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m ÓÈ��Ó©²���SËÎ�ËÓÒ«²�
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z �ËãËm����º°�Èm}��ãË}ÈS°�m�Ò�¹Sº�ËÒÓºm��Òº¹º�
ãÒäËS©� Ò� ÏÈÎÒmãËÓÒË� Òºãº�Ò�Ë°}Ò²� �}ÈÓË®�
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Óºä��Ë²ÓÒ�Ë°}ºä��ÓÒmËS°Ò�Ë�Ë�Ò��S��Ò²�ÓÈ��Ó©²
ºS�ÈÓÒÏÈ�Ò«²�3º°°ÒÒ�
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Ïàðàìåòð ðåøåòêè êóáè÷åñêîé ôàçû â ñèñòåìå Ce 1-x - Bix - Oy
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À

700 °Ñ, 3 ÷

700 °Ñ, 9 ÷

800 °Ñ, 3 ÷

800 °Ñ, 10 ÷

1000 °Ñ, 3 ÷

3Ò°������ÈSÈäË�S�SË�Ë�}Ò�}�Ò�Ë°}º®�ÁÈÏ©�&H2\�m�°Ò°�ËäË�&H� Ü [Û%L[Û2\
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��Óº��Ë²ÓÒ�Ë°}º®�ÒÓÁºSäÈ�ÒÒ��ºãËË������¹�ãÒ�
}È�Ò®��©ãÈ�°ÁºSäÒSºmÈÓÈ�ÈÏÈ��ÈÓÓ©²��Ë²ÓÒ�Ë�
°}Ò²�²ÈSÈ}�ËSÒ°�Ò}�°ºmSËäËÓÓ©²�Ò�SÈÏSÈÈ�©mÈË�
ä©²�ks�k�Ò�is�k��°º�ËSÎÈ�È«�°mË�ËÓÒ«�º����
äº�Ëã«²��¹SºË}�È²��

kÓÈãÒÏ�SËÏ�ã
�È�ºm�°Ò°�ËäÈ�ÒÏÈ�ÒÒ�Ò�ºº�Ë�
ÓÒ«�ÒÓÁºSäÈ�ÒÒ�¹ºÏmºãÒã�}ãÈ°°ÒÁÒ�ÒSºmÈ�
�°º�
mSËäËÓÓ©Ë�Ò�SÈÏSÈÈ�©mÈËä©Ë�ÓËºÒ�ÈËä©Ë�¹º��
mº�Ó©Ë�È¹¹ÈSÈ�©�

����º�äÈ°°º�ÈÈSÒ�Ó©ä�²ÈSÈ}�ËSÒ°�Ò}Èä��¹SË�
Òä��Ë°�mËÓÓº�¹º�°�²º®�äÈ°°Ë�È¹¹ÈSÈ�ºm��¹º�mº��
Ó©Ë�È¹¹ÈSÈ�©���k��äºÎÓº�}ãÈ°°ÒÁÒ�ÒSºmÈ�
�°ãË�
����Òä�ºSÈÏºä�

z lÒ}Sº�k� ��lk��� äÈ°°È� �°�²È«� � ��� }��� �Èã
�
Óº°�
�¹ãÈmÈÓÒ«�äËÓËË��Û��ä��äÒã
��º¹ËSÈ�ÒmÓÈ«
�SÈº�È«���ã�ÒÓÈ��º�����ä��iÈÓÓÈ«�}È�Ë�ºSÒ«

�SË�°�ÈmãËÓÈ�}ãÈ°°ÒÁÒ}È�Ò«� °ºmSËäËÓÓ©²� ÓËºÒ�
�ÈËä©²�¹º�mº�Ó©²�È¹¹ÈSÈ�ºm��3È°°äº�SËÓ©�ÓÈÒºãËË
mÈÎÓ©Ë��ËÓ�ËÓ�ÒÒ�m�Ò°°ãË�ºmÈÓÒ«²�Ò�SÈÏSÈº�}È²�¹º
°ºÏ�ÈÓÒ��¹º�mº�Ó©²�äÒ}SºÈ¹¹ÈSÈ�ºm��{©�ËãËÓ©�ÓË}º�
�ºS©Ë� ²ÈSÈ}�ËSÓ©Ë� ºãÈ°�Ò� ¹SÒäËÓËÓÒ«� ¹º�mº�Ó©²
äÒ}SºÈ¹¹ÈSÈ�ºm�

�°¨¬¥¥¨¥�¬±²
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°º°�Èmã«Ë����Û�����º��º�Ë�º��Ò°ãÈ�°ºmSËäËÓ�
Ó©²�Ò�SÈÏSÈÈ�©mÈËä©²�s�k��|�ÓÈ}º�°SË�Ò�ÓÒ²
ºã
	ÒÓ°�mº��! ������¹SºË}�ºm�ÒäËË��ª}°¹ËSÒ�
äËÓ�Èã
ÓºË�ÓÈÏÓÈ�ËÓÒË��sÈ�º��È}ÎË�º�äË�Ò�
�
��º�a��Û�����äÒ}Sº�k�°ºÏ�ÈË�°«�°�Ò°¹ºã
Ïº�
mÈÓÒËä�ÒºÓÒ�Ë°}Ò²�¹SÒÓ�Ò¹ºm�

z lÒÓÒ��k��äÈ°°È���Û����}����Èã
Óº°�
�¹ãÈmÈÓÒ«
º�������º������������ä��äÒã
��º¹ËSÈ�ÒmÓÈ«��ã�ÒÓÈ
�º������ä��{�ÓÈ°�º«�ËË�mSËä«��k�ª�º�º�}ãÈ°°È
°º°�Èmã«�����Û�����Ò�ÓÈ²º�«��	ÒSº}ºË�¹SÒäË�
ÓËÓÒË�¹SÒ�SË	ËÓÒÒ�SÈÏãÒ�Ó©²�ÏÈ�È��ÓÈ��ã�Ò�
ÓÈ²��º������ä��v��Ë°�mËÓÓ����È°�
�äÒÓÒ��k
¹ãÈmÈ��Ë�º��Ò¹È�°º°�Èmã«���È¹¹ÈSÈ�©�¹ãÈÓËS�
Óº®��°ÈäºãË�Óº®��ÁºSä©��ÓÈ¹SÒäËS��6HD�*OLGHU�
6ORFXP�*OLGHU�,�,,�Ò�6SUD\�*OLGHU��k¹¹ÈSÈ�©��ÈÓ�
Óº�º�}ãÈ°°È�°º°�º«��ÓÈ�mººS�ÎËÓÒÒ�{lv�vbk
Ò�{ËãÒ}ºSÒ�ÈÓÒÒ�

z lÈã©Ë� s�k�� äÈ°°È� ���Û���� }��� {� ÓÈ°�º«�ËË
mSËä«��k�ª�º�º�}ãÈ°°È�°º°�Èmã«�����Û�����Ò
ÓÈ²º�«��	ÒSº}ºË�¹SÒäËÓËÓÒË�¹SÒ�SË	ËÓÒÒ�SÈÏ�
ãÒ�Ó©²�ÏÈ�È��ÓÈ��ã�ÒÓÈ²��º������ä��

z vSË�ÓÒË� s�k�� äÈ°°È� ºãËË� ���� }��� Óº� äËÓËË
�����}��

z rºã	�ÒË�s�k��äÈ°°È ! �����}��

�SË�°�ÈmãËÓÓÈ«� }ãÈ°°ÒÁÒ}È�Ò«� �SÒ°�� ��� °ä�
�SË�
��°�ºSºÓ��ºãºÎ}Ò��«mã«Ë�°«�Ò°}�°°�mËÓÓº®
Ò�¹SË�ÓÈÏÓÈ�ËÓÈ��ã«�ÁºSäÒSºmÈÓÒ«�Ë�ÒÓº®��ÁºS�
äÈã
Óº�º¹SË�ËãËÓÓº®���ËSäÒÓºãº�ÒÒ�m�ÓÈ��Óº®�Ò
�Ë²Óºãº�Ò�Ë°}º®� °ÁËSÈ²�� °m«ÏÈÓÓ©²� °� mº¹Sº°ÈäÒ
SÈÏSÈº�}Ò�s�k����º©���ËÓ©Ë�Ò�°¹Ë�ÒÈãÒ°�©�m
ºãÈ°�Ò�¹º�mº�Óº®��Ë²ÓÒ}Ò��¹ºÓÒäÈãÒ���S����S��È�
È�ÓË�Ò°¹ºã
ÏºmÈãÒ�ÓË¹ºÓ«�Ó©Ë�m�ÓÈ��Ó©²�}S��È²

�ËSäÒÓ©��Ò¹È�äÒ}Sº���ÓÈÓº��Ò�¹Ò}ºÈ¹¹ÈSÈ�©���zÈ}
¹SÈmÒãº���ã«��º°�ÒÎËÓÒ«�ª�º®��ËãÒ�ÏÈS�ËÎÓ©äÒ
°¹Ë�ÒÈãÒ°�ÈäÒ�Ò°¹ºã
Ï���°«�ÓÈÒäËÓºmÈÓÒ«�äÓº�
ÎÒ�ËãË®���°ãºmÓº�º�SÈÎÈ��ÒË�ÈÏºm©Ë��Ë²Óºãº�Ò�
�Ë°}ÒË��}ãÈ�©�m�°ºÏ�ÈÓÒÒ�SÈÏãÒ�Ó©²�mÒ�ºm��Ë²ÓÒ�
}Ò�Ò�²ÈSÈ}�ËSÒÏ���ÒË���°ãºmÓº������ªmºã��ÒºÓÓ©Ë
¹Sº�Ë°°©�ËË�äÒÓÒÈ��SÒÏÈ�ÒÒ�

����º�º°ºËÓÓº°�«ä�ÁºSä©�ÓË°��Ë®�}ºÓ°�S�}�ÒÒ
m°Ë��k�äºÎÓº�}ãÈ°°ÒÁÒ�ÒSºmÈ�
�°ãË����Òä�º�
SÈÏºä��SÒ°�����

z �ÒãÒÓ�SÒ�Ë°}º®�ÁºSä©���ºS¹Ë�ººSÈÏÓ©Ë��¹º�
¹ãÈm}ºm©Ë�Ò�¹ãº°}ÒË�ÁºSä©��

z ÒºÓÒ�Ë°}ÒË��¹ãÈmÈ��Ë�º�Ò�¹ºãÏÈ��Ë�º��Ò¹ºm��

z ¹ãÈÓËSÓº®��°ÈäºãË�Óº®��ÁºSä©�

z °�°ºãÓË�Óº®�¹ÈÓËã
��ÓÈ�mËS²ÓË®��È°�Ò�}ºS¹�°È�

z °Èäº²º�Ó©Ë��¹ºãÏÈ��ÒË��s�k�ÓÈ���°ËÓÒ�Óº®
ÈÏË��

3È°¹SË�ËãËÓÒË� °ºmSËäËÓÓ©²� Ò� SÈÏSÈÈ�©mÈË�
ä©²�ks�k�¹º�º¹ËSÈ�ÒmÓ©ä��SÈº�Òä���ã�ÒÓÈä
¹SË�°�ÈmãËÓº� ÓÈ� SÒ°�� �� �°ä�� �SË�
�� °�ºSºÓ�� º�
ãºÎ}Ò��

sÈÒºã
	È«�È}�ÒmÓº°�
�Ò°°ãË�ºmÈÓÒ®�Ò�SÈÏSÈ�
º�º}��¹º��Ò°ã��¹È�ËÓ�ºm�Ò�¹�ãÒ}È�Ò®�m�ÓÈ��Óº�
�Ë²ÓÒ�Ë°}º®� ãÒ�ËSÈ��SË��� ¹º°m«�ËÓÓ©²� ¹SºãË�
äÈä�°ºÏ�ÈÓÒ«��lk��ÓÈã��ÈË�°«�m�vbk��Ð¹ºÓÒÒ�
vÒÓ�È¹�SË��zÈÓÈ�Ë�Ò�j°ãÈÓ�ÒÒ��{°Ë�ÒÏ��ËÓÓ©Ë�m
SÈä}È²�¹SºmË�ËÓÓ©²�Ò°°ãË�ºmÈÓÒ®�}ºÓ°�S�}�ÒÒ
äÒ}Sº�k�ÏÈ�Ò�ËÓ©�¹È�ËÓ�ÈäÒ���SËÒä��Ë°�mËÓ�
Óº� ª�º��Ë®°�m���ÒË�¹È�ËÓ�©�vbk��lÒSºm©äÒ
ãÒ�ËSÈäÒ�m�SÈÏSÈº�}È²�äÒ}Sº�k�«mã«��°«�°ãË�
����ÒË� ÓÈ��Óº�Ò°°ãË�ºmÈ�Ëã
°}ÒË� ºS�ÈÓÒÏÈ�ÒÒ
Ò��ÓÒmËS°Ò�Ë�©�

3Ò°�����zãÈ°°ÒÁÒ}È�Ò«�s�k�¹º�º°ºËÓÓº°�«ä�ÓË°��Ë®�}ºÓ°�S�}�ÒÒ
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z 1HNWRQ�5HVHDUFK��//&��vbk�

z 0DULQH�6FLHQFH�&HQWHU�RI�1RUWKHDVWHUQ�8QLYHUVLW\�
vbk�

z 0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��0,7�'HSW�
RI�2FHDQ�(QJLQHHULQJ���vbk�

z '8.(�	�1&�6WDWH�8QLYHUVLW\�7HDP��vbk�

z L5RERW�&RUS��vbk�

z 2IILFH�1DYDO�5HVHDUFK��215���{lv�vbk�

z 0RGXODU� URERWLF� 	� 5RERW� ORFRPRWLRQ� *URXS�
6FKRRO�RI�03(��178��vÒÓ�È¹�S�

z 0RELOH�5RERWLFV�/DE�DW�0F*LOO�8QLYHUVLW\��zÈÓÈ�È�

z ,QXNWXQ��zÈÓÈ�È�

z +\ODQG�8QGHUZDWHU�9HKLFOHV��zÈÓÈ�È�

z 2VDND�8QLYHUVLW\�Ò�6KLQVKX�8QLYHUVLW\��Ð¹ºÓÒ«�

{�ÓÈ°�º«�ËË�mSËä«�m�ª}°¹ã�È�È�ÒÒ�ÓÈ²º�Ò�°«�ÓË�
ÏÓÈ�Ò�Ëã
ÓºË��Ò°ãº��Ò¹ºm��lk���SËÒä��Ë°�mËÓÓº
ª�º�SÈÏSÈº�}Ò�1HNWRQ�5HVHDUFK�//&��vbk���L5RERW
&RUS��vbk��Ò�,QXNWXQ��zÈÓÈ�È���nÈ}�ºm�ºËmº�º
¹SÒäËÓËÓÒ«�äÒ}Sº�k��º�ÓÈ°�º«�Ë�º�mSËäËÓÒ�m©�
«mãËÓº�ÓË�©ãº��|�ÓÈ}º�ÒÏmË°�Óº����º�m�²º�Ë�mºËÓ�
Ó©²��Ë®°�mÒ®�vbk�m�jSÈ}Ë�m�����Û����������ã«
SË	ËÓÒ«�ÏÈ�È��¹Sº�ÒmºäÒÓÓº®�ººSºÓ©�m��ËS°Ò��
°}ºä�ÏÈãÒmË�ÓËº�Óº}SÈ�Óº�Ò°¹ºã
ÏºmÈãÒ°
�äÈãº�È�
ÈSÒ�Ó©Ë�Èm�ºÓºäÓ©Ë��k��Ò¹È� �5(086�� �äÈ°°È
��Û���}���}ãÈ°°�äÒÓÒ����º�º�ËÓ}Èä�ÈäËSÒ}ÈÓ°}Ò²
°¹Ë�ÒÈãÒ°�ºm���k��ÈÓÓº®�äº�ËãÒ�²ºSº	º�ÏÈSË}º�
äËÓ�ºmÈãÒ�°Ë«�¹SÒ�SË	ËÓÒÒ�ÏÈ�È��ºÓÈS�ÎËÓÒ«
äÒÓÓ©²�ÏÈ�SÈÎ�ËÓÒ®�m�äËã}ºä�äºSË�Ò�¹SºmË�ËÓÒÒ
ºÏºSÓº�º°äº�Sºm©²�SÈº���sÈ�º�º�äË�Ò�
����º�Èm�
�ºÓºäÓ©®�s�k��5(086��ÒäËË��°m©	Ë�����mºÏ�
äºÎÓ©²�}ºÓÁÒ��SÈ�Ò®�

zÈ}�¹º}ÈÏÈã�ÈÓÈãÒÏ�º	ÒSÓº�º��Ò°ãÈ�ÓÈ��Óº�
�Ë²ÓÒ�Ë°}Ò²� ¹�ãÒ}È�Ò®�� º°ÓºmÓ©äÒ� º�Ë}�ÈäÒ
Ò°°ãË�ºmÈÓÒ®� Ò� SÈÏSÈº�º}� m� ºãÈ°�Ò� °ºÏ�ÈÓÒ«
�lk�«mã«��°«��

z °Ò°�Ëä©�ªÓËS�ººË°¹Ë�ËÓÒ«��¹ºÒ°}�¹��Ë®�°ºÏ�
�ÈÓÒ«�Ëä}Ò²�Ò�mºÏºÓºmã«Ëä©²�ªÓËS�ºÒ°�º�ÓÒ�
}ºm�m�äÒÓÒÈ��SÓºä�Ò°¹ºãÓËÓÒÒ��m��ºä��Ò°ãË�ÓÈ
º°ÓºmË��º¹ãÒmÓ©²�ªãËäËÓ�ºm��

z �mÒÎÒ�Ëã
Óº�S�ãËm©Ë� }ºä¹ãË}°©� �SÈÏSÈº�}È
ÓË�SÈ�Ò�ÒºÓÓ©²� °Ò°�Ëä� �mÒÎËÓÒ«� È¹¹ÈSÈ�È�
}È}�¹SÈmÒãº��ÓÈ�ÈÏË�º�Óº�º��mÒ�È�Ëã«��

z }ºÓ°�S�}�ÒÒ��lk�ÓÈ�ÒºÓÒ�Ë°}Ò²�¹SÒÓ�Ò¹È²
�¹ºÒ°}�ÒºÓÒ�Ë°}Ò²�SË	ËÓÒ®�Û�¹º�ËÓ�ÒÈã
Óº
ªÁÁË}�ÒmÓ©²�Òºãº�Ò�Ë°}Ò²�ÈÓÈãº�ºm��°��º�}Ò
ÏSËÓÒ«� �ËãËm©²� ÏÈ�È�� Ò� �È}�Ò}º��Ë²ÓÒ�Ë°}Ò²
�SËºmÈÓÒ®� }� ¹º�mº�Óºä�� äÒ}¯ºÈ¹¹ÈSÈ���� Ò
}ºÓ°�S�}�ºS°}Ò²�SË	ËÓÒ®��ã«�Ò²��Ë²ÓÒ�Ë°}º®
ÒäÒ�È�ÒÒ���{�SÈä}È²�ª�Ò²�Ò°°ãË�ºmÈÓÒ®�º°��Ë�
°�mã«��°«�¹º¹©�}Ò��Ë²ÓÒ�Ë°}º®�ÒäÒ�È�ÒÒ�ºS�
�ÈÓºm�¹ËSËäË�ËÓÒ«�Ò��Ò�Sº�ÒÓÈäÒ�Ë°}Ò²�ÁºSä
Òºãº�Ò�Ë°}Ò²�º�Ë}�ºm�

z äÒÓÒÈ��SÓ©Ë�°Ò°�Ëä©��¹SÈmãËÓÒ«��mÒÎËÓÒËä
�°ºÏ�ÈÓÒË� ªÁÁË}�ÒmÓº®� SË}ºÓÁÒ��SÒS�Ëäº®
SÈ°¹SË�ËãËÓÓº®�ÈS²Ò�Ë}��S©�°Ò°�Ëä©��¹SÈmãË�

ÓÒ«�Ò�ÒÓ�ËããË}��Èã
Óº�º�¹Sº�SÈääÓº�º�¹ãÈÓÒ�
Sºm�Ò}È���°º�Ë�È��ÒË�m�°ËË�Èm�ºÓºäÓ©®�Ò�°��
¹ËSmÒÏºSÓ©®�SËÎÒä©�

z ºS�ºm©Ë� Èm�ºÓºäÓ©Ë� °Ò°�Ëä©� ÓÈmÒ�È�ÒÒ
�rksv��m�äÒÓÒÈ��SÓºä�Ò°¹ºãÓËÓÒÒ��°ºÏ�ÈÓÒË
rksv� m�äÒ}Sºäº��ã
Óºä�Ò°¹ºãÓËÓÒÒ�� m}ã��
�È�����jsv�� ¹SÒËäÓÒ}� °Ò�ÓÈãºm� °¹��ÓÒ}º�
mº®�SÈ�ÒºÓÈmÒ�È�ÒºÓÓº®�°Ò°�Ëä©�Ò��°�Sº®°�mº
ºSÈº�}Ò�ÒÓÁºSäÈ�ÒÒ��

z }ºä¹ãË}°ÒSºmÈÓÓ©Ë�°Ò°�Ëä©��Ë²ÓÒ�Ë°}º�º�ÏSË�
ÓÒ«��}ºä¹ãË}°ÒSºmÈÓÒË�äÒÓÒÈ��SÓ©²�mÒ�Ëº}È�
äËS��äÈ�ÓÒ�Ó©²�Ò�È}�°�Ò�Ë°}Ò²��È��Ò}ºm��ã«�Ò²
ÒÓ�Ë�SÈ�ÒÒ�m�°Ò°�Ëä���¹SÈmãËÓÒ«��mÒÎËÓÒËä��

z äÒÓÒÈ��SÓ©Ë��È��Ò}Ò�Ò�SÈÏãÒ�Ó©Ë�¹SËºSÈÏº�
mÈ�ËãÒ�°Ò�ÓÈãºm��äÒÓÒÈ��SÒÏÈ�Ò«�ÒÏäËSÒ�Ëã
�
Ó©²�°SË�°�m�ÓÈ�º°ÓºmË�Ò°¹ºã
ÏºmÈÓÒ«��Ë²Óºãº�
�Ò®�äÒ}Sº°Ò°�ËäÓº®��Ë²ÓÒ}Ò��

3È°°äº�SÒä��ÈãËË�ÓÈÒºãËË�mÈÎÓ©Ë�ÓÈ¹SÈmãË�
ÓÒ«�Ò°°ãË�ºmÈÓÒ®�m�ºãÈ°�Ò�°ºÏ�ÈÓÒ«�¹º�mº�Ó©²
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�ÈãË}º�Û�º���SË²��º�¹«�Ò�ãË���

�l©�º�ËÓ
��ºS�Òä°«��Ëä����º�ÓÈä���Èãº°
�°ºÏ�È�


¹SÒÓ�Ò¹ÒÈã
Óº�Óºm©Ë�ÓÈÓº°Ò°�Ëä©��Ð���äÈ�����º

ª�º�º�ÒÓ�ÒÏ�	È�ºm�}��ºä�����º�ÓÈÏ©mÈ���äºãË}�ã«S�

Ó©ä�¹SºÒÏmº�°�mºä���Û�ÏÈ}ºÓ�Òã�v�º��ÈS��

j°�º�ÓÒ}Ò�

�� 1DQRWHFKQRORJ\�1RZ��5DSLG�3URJUHVV�5HSRUWHG�,Q�(PHUJLQJ
)LHOG�2I�0ROHFXODU�(OHFWURQLFV

�� 6WRGGDUW�6XSUDPROHFXODU�&KHPLVWU\�*URXS��8&/$��0ROHFX�
ODU�(OHFWURQLFV������Ë}ÈS«������

ªÎÌÏÀÍÈß�,QILQHRQ�ÑÎÇÄÀËÀ�ÑÀÌÛÉ�
ÌÀËÅÍÜÊÈÉ�Â�ÌÈSÅ�ÒSÀÍÇÈÑÒÎS�
ÍÀ ÍÀÍÎÒSÓÁÊÅ

zºä¹ÈÓÒ«�,QILQHRQ�7HFKQRORJLHV�$*��)6(�1<6(�

,);��°ºmËS	ÒãÈ�¹SºS©m�m�¹SºÒÏmº�°�mË�ÓÈÓº�SÈÓ�

ÏÒ°�ºSºm�ÓÈ�º°ÓºmË�ÓÈÓº�S�º}��p®���Èãº°
�°ºÏ�È�


SÈº�º°¹º°ºÓ©®�ÓÈÓº�SÈÓÏÒ°�ºS�°��ãÒÓº®�¹Sºmº�

�«�Ë�º�}ÈÓÈãÈ�m°Ë�º����Óä��vºmSËäËÓÓ©Ë�ÓÈÓº��

SÈÓÏÒ°�ºS©�Û�Ò�ª}°¹ËSÒäËÓ�Èã
Ó©Ë��Ò�SÈº�È��

�ÒË�Û��ÎË�m�°ËSÒÒ�¹ºã�¹Sºmº�ÓÒ}ºm©²��°�Sº®°�m

²ÈSÈ}�ËSÒÏ���°«�m��Ë�©¯Ë�SÈÏÈ�ºã
	ÒäÒ�SÈÏäËSÈ�

äÒ�¹Sºmº�«�Ë�º�}ÈÓÈãÈ��j°°ãË�ºmÈ�ËãÒ�ÒÏ�l�Ó�

²ËÓ°}º®�ãÈºSÈ�ºSÒÒ�}ºä¹ÈÓÒÒ�,QILQHRQ�Ò°¹ºã
Ïº�

mÈãÒ�m�Óºmºä�¹ºã�¹Sºmº�ÓÒ}ºmºä��°�Sº®°�mË�ÓÈ�

Óº�S�}���ÒÈäË�Sºä�º�������º�����Óä��}º�ºSÈ«�©ãÈ

m©SÈ�ËÓÈ�°¹Ë�ÒÈãÒ°�ÈäÒ�}ºä¹ÈÓÒÒ�

3Ò°�����k}�ÒmÈ�Ò«�äºãË}�ã�Sº�È}°ÈÓÈ�Ò�}È�ËÓÈÓÈ 3Ò°�����lº�Ëã	�äºãË}�ã«SÓº®�¹Èä«�Ò�ÓÈ�º°ÓºmË�äºãË}�ã�Sº�È}°ÈÓºm
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wãË}�SÒ�Ë°}ÒË�²ÈSÈ}�ËSÒ°�Ò}Ò���ãËSº�Ó©²�ÓÈ�
Óº�S�º}�°�ËãÈãÒ�Ò²�Ò�ËÈã
Ó©äÒ�}ÈÓ�Ò�È�ÈäÒ��ã«
Ò°¹ºã
ÏºmÈÓÒ«�m�äÒ}Sº��Ò�ÓÈÓºªãË}�SºÓÒ}Ë��rãÈ�
�º�ÈS«��ÈããÒ°�Ò�Ë°}ºä��ªãË}�SºÓÓºä���SÈÓ°¹ºS�
���� ÓÈÓº�S�}Ò� ¹Sºmº�«�� ªãË}�SºªÓËS�Ò�� °� ÓÈÒ�
äËÓ
	Òä�°º¹Sº�ÒmãËÓÒËä���ºª�ºä��ºÓÒ�²ÈSÈ}�Ë�
SÒÏ���°«� ªãË}�Sº¹Sºmº�Óº°�
�� m� ����� SÈÏ� ºã
�
	Ë®���Ëä���äË�Ò�

rºãËË��º�º��ÓÈÓº�S�}Ò�äº����m©°��¹È�
�}È}�m
SºãÒ�¹Sºmº�ÓÒ}ºm���È}�Ò�m�SºãÒ�¹ºã�¹Sºmº�ÓÒ}ºm�
zºä¹ÈÓÒ«� ,QILQHRQ� ¹ËSmº®� ÏÈ��äÈãÈ°
� ÓÈ�� ¹Sº�
ä©	ãËÓÓ©ä� ¹SÒäËÓËÓÒËä� ¹ºã�¹Sºmº�ÓÒ}ºm©²
�°�Sº®°�m� ÓÈ� º°ÓºmË� ÓÈÓº�S�º}��j°°ãË�ºmÈ�Ëã
�
°}Ò®� °º°�Èm� }ºä¹ÈÓÒÒ� SÈÏSÈº�Èã� Óºm©Ë�äË�º�©
¹SºÒÏmº�°�mÈ�ÓÈÓº�S�º}��ã«�Ò²�Ò°¹ºã
ÏºmÈÓÒ«�m
ÓÈÓº�SÈÓÏÒ°�ºSÈ²��

�È}ÎË� Ò°°ãË�ºmÈ�ËãÒ� °äº�ãÒ� m©SÈ�ÒmÈ�
� ÓÈ�
Óº�S�}Ò�ÓÈ�º¹SË�ËãËÓÓ©²�¹ºmËS²Óº°�«²��sºm©®
ÓÈÓº�SÈÓÏÒ°�ºS��SÒ°�����äºÎË��¹Sºmº�Ò�
��º}Ò��º
���äk�¹SÒ�¹º�È�Ë�ÓÈ�ÓË�º�ÓÈ¹S«ÎËÓÒ«�m°Ë�º�����{
�º©�Ó©Ë�ÓÈÓº�SÈÓÏÒ°�ºS©�SÈº�È���ÓÈ�ÓÈ¹S«ÎË�
ÓÒÒ�����{����SÒ�¹SºÒÏmº�°�mË�äÒ}SºªãË}�SºÓÓ©²
}ºä¹ºÓËÓ�ºm� ÓÈ� º°ÓºmË� Óºmº�º� �Ò¹È� ¹ãº�Óº°�

SÈÏäË�ËÓÒ«��SÈÓÏÒ°�ºSºm���Ë��m����SÈÏ�ºã
	Ë�
�Ëä�m�°ºmSËäËÓÓ©²��Ò¹È²���È}ÎË�ÒÏ�ÏÈ�ÓÒÏ}º�º�ÓÈ�
¹S«ÎËÓÒ«�¹Ò�ÈÓÒ«�Ò°°ãË�ºmÈ�ËãÒ�ÒÏ�,QILQHRQ�¹SË��
¹ºãÈ�È������º��Ò¹©�ÓÈ�Óºm©²��SÈÓÏÒ°�ºSÈ²�°�ÈÓ��
ºãËË�ª}ºÓºäÒ�Ó©äÒ���Ëä�°ºmSËäËÓÓ©Ë��

�äËÓ
	ËÓÒË�ÓÈ¹S«ÎËÓÒ«�¹Ò�ÈÓÒ«��º� ���{�ÓË
¹SË�¹ºãÈ�Èãº°
�¹SºÒÏmº�Ò�Ëã«äÒ��Ò¹ºm��º���������
È�Óºm©®��SÈÓÏÒ°�ºS�SÈº�ÈË��ÓÈ�����{��ÎË�°Ë®�È°�
zÈ}�ä©�¹Ò°ÈãÒ�SÈÓËË��ÓºmÈ«�¹ÈSºmÈ«��Ë²Óºãº�Ò«
¹SºÒÏmº�°�mÈ�ÓÈÓº�S�º}�ºË�ÈË��°�ËãÈ�
�Ò²��Ë�
	Ëm©äÒ���È}���º�m¹ºãÓË�mºÏäºÎÓº����º��ËSËÏ�ÓË�
°}ºã
}º�ãË��m�äÒ}SºªãË}�SºÓÒ}Ë������Ò°¹ºã
Ïº�
mÈ�
°«�ÓÈÓº�SÈÓÏÒ°�ºS©�ÓÈ�º°ÓºmË�ÓÈÓº�S�º}�

j°�º�ÓÒ}�

�� 1DQRWHFKQRORJ\�1RZ�����º}�«S«������

,%0�ÓÒSÎÈÒ�ÏSÎÈÇÂÎÄÈÒÅËÜÍÎÑÒÜ�
ÒSÀÍÇÈÑÒÎSÎÂ

zºä¹ÈÓÒ«� ,%0� �� �Ë}ÈS«� ¹SË�°�ÈmÒãÈ� Óºm��
�Ë²Óºãº�Ò��� }º�ºSÈ«� ¹ºÏmºã«Ë�� m�SºË� �ã��	Ò�

¹SºÒÏmº�Ò�Ëã
Óº°�
� �SÈÓÏÒ°�ºSºm�� ��º� �È°�� mºÏ�
äºÎÓº°�
�}ºä¹ÈÓÒÒ�¹SºÒÏmº�Ò�
�m�°ãË����Ëä��Ë�
°«�ÒãË�ÒÒ� ºãËË� }ºä¹È}�Ó©Ë� Ò� ©°�Sº�Ë®°�m���
�ÒË��Ò¹©���SÒ�ª�ºä�Óºm©®�äË�º��°ºmäË°�Òä�°��SÈ�
�Ò�ÒºÓÓº®�&026��Ë²Óºãº�ÒË®��
�º� °ãºmÈä� Ò°°ãË�ºmÈ�ËãË®�� �°}ºSÒ�
� SÈº��

�SÈÓÏÒ°�ºSÈ�¹ºÏmºãÒã�°ãº®�ÓÈ¹S«ÎËÓÓº�º��ËSäÈÓÒ«
�VWUDLQHG�*H����È}�ÎË��}È}�Ò�m�°ã��ÈË�ÓÈ¹S«ÎËÓÓº�º
}SËäÓÒ«��VWUDLQHG�VLOLFRQ����ÒÏ�äÒÓ}È���Ë²Óºãº�ÒÒ
°º°�ºÒ�� m� �ºä�� ��º� m� }SÒ°�ÈããË� ¹ºã�¹Sºmº�ÓÒ}È
°ºÏ�ÈË�°«�äË²ÈÓÒ�Ë°}ºË�ÓÈ¹S«ÎËÓÒË��¹SÒmº�«�ËË
}� �mËãÒ�ËÓÒ�� ¹º�mÒÎÓº°�Ò� Óº°Ò�ËãË®� ÏÈS«�È� Ò�
}È}�°ãË�°�mÒË���ã��	ËÓÒ��²ÈSÈ}�ËSÒ°�Ò}��SÈÓÏÒ�
°�ºSºm��m��È°�Óº°�Ò��ªãË}�SÒ�Ë°}Ò²�
�º��ÈÓÓ©ä�,%0���SÈÓÏÒ°�ºS©��m©¹ºãÓËÓÓ©Ë�ÒÏ

ÓÈ¹S«ÎËÓÓº�º��ËSäÈÓÒ«��ºãÈ�È���m�SºË�ã��	ÒäÒ
¹ÈSÈäË�SÈäÒ� ¹º� °SÈmÓËÓÒ�� °� �SÈÓÏÒ°�ºSÈäÒ� ÒÏ
º©�Óº�º�}SËäÓÒ«��zÈ}�¹ºãÈ�ÈË��}ºä¹ÈÓÒ«��¹SÒ�
äËÓËÓÒË��Ë²Óºãº�ÒÒ�ÓÈ¹S«ÎËÓÓº�º�}SËäÓÒ«���Ë�
ÓËº²º�Òäº��ã«�ÒÏ�º�ºmãËÓÒ«�ÒÓ�Ë�SÈã
Ó©²�äÒ}�
Sº°²Ëä�°�°ºã��ËÓÒËä����ÓÈÓºäË�Sºmº�º��Ë²¹Sº�
�Ë°°È��vºº�ÈË�°«����º�}ã��Ëm©ä�äºäËÓ�ºä��Ë²�
Óºãº�ÒÒ�«mã«Ë�°«�°ºÏ�ÈÓÒË��ºÓ}º�º�°ãº«��ËSäÈÓÒ«
ÓÈ�ÏÈ�mºSË��SÈÓÏÒ°�ºSÈ�
�ËSäÈÓÒËm©Ë� ÒãÒ� �ÒSÒ�Ó©Ë� }SËäÓÒ®��ËSäÈ�

ÓÒËm©Ë��Ë²Óºãº�Ò�Ë°}ÒË�¹Sº�Ë°°©��È��°��«�¹º�m°Ë�
ä���ÒäËÓÓº�º��È}ºä�¹Sº�Ë°°Ë�Ò�Ò�Ë��SË�
���}È}�¹SÈ�
mÒãº�� «mã«��°«� ºãËË� �S��ºËä}ÒäÒ� Ò� �ºSº�ÒäÒ�
�Ëä�}SËäÓÒËm©Ë���È�Ò�Ò°¹ºã
Ï���°«�ºÓÒ�}��È�SËÎË�
sºm©Ë��Ò¹©�ÓÈ�º°ÓºmË�ÓÈ¹S«ÎËÓÓº�º��ËSäÈÓÒ«

¹º����ÓÈÓºäË�Sºmºä���Ë²¹Sº�Ë°°��,%0�¹ãÈÓÒS�Ë�
m©¹�°}È�
��ºã
}º�m���������sÈ¹ºäÓÒä����º��Ò¹©�¹º
���ÓÈÓºäË�Sºmºä���Ë²¹Sº�Ë°°��¹º«m«�°«�ÓÈ�S©Ó}Ë
�ÎË�m��������
zºä¹ÈÓÒ«�,%0�ºÁÒ�ÒÈã
Óº�º�«mÒ��º�Ò°¹ºã
�

ÏºmÈÓÒÒ�Óºmº®��Ë²Óºãº�ÒÒ�ÓÈ�äËÎ��ÓÈSº�Óº®�}ºÓ�
ÁËSËÓ�ÒÒ�¹º�ªãË}�SºÓÓ©ä��°�Sº®°�mÈä�������,QWHU�
QDWLRQDO�(OHFWURQ�'HYLFHV�0HHWLQJ���}º�ºSÈ«�°º°�ºÒ�°«
m�vÈÓ�nSÈÓ�Ò°}º��{�¹ºÓË�Ëã
ÓÒ}� ���Ë}ÈS«� ,%0
¹SË�°�ÈmÒãÈ�¹ËSm©®�ÓÈÒäËÓ
	Ò®�m�äÒSË��Ò¹�65$0
�°�È�Ò�Ë°}È«�5$0���zºä¹ÈÓÒÒ�¹SºÒÏmº�Ò�ËãÒ��Ò¹ºm
¹º��Ò�m°Ë��È��Ë°�ÒS����Óºm©Ë��Ë²Óºãº�ÒÒ�°ºÏ�ÈÓÒËä
65$0�«�ËË}�� j°°ãË�ºmÈ�ËãÒ� Ò°¹ºã
ÏºmÈãÒ� Óºm©Ë
äË�º�©�m�¹SºÒÏmº�°�mË�65$0��«�Ë®}È�°º°�ºÒ��m°Ë�º
ÒÏ�	Ë°�Ò� �SÈÓÏÒ°�ºSºm���sºm©Ë�«�Ë®}Ò�65$0�m� �
SÈÏÈ�äËÓ
	Ë�ÒÏ�º�ºmãËÓÓ©²�SÈÓËË�¹Sº�º�Ò¹ºm�Ò�m���
SÈÏ�äËÓ
	Ë���Ëä�Ò°¹ºã
Ï���ÒË°«�°Ë�º�Ó«�

j°�º�ÓÒ}�

�� ,QIRZRUOG��FRP��,%0�WULSOHV�WUDQVLVWRU�SHUIRUPDQFH�ZLWK�JHU�
PDQLXP�����Ë}ÈS«������

3Ò°������ºãËmº®�ÓÈÓº�SÈÓÏÒ°�ºS�ÓÈ�º°ÓºmË�ÓÈÓº�S�}Ò�º��,QILQHRQ
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ÀÍÎ×ÀÑÒÈÖÛ�È�ÄÅÍÄSÎÌÅSÛ�ÏÎÌÎÃÀÞÒ�
ÊÎÑÌÎÍÀÂÒÀÌ

{°}ºSË�ÓÈ	Ò� �ãÈÏÈ� °äº���� °ã�ÎÒ�
� m�}È�Ë°�mË
äÓº�ºÁ�Ó}�ÒºÓÈã
Óº�º� �ÒÈ�Óº°�Ò�Ë°}º�º� äºÓÒ�
�ºSÈ��j°°ãË�ºmÈ�ËãÒ�ÒÏ�lÒ�Ò�ÈÓ°}º�º��ÓÒmËS°Ò�Ë�
�È� SÈÏSÈº�ÈãÒ� äË�º�Ò}��� °� ¹ºäº�
�� }º�ºSº®
äºÎÓº��ÓÈ�ãË�����°�ÈÓºmÒ�
��ºÏ��SÈ�ÒºÈ}�ÒmÓº�º
ºã��ËÓÒ«��¹ºã��ËÓÓº�º��ËãºmË}ºä���ËSm©äÒ�Ò°�
¹©�È�Ëã«äÒ�ª�º�º�äË�º�È��ÓÈ�°ËË�������}º°äºÓÈm�
�©�� }º�ºS©ä�ÓËº²º�Òäº� m°Ë� mSËä«� }ºÓ�SºãÒSº�
mÈ�
�°�Ë¹ËÓ
�ºã��ËÓÒ«�

j°°ãË�ºmÈÓÒ«�¹º�SÈÏSÈº�}Ë�¹Sº°�º�º��ªÁÁË}�
�ÒmÓº�º��È��ãÈmÓºË��©°�Sº�º�äºÓÒ�ºSÒÓ�È�°º°�º«�
ÓÒ«��ËãÈ�}º°äºÓÈm�È�ÁÒÓÈÓ°ÒS�Ë���m�¹ËSm���º�Ë�
SË�
��1$6$��zºäÈÓ�È�ÒÏ�lÒ�Ò�ÈÓ°}º�º��ÓÒmËS°Ò�
�Ë�È�¹ºã��ÒãÈ��SÈÓ��m�SÈÏäËSË���äãÓ��ºãã��ÓÈ�¹Sº�
mË�ËÓÒË� °ºº�mË�°�m���Ò²� Ò°°ãË�ºmÈÓÒ®�� 3Èº�©
¹º� äºÓÒ�ºSÒÓ��� °º°�º«ÓÒ«� }º°äºÓÈm�ºm� mËãÒ°

SÈÏÓ©äÒ�}ºäÈÓ�ÈäÒ��ÈmÓº�

{���������SÈÏãÒ�Ó©Ë�}ºäÈÓ�©���ËÓ©²�SÈÏSÈº�
�ÈãÒ� S«�� ÓÈÓº�È°�Ò��� °º�ËSÎÈ�Ò²� Áã�ºSË°�ËÓ��
Ó©Ë�mË�Ë°�mÈ��È}�ÒmÒS���ÒË°«�m��ºä�°ã��ÈË��Ë°ãÒ
°�Ë¹ËÓ
�ºã��ËÓÒ«�ºS�ÈÓÒÏäÈ�©ãÈ�mËãÒ}È��3È°°}È�
ÎËä�¹º�SºÓËË�º�¹Sº	ã©²��º°�ÒÎËÓÒ«²�äºÓÒ�º�
SÒÓ�È����º©�©ãº�¹ºÓ«�Óº����º�¹SÒ��äÈãÒ�m�lÒ�
�Ò�ÈÓ°}ºä��ÓÒmËS°Ò�Ë�Ë��

�sÈÏÓÈ�ËÓÒË�ÓÈÓº�È°�Ò��Û�¹SË�°�ÈmÒ�
�Óºm©®
�Ò¹��ËSÈ¹ÒÒ��}º�ºSÈ«�°º°�ºÒ��m�¹SºÓÒ}ÓºmËÓÒÒ�m�º��

�Ëã
Ó©Ë�}ãË�}Ò��ã«�Ò²�mº°°�ÈÓºmãËÓÒ«�ÒãÒ�ÒÏÈmãË�
ÓÒÒ�º��ÓÒ²��Ë°ãÒ�ºÓÒ�°ãÒ	}ºä�¹ºmSËÎ�ËÓ©���Û�¹º�
«°ÓÒã�iÎË®ä°��ÒSÒ�ÒÏ�äË�Ò�ÒÓ°}º®�mË�mÒ��Ë²È°�
°}º�º��ÓÒmËS°Ò�Ë�È����ËÓ©Ë�iÎË®ä°��ÒSÒ�Ò�v�Ò�
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7KH�UHDO�SRVLWLRQ�RI�EXVLQHVVHV�LQ�WKH�DUHD�RI�QDQRWHFKQRORJLHV�LV
EULHIO\�FRQVLGHUHG�DQG�VRPH�UHVXOWV�RQ�WKH�GHYHORSPHQW�QDQRPDWH�
ULDOV�DQG�QDQRWHFKQRORJLHV�LQ�WKH�VFLHQWLILF�HVWDEOLVKPHQWV�RI�5XVVLD
DUH�VWDWHG�
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7KH�TXHVWLRQV�RI�FUHDWLRQ�RI�LQIUD�UHG�GHWHFWRUV�RQ�HSLWD[LDO�KHWH�
URVWUXFWXUHV�*H[6L� Ü [�6L�DUH�FRQVLGHUHG�7KH�DQDO\VLV�RI�IRUPXODV
IRU� FDOFXODWLRQ�RI� WKUHVKROG� FKDUDFWHULVWLFV�*H6L�6L�KHWHURMXQFWLRQ
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