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EFG GHIFJJKIFGL MNOKJG GPKFQI QHINRFJG PN HRIKSKTKFJGL GPQI GPNUFQI UKGKVJFG WHQG JF TKFJ QPTX
INRQFY EFG GHIFJJKIFG HRIKSKTKFJGL FQ PRVKIF VHGGFL GPQI ZHRSPKG TPQSPQWNG HUFT WFG [IPKJFG SKJHQIFG
\ THNGF WF JFNR W[ZJHTF]FQI RHZKWFY ^PNIFSPKGL TPQIRHKRF]FQI HN_ [IPKJFG SKJHQIFG MNK IRHUFRGFQI
JF TKFJ FQ NQF SRHTIKPQ WF GFTPQWFL JFG GHIFJJKIFG HRIKSKTKFJG ]HKQIKFQQFQI NQF IRH`FTIPKRF GIHVJF FI
NQKSPR]FY aFRIHKQG GHIFJJKIFGL TP]]F TFN_ WF JH TPQGIFJJHIKPQ bRKWKN]L []FIIFQI WFG SJHGcFG JNX
]KQFN_ dReTF \ JFNRG HQIFQQFG FQ HJN]KQKN]L TF MNK SHTKJKIF JFNR PVGFRUHIKPQY fQ RFUHQTcFL JFG
GHIFJJKIFG d[PGIHIKPQQHKRFGL GKIN[G \ NQF HJIKINWF VKFQ ZJNG [JFU[FL RFGIFQI SK_FG WHQG JF TKFJY
EH gIHIKPQ GZHIKHJF KQIFRQHIKPQHJF hbggi FGI [dHJF]FQI UKGKVJF \ JOjKJ QN FI JHKGGF NQF IRHTF JN]KX
QFNGF TPQGIHQIF JPRG WF GPQ ZHGGHdFY

k�"���(�� $�"�� ��������� ������� ���� ��� ����l��� * m )�������
nQ GHIFJJKIF QHINRFJ FGI NQ PV`FI T[JFGIF MNK IPNRQF HNIPNR WONQF ZJHQoIFY pHQG JF GqGIo]F GPX
JHKRFL ZJNGKFNRG ZJHQoIFG ZPGGoWFQI WFG GHIFJJKIFG QHINRFJGL HZZFJ[G HNGGK rJNQFGrY EH F̂RRFL ZHR
F_F]ZJFL H JH ENQF TP]]F GHIFJJKIF QHINRFJY aFG GHIFJJKIFG GPQI d[Q[RHJF]FQI SPR][G QHINRFJJFX
]FQI dReTFL ZHR F_F]ZJFL \ JH THZINRF WONQ HGI[RPsWFY tHQq]oWFL GHIFJJKIF WF uNZKIFRL FGI JF
ZJNG dRHQW WN GqGIo]F GPJHKRF HUFT NQ WKH]oIRF GNZ[RKFNR \ TFJNK WF vFRTNRFY EFG JNQFG
ZFNUFQI KQSJNFQTFR JFNR ZJHQoIF ZHR WFG FSSFIG WF ]HR[FL \ JOK]HdF WF JH ENQF GNR JFG PT[HQG WF
JH F̂RRFY aFG GHIFJJKIFGL GPNUFQI FQ RPIHIKPQ GqQTcRPQF HUFT JFNR ZJHQoIFL HTTP]ZJKGGFQI NQF R[X
UPJNIKPQ TP]ZJoIF FQ SPQTIKPQ WF JFNR WKGIHQTF PRVKIHJFY

w $��� ���#��� ��� ���������� ����)������ ���� �"������x $����� ��� ���� #������x �������
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EFG GHIFJJKIFG HRIKSKTKFJG GPQI WFG PV`FIG SHVRKMN[G ZHR JOcP]]F FI FQUPq[G FQ PRVKIF ZPNR HTX
TP]ZJKR WKUFRGFG ]KGGKPQGY EF IPNI ZRF]KFRL VHZIKG[ z{|}~���L H [I[ JHQT[ FQ ���� ZHR JOn�ggY
�N`PNRWOcNKL TFG HZZHRFKJG F]VHRMNFQI WFG [MNKZF]FQIG Q[TFGGHKRFG ZPNR WFG VFGPKQG WF
TP]]NQKTHIKPQL WF ][I[PL WF QHUKdHIKPQ FI WOPVGFRUHIKPQ WF JH F̂RRF FI WF JONQKUFRGY aFRIHKQG
GHIFJJKIFG HRIKSKTKFJG GPQI ZJHT[G FQ PRVKIF d[PGIHIKPQQHKRF \ �� ��� �KJP]oIRFG WF JH F̂RRF � KJG
GPQI ZHRSHKIG ZPNR JFG I[J[TP]]NQKTHIKPQGY pOHNIRFGL TP]]F JFG GHIFJJKIFG ][I[PRPJPdKMNFG PN
GTKFQIKSKMNFGL PRVKIFQI \ WFG HJIKINWFG ZJNG VHGGFG ZPNR THZIFR WFG KQSPR]HIKPQG FQ IF]ZG R[FJY

�� ��!��� �� �� ���� �� ����� ����l�� �������x ������� � �(�(�� �� ���������� �� ������
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�NIPNR WF JH F̂RRFL PQ IRPNUF WFN_ THI[dPRKFG ZRKQTKZHJFG WF GHIFJJKIFG � JFG GHIFJJKIFG QHINRFJGL
TP]]F JH ENQFL FI JFG GHIFJJKIFG HRIKSKTKFJGY �JPRG MNF JH ENQF FGI JF GFNJ GHIFJJKIF QHINRFJ WF
QPIRF ZJHQoIFL KJ F_KGIF HTINFJJF]FQI ZJNG WF � ��� GHIFJJKIFG HRIKSKTKFJG HTIKSG FQ PRVKIFL GFJPQ JFG
TcKSSRFG WF ����Y z{|}~���L JF IPNI ZRF]KFR GHIFJJKIF \ HUPKR [I[ ]KG FQ PRVKIF FQ ����L HUHKI JH
IHKJJF WONQ VHJJPQ WF VHG�FIY bJ H PRVKI[ HNIPNR WF JH F̂RRF ZFQWHQI IRPKG ]PKGY fQ QPUF]VRF
����L JH �RHQTF H GNKUK HUFT JF JHQTF]FQI WN GHIFJJKIF ��~����Y EF ZHqG H HKQGK [I[ JF IRPKGKo]F \
FQUPqFR NQ GHIFJJKIF WHQG JOFGZHTF HZRoG JOn�gg FI JFG �IHIGXnQKG HUFT ��{�|��� � FQ ����Y
aFG GHIFJJKIFG HRIKSKTKFJG GF GPQI RHZKWF]FQI KQI[dR[G WHQG QPIRF UKF MNPIKWKFQQFL `PNHQI NQ R�JF
FGGFQIKFJ WHQG JFG WP]HKQFG TJ[G IFJG MNF JFG I[J[TP]]NQKTHIKPQGL JH QHUKdHIKPQ FI JH ][I[PRPX
JPdKFY

https://actu.caminteresse.fr/sciences/comment-les-satellites-sont-ils-envoyes-dans-lespace-11193036/
https://actu.caminteresse.fr/sciences/a-quoi-sert-la-station-spatiale-internationale-1181824/
https://actu.caminteresse.fr/sciences/a-quoi-sert-la-station-spatiale-internationale-1181824/
https://actu.caminteresse.fr/sciences/la-terre-va-bientot-avoir-une-deuxieme-lune-11197333/
https://actu.caminteresse.fr/sciences/la-terre-va-bientot-avoir-une-deuxieme-lune-11197333/
https://actu.caminteresse.fr/sciences/le-satellite-de-jupiter-renfermerait-un-ocean-avec-des-elements-propices-a-la-vie-11190203/
https://actu.caminteresse.fr/environnement/combien-y-a-t-il-doceans-sur-terre-11190639/
https://actu.caminteresse.fr/environnement/combien-y-a-t-il-doceans-sur-terre-11190639/
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���¬ �� �� ����� °JNKF W±[IPKJFG SKJHQIFG � ĤNRKWFG gY h�
][I[PRFG²cFNRF HN ³[QKIc´ WNR[F µ ��L� `PNRGi

���¬ �� �� ���¬� �HZZRPTcF]FQI FQIRF JH ENQF FI ¯[QNG
hWKGIY IPZPTFQIRKMNF TFQIRF \ TFQIRF µ �L¬¶i

���¬ �� �� ����� °�fvbf� ·n��^bf� pf E� En­f

���¬ �� �� ����� �HZZRPTcF]FQI FQIRF vFRTNRF FI
�QIHRoG hWKGIY IPZPTFQIRKMNF TFQIRF \ TFQIRF µ �L�¶i

���¬ �� �� ����� °JNKF W±[IPKJFG SKJHQIFG � ĤNRKWFG ­Y h�
][I[PRFG²cFNRF HN ³[QKIc´ WNR[F µ ��L� `PNRGi

���¬ �� �� ����� �HZZRPTcF]FQI FQIRF ¯[QNG FI v �
hWKGIY IPZPTFQIRKMNF TFQIRF \ TFQIRF µ �L�¶i

���¬ �� �� ����� ®ZZPGKIKPQ WF J±HGI[RPsWF ��
°HRIcFQPZF HUFT JF gPJFKJ hWKGIY HN gPJFKJ µ �L¬�� n�´ ]HdQY µ �L�i

���¬ �� �¬ ����� ENQF HN Z[RKd[F hWKGIHQTF d[PTY µ ������ �]i

���¬ �� �� ����� °Efb­f En­f

���¬ �� �� ���¬� �HZZRPTcF]FQI FQIRF JH ENQF FI nRHQNG hWKGIY IPZPTFQIRKMNF TFQIRF \
TFQIRF µ �L�¶i

���¬ �� �� ����� °Eng t��­pf �E®­t�^b®­ fg^ WF vFRTNRF h��L¬¶i

���¬ �� �� ���¬� ®°°®gb^b®­ WF nRHQNG HUFT JF gPJFKJ

���¬ �� �� ����� °JNKF W±[IPKJFG SKJHQIFG � E[PQKWFG h�� ][I[PRFG²cFNRF HN ³[QKIc´ WNR[F µ
�¬L� `PNRGi

���¬ �� �� ���¬� �HZZRPTcF]FQI FQIRF ¯[QNG FI v �� hWKGIY IPZPTFQIRKMNF TFQIRF \ TFQIRF µ
�L�¶i

���¬ �� �� ����� �HZZRPTcF]FQI FQIRF JH ENQF FI °PJJN_ hWKGIY IPZPTFQIRKMNF TFQIRF \ TFQIRF
µ �L�¶i

���¬ �� �� ����� °JNKF W±[IPKJFG SKJHQIFG � �JZcH vPQPT[RPIKWFG hWNR[F µ ��L� `PNRGi

���¬ �� �� ����� �HZZRPTcF]FQI FQIRF JH ENQF FI v ¬¬ hWKGIY IPZPTFQIRKMNF TFQIRF \ TFQIRF
µ �L¬¶i

���¬ �� �� ���¬¬ vH_K]N] WF J±[IPKJF UHRKHVJF WFJIH WF a[Zc[F
���¬ �� �� ����� pf�­bf� ·n�� b̂f� pf E� En­f
���¬ �� �� ����� vKQK]N] WF J±[IPKJF UHRKHVJF �JdPJ hV¸IH WF °FRG[Fi
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���¬ �� �� ����� vKQK]N] WF J±[IPKJF UHRKHVJF V¸IH WF JH EqRF
���¬ �� �¬ ���¬� p[VNI WF J±PTTNJIHIKPQ WF ��XTcK EFP h]HdQY µ ¬L��i
���¬ �� �¬ �¬�¬� �KQ WF J±PTTNJIHIKPQ WF ��XTcK EFP h]HdQY µ ¬L��i
���¬ �� �� ����� vKQK]N] WF J±[IPKJF UHRKHVJF �JdPJ hV¸IH WF °FRG[Fi
���¬ �� �� ����� ENQF \ J±HZPd[F hWKGIHQTF d[PTY µ ¬����¬ �]i
���¬ �� �� ����� vH_K]N] WF J±[IPKJF UHRKHVJF WFJIH WF a[Zc[F
���¬ �� �� ���¬� vKQK]N] WF J±[IPKJF UHRKHVJF �JdPJ hV¸IH WF °FRG[Fi
���¬ �� �� �¬��� vH_K]N] WF J±[IPKJF UHRKHVJF ¸IH WF J±�KdJF
���¬ �� �� ����¬ vH_K]N] WF J±[IPKJF UHRKHVJF ³¸IH WFG t[]FHN_
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E±FGGHK] ][I[PRKIKMNF WFG ĤNRKWFG ­PRW h­ �̂i ZRPWNKI WF JFQIG ][I[PRFG W±NQF UKIFGGF WF ��
�] ZHR GFTPQWFY �N ]P]FQI WN ]H_K]N]L JF IHN_ cPRHKRF ]PqFQ h���i FGI WF � ][I[PRFG ZHR
cFNRFY P̂NI TP]]F J±FGGHK] WFG ĤNRKWFG gNW hg �̂iL JFG ][I[PRFG WFG ĤNRKWFG ­PRW SPQI ZHRX
IKFG WN TP]ZJF_F WFG ĤNRKWFG FI GPQI HGGPTK[G \ JH TP]oIF �°²fQT�FY

EH W[TPNUFRIF WFG ĤNRKWFG H [I[ SHKIF FQ ����Y EFG ĤNRKWFG ­PRW PQI [I[ PVGFRU[FG ZHR tKNX
GFZZF �F³KPJKY EFG ĤNRKWFG gNW PQI [I[ PVGFRU[FG ZHR Ŷ�Y �HT�cPNGFL FI ZRPVHVJF]FQI ZHR
tY EY ^NZ]HQY �JPRG MNF JFG ĤNRKWFG gNW PQI SHKI J±PV`FI WF ZFN WF W[IFTIKPQG HN TPNRG WN
RFGIF WN ��o]F GKoTJFL JFG ĤNRKWFG ­PRW PQI [I[ SR[MNF]]FQI PVGFRU[FGL ]HKG ZFRGPQQF Q±H
RFTPQQN MN±KJ G±HdKGGHKI W±NQ FGGHK] HQQNFJ WF JH R[dKPQ WN ĤNRFHN UKGKVJF W[VNI ­PUF]VRFY

°[RKPWF W±HTIKUKI[ � WN �� ®TIPVRF HN �� p[TF]VRF
vH_K]N] � �� ­PUF]VRF EPQdKINWF GPJHKRF hJH]VWHi � ���¶
ZPGKIKPQ WN RHWKHQI HN ]P]FQI WN ]H_K]N]
HGTFQGKPQ WRPKIF hHJZcHi � ���¶ W[TJKQHKGPQ hWFJIHi � ���¶
¯KIFGGF hFQ �]²Gi � �� R � �Y� ��� � �
aP]oIF HGGPTK[F � ���¬ ^t��

� ������

EFG RFTcFRTcFG WF IF_IFG HQTKFQG FSSFTIN[FG ZHR fW�HRW aY �FRRKT� FQ ��¬�L ZHR �NVFRI �QX
GPQ ­F�IPQ FQ ���¬L ZNKG FQ ���� ZHR gNGN]N b]PIP FI bTcKRP �HGFdH�HL ZPNR JFG IF_IFG HQX
TKFQG TcKQPKGL `HZPQHKG FI TPR[FQGL FI ZJNG R[TF]]FQI ZHR pPQHJW �Y �FP]HQG FI tHRq �Y
�RPQ�L PQI ]KG FQ [UKWFQTF WF QP]VRFNGFG IRHTFG WF ZJNKFG ][I[PRKIKMNFGL HIIRKVN[FG HN_ E[PX
QKWFGL WPQI JH ZJNG HQTKFQQF RF]PQIF \ J±HQ ���Y

vHKG J±KQI[R¸I ZPNR TFI FGGHK]L ZRPWNKGHQI WF GZFTIHTNJHKRFG ZJNKFG WF ][I[PRFGL H GNRIPNI W[X
VNI[ ZFN HZRoG JH dRHQWF IF]Z¸IF WF ����Y E±NQF WFG ZJNG T[JoVRFG IF]Z¸IFG WF ][I[PRFG
G±FGI ZRPWNKIF JF �� ­PUF]VRF ����L JPRGMNF JH F̂RRF TRPKGH J±FGGHK] WFG E[PQKWFGY aF `PNRXJ\L
WFG QP]VRFN_ PVGFRUHIFNRG WF JH T�IF fGI WFG fIHIGXnQKG FI WF JH R[dKPQ WFG acNIFG WN ­KHdHX
RHL UKRFQI GNRdKR WFG TFQIHKQFG WF ][I[PRFG ZHR ]KQNIFL GPKI FQUKRPQ ��Y��� \ ���Y��� ][X
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I[PRFG ZHR cFNRFL GF]VJHQI ZRPUFQKR WF JH R[dKPQ WF JH TPQGIFJJHIKPQ WN EKPQ h&�|iY EF QP] WF
E[PQKWFG SNI WPQQ[ \ TFI FGGHK]Y

p[`\L FQ ­PUF]VRF ����L NQ Zc[QP]oQF GK]KJHKRF HUHKI [I[ PVGFRU[ ZHR JF QHINRHJKGIF HJJFX
]HQW �JF_HQWFR UPQ �N]VPJWI h����X����i FQ TP]ZHdQKF WN VPIHQKGIF SRHQ'HKG �K][ �PQX
ZJHQW h����X����iL HN JHRdF WFG T�IFG WN ¯[Q[³NFJHY

EF ][WFTKQ HJJF]HQW �FKQRKTc ®JVFRG h����X��¬�iL W[TPNURFNR WFG HGI[RPsWFG ¯FGIH FI °HJJHGL
SNI JF ZRF]KFR \ PGFR ZR[WKRF NQ RFIPNR WF J±FGGHK] ZPNR ���� FQ GF VHGHQI GNR J±[INWF WF WPTNX
]FQIG cKGIPRKMNFG ZJNG HQTKFQGY �KQGK FQ ­PUF]VRF ����L NQF QPNUFJJF ZJNKF K]ZPRIHQIF WF
][I[PRFG G±HVHIIKI GNR QPIRF ZJHQoIFL TPQSKR]HQI HKQGK JH Z[RKPWKTKI[ WF J±FGGHK]Y bJ [IHKI ]HKQIFX
QHQI [UKWFQI MNF J±FGGHK] RFUFQHKI IPNG JFG �� HQGL ]HKG RFGIHKI \ FQ IRPNUFR J±PRKdKQF (

EF UPKJF SNI JFU[ ZHR JH W[TPNUFRIF W±NQF TP]oIF WF ]HdQKINWF �L JF �� p[TF]VRF ���� ZHR
fRQGI �KJcFJ] EFVFRFTcI F̂]ZFJ h����X����iL ]HKG [dHJF]FQI ZHR �PRHTF °HRQFJJ ^NIIJF JF �
uHQUKFR ����Y EH TP]oIF SRH)TcF]FQI W[TPNUFRIFL FI HN`PNRW±cNK W[QP]][F ��°² F̂]ZJFX^NIX
IJFL SNI UKGKVJF ZFQWHQI ZJNGKFNRG GF]HKQFGY EF THJTNJ WFG [J[]FQIG PRVKIHN_ ]PQIRHKI NQF
dRHQWF GK]KJKINWF HUFT TFN_ WF J±FGGHK]L FI TPQSKR]HKI JH ZHIFRQKI[ WF TFIIF TP]oIF ZPNR J±FGX
GHK] ][I[PRKIKMNF WFG E[PQKWFGY

E±KQSJNFQTF ZFRINRVHIRKTF WF gHINRQF FI WF uNZKIFRL FQ HdKGGHQI GNR JH ZHRIKF JH ZJNG WFQGF WF
J±FGGHK]L SKI MNF J±HUFRGF GNKUHQIFL ZR[UNF FQ ���� Q±FNI ZHG JKFNY P̂NIFSPKGL J±FGGHK] GF ]HQKX
SFGIH WF QPNUFHN FQ ���� ]HKG JF QP]VRF WF ][I[PRFG PVGFRU[G QF SNI ZHG F_TFZIKPQQFJY EF
RFIPNR GNKUHQIL FQ ���� SNI FQTPRF ZJNG W[TFUHQIY

fQ RFUHQTcFL FQ ����L FQ RHKGPQ WF QPNUFJJFG ZFRINRVHIKPQGL J±PQ UKI MNFJMNFG ���Y��� ][X
I[PRFG ZHR cFNRF \ J±PNFGI WFG fIHIGXnQKG FI HN vF_KMNFY aF RFIPNR WF ZJNKF ][I[PRKIKMNF TPsQX
TKWF HUFT JH RFW[TPNUFRIF WF ��°² F̂]ZFJX^NIIJF MNK G±[IHKI SHKI ZJNI�I WKGTRoIF WFZNKG GH W[TPNX
UFRIF ��� HQG HNZHRHUHQIY

EF QPNUFHN ZHGGHdF HN Z[RKc[JKF WF JH TP]oIF ��°² F̂]ZFJX^NIIJF FQ �[URKFR ����L WPQQH J±PTX
THGKPQ HN_ ZR[UKGKPQQKGIFG W±H][JKPRFR TPQGKW[RHVJF]FQI JFNRG ]PWoJFG WF ZR[UKGKPQ ZPNR JFG
HQQ[FG GNKUHQIFG FI WF W[TRKRF HUFT ZR[TKGKPQ JF TP]ZPRIF]FQI WF TFI FGGHK] HIqZKMNF ]HKG
SHGTKQHQIY

°[RKPWF W±HTIKUKI[ � WN � HN �� ­PUF]VRF
vH_K]N] � �� ­PUF]VRF EPQdKINWF GPJHKRF hJH]VWHi � ���Y��¶
ZPGKIKPQ WN RHWKHQI HN ]P]FQI WN ]H_K]N] HGTFQGKPQ WRPKIF hHJZcHi � ���¶
W[TJKQHKGPQ hWFJIHi � ���¶ ¯KIFGGF hFQ �]²Gi � �� R � �Y� ��� � ��*
aP]oIF HGGPTK[F � ��°² F̂]ZFJX^NIIJF hZ[RKPWF WF ��Y� HQGi

���!�(+���� ������� ��+,


E±FGGHK] WFG HJZcHXvPQPT[RPIKWFG h�v®i ZRPWNKI WFG ][I[PRFG HGGF³ RHZKWFG HUFT NQF UKX
IFGGF WF �� �] ZHR GFTPQWFL HUFT NQF HTIKUKI[ UHRKHVJFY pFG GNRGHNIG W±HTIKUKI[ PQI [I[ PVGFRX
U[G FQ ����L ����L ���� FI JF WFRQKFRL FQ ����L H [I[ UN ZHR WF QP]VRFN_ PVGFRUHIFNRG W±fNX
RPZFY EF IHN_ cPRHKRF ]PqFQ FGIK][ FQ ���� [IHKI W±FQUKRPQ ¬�� ][I[PRFG ZHR cFNRF WNRHQI FQX
UKRPQ �� ]KQNIFGL HUFT NQ ZKT WF ¬�� ][I[PRFG ZHR cFNRF GNR NQF TPNRIF Z[RKPWF WF � ]KQNIFGY

E±FGGHK] ZPNRRHKI ¸IRF HGGPTK[ \ JH TP]oIF ��¬� �� hUHQ tFQIX°FJIKFRXpHK]HTHiY
­PIRF TPQQHKGGHQTF HTINFJJF WF TFI FGGHK] ][I[PRKIKMNF FGI ZRKQTKZHJF]FQI VHG[F GNR JFG PVX
GFRUHIKPQG UKGNFJJFG PVIFQNFG HN TPNRG WF IRPKG HQQ[FG G[ZHR[FGL ]HKG JFG K]ZJKTHIKPQG GPQI
MNF TFI FGGHK] FGI WF TPNRIF WNR[F FI ZPGGoWF NQF Z[RKPWF HZZHRFQIF WF ZRFGMNF F_HTIF]FQI

http://pgj.astro.free.fr/periodique.htm#55P
http://pgj.astro.free.fr/periodique.htm#55P
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WK_ HQQ[FGY

EH W[TPNUFRIF FGI \ ]FIIRF HN TR[WKI WF �Y Ŷ �RHWJFqL MNK H PVGFRU[ FQ ZRF]KFR J±FGGHK] FQ
����Y
°[RKPWF W±HTIKUKI[ � WN �� HN �� ­PUF]VRF
vH_K]N] � �� ­PUF]VRF EPQdKINWF GPJHKRF hJH]VWHi � ���Y��¶
ZPGKIKPQ WN RHWKHQI HN ]P]FQI WN ]H_K]N]
HGTFQGKPQ WRPKIF hHJZcHi � ���¶ W[TJKQHKGPQ hWFJIHi � ���¶
¯KIFGGF hFQ �]²Gi � �� R � �Y¬
��� � UHRKHVJFL cHVKINFJJF .�L ]HKG ZFNI ZRPWNKRF WFG GNRGHNIG W±HTIKUKI[ `NGMN±\ .¬���
aP]oIF HGGPTK[F � UHQ tFQIX°FJIKFRXpHK]HTH h*i
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l ��� = pHQG TF TcHZKIRFL IRoG VRFSL QPNG W[TPNURKRPQG JFG GNTToGL JFG WKSSKTNJI[G R[GPJNFG FI
FQSKQ JFG K]ZPGGKVKJKI[G ZJNG SPQWH]FQIHJFG WF JH ][THQKMNF WF ­F�IPQY EFG WKSSKTNJI[G ZRPX
UKFQQFQI WF JH ZPRI[F KQSKQKF WF J±HIIRHTIKPQ dRHUKIHIKPQQFJJFL MNK PVJKdF \ ZRFQWRF FQ TP]ZIFL FQ
ZRKQTKZFL IPNIFG JFG ]HGGFG ZPNR THJTNJFR JH IRH`FTIPKRF W±NQF GFNJF W±FQIRF FJJFGY

m�����������

­PNG HUPQG RFQTPQIR[L JPRG WFG TcHZKIRFG ZR[T[WFQIGL WKSS[RFQIFG JPKG ZcqGKMNFG MNK GF]VJFQI
dPNUFRQFR JF ]PQWF T[JFGIFL FI ]¸]F JF ]PQWF IPNI TPNRIY �ZRoG ­F�IPQL KJ H GF]VJ[ MNF IPNI
ZPNUHKI ¸IRF F_ZJKMN[ ZHR MNFJMNFG JPKG WF ][THQKMNFL FQ J±PTTNRRFQTF JFG IRPKG JPKG SPQWH]FQX
IHJFG WN ]PNUF]FQIL ZJNG J±F_ZRFGGKPQ WF J±HIIRHTIKPQ NQKUFRGFJJFY ­PNG SFRPQG NQ ZFIKI RHZZFJ
WF TFG JPKGY ­PNG ]FIIRPQG FQ JN]KoRF MNFJMNFGXNQFG WF JFNRG ZRPZRK[I[G MNK W[VPNTcFRPQI GNR
WFG TPQG[MNFQTFG F]VHRRHGGHQIFGY
E±HZZJKTHIKPQ WF TFG QPNUFJJFG JPKG WF JH ][THQKMNF Q±[IHKI ZHG IPN`PNRG SHTKJFY EFG THJTNJG
[IHKFQI W±NQF IFJJF TP]ZJF_KI[ MNF ZHRSPKG TFRIHKQG HGIRPQP]FG WPNIoRFQI WF JH UHJKWKI[ WF TFRX
IHKQFG JPKGY °PNRIHQIL \ SPRTF W±HTcHRQF]FQI FI W±cHVKJFI[ ]HIc[]HIKMNFL IPNI ZHRNI UHJKWFR TFG
JPKG QF�IPQKFQQFGY EFG GNTToG SNRFQI QP]VRFN_ FI VRKJJHQIGY vHKG VKFQI�IL MNFJMNFG SHKJJFG HZZHX
RNRFQIL MNK PVJKdoRFQI \ NQF R[UKGKPQ VPNJFUFRGHQIFY

��� ���� �� 
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­PNG HUPQG W[`\ ZHRJ[ WFG JPKG MNF ­F�IPQ HUHKI ]KGFG \ JH VHGF WF GH ][THQKMNFY fJJFG
[IHKFQI HN QP]VRF WF IRPKGY ­PNG JFG RHZZFJPQG �
C����l�� ��� = �� ��� �o�������% fQ J±HVGFQTF WF SPRTF F_I[RKFNRFL JH MNHQIKI[ WF ]PNUF]FQI
hZRPWNKI WF JH ]HGGF ZHR JH UKIFGGFi W±NQ GqGIo]F WF]FNRF TPQGIHQIFY

m��p�l�� ��� = l������� )����������� �� �� ������$��% gK NQF SPRTF HdKI GNR NQ TPRZGL JF
TPRZG HTT[JoRF WHQG JH WKRFTIKPQ WF JH SPRTFY aFJJFXTK FGI [dHJF \ JH UHRKHIKPQ WF JH MNHQIKI[ WF
]PNUF]FQI ZHR NQKI[ WF IF]ZGqr Y

������l�� ��� = ��� �� �� � ������Y EFG SPRTFG GPQI IPN`PNRG ]NINFJJFGY gK NQ TPRZG F_FRTF NQF
SPRTF GNR NQ HNIRF TPRZGL TF WFRQKFR R[HdKI GNR JF ZRF]KFR HUFT NQF SPRTF [dHJF FI PZZPG[FY
­F�IPQL ZPNR TP]ZRFQWRF JF ]PNUF]FQI WF JH ENQF FI RFIRPNUFR JFG JPKG WF �FZJFRL H Ws ZPGINX
JFRL FQ ZJNGL MNF IPNG JFG TPRZG G±HIIKRHKFQI ]NINFJJF]FQI FQ RHKGPQ KQUFRGF WN THRR[ WF JFNR WKGX
IHQTF FI ZRPZPRIKPQQFJJF]FQI HN ZRPWNKI WF JFNR ]HGGFY a±FGI JH SH]FNGF JPK W±HIIRHTIKPQ NQKUFRX
GFJJFY °HR WFG TPQGKW[RHIKPQG TKQ[]HIKMNFGL ­F�IPQ FGI ZHRUFQN \ THJTNJFR J±HTT[J[RHIKPQ ZRPX
WNKIF GNR NQ TPRZG ZHR NQF SPRTF ZFRZFQWKTNJHKRF \ JH WKRFTIKPQ WF GH UKIFGGF hUPKR TcHZKIRF bbbiY

aFG IRPKG JPKG SHKGHKFQI KQIFRUFQKR JFG TPQTFZIG ZR[TKG WF t SPRTF uL t MNHQIKI[ WF ]PNUF]FQI u
FI t ]HGGF uY EH JPK W±KQFRIKF WF tHJKJ[F ZPNUHKI G±F_ZRK]FR \ ZHRIKR WF TF TPQTFZI QPNUFHN WF
MNHQIKI[ WF ]PNUF]FQIY pFN_ WF TFG MNHQIKI[GL JH ]HGGF FI JH MNHQIKI[ WF ]PNUF]FQIL GF
TPQGFRUFQI hWF]FNRFQI TPQGIHQIFGi ]HJdR[ J±[UPJNIKPQ WN GqGIo]F �
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�i JH ]HGGFL MNK ]FGNRF JH MNHQIKI[ WF ]HIKoRF W±NQ TPRZGL GF TPQGFRUFY aF Q±FGI ZHG NQF QPX
IKPQ HNGGK [UKWFQIF MNF TF MNF J±PQ ZPNRRHKI ZFQGFRY ®Q ZFNI J±F_Z[RK]FQIFR HUFT NQ FQSHQI MNK
ZFQGFRH MNF JH MNHQIKI[ WF ZeIF \ ]PWFJFR W[ZFQW WF JH SPR]FY ­PNG UFRRPQG VKFQI�I MNF TFIIF
QPIKPQ WF TPQGFRUHIKPQ WF JH ]HGGF H [I[ FQdJPV[F WHQG NQF QPIKPQ FQTPRF ZJNG d[Q[RHJFL
TFJJF WF JH TPQGFRUHIKPQ WF J±[QFRdKFL ZHR JH T[JoVRF RFJHIKPQ W±fKQGIFKQ f µ]TvY
�i JH MNHQIKI[ WF ]PNUF]FQI FGI NQF QPIKPQ FQTPRF ZJNG HVGIRHKIF � JF ZRPWNKI W±NQF ]HGGF ZHR
NQF UKIFGGF ( °PNRIHQI QPNG ZPNUPQG FGGHqFR W±K]HdKQFR NQF GKINHIKPQ Pw TFIIF JPK ZFNI GF t
RFGGFQIKR uY b]HdKQF³ MNF UPNG ¸IFG GNR NQF GNRSHTF ZHRSHKIF]FQI dJHT[FL GHQG SRPIIF]FQIY gK
UPNG ZPNGGF³ NQF ZFRGPQQFL WF ]¸]F ]HGGF MNF UPNGL UPNG RFTNJFRF³L TcHTNQ WHQG WFG WKX
RFTIKPQG PZZPG[FGL HUFT NQF UKIFGGF [dHJFY gK HN JKFN WF ZPNGGFR NQF ZFRGPQQF UPNG ZPNGGKF³
NQ ]H]]PNIc h`F WKG ]H]]PNIc ZJNI�I MN±[J[ZcHQIL \ THNGF WN GPJ dFJ[ (i UPNG RFTNJFRKF³ \
dRHQWF UKIFGGF HJPRG MNF JF ]H]]PNIc RFGIFRHKI ZRFGMNF K]]PVKJFY a±FGI JH JPK WF JH TPQGFRUHX
IKPQ WF JH MNHQIKI[ WF ]PNUF]FQIY

®RKdKQF WFG JPKG WF TPQGFRUHIKPQ

EH ]HIc[]HIKTKFQQF f]]q ­PFIcFR ]PQIRHL ZHR WFG TPQGKW[RHIKPQG IRoG d[Q[RHJFGL MNF TFG
JPKG WF TPQGFRUHIKPQ R[GNJIFQI WF ZRPZRK[I[G WF J±FGZHTF FI WN IF]ZGY EH W[]PQGIRHIKPQ GPRI WN
ZRPZPG WF TF TPNRG [J[]FQIHKRFL ]HKG KJ FGI K]ZPRIHQI WF TPQQH)IRF J±PRKdKQF ZRPSPQWF WF TFG
JPKG MNK QPNG dPNUFRQFQIY

aR[WKIG � ���YHdQFGGTPIIYFWN f]]q ­PFIcFR ����X����

EH TPQGFRUHIKPQ WF J±[QFRdKF hFI KQWKRFTIF]FQI WF JH ]HGGFi FGI JK[F HN SHKI MNF JF IF]ZG
G±[TPNJF WF ]HQKoRF NQKSPR]FY ­±K]ZPRIF MNFJ KQGIHQI ZFNI GFRUKR W±PRKdKQFY a±FGI J±NQKSPR]KI[ WN
IF]ZGY
EH TPQGFRUHIKPQ WF JH MNHQIKI[ WF ]PNUF]FQI FGI JK[F HN SHKI MNF IPNG JFG ZPKQIG WF J±FGZHTF
GPQI [MNKUHJFQIGY ­±K]ZPRIF MNFJ ZPKQI ZFNI GFRUKR W±PRKdKQF WFG ZPGKIKPQGY a±FGI J±cP]Pd[Q[KI[
WF J±FGZHTFY
bJ F_KGIF NQF HNIRF JPK WF TPQGFRUHIKPQL HZZJKTHVJF ZPNR JFG GqGIo]FG FQ RPIHIKPQY a±FGI TF MN±PQ
HZZFJJF JH TPQGFRUHIKPQ WN ]P]FQI TKQ[IKMNFY aFIIF JPK FGI JK[F HN SHKI MNF IPNIFG JFG WKRFTIKPQG
GPQI [MNKUHJFQIFGY a±FGI J±KGPIRPZKF WF J±FGZHTFY

k���$��� ������ � � ?x������ ��� ���� �� �� � ����$��

EH JPK WF JH dRHUKIHIKPQ NQKUFRGFJJF FI JH TPQGFRUHIKPQ WF JH MNHQIKI[ WF ]PNUF]FQI HUHKFQI WFG
ZRPZRK[I[G MNK ZPRIHKFQI FQ FJJFG WFG TP]ZJKTHIKPQG KQGPNZ'PQQ[FGY

E±F_ZRFGGKPQ ]¸]F WF JH JPK W±HIIRHTIKPQ NQKUFRGFJJF ]PQIRF MNF GK JH WKGIHQTF FQIRF JFG TPRZG
FGI QNJJFL JH SPRTF W±HIIRHTIKPQ WFUKFQI KQSKQKFY a±FGI NQF WKSSKTNJI[ ZPNR JH ]KTRPZcqGKMNFL ]HKG
ZHG ZPNR J±HGIRPZcqGKMNF WPQI QPNG HJJPQG ZHRJFRY a±FGI HN TPQIRHKRF \ J±PZZPG[L MNHQW JH WKGX
IHQTF WFUKFQI KQSKQKFL MNF QPNG RFQTPQIRFRPQG WFG ZRPVJo]FGY EH SPRTF IFQW UFRG ³[RPL ]HKG KJ
Q±q H ZHG WF JK]KIF \ JH ZPRI[F WF TFIIF HIIRHTIKPQY P̂NG JFG TPRZG WF J±NQKUFRG HdKGGFQI JFG NQG
GNR JFG HNIRFGY EF ]PKQWRF W[ZJHTF]FQI W±NQF ]HGGF MNFJMNF ZHRI WHQG J±NQKUFRG WPKIL FQ ZRKQX
TKZFL RFIFQIKR GNR IPNG JFG HNIRFG TPRZGY gK ZHR F_F]ZJF `F ]F W[ZJHTF WHQG ]PQ VNRFHNL FQ
IPNIF RKdNFNR JH IRH`FTIPKRF WFG ZJHQoIFG WPKI FQ ¸IRF ]PWKSK[FY �UKWF]]FQIL ]H SHKVJF ]HGGFL
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TP]ZHR[F \ TFJJF WFG ZJHQoIFGL RFQW ]PQ KQSJNFQTF KQSK]FL ]HKG ZHG QNJJFY
EH TPQGFRUHIKPQ WF JH MNHQIKI[ WF ]PNUF]FQI ZPGF [dHJF]FQI NQ ZRPVJo]F WHQG JH W[SKQKIKPQ
WN RFZoRF WF R[S[RFQTFY f_ZJKMNPQG NQ ZFN ZJNG FQ W[IHKJY ĤQI MNF J±cP]]F GF TRPqHKI GNR NQF
F̂RRF K]]PVKJFL HN TFQIRF WF J±NQKUFRGL KJ Q±q HUHKI ZHG WF ZRPVJo]FY vHKG WN SHKI WF JH TPQGFRUHX
IKPQ WF JH MNHQIKI[ WF ]PNUF]FQIL JH R[HJKI[ FGI MNF JF gPJFKJ FI JH F̂RRF IPNRQFQI IPNG WFN_ HNX
IPNR WN TFQIRF WF dRHUKI[ TP]]NQY gK JH F̂RRF GF W[ZJHTF NQ ZFNL FJJF KQWNKI NQ ZFIKI W[ZJHTFX
]FQI WN gPJFKJY EH ENQF FQ t IPNRQHQI HNIPNR WF JH F̂RRF u KQWNKI NQ ZFIKI ]PNUF]FQI \ JH F̂RRFY
EF ZJHQ WF J±[TJKZIKMNFL TF ZJHQ GK K]ZPRIHQI ZPNR JFG PVGFRUHIKPQGL Q±FGI WPQT ZHG F_HTIF]FQI JF
ZJHQ W[SKQK ZHR J±PRVKIF WF JH F̂RRFL ]HKG ZHR TFJNKL ]PKQG WKRFTIF]FQI HTTFGGKVJFL WF J±PRVKIF WN
TPNZJF F̂RRFXENQFY ­PIPQG MNF TFIIF ZHRIKTNJHRKI[ H [I[ ]KGF \ ZRPSKI ZHR vY vHqPR FI pY ·NFX
JP³L ZPNR R[HJKGFR JH ZRF]KoRF W[IFTIKPQ WF ZJHQoIFG F_IRHGPJHKRFG hF_PZJHQoIFGiL FQ ]FGNRHQIL
ZPNR WFG [IPKJFG ZRPTcFGL JFG ZFIKIG W[ZJHTF]FQIG Z[RKPWKMNFG KQWNKIG ZHR TFG ZJHQoIFG KQUKX
GKVJFGY

��� ����l� �� �� � ����$�� �� 
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EFG ZRF]KoRFG HQHJqGFG W[IHKJJ[FG SNRFQI HZZJKMN[FG HN ]PNUF]FQI WF JH ENQF FI HN_ ZJHX
QoIFGY EH IRH`FTIPKRF WF TcHMNF ZJHQoIF [IHQI W[SKQKF ZHR JFG WKSS[RFQIG ZHRH]oIRFG MNK JH THRHTX
I[RKGFQI hUPKR JF TcHZKIRF ZR[T[WFQIiL KJ [IHKI ZPGGKVJF WF ZR[UPKR ZR[TKG[]FQI JFG ZPGKIKPQG WF
TcHTNQF W±FJJFGL \ IPNI ]P]FQIY
fQ ����L J±PRVKIF WF JH ZJHQoIF nRHQNG SNI THJTNJ[F HUFT ZR[TKGKPQ ZHR pFJH]VRFY aFIIF ZJHQoIFL
W[TPNUFRIF ZHR cHGHRW QFNS HQG ZJNG I�I ZHR �Y �FRGTcFJJL QF GF]VJHKI ZHG GNKURF F_HTIF]FQI
JFG ZR[WKTIKPQGY EFG ZFRINRVHIKPQG THNG[FG ZHR uNZKIFR FI gHINRQF Q±F_ZJKMNHKFQI ZHG JFG [THRIGY
¯FRG JFG HQQ[FG ��¬�L JFG W[GHTTPRWG FQIRF PVGFRUHIKPQ FI ZR[WKTIKPQ [IHKFQI WF J±PRWRF WF �±L
WPQT IRoG GKdQKSKTHIKSGY nQ `FNQF [INWKHQI HQdJHKGL uYaY �WH]GL ZRPZPGH MNF JF W[GHTTPRW ZRPUFX
QHKI W±NQF ZFRINRVHIKPQ ZHR NQF ZJHQoIF KQTPQQNFL PRVKIHQI HNXWFJ\ WF J±PRVKIF W±nRHQNGY bJ THJTNX
JH JH ZPGKIKPQ WF TFIIF cqZPIc[IKMNF ZJHQoIF FI HJJH UPKR GPQ ZRPSFGGFNRL gKR tY �KRqY aFJNKXTK Q±HTX
TPRWH HNTNQ TR[WKI \ TFIIF ZR[WKTIKPQY nQ HQ ZJNG IHRWL NQ HGIRPQP]F TPQQNL EF ¯FRRKFRL SKI JF
]¸]F THJTNJ MNF TFJNK W±�WH]G FI PVIKQI NQF ZR[WKTIKPQ GK]KJHKRFY E±PVGFRUHIKPQ SNI SHKIFY EH ZJHX
QoIF QPNUFJJF SNI W[TPNUFRIFY fJJF SNI HZZFJ[F ­FZINQFY �KRq RF]HRMNH MNF JH ZR[WKTIKPQ WF GPQ
[INWKHQIL NQ HQ HUHQI TFJJF WF EF ¯FRRKFRL [IHKI TPRRFTIFY bJ FNI J±cPQQ¸IFI[ WF JF SHKRF GHUPKRL HN
RKGMNF WF GF WKGTR[WKIFRY uNGIKTF SNI HKQGK RFQWNF HN `FNQF [INWKHQIY

��� ������� $�� �� �������� ��� ���� �� ���?

EH ZJHQoIF vFRTNRFL JH ZJNG ZRPTcF WN gPJFKJL ]PQIRHKI NQ TNRKFN_ Zc[QP]oQFY EF dRHQW H_F WF
GPQ PRVKIF W[RKUHKI WF ��¬r ZHR GKoTJF ´ KJ WFUHKI G±HdKR WFG ZFRINRVHIKPQG WFG HNIRFG ZJHQoIFGY
EFG TPRRFTIKPQG [IHQI SHKIFGL KJ RFGIHKI FQTPRF NQF ZFIKIF HQP]HJKF WF ¬�r ZHR GKoTJFL JFG ZFRINRVHX
IKPQG TPQQNFG F_ZJKMNHQIL \ FJJFG GFNJFGL ���r ZHR GKoTJFY
EH ZRF]KoRF KW[F SNI MN±NQF ZJHQoIF QPNUFJJF WFUHKI F_KGIFRL IRoG ZRPTcF WN gPJFKJL MNK ZPNRRHKI
F_ZJKMNFR JFG ¬�r ZHR GKoTJFY aFIIF ]qGI[RKFNGF ZJHQoIF RF'NI ]¸]F NQ QP] � ¯NJTHKQL WKFN WFG
fQSFRGY vHKG TFIIF ZJHQoIF QF SNI `H]HKG PVGFRU[FY ·NHQW fKQGIFKQ W[UFJPZZH GH Ic[PRKF WF JH
RFJHIKUKI[ d[Q[RHJFL KJ ZFQGH MNF J±HQP]HJKF WF vFRTNRF G±F_ZJKMNFRHKI GK]ZJF]FQI ZHR JFG QPNX
UFJJFG JPKGY fQ FSSFIL vFRTNRF FGI IRoG ZRoG WN gPJFKJY EF TcH]Z WF dRHUKIHIKPQ q FGI IRoG KQIFQGFL
FI T±FGI J\ `NGIF]FQI MNF JFG QPNUFJJFG JPKG WFUHKFQI ]PQIRFR NQF WKSS[RFQTF ZHR RHZZPRI \ JH ][X
THQKMNF WF ­F�IPQY fKQGIFKQ SKI JF THJTNJ WF JH TPRRFTIKPQ K]ZJKMN[F ZHR GH QPNUFJJF ][THQKMNFY
EF R[GNJIHI [IHKI [IPQQHQI � ¬�r ZHR GKoTJFY ­PQ GFNJF]FQI KJ Q±q HUHKI ZJNG VFGPKQ WF ¯NJTHKQL
]HKG NQF IFJJF ZJHQoIF [IHKI ]¸]F F_TJNFY

��� )���� y ������ ���p���$� �

EH ZPRI[F KQSKQKF WF J±HIIRHTIKPQ dRHUKIHIKPQQFJJF ZPGF NQ QPNUFHN ZRPVJo]FY gK PQ TPQGKWoRF JFG
ZFIKIFG ZJHQoIFGL TF MN±PQ HZZFJJF HNGGK JFG HGI[RPsWFGL JFG ZFRINRVHIKPQG THNG[FG ZHR J±FQX
GF]VJF WFG ]HGGFG WN gqGIo]F GPJHKRF ZFNUFQI WFUFQKR dRHQWFGL ]¸]F TFJJFG ZRPUFQHQI WF
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ZFIKIFG ]HGGFG FQTPRF KQTPQQNFGY
fQ W±HNIRFG IFR]FGL KJ WFUKFQI K]ZPGGKVJF WF ZR[WKRF JFG ZPGKIKPQG WFG ZFIKIFG ZJHQoIFGY pHQG JF
W[IHKJ NJIK]FL JH IRH`FTIPKRF W±NQ TPRZG T[JFGIF MNFJTPQMNF PV[KI \ NQF IRH`FTIPKRF K]ZR[UKGKVJFY
y TPNRIF [Tc[HQTFL KJ FGI ZPGGKVJF WF ZRFQWRF FQ TP]ZIF JFG FSSFIG ZRKQTKZHN_L TFN_ R[GNJIHQI
WFG dRPGGFG ZJHQoIFGL ]HKG HNGGK TFN_ ZRPWNKIG ZHR JFG ZFIKIFG ZJHQoIFG W[`\ KWFQIKSK[FGY vHKG
HNXWFJ\ W±NQ TFRIHKQ IF]ZGL JFG ZFIKIFG ZFRINRVHIKPQG FQTPRF KQTPQQNFG ZFNUFQI ]PWKSKFR GNSSKX
GH]]FQI JFG ZPGKIKPQGL ZPNR RFQWRF K]ZPGGKVJF IPNIF ZR[WKTIKPQY bJ Q±FGI ZHG ZPGGKVJF WF
TPQQH)IRF JH IRH`FTIPKRF W±NQF ZJHQoIF HUFT NQF ZR[TKGKPQ KQSKQKFY pHQG JF W[IHKJL JFG IRH`FTIPKRFG
ZJHQ[IHKRFG GPQI WKIFG TcHPIKMNFGY
°PNR JFG TPRZG WF ZFIKIF IHKJJFL J±KQTFRIKINWF FGI IRoG dRHQWFY a±FGI JF THG ZHR F_F]ZJF WF J±HGI[X
RPsWF t P̂NIHIKG uL MNK ZHGGF IPNG JFG MNHIRF HQG \ ZRP_K]KI[ WF JH F̂RRF FI MNK ZPNRRHKI NQ `PNR
JH ZFRTNIFRY ­PNG ZRPZPGPQG NQ F_FRTKTF hUPKR RNVRKMNF t �GI[RP)WFG u WF En­�° PQdJFI HTIKUKX
I[i WHQG JFMNFJ QPNG FGGHqPQG W±[UHJNFR J±H]ZJFNR WN G[KG]F MNF ZRPUPMNFRHKI JH TPJJKGKPQ WF
P̂NIHIKG HUFT JH F̂RRFY EF R[GNJIHI FGI NQ ZFN FSSRHqHQIL ]¸]F GK JH ZRPVHVKJKI[ WF RFQTPQIRF FGI
SHKVJFY
­PG HQT¸IRFG JFG tHNJPKG HUHKFQI VKFQ RHKGPQ WF GF ][SKFR YYY

z{|  `_¦_¤c\¡ ¥¡ ¤_ ¤[©£}«¡

�[GN][ � pHQG TF QPNUFHN TcHZKIRFL QPNG FQIRPQG WHQG JF WP]HKQF WF J±HGIRPZcqGKMNFY a±FGI
ZHR J±HQHJqGF WF JH JN]KoRFL JH GZFTIRPdRHZcKFL MN±H W[VNI[ J±HUFQINRFY EFG ZcqGKTKFQG SNRFQI
TPQSRPQI[G HGGF³ I�I HN Zc[QP]oQF QPNUFHN WFG RHKFG GZFTIRHJFGY aP]]FQI KQIFRZR[IFR TFI KQX
URHKGF]VJHVJF K]VRPdJKP WF RHKFGY a±FGI ZHR NQF R[UPJNIKPQ WHQG JFG TPQTFZIKPQG WF JH ZcqGKMNF
MN±H ZN []FRdFR JH TP]ZR[cFQGKPQY
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pHQG TF QPNUFHN TcHZKIRFL QPNG FQIRPQG R[FJJF]FQI WHQG J±HGIRPZcqGKMNFL THR QPNG HJJPQG ZPNX
UPKR QPNG KQI[RFGGFR \ JH ZcqGKMNF WFG HGIRFG FI ZJNG GFNJF]FQI \ JFNRG ZPGKIKPQGY vHKG TP]X
]FQI [INWKFR JH ZcqGKMNF W±NQ PV`FI MNF J±PQ QF ZFNI ZHG HZZRPTcFR * a±FGI [UKWF]]FQI JH JNX
]KoRF MNK UH QPNG ZFR]FIIRF WF R[HJKGFR TF MNF �NdNGIF aP]IF TRPqHKI \ `H]HKG K]ZPGGKVJFY bJ
[TRKUHKI FQ FSSFI MNF t YYYQPG TPQQHKGGHQTFG ZPGKIKUFG ZHR RHZZPRI HN_ HGIRFG GPQI Q[TFGGHKRFX
]FQI JK]KI[FG \ JFNRG GFNJG Zc[QP]oQFG d[P][IRKMNFG FI ][THQKMNFG uY
aP]]FQI F_IRHKRF WF JH GFNJF JN]KoRF NQF KQSPR]HIKPQ HNGGK RKTcF MNF JH TP]ZPGKIKPQ TcK]KMNF
W±NQF [IPKJFL PN MNF JFG ]PNUF]FQIG \ GH GNRSHTF * a±FGI TF MNF QPNG HJJPQG TP]]FQTFR
W±[INWKFRY
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­PNG HUPQG UN MNFJ R�JF ZR[ZPQW[RHQI H `PN[ ­F�IPQ WHQG J±[IHVJKGGF]FQI WFG JPKG WF JH ][THX
QKMNFY aF GHUHQI d[QKHJ QF G±FQ FGI ZHG IFQN MN±\ TFI HGZFTI WF JH ZcqGKMNFY bJ H [INWK[ J±PZX
IKMNFY �PQ F_Z[RK]FQIHIFNRL KJ H GN WF ]HQKoRF d[QKHJF IRPNUFR WFG F_Z[RKFQTFG MNK ZRPNUHKFQI
MNF JH JN]KoRF t PRWKQHKRF u [IHKI NQF JN]KoRF t TP]ZPG[F uY
gH ZRF]KoRF F_Z[RKFQTF H TPQGKGI[ \ SHKRF FQIRFR JH JN]KoRF WN gPJFKJ WHQG NQF ZKoTF PVGTNRF
ZHR NQF ZFIKIF PNUFRINRF ZRHIKMN[F WHQG JFG UPJFIGY aF SKQ ZKQTFHN JN]KQFN_ [IHKI FQUPq[ GNR NQ
TPKQ WF UFRRFL TF MN±PQ HZZFJJF NQ ZRKG]FY EH JN]KoRF VJHQTcF WN gPJFKJ GF W[TP]ZPGHKI HJPRG
FQ NQF ]NJIKINWF WF TPNJFNRGL TcHTNQF W±FJJFG GPRIHQI WN ZRKG]F WHQG NQF WKRFTIKPQ WKSS[RFQIF
hSKdNRF ¯bX�iY EH JN]KoRF VJHQTcF TPQIFQHKI WPQT ZJNGKFNRG TPNJFNRGY vHKG ­F�IPQ HJJH ZJNG JPKQL
KJ TPJJFTIH TFG RHqPQG TPJPR[G HUFT NQF JFQIKJJF TPQUFRdFQIF FI FQUPqH IPNG TFG RHqPQG GNR NQ
ZRKG]F GK]KJHKRF HN ZRF]KFRL ]HKG KQUFRG[ hSKdNRF ¯bX�iY y JH GPRIKF WF TF WFN_Ko]F ZRKG]FL JFG
WKSS[RFQIG SHKGTFHN_ TPJPR[G G±[IHKFQI RFTP]ZPG[G FQ NQ GFNJ RHqPQ VJHQTL GF]VJHVJF HN RHqPQ
GPJHKRF KQKIKHJY °JNGKFNRG TPNJFNRG ZPNUHKFQI GF RFTP]ZPGFR FQ NQ RHqPQ VJHQTY ­F�IPQ ]PQIRH
MNF JF QPNUFHN RHqPQ VJHQT ZPNUHKI \ GPQ IPNR GF W[TP]ZPGFR FQ WKUFRG SHKGTFHN_ TPJPR[GY
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�KdNRF ¯bX� � p[TP]ZPGKIKPQ FI RFTP]ZPGKIKPQ WF JH JN]KoRF ZHR J±F_Z[RKFQTF WF ­F�IPQY
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nQF MNFGIKPQ GF ZPGF HJPRG � TP]VKFQ WF TPNJFNRG HZZHRHKGGFQI JPRG WF JH W[TP]ZPGKIKPQ WF JH
JN]KoRF VJHQTcF * vPQ KQGIKINIFNR ]±HUHKI HZZRKG NQ ]PI ]HdKMNF ZPNR RFIFQKR TFG TPNJFNRG �
¯b�¯u®�Y ­PNG HUPQG HKQGK JFG KQKIKHJFG WFG ZRKQTKZHJFG TPNJFNRG � ¯KPJFIL bQWKdPL �JFNL ¯FRIL
uHNQFL ®RHQd[L �PNdFY
®Q GFRHKI TPQWNKI \ ZFQGFR MN±KJ Q±q H MNF GFZI TPNJFNRG SPQWH]FQIHJFGY fQ R[HJKI[L QPNG JF UFRX
RPQG NQ ZFN ZJNG JPKQL TcHMNF TPNJFNR FGI THRHTI[RKG[F ZHR NQF JPQdNFNRL JH JPQdNFNR W±PQWFY bJ
q H HNIHQI WF TPNJFNRG MN±KJ ZFNI q HUPKR WF JPQdNFNRGL WKGPQG NQF KQSKQKI[Y
­[HQ]PKQGL JFG GFZI TPNJFNRG UNFG ZJNG cHNI TPQWNKGFQI \ NQF VPQQF RFZR[GFQIHIKPQ WF JH W[X
TP]ZPGKIKPQ W±NQF JN]KoRF VJHQTcFL TP]]F QPNG HJJPQG JF UPKRY ­F�IPQ K]HdKQH NQF F_Z[X
RKFQTFL ]FRUFKJJFNGF WF GK]ZJKTKI[L ZPNR ]PQIRFR MN±NQF TP]VKQHKGPQ WF TPNJFNRG ZPNUHKI ZRPX
WNKRF WN VJHQTY fQ WFGGKQHQI GNR NQ WKGMNF FQ THRIPQ WFG GFTIFNRG TPJPRK[G TcHTNQ HUFT NQF
WFG GFZI TPNJFNRGL QPNG HJJPQG ZPNUPKR t SHKRF u WN VJHQTY bJ GNSSKI WF SHKRF IPNRQFR JF WKGMNF \
dRHQWF UKIFGGFY EFG GFZI TPNJFNRG GF GNZFRZPGFQI \ QPIRF UNF FI QPNG UPqPQG NQ WKGMNF VJHQTL
PN ZJNG F_HTIF]FQIL VJHQTceIRFL THR QPG GFZI TPNJFNRG QF GPQI MN±NQF ZeJF RFZR[GFQIHIKPQ WN
GZFTIRF TP]ZJFIY
pHQG JH RNVRKMNF t RF]NFX][QKQdFG u WN aa Q¶ ��� ht v[JHQdF WFG TPNJFNRG ZY�� uiL QPNG ZPX
GPQG NQF MNFGIKPQ F]VHRRHGGHQIF \ ZRPZPG WF JH RFZR[GFQIHIKPQ WFG TPNJFNRGY fQ FSSFIL GKL GNR
JF WKGMNF WF ­F�IPQL QPNG QF SHKGPQG SKdNRFR MNFL ZHR F_F]ZJFL WN `HNQF FI WN VJFNL QPNG UFRX
RPQG NQF TPNJFNR UFRIFY �KFQ ( vHKG FGIXTF \ WKRF MNF JF ][JHQdF WF WFN_ JPQdNFNRG W±PQWF
h`HNQF FI VJFNi SHVRKMNF NQF IRPKGKo]F JPQdNFNR W±PQWF hJF UFRIi * gK QPNG IRHQGZPGPQG TFJH \ JH
]NGKMNFL FQ `PNHQI ZHR F_F]ZJF NQ WP FI ]K FQIFQWRPQG QPNG NQ R[ * uF JKURF TFIIF MNFGIKPQ
ZKodF \ UPIRF GHdHTKI[Y
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fQ ����L MNFJMNFG W[TFQQKFG HZRoG ­F�IPQL �KJJKH] �PJJHGIPQ FNI NQ `PNR NQF KW[FL H ZRKPRKL
TNRKFNGFY bJ W[TP]ZPGH JH JN]KoRF WN gPJFKJ HUFT NQ ZRKG]FL TP]]F J±HUHKI SHKI ­F�IPQL ]HKG HN
JKFN WF ZRFQWRF IPNIF J±K]HdF WN gPJFKJL KJ FQ KGPJH NQF ]KQTF IRHQTcF HUFT NQF SFQIFY ·NFJ [IHKI
GPQ VNI * ®Q ZFNI JF TP]ZRFQWRF � MNHQW PQ ZRFQW IPNIF J±K]HdF WN gPJFKJL TcHMNF ZPKQI WF
J±PNUFRINRF W±FQIR[FL UH GF W[TP]ZPGFR WHQG JFG WKSS[RFQIFG TPNJFNRGY �NGGKL WHQG NQF WKRFTIKPQ
WF GPRIKF GF ][JHQdFRPQI WFG RHqPQG WF WKSS[RFQIFG TPNJFNRGL FQIR[G GPNG WFG HQdJFG WKSS[RFQIGY
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bJ q HNRH NQ ][JHQdF WFG TPNJFNRGY �UFT NQF SFQIF IRoG SKQFL KJ FGI ZPGGKVJF W±[UKIFR TF ][JHQdFY
®Q WPKI HUPKR WFG TPNJFNRG ZJNG QFIIFGL FI MNK GHKIL UPKR G[ZHR[]FQI JFG TPNJFNRG MNK TP]ZPGFQI
JF GZFTIRF WN gPJFKJY EH SKdNRF ¯bX� ]PQIRF JF GTc[]H WN ZRKQTKZF WF J±HZZHRFKJJHdF WF �PJJHGX
IPQY

�KdNRF ¯bX� � gZFTIRPGTPZF \ SFQIF

�PJJHGIPQ QF R[NGGKI ZHG \ W[QP]VRFR JFG TPNJFNRG MNK GF]VJHKFQI IPN`PNRG HZZHRH)IRF ZJNG
QP]VRFNGFGL WHQG IPNIFG JFG QNHQTFG t ¯b�¯u®� uY vHKG KJ PVGFRUH NQF TcPGF [IRHQdF � GNR
JF SPQW TPJPR[ GF W[IHTcHKFQI WFG JKdQFG GP]VRFGL ZJNG PN ]PKQG GFRR[FG FI WKGIRKVN[FG HZZHX
RF]]FQI HN cHGHRWY °PNRIHQIL TFG RHKFG PTTNZHKFQI WFG ZPGKIKPQG RFJHIKUFG SK_FGL IPN`PNRG JFG
]¸]FGL MNFJ MNF GPKI JF WKGZPGKIKS NIKJKG[Y gK PQ [JHRdKGGHKI JH SFQIF W±FQIR[FL JFG RHKFG WKGZHRHKGX
GHKFQI ZRPdRFGGKUF]FQIY gK PQ RFGGFRRHKI JH SFQIFL JFG RHKFGL MN±PQ HZZFJJFRH W[GPR]HKG JFG RHKFG
GZFTIRHJFGL R[HZZHRHKGGHKFQI \ JH ]¸]F ZJHTFY
aFIIF PVGFRUHIKPQ MNK TPQIFQHKI FQ dFR]F JH QPNUFJJF ZcqGKMNF HIP]KMNFL Q±FNI ZHG VFHNTPNZ
W±[TcPL `NGMN±\ TF MN±NQ PZIKTKFQ HJJF]HQWL uPGFZc UPQ �RHNQcPSFR RFSHGGF JFG ]¸]FG PVGFRX
UHIKPQGY bJ PVGFRUH ZJNG WF IRPKG TFQIG RHKFG GZFTIRHJFG FI KJ W[GKdQH ZHR WFG JFIIRFG JFG RHKFG JFG
ZJNG KQIFQGFGY bJ PVGFRUH FQ ZHRIKTNJKFR TF MNF JFG HGIRPQP]FG HZZFJJFQI FQTPRF JFG RHKFG t � u
FI t � u WHQG JF VJFNL JF WPNVJFI t p uL GKIN[ JNK WHQG JF `HNQF FI VKFQ W±HNIRFGY vHKG JH TPQGIHIHX
IKPQ JH ZJNG RF]HRMNHVJF WF �RHNQcPSFR SNI MNF JF WPNVJFI t p u ZPNUHKI ¸IRF PVGFRU[ GK]ZJFX
]FQI FQ SHKGHQI JF GZFTIRF W±NQF SJH]]F WHQG JHMNFJJF VRsJF WN GPWKN] hZHR F_F]ZJF NQF
SJH]]F WHQG JHMNFJJF PQ ZJHTF WN GFJ PRWKQHKRFiY aFIIF TPQGIHIHIKPQ ]PQIRHKI MN±KJ q HUHKI NQ JKFQ
FQIRF JH ZPGKIKPQ WFG RHKFG GZFTIRHJFG FI JH QHINRF WN TPRZG []FIIFNR WF JN]KoRFY ®Q IFQHKI ZFNIX
¸IRF JH ZPGGKVKJKI[ WF TPQQH)IRF JH TP]ZPGKIKPQ WFG HGIRFGY nQF R[UPJNIKPQ GF ZR[ZHRHKIY vHKG
TP]]FQI KQIFRZR[IFR JFG ZPGKIKPQG WF TFG RHKFG *
a±FGI TF MNF QPNG HJJPQG W[TPNURKR VKFQI�IY
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·NHQW KJ SNI HW]KG MNF JFG RHKFG GZFTIRHJFG RFZR[GFQIHKFQI JH GKdQHINRF WFG TPRZG []FIIFNRGL
JFG HGIRPQP]FG FI JFG ZcqGKTKFQG TcFRTcoRFQI \ W[TcKSSRFR JF TPWF WPQQHQI JH ZPGKIKPQ WFG RHKFG
GZFTIRHJFGY
pFZNKG ­F�IPQ J±KW[F MNF JFG ZcqGKTKFQG GF SHKGHKFQI WF JH JN]KoRF HUHKI [UPJN[Y fQ FSSFIL HUFT
­F�IPQ JH JN]KoRF [IHKI GNZZPG[F SHKIF WF ZHRIKTNJFG WF WKSS[RFQIFG TPNJFNRGY EH ZRPZHdHIKPQ
RFTIKJKdQF PN JH R[SJF_KPQ GNR NQ ]KRPKR PV[KGGHKFQI GK]ZJF]FQI HN_ JPKG WF JH ][THQKMNF QF�IPX
QKFQQFY vHKG VKFQI�I NQ Zc[QP]oQF VPNJFUFRGH TFIIF TPQTFZIKPQ GK GK]ZJF � JH W[TPNUFRIF WFG
KQIFRS[RFQTFGY ·NHQW JH JN]KoRF W±NQF GPNRTF ZHGGF \ IRHUFRG WFN_ ZFIKIG IRPNG hMNK GF TP]X
ZPRIFQI TP]]F WFN_ GPNRTFG KQW[ZFQWHQIFGL ]HKG t GqQTcRPQKG[FG ui J±K]HdF WF TFG WFN_
GPNRTFG WPQQF WFG JKdQFG HJIFRQHIKUF]FQI TJHKRFG FI GP]VRFG hSKdNRF ¯bX�iY aF Zc[QP]oQF FGI
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WKSSKTKJFL GKQPQ K]ZPGGKVJFL \ F_ZJKMNFR HUFT NQF TPQTFZIKPQ TPRZNGTNJHKRF WF JH JN]KoRFY gK FQ
RFUHQTcF PQ TPQGKWoRF MNF JH JN]KoRF FGI SHKIF W±NQF PQWF MNK UKVRF \ NQF TFRIHKQF SR[MNFQTFL
PQ F_ZJKMNF IRoG SHTKJF]FQI JF Zc[QP]oQF W±KQIFRS[RFQTFGY gK FQ NQ ZPKQI WF J±[TRHQL JFG PQWFG
KGGNFG WFG WFN_ GPNRTFG GqQTcRPQFG ZR[GFQIFQI NQ ]H_K]N]L KJ q HNRH NQ ]H_K]N] WF JNX
]KoRFY gKL HN TPQIRHKRFL J±NQF ZR[GFQIF NQ ]H_K]N] FI J±HNIRF NQ ]KQK]N]L JFG WFN_ PQWFG UPQI
G±HQQNJFRL KJ Q±q HNRH ZHG WF JN]KoRF FQ TF ZPKQIY E±[INWF d[P][IRKMNF WF TF Zc[QP]oQF TPJJHKI
ZHRSHKIF]FQI HUFT JFG PVGFRUHIKPQGY EH JN]KoRF WFUHKI ¸IRF NQF PQWFY

�KdNRF ¯bX� � EFG KQIFRS[RFQTFG ZRPNUFQI MN±\ JH JN]KoRF ZFNI ¸IRF HGGPTK[F NQF PQWFY

bJ q FNI ZFQWHQI MNFJMNF IF]ZG NQF c[GKIHIKPQ GNR TFIIF TPQTFZIKPQL THR KJ SHJJHKI F_ZJKMNFR JH
ZRPZHdHIKPQ RFTIKJKdQF WF JH JN]KoRF HKQGK MNF JH R[SJF_KPQ GNR JFG ]KRPKRGY vHKG JF d[QKHJ �NdNGX
IKQ �RFGQFJ R[NGGKI \ ]PQIRFR ]HIc[]HIKMNF]FQI MN±KJ Q±q HUHKI ZHG W±KQTP]ZHIKVKJKI[Y EH THNGF
[IHKI FQIFQWNF � JH JN]KoRF [IHKI NQF PQWF�¬ FI ]KFN_L \ TcHMNF TPNJFNR ZPNUHKI ¸IRF HGGPTK[F
NQF JPQdNFNR W±PQWFY EH JPQdNFNR W±PQWF FGI IRoG SR[MNF]]FQI QPI[F ZHR JH JFIIRF dRFTMNF J
hJKRF JH]VWHi [MNKUHJFQIF \ QPIRF JFIIRF EY
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fQ ����L JF ZcqGKTKFQ �HJ]FR [INWKF JFG RHKFG THRHTI[RKGIKMNFG WF J±cqWRPdoQFY EFG MNHIRF ZRKQX
TKZHJFG RHKFGL MNF J±PQ W[GKdQF ZHR �HL �VL �dL �WL TPRRFGZPQWFQI HN_ JPQdNFNRG W±PQWF ���
Q]L ¬�� Q]L ¬�¬ Q] FI ¬�� Q] hRHZZFJPQG MNF JF QHQP]oIRF QPI[ Q]L UHNI NQ ]KJJKHRWKo]F WF
]oIRFiY
�HJ]FR ]PQIRF MN±FJJFG PV[KGGFQI HN ZRKQTKZF WF �KI³ [TRKI GPNG JH SPR]F �

HUFT ZPNR QL JFG UHJFNRG FQIKoRFGL �L ¬L � FI �Y °JNG IHRW PQ H IRPNU[ W±HNIRFG RHKFG MNK TPRRFGX
ZPQWHKFQI HN_ FQIKFRG GNKUHQIGY EH TPQGIHQIF � HZZFJ[F JH TPQGIHQIF WF �qWVFRd HUHKI NQF UHX
JFNR F_Z[RK]FQIHJF TPQQNFY
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E±HIP]F W±cqWRPdoQF [IHKI NQ VPQ F_F]ZJF \ [INWKFRY vHKG TP]]FQI KQIFRZR[IFR J±HRRKU[F WF
QP]VRFG FQIKFRG WHQG JH ZcqGKMNFY �IHKIXTF NQ RFIPNR HN_ TPQTFZIKPQG HQTFGIRHJFG WFG tRFTG *
­PNG HJJPQG UPKR MNF TFIIF KQIFRZR[IHIKPQ FGI HRRKU[F ZHR NQ TcF]KQ W[IPNRQ[L MNF QPNG HJJPQG
F]ZRNQIFRY
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EFG ZcqGKTKFQG [INWKHKFQI JF RHqPQQF]FQI W±NQ TPRZG KGPIcFR]FL HZZFJ[ JF TPRZG QPKRY nQ IFJ
TPRZG FGI IPIHJF]FQI HVGPRVHQI FI IPIHJF]FQI []KGGKSY f_ZJKMNPQG NQ ZFNY
nQF GNRSHTF ZFKQIF FQ QPKRF HVGPRVF JH TcHJFNRY °PNR UPNG FQ TPQUHKQTRFL ZJHTF³ FQ ZJFKQ GPX
JFKJL NQF ZJHMNF ][IHJJKMNF ZFKQIF FQ VJHQT FI NQF ZJHMNF KWFQIKMNF ZFKQIF FQ QPKRY ¯PNG TPQGIHX
IFRF³ MNF JH ZJHMNF ZFKQIF FQ QPKR G±[TcHNSSF VFHNTPNZ ZJNG UKIFY a±FGI JH RHKGPQ ZPNR JHMNFJJF
JFG THZIFNRG GPJHKRFG GPQI ZFKQIG FQ QPKRY gK ]HKQIFQHQI UPNG TcHNSSF³ JFG WFN_ ZJHMNFG \ JH
]¸]F IF]Z[RHINRFL FI MNF UPNG JFG ZJHTF³ WHQG NQ FQWRPKI ZJNG SRHKGL UPNG TPQGIHIF³ MNF JH
ZJHMNF QPKRTKF GF RFSRPKWKI ZJNG UKIFY a±FGI JH RHKGPQ ZPNR JHMNFJJFL JFG RHWKHIFNRG WF UPKINRFL ZHR
F_F]ZJFL GPQI ZFKQIG FQ QPKRY gK JFG RHWKHIFNRG W±HZZHRIF]FQI GPQI ZFKQIG WF TPNJFNR TJHKRFL TF
Q±FGI MNF ZHR GPNTK W±FGIc[IKMNFL ]HKG T±FGI HN W[IRK]FQI WN RFQWF]FQIY aFIIF JPK MNK WKI MN±NQ
TPRZG FGI W±HNIHQI ZJNG []KGGKS MN±KJ FGI HVGPRVHQI FGI JH JPK WF �KRTcPSSY
°JNG ZR[TKG[]FQIL JFG ZcqGKTKFQG [INWKHKFQI JF GZFTIRF W±NQ IFJ TPRZG QPKR � \ NQF IF]Z[RHINRF
WPQQ[FL MNFJJF ZPNUHKI FQ ¸IRF JF GZFTIRFY E±HZZJKTHIKPQ WFG JPKG WF J±[JFTIRPWqQH]KMNF ZFR]FIX
IHKI WF W[TRKRF TPRRFTIF]FQI JFG dRHQWFG JPQdNFNRG W±PQWFL ]HKG ZPNR JFG ZFIKIFG JPQdNFNRG
W±PQWFL J±NJIRHUKPJFIL JH RFJHIKPQ ZR[WKGHKI NQF [QFRdKF KQSKQKFL TF MNK Q±[IHKI ZHG RHKGPQQHVJFY
a±[IHKI NQ [TcFT TP]ZJFI WFG JPKG WN RHqPQQF]FQIY nQF THIHGIRPZcFL GNRIPNI WHQG J±NJIRHUKPJFIY
EF ZcqGKTKFQ vH_ °JHQT� SKI NQF cqZPIcoGF cHRWKFY bJ ZPGINJH MNF JFG [TcHQdFG W±[QFRdKF JPRG
W±NQ RHqPQQF]FQI \ JH SR[MNFQTF Q hRHZZFJPQG MNF JH SR[MNFQTF FGI RFJK[F \ JH JPQdNFNR W±PQWF
ZHR JH RFJHIKPQ Q µ T²JL Pw T FGI JH UKIFGGF WF JH JN]KoRFi QF ZPNUHKFQI GF SHKRF MNF ZHR MNHQIKI[G
SKQKFG W±[QFRdKF f µ cQ hJH TPQGIHQIF c SNI QHINRFJJF]FQI HZZFJ[F JH TPQGIHQIF WF °JHQT�iY nQF
cqZPIcoGF VKFQ [IRHQdFL ]HKG MNK ZFR]FIIHKI WF RFIRPNUFR ZHRSHKIF]FQI JF GZFTIRF F_Z[RK]FQIHJ
hSKdNRF ¯bX¬iY °JHQT� c[GKIH \ SHKRF TFIIF cqZPIcoGF FI KJ GF]VJF MN±KJ HKI ZHRSPKG WPNI[ WF GH
ZRPZRF Ic[PRKFY °PNRIHQI TFIIF KW[F QFNUF HJJHKI W[VPNTcFR GNR NQF QPNUFJJF ][THQKMNFL JH ][X
THQKMNF MNHQIKMNFY EH RFJHIKPQ WF °JHQT� ZFR]FIIHKI HNGGK WF RFIRPNUFR WF ]HQKoRF KQW[ZFQX
WHQIF JF QP]VRF R[FJ W±HIP]FG W±NQ TPRZG ZHR NQKI[ WF ]HGGF ]PJ[TNJHKRF hZHR ]PJFiL TF MN±PQ
HZZFJJF JF QP]VRF W±�UPdHWRPY aF R[GNJIHI TPQIRKVNH HNGGK \ UHJKWFR J±cqZPIcoGF QPNUFJJF MNKL
WF GNRTRP)IL SNI NIKJKG[F ZHR fKQGIFKQ ZPNR KQIFRZR[IFR J±[]KGGKPQ W±[JFTIRPQG ZHR NQ TPRZG KRRHWK[
hT±FGI J±FSSFI ZcPIP[JFTIRKMNF W[TPNUFRI ZHR �FRI³iY �RFSL J±cqZPIcoGF SNI HTTFZI[F FI QPNG HJJPQG
UPKR MNF �PcR FQ SKI NQ NGHdF KQI[RFGGHQI ZPNR JF GN`FI MNK QPNG PTTNZF � J±[]KGGKPQ WF RHWKHIKPQ
ZHR NQ HIP]FY EFG GZFTIRFG WF TPRZG QPKRG \ WKSS[RFQIFG IF]Z[RHINRFG GPQI WPQQ[G \ JH SKdNRF
¯bX¬Y °JNG JF TPRZG FGI TcHNWL ZJNG GH WFQGKI[ GZFTIRHJF FGI SPRIF FI ZJNG GPQ RHqPQQF]FQI FGI
WP]KQ[ ZHR JFG TPNRIFG JPQdNFNRG W±PQWF � ZJNG NQ TPRZG FGI TcHNWL ZJNG KJ FGI t VJFN uY EH ZPGKX
IKPQ WN ]H_K]N] GNKI NQF JPK GK]ZJF �

®w J]H_K FGI JH JPQdNFNR W±PQWF WN ]H_K]N] F_ZRK][F FQ ]oIRF FI ^ FGI JH IF]Z[RHINRF FQ
�FJUKQ��Y aFIIF RFJHIKPQL WKIF RFJHIKPQ WF�KFQ GFRH IRoG NIKJFL TP]]F QPNG JF UFRRPQG ZJNG IHRWY

�� ����� #��� �� )������ �� ~�����

tReTF HN_ F_Z[RKFQTFG WF �NIcFRSPRWL PQ GHUHKI MNF JFG HIP]FG [IHKFQI SHKIG FGGFQIKFJJF]FQI
WF UKWFY EFG ZcqGKTKFQG K]HdKQHKFQI J±HIP]F TP]]F NQ GqGIo]F ZJHQ[IHKRF � NQ QPqHN WFQGF
HN TFQIRF SKdNRHQI JF gPJFKJ FI WFG [JFTIRPQG dRHUKIHQI HNIPNR TP]]F WFG ZJHQoIFGY pHQG TF ]PX
WoJF JH SPRTF [JFTIRKMNF RF]ZJH'HKI JH SPRTF dRHUKIHIKPQQFJJFL ]HKG JFG JPKG [IHKFQI HGGF³ GF]X
VJHVJFGY bJ GFRH ]PQIR[ MNF JFG IRPKG JPKG WF �FZJFR G±HZZJKMNFQI HN_ [JFTIRPQG PRVKIHQI HNIPNR WN
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QPqHNY gNRZRFQHQI (*

EPQdNFNR WOPQWF hHQdGIRP]i
�KdNRF ¯bX¬ � WFQGKI[ GZFTIRHJF WF TPRZG QPKRG FQIRF � ��� � FI � ��� �

pFZNKG aPNJP]V PQ TPQQHKGGHKI JH SPRTF MNK G±F_FRTF FQIRF WFN_ TcHRdFG [JFTIRKMNFGL ML G[ZHX
R[FG ZHR NQF WKGIHQTF R �

®Q K]HdKQH HJPRG MNF J±[JFTIRPQ ZPGG[WHKI NQF TcHRdF [J[]FQIHKRF XFL Q[dHIKUFL FI JF QPqHN NQF
TcHRdF PZZPG[F FL ZPGKIKUFY
­PNG UFRRPQG WHQG JF ZRPTcHKQ TcHZKIRFL TP]]FQI �PcR R[NGGKI FQ TP]VKQHQI J±KW[F WF °JHQT�L
JF ]PWoJF WF �NIcFRSPRW FI J±F_ZRFGGKPQ WF JH SPRTF [JFTIRKMNFL \ RFIRPNUFR WF ]HQKoRF [J[]FQX
IHKRF JH RFJHIKPQ WF �HJ]FR ZPNR J±HIP]F W±cqWRPdoQFY

z{{|  ¡\ \a¡¢^«¡\ ¡¦�£¦ ¢§©a«£\

�[GN][ � aP]]FQI W[TRqZIFR JFG GZFTIRFG FI JFNRG KQQP]VRHVJFG RHKFGL U[RKIHVJFG t °KFRRF WF
�PGFIIF u WF JH ZcqGKMNF * �QHJqG[FG WF ]HQKoRF F]ZKRKMNFL JFG RHKFG GZFTIRHJFG [IHKFQI
TPQQNFGL ]HKG ZHG TP]ZRKGFGY E±[INWF WN TPRZG QPKR ZHR °JHQT� H ]PQIR[ MNF JFG [TcHQdFG
[QFRd[IKMNFG QF GF SHKGHKFQI MNF ZHR MNHQIKI[G SKQKFGL JFG t MNHQIH uY E±HZZJKTHIKPQ ZHR �PcR WF
TF TPQTFZI H WPQQ[ QHKGGHQTF \ JH ][THQKMNF MNHQIKMNFY bJ H [I[ ZPGGKVJF HKQGK WF TP]ZRFQWRF
J±PRKdKQF WFG RHKFG GZFTIRHJFGY EFG HZZJKTHIKPQG HGIRPZcqGKMNFG MNK FQ W[TPNJoRFQI SNRFQI W±NQF
ZPRI[F KQK]HdKQHVJFY a±FGI TF MNF QPNG HJJPQG W[TPNURKR WHQG JFG TcHZKIRFG \ UFQKRY

��� �p����� �� �o������

uF RFZRFQWRHK JFG IFR]FG ]¸]FG WF pHQKFJ �HRVKFR WHQG GPQ PNURHdF SH]FN_ GNR JFG HI]PX
GZcoRFG GIFJJHKRFG h�JH]]HRKPQi � t nQ [JPdFL ZHRSPKG ][RKI[L MNK FGI GPNUFQI SHKI HN_ PNURHdFG
WF UNJdHRKGHIKPQ GTKFQIKSKMNF FGI MN±KJG GF JKGFQI TP]]F NQ RP]HQ W±HUFQINRFGY �KFQ TFRIHKQFX
]FQI TFI HZFR'N GNR JFG YYY �GZFTIRFG� GIFJJHKRFG FQ FGI IPNI \ SHKI KQWKdQFY E±HNIFNR G±FQ F_TNGF FI
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KJ FGZoRF MNF J±HUFN MN±KJ FQ SHKI JNK UHNWRH MNFJMNF KQWNJdFQTF uY aFIIF ]KGF FQ dHRWF ]F
TPQUKFQI VKFQL THR `F WPKG HUPNFR MNF JF TcHZKIRF ZR[GFQI FGI HGGF³ WKSSKTKJF ZPNR NQ TPNRG [J[X
]FQIHKRFY u±FGZoRF MN±KJ HNRH HN ]PKQG JF ][RKIF WF UPNG SHKRF W[TPNURKR JF VPQcFNR WF TP]X
ZRFQWRF JH QHINRFL MNHQIKIHIKUF]FQIY

m�����������

EFG ZcqGKTKFQG FI JFG HGIRPQP]FG HUHKFQI QPI[ MNF JF GZFTIRF GPJHKRFL PVIFQN FQ W[TP]ZPGHQI
JH JN]KoRF WN gPJFKJ HUFT NQ ZRKG]FL [IHKI VHRR[ W±NQF ]NJIKINWF WF RHKFG GP]VRFGL JFG RHKFG
GZFTIRHJFGY bJG JFG HUHKFQI RFZ[R[FG GPKdQFNGF]FQIY pHQG JF gPJFKJL TFG RHKFG GPQI KQQP]X
VRHVJFGY EFNRG ZPGKIKPQG QF W[ZFQWFQI QNJJF]FQI WF JH SH'PQ WF R[HJKGFR JF GZFTIRF � JFG
GZFTIRFG [IHQI dRHWN[G FQ JPQdNFNR W±PQWFL JFG RHKFG GZFTIRHJFG GF ZR[GFQIFQI IPN`PNRG WF JH
]¸]F SH'PQY pKI HNIRF]FQIL PQ RFIRPNUF IPN`PNRG JFG RHKFG GPJHKRFG HN_ ]¸]FG JPQdNFNRG
W±PQWFY
·NHQW PQ SHKI JF GZFTIRF W±NQF [IPKJFL PQ RFIRPNUF TFRIHKQFG RHKFG PVGFRU[FG WHQG JF GZFTIRF GPX
JHKRFL ]HKG PQ QF JFG RFIRPNUF ZHG SPRT[]FQI IPNIFGY y J±KQUFRGFL KJ FGI ZPGGKVJF WF IRPNUFR WFG
RHKFG QPNUFJJFGY EFG ZcqGKTKFQG HUHKFQI TP]ZRKG MNF TFG RHKFG [IHKFQI THRHTI[RKGIKMNFG WFG
TPRZG []FIIFNRGY bJ [IHKI HKQGK ZPGGKVJF WF ZR[WKRF MNFJG TPRZG [IHKFQI ZR[GFQIG WHQG IFJJF PN
IFJJF [IPKJFY vHKG QP]VRF WF RHKFG GZFTIRHJFG [IHKFQI QPQ KWFQIKSK[FGL THR FJJFG QF TPRRFGZPQX
WHKFQI \ HNTNQ TPRZG [INWK[ FQ JHVPRHIPKRFY aF SNI JF THG W±NQ TPRZG [IRHQdFL PVGFRU[ ZHR uHQX
GFQ FI EPT�qFR WHQG JF gPJFKJL FI MN±PQ HZZFJH c[JKN]Y aF TPRZG QF SNI W[TPNUFRI GNR F̂RRF MNF
ZJNG IHRWY
°HRSPKG JFG RHKFG GZFTIRHJFG QF ZPNUHKFQI ZHG ¸IRF RFTPQQNFGL GK]ZJF]FQI ZHRTF MNF JFG TPQWKX
IKPQG ZcqGKMNFG MNK R[dQHKFQI WHQG J±[IPKJF [IHKFQI IRoG WKSS[RFQIFG WFG TPQWKIKPQG R[HJKGHVJFG FQ
JHVPRHIPKRFY �KQGKL JF GZFTIRFL WF TF MN±PQ HZZFJH NQ IF]ZG JF t ZRPIPcqWRPdoQF uL ZPNR JFG GK]KX
JKINWFG MN±KJ ZR[GFQIHKI HUFT JF GZFTIRF WF J±cqWRPdoQFL QF SNIXKJ ZHG RFTPQQN TP]]F ZRPUFQHQI
WF J±c[JKN]Y
fQSKQL KJ SHJJHKI TP]ZRFQWRF ZPNRMNPK TFRIHKQFG RHKFG GZFTIRHJFG HZZHRHKGGHKFQI GP]VRFG GNR JF
SPQW JN]KQFN_ FI ZPNRMNPKL F_TFZIKPQQFJJF]FQIL TFRIHKQFG RHKFG GZFTIRHJFG HZZHRHKGGHKFQI FQ
GNRVRKJJHQTF GNR JF SPQW ZFN JN]KQFN_Y nJIK]F TP]ZJKTHIKPQL JFG RHKFG ZPNUHKFQI QF ZHG ¸IRF
F_HTIF]FQI J\ Pw PQ JFG HIIFQWHKIL \ THNGF WF J±FSSFI pPZZJFR �K³FHNL Zc[QP]oQF W[`\ [UPMN[L
FI MNK W[ZJHTF JFG RHKFG GZFTIRHJFG WN SHKI WF JH UKIFGGF RFJHIKUF WF J±PVGFRUHIFNR FI WF J±[IPKJFY
�RFSL JH TP]ZR[cFQGKPQ WFG RHKFG GZFTIRHJFG HZZHRHKGGHKI TP]]F NQ U[RKIHVJF THGGFXI¸IFL NQF t
°KFRRF WF �PGFIIF u ZPNR JFG t acH]ZPJJKPQ u WF JH ZcqGKMNFY

�JJF³ UPKR JF �F]NFXv[QKQdFG WHQG aa Q¶ ���ht gZFTIRF WO[IPKJFG u ZY��iL ZPNR FQ GHUPKR ZJNG
GNR JFG WKSS[RFQIG HGZFTIG WFG GZFTIRFGY

g±HIIHMNFR \ TF ZRPVJo]F WFUHKI ¸IRF IPIHJF]FQI W[TPNRHdFHQIY °PNRIHQIL KJ WFUHKI VKFQ q HUPKR
NQF JPdKMNF GPNG TFIIF TP]ZJF_KI[Y EH SPRTF WF ­KFJG �PcR SNI WF G±HIIHMNFR HN GZFTIRF WN TPRZG



���� �� ����	 
��
 DD

JF ZJNG GK]ZJF � J±cqWRPdoQFY bJ R[NGGKI \ RFIRPNUFR JH RFJHIKPQ F]ZKRKMNF RFQTPQIR[F JPRG WN TcHX
ZKIRF ZR[T[WFQI �

Pw Q FI Z GPQI WFG QP]VRFG FQIKFRG hGHIKGSHKGHQI \ JH TPQWKIKPQ QÍ

�� �x#� �� 
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�PcR RHTPQIH MNF JH GPJNIKPQ JNK UKQI FQ R¸UHQIY ­±q UPqPQG ZHG MNFJMNF R[U[JHIKPQ ]qGIKMNFY
·NHQW NQ ZRPVJo]F QPNG IHRHNWFL KJ QPNG cHQIF IPN`PNRGL ]¸]F JH QNKIL `NGMN±\ TF MNF JH GPJNX
IKPQ QPNG HZZHRHKGGFL ZRFGMNF ]KRHTNJFNGF]FQIY �PcR HWPZIHL ZPNR J±cqWRPdoQFL JF ]PWoJF t
ZJHQ[IHKRF u WF �NIcFRSPRW � NQ ZRPIPQ HNIPNR WNMNFJ IPNRQF NQ [JFTIRPQL TP]ZHRHIKUF]FQI IRoG
J[dFR hUPKR SKdNRF TKXWFGGPNGiY

�PcR HW]FI MNF J±[JFTIRPQ QF ZFNI PTTNZFR MNF TFRIHKQFG PRVKIFG ZHRIKTNJKoRFG GNR JFGMNFJJFG KJ
QF RHqPQQF ZHG W±[QFRdKFY E±[QFRdKF WF J±[JFTIRPQ GNR NQF WF TFG PRVKIFG FGI WPQT TPQGIHQIFY
·NHQW J±[JFTIRPQ ZHGGF GNR NQF HNIRF PRVKIFL J±[QFRdKF Q±[IHQI ZJNG JH ]¸]FL KJ q H []KGGKPQ hPN
HVGPRZIKPQi WF JH WKSS[RFQTF W±[QFRdKFY �NIRF]FQI WKIL GK NQ HIP]F W±cqWRPdoQF HVGPRVF WF
J±[QFRdKFL J±[JFTIRPQ ZHGGF GNR NQF PRVKIF ZFR]KGF WF ZJNG dRHQWF [QFRdKFY gK FQ RFUHQTcF J±[JFTX
IRPQ UH GNR NQF PRVKIF WF ]PKQWRF [QFRdKFL J±HIP]F RFQW JH WKSS[RFQTF W±[QFRdKF GPNG SPR]F W±NQ
RHqPQQF]FQIY aP]]FQI THJTNJFR TFG PRVKIFG ZHRIKTNJKoRFG ZFR]KGFG * aP]]FQI G±F_ZRK]F HJPRG
JH UHRKHIKPQ W±[QFRdKF ZHR ZHGGHdF W±NQF PRVKIF \ J±HNIRF * a±FGI TF MNF QPNG HJJPQG UPKRY ·NF
TFN_ MNF JFG THJTNJG RFVNIFQI ZHGGFQI \ JH GFTIKPQ F_ZJKMNHQI JFG ][THQKG]FG WF J±[]KGGKPQ FI
WF J±HVGPRZIKPQY E±FGGFQIKFJ WF TF MN±KJ SHNI TPQQH)IRF ZPNR TP]ZRFQWRF q FGI WKIY

EFG SPRTFG W±HIIRHTIKPQ dRHUKIHIKPQQFJJF FQIRF JFG WFN_ ZHRIKTNJFG GPQI Q[dJKdFHVJFG hPQ JF U[RKSKFX
RHKI HKG[]FQIiY gFNJF JH SPRTF [JFTIRKMNF H NQF KQIFQGKI[ K]ZPRIHQIF �

F FGI JH TcHRdF [J[]FQIHKRF WF J±[JFTIRPQ FI WN ZRPIPQ h]HKG WF GKdQF PZZPG[ ZPNR JFG WFN_
ZHRIKTNJFGiY EH TPQGIHQIF WK[JFTIRKMNF UHNI
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­PIFG

�� fQ FSSFIL JH W[SKQKIKPQ WF JH SPRTF FGI � µ WZ²WIL Pw Z FGI JF UFTIFNR MNHQIKI[ WF ]PNUF]FQI FI
Pw I FGI JF IF]ZGY ­PIPQG MNF TFIIF W[SKQKIKPQ IRoG d[Q[RHJF WF JH SPRTF FGI UHJHVJF HNGGK FQ ][X
THQKMNF RFJHIKUKGIFY fQ ][THQKMNF WF ­F�IPQL Pw JH ]HGGF ] FGI TPQGIHQIF FI Pw Z µ ]YUL PQ
RFIRPNUF JH SH]FNGF JPK SPQWH]FQIHJF WF JH ][THQKMNF WF ­F�IPQ � �µ ] WU²WI µ ]YH L Pw H FGI
JF UFTIFNR HTT[J[RHIKPQY h�HZZFJPQG MNF JH MNHQIKI[ WF ]PNUF]FQI FGI JF ZRPWNKI WF JH ]HGGF
ZHR JH UKIFGGFi
�¬ aFIIF TPQTFZIKPQ PQWNJHIPKRF GFRH FQTPRF R[UKG[F ZJNG IHRW dReTF \ NQF HQHJqGF W±fKQGIFKQ
GNR JHMNFJJF QPNG RFUKFQWRPQGY
�� EFG �FJUKQG GPQI QPI[G �Y bJG TPRRFGZPQWFQI \ QPG WFdR[G aFJGKNG cHVKINFJG ]H`PR[G WF ���
WFdR[G aFJGKNGY
�� nQ ]KJJKHRWKo]F WF ]oIRFL GPKI ��X� ]

� ������
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EFG RFTcFRTcFG UKGHQI \ W[IFTIFR WFG IFTcQPGKdQHINRFG F_IRHIFRRFGIRFG GF TPQTFQIRFQI d[Q[RHX
JF]FQI GNR JFG GKdQHN_ RHWKP ZNKGGHQIGY aFIIF HZZRPTcF FGI ]PIKU[F ZHR JF SHKI MNF JFG R[TFZX
IFNRG RHWKP IFRRFGIRFG ZFNUFQI THZIFR WFG GKdQHN_ HqHQI SRHQTcK WFG WKGIHQTFG KQIFRGIFJJHKRFGY
aFZFQWHQIL WFG W[TFQQKFG WF RFTcFRTcFG KQSRNTINFNGFG PQI ZPNGG[ JFG HGIRPQP]FG \ F_ZJPRFR
WF QPNUFJJFG GIRHI[dKFG WF W[IFTIKPQY

�IHQI WPQQ[ MNF TFG GKdQHN_ GFRHKFQI JPdKMNF]FQI WFG t SNKIFG u RHWKP QPQ WFGIKQ[FG \ ¸IRF KQX
IFRTFZI[FGL KJ H [I[ GNdd[R[ MNOKJG ZPNRRHKFQI GF GKINFR WHQG NQF VHQWF WF SR[MNFQTF [IRPKIFL
ZJNI�I MNF JOKQUFRGFY fQ WOHNIRFG IFR]FGL TP]]F KJG QF GFRHKFQI ZHG []KG WHQG JOKQIFQIKPQ WO̧ IRF
THZI[G \ NQF WKGIHQTF KQIFRGIFJJHKRFL KJG ZPNRRHKFQI ¸IRF VKFQ ]PKQG ZNKGGHQIG MNOPQ QF JF ZFQX
GHKIY
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pOHNIRF ZHRIL JH ZJNZHRI WF QPG IFTcQPJPdKFG hI[J[ZcPQFGL RHWHRG WOH[RPZPRIGL FITYi ZRPWNKGFQI
WFG GKdQHN_ RHWKP \ VHQWF VFHNTPNZ ZJNG [IRPKIF MNF TFN_ WFG ZRPTFGGNG HGIRPZcqGKMNFG QHX
INRFJGY EH W[IFTIKPQ WF TF IqZF WF GKdQHJ FQ WFcPRG WF JH F̂RRF ZPNRRHKI HKQGK ZPIFQIKFJJF]FQI KQX
WKMNFR JH ZR[GFQTF WONQF TKUKJKGHIKPQ F_IRHIFRRFGIRF KQIFJJKdFQIFY

aFZFQWHQIL [IHQI WPQQ[ JH SHKVJF ZRPVHVKJKI[ MNF WF IFJG GKdQHN_ \ VHQWF [IRPKIF ZNKGGFQI ¸IRF
W[IFTI[G WFZNKG JH F̂RRFL WF QPNUFJJFG IFTcQKMNFG WF W[IFTIKPQ WPKUFQI ¸IRF F_ZJPR[FGY pHQG
TFIIF PZIKMNFL NQF [MNKZF WF JOnQKUFRGKI[ WO�IHI WF °FQQGqJUHQKF ZRPZPGF NQF IFTcQKMNF RFZPX
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gTc[]H TP]ZHRHIKS WF ^��°°bg X̂� FI WF QPIRF GqGIo]F GPJHKRFY EFG ³PQFG cHVKIHVJFG GPQI KQWKX
MN[FG FQ UFRIY á ­�g�²u°EXaHJIFTc
EH UFRGKPQ H][JKPR[F WF JO� �̂ WKGZPGF WONQ JPdKTKFJ HUHQT[ WF SKJIRHdF WFG GKdQHN_L VHZIKG[
­�FH] �QHJqGKGY bGPJFR JFG VPQQFG KQIFRS[RFQTFG RHWKP h��bi WF TFJJFG WOPRKdKQF IFRRFGIRF FGI FQ
FSSFI JONQ WFG W[SKG ZRKQTKZHN_ WF JH W[IFTIKPQ WFG IFTcQPGKdQHINRFG F_IRHIFRRFGIRFGY gFJPQ JFG
F_ZFRIGL t WFZNKG JF IPNI ZRF]KFR ZRP`FI WF RFTcFRTcF WOKQIFJJKdFQTF F_IRHIFRRFGIRFL JOHQHJqGF WFG
KQIFRS[RFQTFG RHWKP H [I[ NQ ZRPVJo]F K]ZPRIHQI uY �UHQI WF TKVJFR ^��°°bg X̂�L JF GqGIo]F H
[I[ IFGI[ GNR JFG GKdQHN_ WF QPG PRVKIFNRG ]HRIKFQGL QPIH]]FQI ZPNR [UHJNFR GH ZR[TKGKPQ

EO[MNKZF H FQGNKIF PVGFRU[ FI KQIFRTFZI[ JFG GKdQHN_ RHWKP \ VHQWF [IRPKIF ZRPUFQHQI WF ^��°X
°bg X̂� WNRHQI NQF SFQ¸IRF °°® WF �� cFNRFGL TPQGIKINHQI JH ZJNG JPQdNF RFTcFRTcF WF GKdQHN_
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JqGKG H R[WNKI JF QP]VRF WO[]KGGKPQG RHWKP WF �� ]KJJKPQG \ � ��¬Y

bJJNGIRHIKPQ WN Zc[QP]oQF °°® ]PQIRHQI JFG SNKIFG WO[]KGGKPQ RHWKPY á °FQQ gIHIF

aFZFQWHQIL HNTNQ WFG GKdQHN_ W[IFTI[G QF ZRPUKFQI WONQF IFTcQPJPdKF F_IRHIFRRFGIRFY ­[HQX
]PKQGL JFG TcFRTcFNRG FGIK]FQI MNF TFIIF IFTcQKMNF ZPNRRHKI PNURKR JH UPKF \ JOF_ZJPRHIKPQ
WOHNIRFG GqGIo]FG GIFJJHKRFGY fQ PNIRFL TP]VKQFR TFIIF IFTcQKMNF HUFT WFG I[JFGTPZFG ZJNG
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°HR HKJJFNRGL JO[INWF ZPGF NQF MNFGIKPQ KQIRKdHQIF � JFG F_IRHIFRRFGIRFG ZPNRRHKFQIXKJGL FN_ HNGGKL
PVGFRUFR JFG °°® WF QPIRF GqGIo]F GPJHKRF WFZNKG JFNRG F]ZJHTF]FQIG * aFG Zc[QP]oQFG GF
ZRPWNKGFQI ]PKQG SR[MNF]]FQI MNF WHQG ^��°°bg X̂�L FQUKRPQ NQF SPKG IPNG JFG WFN_ HQGY
­[HQ]PKQGL QPG []KGGKPQG RHWKP GPQI GK HVPQWHQIFG MNOFJJFG ZPNRRHKFQI SHTKJF]FQI FQdFQWRFR
WFG SNKIFG JPRG WONQF °°® PVGFRU[F WFZNKG NQ HNIRF GqGIo]F GIFJJHKRFY
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EFG RFTcFRTcFG UKGHQI \ W[IFTIFR WFG IFTcQPGKdQHINRFG F_IRHIFRRFGIRFG GF TPQTFQIRFQI d[Q[RHX
JF]FQI GNR JFG GKdQHN_ RHWKP ZNKGGHQIGY aFIIF HZZRPTcF FGI ]PIKU[F ZHR JF SHKI MNF JFG R[TFZX
IFNRG RHWKP IFRRFGIRFG ZFNUFQI THZIFR WFG GKdQHN_ HqHQI SRHQTcK WFG WKGIHQTFG KQIFRGIFJJHKRFGY
aFZFQWHQIL WFG W[TFQQKFG WF RFTcFRTcFG KQSRNTINFNGFG PQI ZPNGG[ JFG HGIRPQP]FG \ F_ZJPRFR
WF QPNUFJJFG GIRHI[dKFG WF W[IFTIKPQY

�IHQI WPQQ[ MNF TFG GKdQHN_ GFRHKFQI JPdKMNF]FQI WFG t SNKIFG u RHWKP QPQ WFGIKQ[FG \ ¸IRF KQX
IFRTFZI[FGL KJ H [I[ GNdd[R[ MNOKJG ZPNRRHKFQI GF GKINFR WHQG NQF VHQWF WF SR[MNFQTF [IRPKIFL
ZJNI�I MNF JOKQUFRGFY fQ WOHNIRFG IFR]FGL TP]]F KJG QF GFRHKFQI ZHG []KG WHQG JOKQIFQIKPQ WO̧ IRF
THZI[G \ NQF WKGIHQTF KQIFRGIFJJHKRFL KJG ZPNRRHKFQI ¸IRF VKFQ ]PKQG ZNKGGHQIG MNOPQ QF JF ZFQX
GHKIY
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pOHNIRF ZHRIL JH ZJNZHRI WF QPG IFTcQPJPdKFG hI[J[ZcPQFGL RHWHRG WOH[RPZPRIGL FITYi ZRPWNKGFQI
WFG GKdQHN_ RHWKP \ VHQWF VFHNTPNZ ZJNG [IRPKIF MNF TFN_ WFG ZRPTFGGNG HGIRPZcqGKMNFG QHX
INRFJGY EH W[IFTIKPQ WF TF IqZF WF GKdQHJ FQ WFcPRG WF JH F̂RRF ZPNRRHKI HKQGK ZPIFQIKFJJF]FQI KQX
WKMNFR JH ZR[GFQTF WONQF TKUKJKGHIKPQ F_IRHIFRRFGIRF KQIFJJKdFQIFY

aFZFQWHQIL [IHQI WPQQ[ JH SHKVJF ZRPVHVKJKI[ MNF WF IFJG GKdQHN_ \ VHQWF [IRPKIF ZNKGGFQI ¸IRF
W[IFTI[G WFZNKG JH F̂RRFL WF QPNUFJJFG IFTcQKMNFG WF W[IFTIKPQ WPKUFQI ¸IRF F_ZJPR[FGY pHQG
TFIIF PZIKMNFL NQF [MNKZF WF JOnQKUFRGKI[ WO�IHI WF °FQQGqJUHQKF ZRPZPGF NQF IFTcQKMNF RFZPX
GHQI GNR JOPTTNJIHIKPQ ZJHQoIFXZJHQoIF h°°®iL NQ Zc[QP]oQF GOHZZNqHQI GNR JH WqQH]KMNF PRVKX
IHJF QHINRFJJF WFG GqGIo]FG ]NJIKZJHQ[IHKRFGL FI GNR JH ZR[TKGKPQ WF W[IFTIKPQ H][JKPR[F WF
JO� �̂Y
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bJJNGIRHIKPQ WN Zc[QP]oQF °°® ]PQIRHQI JFG SNKIFG WO[]KGGKPQ RHWKPY á °FQQ gIHIF

aFZFQWHQIL HNTNQ WFG GKdQHN_ W[IFTI[G QF ZRPUKFQI WONQF IFTcQPJPdKF F_IRHIFRRFGIRFY ­[HQX
]PKQGL JFG TcFRTcFNRG FGIK]FQI MNF TFIIF IFTcQKMNF ZPNRRHKI PNURKR JH UPKF \ JOF_ZJPRHIKPQ
WOHNIRFG GqGIo]FG GIFJJHKRFGY fQ PNIRFL TP]VKQFR TFIIF IFTcQKMNF HUFT WFG I[JFGTPZFG ZJNG
dRHQWG FI ZJNG ZNKGGHQIG ZPNRRHKI ZFR]FIIRF WF W[IFTIFR WFG GKdQHN_ RHWKP \ VHQWFG FQTPRF
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°HR HKJJFNRGL JO[INWF ZPGF NQF MNFGIKPQ KQIRKdHQIF � JFG F_IRHIFRRFGIRFG ZPNRRHKFQIXKJGL FN_ HNGGKL
PVGFRUFR JFG °°® WF QPIRF GqGIo]F GPJHKRF WFZNKG JFNRG F]ZJHTF]FQIG * aFG Zc[QP]oQFG GF
ZRPWNKGFQI ]PKQG SR[MNF]]FQI MNF WHQG ^��°°bg X̂�L FQUKRPQ NQF SPKG IPNG JFG WFN_ HQGY
­[HQ]PKQGL QPG []KGGKPQG RHWKP GPQI GK HVPQWHQIFG MNOFJJFG ZPNRRHKFQI SHTKJF]FQI FQdFQWRFR
WFG SNKIFG JPRG WONQF °°® PVGFRU[F WFZNKG NQ HNIRF GqGIo]F GIFJJHKRFY
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�RHQ� pRH�FL RHWKPHGIRPQP]F FI HGIRPZcqGKTKFQ H][RKTHKQL ZKPQQKFR WF JH RFTcFRTcF WF UKF KQIFJX
JKdFQIF WHQG JH ¯PKF JHTI[FL FGI W[T[W[ JF � GFZIF]VRF \ GPQ WP]KTKJF WO�ZIPGL FQ aHJKSPRQKFL \
JOedF WF �� HQGY

gFG TPQIRKVNIKPQG WHQG JF WP]HKQF WF JH GTKFQTF GPQI QP]VRFNGFGY �PQWHIFNR WN TcH]Z
WO[INWF GTKFQIKSKMNF WPQI JOPV`FI FGI JH RFTcFRTcF WF UKF F_IRHIFRRFGIRF KQIFJJKdFQIF hgf^biL PQ JNK
WPKI QPIH]]FQI JO[MNHIKPQ WF pRH�FL NQ ]PWoJF ZFR]FIIHQI WOFGIK]FR JF QP]VRF WF TKUKJKGHIKPQG
ZPIFQIKFJJFG WHQG JH dHJH_KFY ®Q JNK WPKI [dHJF]FQI JFG ZRF]KoRFG PVGFRUHIKPQG WF JH TFKQINRF WF
¯HQ �JJFQ WF uNZKIFR FI KJ FGI JONQ WFG ZRF]KFRG HGIRPQP]FG \ HUPKR ]FGNR[ JH IF]Z[RHINRF HTTHX
VJHQIF WF JH GNRSHTF WF ¯[QNG HKQGK MNF JOFSSFI WF GFRRF WF GPQ [ZHKGGF HI]PGZcoRFY pKRFTIFNR
WN RHWKPXPVGFRUHIPKRF WO�RFTKVP \ °PRIP �KTPL KJ FGI JH SKdNRF INI[JHKRF WF d[Q[RHIKPQG WOHGIRPX
QP]FG FI WOHGIRPZcqGKTKFQG MNOKJ H KQGZKR[GY

t ·NHQW PQ [TRKRH JOcKGIPKRF WF JH GTKFQTF WOKTK MNFJMNFG TFQIHKQFG WOHQQ[FG FI MNONQF SPR]F WF
UKF KQIFJJKdFQIF HNRH [I[ W[IFTI[F FQ WFcPRG WF JH ^FRRFL TF MNK SKQKRH ZHR HRRKUFRL `OFQ GNKG HVGPX
JN]FQI TPQUHKQTNL `F TRPKG MNF �RHQ� HNRH GH ZJHTF ZHR]K JFG ZJNG dRHQWG GTKFQIKSKMNFG \ HUPKR
U[TN uL ZR[WKI �QWRF� gKF]KPQL HGIRPZcqGKTKFQ FI WKRFTIFNR WN aFQIRF WF RFTcFRTcF WN gf b̂
h�g�ai WF JOnQKUFRGKI[ WF aHJKSPRQKF \ �FR�FJFqY t çH H [I[ F_IRHPRWKQHKRF WOHUPKR JH TcHQTF WF
JF TPQQH)IRFY u

�RHQ� pRH�F QH)I JF �� ]HK ���� \ acKTHdPY aOFGI \ JOedF WF cNKI HQG MNOKJ FQIH]F JF ZHRTPNRG
KQIFJJFTINFJ MNK JF ]oQF `NGMNOHN_ [IPKJFG MNHQW GPQ ZoRF JNK HZZRFQW MNOKJ F_KGIF WOHNIRFG
]PQWFG WHQG JF TPG]PGY gK TF WFRQKFR UFNI FQ SHKI ZHRJFR WFG HNIRFG ZJHQoIFG WN gqGIo]F GPX
JHKRFL JOFGZRKI WN `FNQF �RHQ� K]HdKQF ZPNR GH ZHRI NQF ]NJIKINWF WF ]PQWFG TP]]F JH F̂RRF
WKGZFRG[G WHQG IPNIF JH dHJH_KF � WFG ZJHQoIFG cHVKIHVJFG ZFNZJ[FG WO¸IRFG HGGF³ KQIFJJKdFQIG
ZPNR GO̧ IRF WPI[G WF JFNRG ZRPZRFG UPKINRF FI WF JFNRG ZRPZRFG RNFG FI ZPNR HUPKR R[ZJKMN[ JH UKJJF
WF acKTHdPY

�RHQ� pRH�F TNJIKUF GH SHGTKQHIKPQ ZPNR JOFGZHTF IPNI HN JPQd WF GPQ ZHRTPNRG GTPJHKRFY fQ
����L KJ PVIKFQI NQF JKTFQTF WOKQd[QKFRKF ZcqGKMNF \ JOnQKUFRGKI[ aPRQFJJY vF]VRF WN aPRZG WF
R[GFRUF WF JH ­HUq \ aPRQFJJ hZRPdRH]]F �®^aiL KJ GFRI WHQG JOnYgY ­HUq WF ���� \ ���� FQ
IHQI MNOPSSKTKFR HSSFTI[ \ JO[JFTIRPQKMNFY bJ [INWKF FQGNKIF JOHGIRPQP]KF \ JOnQKUFRGKI[ �HRUHRW WF
���� \ ���� Pw KJ H ZPNR WKRFTIRKTF WF IcoGF aFTKJKH °HqQFXtHZPGTc�KQL JOHGIRPZcqGKTKFQQF MNKL
JH ZRF]KoRFL H []KG JOcqZPIcoGF MNF JFG [IPKJFG GPQI ZRKQTKZHJF]FQI SHKIFG WOcqWRPdoQF FI WOc[X
JKN]Y

y �HRUHRWL �RHQ� pRH�F ]FI ZPNR JH ZRF]KoRF SPKG \ JO[ZRFNUF GFG Ic[PRKFG WOFQSHQI TPQTFRQHQI
JOF_KGIFQTF WF F̂RRF HJIFRQHIKUFGY nQF QNKIL HJPRG MNOKJ PVGFRUF JOH]HG WO[IPKJFG WFG °J[KHWFG HN
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RHWKPI[JFGTPZFL KJ HZFR'PKI NQ TNRKFN_ GKdQHJ MNK GF]VJF GF W[ZJHTFR HUFT JOH]HGY bJ GF WKI MNF
WFG TR[HINRFG WN SPQW WN TPG]PG GPQI ZFNIX¸IRF FQ IRHKQ WO[]FIIRF NQ GKdQHJè vHKG KJ GOHdKI FQ
R[HJKI[ WONQF IRHQG]KGGKPQ WONQ PZ[RHIFNR RHWKP H]HIFNR WF JH R[dKPQY �RHQ� pRH�F GF ]FI HJPRG
FQ I¸IF WF W[TPNURKR ZHR JF THJTNJ GK NQ GKdQHJ RHWKP HRIKSKTKFJ HNRHKI ZN ZRPUFQKR WF TF GqGIo]F
JPKQIHKQY

�ZRoG JOPVIFQIKPQ WF GPQ WPTIPRHIL �RHQ� pRH�F ZHRI ZPNR tRFFQ �HQ� FI GPQ ®VGFRUHIPKRF QHX
IKPQHJ WF RHWKPHGIRPQP]KF h­��®iL Pw KJ KQGIHJJF WF QPNUFHN_ I[JFGTPZFG FI R[HJKGF WFG PVGFRX
UHIKPQG HJPRG KQ[WKIFG WF uNZKIFR FI WF ¯[QNGY fQ ����L \ JOHKWF WN I[JFGTPZF ĤIFJL MNK ]FGNRF
�� ]oIRFG WF WKH]oIRFL KJ GOF]VHRMNF WHQG TF MNOKJ QP]]F JF °RP`FI ®³]HL WN QP] WF JH ZRKQX
TFGGF WN éÆÊ�È��� ÇÐêëL jNURF WF JO[TRKUHKQ EY �RHQ� �HN]Y °HR TF GNRQP]L KJ TcFRTcF \ [UPX
MNFR NQ ]PQWF GF]VJHVJF HN Q�IRF MNPKMNF VK³HRRF FI [IRHQdFRY

°FQWHQI IRPKG ]PKGL �RHQ� pRH�F GTRNIF WFG [IPKJFG GF]VJHVJFG HN gPJFKJ R[ZPQWHQI HN_ QP]G
WF ĤN aFIK PN WOfZGKJPQ fRKWHQKL FQ RFGIHQI \ JOHSSsI WF GKdQHN_ RHWKPG FQ ZRPUFQHQTF WF ZJHX
QoIFG HVRKIHQI ZFNIX¸IRF WFG TKUKJKGHIKPQG F_IRHIFRRFGIRFGY bJ SHKI TcPN VJHQTL t ]HKG TO[IHKI NQ W[X
VNIL FI TFJH H KQTKI[ VFHNTPNZ WOHNIRFG ZFRGPQQFG \ GF ]FIIRF FQ MN¸IF uL JOFQIFQWXPQ GF GPNX
UFQKR WHQG NQ FQIRFIKFQ WF ����Y

EF °RP`FI ®³]H HIIKRF RHZKWF]FQI JOHIIFQIKPQ WN ZNVJKTY y JOedF WF �� HQGL �RHQ� pRH�F PVIKFQI
NQ GPNIKFQ SKQHQTKFR WF JO�THW[]KF QHIKPQHJF WFG GTKFQTFG h­�gi ZPNR HQK]FR \ tRFFQ �HQ� NQ
HIFJKFR NQKMNF FQ GPQ dFQRF WPQI JF VNI FGI WF WKGTNIFR WF JH RFTcFRTcF WF UKF FQ WFcPRG WF JH
F̂RRFY nQ VRKJJHQI ZHRIFRRF WF GTKFQIKSKMNFG FGI HJPRG HIIFQWN FQ ¯KRdKQKFX®TTKWFQIHJF hQPIH]X
]FQI JOHGIRPQP]F aHRJ gHdHQ FI JF VKPTcK]KGIF vFJUKQ aHJUKQ MNK PVIKFQI NQ ZRK_ ­PVFJ WNRHQI JF
GP]]FIi FI �RHQ� pRH�F GF RFQW TP]ZIF MNOKJ H VFGPKQ WONQF ][IcPWF ZPNR PRdHQKGFR JFG WKGX
TNGGKPQG WN TPJJPMNFY

°PNR IRPNUFR WFG KW[FGL �RHQ� pRH�F WFGTFQW WHQG JF GPNGXGPJ GKIN[ GPNG JH THS[I[RKH WF JOPVX
GFRUHIPKRF FI GF ]FI \ QPIFR NQF G[RKF WF SHTIFNRG MNF JFG HGIRPQP]FG WFURHKFQI TPQQH)IRF ZPNR
W[IFR]KQFR JF QP]VRF WF TKUKJKGHIKPQG W[IFTIHVJFG WHQG JH ¯PKF JHTI[FY °HR F_F]ZJFL JF QP]VRF
WF ZJHQoIFG PRVKIHQI HNIPNR WOHNIRFG [IPKJFG FI JH ZRPVHVKJKI[ MNF JH UKF []FRdF GNR NQF ZJHQoIF
WPQQ[FY bJ GOHZFR'PKI FQGNKIF MNOKJ UKFQI WF IRHTFR JF TPQIPNR WONQF [MNHIKPQ MNK ZFR]FIIRH WF THJX
TNJFR JF QP]VRF WF TKUKJKGHIKPQG W[IFTIHVJFG WHQG QPIRF dHJH_KF GFJPQ JH UHJFNR WFG UHRKHVJFGY

EO[MNHIKPQ WF pRH�F FGI Q[F � QPQ ZHG WHQG NQ [TJHKR WF d[QKFL ]HKG WHQG NQ FSSPRI ZRHIKMNF UKX
GHQI \ [IHVJKR NQ dNKWF WF WKGTNGGKPQG WHQG JF THWRF WONQ TPJJPMNFY
t bJ QOHUHKI \ JO[UKWFQTF HNTNQF KW[F \ JO[ZPMNF WF TF MNF TFIIF [MNHIKPQ HJJHKI WFUFQKRL WF TF
MNOFJJF HJJHKI SKQKR ZHR RFZR[GFQIFR uL TPQSKF ­HWKH pRH�FL SKJJF WF �RHQ� pRH�F FI TPQIRKVNIRKTF R[X
dNJKoRF ZPNR ìÆ~�|�Æ� í�|Ê�Æ{É�ÈY t EF SHKI MNF WFG dFQG GF JH GPKFQI SHKI IHIPNFRL MNOPQ JOHKI K]X
ZRK][F GNR JF SJHQT WONQ TH]KPQ nX�HNJL MNOPQ JH TKIF R[dNJKoRF]FQI TP]]F JONQF WFG [MNHIKPQG
JFG ZJNG TPQQNFG WF JH GTKFQTFL JOH]NGHKI VFHNTPNZY u

https://www.nationalgeographic.com/science/article/father-launched-quest-find-alien-intelligence-changed-astronomy
https://www.nationalgeographic.com/science/article/father-launched-quest-find-alien-intelligence-changed-astronomy
https://www.youtube.com/watch?v=HPQz-kdaxNo
https://www.youtube.com/watch?v=HPQz-kdaxNo
https://www.nationalgeographic.com/science/article/why-alien-hunters-have-spent-60-years-finding-new-solutions-for-the-drake-equation?loggedin=true
https://www.nationalgeographic.com/science/article/why-alien-hunters-have-spent-60-years-finding-new-solutions-for-the-drake-equation?loggedin=true
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°�®^®t��°�bf pf vHR� ^cKFGGFQL ­HIKPQHJ tFPdRHZcKT

�ZRoG JF ­��®L �RHQ� pRH�F IRHUHKJJF VRKoUF]FQI HN EHVPRHIPKRF WF RFTcFRTcF GNR JH ZRPZNJX
GKPQ ZHR R[HTIKPQ WF JH ­�g� FQ IHQI MNF WKRFTIFNR WN GFRUKTF WFG GTKFQTFG JNQHKRFG FI ZJHQ[X

https://www.nationalgeographic.fr/photographe/mark-thiessen
https://www.nationalgeographic.fr/photographe/mark-thiessen
https://www.nationalgeographic.fr/photographe/national-geographic
https://www.nationalgeographic.fr/photographe/national-geographic
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IHKRFGY fQ ���¬L KJ RF`PKQI JF W[ZHRIF]FQI WOHGIRPQP]KF WF JOnQKUFRGKI[ aPRQFJJY bJ FGI [dHJF]FQI
WKRFTIFNR WF JO®VGFRUHIPKRF WO�RFTKVP \ °PRIP �KTP WF ���� \ ���� ZNKG WN aFQIRF QHIKPQHJ
WOHGIRPQP]KF FI WF JOKPQPGZcoRF h­�baiL MNK HW]KQKGIRF JOPVGFRUHIPKRFL WF ���� \ ����Y

EPRG WF GPQ ]HQWHIL �RHQ� pRH�F GNZFRUKGF QPIH]]FQI WFG R[QPUHIKPQG \ JO®VGFRUHIPKRF
WO�RFTKVPY aFJJFGXTK WPKUFQI HWHZIFR \ JH RFTcFRTcF HGIRPQP]KMNF TFI PVGFRUHIPKRF MNK GFRI \
JOPRKdKQF \ GNRUFKJJFR JH cHNIF HI]PGZcoRF WHQG JF THWRF WONQ ZRPdRH]]F WF W[SFQGF HQIKX]KGX
GKJFGY gNR JH dKdHQIFGMNF HQIFQQF ZHRHVPJKMNF WN I[JFGTPZFL PQ KQGIHJJFL FQIRF HNIRFGL NQ QPNX
UFHN RFU¸IF]FQI HKQGK MNONQ ZNKGGHQI RHWHR WFRQKFR TRK ´ JOKQGIRN]FQI FGI W[GPR]HKG ZJNG GFQX
GKVJF MNF `H]HKG FI ZFNI W[IFTIFR JF ]PNUF]FQI WOHGI[RPsWFG FI WOHNIRFG TPRZG ZJHQ[IHKRFGY

�RHQ� pRH�F `PNF [dHJF]FQI NQ R�JF TFQIRHJ WHQG JH RFZR[GFQIHIKPQ MNF JOcN]HQKI[ WPQQF
WOFJJFX]¸]F WHQG JFG ]FGGHdFG MNOFJJF []FI UFRG TFG ]PQWFG JPKQIHKQGY aOFGI \ JNK MNF JOPQ
WPKI JF t ]FGGHdF WO�RFTKVP uL GKdQHJ RHWKP []KG FQ ���¬ FQ WKRFTIKPQ WONQ H]HG WO[IPKJFG GKIN[
\ FQUKRPQ �� ��� HQQ[FGXJN]KoRFY

fQ ����L �RHQ� pRH�F TPXTPQ'PKI JH ZJHMNF WF °KPQFFRL TF T[JoVRF ]FGGHdF ZKTIPdRHZcKMNF
WPQI PQ H [MNKZ[ JFG GPQWFG °KPQFFR �� FI °KPQFFR �� RFZR[GFQIHQI NQ cP]]F FI NQF SF]]FL
QPIRF gqGIo]F GPJHKRFL HKQGK MNONQF THRIF KQWKMNHQI JH ZPGKIKPQ WN gPJFKJ WHQG JH dHJH_KFY bJ WFX
UKFQWRH [dHJF]FQI WKRFTIFNR IFTcQKMNF WN ¯PqHdFR tPJWFQ �FTPRWL TFI F]VJ[]HIKMNF RFTNFKJ
WF ZcPIPG FI WF GPQG IFRRKFQG MNKL WF ]¸]F MNF JH ZJHMNF WF °KPQFFRL FGI NQF VPNIFKJJF MNF
JOcN]HQKI[ H `FI[ WHQG JFG ]FRG WN TPG]PGY

�RHQ� pRH�F MNKIIF aPRQFJJ FQ ���¬ FI F]][QHdF HUFT GH SH]KJJF FQ aHJKSPRQKF Pw KJ WFUKFQI
WPqFQ WN p[ZHRIF]FQI WFG GTKFQTFG QHINRFJJFG WF JOnQKUFRGKI[ WF aHJKSPRQKF \ gHQIH aRN³Y
·NHQW KJ W[]KGGKPQQF WF TF ZPGIF FQ ����L KJ q WF]FNRF IPNIFSPKG ZRPSFGGFNR FI FGI RFTRNI[ \
JObQGIKINI gf b̂L MNK UKFQI HJPRG WO̧ IRF SPQW[L Pw KJ PSSKTKF FQ IHQI MNF ZR[GKWFQI WN TPQGFKJ WOHW]KX
QKGIRHIKPQ FI FQ IHQI MNF WKRFTIFNR WN aFQIRF aHRJXgHdHQ ZPNR JO[INWF WF JH UKF WHQG JOnQKUFRGY bJ
]FIIRH SKQ \ GH THRRKoRF WOFQGFKdQHQI FQ ����Y

EFG WKGIKQTIKPQG HTHW[]KMNFG MNOKJ RF'PKI IPNI HN JPQd WF GH THRRKoRF GPQI ZJ[IcPRKMNFGY EH Q[X
TRPJPdKF ZNVJK[F ZHR JOnQKUFRGKI[ WF aHJKSPRQKF \ gHQIH aRN³ FQ HIIFGIF � ]F]VRF WF JO�THW[]KF
H][RKTHKQF WFG HRIG FI WFG GTKFQTFGL ]F]VRF WF JO�THW[]KF QHIKPQHJF WFG GTKFQTFGL ZR[GKWFQI
WF JH gPTK[I[ HGIRPQP]KMNF WN °HTKSKMNFL ZR[GKWFQI WN aP]KI[ QHIKPQHJ WF RFTcFRTcF FQ ZcqX
GKMNF FI FQ HGIRPQP]KFL FI UKTFXZR[GKWFQI JO�GGPTKHIKPQ H][RKTHKQF ZPNR JOHUHQTF]FQI WFG
GTKFQTFGY

vHKG PQ QF ZFNI R[GN]FR �RHQ� pRH�F \ GPQ IRHUHKJY °PNR THQHJKGFR GPQ W[GKR HRWFQI WF ZR[TKX
GKPQ ]HIc[]HIKMNFL KJ WFUKFQI JHZKWHKRF H]HIFNR ´ KJ IHKJJF FI ZPJKI WFG ZKFRRFG ZR[TKFNGFG ZPNR SHX
VRKMNFR WFG VK̀ PN_ ZPNR GFG H]KG FI GH SH]KJJFY bJ HK]F TNJIKUFR WFG PRTcKW[FG hGFG GFRRFG FQ
HVRKIFQI WFG TFQIHKQFGiY °FQWHQI NQ IF]ZGL KJ TNJIKUF [dHJF]FQI GPQ ZRPZRF UKQ RPNdF FI RF]X
ZPRIF MNFJMNFG ][WHKJJFG ZPNR GPQ IRHUHKJ \ JH ­F� �PR� gIHIF �HKRY
�RHQ� pRH�F FGI HNGGK NQ dRHQW ]HJKTKFN_L FI TOFGI GH SKJJF MNK JF WKIY �N W[VNI WFG ����L HJPRG
MNOKJG cHVKIFQI bIcHTHL KJ ZHGGF IPNI NQ R[UFKJJPQ WF ­PîJ \ GHNIFR WHQG JF VPKG MNK `PN_IF GH ]HKX
GPQ HUFT NQF JH]ZF WF ZPTcF TPNUFRIF WF TFJJPZcHQF ZPNR WPQQFR \ ­HWKH FI \ GH ZFIKIF GjNR
JH `PKF WOHZFRTFUPKR JF IHRKQ JN]KQFN_ WF �NWPJZcF JF RFQQF HN QF³ RPNdFL GIHR SKTIKPQQFJJF WF
TPQIFG ZPNR FQSHQIGY

vHKG GFG IFQWHQTFG FGZKodJFG W[VPRWFQI [dHJF]FQI GNR GH UKF ZRPSFGGKPQQFJJFY ·NHQWL ZPNR
SNGIKdFR TF MNOKJ TPQGKWoRF ¸IRF NQ dHGZKJJHdF WOHRdFQI ZNVJKTL JF G[QHIFNR H][RKTHKQ �KJJKH]
°RP_]KRF W[TFRQF NQ IRoG KRPQKMNF tPJWFQ �JFFTF ��HRW \ NQF ZRPZPGKIKPQ WF JH ­�g� FI WN
gf b̂L �RHQ� pRH�F IFQIF WOKQGTRKRF JO[JN \ JH �JHI fHRIc gPTKFIqL MNK W[SFQW JOKW[F GFJPQ JHMNFJJF
JH F̂RRF GFRHKI ZJHIFY gH RFMN¸IF GFRH IPNIFSPKG RF`FI[FY

https://www.nationalgeographic.com/science/article/40-years-ago-earth-beamed-its-first-postcard-to-the-stars?loggedin=true
https://www.nationalgeographic.com/science/article/40-years-ago-earth-beamed-its-first-postcard-to-the-stars?loggedin=true
https://news.ucsc.edu/2022/09/frank-drake-in-memoriam.html
https://news.ucsc.edu/2022/09/frank-drake-in-memoriam.html
https://news.ucsc.edu/2022/09/frank-drake-in-memoriam.html
https://www.newspapers.com/clip/18585936/william-proxmire-awards-his-monthly/
https://www.newspapers.com/clip/18585936/william-proxmire-awards-his-monthly/
https://www.newspapers.com/clip/18585936/william-proxmire-awards-his-monthly/
https://www.newspapers.com/clip/18585936/william-proxmire-awards-his-monthly/
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pHQG GFG WFRQKoRFG HQQ[FGL �RHQ� pRH�F GFRH I[]PKQ WONQF R[UPJNIKPQ MNK IRHQGSPR]FRH JOHGIRPX
QP]KF WN ��ï GKoTJFL MNK HZZRPSPQWKRH JOKQI[R¸I GTKFQIKSKMNF ZPRI[ HN gf^b FI MNK ZFR]FIIRH WOHSSKX
QFR JFG ZHRH]oIRFG WF GPQ [MNHIKPQ � JH W[TPNUFRIF WF ]KJJKFRG WF ZJHQoIFG PRVKIHQI HNIPNR
WOHNIRFG [IPKJFG WHQG JH ¯PKF JHTI[FY

­HWKH pRH�F GF GPNUKFQI WONQ `PNR WF ���� Pw �FZJFRL JF I[JFGTPZF GZHIKHJ WF JH ­�g�L H IRHQGX
]KG NQ WKHdRH]]F R[ZFRIPRKHQI ZJNG WF � ��� QPNUFJJFG ZJHQoIFG ZPIFQIKFJJFG W[TPNUFRIFG WHQG
GPQ TcH]Z WF UKGKPQY ·NHQW ­HWKH JOH ]PQIR[ \ GPQ ZoRFL t KJ GOFGI `NGIF HRR¸I[ NQ KQGIHQI FI H
GK]ZJF]FQI WKI � ðbJ q H IHQI WF ZJHQoIFGO uL HUFT NQF UPK_ ZJFKQF WO[]FRUFKJJF]FQIY

tReTF \ �FZJFR FI \ WOHNIRFG ]KGGKPQGL JFG HGIRPQP]FG GHUFQI W[GPR]HKG MNF JF QP]VRF WF ZJHX
QoIFG FI WO[IPKJFG WHQG JH ¯PKF JHTI[F GF IRPNUF GNR JF ]¸]F PRWRF WF dRHQWFNR � KJ q FQ HNRHKI
��� \ ¬�� ]KJJKHRWGY °HR]K FJJFGL WFG TFQIHKQFG WF ]KJJKPQG ZPNRRHKFQI ¸IRF WFG ZJHQoIFG IFJJNX
RKMNFG WF JH IHKJJF WF JH F̂RRF PRVKIHQI \ NQF WKGIHQTF HNIPRKGHQI JH ZR[GFQTF WOFHN JKMNKWFY ­P]X
VRFN_ GPQI JFG HGIRPQP]FG MNK ZFQGFQI MNONQ `PNR QPNG ZPNRRKPQG W[TPNURKR WFG IRHTFG WF UKF
GNR JONQ WF TFG ]PQWFG JPKQIHKQGY

fI TP]]F JOHUHKI ZR[WKI NQ TFRIHKQ �RHQ� pRH�F KJ q H ZJNG WF �� HQGL ZFNIX¸IRF MNF TFG ZJHQoIFG
PQI JFNRG ZRPZRFG UPKINRFGL JFNRG ZRPZRFG RNFG FI JFNR ZRPZRF acKTHdPY
fQ ZJNG WF GH SKJJF ­HWKHL �RHQ� pRH�F JHKGGF WFRRKoRF JNK �]HcJ gcH�cHGcKRK pRH�FL GH SF]]F
WFZNKG ¬¬ HQG ´ EFKJH pRH�F �PGGF�L GH SKJJF ´ gIFUF pRH�FL �KTcHRW pRH�F FI °HNJ pRH�FL GFG
SKJG KGGNG WONQ ZR[T[WFQI ]HRKHdF ´ �PV pRH�FL GPQ SRoRF ´ HKQGK MNONQF QKoTFL NQ QFUFN FI
MNHIRF ZFIKIGXFQSHQIGY

ñòóôõö÷ øùöúôûü

https://www.nasa.gov/mission_pages/kepler/multimedia/images/kepler11_images.html
https://arxiv.org/pdf/2010.14812.pdf
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EFG ���� �����L JFG Qq]ZcFG WN TPNTcHQI ZHGGFQI ZPNR ¸IRF JFG SKJJFG WF ­K_L PN WF �FNG FI
WF ^c[]KGL PN FQTPRF WF °cPRTqG FI WF a[IPL PN FQSKQ W±�IJHG FI W±�FGZ[RKGY
®Q FQ TP]ZIHKI PRWKQHKRF]FQI IRPKG h�FdJ[L fRqIcFsHL �FGZ[RKGi HN_MNFJJFG �ZPJJPWPRF H`PNIF
�R[IcNGFL ]HKG PQ FQ SKdNRHKI MNFJMNFSPKG GFZI UPKRF PQ³FY fJJFG cHVKIHKFQI NQF )JF UPKGKQF WF
J±�IJHGL NQ `HRWKQ ]FRUFKJJFN_L RF]ZJK WF ZP]]FG W±PRL FI dHRW[ ZHR EHWPQL WRHdPQ \ TFQI I¸IFGY

gNKUHQI JH IRHWKIKPQ JH ZJNG R[ZHQWNFL �[RHTJoG HTTP]ZJKI JF PQ³Ko]F WF GFG IRHUHN_ FQ INHQI JF
WRHdPQL FQ TNFKJJHQI JFG ZP]]FGL FI FQ JFG RHZZPRIHQI \ fNRqGIc[FY
p±HZRoG W±HNIRFG UFRGKPQGL KJ RF'NI JFG ZP]]FG WFG ]HKQG WFG �FGZ[RKWFGL PN FQTPRF WFG
]HKQG W±�IJHGL MNK [IHKI HJJ[ TNFKJJKR JFG SRNKIG W±PR ZFQWHQI MN±�[RHTJoG ZPRIHKI JF ]PQWF GNR GFG
[ZHNJFGY
®Q TPQIHKI FQTPRF MNF �NGKRKGL RPK W±fdqZIFL H]PNRFN_ WFG �FGZ[RKWFG GNR JFNR GK]ZJF R[ZNIHX
IKPQL JFG SKI FQJFUFR ZHR WFG ZKRHIFG´ ]HKG TFN_XTK SNRFQI IN[G ZHR �[RHTJoGL \ MNK �IJHGL FQ RFTPQX
QHKGGHQTFL SKI WPQ WFG ZP]]FG W±PRY
®Q WKGHKI HNGGK MN±�[RHTJoG HZZPRIH FQ WPI \ �FNG JFG ZP]]FG WFG �FGZ[RKWFGY a±FGI HUFT TFG
ZP]]FG MN±fRKG GF]H JH ³K³HQKF FQIRF �[RHL �ZcRPWKIF FI �Ic[QHY

https://mythologica.fr/grec/atlas.htm
https://mythologica.fr/grec/heracles.htm
https://mythologica.fr/grec/heraclet11.htm
https://mythologica.fr/grec/eurysthee.htm
https://mythologica.fr/grec/busiris.htm
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EFG �FGZ[RKWFG
h����iL fW�HRW �n�­fXu®­fg

EF `HRWKQ WFG �FGZ[RKWFG
TY����L �R[W[RKT Efbt�^®­
á EHWq EFUFR �RI tHJJFRq

https://mythologica.fr/grec/pic/burne_hesperides.jpg
https://arts.mythologica.fr/artist-l/pic/leightonf_hesperides.jpg
https://arts.mythologica.fr/artist-l/leightonf.htm
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�FRTNJF TcF³ JFG �FGZ[RKWFG

�NZFRI �n­­�

���������
�FGZ[RKG �IJHG
��&C�lmm�&
�ZPN_� ² H]HQI fQSHQIG

~�����?���!��
pKTIKPQQHKRFG FI FQTqTJPZ[WKFG �RKIHQQKTHL EHRPNGGF FI nQKUFRGHJKGY
fQTqTJPZ[WKF WF JH ]qIcPJPdKF W±�RIcNR a®^^f�fEE´ hZJNGKFNRG [WKIKPQGi ®_SPRW ����
fQTqTJPZFWKH PS �QTKFQI pFKIKFG WF WF acHRJFG �nggfEE a®nE^f� FI °HIRKTKH ^NRQFR
pKTIKPQQHKRF WFG ]qIcPJPdKFG FQ � UPJN]FG W±�UFG �®­­f�®�L �JH]]HRKPQL °HRKGL ����Y
E±FQTqTJPZ[WKF WF JH ]qIcPJPdKF � pKFN_L c[RPG FI TRPqHQTFG WF ­FKJ °�bEb°L fWKIKPQG �PNdF
FI ®RL ����
vqIcFG FI J[dFQWFG´ fWKIKPQG WF EPWKL aPJJFTIKS ����Y
vqIcFG FI ]qIcPJPdKF WF �[JK_ tnb��­p FI uPîJ ga�vbp L̂ EHRPNGGFL ����Y
pKTIKPQQHKRF WFG Gq]VPJFG WF uFHQ a�f¯�Ebf� FI �JHKQ t�ff����­ L̂ ����
pKTIKPQQHKRF WF JH SHVJF WF �RHQ'PKG ­®fE
pKTIKPQQHKRF TRKIKMNF WF ]qIcPJPdKF WF uFHQXEPsT Ef ·nfEEfa FI �FRQHRW gf�tf­^

·NFJMNFG HNIRFG JKURFG ZPNR HZZRPSPQWKR TF GN`FIY

&������ ����$���
�ZPJJPWPRFL �KVJKPIcoMNF� bbL � GMM ´ bbL ��
pKPWPRF WF gKTKJF� b¯L ��
�[GKPWFL ^c[PdPQKF� ���
°HNGHQKHGL °[RK[doGF� ¯L ��L ¬

https://mythologica.fr/grec/pic/bunny_hercule-hesperides.jpg
https://mythologica.fr/grec/util/biblio.htm
https://mythologica.fr/grec/texte/apollodore.htm
https://mythologica.fr/grec/texte/diodore.htm
https://mythologica.fr/grec/texte/hesiode.htm
https://mythologica.fr/grec/texte/pausanias.htm
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EF �� QPUF]VRF ���¬L JF ZFIKI HIIFRRKGGFNR °cKJHF GF ZPGF GNR acNRqL
IRHQGZPRI[ ZHR JH GPQWF �PGFIIH \ ZJNG WF ��� ]KJJKPQG WF �KJP]oIRFG
WF JH F̂RRFY bJ FGI JHRdN[ GNR JH TP]oIF ZPNR q FSSFTINFR WFG HQHJqGFG
FQ GNRSHTFY vHKG HN ]P]FQI WF IPNTcFR JF GPJ JFG cHRZPQG WF °cKJHF
QF SPQTIKPQQFQI ZHGY bJ RFVPQWKI WFN_ SPKG HUHQI WF GF TPKQTFR WHQG
NQF TRFUHGGFL \ FQUKRPQ � �] WN GKIF WOHIIFRRKGGHdFY vHJdR[ TFJHL
°cKJHF ZHRUKFQI \ FQUPqFR MNFJMNFG WPQQ[FG \ �PGFIIH HUHQI MNF
GFG TP]]NQKTHIKPQG QF GPKFQI W[SKQKIKUF]FQI TPNZ[FGL JF � `NKJJFI
����Y

��  ¡ ¢£ ¤¥¦¡§¨©¡

EF �� QPUF]VRF ���¬L NQ ]FGGHdF \ WFGIKQHIKPQ WO[UFQINFJG F_IRHIFRX
RFGIRFG FGI []KG ZHR JF RHWKP I[JFGTPZF WO�RFTKVPY bJ H [I[ TPQ'N ZHR
�RHQ� pRH�F h����X����i HUFT JOHKWF WF aHRJ gHdHQ h���¬X����iY bJ
WPQQF WFG KQSPR]HIKPQG GNR JH F̂RRF FI JOcN]HQKI[ FI H ZPNR WFGIKQHIKPQ
JOH]HG WO�FRTNJF GKIN[ \ ZJNG WF ����� HQQ[FGXJN]KoRF WF JH F̂RRFY

ª�  ¡ «¬ ¤¥¦¡§¨©¡

EF �� QPUF]VRF ����L JH GPQWF gPJHR ®RVKIFR WF JOfg� SR�JHKI JH F̂RRF \
¬�� �] ZPNR NQF ZRF]KoRF ]HQjNURF dRHUKIHIKPQQFJJFL ZR[JNWF \ GH
]KGGKPQ WOPVGFRUHIKPQ WN gPJFKJY pFZNKG HN SKJ WFG GNRUPJG WF ¯[QNGL FJJF
KQTJKQF ZFN \ ZFN GPQ PRVKIF ZHR RHZZPRI HN ZJHQ WN GqGIo]F GPJHKRFL
WHQG NQ VNI WF W[UPKJFR WFG R[dKPQG KQF_ZJPR[FG WF JH GNRSHTF WF QPIRF
[IPKJFY

ª�  ¡ «­ ¤¥¦¡§¨©¡

EF �� QPUF]VRF ���¬L JH GPQWF H][RKTHKQF vHRKQFR ¬ W[TPJJF \ WFGIKQHX
IKPQ WF vHRGY fJJF R[HJKGFRH JF ZRF]KFR GNRUPJ WF JH ZJHQoIF RPNdF FQ
`NKJJFI ����L HUFT JOFQUPK WF ZcPIPG UFRG JH F̂RRFY EF ZRPdRH]]F vHRKQFR
UKGHKI JO[INWF WFG ZJHQoIFG IFJJNRKMNFGY vHRKQFR ¬ FGI GPQ WFN_Ko]F GNTX
ToGY fQ ����L vHRKQFR � HUHKI R[NGGK JF GNRUPJ WF ¯[QNGY

Z£¡¤ ¡^ ®\a_¢¡



���� �� ����	 
��
 	%

¯°±²³¯
´µ¶·¸¹º » ¼¶½ºµ¹¸¸¾µ·¶½º
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ñü9 :ü<: öú: <9 Kö9:õ<ùö S<ò õ::õS<ö <9 ;õ9>öùö<x �óüùFòü9
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EH ?���p�� �� �x���� hPN B�@ ��Ø�Úi FGI NQF dHJH_KF GZKRHJF VHRR[F ZHRIKTNJKoRF GKIN[F WHQG
JH TPQGIFJJHIKPQ WN pRHdPQY gH UKIFGGF ZHR RHZZPRI HN SPQW WKSSNG TPG]PJPdKMNF FGI WF
� �¬� � � �]²GL TF MNK TPRRFGZPQW \ NQF WKGIHQTF WF �NVVJF WF ���L� � �L� vZT h ¬�� ]KJX
JKPQG W±HJiqY
EH TJHGGF WF JN]KQPGKI[ WF nta ����¬ FGI bbb FI FJJF ZR[GFQIF NQF JHRdF RHKF �bqY nta ����¬
SKdNRF WHQG J±HIJHG WFG dHJH_KFG ZHRIKTNJKoRFG W±�HJIPQ �RZ GPN JH TPIF �RZ ���vY

https://fr.wikipedia.org/wiki/Galaxie_spirale_barrée
https://fr.wikipedia.org/wiki/Galaxie_particulière
https://fr.wikipedia.org/wiki/Constellation
https://fr.wikipedia.org/wiki/Dragon_(constellation)
https://fr.wikipedia.org/wiki/Fond_diffus_cosmologique
https://fr.wikipedia.org/wiki/Loi_de_Hubble-Lemaître
https://fr.wikipedia.org/wiki/Loi_de_Hubble-Lemaître
https://fr.wikipedia.org/wiki/Mégaparsec
https://fr.wikipedia.org/wiki/Année-lumière
https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-ned-1
https://fr.wikipedia.org/wiki/Galaxie_spirale#Classe_de_luminosité_des_galaxies_spirales
https://fr.wikipedia.org/wiki/Raie_à_21_centimètres
https://fr.wikipedia.org/wiki/Raie_à_21_centimètres
https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-ned-1
https://fr.wikipedia.org/wiki/Atlas_of_Peculiar_Galaxies
https://fr.wikipedia.org/wiki/Halton_Arp
https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-selig-2
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https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-ned-1
https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-ned-1
https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-selig-2
https://fr.wikipedia.org/wiki/Minute_d'arc
https://fr.wikipedia.org/wiki/Minute_d'arc
https://fr.wikipedia.org/wiki/Galaxie_du_Têtard#cite_note-disNed-3
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nta ����¬ FGI T[JoVRF ZPNR GH ]PRZcPJPdKF ZHRIKTNJKoRF MNK ZR[GFQIF QPIH]]FQI NQ JPQd ZHX
QHTcF W±[IPKJFG FI WF dH³L GF]VJHQI G±[TcHZZFR WF JH dHJH_KF FI MNK H UHJN GPQ GNRQP]Y aFIIF
JPQdNF IRHKQ[FL MNF J±PQ HZZFJJF NQF MNFNF WF ]HR[FL G±[IFQW GNR FQUKRPQ ��� �ZT
h ��� ��� HJi FQ WKRFTIKPQ WF J±FGI FI R[GNJIF WN ZHGGHdF RHZZRPTc[ W±NQF ZFIKIF dHJH_KF QHKQF
t KQIRNGF u HUFT nta ����¬�Y EPRG WF TFIIF RFQTPQIRFL KJ q H NQF TFQIHKQF WF ]KJJKPQG W±HQX
Q[FG�L JFG SPRTFG WF ]HR[F FQdFQWR[G ZHR JF ZHGGHdF WF JH dHJH_KF TP]ZHdQPQ PQI [`FTI[ NQF
dRHQWF MNHQIKI[ W±[IPKJFG FI WF QNHdFG WF dH³L WKGZFRG[G \ ZR[GFQI HNIPNR WF JH dHJH_KF GZKRHJF
GNR WF UHGIFG WKGIHQTFG TP]]F QPNG JF ]PQIRF JH ZR[GFQTF WF JH MNFNFvY
EH MNFNF WF ]HR[F W±nta ����¬ TPQIKFQI WF QP]VRFN_ H]HG GIFJJHKRFG HVRKIHQI WF `FNQFG
[IPKJFG VJFNFGY E±edF WF TFG H]HG UHRKF FQIRF � FI �� ]KJJKPQG W±HQQ[FG�Y �N ]KJKFN WF JH MNFNF
GF IRPNUFQI WFN_ UHGIFG QjNWG W±[IPKJFGL JF ZJNG dRHQW HqHQI NQ RHqPQ W±FQUKRPQ ��� ZT
h ��� HJi�L MNK ZPNRRHKFQI TPRRFGZPQWRF \ WFG dHJH_KFG QHKQFG QHKGGHQIFG�Y EF RFGIF WF JH dHX
JH_KF ZR[GFQIF JNK HNGGK NQF GIRNTINRF IRoG ZFRINRV[F TP]]F JF GNddoRF JF VRHG GZKRHJ GNW \ WFX
]K WKGJPMN[ FI HN QKUFHN WNMNFJ GF IRPNUF FQTPRF JH ZFIKIF dHJH_KF RFGZPQGHVJF WF TF TcHPGvY
&������#�
EH GNZFRQPUH g­ ����WM H [I[ W[TPNUFRIF WHQG nta ����¬ JF �� `NKQ ���� ZHR uY EF`HL �Y EK
FI �Y ¯Y �KJKZZFQ�P WF J±nQKUFRGKI[ WF �FR�FJFq WHQG JH THWRF WN ZRPdRH]]F E®^®gg WF J±PVX
GFRUHIPKRF EKT��Y p±NQF ]HdQKINWF HZZHRFQIF WF ��L� HN ]P]FQI WF GH W[TPNUFRIFL FJJF [IHKI
WF IqZF bT�Y
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pFZNKG JH QNKI WFG IF]ZGL JFG HNRPRFG ZPJHKRFG
SPQI R¸UFRY fI QPNG GP]]FGL TcHMNF HQQ[FL
IPN`PNRG ZJNG QP]VRFN_ \ IFQIFR WF JFG W[TPNX
URKRY EK[FG \ NQ TqTJF GPJHKRF ZHRIKTNJKoRF]FQI
HTIKS WFZNKG � HQG hJF ZKT FGI HNIPNR WF ����iL
TFG
pF IPNG JFG Zc[QP]oQFG T[JFGIFGL JFG HNRPRFG
VPR[HJFG GPQI JONQ WFG ZJNG S[[RKMNFG ( EK[FG \
NQ TqTJF GPJHKRF ZHRIKTNJKoRF]FQI HTIKS WFZNKG
WFN_ HQGL FJJFG PQI RHRF]FQI [I[ HNGGK KQIFQGFG

FI SR[MNFQIFG \ PVGFRUFRL ]¸]F GPNG QPG JHIKINWFGY EF TKFJ QPTINRQF GF WRHZF HJPRGL GPNG QPG
RFdHRWG []FRUFKJJ[GL FQ NQ `FN WF JN]KoRFG [Zc[]oRF FI ]PNUHQI MNK [TJKZGF JH dRHQWF ]H`PRKX
I[ WFG [IPKJFGY
pFGIKQ[ HN dRHQW ZNVJKT SHGTKQ[ ZHR JFG GZFTIHTJFG WN TKFJ FI HN_ HGIRPQP]FG H]HIFNRGL TF
dNKWF ]HdQKSKMNF]FQI KJJNGIR[ ZFR]FI WF TP]ZRFQWRF JOPRKdKQF FI JFG GZ[TKSKTKI[G WFG HNRPRFG
ZPJHKRFGY bJ QPNG WPQQF [dHJF]FQI IPNG JFG TPQGFKJG KQWKGZFQGHVJFG ZPNR ZHRIKR \ JFNR RFX
TcFRTcFL ZPNR JFG PVGFRUFR FI ZPNR JFG ZcPIPdRHZcKFRY
B�� ��#������� �� #���?�x �� �x#�  #���� 8
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	Les satellites jouent un rôle essentiel dans notre compréhension de l’espace et dans notre vie quotidienne. Savez-vous quelle est la différence entre un satellite naturel et un satellite artificiel ?
	Qu’est-ce qu’un satellite naturel pour les planètes ? Définition
	À quoi servent les satellites artificiels dans l’espace, quelle est leur vitesse, comment fonctionnent-ils et à quelle altitude sont-ils ?
	En dehors de la Lune de notre système solaire, combien y a-t-il de satellites en orbite autour de la Terre ?
	2024 11 01  13:47   NOUVELLE LUNE
	2024 11 05  01:00   Pluie d'étoiles filantes : Taurides S. (7 météores/heure au zénith; durée = 71,0 jours)
	2024 11 05  01:48   Rapprochement entre la Lune et Vénus (dist. topocentrique centre à centre = 3,4°)
	2024 11 09  06:56   PREMIER QUARTIER DE LA LUNE
	2024 11 10  11:59   Rapprochement entre Mercure et Antarès (dist. topocentrique centre à centre = 2,0°)
	2024 11 12  01:00   Pluie d'étoiles filantes : Taurides N. (5 météores/heure au zénith; durée = 51,0 jours)
	2024 11 12  20:32   Rapprochement entre Vénus et M 8 (dist. topocentrique centre à centre = 1,3°)
	2024 11 13  22:13   Opposition de l'astéroïde 11 Parthenope avec le Soleil (dist. au Soleil = 2,430 UA; magn. = 9,8)
	2024 11 14  12:18   Lune au périgée (distance géoc. = 360109 km)
	2024 11 15  22:29   PLEINE LUNE
	2024 11 15  23:46   Rapprochement entre la Lune et Uranus (dist. topocentrique centre à centre = 3,7°)
	2024 11 16  12:00   PLUS GRANDE ÉLONGATION EST de Mercure (22,4°)
	2024 11 17  03:43   OPPOSITION de Uranus avec le Soleil
	2024 11 17  05:00   Pluie d'étoiles filantes : Léonides (10 météores/heure au zénith; durée = 24,0 jours)
	2024 11 19  01:43   Rapprochement entre Vénus et M 22 (dist. topocentrique centre à centre = 1,6°)
	2024 11 20  02:21   Rapprochement entre la Lune et Pollux (dist. topocentrique centre à centre = 2,1°)
	2024 11 21  01:00   Pluie d'étoiles filantes : Alpha Monocérotides (durée = 10,0 jours)
	2024 11 21  05:06   Rapprochement entre la Lune et M 44 (dist. topocentrique centre à centre = 2,4°)
	2024 11 22  09:44   Maximum de l'étoile variable delta de Céphée
	2024 11 23  02:28   DERNIER QUARTIER DE LA LUNE
	2024 11 23  05:10   Minimum de l'étoile variable Algol (bêta de Persée)
	2024 11 23  23:50   Minimum de l'étoile variable bêta de la Lyre
	2024 11 24  03:42   Début de l'occultation de 63-chi Leo (magn. = 4,62)
	2024 11 24  04:45   Fin de l'occultation de 63-chi Leo (magn. = 4,62)
	2024 11 26  01:59   Minimum de l'étoile variable Algol (bêta de Persée)
	2024 11 26  12:56   Lune à l'apogée (distance géoc. = 405314 km)
	2024 11 27  18:32   Maximum de l'étoile variable delta de Céphée
	2024 11 28  22:48   Minimum de l'étoile variable Algol (bêta de Persée)
	2024 11 29  04:07   Maximum de l'étoile variable êta de l'Aigle
	2024 11 29  23:34   Maximum de l'étoile variable zêta des Gémeaux
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