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ਘાЮɭ�ˉɭ͚̯�ʄ˝̸̝�̚ɀ̝ɀʅ̝ɀ̚ʎ̤�ɧɭ̝ʓ͔ɭ�ʄ̝˝ʽ�iʴʓ͔ɭ̝̯�ੲ৖৔৖৖ੳ੓�Ûɭɭ�ɀʴ̤˝�Ûʴɭɭ̯ʎ�ɭ̯�ɀʴ੓�ੲ৖৔৖৕ੳ੓
ਙાLDৱ৬�ʓ̤�̯ʎɭ�ɀʽ˝̸ˉ̯�˝ʄ�ɀ�ʽɀ̯ɭ̝ʓɀʴ੔�ʅʓ͔ɭˉ�ɀʴʴ�ɀ̯�˝ˉɡɭ੔�͕ʎʓɡʎ�ɡɀ̸̤ɭ̤�̯ʎɭ�ɧɭɀ̯ʎ�˝ʄ�৙৔଍�ੲ˝ˉɭ�ʎɀʴ΍ੳ�˝ʄ�ɀ�ʅ̝˝̸̚�˝ʄ�
test animals.

A ̝ɭɡɭˉ̯� ̝̚˝ʅ̝ɀʽʽɭ� ˝ˉ� �!"� Ôɀɧʓ˝��ɀ̯ʓ˝ˉɀʴઑ̤��ɡɡɀ ઑ̤̔�Ôɀͥ˝̝�ʓˉ̯̝˝ɧ̸ɡɭɧ�
ʽɭ� ̯˝� Ñ̝˝ʄɭ̤̤˝̝� "ʎ̝ʓ̤̯ʓˉɀ� Ěɧɭˉɭʯ� ɀˉɧ�
ʎɭ̝�̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ�˝ˉ�̯ʎɭ�ɧɀˉʅɭ̝�˝ʄ�̤ˉɀʯɭ̤�ʓˉ�
�̸̤̯̝ɀʴʓɀ੓�Ûʎɭ�̝̚˝͔˝ɡɀ̯ʓ͔ɭʴ͛�ɡɀʴʴɭɧ�ʎɭ̝�̯ɀʴʯ੔�
઎Ûɭ͔ɭˉ�̝ɭɀ̤˝ˉ̤�͕ʎ͛��̸̤̯̝ɀʴʓɀ�ʓ̤�̯ʎɭ�ʴ̸ɡʯ͛�
ɡ˝̸ˉ̯̝͛�͕ʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯˝�̤ˉɀʯɭ̤੓એ�R�ɀ̤ʯɭɧ�
ʎɭ̝� ʄ˝̝� ɀ� ̝ɭ͔ʓ̤ɭɧ� ͔ɭ̝̤ʓ˝ˉ� ʄ˝̝� ̯ʎɭ� Journal, 
͕ʎʓɡʎ�ʓ̤�ʓˉɡʴ̸ɧɭɧ�ʎɭ̝ɭ੓
Rˉ�ʄɀɡ̯੔�ʓˉ��̸̤̯̝ɀʴʓɀ੔�̯ʎɭ̝ɭ�ɀ̝ɭ�п͔ɭ�ʄɀʽʓ-

ʴʓɭ̤�˝ʄ�ʴɀˉɧ�̤ˉɀʯɭ੕�̯ʎɭ�̯͛̚ʎ˝ˉ̤੔�пʴɭ�̤ˉɀʯɭ̤੔�
ɠʴʓˉɧ�̤ ˉɀʯɭ̤੔�̯ ʎɭ�̝ ɭɀ̝઀ʄɀˉʅɭɧ�̤ ˉɀʯɭ̤�̋ ̝�ɡ˝ʴ̸-
ɠ̝ʓɧ̤੔�ɀˉɧ�̯ ʎɭ�ʄ̝˝ˉ̯઀ʄɀˉʅɭɧ�̤ ˉɀʯɭ̤�̋ ̝�ɭʴɀ̚ʓɧ̤੓�
!ʴʓˉɧ�̤ˉɀʯɭ̤�ੲæ͛̚ʎʴ˝̚ʓɧɀɭੳ�ɀ̝ɭ�̤ʽɀʴʴ੔�̤ʎ͛�
ɀˉɧ�̝ ɀ̝ɭʴ͛�̤ ɭɭˉ੖�пʴɭ�̤ ˉɀʯɭ̤�ੲ�ɡ̝˝ɡʎ˝̝ɧʓɧɀɭੳ�
ɀ̝ɭ�ɀΌ̸ɀ̯ʓɡ�ɀˉɧ�ɹ ʓ͔ɭ�ʓˉ�̄ ˝̝̯ʎɭ̝ˉ�̤ ͕ɀʽ̤̚�ɀˉɧ�
ɠʓʴʴɀɠ˝ˉʅ̤੖�ɀˉɧ�̯͛̚ʎ˝ˉ̤�ੲÑ̯͛ʎ˝ˉʓɧɀɭੳ�ɀ̝ɭ�
͕ʓɧɭ̤̝̚ɭɀɧ�ɀˉɧ�ˉ˝ˉ઀͔ɭˉ˝ʽ˝̸̤੓�Юɭˉ�̯ʎɭ̝ɭ�
ɀ̝ɭ�̯ʎɭ�˝̯ʎɭ̝�̯͕˝੕�ɭʴɀ̚ʓɧ̤�ɀˉɧ�ɡ˝ʴ̸ɠ̝ʓɧ̤੓ৡ
�ʴʽ˝̤̯�ɀʴʴ��̸̤̯̝ɀʴʓɀˉ�͔ɭˉ˝ʽ˝̸̤�̤ˉɀʯɭ̤�

ɠɭʴ˝ˉʅ� ̯˝� ̯ʎɭ�.ʴɀ̚ʓɧɀɭ� ʄɀʽʓʴ ੔͛� ʓˉɡʴ̸ɧʓˉʅ�
ʯʓˉʅ� ɠ̝˝͕ˉ̤� ੲPseudechis australisੳ੔� ̯ʓʅɭ̝�
̤ˉɀʯɭ̤�ੲ�ʧ˹ȷȫɘɝˮ�ˮȫ̵̂Ȋ˹̂ˮੳ੔�ɀˉɧ�̯ʎɭ�̤̚ɭɡ̯ɀɡ̸-
ʴɀ̝ʴ͛�̚ɀ̯̯ɭ̝ˉɭɧ�"˝ʴʴɭ̯̯ઑ̤�̤ˉɀʯɭ�ੲPseudechis 
collettiੳ੓�Eʴ˝ɠɀʴʴ ੔͛�ɭʴɀ̚ʓɧ̤�ʓˉɡʴ̸ɧɭ�̯ ʎɭ�ɡ˝ɠ̝ɀ̤�
˝ʄ��̤ʓɀ�ɀˉɧ��ʄ̝ʓɡɀ੔�̯ʎɭ�ʽɀʽɠɀ̤�˝ʄ��ʄ̝ʓɡɀ੔�
ɀ̤�͕ɭʴʴ�ɀ̤�ɡ˝̝ɀʴ�̤ˉɀʯɭ̤੔�̤ɭɀ�̤ˉɀʯɭ̤੔�ɀˉɧ੔�ʓˉ�
�̸̤̯̝ɀʴʓɀ੔�˝͔ɭ̝�৕ৗ৔�̤̚ɭɡʓɭ̤�˝ʄ�ʴɀˉɧ�ɀˉɧ�̤ɭɀ�
̤ˉɀʯɭ̤੓�Ċʎʓʴɭ�ʽɀˉ͛�ɭʴɀ̚ʓɧ̤�ʎɀ͔ɭ�ɭ͔˝ʴ͔ɭɧ�
͔ɭˉ˝ʽ੔��̸̤̯̝ɀʴʓɀઑ̤�ɭʴɀ̚ʓɧ̤�ɀ̝ɭ�̤ʓˉʅ̸ʴɀ̝�ʓˉ�
̯ʎɭʓ̝�̚˝̯ɭˉɡ ੓͛�Юɭ�͕˝̝ʴɧઑ̤�ʽ˝̤̯�͔ɭˉ˝ʽ˝̸̤�
ʴɀˉɧ�̤ˉɀʯɭ੔�̯ʎɭ�ʓˉʴɀˉɧ�̯ɀʓ̚ɀˉ�ੲOxyuranus 

microlepidotusੳ�ʓ̤�ɡɀ̚ɀɠʴɭ�˝ʄ�ʯʓʴʴʓˉʅ�ɀ̝˝̸ˉɧ�
৖৙৔੔৔৔৔�ʽʓɡɭ�͕ʓ̯ʎ�̯ʎɭ�͔ɭˉ˝ʽ�ʄ̝˝ʽ�ɀ�̤ʓˉʅʴɭ�
ɠʓ̯ɭ੔�ɀɡɡ˝̝ɧʓˉʅ�̯˝�̯ʎɭ�m(ৱ৬�̚ɀ̝ɀʽɭ̯ɭ ੓̝ৢ
.ʴɀ̚ʓɧ̤�ɀ̝ɭ�̯ʎ˝̸ʅʎ̯�̯˝�ʎɀ͔ɭ�ɀ̝̝ʓ͔ɭɧ�ʓˉ�

�̸̤̯̝ɀʴʓɀ�̔ ɀˉ͛�̔ ʓʴʴʓ˝ˉ̤�̋ ʄ�͛ ɭɀ̝̤�ɀʅ˝�ɀ̤�ɀ�̤ ɭɀ�
̤ˉɀʯɭ੔�ɀɡɡ˝̝ɧʓˉʅ�̯˝�ɭ͔˝ʴ̸̯ʓ˝ˉɀ̝͛�ɭɡ˝ʴ˝ʅʓ̤̯�
Ôʓɡʯ�Ûʎʓˉɭ�ʄ̝˝ʽ�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Û͛ɧˉɭ ੓͛�
઎Rˉ�̯ʎɭ�ɡɀ̤ɭ�˝ʄ�̯ʎɭ�ɭʴɀ̚ʓɧ̤੔�̯ʎɭ�ɀˉɡɭ̤̯˝̝�̯ʎɀ̯�
ʎɀ̤�ɡ˝ʽɭ�ʄ̝˝ʽ��̤ʓɀ�̯ ˝��̸̤̯̝ɀʴʓɀ�ɹ ˝˝ʯ̤�̯ ˝�ɠɭ�
˝ʄ�ɀ�̔ ˝ɧɭ̝ˉ઀ɧɀ͛�ʯ̝ɀʓ̯૆ઃ૆ɀ�̤ ɭɀ�̤ ˉɀʯɭ�̤ ̚ɭɡʓɭ̤�
ੲBungarus�̤̚੓ੳ੔એ�Ñ̝˝ʄɭ̤̤˝̝�Ûʎʓˉɭ�̤ɀʓɧ੓�æ˝ɧɀ ੔͛�
̤ɭɀ�ʯ̝ɀʓ̯̤�ɀ̝ɭ�ɀʽ˝ˉʅ�̯ʎɭ�ʽ˝̤̯�͔ɭˉ˝ʽ˝̸̤�
̤ˉɀʯɭ̤�ʓˉ�̯ʎɭ�͕˝̝ʴɧ੔�̤˝��̸̤̯̝ɀʴʓɀઑ̤�ɭʴɀ̚ʓɧ̤�
ʴʓʯɭʴ͛�ʎɀɧ�ɀ�ʎɭɀɧ઀̤̯ɀ̝̯�ʓˉ�̯ ʎɭʓ̝�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�
˝ʄ�̚˝̯ɭˉ̯�͔ɭˉ˝ʽ੓
Юɭ�поʎ�ʅ̝˝̸̚�ʓ̤�̯ʎɭ�"˝ʴ̸ɠ̝ʓɧɀɭ�ʄɀʽʓʴ ੔͛�

˝̝�̝ɭɀ̝઀ʄɀˉʅɭɧ�̤ˉɀʯɭ̤੔�ʴʓʯɭ�̯ʎɭ�ˉ˝ˉ઀͔ɭˉ˝ʽ-
˝̸̤�ɡ˝ʽʽ˝ˉ�̯ ̝ɭɭ�̤ ˉɀʯɭ�ੲDendrelaphis punctu-
latusੳ੔�ɠ̝˝͕ˉ�̯̝ɭɭ઀̤ˉɀʯɭ�ੲBoiga irregularisੳ੔�
ɀˉɧ�̯ ʎɭ�̄ ˝ˉ઀͔ɭˉ˝ʽ˝̸̤�ʯɭɭʴɠɀɡʯ�ੲTropidono-
phis mairiiੳ੓�Юɭ�ɡ˝ʴ̸ɠ̝ʓɧ̤�ɀ̝ɭ�̯ʎɭ�͕˝̝ʴɧઑ̤�
ʽ˝̤̯�̸̤ɡɡɭ̤̤ʄ̸ʴ�ʄɀʽʓʴ͛�˝ʄ�̤ˉɀʯɭ̤੔�ɀˉɧ��̸̤-
̯̝ɀʴʓɀ�ʓ̤�̸ˉʓΌ̸ɭ�ʓˉ�ɠɭʓˉʅ�̯ʎɭ�˝ˉʴ͛�ɡ˝ˉ̯ʓˉɭˉ̯�
͕ʎɭ̝ɭ�ɭʴɀ̚ʓɧ̤�˝̸̯ˉ̸ʽɠɭ̝�ɡ˝ʴ̸ɠ̝ʓɧ̤੕�˝ˉʴ͛�
̯ɭˉ�̤̚ɭɡʓɭ̤�˝ʄ�ɡ˝ʴ̸ɠ̝ʓɧ̤�˝ɡɡ̸̝�ʎɭ̝ɭ੔�ɀɡɡ˝̝ɧ-
ʓˉʅ�̯˝�̯ʎɭ�İ̸ɭɭˉ̤ʴɀˉɧ�v̸̤ɭ̸ʽ੓
Юɭ�ɡ˝ʴ̸ɠ̝ʓɧ̤�ɀ̝ɭ�̯ ʎ˝̸ʅʎ̯�̯ ˝�ʎɀ͔ɭ�ɀ̝̝ʓ͔ɭɧ�

ʓˉ��̸̤̯̝ɀʴʓɀ�ɀоɭ̝�̯ʎɭ�ɭʴɀ̚ʓɧ̤੔�ɠ̸̯�̯ʎɭ̝ɭ�ʓ̤�
̤̯ʓʴʴ�̤˝ʽɭ�ɧɭɠɀ̯ɭ�ɀ̤�̯˝�ɭ͚ɀɡ̯ʴ͛�͕ʎɭˉ੓��ˉɧ�
̯ʎɭ�̚ ɀ̯ʎ�̯ ʎɀ̯�̯ ʎɭ͛�̯ ˝˝ʯ�̯ ˝�ʅɭ̯�ʎɭ̝ɭ�̚ ̝˝ɠɀɠʴ͛�
ɭ͚̚ʴɀʓˉ̤�͕ʎ͛�ʽɀˉ͛�˝ʄ��̸̤̯̝ɀʴʓɀઑ̤�ɡ˝ʴ̸ɠ̝ʓɧ̤�
ɀ̝ɭ�̯̝ɭɭ�̤̚ɭɡʓɀʴʓ̤̯̤੓�઎Юɭ�ɡ˝ʴ̸ɠ̝ʓɧ̤�ɡɀʽɭ�ɀ�
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vɀ̝ʯ̤૆ઃ૆.ɧʓ̯˝̝ʓɀʴ੕�Ûˉɀʯɭ̤੔�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤੔�ɀˉɧ�ʅʴ˝ɠɀʴ�̝ʓ̤ʯ̤

ʴ˝̯�ʽ˝̝ɭ�̝ɭɡɭˉ̯ʴ͛�ɧ˝͕ˉ�̯ʎ̝˝̸ʅʎ��̤ʓɀ�ɀˉɧ�
�ɭ͕�E̸ʓˉɭɀ੔એ�̤ɀʓɧ�Ñ̝˝ʄɭ̤̤˝̝�Ûʎʓˉɭ੓�Ċʎɀ̯�
̯ʎɀ̯�̔ ɭɀˉ̤�ʓ̤�̯ ʎɀ̯�̯ ʎɭʓ̝�̔ ʓʅ̝ɀ̯ʓ˝ˉ�̚ ɀ̯ʎ�͕ ɀ̤�
ɀ�ʎɭɀ͔ʓʴ͛�ʄ˝̝ɭ̤̯ɭɧ�˝ˉɭ�̯ʎɀ̯�ʄɀ͔˝̸̝ɭɧ�̯̝ɭɭ઀
ɧ͕ɭʴʴʓˉʅ�̤̚ɭɡʓɭ̤੓�઎Юɭ̝ɭઑ̤�̝̚˝ɠɀɠʴ͛�ɀ�ɡ˝ˉ-
ˉɭɡ̯ʓ˝ˉ�̯ ʎɭ̝ɭ�͕ ʎɭ̝ɭ�͛ ˝ ઑ̸̝ɭ�ɹ ʓʯɭʴ͛�̯ ˝�ʅɭ̯�̔ ˝̝ɭ�
̯̝ɭɭ઀ɧ͕ɭʴʴʓˉʅ�̤ ̚ɭɡʓɭ̤੓એ�Юɀ̯�̔ ʓʅ̝ɀ̯ʓ˝ˉ�̚ ɀ̯ʎ-
͕ɀ͛�ʓ̤�̯ʎɭ�ʴʓʯɭʴ͛�ɭ͚̚ʴɀˉɀ̯ʓ˝ˉ�ʄ˝̝�͕ʎ͛�ʽɀˉ͛�
˝ʄ��̸̤̯̝ɀʴʓɀઑ̤�ˉ˝ˉ઀͔ɭˉ˝ʽ˝̸̤�ɡ˝ʴ̸ɠ̝ʓɧ̤�ɀ̝ɭ�
ɡʴʓʽɠɭ̝̤੓� !̸̯� ̯ʎɭ� ̤ˉɀʯɭ� ̯ʎɀ̯� ʽ˝̤̯� ɡ˝ʽ-
ʽ˝ˉʴ͛�ɠʓ̯ɭ̤��̸̤̯̝ɀʴʓɀˉ̤੔�̯ ʎɭ�ɭɀ̤̯ɭ̝ˉ�ɠ̝˝͕ˉ�
̤ˉɀʯɭ�ੲPseudonaja textilisੳ੔�ʓ̤�ɀˉ�ɭʴɀ̚ʓɧ੓�Ôɭɀɧ�
Ěɧɭˉɭʯઑ̤�ɀ̝̯ʓɡʴɭ੓ৣ
Rˉ� ৖৔৕ঢ়�͕ɭ� ̝ɭ̚˝̝̯ɭɧ� ੲvɀ̝ʯ̤� ৖৔৕ঢ়ੳ� ̯ʎɭ�

̸̤̝̝̚ʓ̤ʓˉʅ�п̝̤̯઀ɭ͔ɭ̝�ʓʽɀʅɭ�˝ʄ�ɀ�ɠʴɀɡʯ�ʎ˝ʴɭ੔�
ɀɠ˝̸̯�৙৙�ʽʓʴʴʓ˝ˉ�ʴʓʅʎ̯�͛ɭɀ̝̤�ʄ̝˝ʽ�.ɀ̝̯ʎ੔�ɀ̯�
̯ʎɭ�ɡɭˉ̯̝ɭ�˝ʄ�̯ʎɭ�ʅɀʴɀ͚͛�vড়৛੓��˝͕�͕ɭ�ʎɀ͔ɭ�
ɀˉ�ʓʽɀʅɭ�˝ʄ�ɀ�ʽ̸ɡʎ�ɡʴ˝̤ɭ̝�ɠʴɀɡʯ�ʎ˝ʴɭ੔�Ûɀʅʓ̯-
̯ɀ̝ʓ̸̤��ਫ਼੔�ɀ̯�̯ ʎɭ�ʎɭɀ̝̯�̋ ʄ�̯ ʎɭ�vʓʴʯ͛�Ċɀ ੔͛�̋ ˉʴ͛�
৖৛੔৔৔৔�ʴʓʅʎ̯�͛ɭɀ̝̤�ɀ͕ɀ ੔͛�͕ʎʓɡʎ�ɀ̚̚ɭɀ̝̤�ɀ̤�ɀ�
ʄɀʓˉ̯�̤ʎɀɧ˝͕�̸̤̝̝˝̸ˉɧɭɧ�ɠ͛�ʅʴ˝͕ʓˉʅ�ʽɀ̯ɭ-
̝ʓɀʴ�ੲi̸̝ɭ̤ʓ�ɀˉɧ�"˝ˉ˝͔ɭ̝�৖৔৖৖ੳ੓�Юɭ�ʓʽɀʅɭ�
͕ɀ̤�ɡ̝ɭɀ̯ɭɧ�ɠ͛�̚ʴɀˉɭ̯઀̤̚ɀˉˉʓˉʅ�ˉɭ̯͕˝̝ʯ�˝ʄ�
̝ɀɧʓ˝�̯ɭʴɭ̤ɡ˝̚ɭ̤੔�ʯˉ˝͕ˉ�ɀ̤�̯ʎɭ�.͔ɭˉ̯�M˝̝ʓ-
ͥ˝ˉ�æɭʴɭ̤ɡ˝̚ɭ੓
mɀ̤̯�͛ɭɀ ੔̝�̯ʎɭ�ʓˉɀ̸ʅ̸̝ɀʴ�Ċɀ̝̝ɭˉ�Ñ̝ʓͥɭ�͕ɀ̤�

ɀ͕ɀ̝ɧɭɧ�̯ ˝�Ûʓʽ˝ˉ�(ɭ͔ʓ̯̯�DÔÛ��̋ ʄ�íæÛ੔�ɀˉɧ�
ʎɭ�ʎɀ̤�ɡ˝ˉ̯̝ʓɠ̸̯ɭɧ�ɀ�ɹ ˝ˉʅ�̚ ɀ̚ɭ̝�ɠɀ̤ɭɧ�̋ ˉ�ʎʓ̤�
͕˝̝ʯ�͕ʓ̯ʎ�˝̯ʎɭ̝̤�˝ˉ�̯ʎɭ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤�ɠɭʓˉʅ�
ɭ͚̚ʴ˝̝ɭɧ� ʄ˝̝� ɠ̸ʓʴɧʓˉʅ� Ό̸ɀˉ̸̯ʽ� ɡ˝ʽ̸̯̚-
ɭ̝̤੓�Юɭ�̤ɭˉ̤ʓ̯ʓ͔ʓ̯͛�˝ʄ�̯ʎɭ�̤ɭ̯઀̸̚�ੲ̯ʎɭ�̝ʓ̤ʯ�˝ʄ�
ɧɭɡ˝ʎɭ̝ɭˉɡɭ�ɧ̸ɭ�̯ ˝�̯ ʎɭ̝ʽɀʴ�̄ ˝ʓ̤ɭ�ɭ̯ɡ੓ੳ�̔ ɭɀˉ̤�
̯ʎɀ̯�ʽ̸ɡʎ�̯ʎ˝̸ʅʎ̯�ɀˉɧ�ɭа˝̝̯�ʽ̸̤̯�ʅ˝�ʓˉ�̯˝�
ɧɭ̤ʓʅˉʓˉʅ�̯ʎɭ̤ɭ�̚ʴɀ̯ʄ˝̝ʽ̤੓�Ċɭ�ʎɀɧ�ʎ˝̚ɭɧ�̯˝�
̝̚ʓˉ̯�Ñ̝˝ʄɭ̤̤˝̝�(ɭ͔ʓ̯̯ઑ̤ �̚ɀ̚ɭ̝�ʓˉ�ʴɀ̤̯�(ɭɡɭʽ-
ɠɭ̝ઑ̤ �ʓ̸̤̤ɭ੔�ɠ̸̯�ʓ̯�ˉ˝͕�ɀ̚̚ɭɀ̝̤�ʎɭ̝ɭ੓
mɭˉ�Dʓ̤ʎɭ̝�DÔÛ��ʎɀ̤�ɀ�ɡ˝ˉ̯ʓˉ̸ʓˉʅ�ʓˉ̯ɭ̝-

ɭ̤̯�ʓˉ�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ̤�˝ʄ�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�
̝ʓ̤ʯ̤੓�Rˉ�̚ ɀ̤̯�ʓ̸̤̤ɭ̤�͕ ɭ�ʎɀ͔ɭ�̚ ̸ɠʴʓ̤ʎɭɧ�Dʓ̤ʎɭ̝�
ੲ৖৔৕ড়ੳ੔�ʓˉ�͕ ʎʓɡʎ�ʎɭ�̋ ̸̯ʴʓˉɭɧ�ʎʓ̤�ɭˉ̯̝͛�ʓˉ�̯ ʎɭ�

ਚા�ˉ�ɭɀ̝ʴʓɭ̝�̚ɀ̚ɭ̝�˝ˉ��̸̤̯̝ɀʴʓɀˉ�̤ˉɀʯɭ̤�ʓ̤�!ɭ̝ˉɡɀ̤̯ʴɭ�ੲ৕ড়৚৚ੳ੓

Û̯˝ɡʯʎ˝ʴʽ� ઎�ɭ͕�Ûʎɀ̚ɭએ� ɡ˝ʽ̚ɭ̯ʓ̯ʓ˝ˉ� ʓˉ�
ɧɭ͔ɭʴ˝̚ʓˉʅ�̄ ɭ͕�ʓɧɭɀ̤�ʄ˝̝�̯ ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̋ ʄ�
̸̤ɡʎ�̝ ʓ̤ʯ̤੓�Юɭ�̚ ɀ̚ɭ̝�ʓˉ�̯ ʎʓ̤�ʓ̸̤̤ɭ�ੲʫ˝ʓˉ̯�͕ ʓ̯ʎ�
�ˉɧɭ̝̤�Ûɀˉɧɠɭ̝ʅੳ੔�̝ɭ̝̚ʓˉ̯ɭɧ�ʄ̝˝ʽ�Global 
Policy�ੲ৖৔৖৖ੳ੔�ɡ˝ˉ̯ʓˉ̸ɭ̤�̯˝�ɭ͚̚ʴ˝̝ɭ�̯ʎɭ�ʓ̸̤̤ɭ�
˝ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ʓˉ�̯ʎɭ�ʄɀɡɭ�˝ʄ�̸̤ɡʎ�̝ʓ̤ʯ੔�͕ʓ̯ʎ-
˝̸̯�̯ ɀʯʓˉʅ�ʓˉ̯˝�ɀɡɡ˝̸ˉ̯�̤ ̸ɡʎ�̋ ̸̯̝ɀʅɭ̤�ɀ̤�̯ ʎɭ�
Ô̸̤̤ʓɀˉ�ʓˉ͔ɀ̤ʓ˝ˉ�˝ʄ�íʯ̝ɀʓˉɭ�ੲ̤ɭɭ�ɠɭʴ˝͕ੳ੓
Юɭ�৖৔৖৕�D˝̸̝ʽ�͕ ɀ̤�ʎɭʴɧ�̋ ˉ�৘��˝͔ɭʽɠɭ ੔̝�

ɀ̯�E˝͔ɭ̝ˉʽɭˉ̯�M˝̸̤ɭ੔�Û͛ɧˉɭ ੓͛�R̯�͕ ɀ̤�̤ ̚˝ˉ-
̤˝̝ɭɧ�ɠ͛�̯ ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�̋ ʄ��ÛĊ੔�̯ ˝ʅɭ̯ʎɭ̝�
͕ʓ̯ʎ��̸̤̯̝ɀʴʓɀઑ̤�mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤੕�Mɭɀʴ̯ʎ�
ɀˉɧ�vɭɧʓɡʓˉɭ੔�M̸ʽɀˉʓ̯ʓɭ̤੔�Ûɡʓɭˉɡɭ੔�Û˝ɡʓɀʴ�
Ûɡʓɭˉɡɭ̤੔�ɀˉɧ�æɭɡʎˉ˝ʴ˝ʅ͛�ɀˉɧ�.ˉʅʓˉɭɭ̝ʓˉʅ੓�
Юɭ�̯ ʎɭʽɭ�͕ ɀ̤�઎Ñ˝͕ɭ̝�ɀˉɧ�Ñɭ̝ʓʴ�̋ ʄ�̯ ʎɭ�(ʓʅʓ-
̯ɀʴ��ʅɭ੓એ
Юɭ�ʄ˝ɡ̸̤�˝ʄ�̯ʎɭ�D˝̸̝ʽ�͕ɀ̤�ɀ�ɡ˝ˉ͔ɭ̝̤ɀ-

̯ʓ˝ˉ�ɀɠ˝̸̯�ɧʓʅʓ̯ɀʴʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�̯ ʎɭ�̸ ̤ɭ�̋ ʄ�ɧɀ̯ɀ੓�
R̯�͕ɀ̤�ʄ̝ɀʽɭɧ�ɀ̝˝̸ˉɧ�̯ʎɭ�ʄ̸̸̯̝ɭ�ʴʓʄɭ�˝ʄ�ɀ�
ɡʎʓʴɧ�ɠ˝̝ˉ�˝ˉ�̯ʎɭ�ɧɀ͛�˝ʄ�̯ʎɭ�D˝̸̝ʽ੔�ʓˉ̯˝�ɀ�
͕˝̝ʴɧ�˝ʄ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɡ˝ʽ̚ʴɭ͚�ɧʓʅʓ̯ɀʴ�̤̤͛-
̯ɭʽ̤�̯ ʎɀ̯�ʎ˝ʴɧ̤�ʅ̝ɭɀ̯�͔ ɀʴ̸ɭ�ɀˉɧ�͔ ̸ʴˉɭ̝ɀɠʓʴʓ̯ ੓͛
Rˉ� ̝̚ɭ͔ʓ˝̸̤� ͛ɭɀ̝̤� D˝̸̝ʽ� ̚ɀ̝̯ʓɡʓ̚ɀˉ̯̤�

ʎɀ͔ɭ�ɧɭʴʓ͔ɭ̝ɭɧ�̚ ɀ̚ɭ̝̤੔�͕ ʓ̯ʎ�̤ ˝ʽɭ�ɧʓ̤ɡ̸̤̤ʓ˝ˉ�
ʄ̝˝ʽ�̯ ʎɭ�р˝˝ ੓̝�Юɭ̤ɭ�̚ ɀ̚ɭ̝̤�ʎɀ͔ɭ�̯ ʎɭˉ�ɠɭɭˉ�
̸̚ɠʴʓ̤ʎɭɧ�ʎɭ̝ɭ੔�ʓˉ�̯ʎɭ�Journal & Proceedings. 
D˝̝�ʴɀ̤̯�͛ɭɀ̝ઑ̤�D˝̸̝ʽ੔�̯ʎʓ̤�͕ɀ̤�ɡʎɀˉʅɭɧ੕�ʓˉ�
ɭɀɡʎ� ̤ɭ̤̤ʓ˝ˉ� ̯͕˝� ̤ɭ̚ɀ̝ɀ̯ɭ� ̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ̤�
͕ɭ̝ɭ�̔ ɀɧɭ�͕ ʓ̯ʎ�ɀ�ɡ˝ʽʽ˝ˉ�̯ ʎɭʽɭ੔�ʄ˝ʴʴ˝͕ɭɧ�
ɠ͛�ɀ�ɧʓ̤ɡ̸̤̤ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�̯ʎɭ�̯͕˝�̝̚ɭ̤ɭˉ̯ɭ̝̤�
ʽ˝ɧɭ̝ɀ̯ɭɧ�ɠ͛�Ñ̝˝ʄɭ̤̤˝̝�Rɀˉ��̚̚ɭ̝ʽɀˉˉ੔�
"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯੔��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯੓�
Юɭ̝ɭ�͕ ɭ̝ɭ�п͔ɭ�̤ ɭ̤̤ʓ˝ˉ̤�ʓˉ�̯ ʎɭ�̔ ˝̝ˉʓˉʅ੔�ɭɀɡʎ�
˝ʄ�͕ʎʓɡʎ�ʓ̤�̝̚ʓˉ̯ɭɧ�ɠɭʴ˝ ੓͕��!̸̯�̯ʎɭ�̯ɭˉ�̝̚ɭ̤-
ɭˉ̯ɀ̯ʓ˝ˉ̤�͕ɭ̝ɭ�ˉ˝̯�̚ɀ̚ɭ̝̤੓
Û̯ɀ̝̯ʓˉʅ�͕ʓ̯ʎ�ɀ� ̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ� ʄ̝ɀʽʓˉʅ੔�

̯ʎɭ�D˝̸̝ʽ�ɭ͚̚ʴ˝̝ɭɧ�̤ɭ͔ɭ̝ɀʴ�ʽɀʫ˝̝�ɀ̤̚ɭɡ̯̤�
͕ʎʓɡʎ�͕˝̸ʴɧ� ʓʽ̚ɀɡ̯� ̯ʎɭ� ʫ˝̸̝ˉɭ͛�˝ʄ� ̯ʎɀ̯�
ɡʎʓʴɧ�ɀ̤�͕ɭ�ɀ̝̚̚˝ɀɡʎɭɧ�৖৔ৗ৔�ɀˉɧ�ɠɭ͛˝ˉɧ੕�
ɀ̤̚ɭɡ̯̤�˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ ੔͛�ʎɭɀʴ̯ʎ੔�ɧɭʄɭˉɡɭ�ɀˉɧ�
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̤ɭɡ̸̝ʓ̯͛�ʓˉ�ɀ�ɧʓʅʓ̯ɀʴ�ɀʅɭ੔�ɀˉɧ�̯ʎɭ�ɡʎɀˉʅʓˉʅ�
ˉɀ̸̯̝ɭ�˝ʄ�ʓˉɧ̸̤̯̝͛�ɀ̤�̯ʎɭ�͕˝̝ʴɧ�ɀˉɧ�̤˝ɡʓɭ̯͛�
ɭ͔˝ʴ͔ɭ੓
�̚ɭˉɭɧ�ɠ͛�Mɭ̝�.͚ɡɭʴʴɭˉɡ ੔͛�̯ ʎɭ�E˝͔ɭ̝ˉ˝̝�

˝ʄ��ÛĊ੔�̯ ʎɭ�п͔ɭ�̯ ʎɭʽɭ̤�̋ ʄ�̯ ʎɭ�̤ ɭ̤̤ʓ˝ˉ̤�͕ ɭ̝ɭ੕�
ੲ৕ੳ�Ûɡʓɭˉɡɭ�ɀˉɧ�æɭɡʎˉ˝ʴ˝ʅ͛�íˉɧɭ̝̚ʓˉˉʓˉʅ�
̯ʎɭ�(ʓʅʓ̯ɀʴ��ʅɭ੕�Ñɀ̤̯੔�Ñ̝ɭ̤ɭˉ̯�ɀˉɧ�D̸̸̯̝ɭ੔�
͕ʓ̯ʎ�"ɀ̯ʎ͛�D˝ʴɭ͛�ɀˉɧ�M̸ʅʎ�(̸̝̝ɀˉ̯઀Ċʎ̯͛ɭ੖�
ੲ৖ੳ� ̯ʎɭ�(ʓʅʓ̯ɀʴ� mʓʄɭ̯ʓʽɭ�˝ʄ� ɀ�"ʎʓʴɧ�!˝̝ˉ�
æ˝ɧɀ ੔͛�͕ʓ̯ʎ�D̝ɀˉɡɭ̤�D˝̤̯ɭ̝઀Ю˝̝̚ɭ�ɀˉɧ�Û̸ɭ�
!ɭˉˉɭ̯̯੖�ੲৗੳ��͔˝ʓɧʓˉʅ�ɀ�(ʓʅʓ̯ɀʴ�(ɀ̝ʯ��ʅɭ੔�
͕ʓ̯ʎ�Ûʎɀ͕ˉ�Ô˝̤̤�ɀˉɧ�Юɭ̝ɭ̤ɀ�i੓�(੓��ˉɧɭ̝-
̤˝ˉ੖�ੲ৘ੳ�̯ʎɭ�Mɭɀʴ̯ʎ�˝ʄ��̸̝�(ʓʅʓ̯ɀʴ�"ʎʓʴɧ੔�
͕ʓ̯ʎ�Ě˝̝ɀˉ�!˝ʴɭ͔ʓɡʎ�ɀˉɧ�m˝̸ʓ̤ɀ�f˝̝ʽ੖�ɀˉɧ�
ੲ৙ੳ�̯ʎɭ�Ûɀʄɭ̯͛�ɀˉɧ�Ûɭɡ̸̝ʓ̯͛�˝ʄ�˝̸̝�(ʓʅʓ̯ɀʴ�
"ʎʓʴɧ੔�͕ ʓ̯ʎ�(ɀʴɭ�mɀʽɠɭ̝̯�ɀˉɧ�Ô˝̝͛�vɭɧɡɀʴʄ�
�v੓�Юɭ�ɧʓ̤ɡ̸̤̤ʓ˝ˉ̤�̋ ʄ�̯ ʎɭ�̤ ɭɡ˝ˉɧ�̔ ˝̝ˉʓˉʅ�
ɧ˝�ˉ˝̯�ɀ̚̚ɭɀ̝�ʎɭ̝ɭ੓৤
Ċʓ̯ʎ�̯ʎɭ�ɀɧ͔ɭˉ̯�˝ʄ�̯ʎɭ�"�ĉR(઀৕ঢ়�̚ɀˉ-

ɧɭʽʓɡ੔�ɀˉɧ�̯ ʎɭ�ɡ˝ˉ̤ɭΌ̸ɭˉ̯�ɹ ˝ɡʯ઀ɧ˝͕ˉ̤�ɀˉɧ�
ʓ̤˝ʴɀ̯ʓ˝ˉ̤੔�̯ʎɭ�Û˝ɡʓɭ̯͛�ʽ˝͔ɭɧ�ʄ̝˝ʽ�ʄɀɡɭ઀̯˝઀
ʄɀɡɭ�ʽɭɭ̯ʓˉʅ̤�̯˝�͔ʓ̸̝̯ɀʴ�ʅɀ̯ʎɭ̝ʓˉʅ̤�ʓˉ�৖৔৖৔੓�
Юʓ̤�ʄɀɡʓʴʓ̯ɀ̯ɭɧ�̝ɭɡ˝̝ɧʓˉʅ�ʽɭɭ̯ʓˉʅ̤�ɀˉɧ�̸̤ɠ-
̤ɭΌ̸ɭˉ̯ʴ͛�̚ ̸̯̯ʓˉʅ�̯ ʎɭ�͔ ʓɧɭ˝̤�̋ ˉʴʓˉɭ૆ઃ૆ʓˉ�̋ ̸̝�
ɡɀ̤ɭ੔�͔ʓɀ�Đ̋ ̸æ̸ɠɭ੓�Rˉ�̤˝ʽɭ�ɡɀ̤ɭ̤੔�͕ɭ�ʎɀ͔ɭ�
̸̤ɭɧ� ̯ʎɭ̤ɭ� ̝ɭɡ˝̝ɧʓˉʅ̤� ̯˝� ɧɭ̝ʓ͔ɭ� ̝̚ʓˉ̯ɭɧ�
̚ɀ̚ɭ̝̤�ੲ̤ɭɭ�E̝ɀˉ̯�৖৔৖৕੔�M˝ʴʽɭ̤�৖৔৖৕੔�ɀˉɧ�
vʓʴˉɭ̝�(ɀ͔ʓ̤�৖৔৖৕ੳ੓�Rˉ�˝̯ʎɭ̝�ɡɀ̤ɭ̤�͕ɭ�ʎɀ͔ɭ�
̯̝ʓɭɧ�̯˝�ɧɭ̝ʓ͔ɭ�̝̚ʓˉ̯ɭɧ�̚ɀ̚ɭ̝̤�ʄ˝̝�̸̚ɠʴʓ̤ʎ-
ʓˉʅ�ʎɭ̝ɭ੔�ɠ̸̯�ʎɀ͔ɭ�ˉ˝̯�̸̤ɡɡɭɭɧɭɧ੔�ʄ˝̝�͔ɀ̝ʓ-
˝̸̤�̝ ɭɀ̤˝ˉ̤੓�Юɭ̤ɭ�ʓˉɡʴ̸ɧɭ�̚ ̝ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ̤�ɠ͛�
vʓɡʎɭʴʴɭ�Ûʓʽʽ˝ˉ̤੔৥�Ûɀ̸ʴ�E̝ʓд̯ʎ੔০� fɀ̤˝ˉ�
Ûʎɀ̝̚ʴɭ̤੔১�ɀˉɧ��ˉʅɭʴɀ�v˝ʴɭ̤੓২

ਛાЮɭ�ɡ˝ʽ̚ʴɭ̯ɭ�D˝̸̝ʽ�ɡɀˉ�ɠɭ�͔ ʓɭ͕ɭɧ�̋ ˉʴʓˉɭ੔�ɀ̯�ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛ ˝̸̸̯ɠɭ੓ɡ˝ʽ੣ɡʎɀˉˉɭʴ੣í"৔͛Mʽ(ʫ৖ĉmʯʅˉ̚ʽ઀̯৛̤RͥÛÓʎ̯̯̤̚੕੣੣͕͕ ੓͕͛ ˝̸̸̯ɠɭ੓ɡ˝ʽ੣ɡʎɀˉˉɭʴ੣í"৔͛Mʽ(ʫ৖ĉmʯʅˉ̚ʽ઀̯৛̤RͥÛÓ
ਜાЮɭ�ˉɭ͕�пɭʴɧ�˝ʄ�ɀ̯˝ʽʓɡ�ɭʴɭɡ̯̝˝ˉʓɡ̤੔�ɀɧɧ̝ɭ̤̤�̯˝�̯ʎɭ��ˉˉ̸ɀʴ�(ʓˉˉɭ̝�˝ʄ�̯ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯ ੔͛�৕৔�vɀ͛�৖৔৕ঢ়੓
ਝા�̸̝� ɭˉɭ̝ʅ͛� ʄ̸̸̯̝ɭ੔� ̯͕˝� ̚ɀ̝̯̤੓� Ûɭɭ� ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻ̤Ó̯ʎ̯�ÔmɀDʅ୐ʴʓ̤̯ૻÑmĐDʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻ̤Ó̯ʎ̯�ÔmɀDʅ୐ʴʓ̤̯ૻÑmĐD
D͕"Eʫ৖DRɀ�ʽঢ়ʴ઀ɠઈ৔̝ɭʓʎͥ΍vĐR৚MˉÛ୐ʓˉɧɭ͚ૻ৛D͕"Eʫ৖DRɀ�ʽঢ়ʴ઀ɠઈ৔̝ɭʓʎͥ΍vĐR৚MˉÛ୐ʓˉɧɭ͚ૻ৛ and ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻm৔̚Ñઈ�ড়ઈʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻm৔̚Ñઈ�ড়ઈ
ɧʅ.୐ʴʓ̤̯ૻÑmĐDD͕"Eʫ৖DRɀ�ʽঢ়ʴ઀ɠઈ৔̝ɭʓʎͥ΍vĐR৚MˉÛ୐ʓˉɧɭ͚ૻ৘ɧʅ.୐ʴʓ̤̯ૻÑmĐDD͕"Eʫ৖DRɀ�ʽঢ়ʴ઀ɠઈ৔̝ɭʓʎͥ΍vĐR৚MˉÛ୐ʓˉɧɭ͚ૻ৘
ਞા.͚̯̝ɭʽɭ�ɠ̸̤ʎп̝ɭ̤�ɀˉɧ�̯ ʎɭ�ɀʅɭ�̋ ʄ�͔ ʓ˝ʴɭˉ̯�̚ ̝͛˝ɡ˝ˉ͔ɭɡ̯ʓ˝ˉ੓�Ûɭɭ�ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻɡæÔďʯvઈͥ઀ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻɡæÔďʯvઈͥ઀
Ûড়୐ʴʓ̤̯ૻÑmĐDD͕"Eʫ৖DRɀ�ʽঢ়ʴ઀ɠઈ৔̝ɭʓʎͥ΍vĐR৚MˉÛ୐ʓˉɧɭ͚ૻ৕৔੓�Ûড়୐ʴʓ̤̯ૻÑmĐDD͕"Eʫ৖DRɀ�ʽঢ়ʴ઀ɠઈ৔̝ɭʓʎͥ΍vĐR৚MˉÛ୐ʓˉɧɭ͚ૻ৕৔੓��ʴ̤˝�̤ɭɭ��ઑ"˝ˉˉ˝̝�ੲ৖৔৖৕ੳ੓
ਟાЮɭ�ÔÛ�ÛĊ�Ñ˝сɭˉɧ˝̝а�mɭɡ̸̯̝ɭ�৖৔৖৔੕��̝ɭ�̋ ̸̝�͕ ɭɭɧ̤�ɠɭɡ˝ʽʓˉʅ�̄ ɭ͕�̄ ɀ̯ʓ͔ɭ�̤ ̚ɭɡʓɭ̤ਗ਼�Ûɭɭ�ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓
ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻɧv͛৛ĉ̚.ͥ.ɠ̤ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻɧv͛৛ĉ̚.ͥ.ɠ̤

�̤� ɀʴ͕ɀ̤͛੔� ͕ɭ� ʓˉɡʴ̸ɧɭ� ɀɠ̤̯̝ɀɡ̯̤� ʄ̝˝ʽ�
̝ɭɡɭˉ̯�˝̸̯̤̯ɀˉɧʓˉʅ�Ñʎ(�̯ʎɭ̤ɭ̤੓�Ċɭ�ɧ˝�ˉ˝̯�
ɡʎ˝˝̤ɭ�̯ʎɭ̤ɭ�ɀɠ̤̯̝ɀɡ̯̤੕�̤ɭʴɭɡ̯ʓ˝ˉ�ʓ̤�ʴɭо�̸̚�
̯˝�̯ʎɭ�ɡɀˉɧʓɧɀ̯ɭ̤ઑ�̸ˉʓ͔ɭ̝̤ʓ̯ʓɭ̤੓��ˉ�ɭ͚ɡɭ̚-
̯ʓ˝ˉ�̯ ˝�̯ ʎʓ̤�̝ ̸ʴɭ੔�ʎ˝͕ɭ͔ɭ ੔̝�ʓ̤�̯ ʎɭ�ɀɠ̤̯̝ɀɡ̯�ɠ͛�
.ʴɭˉɀ�"ɀ̤̯ʓʴʴɀ੔�ɀ�ɧ˝ɡ̯˝̝ɀʴ�ʅ̝ɀɧ̸ɀ̯ɭ�˝ʄ�̯ʎɭ�
"˝ʽ̚ʴ̸̯ɭˉ̤ɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�vɀɧ̝ʓɧ੔�Û̚ɀʓˉ੓�
(̝�"ɀ̤̯ʓʴʴɀ�̯ ˝˝ʯ�̯ ʎɭ�ʓˉʓ̯ʓɀ̯ʓ͔ɭ�̋ ʄ�̤ ɭˉɧʓˉʅ�̸ ̤�
ʎɭ̝�ɀɠ̤̯̝ɀɡ̯੔�̤ ̸ʓ̯ɀɠʴ͛�ʄ˝̝ʽɀ̯̯ɭɧ੓��оɭ̝�̤ ˝ʽɭ�
ʓˉ͔ɭ̤̯ʓʅɀ̯ʓ˝ˉ੔�͕ɭ�ɀɡɡɭ̯̚ɭɧ�ʓ̯੓
Eɭ˝а� Mɀ̝ɡ˝̸̝̯� �"� DÔÛ�� ɧʓɭɧ� ʴɀ̤̯�

(ɭɡɭʽɠɭ ੓̝�Ċɭ�ʓˉɡʴ̸ɧɭ�ɀˉ�˝ɠʓ̸̯ɀ̝͛�˝ʄ�̯ʎʓ̤�
outstanding economist and man.

.͚ɡʎɀˉʅɭ̤�ʓˉ�ɀ�̯ʓʽɭ�˝ʄ�͕ɀ̝
Юɭ� Ô˝͛ɀʴ� Û˝ɡʓɭ̯͛� ɭ͚ɡʎɀˉʅɭ̤� ʓ̯̤� ʫ˝̸̝ˉɀʴ�
͕ʓ̯ʎ�৚৚�ʴɭɀ̝ˉɭɧ�̤˝ɡʓɭ̯ʓɭ̤�ɀ̝˝̸ˉɧ�̯ʎɭ�͕˝̝ʴɧ੔�
ʓˉɡʴ̸ɧʓˉʅ�̯͕˝�ʓˉ�Ô̸̤̤ʓɀ੕�˝ˉɭ�ʓˉ�Û̯�Ñɭ̯ɭ̝̤-
ɠ̸̝ʅ�ੲ̯ʎɭ�Ô̸̤̤ʓɀˉ��ɡɀɧɭʽ͛�̋ ʄ�Ûɡʓɭˉɡɭ̤ੳ�ɀˉɧ�
˝ˉɭ�ʓˉ�v˝̤ɡ˝͕�ੲ̯ʎɭ�mʓɠ̝ɀ̝͛�ʄ˝̝��ɀ̸̯̝ɀʴ�Ûɡʓ-
ɭˉɡɭ̤ੳ੓��оɭ̝�Dɭɠ̸̝ɀ̝͛�৖৘੔�৖৔৖৖੔�R�͕ ˝ˉɧɭ̝ɭɧ�
͕ʎɭ̯ʎɭ̝�͕ɭ�̤ʎ˝̸ʴɧ�ɡ˝ˉ̯ʓˉ̸ɭ�̯ʎɭ�ɭ͚ɡʎɀˉʅɭ̤੔�
ʅʓ͔ɭˉ�̯ʎɭ�Ô̸̤̤ʓɀˉ�ʓˉ͔ɀ̤ʓ˝ˉ�˝ʄ�íʯ̝ɀʓˉɭ੓�Ċɭ�
ɧʓ̤ɡ̸̤̤ɭɧ�̯ʎʓ̤�ʓˉ�"˝̸ˉɡʓʴ੔�ɠ̸̯�ɧɭɡʓɧɭɧ�̯˝�
ɡ˝ˉ̯ʓˉ̸ɭ�̯ʎɭ�ɭ͚ɡʎɀˉʅɭ̤੔�ʅʓ͔ɭˉ�̯ʎɀ̯�Ô̸̤̤ʓɀ�
ʓ̤�ɀˉ�ɀ̸̯˝ɡ̝ɀɡ ੔͛�ɀˉɧ�̤˝�̯ʎɭ�̤ɡʓɭˉ̯ʓ̤̯̤�˝ʄ�̯ʎɭ�
̯͕˝�ʓˉ̤̯ʓ̸̯̯ʓ˝ˉ̤�ɀ̝ɭ�̄ ˝̯�ɧʓ̝ɭɡ̯ʴ͛�̝ ɭ̤̚˝ˉ̤ʓɠʴɭ੓
v͛�̯ʎ˝̸ʅʎ̯̤੕�Ċɭ�ɡ˝ˉɧɭʽˉ�̯ʎɭ�Ô̸̤̤ʓɀˉ�

ʓˉ͔ɀ̤ʓ˝ˉ�˝ʄ�íʯ̝ɀʓˉɭ�ɀ̤�ɀ�ɠɀ̝ɠɀ̝ʓɡ੔�̸ˉ̝̚˝-
͔˝ʯɭɧ� ɀ̤̤ɀ̸ʴ̯� ˝ˉ� ̯ʎɭ� ͔ɀʴ̸ɭ̤� ˝ʄ� ɀ� ʴʓɠɭ̝ɀʴ�
ɧɭʽ˝ɡ̝ɀɡ͛�ɀˉɧ�̯ ʎɭ�íʯ̝ɀʓˉʓɀˉ�̚ ɭ˝̚ʴɭ�͕ ʎʓɡʎ�
ɀʴ̤˝�̝ɭ̝̚ɭ̤ɭˉ̯̤�ɀ�ɠ̝˝ɀɧɭ̝�̯ʎ̝ɭɀ̯�̯˝�ɧɭʽ˝ɡ-
̝ɀɡ ੓͛�!̸̯�͕ɭ�͕ʓʴʴ�ɡ˝ˉ̯ʓˉ̸ɭ�˝̸̝�ɡɭˉ̸̯̝͛઀˝ʴɧ�

https://www.youtube.com/channel/UC0yHmDj2VLkgnpm-t7sIzSQ
https://www.youtube.com/watch?v=sQthtORLaFg&list=PLYFFwCGj2FIaOm9l-b_0reihzfMYI6HnS&index=7
https://www.youtube.com/watch?v=sQthtORLaFg&list=PLYFFwCGj2FIaOm9l-b_0reihzfMYI6HnS&index=7
https://www.youtube.com/watch?v=L0pP_O8_dgE&list=PLYFFwCGj2FIaOm9l-b_0reihzfMYI6HnS&index=4
https://www.youtube.com/watch?v=L0pP_O8_dgE&list=PLYFFwCGj2FIaOm9l-b_0reihzfMYI6HnS&index=4
https://www.youtube.com/watch?v=cTRXkM_z-S8&list=PLYFFwCGj2FIaOm9l-b_0reihzfMYI6HnS&index=10
https://www.youtube.com/watch?v=cTRXkM_z-S8&list=PLYFFwCGj2FIaOm9l-b_0reihzfMYI6HnS&index=10
https://www.youtube.com/watch?v=dMy7VpEzEbs
https://www.youtube.com/watch?v=dMy7VpEzEbs
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vɀ̝ʯ̤૆ઃ૆.ɧʓ̯˝̝ʓɀʴ੕�Ûˉɀʯɭ̤੔�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤੔�ɀˉɧ�ʅʴ˝ɠɀʴ�̝ʓ̤ʯ̤

ɭ͚ɡʎɀˉʅɭ� ˝ʄ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ͕ʓ̯ʎ� Ô̸̤̤ʓɀˉ�
ʓˉ̯ɭʴʴɭɡ̸̯ɀʴ̤�ɀ̤�ɀˉ�ʓʽ̚˝̝̯ɀˉ̯�ʽɭɀˉ̤�̯˝�̸̤̚-
̚˝̝̯�ʄ̝ɭɭɧ˝ʽ�˝ʄ�̯ʎ˝̸ʅʎ̯�ʓˉ�Ô̸̤̤ʓɀ�ɀˉɧ�ʅʓ͔ɭ�
ɭˉɡ˝̸̝ɀʅɭʽɭˉ̯�̯ ˝�̯ ʎ˝̤ɭ�ɡ˝ʽʽʓ̯̯ɭɧ�̯ ˝�ɀ�ʄ̝ɭɭ੔�
˝̚ɭˉ�̤˝ɡʓɭ̯ ੓͛
Rˉ�ʄɀɡ̯੔�͕ ʎɭˉ�R�̯ ̝ʓɭɧ�̯ ˝�̚ ˝̤̯�ɡ˝̚ʓɭ̤�̋ ʄ�̯ ʎɭ�

(ɭɡɭʽɠɭ̝�ʓ̸̤̤ɭ�̯˝�v˝̤ɡ˝͕�ɀˉɧ�Û̯�Ñɭ̯ɭ̝̤-
ɠ̸̝ʅ੔�R�ʄ˝̸ˉɧ�̯ ʎɀ̯�̯ ʎɭ��̸̤̯̝ɀʴʓɀˉ�Ñ˝̤̯��дɡɭ�
͕ɀ̤�ˉ˝̯�̯ʎɭˉ�ɀɡɡɭ̯̚ʓˉʅ�ʽɀʓʴ�ʄ˝̝�Ô̸̤̤ʓɀ੓

Rʽ̚˝̝̯ɀˉ̯�ˉ˝̯ɭ�ʄ˝̝�ʽɭʽɠɭ̝�̸̤ɠ̤ɡ̝ʓɠɭ̝̤
.ɀ̝ʴʓɭ̝�̯ʎɭ�Û˝ɡʓɭ̯͛�ʽ˝͔ɭɧ�̯˝�ɀ�ˉɭ͕�ɧɀ̯ɀ-
ɠɀ̤ɭ�̯ʎɀ̯�ʽɭʽɠɭ̝̤�ɀˉɧ�ʄɭʴʴ˝͕̤�̸̤ɭ�͕ʎɭˉ�
̝ɭˉɭ͕ʓˉʅ�̯ʎɭʓ̝�ʽɭʽɠɭ̝̤ʎʓ̤̚੓�Ñ̝ɭ͔ʓ˝̸̤ʴ ੔͛�ʓʄ�
͛˝̸�͕ɭ̝ɭ�ɀ�̸̤ɠ̤ɡ̝ʓɠɭ̝�̯˝�̯ʎɭ�̚ɀ̚ɭ̝�ɡ˝͛̚�˝ʄ�
̯ʎɭ�Journal੔�̯ʎʓ̤�̸̤ɠ̤ɡ̝ʓ̯̚ʓ˝ˉ�ɀˉɧ�ʓ̯̤�ɡ˝̤̯�
͕ɭ̝ɭ�ɭɀ̤ʓʴ͛�̝˝ʴʴɭɧ�˝͔ɭ̝�̯˝�̯ʎɭ�ˉɭ͕�͛ɭɀ ੓̝�D˝̝�
͕ʎɀ̯ɭ͔ɭ̝� ̝ɭɀ̤˝ˉ੔� ̯ʎɭ� ˉɭ͕� ̤̤̯͛ɭʽ� ʽɀɧɭ�
̝˝ʴʴʓˉʅ઀˝͔ɭ̝�͛˝̸̝�̸̤ɠ̤ɡ̝ʓ̯̚ʓ˝ˉ�ɧʓдɡ̸ʴ̯੓��̤�
ɀ�̝ɭ̸̤ʴ̯�̯ʎɭ�ˉ̸ʽɠɭ̝̤�˝ʄ�ʽɭʽɠɭ̝�̸̤ɠ̤ɡ̝ʓɠ-
ɭ̝̤�ʄɭʴʴ�ʄ̝˝ʽ�৖৕৖�ʓˉ�৖৔৖৕�̯˝�৖৚�ʓˉ�৖৔৖৖੓��оɭ̝�
ɭа˝̝̯̤�̋ ˉ�̋ ̸̝�̚ ɀ̝̯̤੔�̯ ʎɭ�̄ ̸ʽɠɭ̝̤�̋ ʄ�̔ ɭʽɠɭ̝�
̸̤ɠ̤ɡ̝ʓɠɭ̝̤�ʎɀ̤�̝ ʓ̤ɭˉ�̯ ˝�̋ ͔ɭ̝�৚৔૆ઃ૆̤̯ʓʴʴ�̔ ɀˉ͛�
ʄɭ͕ɭ̝�̯ʎɀˉ�̝̚ɭ͔ʓ˝̸̤ʴ ੓͛
R�ʎ˝̚ɭ�̯ʎɀ̯�ˉ˝઀˝ˉɭ�ʽʓ̤̤ɭ̤�˝̸̯�˝ˉ�ɀ�̚ɀ̚ɭ̝�

ɡ˝͛̚�˝ʄ�̯ʎʓ̤�ʓ̸̤̤ɭ੕�ʓʄ�͛˝̸�ɧʓ̤ɡ˝͔ɭ̝�̯˝˝�ʴɀ̯ɭ�
̯ʎɀ̯�͛˝̸�ˉ˝�ʴ˝ˉʅɭ̝�̸̤ɠ̤ɡ̝ʓɠɭ�̯˝�̯ʎɭ�Journal, 
ʓ̯�ʓ̤�̯˝˝�ʴɀ̯ɭ�ʄ˝̝�̯ʎʓ̤�ʓ̸̤̤ɭ੕�͕ɭ�͕ʓʴʴ�ˉ˝̯�̝̚ʓˉ̯�
ɭ͚̯̝ɀ�ɡ˝̚ʓɭ̤੓�Û̸ɠ̤ɡ̝ʓɠɭ�̄ ˝͕�ɀ̯�̯ ʎɭ�Û˝ɡʓɭ̯͛ઑ̤�
�ˉʴʓˉɭ�Ûʎ˝̚৩�ʄ˝̝�̯ʎɭ�(ɭɡɭʽɠɭ̝�ʓ̸̤̤ɭ੓

M˝̸̤ɭʯɭɭ̚ʓˉʅ
Rઑɧ�ʴʓʯɭ�̯˝�̯ʎɀˉʯ�(ɀ͔ʓˉɀ�fɀɡʯ̤˝ˉ੔�mʓˉɧ̤ɀ͛�
!˝̯̯ɭˉ੔�Ô˝̝͛�vɡE̸ʓ̝ɭ�ɀˉɧ�fɀ̤˝ˉ��ˉ̯˝ˉ͛�ʄ˝̝�
̯ʎɭʓ̝�̯ ʎ˝̝˝̸ʅʎ�ʎɭʴ̚�ʓˉ�̚ ̝˝ɧ̸ɡʓˉʅ�̯ ʎɭ�Journal.

f̸ˉɭ�ড়੔�৖৔৖৖੓

ਠાʎ̯̯̤̚੕੣੣ʽɭʽɠɭ̝̤੓̝˝͛ɀʴ̤˝ɡ੓˝̝ʅ੓ɀ̸੣̝̤ˉ̤͕઀̤ʎ˝̚੣ʎ̯̯̤̚੕੣੣ʽɭʽɠɭ̝̤੓̝˝͛ɀʴ̤˝ɡ੓˝̝ʅ੓ɀ̸੣̝̤ˉ̤͕઀̤ʎ˝̚੣

Ôɭʄɭ̝ɭˉɡɭ̤
!ɭ̝ˉɡɀ̤̯ʴɭ੔�f੓�ੲ৕ড়৚৚ੳ��ˉ�̤ˉɀʯɭ઀ɠʓ̯ɭ̤�ɀˉɧ�̯ʎɭʓ̝�

antidotes, Trans. of the Philosophical Society of 
N.S.W. 1862–1865�৕੕�৕ঢ়৕ં৕ঢ়৚੓
Dʓ̤ʎɭ ੔̝�m੓�ੲ৖৔৕ড়ੳ�Eʴ˝ɠɀʴ�ɡʎɀʴʴɭˉʅɭ̤੕�̚ɭ̝̤˝ˉɀʴ�
̝ɭрɭɡ̯ʓ˝ˉ̤�˝ˉ�̯ʎɭ�Û̯˝ɡʯʎ˝ʴʽ�઎�ɭ͕�Ûʎɀ̚ɭએ�
ɡ˝ʽ̚ɭ̯ʓ̯ʓ˝ˉ੔�Journal & Proceedings of the 
Royal Society of New South Wales�৕৙৕੕�৖৕ৗં৖ৗ৕੓
Dʓ̤ʎɭ ੔̝�m੓�୐�Ûɀˉɧɠɭ̝ʅ੔��੓�ੲ৖৔৖৖ੳ���̤ɀʄɭ�
ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̚ɀɡɭ�ʄ˝̝�ʎ̸ʽɀˉʓ̯͛੕�ˉɭɡɭ̤̤ɀ̝͛�
ɡ˝ˉɧʓ˝ˉ̤�ʄ˝̝�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ʅʴ˝ɠɀʴ�
ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤੓�Global Policy੔�৔৔੔�ɭ৕ৗ৔ৗ৔੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣৕৛৙ড়઀৙ড়ঢ়ঢ়੓৕ৗ৔ৗ৔ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣৕৛৙ড়઀৙ড়ঢ়ঢ়੓৕ৗ৔ৗ৔.
E̝ɀˉ̯੔�Û੓�ੲ৖৔৖৕ੳ�Ċʓ̯ʎ�̯ʎɭ�ʄɀʴʴʓˉʅ�˝ʄ�̯ʎɭ�ɧ̸̤ʯ੓�

Journal & Proceedings of the Royal Society of 
New South Wales�৕৙৘੕�৖৕৕ં৖৖ৗ੓
M˝ʴʽɭ̤੔�.੓"੓�ੲ৖৔৖৕ੳ�Юɭ�ɧʓ̤ɡ˝͔ɭ̝ ੔͛�˝̝ʓʅʓˉ̤�
ɀˉɧ�ɭ͔˝ʴ̸̯ʓ˝ˉ�˝ʄ�Û�ÔÛઉ"˝ĉ઀৖�ੲ"�ĉR(઀৕ঢ়ੳ੓�
Journal & Proceedings of the Royal Society of 
New South Wales�৕৙৘੕�৕৚৕ં৕ড়৕੓
iʴʓ͔ɭ̝̯੔��੓�ੲ৖৔৖৖ੳ�Юʓˉʯ�ʽ˝̤̯�͔ɭˉ˝ʽ˝̸̤�
̤ˉɀʯɭ̤�ɧ˝ ઑ̯̄�ɡʴʓʽɠਗ਼�Юʓˉʯ�ɀʅɀʓˉ੓��!"�৙�
f̸ˉɭ�৖৔৖৖੓�ʎ̯̯̤̚੕੣੣͕͕ ੓͕ɀɠɡ੓ˉɭ̯੓ɀ̸੣ˉɭ͕̤੣ʎ̯̯̤̚੕੣੣͕͕ ੓͕ɀɠɡ੓ˉɭ̯੓ɀ̸੣ˉɭ͕̤੣
̤ɡʓɭˉɡɭ੣৖৔৖৖઀৔৚઀৔৙੣͔ɭˉ˝ʽ˝̸̤઀̤ˉɀʯɭ̤઀ɡɀˉ઀̤ɡʓɭˉɡɭ੣৖৔৖৖઀৔৚઀৔৙੣͔ɭˉ˝ʽ˝̸̤઀̤ˉɀʯɭ̤઀ɡɀˉ઀
ɡʴʓʽɠ઀̯̝ɭɭ̤઀ɧʓ̤̝̚˝͔ʓˉʅ઀ʽ̯͛ʎ੣৕৔৔ড়৚৕৘ড়৚ɡʴʓʽɠ઀̯̝ɭɭ̤઀ɧʓ̤̝̚˝͔ʓˉʅ઀ʽ̯͛ʎ੣৕৔৔ড়৚৕৘ড়৚
i̸̝ɭ̤ʓ੔�m੓�ɀˉɧ�"˝ˉ˝͔ɭ ੔̝�.੓�ੲ৖৔৖৖ੳ�Ċɭ�пˉɀʴʴ͛�
ʎɀ͔ɭ�ɀˉ�ʓʽɀʅɭ�˝ʄ�̯ʎɭ�ɠʴɀɡʯ�ʎ˝ʴɭ�ɀ̯�̯ʎɭ�ʎɭɀ̝̯�
˝ʄ�̯ʎɭ�vʓʴʯ͛�Ċɀ ੔͛�Science News੔�vɀ͛�৕৖੓
vɀ̝ʯ̤੔�Ô੓.੓�ੲ৖৔৕ঢ়ੳ�.ɧʓ̯˝̝ʓɀʴ੕�઎Юɭ��ʴɧ��ˉɭ�
ɧ˝ɭ̤�ˉ˝̯�̚ʴɀ͛�ɀ̯�ɧʓɡɭ੔એ�Journal & Proceedings 
of the Royal Society of New South Wales�৕৙৖੕�
৕৙৛ં৕৙ঢ়੓
vʓʴˉɭ̝�(ɀ͔ʓ̤੔�f੓�ੲ৖৔৖৕ੳ�æɀʯʓˉʅ�ʎ̸ʽ˝̸̝�ɀˉɧ�
ʴɀ̸ʅʎ̯ɭ̝�̤ɭ̝ʓ˝̸̤ʴ͛੕�Юɭ�ʽ̸ʴ̯ʓ઀ɧʓ̤ɡʓ̚ʴʓˉɀ̝͛�
пɭʴɧ�˝ʄ�ʎ̸ʽ˝̸̝�̸̤̯ɧʓɭ̤੓�Journal & Proceedings 
of the Royal Society of New South Wales�৕৙৘੕�
৕ড়৖ં৖৔৔੓
�ઑ"˝ˉˉ˝ ੔̝�v੓�ੲ৖৔৖৕ੳ�Ċʎɀ̯�ʓ̯ઑ̤�ʴʓʯɭ�̯˝�пʅʎ̯�ɀ�
ʽɭʅɀп̝ɭ੔�δȷ��ȷ̟�Ēʧ˧ɹȷ˧੔�ড়��˝͔ɭʽɠɭ ੓̝
Ûʴɭɭ̯ʎ੔�v੓੔�.ʓ̚̚ɭ ੔̝�Û੓੔�ɀˉɧ�vɀɧɀˉʓ੔�E੓�ੲ৖৔৖৕ੳ�
�̚̚˝̸̝̯ˉʓ̤̯ʓɡ�˝ɠ̤ɭ̝͔ɀ̯ʓ˝ˉ̤�˝ʄ�ɡʴʓʽɠʓˉʅ�
ɠɭʎɀ͔ʓ˝̸̝�ɀˉɧ�ɀ̝ɠ˝̝ɭɀʴʓ̯͛�ʓˉ��̸̤̯̝ɀʴʓɀˉ�
̯ɭ̝̝ɭ̤̯̝ʓɀʴ�ɭʴɀ̚ʓɧ�̤ˉɀʯɭ̤�ੲ.ʴɀ̚ʓɧɀɭ੕�
M͛ɧ̝˝̚ʎʓʓˉɀɭੳ�Oȷ˧ˤȷ˹ʧɾʧϊ��ʧ˹ȷˮ�৕৘੕�৕৘৔৛ં৕৘৕৙੓

https://members.royalsoc.org.au/rsnsw-shop/
https://doi.org/10.1111/1758-5899.13030
https://www.abc.net.au/news/science/2022-06-05/venomous-snakes-can-climb-trees-disproving-myth/100861486
https://www.abc.net.au/news/science/2022-06-05/venomous-snakes-can-climb-trees-disproving-myth/100861486
https://www.abc.net.au/news/science/2022-06-05/venomous-snakes-can-climb-trees-disproving-myth/100861486
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Simon J. Devitt

"ɭˉ̯̝ɭ�ʄ˝̝�İ̸ɀˉ̸̯ʽ�Û˝о͕ɀ̝ɭ�ɀˉɧ�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ͛�Û͛ɧˉɭ ੔͛��̸̤̯̝ɀʴʓɀ

.ʽɀʓʴ੕�̤ʓʽ˝ˉ੓ɧɭ͔ʓ̯̯୏̸̯̤੓ɭɧ̸੓ɀ̸

�ɠ̤̯̝ɀɡ̯
Юɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�̋ ʄ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤ ̤̯͛ɭʽ̤�ʎɀ̤�ɠɭɭˉ�ɀ�̤ ̯ɀ̚ʴɭ�̋ ʄ�ɀɡɀɧɭʽʓɡ�̝ ɭ̤ɭɀ̝ɡʎ�̤ ʓˉɡɭ�̯ ʎɭ�̔ ʓɧ઀
৕ঢ়ঢ়৔̤�͕ ʎɭˉ�̯ ʎɭ�п̝̤̯�̚ ̝˝̚˝̤ɀʴ�ʄ˝̝�̚ ʎ̤͛ʓɡɀʴ�̚ ʴɀ̯ʄ˝̝ʽ̤�͕ ɭ̝ɭ�̚ ̝˝̚˝̤ɭɧ�̸ ̤ʓˉʅ��̸ɡʴɭɀ̝�vɀʅˉɭ̯ʓɡ�Ôɭ̤˝ˉɀˉɡɭ�
ɀˉɧ�R˝ˉ઀æ̝ɀ̚�ʎɀ̝ɧ͕ɀ̝ɭ੓�Юɭ̤ɭ�п̝̤̯�̝̚˝̚˝̤ɀʴ̤�͕ɭ̝ɭ�͔ɭ̝͛�ɠɀ̤ʓɡ੔�ɭ̤̤ɭˉ̯ʓɀʴʴ͛�ɡ˝ˉ̤ʓ̤̯ʓˉʅ�˝ʄ�ʓɧɭˉ̯ʓʄ͛ʓˉʅ�ɀ�
̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯�ੲ̯͕˝઀ʴɭ͔ɭʴ�Ό̸ɀˉ̸̯ʽ�̤ ̤̯͛ɭʽੳ�̯ ʎɀ̯�ɡ˝̸ʴɧ�ɠɭ�ʓ̤˝ʴɀ̯ɭɧ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴʴɭɧ�̯ ˝�ɀɡʎʓɭ͔ɭ�̸ ˉʓ͔ɭ̝̤ɀʴ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓��͔ɭ̝�̯ʎɭ�̚ɀ̤̯�̯ʎʓ̝̯͛�͛ɭɀ̝̤੔�̯ʎɭ�ˉɀ̸̯̝ɭ�˝ʄ�Ό̸ɀˉ̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɧɭ̤ʓʅˉ�ʎɀ̤�
ɡʎɀˉʅɭɧ�̤ʓʅˉʓпɡɀˉ̯ʴ͛�ɀˉɧ�̯ʎɭ�̤ɡɀʴɭ�˝ʄ�ʓˉ͔ɭ̤̯ʽɭˉ̯੔�ʅ̝˝̸̤̚�ɀˉɧ�ɡ˝ʽ̚ɀˉʓɭ̤�ʓˉ͔˝ʴ͔ɭɧ�ʓˉ�ɠ̸ʓʴɧʓˉʅ�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤�ʎɀ̤�ʓˉɡ̝ɭɀ̤ɭɧ�ɭ͚̚˝ˉɭˉ̯ʓɀʴʴ ੓͛��̝ɡʎʓ̯ɭɡ̸̯̝ɀʴ�ɧɭ̤ʓʅˉ�ʄ˝̝�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤�ɭ͚ɀʽʓˉɭ̤�
̤̤̯͛ɭʽ̤�ɀ̯�̤ɡɀʴɭ੕�ʄ̸ʴʴ͛�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ʽɀɡʎʓˉɭ̤੔�̚˝̯ɭˉ̯ʓɀʴʴ͛�ɡ˝ˉ̤ʓ̤̯ʓˉʅ�˝ʄ�ʽʓʴʴʓ˝ˉ̤�ʓʄ�ˉ˝̯�ɠʓʴʴʓ˝ˉ̤�˝ʄ�
̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓�Юɭ̤ɭ�ɧɭ̤ʓʅˉ̤�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɀɡ̯�ɀ̤�ɠʴ̸ɭ̝̚ʓˉ̯̤�ʄ˝̝�ɀɡɀɧɭʽʓɡ�ʅ̝˝̸̤̚�ɀˉɧ�ɡ˝ʽ̚ɀˉʓɭ̤�
ɀˉɧ�ɀ̝ɭ�ɠɭɡ˝ʽʓˉʅ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ʽ˝̝ɭ�ɧɭ̯ɀʓʴɭɧ੔�̯ɀʯʓˉʅ�ʓˉ̯˝�ɀɡɡ˝̸ˉ̯�ɠ˝̯ʎ�̯ʎɭ�ˉɀ̸̯̝ɭ�ɀˉɧ�˝̚ɭ̝ɀ̯ʓ˝ˉ�˝ʄ�
̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�̯ʎɭʽ̤ɭʴ͔ɭ̤�ɀˉɧ�ɀʴ̤˝�̚ɭ̝ʓ̚ʎɭ̝ɀʴ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�̯ʎɀ̯�ʓ̤�
̝ɭΌ̸ʓ̝ɭɧ�ʄ˝̝�ɭɀɡʎ�̚ ʎ̤͛ʓɡɀʴ�̤ ̤̯͛ɭʽ੓�Rˉ�̯ ʎʓ̤�̚ ɀ̚ɭ ੔̝�̤ ɭ͔ɭ̝ɀʴ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɀʴ�̤ ̸̯̝ɡ̸̯̝ɭ̤�̯ ʎɀ̯�R�ʎɀ͔ɭ�͕ ˝̝ʯɭɧ�̋ ˉ�
͕ʓʴʴ�ɠɭ�̝ ɭ͔ʓɭ͕ɭɧ੔�ɭɀɡʎ�̋ ʄ�͕ ʎʓɡʎ�ʎɀ̤�ɠɭɭˉ�ɀɧ˝̯̚ɭɧ�ɠ͛�ɭʓ̯ʎɭ̝�ɀ�̄ ɀ̯ʓ˝ˉɀʴ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̚ ̝˝ʅ̝ɀʽ�̋ ̝�
ɀ�Ό̸ɀˉ̸̯ʽ�̤̯ɀ̸̝̯̚੓�Юʓ̤�̚ɀ̚ɭ̝�͕ɀ̤�͕̝ʓ̯̯ɭˉ�ʓˉ�̯ʎɭ�ɡ˝ˉ̯ɭ͚̯�˝ʄ�ɀˉ�ɀ͕ɀ̝ɧ�͕ʓ̯ʎ�̯ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�
Û˝̸̯ʎ�Ċɀʴɭ̤੔�ʄ˝ɡ̸̤ɭɧ�̋ ˉ�̔ ͛�̚ ɭ̝̤˝ˉɀʴ�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�ɀˉɧ�ʓʽ̚ɀɡ̯�̯ ˝�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯੔�
ɀˉɧ�̤ʎ˝̸ʴɧ�ɠɭ�̝ɭɀɧ�͕ʓ̯ʎ�̯ʎɀ̯�ʓˉ�ʽʓˉɧ੓ৡ

ਘાRˉ�৖৔৖৕੔�Ûʓʽ˝ˉ�(ɭ͔ʓ̯̯�͕ɀ̤�ɀ͕ɀ̝ɧɭɧ�̯ʎɭ�ʓˉɀ̸ʅ̸̝ɀʴ�Ċɀ̝̝ɭˉ�Ñ̝ʓͥɭ�ʄ˝̝�̝ɭ̤ɭɀ̝ɡʎ�ɠ͛�ɭˉʅʓˉɭɭ̝̤�ɀˉɧ�̯ɭɡʎˉ˝ʴ˝ʅʓ̤̯̤�
ʓˉ�̯ʎɭʓ̝�ɭɀ̝ʴ͛�̯˝�ʽʓɧ઀ɡɀ̝ɭɭ̝̤੔�ɠ͛�̯ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤੓

Rˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ

æʎɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�̯ʎɭ�̤ɭɡ˝ˉɧ�ʅɭˉɭ̝ɀ-
̯ʓ˝ˉ� ˝ʄ� Ό̸ɀˉ̸̯ʽ� ̯ɭɡʎˉ˝ʴ˝ʅ͛� ̸̤ɡʎ� ɀ̤�

Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̚ʴɀ̯ʄ˝̝ʽ̤੔�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�̤̤̯͛ɭʽ̤੔�Ό̸ɀˉ̸̯ʽ�̤ʓʽ̸ʴɀ-
̯˝̝̤�ɀˉɧ�̤ɭˉ̤˝̝̤�ʓ̤�ɀˉ̯ʓɡʓ̚ɀ̯ɭɧ�̯˝�ɡ̝ɭɀ̯ɭ�ɀ�
ˉɭ͕�̯ ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�̝ ɭ͔˝ʴ̸̯ʓ˝ˉ੔�̤ ʓʽʓʴɀ̝�̯ ˝�̯ ʎɭ�
ɧʓʅʓ̯ɀʴ�ɡ˝ʽ̸̯̚ʓˉʅ�̝ ɭ͔˝ʴ̸̯ʓ˝ˉ�̋ ʄ�̯ ʎɭ�৖৔̯ʎ cen-
̸̯̝ ੓͛�Ċʎʓʴɭ�̤ʓʅˉʓпɡɀˉ̯�̝ɭ̤ɭɀ̝ɡʎ�ɀˉɧ�ɧɭ͔ɭʴ-
˝̚ʽɭˉ̯�ʓˉ�Ό̸ɀˉ̸̯ʽ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ɠɭʅɀˉ�ʓˉ�̯ ʎɭ�
ʽʓɧɧʴɭ�̋ ʄ�̯ ʎɭ�৕ঢ়ঢ়৔̤੔�ɹ ɀ̝ʅɭʴ͛�ʓˉ�̯ ʎɭ�ɀɡɀɧɭʽʓɡ�
̤̚ɀɡɭ੔�̤ʓˉɡɭ�৖৔৕৘�͕ɭ�ʎɀ͔ɭ�̤ɭɭˉ�ɀˉ�ɭ͚̚ʴ˝̤ʓ˝ˉ�
ʓˉ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ɀˉɧ�ɡ˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�ɀˉ�ɭ͚̚ʴ˝-
̤ʓ˝ˉ�˝ʄ�̝̚˝ʅ̝ɭ̤̤੓

E˝͔ɭ̝ˉʽɭˉ̯̤੔� ʽ̸ʴ̯ʓ઀ˉɀ̯ʓ˝ˉɀʴ� ɡ˝̝̚˝̝ɀ-
̯ʓ˝ˉ̤�ɀˉɧ�̯ʎɭ�ɭΌ̸ʓ̯͛� ʓˉ͔ɭ̤̯ʽɭˉ̯�ɡ˝ʽʽ̸-
ˉʓ̯͛�ʎɀ͔ɭ�̝ɭɡ˝ʅˉʓ̤ɭɧ�̯ʎɭ�̚˝̯ɭˉ̯ʓɀʴ�ʓʽ̚ɀɡ̯�
˝ʄ�Ό̸ɀˉ̸̯ʽ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɀˉɧ�ʎɀ͔ɭ�ʓˉ͔ɭ̤̯ɭɧ�
ɀɡɡ˝̝ɧʓˉʅʴ ੓͛���૖৕�ɠʓʴʴʓ˝ˉ�.̸̝˝̚ɭɀˉ�рɀʅ̤ʎʓ̚�
ੲÔʓɭɧɭʴ�ɭ̯�ɀʴ੓�৖৔৕ঢ়ੳ੔�̯ʎɭ�íÛ૔৕੓৖�ɠʓʴʴʓ˝ˉ�Ό̸ɀˉ-
̸̯ʽ�ʓˉʓ̯ʓɀ̯ʓ͔ɭ�ੲÔɀ͛ʽɭ̝�ɀˉɧ�v˝ˉ̝˝ɭ�৖৔৕ঢ়ੳ੔�
˝͔ɭ̝�íÛ૔৕৔�ɠʓʴʴʓ˝ˉ�ʓˉ�ɧɭɡʴɀ̝ɭɧ�ʓˉ͔ɭ̤̯ʽɭˉ̯�
ʄ̝˝ʽ�̯ʎɭ�"ʎʓˉɭ̤ɭ�ʅ˝͔ɭ̝ˉʽɭˉ̯�ੲĚʎɀˉʅ�ɭ̯�
ɀʴ੓�৖৔৕ঢ়ੳ੔�ɀ�૖৖�ɠʓʴʴʓ˝ˉ�Ό̸ɀˉ̸̯ʽ�ʓˉ͔ɭ̤̯ʽɭˉ̯�
ʄ̝˝ʽ�̯ʎɭ�Eɭ̝ʽɀˉ̤�ɀ̤�̚ɀ̝̯�˝ʄ�̯ʎɭʓ̝�"�ĉR(઀
৕ঢ়�̝ ɭɡ˝͔ɭ̝͛�̚ ɀɡʯɀʅɭ੔�ɀˉɧ�̋ ̯ʎɭ̝̤�ੲ!̝ɭˉˉɀˉ�ɭ̯�
ɀʴ੓�৖৔৖৕ੳ੔�ʎɀ͔ɭ�ɡɭʽɭˉ̯ɭɧ�Ό̸ɀˉ̸̯ʽ�̯ɭɡʎˉ˝ʴ-
˝ʅ͛�ɀ̤�ɀ�ʽɀʫ˝̝�ʅʴ˝ɠɀʴ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ʅ˝ɀʴ�ʓˉ�
̯ʎɭ�৖৕̤̯�ɡɭˉ̸̯̝ ੓͛�"˝̝̚˝̝ɀ̯ɭ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�
ɠ̸ʓʴɧʓˉʅ੔�̚ ɀ̝̯ʓɡ̸ʴɀ̝ʴ ੔͛�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�
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̤̤̯͛ɭʽ̤�ʓ̤�ɀʴ̤˝�ɭ͚̯ɭˉ̤ʓ͔ɭ੕�E˝˝ʅʴɭ੔�vʓɡ̝˝̤˝о੔�
�ʽɀͥ˝ˉ੔�R!v੔�!ɀʓɧ̸੔�æɭˉ"ɭˉ̯�ɀˉɧ��ʴʓɠɀɠɀ�
ɀ̝ɭ�ʫ̸̤̯�̤˝ʽɭ�˝ʄ�̯ʎɭ�ʽɀʫ˝̝�ʅʴ˝ɠɀʴ�̯ɭɡʎˉ˝ʴ-
˝ʅ͛�п̝ʽ̤�̯ʎɀ̯�ʎɀ͔ɭ�ɭ̤̯ɀɠʴʓ̤ʎɭɧ�ɭ͚̯̝ɭʽɭʴ͛�
̤̯̝˝ˉʅ�̝ɭ̤ɭɀ̝ɡʎ�ʅ̝˝̸̤̚�̯˝�ɠ̸ʓʴɧ�ɀˉɧ�ɧɭ̚ʴ˝͛�
Ό̸ɀˉ̸̯ʽ� ɡ˝ʽ̸̯̚ʓˉʅ� ̤̤̯͛ɭʽ̤੓� R!v� ɀˉɧ�
�ʽɀͥ˝ˉ�ʎɀ͔ɭ�ɀʴ̝ɭɀɧ͛�ʴɀ̸ˉɡʎɭɧ�ʄɭɭ઀ɠɀ̤ɭɧ�
ɡʴ˝̸ɧ�ɀɡɡɭ̤̤�̯ ˝�̤ ɭ͔ɭ̝ɀʴ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�
̚ʴɀ̯ʄ˝̝ʽ̤੔�̸̤ɡʎ�ɀ̤�R˝ˉ઀æ̝ɀ̤̚�ɀˉɧ�Û̸̚ɭ̝ɡ˝ˉ-
ɧ̸ɡ̯ʓˉʅ�̤ ̤̯͛ɭʽ̤੓�İ̸ɀˉ̸̯ʽ�̤ ̯ɀ̸̝̯̤̚�ɀ̝ɭ�̄ ˝͕�
̸ɠʓΌ̸ʓ̯˝̸̤�͕ ˝̝ʴɧ͕ʓɧɭ੔�ɠ˝̯ʎ�ʓˉ�̯ ʎɭ�ʎɀ̝ɧ͕ɀ̝ɭ�
ɀˉɧ�̤˝о͕ɀ̝ɭ�̤̚ɀɡɭ੔�͕ʓ̯ʎ�̯ʎɭ�̯ʎ̝ɭɭ�ʴɀ̝ʅɭ̤̯�
Ό̸ɀˉ̸̯ʽ� ɡ˝ʽ̸̯̚ʓˉʅ� ̤̯ɀ̸̝̯̤̚૆ઃ૆R˝ˉÓৢ, 
Ôʓʅɭ̯̯ʓৣ� ɀˉɧ�Ñ̤ʓİ̸ɀˉ̸̯ʽ�ɀʴ̝ɭɀɧ͛�͔ɀʴ̸ɭɧ�
˝͔ɭ̝�˝ˉɭ�ɠʓʴʴʓ˝ˉ�ɧ˝ʴʴɀ̝̤੓৤
Юɭ�ɡ˝ˉ̸̤̯̝ɡ̯ʓ˝ˉ�˝ʄ�ɀ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ-

̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�ʓ̤�̄ ˝͕�ɀ�̤ ɭ̝ʓ˝̸̤�ʅ˝ɀʴ�ɀʽ˝ˉʅ̤̯�
ˉɀ̯ʓ˝ˉɀʴ�̝̚˝ʅ̝ɀʽ̤੔�ʽ̸ʴ̯ʓˉɀ̯ʓ˝ˉɀʴ�ɡ˝̝̚˝̝ɀ-
̯ʓ˝ˉ̤�ɀˉɧ�̯ʎɭ�ɭΌ̸ʓ̯͛�ʄ̸ˉɧʓˉʅ�ɡ˝ʽʽ̸ˉʓ̯͛�
ɀˉɧ�̯ʎɭ̝ɭ�ʓ̤�ɀ�͔ɀ̝ʓɭ̯͛�˝ʄ�̚ʎ̤͛ʓɡɀʴ�̚ʴɀ̯ʄ˝̝ʽ̤�
̯ʎɀ̯�̚ ɭ˝̚ʴɭ�ɀ̝ɭ�ɧɭ͔ɭʴ˝̚ʓˉʅ੓�Ċʎʓɡʎ�̚ ʴɀ̯ʄ˝̝ʽ�
˝̝�̚ʴɀ̯ʄ˝̝ʽ̤�͕ʓʴʴ�ɭˉɧ�̸̚�ɠɭʓˉʅ�͔ʓɀɠʴɭ�ʄ˝̝�
̤ɡʓɭˉ̯ʓпɡɀʴʴ͛�̋ ̝�ɡ˝ʽʽɭ̝ɡʓɀʴʴ͛�̸ ̤ɭʄ̸ʴ�ɡ˝ʽ̸̚-
̯ɀ̯ʓ˝ˉɀʴ�̯ɀ̤ʯ̤�ʓ̤�̤̯ʓʴʴ�̸̚�ʄ˝̝�ɧɭɠɀ̯ɭ੔�ɠ̸̯�̯ʎɭ�
ɧʓ͔ɭ̝̤ʓ̯͛�˝ʄ�ɀ̝̚̚˝ɀɡʎɭ̤�͕ʓʴʴ�̸ˉɧ˝̸ɠ̯ɀɠʴ͛�
̸̤̝̚�ʽ˝̝ɭ�̝ɀ̚ʓɧ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯੓
�͔ɭ̝� ̯ʎɭ� ̚ɀ̤̯� ৕৙� ͛ɭɀ̝̤੔� R� ʎɀ͔ɭ� ɠɭɭˉ�

ʓˉ͔˝ʴ͔ɭɧ�ʓˉ�̤ɭ͔ɭ̝ɀʴ�̝ɭ̸̤ʴ̯̤�̝ɭʴɀ̯ɭɧ�̯˝�Ό̸ɀˉ-
̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�ɧɭ̤ʓʅˉ੔�
͕ʓ̯ʎ�ˉ̸ʽɭ̝˝̸̤�ɭ͚ɡɭ̯̚ʓ˝ˉɀʴ�̯ʎɭ˝̝ɭ̯ʓɡɀʴ�ɀˉɧ�
ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴ� ɡ˝ʴʴɭɀʅ̸ɭ̤੓� Ċɭ� ʓˉ̯̝˝ɧ̸ɡɭɧ�
̯ʎɭ�˝ˉɭ�˝ʄ�̯ʎɭ�ɭɀ̝ʴʓɭ̤̯�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ʓˉʅ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤�̯ʎɀ̯�ʓˉɡ˝̝̚˝̝ɀ̯ɭɧ�
Ό̸ɀˉ̸̯ʽ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ੔�͕ɀ̤�ʽ˝ɧ̸ʴɀ̝�ʓˉ�
ˉɀ̸̯̝ɭ੔�ɀˉɧ�ɡ˝̸ʴɧ�ɠɭ�ɡ˝ˉɡɭ̸̯̚ɀʴʴ͛�̤ɡɀʴɭɧ�
̯˝�ɀˉ�ɀ̝ɠʓ̯̝ɀ̝͛�ɧɭʅ̝ɭɭ�ੲ(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৔ঢ়ੳ�
ɀˉɧ�ʎɀ͔ɭ�͕˝̝ʯɭɧ�˝ˉ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɧɭ̤ʓʅˉ̤�
ʄ˝̝�ʽ̸ʴ̯ʓ̚ʴɭ�ɧʓаɭ̝ɭˉ̯�̚ʎ̤͛ʓɡɀʴ�̤̤̯͛ɭʽ̤�ੲ�ʓ੔�

ਙાʎ̯̯̤̚੕੣੣пˉɀˉɡɭ੓͛ɀʎ˝˝੓ɡ˝ʽ੣Ό̸˝̯ɭ੣R��Ó੣ʎ̯̯̤̚੕੣੣пˉɀˉɡɭ੓͛ɀʎ˝˝੓ɡ˝ʽ੣Ό̸˝̯ɭ੣R��Ó੣
ਚાʎ̯̯̤̚੕੣੣͕͕ ੓͕̝ʓʅɭ̯̯ʓ੓ɡ˝ʽ੣ʽɭ̝ʅɭ̝઀ɀˉˉ˝̸ˉɡɭʽɭˉ̯ʎ̯̯̤̚੕੣੣͕͕ ੓͕̝ʓʅɭ̯̯ʓ੓ɡ˝ʽ੣ʽɭ̝ʅɭ̝઀ɀˉˉ˝̸ˉɡɭʽɭˉ̯
ਛાʎ̯̯̤̚੕੣੣͕͕ ੓͕͕̤ʫ੓ɡ˝ʽ੣ɀ̝̯ʓɡʴɭ̤੣̤̚ʓΌ̸ɀˉ̸̯ʽ઀̝ɀʓ̤ɭ̤઀৘৙৔઀ʽʓʴʴʓ˝ˉ઀̯˝઀ɠ̸ʓʴɧ઀ʓ̯̤઀Ό̸ɀˉ̸̯ʽ઀ɡ˝ʽ̸̯̚ɭ̝઀৕৕৚৖৛ৗড়৛ৗ৖৕ʎ̯̯̤̚੕੣੣͕͕ ੓͕͕̤ʫ੓ɡ˝ʽ੣ɀ̝̯ʓɡʴɭ̤੣̤̚ʓΌ̸ɀˉ̸̯ʽ઀̝ɀʓ̤ɭ̤઀৘৙৔઀ʽʓʴʴʓ˝ˉ઀̯˝઀ɠ̸ʓʴɧ઀ʓ̯̤઀Ό̸ɀˉ̸̯ʽ઀ɡ˝ʽ̸̯̚ɭ̝઀৕৕৚৖৛ৗড়৛ৗ৖৕

(ɭ͔ʓ̯̯੔�ɀˉɧ�M˝ʴʴɭˉɠɭ̝ʅ�৖৔৔৚੖�Û̯ɭ̚ʎɭˉ̤�ɭ̯�ɀʴ੓�
৖৔৔ড়੖��ɭʽ˝̯˝�ɭ̯�ɀʴ੓�৖৔৕৘੖�mɭʯʓ̯̤ɡʎ�ɭ̯�ɀʴ੓�৖৔৕৛੖�
v̸ʯɀʓ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ੓�Ċɭ�ʓˉ̯̝˝ɧ̸ɡɭɧ�ɀ�ɧɭ̤ʓʅˉ�
ʄ˝̝�ɀ�ʎʓʅʎ઀̚ɭ̝ʄ˝̝ʽɀˉɡɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�
̤̤̯͛ɭʽ�̯ ʎɀ̯�ɡ˝̸ʴɧ�̚ ɭ̝ʄ˝̝ʽ�ɧʓ̤̯̝ʓɠ̸̯ɭɧ�ɠʴʓˉɧ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ʓˉ�ɀˉ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�
ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ੲ(ɭ͔ʓ̯̯੔�v̸ˉ̝˝੔�ɀˉɧ��ɭʽ˝̯˝�
৖৔৕৕ੳ�ɀˉɧ�ɧɭ̤ʓʅˉɭɧ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤�ʄ˝̝�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�ˉɭ̯͕˝̝ʯ̤�̯ʎɀ̯�ɡ˝̸ʴɧ�
̤ɭ̝͔ɭ�̯˝�ɡ˝ˉˉɭɡ̯�ɧʓ̤̯̝ʓɠ̸̯ɭɧ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ-
̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤�̯˝ʅɭ̯ʎɭ̝�ੲv̸ˉ̝˝�ɭ̯�ɀʴ੓�৖৔৕৔੔�
৖৔৕৖੖�(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৕৚ੳ੓
�̤ʓɧɭ� ʄ̝˝ʽ� ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ� ɧɭ͔ɭʴ˝̚ʽɭˉ̯੔�

R�ʎɀ͔ɭ�ɀʴ̤˝�ɧɭ͔ɭʴ˝̚ɭɧ�̚ɀ̝̯̤�˝ʄ�̯ʎɭ˝̝ɭ̯ʓɡɀʴ�
ʄ̝ɀʽɭ͕˝̝ʯ̤�ʄ˝̝�ʎ˝͕�̯ ˝�̚ ̝˝ʅ̝ɀʽ੔�ʓʽ̚ʴɭʽɭˉ̯�
ɀˉɧ�̝ ɭ̤˝̸̝ɡɭ઀˝̯̚ʓʽʓ̤ɭ�ʄ̸ʴʴ͛�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�
Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ੲ(ɭ͔ʓ̯̯੔�v̸ˉ̝˝੔�ɀˉɧ�
�ɭʽ˝̯˝�৖৔৕ৗੳ੓�Юʓ̤�ʓˉɡʴ̸ɧɭ̤�ɭ͚ɀʽʓˉʓˉʅ�̯ʎɭ�
̝̚ɀɡ̯ʓɡɀʴ�̝ ɭΌ̸ʓ̝ɭʽɭˉ̯̤�̋ ʄ�ɡʴɀ̤̤ʓɡɀʴʴ͛�̚ ̝˝ɡɭ̤̤-
ʓˉʅ� ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ʄ̝˝ʽ� ɀ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�ੲ(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৕৔ੳ੔�ʎ˝͕�
̯˝�ɡ˝ʽ̚ʓʴɭ�ʎʓʅʎ઀ʴɭ͔ɭʴ�Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯̤�ʓˉ̯˝�
ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ɡ˝ʽ̚ɀ̯ʓɠʴɭ�ʄ˝̝ʽ̤�ੲD˝͕ʴɭ̝�
ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৖੖�Mɭ̝̝�ɭ̯�ɀʴ੓�৖৔৕ড়੖�Mɭ̝ ੔̝��˝̝ʓ੔�
ɀˉɧ�(ɭ͔ʓ̯̯� ৖৔৕৛੖�Ñɀʴɭ̝�ɭ̯�ɀʴ੓� ৖৔৕৘੖�(ɭ͔ʓ̯̯�
৖৔৕৚੖�M˝̝̤ʽɀˉ�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੔�ɀˉɧ�͕ʎɀ̯�̯ʎɭ�
ʄ˝̝ʽɀʴ�̝ɭΌ̸ʓ̝ɭʽɭˉ̯̤�ɀ̝ɭ�ʄ˝̝�ɠɭˉɡʎʽɀ̝ʯʓˉʅ�
Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�˝ˉ�̝̚ɀɡ̯ʓɡɀʴ�ʽɀɡʎʓˉɭ̤�
ੲ(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৕ৗ੖�vɭ̯ɭ̝�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৚੖�
Ñɀʴɭ ੔̝�Mɭ̝ ੔̝�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕ঢ়ੳ੓
Rˉ�̯ ʎʓ̤�̚ ɀ̚ɭ ੔̝�R�̤ ̚ɭɡʓпɡɀʴʴ͛�ɭ͚ɀʽʓˉɭ�̯ ʎ̝ɭɭ�

˝ʄ�̯ʎɭ�̤ɡɀʴɀɠʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ɠʴ̸ɭ-
̝̚ʓˉ̯̤�̯ ʎɀ̯�R�ʎɀ͔ɭ�ɠɭɭˉ�ʓˉ͔˝ʴ͔ɭɧ�ʓˉ�̯ ʎɀ̯�ʎɀ͔ɭ�
ɠɭɭˉ�ɀɧ˝̯̚ɭɧ�ɠ͛�Ό̸ɀˉ̸̯ʽ�̤̯ɀ̸̝̯̚�ɡ˝ʽ̚ɀ-
ˉʓɭ̤�ɀˉɧ�ˉɀ̯ʓ˝ˉɀʴ�̝̚˝ʅ̝ɀʽ̤�͕˝̝ʴɧ͕ʓɧɭ੓�R�
ʴ˝˝ʯ� ̤̚ɭɡʓпɡɀʴʴ͛� ɀ̯� ̯ʎ̝ɭɭ�ɧɭ̤ʓʅˉ̤੕� ˝ˉɭ� ʓˉ�
R˝ˉ઀æ̝ɀ̤̚�̯ʎɀ̯�ʎɀ̤�ɠɭɭˉ�ɀɧ˝̯̚ɭɧ�ɠ͛�̯ʎɭ�íi�
̤̯ɀ̸̝̯̚�íˉʓ͔ɭ̝̤ɀʴ�İ̸ɀˉ̸̯ʽ�ੲmɭʯʓ̯̤ɡʎ�ɭ̯�ɀʴ੓�

https://finance.yahoo.com/quote/IONQ/
https://www.rigetti.com/merger-announcement
https://www.wsj.com/articles/psiquantum-raises-450-million-to-build-its-quantum-computer-11627387321
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(ɭ͔ʓ̯̯૆ઃ૆!ʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤

৖৔৕৛ੳ੔�̋ ˉɭ�̸ ̤ʓˉʅ��ʓ̯̝˝ʅɭˉ�ĉɀɡɀˉɡʓɭ̤�ੲ�ĉੳ�ʓˉ�
ɧʓɀʽ˝ˉɧ੔�ɀɧ˝̯̚ɭɧ�ɠ͛�̯ ʎɭ�íÛ઀ɠɀ̤ɭɧ�̤ ̯ɀ̸̝̯̚�
æ̸̝ʓˉʅ�ʓˉɡ�ɀˉɧ�̯ ʎɭ��̸̤̯̝ʓɀˉ�̤ ̯ɀ̝̯઀̸̚�E˝ɧɭʴ�
EʽɠM�ੲ�ɭʽ˝̯˝�ɭ̯�ɀʴ੓� ৖৔৕৘ੳ੔� ɀˉɧ�˝ˉɭ� ʓˉ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯˝̝̤�̯ʎɀ̯�ʎɀ̤�ɠɭɭˉ�ɀɧ˝̯̚ɭɧ�ɠ͛�
̯ʎɭ�fɀ̚ɀˉɭ̤ɭ�̄ ɀ̯ʓ˝ˉɀʴ�̚ ̝˝ʅ̝ɀʽ੔�Óઉmɭɀ̚�ɀˉɧ�
v˝˝ˉ̤ʎ˝̯�ੲv̸ʯɀʓ�ɭ̯�ɀʴ੓�৖৔৖৔੖�i͕˝ˉ�ɭ̯�ɀʴ੓�
৖৔৖৔ੳ੓

Юɭ�ɠɀ̤ʓɡ̤�˝ʄ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ
Юɭ�ɡ˝̝ɭ�˝̚ɭ̝ɀ̯ʓ˝ˉɀʴ�ɭʴɭʽɭˉ̯�˝ʄ�ɀ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝�ʓ̤�̯ʎɭ�Ό̸ɀˉ̸̯ʽ�ɠʓ̯�ੲΌ̸ɠʓ̯ੳ੕�̯ʎʓ̤�
ʓ̤�ɀ�͕ ɭʴʴ઀ɧɭпˉɭɧ�̯ ͕˝઀ʴɭ͔ɭʴ�Ό̸ɀˉ̸̯ʽ�̤ ̤̯͛ɭʽ�
̯ʎɀ̯�ɡɀˉ�ɭ͚ʓ̤̯�ʓˉ�ɀ�͔ɀ̝ʓɭ̯͛�˝ʄ�̚ʎ̤͛ʓɡɀʴ�̚ʴɀ̯-
ʄ˝̝ʽ̤੓��ˉɭ�˝ʄ�̯ʎɭ̤ɭ�̯͕˝�ʴɭ͔ɭʴ̤�ɡ˝̝̝ɭ̤̚˝ˉɧ̤�
to a binary 0�̤̯ɀ̯ɭ�ɀˉɧ�̯ʎɭ�˝̯ʎɭ̝�̯˝�ɀ�ɠʓˉɀ̝͛�1�̤̯ɀ̯ɭ�ੲ�ʓɭʴ̤ɭˉ�ɀˉɧ�"ʎ̸ɀˉʅ�৖৔৔৔ੳ੓
Юɭ�̚ ʎ̤͛ʓɡɀʴ�̤ ̤̯͛ɭʽ̤�̸ ̤ɭɧ�̯ ˝�ɧɭпˉɭ�̯ ʎɭ̤ɭ�

̯͕˝�̤̯ɀ̯ɭ̤�ɡɀˉ�ɠɭ�ɀˉ̯͛ʎʓˉʅ�ʄ̝˝ʽ�̯ʎɭ�ɭʴɭɡ-
̯̝˝ˉʓɡ�ʴɭ͔ɭʴ̤�˝ʄ�ɀˉ�ʓ˝ˉʓ̤ɭɧ�ɀ̯˝ʽ�ੲ"ʓ̝ɀɡ�ɀˉɧ�
Ě˝ʴʴɭ̝�৕ঢ়ঢ়৙ੳ੔�̯ ʎɭ�̚ ˝ʴɀ̝ʓ̤ɀ̯ʓ˝ˉ�̤ ̯ɀ̯ɭ�̋ ʄ�ɀ�̤ ʓˉʅʴɭ�
̚ʎ˝̯˝ˉ�ੲ�ઑ!̝ʓɭˉ�৖৔৔৛ੳ�̋ ̝�̯ ʎɭ�̤ ̚ʓˉ�̤ ̯ɀ̯ɭ�̋ ʄ�ɀ�
̚ʎ˝̤̚ʎ˝̸̝̤�ɀ̯˝ʽ�ʓˉ�ɀ�̤ʓʴʓɡ˝ˉ�ɡ̝̤̯͛ɀʴ�ੲiɀˉɭ�
৕ঢ়ঢ়ড়ੳ৥.
��Ό̸ɠʓ̯�ʴʓ͔ɭ̤�ʓˉ�ɀ�̯͕˝઀ɧʓʽɭˉ̤ʓ˝ˉɀʴ�ɡ˝ʽ-

̚ʴɭ͚�͔ ɭɡ̯˝̝�̤ ̚ɀɡɭ੔�͕ ʎɭ̝ɭ�̯ ʎɭ�ʅɭˉɭ̝ɀʴ�̤ ̯ɀ̯ɭ�̋ ʄ�
ɀ�Ό̸ɠʓ̯�ʓ̤�ʅʓ͔ɭˉ�ɠ͛�ɭΌ̸ɀ̯ʓ˝ˉ�৕੕
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Equations for Devitt

(1)|ψ 〉 = α |0〉 + β |1〉 ,

|α |2 + |β |2 = 1, {α , β }∈C

(2)|ψ 〉 =











z0

z1

z2

.

.

.

z2N −1











,
2N −1

i=0
Σ |zi |

2 = 1.

G†G = I

2 × 8 × 2N .

O


10−14



|0〉L ↔ |1〉L

(|0〉 + |1〉)/√2 ↔ (|0〉 − |1〉)/√2

(3)PL ≈ C1(C2 p)
d+1

2 .

(4)PL ≈ C1(C2 p)
− √ N+3

4 .

p ≈ 10−14

1

Eɀ̯ɭ�˝̚ɭ̝ɀ̯ʓ˝ˉ̤�˝ˉ�Ό̸ɠʓ̯̤�ɀ̝ɭ�ɧɭпˉɭɧ�ɠ͛�
̸ˉʓ̯ɀ̝͛�˝̚ɭ̝ɀ̯ʓ˝ˉ̤�˝ˉ�̯ʎʓ̤�͔ɭɡ̯˝̝�̤̚ɀɡɭ੓��̤�
̯ʎɭ�̔ ˝ɧ̸ʴ̸̤�̤ Ό̸ɀ̝ɭɧ�̋ ʄ�ɀʴʴ�ɀʽ̚ʴʓ̸̯ɧɭ̤�̤ ̸ʽ̤�
̯˝�̋ ˉɭ૆ઃ૆ɀ̤�̯ ʎɭ͛�̝ ɭ̝̚ɭ̤ɭˉ̯�̯ ʎɭ�̚ ̝˝ɠɀɠʓʴʓ̯ʓɭ̤�
̯ʎɀ̯�Ό̸ɠʓ̯̤�ɀ̝ɭ�ʽɭɀ̸̤̝ɭɧ�ʓˉ�˝ˉɭ�˝ʄ�̯ʎɭ�̯͕˝�
̚˝̤̤ʓɠʴɭ�ɠɀ̤ʓ̤�̤̯ɀ̯ɭ̤૆ઃ૆̸ˉʓ̯ɀ̝ʓ̯͛�ʓ̤�̝ɭΌ̸ʓ̝ɭɧ�
̯˝�ɭˉ̸̤̝ɭ�̯ʎɀ̯�̝̚˝ɠɀɠʓʴʓ̯ʓɭ̤�ɀ̝ɭ�ɡ˝ˉ̤ɭ̝͔ɭɧ�
ɀ̤�Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ̤�ɀ̝ɭ�̚ɭ̝ʄ˝̝ʽɭɧ੓
Ċʎɭˉ�ɡ˝ˉ̤ʓɧɭ̝ʓˉʅ�ɀˉ�ɀ̝̝ɀ͛�˝ʄ�Ό̸ɠʓ̯̤�ʓˉ�

ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੔̝�̯ʎɭ�̯˝̯ɀʴ�̤ʓͥɭ�˝ʄ�̯ʎɭ�

ਜાЮʓ̤�̚ɀ̚ɭ̝�ʓˉ̤̚ʓ̝ɭɧ�vʓɡʎɭʴʴɭ�Ûʓʽʽ˝ˉ̤�DÔÛ�DÔÛ�੓�੶.ɧ੓੷

͔ɭɡ̯˝̝�̤̚ɀɡɭ�ʅ̝˝͕̤�ɭ͚̚˝ˉɭˉ̯ʓɀʴʴ ੓͛�D˝̝�ɀˉ�
N-Ό̸ɠʓ̯�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੔̝�̯ʎɭ�ɡ˝ʽ̚ʴɭ̯ɭ�
̤̯ɀ̯ɭ�˝ʄ�̯ʎɭ�̤̤̯͛ɭʽ�ɡɀˉ�ɠɭ�ɧɭ̤ɡ̝ʓɠɭɧ�ɠ͛�ɀ�
ɡ˝ʽ̚ʴɭ͚�ɡ˝ʴ̸ʽˉ�͔ɭɡ̯˝̝�˝ʄ�̤ʓͥɭ੔�2N:
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Equations for Devitt

(1)|ψ 〉 = α |0〉 + β |1〉 ,

|α |2 + |β |2 = 1, {α , β }∈C

(2)|ψ 〉 =











z0

z1

z2

.

.

.

z2N −1











,
2N −1

i=0
Σ |zi |

2 = 1.

G†G = I

2 × 8 × 2N .

O


10−14



|0〉L ↔ |1〉L

(|0〉 + |1〉)/√2 ↔ (|0〉 − |1〉)/√2

(3)PL ≈ C1(C2 p)
d+1

2 .

(4)PL ≈ C1(C2 p)
− √ N+3

4 .

p ≈ 10−14

1

Eɀ̯ɭ̤�ɀ̝ɭ�̯ʎɭˉ�ɧɭпˉɭɧ�ɀ̤�̸ˉʓ̯ɀ̝͛�ʽɀ̯̝ʓ͚�
˝̚ɭ̝ɀ̯ʓ˝ˉ̤੔�G੔�̋ ʄ�̤ ʓͥɭ�2Nૅ×ૅ2N੔�͕ ʎɭ̝ɭ�G†Gؚૻ૆I, 
and †�ʓ̤�̯ʎɭ�ɡ˝ˉʫ̸ʅɀ̯ɭ�̯̝ɀˉ̤̚˝̤ɭ�˝ʄ�G.
Юʓ̤�ʓ̤�ɭаɭɡ̯ʓ͔ɭʴ͛�͕ʎɀ̯�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ-

̸̯̚ɭ̝� ʓ̤੓� R̯� ʓ̤� ɀ�ʽɀ̯̝ʓ͚�ʽ̸ʴ̯ʓ̚ʴʓɭ̝�˝͔ɭ̝� ɀ�
ɡ˝ʽ̚ʴɭ͚�ɡ˝ʴ̸ʽˉ�͔ɭɡ̯˝̝�˝ʄ�̤ʓͥɭ�2N੓�Юɭ�ʓˉɀ-
ɠʓʴʓ̯͛�ʄ˝̝�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝ʽ̸̯̚ɭ̝̤�̯˝�̤ʓʽ̸ʴɀ̯ɭ�ɀ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�ʓ̤�ɧ̸ɭ�̯˝�̯ʎɭ�ɭ͚̚˝ˉɭˉ-
̯ʓɀʴ�̤ɡɀʴʓˉʅ�˝ʄ�̯ʎʓ̤�ɡ˝ʴ̸ʽˉ�͔ɭɡ̯˝ ੓̝��̤�ɭɀɡʎ�
ɭʴɭʽɭˉ̯�ʓˉ�̯ʎɭ�ʽɀ̯̝ʓ͚�ʓ̤�ɀ�ɡ˝ʽ̚ʴɭ͚�ˉ̸ʽɠɭ ੔̝�
ɀˉɧ�ɭɀɡʎ�ɡ˝ʽ̚ʴɭ͚�̄ ̸ʽɠɭ̝�̝ ɭΌ̸ʓ̝ɭ̤�̯ ͕˝�̝ ɭɀʴ�
ˉ̸ʽɠɭ̝̤�ੲɧ˝̸ɠʴɭ̤ੳ੔�̯ʎɭ�ʽɭʽ˝̝͛�̝ɭΌ̸ʓ̝ɭɧ�
̯˝�ɡ˝ʽ̚ʴɭ̯ɭʴ͛�̤̯˝̝ɭ�̯ʎɭ�̤̯ɀ̯ɭ�˝ʄ�ɀ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝�ɡ˝ˉ̯ɀʓˉʓˉʅ�N�Ό̸ɠʓ̯̤�ʓ̤�ੲʓˉ�!̯͛ɭ̤ੳ�2 × 8 × 2N.
.͔ɭˉ� ʄ˝̝� ̤ʽɀʴʴ� Ό̸ɠʓ̯� ɀ̝̝ɀ̤͛੔� ̯ʎʓ̤� ̤ɡɀʴ-

ʓˉʅ�˝͔ɭ̝̯ɀʯɭ̤�̯ʎɭ�ʽɭʽ˝̝͛�ɡɀ̚ɀɡʓ̯͛�˝ʄ�ɀˉ͛�
ɡʴɀ̤̤ʓɡɀʴ�̤̤̯͛ɭʽ੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�̯ʎɭ�E˝˝ʅʴɭ�
Û͛ɡɀʽ˝̝ɭ�ɡʎʓ̚�ɡ˝ˉ̯ɀʓˉ̤�N�ૻ�৙ৗ�ʄ̸ˉɡ̯ʓ˝ˉɀʴ�
Ό̸ɠʓ̯̤� ੲ�̸̝̯ɭ�ɭ̯�ɀʴ੓� ৖৔৕ঢ়ੳ੓�æ˝�ɡ˝ʽ̚ʴɭ̯ɭʴ͛�
̤̯˝̝ɭ�̯ʎɭ�̤̯ɀ̯ɭ�˝ʄ�E˝˝ʅʴɭઑ̤�Û͛ɡɀʽ˝̝ɭ�ɡʎʓ̚�
͕˝̸ʴɧ�̝ɭΌ̸ʓ̝ɭ�৕৘৘�Ñɭ̯ɀ!̯͛ɭ̤੓�Юʓ̤�ʓ̤�ɭ̤̤ɭˉ-
̯ʓɀʴʴ͛�̯ʎɭ�ɀ̝ʅ̸ʽɭˉ̯�ɠɭʓˉʅ�̸̤ɭɧ�ʓˉ�ɀ�̝ɭɡɭˉ̯�
R!v�̚ɀ̚ɭ̝�ɡʴɀʓʽʓˉʅ�ɀ�ʽɭ̯ʎ˝ɧ�̯˝�̤ʓʽ̸ʴɀ̯ɭ�
E˝˝ʅʴɭઑ̤�Ό̸ɀˉ̸̯ʽ�̤ ̸̝̚ɭʽɀɡ͛�ʎɀ̤�̝ ɭ̸̤ʴ̯ɭɧ�ʓˉ�
̯ʎɭ�Û̸ʽʽʓ̯�̸̤̚ɭ̝ɡ˝ʽ̸̯̚ɭ̝�ੲÑɭɧˉɀ̸ʴ̯�ɭ̯�ɀʴ੓�
৖৔৕ঢ়ੳ੓�Юɭ�ɀ̝ʅ̸ʽɭˉ̯�ʓ̤�̯˝�̝ɭ઀̯ɀ̤ʯ�ʎɀ̝ɧ઀ɧʓ̤ʯ�
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̤̚ɀɡɭ�ɀ̤�͔ʓ̸̝̯ɀʴ�Ô�v�̯˝�̝ɭɀɡʎ�̯ʎɭ�ɡɀ̚ɀɡʓ̯͛�
ˉɭɭɧɭɧ�̯˝�̤̯˝̝ɭ�̯ʎɭ�ɭˉ̯ʓ̝ɭ�ɡ˝ʽ̚ʴɭ͚�͔ɭɡ̯˝̝�
̝ɭ̝̚ɭ̤ɭˉ̯ʓˉʅ�̯ʎɭ�Û͛ɡɀʽ˝̝ɭ�Ό̸ɀˉ̸̯ʽ�̝̚˝-
cessor.
Юɭ̝ɭ�ɀ̝ɭ�ʽ̸ʴ̯ʓ̚ʴɭ�̯ɭɡʎˉʓΌ̸ɭ̤�̯ʎɀ̯�ɡɀˉ�

ɠɭ�̸̤ɭɧ�̯˝�ɀ̝̚̚˝͚ʓʽɀ̯ɭ�̯ʎɭ�ɠɭʎɀ͔ʓ˝̸̝�˝ʄ�ɀ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�ʓˉ�ɡʴɀ̤̤ʓɡɀʴ�̤̤̯͛ɭʽ̤�ɀˉɧ�
̯ʎɭ̝ɭ�ɀ̝ɭ�ɭдɡʓɭˉ̯�ɡʴɀ̤̤ʓɡɀʴ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ʄ˝̝�
ɭ͚ɀɡ̯�̤ ʓʽ̸ʴɀ̯ʓ˝ˉ�̋ ʄ�̝ ɭ̤̯̝ʓɡ̯ɭɧ�ɡʴɀ̤̤ɭ̤�̋ ʄ�ʅɀ̯ɭ�
˝̚ɭ̝ɀ̯ʓ˝ˉ̤�ੲ�ɀ̝˝ˉ̤˝ˉ�ɀˉɧ�E˝̯̯ɭ̤ʽɀˉ�৖৔৔৘੖�
vɀ̝ʯ˝͔�ɀˉɧ�Ûʎʓ�৖৔৔ড়੖�Ñɭ̝ɭͥ઀Eɀ̝ɡʓɀ�ɭ̯�ɀʴ੓�
৖৔৔৛ੳ੓�M˝͕ɭ͔ɭ ੔̝�͕ɭ�ʯˉ˝͕�̯ʎɀ̯�̯ʎɭ�ɭдɡʓɭˉ̯�
̤ʓʽ̸ʴɀ̯ʓ˝ˉ�˝ʄ�ɀ�̸ˉʓ͔ɭ̝̤ɀʴ�̤ɭ̯�˝ʄ�Ό̸ɀˉ̸̯ʽ�
ʅɀ̯ɭ̤� ʓ̤� ˉ˝̯�̚˝̤̤ʓɠʴɭ� ̸ˉʴɭ̤̤� ʄ̸ˉɧɀʽɭˉ̯ɀʴ�
ɡ˝ˉʫɭɡ̸̯̝ɭ̤�̋ ʄ�ɡ˝ʽ̚ʴɭ͚ʓ̯͛�̯ ʎɭ˝̝͛�ɀ̝ɭ�̚ ̝˝͔ɭˉ�
̯˝�ɠɭ�ʄɀʴ̤ɭ�ੲ�ɀ̝˝ˉ̤˝ˉ�৖৔৕ৗੳ੓
İ̸ɠʓ̯̤�̄ ɀ̸̯̝ɀʴʴ͛�ɭ͚ʓ̤̯ʓˉʅ�ʓˉ�̯ ʎʓ̤�ɡ˝ʽ̚ʴɭ͚�

͔ɭɡ̯˝̝�̤̚ɀɡɭ�ʓʽ̚ʴʓɭ̤�̯ʎɀ̯�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ-
̸̯̚ɭ̝�̋ ˉʴ͛�̝ ɭΌ̸ʓ̝ɭ̤�N�Ό̸ɠʓ̯̤�̯ ˝�̚ ɭ̝ʄ˝̝ʽ�̯ ʎɭ�
̤ɀʽɭ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੔�ɀˉɧ�ɀ�͔ɀ̝ʓɭ̯͛�˝ʄ�̝ɭ̸̤ʴ̯̤�
̤ʓˉɡɭ�̯ ʎɭ�ɭɀ̝ʴ͛�৕ঢ়ঢ়৔̤�ʎɀ͔ɭ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�̯ ʎɀ̯�
̯ʎɭ�ɡ˝ʽ̚ʴɭ͚�͔ɭɡ̯˝̝�̤̚ɀɡɭ�˝ʄ�Ό̸ɀˉ̸̯ʽ�ʴ˝ʅʓɡ�
ʓ̤�̔ ˝̝ɭ�̚ ˝͕ɭ̝ʄ̸ʴ�̯ ʎɀˉ�ɠʓˉɀ̝͛�ɹ ˝ʅʓɡ�ʄ˝̝�ɀ�̤ ̚ɭ-
ɡʓпɡ�̤ɭ̯�˝ʄ�̝̚˝ɠʴɭʽ̤੓�Юʓ̤�ʓˉɡʴ̸ɧɭ̤�ɧʓ̝ɭɡ̯�
̤ʓʽ̸ʴɀ̯ʓ˝ˉ�̋ ʄ�Ό̸ɀˉ̸̯ʽ�̤ ̤̯͛ɭʽ̤�ੲmʴ˝͛ɧ�৕ঢ়ঢ়৚ੳ੔�
̤˝ʴ͔ʓˉʅ�̯ʎɭ�ʎʓɧɧɭˉ�ɀɠɭʴʓɀˉ�̸̤ɠʅ̝˝̸̚�̝̚˝ɠ-
ʴɭʽ�ੲiʓ̯ɀɭ͔�৕ঢ়ঢ়৙ੳ૆ઃ૆͕ʎʓɡʎ�ʓˉɡʴ̸ɧɭ̤�ʄɀɡ̯˝̝-
ʓˉʅ� ʴɀ̝ʅɭ� ʓˉ̯ɭʅɭ̝̤� ੲÛʎ˝̝� ৕ঢ়ঢ়৘ੳ૆ઃ૆̤˝ʴ͔ʓˉʅ�
ˉ̸ʽɭ̝˝̸̤�̋ ̯̚ʓʽʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�ʅ̝ɀ̚ʎ�̚ ̝˝ɠʴɭʽ̤�
ੲmɭɭ੔�Ûɀˉ̯ʎɀ੔�ɀˉɧ�Ěʎɀˉʅ�৖৔৖৔ੳ੔�ɀˉɧ�̤˝ʴ͔ʓˉʅ�
ʴɀ̝ʅɭ�̤ɭ̯̤�˝ʄ�ʴʓˉɭɀ̝�ɭΌ̸ɀ̯ʓ˝ˉ̤�ੲMɀ̝̝˝ ੔͕�Mɀ̤-
̤ʓɧʓʽ੔�ɀˉɧ�mʴ˝͛ɧ�৖৔৔ঢ়ੳ੓
İ̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ʓ̤�̄ ˝͕�ʅ̝˝͕ʓˉʅ�ʓˉ̯˝�

ɀ�ɹ ɀ̝ʅɭ̝�ɀˉɧ�ɹ ɀ̝ʅɭ̝�ʓˉɧ̸̤̯̝ ੔͛�͕ ʓ̯ʎ�̄ ̸ʽɭ̝˝̸̤�
ʽ̸ʴ̯ʓˉɀ̯ʓ˝ˉɀʴ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɡ˝ʽ̚ɀˉʓɭ̤�ɡ˝ˉ-
̸̤̯̝ɡ̯ʓˉʅ�ɀˉɧ�ʽɀʯʓˉʅ�ɀ͔ɀʓʴɀɠʴɭ�̤ʽɀʴʴ�Ό̸ɀˉ-
̸̯ʽ�̝̚˝ɡɭ̤̤˝̝̤�˝͔ɭ̝� ̯ʎɭ� ɡʴ˝̸ɧ੓��ɀ̯ʓ˝ˉɀʴ�
ʓˉʓ̯ʓɀ̯ʓ͔ɭ̤�ɠɭʓˉʅ�ɭ̤̯ɀɠʴʓ̤ʎɭɧ�ʓˉ�ʽ˝̤̯�ʽɀʫ˝̝�
ʓˉɧ̸̤̯̝ʓɀʴ�ɡ˝̸ˉ̯̝ʓɭ̤�ੲÔ˝ɠɭ̝̤˝ˉ�ɀˉɧ�Ċʎʓ̯ɭ�
৖৔৕ঢ়੖�Ôʓɭɧɭʴ�ɭ̯�ɀʴ੓�৖৔৕ঢ়੖�Ṳ̸̤̂ʽɀˉ�ɭ̯�ɀʴ੓�৖৔৕ঢ়੖�
Ěʎɀˉʅ�ɭ̯�ɀʴ੓�৖৔৕ঢ়੖�Đɀʽɀʽ˝̯˝੔�Ûɀ̤ɀʯʓ੔�ɀˉɧ�
æɀʯɭ̸̤ɭ�৖৔৕ঢ়੖�Dɭɧ˝̝˝͔�ɭ̯�ɀʴ੓�৖৔৕ঢ়੖�Ôɀ͛ʽɭ̝�

ɀˉɧ�v˝ˉ̝˝ɭ� ৖৔৕ঢ়੖�iˉʓʅʎ̯� ɀˉɧ�Ċɀʴʽ̤ʴɭ͛�
৖৔৕ঢ়ੳ�ɀˉɧ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʄ̝˝ʽ�͔ɭˉ̸̯̝ɭ�ɡɀ̚ʓ̯ɀʴ�
п̝ʽ̤�ʓˉ̯˝�ɠ˝̯ʎ�Ό̸ɀˉ̸̯ʽ�ʎɀ̝ɧ͕ɀ̝ɭ�ɀˉɧ�̤ ˝о-
͕ɀ̝ɭ�ɡ˝ʽ̚ɀˉʓɭ̤�̄ ˝͕�ɭɡʴʓ̤̚ʓˉʅ�̯ ʎɭ�૔৕�ɠʓʴʴʓ˝ˉ�
scale.
Ñɀ̝̯� ˝ʄ� ̯ʎɭ� ɧɭ͔ɭʴ˝̚ʽɭˉ̯� ˝ʄ� Ό̸ɀˉ̸̯ʽ�

ɡ˝ʽ̸̯̚ɭ̝̤�ʓ̤�ɀ̤ʯʓˉʅ�ʎ˝͕�͕ ɭ�ɠʴ̸ɭ̝̚ʓˉ̯�ɹ ɀ̝ʅɭ઀
̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤ ̤̯͛ɭʽ̤૆ઃ૆̯˝�̯ ʎɭ�
ʴɭ͔ɭʴ�ˉɭɭɧɭɧ�̯˝�ʓʽ̚ʴɭʽɭˉ̯�̯ʎɭ�͕ʓɧɭ�͔ɀ̝ʓɭ̯͛�
˝ʄ�Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�̯ʎɀ̯�ɀ̝ɭ�̝̚˝͔ɀɠʴ͛�
ʽ˝̝ɭ�ɭдɡʓɭˉ̯�̯ʎɀˉ�̯ʎɭʓ̝�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝̸ˉ̯ɭ̝-
̚ɀ̝̯̤੓�Юɭ̤ɭ�ɠʴ̸ɭ̝̚ʓˉ̯̤�ʓˉɡʴ̸ɧɭ�̯ ʎɭ�ʎɀ̝ɧ͕ɀ̝ɭ�
ɧɭ̤ʓʅˉ�˝ʄ�̯ʎɭ�Ό̸ɠʓ̯̤�ɀˉɧ�Ό̸ɠʓ̯�ɡ˝ˉ̯̝˝ʴ�̤̤͛-
̯ɭʽ̤੔�̯ʎɭ�ʽɀˉˉɭ̝�ʓˉ�͕ʎʓɡʎ�İ̸ɀˉ̸̯ʽ�.̝̝˝̝�
"˝̝̝ɭɡ̯ʓ˝ˉ�ੲİ."ੳ�ʓ̤�ɭʽɠɭɧɧɭɧ�͕ ʓ̯ʎʓˉ�̯ ʎɭ̤ɭ�
ɧɭ̤ʓʅˉ̤੔�ʎ˝͕�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�
ʓ̤�ɧɭ̚ʴ˝͛ɭɧ�ʄ˝̝�̯ʎɭ̤ɭ�̤̤̯͛ɭʽ̤੔�ɀˉɧ�ʎ˝͕�̯ʎɭ�
ɡʴɀ̤̤ʓɡɀʴ� ɡ˝ʽ̸̯̚ʓˉʅ� ̸̤̚̚˝̝̯� ̸̤̯̝ɡ̸̯̝ɭ� ʓ̤�
ʓˉ̯ɭʅ̝ɀ̯ɭɧ�̯˝�̯ʎɭ�Ό̸ɀˉ̸̯ʽ�ʎɀ̝ɧ͕ɀ̝ɭ੓

Юɭ�ɡ˝̝ɭ�ɭʴɭʽɭˉ̯̤�˝ʄ�ɀˉ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ੕�
̯ʎɭ�(ʓĉʓˉɡɭˉͥ˝�ɡ̝ʓ̯ɭ̝ʓɀ

(ɀ͔ʓɧ�(ʓĉʓˉɡɭˉͥ˝�͕ɀ̤�˝ˉɭ�˝ʄ�̯ʎɭ�п̝̤̯�̯˝�
ɭˉ̸ʽɭ̝ɀ̯ɭ�ɀ�̔ ʓˉʓʽɀʴ�ɹ ʓ̤̯�̋ ʄ�̚ ʎ̤͛ʓɡɀʴ�̝ ɭΌ̸ʓ̝ɭ-
ʽɭˉ̯̤�̯ ʎɀ̯�ɀ̝ɭ�̄ ɭɭɧɭɧ�̯ ˝�ɠ̸ʓʴɧ�ɀ�ɹ ɀ̝ʅɭ઀̤ɡɀʴɭ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Rˉ�৖৔৔৔�ʎɭ�̸̚ɠʴʓ̤ʎɭɧ�
͕ʎɀ̯�ɀ̝ɭ�̄ ˝͕�̝ ɭʄɭ̝̝ɭɧ�̯ ˝�ɀ̤�̯ ʎɭ�(ʓĉʓˉɡɭˉͥ˝�
ɡ̝ʓ̯ɭ̝ʓɀ�ੲ(ʓĉʓˉɡɭˉͥ˝�৖৔৔৔ੳ੕�ɀ�̤ɭ̯�˝ʄ�п͔ɭ�ɭʴɭ-
ʽɭˉ̯̤�ɀ�Ό̸ɀˉ̸̯ʽ�̤ ̤̯͛ɭʽ�̔ ̸̤̯�ʎɀ͔ɭ�̯ ˝�ɠɭ੔�ʓˉ�
̝̚ʓˉɡʓ̚ʴɭ੔�̸̤ʓ̯ɀɠʴɭ�ʄ˝̝�ɡ˝ˉ̸̤̯̝ɡ̯ʓˉʅ�ɀ�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Юɭ̤ɭ�ɀ̝ɭ੕
৕੓���̤ ɡɀʴɀɠʴɭ�̚ ʎ̤͛ʓɡɀʴ�̤ ̤̯͛ɭʽ�͕ ʓ̯ʎ�͕ ɭʴʴ઀ɡʎɀ̝-
ɀɡ̯ɭ̝ʓ̤ɭɧ�Ό̸ɠʓ̯̤
৖੓�Юɭ�ɀɠʓʴʓ̯͛�̯˝�ʓˉʓ̯ʓɀʴʓ̤ɭ�̯ʎɭ�̤̯ɀ̯ɭ�˝ʄ�̯ʎɭ�
Ό̸ɠʓ̯̤�̯˝�ɀ�̤ʓʽ̚ʴɭ�пɧ̸ɡʓɀʴ�̤̯ɀ̯ɭ
ৗ੓�m˝ˉʅ�̝ɭʴɭ͔ɀˉ̯�ɧɭɡ˝ʎɭ̝ɭˉɡɭ�̯ʓʽɭ̤
৘੓���઎̸ˉʓ͔ɭ̝̤ɀʴએ�̤ɭ̯�˝ʄ�Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ̤
৙੓���Ό̸ɠʓ̯઀̤̚ɭɡʓпɡ�ʽɭɀ̸̤̝ɭʽɭˉ̯�ɡɀ̚ɀɠʓʴʓ̯ ੓͛

Юɭ̤ɭ�п͔ɭ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ɀ̝ɭ�ɀ�ˉɭɡɭ̤̤ɀ̝͛�ʽʓˉʓ-
ʽɀʴ�̤ɭ̯�̯ʎɀ̯�ʓ̤�̝ɭΌ̸ʓ̝ɭɧ�ʄ˝̝�ɀ�̚ʎ̤͛ʓɡɀʴ�̚ʴɀ̯-
ʄ˝̝ʽ�̯˝�ɠɭ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�ʄ˝̝�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ-
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̸̯̚ɭ ੔̝�ɠ̸̯�̯ʎɭ͛�ɀ̝ɭ�ɠ͛�ˉ˝�ʽɭɀˉ̤�̸̤дɡʓɭˉ̯�
͕ʎɭˉ�ɠ̸ʓʴɧʓˉʅ�ɀ�̤ɡɀʴɀɠʴɭ�̤̤̯͛ɭʽ੓
D̝˝ʽ�̯ʎɭ�ʽʓɧɧʴɭ�˝ʄ�̯ʎɭ�৕ঢ়ঢ়৔̤�̯˝�ɀ̝̚̚˝͚ʓ-

ʽɀ̯ɭʴ͛�̯ʎɭ�ʽʓɧɧʴɭ�˝ʄ�̯ʎɭ�৖৔৔৔̤੔�̯ʎɭ̝ɭ�͕ɭ̝ɭ�
ʴʓ̯ɭ̝ɀʴʴ͛�ɧ˝ͥɭˉ̤�̋ ʄ�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�̤ ̤̯͛ɭʽ̤�
̝̚˝̚˝̤ɭɧ�̯ʎɀ̯�̤ɀ̯ʓ̤пɭɧ�̯ʎɭ�(ʓĉʓˉɡɭˉͥ˝�ɡ̝ʓ-
̯ɭ̝ʓɀ੓�vɀˉ͛�˝ʄ�̯ʎɭ̤ɭ�઎ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭએ�̝̚˝̚˝̤-
ɀʴ̤�ʎɀ͔ɭ�̤ʴ˝͕ʴ͛�ɧʓ̤ɀ̚̚ɭɀ̝ɭɧ�ɀ̤�̝ɭ̤ɭɀ̝ɡʎɭ̝̤�
ʎɀ͔ɭ�̝ɭɀʴʓ̤ɭɧ�̯ʎɀ̯�̯ʎɭ�ɧɭ̯ɀʓʴ̤�˝ʄ�ɀ�̝̚ɀɡ̯ʓɡɀʴ�
Ό̸ɀˉ̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʅ˝�͕ɭʴʴ�ɠɭ͛˝ˉɧ�̯ʎɭ̤ɭ�
п͔ɭ�ɭʴɭʽɭˉ̯̤੓
�ʄ�̯ʎɭ�ʽɀˉ͛�ɧʓаɭ̝ɭˉ̯�̚ʎ̤͛ʓɡɀʴ�̤̤̯͛ɭʽ̤�

̝̚˝̚˝̤ɭɧ� ʄ˝̝�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ੔� ̯ʎɭ̝ɭ�
̝ɭʽɀʓˉ�ɭʓʅʎ̯�̯ʎɀ̯�ɀ̝ɭ�̸ˉɧɭ̝�ʽɀʫ˝̝�ɧɭ͔ɭʴ-
˝̚ʽɭˉ̯੕
৕੓�Û̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤�ੲi͕˝ˉ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ
৖੓�R˝ˉ�æ̝ɀ̤̚�ੲ!̝˝͕ˉ੔�iʓʽ੔�ɀˉɧ�v˝ˉ̝˝ɭ�৖৔৕৚੖�
mɭʯʓ̯̤ɡʎ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ
ৗ੓��̯̚ʓɡɀʴ�Ό̸ɠʓ̯̤�ੲ̤ʓˉʅʴɭ�̚ ʎ˝̯˝ˉ�ɀˉɧ�ɡ˝ˉ̯ʓˉ-
̸˝̸̤�͔ ɀ̝ʓɀɠʴɭ̤ੳ�ੲ�ઑ!̝ʓɭˉ�৖৔৔৛੖�!̝ɀ̸ˉ̤̯ɭʓˉ�
ɀˉɧ�m˝˝ɡʯ�৖৔৔৙ੳ

৘੓�"˝ʴ˝̸̝�ɡɭˉ̯̝ɭ̤�ੲ̸̤ɡʎ�ɀ̤��ʓ̯̝˝ʅɭˉ�ĉɀɡɀˉɡ͛�
ɡɭˉ̯̝ɭ̤�ʓˉ�ɧʓɀʽ˝ˉɧੳ�ੲ�ɭʽ˝̯˝�ɭ̯�ɀʴ੓�৖৔৕৘ੳ
৙੓�İ̸ɀˉ̸̯ʽ�(˝̯̤�ੲf˝ˉɭ̤�ɭ̯�ɀʴ੓�৖৔৕৖ੳ
৚੓�(˝ˉ˝̝̤�ʓˉ�Ûʓʴʓɡ˝ˉ�ੲiɀˉɭ�৕ঢ়ঢ়ড়ੳ
৛੓��ɭ̸̯̝ɀʴ��̯˝ʽ̤�ੲÛɀаʽɀˉ�৖৔৕ড়ੳ
ড়੓��ˉ͛˝ˉʓɡ�Ṳ̯̂͛ɭʽ̤�ੲ�ɀ͛ɀʯ�ɭ̯�ɀʴ੓�৖৔৔ড়ੳ੓

��̤ ɭ̯�̋ ʄ�ɡ̝ʓ̯ɭ̝ʓɀ�̯ ʎɀ̯�R�ʅɭˉɭ̝ɀʴʴ͛�̸ ̤ɭ�̯ ˝�ɧɭпˉɭ�
ɀ�઎ʽɀʫ˝̝એ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ�ɀ̝ɭ੕
৕੓�Юɭ̝ɭ�ʓ̤�̤ʓʅˉʓпɡɀˉ̯�ʄ̸ˉɧʓˉʅ�ɀ͔ɀʓʴɀɠʴɭ�ʄ˝̝�
̯ʎɭ�̚ʴɀ̯ʄ˝̝ʽ੓
৖੓�Юɭ�̚ʴɀ̯ʄ˝̝ʽ�ʎɀ̤�ɀʴ̝ɭɀɧ͛�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�
̯ʎɭ� ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ� ɀˉɧ� ɡ˝ˉ̯̝˝ʴ� ˝ʄ� ɀ� ̤ʽɀʴʴ�
ˉ̸ʽɠɭ̝� ˝ʄ� Ό̸ɠʓ̯̤� ੲ৕ં৕৔ੳ� ̯˝� ̯ʎɭ� ̚˝ʓˉ̯�
͕ʎɭ̝ɭ�ʓ̯�ʓ̤�ˉ˝͕�̤˝ʽɭ͕ʎɀ̯�̝˝̸̯ʓˉɭ੓
ৗ੓�Юɭ̝ɭ�ɀ̝ɭ�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴ�ɀˉɧ੣˝̝�̯ ʎɭ˝̝ɭ̯ʓɡɀʴ�
̝ɭ̤ɭɀ̝ɡʎɭ̝̤�ʓˉ͔˝ʴ͔ɭɧ�ʓˉ�ɀ�̤ ̤̯͛ɭʽ̤�ɧɭ͔ɭʴ˝̚-
ʽɭˉ̯�̯ ʎɀ̯�ɀ̝ɭ�઎̸̯̝ɭ�ɠɭʴʓɭ͔ɭ̝̤੔એ�ʓ੓ɭ੓�̯ ʎɭ͛�ɀ̝ɭ�
ʄ˝ɡ̸̤ɭɧ�̤̯̝˝ˉʅʴ͛�˝ˉ�ɀɡ̸̯ɀʴʴ͛�ɠ̸ʓʴɧʓˉʅ�ɀ�
̤ɡɀʴɀɠʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੔̝�̝ɀ̯ʎɭ̝�̯ʎɀˉ�

̤ʓʽ̚ʴ͛�ɧ˝ʓˉʅ�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�ɀˉɧ�ʽ˝̝ɭ�ʄ˝̸ˉ-
ɧɀ̯ʓ˝ˉɀʴ�̚ʎ̤͛ʓɡ̤�͕˝̝ʯ੓

.ɀɡʎ�˝ʄ�̯ʎɭ�ɭʓʅʎ̯�̤̤̯͛ɭʽ̤�ʴʓ̤̯ɭɧ�ɀɠ˝͔ɭ�̤ɀ̯-
ʓ̤ʄ͛�ɭɀɡʎ�˝ʄ�̯ʎɭ̤ɭ�ɡ̝ʓ̯ɭ̝ʓɀ੔�ɭ͚ɡɭ̯̚�ɀ̝ʅ̸ɀɠʴ͛�
ʄ˝̝��ˉ͛˝ˉʓɡ�̤̤̯͛ɭʽ̤੔�ɠ̸̯�̯ʎɭ�͔ɀ̤̯�ɀʽ˝̸ˉ̯�
˝ʄ�ʽ˝ˉɭ͛�ʓˉ͔ɭ̤̯ɭɧ�ɠ͛�vʓɡ̝˝̤˝о�ʓˉ̯˝�̯ʎʓ̤�
ʎʓʅʎʴ͛�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴ�̚ʴɀ̯ʄ˝̝ʽ�ˉɭɡɭ̤̤ʓ̯ɀ̯ɭ̤�
ʓ̯̤�ʓˉɡʴ̸̤ʓ˝ˉ�˝ˉ�̯ʎɭ�ɀɠ˝͔ɭ�ʴʓ̤̯੓�Rˉ͔ɭ̤̯ʽɭˉ̯�
ʓˉ̯˝�̯ ʎɭ̤ɭ�̚ ʴɀ̯ʄ˝̝ʽ̤�ʓ̤�̤ ˝ʽɭ͕ʎɀ̯�ɭ͔ɭˉʴ͛�ɧʓ̤-
̯̝ʓɠ̸̯ɭɧ�ɀɡ̝˝̤̤�ɡ˝̝̚˝̝ɀ̯ʓ˝ˉ̤੔�ʅ˝͔ɭ̝ˉʽɭˉ̯̤੔�
̸ˉʓ͔ɭ̝̤ʓ̯ʓɭ̤�ɀˉɧ�̤̯ɀ̸̝̯̤̚੓

v˝ɧɭ̝ˉ�Ό̸ɀˉ̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɧɭ̤ʓʅˉ̤
!ɭ͛˝ˉɧ�̯ʎɭ�(ʓĉʓˉɡɭˉͥ˝�ɡ̝ʓ̯ɭ̝ʓɀ੔�ɀ̝ɡʎʓ̯ɭɡ-
̸̯̝ɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�ɠʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤�ʎɀ͔ɭ�ɭ͔˝ʴ͔ɭɧ�̤ʓʅ-
ˉʓпɡɀˉ̯ʴ͛�˝͔ɭ̝�̯ʎɭ�̚ɀ̤̯�৕৔ં৕৙�͛ɭɀ̝̤੓��̤�͕ɭ�
ɀ̝ɭ�ɭˉ̯ɭ̝ʓˉʅ�̯ʎɭ�ɭ̝ɀ�˝ʄ�ɭˉʅʓˉɭɭ̝ʓˉʅ�̤ʽɀʴʴ�
Ό̸ɠʓ̯�ɡʎʓ̤̚ɭ̯̤੔�ɧɭ̤ʓʅˉ̤�ʄ˝̝�ʴɀ̝ʅɭ̝઀̤ɡɀʴɭ�̤̤͛-
̯ɭʽ̤� ɀ̝ɭ�ɠɭɡ˝ʽʓˉʅ�ʽ˝̝ɭ� ɡ˝ʽ̚ʴɭ͚੓�.ɀ̝ʴ͛�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ɠʴ̸ɭ̝̚ʓˉ̯̤�ʅɭˉɭ̝ɀʴʴ͛�
ɡ˝ˉ̤ʓ̤̯ɭɧ�˝ʄ�ʴʓ̯̯ʴɭ�ʽ˝̝ɭ�̯ʎɀˉ�ʓɧɭˉ̯ʓʄ͛ʓˉʅ�ɀˉ�
ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̯ ͕˝઀ʴɭ͔ɭʴ�Ό̸ɀˉ̸̯ʽ�̤ ̤̯͛ɭʽ�ɀˉɧ�
ɧɭ̤ɡ̝ʓɠʓˉʅ�̯ʎɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ɧ͛ˉɀʽʓɡ̤�̯ʎɀ̯�
ɭˉɀɠʴɭɧ�ɀ�̸ˉʓ͔ɭ̝̤ɀʴ�̤ɭ̯�˝ʄ�Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ̤੔�
initialisation and measurement.
�̤�͕ ɭ�ʎɀ͔ɭ�ʄ̸̝̯ʎɭ̝�̸ ˉɧɭ̝̤̯˝˝ɧ�̯ ʎɭ�ɀɡ̸̯ɀʴ�

ˉɭɡɭ̤̤ʓ̯ʓɭ̤�˝ʄ�ɀ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ-
̸̯̚ɭ ੔̝� ɧɭ̤ʓʅˉ� ɠʴ̸ɭ̝̚ʓˉ̯̤� ɀɡ̝˝̤̤� ɀ� ͔ɀ̝ʓɭ̯͛�
˝ʄ� ɧʓаɭ̝ɭˉ̯� ̤̤̯͛ɭʽ̤� ʎɀ͔ɭ� ɠɭɡ˝ʽɭ� ʽ˝̝ɭ�
ɧɭ̯ɀʓʴɭɧ�ɀˉɧ�ʽ˝̝ɭ�̤˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ੓�Юɭ�ʽ˝̤̯�
ˉ˝̯ɀɠʴɭ�ɡʎɀˉʅɭ�ʓ̤�̯ ʎɭ�ɧɭ̯ɀʓʴɭɧ�ʓˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ�
˝ʄ�İ̸ɀˉ̸̯ʽ�.̝̝˝̝�"˝̝̝ɭɡ̯ʓ˝ˉ�ੲİ."ੳ�̝̚˝-
tocols.

İ̸ɀˉ̸̯ʽ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ
Dɀɠ̝ʓɡɀ̯ʓˉʅ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴʴʓˉʅ�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�
ʓ̤�ɀ�ɧʓдɡ̸ʴ̯�̯ʎʓˉʅ�̯˝�ɧ˝੓�Юɭ�ɡ˝̸̚ʴʓˉʅ�˝ʄ�
ʓˉɧʓ͔ʓɧ̸ɀʴ�Ό̸ɠʓ̯̤�̯˝�̯ʎɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ʓˉɭ͔ʓ-
̯ɀɠʴ͛�ʴɭɀɧ̤�̯˝�ʴ˝̤̤�˝ʄ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʎɭ̝ɭˉɡɭ�
ੲʯˉ˝͕ˉ�ɀ̤�ɧɭɡ˝ʎɭ̝ɭˉɡɭੳ੓�D̝˝ʽ�ɀˉ�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ઀̝̚˝ɡɭ̤̤ʓˉʅ� ̤̯ɀˉɧ̚˝ʓˉ̯੔� ̯ʎʓ̤�ɧɭɡ˝ʎɭ̝-
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ɭˉɡɭ�ɭаɭɡ̯�ʓˉ̯̝˝ɧ̸ɡɭ̤�ɭ̝̝˝̝̤੔�͕ ʎʓɡʎ�Ό̸ʓɡʯʴ͛�
̝ɭˉɧɭ̝̤�̯ʎɭ�˝̸̸̯̯̚�ʄ̝˝ʽ�ɀˉ͛�Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝-
̝ʓ̯ʎʽ�ɭ̤̤ɭˉ̯ʓɀʴʴ͛�̝ɀˉɧ˝ʽ੓�.̝̝˝̝̤�ɡɀˉ�ɡ˝ʽɭ�
ʄ̝˝ʽ� ʓˉɀɡɡ̸̝ɀ̯ɭ� ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ੔� ɠɀɧ� Ό̸ɠʓ̯�
ɧɭ̤ʓʅˉ૆ઃ૆͕ʎɭ̝ɭ�̯ʎɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ɡ˝̸̚ʴɭ̤�
̯˝˝�̤̯̝˝ˉʅʴ͛�̯˝�̯ʎɭ�̯͕˝઀ʴɭ͔ɭʴ�̤̤̯͛ɭʽ�̯ʎɀ̯�
ɧɭпˉɭ̤�̯ʎɭ�Ό̸ɠʓ̯૆ઃ૆˝̝�ɡ˝̸ʴɧ�ɠɭ�ʓˉɧ̸ɡɭɧ�ɠ͛�
ʓʽ̚ɭ̝ʄɭɡ̯�ɡ˝ˉ̯̝˝ʴ੓
Ċʎʓʴɭ� ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴʓ̤̯̤� ʎɀ͔ɭ� ɧ˝ˉɭ� ɀˉ�

ʓʽ̝̚ɭ̤̤ʓ͔ɭ� ʫ˝ɠ� ɀ̯� ɧɭɡ̝ɭɀ̤ʓˉʅ� Ό̸ɠʓ̯� ɭ̝̝˝̝�
̝ɀ̯ɭ̤�ʓˉ�̚ʎ̤͛ʓɡɀʴ�̤̤̯͛ɭʽ̤�˝͔ɭ̝�̯ʎɭ�̚ɀ̤̯�̯͕˝�
ɧɭɡɀɧɭ̤੔� ̚ʎ̤͛ʓɡɀʴ� ɭˉʅʓˉɭɭ̝ʓˉʅ� ɀʴ˝ˉɭ� ͕ʓʴʴ�
ˉ˝̯�ɠɭ�̸̤дɡʓɭˉ̯�̯˝�̝ɭɧ̸ɡɭ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�̯˝�
ɀ�ɧɭʅ̝ɭɭ�ˉɭɡɭ̤̤ɀ̝͛�ʄ˝̝�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�
ɀʴʅ˝̝ʓ̯ʎʽ̤�̯˝�ɠɭ�̸̝ˉ੓�Ûʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৕�ʓ̤�
ɀ�̚ʴ˝̯�˝ʄ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�ˉɭɭɧɭɧ�ʄ˝̝�

Ό̸ɠʓ̯̤�ʓʄ�͛˝̸�͕ɭ̝ɭ�̯˝�ʓʽ̚ʴɭʽɭˉ̯�Ûʎ˝̝ઑ̤�ʄɀɡ-
̯˝̝ʓˉʅ�ɀʴʅ˝̝ʓ̯ʎʽ੓
D˝̝�Ûʎ˝̝ઑ̤�ɀʴʅ˝̝ʓ̯ʎʽ੔�͕ɭ�͕ʓ̤ʎ�̯˝�ɠɭ�ɀɠʴɭ�

̯˝�ʄɀɡ̯˝̝�̄ ̸ʽɠɭ̝̤�̯ ʎɀ̯�ʎɀ͔ɭ�ɀ�ɠʓ̯઀̤ʓͥɭ�ɹ ɭˉʅ̯ʎ੔�
L੔�˝ʄ�L > 1024੔�ɀ̤�̯ʎʓ̤�ʓ̤�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�̯ʎɭ�
ʽʓˉʓʽ̸ʽ�ʯɭ͛�̤ʓͥɭ�̸̤ɭɧ�ʓˉ�ʽ˝ɧɭ̝ˉ�ʓʽ̚ʴɭ-
ʽɭˉ̯ɀ̯ʓ˝ˉ̤�˝ʄ�ÔÛ��̸̚ɠʴʓɡ�ʯɭ͛�ɭˉɡ̝̯͛̚ʓ˝ˉ੓�
D̝˝ʽ�Dʓʅ̸̝ɭ�৕੔�͛˝̸�ɡɀˉ�̤ɭɭ�̯ʎɀ̯�̯ʎʓ̤�͕˝̸ʴɧ�
̝ɭΌ̸ʓ̝ɭ�̚ ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ ɀ̯ɭ̤�̋ ˉ�̯ ʎɭ�Ό̸ɠʓ̯̤�̋ ʄ�
at most Oੲ10−14ੳ੓
Ûʎ˝͕ˉ�ʓˉ�̯ʎɭ�ʓˉ̤ɭ̝̯�˝ʄ�Dʓʅ̸̝ɭ�৕�ʓ̤�ɀ�̚ʴ˝̯�

˝ʄ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�ɀɡʎʓɭ͔ɭɧ�ʓˉ�̯ʎɭ�
ʴɀɠ˝̝ɀ̯˝̝͛� ̤ʓˉɡɭ� Ό̸ɠʓ̯̤� ͕ɭ̝ɭ� п̝̤̯� ʄɀɠ̝ʓ-
ɡɀ̯ɭɧ�ɀˉɧ�̯ɭ̤̯ɭɧ�ʓˉ�̯ʎɭ�ʴɀ̯ɭ�৕ঢ়ঢ়৔̤੓�Ċʎʓʴɭ�
̤ʓʅˉʓпɡɀˉ̯� ̝̚˝ʅ̝ɭ̤̤� ʎɀ̤� ɠɭɭˉ� ʽɀɧɭ੔� ̯ʎɭ�
ɭ̝̝˝̝�̝ɀ̯ɭ̤�ɀɡʎʓɭ͔ɭɧ�ʓˉ�̯ʎɭ�ʴɀɠ�ʓˉ̤ɭ̝̯�ʴʓɭ�ʓˉ�

Dʓʅ̸̝ɭ�৕੕�Ñʴ˝̯�˝ʄ�̯ʎɭ�̝ɭΌ̸ʓ̝ɭɧ�ɭ̝̝˝̝�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯�ɭ̝̝˝̝�̝ɀ̯ɭ̤�ˉɭɭɧɭɧ�̯˝�ʓʽ̚ʴɭʽɭˉ̯�Ûʎ˝̝ઑ̤�ɀʴʅ˝̝ʓ̯ʎʽ�
ʄ˝̝�͔ɀ̝ʓ˝̸̤�ɠʓ̯�̤ʓͥɭ̤੔�L੔�̸̤ʓˉʅ�̯ʎɭ�ɡ˝ˉ̸̤̯̝ɡ̯ʓ˝ˉ�˝ʄ�Eʓɧˉɭ͛�ɀˉɧ�.ʯɭ̝ɀ�ੲ৖৔৕ঢ়ੳ੓�Юɭ�ʓˉ̤ɭ̝̯�ʓʴʴ̸̤̯̝ɀ̯ɭ̤�
ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�˝͔ɭ̝� R!vઑ̤�ɧɭ̚ʴ˝͛ɭɧ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�̤̤̯͛ɭʽ̤�ɠɭ̯͕ɭɭˉ�৖৔৕৛�ɀˉɧ�৖৔৖৕�
ੲ̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤�͕ɭ̝ɭ�п̝̤̯�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�ʓˉ�̯ʎɭ�ʴɀ̯ɭ�৕ঢ়ঢ়৔̤੔�͕ʓ̯ʎ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�˝ˉ�̯ʎɭ�˝̝ɧɭ̝�˝ʄ�
৙ં৕৔଍ੳ੓�.͚̚ɭ̝ʓʽɭˉ̯ɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�˝ˉʴ͛�ʴʓ͔ɭ�ʓˉ�̯ʎɭ�̸̚̚ɭ̝�ʴɭо઀ʎɀˉɧ�ɡ˝̝ˉɭ̝�˝ʄ�̝ɭΌ̸ʓ̝ɭɧ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�ʄ˝̝�
Ûʎ˝̝ઑ̤�ɀʴʅ˝̝ʓ̯ʎʽ੓
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̯ʎɭ�͔ɭ̝͛�̯˝̚�ʴɭо઀ʎɀˉɧ�ɡ˝̝ˉɭ̝�˝ʄ�̯ʎɭ�ʴɀ̝ʅɭ̝�
̚ʴ˝̯�ʓˉ�̯ ɭ̝ʽ̤�̋ ʄ�̯ ʎɭ�̚ ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ ɀ̯ɭ̤�̯ ʎɀ̯�
ʎɀ͔ɭ�ɠɭɭˉ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ੔�ɀˉɧ�̯ʎɀ̯�ɭ͚̚ɭ̝ʓ-
ʽɭˉ̯ɀʴʓ̤̯̤�ʎɀ͔ɭ�̝ɭɧ̸ɡɭɧ�̯ʎɭ̤ɭ�ɭ̝̝˝̝̤�ʄ̝˝ʽ�
ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�ৗં৙଍�̯˝�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�৔੓৕଍�
ʓˉ�৖৔�͛ɭɀ̝̤੓�Юʓ̤�ɧ˝ɭ̤�ˉ˝̯�̝̚˝͔ɭ�̯ʎɀ̯�ɀ�ˉɭ ੔͕�
̝ɭ͔˝ʴ̸̯ʓ˝ˉɀ̝͛�̔ ɭ̯ʎ˝ɧ�ʄ˝̝�Ό̸ɠʓ̯�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�
ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�͕ʓʴʴ�ˉ˝̯�ɠɭ�ʽɀɧɭ�̯ʎɀ̯�ɀʴʴ˝͕̤�
̚ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝̤�̯˝�ɧ̝˝̚�ɠ͛�ɀ�ʄ̸̝̯ʎɭ̝�৕৔�˝̝�৕৕�
˝̝ɧɭ̝̤�̋ ʄ�̔ ɀʅˉʓ̸̯ɧɭ੔�ɠ̸̯�ʓ̯�ɧ˝ɭ̤�̤ ̸сɭ̤̯�̯ ʎɀ̯�
̚ʎ̤͛ʓɡɀʴ�̤ ̤̯͛ɭʽ̤�ɀ̝ɭ�ʅ˝ʓˉʅ�̯ ˝�̄ ɭɭɧ�̤ ˝ʽɭ�ʎɭʴ̚�
͕ʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯ ˝�̝ ɭɧ̸ɡʓˉʅ�ɭ̝̝˝̝�̝ ɀ̯ɭ̤�̯ ˝�̯ ʎɭ�
ʴɭ͔ɭʴ�̯ ʎɀ̯�ʓ̤�̄ ɭɭɧɭɧ�̯ ˝�ʓʽ̚ʴɭʽɭˉ̯�ɹ ɀ̝ʅɭ઀̤ɡɀʴɭ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ੓
İ̸ɀˉ̸̯ʽ� .̝̝˝̝� "˝̝̝ɭɡ̯ʓ˝ˉ� ੲ(ɭ͔ʓ̯̯੔�

v̸ˉ̝˝੔� ɀˉɧ��ɭʽ˝̯˝� ৖৔৕ৗੳ� ̝̚˝͔ʓɧɭ̤� ̯ʎʓ̤�
ʄ̝ɀʽɭ͕˝̝ʯ੔�ɠ͛�̯ ɀʯʓˉʅ�ʎʓʅʎ�ɭ̝̝˝̝�̝ ɀ̯ɭ੔�̚ ʎ̤͛ʓ-
ɡɀʴ�Ό̸ɠʓ̯̤�ɀˉɧ�ɭˉɡ˝ɧʓˉʅ�̯ʎɭʽ�ʓˉ̯˝�ɀ�ɡ˝ɧɭ�
ɠʴ˝ɡʯ�̯˝�ʄ˝̝ʽ�ɀ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯੓�Юʓ̤�ʴ˝ʅʓɡɀʴ�
Ό̸ɠʓ̯�̯ʎɭˉ�ɡ˝ˉ̯ɀʓˉ̤�̸̤дɡʓɭˉ̯�̝ɭɧ̸ˉɧɀˉɡ͛�
̤˝�̯ʎɀ̯�ɭ̝̝˝̝̤�˝ˉ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ɡɀˉ�ɠɭ�
ɧɭ̯ɭɡ̯ɭɧ�ɀˉɧ�ɡ˝̝̝ɭɡ̯ɭɧ�͕ʓ̯ʎ˝̸̯�ɧɭ̤̯̝˝͛ʓˉʅ�
˝̝�̸ˉʓˉ̯ɭˉ̯ʓ˝ˉɀʴʴ͛�ʽ˝ɧʓʄ͛ʓˉʅ�ɀˉ͛�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�͕ʓ̯ʎʓˉ�̯ʎɭ�ɭˉɡ˝ɧɭɧ�ɠʴ˝ɡʯ੓
Ċʎʓʴɭ�̯ʎɭ̝ɭ�ɀ̝ɭ�ɀ�̚ʴɭ̯ʎ˝̝ɀ�˝ʄ�İ."�ɡ˝ɧɭ̤�

̯˝� ɡʎ˝˝̤ɭ� ʄ̝˝ʽ੔� ʓˉ� ̯ɭ̝ʽ̤� ˝ʄ� ʴɀ̝ʅɭ઀̤ɡɀʴɭ�
Ό̸ɀˉ̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɧɭ̤ʓʅˉ�̯ ʎɭ̝ɭ�ʎɀ̤�ɠɭɭˉ�
̸ˉɀ̝ʅ̸ɀɠʴ͛�ɀ�̚ ̝ɭʄɭ̝̝ɭɧ�̯ ɭɡʎˉʓΌ̸ɭ੔�ʯˉ˝͕ˉ�ɀ̤�
̯ʎɭ�̤ ̸̝ʄɀɡɭ�ɡ˝ɧɭ�ੲD˝͕ʴɭ̝�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੓�Юɭ�̤ ̸̝-
ʄɀɡɭ�ɡ˝ɧɭ�ɭˉɡ˝ɧɭ̤�ɀ�̤ ʓˉʅʴɭ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�ʓˉ̯˝�
ɀ�̯͕˝઀ɧʓʽɭˉ̤ʓ˝ˉɀʴ�ɀ̝̝ɀ͛�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓�
Rʴʴ̸̤̯̝ɀ̯ɭɧ�ʓˉ�Dʓʅ̸̝ɭ�৖�ʓ̤�ɀˉ�ɭˉɡ˝ɧɭɧ�Ό̸ɠʓ̯�
using a distance d�ૻ�5 code.
"˝ɧɭ�ɧʓ̤̯ɀˉɡɭ�ʓ̤�ɀ�ʽɭɀ̸̤̝ɭ�̯ʎɀ̯�ɡ˝̸ˉ̯̤�

̯ʎɭ�ʽʓˉʓʽɀʴ�ˉ̸ʽɠɭ̝�˝ʄ�̚ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝̤�̯ʎɀ̯�
ʓ̤�̝ɭΌ̸ʓ̝ɭɧ�̯˝�ɡ̝ɭɀ̯ɭ�ɀ�ʴ˝ʅʓɡɀʴ�ɭ̝̝˝ ੓̝�ʓ੓ɭ੓�ʓʄ�
͕ɭ�ɡ˝ˉ̤ʓɧɭ̝�ɀ�ʴ˝ʅʓɡɀʴʴ͛�ɭˉɡ˝ɧɭɧ�୚0⟩L state, 
ʎ˝͕�ʽɀˉ͛�̚ʎ̤͛ʓɡɀʴ�ɠʓ̯઀рʓ̤̚�ੲX઀ʅɀ̯ɭ̤ੳ�ɀ̝ɭ�
̝ɭΌ̸ʓ̝ɭɧ�ʓˉ�˝̝ɧɭ̝�̯˝�̯ɀʯɭ�
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Equations for Devitt

(1)|ψ 〉 = α |0〉 + β |1〉 ,

|α |2 + |β |2 = 1, {α , β }∈C

(2)|ψ 〉 =



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

z0

z1

z2

.

.

.

z2N −1









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,
2N −1

i=0
Σ |zi |

2 = 1.

G†G = I

2 × 8 × 2N .

O


10−14



|0〉L ↔ |1〉L

(|0〉 + |1〉)/√2 ↔ (|0〉 − |1〉)/√2

(3)PL ≈ C1(C2 p)
d+1

2 .

(4)PL ≈ C1(C2 p)
− √ N+3

4 .

p ≈ 10−14

1

ਗ਼�D˝̝�ɀ�
distance d�ૻ �5�ɡ˝ɧɭ੔�͕ ɭ�̝ ɭΌ̸ʓ̝ɭ�п͔ɭ�̚ ʎ̤͛ʓɡɀʴ�
X઀ʅɀ̯ɭ̤�̯˝�ʓˉɧ̸ɡɭ�ɀ�ʴ˝ʅʓɡɀʴ�ɠʓ̯઀рʓ̚੓

Rˉ�Ό̸ɀˉ̸̯ʽ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�͕ɭ�ˉɭɭɧ�̯˝�̝̚˝-
̯ɭɡ̯�ɀʅɀʓˉ̤̯�ɠ˝̯ʎ�ɠʓ̯઀рʓ̚�ʅɀ̯ɭ̤�ੲď઀ʅɀ̯ɭ̤ੳ�ɀˉɧ�
̚ʎɀ̤ɭ઀рʓ̚�ʅɀ̯ɭ̤�ੲĚ઀ʅɀ̯ɭ̤ੳ�͕ʎʓɡʎ�ɡɀˉ�ɡɀ̸̤ɭ�
ɭ̝̝˝̝̤�ʓˉ�Ό̸ɀˉ̸̯ʽ�̸̤̚ɭ̝̚˝̤ʓ̯ʓ˝ˉ੔�ʓ੓ɭ੓੕
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(3)PL ≈ C1(C2 p)
d+1

2 .

(4)PL ≈ C1(C2 p)
− √ N+3

4 .

p ≈ 10−14

1

.
Rˉ�̯ʎɭ�ʽ˝̤̯�ʅɭˉɭ̝ɀʴ�ɡɀ̤ɭ੔�ʓ̯�ʓ̤�ɀ̸̤̤ʽɭɧ�

̯ʎɀ̯�̯ʎɭ�̝̚˝ɠɀɠʓʴʓ̯ʓɭ̤�˝ʄ�̚ʎ̤͛ʓɡɀʴ�ɠʓ̯઀рʓ̤̚�
ɀˉɧ�̚ʎɀ̤ɭ�рʓ̤̚�ɀ̝ɭ�ʓɧɭˉ̯ʓɡɀʴ�ɀˉɧ�ʎɭˉɡɭ�͕ɭ�
ˉɭɭɧ�ʓɧɭˉ̯ʓɡɀʴ�ɹ ɭ͔ɭʴ̤�̋ ʄ�̚ ̝˝̯ɭɡ̯ʓ˝ˉ�ʄ˝̝�̯ ʎɭ̤ɭ�
̯͕˝�̯͛̚ɭ̤�˝ʄ�ɭ̝̝˝̝̤�ʓˉ�̯ʎɭ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯੓�Rˉ�

Dʓʅ̸̝ɭ� ৖੕� �� ৖(� ʴɀ̯̯ʓɡɭ� ˝ʄ� Ό̸ɠʓ̯̤� ɭˉɡ˝ɧʓˉʅ� ɀ�
ɧʓ̤̯ɀˉɡɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯੓���ɧʓ̤̯ɀˉɡɭ�
ɡ˝ɧɭ�̝ɭΌ̸ʓ̝ɭ̤�ɀ�ʴɀ̯̯ʓɡɭ�˝ʄ�ੲ2d�ં�1ੳ৮�ૻ�9�×�9ૅૻૅ81�
Ό̸ɠʓ̯̤� ɀˉɧ� ʓ̤� ɀɠʴɭ� ̯˝� ɡ˝̝̝ɭɡ̯� ʄ˝̝� ̸̚� ̯˝� ̯͕˝�
ɀ̝ɠʓ̯̝ɀ̝͛�ɭ̝̝˝̝̤�̋ ˉ�ɀˉ͛�̋ ˉɭ�̋ ʄ�̯ ʎɭ�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓�
�̝̚̚˝͚ʓʽɀ̯ɭʴ͛�ʎɀʴʄ�˝ʄ�̯ʎɭ�Ό̸ɠʓ̯̤�ɀ̝ɭ�ɀɡ̸̯ɀʴʴ͛�
̚ɀ̝̯�˝ʄ�̯ʎɭ�ɭˉɡ˝ɧɭɧ�ɠʴ˝ɡʯ�ੲɡ˝ʴ˝̸̝ɭɧ�͕ʎʓ̯ɭੳ�ɀˉɧ�
̯ʎɭ�˝̯ʎɭ̝̤�ɀ̝ɭ�Û͛ˉɧ̝˝ʽɭ�Ό̸ɠʓ̯̤�ੲ͛ɭʴʴ˝͕ੳ�͕ʎʓɡʎ�
ɀ̝ɭ�̸̤ɭɧ�̯˝�ɭ͚̯̝ɀɡ̯�ɭ̝̝˝̝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɀˉɧ�ɀ̝ɭ�
̝ɭ̚ɭɀ̯ɭɧʴ͛�ʽɭɀ̸̤̝ɭɧ੓�Юɭ�̤˝ʴʓɧ�ʴʓʯɭ̤�̝ɭ̝̚ɭ̤ɭˉ̯�
̯ʎɭ�̝ɭΌ̸ʓ̝ɭɧ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�ɠɭ̯͕ɭɭˉ�Ό̸ɠʓ̯̤੓��ʴʴ�
Ό̸ɠʓ̯̤�̔ ̸̤̯�ɠɭ�ʓˉ̯ɭ̝ɀɡ̯ɭɧ�͕ ʓ̯ʎ�̯ ʎɭʓ̝�ʄ˝̸̝�̄ ɭɀ̝ɭ̤̯�
ˉɭʓʅʎɠ˝̸̝̤੓
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(ɭ͔ʓ̯̯૆ઃ૆!ʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤

̯ʎɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੔�̯ʎʓ̤�ʓ̤�ɀɡʎʓɭ͔ɭɧ�ɠ͛�ɭˉ̸̤̝-
ʓˉʅ�̯ʎɀ̯�̯ʎɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ʓ̤�ɀ�̤Ό̸ɀ̝ɭ�ʴɀ̯̯ʓɡɭ੓
Ċɭ�͕ ʓʴʴ�̄ ˝̯�̤ ̸ʽʽɀ̝ʓ̤ɭ�̯ ʎɭ�̤ ̚ɭɡʓпɡ�ɧɭ̯ɀʓʴ̤�

˝ʄ�ʎ˝͕�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�͕ ˝̝ʯ̤੔�̯ ʎɭ̝ɭ�ɀ̝ɭ�̤ ̸ʄ-
пɡʓɭˉ̯�̝ɭ͔ʓɭ͕̤�ʓˉ�̯ʎɭ�̚ɀ̤̯�৖৔�͛ɭɀ̝̤�̯˝�ɡ˝͔ɭ̝�
̯ʎɭ̤ɭ�̯˝̚ʓɡ̤�ੲ(ɭ͔ʓ̯̯੔�v̸ˉ̝˝੔�ɀˉɧ��ɭʽ˝̯˝�
৖৔৕ৗ੖�D˝͕ʴɭ̝�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੓�M˝͕ɭ͔ɭ ੔̝�͕ɭ�͕ʓʴʴ�
ɠ̝ʓɭр͛�ɧʓ̤ɡ̸̤̤�ʎ˝͕�̯ʎɭ�ɭˉɡ˝ɧɭɧ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�
ੲʴ˝ʅʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ̤ੳ�̤ɡɀʴɭ੓
Ю̝˝̸ʅʎ�ɧʓ̝ɭɡ̯�ˉ̸ʽɭ̝ʓɡɀʴ�̤ʓʽ̸ʴɀ̯ʓ˝ˉ�˝ʄ�

̯ʎɭ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ�̚ ̝˝̯˝ɡ˝ʴ̤�̋ ˉ�̯ ʎɭ�̤ ̸̝ʄɀɡɭ�
ɡ˝ɧɭ�ੲ(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৕৚ੳ੔�ʓ̯�ʓ̤�̚˝̤̤ʓɠʴɭ�̯˝�
̝ɭʴɀ̯ɭ�̯ʎɭ�ɧʓ̤̯ɀˉɡɭ�˝ʄ�̯ʎɭ�ɡ˝ɧɭ੔�d੔�̯ʎɭ�̚ʎ̤͛ʓ-
ɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ�ɀ̤̤˝ɡʓɀ̯ɭɧ�͕ʓ̯ʎ�ɭɀɡʎ�Ό̸ɠʓ̯�ʓˉ�
̯ʎɭ�ɡ˝ɧɭ੔�̚੔�ɀˉɧ�̯ʎɭ�ʄɀʓʴ̸̝ɭ�̝̚˝ɠɀɠʓʴʓ̯͛�˝ʄ�
̯ʎɭ�ʴ˝ʅʓɡɀʴʴ͛�ɭˉɡ˝ɧɭɧ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�PL, as 
ɭΌ̸ɀ̯ʓ˝ˉ�ৗ੕
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Equations for Devitt

(1)|ψ 〉 = α |0〉 + β |1〉 ,

|α |2 + |β |2 = 1, {α , β }∈C

(2)|ψ 〉 =
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

|0〉L ↔ |1〉L

(|0〉 + |1〉)/√2 ↔ (|0〉 − |1〉)/√2

(3)PL ≈ C1(C2 p)
d+1

2 .

(4)PL ≈ C1(C2 p)
− √ N+3

4 .

p ≈ 10−14

1

Юɭ̤ɭ�̤ ʓʽ̸ʴɀ̯ʓ˝ˉ̤�̯ ̝ɀɡʯ�̯ ʎɭ�ɭаɭɡ̯�̋ ʄ�Ñɀ̸ʴʓ�
ɠʓ̯�ɀˉɧ�̚ ʎɀ̤ɭ�ɭ̝̝˝̝̤�̋ ˉ�̯ ʎɭ�Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯̤�
̸̤ɭɧ�̯˝�ʓʽ̚ʴɭʽɭˉ̯�̯ʎɭ�ɡʓ̝ɡ̸ʓ̯�ɡ˝ɧɭ੔�ɀ̚̚ʴ͛�
ɭ̝̝˝̝઀ɧɭɡ˝ɧʓˉʅ�̚ ̝˝̯˝ɡ˝ʴ̤�ɀˉɧ�̯ ʎɭˉ�ɭ̤̯ʓʽɀ̯ɭ�
͕ʎɭ̯ʎɭ̝�ʴ˝ʅʓɡɀʴ�Ñɀ̸ʴʓ�ɭ̝̝˝̝̤�ɀ̝ɭ�ʄ˝̝ʽɭɧ੓�!͛�
v˝ˉ̯ɭ�"ɀ̝ʴ˝�̤ ʓʽ̸ʴɀ̯ʓ˝ˉ̤�̋ ʄ�̔ ɀˉ͛�ʓˉ̤̯ɀˉɡɭ̤੔�
ʓ̯�ʓ̤�̚˝̤̤ʓɠʴɭ�̯˝�ɭ̤̯ʓʽɀ̯ɭ�̯ʎɭ�ʴ˝ʅʓɡɀʴ�ʄɀʓʴ̸̝ɭ�
̝ɀ̯ɭ�˝ʄ�̯ʎɭ�ɭˉɡ˝ɧɭɧ�Ό̸ɠʓ̯੔�PL.
Юɭ�п̝̤̯�̯ʎʓˉʅ�̯˝�ˉ˝̯ʓɡɭ�ʓ̤�̯ʎɀ̯�ɀ̤�d�ଡ�∞, 

̯ʎɭ�ʴ˝ʅʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ�PL�ଡ�0� ʓʄ�ɀˉɧ�˝ˉʴ͛�ʓʄ�
Cթp < 1੓�Rʄ�Cթp > 1੔�̯ʎɭ�ʴ˝ʅʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ�ʅɭ̯̤�
͕˝̝̤ɭ�ɀ̤�ɀ�ʄ̸ˉɡ̯ʓ˝ˉ�˝ʄ�ɡ˝ɧɭ�ɧʓ̤̯ɀˉɡɭ੓�Юʓ̤�
ʓ̤�͕ʎɀ̯�ʓ̤�ʯˉ˝͕ˉ�ɀ̤�̯ʎɭ�ɡ˝ɧɭ�̯ʎ̝ɭ̤ʎ˝ʴɧ੔�ʓ੓ɭ੓�
̯ʎɭ�ʴɀ̝ʅɭ̤̯�̚ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ�̯ʎɀ̯�̯ʎɭ�ɡ˝ɧɭ�
ɡɀˉ�̤ ̯ʓʴʴ�̚ ̝˝͔ʓɧɭ�ɡ˝̝̝ɭɡ̯ʓ˝ˉ੓�Rʄ�̚ ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�
̝ɀ̯ɭ̤�ɀ̝ɭ�ɹ ɀ̝ʅɭ̝�̯ ʎɀˉ�̯ ʎɭ�̯ ʎ̝ɭ̤ʎ˝ʴɧ੔�ɭ̝̝˝̝̤�ɀ̝ɭ�
ʓˉ̯̝˝ɧ̸ɡɭɧ�ʄɀ̤̯ɭ̝�̯ ʎɀˉ�̯ ʎɭ͛�ɡɀˉ�ɠɭ�ɭ͚̯̝ɀɡ̯ɭɧ�
ɠ͛�̯ʎɭ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɀˉɧ� ʴ˝ʅʓɡɀʴ�ɭ̝̝˝̝�
̝ɀ̯ɭ̤�ʅɭ̯�͕˝̝̤ɭ�ʓˉ̤̯ɭɀɧ�˝ʄ�ɠɭ̯̯ɭ ੓̝
Юɭ�ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯�̯ ʎ̝ɭ̤ʎ˝ʴɧ�ʄ˝̝�ɀˉ�ɀɡ̸̯ɀʴ�

ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɀʴ�̔ ˝ɧɭʴ�ʓ̤�ʎɭɀ͔ʓʴ͛�ɧɭ̚ɭˉɧɭˉ̯�̋ ˉ�
̯ʎɭ�̯͛̚ɭ�˝ʄ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɡ˝ɧɭ�̸̤ɭɧ੔�̯ʎɭ�

̯͛̚ɭ�˝ʄ�ɭ̝̝˝̝̤�̯ʎɀ̯�ɀ̝ɭ�ɀˉ̯ʓɡʓ̚ɀ̯ɭɧ�ɀ̯�̯ʎɭ�
̚ʎ̤͛ʓɡɀʴ�later�ʓˉ�ɀ�̤̚ɭɡʓпɡ�ʎɀ̝ɧ͕ɀ̝ɭ�̤̤̯͛ɭʽ੔�
ɀˉɧ�ʎ˝͕�ɀ�ʎɀ̝ɧ͕ɀ̝ɭ�ʽ˝ɧɭʴ�̚ʎ̤͛ʓɡɀʴʴ͛�̝ɭɀʴ-
ʓ̤ɭ̤�̯ʎɭ�ʅɀ̯ɭ�˝̚ɭ̝ɀ̯ʓ˝ˉ̤�ˉɭɭɧɭɧ�̯˝�̝ɭɀʴʓ̤ɭ�
̯ʎɭ�ɡʎ˝̤ɭˉ�ɡ˝ɧɭ੓�Юɭ�ɀɡ̸̯ɀʴ�̯ʎ̝ɭ̤ʎ˝ʴɧ�ʄ˝̝�
̯ʎɭ�̤ ̸̝ʄɀɡɭ�ɡ˝ɧɭ�ʓ̤�̔ ˝̝ɭ�ɭ͚̚ʴʓɡʓ̯ʴ͛�̔ ˝ɧɭʴʴɭɧ�
ʓˉ�ˉ̸ʽɭ̝˝̸̤�̚ɀ̚ɭ̝̤�ɀˉɧ�ʎɀ̤�ɠɭɭˉ�ʄ˝̸ˉɧ�̯˝�
ɠɭ�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�ੲD˝͕ʴɭ̝�ɭ̯�ɀʴ੓�৖৔৕৖ੳ�̸ˉɧɭ̝�
a balanced Pauli noise model, assuming an 
̸ˉɧɭ̝ʴ͛ʓˉʅ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɠɀ̤ɭɧ�̋ ˉ�ɀ�৖(�̄ ɭɀ̝-
ɭ̤̯઀ˉɭʓʅʎɠ˝̸̝�ɀ̝̝ɀ͛�˝ʄ�ʓˉ̯ɭ̝ɀɡ̯ʓˉʅ�Ό̸ɠʓ̯̤੓
D˝̝�̯ ʎɭ�̤ ̸̝ʄɀɡɭ�ɡ˝ɧɭ੔�̯ ʎɭ�ɡ˝ɧɭ�ɧʓ̤̯ɀˉɡɭ�ʓ̤�

̝ɭʴɀ̯ɭɧ�̯˝�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ʓˉ�
̯ʎɭ�ɹ ɀ̯̯ʓɡɭ੔�N੓�Û̚ɭɡʓпɡɀʴʴ͛�ɀ�ɡ˝ɧɭ�̋ ʄ�ɧʓ̤̯ɀˉɡɭ�
ɧ�̝ ɭΌ̸ʓ̝ɭ̤�ɀ�N�ૻ �ੲ2d�ં �1ੳ৮�Ό̸ɠʓ̯�̤ Ό̸ɀ̝ɭ�ɹ ɀ̯̯ʓɡɭ੓�
Mɭˉɡɭ�͕ɭ�ɡɀˉ�̝ɭ͕̝ʓ̯ɭ�ɭ̜੓�ৗ�ɀ̤੕
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Equations for Devitt

(1)|ψ 〉 = α |0〉 + β |1〉 ,

|α |2 + |β |2 = 1, {α , β }∈C

(2)|ψ 〉 =











z0

z1

z2

.

.

.

z2N −1











,
2N −1

i=0
Σ |zi |

2 = 1.

G†G = I

2 × 8 × 2N .

O


10−14



|0〉L ↔ |1〉L

(|0〉 + |1〉)/√2 ↔ (|0〉 − |1〉)/√2

(3)PL ≈ C1(C2 p)
d+1

2 .

(4)PL ≈ C1(C2 p)
− √ N+3

4 .

p ≈ 10−14

1

"˝ˉ̤ɭΌ̸ɭˉ̯ʴ ੔͛� ʓʄ� p� ʓ̤� ̸ˉɧɭ̝� ̯ʎɭ� ɡ˝ɧɭ�
̯ʎ̝ɭ̤ʎ˝ʴɧ੔� ̯ʎɭ� ʴ˝ʅʓɡɀʴ� ɭ̝̝˝̝� ̝ɀ̯ɭ� PL� ͕ʓʴʴ�
ɧɭɡ̝ɭɀ̤ɭ੔�ɭ͚̚˝ˉɭˉ̯ʓɀʴʴ ੔͛�͕ ʓ̯ʎ�̯ ʎɭ�ଋN੔�͕ ʎʓɡʎ�
ʓ̤�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ɀʴ˝ˉʅ�̯ʎɭ�
ɭɧʅɭ�˝ʄ�̯ʎɭ�৖(�ʴɀ̯̯ʓɡɭ�̯ʎɀ̯�ɧɭпˉɭ̤�ɀ�̸̤̝ʄɀɡɭ�
ɡ˝ɧɭ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯੓
Юʓ̤�ʓ̤�̯ʎɭ�ʽɭɡʎɀˉʓ̤ʽ�̯ʎɀ̯�ɀʴʴ˝͕�̸̤�̯˝�

̝ɭɧ̸ɡɭ�̯ ʎɭ�ɹ ˝ʅʓɡɀʴ�ɭ̝̝˝̝�̝ ɀ̯ɭ�̋ ʄ�ɀˉ�ɭ̝̝˝̝઀ɡ˝̝-
̝ɭɡ̯ɭɧ�Ό̸ɠʓ̯�͕ ʓ̯ʎ˝̸̯�ʎɀ͔ʓˉʅ�̯ ˝�пˉɧ�͕ ɀ̤͛�̯ ˝�
̝ɭɧ̸ɡɭ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�˝ʄ�ɡ˝ˉ̤̯ʓ̸̯-
ɭˉ̯�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓�Rˉ̤̯ɭɀɧ�˝ʄ�̚ɭ̝ʄ˝̝ʽʓˉʅ�
Ûʎ˝̝ઑ̤�ɀʴʅ˝̝ʓ̯ʎʽ�˝ˉ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�͕ʎʓɡʎ�
ʎɀ͔ɭ�ɠɭɭˉ�ɭˉʅʓˉɭɭ̝ɭɧ�̯˝�ʎɀ͔ɭ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�
˝ˉ�̯ʎɭ�˝̝ɧɭ̝�˝ʄ�p�ଂ�10−14�̯˝�ʄɀɡ̯˝̝�ˉ̸ʽɠɭ̝̤�
ʴɀ̝ʅɭ̝�̯ʎɀˉ�৕৔৖৘�ɠʓ̯̤੔�͕ɭ�ʓˉ̤̯ɭɀɧ�ɡ̝ɭɀ̯ɭ�̸̤ʄ-
пɡʓɭˉ̯ʴ͛�ɹ ɀ̝ʅɭ�ɭˉɡ˝ɧɭɧ�Ό̸ɠʓ̯̤�̤ ̸ɡʎ�̯ ʎɀ̯�.̜੓ૅ৘�
ɀɡʎʓɭ͔ɭ̤�ɀ�ʴ˝ʅʓɡɀʴ�ɭ̝̝˝̝�̝ɀ̯ɭ�̯ʎɀ̯�ʓ̤�̤ʽɀʴʴ�
ɭˉ˝̸ʅʎ੓�Юʓ̤�ɧ˝ɭ̤�ˉ˝̯�̝ɭΌ̸ʓ̝ɭ�̸̤�̯˝�ɡʎɀˉʅɭ�
p�ੲ̝̚˝͔ʓɧɭɧ�ʓ̯�ʓ̤�ɀʴ̝ɭɀɧ͛�ɠɭʴ˝͕�̯ʎɭ�̯ʎ̝ɭ̤ʎ-
˝ʴɧੳ੔�ɠ̸̯�̝ ɀ̯ʎɭ̝�ʓ̯�̝ ɭΌ̸ʓ̝ɭ̤�̸ ̤�ʓˉɡ̝ɭɀ̤ɭ�N, i.e. 
ɠ̸ʓʴɧ�ʽ˝̝ɭ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓
Mɭˉɡɭ੔�ɹ ɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�

ʓ̤�ʴɀ̝ʅɭʴ͛�ɀˉ�ɭ͚ɭ̝ɡʓ̤ɭ�ʓˉ�ɠ̸ʓʴɧʓˉʅ�ɀˉ�ɭ̝̝˝̝઀
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ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ʽɀɡʎʓˉɭ੓��̤�˝ˉɭ�˝ʄ�̯ʎɭ�̚ʓ˝ˉɭɭ̝̤�
˝ʄ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ੔��ˉɧ̝ɭ͕�Û̯ɭɀˉɭ੔�˝ˉɡɭ�
̝ɭ̚˝̝̯ɭɧʴ͛�Ό̸ʓ̚̚ɭɧ੕
��Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�ʓ̤�ɀˉ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ-
̯ʓ˝ˉ�ʽɀɡʎʓˉɭ੔�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�ʓ̤�ʫ̸̤̯�ɀ�ɠ͛઀
̝̚˝ɧ̸ɡ̯੓

Юʓ̤�ʓ̤�̝ɭрɭɡ̯ɭɧ�ʓˉ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ɧɭ̤ʓʅˉ�ɠʴ̸ɭ-
̝̚ʓˉ̯̤੓�Юɭ�̔ ɀʫ˝̝ʓ̯͛�̋ ʄ�̯ ʎɭ�ɧɭ̤ʓʅˉ�ɀˉɧ�ɀˉɀʴ͛-
̤ʓ̤�ʓ̤�ʄ˝ɡ̸̤ɭɧ�ɀ̝˝̸ˉɧ�ʓʽ̚ʴɭʽɭˉ̯ʓˉʅ�ɭ̝̝˝̝઀
ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ʄ˝̝�ɀ�ʴɀ̝ʅɭ�ˉ̸ʽɠɭ̝�˝ʄ�Ό̸ɠʓ̯̤�ʓˉ�
̯ʎɭ�ʽ˝̤̯�ɭаɭɡ̯ʓ͔ɭ�ʽɀˉˉɭ̝�̚˝̤̤ʓɠʴɭ੓
R̯�̤ʎ˝̸ʴɧ�ɠɭ�ʎɭɀ͔ʓʴ͛�̤̯̝ɭ̤̤ɭɧ�̯ʎɀ̯�ɭ̝̝˝̝઀

ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɀɧɧ̤�ɀ�͔ɭ̝͛�ʴɀ̝ʅɭ�˝͔ɭ̝ʎɭɀɧ�ʄ˝̝�
ɀˉ͛�Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ੓�Юʓ̤�ʓ̤�̄ ˝̯�̋ ˉʴ͛�ɧ̸ɭ�
̯˝�̯ʎɭ�ɧʓ̝ɭɡ̯�˝͔ɭ̝ʎɭɀɧ�˝ʄ�ɭˉɡ˝ɧʓˉʅ�ʴ˝ʅʓɡɀʴ�
Ό̸ɠʓ̯̤�͕ʓ̯ʎ�ɀ�ɡ˝ʴʴɭɡ̯ʓ˝ˉ�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੔�
ɠ̸̯�ʓ̤�ɀʴ̤˝�ɧ̸ɭ�̯ ˝�ɀˉɡʓʴʴɀ̝͛�̚ ̝˝̯˝ɡ˝ʴ̤�̄ ɭɭɧɭɧ�
̯˝� ʽɀʓˉ̯ɀʓˉ� ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉɡɭ� ʄ˝̝� ɭˉɡ˝ɧɭɧ�
˝̚ɭ̝ɀ̯ʓ˝ˉ̤੓
Юʓ̤�ɡ˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�ʽɭɀˉ̤�̯ʎɀ̯�ʽɀˉ͛�ɀʴʅ˝-

̝ʓ̯ʎʽ̤�̯ʎɀ̯�̝̚˝͔ʓɧɭ�ɀ�ɡʴɭɀ̝�Ό̸ɀˉ̸̯ʽ�ɀɧ͔ɀˉ-
̯ɀʅɭ�˝͔ɭ̝�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝ʽ̸̯̚ɭ̝̤�̝ɭΌ̸ʓ̝ɭ�ʽʓʴ-
ʴʓ˝ˉ̤�ʓʄ�ˉ˝̯�ʎ̸ˉɧ̝ɭɧ̤�˝ʄ�ʽʓʴʴʓ˝ˉ̤�˝ʄ�Ό̸ɠʓ̯̤੓�
v˝̤̯�˝ʄ�̯ʎɭ�ʽ˝̤̯�ɀɡɡ̸̝ɀ̯ɭ�ɠɭˉɡʎʽɀ̝ʯʓˉʅ�
˝ʄ�Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ʎɀ͔ɭ�˝ɡɡ̸̝̝ɭɧ�ʄ˝̝�
ʄɀɡ̯˝̝ʓˉʅ�ੲEʓɧˉɭ͛�ɀˉɧ�.ʯɭ̝ɀ�৖৔৕ঢ়੖�(ɭ͔ʓ̯̯�
ɭ̯�ɀʴ੓�৖৔৕ৗੳ੔�Ό̸ɀˉ̸̯ʽ�̤ʓʽ̸ʴɀ̯ʓ˝ˉ�ੲÔɭʓʎɭ̝�ɭ̯�
ɀʴ੓�৖৔৕৛੖�!ɀɠɠ̸̤ʎ�ɭ̯�ɀʴ੓�৖৔৕ড়ੳ�̋ ̝�ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ̤�
̸̤ʓˉʅ�Ό̸ɀˉ̸̯ʽ�̝ɀˉɧ˝ʽ઀ɀɡɡɭ̤̤�ʽɭʽ˝̝ʓɭ̤�
ੲvɀ̯̯ɭ˝੔�Eʎɭ˝̝ʅʎʓ̸੔�ɀˉɧ�v˝̤ɡɀ�৖৔৖৔ੳ੓

Rˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ
�ˉ˝̯ʎɭ̝�̔ ɀʫ˝̝�ɡ˝ʽ̚˝ˉɭˉ̯�̯ ʎɀ̯�ʎɀ̤�ɠɭɡ˝ʽɭ�
ɀ�̤ ̯ɀ̚ʴɭ�̋ ʄ�ɠʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�
̤̤̯͛ɭʽ̤�ʓ̤�̝ɭʴɀ̯ɭɧ�̯˝�̯ʎɭ�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝ˉ̯̝˝ʴ�
̤̤̯͛ɭʽ̤�ɀˉɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�
ˉɭɭɧɭɧ�̯˝�˝̚ɭ̝ɀ̯ɭ�̤̚ɭɡʓпɡ�Ό̸ɠʓ̯�̤̤̯͛ɭʽ̤੓
�̤� Ό̸ɀˉ̸̯ʽ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ʓ̤� ̤˝� ʄ̝ɀʅʓʴɭ੔�

ɀˉɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ɧɭɡ˝ʎɭ̝ɭˉɡɭ�ɡɀˉ�ɡ˝̸̚ʴɭ�
ʓˉ̯˝�ɀ�̤̤̯͛ɭʽ�̤˝�ɭɀ̤ʓʴ ੔͛�ʓ̯�ʓ̤�˝оɭˉ�̝ɭΌ̸ʓ̝ɭɧ�
̯ʎɀ̯�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ˉɭɭɧ�̯˝�ɠɭ�ʎ˝̸̤ɭɧ�ʓˉ�
ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�̯ʎɀ̯�ɡɀ̝ɭʄ̸ʴʴ͛�ɡ˝ˉ̯̝˝ʴ̤� ̯ʎɭ�

ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ʓˉ�͕ʎʓɡʎ�̯ʎɭ�Ό̸ɠʓ̯�ʴʓ͔ɭ̤੓�Юʓ̤�
ɡɀˉ�̯ɀʯɭ�ʽ̸ʴ̯ʓ̚ʴɭ�ʄ˝̝ʽ̤੔�ɧɭ̚ɭˉɧʓˉʅ�˝ˉ�̯ʎɭ�
̤̚ɭɡʓпɡ�̤̤̯͛ɭʽ�ɠɭʓˉʅ�ɧɭ̤ʓʅˉɭɧ੓
Rˉ�̤ ˝ʽɭ�̤ ̤̯͛ɭʽ̤੔�Ό̸ɠʓ̯̤�̄ ɭɭɧ�̯ ˝�ɠɭ�ʯɭ̯̚�ɀ̯�

ʓˉɡ̝ɭɧʓɠʴ͛�ʴ˝͕઀̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓�
Юʓ̤�ʓ̤�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�̸̯̝ɭ�ʄ˝̝�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�Ό̸ɠʓ̯̤�˝̝�Ό̸ɠʓ̯̤�ɠ̸ʓʴ̯�ʄ̝˝ʽ�̚ʎ˝̤̚ʎ˝̸̝̤�
ɧ˝ˉ˝̝̤�ʓˉ�̤ʓʴʓɡ˝ˉ�˝̝�Ό̸ɠʓ̯̤�ɠ̸ʓʴ̯�ʄ̝˝ʽ�ɀ̝̯ʓ-
пɡʓɀʴ�ɀ̯˝ʽ̤�ੲΌ̸ɀˉ̸̯ʽ�ɧ˝̯̤ੳ੓�Юɭ̤ɭ�Ό̸ɠʓ̯̤�
ɀ̝ɭ�˝оɭˉ�ɡʎɀ̝ɀɡ̯ɭ̝ʓ̤ɭɧ�ɠ͛�ɭˉɭ̝ʅ͛�̤ɭ̚ɀ̝ɀ-
̯ʓ˝ˉ̤�̯ʎɀ̯�˝ɡɡ̸̝�ɀ̯�ʽʓɡ̝˝͕ɀ͔ɭ�ʄ̝ɭΌ̸ɭˉɡʓɭ̤੓�
�̯�̯ ʎɭ̤ɭ�ʄ̝ɭΌ̸ɭˉɡʓɭ̤੔�̯ ʎɭ̝ʽɀʴ�̚ ʎ˝̯˝ˉ̤�ʄ̝˝ʽ�
̯ʎɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ɡɀˉ�ɠɭ�̋ ʄ�̯ ʎɭ�̤ ɀʽɭ�̋ ̝ɧɭ̝�ɀ̤�
̯ʎɭ�ɭˉɭ̝ʅ͛�˝ʄ�̯ʎɭ�Ό̸ɠʓ̯੓�"˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�̯ʎɭ͛�
ɡɀˉ�ʓˉɧ̸ɡɭ�Ό̸ɠʓ̯�ɧ͛ˉɀʽʓɡ̤�̯ʎɀ̯�ɀ̝ɭ�˝̯ʎɭ̝-
͕ʓ̤ɭ�̸ˉ͕ɀˉ̯ɭɧ੓�ʓ੓ɭ੓�ˉ˝ʓ̤ɭ�ɀˉɧ�ɭ̝̝˝̝̤੓
�̤�ʽɀˉ͛�˝ʄ�̯ʎɭ̤ɭ�Ό̸ɠʓ̯̤�ɀ̝ɭ�ɧɭ̤ʓʅˉɭɧ�̯˝�

˝̚ɭ̝ɀ̯ɭ�ɀ̯�̯ ʎɭ̤ɭ�ɭˉɭ̝ʅ͛�̤ ɭ̚ɀ̝ɀ̯ʓ˝ˉ̤੔�̯ ʎɭ�̋ ˉʴ͛�
˝̯ʎɭ̝�ɡʎ˝ʓɡɭ�ʓ̤�̯˝�ʽɀʯɭ�̯ʎɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�
ɀ̤�ɡ˝ʴɧ�ɀ̤�̚˝̤̤ʓɠʴɭ�ɀ̤�̯˝�̸̤̝̚̚ɭ̤̤�̯ʎɭ�̝̚˝-
ɧ̸ɡ̯ʓ˝ˉ�˝ʄ�̯ʎɭ̤ɭ�̯ʎɭ̝ʽɀʴ�̚ʎ˝̯˝ˉ̤੔�͕ʎʓɡʎ�ʓ̤�
ɭ͚ɀɡ̯ʴ͛�͕ʎɀ̯�ʓ̤�ɧ˝ˉɭ੓
(ʓʴ̸̯ʓ˝ˉ�̝ɭʄ̝ʓʅɭ̝ɀ̯ʓ˝ˉ�̤̤̯͛ɭʽ̤�ɀ̝ɭ�ˉ˝͕�

ɡ˝ʽʽ˝ˉ̚ʴɀɡɭ� ɀ̝˝̸ˉɧ� ̯ʎɭ� ͕˝̝ʴɧ੔� ͕ʎʓɡʎ�
ɀʴʴ˝͕̤�ʄ˝̝�̯ʎɭ�̝ɭɧ̸ɡ̯ʓ˝ˉ�˝ʄ�̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�ʓˉ�
ɀ�̤ ɀʽ̚ʴɭ�ɡʎɀʽɠɭ̝�̯ ˝�̯ ʎɭ�̔ ʓʴʴʓ઀iɭʴ͔ʓˉ�̝ ɀˉʅɭ੓�
Юɭ�ʓ̸̤̤ɭ�͕ ʓ̯ʎ�ɧʓʴ̸̯ʓ˝ˉ�̝ ɭʄ̝ʓʅɭ̝ɀ̯ʓ˝ˉ�ɡ˝˝ʴʓˉʅ�
ʓ̤�̯ ʎɀ̯�ʓ̯�̤ ʓʅˉʓпɡɀˉ̯ʴ͛�ɡ˝ˉ̤̯̝ɀʓˉ̤�̯ ʎɭ�̄ ̸ʽɠɭ̝�
˝ʄ�Ό̸ɠʓ̯̤�̯ ʎɀ̯�ɡɀˉ�̚ ʎ̤͛ʓɡɀʴʴ͛�ɠɭ�̚ ʴɀɡɭɧ�ʓˉ̤ʓɧɭ�
̸̤ɡʎ�ɀ�̝ɭʄ̝ʓʅɭ̝ɀ̯˝ ੓̝�R̯�ɀʴ̤˝�ɡ˝ˉ̤̯̝ɀʓˉ̤�̯ʎɭ�
ɀʽ˝̸ˉ̯�˝ʄ�ɭˉɭ̝ʅ͛�̯ʎɀ̯�ɡɀˉ�ɠɭ�̝˝̸̯ɭɧ�ʓˉ̯˝�ɀ�
̝ɭʄ̝ʓʅɭ̝ɀ̯˝̝�̯˝�̚ɭ̝ʄ˝̝ʽ�Ό̸ɠʓ̯�ɡ˝ˉ̯̝˝ʴ੔�ʓˉʓ-
̯ʓɀʴʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�ʽɭɀ̸̤̝ɭʽɭˉ̯�͕ʓ̯ʎ˝̸̯�˝͔ɭ̝-
͕ʎɭʴʽʓˉʅ�̯ʎɭ�ɀɠʓʴʓ̯͛�˝ʄ�̯ʎɭ�̝ɭʄ̝ʓʅɭ̝ɀ̯˝̝�̯˝�
ʯɭɭ̚�̯ʎɭ�̤̤̯͛ɭʽ�ɡ˝ʴɧ੓�Юʓ̤�̝ɭΌ̸ʓ̝ɭ̤�̤ʓʅˉʓп-
ɡɀˉ̯�̯ʎ˝̸ʅʎ̯�ɀ̤�̯˝�ʎ˝͕�̯˝�˝͔ɭ̝ɡ˝ʽɭ�͕ʎɀ̯�
are essentially engineering roadblocks to 
Ό̸ɠʓ̯�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ʽɀ͛�ɡ˝ˉ̯ɀʓˉ�ʽʓʴʴʓ˝ˉ̤�˝̝�
ɠʓʴʴʓ˝ˉ̤�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓
Rˉ�̋ ̯ʎɭ̝�̤ ̤̯͛ɭʽ̤੔�̤ ̸ɡʎ�ɀ̤�R˝ˉ઀æ̝ɀ̤̚੔�Ό̸ɠʓ̯̤�

ˉɭɭɧ�̯ ˝�ɠɭ�̚ ʴɀɡɭɧ�ʓˉ̯˝�ɀˉ�ɭ̤̤ɭˉ̯ʓɀʴʴ͛�̚ ɭ̝ʄɭɡ̯�
͔ɀɡ̸̸ʽ੓��ˉ�ʓ˝ˉ઀̯̝ɀ̚�ʓ̤�ɀˉ�ɭʴɭɡ̯̝˝ʽɀʅˉɭ̯ʓɡ�
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̯̝ɀ̚�̯ʎɀ̯�ɡɀˉ�ɠɭ�̸̤ɭɧ�̯˝�ɡ˝ˉпˉɭ�ɀ�̤ʓˉʅʴɭ�
ɡʎɀ̝ʅɭɧ�ɀ̯˝ʽ੓�"ʴɭɀ̝ʴ ੔͛�̸̤ɡʎ�ɀ�̯̝ɀ̚�ɠɭɡ˝ʽɭ̤�
ʓˉɭаɭɡ̯ʓ͔ɭ�ʓˉ�ɀˉ�ɀ̯ʽ˝̤̚ʎɭ̝ɭ੔�͕ʎɭ̝ɭ�ɡ˝ʴʴʓ-
̤ʓ˝ˉ̤�ɠɭ̯͕ɭɭˉ�ɀ̯ʽ˝̤̚ʎɭ̝ʓɡ�ɀ̯˝ʽ̤�ɀˉɧ�̯ʎɭ�
̯̝ɀ̚̚ɭɧ�ʓ˝ˉ�ɡɀˉ�ɭɀ̤ʓʴ͛�ɭʫɭɡ̯�̯ʎɭ�ʓ˝ˉ�ʄ̝˝ʽ�
̯ʎɭ� ɭʴɭɡ̯̝˝ʽɀʅˉɭ̯ʓɡ� ̯̝ɀ̚̚ʓˉʅ� ̚˝̯ɭˉ̯ʓɀʴ੓�
"˝ˉ̤ɭΌ̸ɭˉ̯ʴ ੔͛�R˝ˉ઀æ̝ɀ̚�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚-
ɭ̝̤�ɀ̝ɭ�̝˝̸̯ʓˉɭʴ͛�̸̚ʽ̚ɭɧ�ɧ˝͕ˉ�̯˝�ɀ�̝̚ɭ̤-
̸̤̝ɭ�˝ʄ�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�10−11�æ˝̝̝�˝̝�ɠɭ̯̯ɭ ੓̝�
Юʓ̤�̝ɭΌ̸ʓ̝ɭ̤�ɀˉ�ʓˉʓ̯ʓɀʴ�̸̚ʽ̚ʓˉʅ�ɧ˝͕ˉ�˝ʄ�
̯ʎɭ�ɡʎɀʽɠɭ ੔̝�ɀ�ɡ˝˝ʯʓˉʅ�̤̯ɀʅɭ�ɀɠ˝͔ɭ�৖৔৔i�
̯˝�ɡɀ̸̤ɭ�ɀɧɧʓ̯ʓ˝ˉɀʴ�ɀ̯˝ʽ̤�̸̤̯ɡʯ�͕ʓ̯ʎʓˉ�̯ʎɭ�
͕ɀʴʴ̤�ɀˉɧ�˝̯ʎɭ̝�̸̤̝ʄɀɡɭ̤�̯˝�ɭ͔ɀ̚˝̝ɀ̯ɭ�ʓˉ̯˝�
̯ʎɭ�ɡʎɀʽɠɭ ੔̝�ɀˉɧ�̯ʎɭˉ�ɀ�̤ɭɡ˝ˉɧ�̸̚ʽ̚ʓˉʅ�
̤̯ɀʅɭ੓��ɧɧʓ̯ʓ˝ˉɀʴʴ ੔͛� ʓ̯�ʓ̤�ɭ͚̚ɭɡ̯ɭɧ�̯ʎɀ̯�ʄ˝̝�
ɀ�̤ɡɀʴɀɠʴɭ�̤̤̯͛ɭʽ੔�̯ʎɭ�͔ɀɡ̸̸ʽ�̤̤̯͛ɭʽ�͕ʓʴʴ�
ˉɭɭɧ�̯˝�ɠɭ�ɡ˝˝ʴɭɧ�̯˝�৘i�̯˝�ʄ̸̝̯ʎɭ̝�̝ɭɧ̸ɡɭ�
̯ʎɭ�̝ɀ̯ɭ�ɀ̯�͕ʎʓɡʎ�ʓ˝ˉ̤�ɀ̝ɭ�ʎɭɀ̯ɭɧ�ੲ�ʓɭɧɭ̝-
ʽɀ̝͛�৖৔৕৙ੳ੓
�̤�͕ ʓ̯ʎ�̤ ̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯˝̝̤੔�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�

ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�ɡɀˉ�̔ ɀʯɭ�̤ ɡɀʴɀɠʓʴʓ̯͛�ɧʓдɡ̸ʴ̯੓�
Mɀ͔ʓˉʅ�ʴɀ̝ʅɭ�͔ɀɡ̸̸ʽ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ˉɭɭɧ�̯˝�
ʎ˝̸̤ɭ� ʽʓʴʴʓ˝ˉ̤� ˝̝� ʎ̸ˉɧ̝ɭɧ̤� ˝ʄ� ʽʓʴʴʓ˝ˉ̤�
˝ʄ�̚ʎ̤͛ʓɡɀʴ� ʓ˝ˉ̤� ʄ˝̝� ʴ˝ˉʅ઀̯ɭ̝ʽ�˝̚ɭ̝ɀ̯ʓ˝ˉ�
̝̚ɭ̤ɭˉ̯̤�ɀ�ɧʓдɡ̸ʴ̯�ɭˉʅʓˉɭɭ̝ʓˉʅ�ɡʎɀʴʴɭˉʅɭ੓�
�ʴ̯ʎ˝̸ʅʎ੔� ̸ˉʴʓʯɭ� ̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯˝̝̤੔� R˝ˉ઀
æ̝ɀ̤̚�ʎɀ͔ɭ�̯ʎɭ�ɀɠʓʴʓ̯͛�̯˝�ɠɭ�ɡ˝ˉˉɭɡ̯ɭɧ�͕ʓ̯ʎ�
̚ʎ˝̯˝ˉ̤੓�Юʓ̤�ɀʴʴ˝͕̤�пɠ̝ɭ�̋ ̯̚ʓɡ�ɡ˝̸̚ʴʓˉʅ�̋ ʄ�
ʓˉɧɭ̚ɭˉɧɭˉ̯�ʓ˝ˉ઀̯̝ɀ̤̚�ੲv˝ˉ̝˝ɭ�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੔�
̤˝ʽɭ̯ʎʓˉʅ�̯ʎɀ̯�ʓ̤�ɭ͚̯̝ɭʽɭʴ͛�ɧʓдɡ̸ʴ̯�̯˝�ɧ˝�
ʓˉ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�̤̤̯͛ɭʽ̤�ੲvɀʅˉɀ̝ɧ�ɭ̯�ɀʴ੓�
৖৔৖৔ੳ੓
Ñʎ˝̯˝ˉʓɡ�ɡ˝ʽ̸̯̚ɭ̝̤૆ઃ૆͕ʎɭ̝ɭ�Ό̸ɠʓ̯̤�ɀ̝ɭ�

ʓˉɧʓ͔ʓɧ̸ɀʴ�̚ʎ˝̯˝ˉ̤૆ઃ૆ɀʴ̤˝�ʎɀ͔ɭ�̯ʎɭʓ̝�˝͕ˉ�
̤̚ɭɡʓпɡ�ɡʎɀʴʴɭˉʅɭ̤੓��̤�̚ ʎ˝̯˝ˉ̤�̯ ̝ɀ͔ɭʴ�ɀ̯�̯ ʎɭ�
̤̚ɭɭɧ�˝ʄ�ʴʓʅʎ̯੔�ʓ̯�ʓ̤�ɭ͚̯̝ɭʽɭʴ͛�ʎɀ̝ɧ�̯˝�ɠ̸ʓʴɧ�
ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉɀʴ�ɡʎʓ̤̚੔�ɀ̤�͛ ˝̸�ɡɀˉˉ˝̯�̤ ̚ɀ̯ʓɀʴʴ͛�
ʴ˝ɡɀʴʓ̤ɭ�̚ ʎ˝̯˝ˉ̤�̯ ˝�ɧ˝�ɀɡ̸̯ɀʴ�ʅɀ̯ɭ�̋ ̚ɭ̝ɀ̯ʓ˝ˉ̤੓�
Ċʎʓʴɭ�̯ʎɭ̝ɭ�ɀ̝ɭ�̯ɭɡʎˉʓΌ̸ɭ̤�̯ʎɀ̯�ɀ̝ɭ�̸̤ɭɧ�̯˝�
˝͔ɭ̝ɡ˝ʽɭ�̯ ʎɭ�̚ ̝˝ɠʴɭʽ�̯ ʎɀ̯�ʓˉɧʓ͔ʓɧ̸ɀʴ�Ό̸ɀˉ-
̸̯ʽ�ɠʓ̯̤�ɀ̝ɭ�р͛ʓˉʅ�ɀ̝˝̸ˉɧ�͛˝̸̝�ɡ˝ʽ̸̯̚ɭ̝�
ɀ̯�ৗ৔�ɡʽ�̚ɭ̝�ˉɀˉ˝̤ɭɡ˝ˉɧ�ੲÔ̸ɧ˝ʴ̚ʎ�৖৔৕৛ੳ੔�

ʎɀ͔ʓˉʅ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ʽ˝͔ʓˉʅ�ɀ̝˝̸ˉɧ�̯ʎʓ̤�
Ό̸ʓɡʯʴ͛� ɡ̝ɭɀ̯ɭ̤� ̤ʓʅˉʓпɡɀˉ̯� ɡʎɀʴʴɭˉʅɭ̤� ʄ˝̝�
̤ɡɀʴɀɠʓʴʓ̯͛�ʄ˝̝�̯ʎɭ̤ɭ�̚ɀ̝̯ʓɡ̸ʴɀ̝�ʽ˝ɧɭʴ̤੓
�̯ʎɭ̝�̚ʎ̤͛ʓɡɀʴ�̚ʴɀ̯ʄ˝̝ʽ̤�ʄ˝̝�Ό̸ɀˉ̸̯ʽ�

ɡ˝ʽ̸̯̚ʓˉʅ�ɀʴ̤˝�ʎɀ͔ɭ�ɀ̤̤˝ɡʓɀ̯ɭɧ�ʓˉʄ̝ɀ̸̤̯̝ɡ-
̸̯̝ɭ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�ʓ̸̤̤ɭ̤੔�ɭɀɡʎ�̋ ʄ�͕ ʎʓɡʎ�ʎɀ̤�̯ ˝�
ɠɭ�ʎɀˉɧʴɭɧ�ʓˉ�ʓ̯̤�˝͕ˉ�͕ɀ ੓͛�E˝˝ɧ�Ό̸ɀˉ̸̯ʽ�
ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɧɭ̤ʓʅˉ̤�ɀˉɧ�ɠʴ̸ɭ̝̚ʓˉ̯̤�ɡ˝ˉ̯ɀʓˉ�
̤ʓʅˉʓпɡɀˉ̯�ɧɭ̯ɀʓʴ̤�͕ ʓ̯ʎ�̝ ɭ̤̚ɭɡ̯�̯ ˝�ɀɡʎʓɭ͔ʓˉʅ�
̤ɡɀʴɀɠʓʴʓ̯͛�ʓˉ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ੔�̄ ˝̯�
ʫ̸̤̯�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�ɠɭʓˉʅ�ɀɠʴɭ�̯˝�ʄɀɠ̝ʓɡɀ̯ɭ�ɀ�
ʴɀ̝ʅɭ�ˉ̸ʽɠɭ̝�˝ʄ�ʓˉɧʓ͔ʓɧ̸ɀʴ�Ό̸ɠʓ̯̤੓

Dɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝̤̯
Юɭ�ɧʓʅʓ̯ɀʴ�ɡ˝ʽ̸̯̚ʓˉʅ�ʓˉɧ̸̤̯̝͛�ʎɀ̤�̸ˉɀ̝ʅ̸-
ably been dominated by issues surround-
ʓˉʅ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝̤̯੓��ˉɭ�˝ʄ�̯ʎɭ�ʽ˝̤̯�
ʄ˝̸ˉɧɀ̯ʓ˝ˉɀʴ�̝̚ʓˉɡʓ̚ʴɭ̤�ʓˉ�ɡʴɀ̤̤ʓɡɀʴ�ʽʓɡ̝˝-
̝̚˝ɡɭ̤̤˝̝�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�͕ ɀ̤�v˝˝̝ɭઑ̤�ɹ ɀ ੔͕�ɀˉ�
ɭʽ̚ʓ̝ʓɡɀʴ�̝̚ɭɧʓɡ̯ʓ˝ˉ�ʽɀɧɭ�ʓˉ�৕ঢ়৚৙�ɠ͛�̯ʎɭ�
ɡ˝઀ʄ˝̸ˉɧɭ̝�˝ʄ�Rˉ̯ɭʴ੔�E˝̝ɧ˝ˉ�v˝˝̝ɭ੔�͕ʎ˝�
˝ɠ̤ɭ̝͔ɭɧ�̯ʎɀ̯�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�ɡ˝ʽ̚˝ˉɭˉ̯̤�
˝ˉ�ɀ�ɡʴɀ̤̤ʓɡɀʴ�ʽʓɡ̝˝̝̚˝ɡɭ̤̤˝̝�͕ɀ̤�ɧ˝̸ɠʴʓˉʅ�
ɭ͔ɭ̝͛�৕ড়�̯˝�৖৘�ʽ˝ˉ̯ʎ̤੓
Юʓ̤�˝ɠ̤ɭ̝͔ɀ̯ʓ˝ˉ�͕ɀ̤�ˉ˝̯�˝ˉʴ͛�̝ɭʴɀ̯ɭɧ�̯˝�

̯ʎɭ�ɀɠʓʴʓ̯͛�̋ ʄ�ʄɀɠ̝ʓɡɀ̯ʓˉʅ�̔ ˝̝ɭ�ɡ˝ʽ̚˝ˉɭˉ̯̤�
˝ˉ̯˝�ɀˉ�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�ɡʓ̝ɡ̸ʓ̯੔�ɠ̸̯�ɀʴ̤˝�̯ʎɭ�ɡ˝̤̯�
ʓˉ�ɧ˝ʓˉʅ�̤˝੓�Dɭɀ̸̯̝ɭ�̤ʓͥɭ̤�ɀˉɧ�ʎɭˉɡɭ�̯̝ɀˉ-
̤ʓ̤̯˝̝�̤ʓͥɭ̤�ɧɭɡ̝ɭɀ̤ɭɧ�ɭ͚̚˝ˉɭˉ̯ʓɀʴʴ͛�ɀ̯�̯ʎɭ�
̤ɀʽɭ�̯ʓʽɭ�ɀ̤�ɡ˝̤̯̤�̚ɭ̝�̯̝ɀˉ̤ʓ̤̯˝̝�ɧ̝˝̚̚ɭɧ�
ɭ͚̚˝ˉɭˉ̯ʓɀʴʴ ੓͛�Юʓ̤�ʓ̤�̯ʎɭ�̝̚ʓʽɀ̝͛�̝ɭɀ̤˝ˉ�
ɠɭʎʓˉɧ�̯ʎɭ�̸ɠʓΌ̸ʓ̯˝̸̤�ˉɀ̸̯̝ɭ�˝ʄ�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ઀̝̚˝ɡɭ̤̤ʓˉʅ�̯ɭɡʎˉ˝ʴ˝ʅ͛�͕˝̝ʴɧ͕ʓɧɭ੓
Ċʎʓʴɭ�̯ʎɭ̝ɭ�ʎɀ͔ɭ�ɀʴ͕ɀ̤͛�ɠɭɭˉ�̚ɭ̝ʓ̚ʎɭ̝ɀʴ�

ɧʓ̤ɡ̸̤̤ʓ˝ˉ̤�͕ ʓ̯ʎ�ɡɭ̝̯ɀʓˉ�̚ ʴɀ̯ʄ˝̝ʽ̤�ɀɠ˝̸̯�̯ ʎɭ�
ɭɀ̤ɭ�ɀˉɧ�ɡ˝̤̯�ɀ̤̤˝ɡʓɀ̯ɭɧ�͕ ʓ̯ʎ�̯ ʎɭ�̚ ̝˝ɧ̸ɡ̯ʓ˝ˉ�
˝ʄ�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੔̝�̯ʎɭ̤ɭ�ɧʓ̤ɡ̸̤̤ʓ˝ˉ̤�
ʎɀ͔ɭ�ɠɭɡ˝ʽɭ�̔ ̸ɡʎ�̔ ˝̝ɭ�̤ ɭ̝ʓ˝̸̤�ɀ̤�̯ ʎɭ�̯ ɭɡʎ-
ˉ˝ʴ˝ʅ͛�̔ ˝͔ɭ̤�̋ ̸̯�̋ ʄ�̯ ʎɭ�ɀɡɀɧɭʽʓɡ�ɹ ɀɠ˝̝ɀ̯˝-
̝ʓɭ̤�ɀˉɧ�ʓˉ̯˝�ɡ˝ʽʽɭ̝ɡʓɀʴ�̝̚˝ɧ̸ɡ̯ʓ˝ˉ੓
"ɭ̝̯ɀʓˉʴ͛�̯ʎɭ�ʽ˝̤̯�ɧ˝ʽʓˉɀˉ̯�ʓ̸̤̤ɭ�̯ʎɀ̯�

ʽ˝̯ʓ͔ɀ̯ɭ̤� ɧʓ̤ɡ̸̤̤ʓ˝ˉ̤� ̸̤̝̝˝̸ˉɧʓˉʅ� ʽɀ̤̤�
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(ɭ͔ʓ̯̯૆ઃ૆!ʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤

ʽɀˉ̸ʄɀɡ̸̯̝ʓˉʅ� ɀˉɧ� ɡ˝̤̯̤� ʓ̤� ɡ̸̝̝ɭˉ̯� ɭ̤̯ʓ-
ʽɀ̯ɭ̤�̸̤̝̝˝̸ˉɧʓˉʅ�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�̚ʎ̤͛ʓɡɀʴ�
Ό̸ɠʓ̯̤�̄ ɭɭɧɭɧ�̯ ˝�ʓʽ̚ʴɭʽɭˉ̯�ɹ ɀ̝ʅɭ઀̤ɡɀʴɭ�ɀʴʅ˝-
̝ʓ̯ʎʽ̤�̤ ̸ɡʎ�ɀ̤�Ûʎ˝̝ઑ̤�ɀʴʅ˝̝ʓ̯ʎʽ�̋ ̝�̚ ̝˝ɠʴɭʽ̤�
ʓˉ�Ό̸ɀˉ̸̯ʽ�ɡʎɭʽʓ̤̯̝ ੓͛�Rˉ�Eʓɧˉɭ͛�ɀˉɧ�.ʯɭ̝ɀ�
ੲ৖৔৕ঢ়ੳ�ɀˉɧ�Ôɭʓʎɭ̝�ɭ̯�ɀʴ੓�ੲ৖৔৕৛ੳ�͕ɭ�̤ɭɭ�̤˝ʽɭ�
˝ʄ�̯ʎɭ̤ɭ�ɭ̤̯ʓʽɀ̯ɭ̤੔�͕ʎʓɡʎ�ɀ̯̯ɭʽ̯̚�̯˝�ʓˉɡ˝̝-
̚˝̝ɀ̯ɭ�ɀˉɧ�˝̯̚ʓʽʓ̤ɭ�̯ʎɭ�ʄ̸ʴʴ�ʓˉ̯ɭʅ̝ɀ̯ʓ˝ˉ�˝ʄ�
ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɀˉɧ�ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯�̝̚˝̯˝-
ɡ˝ʴ̤૆ઃ૆ʅʓ͔ɭˉ�̯ʎɭ̤ɭ�̝ɭ̤˝̸̝ɡɭ�ɭ̤̯ʓʽɀ̯ɭ̤੔�̯ʎɭ�
ɡ˝̤̯�˝ʄ�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�̯˝�ʓʽ̚ʴɭʽɭˉ̯�
̯ʎɭ̤ɭ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ɡɀˉ�ɠɭ�ɭ̤̯ʓʽɀ̯ɭɧ�ɀ̸̤̤ʽʓˉʅ�
͔ɀ̝ʓ˝̸̤�˝̝ɧɭ̝઀˝ʄ઀ʽɀʅˉʓ̸̯ɧɭ�ɭ̤̯ʓʽɀ̯ɭ̤�ʄ˝̝�
̯ʎɭ�Ñ̝ʓɡɭ�Ñɭ̝�İ̸ɠʓ̯�ੲÑÑÓੳ੓�Юɭ̤ɭ�ɀʴʅ˝̝ʓ̯ʎʽ̤�
̝ɭΌ̸ʓ̝ɭ� ɀ� ͔ɭ̝͛� ʴɀ̝ʅɭ� ˉ̸ʽɠɭ̝� ˝ʄ� ̚ʎ̤͛ʓɡɀʴ�
Ό̸ɠʓ̯̤੔�ɀˉɧ�ʎɭˉɡɭ�ɡ˝̤̯�ɠɭɡ˝ʽɭ̤�ɀ�ɠʓʅ�ʄɀɡ̯˝ ੓̝

æɀɠʴɭ�৕੕�"˝̤̯�̋ ʄ�͔ ɀ̝ʓ˝̸̤�̔ ɀɡʎʓˉɭ̤�ʄ˝̝�͕ ɭʴʴ�ʯˉ˝͕ˉ�
Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ɀ̤�ɀ�ʄ̸ˉɡ̯ʓ˝ˉ�˝ʄ�ÑÑÓ੓
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İ̸ɠʓ̯�ɡ˝̤̯̤�ɡɀˉ�ɠɭ�̚ɀ̝ɀʽɭ̯ɭ̝ʓ̤ɭɧ�ɀ̤�̯ʎɭ�
ÑÑÓ੔�͕ʎɭ̝ɭ�͛˝̸�ɀ͔ɭ̝ɀʅɭ�˝͔ɭ̝�̯ʎɭ�̯˝̯ɀʴ�ɡ˝̤̯�
˝ʄ�̯ʎɭ�ʽɀɡʎʓˉɭ੔�ʓˉɡʴ̸ɧʓˉʅ�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝ˉ̯̝˝ʴ�
̤̤̯͛ɭʽ̤੔�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�ɭ̯ɡ੔�
ɀ̤�ɀ�ʄ̸ˉɡ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�Ό̸ɠʓ̯̤�ʓˉ�
̯ʎʓ̤�̤̤̯͛ɭʽ੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�ɀ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�̤̤̯͛ɭʽ�ʎ˝̸̤ʓˉʅ�৙৔�ɀɡ̸̯ɀʴ�Ό̸ɠʓ̯̤�͕˝̸ʴɧ�
̝ɭΌ̸ʓ̝ɭ� ɀ� ૔৙৔৔i� ɧʓʴ̸̯ʓ˝ˉ� ̝ɭʄ̝ʓʅɭ̝ɀ̯ʓ˝ˉ�
̤̤̯͛ɭʽ�ɀˉɧ�ɀˉ�ɀɧɧʓ̯ʓ˝ˉɀʴ�૔৙৔৔i�ʓˉ�ʽʓɡ̝˝-
͕ɀ͔ɭ� ̤ʓʅˉɀʴ� ʅɭˉɭ̝ɀ̯˝̝̤੔� ˉʓ˝ɠʓ̸ʽ� ͕ʓ̝ʓˉʅ੔�
ɡʎʓ̚�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɡ˝̤̯̤�ɀˉɧ�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝ʽ̸̯̚ɭ̝�
ɡ˝ˉ̯̝˝ʴ੔�ɀˉɧ�͕˝̸ʴɧ�ʎɀ͔ɭ�ɀ�ÑÑÓ�˝ʄ�૔৖৔੔৔৔৔੓�
�̯�̯ʎʓ̤�̤ɡɀʴɭ੔�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�ɡɀ̚ɀɠʴɭ�
˝ʄ�ʄɀɡ̯˝̝ʓˉʅ�ੲEʓɧˉɭ͛�ɀˉɧ�.ʯɭ̝ɀ�৖৔৕ঢ়ੳ�̋ ̝�̯ ʎɭ�
̤ʓʽ̸ʴɀ̯ʓ˝ˉ�˝ʄ�ɡ˝ʽ̚ʴɭ͚�ʽ˝ʴɭɡ̸ʴɭ̤�̸̤ɡʎ�ɀ̤�

ˉʓ̯̝˝ʅɭˉɀ̤ɭ�ੲÔɭʓʎɭ̝�ɭ̯�ɀʴ੓�৖৔৕৛ੳ�͕ ˝̸ʴɧ�ɡɀ̝̝͛�
ɀ�̝̚ʓɡɭ�̯ɀʅ�ʎʓʅʎɭ̝�̯ʎɀˉ�̯ʎɭ�E(Ñ�˝ʄ��̸̤̯̝ʓɀ�
ੲ૔৘৕৛�ɠʓʴʴʓ˝ˉੳ�ɀˉɧ�fɀ̚ɀˉ�ੲ૔৘੓ড়�̯ ̝ʓʴʴʓ˝ˉੳ੓�æɀɠʴɭ�
R�ʓʴʴ̸̤̯̝ɀ̯ɭ̤�̯ʎɭ�ɡ˝̤̯�ʄ˝̝�ʄɀɡ̯˝̝ʓˉʅ�ɀˉɧ�Ό̸ɀˉ-
̸̯ʽ�ɡʎɭʽʓ̤̯̝͛�ʄ˝̝�͔ɀ̝ʓ˝̸̤�˝̝ɧɭ̝̤�˝ʄ�ʽɀʅˉʓ-
̸̯ɧɭ�ʄ˝̝�ɀ�ÑÑÓ੓�.͔ɭˉ�ɀ̯�ɀˉ�ɭаɭɡ̯ʓ͔ɭ�૔৕�ÑÑÓ੔�
ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�˝ʄ�̸̤дɡʓɭˉ̯�̤ʓͥɭ�ʄ˝̝�
ʄɀɡ̯˝̝ʓˉʅ�˝̝�Ό̸ɀˉ̸̯ʽ�̤ʓʽ̸ʴɀ̯ʓ˝ˉ�͕˝̸ʴɧ�ɠɭ�
ɀ�̤ʓʅˉʓпɡɀˉ̯�ʓˉ͔ɭ̤̯ʽɭˉ̯੓
Юɭ�ɭˉ̯ʓ̝ɭ�Ό̸ɀˉ̸̯ʽ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ʓˉɧ̸̤̯̝͛�

ʓ̤�ʄ˝̸ˉɧɭɧ�˝ˉ�̯ʎɭ�̝̚ɭɡɭ̯̚�̯ʎɀ̯�Ό̸ɠʓ̯̤�͕ʓʴʴ�
ɭ͔ɭˉ̸̯ɀʴʴ͛�ɠɭ�ɡʎɭɀ̚�ɀˉɧ�Ό̸ɀˉ̸̯ʽ�̯ɭɡʎˉ˝ʴ-
˝ʅ͛�͕ʓʴʴ�ɠɭ�ɀ̯�ʴɭɀ̤̯�ɀ̤�̸ɠʓΌ̸ʓ̯˝̸̤�ɀ̤�ʴɀ̝ʅɭ�
ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉɀʴ�̤ɭ̝͔ɭ̝̤੔�ʓʄ�ˉ˝̯�ɀ̤�̸ɠʓΌ̸ʓ̯˝̸̤�
ɀ̤�̔ ˝ɠʓʴɭ�̚ ʎ˝ˉɭ̤�ɀˉɧ�̯ ʎɭ�ʓˉ̯ɭ̝ˉɭ̯�̋ ʄ�̯ ʎʓˉʅ̤੓�
æ˝�ɀɡʎʓɭ͔ɭ�̯ ʎʓ̤੔�ÑÑÓ̤�̔ ̸̤̯�ɠɭ�̝ ɭɧ̸ɡɭɧ�ɠ͛�ɀ̯�
ʴɭɀ̤̯�п͔ɭ�˝̝ɧɭ̝̤�˝ʄ�ʽɀʅˉʓ̸̯ɧɭ�ɡ˝ʽ̚ɀ̝ɭɧ�̯˝�
̯ʎɭ�̤̯ɀ̯ɭ�˝ʄ�̯ʎɭ�ɀ̝̯�̯˝ɧɀ ੔͛�ɀˉɧ�ʴʓʯɭʴ͛�ʽ̸ɡʎ�
ʽ̸ɡʎ�ʴ˝͕ɭ ੓̝

Ю̝ɭɭ�ʎɀ̝ɧ͕ɀ̝ɭ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤
Rˉ�̯ʎʓ̤� ̤ɭɡ̯ʓ˝ˉ�R�͕ʓʴʴ� ̸̤ʽʽɀ̝ʓ̤ɭ� ̤˝ʽɭ�˝ʄ�
̯ʎɭ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤�̯ʎɀ̯�R�ʎɀ͔ɭ�ɠɭɭˉ�ʓˉ͔˝ʴ͔ɭɧ�
͕ʓ̯ʎ�ੲ�ɭʽ˝̯˝�ɭ̯�ɀʴ੓�৖৔৕৘੖�mɭʯʓ̯̤ɡʎ�ɭ̯�ɀʴ੓�৖৔৕৛੖�
v̸ʯɀʓ�ɭ̯�ɀʴ੓�৖৔৖৔੖�i͕˝ˉ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ�ɀˉɧ�̯ʎɭ�
ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�̯ʎɭ�ʯɭ͛�̯ʎɭ˝̝ɭ̯ʓɡɀʴ�̝ɭ̸̤ʴ̯̤�
̯ʎɀ̯�ɀʴʴ˝͕�ʄ˝̝�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ʓʽ̚ʴɭʽɭˉ̯ɀ-
̯ʓ˝ˉ̤�˝ʄ�Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�˝ˉ�̯ʎɭ̤ɭ੔�ɀˉɧ�
˝̯ʎɭ ੔̝�ʎɀ̝ɧ͕ɀ̝ɭ�ੲ(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৕৔੖�D˝͕ʴɭ̝�
ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৖੖�D˝͕ʴɭ ੔̝�(ɭ͔ʓ̯̯੔�ɀˉɧ�f˝ˉɭ̤�
৖৔৕ৗ੖�Mɭ̝ ੔̝� �˝̝ʓ੔� ɀˉɧ�(ɭ͔ʓ̯̯� ৖৔৕৛੖�M˝̝̤-
ʽɀˉ�ɭ̯�ɀʴ੓�৖৔৕৖੖�Ñɀʴɭ̝�ɭ̯�ɀʴ੓�৖৔৕৘੔�৖৔৕৖੖�Ñɀʴɭ ੔̝�
(ɭ͔ʓ̯̯੔�ɀˉɧ�D˝͕ʴɭ̝�৖৔৕৚੖�(ɭ͔ʓ̯̯�৖৔৕৚੖�Mɭ̝̝�
ɭ̯�ɀʴ੓�৖৔৕ড়੖�Ñɀʴɭ̝�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕ড়ੳ੓

Ion-traps
vɀˉ͛�ʅ̝˝̸̤̚�ʎɀ͔ɭ�̝̚˝̚˝̤ɭɧ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ʓ˝ˉ�
̯̝ɀ̚�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤�ੲ"ʓ̝ɀɡ�ɀˉɧ�Ě˝ʴʴɭ̝�
৖৔৔৔੖�iʓɭʴ̚ʓˉ̤ʯʓ੔�v˝ˉ̝˝ɭ੔�ɀˉɧ�Ċʓˉɭʴɀˉɧ�
৖৔৔৖੖�Ûɡʎɀɭ̯ͥ�ɭ̯�ɀʴ੓�৖৔৔৘੖�(̸ɀˉ�ɭ̯�ɀʴ੓�৖৔৔৘੖�
vɭ̯˝ɧʓ�ɭ̯�ɀʴ੓�৖৔৔৙੖�Û̯ɭɀˉɭ�৖৔৔৛੖�Û̯˝ɡʯ�ɀˉɧ�
fɀʽɭ̤�৖৔৔ঢ়੖�iʓʽ�ɀˉɧ�iʓʽ�৖৔৔ঢ়੖�"̝ʓɡʯ�ɭ̯�ɀʴ੓�
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৖৔৕৔੖��ʽʓˉʓ�ɭ̯�ɀʴ੓�৖৔৕৔੖�v˝ˉ̝˝ɭ�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੓০�
æ͕˝�̯ʎɭʽɭ̤�ɧ˝ʽʓˉɀ̯ɭ૆ઃ૆ʽ̸ʴ̯ʓ઀ͥ˝ˉɭ�ʽʓɡ̝˝઀
ʄɀɠ̝ʓɡɀ̯ɭɧ�̯̝ɀ̤̚੔�͕ʓ̯ʎ�ɭɀɡʎ�ͥ˝ˉɭ�ɡ˝ˉ̯ɀʓˉ-
ʓˉʅ�ɀ�ʎɀˉɧʄ̸ʴ�˝ʄ�ʓ˝ˉ̤੔�ɀˉɧ�˝̯̚ʓɡɀʴ�ʴʓˉʯʓˉʅ�˝ʄ�
̯̝ɀ̤̚੓��̯̚ʓɡɀʴ�ʴʓˉʯʓˉʅ�ʓ̤�̝̚˝ɠɀɠʓʴʓ̤̯ʓɡ੔�͕ʓ̯ʎ�
ɀ�̸̤ɡɡɭ̤̤�̝̚˝ɠɀɠʓʴʓ̯͛�˝ʄ�2.2 × 10઀ৰ�̯ʎɭ�ɠɭ̤̯�
ɀɡʎʓɭ͔ɭɧ�̯˝�ɧɀ̯ɭ�ੲÛ̯ɭ̚ʎɭˉ̤˝ˉ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ੓
Ċʎʓʴɭ�̯ʎʓ̤�ʓ̤�ɭ͚̚ɭɡ̯ɭɧ�̯˝�ʓʽ̝̚˝͔ɭ੔�̯ʎɭ�

ɡ̸̝̝ɭˉ̯�̤ ̯ɀ̯ɭ઀˝ʄ઀̯ʎɭ઀ɀ̝̯�ʓ̤�ʄɀ̝�ʄ̝˝ʽ�̤ ̸дɡʓɭˉ̯�
ʄ˝̝�ɀ�̚ ̝ɀɡ̯ʓɡɀʴ�ɡ˝ʽ̸̯̚ɭ̝�ੲ�ʓɡʯɭ̝̤˝ˉ੔�mʓ੔�ɀˉɧ�
!ɭˉʫɀʽʓˉ�৖৔৕ৗੳ੓�.͔ɭˉ�ʓʄ�˝̯̚ʓɡɀʴ�ʴʓˉʯʓˉʅ�ʓ̤�
ʓʽ̝̚˝͔ɭɧ�ɠ͛�̤ɭ͔ɭ̝ɀʴ�˝̝ɧɭ̝̤�˝ʄ�ʽɀʅˉʓ̸̯ɧɭ੔�
̯ʎʓ̤� ɀ̝̚̚˝ɀɡʎ੔�͕ʎʓʴɭ� ̯ɭɡʎˉʓɡɀʴʴ͛� ̤ɡɀʴɀɠʴɭ੔�
͕ʓʴʴ�̝ɭ̸̤ʴ̯�ʓˉ�ɀ�ɡ˝ʽ̸̯̚ɭ̝�ʽ̸ɡʎ�̤ʴ˝͕ɭ̝�̯ʎɀˉ�
ʓ̤�̯ʎɭ˝̝ɭ̯ʓɡɀʴʴ͛�̚˝̤̤ʓɠʴɭ੓���ɧʓ̝ɭɡ̯�ʓˉ̯ɭ̝ɀɡ-
̯ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�ʓ˝ˉ̤�̤ ɭ̚ɀ̝ɀ̯ɭɧ�ɠ͛�̔ ʓɡ̝˝ˉ̤�͕ ʓʴʴ�
ʅɭˉɭ̝ɀʴʴ͛�ɠɭ�ʄɀ̝�ʄɀ̤̯ɭ̝�̯ʎɀˉ�ɀ�ʽ̸ʴ̯ʓ઀ʽɭ̯̝ɭ�
̚ʎ˝̯˝ˉ� ʽɭɧʓɀ̯ɭɧ� ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ੓� .͚ʓ̤̯ʓˉʅ�
ʽ̸ʴ̯ʓ઀ͥ˝ˉɭ�ʽʓɡ̝˝઀ʄɀɠ̝ʓɡɀ̯ɭɧ�̯̝ɀ̚�ɧɭ̤ʓʅˉ̤�
ʽɀʯɭ�̸̤ɭ�˝ʄ�ɡ˝ˉ̯̝˝ʴ�ɭʴɭɡ̯̝˝ɧɭ̤�ʓˉ�̯ʎɭ�̤ɀʽɭ�
̚ʴɀˉɭ� ɀ̤� ̯ʎɭ� ̯̝ɀ̚� ɭʴɭɡ̯̝˝ɧɭ̤੔� ̝̚ɭɡʴ̸ɧʓˉʅ�
̤ɡɀʴʓˉʅ�̯˝�ɀˉ�ɀ̝ɠʓ̯̝ɀ̝ʓʴ͛�ʴɀ̝ʅɭ�৖઀(�ʴɀ̯̯ʓɡɭ�˝ʄ�
Ό̸ɠʓ̯̤�ɀ̤�̯ʎɭ�̝ɭΌ̸ʓ̝ɭɧ�ˉ̸ʽɠɭ̝�˝ʄ�ɡ˝ˉ̯̝˝ʴ�
ɭʴɭɡ̯̝˝ɧɭ̤�̚ɭ̝�̸ˉʓ̯�ʴɭˉʅ̯ʎ�ɀ̝˝̸ˉɧ�̯ʎɭ�ɭɧʅɭ�
˝ʄ�̯ʎɭ�ɡʎʓ̚�ʅ̝˝͕̤�͕ʓ̯ʎ˝̸̯�ɠ˝̸ˉɧ੓��ˉ�ɀʴ̯ɭ̝-
ˉɀ̯ʓ͔ɭ�ɀ̝̚̚˝ɀɡʎ�ʓ̤�̝ɭΌ̸ʓ̝ɭɧ�̯˝�ɀɡʎʓɭ͔ɭ�ʎʓʅʎ�
̚ɭ̝ʄ˝̝ʽɀˉɡɭ�ɀˉɧ�̤ɡɀʴɀɠʓʴʓ̯ ੓͛
E͔ɭˉ� ʓ˝ˉ̤�ɡɀˉ�ɠɭ�̝ɭʴʓɀɠʴ͛�̯̝ɀˉ̤̚˝̝̯ɭɧ�

ɀʴ˝ˉʅ�ʴʓˉɭɀ̝�̯̝ɀ̤̚�ɀˉɧ�̯ʎ̝˝̸ʅʎ�ď઀ʫ̸ˉɡ̯ʓ˝ˉ̤�
ੲĊɀʴ̯ʎɭ̝�ɭ̯�ɀʴ੓�৖৔৕৖੖�Ċ̝ʓʅʎ̯�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੔�̯ʎɭ�
ɡ˝̝ɭ�˝ʄ�˝̸̝�̤˝ʴ̸̯ʓ˝ˉ�̯˝�̯ʎɭ�̤ɡɀʴʓˉʅ�̝̚˝ɠʴɭʽ�
ʓ̤�̯˝�ɀɠɀˉɧ˝ˉ�̯ʎɭ�˝̯̚ʓɡɀʴ�ʴʓˉʯʓˉʅ�˝ʄ�ɡʎʓ̤̚�
ɀˉɧ�ʓˉ̤̯ɭɀɧ�ɀʴʓʅˉ�ɡʎʓ̤̚�ɭɀɡʎ�ɡ˝ˉ̯ɀʓˉʓˉʅ�ɀ�
ʽ˝ɧɭ̝ɀ̯ɭ�ˉ̸ʽɠɭ̝�˝΍�ď઀ʫ̸ˉɡ̯ʓ˝ˉ̤�̤˝�̯ʎɀ̯�
ʓ˝ˉ̤�ɡɀˉ�ɠɭ�̯̝ɀˉ̤̚˝̝̯ɭɧ�ʄ̝˝ʽ�ɡʎʓ̚�̯˝�ɡʎʓ̚�
ɀ̤� ̯ʎ˝̸ʅʎ�ɀʴ˝ˉʅ�ɀˉ�̸ˉɠ̝˝ʯɭˉ� ̯̝ɀ̚੓�.ɀɡʎ�
ď઀ʫ̸ˉɡ̯ʓ˝ˉ� ̸ˉɧɭ̝� ˉ˝̝ʽɀʴ� ɡʓ̝ɡ̸ʽ̤̯ɀˉɡɭ̤�
ɡ˝ˉ̯ɀʓˉ̤�ʫ̸̤̯�̯͕˝�ʓ˝ˉ̤੔�˝ˉʴ͛�˝ˉɭ�˝ʄ�͕ʎʓɡʎ�
ʓ̤�̸̤ɭɧ�ɀ̤�ɀ�Ό̸ɠʓ̯੓�Юɭ�̤ɭɡ˝ˉɧ�ʓ˝ˉ�͕˝̸ʴɧ�ɠɭ�
̸̤ɭɧ�ʄ˝̝�̤͛ʽ̚ɀ̯ʎɭ̯ʓɡ�ɡ˝˝ʴʓˉʅ�ੲÔ˝ʎɧɭ�ɭ̯�ɀʴ੓�

ਝાЮɭ�͕˝̝ʯ�ʓˉ�ɧɭ̤ʓʅˉʓˉʅ�ɀˉ�ʓ˝ˉ઀̯̝ɀ̚�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�͕ɀ̤�̚ɭ̝ʄ˝̝ʽɭɧ�͕ʓ̯ʎ�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴʓ̤̯̤�ʄ̝˝ʽ�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�
Ṳ̸̤̂ɭ͚੔�E˝˝ʅʴɭ�ɀˉɧ�̝ɭ̤ɭɀ̝ɡʎɭ̝̤�ʓˉ�(ɭˉʽɀ̝ʯ�ɀˉɧ�Eɭ̝ʽɀˉ͛�ੲmɭʯʓ̯̤ɡʎ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੓

৖৔৔৕ੳ੓���̤ ̸̝ʄɀɡɭ઀ɭʴɭɡ̯̝˝ɧɭ�̤ ʓˉʅʴɭ�ď઀ʫ̸ˉɡ̯ʓ˝ˉ�
ʓ̤�̤ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�ৗ੓�Юɭ�ɧɭ̤ʓʅˉ�ʓˉɡ˝̝̚˝-
̝ɀ̯ɭ̤�ɭʴɭɡ̯̝˝ɧɭ̤�̯˝�̝˝̯ɀ̯ɭ�̯ʎɭ�̯̝ɀ̚�ɀ͚ɭ̤੔�ɭˉɀ-
ɠʴʓˉʅ�ʴɀ̤ɭ̝�ɡ˝˝ʴʓˉʅ�˝ʄ�ʓ˝ˉ̤�ɀ̯�ɀˉ͛�ʴ˝ɡɀ̯ʓ˝ˉ�
ੲÛ̯ɭˉʎ˝ʴʽ�৕ঢ়ড়৚ੳ੓�Юʓ̤�ʓ̤�̄ ɭɡɭ̤̤ɀ̝͛�̯ ˝�ɭˉɀɠʴɭ�
ɡʎɀ̝ɀɡ̯ɭ̝ʓ̤ɀ̯ʓ˝ˉ�̋ ʄ�̯ ʎɭ�ʫ̸ˉɡ̯ʓ˝ˉ̤�ɀˉɧ�ɀɧʫ̸̤̯-
ʽɭˉ̯�˝ʄ�ɭʴɭɡ̯̝˝ɧɭ�ɡ˝ˉ̯̝˝ʴ�̸̚ʴ̤ɭ̤�ɀ̯�̯ʓʽɭ�˝ʄ�
construction.

.ɀɡʎ�ʫ̸ˉɡ̯ʓ˝ˉ�͕˝̸ʴɧ�˝ɡɡ̸͛̚�ɀ�৙�ૹ�৙�ʽʽ�
̚ɀ̯ɡʎ�˝ʄ�ɀ�ʴɀ̝ʅɭ̝�͕ɀʄɭ̝�ɀˉɧ�ɠɭ�ɀ̤̤˝ɡʓɀ̯ɭɧ�
͕ʓ̯ʎ�ɀ�̤ʓˉʅʴɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ɀˉɧ�ʽɀˉʓ̸̚ʴɀ̯ʓ˝ˉ�
̝ɭʅʓ˝ˉ੓�৕৚�˝ʄ�̯ʎɭ̤ɭ�ʫ̸ˉɡ̯ʓ˝ˉ�̚ɀ̯ɡʎɭ̤�͕˝̸ʴɧ�
ɠɭ�ɠ̸ˉɧʴɭɧ�̯˝ʅɭ̯ʎɭ̝�̯˝�ɡ̝ɭɀ̯ɭ�ɀ�̝ɭ̚ɭɀ̯ʓˉʅ�
৖৔�ૹ�৖৔�ʽʽ�̤ɭɡ̯ʓ˝ˉ�ੲDʓʅ̸̝ɭ�৘ੳ੓�৖৙�˝ʄ�̯ʎɭ̤ɭ�
̤ɭɡ̯ʓ˝ˉ̤�͕˝̸ʴɧ�ɠɭ�ʄɀɠ̝ʓɡɀ̯ɭɧ�˝ˉ�ɀ�৕৔৔�ૹ�৕৔৔�
ʽʽ�ɡʎʓ̚੓
Rˉ�ɀɧɧʓ̯ʓ˝ˉ�̯˝�̯͕˝�Ô΍�ĉ˝ʴ̯ɀʅɭ�ɡ˝ˉˉɭɡ-

̯ʓ˝ˉ̤੔� ɭɀɡʎ� ̤ɭɡ̯ʓ˝ˉ�ɀʴ̤˝� ̝ɭΌ̸ʓ̝ɭ̤�৘ড়�пɠ̝ɭ�
ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤� ੲৗ� ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�̚ɭ̝� ʫ̸ˉɡ̯ʓ˝ˉ�
ͥ˝ˉɭ੔�̯͕˝�ʄ˝̝�̯ʎɭ�ɭˉ̯ɀˉʅʴɭʽɭˉ̯�ʴɀ̤ɭ̝̤�˝ˉɭ�
ʄ˝̝�ɧɭ̯ɭɡ̯ʓ˝ˉੳ�ɀˉɧ�ড়৘৔�("�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�ੲ৙৖�
ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�̚ɭ̝�ʫ̸ˉɡ̯ʓ˝ˉ�ɀˉɧ�ড়�ɀɧɧʓ̯ʓ˝ˉɀʴ�
̚ɭ̝�̤ɭɡ̯ʓ˝ˉੳ�ʄ˝̝�˝̚ɭ̝ɀ̯ʓ˝ˉ੓��ˉ�ʓˉ઀͔ɀɡ̸̸ʽ�

Dʓʅ̸̝ɭ�ৗ੕�Ûɡʎɭʽɀ̯ʓɡ�৙ૹ৙ʽʽ�̸̤̝ʄɀɡɭ઀ɭʴɭɡ̯̝˝ɧɭ�
ď઀ʫ̸ˉɡ̯ʓ˝ˉ�̝̚˝ɧ̸ɡɭɧ�ɠ͛� ̯ʎɭ�Ṳ̸̤̂ɭ͚� ʅ̝˝̸̚� ʓˉ�
˝̸̝� ʓˉʓ̯ʓɀʴ� ɧɭ̤ʓʅˉ੓�!ʴɀɡʯ�ɧʓɀʽ˝ˉɧ̤� ̝ɭ̝̚ɭ̤ɭˉ̯�
ʎ˝ʴɭ̤� ɀɠ˝͔ɭ� ͕ʎʓɡʎ� ʓ˝ˉ̤� ɀ̝ɭ� ʓˉ̯ɭ̝ɀɡ̯ɭɧ� ɀˉɧ�
ʽɀˉʓ̸̚ʴɀ̯ʓ˝ˉ੓�Ю̝ɭɭ�̋ ̯̚ʓɡɀʴ�пɠ̝ɭ̤�ɀ̝ɭ�ɡɭʽɭˉ̯ɭɧ�
ʓˉ̯˝�ɭɀɡʎ�ʎ˝ʴɭ੔�̯͕˝�˝ʄ�͕ʎʓɡʎ�ɧɭʴʓ͔ɭ̝�ʴɀ̤ɭ̝�ʴʓʅʎ̯�
ɀˉɧ�̯ ʎɭ�̯ ʎʓ̝ɧ�̋ ʄ�͕ ʎʓɡʎ�ʓ̤�̸ ̤ɭɧ�̯ ˝�ʅɀ̯ʎɭ̝�̚ ʎ˝̯˝ˉ̤�
ʄ˝̝�ʽɭɀ̸̤̝ɭʽɭˉ̯੓���̯˝̯ɀʴ�˝ʄ�৙৖�("�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�
ɀ̝ɭ�̝ɭΌ̸ʓ̝ɭɧ�̚ɭ̝�ʫ̸ˉɡ̯ʓ˝ˉ੓
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("� ̤̤̯͛ɭʽ� ɡ˝ˉ̤ʓ̤̯ʓˉʅ� ˝ʄ� ৖৕੔� ৘৔઀ɡʎɀˉˉɭʴ�
(�"̤�ੲɧʓʅʓ̯ɀʴ�̯˝�ɀˉɀʴ˝ʅ̸ɭ�ɡ˝ˉ͔ɭ̝̯ɭ̝̤ੳ� ʓ̤�
̸̤ɭɧ�̯˝�ʅɭˉɭ̝ɀ̯ɭ�ড়৘৔�ɧʓаɭ̝ɭˉ̯�("�͔˝ʴ̯ɀʅɭ̤੔�
ɀˉɧ�̝ ɭɧ̸ɡɭ̤�̯ ʎɭ�̄ ̸ʽɠɭ̝�̋ ʄ�("�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�
̝ɭΌ̸ʓ̝ɭɧ�ʄ˝̝�ɭɀɡʎ�̤ ɭɡ̯ʓ˝ˉ�̯ ˝�ɀ�̯ ˝̯ɀʴ�̋ ʄ�ড়੓�Юɭ�
৖৔�×�৖৔�ʽʽ�ʄ˝˝̯̝̚ʓˉ̯�ʓ̤�ʴɀ̝ʅɭ�ɭˉ˝̸ʅʎ�̯˝�
ʽ˝̸ˉ̯�(�"̤੔�ɧɭ̤ɭ̝ʓɀʴʓͥɭ̝̤੔�ɀʽ̚ʴʓпɭ̝̤੔�пʴ-
̯ɭ̝̤੔�m"�̝ɭ̤˝ˉɀˉ̯�ɡʓ̝ɡ̸ʓ̯�ɀˉɧ�пɠ̝ɭ̤�̸ˉɧɭ̝-
ˉɭɀ̯ʎ�̯ ʎɭ�̯ ̝ɀ̤̚�̋ ˉ�͔ ɭ̝̯ʓɡɀʴ�ʓˉ઀͔ɀɡ̸̸ʽ�Ñ"!̤੓�
Юʓ̤�ʓ̤�̤ʎ˝͕ˉ�̤ɡʎɭʽɀ̯ʓɡɀʴʴ͛�ʓˉ�Dʓʅ̸̝ɭ�৙੓
Юɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ�৕৔৔�×�৕৔৔�ʽʽ�ɡʎʓ̤̚�ɀʴ̤˝�

ˉɭɭɧ� ̯˝� ɠɭ� ɀɡɡ̸̝ɀ̯ɭʴ͛� ɀʴʓʅˉɭɧ� ͕ʓ̯ʎ� ˝ˉɭ�
ɀˉ˝̯ʎɭ̝�̯˝�ɀʴʴ˝͕�̤ʎ̸̯̯ʴʓˉʅ�˝ʄ�ʓ˝ˉ̤�ʄ̝˝ʽ�˝ˉɭ�
ɡʎʓ̚�̯˝�̯ʎɭ�˝̯ʎɭ ੓̝�Rʄ�ɀ�ʽʓˉʓʽ̸ʽ�ɀʴʓʅˉʽɭˉ̯�
̝̚ɭɡʓ̤ʓ˝ˉ�˝ʄ�৙৐ʽ�ʓˉ�ɭɀɡʎ�ɧʓ̝ɭɡ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�
̝ɀʓʴ̤� ʓ̤� ɀɡʎʓɭ͔ɭɧ੔� ʄɀ̤̯� ɀɧʓɀɠɀ̯ʓɡ� ̤ʎ̸̯̯ʴʓˉʅ�
͕ɀ̤�̤ ʎ˝͕ˉ�̯ ˝�ɠɭ�̚ ˝̤̤ʓɠʴɭ�ʓˉ�̋ ̸̝�̤ ʓʽ̸ʴɀ̯ʓ˝ˉ̤�
ੲmɭʯʓ̯̤ɡʎ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੓�æ˝�ɀɡʎʓɭ͔ɭ�̯ʎʓ̤�ɀʴʓʅˉ-
ʽɭˉ̯�ɀɡɡ̸̝ɀɡ ੔͛�ɀ�̝̚ɭɡʓ̤ʓ˝ˉ�ʽɀɡʎʓˉɭɧ�̤̯ɀʓˉ-
ʴɭ̤̤�̤ ̯ɭɭʴ�ʄ̝ɀʽɭ�͕ ˝̸ʴɧ�ɠɭ�̔ ˝̸ˉ̯ɭɧ�̋ ˉ�̯ ˝̚�̋ ʄ�
ɀ�̤ʓ͚઀ɀ͚ʓ̤�̚ʓɭͥ˝ɭʴɭɡ̯̝ʓɡ�̚˝̤ʓ̯ʓ˝ˉɭ ੔̝�̚˝̤̤ʓɠʴ͛�
͕ʓ̯ʎ�̯ʎɭ�ʄ̝ɀʽɭ�̯˝̚̚ɭɧ�͕ʓ̯ʎ�̚ʓɭͥ˝ɭʴɭɡ̯̝ʓɡ�

̚ʓ̤̯˝ˉ̤�̯˝�̚ɭ̝ʽʓ̯�ɀˉ͛�͕ɀ̝̚ʓˉʅ�˝ʄ�̯ʎɭ�ɡʎʓ̚�
̯˝�ɠɭ�ɡ˝̝̝ɭɡ̯ɭɧ�ੲDʓʅ̸̝ɭ�৚ੳ੓�Юɭ�ɀʴʓʅˉʽɭˉ̯�
ɡ˝̸ʴɧ�ɠɭ�̚ɭ̝ʄ˝̝ʽɭɧ�ɧ̸̝ʓˉʅ�ɀ̤̤ɭʽɠʴ͛�˝ʄ�̯ʎɭ�
ɡʎʓ̤̚੔�̸ ̤ʓˉʅ�ɀ�ɹ ɀ̤ɭ̝�̔ ɭɀ̸̤̝ɭʽɭˉ̯�̤ ̤̯͛ɭʽ�ɀˉɧ�
ʽʓɡ̝˝̤ɡ˝̚ɭ੓

Vacuum chamber
Юɭ� ̝̚ʓʽɀ̝͛� ɧɭ̤ʓʅˉ� ɡ˝ˉ̤̯̝ɀʓˉ̯̤� ˝ˉ� ̯ʎɭ�
͔ɀɡ̸̸ʽ� ɡʎɀʽɠɭ̝� ɀ̝ɭ� ɀ̝̚̚˝̝̚ʓɀ̯ɭ� ʴɀ̤ɭ̝�
ɀɡɡɭ̤̤�ɀˉɧ�ʴʓʅʎ̯�̝ɭʽ˝͔ɀʴ੔�ɭʴɭɡ̯̝˝ʽɀʅˉɭ̯ʓɡ�
̤ʎʓɭʴɧʓˉʅ੔�̸ˉ˝ɠ̸̤̯̝ɡ̯ɭɧ�ɀˉɧ�ɡʴ˝̤ɭ�ʴʓˉɭ�˝ʄ�
̤ʓʅʎ̯�̯˝�ɀʴʴ�̯̝ɀ̤̚�ʄ˝̝�ɡʎɀ̝ɀɡ̯ɭ̝ʓͥɀ̯ʓ˝ˉ੔�ɡʴɭɀˉ�
ʴ˝ɀɧʓˉʅ�˝ʄ�ʓ˝ˉ̤�̤˝�̯ʎɭ�̯̝ɀ̚�ʓ̤�ˉ˝̯�ɧɭʅ̝ɀɧɭɧ�
˝͔ɭ̝�̯ʓʽɭ੔�ɀˉɧ�̚˝̤̤ʓɠʴ͛�ʴ˝͕�˝̚ɭ̝ɀ̯ʓˉʅ�̯ɭʽ-
̚ɭ̝ɀ̸̯̝ɭ੓
Eʓ͔ɭˉ�ɹ ʓʅʎ̯�ʓ̤�ɧɭʴʓ͔ɭ̝ɭɧ�ɠ͛�пɠ̝ɭ̤�̯ ˝�ɭ͔ɭ̝͛�

ď઀ʫ̸ˉɡ̯ʓ˝ˉ੔�ʓ̯�ʓ̤�ˉ˝̯�ʄɭɀ̤ʓɠʴɭ�̯˝�ɀʴ͕ɀ̤͛�ʎɀ͔ɭ�
ɀ�ɧʓ̝ɭɡ̯�ʴʓˉɭ�˝ʄ�̤ʓʅʎ̯�̯ʎ̝˝̸ʅʎ�ɀ�͕ʓˉɧ˝͕�˝̸̯�
˝ʄ�̯ ʎɭ�͔ ɀɡ̸̸ʽ�ɡʎɀʽɠɭ ੓̝�Rˉ̤̯ɭɀɧ੔�͕ ɭ�̚ ̝˝̚˝̤ɭ�
ɡ˝ɀ̯ʓˉʅ�̯ʎɭ�ʓˉ̤ʓɧɭ�˝ʄ�̯ʎɭ�͔ɀɡ̸̸ʽ�ɡʎɀʽɠɭ̝�

Dʓʅ̸̝ɭ�৘੕�Ûɡʎɭʽɀ̯ʓɡ�̋ ʄ�ɀ�̤ ɭɡ̯ʓ˝ˉ�̋ ʄ�ɀ�ɹ ɀ̝ʅɭ̝�͕ ɀʄɭ̝�
ɡ˝ˉ̯ɀʓˉʓˉʅ� ৕৚� ď઀ʫ̸ˉɡ̯ʓ˝ˉ̤� ̝̚˝ɧ̸ɡɭɧ� ɠ͛� ̯ʎɭ�
Ṳ̸̤̂ɭ͚�ʅ̝˝̸̚�ʓˉ�˝̸̝�ʓˉʓ̯ʓɀʴ�ɧɭ̤ʓʅˉ੓�Юʓ̤�̤ɭɡ̯ʓ˝ˉ�
͕˝̸ʴɧ�ɠɭ�̯ʓʴɭɧ�ɀɡ̝˝̤̤�̯ʎɭ�͕ɀʄɭ ੓̝�.ɀɡʎ�̤ɭɡ̯ʓ˝ˉ�
͕˝̸ʴɧ�ɠɭ�ɭʴɭɡ̯̝ʓɡɀʴʴ͛�ʓ̤˝ʴɀ̯ɭɧ�ʄ̝˝ʽ�ɀʴʴ�˝̯ʎɭ̝̤

Dʓʅ̸̝ɭ�৙੕�৖৔�ૹ�৖৔ʽʽ�৕৚�ď઀ʫ̸ˉɡ̯ʓ˝ˉ�̤ɭɡ̯ʓ˝ˉ�͕ʓ̯ʎ�
ɡʎʓ̚� ɡɀ̝̝ʓɭ̝� ̯˝� ʅɀ̯ʎɭ̝� ̯ʎɭ� ড়৘৔�("� ɭʴɭɡ̯̝˝ɧɭ�
ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�ʓˉ̯˝�̄ ɭɀ̯�̝ ˝͕̤�̋ ʄ�৕৔৔�ૹ�৕৔৔৐ʽ�̚ ɀɧ̤੔�
৘ড়�̋ ̯̚ʓɡɀʴ�пɠ̝ɭ̤੔�ɀˉɧ�̯ ʎ̝ɭɭ�̚ ̝ʓˉ̯ɭɧ�ɡʓ̝ɡ̸ʓ̯�ɠ˝ɀ̝ɧ̤�
̤ɡʎɭʽɀ̯ʓɡɀʴʴ͛�ʎ˝ʴɧʓˉʅ�ɀʴʴ�̝ɭΌ̸ʓ̝ɭɧ�ɭʴɭɡ̯̝˝ˉʓɡ̤�
ੲ(�"̤੔� ɧɭ̤ɭ̝ʓɀʴʓͥɭ̝̤੔� ɀʽ̚ʴʓпɭ̝̤੔� пʴ̯ɭ̝̤੔� m"�
̝ɭ̤˝ˉɀˉ̯�ɡʓ̝ɡ̸ʓ̯ੳ�͕ʓ̯ʎʓˉ� ̯ʎɭ� ʄ˝˝̯̝̚ʓˉ̯�˝ʄ� ̯ʎɭ�
̤ɭɡ̯ʓ˝ˉ੓
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͕ʓ̯ʎ�ɀ�̝̚˝ɧ̸ɡ̯�̸̤ɡʎ�ɀ̤�vɀʅʓɡ�!ʴɀɡʯ১੔�͕ʎʓɡʎ�
ɀɠ̤˝̝ɠ̤�ঢ়ঢ়੓ঢ়ঢ়଍�̋ ʄ�ɹ ʓʅʎ̯�ɀ̯�̯ ͛̚ʓɡɀʴ�ʓ˝ˉ�̔ ɀˉʓ̚-
̸ʴɀ̯ʓ˝ˉ�͕ɀ͔ɭʴɭˉʅ̯ʎ̤੓�.͚ɡɭʴʴɭˉ̯�ɭʴɭɡ̯̝˝ʽɀʅ-
ˉɭ̯ʓɡ� ̤ʎʓɭʴɧʓˉʅ� ɀˉɧ� ɡ̝͛˝ʅɭˉʓɡ� ˝̚ɭ̝ɀ̯ʓˉʅ�
̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ̤�ʎɀ͔ɭ�ɠɭɭˉ�ɀɡʎʓɭ͔ɭɧ�ɠ͛�̸ ̤ʓˉʅ�ɀ�
̯ʎʓɡʯ઀͕ɀʴʴɭɧ੔�̋ ͚͛ʅɭˉ઀ʄ̝ɭɭ੔�ʎʓʅʎ઀ɡ˝ˉɧ̸ɡ̯ʓ͔ʓ̯͛�
ɡ˝̚̚ɭ̝�ɡʎɀʽɠɭ̝�ʓˉ�ɀ�ʎɭʴʓ̸ʽ઀ɠɀ̯ʎ�ɡ̝͛˝̤̯ɀ̯�
ੲ!̝˝͕ˉ�ɭ̯�ɀʴ੓�৖৔৕৕ੳ੓
Dʓʅ̸̝ɭ�৛�̤ʎ˝͕̤�ɀˉ�ɭ͚ɀʽ̚ʴɭ�˝ʄ�ɀ�͔ɀɡ̸̸ʽ�

ɡʎɀʽɠɭ̝� ̤ʓʽ̸ʴ̯ɀˉɭ˝̸̤ʴ͛� ̤ɀ̯ʓ̤ʄ͛ʓˉʅ� ʽ˝̤̯�
ɧɭ̤ʓʅˉ�ɡ˝ˉ̤̯̝ɀʓˉ̯̤੔�͕ʓ̯ʎ�̯ʎɭ�ɭ͚ɡɭ̯̚ʓ˝ˉ�˝ʄ�

ਞાʎ̯̯̤̚੕੣੣͕͕ ੓͕ɀɡʯ̯ɀ ੓̝ɡ˝ʽ੣ɡɀ̯ɀʅ˝̝͛੣vɀʅʓɡ!ʴɀɡʯʎ̯̯̤̚੕੣੣͕͕ ੓͕ɀɡʯ̯ɀ ੓̝ɡ˝ʽ੣ɡɀ̯ɀʅ˝̝͛੣vɀʅʓɡ!ʴɀɡʯ

ʴ˝ɀɧʓˉʅ�ɀˉɧ�৖઀(�̤ɡɀʴɀɠʓʴʓ̯ ੓͛�"˝˝ʴʓˉʅ�ʴɀ̤ɭ̝̤�
ɭˉ̯ɭ̝�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�̤ ʓɧɭ�͕ ɀʴʴ̤�ɀˉɧ�ɭ͚ʓ̯�͔ ʓɀ�̯ ʎɭ�
̝˝˝ʄ�͕ʓ̯ʎ�̯ʎɭ�ɀʓɧ�˝ʄ�৘৙�ʽʓ̝̝˝̝̤੓��ˉ�ɀ̝̝ɀ͛�˝ʄ�
̝˝˝ʄ�͕ʓˉɧ˝͕̤�̝̚˝͔ʓɧɭ̤�̸ˉ˝ɠ̸̤̯̝ɡ̯ɭɧ�ɀˉɧ�
ɡʴ˝̤ɭ�ɹ ʓˉɭ�̋ ʄ�̤ ʓʅʎ̯�̯ ˝�ɀʴʴ�̯ ̝ɀ̤̚੓�Dʓʅ̸̝ɭ�ড়�̤ ʎ˝͕̤�
ɀ�ʽ˝ɧʓпɡɀ̯ʓ˝ˉ�˝ʄ�Dʓʅ̸̝ɭ�৛�ɧɭ̤ʓʅˉɭɧ�̯˝�ɀʴ̤˝�
̝̚˝͔ʓɧɭ�ɀ�̤ɭ̚ɀ̝ɀ̯ɭ�ʴ˝ɀɧʓˉʅ�̝ɭʅʓ˝ˉ੓Dʓʅ̸̝ɭ�৚੕�৕৔৔�×� ৕৔৔�ʽʽ�ɡʎʓ̚�͕ʓ̯ʎ�̸ˉɧɭ̝̤ʓɧɭ�

ʽ˝̸ˉ̯ɭɧ� ɭʴɭɡ̯̝˝ˉʓɡ̤੔� ̝̚ɭɡʓ̤ʓ˝ˉ� ̤̯ɀʓˉʴɭ̤̤�
̤̯ɭɭʴ� ʽ˝̸ˉ̯ʓˉʅ� ʄ̝ɀʽɭ੔� ̤ʓ͚઀ɀ͚ʓ̤� ̚ʓɭͥ˝ɭʴɭɡ̯̝ʓɡ�
̚˝̤ʓ̯ʓ˝ˉɭ ੔̝�ɀˉɧ�ɀ̝̝ɀ͛�˝ʄ�͔ɀɡ̸̸ʽ�ʄɭɭɧ̯ʎ̝˝̸ʅʎ̤੓�
.ɀɡʎ�ʄɭɭɧ̯ʎ̝˝̸ʅʎ�ʽ̸̤̯�˝ɡɡ̸͛̚�ˉ˝�ʽ˝̝ɭ�̯ʎɀˉ�
৖৔�×�৖৔�ʽʽ�ɀˉɧ�̚ɭ̝ʽʓ̯�৘ড়�˝̯̚ʓɡɀʴ�пɠ̝ɭ̤�ɀˉɧ�
ড়�("�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�̯˝�̚ɀ̤̤�̯ʎ̝˝̸ʅʎ�̯ʎɭ�͔ɀɡ̸̸ʽ�
ɡʎɀʽɠɭ̝�͕ɀʴʴ੓

Dʓʅ̸̝ɭ�৛੕�Ôɭ̚ɭɀ̯ʓˉʅ�̸ˉʓ̯�ɡɭʴʴ�˝ʄ�ɀ�ɡ˝̝̝ʓɧ˝̝�˝ʄ�
ɀ� ʎʓʅʎ઀̚ɭ̝ʄ˝̝ʽɀˉɡɭ� ̸̤̝ʄɀɡɭ� ɡ˝ɧɭ� ˝̯̚ʓʽʓͥɭɧ�
ʓ˝ˉ઀̯̝ɀ̚�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Ċʓˉɧ˝͕̤�ʓˉ�̯ʎɭ�
̤ʓɧɭ�͕ɀʴʴ̤�̚ɭ̝ʽʓ̯�ɡ˝˝ʴʓˉʅ�ʴɀ̤ɭ̝�̤ʎɭɭ̯̤�̯˝�ɭˉ̯ɭ ੓̝�
Ċʓˉɧ˝͕̤� ʓˉ� ̯ʎɭ� ̝˝˝ʄ� ˉɭ͚̯� ̯˝� ̯ʎɭ� ̤ʓɧɭ� ͕ɀʴʴ̤�
̚ɭ̝ʽʓ̯�ɭ͚ʓ̯�˝ʄ�̯ʎʓ̤�ʴʓʅʎ̯�ɀоɭ̝�̝ɭрɭɡ̯ʓ˝ˉ�ɠ͛�৘৙ୗ�
ʽʓ̝̝˝̝̤੓�Ċʓˉɧ˝͕̤�ɀɡ̝˝̤̤�̯ʎɭ�̝ɭʽɀʓˉɧɭ̝�˝ʄ�̯ʎɭ�
̝˝˝ʄ�̚ɭ̝ʽʓ̯�ɡʎɀ̝ɀɡ̯ɭ̝ʓͥɀ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�̯̝ɀ̚�ɀ̯�̯ʓʽɭ�
˝ʄ�ɡ˝ˉ̸̤̯̝ɡ̯ʓ˝ˉ੓

Dʓʅ̸̝ɭ� ড়੕� ĉɀɡ̸̸ʽ� ɡʎɀʽɠɭ̝� ɧʓ͔ʓɧɭɧ� ʓˉ̯˝� ɀ�
ʴ˝ɀɧ�̝ɭʅʓ˝ˉ�ੲʴɭоੳ�ɀˉɧ�ɡ˝ʽ̸̯̚ɭ�̝ɭʅʓ˝ˉ�ੲ̝ʓʅʎ̯ੳ�
̯˝� ɡ˝ˉ̯̝˝ʴ� ɡ˝ˉ̯ɀʽʓˉɀ̯ʓ˝ˉ੓� ĉɭ̝̯ʓɡɀʴ� ʽʓ̝̝˝̝̤�
̤̯̝ɀ̯ɭʅʓɡɀʴʴ͛� ɀ̯̯ɀɡʎɭɧ� ̯˝� ̯ʎɭ� ͕ɀʴʴ̤� ɀˉɧ� ৘৙ୗ�
ʽʓ̝̝˝̝̤�ੲ̝ɭɡ̯ɀˉʅʴɭ̤�ʓˉ̤ʓɧɭ�̯ʎɭ�͔ɀɡ̸̸ʽੳ�ɭˉ̸̤̝ɭ�
̯ʎɀ̯� ɡ˝˝ʴʓˉʅ� ʴʓʅʎ̯� ̤ʎɭɭ̯̤� ɭˉ̯ɭ̝ʓˉʅ� ̯ʎ̝˝̸ʅʎ�
̯ʎɭ�ɡʎɀʽɠɭ̝�͕ʓˉɧ˝͕̤�ੲ̝ɭɡ̯ɀˉʅʴɭ̤�˝̸̯̤ʓɧɭ�̯ʎɭ�
͔ɀɡ̸̸ʽੳ� ɡɀˉ� ̝ɭɀɡʎ� ̯ʎɭ� ͔ɀ̤̯� ʽɀʫ˝̝ʓ̯͛� ˝ʄ� ̯ʎɭ�
̸̤̝ʄɀɡɭ�̋ ʄ�ɀʴʴ�ɡʎʓ̤̚੓�"ʎʓ̤̚�ɧɭɭ̚ɭ̤̯�ʓˉ�̯ ʎɭ�̤ ɭɡʴ̸ɧɭɧ�
̝ɭʅʓ˝ˉ�͕ ˝̸ʴɧ�ɠɭ�ɭΌ̸ʓ̚̚ɭɧ�͕ ʓ̯ʎ�ɹ ˝ɀɧ�̤ ʴ˝̯̤�ɀˉɧ�ʓ˝ˉ�
̤˝̸̝ɡɭ̤੔�ɭˉɀɠʴʓˉʅ�ɠɀɡʯ઀̤ʓɧɭ�ʴ˝ɀɧʓˉʅ੓

https://www.acktar.com/catagory/MagicBlack
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৖(� ̤ɡɀʴɀɠʓʴʓ̯͛� ɡ˝̸ʴɧ� ɠɭ� ɀɡʎʓɭ͔ɭɧ�͕ʓ̯ʎ�
ɀ�ʎ˝ˉɭ͛ɡ˝ʽɠ�͔ɀɡ̸̸ʽ�̤̤̯͛ɭʽ�ɀ̤�̤ʎ˝͕ˉ�ʓˉ�
Dʓʅ̸̝ɭ�ঢ়੓�Юɭ�ɠ̸ɠɠʴɭ̤�ʓˉ�̯ ʎɭ�ʎ˝ˉɭ͛ɡ˝ʽɠ�ɡ˝̝-
̝ɭ̤̚˝ˉɧʓˉʅ�̯˝�̝ɭʅʓ˝ˉ̤�˝̸̯̤ʓɧɭ�̯ʎɭ�͔ɀɡ̸̸ʽ੓�
Юɭ̤ɭ� ɠ̸ɠɠʴɭ̤� ɭˉ̸̤̝ɭ� ̯ʎɀ̯� ̯ʎɭ� ̝ɭΌ̸ʓ̝ɭɧ�
ʽɭɡʎɀˉʓɡɀʴ�̤̯̝ɭˉʅ̯ʎ�˝ʄ�̯ʎɭ�͕ɀʴʴ̤�ɧ˝ɭ̤�ˉ˝̯�
ʅ̝˝͕�͕ ʓ̯ʎ�̤ ̤̯͛ɭʽ�̤ ʓͥɭ੔�ɀˉɧ�̯ ʎɀ̯�̯ ʎɭ�̝ ɭΌ̸ʓ̝ɭɧ�
ɀʴʓʅˉʽɭˉ̯�̝̚ɭɡʓ̤ʓ˝ˉ�˝ʄ�̯ʎɭ�ɡ˝˝ʴʓˉʅ�ʴɀ̤ɭ̝̤�
ɧ˝ɭ̤�ˉ˝̯�ʅ̝˝͕�͕ʓ̯ʎ�̤̤̯͛ɭʽ�̤ʓͥɭ੓�D˝̝�̸̯̝ɭ�
maintenance and assembly scalability, air 
ʴ˝ɡʯ̤�͕ ˝̸ʴɧ�̄ ɭɭɧ�̯ ˝�ɠɭ�ɠ̸ʓʴ̯�ʓˉ̯˝�̯ ʎɭ�̤ ̤̯͛ɭʽ�
̯˝�ɭˉɀɠʴɭ�̤ɭɡ̯ʓ˝ˉ̤�˝ʄ�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�̯˝�ɠɭ�
̝ɭʽ˝͔ɭɧ੔�̝ ɭ̚ʴɀɡɭɧ੔�̋ ̝�ɀɧɧɭɧ੔�̯ ˝�ʓˉɡ̝ɭɀ̤ɭ�̯ ʎɭ�
̚˝͕ɭ̝�˝ʄ�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ ੓̝�.ɀɡʎ�ɠ̸ɠɠʴɭ�ɀʴ̤˝�
ɡ˝ˉ̯ɀʓˉ̤�ɀ�ʴ˝ɀɧ�̝ɭʅʓ˝ˉ�˝ʄ�̯ʎɭ�ʄ˝̝ʽ�̤ʎ˝͕ˉ�
ʓˉ�Dʓʅ̸̝ɭ�ঢ়੔�̯˝�ɭˉ̸̤̝ɭ�̯ʎɀ̯�ɀʴʴ�ɡʎʓ̤̚�ɀ̝ɭ�ˉ˝�
ʽ˝̝ɭ�̯ʎɀˉ�ɀ�ɡ˝ˉ̤̯ɀˉ̯�ɧʓ̤̯ɀˉɡɭ�ʄ̝˝ʽ�̯ʎɭʓ̝�
nearest load region.
Юɭ�пˉɀʴ�ɠʴ̸ɭ̝̚ʓˉ̯�ɧɭ̤ʓʅˉ�̯ʎɀ̯�íˉʓ͔ɭ̝̤ɀʴ�

İ̸ɀˉ̸̯ʽ� ʎɀ̤� ɀɧ˝̯̚ɭɧ� ̝ɭ̚ʴɀɡɭ̤� ɀ� ̤ʓʅˉʓп-
ɡɀˉ̯�ɀʽ˝̸ˉ̯�˝ʄ�̯ʎɭ�ʴɀ̤ɭ̝�ɡ˝ˉ̯̝˝ʴ�ˉɭɭɧɭɧ�̯˝�

ʓˉ̯ɭ̝ɀɡ̯�ʓ˝ˉ̤�͕ʓ̯ʎ�ɀ�ʅʴ˝ɠɀʴ�ʽʓɡ̝˝͕ɀ͔ɭ�пɭʴɧ�
̸̚ʴ̤ɭ�̯ʎɀ̯�ʓ̤�ɀ̚̚ʴʓɭɧ�˝͔ɭ̝�ɀʴʴ�̯ʎɭ�Ό̸ɠʓ̯̤�ʓˉ�
̯ʎɭ�̤ ̤̯͛ɭʽ੓�æ̸ˉʓˉʅ�ʓˉɧʓ͔ʓɧ̸ɀʴ�Ό̸ɠʓ̯̤�ʓˉ�ɀˉɧ�
˝̸̯�˝ʄ�̝ɭ̤˝ˉɀˉɡɭ�͕ʓ̯ʎ�̯ʎʓ̤�ʽʓɡ̝˝͕ɀ͔ɭ�пɭʴɧ�
ʓ̤�ɀɡʎʓɭ͔ɭɧ�̸̤ʓˉʅ�ɀ�ʅ̝ɀɧʓɭˉ̯�ʽɀʅˉɭ̯ʓɡ�пɭʴɧ�
̯ʎɀ̯�ʓ̤�̝̚˝ɧ̸ɡɭɧ�ʴ˝ɡɀʴ�̯˝�ɭɀɡʎ�ʓˉɧʓ͔ʓɧ̸ɀʴ�
Ό̸ɠʓ̯�ɠ͛�ɀ�ʅ̝ɀɧʓɭˉ̯�ɡ̸̝̝ɭˉ̯�ɡɀ̝̝͛ʓˉʅ�͕ʓ̝ɭ�
̯ʎɀ̯�ʓ̤�ɹ ˝ɡɀ̯ɭɧ�̸ ˉɧɭ̝�ͥ ˝ˉɭ̤�ʓˉ�ɭɀɡʎ�̯ ̝ɀ̚�̯ ʎɀ̯�
ɀ̝ɭ�̸̤ɭɧ�ʄ˝̝�ʓˉ̯ɭ̝ɀɡ̯ʓˉʅ�Ό̸ɠʓ̯̤�ੲĊɭʓɧ̯�ɭ̯�ɀʴ੓�
৖৔৕৚ੳ੓
Юɭ� ̤̤̯͛ɭʽ� ʓ̤� ̸ʴ̯ʓʽɀ̯ɭʴ͛� ɧɭ̤ʓʅˉɭɧ� ̯˝�

̝ɭɀʴʓ̤ɭ�ɀ�ʴɀ̝ʅɭ�৖(�ɀ̝̝ɀ͛�˝ʄ�Ό̸ɠʓ̯̤�̯ʎɀ̯�ɡɀˉ�
ɠɭ�ʓˉ̯ɭ̝ɀɡ̯ɭɧ�˝ˉ�ɀ�̤Ό̸ɀ̝ɭ�ʅ̝ʓɧ�̯˝�̝̚˝ɧ̸ɡɭ�ɀ�
ɡ˝ʴʴɭɡ̯ʓ˝ˉ�˝ʄ�̸̤̝ʄɀɡɭ઀ɡ˝ɧɭ�ɭˉɡ˝ɧɭɧ�ʴ˝ʅʓɡɀʴ�
Ό̸ɠʓ̯̤੓�R˝ˉ�̤ʎ̸̯̯ʴʓˉʅ�ʓ̤�̸̯ʓʴʓ̤ɭɧ�̯˝�̤̚ɀɡɭ�˝̸̯�
̯ʎɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ�ʓ˝ˉ̤�ɀˉɧ�ɀʴʴ˝͕�ʓ˝ˉ̤�̯˝�ʓˉ̯ɭ̝-
ɀɡ̯�͕ ʓ̯ʎ�̯ ʎɭʓ̝�̄ ɭʓʅʎɠ˝̸̝̤�̯ ˝�̯ ʎɭ�̄ ˝̝̯ʎ੔�ɭɀ̤̯੔�
̤˝̸̯ʎ�ɀˉɧ�͕ɭ̤̯�ɀɡ̝˝̤̤�̯ʎɭ�ɭˉ̯ʓ̝ɭ�ʽɀɡʎʓˉɭ੓�
Юʓ̤�ʓ̤�̤ ̸дɡʓɭˉ̯�̯ ˝�ɀɡʎʓɭ͔ɭ�ɀ�̸ ˉʓ͔ɭ̝̤ɀʴ�ɭ̝̝˝̝઀
ɡ˝̝̝ɭɡ̯ɭɧ�ʽɀɡʎʓˉɭ੓

Dʓʅ̸̝ɭ�ঢ়੕��ˉ�ʓˉпˉʓ̯ɭʴ͛�ɭ͚̯ɭˉɧɀɠʴɭ�ʎ˝ˉɭ͛ɡ˝ʽɠ�͔ ɀɡ̸̸ʽ�̤ ̤̯͛ɭʽ�ɡ˝ˉ̯ɀʓˉʓˉʅ�ɀˉ�ɀ̝ɠʓ̯̝ɀ̝ʓʴ͛�ɹ ɀ̝ʅɭ�̄ ̸ʽɠɭ̝�
˝ʄ�Ό̸ɠʓ̯̤੓��˝̯ɭ�̯ʎɀ̯�˝̯̚ʓɡɀʴ�ɀʴʓʅˉʽɭˉ̯�ˉɭɭɧ̤�̯˝�ɠɭ�ɀɡʎʓɭ͔ɭɧ�˝ˉʴ͛�˝͔ɭ̝�ɀ�пˉʓ̯ɭ�ɧʓ̤̯ɀˉɡɭ੓�m˝ɀɧ�̝ɭʅʓ˝ˉ̤�
ɀ̝ɭ�ʓˉɡʴ̸ɧɭɧ�ʓˉ�ɀ�̝ɭʅ̸ʴɀ̝�̚ɀ̯̯ɭ̝ˉ�̯˝�ɭˉ̸̤̝ɭ�̤ɡɀʴɀɠʴɭ�ʓ˝ˉ�ʴ˝ɀɧʓˉʅ੓
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Юɭ�пˉɀʴ�̤ʓͥɭ�˝ʄ�̸̤ɡʎ�ɀ�ʎ˝ˉɭ͛ɡ˝ʽɠ�ʓ˝ˉ�
̯̝ɀ̚�̤̤̯͛ɭʽ�ʓ̤�̸ʴ̯ʓʽɀ̯ɭʴ͛�ɧʓɡ̯ɀ̯ɭɧ�ɠ͛�̯ʎɭ�
ˉ̸ʽɠɭ̝� ˝ʄ� Ό̸ɠʓ̯̤� ̯ʎɀ̯� ɀ� Ό̸ɀˉ̸̯ʽ� ɀʴʅ˝-
̝ʓ̯ʎʽ� ̝ɭΌ̸ʓ̝ɭ̤੓� M˝͕ɭ͔ɭ ੔̝� ʄ˝̝� ʴɀ̝ʅɭ઀̤ɡɀʴɭ�
ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ̤� ʓˉ� Ό̸ɀˉ̸̯ʽ� ɡʎɭʽʓ̤̯̝ ੔͛� ɀˉ͛-
͕ʎɭ̝ɭ� ɠɭ̯͕ɭɭˉ� ৕v� ɀˉɧ� ৕৔৔v� ̚ʎ̤͛ʓɡɀʴ�
Ό̸ɠʓ̯̤�͕ʓʴʴ�ɠɭ�̝ɭΌ̸ʓ̝ɭɧ੔�ɧɭ̚ɭˉɧʓˉʅ�˝ˉ�̯ʎɭ�
ɭ͚ɀɡ̯�̤ ʓʽ̸ʴɀ̯ʓ˝ˉ�̚ ̝˝ɠʴɭʽ੓�Юʓ̤�͕ ˝̸ʴɧ�ʓʽ̚ʴ͛�
ɀˉ�ɭ͚̯̝ɭʽɭʴ͛�ʴɀ̝ʅɭ�ʽɀɡʎʓˉɭ੔�ɀ̯�ɀˉ�ɭаɭɡ̯ʓ͔ɭ�5 x 5�ʽʽ�ʄ˝˝̯̝̚ʓˉ̯�̚ɭ̝�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯੔�͛˝̸�
͕˝̸ʴɧ�̝ ɭΌ̸ʓ̝ɭ�ɀ�̯ ˝̯ɀʴ�ɀ̝ɭɀ�̋ ʄ�̤ ̸̝ʄɀɡɭ�̯ ̝ɀ̤̚�̋ ʄ�5 × 5�ૻ�25 m৮ to 50 × 50�ૻ�2500 m৮੔�ɀˉɧ�͕ʓ̯ʎ�
̯ʎɭ�ˉɭɡɭ̤̤ɀ̝͛�ʎ˝ˉɭ͛ɡ˝ʽɠ�ɧɭ̤ʓʅˉ�̯ʎɭ�ɀɡ̸̯ɀʴ�
̚ʎ̤͛ʓɡɀʴ�̤ʓͥɭ�˝ʄ�৖৙ં৖৙৔৔�ʽ৮�˝ʄ�̸̤̝ʄɀɡɭ�̯̝ɀ̤̚�
͕˝̸ʴɧ�ɠɭ�ʽ̸ɡʎ�ʴɀ̝ʅɭ ੓̝

Nitrogen Vacancy centres in diamond
�̤�͕ʓ̯ʎ�R˝ˉ઀̯̝ɀ̤̚੔�̯ʎɭ�̸ʴ̯ʓʽɀ̯ɭ�ʅ˝ɀʴ�ʄ˝̝�̯ʎɭ�
ɧɭ̤ʓʅˉ�ʓ̤�̯˝�ɠ̸ʓʴɧ�ɀ�̤̤̯͛ɭʽ�̯ʎɀ̯�ɡɀˉ�ʄɀʓ̯ʎ-
ʄ̸ʴʴ͛�ɡ̝ɭɀ̯ɭ�̯ʎɭ�৖(�ʴɀ̯̯ʓɡɭ�˝ʄ�Ό̸ɠʓ̯̤�̯˝�̝̚˝-
ɧ̸ɡɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�͕ ʓ̯ʎ�̯ ʎɭ�
̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੓২�Rˉ�̯ʎɭ�ɡɀ̤ɭ�˝ʄ��ĉ�ɧʓɀʽ˝ˉɧ੔�
͕ɭ�̸̯ʓʴʓ̤ɭɧ�ɀ�̤ʴʓʅʎ̯ʴ͛�ɧʓаɭ̝ɭˉ̯�ʽ˝ɧɭʴ�˝ʄ�̯ʎɭ�
̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੔�ʯˉ˝͕ˉ�ɀ̤�̯ ʎɭ�Ôɀ̸̤̤ɭˉɧ˝̝ʄ�ɹ ɀ̯-
̯ʓɡɭ�ੲÔɀ̸̤̤ɭˉɧ˝̝ʄ੔�Mɀ̝̝ʓˉʅ̯˝ˉ੔�ɀˉɧ�E˝͛ɀʴ�
৖৔৔৚ੳ੓�Юʓ̤�ʓ̤�ɧ̸ɭ�̯ ˝�̯ ʎɭ�ʄɀɡ̯�̯ ʎɀ̯�ɀ�ɧʓɀʽ˝ˉɧ઀
ɠɀ̤ɭɧ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�̸ ̤ɭ̤�
ɀ�ʎʓʅʎʴ͛�̚ ̝˝ɠɀɠʓʴʓ̤̯ʓɡ�̋ ̯̚ʓɡɀʴ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ�̯ ˝�
̝ɭɀʴʓ̤ɭ�Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ̤�ɠɭ̯͕ɭɭˉ�ʓˉɧʓ͔ʓɧ̸ɀʴ�
�ĉ� Ό̸ɠʓ̯̤੓�Юɭ�Ôɀ̸̤̤ɭˉɧ˝̝ʄ� ʴɀ̯̯ʓɡɭ� ʓ̤� ɀ�
vɭɀ̸̤̝ɭʽɭˉ̯�!ɀ̤ɭɧ�İ̸ɀˉ̸̯ʽ�"˝ʽ̸̯̚ɀ-
̯ʓ˝ˉɀʴ�ੲv!Ó"ੳ�͔ɭ̝̤ʓ˝ˉ�˝ʄ�̯ʎɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੓�
v!Ó"�̯ɭɡʎˉʓΌ̸ɭ̤�ɀ̝ɭ�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�̸̤ɭʄ̸ʴ�
͕ʎɭˉ�ɀˉ�̸ˉɧɭ̝ʴ͛ʓˉʅ�ʎɀ̝ɧ͕ɀ̝ɭ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�
ʓ̤�ɠ̸ʓʴ̯�̸̤ʓˉʅ�̝̚˝ɠɀɠʓʴʓ̤̯ʓɡ�ʅɀ̯ɭ̤੓
Юɭ��ĉ�ɧʓɀʽ˝ˉɧ�ɡ˝ʽ̸̯̚ɭ̝�ʓ̤�ɠɀ̤ɭɧ�˝ˉ�

Ό̸ɠʓ̯̤�͕ʎʓɡʎ�ɀ̝ɭ�ˉʓ̯̝˝ʅɭˉ�ɧɭʄɭɡ̯̤�͕ʓ̯ʎʓˉ�ɀ�
ɧʓɀʽ˝ˉɧ�ɡ̝̤̯͛ɀʴ੓�Юɭ�ɧʓɀʽ˝ˉɧ�ɡ̝̤̯͛ɀʴ�ʓ̯̤ɭʴʄ�
̝̚˝͔ʓɧɭ̤�͕ʎɀ̯�ʓ̤�ʯˉ˝͕ˉ�ɀ̤�ɀ�̤̚ʓˉ�͔ɀɡ̸̸ʽ�

ਟાЮɭ�͕˝̝ʯ�ʓˉ�ɧɭ̤ʓʅˉʓˉʅ�ɀˉ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʄ˝̝�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�̸̤ʓˉʅ��ʓ̯̝˝ʅɭˉ�ĉɀɡɀˉɡ͛�ੲ�ĉੳ�ɡɭˉ̯̝ɭ̤�ʓˉ�
ɧʓɀʽ˝ˉɧ�͕ ɀ̤�̚ ɭ̝ʄ˝̝ʽɭɧ�ʓˉ�ɡ˝ʴʴɀɠ˝̝ɀ̯ʓ˝ˉ�͕ ʓ̯ʎ�̯ ʎɭ�æɭɡʎˉʓɡɀʴ�íˉʓ͔ɭ̝̤ʓ̯͛�̋ ΍�ĉʓɭˉˉɀ�ɀˉɧ��Э�!ɀ̤ʓɡ�Ôɭ̤ɭɀ̝ɡʎ�mɀɠ̤�
ੲ!Ômੳ�ʓˉ�fɀ̚ɀˉ�ੲ�ɭʽ˝̯˝�ɭ̯�ɀʴ੓�৖৔৕৘ੳ੓

̸̤ɠ̤̯̝ɀ̯ɭ� ੲ�ʎɀ̝˝ˉ˝͔ʓɡʎ੔� E̝ɭɭˉ̯̝ɭɭ੔� ɀˉɧ�
Ñ̝ɀ͕ɭ̝�৖৔৕৕ੳ੓�.̤̤ɭˉ̯ʓɀʴʴ ੔͛�̯ʎɭ�ɧʓɀʽ˝ˉɧ�ɡ̝̤͛-
̯ɀʴ�ʓ̯̤ɭʴʄ�̝̚˝͔ʓɧɭ̤�̯ʎɭ�̤ɀʽɭ�ʓ̤˝ʴɀ̯ʓ˝ˉ�̝̚˝̚-
ɭ̝̯ʓɭ̤�̯ʎɀ̯�ɀˉ�ɀɡ̸̯ɀʴ�̚ʎ̤͛ʓɡɀʴ�͔ɀɡ̸̸ʽ�ɧ˝ɭ̤�
ʄ˝̝� ʓ˝ˉ઀̯̝ɀ̚� ̯ɭɡʎˉ˝ʴ˝ʅ ੓͛�Юɭ�˝̚ɭ̝ɀ̯ʓ˝ˉɀʴ�
̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�˝ʄ�̯ʎɭ�ɧʓɀʽ˝ˉɧ�̤̤̯͛ɭʽ�ʓ̤�৘i੓�
Ċʎʓʴɭ�̤ ̯ʓʴʴ�ɡ˝ʴɧ੔�৘i�ɡ̝͛˝ʅɭˉʓɡ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ʓ̤�
ʄɀ̝�̤ʓʽ̚ʴɭ̝�̯ʎɀˉ�̯ʎɭ�ɧʓʴ̸̯ʓ˝ˉ�̝ɭʄ̝ʓʅɭ̝ɀ̯ʓ˝ˉ�
̤̤̯͛ɭʽ̤�ˉɭɭɧɭɧ�ʄ˝̝�ɀ�ৗ৔�ʽi�̯ʎɭ̝ʽɀʴ�ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯�ʄ˝̝�̤̤̯͛ɭʽ̤�̸̤ɡʎ�ɀ̤�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ-
̯˝̝̤੓�৘i�ɡ̝͛˝ʅɭˉʓɡ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ʓ̤�̤ ˝�ɀɧ͔ɀˉɡɭɧ�
̯ʎɀ̯�͕ɭ�ɀ̝ɭ�ɀɠʴɭ�̯˝�ɭаɭɡ̯ʓ͔ɭʴ͛�ʴɀ̸ˉɡʎ�̯ʎɭ̤ɭ�
̤˝̝̯̤�˝ʄ�ɡ˝˝ʴʓˉʅ�̤̤̯͛ɭʽ̤�ʓˉ̯˝�̤̚ɀɡɭ�ੲEɭʎ̝ͥ�
ɭ̯�ɀʴ੓�৖৔৔৛ੳ੓�Rˉ�৖৔৔ৗ੔�̯ʎɭ�Û̚ʓ̯ͥɭ̝�̤̚ɀɡɭ�̯ɭʴ-
ɭ̤ɡ˝̚ɭ�͕ɀ̤�ʴɀ̸ˉɡʎɭɧ�ɠ͛���Û�੓��ˉ�ɠ˝ɀ̝ɧ�
ʓ̤�ৗ৚৔�ʴʓ̯̝ɭ�ʴʓΌ̸ʓɧ�ʎɭʴʓ̸ʽ�ɡ̝͛˝̤̯ɀ̯�ˉɭɭɧɭɧ�
̯˝�ɡ˝˝ʴ�ʓˉ̸̤̯̝ʽɭˉ̯ɀ̯ʓ˝ˉ�̯˝�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�
৕੓৙i�̯˝�ʴ˝˝ʯ�ɀ̯�ʄɀʓˉ̯�ʎɭɀ̯�̤ʓʅˉɀ̸̯̝ɭ̤�ʄ̝˝ʽ�
ɀ̤̯̝˝ˉ˝ʽʓɡɀʴ�˝ɠʫɭɡ̯̤੓

Dʓʅ̸̝ɭ� ৕৔੕� �ˉ� �ĉ� ɧʓɀʽ˝ˉɧ� ɡʎʓ̚઀̤ɭ̯� ̯ʎɀ̯� ʓ̤�
˝̯̚ʓɡɀʴʴ͛�ɡ˝̸̚ʴɭɧ੔�̚ʴɀɡɭɧ� ʓˉ̤ʓɧɭ�ɀ�৘i�ʎɭʴʓ̸ʽ�
ɡ̝͛˝̤̯ɀ̯�̤̤̯͛ɭʽ੓
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Юɭ�ɧʓɀʽ˝ˉɧ઀ɠɀ̤ɭɧ�Ό̸ɀˉ̸̯ʽ�ɡʎʓ̚઀̤ɭ̯�ʓ̤�
ɀˉ�ɀ̝̝ɀ͛�̋ ʄ�̋ ̯̚ʓɡɀʴʴ͛�ɡ˝̸̚ʴɭɧ�̄ ʓ̯̝˝ʅɭˉ઀ɧɭʄɭɡ̯�
Ό̸ɠʓ̯̤�ɭʽɠɭɧɧɭɧ�͕ʓ̯ʎʓˉ�ɀ�ɧʓɀʽ˝ˉɧ�ʴɀ̯̯ʓɡɭ੓�
Юɭ� ɡʎʓ̚� ʓ̯̤ɭʴʄ� ɡ˝ˉ̤ʓ̤̯̤� ˝ʄ� ɀˉ� ɭ̯ɡʎɭɧ� ̤ʓʴʓ-
ɡ˝ˉ�ɠɀ̤ɭ੔�͕ʓ̯ʎ�ɀ�̸ʴ̯̝ɀ઀̯ʎʓˉ�ɧʓɀʽ˝ˉɧ�͕ɀʄɭ̝�
઎ʅʴ̸ɭએ�˝ˉ�̯˝̚੓�Юɭ�ɧʓɀʽ˝ˉɧ�͕ɀʄɭ̝�ʓ̤�ɧ˝̚ɭɧ�
͕ʓ̯ʎ�ʓˉɧʓ͔ʓɧ̸ɀʴ�ˉʓ̯̝˝ʅɭˉ�ɀ̯˝ʽ̤�̤ɭ̚ɀ̝ɀ̯ɭɧ�
ʄ̝˝ʽ�ɭɀɡʎ�˝̯ʎɭ̝�̸̤дɡʓɭˉ̯ʴ͛�̯ʎɀ̯�̯ʎɭ͛�ɧ˝ ઑ̯̄�
ɧʓ̝ɭɡ̯ʴ͛�ʓˉ̯ɭ̝ɀɡ̯੓�Rˉɧʓ͔ʓɧ̸ɀʴ�Ό̸ɠʓ̯̤�ɀ̝ɭ�ɡ˝̸-
̚ʴɭɧ�̯ ˝�ɭɀɡʎ�̋ ̯ʎɭ̝�̸ ̤ʓˉʅ�ɀ�ɹ ɀ͛ɭ̝�̋ ʄ�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�
̤ʓʴʓɡ˝ˉ�˝̯̚ʓɡ̤�̯ʎɀ̯�̤ʓ̯̤�ɀɠ˝͔ɭ�̯ʎɭ�ɧʓɀʽ˝ˉɧ�
layer.
�̯̚ʓɡɀʴ�̸̚ʴ̤ɭ̤�ɀ̝ɭ�̤ɭˉ̯�ɠɭ̯͕ɭɭˉ�ʓˉɧʓ͔ʓɧ-

̸ɀʴ�ˉʓ̯̝˝ʅɭˉ઀ɧɭʄɭɡ̯�Ό̸ɠʓ̯̤�̯˝�ɭˉɀɡ̯�ʽ̸ʴ̯ʓ઀
Ό̸ɠʓ̯�ʅɀ̯ɭ̤੓�Юɭ̤ɭ�̋ ̯̚ʓɡɀʴ�̚ ̸ʴ̤ɭ̤�ɡɀˉ੔�ʓˉ�ʅɭˉ-
ɭ̝ɀʴ੔�ɠɭ�͕ɭɀʯ�ɡ˝ʎɭ̝ɭˉ̯�̤̯ɀ̯ɭ̤�̯ʎɀ̯�ɀ̝ɭ�ɭɀ̤ʓʴ͛�

̝̚˝ɧ̸ɡɭɧ੓�Юɭ�̤̤̯͛ɭʽ�ʅɭ˝ʽɭ̯̝͛�ʓ̤�̤̚ɀɡɭɧ�
˝̸̯� ɀˉɧ� ˝̯̚ʓʽʓͥɭɧ� ̯˝� ɀʴʴ˝͕� ̯ʎɭ� ɡ˝ˉ̯̝˝ʴ�
̸̤̯̝ɡ̸̯̝ɭ̤�ʄ˝̝�ɠ˝̯ʎ�̯ ʎɭ��ĉ�ɀˉɧ�̋ ̯̚ʓɡɀʴ�ɹ ɀ͛ɭ̝�
̯˝�ɠɭ�ʄɀɠ̝ʓɡɀ̯ɭɧ�̯˝�ʎʓʅʎ�ɀɡɡ̸̝ɀɡ ੓͛
Ûʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৕৔�ʓ̤�̯ʎɭ�ɧɭ͔ʓɡɭ�ʓ̯̤ɭʴʄ੓�

�ˉ�̯ʎɭ�̝ʓʅʎ̯઀ʎɀˉɧ�̤ʓɧɭ�ʓ̤�ɀ�̝ɭˉɧɭ̝ʓˉʅ�˝ʄ�
̯ʎɭ�ʽʓɡ̝˝̤ɡ˝̚ʓɡ�ɧɭ̯ɀʓʴ�˝ʄ�ɭɀɡʎ�ɡʎʓ̚੔�͕ʓ̯ʎ�
ʽ̸ʴ̯ʓ̚ʴɭ�Ό̸ɠʓ̯�ɀ̝̝ɀ̤͛�ੲɡʎʓ̚઀̤ɭ̯̤ੳ�ɡ˝ˉˉɭɡ̯ɭɧ�
̯˝�ɭɀɡʎ�˝̯ʎɭ̝�͕ʓ̯ʎ�пɠ̝ɭ઀˝̯̚ʓɡ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤੓�
Ûʎ˝͕ˉ�˝ˉ�̯ʎɭ�ɠ˝̯̯˝ʽ�ʴɭо�ʓ̤�ɀ�̤ʓˉʅʴɭ�ɡʎʓ̚੔�
ʄɀɠ̝ʓɡɀ̯ɭɧ�ɠ͛�̯ʎɭ�æ̸̝̚ʯɭ�ʅ̝˝̸̚�ɀ̯�̯ʎɭ�íˉʓ-
͔ɭ̝̤ʓ̯͛�̋ ΍�ĉʓɭˉˉɀ੔�ɡ˝ˉ̯ɀʓˉʓˉʅ�ɀ�̔ ʓɡ̝˝઀ɡɀ͔ʓ̯͛�
̤̤̯͛ɭʽ�੶Dʓʅ̸̝ɭ�৕৕੷੓��ˉ�̯ʎɭ�̯˝̚�ʴɭо�ʓ̤�ɀ�ɡ˝ʽ-
ʽɭ̝ɡʓɀʴʴ͛� ɀ͔ɀʓʴɀɠʴɭ� ৘i� ʴʓΌ̸ʓɧ઀ʎɭʴʓ̸ʽ�ɡ̝͛-
˝̤̯ɀ̯੔�̤ ʓʽʓʴɀ̝�̯ ˝�̯ ʎɭ�ɧɭ͔ʓɡɭ�ɡ̸̝̝ɭˉ̯ʴ͛�̸ ̤ɭɧ�ʓˉ�
̯ʎɭ�æ̸̝̚ʯɭ�ʴɀɠ�ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�ĉʓɭˉˉɀ੓�

Dʓʅ̸̝ɭ�৕৕੕�Ñʎ˝̯˝̤�˝ʄ�̯ʎɭ�̯ʎ̝ɭɭ�̝̚ʓʽɀ̝͛�ɡ˝ʽ̚˝ˉɭˉ̯̤�˝ʄ�ɀ�ɧʓɀʽ˝ˉɧ�Ό̸ɀˉ̸̯ʽ�ɡʎʓ̚�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�ʄ˝̝�ʴɀ̝ʅɭ઀
̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ੓�Dʓʅ�ɀ੕�Юʓ̤�ʓ̤�ɀ�̚ʎ˝̯˝�˝ʄ�ɀ�ʄɀɠ̝ʓɡɀ̯ɭɧ�̤ɀʽ̚ʴɭ�ʄ̝˝ʽ�vʓɡʎɀɭʴ�æ̸̝̚ʯɭઑ̤�ʅ̝˝̸̚�
ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�ĉʓɭˉˉɀ੔�ʓʽ̚ʴɀˉ̯ɭɧ�͕ʓ̯ʎ��ĉ઀ɧɭʄɭɡ̯�Ό̸ɠʓ̯̤�ʓˉ�ɀ�ঢ়͚৕৔�ɀ̝̝ɀ ੔͛�͕ʓ̯ʎ�ɭɀɡʎ��ĉ�ʴ˝ɡɀ̯ʓ˝ˉ�
̤ɭ̚ɀ̝ɀ̯ɭɧ�ɠ͛�৖�̔ ʓɡ̝˝ʽɭ̯ɭ̝̤੓�Юɭ�ʓˉ̯ɭˉ̤ʓ̯͛�̋ ʄ�ɭɀɡʎ�̤ ̚˝̯�ʓˉɧʓɡɀ̯ɭ̤�̯ ʎɭ�̄ ̸ʽɠɭ̝�̋ ʄ��ĉ઀ɡɭˉ̯̝ɭ̤�ʓʽ̚ʴɀˉ̯ɭɧ�
ɀ̯�ɭɀɡʎ�ɹ ˝ɡɀ̯ʓ˝ˉ੔�͕ ʎɭ̝ɭ�͕ ɭ�ɡ˝ˉ̯̝˝ʴ�̯ ʎɭ�̄ ̸ʽɠɭ̝�̋ ʄ��ĉ઀ɧɭʄɭɡ̯̤�ʓʽ̚ʴɀˉ̯ɭɧ�ɧ˝͕ˉ�ɭɀɡʎ�ɡ˝ʴ̸ʽˉ�̯ ˝�ɀ�̤ ʓˉʅʴɭ�
ɧɭʄɭɡ̯�ੲ̯ʎɭ�ɧʓʽʽɭ̤̯�̚ ˝ʓˉ̯�ʓˉ�ɭɀɡʎ�ɡ˝ʴ̸ʽˉੳ੓�Юʓ̤�ʓʽɀʅɭ�ɀʴ̤˝�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭ̤�ɡ˝ˉ̯̝˝ʴʴɭɧ�̚ ʴɀɡɭʽɭˉ̯੔�͕ ʓ̯ʎ�
ɭɀɡʎ�̚ ˝̤ʓ̯ʓ˝ˉ�ʓˉ�̋ ̸̝�ঢ়͚৕৔�ɀ̝̝ɀ͛�̤ ̸ɡɡɭ̤̤ʄ̸ʴʴ͛�ɧ˝̚ɭɧ੓�Dʓʅ�ɠ੕�Ûɡʎɭʽɀ̯ʓɡ�ɀˉɧ�̤ ɡɀˉˉʓˉʅ�ɭʴɭɡ̯̝˝ˉ�̔ ʓɡ̝˝̤ɡ˝̚ɭ�
ʓʽɀʅɭ�˝ʄ�ɀˉ�ɀ̝̝ɀ͛�˝ʄ�ʽʓɡ̝˝ʽʓ̝̝˝̝̤�˝ˉ�ɡɀˉ̯ʓʴɭ͔ɭ̝̤੓�Юɭ�͕ɀʄɭ̝઀̤ɡɀʴɭ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɭˉɀɠʴɭ̤�̯ʎɭ�ɡ̝ɭɀ̯ʓ˝ˉ�
˝ʄ�ʴɀ̝ʅɭ�ˉ̸ʽɠɭ̝̤�˝ʄ�̯ʎɭ̤ɭ�ɧɭ͔ʓɡɭ̤�ʓˉ�ɀ�̤ʓˉʅʴɭ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�̝̚˝ɡɭ̤̤੓�Dʓʅ�ɡ੕�Ñʎ˝̯˝�˝ʄ�̯ʎɭ�ɡɀ͔ʓ̯͛�ɡʎʓ̚�͕ʓ̯ʎ�
ʓˉ̯ɭʅ̝ɀ̯ɭɧ�пɠ̝ɭ�˝̯̚ʓɡ̤�̸ˉʓ̯�ɡ˝ˉˉɭɡ̯ɭɧ�˝ˉ�̯˝̚੓�Ċɭ�ʎɀ͔ɭ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�ɡ˝ˉ̯̝˝ʴʴɀɠʴɭ�ɀˉɧ�̤ɭʴɭɡ̯ʓ͔ɭ�
ɡ˝̸̚ʴʓˉʅ�ɠɭ̯͕ɭɭˉ�ɀ̝ɠʓ̯̝ɀ̝͛�̚ɀʓ̝̤�˝ʄ�ɡɀ͔ʓ̯ʓɭ̤�˝ˉ�̯ʎɭ�ɡʎʓ̚੓
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Юɭ�ɧɭ͔ʓɡɭ�ɡ˝ˉ̸̤ʽɭ̤�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�ৗ�̯˝�৘�
ʴʓ̯̝ɭ̤�˝ʄ�ʴʓΌ̸ʓɧ�ʎɭʴʓ̸ʽ�˝͔ɭ̝�̯ʎɭ�ɡ˝̸̝̤ɭ�˝ʄ�
ɀɠ˝̸̯�৕৖�̯˝�৕ড়�ʽ˝ˉ̯ʎ̤੓�m˝̤̤ɭ̤�ɀ̝ɭ�ʽɀʓˉʴ͛�
̯ʎ˝̸ʅʎ�ʴɭɀʯɀʅɭ�ʓˉ�̯ʎɭ�ɡʴ˝̤ɭɧ�ʴ˝˝̚�̝ɭɡ͛ɡʴʓˉʅ�
system.
Юɭ�ɡ̝͛˝̤̯ɀ̯�̤ ̤̯͛ɭʽ�ʓ̤�ɧɭ̤ʓʅˉɭɧ�̯ ˝�ɀɡɡ˝ʽ-

ʽ˝ɧɀ̯ɭ�̔ ̸ʴ̯ʓ̚ʴɭ�Ό̸ɀˉ̸̯ʽ�ɡʎʓ̚�̤ ɭ̯̤੓��ʴʴ�̯ ʎɭ�
ʓˉɧʓ͔ʓɧ̸ɀʴ�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ʓˉ�̯ ʎɭ�̤̤̯͛ɭʽ�ɀ̝ɭ�
ɡ˝ˉˉɭɡ̯ɭɧ�̯˝�ɭɀɡʎ�˝̯ʎɭ̝�̸̤ʓˉʅ�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�
̤ʓʴʓɡ˝ˉ�˝̯̚ʓɡ̤�ɀˉɧ�пɠ̝ɭ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤੔�ɀˉɧ�
ʽ̸ʴ̯ʓ̚ʴɭ�ɡʎʓ̤̚�ɡɀˉ�ɠɭ�ɭɀ̤ʓʴ͛�ɡ˝ˉˉɭɡ̯ɭɧ�̯˝�
ɀʴʴ˝͕� Ό̸ɀˉ̸̯ʽ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ̯˝� ʓˉ̯ɭ̝ɀɡ̯�
ɀɡ̝˝̤̤�ʽ̸ʴ̯ʓ̚ʴɭ�ɡʎʓ̚�̤ɭ̯̤੓
Юɭ��ĉ�ɧɭʄɭɡ̯�ʓ̤�ʄ˝̝ʽɭɧ�ɠ͛�п̝̤̯�ʅ̝˝͕-

ʓˉʅ�ɀˉ�̸ʴ̯̝ɀ઀ʎʓʅʎ઀̸̝̚ʓ̯͛�ɧʓɀʽ˝ˉɧ�ɡ̝̤̯͛ɀʴ੔�
͕ʎɭ̝ɭ�ɭɀɡʎ�ɡɀ̝ɠ˝ˉ�ɀ̯˝ʽ�ʓˉ�̯ ʎɭ�ɹ ɀ̯̯ʓɡɭ�ʓ̤�̯ ʎɭ�
̤̚ɭɡʓпɡ�ʓ̤˝̯˝̚ɭ�˝ʄ�"ɀ̝ɠ˝ˉ઀৕৖�ɀˉɧ�̯ʎɭ�ʴɀ̯-
̯ʓɡɭ�ʓ̯̤ɭʴʄ�ɡ˝ˉ̯ɀʓˉ̤�̄ ˝�̋ ̯ʎɭ̝�ʓʽ̸̝̚ʓ̯ʓɭ̤੓�Û̸ɡʎ�
ɧʓɀʽ˝ˉɧ�ɡʎʓ̤̚�ɀ̝ɭ�̝ɭɀɧʓʴ͛�ɀ͔ɀʓʴɀɠʴɭ�ɡ˝ʽ-
ʽɭ̝ɡʓɀʴʴ ੔͛�͕ʓ̯ʎ�̸̝̚ʓ̯ʓɭ̤�ɀɠ˝͔ɭ�ঢ়ঢ়੓ঢ়ঢ়଍੓�Юʓ̤�
ɡ̝̤̯͛ɀʴ�ʓ̤�̯ʎɭˉ�ɧ˝̚ɭɧ੔�̸̤ʓˉʅ�ʴ˝͕઀ɭˉɭ̝ʅ͛�ʓ˝ˉ�
ʓʽ̚ʴɀˉ̯ɀ̯ʓ˝ˉ�͕ ʓ̯ʎ�̤ ʓˉʅʴɭ�̄ ʓ̯̝˝ʅɭˉ�ɀ̯˝ʽ̤੓��̯�
ʴ˝͕�ɭˉ˝̸ʅʎ�ɧɭˉ̤ʓ̯ʓɭ̤੔�ɀ�̤ ʓˉʅʴɭ�̄ ʓ̯̝˝ʅɭˉ�ɀ̯˝ʽ�
͕ʓʴʴ�ʄ˝̝ʽ�̯˝�̸̤ɠ̤̯ʓ̸̯̯ɭ�˝ˉɭ�˝ʄ�̯ʎɭ�ɡɀ̝ɠ˝ˉ�
ɀ̯˝ʽ̤੔�ɀˉɧ�઎ʯʓɡʯ�˝̸̯એ�ɀˉ�ɀɧʫɀɡɭˉ̯�ɡɀ̝ɠ˝ˉ�
ɀ̯˝ʽ੔�ʄ˝̝ʽʓˉʅ�̯ ʎɭ��ʓ̯̝˝ʅɭˉ-ĉɀɡɀˉɡ͛�ɧɭʄɭɡ̯੓�
Юɭ�ɧʓɀʽ˝ˉɧ�ɹ ɀ̯̯ʓɡɭ�ʓ̯̤ɭʴʄ�̚ ̝˝ɧ̸ɡɭ̤�ɀˉ�̸ ʴ̯̝ɀ઀
ɡʴɭɀˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯੔�ˉɭʅɀ̯ʓˉʅ�̯ʎɭ�ˉɭɭɧ�ʄ˝̝�
͔ɀɡ̸̸ʽ� ̤̤̯͛ɭʽ̤੖�̝̚˝͔ʓɧʓˉʅ�ʽ˝̯ʓ˝ˉɀʴ� ̤̯ɀ-
ɠʓʴʓ̯ ੔͛�ɀˉɧ�ɭʴʓʽʓˉɀ̯ʓˉʅ�ɀ�ʴɀ̝ʅɭ�ɀʽ˝̸ˉ̯�˝ʄ�
̚ʎ˝̯˝ˉʓɡ�ɀˉɧ�̚ʎ˝ˉ˝ˉʓɡ�ˉ˝ʓ̤ɭ੔�̝̚˝͔ʓɧʓˉʅ�̸̤�
͕ʓ̯ʎ�͔ɭ̝͛�̤̯ɀɠʴɭ੔�ʴ˝͕઀ɧɭɡ˝ʎɭ̝ɭˉɡɭ�Ό̸ɠʓ̯̤੓
Rˉ� ̯ʎɭ� ɧʓɀʽ˝ˉɧ� ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ੔� ̯ʎɭ� ɭʴɭɡ-

̯̝˝ˉʓɡ�Ό̸ɠʓ̯�ʓ̤�̸̤ɭɧ�ɀ̤�ɀ�ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ̤�
ʽɭɡʎɀˉʓ̤ʽ�̯˝�ɀʴʴ˝͕�̸̤�̯˝�ɭˉ̯ɀˉʅʴɭ�ʽ̸ʴ̯ʓ-
̚ʴɭ੔�ʓ̤˝ʴɀ̯ɭɧ੔�Ό̸ɠʓ̯̤�͕ʓ̯ʎ�˝̯̚ʓɡɀʴ�̚ʎ˝̯˝ˉ̤�
͔ʓɀ�ɭ̯ɡʎɭɧ�̤ʓʴʓɡ˝ˉ�͕ɀ͔ɭʅ̸ʓɧɭ̤�ɀˉɧ੣˝̝�пɠɭ̝�
˝̯̚ʓɡ̤੓
D̸̝̯ʎɭ̝ʽ˝̝ɭ੔�̯ ʎɭ�̯ ̝ɀˉ̤ʓ̯ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�̯ ʎɭ�

ʅ̝˝̸ˉɧ�̤̯ɀ̯ɭ�˝ʄ�̯ʎɭ�ɭʴɭɡ̯̝˝ˉʓɡ�̤̤̯͛ɭʽ�ɀˉɧ�
̯ʎɭ�ɭ͚ɡʓ̯ɭɧ�̤̯ɀ̯ɭ�˝ʄ�̯ʎɭ�ɭʴɭɡ̯̝˝ˉʓɡ�̤̤̯͛ɭʽ�
˝ɡɡ̸̝̤�͕ ʓ̯ʎ�ɀ�̚ ʎ˝̯˝ˉ�ɀ̯�ɀ�͕ ɀ͔ɭʴɭˉʅ̯ʎ�̋ ʄ�৚ৗড়�

ˉɀˉ˝ʽɭ̯ɭ̝̤੓�Юʓ̤�̚ ʴɀɡɭ̤�̯ ʎɭ�̯ ̝ɀˉ̤ʓ̯ʓ˝ˉ�ʓˉ�̯ ʎɭ�
˝̯̚ʓɡɀʴ�ʄ̝ɭΌ̸ɭˉɡ͛�̝ ɀˉʅɭ੓�íˉʴʓʯɭ�̔ ɀˉ͛�̋ ̯ʎɭ̝�
Ό̸ɀˉ̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤੔�̯ʎɭ�ɠɀ̤ʓɡ�̚ʎ̤͛ʓɡ̤�˝ʄ�
̯ʎɭ��ĉ઀ɧɭʄɭɡ̯�̝̚˝͔ʓɧɭ̤�ɀɡɡɭ̤̤�̸̤ʓˉʅ�̚ʎ˝-
̯˝ˉ̤� ɀ̯� ˝̯̚ʓɡɀʴ� ʄ̝ɭΌ̸ɭˉɡʓɭ̤� ੲ̝ɀ̯ʎɭ̝� ̯ʎɀˉ�
̯ʎɭ�ʽ˝̝ɭ�ɡ˝ʽʽ˝ˉ�ʽʓɡ̝˝͕ɀ͔ɭ�ʄ̝ɭΌ̸ɭˉɡʓɭ̤ੳ੓�
�̯̚ʓɡɀʴ�ɀɡɡɭ̤̤�̯˝�ɀˉ�˝̯ʎɭ̝͕ʓ̤ɭ�̤˝ʴʓɧ઀̤̯ɀ̯ɭ�
Ό̸ɠʓ̯�̤ ̤̯͛ɭʽ�ʓ̤�̯ ʎɭ�ʯɭ͛�̯ ˝�ɠ̸ʓʴɧ�ɀ�ɧʓ̤̯̝ʓɠ̸̯ɭɧ੔�
ʽ˝ɧ̸ʴɀ̝�ɠɀ̤ɭɧ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�̯ ʎɀ̯�ɡɀˉ�
̤ɡɀʴɭ�ɀ̝ɠʓ̯̝ɀ̝ʓʴ ੓͛�!͛�̸̤ʓˉʅ�˝̯̚ʓɡɀʴ�̚ʎ˝̯˝ˉ̤�
ɀˉɧ�пɠɭ̝�˝̯̚ʓɡ̤੔�͕ɭ�ɧ˝�ˉ˝̯�̝ɭΌ̸ʓ̝ɭ�ɧʓ̝ɭɡ̯�
ɡ˝̸̚ʴʓˉʅ�ɠɭ̯͕ɭɭˉ�Ό̸ɠʓ̯̤੓�Юʓ̤�ɀʴʴ˝͕̤�̸̤�̯˝�
̤̚ɀɡɭ�˝̸̯�˝̸̝�̤̤̯͛ɭʽ੔�ʎɀ͔ɭ�ʽ̸ʴ̯ʓ̚ʴɭ�̚ɀ̝̯̤�
˝ʄ�̯ ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�ʎ˝̸̤ɭɧ�ʓˉ�̤ ɭ̚ɀ̝ɀ̯ɭ�ɡ˝˝ʴʓˉʅ�
̤̤̯͛ɭʽ̤�ɀˉɧ�ɠ̸ʓʴɧ�ɀ�ʽɀɡʎʓˉɭ�̯ʎɀ̯�ɡɀˉ�ɠɭ�
ɭ͚̚ɀˉɧɭɧ�ɠ͛�̤ ʓʽ̚ʴ͛�ɀɧɧʓˉʅ�̔ ˝̝ɭ�ɀˉɧ�̔ ˝̝ɭ�
Ό̸ɠʓ̯�ɡʎʓ̤̚�ɀ̤�̯ʎɭ͛�ɠɭɡ˝ʽɭ�ɀ͔ɀʓʴɀɠʴɭ੓

Interacting physically separated NV-qubits
Юɭ� ʽɭɡʎɀˉʓ̤ʽ� ̯˝� ɡ̝ɭɀ̯ɭ� ɭˉ̯ɀˉʅʴɭʽɭˉ̯�
ɠɭ̯͕ɭɭˉ� ̯͕˝� ̚ʎ̤͛ʓɡɀʴʴ͛� ̤ɭ̚ɀ̝ɀ̯ɭɧ� �ĉ઀
ɧɭʄɭɡ̯̤�ʽɀʯɭ̤�̸̤ɭ�˝ʄ�ɀˉ�˝̯̚ʓɡɀʴ�ɡɀ͔ʓ̯͛�̯ʎɀ̯�
ɭˉʎɀˉɡɭ̤�̯ʎɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�̯ʎɭ�ɭʴɭɡ-
̯̝˝ˉʓɡ�Ό̸ɠʓ̯�ɀˉɧ�ɀˉ�˝̯̚ʓɡɀʴ�пɭʴɧ੓�Юʓ̤� ʓ̤�
ʓʴʴ̸̤̯̝ɀ̯ɭɧ�ʓˉ�Dʓʅ̸̝ɭ�৕৖੓
Ю̝˝̸ʅʎ�ɀ�͕ ɭʴʴ઀ʯˉ˝͕ˉ�Ό̸ɀˉ̸̯ʽ�̚ ̝˝̯˝ɡ˝ʴ੔�

ʯˉ˝͕ˉ�ɀ̤�ɧʓ̚˝ʴɭ�ʓˉɧ̸ɡɭɧ�̯̝ɀˉ̤̚ɀ̝ɭˉɡ ੔͛�̯ʎɭ�
�ĉ઀ɧɭʄɭɡ̯�ʓ̤�̚ ʴɀɡɭɧ�͕ ʓ̯ʎʓˉ�ɀˉ�̋ ̯̚ʓɡɀʴ�ɡɀ͔ʓ̯͛�
̯ʎɀ̯�̝ɭ̤˝ˉɀ̯ɭ̤�ɀ̯�̯ʎɭ�̤ɀʽɭ�ʄ̝ɭΌ̸ɭˉɡ͛�ɀ̤�̯ʎɭ�
˝̯̚ʓɡɀʴ� ̯̝ɀˉ̤ʓ̯ʓ˝ˉ� ˝ʄ� ̯ʎɭ� �ĉ઀ɭʴɭɡ̯̝˝ˉʓɡ�
Ό̸ɠʓ̯੔�͕ʎɭˉ�̯ʎɀ̯�Ό̸ɠʓ̯�ʓ̤�˝ˉʴ͛�ʓˉ�̯ʎɭ�ͥɭ̝˝�
̤̯ɀ̯ɭ੓�Юʓ̤�̝ ɭ̤˝ˉɀˉɡɭ઀ʽɀ̯ɡʎʓˉʅ�ɡʎɀˉʅɭ̤�̯ ʎɭ�
̝ɭрɭɡ̯ʓ͔ʓ̯͛�̚ ̝˝̚ɭ̝̯ʓɭ̤�̋ ʄ�̯ ʎɭ�ɡɀ͔ʓ̯͛�̤ ̸ɡʎ�̯ ʎɀ̯�
ʓʄ�ɀ�̚ʎ˝̯˝ˉ�̯̝ʓɭ̤�̯˝�ɭˉ̯ɭ̝�̯ʎɭ�ɡɀ͔ʓ̯͛�ʄ̝˝ʽ�
˝̸̯̤ʓɧɭ�͕ʎʓʴɭ�̯ʎɭ�ɀ̯˝ʽ�ʓ̤�ʓˉ�̯ʎɭ�ͥɭ̝˝�̤̯ɀ̯ɭ੔�
ʓ̯�͕ʓʴʴ�ɠɭ�̝ɭрɭɡ̯ɭɧ�ɀ̯�̯ʎɭ�ɭˉ̯̝ɀˉɡɭ�̯˝�̯ʎɭ�
ɡɀ͔ʓ̯ ੓͛�Rʄ�̯ʎɭ�ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯�ʓ̤�ʓˉ�̯ʎɭ�˝ˉɭ�
̤̯ɀ̯ɭ੔�̯ʎɭ�̚ʎ˝̯˝ˉ�͕ʓʴʴ�ɭˉ̯ɭ̝�̯ʎɭ�ɡɀ͔ʓ̯͛�ɀˉɧ�
ɠɭ� ɀɠ̤˝̝ɠɭɧ� ˝̝� ̤ɡɀ̯̯ɭ̝ɭɧ੓�Юʓ̤� Ό̸ɀˉ̸̯ʽ�
ʽɭɡʎɀˉʓɡɀʴ�ɧɭ̚ɭˉɧɭˉɡɭ�˝ʄ�̯ʎɭ�̝ɭрɭɡ̯ʓ͔ʓ̯͛�
̝̚˝̚ɭ̝̯ʓɭ̤�˝ʄ�̯ʎɭ�ɡɀ͔ʓ̯͛�ʅʓ͔ɭ̤�̸̤�ɀ�ʽɭɡʎɀ-
ˉʓ̤ʽ�̯ ˝�̚ ̝˝ɧ̸ɡɭ�ɭˉ̯ɀˉʅʴɭʽɭˉ̯�ɠɭ̯͕ɭɭˉ�̯ ͕˝�
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̤̚ɀ̯ʓɀʴʴ͛�ʓ̤˝ʴɀ̯ɭɧ�ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯̤�ʓˉ�̯͕˝�
̤ɭ̚ɀ̝ɀ̯ɭ��ĉ઀ɡɀ͔ʓ̯͛�̤̤̯͛ɭʽ̤੓

Rʄ�͕ɭ�̯ɀʯɭ�ɀ�̤ʓˉʅʴɭ�̚ʎ˝̯˝ˉ�ʄ̝˝ʽ�ɀˉ�ɭ͚̯ɭ̝-
ˉɀʴ� ̤˝̸̝ɡɭ� ੲɀ�ʎʓʅʎʴ͛�ɀ̯̯ɭˉ̸ɀ̯ɭɧ� ʴɀ̤ɭ ੔̝� ʄ˝̝�
ɭ͚ɀʽ̚ʴɭੳ�ɀˉɧ�п̝̤̯�̤ ɭˉɧ�ʓ̯�̯ ʎ̝˝̸ʅʎ�ɀˉ�̋ ̯̚ʓɡɀʴ�
ɠɭɀʽ�̤ ̚ʴʓ̯̯ɭ ੔̝�̯ ʎʓ̤�͕ ʓʴʴ�̚ ʴɀɡɭ�̯ ʎɭ�̚ ʎ˝̯˝ˉ�ʓˉ̯˝�
ɀˉ�ɭΌ̸ɀʴ�̸̤̚ɭ̝̚˝̤ʓ̯ʓ˝ˉ�˝ʄ�ʎɭɀɧʓˉʅ�̯˝͕ɀ̝ɧ̤�
�ĉ઀̤̤̯͛ɭʽ�˝ˉɭ�˝̝��ĉ઀̤̤̯͛ɭʽ�̯͕˝੓�Rʄ�ɭɀɡʎ�
˝ʄ�̯ʎɭ�ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯̤�ɀ̝ɭ�̚ʴɀɡɭɧ�ʓˉ̯˝�ɀˉ�
ɭΌ̸ɀʴ� ̸̤̚ɭ̝̚˝̤ʓ̯ʓ˝ˉ�˝ʄ� ̯ʎɭ� ͥɭ̝˝� ɀˉɧ�˝ˉɭ�
̤̯ɀ̯ɭ̤੔� ̯ʎɭˉ� ̯ʎɭ�̚ʎ˝̯˝ˉ�͕ʓʴʴ�ɠɭ� ̝ɭрɭɡ̯ɭɧ�
ʄ̝˝ʽ�ɭɀɡʎ�̋ ʄ�̯ ʎɭ�ɡɀ͔ʓ̯͛�̤ ̤̯͛ɭʽ̤�͕ ʓ̯ʎ�ɀ�̚ ̝˝ɠ-
ɀɠʓʴʓ̯͛�˝ʄ�৙৔଍੓�Ċɭ�̯ʎɭˉ�̤ɭˉɧ�̯ʎɭ̤ɭ�̝ɭрɭɡ̯ɭɧ�
̚ʎ˝̯˝ˉ̤�ɠɀɡʯ�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�ɠɭɀʽ̤̚ʴʓ̯̯ɭ̝�ɀˉɧ�
͕ʓ̯ʎ�ɀ�̚ʎ˝̯˝ˉ�ɧɭ̯ɭɡ̯˝ ੔̝�ʽɭɀ̸̤̝ɭ�ʓʄ�͕ɭ�̤ɭɭ�ɀ�
̚ʎ˝̯˝ˉ�ɡ˝ʽɭ�ɠɀɡʯ�̯˝�̸̤੓
ড়৛੓৙଍� ˝ʄ� ̯ʎɭ� ̯ʓʽɭ੔� ͕ɭ� ɧ˝� ˉ˝̯� ̤ɭɭ� ɀˉ͛�

̚ʎ˝̯˝ˉ�͕ʓ̯ʎ�˝̸̝�ɧɭ̯ɭɡ̯˝ ੔̝�ɀ̤�̯ʎɭ�̚ʎ˝̯˝ˉ�

ʽɀ͛�ʎɀ͔ɭ�ɠɭɭˉ�ɀɠ̤˝̝ɠɭɧ�ɠ͛�ɭʓ̯ʎɭ̝�˝ˉɭ�˝ʄ�
̯ʎɭ�̯͕˝��ĉ઀ɡɀ͔ʓ̯͛�̤̤̯͛ɭʽ̤�˝̝�ʓ̯�ʽɀ͛�ˉ˝̯�
ɡ˝ʽɭ�̋ ̸̯�̯ ʎɭ�̤ ɀʽɭ�̚ ˝̝̯�̋ ʄ�̯ ʎɭ�ɠɭɀʽ�̤ ̚ʴʓ̯̯ɭ̝�
ɡ˝̝̝ɭ̤̚˝ˉɧʓˉʅ�̯ ˝�̯ ʎɭ�ɹ ˝ɡɀ̯ʓ˝ˉ�̋ ʄ�̯ ʎɭ�̚ ʎ˝̯˝ˉ�
ɧɭ̯ɭɡ̯˝ ੓̝�M˝͕ɭ͔ɭ ੔̝�৕৖੓৙଍�̋ ʄ�̯ ʎɭ�̯ ʓʽɭ੔�͕ ɭ�͕ ʓʴʴ�
̤ɭɭ� ɀ� ઎ɡʴʓɡʯ੔એ� ʓˉɧʓɡɀ̯ʓˉʅ� ̯ʎɀ̯� ̯ʎɭ�̚ʎ˝̯˝ˉ�
̝ɭ̸̯̝ˉɭɧ�̯˝�̯ʎɭ�ɧɭ̯ɭɡ̯˝ ੓̝�Rʄ�͕ɭ�̤ɭɭ�ɀ�઎ɡʴʓɡʯ੔એ�
̯ʎɭˉ�̯ ʎɭ�̚ ʎ˝̯˝ˉ�̔ ̸̤̯�ʎɀ͔ɭ�̝ ɭрɭɡ̯ɭɧ�̋ а�̋ ˉɭ�
˝ʄ�̯ ʎɭ�̯ ͕˝�ɡɀ͔ʓ̯ʓɭ̤੓�M˝͕ɭ͔ɭ ੔̝�͕ ɭ�ɡɀˉˉ˝̯�̤ ɀ͛�
͕ʎʓɡʎ�ɡɀ͔ʓ̯͛�ʓ̯�ɀɡ̸̯ɀʴʴ͛�̝ ɭрɭɡ̯ɭɧ�ʄ̝˝ʽ੓�Rʄ�͕ ɭ�
ɡɀˉˉ˝̯�ɀ̤ɡɭ̝̯ɀʓˉ�͕ ʎʓɡʎ�ɡɀ͔ʓ̯͛�ʓ̯�̝ ɭрɭɡ̯̤�̋ а੔�
̯ʎɭ�пˉɀʴ�̤ ̯ɀ̯ɭ�̔ ̸̤̯�ɠɭ�ɀ�ɹ ʓˉɭɀ̝�̤ ̸̚ɭ̝̚˝̤ʓ̯ʓ˝ˉ�
˝ʄ�̯ ʎɭ�̯ ͕˝�̚ ˝̤̤ʓɠʓʴʓ̯ʓɭ̤�ੲ̚ʎ˝̯˝ˉ�̝ ɭрɭɡ̯ɭɧ�̋ а�
ɡɀ͔ʓ̯͛�̋ ˉɭ�૷�̚ ʎ˝̯˝ˉ�̝ ɭрɭɡ̯ɭɧ�̋ а�ɡɀ͔ʓ̯͛�̯ ͕˝ੳ੓�
Ûʓˉɡɭ�̯ʎɭ�Ό̸ɀˉ̸̯ʽ�ʽɭɡʎɀˉʓɡɀʴ�̤̯ɀ̯ɭ�˝ʄ�̯ʎɭ�
ɭʴɭɡ̯̝˝ˉ�ʓˉ�ɭɀɡʎ�˝ʄ�̯ʎɭ�̯͕˝��ĉ઀ɡɀ͔ʓ̯͛�̤̤͛-
̯ɭʽ̤�ɧɭ̯ɭ̝ʽʓˉɭ̤�ʓʄ�̯ ʎɭ�̚ ʎ˝̯˝ˉ�̝ ɭрɭɡ̯̤�̋ ̝�̄ ˝̯�
ੲɧɭ̚ɭˉɧʓˉʅ�˝ˉ�̯ʎɭʓ̝�̝ɭ̤̚ɭɡ̯ʓ͔ɭ�Ό̸ɠʓ̯�̤̯ɀ̯ɭੳ੔�
̯ʎɭ�ɧɭ̯ɭɡ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�̚ʎ˝̯˝ˉ�͕ʓʴʴ�̝ɭ̸̤ʴ̯�ʓˉ�
̯ʎɭ�ɭʴɭɡ̯̝˝ˉʓɡ�̤̯ɀ̯ɭ̤�˝ʄ�̯ʎɭ�̯͕˝��ĉ઀ɧɭʄɭɡ̯̤�
ɠɭʓˉʅ�ɭˉ̯ɀˉʅʴɭɧ੓�Юʓ̤�ʓ̤�̯ ʎɭ�̚ ̝ʓʽɀ̝͛�̔ ɭɡʎɀ-
ˉʓ̤ʽ�ʄ˝̝��ĉ઀ɧɭʄɭɡ̯�ɭˉ̯ɀˉʅʴɭʽɭˉ̯੓
Rˉ�̯ʎɭ�ɡɀ̤ɭ�˝ʄ�̯ʎɭ�ɧʓɀʽ˝ˉɧ�ɠɀ̤ɭɧ�̤̤̯͛ɭʽ੔�

̯ʎɭ� ˉʓ̯̝˝ʅɭˉ� ˉ̸ɡʴɭ̸̤� ̝̚˝͔ʓɧɭ̤� ̸̤�͕ʓ̯ʎ� ɀ�
̝̚˝̯ɭɡ̯ɭɧ�ʽɭʽ˝̝͛�̤̚ɀɡɭ�̯˝�̤̯˝̝ɭ�Ό̸ɀˉ̸̯ʽ�
ɭˉ̯ɀˉʅʴɭʽɭˉ̯�͕ʎʓʴɭ�͕ɭ�̝ɭ̚ɭɀ̯ɭɧʴ͛�ɀ̯̯ɭʽ̯̚�
̯˝�ɡ̝ɭɀ̯ɭ�ˉɭ͕�ɭʴɭɡ̯̝˝ˉંɭʴɭɡ̯̝˝ˉ�ɭˉ̯ɀˉʅʴɭ-
ʽɭˉ̯�̸̤ʓˉʅ�ʎʓʅʎʴ͛�̝̚˝ɠɀɠʓʴʓ̤̯ʓɡ�Ό̸ɀˉ̸̯ʽ�
ʅɀ̯ɭ̤੓�Юʓ̤�̯ɭɡʎˉʓΌ̸ɭ�ʓ̤�͕ɭʴʴ�ʯˉ˝͕ˉ�ʓˉ�̯ʎɭ�
ɡ˝ʽʽ̸ˉʓ̯͛�ɀˉɧ�ʓ̯�ʓ̤�ɡ˝ʽʽ˝ˉʴ͛�̝ɭʄɭ̝̝ɭɧ�̯˝�
ɀ̤�ɠ̝˝ʯɭ̝ɭɧ�ʅ̝ɀ̚ʎ�̤̯ɀ̯ɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ-
tion.
í̤ʓˉʅ� ̯ʎɭ� ˝̯̚ʓɡɀʴ� ʓˉ̯ɭ̝ʄɀɡɭ੔� ͕ɭ� ɡɀˉ�

ɀ̯̯ɭʽ̯̚�̯ ˝�ɭ̤̯ɀɠʴʓ̤ʎ�ɀˉ�ɭˉ̯ɀˉʅʴɭʽɭˉ̯�ɠ˝ˉɧ�
ɠɭ̯͕ɭɭˉ�̯ ʎɭ�ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯̤�ʓˉ�̯ ͕˝੔�̚ ʎ̤͛ʓ-
ɡɀʴʴ͛�̤ ɭ̚ɀ̝ɀ̯ɭ੔��ĉ઀ɡɀ͔ʓ̯͛�̤ ̤̯͛ɭʽ̤੓�"˝ˉ̤ɭ̝͔ɀ-
̯ʓ͔ɭʴ ੔͛�ɀ̸̤̤ʽʓˉʅ�ɀ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ�ɭдɡʓɭˉɡ͛�˝ʄ�
৕଍੔�͕ɭ�̝ɭΌ̸ʓ̝ɭ�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�৕৔৔�ɀ̯̯ɭʽ̯̤̚�
ɠɭʄ˝̝ɭ�͕ɭ�ɀ̝ɭ�̝ɭɀ̤˝ˉɀɠʴ͛�ɡ˝ˉпɧɭˉ̯�̯ʎɀ̯�ɀ�
ɡ˝ˉˉɭɡ̯ʓ˝ˉ�͕ ʓʴʴ�ɠɭ�ɭ̤̯ɀɠʴʓ̤ʎɭɧ�ੲ૽৙৔଍�ɡʎɀˉɡɭ�
˝ʄ�ɀ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ�ɀоɭ̝�৕৔৔�ɀ̯̯ɭʽ̯̤̚ੳ੓

Dʓʅ̸̝ɭ�৕৖੕�Юɭ�˝̯̚ʓɡɀʴ�ʽɭɡʎɀˉʓ̤ʽ�̯˝�ɭˉ̯ɀˉʅʴɭ�
̯͕˝� �ĉ઀ɧɭʄɭɡ̯̤੓� Юɭ� ˝̯̚ʓɡɀʴ� ̯̝ɀˉ̤ʓ̯ʓ˝ˉ̤� ˝ʄ�
̯ʎɭ� ̝ɭ̤̚ɭɡ̯ʓ͔ɭ� ɭʴɭɡ̯̝˝ˉʓɡ� ̤̤̯͛ɭʽ̤� ʓ̤� ̸̯ˉɭɧ�
̯˝� ̝ɭ̤˝ˉɀˉɡɭ� ͕ʓ̯ʎ� ̯͕˝� ˝̯̚ʓɡɀʴ� ɡɀ͔ʓ̯ʓɭ̤੓�Юʓ̤�
̝ɭ̤˝ˉɀˉɡɭ� ɡ˝ˉɧʓ̯ʓ˝ˉ� ɡʎɀˉʅɭ̤� ̯ʎɭ� ̝ɭрɭɡ̯ʓ͔ʓ̯͛�
̝̚˝̚ɭ̝̯ʓɭ̤�˝ʄ�̯ʎɭ�̯͕˝�ɡɀ͔ʓ̯ʓɭ̤�ɧɭ̚ɭˉɧɭˉ̯�˝ˉ�̯ʎɭ�
ɭʴɭɡ̯̝˝ˉʓɡ�̤̯ɀ̯ɭ੓�Rʄ�ɭɀɡʎ�ɭʴɭɡ̯̝˝ˉ�ʓ̤�̚ʴɀɡɭɧ�ʓˉ̯˝�
ɀ�̸̤̚ɭ̝̚˝̤ʓ̯ʓ˝ˉ�˝ʄ�ʓ̯̤�̯͕˝�ʅ̝˝̸ˉɧ�̤̯ɀ̯ɭ̤�ɀˉɧ�ɀ�
̤ʓˉʅʴɭ�̚ ʎ˝̯˝ˉ�̯ ʎɀ̯�ʓ̤�п̝̤̯�̤ ̚ʴʓ̯�̋ ˉ�ɀ�ɠɭɀʽ̤̚ʴʓ̯̯ɭ̝�
ʓ̤�̤ ɭˉ̯�̯ ˝�ɠ˝̯ʎ�ɡɀ͔ʓ̯ʓɭ̤੔�̯ ʎɭ̝ɭ�ʓ̤�ɀ�пˉʓ̯ɭ�̚ ̝˝ɠɀɠʓʴʓ̯͛�
̯ʎɀ̯�̯ʎɭ͛�͕ʓʴʴ�̝ɭрɭɡ̯�ʄ̝˝ʽ�ɠ˝̯ʎ�ɡɀ͔ʓ̯ʓɭ̤�ɀˉɧ�ɀ̝ɭ�
ɧɭ̯ɭɡ̯ɭɧ�ɀ̯� ̯ʎɭ�̚ʎ˝̯˝ˉ�ɧɭ̯ɭɡ̯˝ ੓̝�!ɭɡɀ̸̤ɭ�͕ɭ�
ɧ˝ ઑ̯̄�ʯˉ˝͕�͕ʎʓɡʎ�ɡɀ͔ʓ̯͛�̯ʎɭ�̚ʎ˝̯˝ˉ�̝ɭрɭɡ̯ɭɧ�
ʄ̝˝ʽ੔�̯ʎɭ�̝ɭ̸̤ʴ̯ɀˉ̯�ɭʴɭɡ̯̝˝ˉʓɡ�̤̯ɀ̯ɭ�ʓ̤�ɭˉ̯ɀˉʅʴɭɧ੓�
Юɭ�̸̤ɡɡɭ̤̤�̝̚˝ɠɀɠʓʴʓ̯͛�ʄ˝̝�̯ʎʓ̤�̤ɡʎɭʽɭ�ʓ̤�̸̚̚ɭ̝�
ɠ˝̸ˉɧɭɧ�ɀ̯�৕৖੓৙଍�͕ʎɭˉ�ɀʴʴ�˝̯ʎɭ̝�ɡ˝ʽ̚˝ˉɭˉ̯̤�
ɀ̝ɭ�̚ɭ̝ʄɭɡ̯੓
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Eʓ͔ɭˉ�̯ʎɭ�ʓˉ̯̝ʓˉ̤ʓɡ�̤̚ɭɭɧ�˝ʄ�̯ʎʓ̤�̤̤̯͛ɭʽ੔�
̯ʎɭ̤ɭ� ৕৔৔� ɀ̯̯ɭʽ̯̤̚� ɡɀˉ� ɠɭ� ɡ˝ʽ̚ʴɭ̯ɭɧ� ʓˉ�
ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛� ৗ� ʽʓɡ̝˝̤ɭɡ˝ˉɧ̤� ੲ�ɭʽ˝̯˝�
ɭ̯�ɀʴ੓�৖৔৕৘ੳ੓�Rʄ�͕ɭ�͕ɭ̝ɭ�̯˝�̯̝͛�̯˝�ɡ˝ˉˉɭɡ̯�
ɀ� ̯ʎʓ̝ɧ� ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯� ɀоɭ̝� ̯ʎʓ̤� ʓˉʓ̯ʓɀʴ�
̸̤ɡɡɭ̤̤ʄ̸ʴ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ੔�ɀˉ͛�ʄɀʓʴɭɧ�ɀ̯̯ɭʽ̯̚�
͕˝̸ʴɧ�ɧɭ̤̯̝˝͛� ̯ʎɭ�ɭˉ̯ɀˉʅʴɭʽɭˉ̯�͕ɭ�ʎɀɧ�
̝̚ɭ͔ʓ˝̸̤ʴ͛�ɭ̤̯ɀɠʴʓ̤ʎɭɧ੓�Mɭˉɡɭ੔�ɠɭʄ˝̝ɭ�͕ɭ�
ɀ̯̯ɭʽ̯̚�̯˝�ɡ˝ˉˉɭɡ̯�ɀ�̯ʎʓ̝ɧ�ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯�
ʓˉ̯˝�˝̸̝�ɭˉ̯ɀˉʅʴɭɧ�̤̯ɀ̯ɭ੔�͕ɭ�̸̤ɭ�̯ʎɭ�ʎ͛̚ɭ̝-
пˉɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�̯ʎɭ�ɭʴɭɡ̯̝˝ˉ̤�ɀˉɧ�
̯ʎɭʓ̝�̝ɭ̤̚ɭɡ̯ʓ͔ɭ�ˉʓ̯̝˝ʅɭˉ�ˉ̸ɡʴɭɀ̝�Ό̸ɠʓ̯̤�̯˝�
̯̝ɀˉ̤ʄɭ̝�̯ʎɭ�ɭˉ̯ɀˉʅʴɭʽɭˉ̯੓
Rʄ� ɀ� ̸̤ɡɡɭ̤̤ʄ̸ʴ� ɭˉ̯ɀˉʅʴɭʽɭˉ̯� ɠ˝ˉɧ� ʓ̤�

̯̝ɀˉ̤ʄɭ̝̝ɭɧ�̯ ˝�̯ ʎɭ�̄ ̸ɡʴɭɀ̝�Ό̸ɠʓ̯̤੔�̯ ʎʓ̤�઎ʄ̝ɭɭ̤એ�
̯ʎɭ�ɭʴɭɡ̯̝˝ˉ�Ό̸ɠʓ̯̤�̯ ˝�ɠɭ�̸ ̤ɭɧ�ɀʅɀʓˉ�̯ ˝�̚ ̝˝ɠ-
ɀɠʓʴʓ̤̯ʓɡɀʴʴ͛�ɡ̝ɭɀ̯ɭ�ɀˉ˝̯ʎɭ̝�ɭˉ̯ɀˉʅʴɭʽɭˉ̯�
ɠ˝ˉɧ�͕ʓ̯ʎ�˝̯ʎɭ̝�ɭʴɭɡ̯̝˝ˉʓɡ�Ό̸ɠʓ̯̤�ʓˉ�˝̯ʎɭ̝�
�ĉ઀ɡɀ͔ʓ̯͛�̤̤̯͛ɭʽ̤�͕ʓ̯ʎ˝̸̯�̯ʎɭ�̚˝̤̤ʓɠʓʴʓ̯͛�
˝ʄ�ɧɭ̤̯̝˝͛ʓˉʅ� ̯ʎɭ� ɭˉ̯ɀˉʅʴɭʽɭˉ̯�͕ɭ�ʎɀ͔ɭ�
ɀʴ̝ɭɀɧ͛�ɡ̝ɭɀ̯ɭɧ੓�Юɭ�ˉ̸ɡʴɭɀ̝�̤̤̯͛ɭʽ�ɀɡ̯̤�ɀ̤�
ɀ�̚ ̝˝̯ɭɡ̯ɭɧ�̔ ɭʽ˝̝͛�ੲ˝̝�ɠ̝˝ʯɭ̝ੳ�̯ ˝�ɀʴʴ˝͕�ʄ˝̝�
ʄ̸̝̯ʎɭ̝�ɡ̝ɭɀ̯ʓ˝ˉ�˝ʄ�ɭʴɭɡ̯̝˝ˉ੣ɭʴɭɡ̯̝˝ˉ�ɭˉ̯ɀˉ-
ʅʴɭʽɭˉ̯੓�Юɭ�̝̚˝̯ɭɡ̯ɭɧ� ˉ̸ɡʴɭɀ̝�ʽɭʽ˝̝͛�
ɀʴʴ˝͕̤�ʄ˝̝�ɭ͚̯̝ɭʽɭʴ͛�ʓˉɭдɡʓɭˉ̯�̋ ̯̚ʓɡɀʴ�ɡ˝ˉ-

ˉɭɡ̯ʓ˝ˉ̤�͕ʓ̯ʎ˝̸̯�ɀɧ͔ɭ̝̤ɭʴ͛�ʓʽ̚ɀɡ̯ʓˉʅ�̯ʎɭ�
ɭ̝̝˝̝�̝ɀ̯ɭ̤�ɀ̤̤˝ɡʓɀ̯ɭɧ�͕ʓ̯ʎ�̯ʎɭ�ɡ̝ɭɀ̯ʓ˝ˉ�˝ʄ�
�ĉ੣�ĉ�ɭˉ̯ɀˉʅʴɭʽɭˉ̯�˝̝�̤ʴ˝͕ʓˉʅ�̯ʎɭ�ɡ˝ʽ-
̸̯̚ɭ̝�ɧ˝͕ˉ�ɠ͛�̸̤ɡʎ�ɀ�ɧɭʅ̝ɭɭ�ɀ̤�̯˝�ʽɀʯɭ�
ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�ʓʽ̝̚ɀɡ̯ʓɡɀʴ੓

$˧ȷȊ˹ɝʓɏ�Ȋʓ�ȷʓ̵Ȋʓɏɾȷȱ�˧ȷˮʧ̂˧ȫȷ�ˮ̵Ȋ˹ȷ�Ɏʧ˧�ȷ˧˧ʧ˧׮
ȫʧ˧˧ȷȫ˹ȷȱ�ȫʧʇˤ̵̂Ȋ˹ɝʧʓ

Юɭ�ɠɀ̤ʓɡ�ʽɭɡʎɀˉʓ̤ʽ�ʄ˝̝��ĉ੣�ĉ�ɭˉ̯ɀˉʅʴɭ-
ʽɭˉ̯�ɡɀˉ�ɠɭ�̸ ̤ɭɧ�̯ ˝�ɡ̝ɭɀ̯ɭ�ɀ�ɡʴ̸̤̯ɭ̝�̤ ̯ɀ̯ɭ�̋ ʄ�
ɀ̝ɠʓ̯̝ɀ̝͛�̤ʓͥɭ੓�Mɭˉɡɭ�̯ʎɭ�ɧʓɀʽ˝ˉɧ�ɀ̝ɡʎʓ̯ɭɡ-
̸̯̝ɭ�ɡɀˉ�ɠɭ�̸ ̤ɭɧ�̯ ˝�ɠ̸ʓʴɧ�ɀ�̸ ˉʓ͔ɭ̝̤ɀʴ�̝ ɭ̤˝̸̝ɡɭ�
̤̯ɀ̯ɭ�ʄ˝̝�ʴɀ̝ʅɭ઀̤ɡɀʴɭ੔�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓
.ʽɠɭɧɧʓˉʅ�̯˝̚˝ʴ˝ʅʓɡɀʴ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�

ɡ˝ɧɭ̤�ʓˉ̯˝�̋ ̸̝�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉɀʴ�̔ ˝ɧɭʴ�̤ ʓʽ̚ʴ͛�
̝ɭΌ̸ʓ̝ɭ̤�̸ ̤�̯ ˝�̚ ̝˝ɧ̸ɡɭ�ɀˉ�ɭˉ̯ɀˉʅʴɭɧ�̝ ɭ̤˝̸̝ɡɭ�
̤̯ɀ̯ɭ�̯ ʎɀ̯�ɡɀˉ�ɠɭ�̸ ̤ɭɧ�̯ ˝�̔ ʓʽʓɡ�̤ ̸̝ʄɀɡɭ�ɡ˝ɧɭ੔�
ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤੓�Юʓ̤�̝ ɭΌ̸ʓ̝ɭ̤�
̯ʎɭ�ɡ̝ɭɀ̯ʓ˝ˉ�˝ʄ�ɀ�৖(૷৕�ɧʓʽɭˉ̤ʓ˝ˉɀʴ�ɡʴ̸̤̯ɭ̝�
̤̯ɀ̯ɭ੔� ʯˉ˝͕ˉ� ɀ̤� ̯ʎɭ� Ôɀ̸̤̤ɭˉɧ˝̝ʄ� ʴɀ̯̯ʓɡɭ�
ੲÔɀ̸̤̤ɭˉɧ˝̝ʄ੔�Mɀ̝̝ʓˉʅ̯˝ˉ੔�ɀˉɧ�E˝͛ɀʴ�৖৔৔৚ੳ੓�
Юɭ�̸̤̯̝ɡ̸̯̝ɭ�˝ʄ�̯ʎʓ̤�̤̯ɀ̯ɭ�ʓ̤�ʓʴʴ̸̤̯̝ɀ̯ɭɧ�ʓˉ�
Dʓʅ̸̝ɭ�৕ৗ੓

Dʓʅ̸̝ɭ�৕ৗ੕�Юɭ�ɧʓɀʽ˝ˉɧ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʓ̤�ɠɀ̤ɭɧ�˝ˉ�ɀ�ৗ(�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭ�̯ʎɀ̯�ʓ̤�ɀ�̸ˉʓ͔ɭ̝̤ɀʴ�̝ɭ̤˝̸̝ɡɭ�̤̯ɀ̯ɭ�
ʄ˝̝�̯˝̚˝ʴ˝ʅʓɡɀʴʴ͛�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�Ôɀ̯ʎɭ̝�̯ʎɀˉ�ɡ̝ɭɀ̯ʓˉʅ�ɀ�ʄ̸ʴʴ�ৗ(�ʴɀ̯̯ʓɡɭ੔�͕ɭ�
ɡ̝ɭɀ̯ɭ�ɀ�৖(૷৕�ʴɀ̯̯ʓɡɭ�˝ˉ�ɀ�̚ʴɀˉɀ̝�ʴɀ̯̯ʓɡɭ�˝ʄ��ĉ઀Ό̸ɠʓ̯̤੓�Юʓ̤�ɀʴʴ˝͕̤�ʄ˝̝�ɀ̝ɠʓ̯̝ɀ̝͛�Ό̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ̤�
̯ʎɀ̯�ɀ̝ɭ�̝̚˝̯ɭɡ̯ɭɧ�ʄ̝˝ʽ�ɭ̝̝˝̝̤�̸̤ʓˉʅ�̚˝͕ɭ̝ʄ̸ʴ�̯˝̚˝ʴ˝ʅʓɡɀʴ�ɡ˝ɧɭ̤੓
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Юɭ�ɡʴ̸̤̯ɭ̝�̤ ̯ɀ̯ɭ�͕ ɭ�̝ ɭΌ̸ʓ̝ɭ�ʓ̤�ɀɠ̤̯̝ɀɡ̯ʴ͛�ɀ�
ৗ(�̤ ̯ɀ̯ɭ੓�Юɭ�ɡ̝˝̤̤�̤ ɭɡ̯ʓ˝ˉ�̋ ʄ�̯ ʎʓ̤�̤ ̯ɀ̯ɭ�̝ ɭ̝̚ɭ-
̤ɭˉ̯̤�̯ ʎɭ�̤ ʓͥɭ�̋ ʄ�̯ ʎɭ�ɡ˝ʽ̸̯̚ɭ̝૆ઃ૆ʎ˝͕�̔ ̸ɡʎ�
̤̚ɀɡɭ�͕ɭ�ʎɀ͔ɭ�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�
Ό̸ɠʓ̯̤૆ઃ૆͕ʎʓʴɭ�̯ʎɭ�̯ʎʓ̝ɧ�ɧʓʽɭˉ̤ʓ˝ˉ�̝ɭ̝̚ɭ-
̤ɭˉ̯̤�̯ʓʽɭ�̤̯ɭ̤̚�ɀ͔ɀʓʴɀɠʴɭ�ʓˉ�˝̸̝�ɡ˝ʽ̸̯̚ɀ-
̯ʓ˝ˉ૆ઃ૆̯ʎɭ�ɹ ˝ˉʅɭ̝�̯ ʎɭ�̯ ʎʓ̝ɧ�ɧʓʽɭˉ̤ʓ˝ˉ�ʓ̤੔�̯ ʎɭ�
ʽ˝̝ɭ�̤̯ɭ̤̚�͕ɭ�ʎɀ͔ɭ�ɀ͔ɀʓʴɀɠʴɭ੓�"̝ɭɀ̯ʓˉʅ�̯ʎʓ̤�
ৗ(�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭ�ɧʓ̝ɭɡ̯ʴ͛�͕˝̸ʴɧ�ʓˉ̯̝˝ɧ̸ɡɭ�ɀ�
̯ɭʽ̚˝̝ɀʴ�̤ɡɀʴʓˉʅ�̯˝�˝̸̝�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ૆ઃ૆͕ɭ�
͕˝̸ʴɧ�ˉɭɭɧ�ʽ˝̝ɭ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�̯˝�ɭˉɀɡ̯�
ʽ˝̝ɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ʅɀ̯ɭ̤૆ઃ૆ɠ̸̯�͕ ɭ�ɧ˝�̄ ˝̯�
ˉɭɭɧ�̯ ˝�ɡ̝ɭɀ̯ɭ�̯ ʎɭ�ɭˉ̯ʓ̝ɭ�̯ ʎʓ̝ɧ�ɧʓʽɭˉ̤ʓ˝ˉ�ʓˉ�
̚ʎ̤͛ʓɡɀʴ�̤ ̚ɀɡɭ੓�Rˉ�ʄɀɡ̯�͕ ɭ�̋ ˉʴ͛�̄ ɭɭɧ�̯ ˝�ɡ̝ɭɀ̯ɭ�
̯͕˝�ɹ ɀ͛ɭ̝̤�ɀ̯�ɀ�̯ ʓʽɭ�ɀʴ˝ˉʅ�̯ ʎɭ�̯ ɭʽ̚˝̝ɀʴ�ɀ͚ʓ̤�
˝ʄ�̯ʎɭ�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭ੓�Mɭˉɡɭ�̯ʎɭ�ɡʴ̸̤̯ɭ̝�͕ɭ�
ˉɭɭɧ�̯ ˝�̚ ̝ɭ̚ɀ̝ɭ�ʓ̤�̯ ʎɭ�৖(�ɡ̝˝̤̤�̤ ɭɡ̯ʓ˝ˉ੔�̚ ʴ̸̤�
˝ˉɭ�ɀɧɧʓ̯ʓ˝ˉɀʴ�ɹ ɀ͛ɭ̝�ɀʴ˝ˉʅ�̯ ʎɭ�̯ ɭʽ̚˝̝ɀʴ�ɀ͚ʓ̤�
ੲʓ੓ɭ੓�ɀ�৖(૷৕�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭੳ੓
Dʓʅ̸̝ɭ� ৕ৗɡ� ʓʴʴ̸̤̯̝ɀ̯ɭ̤� ̯ʎɭ� ɀɡ̸̯ɀʴ� ̚ʎ̤͛ʓ-

ɡɀʴ�ʴɀ͛˝̸̯�˝ʄ�̯ʎɭ�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭ�̯ʎɀ̯�͕ɭ�ˉɭɭɧ�
̯˝�̝̚˝ɧ̸ɡɭ੔�ɀ̸̤̤ʽʓˉʅ�ɭɀɡʎ�˝ʄ�˝̸̝�̚ʎ̤͛ʓɡɀʴ�
�ĉ઀ɧɭʄɭɡ̯̤�ʴʓɭ̤�˝ˉ�ɀ�৖(�̚ʴɀˉɭ੓�Ċɭ�ɠɀ̤ʓɡɀʴʴ͛�
̯ɀʯɭ�̯ ͕˝�̤ ɭΌ̸ɭˉ̯ʓɀʴ�ɡ̝˝̤̤઀̤ɭɡ̯ʓ˝ˉ̤�̋ ʄ�̯ ʎɭ�ৗ(�
ɡʴ̸̤̯ɭ̝�ɀˉɧ�઎̚ɀˉɡɀʯɭએ�ʓ̯�ɧ˝͕ˉ�̯˝�৖(੓�Юʓ̤�
̝ɭ̸̤ʴ̯̤�ʓˉ�ɀ�৖(�Ό̸ɠʓ̯�ʴɀ͛˝̸̯�̯ʎɀ̯�̝ɭΌ̸ʓ̝ɭ̤�
ˉɭ͚̯઀̯˝઀ˉɭɀ̝ɭ̤̯઀ˉɭʓʅʎɠ˝̸̝�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�ੲ̯ʎɭ�
ɡ˝ʴ˝̸̝�ɡ˝ɧʓˉʅ�ʓˉ�Dʓʅ̸̝ɭ�৕ৗ�ʓ̤�̄ ˝̯�̝ ɭʴɭ͔ɀˉ̯�̯ ˝�
̯ʎʓ̤�ɧʓ̤ɡ̸̤̤ʓ˝ˉੳ੔�ɠ̸̯�̯ ʎɭ�̋ ̯̚ʓɡɀʴ�ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯͛�
˝ʄ�̯ʎʓ̤�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɀʴʴ˝͕̤�ʄ˝̝�̯ʎɭ̤ɭ�ʴ˝ˉʅɭ̝઀
range connections.
"̝ɭɀ̯ʓˉʅ�ɀ�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭ�͕ʓ̯ʎ�̯ʎʓ̤�ʅɭˉɭ̝ɀʴ�

̸̤̯̝ɡ̸̯̝ɭ�̚ ̝˝͔ʓɧɭ̤�ɀˉ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̸ ˉʓ͔ɭ̝̤ɀʴ�
̝ɭ̤˝̸̝ɡɭ�̤̯ɀ̯ɭ�ʄ˝̝�ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯੔�̯˝̚˝ʴ˝ʅʓ-
ɡɀʴʴ͛�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ੔�̸ ˉʓ͔ɭ̝̤ɀʴ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�
Юɭ�̤ ʓͥɭ�̋ ʄ�̯ ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�ɀˉɧ�̯ ʎɭ�̤ ̯̝ɭˉʅ̯ʎ�̋ ʄ�
ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ʓ̤�̋ ˉʴ͛�̝ ɭʴɀ̯ɭɧ�̯ ˝�̯ ʎɭ�ɀɡ̸̯ɀʴ�
৖(�̤ ʓͥɭ�̋ ʄ�̯ ʎɭ�ɀ̝̝ɀ͛�̤ ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৕ৗɡ੓�Юɭ�
ɀ̝̝ɀ͛�ʓˉ�Dʓʅ̸̝ɭ�৕ৗɡ�ɡ˝ˉ̤ʓ̤̯̤�˝ʄ�ɡɭʴʴ̤�ʓˉ�̯ʎɭ�

ਠાЮɭ�̯ ʎʓ̝ɧ�ɧɭ̤ʓʅˉ�ɧʓ̤ɡ̸̤̤ɭɧ�ʓ̤�ɀ�̔ ˝ɧʓпɭɧ�ɧɭ̤ʓʅˉ�ʄ˝̝�ɀ�̤ ̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�̯ ʎɀ̯�͕ ɀ̤�ɧɭ̤ʓʅˉɭɧ�ʓˉ�
ɡ˝ʴʴɀɠ˝̝ɀ̯ʓ˝ˉ�͕ ʓ̯ʎ�̯ ʎɭ�ʅ̝˝̸̚�̋ ʄ�fɀ͕�Ûʎɭˉ઀æ̤ɀʓ�ɀ̯�̯ ʎɭ�fɀ̚ɀˉɭ̤ɭ�̄ ɀ̯ʓ˝ˉɀʴ�ɹ ɀɠ˝̝ɀ̯˝̝ʓɭ̤੔�Ôʓʯɭˉ�ɀˉɧ�æ˝ʯ͛˝�íˉʓ͔ɭ̝̤ʓ̯͛�
˝ʄ�Ûɡʓɭˉɡɭ�ੲv̸ʯɀʓ�ɭ̯�ɀʴ੓�৖৔৖৔੖�i͕˝ˉ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ੓

ৗ(�ɡʴ̸̤̯ɭ̝�̤̯ɀ̯ɭ੔�ɀˉɧ�ɀ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�
ɀʴʅ˝̝ʓ̯ʎʽ�ੲʄ˝̝�ɭ͚ɀʽ̚ʴɭ�ʄɀɡ̯˝̝ʓˉʅੳ�͕˝̸ʴɧ�
̝ɭΌ̸ʓ̝ɭ�ɀ̝̝ɀ̤͛�˝ʄ�̯ʎɭ�˝̝ɧɭ̝�10,000 × 10,000 
ɡɭʴʴ̤�ੲ�ɭʽ˝̯˝�ɭ̯�ɀʴ੓�৖৔৕৘ੳ੓
!ɭɡɀ̸̤ɭ�ɀ�ɧʓɀʽ˝ˉɧ�̤̤̯͛ɭʽ�ʓ̤�˝̯̚ʓɡɀʴʴ͛�

ɡ˝ˉˉɭɡ̯ɭɧ� ɀˉɧ� ɡ˝˝ʴʓˉʅ� ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ� ʓ̤�
ɡ˝ʽ̚ɀ̝ɀ̯ʓ͔ɭʴ͛�̤ʓʽ̚ʴɭ�͕ʎɭˉ�ɡ˝ʽ̚ɀ̝ɭɧ�̯˝�
ʴɀ̝ʅɭ�͔ɀɡ̸̸ʽ�̤̤̯͛ɭʽ̤�˝̝�ɧʓʴ̸̯ʓ˝ˉ�̝ɭʄ̝ʓʅɭ̝ɀ-
̯ʓ˝ˉ੔�ɀ�ʎʓʅʎʴ͛�ɧʓ̤̯̝ʓɠ̸̯ɭɧ�ɧʓɀʽ˝ˉɧ�̤ ̤̯͛ɭʽ�ʓ̤�
ɭ͚̚ɭɡ̯ɭɧ�̯˝�ɠɭ�̤ʓʽ̚ʴɭ̝�̯˝�̤ɡɀʴɭ੓�Ċʎʓʴɭ�̸̤ɡʎ�
ɀ�ʽɀɡʎʓˉɭ�͕˝̸ʴɧ� ̤̯ʓʴʴ�ɠɭ� ʴɀ̝ʅɭ੔� ʓ̯�͕˝̸ʴɧ�
ˉ˝̯�ˉɭɭɧ�̯˝�ɠɭ�ɀ�ɡɀ̝ɭʄ̸ʴʴ͛�ʓˉ̯ɭ̝ɡ˝ˉˉɭɡ̯ɭɧ�
ʎʓʅʎ઀͔ɀɡ̸̸ʽ�̤ ̤̯͛ɭʽ̤�̋ ̝�̸ ʴ̯̝ɀ઀ʴɀ̝ʅɭ�ɧʓʴ̸̯ʓ˝ˉ�
̝ɭʄ̝ʓʅɭ̝ɀ̯˝̝̤੓

Superconductors
Юɭ�ʽ˝̯ʓ͔ɀ̯ʓ˝ˉ�ɠɭʎʓˉɧ�̯ʎɭ�fɀ̚ɀˉɭ̤ɭ�̸̤̚ɭ̝-
ɡ˝ˉɧ̸ɡ̯ʓˉʅ� ʽʓɡ̝˝઀ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ� ʓ̤� ɀ� ͕ɭʴʴ઀
ʯˉ˝͕ˉ�̝̚˝ɠʴɭʽ�͕ʓ̯ʎʓˉ� ̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�ʯˉ˝͕ˉ�ɀ̤�઎̯ʎɭ�͕ʓ̝ʓˉʅ�
̝̚˝ɠʴɭʽ੓એ�Юʓ̤�ʽʓɡ̝˝઀ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�̯ɀʯɭ̤�ɀ�
ʄ̸ˉɧɀʽɭˉ̯ɀʴʴ͛�ɧʓаɭ̝ɭˉ̯�̤ ̸̯̝ɡ̸̯̝ɀʴ�ɀ̝̚̚˝ɀɡʎ�
̯˝�ɭʴʓʽʓˉɀ̯ɭ�̯ʎʓ̤�̝̚˝ɠʴɭʽ�͕ʓ̯ʎ˝̸̯�ɡʎɀˉʅ-
ʓˉʅ�ɀˉ͛�˝̯ʎɭ̝� ʓ̸̤̤ɭ�̝ɭʴɀ̯ɭɧ�̯˝� ʴɀ̝ʅɭ઀̤ɡɀʴɭ�
˝̚ɭ̝ɀ̯ʓ˝ˉ�˝ʄ�ɀ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ ੓̝৩
Û̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ� Ό̸ɠʓ̯� ̤̤̯͛ɭʽ̤� ʎɀ͔ɭ�

ɀ̝ʅ̸ɀɠʴ͛�ɭʽɭ̝ʅɭɧ�ɀ̤�̯ʎɭ�ʴɭɀɧʓˉʅ�̚ʴɀ̯ʄ˝̝ʽ�
ʄ˝̝�ɹ ɀ̝ʅɭ઀̤ɡɀʴɭ�ɡ˝ʽ̸̯̚ʓˉʅ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤੓��˝̯�
˝ˉʴ͛�ʎɀ͔ɭ�͕ɭ�̤ɭɭˉ�̤ʓʅˉʓпɡɀˉ̯�ɀɧ͔ɀˉɡɭ̤�ʓˉ�
̝ɭɡɭˉ̯�͛ɭɀ̝̤�ʓˉ�̝ɭʴʓɀɠʴɭ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝ˉ-
̯̝˝ʴ�̯ ɭɡʎˉ˝ʴ˝ʅ ੔͛�ɠ̸̯�̯ ʎɭ�Ό̸ɀʴʓ̯͛�̋ ʄ�̯ ʎɭ�Ό̸ɠʓ̯̤�
̯ʎɭʽ̤ɭʴ͔ɭ̤�ʎɀ̤�ʓˉɡ̝ɭɀ̤ɭɧ�ɠ͛�ʽɀˉ͛�˝̝ɧɭ̝̤�
˝ʄ�ʽɀʅˉʓ̸̯ɧɭ੓�Û̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯�̤̤͛-
̯ɭʽ̤�ʎɀ͔ɭ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�̚ ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝�̝ ɀ̯ɭ̤�
ɡʴ˝̤ɭ�̯ ˝�ੲɀˉɧ�ʓˉ�̤ ˝ʽɭ�ɡɀ̤ɭ̤੔�ɠɭʴ˝͕ੳ�̯ ʎɭ�ʄɀ̸ʴ̯઀
̯˝ʴɭ̝ɀˉ̯�̯ʎ̝ɭ̤ʎ˝ʴɧ�ʄ˝̝�̸̤̝ʄɀɡɭ઀ɡ˝ɧɭ઀ɠɀ̤ɭɧ�
ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�̯ɭɡʎˉʓΌ̸ɭ̤�ੲ!ɀ̝ɭˉɧ̤�ɭ̯�ɀʴ੓�
৖৔৕৘ੳ੔�ɀˉɧ�̔ ̸ʴ̯ʓ઀Ό̸ɠʓ̯�ɀ̝̝ɀ̤͛�ʎɀ͔ɭ�ɠɭɭˉ�ʄɀɠ-
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̝ʓɡɀ̯ɭɧ�ɀˉɧ�̯ɭ̤̯ɭɧ�ɠ͛�ʽɀˉ͛�ʅ̝˝̸̤̚�͕˝̝ʴɧ-
͕ʓɧɭ੓�Ñ̝ʓ͔ɀ̯ɭ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ʎɀ̤�ɀʴ̤˝�
ɭ͚̚ʴ˝ɧɭɧ੔�͕ʓ̯ʎ�ɡ˝ʽ̚ɀˉʓɭ̤�̸̤ɡʎ�ɀ̤�E˝˝ʅʴɭ੔�
R!v੔��ʴʓɠɀɠɀ੔�Rˉ̯ɭʴ੔�Ôʓʅɭ̯̯ʓ�ɀˉɧ�̋ ̯ʎɭ̝̤�̄ ˝͕�
ɀɡ̯ʓ͔ɭʴ͛� ɀˉɧ� ɀс̝ɭ̤̤ʓ͔ɭʴ͛� ̝̚˝ʽ˝̯ʓˉʅ� ɀˉɧ�
̸̤̚̚˝̝̯ʓˉʅ�̯ʎɭ�̚ʴɀ̯ʄ˝̝ʽ੓�Юɭ�п̝̤̯�ɧɭʽ˝ˉ-
̤̯̝ɀ̯ʓ˝ˉ�˝ʄ�Ό̸ɀˉ̸̯ʽ�̸̤̝̚ɭʽɀɡ͛�͕ɀ̤�ɧɭʽ-
˝ˉ̤̯̝ɀ̯ɭɧ�͕ ʓ̯ʎ�E˝˝ʅʴɭઑ̤�৙ৗ઀Ό̸ɠʓ̯੔�Û͛ɡɀʽ˝̝ɭ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�̝̚˝ɡɭ̤̤˝ ੔̝�ɀˉɧ�R!v�ʎɀ͔ɭ�
ɧɭ̚ʴ˝͛ɭɧ�̋ ͔ɭ̝�৖৔�̤ ̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝̤�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�ɡʴ˝̸ɧ�̋ ˉ�̯ ʎɭ�R!vÓ�
ˉɭ̯͕˝̝ʯ੓ৡয়
Ûɡɀʴʓˉʅ�̯ʎɭ̤ɭ�̤̤̯͛ɭʽ̤�̯˝�̯ʎɭ�ʴɭ͔ɭʴ�ˉɭɭɧɭɧ�

̯˝� ɀɡʎʓɭ͔ɭ� ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ੔� ɡ˝ʽʽɭ̝ɡʓɀʴ�
ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ̤�͕ʓʴʴ� ̝ɭΌ̸ʓ̝ɭ� ʓˉ̯ɭʅ̝ɀ̯ɭɧ�ɡʎʓ̚઀
̤ɭ̯̤�ɡ˝ˉ̯ɀʓˉʓˉʅ�̋ ʄ�̋ ̝ɧɭ̝�৕৔৔৔�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�
˝̝�ʽ˝̝ɭ�ʓˉ�ɀ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�
ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�ɀˉɧ�̯ʎʓ̤�̝̚ɭ̤ɭˉ̯̤�ɡɭ̝̯ɀʓˉ�̯ɭɡʎ-
ˉ˝ʴ˝ʅʓɡɀʴ�ɡʎɀʴʴɭˉʅɭ̤੓��ˉɭ�̋ ʄ�̯ ʎɭ�̔ ˝̤̯�̤ ʓʅˉʓʄ-
ʓɡɀˉ̯�ʓ̤�̯ ʎɭ�̤ ˝઀ɡɀʴʴɭɧ�͕ ʓ̝ʓˉʅ�̚ ̝˝ɠʴɭʽ੓�Юʓ̤�ʓ̤�
̯ʎɭ�ʄɀɡ̯�̯ ʎɀ̯�ɀ�ɹ ɀ̝ʅɭ੔�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ɀ̝̝ɀ͛�̋ ʄ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤�̝ ɭΌ̸ʓ̝ɭ̤�ɀ�৖(�Ό̸ɠʓ̯�
ɡʎʓ̤̚ɭ̯�̯ʎɀ̯�ɀʴʴ˝͕̤�ʄ˝̝�ˉɭɀ̝ɭ̤̯઀ˉɭʓʅʎɠ˝̸̝�
ɡ˝̸̚ʴʓˉʅ̤�ɀˉɧ�̯ ʎɀ̯�Ό̸ɠʓ̯̤�͕ ʓ̯ʎʓˉ�̯ ʎɭ�ɡɭˉ̯̝ɭ�
˝ʄ�̸̤ɡʎ�ɀ�ɡʎʓ̚�ɡɀˉˉ˝̯�ɠɭ�ɧʓ̝ɭɡ̯ʴ͛�ɀɡɡɭ̤̤ɭɧ�
ʄ˝̝�̯ ʎɭ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�̋ ʄ�ɠʓɀ̤�ɹ ʓˉɭ̤੔�ɡ˝ˉ̯̝˝ʴ�ɹ ʓˉɭ̤�
ɀˉɧ�̝ɭɀɧ˝̸̯�ʽɀɡʎʓˉɭ̝ ੓͛
Юɭ�ɡ̸̝̝ɭˉ̯�ɡ˝ˉ̤ɭˉ̸̤̤�͕ʓ̯ʎʓˉ�̯ʎɭ�̸̤̚ɭ̝-

ɡ˝ˉɧ̸ɡ̯ʓˉʅ�ɡ˝ʽʽ̸ˉʓ̯͛�ʓ̤�̯ʎɀ̯�̯ʎɭ�ɡ˝ˉ̯̝˝ʴ�
͕ʓ̝ʓˉʅ�ʄ˝̝�̤ ̸ɡʎ�ɡʎʓ̤̚�̤ ʎ˝̸ʴɧ�ɠɭ�ʄɀɠ̝ʓɡɀ̯ɭɧ�ʓˉ�
̯ʎɭ�̯ʎʓ̝ɧ�ɧʓʽɭˉ̤ʓ˝ˉ੔�̸̯ʓʴʓͥʓˉʅ�̤ɭ͔ɭ̝ɀʴ�̯ɭɡʎ-
ˉʓΌ̸ɭ̤�̯˝�̚ʴɀɡɭ�ɠʓɀ̤੔�̝ɭɀɧ˝̸̯�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�
͕ʓ̝ɭ̤�̋ ̝̯ʎ˝ʅ˝ˉɀʴ�̯ ˝�̯ ʎɭ�̚ ʴɀˉɭ�̋ ʄ�̯ ʎɭ�ɡʎʓ̤̚ɭ̯�
ʓ̯̤ɭʴʄ੓�Юʓ̤�̯ɭɡʎˉʓΌ̸ɭ�ʎɀ̤�̤ʎ˝͕ˉ�̝̚˝ʽʓ̤ɭ�
ੲÔ˝̤ɭˉɠɭ̝ʅ�ɭ̯�ɀʴ੓�৖৔৕৛੖�D˝͚ɭˉ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੔�ɠ̸̯�
ʓ̯�ʓ̤�͔ ɭ̝͛�̸ ˉɡʴɭɀ̝�ʓʄ�̯ ʎɭ̤ɭ�ɡ˝ˉ̯̝˝ʴ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�
̯ɭɡʎˉʓΌ̸ɭ̤�ɀ̝ɭ�ɡ˝ʽ̚ɀ̯ʓɠʴɭ�͕ ʓ̯ʎ�̔ ɀʓˉ̯ɀʓˉʓˉʅ�
ʎʓʅʎ઀пɧɭʴʓ̯͛�̋ ̚ɭ̝ɀ̯ʓ˝ˉ̤੓�Юɭ�ɹ ɀ̝ʅɭ̤̯�ɡ˝ˉɡɭ̝ˉ�
ʓ̤�̯ ʎɭ�ɀɠʓʴʓ̯͛�̯ ˝�̝ ɭɧ̸ɡɭ�ɡ̝˝̤̤઀̯ɀʴʯ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�

ਘਗાʎ̯̯̤̚੕੣੣͕͕ ੓͕ʓɠʽ੓ɡ˝ʽ੣Ό̸ɀˉ̸̯ʽ઀ɡ˝ʽ̸̯̚ʓˉʅ੣̤̤̯͛ɭʽ̤੣ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʓɠʽ੓ɡ˝ʽ੣Ό̸ɀˉ̸̯ʽ઀ɡ˝ʽ̸̯̚ʓˉʅ੣̤̤̯͛ɭʽ̤੣

ʴʓˉɭ�ɡ˝ˉ̯ɀʽʓˉɀ̯ʓ˝ˉ�˝ʄ�ˉɭʓʅʎɠ˝̸̝ʓˉʅ�Ό̸ɠʓ̯̤�
̯˝�̯ʎɭ�ɧɭʅ̝ɭɭ�ˉɭɡɭ̤̤ɀ̝͛�̯˝�ɀɡʎʓɭ͔ɭ�пɧɭʴʓ̯ʓɭ̤�
˝ʄ�ঢ়ঢ়଍�˝̝�ʎʓʅʎɭ̝�ɀɡ̝˝̤̤�̯ʎɭ�ɡʎʓ̚੓
Юʓ̤�̄ ɭ͕�̔ ʓɡ̝˝઀ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�͕ ɀ̤�ɧɭ̤ʓʅˉɭɧ�

̤̚ɭɡʓпɡɀʴʴ͛�̯˝�̤ʓɧɭ઀̤̯ɭ̚�̯ʎʓ̤�ʓ̸̤̤ɭ੓�Ċɭ�ɧɭʽ-
˝ˉ̤̯̝ɀ̯ɭɧ�̯ʎɀ̯�ɀ�̤̚ɭ̸ɧ˝઀৖(�ɀ̝̝ɀˉʅɭʽɭˉ̯�
˝ʄ� ̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ� Ό̸ɠʓ̯̤૆ઃ૆ɡ˝ʽ̚ʴɭ̯ɭʴ͛�
ɡ˝ʽ̚ɀ̯ʓɠʴɭ�͕ʓ̯ʎ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ɠɀ̤ɭɧ�ɭ̝̝˝̝઀
ɡ˝̝̝ɭɡ̯ʓ˝ˉ૆ઃ૆ɡɀˉ�ɠɭ�ɡ˝ˉ̸̤̯̝ɡ̯ɭɧ�ʓˉ�ɀ�̚ʎ̤͛ʓ-
ɡɀʴ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀˉʅɭʽɭˉ̯�˝ʄ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�Ό̸ɠʓ̯̤੓�Юʓ̤�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ͛�ɀʴʴ˝͕̤�ʄ˝̝�
ɭɀɡʎ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯�̯˝�ɠɭ�ɠʓɀ̤ɭɧ੔�ʽɭɀ̸̤̝ɭɧ�
ɀˉɧ�ɡ˝ˉ̯̝˝ʴʴɭɧ�̸̤ʓˉʅ�͕ʓ̝ʓˉʅ�̯ʎɀ̯�̝ɭʽɀʓˉ̤�
ʓˉ઀̚ʴɀˉɭ� ͕ʓ̯ʎ� ̯ʎɭ� ɡʎʓ̤̚ɭ̯૆ઃ૆ɭʴʓʽʓˉɀ̯ʓˉʅ�
ɡ˝ʽ̚ʴɭ̯ɭʴ͛� ̯ʎɭ� ˉɭɭɧ� ʄ˝̝� ৗ(� ɡ˝ˉ̯̝˝ʴ� ʴʓˉɭ�
ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ੓
æ˝� ɀɡʎʓɭ͔ɭ� ̯ʎʓ̤� ˉɭ͕� ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ� ͕ɭ�

ʓˉ̯̝˝ɧ̸ɡɭɧ� ̤ʽɀʴʴ� ɀʓ̝઀ɠ̝ʓɧʅɭ̤� ͕ʓ̯ʎʓˉ� ̯ʎɭ�
̝ɭ̤˝ˉɀ̯˝̝̤� ɡ˝̸̚ʴʓˉʅ� ̯˝ʅɭ̯ʎɭ̝� ʓˉɧʓ͔ʓɧ̸ɀʴ�
Ό̸ɠʓ̯̤੓�Юɭ̤ɭ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ɀʴʴ˝͕�̸̤�̯˝�ɡ̝ɭɀ̯ɭ�
ɀ�ɡ̝ʓ̤̤઀ɡ̝˝̤̤�̝ ɭ̤˝ˉɀ̯˝̝�ɧɭ̤ʓʅˉ�̯ ʎɀ̯�ɀʴʴ˝͕̤�̸ ̤�
̯˝�ɡ̝ɭɀ̯ɭ�̯ ʎɭ�̚ ̤ɭ̸ɧ˝઀৖(�Ό̸ɠʓ̯�ɀ̝̝ɀˉʅɭʽɭˉ̯੓�
Ċɭ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�̯ ʎɀ̯�̯ ʎɭ�̝ ɭ̤˝ˉɀ̯˝̝�Ό̸ɀʴʓ̯͛�
ɀˉɧ�ɡ̝˝̤̤̯ɀʴʯ�ʓ̤�̄ ˝̯�ɀɧ͔ɭ̝̤ɭʴ͛�ɀаɭɡ̯ɭɧ�ɠ͛�̯ ʎɭ�
ʓˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ�˝ʄ�̯ʎɭ̤ɭ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ɀˉɧ�̯ʎɀ̯�
͕ɭ�ɡɀˉ�ɀˉ̯ʓɡʓ̚ɀ̯ɭ�ˉ˝�ɀɧ͔ɭ̝̤ɭ�ɭаɭɡ̯̤�˝ˉ�̯ʎɭ�
ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ɠ͛�ʽ˝͔ʓˉʅ�̯˝�̯ʎʓ̤�ˉɭ͕�ɧɭ̤ʓʅˉ੓

��ˮ̵ȊʓȱȊ˧ȱ�ˮ̂ˤȷ˧ȫʧʓȱ̂ȫ˹ɝʓɏ�˦̂Ȋʓ˹̂ʇ�
microarchitecture

æ˝�ʽɀʓˉ̯ɀʓˉ�ɡ˝ʽ̚ɀ̯ʓɠʓʴʓ̯͛�͕ʓ̯ʎ�Ό̸ɀˉ̸̯ʽ�
ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɡ˝ɧɭ̤੔�ɀ�̔ ʓˉʓʽɀʴ�ɧɭ̤ʓʅˉ�ʄ˝̝�
ɀ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�ɡʎʓ̤̚ɭ̯�ʓ̤�ɀ�৖(�ˉɭɀ̝ɭ̤̯઀
ˉɭʓʅʎɠ˝̸̝�ʓˉ̯ɭ̝ɀɡ̯ʓˉʅ�ɀ̝̝ɀ ੓͛�E˝˝ʅʴɭઑ̤�Û͛ɡɀ-
ʽ˝̝ɭ�̝̚˝ɡɭ̤̤˝̝�ʓ̤�ɀ�৙৘઀Ό̸ɠʓ̯�̚ʴɀˉɀ̝�͕ɀʄɭ̝�
ɧɭ̤ʓʅˉ੓�Rʴʴ̸̤̯̝ɀ̯ɭɧ�ʓˉ�Dʓʅ̸̝ɭ�৚ɀ�ʓ̤�ɀ�̤ ɡʎɭʽɀ̯ʓɡ�
˝ʄ�̯ʎɭ�Ό̸ɠʓ̯�ੲʅ̝ɀ͛�ɡ̝˝̤̤ɭ̤ੳ�ʴɀ͛˝̸̯੔�͕ʎɭ̝ɭ�৖(�
ˉɭɀ̝ɭ̤̯઀ˉɭʓʅʎɠ˝̸̝� ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤� ɀ̝ɭ�ʽɭɧʓ-
ɀ̯ɭɧ�ɠ͛�ɀɧʫ̸̤̯ɀɠʴɭ�ɡ˝̸̚ʴɭ̝̤�ੲɠʴ̸ɭ�ɠ˝͚ɭ̤ੳ੓�Юɭ�
ʄ˝̸̝�ɀɧʫ̸̤̯ɀɠʴɭ�ɡ˝̸̚ʴɭ̝̤�ɀʴʴ˝͕�̤͕ʓ̯ɡʎɀɠʴɭ�
Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ̤�̯˝�ɠɭ�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ɠɭ̯͕ɭɭˉ�
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ɀ�ʅʓ͔ɭˉ�Ό̸ɠʓ̯� ɀˉɧ� ʓ̯̤� ʄ˝̸̝�ˉɭɀ̝ɭ̤̯�ˉɭʓʅʎ-
ɠ˝̸̝̤੓�Rˉ�Û͛ɡɀʽ˝̝ɭ੔�ɀ�৙৘઀Ό̸ɠʓ̯�ɡʎʓ̤̚ɭ̯�͕ɀ̤�
ʓˉʓ̯ʓɀʴʴ͛�ɧɭ̤ʓʅˉɭɧ੔�ɠ̸̯�˝ˉɭ�˝ʄ�̯ʎɭ�৙৘�Ό̸ɠʓ̯̤�
͕ɀ̤�̄ ˝ˉ઀ʄ̸ˉɡ̯ʓ˝ˉɀʴ�ɀоɭ̝�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ੲ͕ʎʓ̯ɭ�
ɡ̝˝̤̤ੳ੓
Dʓʅ̸̝ɭ�৕৘ɠ�̤ ʎ˝͕̤�ɀˉ�ɀɡ̸̯ɀʴ�̚ ʎ˝̯˝ʅ̝ɀ̚ʎ�̋ ʄ�

̯ʎɭ�৕৔ʽʽ�Û͛ɡɀʽ˝̝ɭ�ɡʎʓ̚੓�Юɭ�ɡɭˉ̯̝ɀʴ�̤ Ό̸ɀ̝ɭ�
̝ɭʅʓ˝ˉ�ʓ̤�̯ʎɭ�ɀɡ̸̯ɀʴ�ɡʎʓ̤̚ɭ̯੔�͕ʎʓʴɭ�ɭʽɀˉɀ̯-
ʓˉʅ�ʄ̝˝ʽ�̯ʎɭ�ɡɭˉ̯̝ɀʴ�̝̚˝ɡɭ̤̤ʓˉʅ�̝ɭʅʓ˝ˉ�ɀ̝ɭ�
ɡ˝ˉ̯̝˝ʴ�ʴʓˉɭ̤�̯ʎɀ̯�ɀ̝ɭ�̸̤ɭɧ�̯˝�ɠʓɀ̤੔�ɡ˝ˉ̯̝˝ʴ�
ɀˉɧ�ʽɭɀ̸̤̝ɭ�ɭɀɡʎ�˝ʄ�̯ʎɭ�৙৘�Ό̸ɠʓ̯̤�ɀˉɧ�ɡ˝ˉ-
̯̝˝ʴ�ɭɀɡʎ�̋ ʄ�̯ ʎɭ�ড়ড়�ɀɧʫ̸̤̯ɀɠʴɭ�ɡ˝̸̚ʴɭ̝̤�ੲɠ˝̯ʎ�
ɠ̸ʓʴ̯�ʄ̝˝ʽ�̯̝ɀˉ̤ʽ˝ˉ̤ৡৡੳ੓
Юɭ�̚ɀɡʯɀʅʓˉʅ�˝ʄ�Û͛ɡɀʽ˝̝ɭ�ੲʓ੓ɭ੓�̯ʎɭ�ɡ˝ˉ-

̯̝˝ʴ�ʴʓˉɭ̤�̯ʎɀ̯�ˉɭɭɧ�̯˝�ɠɭ�ʄɀɠ̝ʓɡɀ̯ɭɧ�ʄ̝˝ʽ�
ɭɀɡʎ� ̯̝ɀˉ̤ʽ˝ˉ� ̯˝� ̯ʎɭ� ɠ˝̸ˉɧɀ̝͛� ˝ʄ� ̯ʎɭ�
ɡʎʓ̤̚ɭ̯ੳ�ʓ̤�ɀʴ̝ɭɀɧ͛�Ό̸ʓ̯ɭ�ɧɭˉ̤ɭ�ɀˉɧ�ɡ˝ʽ̚ʴɭ͚੓�
Rˉ�̯ ʎɭ�ɡ˝ˉ̯ɭ͚̯�̋ ʄ�̯ ʎɭ�̤ ̸̝ʄɀɡɭ�ɡ˝ɧɭ�ɭ̝̝˝̝઀ɡ˝̝-
̝ɭɡ̯ɭɧ�Ό̸ɠʓ̯੔�ɀˉ�ɀ̝̝ɀ͛�˝ʄ�৙৘�Ό̸ɠʓ̯̤�͕˝̸ʴɧ�
˝ˉʴ͛�ɠɭ�̸̤дɡʓɭˉ̯�̯˝�ɡ˝ˉ̸̤̯̝ɡ̯�ɀ�ɧʓ̤̯ɀˉɡɭ�
d�ૻૅ ੲଋN�૷�1ੳ੣�2�ૻ�4� ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯� ੲ̸̤ʓˉʅ�ɀ�
̤̯ɀˉɧɀ̝ɧ�̤Ό̸ɀ̝ɭ�̚ʴɀˉɀ̝�ɡ˝ɧɭ�ɡ˝ˉпʅ̸̝ɀ̯ʓ˝ˉ�
ੲM˝̝̤ʽɀˉ�ɭ̯�ɀʴ੓�৖৔৕৖ੳੳ੓�Юʓ̤�ʓ̤�ɀ�͔ɭ̝͛�̤ʽɀʴʴ�
ɀʽ˝̸ˉ̯�˝ʄ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɀˉɧ�͕˝̸ʴɧ�ˉ˝̯�
ɠɭ�̸̤дɡʓɭˉ̯�ʄ˝̝�ɀˉ͛�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�
ɀʴʅ˝̝ʓ̯ʎʽ੓
Rʄ�͕ɭ�ɭ͚̚ɀˉɧɭɧ�̯˝�ɀ�N�ૻ�1521 or N�ૻ�2401 

ɡʎʓ̤̚ɭ̯੔�ɡ˝̝̝ɭ̤̚˝ˉɧʓˉʅ�̯˝�ɧʓ̤̯ɀˉɡɭ̤�d�ૻ�20 
and d�ૻ�25�ɡ˝ɧɭ�̝ɭ̤̚ɭɡ̯ʓ͔ɭʴ ੔͛� ʓ̯�͕˝̸ʴɧ�ɠɭ�
̤ʓʽ̚ʴ͛�̯˝˝�ɧɭˉ̤ɭ�̯˝�ʎɀ͔ɭ�ɭˉ˝̸ʅʎ�̚ʎ̤͛ʓɡɀʴ�
̤̚ɀɡɭ�˝ˉ�̯ʎɭ�ɡʎʓ̤̚ɭ̯�ʄ˝̝�ɠʓɀ̤੔�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�
ʽɭɀ̸̤̝ɭʽɭˉ̯�ʴʓˉɭ̤�ʄ˝̝�ɠ˝̯ʎ�̯ʎɭ�̯̝ɀˉ̤ʽ˝ˉ̤�
ɀɡ̯ʓˉʅ�ɀ̤�Ό̸ɠʓ̯̤�ɀˉɧ�̯ʎɭ�̯̝ɀˉ̤ʽ˝ˉ̤�ɀɡ̯ʓˉʅ�
ɀ̤�ɀɧʫ̸̤̯ɀɠʴɭ�ɡ˝̸̚ʴɭ̝̤੓�ੲ��N�ૻ�1521�Ό̸ɠʓ̯�
ɡʎʓ̤̚ɭ̯�͕˝̸ʴɧ�̝ɭΌ̸ʓ̝ɭ�˝͔ɭ̝�ৗ৔৔৔�ɀɧɧʓ̯ʓ˝ˉɀʴ�
̯̝ɀˉ̤ʽ˝ˉ̤�ɀ̤�ɡ˝̸̚ʴɭ̝̤੔�ʄ˝̝�ɀ�̯˝̯ɀʴ�˝ʄ�˝͔ɭ̝�
৘৚৔৔�̯̝ɀˉ̤ʽ˝ˉ̤�̚ɭ̝�ɡʎʓ̚੓ੳ
Ñʴɀˉɀ̝�͕ʓ̝ʓˉʅ�ʓ̤�̯ʎɭ̝ɭʄ˝̝ɭ�ˉ˝̯�ɀ�͔ʓɀɠʴɭ�

ʽɭ̯ʎ˝ɧ�̯˝�̤ɡɀʴɭ�ɀ�ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�˝ʄ�̯ʎʓ̤�
̯͛̚ɭ੓� Rˉ̤̯ɭɀɧ੔� ̯ʎɭ�ɡ˝ʽʽ˝ˉ�ʽɭ̯ʎ˝ɧ� ʓ̤� ̯˝�

ਘਘા��̯̝ɀˉ̤ʽ˝ˉ�ʓ̤�ɀ�̯͛̚ɭ�˝ʄ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�ɡʎɀ̝ʅɭ�Ό̸ɠʓ̯�ɧɭ̤ʓʅˉɭɧ�̯˝�ʎɀ͔ɭ�̝ɭɧ̸ɡɭɧ�̤ɭˉ̤ʓ̯ʓ͔ʓ̯͛�̯˝�ɡʎɀ̝ʅɭ�ˉ˝ʓ̤ɭ੓�
੶.ɧ੓੷

ɭˉ͔ʓ̤ɀʅɭ�ɡ˝ˉ̯̝˝ʴ�ʴʓˉɭ̤�̯˝�ɠɭ�ʄɀɠ̝ʓɡɀ̯ɭɧ�̚ɭ̝-
̚ɭˉɧʓɡ̸ʴɀ̝�̯˝�̯ʎɭ�ɡʎʓ̚�̚ʴɀˉɭ੓�Юɭ̤ɭ�̯ʎ̝ɭɭ઀
ɧʓʽɭˉ̤ʓ˝ˉɀʴ�͕ʓ̝ʓˉʅ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ʅɭˉɭ̝ɀʴʴ͛�
ɡ˝ˉ̤ʓ̤̯� ˝ʄ� ̯ɭɡʎˉʓΌ̸ɭ̤� ̸̤ɡʎ� ɀ̤� рʓ̚઀ɡʎʓ̚�
ɠ˝ˉɧʓˉʅ੔�̚˝ʅ˝�̚ʓˉ̤੔� ɀˉɧ� ̯ʎ̝˝̸ʅʎ઀̤ʓʴʓɡ˝ˉ�
͔ʓɀ̤�ੲæÛĉ̤ੳ�ੲ!ɀ̝ɭˉɧ̤�ɭ̯�ɀʴ੓�৖৔৕৘੖�æɀʯʓ̯ɀ�ɭ̯�
ɀʴ੓�৖৔৕৛੖�Ôɭɀʅ˝̝�ɭ̯�ɀʴ੓�৖৔৕ড়੖�"ʎ˝̸�ɭ̯�ɀʴ੓�৖৔৕ড়੖�
!ɭʫɀˉʓˉ�ɭ̯�ɀʴ੓�৖৔৕৚੖�ĉɀʎʓɧ̚˝̸̝�ɭ̯�ɀʴ੓�৖৔৕৛੖�
D˝͚ɭˉ�ɭ̯�ɀʴ੓�৖৔৕ড়੖�Ô˝̤ɭˉɠɭ̝ʅ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੓

Ċʎʓʴɭ� ʓ̯� ʓ̤� ̤̯ʓʴʴ�̸ˉɡʴɭɀ̝� ʓʄ�ɡ˝ʽ̚ʴɭ͚�ৗ(�
͕ʓ̝ʓˉʅ�͕ʓʴʴ�ɀаɭɡ̯�̯ʎɭ�̚ɭ̝ʄ˝̝ʽɀˉɡɭ�˝ʄ�̯ʎɭ�

Dʓʅ̸̝ɭ�৕৘੕�Юɭ�E˝˝ʅʴɭ�Û͛ɡɀʽ˝̝ɭ�̚ ̝˝ɡɭ̤̤˝̝�ੲ�̸̝̯ɭ�
ɭ̯�ɀʴ੓� ৖৔৕ঢ়ੳ੓�Dʓʅ�ɀ� ̝ɭ̝̚ɭ̤ɭˉ̯̤� ̯ʎɭ� ʴɀ͛˝̸̯�˝ʄ�৙৘�
Ό̸ɠʓ̯̤�ੲʅ̝ɭ͛�ɡ̝˝̤̤ɭ̤੔�˝ˉɭ�͕ʎʓ̯ɭ�ɡ̝˝̤̤�ʄ˝̝�ɀ�ˉ˝ˉ઀
ʄ̸ˉɡ̯ʓ˝ˉʓˉʅ�Ό̸ɠʓ̯ੳ�ʓˉ�ɀ�৖(�ˉɭɀ̝ɭ̤̯�ˉɭʓʅʎɠ˝̸̝�
ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ੓�.ɀɡʎ�ɠʴ̸ɭ�ɠ˝͚�̝ɭ̝̚ɭ̤ɭˉ̯̤�ɀ�
̯̝ɀˉ̤ʽ˝ˉ�̯ʎɀ̯�ʓ̤�̸̤ɭɧ�ɀ̤�ɀˉ�ɀɧʫ̸̤̯ɀɠʴɭ�ɡ˝̸̚ʴɭ ੓̝�
Dʓʅ�ɠ�ʓ̤�ɀ�̚ʎ˝̯˝�˝ʄ�̯ʎɭ�Û͛ɡɀʽ˝̝ɭ�ɡʎʓ̚੓�Đ̋ ̸�ɡɀˉ�
̤ɭɭ�ɡ˝ˉ̯̝˝ʴ�͕ʓ̝ɭ̤�̯ʎɀ̯�ɭʽɀˉɀ̯ɭ�ʄ̝˝ʽ�̯ʎɭ�ɡɭˉ̯̝ɀʴ�
̤Ό̸ɀ̝ɭ�̝ɭʅʓ˝ˉ�ɡ˝ˉ̯ɀʓˉʓˉʅ�̯ʎɭ�Ό̸ɠʓ̯̤੓
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̸ˉɧɭ̝ʴ͛ʓˉʅ� ɡʎʓ̤̚ɭ̯૆ઃ૆пɧɭʴʓ̯ʓɭ̤� ˝ʄ� ̸̤̚ɭ̝-
ɡ˝ˉɧ̸ɡ̯ʓˉʅ� ɡʎʓ̤̚ɭ̯̤� ɀ̝ɭ� ͔ɭ̝͛� ʽ̸ɡʎ� ˝ˉ�
̯ʎɭ�ɠ˝̸ˉɧɀ̝͛�˝ʄ�̯ʎɭ�̯ʎ̝ɭ̤ʎ˝ʴɧ�ʄ˝̝�͕ʎɀ̯�ʓ̤�
̝ɭΌ̸ʓ̝ɭɧ�˝ʄ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�̤̤̯͛ɭʽ૆ઃ૆ʓ̯�ʓ̤�
ɭ͚̚ɭɡ̯ɭɧ�̯˝�ɠɭ�ɀ�̤˝̸̝ɡɭ�˝ʄ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɀˉɧ�
ɡ̝˝̤̤઀̯ɀʴʯ�ˉ˝ʓ̤ɭ� ̯ʎɀ̯�͕˝̸ʴɧ�ɠɭ�ʅ˝˝ɧ� ʓʄ� ʓ̯�
ɡ˝̸ʴɧ�ɠɭ�ɭʴʓʽʓˉɀ̯ɭɧ�ɡ˝ʽ̚ʴɭ̯ɭʴ ੓͛

δȷ�ˮ̂ˤȷ˧ȫʧʓȱ̂ȫ˹ɝʓɏ�Ȋɝ˧׮Ȫ˧ɝȱɏȷ�˧ȷˮʧʓȊ˹ʧ˧
Юɭ� ʯɭ͛� ̯˝� ̯ʎʓ̤� ˉɭ͕� ʽʓɡ̝˝઀ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�
ɧɭ̤ʓʅˉ� ͕ɀ̤� ʓˉ̯̝˝ɧ̸ɡʓˉʅ� ɀˉ� ɀʓ̝઀ɠ̝ʓɧʅɭɧ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�̝ ɭ̤˝ˉɀ̯˝ ੓̝��ˉ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�
̝ɭ̤˝ˉɀ̯˝̝�ʓ̤�ɀ�̤ ̯ɀˉɧɀ̝ɧ�"˝̚ʴɀˉɀ̝�Ċɀ͔ɭʅ̸ʓɧɭ�
Ôɭ̤˝ˉɀ̯˝̝� ੲ"ĊÔੳ� ̯ʎɀ̯� ɡ˝ˉ̯ɀʓˉ̤� ɀ�ɠ̝ɭɀʯ�
ʓˉ�̯ʎɭ�͕ɀ͔ɭʅ̸ʓɧɭ�ɀˉɧ�ɀ�ʴʓ̯ɭ̝ɀʴ�ɠ̝ʓɧʅɭ�̯ʎɀ̯�
ɡ˝ˉˉɭɡ̯̤�̯ʎɭ�̯͕˝�ʎɀʴ͔ɭ̤�˝ʄ�̯ʎɭ�͕ɀ͔ɭʅ̸ʓɧɭ੓�
Dʓʅ̸̝ɭ�৕৙�̤ʎ˝͕̤�ɀ�̤ɡɀˉˉʓˉʅ�ɭʴɭɡ̯̝˝ˉ�ʽʓɡ̝˝-
̤ɡ˝̚ɭ�ੲÛ.vੳ�ʓʽɀʅɭ�˝ʄ�ɀ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�
ɀʓ̝઀ɠ̝ʓɧʅɭ�̯ ʎɀ̯�͕ ɀ̤�ʄɀɠ̝ʓɡɀ̯ɭɧ�ɠ͛�̯ ʎɭ�E˝˝ʅʴɭ�
ʅ̝˝̸̚�ੲ"ʎɭˉ�ɭ̯�ɀʴ੓�৖৔৕৘ੳ੓

Юɭ�ɭ͚ʓ̤̯ɭˉɡɭ�̋ ʄ�ɀ�ɠ̝ʓɧʅɭ�ɀʴʴ˝͕̤�̸ ̤�̯ ˝�ɡ˝ˉ-
̤ʓɧɭ̝�ɀ�ɡ̝˝̤̤�̝ ɭ̤˝ˉɀ̯˝̝�ɧɭ̤ʓʅˉ੓�Юʓ̤�ʓ̤�͕ ʎɭ̝ɭ�
ɀ�"ĊÔ�ʓ̤�ʄɀɠ̝ʓɡɀ̯ɭɧ�̸ˉɧɭ̝�ɀ�ɠ̝ʓɧʅɭ�̯ʎɀ̯�
ɡ˝ˉˉɭɡ̯̤�ɀ�̤ɭɡ˝ˉɧ�"ĊÔ�ʄɀɠ̝ʓɡɀ̯ɭɧ�ʓˉ�ɀˉ�
˝̝̯ʎ˝ʅ˝ˉɀʴ�ɧʓ̝ɭɡ̯ʓ˝ˉ੓�Rʴʴ̸̤̯̝ɀ̯ɭɧ�ʓˉ�Dʓʅ̸̝ɭ�৕৚�
ʓ̤�ɀ�Û.v�ʓʽɀʅɭ�̋ ʄ�̯ ʎɭ�ɀɡ̸̯ɀʴ�ɧɭ͔ʓɡɭ�̯ ʎɀ̯�̯ ʎɭ�
æ˝ʯ͛˝�íˉʓ͔ɭ̝̤ʓ̯͛�̋ ʄ�Ûɡʓɭˉɡɭ�̯ ɭɀʽ�ʄɀɠ̝ʓɡɀ̯ɭɧ�
ɀ̤�̚ɀ̝̯�˝ʄ�̯ʎʓ̤�̝̚˝ʫɭɡ̯੓
Юʓ̤�̝̚˝̯˝̯͛̚ɭ�ɧɭ͔ʓɡɭ�ɡ˝ˉ̤ʓ̤̯ɭɧ�˝ʄ�ʄ˝̸̝�

̝ɭ̤˝ˉɀ̯˝̝̤੕� ̯͕˝� ̸̝ˉ� ͔ɭ̝̯ʓɡɀʴʴ͛� ɀɡ̝˝̤̤� ̯ʎɭ�
ɡʎʓ̚�ɀˉɧ�̯͕˝�̸̝ˉ�ʎ˝̝ʓͥ˝ˉ̯ɀʴʴ ੓͛�Юɭ�̝ɭ̤˝ˉɀ-
̯˝̝̤�ʎɀ͔ɭ�ʄ˝̸̝�ɡ̝˝̤̤ʓˉʅ�̚˝ʓˉ̯̤੔�͕ʎɭ̝ɭ�ɀˉ�ɀʓ̝઀
ɠ̝ʓɧʅɭ�ʓ̤�̸̤ɭɧ�̤˝�̯ʎɀ̯�˝ˉɭ�̝ɭ̤˝ˉɀ̯˝̝�̯̝ɀ͔ɭʴ̤�
̸ˉɧɭ̝�̯ ʎɭ�̋ ̯ʎɭ ੓̝��˝̯ʓɡɭ�̯ ʎɀ̯�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ɀ̝ɭ�
̸̤ɭɧ�ʓˉ�̔ ̸ʴ̯ʓ̚ʴɭ�ɹ ˝ɡɀ̯ʓ˝ˉ̤�ɀ̝˝̸ˉɧ�̯ ʎɭ�"ĊÔ�
ɡʎʓ̚੔�̯˝�ɭˉ̸̤̝ɭ�̯ʎɀ̯�̯ʎɭ̝ɭ�ʓ̤�ɀ�ɡ˝ʽʽ˝ˉ�ɭʴɭɡ-
̯̝ʓɡɀʴ�ʅ̝˝̸ˉɧ੓�Rʄ�ɡɭ̝̯ɀʓˉ�ɡ˝ˉɧ̸ɡ̯ʓˉʅ�ʓ̤ʴɀˉɧ̤�
͕ɭ̝ɭ�ʓ̤˝ʴɀ̯ɭɧ�̋ ˉ�̯ ʎɭ�ɡʎʓ̤̚ɭ̯੔�ʓ̯�͕ ˝̸ʴɧ�ɡ̝ɭɀ̯ɭ�
ɀ�̚˝̯ɭˉ̯ʓɀʴ�ɧʓаɭ̝ɭˉɡɭ�ɠɭ̯͕ɭɭˉ�̝ɭʅʓ˝ˉ̤�ɀˉɧ�
ɡ˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�ɡ̝ɭɀ̯ɭ�̤̯̝ɀ͛�ɡɀ̚ɀɡʓ̯ɀˉɡɭ̤੓
�ʴ˝ˉʅ�̯ʎɭ�ʎ˝̝ʓͥ˝ˉ̯ɀʴ�̝ɭ̤˝ˉɀ̯˝̝̤੔�ɀ�̤ɭ̝ʓɭ̤�

˝ʄ� ɀʓ̝઀ɠ̝ʓɧʅɭ̤� ͕ɭ̝ɭ� ʄɀɠ̝ʓɡɀ̯ɭɧ� ɀʴ˝ˉʅ� ʓ̯̤�
ʴɭˉʅ̯ʎ੓�Юɭ̤ɭ� ɀʓ̝઀ɠ̝ʓɧʅɭ̤� ɧʓɧ� ˉ˝̯� ʎɀ͔ɭ� ɀ�
̤ɭɡ˝ˉɧɀ̝͛� ̝ɭ̤˝ˉɀ̯˝̝� ̚ɀ̤̤ʓˉʅ� ̸ˉɧɭ̝ˉɭɀ̯ʎ�
ɀˉɧ�͕ɭ̝ɭ�ʄɀɠ̝ʓɡɀ̯ɭɧ�̯˝�̯ɭ̤̯�͕ʎɭ̯ʎɭ̝�̯ʎɭ̝ɭ�
͕ɀ̤�ɀˉ͛�ʴɭ͔ɭʴ�˝ʄ�̝ɭ̤˝ˉɀ̯˝̝�ɧɭʅ̝ɀɧɀ̯ʓ˝ˉ�ɀ̤�ɀ�
ʄ̸ˉɡ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�̯˝̯ɀʴ�ˉ̸ʽɠɭ̝�˝ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�
along a resonator.
Dʓʅ̸̝ɭ�৕৛�ʓʴʴ̸̤̯̝ɀ̯ɭ̤�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴ�ɧɀ̯ɀ�

˝ʄ� ̯ʎɭ� ̝̚˝̯˝̯͛̚ɭ� ɀʓ̝઀ɠ̝ʓɧʅɭɧ� ̤̤̯͛ɭʽ੓� Rˉ�
Dʓʅ̸̝ɭ�৕৛ɀ�͕ɭ�̚ʴ˝̯�̯ʎɭ�ʓˉпɧɭʴʓ̯͛�˝ʄ�ɀ�̝ɭ̤˝-
ˉɀ̯˝̝઀ʽɭɧʓɀ̯ɭɧ�Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ�ɠɭ̯͕ɭɭˉ�̯ ͕˝�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤�ɀ̤�ɀ�ʄ̸ˉɡ̯ʓ˝ˉ�̋ ʄ�̯ ʎɭ�
Ό̸ɀʴʓ̯͛�ʄɀɡ̯˝̝�̋ ʄ�̯ ʎɭ�̝ ɭ̤˝ˉɀ̯˝ ੓̝�Юɭ�ʎ˝̝ʓͥ˝ˉ-
̯ɀʴ�ɧ˝̯̯ɭɧ�ɹ ʓˉɭ�̝ ɭ̝̚ɭ̤ɭˉ̯̤�̯ ʎɭ�ɭ̝̝˝̝�̝ ɀ̯ɭ�ੲʓˉп-
ɧɭʴʓ̯͛ੳ�̝ ɭɀɡʎʓˉʅ�̯ ʎɭ�ɹ ɭ͔ɭʴ�͕ ʎɭ̝ɭ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ-
̯ʓ˝ˉ�ʓ̤�͔ʓɀɠʴɭ�ੲɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�৔੓৛଍ੳ�ɀˉɧ�̯ʎɭ�
͔ɭ̝̯ʓɡɀʴ�ʴʓˉɭ�ʓ̤�̯ʎɭ�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴ�ʽɭɀ̸̤̝ɭɧ�
Ό̸ɀʴʓ̯͛�ʄɀɡ̯˝̝̤�˝ʄ�̯ʎɭ�̯ɭ̤̯�̝ɭ̤˝ˉɀ̯˝̝�̤̤̯͛ɭʽ�
͕ʓ̯ʎ�ɠɭ̯͕ɭɭˉ�৕৙�ɀˉɧ�৖৔�ɀʓ̝઀ɠ̝ʓɧʅɭ̤੓�Юɭ�ɠʴ̸ɭ�
ɡ̸̝͔ɭ�ʴʓɭ̤�̸ˉɧɭ̝�̯ʎɭ�ʎ˝̝ʓͥ˝ˉ̯ɀʴ�ʴʓˉɭ�͕ʎɭˉ�
ʓ̯� ʓˉ̯ɭ̝̤ɭɡ̯̤�͕ʓ̯ʎ�̯ʎɭ�͔ɭ̝̯ʓɡɀʴ� ʴʓˉɭ੔�ʽɭɀˉ-

Dʓʅ̸̝ɭ�৕৙੕���̤ ɡɀˉˉʓˉʅ�ɭʴɭɡ̯̝˝ˉ�̔ ʓɡ̝˝̤ɡ˝̚ɭ�ੲÛ.vੳ�
ʓʽɀʅɭ�̋ ʄ�ɀ�̤ ɭ̝ʓɭ̤�̋ ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ʄɀɠ̝ʓɡɀ̯ɭɧ�ɠ͛�̯ ʎɭ�
E˝˝ʅʴɭ�Ό̸ɀˉ̸̯ʽ�̯ɭɀʽ�ੲ"ʎɭˉ�ɭ̯�ɀʴ੓�৖৔৕৘ੳ੓

Dʓʅ̸̝ɭ� ৕৚੕� �� Û.v� ʓʽɀʅɭ� ˝ʄ� ʄ˝̸̝� ɡ̝˝̤̤ɭɧ�
̝ɭ̤˝ˉɀ̯˝̝̤੔�ʄɀɠ̝ʓɡɀ̯ɭɧ�ɠ͛�̯ ʎɭ�æ˝ʯ͛˝�íˉʓ͔ɭ̝̤ʓ̯͛�̋ ʄ�
Ûɡʓɭˉɡɭ�ʅ̝˝̸̚�ɀ̤�̚ɀ̝̯�˝ʄ�̯ʎʓ̤�ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�
̝ɭɧɭ̤ʓʅˉ੓�D̝˝ʽ�ੲv̸ʯɀʓ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ੓
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ʓˉʅ�̯ʎɀ̯�ɀ�̝ɭ̤˝ˉɀ̯˝̝�ɡ˝ˉ̯ɀʓˉʓˉʅ�ɠɭ̯͕ɭɭˉ�৕৙�
ɀˉɧ�৖৔�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ɡɀˉ�̤̯ʓʴʴ�ɠɭ�̸̤ɭɧ�̯˝�ɭˉɀɡ̯�
Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ̤�ɠɭ̯͕ɭɭˉ�̯͕˝�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�Ό̸ɠʓ̯̤�ɀ̯�ɀˉ�ɭ̝̝˝̝�̝ɀ̯ɭ�ɠɭʴ˝͕�̯ʎɭ�̸̤̝-
ʄɀɡɭ�ɡ˝ɧɭ�̯ʎ̝ɭ̤ʎ˝ʴɧ੓�ੲ̯˝̚ੳ�৖৙�ʽʽ�ੲɠ˝̯̯˝ʽੳ੔�
ɭ͚ɡʴ̸ɧʓˉʅ�ʎɭɀɧɭ̝̤�ɀˉɧ�ʄ˝˝̯ɭ̝̤੓

Dʓʅ̸̝ɭ�৕৛ɠ�ʓ̤�ɀ�̚ʴ˝̯�˝ʄ�̯ʎɭ�̝ɭ̤˝ˉɀˉɡɭ�ɧʓ̚�
˝ʄ�̯ʎɭ�"ĊÔ�ੲɠʴ̸ɭੳ�ɀˉɧ�̯ʎɭ�ʽɭɀ̸̤̝ɭɧ�ɡ̝˝̤̤-
̯ɀʴʯ�̯ ˝�̯ ʎɭ�̋ ̝̯ʎ˝ʅ˝ˉɀʴ�̝ ɭ̤˝ˉɀ̯˝̝�̯ ʎɀ̯�̚ ɀ̤̤ɭ̤�
̸ˉɧɭ̝�̯ ʎɭ�ɀʓ̝઀ɠ̝ʓɧʅɭ�ੲ̝ɭɧੳ੓��̯�̝ ɭ̤˝ˉɀˉɡɭ੔�̯ ʎɭ�
ʽɀ͚ʓʽ̸ʽ�ʽɭɀ̸̤̝ɭɧ�ɡ̝˝̤̤̯ɀʴʯ�͕ɀ̤�ɀ̝̚̚˝͚ʓ-
ʽɀ̯ɭʴ͛� ં৘ঢ়ɧ!੓� Юʓ̤� ɧɭʽ˝ˉ̤̯̝ɀ̯ɭ̤� ̯ʎɀ̯�
̝ɭ̤˝ˉɀ̯˝̝�ɡ̝˝̤̤̯ɀʴʯ�ʄ˝̝�ɀ�ɡ̝˝̤̤ɭɧ�̝ɭ̤˝ˉɀ̯˝̝�
̤̤̯͛ɭʽ� ʓ̤� ɭаɭɡ̯ʓ͔ɭʴ͛�ˉ˝ˉ઀ɭ͚ʓ̤̯ɭˉ̯੓� Ñ˝̯ɭˉ-
̯ʓɀʴ�ʓˉɧ̸ɡɭɧ�̚ʎɀ̤ɭ઀̤ʎʓо̤�˝ˉ�̯ʎɭ�̝ɭ̤˝ˉɀ̯˝̝�
ʽ˝ɧɭ�ɧ̸̝ʓˉʅ�̤ʓʽ̸ʴ̯ɀˉɭ˝̸̤�̸̤ɭ�˝ʄ�̯ʎɭ�̯͕˝�

̝ɭ̤˝ˉɀ̯˝̝̤�ʄ˝̝�ɀ�̚ɀʓ̝�˝ʄ�̯͕˝઀Ό̸ɠʓ̯�ʓˉ̯ɭ̝ɀɡ-
̯ʓ˝ˉ̤૆ઃ૆ɭɀɡʎ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�̸̤ʓˉʅ�˝ˉɭ�˝ʄ�̯ʎɭ�
̯͕˝� ̝ɭ̤˝ˉɀ̯˝̝̤૆ઃ૆̤̯ʓʴʴ� ˉɭɭɧ̤� ̯˝� ɠɭ� ̚ɭ̝-
ʄ˝̝ʽɭɧ�͕ʎɭˉ�̯ʎɭ�ʄ̸ʴʴ�ʄ˝̸̝઀Ό̸ɠʓ̯�̤̤̯͛ɭʽ�ʓ̤�
ʄɀɠ̝ʓɡɀ̯ɭɧ੓

A bi-linear microarchitecture for 
superconducting quantum chips

Once air-bridges can be introduced on 
̝ɭ̤˝ˉɀ̯˝̝̤੔� ɭˉɀɠʴʓˉʅ� ̯ʎɭ� ɀɠʓʴʓ̯͛� ̯˝� ɡ̝˝̤̤�
̝ɭ̤˝ˉɀ̯˝̝̤੔�͕ɭ�ɡɀˉ�̝ɭɧɭ̤ʓʅˉ�̯ʎɭ�̤̯ɀˉɧɀ̝ɧ�
৖(� Ό̸ɠʓ̯� ʴɀ͛˝̸̯� ͕ʓ̯ʎ� ˉɭɀ̝ɭ̤̯઀ˉɭʓʅʎɠ˝̸̝�
ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�̯˝�ɀ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ͛�˝ʄ�̸̤̚ɭ̝-

Dʓʅ̸̝ɭ�৕৛੕�Dʓʅ�ɀ੓� ʓʴʴ̸̤̯̝ɀ̯ɭ̤�̯ʎɭ� ʓˉпɧɭʴʓ̯͛�˝ʄ�ɀ�
̝ɭ̤˝ˉɀ̯˝̝�ʽɭɧʓɀ̯ɭɧ�Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ�ɠɭ̯͕ɭɭˉ�̯͕˝�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ� Ό̸ɠʓ̯̤� ɀ̤� ɀ� ʄ̸ˉɡ̯ʓ˝ˉ� ˝ʄ� ̯ʎɭ�
Ό̸ɀʴʓ̯͛�ʄɀɡ̯˝̝�˝ʄ�̯ʎɭ�̝ɭ̤˝ˉɀ̯˝ ੓̝�Dʓʅ�ɠ੓�ʓʴʴ̸̤̯̝ɀ̯ɭ̤�
̯ʎɭ�̝ɭ̤˝ˉɀˉɡɭ�˝ʄ�̯ʎɭ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�"ĊÔ�ੲɠʴ̸ɭੳ�
ɀˉɧ�̯ʎɭ�ʽɭɀ̸̤̝ɭɧ�ˉ˝ʓ̤ɭ�̯ʎɀ̯�ɡ˝ˉ̯ɀʽʓˉɀ̯ɭ̤�̯ʎɭ�
˝̝̯ʎ˝ʅ˝ˉɀʴ�̝ɭ̤˝ˉɀ̯˝̝�ੲ̝ɭɧੳ੓�D̝˝ʽ�ੲv̸ʯɀʓ�ɭ̯�ɀʴ੓�
৖৔৖৔ੳ੓

Dʓʅ̸̝ɭ�৕ড়੕���ˉɭ͕�ɠʓ઀ʴʓˉɭɀ̝�ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�
ʄ˝̝ʽɭɧ�ʄ̝˝ʽ�̯ʎɭ�̤̯ɀˉɧɀ̝ɧ�৖(�ʴɀ͛˝̸̯�˝ʄ�Ό̸ɠʓ̯̤�
ˉɭɭɧɭɧ�ʄ˝̝�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ੓�Dʓʅ�ɀ�
ʓʴʴ̸̤̯̝ɀ̯ɭ̤�ɀ�̤̯ɀˉɧɀ̝ɧ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�̯ʎɀ̯�̝ɭΌ̸ʓ̝ɭ̤�
ɀ� ʅ̝ʓɧ੓� Dʓʅ� ɠ� ʓʴʴ̸̤̯̝ɀ̯ɭ̤� ̯ʎɭ� ˉɭ͕� ɠʓ઀ʴʓˉɭɀ̝�
ɀ̝̝ɀˉʅɭʽɭˉ̯�͕ ʎɭ̝ɭ�ɡ˝̸̚ʴʓˉʅ̤�ɠɭ̯͕ɭɭˉ�ɡ˝ʴ̸ʽˉ̤�
ɀ̝ɭ�ɀɡʎʓɭ͔ɭɧ�̸̤ʓˉʅ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�ɡ̝˝̤̤ɭɧ�"ĊÔ̤੓
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ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤�̯ʎɀ̯�ʓˉ̯ɭ̝ɀɡ̯�̯ʎ̝˝̸ʅʎ�ɀ�
̤ɭ̝ʓɭ̤�˝ʄ�ɡ̝˝̤̤ɭɧ�̝ɭ̤˝ˉɀ̯˝̝̤੓
Юɭ�ʽ˝ɧʓпɡɀ̯ʓ˝ˉ�̯˝�̯ʎɭ�ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ-

̸̯̝ɭ�ʓ̤�̤ ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৕ড়੓�Dʓʅ̸̝ɭ�৕ড়ɀ�̤ ʎ˝͕̤�
a standard 5 × 5�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ɀ̝̝ɀ͛�̯ʎɀ̯�ɡ˝̝-
̝ɭ̤̚˝ˉɧ̤�̯ ˝�ɀ�ɧʓ̤̯ɀˉɡɭ�d�ૻ �3 error-correction 
ɡ˝ɧɭ੓��̤�͛˝̸�ɡɀˉ�̤ɭɭ੔�̯ʎɭ�Ό̸ɠʓ̯̤�͕ʓ̯ʎʓˉ�̯ʎɭ�
ʓˉ̯ɭ̝ʓ˝̝�ɠɭɡ˝ʽɭ�ɧʓдɡ̸ʴ̯�̯˝�ɀɡɡɭ̤̤�ʄ˝̝�ʄɀɠ-
̝ʓɡɀ̯ʓ˝ˉ�˝ʄ�ɠʓɀ̤�ʴʓˉɭ̤੔�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�̝ɭɀɧ˝̸̯�
lines.
Rʄ�͕ɭ�̯ɀʯɭ�ɭɀɡʎ�ɡ˝ʴ̸ʽˉ�˝ʄ�̯ʎʓ̤�৖(�ɀ̝̝ɀ͛�

ɀˉɧ�ʴɀ͛�̯ʎɭʽ�˝̸̯�ʓˉ�̯͕˝�ɧʓ̤̯ʓˉɡ̯�ɡ˝ʴ̸ʽˉ̤੔�
ɀʴ̯ɭ̝ˉɀ̯ʓˉʅ�ɡ˝ʴ̸ʽˉ̤�ʄ̝˝ʽ�̯ʎɭ�˝̝ʓʅʓˉɀʴ�৖(�
̚ɀ̯ɡʎ੔�͕ɭ�ɡɀˉ�ɡ̝ɭɀ̯ɭ�ɀ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ ੔͛�ɀ̤�

̤ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৕ড়ɠ੓�ÔɭΌ̸ʓ̝ɭɧ�Ό̸ɠʓ̯�ʓˉ̯ɭ̝-
ɀɡ̯ʓ˝ˉ̤�͕ ʓ̯ʎʓˉ�ɀ�ɡ˝ʴ̸ʽˉ�ɧ˝�̄ ˝̯�ɡʎɀˉʅɭ੔�ɠ̸̯�
ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�ɠɭ̯͕ɭɭˉ�ɡ˝ʴ̸ʽˉ̤�̄ ˝͕�ɠɭɡ˝ʽɭ�
ʴ˝ˉʅɭ̝�̝ɀˉʅɭ�ɀˉɧ�̯ʎɭ͛�ɡ̝˝̤̤੓�Юɭ̤ɭ�ʓˉ̯ɭ̝ɀɡ-
̯ʓ˝ˉ̤� ɡɀˉ� ɠɭ� ɀɡʎʓɭ͔ɭɧ� ̸̤ʓˉʅ� ɀʓ̝઀ɠ̝ʓɧʅɭɧ�
resonators.
Юɭ�̤ʓʅˉʓпɡɀˉ̯�ɧʓаɭ̝ɭˉɡɭ�ɠɭ̯͕ɭɭˉ�̯ʎɭ̤ɭ�

̯͕˝�ʴɀ͛˝̸̯̤�ʓ̤�̯ʎɀ̯੔�ʓˉ�̯ʎɭ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ ੔͛�
̯ʎɭ̝ɭ�ʓ̤�ˉ˝͕�ʴɀ̯ɭ̝ɀʴ�̚ʴɀˉɀ̝�ɀɡɡɭ̤̤�̯˝�ɭ͔ɭ̝͛�
Ό̸ɠʓ̯� ͕ʓ̯ʎʓˉ� ̯ʎɭ� ɡ˝ʽ̸̯̚ɭ ੓̝� İ̸ɠʓ̯̤� ̯ʎɀ̯�
̸̤ɭɧ�̯˝�ɠɭ�ɠ̸̝ʓɭɧ�͕ʓ̯ʎʓˉ�̯ʎɭ�ɡɭˉ̯̝ɭ�˝ʄ�̯ʎɭ�
৖(�ʴɀ̯̯ʓɡɭ�ɀ̝ɭ�ˉ˝͕�̚ʴɀɡɭɧ�ɀʴ˝ˉʅ�˝ˉɭ�˝ʄ�̯ʎɭ�
ɡ˝ʴ̸ʽˉ̤�ʓˉ�̯ʎɭ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ ੔͛�͕ʎɭ̝ɭ�ɠʓɀ̤੔�
ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�ʽɭɀ̸̤̝ɭʽɭˉ̯�ʴʓˉɭ̤�ɡɀˉ�ɠɭ�ʄɀɠ-

Dʓʅ̸̝ɭ�৕ঢ়੕�Ñʎ̤͛ʓɡɀʴ�ʴɀ͛˝̸̯�˝ʄ�̯ʎɭ�ˉɭ͕�ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ੓�Dʓʅ�ɀ੕��ˉ�ɀ̝ɠʓ̯̝ɀ̝ʓʴ͛�ʴ˝ˉʅ�ɠ̸̯�п͚ɭɧ઀͕ʓɧ̯ʎ�
̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ɡɀˉ�ɠɭ�ɡ̝ɭɀ̯ɭɧ�̸ ̤ʓˉʅ�ɀ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀˉʅɭʽɭˉ̯�̋ ʄ�̤ ̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤੓�Юɭ�п͚ɭɧ�͕ ʓɧ̯ʎ�̋ ʄ�
̯ʎɭ�̤ ̸̝ʄɀɡɭ�ɡ˝ɧɭ�ɭˉ̸̤̝ɭ̤�̯ ʎɀ̯�̯ ʎɭ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�̝ ɭ̤˝ˉɀ̯˝̝̤�ʎɀ͔ɭ�ɀ�пˉʓ̯ɭ�ɹ ɭˉʅ̯ʎ�ɀˉɧ�̄ ̸ʽɠɭ̝�̋ ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�
ɡ̝˝̤̤ʓˉʅ̤੓�.ɀɡʎ�̤ ̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯�ɡɀˉ�ɠɭ�ɀɡɡɭ̤̤ɭɧ�ʓˉ�̯ ʎɭ�̚ ʴɀˉɭ�ʄ˝̝�̯ ʎɭ�ɡ˝ˉ̯̝˝ʴ੔�ʓˉʓ̯ʓɀʴʓ̤ɀ̯ʓ˝ˉ੔�ɀˉɧ�
̝ɭɀɧ˝̸̯�̯ ɭɡʎˉ˝ʴ˝ʅ ੓͛�Dʓʅ�ɠ੕���ɧɭ̤ʓʅˉ�̋ ʄ�ɀ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�ɡʎʓ̚�ɡ˝ˉ̤ʓ̤̯̤�̋ ʄ�ৗ৔ૹৗ৔�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੔�ɭˉɡ˝ɧʓˉʅ�
ɀ�ɧ�ૻ �৕৙�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯੓�İ̸ɠʓ̯̤�ɀ̝ɭ�ɧɭ̚ʓɡ̯ɭɧ�ɀ̤�ɠʴ̸ɭ�ɡ̝˝̤̤ɭ̤�ੲʓˉ̤ɭ̯ੳ�ɀˉɧ�̝ ɭ̤˝ˉɀ̯˝̝̤�ɀ̝ɭ�ɀ̤�̝ ɭɧ�ɹ ʓˉɭ̤੓��ʴʴ�̯ ʎɭ�
ɭ͚̯ɭ̝ˉɀʴ�ʓˉ̸̯̚�ɀˉɧ�̋ ̸̸̯̯̚�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�ɡɀˉ�ɠɭ�ɀɡʎʓɭ͔ɭɧ�ɠ͛�̯ ʎɭ�ɡ˝ˉ͔ɭˉ̯ʓ˝ˉɀʴ�̚ ʴɀˉɭ̝�͕ ʓ̝ʓˉʅ�̯ ɭɡʎˉ˝ʴ˝ʅ ੓͛�
Юɭ�̝ɭ̸̤ʴ̯ɭɧ�ɡʎʓ̚�̤ʓͥɭ�ʓ̤�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�ৗ৔�ʽʽ�ૹ�৖৔৔�ʽʽ�̝ɭɡ̯ɀˉʅ̸ʴɀ ੓̝�D̝˝ʽ�ੲi͕˝ˉ�ɭ̯�ɀʴ੓�৖৔৖৔ੳ੓
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̝ʓɡɀ̯ɭɧ�ɀˉɧ�̚ʴɀɡɭɧ�ʓʽʽɭɧʓɀ̯ɭʴ͛�ɀʴ˝ˉʅ̤ʓɧɭ੓�
Юʓ̤�̤˝ʴ͔ɭ̤�̯ʎɭ�ৗ(�͕ʓ̝ʓˉʅ�̝̚˝ɠʴɭʽ�ɠ͛�ʓˉ̯̝˝-
ɧ̸ɡʓˉʅ�ɀ�ˉɭ͕�ɡ˝ʽ̚˝ˉɭˉ̯੔�̯ʎɭ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�
̝ɭ̤˝ˉɀ̯˝ ੔̝� ͕ʎʓɡʎ� ͕ɀ̤� ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ� ˉ˝̯�
̯˝� ɀɧ͔ɭ̝̤ɭʴ͛� ɀаɭɡ̯� ̯ʎɭ�̚ɭ̝ʄ˝̝ʽɀˉɡɭ�˝ʄ� ɀ�
Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ�ɠɭ̯͕ɭɭˉ�̯͕˝�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�Ό̸ɠʓ̯̤੓
�̤�ɭɀɡʎ�ɡ˝ʴ̸ʽˉ�ʓ̤�ɀʴ̯ɭ̝ˉɀ̯ʓ͔ɭʴ͛�̚ ʴɀɡɭɧ�̋ ˉ�

ɭɀɡʎ�̤ʓɧɭ�˝ʄ�̯ʎɭ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ ੔͛�̯ʎɭ�ˉ̸ʽɠɭ̝�
˝ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ʓ̤�ɧʓɡ̯ɀ̯ɭɧ�ɠ͛�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�

Ό̸ɠʓ̯̤�͕ ʓ̯ʎʓˉ�ɀ�ɡ˝ʴ̸ʽˉ੓��̤�̤ ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�
৕ঢ়ɀ੔�ɭɀɡʎ�ɠʴ˝ɡʯ�ੲɠ˝̯ʎ�ʅ̝ɭɭˉ�ɀˉɧ�ɠʴ̸ɭੳ�ɡ˝̝-
̝ɭ̤̚˝ˉɧ̤�̯ ˝�ɀ�̤ ʓˉʅʴɭ�ɡ˝ʴ̸ʽˉ�̋ ʄ�M�Ό̸ɠʓ̯̤੓�Юɭ�
ˉ̸ʽɠɭ̝�̋ ʄ�ɡ̝˝̤̤ʓˉʅ�̚ ˝ʓˉ̯̤�ʄ˝̝�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ʓ̤�
M�૸�1�ɀˉɧ�ɀ̤�͕ ɭ�ɡɀˉ�ɀʴ̯ɭ̝ˉɀ̯ɭ�̋ ˉ�͕ ʎʓɡʎ�̝ ɭ̤˝-
ˉɀ̯˝̝�̯ʎɭ�ɀʓ̝઀ɠ̝ʓɧʅɭ�ʓ̤�ɀɡ̸̯ɀʴʴ͛�ʄɀɠ̝ʓɡɀ̯ɭɧ੔�
̯ʎɭ�̯˝̯ɀʴ�ˉ̸ʽɠɭ̝�˝ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�˝ˉ�ɀ�̤ʓˉʅʴɭ�
̝ɭ̤˝ˉɀ̯˝̝�ʓ̤�ੲM�૸�1ੳ੣2੓�!ɭʄ˝̝ɭ�ɧʓ̤ɡ̸̤̤ʓˉʅ�̯ʎɭ�
̯˝̯ɀʴ�ɹ ɭˉʅ̯ʎ�̋ ʄ�̯ ʎɭ�̤ ̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�ɡʎʓ̚઀̤ɭ̯੔�
͕ɭ�ˉɭɭɧ�̯˝�ɧɭ̯ɀʓʴ�ʎ˝͕�Ό̸ɠʓ̯̤�ɀ̝ɭ�ɀ̝̝ɀˉʅɭɧ�Word-processor template for papers 
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interactions can be achieved using air-
bridged resonators. 

The significant difference between these two 
layouts is that in the bi-linear array, there is 
now lateral planar access to every qubit 
within the computer. Qubits that used to be 
buried within the center of  the 2D lattice are 
now placed along one of  the columns in the 
bi-linear array, where bias, control and 
measurement lines can be fabricated can be 

placed immediately alongside. This solves 
the 3D wiring problem by introducing a new 
component, the air-bridged resonator, which 
was demonstrated not to adversely effect the 
performance of  a quantum gate between 
two superconducting qubits. 

As each column is alternatively placed on 
each side of  the bi-linear array, the number 
of  air-bridges is dictated by the number of  

Figure 20: Braid and lattice surgery based logic on a standard 2D surface code. Figure a. is how a set of two 
logical qubits, encoded with a distance d = 3 surface code are introduced as four pairs of defects, where a 
defect is deHned as a region of the surface code where physical circuits are switched o� (shaded in red). 
Figure b. is a logical CNOT operation enacted over two logical qubits (the two pairs of white defects). Time is 
represented vertically and as the circuit is executed, defects are moved to complete topological braids. A 
quantum circuit is consequently represented as a geometric Hgure, with a cross-section related to the 
number of physical qubits needed and the third axis representing the time needed to complete the logic gate. 
Figure c. is a single planar code logical qubit at d = 3. In this situation, logical qubits are isolated from each 
other until logic operations via lattice surgery are enacted. Figure d. illustrates the associated logical qubit 
layout for lattice surgery logic. Each logical qubit is illustrated as the blue shaded region, with an extra 
column of physical qubits used as the merge/splitting points for lattice surgery logic. SigniHcant physical 
resources are saved using lattice surgery compared to defect based encoding.  

Dʓʅ̸̝ɭ�৖৔੕�!̝ɀʓɧ�ɀˉɧ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�ɠɀ̤ɭɧ�ʴ˝ʅʓɡ�˝ˉ�ɀ�̤̯ɀˉɧɀ̝ɧ�৖(�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੓�Dʓʅ�ɀ�ʓ̤�ʎ˝͕�ɀ�̤ɭ̯�˝ʄ�
̯͕˝�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤੔�ɭˉɡ˝ɧɭɧ�͕ʓ̯ʎ�ɀ�ɧʓ̤̯ɀˉɡɭ�ɧ�ૻ�ৗ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�ɀ̝ɭ�ʓˉ̯̝˝ɧ̸ɡɭɧ�ɀ̤�ʄ˝̸̝�̚ɀʓ̝̤�˝ʄ�ɧɭʄɭɡ̯̤੔�
͕ʎɭ̝ɭ�ɀ�ɧɭʄɭɡ̯�ʓ̤�ɧɭпˉɭɧ�ɀ̤�ɀ�̝ɭʅʓ˝ˉ�˝ʄ�̯ʎɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�͕ʎɭ̝ɭ�̚ʎ̤͛ʓɡɀʴ�ɡʓ̝ɡ̸ʓ̯̤�ɀ̝ɭ�̤͕ʓ̯ɡʎɭɧ�˝а�
ੲ̤ʎɀɧɭɧ�ʓˉ�̝ɭɧੳ੓�Dʓʅ�ɠ�ʓ̤�ɀ�ʴ˝ʅʓɡɀʴ�"��æ�˝̚ɭ̝ɀ̯ʓ˝ˉ�ɭˉɀɡ̯ɭɧ�˝͔ɭ̝�̯͕˝�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�ੲ̯ʎɭ�̯͕˝�̚ɀʓ̝̤�˝ʄ�
͕ʎʓ̯ɭ�ɧɭʄɭɡ̯̤ੳ੓�æʓʽɭ�ʓ̤�̝ɭ̝̚ɭ̤ɭˉ̯ɭɧ�͔ɭ̝̯ʓɡɀʴʴ͛�ɀˉɧ੔�ɀ̤�̯ʎɭ�ɡʓ̝ɡ̸ʓ̯�ʓ̤�ɭ͚ɭɡ̸̯ɭɧ੔�ɧɭʄɭɡ̯̤�ɀ̝ɭ�ʽ˝͔ɭɧ�̯˝�
ɡ˝ʽ̚ʴɭ̯ɭ�̯˝̚˝ʴ˝ʅʓɡɀʴ�ɠ̝ɀʓɧ̤੓���Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯�ʓ̤�ɡ˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�̝ɭ̝̚ɭ̤ɭˉ̯ɭɧ�ɀ̤�ɀ�ʅɭ˝ʽɭ̯̝ʓɡ�пʅ̸̝ɭ੔�
͕ʓ̯ʎ�ɀ�ɡ̝˝̤̤઀̤ɭɡ̯ʓ˝ˉ�̝ɭʴɀ̯ɭɧ�̯˝�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�ˉɭɭɧɭɧ�ɀˉɧ�̯ʎɭ�̯ʎʓ̝ɧ�ɀ͚ʓ̤�̝ɭ̝̚ɭ̤ɭˉ̯ʓˉʅ�
̯ʎɭ�̯ʓʽɭ�ˉɭɭɧɭɧ�̯˝�ɡ˝ʽ̚ʴɭ̯ɭ�̯ʎɭ�ʴ˝ʅʓɡ�ʅɀ̯ɭ੓�Dʓʅ�ɡ�ʓ̤�ɀ�̤ʓˉʅʴɭ�̚ʴɀˉɀ̝�ɡ˝ɧɭ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�ɀ̯�ɧ�ૻ�ৗ੓�Rˉ�̯ʎʓ̤�
̤ʓ̸̯ɀ̯ʓ˝ˉ੔�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�ɀ̝ɭ�ʓ̤˝ʴɀ̯ɭɧ�ʄ̝˝ʽ�ɭɀɡʎ�˝̯ʎɭ̝�̸ˉ̯ʓʴ�ʴ˝ʅʓɡ�˝̚ɭ̝ɀ̯ʓ˝ˉ̤�͔ʓɀ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�ɀ̝ɭ�
ɭˉɀɡ̯ɭɧ੓�Dʓʅ�ɧ�ʓʴʴ̸̤̯̝ɀ̯ɭ̤�̯ ʎɭ�ɀ̤̤˝ɡʓɀ̯ɭɧ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�ɹ ɀ͛˝̸̯�ʄ˝̝�ɹ ɀ̯̯ʓɡɭ�̤ ̸̝ʅɭ̝͛�ɹ ˝ʅʓɡ੓�.ɀɡʎ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�
ʓ̤�ʓʴʴ̸̤̯̝ɀ̯ɭɧ�ɀ̤�̯ʎɭ�ɠʴ̸ɭ�̤ʎɀɧɭɧ�̝ɭʅʓ˝ˉ੔�͕ʓ̯ʎ�ɀˉ�ɭ͚̯̝ɀ�ɡ˝ʴ̸ʽˉ�˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�̸̤ɭɧ�ɀ̤�̯ʎɭ�ʽɭ̝ʅɭ੣
̤̚ʴʓ̯̯ʓˉʅ�̚˝ʓˉ̯̤�ʄ˝̝�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�ʴ˝ʅʓɡ੓�Ûʓʅˉʓпɡɀˉ̯�̚ʎ̤͛ʓɡɀʴ�̝ɭ̤˝̸̝ɡɭ̤�ɀ̝ɭ�̤ɀ͔ɭɧ�̸̤ʓˉʅ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�
ɡ˝ʽ̚ɀ̝ɭɧ�̯˝�ɧɭʄɭɡ̯઀ɠɀ̤ɭɧ�ɭˉɡ˝ɧʓˉʅ੓
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ʓˉ�̯ʎʓ̤�̤̤̯͛ɭʽ�̤˝�̯ʎɀ̯�ʴ˝ʅʓɡ�˝̚ɭ̝ɀ̯ʓ˝ˉ̤�ɡɀˉ�
ɠɭ�̚ ɭ̝ʄ˝̝ʽɭɧ�ʓˉ�̯ ʎɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�̤ ̤̯͛ɭʽ੓
Rˉ�̯ʎɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੔�̯ʎɭ̝ɭ�ɀ̝ɭ�̯͕˝�̝̚ɭ-

ɧ˝ʽʓˉɀˉ̯� ʽ˝ɧɭʴ̤� ʄ˝̝� ̚ɭ̝ʄ˝̝ʽʓˉʅ� ɭ̝̝˝̝઀
ɡ˝̝̝ɭɡ̯ɭɧ� ʴ˝ʅʓɡ੓� Юɭ� п̝̤̯� ̯ɭɡʎˉʓΌ̸ɭ̤� ʓ̤�
ʯˉ˝͕ˉ�ɀ̤�̯ ˝̚˝ʴ˝ʅʓɡɀʴ�ɠ̝ɀʓɧʓˉʅ੔�ɀˉɧ�͕ ɀ̤�̯ ʎɭ�
˝̝ʓʅʓˉɀʴ�ʄ˝̝ʽɀʴʓ̤ʽ�ʄ˝̝�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ɹ ˝ʅʓɡ�
ੲÔɀ̸̤̤ɭˉɧ˝̝ʄ੔�Mɀ̝̝ʓˉʅ̯˝ˉ੔�ɀˉɧ�E˝͛ɀʴ�৖৔৔৚੖�
D˝͕ʴɭ̝�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৖੖�D˝͕ʴɭ ੔̝�(ɭ͔ʓ̯̯੔�ɀˉɧ�
f˝ˉɭ̤�৖৔৕ৗ੖�Ñɀʴɭ ੔̝�(ɭ͔ʓ̯̯੔�ɀˉɧ�D˝͕ʴɭ̝�৖৔৕৚੖�
Ñɀʴɭ̝�ɭ̯�ɀʴ੓�৖৔৕৖੖�(ɭ͔ʓ̯̯�ɭ̯�ɀʴ੓�৖৔৕ৗੳ੓
Юɭ�ɹ ɀ͛˝̸̯�̋ ʄ�Ό̸ɠʓ̯̤�ʄ˝̝�ɠ̝ɀʓɧɭɧ�ɹ ˝ʅʓɡ�ʓ̤�ɀ�

ʄ̸ʴʴ�৖(�ɀ̝̝ɀ͛�̋ ʄ�Ό̸ɠʓ̯̤�ɀ̤�̤ ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৖৔ɀ੓�
Rˉ�̯ ʎʓ̤�ɀ̝̝ɀ ੔͛�͕ ɭ�ʎɀ͔ɭ�ʄ˝̸̝�̝ ɭʅʓ˝ˉ̤�ੲɡ˝ʴ˝̸̝ɭɧ�
ʓˉ�̝ɭɧੳ�͕ʎɭ̝ɭ�̯ʎɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�̝̚˝ɡɭ-
ɧ̸̝ɭ̤�̯ʎɀ̯�̸̸̤ɀʴʴ͛�˝ɡɡ̸̝�ɀɡ̝˝̤̤�̯ʎɭ�ʴɀ̯̯ʓɡɭ�
ɀ̝ɭ�̤ʓʽ̚ʴ͛�ˉ˝̯�̚ɭ̝ʄ˝̝ʽɭɧ�ੲ઎̤͕ʓ̯ɡʎɭɧ઀˝тએੳ੓�
Юʓ̤�ɡ̝ɭɀ̯ɭ̤�ʎ˝ʴɭ̤�˝̝�઎ɧɭʄɭɡ̯̤એ�͕ʓ̯ʎʓˉ�̯ʎɭ�
ɡ˝ɧɭ੓�Юɭ̤ɭ�ɧɭʄɭɡ̯̤�ɀ̝ɭ�ɭаɭɡ̯ʓ͔ɭʴ͛�ɧɭʅ̝ɭɭ̤�
˝ʄ�ʄ̝ɭɭɧ˝ʽ�ʓˉ�̯ʎɭ�ɡ˝ɧɭ઀̤̚ɀɡɭ�̯ʎɀ̯�ɡɀˉ�ɠɭ�
̸̤ɭɧ�̯˝�ɭˉɡ˝ɧɭ�ʽ̸ʴ̯ʓ̚ʴɭ�Ό̸ɠʓ̯̤�˝ʄ�ʴ˝ʅʓɡɀʴ�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੓
Юɭ� ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ� ̤̯̝ɭˉʅ̯ʎ� ˝ʄ� ̯ʎɭ�

ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉɡ˝ɧɭɧ�͕ʓ̯ʎʓˉ�̯ʎɭ̤ɭ�ɧɭʄɭɡ̯̤�
ʓ̤�ɧɭ̯ɭ̝ʽʓˉɭɧ�ɠ͛�̯ʎɭ�ɡʓ̝ɡ̸ʽʄɭ̝ɭˉɡɭ�˝ʄ�̯ʎɭ�
ɧɭʄɭɡ̯� ɀˉɧ� ̯ʎɭ� ̤ɭ̚ɀ̝ɀ̯ʓ˝ˉ� ʓˉ� ̯ʎɭ� ʴɀ̯̯ʓɡɭ�
ɠɭ̯͕ɭɭˉ�ɧɭʄɭɡ̯̤੓�Rˉ�Dʓʅ̸̝ɭ�৖৔ɀ�̯ʎɭ�ˉ̸ʽɠɭ̝�
˝ʄ�ɧɀ̯ɀ�Ό̸ɠʓ̯̤�ੲɠʴɀɡʯ�Ό̸ɠʓ̯̤ੳ�̯ʎɀ̯�ɡʓ̝ɡ̸ʽ-
̤ɡ̝ʓɠɭ�ɀ�ɧɭʄɭɡ̯�̝ɭʅʓ˝ˉ�ʓ̤�ʄ˝̸̝�ɀˉɧ�̯ʎɭ�ʽʓˉʓ-
ʽ̸ʽ�ˉ̸ʽɠɭ̝�˝ʄ�ɧɀ̯ɀ�Ό̸ɠʓ̯̤�ɠɭ̯͕ɭɭˉ�ɀˉ͛�
̯͕˝�ɧɭʄɭɡ̯�̝ɭʅʓ˝ˉ̤�ʓ̤�̯ʎ̝ɭɭ੓�"˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�
̯ʎɭ�ɡ˝ɧɭ�ɧʓ̤̯ɀˉɡɭ�̸̤ɭɧ�̯˝�ɭˉɡ˝ɧɭ�̯ʎɭ�ʓˉʄ˝̝-
mation is d�ૻ�3�ੲ̯ʎɭ�ʽʓˉʓʽ̸ʽ�˝ʄ�̯ʎɭ�̯͕˝ੳ੓�
D˝̝�͔ɀ̝ʓ˝̸̤�̯ɭɡʎˉʓɡɀʴ�̝ɭɀ̤˝ˉ̤�ੲÔɀ̸̤̤ɭˉɧ˝̝ʄ੔�
Mɀ̝̝ʓˉʅ̯˝ˉ੔�ɀˉɧ�E˝͛ɀʴ�৖৔৔৚ੳ੔�ɀ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�
˝ʄ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʓ̤�̝ ɭ̝̚ɭ̤ɭˉ̯ɭɧ�ɠ͛�̯ ͕˝�ɧɭʄɭɡ̯̤੓�
Mɭˉɡɭ�Dʓʅ̸̝ɭ� ৖৔ɀ� ̝ɭ̝̚ɭ̤ɭˉ̯̤� ɀ� ɡ˝ʽ̸̯̚ɭ̝�
ɭˉɡ˝ɧʓˉʅ�̯ ͕˝�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�͕ ʓ̯ʎ�ɀ�ɧʓ̤̯ɀˉɡɭ�
d�ૻ�3 code.
m˝ʅʓɡ�̋ ̚ɭ̝ɀ̯ʓ˝ˉ̤�ɀ̝ɭ�̚ ɭ̝ʄ˝̝ʽɭɧ�ɠ͛�ɡʎɀˉʅ-

ʓˉʅ�̯ ʎɭ�ɹ ˝ɡɀ̯ʓ˝ˉ̤�̋ ʄ�̯ ʎɭ̤ɭ�ɧɭʄɭɡ̯�̝ ɭʅʓ˝ˉ̤�̋ ͔ɭ̝�
̯ʓʽɭ�ɀˉɧ�̯ ̝ɀɡʓˉʅ�̋ ̸̯�ɀ�̤ ̚ɀɡɭ੣̯ʓʽɭ�ʅɭ˝ʽɭ̯̝͛�

˝ʄ�͕˝̝ʴɧ�ʴʓˉɭ̤�ʄ˝̝�̯ʎɭ̤ɭ�ɧɭʄɭɡ̯�̝ɭʅʓ˝ˉ̤੓��ˉ�
ɭ͚ɀʽ̚ʴɭ�˝ʄ�̯ʎʓ̤�ʓ̤�ʅʓ͔ɭˉ�ʓˉ�Dʓʅ̸̝ɭ�৖৔ɠ੓�Юɭ�
ďĐ઀̚ʴɀˉɭ�̋ ʄ�̯ ʎʓ̤�ɧʓɀʅ̝ɀʽ�̝ ɭ̝̚ɭ̤ɭˉ̯̤�̯ ʎɭ�̤ ̚ɀ-
̯ʓɀʴ�৖(�ʴɀ̯̯ʓɡɭ�˝ʄ�Dʓʅ̸̝ɭ�৖৔ɀ੔�͕ʎɭ̝ɭ�̯ʎɭ�ʄ˝̸̝�
͕ʎʓ̯ɭ�̚ʓʴʴɀ̝̤�̝ɭ̝̚ɭ̤ɭˉ̯�ʄ˝̸̝�˝ʄ�̯ʎɭ�ɧɭʄɭɡ̯̤੓�
æʓʽɭ�ʓ̤�̝ɭ̝̚ɭ̤ɭˉ̯ɭɧ�ɠ͛�̯ʎɭ�Ě઀ɧʓ̝ɭɡ̯ʓ˝ˉ੓��̤�
̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�ɭ͔˝ʴ͔ɭ̤�˝͔ɭ̝�̯ʓʽɭ੔�̯ʎɭ�ɧɭʄɭɡ̯�
̝ɭʅʓ˝ˉ̤�ʓˉ�̯ʎɭ�ʴɀ̯̯ʓɡɭ�ɀ̝ɭ�ʽ˝͔ɭɧ�ੲɠ͛�̤͕ʓ̯ɡʎ-
ʓˉʅ�˝а�ɀˉɧ�˝ˉ�̚ɀ̝̯̤�˝ʄ�̯ʎɭ�৖(�ʴɀ̯̯ʓɡɭੳ�̯˝�
̯̝ɀɡɭ�˝̸̯�̯ʎɭ�ʅɭ˝ʽɭ̯̝ʓɡ�̸̤̯̝ɡ̸̯̝ɭ�˝ʄ�Dʓʅ̸̝ɭ�
৖৔ɠ੓�Юʓ̤�ɭˉɀɡ̯̤�ɀ�ʅɀ̯ɭ�˝̚ɭ̝ɀ̯ʓ˝ˉ੓�Rˉ�̯ʎʓ̤�
ɡɀ̤ɭ੔�ɀ�̯͕˝઀Ό̸ɠʓ̯�ʴ˝ʅʓɡɀʴʴ͛�ɭˉɡ˝ɧɭɧ�"��æ�
˝̚ɭ̝ɀ̯ʓ˝ˉ੓�Юɭ� ɡ˝ˉ̯̝˝ʴ� Ό̸ɠʓ̯̤� ɀ̝ɭ� ̝ɭ̝̚ɭ-
̤ɭˉ̯ɭɧ�ɠ͛�̯ʎɭ�̯͕˝�͕ʎʓ̯ɭ�̚ʓʴʴɀ̝̤�̯˝�̯ʎɭ�ʴɭо੔�
̯ʎɭ�̯ɀ̝ʅɭ̯�Ό̸ɠʓ̯�ʓ̤�̯ʎɭ�̯͕˝�͕ʎʓ̯ɭ�̚ʓʴʴɀ̝̤�˝ˉ�
̯ʎɭ�̝ʓʅʎ̯੓�Юɭ�ʓˉ̸̯̚�ʄ˝̝�̯ʎɭ�ɡʓ̝ɡ̸ʓ̯�ʓ̤�ɀ̯�̯ʎɭ�
ɠ˝̯̯˝ʽ�˝ʄ�̯ʎɭ�ʓʽɀʅɭ�͕ʎʓʴɭ�̯ʎɭ�˝̸̸̯̯̚�ʓ̤�ɀ̯�
̯ʎɭ�̯˝̚੓�Юɭ�ɧɭ̯ɀʓʴ̤�˝ʄ�ʎ˝͕�̯ʎɭ̤ɭ�ʅɀ̯ɭ̤�ɀɡ̸̯-
ɀʴʴ͛�ɭˉɀɡ̯�ʴ˝ʅʓɡ�˝̚ɭ̝ɀ̯ʓ˝ˉ̤�ɡɀˉ�ɠɭ�ʄ˝̸ˉɧ�ʓˉ�
̤ɭ͔ɭ̝ɀʴ�̝ɭʄɭ̝ɭˉɡɭ̤�ੲD˝͕ʴɭ̝�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৖੖�
D˝͕ʴɭ ੔̝�(ɭ͔ʓ̯̯੔�ɀˉɧ�f˝ˉɭ̤�৖৔৕ৗੳ੓
Юɭ�ʽɀʓˉ�̚˝ʓˉ̯�ʄ̝˝ʽ�Dʓʅ̸̝ɭ�৖৔ɀ�ʓ̤�̯ʎɀ̯�

̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�̄ ɭɭɧ̤�̯ ˝�ɠɭ�ɭаɭɡ̯ʓ͔ɭʴ͛�ɀ�ɹ ɀ̝ʅɭ�
̤Ό̸ɀ̝ɭ� ৖(�ɀ̝̝ɀ͛�˝ʄ�̚ʎ̤͛ʓɡɀʴ� Ό̸ɠʓ̯̤੔�͕ʓ̯ʎ�
ɧɭʄɭɡ̯̤�̚ʴɀɡɭɧ�̯ʎ̝˝̸ʅʎ˝̸̯�̯ʎɭ�ɀ̝̝ɀ ੓͛�Юʓ̤�ʓ̤�
ˉ˝̯�ɡ˝ʽ̚ɀ̯ʓɠʴɭ�͕ ʓ̯ʎ�̯ ʎɭ�̄ ɭ͕�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ͛�
ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�͕ʎɭ̝ɭ�͕ɭ�ɀ̝ɭ�ʴʓʽʓ̯ɭɧ�̯˝�
̯ʎɭ�̯ ˝̯ɀʴ�ɹ ɭˉʅ̯ʎ�̋ ʄ�ɀ�ɡ˝ʴ̸ʽˉ�ʓˉ�̯ ʎɭ�৖(�ɹ ɀ̯̯ʓɡɭ�
͕ʎʓɡʎ�ɧʓɡ̯ɀ̯ɭ̤�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�
̝ɭ̤˝ˉɀ̯˝̝̤�ˉɭɭɧɭɧ�ɠ͛�̯ʎɭ�ɧɭ̤ʓʅˉ੓
Юʓ̤�ɡɀˉ�ɠɭ�̤˝ʴ͔ɭɧ�ɠ͛�ʽ˝͔ʓˉʅ�̯˝�ɀ�ɧʓʄ-

ʄɭ̝ɭˉ̯�ʽɭ̯ʎ˝ɧ˝ʴ˝ʅ͛�˝ʄ�ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯�ʴ˝ʅʓɡ�
ɡɀʴʴɭɧ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�ੲM˝̝̤ʽɀˉ�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੓�
Rˉ�̯ʎɭ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�ʽ˝ɧɭʴ੔�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�
ɀ̝ɭ�̤ʓʽ̚ʴɭ�̤Ό̸ɀ̝ɭ�̚ɀ̯ɡʎɭ̤�˝ʄ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੔�
ɧɭ̯ɭ̝ʽʓˉɭɧ�ɠ͛�̯ʎɭ�ɧʓ̤̯ɀˉɡɭ�˝ʄ�̯ʎɭ�̸ˉɧɭ̝-
ʴ͛ʓˉʅ� Ό̸ɀˉ̸̯ʽ� ɡ˝ɧɭ੓� �� ̤Ό̸ɀ̝ɭ� M × M 
̚ɀ̯ɡʎ�ɡ˝̝̝ɭ̤̚˝ˉɧ̤�̯˝�ɀ�ɡ˝ɧɭ�ɧʓ̤̯ɀˉɡɭ�˝ʄ�d 
ૻ�ੲMૅ+ૅ1ੳ੣2�੶Dʓʅ̸̝ɭ�৖৔ɡ੷੓�.ɀɡʎ�̤Ό̸ɀ̝ɭ�̚ɀ̯ɡʎ�
ʓ̤�ʴɀʓɧ�ˉɭ͚̯�̯˝�ɭɀɡʎ�˝̯ʎɭ̝�Юʓ̤�ɭаɭɡ̯ʓ͔ɭʴ͛�
ʽɭɀˉ̤� ̯ʎɀ̯� ˝̸̝� ɀ̝̝ɀˉʅɭʽɭˉ̯� ˝ʄ� ʴ˝ʅʓɡɀʴ�
Ό̸ɠʓ̯̤�ʓˉ�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�ɠɭɡ˝ʽɭ̤�ɀ�mʓˉɭɀ̝�
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�ɭɀ̝ɭ̤̯� �ɭʓʅʎɠ˝̸̝� ɀ̝̝ɀ͛� ੲm��ੳ� ੶Dʓʅ̸̝ɭ�
৖৔ɧ੷੓�Ċɭ�ʎɀ͔ɭ�ɀ�̸̤дɡʓɭˉ̯�ˉ̸ʽɠɭ̝�˝ʄ�̝˝͕̤�
ʓˉ�̯ ʎɭ�ɧɭ̤ʓʅˉ�̯ ˝�ɭˉɡ˝ɧɭ�ɀ�̤ ʓˉʅʴɭ�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�
ɀˉɧ�͕ɭ�ʎɀ͔ɭ�ɀ̤�ʽɀˉ͛�ɡ˝ʴ̸ʽˉ̤�ɀ̤�ˉɭɡɭ̤̤ɀ̝͛�
̯˝�ʎ˝̸̤ɭ�̯ʎɭ�̯˝̯ɀʴ�ˉ̸ʽɠɭ̝�˝ʄ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�
ʓˉ�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ ੓̝
Rˉ�ɹ ɀ̯̯ʓɡɭ�̤ ̸̝ʅɭ̝ ੔͛�ʓ̤˝ʴɀ̯ɭɧ�̤ Ό̸ɀ̝ɭ�̚ ɀ̯ɡʎɭ̤�

˝ʄ�̚ ʴɀˉɀ̝�ɡ˝ɧɭ�ɀ̝ɭ�ʓˉ̯ɭ̝ɀɡ̯ɭɧ�ɀʴ˝ˉʅ�ɀ�ɠ˝̸ˉɧ-
ɀ̝͛�̯˝�ɭˉɀɡ̯�ʽ̸ʴ̯ʓ઀Ό̸ɠʓ̯�ʴ˝ʅʓɡ�ʅɀ̯ɭ̤੓�Юʓ̤�
̝ɭɧ̸ɡɭ̤�̯ʎɭ�˝͔ɭ̝ɀʴʴ�̚ʎ̤͛ʓɡɀʴ�̝ɭ̤˝̸̝ɡɭ�ɡ˝̤̯�
˝ʄ� ɭɀɡʎ� ʴ˝ʅʓɡɀʴ� Ό̸ɠʓ̯� ɀˉɧ� ̤ɭ͔ɭ̝ɀʴ� ̝ɭ̸̤ʴ̯̤�
ˉ˝͕�̸̤сɭ̤̯�̯ʎɀ̯�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�̯ɭɡʎˉʓΌ̸ɭ̤�
͕ʓʴʴ�ɀʴ͕ɀ̤͛�ɠɭ�̔ ˝̝ɭ�̝ ɭ̤˝̸̝ɡɭ�ɭдɡʓɭˉ̯�͕ ʎɭˉ�
ʓʽ̚ʴɭʽɭˉ̯ʓˉʅ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ੲMɭ̝ ੔̝�
�˝̝ʓ੔�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৛੖�mʓ̯ʓˉ̤ʯʓ�ɀˉɧ��̚̚ɭˉ�
৖৔৕ড়੖�D˝͕ʴɭ̝�ɀˉɧ�Eʓɧˉɭ͛�৖৔৕ড়ੳ੓
D˝̝�ɀ�̤ʓˉʅʴɭ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯�ɭˉɡ˝ɧɭɧ�͕ʓ̯ʎ�

̯ʎɭ�̚ʴɀˉɀ̝�ɡ˝ɧɭ੔�ɀ�̤Ό̸ɀ̝ɭ�৖(�ɀ̝̝ɀ͛�˝ʄ�̚ʎ̤͛ʓ-
ɡɀʴ�Ό̸ɠʓ̯̤�ʓ̤�ˉɭɭɧɭɧ੓�D˝̝�ɀ�ɧʓ̤̯ɀˉɡɭ�d�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ɧɭ੔�ɀ�ੲ2d�૸�1ੳ�ૹ�ੲ2d�૸�1ੳ�ɀ̝̝ɀ͛�˝ʄ�̚ʎ̤͛ʓ-
ɡɀʴ�Ό̸ɠʓ̯̤�ʓ̤�̸̤дɡʓɭˉ̯੓�Rʴʴ̸̤̯̝ɀ̯ɭɧ�ʓˉ�Dʓʅ̸̝ɭ�
৖৔� ʓ̤�ɀ�ɧʓ̤̯ɀˉɡɭ�̚ʴɀˉɀ̝�ɡ˝ɧɭ�̝ɭΌ̸ʓ̝ʓˉʅ�৖৙�
̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�͕ʓ̯ʎ�̯ʎɭ�ɀ̤̤˝ɡʓɀ̯ɭɧ�ʴ˝ʅʓɡɀʴ�
ɠʓ̯઀рʓ̚�ੲXLੳ�ɀˉɧ�̚ʎɀ̤ɭ઀рʓ̚�ੲZLੳ�˝̚ɭ̝ɀ̯˝̝̤�
ʓʴʴ̸̤̯̝ɀ̯ɭɧ੓�Rˉ�Dʓʅ̸̝ɭ੓�৖৔ɧ੔�͕ɭ�ʓʴʴ̸̤̯̝ɀ̯ɭ�̯ʎɭ�
̤ɀʽɭ�m���ɹ ˝ʅʓɡɀʴ�ɹ ɀ͛˝̸̯�̋ ʄ�̚ ʴɀˉɀ̝�ɡ˝ɧɭ�ɹ ˝ʅʓ-
ɡɀʴ�Ό̸ɠʓ̯̤�̯ ʎɀ̯�̝ ɭΌ̸ʓ̝ɭ�ɹ ɭ̤̤�̚ ʎ̤͛ʓɡɀʴ�̝ ɭ̤˝̸̝ɡɭ̤�
̯ʎɀˉ�ɧɭʄɭɡ̯઀ɠɀ̤ɭɧ�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤੓�Rˉ�Dʓʅ̸̝ɭ�
৖৔ɧ�̯ʎɭ̝ɭ�ʓ̤�ɀˉ�ɀɧɧʓ̯ʓ˝ˉɀʴ�ɡ˝ʴ̸ʽˉ�˝ʄ�̚ʎ̤͛ʓ-
ɡɀʴ�Ό̸ɠʓ̯̤�̯ʎɀ̯�ɀ̝ɭ�̤̚ɀɡɭ̝̤�ɠɭ̯͕ɭɭˉ�ɭɀɡʎ�
ɭˉɡ˝ɧɭɧ�Ό̸ɠʓ̯�̯ʎɀ̯�ʓ̤�̝ɭΌ̸ʓ̝ɭɧ�̯˝�̚ɭ̝ʄ˝̝ʽ�
̯ʎɭ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�˝̚ɭ̝ɀ̯ʓ˝ˉ̤੓�R̯�̤ʎ˝̸ʴɧ�ɠɭ�
ˉ˝̯ɭɧ� ̯ʎɀ̯� ̯ʎɭ� ɡ̸̝̝ɭˉ̯� ʽɭ̯ʎ˝ɧ̤� ʄ˝̝� ɡʓ̝-
ɡ̸ʓ̯�ɡ˝ʽ̚ʓʴɀ̯ʓ˝ˉ�̸̤ʓˉʅ�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�̤̯ʓʴʴ�
ɀ̸̤̤ʽɭ�ɀ�৖(�̄ ɭɀ̝ɭ̤̯઀ˉɭʓʅʎɠ˝̸̝�ɀ̝̝ɀˉʅɭʽɭˉ̯�
˝ʄ�ɹ ˝ʅʓɡɀʴʴ͛�ɭˉɡ˝ɧɭɧ�Ό̸ɠʓ̯̤�ੲMɭ̝ ੔̝��˝̝ʓ੔�ɀˉɧ�
(ɭ͔ʓ̯̯�৖৔৕৛੖�D˝͕ʴɭ̝�ɀˉɧ�Eʓɧˉɭ͛�৖৔৕ড়ੳ੓�"˝ʽ-
̚ʓʴɀ̯ʓ˝ˉ�ʓˉ̯˝�̯ ʎʓ̤�̚ ̤ɭ̸ɧ˝઀m���ɹ ˝ʅʓɡɀʴ�̤ ̸̯̝ɡ-
̸̯̝ɭ�͕ ʓʴʴ�̝ ɭΌ̸ʓ̝ɭ�̔ ˝ɧʓпɡɀ̯ʓ˝ˉ̤�̋ ͔ɭ̝�ɡ̸̝̝ɭˉ̯�
̯ɭɡʎˉʓΌ̸ɭ̤�ੲMɭ̝ ੔̝��˝̝ʓ੔�ɀˉɧ�(ɭ͔ʓ̯̯�৖৔৕৛ੳ੓�
M˝͕ɭ͔ɭ ੔̝�̯ʎʓ̤�͕˝ ઑ̯̄�ɀɧ͔ɭ̝̤ɭʴ͛�ʓʽ̚ɀɡ̯�̯ʎɭ�
̚ʎ̤͛ʓɡɀʴ�̸̤̯̝ɡ̸̯̝ɭ�˝ʄ�̯ʎʓ̤�ˉɭ͕�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ੓

D˝̝�ɀ�͔ɭ̝͛� ʴɀ̝ʅɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓˉʅ�ɡ˝ɧɭ੔�
d�ɡɀˉ�ɠɭ�˝ʄ�̯ʎɭ�˝̝ɧɭ̝�˝ʄ�৕৙ં৖৔੔�̝ɭΌ̸ʓ̝ʓˉʅ�
ɀˉ�ɀ̝̝ɀ͛�ɡ˝ˉ̯ɀʓˉʓˉʅ�৖ঢ়ંৗঢ়�̝˝͕̤�˝ʄ�Ό̸ɠʓ̯̤�
͕ʓ̯ʎ�৖ঢ়ંৗঢ়�ɡ˝ʴ̸ʽˉ̤੔�̚ɭ̝�ʴ˝ʅʓɡɀʴʴ͛�ɭˉɡ˝ɧɭɧ�
Ό̸ɠʓ̯੓�"˝ˉ̤ɭΌ̸ɭˉ̯ʴ ੔͛�ʄ˝̝�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ-
̸̯̚ɭ̝�ɡ˝ˉ̯ɀʓˉʓˉʅ�N�ɹ ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤�ɀ̯�ɧʓ̤̯ɀˉɡɭ�
৕৙�˝ˉ�̯ʎɭ�̚ʴɀˉɀ̝�ɡ˝ɧɭ੔�͕ɭ�͕˝̸ʴɧ�̸̯ʓʴʓͥɭ�ɀˉ�
ɀ̝̝ɀ͛�˝ʄ�৖ঢ়ૅ×ૅੲ৖ঢ়N�૷�ੲN�૸�1ੳੳ੓�Mɭ̝ɭ੔�৖ঢ়�ʓ̤�̯ʎɭ�
ˉ̸ʽɠɭ̝�˝ʄ�Ό̸ɠʓ̯̤�ʓˉ�ɀ�ɡ˝ʴ̸ʽˉ੔�ɀˉɧ�৖ঢ়N is 
̯ʎɭ�̄ ̸ʽɠɭ̝�̋ ʄ�ɡ˝ʴ̸ʽˉ̤�ʓˉ�̯ ʎɭ�ɀ̝̝ɀ͛�ʄ˝̝�ɭɀɡʎ�
ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯੔�ɀˉɧ�̯ʎɭ�ɭ͚̯̝ɀ�ʄɀɡ̯˝̝�˝ʄ�ੲN�૸�1ੳ�
ʓ̤�̯ʎɭ�̤̚ɀɡʓˉʅ�̝ɭʅʓ˝ˉ�ɠɭ̯͕ɭɭˉ�ɭɀɡʎ�ʴ˝ʅʓɡɀʴ�
Ό̸ɠʓ̯�̄ ɭɭɧɭɧ�ʄ˝̝�ɹ ɀ̯̯ʓɡɭ�̤ ̸̝ʅɭ̝ ੓͛�Юʓ̤�͕ ˝̸ʴɧ�
̯̝ɀˉ̤ʴɀ̯ɭ�ʓˉ̯˝�ɀ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ ੔͛�ɀ̤�̤ʎ˝͕ˉ�
ʓˉ�Dʓʅ̸̝ɭ�৕ঢ়ɠ�˝ʄ�Nੲ2d૸1ੳੲ2d૸2ੳ�ૻ�29 × 30N, 
͕ʓ̯ʎ�ɭɀɡʎ�̤ ɭ̯�̋ ʄ�ɀʓ̝઀ɠ̝ʓɧʅɭɧ�ɡ̝˝̤̤઀̝ɭ̤˝ˉɀ̯˝̝̤�
ʎɀ͔ʓˉʅ�ɀ̯�ʽ˝̤̯�⌈ੲ2d�૸�1ੳ੣2⌉�ૻ�৕৙�ɡ̝˝̤̤ʓˉʅ̤੓�
Юɭ�ʄɀɡ̯˝̝�˝ʄ�½�ɡ˝ʽɭ̤�ɀɠ˝̸̯�ɧ̸ɭ�̯˝�̯ʎɭ�ʄɀɡ̯�
̯ʎɀ̯�ɀʴ̯ɭ̝ˉɀ̯ɭ�̝ɭ̤˝ˉɀ̯˝̝̤�ɡɀˉ�ɠɭ�ɡʎ˝̤ɭˉ�̯˝�
ɡ˝ˉ̯ɀʓˉ�ɀˉ�ɀʓ̝઀ɠ̝ʓɧʅɭ੓�Mɭˉɡɭ੔�͕ ʎʓʴɭ�৖ঢ়�ɡ̝˝̤̤-
ʓˉʅ̤�ɀ̝ɭ�ɀ̯�̝ɭΌ̸ʓ̝ɭɧ�ɀ̯�ʽ˝̤̯੔�ɀ�ʅʓ͔ɭˉ�̝ɭ̤˝ˉɀ-
̯˝̝�͕ʓʴʴ�˝ˉʴ͛�ɡ˝ˉ̯ɀʓˉ�ʎɀʴʄ�̯ʎɀ̯�ˉ̸ʽɠɭ̝�˝ʄ�
air-bridges.
Rˉ�Dʓʅ̸̝ɭ�৕ঢ়ɠ�͕ɭ�ʓʴʴ̸̤̯̝ɀ̯ɭ�ɀ�ʽ̸ɡʎ�ʴɀ̝ʅɭ̝�

ɀ̝̝ɀ ੔͛�͕ ʎɭ̝ɭ�ɭɀɡʎ�ʓˉɧʓ͔ʓɧ̸ɀʴ�Ό̸ɠʓ̯�ʎɀ̤�͕ ʓ̝ʓˉʅ�
ɀɡɡɭ̤̤�ʄ̝˝ʽ�ɭʓ̯ʎɭ̝�ɀɠ˝͔ɭ�̋ ̝�ɠɭʴ˝͕�̯ ʎɭ�ɠʓ઀ʴʓˉ-
ɭɀ̝�ɀ̝̝ɀ ੓͛�Юɭ�ɡ̝˝̤̤઀̝ɭ̤˝ˉɀ̯˝̝�ˉɭ̯͕˝̝ʯ�ɡ˝ˉ-
̯ɀʓˉʓˉʅ�̯ ʎɭ�ɀʓ̝઀ɠ̝ʓɧʅɭ̤�ɀ̝ɭ�ɡ˝ˉ̯ɀʓˉɭɧ�͕ ʓ̯ʎʓˉ�
̯ʎɭ�ɡɭˉ̯̝ɭ੔�ɀˉɧ�ɀʴʴ˝͕̤�ʄ˝̝�̯ ʎɭ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ͛�
̯˝�˝̚ɭ̝ɀ̯ɭ�ɀ̤�ʓʄ�ʓ̯�͕ɭ̝ɭ�ɀ�ʴ˝ˉʅ੔�̝ɭɡ̯ɀˉʅ̸ʴɀ̝�
৖(�ɀ̝̝ɀ͛�̋ ʄ�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓���̤ ̤̯͛ɭʽ�̋ ʄ�̯ ʎʓ̤�
̤ʓͥɭ�͕˝̸ʴɧ�̝ɭ̝̚ɭ̤ɭˉ̯�ɀ�̤ʓˉʅʴɭ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯-
ʓˉʅ�ɡʎʓ̤̚ɭ̯੔�ɡ˝ˉ̯ɀʓˉʓˉʅ�30 × 30�ૻ �900�̚ ʎ̤͛ʓɡɀʴ�
Ό̸ɠʓ̯̤੔�ɭˉɡ˝ɧɭɧ�ʓˉ̯˝�ɀ�̤ ʓˉʅʴɭ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�
Ό̸ɠʓ̯੓�Юʓ̤�͕˝̸ʴɧ�ɡ˝̝̝ɭ̤̚˝ˉɧ�̯˝�ɀ�ɧʓ̤̯ɀˉɡɭ�
˝ʄ�d�ૻ �15�Ό̸ɀˉ̸̯ʽ�ɡ˝ɧɭ੔�̤ ̸дɡʓɭˉ̯�̯ ˝�ɡ˝̝̝ɭɡ̯�
ʄ˝̝�̸ ̚�̯ ˝�̤ ɭ͔ɭˉ�̚ ʎ̤͛ʓɡɀʴ�ɭ̝̝˝̝̤�ʓˉ�ɭɀɡʎ�ɭ̝̝˝̝઀
ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ɡ͛ɡʴɭ੓�.̤̯ʓʽɀ̯ɭ̤�˝ˉ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�
̤ʓͥɭ�̋ ʄ�̯ ʎʓ̤�ɡʎʓ̤̚ɭ̯�͕ ʓʴʴ�ɠɭ�৖৔৔�̔ ʽ�×�ৗ৔�̔ ʽ੓
Юʓ̤�ˉɭ͕�ʽʓɡ̝˝઀ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʄ˝̝�̸̤̚ɭ̝-

ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤�ɭаɭɡ̯ʓ͔ɭʴ͛�
ɭʴʓʽʓˉɀ̯ɭ̤�̯ʎɭ�̝̚˝ɠʴɭʽ�˝ʄ�͕ʓ̝ʓˉʅ�̸̚�ɀ�ʽɀ̤-



34

Journal & Proceedings of the Royal Society of New South Wales
(ɭ͔ʓ̯̯૆ઃ૆!ʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤

̤ʓ͔ɭ�৖(�ɀ̝̝ɀ͛�̋ ʄ�̚ ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤੓�Rˉ̤̯ɭɀɧ੔�͕ ɭ�
̯̝ɀˉ̤ʴɀ̯ɭ�̯ ʎɭ�Ό̸ɠʓ̯�ɡʎʓ̚�ʓˉ̯˝�ɀ�ɠʓ઀ʴʓˉɭɀ̝�ɀ̝̝ɀ͛�
˝ʄ�̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯̤�̯ʎɀ̯�ʎɀ͔ɭ�ɧʓ̝ɭɡ̯�ʴɀ̯ɭ̝ɀʴ�
ɀɡɡɭ̤̤�ʄ˝̝�ɠʓɀ̤੔�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�ʽɭɀ̸̤̝ɭʽɭˉ̯�
͕ʓ̝ʓˉʅ੓� Ċʎʓʴɭ� ̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ� ɡʎʓ̤̚ɭ̯̤�
ʎɀ͔ɭ�ˉ˝̯�͛ɭ̯�̝ɭɀɡʎɭɧ�̯ʎɭ�̤ɡɀʴɭ�͕ʎɭ̝ɭ�ɀ�̤ʎʓо�
̯˝�̯ ʎʓ̤�̄ ɭ͕�̔ ʓɡ̝˝઀ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʓ̤�̄ ɭɭɧɭɧ੔�ɀ̤�
̯ʎɭ̤ɭ�̤̤̯͛ɭʽ̤�̤ɡɀʴɭ�ʄ̸̝̯ʎɭ̝�ɀ�ˉɭ͕�ɀ̝̚̚˝ɀɡʎ�
̯˝�̯ʎɭ�̸ˉɧɭ̝ʴ͛ʓˉʅ�̸̤̯̝ɡ̸̯̝ɭ�͕ʓʴʴ�ˉɭɭɧ�̯˝�ɠɭ�
ɀɧ˝̯̚ɭɧ�ɠ͛�ɭ̤̤ɭˉ̯ʓɀʴʴ͛�ɀʴʴ�ʽɀˉ̸ʄɀɡ̸̯̝ɭ̝̤�˝ʄ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤੓

(ɭ̤ʓʅˉʓˉʅ�̤̤̯͛ɭʽ̤�˝ʄ�̯ʎɭ�ʄ̸̸̯̝ɭ
�̤�ˉɀ̤ɡɭˉ̯�Ό̸ɀˉ̸̯ʽ�ɡʎʓ̤̚ɭ̯̤�ʄ̸̝̯ʎɭ̝�̝̚˝-
ʅ̝ɭ̤̤੔� ̝ɭɧɭ̤ʓʅˉ̤� ɀˉɧ� ɀɧɧʓ̯ʓ˝ˉ̤� ̯˝� ̯ʎɭ̤ɭ�
ɠʴ̸ɭ̝̚ʓˉ̯̤� ͕ʓʴʴ� ̸ˉɧ˝̸ɠ̯ɀɠʴ͛� ˝ɡɡ̸ ੓̝� Юɭ�
ɠɀ̤ʓɡ�ɠ̸ʓʴɧʓˉʅ�ɠʴ˝ɡʯ̤�ʄ˝̝�ɭɀɡʎ�̋ ʄ�̯ ʎɭ̤ɭ�Ό̸ɀˉ-
̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̚ʴɀ̯ʄ˝̝ʽ̤�ʎɀ͔ɭ�ɠɭɭˉ�ɧɭʽ-
˝ˉ̤̯̝ɀ̯ɭɧ�ɀˉɧ�̯ʎɭ̝ɭ�ʓ̤�ɀ�ɡʴɭɀ̝�ɡ˝ˉɡɭ̸̯̚ɀʴ�
̚ɀ̯ʎ͕ɀ͛�̯˝�ɀ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�̤̤̯͛ɭʽ੔�ɡɀ̚ɀɠʴɭ�˝ʄ�
̸ˉʓ͔ɭ̝̤ɀʴ੔� ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ� Ό̸ɀˉ̸̯ʽ� ɡ˝ʽ-
̸̯̚ɀ̯ʓ˝ˉ੓
R̯�ʓ̤�ɀˉ̯ʓɡʓ̚ɀ̯ɭɧ�̯ʎɀ̯�ʽɀˉ͛�˝ʄ�̯ʎɭ�ɡʎɀʴ-

ʴɭˉʅɭ̤�̯ʎɀ̯�ʴʓɭ�ɀʎɭɀɧ�ɀ̝ɭ�̝ɭʴɀ̯ɭɧ�̯˝�̯ʎɭ�ɀɠʓʴ-
ʓ̯͛�̯˝�ʄ̸̝̯ʎɭ̝�ɧɭɡ̝ɭɀ̤ɭ�ɭ̝̝˝̝�̝ɀ̯ɭ̤�̯ʎ̝˝̸ʅʎ�
ʓʽ̝̚˝͔ɭʽɭˉ̯̤�ʓˉ�ʄɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ੔�
ɀˉɧ�̤˝ʴ͔ɭ�̯ʎɭ�̝̚˝ɠʴɭʽ̤�̝ɭʴɀ̯ɭɧ�̯˝�ʎ˝͕�͕ɭ�
̤ɡɀʴɭ�̤̤̯͛ɭʽ̤�̸ˉɧɭ̝�̯ʎɭ�ɡ˝ˉ̤̯̝ɀʓˉ̯̤�˝ʄ�ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯ɀʴ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�̸̤ɡʎ�ɀ̤�ɧʓʴ̸̯ʓ˝ˉ�
̝ɭʄ̝ʓʅɭ̝ɀ̯ʓ˝ˉ�̤̤̯͛ɭʽ̤�ɀˉɧ�͔ɀɡ̸̸ʽ̤੓
Юɭ̝ɭ�ʎɀ͔ɭ�ɠɭɭˉ�̤ ʓʅˉʓпɡɀˉ̯�ɀɧ͔ɀˉɡɭʽɭˉ̯̤�

ʓˉ�̯ʎɭ�ɡ˝ˉ̸̤̯̝ɡ̯ʓ˝ˉ�˝ʄ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ�̝̚˝-
̯˝ɡ˝ʴ̤�ɀˉɧ�Ό̸ɀˉ̸̯ʽ�̝ɭ̤˝̸̝ɡɭ�˝̯̚ʓʽʓ̤ɀ̯ʓ˝ˉ੓�
Юɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�̤̯ʓʴʴ�̝ɭʽɀʓˉ̤�̯ʎɭ�̝̚ɭʄɭ̝̝ɭɧ�
̯ɭɡʎˉʓΌ̸ɭ� ʄ˝̝� ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ� ʓˉ� ɭ͚̚ɭ̝ʓ-
mentally realisable large-scale systems, and 
̚ʎ̤͛ʓɡɀʴ�Ό̸ɠʓ̯�̝ ɭ̤˝̸̝ɡɭ̤�ɡ˝ˉ̯ʓˉ̸ɭ�̯ ˝�ɧ̝˝̚�ɀ̤�
̯ʎɭ˝̝ʓ̤̯̤�ɧɭ͔ɭʴ˝̚�ˉɭ͕�ɀˉɧ�ʓʽ̝̚˝͔ɭɧ�ʽɭ̯ʎ-
˝ɧ̤�ʄ˝̝�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ɭɧ�ɹ ˝ʅʓɡ�̋ ̚ɭ̝ɀ̯ʓ˝ˉ̤�ɀˉɧ�
ɀʴʅ˝̝ʓ̯ʎʽʓɡ�ɡ˝ʽ̚ʓʴɀ̯ʓ˝ˉ੓
Юɭ� ̯ʓʽɭʄ̝ɀʽɭ� ˝ʄ� ͕ʎɭˉ� ɀ� ʄ̸ʴʴ͛� ɭ̝̝˝̝઀

ɡ˝̝̝ɭɡ̯ɭɧ�̤̤̯͛ɭʽ�͕ʓʴʴ�ɠɭɡ˝ʽɭ�ɀ͔ɀʓʴɀɠʴɭ�̯˝�

ʓʽ̚ʴɭʽɭˉ̯�̤ɡʓɭˉ̯ʓпɡɀʴʴ͛�˝̝�ɡ˝ʽʽɭ̝ɡʓɀʴʴ͛�
̸̤ɭʄ̸ʴ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤�ʓ̤�̤̯ʓʴʴ�
̸ˉʯˉ˝͕ˉ੔�ɠ̸̯�ʄ˝̝�ʽɀˉ͛�̚ʴɀ̯ʄ˝̝ʽ̤�̯ʎɭ�ʓˉʓ-
̯ʓɀʴ� ʓˉʅ̝ɭɧʓɭˉ̯̤� ʎɀ͔ɭ�ɠɭɭˉ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�
ɀˉɧ�ʓ̯�ʓ̤�ɠɭɡ˝ʽʓˉʅ�ɡʴɭɀ̝�̯ʎɀ̯�ɭˉʅʓˉɭɭ̝ʓˉʅ�
ɡʎɀʴʴɭˉʅɭ̤�ɀˉɧ�ɡɀ̚ʓ̯ɀʴ�ʽɀ͛�ɠɭ�ʽ̸ɡʎ�ʽ˝̝ɭ�
̤ʓʅˉʓпɡɀˉ̯�̯ʎɀˉ�ɀˉ͛�ʄ̸ˉɧɀʽɭˉ̯ɀʴ�ʓ̸̤̤ɭ̤�˝ʄ�
Ό̸ɀˉ̸̯ʽ�̚ʎ̤͛ʓɡ̤੓

�ɡʯˉ˝͕ʴɭɧʅɭʽɭˉ̯̤
Юɭ�͕˝̝ʯ�̝ɭ͔ʓɭ͕ɭɧ�ɀˉɧ�̝ɭʄɭ̝ɭˉɡɭɧ�ʓˉ�̯ʎʓ̤�
̚ɀ̚ɭ̝�ɡ˝̸ʴɧ�̄ ˝̯�ʎɀ͔ɭ�ɠɭɭˉ�ɀɡʎʓɭ͔ɭɧ�͕ ʓ̯ʎ˝̸̯�
ʄɀˉ̯ɀ̤̯ʓɡ�ɡ˝ʴʴɀɠ˝̝ɀ̯ʓ˝ˉ̤�͕ʓ̯ʎ�̯ʎɭ˝̝ʓ̤̯̤�ɀˉɧ�
ɭ͚̚ɭ̝ʓʽɭˉ̯ɀʴʓ̤̯̤੔�̚ʎ̤͛ʓɡʓ̤̯̤�ɀˉɧ�ɡ˝ʽ̸̯̚ɭ̝�
̤ɡʓɭˉ̯ʓ̤̯̤੓�R�͕˝̸ʴɧ�ʴʓʯɭ�̯˝�ɀɡʯˉ˝͕ʴɭɧʅɭ�̯ʎɭ�
ʓ˝ˉ઀̯̝ɀ̚�ʅ̝˝̸̚�ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Ṳ̸̤̂ɭ͚੔�
̯ʎɭ��ĉ઀ɧʓɀʽ˝ˉɧ�ʅ̝˝̸̤̚�ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�
˝΍�ĉʓɭˉˉɀ�ɀˉɧ�̯ʎɭ�æɭɡʎˉʓɡɀʴ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�
ĉʓɭˉˉɀ�ɀˉɧ�̯ʎɭ�Û̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�
̝ɭ̤ɭɀ̝ɡʎ�̯ɭɀʽ̤�ɀ̯�æ˝͛ʯ˝�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Ûɡʓ-
ɭˉɡɭ�ɀˉɧ�Ôʓʯɭˉ੔�fɀ̚ɀˉ੔�ʄ˝̝�̯ʎɭʓ̝�ʄɀˉ̯ɀ̤̯ʓɡ�
ɡ˝ʴʴɀɠ˝̝ɀ̯ʓ˝ˉ̤�˝ˉ�̯ʎɭ�ɠʴ̸ɭ̝̚ʓˉ̯̤�̝ɭ͔ʓɭ͕ɭɧ੓�
v̸ɡʎ�˝ʄ�̯ʎɭ�ʓˉʓ̯ʓɀʴ�͕˝̝ʯ�˝ˉ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤�
ɀˉɧ�̤̤̯͛ɭʽ�ɧɭ̤ʓʅˉ�͕ɀ̤�̚ɭ̝ʄ˝̝ʽɭɧ�ʓˉ�ɡ˝ʴ-
ʴɀɠ˝̝ɀ̯ʓ˝ˉ�͕ ʓ̯ʎ�i੓��ɭʽ˝̯˝�ɀˉɧ�Ċ੓f੓�v̸ˉ̝˝�
˝ʄ� ̯ʎɭ��ɀ̯ʓ˝ˉɀʴ� Rˉ̤̯ʓ̸̯̯ɭ� ˝ʄ� Rˉʄ˝̝ʽɀ̯ʓɡ̤�
ɀˉɧ��Э�ʴɀɠ̤੔�fɀ̚ɀˉ੔�ɀˉɧ�R�͕˝̸ʴɧ�ʴʓʯɭ�̯˝�
ɀɡʯˉ˝͕ʴɭɧʅɭ�ʽ͛�ʽɀˉ͛�ɡ˝ʴʴɀɠ˝̝ɀ̯˝̝̤�͕ʎ˝�
͕˝̝ʯɭɧ�͕ʓ̯ʎ�ʽɭ�˝ˉ�ɭ̝̝˝̝઀ɡ˝̝̝ɭɡ̯ʓ˝ˉ੔�ɡ˝ʽ-
̚ʓʴɀ̯ʓ˝ˉ�ɀˉɧ�˝̯̚ʓʽʓ̤ɀ̯ʓ˝ˉ� ʄ˝̝� ʴɀ̝ʅɭ઀̤ɡɀʴɭ�
ʽɀɡʎʓˉɭ̤� ̸̤ɡʎ� ɀ̤� �੓E੓� D˝͕ʴɭ ੔̝� �੓� Ñɀʴɭ ੔̝�
(੓�Mɭ̝ ੔̝�(੓�M˝̝̤ʽɀˉ੔�Ô੓�ĉɀˉ�vɭ̯ɭ ੔̝��੓(�
E̝ɭɭˉ̯̝ɭɭ੔�æ੓�æʓʴʽɀ�ɀˉɧ��੓v�Û̯ɭ̚ʎɭˉ̤੓
Ċʎʓʴɭ� R� ʎɀ͔ɭ� ɀ̯̯ɭʽ̯̚ɭɧ� ̯˝� ɡʓ̯ɭ�ʽɀˉ͛�

˝̯ʎɭ̝�̝ɭ̸̤ʴ̯̤�ʄ̝˝ʽ�˝̯ʎɭ̝̤�˝ˉ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�
ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ʓˉ�ɀʴʴ�̋ ʄ�̯ ʎɭ�̤ ̤̯͛ɭʽ̤�ɭ͚ɀʽʓˉɭɧ�
ʓˉ�̯ʎʓ̤�̚ɀ̚ɭ ੔̝�R�ɀʽ�̸̤̝ɭ�R�ʎɀ͔ɭ�ʽʓ̤̤ɭɧ�ʽɀˉ͛�
͕˝ˉɧɭ̝ʄ̸ʴ�̚ ɀ̚ɭ̝̤੓�Юɭ�ɡ˝ˉ̯ɭ͚̯�̋ ʄ�̯ ʎʓ̤�̔ ɀˉ̸-
̤ɡ̝ʓ̯̚�ɧʓɧ�ˉɭɡɭ̤̤ʓ̯ɀ̯ɭ�ʓ̯�ɠɭʓˉʅ�઎ʽɭએ઀ɡɭˉ̯̝ʓɡ�
ɀˉɧ�̯ ʎɀ̯�ʓˉ�̄ ˝�͕ ɀ͛�̤ ʎ˝̸ʴɧ�ɠɭ�ʓˉ̯ɭ̝̝̚ɭ̯ɭɧ�̯ ˝�
ɧ˝͕ˉ̚ʴɀ͛�̯ ʎɭ�ɭ͚̯̝ɀ˝̝ɧʓˉɀ̝͛�͕ ˝̝ʯ�̯ ʎɀ̯�ɭ͚ʓ̤̯̤�
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͕ʓ̯ʎʓˉ�̯ʎɭ�пɭʴɧ�˝ʄ�Ό̸ɀˉ̸̯ʽ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ̤�
and system design.

Ôɭʄɭ̝ɭˉɡɭ̤
�ɀ̝˝ˉ̤˝ˉ੔�Û੓�ੲ৖৔৕ৗੳ੓�Ĳ̂Ȋʓ˹̂ʇ�$ʧʇˤ̂˹ɝʓɏ�ˮɝʓȫȷ�

Democritus੓�"ɀʽɠ̝ʓɧʅɭ�íˉʓ͔ɭ̝̤ʓ̯͛�Ñ̝ɭ̤̤੓
�ɀ̝˝ˉ̤˝ˉ੔�Û੓੔�ɀˉɧ�(੓�E˝̯̯ɭ̤ʽɀˉ੓�ੲ৖৔৔৘ੳ੓�
Rʽ̝̚˝͔ɭɧ�̤ʓʽ̸ʴɀ̯ʓ˝ˉ�˝ʄ�̤̯ɀɠʓʴʓͥɭ̝�ɡʓ̝ɡ̸ʓ̯̤੓�
Physical Review���৛৔�ੲ৙ੳ੕�৔৙৖ৗ৖ড়ં৖ড়੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔�੓৛৔੓৔৙৖ৗ৖ড়ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔�੓৛৔੓৔৙৖ৗ৖ড়.
�ʎɀ̝˝ˉ˝͔ʓɡʎ੔�R੓੔��੓(੓�E̝ɭɭˉ̯̝ɭɭ੔�ɀˉɧ�Û੓�Ñ̝ɀ͕ɭ ੓̝�
ੲ৖৔৕৕ੳ੓�(ʓɀʽ˝ˉɧ�̚ʎ˝̯˝ˉʓɡ̤੓�Nature Photonics 
৙੕�ৗঢ়৛੓�ʎ̯̯ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉ̚ʎ˝̯˝ˉ੓৖৔৕৕੓৙৘̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉ̚ʎ˝̯˝ˉ੓৖৔৕৕੓৙৘.
�ʽʓˉʓ੔�f੓�v੓੔�M੓�í̤͛੔�f੓M੓�Ċɭ̤ɭˉɠɭ̝ʅ੔�Û੓�
Ûɭʓɧɭʴʓˉ੔�f੓�!̝ʓ̯̯˝ˉ੔�f੓f੓�!˝ʴʴʓˉʅɭ ੔̝�(੓�mɭʓɠʄ̝ʓɭɧ੔�
"੓��̤̚ɭʴʯɀ̸̤੔��੓Ñ੓�ĉɀˉ(ɭ͔ɭˉɧɭ ੔̝�ɀˉɧ�(੓f੓�
Ċʓˉɭʴɀˉɧ੓�ੲ৖৔৕৔ੳ੓�Ûɡɀʴɀɠʴɭ�ʓ˝ˉ�̯̝ɀ̤̚�ʄ˝̝�
Ό̸ɀˉ̸̯ʽ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̝̚˝ɡɭ̤̤ʓˉʅ੓�New J. Phys. 
৕৖੕�৔ৗৗ৔ৗ৕੓
�̸̝̯ɭ੔�D੓੔�i੓��̝͛ɀ੔�Ô੓�!ɀɠɠ̸̤ʎ੔�(੓�!ɀɡ˝ˉ੔�f੓"੓�
!ɀ̝ɧʓˉ੔�Ô੓�!ɀ̝ɭˉɧ̤੔�Ô੓�!ʓ̤͕ɀ̤੔�ɭ̯�ɀʴ੓�ੲ৖৔৕ঢ়ੳ੓�
İ̸ɀˉ̸̯ʽ�̸̤̝̚ɭʽɀɡ͛�̸̤ʓˉʅ�ɀ�̝̚˝ʅ̝ɀʽʽɀɠʴɭ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�̝̚˝ɡɭ̤̤˝ ੓̝�Nature�৙৛৘�ੲ৛৛৛ঢ়ੳ੕�
৙৔৙ં৕৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৙ড়৚઀৔৕ঢ়઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৙ড়৚઀৔৕ঢ়઀
৕৚৚৚઀৙৕৚৚৚઀৙.
!ɀɠɠ̸̤ʎ੔�Ô੓੔�"੓�Eʓɧˉɭ ੔͛�(੓Ċ੓�!ɭ̝̝ ੔͛��੓�Ċʓɭɠɭ੔�
f੓�vɡ"ʴɭɀˉ੔��੓�Ñɀʴɭ ੔̝��੓�D˝͕ʴɭ ੔̝�ɀˉɧ�M੓�
�ɭ͔ɭˉ੓�ੲ৖৔৕ড়ੳ੓�.ˉɡ˝ɧʓˉʅ�ɭʴɭɡ̯̝˝ˉʓɡ�̤̚ɭɡ̯̝ɀ�
ʓˉ�Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯̤�͕ʓ̯ʎ�ʴʓˉɭɀ̝�̯�ɡ˝ʽ̚ʴɭ͚ʓ̯ ੓͛�
Physical Review�ď�ড়�ੲ৘ੳ੕�৔৘৕৔৕৙ં৕৙੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔ď੓ড়੓৔৘৕৔৕৙˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔ď੓ড়੓৔৘৕৔৕৙.
!ɀ̝ɭˉɧ̤੔�Ô੓੔�f੓�iɭʴʴ ੔͛��੓�vɭʅ̝ɀˉ̯੔��੓�ĉɭʓ̯ʓɀ੔�
(੓�Ûɀˉʯ੔�.੓�fɭа̝ɭ ੔͛�æ੓"੓�Ċʎʓ̯ɭ੔�ɭ̯�ɀʴ੓�ੲ৖৔৕৘ੳ੓�
Û̸̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯̤�ɀ̯�̯ʎɭ�
̸̤̝ʄɀɡɭ�ɡ˝ɧɭ�̯ʎ̝ɭ̤ʎ˝ʴɧ�ʄ˝̝�ʄɀ̸ʴ̯�̯˝ʴɭ̝ɀˉɡɭ੓�
Nature�৙৔ড়�ੲ�̝̚ʓʴੳ੕�৙৔৔�.Ñં੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉɀ̸̯̝ɭ৕ৗ৕৛৕˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉɀ̸̯̝ɭ৕ৗ৕৛৕.
!ɭʫɀˉʓˉ੔�f੓M੓੔�æ੓E੓�vɡ"˝ˉʯɭ ੔͛�f੓Ô੓�Ôʓˉɭʎɀ̝̯੔�
"੓æ੓�.ɀ̝ˉɭ̤̯੔�"੓Ô੓M੓�vɡÔɀɭ੔�(੓�Ûʎʓ̝ʓ੔�f੓(੓�
!ɀ̯ɭʽɀˉ੔�ɭ̯�ɀʴ੓�ੲ৖৔৕৚ੳ੓�Юɭ�İ̸ɀˉ̸̯ʽ�Û˝ɡʯɭ̯੕�
Ю̝ɭɭ઀(ʓʽɭˉ̤ʓ˝ˉɀʴ�Ċʓ̝ʓˉʅ�ʄ˝̝�.͚̯ɭˉ̤ʓɠʴɭ�
İ̸ɀˉ̸̯ʽ�"˝ʽ̸̯̚ʓˉʅ੓�ɀ̝ďʓ͔੕৕৚৔৚੓৔৔৔৚ৗ੓
!̝ɀ̸ˉ̤̯ɭʓˉ੔�Û੓m੓੔�ɀˉɧ�Ñ੓�͔ɀˉ�m˝˝ɡʯ੓�ੲ৖৔৔৙ੳ੓�
İ̸ɀˉ̸̯ʽ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�͕ʓ̯ʎ�ɡ˝ˉ̯ʓˉ̸˝̸̤�
͔ɀ̝ʓɀɠʴɭ̤੓�Ôɭ͔ʓɭ͕̤�˝ʄ�v˝ɧɭ̝ˉ�Ñʎ̤͛ʓɡ̤�
৛৛�ੲ৖ੳ੕�৙৕ৗં৛৛੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣
Ôɭ͔Ôɭ͔v˝ɧÑʎ̤͛੓৛৛੓৙৕ৗv˝ɧÑʎ̤͛੓৛৛੓৙৕ৗ.
!̝ɭˉˉɀˉ੔�E੓੔�Û੓f੓�(ɭ͔ʓ̯̯੔�æ੓�Ô˝ɠʓˉ̤˝ˉ੔�ɀˉɧ�
Ñ੓�Ô˝ʎɧɭ੓�ੲ৖৔৖৕ੳ੓��ʓ��̂ˮ˹˧ȊɾɝȊʓ�ˮ˹˧Ȋ˹ȷϊ�Ɏʧ˧�

the quantum revolution. Australian Strategic 
Ñ˝ʴʓɡ͛�Rˉ̤̯ʓ̸̯̯ɭ�Ñ˝ʴʓɡ͛�!̝ʓɭʄ�৘ৗ੓
!̝˝͕ˉ੔�i੓Ô੓੔��੓"੓�Ċʓʴ̤˝ˉ੔�Đ੓�"˝ʴ˝ʽɠɭ੔�"੓�
�̤̚ɭʴʯɀ̸̤੔��੓v੓�vɭʓɭ ੔̝�.੓�iˉʓʴʴ੔�(੓�mɭʓɠʄ̝ʓɭɧ੔�
ɀˉɧ�(੓f੓�Ċʓˉɭʴɀˉɧ੓�ੲ৖৔৕৕ੳ੓�Ûʓˉʅʴɭ઀Ό̸ɠʓ̯�ʅɀ̯ɭ�
ɭ̝̝˝̝�ɠɭʴ˝͕�ʓˉ�ɀ�̯̝ɀ̚̚ɭɧ�ʓ˝ˉ੓�Phys. Rev. A�ড়৘੕�
৔ৗ৔ৗ৔ৗ੓
!̝˝͕ˉ੔�i੓Ô੔�f੓�iʓʽ੔�ɀˉɧ�"੓�v˝ˉ̝˝ɭ੓�ੲ৖৔৕৚ੳ੓�
"˝઀ɧɭ̤ʓʅˉʓˉʅ�ɀ�̤ɡɀʴɀɠʴɭ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�
͕ʓ̯ʎ�̯̝ɀ̚̚ɭɧ�ɀ̯˝ʽʓɡ�ʓ˝ˉ̤੓��ˤɵ�Ĳ̂Ȋʓ˹̂ʇ�
Information�৖�ੲ৕ੳ੕�৕৚৔ৗ৘੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉ̚ʫ̜ʓ੓৖৔৕৚੓ৗ৘˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉ̚ʫ̜ʓ੓৖৔৕৚੓ৗ৘.
"ʎɭˉ੔�Ě੓੔��੓�vɭʅ̝ɀˉ̯੔�f੓�iɭʴʴ ੔͛�Ô੓�!ɀ̝ɭˉɧ̤੔�
f੓�!˝ɡʎʽɀˉˉ੔�Đ੓�"ʎɭˉ੔�!੓�"ʎʓɀ̝˝੔�ɭ̯�ɀʴ੓�
ੲ৖৔৕৘ੳ੓�Dɀɠ̝ʓɡɀ̯ʓ˝ˉ�ɀˉɧ�ɡʎɀ̝ɀɡ̯ɭ̝ʓͥɀ̯ʓ˝ˉ�˝ʄ�
ɀʴ̸ʽʓˉ̸ʽ�ɀʓ̝ɠ̝ʓɧʅɭ̤�ʄ˝̝�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�
ʽʓɡ̝˝͕ɀ͔ɭ�ɡʓ̝ɡ̸ʓ̯̤੓�Applied Physics Letters�৕৔৘�
ੲ৙ੳ੕�৔৙৖৚৔৖੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৚ৗ੣৕੓৘ড়৚ৗ৛৘৙ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৚ৗ੣৕੓৘ড়৚ৗ৛৘৙.
"ʎ˝̸੔�i੓Û੓੔�fɀɡ˝ɠ�Ě੓�!ʴ̸ʽ˝а੔�"੓Û੓�Ċɀˉʅ੔�Ñ੓"੓�
Ôɭʓˉʎ˝ʴɧ੔�"੓f੓��͚ʴʓˉɭ੔�Đ੓Đ੓�Eɀ˝੔�m੓�D̸̝ˉͥʓ˝੔�
v੓M੓�(ɭ͔˝̝ɭ̯੔�m੓�fʓɀˉʅ੔�ɀˉɧ�Ô੓f੓�Ûɡʎ˝ɭʴʯ˝̚ʄ੓�
ੲ৖৔৕ড়੓ੳ�(ɭ̯ɭ̝ʽʓˉʓ̤̯ʓɡ�̯ɭʴɭ̚˝̝̯ɀ̯ʓ˝ˉ�˝ʄ�ɀ�
Ό̸ɀˉ̸̯ʽ�ʅɀ̯ɭ�ɠɭ̯͕ɭɭˉ�̯͕˝�ʴ˝ʅʓɡɀʴ�Ό̸ɠʓ̯̤੓�
Nature�৙৚৕�ੲ৛৛৖ৗੳ੕�ৗ৚ড়ં৛ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
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(ɭ͔ʓ̯̯૆ઃ૆!ʴ̸ɭ̝̚ʓˉ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�̤̤̯͛ɭʽ̤

(ɭ͔ʓ̯̯੔�Û੓f੓�ੲ৖৔৕৚ੳ੓�Ñ̝˝ʅ̝ɀʽʽʓˉʅ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝̤�̸̤ʓˉʅ�ৗ઀(�̸ͥͥ̚ʴɭ̤੔�ɡ˝аɭɭ�ɡ̸̤̚੔�
ɀˉɧ�ɧ˝̸ʅʎˉ̸̯̤੓�XRDS�৖ৗ�ੲ৕ੳ੕�৘৙ં৙৔੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৘৙੣৖ঢ়ড়ৗ৙৘৙ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৘৙੣৖ঢ়ড়ৗ৙৘৙.
(ɭ͔ʓ̯̯੔�Û੓f੓੔��੓(੓�E̝ɭɭˉ̯̝ɭɭ੔��੓v੓�Û̯ɭ̚ʎɭˉ̤੔�
ɀˉɧ�Ô੓�ĉɀˉ�vɭ̯ɭ ੓̝�ੲ৖৔৕৚ੳ੓�Mʓʅʎ઀̤̚ɭɭɧ�
Ό̸ɀˉ̸̯ʽ�ˉɭ̯͕˝̝ʯʓˉʅ�ɠ͛�̤ʎʓ̚੓�Ýȫɝȷʓ˹ɝΓȫ�
Reports�৚�ੲ৕ੳ੕�ৗ৚৕৚ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣
̤̝ɭ̚ৗ৚৕৚ৗ̤̝ɭ̚ৗ৚৕৚ৗ.
(ɭ͔ʓ̯̯੔�Û੓f੔�Ċ੓f੓�v̸ˉ̝˝੔�ɀˉɧ�i੓��ɭʽ˝̯˝੓�
ੲ৖৔৕ৗੳ੓�İ̸ɀˉ̸̯ʽ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ʄ˝̝�
beginners. Reports on Progress in Physics 
৛৚੕�৔৛৚৔৔৕੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৔৔ৗ৘઀੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৔৔ৗ৘઀
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(ʓĉʓˉɡɭˉͥ˝੔�(੓Ñ੓�ੲ৖৔৔৔ੳ੓�Юɭ�̚ʎ̤͛ʓɡɀʴ�
ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�˝ʄ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�
Dʧ˧˹ˮȫɘ˧ɝ˹˹ȷ�*ȷ˧�Óɘ̥ˮɝɹ�৘ড়�ੲঢ়઀৕৕ੳ੕�
৛৛৕ંড়ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৔৖੣৕৙৖৕઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৔৖੣৕৙৖৕઀
ৗঢ়৛ড়ੲ৖৔৔৔৔ঢ়ੳ৘ড়੕ঢ়੣৕৕଍ৗ"৛৛৕੕੕�R(઀ৗঢ়৛ড়ੲ৖৔৔৔৔ঢ়ੳ৘ড়੕ঢ়੣৕৕଍ৗ"৛৛৕੕੕�R(઀
ÑÔ�Ñ৛৛৕଍ৗ.ৗ੓৔੓"�੖৖઀.ÑÔ�Ñ৛৛৕଍ৗ.ৗ੓৔੓"�੖৖઀..
(̸ɀˉ੔�m੓઀v੓੔�!੓!੓�!ʴʓˉ˝ ੔͔�(੓m੓�v˝ɭʎ̝ʓˉʅ੔�ɀˉɧ�
"੓�v˝ˉ̝˝ɭ੓�ੲ৖৔৔৘ੳ੓�Ûɡɀʴɀɠʴɭ�̯̝ɀ̚̚ɭɧ�ʓ˝ˉ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�͕ʓ̯ʎ�ɀ�̝̚˝ɠɀɠʓʴʓ̤̯ʓɡ�
ʓ˝ˉ઀̚ʎ˝̯˝ˉ�ʽɀ̚̚ʓˉʅ੓�Ĳ̂Ȋʓ̵ׁ�TʓɎʧׁ�Ó˧ʧȫׁ�৘੕�
৕৚৙ં৛ৗ੓
Dɭɧ˝̝˝ ੔͔��੓i੓੔��੓ĉ੓��ʯʓʽ˝ ੔͔�f੓(੓�!ʓɀʽ˝ˉ̯ɭ੔�
�੓ĉ੓�iɀ͔˝ʯʓˉ੔�D੓�Đɀ�iʎɀʴʓʴʓ੔�.੓�੓�iʓʯ̯ɭˉʯ˝੔�
�੓��i˝ʴɀɡʎɭ͔̤ʯ ੔͛�ɭ̯�ɀʴ੓�ੲ৖৔৕ঢ়ੳ੓�İ̸ɀˉ̸̯ʽ�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ʓˉ�Ô̸̤̤ʓɀ੓੔�Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�
Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৘ੳ੕�৔৘৔৙৔৕੓�ʎ̯̯̤̚੕੣੣ɧ˝ʎ̯̯̤̚੕੣੣ɧ˝i.i.
˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৘৘৛৖˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৘৘৛৖.
D˝͕ʴɭ ੔̝��੓E੓੔�ɀˉɧ�Û੓f੓�(ɭ͔ʓ̯̯੓�ੲ৖৔৕৖ੳ੓�A Bridge 
˹ʧ�oʧ̟ȷ˧��̞ȷ˧ɘȷȊȱ�Ĳ̂Ȋʓ˹̂ʇ�$ʧʇˤ̵̂Ȋ˹ɝʧʓ. 
ɀ̝ďʓ͔੕৕৖৔ঢ়੓৔৙৕৔੓
D˝͕ʴɭ ੔̝��੓E੓੔�Û੓f੓�(ɭ͔ʓ̯̯੔�ɀˉɧ�"੓�f˝ˉɭ̤੓�ੲ৖৔৕ৗੳ੓�
Û̸̝ʄɀɡɭ�ɡ˝ɧɭ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�˝ʄ�ɠʴ˝ɡʯ�ɡ˝ɧɭ�
state distillation. Ýȫɝȷʓ˹ɝΓȫ�Öȷˤʧ˧˹ˮ�ৗ੕�৕ঢ়ৗঢ়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤̝ɭ̚৔৕ঢ়ৗঢ়ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤̝ɭ̚৔৕ঢ়ৗঢ়.
D˝͕ʴɭ ੔̝��੓E੓੔�ɀˉɧ�"੓�Eʓɧˉɭ ੓͛�ੲ৖৔৕ড়ੳ੓�Low 
ʧ̞ȷ˧ɘȷȊȱ�˦̂Ȋʓ˹̂ʇ�ȫʧʇˤ̵̂Ȋ˹ɝʧʓ�̂ˮɝʓɏ�ɾȊ˹˹ɝȫȷ�
surgery੓�ɀ̝ďʓ͔੕৕ড়৔ড়੓৔৚৛৔ঢ়੓
D˝͕ʴɭ ੔̝��੓E੓੔�v੓�vɀ̝ʓɀˉ̯˝ˉʓ੔�f੓v੓�vɀ̝̯ʓˉʓ̤੔�
ɀˉɧ��੓�੓�"ʴɭʴɀˉɧ੓�ੲ৖৔৕৖ੳ੓�Û̸̝ʄɀɡɭ�ɡ˝ɧɭ̤੕�
̯˝͕ɀ̝ɧ̤�̝̚ɀɡ̯ʓɡɀʴ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�Phys. Rev.���ড়৚੕�৔ৗ৖ৗ৖৘੓

D˝͚ɭˉ੔�!੔�f੓Đ੓�v̸̸̯̤੔�.�m̸ɡɭ̝˝੔�Ô�E̝ɀа੔�
�੓�vɭʅ̝ɀˉ̯੔�Đ੓�"ʎɭˉ੔�"੓�İ̸ʓˉ̯ɀˉɀ੔�ɭ̯�ɀʴ੓�
ੲ৖৔৕৛ੳ੓�İ̸ɠʓ̯�ɡ˝ʽ̚ɀ̯ʓɠʴɭ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�
interconnects. Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�Ȋʓȱ�
èȷȫɘʓʧɾʧϊ�ৗ�ੲ৕ੳ੕�৔৕৘৔৔৙੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɀঢ়৘ʄɡ˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɀঢ়৘ʄɡ
Eɭʎ̝ͥ੔�Ô੓(੓੔�æ੓m੓�Ô˝ɭʴʴʓʅ੔�v੓Ċ੓�Ċɭ̝ˉɭ ੔̝�E੓E੓�
Dɀͥʓ˝੔�f੓Ô੓�M˝̸ɡʯ੔�D੓f੓�m˝ ੔͕�E੓M੓�Ôʓɭʯɭ੔�!੓æ੓�
Û˝ʓʄɭ ੔̝�(੓�੓�mɭ͔ʓˉɭ੔�ɀˉɧ�.੓�੓�Ô˝ʽɀˉɀ੓�ੲ৖৔৔৛ੳ੓�
Юɭ���Û��Û̚ʓ̯ͥɭ̝�Û̚ɀɡɭ�æɭʴɭ̤ɡ˝̚ɭ੓�Review 
ʧɎ�Ýȫɝȷʓ˹ɝΓȫ�Tʓˮ˹˧̂ʇȷʓ˹̤�৛ড়੕�৔৕৕ৗ৔৖੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔৚ৗ੣৕੓৖৘ৗ৕ৗ৕ৗ˝̝ʅ੣৕৔੓৕৔৚ৗ੣৕੓৖৘ৗ৕ৗ৕ৗ.
Eʓɧˉɭ ੔͛�"੓੔�ɀˉɧ�v੓�.ʯɭ̝ɀ੓�ੲ৖৔৕ঢ়ੳ੓�Oʧ̟�˹ʧ�̴Ȋȫ˹ʧ˧�

2048-bit RSA integers in 8 hours using 20 million 
noisy qubits੓�ɀ̝ďʓ͔੕৕ঢ়৔৙੓৔ঢ়৛৘ঢ়੓
Mɀ̝̝˝ ੔͕��੓Ċ੓੔��੓�Mɀ̤̤ʓɧʓʽ੔�ɀˉɧ�Û੓�mʴ˝͛ɧ੓�
ੲ৖৔৔ঢ়ੳ੓�İ̸ɀˉ̸̯ʽ�ɀʴʅ˝̝ʓ̯ʎʽ�ʄ˝̝�̤˝ʴ͔ʓˉʅ�ʴʓˉɭɀ̝�
̤̤̯͛ɭʽ̤�˝ʄ�ɭΌ̸ɀ̯ʓ˝ˉ̤੓�Óɘ̥ˮׁ�Öȷׁ̞�oȷ˹̵ׁ�৕৔ৗ੕�
৕৙৔৙৔৖੓
Mɭ̝ ੔̝�(੓੔�D੓��˝̝ʓ੔�ɀˉɧ�Û੓f੓�(ɭ͔ʓ̯̯੓�ੲ৖৔৕৛ੳ੓�
mɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�̯̝ɀˉ̤ʴɀ̯ʓ˝ˉ�ʄ˝̝�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�New Journal of Physics�৕ঢ়�ੲ৕ੳ੕�
৔৕ৗ৔ৗ৘੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৕ৗ৚৛઀৖৚ৗ৔੣ʅ੣৕৔੓৕৔ড়ড়੣৕ৗ৚৛઀৖৚ৗ৔੣
ɀɀ৙৛৔ঢ়ɀɀ৙৛৔ঢ়.
Mɭ̝ ੔̝�(੓੔��੓�Ñɀʴɭ ੔̝�Û੓f੓�(ɭ͔ʓ̯̯੔�ɀˉɧ�D੓��˝̝ʓ੓�
ੲ৖৔৕ড়ੳ੓�mɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝͛�˝ˉ�̯ʎɭ�Ôɀ̸̤̤ɭˉɧ˝̝ʄ�
Lattice. Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�Ȋʓȱ�èȷȫɘʓʧɾʧϊ�ৗ�ੲৗੳ੕�
৔ৗ৙৔৕৕੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣
ɀɀɡ৘৙৔ɀɀɡ৘৙৔.
M˝̝̤ʽɀˉ੔�"੓੔��੓E�D˝͕ʴɭ ੔̝�Û੓f੓�(ɭ͔ʓ̯̯੔�ɀˉɧ�
Ô੓�ĉɀˉ�vɭ̯ɭ ੓̝�ੲ৖৔৕৖ੳ੓�Û̸̝ʄɀɡɭ�ɡ˝ɧɭ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ʓˉʅ�ɠ͛�ʴɀ̯̯ʓɡɭ�̸̤̝ʅɭ̝ ੓͛�New Journal 
of Physics�৕৘�ੲ৕৖ੳ੕�৕৖ৗ৔৕৕੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣doi.doi.
˝̝ʅ੣৕৔੓৕৔ড়ড়੣৕ৗ৚৛઀৖৚ৗ৔੣৕৘੣৕৖੣৕৖ৗ৔৕৕˝̝ʅ੣৕৔੓৕৔ড়ড়੣৕ৗ৚৛઀৖৚ৗ৔੣৕৘੣৕৖੣৕৖ৗ৔৕৕.
f˝ˉɭ̤੔��੓"੓੔�Ô੓�ĉɀˉ�vɭ̯ɭ ੔̝��੓E੓�D˝͕ʴɭ ੔̝�
Ñ੓m੓�vɡvɀʎ˝ˉ੔�f੓�iʓʽ੔�æ੓(੓�mɀɧɧ੔�ɀˉɧ�Đ੓�
Đɀʽɀʽ˝̯˝੓�ੲ৖৔৕৖ੳ੓�mɀ͛ɭ̝ɭɧ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʄ˝̝�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ੓�Phys. Rev. X�৖੕�৔ৗ৕৔৔৛੓
iɀˉɭ੔�!੓.੓�ੲ৕ঢ়ঢ়ড়ੳ੓���̤ʓʴʓɡ˝ˉ઀ɠɀ̤ɭɧ�ˉ̸ɡʴɭɀ̝�̤̚ʓˉ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Nature�ৗঢ়ৗ੕�৕ৗৗંৗ৛੓
iʓɭʴ̚ʓˉ̤ʯʓ੔�(੓੔�"੓�v˝ˉ̝˝ɭ੔�ɀˉɧ�(੓f੓�Ċʓˉɭʴɀˉɧ੓�
ੲ৖৔৔৖ੳ੓��̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʄ˝̝�ɀ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ʓ˝ˉ઀̯̝ɀ̚�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Nature�৘৕৛੕�৛৔ঢ়ં৕৕੓
iʓʽ੔�f੓੔�ɀˉɧ�"੓�iʓʽ੓�ੲ৖৔৔ঢ়ੳ੓�Rˉ̯ɭʅ̝ɀ̯ɭɧ�
˝̯̚ʓɡɀʴ�ɀ̝̚̚˝ɀɡʎ�̯˝�̯̝ɀ̚̚ɭɧ�ʓ˝ˉ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�Ĳ̂Ȋʓ̵ׁ�Tʓ̴ׁ�$ʧʇˤ̵ׁ̂�ঢ়੕�৕ড়৕ં৖৔৖੓
iʓ̯ɀɭ ੔͔��੓Đ੓�ੲ৕ঢ়ঢ়৙ੳ੓�Ĳ̂Ȋʓ˹̂ʇ�ʇȷȊˮ̂˧ȷʇȷʓ˹ˮ�
Ȋʓȱ�˹ɘȷ��ȪȷɾɝȊʓ�Ý̵ȊȪɝɾɝ̯ȷ˧�Ó˧ʧȪɾȷʇ. 
Ό̸ɀˉ̯઀̚ʎ੣ঢ়৙৕৕৔৖৚੓
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iˉʓʅʎ̯੔�Ñ੓੔�ɀˉɧ�R੓�Ċɀʴʽ̤ʴɭ ੓͛�ੲ৖৔৕ঢ়ੳ੓�íi�
�ɀ̯ʓ˝ˉɀʴ�İ̸ɀˉ̸̯ʽ�æɭɡʎˉ˝ʴ˝ʅ͛�Ñ̝˝ʅ̝ɀʽʽɭ੓�
Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৘ੳ੕৔৘৔৙৔৖੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৘ৗ৘৚ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৘ৗ৘৚.
i͕˝ˉ੔�Û੓੔��੓�æ˝ʽ˝ˉɀʅɀ੔�E੓m੓�!ʎɀʓ੔�Û੓f੓�
(ɭ͔ʓ̯̯੔�ɀˉɧ�f੓Û੓�æ̤ɀʓ੓�ੲ৖৔৖৔ੳ੓�Eɀ̯ɭ઀ɠɀ̤ɭɧ�
̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ੓�
Journal of Applied Physics�৕৖ঢ়�ੲ৘ੳ੔�৔৘৕৕৔৖
mɭɭ੔�æ੓੔�v੓�Ûɀˉ̯ʎɀ੔�ɀˉɧ�Û੓�Ěʎɀˉʅ੓�ੲ৖৔৖৔ੳ੓�
Ĳ̂Ȋʓ˹̂ʇ�Ȋɾɏʧ˧ɝ˹ɘʇˮ�Ɏʧ˧�ɏ˧Ȋˤɘ�ˤ˧ʧȪɾȷʇˮ�̟ɝ˹ɘ�ȫ̂˹�
queries੓�ɀ̝ďʓ͔੕৖৔৔৛੓৔ড়৖ড়৙੓
mɭʯʓ̯̤ɡʎ੔�!੓੔�Û੓�Ċɭʓɧ̯੔��੓E੓�D˝͕ʴɭ ੔̝�i੓�
v̖ʴʽɭ ੔̝�Û੓f੓�(ɭ͔ʓ̯̯੔�"੓�Ċ̸ˉɧɭ̝ʴʓɡʎ੔�ɀˉɧ�
Ċ੓i੓�Mɭˉ̤ʓˉʅɭ ੓̝�ੲ৖৔৕৛ੳ੓�!ʴ̸ɭ̝̚ʓˉ̯�ʄ˝̝�ɀ�
ʽʓɡ̝˝͕ɀ͔ɭ�̯̝ɀ̚̚ɭɧ�ʓ˝ˉ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�
Science Advances�ৗ�ੲ৖ੳ੕�ɭ৕৚৔৕৙৘৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৕৖৚੣̤ɡʓɀɧ ੓͔৕৚৔৕৙৘৔˝̝ʅ੣৕৔੓৕৕৖৚੣̤ɡʓɀɧ ੓͔৕৚৔৕৙৘৔.
mʓ̯ʓˉ̤ʯʓ੔�(੓੔�ɀˉɧ�D੓�͔˝ˉ��̚̚ɭˉ੓�ੲ৖৔৕ড়ੳ੓�mɀ̯̯ʓɡɭ�
̸̤̝ʅɭ̝͛�͕ʓ̯ʎ�ɀ�̯͕ʓ̤̯੕�̤ʓʽ̚ʴʓʄ͛ʓˉʅ�"ʴʓа˝̝ɧ�
Eɀ̯ɭ̤�˝ʄ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ̤੓�Ĳ̂Ȋʓ˹̂ʇ�৖�ੲvɀ͛ੳ੕�৚৖੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৖৖ৗৗ৕੣̜઀৖৔৕ড়઀৔৙઀৔৘઀৚৖ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৖৖ৗৗ৕੣̜઀৖৔৕ড়઀৔৙઀৔৘઀৚৖.
mʴ˝͛ɧ੔�Û੓�ੲ৕ঢ়ঢ়৚ੳ੓�íˉʓ͔ɭ̝̤ɀʴ�Ό̸ɀˉ̸̯ʽ�̤ʓʽ̸ʴɀ̯˝̝̤੓�

Science�৖৛ৗ੕�৕৔৛ৗં৛ড়੓
vɀʅˉɀ̝ɧ੔�Ñ੓੔�Û੓�Û̯˝̝ͥ੔�Ñ੓�i̸̝̚ʓɭ̝̤੔�f੓�Ûɡʎɀ ੔̝�
D੓�vɀ̝͚ɭ ੔̝�f੓�m̸̯˝ʴɧ੔�f੓઀"੓�!ɭ̤̤ɭ੔�ɭ̯�ɀʴ੓�
ੲ৖৔৖৔ੳ੓�xɝȫ˧ʧ̟Ȋ̞ȷ�Ĳ̂Ȋʓ˹̂ʇ�oɝʓɹ�Ȫȷ˹̟ȷȷʓ�
Superconducting Circuits Housed in Spatially 
Separated Cryogenic Systems੓�ɀ̝ďʓ͔੕৖৔৔ড়੓৔৕৚৘৖੓
vɀ̝ʯ˝ ੔͔�R੓m੓੔�ɀˉɧ�Đ੓�Ûʎʓ੓�ੲ৖৔৔ড়ੳ੓�Ûʓʽ̸ʴɀ̯ʓˉʅ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�ɠ͛�ɡ˝ˉ̯̝ɀɡ̯ʓˉʅ�̯ɭˉ̤˝̝�
ˉɭ̯͕˝̝ʯ̤੓�ÝT�x�hׁ�$ʧʇˤ̵ׁ̂�ৗড়�ੲৗੳ੕�ঢ়৚ৗંড়৕੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕ৗ৛੣৔৙৔৚৘৘৛৙৚ʅ੣৕৔੓৕৕ৗ৛੣৔৙৔৚৘৘৛৙৚.
vɀ̯̯ɭ˝੔��੓(੓੔�ĉ੓�Eʎɭ˝̝ʅʎʓ̸੔�ɀˉɧ�v੓�v˝̤ɡɀ੓�
ੲ৖৔৖৔ੳ੓�Dɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯�̝ɭ̤˝̸̝ɡɭ�ɭ̤̯ʓʽɀ̯ʓ˝ˉ�
˝ʄ�Ό̸ɀˉ̸̯ʽ�̝ɀˉɧ˝ʽ઀ɀɡɡɭ̤̤�ʽɭʽ˝̝ʓɭ̤੓�IEEE 
è˧Ȋʓˮׁ�ʧʓ�Ĳ̂Ȋʓ˹̂ʇ�0ʓɏɝʓȷȷ˧ɝʓɏ�৕੕�৕ં৕ৗ�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ঢ়੣æİ.੓৖৔৖৔੓৖ঢ়৚৙ড়৔ৗɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ঢ়੣æİ.੓৖৔৖৔੓৖ঢ়৚৙ড়৔ৗ
vɭ̯ɭ ੔̝�Ô੓�ĉɀˉ੔�ɀˉɧ�Û੓f੓�(ɭ͔ʓ̯̯੓�ੲ৖৔৕৚ੳ੓�Юɭ�
̚ɀ̯ʎ�̯˝�̤ɡɀʴɀɠʴɭ�ɧʓ̤̯̝ʓɠ̸̯ɭɧ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ʓˉʅ੓�Computer�৘ঢ়�ੲঢ়ੳ੕�ৗ৕ં৘৖੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ঢ়੣v"੓৖৔৕৚੓৖ঢ়৕ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ঢ়੣v"੓৖৔৕৚੓৖ঢ়৕.
vɭ̯˝ɧʓ੔�æ੓Û੓੔�(੓(੓�Юɀʯɭ ੔̝��੓Ċ੓�"̝˝̤̤੔�D੓æ੓�
"ʎ˝ˉʅ੔�ɀˉɧ�R੓m੓�"ʎ̸ɀˉʅ੓�ੲ৖৔৔৙ੳ੓���Ό̸ɀˉ̸̯ʽ�
ʴ˝ʅʓɡ�ɀ̝̝ɀ͛�ʽʓɡ̝˝ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ੕�̤ɡɀʴɀɠʴɭ�
Ό̸ɀˉ̸̯ʽ�ɧɀ̯ɀ�ʽ˝͔ɭʽɭˉ̯�ɀˉɧ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�
vR"Ô�઀ৗড়੓
v˝ˉ̝˝ɭ੔�"੓੔�Ô੓�Ôɀ̸̤̤ɭˉɧ˝̝ʄ੔��੓�Ô̸̯ʎ͔ɭˉ੔�i੓Ô੓�
!̝˝͕ˉ੔�Ñ੓�vɀ̸ˉͥ੔�m੓઀v੓�(̸ɀˉ੔�ɀˉɧ�f੓�iʓʽ੓�
ੲ৖৔৕৖ੳ੓�oȊ˧ɏȷ�ÝȫȊɾȷ�xʧȱ̂ɾȊ˧�Ĳ̂Ȋʓ˹̂ʇ�$ʧʇˤ̂˹ȷ˧�

Architecture with Atomic Memory and Photonic 
Interconnects੓�ɀ̝ďʓ͔੕৕৖৔ড়੓৔ৗঢ়৕੓
v̸ʯɀʓ੔�M੓੔�i੓�Ûɀʯɀ̯ɀ੔�Û੓f੓�(ɭ͔ʓ̯̯੔�Ô੓�Ċɀˉʅ੔�
Đ੓�Ěʎ˝̸੔�Đ੓��ɀʯɀʫʓʽɀ੔�ɀˉɧ�f੓઀Û੓�æ̤ɀʓ੓�ੲ৖৔৖৔ੳ੓�
Ñ̤ɭ̸ɧ˝઀৖(�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ʓˉʅ�ɡʓ̝ɡ̸ʓ̯�ʄ˝̝�̯ʎɭ�̸̤̝ʄɀɡɭ�ɡ˝ɧɭ੕�
̝̚˝̚˝̤ɀʴ�ɀˉɧ�̝̚ɭʴʓʽʓˉɀ̝͛�̯ɭ̤̯̤੔�New 
J. of Physics�৖৖�ੲ৘ੳ੕�৔৘ৗ৔৕ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ড়ড়੣৕ৗ৚৛ં৖৚ৗ৔੣ɀɠ৛ɧ৛ɧ˝̝ʅ੣৕৔੓৕৔ড়ড়੣৕ৗ৚৛ં৖৚ৗ৔੣ɀɠ৛ɧ৛ɧ.
v̸ˉ̝˝੔�Ċ੓�f੓੔�i੓�੓�Mɀ̝̝ʓ̤˝ˉ੔��੓v੓�Û̯ɭ̚ʎɭˉ̤੔�
Û੓f੓(ɭ͔ʓ̯̯੔�ɀˉɧ�i੓��ɭʽ˝̯˝੓�ੲ৖৔৕৔ੳ੓�D̝˝ʽ�
Ό̸ɀˉ̸̯ʽ�ʽ̸ʴ̯ʓ̚ʴɭ͚ʓˉʅ�̯˝�ʎʓʅʎ઀̚ɭ̝ʄ˝̝ʽɀˉɡɭ�
Ό̸ɀˉ̸̯ʽ�ˉɭ̯͕˝̝ʯʓˉʅ੓�Nature Photonics 
৘�ੲ৕৕ੳ੕�৛ঢ়৖ંঢ়৚੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣
ˉ̚ʎ˝̯˝ˉ੓৖৔৕৔੓৖৕ৗˉ̚ʎ˝̯˝ˉ੓৖৔৕৔੓৖৕ৗ.
v̸ˉ̝˝੔�Ċ੓�f੓੔��੓v੓�Û̯ɭ̚ʎɭˉ̤੔�Û੓f੓�(ɭ͔ʓ̯̯੔�i੓�੓�
Mɀ̝̝ʓ̤˝ˉ੔�ɀˉɧ�i੓��ɭʽ˝̯˝੓�ੲ৖৔৕৖ੳ੓�İ̸ɀˉ̸̯ʽ�
ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�͕ʓ̯ʎ˝̸̯�̯ʎɭ�ˉɭɡɭ̤̤ʓ̯͛�
˝ʄ�Ό̸ɀˉ̸̯ʽ�ʽɭʽ˝̝ʓɭ̤੓�Nature Photonics 
৚�ੲ৕৕ੳ੕�৛৛৛ંড়৕੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣
ˉ̚ʎ˝̯˝ˉ੓৖৔৕৖੓৖৘ৗˉ̚ʎ˝̯˝ˉ੓৖৔৕৖੓৖৘ৗ.
�ɀ͛ɀʯ੔�"੓੔�Û੓M੓�Ûʓʽ˝ˉ੔��੓Û̯ɭ̝ˉ੔�v੓�D̝ɭɭɧʽɀˉ੔�
ɀˉɧ�Û੓(੓�Ûɀ̝ʽɀ੓�ੲ৖৔৔ড়ੳ੓��˝ˉ઀�ɠɭʴʓɀˉ�ɀˉ͛˝ˉ̤�
ɀˉɧ�̯˝̚˝ʴ˝ʅʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ੓�
Reviews of Modern Physics�ড়৔�ੲৗੳ੕�৕৔ড়ৗં৕৕৙ঢ়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ôɭ͔v˝ɧÑʎ̤͛੓ড়৔੓৕৔ড়ৗʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ôɭ͔v˝ɧÑʎ̤͛੓ড়৔੓৕৔ড়ৗ.
�ɭʽ˝̯˝੔�i੓੔�v੓�æ̸̝̚ʯɭ੔�Û੓f੓�(ɭ͔ʓ̯̯੔��੓v੓�
Û̯ɭ̚ʎɭˉ̤੔�!੓�Ûɡʎɀ̝ʄɭˉɠɭ̝ʅɭ ੔̝�i੓�!̸ɡͥɀʯ੔�æ੓�
�̅ɠɀ̸ɭ ੔̝�v੓Û੓�.͔ɭ̝ʓ̯̯੔�f੓�Ûɡʎʽʓɭɧʽɀ͛ɭ ੔̝�ɀˉɧ�
Ċ੓f੓�v̸ˉ̝˝੓�ੲ৖৔৕৘ੳ੓�Ñʎ˝̯˝ˉʓɡ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�ʄ˝̝�
̤ɡɀʴɀɠʴɭ�Ό̸ɀˉ̸̯ʽ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̝̚˝ɡɭ̤̤ʓˉʅ�ʓˉ�
diamond. Physical Review X�৘�ੲৗੳ੕�৔ৗ৕৔৖৖ં৖৖੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔ď੓৘੓৔ৗ৕৔৖৖ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔ď੓৘੓৔ৗ৕৔৖৖.
�ʓɡʯɭ̝̤˝ˉ੔��੓M੓੔�Đ੓�mʓ੔�ɀˉɧ�Û੓"੓�!ɭˉʫɀʽʓˉ੓�
ੲ৖৔৕ৗੳ੓�æ˝̚˝ʴ˝ʅʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�
͕ʓ̯ʎ�ɀ�͔ɭ̝͛�ˉ˝ʓ̤͛�ˉɭ̯͕˝̝ʯ�ɀˉɧ�ʴ˝ɡɀʴ�ɭ̝̝˝̝�
̝ɀ̯ɭ̤�ɀ̝̚̚˝ɀɡʎʓˉʅ�˝ˉɭ�̚ɭ̝ɡɭˉ̯੓�Nature 
Communications�৘�ੲ৕ੳ੕�৕৛৙৚੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉɡ˝ʽʽ̤৖৛৛ৗ˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉɡ˝ʽʽ̤৖৛৛ৗ.
�ʓɭɧɭ̝ʽɀ͛ ੔̝�v੓�ੲ৖৔৕৙ੳ੓�Towards Cryogenic 
Ý̂˧̴Ȋȫȷ�Tʧʓ�è˧Ȋˤˮ੓�Ñʎ੓(੓�Юɭ̤ʓ̤੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧʓʅʴʓɠ੓̸ʓɠʯ੓ɀɡ੓ɀ̯੣̸ʴɠ̯ʓ̝˝ʴʎ̤੣ɡ˝ˉ̯ɭˉ̯੣ɧʓʅʴʓɠ੓̸ʓɠʯ੓ɀɡ੓ɀ̯੣̸ʴɠ̯ʓ̝˝ʴʎ̤੣ɡ˝ˉ̯ɭˉ̯੣
̯ʓ̯ʴɭʓˉʄ˝੣৙৔ড়ঢ়ৗ৚੣ʄ̸ʴʴ੓̚ɧʄ̯ʓ̯ʴɭʓˉʄ˝੣৙৔ড়ঢ়ৗ৚੣ʄ̸ʴʴ੓̚ɧʄ.
�ʓɭʴ̤ɭˉ੔�v੓�੓੔�ɀˉɧ�R੓m੓�"ʎ̸ɀˉʅ੓�ੲ৖৔৔৔ੳ੓�
Ĳ̂Ȋʓ˹̂ʇ�$ʧʇˤ̵̂Ȋ˹ɝʧʓ�Ȋʓȱ�Ĳ̂Ȋʓ˹̂ʇ�
Information੓�"ɀʽɠ̝ʓɧʅɭ੕�"ɀʽɠ̝ʓɧʅɭ�í੓Ñ੓
�ઑ!̝ʓɭˉ੔�f੓m੓�ੲ৖৔৔৛ੳ੓��̯̚ʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ʓˉʅ੓�Science�ৗ৕ড়�ੲ৙ড়৙৚ੳ੕�৕৙৚৛੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৖৚੣̤ɡʓɭˉɡɭ੓৕৕৘৖ড়ঢ়৖ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৖৚੣̤ɡʓɭˉɡɭ੓৕৕৘৖ড়ঢ়৖.
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�ʓ੔�(੓i੓m੓੔�Û੓f੓�(ɭ͔ʓ̯̯੔�ɀˉɧ�m੓"੓m੓�M˝ʴʴɭˉɠɭ̝ʅ੓�
ੲ৖৔৔৚ੳ੓�Ûɡɀʴɀɠʴɭ�ɭ̝̝˝̝�ɡ˝̝̝ɭɡ̯ʓ˝ˉ�ʓˉ�
ɧʓ̤̯̝ʓɠ̸̯ɭɧ�ʓ˝ˉ�̯̝ɀ̚�ɡ˝ʽ̸̯̚ɭ̝̤੓�Physical 
Review A�৛৘�ੲ৙ੳ੕�৔৙৖ৗ৕ৗં৕ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔�੓৛৘੓৔৙৖ৗ৕ৗ˝̝ʅ੣৕৔੓৕৕৔ৗ੣Ñʎ̤͛Ôɭ͔�੓৛৘੓৔৙৖ৗ৕ৗ.
Ñɀʴɭ ੔̝��੓੔�(੓�Mɭ̝ ੔̝�ɀˉɧ�Û੓f੓�(ɭ͔ʓ̯̯੓�ੲ৖৔৕ঢ়ੳ੓�
Ôɭɀʴʴ͛�̤ʽɀʴʴ�̤ʎ˝ɭ�ɠ˝͚ɭ̤੕�˝ˉ�̝ɭɀʴʓ̤̯ʓɡ�Ό̸ɀˉ̸̯ʽ�
resource estimation. Computer�৙৖�ੲ৚ੳ੕�৖৛ંৗ৛੓�
ʎ̯̯̚ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ঢ়੣v"੓৖৔৕ঢ়੓৖ঢ়৔ড়৚৖৕̤੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ঢ়੣v"੓৖৔৕ঢ়੓৖ঢ়৔ড়৚৖৕.
Ñɀʴɭ ੔̝��੓੔�ɀˉɧ�Û੓f੓�(ɭ͔ʓ̯̯੓�ੲ৖৔৕ড়ੳ੓�Û̚ɭɡʓпɡɀ̯ʓ˝ˉ�
ʄ˝̝ʽɀ̯�ɀˉɧ�ɀ�͔ɭ̝ʓпɡɀ̯ʓ˝ˉ�ʽɭ̯ʎ˝ɧ�˝ʄ�ʄɀ̸ʴ̯઀
̯˝ʴɭ̝ɀˉ̯�Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯̤੓�Physical Review 
A�ঢ়ড়�ੲ৖ੳ੕�৔৖৖ৗ৔৖ં৖੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣
Ñʎ̤͛Ôɭ͔�੓ঢ়ড়੓৔৖৖ৗ৔৖Ñʎ̤͛Ôɭ͔�੓ঢ়ড়੓৔৖৖ৗ৔৖.
Ñɀʴɭ ੔̝��੓੔�Û੓f੓�(ɭ͔ʓ̯̯੔�ɀˉɧ��੓E੓�D˝͕ʴɭ ੓̝�ੲ৖৔৕৚ੳ੓�
Û͛ˉ̯ʎɭ̤ʓ̤�˝ʄ�ɀ̝ɠʓ̯̝ɀ̝͛�Ό̸ɀˉ̸̯ʽ�ɡʓ̝ɡ̸ʓ̯̤�̯˝�
̯˝̚˝ʴ˝ʅʓɡɀʴ�ɀ̤̤ɭʽɠʴ ੓͛�Ýȫɝȷʓ˹ɝΓȫ�Öȷˤʧ˧˹ˮ�৚�ੲ৕ੳ੕�
ৗ৔৚৔৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤̝ɭ̚ৗ৔৚৔৔̤̝ɭ̚ৗ৔৚৔৔.
Ñɀʴɭ ੔̝��੓੔�Û੓f੓�(ɭ͔ʓ̯̯੔�i੓��ɭʽ˝̯˝੔�ɀˉɧ�R੓�Ñ˝ʴʓɀˉ੓�
ੲ৖৔৕৘ੳ੓�vɀ̚̚ʓˉʅ�˝ʄ�̯˝̚˝ʴ˝ʅʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�
ɡʓ̝ɡ̸ʓ̯̤�̯˝�̚ʎ̤͛ʓɡɀʴ�ʎɀ̝ɧ͕ɀ̝ɭ੓�Ýȫɝȷʓ˹ɝΓȫ�
Reports�৘�ੲ৕ੳ੕�৘৚৙৛੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣
sresre̚৔৘৚৙৛̚৔৘৚৙৛.
Ñɀʴɭ ੔̝��੓੔�Û੓f੓�(ɭ͔ʓ̯̯੔�i੓��ɭʽ˝̯˝੔�ɀˉɧ�R੓�Ñ˝ʴʓɀˉ੓�
ੲ৖৔৕৖ੳ੓�Û͛ˉ̯ʎɭ̤ʓ̤�˝ʄ�̯˝̚˝ʴ˝ʅʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�
ɡʓ̝ɡ̸ʓ̯̤੓�Rˉ�Proceedings of the 2012 IEEE/
ACM International Symposium on Nanoscale 
Architectures੔�৕ড়৕ંড়৛੓������Ô"M�
ઑ৕৖੓��ɭ͕�Đ̋ ̝ʯ੔��Đ੔�íÛ�੕��̤̤˝ɡʓɀ̯ʓ˝ˉ�
ʄ˝̝�"˝ʽ̸̯̚ʓˉʅ�vɀɡʎʓˉɭ̝ ੓͛�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৕৘৙੣৖৛৚৙৘ঢ়৕੓৖৛৚৙৙৖৘˝̝ʅ੣৕৔੓৕৕৘৙੣৖৛৚৙৘ঢ়৕੓৖৛৚৙৙৖৘.
Ñɭɧˉɀ̸ʴ̯੔�.੓੔�f੓�੓�E̸ˉˉɭʴ̤੔�E੓��ɀˉˉʓɡʓˉʓ੔�m੓�
M˝̝ɭ̤ʎ੔�ɀˉɧ�Ô੓�Ċʓ̤ˉʓɭа੓�ੲ৖৔৕ঢ়ੳ੓�Leveraging 
Secondary Storage to Simulate Deep 54-qubit 
Sycamore Circuits੓�ɀ̝ďʓ͔੕৕ঢ়৕৔੓৔ঢ়৙ৗ৘੓
Ñɭ̝ɭͥ઀Eɀ̝ɡʓɀ੔�(੓੔�D੓�ĉɭ̝̤̯̝ɀɭ̯ɭ੔�v੓v੓�Ċ˝ʴʄ੔�
ɀˉɧ�f੓R੓�"ʓ̝ɀɡ੓�ੲ৖৔৔৛ੳ੓�vɀ̯̝ʓ͚�̝̚˝ɧ̸ɡ̯�̤̯ɀ̯ɭ�
̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ̤੓�Ĳ̂Ȋʓ˹̂ʇ�TʓɎʧׁ�$ʧʇˤ̵ׁ̂�৛�ੲ৙ੳ੕�
৘৔৕ંৗ৔੓
Ôɀ̸̤̤ɭˉɧ˝̝ʄ੔�Ô੓੔�f੓�Mɀ̝̝ʓˉʅ̯˝ˉ੔�ɀˉɧ�i੓�E˝͛ɀʴ੓�
ੲ৖৔৔৚ੳ੓���ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯�˝ˉɭ઀͕ɀ͛�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ ੓̝�Ann. Phys.�ৗ৖৕੕�৖৖৘৖ં৛৔੓
Ôɀ͛ʽɭ ੔̝�v੓E੔�ɀˉɧ�"੓�v˝ˉ̝˝ɭ੓�ੲ৖৔৕ঢ়ੳ੓�Юɭ�
íÛ��ɀ̯ʓ˝ˉɀʴ�İ̸ɀˉ̸̯ʽ�Rˉʓ̯ʓɀ̯ʓ͔ɭ੓�Ĳ̂Ȋʓ˹̂ʇ�
Ýȫɝȷʓȫȷ�Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৖ੳ੕�৔৖৔৙৔৘੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৘৘৕ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৘৘৕.
Ôɭɀʅ˝ ੔̝�v੓੔�"੓!੓��̤ɠ˝̝ˉ੔��੓�æɭͥɀʯ੔��੓�Û̯ɀʴɭ ੔͛�
E੓�Ñ̝ɀ͕ʓ̝˝ɀ̯ʽ˝ɧʫ˝੔�v੓�Ûɡʎɭɭ ੔̝��੓��ʴʓɧ˝̸̤̯੔�
ɭ̯�ɀʴ੓�ੲ৖৔৕ড়ੳ੓�(ɭʽ˝ˉ̤̯̝ɀ̯ʓ˝ˉ�˝ʄ�̸ˉʓ͔ɭ̝̤ɀʴ�
̚ɀ̝ɀʽɭ̯̝ʓɡ�ɭˉ̯ɀˉʅʴʓˉʅ�ʅɀ̯ɭ̤�˝ˉ�ɀ�ʽ̸ʴ̯ʓ઀Ό̸ɠʓ̯�

lattice. Science Advances�৘�ੲ৖ੳ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৕৖৚੣̤ɡʓɀɧ͔˝̝ʅ੣৕৔੓৕৕৖৚੣̤ɡʓɀɧ ੓͔ɀɀ˝ৗ৚৔ৗ੓ɀɀ˝ৗ৚৔ৗ.
Ôɭʓʎɭ ੔̝�v੓੔��੓�Ċʓɭɠɭ੔�i੓v੓�Û͔˝̝ɭ੔�(੓�Ċɭɡʯɭ ੔̝�
ɀˉɧ�v੓�æ̝˝͛ɭ ੓̝�ੲ৖৔৕৛ੳ੓�.ʴ̸ɡʓɧɀ̯ʓˉʅ�̝ɭɀɡ̯ʓ˝ˉ�
ʽɭɡʎɀˉʓ̤ʽ̤�˝ˉ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤੓�
Proceedings of the National Academy of Sciences 
৕৕৘�ੲ৖ঢ়ੳ੕�৛৙৙৙੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৛ৗ੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৛ৗ੣
̚ˉɀ̤੓৕৚৕ঢ়৕৙৖৕৕৘̚ˉɀ̤੓৕৚৕ঢ়৕৙৖৕৕৘.
Ôʓɭɧɭʴ੔�v੓੔�v੓�i˝͔ɀɡ̤੔�Ñ੓�Ě˝ʴʴɭ ੔̝�f੓�vʴ͛ˉɭʯ੔�
ɀˉɧ�æ੓�"ɀʴɀ̝ɡ˝੓�ੲ৖৔৕ঢ়ੳ੓�.̸̝˝̚ɭઑ̤�İ̸ɀˉ̸̯ʽ�
Dʴɀʅ̤ʎʓ̚�Rˉʓ̯ʓɀ̯ʓ͔ɭ੓�Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�
Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৖ੳ੕�৔৖৔৙৔৕੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀ˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৘৖ɧɠ৔৘৖ɧ.
Ô˝ɠɭ̝̤˝ˉ੔�æ੓v੓੔�ɀˉɧ��੓E੓�Ċʎʓ̯ɭ੓�ੲ৖৔৕ঢ়ੳ੓�
"ʎɀ̝̯ʓˉʅ�̯ʎɭ��̸̤̯̝ɀʴʓɀˉ�Ό̸ɀˉ̸̯ʽ�ʴɀˉɧ̤ɡɀ̚ɭ੓�
Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৖ੳ੕�৔৖৔৙৔৙੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৖ɠ৘ঢ়৙৚৙੣ɀɠ৔৖ɠ৘.
Ô˝ʎɧɭ੔�M੓੔�Û੓æ੓�E̸ʴɧɭ੔�"੓D੓�Ô˝˝̤੔�Ñ੓�੓�!ɀ̝̯˝ˉ੔�
(੓�mɭʓɠʄ̝ʓɭɧ੔�f੓�.̤ɡʎˉɭ ੔̝�D੓�Ûɡʎʽʓɧ̯઀iɀʴɭ ੔̝�
ɀˉɧ�Ô੓�!ʴɀ̯̯੓�ੲ৖৔৔৕ੳ੓�Û͛ʽ̚ɀ̯ʎɭ̯ʓɡ�ʅ̝˝̸ˉɧ઀
̤̯ɀ̯ɭ�ɡ˝˝ʴʓˉʅ�ɀˉɧ�ɡ˝ʎɭ̝ɭˉ̯�ʽɀˉʓ̸̚ʴɀ̯ʓ˝ˉ�
͕ʓ̯ʎ�̯͕˝઀ʓ˝ˉ�ɡ̝̤̯͛ɀʴ̤੓�hׁ��ˤ̵ׁ�#׃�Ĳ̂Ȋʓ˹̂ʇ�
Semiclass੓��̯̚੓�ৗ੕�Ûৗ৘੓
Ô˝̤ɭˉɠɭ̝ʅ੔�(੓੔�(੓�iʓʽ੔�Ô੓�(ɀ̤੔�(੓�Đ̋ ̤̯੔�Û੓�
E̸̤̯ɀ͔̤̤˝ˉ੔�(੓�M˝͔ɭ ੔̝�Ñ੓�i̝ɀˉ̯ͥ੔�ɭ̯�ɀʴ੓�ੲ৖৔৕৛ੳ੓�
ৗ(�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�Ό̸ɠʓ̯̤੓�Npj 
Ĳ̂Ȋʓ˹̂ʇ�TʓɎʧ˧ʇȊ˹ɝʧʓ�ৗ�ੲ৕ੳ੕�৘৖੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৙ৗ৘઀৔৕৛઀৔৔৘৘઀৔˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৙ৗ৘઀৔৕৛઀৔৔৘৘઀৔.
Ô̸ɧ˝ʴ̚ʎ੔�æ੓�ੲ৖৔৕৛ੳ੓�Ċʎ͛�R�ɀʽ�˝̯̚ʓʽʓ̤̯ʓɡ�ɀɠ˝̸̯�
̯ʎɭ�̤ʓʴʓɡ˝ˉ઀̚ʎ˝̯˝ˉʓɡ�̝˝̸̯ɭ�̯˝�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ʓˉʅ੓�APL Photonics�৖�ੲৗੳ੕�৔ৗ৔ঢ়৔৕੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৚ৗ੣৕੓৘ঢ়৛৚৛ৗ৛ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৚ৗ੣৕੓৘ঢ়৛৚৛ৗ৛.
Ûɀаʽɀˉ੔�v੓�ੲ৖৔৕ড়ੳ੓�İ̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ʓˉʅ�͕ʓ̯ʎ�

neutral atoms. National Science Review�৚�ੲ৕ੳ੕�
৖৘ં৖৙੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ˉ̤̝੣ˉ͕͛৔ড়ড়ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ˉ̤̝੣ˉ͕͛৔ড়ড়.
Ûɡʎɀɭ̯ͥ੔�æ੓੔�(੓�mɭʓɠʄ̝ʓɭɧ੔�f੓�"ʎʓɀ͔ɭ̝ʓˉʓ੔�v੓(੓�
!ɀ̝̝ɭ̯̯੔�f੓�!̝ʓ̯̯˝ˉ੔�!੓�(ɭʽɀ̝ɡ˝੔�Ċ੓v੓�R̯ɀˉ˝੔�
f੓(੓�f˝̤̯੔�"੓�mɀˉʅɭ ੔̝�ɀˉɧ�(੓f੓�Ċʓˉɭʴɀˉɧ੓�
ੲ৖৔৔৘ੳ੓�æ˝͕ɀ̝ɧ̤�ɀ�̤ɡɀʴɀɠʴɭ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝੣̤ʓʽ̸ʴɀ̯˝̝�ɠɀ̤ɭɧ�˝ˉ�̯̝ɀ̚̚ɭɧ�ʓ˝ˉ̤੓�
Appl. Phys. B�৛ঢ়੓
Ûʎ˝ ੔̝�Ñ੓Ċ੓�ੲ৕ঢ়ঢ়৘ੳ੓�Ñ˝ʴ͛ˉ˝ʽʓɀʴ�̯ʓʽɭ�ɀʴʅ˝̝ʓ̯ʎʽ̤�
ʄ˝̝�ɧʓ̤ɡ̝ɭ̯ɭ�ʴ˝ʅɀ̝ʓ̯ʎʽ̤�ɀˉɧ�ʄɀɡ̯˝̝ʓˉʅ�˝ˉ�
ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Rˉ�Ñroc. Algorithmic 
�̂ʇȪȷ˧�δȷʧ˧ׁ̥�Fɝ˧ˮ˹�Tʓ˹ȷ˧ʓȊ˹ɝʧʓȊɾ�Ý̥ʇˤʧˮɝ̂ʇ, 
��æÛ઀�ʓ੔�৖ড়ঢ়੓
Û̯ɭɀˉɭ੔��੓v੓�ੲ৖৔৔৛ੳ੓�M˝͕�̯˝�ɠ̸ʓʴɧ�ɀ�ৗ৔৔�!ʓ̯੔�৕�
Eр˝̚�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ ੓̝�Ĳ̂Ȋʓ̵ׁ�Tʓ̴ׁ�$ʧʇˤ̵ׁ̂ 
৛੕�৕৛৕ંড়ৗ੓
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Û̯ɭˉʎ˝ʴʽ੔�Û੓�ੲ৕ঢ়ড়৚ੳ੓�Юɭ�̤ɭʽʓɡʴɀ̤̤ʓɡɀʴ�̯ʎɭ˝̝͛�
˝ʄ�ʴɀ̤ɭ̝�ɡ˝˝ʴʓˉʅ੓�Rev. Mod. Phys.�৙ড়੕�৚ঢ়ঢ়੓
Û̯ɭ̚ʎɭˉ̤੔��੓v੓੔�Ě੓Ċ੓.੓�.͔ɀˉ̤੔�Û੓f੓�(ɭ͔ʓ̯̯੔�
�੓(੓E̝ɭɭˉ̯̝ɭɭ੔��੓E੓�D˝͕ʴɭ ੔̝�Ċ੓f੓�v̸ˉ̝˝੔�f੓m੓�
�ઑ!̝ʓɭˉ੔�i੓��ɭʽ˝̯˝੔�ɀˉɧ�m੓"੓m੓�M˝ʴʴɭˉɠɭ̝ʅ੓�
ੲ৖৔৔ড়ੳ੓�(ɭ̯ɭ̝ʽʓˉʓ̤̯ʓɡ�˝̯̚ʓɡɀʴ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝�̸̤ʓˉʅ�̚ʎ˝̯˝ˉʓɡ�ʽ˝ɧ̸ʴɭ̤੓�Phys. Rev. 
A�৛ড়੕�৔ৗ৖ৗ৕ড়੓
Û̯ɭ̚ʎɭˉ̤˝ˉ੔�m੓f੓੔�(੓Ñ੓��ɀɧʴʓˉʅɭ ੔̝�!੓"੓�
�ʓɡʎ˝ʴ੔�Û੓��ˉ੔�Ñ੓�(̝ʽ˝̯ɀ੔�æ੓E੓�!ɀʴʴɀˉɡɭ੔�i੓�
Юʓ̸̝ʽɀʴɀʓ੔�f੓D੓�E˝˝ɧ͕ʓˉ੔�(੓v੓�m̸ɡɀ̤੔�ɀˉɧ�
"੓f੓�!ɀʴʴɀˉɡɭ੓�ੲ৖৔৖৔ੳ੓�Mʓʅʎ઀̝ɀ̯ɭ੔�ʎʓʅʎ઀пɧɭʴʓ̯͛�
ɭˉ̯ɀˉʅʴɭʽɭˉ̯�˝ʄ�Ό̸ɠʓ̯̤�ɀɡ̝˝̤̤�ɀˉ�ɭʴɭʽɭˉ̯ɀ̝͛�
Ό̸ɀˉ̸̯ʽ�ˉɭ̯͕˝̝ʯ੓�Physical Review Letters 
৕৖৘�ੲ৕৕ੳ੕�৕৕৔৙৔৕ં৕੓�ʎ̯̯̤̚੕੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣৕৕৔ৗ੣
Ñʎ̤͛Ôɭ͔mɭ̯̯੓৕৖৘੓৕৕৔৙৔৕Ñʎ̤͛Ôɭ͔mɭ̯̯੓৕৖৘੓৕৕৔৙৔৕.
Û̯˝ɡʯ੔�Ô੓੔�ɀˉɧ�(੓D੓ĉ੓�fɀʽɭ̤੓�ੲ৖৔৔ঢ়ੳ੓���̤ɡɀʴɀɠʴɭ੔�
ʎʓʅʎ઀̤̚ɭɭɧ�ʽɭɀ̸̤̝ɭʽɭˉ̯઀ɠɀ̤ɭɧ�Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝�̸̤ʓˉʅ�̯̝ɀ̚̚ɭɧ�ʓ˝ˉ̤੓�Óɘ̥ˮׁ�Öȷׁ̞�oȷ˹̵ׁ 
৕৔৖੕�৕৛৔৙৔৕੓
Ṳ̸̤̂ʽɀˉ੔�!੓੔�Ñ੓�"˝̝ʯ̸ʽ੔��੓�!ʴɀʓ̤੔�(੓�"˝̝ ੔͛�
ɀˉɧ��੓�(ɀʽɀ̤ɡɭʴʴʓ੓�ੲ৖৔৕ঢ়ੳ੓�İ̸ɀˉ̸̯ʽ�"ɀˉɀɧɀ੓�
Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৖ੳ੕�৔৖৔৙৔ৗ੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৖ঢ়ɧʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৖ঢ়ɧ.
æɀʯʓ̯ɀ੔�v੓੔��੓Ċ੓�"̝˝̤̤੔��੓(੓�"˸̝ɡ˝ʴɭ̤੔�
f੓v੓�"ʎ˝ ੔͕�ɀˉɧ�f੓v੓�Eɀʽɠɭ̯̯ɀ੓�ੲ৖৔৕৛ੳ੓�
.͚̚ɭ̝ʓʽɭˉ̯ɀʴ�ɧɭʽ˝ˉ̤̯̝ɀ̯ʓ˝ˉ�˝ʄ�ʄɀ̸ʴ̯઀̯˝ʴɭ̝ɀˉ̯�
̤̯ɀ̯ɭ�̝̚ɭ̚ɀ̝ɀ̯ʓ˝ˉ�͕ʓ̯ʎ�̸̤̚ɭ̝ɡ˝ˉɧ̸ɡ̯ʓˉʅ�
Ό̸ɠʓ̯̤੓�Physical Review Letters�৕৕ঢ়�
ੲ৕ড়ੳ੕�৕ড়৔৙৔৕ં৕੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣
Ñʎ̤͛Ôɭ͔mɭ̯̯੓৕৕ঢ়੓৕ড়৔৙৔৕Ñʎ̤͛Ôɭ͔mɭ̯̯੓৕৕ঢ়੓৕ড়৔৙৔৕.

ĉɀʎʓɧ̚˝̸ ੔̝�v੓੔�Ċ੓��ઑ!̝ʓɭˉ੔�f੓�æ͛ʴɭ̝઀Ċʎ͛ʴɀˉɧ੔�
f੓��ˉʅɭʴɭ̤੔�f੓�vɀ̝̤ʎɀʴʴ੔�(੓�Ûɡɀ̝ɀɠɭʴʴʓ੔�E੓�
"̝˝̤̤ʽɀˉ੔�ɭ̯�ɀʴ੓�ੲ৖৔৕৛ੳ੓�Superconducting 
through- silicon vias for quantum integrated 
circuits੓�ɀ̝ďʓ͔੕৕৛৔ড়੓৔৖৖৖৚੓
Ċɀʴ̯ʎɭ ੔̝��੓੔�D੓�Ěʓɭ̤ɭʴ੔�æ੓�Ô̸̤̯ɭ ੔̝�Û੓æ੓�
(ɀ͕ʯʓˉ̤੔�i੓��̯̯੔�v੓�Mɭ̯̯̝ʓɡʎ੔�i੓�Ûʓˉʅɭ ੔̝�D੓�
Ûɡʎʽʓɧ̯઀iɀʴɭ̝�ɀˉɧ�í੓�Ñ˝̤ɡʎʓˉʅɭ ੓̝�ੲ৖৔৕৖ੳ੓�
$ʧʓ˹˧ʧɾɾɝʓɏ�FȊˮ˹�è˧Ȋʓˮˤʧ˧˹�ʧɎ�$ʧɾȱ�è˧Ȋˤˤȷȱ�Tʧʓˮ. 
ɀ̝ďʓ͔੕৕৖৔৚੓৔ৗ৚৘੓
Ċɭʓɧ̯੔�Û੓੔�f੓�Ôɀˉɧɀʴʴ੔�Û੓"੓�Ċɭɠ̤̯ɭ ੔̝�i੓�mɀʯɭ੔�
�੓.੓�Ċɭɠɠ੔�R੓�"˝ʎɭˉ੔�æ੓��ɀ͔ʓɡʯɀ̤੔�!੓�mɭʯʓ̯̤ɡʎ੔�
�੓�Ôɭ̯ͥʯɭ ੔̝�ɀˉɧ�Ċ੓i੓�Mɭˉ̤ʓˉʅɭ ੓̝�ੲ৖৔৕৚ੳ੓�
æ̝ɀ̚̚ɭɧ઀ʓ˝ˉ�Ό̸ɀˉ̸̯ʽ�ʴ˝ʅʓɡ�͕ʓ̯ʎ�ʅʴ˝ɠɀʴ�
̝ɀɧʓɀ̯ʓ˝ˉ�пɭʴɧ̤੓�Physical Review Letters 
৕৕৛�ੲ৖৖ੳ੕�৖৖৔৙৔৕ં৕੓�ʎ̯̯̤̚੕੣੣ɧʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ৗ੣৕৔ৗ੣
Ñʎ̤͛Ôɭ͔mɭ̯̯੓৕৕৛੓৖৖৔৙৔৕Ñʎ̤͛Ôɭ͔mɭ̯̯੓৕৕৛੓৖৖৔৙৔৕.
Ċ̝ʓʅʎ̯੔�i੓੔�f੓v੓��ʽʓˉʓ੔�(੓m੓�Dɀʓ̝ɡʴ˝̯ʎ੔�"੓�
ĉ˝ʴʓˉ੔�Û੓"੓�(˝̝ɭ̯੔�M੓�Mɀ͛ɧɭˉ੔�"੓઀Û੓�Ñɀʓ੔�
ɭ̯�ɀʴ੓�ੲ৖৔৕৖ੳ੓�ÖȷɾɝȊȪɾȷ�è˧Ȋʓˮˤʧ˧˹�δ˧ʧ̂ɏɘ�Ȋ�
xɝȫ˧ʧ̴ȊȪ˧ɝȫȊ˹ȷȱ�̤׮�ĥʓȫ˹ɝʧʓ�Ý̂˧̴Ȋȫȷ0׮ɾȷȫ˹˧ʧȱȷ�T�
on Trap੓�ɀ̝ďʓ͔੕৕৖৕৔੓ৗ৚৙৙੓
Đɀʽɀʽ˝̯˝੔�Đ੓੔�v੓�Ûɀ̤ɀʯʓ੔�ɀˉɧ�M੓�æɀʯɭ̸̤ɭ੓�
ੲ৖৔৕ঢ়ੳ੓�İ̸ɀˉ̸̯ʽ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̤ɡʓɭˉɡɭ�ɀˉɧ�
̯ɭɡʎˉ˝ʴ˝ʅ͛�ʓˉ�fɀ̚ɀˉ੓�Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�
Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�ੲ৖ੳ੕�৔৖৔৙৔৖੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ঢ়৙৚৙੣ɀɠ৔৔৛৛৔৔৛৛.
Ěʎɀˉʅ੔�Ó੓੔�D੓�ď̸੔�m੓�mʓ੔��੓઀m੓�mʓ̸੔�ɀˉɧ�f੓઀Ċ੓�
Ñɀˉ੓�ੲ৖৔৕ঢ়ੳ੓�İ̸ɀˉ̸̯ʽ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̝ɭ̤ɭɀ̝ɡʎ�
ʓˉ�"ʎʓˉɀ੓�Ĳ̂Ȋʓ˹̂ʇ�Ýȫɝȷʓȫȷ�Ȋʓȱ�èȷȫɘʓʧɾʧϊ�৘�
ੲ৘ੳ੕�৔৘৔৙৔ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়ড়੣৖৔৙ড়઀
ঢ়৙৚৙੣ɀɠ৘ɠɭɀঢ়৙৚৙੣ɀɠ৘ɠɭɀ.
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Christina N. Zdenek

mɀɠ�vɀˉɀʅɭ̝�ɀˉɧ�Ñ˝̤̯઀ɧ˝ɡ̯˝̝ɀʴ�Ôɭ̤ɭɀ̝ɡʎ�Dɭʴʴ˝͕�ɀ̯�̯ʎɭ�ĉɭˉ˝ʽ�.͔˝ʴ̸̯ʓ˝ˉ�mɀɠ�ɀ̯� 
Юɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�İ̸ɭɭˉ̤ʴɀˉɧ

.઀ʽɀʓʴ੕�ɡ੓ͥɧɭˉɭʯ୏̸̜੓ɭɧ̸੓ɀ̸

�ɠ̤̯̝ɀɡ̯
(ɭ̤̚ʓ̯ɭ�̯ʎɭ�ɡ˝ʽʽ˝ˉ�̚ɭ̝ɡɭ̯̚ʓ˝ˉ�͕˝̝ʴɧ͕ʓɧɭ�̯ʎɀ̯��̸̤̯̝ɀʴʓɀ�ʓ̤�ɀ�ɧɀˉʅɭ̝˝̸̤�ɀˉɧ�ɧɭɀɧʴ͛�̚ʴɀɡɭ�͕ʎɭˉ�ʓ̯�
ɡ˝ʽɭ̤�̯ ˝�̤ ˉɀʯɭ̤੔�(̝�Ěɧɭˉɭʯ�ɠɭʅ̤�̯ ˝�ɧʓаɭ ੓̝�Mɭ̝ɭ�ɀ̝ɭ�̤ ɭ͔ɭˉ�ʄɀɡ̯̤�ɀ̤�̯ ˝�͕ ʎ͛੕�п̝̤̯੔��̸̤̯̝ɀʴʓɀˉ�̤ ˉɀʯɭ̤�ɠ˝ʴ̯�
ɀ͕ɀ͛�ʄ̝˝ʽ�ʎ̸ʽɀˉ̤੖�̤ɭɡ˝ˉɧ੔��̸̤̯̝ɀʴʓɀ�ʎɀ̤�͔ɭ̝͛�ʄɭ͕�̤ˉɀʯɭɠʓ̯ɭ�ɧɭɀ̯ʎ̤੖�̯ʎʓ̝ɧ੔��̸̤̯̝ɀʴʓɀ�ʎɀ̤�ʅ̝ɭɀ̯�ɀɡɡɭ̤̤�
̯˝�ɭ͚ɡɭʴʴɭˉ̯�ɀˉ̯ʓ͔ɭˉ˝ʽ੖�ʄ˝̸̝̯ʎ੔��̸̤̯̝ɀʴʓɀ�ʎɀ̤�̯ ʎɭ�͕ ˝̝ʴɧઑ̤�̋ ˉʴ͛�̤ ˉɀʯɭ�͔ ɭˉ˝ʽ�ɧɭ̯ɭɡ̯˝̝�ʯʓ̯̤੖�поʎ੔�ʓʄ�͛ ˝̸�
ɧ˝�ʅɭ̯�ɠʓ̯̯ɭˉ੔�͛˝ ઑ̸̝ɭ�͔ɭ̝͛�̸ˉʴʓʯɭʴ͛�̯˝�ʴ˝̤ɭ�ɀ�ʴʓʽɠ੖�̤ʓ͚̯ʎ੔�̤ˉɀʯɭɠʓ̯ɭ�̯̝ɭɀ̯ʽɭˉ̯�ʓˉ��̸̤̯̝ɀʴʓɀ�ʓ̤�ɡ˝͔ɭ̝ɭɧ�
ɠ͛�vɭɧʓɡɀ̝ɭ੖�ɀˉɧ੔�̤ɭ͔ɭˉ̯ʎ੔�̤ˉɀʯɭ�͔ɭˉ˝ʽ�ɡɀˉ�̤ɀ͔ɭ�ʴʓ͔ɭ̤੓

ਘા.ɀ̝ʴʓɭ̝�͔ɭ̝̤ʓ˝ˉ̤�˝ʄ�̯ʎʓ̤�̚ɀ̚ɭ̝�ɀ̚̚ɭɀ̝ɭɧ�ʓˉ�δȷ�$ʧʓ̞ȷ˧ˮȊ˹ɝʧʓ�˝ʄ�৛�Dɭɠ̸̝ɀ̝͛�৖৔৖৖੔�ɀˉɧ�˝ˉ�̯ʎɭ��!"ઑ̤�Ôɀɧʓ˝�
�ɀ̯ʓ˝ˉɀʴ੔��ɡɡɀ ઑ̤̔�Ôɀͥ˝ ੔̝�ৗ��̝̚ʓʴ�৖৔৖৖੓

Rˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉৡ

A̸̤̯̝ɀʴʓɀ�ʎɀ̤�ɀ�ʅʴ˝ɠɀʴ�̝ɭ̸̯̚ɀ̯ʓ˝ˉ�ɀ̤�ɀ�
ʴɀˉɧ�ʄ̸ʴʴ�˝ʄ�ɧɀˉʅɭ ੔̝�͕ʎɭ̝ɭ�̤ɭɭʽʓˉʅʴ͛�

ɭ͔ɭ̝̯͛ʎʓˉʅ�ɡɀˉ�ʯʓʴʴ�͛˝̸੓�"̝˝ɡ˝ɧʓʴɭ̤�ʴ̸̝ʯ�ʓˉ�
̯̝˝̚ʓɡɀʴ�͕ɀ̯ɭ̝̤੔�ʴɀ̝ʅɭ�̤̚ʓɧɭ̝̤�ɡ̝ɭɭ̚�ʓˉ�˝̸̝�
ɠɀ̯ʎ̝˝˝ʽ̤੔�͕ɭ�ʎɀ͔ɭ�͔ɭˉ˝ʽ˝̸̤�̚ʴɀˉ̯̤੔�ɀˉɧ�
͕ɭ�̤ ʎɀ̝ɭ�̋ ̸̝�̤ ̸ɠ̸̝ɠ̤�͕ ʓ̯ʎ�̤ ˝ʽɭ�̋ ʄ�̯ ʎɭ�̔ ˝̤̯�
͔ɭˉ˝ʽ˝̸̤�̤ˉɀʯɭ̤�˝ˉ�̯ʎɭ�̚ʴɀˉɭ̯੓
Ûˉɀʯɭ̤�ʎ˝ʴɧ�ɀ�̚ɀ̝̯ʓɡ̸ʴɀ̝�ʄɀ̤ɡʓˉɀ̯ʓ˝ˉ�ʄ˝̝�

ʽɀˉ͛�̚ ɭ˝̚ʴɭ�ʓˉ�̔ ɀˉ͛�ɡ̸ʴ̸̯̝ɭ̤੔�̋ оɭˉ�ɀɡɡ˝ʽ-
̚ɀˉʓɭɧ�͕ ʓ̯ʎ�ʄɭɀ̝�ੲÑ˝ʴɀʯ�ɭ̯�ɀʴ੓�৖৔৕৚ੳ੓�Юɭ�ɠʓ̯ɭ�
˝ʄ�ɀˉ��̸̤̯̝ɀʴʓɀˉ�ɭɀ̤̯ɭ̝ˉ�ɠ̝˝͕ˉ�̤ˉɀʯɭ�ੲPseu-
donaja�̤̚̚੓ੳ�ɡɀˉ�ʯʓʴʴ�ɀ�ʎ̸ʽɀˉ�ʓˉ�̸ˉɧɭ̝�ɀˉ�
ʎ˝̸̝�ੲ�ʴʴɭˉ�ɭ̯�ɀʴ੓�৖৔৕৖ੳ੓�Юɀ̯ઑ̤�ʫ̸̤̯�˝ˉɭ�˝ʄ�
ʽ˝̝ɭ�̯ʎɀˉ�৕৙৔�̤̚ɭɡʓɭ̤�˝ʄ�͔ɭˉ˝ʽ˝̸̤�̤ˉɀʯɭ̤�
ʓˉʎɀɠʓ̯ʓˉʅ�̯ʎɭ�ʓ̤ʴɀˉɧ�ɡ˝ˉ̯ʓˉɭˉ̯�ɀɡ̝˝̤̤�ʴɀˉɧ�
ɀˉɧ�̤ ɭɀ੓��̸̤̯̝ɀʴʓɀˉ�̤ ˉɀʯɭ̤�ɀ̝ɭ�͕ ɭʴʴ�ɀˉɧ�̯ ̸̝ʴ͛�
˝͔ɭ̝̝ɭ̝̚ɭ̤ɭˉ̯ɭɧ�˝̸̯�˝ʄ�̯ʎɭ�͕˝̝ʴɧઑ̤�̯˝̚�৖৙�
ʽ˝̤̯� ͔ɭˉ˝ʽ˝̸̤� ̤ˉɀʯɭ̤� ੲɀ̤� ʽɭɀ̸̤̝ɭɧ� ˝ˉ�
ʽʓɡɭੳ�ੲ!̝˝ɀɧ�ɭ̯�ɀʴ੓�৕ঢ়৛ঢ়ੳ੓
"˝̸ˉ̯ɭ̝ʓˉ̸̯ʓ̯ʓ͔ɭʴ ੔͛��̸̤̯̝ɀʴʓɀ�ʓ̤�̝ ɭʴɀ̯ʓ͔ɭʴ͛�

͔ɭ̝͛�ɹ ̸ɡʯ͛�͕ ʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯ ˝�̤ ˉɀʯɭ̤੓�Mɭ̝ɭ�ɀ̝ɭ�
̤ɭ͔ɭˉ�ʄɀɡ̯̤�͕ʎ ੓͛

Australian snakes bolt away from humans
Юɭ�ɠɭ̤̯�͕ɀ͛�̯˝�̸̤̝͔ʓ͔ɭ�ɀ�̤ˉɀʯɭɠʓ̯ɭ� ʓ̤�˝ʄ�
ɡ˝̸̝̤ɭ�̄ ˝̯�̯ ˝�ɠɭ�ɠʓ̯̯ɭˉ�ੲĚɧɭˉɭʯ�৖৔৖৕ੳ੓�iɭɭ̚-
ʓˉʅ�͛ ˝̸̝�ɧʓ̤̯ɀˉɡɭ�ʓ̤�̯ ʎɭ�ɭɀ̤ʓɭ̤̯�͕ ɀ͛�̯ ˝�ɀ͔˝ʓɧ�
a bite.
!̸̯�͕ʎɀ̯�ʓʄ�͛˝ ઑ̸̝ɭ�͕ɀʴʯʓˉʅ�̯ʎ̝˝̸ʅʎ�̯ʎɭ�

ɠ̸̤ʎ�ɀˉɧ�ɧ˝ ઑ̯̄�̤ɭɭ�̯ʎɭ�̤ˉɀʯɭਗ਼�m̸ɡʯʓʴ ੔͛�ʽ˝̤̯�
�̸̤̯̝ɀʴʓɀˉ�̤ˉɀʯɭ̤�͕ʓʴʴ�̝ɀ̚ʓɧʴ͛�̤ʴʓ̯ʎɭ̝�ɀ͕ɀ͛�
ʄ̝˝ʽ�̸̤�˝̝�ɀ̝ɭ�ɀ̯�ʴɭɀ̤̯�̚ʎ̤͛ʓɡɀʴʴ͛�ɡɀ̚ɀɠʴɭ�˝ʄ�
ɧ˝ʓˉʅ�̤ ˝�ੲĊʎʓ̯ɀʯɭ̝�ɀˉɧ�Ûʎʓˉɭ�৕ঢ়ঢ়ঢ়ੳ�ɠɭɡɀ̸̤ɭ�
̯ʎɭʓ̝�ʽ˝̝̚ʎ˝ʴ˝ʅ͛�̚ɭ̝ʽʓ̯̤� ʓ̯੓�Ċʓ̯ʎ�ʽ˝̤̯�
�̸̤̯̝ɀʴʓɀˉ�̤ ˉɀʯɭ̤�ɠɭʓˉʅ�ɀɡ̯ʓ͔ɭ�ʄ˝̝ɀʅɭ̝̤�̯ ʎɀ̯�
̸̸̝̤̚ɭ�̯ʎɭʓ̝�̝̚ɭ ੔͛�̯ʎʓ̤�̝ɭˉɧɭ̝̤�̯ʎɭʽ�̚ʎ̤͛ʓ-
ɡɀʴʴ͛�ɡɀ̚ɀɠʴɭ�̋ ʄ�̝ ɀ̚ʓɧʴ͛�ɭ̤ɡɀ̚ʓˉʅ�ɧɀˉʅɭ̝�̯ ˝˝੔�
̸̤ɡʎ�ɀ̤�ɀ�ʎ̸ʽɀˉ�ੲ̝̚ɭɧɀ̯˝̝ੳ�̸ˉʯˉ˝͕ʓˉʅʴ͛�
͕ɀʴʯʓˉʅ�̯˝͕ɀ̝ɧ�̯ʎɭʽ੓�Rˉ��̸̤̯̝ɀʴʓɀ੔�ɠ͛�̤̯ɀ͛-
ʓˉʅ�̤̯ʓʴʴ੔�͛˝̸�̤̯ɀ͛�̤ɀʄɭ੓
Rˉ�ɡ˝ˉ̯̝ɀ̤̯੔�̤ʓ̯઀ɀˉɧ઀͕ɀʓ̯�ɀʽɠ̸̤ʎ�̝̚ɭɧɀ-

̯˝̝̤�̸̤ɡʎ�ɀ̤�̝ɀ̯̯ʴɭ̤ˉɀʯɭ̤�ɀˉɧ�͔ʓ̚ɭ̝̤�ੲɭ੓ʅ੓�ʓˉ�
vɭ͚ʓɡ˝�ɀˉɧ�Rˉɧ˝ˉɭ̤ʓɀੳ�ɀ̝ɭ�̚ʎ̤͛ʓɡɀʴʴ͛�ʓˉɡɀ-
̚ɀɠʴɭ�˝ʄ�̝ɀ̚ʓɧʴ͛�ɭ̤ɡɀ̚ʓˉʅ�ɧɀˉʅɭ ੓̝�Rˉ̤̯ɭɀɧ੔�
̯ʎɭ͛�ʎɀ͔ɭ�̯˝�ʎ˝ʴɧ�̯ʎɭʓ̝�ʅ̝˝̸ˉɧ੔�̝ɭʴ͛ʓˉʅ�˝ˉ�
ɡ̝̤͛̚ʓ̤�ੲɀ͔˝ʓɧʓˉʅ�ɧɭ̯ɭɡ̯ʓ˝ˉ�ɠ͛�̝ɭʽɀʓˉʓˉʅ�
̤̯ʓʴʴੳ�̯ ˝�ɭ̤ɡɀ̚ɭ�ɧɀˉʅɭ ੔̝�ɀˉɧ�̯ ʎɭ̝ɭʄ˝̝ɭ�ɡɀˉ�ɠɭ�
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ɭɀ̤ʓʴ͛�̯̝˝ɧɧɭˉ�˝ˉ੓�Юɭ͛ઑ̝ɭ�̚ʎ̤͛ʓɡɀʴʴ͛�ʓˉɡɀ-
̚ɀɠʴɭ�˝ʄ�̝ɀ̚ʓɧʴ͛�ɠ˝ʴ̯ʓˉʅ�ɀ͕ɀ͛�ɧ̸ɭ�̯˝�̯ʎɭʓ̝�
ɀʽɠ̸̤ʎʓˉʅ�ʄ˝̝ɀʅʓˉʅ�ʽ˝ɧɭ�ɀˉɧ�̤̯˝̸̯੔�̤ʎ˝̝̯�
ɠ˝ɧ͛�ʽ˝̝̚ʎ˝ʴ˝ʅ ੓͛�D̸̝̯ʎɭ̝ʽ˝̝ɭ੔�̯ʎɭ̤ɭ�͔ɭˉ-
˝ʽ˝̸̤�̤ˉɀʯɭ̤�̤ɭˉ̤ɭ�ɠ˝ɧ͛�ʎɭɀ̯�͔ʓɀ�ʓˉʄ̝ɀ઀̝ɭɧ�
̤ɭˉ̤ʓˉʅ�̚ ʓ̯�̋ ̝ʅɀˉ̤�̋ ˉ�̯ ʎɭʓ̝�ʄɀɡɭ੓�Rˉ��̸̤̯̝ɀʴʓɀ੔�
̯ʎɭ�˝ˉʴ͛�̤ˉɀʯɭ̤�͕ʓ̯ʎ�̸̤ɡʎ�ʎɭɀ̯઀̤ɭˉ̤ʓˉʅ�ɀɠʓʴ-
ʓ̯͛�ɀ̝ɭ�ˉ˝ˉ઀͔ɭˉ˝ʽ˝̸̤�̯͛̚ʎ˝ˉ̤੓

Australia has very few snakebite deaths
"˝ʽ̚ɀ̝ɭɧ� ̯˝� ˝̯ʎɭ̝� ̤ˉɀʯɭ઀ʓˉʎɀɠʓ̯ʓˉʅ�
ɡ˝̸ˉ̯̝ʓɭ̤੔��̸̤̯̝ɀʴʓɀ�ʎɀ̤�˝̝ɧɭ̝̤�˝ʄ�ʽɀʅˉʓ-
̸̯ɧɭ�ʄɭ͕ɭ̝�̤ˉɀʯɭɠʓ̯ɭ̤�ɀˉɧ�̝ɭʴɀ̯ɭɧ�ɧɭɀ̯ʎ̤�
ੲE̸̯ʓɱ̝̝ɭͥ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�Û˝̸̯ʎ�
�ʄ̝ʓɡɀ੔�͕ʎʓɡʎ�ʎɀ̤�ʫ̸̤̯�৖੓৖�̯ʓʽɭ̤�̯ʎɭ�̚˝̸̚ʴɀ-
̯ʓ˝ˉ�̋ ʄ��̸̤̯̝ɀʴʓɀ੔�ʎɀ̤�৕৙ঢ়�̯ ʓʽɭ̤�̯ ʎɭ�̤ ˉɀʯɭɠʓ̯ɭ�
ɧɭɀ̯ʎ̤�ੲ৘৛৚ੳ�̋ ˉ�ɀ͔ɭ̝ɀʅɭ�ɭ͔ɭ̝͛�͛ ɭɀ̝�ੲMɀʴʓʴ̸�ɭ̯�
ɀʴ੓�৖৔৕ঢ়ੳ੓�.͔ɭ̝͛�͛ɭɀ̝�ʓˉ�Rˉɧʓɀ੔�̯ʎɭ͛�ɀ͔ɭ̝ɀʅɭ�
ɀ̝˝̸ˉɧ�৙ড়੔৔৔৔�̤ˉɀʯɭ�ɠʓ̯ɭ�ɧɭɀ̯ʎ̤�ੲmɀ͚ʽɭ�ɭ̯�
ɀʴ੓੔�৖৔৖৕ੳ੓�!͛�ɡ˝ˉ̯̝ɀ̤̯੔��̸̤̯̝ɀʴʓɀ�ʎɀ̤�̯͕˝�˝̝�
̯ʎ̝ɭɭ�̤ˉɀʯɭ�ɠʓ̯ɭ�ɧɭɀ̯ʎ̤�̚ɭ̝�͛ɭɀ̝�˝ˉ�ɀ͔ɭ̝ɀʅɭ�
ੲĊɭʴ̯˝ˉ�ɭ̯�ɀʴ੓�৖৔৕৚ੳ੓�D̸̝̯ʎɭ̝ʽ˝̝ɭ੔�̯ʎʓ̤�ʴ˝͕�
ɧɭɀ̯ʎ�ɡ˝̸ˉ̯�ʓ̤�̄ ˝̯�̔ ɭ̝ɭʴ͛�ɧ̸ɭ�̯ ˝�̯ ʎɭ�̚ ˝̸̚ʴɀ-
̯ʓ˝ˉ�̤ʓͥɭ�˝ʄ�ɡ˝̸ˉ̯̝ʓɭ̤੔�ɀ̤�ʓ̤�ʓʴʴ̸̤̯̝ɀ̯ɭɧ�͕ʎɭˉ�
ɡ˝ˉ̯̝˝ʴʴʓˉʅ�ʄ˝̝�̚˝̸̚ʴɀ̯ʓ˝ˉ�̤ʓͥɭ�ɠ͛�ɡɀʴɡ̸ʴɀ̯-
ʓˉʅ�̯ʎɭ�ɀˉˉ̸ɀʴ�ˉ̸ʽɠɭ̝�˝ʄ�̤ˉɀʯɭɠʓ̯ɭ�ɧɭɀ̯ʎ̤�
̚ɭ̝�৕৔৔੔৔৔৔�ʓˉʎɀɠʓ̯ɀˉ̯̤੓�Rˉɧʓɀ�ʎɀ̤�̸̚�̯˝�৚੓৛�
ɧɭɀ̯ʎ̤�̚ɭ̝�৕৔৔੔৔৔৔੔�͕ʎɭ̝ɭɀ̤��̸̤̯̝ɀʴʓɀ�ʎɀ̤�
৔੓৕ৗ�̤ˉɀʯɭ�ɠʓ̯ɭ�ɧɭɀ̯ʎ̤੓�Юʓ̤�ʓ̤�ɠɭɡɀ̸̤ɭ��̸̤-
̯̝ɀʴʓɀ�ʎɀ̤�ʅ̝ɭɀ̯�ɀɡɡɭ̤̤�̯˝�ʎʓʅʎ઀Ό̸ɀʴʓ̯͛�ɡɀ̝ɭ�
and treatment.

Australia has great access to excellent 
antivenom

�ˉ̯ʓ͔ɭˉ˝ʽ�ʓ̤�̯ ʎɭ�̋ ˉʴ͛�̤ ̚ɭɡʓпɡ�̯ ̝ɭɀ̯ʽɭˉ̯�ʄ˝̝�
̤ˉɀʯɭɠʓ̯ɭ̤�ੲĊʓʴʴʓɀʽ̤�ɭ̯�ɀʴ੓�৖৔৕ড়ੳ੓�Rʄ�͛˝ ઑ̸̝ɭ�
̸ˉʴ̸ɡʯ͛�ɭˉ˝̸ʅʎ�̯˝�ɠɭ�ɠʓ̯̯ɭˉ�ɠ͛�ɀ�ʎʓʅʎʴ͛�
͔ɭˉ˝ʽ˝̸̤�̤ˉɀʯɭ੔�ʅɭ̯̯ʓˉʅ�̯ʎɭ�ɀˉ̯ʓ͔ɭˉ˝ʽ�ɀ̤�
Ό̸ʓɡʯʴ͛�ɀ̤�̚˝̤̤ʓɠʴɭ�ʓ̤�͔ʓ̯ɀʴ੓�m̸ɡʯʓʴ ੔͛�ɀˉ̯ʓ͔ɭˉ-
˝ʽ̤�͕˝̝ʯ�Ό̸ʓɡʯʴ ੔͛�ɀˉɧ��̸̤̯̝ɀʴʓɀઑ̤�ɀ̝ɭ�˝ʄ�
ʎʓʅʎ�Ό̸ɀʴʓ̯ ੓͛��̸̤̯̝ɀʴʓɀ�ɀɡ̸̯ɀʴʴ͛�̚ʓ˝ˉɭɭ̝ɭɧ�

̯ʎɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�̋ ʄ�̯ ʎʓ̤�ɹ ʓʄɭ઀̤ɀ͔ʓˉʅ�̔ ɭɧʓɡʓˉɭ�
ʓˉ�̯ʎɭ�ɭɀ̝ʴ͛�৕ঢ়৔৔̤�ੲĊʓˉʯɭʴ�ɭ̯�ɀʴ੓�৖৔৔৚ੳ੓
�ˉ̯ʓ͔ɭˉ˝ʽ�ʓ̤�˝оɭˉ�̝̚˝ɧ̸ɡɭɧ�ʄ̝˝ʽ�̸̝̚ʓ-

пɭɧ�ʎ˝̝̤ɭ�ɀˉ̯ʓɠ˝ɧʓɭ̤੔�ɀоɭ̝�̯ʎɭ�ʎ˝̝̤ɭ�ʎɀ̤�
ɠɭɭˉ�ɧ˝̤ɭɧ�͕ʓ̯ʎ�ɀ�̤ʽɀʴʴ�ɀʽ˝̸ˉ̯�˝ʄ�͔ɭˉ˝ʽ੓�
R̯ઑ̤�͕ɭʴʴ�ʯˉ˝͕ˉ�̯ʎɀ̯�ɀˉ̯ʓ͔ɭˉ˝ʽ�ɡɀˉ�̤˝ʽɭ-
̯ʓʽɭ̤� ɡɀ̸̤ɭ� ɀˉɀ̚ʎ͛ʴɀ͚ʓ̤੔� ͕ʎʓɡʎ� ˝ɡɡ̸̝̤�
ɀ̝˝̸ˉɧ�৕৔଍�˝ʄ�̯ʎɭ�̯ʓʽɭ�ʓˉ��̸̤̯̝ɀʴʓɀ�ੲRɠʓ̤̯ɭ̝�
ɭ̯�ɀʴ੓�৖৔৔ড়ੳ੓�Юɭ̤ɭ�̝ɭɀɡ̯ʓ˝ˉ̤�ɀ̝ɭ�ʽ̸ɡʎ�ʴɭ̤̤�
ɡ˝ʽʽ˝ˉ�ʓˉ�ʽ˝ɧɭ̝ˉ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤�̝̚˝ɧ̸ɡɭɧ�
̸̤ʓˉʅ�E˝˝ɧ�vɀˉ̸ʄɀɡ̸̯̝ʓˉʅ�Ñ̝ɀɡ̯ʓɡɭ̤�ੲ!̸̤ʎ�
ɭ̯�ɀʴ੓੔�৖৔৕৙ੳ�ɀˉɧ�ɡɀˉ�ɠɭ�Ό̸ʓɡʯʴ͛�̝ɭ͔ɭ̝̤ɭɧ�ɠ͛�
ɀɧ̝ɭˉɀʴʓˉɭ�ɀɧʽʓˉʓ̤̯ɭ̝ɭɧ�ʓˉ�ɀ�ʎ˝̤̚ʓ̯ɀʴ੓
!͛�ɡ˝ˉ̯̝ɀ̤̯੔�̤˝ʽɭ�˝̯ʎɭ̝�ɡ˝̸ˉ̯̝ʓɭ̤�ʎɀ͔ɭ�

ɀʴɀ̝ʽʓˉʅʴ͛� ʓˉɭаɭɡ̯ʓ͔ɭ� ɀˉ̯ʓ͔ɭˉ˝ʽ̤੔� ɀ̤�
͕ɭʴʴ�ɀ̤�̯̝ʓсɭ̝ʓˉʅ�ɀˉɀ̚ʎ͛ʴɀ͚ʓ̤�˝͔ɭ̝�৙৔଍�˝ʄ�
̯ʎɭ�̯ʓʽɭ�ੲĉɀ̝ʓɀ͕ɀ�ɭ̯�ɀʴ੓�৖৔৖৕੖�Ċʓʴʴʓɀʽ̤�ɭ̯�
ɀʴ੓�৖৔৔৛ੳ੓�v˝̝ɭ˝͔ɭ ੔̝�ʽɀˉ͛�ɀˉ̯ʓ͔ɭˉ˝ʽ̤�ʓˉ�
ʄ˝̝ɭʓʅˉ�ɡ˝̸ˉ̯̝ʓɭ̤�ʄɀʓʴ�̯˝�ɀɡ̸̯ɀʴʴ͛�ʓʽ̝̚˝͔ɭ�
̚ɀ̯ʓɭˉ̯�˝̸̯ɡ˝ʽɭ̤੓�ĉɭ̝͛�ʄɭ͕�ʎɀ͔ɭ�ɀɡ̸̯ɀʴʴ͛�
̸ˉɧɭ̝ʅ˝ˉɭ�ɡʴʓˉʓɡɀʴ�̯̝ʓɀʴ̤੔�˝̝�ɭ͔ɭˉ�̝̚ɭɡʴʓˉʓ-
ɡɀʴ�̯ɭ̤̯ʓˉʅ�ੲ�ʴʓ̝˝ʴ�ɭ̯�ɀʴ੓੔�৖৔৕৙ੳ੓��̸̤̯̝ɀʴʓɀˉ�
ɀˉ̯ʓ͔ɭˉ˝ʽ̤�ɀ̝ɭ�̝ɭʅ̸ʴɀ̝ʴ͛�̯ɭ̤̯ɭɧ�ʄ˝̝�Ό̸ɀʴʓ̯͛�
ɡ˝ˉ̯̝˝ʴ�ɧ̸̝ʓˉʅ�ʽɀˉ̸ʄɀɡ̸̯̝ɭ�ɠ͛�̯ʎɭ�̚ʎɀ̝-
ʽɀɡɭ̸̯ʓɡɀʴ�ɡ˝ʽ̚ɀˉ͛�Ûɭ̜ʓ̸̝̤�ੲ̚ɀ̝̯�˝ʄ�"Ûm੔�
"˝ʽʽ˝ˉ͕ɭɀʴ̯ʎ�Ûɭ̸̝ʽ�mɀɠ˝̝ɀ̯˝̝͛ੳ�ੲĉɭ̝ʓ̯͛�
ɭ̯�ɀʴ੓�৖৔৖৕ੳ੓�D̸̝̯ʎɭ̝�ʓʴʴ̸̤̯̝ɀ̯ʓˉʅ�̯ʎɭ�Ό̸ɀʴʓ̯͛�
˝ʄ��̸̤̯̝ɀʴʓɀˉ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤੔�ɭ͔ɭˉ�ɡ˝ʽ̚ɀ̝ɭɧ�̯ ˝�
˝̯ʎɭ̝�̝ ʓɡʎ�̄ ɀ̯ʓ˝ˉ̤੔�ʓ̤�̯ ʎɭ�̤ ʽɀʴʴ�ɀ͔ɭ̝ɀʅɭ�ɧ˝̤ɭ�
̝ɭΌ̸ʓ̝ɭɧ�ੲ৘�͔ʓɀʴ̤�ʽɭɧʓɀˉ�ɧ˝̤ɭ੔�ʓˉ̯ɭ̝Ό̸ɀ̝̯ʓʴɭ�
̝ɀˉʅɭ�৖ં৙�͔ʓɀʴ̤ੳ�ੲR̤ɠʓ̤̯ɭ̝�ɭ̯�ɀʴ੓੔�৖৔৔ড়ੳ੔�ɡ˝ʽ-
̚ɀ̝ɭɧ�̯˝�ɭ͚̯̝ɭʽɭʴ͛�ʎʓʅʎ�ɧ˝̤ɭ̤�ੲɧ˝ͥɭˉ̤�˝ʄ�
͔ʓɀʴ̤ੳ�˝оɭˉ�̝ɭΌ̸ʓ̝ɭɧ�ʓˉ�̯ʎɭ�íÛ��ੲ!̸̤ʎ�ɭ̯�
ɀʴ੓੔�৖৔৕৖ੳ੓
Ċʎɭˉ� ɀ͔ɀʓʴɀɠʴɭ੔� ̤̚ɭɡʓпɡ� ੲʽ˝ˉ˝͔ɀʴɭˉ̯ੳ�

ɀˉ̯ʓ͔ɭˉ˝ʽ̤� ɀ̝ɭ� ̸̤̚ɭ̝ʓ˝̝� ̯˝� ̚˝ʴ͔͛ɀʴɭˉ̯̤�
ɠɭɡɀ̸̤ɭ�̯ʎɭ̝ɭ�ɀ̝ɭ�ʎʓʅʎɭ̝�̯ʓ̯̝ɭ�ʴɭ͔ɭʴ̤�˝ʄ�̤̚ɭ-
ɡʓпɡ� ɀˉ̯ʓɠ˝ɧʓɭ̤� ɀʅɀʓˉ̤̯� ̯˝͚ʓˉ̤� ʄ̝˝ʽ� ̯ʎɭ�
˝аɭˉɧʓˉʅ�̤̚ɭɡʓɭ̤੔�̯ʎɭ̝ɭɠ͛�ʓˉɡ̝ɭɀ̤ʓˉʅ�ɭаɭɡ-
̯ʓ͔ɭˉɭ̤̤੓�Mʓʅʎɭ̝� ̤̚ɭɡʓпɡ� ̯ʓ̯̝ɭ� ʴɭ͔ɭʴ̤� ɀʴ̤˝�
̝ɭɧ̸ɡɭ̤�̯ʎɭ�ʄ˝̝ɭʓʅˉ�̝̚˝̯ɭʓˉ�ʴ˝ɀɧ�ੲʓˉʫɭɡ̯ʓ˝ˉ�
ɧ˝̤ɭੳ੔� ̯ʎɭ̝ɭɠ͛�ɧɭɡ̝ɭɀ̤ʓˉʅ� ̯ʎɭ� ɡʎɀˉɡɭ� ʄ˝̝�
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̤ɭ̸̝ʽ� ̤ʓɡʯˉɭ̤̤� ੲĊʓʴʴʓɀʽ̤� ɭ̯� ɀʴ੓� ৖৔৕ড়ੳ੓� Rˉ�
ʽɀˉ͛�̚ɀ̝̯̤�˝ʄ�̯ʎɭ�͕˝̝ʴɧ�ੲɭ੓ʅ੓�íÛ�੔�Rˉɧ˝-
ˉɭ̤ʓɀ੔�ɀˉɧ�Rˉɧʓɀੳ੔�˝ˉʴ͛�̚˝ʴ͔͛ɀʴɭˉ̯̤�ɀ̝ɭ�ɀ͔ɀʓʴ-
able.
Ċɭઑ̝ɭ�ɹ ̸ɡʯ͛�ʓˉ��̸̤̯̝ɀʴʓɀ�̯ ˝�ʎɀ͔ɭ�п͔ɭ�̯ ͛̚ɭ̤�

˝ʄ�ʽ˝ˉ˝͔ɀʴɭˉ̯�̤ˉɀʯɭ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤�ʄ˝̝�̯̝ɭɀ̯-
ʓˉʅ�ɠʓ̯ɭ̤�ʄ̝˝ʽ�˝̸̝�ʽ˝̤̯�ɧɀˉʅɭ̝˝̸̤�ʅ̝˝̸̤̚�
˝ʄ�ʴɀˉɧ઀ɠɀ̤ɭɧ�̤ˉɀʯɭ̤�ੲæʓʅɭ̝�Ûˉɀʯɭ੔�!ʴɀɡʯ�
Ûˉɀʯɭ੔�!̝˝͕ˉ�Ûˉɀʯɭ੔�æɀʓ̚ɀˉ੔� ɀˉɧ�(ɭɀ̯ʎ�
�ɧɧɭ̝ੳ�ɀˉɧ�˝ˉɭ�̚˝ʴ͔͛ɀʴɭˉ̯੔�͕ʎʓɡʎ�ʓ̤�ɀ�ʽʓ͚-
̸̯̝ɭ�̋ ʄ�̯ ʎɭ�̋ ̯ʎɭ̝�п͔ɭ੔�̸ ̤ɭɧ�͕ ʎɭˉ�ɀˉ̯ʓ͔ɭˉ˝ʽ�
ɡʎ˝ʓɡɭ�ʓ̤�̸ ˉɡʴɭɀ ੓̝���̤ ʓ͚̯ʎ�̤ ̚ɭɡʓпɡ�ɀˉ̯ʓ͔ɭˉ˝ʽ�
ɭ͚ʓ̤̯̤�ʄ˝̝�̤ɭɀ�̤ˉɀʯɭ̤੓
�ˉ̯ʓ͔ɭˉ˝ʽ� ʓ̤� ɀ͔ɀʓʴɀɠʴɭ� ɀ̯�ʽ˝̤̯� ੲଃ৛৙৔ੳ�

ʽɀʫ˝̝� ʎ˝̤̚ʓ̯ɀʴ̤� ʓˉ� �̸̤̯̝ɀʴʓɀ੓� D˝̝� ʽ˝̝ɭ�
̝ɭʽ˝̯ɭ� ̝ɭʅʓ˝ˉ̤੔� ̤ˉɀʯɭɠʓ̯ɭ� ͔ʓɡ̯ʓʽ̤� ɠɭˉ-
ɭп̯�ʄ̝˝ʽ�̝̚˝͔ɭˉ�̝̚ɭ̸̤̤̝ɭ઀ʓʽʽ˝ɠʓʴʓ̤ɀ̯ʓ˝ˉ�
̤ˉɀʯɭɠʓ̯ɭ�п̝̤̯઀ɀʓɧ�ੲÛ̸̯ʎɭ̝ʴɀˉɧ�ɭ̯�ɀʴ੓�৕ঢ়৛ঢ়ੳ੔�
͕ʎʓɡʎ�̤ʎ˝̸ʴɧ�ɠɭ�ɀ̚̚ʴʓɭɧ�ɠɭʄ˝̝ɭ�̯ʎɭ�Ô˝͛ɀʴ�
Dʴ͛ʓˉʅ�(˝ɡ̯˝̝�ɡ˝ʽɭ̤�̯˝�̯ʎɭ�̝ɭ̤ɡ̸ɭ੓
Û˝ʽɭ�ɹ ɭ̤̤�ɹ ̸ɡʯ͛�ɡ˝̸ˉ̯̝ʓɭ̤�̤ ̸ɡʎ�ɀ̤�̯ ʎɭ�íÛ��

ɧ˝�ˉ˝̯�ʎɀ͔ɭ�̯ʎʓ̤�̤ˉɀʯɭɠʓ̯ɭ�п̝̤̯઀ɀʓɧ�˝̯̚ʓ˝ˉ੔�
ɧ̸ɭ�̯ ˝�̯ ʎɭ�ɭ͚̯ɭˉ̤ʓ͔ɭ�ɡ̯͛˝̯˝͚ʓɡʓ̯͛�ɀˉɧ�̄ ɭɡ̝˝-
̤ʓ̤�˝ʄ�̝ɀ̯̯ʴɭ̤ˉɀʯɭ�ɠʓ̯ɭ̤੔�͕ʎʓɡʎ�ɡɀ̸̤ɭ�̤ʓʅˉʓп-
ɡɀˉ̯�ɹ ˝ɡɀʴ�̯ ʓ̸̤̤ɭ�ɧɀʽɀʅɭ੓�Ю̸̤੔�̚ ɀ̯ʓɭˉ̯̤�̔ ɀ͛�
ɠɭ�͕˝̝̤ɭ�˝а�͕ʎɭˉ�ɀ̝̝ʓ͔ʓˉʅ�ɀ̯�ʎ˝̤̚ʓ̯ɀʴ�ɡ˝ʽ-

̚ɀ̝ɭɧ�̯ ˝��̸̤̯̝ɀʴʓɀˉ�̤ ˉɀʯɭɠʓ̯ɭ�̚ ɀ̯ʓɭˉ̯̤੔�ɧ̸ɭ�
̯˝�̯ʎɭ�ʴɀɡʯ�˝ʄ�ɀ�̸̤ʓ̯ɀɠʴɭ�п̝̤̯઀ɀʓɧ�ʽɭɀ̸̤̝ɭ�
ɠɭʓˉʅ�ɀ͔ɀʓʴɀɠʴɭ੓

Australia has the world’s only snake venom 
detection kits

í̤ʓˉʅ� ̯ʎɭ�͕̝˝ˉʅ� ɀˉ̯ʓ͔ɭˉ˝ʽ� ɡɀˉ� ʴɭɀɧ� ̯˝�
ʓˉɭаɭɡ̯ʓ͔ɭ� ̯̝ɭɀ̯ʽɭˉ̯੔� ɀˉɧ� ̯ʎɭ� ͔ʓɡ̯ʓ ઑ̤̔�
̤ˉɀʯɭ�ʓɧɭˉ̯ʓпɡɀ̯ʓ˝ˉ�ʓ̤�̸ˉ̝ɭʴʓɀɠʴɭ�ੲĊ˝ʴʄɭ�ɭ̯�
ɀʴ੓�৖৔৖৔ੳ੓
Rˉ�৕ঢ়৛ঢ়੔��̸̤̯̝ɀʴʓɀ�ɠɭɡɀʽɭ�̯ʎɭ�п̝̤̯�ɡ˝̸ˉ-

̯̝͛� ʓˉ� ̯ʎɭ� ͕˝̝ʴɧ� ̯˝� ʎɀ͔ɭ� ɀ� ɡ˝ʽʽɭ̝ɡʓɀʴ�
̤ˉɀʯɭ�͔ɭˉ˝ʽ�ɧɭ̯ɭɡ̯ʓ˝ˉ�ʯʓ̯�̯˝�ʽɀʯɭ�Ό̸ʓɡʯ�
ɀˉ̯ʓ͔ɭˉ˝ʽ�ɡʎ˝ʓɡɭ�ʽ˝̝ɭ�ɀɡɡ̸̝ɀ̯ɭ�ੲiˉ̸ɧ̤ɭˉ�
ɭ̯�ɀʴ੓�৖৔৖৕ੳ੓�.͔ɭˉ�ˉ˝ ੔͕��̸̤̯̝ɀʴʓɀ�ʓ̤�̯ʎɭ�˝ˉʴ͛�
ɡ˝̸ˉ̯̝͛�͕ʓ̯ʎ�̯ʎʓ̤�˝̯̚ʓ˝ˉ੓�Юʓ̤�ʓ̤�̝̚˝ɠɀɠʴ͛�
ɠɭɡɀ̸̤ɭ�̯ʎɭ�ʯʓ̯̤�ɀ̝ɭ�ɭ͚̚ɭˉ̤ʓ͔ɭ�̯˝�ɧɭ͔ɭʴ˝̚੔�
ɀˉɧ�̯ ʎɭ�̚ ɭ˝̚ʴɭ�̔ ˝̤̯�ʓˉ�̄ ɭɭɧ�̋ ʄ�̯ ʎɭʽ�ɀ̝ɭ�̯ ʎɭ�
˝ˉɭ̤�ʴɭɀ̤̯�ɀɠʴɭ�̯˝�ɀа˝̝ɧ�ʓ̯੓�Û˝੔�ʓ̯ઑ̤�ɀ�̤ʽɀʴʴ�
market.
�̯ʎɭ̝�ɡ˝̸ˉ̯̝ʓɭ̤�ʽ̸̤̯�̝ɭʴ͛�˝ˉ�ʽ˝̝ɭ�ɧɀˉ-

ʅɭ̝˝̸̤�̋ ̯̚ʓ˝ˉ̤੓�.ʓ̯ʎɭ̝�̯ ʎɭ�͔ ʓɡ̯ʓʽ�ɠ̝ʓˉʅ̤�̯ ʎɭ�
̤ˉɀʯɭ�̯˝�ʎ˝̤̚ʓ̯ɀʴ�ʄ˝̝�ɀ�̝̚˝ʄɭ̤̤ʓ˝ˉɀʴ�R(੔�˝̝�
ɧ˝ɡ̯˝̝̤�ʎɀ͔ɭ�̯˝�̝ɭʴ͛�˝ˉ�̯ʎɭ�̚ɀ̯ʓɭˉ̯ઑ̤�̤͛ʽ̚-
̯˝ʽ̤�ɀˉɧ�̯ ʎɭ�ɹ ˝ɡɀ̯ʓ˝ˉ�͕ ʎɭ̝ɭ�̯ ʎɭ�̚ ɀ̯ʓɭˉ̯�͕ ɀ̤�

.ɀ̤̯ɭ̝ˉ�!̝˝͕ˉ�Ûˉɀʯɭ੔�ɠ͛�̯ʎɭ��̸̯ʎ˝̝
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ɠʓ̯̯ɭˉ�̯ ˝�̯ ɀʯɭ�ɀˉ�ɭɧ̸ɡɀ̯ɭɧ�ʅ̸ɭ̤̤�ɀ̤�̯ ˝�͕ ʎʓɡʎ�
ɀˉ̯ʓ͔ɭˉ˝ʽ�ʽʓʅʎ̯�͕˝̝ʯ�ੲ!ʴɀ͛ʴ˝ɡʯ�৖৔৔৙ੳ੓
Юʓ̤�ʓ̤�ɀ�ɡʎɀʴʴɭˉʅɭ�ɠɭɡɀ̸̤ɭ�̯ʎɭ̝ɭ�ɡɀˉ�ɠɭ�
ɭ͚̯ɭˉ̤ʓ͔ɭ�˝͔ɭ̝ʴɀ̚�˝ʄ�̤͛ʽ̯̚˝ʽ̤�ɡɀ̸̤ɭɧ�ɠ͛�
͔ɭˉ˝ʽ�ʄ̝˝ʽ�̯ ˝̯ɀʴʴ͛�̸ ˉ̝ɭʴɀ̯ɭɧ�̤ ̚ɭɡʓɭ̤�ੲDɭ˝ʴɀ�
ɭ̯�ɀʴ੓�৖৔৖৔ੳ੓�Ñʴ̸̤੔�̤ˉɀʯɭɠʓ̯ɭ�ɭˉ͔ɭˉ˝ʽʓˉʅ�ʓ̤�
͔ɭ̝͛�ɡ˝ʽ̚ʴʓɡɀ̯ɭɧ੔�ʽɀʯʓˉʅ�͛ɭɀ̝̤�˝ʄ�ɭ͚̚ɭ̝ʓ-
ɭˉɡɭ�̯ ̝ɭɀ̯ʓˉʅ�̤ ˉɀʯɭɠʓ̯ɭ�̋ оɭˉ�ɀ�̚ ̝ɭ̝ɭΌ̸ʓ̤ʓ̯ɭ�
ʓˉ�ɡ˝̝̝ɭɡ̯ʴ͛�ʓɧɭˉ̯ʓʄ͛ʓˉʅ�̯ʎɭ�̤̚ɭɡʓɭ̤�̝ɭ̤̚˝ˉ-
sible.

If you do get bitten, you’re very unlikely to 
lose a limb

Ûˉɀʯɭɠʓ̯ɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ�ɀ̝ɭ�˝оɭˉ�̚ɀʓˉʴɭ̤̤੓�
Юʓ̤�ʓ̤�ʓˉ�̚ɀ̝̯�ɧ̸ɭ�̯˝�̯ʎɭ�̤ʎ˝̝̯�ʄɀˉʅ̤�˝ʄ�̯ʎɭ�
ʽ˝̤̯�˝аɭˉɧʓˉʅ�ʅ̝˝̸̚�˝ʄ�̤ˉɀʯɭ�ʓˉ��̸̤̯̝ɀʴʓɀ੔�
˝̸̝�ɠ̝˝͕ˉ�̤ˉɀʯɭ̤�ੲPseudonaja�̤̚̚੓ੳ੔�͕ʎʓɡʎ�
ɀ̝ɭ�̝ɭ̤̚˝ˉ̤ʓɠʴɭ�ʄ˝̝�ʽ˝̤̯�ɠʓ̯ɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ�
ੲRɠʓ̤̯ɭ̝�ɭ̯�ɀʴ੓�৖৔৔ঢ়ੳ੔�ɠ̸̯�̔ ɀʓˉʴ͛�ɠɭɡɀ̸̤ɭ�̔ ˝̤̯�
�̸̤̯̝ɀʴʓɀˉ�̤ˉɀʯɭ̤�ʎɀ͔ɭ�͔ɭˉ˝ʽ�͕ʎʓɡʎ�ʎɀ̤�
ʴʓ̯̯ʴɭ�̯ ˝�̄ ˝�ɹ ˝ɡɀʴ�ɭаɭɡ̯�ɀ̯�̯ ʎɭ�ɠʓ̯ɭ�̤ ʓ̯ɭ�ੲĊʎʓ̯ɭ�
৕ঢ়ঢ়৕ੳ੓��̤�̸̤ɡʎ੔�̤ˉɀʯɭɠʓ̯ɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ�͔ɭ̝͛�
̝ɀ̝ɭʴ͛�̝ɭ̸̤ʴ̯�ʓˉ�ɀʽ̸̯̚ɀ̯ʓ˝ˉ̤੓
!͛�ɡ˝ˉ̯̝ɀ̤̯੔�ɀɡ̝˝̤̤�̸̤ɠ઀Ûɀʎɀ̝ɀˉ��ʄ̝ʓɡɀ੔�

ɀʽ̸̯̚ɀ̯ʓ˝ˉ� ʓ̤� ̸ˉʄ˝̸̝̯ˉɀ̯ɭʴ͛� ɡ˝ʽʽ˝ˉ�
ੲ"ʎʓ̚̚ɀ̸͚�৖৔৕৕ੳ੔�͕ʓ̯ʎ�ˉɭɀ̝ʴ͛�৖৘৔৔�ɀʽ̸̯̚ɀ-
̯ʓ˝ˉ̤�̚ ɭ̝�͛ ɭɀ̝�̝ ɭ̚˝̝̯ɭɧ�ʓˉ��ʄ̝ʓɡɀઑ̤�̔ ˝̤̯�̚ ˝̚-
̸ʴ˝̸̤�ɡ˝̸ˉ̯̝ ੔͛��ʓʅɭ̝ʓɀ�ੲMɀʴʓʴ̸�ɭ̯�ɀʴ੓�৖৔৕ঢ়ੳ੓�
íˉʄ˝̸̝̯ˉɀ̯ɭʴ ੔͛�̯ʎɭ�̚ɭ˝̚ʴɭ�ʽ˝̤̯�ɀ̯�̝ʓ̤ʯ�˝ʄ�
snakebite, and losing a limb as a result, are 
̯ʎɭ�˝ˉɭ̤�ʴɭɀ̤̯�ɀɠʴɭ�̯˝�ɀа˝̝ɧ�̯ʎɭ�ʎʓʅʎ�̯̝ɭɀ̯-
ʽɭˉ̯�ɡ˝̤̯̤�ੲMɀ̝̝ʓ̤˝ˉ�ɭ̯�ɀʴ੓�৖৔৔ঢ়ੳ੓

Snakebite treatment in Australia is covered 
by Medicare

�ˉ̯ʓ͔ɭˉ˝ʽ�ɡɀˉ�ɠɭ�̝̚˝ʎʓɠʓ̯ʓ͔ɭʴ͛�ɭ͚̚ɭˉ̤ʓ͔ɭ�
ੲĚɧɭˉɭʯ�ɭ̯�ɀʴ੓�৖৔৕ঢ়ੳ੔�ɡ˝̤̯ʓˉʅ�̯ʎ˝̸̤ɀˉɧ̤�˝ʄ�
ɧ˝ʴʴɀ̝̤�̚ɭ̝�ɧ˝̤ɭ੔�ʽɀʯʓˉʅ�ʓ̯�˝̸̯�˝ʄ�̝ɭɀɡʎ�ʄ˝̝�
ʽɀˉ͛�̚ɭ˝̚ʴɭ�ʓˉ�̚˝˝̝ɭ̝�ɡ˝̸ˉ̯̝ʓɭ̤੓�!̸̯�˝̸̝�
̤ˉɀʯɭɠʓ̯ɭ�̯ ̝ɭɀ̯ʽɭˉ̯�ʓ̤�ɡ˝͔ɭ̝ɭɧ�ɠ͛�vɭɧʓɡɀ̝ɭ੓

ਙાЮɭ�ĉɭˉ˝ʽ�.͔˝ʴ̸̯ʓ˝ˉ�mɀɠ�ɀ̯�Юɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�İ̸ɭɭˉ̤ʴɀˉɧ੓

�̸̝� ˉɭɀ̝ɭ̤̯� ˉɭʓʅʎɠ˝̸ ੔̝� Ñɀ̸̚ɀ� �ɭ͕�
E̸ʓˉɭɀ੔�ʓ̤�ɀ�̤ˉɀʯɭɠʓ̯ɭ�ʎ˝̯̤̚˝̯੓�Đɭ̯�ʽɀˉ͛�
̚ɭ˝̚ʴɭ�̤ ʓʽ̚ʴ͛�ɧ˝�̄ ˝̯�ʎɀ͔ɭ�̯ ʎɭ�̔ ˝ˉɭ͛�̯ ˝�̚ ɀ͛�
ʄ˝̝�̯ ʎɭ�ɀˉ̯ʓ͔ɭˉ˝ʽ੔�͕ ʎʓɡʎ�ɡɀˉ�ɡ˝̤̯�̸ ̚�̯ ˝�৚৔଍�
˝ʄ�̯ ʎɭʓ̝�ɀˉˉ̸ɀʴ�ʓˉɡ˝ʽɭ੓��̤�ɀ�̝ ɭ̸̤ʴ̯੔�ʓˉ�̤ ˝ʽɭ�
ɀ̝ɭɀ̤�ʓˉ�Ñ�E੔�̯ ɀʓ̚ɀˉ̤�ʯʓʴʴ�̔ ˝̝ɭ�̚ ɭ˝̚ʴɭ�̯ ʎɀˉ�
ʽɀʴɀ̝ʓɀ੔�˝͕ʓˉʅ�̯˝�ʎʓʅʎ�̯̝ɭɀ̯ʽɭˉ̯�ɡ˝̤̯̤�ɀˉɧ�
ɀˉɧ�ɧʓ̤̯ɀˉ̯�ɡʴʓˉʓɡ̤੓�Юʓ̤�ɹ ɭɀɧ̤�̯ ˝�̯ ʎɭ̝ɭ�ɠɭʓˉʅ�
৕৖৔� ɧɭɀ̯ʎ̤� ̚ɭ̝� ৕৔৔৔� ̤ˉɀʯɭɠʓ̯ɭ̤� ʓˉ� Ñ�E੔�
͕ʎɭ̝ɭɀ̤�ʓˉ��̸̤̯̝ɀʴʓɀ�ʓ̯ઑ̤�৕�ʓˉ�৕৔৔৔੓�Юʓ̤�ʽɀ̤-
̤ʓ͔ɭ�ɧʓ̤̚ɀ̝ʓ̯͛�ʓˉ�̸̤̝͔ʓ͔ɀɠʓʴʓ̯͛�ɭ͚ʓ̤̯̤�ɧɭ̤̚ʓ̯ɭ�
ɠ˝̯ʎ�ɡ˝̸ˉ̯̝ʓɭ̤�̤ ʎɀ̝ʓˉʅ�̔ ̸ʴ̯ʓ̚ʴɭ�͔ ɭ̝͛�ɡʴ˝̤ɭʴ͛�
̝ɭʴɀ̯ɭɧ�͔ ɭˉ˝ʽ˝̸̤�̤ ˉɀʯɭ�̤ ̚ɭɡʓɭ̤੔�ʓʴʴ̸̤̯̝ɀ̯ʓˉʅ�
ʎ˝͕�ʄ˝̸̝̯ˉɀ̯ɭ�͕ɭ�ɀ̝ɭ�ʓˉ��̸̤̯̝ɀʴʓɀ੓
Rˉ�̯ʎɭ�íÛ�੔�͕ʎɭ̝ɭ੔�̤ʓʽʓʴɀ̝�̯˝��̸̤̯̝ɀʴʓɀ੔�

̝ɭʴɀ̯ʓ͔ɭʴ͛�ʅ˝˝ɧ�ʎɭɀʴ̯ʎɡɀ̝ɭ�ʓ̤�ɀ͔ɀʓʴɀɠʴɭ੔�̤ ˉɀʯɭ-
ɠʓ̯ɭ�̚ɀ̯ʓɭˉ̯̤�ɡɀˉ�ɠɭ�ʴɭо�͕ʓ̯ʎ�ʽɭɧʓɡɀʴ�ɠʓʴʴ̤�
˝͔ɭ̝�૔৕৘৔੔৔৔৔੓�Юɭ̤ɭ�ɭ͚˝̝ɠʓ̯ɀˉ̯�ɠʓʴʴ̤�̝ɭ̸̤ʴ̯�
ʄ̝˝ʽ�ɡ˝̤̯ʴ͛�ɀˉ̯ʓ͔ɭˉ˝ʽ�ੲ˝͔ɭ̝�૔ৗ੔৔৔৔੣͔ʓɀʴੳ੔�
̯ʎɭ�ʎʓʅʎ�ɧ˝̤ɭ�ੲɧ˝ͥɭˉ̤ੳ�˝ʄ�ɀˉ̯ʓ͔ɭˉ˝ʽ�̸̤ɭɧ�
˝ˉ�ɀ͔ɭ̝ɀʅɭ�̯˝�ɡ˝̝̝ɭɡ̯�̤͛ʽ̯̚˝ʽ̤੔�ɀˉɧ�ʎʓʅʎ�
ɧɀʓʴ͛�ɡ˝̤̯�ʓˉ�ʓˉ̯ɭˉ̤ʓ͔ɭ�ɡɀ̝ɭ�̸ˉʓ̯̤੓
(ɭ̤̚ʓ̯ɭ��̸̤̯̝ɀʴʓɀˉ�̤ˉɀʯɭ̤�ɠɭʓˉʅ�ʽ̸ɡʎ�

ʽ˝̝ɭ�͔ ɭˉ˝ʽ˝̸̤�ੲɧ̝˝̚઀ʄ˝̝઀ɧ̝˝̚�̋ ˉ�ɹ ɀɠ�̔ ʓɡɭੳ�
̯ʎɀˉ��ʽɭ̝ʓɡɀˉ�̤ˉɀʯɭ̤�ੲ!̝˝ɀɧ�ɭ̯�ɀʴ੓੔�৕ঢ়৛ঢ়ੳ੔�
ʓˉ� �̸̤̯̝ɀʴʓɀ੔� ̯̝ɭɀ̯ʽɭˉ̯� ʄ˝̝� ɀ� ɠʓ̯ɭ� ͕ʓ̯ʎ-
˝̸̯�ʽɭɧʓɡɀʴ�ɭ͔ɀɡ̸ɀ̯ʓ˝ˉ�ʽɀ͛�ɡ˝̤̯�ɀ̝˝̸ˉɧ�
૔৚੔৔৔৔૆ઃ૆ɀˉ̯ʓ͔ɭˉ˝ʽ�ɡ˝̤̯̤�૔ৗ৘৛ં૔৖੔ৗ৖৔�̚ɭ̝�
͔ʓɀʴ�ੲf˝ʎˉ̤̯˝ˉ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੔�̚ʴ̸̤�ɡɀ̝ɭ૆ઃ૆ɠ̸̯�
̯ʎʓ̤�ɡ˝̤̯�ʓ̤�ɡ˝͔ɭ̝ɭɧ�ɠ͛�vɭɧʓɡɀ̝ɭ�ʄ˝̝�̚ɭ̝ʽɀ-
ˉɭˉ̯�̝ɭ̤ʓɧɭˉ̯̤�ɀˉɧ�ɡʓ̯ʓͥɭˉ̤੓�D˝̝�ɡ˝̸ˉ̯̝ʓɭ̤�
ʴɭ̤̤�ʄ˝̸̝̯ˉɀ̯ɭ੔�ɡʎɭɀ̚ɭ̝�̤ ˉɀʯɭɠʓ̯ɭ�̯ ̝ɭɀ̯ʽɭˉ̯̤�
ɀ̝ɭ� ɧɭ̤̚ɭ̝ɀ̯ɭʴ͛� ˉɭɭɧɭɧ� ੲE̸̯ʓɭ̝̝ɭͥ� ɭ̯� ɀʴ੓੔�
৖৔৕৕੖�mɀ̸̤̯̤ɭˉ�ɭ̯�ɀʴ੓੔�৖৔৕৛ੳ੓�Rˉ�̯ ʎɭ�͔ ɭˉ˝ʽ�ɹ ɀɠৢ 
R�ʽɀˉɀʅɭ੔�͕ɭ�ɀ̝ɭ�͕˝̝ʯʓˉʅ�̯˝�ʽɀʯɭ�̤ˉɀʯɭ-
ɠʓ̯ɭ� ̯̝ɭɀ̯ʽɭˉ̯� ʽ˝̝ɭ� ɀа˝̝ɧɀɠʴɭ� ɠ͛� ̯ɭ̤̯-
ʓˉʅ�ˉɭ͚̯઀ʅɭˉɭ̝ɀ̯ʓ˝ˉ�̤ˉɀʯɭɠʓ̯ɭ�̯̝ɭɀ̯ʽɭˉ̯̤�
ੲ"ʎ˝͕ɧʎ̸̝͛�ɭ̯�ɀʴ੓�৖৔৖৕ੳ੓��ˉɭ�ɡ˝ʽ̚˝̸ˉɧ�
ੲĉɀ̝ɭ̤̚ʴɀɧʓɠ�ੲmĐৗৗৗ৔৕ৗੳੳ�̚ɭ̝ʄ˝̝ʽɭɧ�ɭ͚ɡɭ̚-
̯ʓ˝ˉɀʴʴ͛�͕ɭʴʴ�ʓˉ�˝̸̝�ɭ͚̯ɭˉ̤ʓ͔ɭ�̝̚ɭ઀ɡʴʓˉʓɡɀʴ�

https://pubmed.ncbi.nlm.nih.gov/19570990/
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̯ɭ̤̯̤�ੲɭ੓ʅ੓�"ʎ˝͕ɧʎ̸̝͛�ɭ̯�ɀʴ੓੔�৖৔৖৕ɠ੖�Ěɧɭˉɭʯ�
ɭ̯� ɀʴ੓੔� ৖৔৖৔ੳ੔� ̯ʎɭ̝ɭɠ͛� ɀ̤̤ʓ̤̯ʓˉʅ� ̯ʎɭ�˝̝ɀʴʴ͛઀
ɀɧʽʓˉʓ̤̯ɭ̝ɭɧ�ɧ̸̝ʅ�̯ ˝�̝ ɭɡɭˉ̯ʴ͛�ੲ৕৙��̸ʅ੓�৖৔৖৕ੳ�
̝̚˝ʅ̝ɭ̤̤�̯˝�Ñʎɀ̤ɭ�৖�ʎ̸ʽɀˉ�ɡʴʓˉʓɡɀʴ�̯̝ʓɀʴ̤੓

Snake venom can save lives
Ûˉɀʯɭ�͔ɭˉ˝ʽ̤�̤ɀ͔ɭ�ʎ̸ˉɧ̝ɭɧ̤�˝ʄ�̯ʎ˝̸̤ɀˉɧ̤�
˝ʄ�ɹ ʓ͔ɭ̤�ɭ͔ɭ̝͛�͛ ɭɀ ੓̝�Юɭ̝ɭ�ɀ̝ɭ�̤ ʓ͚�̯ ʎɭ̝ɀ̚ɭ̸̯ʓɡ�
ɧ̸̝ʅ̤�˝ˉ�̯ʎɭ�ʅʴ˝ɠɀʴ�ʽɀ̝ʯɭ̯�ɧɭ̤ʓʅˉɭɧ�ʄ̝˝ʽ�
̤ˉɀʯɭ�͔ɭˉ˝ʽ�̯˝͚ʓˉ̤੔�͕ʓ̯ʎ�ɀˉ˝̯ʎɭ̝�̯ʎ̝ɭɭ�ɀ̯�
least in clinical trials.
�ˉɭ�ɭ͚ɡɭʴʴɭˉ̯�ɭ͚ɀʽ̚ʴɭ� ʓ̤�"ɀ̯̚˝̝̚ʓʴ੔�ɀ�

ɧ̸̝ʅ�̯ʎɀ̯�͕ɀ̤�ʽ˝ɧɭʴʴɭɧ�˝а�ɀ�̯˝͚ʓˉ�ʄ̝˝ʽ�ɀ�
̤ˉɀʯɭ�͔ɭˉ˝ʽ�ʓˉ�Û˝̸̯ʎ��ʽɭ̝ʓɡɀ�ੲ̯ʎɭ�!̝ɀͥʓʴ-
ʓɀˉ�̚ ʓ̯�͔ ʓ̚ɭ ੔̝�̯ ʎɭ�ʫɀ̝ɀ̝ɀɡɀ੔�Bothrops jararacaੳ੓�
"ɀ̯̚˝̝̚ʓʴ�ʴ˝͕ɭ̝̤�ʎʓʅʎ�ɠʴ˝˝ɧ�̝̚ɭ̸̤̤̝ɭ�̯ʎɀ̯�
˝̯ʎɭ̝͕ʓ̤ɭ�ɡɀˉ�̝ɭ̸̤ʴ̯�ʓˉ�ʎɭɀ̝̯�ɧʓ̤ɭɀ̤ɭ੔�̯ʎɭ�
͕˝̝ʴɧઑ̤� ɠʓсɭ̤̯� ʯʓʴʴɭ̝ৣ� ੲ�̚ʓɭ� ୐� i˝͕˝ʴʓʯ੔�
৕ঢ়ঢ়৙ੳ੓�Ûʓˉɡɭ�ʓ̯̤�ɧɭ͔ɭʴ˝̚ʽɭˉ̯੔�ʓ̯�ʎɀ̤�ʴɭɧ�̯˝�
ɀˉ�ɭˉ̯ʓ̝ɭʴ͛�ˉɭ͕�ɡʴɀ̤̤�˝ʄ�ɧ̸̝ʅ̤�ੲ�".�ʓˉʎʓɠʓ-
̯˝̝̤ੳ�ɠɭʓˉʅ�ɧɭ͔ɭʴ˝̚ɭɧ�̯˝�̯̝ɭɀ̯�ʎɭɀ̝̯�ɧʓ̤ɭɀ̤ɭ੓
�̸̤̯̝ɀʴʓɀˉ� ͔ɭˉ˝ʽ˝̸̤� ̤ˉɀʯɭ̤�ʽɀ͛� ɀʴ̤˝�

ɡ˝ˉ̯̝ʓɠ̸̯ɭ�̯˝�̯ʎɭ�̯ʎɭ̝ɀ̚ɭ̸̯ʓɡ�ɧ̸̝ʅ�ʽɀ̝ʯɭ̯੓�
��̯˝͚ʓˉ�ʄ̝˝ʽ�̯ʎɭ�͔ɭˉ˝ʽ�˝ʄ�ɭɀ̤̯ɭ̝ˉ�ɠ̝˝͕ˉ�
̤ˉɀʯɭ̤�ੲPseudonaja textilisੳ�ʓ̤�ɡ̸̝̝ɭˉ̯ʴ͛�ɠɭʓˉʅ�
̯ɭ̤̯ɭɧ�ɀ̤�ɀ�ɧ̸̝ʅ�̯˝�̝ɭ͔ɭ̝̤ɭ�ʴʓʄɭ઀̯ʎ̝ɭɀ̯ɭˉʓˉʅ�
ɠʴɭɭɧʓˉʅ�ɡ˝ʽ̚ʴʓɡɀ̯ʓ˝ˉ̤�ʓˉ�̚ ɀ̯ʓɭˉ̯̤�̋ ˉ�(ʓ̝ɭɡ̯�
�̝ɀʴ��ˉ̯ʓɡ˝ɀʅ̸ʴɀˉ̯̤�ੲ(��"̤ੳ�ʄ˝̝�̯ʎɭ�̝̚ɭ-
͔ɭˉ̯ʓ˝ˉ�˝ʄ�̤̯̝˝ʯɭ�ɀˉɧ�ɧɭɭ̚�͔ɭʓˉ�̯ʎ̝˝ʽɠ˝-
̤ʓ̤�ੲĉɭ̝ʎ˝ɭʄ�ɭ̯�ɀʴ੓�৖৔৕৛ੳ੓�Ċʎɀ̯ઑ̤�ʽ˝̝ɭ੔�̯ʎʓ̤�
̤ɀʽɭ�͔ɭˉ˝ʽ�ʎɀ̤�̝ɭɡɭˉ̯ʴ͛�ɠɭɭˉ�̸̤ɭɧ� ʓˉ�ɀ�
ʅɀ̸ͥɭ�ɧɭʴʓ͔ɭ̝͛�̤ ɡɀа˝ʴɧ�ɡɀʴʴɭɧ�Ûˉɀʯɭ�ĉɭˉ˝ʽ�
M͛ɧ̝˝ʅɭʴ̤�ੲĐɭʅɀ̚̚ɀˉ�ɭ̯�ɀʴ੓�৖৔৖৖ੳ�ɀ̤�ɀ�ˉ˝͔ɭʴ�
̝ɀ̚ʓɧ�͕˝̸ˉɧ�̤ɭɀʴɀˉ̯੓��̸̤̯̝ɀʴʓɀઑ̤�ʽɀˉ͛�͔ɭˉ-
˝ʽ˝̸̤�̤ˉɀʯɭ�̤̚ɭɡʓɭ̤�ʎ˝ʴɧ�ʓˉ�̯ʎɭʓ̝�͔ɭˉ˝ʽ�
ʅʴɀˉɧ̤�ɀ�઎ʽʓˉʓ�ɧ̸̝ʅ�ʴʓɠ̝ɀ̝͛એ�ʄ˝̝�̤ɡʓɭˉ̯ʓ̤̯̤�
̯˝�̯̝ɀ͕ʴ�̯ʎ̝˝̸ʅʎ�ʄ˝̝�ˉɭ͕�ʴʓʄɭ઀̤ɀ͔ʓˉʅ�ɧ̸̝ʅ̤੓

ਚાRˉ�̯ʎɭ�ʴɀ̯ɭ�৕ঢ়৚৔̤�f˝ʎˉ�ĉɀˉɭ�˝ʄ�.ˉʅʴɀˉɧ�ɀˉɧ�Ûɱ̝ʅʓ˝�Mɭˉ̝ʓΌ̸ɭ�Dɭ̝̝ɭʓ̝ɀ�˝ʄ�!̝ɀͥʓʴ�ʄ˝̸ˉɧ�̯ʎɀ̯�˝ˉɭ�˝ʄ�̯ʎɭ�͔ʓ̚ɭ̝ઑ̤�
͔ɭˉ˝ ઑ̤̔�̚ɭ̯̚ʓɧɭ̤�̤ɭʴɭɡ̯ʓ͔ɭʴ͛�ʓˉʎʓɠʓ̯ɭɧ�̯ʎɭ�ɀɡ̯ʓ˝ˉ�˝ʄ�ɀˉʅʓ˝̯ɭˉ̤ʓˉ઀ɡ˝ˉ͔ɭ̝̯ʓˉʅ�ɭˉͥ͛ʽɭ�ੲ�".ੳ੔�͕ʎʓɡʎ�͕ɀ̤�̯ʎ˝̸ʅʎ̯�
̯˝�ʄ̸ˉɡ̯ʓ˝ˉ�ʓˉ�ɠʴ˝˝ɧ�̝̚ɭ̸̤̤̝ɭ�̝ɭʅ̸ʴɀ̯ʓ˝ˉ੖�̯ʎɭ�̤ˉɀʯɭ�͔ɭˉ˝ʽ�ʄ̸ˉɡ̯ʓ˝ˉ̤�ɠ͛�̤ɭ͔ɭ̝ɭʴ͛�ɧɭ̝̚ɭ̤̤ʓˉʅ�ɠʴ˝˝ɧ�̝̚ɭ̸̤̤̝ɭ੓�
"ɀ̯̚˝̝̚ʓʴ੔�ɀˉ�ɀˉɀʴ˝ʅ̸ɭ�̋ ʄ�̯ ʎɭ�̤ ˉɀʯɭ�͔ ɭˉ˝ ઑ̤̔��".઀ʓˉʎʓɠʓ̯ʓˉʅ�̚ ɭ̯̚ʓɧɭ੔�͕ ɀ̤�п̝̤̯�̤ ͛ˉ̯ʎɭ̤ʓͥɭɧ�ʓˉ�৕ঢ়৛৙੓�Rˉ�৕ঢ়ড়৖�ĉɀˉɭ�
͕ɀ̤�ɀ͕ɀ̝ɧɭɧ�ɀ��˝ɠɭʴ�Ñ̝ʓͥɭ੓�੶.ɧ੓੷

"˝ˉɡʴ̸̤ʓ˝ˉ
Юɭ��̸̤̯̝ɀʴʓɀˉ�ɀˉɧ�ʅʴ˝ɠɀʴ�̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ�˝ˉ�
Australian snakes and snakebite is largely 
ˉɭʅɀ̯ʓ͔ɭ�ɀˉɧ�̸ˉɧɭ̤ɭ̝͔ʓˉʅ੓
�̸̤̯̝ɀʴʓɀˉ� ̤ˉɀʯɭ̤� ̚˝̤ɭ� ʴʓ̯̯ʴɭ� ̝ʓ̤ʯ� ̯˝�

ʎ̸ʽɀˉ̤੕�̯ ʎɭ͛�рɭɭ�ʄ̝˝ʽ�ɀ̝̚̚˝ɀɡʎʓˉʅ�ʎ̸ʽɀˉ̤੔�
̯ʎɭʓ̝�ɠʓ̯ɭ̤�ɡɀˉ�̸̸̤ɀʴʴ͛�ɠɭ�̯̝ɭɀ̯ɭɧ�Ό̸ʓɡʯʴ ੔͛�
ɀˉɧ੔�ɡ˝̸ˉ̯ɭ̝ʓˉ̸̯ʓ̯ʓ͔ɭʴ ੔͛�̯ʎɭʓ̝�͔ɭˉ˝ʽ�ʎ˝ʴɧ̤�
̯ʎɭ̝ɀ̚ɭ̸̯ʓɡ�̝̚˝ʽʓ̤ɭ੓�D̸̝̯ʎɭ̝ʽ˝̝ɭ੔�̤ˉɀʯɭ̤�
̚ʴɀ͛�ɀ�͔ʓ̯ɀʴ�̝˝ʴɭ�ʓˉ�ɡ˝ˉ̯̝˝ʴʴʓˉʅ�̚˝̸̚ʴɀ̯ʓ˝ˉ̤�
˝ʄ�ʓˉ̯̝˝ɧ̸ɡɭɧ�̝ɀ̯̤�ɀˉɧ�ʽʓɡɭ૆ઃ૆͔ɭ̝ʽʓˉ�̯ʎɀ̯�
ɡɀˉ�ʎɀ͔ɭ�ɧɭ͔ɀ̤̯ɀ̯ʓˉʅ�пˉɀˉɡʓɀʴ�ʓʽ̚ɀɡ̯̤�˝ˉ�
ɡ̝˝̤̚�ɀˉɧ�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�ੲ!̝˝͕ˉ�୐�Ûʓˉʅʴɭ̯˝ˉ੔�
৖৔৔৔ੳ੓�æʓɡʯ̤�ɀˉɧ�рɭɀ̤�ʴʓ͔ɭ�˝ˉ�̯ʎ˝̤ɭ�͔ɭ̝ʽʓˉ�
ɡɀˉ�ɀʴ̤˝�ʓˉɡ̝ɭɀ̤ɭ�ʓˉɡʓɧɭˉɡɭ�˝ʄ�ɧʓ̤ɭɀ̤ɭ�ɀˉɧ�
̚ɭ̯�ɧɭɀ̯ʎ�ੲDɭɀ̝ˉ�ɭ̯�ɀʴ੓�৖৔৔৖ੳ੓
Ñɭ̝̤̚ɭɡ̯ʓ͔ɭ�ɀˉɧ�ɀ̯̯ʓ̸̯ɧɭ̤�ɀʴ̯ɭ̝�ʎ̸ʽɀˉ�

ɠɭʎɀ͔ʓ˝̸̝�ੲ.ʓʯ̸̤ˉɧ�৖৔৔ঢ়ੳ੓�Ñɭ̝̤ɭɡ̸̯ʓ˝ˉ�˝ʄ�
̤ˉɀʯɭ̤�ɠ͛�ʎ̸ʽɀˉ̤�ʓ̤�ɀ�̝ɭʴɀ̯ʓ͔ɭʴ͛�ɡ˝ʽʽ˝ˉ�
̝̚ɀɡ̯ʓɡɭ�ʓˉ��̸̤̯̝ɀʴʓɀ੔�͕ ʎʓɡʎ�̤ ̯ɭʽ̤�ʄ̝˝ʽ�ʄɭɀ ੓̝�
Юʓ̤�ʄɭɀ ੔̝�͕ʎʓɡʎ�ʓ̤�ˉ˝̯�ɭ͔ʓɧɭˉɡɭ઀ɠɀ̤ɭɧ�ɀˉɧ�
ʄɀʓʴ̤� ̯˝�ɡ˝ˉ̤ʓɧɭ̝� ̯ʎɭ�̚˝ʓˉ̯̤�ʽɀɧɭ�ʎɭ̝ɭʓˉ੔�
increases one’s risk to snakebite and also 
̝ɭɧ̸ɡɭ̤�̚˝̸̚ʴɀ̯ʓ˝ˉ̤�˝ʄ�ɀˉ�˝̯ʎɭ̝͕ʓ̤ɭ�ʓʽ̚˝̝-
̯ɀˉ̯�̯ ɀ͚˝ˉ�̯ ʎɀ̯�̤ ɭ̝͔ɭ̤�ɀ̤�̚ ̝ɭɧɀ̯˝̝̤�ɀˉɧ�̚ ̝ɭ͛�
in ecosystems.
Ôɀ̯ʎɭ̝� ̯ʎɀˉ� ʎɀ̝ʽʓˉʅ� ̤ˉɀʯɭ̤੔� ͕ɭ� ɀ̝ɭ�

ɠɭ̯̯ɭ̝�˝а�ɀ̝̚̚ɭɡʓɀ̯ʓˉʅ�ɀˉɧ�̝ɭ̤̚ɭɡ̯ʓˉʅ��̸̤-
̯̝ɀʴʓɀઑ̤�͕ɭɀʴ̯ʎ�˝ʄ�͔ɭˉ˝ʽ˝̸̤�̤ˉɀʯɭ̤੓

Ôɭʄɭ̝ɭˉɡɭ̤
�ʴʓ̝˝ʴ੔�.੓੔�mɭɡʎɭ͔ɀʴʓɭ ੔̝�Ñ੓੔�Ěɀʽɀ̯̯˝੔�D੓੔�
"ʎɀ̸̚̚ʓ̤੔�D੓੔��ʴɡ˝ɠɀ੔�E੓੔�Ñ˝̯ɭ̯੔�f੓�ੲ৖৔৕৙ੳ�
�ˉ̯ʓ͔ɭˉ˝ʽ̤�ʄ˝̝�̤ˉɀʯɭɠʓ̯ɭ�ɭˉ͔ɭˉ˝ʽʓˉʅ੕�Ċʎɀ̯�
ʓ̤�ʓˉ�̯ʎɭ�̝ɭ̤ɭɀ̝ɡʎ�̚ʓ̚ɭʴʓˉɭਗ਼�PLoS Negl. Trop. 
Dis.�ঢ়੔�৕ં৕৕੓
�ʴʴɭˉ�E੓.੓੔�!̝˝͕ˉ�Û੓E੓�੓੔�!̸ɡʯʴɭ͛��੓�੓੔�
�ઑmɭɀ̝͛�v੓�੓੔�Ñɀʅɭ�"੓!੓੔�"̸̝̝ʓɭ�!੓f੓੔�Ċʎʓ̯ɭ�
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f੓੔�R̤ɠʓ̤̯ɭ̝�E੓i੓੔�ʄ˝̝�̯ʎɭ��ÛÑ�Rˉ͔ɭ̤̯ʓʅɀ̯˝̝̤�
ੲ৖৔৕৖ੳ�"ʴʓˉʓɡɀʴ�ɭаɭɡ̯̤�ɀˉɧ�ɀˉ̯ʓ͔ɭˉ˝ʽ�
ɧ˝̤ʓˉʅ�ʓˉ�ɠ̝˝͕ˉ�̤ˉɀʯɭ�ੲPseudonaja�̤̚̚੓ੳ�
ɭˉ͔ɭˉ˝ʽʓˉʅ૆ઃ૆�̸̤̯̝ɀʴʓɀˉ�Ûˉɀʯɭɠʓ̯ɭ�Ñ̝˝ʫɭɡ̯�
ੲ�ÛÑ઀৕৘ੳ�PLOS One, ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕ৗ৛৕੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕ৗ৛৕੣
ʫ˝̸̝ˉɀʴ੓̚˝ˉɭ੓৔৔৙ৗ৕ড়ড়ʫ˝̸̝ˉɀʴ੓̚˝ˉɭ੓৔৔৙ৗ৕ড়ড়.
!ʴɀ͛ʴ˝ɡʯ�Ô੓Û੓�ੲ৖৔৔৙ੳ�Юɭ�ʓɧɭˉ̯ʓпɡɀ̯ʓ˝ˉ�ɀˉɧ�
̤͛ˉɧ̝˝ʽʓɡ�ʽɀˉɀʅɭʽɭˉ̯�˝ʄ�̤ˉɀʯɭɠʓ̯ɭ�ʓˉ�
Û˝̸̯ʎ��ʄ̝ʓɡɀ੔�Ýʧ̂˹ɘ��Ɏ˧ɝȫȊʓ�FȊʇɝɾ̥�Ó˧Ȋȫ˹ɝȫȷ 
৘৛ੲঢ়ੳ੕�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়৔੣৖৔৛ড়৚৖৔৘੓৖৔৔৙੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়৔੣৖৔৛ড়৚৖৔৘੓৖৔৔৙੓
৕৔ড়৛ৗ৖ড়ড়৕৔ড়৛ৗ৖ড়ড়.
!̝˝ɀɧ��੓f੓੔�Û̸̯ʎɭ̝ʴɀˉɧ�Û੓i੓੔�"˝̸ʴ̯ɭ̝��੓Ô੓�
ੲ৕ঢ়৛ঢ়ੳ�Юɭ�ʴɭ̯ʎɀʴʓ̯͛�ʓˉ�ʽʓɡɭ�˝ʄ�ɧɀˉʅɭ̝˝̸̤�
�̸̤̯̝ɀʴʓɀˉ�ɀˉɧ�˝̯ʎɭ̝�̤ˉɀʯɭ�͔ɭˉ˝ʽ੔�Toxicon 
৕৛ੲ৚ੳ੕�৚৚৕ં৚৚৘੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣৔৔৘৕઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣৔৔৘৕઀
৔৕৔৕ੲ৛ঢ়ੳঢ়৔৖৘৙઀ঢ়৔৕৔৕ੲ৛ঢ়ੳঢ়৔৖৘৙઀ঢ়.
!̝˝͕ˉ੔�Ñ੓Ô੓�୐�Mɭˉ̝ ੔͛�Û੓�ੲ৖৔৔৔ੳ�Rʽ̚ɀɡ̯̤�˝ʄ�
ʎ˝̸̤ɭ�ʽʓɡɭ�˝ˉ�̸̤̤̯ɀʓˉɀɠʴɭ�ʄ˝ɧɧɭ̝�̤̯˝̝ɀʅɭ�
in Australia. Ôʇׁ�$ʧʓΔɝȫ˹ˮ�̟ɝ˹ɘ�Čɝɾȱɾׁ�0ȫʧʓׁ�
Considerations�৚੔�৘ড়ં৙ড়੓
!̸̤ʎ�Û੓Ñ੓੔�Ûɭʓʄɭ̝̯�Û੓�੓੔�Ñɭɀ̝ʴ�Û੓Ô੓�ੲ৖৔৕৖ੳ�
"˝ˉ̯ʓˉ̸˝̸̤�ʓˉʄ̸̤ʓ˝ˉ�˝ʄ�ɡ̝˝̯ɀʴʓɧɀɭ�̚˝ʴ͔͛ɀʴɭˉ̯�
Dɀɠ�ੲ˝͔ʓˉɭੳ੓�ʓˉ�઎��Ñɀ̯ʓɭˉ̯�͕ʓ̯ʎ�Ôɀ̯̯ʴɭ̤ˉɀʯɭ�
.͔ɭˉ˝ʽɀ̯ʓ˝ˉ੓એ�Ñ̝ɭ̤ɭˉ̯ɭɧ�ɀ̯�!ʓ˝ʴ˝ʅ͛�˝ʄ�̯ʎɭ�
Ôɀ̯̯ʴɭ̤ˉɀʯɭ̤੔�æ̸ɡ̤˝ˉ��ͥ੔�৖৔৕৕੓�Ñ̸ɠʴʓ̤ʎɭɧ�
ʓˉ�!̸̤ʎ�Û੓Ñ੓੔�"ɀ̤ɭ�̸̤̯ɧ͛૆ઃ૆̝ɀ̯̯ʴɭ̤ˉɀʯɭ�
ɭˉ͔ɭˉ˝ʽɀ̯ʓ˝ˉ੓�Rˉ੕�"̝˝̯ɀʴʓˉɭ�Ûˉɀʯɭɠʓ̯ɭ�
vɀˉɀʅɭʽɭˉ̯੕�̯ʎɭ�̝˝ʴɭ�˝ʄ�"̝˝Dɀɠ�"̝˝̯ɀʴʓɧɀɭ�
Ñ˝ʴ͔͛ɀʴɭˉ̯�ʓʽʽ̸ˉɭ�Dɀɠ�ੲ˝͔ʓˉɭੳ੓�!̯ʅ�
ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ੔�ʓˉɡ੓�৖৔৕ৗ੓
!̸̤ʎ੔�Û੓Ñ੓੔�ɭ̯�ɀʴ੓�ੲ৖৔৕৙ੳ�"˝ʽ̚ɀ̝ʓ̤˝ˉ�˝ʄ�
Dੲɀɠઑੳ৖�͔ɭ̸̝̤̤�Dɀɠ�ɀˉ̯ʓ͔ɭˉ˝ʽ�ʄ˝̝�̚ʓ̯�͔ʓ̚ɭ̝�
ɭˉ͔ɭˉ˝ʽɀ̯ʓ˝ˉ੕���̝̚˝̤̚ɭɡ̯ʓ͔ɭ੔�ɠʴʓˉɧɭɧ੔�
ʽ̸ʴ̯ʓɡɭˉ̯ɭ ੔̝�̝ɀˉɧ˝ʽʓͥɭɧ�ɡʴʓˉʓɡɀʴ�̯̝ʓɀʴ੓�Clin. 
Toxicol.�৙ৗ੕�ৗ৛ં৘৙੓
"ʎʓ̚̚ɀ̸͚�f੓઀Ñ੓�ੲ৖৔৕৕ੳ�.̤̯ʓʽɀ̯ɭ�˝ʄ�̯ʎɭ�ɠ̸̝ɧɭˉ�˝ʄ�
̤ˉɀʯɭɠʓ̯ɭ̤�ʓˉ�̸̤ɠ઀Ûɀʎɀ̝ɀˉ��ʄ̝ʓɡɀ੕���ʽɭ̯ɀ઀
ɀˉɀʴ̯͛ʓɡ�ɀ̝̚̚˝ɀɡʎ੔�Toxicon�৙৛ੲ৘ੳ੕�৙ড়৚ં৙ঢ়ঢ়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৕৔੓৕৖੓৔৖৖ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৕৔੓৕৖੓৔৖৖.
"ʎ˝͕ɧʎ̸̝͛��੓੔�Ěɧɭˉɭʯ�"੓�੓੔�mɭ͕ʓˉ�v੓Ô੓੔�
"ɀ̝̯ɭ̝�Ô੓੔�fɀʅɀ̝�æ੓੔��̤̯ɀˉɭʯ�.੓੔�Mɀ̝ʫɭˉ�M੓੔�
�ʴɧ̝ʓɧʅɭ�v੓੔�Û˝̝ʓɀ�Ô੓੔�Mɀ͕�E੓੔�D̝͛�!੓E੓�
ੲ৖৔৖৕ੳ�ĉɭˉ˝ʽ઀ʓˉɧ̸ɡɭɧ�ɠʴ˝˝ɧ�ɧʓ̸̤̯̝ɠɀˉɡɭ̤�ɠ͛�
̚ɀʴɭɀ̝ɡ̯ʓɡ�͔ʓ̚ɭ̝ʓɧ�̤ˉɀʯɭ̤੔�ɀˉɧ�̯ʎɭʓ̝�̝ɭʴɀ̯ʓ͔ɭ�
ˉɭ̸̯̝ɀʴʓͥɀ̯ʓ˝ˉ�ɠ͛�ɀˉ̯ʓ͔ɭˉ˝ʽ̤�ɀˉɧ�ɭˉͥ͛ʽɭ઀
ʓˉʎʓɠʓ̯˝̝̤੓�F˧ʧʓ˹ɝȷ˧ˮ�ɝʓ�Tʇʇ̂ʓʧɾʧϊ�৕৖੔�৕৔�f̸ˉɭ੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗড়ঢ়੣пʽʽ̸੓৖৔৖৕੓৚ড়ড়ড়৔৖ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗড়ঢ়੣пʽʽ̸੓৖৔৖৕੓৚ড়ড়ড়৔৖.
"ʎ˝͕ɧʎ̸̝ ੔͛��੓੔�mɭ͕ʓˉ੔�v੓Ô੓੔�Ěɧɭˉɭʯ੔�"੓�੓੔�
"ɀ̝̯ɭ ੔̝�Ô੓�୐�D̝ ੔͛�!੓�E੓�ੲ৖৔৖৕ੳ�Юɭ�̝ɭʴɀ̯ʓ͔ɭ�
ɭдɡɀɡ͛�˝ʄ�ɡʎɭʽʓɡɀʴʴ͛�ɧʓ͔ɭ̝̤ɭ�̤ʽɀʴʴ઀ʽ˝ʴɭɡ̸ʴɭ�

ɭˉͥ͛ʽɭ઀ʓˉʎʓɠʓ̯˝̝̤�ɀʅɀʓˉ̤̯�ɀˉ̯ʓɡ˝ɀʅ̸ʴɀˉ̯�
ɀɡ̯ʓ͔ʓ̯ʓɭ̤�˝ʄ��ʄ̝ʓɡɀˉ�Û̚ʓ̯̯ʓˉʅ�"˝ɠ̝ɀ�ੲNaja 
Û̚੓ੳ�͔ɭˉ˝ʽ̤੓�F˧ʧʓ̵ׁ�Tʇʇ̂ʓʧɾׁ�৕৖੕�৕ંঢ়੓
.ʓʯ̸̤ˉɧ੔�Û੓�ੲ৖৔৔ঢ়ੳ���ʅɭ˝ʅ̝ɀ̚ʎʓɡɀʴ�̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ�
˝ˉ�ɧ̝ʓ͔ʓˉʅ�ɀ̯̯ʓ̸̯ɧɭ̤�ɀˉɧ�ɠɭʎɀ͔ʓ˝̸̝�ɀʽ˝ˉʅ�
͛˝̸ˉʅ�ɀɧ̸ʴ̯̤�ʓˉ�̸̝ɠɀˉ�ɀˉɧ�̸̝̝ɀʴ��˝̝͕ɀ ੓͛�
Safety Science੓�৘৛੕�৙৖ঢ়ં৙ৗ৚੓
.ʴ઀�ͥʓͥ੔�æ੓v੓�੓੔�Û˝ɀ̝ɭ̤��੓E੓੔�ɀˉɧ�Û̯˝ɡʯɀˉɧ�
f੓(੓�ੲ৖৔৕ঢ়ੳ�Ûˉɀʯɭ�͔ɭˉ˝ʽ̤�ʓˉ�ɧ̸̝ʅ�ɧʓ̤ɡ˝͔ɭ̝͛੕�
͔ɀʴ̸ɀɠʴɭ�̯ʎɭ̝ɀ̚ɭ̸̯ʓɡ�̯˝˝ʴ̤�ʄ˝̝�ʴʓʄɭ�̤ɀ͔ʓˉʅ੔�
Toxins੔�৕৕ੲ৕৔ੳ੕�৙৚৘੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗঢ়৔੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗঢ়৔੣
̯˝͚ʓˉ̤৕৕৕৔৔৙৚৘̯˝͚ʓˉ̤৕৕৕৔৔৙৚৘.
Dɭɀ̝ˉ�Û੓੔�Ô˝ɠʓˉ̤˝ˉ�!੓੔�Ûɀʽɠ˝ˉ˝�f੓�ɀˉɧ�Ûʎʓˉɭ�
Ô੓�ੲ৖৔৔৖ੳ�Ñ̯͛ʎ˝ˉ̤�ʓˉ�̯ʎɭ�̚ɭ̝ʅ˝ʴɀ੕�̯ʎɭ�ɭɡ˝ʴ˝ʅ͛�
˝ʄ�઎ˉ̸ʓ̤ɀˉɡɭએ�ɡɀ̝̚ɭ̯�̯͛̚ʎ˝ˉ̤�ੲxʧ˧ȷɾɝȊ�ˮˤɝɾʧ̵Ȋੳ�
ʄ̝˝ʽ�̸̤ɠ̸̝ɠɀˉ�ʎɀɠʓ̯ɀ̯̤�ʓˉ�̤˝̸̯ʎ઀ɭɀ̤̯ɭ̝ˉ�
İ̸ɭɭˉ̤ʴɀˉɧ੔�Wildlife Research�৖ড়ੲ৚ੳ੕�৙৛ৗં৙৛ঢ়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৛৕੣ĊÔ৔৔৕৔৚ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৛৕੣ĊÔ৔৔৕৔৚.
Dɭ˝ʴɀ��੓੔�vɀ̝ɭʴʴɀ�E੓m੓੔�"ɀ̝ʄ˝̝ɀ��੓੔�(ɭʴʴɀ�
Ñʓɭ̯̝ɀ�!੓੔�Ěɀˉʅɀˉʓ�Ñ੓੔�"ɀʽ̚˝ɠɀ̤̤˝�"੓Ñ੓�
ੲ৖৔৖৔ੳ�Ûˉɀʯɭɠʓ̯ɭ�ɭˉ͔ɭˉ˝ʽʓˉʅ�ɀ�ɡʎɀʴʴɭˉʅʓˉʅ�
ɧʓɀʅˉ˝̤ʓ̤�ʄ˝̝�̯ʎɭ�ʄ˝̝ɭˉ̤ʓɡ�̚ɀ̯ʎ˝ʴ˝ʅʓ̤̯੕�ɀ�
̤̤̯͛ɭʽɀ̯ʓɡ�̝ɭ͔ʓɭ ੔͕�Toxins�ੲ!ɀ̤ɭʴੳ�৕৖ੲ৕৕ੳ੕�৚ঢ়ঢ়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗঢ়৔੣̯˝͚ʓˉ̤৕৖৕৕৔৚ঢ়ঢ়ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗঢ়৔੣̯˝͚ʓˉ̤৕৖৕৕৔৚ঢ়ঢ়.
E̸̯ʓɱ̝̝ɭͥ੔�f੓v੓੔�mɭ˸ˉ੔�E੓�୐�!̸̝ˉ˝̸ʄ੔�æ੓�ੲ৖৔৕৕ੳ�
�ˉ̯ʓ͔ɭˉ˝ʽ̤�ʄ˝̝�̯ʎɭ�̯̝ɭɀ̯ʽɭˉ̯�˝ʄ�̤ˉɀʯɭɠʓ̯ɭ�
ɭˉ͔ɭˉ˝ʽʓˉʅ̤੕�Юɭ�̝˝ɀɧ�ɀʎɭɀɧ੓�Biologicals�ৗঢ়੕�
৕৖ঢ়ં৕৘৖੓
E̸̯ʓɱ̝̝ɭͥ�f੓੔�"ɀʴ͔ɭ̯ɭ�f੓੔�Mɀɠʓɠ��੓�ɭ̯�ɀʴ੓�ੲ৖৔৕৛ੳ�
Ûˉɀʯɭɠʓ̯ɭ�ɭˉ͔ɭˉ˝ʽʓˉʅ੓��Ȋ̵ׁ�Öȷׁ̞�*ɝˮׁ�Ó˧ɝʇȷ˧ˮ 
ৗ੕�৕৛৔৚ৗ੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉ̝ɧ̚੓৖৔৕৛੓৚ৗʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣ˉ̝ɧ̚੓৖৔৕৛੓৚ৗ.
Mɀʴʓʴ̸�Û੓੔�Eɀ̝ɠɀ�R੓੔�Mɀʽͥɀ�v੓੔�"ʎʓ̚̚ɀ̸͚�
f੓઀Ñ੓੔�i̸ͥˉʓʯ��੓੔�Mɀɠʓɠ��੓�ੲ৖৔৕ঢ়ੳ�Ûˉɀʯɭɠʓ̯ɭ�
ɠ̸̝ɧɭˉ�ʓˉ�Û̸ɠ઀Ûɀʎɀ̝ɀˉ��ʄ̝ʓɡɀ੕�ɭ̤̯ʓʽɀ̯ɭ̤�
ʄ̝˝ʽ�৘৕�ɡ˝̸ˉ̯̝ʓɭ̤੔�Toxicon�৕৙ঢ়ੲৗੳ੕�৕ં৘੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৕ড়੓৕৖੓৔৔৖ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৕ড়੓৕৖੓৔৔৖.
Mɀ̝̝ʓ̤˝ˉ�Ô੓�੓੔�Mɀ̝ʅ̝ɭɀ͔ɭ̤��੓੔�Ċɀʅ̤̯ɀа�
Û੓"੓੔�Dɀ̝ɀʅʎɭ̝�!੓੔�mɀʴʴ˝˝�(੓E੓�ੲ৖৔৔ঢ়ੳ�Ûˉɀʯɭ�
ɭˉ͔ɭˉ˝ʽʓˉʅ੕�ɀ�ɧʓ̤ɭɀ̤ɭ�˝ʄ�̚˝͔ɭ̝̯ ੔͛�PLOS 
Neglected Tropical Diseases. ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕ৗ৛৕੣ʫ˝̸̝ˉɀʴ੓̚ˉ̯ɧ੓৔৔৔৔৙৚ঢ়˝̝ʅ੣৕৔੓৕ৗ৛৕੣ʫ˝̸̝ˉɀʴ੓̚ˉ̯ɧ੓৔৔৔৔৙৚ঢ়.
R̤ɠʓ̤̯ɭ̝�E੓i੓੔�!̝˝͕ˉ�Û੓E੓੔�vɀɡ(˝ˉɀʴɧ�.੓੔�
Ċʎʓ̯ɭ�f੓੔�"̸̝̝ʓɭ�!੓f੓੖��̸̤̯̝ɀʴʓɀˉ�Ûˉɀʯɭɠʓ̯ɭ�
Ñ̝˝ʫɭɡ̯�Rˉ͔ɭ̤̯ʓʅɀ̯˝̝̤�ੲ৖৔৔ড়ੳ�"̸̝̝ɭˉ̯�̸̤ɭ�˝ʄ�
�̸̤̯̝ɀʴʓɀˉ�̤ˉɀʯɭ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤�ɀˉɧ�ʄ̝ɭΌ̸ɭˉɡ͛�
˝ʄ�ʓʽʽɭɧʓɀ̯ɭ઀̯͛̚ɭ�ʎ͛̚ɭ̝̤ɭˉ̤ʓ̯ʓ͔ʓ̯͛�̝ɭɀɡ̯ʓ˝ˉ̤�
ɀˉɧ�ɀˉɀ̚ʎ͛ʴɀ͚ʓ̤੓�Med. J. Aust੓�৕ড়ড়ੲড়ੳ੕�৘৛ৗં৚੓�
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Ěɧɭˉɭʯ૆ઃ૆�̸̤̯̝ɀʴʓɀ�ʓ̤�̯ʎɭ�ʴ̸ɡʯ͛�ɡ˝̸ˉ̯̝͛�͕ʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯˝�̤ˉɀʯɭ̤

R̤ɠʓ̤̯ɭ̝�E੓i੓੔�(̸а̸ʴʴ�Û੓!੓੔�!̝˝͕ˉ�Û੓E੓੔��ÛÑ�
Rˉ͔ɭ̤̯ʓʅɀ̯˝̝̤�ੲ৖৔৔ঢ়ੳ�Dɀʓʴ̸̝ɭ�˝ʄ�ɀˉ̯ʓ͔ɭˉ˝ʽ�̯˝�
ʓʽ̝̚˝͔ɭ�̝ɭɡ˝͔ɭ̝͛�ʓˉ��̸̤̯̝ɀʴʓɀˉ�̤ˉɀʯɭɠʓ̯ɭ�
ɡ˝ɀʅ̸ʴ˝̚ɀ̯ʎ ੓͛�QJM�৕৔৖ੲড়ੳ੕�৙৚ৗંড়੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣̜ʫʽɭɧ੣ʎɡ̚৔ড়৕˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣̜ʫʽɭɧ੣ʎɡ̚৔ড়৕.
f˝ʎˉ̤̯˝ˉ੔�"੓R੓�ɭ̯�ɀʴ੓�ੲ৖৔৕৛ੳ�Юɭ��̸̤̯̝ɀʴʓɀˉ�
̤ˉɀʯɭɠʓ̯ɭ�̝̚˝ʫɭɡ̯੔�৖৔৔৙ં৖৔৕৙�ੲ�ÛÑ઀৖৔ੳ੓�Med. J. 
�̂ˮ̵ׁ�৖৔৛੕�৕৕ঢ়ં৕৖৙੓
iˉ̸ɧ̤ɭˉ�"੓੔�f̝́ʅɭˉ̤ɭˉ�f੓�੓੔�D̖ˉ̤�Û੓੔�Mɀɀɡʯ�
�੓v੓੔�D̝ʓʓ̤�Ôɀ̤ʽ̸̤�í੓Ċ੓੔�(ɀʽ�Û੓M੓੔�
!̸̤ʎ�Û੓Ñ੓੔�Ċʎʓ̯ɭ�f੓੔�mɀ̸̤̯̤ɭˉ��੓M੓�ੲ৖৔৖৕ੳ੔�
Ûˉɀʯɭɠʓ̯ɭ�ɭˉ͔ɭˉ˝ʽʓˉʅ�ɧʓɀʅˉ˝̤ʓ̤�ɀˉɧ�
diagnostics, F˧ʧʓ˹ɝȷ˧ˮ�ɝʓ�Tʇʇ̂ʓʧɾʧϊ�৕৖੔�৖৔৖৕�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗড়ঢ়੣пʽʽ̸੓৖৔৖৕੓৚৚৕৘৙৛ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗড়ঢ়੣пʽʽ̸੓৖৔৖৕੓৚৚৕৘৙৛.
mɀ̸̤̯̤ɭˉ੔��੓M੓੔�f˝ʎɀˉ̤ɭˉ੔�i੓M੓੔�.ˉʅʽɀ̝ʯ੔�
v੓�୐��ˉɧɭ̝̤ɭˉ੔�v੓Ô੓�ੲ৖৔৕৛ੳ�Ôɭɡ˝ʽɠʓˉɀˉ̯�
̤ˉɀʯɭɠʓ̯ɭ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤੕���ɡ˝̤̯઀ɡ˝ʽ̚ɭ̯ʓ̯ʓ͔ɭ�
̤˝ʴ̸̯ʓ˝ˉ�̯˝�ɀ�ˉɭʅʴɭɡ̯ɭɧ�̯̝˝̚ʓɡɀʴ�ɧʓ̤ɭɀ̤ɭਗ਼�PLoS 
Negl. Trop. Dis.�৕৕੔�৕ં৕৘੓
mɀ͚ʽɭ੔�Ô੓Ô੓Û੓੔�iʎ˝ɡʎɀ̝ɭ੔�Û੓੔��̯̯ɀ̝ɧɭ੔�
Û੓੔�Û̸̝ɀˉ̤ɭ�ĉ੓੔�R͛ɭ̝��੓੔�"ɀ̤ɭ͕ɭʴʴ��੓Ô੓੔�
Ċʎʓ̯ɀʯɭ̝�Ô੓੔�vɀ̝̯ʓˉ�E੓੔�Û̸ˉɀʅɀ̝�i੓�ੲ৖৔৖৕ੳ�
!ʓ˝ʅɭ˝ʅ̝ɀ̚ʎʓɡ�͔ɭˉ˝ʽ�͔ɀ̝ʓɀ̯ʓ˝ˉ�ʓˉ�Ô̸̤̤ɭʴʴઑ̤�
͔ʓ̚ɭ̝�ੲDaboia russeliiੳ�ɀˉɧ�̯ʎɭ�̝̚ɭɡʴʓˉʓɡɀʴ�
ʓˉɭдɡɀɡ͛�˝ʄ�ɀˉ̯ʓ͔ɭˉ˝ʽ�̯ʎɭ̝ɀ͛̚�ʓˉ�̤ˉɀʯɭɠʓ̯ɭ�
ʎ˝̯̤̚˝̯̤੓�PLoS Negl. Trop. Dis.�৕৙੔�ɭ৔৔৔ঢ়৖৘৛੓
Ñ˝ʴɄʯ੔�f੓੔�ÛɭɧʴɄɣʯ˝͔Ʉ੔�i੓੔��Ʉɡɀ ੔̝�(੓੔�mɀˉɧ˝͔Ʉ੔�
.੓�୐�D̝͛ˉ̯ɀ੔�(੓�ੲ৖৔৕৚ੳ੔�Dɭɀ̝�̯ʎɭ�̤ɭ̝̚ɭˉ̯੕�
��̤͛̚ɡʎ˝ʽɭ̯̝ʓɡ�̸̤̯ɧ͛�˝ʄ�̤ˉɀʯɭ�̚ʎ˝ɠʓɀ੓�
Psychiatry Res.�৖৘৖੔�৕৚ৗં৕৚ড়੓
Û̸̯ʎɭ̝ʴɀˉɧ�Û੓i੓੔�"˝̸ʴ̯ɭ̝��੓Ô੓੔�Mɀ̝̝ʓ̤�Ô੓(�
ੲ৕ঢ়৛ঢ়ੳ�Ôɀ̯ʓ˝ˉɀʴʓ̤ɀ̯ʓ˝ˉ�˝ʄ�п̝̤̯઀ɀʓɧ�ʽɭɀ̸̤̝ɭ̤�
ʄ˝̝�ɭʴɀ̚ʓɧ�̤ˉɀʯɭɠʓ̯ɭ੔�Lancet�৕ੲড়৕৔ঢ়ੳ੕�৕ড়ৗં৙੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣̤৔৕৘৔઀৚৛ৗ৚ੲ৛ঢ়ੳঢ়৔৙ড়৔઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣̤৔৕৘৔઀৚৛ৗ৚ੲ৛ঢ়ੳঢ়৔৙ড়৔઀
৘৘.
ĉɀ̝ʓɀ͕ɀ�Û੓੔�!̸ʓ̯ɭˉɧɀʅ�f੓੔�vɀ̝ɀʓ̤�Ô੓੔�Ċ˝˝ɧ�
(੓੔��˝̤̯ʎ̸ʓͥɭˉ�E੓�ੲ৖৔৖৕ੳ੔�Ñ̝˝̤̚ɭɡ̯ʓ͔ɭ�̝ɭ͔ʓɭ͕�
˝ʄ�ɡ̯͛˝̯˝͚ʓɡ�̤ˉɀʯɭɠʓ̯ɭ�ɭˉ͔ɭˉ˝ʽɀ̯ʓ˝ˉ�ʓˉ�ɀ�
̚ɀɭɧʓɀ̯̝ʓɡ�̚˝̸̚ʴɀ̯ʓ˝ˉ੔�Toxicon�৕ঢ়৔੕�৛ৗં৛ড়੔�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৖৔੓৕৖੓৔৔ঢ়ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৖৔੓৕৖੓৔৔ঢ়.
ĉɭ̝ʎ˝ɭʄ�(੓੔�ĉʓ̤̤ɡʎɭ̝�i੓v੓੔�ĉ˝̤ʽɭɭ̝�"੓�ɭ̯�ɀʴ੓�
ੲ৖৔৕৛ੳ�.ˉʅʓˉɭɭ̝ɭɧ�ʄɀɡ̯˝̝�ďɀ�͔ɀ̝ʓɀˉ̯̤�̝ɭ̯ɀʓˉ�
̝̚˝ɡ˝ɀʅ̸ʴɀˉ̯�ɀɡ̯ʓ͔ʓ̯͛�ʓˉɧɭ̚ɭˉɧɭˉ̯�˝ʄ�ɧʓ̝ɭɡ̯�
ʄɀɡ̯˝̝�ďɀ�ʓˉʎʓɠʓ̯˝̝̤੓��Ȋ̵ׁ�$ʧʇʇ̂ʓׁ�ড়੔�৙৖ড়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৘৚৛઀৔৕৛઀৔৔৚৘৛઀ঢ়ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৘৚৛઀৔৕৛઀৔৔৚৘৛઀ঢ়.
ĉɭ̝ʓ̯ ੔͛�.੓.੓੔�Û̯ɭ͕ɀ̝̯੔�i੓੔�ĉɀˉɧɭˉɠɭ̝ʅ੔�i੓੔��ˉʅ੔�
"੓�୐�Ô˝ɡʯʽɀˉ੔�Û੓�ੲ৖৔৖৕ੳ੔�Ñ˝̯ɭˉɡ͛�̯ɭ̤̯ʓˉʅ�
͔ɭˉ˝ʽ̤�ɀˉɧ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤�ʓˉ�ɭʽɠ̝͛˝ˉɀ̯ɭɧ�
ɭс̤੕��ˉ�ɭ̯ʎʓɡɀʴ�ɀʴ̯ɭ̝ˉɀ̯ʓ͔ɭ�̯˝�ɀˉʓʽɀʴ�̯ɭ̤̯ʓˉʅ੓�
Toxins�ੲ!ɀ̤ɭʴੳ�৕ৗ੕�৕ં৕ৗ੓

Ċɭʴ̯˝ˉ�Ô੓.੓੔�Ċʓʴʴʓɀʽ̤�(੓f੓੔�mʓɭ͕�(੓�ੲ৖৔৕৚ੳ�
Rˉʫ̸̝͛�̯̝ɭˉɧ̤�ʄ̝˝ʽ�ɭˉ͔ɭˉ˝ʽʓˉʅ�ʓˉ��̸̤̯̝ɀʴʓɀ੔�
৖৔৔৔ં৖৔৕ৗ੓�Internal Medicine Journal�৘৛ੲ৖ੳ੕�
৕৛৔ં৕৛৚੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣ʓʽʫ੓৕ৗ৖ঢ়৛ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣ʓʽʫ੓৕ৗ৖ঢ়৛.
Ċʎʓ̯ɀʯɭ̝�Ñ੓!੓�ɀˉɧ�Ûʎʓˉɭ�Ô੓�ੲ৕ঢ়ঢ়ঢ়ੳ�Ôɭ̤̚˝ˉ̤ɭ̤�
˝ʄ�ʄ̝ɭɭ઀̝ɀˉʅʓˉʅ�ɠ̝˝͕ˉ̤ˉɀʯɭ̤�ੲPseudonaja 
textilis੕�.ʴɀ̚ʓɧɀɭੳ�̯˝�ɭˉɡ˝̸ˉ̯ɭ̝̤�͕ʓ̯ʎ�ʎ̸ʽɀˉ̤੔�
Wildlife Research�৖৚ੲ৙ੳ੕�৚ড়ঢ়ં৛৔৘੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔৛৕੣ĊÔঢ়ড়৔৘৖˝̝ʅ੣৕৔੓৕৔৛৕੣ĊÔঢ়ড়৔৘৖.
Ċʎʓ̯ɭ�f੓�ੲ৕ঢ়ঢ়৕ੳ�Ûˉɀʯɭɠʓ̯ɭ੕�ɀˉ��̸̤̯̝ɀʴʓɀˉ�
̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ੔�Journal of Wilderness Medicine 
৖ੲৗੳ੕�৖৕ঢ়ં৖৘৘੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৙ড়৔੣৔ঢ়৙ৗ઀ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৙ড়৔੣৔ঢ়৙ৗ઀
ঢ়ড়৙ঢ়઀৖੓ৗ੓৖৕ঢ়ঢ়ড়৙ঢ়઀৖੓ৗ੓৖৕ঢ়.
Ċʓʴʴʓɀʽ̤੔�(੓f੓੔�fɭˉ̤ɭˉ੔�Û੓(੓੔��ʓʽ˝̝ɀʯʓ˝̯ɀʯʓ̤੔�!੓੔�
v́ʴʴɭ ੔̝�Ô੓�୐�Ċʓˉʯɭʴ੔�i੓(੓�ੲ৖৔৔৛ੳ��ˉ̯ʓ͔ɭˉ˝ʽ�
̸̤ɭ੔�̝̚ɭʽɭɧʓɡɀ̯ʓ˝ˉ�ɀˉɧ�ɭɀ̝ʴ͛�ɀɧ͔ɭ̝̤ɭ�
̝ɭɀɡ̯ʓ˝ˉ̤�ʓˉ�̯ʎɭ�ʽɀˉɀʅɭʽɭˉ̯�˝ʄ�̤ˉɀʯɭ�ɠʓ̯ɭ̤�
ʓˉ�̸̝̝ɀʴ�Ñɀ̸̚ɀ��ɭ͕�E̸ʓˉɭɀ੓�Toxicon�৘ঢ়੔�
৛ড়৔ં৛ঢ়৖੓
�Ċʓʴʴʓɀʽ̤�(੓f੓੔�Mɀɠʓɠ��੓E੓੔�Ċɀ̝̝ɭʴʴ�(੓�੓�
ੲ৖৔৕ড়ੳ�"ʴʓˉʓɡɀʴ�̸̤̯ɧʓɭ̤�˝ʄ�̯ʎɭ�ɭаɭɡ̯ʓ͔ɭˉɭ̤̤�
ɀˉɧ�̤ɀʄɭ̯͛�˝ʄ�ɀˉ̯ʓ͔ɭˉ˝ʽ̤੓�Toxicon�৕৙৔੕�৕ં৕৔੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৕ড়੓৔৙੓৔৔৕ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯˝͚ʓɡ˝ˉ੓৖৔৕ড়੓৔৙੓৔৔৕.
Ċʓˉʯɭʴ੔�i੓(੓੔�vʓ̝̯̤ɡʎʓˉ੔�Ñ੓�୐�Ñɭɀ̝ˉ੔�f੓�ੲ৖৔৔৚ੳ੔�
æ͕ɭˉ̯ʓɭ̯ʎ�ɡɭˉ̸̯̝͛�̯˝͚ʓˉ˝ʴ˝ʅ͛�ɀˉɧ�ɀˉ̯ʓ͔ɭˉ˝ʽ�
ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ʓˉ��̸̤̯̝ɀʴʓɀ੓�Toxicon�৘ড়੔�
৛ৗড়ં৛৙৘੓
Ċ˝ʴʄɭ��੓i੓੔�Dʴɭʽʓˉʅ�Ñ੓�੓੔�!ɀ̯ɭʽɀˉ�Ñ੓Ċ੓�ੲ৖৔৖৔ੳ�
Ċʎɀ̯�̤ˉɀʯɭ�ʓ̤�̯ʎɀ̯ਗ਼�"˝ʽʽ˝ˉ��̸̤̯̝ɀʴʓɀˉ�
̤ˉɀʯɭ�̤̚ɭɡʓɭ̤�ɀ̝ɭ�ʄ̝ɭΌ̸ɭˉ̯ʴ͛�ʽʓ̤ʓɧɭˉ̯ʓпɭɧ�˝̝�
̸ˉʓɧɭˉ̯ʓпɭɧ੔�Human Dimensions of Wildlife 
৖৙ੲ৚ੳ੕�৙৕৛ં৙ৗ৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়৔੣৕৔ড়৛৕৖ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ড়৔੣৕৔ড়৛৕৖
৔ঢ়੓৖৔৖৔੓৕৛৚ঢ়৛৛ড়৔ঢ়੓৖৔৖৔੓৕৛৚ঢ়৛৛ড়.
Đɭʅɀ̚̚ɀˉ੔�Ô੓�ɭ̯�ɀʴ੓�ੲ৖৔৖৖ੳ�Ûˉɀʯɭ�ĉɭˉ˝ʽ�
M͛ɧ̝˝ʅɭʴ̤�ɀ̤�ɀ�̝ɀ̚ʓɧ�ʎɀɭʽ˝̤̯ɀ̯ʓɡ�ɀʅɭˉ̯�ʄ˝̝�
uncontrolled bleeding, Adv. Healthc. Mater. 
৖৖৔৔৙৛৘੔�৖৖৔৔৔৙৛৘੓
Ěɧɭˉɭʯ�"੓�੓੔�Mɀ͛�"੓੔��̝ɠ̸ɡʯʴɭ�i੓੔�fɀɡʯ̤˝ˉ�
æ੓�੓Ċ੓੔�!˝̤�v੓M੓�੓੔��̚�ɧɭˉ�!̝˝̸͕�!੓੔�
(ɭɠ˝ˉ˝�f੓੔��ʴʴɭˉ�m੓੔�(̸ˉ̤̯ɀˉ��੓੔�v˝̝ʴɭ͛�
æ੓੔�Mɭ̝̝ɭ̝ɀ�v੓੔�E̸̯ʓɱ̝̝ɭͥ�f੓v੓੔�Ċʓʴʴʓɀʽ̤�
(੓f੓੔�D̝͛�!੓E੓�ੲ৖৔৕ঢ়ੳ�"˝ɀʅ̸ʴ˝̯˝͚ʓɡ�ɭаɭɡ̯̤�
ɠ͛�ɠ̝˝͕ˉ�̤ˉɀʯɭ�ੲPseudonajaੳ�ɀˉɧ�̯ɀʓ̚ɀˉ�
ੲOxyuranusੳ�͔ɭˉ˝ʽ̤੔�ɀˉɧ�̯ʎɭ�ɭдɡɀɡ͛�˝ʄ�ɀ�
ˉɭ͕�ɀˉ̯ʓ͔ɭˉ˝ʽ੓�Toxicol In Vitro�৙ড়੕�ঢ়৛ં৕৔ঢ়੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯ʓ ੓͔৖৔৕ঢ়੓৔ৗ੓৔ৗ৕ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓̯ʓ ੓͔৖৔৕ঢ়੓৔ৗ੓৔ৗ৕.
Ěɧɭˉɭʯ੔�"੓��੓੔�Đ̋ ̸ˉʅʽɀˉ��੓f੓੔�Mɀ͛�"੓੔�
(˝ɠ̤˝ˉ�f੓੔�(̸ˉ̤̯ɀˉ��੓੔��ʴʴɭˉ�m੓੔�vʓʴɀˉ˝͔ʓɡ�
m੓੔�D̝͛�!੓E੓�ੲ৖৔৖৔ੳ��ˉ̯ʓɡ˝ɀʅ̸ʴɀˉ̯�ɀɡ̯ʓ͔ʓ̯͛�˝ʄ�
ɠʴɀɡʯ�̤ˉɀʯɭ�ੲ.ʴɀ̚ʓɧɀɭ੕�Pseudechisੳ�͔ɭˉ˝ʽ̤੕�
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vɭɡʎɀˉʓ̤ʽ̤੔�̚˝̯ɭˉɡ ੔͛�ɀˉɧ�ɀˉ̯ʓ͔ɭˉ˝ʽ�
ɭдɡɀɡ ੓͛�èʧ̤ɝȫʧɾׁ�oȷ˹̵ׁ�ৗৗ৔੕�৕৛৚ં৕ড়৘੓

Ěɧɭˉɭʯ�"੓�੓�ੲ৖৔৖৕ੳ�M˝͕�̯˝�̸̤̝͔ʓ͔ɭ�ɀ�
͔ɭˉ˝ʽ˝̸̤�̤ˉɀʯɭɠʓ̯ɭ૆ઃ૆ʄ̝˝ʽ�ɀ�̝̚˝ʄɭ̤̤ʓ˝ˉɀʴ�
͕ʎ˝ઑ̤�ɠɭɭˉ�ɠʓ̯̯ɭˉ�ɠɭʄ˝̝ɭ੓��!"�Ûɡʓɭˉɡɭ੔�ৗ৔�
�ɡ̯�৖৔৖৕੓
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��̤ɀʄɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̚ɀɡɭ�ʄ˝̝�ʎ̸ʽɀˉʓ̯͛੕�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�
̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�Eʴ˝ɠɀʴ�"ɀ̯ɀ̤̯̝˝̚ʎʓɡ�Ôʓ̤ʯ̤

mɭˉ�Dʓ̤ʎɭ̝ુa�ɀˉɧ��ˉɧɭ̝̤�Ûɀˉɧɠɭ̝ʅુb

aુÛɡʎ˝˝ʴ�˝ʄ�Ñʎ̤͛ʓɡ̤੔�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�!̝ʓ̤̯˝ʴ੔�íi੖�DÔÛ�
bુD̸̸̯̝ɭ�˝ʄ�M̸ʽɀˉʓ̯͛�Rˉ̤̯ʓ̸̯̯ɭ੔��͚ʄ˝̝ɧ�vɀ̝̯ʓˉ�Ûɡʎ˝˝ʴ੔�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ��͚ʄ˝̝ɧ੔�íi

aુ.઀ʽɀʓʴ੕�mɭˉ੓Dʓ̤ʎɭ̝୏ɠ̝ʓ̤̯˝ʴ੓ɀɡ੓̸ʯ

�ɠ̤̯̝ɀɡ̯
Юɭ�͕˝̝ʴɧ�ʄɀɡɭ̤�ɀ�ʽ̸ʴ̯ʓ̚ʴʓɡʓ̯͛�˝ʄ�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤�ੲE"Ô̤ੳ੔�͕ʎ˝̤ɭ�ʄ̸ˉɡ̯ʓ˝ˉɀʴʓ̯͛�ɀ̤�ʓˉɧʓ͔ʓɧ̸ɀʴ�
ɀˉɧ�ɡ˝ʴʴɭɡ̯ʓ͔ɭ�ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�ˉɭ̯͕˝̝ʯ̤�ੲ"��̤ੳ�̚˝̤ɭ̤�̸ˉʓΌ̸ɭ�̝̚˝ɠʴɭʽ̤�ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�ʓˉ�ɀ�͕˝̝ʴɧ�
̯ʎɀ̯�ʓ̯̤ɭʴʄ�ɡ˝ʽ̝̚ʓ̤ɭ̤�ɀˉ�ʓˉ̯̝ʓɡɀ̯ɭʴ͛�ʓˉ̯ɭ̝ʴʓˉʯɭɧ�̤ɭ̯�˝ʄ�"��̤੓�Mɭ̝ɭ�͕ɭ�ɭ͚ɀʽʓˉɭ�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�
ʄ˝̝�ˉɭ͕�ɀ̝̚̚˝ɀɡʎɭ̤�̯˝�ʅ˝͔ɭ̝ˉɀˉɡɭ�̯ʎɀ̯�̯ɀʯɭ�ɀɡɡ˝̸ˉ̯�˝ʄ�̯ʎɭ�ʯˉ˝͕ˉ�̝̚˝̚ɭ̝̯ʓɭ̤�˝ʄ�"��̤૆ઃ૆ɭ̤̚ɭɡʓɀʴʴ ੔͛�
̯ʎɀ̯�̤ʽɀʴʴ�ɡʎɀˉʅɭ̤�ʓˉ�˝ˉɭ�̚ɀ̝̯�˝ʄ�̯ʎɭ�̤̤̯͛ɭʽ�ɡɀˉ�ɡɀ̤ɡɀɧɭ�ɀˉɧ�ɀʽ̚ʴʓʄ͛�̯ʎ̝˝̸ʅʎ˝̸̯�̯ʎɭ�̤̤̯͛ɭʽ੔�ɀˉɧ�
̯ʎɀ̯�̯ʎɭ�̤̤̯͛ɭʽ�ɀ̤�ɀ�͕ʎ˝ʴɭ�ɡɀˉ�ɀʴ̤˝�̸ˉɧɭ̝ʅ˝�̝ɀ̚ʓɧ੔�ɧ̝ɀʽɀ̯ʓɡ�ɀˉɧ�˝оɭˉ�̸ˉ̝̚ɭɧʓɡ̯ɀɠʴɭ�ɡʎɀˉʅɭ�͕ʓ̯ʎ�
ʴʓ̯̯ʴɭ�˝̝�ˉ˝�͕ɀ̝ˉʓˉʅ੓

ਘાÔɭ̝̚ʓˉ̯ɭɧ�̸ ˉɧɭ̝�̯ ʎɭ�"̝ɭɀ̯ʓ͔ɭ�"˝ʽʽ˝ˉ̤��̯̯̝ʓɠ̸̯ʓ˝ˉ઀�˝ˉ"˝ʽʽɭ̝ɡʓɀʴ઀�˝(ɭ̝ʓ͔ɀ̯ʓ͔ɭ̤�৘੓৔�Rˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�ੲ""�
!Đઉ�"ઉ�(�৘੓৔ੳ੓��̝ʓʅʓˉɀʴ�ɡʓ̯ɀ̯ʓ˝ˉ੕�Dʓ̤ʎɭ ੔̝�m੓�୐�Ûɀˉɧɠɭ̝ʅ੔��੓�ੲ৖৔৖৖ੳ���Ûɀʄɭ�E˝͔ɭ̝ˉɀˉɡɭ�Û̚ɀɡɭ�ʄ˝̝�M̸ʽɀˉʓ̯͛੕�
�ɭɡɭ̤̤ɀ̝͛�"˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�̯ ʎɭ�E˝͔ɭ̝ˉɀˉɡɭ�̋ ʄ�Eʴ˝ɠɀʴ�"ɀ̯ɀ̤̯̝˝̚ʎʓɡ�Ôʓ̤ʯ̤੓�Global Policy੔�৔৔੔�ɭ৕ৗ৔ৗ৔੓��͔ɀʓʴɀɠʴɭ�ʄ̝˝ʽ੕�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣৕৛৙ড়઀৙ড়ঢ়ঢ়੓৕ৗ৔ৗ৔ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣৕৛৙ড়઀৙ড়ঢ়ঢ়੓৕ৗ৔ৗ৔

Rˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉৡ

vɀˉ͛�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ɡʎɭʽɭ̤�ʎɀ͔ɭ�ɠɭɭˉ�
̝̚˝̚˝̤ɭɧ� ʄ˝̝� ̯ʎɭ� ʽɀˉɀʅɭʽɭˉ̯� ˝ʄ�

ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤੔�ɧɭпˉɭɧ�ɠ͛�!˝̤-
̯̝˝ʽ�୐�#ʓ̝ʯ˝͔ʓɢ�ੲ৖৔৔ড়ੳ�ɀ̤�̤ʓ̸̯ɀ̯ʓ˝ˉ̤�̯ʎɀ̯�
઎ʎɀ͔ɭ�̯ ʎɭ�̚ ˝̯ɭˉ̯ʓɀʴ�̯ ˝�ʓˉрʓɡ̯�̤ ɭ̝ʓ˝̸̤�ɧɀʽɀʅɭ�
̯˝�ʎ̸ʽɀˉ�͕ɭʴʴ઀ɠɭʓˉʅ�˝ˉ�ɀ�ʅʴ˝ɠɀʴ�̤ɡɀʴɭ੓એ�Ċɭ�
ɀ̝ʅ̸ɭ�ʎɭ̝ɭ�̯ ʎɀ̯�̔ ˝̤̯�̋ ʄ�̯ ʎɭ̤ɭ�̤ ɡʎɭʽɭ̤�̤ ̸аɭ̝�
ʄ̝˝ʽ�ɀ�ʄɀ̯ɀʴ�ʴ˝ʅʓɡɀʴ�рɀ ੔͕�ʓˉ�̯ʎɀ̯�̯ʎɭ͛�ɠɭʅʓˉ�
͕ʓ̯ʎ�ɀ�ʄɀ͔˝̸̝ɭɧ�̤̤̯͛ɭʽ�˝ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ɀˉɧ�
ɀ̯̯ɭʽ̯̚�̯˝�ɀ̚̚ʴ͛�ʓ̯�̯˝�̯ʎɭ�͕˝̝ʴɧ�̤ʓ̸̯ɀ̯ʓ˝ˉ੔�
̝ɀ̯ʎɭ̝�̯ʎɀˉ�ɭ͚ɀʽʓˉʓˉʅ�̯ʎɭ�͕˝̝ʴɧ�̤ʓ̸̯ɀ̯ʓ˝ˉ�
ɀˉɧ�ɀ̤ʯʓˉʅ�͕ ʎɀ̯�̤ ̤̯͛ɭʽ�̋ ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̔ ʓʅʎ̯�
ɠɭ�̔ ˝̤̯�ɀ̝̚̚˝̝̚ʓɀ̯ɭ੓�Mɭ̝ɭ�͕ ɭ�ɀˉɀʴ͛ͥɭ�̤ ˝ʽɭ�
˝ʄ�̯ʎɭ�ʽɀʫ˝̝�̤ɡʎɭʽɭ̤�̯ʎɀ̯�ʎɀ͔ɭ�ɠɭɭˉ�̝̚˝-
̚˝̤ɭɧ੔�ɀˉɧ�ɀ̤ʯ�ʎ˝͕�̯ʎɭ͛�̤̯ɀɡʯ�̸̚�ɀʅɀʓˉ̤̯�
̯ʎɭ�ɡ̝ʓ̯ɭ̝ʓɀ�̝ɭΌ̸ʓ̝ɭɧ�ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�ʓˉ�̯ʎɭ�
ʄɀɡɭ�˝ʄ�̝ɭɀʴ઀͕˝̝ʴɧ�ɡ˝ʽ̚ʴɭ͚ʓ̯ ੓͛
�̸̝�ɀ̝ʅ̸ʽɭˉ̯�ʓ̤�ɧɭ͔ɭʴ˝̚ɭɧ�ʓˉ�ʄ˝̸̝�̤ ̯ɭ̤̚੕

৕੓� �� ɠ̝ʓɭʄ� ̝ɭ͔ʓɭ͕� ˝ʄ� ʅʴ˝ɠɀʴ� ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�
̝ʓ̤ʯ̤�ੲE"Ô̤ੳ�ɀˉɧ�̯ʎɭʓ̝�ʅ˝͔ɭ̝ˉɀˉɡɭ

৖੓� "˝ˉɡɭ̸̯̚ɀʴ�ʄ̝ɀʽʓˉʅ�˝ʄ�˝̸̝�̤˝ɡʓɀʴ઀ɭɡ˝-
ˉ˝ʽʓɡ઀ɭɡ˝ʴ˝ʅʓɡɀʴ�͕˝̝ʴɧ�ɀˉɧ�̯ʎɭ�̯ʎ̝ɭɀ̯̤�
̯ʎɀ̯� ɭˉɧɀˉʅɭ̝� ʓ̯� ɀ̤� ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�
ˉɭ̯͕˝̝ʯ̤�ੲ"��̤ੳ

ৗ੓� �ˉɀʴ̤͛ʓ̤�˝ʄ�̯ʎɭ�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�
̯ʎɭ� ɭаɭɡ̯ʓ͔ɭ� ʅ˝͔ɭ̝ˉɀˉɡɭ� ˝ʄ� E"Ô̤� ɀ̤�
"��̤

৘੓� .͔ɀʴ̸ɀ̯ʓ˝ˉ�˝ʄ�ɧʓаɭ̝ɭˉ̯�̝̚˝̚˝̤ɭɧ�ʄ˝̝ʽ̤�
˝ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�̯ʎ˝̤ɭ�ˉɭɡɭ̤-
sary conditions.

৕੓�Ñ̝ʓˉɡʓ̚ʴɭ̤�ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�Eʴ˝ɠɀʴ�
"ɀ̯ɀ̤̯̝˝̚ʎʓɡ�Ôʓ̤ʯ̤�ੲE"Ô̤ੳ

!˝̤̯̝˝ʽ�୐�#ʓ̝ʯ˝͔ʓɢઑ̤�ɧɭпˉʓ̯ʓ˝ˉ�˝ʄ�E"Ô̤�
̤̯ɀ̯ɭ̤�̯ʎɀ̯�̯ʎɭ͛�ʽ̸̤̯�ɠɭ�઎̤ɭ̝ʓ˝̸̤੔એ�ɠ̸̯�͕ʓ̯ʎ-
˝̸̯�ɧɭпˉʓˉʅ�̯ʎʓ̤�̯ɭ̝ʽ੓�Mɭ̝ɭ�͕ɭ�ɀɧ˝̯̚�ɀ�ɡ̝ʓ-
̯ɭ̝ʓ˝ˉ�̸̤сɭ̤̯ɭɧ�ɠ͛�̯ʎɭ�ɀ̸̯ʎ˝̝̤�̯ʎɭʽ̤ɭʴ͔ɭ̤੔�
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̯ʎɀ̯�ɀ�E"Ô�ʓ̤�̤ ɭ̝ʓ˝̸̤�ʓʄ�ʓ̯̤�ɡ˝ˉ̤ɭΌ̸ɭˉɡɭ̤�ɀ̝ɭ�
ʴʓʯɭʴ͛�ɀɧ͔ɭ̝̤ɭʴ͛�̯˝�ɀаɭɡ̯�̯ɭˉ̤�˝ʄ�ʽʓʴʴʓ˝ˉ̤�˝ʄ�
̚ɭ˝̚ʴɭ੔�˝̝�̯˝�ɡ˝̤̯�̯̝ʓʴʴʓ˝ˉ̤�˝ʄ�ੲí੓Û੓ੳ�ɧ˝ʴʴɀ̝̤੓
vɀˉ͛�ɡ̸̝̝ɭˉ̯�̋ ̝�ɹ ˝˝ʽʓˉʅ�ɭ͔ɭˉ̯̤�п̯�̯ ʎɭ̤ɭ�

ɡ˝ˉɧʓ̯ʓ˝ˉ̤੓�Ċɭ�ʎɀ͔ɭ�ɡ̸ʴʴɭɧ�ɀ�ੲˉ˝ˉ઀ɭ͚ʎɀ̸̤-
̯ʓ͔ɭੳ�ʴʓ̤̯�˝ʄ�̯ʎ˝̤ɭ�̯ʎɀ̯�ɀ̝ɭ�ɠɭʴʓɭ͔ɭɧ�ɠ͛�ʽɀˉ͛�
ɀ̸̯ʎ˝̝̤�̯˝�ɠɭ�ɀʽ˝ˉʅ�̯ʎɭ�ʽ˝̤̯�ʓʽ̚˝̝̯ɀˉ̯�
ʄ̝˝ʽ�̯ʎɭ�Ċ˝̝ʴɧ�.ɡ˝ˉ˝ʽʓɡ�D˝̸̝ʽ�Global 
Öɝˮɹˮ�Öȷˤʧ˧˹�ੲĊ˝̝ʴɧ�.ɡ˝ˉ˝ʽʓɡ�D˝̸̝ʽ੔�৖৔৖৔ੳ੔�
̯ʎɭ�Eʴ˝ɠɀʴ�"ʎɀʴʴɭˉʅɭ̤�D˝̸ˉɧɀ̯ʓ˝ˉ�Global 
$Ȋ̵Ȋˮ˹˧ʧˤɘɝȫ�Öɝˮɹˮ�ՒՐՒՐ�ੲEʴ˝ɠɀʴ�"ʎɀʴʴɭˉʅɭ̤�
D˝̸ˉɧɀ̯ʓ˝ˉ੔� ৖৔৖৔ੳ੔� ̯ʎɭ� Û̯˝ɡʯʎ˝ʴʽ� Ôɭ̤ʓʴ-
ʓɭˉɡɭ�"ɭˉ̯̝ɭ�̝ɭ͔ʓɭ͕�ÓɾȊʓȷ̵Ȋ˧̥�#ʧ̂ʓȱȊ˧ɝȷˮ׃�
Exploring the Safe Operating Space for Human-
ity�ੲÔ˝ɡʯ̤̯̝̅ʽ�et al.�ੲ৖৔৔ঢ়ੳ੔�̯ʎɭ�Rˉ̯ɭ̝ʅ˝͔-
ɭ̝ˉʽɭˉ̯ɀʴ�Ûɡʓɭˉɡɭ઀Ñ˝ʴʓɡ͛�Ñʴɀ̯ʄ˝̝ʽ�˝ˉ�!ʓ˝-
ɧʓ͔ɭ̝̤ʓ̯͛�ɀˉɧ�.ɡ˝̤̤̯͛ɭʽ�Ûɭ̝͔ʓɡɭ̤�ੲRÑ!.Û੔�
৖৔৕ঢ়ੳ੔�̯ʎɭ�Rˉ̯ɭ̝ʅ˝͔ɭ̝ˉʽɀˉ̯ɀʴ�Ñɀˉɭʴ�˝ˉ�"ʴʓ-
ʽɀ̯ɭ�"ʎɀˉʅɭ�৚̯ʎ��̤̤ɭ̤̤ʽɭˉ̯�Ôɭ̚˝̝̯�ੲRÑ""੔�
৖৔৖৕ੳ�ɀˉɧ�æ˝ɠ͛��̝ɧ�δȷ�Ó˧ȷȫɝˤɝȫȷ�ੲ�̝ɧ੔�৖৔৖৔ੳ੓�
�̸̝�ɡ̝ʓ̯ɭ̝ʓɀ�ʄ˝̝�ʓˉɡʴ̸̤ʓ˝ˉ�ɀ̝ɭ�̯ʎɀ̯�̯ʎɭ�̝ʓ̤ʯ�
ʎɀ̤�ɠɭɭˉ�ʓɧɭˉ̯ʓпɭɧ�ɠ͛�ʽ̸ʴ̯ʓ̚ʴɭ�̤˝̸̝ɡɭ̤�ɀ̤�
ɠɭʓˉʅ�ɀʽ˝ˉʅ�̯ʎɭ�ʽ˝̤̯�ʓʽ̚˝̝̯ɀˉ̯੔�ɀˉɧ�̯ʎɀ̯�
ɡʴɀʓʽ̤�ʄ˝̝�ʓ̯̤�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�ˉɀ̸̯̝ɭ�ɀ̝ɭ�ɠɀ̤ɭɧ�
˝ˉ�ʎɀ̝ɧ�ɭ͔ʓɧɭˉɡɭ੓
Ċɭ�͕ʓʴʴ�̤ʎ˝͕�̯ʎɀ̯�ʽ̸ɡʎ�˝ʄ�̯ʎɭ�̚˝͕ɭ̝�˝ʄ�

ɭɀɡʎ�̯ʎ̝ɭɀ̯�ɧɭ̝ʓ͔ɭ̤�ʄ̝˝ʽ�ʓ̯̤�ɠɭʓˉʅ�ɀ�ɡ˝ʽ-
̚˝ˉɭˉ̯�˝ʄ�ɀ�ɡ˝ʽ̚ʴɭ͚�ˉɭ̯͕˝̝ʯ੔�͕ʎ˝̤ɭ�˝̯ʎɭ̝�
ʽɭʽɠɭ̝̤�ʓˉɡʴ̸ɧɭ�̯ ʎɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ̤੔�ɡ˝ʽʽ̸ˉʓ-
̯ʓɭ̤�ɀˉɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�̯ ʎɀ̯�ɀ̝ɭ�̸ ˉɧɭ̝�̯ ʎ̝ɭɀ̯੓�
Юɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ�̯ʎ̝ɭɀ̯̤�ɀ̝ɭ�ɀʴ̤˝�ʴʓˉʯɭɧ�͕ʓ̯ʎ�
ɭɀɡʎ�̋ ̯ʎɭ̝�̯ ˝�ʄ˝̝ʽ�ɀˉ�̋ ͔ɭ̝઀ɀ̝ɡʎʓˉʅ�̄ ɭ̯͕˝̝ʯ�
͕ʎ˝̤ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ʽ̸̤̯�ɠɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�ɀ̤�ɀ�
͕ʎ˝ʴɭ੓
�̸̝�ˉ˝ˉ઀ɭ͚ʎɀ̸̤̯ʓ͔ɭ�ʴʓ̤̯�ɡ˝ʽ̝̚ʓ̤ɭ̤੕

Internal threats

৕੓� "ʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ
৖੓� m˝̤̤�˝ʄ�ɠʓ˝ɧʓ͔ɭ̝̤ʓ̯͛
ৗ੓� (ɭʅ̝ɀɧʓˉʅ� ɭˉ͔ʓ̝˝ˉʽɭˉ̯� ɀˉɧ� ̝ɭ̤˝̸̝ɡɭ�
ɧɭ̚ʴɭ̯ʓ˝ˉ

৘੓� D˝˝ɧ�ʓˉ̤ɭɡ̸̝ʓ̯͛

৙੓� Pandemics
৚੓� Ñ˝̸̚ʴɀ̯ʓ˝ˉ� ʓˉɡ̝ɭɀ̤ɭ�ɀˉɧ�̸̝ɠɀˉ�ɭ͚̚ɀˉ-

sion
৛੓� "˝ʴʴɀ̤̚ɭ�˝ʄ�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�ʅ˝͔ɭ̝ˉɀˉɡɭ
ড়੓� íˉɀʴʓʅˉɭɧ�ɀ̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ
ঢ়੓� "͛ɠɭ̝�̝ʓ̤ʯ̤
৕৔੓�Rˉɡ̝ɭɀ̤ʓˉʅ�̚˝ʴɀ̝ʓͥɀ̯ʓ˝ˉ�˝ʄ�̤˝ɡʓɭ̯ʓɭ̤
৕৕੓� Ôʓ̤ʓˉʅ�ɧʓ̤̚ɀ̝ʓ̯͛�˝ʄ�ʓˉɡ˝ʽɭ�ɀˉɧ�͕ɭɀʴ̯ʎ
৕৖੓�Ċɭɀ̚˝ˉ̤�˝ʄ�ʽɀ̤̤�ɧɭ̸̤̯̝ɡ̯ʓ˝ˉ
৕ৗ੓� E̝ɭɀ̯�̚˝͕ɭ̝�͕ɀ̝
৕৘੓�Eɭˉ˝ɡʓɧɀʴ�̯˝̯ɀʴʓ̯ɀ̝ʓɀˉʓ̤ʽ
৕৙੓�Ô̸ˉɀ͕ɀ͛�̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�ɧʓ̤ɀ̤̯ɭ̝̤੓

External threats

৕੓� �̤̯ɭ̝˝ʓɧ�ʓʽ̚ɀɡ̯
৖੓� Û̸̚ɭ̝͔˝ʴɡɀˉʓɡ�ɭ̸̝̯̚ʓ˝ˉ̤
ৗ੓� Eɭ˝ʽɀʅˉɭ̯ʓɡ�̤̯˝̝ʽ̤�ʅɭˉɭ̝ɀ̯ɭɧ�ɠ͛�̤˝ʴɀ̝�
̸̤̚ɭ̝рɀ̝ɭ̤੓

1.1 Governance principles for GCRs
�ˉ͛�̤ ̸ɡɡɭ̤̤ʄ̸ʴ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ ɡʎɭʽɭ�ʄ˝̝�E"Ô̤�
ʽ̸̤̯�̯ɀʯɭ�ʓˉ̯˝�ɀɡɡ˝̸ˉ̯�̯ʎɭʓ̝�͔ɀ̝ʓɀɠʓʴʓ̯͛�ʓˉ�
̤ɡ˝̚ɭ੔�̤ɭ͔ɭ̝ʓ̯͛�ɀˉɧ�̝̚˝ɠɀɠʓʴʓ̯͛�ੲ�͔ʓˉ�et al., 
৖৔৕ড়ੳ੓�Юɭ̝ɭ� ɀ̝ɭ� ̤̯̝˝ˉʅ� ɀ̝ʅ̸ʽɭˉ̯̤� ੲ�̝ɧ੔�
৖৔৖৔ੳ�ʄ˝̝�ʅʓ͔ʓˉʅ�ʎʓʅʎ�̝̚ʓ˝̝ʓ̯͛�̯˝�ɭ͚ʓ̤̯ɭˉ̯ʓɀʴ�
̝ʓ̤ʯ̤੔�ɭ͔ɭˉ�̯ʎ˝̤ɭ�͕ʓ̯ʎ�̝ɭʴɀ̯ʓ͔ɭʴ͛�ʴ˝͕�̝̚˝ɠ-
ɀɠʓʴʓ̯ ੓͛��̤�ɀˉ�ɀʓɧ�̯ ˝�̚ ̝ʓ˝̝ʓ̯ʓͥɀ̯ʓ˝ˉ੔�!˝̤̯̝˝ʽ�
ੲ৖৔৕ৗੳ�ʎɀ̤�̝̚˝̚˝̤ɭɧ�ɀ�઎̸̝ʴɭ�˝ʄ�̯ʎ̸ʽɠએ�max-
ɝˤʧɹ�̝̚ʓˉɡʓ̚ʴɭ੕�Maximise the probability of an 

“OK outcome,” where an OK outcome is any 
ʧ̂˹ȫʧʇȷ�˹ɘȊ˹�Ȋ̞ʧɝȱˮ�ȷ̤ɝˮ˹ȷʓ˹ɝȊɾ�ȫȊ̵Ȋˮ˹˧ʧˤɘȷ.
!˝̤̯̝˝ʽ�̚˝ʓˉ̯̤�˝̸̯�̯ʎɀ̯�̯ʎʓ̤�̝̚ʓˉɡʓ̚ʴɭ੔�

ɀʴ̯ʎ˝̸ʅʎ�̸̤̚ɭ̝пɡʓɀʴʴ͛�̤ʓʽʓʴɀ̝�̯˝�̯ʎɭ�͕ɭʴʴ઀
ʯˉ˝͕ˉ� maximin� ̝̚ʓˉɡʓ̚ʴɭ� ੲ઎ɡʎ˝˝̤ɭ� ̯ʎɭ�
ɀɡ̯ʓ˝ˉ� ̯ʎɀ̯� ʎɀ̤� ̯ʎɭ� ɠɭ̤̯� ͕˝̝̤̯઀ɡɀ̤ɭ� ˝̸̯-
ɡ˝ʽɭએੳ�ʓ̤�ʓˉ�ʄɀɡ̯�Ό̸ʓ̯ɭ�ɧʓаɭ̝ɭˉ̯�ʓˉ�̋ ̸̯ɡ˝ʽɭ੓�
Юɭ�ʽɀ͚ʓ̚˝ʯ�̝̚ʓˉɡʓ̚ʴɭ�̝̚˝ʽ˝̯ɭ̤�̝ɭʴɭ͔ɀˉ̯�
ɀɡ̯ʓ˝ˉ੔�͕ ʎʓʴɭ�̯ ʎɭ�̔ ɀ͚ʓʽʓˉ�̚ ̝ʓˉɡʓ̚ʴɭ�ʓ̤�̋ ̚ɭˉ�
̯˝�̯ ʎɭ�ʓˉ̯ɭ̝̝̚ɭ̯ɀ̯ʓ˝ˉ�̯ ʎɀ̯੔�ʓˉ�̯ ʎɭ�ʄɀɡɭ�̋ ʄ�ɭ͚ʓ̤-
̯ɭˉ̯ʓɀʴ�̝ʓ̤ʯ੔�઎͕ɭ�˝̸ʅʎ̯�ɀʴʴ�̯˝�̤̯ɀ̝̯�̚ɀ̝̯͛ʓˉʅ�
ɀ̤�ʓʄ�̯ʎɭ̝ɭ�͕ɭ̝ɭ�ˉ˝�̯˝ʽ˝̝̝˝ ੓͕એ
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Юɭ�ʽɀ͚ʓʽʓˉ�̝̚ʓˉɡʓ̚ʴɭ�ˉɭ͔ɭ̝̯ʎɭʴɭ̤̤�ʎɀ̤�
̤˝ʽɭ�ʽɭ̝ʓ̯�ʄ˝̝�ʴɭ̤̤ɭ ੔̝�ɠ̸̯�̤̯ʓʴʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ੔�
̝ʓ̤ʯ̤੔�̤˝�ʴ˝ˉʅ�ɀ̤�̯ʎɭ̝ɭ�ʓ̤�ɭˉ˝̸ʅʎ�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�ʄ˝̝�̯ʎɭ�ɠɭ̤̯�͕˝̝̤̯઀ɡɀ̤ɭ�˝̸̯ɡ˝ʽɭ�̯˝�ɠɭ�
̝ɭʴʓɀɠʴ͛�ɀ̤̤ɭ̤̤ɭɧ�ੲɭ੓ʅ੓�!˝ʅˉɀ ੔̝�৖৔৕৕੖�Û̸ˉ̤̯ɭʓˉ੔�
৖৔৕ঢ়ੳ੓�Rʄ�̯ʎʓ̤�ʓ̤�ˉ˝̯�̯ʎɭ�ɡɀ̤ɭ੔�̯ʎɭˉ�̯ʎɭ�precau-
tionary principle�ɡ˝ʽɭ̤�ʓˉ̯˝�̚ʴɀ ੓͛�Юɭ�̝̚ʓˉɡʓ-
̚ʴɭ�ʎɀ̤�ɠɭɭˉ�ʄ˝̝ʽ̸ʴɀ̯ɭɧ�ʓˉ�ɀ�ˉ̸ʽɠɭ̝�˝ʄ�ɧʓʄ-
ʄɭ̝ɭˉ̯�͕ ɀ̤͛�ੲ̝ɭʄɭ̝ɭˉɡɭ̤�ʓˉ�"ʴɀ̝ʯɭ੔�৖৔৔৙ੳ੔�ɀˉɧ�
ʽɀ͛�ɠɭ�ɭ͚ɭʽ̚ʴʓпɭɧ�ɠ͛�̯ʎɭ�ɡʴ˝̤ʓˉʅ�vʓˉʓ̤̯ɭ-
̝ʓɀʴ�(ɭɡʴɀ̝ɀ̯ʓ˝ˉ�ʄ̝˝ʽ�̯ʎɭ�íˉʓ̯ɭɧ��ɀ̯ʓ˝ˉ̤�
.ɡ˝ˉ˝ʽʓɡ�"˝ˉʄɭ̝ɭˉɡɭ�ʄ˝̝�.̸̝˝̚ɭ�ʓˉ�৕ঢ়ঢ়৔੔�
͕ʎʓɡʎ�̤̯ɀ̯ɭ̤�̯ʎɀ̯�઎Ċʎɭˉ�̯ʎɭ̝ɭ�ɀ̝ɭ�̯ʎ̝ɭɀ̯̤�
˝ʄ�̤ɭ̝ʓ˝̸̤�˝̝�ʓ̝̝ɭ͔ɭ̝̤ʓɠʴɭ�ɧɀʽɀʅɭ੔�ʴɀɡʯ�˝ʄ�
ʄ̸ʴʴ�̤ɡʓɭˉ̯ʓпɡ�ɡɭ̝̯ɀʓˉ̯͛�̤ʎ˝̸ʴɧ�ˉ˝̯�ɠɭ�̸̤ɭɧ�
ɀ̤�ɀ�̝ɭɀ̤˝ˉ�ʄ˝̝�̚˝̤̯̚˝ˉʓˉʅ�ʽɭɀ̸̤̝ɭ̤�̯˝�̝̚ɭ-
͔ɭˉ̯�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ɧɭʅ̝ɀɧɀ̯ʓ˝ˉએ�ੲΌ̸˝̯ɭɧ�ʓˉ�
Û̸ˉ̤̯ɭʓˉ੔�৖৔৔৛ੳ੓
Юɭ�̚ ̝ɭɡɀ̸̯ʓ˝ˉɀ̝͛�̚ ̝ʓˉɡʓ̚ʴɭ�ʎɀ̤�ɠɭɭˉ�̯ ʎɭ�

̸̤ɠʫɭɡ̯�̋ ʄ�ɭ͚̯ɭˉ̤ʓ͔ɭ�̚ ʎʓʴ˝̤˝̚ʎʓɡɀʴ�ɀˉɧ�̚ ˝ʴʓ̯-
ʓɡɀʴ�ɧɭɠɀ̯ɭ�ੲÔɭɀɧ�୐��ઑÔʓ˝̝ɧɀˉ੔�৖৔৕৛ੳ੓�Dɀʓʴ-
̸̝ɭ�̯˝�ɀ̚̚ʴ͛�ʓ̯�ɀ̯�̯ʎɭ�̤̯ɀ̝̯�˝ʄ�̯ʎɭ�"�ĉR(઀
৕ঢ়�̚ɀˉɧɭʽʓɡ�ʽɀ͛�ʎɀ͔ɭ�ɠɭɭˉ�̝ɭ̤̚˝ˉ̤ʓɠʴɭ�ʄ˝̝�
ʽɀˉ͛�ɭ͚ɡɭ̤̤�ɧɭɀ̯ʎ̤�ੲ!ɀ̤ʓʴʓ੔�৖৔৕ঢ়ੳ੔�ɠ̸̯� ʓ̯̤�
ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ�ɹ ɀ̯ɭ̝�ʓˉ�̯ ʎɭ�̚ ɀˉɧɭʽʓɡ੔�͕ ʎɭˉ�̯ ʎɭ�
ɧɀˉʅɭ̝̤�˝ʄ�̯ʎɭ��̤̯̝ɀĚɭˉɭɡɀ�͔ɀɡɡʓˉɭ�ɡɀʽɭ�
ʓˉ̯˝� Ό̸ɭ̤̯ʓ˝ˉ੔�ʽɀ͛� ɀʴ̤˝� ʎɀ͔ɭ� ̝ɭ̸̤ʴ̯ɭɧ� ʓˉ�
ɭ͚ɡɭ̤̤�ɧɭɀ̯ʎ̤�ੲDɀ̝ɀˉɧɀ�et al.੔�৖৔৖৕ੳ੓�"ʴɀ̝ʯɭ�
ੲ৖৔৔৙ੳ�ɀʴ̤˝�̚ ˝ʓˉ̯̤�̋ ̸̯�̯ ʎɀ̯�̯ ʎɭ�̚ ̝ɭɡɀ̸̯ʓ˝ˉɀ̝͛�
̝̚ʓˉɡʓ̚ʴɭ੔�ɀ̤�ɡ˝ʽʽ˝ˉʴ͛�ʄ˝̝ʽ̸ʴɀ̯ɭɧ੔�ɹ ɭɀɧ̤�̯ ˝�
ɀ�̚ɀ̝ɀɧ˝͚੓�R̯�̸̤сɭ̤̯̤੔�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʎ˝ʴɧʓˉʅ�
ɠɀɡʯ�˝ˉ�઎̝ʓ̤ʯ͛એ�̝ɭ̤ɭɀ̝ɡʎ�ʓˉ�̤˝ʽɭ�ɀ̝ɭɀ̤੓�!̸̯�
͕ʎɀ̯�ʓʄ�̯ ʎɀ̯�̝ ɭ̤ɭɀ̝ɡʎ�̚ ̝˝͔ʓɧɭ̤�̯ ʎɭ�̋ ˉʴ͛�̝ ˝̸̯ɭ�
̯˝�ɀˉ�ɭ͔ɭˉ̸̯ɀʴ�̤˝ʴ̸̯ʓ˝ˉਗ਼
Û̸ˉ̤̯ɭʓˉ�ੲ৖৔৔৛ੳ�ʎɀ̤�̸̤сɭ̤̯ɭɧ�ɀ�̤̯̝˝ˉʅɭ̝�

ʄ˝̝ʽ�˝ʄ�̯ʎɭ�̝̚ʓˉɡʓ̚ʴɭ੔�ʓˉ�̯ʎɭ�ʄ˝̝ʽ�˝ʄ�̯ʎɭ�
$Ȋ̵Ȋˮ˹˧ʧˤɘɝȫ�OȊ˧ʇ�Ó˧ȷȫȊ̂˹ɝʧʓȊ˧̥� Ó˧ɝʓȫɝˤɾȷ: 
઎Ċʎɭˉ�̝ʓ̤ʯ̤�ʎɀ͔ɭ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�͕˝̝̤̯઀ɡɀ̤ɭ�
̤ɡɭˉɀ̝ʓ˝̤੔� ʓ̯� ʽɀʯɭ̤� ̤ɭˉ̤ɭ� ̯˝� ̚ɀ͛� ̤̚ɭɡʓɀʴ�
ɀ̯̯ɭˉ̯ʓ˝ˉ�̯˝�̯ʎ˝̤ɭ�̝ʓ̤ʯ̤੔�ɭ͔ɭˉ�͕ʎɭˉ�ɭ͚ʓ̤̯-
ʓˉʅ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɧ˝ɭ̤�ˉ˝̯�ɭˉɀɠʴɭ�̝ɭʅ̸ʴɀ̯˝̝̤�
̯˝�ʽɀʯɭ� ɀ� ̝ɭʴʓɀɠʴɭ� ʫ̸ɧʅɭʽɭˉ̯� ɀɠ˝̸̯� ̯ʎɭ�

̝̚˝ɠɀɠʓʴʓ̯͛�̯ʎɀ̯�̯ʎɭ�͕˝̝̤̯઀ɡɀ̤ɭ�̤ɡɭˉɀ̝ʓ˝̤�
͕ʓʴʴ�˝ɡɡ̸ ੓̝એ
�ˉɭ�͕ɀ͛�˝ʄ�̚ɀ͛ʓˉʅ�̤̚ɭɡʓɀʴ�ɀ̯̯ɭˉ̯ʓ˝ˉ�̯˝�

ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤�ʓ̤�͕ʎɀ̯�æ̸̝ɡʎʓˉ�ੲ৖৔৕ড়ੳ�
ɡɀʴʴ̤�̯ʎɭ�઎Ñʴɀˉ��੔�Ñʴɀˉ�!એ�ʽ˝ɧɭʴ੓�Rˉ�̯ʎʓ̤�
ɧ̸ɀʴ�ɀ̝̚̚˝ɀɡʎ੔�Ñʴɀˉ�!�ʓ̤�઎ɀ�ɠɀɡʯ̸̚�˝̯̚ʓ˝ˉ੔�
ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ʓʄ�Ñʴɀˉ���ʄɀʓʴ̤੓�Rˉ�̯ʎɭ�ɡɀ̤ɭ�˝ʄ�
ʅʴ˝ɠɀʴ�̝ʓ̤ʯ̤੔�Ñʴɀˉ���ʓ̤�ʓˉ̯ɭˉɧɭɧ�̯˝�̝̚ɭ͔ɭˉ̯�
ɀ�ɡɀ̯ɀ̤̯̝˝̚ʎɭ�ɀˉɧ�Ñʴɀˉ�!�̯˝�̸̤̝͔ʓ͔ɭ�ʓ̯૆੗૆੓એ�
æ̸̝ɡʎʓˉ�ɡʴɀʓʽ̤�̯ʎɀ̯�̯ʎʓ̤�ʽ˝ɧɭʴ�ʎɀ̤�઎̤ʎ˝͕ˉ�
ʓ̯̤� ɭаɭɡ̯ʓ͔ɭˉɭ̤̤� ʓˉ� ̚ʴɀˉˉʓˉʅ� ɀɡ̯ʓ˝ˉ̤� ʓˉ�
̸ˉ̝̚ɭɧʓɡ̯ɀɠʴɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓એ��̯ʎɭ̝�̔ ˝ɧɭʴ̤�
̯ʎɀ̯�̔ ɀʯɭ�̤ ʓʽʓʴɀ̝�ɡʴɀʓʽ̤�ɀ̝ɭ�̯ ʎ˝̤ɭ�ɠɀ̤ɭɧ�̋ ˉ�
̝ɭ̤ʓʴʓɭˉɡɭ�ੲD˝ʴʯɭ�et al.੔�৖৔৕৔ੳ੔�̸̤̤̯ɀʓˉɀɠʓʴʓ̯͛�
ੲ!̸̝ɡʎ�et al.੔�৖৔৕ঢ়ੳ੔�̋ ̝�̯ ʎɭ�̚ ̝ʓʽɀɡ͛�̋ ʄ�ʎ̸ʽɀˉ�
̝ʓʅʎ̯̤�ੲĉ˝ɭˉɭʯ͛�৖৔৕ঢ়ੳ੓
�� ̤ʓʽʓʴɀ ੔̝� ɠ̸̯� ʽ˝̝ɭ� ̸̤ɠ̯ʴɭ੔� ̤ɡʎɭʽɭ�

ʎɀ̤� ɠɭɭˉ� ̝̚˝̚˝̤ɭɧ� ɠ͛�"˝̯̯˝ˉ઀!ɀ̝̝ɀ̯̯� et 
al.�ੲ৖৔৖৔ੳ�ɀ̤�ɀ�઎(ɭʄɭˉɡɭ�ʓˉ�(ɭ̯̚ʎએ�ɀʅɀʓˉ̤̯�
ʎ̸ʽɀˉ� ɭ͚̯ʓˉɡ̯ʓ˝ˉ੓� Rˉ� ̯ʎʓ̤� ̤ɡʎɭʽɭ੔� ̯ʎ̝ɭɭ�
̤ɭΌ̸ɭˉ̯ʓɀʴ� ʴɀ͛ɭ̝̤�˝ʄ�̝̚˝̯ɭɡ̯ʓ˝ˉ�̝̚˝͔ʓɧɭ�ɀ�
ɧɭʄɭˉ̤ʓ͔ɭ�̸̤̯̝ɡ̸̯̝ɭ੔�ʓˉ�̯ʎɭ�ʽɀˉˉɭ̝�˝ʄ�̯ʎɭ�
ɡ˝ˉɡɭˉ̯̝ʓɡ�ɧɭʄɭˉɡɭ̤�˝ʄ�ɀ�ʽɭɧʓɀɭ͔ɀʴ�ɡɀ̤̯ʴɭ�
ੲDɀ̸ʴʯˉɭ ੔̝� ৕ঢ়৚ৗੳ੓�Юɭ� ʴɀ͛ɭ̝̤� ʎɭ̝ɭ� ɀ̝ɭ�Ñ̝ɭ-
͔ɭˉ̯ʓ˝ˉ੔�Ôɭ̤̚˝ˉ̤ɭ�ɀˉɧ�Ôɭ̤ʓʴʓɭˉɡɭ੔�͕ʓ̯ʎ�̯ʎɭ�
ʓˉˉɭ̝�ʴɀ͛ɭ̝�˝ʄ�̝ɭ̤ʓʴʓɭˉɡɭ�ɭ̤̚ɭɡʓɀʴʴ͛�ɀɡ̯ʓˉʅ�̯˝�
̝̚ɭ͔ɭˉ̯�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎɭ̤�ʄ̝˝ʽ�ɠɭɡ˝ʽʓˉʅ�
ɭ͚̯ʓˉɡ̯ʓ˝ˉ�ɡɀ̯ɀ̤̯̝˝̚ʎɭ̤੓
�ʴʴ�̋ ʄ�̯ ʎɭ̤ɭ�̤ ɡʎɭʽɭ̤੔�ɀˉɧ�̋ ̯ʎɭ̝̤�̯ ʎɀ̯�ʎɀ͔ɭ�

ɠɭɭˉ�̸̤сɭ̤̯ɭɧ�ʓˉ�̯ʎɭ�͔ɭ̝͛�ʴɀ̝ʅɭ�ʴʓ̯ɭ̝ɀ̸̯̝ɭ�
˝ˉ�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤� ੲɡʄ੓�!ɀ̸ʽ�୐�
Mɀˉɧ˝ʎ੔�৖৔৕৘੖�!ɀ̸ʽ�୐�!ɀ̝̝ɭ̯̯੔�৖৔৕ড়੖�Eɀʴɀͥ੔�
৖৔৕ঢ়ੳ�ɀˉɧ�ʅʴ˝ɠɀʴ�̤̤̯͛ɭʽʓɡ�̝ʓ̤ʯ̤�ੲ"ɭˉ̯ɭˉ˝�
et al.੔�৖৔৕৙ੳ�ɡ˝ʽɭ�͕ʓ̯ʎ�Ό̸ɭ̤̯ʓ˝ˉ�ʽɀ̝ʯ̤�ɀ̤�
to when�̯ʎɭ͛�̤ʎ˝̸ʴɧ�ɠɭ�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ɀˉɧ�
to how�̯ʎɭ͛�̤ʎ˝̸ʴɧ�ɠɭ�ʓʽ̚ʴɭʽɭˉ̯ɭɧ੓�Û̸ˉ-
̤̯ɭʓˉ�ੲ৖৔৔৛ੳ੔�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�ɀɧʽʓ̯̤�̯ʎɀ̯�̯ʎɭ�
"ɀ̯ɀ̤̯̝˝̚ʎʓɡ�Mɀ̝ʽ�Ñ̝ɭɡɀ̸̯ʓ˝ˉɀ̝͛�Ñ̝ʓˉɡʓ̚ʴɭ�
ʓ̤�઎ʴɀʽɭˉ̯ɀɠʴ͛�͔ɀʅ̸ɭએ�ʓˉ�̯ʎɭ̤ɭ�̝ɭʅɀ̝ɧ̤੓�R̯�
ɧ˝ɭ̤�̄ ˝̯�઎̤̚ɭɡʓʄ͛�̯ ʎɭ�̯ ʎ̝ɭ̤ʎ˝ʴɧ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�
̯ʎɀ̯�͕˝̸ʴɧ�̯̝ʓсɭ̝�̯ʎɭ�̝̚ʓˉɡʓ̚ʴɭ੖�̯ʎɭ�̝˝ʴɭ�˝ʄ�
ɡ˝̤̯̤੖�ɀˉɧ�ʎ˝͕�̝ɭʅ̸ʴɀ̯˝̝̤�̤ʎ˝̸ʴɧ�ʓˉɡ˝̝̚˝-
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̝ɀ̯ɭ�͕ʎɀ̯ɭ͔ɭ̝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭ͚ʓ̤̯̤�ɀɠ˝̸̯�̯ʎɭ�
̝̚˝ɠɀɠʓʴʓ̯͛�˝ʄ�ɡɀ̯ɀ̤̯̝˝̚ʎɭ੓એ
Dɀɠɭ̝�ੲ৖৔৕৕ੳ�˝аɭ̝̤�ɀ�̤̚ɭɡʓпɡ�ʄ̝ɀʽɭ͕˝̝ʯ�

ʓˉ�̝ɭ̤̚˝ˉ̤ɭ�̯˝�̯ʎɭ̤ɭ�Ό̸ɭ̤̯ʓ˝ˉ̤੓��ɡɡ˝̝ɧʓˉʅ�
̯˝�̯ʎʓ̤�ʄ̝ɀʽɭ͕˝̝ʯ੔�̤ɡʎɭʽɭ̤�ʄ˝̝�̯ʎɭ�ʽɀˉɀʅɭ-
ʽɭˉ̯�˝ʄ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤�ʽ̸̤̯�ʄ̸ʴпʴ�̯ʎɭ�
ʄ˝ʴʴ˝͕ʓˉʅ�̯ɭˉ�̝̚ɀɡ̯ʓɡɀʴ�̝ɭΌ̸ʓ̝ɭʽɭˉ̯̤੕
৕੓� ʄɀɡʓʴʓ̯ɀ̯ɭ�ʽ˝ɧɭʴʴʓˉʅ�˝ʄ�̯ʎɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�
̤̤̯͛ɭʽ�̤ ̸ɡʎ�̯ ʎɀ̯�ɀʴʴ�̝ ɭʴɭ͔ɀˉ̯�ɭ͔ɭˉ̯̤�ɹ ɭɀɧ-
ʓˉʅ�̯ ˝�ɹ ˝̤̤ɭ̤�̔ ɀ͛�ɠɭ�̝ ɭ̝̚ɭ̤ɭˉ̯ɭɧ�̯ ˝ʅɭ̯ʎɭ̝�
͕ʓ̯ʎ�̯ʎɭʓ̝�ʓˉ̯ɭ̝ɧɭ̚ɭˉɧɭˉɡʓɭ̤

৖੓� ɡ˝ˉ̤ʓ̤̯ɭˉ̯ʴ͛� ɀɡɡ˝̸ˉ̯� ʄ˝̝� ̯ʎɭ� ʴɭ͔ɭʴ� ˝ʄ�
ɀ͔ɀʓʴɀɠʴɭ�ʯˉ˝͕ʴɭɧʅɭ�ɀ̤�͕ɭʴʴ�ɀ̤�ˉɀ̸̯̝ɀʴ�
͔ɀ̝ʓɀɠʓʴʓ̯͛

ৗ੓� ʄɀɡʓʴʓ̯ɀ̯ɭ�ɧɭɡʓ̤ʓ˝ˉ�ʽɀʯʓˉʅ�ɀ̯�ɀ�̤ɡɀʴɭ�˝ʄ�
̤̤̯͛ɭʽ�̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ�ˉɭɡɭ̤̤ɀ̝͛�̯˝�̸̤̚-
̚˝̝̯�̯ʎɭ�ɧɭɡʓ̤ʓ˝ˉ̤�ʓˉ�Ό̸ɭ̤̯ʓ˝ˉ

৘੓� Ό̸ɀˉ̯ʓʄ͛�̝ʓ̤ʯ̤�ʓˉ�ɀ�ʽɀ̝ʅʓˉɀʴ�ɀ̤�͕ɭʴʴ�ɀ̤�ɀ�
ˉ˝ˉ઀ʽɀ̝ʅʓˉɀʴ�̤ɭˉ̤ɭ੖�ʓ੓ɭ੓੔�ɠɭ�ɀɠʴɭ�̯˝�̝ɭ̚-
̝ɭ̤ɭˉ̯�̯ʎɭ�ɭаɭɡ̯�˝ʄ�ʴ˝̤̤ɭ̤�ɧ̸ɭ�̯˝�ɀ�ʅʓ͔ɭˉ�
ɭ͔ɭˉ̯�̋ ˉ�ɭɡ˝ˉ˝ʽʓɡ�ʅ̝˝͕̯ʎ�ɀˉɧ�̯ ʎɭ�ɹ ʓ͔ʓˉʅ�
ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�ʄ̸̸̯̝ɭ�ʅɭˉɭ̝ɀ̯ʓ˝ˉ̤

৙੓� ̤̚ɭɡʓпɡɀʴʴ͛�ɀɧɧ̝ɭ̤̤�ɧɭɡʓ̤ʓ˝ˉ�ʽɀʯʓˉʅ�ʓˉ�
̯ʎɭ�̤ʓ̸̯ɀ̯ʓ˝ˉ̤�ɠɭʄ˝̝ɭ੔�ɧ̸̝ʓˉʅ�ɀˉɧ�ɀоɭ̝�
ʎɀͥɀ̝ɧ�ɭ͔ɭˉ̯̤

৚੓� ʄɀɡʓʴʓ̯ɀ̯ɭ� ̤̯ɀˉɧɀ̝ɧʓ̤ɭɧ� ̝̚˝ɡɭɧ̸̝ɭ̤� ʄ˝̝�
̤̤̯͛ɭʽ̤�̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ̤� ʓˉ� ̝ʓ̤ʯ�ɀ̤̤ɭ̤̤-
ments

৛੓� ɀɡɡ˝̸ˉ̯�ʄ˝̝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�͕ʎʓɡʎ�ʽʓʅʎ̯�
ɠɭɡ˝ʽɭ�ɀ͔ɀʓʴɀɠʴɭ�ʓˉ�̯ ʎɭ�ʄ̸̸̯̝ɭ�ɀˉɧ�ʄɀɡʓʴʓ-
̯ɀ̯ɭ�̯ ʎɀ̯�̋ ̯̚ʓ˝ˉ̤�ʄ˝̝�ʄ̸̸̯̝ɭ�ɧɭɡʓ̤ʓ˝ˉ̤�ɀ̝ɭ�
ʓˉɡʴ̸ɧɭɧ�ʓˉ�̯ʎɭ�ɧɭɡʓ̤ʓ˝ˉ�˝̯̚ʓʽʓ̤ɀ̯ʓ˝ˉ

ড়੓� ʄɀɡʓʴʓ̯ɀ̯ɭ� ʄ˝̝� ɡ˝ˉ̤ʓ̤̯ɭˉ̯� ̝ʓ̤ʯ� ɀс̝ɭʅɀ-
̯ʓ˝ˉ� ͕ʎɭ̝ɭɠ͛� ʓ̯� ʓ̤� ɭˉ̸̤̝ɭɧ� ̯ʎɀ̯� ̯ʎɭ�
̝ɭ̸̤ʴ̯̤�˝ʄ�ʓˉɧɭ̚ɭˉɧɭˉ̯ʴ͛�̚ɭ̝ʄ˝̝ʽɭɧ�̝ʓ̤ʯ�
ɀ̤̤ɭ̤̤ʽɭˉ̯̤� ɡɀˉ� ɠɭ� ɀ̚̚ʴʓɭɧ� ̯˝� ɀ̤̤ɭ̤̤�
ɀˉɧ�ʽɀˉɀʅɭ�̯ʎɭ�̝ʓ̤ʯ�ʓˉ�ʴɀ̝ʅɭ̝�ɡ˝ˉ̯ɭ͚̯઀
̚˝̝̯ʄ˝ʴʓ˝̤�

ঢ়੓� ʄɀɡʓʴʓ̯ɀ̯ɭ�ɧɭɡʓ̤ʓ˝ˉ�˝̯̚ʓʽʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�̯ʎɭ�
ɀ̤̤ɭ̤̤ʽɭˉ̯�˝ʄ�̯ʎɭ�ɀɡɡɭ̯̚ɀɠʓʴʓ̯͛�˝ʄ�ɧɭɡʓ-
sions

৕৔੓� ɭˉʎɀˉɡɭ�̝ʓ̤ʯ�ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�ɀˉɧ�̝ʓ̤ʯ�
management documentation.

Юɭ̤ɭ�ʅɭˉɭ̝ɀʴ�̝̚ʓˉɡʓ̚ʴɭ̤�ʄ˝̝�̝ʓ̤ʯ�ʽɀˉɀʅɭ-
ʽɭˉ̯�ɀ̚̚ʴ͛�̯˝�ɀʴʴ�̯͛̚ɭ̤�˝ʄ�̤̤̯͛ɭʽ੓�Ċɭ�ˉ˝͕�
̤ʎ˝͕�ʎ˝͕�̯ʎɭ͛�ɭʽɭ̝ʅɭ�ˉɀ̸̯̝ɀʴʴ͛�ɀ̤�ʅɭˉɭ̝ɀʴ�
̝̚ʓˉɡʓ̚ʴɭ̤�ʄ˝̝�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ɡ˝ʽ̚ʴɭ͚�
ɀɧɀ̯̚ʓ͔ɭ�̤̤̯͛ɭʽ̤�ੲ"�Ûੳ੓

৖੓�"˝ˉɡɭ̸̯̚ɀʴ�ʄ̝ɀʽʓˉʅ�˝ʄ�̯ʎɭ�͕˝̝ʴɧ�ɀˉɧ�
E"Ô̤�ɀ̤�ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�ˉɭ̯͕˝̝ʯ̤
Юɭ�ɡ˝ˉɡɭ̸̯̚ɀʴ�ʄ̝ɀʽʓˉʅ�˝ʄ�˝̸̝�ʅʴ˝ɠɀʴ�̤˝ɡʓ˝઀�
ੲɭɡ˝ˉ˝ʽʓɡੳ઀ɭɡ˝ʴ˝ʅʓɡɀʴ� ̤̤̯͛ɭʽ� ੲÛ.Ûੳ� ɀ̤� ɀ�
ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�̄ ɭ̯͕˝̝ʯ�ੲ"��ੳ੔�ʓˉ�͕ ʎʓɡʎ�
̯ʎɭ�ɡ˝ʽ̚˝ˉɭˉ̯̤�ʓˉ̯ɭ̝ɀɡ̯�ʓˉ�̄ ˝ˉ઀ʴʓˉɭɀ̝�͕ ɀ̤͛੔�
͕ʓ̯ʎ�ʽɀˉ͛�̚˝̤ʓ̯ʓ͔ɭ�ɀˉɧ�ˉɭʅɀ̯ʓ͔ɭ�ʄɭɭɧɠɀɡʯ�
ʴ˝˝̤̚੔� ͕ɀ̤� ʓˉʓ̯ʓɀ̯ɭɧ� ʓˉ� ̯ʎɭ� ৕ঢ়ঢ়৔̤� ੲÑ˝ʎʴ੔�
৕ঢ়ঢ়ঢ়ੳ੓�R̯�ʎɀ̤�̤ʓˉɡɭ�ɠɭɭˉ�̸̯̚�˝ˉ�ɀ�п̝ʽ�ʄ˝˝̯-
ʓˉʅ�ੲ�̤̯̝˝ʽ੔�৖৔৔ঢ়੖�Ûɡʎ͕ɭʓ̯ͥɭ̝�et al.੔�৖৔৔ঢ়੖�
mɭ͔ʓˉ�et al.੔�৖৔৕ৗ੖�Ûɀ͛ɀʽɀ�et al.੔�৖৔৕ৗ੖�mɭ͔ʓˉ੔�
৖৔৕ঢ়ੳ੓�Юɭ�̯͛̚ʓɡɀʴ�ʄɭɀ̸̯̝ɭ̤�˝ʄ�̸̤ɡʎ�ɀ�̤̤̯͛ɭʽ�
ੲ"ʎɀˉ੔�৖৔৔৕੖�Mɭʴɠʓˉʅ੔�৖৔৕ৗ੖�Ûɀ͛ɀʽɀ�et al., 
৖৔৕ৗ੖�Ñɀ̯̯ɠɭ̝ʅ�୐�Ċʓɧɭ̝ɠɭ̝ʅ੔�৖৔৕ঢ়ੳ�ɀ̝ɭ੕
• "˝ˉˉɭɡ̯ʓ͔ʓ̯͛� ੲ̯ʎɭ� ̤̤̯͛ɭʽ� ʄ˝̝ʽ̤� ɀ� ˉɭ̯-
͕˝̝ʯੳ

• Ûɭʴʄ઀˝̝ʅɀˉʓͥɀ̯ʓ˝ˉ�ɀˉɧ�̤ ̯̝˝ˉʅ�ɡ˝̝̝ɭʴɀ̯ʓ˝ˉ̤�
ɧ˝ʽʓˉɀ̯ɭ�̯ʎɭ�̤̤̯͛ɭʽ�ɠɭʎɀ͔ʓ˝̸ ੔̝�ɀˉɧ�ɭʴɭ-
ʽɭˉ̯̤�ɡɀˉ�ɡ˝઀ɭ͔˝ʴ͔ɭ੔�ɠɀ̤ɭɧ�̋ ˉ�̯ ʎɭʓ̝�ʓˉ̯ɭ̝-
ɀɡ̯ʓ˝ˉ̤�͕ʓ̯ʎ�˝̯ʎɭ̝�ɭʴɭʽɭˉ̯̤�ɀˉɧ�̯ʎɭ�ɭˉ͔ʓ-
ronment

• (ʓ̤̯̝ʓɠ̸̯ɭɧ�ɡ˝ˉ̯̝˝ʴ�ੲˉ˝�̤ ʓˉʅʴɭ�ɡɭˉ̯̝ɀʴʓͥɭɧ�
ɡ˝ˉ̯̝˝ʴ�̔ ɭɡʎɀˉʓ̤ʽ੔�̤ ˝�̯ ʎɀ̯�̋ ̚̚˝̸̝̯ˉʓ̯ʓɭ̤�
ʄ˝̝�ɭ͚̯ɭ̝ˉɀʴ�̋ ̝�̯ ˝̚઀ɧ˝͕ˉ�ɡ˝ˉ̯̝˝ʴ�ɀ̝ɭ�͔ ɭ̝͛�
ʴʓʽʓ̯ɭɧੳ

• Ûɭˉ̤ʓ̯ʓ͔ɭ�ɧɭ̚ɭˉɧɭˉɡɭ�̋ ˉ�ʓˉʓ̯ʓɀʴ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�
ੲɀ�̤ʽɀʴʴ�ɡʎɀˉʅɭ�ʓˉ�˝ˉɭ�̚ɀ̝̯�˝ʄ�̯ʎɭ�̤̤̯͛ɭʽ�
ɡɀˉ� ʴɭɀɧ�̯˝� ʴɀ̝ʅɭ� ੲ˝оɭˉ�̸ˉ̝̚ɭɧʓɡ̯ɀɠʴɭੳ�
ɡʎɀˉʅɭ̤�ʓˉ�̋ ̯ʎɭ̝�̚ ɀ̝̯̤ੳ੓�Ċʎɭˉ�ɡʎɀˉʅɭ�does 
ʎɀ̚̚ɭˉ੔�̯ ʎɭ�̤ ̤̯͛ɭʽ�̔ ʓʅʎ̯�̤ ʎ˝͕�̄ ̸ʽɭ̝˝̸̤�
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ɧʓаɭ̝ɭˉ̯�ɠɭʎɀ͔ʓ˝̸̝̤�ੲʽ̸ʴ̯ʓ̚ʴɭ�ɭΌ̸ʓʴʓɠ̝ʓɀੳ੔�
ɧɭ̚ɭˉɧʓˉʅ�̋ ˉ�̯ ʎɭ�̝ ɭ̤̚ɭɡ̯ʓ͔ɭ�ʓˉʓ̯ʓɀʴ�ɡ˝ˉɧʓ-
tions

• .ʽɭ̝ʅɭˉ̯�˝̝ɧɭ̝૆ઃ૆̯ʎɭ�ɠɭʎɀ͔ʓ˝̸̝�˝ʄ�̯ʎɭ�
̤̤̯͛ɭʽ�ɡɀˉˉ˝̯�ɠɭ�̸ ˉɧɭ̝̤̯˝˝ɧ�̋ ̝�̚ ̝ɭɧʓɡ̯ɭɧ�
ʫ̸̤̯�ɠ͛�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̯ʎɭ�ɠɭʎɀ͔ʓ˝̸̝�˝ʄ�
̯ʎɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ�ɭʴɭʽɭˉ̯̤�ੲvʓʴʴɭ̝�୐�Ñɀʅɭ੔�
৖৔৔৛ੳ੓

�̸̝� ̤˝ɡʓ˝઀ɭɡ˝ˉ˝ʽʓɡ઀ɭɡ˝ʴ˝ʅʓɡɀʴ� ͕˝̝ʴɧ�
ɧʓ̤̚ʴɀ̤͛�ɀʴʴ�˝ʄ� ̯ʎɭ̤ɭ� ʄɭɀ̸̯̝ɭ̤� ੲÑ˝ʎʴ੔� ৕ঢ়ঢ়ঢ়੖�
�̤̯̝˝ʽ੔�৖৔৔ঢ়੖�Ûɡʎ͕ɭʓ̯ͥɭ̝�et al.੔�৖৔৔ঢ়੖�mɭ͔ʓˉ�
et al.੔�৖৔৕ৗ੖�Ûɀ͛ɀʽɀ�et al.੔�৖৔৕ৗ੖�mɭ͔ʓˉ੔�৖৔৕ঢ়ੳ੓�
R̯̤�ʓˉɧʓ͔ʓɧ̸ɀʴ�ʽɭʽɠɭ̝̤�ੲ̚ɭ˝̚ʴɭ੔�̤˝ɡʓɭ̯ʓɭ̤੔�
ɭɡ˝̤̤̯͛ɭʽ̤੔� ɭɡ˝ˉ˝ʽʓɭ̤੔� ̚ʴɀˉ̯̤੔� ɀˉʓʽɀʴ̤੔�
˝ɡɭɀˉ̤੔� ɀ̯ʽ˝̤̚ʎɭ̝ɭ੔� ɭ̯ɡੳ� ʓˉ̯ɭ̝ɀɡ̯� ɭʓ̯ʎɭ̝�
ɧʓ̝ɭɡ̯ʴ͛�̋ ̝�ʓˉɧʓ̝ɭɡ̯ʴ ੔͛�ɀˉɧ�ɡʎɀˉʅɭ�̋ ͔ɭ̝�̯ ʓʽɭ�
ɀ̤�ɀ�̝ɭ̸̤ʴ̯�˝ʄ�̯ʎɭ̤ɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤੓�Юɭ̝ɭ�ʓ̤�ˉ˝�
ɡɭˉ̯̝ɀʴ�ɡ˝ˉ̯̝˝ʴ�̋ ʄ�̯ ʎɭ̤ɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤੓���̤ ʽɀʴʴ�
ɡʎɀˉʅɭ�ʓˉ�˝ˉɭ�̚ɀ̝̯�˝ʄ�̯ʎɭ�̤̤̯͛ɭʽ�ੲɡ˝ʴʴɀ̤̚ɭ�
˝ʄ�ɀ�ɠɀˉʯ�˝̝�̯ʎɭ�ɭɀ̯ʓˉʅ�˝ʄ�ɀ�ɠɀ̯ੳ�ɡɀˉ�ʴɭɀɧ�̯˝�
ɧ̝ɀʽɀ̯ʓɡ੔�̤̤̯͛ɭʽ઀͕ʓɧɭ�ɡʎɀˉʅɭ̤�ੲпˉɀˉɡʓɀʴ�
ɡ˝ʴʴɀ̤̚ɭ੣̚ɀˉɧɭʽʓɡੳ੓�R̯� ʓ̤�̸̸̤ɀʴʴ͛� ʓʽ̚˝̤̤ʓ-
ɠʴɭ�̯˝�̝̚ɭɧʓɡ̯�̯ʎɭ�ʴ˝ˉʅ઀̯ɭ̝ʽ�ɭаɭɡ̯̤�˝ʄ�̯ʎɭ�
ɠɭʎɀ͔ʓ˝̸̝�̋ ʄ�̯ ʎɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ�̔ ɭʽɠɭ̝̤�̋ ʄ�̯ ʎɭ�
system.
Юɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ� ̤̤̯͛ɭʽ� ʓ̯̤ɭʴʄ� ɡɀˉ�ɠɭ� ɀ�

ɡ˝ʽ̚ʴɭ͚�̤̤̯͛ɭʽ�ʓˉ�ʓ̯̤�˝͕ˉ�̝ʓʅʎ̯�ੲɭ੓ʅ੓�ʓˉ̯ɭ̝-
ˉɀ̯ʓ˝ˉɀʴ�ʴɀ͕�ੲiʓʽ�୐�vɀɡʯɭ ੔͛�৖৔৕৘ੳੳ੔�ɀˉɧ�ʓ̤�
ɀʴ̤˝�ɀ�̚ɀ̝̯�˝ʄ�̯ʎɭ�ʴɀ̝ʅɭ̝�ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�
̤̤̯͛ɭʽ�Rˉ�̯ɭ̝ʽ̤�˝̸̯ʴʓˉɭɧ�ɠ͛�Eɭ˝̝ʅɭ�Û˝̝˝̤�
ੲ৖৔৕ৗੳ�ɀˉɧ�̚ʴɀɡɭɧ�ʓˉ̯˝�̯ʎɭ�ɡ˝ˉ̯ɭ͚̯�˝ʄ�ɡ˝ʽ-
̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�̤̤̯͛ɭʽ̤�ɠ͛�.̝ʓɡ�!ɭʓˉʎ˝ɡʯɭ̝�
ੲ৖৔৕ৗੳ੔� ʓ̯� ʓ̤� ̴ȊɾɾɝȪɾȷ and ˧ȷΔȷ̤ɝ̞ȷ. FȊɾɾɝȪɾȷ, 
ɠɭɡɀ̸̤ɭ�̯ʎɭ�ɡ˝ʽ̚ʴɭ͚ʓ̯͛�˝ʄ�̯ʎɭ�͕˝̝ʴɧ�̯ʎɀ̯�
͕ɭ�ɀ̝ɭ�̯ ̝͛ʓˉʅ�̯ ˝�ʅ˝͔ɭ̝ˉ�ɭ͚ɡɭɭɧ̤�̋ ̸̝�ɡɀ̚ɀɡʓ̯͛�
to understand it. ÖȷΔȷ̤ɝ̞ȷ੔�ɠɭɡɀ̸̤ɭ�̯ʎɭ�ʅ˝͔-
ɭ̝ˉɀˉɡɭ�̤̤̯͛ɭʽ�ʓ̤�ɀˉ�ɀɡ̯ʓ͔ɭ�̚ɀ̝̯ʓɡʓ̚ɀˉ̯�ʓˉ�
̯ʎɭ�̤̤̯͛ɭʽ�̯ʎɀ̯�ʓ̯�ʓ̤�̯̝͛ʓˉʅ�̯˝�ʅ˝͔ɭ̝ˉ੓�Ю̸̤੔�
ɀˉ͛�ʅ˝͔ɭ̝ˉɀˉɡɭ�ɀɡ̯ʓ˝ˉ̤�ɀ̝ɭ�ʴʓɀɠʴɭ�̯˝�ʄɭɭɧ઀
ɠɀɡʯ�ɀˉɧ�ɀаɭɡ̯�̯ ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ ̤̯͛ɭʽ�ʓ̯̤ɭʴʄ੓�
�ɡɡ˝̝ɧʓˉʅ�̯˝�!ɭʓˉʎ˝ɡʯɭ ੔̝�̸̤ɡʎ�ɀ�̝ɭрɭ͚ʓ͔ɭ�
̤̤̯͛ɭʽ�ʎɀ̤�̯ ͕˝�ɀɧɧʓ̯ʓ˝ˉɀʴ�ɭʴɭʽɭˉ̯̤�̯ ʎɀ̯�ɧʓ̤-

̯ʓˉʅ̸ʓ̤ʎ�ʓ̯�ʄ̝˝ʽ�ɀ�̄ ˝̝ʽɀʴ�ɧ͛ˉɀʽʓɡ�ʄɭɭɧɠɀɡʯ�
system:

• Internal model updating੕�Юɭ�ʓˉ̯ɭ̝ˉɀʴ�ɧɭɡʓ-
̤ʓ˝ˉ�ʽ˝ɧɭʴ�˝ʄ�̯ʎɭ�ɀʅɭˉ̯̤�੶ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̤͛-
̯ɭʽ̤੷�ʓ̤�ˉ˝̯�п͚ɭɧ੔�ɠ̸̯�ɡɀˉ�ʓ̯̤ɭʴʄ�ɡʎɀˉʅɭ�
ʓˉ�̝ɭ̤̚˝ˉ̤ɭ�̯˝�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�ɠɭ̯͕ɭɭˉ�̯ʎɭ�
ɀʅɭˉ̯�ɀˉɧ�ʓ̯̤�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�੶̯ʎɭ�̤̤̯͛ɭʽ�̯˝�
ɠɭ�ʅ˝͔ɭ̝ˉɭɧ੷

• Complexity੕� Юɭ� ̤̤̯͛ɭʽ� ʎɀ̤� interactive 
complexity�ɧ̸ɭ�̯˝�ʽ̸ʴ̯ʓ̚ʴɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�
ɠɭ̯͕ɭɭˉ� ʎɭ̯ɭ̝˝ʅɭˉɭ˝̸̤� ɀʅɭˉ̯̤੔� ɀˉɧ�
dynamic complexity due to nonlinearity in 
ʄɭɭɧɠɀɡʯ̤�ʓˉ�̯ʎɭ�̤̤̯͛ɭʽ੓

2.1 GCRs as CASs
E"Ô̤�̯ʎɭʽ̤ɭʴ͔ɭ̤�ʄ˝̝ʽ�ɀˉ�ʓˉ̯ɭ̝ɡ˝ˉˉɭɡ̯ɭɧ�
ˉɭ̯͕˝̝ʯ�ੲDʓ̤ʎɭ ੔̝�৖৔৕ঢ়ੳ�̯ʎɀ̯�ʎɀ̤�ɀʴʴ�̯ʎɭ�ɡʎɀ̝-
ɀɡ̯ɭ̝ʓ̤̯ʓɡ̤� ˝ʄ� ɀ�"��� ੲmɭ͔ʓˉ� et al.੔� ৖৔৕ৗੳ੓�
Eʴ˝ɠɀʴ�͕ɀ̝ʽʓˉʅ੔�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʓ̤�ɡ˝ˉˉɭɡ̯ɭɧ�
̯˝�ʄ˝˝ɧ�̤ɭɡ̸̝ʓ̯ ੔͛�͕ʓ̯ʎ�ʴ˝ˉʅɭ̝�ʅ̝˝͕ʓˉʅ�̤ɭɀ-
̤˝ˉ̤�ʽɭɀˉʓˉʅ�̯ʎɀ̯�̚ɭ̤̯̤�ɡɀˉ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�
̸̤̝͔ʓ͔ɭ� ɠɭ̯͕ɭɭˉ� ̤ɭɀ̤˝ˉ̤੓� �̸̝� ɭ͔˝ʴ͔ʓˉʅ�
ɡʎ˝ʓɡɭ�̋ ʄ�ʄ˝˝ɧ੔�̋ ˉ�̯ ʎɭ�̋ ̯ʎɭ̝�ʎɀˉɧ੔�̔ ɀ͛�ɀаɭɡ̯�
ʅʴ˝ɠɀʴ�͕ɀ̝ʽʓˉʅ�ੲĊʓʴɭ̯̯�et al.੔�৖৔৕ঢ়ੳ੓�D˝˝ɧ�
ʓˉ̤ɭɡ̸̝ʓ̯͛�ɡɀˉ�ɭ͔ɭˉ�ɧ̝ʓ͔ɭ�̝ ɭ͔˝ʴ̸̯ʓ˝ˉ�ɀˉɧ�͕ ɀ̝�
ੲmɀʅʓ�et al.੔�৖৔৕৕ੳ੔�͕ ʎʓɡʎ�ɀаɭɡ̯�ʄ˝˝ɧ�̤ ̸̚̚ʴʓɭ̤�
ʓˉ�̯ʎɭʓ̝�̸̯̝ˉ੓
.ɀɡʎ� ̯ʎ̝ɭɀ̯� ʎɀ̤� ɀˉ� ʓˉ̯ɭ̝ˉɀʴ� ̸̤̯̝ɡ̸̯̝ɭ�

͕ʎʓɡʎ�ʽɀʯɭ̤�ʓ̯�ɀ�ɡ˝ʽ̚ʴɭ͚�ˉɭ̯͕˝̝ʯ�ੲʅʴ˝ɠɀʴ�
͕ɀ̝ʽʓˉʅ੔�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʓˉ͔˝ʴ͔ɭ̤�ʽɀˉ͛�ʓˉ̯ɭ̝-
ʴʓˉʯɭɧ� ɡʎɭʽʓɡɀʴ੔� ̚ʎ̤͛ʓɡɀʴ� ɀˉɧ� ̤˝ɡʓɀʴ� ̝̚˝-
ɡɭ̤̤ɭ̤੔�͕ʓ̯ʎ�ʽ̸ʴ̯ʓ̚ʴɭ�ʄɭɭɧɠɀɡʯ�ʴ˝˝̤̚ੳ੓�.ɀɡʎ�
ˉɭ̯͕˝̝ʯ�ɀʴ̤˝�ʎɀ̤�ʽ˝̤̯�˝̝�ɀʴʴ�˝ʄ�̯ʎɭ�ɡʎɀ̝-
ɀɡ̯ɭ̝ʓ̤̯ʓɡ̤�˝ʄ�ɀ�ɡ˝ʽ̚ʴɭ͚�adaptive�ˉɭ̯͕˝̝ʯ�
ੲ"��ੳ�ੲæɀɠʴɭ�৕ੳ੓�Юɭ�ɀ̤̤ɭʽɠʴ͛�˝ʄ�ˉɭ̯͕˝̝ʯ̤�
ɀʴ̤˝�ʄ˝̝ʽ̤�ɀ�̸̤̚ɭ̝઀ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�ˉɭ̯-
͕˝̝ʯ੔�͕ ʎ˝̤ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̔ ̸̤̯�ɠɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�
ɀ̤�ɀ�͕ʎ˝ʴɭ੓
��̝ ɭʴɀ̯ʓ͔ɭʴ͛�ɡʴɭɀ̝઀ɡ̸̯�ɭ͚ɀʽ̚ʴɭ�ʓ̤�̚ ̝˝͔ʓɧɭɧ�

ɠ͛�̯ʎɭ�̚ɀˉɧɭʽʓɡ�̤̝̚ɭɀɧʓˉʅ�˝ʄ�̯ʎɭ�"�ĉR(઀
৕ঢ়�͔ʓ̸̝̤੔�͕ʎʓɡʎ�̝̚˝ɧ̸ɡɭ̤�"�Û�ɀˉɧ�"���
ɧ͛ˉɀʽʓɡ̤੓��̤�̤ʎ˝͕ˉ�ʓˉ�Dʓʅ̸̝ɭ�৕੔�̯ʎɭ̝ɭ�ɀ̝ɭ�
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ɀɡɡɭʴɭ̝ɀ̯ʓˉʅ�ɡʎɀˉʅɭ�ɀˉɧ�̤ɭˉ̤ʓ̯ʓ͔ʓ̯͛�̯˝�ʓˉʓ-
̯ʓɀʴ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੔�ɠ̸̯�ɀʴ̤˝�ʓˉʎʓɠʓ̯˝̝͛�ʄɭɭɧɠɀɡʯ�
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"˝ˉ̯̝˝ʴ� ʓ̤� ɧʓ̤̯̝ʓɠ̸̯ɭɧ� ɀʽ˝ˉʅ� ˉ̸ʽɭ̝˝̸̤�
ɀɡ̯˝̝̤�͕ʎ˝�̸̚ɧɀ̯ɭ�̯ʎɭʓ̝�ɠɭʎɀ͔ʓ˝̸̝�ɠɀ̤ɭɧ�
˝ˉ�̯ ʎɭʓ̝�̚ ɀ̝̯ʓɀʴ�̸ ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̋ ʄ�̯ ʎɭ�̤ ̤̯͛ɭʽ੓�

Û̯̝ɭˉʅ̯ʎ�̋ ʄ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ɡɀˉ�ɡʎɀˉʅɭ੔�ɧʓаɭ̝ɭˉ̯�
̸̤ɠ̤̤̯͛ɭʽ̤�ɡɀˉ�̋ ͔ɭ̝ʴɀ̚੔�ɀˉɧ�ɭ͚̯ɭ̝ˉɀʴ�ʄɀɡ̯˝̝̤�
ɡɀˉ�ʄɭɭɧ�ʓˉ̯˝�̯ʎɭ�ɧ͛ˉɀʽʓɡ̤�̸ˉɭ͚̚ɭɡ̯ɭɧʴ ੓͛
!ɭ͛˝ˉɧ�̯ ʎʓ̤�̤ ʓʽ̚ʴɭ�̔ ˝ɧɭʴ੔�"�ĉR(઀৕ঢ়�ʎɀ̤�

ʎɀɧ�˝ɠ͔ʓ˝̸̤�˝̸̯̤ʓɧɭ�ʯˉ˝ɡʯ઀˝ˉ�ɭаɭɡ̯̤੔�̸̤ɡʎ�
ɀ̤�̯ʎɭ�ɡɀˉɡɭʴʴɀ̯ʓ˝ˉ�˝ʄ�̤̚˝̝̯̤�̯˝̸̝ˉɀʽɭˉ̯̤੔�
ɡʴ˝̸̤̝ɭ�˝ʄ�̝ɭ̤̯ɀ̸̝ɀˉ̯̤੔�̝ɭ̤̯̝ʓɡ̯ʓ˝ˉ�˝ʄ�̯̝ɀ͔ɭʴ੔�
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cause- and- effect relationships or predict system- level 
outcomes’.

Andy Haldane, then chief economist of the Bank 
of England, made this point in a speech delivered to 
the Peterson Institute for International Economics 
(Haldane, 2017). He demonstrated that the global fi-
nancial system behaves as a complex adaptive system, 
and that ‘Complex systems exhibit tipping points, with 
small changes in parameter values capable of moving 
the system from stability to collapse. In complex webs, 

the failure of two identical- looking banks can have very 
different implications for financial system stability. The 
radical uncertainty in such complex webs generates 
emergent behaviour which can be near- impossible to 
predict, model, and estimate’ [our emphasis].

Haldane went on to argue that traditional gover-
nance systems, which are based on prediction, model-
ling, and estimating, are ill- suited to the governance of 
the world's financial networks, and that a new approach 
must be sought. The same argument applies to GCRs.

F I G U R E  1  Simple CAN feedback model of part the Covid- 19 pandemic system. Black lines indicate amplifying impact; red lines indicate 
inhibiting impact. This figure suppresses the spatial and organisational dimensions: Most factors are actually clusters of linked but separate 
(sub/inter)national factors.

Dʓʅ੓৕੓�Ûʓʽ̚ʴɭ�"���ʄɭɭɧɠɀɡʯ�ʽ˝ɧɭʴ�˝ʄ�̚ɀ̝̯�˝ʄ�̯ʎɭ�"�ĉR(઀৕ঢ়�̚ɀˉɧɭʽʓɡ�̤̤̯͛ɭʽ੓�!ʴɀɡʯ�ʴʓˉɭ̤�ʓˉɧʓɡɀ̯ɭ�
ɀʽ̚ʴʓʄ͛ʓˉʅ�ʓʽ̚ɀɡ̯੔�̝ ɭɧ�ɹ ʓˉɭ̤�ʓˉɧʓɡɀ̯ɭ�ʓˉʎʓɠʓ̯ʓˉʅ�ʓʽ̚ɀɡ̯੓�Dʓʅ̸̝ɭ�৕�̤ ̸̝̚̚ɭ̤̤ɭ̤�̯ ʎɭ�̤ ̚ɀ̯ʓɀʴ�ɀˉɧ�̋ ̝ʅɀˉʓͥɀ̯ʓ˝ˉɀʴ�
ɧʓʽɭˉ̤ʓ˝ˉ̤੕�ʽ˝̤̯�ʄɀɡ̯˝̝̤�ɀ̝ɭ�ɀɡ̸̯ɀʴʴ͛�ɡʴ̸̤̯ɭ̝̤�˝ʄ�ʴʓˉʯɭɧ�ɠ̸̯�̤ɭ̚ɀ̝ɀ̯ɭ�ੲ̸̤ɠ੣ʓˉ̯ɭ̝ੳˉɀ̯ʓ˝ˉɀʴ�ʄɀɡ̯˝̝̤੓
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̤˝ɡʓɀʴ�ʓ̤˝ʴɀ̯ʓ˝ˉ੔�ɀˉɧ�ɹ ˝̤̤�̋ ʄ�ʓˉɡ˝ʽɭ�ʄ˝̝�̔ ɀˉ͛�
̤ʽɀʴʴ�ɠ̸̤ʓˉɭ̤̤ɭ̤�ੲMɀʴɭɭʽ�et al.੔�৖৔৖৔ੳ੓�!̸̯�
̯ʎɭ̝ɭ�ɀ̝ɭ�ʽɀˉ͛� ʴɭ̤̤�˝ɠ͔ʓ˝̸̤�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤੔�
ʓˉɡʴ̸ɧʓˉʅ�̝ ɭɧ̸ɡɭɧ�ɡɀ̝ɠ˝ˉ�ɧʓ˝͚ʓɧɭ�ɭʽʓ̤̤ʓ˝ˉ̤�
ੲ�ˉʫ̸ʽ੔�৖৔৖৔ੳ੔�ɀˉ�ʓˉɡ̝ɭɀ̤ɭ�ʓˉ�ɭˉɧɀˉʅɭ̝ɭɧ�
̤ɭɀ�̸̯̝̯ʴɭ�ˉɭ̤̯ʓˉʅ�ɀˉɧ�ʎɀ̯ɡʎʴʓˉʅ�̸̤̝͔ʓ͔ɀʴ�ɀ̤�
ɠɭɀɡʎɭ̤�̝ ɭʽɀʓˉ�ɡʴɭɀ̝�̋ ʄ�̚ ɭ˝̚ʴɭ�ɀˉɧ�̝ ̸ɠɠʓ̤ʎ�
ੲm̸̤ɡ˝ʽɠɭ੔�৖৔৖৔ੳ੔�ɀˉɧ�ʓˉ̯ɭ̝ʴʓˉʯɭɧ�ɧʓ̸̤̝̚-
̯ʓ˝ˉ̤� ̯˝� ̯ʎɭ� ʅʴ˝ɠɀʴ� ɭɡ˝ˉ˝ʽ͛� ̯ʎɀ̯� ɡ˝̸ʴɧ�
ɭ͔ɭˉ�ʴɭɀɧ�̯˝�̯ʎɭ�̝ɭ͔ɭ̝̤ɀʴ�˝ʄ�ʅʴ˝ɠɀʴʓͥɀ̯ʓ˝ˉ�
ɀˉɧ�ɹ ɀ̝ʅɭ�ɡ˝ˉ̤ɭΌ̸ɭˉ̯�̤ ʎʓо̤�ʓˉ�̯ ʎɭ�ɭɡ˝ˉ˝ʽʓɡ�
̚˝͕ɭ̝�ɠɀ̤ɭ�ੲ!ɀʴɧ͕ʓˉ�୐�ɧʓ�vɀ̸̝˝੔�৖৔৖৔ੳ੓
Юɭ�"�ĉR(઀৕ঢ়�̚ɀˉɧɭʽʓɡ�ʎɀ̤�ɀʴ̤˝�ʅɭˉɭ̝-

ɀ̯ɭɧ�ɡ˝ˉ̤ʓɧɭ̝ɀɠʴɭ�ʽʓ̸̤̯̝̤̯�ʓˉ�ʅ˝͔ɭ̝ˉɀˉɡɭ�
̸̤̯̝ɡ̸̯̝ɭ̤�ɀɡ̝˝̤̤�̯ʎɭ�͕˝̝ʴɧ੔�͕ʎ˝̤ɭ�ɠɭʎɀ͔-
ʓ˝̸̝�ʎɀ̤�ʎɀɧ�̯ ˝�ɡʎɀˉʅɭ�ʓˉ�̝ ɭ̤̚˝ˉ̤ɭ�ੲEɀ̝̝ɭ̯̯੔�
৖৔৖৔ੳ੓�.ɀ̝ʴ͛�˝͔ɭ̝ɡ˝ˉпɧɭˉɡɭ�ʓˉ�̤˝ʽɭ�ɡɀ̤ɭ̤�
͕ɀ̤�ʴɀ̯ɭ̝�̸̤ɭɧ�ɀ̤�ɭ͔ʓɧɭˉɡɭ�˝ʄ�ʴɀɡʯ�˝ʄ�ʯˉ˝͕ʴ-
ɭɧʅɭ�ɀʽ˝ˉʅ�ɀ̸̯ʎ˝̝ʓ̯ʓɭ̤੔�ɹ ɭɀɧʓˉʅ�̯ ˝�̔ ɀʴɀɧɀ̚-
̯ʓ͔ɭ�̸̚ɠʴʓɡ�˝̝�ʓˉ̤̯ʓ̸̯̯ʓ˝ˉɀʴ�̝ɭ̤̚˝ˉ̤ɭ̤੔�̸̤ɡʎ�
ɀ̤�̝ɭʴ̸ɡ̯ɀˉɡɭ�̯˝�̸̤ɭ�ʽɀ̤ʯ̤੔�̯˝�͔ɀɡɡʓˉɀ̯ɭ�˝̝�
̯˝�ʓˉɡ̝ɭɀ̤ɭ�̯ɭ̤̯ʓˉʅ�ɡɀ̚ɀɡʓ̯ ੓͛
Юɭ� ɡ˝ˉ̤ɭΌ̸ɭˉɡɭ̤� ˝ʄ� ̯ʎɭ̤ɭ� ̝ɭ̤̚˝ˉ̤ɭ̤�

ʄɭɧ�ɠɀɡʯ�ʓˉ̯˝�̯ʎɭ�̤̤̯͛ɭʽ̤�ʓˉ�̯ʎɭ�ʄ˝̝ʽ�˝ʄ�
ʅ̝ɭɀ̯ɭ̝�ʓˉʄɭɡ̯ʓ˝ˉ�̝ɀ̯ɭ̤੔�ʴɭɀɧʓˉʅ�̯˝�ʄ̸̝̯ʎɭ̝�
ɡ͛ɡʴɭ̤� ˝ʄ� ʽ˝̝ɭ� ͔ʓʅ˝̝˝̸̤� ɀɡ̯ʓ˝ˉ� ੲ̸̤ɡʎ� ɀ̤�
ɡ˝ʽ̸̚ʴ̤˝̝͛�ʽɀ̤ʯ઀͕ɭɀ̝ʓˉʅੳ� ɀˉɧ� ̤̯̝˝ˉʅɭ̝�
̸̚ɠʴʓɡ�̝ɭ̤̚˝ˉ̤ɭ̤�̯˝�̯ʎɭ̤ɭ�ɀɡ̯ʓ˝ˉ̤�ੲ̸̤ɡʎ�ɀ̤�
̸̚ɠʴʓɡ�ɧɭʽ˝ˉ̤̯̝ɀ̯ʓ˝ˉ̤ੳ੓�Юɭ̤ɭ�ɀ̝ɭ�ɭ͚ɀʽ̚ʴɭ̤�
˝ʄ�̝ɭрɭ͚ʓ͔ʓ̯͛�ʓˉ�ɀɡ̯ʓ˝ˉ੔�ɀˉɧ�̝ɭʓˉʄ˝̝ɡɭ�˝̸̝�
̚˝ʓˉ̯�̯ʎɀ̯�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�E"Ô̤�ɡɀˉˉ˝̯�
ɠɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�ʓˉ�ʓ̤˝ʴɀ̯ʓ˝ˉ੔�ɠ̸̯�˝ˉʴ͛�ʓˉ�̯ʎɭ�
˝͔ɭ̝ɀʴʴ� ɡ˝ˉ̯ɭ͚̯� ˝ʄ� ʅ˝͔ɭ̝ˉɀˉɡɭ� ˝ʄ� "��̤੔�
ɀˉɧ�ɭ̤̚ɭɡʓɀʴʴ͛�ɀˉ�ɀ͕ɀ̝ɭˉɭ̤̤�̯ʎɀ̯�˝ˉʅ˝ʓˉʅ�
ʄɭɭɧɠɀɡʯ�ʴ˝˝̤̚�ɀ̝ɭ�ɀʴ͕ɀ̤͛�ʴʓɀɠʴɭ�̯˝�˝аɭ̝�ɀ�
̚˝̯ɭˉ̯ʓɀʴ�ʄ˝̝�ʓˉ̤̯ɀɠʓʴʓ̯ʓɭ̤੓

ৗ੓��ɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�̯ʎɭ�
ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�E"Ô̤

ՓׁՑ�ïʓˮ̂ɝ̵ȊȪɝɾɝ˹̥�ʧɎ�ȫ̂˧˧ȷʓ˹�ɏʧ̞ȷ˧ʓȊʓȫȷ�
structures

�̤�̯ʎɭ�ɭ͚ɀʽ̚ʴɭ̤�ɀɠ˝͔ɭ�̝ɭ͔ɭɀʴ੔�E"Ô̤�ɡ˝ˉ-
̤̯ʓ̸̯̯ɭ�ɀ�̸ˉʓΌ̸ɭ�ɡʎɀʴʴɭˉʅɭ�̯˝�ʅ˝͔ɭ̝ˉɀˉɡɭ੓�
iʴʓˉʯɭ� ੲ৖৔৕৘ੳ� ɀ̝ʅ̸ɭ̤� ̯ʎɀ̯� ઎̯ʎɭ� ʯɭ͛� ̚ɭɡ̸-
ʴʓɀ̝ʓ̯ʓɭ̤�˝ʄ�ʅʴ˝ɠɀʴ� ̝ʓ̤ʯ̤૆ઃ૆ɡ˝ʽ̚ʴɭ͚ʓ̯ ੔͛� ̤ɡʓ-
ɭˉ̯ʓпɡ� ̸ˉɡɭ̝̯ɀʓˉ̯ ੔͛� ɀˉɧ� ̤˝ɡʓ˝઀̚˝ʴʓ̯ʓɡɀʴ�
ɀʽɠʓʅ̸ʓ̯͛૆ઃ૆ɀ̝ɭ૆੗૆ʅɭˉɭ̝ʓɡ� ʄɭɀ̸̯̝ɭ̤એ� ɀˉɧ�
̯ʎɀ̯�઎̯ʎɭ̝ɭ�ʓ̤�ɀ�ʴɀɡʯ�˝ʄ�ɀ�ɠ̝˝ɀɧɭ̝�̤˝ɡʓɭ̯ɀʴ�
ɀˉɧ�̚˝ʴʓ̯ʓɡɀʴ�ɡ˝ˉ̤ɭˉ̸̤̤�˝ʄ�ʎ˝͕�̯˝�ʎɀˉɧʴɭ�
̯ʎʓ̤�ʯʓˉɧ�̋ ʄ�ʓˉ̤ɭɡ̸̝ʓ̯ ੓͛એ�Ûʓʴʫɀ�ĉ˝ɭˉɭʯ͛�ੲ৖৔৕ঢ়ੳ�
˝аɭ̝̤�ʽɀˉ͛�ɡ˝ˉɡ̝ɭ̯ɭ�ɭ͚ɀʽ̚ʴɭ̤੔�ʄ̝˝ʽ�ɀ̝̯ʓп-
ɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�̯ ˝�ʅɭˉɭ�ɭɧʓ̯ʓˉʅ੔�ɀˉɧ�̚ ˝ʓˉ̯̤�
˝̸̯�̯ʎɀ̯�઎Ю̸̤�ʄɀ ੔̝�ˉ˝�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�̯̝ɭɀ̯͛�
˝ˉ�ɭ͚ʓ̤̯ɭˉ̯ʓɀʴ�ɀˉɧ�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤�
ɀˉɧ�̤ɡʓɭˉ̯ʓпɡ�̝ɭ̤ɭɀ̝ɡʎ�ɭ͚ʓ̤̯̤એ�ɀˉɧ�̯ʎɀ̯੔�ʓˉ�
ʅɭˉɭ̝ɀʴ�઎ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�̯̝ɭɀ̯͛�ʴɀ͕�ʓ̤�ˉ˝̯�̸̤ʄ-
пɡʓɭˉ̯�̯˝�ʅ˝͔ɭ̝ˉ�̯ʎɭ̤ɭ�̝ɭ̤ɭɀ̝ɡʎ�ɀ̝ɭɀ̤੓એ
æ˝ʽ� Ñɭʅ̝ɀʽ� ɀˉɧ� f̸ʴʓɀ� i̝ɭʓɭˉʯɀʽ̚�

ੲ৖৔৕ঢ়ੳ�ɀ̝ʅ̸ɭ�̯ʎɀ̯�̯ʎɭ�ʽɀʫ˝̝�̝̚˝ɠʴɭʽ�ʓ̤�̯ʎɀ̯�
ʴɭʅɀɡ͛�ʅ˝͔ɭ̝ˉɀˉɡɭ�̸̤̯̝ɡ̸̯̝ɭ̤੔�̸̤ɡʎ�ɀ̤�̯ʎɭ�
í��Ûɭɡ̸̝ʓ̯͛�"˝̸ˉɡʓʴ�˝̝�̯ʎɭ�Eɭˉɭ̝ɀʴ��ʅ̝ɭɭ-
ʽɭˉ̯�̋ ˉ�æɀ̝ʓа̤�ɀˉɧ�æ̝ɀɧɭ੔�ɀ̝ɭ�ɧɭ̤ʓʅˉɭɧ�ʄ˝̝�
̯ʎɭ�ɀɧʽʓˉʓ̤̯̝ɀ̯ʓ˝ˉ�˝ʄ�complicated�̝̚˝ɠʴɭʽ̤੔�
͕ʎʓɡʎ�઎ʽɀ͛�ʎɀ͔ɭ�̔ ɀˉ͛�ɡ˝ʽ̚˝ˉɭˉ̯̤੔�ɠ̸̯�̯ ʎɭ�
̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̤̚�ɠɭ̯͕ɭɭˉ�̯ʎɭ�ɡ˝ʽ̚˝ˉɭˉ̯̤�ɀ̝ɭ�
п͚ɭɧ�ɀˉɧ�ɡʴɭɀ̝ʴ͛�ɧɭпˉɭɧએ�̤˝�̯ʎɀ̯�઎ɀ�̸̝ʴɭ̤઀
ɠɀ̤ɭɧ�ʅ˝͔ɭ̝ˉʓˉʅ�ʄ̝ɀʽɭ͕˝̝ʯ�ʓ̤�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�
̯˝� ɭ̤̯ɀɠʴʓ̤ʎ� ˝̝ɧɭ̝� ɀˉɧ� ɡ˝ˉ̯̝˝ʴએ� ɠɭɡɀ̸̤ɭ�
઎ɡɀ̸̤ɭ� ɀˉɧ� ɭаɭɡ̯� ̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̤̚� ɀ̝ɭ� ʴʓˉɭɀ̝�
̸̤ɡʎ�̯ʎɀ̯૆੗૆͕ɭ�ɡɀˉ�ʓɧɭˉ̯ʓʄ͛�ɀ�ɡʴɭɀ̝�ɡɀ̸̤ɭ�
ʄ˝̝�ɭɀɡʎ�̋ ɠ̤ɭ̝͔ɭɧ�ɭаɭɡ̯�ɀˉɧ�̚ ̝ɭɧʓɡ̯�̤ ̤̯͛ɭʽ઀
ʴɭ͔ɭʴ�˝̸̯ɡ˝ʽɭ̤�˝ʄ�ɭɀɡʎ�ɡʎɀˉʅɭ੓એ
"˝ʽ̚ʴʓɡɀ̯ɭɧ�̚ ̝˝ɠʴɭʽ̤੔�̯ ʎɭ͛�̤ ɀ ੔͛�ɀ̝ɭ�ʎ˝͕-

ɭ͔ɭ̝�Ό̸ʓ̯ɭ�ɧʓаɭ̝ɭˉ̯�ʄ̝˝ʽ�complex�̝̚˝ɠʴɭʽ̤੔�
͕ʎɭ̝ɭ�઎Юɭ�̝ ɭʴɀ̯ʓ˝ˉ̤ʎʓ̚�ɠɭ̯͕ɭɭˉ�ɡɀ̸̤ɭ�ɀˉɧ�
ɭаɭɡ̯�ʓ̤�ˉ˝ˉ઀ʴʓˉɭɀ̝�ɀˉɧ�ɭаɭɡ̯̤�ɀ̝ɭ�̸̸̤ɀʴʴ͛�
̯ʎɭ�̝ɭ̸̤ʴ̯�˝ʄ�̤ɭ͔ɭ̝ɀʴ�ʓˉ̯ɭ̝ɀɡ̯ʓˉʅ�ɡɀ̸̤ɭ̤੓�(̸ɭ�
̯˝�ʄɭɭɧɠɀɡʯ�ɹ ˝˝̤̚੔�͕ ɭ�ɡɀˉˉ˝̯�ɭ̤̯ɀɠʴʓ̤ʎ�ɡʴɭɀ̝�
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ɡɀ̸̤ɭ઀ɀˉɧ઀ɭаɭɡ̯� ̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̤̚� ˝̝� ̝̚ɭɧʓɡ̯�
̤̤̯͛ɭʽ઀ʴɭ͔ɭʴ�˝̸̯ɡ˝ʽɭ̤੓એ
�ˉɧ͛�Mɀʴɧɀˉɭ੔�̯ʎɭˉ�ɡʎʓɭʄ�ɭɡ˝ˉ˝ʽʓ̤̯�˝ʄ�

̯ʎɭ�!ɀˉʯ�˝ʄ�.ˉʅʴɀˉɧ੔�ʽɀɧɭ�̯ʎʓ̤�̚˝ʓˉ̯�ʓˉ�ɀ�
̤̚ɭɭɡʎ�ɧɭʴʓ͔ɭ̝ɭɧ�̯˝�̯ʎɭ�Ñɭ̯ɭ̝̤˝ˉ�Rˉ̤̯ʓ̸̯̯ɭ�
ʄ˝̝� Rˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ� .ɡ˝ˉ˝ʽʓɡ̤� ੲMɀʴɧɀˉɭ੔�
৖৔৕৛ੳ੓�Mɭ�̤ʎ˝͕ɭɧ�̯ʎɀ̯�̯ʎɭ�ʅʴ˝ɠɀʴ�пˉɀˉɡʓɀʴ�
̤̤̯͛ɭʽ�ɠɭʎɀ͔ɭ̤�ɀ̤�ɀ�"�Û੔�ɀˉɧ�̯ʎɀ̯�઎"˝ʽ-
̚ʴɭ͚�̤̤̯͛ɭʽ̤�ɭ͚ʎʓɠʓ̯�̯ʓ̚̚ʓˉʅ�̚˝ʓˉ̯̤੔�͕ʓ̯ʎ�
̤ʽɀʴʴ�ɡʎɀˉʅɭ̤�ʓˉ�̚ɀ̝ɀʽɭ̯ɭ̝�͔ɀʴ̸ɭ̤�ɡɀ̚ɀɠʴɭ�
˝ʄ�ʽ˝͔ʓˉʅ�̯ʎɭ�̤̤̯͛ɭʽ�ʄ̝˝ʽ�̤̯ɀɠʓʴʓ̯͛�̯˝�ɡ˝ʴ-
ʴɀ̤̚ɭ੓�Rˉ�ɡ˝ʽ̚ʴɭ͚�͕ɭɠ̤੔�̯ʎɭ�ʄɀʓʴ̸̝ɭ�˝ʄ�̯͕˝�
ʓɧɭˉ̯ʓɡɀʴ઀ʴ˝˝ʯʓˉʅ�ɠɀˉʯ̤�ɡɀˉ�ʎɀ͔ɭ�͔ɭ̝͛�ɧʓʄ-
ʄɭ̝ɭˉ̯�ʓʽ̚ʴʓɡɀ̯ʓ˝ˉ̤�ʄ˝̝�пˉɀˉɡʓɀʴ�̤̤̯͛ɭʽ�̤̯ɀ-
bility. δȷ�˧ȊȱɝȫȊɾ�̂ʓȫȷ˧̵Ȋɝʓ˹̥�ɝʓ�ˮ̂ȫɘ�ȫʧʇˤɾȷ̤�
webs generates emergent behaviour which can be 
ʓȷȊ˧׮ɝʇˤʧˮˮɝȪɾȷ�˹ʧ�ˤ˧ȷȱɝȫ̵ׂ�ʇʧȱȷɾ�Ȋʓȱ�ȷˮ˹ɝʇȊ˹ȷએ�
੶˝̸̝�ɭʽ̚ʎɀ̤ʓ̤੷੓
Mɀʴɧɀˉɭ� ͕ɭˉ̯� ˝ˉ� ̯˝� ɀ̝ʅ̸ɭ� ̯ʎɀ̯� ̯̝ɀɧʓ-

̯ʓ˝ˉɀʴ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ ̤̯͛ɭʽ̤੔�͕ ʎʓɡʎ�ɀ̝ɭ�ɠɀ̤ɭɧ�
˝ˉ�̚ ̝ɭɧʓɡ̯ʓ˝ˉ੔�̔ ˝ɧɭʴʓˉʅ�ɀˉɧ�ɭ̤̯ʓʽɀ̯ʓˉʅ੔�ɀ̝ɭ�
ʓʴʴ઀̸̤ʓ̯ɭɧ�̯˝�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�̯ʎɭ�͕˝̝ʴɧઑ̤�
пˉɀˉɡʓɀʴ�̄ ɭ̯͕˝̝ʯ̤੔�ɀˉɧ�̯ ʎɀ̯�ɀ�̄ ɭ͕�ɀ̝̚̚˝ɀɡʎ�
ʽ̸̤̯�ɠɭ�̤ ˝̸ʅʎ̯੓�Юɭ�̤ ɀʽɭ�ɀ̝ʅ̸ʽɭˉ̯�ɀ̚̚ʴʓɭ̤�
̯˝�E"Ô̤੓
�ɧ̝ʓɀˉɀ� �ɠɧɭˉ̸̝� ੲ৖৔৖৔ੳ੔� ͕̝ʓ̯ʓˉʅ� ʄ˝̝�

̯ʎɭ�Eʴ˝ɠɀʴ�"ʎɀʴʴɭˉʅɭ̤�D˝̸ˉɧɀ̯ʓ˝ˉ੔�ɀ̝ʅ̸ɭ̤�
̯ʎɀ̯�઎̝ɀ̯ʎɭ̝�̯ ʎɀˉ�ʓˉ͔ɭˉ̯ʓˉʅ�̄ ɭ͕�ʅ˝͔ɭ̝ˉɀˉɡɭ�
ʽɭɡʎɀˉʓ̤ʽ̤�ʄ̝˝ʽ�̤ɡ̝ɀ̯ɡʎ੔�̯ʎɭ�ʽ˝̤̯�ɭаɭɡ-
̯ʓ͔ɭ�ɀˉɧ�ʴɭʅʓ̯ʓʽɀ̯ɭ�̝˝̸̯ɭ�ʄ˝̝�ɧɭɀʴʓˉʅ�͕ʓ̯ʎ�
̸ˉʯˉ˝͕ˉ�ੲ˝̝�ʴʓ̯̯ʴɭ�̸ˉɧɭ̝̤̯˝˝ɧੳ�̝ʓ̤ʯ̤�ʓ̤�̯˝�
̤̯̝ɭˉʅ̯ʎɭˉ�̯ʎɭ�ɭ͚ʓ̤̯ʓˉʅ�ʅʴ˝ɠɀʴ�ʅ˝͔ɭ̝ˉɀˉɡɭ�
̤̤̯͛ɭʽ੓એ�Ċɭ�ɠɭʴʓɭ͔ɭ�̯ ʎɀ̯�̯ ʎʓ̤�ɹ ɀ̯̯ɭ̝�ɀ̝̚̚˝ɀɡʎ੔�
̸ˉʄ˝̸̝̯ˉɀ̯ɭʴ͛�̤̯ʓʴʴ�ɠɭʓˉʅ�̸̤ɭɧ�ɠ͛�ʽɀˉ͛�ʅ˝͔-
ɭ̝ˉʽɭˉ̯̤�ɀˉɧ�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�˝̝ʅɀˉʓͥɀ̯ʓ˝ˉ̤�
̸̤ɡʎ�ɀ̤�̯ʎɭ�í��ੲ̯˝�͕ʎʓɡʎ��ɠɧɭˉ̸̝�ʓ̤�ɀˉ�
ɀɧ͔ʓ̤˝̝ੳ੔�ʓ̤�ʓʴʴ઀ɡ˝ˉɡɭʓ͔ɭɧ�ʓˉ�̝̚ʓˉɡʓ̚ʴɭ�ɀˉɧ�
ɧɀˉʅɭ̝˝̸̤�ʓˉ�̝̚ɀɡ̯ʓɡɭ੓

ՓׁՒ���Ɏ˧ȷˮɘ�ˮ̵Ȋ˧˹׃�ɹȷ̥�ȫʧʓȱɝ˹ɝʧʓˮ�Ɏʧ˧�ȷκȷȫ˹ɝ̞ȷ�
governance of GCRs

Ċɭ�ɀ̝ʅ̸ɭ�̯ ʎɀ̯�ʎ̸ʽɀˉ�̤ ˝ɡʓɭ̯͛�does�̄ ɭɭɧ�̄ ɭ͕�
ʅ˝͔ɭ̝ˉɀˉɡɭ�ʽɭɡʎɀˉʓ̤ʽ̤੔�ɠɭ̯̯ɭ̝�̸̤ʓ̯ɭɧ�̯˝�
ʎɀˉɧʴʓˉʅ�̯ʎɭ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤�̯ʎɀ̯�ʓ̯�ˉ˝͕�
ʄɀɡɭ̤੓�Ċɭ�ɭ͚ɀʽʓˉɭ�ʎɭ̝ɭ�̯ ʎɭ�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ-
̯ʓ˝ˉ̤�ʄ˝̝�̯ ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̋ ʄ�̤ ̸ɡʎ�̝ ʓ̤ʯ̤�ʓˉ�̯ ʎɭ�
ʴʓʅʎ̯�˝ʄ�̯ʎɭʓ̝�ɠɭʎɀ͔ʓ˝̸̝�ɀ̤�"��̤੔�ɀˉɧ�̯ʎɭˉ�
ɀˉɀʴ͛ͥɭ�̯ ʎɭ�̯ ͛̚ɭ̤�̋ ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ ̤̯͛ɭʽ�ɠɭ̤̯�
ɀɧɀ̯̚ɭɧ�̯˝�ʓʽ̚ʴɭʽɭˉ̯ʓˉʅ�̯ʎ˝̤ɭ�̝̚ʓˉɡʓ̚ʴɭ̤੓
�̸̝�ʴʓ̤̯�ɧɭ̝ʓ͔ɭ̤�ʄ̝˝ʽ�˝̸̝�ɡ˝ˉ̤ʓɧɭ̝ɀ̯ʓ˝ˉ̤�

˝ʄ�E"Ô̤�ɀ̤�"��̤੓�Ċɭ�ʎɀ͔ɭ�ʓɧɭˉ̯ʓпɭɧ�п͔ɭ�
ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�̯ʎɭʓ̝�ʅ˝͔ɭ̝ˉɀˉɡɭ੓�
Юɭ̤ɭ�ʽɀ͛� ˉ˝̯� ɠɭ� ̸̤дɡʓɭˉ̯੔� ɀˉɧ� ʓˉɧɭɭɧ�
̯ʎɭ̝ɭ�ʽɀ͛�ɠɭ�ʽ˝̝ɭ੔�ɠ̸̯�̯ʎɭ̤ɭ�п͔ɭ�ɀ̯�ʴɭɀ̤̯�
ɀ̝ɭ�ˉɭɡɭ̤̤ɀ̝͛�ʄ˝̝�ɭаɭɡ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ੓

3.2.1 Recognition
Û̸ɡɡɭ̤̤ʄ̸ʴ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̔ ̸̤̯�ɡ˝ˉ̤ʓ̤̯�ʓˉ�̔ ɀ͚ʓ-
ʽʓͥʓˉʅ�̯ʎɭ�ɡʎɀˉɡɭ̤�˝ʄ�̯ʎɭ�ɠɭ̤̯�˝̸̯ɡ˝ʽɭ̤�
͕ʎʓʴɭ�̝̚ɭ̚ɀ̝ʓˉʅ�ʄ˝̝�̯ʎɭ�͕˝̝̤̯੓��ˉ�ɭаɭɡ̯ʓ͔ɭ�
ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̤̯͛ɭʽ�ʽ̸̤̯�ɠɭ�઎ɭ̚ʓ̤̯ɭʽʓɡɀʴʴ͛�
ʎ̸ʽɠʴɭએ�ɀɠ˝̸̯�͕ʎɀ̯�ʓ̯�ɡɀˉ�̝̚ɭɧʓɡ̯�ɀˉɧ�ɡ˝ˉ-
̯̝˝ʴ੓�íˉʄ˝̸̝̯ˉɀ̯ɭʴ ੔͛�ʎ̸ʽɀˉ�̄ ɀ̸̯̝ɭ�̤ ɭɭʯ̤�ɡɭ̝-
̯ɀʓˉ̯͛�ੲi̸̝ʅʴɀˉ̤ʯʓ�୐��̝ɭʎɭʯ੔�৖৔৕৖ੳ੔�͕ʎʓɡʎ�
ʽɭɀˉ̤�̯ʎɀ̯�ʓˉɡɭˉ̯ʓ͔ɭ̤�ʓˉ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ʎɀ͔ɭ�
ʅɭˉɭ̝ɀʴʴ͛�ʄɀ͔˝̸̝ɭɧ�ɀ͔˝ʓɧʓˉʅ�̸ ˉɡɭ̝̯ɀʓˉ̯ ੔͛�ɀˉɧ�
̯ʎɀ̯�̚˝ʴʓ̯ʓɡʓɀˉ̤�ɀˉɧ�˝̯ʎɭ̝�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯɭ̝̤�
ʎɀ͔ɭ�̯ɭˉɧɭɧ�̯˝�˝͔ɭ̝ɡʴɀʓʽ�̯ʎɭʓ̝�ɧɭʅ̝ɭɭ�˝ʄ�
ɡ˝ˉ̯̝˝ʴ੓�Юɭ�ʄɭɭɧɠɀɡʯ�ʄ˝ʴʴ˝͕ʓˉʅ�ʓˉɭ͔ʓ̯ɀɠʴɭ�
ʄɀʓʴ̸̝ɭ�ʓ̤�ɀˉ˝̯ʎɭ̝�ɭ͚ɀʽ̚ʴɭ�̋ ʄ�ɠ˝̯ʎ�ʄɀʴʴʓɠʓʴʓ̯͛�
ɀˉɧ�̝ɭрɭ͚ʓ͔ʓ̯͛�ʓˉ�ʅ˝͔ɭ̝ˉɀˉɡɭ੓
Юɭ�п̝̤̯� ɀˉɧ� ˝ɠ͔ʓ˝̸̤� ̝ɭΌ̸ʓ̝ɭʽɭˉ̯� ʄ˝̝�

̯ʎɭ�ɭаɭɡ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�E"Ô̤�ʓ̤�recog-
nition�̯ʎɀ̯�̯ʎɭ�̯̝ɀɧʓ̯ʓ˝ˉɀʴ�ʅ˝ɀʴ̤�˝ʄ�ɡɭ̝̯ɀʓˉ̯͛�
ɀˉɧ� ɡ˝ˉ̯̝˝ʴ� ɀ̝ɭ�ˉ˝̯� ʅɭˉɭ̝ɀʴʴ͛� ɀɡʎʓɭ͔ɀɠʴɭ�
ੲvɀʯ̝ʓɧɀʯʓ̤�୐�æɀʴɭɠ੔�৖৔৔ঢ়ੳ੓�Rˉ�̚ɀ̝̯ʓɡ̸ʴɀ ੔̝�
̯ʎɭ�̝ ʓ̤ʯ̤�ʓˉ͔˝ʴ͔ɭɧ�ɀ̝ɭ�̄ ˝̯�̸ ̸̤ɀʴʴ͛�̤ ̸̤ɡɭ̯̚ʓɠʴɭ�
̯˝� ̯̝ɀɧʓ̯ʓ˝ˉɀʴ�ʽɭ̯ʎ˝ɧ̤�˝ʄ� ̯˝̚઀ɧ˝͕ˉ�ʅ˝͔-
ɭ̝ˉɀˉɡɭ੔�̯ ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ ̤̯͛ɭʽ�ʓ̯̤ɭʴʄ�ʄ˝̝ʽ̤�
̚ɀ̝̯�˝ʄ�̯ʎɭ�ˉɭ̯͕˝̝ʯ�ੲi˝˝ʓʽɀˉ੔�৖৔৔ৗੳ੔�ɀˉɧ�
̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤ ̤̯͛ɭʽ�̔ ɀ͛�ɭ͔ɭˉ�ɠɭ�ɀ�̯ ʎ̝ɭɀ̯�
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̯˝�̤̯ɀɠʓʴʓ̯͛�˝ˉ�ʓ̯̤�˝͕ˉ�ɀɡɡ˝̸ˉ̯�ੲiɭ˝ʎɀˉɭ੔�
৖৔৔৕ੳ੓
Юʓ̤� ʓ̤� ̯ʎɭ� ˝̚̚˝̤ʓ̯ɭ� ˝ʄ� ̯ʎɭ� ̯̝ɀɧʓ̯ʓ˝ˉɀʴ�
ɡ˝ˉɡɭ̯̚� ˝ʄ� ઎ʴɭʅʓɠʓʴʓ̯ ੔͛એ� ̯ʎɭ� ɀ̝̚̚˝ɀɡʎ� ˝ʄ�
͔ʓɭ͕ʓˉʅ�ɀ�̤̤̯͛ɭʽ�̯˝�ɠɭ�ʅ˝͔ɭ̝ˉɭɧ�ʓˉ�̤ʓʽ̚ʴʓ̤-
̯ʓɡ੔�˝̝ɧɭ̝ʴ͛�̯ɭ̝ʽ̤�̯ʎɀ̯�ʽɀʯɭ�ʓ̯�ʅ˝͔ɭ̝ˉɀɠʴɭ�
ੲÛɡ˝̯̯੔�৕ঢ়ঢ়ঢ়ੳ੓�Rˉ�̝ɭɀʴ�ʴʓʄɭ੔�̯ʎʓ̤�̤̯ʓʴʴ઀ɡ˝ʽʽ˝ˉ�
ɀ̝̚̚˝ɀɡʎ�ੲ̝ɭрɭɡ̯ɭɧ�ʓˉ�̯ ʎɭ�ɡ˝ʽʽ˝ˉ�̚ ˝ʴʓ̯ʓɡɀʴ�
ɧɭʽɀˉɧ�̯ ˝�̚ ̝˝͔ʓɧɭ�ɭ͚̚ʴɀˉɀ̯ʓ˝ˉ̤�̯ ʎɀ̯�ɡɀˉ�п̯�
˝ˉ�ɀ�̤ʓˉʅʴɭ�̤ʎɭɭ̯�˝ʄ�̚ɀ̚ɭ̝ੳ੕
৕੓� ʴ˝˝ʯ̤�ɀ̯�ɀ�ɡ˝ʽ̚ʴɭ͚�ɀˉɧ�ɡ˝ˉʄ̸̤ʓˉʅ�̝ ɭɀʴʓ̯͛੖
৖੓� ʄɀʓʴ̤�̯ ˝�̸ ˉɧɭ̝̤̯ɀˉɧ�̯ ʎɭ�̤ ̸ɠ̯ʴɭ̯ʓɭ̤�̋ ʄ�ʎ˝͕�
̯ʎɭ�ɡ˝ʽ̚ʴɭ͚�̝ɭɀʴʓ̯͛�͕˝̝ʯ̤੖

ৗ੓� ɀ̯̯̝ʓɠ̸̯ɭ̤�̯ ʎɀ̯�ʄɀʓʴ̸̝ɭ�̯ ˝�̯ ʎɭ�ʓ̝̝ɀ̯ʓ˝ˉɀʴʓ̯͛�
˝ʄ�̯ʎɭ�̤̤̯͛ɭʽ�ɠɭʓˉʅ�ʴ˝˝ʯɭɧ�ɀ̯੖

৘੓� ɡ˝ʽɭ̤�̸̚�͕ʓ̯ʎ�ɀˉ�ʓɧɭɀʴʓͥɭɧ�͔ɭ̝̤ʓ˝ˉ�˝ʄ�
ʎ˝͕�ʓ̯�ought to look; and

৙੓� ̸̤ɭ̤�ɀ̸̯ʎ˝̝ʓ̯ɀ̝ʓɀˉ�̚ ˝͕ɭ̝�̯ ˝�ʓʽ̚˝̤ɭ�̯ ʎɀ̯�
͔ʓ̤ʓ˝ˉ੔�ɧɭʽ˝ʴʓ̤ʎʓˉʅ�̯ʎɭ�˝ʴɧ�̝ɭɀʴʓ̯͛�ੲÔɀ˝੔�
৖৔৕৔ੳ੓

Ûɡ˝̯̯�̝̚˝͔ʓɧɭ̤�ʽɀˉ͛�̝ɭɀʴ઀ʴʓʄɭ�ɭ͚ɀʽ̚ʴɭ̤੖�
̯ʎɭ�̝ɭɀɧɭ̝�ɡɀˉ�ˉ˝�ɧ˝̸ɠ̯�ʄ̸̝ˉʓ̤ʎ�ʽ˝̝ɭ�˝ʄ�
̯ʎʓ̤� ͔ɭ̝͛� ɡ˝ʽʽ˝ˉ� ɀ̝̚̚˝ɀɡʎ� ̯˝� ʅ˝͔ɭ̝ˉ-
ɀˉɡɭ੔�͕ʎʓɡʎ�ʓ̤�ɭ͚ɭʽ̚ʴʓпɭɧ�ɠ͛�̯ʎɭ�ʎʓ̤̯˝̝͛�
˝ʄ�ɡʎɀˉʅʓˉʅ�ɀ̝̚̚˝ɀɡʎɭ̤�̯˝�ʽɀ̤ʯ઀͕ɭɀ̝ʓˉʅ�
ɧ̸̝ʓˉʅ�̯ʎɭ�"˝͔ʓɧ઀৕ঢ়�̚ɀˉɧɭʽʓɡ੔�͕ʓ̯ʎ�̚˝ʴʓ̯ʓ-
ɡʓɀˉ̤�ʄ̝ɭΌ̸ɭˉ̯ʴ͛�ʓʽ̚˝̤ʓˉʅ�̤ʓʽ̚ʴʓ̤̯ʓɡ�઎̤˝ʴ̸-
̯ʓ˝ˉ̤એ�˝ˉ�͕ʎɀ̯�ʓ̤�ɀ�ɡ˝ˉʄ̸̤ɭɧ�ɀˉɧ�ɡ˝ʽ̚ʴɭ͚�
̝ɭɀʴʓ̯͛�ੲvɡ"˝ˉˉɭʴʴ�୐�Û̯ɀ̝ʯ੔�৖৔৖৕ੳ੓

ՓׁՒׁՒ�Fɾȷ̤ɝȪɝɾɝ˹̥�Ȋʓȱ�ˮˤȷȷȱ
!ɭɡɀ̸̤ɭ� "��̤� ɡɀˉ� ̸ˉɧɭ̝ʅ˝� ̝ɀ̚ʓɧ੔� ʓ̝̝ɭ-
͔ɭ̝̤ʓɠʴɭ੔�ɧ̝ɀʽɀ̯ʓɡ�ɡʎɀˉʅɭ�͕ʓ̯ʎ�ʴʓ̯̯ʴɭ�˝̝�ˉ˝�
͕ɀ̝ˉʓˉʅ੔�ɭаɭɡ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̝ɭΌ̸ʓ̝ɭ̤�Δȷ̤-
ɝȪɾȷׂ�˧Ȋˤɝȱ�ȱȷȫɝˮɝʧʓ׮ʇȊɹɝʓɏ�ˤ˧ʧȫȷˮˮȷˮ�̯ʎɀ̯�ɡɀˉ�
̝ɭ̤̚˝ˉɧ�̯˝�ɀˉɧ�ɡ˝̚ɭ�͕ʓ̯ʎ�̸̤ɡʎ�ɡʎɀˉʅɭ̤੓
�̤ʎɠ͛ઑ̤�mɀ͕�̋ ʄ�ÔɭΌ̸ʓ̤ʓ̯ɭ�ĉɀ̝ʓɭ̯͛�ੲ�̤ʎɠ ੔͛�

৕ঢ়৙ড়ੳ�̤ ̸сɭ̤̯̤�̯ ʎɀ̯�̯ ʎʓ̤�ɡɀˉ�̋ ˉʴ͛�ɠɭ�ɀɡʎʓɭ͔ɭɧ�
ʓʄ�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̤̯͛ɭʽ�ʎɀ̤�ʽ˝̝ɭ�̚˝̯ɭˉ-
̯ʓɀʴ�͔ɀ̝ʓɭ̯͛�̯ʎɀˉ�̯ʎɭ�̤̤̯͛ɭʽ�̯˝�ɠɭ�ʅ˝͔ɭ̝ˉɭɧ੓�
Peters et al.�ੲ৖৔৕ঢ়ੳ�ɀ̝ʅ̸ɭ�̯ʎɀ̯�̯ʎʓ̤�ˉɭɭɧ�ˉ˝̯�

ɠɭ�̯ʎɭ�ɡɀ̤ɭ੔�ɀˉɧ�̚˝ʓˉ̯�̯˝�̤ʓʽ̚ʴɭ�̤̯̝ɀ̯ɭʅʓɭ̤�
̸̤ɡʎ�ɀ̤�̯ʎɀ̯�˝ʄ�!ɀʴʓˉɭ̤ɭ�̝ʓɡɭ�ʄɀ̝ʽɭ̝̤�ੲ઎ɡ˝͛̚�
͛˝̸̝�̔ ˝̤̯�̤ ̸ɡɡɭ̤̤ʄ̸ʴ�̄ ɭʓʅʎɠ˝̸̝̤એੳ�̯ ʎɀ̯�ʎɀ͔ɭ�
ɭˉɀɠʴɭɧ�̯ʎɭʽ�̯˝�̸̤̝͔ʓ͔ɭ�̯ʎɭ�͔ʓɡʓ̤̤ʓ̸̯ɧɭ̤�˝ʄ�
̚˝ʴʓ̯ʓɡ̤�ɀˉɧ�͕ɀ̝�˝͔ɭ̝�ɡɭˉ̸̯̝ʓɭ̤੓�Eʓʅɭ̝ɭˉͥɭ̝�
ɀˉɧ�ʎʓ̤�ʅ̝˝̸̚�ੲ৖৔৔৕ੳ�ʎɀ͔ɭ�̚ ̝˝͔ʓɧɭɧ�ɭ͔ʓɧɭˉɡɭ�
ʄ˝̝�̯ʎɭ�̸̤ɡɡɭ̤̤�˝ʄ�̸̤ɡʎ�̤ʓʽ̚ʴɭ�ੲ઎ʎɭ̸̝ʓ̤̯ʓɡએੳ�
ɀ̝̚̚˝ɀɡʎɭ̤੓�Ñɭ̝ʎɀ̤̚��̤ʎɠ͛ઑ̤�mɀ͕�̤ʎ˝̸ʴɧ�
ɠɭ� ̝ɭ̚ʴɀɡɭɧ� ɠ͛� ̯ʎɭ� ˉ˝̯઀Ό̸ʓ̯ɭ઀ɭΌ̸ʓ͔ɀʴɭˉ̯�
઎Юɭ�˝ˉʴ͛�͕ɀ͛�̯˝�ɡ˝ˉ̯̝˝ʴ�͛˝̸̝�ɧɭ̤̯ʓˉ͛�ʓ̤�̯˝�
ɠɭ�ʽ˝̝ɭ�рɭ͚ʓɠʴɭ�̯ʎɀˉ�͛˝̸̝�ɭˉ͔ʓ̝˝ˉʽɭˉ̯એ�
ੲ(ɀ͕̤˝ˉ੔�৖৔৕৖ੳ੓�ÔɭΌ̸ʓ̤ʓ̯ɭ�͔ ɀ̝ʓɭ̯͛�ʓ̤�ʫ̸̤̯�̋ ˉɭ�
͕ɀ͛�̯˝�ɀɡʎʓɭ͔ɭ�̸̤ɡʎ�рɭ͚ʓɠʓʴʓ̯ ੔͛�ɠ̸̯�ɀ�ʽ˝̝ɭ�
ɭаɭɡ̯ʓ͔ɭ�͕ɀ͛�ʽɀ͛�ɠɭ�̯˝�ɡ˝ˉɡɭˉ̯̝ɀ̯ɭ�˝ˉ�ʫ̸̤̯�
ɀ�ʄɭ͕�ʯɭ͛�ʓ̸̤̤ɭ̤�˝̝�ɧɭɡʓ̤ʓ˝ˉ�̚˝ʓˉ̯̤�͕ʎɭ̝ɭ�
ɡʎɀˉʅɭ�ɡɀˉ�ɠɭ�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�̝ɀ̚ʓɧʴ ੓͛
Ôɀ̯ɭ�ʄɀɡ̯˝̝̤�ɀ̝ɭ�ɡɭ̝̯ɀʓˉʴ͛�ʓʽ̚˝̝̯ɀˉ̯�ʓˉ�

ʽɀˉ͛� ɡɀ̤ɭ̤੔� ɭ̤̚ɭɡʓɀʴʴ͛�͕ʎɭˉ� ˝ˉɭ� ̚ɀ̝̯� ˝ʄ�
̯ʎɭ�̤̤̯͛ɭʽ�ɡɀˉˉ˝̯�ʯɭɭ̚�̸̚�͕ʓ̯ʎ�̯ʎɭ�̝ɀ̯ɭ�
˝ʄ� ɡʎɀˉʅɭ� ʓˉ� ɀˉ˝̯ʎɭ̝� ̚ɀ̝̯� ɀˉɧ� ʴ˝̤ɭ̤� ̯ʎɭ�
̝̚ɭ͔ʓ˝̸̤�̝ɭʴɀ̯ʓ˝ˉ�̯˝�ʓ̯੓��ˉɭ�ɭ͚ɀʽ̚ʴɭ�ʓ̤�̤˝ʓʴ�
ɡɀ̝ɠ˝ˉ઀̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�ʄɭɭɧɠɀɡʯ੔�͕ʎɭ̝ɭ�̝ɀ̚ʓɧ�
͕ɀ̝ʽʓˉʅ�ɡɀ̸̤ɭ̤�"�৮�̝ɭʴɭɀ̤ɭ੔�ɀˉɧ�̚˝̤̤ʓɠʴ͛�
̯ʎɭ� ɡ˝ʴʴɀ̤̚ɭ� ˝ʄ� ̯ʎɭ̝ʽ˝ʎɀʴʓˉɭ� ɡʓ̝ɡ̸ʴɀ̯ʓ˝ˉ�
ʓˉ�̯ʎɭ�ɧɭɭ̚�˝ɡɭɀˉ�ੲ�̤ʎ͕ʓˉ�et al.੔�৖৔৕৖ੳ੓�Rˉ�
ʅ˝͔ɭ̝ˉɀˉɡɭ�ʓ̯̤ɭʴʄ੔�̯ ʎɭ̝ɭ�ɀ̝ɭ�̄ ̸ʽɭ̝˝̸̤�ɭ͚ɀʽ-
̚ʴɭ̤�͕ʎɭˉ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ɧ˝ɭ̤�ˉ˝̯�˝̝�ɡɀˉˉ˝̯�
ʯɭɭ̚�̸̚�͕ʓ̯ʎ�ɡʎɀˉʅɭ�˝̝�˝͔ɭ̝̤ʎ˝˝̯̤�ɡʎɀˉʅɭ੔�
ɀ̤�͕ʓ̯ʎ�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ�
ੲĉʓɡ̯˝ ੔̝�৖৔৕৕ੳ੔�ɀˉɧ�̯ʎɭ�̝ɭ̤ʓ̤̯ɀˉɡɭ�̯˝�઎ʴ˝ɡʯ઀
ɧ˝͕ˉએ�̔ ɭɀ̸̤̝ɭ̤�ʓˉ�̤ ˝ʽɭ�̚ ɀ̝̯̤�̋ ʄ�̯ ʎɭ�íˉʓ̯ɭɧ�
Û̯ɀ̯ɭ̤�ɧ̸̝ʓˉʅ�̯ ʎɭ�"�ĉR(઀৕ঢ়�̚ ɀˉɧɭʽʓɡ�ੲÛɭ͔-
ɀ̤̯˝̸̚ʴ˝�୐�Ûʎ̸ɠɠɭ ੔̝�৖৔৖৔੖�Ñɭʴʴʓ̤�et al.੔�৖৔৖৔ੳ੓�
��̸ ̤ɭʄ̸ʴ�ʓʴʴ̸̤̯̝ɀ̯ʓ͔ɭ�ɭ͚ɀʽ̚ʴɭ�ʓ̤�̋ аɭ̝ɭɧ�ɠ͛�

Ûʓʽ˝ˉ�mɭ͔ʓˉ�ੲ৖৔৕ঢ়ੳ੓�઎vɀˉ͛�ɡ˝̝ɀʴ̤�ɀˉɧ�ɠɀ̝ˉɀ-
ɡʴɭ̤੔એ�ʎɭ�̤ ɀ̤͛੔�઎ʎɀ͔ɭ�ɭ͔˝ʴ͔ɭɧ�̝ ʓʅʓɧ�̤ ̸̯̝ɡ̸̯̝ɭ̤�
̯ʎɀ̯�̝ɭ̤ʓ̤̯�̤̯̝˝ˉʅ�р˝͕̤੔�͕ʎɭ̝ɭɀ̤�̯ʎɭ�ɠ̸ʴʴ�
ʯɭʴ̚�ɠɭˉɧ�͕ ʓ̯ʎ�̯ ʎɭ�р˝͕̤੓�Rˉ�̋ ̸̝�̤ ˝ɡʓɭ̯ʓɭ̤੔�ɀ̤�
ʓˉ�̯ ʎɭ�̔ ɀ̝ʓˉɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯੔�̝ ʓʅʓɧ�ɧɭ̤ʓʅˉ�ɀˉɧ�
̝˝ɠ̸̤̯�ɡ˝ʽ̚˝ˉɭˉ̯̤�̔ ɀ͛�͕ ˝̝ʯ�ɠɭ̤̯�̋ ͔ɭ̝�̯ ʎɭ�
̤ʎ˝̝̯�̯ɭ̝ʽ੖�ɠ̸̯�ɀ�рɭ͚ʓɠʴɭ�ɀɧɀ̯̚ʓ͔ɭ�ɡ˝ʽ̚˝-
ˉɭˉ̯੔�ɭʓ̯ʎɭ̝�ɠɭˉɧʓˉʅ�͕ ʓ̯ʎ�̯ ʎɭ�р˝͕�̋ ̝�ʓˉ͔˝ʴ͔-
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ʓˉʅ�̝ɭ̚ʴɀɡɭɀɠʴɭ�ɡ˝ʽ̚˝ˉɭˉ̯̤੔�ɡɀˉ�̝̚˝ʴ˝ˉʅ�
̚ɭ̝̤ʓ̤̯ɭˉɡɭ੓�Юɭ�̝ ʓʅʎ̯�ɠɀʴɀˉɡɭ�ɠɭ̯͕ɭɭˉ�̯ ʎɭʽ�
͔ɀ̝ʓɭ̤�ʄ̝˝ʽ�̋ ̝ʅɀˉʓ̤ʽ�̯ ˝�̋ ̝ʅɀˉʓ̤ʽ੔�ɀˉɧ�ʄ̝˝ʽ�
̤̯̝ɀ̯ɭʅ͛�̯˝�̤̯̝ɀ̯ɭʅ ੓͛એ
Ôɀ̯ɭ�ʄɀɡ̯˝̝̤�ɠɭɡ˝ʽɭ�ʓʽ̚˝̝̯ɀˉ̯�ʓˉ�ɀ�ɧʓʄ-

ʄɭ̝ɭˉ̯�͕ɀ͛�͕ʎɭˉ�ɡ˝ˉ̤ʓɧɭ̝ʓˉʅ�̯ʎɭ�̤̚ɭɭɧ�ɀ̯�
͕ʎʓɡʎ�ɡ˝ʽ̸̯̚ɭ̝઀ɀʓɧɭɧ�ɧɭɡʓ̤ʓ˝ˉ�̔ ɀʯʓˉʅ�ɡɀˉ�
̯ɀʯɭ�̚ ʴɀɡɭ੓�઎Û̚ɭɭɧ઀̸̤̚�ɀ̚̚ɭɀ̝�̯ ˝�̚ ˝̤ɭ�ɀ�̤ ɭ̝ʓ-
˝̸̤�ɡʎɀʴʴɭˉʅɭ�̯˝�ʎ̸ʽɀˉ�ɀɠʓʴʓ̯͛�̯˝�ɡ˝ˉ̯̝˝ʴ�
̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�̚ ̝˝ɡɭ̤̤ɭ̤�ɧ̸ɭ�̯ ˝�ʅ̝˝͕ʓˉʅ�ʅɀ̤̚�
˝ʄ�̤̚ɭɭɧ�ɠɭ̯͕ɭɭˉ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�
ੲ઎ɡ͛ɠɭ̝ˉɭ̯ʓɡ�ʅɀ̤̚એੳ� ɀˉɧ�ɡʎɀʴʴɭˉʅɭ̤� ̯˝� ̤ɭ̯-
̯ʓˉʅ�̯ʎɭ�ʅ˝ɀʴ̤�̯ʎɭ͛�ɀ̝ɭ�˝̯̚ʓʽʓͥʓˉʅ�ʄ˝̝�ɧ̸ɭ�
̯˝�ʅɀ̤̚�˝ʄ�̤̚ɭɭɧ�ɠɭ̯͕ɭɭˉ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�ɀˉɧ�
̯ʎɭ�ʎ̸ʽɀˉ�͕˝̝ʴɧ�ੲ઎ɭ̯ʎʓɡɀʴ�ʅɀ̤̚એੳ੔�ʓˉ�̸̯̝ˉ�
̚˝̤ʓˉʅ�ɀ�̝̚˝ʄ˝̸ˉɧ�ɡʎɀʴʴɭˉʅɭ�̯˝�ʅ˝͔ɭ̝ˉɀˉɡɭ�
̤̤̯͛ɭʽ̤�̯ʎɀ̯�ɀ̝ɭ�̯ʎɭʽ̤ɭʴ͔ɭ̤�̯˝�̤˝ʽɭ�ɭ͚̯ɭˉ̯�
ʎ͛ɠ̝ʓɧ�ʎ̸ʽɀˉ઀�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉɀʴ�̤̤̯͛ɭʽ̤�̸̤ʄ-
ʄɭ̝ʓˉʅ�ʓˉ̯ɭ̝ˉɀʴ�̤ ̚ɭɭɧ�ʅɀ̤̚એ�ੲÛɀˉɧɠɭ̝ʅ੔�৖৔৕ঢ়ੳ੓

3.2.3 Integrated monitoring and action
Û̸ɡɡɭ̤̤ʄ̸ʴ�ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ�˝ʄ��̤ʎɠ͛ઑ̤�mɀ͕�ੲ˝̝�
ɀˉ͛�̤ʓʽ̚ʴɭ̝�͔ɭ̝̤ʓ˝ˉੳ�̝ɭΌ̸ʓ̝ɭ̤�̯ʎɭ�ability to 
monitor�̯ʎɭ�˝ˉʅ˝ʓˉʅ�ɠɭʎɀ͔ʓ˝̸̝�˝ʄ�̯ʎɭ�ˉɭ̯-
͕˝̝ʯ�ɀˉɧ�ʓ̯̤�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�ɀˉɧ�̯˝�act�˝ˉ�̯ʎʓ̤�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੓�"ʴɭɀ̝ʴ͛�ˉ˝̯�ɭ͔ɭ̝̯͛ʎʓˉʅ�ɡɀˉ�ɠɭ�
ʯˉ˝͕ˉ੔�ɠ̸̯�ʓ̯�ʓ̤�ʓʽ̚˝̝̯ɀˉ̯�ɀ̯�ʴɭɀ̤̯�̯˝�ɡɀ̚-
̸̯̝ɭ�ʯɭ͛�ʄɭɀ̸̯̝ɭ̤�̯ʎɀ̯�ɡɀˉ�̤ɭ̝͔ɭ�ɀ̤�ɀ�ʅ̸ʓɧɭ�
to action.
D˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʓʄ�͕ ɭ�ɡɀˉ�̚ ̝ɭɧʓɡ̯�̯ ʎɀ̯�̤ ˝ʽɭ-

̯ʎʓˉʅ�ੲɭ੓ʅ੓�ɀ̯ʽ˝̤̚ʎɭ̝ʓɡ�"�৮�ɡ˝ˉɡɭˉ̯̝ɀ̯ʓ˝ˉ̤ੳ�
͕ʓʴʴ�ʎɀ͔ɭ�ɀˉ�ɭаɭɡ̯�ੲɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭੳ੔�̯ʎɭˉ�
͕ɭ�ɡɀˉ�ʄ˝ɡ̸̤�ʅ˝͔ɭ̝ˉɀˉɡɭ�̋ ˉ�̯ ʎɀ̯�̤ ˝ʽɭ̯ʎʓˉʅ੓�
�̤�ɀˉ�ɭ͚̯̝ɭʽɭ�ɭ͚ɀʽ̚ʴɭ੔�ʓʄ�ɀʴʴ�ɡ˝ˉ̯ɀɡ̯̤�˝ʄ�
ʓˉʄɭɡ̯ɭɧ� ̚ɭ̝̤˝ˉ̤� ʓˉ� ɀ� ̚ɀˉɧɭʽʓɡ� ɡɀˉ� ɠɭ�
̯̝ɀɡɭɧ੔�̯ʎɭ͛�ɡɀˉ�ɠɭ�ʓ̤˝ʴɀ̯ɭɧ�ɀˉɧ�̯ʎɭ�̤̝̚ɭɀɧ�
˝ʄ�̯ʎɭ�ɧʓ̤ɭɀ̤ɭ�ɠ̝˝̸ʅʎ̯�̸ˉɧɭ̝�ɡ˝ˉ̯̝˝ʴ�ੲiɭɭʴ-
ing et al.੔�৖৔৖৔ੳ੓
v˝ˉʓ̯˝̝ʓˉʅ�̯ ʎɭ�̤ ̸̯̝ɡ̸̯̝ɭ�̋ ʄ�̯ ʎɭ�̄ ɭ̯͕˝̝ʯ�

ʓ̯̤ɭʴʄ�ɡɀˉ�ɀʴ̤˝�ʎɭʴ̚�͕ ʓ̯ʎ�ɭаɭɡ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ੓�
R̯�ʽɀ͛�ʎɭʴ̚�̯˝�ɀ͔˝ʓɧ�̯ʓ̚̚ʓˉʅ�̚˝ʓˉ̯̤�ੲʯˉ˝͕ˉ�
̯ɭɡʎˉʓɡɀʴʴ͛� ɀ̤� critical transitionsੳ� ̯ʎ̝˝̸ʅʎ�

ʅ̸ʓɧʓˉʅ�ɡʎɀˉʅɭ̤�ʓˉ�̯ʎɭ�˝̝ʅɀˉʓͥɀ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�
ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤੔�ɀ̤�ɡ˝̸ʴɧ�ʎɀ͔ɭ�ɠɭɭˉ�̯ʎɭ�ɡɀ̤ɭ�
͕ʓ̯ʎ�̯ ʎɭ�ʅʴ˝ɠɀʴ�пˉɀˉɡʓɀʴ�ɡ̝ʓ̤ʓ̤�̋ ʄ�৖৔৔ড়�ੲvɀ͛�
୐�Mɀʴɧɀˉɭ੔�৖৔৕৕ੳ੓�.͔ɭˉ�̸ˉɧɭ̝�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�˝ʄ�
ɧɭɭ̚�̸ˉɡɭ̝̯ɀʓˉ̯ ੔͛�ʽ˝ˉʓ̯˝̝ʓˉʅ�ɡɀˉ�̤̯ʓʴʴ�ɠɭ�
͔ɀʴ̸ɀɠʴɭ�ʓˉ�̤ ɭ̯̯ʓˉʅ�ɹ ʓʽʓ̯̤�̋ ˉ�̯ ʎɭ�̄ ̸ʽɠɭ̝�ɀˉɧ�
̯͛̚ɭ�̋ ʄ�̤ ɡɭˉɀ̝ʓ˝̤�̯ ʎɀ̯�̄ ɭɭɧ�̯ ˝�ɠɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�
ੲĊɀʴʯɭ̝�et al.੔�৖৔৕৔ੳ੓
Ôɭрɭ͚ʓ͔ʓ̯͛�̔ ɀ͛�ɀ̚̚ɭɀ̝�̯ ˝�ɠɭ�ɀ�ʄ̸ˉɧɀʽɭˉ-

̯ɀʴ�ʴʓʽʓ̯�̯˝�ʽ˝ˉʓ̯˝̝ʓˉʅ੔�ɡɀ̸̤ʓˉʅ�ɀˉ�ʓˉпˉʓ̯ɭ�
̝ɭʅ̝ɭ̤̤�˝ʄ�ɡ˝ˉ̤ʓɧɭ̝ʓˉʅ�̯ʎɭ�ɡ˝ˉ̤ɭΌ̸ɭˉɡɭ̤�˝ʄ�
ʽ˝ˉʓ̯˝̝ʓˉʅ੓�M˝͕ɭ͔ɭ ੔̝�ʽɀˉ͛�ɭ͚ʓ̤̯ʓˉʅ�ɭˉʅʓ-
neering systems accurately take into account 
̯ʎɭʓ̝�˝͕ˉ�̝̚ɭɧʓɡ̯ʓ˝ˉ̤�̸̤ʓˉʅ�ɭ੓ʅ੓�ɀɧɀ̯̚ʓ͔ɭ�
ɡ˝ˉ̯̝˝ʴ� ̯ʎɭ˝̝͛� ɀˉɧ� !ɭʴʴʽɀ ઑ̤̄� ɭΌ̸ɀ̯ʓ˝ˉ̤�
ੲ!ɭʴʴʽɀˉ੔� ৕ঢ়৚৕ੳ੓�Юʓ̤� ʓ̤� ̚˝̤̤ʓɠʴɭ� ɠɭɡɀ̸̤ɭ�
̯ʎɭ͛�̯͛̚ʓɡɀʴʴ͛�ɧ˝�ˉ˝̯�ɀ̤̚ʓ̝ɭ�̯˝�̚ɭ̝ʄɭɡ̯ʓ˝ˉ੔�
ʽɭ̝ɭʴ͛�ɀ�ʎʓʅʎ�ʴɭ͔ɭʴ�˝ʄ�̝̚ɀɡ̯ʓɡɀʴ�˝̯̚ʓʽɀʴʓ̯ ੓͛�
Юɭ�̝ɭрɭ͚ʓ͔ʓ̯͛�̝̚˝ɠʴɭʽ�ʓ̤�ɠ͛�ˉ˝�ʽɭɀˉ̤�ɭɀ̤ ੔͛�
ɠ̸̯�ʓ̯�ʓ̤�ˉ˝̯�̸ˉ̤˝ʴ͔ɀɠʴɭ�ʓʄ�˝ˉɭ�ʓ̤�͕ʓʴʴʓˉʅ�̯˝�
͕˝̝ʯ�͕ʓ̯ʎ�ɀ̝̚̚˝͚ʓʽɀ̯ʓ˝ˉ̤੓
Û˝ʽɭ�˝ʄ�̯ʎɭ�ɧɭɭ̚ɭ̤̯�̸ˉɡɭ̝̯ɀʓˉ̯ʓɭ̤�ɡɀˉ�

˝ɡɡ̸̝� ͕ʎɭˉ� ̤̯˝ɡʎɀ̤̯ʓɡ� ʓˉ̯ɭ̝ˉɀʴ� ͔ɀ̝ʓɀɠʓʴ-
ʓ̯͛�̯̝ʓсɭ̝̤�ɀ�̤ʎʓо�ʓˉ�̯ʎɭ�̤̯ɀ̯ɭ�˝ʄ�ɀ�̤̤̯͛ɭʽ੓�
Юɭ̝ɭ�ʽɀ͛�ɠɭ�ɀ�ɡ˝ʽ̚ʴɭ̯ɭ�ʴɀɡʯ�˝ʄ�͕ɀ̝ˉʓˉʅ�
ੲmɭˉ̯˝ˉ੔�৖৔৕ৗੳ੔�ɀˉɧ�ɀɡ̯ʓ˝ˉ̤�ɧ̸̝ʓˉʅ�̝ɀ̚ʓɧʴ͛�
ɡʎɀˉʅʓˉʅ�̤ ʓ̸̯ɀ̯ʓ˝ˉ̤�ੲ̸̤ɡʎ�ɀ̤�̯ ʎɭ�̋ ɡɡ̸̝̝ɭˉɡɭ�
˝ʄ�ɀ�ˉɭ͕�̚ɀˉɧɭʽʓɡੳ�ʽ̸̤̯�ɠɭ�̯ɀʯɭˉ�઎˝ˉ�̯ʎɭ�
ʎ˝˝ʄ੓એ�Rˉ̯ɭʅ̝ɀ̯ɭɧ�̔ ˝ˉʓ̯˝̝ʓˉʅ�ɀˉɧ�ɀɡ̯ʓ˝ˉ�ɀ̝ɭ�
ɭ̤̚ɭɡʓɀʴʴ͛�ʓʽ̚˝̝̯ɀˉ̯�ɧ̸̝ʓˉʅ�̸̤ɡʎ�̤ɡɭˉɀ̝ʓ˝̤੓
Û˝ʽɭ̯ʓʽɭ̤੔�ʎ˝͕ɭ͔ɭ ੔̝�̯ʎɭ̝ɭ�ɡɀˉ�ɠɭ�͕ɀ̝ˉ-

ʓˉʅ� ̤ʓʅˉ̤੓�!ʓʄ̸̝ɡɀ̯ʓ˝ˉ� ̯ʓ̚̚ʓˉʅ�̚˝ʓˉ̯̤੔� ʄ˝̝�
ɭ͚ɀʽ̚ʴɭ੔� ɀ̝ɭ� ˝оɭˉ� ̝̚ɭɡɭɧɭɧ� ɠ͛� critical 
slowing down�ੲÛɡʎɭаɭ̝�et al.੔�৖৔৔ঢ়ੳੳ੔�͕ʎɭ̝ɭ�
̯ʎɭ�̤̤̯͛ɭʽ�ɠɭɡ˝ʽɭ̤�ʽ˝̝ɭ�ɀˉɧ�ʽ˝̝ɭ�̤ʴ̸ʅ-
ʅʓ̤ʎ�ʓˉ�ʓ̯̤�̝ɭ̤̚˝ˉ̤ɭ�̯˝�̤ʽɀʴʴ�̚ɭ̸̝̯̝ɠɀ̯ʓ˝ˉ̤�
ɀˉɧ�ɧʓ̸̤̝̯̚ʓ˝ˉ̤੓�R̯�ʓ̤�ʓʽ̚˝̝̯ɀˉ̯�̯˝�ʽ˝ˉʓ̯˝̝�
ɀˉɧ�̝ɭ̤̚˝ˉɧ�̯˝�̸̤ɡʎ�͕ɀ̝ˉʓˉʅ�̤ʓʅˉ̤�ɠɭʄ˝̝ɭ�
ɀ�઎̸̝ˉɀ͕ɀ͛એ�̤ʓ̸̯ɀ̯ʓ˝ˉ�ɧɭ͔ɭʴ˝̤̚੓�Юʓ̤�ɡɀˉ�
̝ɭΌ̸ʓ̝ɭ�̤ʓʅˉʓпɡɀˉ̯�ɡʎɀˉʅɭ̤�ʓˉ�ʅ˝͔ɭ̝ˉɀˉɡɭ�
ɡ̸ʴ̸̯̝ɭ੓��̤�̯ʎɭ�ʎʓ̤̯˝̝͛�˝ʄ�ɀɡ̯ʓ˝ˉ̤�̯˝�ɡ˝̚ɭ�
͕ʓ̯ʎ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ�ʎɀ̤�̤ ʎ˝͕ˉ�ੲMɀ̝̝ʓ̤˝ˉ�୐�
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Eɭ͛ɭ ੔̝�৖৔৕ঢ়ੳ੔�ʓ̯�ɡɀˉ�ɠɭ�ɧʓдɡ̸ʴ̯�̯˝�̚ɭ̸̝̤ɀɧɭ�
̚˝ʴʓɡ͛઀ʽɀʯɭ̝̤�̯˝�̯ɀʯɭ�͕ɀ̝ˉʓˉʅ�̤ʓʅˉɀʴ̤�̤ɭ̝ʓ-
˝̸̤ʴ͛�̸ˉ̯ʓʴ�ʓ̯�ʓ̤�̯˝˝�ʴɀ̯ɭ੓��ʴ̤˝੔�̯ʎɭ�ʓˉ̯ɭ̝̝̚ɭ-
̯ɀ̯ʓ˝ˉ�˝ʄ�̤˝ʽɭ�ɭɀ̝ʴ͛઀͕ɀ̝ˉʓˉʅ�̤ʓʅˉ̤�ʽɀ͛�ɠɭ�
̸̤ɠʫɭɡ̯�̯˝�̯ʎɭ�̝̚˝̤ɭɡ̸̯˝̝ઑ̤�ʄɀʴʴɀɡ͛੕�઎ɡ˝ˉɧʓ-
̯ʓ˝ˉɀʴʴ͛�̤ɭʴɭɡ̯ʓˉʅ�̤̤̯͛ɭʽ̤�ʯˉ˝͕ˉ�̯˝�ɭ͚̚ɭ̝ʓ-
ɭˉɡɭ�ɀ�̯̝ɀˉ̤ʓ̯ʓ˝ˉ�˝ʄ�̤˝ʽɭ�̤˝̝̯�ɀˉɧ�ʄɀʓʴʓˉʅ�
̯˝�ɀɡɡ˝̸ˉ̯�ʄ˝̝�̯ʎɭ�ɠʓɀ̤�̯ʎɀ̯�̯ʎʓ̤�ʓˉ̯̝˝ɧ̸ɡɭ̤એ�
ੲ!˝ɭ̯̯ʓʅɭ̝�୐�Mɀ̤̯ʓˉʅ̤੔�৖৔৕৖ੳ੓
�ˉ˝̯ʎɭ̝�ɡʎɀˉʅɭ�ʓˉ�ɡ̸ʴ̸̯̝ɭ�ɡ˝ˉɡɭ̝ˉ̤�ɡɀ̝ɭ�

ʓˉ�̯ʎɭ�̸̤ɭ�˝ʄ�ʽɭ̯̝ʓɡ̤੓��ˉɡɭ�ɀˉ�ʓˉɧʓɡɀ̯˝̝�ʓ̤�
ʽɀɧɭ�ʓˉ̯˝�ɀ�̚˝ʴʓɡ͛�̯ɀ̝ʅɭ̯੔�ʓ̯�ɡɀˉ�ʴ˝̤ɭ�̯ʎɭ�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ɡ˝ˉ̯ɭˉ̯� ̯ʎɀ̯� Ό̸ɀʴʓпɭ̤� ʓ̯� ̯˝�
̚ʴɀ͛�ʓ̯̤�̝˝ʴɭ�ɀ̤�ɀˉ�ʓˉɧʓɡɀ̯˝̝�ੲ�ɭ͕̯˝ˉ੔�৖৔৕৕ੳ੓�
Юʓ̤�ɭаɭɡ̯�ੲʯˉ˝͕ˉ�ɀ̤�E˝˝ɧʎɀ̝̯ઑ̤�mɀ͕ੳ�ʓ̤�
̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛� ̝ɭʴɭ͔ɀˉ̯� ̯˝� ̯ʎɭ� ʅ˝͔ɭ̝ˉɀˉɡɭ�
˝ʄ�"��̤੔�̤ʓˉɡɭ�ʓˉɧʓɡɀ̯˝̝̤�ɀˉɧ�̯ʎɭ�̤̤̯͛ɭʽ�
̝ɭɡʓ̝̚˝ɡɀʴʴ͛� ɀаɭɡ̯� ɭɀɡʎ�˝̯ʎɭ̝� ੲvɀˉʎɭʓʽ੔�
৖৔৕৚੔�৖৔৕ড়ੳ੓�Юɭ̝ɭʓˉ�ʴʓɭ̤�̯ʎɭ�̝̚˝ɠʴɭʽ੔�̤ʓˉɡɭ�
઎"˝ʽ̚ʴɭ͚� ̤̤̯͛ɭʽ̤� ɡɀˉ� ˝ˉʴ͛� ɠɭ� ʽɀˉɀʅɭɧ�
̸̤ʓˉʅ�ʽɭ̯̝ʓɡ̤੔�ɀˉɧ�˝ˉɡɭ�̯ʎɭ�ʽɭ̯̝ʓɡ̤�ɀ̝ɭ�̸̯̚�
ʓˉ�̚ʴɀɡɭ੔�ɭ͔ɭ̝͛˝ˉɭ�ʓ̤�ɠɭʓˉʅ�ʓˉɡɭˉ̯ʓ͔ʓͥɭɧ�̯˝�
ʄ˝ʴʴ˝͕�̯ ʎɭ�̤ ̤̯͛ɭ ઑ̤̔�ɹ ˝ʅʓɡ੔�̯ ˝�̯ ʎɭ�ɭ͚ɡʴ̸̤ʓ˝ˉ�̋ ʄ�
̯ʎɭ�˝̝ʓʅʓˉɀʴ�ʅ˝ɀʴ̤੓�Rʄ�͛˝ ઑ̸̝ɭ�ˉ˝̯�ɡɀ̝ɭʄ̸ʴ�͕ʓ̯ʎ�
͛˝̸̝�ʽɭ̯̝ʓɡ̤੔�͛˝ ઑ̸̝ɭ�ˉ˝̯�ɡɀ̝ɭʄ̸ʴ�͕ʓ̯ʎ�͛˝̸̝�
ɧɭɡʓ̤ʓ˝ˉ̤੓��ˉɧ�͛˝̸�ɡɀ ઑ̯̄�ɠɭ�ɡɀ̝ɭʄ̸ʴ�ɭˉ˝̸ʅʎએ�
ੲvɀˉʎɭʓʽ੔�৖৔৕ড়ੳ੓���̝̚ʓʽɭ�ɭ͚ɀʽ̚ʴɭ�ʓ̤�̯ʎɭ�
ʄɀʓʴ̸̝ɭ�˝ʄ�̯ʎɭ�ɀʴʅ˝̝ʓ̯ʎʽ�ʄ˝̝�ʽ˝ɧʓʄ͛ʓˉʅ�íi�
ɭ͚ɀʽʓˉɀ̯ʓ˝ˉ�̝ɭ̸̤ʴ̯̤�ʓˉ�৖৔৖৔�ੲMɀ˝੔�৖৔৖৔ੳ੓
Юɭ̤ɭ�͔ɀ̝ʓ˝̸̤�caveats੔�ʎ˝͕ɭ͔ɭ ੔̝�ɀ̝ɭ�ˉ˝̯�

ɀ̝ʅ̸ʽɭˉ̯̤� ɀʅɀʓˉ̤̯� ̯ʎɭ� ̸̤ɭ� ˝ʄ� ʓˉ̯ɭʅ̝ɀ̯ɭɧ�
ʽ˝ˉʓ̯˝̝ʓˉʅ� ɀˉɧ� ɀɡ̯ʓ˝ˉ� ɀ̤� ɀ� ̸̤̚̚˝̝̯� ʄ˝̝�
ɭаɭɡ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ੓�Юɭ͛�ʓʴʴ̸̤̯̝ɀ̯ɭ੔�̝ ɀ̯ʎɭ ੔̝�
̯ʎɭ�ʓʽ̚˝̝̯ɀˉɡɭ�˝ʄ�̸̤ʓˉʅ�̯ʎɭ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�
ʅɀʓˉɭɧ�ʓˉ�ɀ�̝̚ɭɡʓ̤ɭ�ɀˉɧ�ɀɡɡ̸̝ɀ̯ɭ�ʽɀˉˉɭ ੓̝

3.2.4 Cooperation and coordination
R̯�ʎɀ̝ɧʴ͛�ˉɭɭɧ̤�̤ɀ͛ʓˉʅ�̯ʎɀ̯�ɀɡʎʓɭ͔ʓˉʅ�̯ʎɭ�
ˉɭɡɭ̤̤ɀ̝͛�ʽ˝ˉʓ̯˝̝ʓˉʅ�ɀˉɧ�ɀɡ̯ʓ˝ˉ�̝ɭΌ̸ʓ̝ɭ̤�
cooperation and coordination�ɀ̯� ʓˉɧʓ͔ʓɧ̸ɀʴ੔�
ʅ̝˝̸̚�ɀˉɧ� ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ� ʴɭ͔ɭʴ̤੓�Юɭ�̝̚ʓˉ-
ɡʓ̚ʴɭ̤� ̸ˉɧɭ̝ʴ͛ʓˉʅ� ɭаɭɡ̯ʓ͔ɭ� ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�

ʎɀ͔ɭ�ɠɭɭˉ�̯ʎɭ�̸̤ɠʫɭɡ̯�˝ʄ�ˉ̸ʽɭ̝˝̸̤�̸̤̯ɧʓɭ̤੔�
͕ʓ̯ʎ�ɀɡ̯ʓ˝ˉ�˝оɭˉ�ɠɭʓˉʅ�̤ɀɧʴ͛�̝ɭ̤̯̝ʓɡ̯ɭɧ�ɠ͛�
íˉɧɭ̝ɧɀʴઑ̤� ઎mɀ͕�˝ʄ� ̯ʎɭ�mɭɀ̤̯��ʽɠʓ̯ʓ˝̸̤�
Ñ̝˝ʅ̝ɀʽʽɭએ�ੲĉʓɡ̯˝ ੔̝�৖৔৔৚ੳ੔�͕ ʎʓɡʎ�̤ ɀ̤͛�̯ ʎɀ̯�
ɀɡ̯ʓ˝ˉ�̯ɭˉɧ̤�̯˝�ɠɭ�̝ɭ̤̯̝ʓɡ̯ɭɧ�ɠ͛�̯ʎɭ�ʴɭɀ̤̯�
ɭˉ̯ʎ̸̤ʓɀ̤̯ʓɡ�̚ɀ̝̯ ੓͛�
"˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ�ɀ̝ɭ�ˉɭ͔-

ɭ̝̯ʎɭʴɭ̤̤�ˉɭɡɭ̤̤ɀ̝͛�ʄ˝̝�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�
E"Ô̤੔�̤ʓˉɡɭ�рɭ͚ʓɠʓʴʓ̯͛�ɀˉɧ�̤̚ɭɭɧ�ɀ̝ɭ�ʅɭˉ-
ɭ̝ɀʴʴ͛�̸ˉɀɡʎʓɭ͔ɀɠʴɭ�͕ʓ̯ʎ˝̸̯�̯ʎɭʽ੓�Юɭ͛�ɀ̝ɭ�
ɭ̤̚ɭɡʓɀʴʴ͛�ʓʽ̚˝̝̯ɀˉ̯�ʓˉ�̯ʎ̝ɭɭ�ʯɭ͛�ɀ̝ɭɀ̤੕
৕੓� ̯ɀʯʓˉʅ�ɀɡ̯ʓ˝ˉ̤�̯ʎɀ̯�ɡʎɀˉʅɭ�̯ʎɭ�̤̤̯͛ɭʽ�
̯˝�ʽɭɭ̯�ʅ˝ɀʴ̤�ੲɭ੓ʅ੓�̝ɭɧ̸ɡʓˉʅ�ʅ̝ɭɭˉʎ˝̸̤ɭ�
ʅɀ̤�ɭʽʓ̤̤ʓ˝ˉ̤�̯ ˝�̔ ʓ̯ʓʅɀ̯ɭ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ�
ੲvɀ̯̯˝˝�୐�Û̸ɠ̝ɀʽɀˉʓɀˉ੔�৖৔৕ৗ੖�ĉʓɡ̯˝ ੔̝�
৖৔৕৚੖�vɀ̤˝ˉ�et al.੔�৖৔৕৛ੳ

৖੓� ̯ɀʯʓˉʅ�ɀɡ̯ʓ˝ˉ̤�̯ʎɀ̯�̝ɭɧ̸ɡɭ�̸ˉɡɭ̝̯ɀʓˉ̯ ੔͛�
ɠ˝̯ʎ�ʓˉ�̚ ̝ɀɡ̯ʓɡɀʴ�̯ ɭ̝ʽ̤�ੲɭ੓ʅ੓�ʅ˝͔ɭ̝ˉʽɭˉ̯�
ʅ̸ɀ̝ɀˉ̯ɭɭ̤੔�ʓˉ̸̤̝ɀˉɡɭ�ੲm˝̸ɀɀ̤�୐�Ñʓɡɀ̝ɧ੔�
৖৔৖৔ੳੳ�ɀˉɧ�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�ɡ˝ʽʽ̸ˉʓ̯͛�̚ɭ̝-
ɡɭ̯̚ʓ˝ˉ̤�ੲĊɀɡʎʓˉʅɭ̝�et al.੔�৖৔৕ৗ੖�i̸ʎʴɭ-
ʽɀˉˉ੔�৖৔৕ঢ়ੳੳ

ৗ੓� ̤̯ɭɭ̝ʓˉʅ�̯ʎɭ�̤̤̯͛ɭʽ�ɀ͕ɀ͛�ʄ̝˝ʽ�̯ʓ̚̚ʓˉʅ�
̚˝ʓˉ̯̤�ੲEɀʴɀͥ�et al.੔�৖৔৕৚ੳ�ੲɭ੓ʅ੓�̝ɭɧ̸ɡʓˉʅ�
̯ʎɭ�̝ɭ̝̚˝ɧ̸ɡ̯ʓ˝ˉ�ˉ̸ʽɠɭ̝�R�̯˝�ɠɭʴ˝͕�৕�
̤˝�ɀ̤�̯˝�̤̯˝̚�̯ʎɭ�̤̝̚ɭɀɧ�˝ʄ�ɀ�̚ɀˉɧɭʽʓɡ�
ੲ�˝̸͔ɭʴʴɭ̯�et al.੔�৖৔৖৕ੳ੓

3.2.5 Resilience and preparedness
Dʓˉɀʴʴ ੔͛�ɭаɭɡ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ʅʴ˝ɠɀʴ�̤̤͛-
̯ɭʽʓɡ�̝ʓ̤ʯ̤�ˉɭɭɧ̤�̯˝�̝ɭɡ˝ʅˉʓͥɭ�̯ʎɀ̯�̸ˉɭ͚-
̚ɭɡ̯ɭɧ�˝̝�̸ˉ̝̚ɭɧʓɡ̯ɀɠʴɭ�̤̤̯͛ɭʽʓɡ�ɡʎɀˉʅɭ�ʓ̤�
ɀʴ͕ɀ̤͛�˝ˉ�̯ʎɭ�ɡɀ̝ɧ̤੔�ɀˉɧ�̯ʎɀ̯�ɧɭɀʴʓˉʅ�͕ʓ̯ʎ�
̸̤ɡʎ�ɡʎɀˉʅɭ�̝ɭΌ̸ʓ̝ɭ̤�preparedness�ʄ˝̝�̤ʓ̸̯ɀ-
̯ʓ˝ˉ̤�͕ʎɭˉ�ɡʎɀˉʅɭ�ɠɭɡ˝ʽɭ̤�ʓˉɭ͔ʓ̯ɀɠʴɭ੓
Ċʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯˝�ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�̤̤͛-

̯ɭʽ̤੔� ɭаɭɡ̯ʓ͔ɭ� ̝̚ɭ̚ɀ̝ɭɧˉɭ̤̤� ʄ˝̝� ̸̤ɧɧɭˉ�
ɡʎɀˉʅɭ� ʓˉ͔˝ʴ͔ɭ̤� investment in resilience, 
͕ʎʓɡʎ�ʽɀ͛�ʽɭɀˉ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�̝ɭ̤̯˝̝ʓˉʅ�
̯ʎɭ�ˮ̵Ȋ˹̂ˮ�˦̂ʧ�ɀˉɧ੣˝̝�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�ɀɧɀ̯̚-
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ʓˉʅ�̯ ˝�̄ ɭ͕�̤ ʓ̸̯ɀ̯ʓ˝ˉ̤�ੲ"ɀ̝̚ɭˉ̯ɭ̝�et al.੔�৖৔৕৖੖�
Dʓ̤ʎɭ ੔̝�৖৔৕৙ੳ੓
�ˉ�ɭ͚ɀʽ̚ʴɭ�˝ʄ�̯ʎɭ�ʄ˝̝ʽɭ̝�ʓ̤�̝ɭ̤ʓʴʓɭˉɡɭ�

̚ʴɀˉˉʓˉʅ�ʄ˝̝�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�ɠʓ˝ʴ˝ʅʓɡɀʴ�
̯ʎ̝ɭɀ̯̤�̸̤ɡʎ�ɀ̤�̚ɀˉɧɭʽʓɡ̤੔�ɠʓ˝ʴ˝ʅʓɡɀʴ�͕ɭɀ̚-
˝ˉ̤�ɀˉɧ�̤͛ˉ̯ʎɭ̯ʓɡ�ɠʓ˝ʴ˝ʅʓɡɀʴ�̝ʓ̤ʯ̤੓��ɡɡ˝̝ɧ-
ʓˉʅ� ̯˝� m̸ɠ͛� ୐� �̝̯ʎ̸̝� ੲ৖৔৕ঢ়ੳ੔� ̝ɭ̤ʓʴʓɭˉɡɭ�
̚ʴɀˉˉʓˉʅ�̤ ʎ˝̸ʴɧ�̋ ɡɡ̸̝�ɀ̯�̔ ̸ʴ̯ʓ̚ʴɭ�ɹ ɭ͔ɭʴ̤�ɀˉɧ�
̯ɀʯɭ�̤ ɭ͔ɭ̝ɀʴ�ʄ˝̝ʽ̤੔�ʓˉɡʴ̸ɧʓˉʅ�ʎɀ͔ʓˉʅ�ɧʓ̤̯̝ʓɠ-

̸̯ɭɧ�̤̤̯͛ɭʽ̤�ੲɭ੓ʅ੓�̸̝ɠɀˉ�ʅɀ̝ɧɭˉ̤�ɀˉɧ�̸̝ɠɀˉ�
ʄɀ̝ʽ̤ੳ�̯˝�̝̚˝͔ʓɧɭ�ɭ̤̤ɭˉ̯ʓɀʴ�ʄ˝˝ɧ੔�͕ɀ̯ɭ̝�ɀˉɧ�
̚˝͕ɭ ੔̝�̤ʓˉɡɭ�̯ʎɭ̤ɭ�ɀ̝ɭ�ʄɀ̝�ʴɭ̤̤�̸̤̤ɡɭ̯̚ʓɠʴɭ�
̯˝�ɡɀ̯ɀɡʴ̤͛ʽʓɡ�̚˝ʓˉ̯�ʄɀʓʴ̸̝ɭ�̯ʎɀˉ�ɀ̝ɭ�ɡ˝ʽ-
̚ʴɭ̯ɭʴ͛�ɡɭˉ̯̝ɀʴʓͥɭɧ�̤̤̯͛ɭʽ̤੓
Rʽ̚ʴʓɡʓ̯�ʓˉ�m̸ɠ͛�ɀˉɧ��̝̯ʎ̸̝ઑ̤�̝̚˝̚˝̤ɀʴ�

ʓ̤� ̯ʎɭ� ʓɧɭɀ� ̯ʎɀ̯�̝ɭ̤ʓʴʓɭˉɡɭ�̤ʎ˝̸ʴɧ� ʓˉ͔˝ʴ͔ɭ�
̝̚˝̯ɭɡ̯ʓ˝ˉ�˝ʄ� ̯ʎɭ�ɡ̸̝̝ɭˉ̯� ̤̤̯͛ɭʽ�ɀˉɧ�ɀˉ�
ɭ͔ɭˉ̸̯ɀʴ�̝ɭ̸̯̝ˉ�̯˝�ˉ˝̝ʽɀʴʓ̯ ੓͛�Юʓ̤�ʽɀ͛�ˉ˝̯�

æɀɠʴɭ�৖੕�Ûɭʴɭɡ̯ɭɧ�̝̚˝̚˝̤ɭɧ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̤̯͛ɭʽ̤�ɀ̤̤ɭ̤̤ɭɧ�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�˝̸̝�п͔ɭ�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤

Ñ̝˝̚˝̤ɀʴ Ôɭɡ˝ʅˉʓ̯ʓ˝ˉ Dʴɭ͚ʓɠʓʴʓ̯͛�
and  
̤̚ɭɭɧ

Rˉ̯ɭʅ̝ɀ̯ɭɧ�
ʽ˝ˉʓ̯˝̝ʓˉʅ�
ɀˉɧ�ɀɡ̯ʓ˝ˉ

"˝˝̚ɭ̝ɀ̯ʓ˝ˉ�
and  
ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ

Ôɭ̤ʓʴʓɭˉɡɭ� 
and  
̝̚ɭ̚ɀ̝ɭɧˉɭ̤̤

�ɡ̯�ʴ˝ɡɀʴ੖�̯ʎʓˉʯ�ʅʴ˝ɠɀʴ�ੲ"ʴɭʽɭˉ̤੔�
৖৔৕ৗੳ ૷ ૷�ੲʓˉ�̚ɀ̝̯ੳ

(ʓ̤̚ɭ̝̤ɭɧ�ɀ̸̯ʎ˝̝ʓ̯͛�ੲ!̝˝̤ʓʅ੔�৖৔৕ঢ়ੳ ૷

v̸ʴ̯ʓ̚ʴɭ�̚ʴɀ̸̤ʓɠʴɭ�ʄ̸̸̯̝ɭ̤�ੲvɀʓɭ̝�ɭ̯�
ɀʴ੓੔�৖৔৕৚ੳ ૷ ૷ ૷ ૷

Ûɡɭˉɀ̝ʓ˝�̚ʴɀˉˉʓˉʅ�via ensemble 
ʄ˝̝ɭɡɀ̤̯ʓˉʅ�ੲmɭʽ̚ɭ̝̯੔�৖৔৔৖ੳ ৭ੲਗ਼ੳ ૷ ૷

Ôɭ̤ʓʴʓɭˉɡɭ�̯ʎʓˉʯʓˉʅ�ੲ!ɭ̝ʯɭ̤੔�৖৔৔৛੖�
D˝ʴʯɭ੔�৖৔৕ঢ়੖�D˝ʴʯɭ�ɭ̯�ɀʴ੓੔�৖৔৕৔ੳ ૷ ૷ ૷ ૷�ੲɠ̸̯�ˉ˝̯� 

ʄɀ̝�ɭˉ˝̸ʅʎੳ ૷

!ɀʴɀˉɡɭ�ɠɭ̯͕ɭɭˉ�̚˝̤ʓ̯ʓ͔ɭ�ɀˉɧ�
ˉɭʅɀ̯ʓ͔ɭ�ʄɭɭɧɠɀɡʯ੖�ɡ˝ˉ̯̝˝ʴ�͔�
ɭʽɭ̝ʅɭˉɡɭ�ੲ"ʎ˝ʓ�ɭ̯�ɀʴ੓੔�৖৔৔৕ੳ

૷ ૷ ૷ ૷ ૷

�ɧɀ̯̚ʓ͔ɭ�ʽɀˉɀʅɭʽɭˉ̯�ੲ�ʴʴɭˉ�ɭ̯�ɀʴ੓੔�
৖৔৕৕ੳ

ੲ(ɭ̚ɭˉɧ̤�˝ˉ�
̤ʓ̸̯ɀ̯ʓ˝ˉੳ

Ôɭʄ̝ɀʽʓˉʅ�ɧɭɡʓ̤ʓ˝ˉ�̯ʎɭ˝̝͛�ʄ˝̝�"�Û�
ੲ!ɀˉʯɭ̤�ੲ৖৔৔৖ੳੳ ૷ਗ਼ ૷ਗ਼ ૷ਗ਼ ૷ਗ਼ ૷ਗ਼

�ɧɀ̯̚ʓ͔ɭ�̚˝ʴʓɡʓɭ̤�ʄ˝̝�ʎɀˉɧʴʓˉʅ�ɧɭɭ̚�
̸ˉɡɭ̝̯ɀʓˉ̯͛�ੲĊɀʴʯɭ̝�ɭ̯�ɀʴ੓੔�৖৔৕৔ੳ ૷ ૷ ૷�ੲʓʽ̚ʴʓɡʓ̯ੳ ૷ ૷

(ɭɡʓ̤ʓ˝ˉ�̯ʎɭ˝̝͛�̚ʴ̸̤�̯ʎ̝ɭ̤ʎ˝ʴɧ�
ɀ̝̚̚˝ɀɡʎ�ੲÑ˝ʴɀ̤ʯ͛�ɭ̯�ɀʴ੓੔�৖৔৕৕ੳ ૷ ૷ ૷

(͛ˉɀʽʓɡ��ɧɀ̯̚ʓ͔ɭ�Ñ˝ʴʓɡ͛�Ñɀ̯ʎ͕ɀ̤͛�
ੲMɀɀ̤ˉ˝˝̯�ɭ̯�ɀʴ੓੔�৖৔৕ৗ੖�i͕ɀʯʯɭʴ�ɭ̯�
ɀʴ੓੔�৖৔৕৚ੳ

૷ ૷ ૷ ૷ ૷

�̝ɡʎɭ̤̯̝ɀ̯ʓˉʅ�Rˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�!ɭ̯͕ɭɭˉ�
Rˉ̤̯ʓ̸̯̯ʓ˝ˉ̤�ੲMɀɀ̤�৖৔৕ঢ়ੳ ૷

"ɀ̯ɀʴ̯͛ʓɡ�Ñ̝˝ɠɭ̤�ੲMɀ̝̝ʓ̤˝ˉ�ɀˉɧ�
Eɭ͛ɭ ੔̝�৖৔৕ঢ়ੳ ૷

Ûɭˉ̤ʓ̯ʓ͔ɭ�Rˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ�Ñ˝ʓˉ̯̤�
ੲDɀ̝ʽɭ̝�ɭ̯�ɀʴ੓੔�৖৔৕ড়ੳ ૷ ૷ਗ਼ ૷ ૷ ૷
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ɀʴ͕ɀ̤͛�ɠɭ�̚˝̤̤ʓɠʴɭ੔�ʎ˝͕ɭ͔ɭ ੔̝�˝̝�ɭ͔ɭˉ�ɧɭ̤ʓ̝-
ɀɠʴɭ�ੲɡʄ੓�iɀ̝ɭʓ͔ɀ�୐�D̸ʴʴɭ ੓̝�৖৔৕৚ੳ੔�ɀˉɧ�̝ɭ̤ʓʴ-
ʓɭˉɡɭ�ʽɀ͛�ˉɭɭɧ�̯˝�ʓˉ͔˝ʴ͔ɭ�̯ʎɭ�ɡɀ̚ɀɡʓ̯͛�̯˝�
ɀɧɀ̯̚�ɀˉɧ�̯ ̝ɀˉ̤ʄ˝̝ʽ�ੲ"ɀ̝̚ɭˉ̯ɭ̝�et al.੔�৖৔৕৖ੳ੓
�mmD.(�ੲЮɭ��ʴʴʓɀˉɡɭ�̯ ˝�Dɭɭɧ�̯ ʎɭ�.ɀ̝̯ʎ�

ʓˉ�(ʓ̤ɀ̤̯ɭ̝̤ੳ�ʎɀ̤�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�ɀ�ˉ̸ʽɠɭ̝�˝ʄ�
˝̯̚ʓ˝ˉ̤�͕ ʓ̯ʎ�̝ ɭʅɀ̝ɧ�̯ ˝�̯ ʎɭ�̚ ̝˝͔ʓ̤ʓ˝ˉ�̋ ʄ�ʄ˝˝ɧ�
ʓˉ�̯ʎɭ�ɭ͔ɭˉ̯�˝ʄ�ɀ�ˉɀ̸̯̝ɀʴ�ɧʓ̤ɀ̤̯ɭ̝�̸̤ɡʎ�ɀ̤�
ɀ�ʽɀ̤̤ʓ͔ɭ�͔˝ʴɡɀˉʓɡ�ɭ͚̚ʴ˝̤ʓ˝ˉ�̯ʎɀ̯�пʴʴ̤�̯ʎɭ�
ɀ̯ʽ˝̤̚ʎɭ̝ɭ�͕ʓ̯ʎ�ɧ̸̤̯�ɀˉɧ�ɠʴ˝ɡʯ̤�˝̸̯�̯ʎɭ�
̸̤ˉʴʓʅʎ̯�̄ ɭɡɭ̤̤ɀ̝͛�ʄ˝̝�̄ ˝̝ʽɀʴ�̚ ʴɀˉ̯�ʅ̝˝͕̯ʎ੓�
Û̯˝ɡʯ̚ʓʴʓˉʅ੔�̔ ʓɡ̝˝ɠʓɀʴ�ɭʴɭɡ̯̝˝̤͛ˉ̯ʎɭ̤ʓ̤੔�̤ ɡɀʴ-
ʓˉʅ�˝ʄ�ʅ̝ɭɭˉʎ˝̸̤ɭ�ɡ̝˝̚�̝̚˝ɧ̸ɡ̯ʓ˝ˉ�̯˝�ʴ˝͕�
̸̤ˉʴʓʅʎ̯�̤ ɡɭˉɀ̝ʓ˝̤੔�ɀˉɧ�̯ ʎɭ�̸ ̤ɭ�̋ ʄ�̔ ʓɡ̝˝ɠʓɀʴ�
̝̚˝̯ɭʓˉ�ɀ̝ɭ�ʫ̸̤̯�̤ ˝ʽɭ�̋ ʄ�̯ ʎɭ�̤ ɡɭˉɀ̝ʓ˝̤�̸ ˉɧɭ̝�
ɡ˝ˉ̤ʓɧɭ̝ɀ̯ʓ˝ˉ�ੲ!ɀ̸ʽ�et al.੔�৖৔৕৙ੳ੓
Rʽ̚˝̝̯ɀˉ̯ʴ ੔͛�ɀˉɧ�ɭ̤̚ɭɡʓɀʴʴ͛�ɠɭɡɀ̸̤ɭ�̯ʎɭ�

ʽ˝̤̯�̤ɭ̝ʓ˝̸̤�E"Ô̤�ɀ̝ɭ�̤˝�̸ˉ̝̚ɭɧʓɡ̯ɀɠʴɭ੔�
̯ʎɭ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�ɭʓ̯ʎɭ̝�ɡɀ̤ɭ�̔ ̸̤̯�ɠɭ�̔ ɀɧɭ�
ɀʎɭɀɧ�̋ ʄ�̯ ʓʽɭ੓�Ñɭ̸̝̤ɀɧʓˉʅ�̯ ʎ˝̤ɭ�ʓˉ�̚ ˝͕ɭ̝�̋ ʄ�
̯ʎʓ̤�ˉɭɡɭ̤̤ʓ̯͛�ʓ̤੔�̚ɭ̝ʎɀ̤̚੔�̯ʎɭ�ʽ˝̤̯�ɧʓдɡ̸ʴ̯�
̝̚˝ɠʴɭʽ�˝ʄ�ɀʴʴ੓

৘੓�Ñ˝̯ɭˉ̯ʓɀʴ�̤̤̯͛ɭʽ̤�˝ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ
R̯�ʓ̤�ɡʴɭɀ̝�̯ʎɀ̯�ʽ˝̤̯੔�ʓʄ�ˉ˝̯�ɀʴʴ੔�ɡ̸̝̝ɭˉ̯�ʅ˝͔-
ernance systems do not and cannot meet 
̯ʎɭ�̄ ɭɡɭ̤̤ɀ̝͛�ɡ̝ʓ̯ɭ̝ʓɀ�ɀ̤�̋ ̸̯ʴʓˉɭɧ�ɀɠ˝͔ɭ੓�Юɭ�
̝ɭɀ̤˝ˉ̤�ʄ˝̝�̯ʎʓ̤�ʎɀ͔ɭ�ɠɭɭˉ�̤̚ɭʴʴɭɧ�˝̸̯�ɠ͛�ɀ�
ˉ̸ʽɠɭ̝�̋ ʄ�ɀ̸̯ʎ˝̝̤�ੲɭ੓ʅ੓�(̸ʓ̯�୐�Eɀʴɀͥ੔�৖৔৔ড়੖�
Đ̋ ̸ˉʅ੔�৖৔৕৛੖�ɀˉɧ�ɭ̤̚ɭɡʓɀʴʴ͛�̚ɀ̚ɭ̝̤�ʓˉ�Eɀʴɀͥ੔�
৖৔৕ঢ়ੳ੓�Mɭ̝ɭ�͕ɭ�ɭ͚ɀʽʓˉɭ�̤˝ʽɭ�˝ʄ�̯ʎɭ�ʽɀʫ˝̝�
ɀʴ̯ɭ̝ˉɀ̯ʓ͔ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ʎɀ͔ɭ�
ɠɭɭˉ�̝̚˝̚˝̤ɭɧ੔�ɀˉɧ�ɀ̤ʯ�ʎ˝͕�̯ʎɭ͛�̤̯ɀɡʯ�̸̚�
ɀʅɀʓˉ̤̯�˝̸̝�п͔ɭ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ੲ̤ɭɭ�æɀɠʴɭ�৖ੳ੓

ՔׁՑ�$ɾʧˮȷ�Γ˹ˮ�˹ʧ�ʓȷȫȷˮˮȊ˧̥�ȫʧʓȱɝ˹ɝʧʓˮ
Ċɭ�пˉɧ�̯ʎɀ̯�̯ʎ̝ɭɭ�˝ʄ�̯ʎɭ�̝̚˝̚˝̤ɭɧ�̤ɭ̯̤�˝ʄ�
ʅ˝͔ɭ̝ˉɀˉɡɭ� ̝̚ʓˉɡʓ̚ʴɭ̤� ੲ"˝ˉ̯̝˝ʴ� v. Emer-
ʅɭˉɡɭ੔��ɧɀ̯̚ʓ͔ɭ�Ñ˝ʴʓɡʓɭ̤�ʄ˝̝�Mɀˉɧʴʓˉʅ�(ɭɭ̚�
íˉɡɭ̝̯ɀʓˉ̯ ੔͛�ɀˉɧ�(͛ˉɀʽʓɡ��ɧɀ̯̚ʓ͔ɭ�Ñ˝ʴʓɡ͛�
Ñɀ̯ʎ͕ɀ̤͛ੳ�ʄ̸ʴпʴ�ɀʴʴ�п͔ɭ�̋ ʄ�̋ ̸̝�̄ ɭɡɭ̤̤ɀ̝͛�ɡ˝ˉ-
ɧʓ̯ʓ˝ˉ̤੔�͕ ʎʓʴɭ�̯ ͕˝�̋ ̯ʎɭ̝̤�ੲÔɭ̤ʓʴʓɭˉɡɭ�Юʓˉʯ-

ʓˉʅ�ɀˉɧ�Ûɭˉ̤ʓ̯ʓ͔ɭ�Rˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ�Ñ˝ʓˉ̯̤੔�ÛRÑ̤ੳ�
ɡ˝ʽɭ�͔ɭ̝͛�ɡʴ˝̤ɭ੓�Mɭ̝ɭ�͕ɭ�ɭ͚ɀʽʓˉɭ�̯ʎɭʽ�ʓˉ�
greater detail.

4.1.1 Balance between positive and negative 
ɎȷȷȱȪȊȫɹׄ�ȫʧʓ˹˧ʧɾ�̞�ȷʇȷ˧ɏȷʓȫȷנ�$ɘʧɝ�et al., 2001) 
Ю˝ʽɀ̤�"ʎ˝ʓ�ɀˉɧ�ʎʓ̤�ɡ˝ʴʴɭɀʅ̸ɭ̤�̚˝ʓˉ̯�˝̸̯�
̯ʎɀ̯�̤ ̸̚̚ʴ͛�ɡʎɀʓˉ�̄ ɭ̯͕˝̝ʯ̤�ɀ̝ɭ�̋ оɭˉ�"��̤�
̯ʎɀ̯�઎ɭʽɭ̝ʅɭ੔એ�̝ɀ̯ʎɭ̝�̯ʎɀˉ�̝ɭ̸̤ʴ̯ʓˉʅ�ʄ̝˝ʽ�
̸̝̚̚˝̤ɭʄ̸ʴ�ɧɭ̤ʓʅˉ�ɠ͛�ɀ�̤ʓˉʅʴɭ�ɭˉ̯ʓ̯ ੔͛�Юɭ�
̝̚˝ɠʴɭʽ̤� ˝ʄ� ̯ʎɭʓ̝� ʽɀˉɀʅɭʽɭˉ̯੣ʅ˝͔ɭ̝ˉ-
ɀˉɡɭ�ɀ̝ɭ�̯ʎ̸̤�̤ʓʽʓʴɀ̝�ʓˉ�̝̚ʓˉɡʓ̚ʴɭ�̯˝�̯ʎ˝̤ɭ�
˝ʄ�̋ ̯ʎɭ̝�"��̤੔�ʓˉɡʴ̸ɧʓˉʅ�E"Ô̤੔�͕ ʎʓɡʎ�ɡɀˉ�
̤ʓʽʓʴɀ̝ʴ͛�ɭʽɭ̝ʅɭ�ʄ̝˝ʽ�ɀ�ɡ˝ʽɠʓˉɀ̯ʓ˝ˉ�̋ ʄ�ɡʓ̝-
ɡ̸ʽ̤̯ɀˉɡɭ̤੔�̝ ɀ̯ʎɭ̝�̯ ʎɀˉ�ɀ�̤ ʓˉʅʴɭ�ʓɧɭˉ̯ʓпɀɠʴɭ�
cause.
Юɭ�ʽɀʫ˝̝�̝̚˝ɠʴɭʽ�ʓɧɭˉ̯ʓпɭɧ�ɠ͛�"ʎ˝ʓ�

et al. ʓ̤� ̤ɭʴɭɡ̯ʓˉʅ�ɀˉ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�ɠɀʴɀˉɡɭ�
ɠɭ̯͕ɭɭˉ� ɡ˝ˉ̯̝˝ʴ� ɀˉɧ� ɭʽɭ̝ʅɭˉɡɭ੓� ઎Юɭ�
ɭʽɭ̝ʅɭˉ̯� ̚ɀ̯̯ɭ̝ˉ̤� ʓˉ� ɀ� ̸̤̚̚ʴ͛� ˉɭ̯͕˝̝ʯ੔એ�
̯ʎɭ͛�ɀ̝ʅ̸ɭ੔�઎ɡɀˉ�ʽ̸ɡʎ�ɠɭ̯̯ɭ̝�ɠɭ�ʽɀˉɀʅɭɧ�
̯ʎ̝˝̸ʅʎ�̚˝̤ʓ̯ʓ͔ɭ� ʄɭɭɧɠɀɡʯ੔�͕ʎʓɡʎ� ɀʴʴ˝͕̤�
ʄ˝̝�ɀ̸̯˝ˉ˝ʽ˝̸̤�ɀɡ̯ʓ˝ˉ੓�੶!̸̯੷�ɀʴʴ˝͕ʓˉʅ�̯˝˝�
ʽ̸ɡʎ�ɭʽɭ̝ʅɭˉɡɭ�ɡɀˉ�̸ˉɧɭ̝ʽʓˉɭ�ʽɀˉɀʅɭ-
̝ʓɀʴ�̚ ̝ɭɧʓɡ̯ɀɠʓʴʓ̯͛�ɀˉɧ�͕ ˝̝ʯ�̝ ˝̸̯ʓˉɭ̤�੶͕ʎʓʴɭ੷�
ʓʽ̚˝̤ʓˉʅ�̯˝˝�ʽ̸ɡʎ�ɡ˝ˉ̯̝˝ʴ�ɧɭ̯̝ɀɡ̯̤�ʄ̝˝ʽ�
ʓˉˉ˝͔ɀ̯ʓ˝ˉ�ɀˉɧ�рɭ͚ʓɠʓʴʓ̯ ੓͛એ
Юʓ̤�ʅɭˉɭ̝ɀʴ�ɠɀʴɀˉɡɭ�ɠɭ̯͕ɭɭˉ�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�

ɭʽɭ̝ʅɭˉɡɭ�ɡ˝̸ʴɧ�̝̚˝͔ʓɧɭ�ɀ�ʄ˝̸ˉɧɀ̯ʓ˝ˉ�ʄ˝̝�
̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̋ ʄ�E"Ô̤੔�ɀˉɧ�ʓ̤�ɡ˝ʽ̚ɀ̯ʓɠʴɭ�
͕ʓ̯ʎ�˝̸̝�п͔ɭ�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੓
Ю˝̤ɭ�ʓˉ�̚˝͕ɭ̝�ʽ̸̤̯�˧ȷȫʧɏʓɝ̯ȷ�̯ʎɀ̯�̚ɭ̝-

ʄɭɡ̯�ɡɭ̝̯ɀʓˉ̯͛�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�ɀ̝ɭ�ˉ˝̯�ɀɡʎʓɭ͔-
ɀɠʴɭ੓� "˝ˉ̯ʓˉ̸˝̸̤� ʽ˝ˉʓ̯˝̝ʓˉʅ� ɀˉɧ� ɡ˝ˉ-
̤ɭΌ̸ɭˉ̯�ɀɡ̯ʓ˝ˉ�ɀ̝ɭ�ˉɭɡɭ̤̤ɀ̝͛�̯˝�ʽɀʓˉ̯ɀʓˉ�
̯ʎɭ�ɧ͛ˉɀʽʓɡ�ɠɀʴɀˉɡɭ�ɠɭ̯͕ɭɭˉ�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�
ɭʽɭ̝ʅɭˉɡɭ੔� ɀ̤� ʓ̤� рɭ͚ʓɠʴɭ੔� ̝ɀ̚ʓɧ� ɧɭɡʓ̤ʓ˝ˉ઀
ʽɀʯʓˉʅ੓�"˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�̚ ʴɀˉˉɭ̝̤�ɀˉɧ�
̯ʎ˝̤ɭ�͕ ʎ˝�ɀ̝ɭ�̝ ɭ̤̚˝ˉ̤ʓɠʴɭ�ʄ˝̝�ʓʽ̚ʴɭʽɭˉ̯ʓˉʅ�
̚ʴɀˉ̤�ʓ̤�ɭ̤̤ɭˉ̯ʓɀʴ੓��ˉɧ�ɀʴʴ˝͕ɀˉɡɭ�ʽ̸̤̯�ɀʴ̤˝�
ɠɭ�ʽɀɧɭ�ʄ˝̝�̯ʎɭ�̚˝̤̤ʓɠʓʴʓ̯͛�˝ʄ�̸ˉɭ͚̚ɭɡ̯ɭɧ�
situations.
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4.1.2 Adaptive policies for handling deep 
̂ʓȫȷ˧̵Ȋɝʓ˹̥נ�ČȊɾɹȷ˧�et al., 2010)

઎(ɭɭ̚�̸ˉɡɭ̝̯ɀʓˉ̯͛એ�ʓ̤�ɧɭпˉɭɧ�ɀ̤�઎Юɭ�ɡ˝ˉɧʓ-
̯ʓ˝ˉ�ʓˉ�͕ʎʓɡʎ�ɀˉɀʴ̤̯̤͛�ɧ˝�ˉ˝̯�ʯˉ˝͕�˝̝�̯ʎɭ�
̚ɀ̝̯ʓɭ̤�̯˝�ɀ�ɧɭɡʓ̤ʓ˝ˉ�ɡɀˉˉ˝̯�ɀʅ̝ɭɭ�̸̚˝ˉ�ੲ৕ੳ�
̯ʎɭ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�ʽ˝ɧɭʴ̤�̯˝�ɧɭ̤ɡ̝ʓɠɭ�ʓˉ̯ɭ̝-
ɀɡ̯ʓ˝ˉ̤�ɀʽ˝ˉʅ�ɀ�̤̤̯͛ɭ ઑ̤̔�͔ɀ̝ʓɀɠʴɭ̤੔�ੲ৖ੳ�̯ʎɭ�
̝̚˝ɠɀɠʓʴʓ̯͛�ɧʓ̤̯̝ʓɠ̸̯ʓ˝ˉ̤�̯ ˝�̝ ɭ̝̚ɭ̤ɭˉ̯�̸ ˉɡɭ̝-
̯ɀʓˉ̯͛�ɀɠ˝̸̯�ʯɭ͛�̚ɀ̝ɀʽɭ̯ɭ̝̤�ʓˉ�̯ʎɭ�ʽ˝ɧɭʴ̤੔�
ɀˉɧ੣˝̝�ੲৗੳ�ʎ˝͕�̯˝�͔ɀʴ̸ɭ�̯ʎɭ�ɧɭ̤ʓ̝ɀɠʓʴʓ̯͛�˝ʄ�
ɀʴ̯ɭ̝ˉɀ̯ʓ͔ɭ�̋ ̸̯ɡ˝ʽɭ̤એ�ੲmɭʽ̚ɭ̝̯�et al.੔�৖৔৔ৗੳ੓
Юɭ� ʎʓ̤̯˝̝͛� ˝ʄ�ʽ˝̤̯੔� ʓʄ� ˉ˝̯� ɀʴʴ੔�E"Ô̤�

̤ʎ˝͕̤�̯ʎɀ̯�̯ʎɭ͛�п̯�̯ʎʓ̤�ɧɭ̤ɡ̝ʓ̯̚ʓ˝ˉ੓�Ñ˝ʴʓɡ͛�
ʽɀʯɭ̝̤�ʎɀ͔ɭ�ɀ�ɡʎ˝ʓɡɭ�˝ʄ�ʎ˝͕�̯˝�̝ɭ̤̚˝ˉɧ੓�
�̚ɀ̝̯�ʄ̝˝ʽ�ɠ̸̝͛ʓˉʅ�̯ʎɭʓ̝�ʎɭɀɧ̤�ʓˉ�̯ʎɭ�̤ɀˉɧ੔�
˝̝�ʽɀʓˉ̯ɀʓˉʓˉʅ�ɀ�ɠɭʴʓɭʄ�ʓˉ�ɀˉ�˝͔ɭ̝઀ɀ̝ɡʎʓˉʅ�
ɧ˝ʅʽɀ�ɀˉɧ੣˝̝�ɀˉ�ɀɠʓʴʓ̯͛�̯˝�ɡ˝ˉ̯̝˝ʴ੔�̯ʎɭ̝ɭ�
ɀ̚̚ɭɀ̝�̯˝�ɠɭ�̯ʎ̝ɭɭ�̤ɭˉ̤ʓɠʴɭ�ੲˉ˝̯�ˉɭɡɭ̤̤ɀ̝ʓʴ͛�
ɭ͚ɡʴ̸̤ʓ͔ɭੳ�˝̯̚ʓ˝ˉ̤�ੲ̤ɭɭ�mɭ̸̤ʓˉʯ�୐�Ěɀˉ̯ʓˉʅ੔�
৖৔৔ঢ়ੳੳ੕
• Ôɭ̤ʓ̤̯ɀˉɡɭ੕�̚ ʴɀˉ�ʄ˝̝�͕ ˝̝̤̯�̚ ˝̤̤ʓɠʴɭ�ɡɀ̤ɭ�̋ ̝�
ʄ̸̸̯̝ɭ�̤ʓ̸̯ɀ̯ʓ˝ˉ

• Ôɭ̤ʓʴʓɭˉɡɭ੕�Ċʎɀ̯ɭ͔ɭ̝�ʎɀ̚̚ɭˉ̤੔�̔ ɀʯɭ�̤ ̸̝ɭ�
͛˝̸�ɡɀˉ�̝ɭɡ˝͔ɭ̝�Ό̸ʓɡʯʴ͛

• �ɧɀ̯̚ɀ̯ʓ˝ˉ੕�Ñ̝ɭ̚ɀ̝ɭ�̯˝�ɡʎɀˉʅɭ�̯ʎɭ�̚˝ʴʓɡ ੔͛�
ʓˉ�ɡɀ̤ɭ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�͕˝̝̤ɭˉ੓

�ɧɀ̯̚ʓ͔ɭ�̚˝ʴʓɡʓɭ̤�̝̚˝͔ʓɧɭ�̯ʎɭ�рɭ͚ʓɠʓʴʓ̯͛�
̝ɭΌ̸ʓ̝ɭɧ�ɠ͛�˝̸̝�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੓��̤�
discussed by Walker et al.੔�̯ʎɭ͛�ʽɀ͛�ɠɭ�̸̝̚-
̚˝̤ɭʄ̸ʴ�ੲ̚ʴɀˉˉɭɧ�ɀɧɀ̯̚ɀ̯ʓ˝ˉ੔�ɀ̸̯˝ˉ˝ʽ˝̸̤�
ɀɧɀ̯̚ɀ̯ʓ˝ˉੳ�˝̝� ̯ʓʽɭɧ� ੲɀˉ̯ʓɡʓ̚ɀ̯˝̝͛� ɀɧɀ̚-
̯ɀ̯ʓ˝ˉ੔�̝ɭɀɡ̯ʓ͔ɭ�ɀɧɀ̯̚ɀ̯ʓ˝ˉੳ੓�Rˉ�ɠ˝̯ʎ�ɡɀ̤ɭ̤੔�
ɀɧɀ̯̚ʓ͔ɭ�̚˝ʴʓɡʓɭ̤�п̯�͕ʓ̯ʎ�˝̸̝�п͔ɭ�ˉɭɡɭ̤̤ɀ̝͛�
ɡ˝ˉɧʓ̯ʓ˝ˉ̤੓�Юɭ͛�̝ɭɡ˝ʅˉʓͥɭ�̯ʎɀ̯�̚ɭ̝ʄɭɡ̯�ɡɭ̝-
̯ɀʓˉ̯͛�ɀˉɧ�ɡ˝ˉ̯̝˝ʴ�ɀ̝ɭ�ˉ˝̯�ɀɡʎʓɭ͔ɀɠʴɭ੓�!͛�
̯ʎɭʓ̝�͔ɭ̝͛�ˉɀ̸̯̝ɭ੔�̯ʎɭ͛�̝ɭΌ̸ʓ̝ɭ�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�
ʽ˝ˉʓ̯˝̝ʓˉʅ�ɀˉɧ�ɀɡ̯ʓ˝ˉ�̯˝�ɭˉɀɠʴɭ�рɭ͚ʓɠʴɭ੔�
̝ɀ̚ʓɧ�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ੔�ɀˉɧ�ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ɀˉɧ�
ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ�̯˝�ʓʽ̚ʴɭʽɭˉ̯�̯ʎ˝̤ɭ�ɧɭɡʓ̤ʓ˝ˉ̤�

ਙા�̝�ɀˉ͛�"��૆ઃ૆̯ʎɭ��̸̯ʎ˝̝̤੓

˝͔ɭ̝�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̯ʓʽɭ�̤ɡɀʴɭ̤੓��ˉɧ�̯ʎɭ͛�ɀ̝ɭ�
ɀɠʴɭ�̯ ˝�ʓˉɡ˝̝̚˝̝ɀ̯ɭ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�̝ ɭ̤ʓʴʓɭˉɡɭ�
ɀˉɧ�̝̚ɭ̚ɀ̝ɭɧˉɭ̤̤੓

4.1.3 Dynamic Adaptive Policy Pathways 
(Haasnoot et al.ׂ�ՒՐՑՓׄ�k̟Ȋɹɹȷɾׂ�OȊȊˮʓʧʧ˹ڢ��

ČȊɾɹȷ ׂ˧�ՒՐՑՖס
(͛ˉɀʽʓɡ��ɧɀ̯̚ʓ͔ɭ�Ñ˝ʴʓɡ͛�Ñɀ̯ʎ͕ɀ̤͛�ɀ̝ɭ�ɀ�
̝ɭпˉɭʽɭˉ̯�˝΍�Ċɀʴʯɭ̝�et al.ઑ̤�ɀɧɀ̯̚ʓ͔ɭ�̚˝ʴʓ-
ɡʓɭ̤੔�ʓˉɡ˝̝̚˝̝ɀ̯ʓˉʅ�̯ ʎɭ�ʓɧɭɀ�̋ ʄ�ɀ�рɭ͚ʓɠʴɭ�̤ ̯̝ɀ-
̯ɭʅʓɡ�͔ ʓ̤ʓ˝ˉ੓�Юɭ͛�ɀ̝ɭ�઎ɠɀ̤ɭɧ�̋ ˉ�̯ ʎɭ�ɡ˝ˉɡɭ̯̚�
̯ʎɀ̯੔�ʓˉ�ɹ ʓʅʎ̯�̋ ʄ�ɧɭɭ̚�̸ ˉɡɭ̝̯ɀʓˉ̯ʓɭ̤�ɀɠ˝̸̯�̯ ʎɭ�
ʄ̸̸̯̝ɭ੔�˝ˉɭ�ˉɭɭɧ̤�̯˝�ɧɭ̤ʓʅˉ�ɧ͛ˉɀʽʓɡ�ɀɧɀ̚-
̯ʓ͔ɭ�̚ʴɀˉ̤੓�Û̸ɡʎ�̚ʴɀˉ̤�ɡ˝ˉ̯ɀʓˉ�ɀ�̤̯̝ɀ̯ɭʅʓɡ�
͔ʓ̤ʓ˝ˉ�˝ʄ�̯ʎɭ�ʄ̸̸̯̝ɭ੔�ɡ˝ʽʽʓ̯�̯˝�̤ʎ˝̝̯઀̯ɭ̝ʽ�
ɀɡ̯ʓ˝ˉ̤੔�ɀˉɧ�ɭ̤̯ɀɠʴʓ̤ʎ�ɀ�ʄ̝ɀʽɭ͕˝̝ʯ�̯ ˝�ʅ̸ʓɧɭ�
ʄ̸̸̯̝ɭ�ɀɡ̯ʓ˝ˉ̤੓�੶Юɭ͛�ɀ̝ɭ੷�ɀ�ʄ̸̤ʓ˝ˉ�˝ʄ�ɀɧɀ̚-
̯ʓ͔ɭ�̚˝ʴʓɡ͛ʽɀʯʓˉʅ�ɀˉɧ�ɀɧɀ̯̚ɀ̯ʓ˝ˉ�̯ʓ̚̚ʓˉʅ�
̚˝ʓˉ̯̤੓એ
�̤�Dʓʅ̸̝ɭ�৖�̤ʎ˝͕̤੔�̯ʎɭ͛�ʓˉɡ˝̝̚˝̝ɀ̯ɭ�ɀʴʴ�

˝ʄ�˝̸̝�ˉɭɡɭ̤̤ɀ̝͛�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੔�̤˝ʽɭ�ɧʓ̝ɭɡ̯ʴ͛�
ੲÔɭɡ˝ʅˉʓ̯ʓ˝ˉ�ੲ৕੔৖ੳ੔�ʽ˝ˉʓ̯˝̝ʓˉʅ�ɀˉɧ�ɀɡ̯ʓ˝ˉ�
ੲ৕৔ੳ੔� ̝ɭ̤ʓʴʓɭˉɡɭ� ɀˉɧ�̝̚ɭ̚ɀ̝ɭɧˉɭ̤̤� ੲ৛ੳ� ɀˉɧ�
рɭ͚ʓɠʴɭ੔� ̝ɀ̚ʓɧ� ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ� ੲ৘ɀ੔� ৘ɠੳੳ੔�
͕ʓ̯ʎ�ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ�ɠɭʓˉʅ�
ˉɭɡɭ̤̤ɀ̝͛�ʄ˝̝�ɭаɭɡ̯ʓ͔ɭ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�˝ʄ�
̯ʎɭ�͕ʎ˝ʴɭ�̝̚˝ɡɭ̤̤੓

ՔׁՑׁՔ�Öȷˮɝɾɝȷʓȫȷ�˹ɘɝʓɹɝʓɏנ�#ȷ˧ɹȷˮׂ�ՒՐՐ՗ׄ� 
Fʧɾɹȷ�et al.ׂ�ՒՐՑՐׄ�Fʧɾɹȷׂ�ՒՐՑՙס�

Rˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�̝ɭ̤ʓʴʓɭˉɡɭ�ʓ̤�˝ˉɭ�˝ʄ�˝̸̝�ʯɭ͛�
ɡ˝ˉɧʓ̯ʓ˝ˉ̤੔�ɠ̸̯�̤ ˝ʽɭ�ɀ̸̯ʎ˝̝̤�ɠɭʴʓɭ͔ɭ�̯ ʎɀ̯�ʓ̯�
ɡɀˉ�ɠɭ�̯ ɀʯɭˉ�ʄ̸̝̯ʎɭ̝�̯ ˝�ʄ˝̝ʽ�̯ ʎɭ�ʄ˝̸ˉɧɀ̯ʓ˝ˉ�
ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�̤˝ɡʓɀʴ઀ɭɡ˝ʴ˝ʅʓɡɀʴ�̤̤̯͛ɭʽ̤੓�
Mɭ̝ɭ�͕ɭ�ɭ͚ɀʽʓˉɭ�͕ʎɭ̯ʎɭ̝�̯ʎʓ̤�ɀ̝̚̚˝ɀɡʎ�
ʽʓʅʎ̯�ɀʴ̤˝�ɠɭ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�ʄ˝̝�̯ʎɭ�ʅ˝͔ɭ̝ˉ-
ɀˉɡɭ�˝ʄ�E"Ô̤੓
Юɭ� ̸ˉɧɭ̝ʴ͛ʓˉʅ� ɡ˝ˉɡɭ̯̚� ʓˉ� ̝ɭ̤ʓʴʓɭˉɡɭ�

̯ʎʓˉʯʓˉʅ�ʓ̤�̯ʎɀ̯�˝ʄ�̯̝ɀˉ̤ʄ˝̝ʽɀɠʓʴʓ̯͛�ɀɡ̝˝̤̤�
ʽ̸ʴ̯ʓ̚ʴɭ�̤ɡɀʴɭ̤੓�Ôɭ̤ʓʴʓɭˉɡɭ�ʓˉ�̯ʎʓ̤�ɡ˝ˉ̯ɭ͚̯�
ੲD˝ʴʯɭ�et al.੔�৖৔৕৔ੳ�ʓ̤੕�઎̯ʎɭ�ɡɀ̚ɀɡʓ̯͛�˝ʄ�ɀ�Û.Ûৢ 
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̯˝�ɡ˝ˉ̯ʓˉ̸ɀʴʴ͛�ɡʎɀˉʅɭ�ɀˉɧ�ɀɧɀ̯̚�͛ ɭ̯�̝ ɭʽɀʓˉ�
͕ʓ̯ʎʓˉ�ɡ̝ʓ̯ʓɡɀʴ�̯ʎ̝ɭ̤ʎ˝ʴɧ̤੓��ɧɀ̯̚ɀɠʓʴʓ̯͛�ʓ̤�
̚ɀ̝̯�˝ʄ�̝ɭ̤ʓʴʓɭˉɡɭ੓�R̯�̝ɭ̝̚ɭ̤ɭˉ̯̤�̯ʎɭ�ɡɀ̚ɀɡ-
ʓ̯͛�̯ ˝�ɀɧʫ̸̤̯�̝ ɭ̤̚˝ˉ̤ɭ̤�̯ ˝�ɡʎɀˉʅʓˉʅ�ɭ͚̯ɭ̝ˉɀʴ�
ɧ̝ʓ͔ɭ̝̤�ɀˉɧ�ʓˉ̯ɭ̝ˉɀʴ�̝̚˝ɡɭ̤̤ɭ̤�ɀˉɧ�̯ʎɭ̝ɭɠ͛�
ɀʴʴ˝͕�ʄ˝̝�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀʴ˝ˉʅ�̯ʎɭ�ɡ̸̝̝ɭˉ̯�
̯̝ɀʫɭɡ̯˝̝͛� ੲ̤̯ɀɠʓʴʓ̯͛� ɧ˝ʽɀʓˉੳ੓� æ̝ɀˉ̤ʄ˝̝ʽ-
ɀɠʓʴʓ̯͛�ʓ̤�̯ʎɭ�ɡɀ̚ɀɡʓ̯͛�̯˝�ɡ̝˝̤̤�̯ʎ̝ɭ̤ʎ˝ʴɧ̤�
ʓˉ̯˝�ˉɭ͕�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�̯̝ɀʫɭɡ̯˝̝ʓɭ̤੓�æ̝ɀˉ̤-
ʄ˝̝ʽɀ̯ʓ˝ˉɀʴ�ɡʎɀˉʅɭ�ɀ̯�̤ ʽɀʴʴɭ̝�̤ ɡɀʴɭ̤�ɭˉɀɠʴɭ̤�
̝ɭ̤ʓʴʓɭˉɡɭ�ɀ̯�ʴɀ̝ʅɭ̝�̤ɡɀʴɭ̤੓�Юɭ�ɡɀ̚ɀɡʓ̯͛�̯˝�
̯̝ɀˉ̤ʄ˝̝ʽ�ɀ̯�̤ʽɀʴʴɭ̝�̤ɡɀʴɭ̤�ɧ̝ɀ͕̤�˝ˉ�̝ɭ̤ʓʴ-
ʓɭˉɡɭ�ʄ̝˝ʽ�ʽ̸ʴ̯ʓ̚ʴɭ�̤ɡɀʴɭ̤੔�ʽɀʯʓˉʅ�̸̤ɭ�˝ʄ�
ɡ̝ʓ̤ɭ̤�ɀ̤�͕ ʓˉɧ˝͕̤�̋ ʄ�̋ ̚̚˝̸̝̯ˉʓ̯͛�ʄ˝̝�̄ ˝͔ɭʴ̯͛�

ɀˉɧ�ʓˉˉ˝͔ɀ̯ʓ˝ˉ੔�ɀˉɧ�̝ɭɡ˝ʽɠʓˉʓˉʅ�̤˝̸̝ɡɭ̤�
˝ʄ�ɭ͚̚ɭ̝ʓɭˉɡɭ�ɀˉɧ�ʯˉ˝͕ʴɭɧʅɭ�̯˝�ˉɀ͔ʓʅɀ̯ɭ�
̤˝ɡʓɀʴ઀ɭɡ˝ʴ˝ʅʓɡɀʴ�̯̝ɀˉ̤ʓ̯ʓ˝ˉ̤੓એ
E˝͔ɭ̝ˉɀˉɡɭ�ʓˉ�̯ʎʓ̤�ɡ˝ˉ̯ɭ͚̯�ɡ˝ˉ̤ʓ̤̯̤�˝ʄ�

пˉɧʓˉʅ�઎͕ɀ̤͛�̯˝�ʄ˝̤̯ɭ̝�̝ɭ̤ʓʴʓɭˉɡɭ�˝ʄ�̤ʽɀʴʴɭ̝�
ʽ˝̝ɭ� ʽɀˉɀʅɭɀɠʴɭ� Û.Ṳ̂� ̯ʎɀ̯� ɡ˝ˉ̯̝ʓɠ̸̯ɭ�
̯˝�.ɀ̝̯ʎ�Ṳ̯̂͛ɭʽ�̝ɭ̤ʓʴʓɭˉɡɭ�ɀˉɧ�̯˝�ɭ͚̚ʴ˝̝ɭ�
˝̯̚ʓ˝ˉ̤� ʄ˝̝�ɧɭʴʓɠɭ̝ɀ̯ɭ� ̯̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉ�˝ʄ�
Û.Ṳ̂�̯ʎɀ̯�̯ʎ̝ɭɀ̯ɭˉ�.ɀ̝̯ʎ�Ṳ̯̂͛ɭʽ�̝ɭ̤ʓʴʓɭˉɡɭ੓એ
��ˉ̸ʽɠɭ̝�˝ʄ�̤̯̝ɀ̯ɭʅʓɭ̤�ʎɀ͔ɭ�ɠɭɭˉ�̝̚˝-

̚˝̤ɭɧ�ʄ˝̝�ɭˉʎɀˉɡʓˉʅ�̝ ɭ̤ʓʴʓɭˉɡɭ�ʓˉ�"�Ṳ̂�ੲɭ੓ʅ੓�
(̸ʓ̯੔�৖৔৕৙੖�Ûɭʴʴɠɭ̝ʅ�et al.੔�৖৔৕ড়੖�"̝ɱ̚ʓˉ੔�৖৔৕ঢ়ੳ੓�
Юɭ̤ɭ�ʓˉɡʴ̸ɧɭ�ʄ˝̤̯ɭ̝ʓˉʅ�ɭɡ˝ʴ˝ʅʓɡɀʴ੔�ɭɡ˝ˉ˝ʽʓɡ�
ɀˉɧ�ɡ̸ʴ̸̯̝ɀʴ�ɧʓ͔ɭ̝̤ʓ̯͛੖�̚ ʴɀˉˉʓˉʅ�ʄ˝̝�ɡʎɀˉʅɭ̤�
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̯ʎɀ̯�ɀ̝ɭ�ʴʓʯɭʴ͛�̯˝�˝ɡɡ̸̝੖�ʄ˝̤̯ɭ̝ʓˉʅ�ʴɭɀ̝ˉʓˉʅ੖�
ɀˉɧ� ɡ˝ʽʽ̸ˉʓɡɀ̯ʓˉʅ� ̯ʎɭ� ̤˝ɡʓɭ̯ɀʴ� ɡ˝ˉ̤ɭ-
Ό̸ɭˉɡɭ̤�˝ʄ�̝ɭɡɭˉ̯�ɡʎɀˉʅɭ̤੓�Юɭ̤ɭ�̤̯̝ɀ̯ɭʅʓɭ̤੔�
ɀˉɧ�̯ʎɭ�ɠɀ̤ʓɡ�ɡ˝ˉɡɭ̯̚੔�ɡɭ̝̯ɀʓˉʴ͛�п̯�˝̸̝�ɡ˝ˉ-
ɧʓ̯ʓ˝ˉ̤�৕ੳ�ɀˉɧ�৙ੳ੓�Ôɭʽɀʓˉʓˉʅ�͕ʓ̯ʎʓˉ�̤̯ɀɠʓʴ-
ʓ̯͛�ɧ˝ʽɀʓˉ̤�ɀʴ̤˝�̝ɭΌ̸ʓ̝ɭ̤�̯ʎɀ̯�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�
৖ੳ�ɀˉɧ�ৗੳ�ɠɭ�ʽɭ̯੓�R̯�ʓ̤�ˉ˝̯�̤˝�ɡʴɭɀ̝�͕ʎɭ̯ʎɭ̝�
̝ɭ̤ʓʴʓɭˉɡɭ�̯ ʎʓˉʯʓˉʅ�̝ ɭΌ̸ʓ̝ɭ̤�ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ɀˉɧ�
ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ�ੲ˝ˉɭ�ʽɀ͛�ɭˉ͔ʓ̤ɀʅɭ�̤ʓ̸̯ɀ̯ʓ˝ˉ̤�
͕ʎɭ̝ɭ� ɠ̸ʓʴ̯઀ʓˉ� ̝ɭ̤ʓʴʓɭˉɡɭ� ̯ʎ̝˝̸ʅʎ� ʴɀ͕� ˝̝�
ɡ̸̤̯˝ʽ�ɧ˝ɭ̤�ˉ˝̯�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�̝ɭΌ̸ʓ̝ɭ�ɡ˝˝̚-
ɭ̝ɀ̯ʓ˝ˉੳ੔�ɠ̸̯�ˉɭ͔ɭ̝̯ʎɭʴɭ̤̤�͕ɭ�ʽɀ͛�ɡ˝ˉ̤ʓɧɭ̝�
̝ɭ̤ʓʴʓɭˉɡɭ�̯ ʎʓˉʯʓˉʅ�̯ ˝�ɠɭ�ɀ�̤ ɭ̝ʓ˝̸̤�̋ ̯̚ʓ˝ˉ�ʄ˝̝�
̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�E"Ô̤੓

4.1.5 Sensitive Intervention Points  
סFȊ˧ʇȷ˧�et al.�ՒՐՑՙנ

ÛRÑ̤�ɀ̝ɭ�̚˝ʓˉ̯̤�ੲʓˉ�̯ʓʽɭ੔�ʄ̸ˉɡ̯ʓ˝ˉ੔�˝̝�̚ʴɀɡɭੳ�
͕ʎɭ̝ɭ�઎ɀˉ�ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ�ʯʓɡʯ̤�˝̝�̤ʎʓо̤�̯ʎɭ�
̤̤̯͛ɭʽ�̤ ˝�̯ ʎɀ̯�̯ ʎɭ�ʓˉʓ̯ʓɀʴ�ɡʎɀˉʅɭ�ʓ̤�ɀʽ̚ʴʓпɭɧ�
ɠ͛�ʄɭɭɧ઀ɠɀɡʯ�ɭаɭɡ̯̤�̯ʎɀ̯�ɧɭʴʓ͔ɭ̝�˝̸̯̤ʓͥɭɧ�
ʓʽ̚ɀɡ̯੓એ
"ʴɭɀ̝ʴ͛�̯ʎɭ�̸̤ɭ�˝ʄ�ÛRÑ̤�ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�

̝ɭΌ̸ʓ̝ɭ̤�̯ʎɀ̯�˝̸̝�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�৖ੳ�̯˝�৘ੳ�ɠɭ�ʽɭ̯੓�
v˝ˉʓ̯˝̝ʓˉʅ�ɀˉɧ�̤ ̸ɠ̤ɭΌ̸ɭˉ̯�ɀɡ̯ʓ˝ˉ�ɀ̝ɭ�̋ ɠ͔ʓ-
˝̸̤ʴ͛�ɭ̤̤ɭˉ̯ʓɀʴ੔�ɀ̤�ʓ̤�рɭ͚ʓɠʴɭ੔�̝ɀ̚ʓɧ�ɧɭɡʓ̤ʓ˝ˉ઀
ʽɀʯʓˉʅ�ɀˉɧ�ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ɀˉɧ�ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ�
˝ˉ�̯ ʓʽɭ�̤ ɡɀʴɭ̤�ɡ˝ʽ̚ɀ̯ʓɠʴɭ�͕ ʓ̯ʎ�̯ ʎɭ�ɡʎɀˉʅɭ̤�
to be induced.
R̯� ʓ̤� ̚˝̤̤ʓɠʴɭ੔� ʎ˝͕ɭ͔ɭ ੔̝� ̯˝� ͔ʓ̸̤ɀʴʓͥɭ� ɀ�

ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̤̯͛ɭʽ�͕ʎ˝̤ɭ�ʴɭɀɧɭ̝̤�ɠɭʴʓɭ͔ɭ�
ʓˉ�̯ʎɭ�̚˝̤̤ʓɠʓʴʓ̯͛�˝ʄ�̯˝̚઀ɧ˝͕ˉ�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�
̝̚ɭɧʓɡ̯ɀɠʓʴʓ̯͛�˝ʄ�˝̸̯ɡ˝ʽɭ̤੔�ɠ̸̯�͕ʎ˝�ɡ˝̸ʴɧ�
ˉɭ͔ɭ̝̯ʎɭʴɭ̤̤�̸̤ɭ�ÛRÑ̤�ɀ̤�ɀ�̯˝˝ʴ�ʄ˝̝�ʅ˝͔ɭ̝ˉ-
ɀˉɡɭ੓�Ċʓ̯ʎ˝̸̯�̯ʎɭ�̝ɭɡ˝ʅˉʓ̯ʓ˝ˉ�˝ʄ�E"Ô̤�ɀ̤�
"��̤੔� ʎ˝͕ɭ͔ɭ ੔̝� ̯ʎɭ� ɭаɭɡ̯ʓ͔ɭˉɭ̤̤� ˝ʄ� ̯ʎɭ�
ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ̤�͕˝̸ʴɧ�ɠɭ�ɀ�ʽɀ̯̯ɭ̝�˝ʄ� ʴ̸ɡʯ੔�
ɀˉɧ�ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ̤�ɡ˝̸ʴɧ�ɭ͔ɭˉ�ɠɀɡʯп̝ɭ�ੲɀ̤�
͕ʓ̯ʎ�̯ ʎɭ�ʓˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ�̋ ʄ�ɡɀˉɭ�̯ ˝ɀɧ̤�ʄ˝̝�̚ ɭ̤̯�
ɡ˝ˉ̯̝˝ʴ�ʓˉ��̸̤̯̝ɀʴʓɀˉ�ɡɀˉɭпɭʴɧ̤ੳ੓��̸̝�ɡ˝ˉ-
ɧʓ̯ʓ˝ˉ�৕ੳ੔�̯ʎɭˉ੔�ʓ̤�ˉ˝̯�̤̯̝ʓɡ̯ʴ͛�ˉɭɡɭ̤̤ɀ̝ ੔͛�ɠ̸̯�
ɠɭɡ˝ʽɭ̤�ʎʓʅʎʴ͛�ɧɭ̤ʓ̝ɀɠʴɭ੓

E˝͔ɭ̝ˉɀˉɡɭ�̤ ˝ʴɭʴ͛�ɠ͛�̯ ʎɭ�̸ ̤ɭ�̋ ʄ�ÛRÑ̤�ɧ˝ɭ̤�
ˉ˝̯�̤ ̯̝ʓɡ̯ʴ͛�̝ ɭΌ̸ʓ̝ɭ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓˉ�̝ ɭ̤ʓʴʓɭˉɡɭ�
ɀˉɧ�̝̚ɭ̚ɀ̝ɭɧˉɭ̤̤�ɭʓ̯ʎɭ̝�ੲ˝̸̝�ɡ˝ˉɧʓ̯ʓ˝ˉ�৙ੳ੔�
ɠ̸̯�̸̤ɡʎ�ʓˉ͔ɭ̤̯ʽɭˉ̯�ʓ̤�ʎʓʅʎʴ͛�ɧɭ̤ʓ̝ɀɠʴɭ�˝ˉ�
more general grounds.
�͔ɭ̝ɀʴʴ੔�ÛRÑ̤�˝аɭ̝�ɀ�͔ɭ̝͛�̸̤ɭʄ̸ʴ�̯˝˝ʴ�̯ʎɀ̯�

п̯̤�˝̸̝�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�৖ੳ�̯˝�৘ੳ੔�ɠ̸̯�͕ʎʓɡʎ�ʽɀ͛�
ɠɭ̤̯�ɠɭ�̸̤ɭɧ�̯˝�ʄɀɡʓʴʓ̯ɀ̯ɭ�˝̯ʎɭ̝�ɀ̝̚̚˝ɀɡʎɭ̤�
̯˝�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�E"Ô̤੔�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�ʓˉ�
̯ʎɭ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�˝ʄ�ɧ͛ˉɀʽʓɡ�ɀɧɀ̯̚ʓ͔ɭ�
̚ɀ̯ʎ͕ɀ̤͛੓

"˝ˉɡʴ̸̤ʓ˝ˉ̤
Ċɭ�ʎɀ͔ɭ�ɭ̤̯ɀɠʴʓ̤ʎɭɧ�̄ ɭɡɭ̤̤ɀ̝͛�ɀˉɧ�ɭˉɀɠʴʓˉʅ�
ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ʄ˝̝�̯ ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̋ ʄ�E"Ô੔�ɀˉɧ�
ʎɀ͔ɭ�ɭ͚ɀʽʓˉɭɧ�ɀ�ɠ̝˝ɀɧ�̤ ɭ̯�̋ ʄ�̚ ˝ʴʓɡ͛�̚ ̝˝̚˝̤-
ɀʴ̤�ʓˉ�̯ʎɭ�ʴʓʅʎ̯�˝ʄ�̯ʎɭ̤ɭ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੓�Ċɭ�пˉɧ�
̯ʎɀ̯�Adaptive Policies for Handling Deep Uncer-
̵Ȋɝʓ˹̥੔�ɀ̤�̝̚˝̚˝̤ɭɧ�ɠ͛�Ċɀʴʯɭ̝�et al.�ੲ৖৔৕৔ੳ੔�
̝̚˝͔ʓɧɭ̤� ̯ʎɭ� ʽ˝̤̯� ̝̚˝ʽʓ̤ʓˉʅ� ɀ̝̚̚˝ɀɡʎ੔�
͕ʓ̯ʎ�ɀ�Balance Between Positive and Negative 
FȷȷȱȪȊȫɹˮׂ�*̥ʓȊʇɝȫ��ȱȊˤ˹ɝ̞ȷ�Óʧɾɝȫ̥�ÓȊ˹ɘ̟Ȋ̥ˮׂ�
Öȷˮɝɾɝȷʓȫȷ�δɝʓɹɝʓɏ੔�ɀˉɧ�̯ʎɭ�̸̤ɭ�˝ʄ�Sensitive 
Intervention Points�̝̚˝͔ʓɧʓˉʅ�̸̤ʓ̯ɀɠʴɭ�ɭˉɀ-
bling tools.
Ċɭ�ɀ̝ɭ�ˉ˝̯�ɀ͕ɀ̝ɭ�˝ʄ�ɀˉ͛�ɭ͚ʓ̤̯ʓˉʅ�ʅ˝͔ɭ̝ˉ-

ɀˉɡɭ� ̤̤̯͛ɭʽ�̯ʎɀ̯� ʄ̸ʴпʴ̤� ̯ʎɭ̤ɭ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੔�
ɀˉɧ�ɀ̝ʅ̸ɭ�̯ ʎɀ̯�ɀ�̯ ˝̯ɀʴʴ͛�̄ ɭ͕�ɀ̝̚̚˝ɀɡʎ�̯ ˝�̯ ʎɭ�
ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�E"Ô�ʓ̤�̝ɭΌ̸ʓ̝ɭɧ੓�Юʓ̤�ʽ̸̤̯�
ɠɭ�ɠɀ̤ɭɧ�̋ ˉ�̯ ʎɭ�̝ ɭɡ˝ʅˉʓ̯ʓ˝ˉ�̋ ʄ�̯ ʎɭ�̄ ɀ̸̯̝ɭ�̋ ʄ�
E"Ô̤�ɀ̤�"��̤੔�ɀˉɧ�˝ʄ�̯ʎɭ�ʯˉ˝͕ˉ�̝̚˝̚ɭ̝-
̯ʓɭ̤�˝ʄ�"��̤૆ઃ૆ɭ̤̚ɭɡʓɀʴʴ͛�̯ʎɀ̯�̯ʎɭ͛�̚˝̤̤ɭ̤̤�
ɭʽɭ̝ʅɭˉ̯�̚ ̝˝̚ɭ̝̯ʓɭ̤�̯ ʎɀ̯�ɀ̝ɭ�̔ ˝̝ɭ�̯ ʎɀˉ�̯ ʎɭ�
̸̤ʽ�̋ ʄ�̯ ʎɭʓ̝�̚ ɀ̝̯̤੔�ɀˉɧ�̯ ʎɀ̯�̯ ʎɭ͛�ɀ̝ɭ�ɹ ʓɀɠʴɭ�̯ ˝�
̸̤ɧɧɭˉ੔�̸ˉ̝̚ɭɧʓɡ̯ɭɧ�ੲɀˉɧ�˝оɭˉ�̸ˉ̝̚ɭɧʓɡ̯-
ɀɠʴɭੳ�̤̤̯͛ɭʽ઀͕ʓɧɭ�ɡʎɀˉʅɭ੓
Ċɭ�ɀɧɧ�ʎɭ̝ɭ� ̯ʎɀ̯� ̯ʎɭ̝ɭ� ʓ̤� ˝ˉɭ� ʄ̸̝̯ʎɭ̝�

̝̚ɀɡ̯ʓɡɀʴ�Ό̸ɭ̤̯ʓ˝ˉ੓�Юʓ̤�ʓ̤�̯ʎɀ̯�enabling con-
ditions�ʽ̸̤̯�ɠɭ�ʄ˝̸ˉɧ�͕ʎʓɡʎ�͕ʓʴʴ�ʄɀɡʓʴʓ̯ɀ̯ɭ�
̯̝ɀˉ̤ʓ̯ʓ˝ˉ�̯˝�̯ʎɭ�ˉɭ͕�ʄ˝̝ʽ�˝ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ੓�
Юɭ̤ɭ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�ɀ̝ɭ�processes�̯ʎɀ̯�ʽ̸̤̯�ɠɭ�
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!˝̤̯̝˝ʽ੔��੓�୐�#ʓ̝ʯ˝͔ʓɢ੔�v੓v੓�ੲ৖৔৔ড়ੳ�Global 
$Ȋ̵Ȋˮ˹˧ʧˤɘɝȫ�Öɝˮɹˮ੓��͚ʄ˝̝ɧ੕��͚ʄ˝̝ɧ�íˉʓ ੓͔�
Press.
!̝˝̤ʓʅ੔�v੓�ੲ৖৔৕ঢ়ੳ�Ôɭ̤̯̝ʓɡ̯ɭɧ�ɡ˝ʽ̚ʴɭ͚ʓ̯͛੕�
ɀ�ʽʓɧɧʴɭ�̚ɀ̯ʎ�ɠɭ̯͕ɭɭˉ�̚˝̤̯઀ʽ˝ɧɭ̝ˉ�
ɡ˝ʽ̚ʴɭ͚ʓ̯͛�̯ʎɭ˝̝͛�ɀˉɧ�̚˝̤ʓ̯ʓ͔ʓ̤̯�ʽɀʓˉ̤̯̝ɭɀʽ�
RÔ੔�ʓˉ��̝̤ʓˉʓ੔��੓�et al., Complex Systems and 
International Governance, International Studies 
Review੓�̚̚੓�৕৔৕৙ં৕৔৕ঢ়੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣
ʓ̤̝੣͔ʓͥ৔৔৙ʓ̤̝੣͔ʓͥ৔৔৙.
!̸̝ɡʎ੔�Û੓�et al.�ੲ৖৔৕ঢ়ੳ��ɭ͕�ɧʓ̝ɭɡ̯ʓ˝ˉ̤�ʓˉ�ɭɀ̝̯ʎ�
̤̤̯͛ɭʽ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̝ɭ̤ɭɀ̝ɡʎ੔�Earth System 
Governance�৕੔�৕৔৔৔৔৚੓
"ɀ̝̚ɭˉ̯ɭ ੔̝�Û੓Ô੓੔��̝̝˝ ੔͕�i੓f੓੔�!ɀ̝̝ɭ̯̯੔�Û੓੔�!ʓс̤੔�
Ô੓੔�!̝˝ɡʯ੔�Ċ੓�੓੔�"̝ɱ̚ʓˉ੔��ઉÛ੓੔�.ˉʅ̤̯̝̅ʽ੔�
E੓੔�D˝ʴʯɭ੔�"੓੔�M̸ʅʎɭ̤੔�æ੓Ñ੓੔�iɀ̸̯̤ʯ ੔͛��੓੔�mʓ੔�
"ઉĚ੓੔�vɡ"ɀ̝ˉɭ ੔͛�E੓੔�vɭˉʅ੔�i੓੔�vɚʴɭ ੔̝�iઉE੓੔�
Ñ˝ʴɀ̤ʯ ੔͛�Û੓੔�Ûɡʎɭаɭ ੔̝�v੓੔�Ûʎ˝ʅ̝ɭˉ੔�f੓੔�Û̯ɭ̝ˉɭ ੔̝�
æ੓੔�ĉʓˉɡɭˉ̯੔�f੓Ô੓੔�Ċɀʴʯɭ ੔̝�!੓੔�ďɭ̚ɀ̚ɀɧɭɀ̤੔�
�੓੔�୐�Ěɭɭ̸ ੔͕��ઉ(੓�ੲ৖৔৕৖ੳ�Eɭˉɭ̝ɀʴ�̝ɭ̤ʓʴʓɭˉɡɭ�
̯˝�ɡ˝̚ɭ�͕ʓ̯ʎ�ɭ͚̯̝ɭʽɭ�ɭ͔ɭˉ̯̤੔�Ý̂ˮ̵ȊɝʓȊȪɝɾɝ˹̥ 

৘੕�ৗ৖৘ড়ં৖৙ঢ়੓�ʎ̯̯̤̚੕੣੣͕͕ ੓͕ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗঢ়৔੣ʎ̯̯̤̚੕੣੣͕͕ ੓͕ɧ˝ʓ੓˝̝ʅ੣৕৔੓ৗৗঢ়৔੣
̸̤৘৕৖ৗ৖৘ড̸়̤৘৕৖ৗ৖৘ড়.
"ɭˉ̯ɭˉ˝੔�v੓�੓੔��ɀʅ੔�v੓੔�Ñɀ̯̯ɭ̝̤˝ˉ੔�æ੓Û੓੔�
Ûʎɀ͔ɭ ੔̝��੓�ɀˉɧ�Ċʓˉɧɀ͕ʓ੔��੓f੓�ੲ৖৔৕৙ੳ�Юɭ�
ɭʽɭ̝ʅɭˉɡɭ�˝ʄ�ʅʴ˝ɠɀʴ�̤̤̯͛ɭʽʓɡ�̝ʓ̤ʯ੔�Annual 
Öȷ̞ɝȷ̟�ʧɎ�Ýʧȫɝʧɾʧϊ�৘৕�ੲ৕ੳ੕�৚৙ંড়৙੓
"ʎɀˉ੔�Û੓�ੲ৖৔৔৕ੳ�Complex Adaptive Systems, 

ESD.83 Research Seminar in Engineering Systems 
ʎ̯̯̤̚੕੣੣̸̤̯а੓ʽʓ̯੓ɭɧ̸੣ɀʄ̤੣ɀ̯ʎɭˉɀ੣ɡ˝̸̝̤ɭ੣ʎ̯̯̤̚੕੣੣̸̤̯а੓ʽʓ̯੓ɭɧ̸੣ɀʄ̤੣ɀ̯ʎɭˉɀ੣ɡ˝̸̝̤ɭ੣
˝̯ʎɭ̝੣ɭ̤ɧ੓ড়ৗ੣�ʴɧDʓʴɭ̤੣͕͕͕੣ˉ˝̯ɭɠ˝˝ʯ੣˝̯ʎɭ̝੣ɭ̤ɧ੓ড়ৗ੣�ʴɧDʓʴɭ̤੣͕͕͕੣ˉ˝̯ɭɠ˝˝ʯ੣
"˝ʽ̚ʴɭ͚଍৖৔�ɧɀ̯̚ʓ͔ɭ଍৖৔Ṳ̯̂͛ɭʽ̤੓̚ɧʄ"˝ʽ̚ʴɭ͚଍৖৔�ɧɀ̯̚ʓ͔ɭ଍৖৔Ṳ̯̂͛ɭʽ̤੓̚ɧʄ.
"ʎ˝ʓ੔�æ੓Đ੓੔�(˝˝ʴɭ ੔͛�i੓f੓�୐�Ô̸ˉʅ̸̯̤ɀˉɀ̯ʎɀʽ੔�
v੓�ੲ৖৔৔৕ੳ�Û̸̚̚ʴ͛�ˉɭ̯͕˝̝ʯ̤�ɀˉɧ�ɡ˝ʽ̚ʴɭ͚�
ɀɧɀ̯̚ʓ͔ɭ�̤̤̯͛ɭʽ̤੕�ɡ˝ˉ̯̝˝ʴ�͔ɭ̸̝̤̤�ɭʽɭ̝ʅɭˉɡɭ੔�
Journal of Operations Management�৕ঢ়੕�ৗ৙৕ંৗ৚৚੓
"ʴɀ̝ʯɭ੔�Û੓�ੲ৖৔৔৙ੳ�D̸̸̯̝ɭ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੔�ɧ̤̯͛˝̚ʓɡ�
ʄ̸̸̯̝ɭ̤�ɀˉɧ�̯ʎɭ�̝̚ɭɡɀ̸̯ʓ˝ˉɀ̝͛�̝̚ʓˉɡʓ̚ʴɭ੔�
0˹ɘɝȫˮ�Ȋʓȱ�TʓɎʧ˧ʇȊ˹ɝʧʓ�èȷȫɘʓʧɾʧϊ�৛੕�৕৖৕ં৕৖৚੓
"ʴɭʽɭˉ̤੔�Ċ੓"੓�ੲ৖৔৕ৗੳ�Complexity Science and 
Čʧ˧ɾȱ��εȊɝ˧ˮ੓��ɭ͕�Đ̋ ̝ʯ੕�Ûí�Đ�Ñ̝ɭ̤̤੓
"˝̯̯˝ˉ઀!ɀ̝̝ɀ̯̯੔��੓੔�(ɀˉʓɭʴ੔�v੓�୐�Ûɀˉɧɠɭ̝ʅ੔�
�੓�ੲ৖৔৖৔ੳ�(ɭʄɭˉɡɭ�ʓˉ�ɧɭ̯̚ʎ�ɀʅɀʓˉ̤̯�ʎ̸ʽɀˉ�
ɭ͚̯ʓˉɡ̯ʓ˝ˉ੕�̝̚ɭ͔ɭˉ̯ʓ˝ˉ੔�̝ɭ̤̚˝ˉ̤ɭ੔�̝ɭ̤ʓʴʓɭˉɡɭ੔�
ɀˉɧ�͕ʎ͛�̯ʎɭ͛�ɀʴʴ�ʽɀ̯̯ɭ ੔̝�Global Policy�৕৕੕�
৖৛৕ં৖ড়৖੓
"̝ɱ̚ʓˉ੔��੓઀Û੓�ੲ৖৔৕ঢ়ੳ�"˝ʽ̚ʴɭ͚ʓ̯ ੔͛�̝ɭ̤ʓʴʓɭˉɡɭ�ɀˉɧ�
ɭɡ˝ˉ˝ʽʓɡ̤੔�ʓˉ�Eɀʴɀͥ੔�ĉ੓�ੲɭɧ੓ੳ�Global Challenges, 
Gʧ̞ȷ˧ʓȊʓȫȷׂ�Ȋʓȱ�$ʧʇˤɾȷ̤ɝ˹̥׃��ˤˤɾɝȫȊ˹ɝʧʓˮ�Ȋʓȱ�
F˧ʧʓ˹ɝȷ˧ˮ੓�"ʎɭʴ̯ɭˉʎɀʽ੕�.ɧ͕ɀ̝ɧ�.ʴʅɀ ੔̝�̚̚੓�
৕৚৚ં৕ড়৛੓
(ɀ͕̤˝ˉ੔�Ô੓�ੲ৖৔৕৖ੳ�Юɭ�ʴɀ͕�˝ʄ�̝ɭΌ̸ʓ̤ʓ̯ɭ�͔ɀ̝ʓɭ̯͛੕�
͕ʎ͛�рɭ͚ʓɠʓʴʓ̯͛�ɀˉɧ�ɀɧɀ̯̚ɀɠʓʴʓ̯͛�ɀ̝ɭ�ɭ̤̤ɭˉ̯ʓɀʴ�
ʄ˝̝�̸̤ɡɡɭ̤̤੔�ɠʴ˝ʅ�̚˝̤̯੓�ʎ̯̯̤̚੕੣੣̝˝̤̤ɧɀ͕̤˝ˉ੓ʎ̯̯̤̚੕੣੣̝˝̤̤ɧɀ͕̤˝ˉ੓
ɡ˝ʽ੣ɠʴ˝ʅ੣̯ʎɭ઀ʴɀ͕઀˝ʄ઀̝ɭΌ̸ʓ̤ʓ̯ɭ઀͔ɀ̝ʓɭ̯͛઀͕ʎ͛઀ɡ˝ʽ੣ɠʴ˝ʅ੣̯ʎɭ઀ʴɀ͕઀˝ʄ઀̝ɭΌ̸ʓ̤ʓ̯ɭ઀͔ɀ̝ʓɭ̯͛઀͕ʎ͛઀
рɭ͚ʓɠʓʴʓ̯͛઀ɀˉɧ઀ɀɧɀ̯̚ɀɠʓʴʓ̯͛઀ɀ̝ɭ઀ɭ̤̤ɭˉ̯ʓɀʴ઀ʄ˝̝઀рɭ͚ʓɠʓʴʓ̯͛઀ɀˉɧ઀ɀɧɀ̯̚ɀɠʓʴʓ̯͛઀ɀ̝ɭ઀ɭ̤̤ɭˉ̯ʓɀʴ઀ʄ˝̝઀
̸̤ɡɡɭ̤̤੣̸̤ɡɡɭ̤̤੣.
(̸ʓ̯੔��੓�ੲ৖৔৕৙ੳ�Ôɭ̤ʓʴʓɭˉɡɭ�̯ʎʓˉʯʓˉʅ੖�ʴɭ̤̤˝ˉ̤�ʄ˝̝�
̸̚ɠʴʓɡ�ɀɧʽʓˉʓ̤̯̝ɀ̯ʓ˝ˉ੔�Public Administration 
ঢ়৘੔�ৗ৚৘ંৗড়৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৕৕੣
̚ɀɧʽ੓৕৖৕ড়৖̚ɀɧʽ੓৕৖৕ড়৖.
(̸ʓ̯੔��੓�୐�Eɀʴɀͥ੔�ĉ੓�ੲ৖৔৔ড়ੳ�E˝͔ɭ̝ˉɀˉɡɭ�ɀˉɧ�
ɡ˝ʽ̚ʴɭ͚ʓ̯͛૆ઃ૆ɭʽɭ̝ʅʓˉʅ�ʓ̸̤̤ɭ̤�ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�
̯ʎɭ˝̝ ੔͛�Gʧ̞ȷ˧ʓȊʓȫȷ׃��ʓ�Tʓ˹ȷ˧ʓȊ˹ɝʧʓȊɾ�hʧ̂˧ʓȊɾ�
of Policy, Administration and Institutions�৖৕੕�
ৗ৕৕ંৗৗ৙੓
Dɀɠɭ ੔̝�v੓M੓�ੲ৖৔৕৕ੳ��ˉ�̯ʎɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ʅʴ˝ɠɀʴ�
ɀˉɧ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤੓�International Journal 
ʧɎ�Öɝˮɹ��ˮˮȷˮˮʇȷʓ˹�Ȋʓȱ�xȊʓȊɏȷʇȷʓ˹�৕৙੕�৘৔৔੓�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৙৔৘੣RĠÔ�v੓৖৔৕৕੓৔৘ৗ৚ঢ়ড়ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৙৔৘੣RĠÔ�v੓৖৔৕৕੓৔৘ৗ৚ঢ়ড়.
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Journal & Proceedings of the Royal Society of New South Wales
Dʓ̤ʎɭ ੔̝�Ûɀˉɧɠɭ̝ʅ૆ઃ૆��̤ɀʄɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̤̚ɀɡɭ�ʄ˝̝�ʎ̸ʽɀˉʓ̯͛

Dɀ̝ɀˉɧɀ੔�(੓੔��ʴɠɭ̝̯ʓ੔�æ੓੔��̸̝̯ʯʓˉ੔�v੓੔�mɭʽɠ˝੔�
ĉ੓�୐�m̸ɡɀ̝ʓˉʓ੔�ĉ੓�ੲ৖৔৖৕ੳ�Rˉ̯ɭ̸̝̝̯̚ʓˉʅ�
͔ɀɡɡʓˉɀ̯ʓ˝ˉ�̚˝ʴʓɡʓɭ̤�ɡɀˉ�ʅ̝ɭɀ̯ʴ͛�̤̝̚ɭɀɧ�
Û�ÔÛઉ"˝ĉ઀৖�ɀˉɧ�ɭˉʎɀˉɡɭ�ʽ˝̝̯ɀʴʓ̯͛�ʄ̝˝ʽ�
"�ĉR(઀৕ঢ়�ɧʓ̤ɭɀ̤ɭ੕�Юɭ��̤̯̝ɀĚɭˉɭɡɀ�ɡɀ̤ɭ�ʄ˝̝�
D̝ɀˉɡɭ�ɀˉɧ�R̯ɀʴ ੔͛�Chaos�ৗ৕੔�৔৘৕৕৔৙੔�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓
˝̝ʅ੣৕৔੓৕৔৚ৗ੣৙੓৔৔৙৔ড়ড়৛˝̝ʅ੣৕৔੓৕৔৚ৗ੣৙੓৔৔৙৔ড়ড়৛.
Dɀ̝ʽɭ ੔̝�f੓(੓੔�Mɭ̚ɠ̸̝ˉ੔�"੓੔�R͔ɭ̤੔�v੓"੓੔�Mɀʴɭ੔�
æ੓੔�Ċɭ̯ͥɭ ੔̝�æ੓੔�vɭɀ ੔͛�Ñ੓੔�Ôɀʄɀ̯ ੔͛�Ñ੓੔�Û̝ʓ͔ɀ̤̯ɀ ੔͔�
Û੓�୐�Ċɀ ੔͛�Ô੓�ੲ৖৔৕ড়ੳ�Ûɭˉ̤ʓ̯ʓ͔ɭ�ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ�
̚˝ʓˉ̯̤�ʓˉ�̯ʎɭ�̯̝ɀˉ̤ʓ̯ʓ˝ˉ�̯˝�̯ʎɭ�̚˝̤̯઀ɡɀ̝ɠ˝ˉ�
society, Science�ৗ৚৘੕�৕ৗ৖ં৕ৗ৘੓
Dɀ̸ʴʯˉɭ ੔̝�Ñ੓�੓�ੲ৕ঢ়৚ৗੳ�"ɀ̤̯ʴɭ�̚ʴɀˉˉʓˉʅ�ʓˉ�̯ʎɭ�
ʄ˝̸̝̯ɭɭˉ̯ʎ�ɡɭˉ̸̯̝ ੔͛�Archaeological Journal�৕৖৔੕�
৖৕৙ં৖ৗ৙੓
Dʓ̤ʎɭ ੔̝�m੓�ੲ৖৔৕৙ੳ�v˝̝ɭ�̯ʎɀˉ�৛৔�͕ɀ̤͛�̯˝�̤ʎ˝͕�

resilience, Nature�৙৕ড়੕�ৗ৙੓
Dʓ̤ʎɭ ੔̝�m੓�ੲ৖৔৕ঢ়ੳ�Eʴ˝ɠɀʴ�ɡʎɀʴʴɭˉʅɭ̤੕�̚ɭ̝̤˝ˉɀʴ�
̝ɭрɭɡ̯ʓ˝ˉ̤�˝ˉ�̯ʎɭ�Û̯˝ɡʯʎ˝ʴʽ�઎�ɭ͕�Ûʎɀ̚ɭએ�
ɡ˝ʽ̚ɭ̯ʓ̯ʓ˝ˉ੔�Journal & Proceedings of the 
Royal Society of New South Wales�৕৙৕੕�৖৕ৗં৖ৗ৕੓
D˝ʴʯɭ੔�"੓�ੲ৖৔৕ঢ়ੳ�E˝͔ɭ̝ˉʓˉʅ�ʄ˝̝�ɭʽɭ̝ʅɭˉɡɭ�ʓˉ�
̤˝ɡʓɀʴ઀ɭɡ˝ʴ˝ʅʓɡɀʴ�̤̤̯͛ɭʽ̤੔�ʓˉ�Eɀʴɀͥ੔�ĉ੓�ੲ৖৔৕ঢ়ੳ�
GɾʧȪȊɾ�$ɘȊɾɾȷʓɏȷˮׂ�Gʧ̞ȷ˧ʓȊʓȫȷׂ�Ȋʓȱ�$ʧʇˤɾȷ̤ɝ˹̥׃�
�ˤˤɾɝȫȊ˹ɝʧʓˮ�Ȋʓȱ�F˧ʧʓ˹ɝȷ˧ˮ੓�"ʎɭʴ̯ɭˉʎɀʽ੕�
.ɧ͕ɀ̝ɧ�.ʴʅɀ ੔̝�̚̚੓�৖৘ંৗ৛੓
D˝ʴʯɭ੔�"੓੔�"ɀ̝̚ɭˉ̯ɭ ੔̝�Û੓Ô੓੔�Ċɀʴʯɭ ੔̝�!੓੔�Ûɡʎɭаɭ ੔̝�
v੓੔�"ʎɀ̚ʓˉ੔�æ੓�୐�Ô˝ɡʯ̤̯̝̅ʽ੔�f੓�ੲ৖৔৕৔ੳ�
Ôɭ̤ʓʴʓɭˉɡɭ�̯ʎʓˉʯʓˉʅ੕�ʓˉ̯ɭʅ̝ɀ̯ʓˉʅ�̝ɭ̤ʓʴʓɭˉɡɭ੔�
ɀɧɀ̯̚ɀɠʓʴʓ̯͛�ɀˉɧ�̯̝ɀˉ̤ʄ˝̝ʽɀɠʓʴʓ̯ ੓͛�0ȫʧɾʧϊ�
and Society�৕৙੕�৖৔ં৖ড়੓
Eɀʴɀͥ੔�ĉ੓੔�¼̤̯ɭ̝ɠʴ˝ʽ੔�M੓੔�!˝ɧʓˉ੔�¼�୐�"̝˝ˉɀ੔�
!੓�ੲ৖৔৕৚ੳ�Eʴ˝ɠɀʴ�ˉɭ̯͕˝̝ʯ̤�ɀˉɧ�ʅʴ˝ɠɀʴ�
ɡʎɀˉʅɭ઀ʓˉɧ̸ɡʓˉʅ�̯ʓ̚̚ʓˉʅ�̚˝ʓˉ̯̤੔�International 
0ʓ̞ɝ˧ʧʓʇȷʓ̵Ȋɾ��ɏ˧ȷȷʇȷʓ˹ˮ�৕৚੕�৕ড়ঢ়ં৖৖৕੓
Eɀʴɀͥ੔�ĉ੓�ੲ৖৔৕ঢ়ੳ�Global Challenges, Governance, 
Ȋʓȱ�$ʧʇˤɾȷ̤ɝ˹̥׃��ˤˤɾɝȫȊ˹ɝʧʓˮ�Ȋʓȱ�F˧ʧʓ˹ɝȷ˧ˮ. 
"ʎɭʴ̯ɭˉʎɀʽ੕�.ɧ͕ɀ̝ɧ�.ʴʅɀ ੓̝
Eɀ̝̝ɭ̯̯੔�m੓�ੲ৖৔৖৔ੳ�"�ĉR(઀৕ঢ়੕�̯ʎɭ�ʽɭɧʓ̸ʽ�ʓ̤�
̯ʎɭ�ʽɭ̤̤ɀʅɭ੔�δȷ�oȊʓȫȷ˹�ৗঢ়৙੕�ঢ়৘৖ંঢ়৘ৗ੓
Eʓʅɭ̝ɭˉͥɭ ੔̝�E੓੔�æ˝ɧɧ੔�Ñ੓v੓�୐�̯ʎɭ��!"�
Ôɭ̤ɭɀ̝ɡʎ�E̝˝̸̚�ੲ৖৔৔৕ੳ�Ýɝʇˤɾȷ�Oȷ̂˧ɝˮ˹ɝȫˮ�δȊ˹�
xȊɹȷ�ïˮ�ÝʇȊ˧˹੓��͚ʄ˝̝ɧ੕��͚ʄ˝̝ɧ�íˉʓ ੓͔�Ñ̝ɭ̤̤੓
Eʴ˝ɠɀʴ�"ʎɀʴʴɭˉʅɭ̤�D˝̸ˉɧɀ̯ʓ˝ˉ�ੲ৖৔৖৔ੳ�
GɾʧȪȊɾ�$Ȋ̵Ȋˮ˹˧ʧˤɘɝȫ�Öɝˮɹˮ�ՒՐՒՐ ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ʅʴ˝ɠɀʴɡʎɀʴʴɭˉʅɭ̤੓˝̝ʅ੣͕̚઀ɡ˝ˉ̯ɭˉ̯੣̸̚ʴ˝ɀɧ̤੣ʅʴ˝ɠɀʴɡʎɀʴʴɭˉʅɭ̤੓˝̝ʅ੣͕̚઀ɡ˝ˉ̯ɭˉ̯੣̸̚ʴ˝ɀɧ̤੣
Eʴ˝ɠɀʴ઀"ɀ̯ɀ̤̯̝˝̚ʎʓɡ઀Ôʓ̤ʯ̤઀৖৔৖৔઀�ˉˉ̸ɀʴ઀Eʴ˝ɠɀʴ઀"ɀ̯ɀ̤̯̝˝̚ʎʓɡ઀Ôʓ̤ʯ̤઀৖৔৖৔઀�ˉˉ̸ɀʴ઀
Ôɭ̚˝̝̯੓̚ɧʄÔɭ̚˝̝̯੓̚ɧʄ.
Mɀɀ̤੔�Ñ੓�ੲ৖৔৕ঢ়ੳ�RÔ�.ˉɡ˝̸ˉ̯ɭ̝̤�"˝ʽ̚ʴɭ͚ʓ̯ ੔͛�

in Orsini, A. et al., Complex Systems and 

International Governance, International Studies 
Review�৕ંৗ৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʓ̤̝੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʓ̤̝੣
͔ʓͥ৔৔৙͔ʓͥ৔৔৙.
Mɀɀ̤ˉ˝˝̯੔�v੓੔�i͕ɀʯʯɭʴ੔�f੓੔�Ċɀʴʯɭ ੔̝�Ċ੓.੓�୐�
̯ɭ̝�vɀɀ̯੔�f੓�ੲ৖৔৕ৗੳ�(͛ˉɀʽʓɡ�ɀɧɀ̯̚ʓ͔ɭ�̚˝ʴʓɡ͛�
̚ɀ̯ʎ͕ɀ̤͛੕���ʽɭ̯ʎ˝ɧ�ʄ˝̝�ɡ̝ɀоʓˉʅ�̝˝ɠ̸̤̯�
ɧɭɡʓ̤ʓ˝ˉ̤�ʄ˝̝�ɀ�ɧɭɭ̚ʴ͛�̸ˉɡɭ̝̯ɀʓˉ�͕˝̝ʴɧ੔�
GɾʧȪȊɾ�0ʓ̞ɝ˧ʧʓʇȷʓ̵Ȋɾ�$ɘȊʓɏȷ�৖ৗ੕�৘ড়৙ં৘ঢ়ড়੓
Mɀʴɧɀˉɭ੔��੓�ੲ৖৔৕৛ੳ�Ôɭ̯ʎʓˉʯʓˉʅ�пˉɀˉɡʓɀʴ�
̤̯ɀɠʓʴʓ̯ ੔͛�̤̚ɭɭɡʎ�ɧɭʴʓ͔ɭ̝ɭɧ�̯˝�̯ʎɭ�ɡ˝ˉʄɭ̝ɭˉɡɭ੔�
Öȷ˹ɘɝʓɹɝʓɏ�xȊȫ˧ʧȷȫʧʓʧʇɝȫ�Óʧɾɝȫ̥�Tċ, Peterson 
Rˉ̤̯ʓ̸̯̯ɭ�ʄ˝̝�Rˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�.ɡ˝ˉ˝ʽʓɡ̤੔�
Ċɀ̤ʎʓˉʅ̯˝ˉ੔�(੓"੓੔�í੓Û੓�੓�ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʎ̯̯̤̚੕੣੣͕͕ ੓͕
ɠɀˉʯ˝ʄɭˉʅʴɀˉɧ੓ɡ˝੓̸ʯ੣̤̚ɭɭɡʎ੣৖৔৕৛੣ɠɀˉʯ˝ʄɭˉʅʴɀˉɧ੓ɡ˝੓̸ʯ੣̤̚ɭɭɡʎ੣৖৔৕৛੣
̝ɭ̯ʎʓˉʯʓˉʅ઀пˉɀˉɡʓɀʴ઀̤̯ɀɠʓʴʓ̯̝͛ɭ̯ʎʓˉʯʓˉʅ઀пˉɀˉɡʓɀʴ઀̤̯ɀɠʓʴʓ̯ .͛
Mɀʴɭɭʽ੔��੓੔�fɀ͔ɀʓɧ੔�v੓�୐�ĉɀʓ̤ʎ͛ɀ੔�Ô੓�
ੲ৖৔৖৔ੳ�.аɭɡ̯̤�˝ʄ�"�ĉR(�৕ঢ়�̚ɀˉɧɭʽʓɡ�ʓˉ�
ɧɀʓʴ͛�ʴʓʄɭ੔�Current Medicine Research and 
Practice�৕৔੕�৛ড়ં৛ঢ়੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔৕৚੣ʫ੓
ɡʽ̝̚੓৖৔৖৔੓৔ৗ੓৔৕৕ɡʽ̝̚੓৖৔৖৔੓৔ৗ੓৔৕৕.
Mɀ˝੔�i੓�ੲ৖৔৖৔ੳ�Юɭ�íi�ɭ͚ɀʽ�ɧɭɠɀɡʴɭ�
̝ɭʽʓˉɧ̤�̸̤�̯ʎɀ̯�ɀʴʅ˝̝ʓ̯ʎʽ̤�ɡɀ ઑ̯̄�п͚�ɠ̝˝ʯɭˉ�
systems, xTè�èȷȫɘʓʧɾʧϊ�Öȷ̞ɝȷ̟ ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʎ̯̯̤̚੕੣੣͕͕ ੓͕
̯ɭɡʎˉ˝ʴ˝ʅ̝͛ɭ͔ʓɭ ੓͕ɡ˝ʽ੣৖৔৖৔੣৔ড়੣৖৔੣৕৔৔৛৙৔৖੣̯ɭɡʎˉ˝ʴ˝ʅ̝͛ɭ͔ʓɭ ੓͕ɡ˝ʽ੣৖৔৖৔੣৔ড়੣৖৔੣৕৔৔৛৙৔৖੣
̸ʯ઀ɭ͚ɀʽ઀ɀʴʅ˝̝ʓ̯ʎʽ઀ɡɀˉ̯઀п͚઀ɠ̝˝ʯɭˉ઀̤̤̯͛ɭʽ੣̸ʯ઀ɭ͚ɀʽ઀ɀʴʅ˝̝ʓ̯ʎʽ઀ɡɀˉ̯઀п͚઀ɠ̝˝ʯɭˉ઀̤̤̯͛ɭʽ੣.
Mɀ̝̝ʓ̤˝ˉ੔��੓�୐�Eɭ͛ɭ ੔̝�Ô੓�ੲ৖৔৕ঢ়ੳ�Юɭ�
ɡ˝ʽ̚ʴɭ͚ʓ̯͛�˝ʄ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ੔�
ʓˉ��̝̤ʓˉʓ੔��੓�ɭ̯�ɀʴ੓�ੲ৖৔৕ঢ়ੳ�Complex Systems and 
International Governance, International Studies 
Review੓�̚̚੓�৕ંৗ৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʓ̤̝੣ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʓ̤̝੣
͔ʓͥ৔৔৙͔ʓͥ৔৔৙.
Mɭʴɠʓˉʅ੔�(੓�ੲ৖৔৕ৗੳ�Eʴ˝ɠɀʴʴ͛�ˉɭ̯͕˝̝ʯɭɧ�̝ʓ̤ʯ̤�
ɀˉɧ�ʎ˝͕�̯˝�̝ɭ̤̚˝ˉɧ੔�Nature�৘ঢ়৛੕�৙৕ં৙ঢ়੓
RÑ!.Û�ੲ৖৔৕ঢ়ੳ�Û̸ʽʽɀ̝͛�ʄ˝̝�̚˝ʴʓɡ͛ʽɀʯɭ̝̤�˝ʄ�̯ʎɭ�
ʅʴ˝ɠɀʴ�ɀ̤̤ɭ̤̤ʽɭˉ̯�̝ɭ̚˝̝̯�˝ˉ�ɠʓ˝ɧʓ͔ɭ̝̤ʓ̯͛�ɀˉɧ�
ɭɡ˝̤̤̯͛ɭʽ�̤ɭ̝͔ʓɡɭ̤�˝ʄ�̯ʎɭ�Rˉ̯ɭ̝ʅ˝͔ɭ̝ˉʽɭˉ̯ɀʴ�
Ûɡʓɭˉɡɭ઀Ñ˝ʴʓɡ͛�Ñʴɀ̯ʄ˝̝ʽ�˝ˉ�!ʓ˝ɧʓ͔ɭ̝̤ʓ̯͛�ɀˉɧ�
.ɡ˝̤̤̯͛ɭʽ�Ûɭ̝͔ʓɡɭ̤੔�ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʓ̚ɠɭ̤੓ˉɭ̯੣ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʓ̚ɠɭ̤੓ˉɭ̯੣
̤̤̯͛ɭʽ੣̯ɧʄ੣̤̚ʽઈʅʴ˝ɠɀʴઈ̸ˉɭɧʓ̯ɭɧઈɀɧ͔ɀˉɡɭ੓̤̤̯͛ɭʽ੣̯ɧʄ੣̤̚ʽઈʅʴ˝ɠɀʴઈ̸ˉɭɧʓ̯ɭɧઈɀɧ͔ɀˉɡɭ੓
̚ɧ΍ਗ਼пʴɭૻ৕୐̯͛̚ɭૻˉ˝ɧɭ୐ʓɧૻৗ৙৖৘৙̚ɧ΍ਗ਼пʴɭૻ৕୐̯͛̚ɭૻˉ˝ɧɭ୐ʓɧૻৗ৙৖৘৙
RÑ""�ੲ৖৔৖৕ੳ�$ɾɝʇȊ˹ȷ�$ɘȊʓɏȷ�ՒՐՒՑ׃�δȷ�Óɘ̥ˮɝȫȊɾ�

Science Basis. ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʓ̚ɡɡ੓ɡʎ੣̝ɭ̚˝̝̯੣ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʓ̚ɡɡ੓ɡʎ੣̝ɭ̚˝̝̯੣
̤ʓ͚̯ʎ઀ɀ̤̤ɭ̤̤ʽɭˉ̯઀̝ɭ̚˝̝̯઀͕˝̝ʯʓˉʅ઀ʅ̝˝̸̚઀ʓ੣̤ʓ͚̯ʎ઀ɀ̤̤ɭ̤̤ʽɭˉ̯઀̝ɭ̚˝̝̯઀͕˝̝ʯʓˉʅ઀ʅ̝˝̸̚઀ʓ੣.
iɀ̝ɭʓ͔ɀ੔�Ñ੓�୐�D̸ʴʴɭ ੔̝�.੓�ੲ৖৔৕৚ੳ�!ɭ͛˝ˉɧ�
̝ɭ̤ʓʴʓɭˉɡɭ੕�ʎ˝͕�̯˝�ɠɭ̯̯ɭ̝�̝̚ɭ̚ɀ̝ɭ�ʄ˝̝�̯ʎɭ�
̝̚˝ʄ˝̸ˉɧ�ɧʓ̸̤̝̯̚ʓ˝ˉ�˝ʄ�̯ʎɭ��ˉ̯ʎ̝˝̚˝ɡɭˉɭ੔�
Global Policy�৛੕�৕৔৛ં৕৕ড়੓
iɭɭʴʓˉʅ੔�v੓f੓੔�M˝ʴʴʓˉʅ̤͕˝̝̯ʎ੔�æ੓(੓�୐�Ôɭɀɧ੔�f੓v੓�
ੲ৖৔৖৔ੳ�Юɭ�ɭдɡɀɡ͛�˝ʄ�ɡ˝ˉ̯ɀɡ̯�̯̝ɀɡʓˉʅ�ʄ˝̝�̯ʎɭ�
ɡ˝ˉ̯ɀʓˉʽɭˉ̯�˝ʄ�̯ʎɭ�৖৔৕ঢ়�ˉ˝͔ɭʴ�ɡ˝̝˝ˉɀ͔ʓ̸̝̤�

https://doi.org/10.1063/5.0050887
https://doi.org/10.1063/5.0050887
https://globalchallenges.org/wp-content/uploads/Global-Catastrophic-Risks-2020-Annual-Report.pdf
https://globalchallenges.org/wp-content/uploads/Global-Catastrophic-Risks-2020-Annual-Report.pdf
https://globalchallenges.org/wp-content/uploads/Global-Catastrophic-Risks-2020-Annual-Report.pdf
https://globalchallenges.org/wp-content/uploads/Global-Catastrophic-Risks-2020-Annual-Report.pdf
https://doi.org/10.1093/isr/viz005
https://doi.org/10.1093/isr/viz005
https://www.bankofengland.co.uk/speech/2017/rethinking-financial-stability
https://www.bankofengland.co.uk/speech/2017/rethinking-financial-stability
https://www.bankofengland.co.uk/speech/2017/rethinking-financial-stability
https://doi.org/10.1016/j.cmrp.2020.03.011
https://doi.org/10.1016/j.cmrp.2020.03.011
https://www.technologyreview.com/2020/08/20/1007502/uk-exam-algorithm-cant-fix-broken-system/
https://www.technologyreview.com/2020/08/20/1007502/uk-exam-algorithm-cant-fix-broken-system/
https://www.technologyreview.com/2020/08/20/1007502/uk-exam-algorithm-cant-fix-broken-system/
https://doi.org/10.1093/isr/viz005
https://doi.org/10.1093/isr/viz005
https://www.ipbes.net/system/tdf/spm_global_unedited_advance.pdf?file=1&type=node&id=35245
https://www.ipbes.net/system/tdf/spm_global_unedited_advance.pdf?file=1&type=node&id=35245
https://www.ipbes.net/system/tdf/spm_global_unedited_advance.pdf?file=1&type=node&id=35245
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/
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ੲ"�ĉR(઀৕ঢ়ੳ੔�MedRxiv preprint. ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ
੣৕৔੓৕৕৔৕੣৖৔৖৔੓৔৖੓৕৘੓৖৔৔৖ৗ৔ৗ৚੣৕৔੓৕৕৔৕੣৖৔৖৔੓৔৖੓৕৘੓৖৔৔৖ৗ৔ৗ৚.
iɭ˝ʎɀˉɭ੔�Ô੓�੓�ੲ৖৔৔৕ੳ�E˝͔ɭ̝ˉɀˉɡɭ�ʓˉ�ɀ�̚ɀ̝̯ʓɀʴʴ͛�
ʅʴ˝ɠɀʴʓͥɭɧ�͕˝̝ʴɧ੔�American Political Science 
Review�ঢ়৙੕�৕ં৕ৗ੓
iʓʽ੔�Ô੓.੓�୐�vɀɡʯɭ ੔͛�!੓�ੲ৖৔৕৘ੳ�Rˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�
ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ʴɀ͕�ɀ̤�ɀ�ɡ˝ʽ̚ʴɭ͚�ɀɧɀ̯̚ʓ͔ɭ�
system, Tʓ˹ȷ˧ʓȊ˹ɝʧʓȊɾ�0ʓ̞ɝ˧ʧʓʇȷʓ̵Ȋɾ�
Agreements�৕৘੕�৙ં৕৘੓
iʴʓˉʯɭ੔��੓�ੲ৖৔৕৘ੳ�Ñ˝̤̯ˉɀ̯ʓ˝ˉɀʴ�ɧʓ̤ɡ˝̸̝̤ɭ੔�
ɧɭʴʓɠɭ̝ɀ̯ʓ˝ˉ੔�ɀˉɧ�̚ɀ̝̯ʓɡʓ̚ɀ̯ʓ˝ˉ�̯˝͕ɀ̝ɧ�ʅʴ˝ɠɀʴ�
̝ʓ̤ʯ�ʅ˝͔ɭ̝ˉɀˉɡɭ੔�Review of International 
Studies�৘৔੕�৖৘৛ં৖৛৙੓
iˉʓʅʎ̯੔�D੓M੓�ੲ৕ঢ়৖৕ੳ�Öɝˮɹׂ�ïʓȫȷ˧̵Ȋɝʓ˹̥�Ȋʓȱ�Ó˧ʧΓ˹. 
"ʎʓɡɀʅ˝੕�íˉʓ ੓͔�˝ʄ�"ʎʓɡɀʅ˝�Ñ̝ɭ̤̤੓
i˝˝ʓʽɀˉ੔�f੓�ੲ৖৔৔ৗੳ�Governing as Governance. 
m˝ˉɧ˝ˉ੕�Û�E.�Ñ̸ɠʴʓɡɀ̯ʓ˝ˉ̤੓
i̸̝ʅʴɀˉ̤ʯʓ੔��੓Ċ੓�୐��̝ɭʎɭʯ੔�.੓�ੲ৖৔৕৖ੳ�Юɭ�ˉɭɭɧ�
ʄ˝̝�ɡɭ̝̯ɀʓˉ̯͛�ɀ̤�ɀ�̤͛̚ɡʎ˝ʴ˝ʅʓɡɀʴ�ˉɭ̸͚̤�ʄ˝̝�
ʓˉɧʓ͔ʓɧ̸ɀʴ̤�ɀˉɧ�̤˝ɡʓɭ̯ ੔͛�ʓˉ�Extremism and the 
Óˮ̥ȫɘʧɾʧϊ�ʧɎ�ïʓȫȷ˧̵Ȋɝʓ˹̥�ੲv੓�੓�M˝с�୐�(੓m੓�
!ʴɀ͛ʴ˝ɡʯ੔�ɭɧ̤੓ੳ੓�m˝ˉɧ˝ˉ੕�!ʴɀɡʯ͕ɭʴʴ੓
i̸ʎʴɭʽɀˉˉ੔�i੓�ੲ৖৔৕ঢ়ੳ�"˝ʽ̚ʴɭ͚ʓ̯ ੔͛�ɡ̝ɭɭ̚ʓˉʅ�
ˉ˝̝ʽɀʴɡ͛�ɀˉɧ�ɡ˝ˉɡɭʓ̯੕�̤ɭ͚͛�ɀˉɧ�̸ˉ̤ɭ͚͛�̝ʓ̤ʯ̤੔�
Fʧ˧ȷˮɝɏɘ˹�৖৕੕�ৗ৙ં৙৖੓
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mɭɀɧɭ̝̤ʎʓ̚�ɀˉɧ�ɡ˝ʽ̚ʴɭ͚ʓ̯͛੕�ɡɀˉ�ʓˉɧʓ͔ʓɧ̸ɀʴ̤�
ʽɀʯɭ�ɧʓаɭ̝ɭˉɡɭ̤�ʓˉ�ɡ˝ʽ̚ʴɭ͚�̤̤̯͛ɭʽ̤ਗ਼੔�ʓˉ�
Eɀʴɀͥ੔�ĉ੓�ੲ৖৔৕ঢ়ੳ�Global Challenges, Governance, 
Ȋʓȱ�$ʧʇˤɾȷ̤ɝ˹̥׃��ˤˤɾɝȫȊ˹ɝʧʓˮ�Ȋʓȱ�F˧ʧʓ˹ɝȷ˧ˮ. 
"ʎɭʴ̯ɭˉʎɀʽ੕�.ɧ͕ɀ̝ɧ�.ʴʅɀ ੔̝�̚̚੓�৖ৗঢ়ં৖৛ৗ੓
�˝̸͔ɭʴʴɭ̯੔�Ñ੓੔�੗੓੔�୐�(˝ˉˉɭʴʴ ੔͛�"੓�੓�ੲ৖৔৖৕ੳ�
Ôɭɧ̸ɡ̯ʓ˝ˉ�ʓˉ�ʽ˝ɠʓʴʓ̯͛�ɀˉɧ�"�ĉR(઀৕ঢ়�
transmission, Nature Communications�৕৖੕�৕৔ঢ়৔�
ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৘৚৛઀৔৖৕઀৖৕ৗ৙ড়઀৖ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ৗড়੣̤৘৕৘৚৛઀৔৖৕઀৖৕ৗ৙ড়઀৖.
�̝ɧ੔�æ੓�ੲ৖৔৖৔ੳ�δȷ�Ó˧ȷȫɝˤɝȫȷׁ��͚ʄ˝̝ɧ੕��͚ʄ˝̝ɧ�
íˉʓ ੓͔Ñ̝ɭ̤̤੓
�̤̯̝˝ʽ੔�.੓�ੲ৖৔৔ঢ়ੳ���ʅɭˉɭ̝ɀʴ�ʄ̝ɀʽɭ͕˝̝ʯ�ʄ˝̝�
ɀˉɀʴ͛ͥʓˉʅ�̸̤̤̯ɀʓˉɀɠʓʴʓ̯͛�˝ʄ�̤˝ɡʓɀʴ઀ɭɡ˝ʴ˝ʅʓɡɀʴ�
systems, Science�ৗ৖৙੕�৘৕ঢ়ં৘৖৖੓
Ñɀ̯̯ɠɭ̝ʅ੔�Ñ੓�୐�Ċʓɧɭ̝ɠɭ̝ʅ੔��੓�ੲ৖৔৕ঢ়ੳ�Û̸̯ɧ͛ʓˉʅ�
ʅʴ˝ɠɀʴ�ʅ˝͔ɭ̝ˉɀˉɡɭ�ɀ̤�ɀ�ɡ˝ʽ̚ʴɭ͚�̤̤̯͛ɭʽ੕�ɀ�
ˉɭ̯͕˝̝ʯ�̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ੔�ʓˉ��̝̤ʓˉʓ੔��੓�ɭ̯�ɀʴ੓�
ੲ৖৔৕ঢ়ੳ�Complex Systems and International 
Governance, International Studies Review੓�̚̚੓�
৕ંৗ৔੓�ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʓ̤̝੣͔ʓͥ৔৔৙ʎ̯̯̤̚੕੣੣ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৔ঢ়ৗ੣ʓ̤̝੣͔ʓͥ৔৔৙.
Ñɭʅ̝ɀʽ੔�æ੓�୐�i̝ɭʓɭˉʯɀʽ̚੔�f੓�ੲ৖৔৕ঢ়ੳ�Governing 
$ʧʇˤɾȷ̤ɝ˹̥׃�*ȷˮɝɏʓ�Ó˧ɝʓȫɝˤɾȷˮ�Ɏʧ˧�Tʇˤ˧ʧ̞ɝʓɏ�˹ɘȷ�
Gʧ̞ȷ˧ʓȊʓȫȷ�ʧɎ�GɾʧȪȊɾ�$Ȋ̵Ȋˮ˹˧ʧˤɘɝȫ�Öɝˮɹˮ੓�Eʴ˝ɠɀʴ�
E˝͔ɭ̝ˉɀˉɡɭ�Rˉ̤̯ʓ̸̯̯ɭ�Ôɭ̤ɭɀ̝ɡʎ�Ñ˝ʴʓɡ͛�!̝ʓɭʄ੓�
m˝ˉɧ˝ˉ੕�íˉʓ ੓͔�"˝ʴʴɭʅɭ�m˝ˉɧ˝ˉ੓

Ñɭʴʴʓ̤੔�m੓੔�Ûɡɀ̝ɀɠɭʴ੔�D੓੔�Û̯ɀʅɭ੔�M੓!੓੔��͔ɭ̝̯˝ˉ੔�
"੓.੓੔�"ʎɀ̚̚ɭʴʴ੔�m੓M੓i੓੔�m̯͛ʎʅ˝ɭ੔�i੓�੓੔�
Dɭɀ̝˝ˉ੔��੓੔�!ɭˉˉɭ̯̯੔�.੓੔�"̸̝̝ɀˉ઀Ûɭɠɀ̤̯ʓɭˉ੔�
f੓੔�(ɀ̤੔�Ô੓੔�D͛ʴɭ̤੔�v੓੔�mɭ͕ʯ˝͕ʓɡͥ੔�M੓੔�Ñɀˉʅ੔�
ď੓੔�ĉɭʯɀ̝ʓɀ੔�!੓੔�Ċɭɠɠ੔�m੓੔�M˝̸̤ɭ੔�æ੓�୐�Mɀʴʴ੔�
R੓�ੲ৖৔৖৔ੳ�"ʎɀʴʴɭˉʅɭ̤�ʓˉ�ɡ˝ˉ̯̝˝ʴ�˝ʄ�"˝͔ʓɧ઀৕ঢ়੕�
̤ʎ˝̝̯�ɧ˝̸ɠʴʓˉʅ�̯ʓʽɭ�ɀˉɧ�ʴ˝ˉʅ�ɧɭʴɀ͛�̯˝�ɭаɭɡ̯�
˝ʄ�ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ̤੔�ɀ̝ďʓ͔੕৖৔৔৘੓৔৔৕৕৛͔৕�੶̜઀ɠʓ˝੓
Ñ.੷�ৗ৕�vɀ ੓̝
Ñɭ̯ɭ̝̤੔�!੓E੓੔�Ñʓɭ̝̝ɭ੔�f੓�୐�Eɀʴɀͥ੔�ĉ�ੲ৖৔৕ঢ়ੳ�
Ûʓʽ̚ʴɭ�̤˝ʴ̸̯ʓ˝ˉ̤�ʄ˝̝�ɡ˝ʽ̚ʴɭ͚ʓ̯͛ਗ਼�ʓˉ�Eɀʴɀͥ੔�
ĉ੓�ੲ৖৔৕ঢ়ੳ�Global Challenges, Governance, 
Ȋʓȱ�$ʧʇˤɾȷ̤ɝ˹̥׃��ˤˤɾɝȫȊ˹ɝʧʓˮ�Ȋʓȱ�F˧ʧʓ˹ɝȷ˧ˮ. 
"ʎɭʴ̯ɭˉʎɀʽ੕�.ɧ͕ɀ̝ɧ�.ʴʅɀ ੔̝�̚̚੓�৕ড়ড়ં৖৕৔੓
Ñ˝ʎʴ੔��੓�ੲ৕ঢ়ঢ়ঢ়ੳ�Û˝ʽɭ�ˉ˝̯ʓ˝ˉ̤�˝ʄ�ɡ˝ʽ̚ʴɭ͚�
ɀɧɀ̯̚ʓ͔ɭ�̤̤̯͛ɭʽ̤�ɀˉɧ�̯ʎɭʓ̝�̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̚�
̯˝�˝̸̝�͕˝̝ʴɧ੔�Rˉ̯ɭ̝Û͛ʽ̚઀ঢ়ঢ়੕��ɧ͔ɀˉɡɭ̤�ʓˉ�
ɡ˝ʴʴɀɠ˝̝ɀ̯ʓ͔ɭ�ɧɭɡʓ̤ʓ˝ˉ઀̸̤̚̚˝̝̯�̤̤̯͛ɭʽ̤�ʄ˝̝�
ɧɭ̤ʓʅˉ੔�̚ʴɀˉˉʓˉʅ�ɀˉɧ�ɭ͚ɭɡ̸̯ʓ˝ˉ�ੲ!ɀɧɭˉ઀
!ɀɧɭˉ੔�Eɭ̝ʽɀˉ ੔͛��̸ʅ�৖ં৛ੳ੔�ঢ়ં৖৘੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧʓʅʓ̯ɀʴɡ˝ʽʽ˝ˉ̤੓ɡɀʴ̚˝ʴ ੓͛ɭɧ̸੣ɡɀɧ̝ɡ੣ৗ৘੣ɧʓʅʓ̯ɀʴɡ˝ʽʽ˝ˉ̤੓ɡɀʴ̚˝ʴ ੓͛ɭɧ̸੣ɡɀɧ̝ɡ੣ৗ৘੣.
Ñ˝ʴɀ̤ʯ ੔͛�Û੓�ɭ̯�ɀʴ੓�ੲ৖৔৕৕ੳ�(ɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ�
̸ˉɧɭ̝�ʅ̝ɭɀ̯�̸ˉɡɭ̝̯ɀʓˉ̯͛੕�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�
ʽɀˉɀʅɭʽɭˉ̯�ʓˉ�ɀˉ�ɭ̝ɀ�˝ʄ�ʅʴ˝ɠɀʴ�ɡʎɀˉʅɭ੔�
è˧ȷʓȱˮ�ɝʓ�0ȫʧɾʧϊ�Ȋʓȱ�0̞ʧɾ̂˹ɝʧʓ�৖৚੕�ৗঢ়ড়ં৘৔৘੓
Ñ̝ʓɭ̤ɭ ੔̝�Ô੓�୐�Ċ˝ɭ̝ʽɀˉˉ੔�v੓�ੲ৖৔৕ঢ়ੳ�
"˝ʽ̚ʴɭ͚ʓ̯ ੔͛�̚ʎʓʴ˝̤˝̚ʎ͛�ɀˉɧ�ɭ̯ʎʓɡ̤੔�ʓˉ�
Eɀʴɀͥ੔�ĉ੓�ੲɭɧ੓ੳ�Global Challenges, Governance, 
Ȋʓȱ�$ʧʇˤɾȷ̤ɝ˹̥׃��ˤˤɾɝȫȊ˹ɝʧʓˮ�Ȋʓȱ�F˧ʧʓ˹ɝȷ˧ˮ. 
"ʎɭʴ̯ɭˉʎɀʽ੕�.ɧ͕ɀ̝ɧ�.ʴʅɀ ੔̝�̚̚੓�ৗড়ં৚৖੓
Ôɀ˝੔�ĉ੓�ੲ৖৔৕৔ੳ���ɠʓʅ�ʴʓ̯̯ʴɭ�ʓɧɭɀ�ɡɀʴʴɭɧ�ʴɭʅʓɠʓʴʓ̯ ੔͛�
ʎ̯̯̤̚੕੣੣͕͕ ੓͕̝ʓɠɠ˝ˉʄɀ̝ʽ੓ɡ˝ʽ੣৖৔৕৔੣৔৛੣৖৚੣ɀ઀ʎ̯̯̤̚੕੣੣͕͕ ੓͕̝ʓɠɠ˝ˉʄɀ̝ʽ੓ɡ˝ʽ੣৖৔৕৔੣৔৛੣৖৚੣ɀ઀
ɠʓʅ઀ʴʓ̯̯ʴɭ઀ʓɧɭɀ઀ɡɀʴʴɭɧ઀ʴɭʅʓɠʓʴʓ̯͛੣ɠʓʅ઀ʴʓ̯̯ʴɭ઀ʓɧɭɀ઀ɡɀʴʴɭɧ઀ʴɭʅʓɠʓʴʓ̯͛੣.
Ôɭɀɧ੔�Ô੓�୐��ઑÔʓ˝̝ɧɀˉ੔�æ੓�ੲ৖৔৕৛ੳ�Юɭ�
̝̚ɭɡɀ̸̯ʓ˝ˉɀ̝͛�̝̚ʓˉɡʓ̚ʴɭ�̸ˉɧɭ̝�п̝ɭ੔�
0ʓ̞ɝ˧ʧʓʇȷʓ˹׃�Ýȫɝȷʓȫȷ�Ȋʓȱ�Óʧɾɝȫ̥�Ɏʧ˧�Ý̂ˮ̵ȊɝʓȊȪɾȷ�
Development�৙ঢ়੕�৘ં৕৙੓
Ô˝ɡʯ̤̯̝̅ʽ੔�f੓�ɭ̯�ɀʴ੓�ੲ৖৔৔ঢ়ੳ�Ñʴɀˉɭ̯ɀ̝͛�
ɠ˝̸ˉɧɀ̝ʓɭ̤੕�ɭ͚̚ʴ˝̝ʓˉʅ�̯ʎɭ�̤ɀʄɭ�˝̚ɭ̝ɀ̯ʓˉʅ�
̤̚ɀɡɭ�ʄ˝̝�ʎ̸ʽɀˉʓ̯ ੔͛�0ȫʧɾʧϊ�Ȋʓȱ�Ýʧȫɝȷ˹̥�৕৘੓�
ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʫ̤̯˝ ੓̝˝̝ʅ੣̤̯ɀɠʴɭ੣৖৚৖৚ড়ৗ৕৚ʎ̯̯̤̚੕੣੣͕͕ ੓͕ʫ̤̯˝ ੓̝˝̝ʅ੣̤̯ɀɠʴɭ੣৖৚৖৚ড়ৗ৕৚.
Ô̸ɡʯ੔�(੓f੓੔�vɀ̯̯ʎɭ͕̤੔�m੓f੓੔�i̝͛ʓ̯̤ʓ̤੔�æ੓੔�
�̯ʯʓˉ̤˝ˉ੔�Ó੓(੓�୐�!ɭˉ̯ʴɭ ੔͛�Ô੓�੓�ੲ৖৔৖৔ੳ�Юɭ�
ɡ̸ʴ̸̯̝ɀʴ�ʄ˝̸ˉɧɀ̯ʓ˝ˉ̤�˝ʄ�ʽ˝ɧɭ̝ˉ�ɧɭʽ˝ɡ̝ɀɡ ੔͛�
Nature Human Behaviour�৘੕�৖৚৙ં৖৚ঢ়੓
Ô̸ˉɧɭ੔�f੓�ੲ৕ঢ়ঢ়ড়ੳ�"ʴɀ̝ʓʄ͛ʓˉʅ�D̝ɀˉʯ�iˉʓʅʎ̯ઑ̤�
ɧʓ̤ɡ̸̤̤ʓ˝ˉ�˝ʄ�̯ʎɭ�ʽɭɀˉʓˉʅ�˝ʄ�̝ʓ̤ʯ�ɀˉɧ�
uncertainty, Cambridge Journal of Economics 
৖৖੕�৙ৗঢ়ં৙৘৚੓

https://openknowledge.worldbank.org/bitstream/handle/10986/15581/wps6440.pdf;sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/15581/wps6440.pdf;sequence=1
https://openknowledge.worldbank.org/bitstream/handle/10986/15581/wps6440.pdf;sequence=1
https://doi.org/10.1038/s41467-021-21358-2
https://doi.org/10.1093/isr/viz005
https://digitalcommons.calpoly.edu/cadrc/34/
https://digitalcommons.calpoly.edu/cadrc/34/
https://www.ribbonfarm.com/2010/07/26/a-big-little-idea-called-legibility/
https://www.ribbonfarm.com/2010/07/26/a-big-little-idea-called-legibility/
https://www.jstor.org/stable/26268316
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Ûɀˉɧɠɭ̝ʅ੔��੓�ੲ৖৔৕ঢ়ੳ�Юɭ̝ɭ�ʓ̤�̚ʴɭˉ̯͛�˝ʄ�̯ʓʽɭ�ɀ̯�
̯ʎɭ�ɠ˝̯̯˝ʽ੕�̯ʎɭ�ɭɡ˝ˉ˝ʽʓɡ̤੔�̝ʓ̤ʯ�ɀˉɧ�ɭ̯ʎʓɡ̤�˝ʄ�
̯ʓʽɭ�ɡ˝ʽ̝̚ɭ̤̤ʓ˝ˉ੔�Fʧ˧ȷˮɝɏɘ˹�৖৕੕�ড়৘ંঢ়ঢ়੓�ʎ̯̯̤̚੕੣੣ʎ̯̯̤̚੕੣੣
ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ড়੣DÛ઀৔৘઀৖৔৕ড়઀৔৔৘৘ɧ˝ʓ੓˝̝ʅ੣৕৔੓৕৕৔ড়੣DÛ઀৔৘઀৖৔৕ড়઀৔৔৘৘.
Ûɀ͛ɀʽɀ੔�M੓੔�Ñɭ̤̯˝ ੔͔�R੓੔�Ûɡʎʽʓɧ̯੔�f੓੔�!̸̤ʎ੔�!੓f੓੔�
Ċ˝ˉʅ੔�"੓੔�Đɀʽɀˉ˝ʓ੔�f੓�୐�E̝˝̤̤੔�æ੓�ੲ৖৔৕ৗੳ�
v˝ɧɭʴʓˉʅ�ɡ˝ʽ̚ʴɭ͚�̤̤̯͛ɭʽ̤�͕ʓ̯ʎ�ɀɧɀ̯̚ʓ͔ɭ�
ˉɭ̯͕˝̝ʯ̤੔�Computers and Mathematics with 
Applications�৚৙੕�৕৚৘৙ં৕৚৚৘੓
Ûɡʎɭаɭ ੔̝�v੓੔�!ɀ̤ɡ˝ʽ̯̚ɭ੔�f੓੔�!̝˝ɡʯ੔�Ċ੓�੓੔�
!̝˝͔ʯʓˉ੔�ĉ੓੔�"ɀ̝̚ɭˉ̯ɭ ੔̝�Û੓Ô੓੔�(ɀʯ˝̤੔�ĉ੓੔�Mɭʴɧ੔�
M੓੔�͔ɀˉ��ɭ̤੔�.੓M੓੔�Ôʓɭ̯ʯɭ̝ʯ੔�v੓�୐�Û̸ʅʓʎɀ̝ɀ੔�
E੓�ੲ৖৔৔ঢ়ੳ�.ɀ̝ʴ͛઀͕ɀ̝ˉʓˉʅ�̤ʓʅˉ̤�ʄ˝̝�ɡ̝ʓ̯ʓɡɀʴ�
transitions, Nature�৘৚৕੕�৙ৗં৙ঢ়੓
Ûɡʎ͕ɭʓ̯ͥɭ ੔̝�D੓੔�Dɀʅʓ˝ʴ˝੔�E੓੔�Û˝̝ˉɭ̯̯ɭ੔�(੓੔�
ĉɭʅɀ઀Ôɭɧ˝ˉɧ˝੔�D੓੔�ĉɭ̤̚ʓʅˉɀˉʓ੔��੓�୐�Ċʎʓ̯ɭ੔�
(੓Ô੓�ੲ৖৔৔ঢ়ੳ�.ɡ˝ˉ˝ʽʓɡ�ˉɭ̯͕˝̝ʯ̤੖�̯ʎɭ�ˉɭ͕�
ɡʎɀʴʴɭˉʅɭ̤੔�Science�ৗ৖৙੕�৘৖৖ં৘৖৙੓
Ûɡ˝̯̯੔�f੓�ੲ৕ঢ়ঢ়ঢ়ੳ�Ýȷȷɝʓɏ�oɝɹȷ�Ȋ�Ý̵Ȋ˹ȷ׃�Oʧ̟�$ȷ˧̵Ȋɝʓ�

Schemes to Improve the Human Condition Have 
FȊɝɾȷȱ੓�Đɀʴɭ੕�Đɀʴɭ�íˉʓ ੓͔�Ñ̝ɭ̤̤੓
Ûɭʴʴɠɭ̝ʅ੔�v੓v੓੔�Ô͛ɀˉ੔�Ñ੓੔�!˝̝ʅ̤̯̝̅ʽ੔�Û੓æ੓੔�
�˝̝̤̯̝̅ʽ�୐��੓ĉ੓੔�Ñɭ̯ɭ̝̤˝ˉ੔�E੓(੓�ੲ৖৔৕ড়ੳ�
D̝˝ʽ�̝ɭ̤ʓʴʓɭˉɡɭ�̯ʎʓˉʯʓˉʅ�̯˝�̝ɭ̤ʓʴʓɭˉɡɭ�
̚ʴɀˉˉʓˉʅ੕�ʴɭ̤̤˝ˉ̤�ʄ̝˝ʽ�̝̚ɀɡ̯ʓɡɭ੔�Journal of 
0ʓ̞ɝ˧ʧʓʇȷʓ̵Ȋɾ�xȊʓȊɏȷʇȷʓ˹�৖৕৛੕�ঢ়৔৚ંঢ়৕ড়੓
Ûɭ͔ɀ̤̯˝̸̚ʴ˝੔�(੓�୐�Ûʎ̸ɠɠɭ ੔̝�i੓�ੲ৖৔৖৔ੳ�æ̸̝ʽ̚�
ɡʎɭɭ̝̤�ɀ̤�ɀˉ̯ʓ઀ʴ˝ɡʯɧ˝͕ˉ�̝̚˝̯ɭ̤̯̤�̤̝̚ɭɀɧ੔�
FɝʓȊʓȫɝȊɾ�èɝʇȷˮ ʎ̯̯̤̚੕੣੣͕͕ ੓͕о੓ɡ˝ʽ੣ɡ˝ˉ̯ɭˉ̯੣ʎ̯̯̤̚੕੣੣͕͕ ੓͕о੓ɡ˝ʽ੣ɡ˝ˉ̯ɭˉ̯੣
ɡড়ʄ৚ʄ৘৕ৗ઀ৗঢ়ɡ৘઀৘৛ɡɭ઀ɠ৕а઀৔ɭ৔৖ঢ়৚ঢ়ɡɠ৚৕৖ɡড়ʄ৚ʄ৘৕ৗ઀ৗঢ়ɡ৘઀৘৛ɡɭ઀ɠ৕а઀৔ɭ৔৖ঢ়৚ঢ়ɡɠ৚৕৖.
Û˝̝˝̤੔�E੓�ੲ৖৔৕ৗੳ�Dɀʴʴʓɠʓʴʓ̯ ੔͛�̝ɭрɭ͚ʓ͔ʓ̯ ੔͛�ɀˉɧ�
̯ʎɭ�ʎ̸ʽɀˉ�̸ˉɡɭ̝̯ɀʓˉ̯͛�̝̚ʓˉɡʓ̚ʴɭ੔�Journal of 
0ȫʧʓʧʇɝȫ�xȷ˹ɘʧȱʧɾʧϊ�৖৔੕�ৗ৔ঢ়ંৗ৖ঢ়੓
Û̸ˉ̤̯ɭʓˉ੔�"੓Ô੓�ੲ৖৔৔৛ੳ�Юɭ�"ɀ̯ɀ̤̯̝˝̚ʎʓɡ�Mɀ̝ʽ�
Ñ̝ɭɡɀ̸̯ʓ˝ˉɀ̝͛�Ñ̝ʓˉɡʓ̚ʴɭ੔�Issues in Legal 
ÝȫɘʧɾȊ˧ˮɘɝˤ�Ý̥ʇˤʧˮɝ̂ʇ׃�$Ȋ̵Ȋˮ˹˧ʧˤɘɝȫ�Öɝˮɹˮ׃�
Prevention, Compensation and Recovery.
Û̸ˉ̤̯ɭʓˉ੔�"੓Ô੓�ੲ৖৔৕ঢ়ੳ�vɀ͚ʓʽʓˉ੔�Harvard Law 

School Discussion Paper 1020. ʎ̯̯̤̚੕੣੣̤̤̝ˉ੓ɡ˝ʽ੣ʎ̯̯̤̚੕੣੣̤̤̝ˉ੓ɡ˝ʽ੣
ɀɠ̤̯̝ɀɡ̯ૻৗ৘৛৚৖৙৔ɀɠ̤̯̝ɀɡ̯ૻৗ৘৛৚৖৙৔.

æ̸̝ɡʎʓˉ੔��੓�ੲ৖৔৕ড়ੳ��̝̚̚˝ɀɡʎɭ̤�̯˝�̯ʎɭ�
̝̚ɭ͔ɭˉ̯ʓ˝ˉ�˝ʄ�ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤੔�
Human Prospect ৛ �৖੕�৙ৗં৚৙੓
ĉʓɡ̯˝ ੔̝�(੓�ੲ৖৔৔৚ੳ�æ˝͕ɀ̝ɧ�ɭаɭɡ̯ʓ͔ɭ�
ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�˝ˉ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ੕�
Numbers, interests and institutions, Global 
0ʓ̞ɝ˧ʧʓʇȷʓ̵Ȋɾ�Óʧɾɝ˹ɝȫˮ�৚੕�ঢ়৔ં৕৔ৗ੓
ĉʓɡ̯˝ ੔̝�(੓�ੲ৖৔৕৕ੳ�GɾʧȪȊɾ�ČȊ˧ʇɝʓɏ�G˧ɝȱɾʧȫɹ׃�
$˧ȷȊ˹ɝʓɏ�xʧ˧ȷ�0κȷȫ˹ɝ̞ȷ�Ý˹˧Ȋ˹ȷɏɝȷˮ�Ɏʧ˧�Ó˧ʧ˹ȷȫ˹ɝʓɏ�
the Planet੓�"ɀʽɠ̝ʓɧʅɭ੕�"ɀʽɠ̝ʓɧʅɭ�íˉʓ ੓͔�
Press.
ĉʓɡ̯˝ ੔̝�(੓E੓�ੲ৖৔৕৚ੳ�Ċʎɀ̯�̯ʎɭ�ʄ̝ɀʽɭ͕˝̝ʯ�
ɡ˝ˉ͔ɭˉ̯ʓ˝ˉ�˝ˉ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ�̯ɭɀɡʎɭ̤�̸̤�
ɀɠ˝̸̯�ɡ˝˝̚ɭ̝ɀ̯ʓ˝ˉ�ʓˉ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ੔�Politics 
and Governance ৘੕�৕ৗৗં৕৘৕੓
ĉ˝ɭˉɭʯ ੔͛�Û੓�ੲ৖৔৕ঢ়ੳ�M̸ʽɀˉ�̝ʓʅʎ̯̤�ɀˉɧ�
ʴɭʅʓ̯ʓʽɀ̯ɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�˝ʄ�ɭ͚ʓ̤̯ɭˉ̯ʓɀʴ�ɀˉɧ�
ʅʴ˝ɠɀʴ�ɡɀ̯ɀ̤̯̝˝̚ʎʓɡ�̝ʓ̤ʯ̤੔�ʎ̯̯̤̚੕੣੣̤̤̝ˉ੓ɡ˝ʽ੣ʎ̯̯̤̚੕੣੣̤̤̝ˉ੓ɡ˝ʽ੣
ɀɠ̤̯̝ɀɡ̯ૻৗৗ৚ৗ৙৙৖ɀɠ̤̯̝ɀɡ̯ૻৗৗ৚ৗ৙৙৖.
Ċɀɡʎʓˉʅɭ ੔̝�E੓੔�Ôɭˉˉ੔��੓੔�!ɭс੔�"੓�୐�
i̸ʎʴʓɡʯɭ੔�"੓�ੲ৖৔৕ৗੳ�Юɭ�̝ʓ̤ʯ�̚ɭ̝ɡɭ̯̚ʓ˝ˉ�
̚ɀ̝ɀɧ˝͚૆ઃ૆ʓʽ̚ʴʓɡɀ̯ʓ˝ˉ̤�ʄ˝̝�ʅ˝͔ɭ̝ˉɀˉɡɭ�ɀˉɧ�
ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�˝ʄ�ˉɀ̸̯̝ɀʴ�ʎɀͥɀ̝ɧ̤੔�Öɝˮɹ�
Analysis ৗৗ੕�৕৔৘ঢ়ં৕৔৚৙੓
Ċɀʴʯɭ ੔̝�Ċ੓.੓੔�vɀ̝ɡʎɀ̸੔�ĉ੓�੓Ċ੓f੓�୐�Û͕ɀˉ̤˝ˉ੔�
(੓�ੲ৖৔৕৔ੳ��ɧɧ̝ɭ̤̤ʓˉʅ�ɧɭɭ̚�̸ˉɡɭ̝̯ɀʓˉ̯͛�̸̤ʓˉʅ�
ɀɧɀ̯̚ʓ͔ɭ�̚˝ʴʓɡʓɭ̤੔�èȷȫɘʓʧɾʧɏɝȫȊɾ�Fʧ˧ȷȫȊˮ˹ɝʓɏڢ��
Social Change.
Ċʓʴɭ̯̯੔�Ċ੓੔�ɭ̯�ɀʴ�ੲ৖৔৕ঢ়ੳ�D˝˝ɧ�ʓˉ�̯ʎɭ�
�ˉ̯ʎ̝˝̚˝ɡɭˉɭ੕�̯ʎɭ�.�æઉmɀˉɡɭ̯�ɡ˝ʽʽʓ̤̤ʓ˝ˉ�
˝ˉ�ʎɭɀʴ̯ʎ͛�ɧʓɭ̯̤�ʄ̝˝ʽ�̸̤̤̯ɀʓˉɀɠʴɭ�ʄ˝˝ɧ�
systems, δȷ�oȊʓȫȷ˹�$ʧʇʇɝˮˮɝʧʓˮ�ৗঢ়ৗ੕�৘৘৛ં৘ঢ়৖੓
Ċ˝̝ʴɧ�.ɡ˝ˉ˝ʽʓɡ�D˝̸̝ʽ�ੲ৖৔৖৔ੳ�δȷ�GɾʧȪȊɾ�Öɝˮɹˮ�

Report�ੲ৕৙̯ʎ�.ɧʓ̯ʓ˝ˉੳ�ʎ̯̯̤̚੕੣੣͕͕͕ৗ੓͕ɭʄ˝̸̝ʽ੓ʎ̯̯̤̚੕੣੣͕͕͕ৗ੓͕ɭʄ˝̸̝ʽ੓
˝̝ʅ੣ɧ˝ɡ̤੣Ċ.DઈEʴ˝ɠɀʴઈÔʓ̤ʯઈÔɭ̚˝̝̯ઈ৖৔৖৔੓˝̝ʅ੣ɧ˝ɡ̤੣Ċ.DઈEʴ˝ɠɀʴઈÔʓ̤ʯઈÔɭ̚˝̝̯ઈ৖৔৖৔੓
̚ɧʄ̚ɧʄ.
Đ̋ ̸ˉʅ੔��੓�ੲ৖৔৕৛ੳ�Governing Complex Systems. 
ÝʧȫɝȊɾ�$Ȋˤɝ̵Ȋɾ�Ɏʧ˧�˹ɘȷ��ʓ˹ɘ˧ʧˤʧȫȷʓȷ੓�"ɀʽɠ̝ʓɧʅɭ੔�
vRæ�Ñ̝ɭ̤̤੓
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৖৔৖৕�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ÛĊ�ɀˉɧ�̯ʎɭ�mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤�
D˝̸̝ʽ੕�઎Ñ˝͕ɭ̝�ɀˉɧ�Ñɭ̝ʓʴ�˝ʄ�̯ʎɭ�(ʓʅʓ̯ɀʴ��ʅɭએ

Her Excellency the Honourable Margaret Beazley AC QC

ਘાʎ̯̯̤̚੕੣੣̤͛ɧˉɭ͛ʴʓ͔ʓˉʅʽ̸̤ɭ̸ʽ̤੓ɡ˝ʽ੓ɀ̸੣ɭ͚ʎʓɠʓ̯ʓ˝ˉ̤੣ʅɀɧʓʅɀʴ઀̚ʴɀɡɭʎ̯̯̤̚੕੣੣̤͛ɧˉɭ͛ʴʓ͔ʓˉʅʽ̸̤ɭ̸ʽ̤੓ɡ˝ʽ੓ɀ̸੣ɭ͚ʎʓɠʓ̯ʓ˝ˉ̤੣ʅɀɧʓʅɀʴ઀̚ʴɀɡɭ
ਙા�ɧɧ̝ɭ̤̤�ʓˉ�̯ʎɭ��̤̤ɭʽɠʴ͛�Mɀʴʴ�ɀ̯�̯ʎɭ�Ñɀ̸ʴ̤ʯʓ̝ɡʎɭ�ʓˉ�D̝ɀˉʯʄ̸̝̯੔�f̸ˉɭ�৖৙੔�৕ঢ়৚ৗ

�̚ɭˉʓˉʅ��ɧɧ̝ɭ̤̤

æ˝�ɀʴʴ�˝ʄ�͛˝̸�͕ɀ̯ɡʎʓˉʅ੔� ʓˉ��ɭ͕�Û˝̸̯ʎ�
Ċɀʴɭ̤�ɀˉɧ�ʄɀ̝�ɠɭ͛˝ˉɧ੔�R�ɀʽ�ɧɭʴʓʅʎ̯ɭɧ�̯ ˝�

ʫ˝ʓˉ�͛ ˝̸�ʓˉ�̯ ʎʓ̤�̋ ̚ɭˉʓˉʅ�̤ ɭ̤̤ʓ˝ˉ�̋ ʄ�̯ ʎɭ�Ô˝͛ɀʴ�
Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�ɀˉɧ�mɭɀ̝ˉɭɧ�
�ɡɀɧɭʽʓɭ̤�ĉʓ̸̝̯ɀʴ�"˝ˉʄɭ̝ɭˉɡɭ੓�Юʓ̤�ʽ˝̝ˉ-
ʓˉʅ�R�ɀʽ�̤̚ɭɀʯʓˉʅ�̯˝�͛˝̸�ʄ̝˝ʽ�ʽ͛�˝дɡɭ�
ʎɭ̝ɭ�ɀ̯�E˝͔ɭ̝ˉʽɭˉ̯�M˝̸̤ɭ�͕ ʎʓɡʎ�̤ ̯ɀˉɧ̤�̋ ˉ�
Eɀɧʓʅɀʴ�ʴɀˉɧ੔�ɀˉɧ�ɠ͛�̯ʎɭ�ɠɭɀ̸̯ʓʄ̸ʴ�Eɀɧʓʅɀʴ�
͕ɀ̯ɭ̝̤�˝ʄ�Û͛ɧˉɭ͛�Mɀ̝ɠ˝̸ ੓̝
�̤�͕ɭ�ɡ˝ˉ̤ʓɧɭ̝�̯ʎɭ�̸ˉ̝ɭʴɭˉ̯ʓˉʅ�̚ɀɡɭ�˝ʄ�

̯ʎɭ�(ʓʅʓ̯ɀʴ��ʅɭ�̋ ͔ɭ̝�̯ ʎɭ̤ɭ�̄ ɭ͚̯�ɧɀ̤͛੔�R�̚ ɀ̸̤ɭ�
̯˝�ɀɡʯˉ˝͕ʴɭɧʅɭ�̯ʎɭ�͕ʓ̤ɧ˝ʽ੔�ɡ̸ʴ̸̯̝ɭ�ɀˉɧ�
ɡ˝ˉ̯ʓˉ̸ʓˉʅ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ�̯ ˝�ɹ ɀˉɧ̤੔�͕ ɀ̯ɭ̝̤�ɀˉɧ�
ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�˝ʄ�Dʓ̝̤̯��ɀ̯ʓ˝ˉ̤�̚ɭ˝̚ʴɭ�͕ʎ˝�
ʎɀ͔ɭ�ʴʓ͔ɭɧ�ʓˉ�̯ʎɭ�Û͛ɧˉɭ͛�̝ɭʅʓ˝ˉ�ʄ˝̝�ɀ̯�ʴɭɀ̤̯�
৚৔੔৔৔৔�͛ɭɀ̝̤੓ৡ
(˝͕ˉ̤̯ɀʓ̝̤� ʓˉ� ̯ʎɭ� vɀʓˉ� Mɀʴʴ� ʎɭ̝ɭ� ɀ̯�

̯ʎɭ�M˝̸̤ɭ੔�̯ʎɭ̝ɭ�ʓ̤�ɀ�ʴɀ̝ʅɭ�̚˝̝̯̝ɀʓ̯�˝ʄ�̯ʎɭ�
п̝̤̯�Ñ̝ɭ̤ʓɧɭˉ̯�˝ʄ�̯ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�
Û˝̸̯ʎ�Ċɀʴɭ̤੔�ʄ˝̸ˉɧɭɧ�৖৔৔�͛ ɭɀ̝̤�ɀʅ˝�ɀˉɧ�ʓˉʓ-
̯ʓɀʴʴ͛�ʯˉ˝͕ˉ�ɀ̤�̯ʎɭ�Ñʎʓʴ˝̤˝̚ʎʓɡɀʴ�Û˝ɡʓɭ̯͛�
˝ʄ��̸̤̯̝ɀʴɀ̤ʓɀ੓�Юɭ�̸̤ɠʫɭɡ̯�˝ʄ�̯ʎɀ̯�̚˝̝̯̝ɀʓ̯�
͕ɀ̤�ɀˉ�ɀ͔ʓɧ�ɀ̤̯̝˝ˉ˝ʽɭ ੔̝�̔ ͛�̚ ̝ɭɧɭɡɭ̤̤˝ ੔̝�Ûʓ̝�
Ю˝ʽɀ̤�!̝ʓ̤ɠɀˉɭ੔�̯ʎɭ�৚̯ʎ�E˝͔ɭ̝ˉ˝̝�˝ʄ��ɭ͕�
Û˝̸̯ʎ�Ċɀʴɭ̤੓
R̯�ʓ̤�ɀˉ�ʎ˝ˉ˝̸̝�̯˝�ɡ˝ˉ̯ʓˉ̸ɭ�̯ʎʓ̤�ʴ˝ˉʅ�ʴʓˉɭ�

˝΍�ĉʓɡɭ�Ôɭʅɀʴ�̚ ɀ̯̝˝ˉɀʅɭ�̋ ʄ�̯ ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯ ੔͛�
͕ʎ˝̤ɭ�ʽʓ̤̤ʓ˝ˉ�̯˝�ɭˉ̝ʓɡʎ�˝̸̝�ʴʓ͔ɭ̤�̯ʎ̝˝̸ʅʎ�
ʯˉ˝͕ʴɭɧʅɭ�ɀˉɧ�ʓˉΌ̸ʓ̝͛�ʓ̤�͔ʓʅ˝̝˝̸̤ʴ͛�̸̝̚-
̸̤ɭɧ�͕ʓ̯ʎ�ʓˉ̯ɭʴʴɭɡ̸̯ɀʴ�̝ʓʅ˝̸ ੓̝
Юɭ�̯ ʎɭʽɭ�̋ ʄ�̯ ʎʓ̤�͛ ɭɀ̝ઑ̤ �ɡ˝ˉʄɭ̝ɭˉɡɭ�ʓ̤�ɭ͚ɡʓ̯-

ʓˉʅ�ɀˉɧ੔�ʓˉ�ʽɀˉ͛�͕ɀ̤͛੔�ɡ˝ˉʄ̝˝ˉ̯ʓˉʅ੓�Ñɭ˝̚ʴɭ�

ɧ˝�̄ ˝̯�̄ ɭɡɭ̤̤ɀ̝ʓʴ͛�ʎɀˉɧʴɭ�ɡʎɀˉʅɭ�͕ ɭʴʴ੓�Rˉɧɭɭɧ੔�
ɀɡɡ˝̝ɧʓˉʅ� ̯˝� ̯ʎɭ� ɭ̚˝ˉ͛ʽ˝̸̤�v̝� E˝˝ʅʴɭ੔�
ɡʎɀˉʅɭ�̤ʓ̯̤�˝ˉ�̯˝̚�˝ʄ�̯ʎɭ�ʴʓ̤̯�˝ʄ�̯ʎɭ�̯˝̚�̯ɭˉ�
ʄɭɀ̝̤�̚ɭ˝̚ʴɭ�ʎɀ͔ɭ੓�íˉɡɭ̝̯ɀʓˉ̯͛�̝ɀˉʯ̤�поʎ੓�
�ˉɧ�̯ʎɀ̯�ʓ̤�ʓˉ�ɭ͔ɭ̝͛ɧɀ͛�ʴʓʄɭ੓�Đɭ̯੔�ɀ̤�f˝ʎˉ�D੓�
iɭˉˉɭɧ͛�̸̯̚�ʓ̯�̤˝�͕ɭʴʴ੕�Change is the law of 
ɾɝɎȷׁ��ʓȱ�˹ɘʧˮȷ�̟ɘʧ�ɾʧʧɹ�ʧʓɾ̥�˹ʧ�˹ɘȷ�ˤȊˮ˹�ʧ˧�੶live 
only in the੷�ʕ ˧ȷˮȷʓ˹�Ȋ˧ȷ�ȫȷ˧̵Ȋɝʓ�˹ ʧ�ʇɝˮˮ�˹ ɘȷ�Ɏ̂˹̂˧ȷ.ৢ
R� ɡ˝ʽʽɭˉɧ� ̯ʎɭ� Û˝ɡʓɭ̯͛� ɀˉɧ� mɭɀ̝ˉɭɧ�

�ɡɀɧɭʽʓɭ̤�D˝̸̝ʽ�ʄ˝̝�̯ʎʓ̤�͛ɭɀ̝ઑ̤�ʄ˝̝͕ɀ̝ɧ�
ʴ˝˝ʯʓˉʅ�̯ ʎɭʽɭ૆ઃ૆Óʧ̟ȷ˧ڢ��Óȷ˧ɝɾ�ʧɎ�˹ ɘȷ�*ɝɏɝ̵Ȋɾ�
Age૆ઃ૆ɀˉɧ�ʄ˝̝�̯ʎɭ�ɧ͛ˉɀʽʓɡ�͕ɀ͛�̯ʎɭ͛�ʎɀ͔ɭ�
̤˝̸ʅʎ̯�̯˝�ʄ˝ɡ̸̤�˝̸̝�ɧɭʴʓɠɭ̝ɀ̯ʓ˝ˉ̤੓
Ċɭ� ʎɀ͔ɭ� ɭˉ̯ɭ̝ɭɧ� ɀ� ˉɭ͕� ɀʅɭ� ̯ʎɀ̯� ʎɀ̤�

ɀʴ̝ɭɀɧ͛�ɡʎɀˉʅɭɧ�ɀˉɧ�͕ ʓʴʴ�ɡ˝ˉ̯ʓˉ̸ɭ�̯ ˝�ɡʎɀˉʅɭ�
̯ʎɭ�͕ ˝̝ʴɧ�ɀˉɧ੔�R�͕ ˝̸ʴɧ�ɀɧɧ੔�̔ ˝̤̯�ɹ ʓʯɭʴ ੔͛�ɡʓ͔ʓ-
ʴʓ̤ɀ̯ʓ˝ˉ�ɀ̤�͕ɭ�ʯˉ˝͕�ʓ̯੓
Юɭ�!̸̝ɭɀ̸�̋ ʄ�Û̯ɀ̯ʓ̤̯ʓɡ̤�ɭ̤̯ʓʽɀ̯ɭ̤�̯ ʎɭ̝ɭ�ʓ̤�

˝ˉɭ�ɠʓ̝̯ʎ�ʓˉ��̸̤̯̝ɀʴʓɀ�ɭ͔ɭ̝͛�৕�̔ ʓˉ̸̯ɭ�ɀˉɧ�৘৙�
̤ɭɡ˝ˉɧ̤੓�Û˝੔�ɀ�ɠɭɀ̸̯ʓʄ̸ʴ�ʴʓ̯̯ʴɭ�ɠ̸ˉɧʴɭ�˝ʄ�ʫ˝͛�
ɀˉɧ�̚˝̯ɭˉ̯ʓɀʴ�ʎɀ̤�ɠɭɭˉ�ɠ˝̝ˉ�͕ʎʓʴ̤̯�R�ʎɀ͔ɭ�
ɠɭɭˉ�̤̚ɭɀʯʓˉʅ�̯˝�͛˝̸૆ઃ૆ɠ˝̝ˉ�ʓˉ̯˝�ɀ�͕˝̝ʴɧ�
˝ʄ�ʓˉɡ̝ɭɀ̤ʓˉʅ�ɧʓʅʓ̯ɀʴ�ɡ˝ʽ̚ʴɭ͚ʓ̯ ੓͛���͕ ˝̝ʴɧ੔�ɀ̤�
͛˝̸�ɀ̝ɭ�ʅ˝ʓˉʅ�̯ ˝�ɭ͚̚ʴ˝̝ɭ੔�͕ ʎʓɡʎ�ɠ̝ʓˉʅ̤�ɠ˝̯ʎ�
̚˝͕ɭ̝�ɀˉɧ�̚ɭ̝ʓʴ੓
Ċʓ̯ʎ�ɀ�ʄɭ͕�ɡʴʓɡʯ̤�̋ ˉ�͛ ˝̸̝�̚ ʎ˝ˉɭ੔�͛ ˝̸�ɡɀˉ�

ɀɡɡɭ̤̤�ˉɭɀ̝ʴ͛�ɀʴʴ�˝ʄ�ʎ̸ʽɀˉ�ʯˉ˝͕ʴɭɧʅɭ�̯ʎɀ̯�
ɭ͚ʓ̤̯̤� ʓˉ�˝̸̝�̯ʓʽɭ੓�Юɭ�ɠɀɠ͛ઑ̤�ˉɀʽɭ�ʽɀ͛�
ʎɀ͔ɭ�ɠɭɭˉ�ɀ�ʄɀʽʓʴ͛�ʄɀ͔˝̸̝ʓ̯ɭ૆ઃ૆˝̝�̯ʎɭ�̚ɀ̝-
ɭˉ̯̤�̔ ʓʅʎ̯�ʎɀ͔ɭ�ʅ˝˝ʅʴɭɧ�ઐɠɀɠ͛�̄ ɀʽɭ̤ઑ੔�ɀʴ˝ˉʅ�
͕ʓ̯ʎ�̤˝ʽɭ�৚੓ঢ়�ɠʓʴʴʓ˝ˉ�̤ɭɀ̝ɡʎɭ̤�ʽɀɧɭ�˝ˉ�̯ʎɭ�
̤ɀʽɭ�ɧɀ ੔͛�̸̤ʓˉʅ�̯ʎɭ�̤ɭ̝͔ʓɡɭ̤�˝ʄ�ɀ�ɡ˝ʽ̚ɀˉ͛�

https://sydneylivingmuseums.com.au/exhibitions/gadigal-place
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!ɭɀͥʴɭ͛૆ઃ૆৖৔৖৕�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ÛĊ�ɀˉɧ�̯ʎɭ�mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤�D˝̸̝ʽ

̯ʎɀ̯�ʓ̤�̝ɭ̸̯̚ɭɧ�̯˝�ʎ˝ʴɧ�ɀ�ঢ়৖੓৛�̚ɭ̝�ɡɭˉ̯�̤ʎɀ̝ɭ�
˝ʄ�̯ʎɭ�ʅʴ˝ɠɀʴ�̤ɭɀ̝ɡʎ�ʽɀ̝ʯɭ̯੓ৣ
�̤�̯ʎɭ�ɠɀɠ͛�ʅ̝˝͕̤੔�̯ʎɭʓ̝�ʓʽʽ̸ˉʓ̤ɀ̯ʓ˝ˉ�

̤̯ɀ̸̯̤�͕ ʓʴʴ�ɠɭ�̝ ɭɡ˝̝ɧɭɧ�̋ ˉ�ɀˉ�ɀ̚̚੔�̯ ʎɭʓ̝�̯ ˝ɧ-
ɧʴɭ̝̤ઑ�ɡʴ˝̯ʎʓˉʅ�͕ʓʴʴ�ɠɭ�˝̝ɧɭ̝ɭɧ�˝ˉʴʓˉɭ�ɀˉɧ�
ɧɭʴʓ͔ɭ̝ɭɧ�ɠ͛�ɧ̝˝ˉɭ੔�̚ ɭ̝ʎɀ̤̚੓�Rˉ�৖৔ৗ৔੔�ɀʅɭɧ�ড়੔�
̯ʎɭ�ɡʎʓʴɧ�͕ʓʴʴ�̯̝ɀ͔ɭʴ�̯˝�̤ɡʎ˝˝ʴ�˝ˉ�ɀˉ�ɀ̸̯˝ˉ-
˝ʽ˝̸̤�̤ɡʎ˝˝ʴ�ɠ̸̤੔�̚ɭ̝ʎɀ̤̚੓�æ͕ɭˉ̯͛�͛ɭɀ̝̤�
˝ˉ੔�ʓˉ�৖৔৙৔�ɀʅɭɧ�৖ড়੔�̯ʎʓ̤�̯ɭɡʎ઀̤ɀ͔͔͛�͛˝̸ˉʅ�
̚ɭ̝̤˝ˉ�͕ʓʴʴ�ʎɀ͔ɭ�ɭ͔ɭ̝͛�ɀ̤̚ɭɡ̯�˝ʄ�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ�
ɧɭʴʓ͔ɭ̝ɭɧ�̝ɭʽ˝̯ɭʴ ੔͛�͕ʓʴʴ�̤ʓ̯�̯ʎ̝˝̸ʅʎ�ʓˉ̯ɭ̝-
ˉɀ̯ʓ˝ˉɀʴ�ɡ˝ˉʄɭ̝ɭˉɡɭ̤�ʓˉ�ɀ�̝˝˝ʽ�ʄ̸ʴʴ�˝ʄ�ʎ˝ʴ˝-
grams, almost undoubtedly.
M˝͕ɭ͔ɭ ੔̝�̯ʎʓ̤�ʴʓ̯̯ʴɭ�̚ɭ̝̤˝ˉ੔�ɠ˝̝ˉ�̯˝ɧɀ ੔͛�

ɀʴ̤˝�ʎɀ̤�̯˝�ʴʓ͔ɭ�ʓˉ�ɀˉ�ɀɡ̸̯ɀʴ�͕˝̝ʴɧ੓
Rˉ�৖৔৕ঢ়੔�̯ ʎɭ�"ÛRÔ��̚ ̸ɠʴʓ̤ʎɭɧ�ʓ̯̤��̸̤̯̝ɀʴ-

ian National Outlook৤੔�ɭ͚̚ʴ˝̝ʓˉʅ�ʽ̸ʴ̯ʓ̚ʴɭ�
̚˝̯ɭˉ̯ʓɀʴ� ʄ̸̸̯̝ɭ̤� ʄ˝̝� ˝̸̝��ɀ̯ʓ˝ˉ� ʄ˝̝� ̯ʎɭ�
ˉɭ͚̯�৘৔�͛ɭɀ̝̤੓�Юɭ�ɀʓʽ�͕ɀ̤�ʎ˝ʴʓ̤̯ʓɡ੓�R̯�͕ɀ̤�
to: help Australians continue to enjoy the best 
quality of life available to any nation, and for 
future generations to have access to even better 
opportunities.৥
Юɭ�̝ɭ̚˝̝̯�̝ɭɡ˝ʅˉʓ̤ɭɧ�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ̤੕

• ̯ʎɭ�Ôʓ̤ɭ�˝ʄ��̤ʓɀ
• æɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�"ʎɀˉʅɭ
• "ʴʓʽɀ̯ɭ�"ʎɀˉʅɭ�ɀˉɧ�.ˉ͔ʓ̝˝ˉʽɭˉ̯
• (ɭʽ˝ʅ̝ɀ̚ʎʓɡ̤
• æ̸̝̤̯੔�ɀˉɧ
• Û˝ɡʓɀʴ�"˝ʎɭ̤ʓ˝ˉ੓

Юɭ� ̝ɭ̚˝̝̯� ʽ˝ɧɭʴʴɭɧ� ̯͕˝� ̤ɡɭˉɀ̝ʓ˝̤੕� ɀ�
Slow Decline૆ઃ૆̤ʎ˝̸ʴɧ�͕ɭ�ʄɀʓʴ�̯˝�ɀɧɭΌ̸ɀ̯ɭʴ͛�
ɀɧɧ̝ɭ̤̤�̯ʎɭ̤ɭ�ʓ̸̤̤ɭ̤੖�ɀˉɧ�ɀˉ�઎�̂˹ɾʧʧɹ�ċɝˮɝʧʓએ�
̯ʎɀ̯�ɡɀʴʴɭɧ�ʄ˝̝�ɧɭɡʓ̤ʓ͔ɭ�ɀɡ̯ʓ˝ˉ�ɀˉɧ�ɀ�ʴ˝ˉʅ઀

ਚાʎ̯̯̤̚੕੣੣͕͕ ੓͕̤ɀʴɭ̤ʄ˝̝ɡɭ੓ɡ˝ʽ੣ɀ̸੣ɠʴ˝ʅ੣৖৔৖৕੣৔ঢ়੣̤ɭ˝઀ɠɭ̤̯઀̝̚ɀɡ̯ʓɡɭ̤੓ʎ̯ʽʴ੢੕ଃ੕̯ɭ͚̯ૻE˝˝ʅʴɭ଍৖৔ʓ̤଍৖৔̝̚˝ʫɭɡ̯ɭɧ଍৖৔ʎ̯̯̤̚੕੣੣͕͕ ੓͕̤ɀʴɭ̤ʄ˝̝ɡɭ੓ɡ˝ʽ੣ɀ̸੣ɠʴ˝ʅ੣৖৔৖৕੣৔ঢ়੣̤ɭ˝઀ɠɭ̤̯઀̝̚ɀɡ̯ʓɡɭ̤੓ʎ̯ʽʴ੢੕ଃ੕̯ɭ͚̯ૻE˝˝ʅʴɭ଍৖৔ʓ̤଍৖৔̝̚˝ʫɭɡ̯ɭɧ଍৖৔
̯˝଍৖৔ʎʓ̯੔ʄ˝̝଍৖৔ɀ଍৖৔ʴ˝̯଍৖৔˝ʄ଍৖৔ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ̯˝଍৖৔ʎʓ̯੔ʄ˝̝଍৖৔ɀ଍৖৔ʴ˝̯଍৖৔˝ʄ଍৖৔ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ
ਛાʎ̯̯̤̚੕੣੣͕͕ ੓͕ɡ̤ʓ̝˝੓ɀ̸੣ɭˉ੣͕˝̝ʯ઀͕ʓ̯ʎ઀̸̤੣̤ɭ̝͔ʓɡɭ̤੣ɡ˝ˉ̸̤ʴ̯ɀˉɡ͛઀̤̯̝ɀ̯ɭʅʓɡ઀ɀɧ͔ʓɡɭ઀̤ɭ̝͔ʓɡɭ̤੣ɡ̤ʓ̝˝઀ʄ̸̸̯̝ɭ̤੣ɀ̸̤̯̝ɀʴʓɀˉ઀ʎ̯̯̤̚੕੣੣͕͕ ੓͕ɡ̤ʓ̝˝੓ɀ̸੣ɭˉ੣͕˝̝ʯ઀͕ʓ̯ʎ઀̸̤੣̤ɭ̝͔ʓɡɭ̤੣ɡ˝ˉ̸̤ʴ̯ɀˉɡ͛઀̤̯̝ɀ̯ɭʅʓɡ઀ɀɧ͔ʓɡɭ઀̤ɭ̝͔ʓɡɭ̤੣ɡ̤ʓ̝˝઀ʄ̸̸̯̝ɭ̤੣ɀ̸̤̯̝ɀʴʓɀˉ઀
national-outlooknational-outlook
ਜાʎ̯̯̤̚੕੣੣͕͕ ੓͕ɡ̤ʓ̝˝੓ɀ̸੣઀੣ʽɭɧʓɀ੣Ûʎ˝͕ɡɀ̤ɭ̤੣���੣���৖ઈvɀʓˉÔɭ̚˝̝̯ઈĊ.!ઈ৕ঢ়৔৚৕৘੓̚ɧʄʎ̯̯̤̚੕੣੣͕͕ ੓͕ɡ̤ʓ̝˝੓ɀ̸੣઀੣ʽɭɧʓɀ੣Ûʎ˝͕ɡɀ̤ɭ̤੣���੣���৖ઈvɀʓˉÔɭ̚˝̝̯ઈĊ.!ઈ৕ঢ়৔৚৕৘੓̚ɧʄ
ਝાʎ̯̯̤̚੕੣੣͕͕ ੓͕ɡ̤ʓ̝˝੓ɀ̸੣઀੣ʽɭɧʓɀ੣Ûʎ˝͕ɡɀ̤ɭ̤੣���੣���৖ઈ.͚ɭɡ̸̯ʓ͔ɭÛ̸ʽʽɀ̝͛ઈ৕ঢ়৔৚৕ৗ੓̚ɧʄʎ̯̯̤̚੕੣੣͕͕ ੓͕ɡ̤ʓ̝˝੓ɀ̸੣઀੣ʽɭɧʓɀ੣Ûʎ˝͕ɡɀ̤ɭ̤੣���੣���৖ઈ.͚ɭɡ̸̯ʓ͔ɭÛ̸ʽʽɀ̝͛ઈ৕ঢ়৔৚৕ৗ੓̚ɧʄ

̯ɭ̝ʽ�͔ ʓɭ͕�̯ ˝�ɀɡʎʓɭ͔ɭ�̚ ˝̤ʓ̯ʓ͔ɭ�̋ ̸̯ɡ˝ʽɭ̤੓�Юɭ�
ʽ˝ɧɭʴʴʓˉʅ�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭɧ�̯ʎɀ̯�˹ɘȷ�ȱɝκȷ˧ȷʓȫȷ�
between these two scenarios is large and worth 
Γɏɘ˹ɝʓɏ�Ɏʧ˧.০
Ċʎʓʴ̤̯�̯ʎɭ�ʓʽʽɭɧʓɀ̯ɭ�ʄ̸̸̯̝ɭ�˝ʄ�˝̸̝�ʴʓ̯̯ʴɭ�

ɠʓ̝̯ʎɧɀ͛�ɠɀɠ͛�ʓ̤�ʓˉ�˝̸̝�ʎɀˉɧ̤੔�̯ʎɭ�ʴ˝ˉʅɭ̝઀
̯ɭ̝ʽ�ʄ̸̸̯̝ɭ�ʓ̤�ˉ˝̯�̤˝�ɡɭ̝̯ɀʓˉ੓�Юʓ̤�̸ˉɡɭ̝-
̯ɀʓˉ̯͛�̸ˉɧɭ̝ʴʓˉɭ̤�̯ʎɀ̯�͕ʎɀ̯�͕ɭ�ɀ̝ɭ�ɧʓ̤ɡ̸̤̤-
ʓˉʅ�ʎɭ̝ɭ�˝͔ɭ̝�̯ʎɭ̤ɭ�̯͕˝�ɧɀ̤͛�ʓ̤� ʓˉ̯ɭˉ̤ɭʴ͛�
̝̚ɀʅʽɀ̯ʓɡ�ɀˉɧ�̤ʓʅˉʓпɡɀˉ̯੓
R�ɡ˝ˉʅ̝ɀ̸̯ʴɀ̯ɭ�̯ʎɭ�D˝̸̝ʽ�˝̝ʅɀˉʓ̤ɭ̝̤�˝ˉ�

̯ʎʓ̤�ɡ˝ʴʴɀɠ˝̝ɀ̯ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�̯ʎɭ�Û˝ɡʓɭ̯͛�ɀˉɧ�
̯ʎɭ��̸̤̯̝ɀʴʓɀˉ� ɀɡɀɧɭʽʓɭ̤� ˝ʄ�Mɭɀʴ̯ʎ� ɀˉɧ�
vɭɧʓɡɀʴ� Ûɡʓɭˉɡɭ̤੖� ̯ʎɭ� M̸ʽɀˉʓ̯ʓɭ̤੖� Ûɡʓ-
ɭˉɡɭ੖�æɭɡʎˉ˝ʴ˝ʅ͛�ɀˉɧ�.ˉʅʓˉɭɭ̝ʓˉʅ੖�ɀˉɧ�̯ ʎɭ�
�ɡɀɧɭʽ͛�̋ ʄ�̯ ʎɭ�Û˝ɡʓɀʴ�Ûɡʓɭˉɡɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ੔�
͕ʎʓɡʎ�ɡ̝ɭɀ̯ɭ̤�ɀ�ɧɭɭ̚�͕ ɭʴʴ�̋ ʄ�ɭ͚̚ɭ̝̯ʓ̤ɭ�̯ ˝�ɧʓ̤-
ɡ̸̤̤�̯ʎʓ̤�ʄ̸̸̯̝ɭ�͕ʎʓɡʎ�ʓ̤�̤˝�઎͕˝̝̯ʎ�пʅʎ̯ʓˉʅ�
ʄ˝̝એ�̯˝�ʅɭ̯�ʓ̯�̝ʓʅʎ̯੓
v͛�̯ʎɀˉʯ̤�̯˝�(̝�Ṳ̸̂ɀˉ�Ñ˝ˉɧ੔�Ñ̝ɭ̤ʓɧɭˉ̯�

˝ʄ�̯ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�
ɀˉɧ�"ʎɀʓ̝�˝ʄ�̯ʎɭ�Ñʴɀˉˉʓˉʅ�"˝ʽʽʓ̯̯ɭɭ�ʄ˝̝�
̯ʎɭ�D˝̸̝ʽ੖�̯ʎɭ�̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ͔ɭ̤�˝ʄ�̯ʎɭ�п͔ɭ�
mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤�͕ʎ˝�ʄ˝̝ʽɭɧ�̯ʎɭ�Ñ̝˝-
ʅ̝ɀʽ�"˝ʽʽʓ̯̯ɭɭ੖�˝̸̝�̯͕˝�ʴɭɀɧ�̤̚ɭɀʯɭ̝̤੕�
�̸̤̯̝ɀʴʓɀઑ̤�"ʎʓɭʄ�Ûɡʓɭˉ̯ʓ̤̯੔�"ɀ̯ʎ͛�D˝ʴɭ ੔͛�ɀˉɧ�
�ÛĊ�"ʎʓɭʄ�Ûɡʓɭˉ̯ʓ̤̯�ɀˉɧ�.ˉʅʓˉɭɭ ੔̝�M̸ʅʎ�
(̸̝̝ɀˉ̯઀Ċʎ̯͛ɭ੖�ɀˉɧ�̋ ̸̝�v˝ɧɭ̝ɀ̯˝ ੔̝�(̝�Rɀˉ�
�̚̚ɭ̝ʽɀˉˉ੔��ÛĊ�"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯�ɀˉɧ�
Rˉɧ̸̤̯̝͛�Ñ̝˝ʄɭ̤̤˝ ੔̝�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ-
ogy Sydney.
R̯�ʓ̤�ʽ͛�̚ʴɭɀ̸̤̝ɭ�̯˝�˝дɡʓɀʴʴ͛�˝̚ɭˉ�̯ʎɭ�

Ô˝͛ɀʴ� Û˝ɡʓɭ̯͛� ˝ʄ� �ɭ͕� Û˝̸̯ʎ�Ċɀʴɭ̤� ɀˉɧ�
mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤�D˝̸̝ʽ�ʄ˝̝�৖৔৖৕੓

https://www.salesforce.com/au/blog/2021/09/seo-best-practices.html#:~:text=Google%20is%20projected%20to%20hit,for%20a%20lot%20of%20information
https://www.salesforce.com/au/blog/2021/09/seo-best-practices.html#:~:text=Google%20is%20projected%20to%20hit,for%20a%20lot%20of%20information
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/australian-national-outlook
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/csiro-futures/australian-national-outlook
https://www.csiro.au/-/media/Showcases/ANO/ANO2_MainReport_WEB_190614.pdf
https://www.csiro.au/-/media/Showcases/ANO/ANO2_ExecutiveSummary_190613.pdf
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৖৔৖৕�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ÛĊ�ɀˉɧ�̯ʎɭ�mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤�
D˝̸̝ʽ੕�઎Ñ˝͕ɭ̝�ɀˉɧ�Ñɭ̝ʓʴ�˝ʄ�̯ʎɭ�(ʓʅʓ̯ɀʴ��ʅɭએ

Government House, Sydney 
4 November 2021

Preambleৡ

ਘાÛɭɭ� ͔ʓɧɭ˝� ˝ʄ� ̯ʎɭ� D˝̸̝ʽ� ɀ̯� ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻ઀͚DEˉ͛̚�ĚíĐ୐ʴʓ̤̯ૻÑmĐDD͕"Eʫ৖DRĐ઀ʎ̯̯̤̚੕੣੣͕͕ ੓͕͛˝̸̸̯ɠɭ੓ɡ˝ʽ੣͕ɀ̯ɡʎਗ਼͔ૻ઀͚DEˉ͛̚�ĚíĐ୐ʴʓ̤̯ૻÑmĐDD͕"Eʫ৖DRĐ઀
৚Mɧɠɠʴ͕Û̝͚͕Ñ͕˝৙�ʄ৖ঢ়ʴ୐ʓˉɧɭ͚ૻ৕৚Mɧɠɠʴ͕Û̝͚͕Ñ͕˝৙�ʄ৖ঢ়ʴ୐ʓˉɧɭ͚ૻ৕
ਙાʎ̯̯̤̚੕੣੣̤ɧʅ̤੓̸ˉ੓˝̝ʅ੣ʅ˝ɀʴ̤ʎ̯̯̤̚੕੣੣̤ɧʅ̤੓̸ˉ੓˝̝ʅ੣ʅ˝ɀʴ̤

W ɭ�ɀ̝ɭ�ɀ̯�ɀ�ʽ˝ʽɭˉ̯�ʓˉ�̯ʓʽɭ�͕ʎɭˉ�͕ɭ�
ʽ̸̤̯�ɀɡʯˉ˝͕ʴɭɧʅɭ�ɀˉɧ�ɀɧɧ̝ɭ̤̤�̯ʎɭ�

ʓˉɭ͚˝̝ɀɠʴ͛�̝ʓ̤ʓˉʅ�̯ʓɧɭ�˝ʄ�ɧɀ̯ɀ�̸̤ɭ�ɀˉɧ�ɧʓʅʓ-
̯ɀʴ�̤ ɭ̝͔ʓɡɭ̤੓�Mʓ̤̯˝̝͛�͕ ʓʴʴ�ɡɀ̯ɭʅ˝̝ʓ̤ɭ�̯ ʎɭ�ɭɀ̝ʴ͛�
ɧɭɡɀɧɭ̤�˝ʄ�̯ʎɭ�৖৕st�"ɭˉ̸̯̝͛�ɀ̤�̯ʎɭ�ɧʓʅʓ̯ɀʴ�
ɀʅɭ੔�̯ ʎɭ�ɀʅɭ�̋ ʄ�̚ ̝˝ɧʓʅʓ˝̸̤�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�
̸̤ɭ�̋ ʄ�ɧʓʅʓ̯ɀʴ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤�̯ ʎɀ̯�ɭˉɀɠʴɭ�̸ ̤�̯ ˝�
̯̝ɀˉ̤ʄɭ̝�ɀˉɧ�ɀɡɡɭ̤̤�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭɀ̤ʓʴ͛�ɀˉɧ�
̤͕ʓоʴ ੓͛
Û˝�ʽ̸ɡʎ�̤˝�̯ʎɀ̯�ɧʓʅʓ̯ɀʴ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ʓ̤�ɀ�

ɧɭпˉʓˉʅ�ɡʎɀ̝ɀɡ̯ɭ̝ʓ̤̯ʓɡ�˝ʄ�ʽ˝ɧɭ̝ˉ�ʎ̸ʽɀˉ�
ʴʓʄɭ੓� Û˝ɡʓɭ̯ʓɭ̤੔� ɭɡ˝ˉ˝ʽʓɭ̤੔� ɀˉɧ� ̚˝ʴʓ̯ʓɡɀʴ�
̝̚˝ɡɭ̤̤ɭ̤�ɀ̝ɭ�ʓˉʄ̸̤ɭɧ�ɀˉɧ�ɡ˝ˉˉɭɡ̯ɭɧ�ɠ͛�̯ʎɭ�
̸ɠʓΌ̸ʓ̯˝̸̤�̸̤ɭ�˝ʄ�̤ʽɀ̝̯�ʽɀɡʎʓˉɭ̤�ɀˉɧ�̤˝о-
͕ɀ̝ɭ�̯ʎɀ̯�̝̚˝ɡɭ̤̤�ɀˉɧ�ɡ˝ʽʽ̸ˉʓɡɀ̯ɭ�ʓˉʄ˝̝-
ʽɀ̯ʓ˝ˉ�̯˝�̸̤�ʓˉ�͕ɀ̤͛�̯ʎɀ̯�͕˝̸ʴɧ�ʎɀ͔ɭ�ɠɭɭˉ�
̸ˉʓʽɀʅʓˉɀɠʴɭ�ʫ̸̤̯�ɀ�ʄɭ͕�͛ ɭɀ̝̤�ɀʅ˝੓�Юɭ�̚ ɀɡɭ�
˝ʄ�ɧʓʅʓ̯ɀʴʓ̤ɀ̯ʓ˝ˉ�͕ ɀ̤�ɀʴ̝ɭɀɧ͛�ʄɀ̤̯�ɠ͛�̯ ʎɭ�ɭˉɧ�
˝ʄ�৖৔৕ঢ়੔�ɠɭʄ˝̝ɭ�"�ĉR(઀৕ঢ়�ɭʽɭ̝ʅɭɧ੓
Юɭ�̚ ɀˉɧɭʽʓɡ�ɠ̝˝ʯɭ�̯ ʎ̝˝̸ʅʎ�ɡ̸ʴ̸̯̝ɀʴ�ɠɀ̝-

̝ʓɭ̝̤�ɀˉɧ�ɭˉɀɠʴɭɧ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�̋ ʄ�ɧʓʅʓ̯ɀʴ�
̤̯̝ɀ̯ɭʅʓɭ̤�ʓˉ�ɀ�̔ ɀ̯̯ɭ̝�̋ ʄ�ɧɀ̤͛�̋ ̝�͕ ɭɭʯ̤�̝ ɀ̯ʎɭ̝�
̯ʎɀˉ�͛ɭɀ̝̤੓�(ʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɀˉɧ�̸̤̚ɭ̝-
ɡ˝ʽ̸̯̚ɭ̝�̤ʓʽ̸ʴɀ̯ʓ˝ˉ�ɀ̝ɭ�ɡɭˉ̯̝ɀʴ�̯˝�ɧɭɀʴʓˉʅ�
͕ʓ̯ʎ�̯ʎɭ�̚ɀˉɧɭʽʓɡ�ʓ̯̤ɭʴʄ੔�ɀ̤�͕ɭʴʴ�ɀ̤�ɠɭʓˉʅ�
̯ʎɭ�̚ ̝ʓʽɀ̝͛�ɧ̝ʓ͔ɭ̝�̋ ʄ�̚ ̝˝ɧ̸ɡ̯ʓ͔ʓ̯͛�ʓˉ�ɀʴʽ˝̤̯�
ɭ͔ɭ̝͛�˝̯ʎɭ̝�ɀ̤̚ɭɡ̯�˝ʄ�̤˝ɡʓɭ̯ ੓͛
"˝ʽ̚ɀˉʓɭ̤੔� ʅ˝͔ɭ̝ˉʽɭˉ̯̤੔� ɀˉɧ� ˝̝ʅɀˉʓ-

̤ɀ̯ʓ˝ˉ̤�ɀɡ̝˝̤̤� ̯ʎɭ�͕˝̝ʴɧ�ɀ̝ɭ� ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�
̯ɀʯʓˉʅ�ɀɧ͔ɀˉ̯ɀʅɭ�˝ʄ�̯ʎɭ�ɠɭˉɭп̯̤�ɀ̤̤˝ɡʓɀ̯ɭɧ�
͕ʓ̯ʎ�ɧɀ̯ɀ�ɀˉɀʴ̯͛ʓɡ̤�ɀˉɧ�̤ʓʽ̸ʴɀ̯ʓ˝ˉ੔�ɀ̝̯ʓп-

ɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ੔�ɀˉɧ�̯ ʎɭ�Rˉ̯ɭ̝ˉɭ̯�̋ ΍�Юʓˉʅ̤�
̯˝�̤˝ʴ͔ɭ�̝̚˝ɠʴɭʽ̤�ˉɭ͔ɭ̝�̤˝ʴ͔ɭɧ�ɠɭʄ˝̝ɭ੔�̯˝�
̸ˉɧɭ̝̯ɀʯɭ�̝̚˝ʫɭɡ̯̤�ʓˉ�п͔ɭ�ɧɀ̤͛�̯ʎɀ̯�͕˝̸ʴɧ�
ʎɀ͔ɭ�̯ɀʯɭˉ�п͔ɭ�͛ɭɀ̝̤੓
Ñ̝˝ɠʴɭʽ̤�̸̤ɡʎ�ɀ̤�̯ʎ˝̤ɭ�ɭʽɠ˝ɧʓɭɧ�ʓˉ�̯ʎɭ�

íˉʓ̯ɭɧ��ɀ̯ʓ˝ˉ̤�Eɭˉɭ̝ɀʴ��̤̤ɭʽɠʴ͛ઑ̤�Ṳ̸̯̂ɀʓˉ-
ɀɠʴɭ�(ɭ͔ɭʴ˝̚ʽɭˉ̯�E˝ɀʴ̤ৢ�ɀˉɧ�̯ʎɭʓ̝�ɀɡʎʓɭ͔ɭ-
ʽɭˉ̯�ɠ͛� ৖৔ৗ৔੓�æɀˉʅʓɠʴɭ� ɠɭˉɭп̯̤� ʓˉɡʴ̸ɧɭ�
ʅ̝ɭɀ̯ɭ̝�̤˝ɡʓɀʴ�ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯ ੔͛�ʴɭɀ̝ˉʓˉʅ�˝̚̚˝̝-
̸̯ˉʓ̯ʓɭ̤੔�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɀɡɡɭ̤̤�ɀˉɧ�̸̤ɀʅɭ੔�͔ɭ̝-
̤ɀ̯ʓʴɭ�͕ ˝̝ʯʓˉʅ�ɀˉɧ�̯ ̝ɀˉ̤̚˝̝̯੔�ʅ̝ɭɀ̯ɭ̝�ɀɡɡɭ̤̤�
̯˝�ɭˉ̯ɭ̝̯ɀʓˉʽɭˉ̯੔�ɀˉɧ�̄ ɭ͕�ʄ˝̝ʽ̤�̋ ʄ�ɠɀˉʯʓˉʅ�
ɀˉɧ�пˉɀˉɡɭ੓
íˉʴ˝ɡʯʓˉʅ�̯ʎɭ�̚˝͕ɭ̝�˝ʄ�̯ʎɭ�ɧʓʅʓ̯ɀʴ�ɀʅɭ�

ɀʴ̤˝�ɠ̝ʓˉʅ̤�̚ɭ̝ʓʴ̤�ɀ̤̤˝ɡʓɀ̯ɭɧ�͕ʓ̯ʎ�ɡ˝ˉɡɭ̝ˉ̤�
about data security, state-based and trans-
ˉɀ̯ʓ˝ˉɀʴ�ɡ̝ʓʽɭ�ɀˉɧ�̯ɭ̝̝˝̝ʓ̤ʽ੔�ɡ˝ʽ̚ʴɭ͚ʓ̯ ੔͛�
̝̚ʓ͔ɀɡ ੔͛�̤ ˝ɡʓɀʴ�ɧʓ̤ɡ˝ˉˉɭɡ̯ʓ˝ˉ੔�̔ ɭɧʓɀ�̔ ɀˉʓ̚-
̸ʴɀ̯ʓ˝ˉ੔�ɧʓ̤̯˝̝̯ʓ˝ˉ�˝ʄ�̯ʎɭ�̸̯̝̯ʎ੔�ɡ˝ʽʽ̸ˉʓ-
̯ʓɭ̤�ɹ ɭо�ɠɭʎʓˉɧ੔�̄ ɀ̯ʓ˝ˉɀʴ�ɧɭʄɭˉɡɭ�ɀˉɧ�̔ ɀ̝ʯɭ̯�
̸͔ʴˉɭ̝ɀɠʓʴʓ̯ʓɭ̤੔�ɀˉɧ�˝̸̯̤̯̝ʓ̚̚ʓˉʅ�̸̝ʴɭ઀ʽɀʯ-
ing and regulatory structures.
Юʓ̤�͛ɭɀ ੔̝�̯ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ÛĊ�ʓˉ�

̚ɀ̝̯ˉɭ̝̤ʎʓ̚�͕ʓ̯ʎ��̸̤̯̝ɀʴʓɀઑ̤�mɭɀ̝ˉɭɧ��ɡɀɧ-
ɭʽʓɭ̤૆ઃ૆Mɭɀʴ̯ʎ�ɀˉɧ�vɭɧʓɡʓˉɭ੔�M̸ʽɀˉʓ̯ʓɭ̤੔�
Ûɡʓɭˉɡɭ੔�Û˝ɡʓɀʴ�Ûɡʓɭˉɡɭ̤੔�ɀˉɧ�æɭɡʎˉ˝ʴ˝ʅ͛�
ɀˉɧ�.ˉʅʓˉɭɭ̝ʓˉʅ૆ઃ૆ʎɀ̤�ɡʎ˝̤ɭˉ�઎Ñ˝͕ɭ̝�ɀˉɧ�
Ñɭ̝ʓʴ�̋ ʄ�̯ ʎɭ�(ʓʅʓ̯ɀʴ��ʅɭએ�ɀ̤�̯ ʎɭ�̯ ʎɭʽɭ�ʄ˝̝�̋ ̸̝�
ɀˉˉ̸ɀʴ�D˝̸̝ʽ੓��̸̝�ʅ˝ɀʴ�ʓ̤�̯˝�ʎɀ͔ɭ�ɀ�ʅ̝˝͕ˉ઀
̸̚�ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ�ɀɠ˝̸̯�ɧʓʅʓ̯ɀʴʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�̯ ʎɭ�
̸̤ɭ�˝ʄ�ɧɀ̯ɀ੓�R̯�͕ʓʴʴ�ɠɭ�ʄ̝ɀʽɭɧ�ɀ̝˝̸ˉɧ�̯ʎɭ�

https://www.youtube.com/watch?v=-xFGnpyAZUY&list=PLYFFwCGj2FIY-6HdbblwSrxwPwo5Nf29l&index=1
https://www.youtube.com/watch?v=-xFGnpyAZUY&list=PLYFFwCGj2FIY-6HdbblwSrxwPwo5Nf29l&index=1
https://sdgs.un.org/goals
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Ñ̝ɭɀʽɠʴɭ૆ઃ૆৖৔৖৕�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ÛĊ�ɀˉɧ�̯ʎɭ�mɭɀ̝ˉɭɧ��ɡɀɧɭʽʓɭ̤�D˝̸̝ʽ

ʄ̸̸̯̝ɭ�ʴʓʄɭ�˝ʄ�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�˝ˉ�̯ʎɭ�ɧɀ͛�˝ʄ�̯ʎɭ�
D˝̸̝ʽ੔�৔৘��˝͔ɭʽɠɭ̝�৖৔৖৕੓�Юʓ̤�ɡʎʓʴɧ�͕ ʓʴʴ�ɠɭ�
ɠ˝̝ˉ�ʓˉ̯˝�ɀ�͕˝̝ʴɧ�˝ʄ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɡ˝ʽ̚ʴɭ͚�
ɧʓʅʓ̯ɀʴ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ʎ˝ʴɧ̤�ʅ̝ɭɀ̯�͔ɀʴ̸ɭ�ɀˉɧ�
̸͔ʴˉɭ̝ɀɠʓʴʓ̯ ੓͛
Û̯ɀ̝̯ʓˉʅ�͕ʓ̯ʎ�ɀ� ̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ� ʄ̝ɀʽʓˉʅ੔�

̯ʎɭ�D˝̸̝ʽ�͕ ʓʴʴ�ɭ͚̚ʴ˝̝ɭ�̤ ɭ͔ɭ̝ɀʴ�̔ ɀʫ˝̝�ɀ̤̚ɭɡ̯̤�
͕ʎʓɡʎ�͕ʓʴʴ�ʓʽ̚ɀɡ̯�̯ʎɭ�ʫ˝̸̝ˉɭ͛�˝ʄ�̯ʎɀ̯�ɡʎʓʴɧ�
ɀ̤� ͕ɭ� ɀ̝̚̚˝ɀɡʎ� ৖৔ৗ৔� ɀˉɧ� ɠɭ͛˝ˉɧ੓� Ċɭ�
͕ʓʴʴ�ɭ͚̚ʴ˝̝ɭ�ɀ̤̚ɭɡ̯̤�˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ ੔͛�ʎɭɀʴ̯ʎ੔�

ɧɭʄɭˉɡɭ�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛�ʓˉ�ɀ�ɧʓʅʓ̯ɀʴ�ɀʅɭ੔�ɀˉɧ�
̯ʎɭ�ɡʎɀˉʅʓˉʅ�̄ ɀ̸̯̝ɭ�̋ ʄ�ʓˉɧ̸̤̯̝͛�ɀ̤�̯ ʎɭ�͕ ˝̝ʴɧ�
ɀˉɧ�̤˝ɡʓɭ̯͛�ɭ͔˝ʴ͔ɭ੓
Dʓˉɀʴʴ ੔͛�̋ ̸̝�ɀˉˉ̸ɀʴ�D˝̸̝ʽ�͕ ʓʴʴ�ɠɭ�ɀ�ɡɀʴʴ�̯ ˝�

ɀ̝ʽ̤�ʄ˝̝�̯ʎɭ�ʎ˝̤̯�Û˝ɡʓɭ̯ʓɭ̤�̯˝�ʄ˝ɡ̸̤�˝ˉ�ɡʎɀʴ-
ʴɭˉʅɭ̤�ʓɧɭˉ̯ʓпɭɧ�ɧ̸̝ʓˉʅ�̯ ʎɭ̤ɭ�̯ ͕˝�ɧɀ̤͛�̯ ʎɀ̯�
ʽ̸̤̯�ɠɭ�ɀɧɧ̝ɭ̤̤ɭɧ�ʄ˝̝��̸̤̯̝ɀʴʓɀ�̯ ˝�̝ ɭʽɀʓˉ�ɀ�
̝̚˝̤̚ɭ̝˝̸̤੔�̸̤ɡɡɭ̤̤ʄ̸ʴ੔�ɀˉɧ�̤ɀʄɭ�ɧɭʽ˝ɡ̝ɀɡ͛�
ʓˉ�̯ʎɭ�ɧʓʅʓ̯ɀʴ�ɀʅɭ੓
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Ûɡʓɭˉɡɭ�ɀˉɧ�̯ɭɡʎˉ˝ʴ˝ʅ͛�̸ˉɧɭ̝̚ʓˉˉʓˉʅ�̯ʎɭ�ɧʓʅʓ̯ɀʴ�ɀʅɭ੕�̚ɀ̤̯੔�
̝̚ɭ̤ɭˉ̯�ɀˉɧ�ʄ̸̸̯̝ɭ

"ɀ̯ʎ͛�D˝ʴɭ͛ુa੔�M̸ʅʎ�(̸̝̝ɀˉ̯઀Ċʎ̯͛ɭુb

aુ"ʎʓɭʄ�Ûɡʓɭˉ̯ʓ̤̯�˝ʄ��̸̤̯̝ɀʴʓɀ 
bુ�ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�"ʎʓɭʄ�Ûɡʓɭˉ̯ʓ̤̯�ɀˉɧ�.ˉʅʓˉɭɭ̝

v˝ɧɭ̝ɀ̯˝̝�ɀˉɧ�Ôɀ̚̚˝̝̯ɭ̸̝੕�Rɀˉ��̚̚ɭ̝ʽɀˉˉ੔�"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯੔��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯੖�Rˉɧ̸̤̯̝͛�
Ñ̝˝ʄɭ̤̤˝ ੔̝�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ ੔͛�Û͛ɧˉɭ͛

ਘાÛɭɭ�M˝ʴʽɭ̤�.੓�"੓�ੲ৖৔৖৕ੳ�Юɭ�ɧʓ̤ɡ˝͔ɭ̝ ੔͛�˝̝ʓʅʓˉ̤�ɀˉɧ�ɭ͔˝ʴ̸̯ʓ˝ˉ�˝ʄ�Û�ÔÛઉ"˝ĉ઀৖�ੲ"�ĉR(઀৕ঢ়ੳЮɭ�ɧʓ̤ɡ˝͔ɭ̝ ੔͛�˝̝ʓʅʓˉ̤�ɀˉɧ�ɭ͔˝ʴ̸̯ʓ˝ˉ�˝ʄ�Û�ÔÛઉ"˝ĉ઀৖�ੲ"�ĉR(઀৕ঢ়ੳ. Journal & Proceed-
ings of the Royal Society of New South Wales�৕৙৘੕৕৚৕ં৕ড়৕�੶.ɧ੓੷

"ɀ̯ʎ͛�D˝ʴɭ͛

Rઑʽ�̤ ̚ɭɀʯʓˉʅ�ʄ̝˝ʽ�̯ ʎɭ�ɹ ɀˉɧ̤�̋ ʄ�̯ ʎɭ�Eɀɧʓʅɀʴ�̚ɭ˝̚ʴɭ�˝ʄ�̯ʎɭ�.˝̝ɀ�ˉɀ̯ʓ˝ˉ੓�R̯ઑ̤�ʅ̝ɭɀ̯�̯˝�ɠɭ�
ɀɠʴɭ�̯ ˝�̯ ɀʴʯ�̯ ˝�͛ ˝̸�ɀɠ˝̸̯�ʎ˝͕�ɧʓʅʓ̯ɀʴʓ̤ɀ̯ʓ˝ˉ�
ʓ̤�ʅ˝ʓˉʅ�̯˝�ɀаɭɡ̯�̸̤੖�ɠ̸̯�R�ʴ˝˝ʯ�ɀ̯�ʓ̯�ʄ̝˝ʽ�
̯ʎɭ�̚ɀ̤̯�ɀ̤�͕ɭʴʴ�ɀ̤�̯ʎɭ�̝̚ɭ̤ɭˉ̯�ɀˉɧ�ʓˉ̯˝�̯ʎɭ�
ʄ̸̸̯̝ɭ੓�mɭ̯ઑ̤�ʅ˝�ɠɀɡʯ�ɀˉɧ�̯ʎʓˉʯ�ɀɠ˝̸̯�̯ʎɭ�
̚ɀ̤̯੓�R̯�̤ɭɭʽ̤�͔ɭ̝͛�ˉɀ̸̯̝ɀʴ�̯˝�ɀ̤̤ɭ̤̤�ɡʎɀˉʅɭ�
ʓˉ�ʽ͛�˝͕ˉ�ʴʓʄɭ̯ʓʽɭ੓�R�͕ɀ̤�ɠ˝̝ˉ�ʓˉ�̯ʎɭ�৕ঢ়৙৔̤੔�
ɀˉɧ�ʓˉ�̯ ʎɀ̯�ɧɭɡɀɧɭ੔��̸̤̯̝ɀʴʓɀ�͕ ɀ̤�пʴʴɭɧ�͕ ʓ̯ʎ�
ɀˉ�ɭˉ˝̝ʽ˝̸̤�ɀʽ˝̸ˉ̯�˝ʄ�ʓˉˉ˝͔ɀ̯ʓ˝ˉ੓�Юʓ̤�
ʴɀʓɧ� ̯ʎɭ� ʅ̝˝̸ˉɧ͕˝̝ʯ� ʄ˝̝� ̤˝�ʽ̸ɡʎ� ̯ʎɀ̯ઑ̤�
ɡ˝ʽɭ�̤ʓˉɡɭ�̯ʎɭˉ੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�̯ʎɭ�Ûɡʎ˝˝ʴ�
˝ʄ�̯ ʎɭ��ʓ̝�̤ ̯ɀ̝̯ɭɧ�ʓˉ�৕ঢ়৙৕੖�ʓ̯�͕ ɀ̤�ɡ̸̯̯ʓˉʅ઀ɭɧʅɭ�
̝ɀɧʓ˝�ɭɧ̸ɡɀ̯ʓ˝ˉ�ɀ̯�̯ ʎɭ�̯ ʓʽɭ੓��̸̤̯̝ɀʴʓɀઑ̤�п̝̤̯�
ɡ˝ʽ̸̯̚ɭ ੔̝�̯ʎɭ�"ÛRÔ�"੔�̝̚˝͔ʓɧɭɧ�ɡ˝ʽ̸̯̚-
ʓˉʅ�̤ɭ̝͔ʓɡɭ̤�̯˝�ɀʴʴ�̯ʎɭ�"ÛRÔ��ʄ̝˝ʽ�৕ঢ়৙৕�̯˝�
৕ঢ়৙৙੓�R̯�͕ɀ̤�ɠ̸ʓʴ̯�ʓˉ�̯ʎɭ�ʴɀ̯ɭ�৕ঢ়৘৔̤�ɠ͛�æ̝ɭ͔˝̝�
Ñɭɀ̝ɡɭ ੔͛�vɀ̤̯˝ˉ�!ɭɀ̝ɧ�ɀˉɧ�Eɭ˝а�Mʓʴʴ੓�Rˉ�
৕ঢ়৙৙੔��̸̤̯̝ɀʴʓɀ�ɠɭˉɭп̯ɭɧ�ʄ̝˝ʽ�ʽɀ̤̤�ɧʓ̤̯̝ʓ-
ɠ̸̯ʓ˝ˉ�˝ʄ�̯ʎɭ�̚˝ʴʓ˝�͔ɀɡɡʓˉɭ੔�͕ʎʓɡʎ�ɡ̸̯�ɀˉ�
ɀˉˉ̸ɀʴ�ˉ̸ʽɠɭ̝�˝ʄ�ɀɠ˝̸̯�৕੔৙৔৔�ɡɀ̤ɭ̤�̯˝�ʫ̸̤̯�
৕৖৙�ʓˉ�̯ ʎɭ�п̝̤̯�͛ ɭɀ̝�ɀʴ˝ˉɭ੓�Юʓ̤�̤ ɭɭʽ̤�̤ ˝̝̯�̋ ʄ�
̝ɭʽʓˉʓ̤ɡɭˉ̯�˝ʄ�͕ʎɀ̯ઑ̤�ʎɀ̚̚ɭˉʓˉʅ�ˉ˝ ੓͕
Rˉ� ̯ʎɭ�ʽʓɧ઀৕ঢ়৙৔̤੔�ʽ͛� ̤ɡʎ˝˝ʴ�͕ɀ̤� ˝ˉʴ͛�

ɠɭʅʓˉˉʓˉʅ�̯˝�̯ɭɀɡʎ�̤ɭˉʓ˝̝�̤ɡʓɭˉɡɭ�̯˝�ʅʓ̝ʴ̤੓�
æ˝ɧɀ ੔͛�̯ʎɭ�Ûɡʎ˝˝ʴ�˝ʄ�̯ʎɭ��ʓ̝�̝ɭʴʓɭ̤�˝ˉ�͔ʓɧɭ˝�
ɡ˝ˉʄɭ̝ɭˉɡʓˉʅ�ɀˉɧ�ʎɀ̤�ɀ�̤ ˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ�̤ ̸̯ɧʓ˝�
̤ɭ̸̯̚�ʓˉ��ʴʓɡɭ�Û̝̚ʓˉʅ̤੓�Ċɭઑ͔ɭ�ɹ ɀ̯ɭʴ͛�̤ ɭɭˉ�ɀˉɧ�

̤ʎ˝̸ʴɧ�̝ɭʽɭʽɠɭ̝�̯ʎɀ̯�ʄ˝̝�ʽɀˉ͛�ʽ˝ˉ̯ʎ̤੔�
ʽ˝̤̯��̸̤̯̝ɀʴʓɀˉ�ɡʎʓʴɧ̝ɭˉ�ʎɀ͔ɭ�ɀʴ̤˝�ɠɭɭˉ�
̝ɭʽ˝̯ɭʴ͛�ʴɭɀ̝ˉʓˉʅ�͔ʓɀ�͔ʓɧɭ˝�ɡ˝ˉʄɭ̝ɭˉɡʓˉʅ�
systems.
Ċɭઑ͔ɭ�ɹ ɭɀ̝ˉ̯�ɀ�ɹ ˝̯�ɀɠ˝̸̯�ɧʓʅʓ̯ɀʴ�ɧɭʴʓ͔ɭ̝ʓɭ̤�

˝ʄ�ɭɧ̸ɡɀ̯ʓ˝ˉ੓���ɧɭпˉʓˉʅ�ʄɭɀ̸̯̝ɭ�̋ ʄ�̋ ̸̝�̤ ˝ɡʓ-
ɭ̯͛�̯˝ɧɀ͛�ʓ̤�˝̸̝�̤ʎɭɭ ੔̝�̸ˉɠɭʴʓɭ͔ɀɠʴɭ�ɡ˝ˉˉɭɡ-
̯ʓ͔ʓ̯͛੕�͕ʓ̯ʎ�̸ɠʓΌ̸ʓ̯˝̸̤�̤ʽɀ̝̯̚ʎ˝ˉɭ̤੔�ɡ˝ʽ-
̸̯̚ɭ̝̤�ɀˉɧ�͕ʓ઀п�ʓˉ�˝̸̝�ʎ˝̸̤ɭʎ˝ʴɧ̤�ɀˉɧ�ʓˉ�
˝̸̝�̚˝ɡʯɭ̯̤੓�Ċɭ�ɀʴʴ�̝̚˝ɠɀɠʴ͛�ʎɀ͔ɭ�ɀ�ʽ˝ɠʓʴɭ�
̚ʎ˝ˉɭ�͕ʓ̯ʎʓˉ�̝ɭɀɡʎ�̝ʓʅʎ̯�ˉ˝ ੓͕�Ċʓ̯ʎ�̯ʎɀ̯�
ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯͛�ɡ˝ʽɭ̤�ɀ� ʴɭ͔ɭʴ�˝ʄ�ɡ˝ʽ̸̯̚ʓˉʅ�
̚˝͕ɭ̝�ɀˉɧ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɀɡɡɭ̤̤�̯ʎɀ̯�͕ɭઑ͔ɭ�
ʫ̸̤̯�̄ ɭ͔ɭ̝�̤ ɭɭˉ�ɠɭʄ˝̝ɭ੓��ˉɧ�ʓ̯ઑ̤�̄ ˝̯�ʫ̸̤̯�ɹ ˝ɡɀʴ�
˝̝�̚ɭ̝̤˝ˉɀʴ�ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯͛੖�ɠ̸̯�˝̸̝�ɀɠʓʴʓ̯͛�̯˝�
̤̚ɭɀʯ�ʓˉ̤̯ɀˉ̯ʴ͛�̯˝�˝̯ʎɭ̝̤�ɀ̝˝̸ˉɧ�̯ʎɭ�͕˝̝ʴɧ੔�
̝ɭʅɀ̝ɧʴɭ̤̤� ˝ʄ� ̯ʎɭ� ʴ˝ɡɀ̯ʓ˝ˉ� ˝̝� ̯ʓʽɭ� ͥ˝ˉɭ੓�
Юɭ̝ɭ�͕ɀ̤�ɀ�ʽɀʫ˝̝�ɀɡɡɭʴɭ̝ɀ̯ʓ˝ˉ�˝ʄ�̝ɭʽ˝̯ɭ�
ˉɭ̯͕˝̝ʯʓˉʅ� ̤˝ʴ̸̯ʓ˝ˉ̤� ʓˉ� ̝ɭ̤̚˝ˉ̤ɭ� ̯˝� ̯ʎɭ�
̚ɀˉɧɭʽʓɡ੓
Ûɭ͔ɭˉ̯͛�͛ ɭɀ̝̤�ɀʅ˝੔�͕ ɭ�͕ ɭ̝ɭ�̝ ˝ʴʴʓˉʅ�̋ ̸̯�̯ ʎɭ�

̚˝ʴʓ˝�͔ ɀɡɡʓˉɭ੖�̄ ˝͕�͕ ɭ�ɀ̝ɭ�ɀʴʴ�ɡ˝ˉɡɭ̝ˉɭɧ�͕ ʓ̯ʎ�
̯ʎɭ�"�ĉR(�͔ ɀɡɡʓˉɭ̤੔�͕ ʎʓɡʎ�͕ ɭ̝ɭ�ɧɭ͔ɭʴ˝̚ɭɧ�
ʓˉ�ˉʓˉɭ�ʽ˝ˉ̯ʎ̤�ɡ˝ʽ̚ɀ̝ɭɧ�̯˝�̯ʎɭ�̸̸̤ɀʴ�̯ɭˉ�
͛ɭɀ̝̤�̯ ˝�ɧɭ͔ɭʴ˝̚�ɀ�͔ ɀɡɡʓˉɭ੓�mɀ̤̯�̄ ʓʅʎ̯�͕ ɭ�̤ ɀ͕�
̯ʎɭ�Ñ̝ʓʽɭ�vʓˉʓ̤̯ɭ̝ઑ̤�Ûɡʓɭˉɡɭ�Ñ̝ʓͥɭ�ɀ͕ɀ̝ɧɭɧ�
̯˝�.ɧɧʓɭ�M˝ʴʽɭ̤੔ৡ�͕ʎ˝�ʓˉ�ɭɀ̝ʴ͛�৖৔৖৔੔�͕ʎɭˉ�
̯ʎɭ�̚ ɀˉɧɭʽʓɡ�͕ ɀ̤�ɠɭʅʓˉˉʓˉʅ੔�̋ ̚ɭˉʴ͛�̤ ʎɀ̝ɭɧ�
ʎʓ̤�ʯˉ˝͕ʴɭɧʅɭ�˝ʄ�̯ʎɭ�ʅɭˉ˝ʽɭ�̤ɭΌ̸ɭˉɡɭ�˝ʄ�
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̯ʎɭ� ͔ʓ̸̝̤੔� ̯ʎ̸̤� ɭˉɀɠʴʓˉʅ� ʴɀɠ˝̝ɀ̯˝̝ʓɭ̤� ̯˝�
ɧɭ͔ɭʴ˝̚�̸̤ɡɡɭ̤̤ʄ̸ʴ�͔ɀɡɡʓˉɭ̤੓
Û˝�͕ʎɭ̝ɭ�ɀ̝ɭ�͕ɭ�ˉ˝͕ਗ਼�Юɭ�ʄ̸̸̯̝ɭ�ʓ̤ ઑ̯̄�

͕̝ʓ̯̯ɭˉ੔�˝ɠ͔ʓ˝̸̤ʴ ੔͛�ɀˉɧ�ʓ̯ઑ̤�ʎɀ̝ɧ�̯˝�̝ɭɀʴʴ͛�
ɧ̝ɀ͕�ɭ͚ɀɡ̯�̯̝ɭˉɧ̤�ʄ̝˝ʽ�̯ʎɭ�̚ɀ̤̯�ɀˉɧ�̯ʎɭ�
̝̚ɭ̤ɭˉ̯�ʓˉ̯˝�̯ʎɭ�ɧɭɡɀɧɭ̤�ɀʎɭɀɧ੓�Đɭ̯�R�ɧ˝�̤ɭɭ�
̯ʎʓˉʅ̤�ʓˉ�̯ʎɭ�ɀ̝ɭɀ̤�˝ʄ�ʎɭɀʴ̯ʎ�ʓʽ̝̚˝͔ɭʽɭˉ̯̤੔�
ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯͛�ɀˉɧ�ˉɭ͕�͕ɀ̤͛�̯˝�ɀɡɡɭ̤̤� ̯ʎɭ�
͕˝̝ʴɧ�ɀ̝˝̸ˉɧ�̸̤੓�!̸̯�̯ʎɭ̝ɭ�ʓ̤�ɀ�ɡ˝ʽʽ˝ˉ�
̯ʎ̝ɭɀɧ�ɀɠ˝͔ɭ�ɀʴʴ૆ઃ૆̯ʎɭ�ʓˉɡ̝ɭɧʓɠʴɭ�ɀˉɧ�̸ɠʓ̜-
̸ʓ̯˝̸̤�ʓʽ̚ɀɡ̯̤�̋ ʄ�ɧʓʅʓ̯ɀʴʓ̤ɀ̯ʓ˝ˉ੔�͕ ʎʓɡʎ�ʎɀ͔ɭ�
ʅʓ͔ɭˉ� ̯ʎʓ̤� ɡɭˉ̸̯̝͛� ɀˉ� ɭˉ̯ʓ̝ɭʴ͛� ˉɭ͕� ̚ɀ̝ɀ-
ɧʓʅʽ૆ઃ૆̯ʎɭ�ɧʓʅʓ̯ɀʴ�͕˝̝ʴɧ੓
Ю̝˝̸ʅʎ˝̸̯�̯ʎʓ̤�ɡ˝ˉʄɭ̝ɭˉɡɭ੔�͕ɭ�ɀ̝ɭ�̯ɀʴʯ-

ʓˉʅ�ɀɠ˝̸̯�ɀ�ɡʎʓʴɧ�͕ʎ˝�ʓ̤�ɠ˝̝ˉ�ˉ˝͕�ɀˉɧ�ʎ˝͕�
ɧʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�͕ʓʴʴ�ʓʽ̚ɀɡ̯�̯ʎɭʓ̝�ʴʓ͔ɭ̤੓�
R� ̯ʎʓˉʯ� ʓ̯ઑ̤� ʓʽ̚˝̝̯ɀˉ̯� ʄ˝̝�̸̤�̯˝�ʅʓ͔ɭ�̯ʎɀ̯�
̚ɭ̝̤˝ˉ�ɀ�ˉɀʽɭ੓�R�͕ɭˉ̯�ɧʓсʓˉʅ�ɀ̝˝̸ˉɧ�ɀˉɧ�
̝ɭɀʴʓ̤ɭɧ�̯ʎɀ̯�͕ɭ�ʎɀɧ�ɀ�̝ɭɀɧ͛઀ʽɀɧɭ�͕ʎ˝ʴɭ�
ʄɀʽʓʴ ੓͛�Юɭ�fɭ̯̤˝ˉ̤੓�Юʓ̤�̯ɭʴɭ͔ʓ̤ʓ˝ˉ�̤ɭ̝ʓɭ̤�
ɀʓ̝ɭɧ�ʓˉ�৕ঢ়৚৖੔�ɀˉɧ�ʓ̯�͕ɀ̤�̤ɭ̯�ʓˉ�৖৔৚৖੓�Юɀ̯�
ʽɭɀˉ̤�̯ʎɀ̯�Eɭ˝̝ʅɭ�fɭ̯̤˝ˉ�͕ɀ̤�̤ɡʎɭɧ̸ʴɭɧ�̯˝�
ɠɭ�ɠ˝̝ˉ�ʓˉ�৖৔৖৖੖�̄ ˝̯�̯ ˝ɧɀ ੔͛�ɠ̸̯�ɡʴ˝̤ɭ�ɭˉ˝̸ʅʎ੓�
Rʄ�͕ ɭ�͕ ɀˉ̯�̯ ˝�̚ ̸̯�ɀ�̄ ɀʽɭ�̯ ˝�̋ ̸̝�ɡʎʓʴɧ�̋ ʄ�̯ ʎɭ�
ʄ̸̸̯̝ɭ੔�͕ʎ͛�ˉ˝̯�Eɭ˝̝ʅɭ�fɭ̯̤˝ˉਗ਼
!ɭʄ˝̝ɭ�͛˝̸�ɡɀʴʴ�ʽɭ�˝̸̯੔�R�ɧ˝�̝ɭɀʴʓ̤ɭ�̯ʎɀ̯�

̯ʎɭ�fɭ̯̤˝ˉ̤�ʓ̤�ɀˉ�˝ʴɧ�̤ʎ˝ ੓͕��ˉɧ�˝ʄ�ɡ˝̸̝̤ɭ੔�
ʓ̯ઑ̤�ʅ˝̯�͔ɭ̝͛�˝̸̯ɧɀ̯ɭɧ�ʅɭˉɧɭ̝�̝˝ʴɭ̤੔�ɠ̸̯�ʓ̯�
ɧʓɧ�ʴɭɀɧ�ʽɭ�̯˝�̯ʎʓˉʯʓˉʅ�ɀɠ˝̸̯�̯ʎʓˉʅ̤੓�Û˝�ʓʄ�
Eɭ˝̝ʅɭ�fɭ̯̤˝ˉ�͕ ʓʴʴ�ɡ˝ʽɭ�ʓˉ̯˝�̯ ʎɭ�͕ ˝̝ʴɧ�̄ ɭ͚̯�
͛ɭɀ ੔̝�͕ɭ�ʯˉ˝͕�̯ʎɀ̯�ʎɭ�͕ʓʴʴ�ʴʓ͔ɭ�ʓˉ�ɀ�̯ʓʽɭ�˝ʄ�
̝ɀ̚ʓɧ�ɡʎɀˉʅɭ੔�̯ ̝ɭʽɭˉɧ˝̸̤�ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯͛�ɀˉɧ�
ʽɀ̤̤ʓ͔ɭ�̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�̸̚ʎɭɀ͔ɀʴ੓�Û˝�ʎ˝͕�ɧ˝�
͕ɭ�̯̝ɀʓˉ�ʎʓʽ�̯˝�ʴʓ͔ɭ�ʓˉ�ɀ�͕˝̝ʴɧ�͕ʓ̯ʎ�̯ɭɡʎ-
ˉ˝ʴ˝ʅʓɭ̤�̯ʎɀ̯�ɧ˝ ઑ̯̄�ɭ͚ʓ̤̯�͛ɭ̯ਗ਼�M˝͕�ɧ˝�͕ɭ�
̝̚ɭ̚ɀ̝ɭ�̯˝ɧɀ͛ઑ̤�ɠɀɠʓɭ̤�ʄ˝̝�ɡɀ̝ɭɭ̝̤�̯ʎɀ̯�ɀ̝ɭ�
̤̯ʓʴʴ�̸ ˉˉɀʽɭɧਗ਼��ˉɧ�̋ ʄ�ɡ˝̸̝̤ɭ੔�͕ ʎɭˉ�͕ ʓʴʴ�͕ ɭ�
ʓˉ͔ɭˉ̯�̯ʎɭ�fɭ̯̤˝ˉ̤ઑ�р͛ʓˉʅ�ɡɀ̝ਗ਼
v͛�ʯɭ͛�̯ɀʯɭɀ͕ɀ͛�ʓ̤�̯ʎɀ̯�ɧʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝-

ʅʓɭ̤�ɀ̝ɭ�̝ɀ̚ʓɧʴ͛�ɭ͔˝ʴ͔ʓˉʅ�͕ɀ͛�ɠɭ͛˝ˉɧ�̤˝ʽɭ�
˝ʄ�̯ʎɭ�̤ɡʓɭˉɡɭ�пɡ̯ʓ˝ˉ�ɧ̝ɭɀʽ̤�̯ʎɀ̯�͕ɭ�ʎɀɧ�
͛ɭ̤̯ɭ̝ɧɀ ੓͛�Û˝�Rઑʽ�ʅ˝ʓˉʅ�̯˝�ɡ˝ˉ̤ʓɧɭ̝�ʄ̸̸̯̝ɭ�

ʓˉɧ̸̤̯̝ʓɭ̤� ̯ʎɀ̯� ɀ̝ɭ� ̝ɭɀʴ� ɀˉɧ� ˉ˝̯� ʽɀʯɭ઀
ɠɭʴʓɭ͔ɭ੓�.͔ɭ̝͛�̋ ˉɭ�̋ ʄ�̯ ʎɭʽ�̝ ɭʴʓɭ̤�̋ ˉ�ɡ̸̝̝ɭˉ̯�
ɀˉɧ�ʄ̸̸̯̝ɭ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�̯ʎɀ̯�̝ɭΌ̸ʓ̝ɭ�̸̤�̯˝�
ʅ̝˝͕�̯ʎɭʽ�ʓʄ�͕ɭ�͕ɀˉ̯�̯˝�̤ɭɭ�̸̤ɡɡɭ̤̤੓
Юɭ�п̝̤̯�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ʓ̤�ʎ͛ɧ̝˝ʅɭˉ੖�̤ ʎʓ̚̚ʓˉʅ�

˝̸̝�̸̤ˉ̤ʎʓˉɭ�˝͔ɭ̝̤ɭɀ̤�ɀ̤�̯ʎɭ�ˉɭ͕ɭ̤̯�ɡʴɭɀˉ�
̝ɭˉɭ͕ɀɠʴɭ� ɭˉɭ̝ʅ ੓͛� �ˉ˝̯ʎɭ̝� ʓ̤� ̤̚ɀɡɭ੕� ̯ʎɭ�
�̸̤̯̝ɀʴʓɀˉ�Û̚ɀɡɭ��ʅɭˉɡ͛�ʓ̤�ɀʓʽʓˉʅ�̯ ˝�̯ ̝ʓ̚ʴɭ�
̯ʎɭ�̤ʓͥɭ�˝ʄ�̯ʎɭ��̸̤̯̝ɀʴʓɀˉ�̤̚ɀɡɭ�ʓˉɧ̸̤̯̝͛�ɠ͛�
৖৔ৗ৔੔�ɀˉɧ�͕ʓ̯ʎ�̯ʎɀ̯�ɠ̝ʓˉʅ�ɀʴ˝ˉʅ�৖৔੔৔৔৔�ˉɭ͕�
ʫ˝ɠ̤�ʓˉ�ɀ̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ɀˉɧ�ʽɀɡʎʓˉɭ�
ʴɭɀ̝ˉʓˉʅ੓�!͛�৖৔৖৘੔�̋ ˉʴ͛�̯ ʎ̝ɭɭ�͛ ɭɀ̝̤�ɀ͕ɀ ੔͛�̯ ʎɭ�
ˉ̸ʽɠɭ̝�̋ ʄ�̯ ʎɭ̤ɭ�ʫ˝ɠ̤�ʓ̤�ɭ͚̚ɭɡ̯ɭɧ�̯ ˝�ʅ̝˝͕�ɠ͛�
ɀ�Ό̸ɀ̝̯ɭ̝�˝ʄ�ɀ�ʽʓʴʴʓ˝ˉ੓�(ʓʅʓ̯ɀʴ�̯ɭɡʎˉʓɡʓɀˉ̤�
͕ʓʴʴ�ɠɭ�̯ʎɭ�ʴɀ̝ʅɭ̤̯�͕˝̝ʯʄ˝̝ɡɭ�ʓˉ��̸̤̯̝ɀʴʓɀ�
͕ʓ̯ʎʓˉ�̯ʎɭ�ˉɭ͚̯�ʄɭ͕�͛ɭɀ̝̤੔�Ċɭઑ̝ɭ�ɀʴ̤˝�̤ɭɭʓˉʅ�
ʎ̸ʅɭ�̚˝̯ɭˉ̯ʓɀʴ�ʄ˝̝�̯ʎɭ�ɭʽɭ̝ʅʓˉʅ�Ό̸ɀˉ̸̯ʽ�
̯ɭɡʎˉ˝ʴ˝ʅ͛�ʓˉɧ̸̤̯̝ ੓͛�R�͕ɀˉ̯�̯˝�̯ɀʴʯ�ɀɠ˝̸̯�
̯ʎɀ̯�ɀ�ɠʓ̯�ʽ˝̝ɭ�ʓˉ�ɀ�ʽ˝ʽɭˉ̯੓
!̸̯�ɭ͔ɭˉ�͕ʓ̯ʎ�̯ʎ˝̤ɭ�ʓˉɧ̸̤̯̝ʓɭ̤�ɀʴ̝ɭɀɧ͛�

̸ˉɧɭ̝͕ɀ ੔͛�̯ʎɭ�ʄ̸̸̯̝ɭ�ʓ̤�ʽ̸ɡʎ�ɠʓсɭ̝�̯ʎɀˉ�
̯ʎɀ̯੓�Rઑʽ�ʎ˝̚ʓˉʅ�̯˝�̯ʎ̝˝͕�̤˝ʽɭ�ʓɧɭɀ̤�˝̸̯�
̯ʎɀ̯�ɡɀʽɭ�̯˝�ʽɭ�͕ʎɭˉ�R�̤̯ɀ̝̯ɭɧ�͕˝ˉɧɭ̝ʓˉʅ�
ɀɠ˝̸̯�̯ʎɭ�ˉɭ͚̯�ɧɭɡɀɧɭ�˝̝�̯͕˝੓
Юɭ�п̝̤̯�ʓɧɭɀ�ʓ̤�ɠ̝ɀʓˉ઀ʽɀɡʎʓˉɭ�ʓˉ̯ɭ̝ʄɀɡ-

ʓˉʅ੕� ɠʓ˝ʴ˝ʅʓɡɀʴ� ɡ˝ʽ̸̯̚ɭ̝̤੓��ɭ͚̯� ɀ̝ɭ� ˉɭ͕�
͕ɀ̤͛�˝ʄ�͕˝̝ʯʓˉʅ�ʓˉ�̯ʎɭ�͔ʓ̸̝̯ɀʴ�͕˝̝ʴɧ੔�ɀˉɧ�
̯ʎɭ�͔ʓ̸̝̯ɀʴ�ɡ˝ʽʽ̸̯ɭ੓�Ċʎɭˉ�ɧʓʅʓ̯ɀʴʴ͛�ɭˉɀ-
ɠʴɭɧ�ʎ˝ʽɭ�͕˝̝ʯʓˉʅ�ʓ̤�̯ʎɭ�ˉ˝̝ʽ੔�ʎ˝͕�͕ʓʴʴ�
͕ɭ�ɀɧɀ̯̚�̯˝�̯ʎʓ̤�ɭˉ˝̝ʽ˝̸̤�ɡʎɀˉʅɭ�ʓˉ�˝̸̝�
ʴʓʄɭ�̚ɀ̯̯ɭ̝ˉ̤ਗ਼�Ċʎɭ̝ɭ�ɧ˝�͕ɭ�ɧ̝ɀ͕�̯ʎɭ�ʴʓˉɭ�
ɠɭ̯͕ɭɭˉ�͕˝̝ʯ�ɀˉɧ�ʴɭʓ̸̤̝ɭਗ਼��ˉɧ�͕ʓʴʴ�ʓ̯�ɠɭ�
ˉ˝̝ʽɀʴ�̯˝�͕˝̝ʯ�˝ˉ�ɀ�ɧʓаɭ̝ɭˉ̯�ɡ˝ˉ̯ʓˉɭˉ̯�
̯˝�͛˝̸̝�ɡ˝ʽ̚ɀˉ͛ઑ̤�ʎɭɀɧ�˝дɡɭਗ਼�Ċʓʴʴ�̯ʎɭ̝ɭ�
ɠɭ�ɀ�ʎɭɀɧ�˝дɡɭਗ਼�Ċɭઑ͔ɭ�̤ɭɭˉ�ɀʴ̝ɭɀɧ͛�̯ʎɀ̯�
"�ĉR(�̔ ɀ̤̤ʓ͔ɭʴ͛�ɀɡɡɭʴɭ̝ɀ̯ɭɧ�̯ ʎɭ�ɧʓ̤ɡ̸̤̤ʓ˝ˉ�
̯ʎɀ̯�ʎɀɧ�ʎɀ̚̚ɭˉɭɧ�ɠɭʄ˝̝ɭ੓
�ɭ͚̯�ʓ̤�ɀ̸̯˝ʽɀ̯ʓ˝ˉ੓�Ċʓʴʴ�͕ɭ�ˉ˝̯�ɀɡ̸̯ɀʴʴ͛�

˝͕ˉ�ɡɀ̝̤�ʓˉ�̯ʎɭ�ʄ̸̸̯̝ɭ੔�ɠ̸̯�ʓˉ̤̯ɭɀɧ�͕ʓʴʴ�͕ɭ�
ɠ̸͛�ʓˉ̯˝�ɀ�ɡ˝ˉ̤˝̝̯ʓ̸ʽ�˝̝�ʫ̸̤̯�̝ɭˉ̯�ɀ�̤ɭʴʄ઀
ɧ̝ʓ͔ʓˉʅ�ɡɀ̝�̯ ʎɀ̯�͕ ɭ�ɡɀʴʴ�̸ ̚�̋ ˉ�ɧɭʽɀˉɧਗ਼��ˉɧ�
̯ʎʓˉʯʓˉʅ�ɀɠ˝̸̯�ɧɭʄɭˉɡɭ�ɀˉɧ�̤ɭɡ̸̝ʓ̯ ੔͛�͕ʎɀ̯�
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͕ʓʴʴ�͕ɀ̝̤�˝ʄ�̯ʎɭ�ʄ̸̸̯̝ɭ�ɠɭ�ʴʓʯɭਗ਼�Ċʓʴʴ�̯ʎɭ̝ɭ�
ɠɭ�ɀ�ʎ̸ʽɀˉ�̸̚ʴʴʓˉʅ�̯ʎɭ�̯̝ʓсɭ ੔̝�˝̝�ɡɀˉ�˝̸̝�
̤˝ɡʓɀʴ�ʽɭɧʓɀ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ɠɭ�͕ɭɀ̚˝ˉʓ̤ɭɧਗ਼
�ʽ˝ˉʅ�ɀʴʴ�̯ʎɭ̤ɭ�ʎ͛̚˝̯ʎɭ̯ʓɡɀʴ̤੔�͕ɭ�ˉɭɭɧ�

̯˝�ɡ˝ˉ̤ʓɧɭ̝�ɧʓʅʓ̯ɀʴ�ɭ̯ʎʓɡ̤�ɀˉɧ�̤˝ɡʓɀʴ�ʴʓɡɭˉɡɭ੓�
Юɭ̤ɭ�Ό̸ɭ̤̯ʓ˝ˉ̤�ɀˉɧ�ɀʴʴ�̯ʎɭ̤ɭ�ʄ̸̸̯̝ɭ�̯ɭɡʎ-
ˉ˝ʴ˝ʅʓɭ̤�͕˝ ઑ̯̄�ʅ˝�ɀˉ͕͛ʎɭ̝ɭ�˝ˉ�̯ʎɭʓ̝�˝͕ˉ੓�
Ċʎɭˉɭ͔ɭ̝�͕ɭ�̯ɀʴʯ�ɀɠ˝̸̯�ˉɭ͕�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੔�
͕ɭ�ˉɭɭɧ�̯˝�̯ʎʓˉʯ�ɀɠ˝̸̯�͕ʎɀ̯�R�ɡɀʴʴ�̤ɡʓɭˉɡɭ�
̚ʴ̸̤੓�Ċɭ�̄ ɭɭɧ�̯ ˝�ʎɀ͔ɭ�̤ ɡʓɭˉɡɭ�̚ ʴ̸̤�ɭˉʅʓˉɭɭ̝-
ʓˉʅ੓�Ċɭ�̄ ɭɭɧ�̯ ˝�ʎɀ͔ɭ�̤ ɡʓɭˉɡɭ�̚ ʴ̸̤�̸ ̤ɭ̝�ɧɭ̤ʓʅˉ�
ɀˉɧ�̯ ʎɭ�̸ ̤ɭ̝�ʓˉ̯ɭ̝ʄɀɡɭ੓�Ûɡʓɭˉɡɭ�̚ ʴ̸̤�̯ ʎɭ�̝ ʓʅʎ̯�
ɠ̸̤ʓˉɭ̤̤�̔ ˝ɧɭʴ੔�ɠɭɡɀ̸̤ɭ�͕ ɭઑ͔ɭ�̤ ɭɭˉ�̯ ʎɀ̯�̄ ɭ͕�
ɧʓʅʓ̯ɀʴ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�̋ оɭˉ�ɠ̝ʓˉʅ̤�ɀ�͕ ʎ˝ʴɭ�̄ ɭ͕�
͕ɀ͛�˝ʄ�ɭˉʅɀʅʓˉʅ�ɭɡ˝ˉ˝ʽʓɡɀʴʴ ੓͛�Юɭ̝ɭઑ̤�ɀʴ̤˝�
̤ɡʓɭˉɡɭ�̚ʴ̸̤�̯ʎɭ�̝ɭʅ̸ʴɀ̯ʓ˝ˉ�ɀˉɧ�̚˝ʴʓɡ͛�̤ɭ̯-
̯ʓˉʅ̤�̯ ʎɀ̯�ɀ̝ɭ�̄ ɭɭɧɭɧ�ʄ˝̝�̤ ˝ɡʓɀʴ�ɹ ʓɡɭˉɡɭ੓��ˉɧ੔�
˝ʄ�ɡ˝̸̝̤ɭ੔�̔ ɀ̝ʯɭ̯ʓˉʅ੔�͕ ʎʓɡʎ�ɀʴʴ˝͕̤�̸ ̤�̯ ˝�̝ ɭɡ-
˝ʅˉʓ̤ɭ�͕ʎɀ̯ઑ̤�ɀ͔ɀʓʴɀɠʴɭ੓��ˉɧ�̯ʎɭ͛�ɀʴʴ�ˉɭɭɧ�
̯˝�ɠɭ�̯ɀʴʯʓˉʅ�̯˝�ɭɀɡʎ�˝̯ʎɭ̝�ɀʴʴ�˝ʄ�̯ʎɭ�̯ʓʽɭ੓
R�͕ɀˉ̯�̯˝�̯ɀʴʯ�ɀɠ˝̸̯�ɀˉ�ɀ̝ɭɀ�̯ʎɀ̯�R�ɀʽ�

ɡʎɀʽ̚ʓ˝ˉʓˉʅ੕� Ό̸ɀˉ̸̯ʽ੓� R� ̯ʎʓˉʯ� ʓ̯ઑ̤� ̯ʎɭ�
ˉɭ͚̯�ɠʓʅ�ʓˉɧ̸̤̯̝͛�ʄ˝̝��̸̤̯̝ɀʴʓɀ੓�Юɭ̤ɭ�̯ɭɡʎ-
ˉ˝ʴ˝ʅʓɭ̤�ɡɀˉ�ɧ˝�̯ʎʓˉʅ̤�̸̤ɡʎ�ɀ̤�ɀɡɡɭʴɭ̝ɀ̯ɭ�
ɧ̸̝ʅ�ɀˉɧ�ʽɀ̯ɭ̝ʓɀʴ̤�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ʄ˝̝�ʎɭɀʴ̯ʎ�
ɡɀ̝ɭ੔�ɭˉʎɀˉɡɭ�̄ ɀ̯ʓ˝ˉɀʴ�̤ ɭɡ̸̝ʓ̯͛�ɀˉɧ�̤ ̸̚̚˝̝̯�
ɧɭʄɭˉɡɭ੔�ʓˉɡ̝ɭɀ̤ɭ�̝̚˝ɧ̸ɡ̯ʓ͔ɭ�ʽʓˉɭ̝ɀʴ�ɭ͚̚ʴ˝-
̝ɀ̯ʓ˝ˉ�ɀˉɧ�͕ɀ̯ɭ̝�̝ɭ̤˝̸̝ɡɭ�ʽɀˉɀʅɭʽɭˉ̯�ʄ˝̝�
ʽʓˉʓˉʅ�ɀˉɧ�˝̯ʎɭ̝�̤ɭɡ̯˝̝̤੓�Rʽ̝̚˝͔ɭ�̤ɭɡ̸̝ɭ�
ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ̤� ̯˝� ʓˉɧ̸̤̯̝ʓɭ̤� ʴʓʯɭ� ̤̚ɀɡɭ�
ɀˉɧ�ɡ̝ɭɀ̯ɭ�˝̯̚ʓʽʓ̤ɀ̯ʓ˝ˉ�̝̚˝ɡɭ̤̤ɭ̤੔�̤ɀ͛�ʄ˝̝�
пˉɀˉɡɭ�ɀˉɧ�ʴ˝ʅʓ̤̯ʓɡ̤੓��ˉɧ�ʓ̯ઑ̤�ʎɀ̚̚ɭˉʓˉʅ�
ɀʴ̝ɭɀɧ ੔͛� ͕ʓ̯ʎ� ˉ˝ʓ̤ ੔͛� ʓˉ̯ɭ̝ʽɭɧʓɀ̯ɭ� ̤ɡɀʴɭ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤�̯ʎɀ̯�ɀ̝ɭ�ɀ͔ɀʓʴɀɠʴɭ�͔ʓɀ�
̯ʎɭ�ɡʴ˝̸ɧ੓�Ċɭઑ̝ɭ�̤ɭɭʓˉʅ��ʓ̝ɠ̸̤�ɧɭ̤ʓʅˉʓˉʅ�
͕ʓˉʅ̤�͕ʓ̯ʎ�̯ʎɭ̤ɭ�ɡ˝ʽ̸̯̚ɭ̝̤�ɀˉɧ�(ɭ̸̯̤ɡʎɭ�
!ɀˉʯ�̸̤ʓˉʅ�̯ʎɭʽ�̯˝�ɧ˝�ɧɭ͔ɭʴ˝̚�̯̝ɀˉ̤̚˝̝̯�
ɭдɡʓɭˉɡ͛�ɀʴʅ˝̝ʓ̯ʎʽ̤੓
!̸̯�̝̚˝ʅ̝ɭ̤̤�ɧ˝ɭ̤ ઑ̯̄�ʫ̸̤̯�ʎɀ̚̚ɭˉ�ɠ͛�ɀɡɡʓ-

ɧɭˉ̯੓�mɭ̯ઑ̤�ʴ˝˝ʯ�ɀ̯�v˝˝̝ɭઑ̤�ʴɀ ੔͕�͕ʎʓɡʎ�̸̤ʅ-

ਙાv˝˝̝ɭ੔�E੓�.੓�ੲ৕ঢ়৚৙ੳ੔�ઐ"̝ɀʽʽʓˉʅ�ʽ˝̝ɭ�ɡ˝ʽ̚˝ˉɭˉ̯̤�˝ˉ̯˝�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�ɡʓ̝ɡ̸ʓ̯̤ઑઐ"̝ɀʽʽʓˉʅ�ʽ˝̝ɭ�ɡ˝ʽ̚˝ˉɭˉ̯̤�˝ˉ̯˝�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�ɡʓ̝ɡ̸ʓ̯̤ઑ intel.com. .ʴɭɡ̯̝˝ˉʓɡ̤�vɀʅɀͥʓˉɭ.ʴɭɡ̯̝˝ˉʓɡ̤�vɀʅɀͥʓˉɭ, 
৕ঢ়��̝̚ʓʴ੓

ʅɭ̤̯̤�̯ʎɀ̯�̯ʎɭ�ˉ̸ʽɠɭ̝�˝ʄ�ɡ˝ʽ̚˝ˉɭˉ̯̤�ʓˉ�ɀˉ�
ʓˉ̯ɭʅ̝ɀ̯ɭɧ�ɡʓ̝ɡ̸ʓ̯�ɧ˝̸ɠʴɭ̤�ɭ͔ɭ̝͛�৕৖�ʽ˝ˉ̯ʎ̤੓�
Юʓ̤� ˝ɠ̤ɭ̝͔ɀ̯ʓ˝ˉ� ͕ɀ̤� ʽɀɧɭ� ɠ͛� E˝̝ɧ˝ˉ�
v˝˝̝ɭ�ʓˉ�ɀ�̚ɀ̚ɭ̝�ʓˉ�৕ঢ়৚৙੓ৢ�R̯ઑ̤�ɀ�̝ɭʽɀ̝ʯɀɠʴ͛�
ʓˉ̤ʓʅʎ̯ʄ̸ʴ�̚ɀ̚ɭ ੓̝�R̯�ɀʴ̤˝�ʄ˝̝ɭɡɀ̤̯�̯ʎɀ̯�ʓˉ̯ɭ-
ʅ̝ɀ̯ɭɧ�ɡʓ̝ɡ̸ʓ̯̤�͕˝̸ʴɧ�ʴɭɀɧ�̯˝�̸̤ɡʎ�͕˝ˉɧɭ̝̤�
ɀ̤�ʎ˝ʽɭ�ɡ˝ʽ̸̯̚ɭ̝̤�˝̝�ɀ̯� ʴɭɀ̤̯� ̯ɭ̝ʽʓˉɀʴ̤�
ɡ˝ˉˉɭɡ̯ɭɧ�̯ ˝�ɀ�ɡɭˉ̯̝ɀʴ�ɡ˝ʽ̸̯̚ɭ̝੖�ɀ̸̯˝ʽɀ̯ʓɡ�
ɡ˝ˉ̯̝˝ʴ̤�ʄ˝̝�ɀ̸̯˝ʽ˝ɠʓʴɭ̤�ɀˉɧ�̚ ɭ̝̤˝ˉɀʴ�̚ ˝̝̯-
ɀɠʴɭ�ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ̤�ɭΌ̸ʓ̚ʽɭˉ̯੓�v˝˝̝ɭઑ̤�
˝ɠ̤ɭ̝͔ɀ̯ʓ˝ˉ�͕ɀ̤�ˉ˝̯�ɧ̝ʓ͔ɭˉ�ɠ͛�ɀ�̚ɀ̝̯ʓɡ̸-
ʴɀ̝�̤ɡʓɭˉ̯ʓпɡ�˝̝�ɭˉʅʓˉɭɭ̝ʓˉʅ�ˉɭɡɭ̤̤ʓ̯ ੔͛�ɠ̸̯�
ʓ̯�͕ɀ̤�ɀ�̝ɭрɭɡ̯ʓ˝ˉ�̯ʎɀ̯�ʽɀ̯ɡʎɭɧ�ʫ̸̤̯�ʎ˝͕�
̯ʎʓˉʅ̤�ʎɀ̚̚ɭˉɭɧ੓
Юɭ�̤ʓʴʓɡ˝ˉ�ɡʎʓ̚� ʓˉɧ̸̤̯̝͛�̯˝˝ʯ�ˉ˝̯ɭ�˝ʄ�

v˝˝̝ɭઑ̤� ʴɀ͕� ɀˉɧ� ɀɧ˝̯̚ɭɧ� ʓ̯� ɀ̤� ɀ� ʅ˝ɀʴ੔� ɀ�
̯ɀ̝ʅɭ̯�ʄ˝̝�̯ʎɭ�͕ʎ˝ʴɭ�ʓˉɧ̸̤̯̝͛�̯˝�ʎʓ̯੓��̤�ɀ�
ɡ˝ˉ̤ɭΌ̸ɭˉɡɭ੔�͕ɭઑ͔ɭ�̤ɭɭˉ�̯ʎɀ̯੔�ʓʄ�͕ɭ�͕ɀˉ̯�̯˝�
ʅɭ̯�̯ʎɭ�ʽ˝̤̯�˝̸̯�˝ʄ�ɧʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੔�͕ɭ�
̸̸̤ɀʴʴ͛�̄ ɭɭɧ�̯ ˝�ʅʓ͔ɭ�̋ ̸̝̤ɭʴ͔ɭ̤�̤ ̯̝ɭ̯ɡʎ�̯ ɀ̝ʅɭ̯̤�
̯˝�ɀɡʎʓɭ͔ɭ੓��ˉɧ�̯ ʎʓ̤�ʓ̤�̤ ˝ʽɭ̯ʎʓˉʅ�͕ ʎʓɡʎ�Rઑʽ�
̝ɭɀʴʴ͛�˝ɠ̤ɭ̝͔ʓˉʅ�̝ʓʅʎ̯�ˉ˝͕�ɀ̤�͕ɭઑ̝ɭ�̤ɭɭʓˉʅ�
ɀ�̚ʴɭ̯ʎ˝̝ɀ�˝ʄ�ˉɭ͕�Ό̸ɀˉ̸̯ʽ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�
ɠɭʓˉʅ�̸̤̚ʎɭɧ�˝̸̯�ʄ̝˝ʽ�̝ɭ̤ɭɀ̝ɡʎ�ʓˉ̯˝�ʓˉɧ̸̤-
̯̝͛�ɀˉɧ�̯ʎɭˉ�ʫ̸̤̯�̯ɀʯʓˉʅ�˝а੓
æ˝�пˉʓ̤ʎ੔�̯ ʎʓˉʅ̤�ɀ̝ɭ�ɡʎɀˉʅʓˉʅ�̝ ɀ̚ʓɧʴ͛�ɀˉɧ�

̯ʎɭ�ɡʎɀʴʴɭˉʅɭ�ɀˉɧ�̯ ʎɭ�̋ ̚̚˝̸̝̯ˉʓ̯͛�ɀ̝ɭ�̯ ʎɭ̝ɭ�
ʄ˝̝�̸̤�̯˝�̯ɀʯɭ੓�Rˉ�̯ɭ̝ʽ̤�˝ʄ�̤˝ɡʓɀʴ�ʴʓɡɭˉɡɭ੔�͕ɭ�
̤ʎ˝̸ʴɧ�ʽɀʯɭ�̸̤̝ɭ�̯ʎɀ̯�ɀˉ͛�ɧʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝-
ʅʓɭ̤�͕ɭ�ɀɧ˝̯̚੔�˝̝�ʎɀ͔ɭ�̯ʎ̸̝̤̯�̸̚˝ˉ�̸̤੔�ɀ̝ɭ�
˝ˉɭ̤�̯ʎɀ̯�̝ɭɀʴʴ͛�͕ʓʴʴ�ʽɀʯɭ�ɀ�ɧʓаɭ̝ɭˉɡɭ�ʄ˝̝�
good.

M̸ʅʎ�(̸̝̝ɀˉ̯઀Ċʎ̯͛ɭ
�͔ɭ̝�̯ʎɭ�ʴɀ̤̯�৘৔�͛ɭɀ̝̤੔�Rઑ͔ɭ�ɠɭɭˉ�͕˝̝ʯʓˉʅ�ʓˉ�
̯ʎɭ�пɭʴɧ�˝ʄ��R੔�ɀ̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ੔�ɀˉɧ�
̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�ʓ̯̤�ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ̤�ʓˉ�̝ ˝ɠ˝̯ʓɡ̤�ɀˉɧ�
ɀ̸̯˝ˉ˝ʽ ੓͛�Û˝�R�͕ʓʴʴ�̝ɭрɭɡ̯�˝ˉ�̯ʎɭ�̚ɀ̤̯�ɀˉɧ�
ʄ̸̸̯̝ɭ�̋ ʄ��R�ɀˉɧ�͕ ʎɀ̯�ʓ̯̤�ʓʽ̚ʴʓɡɀ̯ʓ˝ˉ̤�ɡ˝̸ʴɧ�
ɠɭ੖�ˉ˝̯ʓˉʅ�̯ʎɀ̯��R�̝ɭɡɭʓ͔ɭ̤�ɀˉ�ɀ͕ʄ̸ʴ�ʴ˝̯�˝ʄ�

https://newsroom.intel.com/wp-content/uploads/sites/11/2018/05/moores-law-electronics.pdf
https://en.wikipedia.org/wiki/Electronics_(magazine)
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̝̚ɭ̤̤�ɡ˝͔ɭ̝ɀʅɭ�ɀˉɧ�ʓ̤�˝оɭˉ�̸ˉɧɭ̝̚ʓˉˉɭɧ�ɠ͛�
ɀ�ʴ˝̯�˝ʄ�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�ɀˉɧ�ˉɭ͕�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੓
R̯�ʓ̤�̸ ̤ɭʄ̸ʴ�̯ ˝�̤ ̯ɀ̝̯�ɠ͛�̸ ˉɧɭ̝̤̯ɀˉɧʓˉʅ�͕ ʎɀ̯�

�R�ʓ̤੓�R̯�ʎɀ̤�ɠɭɭˉ�ɀ̝˝̸ˉɧ�ɀ�͔ɭ̝͛�ʴ˝ˉʅ�̯ʓʽɭ੓�
D̝ɀˉʯ�Ô˝̤ɭˉɠʴɀ̯̯�ʓˉ͔ɭˉ̯ɭɧ�̯ʎɭ�п̝̤̯�ˉɭ̸̝ɀʴ�
ˉɭ̯͕˝̝ʯ�ɠɀɡʯ�ʓˉ�৕ঢ়৙ৗ੓�Û˝��R੔�ɀ̤�ɀ�пɭʴɧ�ʓˉ�
ˉɭ̸̝ɀʴ�ˉɭ̯͕˝̝ʯ̤੔�ʎɀ̤�ɠɭɭˉ�ɀ̝˝̸ˉɧ�ˉ˝͕�ʄ˝̝�
ˉɭɀ̝ʴ͛�৛৔�͛ ɭɀ̝̤੓�R�̝ ɭʽɭʽɠɭ̝�̝ ɭɀɧʓˉʅ�̔ ͛�п̝̤̯�
ɠ˝˝ʯ�˝ˉ��R੕�Юɭ�ʓˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ�̯˝��R�ɠ͛�Ñɀ̯-
rick Winston,ৣ�͕ʎ˝�͕ɀ̤�̯ʎɭ�п̝̤̯�ɧʓ̝ɭɡ̯˝̝�
˝ʄ�̯ʎɭ��R�mɀɠ�ɀ̯�vRæ੓�Mɭ�̤ɀʓɧ੔�ɀˉɧ�R�̸̤ɭ�
̯ʎʓ̤�Ό̸˝̯ɭ�ɀ�ʅ̝ɭɀ̯�ɧɭɀʴ੕�઎Ċʎɀ̯�ʓ̤��Rਗ਼��R�ʓ̤�
ɀˉ̯͛ʎʓˉʅ�͕ ɭ�ɡ̸̝̝ɭˉ̯ʴ͛�ɡɀˉˉ˝̯�ɧ˝੓�Ċʎɭˉ�͕ ɭ�
ʯˉ˝͕�ʎ˝͕�̯˝�ɧ˝�ʓ̯੔�ʓ̯ઑ̤�ɡɀʴʴɭɧ�ɀˉ�ɀʴʅ˝̝ʓ̯ʎʽ੓એ
Ċʎɀ̯�ʎɭ�͕ ɀ̤�̝ ɭɀʴʴ͛�̯ ̝͛ʓˉʅ�̯ ˝�̤ ɀ͛�ʓ̤�̯ ʎɭ̝ɭઑ̤�

ˉ˝̯ʎʓˉʅ�̤̚ɭɡʓɀʴ�ɀɠ˝̸̯��R੔�ɧʓаɭ̝ɭˉ̯�ʄ̝˝ʽ�
͕ʎɀ̯�˝̯ʎɭ̝�̤ʓɧɭ̤�˝ʄ�ɡ˝ʽ̸̯̚ɭ̝�̤ɡʓɭˉɡɭ�ɧ˝੓�
�ˉɧ�͛ɭ̯�͕ɭઑ͔ɭ�ʎɭɀ̝ɧ�ɀ�ʴ˝̯�˝ʄ�͕ʎɀ̯�R�͕˝̸ʴɧ�
ɡɀʴʴ� ʅ̝ɀˉɧ̤̯ɀˉɧʓˉʅ� ɀ̝˝̸ˉɧ� �R੓� Mɭ̝ɭઑ̤� ɀ�
̚ɀ̝̯ʓɡ̸ʴɀ̝�ɭ͚ɀʽ̚ʴɭ�R�̤˝ʽɭ̯ʓʽɭ̤�ʴʓʯɭ�ʄ̝˝ʽ�
ĉʴɀɧʓʽʓ̝� Ñ̸̯ʓˉ੕� ઎�R� ʓ̤� ̯ʎɭ� ʄ̸̸̯̝ɭ� ʄ˝̝� ɀʴʴ�
ʎ̸ʽɀˉʯʓˉɧ੓�Ċʎ˝ɭ͔ɭ̝�ʓ̤�̯ʎɭ�ʴɭɀɧɭ̝�ʓˉ�̯ʎʓ̤�
̤̚ʎɭ̝ɭ�͕ʓʴʴ�ɠɭ�̯ʎɭ�̸̝ʴɭ̝�˝ʄ�̯ʎɭ�͕˝̝ʴɧ੓એ��ˉɧ�
ʓˉ�ɡ˝ˉ̯̝ɀ̤̯�̯˝�̯ʎɀ̯੔��ˉɧ̝ɭ͕��ʅ੔�͕ʎ˝�ʓ̤�ɀ�
̝̚˝ʄɭ̤̤˝̝�ɀ̯�Û̯ɀˉʄ˝̝ɧ�ɀˉɧ�ɀ�ʄ˝̸ˉɧɭ̝�̋ ʄ�̤ ˝ʽɭ�
͔ɭ̝͛�ʄɀʽ˝̸̤��R�ɡ˝ʽ̚ɀˉʓɭ̤੔�̤ɀʓɧ�ʓˉ�Wired, 
઎R�͕˝̝̝͛�ɀɠ˝̸̯��R�̸̤̚ɭ̝ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ʓˉ�̯ʎɭ�
̤ɀʽɭ�͕ɀ͛�R�͕˝̝̝͛�ɀɠ˝̸̯�˝͔ɭ̝̚˝̸̚ʴɀ̯ʓ˝ˉ�˝ˉ�
vɀ̝̤੓એ�R̯�͕ʓʴʴ�ʎɀ̚̚ɭˉ�˝ˉɭ�ɧɀ ੔͛�ɠ̸̯�ʓˉ�̸̤ɡʎ�
ɀ�ɧʓ̤̯ɀˉ̯�ʄ̸̸̯̝ɭ੔�ʎɭઑ̤�ˉ˝�ʴ˝ˉʅɭ̝�ɡ˝ˉɡɭ̝ˉɭɧ�
about it.৤
Ñ̝ɀʅʽɀ̯ʓɡɀʴʴ ੔͛�͕ʎɭˉ�͛˝̸�̯ʎʓˉʯ�ɀɠ˝̸̯��R੔�

ʓ̯�ʓ̤�ˉ˝̯�̚ʓ͚ʓɭ�ɧ̸̤̯੔�ʓ̯�ʓ̤�ˉ˝̯�̤˝ʽɭ�ʯʓˉɧ�˝ʄ�
ʽɀʅʓɡ੓�R̯�ʓ̤�ɠɀ̤ʓɡɀʴʴ͛�ɧɀ̯ɀ੓�R̯�ʓ̤�ɀʴʅ˝̝ʓ̯ʎʽ̤�
ɀˉɧ�̯ʎɭ�͕ɀ͛�̯ʎɀ̯�̯ʎ˝̤ɭ�ɀ̝ɭ�̸̯̚�̯˝ʅɭ̯ʎɭ̝�̯˝�
̤˝ʴ͔ɭ�̚ ̝˝ɠʴɭʽ̤�ɀˉɧ�ɀ̚̚ʴʓɡɀ̯ʓ˝ˉ̤੓�R�̯ ʎʓˉʯ�̯ ʎɭ�
ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�ʄ̸̸̯̝ɭ�ʄ˝̝��R�ʓ̤�̯ ʎɭ�ʅ̝ɭɀ̯�ɀ̚̚ʴʓɡɀ-
̯ʓ˝ˉ̤�̯ʎɀ̯�ɀ̝ɭ�ɠɭʓˉʅ�̝ɭɀʴʴ͛�̝ɭ̯ʎ˝̸ʅʎ̯�ɀɠ˝̸̯�
ɀˉɧ�̯ʎɭ�ʯʓˉɧ̤�˝ʄ�ˉɭ͕�ɧʓ̤ɡ˝͔ɭ̝ʓɭ̤�ʓˉ�̤ɡʓɭˉɡɭ�

ਚાĊʓˉ̤̯˝ˉ�ੲ৕ঢ়৛৚ੳ��˧˹ɝΓȫɝȊɾ�Tʓ˹ȷɾɾɝɏȷʓȫȷ Addison-Wesley.
ਛા�ˉɧ̝ɭ͕��ʅ੕�Ċʎ͛�ઐ(ɭɭ̚�mɭɀ̝ˉʓˉʅઑ�ʓ̤�ɀ�ʽɀˉɧɀ̯ɭ�ʄ˝̝�ʎ̸ʽɀˉ̤੔�ˉ˝̯�ʫ̸̤̯�ʽɀɡʎʓˉɭ̤੔�Wired੔�৖৔৕৙੓

ɀˉɧ�̯ʎɭ�ɡʎɀˉʅɭ̤�̯ʎɀ̯�͕ʓʴʴ�ɡ˝ʽɭ�ʓˉ�̯ʎɭ�ʴʓʄɭ-
̯ʓʽɭ�˝ʄ�̯ʎɭ�ɡʎʓʴɧ�͕ʎ˝�ʓ̤�ɠ˝̝ˉ�̯˝ɧɀ ੓͛�R�ɧ˝�
͕ɀˉ̯�̯˝�ɭʽ̚ʎɀ̤ʓ̤ɭ�̯ʎɭ�ʯʓˉɧ�˝ʄ�ɧʓаɭ̝ɭˉɡɭ�
˝̝�ɧʓ̤̚ɀ̝ʓ̯͛�ɠɭ̯͕ɭɭˉ�͕ʎɀ̯�̯ʎɭ�ɭ͚̚ɭ̝̯̤�ʓˉ�
̯ʎɭ�пɭʴɧ�ʯˉ˝͕�ɀɠ˝̸̯��R�ɀˉɧ�͕ʎɀ̯�R�̯ʎʓˉʯ�
ɀ̯�̯ʎɭ�ʽ˝ʽɭˉ̯੓
��̸̤̝͔ɭ͛�̯ʎɀ̯�͕ɀ̤�ɡ˝ˉɧ̸ɡ̯ɭɧ�ɀ̯�̤˝ʽɭ�˝ʄ�

̯ʎɭ�̔ ˝̤̯�̚ ̝ɭ̤̯ʓʅʓ˝̸̤��R�ɡ˝ˉʄɭ̝ɭˉɡɭ̤�̤ ʎ˝͕ɭɧ�
ʎ˝͕�ʴ˝ˉʅ�ɭ͚̚ɭ̝̯̤�ʓˉ�̯ʎɭ�пɭʴɧ�̯ʎʓˉʯ�ʓ̯�͕ʓʴʴ�
̯ɀʯɭ�ʄ˝̝��R�̯ ˝�̝ ɭɀɡʎ�̯ ʎɭ�ɹ ɭ͔ɭʴ�̋ ʄ�ʎ̸ʽɀˉ�ʓˉ̯ɭʴ-
ʴʓʅɭˉɡɭ੓�Rˉ̯ɭ̝ɭ̤̯ʓˉʅʴ ੔͛�ʽ˝̝ɭ�̯ʎɀˉ�ʎɀʴʄ�˝ʄ�̯ʎɭ�
̚ɭ˝̚ʴɭ�ʓˉ�̯ʎɭ�пɭʴɧ�̯ʎʓˉʯ�ʓ̯�͕ʓʴʴ�ˉ˝̯�ʎɀ̚̚ɭˉ�
ʓˉ�৕৔৔�͛ɭɀ̝̤੓�Đɭ̤੔�ʴɭ̯�ʽɭ�̝ɭ̚ɭɀ̯�̯ʎɀ̯੕�ʽ˝̤̯�
ɭ͚̚ɭ̝̯̤� ̯ʎʓˉʯ��R�͕ʓʴʴ� ˉ˝̯�ʽɀ̯ɡʎ�ʎ̸ʽɀˉ�
ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ɧ̸̝ʓˉʅ�̯ʎɭ�ʴʓʄɭ̯ʓʽɭ�˝ʄ�ɀ�ɡʎʓʴɧ�
ɠ˝̝ˉ�ˉ˝ ੓͕�Юɀ̯ઑ̤�Ό̸ʓ̯ɭ�ʓʽ̚˝̝̯ɀˉ̯�ɠɭɡɀ̸̤ɭ�
ɀʴ̯ʎ˝̸ʅʎ�͕ɭ�̯ʎʓˉʯ�˝ʄ��R�ɀ̤�ʓˉ̯ɭʴʴʓʅɭˉ̯੔�ʓ̯�
ʓ̤ ઑ̯̄�͛ɭ̯�ɠ͛�ɀ�ʴ˝ˉʅ੔�ʴ˝ˉʅ�͕ɀ ੓͛��iਗ਼�R�ʎɀ͔ɭ�ɀ�
ʴʓ̯̯ʴɭ�ɡɀ̝̯˝˝ˉ੔�͕ʎʓɡʎ�̝ɭрɭɡ̯̤�̤˝ʽɭ�˝ʄ�ʽ͛�
ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ̤�͕ʓ̯ʎ�̯ʎɭ�ʅɭˉɭ̝ɀʴ�̸̚ɠʴʓɡ੓�Rˉ�
̯ʎʓ̤�ʓʴʴ̸̤̯̝ɀ̯ʓ˝ˉ੔�Ċɀʴʴ͛�ʓ̤�ɠɀ̤ʓɡɀʴʴ͛�̤ɀ͛ʓˉʅ�R�
ɠ̸ʓʴ̯�ɀˉ�vĉÑ੔�ɀ�ʽʓˉʓʽ̸ʽ�͔ʓɀɠʴɭ�̝̚˝ɧ̸ɡ̯੔�
ɀˉɧ�̯ʎɭ�̚˝ʓˉ̯͛઀ʎɭɀɧ�ɠ˝̤̤�̤ɀ̤͛੔�Ċɭʴʴ੔�̯ʎɀ̯ઑ̤�
ʫ̸̤̯�ɀ�ɠʴ˝ɡʯ�˝ʄ�͕˝˝ɧ੓��ˉɧ�Ċɀʴʴ͛�̤ɀ̤͛�ˉ˝੔�R�
ɡɀʴʴ�ʓ̯�ɀ̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ੔�ɀˉɧ�̯ʎɭ�̚˝ʓˉ̯͛઀
ʎɭɀɧ�ɠ˝̤̤�̤ ɀ̤͛੔�͕ ʎɀ̯ઑ̤�ʎʓ̤�̔ ʓɧɧʴɭ�̄ ɀʽɭਗ਼��ˉɧ�
Ċɀʴʴ͛�̤ ɀ̤͛੔�͕ ɭʴʴ੔�ʓ̯ઑ̤�̤ ʎ͛�ɹ ʓʯɭ�̚ ɭ˝̚ʴɭ੓��ˉɧ�̯ ʎɭ�
ɠ˝̤̤�̤ ɀ̤͛�ʓ̯�ʎɀ̤�ɭʽ˝̯ʓ˝ˉ̤੓�Û˝�͛ ˝̸�ʅɭ̯�̔ ͛�̚ ʓɡ-
̸̯̝ɭ�ʎɭ̝ɭ૆੗૆̤˝ʽɭ̯ʓʽɭ̤�R�̯ʎʓˉʯ�͕ɭઑ̝ɭ�ɀ�ʴʓ̯̯ʴɭ�
ɠʓ̯�ɡ̝ɭɧ̸ʴ˝̸̤�ɀɠ˝̸̯�͕ ʎɀ̯��R�ɡɀˉ�ɀɡ̸̯ɀʴʴ͛�ɧ˝੓
�ˉɧ�R�ɀʴ̤˝�̔ ɭˉ̯ʓ˝ˉ�vʓɡʎɀɭʴ�f˝̝ɧɀˉ੔�͕ ʎ˝�

ʓ̤�̯ ʎɭ�̔ ˝̤̯�ʎʓʅʎʴ͛�ɡʓ̯ɭɧ�̝ ɭ̤ɭɀ̝ɡʎɭ̝�ʓˉ��R੓�Mɭ�
ʎɀ̤�̋ оɭˉ�̤ ɀʓɧ�̯ ʎɀ̯�ʓ̯�̝ ɭɀʴʴ͛�ʓ̤�̄ ˝̯�ɀ�̤ ɡʓɭˉɡɭ�̋ ̝�
ɀˉ̯͛ʎʓˉʅ�̤̚ɭɡʓɀʴ੓�R̯ઑ̤�ɀˉ�ɭˉʅʓˉɭɭ̝ʓˉʅ�̝̚˝ɠ-
ʴɭʽ�ɀˉɧ�͕ ɭઑ̝ɭ�̤ ̯ʓʴʴ�ɀ̯�̯ ʎɭ�͔ ɭ̝͛�ɭɀ̝ʴ͛�̤ ̯ɀʅɭ̤�ʓˉ�
̯ɭ̝ʽ̤�˝ʄ�ʎ˝͕�͕ɭ�ɀɡ̸̯ɀʴʴ͛�ɠ̸ʓʴɧ�̤ʓʅˉʓпɡɀˉ̯�
�R�̤̤̯͛ɭʽ̤੓�Û˝�͕ʎʓʴɭ੔�ɀ̤�f˝̝ɧɀˉ�̤ɀ̤͛੔�̯ʎɭ�̤ɡʓ-
ɭˉɡɭ�пɡ̯ʓ˝ˉ�ɧʓ̤ɡ̸̤̤ʓ˝ˉ̤�ɀɠ˝̸̯��R�ɀˉɧ�̤ ̸̚ɭ̝-
ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ɀ̝ɭ�ʄ̸ˉ੔�̯ʎɭ͛ઑ̝ɭ�ɀ�ɧʓ̤̯̝ɀɡ̯ʓ˝ˉ੓�
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Юɭ̝ɭઑ̤�ˉ˝̯�ɠɭɭˉ�ɭˉ˝̸ʅʎ�ʄ˝ɡ̸̤�˝ˉ�ʎ˝͕�͕ɭ�
ɠ̸ʓʴɧ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ʽɀɡʎʓˉɭ�ʴɭɀ̝ˉʓˉʅ�̤̤̯͛ɭʽ̤�
̯ʎɀ̯�̝ɭɀʴʴ͛�͕˝̝ʯ੖�̯ʎɀ̯�ɧɭʴʓ͔ɭ̝�͔ɀʴ̸ɭ�̯˝�̸̤�ɀ̤�
ʎ̸ʽɀˉ̤�ɀˉɧ�ɀʴ̤˝�̯ʎɀ̯�ɧ˝�ˉ˝̯�ɀʽ̚ʴʓʄ͛�ʓˉɭ̜-
̸ʓ̯ʓɭ̤੓�Юɭ̝ɭ�ʎɀ͔ɭ�ɠɭɭˉ�ઐ�R�͕ʓˉ̯ɭ̝̤ઑ�͕ʎɭ̝ɭ�
̚ɭ˝̚ʴɭ�͕ ʎ˝�ʎɀɧ�ʎ͛̚ɭɧ��R�ʅ̝ɀɧ̸ɀʴʴ͛�̝ ɭɀʴʓ̤ɭɧ�
̯ʎɀ̯�ʓ̯�͕˝̸ʴɧ ઑ̯̄�͕˝̝ʯ੓��ˉɧ�R�̸̤̤̚ɭɡ̯�̯ʎɀ̯�
͕ɭઑ̝ɭ�ˉɭɀ̝�ɀˉ˝̯ʎɭ̝��R�͕ʓˉ̯ɭ̝�ˉ˝ ੓͕�Ċʎʓʴɭ�
̯ʎɭ̝ɭ�ʎɀ͔ɭ�ɠɭɭˉ�ɹ ˝̯̤�̋ ʄ�̚ ̝ɭɧʓɡ̯ʓ˝ˉ̤�ʄ˝̝�͕ ʎɀ̯�
̯ʎʓˉʅ̤�ʴʓʯɭ�ˉɭ̸̝ɀʴ�ˉɭ̯͕˝̝ʯ̤�͕ʓʴʴ�ɧ˝੔�ʓˉ�̯ʎɭ�
ʴɀ̤̯�̯͕˝�˝̝�̯ʎ̝ɭɭ�͛ɭɀ̝̤੔�̯ʎɭ̝ɭઑ͔ɭ�ɠɭɭˉ�ɀ�ʴ˝̯�
˝ʄ�˝̯ʎɭ̝�̚ɀ̚ɭ̝̤�˝ˉ�̯ʎɭ�ʄ̸ˉɧɀʽɭˉ̯ɀʴ�ʴʓʽʓ̯ɀ-
̯ʓ˝ˉ̤�˝ˉ�̯ʎ˝̤ɭ�ʯʓˉɧ̤�˝ʄ�ɀ̝̚̚˝ɀɡʎɭ̤੓�R�̯ʎʓˉʯ�
ʓ̯ઑʴʴ�ɠɭ�ɀ�ʴ˝ˉʅ�̯ʓʽɭ�ɠɭʄ˝̝ɭ�͕ɭઑʴʴ�̤ɭɭ�ɀ�̤ɭʴʄ઀
ɧ̝ʓ͔ʓˉʅ�ɡɀ̝�ʓˉ�̯ʎɭ�ɡʓ̯͛�˝ʄ�Û͛ɧˉɭ͛�͕ʓ̯ʎ˝̸̯�ɀ�
̤̯ɭɭ̝ʓˉʅ�͕ ʎɭɭʴ੓�Ñ̝˝ɠɀɠʴ͛�̄ ˝̯�ʓˉ�̔ ͛�ɹ ʓʄɭ̯ʓʽɭ�
ʓ̤�̯ʎɭ�ɀˉ̤͕ɭ ੓̝
Û˝�͕ʎɀ̯�ʓ̤�̯ʎɭ��R�ʄ̸̸̯̝ɭਗ਼��R�ʓ̤�ɀʴ̝ɭɀɧ͛�

ɡʎɀˉʅʓˉʅ�̯ʎʓˉʅ̤੔�ɠ̸̯�ʓ̯�ʓ̤�ɡʎɀˉʅʓˉʅ�̯ʎʓˉʅ̤�
͕ʎɭ̝ɭ�͕ ɭઑ͔ɭ�ʅ˝̯�͕ ʎɀ̯�͕ ɭ�ɡɀʴʴ�͕ ɭɀʯ��R੔�ɹ ˝̯̤�̋ ʄ�
ɧɀ̯ɀ�ɧɭɡʓ̤ʓ˝ˉ̤�͕ ʎʓɡʎ�ɀ̝ɭ�ʫ̸̤̯�͛ ɭ̤�̋ ̝�̄ ˝੓�Û˝ʽɭ�
͔ɭ̝͛�̝̚ɭɧʓɡ̯ɀɠʴɭ�˝̸̯ɡ˝ʽɭ̤੓�Ċʎɀ̯�͕ɭઑ̝ɭ�ˉ˝̯�
̝ɭɀʴʴ͛�ʅ˝˝ɧ�ɀ̯�͛ɭ̯�ʓ̤�̤̯̝˝ˉʅ��R੔�͕ʎɭ̝ɭ�̯ʎɭ̝ɭ�
ʓ̤�͔ɭ̝͛�ʴʓ̯̯ʴɭ�ɧɀ̯ɀ੔�͕ʎɭ̝ɭ�̯ʎɭ�ɧɭɡʓ̤ʓ˝ˉ̤�̯˝�ɠɭ�
ʽɀɧɭ�ɀ̝ɭ�ˉ˝̯�˝ɠ͔ʓ˝̸̤੔�ɀˉɧ�͕ʎɭ̝ɭ�̯ʎɭ̝ɭ�ɀ̝ɭ�
͔ɭ̝͛�ʎʓʅʎ�ʴɭ͔ɭʴ̤�˝ʄ�̸ˉɡɭ̝̯ɀʓˉ̯ ੓͛�æ̸̝̯ʎʄ̸ʴʴ ੔͛�
͕ɭ�ɧ˝ ઑ̯̄�ɭ͔ɭˉ�̝ɭɀʴʴ͛�ʎɀ͔ɭ�̯ʎɭ�ʽɀ̯ʎɭʽɀ̯ʓɡ̤�
˝̝�̯ ʎɭ�̸ ˉɧɭ̝̤̯ɀˉɧʓˉʅ੔�ɀɠ˝̸̯�̯ ˝�ʎ˝͕�̯ ˝�ɠ̸ʓʴɧ�
ɀʴʅ˝̝ʓ̯ʎʽ̤�̯ ˝�̔ ɀˉɀʅɭ�̯ ʎɀ̯�ʯʓˉɧ�̋ ʄ�̚ ̝˝ɠʴɭʽ੓
Ô˝ɧ�!̝˝˝ʯ̤੔�ɀ�͔ɭ̝͛�ʄɀʽ˝̸̤�ʅ̸͛�ʓˉ�̯ʎɭ�

ɀ̸̯˝ˉ˝ʽ͛�ɀ̝ɭɀ੔�̤ɀ̤͛�ʫ̸̤̯�ɀɠ˝̸̯�ɭ͔ɭ̝͛�̸̤ɡ-
ɡɭ̤̤ʄ̸ʴ�ɧɭ̚ʴ˝͛ʽɭˉ̯�˝ʄ��R�ʓ̤�̸̤ɭɧ�ʄ˝̝�˝ˉɭ�˝ʄ�
̯͕˝�ɭ͚̚ɭ̝ʓɭˉɡɭ̤੓�.ʓ̯ʎɭ̝�̯ʎɭ̝ɭઑ̤�ɀ�̚ɭ̝̤˝ˉ�ʓˉ�
̯ʎɭ�ʴ˝˝̚�˝̝�̯ʎɭ�ɡ˝̤̯�˝ʄ�ʄɀʓʴ̸̝ɭ�ʄ˝̝�ɀ�ɠʴ̸ˉɧɭ̝�
ʓ̤�͔ ɭ̝͛�ɹ ˝ ੓͕৥�Û˝�͕ ɭ�̤ ɭɭ��R�ʓˉ�ɀ̝ɭɀ̤�͕ ʎɭ̝ɭ੔�̤ ɀ ੔͛�
Rઑʽ�̝̚ɭɧʓɡ̯ʓˉʅ�͕ʎɀ̯�̯ʎʓˉʅ̤�͛˝̸�͕ʓʴʴ�ɠ̸͛�˝ˉ�
̯ʎɭ�ʓˉ̯ɭ̝ˉɭ̯੓�Ċʎʓʴɭ�̯ ʎɀ̯ઑ̤�пˉɭ੔�͕ ɭ�ɧ˝�̄ ˝̯�̤ ɭɭ�
�R�̋ ̸̯�̯ ʎɭ̝ɭ�ɧ̝ʓ͔ʓˉʅ�ɡɀ̝̤�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�ɡʓ̯͛�̋ ʄ�
Û͛ɧˉɭ͛�ɀ̯�̯ ʎʓ̤�̚ ˝ʓˉ̯੓��ˉɧ�͕ ɭ�̚ ̝˝ɠɀɠʴ͛�͕ ˝ ઑ̯̄�

ਜા!̝˝˝ʯ̤੔�Ô੓�ੲ৖৔৖৕ੳ��ˉ�Rˉɡ˝ˉ͔ɭˉʓɭˉ̯�æ̸̝̯ʎ��ɠ˝̸̯��R�ˉ�Rˉɡ˝ˉ͔ɭˉʓɭˉ̯�æ̸̝̯ʎ��ɠ˝̸̯��R੓��R�͕ ˝ ઑ̯̄�̤ ̸̝̚ɀ̤̤�ʎ̸ʽɀˉ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ɀˉ̯͛ʓʽɭ�̤ ˝˝ˉ੔�IEEE 
Spectrum੔�৖ঢ়�Ûɭ̯̚੓

ʓˉ�̯ʎɭ�ʄ̸̸̯̝ɭ੖�͕ɭ�̤̯ʓʴʴ�ʎɀ͔ɭ�̚ɭ˝̚ʴɭ�̤ʓ̯̯ʓˉʅ�ʓˉ�
̯ʎɭ�ɧ̝ʓ͔ɭ̝ઑ̤�̤ɭɀ̯�ʄ˝̝�ʅ˝˝ɧ�̝ɭɀ̤˝ˉ̤੓
Û˝�̯ʎɭ̝ɭ�͕ʓʴʴ�ɠɭ�ʓʽ̚ɀɡ̯̤�˝ʄ��R�ʓˉ�ɀ̸̯˝ˉ-

˝ʽ͛� ɀˉɧ� ɀ̸̯˝ʽɀ̯ʓ˝ˉ੔� ɀˉɧ� ̯ʎɭ̝ɭ� ͕ʓʴʴ� ɠɭ�
ʓʽ̚ɀɡ̯̤�ʓˉ�ʫ˝ɠ�̝ ɭ̚ʴɀɡɭʽɭˉ̯�ɀˉɧ�ɭʴʓʽʓˉɀ̯ʓ˝ˉ�
˝ʄ�͕ ˝̝ʯ੓�Ñ˝̤̤ʓɠʴ͛�̯ ʎɭ�̔ ˝̤̯�ʓʽ̚˝̝̯ɀˉ̯�̯ ʎʓˉʅ�
ʓ̤�̯ʎɀ̯��R�ʓ̤�ɠɭʅʓˉˉʓˉʅ�̯˝�̝ɭ͔˝ʴ̸̯ʓ˝ˉʓ̤ɭ�̤ɡʓ-
ɭˉɡɭ�ɀˉɧ�̤˝ɡʓɭ̯͛੖�ʓˉ�ʽ͛�͔ʓɭ ੔͕�ʓˉ�ɀ�͔ɭ̝ ੔͛�͔ɭ̝͛�
̚˝̤ʓ̯ʓ͔ɭ�͕ɀ ੓͛
Ю̝ɭɭ� ɭ͚ɀʽ̚ʴɭ̤� ̤ʎ˝͕� ͕ʎɀ̯ઑ̤� ̚˝̤̤ʓɠʴɭ੓�

mɀ̤̯�Ûɭ̯̚ɭʽɠɭ ੔̝�(ɭɭ̚vʓˉɧ੔�ɀ�ɡ˝ʽ̚ɀˉ͛�ʓˉ�
m˝ˉɧ˝ˉ�˝͕ˉɭɧ�ɠ͛�E˝˝ʅʴɭ੔�ɀˉˉ˝̸ˉɡɭɧ�̯ʎɀ̯�
̯ʎɭ͛ઑɧ�͕ ˝ˉ�ɀ�ɡ˝ʽ̚ɭ̯ʓ̯ʓ˝ˉ�̯ ˝�̚ ̝ɭɧʓɡ̯�̚ ̝˝̯ɭʓˉ�
̸̤̯̝ɡ̸̯̝ɭ�̸̤ʓˉʅ�ɀˉ�ɀʴʅ˝̝ʓ̯ʎʽ�ɡɀʴʴɭɧ��ʴ̚ʎɀ-
ʄ˝ʴɧ੔�͕ʎʓɡʎ�̸̤ɭ̤�̤˝ʽɭ��R�̯ɭɡʎˉʓΌ̸ɭ̤�ɡɀʴʴɭɧ�
̝ɭʓˉʄ˝̝ɡɭʽɭˉ̯�ɹ ɭɀ̝ˉʓˉʅ੔�ɧɭɭ̚�̝ ɭʓˉʄ˝̝ɡɭʽɭˉ̯�
ʴɭɀ̝ˉʓˉʅ੓�Юʓ̤�ʓ̤�ɠɀ̤ʓɡɀʴʴ͛�ɀ̚̚ʴʓɭɧ�̤̯ɀ̯ʓ̤̯ʓɡ̤੓�
R̯ઑ̤�ˉ˝̯�ɀˉ̯͛ʎʓˉʅ�ʽɀʅʓɡ੖�̚ʓ͚ʓɭ�ɧ̸̤̯੓�!̸̯�ʓ̯�ʓ̤�
̝ɭɀʴʴ͛�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�̯ ʎɀ̯��ʴ̚ʎɀʄ˝ʴɧ�ɡɀˉ�̚ ̝ɭɧʓɡ̯�
͕ʓ̯ʎ�̝̚ɭɡʓ̤ʓ˝ˉ�ɭ͔ɭ̝͛�̝̚˝̯ɭʓˉ�ʓˉ�̯ʎɭ�ʎ̸ʽɀˉ�
ɠ˝ɧ ੓͛�Юɀ̯�ʓ̤�ɀɠ̤˝ʴ̸̯ɭʴ͛�̯̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉɀʴ੓�
R̯�͕ʓʴʴ�̝ɭ͔˝ʴ̸̯ʓ˝ˉʓ̤ɭ�ʽɭɧʓɡʓˉɭ੓��ˉɧ�R�ɧ˝ ઑ̯̄�
̯ʎʓˉʯ�̚ ɭ˝̚ʴɭ�ʓˉ�̯ ʎɭ�̔ ɭɧʓɡɀʴ�ɡ˝ʽʽ̸ˉʓ̯͛�̝ ɭɀʴ-
ʓ̤ɭ�͕ ʎɀ̯�̯ ʎʓ̤�ʎɀ̤�ʫ̸̤̯�ɧ˝ˉɭ੓�Юʓ̤�ʎɀ̤�ɡʎɀˉʅɭɧ�
̯ʎɭ�͕ ʎ˝ʴɭ�͕ ɀ͛�͕ ɭ�͕ ʓʴʴ�̯ ʎʓˉʯ�ɀɠ˝̸̯�̔ ɭɧʓɡʓˉɭ੔�
ɀɠ˝̸̯�ʎɭɀʴ̯ʎ੔�ɀɠ˝̸̯�̤͛ˉ̯ʎɭ̯ʓɡ�ɠʓ˝ʴ˝ʅ ੔͛�ɭ͔ɭ-
̝̯͛ʎʓˉʅ�ʓˉ�̯ʎɭ�ʄ̸̸̯̝ɭ੓�Û˝��R�ʅɭˉ̸ʓˉɭʴ͛�͕ʓʴʴ�
ʎɀ͔ɭ�ɀ�̯ ̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉɀʴ�ʓʽ̚ɀɡ̯�̋ ˉ�ɧʓ̤ɡ˝͔ɭ̝͛�
ʓˉ�̯ʎʓ̤�̤̚ɀɡɭ੓
Юɭ̝ɭ�ʓ̤�ɀʴ̤˝�ɀ�̝ ˝ɠ˝̯�̤ ̤̯͛ɭʽ�̯ ʎɀ̯�R�͕ ˝̝ʯɭɧ�

˝ˉ੖�̸ ̤ʓˉʅ�̔ ɀɡʎʓˉɭ�ɹ ɭɀ̝ˉʓˉʅ੔��R੔�̯ ˝�̔ ɀʯɭ�ɧʓ̤-
ɡ˝͔ɭ̝ʓɭ̤�ʓˉ�ʽʓˉɭ̝ɀʴ̤੓�Юʓ̤�ʓ̤�ɀˉ�ɀ̝ɭɀ�͕ʎʓɡʎ�
̚ɭ˝̚ʴɭ�͕˝̸ʴɧ�ˉ˝̯�ʎɀ͔ɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�৕৔�͛ɭɀ̝̤�
ɀʅ˝૆ઃ૆ɠ̸̯�ˉ˝͕�̯ʎɭ̝ɭઑ̤� ̤˝�ʽ̸ɡʎ�ɧɀ̯ɀ�˝̸̯�
̯ʎɭ̝ɭ�ɀˉɧ�ʽ˝ɧɭʴʴʓˉʅ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʎɀ̤�ɠɭɭˉ�
̯̝ɀˉ̤ʄ˝̝ʽɭɧ੓� �ˉɧ� ̯ʎɭ̝ɭ� ɀ̝ɭ� ̤̤̯͛ɭʽ̤� ˝̸̯�
̯ʎɭ̝ɭ�ʴʓʯɭ��ɠ̤ʓɧʓɀˉ੔�͕ʎʓɡʎ�˝̸̝�̯ɭɀʽ�ɧɭ͔ɭʴ-
˝̚ɭɧ੔�͕ʎʓɡʎ�͕ʓʴʴ�̝̚ɭɧʓɡ̯�͕ʓ̯ʎ�ɀɡɡ̸̝ɀɡ͛�̯ʎɭ�
ɧɭ̯̚ʎ�ɀˉɧ�ʅɭ˝ʴ˝ʅʓɡɀʴ�ʽʓˉɭ̝ɀʴʓ̤ɀ̯ʓ˝ˉ�̝ʓʅʎ̯�
ɀɡ̝˝̤̤�ɀˉ�ɭˉ̯ʓ̝ɭ�ɡ˝ˉ̯ʓˉɭˉ̯੓��ˉɧ�̯ʎɭ̝ɭ�ɀ̝ɭ�
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D˝ʴɭ ੔͛�(̸̝̝ɀˉ̯઀Ċʎʓ̯ɭ૆ઃ૆Юɭ�ɧʓʅʓ̯ɀʴ�ɀʅɭ੕�̚ɀ̤̯੔�̝̚ɭ̤ɭˉ̯�ɀˉɧ�ʄ̸̸̯̝ɭ

ˉ˝͕�ʽɀˉ͛�ɡ˝ʽ̚ɀˉʓɭ̤�˝̸̯�̯ʎɭ̝ɭ�ɧ˝ʓˉʅ�͔ɭ̝͛�
̤ʓʽʓʴɀ̝�̯ʎʓˉʅ̤੓��ʅɀʓˉ੔�̯ʎʓ̤�͕ʓʴʴ�̯̝ɀˉ̤ʄ˝̝ʽ�
ʅɭ˝ʴ˝ʅ͛�ɀˉɧ�ʽʓˉɭ̝ɀʴ�ɧʓ̤ɡ˝͔ɭ̝ ੓͛
Юɭ�̯ʎʓ̝ɧ�ɡɀ̤ɭ�̤ʎ˝͕̤�ʎ˝͕�͕ɭ�̸̤ɭ��R�̯˝�

̸ˉɧɭ̝̤̯ɀˉɧ�ɡ˝ʽ̚ʴɭ͚�ʎ̸ʽɀˉ�̚ ̝˝ɠʴɭʽ̤੓�Юʓ̤�
ɭ͚ɀʽ̚ʴɭ� ʓ̤� ʄ̝˝ʽ�ʽ͛�͕ʓʄɭ੔�͕ʎ˝�͕˝̝ʯ̤� ʓˉ�
̯ʎʓ̤�ɀ̝ɭɀ੓�R̯ઑ̤�ɀɠ˝̸̯�̯̝͛ʓˉʅ�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�
̯ʎɭ�ɧ̝ʓ͔ɭ̝̤�ʄ˝̝�ɧʓ̤ɭˉʅɀʅɭɧ�ɀˉɧ�̸͔ʴˉɭ̝ɀɠʴɭ�
͛˝̸̯ʎ�ɀˉɧ�̯̝͛ʓˉʅ�̯˝�̝̚ɭɧʓɡ̯�̯ʎɭ�ʴʓʄɭ�ɡ˝̸̝̤ɭ̤�
˝ʄ�̯ʎ˝̤ɭ�̚ɭ˝̚ʴɭ�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�͕ʎɀ̯�ʓʽ̚ɀɡ̯�
͛˝̸�ɡɀˉ�ʎɀ͔ɭ�ɠ͛�ɧʓаɭ̝ɭˉ̯�̯͛̚ɭ̤�˝ʄ�ʓˉ̯ɭ̝͔ɭˉ-
̯ʓ˝ˉ̤੓�Юʓ̤�ʓ̤�ˉ˝̯�ɀ�̯̝ʓ͔ʓɀʴ�̝̚˝ɠʴɭʽ�ʓʄ�̯ʎɭ̝ɭ�
ɀ̝ɭ�৙৔৔�ʄɀɡ̯˝̝̤�ɀ͔ɀʓʴɀɠʴɭ�ʄ˝̝�̚ ̝ɭɧʓɡ̯ʓˉʅ�͕ ʎɀ̯�
ɀ�̚ ɭ̝̤˝ˉ�͕ ʓʴʴ�ɧ˝�ʓˉ�̯ ʎɭ�ʄ̸̸̯̝ɭ੓�Юɭˉ�̯ ʎɭ̝ɭ�ɀ̝ɭ�
৖৔৔�̯˝�৙৔৔�̚˝̤̤ʓɠʴɭ�ɡ˝ʽɠʓˉɀ̯ʓ˝ˉ̤�˝ʄ�̯ʎɭ̤ɭ�
ʄɀɡ̯˝̝̤੓�Û˝�̯ʎɭ̝ɭ�ɀ̝ɭ�ʽ˝̝ɭ�͕ɀ̤͛�˝̝�ʽ˝ɧɭʴ̤�
ʄ˝̝�ʎ˝͕�ɀ�̚ ɭ̝̤˝ˉ�͕ ʓʴʴ�̚ ̝˝ʅ̝ɭ̤̤�̯ ʎ̝˝̸ʅʎ�̯ ʎɭʓ̝�
ʴʓʄɭ�̯ ʎɀˉ�̯ ʎɭ̝ɭ�ɀ̝ɭ�ɀ̯˝ʽ̤�ʓˉ�̯ ʎɭ�̸ ˉʓ͔ɭ̝̤ɭ੓��̯�
̯ʎɭ�ʽ˝ʽɭˉ̯੔�˝̸̝�̤̯ɀˉɧɀ̝ɧ��R�̯ɭɡʎˉʓΌ̸ɭ̤�
ɡɀˉˉ˝̯�ʽɀˉɀʅɭ�̯ʎɀ̯�ʽɀˉ͛�ɡ˝ʽɠʓˉɀ̯ʓ˝ˉ̤੔�
ɀˉɧ�ʓˉɧɭɭɧ੔�ʓˉ�̯ʎʓ̤�ɭ͚ɀʽ̚ʴɭ੔�ɀʴʴ�̯ʎɭ�̯˝̚�৕৔৔�
ɡ˝ʽɠʓˉɀ̯ʓ˝ˉ̤�̚ ̝˝ɧ̸ɡɭ�ɭ͚ɀɡ̯ʴ͛�̯ ʎɭ�̤ ɀʽɭ�̚ ̝ɭ-
dictions.
Û˝�ʓˉ�ʄɀɡ̯�͕ɭ�ɧ˝�ˉ˝̯�ʯˉ˝͕�͕ʎɀ̯�͕ɭઑ̝ɭ�

ɧ˝ʓˉʅ�ɀ̯�ɀʴʴ�ʓˉ�̯ʎʓ̤�ɀ̝ɭɀ੓�!̸̯�ˉɭ͔ɭ̝̯ʎɭʴɭ̤̤੔�
ˉɭ͕� ̯͛̚ɭ̤�˝ʄ�ʽɀ̯ʎɭʽɀ̯ʓɡ̤੔�ˉɭ͕� ̯͛̚ɭ̤�˝ʄ�
�R੔�ɀ̝ɭ�ɧ̝ʓ͔ʓˉʅ�˝̸̝�ɀɠʓʴʓ̯͛�̯˝�̸̤ɭ�ɧɀ̯ɀ�̯˝�
ʽɀʯɭ�ʓˉʄ˝̝ʽɭɧ�ɧɭɡʓ̤ʓ˝ˉ̤�ɀɠ˝̸̯�͕ɀ̤͛�̯ʎɀ̯�
͕ɭ�ɡɀˉ�ʓʽ̝̚˝͔ɭ�̯ʎɭ�ʎ̸ʽɀˉ�ɡ˝ˉɧʓ̯ʓ˝ˉ੓�Юɀ̯�
͕ʓʴʴ�ʎɀ͔ɭ�ɀ�̯ ɭ̝̝ʓпɡ�ʓʽ̚ɀɡ̯�̋ ˉ�̯ ʎɭ�ɹ ʓʄɭ̯ʓʽɭ�̋ ʄ�
̯ʎʓ̤�̚ɭ̝̤˝ˉ�ɠ˝̝ˉ�̯˝ɧɀ ੓͛
mɭ̯�ʽɭ�ɧʓ̤̚ɭʴ�̯ʎɭ�ɧ̤̯͛˝̚ʓɀ੓�R�̯ʎʓˉʯ�̯ʎɀ̯�

̯ʎɭ�E˝˝ʅʴɭ̤੔� ̯ʎɭ� Dɀɡɭɠ˝˝ʯ̤੔� ɀʴʴ� ˝ʄ� ̯ʎɭ̤ɭ�
̤˝̝̯̤� ˝ʄ� ̯ʎʓˉʅ̤੔� ɀ̝ɭ� ɀ� ɧʓ̤̯̝ɀɡ̯ʓ˝ˉ� ɀ̯� ̯ʎʓ̤�
̚˝ʓˉ̯੓�Ċʎɀ̯�͕ʓʴʴ�̝ɭɀʴʴ͛�ʎɀ̚̚ɭˉ�͕ʓ̯ʎ��R�ʓ̤�
ʓ̯�͕ʓʴʴ�̯̝ɀˉ̤ʄ˝̝ʽ�̤ɡʓɭˉɡɭ੓�R̯�͕ʓʴʴ�̯̝ɀˉ̤ʄ˝̝ʽ�
ɧʓ̤ɡ˝͔ɭ̝ ੓͛�R̯�͕ ʓʴʴ�̯ ̝ɀˉ̤ʄ˝̝ʽ�̯ ʎɭ�͕ ɀ͛�̯ ʎɀ̯�͕ ɭ�
͕˝̝ʯ�ʓˉ�̯ʎʓ̤�͕˝̝ʴɧ੖�ɀʴʴ੔�ʓˉ�ʽ͛�͔ʓɭ ੔͕�̯˝�̚˝̤ʓ-
̯ʓ͔ɭ�ɭаɭɡ̯੓

(ʓ̤ɡ̸̤̤ʓ˝ˉ

Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Юɭ̤ɭ�͕ɭ̝ɭ�̯͕˝�͔ɭ̝͛�ɧʓʄ-
ʄɭ̝ɭˉ̯�̚ ɭ̝̤̚ɭɡ̯ʓ͔ɭ̤�̋ ˉ�̯ ʎɭ�ʓʽ̚ɀɡ̯̤�̋ ʄ�̤ ɡʓɭˉɡɭ�
ɀˉɧ�̯ɭɡʎˉ˝ʴ˝ʅ͛�̯˝�ɀ�ʄ̸̸̯̝ɭ�͕˝̝ʴɧ੓�"ɀ̯ʎ͛�
ʎʓʅʎʴʓʅʎ̯ɭɧ� ̤˝ʽɭ� ̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ� ɀɧ͔ɀˉɡɭ-
ʽɭˉ̯̤�ɠɭɡɀ̸̤ɭ�˝ʄ�̯ʎɭ�Ό̸ɀˉ̸̯ʽ�ʴɭɀ̚੔�͕ʎʓɡʎ�
͕ʓʴʴ�ɡʎɀˉʅɭ�̯ʎɭ�͕ɀ͛�͕ɭ�ɧ˝�̯ʎʓˉʅ̤੔�͛ɭ̯�ʓ̯ઑ̤�
ʓʽ̚˝̝̯ɀˉ̯�̯ ˝�̸ ˉɧɭ̝̤̯ɀˉɧ�̯ ʎɭ�ɹ ʓʽʓ̯̤�̋ ʄ�͕ ʎɀ̯ઑ̤�
̚˝̤̤ʓɠʴɭ੓�R̯ઑ̤�ʓʽ̚˝̝̯ɀˉ̯�ʄ˝̝�̸̤੔�ɀ̤�͕ɭ�̯ʎʓˉʯ�
ɀɠ˝̸̯�̯ʎʓ̤�ʄ̸̸̯̝ɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�̯˝�ɡ˝ˉ̤ʓɧɭ̝�
͕ʎɀ̯�ʓ̤�̚˝̤̤ʓɠʴɭ੔�͕ʎɀ̯ઑ̤�ʴʓʯɭʴ͛�ɀˉɧ�ʓˉ�ʄɀɡ̯�ʓ̤�
ˉ˝̯�̚ ˝̤̤ʓɠʴɭ੓�íˉɧɭ̝̤̯ɀˉɧʓˉʅ�͕ ʎɀ̯ઑ̤�̄ ˝̯�ʫ̸̤̯�
ʓ̤�ɀ̤�ʓʽ̚˝̝̯ɀˉ̯�ɀ̤�ɠɭʓˉʅ�ɀɠʴɭ�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�
̯ʎɭ�ʴʓʯɭʴ͛�̤ɡɭˉɀ̝ʓ˝੓�M̸ʅʎ੔�ʴɭ̯ઑ̤�ʅ˝�ɠɀɡʯ�̯˝�
͛˝̸੓�Đ̋ ̸�̤ ɀʓɧ�̯ ʎɀ̯��R�͕ ʓʴʴ�̯ ̝ɀˉ̤ʄ˝̝ʽ�̯ ʎɭ�͕ ɀ͛�
͕ɭ�ɧ˝�ɧʓ̤ɡ˝͔ɭ̝ ੓͛�Ċʎɀ̯�ɧ˝�͛ ˝̸�̔ ɭɀˉ�ɠ͛�̯ ʎɀ̯ਗ਼
M(ઉĊ੕�Û˝�R�̯ʎʓˉʯ�̯ʎɭ�ɠɭ̤̯�ɭ͚ɀʽ̚ʴɭ�ʓ̤੔�ʓˉ�
ʄɀɡ̯੔�̯ʎɭ��ʴ̚ʎɀʄ˝ʴɧ�˝ˉɭ੔�͛˝̸�ʯˉ˝ ੔͕�̚ɭ˝̚ʴɭ�
ʎɀ͔ɭ�ɠɭɭˉ�̯̝͛ʓˉʅ�̯˝�̝̚ɭɧʓɡ̯�̝̚˝̯ɭʓˉ� ʄ˝ʴɧ-
ʓˉʅ�ʄ˝̝�৙৔�͛ɭɀ̝̤�ɠɭɡɀ̸̤ɭ�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̯ʎɭ�
̸̤̯̝ɡ̸̯̝ɭ�̋ ʄ�̚ ̝˝̯ɭʓˉ̤�̯ ɭʴʴ̤�͛ ˝̸�͕ ʎɀ̯�̯ ʎɭ͛�͕ ʓʴʴ�
ɧ˝�ɀˉɧ�ʎ˝͕�̯ʎɭ͛�͕ʓʴʴ�͕˝̝ʯ੔�ɀˉɧ�̯ʎɭ̝ɭʄ˝̝ɭ�
͕ʎɀ̯�̝̚˝̯ɭʓˉ̤�͛˝̸�ˉɭɭɧ�̯˝�̯ɀɡʯʴɭ�ʓʄ�͛˝ ઑ̸̝ɭ�
ɠ̸ʓʴɧʓˉʅ�ɀ�͔ ɀɡɡʓˉɭ੔�͕ ʎɀ̯�̚ ̝˝̯ɭʓˉ�̯ ˝�ɧɭ̤ʓʅˉ�ʓˉ�
ʴ˝̯̤�̋ ʄ�̋ ̯ʎɭ̝�ɀ̝ɭɀ̤�ɀˉɧ�̤ ˝�̋ ˉ੓��R��ʓ̤�̄ ˝͕�ɀɠʴɭ�
̯˝�̚ ̝ɭɧʓɡ̯�ɭ͔ɭ̝͛�̤ ʓˉʅʴɭ�̚ ̝˝̯ɭʓˉ੔�̯ ʎɭ�̤ ̸̯̝ɡ̸̯̝ɭ�
˝ʄ�ɭ͔ɭ̝͛�̤ʓˉʅʴɭ�̝̚˝̯ɭʓˉ�ʓˉ�̯ʎɭ�ʎ̸ʽɀˉ�ɠ˝ɧ ੓͛�
Ċʎɀ̯ઑ̤�ʽ˝̝ɭ੔�ʓ̯�ɡɀˉ�̝̚ɭɧʓɡ̯�̯ʎɭ�̸̤̯̝ɡ̸̯̝ɭ�
˝ʄ�ɀˉ͛�̝̚˝̯ɭʓˉ�ʄ̝˝ʽ�ɀˉ͛�̤ɭΌ̸ɭˉɡɭ�˝ʄ�ɀʽʓˉ˝�
ɀɡʓɧ̤੓�Û˝�̯ʎɭ�͕ʎ˝ʴɭ�̝̚˝ɡɭ̤̤�ˉ˝͕�˝ʄ�ɧʓ̤ɡ˝͔-
ɭ̝ʓˉʅ�͔ɀɡɡʓˉɭ̤੔�˝ʄ�ɧʓ̤ɡ˝͔ɭ̝ʓˉʅ�ʽɭɡʎɀˉʓ̤ʽ̤੔�
˝ʄ�ɧʓ̤ɡ˝͔ɭ̝ʓˉʅ�ˉɭ͕�̯͛̚ɭ̤�˝ʄ�͕ɀ̤͛�̯ʎɀ̯�ʴʓʄɭ�
͕˝̝ʯ̤�ɀˉɧ�̤˝�˝ˉ੔�ɡɀˉ�ɠɭ�̯ɀɡʯʴɭɧ�̸̤ʓˉʅ�̯ʎɭ̤ɭ�
ˉɭ͕�̯ɭɡʎˉʓΌ̸ɭ̤੓�R̯�ʓ̤�̯̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉɀʴ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕��ˉɧ�ɧ˝ɭ̤�ʓ̯�ʎɀ͔ɭ�ʓʽ̚ʴʓɡɀ-
̯ʓ˝ˉ̤�ʄ˝̝�̯ʎɭ�ˉɀ̸̯̝ɭ�˝ʄ�̝ɭ̤ɭɀ̝ɡʎਗ਼�Юɭ�ˉɀ̸̯̝ɭ�
˝ʄ�ʓˉ͔ɭ̤̯ʓʅɀ̯ʓ˝ˉ�ʓ̤�̯ ʎɭ�ʄ̸̸̯̝ɭ�̋ ʄ�̝ ɭ̤ɭɀ̝ɡʎ੓��ˉ�
ɀʴʅ˝̝ʓ̯ʎʽ�̤˝̝̯̤�̯ʎ̝˝̸ʅʎ�ɧɀ̯ɀ�ɀˉɧ�̸̯̤̚�˝̸̯�
̤˝ʽɭ̯ʎʓˉʅ�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ੔�ɀˉɧ�̯ ʎɭˉ�̝ ɭ̤ɭɀ̝ɡʎɭ̝̤�
̤ɀ͛�̯ʎɀ̯�͕ɭ�͕ʓʴʴ�̯ɀʯɭ�ʓ̯�ʄ̸̝̯ʎɭ̝�˝̝૆੗૆ਗ਼
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M(ઉĊ੕��ɠ̤˝ʴ̸̯ɭʴ͛�ˉ˝̯੓�R�̯ʎʓˉʯ�̯ʎɀ̯ઑ̤�̚ɀ̝̯�
˝ʄ�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ੓�Rˉ�̯ʎɭ�̯̝ɀɧʓ̯ʓ˝ˉɀʴ�͕ɀ͛�˝ʄ�
ɧ˝ʓˉʅ�̤ ɡʓɭˉɡɭ੔�͛ ˝̸�ʅɭ̯�ɀ�̚ ʓʴɭ�̋ ʄ�ɧɀ̯ɀ�ɀˉɧ�̯ ʎɭˉ�
̤ɭɀ̝ɡʎ�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�ɧɀ̯ɀ�̯ ˝�ɡ˝ˉп̝ʽ�̋ ̝�ɧɭˉ͛�ɀ�
ʎ͛̚˝̯ʎɭ̤ʓ̤�͛ ˝̸�ɀʴ̝ɭɀɧ͛�ʎɀ͔ɭ੓��˝ ੔͕�̯ ʎɭ�͕ ʎ˝ʴɭ�
̚˝ʓˉ̯�ɀɠ˝̸̯�ɧʓ̤ɡ˝͔ɭ̝͛�ʓ̤੔�̋ ˉ�̯ ʎɭ�ɡ˝ˉ̯̝ɀ̝ ੔͛�̯ ˝�
̝ɭɀʴʴ͛�̸ ˉɧɭ̝̤̯ɀˉɧ�̯ ʎɭ�ɀ̝ɭɀ�̋ ʄ�̔ ˝ɧɭʴ̤੔�ɭ੓ʅ੓�̯ ʎɭ�
͕ɀ͛�̯ ʎʓˉʅ̤�ʄ˝ʴɧ�ɀ̤�̚ ̝˝̯ɭʓˉ̤੔�̯ ʎɭ�͕ ɀ͛�ʅɭ˝ʴ˝ʅ͛�
͕˝̝ʯ̤�ɀ̤�ʅɭ˝ʴ˝ʅ ੔͛�̯ ʎɭ�͕ ɀ͛�ʎ̸ʽɀˉ̤�ɭ͔˝ʴ͔ɭ�ʓˉ�
̯ɭ̝ʽ̤�̋ ʄ�̯ ʎɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�̯ ʎɭ͛�͕ ˝̝ʯ�ʓˉ�ɀˉɧ�
̤˝�˝ˉ੔�ɀˉɧ�̸̤ɭ�ɧɀ̯ɀ�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�͕ʎʓɡʎ�˝ʄ�
̯ʎ˝̤ɭ�ʽ˝̤̯�ʴʓʯɭʴ͛�ɭ͚̚ʴɀʓˉ̤�̯ʎɭ�ɧɀ̯ɀ੓�(ʓ̤ɡ˝͔-
ɭ̝͛�ʓ̤�Ό̸ʓ̯ɭ�ɧʓаɭ̝ɭˉ̯�ʄ̝˝ʽ�ʎ͛̚˝̯ʎɭ̤ʓ̤�̯ ɭ̤̯ʓˉʅ੓�
�ˉɧ�R�̯ʎʓˉʯ�̯ʎɭ̝ɭ�ˉɭɭɧ̤�̯˝�ɠɭ�ɀ�̯̝ɀˉ̤ʄ˝̝ʽɀ-
̯ʓ˝ˉ�ʓˉ�̤ ɡʓɭˉɡɭ�̯ ˝�̝ ɭɀʴʴ͛�ɠɭʅʓˉ�̯ ˝�ɀɧ˝̯̚�̯ ʎɭ̤ɭ�
ɀ̝̚̚˝ɀɡʎɭ̤੓�Rઑʽ�ˉ˝̯�̸̤̝ɭ�̤ɡʓɭˉɡɭ�ʓ̤�ɀ̤�̝ɭɀɧ͛�
ʄ˝̝�ʓ̯�ɀ̤�̯ʎɭ�ʽɀɡʎʓˉɭ�ʴɭɀ̝ˉɭ̝̤�ɀ̝ɭ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�"ɀ̯ʎ ੔͛�͕ ʎɀ̯�ɧ˝�͛ ˝̸�̯ ʎʓˉʯ�
Ό̸ɀˉ̸̯ʽ�̝ɭɀʴʴ͛�ɡɀˉ�ɧ˝�ɀˉɧ�͕ʎɀ̯�ɡɀˉ�Ό̸ɀˉ-
̸̯ʽ�̄ ˝̯�ɧ˝੔�͕ ʎɀ̯�͕ ʓʴʴ�Ό̸ɀˉ̸̯ʽ�̄ ˝̯�ɡʎɀˉʅɭਗ਼�
Ċʎɀ̯�ʓ̤�̯ʎɭ�ɀ̝ɡ�˝ʄ� ʓˉр̸ɭˉɡɭ�˝ʄ�Ό̸ɀˉ̸̯ʽ�
ʯˉ˝͕ʴɭɧʅɭਗ਼
CF:� R� ɧ˝ ઑ̯̄� ̯ʎʓˉʯ� R� ɡɀˉ� ɀˉ̤͕ɭ̝�͕ʎɭ̝ɭ� ʓ̯�
ɡɀˉ�ʅ˝�˝̝�͕ʎɭ̝ɭ�ʓ̯�ɡɀ ઑ̯̄੓�Ôʓʅʎ̯�ˉ˝ ੔͕�͕ɭઑ̝ɭ�
ɠɭʅʓˉˉʓˉʅ�̯˝�̤ɭɭ�̯ʎɭ�ɭ͔˝ʴ̸̯ʓ˝ˉ�˝ʄ� ʴɀɠ˝̝ɀ-
̯˝̝͛�̝̚˝ʫɭɡ̯̤�͕ʎɭ̝ɭ�͕ɭ�͕ɭ̝ɭ�ɀɠʴɭ�̯˝�ɡ˝ˉ-
̯̝˝ʴ�Ό̸ɀˉ̸̯ʽ�̤ ̯ɀ̯ɭ̤੔�͕ ʎʓɡʎ�͕ ɭ̝ɭ ઑ̯̄�̚ ˝̤̤ʓɠʴɭ�
ɠɭʄ˝̝ɭ੔�̯˝�ɠ̸ʓʴɧ�ʽɀɡʎʓˉɭ̤�̯ʎɀ̯�ɀ̝ɭ�ɀɠʴɭ�̯˝�
ʽɀʓˉ̯ɀʓˉ�̯ʎɭʽ�ʓˉ�ɀ�̤̯ɀɠʴɭ�̤̯ɀ̯ɭ�ʄ˝̝�̚ɭ̝ʓ˝ɧ̤�
˝ʄ�̯ʓʽɭ੓�!̸̯�ʎ˝͕�ɧ˝�͕ɭ�ɡ̝ɭɀ̯ɭ�̤˝ʽɭ̯ʎʓˉʅ�
̯ʎɀ̯�ɡɀˉ�ɧ˝�ɡ˝ʽ̸̯̚ʓˉʅ�ʄ˝̝�̸̤੔�͕ʎʓɡʎ�ɀʴʴ˝͕̤�
̸̤�ʓˉ�̤˝ʽɭ�ɡɀ̤ɭ̤੔�̯˝�ɧ˝�ʓ̯�ʄɀ̤̯ɭ̝ਗ਼�Rˉ�˝̯ʎɭ̝�
ɡɀ̤ɭ̤੔�͕ɭ�ɡɀˉ�ɀɡ̸̯ɀʴʴ͛�ɧ˝�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ̤�ʓˉ�
͕ɀ̤͛�͕ʎʓɡʎ�͕ɭ�ɡɀ ઑ̯̄�ɡ̸̝̝ɭˉ̯ʴ͛�ɧ˝੔�͕ʎʓɡʎ�ʓ̤�
͕ʎɀ̯�̯ʎɭ͛�ɡɀʴʴ�̯ʎɭ�઎Ό̸ɀˉ̸̯ʽ�ɀɧ͔ɀˉ̯ɀʅɭએ�˝̝�
઎Ό̸ɀˉ̸̯ʽ�̸̤̝̚ɭʽɀɡ ੓͛એ��̯�̯ʎʓ̤�̤̯ɀʅɭ੔�͕ɭઑ͔ɭ�
˝ˉʴ͛�ʎɀɧ�˝ɡɡɀ̤ʓ˝ˉɀʴ�ɧɭʽ˝ˉ̤̯̝ɀ̯ʓ˝ˉ̤�˝ʄ�̯ʎɀ̯�
ɀɠʓʴʓ̯͛�˝̝�̯ʎɀ̯�ʓɧɭɀ੓
Û˝� ̯ʎɭ̝ɭઑ̤�ɀ�͕ʓɧɭ�̝ɀˉʅɭ�˝ʄ�͔ʓɭ͕̤�ɀ̤� ̯˝�

͕ʎɭ̯ʎɭ̝�̯ʎɀ̯�͕ʓʴʴ�ɠɭ�̚˝̤̤ʓɠʴɭ�ʓˉ�̯ʎ̝ɭɭ�͛ɭɀ̝̤੔�
˝̝�ˉɭ͔ɭ ੓̝�!ɭɡɀ̸̤ɭ�̤˝ʽɭ�̚ɭ˝̚ʴɭ�ʄɭɭʴ�̯ʎɀ̯�ɀ�
Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�͕ʓʴʴ�ˉɭ͔ɭ̝�͕˝̝ʯ੖�̯ʎɭ͛�

̯ʎʓˉʯ�̯ ʎɀ̯�͛ ˝̸�ʫ̸̤̯�ɡɀ ઑ̯̄�ʅɭ̯�̯ ˝�ɀ�̚ ˝ʓˉ̯�͕ ʎɭ̝ɭ�
͛˝̸�ɡɀˉ�ɡ˝ˉ̯̝˝ʴ�Ό̸ɀˉ̸̯ʽ�̤̯ɀ̯ɭ̤੔�͕ʎɭ̝ɭ�͛˝̸�
ɡɀˉ�ɧ˝�ʽ̸ʴ̯ʓ̚ʴɭ�ɡɀʴɡ̸ʴɀ̯ʓ˝ˉ̤�ɀ̯�̯ʎɭ�̤ɀʽɭ�
̯ʓʽɭ૆ઃ૆͕ʎʓɡʎ�ɧ˝ɭ̤�̤ɭɭʽ�ʴʓʯɭ�ɀˉ�ɭ͚ʎʓʴɀ̝ɀ̯-
ʓˉʅ�ɡɀ̚ɀɡʓ̯ ੓͛
Ôɭʅɀ̝ɧʴɭ̤̤੔�͕ɭઑ̝ɭ�ˉ˝͕�̤ɭɭʓˉʅ�̯ʎɭ�ɀɠʓʴʓ̯͛�

˝ʄ�ˉɭ͕�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�̯˝�ɡ˝ˉ̯̝˝ʴ�Ό̸ɀˉ̸̯ʽ�
̤̯ɀ̯ɭ̤੔�͕ʎʓɡʎ�ɀʴʴ˝͕̤�̸̤�̯˝�ɧ˝�ɠɭ̯̯ɭ̝�̤ɭˉ̤ʓˉʅ੓�
R̯ઑ̤�ɀʴʴ˝͕ʓˉʅ�̸ ̤�̯ ˝�ɧ˝�̤ ˝ʽɭ�ɀɡɡɭʴɭ̝ɀ̯ʓ˝ˉ�͕ ʓ̯ʎ�
ɭ͔ɭˉ�˝̸̝�ɡʴɀ̤̤ʓɡɀʴ�ɡ˝ʽ̸̯̚ɭ̝̤੖�̯˝�ɧ˝�ɡ˝ʽ̸̚-
̯ɀ̯ʓ˝ˉ̤�ʄɀ̤̯ɭ ੓̝��ˉɧ�ʓˉ�̯ʎɭ˝̝ ੔͛�͕ʎɭˉ�͕ɭઑ̝ɭ�
ʎɭɀ̝ʓˉʅ�ɀɠ˝̸̯�̯ʎɭ�̝ɀˉʅɭ�˝ʄ�̚˝̤̤ʓɠʓʴʓ̯ʓɭ̤�ʓˉ�
ʎ̸ʽɀˉ�̄ ɀ̸̯̝ɭ૆੗૆͕ʎɭ̝ɭ�͕ ɭ�ʎɀ͔ɭ�ɡʎ˝ʓɡɭ̤�ɀˉɧ�
ɡɀˉ�ɡʎ˝˝̤ɭ�ˉɭ͕�̚ɀ̯ʎ͕ɀ̤͛૆੗૆ʓ̯ઑ̤�ɀʴʴ˝͕ʓˉʅ�̸̤�
̯˝�ɠɭ�ʽ˝̝ɭ�̯ʎɀˉ�ɀ̯˝ʽ̤�˝ʄ�̯ʎɭ�̸ˉʓ͔ɭ̝̤ɭ੓
Rʄ�͕ ɭ�͕ ɭ̝ɭ�ɀɠʴɭ�̯ ˝�ʅɭ̯�ɀ�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝�

̯˝�˝̚ɭ̝ɀ̯ɭ੔�͕ɭ�͕˝̸ʴɧ�ʎɀ͔ɭ�̯ʎɭ�ɀɧ͔ɀˉ̯ɀʅɭ�˝ʄ�
ɧɭɀʴʓˉʅ�͕ʓ̯ʎ�ɠʓʅ�Ό̸ɭ̤̯ʓ˝ˉ̤�̸̤ɡʎ�ɀ̤�ɡʴʓʽɀ̯ɭ੖�
ɀ�ʽɀʫ˝̝�̯˝̚ʓɡ�ɀ̯�̯ʎɭ�ʽ˝ʽɭˉ̯੓�"ʴʓʽɀ̯ɭ�ʽ˝ɧ-
ɭʴʴʓˉʅ�ʓ̤�ʴʓʽʓ̯ɭɧ�ɠ͛�̯ʎɭ�ɡ˝ʽ̸̯̚ɀ̯ʓ˝ˉ�̚˝͕ɭ̝�
͛˝ ઑ̸͔ɭ�ʅ˝̯�ʓˉ�͛ ˝̸̝�̤ ̸̚ɭ̝ɡ˝ʽ̸̯̚ɭ̝̤੓�Û˝੔�ʓʄ�͕ ɭ�
͕ɭ̝ɭ�ɀɠʴɭ�̯˝�ɧ˝�ʽ˝̝ɭ�ɡ˝ʽ̚ʴɭ͚�ʽ˝ɧɭʴʴʓˉʅ੔�
̯ʎɀ̯�͕ ˝̸ʴɧ�ʅʓ͔ɭ�̸ ̤�̯ ʎɭ�̚ ˝̯ɭˉ̯ʓɀʴ�̯ ˝�ʎɀ͔ɭ�̤ ˝̝̯�
˝ʄ�ɀ�͕ɀ͛�˝ʄ�ʽ˝ɧɭʴʴʓˉʅ�̝ɭɀʴʓ̯͛�ʓˉ�ɀ�͕ɀ͛�̯ʎɀ̯�
ʽʓʅʎ̯�ɠɭ�ɡʴ˝̤ɭ̝�̯˝�̯ʎɭ�̸̯̝̯ʎ�ɠɭɡɀ̸̤ɭ�͛˝ ઑ̸͔ɭ�
got to remember any model is only as good 
ɀ̤�̯ʎɭ�ɧɭ̤ʓʅˉ�˝ʄ�̯ʎɭ�̚ɀ̝ɀʽɭ̯ɭ̝̤�͛˝̸�ɡʎ˝˝̤ɭ੓
İ̸ʓ̯ɭ�˝оɭˉ�͕ɭ� ̯ʎʓˉʯ� ̯ʎɀ̯�ʽ˝ɧɭʴ̤� ɀ̝ɭ�

ɭ͔ɭ̝̯͛ʎʓˉʅ�ɠ̸̯੔�ʎ˝̚ɭʄ̸ʴʴ ੔͛�͕ʎɭˉ�͕ɭ�ʎɀ͔ɭ�
ʽ˝̝ɭ�̚˝͕ɭ̝ʄ̸ʴ�ɡ˝ʽ̸̯̚ɭ̝̤੔�͕ɭ�͕ʓʴʴ�ɠɭ�ɀɠʴɭ�
̯˝�ɡ˝ʽ̸̯̚ɭ�̔ ˝ɧɭʴ̤�̯ ʎɀ̯�ɀ̝ɭ�ɡʴ˝̤ɭ̝�̯ ˝�̝ ɭɀʴʓ̯ ੓͛�
Û˝�͕ʎɭˉ�͛˝̸�ɀ̤ʯ�̯ʎɭ�Ό̸ɭ̤̯ʓ˝ˉ�˝ʄ�͕ʎɭ̝ɭ�̯ʎɭ�
ɠ˝̸ˉɧɀ̝ʓɭ̤�ɀ̝ɭ੔�ʓ̯ઑ̤�ʓʽ̚˝̤̤ʓɠʴɭ�̯ ˝�̤ ɀ ੓͛�Ċɭઑ͔ɭ�
̤ɭɭˉ�̋ ͔ɭ̝�ʎʓ̤̯˝̝͛�̯ ʎɀ̯�͕ ʎɭˉ�͛ ˝̸�ʎɀ͔ɭ�ɀ�ɹ ˝̯�̋ ʄ�
̚ɭ˝̚ʴɭ�͕ʎ˝�ɀ̝ɭ�ʄ˝ɡ̸̤ɭɧ�˝ˉ�ɀ�̝̚˝ɠʴɭʽ�̸̯̚-
̯ʓˉʅ�̯ ʎɭʓ̝�ɠ̝ɀʓˉ̤�ʓˉ̯˝�ʓ̯�̯ ˝ʅɭ̯ʎɭ ੔̝�ɡ˝ʴʴɭɡ̯ʓ͔ɭʴ ੔͛�
͕ɭ�ɀɡ̸̯ɀʴʴ͛�̤ɭɭ�̝̚ɭ̯̯͛�̤ʓʅˉʓпɡɀˉ̯�̤ʎʓо̤�ʓˉ�
̯ʎɭ�ʎɀ̝ɧ͕ɀ̝ɭ�̤ʓɧɭ�˝ʄ�̯ʎʓˉʅ̤੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Ċʎɀ̯�͕ɭઑ̝ɭ�̯̝͛ʓˉʅ�̯˝�ɧ˝�
̯˝ɧɀ͛�ʓ̤�ʎɭʴ̚ʓˉʅ�ɡ̝ɭɀ̯ɭ�ɀ�ʽ˝ɧɭʴ�̯˝�ʎɭʴ̚�̸̤�
̯ʎʓˉʯ�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�̄ ɭ͚̯�ɧɭɡɀɧɭ̤੕�৖৔ৗ৔�̯ ˝�৖৔৙৔�
ɀˉɧ�ɠɭ͛˝ˉɧ੓��ˉɭ�Ό̸ɭ̤̯ʓ˝ˉ�ʄ̝˝ʽ�̋ ̸̝�ɀ̸ɧʓɭˉɡɭ�
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ʓ̤�ɀɠ˝̸̯�̯ ʎɭ�ɠʓɀ̤�ɀ̤̤˝ɡʓɀ̯ɭɧ�͕ ʓ̯ʎ��R�̯ ̝ɀʓˉʓˉʅ�
˝ˉ�͕ ʎʓ̯ɭ�̔ ɀʴɭ̤�ʓˉ�Ċɭ̤̯ɭ̝ˉ�ɡ˝̸ˉ̯̝ʓɭ̤૆੗૆ɀ�͔ ɭ̝͛�
ʄɀʽ˝̸̤�ʄɀɡʓɀʴ�̝ɭɡ˝ʅˉʓ̯ʓ˝ˉ�ɭ͚ɀʽ̚ʴɭ੓�mɭ̯�ʽɭ�
ɀ̤ʯ�̋ ̸̝�̚ ɀˉɭʴʴʓ̤̯̤੕�Ċʎɭˉ�͕ ʓʴʴ�͕ ɭ�̸ ˉɧɭ̝̤̯ɀˉɧ�
ɠʓɀ̤ɭɧ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ɀˉɧ�̯ ʎɭʓ̝�̚ ˝̯ɭˉ̯ʓɀʴ�ʎɀ̝ʽ̤ਗ਼�
Ċʎɭˉ�͕ʓʴʴ�͕ɭ�ʎɀ͔ɭ�ɭˉ˝̸ʅʎ�̝̚˝̯ɭɡ̯ʓ˝ˉ̤�ɀˉɧ�
̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̋ ʄ�ʎ˝͕�̯ ˝�̸ ̤ɭ�ɧɀ̯ɀ�̤ ʓʽʓʴɀ̝�̯ ˝�
̯ʎɭ�͕ɀ͛�͕ɭ�̸̤ɭ�ɭʴɭɡ̯̝ʓɡʓ̯͛ਗ਼
M(ઉĊ੕�Юɭ̝ɭઑ̤�ɀ�ɠʓʅ�ɧʓаɭ̝ɭˉɡɭ�ɠɭ̯͕ɭɭˉ��R�
ɀ̤�ɀˉ�ɀʴʅ˝̝ʓ̯ʎʽ�ɀˉɧ�̯ʎɭ�ɧɀ̯ɀ�͛˝̸�̸̯̚�ʓˉ̯˝�
ʓ̯੓��R�ɀ̤�ɀˉ�ɀʴʅ˝̝ʓ̯ʎʽ�ʓ̤�ˉ˝̯�̝ɭɀʴʴ͛�ɠʓɀ̤ɭɧ�˝̝�
̸ˉɠʓɀ̤ɭɧ�˝̝�ɀˉ̯͛ʎʓˉʅ੔�̝ɭɀʴʴ ੓͛�R̯ઑ̤�ˉ˝̯�ɭ̯ʎʓ-
ɡɀʴ�˝̝�̸ˉɭ̯ʎʓɡɀʴ੓�R̯ઑ̤�ɀˉ�ɀʴʅ˝̝ʓ̯ʎʽ੓�!̸̯�ʓ̯�ʓ̤�
ɧʓдɡ̸ʴ̯�ʓʄ�͛˝̸�̯ɀʯɭ�ɀˉ�ɀʴʅ˝̝ʓ̯ʎʽ੔�̯ʎɀ̯�̤ɀ͛�
ɡʴɀ̤̤ʓпɭ̤�̯ʎʓˉʅ̤੔�ɀˉɧ�͛˝̸�̯̝͛�ʓ̯�˝ˉ�ɀ�̤ɭ̯�˝ʄ�
ɧɀ̯ɀ੔�͕ʎʓɡʎ�ɡ˝ʽ̝̚ʓ̤ɭ̤�˝ˉʴ͛�˝ˉɭ�ɡʴɀ̤̤੔�̯ʎɭˉ�
͛˝̸�͕ʓʴʴ�ɭˉɧ�̸̚�͕ʓ̯ʎ�ɀˉ�ɀˉ̤͕ɭ̝��͕ʎʓɡʎ�ɠɀ̤ʓ-
ɡɀʴʴ͛�ɡʴɀ̤̤ʓпɭ̤�ɭ͔ɭ̝̯͛ʎʓˉʅ�ʓˉ̯˝�̯ ʎɀ̯�ɡʴɀ̤̤૆੗૆ʓʄ�
͛˝̸�̤ɭɭ�͕ʎɀ̯�R�ʽɭɀˉ੓
R̯ઑ̤ � ̯ʎɭ� ɧɀ̯ɀ� ̚ɀ̝̯� ̯ʎɀ̯� ̝ɭɀʴʴ͛� ̝ɀʓ̤ɭ̤� ̯ʎɭ�

ɭ̯ʎʓɡ̤�ʓ̸̤̤ɭ̤�̝ɀ̯ʎɭ̝�̯ʎɀˉ�̯ʎɭ�ɀʴʅ˝̝ʓ̯ʎʽ੓�v͛�
͕ʓʄɭ�ʓ̤�ɀ�̤ ̯ɀ̯ʓ̤̯ʓɡʓɀˉ�ɀˉɧ�̤ ʎɭ�ɹ ˝˝ʯ̤�ɀ̯�̯ ʎʓ̤�ɀˉɧ�
̤ʎɭ�̤ ɀ̤͛੔�͕ ɭʴʴ੔�̤ ̯ɀ̯ʓ̤̯ʓɡʓɀˉ̤�ʎɀ͔ɭ�ɠɭɭˉ�ɧɭɀʴʓˉʅ�
͕ʓ̯ʎ�ɠʓɀ̤�ʄ˝̝�̤ ˝�ɹ ˝ˉʅ੔�ʓ̯ઑ̤ �̄ ˝̯�ʄ̸ˉˉ ੓͛�Đ̋ ̸�ʯˉ˝ ੔͕�
͕ɭ�ˉɭɭɧ�̯˝�̤ɀʽ̚ʴɭ�̯ʎɭ�ɡ˝ʽ̚ʴɭ̯ɭ�̤̚ɀɡɭ�ʓˉ�ɀ�
͕ɀ͛�̯ ʎɀ̯ઑ̤ �̝ ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ͔ɭ�̋ ʄ�̯ ʎɭ�̤ ̚ɀɡɭ�̯ ʎɀ̯�͕ ɭ�
͕ʓ̤ʎ�̯˝�ʽɀʯɭ�ɧɭɡʓ̤ʓ˝ˉ̤�˝ˉ੓�Rʄ�͕ɭ�ɀ̝ɭ�̯˝�ɭˉɧ�
̸̚�͕ʓ̯ʎ�ɀ�̝ɭʅ̝ɭ̤̤ʓ˝ˉ�ʄ̸ˉɡ̯ʓ˝ˉ੔�ɀ�ɡʴ̸̤̯ɭ̝ʓˉʅ�
ɀʴʅ˝̝ʓ̯ʎʽ�͕ʎʓɡʎ�ʅɭˉ̸ʓˉɭʴ͛�͕ʓʴʴ�ʴɭɀɧ�̯˝�ʅ˝˝ɧ�
˝̸̯ɡ˝ʽɭ̤�ʓˉ�̯ ʎɭ�ʄ̸̸̯̝ɭ੔�ʓ̯ઑ̤ �̄ ˝̯�̝ ˝ɡʯɭ̯�̤ ɡʓɭˉɡɭ੓�
�ˉɭ�̯ ʎʓˉʅ�͕ ɭ�̝ ɭɀʴʴ͛�̄ ɭɭɧ�̯ ˝�ɧ˝�ʓʄ�͕ ɭઑ̝ɭ�ʅ˝ʓˉʅ�
̯˝�ɀɧɧ̝ɭ̤̤�ɠʓɀ̤� ʓˉ��R� ʓ̤�̯˝�ʽɀʯɭ�̸̤̝ɭ�ɭ͔ɭ-
̝͛˝ˉɭ�ʅɭ̯̤�̯̝ɀʓˉɭɧ�ʓˉ�̤̯ɀ̯ʓ̤̯ʓɡ̤�͕ʎɭˉ�̯ʎɭ͛ઑ̝ɭ�
ɀ̯�̤ɡʎ˝˝ʴ੓�Юɭˉ�̚ɭ˝̚ʴɭ�ʽʓʅʎ̯�ɀ̝̚̚ɭɡʓɀ̯ɭ�̯ʎɭ�
͕ɀ͛�ɧɀ̯ɀ�ɧ̝ʓ͔ɭ̤�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ�̝̚˝ɡɭ̤̤ɭ̤੓�
D˝̝�ɭ͚ɀʽ̚ʴɭ੔�̤˝ʽɭ�̚ɭ˝̚ʴɭ�̸̚ɠʴʓ̤ʎɭɧ�ɀ�̚ɀ̚ɭ̝�
͕ʎɭ̝ɭ�̯ ʎɭ͛�̯ ̝ʓɭɧ�̯ ˝�ɧʓ̤̯ʓˉʅ̸ʓ̤ʎ�ɠɭ̯͕ɭɭˉ�ɡ̝ʓʽ-
inals and non-criminals, and it turned out 
̯ʎɀ̯�̯ ʎɭ͛�ʎɀɧ�̯ ̝ɀʓˉɭɧ�̯ ʎɭʓ̝�̔ ɭ̯ʎ˝ɧ�̯ ˝�ɧɭ̯ɭɡ̯�

͕ʎɭ̯ʎɭ̝�̸̤ɠʫɭɡ̯̤�͕ɭ̝ɭ�̤ʽʓʴʓˉʅ�˝̝�ˉ˝̯੓�Ю˝̤ɭ�
͕ʎ˝�͕ɭ̝ɭ ઑ̯̄�̤ʽʓʴʓˉʅ�͕ɭ̝ɭ�ʄ̝˝ʽ�̝̚ʓ̤˝ˉ̤੓�v͛�
̚˝ʓˉ̯�ʓ̤�̯ʎɀ̯�ʓ̯ઑ̤ �ʅ˝˝ɧ�̤̯ɀ̯ʓ̤̯ʓɡ̤�̯ʎɀ̯�ɧ̝ʓ͔ɭ̤�
ɀɡɡ̸̝ɀɡ͛�ʽ˝̝ɭ�̯ʎɀˉ�ɀˉ̯͛ʎʓˉʅ�ɭʴ̤ɭ੓
CF:�Rઑʽ�ɀ�ɠʓʅ�ʄɀˉ�˝ʄ�̤̯ɀ̯̤�ɀˉɧ�Rઑʽ�̝ɭɀʴʴ͛�ɡ˝ˉ-
ɡɭ̝ˉɭɧ�̯ʎɀ̯�͕ɭ�ɀ̝ɭ ઑ̯̄�̯ɭɀɡʎʓˉʅ�ʓ̯�ɭˉ˝̸ʅʎ੓�
Ċɭઑ̝ɭ� ̤ɭɭʓˉʅ� ̯˝˝�ʽɀˉ͛� ̤̯ɀ̯ʓ̤̯ʓɡ̤� ̤ɡʎ˝˝ʴ̤�
ɠɭʓˉʅ�ɡʴ˝̤ɭɧ�ɧ˝͕ˉ�ʓˉ�̸ˉʓ͔ɭ̝̤ʓ̯ʓɭ̤੖�̯ʎɀ̯ઑ̤�ɀ�
ɠʓʅ�рɀʅ�ʄ˝̝�ʽɭ੓�Юɭ̝ɭઑ̤�ɀ�ʅ̝˝̸̚�˝ʄ�̚ɭ˝̚ʴɭ�
͕ʎ˝�ɀ̝ɭ�̝ɭɀʴʴ͛�ʯɭɭˉ�̯˝�ʅɭ̯�ʽ˝̝ɭ�̤̯ɀ̯ʓ̤̯ʓɡ̤�
ʓˉ̯˝� ˝̸̝� ɭɧ̸ɡɀ̯ʓ˝ˉ� ̤̤̯͛ɭʽ੔� ɀˉɧ� R� ̯ʎʓˉʯ�
̯ʎɀ̯ઑ̤�ɀɠ̤˝ʴ̸̯ɭʴ͛�̯ʎɭ�͕ɀ͛�ʄ˝̝͕ɀ̝ɧ੓�Ċɭ�ˉɭɭɧ�
̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�ʽ˝̝ɭ�̝̚ɭɡʓ̤ɭʴ͛�ʎ˝͕�͕ɭઑ̝ɭ�
ʽɀʯʓˉʅ�ɧɭɡʓ̤ʓ˝ˉ̤�ɀˉɧ�͕ʎ˝�͕ɭ�ɀ̝ɭ�ɡ˝ˉ̤ʓɧɭ̝-
ʓˉʅ੓�R̤�ʓ̯�ʎ̸ʽɀˉ�̄ ɀ̸̯̝ɭ�̋ ̝�̯ ʎɭ�͕ ɀ͛�͕ ɭ�̤ ˝ɡʓɀʴ-
ʓ̤ɭਗ਼�Ċɭ�ʎɀ͔ɭ�̯ʎʓ̤�̸̯̝ɡʯʴ˝ɀɧ�˝ʄ�̸ˉɡ˝ˉ̤ɡʓ˝̸̤�
ɠʓɀ̤੓�æ˝�ʎɀ͔ɭ�ɀ�ʴ˝ʅʓɡɀʴ�͕ɀ͛�̯˝�ɡ̸̯�̯ʎ̝˝̸ʅʎ�
̯ʎɀ̯�ɠʓɀ̤�ʓ̤�ɀɠ̤˝ʴ̸̯ɭʴ͛�ɡ̝ʓ̯ʓɡɀʴ੓
Ċɭ�̔ ̸̤̯�ɀɧɧ�̯ ̝ɀˉ̤̚ɀ̝ɭˉɡ ੓͛���ɹ ˝̯�̋ ʄ�̯ ʎʓˉʅ̤�

͕ʎʓɡʎ�ɀ̝ɭ�ɠɭʓˉʅ�ɧ˝ˉɭ�͔ ʓɀ��R�̤ ̤̯͛ɭʽ̤੔�ɠɭʎʓˉɧ�
̤ɭɀ̝ɡʎ� ɭˉʅʓˉɭ̤� ˝̝� ̤˝ɡʓɀʴ� ʽɭɧʓɀ੔� ʓˉ͔˝ʴ͔ɭ�
̤˝ʽɭ�ɧɭɡʓ̤ʓ˝ˉ�ʽɀʯʓˉʅ�͕ʎʓɡʎ�ɧ˝ɭ̤ ઑ̯̄�ʅʓ͔ɭ�
̸̤�ɀ�ɡʎ˝ʓɡɭ�˝̝�ʯˉ˝͕ʴɭɧʅɭ�˝ʄ�͕ʎɀ̯�̚ɀ̝ɀʽ-
ɭ̯ɭ̝̤�̯ʎɭ͛�ɀ̝ɭ�̸̤ʓˉʅ੓�æ˝�͕˝̝ʯ�̯˝͕ɀ̝ɧ̤�ʽ˝̝ɭ�
̯̝ɀˉ̤̚ɀ̝ɭˉɡ ੔͛�͕ ɭ�̄ ɭɭɧ�ੲɀੳ�̸ ˉɧɭ̝̤̯ɀˉɧʓˉʅ੔�̤ ˝�
̯ʎɭ̝ɭઑ̤�ɭɧ̸ɡɀ̯ʓ˝ˉ੔�ɀˉɧ�ੲɠੳ�̯̝ɀˉ̤̚ɀ̝ɭˉɡ ੔͛�̤˝�
͕ɭ�ʯˉ˝͕�͕ʎɀ̯ઑ̤�ʅ˝ʓˉʅ�˝ˉ੓��ˉ˝̯ʎɭ̝�˝ˉɭ�ʓ̤�
̯˝�ʎɀ͔ɭ�ɭ̯ʎʓɡɀʴ�ɡ˝ˉ̤̯̝ɀʓˉ̯̤�̯ʎɀ̯�͕ɭ�ɀ̤�ɀ�̤˝ɡʓ-
ɭ̯͛�ɀʅ̝ɭɭ�˝ˉ੓�M˝͕�ɀ̝ɭ�͕ɭ�ʅ˝ʓˉʅ�̯˝�ʽɀˉɀʅɭ�
̯ʎɭ̤ɭ�ɭʽɭ̝ʅʓˉʅ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɀˉɧ�̯ ʎɭ�̋ ̚̚˝̝-
̸̯ˉʓ̯ʓɭ̤�̯ʎɭ͛�˝аɭ ੔̝�ɠ̸̯�ɀʴ̤˝�ʽɀʯɭ�̸̤̝ɭ�̯ʎɀ̯�
̯ʎɭ͛ઑ̝ɭ�̸̤ɭɧ�ʓˉ�͕ɀ̤͛�̯ʎɀ̯�ɀʴʴ˝͕�̸̤�ɀʴʴ�̯˝�ʄɭɭʴ�
̤ɀʄɭ�ɀˉɧ�̯ ʎɀ̯�̯ ʎɭ̝ɭ�ʓ̤ ઑ̯̄�ɠʓɀ̤�̯ ʎɀ̯�̔ ɭɀˉ̤�̯ ʎɀ̯�
̤˝ʽɭ�ɀ̝ɭ�ɧʓ̤ɀɧ͔ɀˉ̯ɀʅɭɧ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Ċɭઑ͔ɭ�ɠɭɭˉ�̝ɭɀʴʴ͛�ʎ˝ˉ-
˝̸̝ɭɧ�̯ ˝ɧɀ͛�̯ ˝�ʎɭɀ̝�̯ ʎɭ̤ɭ�̚ ɭ̝̤̚ɭɡ̯ʓ͔ɭ̤�ʄ̝˝ʽ�
�̸̤̯̝ɀʴʓɀઑ̤�"ʎʓɭʄ�Ûɡʓɭˉ̯ʓ̤̯�ɀˉɧ��ɭ͕�Û˝̸̯ʎ�
Ċɀʴɭ̤�E˝͔ɭ̝ˉʽɭˉ̯ઑ̤�"ʎʓɭʄ� Ûɡʓɭˉ̯ʓ̤̯� ɀˉɧ�
Engineer.
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(ʓʅʓ̯ɀʴ�ʴʓʄɭ̯ʓʽɭ�˝ʄ�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛

D̝ɀˉɡɭ̤�D˝̤̯ɭ̝઀Ю˝̝̚ɭુa੔�Û̸ɭ�!ɭˉˉɭ̯̯ુb

aુ.͚ɭɡ̸̯ʓ͔ɭ�(ʓ̝ɭɡ̯˝̝�Ûʎɀ̚ʓˉʅ�D̸̸̯̝ɭ̤੔��ÛĊ�(ɭ̚ɀ̝̯ʽɭˉ̯�˝ʄ�Ñ̝ɭʽʓɭ̝�ɀˉɧ�"ɀɠʓˉɭ̯ 
bુ(ɭ̸̯͛̚�(ʓ̝ɭɡ̯˝̝�ɀˉɧ�"˝ˉˉɭɡ̯ɭɧ�"ʎʓʴɧ�"˝઀mɭɀɧɭ ੔̝��Ô"�"ɭˉ̯̝ɭ�˝ʄ�.͚ɡɭʴʴɭˉɡɭ�ʄ˝̝�̯ʎɭ�(ʓʅʓ̯ɀʴ�

"ʎʓʴɧ੔�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�Ċ˝ʴʴ˝ˉʅ˝ˉʅ

v˝ɧɭ̝ɀ̯˝̝�ɀˉɧ�Ôɀ̚̚˝̝̯ɭ̸̝੕�Rɀˉ��̚̚ɭ̝ʽɀˉˉ੔�"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯੔��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯੖�Rˉɧ̸̤̯̝͛�
Ñ̝˝ʄɭ̤̤˝ ੔̝�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ ੔͛�Û͛ɧˉɭ͛

D̝ɀˉɡɭ̤�D˝̤̯ɭ̝઀Ю˝̝̚ɭ

R�ʫ˝ʓˉ�͛˝̸�ʄ̝˝ʽ�ɠ˝̯ʎ�ɀ�ʄ̸̸̯̝ɭ̤�̸ˉʓ̯�ʓˉ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�ɀˉɧ�ɀ�ˉɀ̯ʓ˝ˉɀʴ�̯ɭɀʽ�̯ʎɀ̯ઑ̤�
ʄ˝ɡ̸̤ɭɧ�̋ ˉ�ʎ˝͕�̯ ˝�ɠ̝ʓˉʅ�̯ ˝ʅɭ̯ʎɭ̝�ɧɀ̯ɀ�ʄ̝˝ʽ�
ɀɡ̝˝̤̤��̸̤̯̝ɀʴʓɀઑ̤�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�̯˝�ʓʽ̝̚˝͔ɭ�
˝̸̯ɡ˝ʽɭ̤�ʄ˝̝�̚ ɭ˝̚ʴɭ�͕ ʓ̯ʎ�ɧʓ̤ɀɠʓʴʓ̯ʓɭ̤੓�æ˝ɧɀ ੔͛�
Rઑʴʴ�ʄ˝ɡ̸̤�п̝̤̯�˝ˉ�̯ʎɭ�ɧʓʅʓ̯ɀʴ�ʴʓʄɭ�˝ʄ�̯ʎɭ�ɡʎʓʴɧ�
ʄ̝˝ʽ�̯ ʎɭ�̚ ɭ̝̤̚ɭɡ̯ʓ͔ɭ�̋ ʄ�̯ ʎɭ�͕ ˝̝ʯ�̯ ʎɀ̯�ʓ̤�ɡ̸̝-
̝ɭˉ̯ʴ͛�̸ ˉɧɭ̝͕ɀ͛�ʓˉ�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�̯ ˝�ʓʽ̝̚˝͔ɭ�
̯ʎɭ�ɧɀ̯ɀ�̯ ʎɀ̯�͕ ˝̸ʴɧ�ɠɭ�ɀ͔ɀʓʴɀɠʴɭ�ʄ˝̝�ɧʓаɭ̝ɭˉ̯�
̚ʎɀ̤ɭ̤�˝ʄ�̯ʎɭ�ɡʎʓʴɧઑ̤�ʴʓʄɭ੓�m˝˝ʯʓˉʅ�̯˝͕ɀ̝ɧ̤�
৖৔৙৔੔�ɧʓаɭ̝ɭˉ̯�ɭа˝̝̯̤�͕ʓʴʴ�ˉɭɭɧ�̯˝�ɠɭ�ʽɀɧɭ�
̯˝�̝ɭ̤̚˝ˉɧ�̯˝�̯ʎɭ�ɭ͚̚ɭɡ̯ɀ̯ʓ˝ˉ̤�̯ʎɀ̯�ʅ˝͔ɭ̝ˉ-
ʽɭˉ̯̤�ɀ̝ɭ�ʎɭɀ̝ʓˉʅ�ʄ̝˝ʽ�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤੓
D˝̝�̯ʎɭ�п̝̤̯�ˉʓˉɭ�͛ɭɀ̝̤�˝ʄ�̯ʎɭ�ʴʓʄɭ�˝ʄ�ɀ�

ɡʎʓʴɧ�͕ʎ˝�ʓ̤�ʴ̸ɡʯ͛�ɭˉ˝̸ʅʎ�̯˝�ɠɭ�ɠ˝̝ˉ�ʓˉ�
�̸̤̯̝ɀʴʓɀ�̯˝ɧɀ ੔͛�̯ʎɭ�ʄ˝ɡ̸̤�ʄ˝̝�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�
ʓ̤�ʽɀʯʓˉʅ�̸̤̝ɭ�̯ʎɀ̯�ɧɀ̯ɀ�ʓ̤�ɡ˝ʴʴɭɡ̯ɭɧ�ɀˉɧ�
̯ʎɭˉ�̸̤ɭɧ�ʓˉ�ɀ�͕ɀ͛�̯ʎɀ̯�ɡ˝ˉˉɭɡ̯̤�̯ʎɭ�ɡʎʓʴɧ�
ɀˉɧ�̯ʎɭʓ̝�ʄɀʽʓʴ͛�̯˝�̸̤̚̚˝̝̯̤�̯ʎɀ̯�̯ʎɭ͛�ˉɭɭɧ�
̯˝�̯ʎ̝ʓ͔ɭ੓�Юɭ̝ɭ�ɀ̝ɭ�̤˝�ʽɀˉ͛�̚˝̯ɭˉ̯ʓɀʴ�͕ɀ̤͛�
̯ʎɀ̯�ɧɀ̯ɀ�ɀˉɧ�ɧʓʅʓ̯ɀʴ�̤̤̯͛ɭʽ̤�ɡ˝̸ʴɧ�ɠɭ�̸̤ɭɧ੔�
ʓ̯�̤ɭɭʽ̤�ʎɭʴ̚ʄ̸ʴ�̯˝�ɠ̝ɭɀʯ�̯ʎʓ̤�ɧ˝͕ˉ�ʓˉ̯˝�
̯ʎ̝ɭɭ�ʯɭ͛�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ˉɭɭɧ̤�̯ʎɀ̯�͕ɭ�͕ʓʴʴ�
͕˝̝ʯ�̯˝͕ɀ̝ɧ̤�ʓˉ�ʅ˝͔ɭ̝ˉʽɭˉ̯੓
Юɭ�п̝̤̯�ʓ̤�̯ʎɀ̯�ɧɀ̯ɀ�ʓ̤�ʽɀɧɭ�ɀ͔ɀʓʴɀɠʴɭ�̯˝�

̯ʎ˝̤ɭ�͕ ˝̝ʯʓˉʅ�ɧʓ̝ɭɡ̯ʴ͛�͕ ʓ̯ʎ�ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�̯ ˝�
̚ɀ̝ɭˉ̯̤੔�ʄɀʽʓʴʓɭ̤੔�ɡɀ̝ɭʅʓ͔ɭ̝̤੔�ʓˉ�˝̝ɧɭ̝�̯ʎɀ̯�
̯ʎɭ͛�ɡɀˉ�ʽ˝̝ɭ�ɀɡɡ̸̝ɀ̯ɭʴ͛�ɀ̤̤ɭ̤̤� ɀ� ɡʎʓʴɧઑ̤�
ˉɭɭɧ̤੓�.ɀ̝ʴ͛�˝ˉ੔�̯ʎɀ̯�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʽʓʅʎ̯�ɠɭ�
ɀ͔ɀʓʴɀɠʴɭ�̯˝�̤ɀ ੔͛�ˉ̸̝̤ɭ̤�ɀˉɧ�̚ɀ̝ɭˉ̯̤�̯˝�ʎɭʴ̚�
ɀ̤̤ɭ̤̤�̯ʎɭ�ɡʎʓʴɧઑ̤�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�͕ʎɭ̯ʎɭ̝�

̯ʎɭ͛ઑ̝ɭ�ʎʓ̯̯ʓˉʅ�̔ ʓʴɭ̤̯˝ˉɭ̤�ɀˉɧ�̯ ʎɭˉ�̚ ɭ̝ʎɀ̤̚�
ʴɀ̯ɭ̝�̯˝�ɀˉ�ɭɀ̝ʴ͛�ɭɧ̸ɡɀ̯˝̝�˝̝�̯ɭɀɡʎɭ̝�ʓˉ�ʯʓˉ-
ɧɭ̝ʅɀ̝̯ɭˉ�ɀˉɧ�Đɭɀ̝�৕�̯˝�̤ɭɭ�ʎ˝͕�̯ʎɭ͛�ɀ̝ɭ�
̝̚˝ʅ̝ɭ̤̤ʓˉʅ�ɀ̯�̚ ̝ɭ̤ɡʎ˝˝ʴ�ɀˉɧ�̤ ɡʎ˝˝ʴ੓��ˉ͛˝ˉɭ�
͕ʎ˝ઑ̤�ʎɀɧ�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�ʓˉ̯˝�̯ʎɭʓ̝�ʄɀʽʓʴ͛�ʓˉ�
̯ʎɭ�ɹ ɀ̤̯�৕৔�͛ ɭɀ̝̤�͕ ˝̸ʴɧ�ʯˉ˝͕�ʫ̸̤̯�ʎ˝͕�ɭ͚̯ɭˉ-
̤ʓ͔ɭ�̯ ʎɭ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʓ̤�ɀɠ˝̸̯�̯ ʎɭ�̔ ʓʴɭ̤̯˝ˉɭ̤�
ɀˉɧ�̯ʎɭ�ʽʓɡ̝˝�ʽʓʴɭ̤̯˝ˉɭ̤�̯ʎɀ̯�ɭɀɡʎ�ɡʎʓʴɧ�ʓ̤�
ˉ˝͕�ɭ͚̚ɭɡ̯ɭɧ�̯˝�̝ɭɀɡʎ੓
Юɭ� ̤ɭɡ˝ˉɧ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ˉɭɭɧ� ʓ̤� ɧɀ̯ɀ�

̯ʎɀ̯ઑ̤�ɀ͔ɀʓʴɀɠʴɭ�̯˝�̯ʎɭ�̤̤̯͛ɭʽ�̝ɭ̤̚˝ˉ̤ʓɠʴɭ�
ʄ˝̝�̝̚˝͔ʓɧʓˉʅ� ̤ɭ̝͔ʓɡɭ̤� ɀˉɧ� ̸̤̚̚˝̝̯̤� ̯˝� ɀ�
ɡʎʓʴɧ�ɀˉɧ�̯˝�̯ʎɭʓ̝�ʄɀʽʓʴʓɭ̤�̤˝�̯ʎɀ̯�̯ʎɭ͛�ɡɀˉ�
̤ɭɭ�͕ʎɭ̯ʎɭ̝�̯ʎɭ̝ɭઑ̤�ɀ�ʽɀ̯ɡʎ�ɠɭ̯͕ɭɭˉ�̯ʎ˝̤ɭ�
ˉɭɭɧ̤�ɀˉɧ�̯ʎɭ�̤̯ɭ̤̚�ɀ͔ɀʓʴɀɠʴɭ੓�Юʓ̤�Ό̸ɭ̤̯ʓ˝ˉ�
ʓ̤ ઑ̯̄�ʫ̸̤̯�ɀɠ˝̸̯�̯ʎɭ�̤ɭ̝͔ʓɡɭ�ɀ͔ɀʓʴɀɠʴɭ�ʓˉ�̯ʎɭ�
ɀ̝ɭɀ�͕ʎɭ̝ɭ�ɀ�ɡʎʓʴɧ�ɀˉɧ�̯ʎɭʓ̝�ʄɀʽʓʴ͛�ʴʓ͔ɭ੓�R̯�
ʓˉ͔˝ʴ͔ɭ̤�ʽ̸ɡʎ�ʽ˝̝ɭ�ˉ̸ɀˉɡɭɧ�Ό̸ɭ̤̯ʓ˝ˉ̤�̯˝�
ɧɭ̯ɭ̝ʽʓˉɭ�͕ʎɭ̯ʎɭ̝�̯ʎɀ̯�̤ɭ̝͔ʓɡɭ�ʓ̤�ɀ̝̚̚˝̝̚ʓ-
ɀ̯ɭ�̯˝�̯ʎɀ̯�ɡʎʓʴɧઑ̤�ˉɭɭɧ̤੓�Û˝�ʓʄ�ɀ�ɡʎʓʴɧ�ʎɀ̤�
ɀ�̚ɀ̝̯ʓɡ̸ʴɀ̝�̯͛̚ɭ�˝ʄ�ɧʓ̤ɀɠʓʴʓ̯ ੔͛�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ�
ɀ̸̯ʓ̤ʽ੔� ʓ̤� ̯ʎɭ̝ɭ� ɀ� ̤ɭ̝͔ʓɡɭ� ɀ͔ɀʓʴɀɠʴɭ� ̯ʎɀ̯ઑ̤�
ʓˉɡʴ̸̤ʓ͔ɭ� ɀˉɧ� ̤̚ɭɡʓɀʴʓ̤̯� ̯˝� ̯ʎɭ� ̚ɀ̝̯ʓɡ̸ʴɀ̝�
ˉɭɭɧ̤�˝ʄ�̯ʎɀ̯�ɡʎʓʴɧਗ਼�Юɭ̝ɭઑ̤�ɀʴ̤˝�ɀ�ˉɭɭɧ�ʄ˝̝�
̸̚ɠʴʓɡ�̤ɭ̝͔ʓɡɭ̤�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�ʎ˝͕�ɡʎʓʴɧ̝ɭˉ�
ɀˉɧ�ʄɀʽʓʴʓɭ̤�ɀ̝ɭ�ʽɀʯʓˉʅ�̯ʎɭʓ̝�͕ɀ͛�̯ʎ̝˝̸ʅʎ�
ɧʓаɭ̝ɭˉ̯� ̤̤̯͛ɭʽ̤੓�Юʓ̤� ̝ɭΌ̸ʓ̝ɭ̤�͕ʎɀ̯�͕ɭ�
˝оɭˉ�̝ɭʄɭ̝�̯˝�ɀ̤�̚ɀ̯ʎ͕ɀ̤͛�ɀˉɀʴ̤͛ʓ̤੓�
�ˉɧ� ̯ʎɭ� ̯ʎʓ̝ɧ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ˉɭɭɧ� ʓ̤�

ʽɀʯʓˉʅ�ɧɀ̯ɀ�ɀ͔ɀʓʴɀɠʴɭ�̯˝�̯ʎ˝̤ɭ�ɀˉɀʴ̤͛ʓˉʅ�
ɀˉɧ� ̝ɭ̤ɭɀ̝ɡʎʓˉʅ� ̯ʎɭ�ɭ͔ʓɧɭˉɡɭ�ɠɀ̤ɭ�ɀɠ˝̸̯�
ʎ˝͕�̯˝�ɠɭ̤̯�ʽɭɭ̯�̯ʎɭ�ˉɭɭɧ̤�˝ʄ�ɀ�ɡʎʓʴɧ�ɀˉɧ�
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̯ʎɭʓ̝�ʄɀʽʓʴ ੓͛�Юʓ̤�ʓ̤�ɀɠ˝̸̯�ɡ˝ˉˉɭɡ̯ʓˉʅ�̄ ɭɭɧ̤੔�
̤ɭ̝͔ʓɡɭ̤੔�̸̤̚̚˝̝̯̤�ɀˉɧ�ʄ̸ˉɧʓˉʅ�̯˝�̯ʎɭ�˝̸̯-
ɡ˝ʽɭ̤�̯ʎɀ̯�ɀ�ɡʎʓʴɧ੔�˝̝�ɡ˝ʎ˝̝̯�˝ʄ�ɡʎʓʴɧ̝ɭˉ੔�
ɡɀˉ�ɀɡʎʓɭ͔ɭ੓
�� ɡʎʓʴɧ� ɠ˝̝ˉ� ̯˝ɧɀ͛� ͕ʓʴʴ� ɠɭˉɭп̯� ʄ̝˝ʽ�

̯ʎɭ�ʽ̸ɡʎ�ɠɭ̯̯ɭ̝�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̯ʎɀ̯�͕ɭઑ͔ɭ�
˝ɠ̯ɀʓˉɭɧ�ʅʴ˝ɠɀʴʴ͛�ɀɠ˝̸̯�̯ʎɭ�̚˝͕ɭ̝�˝ʄ�ɭɀ̝ʴ͛�
ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ�̯˝�ɡʎɀˉʅɭ�̚ɀ̯ʎ͕ɀ̤͛�̯ʎɀ̯�ɡʎʓʴ-
ɧ̝ɭˉ�ɀ̝ɭ�˝ˉ੓�Юʓ̤�ʓ̤�ˉ˝̯�ʫ̸̤̯�ɀɠ˝̸̯�ʅ˝͔ɭ̝ˉ-
ʽɭˉ̯� ̤ɭ̝͔ʓɡɭ̤૆ઃ૆ɀʴ̯ʎ˝̸ʅʎ� R�ʽ˝̤̯ʴ͛� ̯ʎʓˉʯ�
ɀɠ˝̸̯�ɧɀ̯ɀ�ʓˉ�̯ʎ˝̤ɭ�̯ɭ̝ʽ̤૆ઃ૆ʓ̯ઑ̤�ɀʴ̤˝੔�ɡ̸̝-
ɡʓɀʴʴ ੔͛�ɀɠ˝̸̯�͕ʎɀ̯�R�ɡɀʴʴ�ʓˉʄ˝̝ʽɀʴ�̸̤̚̚˝̝̯੓�
Юʓ̤�ʓˉɡʴ̸ɧɭ̤�̤ ̸̚̚˝̝̯̤�̯ ʎɀ̯�ɡ˝ʽɭ�ʄ̝˝ʽ�ʄɀʽʓʴ͛�
ɀˉɧ�ɡ˝ʽʽ̸ˉʓ̯͛�˝̝�̸̤̚̚˝̝̯̤�̯ʎɀ̯�ɀ�ʄɀʽʓʴ͛�
ʽʓʅʎ̯�̝̚ʓ͔ɀ̯ɭʴ͛�̚ɀ͛�ʄ˝ ੔̝�ɀ̤�͕ɭʴʴ�ɀ̤�̯ʎɭ�͔ɀʴ̸ɭ�
ʄ˝̝�ɀ�ɡʎʓʴɧ�˝ʄ�ɠɭʓˉʅ�ɠ˝̝ˉ�ʓˉ̯˝�ɀˉ�ʓˉɡʴ̸̤ʓ͔ɭ�
ɡ˝ʽʽ̸ˉʓ̯͛�̋ ̝�ɀ�ɧɭʽ˝ɡ̝ɀɡ ੓͛��ʴ̯ʎ˝̸ʅʎ�̯ ʎɭ̤ɭ�
ɀ̝ɭ�ʽ˝̝ɭ�ʓˉ̯ɀˉʅʓɠʴɭ�̯ʎʓˉʅ̤੔�̯ʎɭ͛�ɀ̝ɭ�̝ɭɀʴʴ͛�
ʓʽ̚˝̝̯ɀˉ̯�̯ ˝�ɹ ʓʄɭ�̋ ̸̯ɡ˝ʽɭ̤੓�.͔ɭˉ�̯ ʎ˝̸ʅʎ�͕ ɭ�
ʎɀ͔ɭ�ʴɭɀ̝ˉ̯�ɀ�ʅ̝ɭɀ̯�ɧɭɀʴ�ɀɠ˝̸̯�ɭɀ̝ʴ͛�ʓˉ̯ɭ̝-
͔ɭˉ̯ʓ˝ˉ�˝͔ɭ̝�̝ɭɡɭˉ̯�ɧɭɡɀɧɭ̤੔�R�̯ʎʓˉʯ�ʅ˝͔-
ɭ̝ˉʽɭˉ̯̤�ɡ˝ʽɭ�ʄ̝˝ʽ�̯ʎɭ�̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ੔�ɀ̤�ɧ˝�
ʽ˝̤̯�̝ɭ̤ɭɀ̝ɡʎɭ̝̤�ʓˉ�̯ʎɭ�̤ɭɡ̯˝ ੔̝�̯ʎɀ̯�̯ʎɭ̝ɭ�ʓ̤�
̤˝�ʽ̸ɡʎ�ʽ˝̝ɭ�̯˝�ʴɭɀ̝ˉ੖�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�͕ʎɭ̝ɭ�
ɡʎʓʴɧ̝ɭˉ�ʎɀ͔ɭ�̤̚ɭɡʓпɡ�ˉɭɭɧ̤੓
D˝̝� ɭ͚ɀʽ̚ʴɭ੔� ɀ� ɡʎʓʴɧ� ɠ˝̝ˉ�͕ʓ̯ʎ� ɀ� ̚ɀ̝-

̯ʓɡ̸ʴɀ̝�ɧɭ͔ɭʴ˝̚ʽɭˉ̯ɀʴ�ɧɭʴɀ͛�ʓˉ�ɀ�ɡ̸ʴ̸̯̝ɀʴʴ͛�
ɧʓ͔ɭ̝̤ɭ� ʄɀʽʓʴ ੓͛�Ċʎɀ̯�ɀ̝ɭ� ̯ʎɭʓ̝�̚ɀ̝̯ʓɡ̸ʴɀ̝�
ˉɭɭɧ̤ਗ਼�Rઑʽ�ʄ˝ɡ̸̤ʓˉʅ�̋ ˉ�̯ ʎɭ�̝ ʓɡʎ�ʓˉ̤ʓʅʎ̯̤�̯ ʎɀ̯�
ɡɀˉ�ɡ˝ʽɭ�ʄ̝˝ʽ�ʴʓˉʯʓˉʅ�ɧɀ̯ɀ�ʄ̝˝ʽ�̤ɭ̝͔ʓɡɭ�
̤̤̯͛ɭʽ̤�ɀˉɧ�ʄ̝˝ʽ�̤ ̸̝͔ɭ͛�ɧɀ̯ɀ੔�͕ ʓ̯ʎ˝̸̯�ʓɧɭˉ-
̯ʓʄ͛ʓˉʅ�ɀˉ͛�ʓˉɧʓ͔ʓɧ̸ɀʴ�ɡʎʓʴɧ੓�E˝͔ɭ̝ˉʽɭˉ̯�
ɧɀ̯ɀ�ʓ̤�˝оɭˉ�̸̤ɠʫɭɡ̯�̯˝�̝̚ʓ͔ɀɡ͛઀̝̚ɭ̤ɭ̝͔ʓˉʅ�
ɀˉɧ�ɧɭ઀ʓɧɭˉ̯ʓпɡɀ̯ʓ˝ˉ� ̯ɭɡʎˉʓΌ̸ɭ̤੓�Юʓ̤� ʓ̤�
ɀɠ˝̸̯�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̯ʎɭ�̚ɀ̝̯ʓɡ̸ʴɀ̝ʓ̯ʓɭ̤�˝ʄ�
ʎ˝͕�ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�ɧʓаɭ̝ɭˉ̯�ɡ˝ʎ˝̝̯̤�˝ʄ�ɡʎʓʴ-
ɧ̝ɭˉ�ʽ˝͔ɭ�̯ʎ̝˝̸ʅʎ�̚ɀ̯ʎ͕ɀ̤͛�ʓˉ�ʴʓʄɭ੓�Юɭ̝ɭ�
ɀ̝ɭ�ɀʴ̤˝�ɧɀ̯ɀ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ʓɧɭˉ̯ʓʄ͛�̚ɀ̝̯ʓɡ̸-
ʴɀ̝�ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�ʄɀʽʓʴʓɭ̤੔�ɀˉɧ�̯ʎɭ͛ઑ̝ɭ�̝ɭɀʴʴ͛�
ʓʽ̚˝̝̯ɀˉ̯�̯˝�̯ʎʓˉʅ̤�ʴʓʯɭ�ɡʎʓʴɧ�̝̚˝̯ɭɡ̯ʓ˝ˉ�
˝̸̯ɡ˝ʽɭ̤੓� �̸̤̯̝ɀʴʓɀˉ� ʅ˝͔ɭ̝ˉʽɭˉ̯̤� ʎɀ͔ɭ�
ɧ˝ˉɭ�ʴ˝̯̤�˝ʄ�͕˝̝ʯ�˝͔ɭ̝�̯ʎɭ�̚ɀ̤̯�п͔ɭ�̯˝�৕৔�

͛ɭɀ̝̤੔�̯˝�̝ɭɀʴʴ͛�ʓʽ̝̚˝͔ɭ�̯ʎ˝̤ɭ�ɧɀ̯ɀ�̤̤̯͛ɭʽ̤�
̯ʎɀ̯�̸̤̚̚˝̝̯�̯ʎɭ�ˉɭɭɧ̤�R�̯ɀʴʯɭɧ�ɀɠ˝̸̯੓
Rʄ�̯ʎʓ̤�ɡʎʓʴɧ�ʓ̤�ɠ˝̝ˉ�ʓˉ�ɀɠ˝̸̯�ʎɀʴʄ�˝ʄ��̸̤-

̯̝ɀʴʓɀˉ�̤ ̯ɀ̯ɭ̤�̋ ̝�̯ ɭ̝̝ʓ̯˝̝ʓɭ̤੔�̯ ʎɭ͛�ɀ̝ɭ�ɹ ʓʯɭʴ͛�̯ ˝�
ɠɭ�ɠ˝̝ˉ�ʓˉ̯˝�ɀ�ʫ̸̝ʓ̤ɧʓɡ̯ʓ˝ˉ�̯ ʎɀ̯�ʎɀ̤�̯ ʎɭ�ʯʓˉɧ�
˝ʄ�ɧɀ̯ɀ�ʴʓˉʯɀʅɭ�̯ʎɀ̯�R�͕ɀ̤�̯ɀʴʯʓˉʅ�ɀɠ˝̸̯�̯˝�
̤˝ʽɭ�ɭ͚̯ɭˉ̯੓�!̸̯�˝͔ɭ̝ɀʴʴ੔�ʓ̯�͕ʓʴʴ�ɠɭ�̚ɀ̯ɡʎ ੓͛�
Rˉ�̯ʎɭ�˝̯ʎɭ̝�ʎɀʴʄ੔�̯ʎɭ͛�͕ʓʴʴ�ˉ˝̯�ʎɀ͔ɭ�ɀɡɡɭ̤̤�
̯˝�ɀʴʴ�̯ʎɭ�̤ɭ̝͔ʓɡɭ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ɀ̝ɭ�̤ɭ̝͔ʓˉʅ�
̯ʎɭʽ੓��˝͕ʎɭ̝ɭ�ʓ̤�̯ʎɭ̝ɭ�̝ɭɀʴʴ͛�ʎʓʅʎ઀Ό̸ɀʴʓ̯ ੔͛�
ˉɀ̯ʓ˝ˉɀʴʴ͛�ɹ ʓˉʯɭɧ�ɧɀ̯ɀ੓��̸̤̯̝ɀʴʓɀ�ʓ̤�ɡ˝ʽ̚ɀ̝ɀ-
̯ʓ͔ɭʴ͛�ɠɭʎʓˉɧ�ʓˉ�̯ʎɭ�͕ɀ͛�̯ʎɀ̯�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�
ɡɀˉ�ɀɡɡɭ̤̤�ɧɀ̯ɀ�̤ ̤̯͛ɭʽ̤�̯ ˝�ʓˉʄ˝̝ʽ�̯ ʎɭʓ̝�̋ ͕ˉ�
̤ɭ̝͔ʓɡɭ̤�ɀˉɧ�ʎɀ͔ɭ�̝̚˝͔ʓɧɭɧ�ɀɡɡɭ̤̤�̯˝�˝̯ʎɭ̝̤੔�
̸̤ɡʎ�ɀ̤�̝ɭ̤ɭɀ̝ɡʎɭ̝̤�˝̝�̯ʎ˝̤ɭ�̯ʎɀ̯�̝̚˝͔ʓɧɭ�
̤ɭ̝͔ʓɡɭ̤੔�ɀ̤�͕ɭʴʴ�ɀ̤�ʓˉɧʓ͔ʓɧ̸ɀʴ̤੓
Ċɭઑ̝ɭ�ɠɭʎʓˉɧ�ɡ˝ʽ̚ɀ̝ɀɠʴɭ�ɡ˝̸ˉ̯̝ʓɭ̤�ʴʓʯɭ�

�ɭ͕�Ěɭɀʴɀˉɧ੔� ̯ʎɭ�íˉʓ̯ɭɧ�iʓˉʅɧ˝ʽ� ɀˉɧ�
"ɀˉɀɧɀ੔�ɠɀ̤ʓɡɀʴʴ ੔͛�ɠɭɡɀ̸̤ɭ�͕ɭ�ʎɀ͔ɭ�ɀˉ�̸ˉ̸-
̸̤ɀʴ� ʄɭɧɭ̝ɀʴ� ̤̚ʴʓ̯� ˝ʄ�͕ʎ˝� ʄ̸ˉɧ̤� ɧʓаɭ̝ɭˉ̯�
̤ɭ̝͔ʓɡɭ̤੓��˝̯�˝ˉʴ͛�ɀ̝ɭ�͕ɭ�ɀ�ʄɭɧɭ̝ɀ̯ʓ˝ˉ੔�͕ʓ̯ʎ�
ʽɀˉ͛�ɡ˝˝̝ɧʓˉɀ̯ʓ˝ˉ�ɡʎɀʴʴɭˉʅɭ̤੔�ɠ̸̯�͕ɭઑ̝ɭ�ɀ�
ʄɭɧɭ̝ɀ̯ʓ˝ˉ�͕ʎɭ̝ɭ�ʯɭ͛�̤ɭ̝͔ʓɡɭ̤�̝̚˝͔ʓɧɭɧ�̯˝�
ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�ʄɀʽʓʴʓɭ̤�ɀ̝ɭ�̝̚˝͔ʓɧɭɧ�ɀɡ̝˝̤̤�
ɧʓаɭ̝ɭˉ̯�ʴɭ͔ɭʴ̤�˝ʄ�ʅ˝͔ɭ̝ˉʽɭˉ̯੓�Rʄ�͛˝̸�̯ʎʓˉʯ�
ɀɠ˝̸̯�̯ʎɭ�п̝̤̯�̯͕˝�ʽ˝ˉ̯ʎ̤�˝ʄ�̯ʎʓ̤�ɡʎʓʴɧઑ̤�
ʴʓʄɭ੔�̯ʎɭ͛ઑ̝ɭ�ʴʓʯɭʴ͛�̯˝�ɠɭ�ɠ˝̝ˉ�ʓˉ̯˝�ɀ�ʎ˝̤̚ʓ̯ɀʴ�
̤̤̯͛ɭʽ�̚ ̝˝͔ʓɧɭɧ�ɠ͛�ɀ�̤ ̯ɀ̯ɭ�ʅ˝͔ɭ̝ˉʽɭˉ̯੓�!̸̯�
͕ʎɭˉ�̯ʎɭ͛�ʅ˝�ʎ˝ʽɭ੔�̯ʎɭ͛ઑʴʴ�ɠɭ�̤ɭ̝͔ʓɡɭɧ�ɠ͛�
ɡ˝ʽʽ̸ˉʓ̯͛�ˉ̸̝̤ɭ̤੔�ɀʴ̤˝�̝̚˝ɠɀɠʴ͛�̝̚˝͔ʓɧɭɧ�
ɠ͛�ɀ�̤ ̯ɀ̯ɭ�ʅ˝͔ɭ̝ˉʽɭˉ̯੔�ɠ̸̯�̚ ˝̯ɭˉ̯ʓɀʴʴ͛�ɠ˝̝ˉ�
ʓˉ̯˝�ɀˉ��ɠ˝̝ʓʅʓˉɀʴ�ɡ˝ʽʽ̸ˉʓ̯ ੔͛�̚ɭ̝ʎɀ̤̚�ɠ͛�
ɀ�ˉɀ̯ʓ˝ˉɀʴ��ɠ˝̝ʓʅʓˉɀʴ�ʽɭɧʓɡɀʴ�̤ɭ̝͔ʓɡɭ�̝̚˝-
͔ʓɧɭ̝�̯ʎɀ̯�͕ʓʴʴ�̯ʎɭˉ�ʅ˝�̯˝�ɀ�EÑ੓
D˝̸̝̯ˉɀ̯ɭʴ͛�ʄ˝̝�̯ ʎɭ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯ ˝ɧɀ ੔͛�̯ ʎɭ͛�

ɀ̝ɭ�ɠ˝̝ˉ�ʓˉ̯˝�ɀ�ɡ˝̸ˉ̯̝͛�̯ʎɀ̯�ʓ̤�ʽɀ̤̤ʓ͔ɭʴ͛�
ɀɡɡɭʴɭ̝ɀ̯ʓˉʅ�ʓ̯̤�ɭа˝̝̯̤�̯˝�̝̚˝͔ʓɧɭ�̯ʎɭ�ʯʓˉɧ�
˝ʄ�ɧɀ̯ɀ�̤ ̤̯͛ɭʽ̤�̯ ʎɀ̯�Rઑ͔ɭ�̤ ̚˝ʯɭˉ�ɀɠ˝̸̯�̯ ˝ɧɀ ੓͛�
!̸̯�R�͕ɀˉ̯ɭɧ�̯˝�ʴ˝˝ʯ�ʄ˝̝͕ɀ̝ɧ�̯˝�͕ʎɭˉ�̯ʎɭ�
ɡʎʓʴɧ�ʓ̤�ɀ�̯ɭɭˉɀʅɭ̝�ɀˉɧ�̯ʎɭˉ�ɀ�͛˝̸ˉʅ�ɀɧ̸ʴ̯੔�
ɀˉɧ�̚˝ʓˉ̯�˝̸̯�ɭ͚̚ɭɡ̯ɀ̯ʓ˝ˉ̤�̯ʎɀ̯�͕ɭઑ̝ɭ�ʎɭɀ̝-
ʓˉʅ�ʄ̝˝ʽ�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤੓��ˉɭ�ʓ̤�̯ʎɀ̯�̯ʎɭ̤ɭ�
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ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̤̤̯͛ɭʽ̤�ɀ̝ɭ�ˉ˝̯�ʫ̸̤̯�̯ʎɭ�ʅ˝͔-
ɭ̝ˉʽɭˉ̯̤ઑ੓�Юɭ͛�ɀ̝ɭ� ɀʴ̤˝� ʄ˝̝�̚ɭ˝̚ʴɭ�͕ʎ˝�
ɀ̝ɭ�ʽɀʯʓˉʅ�ɧɭɡʓ̤ʓ˝ˉ̤�ɀɠ˝̸̯�̯ʎɭʓ̝�˝͕ˉ�ʴʓ͔ɭ̤੓�
R̯ઑ̤�ˉ˝̯�ʫ̸̤̯�ɀ�˝ˉɭ઀͕ɀ͛�̯̝ɀˉ̤ʄɭ̝�˝ʄ�ɧɀ̯ɀ�̯ʎɀ̯�
ʅ˝͔ɭ̝ˉʽɭˉ̯̤�ʎ˝ʴɧ੔�ɠ̸̯�ʓ̯�ɀʴ̤˝�ɡ˝̸ʴɧ�ɭˉɀɠʴɭ�
ɀ�̝ʓɡʎ�ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ�ɀɠ˝̸̯�̯ʎɭ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�
̯ʎɀ̯�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�ʎɀ͔ɭ�ɀɠ˝̸̯�̯ ʎɭʓ̝�̋ ͕ˉ�̋ ̸̯-
ɡ˝ʽɭ̤�ɀˉɧ�͕ʎɀ̯ઑ̤�ʓʽ̚˝̝̯ɀˉ̯�̯˝�̯ʎɭʽ੓��ʴ̤˝੔�
ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�ˉ˝͕�ɧɭʽɀˉɧ�̯˝�ʎɀ͔ɭ�ɀ�͔˝ʓɡɭ�
ʓˉ�ʎ˝͕�̯ ʎɭ�ɧɀ̯ɀ�ʓ̤�ɠɭʓˉʅ�̸ ̤ɭɧ੓��ˉɧ�͕ ɭ�̝ ɭɀʴʴ͛�
̤ɭɭ�̯ ʎʓ̤੔�̚ ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�ʓˉ�̯ ʎɭ�"ʴ˝̤ʓˉʅ�̯ ʎɭ�Eɀ̚�
ɀʅ̝ɭɭʽɭˉ̯�̝ɭɡɭˉ̯ʴ͛�̤ʓʅˉɭɧ�ɠ͛�ʅ˝͔ɭ̝ˉʽɭˉ̯̤੔�
͕ʎɭ̝ɭ� ̯ʎɭ̝ɭઑ̤� ɀ� ɡ˝ʽʽʓ̯ʽɭˉ̯� ̯˝� ̤ʎɀ̝ʓˉʅ�
ʽ̸ɡʎ�ʽ˝̝ɭ�ɧɀ̯ɀ੔�ɠ̸̯�ɀʴ̤˝�ɀ�ɡ˝ʽʽʓ̯ʽɭˉ̯�
̯˝�̤ʎɀ̝ʓˉʅ�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ�ɀɠ˝̸̯�̯ʎɭ�ɧɀ̯ɀ੓

Û̸ɭ�!ɭˉˉɭ̯̯
!͛�͕ɀ͛�˝ʄ�ʓˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ੔�Rઑʽ�ʅ˝ʓˉʅ�̯˝�̤̯ɀ̝̯�
ɀ�̤̯˝̝͛੖�̯ʎɭ�̤̯˝̝͛�˝ʄ�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�ɀˉɧ�
͕ʎɀ̯� ̯ʎɭ͛ઑ̝ɭ� ʴʓʯɭʴ͛� ̯˝�ɭ͚̚ɭ̝ʓɭˉɡɭ�ɀ̤� ̯ʎɭ͛�
ʅ̝˝͕�̸ ̚�̤ ̸̝̝˝̸ˉɧɭɧ�ɠ͛�̯ ɭɡʎˉ˝ʴ˝ʅ ੓͛�R̯ઑ̤�ɡʴɭɀ̝�
̯˝�ɀʴʴ�˝ʄ�̸̤�̯ʎɀ̯�ɀ�ɠɀɠ͛�ɠ˝̝ˉ�̯˝ɧɀ͛�ʓ̤�ɠ˝̝ˉ�
ʓˉ̯˝�ɀˉ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɧʓʅʓ̯ɀʴ�͕ ˝̝ʴɧ੓�D˝̝�̔ ɀˉ͛�
ɧɭɡɀɧɭ̤੔�̄ ɭ͕�ʓˉˉ˝͔ɀ̯ʓ˝ˉ̤�ʓˉ�ɧʓʅʓ̯ɀʴ�̯ ɭɡʎˉ˝ʴ-
˝ʅʓɭ̤�ʎɀ͔ɭ�ɠɭɭˉ�ɡʎɀˉʅʓˉʅ�̯ʎɭ�͕ɀ̤͛�͕ɭ�ʴʓ͔ɭ�
˝̸̝�ʴʓ͔ɭ̤੔�ʄ̝˝ʽ�̯ʎɭ�͕ɀ̤͛�͕ɭ�͕˝̝ʯ�ɀˉɧ�ʴɭɀ̝ˉ੔�
̯˝�̯ʎɭ�͕ɀ̤͛�͕ɭ�ɡ˝ʽʽ̸ˉʓɡɀ̯ɭ੔�̯ʎɭ�͕ɀ̤͛�͕ɭ�
̤˝ɡʓɀʴʓ̤ɭ੔�̯ʎɭ�͕ɀ͛�͕ɭ�ʓˉ̯ɭ̝ɀɡ̯�͕ʓ̯ʎ�ʅ˝͔ɭ̝ˉ-
ʽɭˉ̯�̤ɭ̝͔ʓɡɭ̤�̸̤ɡʎ�ɀ̤�ɭɧ̸ɡɀ̯ʓ˝ˉ�ɀˉɧ�ʎɭɀʴ̯ʎ੔�
ɀˉɧ�̯ ʎɭ�͕ ɀ̤͛�͕ ɭ�̤ ̚ɭˉɧ�̋ ̸̝�ɹ ɭʓ̸̤̝ɭ�̯ ʓʽɭ੓�Ċɭ�
͕ɭ̝ɭ�͕ɭʴʴ�ɀ͕ɀ̝ɭ�˝ʄ�̯ʎʓ̤�ɠɭʄ˝̝ɭ�"�ĉR(੔�ɠ̸̯�
̚ɭ̝ʎɀ̤̚�͕ɭઑ̝ɭ�ɭ͔ɭˉ�ʽ˝̝ɭ�ɀ͕ɀ̝ɭ�˝ʄ�ʓ̯�ˉ˝ ੓͕�
æɭɡʎˉ˝ʴ˝ʅ͛�ʎɀ̤�ɭˉɀɠʴɭɧ�̔ ɀˉ͛�̋ ʄ�̸ ̤�̯ ˝�ɹ ɭɀ̝ˉ�
ɀˉɧ�͕˝̝ʯ�̤ɀʄɭʴ͛�ʄ̝˝ʽ�ʎ˝ʽɭ੔�̯˝�ʽɀʓˉ̯ɀʓˉ�
ɡ˝ˉ̯ɀɡ̯�͕ʓ̯ʎ�˝̸̝�ʄɀʽʓʴʓɭ̤੔�ʄ̝ʓɭˉɧ̤�ɀˉɧ�ɡ˝ʽ-
ʽ̸ˉʓ̯ʓɭ̤੔�˝̝ɧɭ̝�ɭ̤̤ɭˉ̯ʓɀʴ̤�ɀˉɧ�˝̯ʎɭ̝�̯ʎʓˉʅ̤�
˝ˉʴʓˉɭ੔�ɀʴʴ�͕ʎʓʴɭ�ɠɭʓˉʅ�̝ɭ̤̯̝ʓɡ̯ɭɧ�ʄ̝˝ʽ�˝̸̝�
̸̸̤ɀʴ�ʓˉ઀̚ɭ̝̤˝ˉ�ɀɡ̯ʓ͔ʓ̯ʓɭ̤੓�Ю̝˝̸ʅʎ�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�̝̚˝͔ʓ̤ʓ˝ˉ�ɀɡ̝˝̤̤�̯ʎɭ�ʓˉ̯ɭ̝ˉɭ̯�ɡ˝ˉ̯ɀɡ̯઀
̯̝ɀɡʓˉʅ�ɀ̤̚̚੔�͕ɭઑ͔ɭ�ɠɭɭˉ�ɀɠʴɭ� ̯˝�ʽɀˉɀʅɭ�
̤˝ʽɭ�˝ʄ�̯ʎɭ�̝ʓ̤ʯ̤�˝ʄ�̯ʎɭ�̚ɀˉɧɭʽʓɡ੓�Mɭɀʴ̯ʎ�
̝̚˝ʄɭ̤̤ʓ˝ˉɀʴ̤�͕ʎ˝ઑ͔ɭ�ɠɭɭˉ�ɀɠʴɭ�̯˝�̝̚˝͔ʓɧɭ�

ɡɀ̝ɭ�̝ ɭʽ˝̯ɭʴ͛�ʎɀ͔ɭ�ɧ˝ˉɭ�̤ ˝�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�ʎɭʴ̚�
˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ ੓͛
�ʴ̯ʎ˝̸ʅʎ�͕ɭઑ͔ɭ�̤ɭɭˉ�̤˝ʽɭ�˝ʄ�̯ʎɭ�ɧ˝͕ˉ-

̤ʓɧɭ̤੔�̸̤ɡʎ�ɀ̤�̯ʎɭ�̤̝̚ɭɀɧ�˝ʄ�ʽʓ̤ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�
̯ɭɡʎˉ˝ʴ˝ʅ͛�ʎɀ̤�ɠɭɭˉ�͔ʓ̯ɀʴ�ʓˉ�ʎɭʴ̚ʓˉʅ�̸̤�ʅɭ̯�
̯ʎ̝˝̸ʅʎ�̯ʎʓ̤�̤˝�ʄɀ ੓̝
Û˝੔�͕ʎɀ̯�ˉ˝͕�ʄ˝̝�̯ʎɭ�ড়৔৔�˝̝�̤˝�ɠɀɠʓɭ̤�

͕ʎ˝�͕ʓʴʴ�ɠɭ�ɠ˝̝ˉ�̯˝ɧɀ͛�ʓˉ��̸̤̯̝ɀʴʓɀਗ਼�Ċɭʴʴ੔�
ɀʴ̯ʎ˝̸ʅʎ�͕ɭ�ʽʓʅʎ̯�̤ɀ͛�̯ʎ˝̤ɭ�ɠɀɠʓɭ̤�ɀ̝ɭ�ʫ̸̤̯�
ɡ˝ʽʓˉʅ�ʓˉ̯˝�̯ʎɭ�͕˝̝ʴɧ�ʄ˝̝�̯ʎɭ�п̝̤̯�̯ʓʽɭ�
ˉ˝ ੔͕�ʽ˝̤̯�˝ʄ�̯ʎɭʽ�ɀʴ̝ɭɀɧ͛�ʎɀ͔ɭ�ɀ�ɧʓʅʓ̯ɀʴ�
ʄ˝˝̯̝̚ʓˉ̯੓
Юɀ̯� ʄ˝˝̯̝̚ʓˉ̯� ͕ʓʴʴ� ʎɀ͔ɭ� ɠɭʅ̸ˉ� ʓˉ� ɀ�

ˉ̸ʽɠɭ̝�˝ʄ�͕ɀ̤͛੓�Юɭ�ʽ˝̤̯�ʄɀʽʓʴʓɀ̝�˝ˉɭ�ʓ̤�
ɀˉ�̸ʴ̯̝ɀ̤˝̸ˉɧ�̚ʎ˝̯˝�̤ʎɀ̝ɭɧ�̯ʎ̝˝̸ʅʎ�̤˝ɡʓɀʴ�
ʽɭɧʓɀ੔�̯˝ʅɭ̯ʎɭ̝�͕ʓ̯ʎ�ɀɡɡ˝ʽ̚ɀˉ͛ʓˉʅ�ɡ˝ʽ-
ʽɭˉ̯̤�ʄ̝˝ʽ�ʄɀʽʓʴ͛�ɀˉɧ�ʄ̝ʓɭˉɧ̤੓�Ñɭ̝ʎɀ̤̚�̚ ɀ̝-
ɭˉ̯̤�̸ ̤ɭɧ�ɀ�̚ ̝ɭʅˉɀˉɡ͛�ɀ̚̚�̯ ˝�̯ ̝ɀɡʯ�̚ ̝˝ʅ̝ɭ̤̤�
ʓˉ�ɀˉ̯ʓɡʓ̚ɀ̯ʓ˝ˉ�˝ʄ�̯˝ɧɀ ੔͛�ɀˉɧ�ɭ͔ɭˉ�ɠɭʄ˝̝ɭ�
̯ʎɀ̯੔�̚ ɀ̝ɭˉ̯̤�̔ ʓʅʎ̯�ʎɀ͔ɭ�̸ ̤ɭɧ�ɀ�ʄɭ̝̯ʓʴʓ̯͛�ɀ̚̚�
̯˝�ʎɭʴ̚�̯ ʎɭʽ੓�Юɭ͛�ɡɀˉ�̤ ɀ͔ɭ�ɭɀɡʎ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�
˝ˉ�̤˝ɡʓɀʴ�ʽɭɧʓɀ�˝̝�͕ʓ̯ʎ�ɀˉ�ɀ̚̚�̝̚˝ɧ̸ɡʓˉʅ�
ɧɀ̯ɀ੓�Û˝ʽɭ�˝ʄ�̯ʎɀ̯�ɧɀ̯ɀ�ʓ̤�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̯ʎɀ̯�
͕ɭઑ͔ɭ�ɭˉ̯ɭ̝ɭɧ�˝̸̝̤ɭʴ͔ɭ̤૆ઃ૆ˉ̸ʽɠɭ̝̤੔�͕˝̝ɧ̤੔�
ʓʽɀʅɭ̤૆ઃ૆ɀˉɧ�̤ ˝ʽɭ�̋ ʄ�̯ ʎɀ̯�ɧɀ̯ɀ�ʓ̤�ɀ̸̯˝ʽɀ̯ʓ-
ɡɀʴʴ͛�ʅɭˉɭ̝ɀ̯ɭɧ੔�̤ɀ ੔͛�ʄ̝˝ʽ�̤ɭ̯̯ʓˉʅ̤�̸̤ɡʎ�ɀ̤�
ʴ˝ɡɀ̯ʓ˝ˉ̤�ɀˉɧ�̯ʓʽɭ�̤̯ɀʽ̤̚੓
�ʴʴ�̯ʎʓ̤�ɧɀ̯ɀ�ɡɀˉ�ɠɭ�ɀˉɀʴ̤͛ɭɧ�ɀˉɧ�̸̤ɭɧ�ʓˉ�

̝ɭɀʴ�̯ ʓʽɭ�̋ ̝�ɡ̸ʽ̸ʴɀ̯ʓ͔ɭʴ ੔͛�ɀˉɧ�ʓ̯�ɡɀˉ�ɠɭ�ɠ̸ˉ-
ɧʴɭɧ�ʓˉ�ˉɭ͕�ɀˉɧ�̸ˉɭ͚̚ɭɡ̯ɭɧ�͕ɀ̤͛੓�R̯�ɡɀˉ�ɠɭ�
̸̤ɭɧ�̯ ˝�ɧɭʴʓ͔ɭ̝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̤ ̸ɡʎ�ɀ̤�̯ ɀ̝ʅɭ̯ɭɧ�
ɀɧ͔ɭ̝̯ʓ̤ʓˉʅ�̋ ̝�̯ ˝�̔ ɀʯɭ�̝ ɭɡ˝ʽʽɭˉɧɀ̯ʓ˝ˉ̤�̯ ˝�
ʓˉɧʓ͔ʓɧ̸ɀʴ̤੔�ɀˉɧ�ʓ̯�ɡɀˉ�ɠɭ�̸̤ɭɧ�̯˝�ɠ̸ʓʴɧ�̝̚˝-
пʴɭ̤�̯ʎɀ̯�̚˝͕ɭ̝�̯ʎɭ�ɀʴʅ˝̝ʓ̯ʎʽ̤�ɀˉɧ�ʽ˝ɧɭʴ̤�
̯ʎɀ̯�͕ɭ̝ɭ�ʽɭˉ̯ʓ˝ˉɭɧ�ɭɀ̝ʴʓɭ ੓̝��ˉɧ�ʓ̯�ɡɀˉ�ɠɭ�
̤˝ʴɧ�̋ ˉ�̯ ˝�̯ ʎʓ̝ɧ�̚ ɀ̝̯ʓɭ̤੔�ɀˉɧ�ɀʴʴ�̋ ʄ�̯ ʎʓ̤�ɠɭʄ˝̝ɭ�
(ɀ͛�৕�ʓˉ�̯ʎɭ�ʴʓ͔ɭ̤�˝ʄ�ɠɀɠʓɭ̤�ɠ˝̝ˉ�̯˝ɧɀ ੓͛
Ċʎɀ̯� ʽʓʅʎ̯� ͕ɭ� ɭ͚̚ɭɡ̯� ̯ʎ̝˝̸ʅʎ� ̯ʎɭ�

ˉɭ͚̯�п͔ɭ੔�৕৔੔�৕৙�͛ɭɀ̝̤�ɀˉɧ�ɠɭ͛˝ˉɧਗ਼�Юɭ̝ɭ�
͕ʓʴʴ�ɠɭ�ʽ̸ɡʎ�ʽ˝̝ɭ�̤ʎɀ̝ʓˉʅ�˝ʄ�̚ʎ˝̯˝̤�ɀˉɧ�
͔ʓɧɭ˝̤੔�ɀˉɧ�̝ɭɀʴ઀̯ʓʽɭ�ɡɀʴʴ̤�˝ˉʴʓˉɭ�̯˝�̤̯ɀ͛�ʓˉ�
̯˝̸ɡʎ੓��̤�͛˝̸ˉʅ�ɡʎʓʴɧ̝ɭˉ�ʅ̝˝͕�ɀˉɧ�ɭ͚̚ʴ˝̝ɭ�
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̯ʎɭ�͕˝̝ʴɧ੔�̯˝̸ɡʎ઀̤ɡ̝ɭɭˉ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�͕ʓʴʴ�
ɠɭɡ˝ʽɭ� ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛� ̚ɀ̝̯� ˝ʄ� ̯ʎɭʓ̝� ʴʓ͔ɭ̤੓�
Юɭ͛ઑʴʴ� ɠɭ�̚ʴɀ͛ʓˉʅ� ʅɀʽɭ̤� ɀˉɧ� ɡ˝ˉ̸̤ʽʓˉʅ�
ɀˉɧ�ɡ̝ɭɀ̯ʓˉʅ�ɡ˝ˉ̯ɭˉ̯�̯ʎ̝˝̸ʅʎ�̤ʽɀ̝̯̚ʎ˝ˉɭ̤�
ɀˉɧ�̯ ɀɠʴɭ̯̤੓��̤�ʎ˝ʽɭ̤�ɠɭɡ˝ʽɭ�̤ ʽɀ̝̯�ʎ˝ʽɭ̤੔�
ʎ˝̸̤ɭʎ˝ʴɧ̤�ɀ̝ɭ�̸̝̚ɡʎɀ̤ʓˉʅ�͔˝ʓɡɭ઀ɀɡ̯ʓ͔ɀ̯ɭɧ�
̤ʽɀ̝̯�ɧɭ͔ʓɡɭ̤�̯ʎɀ̯�̝ɭ̤̚˝ˉɧ�̯˝�˝̸̝�̝ɭΌ̸ɭ̤̯̤੓
��ʅ̝ɭɀ̯�̝ɭɡɭˉ̯�ɭ͚ɀʽ̚ʴɭ�͛˝̸�ʽʓʅʎ̯�ʎɀ͔ɭ�

̤ɭɭˉ�ʓˉ�̯ʎɭ�ʽɭɧʓɀ�͕ɀ̤�˝ʄ�ɀ�ʄɀʽʓʴ͛�͕ʎ˝�ɧʓ̤-
ɡ˝͔ɭ̝ɭɧ�̯ʎɀ̯�̯ʎɭʓ̝�͛˝̸ˉʅ�ɡʎʓʴɧ�͕ɀ̤�ʎɀ͔ʓˉʅ�
ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ̤�͕ ʓ̯ʎ�̯ ʎɭʓ̝�̤ ʽɀ̝̯�̤ ̚ɭɀʯɭ ੓̝��ɧɧ�
internet-enabled toys: including, say, inter-
ˉɭ̯઀ɡ˝ˉˉɭɡ̯ɭɧ�̯ ɭɧɧ͛�ɠɭɀ̝̤�̯ ʎɀ̯�ɡɀˉ�̚ ʴɀ͛ɠɀɡʯ�
̤˝̸ˉɧ̤�̝ ɭɡ˝̝ɧɭɧ�̋ ˉ�ɀ�̤ ʽɀ̝̯̚ʎ˝ˉɭ੖�пʅ̸̝ʓˉɭ̤�
͕ʓ̯ʎ�ʽ˝̯ʓ˝ˉ�̤ɭˉ̤˝̝̤�ɀˉɧ�ʄɀɡɭ�̝ɭɡ˝ʅˉʓ̯ʓ˝ˉ�
̯ʎɀ̯� ɠɭɡ˝ʽɭ� ̚ɀ̝̯� ˝ʄ� ʅɀʽɭ̚ʴɀ͛੖� ɀˉɧ� ̝̚˝-
ʅ̝ɀʽʽɀɠʴɭ�̝˝ɠ˝̯̤�ʄ̝˝ʽ�̯ʎɭ�̤ʓʽ̚ʴɭ�̯˝�̯ʎɭ�
̤˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ੓
�ˉɧ� ˉ˝ ੔͕� ɀ̤� ͕ɭ� ʽ˝͔ɭ� ˝̸̝� ɀ̯̯ɭˉ̯ʓ˝ˉ�

ɠɭ͛˝ˉɧ�̯ ʎɭ�ʎ˝ʽɭ੔�ɭɀ̝ʴ͛�ɡʎʓʴɧʎ˝˝ɧ�ɭɧ̸ɡɀ̯ʓ˝ˉ�
ɀˉɧ�ɡɀ̝ɭ�̤ɭ̝͔ʓɡɭ̤�ɀ̝ɭ�̸̤ʓˉʅ�̯ɭɡʎˉ˝ʴ˝ʅ͛�̯˝�
ɡ˝ˉˉɭɡ̯�ɡʎʓʴɧ̝ɭˉ੔�ʄɀʽʓʴʓɭ̤੔�ɡɀ̝ɭ̝̤੔�ɭɧ̸ɡɀ̯˝̝̤�
ɀˉɧ�̋ ̯ʎɭ̝�̚ ̝˝ʄɭ̤̤ʓ˝ˉɀʴ̤�̤ ̸̚̚˝̝̯ʓˉʅ�ɡʎʓʴɧ̝ɭˉ੓�
Юɭ̤ɭ�ɀ̝ɭ�̋ ˉʴʓˉɭ�̚ ʴɀ̯ʄ˝̝ʽ̤�ɀʴʴ˝͕ʓˉʅ�ɡ˝ʽʽ̸-
ˉʓɡɀ̯ʓ˝ˉ�ɀˉɧ�̤ ʎɀ̝ʓˉʅ�̋ ʄ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੓�Mɭɀʴ̯ʎ�
̤ɭ̝͔ʓɡɭ̤�ɀˉɧ�ʎɭɀʴ̯ʎ�̝ɭɡ˝̝ɧ̤�ɀ̝ɭ�ɠɭɡ˝ʽʓˉʅ�
ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɧʓʅʓ̯ʓ̤ɭɧ�ʓˉ�ɀ�̤ʓʽʓʴɀ̝�͕ɀ ੔͛�͕ʓ̯ʎ�
ɡʴʓˉʓɡ̤�ɀˉɧ�̤ɭ̝͔ʓɡɭ̤�ɡ˝ʴʴɭɡ̯ʓˉʅ੔�̤̯˝̝ʓˉʅ�ɀˉɧ�
̤ʎɀ̝ʓˉʅ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʄ̝˝ʽ�̯ ʎɭ�ɭɀ̝ʴʓɭ̤̯�̤ ̯ɀʅɭ̤�
˝ʄ�ɀ�ɡʎʓʴɧઑ̤�ʴʓʄɭ੓��ˉɧ�ɀ̤�ɀ�ɡʎʓʴɧ�ʅ̝˝͕̤�˝ʴɧɭ ੔̝�
̯ʎʓ̤�ɡ˝ˉ̯ʓˉ̸ɭɧ�̝ɭɡ˝̝ɧʓˉʅ੔�ʅɭˉɭ̝ɀ̯ʓˉʅ੔�̤̯˝̝-
ʓˉʅ�ɀˉɧ�̤ʎɀ̝ʓˉʅ�˝ʄ�ɧɀ̯ɀ�͕ʓʴʴ�˝ɡɡ̸̝�ɀɡ̝˝̤̤�
̤ɡʎ˝˝ʴʓˉʅ�̯ ʎ̝˝̸ʅʎ�̯ ʎɭ�̋ дɡʓɀʴ�̚ ʴɀ̯ʄ˝̝ʽ̤�ʄ˝̝�
ʴɭɀ̝ˉʓˉʅ�ɀˉɧ�̝ ɭɡ˝̝ɧ̤�̋ ʄ�ɀ̤̤ɭ̤̤ʽɭˉ̯�̯ ʎ̝˝̸ʅʎ�
ʎ˝ʽɭ͕˝̝ʯ�ɀˉɧ�ɭɧ̸ɡɀ̯ʓ˝ˉ�ɀ̤̚̚੓�R̯�ɭ͚̚ɀˉɧ̤�
̯ʎ̝˝̸ʅʎ�ʎɭɀʴ̯ʎ઀ʽ˝ˉʓ̯˝̝ʓˉʅ�ɀ̤̚̚�ʴʓʯɭ�͕ɭɀ̝-
ɀɠʴɭ�ɧɭ͔ʓɡɭ̤�̯ʎɀ̯�ʽ˝ˉʓ̯˝̝�̚ʎ̤͛ʓɡɀʴ�ɀɡ̯ʓ͔ʓ̯͛�
and nutrition and manage medical condi-
tions.
�͔ɭ̝�̯ʓʽɭ੔�͕ʓ̯ʎ�ʅ̝˝͕ʓˉʅ�ʓˉɧɭ̚ɭˉɧɭˉɡɭ੔�

ɠɀɠʓɭ̤�ɠ˝̝ˉ�̯ ˝ɧɀ͛�͕ ʓʴʴ�ɠɭ�̔ ɀʯʓˉʅ�̯ ʎɭʓ̝�̋ ͕ˉ�
ɡʎ˝ʓɡɭ̤�ɀɠ˝̸̯�ɭˉʅɀʅʓˉʅ�͕ʓ̯ʎ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�

̯ʎɀ̯�͕ɭ�ʯˉ˝͕�ɀɠ˝̸̯�ˉ˝ ੓͕��ˉɧ�͕ʎɀ̯ɭ͔ɭ̝�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɡ˝ʽɭ�ˉɭ͚̯੔�Rઑʴʴ�̤̯˝̚�ʎɭ̝ɭ�͕ʓ̯ʎ�
̯ʎɭ�ɧɭ̤ɡ̝ʓ̯̚ʓ˝ˉ�ɠɭɡɀ̸̤ɭ�Rઑʽ�̸̤̝ɭ�͕ɭઑʴʴ�ɀʴʴ�
ʎɀ͔ɭ�ɀ�̚ʓɡ̸̯̝ɭ�ʓˉ�˝̸̝�ʽʓˉɧ̤�ɀɠ˝̸̯�̯ʎɭ�ʴʓ͔ɭ̤�
ɀʎɭɀɧ�ʄ˝̝�̯ʎɭ̤ɭ�ɠɀɠʓɭ̤੓
Rઑʴʴ�ʴɭɀ͔ɭ�̸̤�̯˝�̚˝ˉɧɭ̝�̤˝ʽɭ�˝ʄ�̯ʎɭ�ɠʓʅ�

Ό̸ɭ̤̯ʓ˝ˉ̤੓�M˝͕�ɡɀˉ�͕ ɭ�̔ ɀʯɭ�̯ ʎɭ�̔ ˝̤̯�̋ ʄ�̯ ʎɭ�
̚˝͕ɭ̝�̋ ʄ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ɀˉɧ�̯ ʎɭ�ɧɀ̯ɀ�ʅɭˉɭ̝ɀ̯ɭɧ�
̯˝�ʽɀʯɭ�˝̸̝�ʴʓ͔ɭ̤�ɠɭ̯̯ɭ̝ਗ਼�M˝͕�ɡɀˉ�͕ɭ�ʎɭɀɧ�
˝а�̤ ˝ʽɭ�̋ ʄ�̯ ʎɭ�̚ ɭ̝ʓʴ̤�̯ ʎɀ̯�͕ ɭઑ̝ɭ�ɀʴ̝ɭɀɧ͛�ɀʴɭ̝̯�
̯˝�ɀˉɧ�ɠɭ�̝ɭɀɧ͛�̯˝�ʄɀɡɭ�ˉɭ͕�˝ˉɭ̤ਗ਼�M˝͕�ɡɀˉ�
͕ɭ�ɠɀʴɀˉɡɭ�̝̚˝̯ɭɡ̯ʓ˝ˉ̤੔�ɭ̤̚ɭɡʓɀʴʴ͛�ʄ˝̝�̯ʎɭ�
ʽ˝̤̯�̸͔ʴˉɭ̝ɀɠʴɭ� ʓˉ�˝̸̝�̤˝ɡʓɭ̯ ੔͛�͕ʓ̯ʎ�̚ɭ̝-
̤˝ˉɀʴ�ɡʎ˝ʓɡɭ�ɀˉɧ�ʄ̝ɭɭɧ˝ʽ̤ਗ਼

(ʓ̤ɡ̸̤̤ʓ˝ˉ

Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕� R̯ઑ̤� ɡʎɀʴʴɭˉʅʓˉʅ� ʄ˝̝�̸̤�
̯˝�ʅɭ̯�ɀ͕ɀ͛�ʄ̝˝ʽ�̯ʎɭ�̯˝̚ʓɡ�˝ʄ�ɧɀ̯ɀ�ɠɭɡɀ̸̤ɭ�
̯ʎʓ̤�ʓ̤�ʎ˝͕�͕ ɭ�̤ ɭɭ�̯ ʎɭ�͕ ˝̝ʴɧ�ɀ̝˝̸ˉɧ�̸ ̤੖�ɀʴ̤˝�
̤˝ʽɭ̯ʎʓˉʅ�͕ɭઑ̝ɭ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ʅɭˉɭ̝ɀ̯ʓˉʅ�ɀ̤�
͕ɭ�̸̤ɭ�˝ˉʴʓˉɭ�̤ɭ̝͔ʓɡɭ̤੓�Û̸ɭ੔�͛˝̸�̝ɀʓ̤ɭɧ�̯ʎɭ�
̚˝ʓˉ̯�ɀɠ˝̸̯�ɀˉ�ʓˉ̯ɭ̝ˉɭ̯઀ɭˉɀɠʴɭɧ�̯ ɭɧɧ͛�ɠɭɀ ੔̝�
͕ʎʓɡʎ�̤ ɭɭʽ̤�̤ ʴʓʅʎ̯ʴ͛�̔ ʓˉɧ઀ɠʴ˝͕ʓˉʅ੓���Ό̸ɭ̤-
̯ʓ˝ˉ�ʄ̝˝ʽ�˝̸̝�ɀ̸ɧʓɭˉɡɭ�ʓ̤�ʎ˝͕�ʽʓʅʎ̯�͕ɭ�
ɭаɭɡ̯ʓ͔ɭʴ͛�ɡ˝˝̝ɧʓˉɀ̯ɭ�ɀˉɧ�̤ɡɀʴɭ�ɡ˝઀ɧɭ̤ʓʅˉ�
˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤ਗ਼�Rʄ�͕ɭ�ɀ̝ɭ�ɡ˝ˉ-
̤̯ɀˉ̯ʴ͛� ʯɭɭ̚ʓˉʅ� ̚ɭ˝̚ʴɭ઀ɡɭˉ̯̝ɭɧ� ɧɭ̤ʓʅˉ੔�
̚ɭ˝̚ʴɭ઀ʄ˝ɡ̸̤ɭɧ�˝̸̯ɡ˝ʽɭ̤� ɀ̯� ̯ʎɭ�ʎɭɀ̝̯�˝ʄ�
ɭ͔ɭ̝̯͛ʎʓˉʅ�͕ɭ�ɧ˝੔�̯ʎɀ̯�̤ʎ˝̸ʴɧ�ɠɭ�ɀ�ɧɭʄɭˉɡɭ�
˝̝�̚ ̝˝̯ɭɡ̯ʓ˝ˉ�ɀʅɀʓˉ̤̯�ɧ˝ʓˉʅ�̯ ʎɭ�͕ ̝˝ˉʅ�̯ ʎʓˉʅ੔�
ʓˉɀɧ͔ɭ̝̯ɭˉ̯ʴ͛�ɧ˝ʓˉʅ�̯ ʎʓˉʅ̤�͕ ʎʓɡʎ�ɀ̝ɭ�̄ ˝̯�ʄ˝̝�
̯ʎɭ�ˉɭ̯�ɠɭˉɭп̯�˝ʄ�̚ɭ˝̚ʴɭ�ʓˉ�̯ʎɭ�ʴ˝ˉʅ�̯ɭ̝ʽ੔�
ɠ̸̯�̤ɡɀʴʓˉʅ�̯ʎɀ̯�̚ɭ˝̚ʴɭ઀ɡɭˉ̯̝ɭɧ�ɧɭ̤ʓʅˉ�ʓ̤�
ɡʎɀʴʴɭˉʅʓˉʅ੓�Û̸ɭ੔�ʎ˝͕�͕ ˝̸ʴɧ�͛ ˝̸�ɭаɭɡ̯ʓ͔ɭʴ͛�
go about coordinating and scaling co-design 
ʄ˝̝�ɧʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤ਗ਼
SB:�Ċɭʴʴ੔� ͕ɭ� ɧ˝� ͔ɭ̝͛� ʴʓ̯̯ʴɭ� ɡ˝઀ɧɭ̤ʓʅˉ� ˝ʄ�
̯ɭɡʎˉ˝ʴ˝ʅ͛�͕ʓ̯ʎ�̯ʎɭ�̚ɭ˝̚ʴɭ�͕ʎ˝�͕ʓʴʴ�ɭˉɧ�
̸̚�̸̤ʓˉʅ�ʓ̯੓��ˉɧ�ʓʄ�͕ɭઑ̝ɭ�̯ɀʴʯʓˉʅ�ɀɠ˝̸̯�ɡʎʓʴ-
ɧ̝ɭˉ૆੗૆̤˝ʽɭ̯ʓʽɭ̤�̚ ɭ˝̚ʴɭ�ʎɀ͔ɭ�ɀ�ɧɭпɡʓ̯�͔ ʓɭ͕�
ɀˉɧ�̯ ʎʓˉʯ�ɡʎʓʴɧ̝ɭˉ�ɧ˝ ઑ̯̄�̝ ɭɀʴʴ͛�ʯˉ˝͕�͕ ʎɀ̯ઑ̤�
ʅ˝˝ɧ�ʄ˝̝�̯ʎɭʽ੔�̯ʎɭ͛�ɧ˝ ઑ̯̄�ʯˉ˝͕�͕ʎɀ̯�̯ʎɭ͛�
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ˉɭɭɧ�˝̝�͕ɀˉ̯੓���ʴ˝̯�˝ʄ�̝̚˝ɧ̸ɡ̯̤�̯ʎɀ̯�ɀ̝ɭ�
ɡ̝ɭɀ̯ɭɧ�ʄ˝̝�ɡʎʓʴɧ̝ɭˉ�ɀ̝ɭ�ɡ̝ɭɀ̯ɭɧ�ɠ͛�̚ɭ˝̚ʴɭ�
͕ʎ˝�ʎɀ͔ɭ�ˉ˝̯�ɭ͔ɭˉ�͕˝̝ʯɭɧ�͕ʓ̯ʎ�ɡʎʓʴɧ̝ɭˉ੖�
͕ʎ˝� ˝оɭˉ� ̝̚˝ɧ̸ɡɭ� ̤˝ʽɭ̯ʎʓˉʅ� ̯ʎɀ̯� ʎɀ̤�
ˉ˝̯�ɠɭɭˉ�̯ɭ̤̯ɭɧ�˝ˉ�ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�͕ʎ˝�̯ʎɭˉ�
ɧ˝ ઑ̯̄�ʎɀ͔ɭ�ɀˉ�ʓ̯ɭ̝ɀ̯ʓ͔ɭ�ɡ͛ɡʴɭ�˝ʄ�˝ɠ̯ɀʓˉʓˉʅ�
ɀˉɧ�̸̤ʓˉʅ�ʄɭɭɧɠɀɡʯ�̯˝�ʓʽ̝̚˝͔ɭ�̯ʎɭ�̝ɭʴɭ͔ɀˉ̯�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੓��̤�͕ɭ�ɧ˝ʽɭ̤̯ʓɡɀ̯ɭ�̯ɭɡʎˉ˝ʴ-
˝ʅ ੔͛�͕ɭ�˝оɭˉ�ɡʎɀˉʅɭ�̯ʎɭ�͕ɀ͛�̯ʎɀ̯�ɀ�ɧɭ̤ʓʅˉ�
ʓ̤�ɭˉ͔ʓ̤ɀʅɭɧ੓�Û˝੔�R�̯ʎʓˉʯ�͕ɭ�ʎɀ͔ɭ�̯˝�ʄ̸ˉɧɀ-
ʽɭˉ̯ɀʴʴ͛�ɡʎɀˉʅɭ�˝̸̝�ʽʓˉɧ̤ɭ̯�ɀˉɧ�ɠ̸ʓʴɧ�ʓ̯�
ʓˉ̯˝�̯ ʎɭ�̔ ˝ɧɭʴ�̋ ʄ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ੓�Ċʓ̯ʎ�̯ ʎɀ̯�͕ ʓʴʴ�
ɡ˝ʽɭ�ɀ�ɡ˝̤̯੓�R̯ઑʴʴ�ɡ˝̤̯�ʓˉ�̯ ʓʽɭ�ɀˉɧ�ɀɧɧʓ̯ʓ˝ˉɀʴ�
͕˝̝ʯ੔�ɠ̸̯�ʓ̯ઑ̤�˝͔ɭ̝ɧ̸ɭ੓��ɠ̤˝ʴ̸̯ɭʴ ੓͛
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�R�ʴ˝͔ɭ�̯ʎɭ�ɭ͚̝̚ɭ̤̤ʓ˝ˉ�˝ʄ�
઎ɧ˝ʽɭ̤̯ʓɡɀ̯ʓˉʅ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤੓એ�D̝ɀˉɡɭ̤੔�̯ ʎɭ̝ɭ�
ɀ̝ɭ�ʽ˝̝ɭ�Ό̸ɭ̤̯ʓ˝ˉ̤�ɡ˝ʽʓˉʅ�ʓˉ੓�Rઑʽ�ʅ˝ʓˉʅ�̯˝�
˝аɭ̝�͛˝̸�̯ʎɭ�ɡʎ˝ʓɡɭ�˝ʄ�ɭʓ̯ʎɭ̝�̯ɀʴʯʓˉʅ�ɀɠ˝̸̯�
ɡ˝઀ɧɭ̤ʓʅˉ�˝̝�ɀɠ˝̸̯�̯ʎɭ�ʓʽ̚˝̝̯ɀˉɡɭ�˝ʄ�ʴɀˉ-
ʅ̸ɀʅɭ�ɀˉɧ�ʎ˝͕�̯ʎɭ�̤ɭʽɀˉ̯ʓɡ̤�̯ʎɀ̯�͕ɭ�̸̤ɭ�
really matter.
DDઉæ੕�vɀ͛ɠɭ੓�Rઑʴʴ�̯̝͛�̯˝�ɀˉ̤͕ɭ̝�ɠ˝̯ʎ੔�ɀʅɀʓˉ�
̯ɀʴʯʓˉʅ� ˝ˉ� ɠɭʎɀʴʄ� ˝ʄ� ʅ˝͔ɭ̝ˉʽɭˉ̯̤੓� �ˉ͛�
ɧɀ̯ɀ੔�ʅ˝͔ɭ̝ˉʽɭˉ̯�ɧɀ̯ɀ�ɀˉɧ�ɧʓʅʓ̯ɀʴ� ʓˉʓ̯ʓɀ-
̯ʓ͔ɭ̤੔�ˉɭɭɧ�̯˝�̤̯ɀ̝̯�͕ʓ̯ʎ�ɡ˝઀ɧɭ̤ʓʅˉʓˉʅ�͕ʎɀ̯�
ʓ̯�ʓ̤�̯ʎɀ̯�͕ɭઑ̝ɭ�̯̝͛ʓˉʅ�̯˝�̝̚˝ɧ̸ɡɭ�ʓˉ�̯ɭ̝ʽ̤�
˝ʄ�͕ ʎɀ̯�͕ ɭઑɧ�ɡɀʴʴ�ʓˉ̤ʓʅʎ̯�̯ ˝˝ʴ̤੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�
͕ɭ�̝̚˝ɧ̸ɡɭɧ�̯ʎɭ��ɀ̯ʓ˝ˉɀʴ�(ʓ̤ɀɠʓʴʓ̯͛�(ɀ̯ɀ�
�̤̤ɭ̯�Ñʓʴ˝̯�ɭ͔ɭˉ�̯ʎ˝̸ʅʎ�͕ɭ�ɧʓɧ ઑ̯̄�͛ɭ̯�ʎɀ͔ɭ�
ɀʴʴ�˝ʄ�̯ʎɭ�ɧɀ̯ɀ�̯˝�̚˝͕ɭ̝�̯ʎ˝̤ɭ�̯˝˝ʴ̤੔�ɀˉɧ�
͕ʎɀ̯�͕ɭ�ʎɭɀ̝ɧ�ʄ̝˝ʽ�̯ʎɭ�̚ɭ˝̚ʴɭ�͕ʓ̯ʎ�ɧʓ̤-
ɀɠʓʴʓ̯͛�̯ʎɀ̯�͕ɭ�ɡ˝઀ɧɭ̤ʓʅˉɭɧ�͕ʓ̯ʎ�ੲɀʴ̯ʎ˝̸ʅʎ�
R�ʎɀ̤̯ɭˉ�̯˝�ɀɧɧ�̯ʎɀ̯�͕ɭ̝ɭ�ˉ˝̯�ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�
͛˝̸ˉʅ� ̚ɭ˝̚ʴɭੳ� ͕ɀ̤� ̯ʎɀ̯� ̯ʎɭ͛� ɧʓɧ ઑ̯̄� ʫ̸̤̯�
͕ɀˉ̯�ɀ�ɠ̸ˉɡʎ�˝ʄ�ɧɀ̯ɀ�ʓˉ̤ʓʅʎ̯̤�ɀɠ˝̸̯�̯ʎɭʽ�
̸̯̚�˝ˉʴʓˉɭ�ʄ˝̝�˝̯ʎɭ̝̤�̯˝�̝ɭɀɧ੓�Юɭ͛�͕ɀˉ̯ɭɧ�
̯ʎɭʽ̤ɭʴ͔ɭ̤�̯˝�̤ɭɭ�̯ʎɭ�ʓˉ̤ʓʅʎ̯̤�̯ʎɀ̯�ɡɀˉ�ɠɭ�
ʅɭˉɭ̝ɀ̯ɭɧ�ɠ͛�̯ʎɭ�ʯʓˉɧ̤�˝ʄ�ɧɀ̯ɀ�̯ʎɀ̯�ʅ˝͔ɭ̝ˉ-
ʽɭˉ̯�ʎ˝ʴɧ̤੓
Юɭ͛�͕ɀˉ̯ɭɧ�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�̯ʎɭ�̤̯˝̝ʓɭ̤�

̯ʎɀ̯�̚ɭ˝̚ʴɭ�ʴʓ͔ʓˉʅ�͕ʓ̯ʎ�ɧʓ̤ɀɠʓʴʓ̯͛�ʎ˝ʴɧ੔�̯˝�
̸ˉɧɭ̝̤̯ɀˉɧ੕�(˝�̯ ʎ˝̤ɭ�ɧɀ̯ɀ�ʓˉ̤ʓʅʎ̯̤�̝ ɭ̤˝ˉɀ̯ɭ�

ʓˉ�ʽ͛�ʴʓʄɭ�˝̝�ˉ˝̯ਗ਼��ˉɧ�͕ʎɀ̯ઑ̤�̯ʎɭ�ʽʓ̤̤ʓˉʅ�
̚ɀ̝̯�˝ʄ�˝̸̝�̚ʓɡ̸̯̝ɭਗ਼�Rˉɡ̝ɭɀ̤ʓˉʅʴ ੔͛�ɡ˝ʽʽ̸ˉʓ-
̯ʓɭ̤�ɀ̝ɭ�̤ɀ͛ʓˉʅ�ʓ̯ઑ̤�ˉ˝̯�ʫ̸̤̯�ɀɠ˝̸̯�ɧɀ̯ɀ੔�ʓ̯ઑ̤�
ɀɠ˝̸̯�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�ʯˉ˝͕ʴɭɧʅɭ�ɀˉɧ�̤̯˝̝ʓɭ̤�
ɀˉɧ� ɠ̝ʓɧʅʓˉʅ� ̯ʎɭ� Ό̸ʓ̯ɭ� ɀˉ̯ʓΌ̸ɀ̯ɭɧ� ʓɧɭɀ�
̯ʎɀ̯�͛ ˝̸�ʎɀ͔ɭ�Ό̸ɀˉ̯ʓ̯ɀ̯ʓ͔ɭ�ʓˉ̤ʓʅʎ̯̤�ɀˉɧ�͛ ˝̸�
ʎɀ͔ɭ�Ό̸ɀʴʓ̯ɀ̯ʓ͔ɭ�ʓˉ̤ʓʅʎ̯̤੖�ʯˉ˝͕ʓˉʅ�̯ ʎɀ̯�̄ ˝͕�
͛˝̸�ɡɀˉ�ʎɀ͔ɭ�ʓˉ̤ʓʅʎ̯̤�̯ʎɀ̯�ɀ̝ɭ�ɧɭ͔ɭʴ˝̚ɭɧ�
̯ʎ̝˝̸ʅʎ�ɀ�̔ ̸ɡʎ�̔ ˝̝ɭ�̤ ˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ�ɧʓɀʴ˝ʅ̸ɭ�
ɠɭ̯͕ɭɭˉ�̯ʎɭ�Ό̸ɀˉ̯ʓ̯ɀ̯ʓ͔ɭ�ɀˉɧ�Ό̸ɀʴʓ̯ɀ̯ʓ͔ɭ�
ɧɀ̯ɀ੓�Юɀ̯� ɡɀˉ�ɠɭ� ̝ɭɀʴʴ͛� ɭаɭɡ̯ʓ͔ɭʴ͛�ɧ˝ˉɭ�
̯ʎ̝˝̸ʅʎ�ɧɭ̤ʓʅˉʓˉʅ�̯ʎɭ�̯ɭɡʎˉ˝ʴ˝ʅ͛�͕ʎɭ̝ɭɠ͛�
͕ɭ�̤ʎɀ̝ɭ�̯ʎ˝̤ɭ�ʓˉ̤ʓʅʎ̯̤੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕��˝͕� R� ɀ̤ʯɭɧ�˝̸̝�п̝̤̯�
̤̚ɭɀʯɭ̝̤੔�M̸ʅʎ�ɀˉɧ�"ɀ̯ʎ ੔͛�͕ʎɭˉ�͕ʓʴʴ�͕ɭ�
̝ɭɀɡʎ�̯ʎɭ�̚˝ʓˉ̯�̯ʎɀ̯�͕ɭ�ɀɡ̸̯ɀʴʴ͛�ʯˉ˝͕�ɀˉɧ�
̸ˉɧɭ̝̤̯ɀˉɧ�ʎ˝͕�̯˝�ɀ̝̚̚˝̝̚ʓɀ̯ɭʴ͛�̸̤ɭ�ɧɀ̯ɀ੔�
ɀɡʯˉ˝͕ʴɭɧʅʓˉʅ� ɠʓɀ̤ɭ̤੔� ɀɡʯˉ˝͕ʴɭɧʅʓˉʅ�
̚˝̯ɭˉ̯ʓɀʴ�ʎɀ̝ʽ̤੔�ɀɡʯˉ˝͕ʴɭɧʅʓˉʅ�ɀʴʴ�˝ʄ�̯ʎɭ�
ɡʎɀʴʴɭˉʅɭ̤੓�M̸ʅʎ�ʅɀ͔ɭ�ɀ�͔ɭ̝͛�̤̯̝˝ˉʅ�ɀˉ̤͕ɭ̝�
ɀ̝˝̸ˉɧ�ɠʓɀ̤�ɀˉɧ�̯ʎɭ�̤ʯʓʴʴ̤�̯ʎɀ̯�̤̯ɀ̯ʓ̤̯ʓɡʓɀˉ̤�
ɧɭ͔ɭʴ˝̚ɭɧ�ɀ̝˝̸ˉɧ�ɠʓɀ̤੓�!̸̯�Û̸ɭ�̝ɀʓ̤ɭɧ�̯ʎɭ�
̚˝ʓˉ̯�ɀɠ˝̸̯�ʓˉ̯ɭ̝ˉɭ̯઀ɡ˝ˉˉɭɡ̯ɭɧ�̯ ɭɧɧ͛�ɠɭɀ̝̤�
͕ʎɭ̝ɭ�̯ʎɭ̝ɭ�ɀ̝ɭ�ɧɀ̯ɀ�̤ɭ̯̤�ɠɭʓˉʅ�ʅɭˉɭ̝ɀ̯ɭɧ੔�
ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤� ɠɭʓˉʅ� ɀˉɀʴ̤͛ɭɧ੔� ͕ʎʓɡʎ� ͕ɭ�
͕˝̸ʴɧ ઑ̯̄�˝̯ʎɭ̝͕ʓ̤ɭ�ʎɀ͔ɭ�ɭ͚̚ɭɡ̯ɭɧ੓
D̝ɀˉɡɭ̤੔�̋ ͔ɭ̝�̯ ˝�͛ ˝̸੕�Ċʎɭ̝ɭ�ɧ˝�͛ ˝̸�̯ ʎʓˉʯ�

͕ɭ�ɀ̝ɭ�ʓˉ�̯ ɭ̝ʽ̤�̋ ʄ�̋ ̸̝�ɀɠʓʴʓ̯͛�̯ ˝�ʎɀˉɧʴɭ�ɧɀ̯ɀ�
ɀ̝̚̚˝̝̚ʓɀ̯ɭʴ͛ਗ਼�Ċʎɭˉ�ɧ˝�͕ ɭ�ʅɭ̯�̯ ˝�̯ ʎɭ�̚ ˝ʓˉ̯�
͕ʎɭ̝ɭ�͕ɭ�ʯˉ˝͕�ʎ˝͕�̯˝�̸̤ɭ�ɧɀ̯ɀ�̤ɀʄɭʴ͛ਗ਼
DDઉæ੕��ʎ੔�̯ ʎɀ̯�ʓ̤�ɀ�̯ ̝ʓɡʯ͛�̋ ˉɭ੓�R�̯ ʎʓˉʯ�͕ ɭ�̸ ̤ɭ�
ɧɀ̯ɀ�͔ɭ̝͛�̤ɀʄɭʴ͛�͕ʓ̯ʎʓˉ�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�͕ʎɭ̝ɭ�
͕ɭ�ʎɀ͔ɭ�ʎɀɧ�ɀ�ʴ˝̯�˝ʄ�ɭ͚̚ɭ̝ʓɭˉɡɭ�͕ʓ̯ʎ�ɧɀ̯ɀ�
͕ʓ̯ʎʓˉ�ɀ�̚ɀ̝̯ʓɡ̸ʴɀ̝�̤ɭ̝͔ʓɡɭ�̤̤̯͛ɭʽ૆੗૆͕ʎɭ̝ɭ�
͕ɭઑ͔ɭ�ɠɭɭˉ�̸̤ʓˉʅ�ʓ̯�ʄ˝̝�ɧɭɡɀɧɭ̤੓��ˉɧ�͕ɭઑ̝ɭ�
͔ɭ̝͛�ɀ͕ɀ̝ɭ�˝ʄ�̯ʎɭ�ʴʓʽʓ̯ɀ̯ʓ˝ˉ̤�˝ʄ�̯ʎɀ̯�ɧɀ̯ɀ੓�
!̸̯�͕ʎɀ̯� R� ̯ʎʓˉʯ�M̸ʅʎ� ɀˉɧ�"ɀ̯ʎ͛�͕ɭ̝ɭ�
̯ɀʴʯʓˉʅ�ɀɠ˝̸̯�ʓ̤�ʽ̸ɡʎ�ʽ˝̝ɭ�̤˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ੔�
ʴʓˉʯɭɧ੔�ɀˉɧ�ʓˉ̯ɭʅ̝ɀ̯ɭɧ�ɧɀ̯ɀ�̤ɭ̯̤�ɀˉɧ�ʽ̸ɡʎ�
ʽ˝̝ɭ�̤˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ�ʽɭ̯ʎ˝ɧ˝ʴ˝ʅʓɭ̤�̯˝�̸̤ɭ�
̯ʎɀ̯� ɧɀ̯ɀ੓�Ċɭ� ̤ʎ˝̸ʴɧ� ɠɭ� ˝̚ɭˉ� ʓˉ� ̤ɀ͛ʓˉʅ�
͕ɭઑ̝ɭ�̝ɭʴɀ̯ʓ͔ɭʴ͛�ɭɀ̝ʴ͛�ʓˉ�̯ʎɀ̯�̝̚˝ɡɭ̤̤੓��ˉɧ�
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̯ʎɀ̯ઑ̤�̄ ˝̯�ʫ̸̤̯�ɀɠ˝̸̯�̸ ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̯ ʎɭ�ɧɀ̯ɀ�
ʓ̯̤ɭʴʄ੔�ʓ̯ઑ̤�ɀʴ̤˝�ɀɠ˝̸̯�̯ʎɀ̯�̝̚˝ɡɭ̤̤�˝ʄ�̯̝ʓɀˉʅ̸-
ʴɀ̯ʓ˝ˉ�R�̝ɭʄɭ̝̝ɭɧ�̯˝੖�˝ʄ�̤ɀ͛ʓˉʅ૆ઃ૆ɭ͔ɭˉ�˝ˉɡɭ�
͛˝̸�̸ˉɧɭ̝̤̯ɀˉɧ�̯ʎɭ�ɧɀ̯ɀ�͔ɭ̝͛�͕ɭʴʴ૆ઃ૆̯ʎɀ̯ઑ̤�
˝ˉʴ͛�̚ ɀ̝̯�̋ ʄ�̯ ʎɭ�̚ ʓɡ̸̯̝ɭ੓�Ċʎɀ̯�ɀ̝ɭ�͛ ˝̸̝�̋ ̯ʎɭ̝�
̤˝̸̝ɡɭ̤�˝ʄ�ʓˉ̤ʓʅʎ̯̤ਗ਼�Û˝�R�̯ʎʓˉʯ�̯ʎɀ̯�ʅ˝͔ɭ̝ˉ-
ʽɭˉ̯̤�ʎɀ͔ɭ�ʎɭɀ̝ɧ�̯ʎ˝̤ɭ�ɭ͚̚ɭɡ̯ɀ̯ʓ˝ˉ̤�ʄ̝˝ʽ�
ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤੔�ɀˉɧ�͕ɭ�ɀ̝ɭ�ɠ̸̤ʓʴ͛�пʅ̸̝ʓˉʅ�
˝̸̯�͕ʎɀ̯�ɀ̝ɭ�̯ʎɭ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ˉɭɭɧ�̯˝�ɠɭ�ʓˉ�
̚ʴɀɡɭ�̯˝�̤̤̯͛ɭʽɀ̯ʓɡɀʴʴ͛�ʴɭɀ̝ˉ�̯ʎɭ�̚˝͕ɭ̝�ɀˉɧ�
̯ʎɭ�ʴʓʽʓ̯̤�˝ʄ�ɧɀ̯ɀ�ɀˉɧ�̯ʎɭ�ʓˉ̤ʓʅʎ̯̤�̯ʎɀ̯�͕ɭ�
̤ʎ˝̸ʴɧ�ɠɭ�ɧɭ͔ɭʴ˝̚ʓˉʅ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕��ˉɧ�ˉ˝͕�̯˝�̯ʎɭ�̚ɀ̝ɀʴʴɭʴ�
Ό̸ɭ̤̯ʓ˝ˉ�˝ʄ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̸̤ɭ੓�R̯�ʽɀ͛�̤ɭɭʽ�
ʓˉˉ˝ɡ̸˝̸̤�̯˝�ʎɀ͔ɭ�ɀ�̯ɭɧɧ͛�ɠɭɀ̝�ɡ˝ˉˉɭɡ̯ɭɧ�
̯˝�̯ ʎɭ�ʓˉ̯ɭ̝ˉɭ̯੔�ɠ̸̯�̯ ʎɭ̝ɭ�ɀ̝ɭ�̤ ˝ʽɭ�̝ ɭɀʴ�ɡʎɀʴ-
ʴɭˉʅɭ̤�̯ʎɭ̝ɭ੓�M˝͕�ɧ˝�͕ɭ�̝ɭʄ̝ɀʽɭ�̯ʎɭ�ɡ˝ˉ-
͔ɭ̝̤ɀ̯ʓ˝ˉ�ɀ̝˝̸ˉɧ�͕ʎɀ̯�͕ɭ�̤ʎ˝̸ʴɧ�ɠɭ�ɧ˝ʓˉʅਗ਼�
M˝͕�ɧ˝�͕ɭ�̯ɭʴʴ�͕ʎɀ̯�ʓ̤�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̸̤ɭਗ਼
SB:�Ċɭ�ˉɭɭɧ�̯˝�ʎɀ͔ɭ�ʽ̸ɡʎ�ʅ̝ɭɀ̯ɭ̝�̯̝ɀˉ̤-
̚ɀ̝ɭˉɡ͛�ɀ̝˝̸ˉɧ�̯ʎɭ�ɧɀ̯ɀ�ɡ˝ʴʴɭɡ̯ɭɧ�ɀˉɧ�ʎ˝͕�
ʓ̯ઑ̤�̸̤ɭɧ੓�v˝̤̯�˝ʄ�̸̤�ɀ̝ɭ�ɀ͕ɀ̝ɭ�̯ʎɀ̯�ɧɀ̯ɀ�ʓ̤�
being collected about us and it’s being used 
ʓˉ�̚ ɀ̝̯ʓɡ̸ʴɀ̝�͕ ɀ̤͛੔�ɠ̸̯�ʓ̯ઑ̤�ɀɡ̸̯ɀʴʴ͛�ʓˉ͔ʓ̤ʓɠʴɭ�
̯˝�̸̤੓�R̯ઑ̤�ʎʓɧɧɭˉ੔�ʓ̯ઑ̤�˝ɠ̤ɡ̸̝ɭɧ੓��ˉɧ�̯ʎɀ̯ઑ̤�
ɧɭʴʓɠɭ̝ɀ̯ɭ�ɠɭɡɀ̸̤ɭ�ɧɀ̯ɀ�ʓ̤�ɀ�͔ɀʴ̸ɀɠʴɭ੔�ɡ˝ʽ-
ʽɭ̝ɡʓɀʴ�ɡ˝ʽʽ˝ɧʓ̯ ੓͛�!̸̯�̯ ʎɀ̯�͔ ɀʴ̸ɭ�ʓ̤�ɹ ˝̤̯�̯ ˝�
̸̤�ɠɭɡɀ̸̤ɭ�͕ɭઑ̝ɭ�ɭˉʅɀʅɭɧ�ʓˉ�̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̤̚�
͕ʎɭ̝ɭ�͕ɭઑ̝ɭ�̝ɭΌ̸ʓ̝ɭɧ�˝̝�ɭ͚̚ɭɡ̯ɭɧ�̯˝�ʅʓ͔ɭ�ʓ̯�
ɀ͕ɀ͛�ʓˉ�ɭ͚ɡʎɀˉʅɭ�ʄ˝̝�ɀ�̤ɭ̝͔ʓɡɭ�˝̝�̝̚˝ɧ̸ɡ̯੓�
Ċʎɭˉ�ɡɀˉ�͕ ɭ�ʎɀ͔ɭ�ɀ�ɹ ɭ͔ɭʴ�̋ ʄ�̋ ͕ˉɭ̝̤ʎʓ̚�̋ ͔ɭ̝�
˝̸̝�ɧɀ̯ɀ�ੲɭ͔ɭˉ�ɀ̤�͕ɭઑ͔ɭ�ʅʓ͔ɭˉ�ʓ̯�ɀ͕ɀ͛ੳ੔�ɀˉɧ�
ʎɀ͔ɭ�̤˝ʽɭ�ɡ˝ˉ̯̝˝ʴ�ɀˉɧ�̤˝ʽɭ�̤ɀ͛�ʓˉ�ʎ˝͕�ʓ̯ઑ̤�
̸̤ɭɧਗ਼�Rˉʎɭ̝ɭˉ̯�ʓˉ�̝̚˝͔ʓɧʓˉʅ�̚ɭ˝̚ʴɭ�͕ʓ̯ʎ�ɀ�
ɧɀ̯ɀ઀ɧ̝ʓ͔ɭˉ�̤ɭ̝͔ʓɡɭ�ʓ̤�ɀɡ̸̯ɀʴʴ͛�̸ˉɧɭ̝̤̯ɀˉɧ-
ʓˉʅ�͕ʎɀ̯�̯ʎɭ͛�͕ɀˉ̯�ɀˉɧ�ɀʴʴ˝͕ʓˉʅ�̯ʎɭʽ�̯˝�
ɠ̝ʓˉʅ�̯ ʎɭʓ̝�ʓˉ̯ɭ̝̝̚ɭ̯ɀ̯ʓ˝ˉ̤�̯ ˝�̤ ɀ͛੕�઎�ɡ̸̯ɀʴʴ ੔͛�
͛˝ ઑ̸͔ɭ�ʅ˝̯�̯ʎʓ̤�ɠʓ̯�͕̝˝ˉʅએ�˝̝�઎�˝੔�R�ɧ˝ ઑ̯̄�
͕ɀˉ̯�͛˝̸�̯˝�̸̤ɭ�̯ʎʓ̤�ɀˉɧ�R�ɧ˝ ઑ̯̄�͕ɀˉ̯�͛˝̸�
̯˝�̸̤ɭ�̯ʎɭ̤ɭ�̯ʎʓˉʅ̤�̯˝ʅɭ̯ʎɭ ੓̝એ
R̯�̤̯̝ʓʯɭ̤�ʽɭ�̯ʎɀ̯�ʓˉ�̤˝�ʽ̸ɡʎ�˝ʄ�˝̸̝�ʴʓ͔ɭ̤੔�

͕ɭઑ̝ɭ�ʅʓ͔ʓˉʅ�ɀ͕ɀ͛�̤˝ʽɭ̯ʎʓˉʅ�̯ʎɀ̯ઑ̤�ʓˉɡ̝ɭɧ-

ʓɠʴ͛�͔ ɀʴ̸ɀɠʴɭ�̯ ˝�̸ ̤੔�ɀˉɧ�R�͕ ˝ˉɧɭ̝�ʎ˝͕�͕ ɭ�ɡɀˉ�
̸̯̚�̤ ˝ʽɭ�̋ ʄ�̯ ʎɭ�ɡ˝ˉ̯̝˝ʴ�ɠɀɡʯ�ɀˉɧ�ɠ̸ʓʴɧ�̤ ˝ʽɭ�
ˉɭ͕�̤˝ɡʓɀʴ�ˉ˝̝ʽ̤�ɀɠ˝̸̯�ʎ˝͕�͕ɭ�ɭ͚̚ɭɡ̯�ˉ˝̯�
ʫ̸̤̯�ʅ˝͔ɭ̝ˉʽɭˉ̯�ɠ̸̯�ɀʴ̤˝�ɡ˝ʽʽɭ̝ɡʓɀʴ�̝̚˝-
͔ʓɧɭ̝̤�̯ ˝�ɭˉʅɀʅɭ�͕ ʓ̯ʎ�̋ ̸̝�ɧɀ̯ɀ�ʓˉ�̝ ɭ̤̚˝ˉ̤ʓɠʴɭ�
͕ɀ̤͛੓�Юɭ̤ɭ�ɀ̝ɭ�̔ ˝̝ɀʴ�ɀˉɧ�ɭ̯ʎʓɡɀʴ�Ό̸ɭ̤̯ʓ˝ˉ̤�
ɀˉɧ�ɧʓɀʴ˝ʅ̸ɭ̤�̯ʎɀ̯�͕ɭ�̝ɭɀʴʴ͛�ˉɭɭɧ�̯˝�ʎɀ͔ɭ�
as a society.
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�D̝ɀˉɡɭ̤੔�ʴɭ̯�ʽɭ�ɀ̤ʯ�͛˝̸�
ɀɠ˝̸̯� ̯ʎɭ�ʽ˝̝ɀʴ� ɀˉɧ�ɭ̯ʎʓɡɀʴ�ɧʓɀʴ˝ʅ̸ɭ੓� R̤�
̯ʎɭ̝ɭ�ɀ�͕ɀ͛�̯ʎɀ̯�͕ɭ�ɡɀˉ�ʄɀ̤̯઀ʄ˝̝͕ɀ̝ɧ�ɀˉɧ�
ɠ̸ʓʴɧ�̯ ʎ˝̤ɭ�ʄ̝ɀʽɭ͕˝̝ʯ̤�̤ ˝�̯ ʎɀ̯�͕ ɭ�ɡɀˉ�ɠ̸ʓʴɧ�
˝̸̝�̯ ˝̸ɡʎ̤̯˝ˉɭ�ʄ˝̝�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̸ ̤ɭ�̋ ʄ�ɧɀ̯ɀਗ਼
DDઉæ੕�R�̯ʎʓˉʯ�͕ɭ�˝͕ɭ�ɀ�ʅ̝ɭɀ̯�ɧɭɀʴ�̯˝�̯ʎɭ�
̯ʎʓˉʯʓˉʅ� ̯ʎɀ̯� �ɠ˝̝ʓʅʓˉɀʴ� ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�
ʎɀ͔ɭ� ɧ˝ˉɭ� ɀɠ˝̸̯� ʓˉ̤̯ʓ̸̯̯ʓ˝ˉɀʴʓ̤ʓˉʅ� ̯ʎɀ̯�
ɧʓɀʴ˝ʅ̸ɭ੓�Rઑɧ�̤ɀ͛�͕ɭ�̤ʎ˝̸ʴɧ�ɀɠ̤˝ʴ̸̯ɭʴ͛�ʎɀ͔ɭ�
ʄ̝ɀʽɭ͕˝̝ʯ̤੓�!̸̯�͕ʎɀ̯�ʽɀ̯̯ɭ̝̤�̯˝�ɭ͔ɭ̝͛˝ˉɭ�
ʓ̤�̯ʎɀ̯�̯ʎ˝̤ɭ�ʄ̝ɀʽɭ͕˝̝ʯ̤�ɀ̝ɭ�̸̤ɭɧ�ɭ͔ɭ̝͛�ɧɀ͛�
ɀˉɧ�̯ ʎɀ̯�̯ ʎɭ�ɧʓɀʴ˝ʅ̸ɭ�ɡɀˉ�ɭ͔˝ʴ͔ɭ�̯ ʎɭ̤ɭ̤�̋ ͔ɭ̝�
̯ʓʽɭ�̯ʎɀ̯�ʎɀ͔ɭ�ɡ˝ʽʽ̸ˉʓ̯͛�̸̯̝̤̯�ɀˉɧ�̤˝ɡʓɀʴ�
ʴʓɡɭˉɡɭ੓�Ċɭ�ɀ̝ɭ�ɭɀ̝ʴ͛�˝ˉ� ʓˉ�ɠ̸ʓʴɧʓˉʅ� ̯ʎʓ̤�
̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ੔�ɠ̸̯�R�̯ ʎʓˉʯ�̯ ʎɀ̯�̯ ʎɭ�"ʴ˝̤ʓˉʅ�
̯ʎɭ�Eɀ̚�̄ ɀ̯ʓ˝ˉɀʴ�ɀʅ̝ɭɭʽɭˉ̯�̯ ʎɀ̯�͕ ɀ̤�̤ ʓʅˉɭɧ�
ɠ͛�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�ʓˉ�৖৔৖৕�ʓ̤�͔ɭ̝͛�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�
ʓˉ�̯ʎɀ̯�ʓ̯�ɀʅ̝ɭɭ̤�̯˝�̤ʎɀ̝ɭɧ�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ�
ɀɠ˝̸̯�̸̤ʓˉʅ�ɧɀ̯ɀ�͕ʎɭ̝ɭ�̯ʎɭ̝ɭ�ʓ̤�̯ʎɀ̯�ʓˉ̤̯ʓ-
̸̯̯ʓ˝ˉɀʴʓ̤ɭɧ�ɧʓɀʴ˝ʅ̸ɭ�ɠɭ̯͕ɭɭˉ�ɀ�ʅʓ͔ɭˉ�ɡ˝ʽ-
ʽ̸ˉʓ̯͛�˝̝�˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�ʅ˝͔ɭ̝ˉʽɭˉ̯੓�R�
̤ʎ˝̸ʴɧ�̤ ɀ͛�̯ ʎɀ̯�ʓ̯�ʓ̤�̔ ̸ɡʎ�̔ ˝̝ɭ�ɧʓдɡ̸ʴ̯�ʄ˝̝�
ʅ˝͔ɭ̝ˉʽɭˉ̯̤�̯ ˝�ʎɀˉɧʴɭ�ɧɀ̯ɀ�ɀɠ˝̸̯�ʓˉɧʓ͔ʓɧ̸-
ɀʴ̤�ɠɭɡɀ̸̤ɭ�˝ʄ�̯ʎɭ�͕ɀ͛�̯ʎɀ̯�ɧɀ̯ɀ�̤̤̯͛ɭʽ̤�ɀ̝ɭ�
ɡ˝ˉпʅ̸̝ɭɧ੖�ʓ̯�ʓ̤�ˉ˝̯�ɀ�ʽɀ̯̯ɭ̝�˝ʄ�ʫ̸̤̯�̤ɀ͛ʓˉʅ੔�
઎Rઑɧ�ɹ ʓʯɭ�̯ ˝�̋ ̯̚�̋ ̸̯੓એ�Юɀ̯ઑ̤�ɀʴʽ˝̤̯�ɀ�̤ ɭ̚ɀ̝ɀ̯ɭ�
̝̚˝ɠʴɭʽ�̤ ɭ̯੓�!̸̯�̯ ʎɀ̯�ʓɧɭɀ�̋ ʄ�ʓˉ̤̯ʓ̸̯̯ʓ˝ˉɀʴʓ̤-
ʓˉʅ�ɧʓɀʴ˝ʅ̸ɭ�ɀɠ˝̸̯�ɀɡɡɭ̯̚ɀɠʴɭ�̸̤ɭ̤�˝ʄ�ɧɀ̯ɀ�
ʓ̤� ͕ʎɭ̝ɭ� ̚ɀ̝̯ʓɡʓ̚ɀ̯˝̝͛� ɧɀ̯ɀ� ̤̯ɭ͕ɀ̝ɧ̤ʎʓ̚�
̯ʎʓˉʯʓˉʅ�̋ ̝�ɧɀ̯ɀ�̤ ˝͔ɭ̝ɭʓʅˉ̯͛�̯ ʎʓˉʯʓˉʅ�ɠɭʓˉʅ�
ɧɭ͔ɭʴ˝̚ɭɧ�ɠ͛�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�ɀˉɧ�ʓˉ�ɧʓɀʴ˝ʅ̸ɭ�
͕ʓ̯ʎ�ʅ˝͔ɭ̝ˉʽɭˉ̯̤੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�R�ʫ̸̤̯�͕ ɀˉ̯�̯ ˝�ɀ̤ʯ�͛ ˝̸�̋ ˉɭ�
Ό̸ɭ̤̯ʓ˝ˉ੓�R�̝ɭɀʴʴ͛�͕ɀˉ̯�͛˝̸�̯˝�ɧʓʅ�ɧɭɭ̚�ɀˉɧ�
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̯ʎʓˉʯ�ɀɠ˝̸̯�৖৔৙৔੓�Ċʎɀ̯�ɀ̝ɭ�̯ ʎɭ�̔ ˝̤̯�ʓʽ̚˝̝-
̯ɀˉ̯�̯˝̚ʓɡ̤�̯ʎɀ̯�͕ɭઑ̝ɭ�ɧʓ̤ɡ̸̤̤ʓˉʅ�ɀɠ˝̸̯�̯ʎɭ�
ʴʓʄɭ�˝ʄ�̯˝ɧɀ͛ઑ̤�ɡʎʓʴɧ�ʓˉ�৖৔৙৔ਗ਼
SB:�Ċɭʴʴ੔�R�̯ʎʓˉʯ�̯ʎɭ̝ɭઑ̤�˝ˉɭ�͕˝̝ɧ੕�ʓˉɭΌ̸ɀʴʓ-
̯ʓɭ̤੓�(ɭ̤̚ʓ̯ɭ�ɀʴʴ�˝ʄ�̯ʎɭ�ɀɧ͔ɀˉɡɭ̤�̯ʎɀ̯�͕ɭઑ͔ɭ�
ʽɀɧɭ੔�ɀʴ̯ʎ˝̸ʅʎ�̤ ˝ʽɭ�ʓˉɭΌ̸ɀʴʓ̯ʓɭ̤�ʄɀɧɭ�ɀ͕ɀ ੔͛�
̤˝ʽɭ�̚ɭ̝̤ʓ̤̯੔�ˉɭ͕�˝ˉɭ̤�ɀ̝ʓ̤ɭ�ɀˉɧ�ɡ˝ˉ̯ʓˉ̸ɭ੓�
Û˝�R�̯ʎʓˉʯ�͕ɭ�ˉɭɭɧ�̯˝�ʴ˝˝ʯ�ɀ̯�ʎ˝͕�̯ʎ˝̤ɭ�
ʓˉɭΌ̸ɀʴʓ̯ʓɭ̤�ɀ̝ɭ�ɀ̝ʓ̤ʓˉʅ�ɀˉɧ�͕ ɭ�̄ ɭɭɧ�̯ ˝�ʎɀ͔ɭ�
˝̸̝�ɭ͛ɭ̤�͔ɭ̝͛�ʽ̸ɡʎ�˝ˉ�ʓˉɡʴ̸̤ʓ˝ˉ੓

Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�D̝ɀˉɡɭ̤੔�৖৔৙৔૆ઃ૆͕ʎɀ̯ઑ̤�
̯ʎɭ�ʽ˝̤̯�ʓʽ̚˝̝̯ɀˉ̯�̯˝̚ʓɡ�͕ɭઑ̝ɭ�ɧʓ̤ɡ̸̤̤ʓˉʅਗ਼
DDઉæ੕�M˝͕�ɀ̝ɭ�͕ɭ�ɭʽ̚˝͕ɭ̝ʓˉʅ�ɀ�ৗ৕઀͛ɭɀ̝઀
˝ʴɧ�ˉ˝ ੔͕�ɀ�͛˝̸ˉʅ�ɀɧ̸ʴ̯�˝̝�ɀ�ʽɀ̸̯̝ɭ�ɀɧ̸ʴ̯੔�
̯˝�ˉ˝̯�ʽɀʯɭ�ɧɭɡʓ̤ʓ˝ˉ̤�ʫ̸̤̯�ɀɠ˝̸̯�̯ʎɭʓ̝�˝͕ˉ�
ʴʓ͔ɭ̤੔�ɠ̸̯�̯ ˝�ɭˉʅɀʅɭ�͕ ʓ̯ʎ�̯ ʎɭʓ̝�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�
ɀˉɧ�ɀ̤�ɀ�ɡʓ̯ʓͥɭˉ੔�ɀɠ˝̸̯�̯ ʎɭ�ʓ̸̤̤ɭ̤�̯ ʎɀ̯�̔ ɀ̯̯ɭ̝�
̯˝�̯ʎɭʽਗ਼
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�͔˝ʓɧʓˉʅ�ɀ�ɧʓʅʓ̯ɀʴ�ɧɀ̝ʯ�ɀʅɭ

Ûʎɀ͕ˉ�Ô˝̤̤ુa੔�Юɭ̝ɭ̤ɀ�i੓�(੓��ˉɧɭ̝̤˝ˉુb

aુÑ̝˝ʄɭ̤̤˝̝�˝ʄ�Mʓ̤̯˝̝͛�ɀˉɧ��̝ɡʎɀɭ˝ʴ˝ʅ͛�ɀˉɧ�(ʓ̝ɭɡ̯˝ ੔̝�(ʓʅʓ̯ɀʴʴ͛�.ˉɀɠʴɭɧ�Ôɭ̤ɭɀ̝ɡʎ੔��дɡɭ�˝ʄ�̯ʎɭ�
(ɭ̸̯͛̚�ĉʓɡɭ઀"ʎɀˉɡɭʴʴ˝ ੔̝�vɀɡΌ̸ɀ̝ʓɭ�íˉʓ͔ɭ̝̤ʓ̯͛ 

bુÛ˝ɡʓɀʴ�Rˉʄ˝̝ʽɀ̯ʓɡʓ̤̯੔�"˝ˉˉɭɡ̯ʓˉʅ�Û̯˝ˉɭ̤�"˝ˉ̸̤ʴ̯ʓˉʅ੖�Ôɭ̤ɭɀ̝ɡʎ�Dɭʴʴ˝ ੔͕�Ûɡʎ˝˝ʴ�˝ʄ�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ�
Ûɡʓɭˉɡɭ̤੔�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Rʴʴʓˉ˝ʓ̤�ɀ̯�í̝ɠɀˉɀ઀"ʎɀʽ̚ɀʓʅˉ

v˝ɧɭ̝ɀ̯˝̝�ɀˉɧ�Ôɀ̚̚˝̝̯ɭ̸̝੕�Rɀˉ��̚̚ɭ̝ʽɀˉˉ੔�"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯੔��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯੖�Rˉɧ̸̤̯̝͛�
Ñ̝˝ʄɭ̤̤˝ ੔̝�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ ੔͛�Û͛ɧˉɭ͛

Ûʎɀ͕ˉ�Ô˝̤̤

A ̤�ɀ�ʎʓ̤̯˝̝ʓɀˉ�ɀˉɧ�ɀˉ�ɀ̝ɡʎɀɭ˝ʴ˝ʅʓ̤̯੔�R�
ʎɀ͔ɭ�ɀ�ʴ˝ˉʅ઀̤̯ɀˉɧʓˉʅ�ʓˉ̯ɭ̝ɭ̤̯�ʓˉ�ɠ˝̯ʎ�

ɧɀ̝ʯ�ɀʅɭ̤�ɀˉɧ�̯ʎɭ�̤˝ɡʓɀʴ�ʓʽ̚ɀɡ̯̤�˝ʄ�̯ɭɡʎˉ˝-
ʴ˝ʅʓɡɀʴ�ʓˉˉ˝͔ɀ̯ʓ˝ˉ੓�Rઑɧ�ɹ ʓʯɭ�̯ ˝�̤ ̯ɀ̝̯�ɠ͛�̚ ˝̤ʓˉʅ�
̯ʎɭ�Ό̸ɭ̤̯ʓ˝ˉ̤੕�Ċʎɀ̯�ʓ̤�ɀ�(ɀ̝ʯ��ʅɭ�ɀˉɧ�Ċʎɀ̯�
ʓ̤�̯ʎɭ�(ʓʅʓ̯ɀʴ�(ɀ̝ʯ��ʅɭਗ਼
Rˉ�ʽ͛�˝͕ˉ�͕˝̝ʯ੔�͕ɭ�˝оɭˉ�ɧʓ̤ɡ̸̤̤�ɧɀ̝ʯ�

ɀʅɭ̤�ɀ̤�̚ ̝˝ɧ̸ɡ̯̤�̋ ʄ�ɀ�̤ ̤̯͛ɭʽ̤�ɡ˝ʴʴɀ̤̚ɭ੔�̤ ˝ʽɭ-
̯ʎʓˉʅ�̯ʎɀ̯�̝̚˝ɧ̸ɡɭ̤�ɀ�ʴɭ̤̤�ɡ˝ʽ̚ʴɭ͚�̤˝ɡʓɭ̯͛�
̯ʎɀˉ� ̯ʎɭ�˝ˉɭ� ̯ʎɀ̯�̝̚ɭɡɭɧɭɧ� ʓ̯੓� Rˉ�ɀ�ɧɀ̝ʯ�
ɀʅɭ੔�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�ɀ̝ɭ�̤ʽɀʴʴɭ ੔̝�̚˝˝̝ɭ ੔̝�ʽ˝̝ɭ�
ʓ̤˝ʴɀ̯ɭɧ੔�͕ʓ̯ʎ�ʴɭ̤̤�ɭɡ˝ˉ˝ʽʓɡ�̤̚ɭɡʓɀʴʓ̤ɀ̯ʓ˝ˉ�
ɀˉɧ�̤˝ɡʓɀʴ�ɧʓаɭ̝ɭˉ̯ʓɀ̯ʓ˝ˉ੔�ɀˉɧ�͕ʓ̯ʎ˝̸̯�̯ʎɭ�
̝ɭ̤˝̸̝ɡɭ̤�̯˝�̸̤̚̚˝̝̯�ʴʓ̯ɭ̝ɀɡ ੔͛�ɭɧ̸ɡɀ̯ʓ˝ˉ�˝̝�
̯ɭɡʎˉ˝ʴ˝ʅ ੓͛�.͔ɭˉ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤�̯ ʎɀ̯�̔ ɀ͛�ʎɀ͔ɭ�
ɠɭɭˉ�̤ ̸̚̚˝̝̯ɭɧ�ɠ͛�̚ ̝ɭɡɭɧʓˉʅ�ɀʅɭ̤੓�(ɭˉʓͥɭˉ̤�
˝ʄ�ɀ�ɧɀ̝ʯ�ɀʅɭ�ʽɀ͛�ʴ˝˝ʯ�ɠɀɡʯ�ɀˉɧ�͕˝ˉɧɭ̝�
ɀ̯�̯ʎɭ�ɀɡɡ˝ʽ̚ʴʓ̤ʎʽɭˉ̯̤�˝ʄ�̯ʎɭʓ̝�̝̚ɭɧɭɡɭ̤-
̤˝̝̤੓�Û˝੔�̯ʎɭ�ʴ˝̤̤�˝ʄ੔�̝ɭʫɭɡ̯ʓ˝ˉ�˝ʄ੔�ʽ˝ɧɭ̝ˉ�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̯ɭɡʎˉ˝ʴ˝ʅ͛�͕˝̸ʴɧ�ʴʓʯɭʴ͛�ɡɀ̸̤ɭ�
̸̤ɡʎ�ɀ�ɧɀ̝ʯ�ɀʅɭ੔�ɀ̤�ʓ̯ઑ̤�ɀ�̚ʓʴʴɀ̝�˝ʄ�ʽ˝ɧɭ̝ˉ�
ɡ˝ʽ̚ʴɭ͚ʓ̯ ੓͛�.ʴʓʽʓˉɀ̯ʓˉʅ�̯ ˝ɧɀ͛ઑ̤�̯ ɭɡʎˉ˝ʴ˝ʅ͛�
ʓ̤ ઑ̯̄�ɀˉ�˝̯̚ʓ˝ˉ੓�Ċɭ�ˉɭɭɧ�̯˝�ʴɭɀ̝ˉ�ʎ˝͕�̯˝�
ʴʓ͔ɭ�͕ʓ̯ʎ�ʓ̯੓��ˉɧ�̤˝ʽɭ�ɡ˝ˉɡɭ̯̤̚�̝ɭʴɀ̯ɭɧ�̯˝�
ɧɀ̝ʯ�ɀʅɭ̤੔�˝̝�̯ʎɭ�ɀ̤̚ɭɡ̯̤�˝ʄ�̤˝ɡʓɭ̯ʓɭ̤�̯ʎɀ̯�
ɀʴʴ˝͕�̯ʎɭʽ�̯˝�ɀ͔˝ʓɧ�ɧɀ̝ʯ�ɀʅɭ̤੔�ʽɀ͛�̤ɭ̝͔ɭ�
ɀ̤�ʽɭ̯ɀ̚ʎ˝̝̤੓��̯�ʴɭɀ̤̯�̯ʎɭ͛�ʽʓʅʎ̯�ʎɭʴ̚�ɀ�
ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�̸ˉɧɭ̝̤̯ɀˉɧ�ɀˉɧ�̯ʎ̝ʓ͔ɭ�ʓˉ�
˝̸̝�ɧʓʅʓ̯ɀʴ�ɀʅɭ੓��ɧɧ̝ɭ̤̤ʓˉʅ�̯ʎʓ̤�̝̚˝ɠʴɭʽ�
ɠ̝ʓɭр͛�ʎɀ̤�ɠɭɭˉ�ɀ�ɡʎɀʴʴɭˉʅɭ੓�Û˝�R�͕ɀˉ̯�̯˝�

̝̚ɭ̤ɭˉ̯�̯ʎ̝ɭɭ�͔ʓʅˉɭ̯̯ɭ̤੔�ɭɀɡʎ�ɭˉɧʓˉʅ�͕ʓ̯ʎ�
ɀ�̝̚˝͔˝ɡɀ̯ʓ˝ˉ੓
Юɭ�п̝̤̯�͔ʓʅˉɭ̯̯ɭ�Rઑ͔ɭ�ɡɀʴʴɭɧ�઎ɧʓʅʓ̯ɀʴ�ɡʓ̯͛�

ɀˉɧ�̚ ɀ̯ʎ˝ʴ˝ʅʓɭ̤�̋ ʄ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ੓એ�Rˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�
ʓ̤�ɀ�ɧɭпˉʓˉʅ�ɡʎɀ̝ɀɡ̯ɭ̝ʓ̤̯ʓɡ�˝ʄ�ʎ̸ʽɀˉ�ʴʓʄɭ�
ɀˉɧ�ɀ�ʯɭ͛�ɡ˝ʽ̚˝ˉɭˉ̯�̋ ʄ�̯ ʎɭ�ɡ˝ʽ̚ʴɭ͚ʓ̯͛�̯ ʎɀ̯�
̸̤̚̚˝̝̯̤�ɧ͛ˉɀʽʓɡ�̤˝ɡʓɭ̯ʓɭ̤੓�"ʓ̯ʓɭ̤�ɀ̝ɭ੔�ʓˉ�
ɭ̤̤ɭˉɡɭ੔�̯ʎɭ�˝̝ʓʅʓˉɀʴ�̯ɭɡʎˉ˝ʴ˝ʅ͛�˝ʄ�ʓˉ̯ɭ̝ɀɡ-
̯ʓ˝ˉ੓�D˝̝�৚৔৔৔�͛ɭɀ̝̤੔�ɡʓ̯͛�͕ɭ̝ɭ�̯ʎɭ�ɭˉʅʓˉɭ̤�
˝ʄ� ɭ͚ɡʎɀˉʅɭ੔� ͕ɭɀʴ̯ʎ� ʅɭˉɭ̝ɀ̯ʓ˝ˉ੔� ɡ̸ʴ̸̯̝ɀʴ�
ɭ͚̚ɭ̝ʓʽɭˉ̯ɀ̯ʓ˝ˉ੔�̯ ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�ʓˉˉ˝͔ɀ̯ʓ˝ˉ੓�
Ċʎɭˉ�͕ɭઑ̝ɭ�ʴ˝˝ʯʓˉʅ�ɠɀɡʯ�ɀ̯�̯ʎɭ�̚ɀ̤̯੔�̯ʎɭ�
ɧɭɡʴʓˉɭ�̋ ʄ�ɡʓ̯ʓɭ̤�ʓ̤�̋ оɭˉ�̯ ɀʯɭˉ�ɀ̤�ɀ�ʎɀʴʴʽɀ̝ʯ�
˝ʄ�̯ʎɭ�ɧɀ̝ʯ�ɀʅɭ੓
Rˉ�ɠɭ̯̯ɭ̝�̯ʓʽɭ̤੔�̚ɭ˝̚ʴɭ�ʽ˝͔ɭ�ʓˉ̯˝�ɡʓ̯ʓɭ̤੓�

Rˉ�ʄɀɡ̯੔�̸ ˉ̯ʓʴ�ɀɠ˝̸̯�৕ঢ়৔৔੔�̚ ɭ˝̚ʴɭ�ʎɀɧ�̯ ˝�̔ ˝͔ɭ�
ʓˉ̯˝�ɡʓ̯ʓɭ̤�ɠɭɡɀ̸̤ɭ੔�ʄ˝̝�ɀʴʴ�˝ʄ�̯ʎɭʓ̝�ɀɧ͔ɀˉ-
̯ɀʅɭ̤੔�̚ʴɀʅ̸ɭ੔�ʄɀʽʓˉɭ�ɀˉɧ�˝̯ʎɭ̝�̝̚˝ɠʴɭʽ̤�
ʽɭɀˉ̯� ̯ʎɀ̯� ɧɭɀ̯ʎ̤� ʓˉ� ɡʓ̯ʓɭ̤� ɀʴ͕ɀ̤͛� ˝̸̯-
ˉ̸ʽɠɭ̝ɭɧ�ɠʓ̝̯ʎ̤੓� Rˉɧɭɭɧ੔� ʓ̯� ̯˝˝ʯ�ʽʓʴʴɭˉ-
ˉʓɀ�̯˝�ɧɭ͔ɭʴ˝̚�̯ʎɭ�ɀˉɡʓʴʴɀ̝͛�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�
ɀˉɧ�̝̚ɀɡ̯ʓɡɭ̤�ɀ̝˝̸ˉɧ�ʎ͛ʅʓɭˉɭ੔�̤ɀˉʓ̯ɀ̯ʓ˝ˉ੔�
̯̝ɀˉ̤̚˝̝̯ɀ̯ʓ˝ˉ�ɀˉɧ�ʴ˝ʅʓ̤̯ʓɡ̤�̯˝�ʽɀʯɭ�ʴʓʄɭ�ʓˉ�
ɡʓ̯ʓɭ̤�̝ ɭɀ̤˝ˉɀɠʴ͛�̤ ɭɡ̸̝ɭ੓�Ю˝̤ɭ�ɧɭʽ˝ʅ̝ɀ̚ʎʓɡ�
ʴʓʽʓ̯̤�̯˝�̸̝ɠɀˉʓ̤ɀ̯ʓ˝ˉ�ʎɀ͔ɭ�˝ˉʴ͛�̝ɭɡɭˉ̯ʴ͛�
ɠɭɭˉ�ɹ ʓоɭɧ੔�ɀˉɧ�ʄ˝̝�̯ ʎɭ�п̝̤̯�̯ ʓʽɭ�̄ ˝ ੔͕�̔ ˝̤̯�
̚ɭ˝̚ʴɭ�ʴʓ͔ɭ�ʓˉ�ɡʓ̯ʓɭ̤੓
�̤� ̯ʎɭ� ɀɠ̤̯̝ɀɡ̯� ̯ʎɀ̯�͕ɀ̤� ̝̚ɭ̚ɀ̝ɭɧ� ʄ˝̝�

̯ʎʓ̤�ʄ˝̸̝ʽ�˝ɠ̤ɭ̝͔ɭɧ੔�ɧʓʅʓ̯ɀʴ�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ�ʓ̤�
ɀ�ɧɭпˉʓˉʅ�ɡʎɀ̝ɀɡ̯ɭ̝ʓ̤̯ʓɡ�˝ʄ�ʽ˝ɧɭ̝ˉ�ʎ̸ʽɀˉ�
ʴʓʄɭ੓�(ʓʅʓ̯ɀʴ� ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ� ʓ̤� ɭ̤̤ɭˉ̯ʓɀʴʴ͛�˝̸̝�
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ˉɭ͕�̸̝ɠɀˉʓ̤ɀ̯ʓ˝ˉ੔�ɀˉɧ�ʓ̯�ʓˉɡ̸ɠɀ̯ɭ̤�ʓ̯̤�˝͕ˉ�
̤˝ɡʓɀʴ� ɡ˝ˉ̯ɀʅʓ˝ˉ੓�Ċɭઑ̝ɭ� ɀʴʴ� ʄɀʽʓʴʓɀ̝�͕ʓ̯ʎ�
̯ʎɭ�ɧʓ̤ɡ˝̸̝̤ɭ�ɀ̝˝̸ˉɧ�ʽʓ̤ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɀˉɧ�
ʄɀʯɭ�ˉɭ͕̤੔�ɀˉɧ�f˝ˉɀ̯ʎɀˉ�Mɀʓɧ̯�ɀˉɧ�˝̯ʎɭ̝̤�
ʎɀ͔ɭ�ɀʴ̤˝�ɭ͚̚ʴ˝̝ɭɧ�ʎ˝͕�̯ʎɭ�ɡ˝ʽɠʓˉɀ̯ʓ˝ˉ�˝ʄ�
̤˝ɡʓɀʴ�ʽɭɧʓɀ�ɀˉɧ�ʽ˝ɠʓʴɭ�ɧɭ͔ʓɡɭ̤�ʎɀ̤�ʴɭɧ�̯˝�
ʓˉɡ̝ɭɀ̤ɭɧ�ɧɭ̝̚ɭ̤̤ʓ˝ˉ�˝ʄ�̯ɭɭˉɀʅɭ̝̤੓ৡ�Юɀ̯ઑ̤�
ʫ̸̤̯� ˝ˉɭ� ɭ͚ɀʽ̚ʴɭ� ̯ʎɀ̯� Rઑ͔ɭ� ɡ˝ʽɭ� ɀɡ̝˝̤̤�
̝ɭɡɭˉ̯ʴ ੓͛�Rઑɧ�ɭˉɧ�͕ʓ̯ʎ�̯ʎɭ�̝̚˝͔˝ɡɀ̯ʓ˝ˉ�̯ʎɀ̯�
͕ɭઑ͔ɭ�ʅ˝̯�̯˝�̝̚ɭ̚ɀ̝ɭ�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�̯˝�
ˉɀ͔ʓʅɀ̯ɭ�̯ ʎʓ̤�̸ ˉ̤ɀˉʓ̯ɀ̝͛�̋ ˉʴʓˉɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�
ɀˉɧ�ɭˉɡ˝̸̝ɀʅɭ�̯ʎɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�̯ɭɡʎˉ˝ʴ-
˝ʅʓɭ̤�ɀˉɧ�̝̚ɀɡ̯ʓɡɭ̤�̯˝�ɡ̸̝ɠ�̯ʎɭ�̤̝̚ɭɀɧ�˝ʄ�
̤˝ɡʓɀʴ�ɡ˝ˉ̯ɀʅʓ˝ˉ੓��̯�̯ʎɭ�̤ɀʽɭ�̯ʓʽɭ੔�̯ʎ˝̸ʅʎ੔�
͕ɭ�̤ʎ˝̸ʴɧ�̝ɭɡ˝ʅˉʓ̤ɭ�̯ʎɭ�ʅɭˉɭ̝ɀ̯ʓ͔ɭ�̚˝͕ɭ̝�
˝ʄ�̯ʎɭ�ʓˉ̯ɭ̝ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯ ੓͛
R�̯ɭˉɧ�̯˝�ʄ˝ɡ̸̤�˝ˉ�ˉɭʅɀ̯ʓ͔ɭ�̯ʎʓˉʅ̤੔�ɀˉɧ�R�

͕ɀ̤�̝ ɭʽʓˉɧɭɧ�ʓˉ�̯ ʎɭ�̝ ̸ˉ̸̚�̯ ˝�̯ ʎʓ̤�ʄ˝̸̝ʽ�ɠ͛�
ʽ͛�ɡ˝઀̝̚ɭ̤ɭˉ̯ɭ ੔̝�Юɭ̝ɭ̤ɀ੔�̯ ʎɀ̯�͕ ɭ�̤ ʎ˝̸ʴɧ ઑ̯̄�
˝͔ɭ̝ʴ˝˝ʯ� ̯ʎɭ�̚˝̤ʓ̯ʓ͔ɭ�̚ɀ̝̯̤� ɀ̤�͕ɭʴʴ੓�Юɀ̯�
ʓˉ̯ɭ̝ɡ˝ˉˉɭɡ̯ʓ͔ʓ̯ ੔͛� ̸̤̚ɭ̝ɡʎɀ̝ʅɭɧ� ɠ͛� ̯ʎɭ�
˝ˉʴʓˉɭ�͕˝̝ʴɧ੔�ʓ̤�ɀ�̚ʴɀɡɭ�̯ʎɀ̯੔�ʴʓʯɭ�̚ʎ̤͛ʓɡɀʴ�
ɡʓ̯ʓɭ̤੔� ʄ˝̤̯ɭ̝̤�ɭ͚ɡʎɀˉʅɭ�ɀˉɧ�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀ-
tion.
Û˝੔�ʽ͛�̤ɭɡ˝ˉɧ�͔ʓʅˉɭ̯̯ɭ�̝ɭʴɀ̯ɭ̤�̯˝�ʯˉ˝͕ʴ-

ɭɧʅɭ੔�̚ ˝͕ɭ̝�ɀˉɧ�̔ ɀʅʓɡ੓���̤ ̯ɭ̝ɭ˝̯͛̚ʓɡɀʴ�͔ ʓɭ͕�
˝ʄ�ɀ�ɧɀ̝ʯ�ɀʅɭ�ʓˉ͔˝ʴ͔ɭ̤�ɀ�ʽ˝ˉʯ�̤ʓ̯̯ʓˉʅ�ʓˉ�ɀ�
̤ɡ̝ʓ̯̚˝̝ʓ̸ʽ�ɡ˝͛̚ʓˉʅ�̔ ɀˉ̸̤ɡ̝ʓ̯̤̚੔�ɀˉɧ�̯ ʎɭ̝ɭ�
ʽɀ͛�ɠɭ�ɀ�ɹ ʓ̯̯ʴɭ�ɠʓ̯�̋ ʄ�̯ ̸̝̯ʎ�ɠɭʎʓˉɧ�̯ ʎʓ̤�ʓʽɀʅɭ੓�
Ċʓ̯ʎ�ɹ ˝͕ɭ̝�ɹ ʓ̯ɭ̝ɀɡ͛�̝ ɀ̯ɭ̤੔�ɀɡɡɭ̤̤�̯ ˝�ʓˉʄ˝̝ʽɀ-
tion can become constrained to a small class 
˝ʄ�̤̚ɭɡʓɀʴʓ̤̯̤�ɧ˝ʓˉʅ�̯ʎʓˉʅ̤�̯ʎɀ̯�ʽ˝̤̯�ɧ˝ ઑ̯̄�
̸ˉɧɭ̝̤̯ɀˉɧ੓�Юɀ̯�̔ ˝ˉɀ̤̯ɭ̝͛�ʓʽɀʅɭ�ɠ̝˝̸ʅʎ̯�
̯˝�ʽʓˉɧ��̝̯ʎ̸̝�"੓�"ʴɀ̝ʯɭ�̤ɀ͛ʓˉʅ�̯ʎɀ̯�ɀˉ͛�
̸̤дɡʓɭˉ̯ʴ͛�ɀɧ͔ɀˉɡɭɧ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�ʓ̤�ʓˉɧʓ̤̯ʓˉ-
ʅ̸ʓ̤ʎɀɠʴɭ�ʄ̝˝ʽ�ʽɀʅʓɡ੓ৢ��˝͕�Rઑʽ�ɀ�̝̚˝ʄɭ̤̤˝̝�

ਘાMɀʓɧ̯੔�f੓�ੲ৖৔৕ড়ੳ੓�Юɭ�"˝ɧɧʴʓˉʅ�˝ʄ�̯ʎɭ��ʽɭ̝ʓɡɀˉ�vʓˉɧ੕�M˝͕�E˝˝ɧ�Rˉ̯ɭˉ̯ʓ˝ˉ̤�ɀˉɧ�!ɀɧ�Rɧɭɀ̤��̝ɭ�Ûɭ̯̯ʓˉʅ�í̚�Юɭ�"˝ɧɧʴʓˉʅ�˝ʄ�̯ʎɭ��ʽɭ̝ʓɡɀˉ�vʓˉɧ੕�M˝͕�E˝˝ɧ�Rˉ̯ɭˉ̯ʓ˝ˉ̤�ɀˉɧ�!ɀɧ�Rɧɭɀ̤��̝ɭ�Ûɭ̯̯ʓˉʅ�í̚�
ɀ�Eɭˉɭ̝ɀ̯ʓ˝ˉ�ʄ˝̝�Dɀʓʴ̸̝ɭɀ�Eɭˉɭ̝ɀ̯ʓ˝ˉ�ʄ˝̝�Dɀʓʴ̸̝ɭ੔�ɡ˝઀͕̝ʓ̯̯ɭˉ�͕ʓ̯ʎ�E̝ɭʅ�m̸ʯʓɀˉ˝а੓��ɭ͕�Đ̋ ̝ʯ�"ʓ̯͛੕�Ñɭˉʅ̸ʓˉ�Ñ̝ɭ̤̤੓
ਙા"ʴɀ̝ʯ��੓"੓�ੲ৕ঢ়৚৖ੳ�Ó˧ʧΓɾȷˮ�ʧɎ�˹ɘȷ�F̂˹̂˧ȷ׃��ʓ�Tʓ˦̂ɝ˧̥�ɝʓ˹ʧ�˹ɘȷ�oɝʇɝ˹ˮ�ʧɎ�˹ɘȷ�ÓʧˮˮɝȪɾȷ੔�Mɀ̝̚ɭ̝�୐�Ô˝ ੓͕
ਚાÔ̸̤ʎʯ˝а੔�(੓�ੲ৖৔৕৔ੳ�Ó˧ʧɏ˧Ȋʇ�ʧ˧�Ȫȷ�Ó˧ʧɏ˧Ȋʇʇȷȱ׃�èȷʓ�$ʧʇʇȊʓȱˮ�Ɏʧ˧�Ȋ�*ɝɏɝ̵Ȋɾ��ɏȷ੔�Û˝о�Ûʯ̸ʴʴ�Ñ̝ɭ̤̤੓
ਛાĉʓˉʅɭ੔�ĉ੓�ੲ৖৔৔৚ੳ�Rainbows End੔�æ˝̝�!˝˝ʯ̤੓

ɀ̯�ɀ�̸ˉʓ͔ɭ̝̤ʓ̯ ੔͛�R�ɀˉɧ�ʽ͛�ɡ˝ʴʴɭɀʅ̸ɭ̤�̯ʎʓˉʯ�
˝ʄ�˝̸̝�̸̤̯ɧɭˉ̯̤�ɀ̤�ɧʓʅʓ̯ɀʴ�ˉɀ̯ʓ͔ɭ̤੓�!̸̯� ʓˉ�
ʽ͛�ɭ͚̚ɭ̝ʓɭˉɡɭ੔�̯ʎɭʓ̝�ɧʓʅʓ̯ɀʴ�ʴʓ̯ɭ̝ɀɡ͛�ʓ̤�̝ɭʴɀ-
̯ʓ͔ɭʴ͛�ɹ ʓʽʓ̯ɭɧ੓�Ô̸̤̤ɭʴʴ�iʓ̝̤ɡʎ�ੲ৕ঢ়৖ঢ়�ં ৖৔৖৔ੳ੔�ɀˉ�
ɭɀ̝ʴ͛�ɡ˝ʽ̸̯̚ʓˉʅ�̚ʓ˝ˉɭɭ ੔̝�ɡ˝ʽ̚ʴɀʓˉɭɧ�̯ʎɀ̯�
ʽ˝ɧɭ̝ˉ�ɧɭ͔ʓɡɭ̤�ɀ̝ɭ�̤˝�ɭʴɭʅɀˉ̯�ɀˉɧ�ɭɀ̤͛�̯˝�
̸̤ɭ�̯ʎɀ̯�̯ʎɭ͛�̸̤ɠ̯ʴ͛�ɧʓ̝ɭɡ̯�̚ɭ˝̚ʴɭ�̯˝͕ɀ̝ɧ̤�
ɠɭɡ˝ʽʓˉʅ�̚ɀ̤̤ʓ͔ɭ�ɡ˝ˉ̸̤ʽɭ̝̤�˝ʄ�̯ɭɡʎˉ˝ʴ˝-
ʅʓɭ̤੔�ʓˉ̤̯ɭɀɧ�˝ʄ�̸̤ʓˉʅ�̯ɭɡʎˉ˝ʴ˝ʅ͛�̯˝�ɧ˝�ˉɭ͕�
̯ʎʓˉʅ̤੓�(˝̸ʅʴɀ̤�Ô̸̤ʎʯ˝а੔�ɀ�̝̚˝ʅ̝ɀʽʽɭ ੔̝�
ʅ˝ɭ̤� ɭ͔ɭˉ� ʄ̸̝̯ʎɭ ੔̝� ɀ̝ʅ̸ʓˉʅ� ̯ʎɀ̯�̝̚˝ʅ̝ɀʽ-
ʽʓˉʅ�ʓ̤�̯ʎɭ�ˉɭ͕�ʴʓ̯ɭ̝ɀɡ͛�˝ʄ�̯ʎɭ�ɧʓʅʓ̯ɀʴ�ɀʅɭ�
ɀˉɧ�̯ʎɀ̯�̯ʎɭ�ʓʴʴʓ̯ɭ̝ɀ̯ɭ�ɀ̝ɭ�ɠɭʓˉʅ�ɧʓ̝ɭɡ̯ɭɧ�ɠ͛�
̯ʎɭ� ̯ɭɡʎˉ˝ʴ˝ʅ͛�ɀˉɧ�̯ʎ˝̤ɭ�͕ʎ˝�ʎɀ͔ɭ�ʽɀ̤-
tered code.ৣ�Û˝੔�̔ ͛�̚ ̝˝͔˝ɡɀ̯ʓ˝ˉ�ʎɭ̝ɭ�ʓ̤�̯ ʎɀ̯�
̯ʎɭ�͕˝̝ʴɧ�ʓ̤�ɠɭʓˉʅ�ɧʓ͔ʓɧɭɧ�ɠɭ̯͕ɭɭˉ�̯ʎ˝̤ɭ�
͕ʎ˝�ɀ̝ɭ�ɧʓʅʓ̯ɀʴʴ͛�ʴʓ̯ɭ̝ɀ̯ɭ�ɀˉɧ�̯ʎ˝̤ɭ�͕ʎ˝�ɀ̝ɭ�
ˉ˝̯੔�͕ʓ̯ʎ�̯ʎɭ�ʄ˝̝ʽɭ̝�ɀɡɡ̸ʽ̸ʴɀ̯ʓˉʅ�̚˝͕ɭ ੓̝�
��ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�̝ʓ̤ʯ̤�ɠɭɡ˝ʽʓˉʅ�ɀ�̚ɀ̤-
̤ʓ͔ɭ� ɡ˝ˉ̸̤ʽɭ̝� ˝ʄ� ̯ɭɡʎˉ˝ʴ˝ʅ͛� ̯ʎɀ̯�ʽʓʅʎ̯�
ɀ̤�͕ɭʴʴ�ɠɭ�ʽɀʅʓɡ੓�æ˝�ɀ͔˝ʓɧ�̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�
̤ɭ̝ʄɧ˝ʽ੔�̯ʎɀ̯�ɡʎʓʴɧ�ʽ̸̤̯�ɠɭɡ˝ʽɭ�ɧʓʅʓ̯ɀʴʴ͛�
ʴʓ̯ɭ̝ɀ̯ɭ੔�ɀˉɧ�̤ ̸ɡʎ�ɹ ʓ̯ɭ̝ɀɡ͛�͕ ˝̸ʴɧ�ɀʴ̤˝�ɭˉɀɠʴɭ�
̯ʎɀ̯�ɡʎʓʴɧ�̯ ˝�ɠɭɡ˝ʽɭ�ɀ�ɡ̝ɭɀ̯˝ ੔̝�̸ ̤ʓˉʅ�ɧʓʅʓ̯ɀʴ�
̯˝˝ʴ̤�̯ ˝�ɧ˝�̯ ʎʓˉʅ̤�̯ ʎɀ̯�̄ ˝�̋ ˉɭઑ̤�ɧ˝ˉɭ�ɠɭʄ˝̝ɭ੓�
"˝ˉ̤ʓɧɭ̝ʓˉʅ�̯ ʎɭ�ɀɡɡɭʴɭ̝ɀ̯ʓˉʅ�̚ ɀɡɭ�̋ ʄ�ɡʎɀˉʅɭ੔�
ʴɭɀ̝ˉʓˉʅ�ʎ˝͕�̯ ˝�ɹ ɭɀ̝ˉ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ʓ̤�̯ ʎɭ�ʯɭ͛�
̯˝�̯ʎɀ̯੓�ĉɭ̝ˉ˝̝�ĉʓˉʅɭઑ̤�Rainbows End is an 
ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�̤ɡʓɭˉɡɭ�пɡ̯ʓ˝ˉ�̯ɀʯɭ�˝ˉ�ʓ̯੓৤
Dʓˉɀʴʴ ੔͛� Rઑɧ� ʴʓʯɭ� ̯˝� ̯ɀʴʯ� ɀɠ˝̸̯� ̯ɭɡʎˉ˝-

ʴ˝ʅʓɡɀʴ� ̯̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉ̤�ɀˉɧ� ̯ʎɭʓ̝�ɧʓ̤ɡ˝ˉ-
̯ɭˉ̯̤੔�̤˝ʽɭ̯ʎʓˉʅ�̯ʎɀ̯ઑ̤�ɡʴ˝̤ɭ�̯˝�ʽ͛�ʎɭɀ̝̯�
ɀ̤�ɀˉ�ɀˉɡʓɭˉ̯�ʎʓ̤̯˝̝ʓɀˉ੓�Mʓ̤̯˝̝͛�ʓ̤�ʽɀ̝ʯɭɧ�
ɠ͛�̯̝ɀˉ̤ʓ̯ʓ˝ˉ̤�ʓˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̯ɭɡʎˉ˝ʴ˝ʅ ੔͛�
ʄ̝˝ʽ� ˝̝ɀʴʓ̯͛� ̯˝� ʴʓ̯ɭ̝ɀɡ ੔͛� ̤ɡ̝˝ʴʴ� ̯˝� ɡ˝ɧɭ͚੔�
ʽɀˉ̸̤ɡ̝ʓ̯̚�̯˝�̝̚ʓˉ̯੔�̝̚ʓˉ̯�̯˝�ʽɀ̤̤�ʽɭɧʓɀ੔�

https://en.wikipedia.org/wiki/The_Coddling_of_the_American_Mind
https://en.wikipedia.org/wiki/The_Coddling_of_the_American_Mind
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̯˝�ʎ͛̚ɭ̝̯ɭ͚̯�̯˝�̤˝ɡʓɀʴ�ʽɭɧʓɀ੖�ɀʴʴ�˝ʄ�͕ʎʓɡʎ�
ɡ̝ɭɀ̯ɭɧ�˝̚̚˝̸̝̯ˉʓ̯ʓɭ̤੔�ɡʎɀʴʴɭˉʅɭ̤�ɀˉɧ�ɀˉ͚ʓ-
ɭ̯ʓɭ̤੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�˝ˉ�̯ʎɭ�ɡ̸̤̚�˝ʄ�ʴʓ̯ɭ̝ɀɡ ੔͛�
Ñʴɀ̯˝ઑ̤��̯ʎɭˉ̤�̸ ̤ɭɧ੔�ɠ̸̯�ɧʓ̸̤̯̝̤̯ɭɧ੔�̯ ʎɭ�͕ ̝ʓ̯-
̯ɭˉ�͕˝̝ɧ੓�Ôɭɡ˝̸̝̤ɭ�̯˝�͕̝ʓ̯ʓˉʅ�ɀʴʴ˝͕ɭɧ�̤̤͛-
̯ɭʽɀ̯ʓɡ�ɀˉɧ�̸̤̤̯ɀʓˉɭɧ�ɡ˝ˉ̤ʓɧɭ̝ɀ̯ʓ˝ˉ�˝ʄ�̯ʎɭ�
͕˝̝ʴɧ�ʓˉ�͕ɀ̤͛�̯ʎɀ̯�ʎɀɧ�ɠɭɭˉ�ʓʽ̚˝̤̤ʓɠʴɭ�ʓˉ�
ɀˉ�˝̝ɀʴ�̤˝ɡʓɭ̯ ੓͛��̯�̯ʎɭ�̤ɀʽɭ�̯ʓʽɭ੔��̯ʎɭˉʓ-
ɀˉ̤�͕ ˝̝̝ʓɭɧ�ɀɠ˝̸̯�̤ ˝̚ʎʓ̤̯̤�ɀˉɧ�̝ ʎɭ̯˝̝ʓɡʓɀˉ̤�
̤ɭ̚ɀ̝ɀ̯ʓˉʅ�̚ ɭ̸̝̤ɀ̤ʓ˝ˉ�ʄ̝˝ʽ�̯ ̸̝̯ʎ੓�vʓ̤ʓˉʄ˝̝-
ʽɀ̯ʓ˝ˉ�ʎɀ̤�ɀ�ʴ˝ˉʅ�ʎʓ̤̯˝̝ ੓͛��̯ʎɭˉ̤�ʄ˝̤̯ɭ̝ɭɧ�
̤˝̚ʎʓ̤̯ʓɡɀ̯ɭɧ�ɀ̝̚̚˝ɀɡʎɭ̤�̯ ˝�ɀ̤̤ɭ̤̤ʓˉʅ�̯ ̸̝̯ʎ੔�
ɠ̸̯�ɀʴ̤˝�̤ ɀ͕�ɀ�̔ ˝̝ɀʴ�̚ ɀˉʓɡ�̯ ʎɀ̯�ʓˉɡʴ̸ɧɭɧ�̯ ʎɭ�
ɭ͚ɭɡ̸̯ʓ˝ˉ�̋ ʄ�Û˝ɡ̝ɀ̯ɭ̤੓��̯ʎɭ̝̤�ʎɀ͔ɭ�ɭ͚̚ʴ˝̝ɭɧ�
̤ʓʽʓʴɀ̝�̯ ̝ɀˉ̤ʓ̯ʓ˝ˉ̤�ɹ ɀ̯ɭ̝੕�vɀ̝̤ʎɀʴʴ�vɡm̸ʎɀˉ੔�
ʽ˝̤̯�ʄɀʽ˝̸̤ʴ ੔͛�ʓˉ�δȷ�Ĝ˹ȷʓȪȷ˧ɏ�GȊɾȊ̤̥.৥�Rઑɧ�
ɭˉɧ�͕ʓ̯ʎ�̯ʎɭ�̝̚˝͔˝ɡɀ̯ʓ˝ˉ�̯ʎɀ̯�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�
̯˝ɧɀ͛�͕ ʓʴʴ�ɹ ʓ͔ɭ�ʓˉ�ɀ�͕ ˝̝ʴɧ�̤ ʎɀ̚ɭɧ�ɠ͛�̄ ɭ͕�ɀˉɧ�
̸ˉʄ˝̝ɭ̤ɭɭˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੓
æ˝ɧɀ͛ઑ̤�ɡʎʓʴɧ�͕ ˝̸ʴɧ�ɠɭˉɭп̯�ʄ̝˝ʽ�ɹ ɭɀ̝ˉʓˉʅ�

͕ʎɀ̯�̯ʎɭ͛�ɡɀˉ�ʄ̝˝ʽ�̯ʎɭ̤ɭ�̝̚ɭ͔ʓ˝̸̤�̯̝ɀˉ̤ʓ-
̯ʓ˝ˉ̤੔�͕ʎɭ̯ʎɭ̝�̯ʎɭ�̝̚ʓˉɡʓ̚ʴɭ̤�˝ʄ�ʴ˝ʅʓɡ�ɀˉɧ�
ɀ̝ʅ̸ʽɭˉ̯ɀ̯ʓ˝ˉ� ɠ̝˝̸ʅʎ̯� ̯˝� ɠɭɀ̝� ɀʅɀʓˉ̤̯�
̤˝̚ʎʓ̤ʽ�ʓˉ�ɀˉ̯ʓΌ̸ʓ̯ ੔͛�˝̝�̯ʎɭ�ʽɭɧʓɀ�ʴʓ̯ɭ̝ɀɡ͛�
̯̝ɀʓˉʓˉʅ�̯ ʎɀ̯�ʄɀɡʓʴʓ̯ɀ̯ɭɧ�̸ ˉɧɭ̝̤̯ɀˉɧʓˉʅ�ɀˉɧ�
ɡ̝ʓ̯ʓΌ̸ɭ�˝ʄ�ʽɀ̤̤�ʽɭɧʓɀ�ɀɧ͔ɭ̝̯ʓ̤ɭ̝̤੓�íˉɧɭ̝-
̤̯ɀˉɧʓˉʅ�̸̤ɡʎ�̯̝ɀˉ̤ʓ̯ʓ˝ˉ̤�͕˝̸ʴɧ�ʄ˝̤̯ɭ̝�̯ʎɭ�
̤˝̝̯�̋ ʄ�ɀ͕ɀ̝ɭˉɭ̤̤�̯ ʎɀ̯�͕ ˝̸ʴɧ�ʎɭʴ̚�̯ ʎɀ̯�ɡʎʓʴɧ�
̯˝� ̝ɭɀʴʓ̤ɭ� ̯ʎɭ� ʴɀ̯ɭˉ̯� ̚˝̤̤ʓɠʓʴʓ̯ʓɭ̤� ˝ʄ� ˉɭ͕�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੔�͕ʎʓɡʎ�ɀ̝ɭ�̸̸̤-
ɀʴʴ͛�̸̤ɭɧ�ʄ˝̝�ɀ�̯ʓʽɭ�ʓˉ�˝ʴɧ�͕ɀ̤͛�ɠɭʄ˝̝ɭ�̯ʎɭʓ̝�
̚˝̯ɭˉ̯ʓɀʴ�ʓ̤�ʄ̸ʴʴ͛�̝ɭɀɡʎɭɧ੓�R�ʴ˝˝ʯ�ʄ˝̝͕ɀ̝ɧ�
̯˝�ɧʓ̤ɡ̸̤̤ʓˉʅ�̯ʎɭ̤ɭ�ʽɀ̯̯ɭ̝̤�ʄ̸̝̯ʎɭ̝�ʴɀ̯ɭ̝�ʓˉ�
̯ʎɭ�̤ɭ̤̤ʓ˝ˉ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Ûʎɀ͕ˉ੔�͕ʓ̯ʎ�̯ʎɭ�ɀ̤̚ɭɡ̯�
˝ʄ�ʓˉɭΌ̸ɀʴʓ̯͛�ɀˉɧ�̯ɀʴʯʓˉʅ�ɀɠ˝̸̯�˝̸̝�ʄ̸̸̯̝ɭ�
ɧʓʅʓ̯ɀʴ�͕˝̝ʴɧ�ʴʓʯɭ�ɀˉ�ɀˉɡʓɭˉ̯�ɡʓ̯ ੓͛�R�̯ʎʓˉʯ�
̯ʎɭ̤ɭ�ɀ̝ɭ�̸ˉʎ͛ʅʓɭˉʓɡ�̚ʴɀɡɭ̤੔�ɀ�̝ɭɀʴʴ͛�̚˝͕ɭ̝-
ʄ̸ʴ�ɡ˝ˉɡɭ̯̚੓��ˉɧ�Rઑʽ�ʎ˝̚ʓˉʅ�̯ʎɀ̯�ˉ˝�˝ˉɭ�
ʅɭ̯̤�̸̯̚�̯˝�ɧɭɀ̯ʎ�ɀ̤̤˝ɡʓɀ̯ʓˉʅ�͕ʓ̯ʎ�˝̸̝�ˉɭ͕�

ਜાvɡm̸ʎɀˉ੔�v੓�ੲ৕ঢ়৚৖ੳ�δȷ�Ĝ˹ȷʓȪȷ˧ɏ�GȊɾȊ̤̥׃�δȷ�xȊɹɝʓɏ�ʧɎ�è̥ˤʧɏ˧Ȋˤɘɝȫ�xȊʓ੔�íˉʓ ੓͔�˝΍�æ˝̝˝ˉ̯˝�Ñ̝ɭ̤̤੓

̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�̸ ̤ɭ̤੓��˝͕�Rઑʽ�ʅ˝ʓˉʅ�̯ ˝�̚ ɀ̤̤�̯ ˝�
æɭ̝ɭ̤ɀ��ˉɧɭ̝̤˝ˉ੓�Ûʎɭ�ʓ̤�ɀ�̤˝ɡʓɀʴ�ʓˉʄ˝̝ʽɀ̯ʓ-
ɡʓ̤̯� ʄ̝˝ʽ�"˝ˉˉɭɡ̯ʓˉʅ�Û̯˝ˉɭ̤�"˝ˉ̸̤ʴ̯ʓˉʅ�
ɀˉɧ�̤˝ʽɭ˝ˉɭ�͕ʎ˝ʽ�Rઑ͔ɭ�͕˝̝ʯɭɧ�͕ʓ̯ʎ�ʓˉ�ɀ�
̝ɀˉʅɭ�̋ ʄ�ɧʓаɭ̝ɭˉ̯�ɀ̝ɭɀ̤੔�ʓˉ�̚ ɀ̝̯ʓɡ̸ʴɀ̝�̯ ɀʴʯʓˉʅ�
ɀɠ˝̸̯�̸̯̝̤̯ɭɧ�˝̝�̸̯̝̤̯͕˝̝̯ʎ͛�̸̤ɭ�˝ʄ�ɧɀ̯ɀ�˝̝�
̸̯̝̤̯ɭɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓

Юɭ̝ɭ̤ɀ�i੓�(੓��ˉɧɭ̝̤˝ˉ
Rઑʽ�̤̚ɭɀʯʓˉʅ�̯˝ɧɀ͛�ʄ̝˝ʽ�Eɭɀ͕ɭʅɀʴ�ʴɀˉɧ੓�Rˉ�
ʽ͛�͕˝̝ʯ੔�R�ɧ̝ɀ͕�˝ˉ�̤˝ɡʓ˝઀̯ɭɡʎˉʓɡɀʴ�ʎʓ̤̯˝-
̝ʓɭ̤�̯ ˝�ʎɭʴ̚�̔ ɭ�̸ ˉɧɭ̝̤̯ɀˉɧ�̋ ̸̝�ɭˉʅɀʅɭʽɭˉ̯̤�
͕ʓ̯ʎ�ɭʽɭ̝ʅʓˉʅ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੓�Rʽɀʅʓˉʓˉʅ�̯ʎɭ�
̚ɀ̤̯�ɀ̤�̯ʎɭ�̝̚ɭ̤ɭˉ̯�ɀˉɧ�̯ʎɭ�̝̚ɭ̤ɭˉ̯�ɀ̤�̯ʎɭ�
ʄ̸̸̯̝ɭ੔�Rઑɧ�ʴʓʯɭ�̯˝�̤ʎɀ̝ɭ�͕ʓ̯ʎ�͛˝̸�̤˝ʽɭ�̤ˉɀ̚-
̤ʎ˝̯̤�ʄ̝˝ʽ�̯ʎɀ̯�̚ɀ̤̯੓�æ˝�ɠɭʅʓˉ੔�R�͕ɀˉ̯�͛˝̸�
̯˝�̚ʓɡ̸̯̝ɭ�͛˝̸̝̤ɭʴʄ�˝ˉ�̯ʎɭ�̤̯̝ɭɭ̯̤�˝ʄ�Ñɀ̝ʓ̤�ʓˉ�
̯ʎɭ�৕ড়ড়৔̤੓�Ċʓ̯ʎ�̯ʎɭ�ʓˉɧ̸̤̯̝ʓɀʴ�̝ɭ͔˝ʴ̸̯ʓ˝ˉ�
͕ɭʴʴ�̸ ˉɧɭ̝͕ɀ ੔͛�̯ ʎʓ̤�ʓ̤�ɀˉ�ɀʅɭ�̋ ʄ�̚ ̸ɠʴʓɡ�̔ ̸̤ɭ-
̸ʽ̤�ɀˉɧ�̋ ʄ�̯ ɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�ɭ͔ɀˉʅɭʴʓ̤ʽ੔�͕ ˝̝ʴɧ�
ʄɀʓ̝̤�ɀˉɧ�ɭ͚̚˝̤ʓ̯ʓ˝ˉ̤�ʴʓʯɭ�̯ʎɭ�৕ড়ড়ঢ়�íˉʓ͔ɭ̝-
̤ɀʴ�.͚̚˝̤ʓ̯ʓ˝ˉ੔�͕ʎʓɡʎ�ɡɭʴɭɠ̝ɀ̯ɭ�̯ʎɭ�ʴɀ̯ɭ̤̯�
ɀɧ͔ɀˉɡɭ̤�ʓˉ�̤ɡʓɭˉɡɭ�ɀˉɧ�̯ɭɡʎˉ˝ʴ˝ʅ ੓͛�.͔ɭ̝͛�
̯ɭɡʎˉ˝ʴ˝ʅ͛�ʓˉ�˝̸̝�ʴʓ͔ɭ̤�̯˝ɧɀ͛�͕ɀ̤�ɀ̯�̤˝ʽɭ�
̚˝ʓˉ̯� ˉɭ͕� ɀˉɧ� ɭʽɭ̝ʅʓˉʅ੓� Rʽɀʅʓˉɭ�ɠɭʓˉʅ�
˝ˉɭ�˝ʄ�̯ʎɭ�͔ʓ̤ʓ̯˝̝̤�͕ɀʴʯʓˉʅ�˝ˉ�̯ʎɭ�ɭ͚̚˝̤ʓ-
̯ʓ˝ ઑ̤̄�ʅ̝ɀˉɧ�̯ɭ̝̝ɀɡɭ̤੔�̯ʎ̝˝̸ʅʎ�̯ʎɭ�ʅɀ̝ɧɭˉ̤�
ɀˉɧ�ɭ͚ʎʓɠʓ̯ʓ˝ˉ�ʎɀʴʴ੔�ʅɭ̯̯ʓˉʅ�ɀ�ʅʴʓʽ̤̚ɭ�ʓˉ̯˝�
̯ɭɡʎˉ˝ʴ˝ʅʓɡɀʴʴ͛�ɭˉɀɠʴɭɧ�ʄ̸̸̯̝ɭ̤੓�Ċɭઑʴʴ�ɧ̝˝̚�
ʓˉ�ˉ˝͕�̯˝�̯ʎɭ�Ñɀ̝ʓ̤�.͚̚˝̤ʓ̯ʓ˝ˉ�˝ʄ�.ʴɭɡ̯̝ʓɡ-
ʓ̯͛�ʎɭʴɧ�ʓˉ�৕ড়ড়৕੓�.ʴɭɡ̯̝ʓɡʓ̯͛�ʓ̤�̤˝�ɡɭˉ̯̝ɀʴ�̯˝�
˝̸̝�ɹ ʓ͔ɭ̤�̯ ˝ɧɀ ੔͛�ɭ̤̚ɭɡʓɀʴʴ͛�̋ ̸̝�ɧʓʅʓ̯ɀʴ�͕ ɀ͛�̋ ʄ�
͕˝̝ʯʓˉʅ੔�̯ʎɀ̯�ʓ̯ઑ̤�ʎɀ̝ɧ�̯˝�ʓʽɀʅʓˉɭ�ʴʓʄɭ�͕ʓ̯ʎ-
˝̸̯�ʓ̯੓�!̸̯�ʓʽɀʅʓˉɭ�͕ʎɀ̯�ʓ̯�͕ɀ̤�ʴʓʯɭ�ɠɭʄ˝̝ɭ�
ɭʴɭɡ̯̝ʓɡʓ̯͛�͕ɀ̤�ɀ�ɡ˝ʽʽ˝ˉ̚ʴɀɡɭ�ʎ˝̸̤ɭʎ˝ʴɧ�
ɡ˝ʽʽ˝ɧʓ̯ ੓͛��ˉɧ�ˉ˝͕�ʓʽɀʅʓˉɭ�ɭ͚̚ɭ̝ʓɭˉɡ-
ʓˉʅ�̯ʎɭ�̝˝˝ʽ̤�̯ʎɀ̯�͛˝ ઑ̸̝ɭ�̤ɭɭʓˉʅ�ʎɭ̝ɭ�пʴʴɭɧ�
͕ʓ̯ʎ�ɭʴɭɡ̯̝ʓɡ�ʴʓʅʎ̯̤੔�ɠɀ̯ʎʓˉʅ�̯ʎɭ�͕ɀʴʴ̤�͕ʓ̯ʎ�
ɡ˝ʴ˝̸̝̤�̯ ʎɀ̯�͛ ˝ ઑ̸͔ɭ�̄ ɭ͔ɭ̝�̤ ɭɭˉ�ɠɭʄ˝̝ɭ੓�Đ̋ ઑ̸͔ɭ�
ˉɭ͔ɭ̝�̤ɭɭˉ�ɀ�͕ʓˉɧ˝͕ʴɭ̤̤�̝˝˝ʽ�ʓʴʴ̸ʽʓˉɀ̯ɭɧ�
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̯ʎʓ̤�͕ɀ ੔͛�ɀˉɧ�͛˝̸�ɡɀˉ�ʎɀ̝ɧʴ͛�ɠɭʴʓɭ͔ɭ�̯ʎɀ̯�
ʓ̯� ʓ̤�ɭ͔ɭˉ�̚˝̤̤ʓɠʴɭ੓��ˉɧ�ˉ˝͕�ʓʽɀʅʓˉɭ�̤ʓ̯-
̯ʓˉʅ�ɀ̯�ɀ�̯ ɀɠʴɭ�͕ ʓ̯ʎ�ɀ�ɧɭ͔ʓɡɭ�ɡɀʴʴɭɧ�ɀ�̝ ɭɀɧʓˉʅ�
ʴʓʅʎ̯੓��ˉɭ�˝ʄ�̯ʎɭ�˝̯ʎɭ̝�ʓˉ͔ɭˉ̯ʓ˝ˉ̤�̯ʎɀ̯�͕ɀ̤�
̝̚ɭ̤ɭˉ̯ɭɧ�ɀ̯�̯ ʎʓ̤�ɭ͚ʎʓɠʓ̯ʓ˝ˉ�͕ ɀ̤�̯ ʎɭ�̯ ʎɭɀ̯̝ɭ�
̚ʎ˝ˉɭ੓�R̯ઑ̤�ɀ�ɧɭ͔ʓɡɭ�̯ ʎɀ̯�͕ ˝̸ʴɧ�ɀʴʴ˝͕�͛ ˝̸�̯ ˝�
ʴʓ̤̯ɭˉ�̯˝�˝̚ɭ̝ɀ�ɀˉɧ�̯ʎɭɀ̯̝ɭ�̚ɭ̝ʄ˝̝ʽɀˉɡɭ̤�
˝͔ɭ̝�̯ɭʴɭ̚ʎ˝ˉɭ�ʴʓˉɭ̤੓�R̯�͕ɀ̤�ɀ�̸̤ɠ̤ɡ̝ʓ̯̚ʓ˝ˉ�
̤ɭ̝͔ʓɡɭ੔�̤˝�͛˝̸�̚ɀʓɧ�ʄ˝̝�̯ʎɭ�̝̚ʓ͔ʓʴɭʅɭ੓�R̯�͕ɀ̤�
ɀʴ̤˝�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�ɀ�͔ɭ̝͛�ʄɀ̤ʎʓ˝ˉɀɠʴɭ੔�̤̯͛ʴʓ̤ʎ�
amusement.
�ʄ�ɡ˝̸̝̤ɭ੔�ˉɭ͕�͕ɀ̤͛�˝ʄ�ɡ˝ʽʽ̸ˉʓɡɀ̯ʓˉʅ�

ɠ̝ʓˉʅ�͕ ʓ̯ʎ�̯ ʎɭʽ�̄ ɭ͕�͕ ɀ̤͛�̋ ʄ�͕ ˝̝ʯ�ɀˉɧ�̄ ɭ͕�
ʯʓˉɧ̤�˝ʄ�͕˝̝ʯɭ̝̤�͕ʎ˝�ɀ̝ɭ�ˉɭɭɧɭɧ�̯˝�ʯɭɭ̚�
̯ʎɭ�̤ ̤̯͛ɭʽ�̸ ̚�ɀˉɧ�̝ ̸ˉˉʓˉʅ੓��ˉ�ɀɧ͔ɭ̝̯�ʄ̝˝ʽ�
ɀˉ��ʽɭ̝ʓɡɀˉ�̯ɭʴɭ̚ʎ˝ˉɭ�ɡ˝ʽ̚ɀˉ͛�ɧɭ̤ɡ̝ʓɠɭ̤�
ʄɭʽɀʴɭ�̯ ɭʴɭ̚ʎ˝ˉɭ�̋ ̚ɭ̝ɀ̯˝̝̤�͕ ˝̝ʯʓˉʅ�ɠɭʎʓˉɧ�
̯ʎɭ�̤ ɡɭˉɭ̤�ɀ̤�઎͕ɭɀ͔ɭ̝̤�̋ ʄ�̤ ̚ɭɭɡʎ੓એ�Юɭ͛�͕ ɭ̝ɭ�
̝ɭʄɭ̝̝ɭɧ�̯˝�ɀ̤�ɧ˝ʽɭ̤̯ʓɡ�ʽɀɡʎʓˉɭ̤੓�R̯�ʓ̤�ɀˉ�
˝̚ɭ̝ɀ̯˝̝�͕ʎ˝�ʓ̤�ʎ˝ʴɧʓˉʅ�̯ʎɭ�͕ʓ̝ɭ̤�ʓˉ�ʎɭ̝�
ʎɀˉɧ̤�ɀ̤�ʓʄ�͕˝̝ʯʓˉʅ�͛ɀ̝ˉ�˝ˉ�ɀ�ʴ˝˝ʽ੓�Mɭ̝ɭ�
ʓ̤�ɀ�ʴʓ̯̯ʴɭ�ɭ͚̯̝ɀɡ̯�ʄ̝˝ʽ�̯ʎʓ̤�৕ঢ়৕৙�ɀɧ੕�઎í̚˝ˉ�
̯ʎɭ�ʽɀʅʓɡ�ʴ˝˝ʽ̤�˝ʄ�̯ʎɭ�!ɭʴʴ�Ṳ̯̂͛ɭʽ੔�̯ɭˉ̤�
˝ʄ�ʽʓʴʴʓ˝ˉ̤�˝ʄ�̯ɭʴɭ̚ʎ˝ˉɭ�ʽɭ̤̤ɀʅɭ̤�ɀ̝ɭ�ɧɀʓʴ͛�
͕˝͔ɭˉ�ʓˉ̯˝�ɀ�̔ ɀ̝͔ɭʴʴ˝̸̤�ʄɀɠ̝ʓɡ੔�̝ ɭ̝̚ɭ̤ɭˉ̯ʓˉʅ�
̯ʎɭ�ɡ˝̸ˉ̯ʴɭ̤̤�ɀɡ̯ʓ͔ʓ̯ʓɭ̤�˝ʄ�̯ʎɭ�ɠ̸̤͛�̚ɭ˝̚ʴɭ੓��
(ɀ͛�ɀˉɧ�ˉʓʅʎ̯੔�ɀˉ�ʓˉ͔ʓ̤ʓɠʴɭ�ʎɀˉɧ�̤ʎʓо�̯ʎɭ�
̤ʎ̸̯̯ʴɭ̤�̯˝�ɀˉɧ�ʄ̝˝੔�͕ɭɀ͔ʓˉʅ�̯ʎɭ�̯ʎ˝̸ʅʎ̯̤�
˝ʄ�ʽɭˉ�ɀˉɧ�͕˝ʽɭˉ�ʓˉ̯˝�ɀ�̚ɀ̯̯ɭ̝ˉ�͕ʎʓɡʎ੔�ʓʄ�
ʓ̯�ɡ˝̸ʴɧ�ɠɭ�̤ɭɭˉ�ɀ̤�ɀ�̯ɀ̚ɭ̤̯̝ ੔͛�͕˝̸ʴɧ�̯ɭʴʴ�ɀ�
͔ɭ̝͛�ɧ̝ɀʽɀ̯ʓɡ�̤̯˝̝͛�˝ʄ�˝̸̝�ɠ̸̤ʓˉɭ̤̤�ɀˉɧ�˝̸̝�
̤˝ɡʓɀʴ�ʴʓʄɭ੓��̸̯�˝ʄ�̤ʓʅʎ̯�˝ʄ�̯ʎɭ�̸̤ɠ̤ɡ̝ʓɠɭ̝̤੔�
̯ʎɭ̤ɭ�͕ɭɀ͔ɭ̝̤�˝ʄ�̤̚ɭɭɡʎ�̤ʓ̯�̤ʓʴɭˉ̯ʴ͛�ɀ̯�̯ʎɭ�
̤͕ʓ̯ɡʎɠ˝ɀ̝ɧ̤੔�̤͕ʓоʴ͛�ɀˉɧ�̤ʯʓʴʄ̸ʴʴ͛�ʓˉ̯ɭ̝ʴɀɡ-
ʓˉʅ�̯ ʎɭ�ɡ˝̝ɧ̤੔�͕ ʎʓɡʎ�ʅ̸ʓɧɭ�̯ ʎɭ�ʎ̸ʽɀˉ�͔ ˝ʓɡɭ�
˝͔ɭ̝�̯ʎɭ�ɡ˝̸ˉ̯̝͛�ʓˉ�ɀʴʴ�ɧʓ̝ɭɡ̯ʓ˝ˉ̤੓એ
Юɭ�̯ʎɭʽɭ�˝΍�Юɭ�Rˉ͔ʓ̤ʓɠʴɭ�Ċ˝̝ʯɭ̝�ʓ̤�ɀˉ�

ʓʽ̚˝̝̯ɀˉ̯�˝ˉɭ�̯ʎɀ̯�R�͕ɀˉ̯�̸̤�̯˝�ʯɭɭ̚�ʓˉ�

ਝા઎�̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ɠɭʅɀˉ�͕ʓ̯ʎ�ɀˉ�ɀˉɡʓɭˉ̯�͕ʓ̤ʎ�̯˝�ʄ˝̝ʅɭ�̯ʎɭ�E˝ɧ̤੔એ�Ñɀʽɭʴɀ�vɡ"˝̝ɧ̸ɡʯ�ੲ৖৔৔৘ੳ�Machines 
̟ɘʧ�δɝʓɹ੔�Ô˝̸̯ʴɭɧʅɭ੓
ਞાĉɭ̝ˉɭ੔�f੓�ੲ৕ঢ়ঢ়৘ੳ�Paris au XXe siècle੔�Mɀɡʎɭ̯̯ɭ੓

ʽʓˉɧ�͕ ʎɭˉ�͕ ɭઑ̝ɭ�̯ ʎʓˉʯʓˉʅ�ɀɠ˝̸̯�̯ ʎɭ�ʄ̸̸̯̝ɭ�
˝ʄ�̋ ̸̝�ɡʎʓʴɧ੓��ˉ˝̯ʎɭ̝�̯ ʎʓˉʅ�̯ ˝�ʯɭɭ̚�ʓˉ�̔ ʓˉɧ�
ʓ̤�͕˝ˉɧɭ ੓̝��æ˝ɧɀ ੔͛�ʓ̯�ʽʓʅʎ̯�ɠɭ�ʎɀ̝ɧ�̯˝�ʓʽɀʅ-
ʓˉɭ�ɀ�͕˝̝ʴɧ�͕ʓ̯ʎ˝̸̯�̯ʎɭ�̯ɭʴɭ̚ʎ˝ˉɭ੓�!̸̯�ɀ̤�
ɀ�͛˝̸ˉʅ�ʅʓ̝ʴ੔�R�ʎɀɧ�ɀ�ɡʎɀˉɡɭ�̯˝�ɭ͚̚ɭ̝ʓɭˉɡɭ�
ʫ̸̤̯�̯ʎɀ̯�͕ʎɭˉ�R�͕ɀ̤�͔ʓ̤ʓ̯ʓˉʅ�̯ʎɭ�ʽ˝̸ˉ̯ɀʓˉ�
͔ʓʴʴɀʅɭ̤�̯ʎɀ̯�ʽ͛�̚ɀ̝ɭˉ̯̤�ʅ̝ɭ͕�̸̚�ʓˉ�ʓˉ�"ɭˉ-
̯̝ɀʴ�.̸̝˝̚ɭ੓�v͛�̸ˉɡʴɭ�͕ɀ̤�˝ˉɭ�˝ʄ�̯ʎɭ�п̝̤̯�
ʓˉ�̯ʎɭ�ɀ̝ɭɀ�̯˝�ʎɀ͔ɭ�ɀ�̚ʎ˝ˉɭ�ʓˉ̤̯ɀʴʴɭɧ�ʓˉ�ʎʓ̤�
ʎ˝ʽɭ੓��ˉɧ�̤˝�R�͕ʓ̯ˉɭ̤̤ɭɧ�̤˝ʽɭ˝ˉɭ�̸̤ʓˉʅ�ɀ�
̚ʎ˝ˉɭ�ʄ˝̝�̯ʎɭ�п̝̤̯�̯ʓʽɭ੔�ɀˉɧ�ʓ̯�̝ɭɀʴʴ͛�ɧʓɧ�
ʄɭɭʴ�ɹ ʓʯɭ�̔ ɀʅʓɡ੓�!̸̯�R�ɀʴ̤˝�̝ ɭʽɭʽɠɭ̝�̤ ˝ʽɭ�̋ ʄ�
̯ʎɭ�˝ʴɧɭ̝�͕˝ʽɭˉ�ʓˉ�̯ʎɭ�͔ʓʴʴɀʅɭ�͕ɀ̝ˉʓˉʅ�ʽɭ�
̯˝�̤̯ɀ͛�ɀ͕ɀ͛�ʄ̝˝ʽ�̯ʎɭ�ʎ̸ʽʽʓˉʅ�ɭʴɭɡ̯̝ʓɡʓ̯͛�
̯˝͕ɭ̝̤�ʄ˝̝�ʄɭɀ̝�̋ ʄ�̸ ˉʯˉ˝͕ˉ�̤ ̚ʓ̝ʓ̯̤�̯ ʎɀ̯�͕ ɭ̝ɭ�
ʴ̸̝ʯʓˉʅ�̯ʎɭ̝ɭ੓�Юʓ̤�ˉ˝̯ʓ˝ˉ�˝ʄ�ʄɭɀ̝�ɀˉɧ�ʄɀ̤ɡʓ-
ˉɀ̯ʓ˝ˉ�ʓ̤�̄ ˝̯�̄ ɭ ੓͕�Юʓ̤�ʓ̤�͔ ɭ̝͛�̔ ̸ɡʎ�ɀ�̚ ɀ̝̯�̋ ʄ�
˝̸̝�ʎ̸ʽɀˉ�ʎʓ̤̯˝̝ ੓͛��ˉ�˝ˉɭ�ʎɀˉɧ੔�ʓ̯ઑ̤�̤˝ʽɭ-
̯ʎʓˉʅ�̯ʎɀ̯�ɠ̝ʓˉʅ̤�ʅ̝ɭɀ̯�ɀʴʴ̸̝ɭ૆ઃ૆̯ʎʓ̤�ʓɧɭɀ�˝ʄ�
ʎɀ͔ʓˉʅ�̚˝͕ɭ̝�ɀˉɧ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ�̯˝�ʽɀʅʓɡɀʴ�
ɡ̝ɭɀ̯ʓ˝ˉ̤੓�!̸̯�̯ʎɭ̝ɭઑ̤�ɀʴ̤˝�˝оɭˉ�ɀ�ɡ˝ˉɡɭ̝ˉ�
ɀɠ˝̸̯�͕ʎɀ̯�͕ɭ�ʽʓʅʎ̯�ʎɀ͔ɭ�̸ˉʴɭɀ̤ʎɭɧ੔�͔ɭ̝͛�
ʽ̸ɡʎ�ʴʓʯɭ�Ñɀˉɧ˝̝ɀઑ̤�!˝͚੓০
Юʓ̤� ɡ˝઀ʽʓˉʅʴɭɧ� ̤ɭˉ̤ɭ� ˝ʄ� ͕˝̝̝͛� ɀˉɧ�

͕˝ˉɧɭ̝�ʓ̤�ɀʴ̤˝�͔ɭ̝͛�̝̚ɭ̤ɭˉ̯�ʓˉ�̯ʎɭ�͕̝ʓ̯ʓˉʅ�
˝ʄ�f̸ʴɭ̤�ĉɭ̝ˉɭ੓�Mʓ̤�͔ʓ̤ʓ̯̤�̯˝�̯ʎɭ�ɧʓ̤̚ʴɀ̤͛�˝ʄ�
ɭʴɭɡ̯̝ʓɡʓ̯͛�ʓˉ�̸̤ɠʽɀ̝ʓˉɭ̤�ɀ̯�̯ʎɭ�Ñɀ̝ʓ̤�.͚̚˝-
̤ʓ̯ʓ˝ˉ�˝ʄ�৕ড়৚৛�͕ɭ̝ɭ�͕ʎɀ̯�ʓˉ̤̚ʓ̝ɭɧ�ʎʓʽ�̯˝�
͕̝ʓ̯ɭ�è̟ȷʓ˹̥�δʧ̂ˮȊʓȱ�oȷȊɏ̂ȷˮ�̂ʓȱȷ˧�˹ɘȷ�ÝȷȊ 
ੲ৕ড়৛৔ੳ੓��ˉɧ�͛ɭ̯੔�͕ʎʓʴɭ�ʎʓ̤�͕˝̝ʯ�ʓˉ̤̚ʓ̝ɭ̤�̸̤�
̯˝�ɧ̝ɭɀʽ�ɀˉɧ�̯˝�ʓʽɀʅʓˉɭ੔�ʓ̯�ɀʴ̤˝�̝ɭ͔ɭɀʴ̤�ʎʓ̤�
ɡ˝ˉɡɭ̝ˉ�ɀɠ˝̸̯�ʎ̸ʽɀˉ̤�ɠɭɡ˝ʽʓˉʅ�ɧʓ̤ɡ˝ˉ-
ˉɭɡ̯ɭɧ�ɠɭɡɀ̸̤ɭ�˝ʄ�̯ʎɭ�̯˝˝ʴ̤�̯ʎɀ̯�̯ʎɭ͛�ɡ̝ɭɀ̯ɭ੓�
"̸̝ʓ˝̸̤ʴ ੔͛�ĉɭ̝ˉɭઑ̤�ɭɧʓ̯˝̝�̝ ɭʄ̸̤ɭɧ�̯ ˝�̚ ̸ɠʴʓ̤ʎ�
ʎʓ̤�ɧ̤̯͛˝̚ʓɀˉ�̚˝̝̯̝ɀʓ̯�˝ʄ�Ñɀ̝ʓ̤�ʓˉ�̯ʎɭ�৖৔̯ʎ 
century১�ɠɭɡɀ̸̤ɭ�ʎɭ�ʄɭʴ̯�̯ʎɀ̯�ʓ̯�̝̚ɭ̤ɭˉ̯ɭɧ�
ɀˉ�̸ˉ̝ɭɀʴʓ̤̯ʓɡ�͔ʓɭ͕�˝ʄ�̯ʎɭ�ʄ̸̸̯̝ɭ੖�͛ɭ̯�ʓ̯�͕ɀ̤�
̤ʓʽʓʴɀ̝�̯ ˝�̯ ʎɭ�ɧɀ̝ʯ�ɀʅɭ�̯ ʎɀ̯�͕ ɀ̤�̚ ˝̝̯̝ɀ͛ɭɧ�ʓˉ�
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.੓v੓�D˝̝̤̯ɭ̝ઑ̤�৕ঢ়৔ঢ়�̤ʎ˝̝̯�̤̯˝̝ ੔͛�δȷ�xȊȫɘɝʓȷ�
Stops.২�Юɭ�̤ ɡɀ̝ʓɭ̤̯�̋ ʄ�̯ ʎɭ̤ɭ�̯ ɀʴɭ̤੔�̯ ʎɭ�̤ ɡɀ̝ʓɭ̤̯�
ɀ̤̚ɭɡ̯�ʓ̤�̝ ɭɀʴʴ͛�ʫ̸̤̯�ʎ˝͕�ɡʴ˝̤ɭʴ͛�ʓ̯�̝ ɭ̤ɭʽɠʴɭ̤�
˝̸̝�̝̚ɭ̤ɭˉ̯�ɧɀ ੓͛
R�͕ɀˉ̯�̯˝�ʅʓ͔ɭ�͛˝̸�ɀ�̤ɭˉ̤ɭ�˝ʄ�ɡʎʓʴɧ̝ɭˉ�ʓˉ�

̯ʎʓ̤�ʎʓ̤̯˝̝͛�ɀˉɧ�̤˝ʽɭ�ɧʓаɭ̝ɭˉ̯�ɭ͚̚ɭ̝ʓɭˉɡɭ̤�
˝ʄ�ɡʎʓʴɧʎ˝˝ɧ�ʄ̝˝ʽ�̯ ʎʓ̤�̤ ˝ɡʓ˝઀̯ɭɡʎˉʓɡɀʴ�̚ ɀ̤̯੓�
"ʎʓʴɧ̝ɭˉ�ɹ ʓˉɭ�̸ ̚�ɀ̯�̯ ʎɭ�৕ঢ়৔৘�Ċ˝̝ʴɧઑ̤�Dɀʓ̝�ʓˉ�
Û̯੓�m˝̸ʓ̤੔�͕ʎɭ̝ɭ�˝ˉɭ�˝ʄ�̯ʎɭ�ʴɀ̯ɭ̤̯�ʓˉˉ˝͔ɀ-
̯ʓ˝ˉ̤�˝ˉ�˝аɭ̝�͕ɀ̤�ɀˉ�ʓɡɭ�ɡ̝ɭɀʽ�ɡ˝ˉɭ੓�Ю˝̤ɭ�
͕ʎ˝�͕ɭ̝ɭ�̝̚ɭ̤ɭˉ̯੔�ʴʓʯɭ�̯ʎɭ�m͛˝ˉ̤�ɡʎʓʴɧ̝ɭˉ੔�
ɡ˝̸ʴɧ�ɀɡ̸̯ɀʴʴ͛�̤ ɀ͔˝̸̝�̯ ʎʓ̤�ɧɭʴʓʅʎ̯੓�Ċɭ�ʯˉ˝͕�
ɀ�ʴ˝̯�ɀɠ˝̸̯�̯ʎʓ̤�ʄɀʽʓʴ͛ઑ̤�ʎʓ̤̯˝̝͛�ɠɭɡɀ̸̤ɭ�ʓ̯�
is recorded.৩�Юɭʓ̝�ʄɀ̯ʎɭ̝�͕ɀ̤�ɀ�̝̚˝ʽʓˉɭˉ̯�
ɀ̯̯˝̝ˉɭ͛� ɀˉɧ� ɠ˝̯ʎ� ʎʓ̤� ̤˝ˉ̤� ͕ɭˉ̯� ˝ˉ� ̯˝�
ɠɭɡ˝ʽɭ�̝̚˝ʽʓˉɭˉ̯�ɀ̯̯˝̝ˉɭ̤͛�ʓˉ�vʓ̤̤˝̸̝ʓ�
̯ʎɭʽ̤ɭʴ͔ɭ̤੓�Ċɭ� ɧ˝ ઑ̯̄� ʯˉ˝͕�ʽ̸ɡʎ� ɀɠ˝̸̯�
̯ʎɭʓ̝�̤ ʓ̤̯ɭ ੔̝�vʓʴɧ̝ɭɧ੔�ɠ̸̯�͕ ɭ�ɧ˝�ɀ̯�ɹ ɭɀ̤̯�ʯˉ˝͕�
̯ʎɭ�ˉɀʽɭ�˝ʄ�̯ʎɭ�ʴʓ̯̯ʴɭ�ʅʓ̝ʴ�͕ʎ˝�ʓ̤�̤ɀ͔˝̸̝ʓˉʅ�
ɀˉ�ʓɡɭ�ɡ̝ɭɀʽ�ɡ˝ˉɭ੓�Ċɭ�ʯˉ˝͕�͔ ɭ̝͛�ɹ ʓ̯̯ʴɭ�ɀɠ˝̸̯�
ɀˉ˝̯ʎɭ̝�ɡʎʓʴɧ�͕ʎ˝̤ɭ�ɡʎʓʴɧʎ˝˝ɧ�ʓ̤�͔ɭ̝͛�ɧʓʄ-
ʄɭ̝ɭˉ̯੓�Ûʎɭઑ̤�ɭ͚̚ɭ̝ʓɭˉɡʓˉʅ�ʓ̯�ɀ̤�̚ɀ̝̯�˝ʄ�̯ʎɭ�
ʽɀɡʎʓˉɭ̝͛�˝ʄ�ɀ�̯ɭ͚̯ʓʴɭ�ʽʓʴʴ੓
Юɭ̤ɭ� ʓʽɀʅɭ̤� ̝ɭʽʓˉɧ� ̸̤� ˝ʄ� ɠ˝̯ʎ� ̯ʎɭ�

̝̚˝ʽʓ̤ɭ̤�ɀˉɧ�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ̤�˝ʄ�ʓˉˉ˝͔ɀ̯ʓ˝ˉ�
ɀˉɧ�̯ʎɀ̯�̯ʎɭ͛�ɀ̝ɭ�ˉ˝̯�ʓˉɭ͔ʓ̯ɀɠʴɭ੔�ɠ̸̯�ˉɭʓ-
̯ʎɭ̝�ʓ̤�̯ʎɭ�ɧɀ̝ʯ�ɀʅɭ�̯ʎɀ̯�D˝̤̯ɭ̝�̚˝̝̯̝ɀ͛ɭɧ�
ɀ̤�ɀˉ�ʓˉɭ͔ʓ̯ɀɠʴɭ੔�ʄ˝̝ɭʅ˝ˉɭ�ɡ˝ˉɡʴ̸̤ʓ˝ˉ੓�Û˝�
ɀ̤� ̯ʎɭ� ɡʎʓʴɧ�͕ʎ˝ʽ�͕ɭઑ̝ɭ� ̯ʎʓˉʯʓˉʅ� ɀɠ˝̸̯�
̯˝ɧɀ͛�ʽ˝͔ɭ̤�ʓˉ̯˝�̯ʎɭ�ʄ̸̸̯̝ɭ੔�͕ʎɀ̯�ʓ̤�ʓ̯�̯ʎɀ̯�
͕ɭ�ɡɀˉ�ɧ˝�̯˝�̝̚ɭ̚ɀ̝ɭ�̯ʎɭʽ�̤˝�̯ʎɀ̯�̯ʎɭ͛ઑ̝ɭ�
̝̚˝̯ɭɡ̯ɭɧ੔�ʄ˝̝̯ʓпɭɧ�ɀˉɧ�ʓˉ̤̚ʓ̝ɭɧ�̯ ˝�͔ ɭˉ̸̯̝ɭ�
ɭ͔ɭ̝�ɡʴ˝̤ɭ̝�ʓˉ̯˝�̯ʎɭ�ɧɀ̝ʯ�͕˝˝ɧ̤�̯ʎɀ̯�ɀ̝ɭ�̸̚�
ɀʎɭɀɧਗ਼�Ċʎɀ̯�ʓ̤�ʓ̯�̯ ʎɀ̯�͕ ɭ�ɡɀˉ�ɧ˝�̯ ˝�̚ ̝ɭ̚ɀ̝ɭ�
̯ʎɭʽ�ʄ˝̝�ɧʓʅʓ̯ɀʴ�ɀˉɧ�ɭˉɀɠʴɭɧ�ʄ̸̸̯̝ɭ̤�̯ʎɀ̯�
ɀ̝ɭ�̯ɀʯʓˉʅ�̤ʎɀ̚ɭ�ɀ̝˝̸ˉɧ�̯ʎɭʽਗ਼�M˝͕�ɡɀˉ�
͕ɭ�ɭΌ̸ʓ̚�̯ʎɭʽ�̯˝�ɭʽɠ̝ɀɡɭ�̯ʎɭ̤ɭ�ɡʎɀʴʴɭˉʅɭ̤�
͕ʓ̯ʎ�ɀ�̤ɭˉ̤ɭ�˝ʄ�ɀɧ͔ɭˉ̸̯̝ɭ�ɀˉɧ�͕˝ˉɧɭ̝ਗ਼

ਟાD˝̝̤̯ɭ ੔̝�.੓v੓�ੲ৕ঢ়৔ঢ়ੳ�Юɭ�vɀɡʎʓˉɭ�Û̯˝̤̚੔�δȷ��̤Ɏʧ˧ȱ�Ȋʓȱ�$ȊʇȪ˧ɝȱɏȷ�Öȷ̞ɝȷ̟, ʎ̯̯̤̚੕੣੣ʴʓɠ̝ʓ͔˝͚੓˝̝ʅ੣̯ʎɭ઀ʽɀɡʎʓˉɭ઀ʎ̯̯̤̚੕੣੣ʴʓɠ̝ʓ͔˝͚੓˝̝ʅ੣̯ʎɭ઀ʽɀɡʎʓˉɭ઀
̤̯˝̤̚઀ɠ͛઀ɭ઀ʽ઀ʄ˝̝̤̯ɭ̝઀৖੣̤̯˝̤̚઀ɠ͛઀ɭ઀ʽ઀ʄ˝̝̤̯ɭ̝઀৖੣
ਠાvʓ̤̤˝̸̝ʓ�Mʓ̤̯˝̝͛�v̸̤ɭ̸ʽ�m͛˝ˉ̤�Dɀʽʓʴ͛�"˝ʴʴɭɡ̯ʓ˝ˉ��̝ɡʎʓ͔ɭ੓

R̯�̯ɀʯɭ̤�ɀ�͔ʓʴʴɀʅɭ�̯˝�̝ɀʓ̤ɭ�ɀ�ɡʎʓʴɧ੔�ɀˉɧ�R�
͕˝̸ʴɧ�ɀ̝ʅ̸ɭ�ʓ̯�̯ɀʯɭ̤�ɀ�̤˝ɡʓ˝઀̯ɭɡʎˉʓɡɀʴ�ʓˉʄ̝ɀ-
̸̤̯̝ɡ̸̯̝ɭ�̯˝�̝ɀʓ̤ɭ�̯ʎʓ̤�ɧʓʅʓ̯ɀʴ�ɀˉɧ��R�͕˝̝ʴɧ੓�
Û˝੔�̯˝�ʎɀ͔ɭ�ɀ�̤ɀ͛�ʓˉ�̤ʎɀ̚ʓˉʅ�̯ʎʓ̤�͕˝̝ʴɧ੔�˝̸̝�
ɡʎʓʴɧ�п̝̤̯�ɀˉɧ�ʄ˝̝ɭʽ˝̤̯�ˉɭɭɧ̤�˝̚̚˝̸̝̯ˉʓ̯ ੓͛�
Ċɭ�ʽ̸̤̯�ɧ˝�ɠɭ̯̯ɭ̝�̯˝�ɠ̝ɭɀʯ�̯ʎɭ�ɡ͛ɡʴɭ̤�˝ʄ�
ɧʓ̤ɀɧ͔ɀˉ̯ɀʅɭ�̯ʎɀ̯�ɀ̝ɭ�̤˝�̝̚˝ʄ˝̸ˉɧʴ͛�̤ʎɀ̚-
ʓˉʅ� ̤˝ʽɭ� ˝ʄ� ˝̸̝� ɡʎʓʴɧ̝ɭ ઑ̤̄� ʄ̸̸̯̝ɭ̤੓�Юɭ͛�
ʽ̸̤̯� ʎɀ͔ɭ� ̯ʎɭ� ˝̚̚˝̸̝̯ˉʓ̯͛� ̯˝� ʴɭɀ̝ˉ� ̯˝�
ɧɭ͔ɭʴ˝̚�̤̯̝˝ˉʅ�ɧʓʅʓ̯ɀʴ�ɀɧ̸ʴ̯�ʴʓ̯ɭ̝ɀɡ͛�ɀˉɧ�ɠɭ�
ɭ͚̚˝̤ɭɧ�̯˝�ʯˉ˝͕ʴɭɧʅɭ੓�Юʓ̤�ʓˉɡʴ̸ɧɭ̤�ɡ˝ˉ-
̯ɭ̤̯ɭɧ�ʯˉ˝͕ʴɭɧʅɭ�ɀˉɧ�ɡ˝ˉ̯ɭ̤̯ɭɧ�ʎʓ̤̯˝̝ʓɭ̤੓�
Юɭ�ɡʎʓʴɧ�ʓ̤�ʅ˝ʓˉʅ�̯˝�ˉɭɭɧ�̯˝�ʎɀ͔ɭ�̯ʎɭ�̝ʓʅʎ̯�
̯˝�̤̯ɭ̚�ʓˉ̯˝�̯ʎɭʓ̝�ʄ̸̸̯̝ɭ�ɀˉɧ�ɭ͚̚ɭ̝ʓɭˉɡɭ�ʓ̯�
͕ʓ̯ʎ�ɀʴʴ�˝ʄ�ʓ̯̤�̝̚˝ʽʓ̤ɭ̤�ɀˉɧ�̚ɭ̝ʓʴ̤੓�!̸ʓʴɧʓˉʅ�
̝ɭ̤ʓʴʓɭˉɡɭ� ɀʴ˝ˉʅ� ̯ʎɭ�͕ɀ ੔͛� ̯ʎ̝˝̸ʅʎ� ɭ͚̚ɭ̝ʓ-
ʽɭˉ̯ɀ̯ʓ˝ˉ�ɀˉɧ�ɹ ɭɀ̝ˉʓˉʅ�ɀˉɧ�͕ ʓ̯ʎ�̯ ʎɭ̤ɭ�̯ ˝˝ʴ̤�
ʓˉ�̯ʎɭʓ̝�ɠɀɡʯ̚ɀɡʯ੔�R�͕˝̸ʴɧ�̯ʎɭˉ�ʄɭɭʴ�̝̚ɭ̯̯͛�
ɡ˝ˉпɧɭˉ̯�̯ ʎɀ̯�̯ ʎʓ̤�ɡʎʓʴɧ�͕ ʓʴʴ�ʎɀ͔ɭ�ɀ�͔ ˝ʓɡɭ�ʓˉ�
̤ʎɀ̚ʓˉʅ�̯ʎɭʓ̝�̤˝ɡʓ˝઀̯ɭɡʎˉʓɡɀʴ�ʄ̸̸̯̝ɭ੓

(ʓ̤ɡ̸̤̤ʓ˝ˉ

Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Юɭ̝ɭઑ̤�ɀ�Ό̸ɭ̤̯ʓ˝ˉ�ʄ̝˝ʽ�
̯ʎɭ� ɀ̸ɧʓɭˉɡɭ� ̯ʎɀ̯� R�͕ʓʴʴ� ̚˝̤ɭ� ̯˝�ɠ˝̯ʎ� ˝ʄ�
͛˝̸੕�઎Ċɭ�ˉɭɭɧ�̯˝�ɡʎɀʴʴɭˉʅɭ�̯ʎɭ�ɀ̸̤̤ʽ̯̚ʓ˝ˉ�
̯ʎɀ̯�͕ɭ�ˉɭɭɧ�̯˝�ʫ̸̤̯�ʴʓ͔ɭ�͕ʓ̯ʎ�̯ʎɭ�̯ɭɡʎˉ˝ʴ˝-
ʅʓɭ̤�ɡ̝ɭɀ̯ɭɧ�ɠ͛�!ʓʅ�æɭɡʎ�ɀˉɧ�͕ʎʓɡʎ�ɠɭˉɭп̯�
̤ʎɀ̝ɭʎ˝ʴɧɭ̝̤੓�M˝͕�ʽʓʅʎ̯�͕ɭ�ɀʴʓʅˉ�ʓˉɡɭˉ-
̯ʓ͔ɭ̤�̤˝�̯ʎɀ̯�̯ʎɭ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�͕ɭ�ɡ̝ɭɀ̯ɭ�ɀ̝ɭ�
ʽɀɧɭ�͕ʓ̯ʎ�̚ɭ˝̚ʴɭ�ʓˉ�ʽʓˉɧ�ɀˉɧ�̤˝�ɧʓʅʓ̯ɀʴ�
ʴʓ̯ɭ̝ɀɡ͛�ɀˉɧ�ɡɀ̚ɀɠʓʴʓ̯͛�ɠ̸ʓʴɧʓˉʅ�ʓ̤�ʓʽ̚ʴʓɡʓ̯�
ʓˉ�̯ʎɭ�ʽɀʯʓˉʅ�̝̚˝ɡɭ̤̤ਗ਼એ
SR:�Ċɭʴʴ੔�̯ ʎɀ̯ઑ̤�ɀ�ʎɀ̝ɧ�̋ ˉɭ੓��ˉɭ�̚ ˝ʓˉ̯�ɠ˝̯ʎ-
ɭ̝̤�ʽɭ੔�ˉ˝̯�˝ˉʴ͛�͕ʎɭˉ�R�̤ɭɭ�ʽ͛�̸̤̯ɧɭˉ̯̤�
ɠ̸̯�ʓˉ�ʽ͛�̝˝ʴɭ�ɀ̤�(ʓ̝ɭɡ̯˝̝�˝ʄ�(ʓʅʓ̯ɀʴʴ͛�.ˉɀ-
ɠʴɭɧ�Ôɭ̤ɭɀ̝ɡʎ�ɀ̯�vɀɡΌ̸ɀ̝ʓɭ੓�Ôɭ̤ɭɀ̝ɡʎɭ̝̤�
ɀ̝ɭ�̸ ̤ʓˉʅ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɀ̤�̚ ɀ̤̤ʓ͔ɭ�ɡ˝ˉ̸̤ʽɭ̝̤�
ɀˉɧ�̯ʎɭ�ɡ˝ʽʽɭ̝ɡʓɀʴ�̝̚˝ɧ̸ɡ̯̤�̯ʎɭ͛�̸̤ɭ�ɡ˝ˉ-

https://librivox.org/the-machine-stops-by-e-m-forster-2/
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̤̯̝ɀʓˉ̤�̯ʎɭʓ̝�̯ʎʓˉʯʓˉʅ੔�̤ʎɀ̚ɭ�͕ʎɀ̯�̯ʎɭ͛�ɧ˝�
ɀˉɧ�̯ʎɭʓ̝�ɀ̝̚̚˝ɀɡʎ�̯˝�͕˝̝ʯ�ɀˉɧ�̸̯̚�̯ʎɭʽ�
˝ˉ�ɀ�ɡɭ̝̯ɀʓˉ�̚ ɀ̯ʎ੓�Ċɭ�̄ ɭɭɧ�ɭˉ˝̸ʅʎ�̯ ɭɡʎˉʓɡɀʴ�
ʴʓ̯ɭ̝ɀɡ͛�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�̯ʎɭ�̤˝о͕ɀ̝ɭ�͕ɭઑ̝ɭ�
ɠɭʓˉʅ�ʄɭɧ੔�͕ʎɀ̯�ʓ̯�ɧ˝ɭ̤੔�͕ʎɀ̯�̯ʎɭ�ɀʴ̯ɭ̝ˉɀ-
̯ʓ͔ɭ̤�ɀ̝ɭ�ɀˉɧ�̝ ɭɡ˝ʅˉʓ̤ʓˉʅ�̯ ʎɀ̯�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�
ʽɀ̯̯ɭ̝̤੓�Юɭ̝ɭ�ʓ̤�ɀ�ɡɀ̝̯˝˝ˉ�ɀɠ˝̸̯�ɀ�̚ ̝˝ʄɭ̤̤˝̝�
̤ɀ͛ʓˉʅ�̯˝�ɀ�̸̤̯ɧɭˉ̯੕�઎vɀ͛ɠɭ�͛˝̸�̤ʎ˝̸ʴɧ�̸̤ɭ�
˝̚ɭˉ઀̤˝̸̝ɡɭ�̤˝о͕ɀ̝ɭ�̯˝�͕̝ʓ̯ɭ�͛˝̸̝�̚ɀ̚ɭ̝એ�
ɀˉɧ�̯ʎɭˉ�̯ʎɭ�̸̤̯ɧɭˉ̯�ʎɀ̤�ɀ�̯ʓ̝ɀɧɭ੕�઎!̸̯�R�
ʫ̸̤̯�͕ ɀˉ̯�̯ ˝�ɧ˝�̯ ʎʓˉʅ̤�̯ ʎɀ̯�ɀ̝ɭ�ɭɀ̤͛�ɀˉɧ�ʄɀ̤̯੓એ�
Юɭˉ�৕৔�͛ɭɀ̝̤�ʴɀ̯ɭ ੔̝�̯ʎɭ�̸̤̯ɧɭˉ̯�ɡ˝ʽɭ̤�ɠɀɡʯ�
ɀˉɧ�̤ ɀ̤͛੕�઎Dɀɡɭɠ˝˝ʯ�ʓ̤�̝ ̸ˉˉʓˉʅ�̋ ̸̝�ɹ ʓʄɭએ�ɀˉɧ�
̯ʎɭ�̝̚˝ʄɭ̤̤˝̝�ʎ˝ʴɧ̤�ʎʓ̤�ʎɭɀɧ�ʓˉ�ʎʓ̤�ʎɀˉɧ̤੓
(˝ɭ̤�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�ʽɀ̯̯ɭ̝ਗ਼�R�̤ɭɭ�ɀ�̝ɭɀʴ�

ɧʓаɭ̝ɭˉɡɭ�ɠɭ̯͕ɭɭˉ�̤ ̸̯ɧɭˉ̯̤�ɀˉɧ�ɡ˝ʴʴɭɀʅ̸ɭ̤�
͕ʎ˝�ʅɭ̯�̋ ˉ�̯ ʎɭ�ɡ˝ʽʽɭ̝ɡʓɀʴ�̯ ̝ɀɡʯ�͔ ɭ̸̝̤̤�̯ ʎɭ�
˝̚ɭˉ઀̤˝̸̝ɡɭ�̯ ̝ɀɡʯ੔�͕ ʎʓɡʎ�̝ ɭΌ̸ʓ̝ɭ̤�ɀ�ɹ ˝̯�̔ ˝̝ɭ�
ɡ˝઀ɡ̝ɭɀ̯ʓ˝ˉ�ʓˉ͔˝ʴ͔ɭʽɭˉ̯�ʓˉ�̯ʎɭ�̝̚˝ɧ̸ɡ̯੓�Rʄ�
͛˝̸�͕ɀˉ̯� ̯˝�ɧ˝� ̤˝ʽɭ̯ʎʓˉʅ�ɀ� ʴʓ̯̯ʴɭ�ɧʓаɭ̝-
ɭˉ̯੔�͛˝̸�ʽɀʯɭ�͛˝̸̝�˝͕ˉ�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ�˝̝�
͛˝̸�ɡ˝ˉ̯ɀɡ̯�̯ʎɭ�ʽɀʓˉ̯ɀʓˉɭ̝̤�ɀˉɧ��ɡ˝઀ɡ̝ɭɀ̯ɭ�
̤˝ʽɭ̯ʎʓˉʅ�̯˝ʅɭ̯ʎɭ̝�͕ʓ̯ʎ�̯ʎɭʽ੓
R�ʅ̸ɭ̤̤�ɭɧ̸ɡɀ̯ʓˉʅ�̯˝�ɀ�ʴɭ͔ɭʴ�˝ʄ�ɧʓʅʓ̯ɀʴ�ʴʓ̯-

ɭ̝ɀɡ͛�ɀˉɧ�ʓˉɡʴ̸ɧʓˉʅ�ʓˉ�̯ʎɀ̯�ʄ˝̤̯ɭ̝ʓˉʅ�ɀˉɧ�
ɭˉɡ˝̸̝ɀʅɭʽɭˉ̯�̯ ʎɀ̯�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�̔ ɀ̯̯ɭ̝̤੔�
̯ʎɭˉ�͛ ˝̸�ɡɀˉ�ɠɭɡ˝ʽɭ�̯ ɀ̤ʯ઀ɧɭ̚ɭˉɧɭˉ̯�ɭʓ̯ʎɭ̝�
͛˝̸̝̤ɭʴʄ੔�˝̝�̤˝ɡʓɀʴʴ͛�˝ˉ�ɀ�ʴɀ̝ʅɭ̝�̤ɡɀʴɭ੓
æ�੕�Юɭ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�͕ɭઑ̝ɭ�̯ɀʴʯʓˉʅ�ɀɠ˝̸̯�
ʓ̤� ɠ˝̯ʎ� ʎ̸ʽɀˉ� ɀˉɧ� ̯ɭɡʎˉʓɡɀʴ੔� ɀˉɧ� ˝оɭˉ�
ɧ˝ʽʓˉɀ̯ɭ̤�ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ̤੓��˝ ੔͕�̯ʎɭ̝ɭ�ʓ̤�̤˝�
ʽ̸ɡʎ� ʄ˝ɡ̸̤�˝ˉ� ̯ʎɭ� ̯ɭɡʎˉʓɡɀʴ� ɀˉɧ�˝ˉ� ̯ʎɭ�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɀˉɧ�̯ʎɭ�̚˝͕ɭ̝�̯ʎɀ̯ઑ̤�ˉɭɭɧɭɧ�
ʄ˝̝�̯ʎɭ�̸̤̯̝ɡ̸̯̝ɭ̤�̯ʎɀ̯�͕ɭ�ʴ˝̤ɭ�̤ʓʅʎ̯�˝ʄ�ɀʴʴ�
̯ʎɭ� ʎ̸ʽɀˉ� ɀ̤̚ɭɡ̯̤੔� ̯ʎɭ� ̤˝ɡʓɀʴ� ̸̤̯̝ɡ̸̯̝ɭ̤�
ɀˉɧ�̯ʎɭ�͕ɀ̤͛�̯ʎɀ̯�͕ɭ�ɡɀˉ�ɭˉɡ˝̸̝ɀʅɭ�ʴɭɀ̝ˉ-
ʓˉʅ�ɀˉɧ�ɭ͚̚ɭ̝ʓʽɭˉ̯ɀ̯ʓ˝ˉ੓�"˝઀ɡ̝ɭɀ̯ʓ˝ˉ�ʓ̤�ɀˉ�
˝̚̚˝̸̝̯ˉʓ̯͛� ̯ʎɀ̯�ʽ˝̝ɭ�ɀˉɧ�ʽ˝̝ɭ�̚ɭ˝̚ʴɭ�
ɀ̝ɭ�ɀ̤ʯʓˉʅ�ʄ˝ ੓̝�v˝͔ʓˉʅ�ʄ˝̝͕ɀ̝ɧ੔�ʓ̯ઑ̤�ʓʽ̚˝̝-
̯ɀˉ̯�̯ʎɀ̯�͕ɭ�ɭʽ̚˝͕ɭ̝�ɀʴʴ�̚ɭ˝̚ʴɭ�ɀˉɧ�̚ɀ̝-
̯ʓɡ̸ʴɀ̝ʴ͛�̯ʎɭ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ ੓͛�Ċɭ�ˉɭɭɧ�̯˝�
ʽɀʯɭ�̸̤̝ɭ�̯ʎɀ̯�̯ʎɭ͛�̤ɭɭ�̯ʎɀ̯�̯ʎɭ͛�ʎɀ͔ɭ�̯ʎɭ�

˝̚̚˝̸̝̯ˉʓ̯ʓɭ̤੔�ɡɀ̚ɀɡʓ̯ʓɭ̤�ɀˉɧ�ʴʓ̯ɭ̝ɀɡʓɭ̤�̯˝�
ɡʎɀʴʴɭˉʅɭ�ɀˉɧ�̯ ˝�Ό̸ɭ̤̯ʓ˝ˉ�ɀˉɧ�̯ ˝�̚ ɀ̝̯ʓɡʓ̚ɀ̯ɭ੓�
�ˉɧ�ɀʴ˝ˉʅ̤ʓɧɭ�̯ʎɀ̯੔�͕ɭ�ˉɭɭɧ�̯˝�ɠɭ�̯̝ɀʓˉʓˉʅ�
ɧɭ̤ʓʅˉɭ̝̤�̋ ʄ�̯ ˝˝ʴ̤�̯ ˝�ɀ̝̚̚ɭɡʓɀ̯ɭ�̯ ʎɀ̯�̯ ʎɀ̯ઑ̤�ɀ�
ˉ˝ˉ઀ˉɭʅ˝̯ʓɀɠʴɭ੔�̯ ʎɀ̯�̯ ʎʓ̤�ʓ̤�̄ ˝�ɹ ˝ˉʅɭ̝�ɀ�઎ˉʓɡɭ�
̯˝�ʎɀ͔ɭએ�ʓ̯ɭʽ�ʓˉ�̯ʎɭ�̝̚˝ɡɭ̤̤�˝ʄ�ɧɭ̤ʓʅˉ੓��ˉɭ�
͕ɀ͛�̯ʎɀ̯�Rઑ͔ɭ�̯ʎ˝̸ʅʎ̯�̯˝�ɀ̝̚̚˝ɀɡʎ�̯̝ɀʓˉʓˉʅ�
ɧɀ̯ɀ�̤ɡʓɭˉ̯ʓ̤̯̤�ɀˉɧ�̯ɭɡʎˉ˝ʴ˝ʅʓ̤̯̤�ʓ̤�̯˝�ʅɭ̯�
̯ʎɭʽ�ɀ̝̚̚ɭɡʓɀ̯ʓˉʅ�̯ʎɀ̯�̯ʎʓ̤�ʓ̤�̯ʎɭ�ˉɭ͕�͕ɀ͛�
ʄ˝̝͕ɀ̝ɧ�ʄ˝̝�̯ ʎɭʽ੓�Mɀ͔ʓˉʅ�ɠ˝̯ʎ�̯ ʎ˝̤ɭ�ɀ̤̚ɭɡ̯̤�
ʓˉ��ʄ̸̸̯̝ɭ�͕ʓʴʴ�ɠɭ�ɡ̝ʓ̯ʓɡɀʴ�ʄ˝̝�ʓʽ̚ɀɡ̯ʓˉʅ�ɀˉɧ�
ʽɀʯʓˉʅ�ɡʎɀˉʅɭ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕��ˉ˝̯ʎɭ̝�ɀ̸ɧʓɭˉɡɭ�Ό̸ɭ̤-
̯ʓ˝ˉ੕�઎R̤�̯ ʎɭ̝ɭ�ɀˉ�ɀ̸̤̤ʽ̯̚ʓ˝ˉ�̯ ʎɀ̯�̯ ʎɭ�̚ ɭ˝̚ʴɭ�
̝ɭɀʴʴ͛�ʎɀ͔ɭ�ɀ�̤ɀ͛�ʓˉ�ʎ˝͕�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɧɭ͔ɭʴ-
˝̤̚ਗ਼�(˝ɭ̤ ઑ̯̄�ʓ̯�ʫ̸̤̯�ʎɀ̚̚ɭˉ�̯˝�̸̤ਗ਼એ
æ�੕� R̯� ˝оɭˉ� ɀ̚̚ɭɀ̝̤� ̯ʎɀ̯� ̯ɭɡʎˉ˝ʴ˝ʅ͛� ʓ̤�
ɀʴʴ˝͕ɭɧ�̯˝�ʎɀ̚̚ɭˉ�̯˝�̸̤੖� ʓ̯� ʄɭɭʴ̤� ʴʓʯɭ� ʓ̯ઑ̤�
ɠɭ͛˝ˉɧ�˝̸̝�ɡ˝ˉ̯̝˝ʴ੓�!̸̯�ʓʄ�͛˝̸�ʴ˝˝ʯ�ɀ̯�̯ʎɭ�
͕ɀ͛�ɀ�ʴ˝̯�˝ʄ�̯˝˝ʴ̤�ɭˉɧ�̸̚�ɠɭʓˉʅ�̸̤ɭɧ੔�͔ɭ̝͛�
˝оɭˉ�̯ ʎɭ̝ɭ�ʓ̤�ɀ�ɡ˝઀ɭ͔˝ʴ͔ʓˉʅ�ɭˉʅɀʅɭʽɭˉ̯�̯ ʎɀ̯�
ʎɀ̚̚ɭˉ̤੓�R̯�ʓ̤�ʅɭ̯̯ʓˉʅ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɧʓдɡ̸ʴ̯�
̯˝�̤ɭɭ�̯ʎɀ̯�ɡ˝઀ɭ͔˝ʴ͔ʓˉʅ�˝̚̚˝̸̝̯ˉʓ̯͛�͕ʎɭˉ�
͛˝̸�ʴ˝˝ʯ�ɀ̯�̯ʎɭ�̚˝͕ɭ̝�̯ʎɀ̯�̝ɭ̤ʓɧɭ̤�ʓˉ�ɀ�ʄɭ͕�
͔ɭ̝͛�ɹ ɀ̝ʅɭ�ʅʴ˝ɠɀʴ�̚ ̝˝ɧ̸ɡ̯ʓ˝ˉ�ʎ˝̸̤ɭ̤੓�Юɀ̯�ʓ̤�
ɡ̝ʓ̯ʓɡɀʴ�̯˝�ʯɭɭ̚�ʓˉ�ʽʓˉɧ੓
R� ɧ˝ ઑ̯̄� ̯ʎʓˉʯ� ͕ɭ� ɡɀˉ� ɀ̸̤̤ʽɭ� ̯ʎɀ̯� ʓ̯ઑ̤�

ɀ̸̯˝ʽɀ̯ʓɡ�˝̝�̯ʎɀ̯�ʓ̯ઑ̤�ɀ�ʅʓ͔ɭˉ�̯ʎɀ̯�̚ɭ˝̚ʴɭ�
ʎɀ͔ɭ�ɀ�̤ɀ ੓͛�!̸̯�R�̯ʎʓˉʯ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�̯ʎɭ̝ɭ�
ʓ̤�ɀˉ�ɭ͚̚ɭɡ̯ɀ̯ʓ˝ˉ�ʄ̝˝ʽ�̚ɭ˝̚ʴɭ�͕ʎ˝�̤ɭɭ�̤˝�
ʽɀˉ͛�˝̚̚˝̸̝̯ˉʓ̯ʓɭ̤�ɀ̝˝̸ˉɧ�̯ʎɭʽ�̯ʎɀ̯�̯ʎɭ͛�
̤ʎ˝̸ʴɧ�ɠɭ�ɀɠʴɭ�̯˝�ʎɀ͔ɭ�ɀ�͔˝ʓɡɭ�ʓˉ�̯ʎɀ̯੓�M˝͕�
ʽ̸ɡʎ�͛ ˝̸�ɡɀˉ�̤ ̚ɭɀʯ�̯ ˝�̯ ʎɀ̯�ɀˉɧ�ʓˉ�̯ ʎɭ�ʯʓˉɧ�
˝ʄ�͕ɀ̤͛�̯ʎɀ̯�͛˝̸�ɡɀˉ�ɭˉʅɀʅɭ�̝ɭɀʴʴ͛�ɧɭ̚ɭˉɧ�
˝ˉ�͕ʎɭ̝ɭ�͛˝ ઑ̸̝ɭ�̤ʓ̯̯ʓˉʅ੖�ɀˉɧ�̯ʎɭ�̚ɀ̝̯�˝ʄ�̯ʎɭ�
͕˝̝ʴɧ� ̯ʎɀ̯�͛˝ ઑ̸̝ɭ� ʓˉ੔� ̯ʎɭ� ̤˝̝̯�˝ʄ� ̯ɭɡʎˉ˝ʴ-
˝ʅ͛�ɭ͚̚ɭ̝̯ʓ̤ɭ�͛˝̸�ʎɀ͔ɭ੓�R̯�ɡɭ̝̯ɀʓˉʴ͛�ʓ̤�ˉ˝̯�
ɀˉ�ɭΌ̸ɀʴʴ͛�ɧʓ̤̯̝ʓɠ̸̯ɭɧ�˝̚̚˝̸̝̯ˉʓ̯͛�ɀ̯�̯ʎɭ�
ʽ˝ʽɭˉ̯੓�!̸̯�Rઑ͔ɭ�ˉɭ͔ɭ̝�ɠɭʴʓɭ͔ɭɧ�̯ʎɭ�ʓɧɭɀ�
̯ʎɀ̯�̯ ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�̤ ɀ̤͛�̄ ˝�ɀˉɧ�R�ʎɀ͔ɭ�̄ ˝�͕ ɀ͛�
˝ʄ�ʽɀʯʓˉʅ�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�ɧ˝�ɀˉ̯͛ʎʓˉʅ�ɭʴ̤ɭ੓
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SR:�Ċʎɀ̯�͛˝̸�̤ɭɭ੔�˝͔ɭ̝�ɀˉɧ�˝͔ɭ̝�ɀʅɀʓˉ੔�ʓ̤�
̯ʎɀ̯�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɀ̝ɭ�ʓˉ͔ɭˉ̯ɭɧ�ɀˉɧ�ɭ̤ɡɀ̚ɭ�
ʓˉ̯˝� ̯ʎɭ�͕ʓʴɧ੓� Û˝ʽɭ˝ˉɭ� ̸̤ɭɧ� ̯ʎɭ� ̚ʎ̝ɀ̤ɭ�
઎ɧ˝ʽɭ̤̯ʓɡɀ̯ɭɧઑ� ɭɀ̝ʴʓɭ̝� ɀˉɧ� ̸̤сɭ̤̯ɭɧ� ̯ʎɀ̯�
̚ɭ˝̚ʴɭ�̸̤ɭ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ʓˉ�̸ˉɭ͚̚ɭɡ̯ɭɧ�ɀˉɧ�
̸ˉʓˉ̯ɭˉɧɭɧ�͕ɀ̤͛੓�Û˝੔�ɀ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ʓ̤�ˉ˝̯�
ɀʴ͕ɀ̤͛�̸̤ɭɧ�ɀɡɡ˝̝ɧʓˉʅ�̯˝�̯ʎɭ�ʓˉ̯ɭˉ̯ʓ˝ˉ�˝ʄ�
̯ʎɭ� ɡ̝ɭɀ̯˝̝̤੓� �ˉɧ� ̤˝ʽɭ� ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ̤੔�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�̋ ʄ�ɡ̝ɭɀ̯ʓ˝ˉ੔�ʎɀ͔ɭ�ɭʽɭ̝ʅɭɧ�̋ ͔ɭ̝�
̯ʎɭ�̚ɀ̤̯�৕৔੔�৖৔੔�ৗ৔੔�৘৔�͛ɭɀ̝̤૆ઃ૆̯ʎʓˉʅ̤�ʴʓʯɭ�
̤˝ɡʓɀʴ�̚ ̝˝ʅ̝ɀʽʽʓˉʅ�̚ ʴɀ̯ʄ˝̝ʽ̤�ɹ ʓʯɭ�Eʓ̯M̸ɠ�
˝̝�Eʓ̯mɀɠ૆ઃ૆̯ʎɀ̯�ɡɀˉ�ʄɀɡʓʴʓ̯ɀ̯ɭ�̯ ʎɭ�ɡ̝ɭɀ̯ʓ˝ˉ�
˝ʄ�̤˝о͕ɀ̝ɭ੓�Rˉ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�̝ɭɀʴʽ੔�̯ʎʓˉʅ̤�
ʴʓʯɭ�ʓˉɭ͚̚ɭˉ̤ʓ͔ɭ�ৗ(�̝̚ʓˉ̯ʓˉʅ�ɀˉɧ�ɡ˝ʽ̸̯̚ɭ̝઀
ɡ˝ˉ̯̝˝ʴʴɭɧ�ʽʓʴʴʓˉʅ�ʽɀɡʎʓˉɭ̤�ʎɀ͔ɭ�ɭʽɭ̝ʅɭɧ�
ɀˉɧ�˝̚ɭˉ�ɀ�ʴ˝̯�˝ʄ�ɧ˝˝̝̤੓
Ñ̝˝ʄ� �̚̚ɭ̝ʽɀˉˉ੕� Юɭ̝ɭ̤ɀ੔� R� ͕ɀ̤� ̝ɭɀʴʴ͛�
̸̤̯̝ɡʯ�ɠ͛� ͛˝̸̝�ɧɭ̤ɡ̝ʓ̯̚ʓ˝ˉ�˝ʄ� ̯ʎɭ�m͛˝ˉ̤�
ʄɀʽʓʴ͛�ɡ˝ˉ̯̝ɀ̤̯ʓˉʅ�͕ʓ̯ʎ�̯ʎɭ�ʅʓ̝ʴ�ʓˉ�̯ʎɭ�ʄɀɡ-

̯˝̝ ੓͛�Ċʎɀ̯� ɧ˝� ̯ʎ˝̤ɭ� ʓʽɀʅɭ̤� ʴ˝˝ʯ� ʴʓʯɭ� ʓˉ�
৖৔৙৔ਗ਼�Ċʎɀ̯�ɧ˝�̯ʎɭ͛�̯ɭʴʴ�̸̤ਗ਼
æ�੕�Rઑʽ�̝ ɭɀʴʴ͛�̤ ɡɀ̝ɭɧ�ɠɭɡɀ̸̤ɭ�R�ʄɭɭʴ�ɹ ʓʯɭ�͕ ɭઑ̝ɭ�
ʅ˝ʓˉʅ�̯˝�̤ɭɭ�ˉɭ͕�͔ɭ̝̤ʓ˝ˉ̤�˝ʄ�̯ʎ˝̤ɭ�ɡ˝ˉ̯̝ɀ̤̯-
ʓˉʅ�ʓʽɀʅɭ̤੓�R�ɧ˝ ઑ̯̄�̯ ʎʓˉʯ�ɭˉ˝̸ʅʎ�ɀ̯̯ɭˉ̯ʓ˝ˉ�ʓ̤�
̚ɀʓɧ�̯ ˝�̯ ʎɭ�ʓˉɭΌ̸ʓ̯͛�̯ ʎɀ̯�ʓ̤�ɡ̝ɭɀ̯ʓˉʅ�̋ ˉɭ�ʯʓˉɧ�
˝ʄ�ʄ̸̸̯̝ɭ�ʄ˝̝�̚ ̝ʓ͔ʓʴɭʅɭɧ�ɡʎʓʴɧ̝ɭˉ੔�ɀ̤�̋ ̚̚˝̤ɭɧ�
̯˝�ɡʎʓʴɧ̝ɭˉ�͕ʎ˝�ɀ̝ɭ�ɠ˝̝ˉ�ʓˉ̯˝�̚˝͔ɭ̝̯͛�ɀˉɧ�
ɧʓ̤ɀɧ͔ɀˉ̯ɀʅɭ�ɀˉɧ�ʎɀ͔ɭ�̯˝�ʄɀɡɭ�̯ʎɀ̯੓�Û˝੔�̯ʎɀ̯�
ʓ̤�̯ʎɭ�̯ɭ̝̝˝̝�ʴ̸̝ʯʓˉʅ�ɀʎɭɀɧ�˝ʄ�̸̤੓
SR:�æ˝�̔ ɭ੔�ɀ̤�ɀ�̚ ɀ̝ɀʴʴɭʴ�ʓʽɀʅɭ੔�ʓ̤�̯ ʎɭ�E˝˝ʅʴɭ�
˝̝� �ʽɀͥ˝ˉ� ̝̚˝ʅ̝ɀʽʽɭ̝̤� ˝ˉ� ˝ˉɭ� ̤ʓɧɭ�
ɧ˝ʓˉʅ�̯ʎɀ̯�ɀˉɧ�̤˝ʽɭ˝ˉɭ�͕ʎ˝ઑ̤�ɀˉ��ʽɀͥ˝ˉ�
vɭɡʎɀˉʓɡɀʴ�æ̸̝ʯ�͕ʎɭ̝ɭ�͛˝̸�ʅɭ̯�ʄɭɧ�ʴʓ̯̯ʴɭ�
̚ʓɭɡɭ̤�̋ ʄ�͕ ˝̝ʯ�̋ ˉʴʓˉɭ�ɀˉɧ�͛ ˝̸�̤ ʓ̯�̯ ʎɭ̝ɭ੔�̤ ʴɀ͔-
ʓˉʅ�ɀ͕ɀ ੔͛�ʅɭ̯̯ʓˉʅ�̚ɀʓɧ�п͔ɭ�ɡɭˉ̯̤�ɀˉ�ʓ̯ɭʽ੓�
Юɀ̯ઑ̤�ʎ˝͕�R�͕˝̸ʴɧ�̸̚ɧɀ̯ɭ�̯ʎɭ�৕ঢ়̯ʎ century 
ɧʓ͔ʓɧɭ੓
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Ě˝̝ɀˉ�!˝ʴɭ͔ʓɡʎુa੔�m˝̸ʓ̤ɀ�f˝̝ʽુb

aુ"ʎʓɭʄ�.͚ɭɡ̸̯ʓ͔ɭ੔�ɭMɭɀʴ̯ʎ��ÛĊ 
bુÑ̝˝ʄɭ̤̤˝ ੔̝�Dɀɡ̸ʴ̯͛�˝ʄ�vɭɧʓɡʓˉɭ�ɀˉɧ�D˝̸ˉɧɀ̯ʓ˝ˉ�(ʓ̝ɭɡ̯˝ ੔̝�"ɭˉ̯̝ɭ�ʄ˝̝�!ʓʅ�(ɀ̯ɀ�Ôɭ̤ɭɀ̝ɡʎ�ʓˉ�Mɭɀʴ̯ʎ੔�

íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤

v˝ɧɭ̝ɀ̯˝̝�ɀˉɧ�Ôɀ̚̚˝̝̯ɭ̸̝੕�Rɀˉ��̚̚ɭ̝ʽɀˉˉ੔�"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯੔��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯੖�Rˉɧ̸̤̯̝͛�
Ñ̝˝ʄɭ̤̤˝ ੔̝�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ ੔͛�Û͛ɧˉɭ͛

Ě˝̝ɀˉ�!˝ʴɭ͔ʓɡʎ

O̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�͕ʎ˝�ʓ̤�ɠ˝̝ˉ�ʓˉ��ɭ͕�
Û˝̸̯ʎ�Ċɀʴɭ̤�̯ ˝ɧɀ͛�ʓ̤�ɹ ʓʯɭʴ͛�̯ ˝�ɠɭ�ɠ˝̝ˉ�

̯˝�ɀ�ʽ˝̯ʎɭ̝�ɀʅɭɧ�ɠɭ̯͕ɭɭˉ�ৗ৔�ɀˉɧ�ৗ৘੓�Юɭ̝ɭ�
ʓ̤�ɀ�˝ˉɭ�ʓˉ�̯ʎ̝ɭɭ�ɡʎɀˉɡɭ�̯ʎɀ̯�ʓ̯�͕ʓʴʴ�ɠɭ�ɠ˝̝ˉ�
̯˝�ɀ�ʽ˝̯ʎɭ̝�͕ʎ˝�͕ɀ̤�ˉ˝̯�ɠ˝̝ˉ�ʓˉ��̸̤̯̝ɀʴʓɀ੓�
Ċɭ�ʎɀ͔ɭ�ɀ�͔ɭ̝͛�ʎʓʅʎ�ʴʓʯɭʴʓʎ˝˝ɧ੔�ʽ˝̝ɭ�̯ʎɀˉ�
ঢ়৔�̚ɭ̝�ɡɭˉ̯੔�˝ʄ�ʎɀ͔ʓˉʅ�ɀ�ˉ˝̝ʽɀʴ�ɠʓ̝̯ʎ੔�̤˝�
̯ʎɭ�ɡʎʓʴɧ�͕ʓʴʴ�̤̯ɀ͛�ʓˉ�ʎ˝̤̚ʓ̯ɀʴ�ʄ˝̝�̯͕˝�̯˝�
̯ʎ̝ɭɭ�ɧɀ̤͛�̝̚ʓ˝̝�̯˝�ʅ˝ʓˉʅ�ʎ˝ʽɭ੓�Ôɭʴɀ̯ʓ͔ɭ�̯˝�
̯ʎɭ�̝ɭ̤̯�˝ʄ�̯ʎɭ�͕˝̝ʴɧ੔�̯ʎʓ̤�ɡʎʓʴɧ�ɀʴ̤˝�͕ʓʴʴ�ɠɭ�
͔ɭ̝͛�ʄ˝̸̝̯ˉɀ̯ɭ�̯˝�ɠɭ�ɠ˝̝ˉ�ʓˉ��̸̤̯̝ɀʴʓɀ੔�ɀ�
ɧɭ͔ɭʴ˝̚ɭɧ�ɡ˝̸ˉ̯̝͛�͕ʓ̯ʎ�˝ˉɭ�˝ʄ�̯ʎɭ�͕˝̝ʴɧઑ̤�
ɠɭ̤̯�ʎɭɀʴ̯ʎ�̤̤̯͛ɭʽ̤੓�R̯�͕ʓʴʴ�ʎɀ͔ɭ�ɀ�ʴʓʄɭ�ɭ͚̚ɭɡ-
̯ɀˉɡ͛�˝ʄ�ড়৙�͛ɭɀ̝̤�ʓʄ�ɀ�ʅʓ̝ʴ�ɀˉɧ�ড়৕�͛ɭɀ̝̤�ʓʄ�ɀ�
ɠ˝ ੓͛�M˝͕ɭ͔ɭ ੔̝�ʓʄ�Rˉɧʓʅɭˉ˝̸̤੔�̯ ʎʓ̤�ɡʎʓʴɧઑ̤�ɹ ʓʄɭ�
ɭ͚̚ɭɡ̯ɀˉɡ͛�͕ʓʴʴ�ɠɭ�ɀ̝˝̸ˉɧ�ɭʓʅʎ̯�͛ɭɀ̝̤�ʴɭ̤̤�
̯ʎɀˉ�ɀ�ˉ˝ˉ઀Rˉɧʓʅɭˉ˝̸̤�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ ੓͛
�ɭ͕� Û˝̸̯ʎ� Ċɀʴɭ̤� Mɭɀʴ̯ʎ੔� ʴʓʯɭ� ˝̯ʎɭ̝�

˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ̤�ʓˉ�˝̸̝�ʎɭɀʴ̯ʎ�̤̤̯͛ɭʽ੔�ʓ̤�ɡ˝ʽ-
ʽʓ̯̯ɭɧ�̯˝�ɭˉ̸̤̝ʓˉʅ�̯ʎɀ̯�ɀ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�
ʓ̤�˝ˉ�̯ʎɭ�͕ɀ͛�̯˝�ɀ�ʴ˝ˉʅ�ɀˉɧ�ʎɭɀʴ̯ʎ͛�ʴʓʄɭ੓�!̸̯�
ʄ˝̝�˝̸̝�ɡʎʓʴɧ̝ɭˉ�̯˝�̯ʎ̝ʓ͔ɭ੔�͕ɭ�ˉɭɭɧ�̯˝�̸̤̚-
̚˝̝̯�̯ʎɭʓ̝�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�ʴɭɀ̝ˉʓˉʅ�ʄ̝˝ʽ�
ɡ˝ˉɡɭ̯̚ʓ˝ˉ�̋ ˉ͕ɀ̝ɧ̤੓�Юʓ̤�͕ ʓʴʴ�ʓʽ̝̚˝͔ɭ�̯ ʎɭʓ̝�
ʎɭɀʴ̯ʎ�ɀˉɧ�͕ ɭʴʴɠɭʓˉʅ�ʓˉ�̯ ʎɭ�̚ ̝ɭ̤ɭˉ̯੔�ɠ̸̯�ɀʴ̤˝�
ʓˉ̯˝� ̯ʎɭ� ʄ̸̸̯̝ɭ੖� ʅʓ͔ʓˉʅ� ̯ʎɭʽ� ʴ˝ˉʅɭ̝� ɀˉɧ�
ʎɭɀʴ̯ʎʓɭ̝�ʴʓ͔ɭ̤੓�Юʓ̤�ʓ̤�̯ʎɭ�ɭ̤̤ɭˉɡɭ�˝ʄ��ÛĊ�
Mɭɀʴ̯ʎઑ̤�Dʓ̝̤̯�৖৔৔৔�(ɀ̤͛�̤̯̝ɀ̯ɭʅ ੓͛�Юɭ�п̝̤̯�
৖৔৔৔�ɧɀ̤͛�˝ʄ�ʴʓʄɭ੔�ʄ̝˝ʽ�ɡ˝ˉɡɭ̯̚ʓ˝ˉ�̯˝�̯ʎɭ�
ɀʅɭ�̋ ʄ�п͔ɭ੔�ɀ̝ɭ�ɡ̝ʓ̯ʓɡɀʴ�̯ ˝�̚ ʎ̤͛ʓɡɀʴ੔�ɡ˝ʅˉʓ̯ʓ͔ɭ੔�
̤˝ɡʓɀʴ�ɀˉɧ�ɭʽ˝̯ʓ˝ˉɀʴ�ʎɭɀʴ̯ʎ�˝͔ɭ̝�ɀ�ʴʓʄɭ̯ʓʽɭ੓

.ɀ̝ʴ͛�ʴʓʄɭ�ɭ͚̚ɭ̝ʓɭˉɡɭ̤�ɧ̸̝ʓˉʅ�̯ʎʓ̤�̯ʓʽɭ�
͕ʓʴʴ�ɧɭ̯ɭ̝ʽʓˉɭ�͕ ʎɭ̯ʎɭ̝�ɀ�ɡʎʓʴɧ�ʓ̤�̔ ˝̝ɭ�ɹ ʓʯɭʴ͛�
˝̝�ʴɭ̤̤�ʴʓʯɭʴ͛�̯˝�ɭ͚̚ɭ̝ʓɭˉɡɭ�ʅ˝˝ɧ�ʎɭɀʴ̯ʎ�ɀˉɧ�
͕ɭʴʴɠɭʓˉʅ�ʓˉ̯˝�ɀɧ̸ʴ̯ʎ˝˝ɧ੓���ɡʎʓʴɧઑ̤�ɧɭ͔ɭʴ-
˝̚ʽɭˉ̯�̤ɡ˝̝ɭ�ɀ̯�ʫ̸̤̯�৖৖�ʽ˝ˉ̯ʎ̤�ɡɀˉ�̤ɭ̝͔ɭ�
ɀ̤� ɀˉ� ɀɡɡ̸̝ɀ̯ɭ� ̝̚ɭɧʓɡ̯˝̝� ʄ˝̝� ɭɧ̸ɡɀ̯ʓ˝ˉɀʴ�
˝̸̯ɡ˝ʽɭ̤�ɀ̯�৖৚�͛ɭɀ̝̤�˝ʄ�ɀʅɭ੓�Юɭ�п̝̤̯�৖৔৔৔�
days are crucial, and our strategy recognises 
̯ʎɭ�̚˝͕ɭ̝�˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɀ̤�ɀ�ʯɭ͛�ɭˉɀɠʴɭ ੓̝�
(ʓʅʓ̯ɀʴ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɀʴ̝ɭɀɧ͛�̸ˉɧɭ̝̚ʓˉ̤�̯ʎɭ�
ɧɭʴʓ͔ɭ̝͛�˝ʄ�̤ɭ̝͔ʓɡɭ̤੔�ɀˉɧ�ʓ̯�̝̚˝͔ʓɧɭ̤�̸̤�͕ʓ̯ʎ�
̯ʎɭ�ɧɀ̯ɀ�̯˝�̸ˉɧɭ̝̤̯ɀˉɧ�ʓʄ�͕ɭ�ɀ̝ɭ�ɧɭʴʓ͔ɭ̝ʓˉʅ�
̯ʎɭ�̤ɭ̝͔ʓɡɭ̤�̯˝�ʄɀʽʓʴʓɭ̤�ɀˉɧ�ɡʎʓʴɧ̝ɭˉ�͕ʎ˝�
ˉɭɭɧ�̯˝�ʎɀ͔ɭ�̯ʎɭ�ɠɭ̤̯�̤̯ɀ̝̯�ʓˉ�ʴʓʄɭ੓
Rˉ�̝ ɭɡɭˉ̯�̯ ʓʽɭ̤੔�͕ ɭ�ʎɀ͔ɭ�̤ ɭɭˉ�ɀˉ�ʓˉɡ̝ɭɀ̤ɭɧ�

̸̯̚ɀʯɭ�̋ ʄ�͔ ʓ̸̝̯ɀʴ�ɡɀ̝ɭ�ɀˉɧ�̯ ɭʴɭʎɭɀʴ̯ʎ੔�̔ ɀʯʓˉʅ�
ɀ�̯ɀˉʅʓɠʴɭ�ɧʓаɭ̝ɭˉɡɭ੓�D˝̝�ʓˉ̤̯ɀˉɡɭ੔�͔ʓ̸̝̯ɀʴ�
ɀʴʴʓɭɧ�ʎɭɀʴ̯ʎɡɀ̝ɭ�ɡ˝ʽ̚ʴɭʽɭˉ̯̤�ʄɀɡɭ઀̯˝઀ʄɀɡɭ�
ɡɀ̝ɭ�ɀˉɧ�ʓ̤�͔ʓ̯ɀʴ�ʓˉ�ɭ͚ɡɭ̯̚ʓ˝ˉɀʴ�̤ʓ̸̯ɀ̯ʓ˝ˉ̤�
͕ʎɭ̝ɭ�̯ʎɭ̝ɭ�ɀ̝ɭ�ɀɡɡɭ̤̤�ʓ̸̤̤ɭ̤�ʄ˝̝�ʄɀʽʓʴʓɭ̤�
ɠɭɡɀ̸̤ɭ�˝ʄ�̯ʎɭ�ʴ˝ˉʅ�ɧʓ̤̯ɀˉɡɭ̤�̯ʎɭ͛�ʎɀ͔ɭ�̯˝�
̯̝ɀ͔ɭʴ੓�R̯ઑ̤�̚ɀ̝̯�˝ʄ�ɀ�ɠʴɭˉɧɭɧ�ʽ˝ɧɭʴ�˝ʄ�ɡɀ̝ɭ੔�
͕ʓ̯ʎ� ̤ɭʴɭɡ̯ɭɧ� ɀ̚̚˝ʓˉ̯ʽɭˉ̯̤�ʎɭʴɧ� ʄɀɡɭ઀̯˝઀
ʄɀɡɭ੔�͔ʓ̸̝̯ɀʴ�ɀ̚̚˝ʓˉ̯ʽɭˉ̯̤�̯˝�̝ɭɧ̸ɡɭ�̤̯̝ɭ̤̤�
ɀˉɧ�͔ɀ̝ʓ˝̸̤�ɭ͚ʓ̤̯ʓˉʅ�̝ɭʅ̸ʴɀ̝�ɀ̚̚˝ʓˉ̯ʽɭˉ̯̤੓�
Rˉ�̤˝ʽɭ�̚ɀ̝̯̤�˝ʄ�̯ʎɭ�̤̯ɀ̯ɭ੔�̯ʎʓ̤�ʓ̤�ɀʴ̝ɭɀɧ͛�ɀ�
reality.
�̸̯ɡ˝ʽɭ̤� ̯ʎɀ̯� ͕ʓʴʴ� ̝̚ɭɧʓɡ̯� ɀ� ͔ʓ̤ʓ̯ʓˉʅ�

ɡʎʓʴɧઑ̤�ʎɭɀʴ̯ʎ�ʫ˝̸̝ˉɭ͛�̤̯ɀ̝̯ɭɧ�ɠɭʄ˝̝ɭ�̯ʎɭ͛�
͕ɭ̝ɭ�ɠ˝̝ˉ੖�͕ʎʓɡʎ�ʓ̤�͕ʎ͛�ɀ�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�
̝ɭɡ˝̝ɧ�ɡ˝ʽʽɭˉɡɭ̤�ɧ̸̝ʓˉʅ�̝̚ɭʅˉɀˉɡ ੓͛��ɭ͕�
Û˝̸̯ʎ�Ċɀʴɭ̤�Mɭɀʴ̯ʎ�ʎɀ̤�ʴɭɧ�̯ʎɭ��ɀ̯ʓ˝ˉɀʴ�
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(ʓʅʓ̯ɀʴ� "ʎʓʴɧ� Mɭɀʴ̯ʎ� ɡ˝઀ʴɀɠ˝̝ɀ̯˝̝͛� ̯ʎɀ̯�
ʎɀ̝ʽ˝ˉʓ̤ɭ̤�ɀʴʴ�̯ʎɭ�̯̝ɀɧʓ̯ʓ˝ˉɀʴ�̚ɀ̚ɭ̝઀ɠɀ̤ɭɧ�
̝̚ɭʅˉɀˉɡ͛�ɀˉɧ�ɡʎʓʴɧ�ʎɭɀʴ̯ʎ�̝ ɭɡ˝̝ɧ̤�ʓˉ̯˝�̋ ˉɭ�
̤ʓˉʅʴɭ�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�̝ɭɡ˝̝ɧ੓�Юɭ�ɀɠʓʴʓ̯͛�ʄ˝̝�
ʎɭɀʴ̯ʎ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̤ ̤̯͛ɭʽ̤�̯ ˝�̤ ʎɀ̝ɭ�ɧɀ̯ɀ�ɹ ʓɭ̤�
ʓˉ�ɡ˝ʽʽ˝ˉ�̯ɭ̝ʽʓˉ˝ʴ˝ʅ ੔͛�ɡʴʓˉʓɡɀʴ�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�ʽ˝ɧɭʴʴʓˉʅ�ɀˉɧ�̤̯ɀˉɧɀ̝ɧʓ̤ɭɧ�̯ɭɡʎˉʓɡɀʴ�
language.
Ċɭ�ˉ˝͕�ɡɀˉ�ɭˉɀɠʴɭ�̝ɭɀʴ�̯ʓʽɭ�ʓˉ̯ɭ̝ɀɡ̯ʓ͔ɭ�

̤ʎɀ̝ʓˉʅ�˝ʄ�ɧɀ̯ɀ� ɡɭˉ̯̝ɭɧ�˝ˉ� ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�
̯ʎɭʓ̝�ʄɀʽʓʴʓɭ̤੓�Юɭ�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�̝ɭɡ˝̝ɧ�ʓ̤�
ɀ�̤̯ɀ̝̯ʓˉʅ�̚˝ʓˉ̯�ʄ˝̝�ɀ�ʴʓʄɭʴ˝ˉʅ�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�
̤̤̯͛ɭʽ੔�͕ʎʓɡʎ�͕ʓʴʴ� ʄ˝ʴʴ˝͕�ɀˉɧ� ̤ɭ̝͔ɭ� ̯ʎʓ̤�
̚ɭ̝̤˝ˉ�̯ʎ̝˝̸ʅʎ˝̸̯�̯ʎɭʓ̝�ʴʓʄɭ̯ʓʽɭ੓�!͛�৖৔ৗ৔੔�
͕ʎɭˉ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ʓ̤�ɀ̯�̤ɡʎ˝˝ʴ੔�ʓ̯�͕ʓʴʴ�
ʎɀ͔ɭ�ɀ�ɡ˝ʽ̝̚ɭʎɭˉ̤ʓ͔ɭ�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�̝ɭɡ˝̝ɧ�
̯ʎɀ̯�ɠ˝̯ʎ�̯ʎɭ�ɡʎʓʴɧ�ɀˉɧ�̚ɀ̝ɭˉ̯̤�͕ʓʴʴ�ɠɭ�ɀɠʴɭ�
̯˝�̸̤ɭ�˝ˉ�̯ʎɭʓ̝�̤ʽɀ̝̯�̚ʎ˝ˉɭ̤੓�Юʓ̤�̝ɭɡ˝̝ɧ�ʓ̤�
ʴʓʯɭʴ͛�̯˝�ʓˉɡʴ̸ɧɭ�ʎɭɀʴ̯ʎ�ɀˉɧ�ʅɭˉ˝ʽʓɡ�ɧɀ̯ɀ੔�
ɡ˝ʽɠʓˉɭɧ�͕ʓ̯ʎ�̝ɭʴɭ͔ɀˉ̯�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʄ̝˝ʽ�
ɭɧ̸ɡɀ̯ʓ˝ˉ�ɀˉɧ�̤ ˝ɡʓɀʴ�̤ ɡʓɭˉɡɭ੔�̔ ɀʯʓˉʅ�ʓ̯�̚ ˝̤-
̤ʓɠʴɭ�̯˝�̝̚ɭɧʓɡ̯੔�ɧʓɀʅˉ˝̤ɭ�ɀˉɧ�̯̝ɭɀ̯�͔ɀ̝ʓ˝̸̤�
ʎɭɀʴ̯ʎ� ˝̝� ɧɭ͔ɭʴ˝̚ʽɭˉ̯ɀʴ� ̝̚˝ɠʴɭʽ̤�ʽ˝̝ɭ�
̝̚ɭɡʓ̤ɭʴ͛�ɀˉɧ�̚ɭ̝̤˝ˉɀʴʴ͛�̯ʎɀˉ�ɭ͔ɭ̝�ɠɭʄ˝̝ɭ੓
Юɭ�ɡʎʓʴɧ�ɀˉɧ�̯ʎɭʓ̝�ʄɀʽʓʴ͛�͕ʓʴʴ�ɠɭ�ɀɡɡɭ̤̤-

ʓˉʅ�ʽɀˉ͛�̝˝̸̯ʓˉɭ�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ�̤ɭ̝͔ʓɡɭ̤�͔ʓ̸̝̯-
ɀʴʴ͛�ʄ̝˝ʽ�̯ʎɭ�ɡ˝ʽʄ˝̝̯�˝ʄ�̯ʎɭʓ̝�ʎ˝ʽɭ੔�ɀˉɧ�
̯ʎɭʓ̝�ʓˉ̯ɭ̝ɀɡ̯ʓ˝ˉ̤�͕ʓ̯ʎ�̯ʎɭ�ʎɭɀʴ̯ʎ�̤̤̯͛ɭʽ�
ʽʓʅʎ̯�ɠɭ�̝̚ʓʽɀ̝ʓʴ͛�̯ʎ̝˝̸ʅʎ�ɧʓʅʓ̯ɀʴ�ɡʎɀˉ-
ˉɭʴ̤੓��R઀ɧ̝ʓ͔ɭˉ�ɡɀ̝ɭ�ˉɀ͔ʓʅɀ̯˝̝̤�͕ʓʴʴ�ɀ̤̤ʓ̤̯�
̯ʎɭ�ʄɀʽʓʴ͛�͕ʓ̯ʎ�̯ʎɭʓ̝�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ�ɡʎ˝ʓɡɭ̤�
ɀˉɧ�̸̤сɭ̤̯�̯ʎɭ�ɠɭ̤̯�̚ʴɀɡɭ�ʄ˝̝�̯ʎɭʽ�̯˝�ʽɭɭ̯�
̯ʎɭʓ̝�ˉɭɭɧ̤੓��ˉɧ�ʓʄ�̯ʎʓ̤�ʓˉɡʴ̸ɧɭ̤੔�ʄ˝̝�ɭ͚ɀʽ-
̚ʴɭ੔�ɀ�͔ʓ̤ʓ̯�̯˝�ɀ�ʎ˝̤̚ʓ̯ɀʴ�ɭʽɭ̝ʅɭˉɡ͛�ɧɭ̚ɀ̝̯-
ʽɭˉ̯੔�̯ʎɭʓ̝�ɀ̝̝ʓ͔ɀʴ�͕ʓʴʴ�ɠɭ�ɀˉ̯ʓɡʓ̚ɀ̯ɭɧ੔�ɀˉɧ�
̯ʎɭ͛�͕ʓʴʴ�ɠɭ�͔ʓ̤ʓ̯ɭɧ�ɠ͛�ɡʴʓˉʓɡɀʴ�̤̯ɀа�͕ʎ˝�ɀ̝ɭ�
ɀʴ̝ɭɀɧ͛� ʄɀʽʓʴʓɀ̝� ͕ʓ̯ʎ� ̯ʎɭ� ɡʎʓʴɧઑ̤� ɡʓ̝ɡ̸ʽ-
̤̯ɀˉɡɭ̤�ɀˉɧ�̯ʎɭ�̝ɭʴɭ͔ɀˉ̯�ʎɭɀʴ̯ʎɡɀ̝ɭ�ʓ̸̤̤ɭ̤੓
(ʓʅʓ̯ɀʴ� ɡʎɀˉˉɭʴ̤� ˝ʄ� ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�

ɠɭ̯͕ɭɭˉ�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ�̚ ̝˝͔ʓɧɭ̝̤�ɀˉɧ�̯ ʎɭ�ʄɀʽʓʴ͛�
͕ʓʴʴ�ɡ˝ˉ̯ʓˉ̸ɭ�ɀоɭ̝�̯ʎɭʓ̝�ʎ˝̤̚ʓ̯ɀʴ�ɭ̚ʓ̤˝ɧɭ੔�
͕ʓ̯ʎ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʄ˝ʴʴ˝͕ʓˉʅ�̯ ʎɭ�̚ ɀ̯ʓɭˉ̯�ɀˉɧ�

̝̚˝ɀɡ̯ʓ͔ɭ�ɀɧ͔ʓɡɭ�ɀˉɧ�̤ ̸̚̚˝̝̯�̤ ɭ̝͔ʓɡɭ̤�ɠɭʓˉʅ�
̝̚˝͔ʓɧɭɧ੓�Ċɭɀ̝ɀɠʴɭ�ɧɭ͔ʓɡɭ̤�̸̤ɭɧ�ɠ͛�ʄɀʽʓʴ͛�
ʽɭʽɠɭ̝̤�͕ ʓʴʴ�ɠɭ�ɀɠʴɭ�̯ ˝�̯ ̝ɀˉ̤ʽʓ̯�ɠʓ˝ʽɭ̯̝ʓɡ�
ɧɀ̯ɀ੔�͕ ʎʓɡʎ�͕ ʓʴʴ�ɠɭ�ɀˉɀʴ̤͛ɭɧ�ʓˉ�̝ ɭɀʴ઀̯ʓʽɭ�ɠ͛�
ɀ̸̯˝ˉ˝ʽ˝̸̤੔�ʽɀɡʎʓˉɭ઀ʴɭɀ̝ˉʓˉʅ�ɀʴʅ˝̝ʓ̯ʎʽ̤�
ɀˉɧ�̚ ̝˝͔ʓɧɭ�̚ ̝ɭɧʓɡ̯ʓ͔ɭ�ɀˉɧ�̚ ̝˝ɀɡ̯ʓ͔ɭ�ɀɧ͔ʓɡɭ�
ʄ˝̝�ʄɀʽʓʴʓɭ̤�ɀˉɧ�ɀ�ɧɭ̤ʓʅˉɀ̯ɭɧ�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ�
̯ɭɀʽ੓�Юɭ�ɡʎʓʴɧ�ɀˉɧ�ʄɀʽʓʴ͛�͕ ʓʴʴ�ɡ˝ˉˉɭɡ̯�͕ ʓ̯ʎ�
ˉɭ͕�ʯʓˉɧ̤�̋ ʄ�ʎɭɀʴ̯ʎɡɀ̝ɭ�͕ ˝̝ʯɭ̝̤�ɀˉɧ�̚ ̝˝ʄɭ̤-
̤ʓ˝ˉɀʴ̤�͕ ʎ˝�͕ ʓʴʴ�ɠɭ�ɭΌ̸ʓ̚̚ɭɧ�͕ ʓ̯ʎ�ɀɧ͔ɀˉɡɭɧ�
ɧʓʅʓ̯ɀʴ�̯ ˝˝ʴ̤�̤ ̸ɡʎ�ɀ̤��R઀ɧ̝ʓ͔ɭˉ�ɧɭɡʓ̤ʓ˝ˉ�̤ ̸̚-
̚˝̝̯�̤̤̯͛ɭʽ̤�ɀˉɧ�̝ɭɀʴ઀̯ʓʽɭ�ɀˉɀʴ̯͛ʓɡ̤੓�æ̝ɀʓˉ-
ʓˉʅ�ɀˉɧ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�ʎɭɀʴ̯ʎɡɀ̝ɭ�̝̚˝ʄɭ̤-
̤ʓ˝ˉɀʴ̤� ʓ̤� ʴʓʯɭʴ͛� ̯˝� ɭ͔˝ʴ͔ɭ� ̯˝͕ɀ̝ɧ̤�ʽ˝̝ɭ�
ɡ̝˝̤̤઀ɧʓ̤ɡʓ̚ʴʓˉɀ̝͛�ɀ̝̚̚˝ɀɡʎɭ̤૆ઃ૆͕ʓ̯ʎ�ɧɭɭ̚�
ʓˉɡʴ̸̤ʓ˝ˉ�˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɀˉɧ�ɧɀ̯ɀ�ɀˉɀʴ̯͛ʓɡ̤�
̸̤ɠʫɭɡ̯̤� ʓˉ�̯ʎɭ�̯̝ɀʓˉʓˉʅ�ɡ̸̝̝ʓɡ̸ʴ̸ʽ੓�Юʓ̤�
ʽʓʅʎ̯�ɠɭ�ɡ˝ʽɠʓˉɭɧ�͕ ʓ̯ʎ�ɀ�̤ ̯̝˝ˉʅɭ̝�ʓˉʄ̸̤ʓ˝ˉ�
˝ʄ�ɡ̸̤̯˝ʽɭ̝�̤ɭ̝͔ʓɡɭ�ɀˉɧ�ɡ̸̤̯˝ʽɭ̝�ɭ͚̚ɭ̝ʓ-
ɭˉɡɭ�̤ ʯʓʴʴ̤੔�ɀ̤�͕ ɭʴʴ�ɀ̤�ʎ̸ʽɀˉ઀ɡɭˉ̯̝ɭɧ�ɧɭ̤ʓʅˉ�
ɀˉɧ�ɀʅʓʴɭ�̝̚˝ɠʴɭʽ઀̤˝ʴ͔ʓˉʅ�ʽɭ̯ʎ˝ɧ˝ʴ˝ʅ ੓͛
�̤�ɀ�ʴɭʅɀɡ͛�˝ʄ�̯ʎɭ�̚ɀˉɧɭʽʓɡ�ɭ̝ɀ�˝ʄ�̯ʎɭ�

ɭɀ̝ʴ͛�৖৔৖৔̤੔�̯ʎɭ�ʎɭɀʴ̯ʎ�̤̤̯͛ɭʽ�ʓ̤�ʴʓʯɭʴ͛�̯˝�ɠɭ�
̸̤̚̚˝̝̯ɭɧ�ɠ͛�̤̯̝˝ˉʅ�̚˝̸̚ʴɀ̯ʓ˝ˉ�ʎɭɀʴ̯ʎ�ɀˉɧ�
ɧʓ̤ɭɀ̤ɭ�̸̤̝͔ɭʓʴʴɀˉɡɭ�ɡɀ̚ɀɠʓʴʓ̯ʓɭ̤੔�ɀ̤�͕ɭʴʴ�ɀ̤�
ʎ˝̚ɭʄ̸ʴʴ͛�̯ ʎɭ�̤ ˝͔ɭ̝ɭʓʅˉ�͔ ɀɡɡʓˉɭ�̔ ɀˉ̸ʄɀɡ̸̯̝-
ʓˉʅ�ɀˉɧ�ɧʓ̤̯̝ʓɠ̸̯ʓ˝ˉ�ɡɀ̚ɀɡʓ̯ ੓͛�Ċʎʓʴɭ�ʽɀˉ͛�
˝ʄ�̯ʎɭ̤ɭ�ɀɧ͔ɀˉɡɭ̤�͕ʓʴʴ�ʓʽ̝̚˝͔ɭ�ʎɭɀʴ̯ʎ�˝̸̯-
ɡ˝ʽɭ̤�ɀˉɧ�̤ɀʄɭ̯͛�ɀˉɧ�Ό̸ɀʴʓ̯͛�˝ʄ�ɡɀ̝ɭ੔�̯ʎɭ̝ɭ�
͕ʓʴʴ�ɠɭ�ɀˉ�˝ˉʅ˝ʓˉʅ�ɧɭɠɀ̯ɭ�ɀɠ˝̸̯�̯ʎɭ�ɭ̯ʎʓɡ̤�
˝ʄ�̸̤ʓˉʅ�ɀˉɧ�̤ʎɀ̝ʓˉʅ�̚ɭ̝̤˝ˉɀʴ�ʎɭɀʴ̯ʎ�ʓˉʄ˝̝-
ʽɀ̯ʓ˝ˉ੔�ɭ̤̚ɭɡʓɀʴʴ͛�ʅɭˉ˝ʽʓɡ�ɧɀ̯ɀ�ɀˉɧ�ɧɭ͔ʓɡɭ઀
ʅɭˉɭ̝ɀ̯ɭɧ�ɧɀ̯ɀ੓�Юɭ�ʽɭɀˉʓˉʅ�˝ʄ�̚ɀ̯ʓɭˉ̯̤ઑ�
ɡ˝ˉ̤ɭˉ̯�ɀˉɧ�ʎ˝͕�̯ ˝�ʅʓ͔ɭ�ʓ̯�ɭаɭɡ̯�̔ ʓʅʎ̯�ɠɭ�̋ ʄ�
ʅ̝ɭɀ̯�ʓˉ̯ɭ̝ɭ̤̯੓�Ûʓʅˉʓпɡɀˉ̯�ɡ˝ˉɡɭ̝ˉ̤�ɀ̝ɭ�ɹ ʓʯɭʴ͛�
̯˝�ɠɭ�̝ ɀʓ̤ɭɧ�ɀɠ˝̸̯�̯ ʎɭ�઎ɧʓʅʓ̯ɀʴ�ɧʓ͔ʓɧɭ੔એ�͕ ʎʓɡʎ�
ʽʓʅʎ̯�̝ ɭ̸̤ʴ̯�ʓˉ�ʅ̝ɭɀ̯ɭ̝�ʎɭɀʴ̯ʎ�ʓˉɭΌ̸ɀʴʓ̯ʓɭ̤�ʓʄ�
ʴɭо�̸ ˉɀɧɧ̝ɭ̤̤ɭɧ੓�İ̸ʓ̯ɭ�̤ ʓʽ̚ʴ ੔͛�̋ ˉɭઑ̤�ʎɭɀʴ̯ʎ�
˝̸̯ɡ˝ʽɭ̤�ʽɀ͛�ɧɭ̚ɭˉɧ�˝ˉ�ɀ�̚ɭ̝̤˝ ઑ̤̄�ɀɠʓʴʓ̯͛�
̯˝�ɀɡɡɭ̤̤�ɧʓʅʓ̯ɀʴ�̤ɭ̝͔ʓɡɭ̤�ɀˉɧ�ʓˉ̯ɭ̝ɀɡ̯�͕ʓ̯ʎ�
̯ʎɭʽ੓
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!͛�৖৔৙৔੔�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�͕ʓʴʴ�ɠɭ�ɭˉ̯ɭ̝-
ʓˉʅ�̯ʎɭ�ʄ˝̸̝̯ʎ�ɧɭɡɀɧɭ�˝ʄ�ʓ̯̤�ʴʓʄɭ੓�M˝̚ɭʄ̸ʴʴ ੔͛�
ʓ̯�͕ʓʴʴ�ʴʓ͔ɭ�ʓˉ�ɀ�͕˝̝ʴɧ�͕ʎɭ̝ɭ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ�
ʎɀ̤� ɠɭɭˉ� ̯˝� ̤˝ʽɭ� ɭ͚̯ɭˉ̯� ɡ˝ˉ̯̝˝ʴʴɭɧ� ɀˉɧ�
͕ʎɭ̝ɭ�ʅʴ˝ɠɀʴ�ʅɭ˝̚˝ʴʓ̯ʓɡɀʴ�ʄɀ̸ʴ̯�ʴʓˉɭ̤�ɀ̝ɭ�ˉ˝̯�
ɀ̤�ɧɭɭ̚�ɀ̤�̯ʎɭ�˝ˉɭ̤�̯ʎɀ̯�͕ɭ�ɀ̝ɭ�͕ʓ̯ˉɭ̤̤ʓˉʅ�
ˉ˝ ੓͕�Rʄ�̯ʎʓ̤�˝̯̚ʓʽʓ̤̯ʓɡ�̤ɡɭˉɀ̝ʓ˝�ɠɭɡ˝ʽɭ̤�ɀ�
̝ɭɀʴʓ̯ ੔͛�ʓ̯�ʓ̤�ʴʓʯɭʴ͛�̯ʎɀ̯�̯ʎʓ̤�̚ɭ̝̤˝ˉ�͕ʓʴʴ�ɠɭˉ-
ɭп̯�ʄ̝˝ʽ�̯ʎɭ�ʽɀˉ͛�ɠʓ˝ʽɭɧʓɡɀʴ�ɀˉɧ�̯ɭɡʎˉ˝-
ʴ˝ʅʓɡɀʴ�ɀɧ͔ɀˉɡɭ̤�̔ ɀɧɭ�ʓˉ�̯ ʎɭ�̚ ̝ɭ͔ʓ˝̸̤�̯ ʎ̝ɭɭ�
ɧɭɡɀɧɭ̤੓�Ċʎʓʴɭ�̯ʎʓ̤�̚ɭ̝̤˝ˉ�ʓ̤�ʴʓʯɭʴ͛�̯˝�ɠɭ�
ʓˉ�ʅ˝˝ɧ�ʎɭɀʴ̯ʎ�̯ʎɭʽ̤ɭʴ͔ɭ̤੔�̯ʎɭ͛�ɀ̝ɭ�ʴʓʯɭʴ͛�
̯˝�ʎɀ͔ɭ�ɀɡɡɭ̤̤੔�ʓʄ�ˉɭɭɧɭɧ੔�̯˝�ʅɭˉɭ�̯ʎɭ̝ɀ̚ ੔͛�
̝˝ɠ˝̯ʓɡ̤�̯ɭɡʎˉ˝ʴ˝ʅ ੔͛�ˉɀˉ˝̯ɭɡʎˉ˝ʴ˝ʅ ੔͛�ɠʓ˝ˉ-
ʓɡ̤�ɀˉɧ�ɠʓ˝઀ɀ̝̯ʓпɡʓɀʴ�̋ ̝ʅɀˉ̤੓�(ʓʅʓ̯ɀʴ�̯ ɭɡʎˉ˝ʴ-
˝ʅ ੔͛�͕ʎʓɡʎ�͕ɀ̤�̤̯̝˝ˉʅʴ͛�̸̤ɭɧ�ʓˉ�̝̚ɭ͔ʓ˝̸̤�
ɧɭɡɀɧɭ̤੔�͕ʓʴʴ�ɠɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�ʽɀ̸̯̝ɭ�˝̝�ɭ͔ɭˉ�
˝ɠ̤˝ʴɭ̯ɭ੓��̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ʓ̤�ʴʓʯɭʴ͛�̯˝�
ɠɭ�ɀ�̔ ɀʓˉ̤̯ɀ͛�̋ ʄ�ʎɭɀʴ̯ʎɡɀ̝ɭ੔�͕ʓ̯ʎ�̔ ɀˉ͛�̝˝̸-
̯ʓˉɭ�̯ ɀ̤ʯ̤�ɀˉɧ�ɀɡ̯ʓ͔ʓ̯ʓɭ̤�ɧɭʴɭʅɀ̯ɭɧ�̯ ˝�ɀ̸̯˝ˉ˝-
mous agents.
.̯ʎʓɡɀʴ� Ό̸ɭ̤̯ʓ˝ˉ̤੔� ̝ɭʴɀ̯ɭɧ� ̯˝� ʎ̸ʽɀˉ�

ʽɀɡʎʓˉɭ�ʓˉ̯ɭ̝ʄɀɡɭ̤੔�ɭˉɧ઀˝ʄ઀ʴʓʄɭ�ʓ̸̤̤ɭ̤�ɀˉɧ�
ʅʴ˝ɠɀʴ�ʎɭɀʴ̯ʎ�ʓˉɭΌ̸ɀʴʓ̯ʓɭ̤੔�ʽʓʅʎ̯�ɠɭɡ˝ʽɭ�
͔ɭ̝͛�̤ ʓʅˉʓпɡɀˉ̯੓�Rʽ̚ɀɡ̯̤�̋ ˉ�̯ ʎɭ�ʎɭɀʴ̯ʎ�͕ ˝̝ʯ-
ʄ˝̝ɡɭ�ɀ̝ɭ�ɧʓдɡ̸ʴ̯�̯ ˝�̚ ̝ɭɧʓɡ̯�ʓˉ�̯ ʎʓ̤�̤ ɡɭˉɀ̝ʓ˝੓�
R̯�ʓ̤�ʴʓʯɭʴ͛�̯ʎɀ̯��R�ɀˉɧ�̝˝ɠ˝̯ʓɡ̤�͕ʓʴʴ�̝ɭ̚ʴɀɡɭ੔�
˝̝�̝ɭɧ̸ɡɭ�ɧɭʽɀˉɧ�ʄ˝ ੔̝�̤˝ʽɭ�̯͛̚ɭ̤�˝ʄ�ʎɭɀʴ̯ʎ�
ɡɀ̝ɭ�͕ ˝̝ʯɭ̝̤੓�!̸̯�̋ ̯ʎɭ̝�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ�͕ ˝̝ʯɭ̝̤�
ʽʓʅʎ̯�ʅɀʓˉ�̝̚˝ʽʓˉɭˉɡɭ੔�̝ɭΌ̸ʓ̝ʓˉʅ�ɡ̝ɭɀ̯ʓ͔-
ʓ̯ ੔͛�ɀ̤�͕ɭʴʴ�ɀ̤�ʎ̸ʽɀˉʓ̤̯ʓɡ੔�ɡ˝ʽ̚ɀ̤̤ʓ˝ˉɀ̯ɭ�
ɡɀ̝ɭ�ɀˉɧ�ɭ̯ʎʓɡɀʴ�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ੓��ˉɧ੔�˝ʄ�
ɡ˝̸̝̤ɭ੔�̯ʎɭ̝ɭ�͕ʓʴʴ�ɠɭ�ʓʽʽɭɧʓɀ̯ɭ�̯ɭɡʎˉʓɡɀʴ�
ʯˉ˝͕ʴɭɧʅɭ�̝ɭΌ̸ʓ̝ɭɧ�̯˝�ɧɭ̤ʓʅˉ�ɀˉɧ�˝͔ɭ̝̤ɭɭ�
̯ʎɭ�ʎɭɀʴ̯ʎɡɀ̝ɭ�̯ɭɡʎˉ˝ʴ˝ʅ ੔͛�͕ʎʓɡʎ�ʽʓʅʎ̯�ɠɭ�
͕ʓɧɭʴ͛�ɧɭ̚ʴ˝͛ɭɧ�̯ ˝�̤ ̸̚̚˝̝̯�̯ ʎɭ�̚ ̝˝͔ʓ̤ʓ˝ˉ�̋ ʄ�
ɡɀ̝ɭ�̯˝�ɀˉ�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�ɀʅɭʓˉʅ�̚˝̸̚ʴɀ̯ʓ˝ˉ੓�
vɀɡʎʓˉɭ̤�͕ʓʴʴ�ɠɭɡ˝ʽɭ�ɀˉ�ʓˉ̯ɭʅ̝ɀʴ�̚ɀ̝̯�˝ʄ�
̚ɀ̯ʓɭˉ̯�ɡɀ̝ɭ੓
Ċʎʓʴɭ�ʓ̯�ʓ̤�ʎɀ̝ɧ�̯ ˝�̚ ̝ɭɧʓɡ̯�͕ ʎɀ̯�̯ ʎɭ�ʎɭɀʴ̯ʎ�

˝ʄ�̯ ʎʓ̤�ɡʎʓʴɧ�̔ ʓʅʎ̯�ɠɭ�ʓˉр̸ɭˉɡɭɧ�ɠ͛�ʓˉ�৖৔৙৔੔�
͕ɭ�ɧ˝�ʯˉ˝͕�͕ʎɀ̯�͕ʓʴʴ�ɧɭ̯ɭ̝ʽʓˉɭ�ʽɀˉ͛�˝ʄ�

̯ʎɭʓ̝�ʎɭɀʴ̯ʎ�̋ ̸̯ɡ˝ʽɭ̤�̝ ʓʅʎ̯�̄ ˝͕�ɀˉɧ�̯ ʎɀ̯�ʓ̤�
̯ʎɭ�ɡʎʓʴɧઑ̤�п̝̤̯�৖৔৔৔�ɧɀ̤͛੓�D˝̝�˝̸̝�ɡʎʓʴɧ̝ɭˉ�
̯˝�̯ʎ̝ʓ͔ɭ੔�͕ɭ�ˉɭɭɧ�̯˝�ʽɀʯɭ�̸̤̝ɭ�̯ʎɀ̯�̯ʎɭ͛�
ʎɀ͔ɭ�ɀɡɡɭ̤̤�̯˝�ɀʴʴ�̯ʎɭ�̤ɭ̝͔ʓɡɭ̤�̯ʎɭ͛�ˉɭɭɧ�ɀ̯�
̯ʎɭ�̯ ʓʽɭ�̯ ʎɭ͛�̄ ɭɭɧ�̯ ʎɭʽ੔�͕ ʎʓɡʎ�ʓ̤�ɀ̤�ɭɀ̝ʴ͛�ɀ̤�
̚˝̤̤ʓɠʴɭ੓�Ċɭ�ˉɭɭɧ�̯˝�̸̤̚̚˝̝̯�̯ʎɭʽ�̯˝�ɠ̸ʓʴɧ�
ˉ˝̯�˝ˉʴ͛�ɧʓʅʓ̯ɀʴ�ʴʓ̯ɭ̝ɀɡ ੔͛�ɠ̸̯�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�
ʴʓ̯ɭ̝ɀɡ͛�̤˝�̯ʎɀ̯�̯ʎɭ͛�ɡɀˉ�ɠɭ�ɀɡ̯ʓ͔ɭ�̚ɀ̝̯ʓɡʓ-
̚ɀˉ̯̤�ʓˉ�̯ʎɭʓ̝�ʎɭɀʴ̯ʎ�ɡɀ̝ɭ੓
Юɭ��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯ઑ̤�!̝ʓʅʎ̯�!ɭʅʓˉ-

ˉʓˉʅ̤�ʓˉʓ̯ʓɀ̯ʓ͔ɭ�ɀʓʽ̤�̯˝�ʅʓ͔ɭ�̯ʎɭʽ�̯ʎɭ�ɠɭ̤̯�
̤̯ɀ̝̯�ʓˉ�ʴʓʄɭ੓�Юɭ�ʅ˝˝ɧ�ˉɭ͕̤�ʓ̤�̯ʎɀ̯�͕ɭ�ɡɀˉ�
ʽɀʯɭ� ɀ�ʽɀ̤̤ʓ͔ɭ� ɧʓаɭ̝ɭˉɡɭ� ̯˝� ̯ʎɭ� ʄ̸̸̯̝ɭ�
ʎɭɀʴ̯ʎ�˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ� ɡʎʓʴɧ�ɠ͛� ̯ɀʯʓˉʅ� ̯ʎɭ�
̝ʓʅʎ̯�̚˝ʴʓɡ͛�ɧɭɡʓ̤ʓ˝ˉ̤�ɀˉɧ�ʽɀʯʓˉʅ�̯ʎɭ�̝ʓʅʎ̯�
ʓˉ͔ɭ̤̯ʽɭˉ̯̤੔�̯˝ɧɀ ੓͛

m˝̸ʓ̤ɀ�f˝̝ʽ
Rઑʽ�̤̚ɭɀʯʓˉʅ� ̯˝ɧɀ͛� ʄ̝˝ʽ�̯ʎɭ� ʴɀˉɧ�˝ʄ� ̯ʎɭ�
Eɀɧʓʅɀʴ� ̚ɭ˝̚ʴɭ� ˝ʄ� ̯ʎɭ� .˝̝ɀ� ˉɀ̯ʓ˝ˉ੓�Юɭ�
ʎɭɀʴ̯ʎ�˝ʄ�̯ʎɭ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�ʓ̤�ʅ˝ʓˉʅ�̯˝�
ɠɭ� ʓˉр̸ɭˉɡɭɧ� ɠ͛� ̤˝ʽɭ� ͔ɭ̝͛� ʽɀʫ˝̝� ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯ɀʴ� ʄ˝̝ɡɭ̤੔� ɀˉɧ� R� ̯ʎʓˉʯ� ʓ̯ઑ̤� ̯ʓʽɭʴ͛�
̯˝ɧɀ ੔͛�͕ʓ̯ʎ�"�Ñ৖৚�ʅ˝ʓˉʅ�˝ˉ�ʓˉ�Eʴɀ̤ʅ˝ ੔͕�
̯˝�̝ɭʽɭʽɠɭ̝�̯ʎɀ̯�̯ʎɭ�ɡʎʓʴɧ�ɠ˝̝ˉ�̯˝ɧɀ͛�͕ʓʴʴ�
ʴʓ͔ɭ�ʓˉ�ɀ�͕˝̝ʴɧ�͕ʓ̯ʎ�̝ɀ̚ʓɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�
degradation unless some big decisions and 
ɡʎɀˉʅɭ̤�ɀ̝ɭ�̔ ɀɧɭ�̄ ˝ ੓͕�Юɭ�ɡʎʓʴɧ�̚ ˝̯ɭˉ̯ʓɀʴʴ͛�
͕ʓʴʴ�ɠɭ�ʴʓ͔ʓˉʅ�ʓˉ�ɀˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�˝ʄ�̚˝˝̝�ɀʓ̝�
Ό̸ɀʴʓ̯ ੔͛� ʓˉɡ̝ɭɀ̤ʓˉʅ�̤̯˝̝ʽ̤੔�ʽɀʫ˝̝�͕ɭɀ̯ʎɭ̝�
ɭ͔ɭˉ̯̤੔�ɧʓ̤ɀ̤̯ɭ̝̤�ɀˉɧ੔�ɀ̤�͕ɭઑ͔ɭ�̤ɭɭˉ�˝͔ɭ̝�̯ʎɭ�
ʴɀ̤̯�ɡ˝̸̚ʴɭ�̋ ʄ�͛ ɭɀ̝̤੔�̚ ɀˉɧɭʽʓɡ�ɭ͔ɭˉ̯̤੓�Ċɭɀ̝-
ʓˉʅ�ɀ�ʽɀ̤ʯ�ʓ̤�̝̚˝ɠɀɠʴ͛�ʅ˝ʓˉʅ�̯˝�ɠɭ�ɀ�ɧɀ͛઀̯˝઀
ɧɀ͛�˝ɡɡ̸̝̝ɭˉɡɭ�ʄ˝̝�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ੓
Юɭ̝ɭ� ʓ̤� ɀ� ʅ̝˝͕ʓˉʅ� ɠ˝ɧ͛� ˝ʄ� ɭ͔ʓɧɭˉɡɭ�

ɀ̝˝̸ˉɧ�̯ʎɭ�ɧɭʅ̝ɭɭ�˝ʄ�ɧʓʅʓ̯ɀʴʓ̤ɀ̯ʓ˝ˉ੔�ʓˉ�̚ɀ̝-
̯ʓɡ̸ʴɀ̝�̯ʎɭ�̸̤ɭ�˝ʄ�̚ɭ̝̤˝ˉɀʴ�ʽ˝ɠʓʴɭ�ɧɭ͔ʓɡɭ̤�
ʓʽ̚ɀɡ̯ʓˉʅ�˝ˉ�ɡʎʓʴɧ�ʎɭɀʴ̯ʎ੓�Ċɭઑ͔ɭ�ʅ˝̯� ɀˉ�
ʓˉɡ̝ɭɀ̤ʓˉʅ�̝̚ɭ͔ɀʴɭˉɡɭ�˝ʄ�ɡʎʓʴɧ�˝ɠɭ̤ʓ̯͛�ɀˉɧ�
ɭ͔ʓɧɭˉɡɭ�̯ʎɀ̯�̤ʎ˝̝̯઀̤ʓʅʎ̯ɭɧˉɭ̤̤�ɀˉɧ�˝̯ʎɭ̝�
͔ʓ̤ʓ˝ˉ�̝̚˝ɠʴɭʽ̤�ɀ̝ɭ�ʽ˝̝ɭ�ɡ˝ʽʽ˝ˉ�ɀʽ˝ˉʅ�
ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�̯ɭɭˉɀʅɭ̝̤੓��ʴ̤˝੔�͔ɭ̝͛�̸ˉʄ˝̸̝̯-
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ˉɀ̯ɭʴ ੔͛�̯ʎɭ̝ɭ�ʓ̤�̤˝ʽɭ�ɭ͔ʓɧɭˉɡɭ�̯ʎɀ̯�˝͔ɭ̸̝̤ɭ�
˝̝�˝͔ɭ̝઀̝ɭʴʓɀˉɡɭ�˝ˉ�ɧʓʅʓ̯ɀʴ�ɧɭ͔ʓɡɭ̤�ʓ̤�ɡʎɀˉʅ-
ʓˉʅ� ̯ʎɭ� ̤˝ɡʓɀʴ઀ɭʽ˝̯ʓ˝ˉɀʴ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�
ɡʎʓʴɧ̝ɭˉ�ɀˉɧ�̯ʎɭʓ̝�͕ɭʴʴɠɭʓˉʅ੖�̚˝̯ɭˉ̯ʓɀʴʴ͛�
̝ɭ̸̤ʴ̯ʓˉʅ�ʓˉ�ɀ�͕ʎ˝ʴɭ�̝ɀˉʅɭ�˝ʄ�ʽɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�
̝̚˝ɠʴɭʽ̤੓
Û˝�̯ ʎɭ̝ɭ�ɀ̝ɭ�̤ ˝ʽɭ�̝ ɭɀʴ�ɡʎɀʴʴɭˉʅɭ̤�̯ ʎɀ̯�͕ ɭ�

ʯˉ˝͕�ɀ̝ɭ�ɀʴ̝ɭɀɧ͛�ʄɀɡʓˉʅ�˝̸̝�ɡʎʓʴɧ̝ɭˉ�̯˝ɧɀ͛�
̯ʎɀ̯�̯ʎɭ͛�͕ʓʴʴ�ɀʴ̤˝�ɭ͚̚ɭ̝ʓɭˉɡɭ�̚˝̤̤ʓɠʴ͛�ɭ͔ɭˉ�
ʽ˝̝ɭ� ʓˉ̯ɭˉ̤ɭʴ͛� ̯ʎɀˉ� ˝̸̝� ɡ̸̝̝ɭˉ̯� ʅɭˉɭ̝ɀ-
̯ʓ˝ˉ�˝ʄ�ɡʎʓʴɧ̝ɭˉ੓�M˝͕ɭ͔ɭ ੔̝�˝ˉ�̯ʎɭ�̸̤̚ʓɧɭ੔�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�ɀ̝ɭ�̋ аɭ̝ʓˉʅ�̔ ɀˉ͛�̄ ɭ͕�͕ ɀ̤͛�̯ ˝�
ʓʽ̝̚˝͔ɭ�ɀˉɧ�ʽɀʓˉ̯ɀʓˉ�ʎɭɀʴ̯ʎ੓�Û˝ʽɭ�ʓˉ̯ɭ̝-
ɭ̤̯ʓˉʅ�ɭ͚ɀʽ̚ʴɭ̤�ʓˉɡʴ̸ɧɭ�̤ʽɀ̝̯�ˉɀ̚̚ʓɭ̤�̯ʎɀ̯�
ɀ̝ɭ� ˉ˝͕� ʅ˝ʓˉʅ� ʓˉ̯˝� ̝̚˝ɧ̸ɡ̯ʓ˝ˉ੔� ʯɭɭ̚ʓˉʅ�
˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ɡ˝ʽʄ˝̝̯ɀɠʴɭ�ɀˉɧ�ˉ˝̯ʓʄ͛-
ʓˉʅ�̯ʎɭ�̚ɀ̝ɭˉ̯ઑ̤�̤ʽɀ̝̯̚ʎ˝ˉɭ�͕ʎɭˉ�̯ʎɭ̝ɭઑ̤�
̤˝ʽɭ̯ʎʓˉʅ�̯ʎɀ̯�ˉɭɭɧ̤�̯˝�ɠɭ�ɡʎɀˉʅɭɧ੓�Ċɭઑ͔ɭ�
ʅ˝̯�̤ ʽɀ̝̯�ɠ˝̯̯ʴɭ̤�̯ ʎɀ̯�ɡɀˉ�̔ ˝ˉʓ̯˝̝�ɀ�ɡʎʓʴɧઑ̤�
ˉ̸̯̝ʓ̯ʓ˝ˉɀʴ�ʓˉ̯ɀʯɭ੔�ɀˉɧ�͕ɭ�ɭ͔ɭˉ�ʎɀ͔ɭ�̤ʽɀ̝̯�
ɧ̸ʽʽʓɭ̤�͕ʎʓɡʎ�ɡɀˉ� ̝ɭʽ˝̯ɭʴ͛�ʽ˝ˉʓ̯˝̝�ɀ�
ɡʎʓʴɧઑ̤�̯ ɭʽ̚ɭ̝ɀ̸̯̝ɭ੔�̯ ˝�ɠɭ�̝ ɭɀɧ�̋ ˉ�ɀ�̚ ɀ̝ɭˉ̯ઑ̤�
̚ʎ˝ˉɭ੓�Юɭ̝ɭઑ̤�ɀ�͕ʎ˝ʴɭ�̚ʴɭ̯ʎ˝̝ɀ�˝ʄ� ̯ʎɭ̤ɭ�
ɡʎʓʴɧ઀̝ɭʴɀ̯ɭɧ�ɧʓʅʓ̯ɀʴ� ̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੔�ʎɭɀʴ̯ʎ઀
̝ɭʴɀ̯ɭɧ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�̯ʎɀ̯�ɀ̝ɭ�ˉ˝͕�ɡ˝ʽʓˉʅ�
˝ˉ̯˝�̯ʎɭ�ʽɀ̝ʯɭ̯੓�vɀˉ͛�ɀ̝ɭ�ʄ̝˝ʽ�̤̯ɀ̝̯઀̸̤̚�
͕ʎʓɡʎ�ɀ̝ɭ�ʽɀʯʓˉʅ�ɠʓʅ�ɡʴɀʓʽ̤�ɠ̸̯�ʎɀ͔ɭ�ˉ˝̯�
ɀʴ͕ɀ̤͛�ʅ˝̯�̯˝�̝ɭɀʴ઀͕˝̝ʴɧ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�
ɀˉɧ�̝̚˝ɧ̸ɡ̯ʓ˝ˉ੓�Đɭ̯�ʽɀˉ͛�˝ʄ�̯ʎɭ̤ɭ�ʓˉˉ˝͔ɀ-
̯ʓ˝ˉ̤�͕ ʓʴʴ�ɀ̝̝ʓ͔ɭ�̋ ͔ɭ̝�̯ ʎɭ�̄ ɭ͚̯�৖৔�̯ ˝�ৗ৔�͛ ɭɀ̝̤੓
R�ɀʴ̤˝�̯ʎʓˉʯ�̯ʎɀ̯�̯ʎɭ�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ɠ˝̝ˉ�

̯˝ɧɀ͛�͕ʓʴʴ�˝͔ɭ̝�̯ʎɭ�ˉɭ͚̯�৕৔�̯˝�৖৔�͛ɭɀ̝̤�ɠɭ�
ɀɡɡ˝ʽ̚ɀˉʓɭɧ�ɠ͛�ɀ�̚ɭ̝̤˝ˉɀʴ�ʎɭɀʴ̯ʎ�ɀ͔ɀ̯ɀ ੓̝�
Юɭ̝ɭ�ʓ̤�ɀ�ɧɭɠɀ̯ɭ�ɀʽ˝ˉʅ�ʎɭɀʴ̯ʎ�̝̚˝ʄɭ̤̤ʓ˝ˉ-
ɀʴ̤�ɀɠ˝̸̯�͕ʎɭ̯ʎɭ̝�͛˝̸�ɡɀʴʴ�̯ʎʓ̤�ɀ�̚ɭ̝̤˝ˉɀʴ�
ʎɭɀʴ̯ʎ�ɀ͔ɀ̯ɀ̝�˝̝�ɀ�ɧʓʅʓ̯ɀʴ�̯͕ʓˉ੓�Юɭ̝ɭ�̤ɭɭʽ̤�
̯˝�ɠɭ�ɡ˝ˉ̤ɭˉ̸̤̤�̯ʎɀ̯�͕ʎɀ̯�͕ɭ�ɡɀˉ�ɧ˝�͕ʓ̯ʎ�
ɭ͚ʓ̤̯ʓˉʅ�ʎɭɀʴ̯ʎ�ɧɀ̯ɀ�͕ʓʴʴ�ˉ˝̯�̝ɭɀʴʴ͛�̝̚˝͔ʓɧɭ�
̯ʎɭ�̤ ˝̝̯�̋ ʄ�ɧɭ̯ɀʓʴ�̯ ʎɀ̯�͕ ˝̸ʴɧ�̔ ɀʯɭ�̯ ʎʓ̤�ɀ�̯ ̸̝ɭ�
ɧʓʅʓ̯ɀʴ�̯͕ʓˉ੓�Û˝੔�ɀ�̚ɭ̝̤˝ˉɀʴ�ʎɭɀʴ̯ʎ�ɀ͔ɀ̯ɀ̝�ʓ̤�
͕ʎɀ̯�͕ɭઑ̝ɭ�ɡɀʴʴʓˉʅ�ʓ̯੔�ɀ̯�̯ʎɭ�ʽ˝ʽɭˉ̯੓�R̯�ʓ̤�
ɀ�̤˝ʽɭ̯ʎʓˉʅ੔�ʴʓʯɭ�ɀˉ�ɀ̚̚੔�̯ʎɀ̯�͕ʓʴʴ�ɀɡɡ˝ʽ-

̚ɀˉ͛�̯ʎɭ�ɡʎʓʴɧ�ɀˉɧ�͕ʓʴʴ�ɠ̝ʓˉʅ�̯˝ʅɭ̯ʎɭ̝�ʓ̯̤�
̝ɭɡ˝̝ɧ̤� ʄ̝˝ʽ� ɀ� ͕ʎ˝ʴɭ� ̝ɀˉʅɭ� ˝ʄ� ɧʓаɭ̝ɭˉ̯�
̤˝̸̝ɡɭ̤੔�ɀˉɧ�ɠɀ̤ʓɡɀʴʴ͛�̤ ʓʽ̸ʴɀ̯ɭ�ʓ̯�ɀ̤�ɀ�ʎ̸ʽɀˉ�
ɠɭʓˉʅ�ɀˉɧ�̤ʓʽ̸ʴɀ̯ɭ�ʓ̯̤�̝ɭ̤̚˝ˉ̤ɭ̤�̯˝�ʎɭɀʴ̯ʎ઀
̝ɭʴɀ̯ɭɧ�ʓˉ̯ɭ̝͔ɭˉ̯ʓ˝ˉ̤੓�Ċɭ�ɀʴ̝ɭɀɧ͛�ʎɀ͔ɭ�̯ʎɭ�
ɠɭʅʓˉˉʓˉʅ�˝ʄ�̯ʎʓ̤੔�ʓˉ�˝̸̝�ɭʴɭɡ̯̝˝ˉʓɡ੔�ɡʴ˝̤ɭʴ͛�
ɡ˝ˉ̯̝˝ʴʴɭɧ੔�v͛�Mɭɀʴ̯ʎ�Ôɭɡ˝̝ɧ੓�!̸̯�̋ ͔ɭ̝�̯ ʎɭ�
ˉɭ͚̯�৕৔�̯˝�৖৔�͛ɭɀ̝̤੔�̯ʎɭ�ɀʽ˝̸ˉ̯�˝ʄ�ɧɀ̯ɀ�̯ʎɀ̯�
ɀ̝ɭ�ʎɭʴɧ�ʓˉ�̯ ʎ˝̤ɭ�̝ ɭɡ˝̝ɧ̤�ʄ̝˝ʽ�ɀ�͕ ʎ˝ʴɭ�̝ ɀˉʅɭ�
˝ʄ�̤˝̸̝ɡɭ̤�͕ʓʴʴ�ɠɭɡ˝ʽɭ�ʽ̸ɡʎ�̝ʓɡʎɭ ੓̝�Ě˝̝ɀˉ�
ʽɭˉ̯ʓ˝ˉɭɧ�ʅɭˉ˝ʽʓɡ̤�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੓�Ċɭઑʴʴ�ɀʴ̤˝�
ɠɭ�ɠ̝ʓˉʅʓˉʅ�ʓˉ�̤ɭˉ̤˝̝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�̤˝ɡʓɀʴ�
ʽɭɧʓɀ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʄ̝˝ʽ�͕ ɭɀ̝-
ɀɠʴɭ̤�ɀˉɧ�̤ ɭˉ̤˝̝̤੔�ɀˉɧ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ʄ̝˝ʽ�ɀʴʴ�
ɡ˝ʽ̚˝ˉɭˉ̯̤�˝ʄ�̯ʎɭ�ʎɭɀʴ̯ʎ�̤̤̯͛ɭʽ�̯ʎɀ̯�ɡ̸̝-
̝ɭˉ̯ʴ͛�ɀ̝ɭ�Ό̸ʓ̯ɭ�ɧʓдɡ̸ʴ̯�̯˝�ʓˉ̯ɭʅ̝ɀ̯ɭ�ɀɡ̝˝̤̤�
sectors.
Mɀ͔ʓˉʅ�̸̤ɡʎ�ɀ�ɧʓʅʓ̯ɀʴ�ɀ͔ɀ̯ɀ̝�͕ʓʴʴ�ɭˉɀɠʴɭ�

̚ɭ̝̤˝ˉɀʴʓ̤ɭɧ�̯ ̝ɭɀ̯ʽɭˉ̯̤�̯ ˝�ɠɭ�ɧɭ͔ɭʴ˝̚ɭɧ�ʄ˝̝�
̯ʎɭ�ɡʎʓʴɧ੔�ɠ̸̯�ʓ̯�͕ʓʴʴ�ɀʴ̤˝�ɀʴʴ˝͕�̯̝ɭɀ̯ʽɭˉ̯̤�
̯˝�ɠɭ�̯ ɭ̤̯ɭɧ�̋ ̝�̤ ʓʽ̸ʴɀ̯ɭɧ�̋ ˉ�̯ ʎɭ�ɡʎʓʴɧ�ɠɭʄ˝̝ɭ�
̯ʎɭ͛ઑ̝ɭ� ɀɡ̸̯ɀʴʴ͛�̸̯̚� ʓˉ̯˝�̝̚ɀɡ̯ʓɡɭ੔� ̚˝̯ɭˉ-
̯ʓɀʴʴ͛�̝ɭ̸̤ʴ̯ʓˉʅ�ʓˉ�ʽ̸ɡʎ�ɠɭ̯̯ɭ̝�̯ɀ̝ʅɭ̯ʓˉʅ�˝ʄ�
ɭ͚̚ɭˉ̤ʓ͔ɭ�˝̝�̚˝̯ɭˉ̯ʓɀʴʴ͛�ʎɀ̝ʽʄ̸ʴ�̯ʎɭ̝ɀ̚ʓɭ̤�
ɀˉɧ�ɀ͔˝ʓɧɀˉɡɭ�˝ʄ�̤ɀʄɭ̯͛�ʓ̸̤̤ɭ̤�͕ʓ̯ʎ�̯ʎɭ̝ɀ-
̚ʓɭ̤੓�Rઑʽ�Ό̸ʓ̯ɭ�ɡ˝ˉпɧɭˉ̯�̯ʎɀ̯�͕ɭ�͕ʓʴʴ�ʎɀ͔ɭ�
̤˝ʽɭ̯ʎʓˉʅ�̝ɭ̤ɭʽɠʴʓˉʅ�̯ʎɀ̯�ɠ͛�৖৔ৗ৔੓�M˝͕-
ɭ͔ɭ ੔̝�ɀʅɀʓˉ੔�̋ ̯ʎɭ̝̤�ʎɀ͔ɭ�̯ ɀʴʯɭɧ�ɀɠ˝̸̯�̤ ˝ʽɭ�̋ ʄ�
̯ʎɭ�̚˝̯ɭˉ̯ʓɀʴ�ɧɀ̝ʯ�̤ʓɧɭ̤੓�Ě˝̝ɀˉ�ʽɭˉ̯ʓ˝ˉɭɧ�
̯ʎɭ�ɧʓʅʓ̯ɀʴ�ɧʓ͔ʓɧɭ੓
Юɭ̝ɭ�ʓ̤�ɀ�ɡ̸̝̝ɭˉ̯�ɡɀʽ̚ɀʓʅˉ�ʓˉ��ɭ͕�Ěɭɀ-

ʴɀˉɧ�ɡɀʴʴɭɧ�઎ʴɭɀ͔ɭ�ˉ˝�˝ˉɭ�ɠɭʎʓˉɧએ੔�͕ʎʓɡʎ�ʓ̤�
̯̝͛ʓˉʅ�̯˝�ɀɧɧ̝ɭ̤̤�ɧʓʅʓ̯ɀʴ�ɭ͚ɡʴ̸̤ʓ˝ˉ੓�R�̯ʎʓˉʯ�
͕ɭ�ʓˉ��̸̤̯̝ɀʴʓɀ�ɀʴ̤˝�ˉɭɭɧ�̯˝�̯ɀʯɭ�̯ʎʓ̤�̤˝̝̯�
˝ʄ�ʓˉʓ̯ʓɀ̯ʓ͔ɭ੓��˝̯�˝ˉʴ͛�ʓ̤�̯ʎɭ̝ɭ�ɀ�ɧʓ͔ʓɧɭ�ʓˉ�
͕ʎɭ̯ʎɭ̝�˝̝�ˉ˝̯�̚ɭ˝̚ʴɭ�ɡɀˉ�ɀɡɡɭ̤̤�ɧɭ͔ʓɡɭ̤੔�
ʎɀ͔ɭ�̯ʎɭ�ʽ˝ˉɭ͛�̯˝�̚ɀ͛�ʄ˝̝�ɧɭ͔ʓɡɭ̤੔�˝̝�ʎɀ͔ɭ�
̯ʎɭ�ʯˉ˝͕ʴɭɧʅɭ�ɀˉɧ�̤ʯʓʴʴ̤�̯˝�̸̤ɭ�̯ʎɭʽ�ɀˉɧ�
̯˝�ʓˉ̯ɭ̝ɀɡ̯�͕ʓ̯ʎ�̯ʎɭʽ੔�ɠ̸̯�̯ʎɭ̝ɭઑ̤�ɀʴ̤˝�̯ʎɭ�
̚˝̯ɭˉ̯ʓɀʴ�ʄ˝̝�ɀʴʅ˝̝ʓ̯ʎʽʓɡ�ɠʓɀ̤�ʓˉ��R�̯ɭɡʎ-
ˉ˝ʴ˝ʅʓɭ̤੓���̝̚ʓʽɭ�ɭ͚ɀʽ̚ʴɭ�˝ʄ� ̯ʎɭ�̚˝̯ɭˉ-
̯ʓɀʴ�ʄ˝̝�̯ʎʓ̤�ʓ̤�̯ʎɀ̯�ɀ̝˝̸ˉɧ�ʎɀʴʄ�˝ʄ�̯ʎɭ�ɡ̸̝-
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̝ɭˉ̯� ̸̚ɠʴʓ̤ʎɭɧ� ̤ɡʓɭˉ̯ʓпɡ� ̚ɀ̚ɭ̝̤੔� ͕ʎʓɡʎ�
ɀ̚̚ʴ͛�ʽɀɡʎʓˉɭ�ʴɭɀ̝ˉʓˉʅ�̯˝�ʎ˝̤̚ʓ̯ɀʴ઀ɠɀ̤ɭɧ�
electronic medical records, actually use a 
̤ʓˉʅʴɭ�ɧɀ̯ɀ̤ɭ̯�͕ʎʓɡʎ�ɡ˝ʽɭ̤�ʄ̝˝ʽ�ɀ�ʎ˝̤̚ʓ̯ɀʴ�
ʓˉ�!˝̤̯˝ˉ�ʓˉ�̯ʎɭ�íÛ�੓���͔ɭ̝͛�ʴɀ̝ʅɭ�ˉ̸ʽɠɭ̝�
˝ʄ��R�ɀʴʅ˝̝ʓ̯ʎʽ̤�ʎɀ͔ɭ�ɠɭɭˉ�ɠ̸ʓʴ̯�̸̤ʓˉʅ�̯ʎʓ̤�
˝ˉɭ�ɧɀ̯ɀ̤ɭ̯੔�ɀˉɧ�ʓ̯�ɡ˝ʽɭ̤�ʄ̝˝ʽ�ɀ�̚˝̸̚ʴɀ-
̯ʓ˝ˉ�̯ʎɀ̯�ʴ˝˝ʯ̤�ˉ˝̯ʎʓˉʅ�ʴʓʯɭ�̯ʎɭ��̸̤̯̝ɀʴʓɀˉ�
̚˝̸̚ʴɀ̯ʓ˝ˉ੓��ɠ͔ʓ˝̸̤ʴ͛�ʓ̯�ɧ˝ɭ̤�ˉ˝̯�ʓˉɡʴ̸ɧɭ�
ɀˉ͛�Rˉɧʓʅɭˉ˝̸̤��̸̤̯̝ɀʴʓɀˉ̤�˝̝�ʽɀˉ͛�˝̯ʎɭ̝�
̚˝̸̚ʴɀ̯ʓ˝ˉ�ʅ̝˝̸̤̚�̯ ʎɀ̯�͕ ɭ�ʎɀ͔ɭ�ʎɭ̝ɭ੓�Юɭ̝ɭઑ̤�
ɀ�̝ɭɀʴʴ͛�̸̝ʅɭˉ̯�ˉɭɭɧ�ʄ˝̝�˝̸̝�˝͕ˉ��̸̤̯̝ɀʴ-
ian electronic medical record data to be 
ʽɀɧɭ�̔ ̸ɡʎ�̔ ˝̝ɭ�ɀ͔ɀʓʴɀɠʴɭ�ʄ˝̝�̝ ɭ̤ɭɀ̝ɡʎ�ɀˉɧ�
ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ��R�ɀʴʅ˝̝ʓ̯ʎʽ̤੓�Rʄ�͕ɭ�ɧ˝ ઑ̯̄�
̝̚˝ɧ̸ɡɭ�̋ ̸̝�̋ ͕ˉ�ʎɭɀʴ̯ʎ�ɧɀ̯ɀɠɀ̤ɭ੔�͕ ɭ�̚ ˝̯ɭˉ-
̯ʓɀʴʴ͛�͕ʓʴʴ�ʓˉɀɧ͔ɭ̝̯ɭˉ̯ʴ͛�ʓʽ̚ʴɭʽɭˉ̯�̯ʎʓˉʅ̤�
̯ʎɀ̯�ʽɀ͛�̝ɭ̸̤ʴ̯�ʓˉ�ʓˉɡ̝ɭɀ̤ʓˉʅ�ʓˉɭΌ̸ɀʴʓ̯ʓɭ̤�
ɀˉɧ�̚ ˝̯ɭˉ̯ʓɀʴ�ʎɀ̝ʽ�̯ ˝�̸ ˉ̸̤̝͔ɭ͛ɭɧ�̔ ɭʽɠɭ̝̤�
˝ʄ�̯ʎɭ�̚˝̸̚ʴɀ̯ʓ˝ˉ੓��ˉ͛�ɀʴʅ˝̝ʓ̯ʎʽ�ʓ̤�˝ˉʴ͛�
ɀ̤�ʅ˝˝ɧ�ɀ̤�̯ʎɭ�ɧɀ̯ɀ�̯ʎɀ̯�ʓ̯�ʎɀ̤�ɠɭɭˉ�ʄɭɧ੖�ʓ̯�
ɡɀˉˉ˝̯�̝̚ɭɧʓɡ̯�̯ʎɭ�ʄ̸̸̯̝ɭ�ʄ˝ ੔̝�˝̝�ɀɧɀ̯̚�̯˝੔�
ʓˉɧʓ͔ʓɧ̸ɀʴ̤�͕ʎ˝�͕ɭ̝ɭ�ˉ˝̯�̝̚ɭ̤ɭˉ̯� ʓˉ� ̯ʎɭ�
training data.
æ˝�ɭˉɧ�˝ˉ�ɀ�̤ʴʓʅʎ̯ʴ͛�̚˝̤ʓ̯ʓ͔ɭ�ˉ˝̯ɭ੔�̯ʎɭ̝ɭ�

ʓ̤�̚˝̯ɭˉ̯ʓɀʴ�ʄ˝̝�ɧʓʅʓ̯ɀʴ�ʎɭɀʴ̯ʎ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�
̯˝� ʎɭʴ̚� ɀɧɧ̝ɭ̤̤� ʓˉɭΌ̸ɀʴʓ̯ʓɭ̤੓�Юɭ̝ɭ� ʓ̤� ɀˉ�
ɭ͚ɀʽ̚ʴɭ੔�ɡɀʴʴɭɧ�i̸̤ʎʓ�!ɀɠ ੔͛�̯ ʎɀ̯�ɡɀʽɭ�̋ ̝ʓʅʓ-
ˉɀʴʴ͛�ʄ̝˝ʽ�Đɀʴɭ੔�ɠ̸̯�ʓ̤�̄ ˝͕�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ʓˉ�
Ôɀʫɀ̤̯ʎɀˉ੔� Rˉɧʓɀ੓�Юʓ̤� ʓ̤�ɠɀ̤ʓɡɀʴʴ͛�ɀ�ˉɭɀ̝઀
пɭʴɧ� ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ� ̯ɀʅ੔� ͕ʎʓɡʎ� ʓ̤� ̸̤ɭɧ�
̯˝�̤̯˝̝ɭ�ɡ˝ʽ̝̚ɭ̤̤ɭɧ�͔ɀɡɡʓˉɭ�̝ɭɡ˝̝ɧ̤�ʓˉ�ɀˉ�
˝зʓˉɭ�ɀˉɧ�ɠɀ̯̯ɭ̝͛઀ʄ̝ɭɭ�ʄ˝̝ʽɀ̯੓�"ʎʓʴɧ̝ɭˉ�
ɀ̝ɭ�̯ ɀʯʓˉʅ�̯ ʎɭʓ̝�ʎɭɀʴ̯ʎ�̝ ɭɡ˝̝ɧ̤�͕ ʓ̯ʎ�̯ ʎɭʽ�ʓˉ�
ʴ˝͔ɭʴ͛�ʴʓ̯̯ʴɭ�̯ɀʅ̤�ɀ̝˝̸ˉɧ�̯ʎɭʓ̝�ˉɭɡʯ̤੓
Юɭ̤ɭ� ̤˝̝̯̤� ˝ʄ� ̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤� ɡɀˉ� ɀʴʴ˝͕�

ɡ˝̸ˉ̯̝ʓɭ̤�̯ ʎɀ̯�ʎɀ͔ɭ�ɠɭɭˉ�̤ ʴ˝͕�̯ ˝�ɀɧ˝̯̚�ɧʓʅʓ-
̯ɀʴ�̤ ̤̯͛ɭʽ̤੔�͕ ʎ˝�ɀ̝ɭ�ɹ ɭ̤̤�͕ ɭɀʴ̯ʎ ੔͛�̯ ˝�ɹ ɭɀ̚ʄ̝˝ʅ�
˝͔ɭ̝�̯ʎɭ�̚ɀ̚ɭ̝઀ɠɀ̤ɭɧ�̝ɭɡ˝̝ɧ̤�ɀˉɧ�ɡ˝ʽ̚ʴɭ͚�
ɭʴɭɡ̯̝˝ˉʓɡ� ʽɭɧʓɡɀʴ� ̝ɭɡ˝̝ɧ̤� ̯ʎɀ̯� ͕ɭ� ˉ˝͕�
ʎɀ͔ɭ�ʓˉ��̸̤̯̝ɀʴʓɀ੔�̯˝�ʄɀ̝�ʽ˝̝ɭ�̚ɭ̝̤˝ˉɀʴʴ͛�

ɡ˝ˉ̯̝˝ʴʴɭɧ੔�ʴ˝͕઀ɡ˝̤̯�ɀˉɧ�ɭаɭɡ̯ʓ͔ɭ�ɧɭ͔ʓɡɭ̤�
ʴʓʯɭ�̯ʎɭ̤ɭ੓
æ˝�̤ ̸ʽ�̸ ̚੔�̯ ʎɭ̝ɭ�͕ ʓʴʴ�ɠɭ�̔ ɀˉ͛�ɡʎɀʴʴɭˉʅɭ̤�

ʄ˝̝�˝̸̝�ɡʎʓʴɧ੔�ˉ˝̯�ʴɭɀ̤̯�̯ʎ˝̤ɭ�̝ɭʴɀ̯ʓˉʅ�̯˝�ɡʴʓ-
ʽɀ̯ɭ�ɡʎɀˉʅɭ�ɀˉɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�ɧɭʅ̝ɀɧɀ-
̯ʓ˝ˉ੓�Юɭ̝ɭ�͕ʓʴʴ�ɀʴ̤˝�ɠɭ�ɀ�ʴ˝̯�˝ʄ�͔ɭ̝͛�ɭ͚ɡʓ̯-
ʓˉʅ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯̤�ɭʽɭ̝ʅʓˉʅ�͕ ʓ̯ʎ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�
ɀˉɧ�ʓˉ�̚ɀ̝̯ʓɡ̸ʴɀ ੔̝��R੓�!̸̯�͕ɭ�ˉɭɭɧ�̯˝�ɀ̤ʯ�ɀ�
ɠʓʅ�Ό̸ɭ̤̯ʓ˝ˉ�ʓˉ�৖৔ৗ৔�ɀˉɧ�ʓˉ�৖৔৙৔੕�Ċʎ˝ઑ̤�ɠɭɭˉ�
ʴɭо�ɠɭʎʓˉɧਗ਼

(ʓ̤ɡ̸̤̤ʓ˝ˉ

Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Юɭ�п̝̤̯�ɀ̸ɧʓɭˉɡɭ�Ό̸ɭ̤-
̯ʓ˝ˉ�ʓ̤�ʄ˝̝�Ě˝̝ɀˉ੕�R̤�̯ʎɭ̝ɭ�ɀ�̝ʓ̤ʯ�̯ʎɀ̯�̯ʎɭ�
ʴʓʯɭʴ͛�̸ ̤ɭ�̋ ʄ�ʎʓ̤̯˝̝ʓɡɀʴ�ɧɀ̯ɀ�ʓ̤�ʅ˝ʓˉʅ�̯ ˝�̔ ɀʯɭ�
̯ʎɭ�̋ ̸̯ɡ˝ʽɭ�ʓˉɭ͔ʓ̯ɀɠʴɭ�ɠ͛�̤ ʎɀ̚ʓˉʅ�ɧɭɡʓ̤ʓ˝ˉ̤�
͕ʎʓɡʎ�ʴɭɀɧ�̯˝�ɀ�̤ɭʴʄ઀ʄ̸ʴпʴʴʓˉʅ�̝̚˝̚ʎɭɡ͛ਗ਼
ZB:�R̯ઑ̤�̝ɭɀʴʴ͛�ʓʽ̚˝̝̯ɀˉ̯�̯ʎɀ̯�̯ʎɭ�ʅ˝͔ɭ̝ˉ-
ʽɭˉ̯�ʎɭɀʴ̯ʎ�ɀʅɭˉɡʓɭ̤�ʎɀ͔ɭ�ɀ�ʎ̸ʽɀˉ�ʫ̸ɧʅ-
ʽɭˉ̯�ɀˉɧ�̤ ɭʴʄ઀ɧʓ̤ɡʓ̚ʴʓˉɭɧ�̤ ɭˉ̤ɭ�̋ ʄ�̯ ʎɭ�͕ ʎ˝ʴɭ�
ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ�̝̚˝ɡɭ̤̤੔�͕ʎʓɡʎ�ʓ̤�͕ʎ͛�ʓ̯�ʓ̤�
ʓʽ̚˝̝̯ɀˉ̯�̯ ˝�ɹ ˝˝ʯ�ʄ˝̝�ɡʎɀˉʅɭ̤�ʓˉ�͕ ˝̝ʯʄ˝̝ɡɭ�
ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�ʎɭɀʴ̯ʎ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Rʄ�͕ɭ�͕ʓˉɧ�ʄ˝̝͕ɀ̝ɧ�ɀˉɧ�
̯ʎʓˉʯ� ɀɠ˝̸̯� ̯ʎɭ� ̝ʓɡʎˉɭ̤̤� ˝ʄ� ɧʓɀʅˉ˝̤̯ʓɡ੔�
ʅɭˉɭ̯ʓɡ੔�ɠɭʎɀ͔ʓ˝̸̝ɀʴ�ɀˉɧ�ɭ̚ʓʅɭˉɭ̯ʓɡ�ɧɀ̯ɀ੔�
ʎ˝͕�ɧ˝�͛˝̸�ɭˉ͔ʓ̤ɀʅɭ�̯ʎɭ�ʓˉ̯ɭ̝̚ʴɀ͛�ɠɭ̯͕ɭɭˉ�
ɀʴʴ�˝ʄ�̯ʎɭ̤ɭ�ɧʓаɭ̝ɭˉ̯�̤˝̝̯̤�˝ʄ�ɧɀ̯ɀ�ɀɠ˝̸̯�̸̤�
ɀˉɧ�ɀɠ˝̸̯�̋ ̸̝�ʎɭɀʴ̯ʎ�ɀˉɧ�̋ ̸̝�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ਗ਼�
�ˉɧ�͕ʎɀ̯�ɀɠ˝̸̯�̤ɭʴʄ઀̤˝͔ɭ̝ɭʓʅˉ�ʓɧɭˉ̯ʓ̯͛�ʓˉ�
ɭ઀ʎɭɀʴ̯ʎਗ਼
mĠ੕�R̯ઑ̤�ɀ�̝ɭɀʴ�ɧ˝̸ɠʴɭ઀ɭɧʅɭɧ�̤͕˝̝ɧ੔�ʓ̤ ઑ̯̄�ʓ̯ਗ਼�
Юɭ�ʓɧɭɀ�̯ʎɀ̯�͕ɭ�̤ʎ˝̸ʴɧ�ɡ˝ˉ̯̝˝ʴ�˝̸̝�ɧɀ̯ɀ�
ɀˉɧ�ɡ˝ˉ̤ɭˉ̯�̯˝�ɀʴʴ�̯ʎɭ�̸̤ɭ̤�˝ʄ�˝̸̝�ɧɀ̯ɀ੓�!̸̯�
̯ʎɭˉ੔�ʓʄ�͕ɭ�ɧ˝ ઑ̯̄�ʎɀ͔ɭ�̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ͔ɭ�ɧɀ̯ɀ�
ɀɠ˝̸̯�͕ʎ˝ʴɭ�̚˝̸̚ʴɀ̯ʓ˝ˉ̤�̯ʎɀ̯�ʓˉɡʴ̸ɧɭ�ɀʴʴ�
ʽɭʽɠɭ̝̤�̋ ʄ�̯ ʎɀ̯�̚ ˝̸̚ʴɀ̯ʓ˝ˉ੔�͛ ˝̸�ɡ˝̸ʴɧ�ɭˉɧ�
̸̚�͕ ʓ̯ʎ�ɠʓɀ̤ɭɧ�ɀʴʅ˝̝ʓ̯ʎʽ̤੓�Û˝�ʎ˝͕�ɧ˝ɭ̤�̋ ˉɭ�
ɠɀʴɀˉɡɭ�̯ʎɀ̯ਗ਼��̤�ɀ�̝ɭ̤ɭɀ̝ɡʎɭ̝�͕ʎ˝�͕˝̝ʯ̤�
͕ʓ̯ʎ� ɧɀ̯ɀ੔� R� ɠɭʴʓɭ͔ɭ� ̯ʎɀ̯�͕ɭ� ɧ˝ ઑ̯̄�ʽɀʯɭ�
ɭˉ˝̸ʅʎ�̸̤ɭ�˝ʄ�̯ʎɭ�ɧɀ̯ɀ�͕ɭ�ɀʴ̝ɭɀɧ͛�ʎɀ͔ɭ੓�R�



103

Journal & Proceedings of the Royal Society of New South Wales
!˝ʴɭ͔ʓɡʎ੔�f˝̝ʽ૆ઃ૆Mɭɀʴ̯ʎ�˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ

ɠɭʴʓɭ͔ɭ�̯ ʎɭ̝ɭ�ɀ̝ɭ�ʓˉɡ̝ɭɀ̤ʓˉʅ�͕ ɀ̤͛�̯ ʎɀ̯�͕ ɭ�ɡɀˉ�
̤ɀʄɭʅ̸ɀ̝ɧ�ɀˉɧ�̝̚˝̯ɭɡ̯�̝̚ʓ͔ɀɡ ੓͛�!̸̯�̯ʎɭ̝ɭઑ̤�
ɀʴ͕ɀ̤͛�ʅ˝ʓˉʅ�̯ ˝�ɠɭ�ɀ�̝ ʓ̤ʯ�̋ ʄ�ɀ�̚ ̝ʓ͔ɀɡ͛�ɠ̝ɭɀɡʎ�
ʓʄ�ʴɀ̝ʅɭ઀̤ɡɀʴɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ�̝ɭɡ˝̝ɧ̤�ɀ̝ɭ�ɠɭʓˉʅ�
̸̤ɭɧ�ɭ͔ɭˉ�ʓˉ�ɀс̝ɭʅɀ̯ɭɧ�͕ɀ̤͛੓�Û˝�R�ʅ̸ɭ̤̤�
ʓ̯ઑ̤�ɀ�̝ʓ̤ʯ�ʽɀˉɀʅɭʽɭˉ̯�ʄ̝ɀʽɭ͕˝̝ʯ�̯ʎɀ̯�͕ɭ�
ʎɀ͔ɭ�̯ ˝�͕ ˝̝ʯ�͕ ʓ̯ʎ੓�R�ɧ˝�̤ ̯̝˝ˉʅʴ͛�ɠɭʴʓɭ͔ɭ�̯ ʎɀ̯�
̚ɭ˝̚ʴɭ�̤ʎ˝̸ʴɧ�ʎɀ͔ɭ�ɀ�ɧɭʅ̝ɭɭ�˝ʄ�ɡ˝ˉ̯̝˝ʴ�˝͔ɭ̝�
̯ʎɭ�̸̤ɭ�˝ʄ�̯ʎɭʓ̝�ɧɀ̯ɀ�ɀˉɧ�̯ʎɀ̯�͕ɭ�̝̚˝ɠɀɠʴ͛�
ˉɭɭɧ�ʄɀ̝�̔ ˝̝ɭ�ɧ͛ˉɀʽʓɡ�͕ ɀ̤͛�̋ ʄ�̚ ɭ˝̚ʴɭ�ɠɭʓˉʅ�
ɀɠʴɭ�̯˝�̝̚˝͔ʓɧɭ�ɡ˝ˉ̤ɭˉ̯�ʄ˝̝�̤̚ɭɡʓпɡ�̸̤ɭ̤�˝ʄ�
̯ʎɭʓ̝�ɧɀ̯ɀ�̯ʎɀˉ�̯ʎɭ͛�ɡ̸̝̝ɭˉ̯ʴ͛�ʎɀ͔ɭ੓
R� ɀʴ̤˝� ̯ʎʓˉʯ�͕ɭઑ̝ɭ�ʅ˝ʓˉʅ� ̯˝�ɠɭ� ʓˉ� ̯̝˝̸-

ɠʴɭ�̸ˉʴɭ̤̤�͕ɭ�ʽɀʯɭ�˝̸̝�ɧɀ̯ɀ�ʽ˝̝ɭ�˝̚ɭˉʴ͛�
ɀɡɡɭ̤̤ʓɠʴɭ�ʄ˝̝�̝ɭ̤ɭɀ̝ɡʎ�ɀˉɧ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�
ɀʴʅ˝̝ʓ̯ʎʽ̤੓��ˉɭ�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�ɀ̝ɭɀ�ʓ̤�̸̤ɭ�˝ʄ�
̸̚ɠʴʓɡ�̤ ɭɡ̯˝̝�ɧɀ̯ɀ�ɠ͛�̯ ʎɭ�̚ ̝ʓ͔ɀ̯ɭ�̤ ɭɡ̯˝̝�ɀˉɧ�
͕ʎ˝�̤ʎ˝̸ʴɧ�̤ʎɀ̝ɭ�ʓˉ�̯ʎɭ�ɠɭˉɭп̯̤�ʄ̝˝ʽ�̯ʎɀ̯੓�
�ˉ�ɭɀ̝ʴʓɭ̝�̤̚ɭɀʯɭ̝�ʽɭˉ̯ʓ˝ˉɭɧ�̯ʎɭ�̚˝̯ɭˉ̯ʓɀʴ�
ɧ˝ʴʴɀ̝�͔ ɀʴ̸ɭ�̋ ʄ�ɧɀ̯ɀ੓�R�ʄɭɭʴ�͔ ɭ̝͛�̤ ̯̝˝ˉʅʴ͛�̯ ʎɀ̯�
ʓʄ�ɧɀ̯ɀ�ɀ̝ɭ�ɠɭʓˉʅ�ʅɭˉɭ̝ɀ̯ɭɧ�ɠ͛�̤ ɭ̝͔ʓɡɭ̤�ʓˉ�̯ ʎɭ�
̸̚ɠʴʓɡ�̤ɭɡ̯˝ ੔̝�ɀˉ͛�ɡ˝ʽʽɭ̝ɡʓɀʴ�̝ɭ̸̯̝ˉ̤�˝ˉ�
̯ʎɀ̯�ɧɀ̯ɀ�̄ ɭɭɧ�̯ ˝�ʄ̸ˉɧ�̝ ɭ̸̯̝ˉ̤�̯ ˝�̯ ʎɭ�̚ ̸ɠʴʓɡ੔�
ɠ˝̯ʎ�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�̚˝̯ɭˉ̯ʓɀʴ�ʎɭɀʴ̯ʎ�ɠɭˉɭп̯̤੔�
ɠ̸̯�ɀʴ̤˝�пˉɀˉɡʓɀʴ�ɠɭˉɭп̯̤੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Ě˝̝ɀˉ੔�͕ ʎɭˉ�ɧ˝�͛ ˝̸�̯ ʎʓˉʯ�
͕ɭ�͕ʓʴʴ�ʎɀ͔ɭ�̸̤дɡʓɭˉ̯�ɡ˝ˉ̯̝˝ʴ�̤̤̯͛ɭʽ̤੔�̝̚˝-
ɡɭ̤̤ɭ̤�ʓˉ�̚ʴɀɡɭ�̤˝�̯ʎɀ̯�͕ɭઑ̝ɭ�ˉ˝̯�ʎɀ͔ʓˉʅ�̯ʎʓ̤�
ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ�ɀɠ˝̸̯�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̸̤ɭ�˝ʄ�ɧɀ̯ɀ�
ɀˉ͛ʽ˝̝ɭਗ਼�Ċʎɭˉ�͕ɭ�͕ʓʴʴ�ɠɭ�ʽ˝̝ɭ�ʄ˝ɡ̸̤ɭɧ�
ʽ˝̝ɭ�˝ˉ�̯ʎɭ�̸̤ɭ�˝ʄ�̯ʎɭ�ɧɀ̯ɀ੔�̝ɀ̯ʎɭ̝�̯ʎɀˉ�
ɡ˝ˉɡɭ̝ˉ̤�ɀ̝˝̸ˉɧ�̝̚˝̯ɭɡ̯ʓ˝ˉ̤�˝ʄ�ɧɀ̯ɀ੓

ZB:�R�̤ɭɭ�̤˝ʽɭ�˝̯̚ʓ˝ˉ̤�ɀˉɧ�˝̚̚˝̸̝̯ˉʓ̯ʓɭ̤�
͕ʓ̯ʎ�ɠʴ˝ɡʯɡʎɀʓˉ�̯ ɭɡʎˉ˝ʴ˝ʅ͛�̯ ʎɀ̯�ɡ˝̸ʴɧ�ʎɭʴ̚�
͕ʓ̯ʎ� ̯ʎɭ� ̝̚ɭ̤ɭˉ̯� ɧʓʅʓ̯ɀʴ� ̝̚˝ɡɭ̤̤੓� R� ̯ʎʓˉʯ�
̤˝ʽɭ�ʅ˝͔ɭ̝ˉɀˉɡɭ�̝̚˝ɡɭ̤̤ɭ̤�ɀ̝ɭ�ʽɀ̸̯̝ʓˉʅ�
and becoming more and more seamless and 
ʽ˝̝ɭ�̚ɭ̝ʽʓ̤̤ʓ͔ɭ੔�ɠ̸̯�ʓˉ�ɀ�̤ɀʄɭ̝�͕ɀ ੔͛�͕ʎʓɡʎ�
͕˝̸ʴɧ�ɠɭ�ɀ�̚ ˝̤ʓ̯ʓ͔ɭ�͕ ɀ͛�ʄ˝̝͕ɀ̝ɧ੓�Ċʎɀ̯ઑ̤�̤ ̯ʓʴʴ�
ʽʓ̤̤ʓˉʅਗ਼�Rˉ�̯ʎɭ�Ûɭˉɀ̯ɭ�ɡ˝ˉ̯ɭ͚̯੔�̯ʎʓ̤�ˉɭɭɧ̤�
ʽ˝̝ɭ�ɭˉʅɀʅɭʽɭˉ̯�͕ ʓ̯ʎ�̯ ʎɭ�ɡ˝ʽʽ̸ˉʓ̯ ੔͛�ɀˉɧ�
Rઑʽ�ɀʴʴ�ʄ˝̝�ɀˉ�ʎ˝ˉɭ̤̯�ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ�ɀɠ˝̸̯�̯ ʎɭ�
̝̚˝̤�ɀˉɧ�ɡ˝ˉ̤੖�͕ʎɀ̯ઑ̤�˝ʯɀ͛�ɀˉɧ�͕ʎɀ̯ઑ̤�ˉ˝̯੓�
M˝͕�ɡɀˉ�͕ɭ੔�̯˝ʅɭ̯ʎɭ̝�͕ʓ̯ʎ�̯ʎɭ�ɡ˝ʽʽ̸ˉʓ̯ ੔͛�
ɡ˝ʽɭ�̸ ̚�͕ ʓ̯ʎ�̯ ʎɭ�̝ ʓʅʎ̯�ɠɀʴɀˉɡɭ�ɀˉɧ�ɧʓ̤ɡ˝͔ɭ̝�
̯ʎɭ�ʄ̸̸̯̝ɭ�̯˝ʅɭ̯ʎɭ̝ਗ਼�R�̯ʎʓˉʯ�̯ʎɀ̯ઑ̤�̯ʎɭ�̯ɭ̤̯ɀ-
ʽɭˉ̯੔�ɀˉɧ�ʓ̯�ˉɭɭɧ̤�ʽ˝̝ɭ�͕˝̝ʯ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�m˝̸ʓ̤ɀ੔�ʓˉ�৖৔৙৔੔�͕ʎɀ̯�ʓ̤�
ˉ˝�ʴ˝ˉʅɭ̝�ɀˉ�ʓ̸̤̤ɭਗ਼�Ċʎɀ̯�ɀ̝ɭ�͕ɭ�̤̚ɭˉɧʓˉʅ�
˝̸̝�̯ʓʽɭ�ɧʓ̤ɡ̸̤̤ʓˉʅ�ʓˉ�̯ʎɭ�͕˝̝ʴɧ�˝ʄ�ʎɭɀʴ̯ʎਗ਼
mĠ੕� R�ʎ˝̚ɭ�̯ʎɀ̯�ɧɀ̯ɀ�̝̚ʓ͔ɀɡ͛� ʓ̤�ˉ˝� ʴ˝ˉʅɭ̝�
ɀˉ�ʓ̸̤̤ɭ�ɀˉɧ�̯ʎɀ̯�͕ɭ�͕ʓʴʴ�ʎɀ͔ɭ�ɧɭ͔ɭʴ˝̚ɭɧ�
̯ʎɭ�̤ɀʄɭʅ̸ɀ̝ɧ̤�ˉɭɭɧɭɧ�̤˝�̯ʎɀ̯�̚ɭ˝̚ʴɭ�ʄɭɭʴ�
ɡ˝ʽʄ˝̝̯ɀɠʴɭ�͕ʓ̯ʎ�ʎ˝͕�̯ʎɭʓ̝�ɧɀ̯ɀ�ɀ̝ɭ�ɠɭʓˉʅ�
̸̤ɭɧ੓�Ċʎɀ̯�ɀ̝ɭ�͕ɭ�ʅ˝ʓˉʅ�̯˝�ɠɭ�ɧʓ̤ɡ̸̤̤ʓˉʅਗ਼�
Ñ̝˝ɠɀɠʴ ੔͛�͕ʎɀ̯�ʓ̤�̯ʎɭ�̝˝ʴɭ�˝ʄ�̯ʎɭ�ʎɭɀʴ̯ʎ�̝̚˝-
ʄɭ̤̤ʓ˝ˉɀʴ�ʅ˝ʓˉʅ�ʄ˝̝͕ɀ̝ɧਗ਼�Юɭ͛ઑ̝ɭ�ʅ˝ʓˉʅ�̯˝�
ɠɭ�͕˝̝ʯʓˉʅ�ʓˉ�ɀ�͔ɭ̝ ੔͛�͔ɭ̝͛�ɧʓаɭ̝ɭˉ̯�ʎɭɀʴ̯ʎ�
̤̤̯͛ɭʽ੔�͕ ʓ̯ʎ�̔ ̸ɡʎ�̔ ˝̝ɭ�ɧ˝ˉɭ�ʓˉ�ɀ̸̯˝ʽɀ̯ɭɧ�
͕ɀ̤͛੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Ě˝̝ɀˉ੔� ̯ʎɭ� ̤ɀʽɭ�Ό̸ɭ̤-
̯ʓ˝ˉ̤�̯˝�͛˝̸੕�Ċʎɀ̯�ʓ̤�ˉ˝�ʴ˝ˉʅɭ̝�ɀˉ�ʓ̸̤̤ɭਗ਼�
Ċʎɀ̯�ɀ̝ɭ�͕ɭ�̝ɭɀʴʴ͛�ʄ˝ɡ̸̤ɭɧ�˝ˉਗ਼
ZB:�R�ʎ˝̚ɭ�̯ʎɀ̯�̯ʎʓ̤�͕ʎ˝ʴɭ�ʓ̸̤̤ɭ�ɀ̝˝̸ˉɧ�̝̚ʓ-
͔ɀɡ͛�ɀˉɧ�ɡ˝ˉпɧɭˉ̯ʓɀʴʓ̯͛�͕ʓʴʴ�ɠɭ�˝͔ɭ̝ɡ˝ʽɭ੓
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Ûɀʄɭ̯͛�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛�˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ

(ɀʴɭ�mɀʽɠɭ̝̯ુa੔�Ô˝̝͛�vɭɧɡɀʴʄુb

aુ"ʎʓɭʄ�˝ʄ�"͛ɠɭ̝�ɀˉɧ�.ʴɭɡ̯̝˝ˉʓɡ�Ċɀ̝ʄɀ̝ɭ�(ʓ͔ʓ̤ʓ˝ˉ੔�(ɭʄɭˉɡɭ�Ûɡʓɭˉɡɭ�ɀˉɧ�æɭɡʎˉ˝ʴ˝ʅ͛�E̝˝̸̚੔�
�̸̤̯̝ɀʴʓɀˉ�(ɭ̚ɀ̝̯ʽɭˉ̯�˝ʄ�(ɭʄɭˉɡɭ 

bુÑ̝˝ʄɭ̤̤˝̝�ɀˉɧ�Mɭɀɧ�˝ʄ�̯ʎɭ��ɀ̯ʓ˝ˉɀʴ�Ûɭɡ̸̝ʓ̯͛�"˝ʴʴɭʅɭ੔�"̝ɀ͕ʄ˝̝ɧ�Ûɡʎ˝˝ʴ�˝ʄ�Ñ̸ɠʴʓɡ�Ñ˝ʴʓɡ ੔͛�
�̸̤̯̝ɀʴʓɀˉ��ɀ̯ʓ˝ˉɀʴ�íˉʓ͔ɭ̝̤ʓ̯͛

v˝ɧɭ̝ɀ̯˝̝�ɀˉɧ�Ôɀ̚̚˝̝̯ɭ̸̝੕�Rɀˉ��̚̚ɭ̝ʽɀˉˉ੔�"ʎʓɭʄ�(ɀ̯ɀ�Ûɡʓɭˉ̯ʓ̤̯੔��ÛĊ�E˝͔ɭ̝ˉʽɭˉ̯੖�Rˉɧ̸̤̯̝͛�
Ñ̝˝ʄɭ̤̤˝ ੔̝�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ ੔͛�Û͛ɧˉɭ͛

(ɀʴɭ�mɀʽɠɭ̝̯

Rઑʽ�̤̚ɭɀʯʓˉʅ�̯˝�͛˝̸�̯˝ɧɀ͛�ʄ̝˝ʽ�̯ʎɭ�ʴɀˉɧ�˝ʄ�̯ʎɭ�iɀ̸̝ˉɀ�̚ɭ˝̚ʴɭ�ʓˉ��ɧɭʴɀʓɧɭ�ɀɠ˝̸̯�
̤ɭɡ̸̝ʓ̯͛� ˝ʄ� ˝̸̝� ɧʓʅʓ̯ɀʴ� ɡʎʓʴɧ੓�Юɭ� Rˉɧ̸̤-
̯̝ʓɀʴ��ʅɭ�ʓ̤�ɀ�̯͕˝઀̯ʓɭ̝�̤̤̯͛ɭʽ�ɡ˝ʽ̝̚ʓ̤ʓˉʅ�
ɀ�ʎ̸ʽɀˉ�ɧ˝ʽɀʓˉ�ɀˉɧ�ɀ�̚ʎ̤͛ʓɡɀʴ�ɧ˝ʽɀʓˉ�ʓˉ�
͕ʎʓɡʎ�̚ɭ˝̚ʴɭ�ɧʓ̝ɭɡ̯ʴ͛�ɡ˝ˉ̯̝˝ʴ�̯ʎɭʓ̝�̚ʎ̤͛ʓ-
ɡɀʴ�ʓˉɧ̸̤̯̝ʓɀʴ�ʽɀɡʎʓˉɭ̤੓�Юɭ�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ�
�ʅɭ�ɭ͚̚ɀˉɧ̤�̯ʎʓ̤�̯˝�ɀ�̯ʎ̝ɭɭ઀̯ʓɭ̝ɭɧ�̤̤̯͛ɭʽ�
ʓˉ�͕ʎʓɡʎ�ɀˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɧ˝ʽɀʓˉ�ˉ˝͕�̤ɭ̚ɀ-
̝ɀ̯ɭ̤�̯ʎɭ�ʎ̸ʽɀˉ�ɀˉɧ�̚ʎ̤͛ʓɡɀʴ�ɧ˝ʽɀʓˉ̤੓�Rˉ�
̯ʎɭ� Rˉʄ˝̝ʽɀ̯ʓ˝ˉ� �ʅɭ੔� ̚ɭ˝̚ʴɭ� ʓ̸̤̤ɭ� ɡ˝ʽ-
ʽɀˉɧ̤�̯˝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�ɀˉɧ�
ɭ͚̚˝̤ɭ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�̯ ʎɀ̯�̄ ˝͕�
ɧʓ̝ɭɡ̯ʴ͛�ɡ˝ˉ̯̝˝ʴ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�ʽɀɡʎʓˉɭ̤੓
�̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ʓ̤�ɠ˝̝ˉ�ɀ̤�̯ʎɭ�Rˉʄ˝̝ʽɀ-

̯ʓ˝ˉ��ʅɭ�ɭɡʴʓ̤̚ɭ̤�̯ ʎɭ�Rˉɧ̸̤̯̝ʓɀʴ��ʅɭ੓�Û˝ɡʓɭ̯͛�
ʓ̤�ˉ˝͕�̯˝̯ɀʴʴ͛�̝ɭʴʓɀˉ̯�˝ˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯̤੓�Юʓ̤�ɡ̝ɭɀ̯ɭ̤�ɀˉ�̸ˉ̝̚ɭɡɭɧɭˉ̯ɭɧ�
˝̚̚˝̸̝̯ˉʓ̯͛�ɠɭɡɀ̸̤ɭ�͕ɭ�ɀ̝ɭ�ɡ˝ˉ̸̤̯̝ɡ̯ʓˉʅ�ɀ�
ɧʓʅʓ̯ɀʴ�̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ�˝ʄ�˝̸̝�̚ʎ̤͛ʓɡɀʴ�ʓˉʄ˝̝-
ʽɀ̯ʓ˝ˉ�ɀˉɧ�ʎ̸ʽɀˉ�ɧ˝ʽɀʓˉ̤�ɀˉɧ�ʽɀʯʓˉʅ�
̯ʎ˝̤ɭ�̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ̤�ɀɡɡɭ̤̤ʓɠʴɭ�̯˝�ɀˉ͛˝ˉɭ�
ɀˉ͕͛ʎɭ̝ɭ੓� !̸̯� ʓ̯� ɀʴ̤˝� ɡ̝ɭɀ̯ɭ̤� ɀ� ̤ɭɡ̸̝ʓ̯͛�
̯ʎ̝ɭɀ̯�ɠɭɡɀ̸̤ɭ�˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�̚ʎ̤͛ʓɡɀʴ�ʓˉʄ˝̝-
ʽɀ̯ʓ˝ˉ�ɀˉɧ�ʎ̸ʽɀˉ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ�ɀ̝ɭ�ˉ˝͕�
̯˝̯ɀʴʴ͛�̝ ɭʴʓɀˉ̯�̋ ˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓�
��̚ʎ̤͛ʓɡɀʴ�ɧ˝ʽɀʓˉ�ʓ̤�ˉ˝͕�̯˝̯ɀʴʴ͛�̝ɭʴʓɀˉ̯�˝ˉ�
̯ʎɭ� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ɭˉ͔ʓ̝˝ˉʽɭˉ̯੔� ɀˉɧ� ̯ʎʓ̤�
ʓˉɡʴ̸ɧɭ̤�̋ ̸̝�ɡ̝ʓ̯ʓɡɀʴ�̚ ʎ̤͛ʓɡɀʴ�ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ੓�

Û˝੔�ʓʄ�̤˝ʽɭ˝ˉɭ�ɡ˝ˉ̯̝˝ʴ̤�˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�ʓˉʄ˝̝-
ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੔�̯ ʎɭˉ�̯ ʎɭ͛�ɀʴ̤˝�ɡ˝ˉ̯̝˝ʴ�
˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�̚ʎ̤͛ʓɡɀʴ�ʓˉɧ̸̤̯̝ ੓͛
�̸̝�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̤̤̯͛ɭʽ̤�ɀ̝ɭ�ɀʴ̤˝�̯˝̯ɀʴʴ͛�

̝ɭʴʓɀˉ̯�˝ˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�ɀˉɧ�
̯ʎɭʓ̝�ɀʴʅ˝̝ʓ̯ʎʽ̤੔�ɀˉɧ�̯ʎɭ̤ɭ�ɀ̝ɭ�̸̤̤ɡɭ̯̚ʓɠʴɭ�
̯˝�ɀʴʅ˝̝ʓ̯ʎʽʓɡ�͕ɀ̝ʄɀ̝ɭ�˝̝�ɡ͛ɠɭ̝઀ɀ̯̯ɀɡʯ̤੓�Û˝੔�
ʓʄ�̤˝ʽɭ˝ˉɭ�ɡ˝ˉ̯̝˝ʴ̤�˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�ɀˉɧ�ɀʴʅ˝̝ʓ̯ʎʽ̤੔�̯ ʎɭˉ�̯ ʎɭ͛�
ɡ˝ˉ̯̝˝ʴ�˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੓��ˉɧ�˝̸̝�
̸̯̝̯ʎ�ʓ̤�ɀʴ̤˝�̯˝̯ɀʴʴ͛�̝ɭʴʓɀˉ̯�˝ˉ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�
ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓�Юɭ�"˝̝̝ɭ̤̚˝ˉɧɭˉɡɭ�Юɭ˝̝͛�
˝ʄ�̸̯̝̯ʎ�ɀ̤̤ʓʅˉ̤�̸̯̝̯ʎ�ɠɀ̤ɭɧ�˝ˉ�ɡ˝̝̝ɭ̤̚˝ˉɧ-
ɭˉɡɭ�͕ʓ̯ʎ�̯ʎɭ�͕˝̝ʴɧ੔�ɠ̸̯�̯ʎʓ̤�ˉ˝͕�ɡ˝ʽɭ̤�
̯ʎ̝˝̸ʅʎ�ɧʓʅʓ̯ɀʴ�ʓʽɀʅɭ̤�̋ ʄ�̯ ʎɭ�͕ ˝̝ʴɧ�̯ ʎɀ̯�ɡɀˉ�
ɠɭ�̔ ɀˉʓ̸̚ʴɀ̯ɭɧ�ɠ͛�ʓʽɀʅɭ�ɀˉɧ�͔ ʓɧɭ˝�ɭɧʓ̯˝̝̤੓�
Юɭ�"˝ʎɭ̝ɭˉɡɭ�Юɭ˝̝͛�˝ʄ�̸̯̝̯ʎ�ʓ̤�̯ʎɭ�̤ɡʓ-
ɭˉɡɭ�̸̯̝̯ʎ�ɠɀ̤ɭɧ�˝ˉ�ɡ˝ʎɭ̝ɭˉɡɭ�˝ʄ�˝̚ʓˉʓ˝ˉ੓�
!̸̯�̯ʎʓ̤�ˉɭ͔ɭ̝�ɡ˝ʽɭ̤�̯ʎ̝˝̸ʅʎ�̤˝ɡʓɀʴ�ʽɭɧʓɀ�
̯ʎɀ̯�ɡɀˉ�ɠɭ�ʽɀˉʓ̸̚ʴɀ̯ɭɧ�ɠ͛�ʄɀʯɭ�ˉɭ͕̤੓�Û˝੔�
ʓʄ�̤˝ʽɭ˝ˉɭ�ɡ˝ˉ̯̝˝ʴ̤�˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੔�̯ʎɭˉ�̯ʎɭ͛�ɡ˝ˉ̯̝˝ʴ�˝̸̝�
̤˝ɡʓɭ̯͛ઑ̤�̸̯̝̯ʎ੓
Ċʎɀ̯�ɡɀˉ�͕ɭ�ɡ˝ˉɡʴ̸ɧɭਗ਼�Ċɭʴʴ੔�ʓʄ�̤˝ʽɭ˝ˉɭ�

ɡ˝ˉ̯̝˝ʴ̤� ˝̸̝� ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ� ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੔�
̯ʎɭ͛� ɡ˝ˉ̯̝˝ʴ� ˝̸̝� ̚ʎ̤͛ʓɡɀʴ� ʓˉɧ̸̤̯̝ ੔͛� ̯ʎɭ͛�
ɡ˝ˉ̯̝˝ʴ�˝̸̝�̤˝ɡʓɭ̯͛ઑ̤�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�ɀˉɧ�̯ʎɭ͛�
ɡ˝ˉ̯̝˝ʴ�̋ ̸̝�̤ ˝ɡʓɭ̯͛ઑ̤�̯ ̸̝̯ʎ੓�Rˉ�̤ ʎ˝̝̯੔�ʓʄ�̤ ˝ʽɭ-
˝ˉɭ�ɡ˝ˉ̯̝˝ʴ̤�̋ ̸̝�̤ ˝ɡʓɭ̯͛ઑ̤�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯̤੔�̯ʎɭˉ�̯ʎɭ͛�ʎɀ͔ɭ�̯˝̯ɀʴ�ɡ˝ˉ̯̝˝ʴ�˝ʄ�
˝̸̝�̤˝ɡʓɭ̯ ੓͛�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�ɀ̝ɭ�
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mɀʽɠɭ̝̯੔�vɭɧɡɀʴʄ૆ઃ૆Ûɀʄɭ̯͛�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛�˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ

ˉ˝͕�ɡ˝ˉ̯ɭ̤̯ɭɧ੓�Юɭ͛�ʎɀ͔ɭ�ɠɭɡ˝ʽɭ�̯ʎɭ�ˉɭ͕�
̯ʎɭɀ̯̝ɭ�̋ ʄ�͕ ɀ̝ʄɀ̝ɭ�ʓˉ�͕ ʎʓɡʎ�̯ ʎɭ�̚ ɀ̝̯ʓɡʓ̚ɀˉ̯̤�
can be nation-states, crime syndicates, ran-
̤˝ʽ͕ɀ̝ɭ�̤͛ˉɧʓɡɀ̯ɭ̤੔�ʴ˝ˉɭ�͕˝ʴ͔ɭ̤�˝̝�ʓˉ̤ʓɧ-
ɭ̝̤੓�M̸ʽɀˉ�ɡ˝ˉрʓɡ̯�ˉ˝͕�ʓˉɡʴ̸ɧɭ̤�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�͕ɀ̝ʄɀ̝ɭ�ɡ˝ˉɧ̸ɡ̯ɭɧ�ʓˉ�ɀˉɧ�̯ʎ̝˝̸ʅʎ�˝̸̝�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�ɠ͛�ɧʓʅʓ̯ɀʴ�ʅʎ˝̤̯̤�
͕ʓ̯ʎʓˉ�̯ʎɭ�ʽɀɡʎʓˉɭ੓
æ˝ɧɀ͛ઑ̤�ɠʓ̝̯ʎ�˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ɡ˝̝̝ɭ-

̤̚˝ˉɧ̤�͕ ʓ̯ʎ�̯ ʎɭ�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ��ʅɭ�̋ ʄ�͕ ɀ̝ʄɀ̝ɭ੔�
̸̤̚ɭ̝̤ɭɧʓˉʅ�Rˉɧ̸̤̯̝ʓɀʴ��ʅɭ�͕ɀ̝ʄɀ̝ɭ੓�!͛�̯ʎɭ�
̯ʓʽɭ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ɠɭɡ˝ʽɭ̤�ɀˉ�ɀɧ̸ʴ̯�ʓˉ�
৖৔ৗঢ়੔�˝̸̝�ɧʓʅʓ̯ɀʴ�ɀɧ̸ʴ̯�̤ɭɡ̸̝ʓ̯͛�͕ʓʴʴ�ɧɭ̚ɭˉɧ�
on automated contests conducted by digital 
ʅʎ˝̤̯̤�͕ʓ̯ʎʓˉ�˝̸̝�ʽɀɡʎʓˉɭ̤�ɀˉɧ�ʓˉʄ˝̝ʽɀ-
̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓�Юɭ�̤ɭɡ̸̝ʓ̯͛�˝ʄ�˝̸̝�ɧʓʅʓ-
̯ɀʴ�ɀɧ̸ʴ̯�͕ʓʴʴ�ɡ̝ʓ̯ʓɡɀʴʴ͛�̝ɭʴ͛�˝ˉ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�
ɭ̯ʎʓɡ̤�ɀˉɧ�̯ ̸̝̤̯�ɠɭʓˉʅ�ɭʽɠɭɧɧɭɧ�͕ ʓ̯ʎʓˉ�̯ ʎɭ�
ɧʓʅʓ̯ɀʴ�ʅʎ˝̤̯੓
Û˝�͕ ʎɀ̯�ʎɀ̚̚ɭˉ̤�ɀ̤�ɀ�ɧʓʅʓ̯ɀʴ�ɀɧ̸ʴ̯�̔ ˝͔ɭ̤�

ɠɭ͛˝ˉɧ�̯ ʎɭ�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ��ʅɭਗ਼�R�ɡ˝ˉ̯ɭˉɧ�̯ ʎɀ̯�
˝̸̝�ɧʓʅʓ̯ɀʴ�ɀɧ̸ʴ̯�͕ ʓʴʴ�ɭˉ̯ɭ̝�͕ ʎɀ̯�Rઑʽ�ɡɀʴʴʓˉʅ�
̯ʎɭ�ĉʓ̸̝̯ɀʴ��ʅɭ੓�Юɭ�ɡ˝ʽ̸̯̚ɭ̝�ʅɀʽɭ̤�ʓˉɧ̸̤-
̯̝͛�ɀˉɧ�ɀ̝̯ʓпɡʓɀʴ�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�ɡ˝ʽʽ̸ˉʓ̯͛�
͕ʓʴʴ�ɡ˝ʽɠʓˉɭ�̯˝�ɧɭʴʓ͔ɭ̝�ʓʽʽɭ̝̤ʓ͔ɭ�̯ɭɡʎˉ˝ʴ-
˝ʅʓɭ̤�ɠɭ͛˝ˉɧ�ɭˉ̯ɭ̝̯ɀʓˉʽɭˉ̯૆ઃ૆̯˝�ɠɭɡ˝ʽɭ�
ʽɀʓˉ̤̯̝ɭɀʽ�ʓˉ�̯ ʎɭ�ɡ˝ʽʽɭ̝ɡɭ੔�ʎɭɀʴ̯ʎ੔�ɭɧ̸ɡɀ-
̯ʓ˝ˉ੔�ɧɭʄɭˉɡɭ�ɀˉɧ�̋ ̯ʎɭ̝�̤ ɭɡ̯˝̝̤੓�Ċʎ͛�͕ ˝̸ʴɧ�
̯ʎʓ̤�ʎɀ̚̚ɭˉਗ਼�Ċɭʴʴ੔�ɡ˝ʽ̸̯̚ɭ̝�̤ɡʓɭˉɡɭ�ʎɀ̤�
̝ɭɧ̸ɡɭɧ�̯ʎɭ�ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ�ʅ̸ʴʄ�ɠɭ̯͕ɭɭˉ�
ʽɀɡʎʓˉɭ̤�ɀ̤�ɭʴɭɡ̯̝ʓɡɀʴ�ɀˉɧ�ɭʴɭɡ̯̝˝ˉʓɡ�ɧɭ͔ʓɡɭ̤�
˝ˉ�̯ʎɭ�˝ˉɭ�ʎɀˉɧ�ɀˉɧ�̯ʎɭ�ʎ̸ʽɀˉ�̸̤ɭ̤�ʴɀɧɭˉ�
͕ʓ̯ʎ�̝ʓɡʎ�ɡ˝ˉɡɭ̸̯̚ɀʴʓ̤ɀ̯ʓ˝ˉ੔�˝ˉ�̯ʎɭ�˝̯ʎɭ̝�
ʎɀˉɧ�ɠ͛�ʓˉɡ̝ɭʽɭˉ̯ɀʴʴ͛�ɀ̸̯˝ʽɀ̯ʓˉʅ�ʎ̸ʽɀˉ�
ɡ˝ˉɡɭ̸̯̚ɀʴʓ̤ɀ̯ʓ˝ˉ�͕ʓ̯ʎʓˉ�ʽɀɡʎʓˉɭ̤੓
Rʄ�̯ʎɭ�ĉʓ̸̝̯ɀʴ��ʅɭ�ɡ˝ˉ̯ʓˉ̸ɭ̤�̯ʎʓ̤�ɀ̚̚ʴʓɡɀ-

̯ʓ˝ˉ�˝ʄ�̯ʎɭ�ɀ̸̯˝ʽɀ̯ʓ˝ˉ�̝̚ʓˉɡʓ̚ʴɭ੔�̯ʎɭˉ�̯ʎɭ�
ɡ˝ʽ̸̯̚ɭ̝�ʅɀʽʓˉʅ�ɀˉɧ��R�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�͕ ʓʴʴ�
ɧɭʴʓ͔ɭ̝�̸̤�͔ʓ̸̝̯ɀʴ�̚ɭ˝̚ʴɭ੔�͔ʓ̸̝̯ɀʴ�̤˝ɡʓɭ̯ʓɭ̤�
ɀˉɧ�͔ʓ̸̝̯ɀʴ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤੓�D˝̝�̤˝ʽɭ�˝ʄ�͛˝̸੔�
̯ʎʓ̤�ʽʓʅʎ̯�̤ɭɭʽ�ʴʓʯɭ�ɀ�ʄɀˉɡʓʄ̸ʴ�̸̤сɭ̤̯ʓ˝ˉ੓�

Rˉ� ̯ʎɭ�(ɭʄɭˉɡɭ੔� Ûɡʓɭˉɡɭ� ɀˉɧ�æɭɡʎˉ˝ʴ˝ʅ͛�
�̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ�੶(Ûæ�੷੔�͕ɭ�̤̯ɀ̝̯ɭɧ�ɠ̸ʓʴɧʓˉʅ�
̝̚˝̯˝̯͛̚ɭ̤�˝ʄ�̸̤ɡʎ�̯ʎʓˉʅ̤�ɠɀɡʯ�ʓˉ�৖৔৔৔੓�Rˉ�
̯ʎʓ̤�̝̚˝ʫɭɡ̯੔�̤˝ʽɭ˝ˉɭ�ɡɀˉ�ʎɀ͔ɭ�ɀ�ɡ˝ˉ͔ɭ̝̤ɀ-
̯ʓ˝ˉ�͕ʓ̯ʎ�ɀ�͔ʓ̸̝̯ɀʴ�̚ɭ̝̤˝ˉ੓�Юɭ̝ɭ�ʓ̤�ɀ�̤͛̚-
ɡʎ˝ʴ˝ʅʓɡɀʴ�ɀ̝ɡʎʓ̯ɭɡ̸̯̝ɭ�̸ˉɧɭ̝̚ʓˉˉʓˉʅ�̯ʎɭ�
͔ʓ̸̝̯ɀʴ�̚ɭ̝̤˝ˉ੔�ɀˉɧ�̯ʎɭ�͔ʓ̸̝̯ɀʴ�̚ɭ̝̤˝ˉ�ɡɀˉ�
ɧʓ̤̚ʴɀ͛�ɀ�̝ɀˉʅɭ�˝ʄ�ɭʽ˝̯ʓ˝ˉ̤੓��̸̝�̝̚˝̯˝̯͛̚ɭ�
̸̤̚̚˝̝̯ɭɧ�ɀʅ̝ɭɭʽɭˉ̯�̚ ̝˝̯˝ɡ˝ʴ̤�̯ ʎɀ̯�ɀʴʴ˝͕ɭɧ�
̤˝ɡʓɭ̯ʓɭ̤�̯˝�ɧ͛ˉɀʽʓɡɀʴʴ͛�ʄ˝̝ʽ�ʄ̝˝ʽ�ɡ˝ʴʴɭɡ-
̯ʓ˝ˉ̤�̋ ʄ�̝ ɭɀʴ�ɀˉɧ�͔ ʓ̸̝̯ɀʴ�̚ ɭ˝̚ʴɭ੔�ɀˉɧ�ʓˉɡʴ̸ɧɭɧ�
ɀˉʓʽɀ̯ɭɧ�͔ʓ̸̝̯ɀʴ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�̯ʎɀ̯�ɡ˝̸ʴɧ�
̝ɭ̝̚ɭ̤ɭˉ̯�ɠ˝̯ʎ�̝ɭɀʴ�ɀˉɧ�ʓʽɀʅʓˉɭɧ�͕˝̝ʴɧ̤੓
!͛�৖৔৚ৗ੔�˝̸̝�ɧʓʅʓ̯ɀʴ�ɀɧ̸ʴ̯�ʎɀ̤� ̝ɭɀɡʎɭɧ�

ʽʓɧɧʴɭ�ɀʅɭ੓�Юɭ�Rˉʄ˝̝ʽɀ̯ʓ˝ˉ��ʅɭ�˝аɭ̝ɭɧ�
̯ʎɭ�˝̚̚˝̸̝̯ˉʓ̯͛�̯˝�̤ɭɭ�̤˝ʽɭ̯ʎʓˉʅ�ɭʴ̤ɭ�ɠ͛�
ɧʓʅʓ̯ɀʴʴ͛� ɡ˝ˉˉɭɡ̯ʓˉʅ� ̸̤� ͕ʓ̯ʎ� ̯ʎɭ� ͕ʓɧɭ̝�
͕˝̝ʴɧ੓�!̸̯�̯ʎɭ�ĉʓ̸̝̯ɀʴ��ʅɭ�ʅ˝ɭ̤�ʄ̸̝̯ʎɭ̝�ɠ͛�
˝аɭ̝ʓˉʅ�̯ʎɭ�˝̚̚˝̸̝̯ˉʓ̯͛�̯˝�ɠɭ�̤˝ʽɭ̯ʎʓˉʅ�
ɭʴ̤ɭ੔�ɠ͛�ɧʓʅʓ̯ɀʴʴ͛�ɭ͚̚ɭ̝ʓɭˉɡʓˉʅ�̝ ɭɀʴ�ɀˉɧ�ʓʽɀʅ-
ʓˉɭɧ�͕˝̝ʴɧ̤੓���ɧʓʅʓ̯ɀʴ�ʽʓɧɧʴɭ઀ɀʅɭɧ�̚ɭ̝̤˝ˉ�
ɡɀˉ�ɠɭ�̯ʎɭʓ̝�̚ʎ̤͛ʓɡɀʴ�̤ɭʴʄ�˝̝�̯ʎɭʓ̝�͔ʓ̸̝̯ɀʴ�
̤ɭʴʄ੓�Юɭ͛�ɡɀˉ�ɠɭ�̤˝ʽɭ˝ˉɭ�ɭʴ̤ɭ੔�̚ɭ̝ʎɀ̤̚�ɀˉ�
Rˉɧʓʅɭˉ˝̸̤�Ñɭ̝̤˝ˉ੓�Юɭ͛�ɡɀˉ�̸ ˉɧɭ̝̤̯ɀˉɧ�̯ ʎɭ�
ʽɀ̯ʎɭʽɀ̯ʓɡɀʴ�ɡ̸̝͔ɭ�ɠ͛�̝ʓɧʓˉʅ�ʓ̯�ʴʓʯɭ�ɀ�̝˝ʴʴ-
ɭ̝ɡ˝ɀ̤̯ɭ ੓̝��̝�̯ʎɭ͛�ɡ˝̸ʴɧ�ɭ͚̚ɭ̝ʓɭˉɡɭ�͕ʎɀ̯�ʓ̯�
is like to be a DNA molecule.
!̸̯�͕ʓ̯ʎ�˝̚̚˝̸̝̯ˉʓ̯͛�ɡ˝ʽɭ̤�̯ʎ̝ɭɀ̯੓�Юɭ�

̯ʎ̝ɭɀ̯�˝ʄ�̯ʎɭ�ĉʓ̸̝̯ɀʴ��ʅɭ�ɧɭ̚ɭˉɧ̤�˝ˉ�͕ʎɀ̯�
͕ɭ�͕ ɀˉ̯�̯ ˝�̚ ̝˝̯ɭɡ̯�ɀˉɧ�̤ ɭɡ̸̝ɭ੓�M˝͕�̤ ʎ˝̸ʴɧ�
͕ɭ�ɠɀʴɀˉɡɭ�̋ ̸̝�ɧʓʅʓ̯ɀʴ�̚ ɭ̝̤˝ ઑ̤̄�ɹ ʓʄɭ�ɠɭ̯͕ɭɭˉ�
̯ʎɭ�̝ɭɀʴ�ɀˉɧ�͔ʓ̸̝̯ɀʴ�͕˝̝ʴɧ̤੔�ʓˉɡʴ̸ɧʓˉʅ੔�ʄ˝̝�
ɭ͚ɀʽ̚ʴɭ੔�̯ʎɭ�̯ʎ̝ɭɀ̯�˝ʄ�͔ʓ̸̝̯ɀʴ�ɀɧɧʓɡ̯ʓ˝ˉਗ਼�
Ċʎɀ̯� ͔ʓ̸̝̯ɀʴ� ̸̯̝̯ʎ̤� ̤ʎ˝̸ʴɧ� ͕ɭ� ɡ˝̸ˉ̯ɭ-
ˉɀˉɡɭ�͕ʎɭˉ�͕ɭ�ɡɀˉ�ɡ̝ɭɀ̯ɭ�͔ʓ̸̝̯ɀʴ�͕˝̝ʴɧ̤�
ʓˉ�͕ʎʓɡʎ�ɡ˝ˉ͔ɭˉ̯ʓ˝ˉɀʴ�̚ʎ̤͛ʓɡ̤�ɀˉɧ�̤͛̚ɡʎ˝-
ʴ˝ʅʓɡɀʴ�̤˝ɡʓɀʴ�ˉ˝̝ʽ̤�ˉɭɭɧ�ˉ˝�ʴ˝ˉʅɭ̝�ɀ̚̚ʴ͛ਗ਼�
�ˉɧ�͕ ʎɀ̯�ɀ̝ɭ�̯ ʎɭ�̝ ʓʅʎ̯̤�ɀˉɧ�̤ ̯ɀ̸̯̤�̋ ʄ�͔ ʓ̸̝̯ɀʴ�
̚ɭ˝̚ʴɭਗ਼�Юɭ̤ɭ�ɀ̝ɭ�ʫ̸̤̯�ɀ�ʄɭ͕�˝ʄ�̯ʎɭ�ʽɀˉ͛�
ʓ̸̤̤ɭ̤�̯ʎɀ̯�͕ʓʴʴ�ɀ̝ʓ̤ɭ੓
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Ô˝̝͛�vɭɧɡɀʴʄ
Rઑʽ�ʫ˝ʓˉʓˉʅ�͛˝̸�ʄ̝˝ʽ�"ɀˉɠɭ̝̝ɀ੔�ʄ̝˝ʽ�̯ʎɭ�
̯̝ɀɧʓ̯ʓ˝ˉɀʴ�ɹ ɀˉɧ̤�̋ ʄ�̯ ʎɭ��ʅ̸ˉˉɀ͕ɀʴ�̚ ɭ˝̚ʴɭ੓�R�
͕ɀˉ̯�̯ ˝�ɡ˝ʽ̚ʴɭʽɭˉ̯�̯ ʎ˝̤ɭ�ʅ̝ɭɀ̯�̝ ɭʽɀ̝ʯ̤�ɠ͛�
(ɀʴɭ�ɀˉɧ�ʴ˝˝ʯ�ɀ̯੔�R�ʅ̸ɭ̤̤੔�ɀ�ɠ̝˝ɀɧɭ̝�̚ʓɡ̸̯̝ɭ�
˝ʄ�͕ ʎɀ̯�̯ ʎɭ�̤ ɭɡ̸̝ʓ̯͛�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ɡ˝̸ʴɧ�ɹ ˝˝ʯ�
ʴʓʯɭ�ʄ˝̝�̯ʎɭ�̤˝઀ɡɀʴʴɭɧ�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ʅ̝˝͕ʓˉʅ�
̸̚�ʓˉ��̸̤̯̝ɀʴʓɀ�ʓˉ�̯ ʎɭ�͛ ɭɀ̝̤�ɀˉɧ�̯ ʎɭ�ɧɭɡɀɧɭ̤�
ɀʎɭɀɧ੓
Rઑʴʴ�̤̯ɀ̝̯�ɠ̝ʓɭр͛�͕ʓ̯ʎ�̯ʎɀ̯�ʄ̸ˉɧɀʽɭˉ̯ɀʴ�

Ό̸ɭ̤̯ʓ˝ˉ੕�Ċʎɀ̯�ʓ̤�̤ɭɡ̸̝ʓ̯͛ਗ਼�R̯ઑ̤�˝ˉɭ�˝ʄ�̯ʎ˝̤ɭ�
͕˝̝ɧ̤�̯ʎɀ̯�͕ɭ�ɀʴʴ�̯ʎʓˉʯ�͕ɭ�ʯˉ˝͕�͕ʎɀ̯�ʓ̯�
ʽɭɀˉ̤૆ઃ૆ɠ̸̯� ̯ʎɀ̯�͕ɭઑ͔ɭ� ɀʴʴ� ʅ˝̯� ɧʓаɭ̝ɭˉ̯�
ɡ˝ˉɡɭ̸̯̚ɀʴʓ̤ɀ̯ʓ˝ˉ̤�˝ʄ੓�Rʄ�͛˝̸�ʅ˝�ɠɀɡʯ�̯˝�ʓ̯̤�
͔ɭ̝͛�̝˝˝̯̤੔�ʓ̯ઑ̤�̝ɭɀʴʴ͛�ɀɠ˝̸̯�ɀ�̤̯ɀ̯ɭ�˝ʄ�ʽʓˉɧ੓�
Đɭ̤੔�ʓ̯ઑ̤�ɀɠ˝̸̯�̚ ʎ̤͛ʓɡɀʴ�̚ ̝˝̯ɭɡ̯ʓ˝ˉ੔�ɠ̸̯�̯ ʎɭ̝ɭ�
ʓ̤�̄ ˝�̤ ̸ɡʎ�̯ ʎʓˉʅ�ɀ̤�ɀɠ̤˝ʴ̸̯ɭ�̤ ɭɡ̸̝ʓ̯ ੓͛�Rˉ�ʄɀɡ̯੔�
ʓʄ�͛ ˝̸�̯ ɀʯɭ�̯ ʎɭ�mɀ̯ʓˉ�̋ ̝ʓʅʓˉ�̋ ʄ�̤ ɭɡ̸̝ʓ̯ ੔͛�ʓ̯�ɹ ʓ̯-
ɭ̝ɀʴʴ͛�̔ ɭɀˉ̤�͕ ʓ̯ʎ˝̸̯�ɡɀ̝ɭ૆ઃ૆ˉ˝�͕ ˝̝̝ʓɭ̤੓�Юɭ�
̤ɭɡ̸̝ʓ̯͛�̋ ʄ�̄ ɭ͚̯�ʅɭˉɭ̝ɀ̯ʓ˝ˉ̤�̝ ɭΌ̸ʓ̝ɭ̤�ɀɡʎʓɭ͔-
ʓˉʅ�ɀ�ʯʓˉɧ�˝ʄ�͕˝̝ʴɧ�͔ʓɭ͕�˝̝�ɀ�̚ɭ̝̤̚ɭɡ̯ʓ͔ɭ�
͕ʎɭ̝ɭ�̚ɭ˝̚ʴɭ�ɡɀˉ�ɭˉʅɀʅɭ�ɡ˝ˉпɧɭˉ̯ʴ͛�͕ʓ̯ʎ�
̝ʓ̤ʯ૆ઃ૆̯ʎɭ͛�ɡɀˉˉ˝̯�ɀɡʎʓɭ͔ɭ�ɀɠ̤˝ʴ̸̯ɭ�̤ ɭɡ̸̝ʓ̯ ੓͛�
Юɀ̯�͕ʓʴʴ�ɀ̚̚ʴ͛�ɠ˝̯ʎ�̯˝�ʓˉɧʓ͔ʓɧ̸ɀʴ̤�ɀˉɧ�˝̸̝�
society, indeed Australia as a nation state.
mɭ̯ઑ̤�ʴ˝˝ʯ�ɀ̯�̯ʎɭ�ʎ˝̝ʓͥ˝ˉ�˝ʄ�̝ʓ̤ʯ�ʄ˝̝��̸̤-

̯̝ɀʴʓɀˉ̤�˝͔ɭ̝�̯ʎɭ�ˉɭ͚̯�ʄɭ͕�ɧɭɡɀɧɭ̤੓�R̯ઑ̤�͔ɭ̝͛�
ɭɀ̤͛� ̯˝�ɠɭ�ʅʴ˝˝ʽ͛�ɀɠ˝̸̯� ̯ʎʓ̤੔�͕ʎɭˉ�͛˝̸�
ʴ˝˝ʯ�ɀ̯�̯ʎɭ�ʎ˝̝ʓͥ˝ˉ�˝ʄ�̝ʓ̤ʯ�̯ʎɀ̯�͕ɭ�̤ɭɭ�̝ʓʅʎ̯�
ˉ˝͕૆ઃ૆ɭ͔ɭ̝̯͛ʎʓˉʅ�ʄ̝˝ʽ�̚ɀˉɧɭʽʓɡ�̯ʎ̝˝̸ʅʎ�
ʅ̝ɭɀ̯�̚˝͕ɭ̝�ɡʎɀʴʴɭˉʅɭ̤੔�"ʎʓˉɀઑ̤�̸̤ɭ�˝ʄ�ʓ̯̤�
ɡ˝ɭ̝ɡʓ͔ɭ�̚˝͕ɭ ੔̝�̯ʎɭ�̸̤ɭ�ɀˉɧ�ʽʓ̸̤̤ɭ�˝ʄ�̯ɭɡʎ-
ˉ˝ʴ˝ʅ ੔͛� ̯ʎɭ� ɡ˝ˉ̯ʓˉ̸ʓˉʅ� ̝ʓ̤ʯ�˝ʄ� ̯ɭ̝̝˝̝ʓ̤ʽ੔�
̯ʎ̝ɭɀ̯̤�̯ ˝�̤ ˝ɡʓɀʴ�ɡ˝ʎɭ̤ʓ˝ˉ�ɀˉɧ�̋ ʄ�ɡ˝̸̝̤ɭ੔�̯ ʎɭ�
˝͔ɭ̝ɀ̝ɡʎʓˉʅ�̯ ʎ̝ɭɀ̯̤�ɀˉɧ�̝ ʓ̤ʯ̤�̋ ʄ�̯ ʎɭ�ʓʽ̚ɀɡ̯̤�
˝ʄ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ੓
Ċɭ�̤ ʎ˝̸ʴɧ ઑ̯̄�ɠɭ�ɡ˝ʽ̚ʴɀɡɭˉ̯�ɀɠ˝̸̯�ɀˉ͛�̋ ʄ�

̯ʎʓ̤੔�ɠ̸̯�͕ɭ�̤ʎ˝̸ʴɧ�ɀʴ̤˝�ɠɭɀ̝�ʓˉ�ʽʓˉɧ�̯ʎɀ̯�
̯ʎɭ�ʴɀ̤̯�৖৔�̯˝�ৗ৔�͛ɭɀ̝̤�ʎɀ͔ɭ�̝̚˝ɠɀɠʴ͛�ɠɭɭˉ�
̯ʎɭ�ɀˉ˝ʽɀʴ ੓͛�Đ̋ ̸�ʯˉ˝ ੔͕�̝ɭɀʴʴ ੔͛�̯ʎɭ�ʅɭˉɭ̝ɀ-
̯ʓ˝ˉ̤�ʅ̝˝͕ʓˉʅ�̸ ̚�ʓˉ�̯ ʎɭ�ɹ ɀ̯ɭ�৖৔̯ʎ century and 
̯ʎɭ�ɠɭʅʓˉˉʓˉʅ�˝ʄ�̯ʎʓ̤�ɡɭˉ̸̯̝͛�ʎɀɧ૆ઃ૆R�ʎɀ̯ɭ�

̯˝�̤ɀ͛�ʓ̯૆ઃ૆ɀʴʽ˝̤̯�ɀ�ʴ˝ˉʅ�ʎ˝ʴʓɧɀ͛�ʄ̝˝ʽ�̯ʎɭ�
ʎʓ̤̯˝̝ʓɡɀʴ�̯ ̝ɀ̸ʽɀ̤�̯ ʎɀ̯�̔ ˝̤̯�ɭɀ̝ʴʓɭ̝��̸̤̯̝ɀʴ-
ʓɀˉ̤�ɭ͚̚ɭ̝ʓɭˉɡɭɧ੓
Ôɭʽɭʽɠɭ̝�̯ʎɭ�ɭ͚̚ɭ̝ʓɭˉɡɭ�˝ʄ�̯ʎɭ�͕˝̝ʴɧ�

͕ɀ̝̤�ʓˉ�̯ʎɭ�п̝̤̯�ʎɀʴʄ�˝ʄ�̯ʎɭ�৖৔̯ʎ�ɡɭˉ̸̯̝͛ਗ਼�
Ôɭʽɭʽɠɭ̝�̯ʎɭ�̤ʎɀɧ˝͕�˝ʄ�̯ʎɭ�"˝ʴɧ�Ċɀ̝�ʄ˝̝�
ʽ̸ɡʎ�˝ʄ�̯ʎɭ�̤ɭɡ˝ˉɧ�ʎɀʴ΍ਗ਼�Û˝੔�͕ʎɀ̯�ʓ̤�̯ʎɭ�
ʎ˝̝ʓͥ˝ˉ�˝ʄ�̝ʓ̤ʯ�ʄ˝̝�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�ʄ˝̝�̯ʎɭ�
ˉɭ͚̯�ʄɭ͕�ɧɭɡɀɧɭ̤�ɀˉɧ�ʽ˝͔ʓˉʅ�̯˝�ʽʓɧ઀ɡɭˉ-
̸̯̝͛ਗ਼��ˉɧ�͕ʎɀ̯�ɀ̝ɭ�̤˝ʽɭ�˝ʄ�̯ʎɭ�˝̚̚˝̸̝̯ˉʓ-
̯ʓɭ̤�ʄ˝̝�̤˝ɡʓɭ̯͛�ɀˉɧ�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�ʓˉ�ʽʓ̯ʓʅɀ̯-
ʓˉʅ�̯ʎɀ̯�̝ʓ̤ʯਗ਼�f̸̤̯�ɀ�ʄɭ͕�̯ʎʓˉʅ̤�̯˝�ʅɭ̯�͛˝̸�
̯ʎʓˉʯʓˉʅ�ɀɠ˝̸̯੓
Dʓ̝̤̯੔�ɀ� ʴ˝̯�˝ʄ�̯ʎɭ�̝ʓ̤ʯ̤�͕ɭ�ɡɀˉ�ɀʴ̝ɭɀɧ͛�

̤ɭɭ�˝ˉ�̯ʎɭ�ʎ˝̝ʓͥ˝ˉ�˝ʄ�̯ʎɭ�ˉɭ͚̯�̯ɭˉ�͛ɭɀ̝̤�ɀ̝ɭ�
ʅ˝ʓˉʅ�̯ ˝�ɠɭ�͔ ɭ̝ ੔͛�͔ ɭ̝͛�ʓˉр̸ɭˉ̯ʓɀʴ�ʓˉ�̤ ʎɀ̚ʓˉʅ�
˝̸̝�̤ɭɡ̸̝ʓ̯͛�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�ʄ˝̝�ʽ̸ɡʎ�˝ʄ�̯ʎɭ�
̝ɭ̤̯�˝ʄ�̯ʎɭ�ɡɭˉ̸̯̝ ੓͛�Юɭ̝ɭ�ʓ̤�̯ʎɭ�Ό̸ɭ̤̯ʓ˝ˉ�
˝ʄ�ʎ˝͕�̤̯ɀ̯ɭ̤�ɠɭʎɀ͔ɭ�ʓˉ�ɀ�͔ɭ̝͛�ɡ˝ʽ̚ɭ̯ʓ̯ʓ͔ɭ�
ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ� ɭˉ͔ʓ̝˝ˉʽɭˉ̯੓�Юɭ� ̯ɭˉ̤ʓ˝ˉ̤�
ɀ̝˝̸ˉɧ੔�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛� ̯ʎɭ�͕ɀ͛� ̯ʎɀ̯�"ʎʓˉɀ�
ʓ̤�̸̤ʓˉʅ�ʓ̯̤�ʅ̝˝͕ʓˉʅ�̚˝͕ɭ̝�ʓˉ�˝̸̝�̝ɭʅʓ˝ˉ੔�
̯ʎɭ�Rˉɧ˝઀Ñɀɡʓпɡ੔�ɀˉɧ�ʅʴ˝ɠɀʴʴ ੓͛�M˝͕�ʓ̤�̯ʎɭ�
íˉʓ̯ɭɧ�Û̯ɀ̯ɭ̤�ʓˉ�̚ ɀ̝̯ʓɡ̸ʴɀ̝�̝ ɭ̤̚˝ˉɧʓˉʅਗ਼�!̸̯�
ʎ˝͕�͕ʓʴʴ��̸̤̯̝ɀʴʓɀ�ɀˉɧ�˝̯ʎɭ̝�ɡ˝̸ˉ̯̝ʓɭ̤�ʓˉ�
˝̸̝�̝ɭʅʓ˝ˉ૆ઃ૆Rˉɧʓɀ੔�fɀ̚ɀˉ੔�Rˉɧ˝ˉɭ̤ʓɀ�ɀˉɧ�
˝̯ʎɭ̝̤ઃ̝ɭ̤̚˝ˉɧ�̯ ˝�̯ ʎɭ̤ɭ�̯ ɭˉ̤ʓ˝ˉ̤ਗ਼�Юɭ�̝ ʓ̤ʯ�
˝ʄ�ɡ˝ɭ̝ɡʓ˝ˉ੔�ʽʓʴʓ̯ɀ̝͛�ʄ˝̝ɡɭ੔�ɭ͔ɭˉ�͕ɀ ੔̝�ɠ̸̯�
ɀʴ̤˝�̯ʎɭ�ʽ˝̝ɭ�̝̚ɭ͔ɀʴɭˉ̯�ɧɀ͛઀̯˝઀ɧɀ͛�̝ʓ̤ʯ̤�ʓˉ�
ɀ�ɡ˝ʽ̚ɭ̯ʓ̯ʓ͔ɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯�̯ ʎɀ̯�(ɀʴɭ�̤ ̚˝ʯɭ�
ɀɠ˝̸̯૆ઃ૆̯ʎɭ�̸̤ɭ�˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɠ͛�̤̯ɀ̯ɭ̤�ʄ˝̝�
̤̯̝ɀ̯ɭʅʓɡ�ɀɧ͔ɀˉ̯ɀʅɭ੔�̯ʎɭ�̸̤ɭ�˝ʄ�ʓˉ͔ɭ̤̯ʽɭˉ̯�
ɀˉɧ� ɡ̝ʓ̯ʓɡɀʴ� ʓˉʄ̝ɀ̸̤̯̝ɡ̸̯̝ɭ� ʄ˝̝� ̤̯̝ɀ̯ɭʅʓɡ�
ɀɧ͔ɀˉ̯ɀʅɭ੓
Ċɭઑ̝ɭ� ʅ˝ʓˉʅ� ̯˝� ̤ɭɭ� ʅɭˉɭ̝ɀ̯ʓ˝ˉ̤� ʅ̝˝͕-

ʓˉʅ�̸̚�͕ʓ̯ʎ�̯ʎɀ̯�̤ʎɀɧ˝͕�̯˝�ɡ˝ʽɭ�̯˝�̯ɭ̝ʽ̤�
͕ʓ̯ʎ�ɀˉɧ�ʽ̸ɡʎ�ʽ˝̝ɭ�ɧʓ̝ɭɡ̯�ɭˉʅɀʅɭʽɭˉ̯੔�R�
̯ʎʓˉʯ੔�ʓˉ�̯ʎɭ�ʓɧɭɀ�˝ʄ�ˉɀ̯ʓ˝ˉɀʴ�̤ɭɡ̸̝ʓ̯͛�̯ʎɀˉ�
͕ɭઑ͔ɭ�̤ɭɭˉ�ʄ˝̝�ʽɀˉ͛�͛ɭɀ̝̤੓�Юɭ̝ɭઑ̤�ɀʴ̤˝�̯ʎɭ�
ɧ˝ʽɭ̤̯ʓɡ�ɧʓʽɭˉ̤ʓ˝ˉ੓�.͔ɭˉ�ʓʄ੔�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉ-
ɀʴʴ ੔͛�̤ ̯ɀ̯ɭ̤�̤ ̸ɡɡɭɭɧ�ʓˉ�̔ ɀˉɀʅʓˉʅ�̯ ʎɭʓ̝�ɧʓаɭ̝-
ɭˉɡɭ̤�͕ʓ̯ʎ˝̸̯�ɡ˝ˉʄ̝˝ˉ̯ɀ̯ʓ˝ˉ�˝̝�͕ɀ ੔̝�̯ʎɭ̝ɭ�
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͕ʓʴʴ�ɠɭ�˝ˉʅ˝ʓˉʅ�̯ʎ̝ɭɀ̯̤�̯˝�˝̸̝�̤˝͔ɭ̝ɭʓʅˉ̯͛�
ɀˉɧ�˝̸̝�ɭɡ˝ˉ˝ʽ ੓͛�Ċʎɀ̯�ɀɠ˝̸̯�̯ʎɭ�̤ɭɡ̸̝ʓ̯͛�
̚ʓɡ̸̯̝ɭ�ɀ̯�ʎ˝ʽɭਗ਼
Ċɭઑ͔ɭ� ɀʴ̝ɭɀɧ͛� ʎɭɀ̝ɧ� Ό̸ʓ̯ɭ� ɀ� ʴ˝̯� ɀɠ˝̸̯�

ɭˉʅɀʅɭʽɭˉ̯�͕ʓ̯ʎ�̯ʎɭ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�ɭˉ͔ʓ̝˝ˉ-
ʽɭˉ̯੔�͕ ʓ̯ʎ�ɧʓʅʓ̯ɀʴ�̯ ɭɡʎˉ˝ʴ˝ʅʓɭ̤੓�R�̯ ʎʓˉʯ�̯ ʎɭ̝ɭ�
͕ʓʴʴ�ɠɭ�ɀ�ʴ˝̤̤�˝ʄ�ʓˉˉ˝ɡɭˉɡɭ੖�̯ʎɀ̯�ˉɭ͕�ʅɭˉɭ̝ɀ-
̯ʓ˝ˉ̤�͕ ʓʴʴ�ɀ̸̯˝ʽɀ̯ʓɡɀʴʴ͛�̝ ɭɡ˝ʅˉʓ̤ɭ�̯ ʎɀ̯�̯ ʎɭʓ̝�
ɡ˝ˉˉɭɡ̯ʓ˝ˉ�̯ ˝�̯ ʎɭ�ɭɡ˝ˉ˝ʽ͛�ɀˉɧ�̯ ˝�̯ ʎɭ�ʓˉʄ˝̝-
mation ecosystem is going to be a source 
˝ʄ�̝ʓ̤ʯ�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛�ɀˉ͚ʓɭ̯ ੓͛�!̸̯�ʎ˝̚ɭʄ̸ʴʴ ੔͛�
ʅ˝͔ɭ̝ˉʽɭˉ̯�ɀˉɧ�̤ ˝ɡʓɭ̯͛�ɡɀˉ�ɭˉʅɭˉɧɭ̝�ɀ�̄ ɭ͕�
ʽɀ̸̯̝ʓ̯͛�ʓˉ�ɭˉʅɀʅʓˉʅ�͕ʓ̯ʎ�̯ʎɀ̯�̝ʓ̤ʯ�̤˝�̯ʎɀ̯�
ʓˉɧʓ͔ʓɧ̸ɀʴ̤�ʅ̝˝͕�̸ ̚�͕ ʓ̯ʎ�ɀ�͔ ɭ̝͛�̤ ̯̝˝ˉʅ�̤ ɭˉ̤ɭ�
˝ʄ�ɀ͕ɀ̝ɭˉɭ̤̤�ɀɠ˝̸̯�̚ ̝˝̯ɭɡ̯ʓˉʅ�̯ ʎɭʓ̝�̚ ̝ʓ͔ɀɡ ੔͛�
̝̚˝̯ɭɡ̯ʓˉʅ�̯ ʎɭʓ̝�̚ ˝ʴʓ̯ʓɡɀʴ�ʄ̝ɭɭɧ˝ʽ̤�ɀˉɧ�̚ ̝˝-
̯ɭɡ̯ʓˉʅ�̯ʎɭʓ̝�ɭˉʅɀʅɭʽɭˉ̯�͕ʓ̯ʎ�ɧɭʽ˝ɡ̝ɀ̯ʓɡ�
institutions.
Юɭ̝ɭ�͕ʓʴʴ�ɠɭ�̝ʓ̤ʯ̤੔�R�̯ʎʓˉʯ੔�̯˝��̸̤̯̝ɀʴʓɀઑ̤�
̤˝ɡʓɀʴ� ɡ˝ʎɭ̤ʓ˝ˉ੓�Ċɭઑ͔ɭ� ʅ˝̯� ̯˝� ̝ɭʽɭʽɠɭ̝�
͕ʎɀ̯�ɀ�ʅ̝ɀˉɧ�ɭ͚̚ɭ̝ʓʽɭˉ̯�ɀ�ʽ̸ʴ̯ʓɡ̸ʴ̸̯̝ɀʴ੔�
ʄɭɧɭ̝ɀ̯ɭɧ��̸̤̯̝ɀʴʓɀ�ɀɡ̸̯ɀʴʴ͛�͕ɀ̤�ʓˉ�̯ʎɭ�ʎʓ̤-
̯˝̝͛�˝ʄ�˝̸̝�̝ɭʅʓ˝ˉ�ɀˉɧ�̯ʎɭ�͕˝̝ʴɧ੓�Юɭ�ɡʎɀʴ-
ʴɭˉʅɭ�̯ʎɭ̝ɭ�͕ʓʴʴ�ɠɭ�ɀ�̯ɭˉ̤ʓ˝ˉ�ɠɭ̯͕ɭɭˉ�ʓˉɧʓ-
͔ʓɧ̸ɀʴ̤�͕ɀˉ̯ʓˉʅ�̯˝�̤ʓʽ̚ʴ͛�ʅɭ̯�˝ˉ�͕ʓ̯ʎ�̯ʎɭʓ̝�
ʴʓ͔ɭ̤੔�ɀ̤�˝̚̚˝̤ɭɧ�̯˝�ʓˉɧʓ͔ʓɧ̸ɀʴ̤�̝ɭɡ˝ʅˉʓ̤ʓˉʅ�
̯ʎɭ�ˉɭɭɧ�̯˝�ɭˉʅɀʅɭ�ʽ˝̝ɭ�ɀɡ̯ʓ͔ɭʴ͛�͕ʓ̯ʎ�̯ʎɭ�
̚˝ʴʓ̯ʓɡɀʴ�̚ ̝˝ɡɭ̤̤੔�̯ ˝�ɠɭ�ɭˉʅɀʅɭɧ�ʓˉ�̤ ˝ɡʓɭ̯ ੔͛�ʓˉ�
̚˝ʴʓ̯ʓɡ̤੔�̯˝�̝̚˝̯ɭɡ̯�̯ʎ˝̤ɭ�ɧɭʽ˝ɡ̝ɀ̯ʓɡ�ʓˉ̤̯ʓ-
̸̯̯ʓ˝ˉ̤�̯ʎɀ̯�̝ɭɀʴʴ͛�ʎɀ͔ɭ�ɀʴʴ˝͕ɭɧ�̤˝�ʽ̸ɡʎ�
ʓˉɧʓ͔ʓɧ̸ɀʴ�ʄ̝ɭɭɧ˝ʽ�̯˝�р˝̸̝ʓ̤ʎ�ʓˉ��̸̤̯̝ɀʴʓɀ੓
�ˉɧ� ̯ʎɭ� ̝ʓ̤ʯ̤� ̯˝� ̯ʎɀ̯� ̤˝ɡʓɀʴ� ɡ˝ʎɭ̤ʓ˝ˉ�

ɡ˝̸ʴɧ�ɡ˝ʽɭ�ʄ̝˝ʽ�ʄ˝̝ɭʓʅˉ�̤̯ɀ̯ɭ̤�̤ɭɭʯʓˉʅ�̯˝�
ʓˉ̯ɭ̝ʄɭ̝ɭ�ʓˉ�̚˝ʴʓ̯ʓɡɀʴ�̝̚˝ɡɭ̤̤ɭ̤੔�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛�
̯ʎɭ�Ô̸̤̤ʓɀˉ�ʓˉ̯ɭ̝ʄɭ̝ɭˉɡɭ�ʓˉ�̯ ʎɭ�íÛ�ɭʴɭɡ̯ʓ˝ˉ̤�
ʓˉ�̝ɭɡɭˉ̯�͛ɭɀ̝̤੓�Юɭ͛�ɡ˝̸ʴɧ�ɡ˝ʽɭ�ʄ̝˝ʽ�ɧʓ̤-
̤ɀ̯ʓ̤пɭɧ�ɭʴɭʽɭˉ̯̤�͕ʓ̯ʎʓˉ�˝̸̝�˝͕ˉ�̤˝ɡʓɭ̯ ੔͛�
̯ʎɭ�ɡʎɀʴʴɭˉʅɭ�̯ ˝�ɀɡɡɭ̯̚�̯ ʎɭ�̄ ˝̯ʓ˝ˉ̤�̋ ʄ�̯ ̸̝̯ʎ੔�
̯ʎɭ�̝ ʓ̤ɭ�̋ ʄ�ɡ˝˝̝ɧʓˉɀ̯ɭɧ�̔ ʓ̤ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�ɧʓ̤-
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ੔�̚ ˝ʴʓ̯ʓɡɀʴ�͔ ʓ˝ʴɭˉɡɭ੖�̯ ɭ̝̝˝̝ʓ̤ʽ�ʓ̤�
ɀ�ʄɀɡ̯�˝ʄ�ʴʓʄɭ�ʓˉ�ʽɀˉ͛�ɡ˝̸ˉ̯̝ʓɭ̤�̯˝ɧɀ͛�ɀˉɧ�
ˉɭɭɧ̤�̯˝�ɠɭ�ʽɀˉɀʅɭɧ�ɀˉɧ�ʯɭ̯̚�ʓˉ�̚ɭ̝̤̚ɭɡ-

̯ʓ͔ɭ੓�Ċɭ�ɡɀ ઑ̯̄�ɹ ɭ̯�ʄɭɀ̝̤�̋ ʄ�̯ ɭ̝̝˝̝ʓ̤ʽ�ɧ˝ʽʓˉɀ̯ɭ�
˝̸̝�ɧɀʓʴ͛�ʴʓ͔ɭ̤੔�ɠ̸̯�͕ɭ�ɧ˝�ˉɭɭɧ�ɀˉ�ɭаɭɡ̯ʓ͔ɭ�
ˉɀ̯ʓ˝ˉɀʴ�̤ɭɡ̸̝ʓ̯͛�̝ɭ̤̚˝ˉ̤ɭ੓
�ˉɧ�̯ʎɭ̝ɭ�ɀ̝ɭ�̝ʓ̤ʯ̤�̯˝�˝̸̝�̤˝ɡʓɀʴ�ɡ˝ʎɭ-

̤ʓ˝ˉ�̔ ˝̝ɭ�ɠ̝˝ɀɧʴ ੓͛�Юɭ̝ɭ�ʓ̤�ɀ�̄ ɭɭɧ�̯ ˝�̚ ̝˝̯ɭɡ̯�
̝̚ʓ͔ɀɡ͛�ɀˉɧ�̚˝ʴʓ̯ʓɡɀʴ�ʄ̝ɭɭɧ˝ʽ̤੔�ɠ̸̯�ɀʴ̤˝�̯˝�
ʓˉɡ̸ʴɡɀ̯ɭ�ɀ�ʅ̝ɭɀ̯ɭ̝�̤ ɭˉ̤ɭ�̋ ʄ�̝ ɭ̤̚˝ˉ̤ʓɠʓʴʓ̯͛�ʄ˝̝�
˝̸̝�ɡ˝ʴʴɭɡ̯ʓ͔ɭ�ʄ̸̸̯̝ɭ�ɀˉɧ�ɡ˝ʴʴɭɡ̯ʓ͔ɭ�ɧɭ̤̯ʓˉ ੓͛�
Ю˝̤ɭ�ɀ̝ɭ�ʅ˝ʓˉʅ�̯ ˝�ɠɭ�̯ ʎɭ�ʯʓˉɧ�̋ ʄ�ɡʎɀʴʴɭˉʅɭ̤�
̯ʎɀ̯�̚˝ʴʓɡ͛ʽɀʯɭ̝̤੔�ɠ̸̯�ɀʴ̤˝�ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤੔�
ʓˉɧɭɭɧ�̚ɀ̝ɭˉ̯̤੔� ɀ̝ɭ� ʅ˝ʓˉʅ� ̯˝� ʄɀɡɭ� ʓˉ� ̝̚ɭ-
̚ɀ̝ʓˉʅ�ˉɭ͕�ʅɭˉɭ̝ɀ̯ʓ˝ˉ̤�ʄ˝̝�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ̤�
ɀʎɭɀɧ੓�Rઑʽ�̄ ˝̯�ɀʴʴ�ʅʴ˝˝ʽ͛�ɀɠ˝̸̯�̯ ʎʓ̤੔�ɭ͔ɭˉ�ʓʄ�
ʓ̯ઑ̤�ʎɀ̝ɧ�ˉ˝̯�̯˝�̤˝̸ˉɧ�̯ʎɀ̯�͕ɀ͛�͕ʎɭˉ�͛˝ ઑ̸̝ɭ�
ʄ˝ɡ̸̤ʓˉʅ�˝ˉ�̤ɭɡ̸̝ʓ̯ ੓͛
Ċɭઑ͔ɭ�ʅ˝̯�̯ ˝�̯ ʎʓˉʯ�ɀʴ̤˝�ɀɠ˝̸̯�̯ ʎɭ�ɭ͚̯̝ɀ˝̝-

ɧʓˉɀ̝͛�ɡɀ̚ɀɡʓ̯͛�̋ ʄ��̸̤̯̝ɀʴʓɀ੓�Юʓ̤�ʓ̤�ɀ�̄ ɀ̯ʓ˝ˉ�
̯ʎɀ̯�ʓ̤�̋ оɭˉ�̄ ˝̯�ɀʴ͕ɀ̤͛�̔ ˝ɠʓʴʓ̤ɭɧ�ɀ̤�̯ ʎɭ�̤ ̸ʽ�
˝ʄ�ʓ̯̤�̚ɀ̝̯̤੓�Юɭ�̸ʴ̯ʓʽɀ̯ɭ�ɡʎɀʴʴɭˉʅɭ�ʄ˝̝�˝̸̝�
̚˝ʴʓ̯ʓɡɀʴ�ɡʴɀ̤̤�ɀˉɧ�ʄ˝̝�̚˝ʴʓ̯ʓɡɀʴʴ͛�ʽ˝ɠʓʴʓ̤ɭɧ�
ɡ˝ʽʽ̸ˉʓ̯ʓɭ̤�͕ʓʴʴ�ɠɭ�̯˝�̝ɭɠ̸ʓʴɧ�ɀ�ʅ̝ɭɀ̯ɭ̝�
̤ɭˉ̤ɭ�˝ʄ�ɡ˝ʽʽ˝ˉ�̸̝̚̚˝̤ɭ�ʓˉ�ɀ�ɧɭʽ˝ɡ̝ɀ̯ʓɡ�
�̸̤̯̝ɀʴʓɀ੓�.ɧ̸ɡɀ̯ʓ˝ˉ�͕ʓʴʴ�ɠɭ�ɀɠ̤˝ʴ̸̯ɭʴ͛�ʯɭ͛�
ʎɭ̝ɭ੓��̤�ɀ�̚ ɀ̝ɭˉ̯�̔ ̤͛ɭʴʄ੔�̤ ɭɭʓˉʅ�̄ ɭ͕�ʅɭˉɭ̝ɀ-
̯ʓ˝ˉ̤�̋ ʄ�̤ ɡʎ˝˝ʴ�ɀʅɭ�̯ ʎʓˉʯʓˉʅ�ɡ̝ʓ̯ʓɡɀʴʴ͛�ɀɠ˝̸̯�
̯ʎɭ�͕˝̝ʴɧ੔�ɭˉʅɀʅʓˉʅ�͕ʓ̯ʎ�̤ɡʓɭˉɡɭ�ɀˉɧ�ɭ͔ʓ-
ɧɭˉɡɭ੔�R�̯ʎʓˉʯ�̯ʎɀ̯�͕ɭ�̤̯ʓʴʴ�ʎɀ͔ɭ�ɭˉ˝̝ʽ˝̸̤�
̚˝̯ɭˉ̯ʓɀʴ�ʓˉ�̯ ʎʓ̤�ɡ˝̸ˉ̯̝͛�̯ ˝�̔ ɭɭ̯�̯ ʎɭ̤ɭ�ɡʎɀʴ-
ʴɭˉʅɭ̤੓�Ċɭ�ʎɀ͔ɭ�̯ ˝�ʅ˝�ʄ˝̝͕ɀ̝ɧ�͕ ʓ̯ʎ�̋ ̸̝�ɭ͛ɭ̤�
˝̚ɭˉ੔�ɀˉɧ�̯ʎɀ̯�͕ʓʴʴ�ɠɭ�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ�ʄ˝̝�̯ʎɭ�
ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ੓

(ʓ̤ɡ̸̤̤ʓ˝ˉ

Ñ̝˝ʄ� �̚̚ɭ̝ʽɀˉˉ੕� æ͕˝� ͔ɭ̝͛� ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�
̝̚ɭ̤ɭˉ̯ɀ̯ʓ˝ˉ̤�ɀˉɧ�Ό̸ʓ̯ɭ�ɧʓаɭ̝ɭˉ̯�̚ɭ̝̤̚ɭɡ-
̯ʓ͔ɭ̤�̋ ˉ�ʓ̸̤̤ɭ̤�̝ ɭʴɀ̯ɭɧ�̯ ˝�̤ ɀʄɭ̯͛�ɀˉɧ�̤ ɭɡ̸̝ʓ̯ ੓͛�
(ɀʴɭ੔�R�ɀʽ�ʅ˝ʓˉʅ�̯˝�ɀ̤ʯ�͛˝̸�ɀ�Ό̸ɭ̤̯ʓ˝ˉ�п̝̤̯੕�
Ċʎɀ̯�ɧ˝�͕ɭ�ʽɭɀˉ�ɠ͛�̸̯̝̤̯�ʓˉ�ɀ�ɧʓʅʓ̯ɀʴ�ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯ਗ਼�R̤�ʓ̯੔�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�̯ ʎɀ̯�͕ ɭ�ɠɭʴʓɭ͔ɭ�
̯ʎɭ�̤̤̯͛ɭʽ�ʎɀ̤�˝̸̝�ɠɭ̤̯�ʓˉ̯ɭ̝ɭ̤̯̤�ɀ̯�ʎɭɀ̝̯ਗ਼�
Ċʎɀ̯�ɧ˝ɭ̤�̯ ̸̝̤̯�̝ ɭɀʴʴ͛�̔ ɭɀˉ�ʓˉ�ɀ�ʄ̸̸̯̝ɭ�ɧʓʅʓ-
̯ɀʴ�͕˝̝ʴɧਗ਼
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(m੕�D˝̝�̔ ɭ੔�ʓ̯�̔ ɭɀˉ̤�̯ ʎɭ�̤ ̤̯͛ɭʽ�ʓ̤�̝ ɭ̤̚ɭɡ̯ʓˉʅ�
˝̸̝�ʓˉ̯ɭˉ̯੔�ɀˉɧ�̯ʎʓ̤�ʅ˝ɭ̤�͔ɭ̝͛�ɡʴ˝̤ɭ�̯˝�͕ʎɀ̯�
Ô˝̝͛�͕ɀ̤�̤ɀ͛ʓˉʅ�ɀɠ˝̸̯�̤̯ɀ̯ɭ�˝ʄ�ʽʓˉɧ੓�Đ̋ ̸�
̝ɭɀʴʴ͛�͕ ɀˉ̯�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�ʓˉ�̯ ʎɭ�̤ ̤̯͛ɭʽ�̯ ˝�
̝ɭ̝̚ɭ̤ɭˉ̯�̯ ʎɭ�̤ ̯ɀ̯ɭ�̋ ʄ�̔ ʓˉɧ�̯ ʎɀ̯�͕ ɭ�͕ ɀˉ̯�̯ ˝�
ʎɀ͔ɭ�ɀ̤�̋ ̸̝�͔ ɀʴ̸ɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ੓�R�̔ ɭˉ̯ʓ˝ˉɭɧ�
ʎɀ͔ʓˉʅ�̯ ˝�ɭʽɠɭɧ�̯ ̸̝̤̯�ɀˉɧ�ɭ̯ʎʓɡ̤�͕ ʓ̯ʎʓˉ�̯ ʎɭ�
ʽɀɡʎʓˉɭ੓�Ċɭ�̄ ɭɭɧ�̯ ˝�ɧ˝�̯ ʎɀ̯�ɠɭɡɀ̸̤ɭ�̋ ʄ�̯ ʎɭ�
̯ʓʽɭ�ʄ̝ɀʽɭ̤�ɀ̯�͕ ʎʓɡʎ�̯ ʎʓˉʅ̤�ʎɀ̚̚ɭˉ੓�Û˝੔�ʄ˝̝�
ɭ͚ɀʽ̚ʴɭ੔�R�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ɀ�̤ ̤̯͛ɭʽ�ʄ˝̝�̤ ͕ɭɭ̚-
ʓˉʅ�ɧɭʄɭˉɡɭ�̯ʎɀ̯�ʎɀɧ�̯˝�ʽɀʯɭ�ɧɭɡʓ̤ʓ˝ˉ̤�ʓˉ�
̯͕˝�ʽʓʴʴʓ̤ɭɡ˝ˉɧ̤੓�Юɭ̝ɭ�ʓ̤�ˉ˝�ɡʎɀˉɡɭ�̯ʎɀ̯�ɀ�
̚ɭ̝̤˝ˉ�ʓ̤�ʅ˝ʓˉʅ�̯˝�ɠɭ�ɀɠʴɭ�̯˝�ɠɭ�ʓˉ͔˝ʴ͔ɭɧ�ʓˉ�
̯ʎɀ̯�̤˝̝̯�˝ʄ�ɧɭɡʓ̤ʓ˝ˉ઀ʽɀʯʓˉʅ੓�Û˝੔�ʓ̯ઑ̤�̝ɭɀʴʴ͛�
ʓʽ̚˝̝̯ɀˉ̯� ̯ʎɀ̯�͕ɭ� ̯ɀʯɭ� ˝̸̝� ɡ˝ˉɡɭ̯̤̚� ˝ʄ�
̸̯̝̤̯�ɀˉɧ�ɭ̯ʎʓɡ̤�ɀˉɧ�̤̯ɀ̝̯�ɭʽɠɭɧɧʓˉʅ�̯ʎɭʽ�
ʓˉ̤ʓɧɭ�ɡ˝ʽ̸̯̚ɭ̝ʓ̤ɭɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯̤�ʓˉ�̋ ̝ɧɭ̝�
̯˝�ʽɀʓˉ̯ɀʓˉ�ɡ˝ˉ̯̝˝ʴ੔�ʓʄ�͛˝̸�ʴʓʯɭ੔�˝͔ɭ̝�̯ʎɭ�
ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�̤̤̯͛ɭʽ̤�̯ʎɀ̯�ɀ̝ɭ�ɀɡ̸̯ɀʴʴ͛�ɡ˝ˉ-
̯̝˝ʴʴʓˉʅ�ɭ͔ɭ̝̯͛ʎʓˉʅ�ˉ˝ ੓͕
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Ô˝̝ ੔͛�R�ɀʽ�ʅ˝ʓˉʅ�̯˝�ɀ̤ʯ�
͛˝̸�̯ʎɭ�ʽ˝̝ɭ�ʅɭˉɭ̝ɀʴ�Ό̸ɭ̤̯ʓ˝ˉ�˝ʄ�̯ʎɭ�ʓˉ̯ɭ̝-
̚ʴɀ͛�ɠɭ̯͕ɭɭˉ�ɭˉɡ̝̯͛̚ʓ˝ˉ�ɀˉɧ�̯ʎɭ�ɀɠʓʴʓ̯͛�̯˝�
̸̤̝͔ɭ͛�˝̝�̤ɭˉ̤ɭ�̯ʎɭ�͕˝̝ʴɧ�ɀ̝˝̸ˉɧ�̸̤੓�Ċʎɀ̯�
ɧ˝�͛˝̸�̯ʎʓˉʯ�̯ʎɭ�ɡ˝ˉ̤ɭΌ̸ɭˉɡɭ̤�ɀ̝ɭ�˝ʄ�ʴʓʽʓ̯-
ʓˉʅ�ɀɡɡɭ̤̤�̯ ˝�ɭˉɡ̝̯͛̚ʓ˝ˉ�ɀˉɧ�̋ ̝�̯ ʎɭ�ʓˉ̯ɭ̝̚ʴɀ͛�
ɠɭ̯͕ɭɭˉ�̝̚ʓ͔ɀɡ͛�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛ਗ਼
RM:� � R̯ઑ̤� ɀ� ʅ̝ɭɀ̯�Ό̸ɭ̤̯ʓ˝ˉ੔� ɀˉɧ�˝ˉɭ� ̯ʎɀ̯�
̝ɭɀʴʴ͛�ʄ̸̝̤̯̝ɀ̯ɭ̤�̚ ˝ʴʓɡ͛ʽɀʯɭ̝̤੓�Юɭ̝ɭ�ɀ̝ɭ�̯ ɭˉ-
̤ʓ˝ˉ̤�̯ ʎɀ̯�͕ ɭઑ͔ɭ�ʅ˝̯�̯ ˝�̄ ɀ͔ʓʅɀ̯ɭ�ʎɭ̝ɭ�ɀ̤�ɀ�ɹ ʓɠ-
ɭ̝ɀʴ�ɧɭʽ˝ɡ̝ɀɡ ੓͛��ˉ�˝ˉɭ�ʎɀˉɧ੔�͕ɭ�̤ʎ˝̸ʴɧ ઑ̯̄�
ʎɀ͔ɭ�ɀˉ͛�ʓʴʴ̸̤ʓ˝ˉ̤�̯ʎɀ̯�ɠ͛�̝ɭ̤̯̝ʓɡ̯ʓˉʅ�̯ʎɭ�
ɀɠʓʴʓ̯͛�˝ʄ�˝̸̝�˝͕ˉ�̤ɭɡ̸̝ʓ̯͛�ɭ̤̯ɀɠʴʓ̤ʎʽɭˉ̯̤�
̯˝�ɀɡɡɭ̤̤�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤੔�̯˝�ɠɀ̤ʓɡɀʴʴ͛�ɡ˝઀˝̯̚�
̯ʎɭ�̚ ̝ʓ͔ɀ̯ɭ�̤ ɭɡ̯˝ ੔̝�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʓˉ�ɀɡɡɭ̤̤ʓˉʅ�
ɧɀ̯ɀ੔�̯ʎɀ̯�̤˝ʽɭʎ˝͕�͕ɭઑ̝ɭ�ʅ˝ʓˉʅ�̯˝�ɀɡʎʓɭ͔ɭ�
ɡ˝ʽ̚ʴɭ̯ɭ�̝̚ʓ͔ɀɡ͛�˝̝�ɡ˝ʽ̚ʴɭ̯ɭ�̝̚˝̯ɭɡ̯ʓ˝ˉ�
˝ʄ�˝̸̝�ʴʓɠɭ̝ɀʴ�ɧɭʽ˝ɡ̝ɀ̯ʓɡ�͔ɀʴ̸ɭ̤੓�Юɭ̝ɭઑ̤�ɀ�
͔ɭ̝͛�ɡ˝ʽ̚ɭ̯ʓ̯ʓ͔ɭ�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯੓�
Ċʎɀ̯ɭ͔ɭ̝�ɡ˝ˉ̤̯̝ɀʓˉ̯̤�͕ɭ�̸̯̚�˝ˉ�˝̸̝�˝͕ˉ�
̤ɭɡ̸̝ʓ̯͛�ɀʅɭˉɡʓɭ̤੔�̯ ˝�̤ ˝ʽɭ̯ʓʽɭ̤�ɡ˝ʽ̝̚˝ʽʓ̤ɭ�
ɡʓ͔ʓʴ�ʴʓɠɭ̝̯ʓɭ̤�˝̝�ɡ˝ʽ̝̚˝ʽʓ̤ɭ�̝̚ʓ͔ɀɡ͛�ʓˉ�̯ʎɭ�

ʓˉ̯ɭ̝ɭ̤̯̤�˝ʄ�ˉɀ̯ʓ˝ˉɀʴ�̤ɭɡ̸̝ʓ̯ ੔͛�̯ʎɭ̝ɭ�͕ʓʴʴ�ɠɭ�
ɀ̸̯ʎ˝̝ʓ̯ɀ̝ʓɀˉ�̚˝͕ɭ̝̤�˝̸̯�̯ʎɭ̝ɭ�͕ʎ˝�ʎɀ͔ɭ�
ɀɠ̤˝ʴ̸̯ɭʴ͛�ˉ˝�̸̤ɡʎ�ɡ˝ʽ̸̚ˉɡ̯ʓ˝ˉ̤੓�R�ɀʴ͕ɀ̤͛�
пˉɧ�ʓ̯�̤̯̝ɀˉʅɭ�̯ʎɀ̯�͕ɭઑʴʴ�ʎɀ͔ɭ�̚ɭ˝̚ʴɭ�͕ʎ˝�
̸ˉɧɭ̝̤̯ɀˉɧɀɠʴ͛�ɀ̯�˝ˉɭ�ʴɭ͔ɭʴ�ɀ̝ɭ�̝ɭɀʴʴ͛�ɡ˝ˉ-
ɡɭ̝ˉɭɧ�ɀɠ˝̸̯�̸̤̝͔ɭʓʴʴɀˉɡɭ�ɠ͛�ʓˉ̯ɭʴʴʓʅɭˉɡɭ�
ɀʅɭˉɡʓɭ̤�˝̚ɭ̝ɀ̯ʓˉʅ�̸ˉɧɭ̝�̯ʎɭ�̸̝ʴɭ�˝ʄ�ʴɀ͕�ʓˉ�
ɀ�ɧɭʽ˝ɡ̝ɀ̯ʓɡ�̤̤̯͛ɭʽ੔�ɠ̸̯�ɀ̯�̯ʎɭ�̤ɀʽɭ�̯ʓʽɭ੔�
̯ʎɭ͛ઑ̝ɭ�͔ɭ̝͛�ʎɀ͛̚̚�̯˝� ̤ʎɀ̝ɭ�̝̚ɭ̯̯͛�ʽ̸ɡʎ�
̯ʎɭʓ̝�ɭˉ̯ʓ̝ɭ�̚ɭ̝̤˝ˉɀʴ�ɧɀ̯ɀ�͕ʓ̯ʎ�ɡ˝ʽʽɭ̝ɡʓɀʴ�
ɭˉ̯ʓ̯ʓɭ̤�̯ʎɀ̯�ʽʓʅʎ̯�ʎɀ͔ɭ�̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̤̚�͕ʓ̯ʎ�
ɀ̸̯ʎ˝̝ʓ̯ɀ̝ʓɀˉ�̤̯ɀ̯ɭ̤੓
Ċɭ� ˉɭɭɧ� ̯˝� пˉɧ� ɀ� ˉɭ͕� ɠɀʴɀˉɡɭ� ʎɭ̝ɭ੔�

ɀˉɧ� R� ̯ʎʓˉʯ� ̯ʎɀ̯� ɠɀʴɀˉɡɭ� ʓ̤� ʅ˝ʓˉʅ� ̯˝� ɠɭ�
̸̤̯̝ɡʯ�̯ʎ̝˝̸ʅʎ�ɡ˝ˉ̤̯ɀˉ̯�̚˝ʴʓ̯ʓɡɀʴ�̤ɡ̸̝̯ʓˉ͛�
̯ʎ̝˝̸ʅʎ� ɭˉʅɀʅɭʽɭˉ̯� ͕ʓ̯ʎ� ̯ʎɭ� ̚˝ʴʓ̯ʓɡɀʴ�
̝̚˝ɡɭ̤̤૆ઃ૆̚ɀ̝ʴʓɀʽɭˉ̯ɀ̝͛�ɡ˝ʽʽʓ̯̯ɭɭ̤�ɀˉɧ�
̤˝�ʄ˝̝̯ʎ੓�!ɭʓˉʅ�ɀɠʴɭ�̯ ˝�̝ ɭɀʴʴ͛�ɡʎɀʴʴɭˉʅɭ�ʓˉ̯ɭʴ-
ʴʓʅɭˉɡɭ�ɀʅɭˉɡʓɭ̤�̯˝�ʫ̸̤̯ʓʄ͛�̯ʎɭ�̚˝͕ɭ̝̤�̯ʎɀ̯�
̯ʎɭ͛�ʎɀ͔ɭ੔�ɠ̸̯�ɀ̯�̯ʎɭ�̤ɀʽɭ�̯ʓʽɭ੔�̯˝�ɠɭ�͔ɭ̝͛�
˝̚ɭˉ�ɀɠ˝̸̯�̯ʎɭ�̯̝ɀɧɭ઀˝а̤�͕ɭ�ʽɀʯɭ੓
R�̸̤ɭ�ɭ͚ɀʽ̚ʴɭ̤�̸̤ɡʎ�ɀ̤�̯ʎɭ�ɧ̝ɭɀɧʄ̸ʴ�̯ɭ̝-

̝˝̝ʓ̤̯�ɀ̯̯ɀɡʯ�ʓˉ�"ʎ̝ʓ̤̯ɡʎ̸̝ɡʎ�̤ ˝ʽɭ�͛ ɭɀ̝̤�ɀʅ˝�
by an Australian national, but also terror-
ʓ̤̯�̚ʴ˝̯̤�̯ʎɀ̯�ɀ̝ɭ�̝ɭʅ̸ʴɀ̝ʴ͛�ɠɭʓˉʅ�ʄ̸̝̤̯̝ɀ̯ɭɧ�
˝̝�̸ˉɡ˝͔ɭ̝ɭɧ੓�R̯ઑ̤�ʅ˝ʓˉʅ�̯˝�ɠɭ�͔ɭ̝͛�ɧʓдɡ̸ʴ̯�
̯˝�̯ɀʴʯ�ɀɠ˝̸̯�̝̚˝̯ɭɡ̯ʓ˝ˉ�˝ʄ�̝̚ʓ͔ɀɡ͛�͕ʎɭˉ�
ɠɭʓˉʅ�ɀɠʴɭ�̯˝�ɀɡɡɭ̤̤�ɭˉɡ̝̯͛̚ɭɧ�ɧɀ̯ɀ�͕˝̸ʴɧ�
ʎɀ͔ɭ�̝̚ɭ͔ɭˉ̯ɭɧ�̸̤ɡʎ�ɀ̯̯ɀɡʯ̤੓�Юʓ̤�ʓ̤�ʅ˝ʓˉʅ�
̯˝�ɠɭ�ɀ�ɡ˝ˉ̤̯ɀˉ̯�ɡʎɀʴʴɭˉʅɭ੔�ɀˉɧ�͕ɭઑ̝ɭ�ʅ˝ʓˉʅ�
̯˝�ʎɀ͔ɭ�̯˝�ʎɀ͔ɭ�͔ɭ̝͛�˝̚ɭˉ�ɡ˝ˉ͔ɭ̝̤ɀ̯ʓ˝ˉ̤�ʓˉ�
̯ʎɭ�̚˝ʴʓ̯ʓɡɀʴ�̝̚˝ɡɭ̤̤�ɀɠ˝̸̯�ʓ̯੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕� (ɀʴɭ੔� ʓˉ� ̯ʎɭ�͕˝̝ʴɧ� ˝ʄ�
̤ɭɡ̸̝ʓ̯ ੔͛� ʓ̯ઑ̤�˝оɭˉ�̤̯ɀ̯ɭɧ�̯ʎɀ̯�̚ɭ˝̚ʴɭ�ɀ̝ɭ�
̤˝ʽɭ�˝ʄ�̯ʎɭ�͕ɭɀʯɭ̤̯�̚˝ʓˉ̯̤�ʓˉ�̯ʎɭ�̤ɭɡ̸̝ʓ̯͛�
˝ʄ�̤̤̯͛ɭʽ̤੓�Û˝�ʎ˝͕�ɡɀˉ�͕ɭ�ʎɭʴ̚�ʓˉɧʓ͔ʓɧ̸ɀʴ̤੔�
˝ʴɧ�ɀˉɧ�͛˝̸ˉʅ੔�̯˝�ʎɀ͔ɭ�ʽ˝̝ɭ�̤ʯʓʴʴ̤�ʓˉ�̤ɭɡ̸-
̝ʓ̯͛�̯ʎ̝˝̸ʅʎ�̯ʎɭ�ˉɭ͚̯�ɧɭɡɀɧɭ̤ਗ਼
(m੕�Юɭ�̤ʎ˝̝̯�ɀˉ̤͕ɭ̝� ʓ̤�ɭɧ̸ɡɀ̯ʓ˝ˉ੔�˝ɠ͔ʓ-
˝̸̤ʴ ੓͛��ˉɧ�͕ɭ�ʎɀ͔ɭ�̯ʎʓˉʅ̤�ʴʓʯɭ�̯ʎɭ��̸̤̯̝ɀʴ-
ʓɀˉ�Ûʓʅˉɀʴ̤�(ʓ̝ɭɡ̯˝̝ɀ̯ɭઑ̤�઎.̤̤ɭˉ̯ʓɀʴ�.ʓʅʎ̯એ�
̯ʎɀ̯�̚ɭ˝̚ʴɭ�̤ʎ˝̸ʴɧ�̝̚ɀɡ̯ʓ̤ɭ੔�ɠ̸̯�ʓ̯ઑ̤�ʽ˝̝ɭ�
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ɡ˝ʽ̚ʴʓɡɀ̯ɭɧ�̯ʎɀˉ�̯ʎɀ̯੓�R̯ઑ̤�ɀɠ˝̸̯�ɭ͚̚˝̤ʓˉʅ�
̯ʎɭ�ɭ͚̯ɭˉ̯�̯˝�͕ʎʓɡʎ�̚ɭ˝̚ʴɭ�ɀ̝ɭ�̸͔ʴˉɭ̝ɀɠʴɭ�
ʓˉ�̯ʎɭ�̯ʎʓˉʅ̤�̯ʎɭ͛�ɧ˝੓�D˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʓˉ�̯ʎɭ�
̝̚ɭ͔ʓ˝̸̤�Ό̸ɭ̤̯ʓ˝ˉ�ɀɠ˝̸̯�ɭˉɡ̝̯͛̚ʓ˝ˉ੔�̚ ɭ˝̚ʴɭ�
ʽɀ͛�̄ ˝̯�ɀ̝̚̚ɭɡʓɀ̯ɭ�̯ ʎɭ�ʄɀɡ̯�̯ ʎɀ̯�ɭ͔ɭˉ�͕ ʎɭˉ�
͛˝̸�ʎɀ͔ɭ�ɭˉɡ̝̯͛̚ɭɧ�ɧɀ̯ɀ੔�͛ ˝̸�ɡɀˉ�ɀˉɀʴ̤͛ɭ�̯ ʎɭ�
̚ɀɡʯɭ̯�р˝͕̤�˝ʄ�̯ʎɭ�ɭˉɡ̝̯͛̚ɭɧ�ɧɀ̯ɀ�ʓˉ̤ʓɧɭ�
̯ʎɭ� ɡ˝ʽʽ̸ˉʓɡɀ̯ʓ˝ˉ� ˉɭ̯͕˝̝ʯ̤੔� ɀˉɧ� ͛˝̸�
̤̯ɀˉɧ�ɀ�͔ɭ̝͛�ʅ˝˝ɧ�ɡʎɀˉɡɭ�˝ʄ�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�
͕ʎɀ̯�̯ʎɭ͛�ɀ̝ɭ�ɧ˝ʓˉʅ੓
�ˉɭ� ɭ͚ɀʽ̚ʴɭ� ʓ̤� ɀɠ˝̸̯� �ɧ͔ɭ̝̤ɀ̝ʓɀʴ�

vɀɡʎʓˉɭ�mɭɀ̝ˉʓˉʅ੔�͕ ʎʓɡʎ�ʓ̤�͕ ʎɭ̝ɭ�͛ ˝̸�ʓˉ̤ɭ̝̯�
ɧɀ̯ɀ�ʓˉ̯˝�̯ʎɭ�ɧɀ̯ɀ�̤̯̝ɭɀʽ�͔ɭ̝͛�ɧɭʴʓɠɭ̝ɀ̯ɭʴ͛�
̯˝�ɡɀ̸̤ɭ�̯ʎʓˉʅ̤�̯˝�ɀ̚̚ɭɀ̝�ɀˉɧ�ɧʓ̤ɀ̚̚ɭɀ̝�ʓˉ�
̯ʎɭ� ˝̸̯ɡ˝ʽɭ� ʄ̝˝ʽ� ̯ʎɭ�ʽɀɡʎʓˉɭ઀ʴɭɀ̝ˉʓˉʅ�
ɀʴʅ˝̝ʓ̯ʎʽ੓�Đ̋ ̸�ɡɀˉ�ɡ˝ˉ̯̝˝ʴ�̯ʎɭ�ɡ˝ˉɡʴ̸̤ʓ˝ˉ̤�
˝ʄ� ̯ʎɭ� ɀʴʅ˝̝ʓ̯ʎʽ� ɠ͛� ʓˉʫɭɡ̯ʓˉʅ� ɧɀ̯ɀ� ʓˉ̯˝�
̯ʎɭ�̤̤̯͛ɭʽ੓�Юɭ̝ɭઑ̤�ɀʴʴ�̯ʎʓ̤�̸̤̯а�̯ʎɀ̯�ʽ˝̤̯�
̚ɭ˝̚ʴɭ�̝̚˝ɠɀɠʴ͛�ɀ̝ɭ ઑ̯̄�ɀ͕ɀ̝ɭ�˝ʄ੓�Ñɀ̝̯�˝ʄ�̯ʎɭ�
ʅɀʽɭ�ʓ̤�ʽɀʯʓˉʅ�̯ʎ˝̤ɭ�̯ʎʓˉʅ̤�ʽ˝̝ɭ�ɭ͚̚˝̤ɭɧ�
̤˝� ̚ɭ˝̚ʴɭ� ̸ˉɧɭ̝̤̯ɀˉɧ� ͕ʎɀ̯� ̯ʎɭ� ̸͔ʴˉɭ̝-
ɀɠʓʴʓ̯ʓɭ̤�ɀ̝ɭ੓��ˉ�̯ʎɭ�ʎ̸ʽɀˉ�̤ʓɧɭ੔�͕ɭ�ʎɀ͔ɭ�
ɀ�̯ɭɀʽ�˝ʄ�̤͛̚ɡʎ˝ʴ˝ʅʓ̤̯̤�ʓˉ�˝̸̝�˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ�
͕ʎ˝�ɡɀˉ�̸̝ˉ�ɀ�ɠ̸ˉɡʎ�˝ʄ�ʓˉ̸̤̯̝ʽɭˉ̯̤�̯ʎɀ̯�
͕ʓʴʴ�ɀ̤̤ɭ̤̤�̤˝ʽɭ˝ˉɭઑ̤�̸͔ʴˉɭ̝ɀɠʓʴʓ̯͛�̯˝�̯ʎɭ̤ɭ�
̯ʎʓˉʅ̤੔�ɠɀ̤ɭɧ�̋ ˉ�̯ ʎɭʓ̝�̚ ɭ̝̤˝ˉɀʴʓ̯͛�̯ ͛̚ɭ̤੓�Юʓ̤�
ʎɀ̤�ɠɭɭˉ�̸̤ɭɧ�ʓˉ�͔ɀ̝ʓ˝̸̤�˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ̤੓�Ċɭ�
ɧ˝ ઑ̯̄�̸ ̤ɭ�ʓ̯�̯ ˝�ʅ˝�ʓˉ�ɀˉɧ�̤ ɀ͛�઎̤ɀɡʯ�̯ ʎʓ̤�̚ ɭ̝̤˝ˉ�
ɠɭɡɀ̸̤ɭ�̯ʎɭ͛ઑ̝ɭ�ɀ�̝ʓ̤ʯ੔એ�ɠ̸̯�ʓ̯�ʎɀ̤�ɠɭɭˉ�̸̤ɭɧ�
̯˝�ʅʓ͔ɭ�ɀˉ�˝͔ɭ̝ɀʴʴ�̝̚˝пʴɭ�˝ʄ�͕ʎɀ̯�̯ʎɭ�̝ʓ̤ʯ�
ʓ̤�ʴʓʯɭ�͕ʓ̯ʎʓˉ�ɀ�̚ɀ̝̯ʓɡ̸ʴɀ̝�˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ੓�Û˝੔�
̯ʎɭ�̝ɭ̸̤ʴ̯̤�˝ʄ�̯ʎɭ�ʓˉɧʓ͔ʓɧ̸ɀʴ̤�ɀ̝ɭ�ʽɀ̤ʯɭɧ੔�
ɠ̸̯�̯ʎɭ�˝͔ɭ̝ɀʴʴ�̸̤ʽʽɀ̝͛�˝ʄ�̯ʎɭ�̝ʓ̤ʯ�˝ʄ�̯ʎɀ̯�
ɀʅɭˉɡ͛�ʓ̤�̝ɭ͔ɭɀʴɭɧ੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕��ˉɭ�˝ʄ�̯ʎɭ�̯ʎʓˉʅ̤�ɀɠ˝̸̯�
ɡ͛ɠɭ̝̤ɭɡ̸̝ʓ̯͛�ʓ̤�͕ɭ�ɧ˝ ઑ̯̄�ɭ͔ɭ̝�ɀ̝̝ʓ͔ɭ�ɀ̯�ɀ�
ɡ͛ɠɭ̝઀̤ɭɡ̸̝ɭ� ɭˉ͔ʓ̝˝ˉʽɭˉ̯੓� R̯ઑ̤� ɀˉ� ˝ˉʅ˝-
ʓˉʅ�ɀɡ̯ʓ͔ʓ̯͛�ɠɭɡɀ̸̤ɭ�̯ʎɭ�͕˝̝ʴɧ�ʓ̤�ɡʎɀˉʅʓˉʅ�
ɀ̝˝̸ˉɧ� ̸̤� ɀˉɧ� ʓ̯ઑ̤� ɀ� ͔ɭ̝͛� ɧ͛ˉɀʽʓɡ� ɭˉ͔ʓ-
̝˝ˉʽɭˉ̯੓�R�͕ɀˉ̯�̯˝�ʅɭ̯�ɠɀɡʯ�̯˝�ɀ�Ό̸ɭ̤̯ʓ˝ˉ�
ɀ̝˝̸ˉɧ�̯ ̸̝̤̯�ɀˉɧ�ɭ̯ʎʓɡ̤੓�(˝ɭ̤�ʓ̯�̝ ɭΌ̸ʓ̝ɭ�ɧɀ̯ɀ�
ɀˉɧ�ɡ˝ʽ̸̯̚ɭ̝�ɭˉʅʓˉɭɭ̝̤�̯˝�ʎɀ͔ɭ�ɀ�ɠɭ̯̯ɭ̝�

̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̋ ʄ�ɭ̯ʎʓɡ̤੔�̯ ʎɭ�̝ ̸ʴɭ�̋ ʄ�ɹ ɀ͕�ɀˉɧ�
˝̯ʎɭ̝�ʄ˝̸ˉɧɀ̯ʓ˝ˉɀʴ�͔ɀʴ̸ɭ̤ਗ਼�Юɀ̯ઑ̤�̯ʎɭ�ɀ̸ɧʓ-
ɭˉɡɭ�Ό̸ɭ̤̯ʓ˝ˉ੔�ɠ̸̯�ɀ̤�ɀ�ʄ˝ʴʴ˝͕�˝ˉ૆੗૆ʎ˝͕�ɧ˝�
͕ɭ�ɭˉ̸̤̝ɭ੔�˝͔ɭ̝�̯ʎɭ�ɧɭɡɀɧɭ̤�˝ʄ�̯ʎɭ�ʄ̸̸̯̝ɭ੔�
̯ʎɀ̯�͕ɭ�ɀ̝ɭ�ɧ˝ʓˉʅ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̯ʎʓˉʅ̤�͕ʓ̯ʎ�
̯ɭɡʎˉ˝ʴ˝ʅ ੔͛� ̤̚ɭɡʓпɡɀʴʴ͛� ̯ʎʓˉʯʓˉʅ� ɀɠ˝̸̯�
ɧɭʄɭˉɡɭ�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛ਗ਼
Ċɭ�ʎɀ͔ɭ�ʎɭɀ̝ɧ�ɀɠ˝̸̯�̯ ʎɭ�ɡ˝̸ˉ̯̝ʓɭ̤�̯ ɀʯʓˉʅ�

ʽ˝̝ɀ̯˝̝ʓɀ� ˝ˉ� ɀ̸̯˝ˉ˝ʽ˝̸̤� ͕ɭɀ̚˝ˉ̤੔� ʄ˝̝�
ɭ͚ɀʽ̚ʴɭ੓�Юɭ̤ɭ�ɀ̝ɭ�̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�͕ʎʓɡʎ�͕ɭ�
͕ʓʴʴ�ˉ˝̯�̸̤ɭ੓�Юɭ�ɭ̯ʎʓɡ̤�ʓ̤�͔ɭ̝͛�ɡʴɭɀ̝�ʓˉ�ɀ�
̤ʓ̸̯ɀ̯ʓ˝ˉ� ʴʓʯɭ� ̯ʎɀ̯૆ઃ૆̸ˉ̯ʓʴ� ͛˝̸� ʎɀ͔ɭ� ̯ɭˉ-
̤ʓ˝ˉ̤� ͕ʓ̯ʎ� ɀˉ˝̯ʎɭ̝� ɡ˝̸ˉ̯̝͛� ̯ʎɀ̯� ͕˝ ઑ̯̄�
̯ɀʯɭ�̯ʎɀ̯�ʽ˝̝ɀ̯˝̝ʓ̸ʽ੓�!̸̯�ɠɭ̯͕ɭɭˉ�̯ʎ˝̤ɭ�
ɠʴɀɡʯ઀ɀˉɧ઀͕ʎʓ̯ɭ�ɡɀ̤ɭ̤੔�ʎ˝͕�ɧ˝�͕ɭ�ɭˉ̸̤̝ɭ�
̯ʎɀ̯�͕ɭઑ̝ɭ�ɧ˝ʓˉʅ�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�̯ʎʓˉʅ̤�͕ʓ̯ʎ�
̯ɭɡʎˉ˝ʴ˝ʅ͛�˝͔ɭ̝�̯ʎɭ�ɡ˝ʽʓˉʅ�ɧɭɡɀɧɭ̤ਗ਼�R̤�ʓ̯�
ɀ�̤ʓʽ̚ʴɭ�ʽɀ̯̯ɭ̝�˝ʄ�ʽɀʯʓˉʅ�̸̤̝ɭ�̯ʎɀ̯�ɡ˝ʽ-
̸̯̚ɭ̝�ɭˉʅʓˉɭɭ̝̤�ʎɀ͔ɭ�ɭ̯ʎʓɡ̤�ɀˉɧ�̸̝ʴɭ઀˝ʄ઀ʴɀ͕�
̯̝ɀʓˉʓˉʅ�ɠɭʄ˝̝ɭ�̯ʎɭ͛ઑ̝ɭ�̝ɭʴɭɀ̤ɭɧ�˝ˉ�ɠʓ̯̤�ɀˉɧ�
ɀʴʅ˝̝ʓ̯ʎʽ̤ਗ਼��̝�ʓ̤�ʓ̯�̤˝ʽɭ̯ʎʓˉʅ�ɭʴ̤ɭਗ਼
RM:�!̝˝ɀɧʴ ੔͛�ʓ̯ઑ̤�ɀ�̤ɭʴʄ઀ɀˉ̤͕ɭ̝ʓˉʅ�Ό̸ɭ̤̯ʓ˝ˉ੓�
R̯ઑ̤�ɀˉ�ʓʽ̚˝̝̯ɀˉ̯�Ό̸ɭ̤̯ʓ˝ˉ੓�R�̯ ʎʓˉʯ�̯ ʎɭ�̤ ʎ˝̝̯�
ɀˉ̤͕ɭ̝�ʓ̤�ɀɠ̤˝ʴ̸̯ɭʴ͛�ʓˉ�̯ɭɡʎˉ˝ʴ˝ʅ͛�ɧɭ̤ʓʅˉ੖�
͕ʎɭ̯ʎɭ̝� ̯ʎɀ̯�ɧɭ̤ʓʅˉ� ʓ̤�˝ɡɡ̸̝̝ʓˉʅ� ʓˉ��̸̤-
̯̝ɀʴʓɀ�˝̝�˝̯ʎɭ̝�ɧɭʽ˝ɡ̝ɀɡʓɭ̤�˝̝�͕ʎɭ̯ʎɭ̝�ʓ̯ઑ̤�
̯ɭɡʎˉ˝ʴ˝ʅʓɭ̤�͕ɭઑ̝ɭ�ʽɀʯʓˉʅ�̸̤ɭ�˝ʄ੓
�ʄ�ɡ˝̸̝̤ɭ੔�ɭ̯ʎʓɡɀʴ�̝̚ʓˉɡʓ̚ʴɭ̤�ˉɭɭɧ�̯˝�ɠɭ�

̝ɀʓ̤ɭɧ�ɀˉɧ�ɀɧɧ̝ɭ̤̤ɭɧ�ʓˉ�̯ ʎɭ�ɧɭ̤ʓʅˉ�̚ ʎɀ̤ɭ੓�!̸̯�
ʓ̯ઑ̤�ˉ˝̯�ɭˉ˝̸ʅʎ�̯˝�̸̯̚�̯ʎɭ�˝ˉ̸̤�˝ˉ�ɧɭ̤ʓʅˉ੔�
˝ˉ�ɭˉʅʓˉɭɭ̝ʓˉʅ੓�R̯ઑ̤�̯ʎɭ�̸̤ɭ�˝ʄ�̯ɭɡʎˉ˝ʴ˝ʅ͛�
ɭ͔ɭ̝͛�ɧɀ͛�̯ ʎɀ̯ઑ̤�ʅ˝ʓˉʅ�̯ ˝�̝ ɭΌ̸ʓ̝ɭ�ɭ̯ʎʓɡɀʴ�ɧɭɡʓ-
̤ʓ˝ˉ̤�ɀˉɧ�̯ʎɀ̯�ɭ̯ʎʓɡɀʴ�̤ɭˉ̤ʓɠʓʴʓ̯͛�ˉɭɭɧ̤�̯˝�
ɠɭ�ʓˉ̤̯ʓʴʴɭɧ�ʓˉ�̚˝ʴʓɡ͛�ʴɭɀɧɭ̝̤�ɀˉɧ੔�ʄ̝ɀˉʯʴ ੔͛�
ʓˉ�˝̝ɧʓˉɀ̝͛�ɡʓ̯ʓͥɭˉ̤�ɀ̤�͕ɭ�ʽɀʯɭ�˝̸̝�˝͕ˉ�
ɧɭɡʓ̤ʓ˝ˉ̤�ɀɠ˝̸̯�̸̤ʓˉʅ�̯ɭɡʎˉ˝ʴ˝ʅ ੓͛
R̝˝ˉʓɡɀʴʴ ੔͛�ʽʓʴʓ̯ɀ̝ʓɭ̤�ɀ̝ɭ�˝оɭˉ�ɀʎɭɀɧ�˝ʄ�

̯ʎɭ�ɡ̸̝͔ɭ੓�.̯ʎʓɡɀʴ�̯̝ɀʓˉʓˉʅ�ɀˉɧ�ɀ͕ɀ̝ɭˉɭ̤̤�
ʓˉ�ʽʓʴʓ̯ɀ̝ʓɭ̤�ʓ̤�˝оɭˉ�ʽ̸ɡʎ�ʅ̝ɭɀ̯ɭ̝�̯ʎɀˉ�ʓˉ�
˝̯ʎɭ̝�̚ɀ̝̯̤�˝ʄ�̯ʎɭ�̚˝ʴʓɡ͛�ɀ̚̚ɀ̝ɀ̸̯̤�˝̝�ɡʓ͔ʓʴ�
̤˝ɡʓɭ̯͛�ʓˉ�ɧɭʽ˝ɡ̝ɀɡʓɭ̤੔�˝̝�ɡɭ̝̯ɀʓˉʴ͛�ʓˉ�̯ʎɭ�
̝̚ʓ͔ɀ̯ɭ�̤ ɭɡ̯˝ ੔̝�ɠɭɡɀ̸̤ɭ�̔ ʓʴʓ̯ɀ̝ʓɭ̤�ɀ̝ɭ�̔ ɀʯʓˉʅ�



110

Journal & Proceedings of the Royal Society of New South Wales
mɀʽɠɭ̝̯੔�vɭɧɡɀʴʄ૆ઃ૆Ûɀʄɭ̯͛�ɀˉɧ�̤ɭɡ̸̝ʓ̯͛�˝ʄ�˝̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ

ʴʓʄɭ઀ɀˉɧ઀ɧɭɀ̯ʎ� ɧɭɡʓ̤ʓ˝ˉ̤� ɭ͔ɭ̝͛� ɧɀ ੓͛� �ˉɧ�
͕ʎɭˉ�̯ʎɭ͛�ʅɭ̯�ʓ̯�͕̝˝ˉʅ�˝̝�ɧ˝�ʓ̯�͕̝˝ˉʅ੔�ɀ̤�
͕ɭઑ͔ɭ�̤ɭɭˉ�ʓˉ�ɡ̸̝̝ɭˉ̯�̤ɡ̸̝̯ʓˉ͛�˝ʄ�ɠɭʎɀ͔ʓ˝̸̝�
ɠ͛�ɀ�͔ɭ̝͛�̤ʽɀʴʴ�ˉ̸ʽɠɭ̝�˝ʄ�̤̚ɭɡʓɀʴ�ʄ˝̝ɡɭ̤�ʓˉ�
�ʄʅʎɀˉʓ̤̯ɀˉ੔�ʓ̯�ɠɭɡ˝ʽɭ̤�ɀ�ʽɀʫ˝̝�ˉɀ̯ʓ˝ˉɀʴ�
̤ɡɀˉɧɀʴ੓�Û˝੔�ɭ̯ʎʓɡɀʴ�̤ɭˉ̤ʓɠʓʴʓ̯ʓɭ̤�ʎɀ͔ɭ�ʅ˝̯�̯˝�
become mainstreamed.
(m੕�Ċ˝̸ʴɧ�R�ʴɭɀ͔ɭ�ʓ̯�̸̚�̯˝�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�
ɭˉʅʓˉɭɭ̝̤ਗ਼��ɠ̤˝ʴ̸̯ɭʴ͛�ˉ˝̯੓�Rઑʽ�ɀ�ʎ̸ʅɭ�ʄɀˉ�
˝ʄ�ʽ̸ʴ̯ʓɧʓ̤ɡʓ̚ʴʓˉɀ̝͛�ɀ̝̚̚˝ɀɡʎɭ̤�̯˝�̯ʎʓˉʅ̤੔�
ɀˉɧ�͕ ʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯ ˝�̤ ˝ʽɭ̯ʎʓˉʅ�ɹ ʓʯɭ�ɭʽɠɭɧ-
ɧʓˉʅ�ɭ̯ʎʓɡ̤�ʓˉ�ʽɀɡʎʓˉɭ̤੔�͛˝̸�ˉɭɭɧ�̯˝�̸ˉɧɭ̝-
̤̯ɀˉɧ�ɭ̯ʎʓɡ̤૆ઃ૆ɀˉɧ�ɭ̯ʎʓɡ̤� ʓ̤�ˉ˝̯� ʴʓʯɭ�ɀˉ͛�
˝̯ʎɭ̝�ɧʓ̤ɡʓ̚ʴʓˉɭ੓�.̯ʎʓɡ̤�ʓ̤ ઑ̯̄�ʫ̸̤̯�˝ˉɭ�̯ʎʓˉʅ�
̯ʎɀ̯�̚ɭ˝̚ʴɭ�̸ˉɧɭ̝̤̯ɀˉɧ੓�Юɭ̝ɭ�ɀ̝ɭ�ɧʓаɭ̝ɭˉ̯�
̤ɡʎ˝˝ʴ̤�˝ʄ�̯ʎ˝̸ʅʎ̯੓�Юɭ̝ɭ�ɀ̝ɭ��̝ʓ̤̯˝̯ɭʴʓɀˉ�
ɭ̯ʎʓɡ̤੔� ̯ʎɭ̝ɭ� ɀ̝ɭ� ɡ˝ˉ̤ɭΌ̸ɭˉ̯ʓɀʴʓ̤̯� ɭ̯ʎʓɡ̤੔�
̯ʎɭ̝ɭ�ɀ̝ɭ�iɀˉ̯ʓɀˉ�ɭ̯ʎʓɡ̤੓
Û˝੔�̚ɀ̝̯�˝ʄ�̯ʎɭ�ɡʎɀʴʴɭˉʅɭ�ʎɭ̝ɭ�ʓ̤�ˉ˝̯�ʫ̸̤̯�

ʎ˝͕�͛˝̸�ɡ˝ɧɭ�̯ʎʓ̤�̸̤̯а�̸̚૆ઃ૆ʓ̯ઑ̤�ɀʴ̤˝�͕ʎɀ̯�
ʯʓˉɧ� ˝ʄ� ɭ̯ʎʓɡ̤� ̯ʎɀ̯� ͛˝̸�͕ɀˉ̯� ̯˝� ʎɀ͔ɭ� ʓˉ�
͛˝̸̝� ̤̤̯͛ɭʽ੓�Юʓ̤� ʓ̤�Ό̸ʓ̯ɭ�ɀ� ̤ɭ̝ʓ˝̸̤�Ό̸ɭ̤-
̯ʓ˝ˉ੔�ɀˉɧ�R�̯ʎʓˉʯ�ʓ̯ઑ̤�ɀ�Ό̸ɭ̤̯ʓ˝ˉ�̯ʎɀ̯�̤ʎ˝̸ʴɧ�
ɠɭ� ɀɧɧ̝ɭ̤̤ɭɧ� ʅʴ˝ɠɀʴʴ͛૆ઃ૆ɀ� ɠʓ̯� ʴʓʯɭ� ͕ɭઑ̝ɭ�
ɧ˝ʓˉʅ�͕ʓ̯ʎ�ɡʴʓʽɀ̯ɭ�ɡʎɀˉʅɭ�ɀ̯�̯ʎɭ�ʽ˝ʽɭˉ̯੔�
͕ʎɭ̝ɭ�͕ɭઑ̝ɭ�̯̝͛ʓˉʅ�̯˝�ʅɭ̯�̯ʎɭ�͕˝̝ʴɧ�ɡ˝ʽ-
ʽ̸ˉʓ̯͛�̯˝�̤ʎɀ̝ɭ�ɀˉ�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ੓��̤�͕ɭ�
ʽ˝͔ɭ�ʄ˝̝͕ɀ̝ɧ�ʓˉ�̯ ʓʽɭ૆ઃ૆ɀ̤�̋ ̸̝�ɧʓʅʓ̯ɀʴ�ɡʎʓʴɧ�
ʅ̝˝͕̤�̸̚૆ઃ૆̯ʎʓ̤�ʓ̤�̤˝ʽɭ̯ʎʓˉʅ�͕ɭ�ɀʴ̤˝�͕ɀˉ̯�
̯ʎɭ�͕˝̝ʴɧ�ɡ˝ʽʽ̸ˉʓ̯͛�̯˝�ɭʽɠ̝ɀɡɭ�̤˝�̯ʎɀ̯�
͕ɭ�ʎɀ͔ɭ�ɀ�ɡ˝ʎɭ̝ɭˉ̯�̚˝ʴʓɡ͛�ɀ̝̚̚˝ɀɡʎ�ɀɡ̝˝̤̤�
̯ʎɭ�ˉɀ̯ʓ˝ˉ̤੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕��ˉ˝̯ʎɭ̝� Ό̸ɭ̤̯ʓ˝ˉ�ʎɀ̤�
ɡ˝ʽɭ� ʓˉ੔�͕ʎʓɡʎ� ɀ̤ʯ̤� ͛˝̸੕� ઎R̤� ̯ʎɭ̝ɭ� ɀ�ɧʓʄ-
ʄɭ̝ɭˉɡɭ�ɠɭ̯͕ɭɭˉ�̸̯̝̤̯�ɀˉɧ�̸̯̝̤̯͕˝̝̯ʎʓˉɭ̤̤੔�
͕ʎɭˉ�ʓ̯�ɡ˝ʽɭ̤�̯˝�ɧʓʅʓ̯ɀʴ�̤̤̯͛ɭʽ̤ਗ਼એ
(m੕�Đɭ̤੔�̚ ̝˝ɠɀɠʴ ੓͛�æ̸̝̤̯͕˝̝̯ʎʓˉɭ̤̤�ʓ̤�ɀ�̯ ɭ̝ʽ�
̯ʎɀ̯ઑ̤�ʓˉɡ̝ɭɀ̤ʓˉʅʴ͛�̸̤ɭɧ�ʓˉ�̯ʎɭ�ʽʓʴʓ̯ɀ̝͛�ɡ˝ˉ-
̯ɭ͚̯੓� R̯ઑ̤� ̝ɭɀʴʴ͛� ɀ̤ʯʓˉʅ੕� R̤� ̯ʎʓ̤� ɭΌ̸ʓ̚ʽɭˉ̯�
ʅ˝ʓˉʅ�̯˝�ɧ˝�͕ʎɀ̯�R�ɭ͚̚ɭɡ̯�ʓ̯�̯˝�ɧ˝ਗ਼�Ñɀ̝̯�˝ʄ�
̯ʎɀ̯�ʓ̤�ɀɠ˝̸̯�̯̝͛ʓˉʅ�̯˝�̝̚˝̯ɭɡ̯�͛˝̸̝�ɭΌ̸ʓ̚-
ʽɭˉ̯�ʄ̝˝ʽ�ɡ͛ɠɭ̝઀ɀ̯̯ɀɡʯ̤�ɀˉɧ�̯ʎʓˉʅ̤�˝ʄ�̯ʎɀ̯�

ʓʴʯ੓�æ̸̝̤̯੔�ʄ˝̝�ʽɭ੔�ʓ̤�ɀ�ɠ̝˝ɀɧɭ̝�ʓ̸̤̤ɭ੓��̤�R�
̯ɀʴʯɭɧ�ɀɠ˝̸̯�ɠɭʄ˝̝ɭ੔�ʓ̯�ʅ˝ɭ̤�͔ɭ̝͛�ʽ̸ɡʎ�̯˝�
Ô˝̝͛ઑ̤�ɡ˝ˉɡɭ̯̚�̋ ʄ�̤ ɭɡ̸̝ʓ̯͛�ɀ̤�ɀ�̤ ̯ɀ̯ɭ�̋ ʄ�̔ ʓˉɧ੓�
R�̤ ɭɭ�̯ ʎɀ̯�ɀ̤�ɀ�̔ ̸ɡʎ�̔ ˝̝ɭ�ʎ̸ʽɀˉ�ɀˉɧ�ʓˉ̯ɭˉ̯઀
ɧ̝ʓ͔ɭˉ�ɀɡ̯ʓ͔ʓ̯ ੓͛
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕�Юɭ�ʴɀ̤̯�ɀ̸ɧʓɭˉɡɭ�Ό̸ɭ̤-
̯ʓ˝ˉ� ʓ̤�ɀ�̤̯ɀ̯ɭʽɭˉ̯�̯ʎɀ̯�̯ʎɭ̝ɭ� ʓ̤�ɀ� ʄ̸ˉɧɀ-
ʽɭˉ̯ɀʴ�̝ʓ̤ʯ�̯ʎɀ̯�ɭˉɡ̝̯͛̚ɭɧ�ɧɀ̯ɀ�͕ʎʓɡʎ�ʓ̤�
̤̯˝ʴɭˉ�̯˝ɧɀ͛�͕ʓʴʴ�ɭ͔ɭˉ̸̯ɀʴʴ͛�ɠɭ�ɧɭɡ̝̯͛̚ɭɧ�
͕ʓ̯ʎ�̯˝ʽ˝̝̝˝͕ઑ̤�Ό̸ɀˉ̸̯ʽ�ɡ˝ʽ̸̯̚ɭ̝̤�ɀˉɧ�
̯ʎɭ�ʎɀ̝ʽ̤�͕ʓʴʴ�ɡ˝ʽɭ�̯˝ʽ˝̝̝˝ ੓͕�(˝�͛˝̸�̤ɭɭ�
̯ʎʓ̤�ɀ̤�ɀˉ�ʓ̸̤̤ɭਗ਼��ˉɧ�ʓʄ�̤˝੔�͕ʎɀ̯�̤ʎ˝̸ʴɧ�͕ɭ�
ɧ˝�ɀɠ˝̸̯�̯ʎʓ̤�̯˝ɧɀ͛ਗ਼
RM:�R�̯ʎʓˉʯ�̯ʎɀ̯�̯ʎɀ̯ઑ̤�ɀ�̝ɭɀ̤˝ˉɀɠʴɭ�Ό̸ɭ̤-
̯ʓ˝ˉ੓�Ċʎɀ̯੔�ʎ˝͕�ɀˉɧ�͕ʎɭˉ�͕ʓʴʴ�͕ɭ�ɀɡ̸̯-
ɀʴʴ͛�̤ɭɭ�Ό̸ɀˉ̸̯ʽ�ɭˉɡ̝̯͛̚ʓ˝ˉ�ɀˉɧ�Ό̸ɀˉ̸̯ʽ�
ɧɭɡ̝̯͛̚ʓ˝ˉ�̝ɭɀʴʓ̤ɭɧਗ਼�R̯ઑ̤�ɠɭɭˉ�ʽ̸ɡʎ�̝̚˝ʽ-
ʓ̤ɭɧ੔� ɠ̸̯� ʓ̯ઑ̤� ̤̯ʓʴʴ� ̤˝ʽɭ�͕ɀ͛� ˝а੓�!̸̯� ʫ̸̤̯�
ɠɭɡɀ̸̤ɭ� ɧɀ̯ɀ� ʓ̤� ɭˉɡ̝̯͛̚ɭɧ� ɧ˝ɭ̤ ઑ̯̄� ˉɭɡɭ̤-
̤ɀ̝ʓʴ͛�ʽɀʯɭ�ʓ̯�ʽ˝̝ɭ�ʓʽ̚˝̝̯ɀˉ̯੓�Юɭ̝ɭઑ̤�ɀˉ�
ɭˉ˝̝ʽ˝̸̤�ɀʽ˝̸ˉ̯�̋ ʄ�̸ ˉɭˉɡ̝̯͛̚ɭɧ�̔ ɀ̯ɭ̝ʓɀʴ�
˝̸̯�̯ʎɭ̝ɭ੔�˝̝�˝̚ɭˉ઀̤˝̸̝ɡɭ�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�˝̸̯�
̯ʎɭ̝ɭ੔�̯ʎɀ̯�ʓ̤�̚˝̯ɭˉ̯ʓɀʴʴ͛�ʓˉɡ̝ɭɧʓɠʴ͛�̸̤ɭʄ̸ʴ�
̯˝�ɀ�ʄ̸̸̯̝ɭ�ɀɧ͔ɭ̝̤ɀ̝͛�̋ ̝�̔ ɀʴʓʅˉ�ɀɡ̯˝̝�ʓʄ�̯ ʎɭ͛�
ɡɀˉ�ɀс̝ɭʅɀ̯ɭ�ʓ̯�ɀˉɧ�ʽɀʯɭ�̤ɭˉ̤ɭ�˝ʄ�ʓ̯੔�̚ɀ̝-
̯ʓɡ̸ʴɀ̝ʴ͛�͕ʓ̯ʎ��R�ɀˉɧ�ʽɀɡʎʓˉɭ�ʴɭɀ̝ˉʓˉʅ੓�Û˝੔�
ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�ʽ͛�̸ˉʓ͔ɭ̝̤ʓ̯͛�̤˝ʽɭ�͛ɭɀ̝̤�ɀʅ˝�
ʎɀɧ�ɀ�ʽɀʫ˝̝�ɡ͛ɠɭ̝�ɠ̝ɭɀɡʎ�̯ʎɀ̯�͕ɀ̤�̸̚ɠʴʓɡʴ͛�
̝ɭ̚˝̝̯ɭɧ੓��̯ʎɭ̝�̸ˉʓ͔ɭ̝̤ʓ̯ʓɭ̤੔�ɡ˝̝̚˝̝ɀ̯ʓ˝ˉ̤੔�
ʅ˝͔ɭ̝ˉʽɭˉ̯�ɀʅɭˉɡʓɭ̤੔�ʓˉɧʓ͔ʓɧ̸ɀʴ̤੔�ʎɀ͔ɭ�̯ ʎɭʓ̝�
ɧɀ̯ɀ�̯ ɀʯɭˉ�ɀʴʴ�̯ ʎɭ�̯ ʓʽɭ੓��ˉɧ�̔ ɀˉ͛�̋ ʄ�̸ ̤�͕ ʓʴʴ�
̤ɀ ੔͛�Ċɭʴʴ੔�̤˝�͕ʎɀ̯ਗ਼�R̯�ɧ˝ɭ̤ ઑ̯̄�ʽɀ̯̯ɭ ੓̝�Ċʎ˝�
ɡɀ̝ɭ̤�ʓʄ�͛˝̸�ʯˉ˝͕�͕ʎɭ̯ʎɭ̝�ʓ̯ઑ̤�ɀ�ɡ͛ɠɭ̝ɡ̝ʓʽʓ-
ˉɀʴ�˝̝�͕ʎɭ̯ʎɭ̝�ʓ̯ઑ̤�̤˝ʽɭ˝ˉɭ�̤ʓ̯̯ʓˉʅ�ʓˉ�ɀˉ�
˝дɡɭ�ʓˉ�ɀ�ʅ˝͔ɭ̝ˉʽɭˉ̯�ɠ̸ʓʴɧʓˉʅ�ʓˉ�Ûʎɀˉʅ-
ʎɀʓ�̝ɭɀɧʓˉʅ�ɭ͔ɭ̝̯͛ʎʓˉʅ�̯ʎɀ̯ઑ̤�˝ˉ�ʽ͛�̤ɡ̝ɭɭˉ੓�
Ċɭʴʴ੔�ʓ̯ઑ̤�ʅ˝ʓˉʅ�̯˝�ɠɭ�̸̤ɭʄ̸ʴ�̤˝ʽɭʎ˝ ੔͕�̤˝ʽɭ�
͕ɀ ੓͛�Û˝�͕ɭ�ʽ̸̤̯�ʅɭ̯�ʽ̸ɡʎ�ɠɭ̯̯ɭ̝�ɀ̯�̯ʎɀ̯੖�
ˉ˝̯�˝ˉʴ͛�ɠɭɡɀ̸̤ɭ�˝ʄ�ʅɭˉɭ̝ɀʴ�ɧʓʅʓ̯ɀʴ�ʎ͛ʅʓɭˉɭ੔�
ɠ̸̯�̸ˉɧɭ̝̤̯ɀˉɧʓˉʅ�̯ʎɀ̯�˝̯ʎɭ̝�ʅ˝͔ɭ̝ˉʽɭˉ̯̤�
˝̝�˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ̤�ɠ̸ʓʴɧʓˉʅ�ɀ�ɡ˝ʽ̚ʴɭ̯ɭ�ʴʓʄɭ�
̚ʓɡ̸̯̝ɭ�˝ʄ�͛˝̸�ɀ̤�ɀˉ�ʓˉɧʓ͔ʓɧ̸ɀʴ�ɡɀˉ�ɠɭ�̚ɀ̝-
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̯ʓɡ̸ʴɀ̝ʴ͛�ɧɀˉʅɭ̝˝̸̤�ʓˉ�̯ʎɭ�ʴ˝ˉʅ�̯ɭ̝ʽ੓�Ċɭ�
̤ʎ˝̸ʴɧ�ɀʴʴ�̝ɭʽɭʽɠɭ̝�̯ʎɀ̯�˝̸̝�˝͕ˉ�ɧɀ̯ɀ�ʓ̤�
ʓˉɡ̝ɭɧʓɠʴ͛�͔ɀʴ̸ɀɠʴɭ੓�R̯ઑ̤�͕ʎ˝�͕ɭ�ɀ̝ɭ੓�R̯ઑ̤�ˉ˝̯�
˝ˉʴ͛�˝̸̝�̝̚ʓ͔ɀɡ ੔͛�ɠ̸̯�ʓ̯ઑ̤�˝̸̝�ʄ̸̸̯̝ɭ�ɡɀ̝ɭɭ̝̤੔�
ʄ˝̝�͛˝̸ˉʅ�̚ɭ˝̚ʴɭ�͕ʎ˝�ʽɀ͛�͕ʓ̤ʎ�̯˝�͕˝̝ʯ�ʓˉ�
ʅ˝͔ɭ̝ˉʽɭˉ̯੔�ʄ˝̝�ɭ͚ɀʽ̚ʴɭ੔�˝̝�ʎɀ͔ɭ�ɡɀ̝ɭɭ̝̤�
ʓˉ�̤ɭɡ̸̝ʓ̯͛�ɀʅɭˉɡʓɭ̤�˝̝�̚˝ʴʓ̯ʓɡ̤੓�.͔ɭ̝͛�̚ʓɭɡɭ�
˝ʄ�͛ ˝̸̝�ɧʓʅʓ̯ɀʴ�ʄ˝˝̯̝̚ʓˉ̯�̄ ˝͕�ɡ˝̸ʴɧ�ɠɭ�̸ ̤ɭɧ�
ɀʅɀʓˉ̤̯�͛˝̸�ʓˉ�ʄ̸̸̯̝ɭ੓
(m੕�Юɭ� ʓɧɭɀ� ̯ʎɀ̯� ̯˝ʽ˝̝̝˝͕ઑ̤� Ό̸ɀˉ̸̯ʽ�
ɡ˝ʽ̸̯̚ɭ̝̤� ɀ̝ɭ� ʅ˝ʓˉʅ� ̯˝� ɡ˝ʽ̚ʴɭ̯ɭʴ͛� ˝͔ɭ̝-
ɡ˝ʽɭ�̯ʎɭ�ɭˉɡ̝̯͛̚ʓ˝ˉ�̤ʓ̸̯ɀ̯ʓ˝ˉ�ʓ̤ ઑ̯̄�Ό̸ʓ̯ɭ�
̝ʓʅʎ̯੓�Юɭ̝ɭઑ̤�ɀ�̯ ʎʓˉʅ�ɡɀʴʴɭɧ�Ûʎ˝̝ઑ̤�ɀʴʅ˝̝ʓ̯ʎʽ੔�
͕ʎʓɡʎ�̤ʓ̯̤� ʓˉ�ɀ�ɡʴɀ̤̤�͕ʎʓɡʎ� ʓ̤�ɀ�ɠ˝̸ˉɧɭɧ�
Ό̸ɀˉ̸̯ʽ�̚ ˝ʴ͛ˉ˝ʽʓɀʴ૆ઃ૆̯ʎɀ̯�̤ ʓ̯̤�ʎʓʅʎɭ̝�̯ ʎɀˉ�
̚˝ʴ͛ˉ˝ʽʓɀʴ੔�ɠ̸̯�ʓ̯�ɧ˝ɭ̤ ઑ̯̄�ʅɭ̯�͛˝̸�̯˝�̯ʎɭ�
ʄ̸ʴʴ�ɭ͚̚˝ˉɭˉ̯ʓɀʴ�ˉ˝ˉ઀̚˝ʴ͛ˉ˝ʽʓɀʴ�ੲ�Ñੳ�ɡ˝ʽ-
̚ʴɭ͚ʓ̯ ੓͛�R�ʽɭˉ̯ʓ˝ˉ�̯ʎʓ̤�ʓ̤�ʄ˝̝�̯ʎɭ�ɡ˝ʽ̸̯̚ɭ̝�
̤ɡʓɭˉ̯ʓ̤̯̤�͕ʎ˝�ɀ̝ɭ�ʴʓ̤̯ɭˉʓˉʅ੓
R�̝ɭʽɭʽɠɭ̝�ɀ�̝ɭɀʴʴ͛�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�ɡ˝ˉ͔ɭ̝-

̤ɀ̯ʓ˝ˉ�͕ʓ̯ʎ�̤˝ʽɭ˝ˉɭ�ʄ̝˝ʽ�ɀ�ʄ˝̝ɭʓʅˉ�ʓˉ̯ɭʴ-
ʴʓʅɭˉɡɭ� ɀʅɭˉɡ͛� ɀɠ˝̸̯� ̯ʎɭʓ̝� пˉʅɭ̝̝̚ʓˉ̯̤�
̝ɭʽɀʓˉʓˉʅ� ʓˉ� ̯ʎɭ� ɧʓʅʓ̯ɀʴ� ͕˝̝ʴɧ� ̤˝� ̯ʎɀ̯�
̯ʎɭ͛�ɡɀˉ�ɀ̯�̤˝ʽɭ�̚˝ʓˉ̯�ɠɭ�̸ˉɡ˝͔ɭ̝ɭɧ�ʄ˝̝�
̤˝ʽɭ̯ʎʓˉʅ�̯ʎɭ͛ઑ͔ɭ�ɠɭɭˉ�ɧ˝ʓˉʅ੔�ʽɀ͛ɠɭ� ʓˉ�
৕৔੔�৖৔੔�˝̝�ৗ৔�͛ɭɀ̝̤ઑ�̯ʓʽɭ੓�R̯ઑ̤�Ό̸ʓ̯ɭ�ɀ�͕˝̝̝͛�
ʄ˝̝�̯ʎɭʽ�ɠɭɡɀ̸̤ɭ�̯ʎɭ͛�ʽʓʅʎ̯�ɧ˝�̤˝ʽɭ̯ʎʓˉʅ�
ɀ̯�ɀ�̯ʓʽɭ�͕ʎɭˉ�̯ʎɭ͛�ɡɀ ઑ̯̄�ɠɭ�ɧɭ̯ɭɡ̯ɭɧ੓�!̸̯�
ʓʄ� ʓ̯ઑ̤� ɠɭʓˉʅ� ̝ɭɡ˝̝ɧɭɧ� ̯ʎ̝˝̸ʅʎ� ̤˝ʽɭ� ̤˝̝̯�
˝ʄ�ɧʓʅʓ̯ɀʴ�ʽɭɡʎɀˉʓ̤ʽ੔�̯ʎɭ͛�ʽʓʅʎ̯�͕ɭʴʴ�ɠɭ�
̸ˉɡ˝͔ɭ̝ɭɧ�ɀ̯�̤˝ʽɭ�̚˝ʓˉ̯�ʓˉ�̯ʎɭ�ʄ̸̸̯̝ɭ੓�R̯ઑ̤�
ɀ�̝ɭɀʴʴ͛�ʓˉ̯ɭ̝ɭ̤̯ʓˉʅ�ɡ˝ˉ̤ʓɧɭ̝ɀ̯ʓ˝ˉ�ɀˉɧ�ʎ˝̚ɭ-
ʄ̸ʴʴ ੔͛�ʓ̯�̔ ʓʅʎ̯�̤ ̯˝̚�̤ ˝ʽɭ�̚ ɭ˝̚ʴɭ�ɧ˝ʓˉʅ�̤ ˝ʽɭ�
ˉɭʄɀ̝ʓ˝̸̤�̯ ʎʓˉʅ̤�ɠɭɡɀ̸̤ɭ�̯ ʎɭ͛ઑʴʴ�ʎɀ͔ɭ�̤ ɭɡ˝ˉɧ�
̯ʎ˝̸ʅʎ̯̤�ɀɠ˝̸̯�ʓ̯੓
Ñ̝˝ʄ��̚̚ɭ̝ʽɀˉˉ੕� ��ˉɭ�˝ʄ�̯ʎɭ�̚˝ʓˉ̯̤�͛˝̸�
̯˝̸ɡʎɭɧ�̋ ˉ�͕ ɀ̤�͕ ʓ̯ʎ�̯ ʎɭ�̸ ̤ɭ�̋ ʄ�пˉʅɭ̝̝̚ʓˉ̯̤੔�
ɀˉɧ�ʎʓ̤̯˝̝ʓɡɀʴʴ͛�͕ ɭઑ͔ɭ�̸ ̤ɭɧ�ɠʓ˝ʽɭ̯̝ʓɡ̤�ʄ˝̝�ɀ�
͕ʎ˝ʴɭ�ʴ˝̯�˝ʄ�ɧʓаɭ̝ɭˉ̯�̤˝̝̯̤�˝ʄ�ɀ̸̯ʎɭˉ̯ʓɡɀ-
̯ʓ˝ˉ�̚ ̸̝̚˝̤ɭ̤੓�Rʄ�̯ ʎɭ͛�ɹ ˝̤ɭ�̯ ʎɭʓ̝�̤ ʓʅˉʓпɡɀˉɡɭ�
ɀ̤�ʓˉɧʓ͔ʓɧ̸ɀʴ�ʓɧɭˉ̯ʓпɭ̝̤੔�̯ʎɭˉ�͕ɭ�ʎɀ͔ɭ�̯˝�
̝ɭ̯ʎʓˉʯ�ɀ�ʴ˝̯�˝ʄ�̯̝ɀɧʓ̯ʓ˝ˉɀʴ�͕ɀ̤͛�˝ʄ�ʓɧɭˉ̯ʓʄ͛-

ʓˉʅ�ɀˉɧ�̤ɭɡ̸̝ʓˉʅ੓�mɭ̯�ʽɭ�ɀ̤ʯ�͛˝̸�̯ʎɭ�̸ˉʄɀʓ̝�
Ό̸ɭ̤̯ʓ˝ˉ̤੕�Rˉ�৖৔৙৔੔�͕ ʎɀ̯ઑ̤�̄ ˝�ɹ ˝ˉʅɭ̝�ɀˉ�ʓ̸̤̤ɭ੔�
ɀˉɧ�͕ʎɀ̯�ɀ̝ɭ�͕ɭ�̝ɭɀʴʴ͛�ʄ˝ɡ̸̤ɭɧ�˝ˉਗ਼
RM:�Юɭ� ̤ɭɡ˝ˉɧ� ̚ɀ̝̯� ʓ̤� ʽ̸ɡʎ� ɭɀ̤ʓɭ̝� ̯˝�
ɀˉ̤͕ɭ̝�̯ʎɀˉ�̯ʎɭ�п̝̤̯੓�R�͕˝̸ʴɧ�ˉɭ͔ɭ̝�ʅ˝�̤˝�
ʄɀ̝�ɀ̤�̯˝�̤ɀ͛�̯ʎɀ̯�̯ʎɭ�ʯʓˉɧ�˝ʄ�̯ɭ̝̝˝̝ʓ̤ʽ�̯ʎɀ̯�
͕ɭઑ͔ɭ�ɠɭɭˉ�ɧɭɀʴʓˉʅ�͕ʓ̯ʎ૆ઃ૆Ό̸ʓ̯ɭ�˝ɠ̤ɭ̤̤ɭɧ�
͕ʓ̯ʎ�̋ ͔ɭ̝�̯ ʎɭ�̚ ɀ̤̯�৖৔�͛ ɭɀ̝̤૆ઃ૆͕ʓʴʴ�̄ ˝�ɹ ˝ˉʅɭ̝�
ɠɭ�ɀˉ�ʓ̸̤̤ɭ੔�ɠ̸̯�R�ɧ˝�̯ʎʓˉʯ�̯ʎɀ̯�͕ɭઑ̝ɭ�˝ˉ�ɀ�
̚ɀ̯ʎ͕ɀ͛�̯˝�̸̯̯̚ʓˉʅ�ʓ̯�ʓˉ�ɡ˝ˉ̯ɭ͚̯੖�̯˝�̝ɭɡ˝ʅ-
ˉʓ̤ʓˉʅ�̯ʎɀ̯�̯ɭ̝̝˝̝ʓ̤ʽ�ʓ̤�ɭ̤̤ɭˉ̯ʓɀʴʴ͛�ɀ�ɡ̝ʓʽʓ-
ˉɀʴ�ɀɡ̯ʓ͔ʓ̯ ੔͛�̚ ˝ʴʓ̯ʓɡɀʴʴ͛�̔ ˝̯ʓ͔ɀ̯ɭɧ�͔ ʓ˝ʴɭˉɡɭ੓�R�
̯ʎʓˉʯ�̯ʎ˝̸ʅʎ�̯ʎɀ̯�̯ʎɭ�̝ʓ̤ʯ�˝ʄ�̯ɭ̝̝˝̝ʓ̤ʽ�ɀˉɧ�
͔ʓ˝ʴɭˉ̯�ɭ͚̯̝ɭʽʓ̤ʽ�ʓ̤�ʅ˝ʓˉʅ�̯ ˝�ɠɭ�ɠɀɡʯʅ̝˝̸ˉɧ�
ˉ˝ʓ̤ɭ�ʓˉ�̋ ̸̝�̄ ɀ̯ʓ˝ˉɀʴ�̤ ɭɡ̸̝ʓ̯͛�ɧɭɠɀ̯ɭ�̚ ɭ̝ʽɀ-
ˉɭˉ̯ʴ ੓͛�Ċɭ�ˉɭɭɧ�̯˝�ɧɭɀʴ�͕ʓ̯ʎ�ɠʓсɭ̝�ʓ̸̤̤ɭ̤੔�
̸̤ɡʎ�ɀ̤��̸̤̯̝ɀʴʓɀઑ̤�̝ ɭ̤ʓʴʓɭˉɡɭ�ɀˉɧ�̤ ˝͔ɭ̝ɭʓʅˉ̯͛�
ʓˉ�ɀ�̝̚ɭ̯̯͛�ɡ˝ˉ̯ɭ̤̯ɭɧ�̝ɭʅʓ˝ˉ੓
Ôɭʴɀ̯ʓ͔ɭʴ͛�̤̚ɭɀʯʓˉʅ੔��̸̤̯̝ɀʴʓɀ�͕ʓʴʴ�̝̚˝ɠ-

ɀɠʴ͛�ɠɭ�ɀ�ʴɭ̤̤�̚˝͕ɭ̝ʄ̸ʴ�ɡ˝̸ˉ̯̝͛�̯ʎɀˉ�͕ɭ�ɀ̝ɭ�
ˉ˝ ੓͕�Юɀ̯ઑ̤�ɀ�͔ ɭ̝͛�̤ ˝ɠɭ̝ʓˉʅ�̯ ʎ˝̸ʅʎ̯੓�Юɭ̝ɭ�ʓ̤�
ɀ�̄ ɭɭɧ�̯ ˝�ɧ̝ɀ͕�̸ ̚�̯ ʎɭ�ɡ˝ˉˉɭɡ̯ʓ˝ˉ̤�ɠɭ̯͕ɭɭˉ�
ˉɀ̯ʓ˝ˉɀʴ�̝ɭ̤ʓʴʓɭˉɡɭ�ɀˉɧ�̯ʎɭ�̤ɭɡ̸̝ʓ̯͛�˝ʄ�˝̸̝�
ɭˉɭ̝ʅ͛�̸̤̚̚ʴʓɭ̤੔�̯ʎɭ�̸̤̤̯ɀʓˉɀɠʓʴʓ̯͛�˝ʄ�˝̸̝�
̤˝ɡʓɭ̯ ੔͛�̯ ʎɭ�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�̤ ̸̤̯ɀʓˉɀɠʓʴʓ̯͛�̯ ˝�
ɡ˝ˉˉɭɡ̯�ɀʴʴ�̋ ʄ�̯ ʎɀ̯�͕ ʓ̯ʎ�̯ ʎɭ�ʓɧɭɀ�̋ ʄ�̄ ɀ̯ʓ˝ˉɀʴ�
ɧɭʄɭˉɡɭ�ɀˉɧ�˝̸̝�̤ɭɡ̸̝ʓ̯͛�ʓˉ�ɀ�ɡ˝ʽ̚ɭ̯ʓ̯ʓ͔ɭ�
͕˝̝ʴɧ੓�Юɀ̯ઑ̤�ʅ˝ʓˉʅ�̯˝�ɠɭ�̯ʎɭ�ɠʓʅ�Ό̸ɭ̤̯ʓ˝ˉ੓
R�ʅ̸ɭ̤̤�̯ʎɭ�ʅ˝˝ɧ�ˉɭ͕̤�ʓ̤�̯ʎɀ̯�̯ʎɭ�ɠɀ̝̝ʓɭ̝̤�

ɠɭ̯͕ɭɭˉ�̤ɭɡ̸̝ʓ̯͛�ɀˉɧ�ɭɡ˝ˉ˝ʽʓɡ̤�͕ʓʴʴ�ɠ̝ɭɀʯ�
ɧ˝͕ˉ੓�Юɭ�ɠɀɧ�ˉɭ͕̤�ʓ̤�ʓ̯ઑ̤�ʅ˝ʓˉʅ�̯˝�ɠɭ�͔ɭ̝͛�
ʎɀ̝ɧ� ̯˝� ̸̯̝ˉ� ̯ʎɀ̯� ʓˉ̯˝�ɀ�̝̚ɀɡ̯ʓɡɀʴ�̚˝ʴʓɡ͛�
ɀʅɭˉɧɀ�̯ʎɀ̯�̯ʎɭ�ʅ˝͔ɭ̝ˉʽɭˉ̯�ɡɀˉ�˝̚ɭ̝ɀ̯ʓ˝ˉ-
ɀʴʓ̤ɭ੓�Û˝�ʓ̯ઑ̤�ʅ˝ʓˉʅ�̯˝�ɠɭ�̯˝̸ʅʎ੔�ɠ̸̯�R�̯ʎʓˉʯ�
ɡʓ̯ʓͥɭˉ�ɭˉʅɀʅɭʽɭˉ̯�ʓˉ�̄ ɀ̯ʓ˝ˉɀʴ�̤ ɭɡ̸̝ʓ̯͛�͕ ʓʴʴ�
ɠɭ�ɀ�ɠʓʅ�̚ɀ̝̯�˝ʄ�̯ʎɭ�̤˝ʴ̸̯ʓ˝ˉ੓
(m੕� Rઑʽ� ʎ˝̚ʓˉʅ� ̯ʎɀ̯� ͕ɭ� ͕˝ ઑ̯̄� ʎɀ͔ɭ� ̯˝�
͕˝̝̝͛�ɀɠ˝̸̯�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�͕ɀ̝ʄɀ̝ɭ�ɠ͛�̯ʎɀ̯�
̯ʓʽɭ�ɠɭɡɀ̸̤ɭ�͕ɭ�͕ʓʴʴ�ʎɀ͔ɭ�ʎɀɧ�̤˝ʽɭ�̤˝̝̯�
˝ʄ�̤̯ɀɠʓʴʓ̤ɀ̯ʓ˝ˉ�ɀˉɧ�ɀˉ�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�ɀʅ̝ɭɭ-
ʽɭˉ̯�ɀ̝˝̸ˉɧ�͕ʎɀ̯ઑ̤�̝ɭɀ̤˝ˉɀɠʴɭ�ɀˉɧ�͕ʎɀ̯ઑ̤�
ˉ˝̯�̝ɭɀ̤˝ˉɀɠʴɭ�ʓˉ�̯ɭ̝ʽ̤�˝ʄ�˝̚̚˝̸̝̯ˉʓ̯͛�ʓˉ�
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̯ʎɀ̯�̯ʓʽɭ�ʄ̝ɀʽɭ੓�R�̯ɀʴʯɭɧ�ɀɠ˝̸̯�̯ʎ̝ɭɭ�ɧʓʄ-
ʄɭ̝ɭˉ̯�ɀʅɭ̤੕�Юɭ�ʓˉɧ̸̤̯̝ʓɀʴ�ɀʅɭ੔�ʓˉʄ˝̝ʽɀ̯ʓ˝ˉ�
ɀʅɭ੔�ɀˉɧ�͔ʓ̸̝̯ɀʴ�ɀʅɭ੓�R̯ઑ̤�ɭɀ̤͛�̯˝�̸ˉɧɭ̝ɭ̤̯ʓ-
ʽɀ̯ɭ�ʎ˝͕�ʓʽ̚˝̝̯ɀˉ̯�̯ʎɭ�͔ʓ̸̝̯ɀʴ�ɀʅɭ�͕ʓʴʴ�ɠɭ�
ɠɭɡɀ̸̤ɭ�ʓ̯�ɠɀ̤ʓɡɀʴʴ͛�ʴɭ̯̤�ʎ̸ʽɀˉ�ʓˉʅɭˉ̸ʓ̯͛�
˝а�̯ʎɭ�ʴɭɀ̤ʎ੓�Đ̋ ઑ̸̝ɭ�ˉ˝�ʴ˝ˉʅɭ̝�̝ɭ̤̯̝ʓɡ̯ɭɧ�ɠ͛�

ɀ�ʴ˝̯�˝ʄ�̯ʎɭ�̚ʎ̤͛ʓɡɀʴ�ɡ˝ˉ̤̯̝ɀʓˉ̯̤�ɀˉɧ�̯ʎʓˉʅ̤�
̯ʎɀ̯�͕ɭઑ͔ɭ� ɀʴʴ� ʅ̝˝͕ˉ�̸̚�͕ʓ̯ʎ੓�Юʓ̤� ʓ̤� ɀˉ�
˝̚̚˝̸̝̯ˉʓ̯͛�̤̚ɀɡɭ�ɀˉɧ�ʓ̯ઑ̤�̝ɭɀʴʴ͛�̸̚�̯˝�̸̤�
ʎ˝͕�ʓʽɀʅʓˉɀ̯ʓ͔ɭ�͕ɭ�ɡɀˉ�ɠɭ�ʓˉ�ɭ͚̚ʴ˝ʓ̯ʓˉʅ�
̯ʎɀ̯�˝̚̚˝̸̝̯ˉʓ̯ ੓͛
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Юɭ̤ʓ̤�ɀɠ̤̯̝ɀɡ̯

Ûɭ͚�ɀˉɧ�̤̯̝ɭ̤̤੕�R̤�̤̯̝ɭ̤̤�ɠ˝̯ʎ�ɀ�ʽɭɧʓɀ̯˝̝�ɀˉɧ�ɀ�ɡ˝ˉ̤ɭΌ̸ɭˉɡɭ�˝ʄ�
̤ɭ͚�̝ɭ͔ɭ̝̤ɀʴ�ʓˉ�̯ʎɭ�ɡɭˉ̯̝ɀʴ�ɠɭɀ̝ɧɭɧ�ɧ̝ɀʅ˝ˉ�ੲPogona vitticeps)?

Meghan Castelli

�ɠ̤̯̝ɀɡ̯�˝ʄ�ɀ�̯ʎɭ̤ʓ̤�ʄ˝̝�ɀ�(˝ɡ̯˝̝ɀ̯ɭ�˝ʄ�Ñʎʓʴ˝̤˝̚ʎ͛�̸̤ɠʽʓ̯̯ɭɧ�̯˝�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�"ɀˉɠɭ̝̝ɀ

Aʽ˝ˉʅ�͔ ɭ̝̯ɭɠ̝ɀ̯ɭ̤੔�̤ ɭ͚઀ɧɭ̯ɭ̝ʽʓˉʓˉʅ�̤ ̤͛-
̯ɭʽ̤�ɀ̝ɭ�ɧʓ͔ɭ̝̤ɭ�ɀˉɧ�̝ɀˉʅɭ�˝ˉ�ɀ�ɡ˝ˉ-

̯ʓˉ̸̸ʽ�ʄ̝˝ʽ�ɭˉ̯ʓ̝ɭʴ͛�ʅɭˉɭ̯ʓɡ�̤ɭ͚�ɧɭ̯ɭ̝ʽʓ-
ˉɀ̯ʓ˝ˉ�ੲEÛ(ੳ�̯˝�̸̝̚ɭʴ͛�ɭˉ͔ʓ̝˝ˉʽɭˉ̯ɀʴ�̤ɭ͚�
ɧɭ̯ɭ̝ʽʓˉɀ̯ʓ˝ˉ�ੲ.Û(ੳ੓�Юɭ�ɡɭˉ̯̝ɀʴ�ɠɭɀ̝ɧɭɧ�
ɧ̝ɀʅ˝ˉ� ੲPogona vitticepsੳ� ̚˝̤̤ɭ̤̤ɭ̤� ɀ� ʎɭ̯-
ɭ̝˝ʅɀʽɭ̯ʓɡ�ੲĚĚ�ʽɀʴɭ੣ĚĊ�ʄɭʽɀʴɭੳ�̤̤̯͛ɭʽ�
˝ʄ�ʅɭˉɭ̯ʓɡ�̤ɭ͚�ɧɭ̯ɭ̝ʽʓˉɀ̯ʓ˝ˉ੔�ɠ̸̯�ʎʓʅʎ�ɭс�
ʓˉɡ̸ɠɀ̯ʓ˝ˉ�̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ̤�ʓˉɧ̸ɡɭ�̤ɭ͚�̝ɭ͔ɭ̝-
̤ɀʴ੔�ʓˉ�͕ ʎʓɡʎ�ĚĚ�ʅɭˉ˝̯͛̚ʓɡ�̔ ɀʴɭ̤�ɧɭ͔ɭʴ˝̚�ɀ̤�
ʄɭʽɀʴɭ੓�Юɭ�ɠʓ˝ʴ˝ʅʓɡɀʴ�̔ ɭɡʎɀˉʓ̤ʽ�ɠ͛�͕ ʎʓɡʎ�
̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�ʓ̤�̯̝ɀˉ̤ʴɀ̯ɭɧ�ʓˉ̯˝�ɀ�̤ɭ̸͚ɀʴ�˝̸̯-
ɡ˝ʽɭ� ʓ̤� ˉ˝̯� ʄ̸ʴʴ͛� ̸ˉɧɭ̝̤̯˝˝ɧ� ʓˉ� ̝ɭ̯̚ʓʴɭ̤�
ɠ̸̯�ʓ̤�̝̚˝̚˝̤ɭɧ�̯˝�ʓˉ͔˝ʴ͔ɭ�̯ʎɭ�͔ɭ̝̯ɭɠ̝ɀ̯ɭ�
̤̯̝ɭ̤̤�ɀ͚ʓ̤੔�ɀ�ʎʓʅʎʴ͛�ɡ˝ˉ̤ɭ̝͔ɭɧ�ɭˉ͔ʓ̝˝ˉʽɭˉ-
̯ɀʴ� ̤ɭˉ̤˝̝͛� ʽɭɡʎɀˉʓ̤ʽ� ͕ʎʓɡʎ� ʅɭˉɭ̝ɀ̯ɭ̤�
̚ʎ̤͛ʓ˝ʴ˝ʅʓɡɀʴ�̝ɭ̤̚˝ˉ̤ɭ̤�̯˝�̤̯̝ɭ̤̤�̯ʎ̝˝̸ʅʎ�
ʅʴ̸ɡ˝ɡ˝̝̯ʓɡ˝ʓɧ�ʎ˝̝ʽ˝ˉɭ�̝̚˝ɧ̸ɡ̯ʓ˝ˉ੓�Mɭ̝ɭ�
R� ɧɭʽ˝ˉ̤̯̝ɀ̯ɭ�̸̤ʓˉʅ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯ɀʴ� ̯̝ɀˉ-
̤ɡ̝ʓ̯̚˝ʽɭ̤� ɀˉɧ� ɡʎɭʽʓɡɀʴ� ʽɀˉʓ̸̚ʴɀ̯ʓ˝ˉ�
ɭ͚̚ɭ̝ʓʽɭˉ̯̤�̯ʎɀ̯�̯ʎɭ�̤̯̝ɭ̤̤�ɀ͚ʓ̤�ʓ̤�̸ˉʴʓʯɭʴ͛�
̯˝�̔ ɭɧʓɀ̯ɭ�̤ ɭ͚�̝ ɭ͔ɭ̝̤ɀʴ੔�ɀˉɧ�ʓˉ̤̯ɭɀɧ�пˉɧ�ɭ͔ʓ-
ɧɭˉɡɭ�ʄ˝̝�̯ ʎɭ�ʓˉ͔˝ʴ͔ɭʽɭˉ̯�̋ ʄ�̋ ͚ʓɧɀ̯ʓ͔ɭ�̤ ̯̝ɭ̤̤�
̝ɭ̤̚˝ˉ̤ɭ̤�̋ ̝�ɡʓ̝ɡɀɧʓɀˉ�̝ ʎ̯͛ʎʽ�̝ ɭʅ̸ʴɀ̯ʓ˝ˉ�ʓˉ�
ʎʓʅʎ઀̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�̤ ɭ͚�̝ ɭ͔ɭ̝̤ɀʴ੓�Юɭ�̝ ɭʴɭ͔ɀˉɡɭ�
˝ʄ�̯ ʎɭ̤ɭ�̔ ˝ʴɭɡ̸ʴɀ̝�̤ ̸̯ɧʓɭ̤�ʓ̤�ɡ˝ˉ̯ɭ̸͚̯ɀʴʓ̤ɭɧ�
ɠ͛�ɀ�̝ɀˉʅɭ઀͕ʓɧɭ�̸̤̯ɧ͛�˝ʄ�̤ɭ͚�̝ɭ͔ɭ̝̤ɀʴ�ɀˉɧ�
̚˝̸̚ʴɀ̯ʓ˝ˉ�ʅɭˉɭ̯ʓɡ� ̸̤̯̝ɡ̸̯̝ɭ�͕ʎʓɡʎ�ɧɭʽ-

˝ˉ̤̯̝ɀ̯ɭ̤�̯ʎɭ� ʴɀɡʯ�˝ʄ�ɀ�ɡʴɭɀ̝�̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̚�
ɠɭ̯͕ɭɭˉ�ɡʴʓʽɀ̯ɭ�ɀˉɧ�̤ ɭ͚�̝ ɭ͔ɭ̝̤ɀʴ�ʓˉ�̯ ʎɭ�͕ ʓʴɧ੓�
R�ʎɀ͔ɭ�̚ ̝˝̚˝̤ɭɧ�̯ ʎɀ̯�̯ ʎɭ�̯ ʎ̝ɭ̤ʎ˝ʴɧ�̯ ɭʽ̚ɭ̝ɀ-
̸̯̝ɭ�ʄ˝̝�̤ɭ͚�̝ɭ͔ɭ̝̤ɀʴ�ੲɀˉɧ�̯ʎ̸̤�̯ʎɭ�̸ˉɧɭ̝-
ʴ͛ʓˉʅ�ʅɭˉɭ̯ʓɡ�ˉɭ̯͕˝̝ʯ�͕ʎʓɡʎ�ɧɭ̯ɭ̝ʽʓˉɭ̤�
̯ʎɭ�̯ʎ̝ɭ̤ʎ˝ʴɧੳ�͔ɀ̝ʓɭ̤�ɀɡ̝˝̤̤�̯ʎɭ�ʴɀˉɧ̤ɡɀ̚ɭ੔�
ʎɀ͔ʓˉʅ�ɭ͔˝ʴ͔ɭɧ�ʓˉ�̝ ɭ̤̚˝ˉ̤ɭ�̯ ˝�ʎʓʅʎɭ̝�ɀ͔ɭ̝ɀʅɭ�
ʓˉɡ̸ɠɀ̯ʓ˝ˉ�̯ ɭʽ̚ɭ̝ɀ̸̯̝ɭ̤�ʓˉ�͕ ɀ̝ʽɭ̝�̝ ɭʅʓ˝ˉ̤�
˝ʄ�̯ ʎɭ�̤ ̚ɭɡʓɭ̤ઑ�̝ ɀˉʅɭ੓�æ˝ʅɭ̯ʎɭ ੔̝�̯ ʎɭ̤ɭ�̤ ̸̯ɧʓɭ̤�
ɧɭʽ˝ˉ̤̯̝ɀ̯ɭ�̯ʎɀ̯�ˉ˝̯�˝ˉʴ͛�ʓ̤�̯ɭʽ̚ɭ̝ɀ̸̯̝ɭ�
̤ɭ͚�̝ɭ͔ɭ̝̤ɀʴ�ʓˉ�̝ɭ̯̚ʓʴɭ̤�ɀ�ʽ˝ʴɭɡ̸ʴɀ̝�̝̚˝ɡɭ̤̤�
ʴʓʯɭʴ͛�ɧ̝ʓ͔ɭˉ�ɠ͛�̤ɭˉ̤˝̝͛�ʽɭɡʎɀˉʓ̤ʽ̤�˝̯ʎɭ̝�
̯ʎɀˉ�̯ʎɭ�̤̯̝ɭ̤̤�ɀ͚ʓ̤੔�ɠ̸̯�ʓ̯�ɀʴ̤˝�ʎɀ̤�ɡ˝ʽ̚ʴɭ͚�
ɭ͔˝ʴ̸̯ʓ˝ˉɀ̝͛�ɧ͛ˉɀʽʓɡ̤�ʓˉ�̯ʎɭ�͕ʓʴɧ੓

(̝�vɭʅʎɀˉ�"ɀ̤̯ɭʴʴʓ 
Ñ˝̤̯ɧ˝ɡ̯˝̝ɀʴ�̝ɭ̤ɭɀ̝ɡʎ�ʄɭʴʴ˝͕ 
Ûɡʎ˝˝ʴ�˝ʄ�Ûɡʓɭˉɡɭ੔�æɭɡʎˉ˝ʴ˝ʅ͛�୐�.ˉʅ̝ʅ 
íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�̯ʎɭ�Û̸ˉ̤ʎʓˉɭ�"˝ɀ̤̯
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Юɭ̤ʓ̤�ɀɠ̤̯̝ɀɡ̯

Ô˝ɠ̸̤̯�̤̯ɀ̯ʓ̤̯ʓɡɀʴ�ʓˉʄɭ̝ɭˉɡɭ�ʄ˝̝�˝ˉɭ઀̤ʎ˝̯�ɧɭ͔ʓɡɭ̤�ɠɀ̤ɭɧ�˝ˉ�
ɧʓ͔ɭ̝ʅɭˉɡɭ̤

Elena Castilla

�ɠ̤̯̝ɀɡ̯�˝ʄ�ɀ�̯ʎɭ̤ʓ̤�ʄ˝̝�ɀ�(˝ɡ̯˝̝ɀ̯ɭ�˝ʄ�Ñʎʓʴ˝̤˝̚ʎ͛�̸̤ɠʽʓ̯̯ɭɧ�̯˝�"˝ʽ̚ʴ̸̯ɭˉ̤ɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�vɀɧ̝ʓɧ੔�
vɀɧ̝ʓɧ੔�Û̚ɀʓˉ

æʎɭ� ̝ɭʴʓɀɠʓʴʓ̯͛� ˝ʄ� ɀ� ̝̚˝ɧ̸ɡ̯੔� ̤̤̯͛ɭʽ੔�
͕ɭɀ̚˝ˉ੔�˝̝�̚ʓɭɡɭ�˝ʄ�ɭΌ̸ʓ̚ʽɭˉ̯�ɡɀˉ�ɠɭ�

ɧɭпˉɭɧ�ɀ̤�̯ʎɭ�ɀɠʓʴʓ̯͛�˝ʄ�̯ʎɭ�ɧɭ͔ʓɡɭ�̯˝�̚ɭ̝-
ʄ˝̝ʽ�ɀ̤�ɧɭ̤ʓʅˉɭɧ�ʄ˝ ੔̝�˝ ੔̝�ʽ˝̝ɭ�̤ʓʽ̚ʴ ੔͛�ɀ̤�
̯ʎɭ�̚ ̝˝ɠɀɠʓʴʓ̯͛�̯ ʎɀ̯�̯ ʎɭ�ɧɭ͔ʓɡɭ�ɧ˝ɭ̤�̄ ˝̯�ʄɀʓʴ�
͕ʎɭˉ�̸̤ɭɧ੓�.ˉʅʓˉɭɭ̝̤�ɀ̤̤ɭ̤̤�̝ɭʴʓɀɠʓʴʓ̯͛�ɠ͛�
̝ɭ̚ɭɀ̯ɭɧʴ͛�̯ɭ̤̯ʓˉʅ�̯ʎɭ�ɧɭ͔ʓɡɭ�ɀˉɧ�˝ɠ̤ɭ̝͔-
ʓˉʅ�ʓ̯̤�ʄɀʓʴ̸̝ɭ�̝ɀ̯ɭ੓�"ɭ̝̯ɀʓˉ�̝̚˝ɧ̸ɡ̯̤੔�ɡɀʴʴɭɧ�
઎˝ˉɭ઀̤ʎ˝̯એ� ɧɭ͔ʓɡɭ̤੔� ʽɀʯɭ� ̯ʎʓ̤� ɀ̝̚̚˝ɀɡʎ�
ɡʎɀʴʴɭˉʅʓˉʅ੓�D˝̝�̯ʎʓ̤�ʯʓˉɧ�˝ʄ�ɧɭ͔ʓɡɭ੔�˝ˉɭ�
ɡɀˉ�˝ˉʴ͛�ʯˉ˝͕�͕ʎɭ̯ʎɭ̝� ̯ʎɭ� ʄɀʓʴ̸̝ɭ� ̯ʓʽɭ�
ʓ̤�ɭʓ̯ʎɭ̝�ɠɭʄ˝̝ɭ�˝̝�ɀоɭ̝�ɀ�̤̚ɭɡʓпɡ�ʓˉ̤̚ɭɡ-
̯ʓ˝ˉ�̯ʓʽɭ੔�ɀˉɧ�ɡ˝ˉ̤ɭΌ̸ɭˉ̯ʴ͛�̯ʎɭ�ʴʓʄɭ̯ʓʽɭ̤�
ɀ̝ɭ�ɭʓ̯ʎɭ̝�ʴɭо઀�˝̝�̝ʓʅʎ̯઀ɡɭˉ̤˝̝ɭɧ੔�͕ʓ̯ʎ�̯ʎɭ�
ʴʓʄɭ̯ʓʽɭ�ɠɭʓˉʅ�ɹ ɭ̤̤�̯ ʎɀˉ�̯ ʎɭ�ʓˉ̤̚ɭɡ̯ʓ˝ˉ�̯ ʓʽɭ�
ʓʄ�̯ʎɭ�̯ɭ̤̯�˝̸̯ɡ˝ʽɭ�ʓ̤�ɀ�ʄɀʓʴ̸̝ɭ�ੲ̝ɭ̸̤ʴ̯ʓˉʅ�ʓˉ�
ʴɭо઀ɡɭˉ̤˝̝ʓˉʅੳ�ɀˉɧ�̯ʎɭ�ʴʓʄɭ̯ʓʽɭ�ɠɭʓˉʅ�ʽ˝̝ɭ�
̯ʎɀˉ�̯ ʎɭ�ʓˉ̤̚ɭɡ̯ʓ˝ˉ�̯ ʓʽɭ�ʓʄ�̯ ʎɭ�̯ ɭ̤̯�̋ ̸̯ɡ˝ʽɭ�
ʓ̤�ɀ�̸̤ɡɡɭ̤̤�ੲ̝ɭ̸̤ʴ̯ʓˉʅ�ʓˉ�̝ʓʅʎ̯઀ɡɭˉ̤˝̝ʓˉʅੳ੓�
�ˉ�ɀɡɡɭʴɭ̝ɀ̯ɭɧ�ʴʓʄɭ�̯ɭ̤̯�ੲ�mæੳ�̚ʴɀˉ�ʓ̤�̸̸̤-
ɀʴʴ͛�ɭʽ̚ʴ˝͛ɭɧ�̯˝�ɭ͔ɀʴ̸ɀ̯ɭ�̯ʎɭ�̝ɭʴʓɀɠʓʴʓ̯͛�˝ʄ�
̸̤ɡʎ�̝̚˝ɧ̸ɡ̯̤�ɠ͛�ʓˉɡ̝ɭɀ̤ʓˉʅ�̯ʎɭ�ʴɭ͔ɭʴ̤�˝ʄ�
̤̯̝ɭ̤̤�ʄɀɡ̯˝̝̤�ɀˉɧ�̯ ʎɭˉ�ɭ͚̯̝ɀ̚˝ʴɀ̯ʓˉʅ�̯ ʎɭ�ɹ ʓʄɭ�
ɡʎɀ̝ɀɡ̯ɭ̝ʓ̤̯ʓɡ̤�ʄ̝˝ʽ�ʎʓʅʎ�̤̯̝ɭ̤̤�ɡ˝ˉɧʓ̯ʓ˝ˉ̤�
̯˝�ˉ˝̝ʽɀʴ�˝̚ɭ̝ɀ̯ʓˉʅ�ɡ˝ˉɧʓ̯ʓ˝ˉ̤੓�Юʓ̤�ɀɡɡɭʴ-
ɭ̝ɀ̯ʓ˝ˉ�̝̚˝ɡɭ̤̤�͕ʓʴʴ�̤ʎ˝̝̯ɭˉ�̯ʎɭ�ʴʓʄɭ�̤̚ɀˉ�
˝ʄ�ɧɭ͔ʓɡɭ̤�ɀˉɧ�̝ɭɧ̸ɡɭ�̯ʎɭ�ɡ˝̤̯̤�ɀ̤̤˝ɡʓɀ̯ɭɧ�
͕ʓ̯ʎ�̯ʎɭ�ɭ͚̚ɭ̝ʓʽɭˉ̯੓�Юɭ�̸̤̯ɧ͛�˝ʄ�˝ˉɭ઀̤ʎ˝̯�
ɧɭ͔ʓɡɭ̤�ʄ̝˝ʽ��mæ�ɧɀ̯ɀ�ʎɀ̤�ɠɭɭˉ�ɧɭ͔ɭʴ˝̚ɭɧ�
considerably recently.
�ˉ�̯ʎɭ�˝̯ʎɭ̝�ʎɀˉɧ੔�ʓˉ�̯ʎɭ�ʴɀ̤̯�ɧɭɡɀɧɭ̤�

̯ʎɭ�̸̤ɭ�˝ʄ�ɧʓ͔ɭ̝ʅɭˉɡɭ�ʽɭɀ̸̤̝ɭ̤�ʓˉ�̯ʎɭ�̝ɭ̤˝-

ʴ̸̯ʓ˝ˉ�˝ʄ�̤̯ɀ̯ʓ̤̯ʓɡɀʴ�̝̚˝ɠʴɭʽ̤�ʎɀ̤�̝ɭɀɡʎɭɧ�ɀ�
̝ɭʽɀ̝ʯɀɠʴɭ�̝ɭʴɭ͔ɀˉɡɭ�ʓˉ�̯ʎɭ�ɀ̝ɭɀ̤�˝ʄ�̚ɀ̝ɀ-
ʽɭ̯̝ʓɡ� ɭ̤̯ʓʽɀ̯ʓ˝ˉ� ɀˉɧ� ̚ɀ̝ɀʽɭ̯̝ʓɡ� ̯ɭ̤̯̤�
˝ʄ� ʎ͛̚˝̯ʎɭ̤ɭ̤੔� ̯˝ʅɭ̯ʎɭ̝� ͕ʓ̯ʎ� ʽɀˉ͛� ˉ˝ˉ઀
̚ɀ̝ɀʽɭ̯̝ʓɡ�̸̤ɭ̤੓�Ñɀ̝̯ʓɡ̸ʴɀ̝ʴ ੔͛�̯ʎɭ�ʄɀʽʓʴ͛�˝ʄ�
ɧɭˉ̤ʓ̯͛�̚˝͕ɭ̝�ɧʓ͔ɭ̝ʅɭˉɡɭ̤�ʓ̤�ʯˉ˝͕ˉ�ʄ˝̝�ʓ̯̤�
robustness.
v˝̤̯�˝ʄ�̯ʎɭ�̝ɭ̸̤ʴ̯̤�ɡ˝ˉɡɭ̝ˉʓˉʅ�˝ˉɭ઀̤ʎ˝̯�

ɧɭ͔ʓɡɭ̤�ɀ̝ɭ�ɠɀ̤ɭɧ�˝ˉ�ʽɀ͚ʓʽ̸ʽ�ʴʓʯɭʴʓʎ˝˝ɧ�
ɭ̤̯ʓʽɀ̯ʓ˝ˉ�ੲvm.ੳ੔�͕ʎʓɡʎ�ʓ̤�͕ɭʴʴ઀ʯˉ˝͕ˉ�̯˝�
ɠɭ�ɭдɡʓɭˉ̯੔�ɠ̸̯�ɀʴ̤˝�̄ ˝ˉ઀̝˝ɠ̸̤̯੓�Юɭ̝ɭʄ˝̝ɭ੔�
̯ɭ̤̯ʓˉʅ�̝̚˝ɡɭɧ̸̝ɭ̤�ɠɀ̤ɭɧ�˝ˉ�vm.�ʄɀɡɭ�̤ɭ̝ʓ-
˝̸̤�̝˝ɠ̸̤̯ˉɭ̤̤�̝̚˝ɠʴɭʽ̤੓��ʴ˝ˉʅ�̯ʎʓ̤�̯ʎɭ̤ʓ̤੔�
̝˝ɠ̸̤̯�ɭ̤̯ʓʽɀ̯˝̝̤�ɀˉɧ�̯ɭ̤̯̤�ɀ̝ɭ�ɧɭ͔ɭʴ˝̚ɭɧ�
ɠɀ̤ɭɧ�̋ ˉ�ɧɭˉ̤ʓ̯͛�̚ ˝͕ɭ̝�ɧʓ͔ɭ̝ʅɭˉɡɭ̤�ʄ˝̝�̋ ˉɭ઀
̤ʎ˝̯�ɧɭ͔ʓɡɭ�̯ɭ̤̯ʓˉʅ੓
Юɭ�̯ʎɭ̤ʓ̤�̝̚˝ɡɭɭɧ̤�ɀ̤�ʄ˝ʴʴ˝͕̤੓�Rˉ�"ʎɀ̚-

̯ɭ̝�৖੔�͕ɭ�ɀ̸̤̤ʽɭ�̯ʎɭ�˝ˉɭ઀̤ʎ˝̯�ɧɭ͔ʓɡɭ̤�͕ʓ̯ʎ�
ʴʓʄɭ̯ʓʽɭ̤�ʎɀ͔ʓˉʅ�ɭ͚̚˝ˉɭˉ̯ʓɀʴ�ɧʓ̤̯̝ʓɠ̸̯ʓ˝ˉ�
͕ʓ̯ʎ�ɀ�̤ʓˉʅʴɭ઀̤̯̝ɭ̤̤�̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̚੓�Rˉ�"ʎɀ̚-
̯ɭ̝� ৗ੔� ̯ʎɭ� ɭ͚̚˝ˉɭˉ̯ʓɀʴ� ɧʓ̤̯̝ʓɠ̸̯ʓ˝ˉ� ͕ʓ̯ʎ�
ʽ̸ʴ̯ʓ̚ʴɭ઀̤̯̝ɭ̤̤�̝ɭʴɀ̯ʓ˝ˉ̤ʎʓ̚�ʓ̤�ɡ˝ˉ̤ʓɧɭ̝ɭɧ੔�
ʅɭˉɭ̝ɀʴʓͥʓˉʅ�̯ʎɭ�̝ɭ̸̤ʴ̯̤�ʓˉ�"ʎɀ̯̚ɭ̝�৖੓��ɭ͚̯੔�
ʓˉ�"ʎɀ̯̚ɭ̝�৘�ɀˉɧ�"ʎɀ̯̚ɭ̝�৙੔�͕ ɭ�ɡ˝ˉ̤ʓɧɭ̝�̯ ʎɭ�
̤ʓ̸̯ɀ̯ʓ˝ˉ�͕ ʎɭˉ�ɹ ʓʄɭ̯ʓʽɭ̤�ʄ˝ʴʴ˝ ੔͕�̝ ɭ̤̚ɭɡ̯ʓ͔ɭʴ ੔͛�
ɀ�Eɀʽʽɀ�ɀˉɧ�ɀ�Ċɭʓɠ̸ʴʴ�ɧʓ̤̯̝ʓɠ̸̯ʓ˝ˉ�͕ʓ̯ʎ�
ˉ˝ˉ઀ɡ˝ˉ̤̯ɀˉ̯�̤ ʎɀ̚ɭ�̚ ɀ̝ɀʽɭ̯ɭ̝̤੓�Rˉ�"ʎɀ̯̚ɭ̝�
৚੔�̤ʓʽʓʴɀ̝�̝̚˝ɡɭɧ̸̝ɭ̤�ɀ̝ɭ�ɀ̚̚ʴʓɭɧ�̯˝�˝̯ʎɭ̝�
ɧʓ̤̯̝ʓɠ̸̯ʓ˝ˉ�ʄ̸ˉɡ̯ʓ˝ˉ̤੔�̸̤ɡʎ�ɀ̤�mʓˉɧʴɭ͛�ɀˉɧ�
ʴ˝ʅˉ˝̝ʽɀʴ੓�"ʎɀ̯̚ɭ̝�৛�ɧɭ͔ɭʴ˝̚�̝˝ɠ̸̤̯�ʓˉʄɭ̝-
ɭˉɡɭ�ʄ˝̝�˝ˉɭ઀̤ʎ˝̯�ɧɭ͔ʓɡɭ�̯ɭ̤̯ʓˉʅ�̸ˉɧɭ̝�̯ʎɭ�
̝̚˝̚˝̝̯ʓ˝ˉɀʴ�ʎɀͥɀ̝ɧ̤�ɀ̸̤̤ʽ̯̚ʓ˝ˉ�ɀˉɧ੔�ʓˉ�
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"ʎɀ̯̚ɭ̝�ড়੔�͕ɭ�ɡ˝ˉ̤ʓɧɭ̝�̯ʎɭ�ɡ˝ʽ̚ɭ̯ʓˉʅ�̝ʓ̤ʯ�
ʽ˝ɧɭʴ�ੲɀ̸̤̤ʽʓˉʅ�ɧʓаɭ̝ɭˉ̯�̚ ˝̤̤ʓɠʴɭ�ɡɀ̸̤ɭ̤�̋ ʄ�
ʄɀʓʴ̸̝ɭੳ�͕ ʓ̯ʎ�ɭ͚̚˝ˉɭˉ̯ʓɀʴ�ɹ ʓʄɭ̯ʓʽɭ̤੓�"ʎɀ̯̚ɭ̝�
ঢ়�̸̤ʽʽɀ̝ʓͥɭ̤�̯ʎɭ�ʽɀʓˉ�̝ɭ̸̤ʴ̯̤�˝ʄ�̝̚ɭ͔ʓ˝̸̤�
ɡʎɀ̯̚ɭ̝̤�ɀˉɧ�ʅʓ͔ɭ̤�̤˝ʽɭ�ʓɧɭɀ̤�ɀɠ˝̸̯�ʄ̸̸̯̝ɭ�
͕˝̝ʯ੓��̚̚ɭˉɧʓɡɭ̤���ɀˉɧ�!�ɠ̝ʓɭр͛�̝̚ɭ̤ɭˉ̯�
̤˝ʽɭ�˝̯ʎɭ̝�̝ɭ̸̤ʴ̯̤੔�͕ʎʓɡʎ�ʎɀ͔ɭ�ɀʴ̤˝�ɠɭɭˉ�
˝ɠ̯ɀʓˉɭɧ�ɠ͛�̯ʎɭ�ɡɀˉɧʓɧɀ̯ɭ�ɧ̸̝ʓˉʅ�ʎɭ̝�Ñʎ੓(੓�
studies.

(̝�.ʴɭˉɀ�"ɀ̤̯ʓʴʴɀ 
(ɭ̚ɀ̝̯ʽɭˉ̯�˝ʄ��̚̚ʴʓɭɧ�vɀ̯ʎɭʽɀ̯ʓɡ̤ 
íˉʓ͔ɭ̝̤ʓɧɀɧ�Ôɭ͛�f̸ɀˉ�"ɀ̝ʴ˝̤ 
v˸̤̯˝ʴɭ̤�ੲvɀɧ̝ʓɧੳ੔�৖ড়ঢ়ৗৗ 
Û̚ɀʓˉ
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íÔm੕�ʎ̯̯̤̚੕੣੣ɭ̝̚ʓˉ̯̤੓̸ɡʽ੓ɭ̤੣ʓɧ੣ʎ̯̯̤̚੕੣੣ɭ̝̚ʓˉ̯̤੓̸ɡʽ੓ɭ̤੣ʓɧ੣
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Ñɀ̸̝̯̝ɭ̤ɡɭˉɡɭ੕�ɀ�̚˝̤̯�Ό̸ɀʴʓ̯ɀ̯ʓ͔ɭ�ʓˉΌ̸ʓ̝͛�ʓˉ̯˝�͕˝ʽɭ ઑ̤̄ �
˝̚̚˝̸̝̯ˉʓ̯ʓɭ̤�ʄ˝̝�̯̝ɀˉ̤ɡɭˉɧɭˉɡɭ�ɀˉɧ�̯̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉ�̯ʎ̝˝̸ʅʎ�

ɠʓ̝̯ʎ̤

.ʴʴɀ�i̸̝ͥ

�ɠ̤̯̝ɀɡ̯�˝ʄ�ɀ�̯ʎɭ̤ʓ̤�ʄ˝̝�ɀ�(˝ɡ̯˝̝ɀ̯ɭ�˝ʄ�Ñʎʓʴ˝̤˝̚ʎ͛�̸̤ɠʽʓ̯̯ɭɧ�̯˝�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�"ɀˉɠɭ̝̝ɀ

"ʎʓʴɧɠʓ̝̯ʎ੔�ʓˉɡʴ̸ɧʓˉʅ�̯ʎɭ�ɡʎɀʴʴɭˉʅʓˉʅ�
ɀˉɧ�ɧɭ̤̯ɀɠʓʴʓ̤ʓˉʅ�̚ɀ̝̯̤੔�ʓ̤�ˉ˝̯�ʫ̸̤̯�ʄ˝̝�

̯ʎɭ�̝̚˝ɧ̸ɡ̯ʓ˝ˉ�˝ʄ�ɀ�ɠɀɠ ੔͛�ɠ̸̯�ʓ̤�ɀʴ̤˝�ɀ�̤ʓ̯ɭ�
ʄ˝̝�͕˝ʽɭ ઑ̤̄� ̯̝ɀˉ̤ɡɭˉɧɭˉɡɭ� ɀˉɧ� ̯̝ɀˉ̤ʄ˝̝-
ʽɀ̯ʓ˝ˉ੓�Ċʎɭ̝ɭ�̯ʎʓ̤�ʅ˝ɭ̤�̸ˉɀɡʯˉ˝͕ʴɭɧʅɭɧ੔�
͕˝ʽɭ ઑ̤̄�̚˝̤̤ʓɠʓʴʓ̯ʓɭ̤�ɀ̝ɭ�̝ɭɧ̸ɡɭɧ੓�Rˉ�˝̝ɧɭ̝�
̯˝�˝̚ɭˉ�̸̚�͕˝ʽɭ ઑ̤̄�̚˝̤̤ʓɠʓʴʓ̯ʓɭ̤�̯ʎ̝˝̸ʅʎ�
ɠʓ̝̯ʎ੔�ʓˉ�̯ʎʓ̤�ʽʓɧ͕ʓʄɭ̝͛�̯ʎɭ̤ʓ̤੔�R�̝̚˝ɠʴɭʽɀ-
̯ʓ̤ɭ�ɧ˝ʽʓˉɀˉ̯�ɡ˝ˉ̸̤̯̝ɡ̯ʓ˝ˉ̤�˝ʄ�ɡʎʓʴɧɠʓ̝̯ʎ�
͕ʓ̯ʎ�̯ʎɭ�ɀʓʽ�˝ʄ�̯ʎɭ˝̝ʓ̤ʓˉʅ�ɠʓ̝̯ʎ�ɧʓаɭ̝ɭˉ̯ʴ ੓͛�
!͛�ɀ̚̚ʴ͛ʓˉʅ�̝̚˝ɡɭ̤̤ɭ̤�˝ʄ�̚˝̤̯�Ό̸ɀʴʓ̯ɀ̯ʓ͔ɭ�
ʓˉΌ̸ʓ̝͛�̯˝�ɡ˝ʴʴɭɡ̯ɭɧ�ɧɀ̯ɀ੔�ɀ̤�͕ɭʴʴ�ɀ̤�ʽɀ̯ɭ̝-
ˉʓ̯͛�ɀˉɧ�ʄɭʽʓˉʓ̤̯�ʴʓ̯ɭ̝ɀ̸̯̝ɭ੔�ʽ͛�̝̚ɀɡ̯ʓɡɭ�˝ʄ�
ʽʓɧ͕ʓʄɭ̝ ੔͛�ɀˉɧ�̔ ͛�̋ ͕ˉ�ɡʎʓʴɧɠɭɀ̝ʓˉʅ�R�̔ ˝͔ɭ�
ɠɭ͛˝ˉɧ�̯ ʎɭ�ɧ˝ʽʓˉɀˉ̯�ɡ˝ˉ̸̤̯̝ɡ̯ʓ˝ˉ̤�̋ ʄ�ɠʓ̝̯ʎ੔�
ɀˉɧ�̯ ʎʓˉʯ�ɧʓаɭ̝ɭˉ̯ʴ͛�ɀɠ˝̸̯�̯ ʎɭ�ɡ˝ˉ̤̯ʓ̸̯̯ʓ˝ˉ�
ɀˉɧ�̤ ̸ɠʫɭɡ̯ʓ͔ʓ̯͛�̋ ʄ�ɠʓ̝̯ʎ�ɀˉɧ�̔ ɀ̯ɭ̝ˉʓ̯͛�ɡɀ̝ɭ�
̸̤ɠʫɭɡ̯̤੓�R�̯ʎɭ˝̝ʓ̤ɭ�ɠʓ̝̯ʎ�ɀ̤�ɀˉ�˝̚̚˝̸̝̯ˉʓ̯͛�
˝ʄ�ઐɠɭɡ˝ʽʓˉʅ�̋ ̯ʎɭ̝ઑ੖�̯ ʎɭ�̝ ɭʽɀ̯ɭ̝ʓɀʴʓ̤ɀ̯ʓ˝ˉ�̋ ʄ�
̸̤ɠʫɭɡ̯ʓ͔ʓ̯ ੔͛�͕ʎʓɡʎ�R�̯ɭ̝ʽ�ઐ̚ɀ̸̝̯̝ɭ̤ɡɭˉɡɭ੓ઑ�R�
̤ʓ̸̯ɀ̯ɭ�͕˝ʽɭ ઑ̤̄�̯̝ɀˉ̤ɡɭˉɧɭˉɡɭ�ɀˉɧ�̯̝ɀˉ̤-
ʄ˝̝ʽɀ̯ʓ˝ˉ�ɀ̯�˝ˉɭ�ɭˉɧ�˝ʄ�̯ʎɭ�̤̚ɭɡ̸̯̝ʽ�˝ʄ�
̚˝̤̤ʓɠʴɭ�ɭ͚̚ɭ̝ʓɭˉɡɭ̤�˝ʄ�̚ɀ̸̝̯̝ɭ̤ɡɭˉɡɭ�ɀˉɧ�
ɭ͚̚ʴ˝̝ɭ�ʎ˝͕�̯ʎɭ͛�ɀ̝ɭ� ɡ˝ˉ̤̯ʓ̸̯̯ɭɧ�ɠ͛� ̯ʎɭ�

ʓˉ̯̝ɀ઀ɀɡ̯ʓ˝ˉ� ɠɭ̯͕ɭɭˉ� ̯ʎɭ� ʽɀ̯ɭ̝ʓɀʴʓ̯͛� ˝ʄ�
ɠʓ̝̯ʎ� ɀˉɧ�ʽʓɧ͕ʓʄɭ̝͛� ઐ͕ʓ̯ʎ� ͕˝ʽɀ ઑ̄� ɡɀ̝ɭ੓�
Dʓˉɀʴʴ ੔͛�R�ɧʓ̤ɡ̸̤̤�ʎ˝͕�̯ʎɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�˝ʄ�
̯ʎɭ�̯ ʎɭ˝̝͛�̋ ʄ�̚ ɀ̸̝̯̝ɭ̤ɡɭˉɡɭ�ɡɀˉ�ɭˉɀɠʴɭ�ɀʴʴ�̋ ʄ�
̸̤੔�ɡʎʓʴɧɠɭɀ̝ʓˉʅ�͕˝ʽɭˉ�ɀˉɧ�̯ʎɭʓ̝�̸̤̚̚˝̝̯�
̚ɭ˝̚ʴɭ੔�ʽʓɧ͕ʓ͔ɭ̤� ɀˉɧ�ɭ͔ɭ̝͛˝ˉɭ� ʓˉ͔˝ʴ͔ɭɧ�
ʓˉ�̯ʎɭ�̝̚˝͔ʓ̤ʓ˝ˉ�˝ʄ�ʽɀ̯ɭ̝ˉʓ̯͛�ɡɀ̝ɭ੔�̯˝�̯ɀʯɭ�
ɀɡ̯ʓ˝ˉ̤�͕ʎʓɡʎ�ʓˉɡ̝ɭɀ̤ɭ�͕˝ʽɭ ઑ̤̄�˝̚̚˝̸̝̯ˉʓ-
̯ʓɭ̤�ʄ˝̝�̯̝ɀˉ̤ɡɭˉɧɭˉɡɭ�ɀˉɧ�̯̝ɀˉ̤ʄ˝̝ʽɀ̯ʓ˝ˉ�
̯ʎ̝˝̸ʅʎ�ɠʓ̝̯ʎ੓

(̝�.ʴʴɀ�i̸̝ͥ 
Ôɭ̤ɭɀ̝ɡʎ��̤̤ʓ̤̯ɀˉ̯ 
íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�"ɀˉɠɭ̝̝ɀ 
!̸̝ɡɭ੔��"æ�৖৚৕৛

E-mail: ɭʴʴɀ੓ʯ̸̝ͥ୏ɡɀˉɠɭ̝̝ɀ੓ɭɧ̸੓ɀ̸ɭʴʴɀ੓ʯ̸̝ͥ୏ɡɀˉɠɭ̝̝ɀ੓ɭɧ̸੓ɀ̸

íÔm੕�ʎ̯̯̤̚੕੣੣̝ɭ̤ɭɀ̝ɡʎ̝̚˝пʴɭ̤੓ɡɀˉɠɭ̝̝ɀ੓ʎ̯̯̤̚੕੣੣̝ɭ̤ɭɀ̝ɡʎ̝̚˝пʴɭ̤੓ɡɀˉɠɭ̝̝ɀ੓
ɭɧ̸੓ɀ̸੣ɭˉ੣̸̤̯ɧɭˉ̯Юɭ̤ɭ̤੣̚ɀ̸̝̯̝ɭ̤ɡɭˉɡɭ઀ɭɧ̸੓ɀ̸੣ɭˉ੣̸̤̯ɧɭˉ̯Юɭ̤ɭ̤੣̚ɀ̸̝̯̝ɭ̤ɡɭˉɡɭ઀
ɀ઀̚˝̤̯઀Ό̸ɀʴʓ̯ɀ̯ʓ͔ɭ઀ʓˉΌ̸ʓ̝͛઀ʓˉ̯˝઀͕˝ʽɭˉ̤઀ɀ઀̚˝̤̯઀Ό̸ɀʴʓ̯ɀ̯ʓ͔ɭ઀ʓˉΌ̸ʓ̝͛઀ʓˉ̯˝઀͕˝ʽɭˉ̤઀
˝̚̚˝̸̝̯ˉʓ̯ʓɭ˝̚̚˝̸̝̯ˉʓ̯ʓɭ

mailto:ella.kurz@canberra.edu.au
https://researchprofiles.canberra.edu.au/en/studentTheses/parturescence-a-post-qualitative-inquiry-into-womens-opportunitie
https://researchprofiles.canberra.edu.au/en/studentTheses/parturescence-a-post-qualitative-inquiry-into-womens-opportunitie
https://researchprofiles.canberra.edu.au/en/studentTheses/parturescence-a-post-qualitative-inquiry-into-womens-opportunitie
https://researchprofiles.canberra.edu.au/en/studentTheses/parturescence-a-post-qualitative-inquiry-into-womens-opportunitie


117

Journal & Proceedings of the Royal Society of New South Wales, vol. 155, part 1, 2022,  
pp. 117–118. ISSN 0035-9173/22/010117-02

Юɭ̤ʓ̤�ɀɠ̤̯̝ɀɡ̯

Юɭ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯�ɀˉɧ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�˝ʄ�͛˝̸̯ʎ�ʽɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�
˝̸̯ɡ˝ʽɭ�ʽɭɀ̸̤̝ɭ̤�͕ʓ̯ʎʓˉ�ʽɭɀ̸̤̝ɭʽɭˉ̯�ʄɭɭɧɠɀɡʯ�̤̤̯͛ɭʽ̤

!ɭˉʫɀʽʓˉ�i͕ɀˉ

�ɠ̤̯̝ɀɡ̯�˝ʄ�ɀ�̯ʎɭ̤ʓ̤�ʄ˝̝�ɀ�(˝ɡ̯˝̝ɀ̯ɭ�˝ʄ�Ñʎʓʴ˝̤˝̚ʎ͛�̸̤ɠʽʓ̯̯ɭɧ�̯˝�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�"ɀˉɠɭ̝̝ɀ

æʎʓ̤�̯ʎɭ̤ʓ̤�ɠ͛�̸̚ɠʴʓ̤ʎɭɧ�͕˝̝ʯ̤�̝̚˝͔ʓɧɭ̤�
ɀˉ�˝̝ʓʅʓˉɀʴ�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ�̯˝�̯ʎɭ�ʯˉ˝͕ʴ-

ɭɧʅɭ�ɀɠ˝̸̯�̔ ɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�̋ ̸̯ɡ˝ʽɭ�̔ ɭɀ̸̤̝ɭ̤�
̸̤ɭɧ�͕ʓ̯ʎ�͛˝̸ˉʅ�̚ɭ˝̚ʴɭ�ɀʅɭɧ�৕৖�̯˝�৖৙�͛ɭɀ̝̤੓�
R̯�ɧʓ̤ɡ̸̤̤ɭ̤�ʎ˝͕�̤ ̸ɡʎ�̔ ɭɀ̸̤̝ɭ̤�ɡɀˉ�ɠɭ�ɧɭ͔ɭʴ-
˝̚ɭɧ�ɀˉɧ�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ɀ̤�ɀ�ɡʴʓˉʓɡɀʴ�̯˝˝ʴ�ʓˉ�
ɧɀ͛઀̯˝઀ɧɀ͛�̝̚ɀɡ̯ʓɡɭ੓�Юɭ�ʽɀʓˉ�ʅ˝ɀʴ�͕ɀ̤�̯˝�
ɧɭ͔ɭʴ˝̚�ɀ�̝ ˝̸̯ʓˉɭ�̋ ̸̯ɡ˝ʽɭ�̔ ɭɀ̸̤̝ɭ�̯ ʎɀ̯�͕ ɀ̤�
̸̤ʓ̯ɀɠʴɭ�ʄ˝̝�͛˝̸̯ʎ�ʽɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�̤ɭ̯̯ʓˉʅ̤�
̯ʎɀ̯�ɡ˝̸ʴɧ�ɠɭ�ʓʽ̚ʴɭʽɭˉ̯ɭɧ�ʓˉ̯˝�ʽɭɀ̸̤̝ɭ-
ʽɭˉ̯�ʄɭɭɧɠɀɡʯ�̤ ̤̯͛ɭʽ̤੓�Юɭ�̝ ɭ̤ɭɀ̝ɡʎ�ɀʓʽɭɧ�
̯˝�ɀɡʎʓɭ͔ɭ�̯ʎʓ̤�ʅ˝ɀʴ�ɠ͛�п̝̤̯ʴ͛�ʓɧɭˉ̯ʓʄ͛ʓˉʅ�
̯ʎɭ�ʅɀ̚�ʓˉ�ɭ͚ʓ̤̯ʓˉʅ�ʽɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�˝̸̯ɡ˝ʽɭ�
ʽɭɀ̸̤̝ɭ̤�̸̤ɭɧ�͕ʓ̯ʎ�͛˝̸ˉʅ�̚ɭ˝̚ʴɭ�ɀˉɧ੔�̤ɭɡ-
˝ˉɧʴ ੔͛�ɠ͛�ɭ͚ɀʽʓˉʓˉʅ�ʎ˝͕�̯ʎɭ̤ɭ�ʽɭɀ̸̤̝ɭ̤�
͕ɭ̝ɭ�ɠɭʓˉʅ�̸̤ɭɧ�ɡʴʓˉʓɡɀʴʴ ੓͛���ʄ̸̝̯ʎɭ̝�ɀʓʽ�
˝ʄ�̯ʎʓ̤�̝ɭ̤ɭɀ̝ɡʎ�͕ɀ̤�̯˝�ɭ͚ɀʽʓˉɭ�̯ʎɭ�̤͛̚ɡʎ˝-
ʽɭ̯̝ʓɡ�̚ ̝˝̚ɭ̝̯ʓɭ̤�̋ ʄ�ɀ�̄ ɭ͕�̝ ˝̸̯ʓˉɭ�̋ ̸̯ɡ˝ʽɭ�
ʽɭɀ̸̤̝ɭ੔�v͛mʓʄɭæ̝ɀɡʯɭ ੔̝�ʓˉ�͛˝̸̯ʎ�ʽɭˉ̯ɀʴ�
ʎɭɀʴ̯ʎ� ̤ɭ̯̯ʓˉʅ̤੓� R̯� ɀʓʽɭɧ� ̯˝� ɧɭ̯ɭ̝ʽʓˉɭ�
ɧɭ͔ɭʴ˝̚ʽɭˉ̯ɀʴʴ͛�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�ɡʴʓˉʓɡɀʴʴ͛�̤ʓʅ-
ˉʓпɡɀˉ̯�ɡʎɀˉʅɭ�ʓˉɧɭ͚ɭ̤੔�ɭ͚̚ɭɡ̯ɭɧ�ɡʎɀˉʅɭ�
̯̝ɀʫɭɡ̯˝̝ʓɭ̤੔�ɀˉɧ�ɭɀ̝ʴ͛�͕ɀ̝ˉʓˉʅ�̤ʓʅˉɀʴ̤�ʄ˝̝�
v͛mʓʄɭæ̝ɀɡʯɭ ੔̝�̯˝�̝̚˝͔ʓɧɭ�ɡʴʓˉʓɡʓɀˉ̤�͕ʓ̯ʎ�
ɡʴʓˉʓɡɀʴʴ͛�̸̤ɭʄ̸ʴ�ɀˉɧ�ɭ͔ʓɧɭˉɡɭ઀ɠɀ̤ɭɧ�ɠɭˉɡʎ-
ʽɀ̝ʯ̤੓�mɀ̤̯ʴ ੔͛�̯ ʎɭ�̝ ɭ̤ɭɀ̝ɡʎ�ɀʓʽɭɧ�̯ ˝�ɭ͚̚ʴ˝̝ɭ�
ʄɀɡ̯˝̝̤�ɀаɭɡ̯ʓˉʅ�̯ ʎɭ�̸ ̤ɭ�̋ ʄ�v͛mʓʄɭæ̝ɀɡʯɭ̝�ʓˉ�
ʽɭɀ̸̤̝ɭʽɭˉ̯�ʄɭɭɧɠɀɡʯ�̤ ̤̯͛ɭʽ̤�ɀɡ̝˝̤̤�͛ ˝̸̯ʎ�
ʽɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�̤ɭ̯̯ʓˉʅ̤੓
Юɭ�̝ɭ̤ɭɀ̝ɡʎ�̸̤ɭɧ�ɀ�Ό̸ɀˉ̯ʓ̯ɀ̯ʓ͔ɭ�ʽɭ̯ʎ˝ɧ-

˝ʴ˝ʅ͛�ɡ˝ʽ̝̚ʓ̤ʓˉʅ�ʄ˝̸̝�̝ ɭ̤ɭɀ̝ɡʎ�̚ ɀ̚ɭ̝̤੔�ɭɀɡʎ�
ɀɧɧ̝ɭ̤̤ʓˉʅ�ɀ�̤̚ɭɡʓпɡ�̝ɭ̤ɭɀ̝ɡʎ�ɀʓʽ੓�Юɭ�п̝̤̯�
̝ɭ̤ɭɀ̝ɡʎ�̚ɀ̚ɭ̝�͕ɀ̤�ɀ�̤̤̯͛ɭʽɀ̯ʓɡ�̝ɭ͔ʓɭ͕�˝ʄ�

ʅɭˉɭ̝ɀʴ�̔ ɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�̋ ̸̯ɡ˝ʽɭ�̔ ɭɀ̸̤̝ɭ̤�ʄ˝̝�
͛˝̸ˉʅ�̚ɭ˝̚ʴɭ�ɀʅɭɧ�৕৖�̯˝�৖৙�͛ɭɀ̝̤੓�R̯�ʓɧɭˉ̯ʓ-
пɭɧ�ʎ˝͕�̯ʎɭ̤ɭ�ʽɭɀ̸̤̝ɭ̤�̯̝ɀɡʯ�ɡʎɀˉʅɭ�ɀˉɧ�
ʓʄ�̯ʎɭ͛�ʎɀɧ�ɠɭɭˉ�̸̤ɭɧ�ʓˉ�ʄɭɭɧɠɀɡʯ�ʽ˝ˉʓ̯˝̝-
ʓˉʅ੓�Юɭ�̤ɭɡ˝ˉɧ�ɀˉɧ�̯ʎʓ̝ɧ�̚ɀ̚ɭ̝̤�ɭ͚ɀʽʓˉɭɧ�
̯ʎɭ�̸̤ɭ�˝ʄ�v͛mʓʄɭæ̝ɀɡʯɭ̝�ɠ͛�ɡʴʓɭˉ̯̤�̝ɭɡɭʓ͔-
ʓˉʅ�̸̤̚̚˝̝̯�ʄ̝˝ʽ�ʎɭɀɧ̤̚ɀɡɭ�͛˝̸̯ʎ�ʽɭˉ̯ɀʴ�
ʎɭɀʴ̯ʎ�̤ ɭ̝͔ʓɡɭ̤�ɀɡ̝˝̤̤��̸̤̯̝ɀʴʓɀ੓�Юɭ�̤ ɭɡ˝ˉɧ�
̚ɀ̚ɭ̝�ɭ͚̚ʴ˝̝ɭɧ�̯ʎɭ�̝ɭʴʓɀɠʓʴʓ̯ ੔͛�͔ɀʴʓɧʓ̯ ੔͛�ɀˉɧ�
̤ɭˉ̤ʓ̯ʓ͔ʓ̯͛� ̯˝� ɡʎɀˉʅɭ� ˝ʄ� v͛mʓʄɭæ̝ɀɡʯɭ̝�
ʄ˝̝� ͛˝̸ˉʅ�̚ɭ˝̚ʴɭ੔� ɀɡ̝˝̤̤� ʅɭˉɧɭ̝� ɀˉɧ�ɀʅɭ�
ʅ̝˝̸̤̚੓�Юɭ�̯ʎʓ̝ɧ�̚ɀ̚ɭ̝�ɧɭ̯ɭ̝ʽʓˉɭɧ�ɡʴʓˉʓ-
ɡɀʴʴ͛�̤ʓʅˉʓпɡɀˉ̯�ɡʎɀˉʅɭ�ʓˉɧɭ͚ɭ̤�ɠ͛�ʅɭˉɧɭ̝�
ɀˉɧ�ɀʅɭ�ʅ̝˝̸̤̚�ɠ͛�ɡ˝ʽ̚ɀ̝ʓˉʅ�̚ɀ̝̯ʓɡʓ̚ɀˉ̯̤�
ʄ̝˝ʽ�ʎɭɀɧ̤̚ɀɡɭ�̤ɭ̝͔ʓɡɭ̤�̯˝�ɀˉ��̸̤̯̝ɀʴʓɀˉ�
̝ɭ̝̚ɭ̤ɭˉ̯ɀ̯ʓ͔ɭ�ɡ˝ʽʽ̸ˉʓ̯͛�̤ ɀʽ̚ʴɭ�̋ ʄ�͛ ˝̸ˉʅ�
̚ɭ˝̚ʴɭ੓�.͚̚ɭɡ̯ɭɧ�ɡʎɀˉʅɭ�̯̝ɀʫɭɡ̯˝̝ʓɭ̤�͕ɭ̝ɭ�
ɀʴ̤˝�ɧɭ̯ɭ̝ʽʓˉɭɧ�ʄ˝̝�̯ ʎɭ�ɡʴʓˉʓɡɀʴ�ʅ̝˝̸̚�̸ ̤ʓˉʅ�
ʅ̝˝͕̯ʎ�ɡ̸̝͔ɭ�ʽ˝ɧɭʴʴʓˉʅ੓�Юɭ�ʄ˝̸̝̯ʎ�̚ɀ̚ɭ̝�
̝ɭ̚˝̝̯̤�пˉɧʓˉʅ̤�ʄ̝˝ʽ�ɀ�̸̤̝͔ɭ͛�˝ʄ�৖৕৔�ɡʴʓˉʓ-
ɡʓɀˉ̤�ʄ̝˝ʽ�ʎɭɀɧ̤̚ɀɡɭ�ɡɭˉ̯̝ɭ̤�ɀɠ˝̸̯�̯ʎɭʓ̝�
̸̤ɭ�̋ ʄ�v͛mʓʄɭæ̝ɀɡʯɭ ੔̝�̤ ̚ɭɡʓпɡɀʴʴ͛�ɭ͚̚ʴ˝̝ʓˉʅ�
̯ʎ̝ɭɭ�̝̚˝ɡɭ̤̤ɭ̤�˝ʄ�ʽɭɀ̸̤̝ɭʽɭˉ̯�ʄɭɭɧɠɀɡʯ�
̤̤̯͛ɭʽ̤੕�ʴ˝˝ʯʓˉʅ�ɀ̯�v͛mʓʄɭæ̝ɀɡʯɭ̝�ɠɭʄ˝̝ɭ�
̯ʎɭ�̤ɭ̤̤ʓ˝ˉ੔�̸̤ʓˉʅ�v͛mʓʄɭæ̝ɀɡʯɭ̝�ʓˉ�̯̝ɭɀ̯-
ʽɭˉ̯�̚ʴɀˉˉʓˉʅ੔�ɀˉɧ�̝̚˝͔ʓɧʓˉʅ�ʄɭɭɧɠɀɡʯ�˝ʄ�
v͛mʓʄɭæ̝ɀɡʯɭ̝�̤ɡ˝̝ɭ̤�̯˝�ɡʴʓɭˉ̯̤੓
Юɭ�̤̤̯͛ɭʽɀ̯ʓɡ�̝ɭ͔ʓɭ͕�ʓɧɭˉ̯ʓпɭɧ�৖ঢ়�ɧʓʄ-

ʄɭ̝ɭˉ̯�˝̸̯ɡ˝ʽɭ�ʽɭɀ̸̤̝ɭ̤�̸̤ɭɧ�͕ʓ̯ʎ�͛˝̸ˉʅ�
̚ɭ˝̚ʴɭ੔�ʎ˝͕ɭ͔ɭ ੔̝�ˉ˝�ʽɭɀ̸̤̝ɭ̤�͕ɭ̝ɭ�ɭ͚̚ʴʓɡ-
ʓ̯ʴ͛�ɧɭ̤ʓʅˉɭɧ�ʄ˝̝�̯ʎʓ̤�ɀʅɭ�ʅ̝˝̸̚੓��ˉʴ͛�̯͕˝�
ʽɭɀ̸̤̝ɭ̤�͕ɭ̝ɭ�ʄ˝̸ˉɧ�̯˝�ɠɭ�̸̤ɭɧ�ɠ͛�ɡʴʓˉʓ-
ɡʓɀˉ̤�ʓˉ�ʽɭɀ̸̤̝ɭʽɭˉ̯�ʄɭɭɧɠɀɡʯ�̤̤̯͛ɭʽ̤�ʓˉ�



118

Journal & Proceedings of the Royal Society of New South Wales
i͕ɀˉ૆ઃ૆Ñʎ(�̯ʎɭ̤ʓ̤�ɀɠ̤̯̝ɀɡ̯

̯ʎʓ̤�ɀʅɭ�̝ ɀˉʅɭ੓�Dʓˉɧʓˉʅ̤�ʄ̝˝ʽ�̯ ʎɭ�̝ ɭ͔ʓɭ͕�ɹ ɭɧ�
̯˝�̯ʎɭ�̝ɭɡ˝ʽʽɭˉɧɀ̯ʓ˝ˉ�̯ʎɀ̯�ʽɭɀ̸̤̝ɭ̤�ɠɭ�
ɭ͚̚ʴʓɡʓ̯ʴ͛�ɧɭ̤ʓʅˉɭɧ�ʄ˝̝�̯ʎʓ̤�ɀʅɭ�ʅ̝˝̸̚�̯ʎɀ̯�
ɀ̝ɭ�̸̤ʓ̯ɀɠʴɭ�ʄ˝̝�̝˝̸̯ʓˉɭ�˝̸̯ɡ˝ʽɭ�ʽ˝ˉʓ̯˝̝-
ʓˉʅ੓�Юɭ�̤ɭɡ˝ˉɧ�̚ɀ̚ɭ̝�ɧɭʽ˝ˉ̤̯̝ɀ̯ɭ̤�̯ʎɀ̯�
v͛mʓʄɭæ̝ɀɡʯɭ̝�̚ ̝˝͔ʓɧɭ̤�ɀ�̚ ̤͛ɡʎ˝ʽɭ̯̝ʓɡɀʴʴ͛�
̤˝̸ˉɧ�ʽɭˉ̯ɀʴ�ʎɭɀʴ̯ʎ�˝̸̯ɡ˝ʽɭ�ʽɭɀ̸̤̝ɭ�ʄ˝̝�
̝˝̸̯ʓˉɭ�̸̤ɭ�͕ʓ̯ʎ�͛˝̸ˉʅ�̚ɭ˝̚ʴɭ੓�Юɭ�ʽɭɀ̤-
̸̝ɭ�ʎɀ̤�ɠɭɭˉ�ʓˉɡ˝̝̚˝̝ɀ̯ɭɧ�ʓˉ̯˝�ɀˉ�ɭʴɭɡ̯̝˝ˉʓɡ�
̤̤̯͛ɭʽ�ʄ˝̝�ʎɭɀɧ̤̚ɀɡɭ�̤ ɭ̝͔ʓɡɭ̤�̯ ʎɀ̯�̝ ˝̸̯ʓˉɭʴ͛�
̯̝ɀɡʯ̤�̤ɭ̤̤ʓ˝ˉ઀ɠ͛઀̤ɭ̤̤ʓ˝ˉ�ɡʎɀˉʅɭ�ɀˉɧ�̝̚˝-
ɧ̸ɡɭ̤�̯ʓʽɭ઀̤ɭ̝ʓɭ̤�ɡʎɀ̝̯̤�ʄ˝̝�ɭɀ̤ɭ�˝ʄ�̸̤ɭ�ɀˉɧ�
ʓˉ̯ɭ̝̝̚ɭ̯ɀ̯ʓ˝ˉ੓�Юɭ� ̯ʎʓ̝ɧ�̚ɀ̚ɭ̝�̝̚˝͔ʓɧɭ̤�
ɡʴʓˉʓɡɀʴ� ɠɭˉɡʎʽɀ̝ʯ̤� ʄ˝̝� v͛mʓʄɭæ̝ɀɡʯɭ ੔̝�
ʄ̸̝̯ʎɭ̝�̸̤̚̚˝̝̯ʓˉʅ�̯ʎɭ�̸̤ɭ�˝ʄ�̯ʎɭ�ʽɭɀ̸̤̝ɭ�
ʓˉ�ʽɭɀ̸̤̝ɭʽɭˉ̯�ʄɭɭɧɠɀɡʯ�̤̤̯͛ɭʽ̤੓�mɀ̤̯ʴ ੔͛�
̯ʎɭ�ʄ˝̸̝̯ʎ�̚ ɀ̚ɭ̝�̝ ɭ̚˝̝̯̤�̯ ʎɭ�ɧʓаɭ̝ɭˉ̯�ɹ ɭ͔ɭʴ̤�
˝ʄ�̸̤ɭ�˝ʄ�v͛mʓʄɭæ̝ɀɡʯɭ̝�ʓˉ�ɀ�ʽɭɀ̸̤̝ɭʽɭˉ̯�
ʄɭɭɧɠɀɡʯ�̤̤̯͛ɭʽ�ɀˉɧ�ʎʓʅʎʴʓʅʎ̯̤�̯ʎɭ�ʄɀɡ̯˝̝̤�
̯ʎɀ̯�ʓˉɡ̝ɭɀ̤ɭ�ɡʴʓˉʓɡʓɀˉ̤ઑ�̸ ̤ɭ�ʄ˝̝�ɭɀɡʎ�̚ ̝˝ɡɭ̤̤੓
Юɭ� ̯ʎɭ̤ʓ̤� ̸̤̚̚˝̝̯̤� ̯ʎɭ� ̸̤ɭ� ˝ʄ�ʽɭˉ̯ɀʴ�
ʎɭɀʴ̯ʎ�˝̸̯ɡ˝ʽɭ�ʽɭɀ̸̤̝ɭ̤� ̯˝�ɠɭ�̸̤ɭɧ�ˉ˝̯�
˝ˉʴ͛�ʄ˝̝�ɀ̤̤ɭ̤̤ʓˉʅ�̤ɭ̝͔ʓɡɭ�ɭаɭɡ̯ʓ͔ɭˉɭ̤̤�ɀˉɧ�
Ό̸ɀʴʓ̯͛�ɀ̸̤̤̝ɀˉɡɭ੔�ɠ̸̯�ɀʴ̤˝�ɀ̤�ɀ�ɡʴʓˉʓɡɀʴ�̯˝˝ʴ�
̯˝�̸̤̚̚˝̝̯�ɧɭɡʓ̤ʓ˝ˉ�ʽɀʯʓˉʅ�ɀˉɧ�̯̝ɭɀ̯ʽɭˉ̯�
̚ʴɀˉˉʓˉʅ�ɠ͛�ɡʴʓˉʓɡʓɀˉ̤�ɀˉɧ�ɡʴʓɭˉ̯̤੓�R̯�̝̚˝-

͔ʓɧɭ̤�̤ ̸̚̚˝̝̯�ʄ˝̝�ɠ̝ʓɭʄ�ɀˉɧ�ɭɀ̤͛�̯ ˝�̸ ̤ɭ�̔ ɭɀ̤-
̸̝ɭ̤�̯ʎɀ̯�ɀ̝ɭ�ʽɭɀˉʓˉʅʄ̸ʴ�ʄ˝̝�ɡʴʓˉʓɡʓɀˉ̤�ɀˉɧ�
ɡʴʓɭˉ̯̤੓�Юɭ�ɡʴʓˉʓɡɀʴ�ɠɭˉɭп̯̤�̋ ʄ�̔ ɭɀ̸̤̝ɭʽɭˉ̯�
ʄɭɭɧɠɀɡʯ�̤ ̤̯͛ɭʽ̤�ɀ̝ɭ�ɠɭɡ˝ʽʓˉʅ�̔ ˝̝ɭ�͕ ʓɧɭʴ͛�
ʯˉ˝͕ˉ�ɀˉɧ�ʎɀ͔ɭ�ɠɭɡ˝ʽɭ�̚ ɀ̝̯�̋ ʄ�̯ ʎɭ�ɀʅɭˉɧɀ�
ʄ˝̝�̯ ʎɭ�ʄ̸̸̯̝ɭ�̚ ̝˝ʅ̝ɭ̤̤ʓ˝ˉ�̋ ʄ�̚ ̤͛ɡʎ˝̯ʎɭ̝ɀ̚ ੓͛�
Юɭ�̯ ʎɭ̤ʓ̤�̯ ɀ̝ʅɭ̯̤�ɀ�ɧɭ͔ɭʴ˝̚ʽɭˉ̯ɀʴ�ɀʅɭ�ʅ̝˝̸̚�
̯ʎɀ̯�ʎɀ̤�ʎʓʅʎ�̝ɀ̯ɭ̤�˝ʄ�ɡʴʓˉʓɡɀʴ�ɧɭ̯ɭ̝ʓ˝̝ɀ̯ʓ˝ˉ੔�
̯̝ɭɀ̯ʽɭˉ̯� ɧ̝˝̚઀˝̸̯� ɀˉɧ�ʽʓ̤̤ɭɧ� ɀ̚̚˝ʓˉ̯-
ʽɭˉ̯̤੔�ɀˉɧ�͕ʎ˝�ʽɀ͛�ɠɭ�Ό̸ʓ̯ɭ�̝ɭ̤̚˝ˉ̤ʓ͔ɭ�̯˝�
ʄɭɭɧɠɀɡʯ�ʽ˝ˉʓ̯˝̝ʓˉʅ੓�Юɭ�̯ʎɭ̤ʓ̤�ɡ˝ˉɡʴ̸ɧɭ̤�
ɠ͛�˝аɭ̝ʓˉʅ�ɀ�̝ɀˉʅɭ�˝ʄ�̯ɀ̝ʅɭ̯ɭɧ�̤̯̝ɀ̯ɭʅʓɭ̤�
̯ʎɀ̯�ɡɀˉ�̤ ̸̚̚˝̝̯�̯ ʎɭ�ʄ̸̸̯̝ɭ�ʓʽ̚ʴɭʽɭˉ̯ɀ̯ʓ˝ˉ�
˝ʄ�̋ ̸̯ɡ˝ʽɭ�̔ ɭɀ̸̤̝ɭʽɭˉ̯�ʄɭɭɧɠɀɡʯ�̤ ̤̯͛ɭʽ̤�
ʓˉ̯˝�̝̚ɀɡ̯ʓɡɭ੓

(̝�!ɭˉʫɀʽʓˉ�i͕ɀˉ 
"ʴʓˉʓɡɀʴ�Ñ̤͛ɡʎ˝ʴ˝ʅʓ̤̯
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�ɠʓ̸̯ɀ̝͛੕�Eɭ˝а̝ɭ͛�Mɀ̝ɡ˝̸̝̯��"�DÔÛ��ੲ৕ঢ়ৗ৕ં৖৔৖৕ੳ

Ñɭ̯ɭ̝�i̝ʓɭ̤ʴɭ̝ુa੔�æʓʽ�Mɀ̝ɡ˝̸̝̯ુb੔�Ô˝ɠɭ̝̯�vɀ̝ʯ̤ુa*
aુEconomics, UNSW Sydney, Australia

bુRˉ̤̯ʓ̸̯̯ɭ�ʄ˝̝�Ñ̸ɠʴʓɡ�Ñ˝ʴʓɡ͛�ɀˉɧ�E˝͔ɭ̝ˉɀˉɡɭ੔�íˉʓ͔ɭ̝̤ʓ̯͛�˝΍�æɭɡʎˉ˝ʴ˝ʅ ੔͛�Û͛ɧˉɭ͛
ਫ਼"˝̝̝ɭ̤̚˝ˉɧʓˉʅ�ɀ̸̯ʎ˝ ੓̝�.ʽɀʓʴ੕�̝˝ɠɭ̝̯੓ʽɀ̝ʯ̤୏ʅʽɀʓʴ੓ɡ˝ʽ

ਘાЮʓ̤�˝ɠʓ̸̯ɀ̝͛�ɧ̝ɀ͕̤�˝ˉ�i̝ʓɭ̤ʴɭ̝�ੲ৖৔৖৖ੳ�ɀˉɧ�Mɀ̝ɡ˝̸̝̯�ੲ৖৔৖৖ੳ੖�æʓʽ�Mɀ̝ɡ˝̸̝̯�ʓ̤�Eɭ˝тઑ̤�̤˝ˉ੓

Eɭ˝а�ɀˉɧ�ʎʓ̤�̯͕ʓˉ�ɠ̝˝̯ʎɭ̝�f˝ʎˉ�͕ɭ̝ɭ�
ɠ˝̝ˉ�ʓˉ�vɭʴɠ˝̸̝ˉɭ�̋ ˉ�̯ ʎɭ�৖৛̯ʎ�̋ ʄ�f̸ˉɭ�

৕ঢ়ৗ৕੓�Eɭ˝а�ɧʓɭɧ�˝ˉ�৛̯ʎ�(ɭɡɭʽɠɭ̝�৖৔৖৕੔�ɀʅɭɧ�
ঢ়৔੓�Eɭ˝а�ɀ̯̯ɭˉɧɭɧ�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�vɭʴ-
ɠ˝̸̝ˉɭ�͕ʎɭ̝ɭ�ʎɭ�р˝̸̝ʓ̤ʎɭɧ�͕ʎʓʴɭ�̸̤̯ɧ͛ʓˉʅ�
ɀɡɡ˝̸ˉ̯ʓˉʅ�ɀˉɧ�ɭɡ˝ˉ˝ʽʓɡ̤੔�ɀɡʎʓɭ͔ʓˉʅ�п̝̤̯�
ɡʴɀ̤̤�ʎ˝ˉ˝̸̝̤੔�ɀˉɧ�̸̤ɠ̤ɭΌ̸ɭˉ̯ʴ͛�ɀ�v੓�"˝ʽ੓�
Ċʎʓʴɭ�ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�vɭʴɠ˝̸̝ˉɭ੔�ʎɭ�
͕ɀ̤�ɭ͚̚˝̤ɭɧ�̯ ˝�̯ ʎɭ�ɭɡ˝ˉ˝ʽʓɡ̤�̋ ʄ�iɭ͛ˉɭ̤�ɀˉɧ�
̯ʎɭ�"ɀʽɠ̝ʓɧʅɭ�Ûɡʎ˝˝ʴ੔�͕ ʎʓɡʎ�ɭ͚ɭ̝̯ɭɧ�ɀ�̚ ̝˝-
ʄ˝̸ˉɧ�ʓˉр̸ɭˉɡɭ�̋ ˉ�ɀʴʴ�ʎʓ̤�̤ ̸ɠ̤ɭΌ̸ɭˉ̯�͕ ˝̝ʯ੓ৡ
Eɭ˝а�͕ɀ̤�ɀ͕ɀ̝ɧɭɧ�ɀ�Ñʎ(�̤ɡʎ˝ʴɀ̝̤ʎʓ̚�̯˝�

̸̤̯ɧ͛�ɀ̯�"ɀʽɠ̝ʓɧʅɭ੔�͕ʎɭ̝ɭ�ʎɭ�͕ɀ̤�̸̤̚ɭ̝-
͔ʓ̤ɭɧ� ɠ͛� �ʓɡʎ˝ʴɀ̤� iɀʴɧ˝̝� ɀˉɧ� Ô˝ˉɀʴɧ�
Mɭˉɧɭ̝̤˝ˉ੓�Mɭ�ɀɠ̤˝̝ɠɭɧ�̯ʎɭ�ɀ̯ʽ˝̤̚ʎɭ̝ɭ�
ɀˉɧ�̯ʎɭ�ʓˉ̯ɭʴʴɭɡ̸̯ɀʴ�̤̯ʓʽ̸ʴɀ̯ʓ˝ˉ�˝ʄ�ɠɭʓˉʅ�
ɀʽ˝ˉʅ� ̯ʎɭ� ʅ̝ɭɀ̯�"ɀʽɠ̝ʓɧʅɭ� ɭɡ˝ˉ˝ʽʓ̤̯̤੓�
f˝ɀˉ�Ô˝ɠʓˉ̤˝ˉ੔�ʓˉ�̚ɀ̝̯ʓɡ̸ʴɀ ੔̝�͕ɀ̤�ɀˉ�ʓʽ̚˝̝-
̯ɀˉ̯�ʓˉр̸ɭˉɡɭ੓�Eɭ˝а�ɀ̯̯ɭˉɧɭɧ�ʎɭ̝�ʴɭɡ̸̯̝ɭ̤੔�
ɀˉɧ�ɡʴ˝̤ɭʴ͛�̸̤̯ɧʓɭɧ�ʎɭ̝�ʽɀʅˉ̸ʽ�˝̸̤̚੔�δȷ�
�ȫȫ̂ʇ̂ɾȊ˹ɝʧʓ�ʧɎ�$Ȋˤɝ̵Ȋɾ�ੲ৕ঢ়৙৚ੳ੔�͕ʎʓɡʎ�ʎɀɧ�ɀ�
ɧɭɭ̚�ɭаɭɡ̯�̋ ˉ�ʎʓ̤�̤ ̸ɠ̤ɭΌ̸ɭˉ̯�ɧɭ͔ɭʴ˝̚ʽɭˉ̯੖�
Eɭ˝а੔�͕ ʓ̯ʎ�Ñ̸̝ɭ�iɭ̝ ੔̝�͕ ˝̸ʴɧ�ɭɧʓ̯�ɀˉɧ�͕ ̝ʓ̯ɭ�
̯ʎɭ�ʓˉ̯̝˝ɧ̸ɡ̯ʓ˝ˉ�ʄ˝̝�̯ ʎɭ�̯ ʎʓ̝ɧ�ɭɧʓ̯ʓ˝ˉ�̋ ʄ�ʎɭ̝�
ɠ˝˝ʯ੓�Mɭ�͕ ɀ̤�ɀ͕ɀ̝ɧɭɧ�ɀ�Ñʎ(�ʓˉ�৕ঢ়৙৛�ʄ˝̝�ʎʓ̤�
̯ʎɭ̤ʓ̤੔�઎��̸̤̯ɧ͛�˝ʄ�̯ʎɭ�ʓʽ̚ʴʓɡɀ̯ʓ˝ˉ̤�˝ʄ�̯ʎɭ�
̸̤ɭ�̋ ʄ�ʎʓ̤̯˝̝ʓɡɀʴ઀ɡ˝̤̯�ɀɡɡ˝̸ˉ̯ʓˉʅ�̚ ̝˝ɡɭɧ̸̝ɭ̤�
̯˝�̤ɭ̯�̝̚ʓɡɭ̤�ɀˉɧ�ɧʓ͔ʓɧɭˉɧ̤੔�ɀˉɧ�ʴɭ͔͛�̯ɀ͚ɭ̤�
ʓˉ�ɀ�̚ɭ̝ʓ˝ɧ�˝ʄ�ʓˉрɀ̯ʓ˝ˉ੓એ
"ɀʽɠ̝ʓɧʅɭ�ɠɭɡɀʽɭ�Eɭ˝тઑ̤�ɡɭˉ̯̝ɭ�̋ ʄ�ʅ̝ɀ͔-

ʓ̯ ੓͛�Mɭ�̝ ɭ̸̯̝ˉɭɧ�̋ оɭˉ੔�ɠɭʄ˝̝ɭ�̔ ˝͔ʓˉʅ�̯ ʎɭ̝ɭ�
̚ɭ̝ʽɀˉɭˉ̯ʴ͛�ʓˉ�৕ঢ়ড়৖�̯ ˝�̯ ɀʯɭ�̸ ̚�ɀ�íˉʓ͔ɭ̝̤ʓ̯͛�

mɭɡ̸̯̝ɭ̤ʎʓ̚੓�Rˉ�৕ঢ়ঢ়৔�ʎɭ�ɠɭɡ˝ʽɭ�ɀ�Ôɭɀɧɭ̝�ʓˉ�
̯ʎɭ�Mʓ̤̯˝̝͛�̋ ʄ�.ɡ˝ˉ˝ʽʓɡ�Юɭ˝̝ ੔͛�̸ ˉ̯ʓʴ�̝ ɭ̯ʓ̝-
ʓˉʅ�ʓˉ�৕ঢ়ঢ়ড়੔�͕ ʎɭˉ�ʎɭ�͕ ɀ̤�̔ ɀɧɭ�ɀˉ�.ʽɭ̝ʓ̸̯̤�
Ôɭɀɧɭ ੓̝�Mɭ�͕ɀ̤�ɀ�Dɭʴʴ˝͕�ɀ̯�fɭ̸̤̤�"˝ʴʴɭʅɭ�
ɧ̸̝ʓˉʅ�̯ʎɀ̯�̯ʓʽɭ੔�ɀˉɧ�ʓ̯̤�Ñ̝ɭ̤ʓɧɭˉ̯�ʄ̝˝ʽ�
৕ঢ়ড়ড়ંড়ঢ়�ɀˉɧ�৕ঢ়ঢ়৔ંঢ়৖੓�vɭɀˉ͕ʎʓʴɭ੔�ʎɭ�͕ɀ̤�
ɀ̚̚˝ʓˉ̯ɭɧ�̯ ˝�ɀ�ɹ ɭɡ̸̯̝ɭ̤ʎʓ̚�ɀ̯�̯ ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�
˝ʄ��ɧɭʴɀʓɧɭ�ʓˉ�৕ঢ়৙ড়੔�ɀˉɧ�̯ʎɭˉ�̯˝�ɀ�̚ɭ̝̤˝ˉɀʴ�
"ʎɀʓ̝�ʓˉ�৕ঢ়৚৛੔�ɀˉɧ�Ñ̝˝ʄɭ̤̤˝̝�.ʽɭ̝ʓ̸̯̤�ʓˉ�
৕ঢ়ড়ড়੓��оɭ̝�ʎʓ̤�̝ ɭ̯ʓ̝ɭʽɭˉ̯�ʄ̝˝ʽ�"ɀʽɠ̝ʓɧʅɭ੔�
ʎɭ�ɠɭɡɀʽɭ�ɀ�͔ ʓ̤ʓ̯ʓˉʅ�Ñ̝˝ʄɭ̤̤˝̝ʓɀʴ�Dɭʴʴ˝͕�ɀˉɧ�
̯ʎɭˉ�ɀˉ�M˝ˉ˝̝ɀ̝͛�Ñ̝˝ʄɭ̤̤˝̝�ɀ̯�̯ ʎɭ�Ûɡʎ˝˝ʴ�̋ ʄ�
.ɡ˝ˉ˝ʽʓɡ̤�ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�
Ċɀʴɭ̤੔�͕ʎɭ̝ɭ�ʎɭ�̤̚ɭˉ̯�ʎʓ̤�ʴɀ̤̯�ɧɭɡɀɧɭ̤੓�Rˉ�
̯ʎɭ�ʴʓʅʎ̯�˝ʄ�̯ʎʓ̤੔� ʓ̯� ʓ̤�ˉ˝̯�̸̤̝̝̚ʓ̤ʓˉʅ�̯ʎɀ̯�
Eɭ˝а�̝ɭʅɀ̝ɧɭɧ�ʎʓʽ̤ɭʴʄ�ɀ̤�઎ɀˉ��̸̤̯̝ɀʴʓɀˉ�
̚ɀ̯̝ʓ˝̯�ɀˉɧ�ɀ�"ɀʽɠ̝ʓɧʅɭ�ɭɡ˝ˉ˝ʽʓ̤̯એ�ੲMɀ̝-
ɡ˝̸̝̯�৕ঢ়ঢ়৙ੳ੓
Eɭ˝а�̝ɭɡɭʓ͔ɭɧ�ʽɀˉ͛�̤ʓʅˉʓпɡɀˉ̯�ɀ͕ɀ̝ɧ̤�

ɧ̸̝ʓˉʅ�ʎʓ̤�ʴʓʄɭ੓�Rˉ�৖৔৕৚�ʎɭ�ɠɭɡɀʽɭ�ɀ�Dɭʴʴ˝͕�
˝ʄ�̯ ʎɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�̋ ʄ��ÛĊ�ɀˉɧ�͕ ɀ̤�ɀɡ̯ʓ͔ɭ�
ʓˉ�˝̸̝�D˝̸̝ʽ̤੓�Rˉ�৖৔৕ড়�ʎɭ�͕ɀ̤�ʽɀɧɭ�ɀ�"˝ʽ-
̚ɀˉʓ˝ˉ�˝ʄ�̯ʎɭ��̝ɧɭ̝�˝ʄ��̸̤̯̝ɀʴʓɀ�ੲ�"ੳ�ʄ˝̝�
ʎʓ̤�઎ɭʽʓˉɭˉ̯�̤ɭ̝͔ʓɡɭ�̯˝�ʎʓʅʎɭ̝�ɭɧ̸ɡɀ̯ʓ˝ˉ�ɀ̤�
ɀˉ�ɀɡɀɧɭʽʓɡ�ɭɡ˝ˉ˝ʽʓ̤̯�ɀˉɧ�ɀ̸̯ʎ˝ ੔̝�̚ ɀ̝̯ʓɡ̸-
ʴɀ̝ʴ͛�ʓˉ�̯ ʎɭ�пɭʴɧ̤�̋ ʄ�Ñ˝̤̯઀iɭ͛ˉɭ̤ʓɀˉ�ɭɡ˝ˉ˝ʽ-
ʓɡ̤੔�ɡɀ̚ʓ̯ɀʴ�̯ʎɭ˝̝͛�ɀˉɧ�ɭɡ˝ˉ˝ʽʓɡ�̯ʎ˝̸ʅʎ̯੓એ�
Mɭ�̝ɭɡɭʓ͔ɭɧ�ʎ˝ˉ˝̝ɀ̝͛�ɧ˝ɡ̯˝̝ɀ̯ɭ̤�ʄ̝˝ʽ�̸ˉʓ-
͔ɭ̝̤ʓ̯ʓɭ̤�ʓˉ�̯ʎɭ�íi੔�.̸̝˝̚ɭ੔�ɀˉɧ��̸̤̯̝ɀʴʓɀ੓�
Mɭ�͕ɀ̤�ɀ�ʄ˝̸ˉɧʓˉʅ�Dɭʴʴ˝͕�˝ʄ�̯ʎɭ��ɡɀɧɭʽ͛�
˝ʄ�̯ʎɭ�Û˝ɡʓɀʴ�Ûɡʓɭˉɡɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ੓�Mɭ�͕ɀ̤�
̤˝ʽɭ̯ʓʽɭ�Ñ̝ɭ̤ʓɧɭˉ̯�˝ʄ�̯ʎɭ�.ɡ˝ˉ˝ʽʓɡ�Û˝ɡʓ-
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i̝ʓɭ̤ʴɭ ੔̝�Mɀ̝ɡ˝̸̝̯੔�vɀ̝ʯ̤૆ઃ૆�ɠʓ̸̯ɀ̝͛੕�Eɭ˝а̝ɭ͛�Mɀ̝ɡ˝̸̝̯��"�DÔÛ��ੲ৕ঢ়ৗ৕ં৖৔৖৕ੳ

ɭ̯͛�̋ ʄ��̸̤̯̝ɀʴʓɀ�ɀˉɧ��ɭ͕�Ěɭɀʴɀˉɧ੓�Rˉ�৕ঢ়৚৖�ʎɭ�
ʎɀɧ�ʎɭʴ̚ɭɧ�ʄ˝̸ˉɧ�Australian Economic Papers, 
ɀˉɧ�͕ɀ̤�ʓ̯̤�ɭɧʓ̯˝̝�ʄ˝̝�̯͕˝�ɧɭɡɀɧɭ̤੓�Mɭ�ʎɀɧ�
ˉ̸ʽɭ̝˝̸̤�ʎ˝ˉ˝̸̝̤�ʄ̝˝ʽ�ʴɭɀ̝ˉɭɧ�̤˝ɡʓɭ̯ʓɭ̤�
ʓˉ�̯ ʎɭ�íÛ੔�íi੔�ɀˉɧ�.̸̝˝̚ɭ੓�Mɭ�͕ ɀ̤�͕ ʓ̯ʎ˝̸̯�
ɧ˝̸ɠ̯�̯ʎɭ�ʽ˝̤̯�ɭʽʓˉɭˉ̯�ɭɡ˝ˉ˝ʽʓ̤̯�ʓˉ�̯ʎɭ�
Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�̋ ʄ��ÛĊ�̤ ʓˉɡɭ�Ċʓʴʴʓɀʽ�Û̯ɀˉʴɭ͛�
fɭ͔˝ˉ̤੔�ɡ˝઀ʄ˝̸ˉɧɭ̝�˝ʄ�ʽʓɡ̝˝ɭɡ˝ˉ˝ʽʓɡ̤�ʓˉ�
̯ʎɭ�̄ ʓˉɭ̯ɭɭˉ̯ʎ�ɡɭˉ̸̯̝͛�ੲ"ɀ̤̯ʴɭ̤�৖৔৕৚੔�vɀ̝ʯ̤�
৖৔৕৚ੳ੓
Eɭ˝а�͕ɀ̤�ɧ̝ʓ͔ɭˉ�ɠ͛�ɀ� ̤̯̝˝ˉʅ�ɡ˝ʽʽʓ̯-

ʽɭˉ̯�̯˝�̤˝ɡʓɀʴ�ʫ̸̤̯ʓɡɭ੔�͕ʎʓɡʎ�ɀʴ̤˝�ʓˉʄ˝̝ʽɭɧ�
ʎʓ̤�ɀɡɀɧɭʽʓɡ�ɀˉɧ�̚ ˝ʴʓɡ͛�͕ ˝̝ʯ੓�Mɭ�ʎɀɧ�ɀ�ɹ ʓʄɭ઀
ʴ˝ˉʅ�ɡ˝ʽʽʓ̯ʽɭˉ̯�̯˝�ɭΌ̸ʓ̯͛�ɀˉɧ�ɭΌ̸ɀʴʓ̯ ੔͛�
͕˝̝ʯʓˉʅ�̯˝͕ɀ̝ɧ̤�ɀʴʴɭ͔ʓɀ̯ʓˉʅ�̚˝͔ɭ̝̯͛�ɀˉɧ�
ɀʅɀʓˉ̤̯�̤ ˝ɡʓɀʴ�ɀˉɧ�̝ ɀɡʓɀʴ�ɧʓ̤ɡ̝ʓʽʓˉɀ̯ʓ˝ˉ੓�Mɭ�
ɀʴ̤˝�ʎɀɧ�ɀ�ʅ̝ɭɀ̯�ɹ ˝͔ɭ�̋ ʄ�̤ ̚˝̝̯̤੔�ɠ˝̯ʎ�ɀ̤�̚ ʴɀ͛ɭ̝�
ɀˉɧ�̤̚ɭɡ̯ɀ̯˝ ੔̝�̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛��̸̤̯̝ɀʴʓɀˉ�ʄ˝˝̯-
ɠɀʴʴ�ɀˉɧ�ɡ̝ʓɡʯɭ̯੓�Rˉ�ʎ˝ˉ˝̸̝�̋ ʄ�ʎʓ̤�̚ ɀ̤̤ʓ˝ˉ�ʄ˝̝�
�̸̤̯̝ɀʴʓɀˉ�ʄ˝˝̯ɠɀʴʴ੔�ʽɀˉ͛�˝ʄ�ʎʓ̤�̚ɀ̚ɭ̝̤�ɀ̝ɭ�
͕̝ʓ̯̯ɭˉ�ʓˉ�ʄ˝̸̝�Ό̸ɀ̝̯ɭ̝̤੓
Eɭ˝а�ʎɀɧ�ɀ�ʅʓо�̋ ʄ�̚ ̸̯̯ʓˉʅ�̚ ɭ˝̚ʴɭ�ɀ̯�ɭɀ̤ɭ੔�

̯ɀʴʯʓˉʅ�̯˝�ɀˉ͛˝ˉɭ੔�ʄ̝˝ʽ�̯ʎɭ�"̝˝͕ˉ�Ñ̝ʓˉɡɭ�
̯˝�ɀ͕ɭ̸̤̯̝ɡʯ�̸̤̯ɧɭˉ̯̤੔�͕ʎʓʴɭ�ɧʓ̤̚ʴɀ͛ʓˉʅ�ʎʓ̤�
ʽʓ̤ɡʎʓɭ͔˝̸̤�̤ɭˉ̤ɭ�˝ʄ�ʎ̸ʽ˝̸ ੓̝�Mɭ�͕ɀ̤�ʅɭˉ̸-
ʓˉɭʴ͛�ʓˉ̯ɭ̝ɭ̤̯ɭɧ�ʓˉ�ɭ͔ɭ̝͛˝ˉɭ�ʎɭ�ʽɭ̯੓�Eɭ˝а�
ʴ˝͔ɭɧ�ʫ˝ʯɭ̤੓
Eɭ˝тઑ̤�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ�̯˝�ɭɡ˝ˉ˝ʽʓɡ̤੔�ɠ˝̯ʎ�

̯ʎɭ˝̝͛�ɀˉɧ�̚˝ʴʓɡ ੔͛�͕ɀ̤�˝̸̯̤̯ɀˉɧʓˉʅ੓�Rˉ�˝͔ɭ̝�
ৗ৔�ɠ˝˝ʯ̤�ɀˉɧ�৘৔৔�ɀ̝̯ʓɡʴɭ̤੔�̄ ̸ʽɭ̝˝̸̤�ɹ ɭɡ̸̯̝ɭ̤੔�
̤ɭʽʓˉɀ̝̤੔�ɀˉɧ�ʓˉ̯ɭ̝͔ʓɭ͕̤�ʎɭ�ʎɀɧ�ɀ�̤ʓʅˉʓп-
ɡɀˉ̯�ʓʽ̚ɀɡ̯�˝ˉ�̯ʎɭ�ɧʓ̤ɡʓ̚ʴʓˉɭ੓�Eɭ˝а�ʽɀɧɭ�
ɭɡ˝ˉ˝ʽʓɡ̤�ʽ˝̝ɭ�ʎ̸ʽɀˉɭ੔�ɀˉɧ�ʎ̸ʽɀˉʓ̤ɭɧ�
̯ʎɭ�઎ɧʓ̤ʽɀʴએ�̤ɡʓɭˉɡɭ੓�Mʓ̤�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�̯˝�
ɭɡ˝ˉ˝ʽʓɡ̤�ɡ˝͔ɭ̝ɭɧ�ɀ�ɠ̝˝ɀɧ�̝ɀˉʅɭ�˝ʄ�ɀ̝ɭɀ̤�
ʄ̝˝ʽ�ɭ̤˝̯ɭ̝ʓɡ�̸̝̚ɭ�̯ʎɭ˝̝͛�̯˝�ɀ̚̚ʴʓɭɧ�̚˝ʴʓɡ ੔͛�
ɀʴ͕ɀ̤͛�͕ʓ̯ʎ�̯ʎɭ�ɀʓʽ�˝ʄ�̯̝͛ʓˉʅ�̯˝�ʽɀʯɭ�̯ʎɭ�
͕˝̝ʴɧ�ɀ�ɠɭ̯̯ɭ̝�̚ʴɀɡɭ੓�Mɭ�̝̚˝͔ʓɧɭɧ�˝̝ʓʅʓˉɀʴ�
ʓˉ̤ʓʅʎ̯̤੔�ɀˉɧ�͕ɀ̤�ɀɠʴɭ�̯˝�ɭ͚̚ʴɀʓˉ�ɧʓдɡ̸ʴ̯�

ਙાE̝˝ɭˉɭ͕ɭʅɭˉ�୐�vɡDɀ̝ʴɀˉɭ�ੲ৕ঢ়ঢ়৔੔�̚̚੓�৕ঢ়৚ં৕ঢ়ঢ়ੳ�ʅʓ͔ɭ�ɀ�ʅ˝˝ɧ�̸̤ʽʽɀ̝͛�˝ʄ�Eɭ˝тઑ̤�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�̸ˉ̯ʓʴ�̯ʎɭˉ੓
ਚા!˝̯ʎ�˝ʄ�͕ʎ˝ʽ�ɠɭɡɀʽɭ��˝ɠɭʴ�mɀ̸̝ɭɀ̯ɭ̤੓

ɀˉɧ�ɡ˝ʽ̚ʴɭ͚� ʓɧɭɀ̤� ʓˉ�ɀˉ�ɀɡɡɭ̤̤ʓɠʴɭ�ʄ˝̝ʽ੔�
͕ʎʓʴɭ�˝оɭˉ�̤ʎ˝͕ʓˉʅ�ʎʓ̤�ʽʓ̤ɡʎʓɭ͔˝̸̤�̤ɭˉ̤ɭ�
˝ʄ�ʎ̸ʽ˝̸ ੓̝ৢ
Rˉ�ʎʓ̤�ʓʽ̚˝̝̯ɀˉ̯�ɀ̝̯ʓɡʴɭ�ɀˉɧ�̸̤ɠ̤ɭΌ̸ɭˉ̯�

ɠ˝˝ʯ� ˝ˉ� ̯ʎɭ� "ɀʽɠ̝ʓɧʅɭ� ɡɀ̚ʓ̯ɀʴ� ɡ˝ˉ̯̝˝-
͔ɭ̝̤ʓɭ̤�ੲ৕ঢ়৛৖ੳ੔�Eɭ˝а�̝̚˝͔ʓɧɭɧ�ɀ�ʽɀ̤̯ɭ̝ʄ̸ʴ�
ʅ̸ʓɧɭ�̯˝�˝ˉɭ�˝ʄ�̯ʎɭ�ʽ˝̤̯�̯ɭɡʎˉʓɡɀʴ�ɧɭɠɀ̯ɭ̤�
ʓˉ�ɭɡ˝ˉ˝ʽʓɡ̤੖�"ɀʽɠ̝ʓɧʅɭ�íˉʓ͔ɭ̝̤ʓ̯͛�Ñ̝ɭ̤̤�
ʓ̤�̸̚ɠʴʓ̤ʎʓˉʅ�ɀ�৙৔̯ʎ�ɀˉˉʓ͔ɭ̝̤ɀ̝͛�ɭɧʓ̯ʓ˝ˉ�˝ʄ�
̯ʎɭ�ɠ˝˝ʯ�ʴɀ̯ɭ̝�̯ʎʓ̤�͛ɭɀ ੔̝�͕ʓ̯ʎ�ɀ�ˉɭ͕�̝̚ɭʄɀɡɭ�
ɠ͛�Eɭ˝а੔�ɀˉɧ�ɀоɭ̝͕˝̝ɧ̤�ɠ͛��͔ʓ�"˝ʎɭˉ�ɀˉɧ�
æʓɀʅ˝�vɀ̯ɀ੓
Юɭ�ɡɀ̚ʓ̯ɀʴ�̯ʎɭ˝̝͛�ɡ˝ˉ̯̝˝͔ɭ̝̤ʓɭ̤�͕ɭ̝ɭ�ɀ�

̤ɭ̝ʓɭ̤�̋ ʄ�ɧɭɠɀ̯ɭ̤�ʓˉ�̯ ʎɭ�৕ঢ়৙৔̤ં৕ঢ়৛৔̤�̋ ˉ�ʎʓʅʎ�
̯ʎɭ˝̝ ੔͛�ɠɭ̯͕ɭɭˉ�ɭɡ˝ˉ˝ʽʓ̤̯̤�ʽɀʓˉʴ͛�ɠɀ̤ɭɧ�
ʓˉ� "ɀʽɠ̝ʓɧʅɭ੔� .ˉʅʴɀˉɧ� ੲf˝ɀˉ� Ô˝ɠʓˉ̤˝ˉ੔�
Ñʓɭ̝˝�Û̝ɀаɀ੔�m̸ʓʅʓ�Ñɀ̤ʓˉɭ̯̯ʓੳ�ɀˉɧ�ɀ̯�vRæ�ʓˉ�
"ɀʽɠ̝ʓɧʅɭ੔�vɀ̤̤ɀɡʎ̸̤ɭ̯̯̤� ੲÑɀ̸ʴ� Ûɀʽ̸ɭʴ-
̤˝ˉ੔�Ô˝ɠɭ̝̯�Û˝ʴ˝͕ৣੳ੓��ʴ̯ʎ˝̸ʅʎ�̯ʎɭ�ɧɭɠɀ̯ɭ̤�
͕ɭ̝ɭ�˝̤̯ɭˉ̤ʓɠʴ͛�ɀɠ˝̸̯�̯ʎɭ�̝̚˝ɠʴɭʽ�˝ʄ�ʽɭɀ̤-
̸̝ʓˉʅ�ɡɀ̚ʓ̯ɀʴ੔�̯ʎɭ͛�͕ɭ̝ɭ�̸ʴ̯ʓʽɀ̯ɭʴ͛�ɀɠ˝̸̯�
̯ʎɭ�ˉɀ̸̯̝ɭ�ɀˉɧ�ʽɭɀˉʓˉʅ�˝ʄ�ɡɀ̚ʓ̯ɀʴ੔�ɀˉɧ�̯ʎɭ�
Ό̸ɭ̤̯ʓ˝ˉ�˝ʄ�̯ʎɭ�ʽ˝̤̯�ɀ̝̚̚˝̝̚ʓɀ̯ɭ�͕ɀ͛�̯˝�
ɀˉɀʴ̤͛ɭ�ɀ�ɡ˝ˉ̯ɭʽ̚˝̝ɀ̝͛�ɡɀ̚ʓ̯ɀʴʓ̤̯�ɭɡ˝ˉ˝ʽ ੓͛�
Eɭ˝а�̸ˉ̝ɀ͔ɭʴʴɭɧ�̯ʎɭ�ɧɭɠɀ̯ɭ̤�̤˝�̯ʎɀ̯�̯ʎɭ͛�
ɠɭɡɀʽɭ�ʓˉ̯ɭʴʴʓʅʓɠʴɭ੔�͕ʓ̯ʎ�ɠ˝̯ʎ�ɡʴɭɀ̝�̤̯͛ʴɭ�
ɀˉɧ� ʎ̸ʽ˝̸ ੔̝� ɭ͔ʓɧɭˉ̯� ̚ɀ̝̯ʓɡ̸ʴɀ̝ʴ͛� ʓˉ� ̯ʎɭ�
ɡʎɀ̯̚ɭ̝�ɀˉɧ�̤ɭɡ̯ʓ˝ˉ�̯ʓ̯ʴɭ̤੔�̸̤ɡʎ�ɀ̤�̯ʎɭ�̤ɭɡ-
̯ʓ˝ˉ�̚˝ʓˉ̯ʓˉʅ�̯˝�ɀˉ�ɭ̝̝˝̝�ɠ͛�iɀʴɧ˝̝�̯ʓ̯ʴɭɧ੔�
઎.͚ɡ̸̤ɭ�ʽɭ੔�Ñ̝˝ʄɭ̤̤˝̝�iɀʴɧ˝ ੔̝�ɠ̸̯�͛˝̸̝�̤ʴʓ̚�
ʓ̤�̤ʎ˝͕ʓˉʅ੓એ
Eɭ˝а�͕ɀ̤�ɀ�ʄ˝̸ˉɧɭ̝�ɀˉɧ�ʽɀʫ˝̝�ɡ˝ˉ̯̝ʓɠ̸-

̯˝̝�̯ ˝�̚ ˝̤̯઀iɭ͛ˉɭ̤ʓɀˉ�ɭɡ˝ˉ˝ʽʓɡ̤�̯ ʎ̝˝̸ʅʎ˝̸̯�
ʎʓ̤�ʓˉ̯ɭʴʴɭɡ̸̯ɀʴ�ɹ ʓʄɭ੔�ɡ̸ʴʽʓˉɀ̯ʓˉʅ�ʓˉ�ʎʓ̤�ɠ˝˝ʯ̤੔�
δȷ�Ý˹˧̂ȫ˹̂˧ȷ�ʧɎ�Óʧˮ˹׮kȷ̥ʓȷˮɝȊʓ�0ȫʧʓʧʇɝȫˮ and 
̯ʎɭ�̯ ͕˝઀͔˝ʴ̸ʽɭ�δȷ��̤Ɏʧ˧ȱ�OȊʓȱȪʧʧɹ�ʧɎ�Óʧˮ˹׮
Keynesian Economics੓�Mɭ�ʎ̸ʽɀˉʓ̤ɭɧ�ɭɡ˝ˉ˝ʽ-
ʓɡ̤�ɠ͛�̔ ɀʯʓˉʅ�ʓ̯�̔ ˝̝ɭ�ɀɡɡɭ̤̤ʓɠʴɭ�̯ ʎ̝˝̸ʅʎ�ʎʓ̤�
ɡʴɭɀ ੔̝�ɀˉɧ�̋ оɭˉ�ʎ̸ʽ˝̝˝̸̤੔�͕ ̝ʓ̯ʓˉʅ�̤ ̯͛ʴɭ�ɀˉɧ�
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ʓˉ�ʎʓ̤�̔ ɀˉ͛�ɠʓ˝ʅ̝ɀ̚ʎʓɡɀʴ�ɭ̤̤ɀ̤͛੓�Юɭ̤ɭ�͕ ɭˉ̯�
ɠɭʎʓˉɧ�̯ ʎɭ�̔ ɀ̤ʯ�̋ ʄ�ɭɡ˝ˉ˝ʽʓ̤̯̤�̯ ˝�̝ ɭ͔ɭɀʴ�̄ ˝̯�
˝ˉʴ͛�̯ʎɭʓ̝�ɭɡ˝ˉ˝ʽʓɡ�ʓˉ̤ʓʅʎ̯̤�ɠ̸̯�ɀʴ̤˝�̯ʎɭ�
̚ɭ̝̤˝ˉ�͕ʎ˝�ɧɭ͔ɭʴ˝̚ɭɧ�̯ʎ˝̤ɭ�ʓˉ̤ʓʅʎ̯̤੓
!˝ʴ̤̯ɭ̝ʓˉʅ�ʎʓ̤�̯ʎɭ˝̝ɭ̯ʓɡɀʴ�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�

ʴʓɭ̤�̯ ʎɭ�ʓʽ̚˝̝̯ɀˉɡɭ�̋ ʄ�̚ ˝ʴʓɡ ੔͛�̋ ˉ�͕ ʎʓɡʎ�Eɭ˝а�
ˉ˝̯�˝ˉʴ͛�͕̝˝̯ɭ�ɡ˝̚ʓ˝̸̤ʴ ੔͛�ɠ̸̯�ɀʴ̤˝�ɀɡ̯ɭɧ�ɠ͛�
ɀɧ͔ʓ̤ʓˉʅ� ʅ˝͔ɭ̝ˉʽɭˉ̯̤� ɀˉɧ� ɡ˝ʽʽɭˉ̯ʓˉʅ�
˝ˉ�ɡ˝ˉ̯ɭʽ̚˝̝ɀ̝͛�ʓ̸̤̤ɭ̤੓�Mɭ�ɠɭʴʓɭ͔ɭɧ�̯ʎɀ̯�
academics in general, and economists in 
̚ɀ̝̯ʓɡ̸ʴɀ ੔̝� ʎɀ͔ɭ� ɀ� ɧ̸̯͛� ̯˝� ɀɧ͔˝ɡɀ̯ɭ� ̚˝ʴʓ-
ɡʓɭ̤�͕ʎʓɡʎ�͕˝̸ʴɧ� ʴɭɀɧ�̯˝�ɀ�ɠɭ̯̯ɭ̝�͕˝̝ʴɧ੓�
(̸̝ʓˉʅ� ̯ʎɭ�Ċʎʓ̯ʴɀʽ� ʅ˝͔ɭ̝ˉʽɭˉ̯੔�Eɭ˝а�
ɀˉɧ�̋ ̯ʎɭ̝��ɧɭʴɀʓɧɭ�ɭɡ˝ˉ˝ʽʓ̤̯̤�ɧɭ͔ʓ̤ɭɧ�Юɭ�
�ɧɭʴɀʓɧɭ�Ñʴɀˉ੔�ɀˉ�ʓˉɡ˝ʽɭ̤�̚˝ʴʓɡ͛�̯ʎɀ̯�ʴɀʓɧ�
̯ʎɭ�ʄ˝̸ˉɧɀ̯ʓ˝ˉ̤�ʄ˝̝�̯ʎɭ��"æíઉ�mÑ�Ñ̝ʓɡɭ̤�
ɀˉɧ�Rˉɡ˝ʽɭ̤��ɡɡ˝̝ɧ�̋ ʄ�̯ ʎɭ�Mɀ͕ʯɭ઀iɭɀ̯ʓˉʅ�
mɀɠ˝̝�E˝͔ɭ̝ˉʽɭˉ̯੓
�̤̤˝ɡʓɀ̯ɭɧ�͕ʓ̯ʎ�͕̝ʓ̯ʓˉʅ�ɀˉɧ�ɀɧ͔˝ɡɀɡ͛�

͕ɀ̤�ʎʓ̤�ɠɭʴʓɭʄ�ʓˉ�ɀ�઎ˉɭɭɧ�ʄ˝̝�ɧʓ̝ɭɡ̯�ɀɡ̯ʓ˝ˉ�
ʓʄ� ˝̯ʎɭ̝� ʽ˝̝ɭ� ˝̝̯ʎ˝ɧ˝͚� ʽɭɀˉ̤� ̝̚˝͔ɭɧ�
ʓˉɭаɭɡ̯ʓ͔ɭએ�ੲMɀ̝ɡ˝̸̝̯�৖৔৕৕੔�̚੓�৕৖৘ੳ੔�͕ʎʓɡʎ�
Eɭ˝а�ɧʓ̤̚ʴɀ͛ɭɧ�͕ʓ̯ʎ�ʎʓ̤�ʓʽ̚˝̝̯ɀˉ̯�̝˝ʴɭ�ʓˉ�
�̸̤̯̝ɀʴʓɀઑ̤� ɀˉ̯ʓ઀ĉʓɭ̯ˉɀʽ�Ċɀ̝�ʽ˝͔ɭʽɭˉ̯੓�
(ɭ̤̚ʓ̯ɭ�ɠɭʓˉʅ�ɀˉ�̸ˉ˝дɡʓɀʴ�ɀɧ͔ʓ̤˝̝�̯˝�̯ʎɭ�
�mÑ੔�̯ ʎɭ�̋ ˉʴ͛�̯ ʓʽɭ�ʎɭ�ʅ˝̯�ɡʴ˝̤ɭ�̯ ˝�ɀˉ�̋ дɡʓɀʴ�
ʅ˝͔ɭ̝ˉʽɭˉ̯�̚˝̤ʓ̯ʓ˝ˉ�͕ɀ̤�ɧ̸̝ʓˉʅ�̯ʎɭ�Ċʎʓ̯-
ʴɀʽ�ʅ˝͔ɭ̝ˉʽɭˉ̯੔�͕ʎɭˉ�̯ʎɭ�æ̝ɭɀ̸̤̝ɭ ੔̝�fʓʽ�
"ɀʓ̝ˉ̤੔�˝аɭ̝ɭɧ�ʎʓʽ�̯ʎɭ�̚˝̤ʓ̯ʓ˝ˉ�˝ʄ�ɭʓ̯ʎɭ̝�
E˝͔ɭ̝ˉ˝̝�˝ʄ�̯ʎɭ�Ôɭ̤ɭ̝͔ɭ�!ɀˉʯ�˝̝�Ûɭɡ̝ɭ̯ɀ̝͛�
˝ʄ�̯ʎɭ�æ̝ɭɀ̸̤̝ ੓͛�Mɭ�ɧɭɡʴʓˉɭɧ�ɠ˝̯ʎ੓
.͔ɭ̝͛˝ˉɭ� ͕ʎ˝� ʯˉɭ͕�Eɭ˝а� ͔ɀʴ̸ɭ̤� ̯ʎɭ�

͕˝ˉɧɭ̝ʄ̸ʴ�ʎ̸ʽɀˉ�ɠɭʓˉʅ�ʎɭ�͕ɀ̤੔�ɀ̤�͕ɭʴʴ�ɀ̤�
ɠɭʓˉʅ�ɀ�͕ ˝̝ʴɧ઀ɡʴɀ̤̤�ɭɡ˝ˉ˝ʽʓ̤̯੓�Mɭ�ɭˉ̝ʓɡʎɭɧ�
̯ʎɭ�ʴʓ͔ɭ̤�˝ʄ�ɭ͔ɭ̝͛˝ˉɭ�ɀ̝˝̸ˉɧ�ʎʓʽ੓�Mɭ�͕ɀ̤�ɀ�
̸̯̝ɭ�̤ɡʎ˝ʴɀ̝�ɀˉɧ�ʅɭˉ̯ʴɭʽɀˉ੔�ɀˉɧ�̯ʎɭ�͕˝̝ʴɧ�
ʓ̤�̤˝�ʽ̸ɡʎ�ɀ�ɠɭ̯̯ɭ̝�̚ʴɀɡɭ�ɠɭɡɀ̸̤ɭ�˝ʄ�ʎʓʽ੓

Ôɭʄɭ̝ɭˉɡɭ̤
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�͕ɀ̝ɧ̤�৖৔৖৖
.ɀɡʎ�͛ɭɀ ੔̝�̯ʎɭ�Û˝ɡʓɭ̯͛�ʽɀʯɭ̤�ɀ�ˉ̸ʽɠɭ̝�˝ʄ�ɀ͕ɀ̝ɧ̤੔�ʽɀʓˉʴ͛�ʓˉ�̯ʎɭ�пɭʴɧ�˝ʄ�̤ɡʓɭˉɡɭ੓�Юɭ͛�ɀ̝ɭ�
ɀʽ˝ˉʅ�̯ʎɭ�˝ʴɧɭ̤̯�ɀˉɧ�ʽ˝̤̯�̝̚ɭ̤̯ʓʅʓ˝̸̤�ɀ͕ɀ̝ɧ̤�ʓˉ��̸̤̯̝ɀʴʓɀ�ɀˉɧ�ɀ̝ɭ�̸̤ʽʽɀ̝ʓ̤ɭɧ�ɠɭʴ˝ ੓͕�D̸ʴʴ�
ɧɭ̯ɀʓʴ̤�ʄ˝̝�ɭɀɡʎ�ɀ͕ɀ̝ɧ੔�ʓˉɡʴ̸ɧʓˉʅ�̯ʎɭ�̝̚˝ɡɭɧ̸̝ɭ�ʄ˝̝�ˉ˝ʽʓˉɀ̯ʓ˝ˉ੔�ʽɀ͛�ɠɭ�ʄ˝̸ˉɧ�ɠ͛�ɡʴʓɡʯʓˉʅ�
˝ˉ�̯ ʎɭ�͕ ɭɠ̚ɀʅɭ�ʎ̯̯̤̚੕੣੣̝˝͛ɀʴ̤˝ɡ੓˝̝ʅ੓ɀ̸੣ɀ͕ɀ̝ɧ̤. A nominator does not need to be a member 
˝̝�ʄɭʴʴ˝͕�˝ʄ�̯ʎɭ�Û˝ɡʓɭ̯ ੓͛
�˝ʽʓˉɀ̯ʓ˝ˉ̤�ʄ˝̝�ɀʴʴ�ɀ͕ɀ̝ɧ̤�ɡʴ˝̤ɭ�˝ˉ�ৗ৔�Ûɭ̯̚ɭʽɠɭ̝�৖৔৖৖੓

�̝ɡʎʓɠɀʴɧ��ʴʴɱ�Ñ̝ʓͥɭ
Юɭ��̝ɡʎʓɠɀʴɧ��ʴʴɱ�Ñ̝ʓͥɭ�̋ ʄ�૔৙৔৔�ʓ̤�ʅʓ͔ɭˉ�ʄ̝˝ʽ�̯ ʓʽɭ�̯ ˝�̯ ʓʽɭ੔�ɀ̯�̯ ʎɭ�ɧʓ̤ɡ̝ɭ̯ʓ˝ˉ�̋ ʄ�̯ ʎɭ�"˝̸ˉɡʓʴ੔�
̯˝�̯ʎɭ�̯˝�̯ʎɭ�ɀ̸̯ʎ˝̝�͕ʎ˝�ʎɀ̤�̸̤ɠʽʓ̯̯ɭɧ�ɀˉɧ�ʎɀɧ�ɀɡɡɭ̯̚ɭɧ�̯ʎɭ�ɠɭ̤̯�̤ʓˉʅʴɭ઀ɀ̸̯ʎ˝̝�̚ɀ̚ɭ̝�̯˝�
̯ʎɭ�Û˝ɡʓɭ̯͛ઑ̤�Journal.

Юɭ�"ʴɀ̝ʯɭ�vɭɧɀʴ
Юɭ�"ʴɀ̝ʯɭ�vɭɧɀʴ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�ɭɀɡʎ�͛ ɭɀ̝�ʄ˝̝�ɧʓ̤̯ʓˉʅ̸ʓ̤ʎɭɧ�̝ ɭ̤ɭɀ̝ɡʎ�ʓˉ�̯ ʎɭ�̄ ɀ̸̯̝ɀʴ�̤ ɡʓɭˉɡɭ̤�ɡ˝ˉ-
ɧ̸ɡ̯ɭɧ�ʓˉ�̯ ʎɭ��̸̤̯̝ɀʴʓɀˉ�"˝ʽʽ˝ˉ͕ɭɀʴ̯ʎ�ɀˉɧ�ʓ̯̤�̯ ɭ̝̝ʓ̯˝̝ʓɭ̤੓�Юɭ�̝ ɭɡʓ̚ʓɭˉ̯�̔ ɀ͛�ɠɭ�̝ ɭ̤ʓɧɭˉ̯�ʓˉ�
�̸̤̯̝ɀʴʓɀ�˝̝�ɭʴ̤ɭ͕ʎɭ̝ɭ੓�Юɭ�пɭʴɧ̤�˝ʄ�ʅɭ˝ʴ˝ʅ ੔͛�ɠ˝̯ɀˉ͛�ɀˉɧ�ͥ˝˝ʴ˝ʅ͛�ɀ̝ɭ�ɡ˝ˉ̤ʓɧɭ̝ɭɧ�ʓˉ�̝˝̯ɀ̯ʓ˝ˉ੓
D˝̝�৖৔৖৖੔�̯ʎɭ�ʽɭɧɀʴ�͕ʓʴʴ�ɠɭ�ɀ͕ɀ̝ɧɭɧ�ʓˉ�Eɭ˝ʴ˝ʅ ੓͛

"ʴɀ̝ʯɭ�vɭʽ˝̝ʓɀʴ�mɭɡ̸̯̝ɭ
Юɭ�"ʴɀ̝ʯɭ�vɭʽ˝̝ʓɀʴ�mɭɡ̸̯̝ɭ�ʓ̤�ɧɭʴʓ͔ɭ̝ɭɧ�ɭɀɡʎ�͛ ɭɀ̝�ɠ͛�̯ ʎɭ�̔ ˝̤̯�̝ ɭɡɭˉ̯�͕ ʓˉˉɭ̝�̋ ʄ�̯ ʎɭ�"ʴɀ̝ʯɭ�
vɭɧɀʴ੓

.ɧʅɭ͕˝̝̯ʎ�(ɀ͔ʓɧ�vɭɧɀʴ
Юɭ�.ɧʅɭ͕˝̝̯ʎ�(ɀ͔ʓɧ�vɭɧɀʴ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�ɭɀɡʎ�͛ɭɀ̝�ʄ˝̝�ɧʓ̤̯ʓˉʅ̸ʓ̤ʎɭɧ�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�ɠ͛�ɀ�
͛˝̸ˉʅ�̤ɡʓɭˉ̯ʓ̤̯�̸ˉɧɭ̝�̯ʎɭ�ɀʅɭ�˝ʄ�̯ʎʓ̝̯͛઀п͔ɭ�ੲৗ৙ੳ�͛ɭɀ̝̤�˝ˉ�৕�fɀˉ̸ɀ̝͛�ʓˉ�̯ʎɭ�͛ɭɀ̝�ʓˉ�͕ʎʓɡʎ�̯ʎɭ�
ʽɭɧɀʴ�ʓ̤�ɀ͕ɀ̝ɧɭɧ੔�ʄ˝̝�͕˝̝ʯ�ɧ˝ˉɭ�ʽɀʓˉʴ͛�ʓˉ��̸̤̯̝ɀʴʓɀ�˝̝�ʓ̯̤�̯ɭ̝̝ʓ̯˝̝ʓɭ̤੔�˝̝�ɡ˝ˉ̯̝ʓɠ̸̯ʓˉʅ�̯˝�
̯ʎɭ�ɀɧ͔ɀˉɡɭʽɭˉ̯�˝ʄ��̸̤̯̝ɀʴʓɀˉ�̤ɡʓɭˉɡɭ੓

Mʓ̤̯˝̝͛�ɀˉɧ�Ñʎʓʴ˝̤˝̚ʎ͛�˝ʄ�Ûɡʓɭˉɡɭ�vɭɧɀʴ
Юɭ�Û˝ɡʓɭ̯͛ઑ̤�Mʓ̤̯˝̝͛�ɀˉɧ�Ñʎʓʴ˝̤˝̚ʎ͛�˝ʄ�Ûɡʓɭˉɡɭ�vɭɧɀʴ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�ɭɀɡʎ�͛ɭɀ̝�̯˝�̝ɭɡ˝ʅˉʓ̤ɭ�
˝̸̯̤̯ɀˉɧʓˉʅ�ɀɡʎʓɭ͔ɭʽɭˉ̯�ʓˉ�̯ʎɭ�Mʓ̤̯˝̝͛�ɀˉɧ�Ñʎʓʴ˝̤˝̚ʎ͛�˝ʄ�Ûɡʓɭˉɡɭ�͕ʓ̯ʎ�̝̚ɭʄɭ̝ɭˉɡɭ�ɠɭʓˉʅ�
ʅʓ͔ɭˉ�̯˝�̯ʎɭ�̸̤̯ɧ͛�˝ʄ�ʓɧɭɀ̤੔�ʓˉ̤̯ʓ̸̯̯ʓ˝ˉ̤੔�ɀˉɧ�ʓˉɧʓ͔ʓɧ̸ɀʴ̤�˝ʄ�̤ʓʅˉʓпɡɀˉɡɭ�̯˝�̯ʎɭ�̝̚ɀɡ̯ʓɡɭ�˝ʄ�
̯ʎɭ�ˉɀ̸̯̝ɀʴ�̤ɡʓɭˉɡɭ̤�ʓˉ��̸̤̯̝ɀʴʓɀ੓

fɀʽɭ̤�"˝˝ʯ�vɭɧɀʴ
Юɭ�fɀʽɭ̤�"˝˝ʯ�vɭɧɀʴ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�̚ ɭ̝ʓ˝ɧʓɡɀʴʴ͛�ʄ˝̝�̋ ̸̯̤̯ɀˉɧʓˉʅ�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�̯ ˝�ɠ˝̯ʎ�̤ ɡʓɭˉɡɭ�
ɀˉɧ�ʎ̸ʽɀˉ�͕ɭʴʄɀ̝ɭ�ʓˉ�ɀˉɧ�ʄ˝̝�̯ʎɭ�Û˝̸̯ʎɭ̝ˉ�Mɭʽʓ̤̚ʎɭ̝ɭ੓
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mʓ͔ɭ̝̤ʓɧʅɭ�mɭɡ̸̯̝ɭ
Юɭ�mʓ͔ɭ̝̤ʓɧʅɭ�ʴɭɡ̸̯̝ɭ̤ʎʓ̚�ʓ̤�ɀ͕ɀ̝ɧɭɧ�ɠʓɭˉˉʓɀʴʴ͛�ʄ˝̝�̝ɭ̤ɭɀ̝ɡʎ�ʓˉ�ɡʎɭʽʓ̤̯̝ ੓͛�Юɭ�ʴɭɡ̸̯̝ɭ�ʓ̤�
̝̚ɭ̤ɭˉ̯ɭɧ�ʓˉ�ɡ˝ˉʫ̸ˉɡ̯ʓ˝ˉ�͕ ʓ̯ʎ�̯ ʎɭ�Ô˝͛ɀʴ��̸̤̯̝ɀʴʓɀˉ�"ʎɭʽʓɡɀʴ�Rˉ̤̯ʓ̸̯̯ɭ�ੲÔ�"Rੳ੓�Юɭ�ɹ ɭɡ̸̯̝ɭ�
͕ʓʴʴ�ɠɭ�̸̚ɠʴʓ̤ʎɭɧ�ʓˉ�̯ʎɭ�Journal & Proceedings of the Royal Society of New South Wales.

Ñ˝сɭˉɧ˝̝а�mɭɡ̸̯̝ɭ
Юɭ�Ñ˝сɭˉɧ˝̝а�mɭɡ̸̯̝ɭ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�ɭ͔ɭ̝͛�̯͕˝�̯˝�̯ʎ̝ɭɭ�͛ɭɀ̝̤�ʄ˝̝�̝ɭ̤ɭɀ̝ɡʎ�ʓˉ�̚ʴɀˉ̯�ɠʓ˝ʴ˝ʅ͛�
and, more broadly, agriculture.

Ñ˝ʴʴ˝ɡʯ�vɭʽ˝̝ʓɀʴ�mɭɡ̸̯̝ɭ
Юɭ�Ñ˝ʴʴ˝ɡʯ�vɭʽ˝̝ʓɀʴ�mɭɡ̸̯̝ɭ̤ʎʓ̚�ʎɀ̤�ɠɭɭˉ�ɀ͕ɀ̝ɧɭɧ�ɀ̝̚̚˝͚ʓʽɀ̯ɭʴ͛�ɭ͔ɭ̝͛�ʄ˝̸̝�͛ɭɀ̝̤�̤ʓˉɡɭ�
৕ঢ়৘ঢ়�ɀˉɧ�ʓ̤�̤̚˝ˉ̤˝̝ɭɧ�ɠ͛�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Û͛ɧˉɭ͛�ɀˉɧ�̯ʎɭ�Û˝ɡʓɭ̯͛�ʓˉ�ʽɭʽ˝̝͛�˝ʄ�Ñ̝˝ʄɭ̤̤˝̝�
f੓�੓�Ñ˝ʴʴ˝ɡʯ੔�Ñ̝˝ʄɭ̤̤˝̝�˝ʄ�Ñʎ̤͛ʓɡ̤�ɀ̯�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Û͛ɧˉɭ͛�ੲ৕ড়ঢ়ঢ়ં৕ঢ়৖৖ੳ�ɀˉɧ�ɀ�ʽɭʽɠɭ̝�˝ʄ�
̯ʎɭ�Û˝ɡʓɭ̯͛�ʄ˝̝�ৗ৙�͛ɭɀ̝̤੓

Юɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�"ʓ̯ɀ̯ʓ˝ˉ
Юɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�"ʓ̯ɀ̯ʓ˝ˉ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�̯˝�ɀ�vɭʽɠɭ̝�˝̝�Dɭʴʴ˝͕�˝ʄ�̯ʎɭ�
Û˝ɡʓɭ̯͛�͕ʎ˝�ʎɀ̤�ʽɀɧɭ�̤ʓʅˉʓпɡɀˉ̯�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�̯˝�̯ʎɭ�Û˝ɡʓɭ̯ ੔͛�ɠ̸̯�͕ʎ˝�ʎɀ̤�ˉ˝̯�ɠɭɭˉ�̝ɭɡ˝ʅ-
ˉʓ̤ɭɧ�ʓˉ�ɀˉ͛�˝̯ʎɭ̝�͕ɀ ੓͛�Юɭ��͕ɀ̝ɧ̤�"˝ʽʽʓ̯̯ɭɭ�ɡ˝ˉ̤ʓɧɭ̝̤�ˉ˝ʽʓˉɀ̯ʓ˝ˉ̤�ʽɀɧɭ�ɠ͛�ɀ�vɭʽɠɭ̝�
˝̝�Dɭʴʴ˝ ੓͕���ʽɀ͚ʓʽ̸ʽ�˝ʄ�̯ʎ̝ɭɭ�"ʓ̯ɀ̯ʓ˝ˉ̤�ʽɀ͛�ɠɭ�ɀ͕ɀ̝ɧɭɧ�ʓˉ�ɀˉ͛�˝ˉɭ�͛ɭɀ ੓̝

Юɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�vɭɧɀʴ
Юɭ�Û˝ɡʓɭ̯͛ઑ̤�vɭɧɀʴ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�ʄ̝˝ʽ�̯ ʓʽɭ�̯ ˝�̯ ʓʽɭ�̯ ˝�ɀ�̔ ɭʽɠɭ̝�̋ ʄ�̯ ʎɭ�Û˝ɡʓɭ̯͛�͕ ʎ˝�ʎɀ̤�̔ ɀɧɭ�
ʽɭ̝ʓ̯˝̝ʓ˝̸̤�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�̯˝�̯ʎɭ�ɀɧ͔ɀˉɡɭʽɭˉ̯�˝ʄ�̤ɡʓɭˉɡɭ੔�ʓˉɡʴ̸ɧʓˉʅ�ɀɧʽʓˉʓ̤̯̝ɀ̯ʓ˝ˉ�ɀˉɧ�
˝̝ʅɀˉʓ̤ɀ̯ʓ˝ˉ�˝ʄ�̤ɡʓɭˉ̯ʓпɡ�ɭˉɧɭɀ͔˝̸̝�ɀˉɧ�ʄ˝̝�̤ɭ̝͔ʓɡɭ̤�̯˝�̯ʎɭ�Û˝ɡʓɭ̯ ੓͛

Юɭ�Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤�Ûɡʎ˝ʴɀ̝̤ʎʓ̤̚
Ю̝ɭɭ�̤ ɡʎ˝ʴɀ̝̤ʎʓ̤̚�̋ ʄ�૔৙৔৔�̚ ʴ̸̤�ɀ�ɡ˝ʽ̚ʴʓʽɭˉ̯ɀ̝͛�͛ ɭɀ̝�̋ ʄ��̤̤˝ɡʓɀ̯ɭ�vɭʽɠɭ̝̤ʎʓ̚�̋ ʄ�̯ ʎɭ�Û˝ɡʓɭ̯͛�
ɀ̝ɭ�ɀ͕ɀ̝ɧɭɧ�ɭɀɡʎ�͛ ɭɀ̝�ʓˉ�̋ ̝ɧɭ̝�̯ ˝�ɀɡʯˉ˝͕ʴɭɧʅɭ�̋ ̸̯̤̯ɀˉɧʓˉʅ�ɀɡʎʓɭ͔ɭʽɭˉ̯̤�ɠ͛�͛ ˝̸ˉʅ�̝ ɭ̤ɭɀ̝ɡʎ-
ɭ̝̤�ʓˉ�ɀˉ͛�пɭʴɧ�˝ʄ�̤ɡʓɭˉɡɭ�ʓˉ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤੓��̚̚ʴʓɡɀˉ̯̤�ʽ̸̤̯�ɠɭ�ɭˉ̝˝ʴʴɭɧ�ʓˉ�̯ʎɭʓ̝�п̝̤̯�
ʎʓʅʎɭ̝�ɧɭʅ̝ɭɭ�ɀ̤�̝ɭ̤ɭɀ̝ɡʎ�̸̤̯ɧɭˉ̯̤�ʓˉ�̯ʎɭʓ̝�п̝̤̯�˝̝�̤ɭɡ˝ˉɧ�͛ɭɀ ੔̝�ʓˉ�ɀ�̸ˉʓ͔ɭ̝̤ʓ̯͛�˝̝�ɀ̯�"ÛRÔ��
ʓˉ�ɭʓ̯ʎɭ̝��ÛĊ�˝̝�̯ʎɭ��"æ�ੲ˝ˉ�৕�fɀˉ̸ɀ̝͛�˝ʄ�̯ʎɭ�͛ɭɀ̝�˝ʄ�ˉ˝ʽʓˉɀ̯ʓ˝ˉੳ�ɀˉɧ�ʎɀ͔ɭ�ɡ˝ʽ̚ʴɭ̯ɭɧ�ɀˉ�
̸ˉɧɭ̝ʅ̝ɀɧ̸ɀ̯ɭ�ɧɭʅ̝ɭɭ�͕ʓ̯ʎʓˉ��ÛĊ�˝̝�̯ʎɭ��"æ੓

Ċɀʴ̯ɭ̝�!̸̝п̯̯�Ñ̝ʓͥɭ
Юɭ�Ċɀʴ̯ɭ̝�!̸̝п̯̯�Ñ̝ʓͥɭ�ɡ˝ˉ̤ʓ̤̯̤�˝ʄ�ɀ�ɠ̝˝ˉͥɭ�ʽɭɧɀʴ੔�ɀ͕ɀ̝ɧɭɧ�ɭ͔ɭ̝͛�̯ʎ̝ɭɭ�͛ɭɀ̝̤�ʄ˝̝�̝ɭ̤ɭɀ̝ɡʎ�
ʓˉ�̸̝̚ɭ�˝̝�ɀ̚̚ʴʓɭɧ�̤ɡʓɭˉɡɭ੔�ɧɭɭʽɭɧ�̯˝�ɠɭ�˝ʄ�̯ʎɭ�ʎʓʅʎɭ̤̯�̤ɡʓɭˉ̯ʓпɡ�ʽɭ̝ʓ̯੓�Юɭ�͕ʓˉˉɭ̝�ʽ̸̤̯�ɠɭ�
ɀ�̝ ɭ̤ʓɧɭˉ̯�ʓˉ��̸̤̯̝ɀʴʓɀ�̋ ̝��ɭ͕�Ěɭɀʴɀˉɧ੓�Юɭ�̚ ɀ̚ɭ̝̤�ɀˉɧ�̋ ̯ʎɭ̝�ɡ˝ˉ̯̝ʓɠ̸̯ʓ˝ˉ̤�̔ ̸̤̯�ʎɀ͔ɭ�ɠɭɭˉ�
̸̚ɠʴʓ̤ʎɭɧ�ɧ̸̝ʓˉʅ�̯ʎɭ�̝̚ɭ͔ʓ˝̸̤�̤ʓ͚�͛ɭɀ̝̤�ʄ˝̝�̝ɭ̤ɭɀ̝ɡʎ�ɡ˝ˉɧ̸ɡ̯ɭɧ�ʽɀʓˉʴ͛�ʓˉ�̯ʎɭ̤ɭ�ɡ˝̸ˉ̯̝ʓɭ̤੓�
�˝ʽʓˉɀ̯ʓ˝ˉ̤�ʄ˝̝�̯ʎɭ�Ċɀʴ̯ɭ̝�!̸̝п̯̯�̝̚ʓͥɭ�͕ʓʴʴ�ˉɭ͚̯�ɠɭ�̤˝̸ʅʎ̯�ʓˉ�৖৔৖৖੓

Ċɀ̝̝ɭˉ�Ñ̝ʓͥɭ�ੲvɭɧɀʴ�୐�mɭɡ̸̯̝ɭੳ
Юɭ�Ċɀ̝̝ɭˉ�Ñ̝ʓͥɭ�ʓ̤�ɀ͕ɀ̝ɧɭɧ�̯˝�̝ɭɡ˝ʅˉʓ̤ɭ�̝ɭ̤ɭɀ̝ɡʎ�˝ʄ�ˉɀ̯ʓ˝ˉɀʴ�˝̝�ʓˉ̯ɭ̝ˉɀ̯ʓ˝ˉɀʴ�̤ʓʅˉʓпɡɀˉɡɭ�
ɠ͛�ɭɀ̝ʴ͛઀�˝̝�ʽʓɧ઀ɡɀ̝ɭɭ̝�ɭˉʅʓˉɭɭ̝̤�ɀˉɧ�̯ɭɡʎˉ˝ʴ˝ʅʓ̤̯̤੓�Юɭ�̝ɭ̤ɭɀ̝ɡʎ�ʽ̸̤̯�ʎɀ͔ɭ�˝̝ʓʅʓˉɀ̯ɭɧ�˝̝�
ʎɀ͔ɭ�ɠɭɭˉ�ɡɀ̝̝ʓɭɧ�˝̸̯�̝̚ʓˉɡʓ̚ɀʴʴ͛�ʓˉ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤੓



�̝ɡʎʓɠɀʴɧ�mʓ͔ɭ̝̤ʓɧʅɭ੕� 
Rʽ̚ɭ̝ʓɀʴ�Ûɡʓɭˉɡɭ�̸ˉɧɭ̝�̯ʎɭ�Û˝̸̯ʎɭ̝ˉ�"̝˝̤̤

Ô˝͛�vɀɡmɭ˝ɧ
Ô˝͛ɀʴ�Û˝ɡʓɭ̯͛�˝ʄ��ɭ͕�Û˝̸̯ʎ�Ċɀʴɭ̤੔�ʓˉ�ɀ̤̤˝ɡʓɀ̯ʓ˝ˉ�͕ʓ̯ʎ�Û͛ɧˉɭ͛�íˉʓ͔ɭ̝̤ʓ̯͛�Ñ̝ɭ̤̤

RÛ!��ঢ়৛ড়৕઀ঢ়৖৔ড়઀ঢ়ড়ড়৔઀ঢ়

Ċʎɭˉ��̝ɡʎʓɠɀʴɧ�mʓ͔ɭ̝̤ʓɧʅɭ�п̝̤̯�ɀ̝̝ʓ͔ɭɧ�ɀ̯�
̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�˝ʄ�Û͛ɧˉɭ͛�ʓˉ�৕ড়৛৖�ɀ̤�Ôɭɀɧɭ̝�ʓˉ�
Eɭ˝ʴ˝ʅ͛�ɀˉɧ��̤̤ʓ̤̯ɀˉ̯�ʓˉ�̯ʎɭ�mɀɠ˝̝ɀ̯˝̝ ੔͛�ʎɭ�
ʎɀɧ�ɀɠ˝̸̯�̯ɭˉ�̸̤̯ɧɭˉ̯̤�ɀˉɧ�̯͕˝�̝˝˝ʽ̤�ʓˉ�̯ʎɭ�
ʽɀʓˉ�ɠ̸ʓʴɧʓˉʅ੓�Rˉ�৕ড়৛৘੔�ʎɭ�ɠɭɡɀʽɭ�Ñ̝˝ʄɭ̤̤˝̝�
˝ʄ�Eɭ˝ʴ˝ʅ͛�ɀˉɧ�vʓˉɭ̝ɀʴ˝ʅ͛�ɀˉɧ�ɠ͛�৕ড়৛ঢ়�ʎɭ�
ʎɀɧ�̚ɭ̸̝̤ɀɧɭɧ�̯ʎɭ�íˉʓ͔ɭ̝̤ʓ̯͛�Ûɭˉɀ̯ɭ�̯˝�˝̚ɭˉ�
ɀ�Dɀɡ̸ʴ̯͛�̋ ʄ�Ûɡʓɭˉɡɭ੓�Mɭ�ɠɭɡɀʽɭ�ʓ̯̤�п̝̤̯�(ɭɀˉ�
ʓˉ�৕ড়ড়৖੓
Rˉ�৕ড়ড়৔੔�ʎɭ�͔ʓ̤ʓ̯ɭɧ�.̸̝˝̚ɭ�ɀ̤�ɀ�̸̯̝̤̯ɭɭ�˝ʄ�

̯ʎɭ��̸̤̯̝ɀʴʓɀˉ�v̸̤ɭ̸ʽ�ɀˉɧ�ʎʓ̤�̝ ɭ̚˝̝̯�ʎɭʴ̚ɭɧ�
̯˝�ɭ̤̯ɀɠʴʓ̤ʎ�̯ ʎɭ�Rˉɧ̸̤̯̝ʓɀʴ੔�æɭɡʎˉ˝ʴ˝ʅʓɡɀʴ�ɀˉɧ�
Ûɀˉʓ̯ɀ̝͛�v̸̤ɭ̸ʽ�͕ʎʓɡʎ�ʄ˝̝ʽɭɧ�̯ʎɭ�ɠɀ̤ʓ̤�˝ʄ�
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