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$POTJHOFT -B RVBMJU© EF MB S©EBDUJPO
 MB DMBSU© FU MB QS©DJTJPO EFT SBJTPOOF�
NFOUT
 FOUSFSPOU QPVS VOF QBSU JNQPSUBOUF EBOT MфBQQS©DJBUJPO EF MB DPQJF� -FT
BCS©WJBUJPOT
 TJHMFT PV QISBTFT OPNJOBMFT TPOU   QSPTDSJSF� -B OVN©SPUBUJPO EFT
FYFSDJDFT 	FU EFT RVFTUJPOT
 EPJU ªUSF SFTQFDU©F FU NJTF FO ©WJEFODF� -FT S©TVMUBUT
EPJWFOU ªUSF FODBES©T QSPQSFNFOU�
7PVT BWF[ MB QPTTJCJMJU© EF SFOESF VO EFWPJS QPVS EFVY
 NBJT MFT ©DSJUVSFT
EPJWFOU BMPST BQQBSB®USF FOQBSUT ©HBMFT� *M FTU SBQQFM© ©HBMFNFOU RVF SFDPQJFS
VOF DPSSFDUJPO TVS JOUFSOFU FTU DPNQM¨UFNFOU JOVUJMF QPVS UPVU MF NPOEF�
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Problème 1 ·Sol\[ion : 3Έ
1BSUJF *΃ 3©TPMVUJPO EΆ©RVBUJPOT EJќ©SFOUJFMMFT

�ρ 0O DPOTJE¨SF Mф©RVBUJPO EJւ©SFOUJFMMF E©փOJF TVS 3մȱ QBS �

·&ѽΈ �ܟֈƁܟܞ MO	ܞ
�
���
 3©TPVESF 	&ѽ
�
���
 1S©DJTFS MB TPMVUJPO ܍ EF 	&ѽ
 UFMMF RVF 
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�ρ 0O DPOTJE¨SF Mф©RVBUJPO EJւ©SFOUJFMMF E©փOJF TVS 3մȱ QBS �
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 0O DIFSDIF MFT TPMVUJPOT EF 	&Ѿ
 TPVT MB GPSNF 
ܞ	ܟ � 
ܞ	ܠӘܞ P¹ � FTU MB

WBMFVS USPVW©F   MB RVFTUJPO QS©D©EFOUF FU ܠ FTU VOF GPODUJPO EFVY GPJT
E©SJWBCMF�
.POUSFS RVF ܟ FTU TPMVUJPO EF 	&Ѿ
 TJ FU TFVMFNFOU TJ ֈܠ W©SJփF VOF ©RVB�
UJPO EJւ©SFOUJFMMF 	&ѿ
 EV QSFNJFS PSESF�
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 3©TPVESF 	&ѿ
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�
�ρ 	4FDPOEF N©UIPEF QPVS MB S©TPMVUJPO EF 	&Ѿ
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 � 
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�ρ %©NPOUSFS RVF MB GPODUJPO ܍ FTU MфVOJRVF TPMVUJPO EF 	&ѿ
 W©SJփBOU 
�	܍ � �
FU 
�	ֈ܍ � ��

1BSUJF **΃ �UVEF EF ܍
4PJU ܍ MB GPODUJPO E©փOJF QBS 
ܞ	܍ � Ɓ�Ɓܞ MO	ܞ
 QPVS UPVU ܞ ŷ3մȱ�
�ρ �UVEJFS SBQJEFNFOU MB GPODUJPO �܍
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� 1S©DJTFS MF DBT Eф©HBMJU©�
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4PJFOU 
ѽ܈Ô
ԡ܈ EFT S©FMT TUSJDUFNFOU QPTJUJGT
 BWFD ܔ ŷ/ȱ� 0O BQQFMMF �
à NPZFOOF BSJUIN©UJRVF MF S©FMܓԔ E©փOJ QBS � Ԕܓ � Ԕ֜մֆմԔـԡ 

à NPZFOOF H©PN©USJRVF MF S©FMܓԚ E©փOJ QBS � Ԛܓ � 
ԡ܈ѾÔ܈ѽ܈Ɖـ
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�ρ ���
 &O VUJMJTBOU 	ȱ
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�ρ .POUSFS RVFܓԛ �Ԕܓ˫ &O E©EVJSF RVF
 QPVS UPVT OPNCSFT S©FMT TUSJDUFNFOU
QPTJUJGT 
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CORRECTION

Solution (problème 1) (inonct : 1)

1BSUJF *΃ 3©TPMVUJPO EΆ©RVBUJPOT EJќ©SFOUJFMMFT

�ρ 0O DPOTJE¨SF Mф©RVBUJPO EJւ©SFOUJFMMF E©փOJF TVS 3մȱ QBS �

·&ѽΈ �ܟֈƁܟܞ MO	ܞ
�
���
 -ф©RVBUJPO 	&ѽ
 FTU ©RVJWBMFOUF   MB TVJWBOUF TVS 3մȱ �

ֈƁܟ ܟܞ� � MOܞܞ �
%POD
 EфBQS¨T MF DPVST
 MFT TPMVUJPOT EF MфIPNPH¨OF TPOU MFT ©M©NFOUT
EF

7FDU Ήܞˍ FMOռԫռΊ � 7FDU 
ܞˍܞ	�
0O DIFSDIFS BMPST VOF TPMVUJPO QBSUJDVMJ¨SF EF MB GPSNF ܞ
ܞ	$ˍܞ QBS
WBSJBUJPO EF MB DPOTUBOUF� &O JOKFDUBOU EBOT 	&ѽ

 PO PCUJFOU MB DPOEJUJPO$ֈ	ܞ
ܞ � MOԫԫ TPJU $ֈ	ܞ
 � MOԫԫ֝ � 0O DIFSDIF FOTVJUF VOF QSJNJUJWF EF ˍܞ
MOԫԫ֝ 
 QBS DIBOHFNFOU EF WBSJBCMF� 0O DBMDVMF BMPST QPVS UPVU ܞ ŷ 3մȱ т
MB CPSOF � FO CPSOF EV CBT OфB SJFO EфPCMJHBUPJSF �


ܞ	$ �ͦԫ
ѽ
MOܚܚѾ Eܚ

�ͦѽպԫ
ѽ 	Ɓ MOܛ
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 ܞˍܞ FTU TPMVUJPO EF MфIPNPH¨OF EF 	&Ѿ
�

���
 $POTJE©SPOT ܠ E©փOJF DPNNF 
ܞ	ܟ � 
ܞ	ܠӘܞ � 
ܞ	ܠܞ QPVS UPVU ܞ ŷ3մȱ

J�F� 
ܞ	ܠ � Ԭլԫխԫ � "MPST �

ܟ TPMVUJPO EF 	&Ѿ
ˋ ůܞ ŷ3մȱ
 
ܞ	ֈֈܠܞ�
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Ɓܞ	ܠ	ܞ

ܞ	ֈܠܞ�
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ˋ ůܞ ŷ3մȱ
 
 
ܞ	ֈܠ�
ܞ	ֈֈܠܞ � �Ɓ MOܞܞѾ �

"JOTJ ֈܠ FTU TPMVUJPO EF Mф©RVBUJPO �ܟ�ֈܟܞ ѽյMOԫԫ֝ �
���
 -FT TPMVUJPOT EF Mф©RVBUJPO IPNPH¨OF TPOU MFT ©M©NFOUT EF

Αܞ ŷ3մȱ ˍ,Fյ MOռԫռ
 , ŷ3Β � 7FDU ܞ· ŷ3մȱ �Έܞ�,ˍ
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0ODIFSDIF BMPST VOF TPMVUJPOQBSUJDVMJ¨SF EF MB GPSNFܟ ƣ ˍܞ ҉լԫխԫ BWFD$ VOF GPODUJPO E©SJWBCMF� &O SFNQMB§BOU EBOT Mф©RVBUJPO EJւ©SFOUJFMMF

OPVT BWPOT DPNNF DPOEJUJPO TVS , �

$ֈ	ܞ
 � �Ɓ MOܞܞѾ �
&O VUJMJTBOU MB QSJNJUJWF EF ܞ ˍ MOԫԫ֝ DBMDVM©F EBOT MB RVFTUJPO QS©D©�
EFOUF
 PO QPTF BMPST 
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Ί � Ɓ�� MOԫԫ � 0O E©EVJU
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Γܞˍ ܞ$ � ܞ� ΋ MOܞܞ Ɓ�Ό 
 $ ŷ3Δ�
*M OPVT SFTUF BMPST   QSJNJUJWFS MфFYQSFTTJPO QS©D©EFOUF � TPJU$ ŷ3
 BMPST
MFT QSJNJUJWFT TPOU MFT GPODUJPOT
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�
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 0O QPTF JDJ 
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Ѿܟֈֈ	Fԧ
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TPJU

	&Ҁ
 
ܚ	ֈֈܝƁܝ�ֈ	ܚ

ܚ	ܝ� � �Ɓܚ�
-ф©RVBUJPO DBSBDU©SJTUJRVF EF 	&Ҁ
 FTU BMPST Ѿܞ Ɓ ܞ� � � � � BWFD ܞ � �
DPNNF VOJRVF TPMVUJPO� "JOTJ MфFOTFNCMF EFT TPMVUJPOT EF MфIPNPH¨OF FTU
MфFOTFNCMF EFT GPODUJPOT EF MB GPSNF
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FTU BMPST   USPVWFS TPVT MB GPSNF ��ܚ�ˍܚ BWFD�
� ŷ `3� /PVT E©EVJTPOT FO
JOKFDUBOU EBOT Mф©RVBUJPO � � � Ɓ�
�Ɓ�� � � TPJU � � Ɓ�� %POD MфFOTFNCMF
EFT TPMVUJPOT FOܝ FTU

Ώܚˍ 
#�ܚ"	FԧƁ	ܚ ��

 "
# ŷ3ΐ �
0O FO E©EVJU BMPST DFMMFT EF 	&Ѿ
 �

Ώܞ ŷ `3մȱ ˍ	" MOܞ�#

��ܞMO	Ɓܞ
 "
# ŷ3ΐ �
�ρ &OQSFOBOU"� � FU# � � PO SFUSPVWF CJFO 
܍ FMMF FTU EPOD TPMVUJPO EF 	&ѿ
� 0S܍	�
 � �Ɓ�Ɓ� � � FU QPVS UPVU ܞ ŷ3մȱ
 
ܞ	ֈ܍ � �Ɓ ѽԫ ˊ 
�	ֈ܍ � �Ɓ� � ��

%POD ܍ FTU MфVOJRVF TPMVUJPO EF 	&ѿ
 W©SJփBOU 
�	܍ � � FU 
�	ֈ܍ � ��
1BSUJF **΃ �UVEF EF ܍

4PJU ܍ MB GPODUJPO E©փOJF QBS 
ܞ	܍ � Ɓ�Ɓܞ MO	ܞ
 QPVS UPVU ܞ ŷ3մȱ�
�ρ &MMF FTU E©փOJF TVS 3մȱ
 FU E©SJWBCMF TVS DF NªNF FOTFNCMF FO UBOU RVF EJG�

G©SFODF EF UFMMFT GPODUJPOT� &U
 QPVS UPVU ܞ ŷ3մȱ
 
ܞ	ֈ܍ � �Ɓ ѽԫ � ԫյѽԫ � %POD
MB GPODUJPO ܍ FTU DSPJTTBOUF TUSJDUFNFOU TVS <�
Ƌ< FU E©DSPJTTBOUF TUSJDUFNFOU
TVS >�
�<� &U QBS DSPJTTBODFT DPNQBS©FT
 MJNԫ֎։܍	ܞ
 � MJNԫ֎։ܞΉ�Ɓ ѽԫ Ɓ MOԫԫ Ί � Ƌ�
&U MJNԫ֎Ѽ܍	ܞ
 � �Ƌ� 7PJDJ TPO HSBQIF�
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ԙݖ

�ρ 4PJU ܞ ŷ 3մȱ� "MPST QVJTRVF MB GPODUJPO ܍ FTU QPTJUJWF 	DPOT©RVFODF EJSFDUF
EFT WBSJBUJPOT FU EV GBJU RVF 
�	܍ � �

 OPVT PCUFOPOT MOܞ ˫ ��Ɓܞ

1BSUJF *** ΃ $PNQBSBJTPO EFNPZFOOFT

�ρ ���
 /PVT BWPOT QPVS UPVU ܏ ŷ J� 
 
Kܔ FO VUJMJTBOU MфJO©HBMJU© 	ȱ
 �
MO΍ ԔܓԜ܈ Ύ ˫

ԔܓԜ܈ Ɓ��
4PNNPOT FOUSF � FU �ܔ 0O PCUJFOU

ԡͰԜտѽ MO	܈Ԝ
Ɓܔ MO	ܓԔ
 ˫ ƀԡԜտѽ܈ԜܓԔ Ɓܔ � ԔܓԔܓܔ Ɓܔ � ��
%POD �

ԡͰԜտѽ MO	܈Ԝ
 � MO	܈ѽnɚn܈ԡ
 ˫ ܔ MO	ܓԔ
�
&O EJWJTBOU QBS ܔ FU FO QBTTBOU   MфFYQPOFOUJFMMF
 PO USPVWF

Ԛܓ Ԕܓ˫ �
���
 %BOT RVFM DBT B�U�PO Ԕܓ � Ԛܓ  *M Z B ©HBMJU© EBOT MFT JO©HBMJU©T QS©D©�

EFOUFT TJ FU TFVMFNFOU TJ 	QVJTRVфVOF TPNNFEF UFSNFTQPTJUJGT FTU OVMMF
TJ FU TFVMFNFOU TJ UPVT MFT UFSNFT TPOU OVMT
 � QPVS UPVU ܏ ŷ J� 
 Kܔ �

MO΍ ԔܓԜ܈ Ύ �
ԔܓԜ܈ Ɓ�


EPOD EфBQS¨T Mф©UVEF EF ܍ GBJUF QS©D©EFNNFOU
 TJ FU TFVMFNFOU TJ ԔػԠس � �
QPVS UPVU ܏ ŷ J� 
 �Kܔ

�ρ ���
 $FUUF RVFTUJPO FTU US¨T TJNJMBJSF   MB QS©D©EFOUF� &O FւFU
 JM TVօU EF S©�
BQQMJRVFS MфJO©HBMJU© 	ȱ
 BWFD MFT S©FMT TVHH©S©T� 1PVS UPVU ܏ ŷ J� 
 Kܔ �

MO΍ܓԛ܈Ԝ Ύ ˫
Ԝ܈ԛܓ Ɓ��
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4PNNPOT FOUSF � FU �ܔ 0O PCUJFOU

ܔ MO	ܓԛ
Ɓ ԡͰԜտѽ MO	܈Ԝ
 ԛܓ˫
ԡͰԜտѽ

Ԝ܈� Ɓܔ �ԛܓ ԛܓܔ Ɓܔ � ��
%POD ܔ MO	ܓԛ
 ˫ MO	܈ѽnɚn܈ԡ
� &O EJWJTBOU QBS ܔ FU FO QBTTBOU   MфFY�
QPOFOUJFMMF
 PO USPVWF

ԛܓ �Ԛܓ˫
���
 %BOT RVFM DBT B�U�PO ԛܓ �Ԛܓ  4J FU TFVMFNFOU TJ 	QVJTRVфVOF TPNNF

EF UFSNFT QPTJUJGT FTU OVMMF TJ FU TFVMFNFOU TJ UPVT MFT UFSNFT TPOU OVMT
 �
QPVS UPVU ܏ ŷ J� 
 Kܔ �

MO΍ܓԛ܈Ԝ Ύ �
Ԝ܈ԛܓ Ɓ�


TPJU EфBQS¨T Mф©UVEF EF ܍ GBJUF QS©D©EFNNFOU
 TJ FU TFVMFNFOU TJ ԠغԔػ � �
QPVS UPVU ܏ ŷ J� 
 �Kܔ

�ρ 0O B ©UBCMJܓԛ Ԛܓ˫ Ԕܓ˫ EPOD ԛܓ Ԕܓ˫ � 4PJFOU BMPST܈ѽ
Ô
ԡ܈ � �
 PO B �

ԡΈ΍܈�ѽ�ɚ܈· ѽ܈� �ɚ� ԡ܈� Ύ
� Έ΍ܔԔܓܔ· ԛܓܔ Ύ
� ˬԛܓԔܓѾܔ Ѿܔ � DBSܓԛ Ԕܓ˫

1BSUJF *7΃ "QQMJDBUJPOT

��ρ "QQMJRVPOT MфJO©HBMJU©ܓԚ Ԕܓ˫ BWFD Ԝ܈ � ܏ QPVS UPVU ܏ ŷ J� 
 �Kܔ "MPST �ܔƉـ ˫
ѽԡƀԡԜտѽ ܏ � ���ܔ �

��ρ 4PJU ܑ ŷ /ȱ� .POUSPOT RVF � ѽԞմѽ ˫ ƘԞմѽԞ ѽԧ Eܚ ˫ ѽԞ � 1VJTRVF MB GPODUJPO JO�
WFSTF FTU E©DSPJTTBOUF
 OPVT BWPOT �

ůܚ ŷ <ܑ
ܑ��>
 �ܑ�� ˫ ܚ� ˫ �ܑ �
*M OF SFTUF QMVT RVф  JOU©HSFS FOUSF ܑ FU ܑ�� QBS SBQQPSU   �ܚ

�ܑ�� ˫ͦԞմѽ
Ԟ

ܚ� Eܚ ˫ �ܑ �
��ρ����
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