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1 Etude d’une installation nucléaire (REP)
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/ǶûM2`;B2 i?2`KB[m2 2Mi`2 H2 +B`+mBi T`BK�B`2 2i H2 +B`+mBi b2+QM/�B`2 b2 7�Bi /�Mb H2 ;ûMû`�i2m` /2 p�T2m`- Qɍ
H� bm`7�+2 /Ƕû+?�M;2 2Mi`2 H2b /2mt ~mB/2b T2mi �ii2BM/`2 T`ĕb /2 8yyy Kk U`ûb2�m /2 im#mHm`2bVX

AX� Ĝ .2b+`BTiBQM /m +B`+mBi b2+QM/�B`2 /2 H� +2Mi`�H2
*QMbB/û`QMb mM2 +2Mi`�H2 Mm+Hû�B`2 _1S T`Q/mBb�Mi mM2 TmBbb�M+2 ûH2+i`B[m2 ԅր � ��� .8X G2 ~mB/2 +B`+mH�Mi
/�Mb H2 +B`+mBi b2+QM/�B`2 2bi /2 HǶ2�m- /QMi HǶû+QmH2K2Mi 2bi bmTTQbû bi�iBQMM�B`2X G2 +v+H2 i?2`KQ/vM�KB[m2 /û@
+`Bi T�` HǶ2�m 2bi mM +v+H2 /Bi?2`K2 KQi2m`X GǶ2�m HB[mB/2 b2`� bmTTQbû2 BM+QKT`2bbB#H2 2i /2 +�T�+Biû i?2`KB[m2
K�bbB[m2 BbQ#�`2 bmTTQbû2 +QMbi�Mi2X G2 i�#H2�m 2M }M /ǶûMQM+û /QMM2 /Bp2`b2b /QMMû2b i?2`KQ/vM�KB[m2b
`2H�iBp2b ¨ HǶû[mBHB#`2 HB[mB/2Ĝp�T2m` /2 HǶ2�mX
AX�XRV *v+H2 /2 *�`MQi
.�Mb mM2 T`2KBĕ`2 �TT`Q+?2 bBKTHB}û2- QM +QMbB/ĕ`2 H2 KQi2m` /Bi?2`K2 /2 *�`MQi 7QM+iBQMM�Mi /2 K�MBĕ`2
`ûp2`bB#H2 2Mi`2 /2mt bQm`+2b /2 i2KTû`�im`2 ԉͩ΢ 2i ԉΒϝ UԉΒϝ � ԉͩ΢VX
�V .QMM2`- 2M H� `2/ûKQMi`�Mi- HǶ2tT`2bbBQM /m `2M/2K2Mi /2 *�`MQi �bbQ+Bû ¨ +2 +v+H2X
#V .QMM2` H� p�H2m` MmKû`B[m2 /2 +2 `2M/2K2Mi 2M T`2M�Mi ԉͩ΢ � ��� , 2i ԉΒϝ � ��� ,- H2b /2mt i2KTû`�im`2b
2ti`āK2b /2 HǶ2�m /�Mb H2 +B`+mBi b2+QM/�B`2X
+V a�+?�Mi [mǶmM `û�+i2m` _1S 7Qm`MBi ¨ HǶ2�m /m +B`+mBi b2+QM/�B`2- pB� H2 ;ûMû`�i2m` /2 p�T2m`- mM2 TmBbb�M+2
i?2`KB[m2 ԅ֏ � ���� .8- [m2 p�mi H2 `2M/2K2Mi i?2`KQ/vM�KB[m2 `û2H /2 HǶBMbi�HH�iBQM \ PM bmTTQb2`� [m2
H� TmBbb�M+2 Kû+�MB[m2 i`�MbKBb2 ¨ H� im`#BM2 2bi BMiû;`�H2K2Mi +QMp2`iB2 2M TmBbb�M+2 ûH2+i`B[m2X *QKK2Mi2`X
AX�XkV *v+H2 /2 _�MFBM2
GǶ2�m /m +B`+mBi b2+QM/�B`2 bm#Bi H2b i`�Mb7Q`K�iBQMb bmBp�Mi2b U`2T`ûb2Miû2b /�Mb H� };m`2 kV
ਲ /2 Ӷ ¨ ӷ , /�Mb H2 ;ûMû`�i2m` /2 p�T2m`- û+?�mz2K2Mi BbQ#�`2 /m HB[mB/2 ¨ H� T`2bbBQM ԅϵ � ��CBS Dmb[mǶ¨ mM

ûi�i /2 HB[mB/2 b�im`�Mi Uûi�i MQiû Ӷ஠V- TmBb p�TQ`Bb�iBQM iQi�H2 BbQ#�`2 Dmb[mǶ¨ mM ûi�i /2 p�T2m` b�im`�Mi2
bĕ+?2 Uûi�i ӷV c

ਲ /2 ӷ ¨ Ӹ , /ûi2Mi2 �/B�#�iB[m2 `ûp2`bB#H2 /�Mb H� im`#BM2- /2 H� T`2bbBQM ԅϵ ¨ H� T`2bbBQM ԅφ � �� NCBS c
ਲ 2M Ӹ- H2 ~mB/2 2bi /BT?�bû c
ਲ /2 Ӹ ¨ ӹ , HB[mû7�+iBQM iQi�H2 BbQ#�`2 /�Mb H2 +QM/2Mb2m`- Dmb[mǶ¨ mM ûi�i /2 HB[mB/2 b�im`�Mi c
ਲ /2 ӹ ¨ Ӷ , +QKT`2bbBQM �/B�#�iB[m2 `ûp2`bB#H2- /�Mb H� TQKT2 /Ƕ�HBK2Mi�iBQM- /2 H� T`2bbBQM ԅφ ¨ H� T`2bbBQM

ԅϵ- /m HB[mB/2 b�im`�Mi bQ`i�Mi /m +QM/2Mb2m`X PM Mû;HB;2`� H2 i`�p�BH +QMbQKKû T�` +2ii2 TQKT2 /2p�Mi H2b
�mi`2b ûM2`;B2b KBb2b 2M D2mX

Ӷ

:o

ӷ hm`#BM2 �t2 KQi2m`

Ӹ

+QM/2Mb2m`

SQKT2
ӹ

6B;m`2 k *v+H2 /2 _�MFBM2

�V _2T`ûb2Mi2` /�Mb H2 /B�;`�KK2 /2 *H�T2v`QM 	ԅ 
 ԥ
 HǶ�HHm`2 /2 H� +Qm`#2 /2 b�im`�iBQM /2 HǶ2�m- �BMbB [m2
H2b BbQi?2`K2b ԉգ- ԉե 2i ԉͩϝЏϬЏϔϷ΄- +2ii2 /2`MBĕ`2 i2KTû`�im`2 ûi�Mi +2HH2 /m TQBMi +`BiB[m2 /2 HǶ2�mX S`û+Bb2` H2b
/QK�BM2b /m HB[mB/2- /2 H� p�T2m`- /2 H� p�T2m` b�im`�Mi2X _2T`ûb2Mi2` bm` +2 KāK2 /B�;`�KK2 HǶ�HHm`2 /m +v+H2
/û+`Bi T�` HǶ2�m /m +B`+mBi b2+QM/�B`2X AM/B[m2` H2 b2Mb /2 T�`+Qm`b /m +v+H2 2i TH�+2` H2b TQBMib Ӷ
 Ӷ஠- ӷ- Ӹ
2i ӹX
#V .Ƕ�T`ĕb HǶ2ti`�Bi /2 i�#H2 i?2`KQ/vM�KB[m2 /QMMû 2M }M /ǶûMQM+û- [m2HH2b bQMi H2b p�H2m`b /2b i2KTû`�im`2b-
/2b 2Mi?�HTB2b K�bbB[m2b 2i /2b 2Mi`QTB2b K�bbB[m2b �mt TQBMib Ӷ஠- ӷ 2i ӹ \ PM TQm``� /QMM2` H2b p�H2m`b bQmb
7Q`K2 /2 i�#H2�mX
+V .�Mb H2 /Q+mK2Mi `ûTQMb2 };m`2 H2 /B�;`�KK2 2Mi?�HTB[m2 	ԅ 
 ԗ
 /2 HǶ2�mX SH�+2`- �p2+ bQBM 2i ¨ HǶû+?2HH2-
H2b TQBMib Ӷ஠- ӷ- Ӹ- ӹ /m +v+H2X PM 2tTHB+Bi2`� H� Kûi?Q/2X
/V .�Mb iQmi2 H� bmBi2- QM Mû;HB;2`� H2b p�`B�iBQMb /ǶûM2`;B2 +BMûiB[m2 2i TQi2MiB2HH2 /�Mb H2b #BH�Mb ûM2`;ûiB[m2bX
1tT`BK2` �HQ`b- b�Mb /ûKQMbi`�iBQM- H2 T`2KB2` T`BM+BT2 /2 H� i?2`KQ/vM�KB[m2 TQm` mM ~mB/2 2M û+QmH2K2Mi
bi�iBQMM�B`2 `2+2p�Mi /2 K�MBĕ`2 �H;û#`B[m2 H2 i`�p�BH K�bbB[m2 miBH2 Ԧ֐ 2i H2 i`�Mb72`i i?2`KB[m2 K�bbB[m2 ԠX
2V 1tT`BK2` H2 i`�p�BH K�bbB[m2 Ԧգդ `2Ïm T�` HǶ2�m /�Mb H� im`#BM2X .QMM2` b� p�H2m` MmKû`B[m2- 2M bǶ�B/�Mi
/m /B�;`�KK2 2Mi?�HTB[m2X
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7V 1tT`BK2` H2 i`�Mb72`i i?2`KB[m2 K�bbB[m2 Ԡբբ஧ `2Ïm T�` HǶ2�m HB[mB/2 [m�M/ 2HH2 T�bb2 /2 K�MBĕ`2 BbQ#�`2
/2 H� i2KTû`�im`2 ԉբ ¨ H� i2KTû`�im`2 ԉբ஧ /�Mb H2 ;ûMû`�i2m` /2 p�T2m`X .QMM2` b� p�H2m` MmKû`B[m2 , QM
+QMbB/û`2`� ԉբ ஃ ԉեX
;V 1tT`BK2` H2 i`�Mb72`i i?2`KB[m2 K�bbB[m2 Ԡբ஧գ `2Ïm T�` HǶ2�m [m�M/ 2HH2 b2 p�TQ`Bb2 +QKTHĕi2K2Mi /�Mb H2
;ûMû`�i2m` /2 p�T2m`X .QMM2` b� p�H2m` MmKû`B[m2X
?V *�H+mH2` �HQ`b H2 `2M/2K2Mi /2 _�MFBM2 /2 HǶBMbi�HH�iBQMX *QKT�`2` �m `2M/2K2Mi /2 *�`MQi 2i +QKK2Mi2`X
*QKT�`2` �m `2M/2K2Mi `û2H 2i +QKK2Mi2`X
BV .�Mb [m2H ûi�i b2 i`Qmp2 HǶ2�m ¨ H� }M /2 H� /ûi2Mi2 /2 H� im`#BM2 \ .QMM2` H2 iBi`2 K�bbB[m2 2M p�T2m` ¨
HǶ�B/2 /m /B�;`�KK2 2Mi?�HTB[m2X 1M [mQB 2bi@+2 mM BM+QMpûMB2Mi TQm` H2b T�`iB2b KQ#BH2b /2 H� im`#BM2 \
AX�XjV *v+H2 /2 _�MFBM2 �p2+ /ûi2Mi2 ûi�;û2
G2 +v+H2 `û2H 2bi THmb +QKTHB[mû [m2 +2HmB ûim/Bû T`û+û/2KK2Mi UpQB` };m`2 jVX 1M 2z2i- /ǶmM2 T�`i- H� /ûi2Mi2
2bi ûi�;û2 , 2HH2 b2 7�Bi /Ƕ�#Q`/ /�Mb mM2 im`#BM2 Ŀ ?�mi2 T`2bbBQM ŀ TmBb /�Mb mM2 im`#BM2 Ŀ #�bb2 T`2bbBQM ŀX
.Ƕ�mi`2 T�`i- 2Mi`2 H2b /2mt im`#BM2b- HǶ2�m T�bb2 /�Mb mM Ŀ bm`+?�mz2m` ŀX G2b i`�Mb7Q`K�iBQMb bQMi K�BMi2M�Mi
KQ/ûHBbû2b T�`
ਲ /2 Ӷ ¨ ӷ , /�Mb H2 ;ûMû`�i2m` /2 p�T2m`- û+?�mz2K2Mi BbQ#�`2 /m HB[mB/2 ¨ H� T`2bbBQM ԅϵ � ��CBS- Dmb[mǶ¨ mM

ûi�i /2 HB[mB/2 b�im`�Mi Uûi�i MQiû Ӷ஠V- TmBb p�TQ`Bb�iBQM iQi�H2 BbQ#�`2 Dmb[mǶ¨ mM ûi�i /2 p�T2m` b�im`�Mi2
bĕ+?2 UTQBMi ӷV c

ਲ /2 ӷ ¨ Ӹ஠ , /ûi2Mi2 �/B�#�iB[m2 `ûp2`bB#H2 /�Mb H� im`#BM2 Ŀ ?�mi2 T`2bbBQM ŀ- /2 H� T`2bbBQM ԅϵ ¨ H� T`2bbBQM
ԅϯ � �� CBS c

ਲ /2 Ӹ஠ ¨ ӷ஠ , û+?�mz2K2Mi BbQ#�`2 ¨ H� T`2bbBQM ԅϯ- /�Mb H2 bm`+?�mz2m`- Dmb[mǶ¨ mM ûi�i /2 p�T2m` b�im`�Mi2
bĕ+?2 UTQBMi ӷ஠V c

ਲ /2 ӷ஠ ¨ Ӹ஛ , /ûi2Mi2 �/B�#�iB[m2 `ûp2`bB#H2 /�Mb H� im`#BM2 Ŀ #�bb2 T`2bbBQM ŀ- /2 H� T`2bbBQM ԅϯ ¨ H� T`2bbBQM
ԅφ � �� NCBS c

ਲ /2 Ӹ஛ ¨ ӹ , HB[mû7�+iBQM iQi�H2 BbQ#�`2 /�Mb H2 +QM/2Mb2m`- Dmb[mǶ¨ mM ûi�i /2 HB[mB/2 b�im`�Mi c
ਲ /2 ӹ ¨ Ӷ , +QKT`2bbBQM �/B�#�iB[m2 `ûp2`bB#H2- /�Mb H� TQKT2 /Ƕ�HBK2Mi�iBQM- /2 H� T`2bbBQM ԅφ ¨ H� T`2bbBQM

ԅϵ- /m HB[mB/2 b�im`�Mi bQ`i�Mi /m +QM/2Mb2m`X PM Mû;HB;2`� H2 i`�p�BH +QMbQKKû T�` +2ii2 TQKT2 /2p�Mi H2b
�mi`2b ûM2`;B2b KBb2b 2M D2mX

Ӷ

:o

ӷ hm`#BM2
>S

Ӹ஠

bm`+?�mz2m`

ӷ஠

hm`#BM2
"S

Ӹ஛

+QM/2Mb2m`

SQKT2
ӹ

6B;m`2 j *v+H2 /2 _�MFBM2 �p2+ mM2 /ûi2Mi2 ûi�;û2

�V SH�+2` H2b MQmp2�mt TQBMib Ӹ஠- ӷ஠- Ӹ஛ bm` H2 /B�;`�KK2 2Mi?�HTB[m2 /m /Q+mK2Mi `ûTQMb2X
#V *QKT�`2` H2b iBi`2b K�bbB[m2b 2M p�T2m` /2b TQBMib Ӹ஠ 2i Ӹ஛ �m iBi`2 K�bbB[m2 2M p�T2m` /m TQBMi ӸX Zm2H
2bi HǶBMiû`āi /2 H� bm`+?�mz2 \
+V § HǶ�B/2 /m /B�;`�KK2 2Mi?�HTB[m2- /ûi2`KBM2` H2 MQmp2�m `2M/2K2Mi /m +v+H2X *QKK2Mi2`X

AX" Ĝ 1M`B+?Bbb2K2Mi /2 HǶm`�MBmK T�` +2Mi`B7m;�iBQM
*2`i�BMb MQv�mt bQMi bmb+2TiB#H2b /2 }bbBQMM2` bQmb HǶ2z2i /ǶmM #QK#�`/2K2Mi /2 M2mi`QMb Ŀ H2Mib ŀ UpBi2bb2
/2 k-k FK਼bƐRV , QM T�`H2 �HQ`b /2 MQv�mt }bbBH2bX G2 b2mH BbQiQT2 }bbBH2 M�im`2H 2bi HǶm`�MBmK@kj8X .�Mb H2b
`û�+i2m`b _1S- QM T`BpBHû;B2 +2ii2 }bbBQM T�` M2mi`QMb H2MibX P` HǶm`�MBmK 2bi mM KûH�M;2 M�im`2H /2 /2mt
BbQiQT2b T`BM+BT�mt , HǶm`�MBmK@kj3 UNN-k3WV 2i HǶm`�MBmK@kj8 Uy-dR9WVX PM �KûHBQ`2 �HQ`b H2 `2M/2K2Mi /2 H�
`û�+iBQM /2 }bbBQM 2M 2M`B+?Bbb�Mi HǶm`�MBmK M�im`2H �p2+ /2 HǶm`�MBmK@kj8X
lM2 7QBb 2ti`�Bi /m bQH- H2 KBM2`�B /Ƕm`�MBmK 2bi i`�Mb7Q`Kû +?BKB[m2K2Mi 2M ?2t�~mQ`m`2 /Ƕm`�MBmK l6eX
.�Mb H2 T`Q+û/û /Ƕ2M`B+?Bbb2K2Mi T�` +2Mi`B7m;�iBQM- HǶ?2t�~mQ`m`2 /Ƕm`�MBmK 2bi +?�mzû TQm` āi`2 i`�Mb7Q`Kû
2M p�T2m`- TmBb H2 ;�x T�bb2 T�` mM2 bû`B2 /2 +2Mi`B7m;2mb2b [mB pQMi HǶ2M`B+?B` 2M Dmb[mǶ¨ H� i2M2m` bQm?�Biû2 U/2
j ¨ 8WVX 1MbmBi2 `27`QB/B 2i bQHB/B}û- HǶ?2t�~mQ`m`2 /Ƕm`�MBmK b2`� i`�Mb7Q`Kû 2M +QK#mbiB#H2 Mm+Hû�B`2 T`āi ¨
HǶ2KTHQB- bQmb 7Q`K2 /2 T�biBHH2bX
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2 Agitation thermique - Formule de Nyquist
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3 Etude des performances thermiques d’un isolant
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