #Bst2?5.0&���� H0���
[0, 1] z Hq.0�%&�,/.0�!C+�! G.�H0��� ]0, 1[

m*��? ���2 #,�.%&x�2 
fn

�!Hq.�"$�2 #,�Hq.0�%&�,/.0�sCD�! 2.�"$B!,s�0�2&�H%H%?5 G.0��H0���
[0, 1]

m
����CDCD�

fn
���!Hq.�,/�� G.%&x -��� z "�� ?�y��%�!H�����.%A�Bs�2�0�!CD��"�����?�1�& ���!,/.0&��� D�/.(����.0A�B!���%�sCD��"$�!H��j?5���s�#�%H�&� G.0Bs�%�sCDB*"$&�?�&x�%�!H z

fn
H0�b�%�!Hq.0�%�s&� 2.�Hq���

[0, 1]
�s �� ��b1#& ���*,�.0&��� Hq����H0�� &�CD?�t��

fn([0, 1]) z �s.�,s�/.q.%�b&�C<?5t�� �!Hq.K�� &x G.0�!�0�j?��x���
"�� �/{-.0�%�sCD&x.0B!H

f(0) = 1
�/.

f(1) = 2 − n < 0
m�w�&x #H0& z 0 ∈]2 − n, 1[ z "��� #, 0

?�"$CD�/.��� 	�� #&�EG���<?5 G.%B!,/B*"$�s G.
"�?5 TH

]0, 1[
y#?��

fn
m����!��?+CD�� G.%�0���[� �/{$&FH�.%�s #,s� ���s.o�[� �� �&F,/&x.0B���"$�

αn
m

• f ′
n

�*H�.Dy��2H0&p.%&x�2��H0���
[1, +∞[ z H�.%�0&F,�.%�sCD�s G. H0��� ]1, +∞[

m��
? ���2 #,�.%&x�2 
fn

�*H�.<"$�2 #,KHq.0�%&F,�.0�!CD�s G.D,s�0�2&�H%H%?5 G.0�
Hq�#�

[1, +∞[
m����2CDC+�

fn
�~�*H�.�,/�2 G.0&� G�#� z "�� ?�y��%�!H`�x��.0A�B!���%�sCD��"����F? 1�& ���!,/.0&��� �/.��x�r.0A�B!���%�sCD�D"$�!H`�j?5���s���vH&x G.%Bs�%�sCDB!"$&F?5&��%�!H z fn

H0���%�!Hq.0�%�s&� 2.�H0���
[1, +∞[

�! ��# ��|1�& ���!,/.0&��� ~Hq�#��Hq�2 �&xC<?5t2�
fn([1, +∞[) z �s.`,/�s.q.0��&�C<?5t2��!Hq.��� l&� G.0�!�0�j?5�����>"�� �/{-.0�%�sCD&x.0B!H

f(1) = 2 − n < 0
�/.

lim
x→+∞

fn(x) = +∞ m � � z 0 ∈]2 − n, +∞[ z "$�2 #, 0?�"$CD�s.o�� ��� �&FE2�#�|?5 G.0B*,/B!"��s G.o"�?5 #H
]1, +∞[

y#?��
fn
m����!��?+CD�� G.0�%�8�[� �/{$&FH�.%�s #,s�<���/.o��� �� �&F,/&x.0B*�o"$�

βn
m

3$mon-�2&p.
n ∈ N

mTwo�����vH z fn
�!Hq.oy��2H0&p.%&x�2�8H0���

[0, αn]
�s.o �BstG?j.0&�����H0���

[αn, 1]
m

? .%�#"$&��� #Ho�x�|H0&xt2 ���"$�
fn(αn+1)

m#��?��o"$B/�T �&p.%&x�2 ~"$�
αn+1 z

0 = αn+1
n+1 − (n + 1)αn+1 + 1 = αn+1 · αn

n+1 − nαn+1 + 1 − αn+1 6 αn
n+1 − nαn+1 + 1 = fn(αn),

��� &� �B!t2?5��&x.0B�"�B!,/�2���F?5 G.�"$� �V?5&x.8EG���
αn+1 6 1

�s.
αn+1 > 0

m�wo&� #H0& z fn(αn+1) > 0
m �  b�s "�B!"$��&x.�E2�#�

αn+1 ∈
[0, αn]

m#wo&� #H0& z αn+1 6 αn
m

���*,/&�Bs.%?5 G.��-�%?�&�yT�2����.0�2�$.
n ∈ N z (αn)n>3

�*H�.�"�B!,/�%��&FH%H0?� 2.%��m } ���x���*H�.�CD&� ����%Bs�8y#?�� 0
m } ���x�|,s�� -���!�0t2��"��� #,�m�`�Dy��x�TH z y�������.%���$. n ∈ N z αn 6 α0 < 1 @ ?�&x THq& z 0 6 αn

n 6 αn
0 z �/.�,/�2C+CD� 0 < α0 < 1 z (αn

0 )
.0�! #"b�2�s�vH

0
m

w�&x #H0& z "�� ?5y��%�!H�����.0A�B!���%�sCD��"�� �! #,s?2"$�%�sCD�s G. z (αn
n)

.0�s T"K�2�s�vH
0
m

n-�2&p.
`
�F? ��&xCD&x.0�<"$�

(αn)n>3
m�n-&

` 6= 0 z ?��x�2�%H ` > 0 z �/. (nαn)
.%�s #"b���s�vH

+∞ m�wo�����vH z �s y#?�H%H0?� G. � �F?K�x&�CD&p.%�"�?� #H���� B!t2?5��&x.0B8�-�%?�&x�8y�������.%���$.
n ∈ N

�
αn

n − nαn + 1 = 0,

����.0�!�0CD�o"$��tG?5�#,vA#��.0�s T"D���s�vH −∞ z ?5�����vH(E2�#���x��.%�s�%C+�`"$�o"$�%��&x.0���!Hq.�BstG?5� � 0 z "$�2 #,u.0�! #"D���!�%H 0
m �  +�! "$B!"���&p.

�� #�|,/�� G.%�%?2"$&�,/.0&��� �m$w�&x #H0& z ` = 0
m

)�m��`�8y��x�TH z ���`�v?5&FH0�� � ��!CD�s G.�y��%B!,sB!"$�! G.uCD�� G.%�0�8EG��� (−nαn + 1)
.0�! #">�2�s�vH

0 z "��� #,�EG��� (nαn)
.0�! #">�2�s�vH

1
mG�(?��

"$Bs�# �&x.0&��� ~"$�*H�B!EG��&��j?5���s G.%H z �� ��s ~"$B*"$��&x.�E2�#� αn ∼
+∞

1

n

m
� m��[?2��n-��&x.

n > 3
m�w��x�2�%H8�

fn

(

1 +
2√
n

)

=

(

1 +
2√
n

)n

− n

(

1 +
2√
n

)

+ 1

=

n
∑

k=0

(

n

k

)

2k

nk/2
− n

(

1 +
2√
n

)

+ 1

>

2
∑

k=0

(

n

k

)

2k

nk/2
− n

(

1 +
2√
n

)

+ 1

= 1 +
2n√

n
+

4n(n − 1)

2n
− n − 2

√
n + 1

= 1 + 2(n − 1) − n + 1 = n.

wo&� #H0& z y����#��.0����. n > 3 z fn

(

1 + 2√
n

)

> n
m

)



�V1T� }  #,s���%�+�# �������&FH�"�� ?�y��%�!H��x�+.%A�Bs�2�0�!C+�D"$�D�F?K1#& ���*,�.0&��� z yT�2���8.0�2�$. n > 3 z βn 6 1 + 2√
n

m �  �! "$B*"$��&x.
�[� �s T,s?�"��0�!C+�! G.�H0��&��j?5 G.o"$�

βn
�

∀n > 3, 1 < βn 6 1 +
2√
n

.

�r� ?5y#�0�*H��x��.0A#Bs���%�sCD��"�� �s #,!?�"$�%�sCD�! 2. z (βn)n>3
,/�2 G�2�s�%t��`���s�vH

` = 1
m

�[,!�K��������.%���$.
n > 3 z �� �?K� βn

n = nβn − 1 z H0��&x. z �! �yT?�H%H0?� 2.�?5������t2?��0&x.0A#C+�+� n ln(βn) = ln(nβn − 1)
m � � z

ln(nβn − 1) = ln n + ln(βn − 1

n
).

����CDCD�
βn − 1

n

.0�! #"����!�%H
1 z ln(βn − 1

n )
.%�s #"K���!�%H

0 z �s.�,s��CDCD� ln n
.%�s #"K���!�%H

+∞ @ �2 >�s �"$B*"$��&x.�EG���
ln(βn − 1

n ) = o(ln n)
m�wo&� #H0& z �2 ���1$.%&x�! 2.��� �B*E2�#&x�j?5���s G.o"$� n ln(βn)

�

n ln(βn) = ln(nβn − 1) ∼
+∞

ln n,
Hq�2&p.��

ln(βn) ∼
+∞

ln n

n
.

wo�����vH z
βn − 1 = eln(βn)−1 ∼

+∞
ln(βn) ∼

+∞

ln n

n
.

�  ?��$.%&x��&�H0B���� B!EG��&���?��x�! G.
eun −1∼+∞ un

H0&
(un)

.%�s #" ���s�vH
0 z ,/��EG��&T�!Hq.�y��2H%Hq&�1�����&�,s& z "$�
�V?�&p.uE2�#� ln(βn).0�! #"����s�vH

0 z y#��&�H%EG��� �s���x�8�!Hq.oB!EG��&��j?5���s G.0� � ln n
n
z "$�8�x&�CD&p.%�� -���x����mTwo&� #Hq& �

βn − 1 ∼
+∞

ln n

n
.

� ����������WYg

��	���

�/g���a��`f!e 	�P 	���e
\�P~Z!e�S�f*P 	 ����\
S[P ��X�UKe�\
P�U �-i�e
U�U�P-\�i�P��VSV\ �-X�S�UjP��

'�mon-�2&p.
P
�x��y������- ���CD��"$Bs�# �&�y�������.%���$.

x ∈ R
y#?5�

P (x) = x3 − x2 − 2x + 1
m

• P (−2) = −7 z �s. P (−1) = 1 z �/. P
�!Hq.u,/�2 G.0&� G�#��Hq�#�

[−2,−1] z "��� #, P
?�"$CD�/.u�� ��`�%?2,/&� ��

x1
"�?5 #H

]− 2,−1["�� ?5y��%�!Hu����.%A�Bs�2�0�!C+�8"$�*H���?��x�!���vH &� G.0�s�%CDB!"$&F?5&��%�!H���y���������� &� #Hq.%?� 2. z ���� #�8H%?5&FH�y#?�H�H0&��s���x���!Hq.��� �&FE2�#� @ �� �yT�!�$.��1$.%�s �&������ �� #&�,s&p.%B��! �V?�&�H%?5 G.��� ��8B/.%�#"$�8y����#H�y��%B!,s&�H0��"��!H��j?5�%&�?5.0&��� #Hu"$�
P z �/.��! K�$.%&x��&FH0?� 2.�����.0A�B!���%�sCD��"����F?1�& ���!,�.%&x�2 z C<?5&FH�,5� �!Hq.o&� G��.0&��x� z ,/�2C+CD�8���2�#H�?5�����s�8�x��,s�� #Hq.%?5.0�s���

• P (0) = 1
�/.

P (1) = −1 z �/. P
�!Hq.�,/�2 2.%&x -����H0���

[0, 1] z "$�2 #, P
?2"$CD�/.o�� ��8�v?�,s&x ��

x2
"�?5 TH

]0, 1[ z "�� ?5y��%�!Hu���.0A�B!���%�sCD��"$�!Ho��?��x�!���vH�&� G.0�!�0CDB!"�&�?�&x�%�!H!m
• P (1) = −1

�s.
P (2) = 1 z �/. P

�!Hq.�,/�2 2.%&x -����H0���
[1, 2] z "$�2 #, P

?2"$CD�/.o�� ��8�v?�,s&x ��
x3

"�?5 TH
]1, 2[ z "�� ?5y��%�!Hu���.0�-&�m

w�&x #H0& z �2 ?	.0�%�����2B�.0�%��&FH<�v?�,/&� ��*H "$&FH�.%&x #,/.0�*Hsmo����CDCD�
P

�!Hq.>�� y������- ���CD�@"$� "$�st2�0B
3 z &��`?�"�C+�s.K?5� y#�x�#H

) �v?�,/&� ��*H+"�&�Hq.0&� #,�.%�!H~�[Hq&��2���#H+ �� �s d�/.%�!HDy#?2H+,s�� -�j?5&F,/�#H z B/.%�#"$&��s���x�*HD�j?5�%&�?5.0&��� #H+"$� P
��m w�&x THq& z x1 z x2

�/.
x3H0�� G.<�x�*HDHq�!���x�*HD�%?2,/&� ��!H+"$�

P
m���� �2�]��� �s{$&�Hq.0�! #,/���/.<��� �# �&�,s&p.%B@"$���%?2,/&� ��!H+"$��.0�%��&FH

P z x1 z x2
�s.

x3
��B!�0&x�T?5 G.

−2 < x1 < −1 < 0 < x2 < 1 < x3 < 2
m

3$m �  ~?D"$�� T, z y�������.%���$. x ∈ R
�

P (x) = x3−x2−2x+1 = (x−x1)(x−x2)(x−x3) = x3−(x1+x2+x3)x
2+(x1x2+x1x3+x2x3)x−x1x2x3.

�(?5��&F"$�! 2.%&p��,s?j.%&x�2 ~"$�!H�,s�G��� ,/&��s G.%H�"$��y������- ���CD� z �2 K�21$.0&��s G. x1 + x2 + x3 = 1
m

�(� ���!H�&� 2.%�s�%�j?5���x�*H�,/�2 2.%�s #?� G. �x�*H��v?�,s&x ��*H
x1 z x2

�s.
x3 z �� ?�1#&x�! |x2| < |x1|

m-���`y����#H
x3 = 1−x1 −x2 > −x1,!?5�

x2 < 1 z �s.o,/��CDCD� x1 < 0
�/.

x3 > 0 z ,/�!��?+&�C+y#�x&FEG��� |x3| > |x1|
m

)�mon-�2&p. z y�������.%���$. n
"�?5 TH

N \ {0, 1} z �F?+y��%��y��%&xBs.0B P(n)
�

a0 6 · · · 6 an−1 6 an
m

��� ?�y��%�!H����!Ho,s�� #"$&x.0&��� TH�&x �&x.0&F?5���!H z a0 6 a1 6 a2 z "$�2 #, P(2)
�*H�.o�2Bs�%&p�#B2m

�



n-�2&p.
n ∈ N \ {1, 2} .0�s��EG��� P(n)

m(w��x�2�%H�wo�����vH z �s ]y#?5�0.0&F,/����&��s� z y��#&�H%EG��� a0 = 0 z �� ]?
ak > 0

yT�2����.0����.
k ∈ {1, . . . , n} m��`��y����#H z "�� ?�y��%�!H��F?��%�s�F?j.%&x�2 K"$���%B!,s���%�0�! #,/����B!�0&x�#Bs��y#?�� (an) z

an+1 − an = 2an−1 − an−2 = an−1 + (an−1 − an−2).

� � z an−1 > 0
"�� ?5y#�0�*Ho,/�rEG��&�y��%B!,s�!"$� z �/. an−1 − an−2 > 0

"�� ?�y��0�*H���� A-�-yT��.0A��*Hq��"$�|�%B!,/�#�0�%�s #,s� P(n)
m�wo&� #H0& z

an+1 > an z y���&FH a0 6 · · · 6 an+1 z ,5� �!Hq. � � � "$&��0� P(n + 1)
m

�(?5��,/�� THqB*E2�#�s G. z P(2)
�*H�. �-�v?5&�� z �s. yT�2����.%���$. n

"�?� #H
N\{0, 1} z P(n)

�s G.0�v?��� �� P(n+1)
m5��� ?5y��%�!H(���oy��%&� #,/&�yT�

"$���%B!,s���%�0�! #,/� z P(n)
�!Hq.��-�v?5&��8yT�2����.0�2�$.

n
"�?� #H

N \ {0, 1} mw�&x #H0& z (an)n∈N

�*H�.�,s�0�2&�H%H%?5 G.0� z �s.�H�.%�0&F,�.%�sCD�s G.�y��2H0&p.%&x�2� � y#?��q.%&x�o"����v?5 #t 2 z y���&FH0EG��� a2 = 1
m

� m����!H�H0��&x.0�*H
(xn

1 )n∈N z (xn
2 )n∈N

�/.
(xn

3 )n∈N

��B!�0&x�#�! 2.��F?<�%�s�F?j.0&��� ~"$�r�0B*,/���%�0�! #,/�<�V��Bs�%&x�T,s?5.0&��� �&xCDCDB!"$&F?j.%�*� z "$�2 #,?��#H0H0&
(vn)n∈N

"$Bs�# �&��Ky����#��.%���$.
n ∈ N

y#?5�
vn = λ1x

n
1 + λ2x

n
2 + λ3x

n
3 z yT�2�����# ],/�!�q.v?5&� ,vA��2&p{ "$���0B!�s�FH

λ1, λ2, λ3
mTwo&� #Hq& z H0&��� K.0�%�����2��"$�!H��%Bs�!��H λ1, λ2, λ3

.0�!��HoEG���
(vn)n∈N

H0��&x.�Bst2?��x��?��${>�v?5 �tGH
0 z 1 �s. 2 � �F?DHq�#&p.%�

(an)n∈N z �2 +?����v?�"$�!�${�H0��&p.%�!H("$Bs�# �&��!H�y#?��(��?`CD�sCD���0�!��?5.0&��� +"$���0B*,/���%�%�s #,s� �/.(���!H�CD�sCD�*H(,/�� T"$&p.%&x�2 #H�&x #&p.%&�?��x�*H���!�x���!HoH0�s�%�� G.�"$�� T,`B!t2?��x�*Hsm�� ��H0� �D.�"$�� T,�"$��.0�%�����2�s�
(λ1, λ2, λ3)

.%�s��EG���










λ1 + λ2 + λ3 = 0

λ1x1 + λ2x2 + λ3x3 = 0

λ1x
2
1 + λ2x

2
2 + λ3x

2
3 = 1.

w��x�2�%H
λ3 = −(λ2 − λ1) z "�� ��� z �s ��0�!C+y#��?��s?5 G.o"�?� #H��x�*H�"$�s��{�"$�!�0 �&��s�%�!HuB*E2�T?j.0&��� TH z

{

λ1(x1 − x3) + λ2(x2 − x3) = 0

λ1(x
2
1 − x2

3) + λ2(x
2
2 − x2

3) = 1.

�`��y��x�TH
x2

2 − x2
3 = (x2 − x3)(x2 + x3) z "�� ��� z �s ]Cr���x.0&�y���&�?� G.+�F?by#�0�!C+&��s�%�>B*EG�#?j.%&x�2 y#?5�

(x2 + x3)
�/.D�s 

�%�/.%�%?� #,vA#?5 G.���?DH0�!,s�� #"$� z �� K.0�%�����2�D�

λ1((x1 − x3)(x2 − x3) − (x1 − x3)(x1 + x3)) = 1

�s.oy#?5�o,s�� #H0B!EG���! 2. z
λ1 =

−1

(x1 − x2)(x1 − x3)
.

�`��CD�sCD� z �2 >.%�0�2�����
λ2 =

−1

(x2 − x1)(x2 − x3)

�/.
λ3 =

−1

(x3 − x1)(x3 − x2)
.

�����#�`,/��,vA���&x{�"$�*H��%Bs�s�FH
λ1 z λ2

�/.
λ3 z �� @?<"��� #, v0 = a0 z v1 = a1

�s.
v2 = a2

mT�`�|y����#H
(an)n∈N

�s.
(vn)n∈NH0��&����s G.���?<CD�!C+���0B*,/���%�%�s #,s�|"�� �2�%"��0�r) z "$�2 #,���� B!t2?��x&x.0B+"$�!Ho.0�%��&FHoy��%�sCD&��s�vH�.0�!�0CD�*H�?5CD�! ��r��� B!t2?��x&x.0Br"��!H�H0��&x.0�*H

(an)n∈N

�/.
(vn)n∈N

� m����#&�H%EG��� |x3| > |x2| z xn
2 = o(xn

3 )
���V?5&��0�8���|E2�#�5.0&��s G.o"$�*H�"$�s�${�� ��m#�`��CD�sCD� z xn

1 = o(xn
3 )
m��(?5��,/�2 #HqB*EG���s G. z

an = λ1x
n
1 + λ2x

n
2 + λ3x

n
3 ∼

+∞
λ3x

n
3 .

���!C<?5�vE2�#�s��EG���u���� ���CD�/.%Hoy#?�H�"$��EG�#?� 2.%&p��,s?j.%�s��� z y���&FH%E2�#� n
�!Hq.o�� ��8�j?5�%&F?51����8Cr���s.q.0�|"#?5 #H���� B*EG��&x�j?��x�! 2.*m

6�m��`���[� B!EG��&��j?5���s G.�"$�
(an)n∈N z �2 �"�B!"$��&x.o��� B*E2�#&x�j?5���s G.oH0��&x�j?� 2.�"�� (bn)n∈N

�

bn ∼
+∞

λ3x
n+1
3

λ3x
n
3

= x3.

w�&x #H0& z (bn)n∈N

.0�! #"����s�vH
x3
m

�



��	���

�/g�� ��a �`f!e 	
P@PGf<X�� � �[SVRTU�X�f!SVR�\ 	�P �[X@Q�S�f*P-Z!Z*P 	
P~i2RT\�Q�PGU���P-\
i2P 	�P
(bn)n∈N

�

'�m��u?���,s���x�2 #H
bn − x3 z yT�2����.0�2�$. n ∈ N

�

∀n ∈ N, εn = bn − x3 =
λ1x

n+1
1 + λ2x

n+1
2 + λ3x

n+1
3

λ1x
n
1 + λ2x

n
2 + λ3x

n
3

− x3

=
λ1x

n
1 (x1 − x3) + λ2x

n
2 (x2 − x3)

λ1x
n
1 + λ2x

n
2 + λ3x

n
3

� � z y��#&�H%EG��� |x1| > |x2| z ���| -��CDBs�v?j.0�!���o�*H�.�B*EG��&x�j?��x�! 2. � λ1x
n
1 (x1 − x3) z �s.`���r"$Bs #��CD&x T?j.0�!��� z BstG?5� � un

�!Hq.
B*E2�#&x�j?5���s G. � λ3x

n
3

m }  ��V?5&FH0?� G.����|EG���5.%&x�! G.�"��|,/�!H�"��s�${>B*EG��&x�j?��x�! 2.vH z �2 ���1$.%&x�! 2.�1�&��s 

εn ∼
+∞

(x1 − x3)
λ1

λ3

(

x1

x3

)n

.

3$m��`� �!Hq.�EG�#?�H0&xCD�! 2.��F?D"$B/�# #&p.%&x�2 �"��!H
O
m#� �x�#Hoy��0B*,/&FHqB!CD�s G. z y��#&�H%EG���

lim
n→+∞

εn

(x1 − x3)
λ1

λ3

(

x1

x3

)n = 1,

&����/{$&FH�.%�8�� ��%?� �t
N
.%�s��EG���8y�������.%���$.

n > N z εn

(x1 − x3)
λ1

λ3

(

x1

x3

)n 6 2
m

�  ��s �"$B*"$��&x.`EG���8yT�2���
n > N z |bn − x3| 6 2

∣

∣

∣

∣

(x1 − x3)
λ1

λ3

∣

∣

∣

∣

(∣

∣

∣

∣

x1

x3

∣

∣

∣

∣

)n

.

���!��?D,/�2�0�%�!H0y��� #">1�&x�! � �F?D"$B/�T �&p.%&x�2 ~"$�!H O z ?����!, M = 2
∣

∣

∣
(x1 − x3)

λ1

λ3

∣

∣

∣

m
)�mon-�2&p.

β > 0 z �/.�H0��&x. E(β)
�[� �s #H0�sC�1����8"��!HoH0��&x.0�!H

(un)n∈N

.%�s���x�*HoEG���
un = O(βn)

m
�[?2��n-&
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∣

∣

∣
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�s.o�� �.0�s�
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∣

∣
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∣
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∣

x2

x3

∣

∣

∣

∣

=

∣

∣

∣

∣
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∣
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∣
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∣
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∣

x2x1

x2
3

∣

∣

∣

∣

=

∣

∣

∣

∣
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∣
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∣
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∣
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∣

∣
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∣
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∣

∣
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∣

∣

∣
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∣
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bn − x3 − (x1 − x3)
λ1

λ3

(

x1

x3

)n

=
λ1x

n
1 (x1 − x3) + λ2x
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(
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(
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(
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=
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=
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=
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