
Étude du signe d’un polynôme du second degré.

Aspect graphique et aspect algébrique.
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Dans le programme de Première STAE, il est indiqué dans les compétences attendues à propos des polynômes du second degré « d’utiliser à la fois les aspects graphiques, numériques et algébriques pour comprendre la résolution ». Dans les recommandations pédagogiques, il est dit que « cette étude est indissociable de la représentation graphique des fonctions polynômes du second degré ».

Les pré-requis pour cette activité sont :

· la résolution graphique d’équations du type f(x) = 0 et d’inéquations du type f(x) < 0 ou f°(x) > 0 .

· la résolution d’équations du second degré et la factorisation des polynômes du second degré.

Cette activité a pour objectifs :

· d’introduire le théorème concernant le signe du polynôme du second degré ;

· de mettre en relation l’aspect algébrique et graphique d’une telle étude.

On considère les fonctions définies sur EQ \o\al(I;\d\fo2()R) par:

f1(x) = 0,25x2 + 0,5x 
f2 (x) = x2 + 2x + 1
f3 (x) = 0,8x2 + 4,8x + 10

f4(x) = – 0,2x2 + 2,4x – 6,4
f5 (x) = – 0,5x2 + 5x – 12,5
f6(x) = – x2 + 16x – 66

A : Partie graphique

On a représenté ci-dessous les courbes (C1), (C2), (C3), (C4), (C5) et (C6) des fonctions f1, f2, f3, f4, f5 et f6 dans un repère orthogonal. On admettra que les représentations graphiques de toutes les fonctions polynômes du second degré sont des paraboles.
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1. Déterminer graphiquement le nombre de solutions des équations suivantes, ainsi que les solutions si elles existent.

	Équations
	f1(x) = 0
	f2(x) = 0
	f3(x) = 0
	f4(x) = 0
	f5(x) = 0
	f6(x) = 0

	Nombre de solutions
	
	
	
	
	
	

	Solutions
	
	
	
	
	
	


2. Déterminer graphiquement suivant les valeurs de x le signe de chacune de ces fonctions.

	x
	- SYMBOL 165 \f "Symbol"\h 
+ SYMBOL 165 \f "Symbol"\h
	
	x
	- SYMBOL 165 \f "Symbol"\h
+ SYMBOL 165 \f "Symbol"\h

	Signe de f1(x)
	
	
	Signe de f2(x)
	


	x
	- SYMBOL 165 \f "Symbol"\h 
+ SYMBOL 165 \f "Symbol"\h
	
	x
	- SYMBOL 165 \f "Symbol"\h
+ SYMBOL 165 \f "Symbol"\h

	Signe de f3(x)
	
	
	Signe de f4(x)
	


	x
	- SYMBOL 165 \f "Symbol"\h 
+ SYMBOL 165 \f "Symbol"\h
	
	x
	- SYMBOL 165 \f "Symbol"\h
+ SYMBOL 165 \f "Symbol"\h

	Signe de f5(x)
	
	
	Signe de f6(x)
	


B : Partie algébrique

1. Pour chaque fonction, calculer le discriminant (, en déduire le nombre de solutions des équations suivantes et les solutions (si elles existent).

	Équations
	f1(x) = 0
	f2(x) = 0
	f3(x) = 0
	f4(x) = 0
	f5(x) = 0
	f6(x) = 0

	( = b2 – 4ac
	
	
	
	
	
	

	Nombre de solutions
	
	
	
	
	
	

	Solutions
	
	
	
	
	
	


Quels trinômes peuvent être mis sous forme factorisée ?

2. Vérifier que les formes canoniques de f3 et f6 sont respectivement :

f3(x) = 0,8 [(x + 3)2 + 3,5] 
f6(x) = – [(x – 4)2 + 50]
3. Déterminer la forme factorisée des fonctions f1, f2, f4 et f5.

f1(x) = 


f2(x) = 


f4(x) = 


f5(x) = 


4. À l’aide la forme canonique ou de la forme factorisée, déterminer le signe des fonctions f1, f2, f3, f4, f5 et f6.

4.1. 
f1(x) = 


	x
	- SYMBOL 165 \f "Symbol"\h
+ SYMBOL 165 \f "Symbol"\h

	Signe 

de

	

	Signe 

de

	

	Signe 

de

	

	Signe de

f1(x)
	


4.2. 
f2(x) = 


	x
	- SYMBOL 165 \f "Symbol"\h

+SYMBOL 165 \f "Symbol"\h

	Signe 

de

	

	Signe 

de

	

	Signe de

f2(x)
	


4.3.
Forme canonique de  f3(x) = 0,8 [(x + 3)2 + 3,5]

[(x+3)2 + 3,5] est une somme de deux expressions positives donc elle est 


Donc f3(x) est un produit d’un nombre positif et d’une expression positive donc son signe est :

	x
	- SYMBOL 165 \f "Symbol"\h

+ SYMBOL 165 \f "Symbol"\h

	Signe 

de f3(x)
	


4.4.
f4(x) = 


	x
	- SYMBOL 165 \f "Symbol"\h

+ SYMBOL 165 \f "Symbol"\h

	Signe 

de

	

	Signe 

de

	

	Signe 

de

	

	Signe de

f4(x)
	


4.5.
f5(x) = 


	x
	- SYMBOL 165 \f "Symbol"\h

+ SYMBOL 165 \f "Symbol"\h

	Signe 

de

	

	Signe 

de

	

	Signe de

f5(x)
	


4.6. 
Forme canonique de f6(x) = 


	x
	- SYMBOL 165 \f "Symbol"\h

- SYMBOL 165 \f "Symbol"\h

	Signe de f6(x)
	


Suite à cette activité, la fiche de synthèse est complétée par les élèves et l’enseignant fait alors apparaître dans le cours le théorème concernant le signe du polynôme du second degré, qui allège efficacement ce genre d’étude.

De plus, lorsque l’élève doit faire une telle étude de signe, il peut alors faire appel à sa calculatrice en traçant la courbe représentative correspondante, ce qui n’empêche pas bien sûr les justifications.
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Fiche de synthèse sur le trinôme du second degré  P(x) = ax2 + bx + c (a SYMBOL 185 \f "Symbol"\h 0)

	Discriminant

( = b2 – 4 ac
	( > 0
	( = 0
	( < 0

	Résolution de l’équation ax2 + bx + c = 0
	L’équation a deux solutions distinctes

x' =  EQ \s\do1(\f(– b – \r(();2a))
x" =  EQ \s\do1(\f(– b + \r(();2a))

	L’équation a une seule solution

x' = –  EQ \s\do1(\f(b;2a))
	L’équation n’a pas de solution



	Factorisation de P(x)
	P(x) = a (x – x') (x – x")
	P(x) = a (x – x')2
	P(x) n’est pas factorisable

	Signe de P(x)
	P(x) est toujours du signe de a à l’extérieur de l'intervalle des racines et du signe de – a à l’intérieur de l'intervalle des racines
	P(x) est toujours du signe du coefficient a sauf pour la racine x'.
	P(x) est toujours du signe du coefficient a

	Aspect graphique
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		6.9		6.9		6.9		6.9		6.9		6.9
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		7.1		7.1		7.1		7.1		7.1		7.1

		7.2		7.2		7.2		7.2		7.2		7.2

		7.3		7.3		7.3		7.3		7.3		7.3

		7.4		7.4		7.4		7.4		7.4		7.4

		7.5		7.5		7.5		7.5		7.5		7.5

		7.6		7.6		7.6		7.6		7.6		7.6

		7.7		7.7		7.7		7.7		7.7		7.7
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		8.4		8.4		8.4		8.4		8.4		8.4

		8.5		8.5		8.5		8.5		8.5		8.5

		8.6		8.6		8.6		8.6		8.6		8.6

		8.7		8.7		8.7		8.7		8.7		8.7
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		9.6		9.6		9.6		9.6		9.6		9.6
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		10		10		10		10		10		10



f1

f2

f3

f4

20

81

42

-50.4

-112.5

-326

19.5525

79.21

40.888

-49.762

-111.005

-322.41

19.11

77.44

39.792

-49.128

-109.52

-318.84

18.6725

75.69

38.712

-48.498

-108.045

-315.29

18.24

73.96

37.648

-47.872

-106.58

-311.76

17.8125

72.25

36.6

-47.25

-105.125

-308.25

17.39

70.56

35.568

-46.632

-103.68

-304.76

16.9725

68.89

34.552

-46.018

-102.245

-301.29

16.56

67.24

33.552

-45.408

-100.82

-297.84

16.1525

65.61

32.568

-44.802

-99.405

-294.41

15.75

64

31.6

-44.2

-98

-291

15.3525

62.41

30.648

-43.602

-96.605

-287.61

14.96

60.84

29.712

-43.008

-95.22

-284.24

14.5725

59.29

28.792

-42.418

-93.845

-280.89

14.19

57.76

27.888

-41.832

-92.48

-277.56

13.8125

56.25

27

-41.25

-91.125

-274.25

13.44

54.76

26.128

-40.672

-89.78

-270.96

13.0725

53.29

25.272

-40.098

-88.445

-267.69

12.71

51.84

24.432

-39.528

-87.12

-264.44

12.3525

50.41

23.608

-38.962

-85.805

-261.21

12

49

22.8

-38.4

-84.5

-258

11.6525

47.61

22.008

-37.842

-83.205

-254.81

11.31

46.24

21.232

-37.288

-81.92

-251.64

10.9725

44.89

20.472

-36.738

-80.645

-248.49

10.64

43.56

19.728

-36.192

-79.38

-245.36

10.3125

42.25

19

-35.65

-78.125

-242.25

9.99

40.96

18.288

-35.112

-76.88

-239.16

9.6725

39.69

17.592

-34.578

-75.645

-236.09

9.36

38.44

16.912

-34.048

-74.42

-233.04

9.0525

37.21

16.248

-33.522

-73.205

-230.01

8.75

36

15.6

-33

-72

-227

8.4525

34.81

14.968

-32.482

-70.805

-224.01

8.16

33.64

14.352

-31.968

-69.62

-221.04

7.8725

32.49

13.752

-31.458

-68.445

-218.09

7.59

31.36

13.168

-30.952

-67.28

-215.16

7.3125

30.25

12.6

-30.45

-66.125

-212.25

7.04

29.16

12.048

-29.952

-64.98

-209.36

6.7725

28.09

11.512

-29.458

-63.845

-206.49

6.51

27.04

10.992

-28.968

-62.72

-203.64

6.2525

26.01

10.488

-28.482

-61.605

-200.81

6

25

10

-28

-60.5

-198

5.7525

24.01

9.528

-27.522

-59.405

-195.21

5.51

23.04

9.072

-27.048

-58.32

-192.44

5.2725

22.09

8.632

-26.578

-57.245

-189.69

5.04

21.16

8.208

-26.112

-56.18

-186.96

4.8125

20.25

7.8

-25.65

-55.125

-184.25

4.59

19.36

7.408

-25.192

-54.08

-181.56

4.3725

18.49

7.032

-24.738

-53.045

-178.89

4.16

17.64

6.672

-24.288

-52.02

-176.24

3.9525

16.81

6.328

-23.842

-51.005

-173.61

3.75
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6

-23.4

-50

-171

3.5525

15.21

5.688

-22.962

-49.005

-168.41

3.36

14.44

5.392

-22.528

-48.02

-165.84

3.1725

13.69

5.112

-22.098

-47.045

-163.29

2.99

12.96

4.848

-21.672

-46.08

-160.76

2.8125

12.25

4.6

-21.25

-45.125

-158.25

2.64

11.56

4.368

-20.832

-44.18

-155.76

2.4725

10.89

4.152

-20.418

-43.245

-153.29

2.31

10.24

3.952

-20.008

-42.32

-150.84

2.1525

9.61

3.768

-19.602

-41.405

-148.41

2

9

3.6

-19.2

-40.5

-146

1.8525

8.41

3.448

-18.802

-39.605

-143.61

1.71

7.84

3.312

-18.408

-38.72

-141.24

1.5725

7.29

3.192

-18.018

-37.845

-138.89

1.44

6.76

3.088

-17.632

-36.98

-136.56

1.3125

6.25

3

-17.25

-36.125

-134.25

1.19

5.76

2.928

-16.872

-35.28

-131.96

1.0725

5.29

2.872

-16.498

-34.445

-129.69

0.96

4.84

2.832

-16.128

-33.62

-127.44

0.8525

4.41

2.808

-15.762

-32.805

-125.21

0.75

4

2.8

-15.4

-32

-123

0.6525

3.61

2.808

-15.042

-31.205

-120.81

0.56

3.24

2.832

-14.688

-30.42

-118.64

0.4725

2.89

2.872

-14.338

-29.645

-116.49

0.39

2.56

2.928

-13.992

-28.88

-114.36

0.3125

2.25

3

-13.65

-28.125

-112.25

0.24

1.96

3.088

-13.312

-27.38

-110.16

0.1725

1.69

3.192

-12.978

-26.645

-108.09

0.11

1.44

3.312

-12.648

-25.92

-106.04

0.0525

1.21

3.448

-12.322

-25.205

-104.01

0

1

3.6

-12

-24.5

-102

-0.0475

0.81

3.768

-11.682

-23.805

-100.01

-0.09

0.64

3.952

-11.368

-23.12

-98.04

-0.1275

0.49

4.152

-11.058

-22.445

-96.09

-0.16

0.36

4.368

-10.752

-21.78

-94.16

-0.1875

0.25

4.6

-10.45

-21.125

-92.25

-0.21

0.16

4.848

-10.152

-20.48

-90.36

-0.2275

0.09

5.112

-9.858

-19.845

-88.49

-0.24

0.04

5.392

-9.568

-19.22

-86.64

-0.2475

0.01

5.688

-9.282

-18.605

-84.81

-0.25

0

6

-9

-18

-83

-0.2475

0.01

6.328

-8.722

-17.405

-81.21

-0.24

0.04

6.672

-8.448

-16.82

-79.44

-0.2275

0.09

7.032

-8.178

-16.245

-77.69

-0.21

0.16

7.408

-7.912

-15.68

-75.96

-0.1875

0.25

7.8

-7.65

-15.125

-74.25

-0.16

0.36

8.208

-7.392

-14.58

-72.56

-0.1275

0.49

8.632

-7.138

-14.045

-70.89

-0.09

0.64

9.072

-6.888

-13.52

-69.24

-0.0475

0.81

9.528

-6.642

-13.005

-67.61

-0

1

10

-6.4

-12.5

-66

0.0525

1.21

10.488

-6.162

-12.005

-64.41

0.11

1.44

10.992

-5.928

-11.52

-62.84

0.1725

1.69

11.512

-5.698

-11.045

-61.29

0.24

1.96

12.048

-5.472

-10.58

-59.76

0.3125

2.25

12.6

-5.25

-10.125

-58.25

0.39

2.56

13.168

-5.032

-9.68

-56.76

0.4725

2.89

13.752

-4.818

-9.245

-55.29

0.56

3.24

14.352

-4.608

-8.82

-53.84

0.6525

3.61

14.968

-4.402

-8.405

-52.41

0.75

4

15.6

-4.2

-8

-51

0.8525

4.41

16.248

-4.002

-7.605

-49.61

0.96

4.84

16.912

-3.808

-7.22

-48.24

1.0725

5.29

17.592

-3.618

-6.845

-46.89

1.19

5.76

18.288

-3.432

-6.48

-45.56

1.3125

6.25

19

-3.25

-6.125

-44.25

1.44

6.76

19.728

-3.072

-5.78

-42.96

1.5725

7.29

20.472

-2.898

-5.445

-41.69

1.71

7.84

21.232

-2.728

-5.12

-40.44

1.8525

8.41

22.008

-2.562

-4.805

-39.21

2

9

22.8

-2.4

-4.5

-38

2.1525

9.61

23.608

-2.242

-4.205

-36.81

2.31

10.24

24.432

-2.088

-3.92

-35.64

2.4725

10.89

25.272

-1.938

-3.645

-34.49

2.64

11.56

26.128

-1.792

-3.38

-33.36

2.8125

12.25

27

-1.65

-3.125

-32.25

2.99

12.96

27.888

-1.512

-2.88

-31.16

3.1725

13.69

28.792

-1.378

-2.645

-30.09

3.36

14.44

29.712

-1.248

-2.42

-29.04

3.5525

15.21

30.648

-1.122

-2.205

-28.01

3.75

16

31.6

-1

-2

-27

3.9525

16.81

32.568

-0.882

-1.805

-26.01

4.16

17.64

33.552

-0.768

-1.62

-25.04

4.3725

18.49

34.552

-0.658

-1.445

-24.09

4.59

19.36

35.568

-0.552

-1.28

-23.16

4.8125

20.25

36.6

-0.45

-1.125

-22.25

5.04

21.16

37.648

-0.352

-0.98

-21.36

5.2725

22.09

38.712

-0.258

-0.845

-20.49

5.51

23.04

39.792

-0.168

-0.72

-19.64

5.7525

24.01

40.888

-0.082

-0.605

-18.81
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42

0

-0.5

-18

6.2525

26.01

43.128

0.078

-0.405

-17.21

6.51

27.04

44.272

0.152

-0.32

-16.44

6.7725

28.09

45.432

0.222

-0.245

-15.69

7.04

29.16

46.608

0.288

-0.18

-14.96

7.3125

30.25

47.8

0.35

-0.125

-14.25

7.59

31.36

49.008

0.408

-0.08

-13.56

7.8725

32.49

50.232

0.462

-0.045

-12.89

8.16

33.64

51.472

0.512

-0.02

-12.24

8.4525

34.81

52.728

0.558

-0.005

-11.61

8.75

36
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0
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9.0525

37.21

55.288

0.638

-0.005

-10.41

9.36

38.44

56.592

0.672

-0.02

-9.84

9.6725

39.69

57.912

0.702

-0.045

-9.29

9.99

40.96

59.248

0.728
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-8.76

10.3125

42.25
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-0.125

-8.25

10.64

43.56

61.968

0.768

-0.18

-7.76

10.9725

44.89

63.352

0.782

-0.245

-7.29

11.31

46.24

64.752

0.792

-0.32

-6.84

11.6525

47.61

66.168

0.798

-0.405

-6.41
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-0.5
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12.3525

50.41

69.048

0.798

-0.605

-5.61

12.71

51.84

70.512

0.792

-0.72

-5.24

13.0725

53.29

71.992

0.782

-0.845

-4.89

13.44

54.76

73.488

0.768

-0.98

-4.56

13.8125

56.25

75

0.75

-1.125

-4.25

14.19

57.76

76.528

0.728

-1.28

-3.96

14.5725

59.29

78.072

0.702

-1.445

-3.69
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60.84

79.632

0.672

-1.62

-3.44

15.3525

62.41

81.208

0.638

-1.805

-3.21

15.75
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82.8
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-2

-3

16.1525

65.61

84.408

0.558

-2.205

-2.81

16.56

67.24

86.032

0.512

-2.42

-2.64

16.9725

68.89

87.672

0.462

-2.645

-2.49

17.39

70.56

89.328

0.408

-2.88

-2.36

17.8125

72.25
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0.35

-3.125

-2.25

18.24

73.96

92.688

0.288

-3.38

-2.16

18.6725

75.69

94.392

0.222

-3.645

-2.09

19.11

77.44

96.112

0.152

-3.92

-2.04

19.5525

79.21

97.848

0.078

-4.205

-2.01
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0

-4.5
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20.4525

82.81

101.368

-0.082

-4.805

-2.01

20.91

84.64

103.152

-0.168

-5.12

-2.04

21.3725

86.49

104.952

-0.258

-5.445

-2.09

21.84

88.36

106.768

-0.352

-5.78

-2.16

22.3125

90.25

108.6

-0.45

-6.125

-2.25

22.79

92.16

110.448

-0.552

-6.48

-2.36

23.2725

94.09

112.312

-0.658

-6.845

-2.49

23.76

96.04

114.192

-0.768

-7.22

-2.64

24.2525

98.01

116.088

-0.882

-7.605

-2.81

24.75
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-1
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-3

25.2525

102.01

119.928

-1.122

-8.405

-3.21

25.76

104.04

121.872

-1.248

-8.82

-3.44

26.2725

106.09

123.832

-1.378

-9.245

-3.69

26.79

108.16

125.808

-1.512

-9.68

-3.96

27.3125

110.25

127.8

-1.65

-10.125

-4.25

27.84

112.36

129.808

-1.792

-10.58

-4.56

28.3725

114.49

131.832

-1.938

-11.045

-4.89

28.91
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133.872

-2.088

-11.52

-5.24

29.4525

118.81

135.928

-2.242

-12.005

-5.61
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Feuil1

		x		0,25x2+0,5x		0,25x2+0,5x+0,25		0,8x2+1,6x+6

		x		f1		f2		f3		f4		f5		f6

		-10		20		81		42		-50.4		-112.5		-326

		-9.9		19.5525		79.21		40.888		-49.762		-111.005		-322.41

		-9.8		19.11		77.44		39.792		-49.128		-109.52		-318.84

		-9.7		18.6725		75.69		38.712		-48.498		-108.045		-315.29

		-9.6		18.24		73.96		37.648		-47.872		-106.58		-311.76

		-9.5		17.8125		72.25		36.6		-47.25		-105.125		-308.25

		-9.4		17.39		70.56		35.568		-46.632		-103.68		-304.76

		-9.3		16.9725		68.89		34.552		-46.018		-102.245		-301.29

		-9.2		16.56		67.24		33.552		-45.408		-100.82		-297.84

		-9.1		16.1525		65.61		32.568		-44.802		-99.405		-294.41

		-9		15.75		64		31.6		-44.2		-98		-291

		-8.9		15.3525		62.41		30.648		-43.602		-96.605		-287.61

		-8.8		14.96		60.84		29.712		-43.008		-95.22		-284.24

		-8.7		14.5725		59.29		28.792		-42.418		-93.845		-280.89

		-8.6		14.19		57.76		27.888		-41.832		-92.48		-277.56

		-8.5		13.8125		56.25		27		-41.25		-91.125		-274.25

		-8.4		13.44		54.76		26.128		-40.672		-89.78		-270.96

		-8.3		13.0725		53.29		25.272		-40.098		-88.445		-267.69

		-8.2		12.71		51.84		24.432		-39.528		-87.12		-264.44

		-8.1		12.3525		50.41		23.608		-38.962		-85.805		-261.21

		-8		12		49		22.8		-38.4		-84.5		-258

		-7.9		11.6525		47.61		22.008		-37.842		-83.205		-254.81

		-7.8		11.31		46.24		21.232		-37.288		-81.92		-251.64

		-7.7		10.9725		44.89		20.472		-36.738		-80.645		-248.49

		-7.6		10.64		43.56		19.728		-36.192		-79.38		-245.36

		-7.5		10.3125		42.25		19		-35.65		-78.125		-242.25

		-7.4		9.99		40.96		18.288		-35.112		-76.88		-239.16

		-7.3		9.6725		39.69		17.592		-34.578		-75.645		-236.09

		-7.2		9.36		38.44		16.912		-34.048		-74.42		-233.04

		-7.1		9.0525		37.21		16.248		-33.522		-73.205		-230.01

		-7		8.75		36		15.6		-33		-72		-227

		-6.9		8.4525		34.81		14.968		-32.482		-70.805		-224.01

		-6.8		8.16		33.64		14.352		-31.968		-69.62		-221.04

		-6.7		7.8725		32.49		13.752		-31.458		-68.445		-218.09

		-6.6		7.59		31.36		13.168		-30.952		-67.28		-215.16

		-6.5		7.3125		30.25		12.6		-30.45		-66.125		-212.25

		-6.4		7.04		29.16		12.048		-29.952		-64.98		-209.36

		-6.3		6.7725		28.09		11.512		-29.458		-63.845		-206.49

		-6.2		6.51		27.04		10.992		-28.968		-62.72		-203.64

		-6.1		6.2525		26.01		10.488		-28.482		-61.605		-200.81

		-6		6		25		10		-28		-60.5		-198

		-5.9		5.7525		24.01		9.528		-27.522		-59.405		-195.21

		-5.8		5.51		23.04		9.072		-27.048		-58.32		-192.44

		-5.7		5.2725		22.09		8.632		-26.578		-57.245		-189.69

		-5.6		5.04		21.16		8.208		-26.112		-56.18		-186.96

		-5.5		4.8125		20.25		7.8		-25.65		-55.125		-184.25

		-5.4		4.59		19.36		7.408		-25.192		-54.08		-181.56

		-5.3		4.3725		18.49		7.032		-24.738		-53.045		-178.89

		-5.2		4.16		17.64		6.672		-24.288		-52.02		-176.24

		-5.1		3.9525		16.81		6.328		-23.842		-51.005		-173.61

		-5		3.75		16		6		-23.4		-50		-171

		-4.9		3.5525		15.21		5.688		-22.962		-49.005		-168.41

		-4.8		3.36		14.44		5.392		-22.528		-48.02		-165.84

		-4.7		3.1725		13.69		5.112		-22.098		-47.045		-163.29

		-4.6		2.99		12.96		4.848		-21.672		-46.08		-160.76

		-4.5		2.8125		12.25		4.6		-21.25		-45.125		-158.25

		-4.4		2.64		11.56		4.368		-20.832		-44.18		-155.76

		-4.3		2.4725		10.89		4.152		-20.418		-43.245		-153.29

		-4.2		2.31		10.24		3.952		-20.008		-42.32		-150.84

		-4.1		2.1525		9.61		3.768		-19.602		-41.405		-148.41

		-4		2		9		3.6		-19.2		-40.5		-146

		-3.9		1.8525		8.41		3.448		-18.802		-39.605		-143.61

		-3.8		1.71		7.84		3.312		-18.408		-38.72		-141.24

		-3.7		1.5725		7.29		3.192		-18.018		-37.845		-138.89

		-3.6		1.44		6.76		3.088		-17.632		-36.98		-136.56

		-3.5		1.3125		6.25		3		-17.25		-36.125		-134.25

		-3.4		1.19		5.76		2.928		-16.872		-35.28		-131.96

		-3.3		1.0725		5.29		2.872		-16.498		-34.445		-129.69

		-3.2		0.96		4.84		2.832		-16.128		-33.62		-127.44

		-3.1		0.8525		4.41		2.808		-15.762		-32.805		-125.21

		-3		0.75		4		2.8		-15.4		-32		-123

		-2.9		0.6525		3.61		2.808		-15.042		-31.205		-120.81

		-2.8		0.56		3.24		2.832		-14.688		-30.42		-118.64

		-2.7		0.4725		2.89		2.872		-14.338		-29.645		-116.49

		-2.6		0.39		2.56		2.928		-13.992		-28.88		-114.36

		-2.5		0.3125		2.25		3		-13.65		-28.125		-112.25

		-2.4		0.24		1.96		3.088		-13.312		-27.38		-110.16

		-2.3		0.1725		1.69		3.192		-12.978		-26.645		-108.09

		-2.2		0.11		1.44		3.312		-12.648		-25.92		-106.04

		-2.1		0.0525		1.21		3.448		-12.322		-25.205		-104.01

		-2		0		1		3.6		-12		-24.5		-102

		-1.9		-0.0475		0.81		3.768		-11.682		-23.805		-100.01

		-1.8		-0.09		0.64		3.952		-11.368		-23.12		-98.04

		-1.7		-0.1275		0.49		4.152		-11.058		-22.445		-96.09

		-1.6		-0.16		0.36		4.368		-10.752		-21.78		-94.16

		-1.5		-0.1875		0.25		4.6		-10.45		-21.125		-92.25

		-1.4		-0.21		0.16		4.848		-10.152		-20.48		-90.36

		-1.3		-0.2275		0.09		5.112		-9.858		-19.845		-88.49

		-1.2		-0.24		0.04		5.392		-9.568		-19.22		-86.64

		-1.1		-0.2475		0.01		5.688		-9.282		-18.605		-84.81

		-1		-0.25		0		6		-9		-18		-83

		-0.9		-0.2475		0.01		6.328		-8.722		-17.405		-81.21

		-0.8		-0.24		0.04		6.672		-8.448		-16.82		-79.44

		-0.7		-0.2275		0.09		7.032		-8.178		-16.245		-77.69

		-0.6		-0.21		0.16		7.408		-7.912		-15.68		-75.96

		-0.5		-0.1875		0.25		7.8		-7.65		-15.125		-74.25

		-0.4		-0.16		0.36		8.208		-7.392		-14.58		-72.56

		-0.3		-0.1275		0.49		8.632		-7.138		-14.045		-70.89

		-0.2		-0.09		0.64		9.072		-6.888		-13.52		-69.24

		-0.1		-0.0475		0.81		9.528		-6.642		-13.005		-67.61

		-0		-0		1		10		-6.4		-12.5		-66

		0.1		0.0525		1.21		10.488		-6.162		-12.005		-64.41

		0.2		0.11		1.44		10.992		-5.928		-11.52		-62.84

		0.3		0.1725		1.69		11.512		-5.698		-11.045		-61.29

		0.4		0.24		1.96		12.048		-5.472		-10.58		-59.76

		0.5		0.3125		2.25		12.6		-5.25		-10.125		-58.25

		0.6		0.39		2.56		13.168		-5.032		-9.68		-56.76

		0.7		0.4725		2.89		13.752		-4.818		-9.245		-55.29

		0.8		0.56		3.24		14.352		-4.608		-8.82		-53.84

		0.9		0.6525		3.61		14.968		-4.402		-8.405		-52.41

		1		0.75		4		15.6		-4.2		-8		-51

		1.1		0.8525		4.41		16.248		-4.002		-7.605		-49.61

		1.2		0.96		4.84		16.912		-3.808		-7.22		-48.24

		1.3		1.0725		5.29		17.592		-3.618		-6.845		-46.89

		1.4		1.19		5.76		18.288		-3.432		-6.48		-45.56

		1.5		1.3125		6.25		19		-3.25		-6.125		-44.25

		1.6		1.44		6.76		19.728		-3.072		-5.78		-42.96

		1.7		1.5725		7.29		20.472		-2.898		-5.445		-41.69

		1.8		1.71		7.84		21.232		-2.728		-5.12		-40.44

		1.9		1.8525		8.41		22.008		-2.562		-4.805		-39.21

		2		2		9		22.8		-2.4		-4.5		-38

		2.1		2.1525		9.61		23.608		-2.242		-4.205		-36.81

		2.2		2.31		10.24		24.432		-2.088		-3.92		-35.64

		2.3		2.4725		10.89		25.272		-1.938		-3.645		-34.49

		2.4		2.64		11.56		26.128		-1.792		-3.38		-33.36

		2.5		2.8125		12.25		27		-1.65		-3.125		-32.25

		2.6		2.99		12.96		27.888		-1.512		-2.88		-31.16

		2.7		3.1725		13.69		28.792		-1.378		-2.645		-30.09

		2.8		3.36		14.44		29.712		-1.248		-2.42		-29.04

		2.9		3.5525		15.21		30.648		-1.122		-2.205		-28.01

		3		3.75		16		31.6		-1		-2		-27

		3.1		3.9525		16.81		32.568		-0.882		-1.805		-26.01

		3.2		4.16		17.64		33.552		-0.768		-1.62		-25.04

		3.3		4.3725		18.49		34.552		-0.658		-1.445		-24.09

		3.4		4.59		19.36		35.568		-0.552		-1.28		-23.16

		3.5		4.8125		20.25		36.6		-0.45		-1.125		-22.25

		3.6		5.04		21.16		37.648		-0.352		-0.98		-21.36

		3.7		5.2725		22.09		38.712		-0.258		-0.845		-20.49

		3.8		5.51		23.04		39.792		-0.168		-0.72		-19.64

		3.9		5.7525		24.01		40.888		-0.082		-0.605		-18.81

		4		6		25		42		0		-0.5		-18

		4.1		6.2525		26.01		43.128		0.078		-0.405		-17.21

		4.2		6.51		27.04		44.272		0.152		-0.32		-16.44

		4.3		6.7725		28.09		45.432		0.222		-0.245		-15.69

		4.4		7.04		29.16		46.608		0.288		-0.18		-14.96

		4.5		7.3125		30.25		47.8		0.35		-0.125		-14.25

		4.6		7.59		31.36		49.008		0.408		-0.08		-13.56

		4.7		7.8725		32.49		50.232		0.462		-0.045		-12.89

		4.8		8.16		33.64		51.472		0.512		-0.02		-12.24

		4.9		8.4525		34.81		52.728		0.558		-0.005		-11.61

		5		8.75		36		54		0.6		0		-11

		5.1		9.0525		37.21		55.288		0.638		-0.005		-10.41

		5.2		9.36		38.44		56.592		0.672		-0.02		-9.84

		5.3		9.6725		39.69		57.912		0.702		-0.045		-9.29

		5.4		9.99		40.96		59.248		0.728		-0.08		-8.76

		5.5		10.3125		42.25		60.6		0.75		-0.125		-8.25

		5.6		10.64		43.56		61.968		0.768		-0.18		-7.76

		5.7		10.9725		44.89		63.352		0.782		-0.245		-7.29

		5.8		11.31		46.24		64.752		0.792		-0.32		-6.84

		5.9		11.6525		47.61		66.168		0.798		-0.405		-6.41

		6		12		49		67.6		0.8		-0.5		-6

		6.1		12.3525		50.41		69.048		0.798		-0.605		-5.61

		6.2		12.71		51.84		70.512		0.792		-0.72		-5.24

		6.3		13.0725		53.29		71.992		0.782		-0.845		-4.89

		6.4		13.44		54.76		73.488		0.768		-0.98		-4.56

		6.5		13.8125		56.25		75		0.75		-1.125		-4.25

		6.6		14.19		57.76		76.528		0.728		-1.28		-3.96

		6.7		14.5725		59.29		78.072		0.702		-1.445		-3.69

		6.8		14.96		60.84		79.632		0.672		-1.62		-3.44

		6.9		15.3525		62.41		81.208		0.638		-1.805		-3.21

		7		15.75		64		82.8		0.6		-2		-3

		7.1		16.1525		65.61		84.408		0.558		-2.205		-2.81

		7.2		16.56		67.24		86.032		0.512		-2.42		-2.64

		7.3		16.9725		68.89		87.672		0.462		-2.645		-2.49

		7.4		17.39		70.56		89.328		0.408		-2.88		-2.36

		7.5		17.8125		72.25		91		0.35		-3.125		-2.25

		7.6		18.24		73.96		92.688		0.288		-3.38		-2.16

		7.7		18.6725		75.69		94.392		0.222		-3.645		-2.09

		7.8		19.11		77.44		96.112		0.152		-3.92		-2.04

		7.9		19.5525		79.21		97.848		0.078		-4.205		-2.01

		8		20		81		99.6		0		-4.5		-2

		8.1		20.4525		82.81		101.368		-0.082		-4.805		-2.01

		8.2		20.91		84.64		103.152		-0.168		-5.12		-2.04

		8.3		21.3725		86.49		104.952		-0.258		-5.445		-2.09

		8.4		21.84		88.36		106.768		-0.352		-5.78		-2.16

		8.5		22.3125		90.25		108.6		-0.45		-6.125		-2.25

		8.6		22.79		92.16		110.448		-0.552		-6.48		-2.36

		8.7		23.2725		94.09		112.312		-0.658		-6.845		-2.49

		8.8		23.76		96.04		114.192		-0.768		-7.22		-2.64

		8.9		24.2525		98.01		116.088		-0.882		-7.605		-2.81

		9		24.75		100		118		-1		-8		-3

		9.1		25.2525		102.01		119.928		-1.122		-8.405		-3.21

		9.2		25.76		104.04		121.872		-1.248		-8.82		-3.44

		9.3		26.2725		106.09		123.832		-1.378		-9.245		-3.69

		9.4		26.79		108.16		125.808		-1.512		-9.68		-3.96

		9.5		27.3125		110.25		127.8		-1.65		-10.125		-4.25

		9.6		27.84		112.36		129.808		-1.792		-10.58		-4.56

		9.7		28.3725		114.49		131.832		-1.938		-11.045		-4.89

		9.8		28.91		116.64		133.872		-2.088		-11.52		-5.24

		9.9		29.4525		118.81		135.928		-2.242		-12.005		-5.61

		10		30		121		138		-2.4		-12.5		-6





Feuil1

		



f1

f2

f3

f4



Feuil2

		





Feuil3

		






