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������� ÕÄÖÈÌÉÌÆÚ ËÆ�Ö�ÉÌÐÉÈÉ �ÊØ�
ÄÖ�ÃËÓ ���� ��� Æ �ÄÆÈÉÙÉÌÌÓÉ È ÌÆ× ÊÊÓÐÏÆ�� � �ÃÊÐÉÙÌÉÉ ÈÄÉØÑ �ÃÈÓÅÉÌÌÓÚ ÆÌËÉÄÉÊ
ÈÓÇÓÈÖ�Ë ÙÆÊÏÄÉËÌÓÉ ÖÌÖÐÃ�Æ ÕÄÖÈÌÉÌÆÚ �ÉÌÐÉÈÉ � �Í �!�� � ÇÌÖÎÆËÉÐ"ÌÃÚ ØÉÄÉ #ËÃË
ÆÌËÉÄÉÊ Ã�ÕÊÐÃÈÐÉÌ ÊÈÑÇÑØÆ ËÖÏÆ× ÕÄÖÈÌÉÌÆÚ Ê ÙÆÊÏÄÉËÌÓØÆ ÈÉÄÃÑËÌÃÊËÌÓØÆ ØÃÙÉÛ
ÐÑØÆ �$�Í �%�� � ÄÖ�ÃËÉ ��&� �ÓÐÃ �ÃÏÖÇÖÌÃÍ ÎËÃ �ÃÐ"ÅÆÌÊËÈÃ ÙÆÊÏÄÉËÌÓ× ÖÌÖÐÃ�ÃÈ
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ÌÖÇÓÈÖÉËÊÑ ÄÉ�ÕÐÑÄÌÃHÊÆÌ�ÕÐÑÄÌÓØÍ ÉÊÐÆ 3D 2 �� IÌÃ ÌÖÇÓÈÖÉËÊÑ ÄÉ�ÕÐÑÄÌÓØÍ ÉÊÐÆ
È ÙÃ�ÃÐÌÉÌÆÉ ÈÓÎÉË 3�0� È �ÉÊÏÃÌÉÎÌÃÊËÆ ËÄÆÈÆÖÐÉÌÍ Ë�É� ∑EFG+3F 2 &� JÕÎÌÓØÆ
ÕÄÖÈÌÉÌÆÑØÆ ÌÖÇÓÈÖ�ËÊÑ ËÉÍ Õ ÏÃËÃÄÓ× ÊËÖÄÅÆÚ ÏÃ#ÔÔÆÒÆÉÌË3D Ã�ÄÖËÆØ� � ÌÖÊËÃÑÛ7ÉÚ ÄÖ�ÃËÉ ØÓ Ã�ÄÖÌÆÎÆØÊÑ ÄÖÊÊØÃËÄÉÌÆÉØ ÄÕÎÌÓ× ÄÖÇÌÃÊËÌÓ× ÕÄÖÈÌÉÌÆÚ Ê ÙÆÖ�ÃÌÖÛ
ÐÆÇÕÉØÓØ ÊËÖÄÅÆØ ÏÃ#ÔÔÆÒÆÉÌËÃØ 3D� KÖ �ÄÃËÑÜÉÌÆÆ ÄÖ�ÃËÓ �ÕÙÉË �ÄÉÙ�ÃÐÖ�ÖË"Û
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�ÙÉ ��0� � �ÖØØÖHÔÕÌÏÒÆÑ � 4ÆÄÏ�ÃÔ ÙÃÏÖÇÖÐÍ ÎËÃ ÉÊÐÆ ÃËÌÃÅÉÌÆÑ ÊÃ�ÊËÈÉÌÌÓ× ÇÌÖÛ
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ØÃÄÔÌÓ×ÄÉÅÉÌÆÑ /̃S�0�Æ /̃L�0�ÍÏÃËÃÄÓÉ�ÃÐÃØÃÄÔÌÓÆ ÖÊÆØ�ËÃËÆÎÉÊÏÆ �ÄÉÙÊËÖÈÆØÓ
ÔÃÄØÖÐ"ÌÓØ ÄÉÅÉÌÆÉØ d̃ �0� È �ÃÐÕ�ÐÃÊÏÃÊËÑ× �Z 0 � & Æ �Z 0 � & ÊÃÃËÈÉËÊËÈÉÌÌÃ�4ÆÄÏ�ÃÔÃØ �ÓÐÃ ËÖÏÜÉ ÙÃÏÖÇÖÌÃÍÎËÃ ØÖËÄÆÒÖ ÊÈÑÇÆ #ËÆ× ÄÉÅÉÌÆÚ
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ÏÃËÃÄÖÑ �Ã ÃÎÉÈÆÙÌÓØ �ÄÆÎÆÌÖØ �ÉÄÆÃÙÆÎÌÖÍ ÑÈÐÑÉËÊÑ ÌÖ ÊÖØÃØ ÙÉÐÉ ÄÖÒÆÃÌÖÐ"ÌÃÚ
ÔÕÌÏÒÆÉÚ �ÉÄÉØÉÌÌÃÚ Z���5��0�� BËÖ ÔÕÌÏÒÆÑ ÊÃÙÉÄÜÆË ÊËÃÐ"ÏÃ ÜÉ �ÖÄÖØÉËÄÃÈÍ
ÊÏÃÐ"ÏÃ ÊÃÙÉÄÜÆËÊÑ È 3̃� TÃ�ÐÖÊÌÃ ÙÄÕ�ÆØ ÄÉÇÕÐ"ËÖËÖØ 4ÆÄÏ�ÃÔÖÍ �ÃÐÆÌÃØÆÖÐ"ÌÓÉ
ÔÕÌÏÒÆÆ 3̃′ �0� Æ 3̃�0� ÆØÉ�Ë ÃÙÌÕ Æ ËÕ ÜÉ ØÖËÄÆÒÕ ÊÈÑÇÆ Q�0� ËÃ�ÙÖ Æ ËÃÐ"ÏÃ ËÃ�ÙÖÍÏÃ�ÙÖ ÊÕ7ÉÊËÈÕÉË ÄÖÒÆÃÌÖÐ"ÌÖÑ ØÖËÄÆÎÌÖÑ ÔÕÌÏÒÆÑ ��0� ËÖÏÖÑÍ ÎËÃ
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� ÄÖ�ÃËÉ ��&� ÑÈÌÃ �ÃÊËÄÃÉÌÓ ÊÉØÉÚÊËÈÖ ÏÃØØÕËÆÄÕ�7Æ× �ÄÉÃ�ÄÖÇÃÈÖÌÆÚ ÈÆÙÖ ���$�Æ
ÙÃÏÖÇÖÌÃÍÎËÃ È ÌÉ�ÄÉÄÓÈÌÃØ �ÄÉÙÉÐÉ ÕÊÐÃÈÆÑ ÏÃØØÕËÖËÆÈÌÃÊËÆÎÖÊËÆ ÆÇ ÌÆ× Ê×ÃÙÑËÊÑ
Ï ÏÐÖÊÊÆÎÉÊÏÆØ ÕÄÖÈÌÉÌÆÑØ�ÐÉÇÆÌ�ÉÄÖ ��b��]Ã ÊÆ× �ÃÄ ÃÊÌÃÈÌÓÉ ÆÙÉÆ �ÃÙ×ÃÙÖ Ï ÖÌÖÐÆËÆÎÉÊÏÃÚ ËÉÃÄÆÆ ÄÖÇÌÃÊËÌÓ× ÕÄÖÈÌÉÌÆÚÍ�ÄÉÙÐÃÜÉÌÌÓÉ 4ÆÄÏ�ÃÔÃØÍ ÃÊËÖÈÖÐÆÊ" ÌÉÆÇØÉÌÌÓØÆ � �ÃÊËÄÃÉÌÆÉ ÄÉÅÉÌÆÚ ÕÄÖÈÌÉÛ
ÌÆÑÍ ÆØÉ�7Æ× ÇÖÙÖÌÌÃÉ ÖÊÆØ�ËÃËÆÎÉÊÏÃÉ �ÃÈÉÙÉÌÆÉ È �ÉÊÏÃÌÉÎÌÃÊËÆÍÌÖ�ÃØÆÌÖÉË ÊÏÃÛ
ÄÉÉ ËÉÃÄÆ� TËÃÏÊÖ ÕÄÖÈÌÉÌÆÚ Ê ÆÄÄÉ�ÕÐÑÄÌÓØÆ ÃÊÃ�ÉÌÌÃÊËÑØÆÍ ÎÉØ ÏÐÖÊÊÆÎÉÊÏÕ�
ÖÌÖÐÆËÆÎÉÊÏÕ� ËÉÃÄÆ� ÕÄÖÈÌÉÌÆÚ Ê ÄÉ�ÕÐÑÄÌÓØÆ ÃÊÃ�ÉÌÌÃÊËÑØÆ � � ÄÖØÏÖ× ËÉÃÄÆÆ4ÆÄÏ�ÃÔÖ ÃËÊÕËÊËÈÕÉË ÑÈÌÓÚ ÖÌÖÐÃ� �ÄÉÙÊËÖÈÐÉÌÆÑ ØÃÌÃÙÄÃØÆÆ �+�� \ {0+X \ \ \ X 0E}

�Í
ÏÃËÃÄÃÉ ÇÖÙÖÉË ÆÌËÉ�ÄÖÐÓ ÕÄÖÈÌÉÌÆÚ�ÐÉÇÆÌ�ÉÄÖ� IÎÉÈÆÙÌÓÚ ÌÉ�ÄÉÄÓÈÌÓÚ �ÄÉÙÉÐ
ØÖËÄÆÒÓ ÊÈÑÇÆ Q�0� �ÃÇÈÃÐÑÉË �ÃÐÕÎÆË" ÆÌÔÃÄØÖÒÆ� Ã ØÃÌÃÙÄÃØÆÆ È �ÉÊÏÃÌÉÎÌÃÊËÆÆ ÌÉ ÌÉÊÉË È ÊÉ�É ÌÆÏÖÏÃÚ ÆÌÔÃÄØÖÒÆÆ Ã ÐÃÏÖÐ"ÌÓ× ØÃÌÃÙÄÃØÆÑ× ÙÆÔÔÉÄÉÌÒÆÖÐ"ÌÃ�Ã
ÕÄÖÈÌÉÌÆÑ ÈÃÏÄÕ� �ÃÐ�ÊÃÈ 0F� ��ÃÇØÃÜÌÃ �Ã #ËÃÚ �ÄÆÎÆÌÉ 4ÆÄÏ�ÃÔ Ê ÊÖØÃ�Ã ÌÖÎÖÐÖ
ÆÊÏÐ�ÎÆÐ Ê�ÃØÃ7"��ÄÉÃ�ÄÖÇÃÈÖÌÆÑ ��� ��ÃÐÃÜÉÌÆÑ �ÃÐ�ÊÃÈ Æ Ã�ÄÖÌÆÎÆÐÄÖÊÊØÃËÛ
ÄÉÌÆÉ ÊÐÕÎÖÉØ �ÃÐÆÌÃØÆÖÐ"ÌÓ× ÏÃ#ÔÔÆÒÆÉÌËÃÈ ��IÊÌÃÈÌÃÚ ÒÉÐ"� ÌÖÊËÃÑ7ÉÚ ÄÖ�ÃËÓÑÈÐÑÉËÊÑ ÄÖÇÈÆËÆÉ ÌÃÈÃ�Ã�Ã×ÃÙÖÏ ÖÌÖÐÆËÆÎÉÊÛ
ÏÃÚ ËÉÃÄÆÆ ÄÖÇÌÃÊËÌÓ× ÕÄÖÈÌÉÌÆÚ Ê ÄÖÒÆÃÌÖÐ"ÌÓØÆ ÏÃ#ÔÔÆÒÆÉÌËÖØÆ Æ É�Ã Ã�Ã�7ÉÌÆÉ
ÌÖ ÊÐÕÎÖÚ ÄÖÇÌÃÊËÌÓ× ÕÄÖÈÌÉÌÆÚ Ê ����*��@
?A�)� ÏÃ#ÔÔÆÒÆÉÌËÖØÆ � BËÃË �ÃÙ×ÃÙ
ÃÊÌÃÈÖÌ ÌÖ ÏÃÌÊËÄÕÏÒÆÆ ØÉÄÃØÃÄÔÌÓ× ÄÉÅÉÌÆÚ ÄÖÇÌÃÊËÌÓ× ÕÄÖÈÌÉÌÆÚÍ ÏÃËÃÄÓÉ �ÃÐÃÛ
ØÃÄÔÌÓ ÈÙÃÐ" �(�?��� *;�
-�]ÐÑ ËÃ�Ã ÎËÃ�Ó ÙÖË" �ÄÉÙÊËÖÈÐÉÌÆÉ Ã� ÃÊÌÃÈÌÓ× ÆÙÉÑ× ÌÖÅÉ�Ã �ÃÙ×ÃÙÖÍ ÄÖÊÊØÃËÛ
ÄÆØ ÊÌÖÎÖÐÖ ÊÐÕÎÖÚÍ �ÄÑØÃ �ÄÃËÆÈÃ�ÃÐÃÜÌÓÚ ÊÐÕÎÖ�Í ÄÖÊÊØÃËÄÉÌÌÃØÕ 4ÆÄÏ�ÃÔÃØ�BËÃ ÊÐÕÎÖÚ ÈÉ7ÉÊËÈÉÌÌÓ× �A?*(�
�� NU� �ÖÔÆÏÊÆÄÕÉØ �ÄÃÆÇÈÃÐ"ÌÃÉ ÈÉ7ÉÊËÈÉÌÌÃÉ
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ÎËÃ�Ó È #ËÃÚ �ÃÐÃÊÉ /� ÆØÉÐÃ ÌÉ �ÃÐÉÉ ÎÉØ *(���()������- ÄÃÊË È �ÉÊÏÃÌÉÎÌÃÊËÆ
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� 0| → ∞ � �É�ÏÃ �ÃÏÖÇÖË" ÍÎËÃ ÉÊÐÆ ËÖÏÃÉ ÄÉÅÉÌÆÉ ÊÕ7ÉÊËÈÕÉËÍ ËÃ ÃÌÃ ÉÙÆÌÊËÈÉÌÌÃ Ê
ËÃÎÌÃÊË"� ÙÃ �ÄÉÃ�ÄÖÇÃÈÖÌÆÑ /′� 2 /��0�P ÍP ∈ �RS� TÃÈÊÉØ ÌÉÃÎÉÈÆÙÌÓØ ÑÈÐÑÉËÊÑÙÃÏÖÇÖÌÌÃÉÌÖØÆ ÕËÈÉÄÜÙÉÌÆÉ Ã ËÃØÍÎËÃ ÉÊÐÆ/� ÊÕ7ÉÊËÈÕÉËÍËÃ ÃÌÃÆØÉÉË ÊÐÉÙÕ�7ÉÉ
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P� 2 Pl� �P−� �−+ ����&�
ØÃÜÉË ËÄÖÏËÃÈÖË"ÊÑ ÏÖÏ ØÖËÄÆÒÖ �ÉÄÉÌÃÊÖ ÄÉÅÉÌÆÑ ÈÙÃÐ" �ËÃÐÊËÃ�Ã� �ÕËÆ �� Í ÆÙÕÛ7É�Ã ÆÇ ÃÙÌÃÚ �ÉÊÏÃÌÉÎÌÃÊËÆ−�∞ È ÙÄÕ�Õ� �∞ �
�Ó ÙÃÏÖÇÓÈÖÉØÍ ÎËÃ ÙÐÑ ÊÐÕÎÖÉÈ � � & Æ � � & ÏÖÌÃÌÆÎÉÊÏÃÉ ÄÉÅÉÌÆÉ /� ,?
:��?;�
?�,;
�� � Ã�ÃÆ× ÊÐÕÎÖÑ× ÊÃÃËÈÉËÊËÈÕ�7ÆÉ ÄÉÅÉÌÆÑ ÌÉ ÇÖÈÆÊÑË ÃË �� 	ÖÏ ÊÐÉÙÛ

ÊËÈÆÉÍØÓ �ÃÐÕÎÖÉØ ÙÈÖØÉÄÃØÃÄÔÌÓ×ÄÉÅÉÌÆÑ /S Æ /L ÕÄÖÈÌÉÌÆÑ �����ÍÏÃËÃÄÓÉ�ÃÐÃÛ
ØÃÄÔÌÓ È �ÃÐÕ�ÐÃÊÏÃÊËÑ×�Z 0� & Æ �Z 0� &� TÃÃËÈÉËÊËÈÕ�7ÆÉ ØÖËÄÆÒÓ �ÉÄÉÌÃÊÖPS 2 P� Í � � &Í Æ PL 2 P�Í � � &Í ÑÈÐÑ�ËÊÑ �ÏÈÖÇÆ� ÈÉÄ×ÌÉH Æ ÌÆÜÌÉËÄÉÕ�ÃÐ"ÌÓØÆÍ
Ë�É� PUUS
L� 2 �X PUVS 2 &X ÉÊÐÆ NU � NV X PUVL 2 &X ÉÊÐÆ NU 
 NV \ ������
BËÃË ÄÉÇÕÐ"ËÖË �ÄÃÑÊÌÑÉË ×ÃÄÃÅÃ ÆÇÈÉÊËÌÓÚ ÔÖÏËÍÎËÃ È ÊÐÕÎÖÉ ÈÉ7ÉÊËÈÉÌÌÓ× #ÏÊ�ÃÛ
ÌÉÌË ÌÉ ÊÕ7ÉÊËÈÕÉË ÄÉÅÉÌÆÚ 4ÆÄÏ�ÃÔÖ ÕÄÖÈÌÉÌÆÑ �����ÍÆØÉ�7Æ× ÄÖÈÌÃØÉÄÌÃÉ ÖÊÆØ�Û
ËÃËÆÎÉÊÏÃÉ �ÄÉÙÊËÖÈÐÉÌÆÉ È �ÃÐÕ�ÐÃÊÏÃÊËÑ×�Z 0� & Æ �Z 0� &�JÉÅÉÌÆÑ/S Í/LØÃ�ÕË �ÓË" ÉÙÆÌÊËÈÉÌÌÓØ Ã�ÄÖÇÃØÌÃÄØÖÐÆÇÃÈÖÌÓ Ê�ÃØÃ7"�ÕÊÐÃÛ
ÈÆÑ P−� 2 �� � ËÖÏÃÚ ÌÃÄØÆÄÃÈÏÉ ØÖËÄÆÒÖ ÊÈÑÇÆ ÆØÉÉË ÈÆÙ
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+S �0�/L�0� 2 �

− E∑FG+
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O−O��− � X ����5�
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Æ n � ÙÆÖ�ÃÌÖÐ"ÌÖÑ ØÖËÄÆÒÖÍ ËÖ ÜÉÍ ÎËÃ Æ È �5��� ÌÆÜÉ� KÖÊÏÃÐ"ÏÃ ÆÇÈÉÊËÌÃ ÖÈËÃÄÕÍ
ÑÈÌÓÚ ÈÆÙ ����5�ØÖËÄÆÒÓ ÊÈÑÇÆÍ ÈÏÐ�ÎÖÑ ÊÃÃËÌÃÅÉÌÆÑ ������Í ����6�Í ÑÈÐÑÉËÊÑ ÌÃÈÓØ
ÄÉÇÕÐ"ËÖËÃØ ÙÖÜÉ È ÊÐÕÎÖÉ ÄÉ�ÕÐÑÄÌÃHÊÆÌ�ÕÐÑÄÌÓ× ÕÄÖÈÌÉÌÆÚÍ È ÏÃËÃÄÃØ PS
L� 2 �
�ÊÄ� Ê ÕËÈÉÄÜÙÉÌÆÉØ ËÉÃÄÉØÓ �&�$ È ��6����ÄÑØÃÉ �ÄÉÃ�ÄÖÇÃÈÖÌÆÉ ØÃÌÃÙÄÃØÆÆ

3�0�→ Q�0� ����b�
ÙÐÑ ÊÐÕÎÖÉÈ ÄÉ�ÕÐÑÄÌÃHÊÆÌ�ÕÐÑÄÌÓ× Æ ÄÕÎÌÓ× ÕÄÖÈÌÉÌÆÚ ÊËÄÃÆËÊÑ ÊÃÃËÈÉËÊËÈÉÌÌÃ
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ÕÄÖÈÌÉÌÆÑ � ]ÐÑ ÌÖÎÖÐÖ #ËÃ �ÃÌÑËÆÉ ÈÈÃÙÆËÊÑ ÙÐÑ ËÄÉ× ÏÐÖÊÊÃÈ ÄÉ�ÕÐÑÄÌÃHÊÆÌ�ÕÛ
ÐÑÄÌÓ× ÕÄÖÈÌÉÌÆÚ � . ÆØÉÌÌÃÍ ÙÐÑ ÊÐÕÎÖÑ Ê�ÉÒÆÖÐ"ÌÓ× ÕÄÖÈÌÉÌÆÚÍ ÏÃ#ÔÔÆÒÆÉÌËÓ
ÏÃËÃÄÓ× 3 ∈ �D ÆØÉ�Ë ÈÆÙ ���5� Æ ÕÙÃÈÐÉËÈÃÄÑ�Ë ÕÊÐÃÈÆ� YZ[ 3�0� ≡ �� TÐÉÛ
ÙÕ�7ÆØ �ÄÆØÉÄÃØ ÕÄÖÈÌÉÌÆÚÍ ÙÐÑ ÏÃËÃÄÓ× ØÃÜÌÃ Ã�ÄÉÙÉÐÆË" �ÃÌÑËÆÉ ÐÃÏÖÐ"ÌÃÚ
ØÃÌÃÙÄÃØÆÆÍÑÈÐÑÉËÊÑ ÊÐÕÎÖÚ ÕÌÆËÖÄÌÓ× ÕÄÖÈÌÉÌÆÚÍ ÏÃ#ÔÔÆÒÆÉÌËÓÏÃËÃÄÓ×3 ∈ ��ÕÙÃÈÐÉËÈÃÄÑ�Ë ÊÃÃËÌÃÅÉÌÆ� 3l��0� 2 3−

+�0�� KÖÆ�ÃÐÉÉ ÈÖÜÌÓØ ÙÐÑ ÙÖÐ"ÌÉÚÅÉ�Ã
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ÈÊ�ÃØÃ�ÖËÉÐ"ÌÃÚ ÊÆÊËÉØÓ ÐÆÌÉÚÌÓ× ÊÆÌ�ÕÐÑÄÌÓ× ÕÄÖÈÌÉÌÆÚ � �ÌÙÉÏÊ ÊÃÃËÈÉËÊËÈÕ�Û7ÉÚ ÊÆÊËÉØÓ ÄÖÈÉÌ
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�
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TÐÉÙÊËÈÆÉØ ÔÕÌÙÖØÉÌËÖÐ"ÌÓ× ÄÉÇÕÐ"ËÖËÃÈ ËÉÃÄÆÆ ÊÆÌ�ÕÐÑÄÌÓ× ÆÌËÉ�ÄÖÐ"ÌÓ× ÕÄÖÈÛ
ÌÉÌÆÚ ���� ÑÈÐÑÉËÊÑ ÕËÈÉÄÜÙÉÌÆÉ Ã ËÃØÍÎËÃ ÉÊÐÆ ��Y�3 2 &Í ËÃ È ÊÐÕÎÖÉ Ã�7É�Ã �ÃÐÃÛ
ÜÉÌÆÑ ÏÖÌÃÌÆÎÉÊÏÃÉ ÄÉÅÉÌÆÉ /� ÊÕ7ÉÊËÈÕÉË�cÊÐÆ YZ[ 3 2 �Í ËÃ ��Y�3 ËÃÜÙÉÊËÈÉÌÌÃ ÄÖÈÉÌ ÌÕÐ�� TÐÉÙÃÈÖËÉÐ"ÌÃÍ ÙÐÑ Ã�7Æ×
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ÙÃÏÖÇÓÈÖÉØÍÎËÃ �ÄÑØÃÉ ÃËÃ�ÄÖÜÉÌÆÉ ØÃÌÃÙÄÃØÆÆ ����b� ÑÈÐÑÉËÊÑ ÈÇÖÆØÌÃ ÃÙÌÃÇÌÖÎÛ
ÌÓØ ÊÃÃËÈÉËÊËÈÆÉØ �ÐÃËÌÓ× ÃËÏÄÓËÓ×ØÌÃÜÉÊËÈ � JÉÅÉÌÆÉ Ã�ÄÖËÌÃÚ ÇÖÙÖÎÆ ØÃÌÃÙÄÃÛ
ØÆÆ ÈÃÊÊËÖÌÃÈÐÉÌÆÑ 3�0� �Ã ÙÖÌÌÓØ ØÃÌÃÙÄÃØÆÆ ÊÈÃÙÆËÊÑ Ï ÇÖÙÖÎÉJÆØÖÌÖ�8ÆÐ"�ÉÄÛ
ËÖ Ã ÔÖÏËÃÄÆÇÖÒÆÆ ØÖËÄÆÎÌÓ× ÔÕÌÏÒÆÚÍ ÇÖÙÖÌÌÓ× ÌÖ ÌÖ�ÃÄÉ ÈÉÄËÆÏÖÐ"ÌÓ× ÐÆÌÆÚ ��ÃÇØÃÜÌÃÊË" ËÖÏÃ�Ã ÊÈÉÙÉÌÆÑ ÃÊÌÃÈÖÌÖ ÌÖ ÊÕ7ÉÊËÈÃÈÖÌÆÆ ÈÊÉÚ ÊÃÈÃÏÕ�ÌÃÊËÆ ÄÉÅÉÛ
ÌÆÚ /LX/+X \ \ \ X/S Í Ã�ÐÖÊËÆ ÖÌÖÐÆËÆÎÌÃÊËÆ ÏÃËÃÄÓ× �ÉÄÉÊÉÏÖ�ËÊÑ Æ �ÃÏÄÓÈÖ�Ë ÈÊ�ÏÃØ�ÐÉÏÊÌÕ��ÐÃÊÏÃÊË"�JÉÅÉÌÆÉ Ã�ÄÖËÌÃÚ ÇÖÙÖÎÆ ØÃÌÃÙÄÃØÆÆ È Ã�7ÉØ ÊÐÕÎÖÉ ÙÖÌÃ È ËÄÉË"ÉØ �ÖÄÖ�ÄÖÔÉ
ÄÖ�ÃËÓ� �Ì�ÉÏËÆÈÌÃÊË" �ÄÑØÃ�Ã ÃËÃ�ÄÖÜÉÌÆÑ ØÃÌÃÙÄÃØÆÆ ����b�Í Ã�ÄÖÌÆÎÉÌÌÃ�Ã ÌÖ�ÃÙ�ÄÃÊËÄÖÌÊËÈÃ �� ÏÃ#ÔÔÆÒÆÉÌËÃÈÍÆØÉ�7Æ× 	�A?��(,����- ÙÉËÉÄØÆÌÖÌËÍ
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È ËÃØ ÊÐÕÎÖÉÍ ÏÃ�ÙÖ É�Ã ÌÕÐÆ �� ÌÉ ÏÃÌ�ÄÕ#ÌËÌÓÍ ÌÉ�ÃÊÄÉÙÊËÈÉÌÌÃ ÊÐÉÙÕÉË ÆÇ Ã�ÄÉÙÉÛÐÉÌÆÑ ÏÖÌÃÌÆÎÉÊÏÆ× ÄÉÅÉÌÆÚ � �ÃÊËÄÃÉÌÆÉ ÆÇÃØÃÌÃÙÄÃØÌÓ× ÙÉÔÃÄØÖÒÆÚ Æ�ÄÖÉË ÈÖÜÛ
ÌÉÚÅÕ�ÄÃÐ" ÙÐÑ �ÃÊËÄÃÉÌÆÑÆ Ã�ÆÊÖÌÆÑ ÃÙÌÃÇÌÖÎÌÓ×ÈÉËÈÉÚ ÃËÃ�ÄÖÜÉÌÆÑÍÃ�ÄÖËÌÃ�Ã
Ï ����b��KÖÇÃÈÉØ ÄÖÒÆÃÌÖÐ"ÌÓÉ ÔÕÌÏÒÆÆ�Æ�′ ÈÆÙÖ ����%� #ÏÈÆÈÖÐÉÌËÌÓØÆÍÉÊÐÆ Æ× �ÃÐ�Û
ÊÓ Æ ÌÕÐÆ �Ã�ÖÄÌÃ ÏÃÌ�ÄÕ#ÌËÌÓÍ Ë�É� ��− �′� ∈ Z
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ÙÐÑ Ð��ÃÚ �ÖÄÓ #ÏÈÆÈÖÐÉÌËÌÓ× ÔÕÌÏÒÆÚ ÊÕ7ÉÊËÈÕÉË �ÆÄÖÒÆÃÌÖÐ"ÌÓÚ ÆÇÃØÃÄÔÆÇØ
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Ã�ÄÖËÌÃÉ Ï Ã�ÄÖÌÆÎÉÌÆ� ����b� ÌÖ �� Í ÙÃÊËÖËÃÎÌÃ �ÃÊËÄÃÆË" ���5&� ÙÐÑ ÃÙÌÃ�Ã �ÄÉÙÛ
ÊËÖÈÆËÉÐÑ � È ÏÖÜÙÃØ ÏÐÖÊÊÉ #ÏÈÆÈÖÐÉÌËÌÃÊËÆ ����� ÏÖÜÙÃØ ÏÐÖÊÊÉ #ÏÈÆÈÖÐÉÌËÌÃÊËÆ ��� ØÃÜÌÃ ÈÓ�ÄÖË" È ÏÖÎÉÊËÈÉ �ÄÉÙÊËÖÈÆËÉÐÑ
ÔÕÌÏÒÆ��Í ÌÕÐÆ Æ �ÃÐ�ÊÓ ÏÃËÃÄÃÚ �ÄÆÌÖÙÐÉÜÖË ÃÙÌÃÚ �ÃÐÃÊÉ ÈÆÙÖ �� � � #ËÃØ ÊÐÕÛ
ÎÖÉ ÏÖÌÃÌÆÎÉÊÏÆÉ ØÉÄÃØÃÄÔÌÓÉ ÄÉÅÉÌÆÑ /L Æ /S �ÃÐÃØÃÄÔÌÓ È �ÉÄÉÊÉÏÖ�7Æ×ÊÑ Ã�Û
ÐÖÊËÑ×�Z 0 � �1�Æ �Z 0 
 �� � #ËÃØ ÊÐÕÎÖÉ ÇÖÙÖÎÖ ÈÃÊÊËÖÌÃÈÐÉÌÆÑ /S
L� �Ã ØÖËÄÆÛÒÉ ÊÈÑÇÆ ÊÈÃÙÆËÊÑ Ï ÊËÖÌÙÖÄËÌÃÚ ÇÖÙÖÎÉ ÔÖÏËÃÄÆÇÖÒÆÆ JÆØÖÌÖ�8ÆÐ"�ÉÄËÖ ÌÖ �ÄÑØÃÚ
�Z 0 2 � 1 �M5�� ÎÉËÈÉÄËÃØ �ÖÄÖ�ÄÖÔÉ ÄÖ�ÃËÓ ÄÖÊÊØÃËÄÉÌ ÏÃÌËÆÌÕÖÐ"ÌÓÚ �ÄÉÙÉÐ ÄÖÇÌÃÊËÌÓ×
ÕÄÖÈÌÉÌÆÚ ��ÓÙÃÏÖÇÓÈÖÉØÍÎËÃ ÙÐÑ ÙÃÊËÖËÃÎÌÃØÖÐÃ�Ã�ÏÖÌÃÌÆÎÉÊÏÆÉØÉÄÃØÃÄÔÌÓÉ
ÄÉÅÉÌÆÑ /� ÄÖÇÌÃÊËÌÃ�Ã ÕÄÖÈÌÉÌÆÑ

/�0 1 �� 2(�1 �3D 1 � E∑FG+
3F0− 0F
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