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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

ɍȾɄ�������� '2,������������������������������

ɌȿɈɊɂə�ɉɅȺɋɌɂɑȿɋɄɈȽɈ Ɍȿɑȿɇɂə
ȾɅə�ɆȺɌȿɊɂȺɅɈȼ�ɋ�ɉɅɈɓȺȾɄɈɃ�ɌȿɄɍɑȿɋɌɂ

ɑɟɪɧɹɤɨɜ ɘ��Ⱥ���ɞ��ɮ��ɦ��ɧ���ɩɪɨɮɟɫɫɨɪ��Ʌɚɛɢɛɨɜ Ɋ��Ɋ���ɚɫɩɢɪɚɧɬ

Ⱦɧɟɩɪɨɜɫɤɢɣ�ɧɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɢɦ��Ɉɥɟɫɹ�Ƚɨɧɱɚɪɚ�
ɩɪɨɫɩ��Ƚɚɝɚɪɢɧɚ������ɝ��Ⱦɧɟɩɪ���������ɍɤɪɚɢɧɚ
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Ⱦɥɹ� ɨɩɢɫɚɧɢɹ� ɬɟɤɭɱɟɫɬɢ� ɫɬɚɥɢ� ɢɫɩɨɥɶɡɭɟɬɫɹ� ɨɛɨɛɳɟɧɧɵɣ� ɜɚɪɢɚɧɬ� ɬɟɨɪɢɢ� ɬɟɱɟɧɢɹ� ɫ�
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ�ɭɩɪɨɱɧɟɧɢɟɦ�ɜ�ɩɪɟɞɥɨɠɟɧɢɢ��ɱɬɨ�ɩɨɜɟɞɟɧɢɟ�ɦɚɬɟɪɢɚɥɚ�ɧɚ�ɩɢɤɟ�ɡɭɛɟ�ɬɟɱɟɧɢɹ�ɢ�
ɩɨɫɥɟɞɭɸɳɟɟ� ɪɟɡɤɨɟ� ɩɚɞɟɧɢɟ� ɧɚɩɪɹɠɟɧɢɹ� ɬɟɱɟɧɢɹ� ɫɜɹɡɚɧɨ� ɫ� ɨɫɜɨɛɨɠɞɟɧɢɟɦ� ɞɢɫɥɨɤɚɰɢɣ��
Ɉɫɨɛɟɧɧɨɫɬɶ� ɬɟɨɪɢɢ� ɫɨɫɬɨɢɬ� ɜ� ɬɨɦ�� ɱɬɨ� ɨɧɚ� ɭɥɚɜɥɢɜɚɟɬ� ɩɪɟɪɵɜɢɫɬɨɫɬɶ� ɬɟɱɟɧɢɹ� ɧɚ� ɩɥɨɳɚɞɤɟ�
ɬɟɤɭɱɟɫɬɢ�

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɬɟɤɭɱɟɫɬɶ��ɥɨɤɚɥɢɡɚɰɢɹ��ɩɪɟɪɵɜɢɫɬɚɹ ɞɟɮɨɪɦɚɰɢɹ��ɭɩɪɨɱɧɟɧɢɟ�

ɌȿɈɊȱə�ɉɅȺɋɌɂɑɇɈȲ�ɌȿɑȱȲ�ȾɅə�ɆȺɌȿɊȱȺɅȱȼ�Ɂ�ɉɅɈɓɂɇɈɘ�ɌȿɄɍɑɈɋɌȱ

ɑɟɪɧɹɤɨɜ ɘ� Ⱥ���ɞ��ɮ��ɦ��ɧ���ɩɪɨɮɟɫɨɪ��Ʌɚɛɿɛɨɜ Ɋ� Ɋ���ɚɫɩɿɪɚɧɬ

Ⱦɧɿɩɪɨɜɫɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɿɦ��Ɉɥɟɫɹ�Ƚɨɧɱɚɪɚ�
ɩɪɨɫɩ��Ƚɚɝɚɪɿɧɚ������ɦ��Ⱦɧɿɩɪɨ���������ɍɤɪɚʀɧɚ

SRVWUHGLRUL#JPDLO�FRP

Ⱦɥɹ� ɨɩɢɫɭ� ɬɟɤɭɱɨɫɬɿ� ɫɬɚɥɿ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɭɡɚɝɚɥɶɧɟɧɢɣ� ɜɚɪɿɚɧɬ� ɬɟɨɪɿʀ� ɬɟɱɿʀ� ɡ� ɤɨɦɛɿɧɨɜɚɧɢɦ�
ɡɦɿɰɧɟɧɧɹɦ� ɭ� ɩɪɢɩɭɳɟɧɧɿ�� ɳɨ� ɩɨɜɟɞɿɧɤɚ� ɦɚɬɟɪɿɚɥɭ� ɧɚ� ɩɿɤɭ�ɡɭɛɿ� ɬɟɱɿʀ� ɿ� ɩɨɞɚɥɶɲɟ� ɪɿɡɤɟ� ɩɚɞɿɧɧɹ�
ɧɚɩɪɭɠɟɧɶ� ɩɨɜ¶ɹɡɚɧɟ� ɡ� ɜɢɜɿɥɶɧɟɧɧɹɦ� ɞɢɫɥɨɤɚɰɿɣ�� Ɉɫɨɛɥɢɜɿɫɬɶ� ɬɟɨɪɿʀ� ɩɨɥɹɝɚɽ� ɭ� ɬɨɦɭ�� ɳɨ� ɜɨɧɚ�
ɞɨɛɪɟ� ɨɩɢɫɭɽ� ɧɟ� ɦɨɧɨɬɨɧɧɿɫɬɶ� ɬɟɱɿʀ�� ɩɥɨɳɢɧɭ� ɬɟɤɭɱɨɫɬɿ� ɿ� ɩɨɞɚɥɶɲɟ� ɡɦɿɰɧɟɧɧɹ�� ɚ� ɬɚɤɨɠ� ɜɩɥɢɜ�
ɟɮɟɤɬɭ�Ȼɚɭɲɢɧɝɟɪɚ�ɧɚ�ɩɥɨɳɢɧɿ�ɬɟɤɭɱɨɫɬɿ�ɬɚ�ɧɚ�ɞɿɥɹɧɰɿ�ɡɦɿɰɧɟɧɧɹ�
ɍ� ɤɥɚɫɢɱɧɿɣ� ɦɨɞɟɥɿ� ɿɞɟɚɥɶɧɨʀ� ɩɥɚɫɬɢɱɧɨ�ɩɪɭɠɧɨʀ� ɩɨɜɟɞɿɧɤɢ� ɩɥɚɫɬɢɱɧɚ� ɬɟɤɭɱɿɫɬɶ� ɡɪɚɡɤɚ�
ɪɨɡɝɥɹɞɚɽɬɶɫɹ� ɹɤ� ɨɞɧɨɪɿɞɧɢɣ� ɩɪɨɰɟɫ�� ȼɜɚɠɚɽɬɶɫɹ�� ɳɨ� ɧɟɨɞɧɨɪɿɞɧɨɫɬɿ� ɭ� ɮɨɪɦɿ� ɫɦɭɝ� Ʌɸɞɟɪɫɚ�
ɩɿɞɬɜɟɪɞɠɭɸɬɶ�ɡɫɭɜɧɢɣ�ɯɚɪɚɤɬɟɪ�ɞɟɮɨɪɦɚɰɿʀ�ɬɟɤɭɱɨɫɬɿ�
ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ� ɞɚɧɿ� >�� �� �@� ɩɨɤɚɡɭɸɬɶ�� ɳɨ� ɩɥɚɫɬɢɱɧɚ� ɞɟɮɨɪɦɚɰɿɹ� ɜ� ɭɦɨɜɚɯ� ɨɞɧɨɨɫɶɨɜɨɝɨ�
ɪɨɡɬɹɝɭ�ɿ�ɬɢɫɤɭ�ɩɨɜ¶ɹɡɚɧɚ�ɡ�ɪɨɡɩɨɜɫɸɞɠɟɧɧɹɦ�ɮɪɨɧɬɭ�ɬɟɤɭɱɨɫɬɿ��ɹɤɢɣ�ɪɨɡɞɿɥɹɽ�ɡɪɚɡɨɤ�ɧɚ�ɨɛɥɚɫɬɿ�
ɩɪɭɠɧɨʀ� ɞɟɮɨɪɦɚɰɿʀ� ɬɚ� ɨɛɥɚɫɬɿ� ɩɥɚɫɬɢɱɧɨʀ� ɞɟɮɨɪɦɚɰɿʀ�� ɞɟ� ɞɟɮɨɪɦɚɰɿɹ� ɞɨɪɿɜɧɸɽ� ɞɟɮɨɪɦɚɰɿʀ�
Ʌɸɞɟɪɫɚ� İ/�� ɍ� ɪɨɛɨɬɿ� ɩɨɤɚɡɚɧɨ�� ɳɨ� ɨɛɥɚɫɬɶ� ɧɟɫɬɚɛɿɥɶɧɨʀ� ɩɥɚɫɬɢɱɧɨʀ� ɞɟɮɨɪɦɚɰɿʀ�� ɳɨ�
ɪɨɡɩɨɜɫɸɞɠɭɽɬɶɫɹ�ɧɚ�ɦɚɤɪɨɪɿɜɧɿ��ɽ�ɨɛɥɚɫɬɸ�ɩɟɪɟɪɜɧɨʀ�ɞɟɮɨɪɦɚɰɿʀ�
ɉɪɢɣɦɚɸɬɶɫɹ�ɞɜɿ�ɨɫɧɨɜɧɿ� ɝɿɩɨɬɟɡɢ�ɧɟɫɬɚɛɿɥɶɧɨʀ�ɩɥɚɫɬɢɱɧɨʀ�ɬɟɱɿʀ��ɉɟɪɲɚ�ɝɿɩɨɬɟɡɚ��ɳɨ�ɨɩɢɫɚɧɚ�ɭ�
>�@�� ɫɬɜɟɪɞɠɭɽ�� ɳɨ� ɿɫɧɭɜɚɧɧɹ� ɜɟɪɯɧɶɨʀ� ɦɟɠɿ� ɬɟɤɭɱɨɫɬɿ� ɩɨɜ¶ɹɡɚɧɟ� ɡ� ɡɚɬɪɢɦɤɨɸ� ɞɢɫɥɨɤɚɰɿɣ� ɭ�
©ɚɬɦɨɫɮɟɪɚɯª�ɧɚɜɤɨɥɨ�ɚɬɨɦɿɜ�ɧɿɬɪɨɝɟɧɭ�ɬɚ�ɜɭɝɥɟɰɸ��ɍ�ɪɟɡɭɥɶɬɚɬɿ�ɞɥɹ�ɩɨɱɚɬɤɭ�ɪɭɯɭ�ɞɢɫɥɨɤɚɰɿɹɦ�
ɧɟɨɛɯɿɞɧɨ� ɩɨɞɨɥɚɬɢ� ɛɿɥɶɲɢɣ� ɫɭɩɪɨɬɢɜ� ɰɢɯ� ɚɬɦɨɫɮɟɪ�� Ⱦɪɭɝɚ� ɝɿɩɨɬɟɡɚ�� ɨɩɢɫɚɧɚ� ɭ� >�@�� ɩɨɜ¶ɹɡɭɽ�
ɩɚɞɿɧɧɹ�ɧɚɩɪɭɠɟɧɶ�ɿɡ�ɡɛɿɥɶɲɟɧɧɹɦ�ɤɿɥɶɤɨɫɬɿ�ɞɢɫɥɨɤɚɰɿɣ��Ɍɚɤɢɦ�ɱɢɧɨɦ��ɿɡ�ɡɛɿɥɶɲɟɧɧɹɦ�ɤɿɥɶɤɨɫɬɿ�
ɪɭɯɨɦɢɯ�ɞɢɫɥɨɤɚɰɿɣ�ɡɦɟɧɲɭɸɬɶɫɹ�ɦɿɧɿɦɚɥɶɧɿ�ɧɚɩɪɭɠɟɧɧɹ��ɳɨ�ɧɟɨɛɯɿɞɧɿ�ɞɥɹ�ɩɨɱɚɬɤɭ�ɪɭɯɭ�ɿɧɲɢɯ�
ɞɢɫɥɨɤɚɰɿɣ�
Ɉɞɧɨɨɫɶɨɜɭ ɦɨɞɟɥɶ�ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ�ɞɢɫɥɨɤɚɰɿɣ�>�@��ɳɨ�ɩɨɜ¶ɹɡɭɽ�ɩɚɞɿɧɧɹ�ɧɚɩɪɭɠɟɧɶ�ɧɚ�ɩɨɱɚɬɤɭ�
ɬɟɤɭɱɨɫɬɿ�� ɛɭɥɨ� ɪɨɡɲɢɪɟɧɨ� ɬɚ� ɜɢɤɨɪɢɫɬɚɧɨ� ɞɥɹ� ɨɩɢɫɭ� ɩɟɪɟɪɜɧɨʀ� ɞɟɮɨɪɦɚɰɿʀ� ɤɪɭɱɟɧɧɹ� ɫɬɚɥɟɜɢɯ�
ɫɬɪɢɠɧɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ�ɞɚɧɢɯ�>�@�

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ��ɬɟɤɭɱɿɫɬɶ��ɥɨɤɚɥɿɡɚɰɿɹ��ɩɪɟɪɢɜɱɚɫɬɚ�ɞɟɮɨɪɦɚɰɿɹ��ɡɦɿɰɧɟɧɧɹ�

3/$67,&,7<�7+(25<�2) 0$7(5,$/6�:,7+�<,(/',1*�3/$1(

&KHUQ\DNRY <X� $���'�6F��LQ�3K\V��DQG�0DWKV��3URI���/DELERY 5� 5���*UDGXDWH�6WXGHQW

2OHV�+RQFKDU�'QLSUR�QDWLRQDO�XQLYHUVLW\�
*DJDULQD�DYH�������'QLSUR���������8NUDLQH
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*HQHUDOL]HG�W\SH�RI�\LHOGLQJ�WKHRU\�ZLWK�FRPELQHG�KDUGHQLQJ�ZLWK�WKH�DVVXPSWLRQ�WKDW�WKH�EHKDYLRU�RI�
WKH� PDWHULDO� RQ� WKH� \LHOGLQJ� SHDN� DQG� WKH� IROORZLQJ� DEUXSW� GHFUHDVH� RI� VWUHVVHV� LV� FRQQHFWHG� WR� WKH�
UHOHDVH�RI�GLVORFDWLRQV�LV�XVHG�WR�GHVFULEH�WKH�SURFHVV�RI�\LHOGLQJ�RI�VWHHO��7KH�ZHOO�LPSRVHG�GHVFULSWLRQ�



��� 9uVQLN�=DSRUu]үNRJR�QDFuRQDOүQRJR�XQuYHUVLWHWX��)u]LNR�PDWHPDWLþQu�QDXNL

Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

RI�QRQ�PRQRWRQRXV�\LHOGLQJ��\LHOGLQJ�SODWHDX� DQG�VXEVHTXHQW�KDUGHQLQJ�DV�ZHOO�DV�%DXVFKLQJHU�HIIHFW�
GXULQJ�\LHOGLQJ�DQG�KDUGHQLQJ�DUH�WKH�SHFXOLDULW\�RI�WKH�SURSRVHG�WKHRU\�
3ODVWLF�\LHOGLQJ�RI�D�VSHFLPHQ�LV�FRQVLGHUHG�WR�EH�D�XQLIRUP�SURFHVV�DFFRUGLQJ�WR�WKH�FODVVLFDO�PRGHO�RI�
LGHDO�SODVWLF�HODVWLF�EHKDYLRU��7KH�HPHUJLQJ�GLVFUHSDQFLHV�LQ�D�IRUP�RI�/�GHUV�EDQGV�DUH�FRQVLGHUHG�WR�
EH�D�FRQILUPDWLRQ�RI�WKH�VKHDU�GHIRUPDWLRQ�QDWXUH�RI�\LHOGLQJ��
(PSLULFDO� GDWD� LQ� >���@� VKRZ� WKDW� SODVWLF� GHIRUPDWLRQ� GXULQJ� XQLD[LDO� WHQVLRQ� DQG� FRPSUHVVLRQ� LV�
FRQQHFWHG� WR� WKH� DGYDQFHPHQW� RI� \LHOGLQJ� IURQW� WKDW� GLYLGHV� D� VSHFLPHQ� LQWR� D� GRPDLQ� RI� SODVWLF�
GHIRUPDWLRQ� ZLWK� VWUDLQV� HTXDO� WR� /�GHUV� GHIRUPDWLRQ� /H �� DQG� HODVWLF� GRPDLQ�� 8QVWDEOH� SODVWLF�

GHIRUPDWLRQ�WKDW�LV�GHYHORSHG�RQ�D�PDFUR�OHYHO�LV�H[SOLFLWO\�VKRZQ�WR�EH�GLVFRQWLQLRXV�GHIRUPDWLRQ��
7ZR�PDMRU�K\SRWKHVLV�RI�XQVWDEOH�\LHOGLQJ�DUH�DFFHSWHG��7KH�ILUVW� >�@�VWDWHV� WKDW� WKH�H[LVWHQFH�RI�KLJK�
\LHOGLQJ� OLPLW� LV�FRQQHFWHG� WR�GLVORFDWLRQ�KROGLQJ� LQ� ³DWPRVSKHUHV´� IRUPLQJ�DURXQG�DWRPV�RI�QLWURJHQ�
DQG� FDUERQ�� $V� D� UHVXOW� LQLWLDO� GLVORFDWLRQ� PRYHPHQW� UHTXLUHV� KLJKHU� VWUHVVHV� WR� UHOHDVH� IURP� WKHVH�
DWPRVSKHUHV�WKDQ�WR�DGYDQFH�IXUWKHU��7KH�VHFRQG�K\SRWKHVLV�>�@�FRQQHFWV�VWUHVV�GURS�ZLWK�DQ�LQFUHDVH�RI�
GLVORFDWLRQ� SRSXODWLRQ�� 7KXV� VWUHVVHV� UHTXLUHG� IRU� GLVORFDWLRQ� PRYHPHQW� GHFUHDVHV� DV� WKH� QXPEHU� RI�
VKLIWLQJ�GLVORFDWLRQ�QXPEHU�ULVH�
8QLD[LDO�PRGHO�>�@�RI�GLVORFDWLRQ�SURSDJDWLRQ�LV�FRQQHFWHG�ZLWK�ORDG�GURS�DW�WKH�EHJLQQLQJ�RI�\LHOGLQJ�
ZDV�JHQHUDOL]HG�LQ�>�@�DQG�ZDV�XVHG�WR�SUHGLFW�GLVFRQWLQXRXV�GHIRUPDWLRQ�RI�VWHHO�EDU�WZLVWLQJ�

.H\ ZRUGV��\LHOGLQJ��ORFDOL]DWLRQ��GLVFRQWLQLRXV�GHIRUPDWLRQ��KDUGHQLQJ�

ȼȼȿȾȿɇɂȿ

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɭɫɬɚɧɨɜɥɟɧɨ�>���@��ɱɬɨ�ɩɪɢ�ɨɞɧɨɨɫɧɨɦ�ɪɚɫɬɹɠɟɧɢɢ��ɫɠɚɬɢɢ��ɩɥɚɫɬɢɱɟɫɤɨɟ�
ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ� ɧɚ� ɩɥɨɳɚɞɤɟ� ɬɟɤɭɱɟɫɬɢ� ɫɜɹɡɚɧɨ� ɫ� ɩɪɨɞɜɢɠɟɧɢɟɦ� ɮɪɨɧɬɚ� ɩɥɚɫɬɢɱɟɫɤɨɣ�
ɞɟɮɨɪɦɚɰɢɢ�� ɪɚɡɞɟɥɹɸɳɟɝɨ� ɫɬɟɪɠɟɧɶ� ɧɚ� ɨɛɥɚɫɬɶ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ��
ɞɟɮɨɪɦɚɰɢɹ�ɜ�ɤɨɬɨɪɨɣ�ɪɚɜɧɚ�ɞɟɮɨɪɦɚɰɢɢ�Ʌɸɞɟɪɫɚ�

/H � ɢ�ɨɛɥɚɫɬɢ�ɭɩɪɭɝɨɝɨ�ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ��

Ȼɵɥɨ�ɨɛɪɚɳɟɧɨ� ɜɧɢɦɚɧɢɟ�ɢ�ɧɚ�ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ�ɩɥɚɫɬɢɱɟɫɤɨɝɨ�ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ��ɤɨɬɨɪɚɹ�ɧɚ�
ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɦ�ɭɪɨɜɧɟ�ɩɪɨɹɜɥɹɟɬɫɹ�ɤɚɤ�ɩɪɟɪɵɜɢɫɬɚɹ�ɞɟɮɨɪɦɚɰɢɹ��

ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɩɪɢɧɹɬɵ�ɞɜɟ�ɨɫɧɨɜɧɵɟ�ɝɢɩɨɬɟɡɵ�ɧɟɭɫɬɨɣɱɢɜɨɝɨ�ɬɟɱɟɧɢɹ��ȼ�ɫɨɨɬɜɟɬɫɬɜɢɢ�
ɫ� ɩɟɪɜɨɣ�� ɫɭɳɟɫɬɜɨɜɚɧɢɟ� ɜɟɪɯɧɟɝɨ� ɩɪɟɞɟɥɚ� ɬɟɤɭɱɟɫɬɢ� ɜ� >�@� ɫɜɹɡɵɜɚɸɬ� ɫ� ɡɚɤɪɟɩɥɟɧɢɟɦ�
ɞɢɫɥɨɤɚɰɢɣ� ɜ� ©ɚɬɦɨɫɮɟɪɚɯª�� ɤɨɬɨɪɵɟ� ɮɨɪɦɢɪɭɸɬɫɹ� ɜɨɤɪɭɝ� ɚɬɨɦɨɜ� ɭɝɥɟɪɨɞɚ� ɢ� ɚɡɨɬɚ�� Ʉɚɤ�
ɫɥɟɞɫɬɜɢɟ� ɧɚɱɚɥɶɧɨɟ� ɩɟɪɟɦɟɳɟɧɢɟ� ɞɢɫɥɨɤɚɰɢɣ� ɬɪɟɛɭɟɬ� ɛɨɥɟɟ� ɜɵɫɨɤɨɝɨ� ɧɚɩɪɹɠɟɧɢɹ� ɞɥɹ�
ɨɫɜɨɛɨɠɞɟɧɢɹ�ɢɡ�ɷɬɢɯ�ɚɬɦɨɫɮɟɪ��ɱɟɦ�ɞɥɹ�ɩɨɫɥɟɞɭɸɳɟɝɨ�ɞɜɢɠɟɧɢɹ��ȼɨ�ɜɬɨɪɨɣ�>�@ ± ɩɚɞɟɧɢɟ�
ɧɚɩɪɹɠɟɧɢɣ�ɫɜɹɡɵɜɚɸɬ�ɫ�ɪɚɡɦɧɨɠɟɧɢɟɦ�ɞɢɫɥɨɤɚɰɢɣ��ɋ�ɪɨɫɬɨɦ�ɱɢɫɥɚ�ɩɨɞɜɢɠɧɵɯ�ɞɢɫɥɨɤɚɰɢɣ�
ɧɚɩɪɹɠɟɧɢɟ��ɬɪɟɛɭɟɦɨɟ�ɞɥɹ�ɢɯ�ɩɟɪɟɦɟɳɟɧɢɹ��ɭɦɟɧɶɲɚɟɬɫɹ�

Ɉɞɧɨɦɟɪɧɚɹ�ɦɨɞɟɥɶ� >�@� ɪɚɡɦɧɨɠɟɧɢɹ� ɞɢɫɥɨɤɚɰɢɣ�� ɫɜɹɡɚɧɧɚɹ� ɫ� ɩɚɞɟɧɢɟɦ�ɧɚɝɪɭɡɤɢ� ɜ� ɧɚɱɚɥɟ�
ɬɟɱɟɧɢɹ�� ɛɵɥɚ� ɨɛɨɛɳɟɧɚ� ɜ� ɪɚɛɨɬɟ� >�@� ɢ� ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ� ɞɥɹ� ɩɪɟɞɫɤɚɡɚɧɢɹ� ɧɟɨɞɧɨɪɨɞɧɨɣ�
ɞɟɮɨɪɦɚɰɢɢ�ɩɪɢ�ɤɪɭɱɟɧɢɢ�ɫɬɚɥɶɧɵɯ�ɫɬɟɪɠɧɟɣ�

ɋɟɪɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɨɜ�� ɩɪɨɜɟɞɟɧɧɵɯ ɜ� ɪɚɛɨɬɚɯ� >���@� ɧɚɜɨɞɢɬ� ɧɚ� ɦɵɫɥɶ� ɨ� ɩɟɪɟɫɦɨɬɪɟ�
ɤɥɚɫɫɢɱɟɫɤɨɣ� ɬɪɚɤɬɨɜɤɢ� ɢɞɟɚɥɶɧɨɣ� ɩɥɚɫɬɢɱɧɨɫɬɢ�� Ʉɚɤ� ɩɨɤɚɡɚɧɨ� ɜ� ɷɬɢɯ� ɷɤɫɩɟɪɢɦɟɧɬɚɯ��
ɩɥɚɫɬɢɱɟɫɤɚɹ�ɞɟɮɨɪɦɚɰɢɹ�ɧɚ�ɩɥɨɳɚɞɤɟ�ɬɟɤɭɱɟɫɬɢ�ɪɚɡɜɢɜɚɟɬɫɹ�ɡɚ�ɫɱɟɬ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ�ɩɨɥɨɫ�
ɫɤɨɥɶɠɟɧɢɹ�Ʌɸɞɟɪɫɚ�ɑɟɪɧɨɜɚ�ɩɨ�ɞɥɢɧɟ�ɨɛɪɚɡɰɚ��ɉɪɢ�ɷɬɨɦ�ɜ�ɤɚɠɞɵɣ�ɦɨɦɟɧɬ�ɜɪɟɦɟɧɢ�ɢɦɟɟɬ�
ɦɟɫɬɨ� ɬɟɱɟɧɢɟ� ɜɞɨɥɶ� ɨɞɧɨɣ� ɢɥɢ� ɧɟɫɤɨɥɶɤɢɯ� ɩɨɥɨɫ� Ʌɸɞɟɪɫɚ�� ɩɨɤɚ� ɜɞɨɥɶ� ɧɢɯ� ɧɟ� ɛɭɞɟɬ�
ɞɨɫɬɢɝɧɭɬɚ� ɩɥɚɫɬɢɱɟɫɤɚɹ� ɞɟɮɨɪɦɚɰɢɹ�� ɨɬɜɟɱɚɸɳɚɹ� ɞɥɢɧɟ� ɩɥɨɳɚɞɤɢ� ɬɟɤɭɱɟɫɬɢ�� Ⱦɚɥɟɟ�
ɨɛɪɚɡɭɟɬɫɹ�ɧɨɜɚɹ�ɩɨɥɨɫɚ�ɧɚ�ɧɟɤɨɬɨɪɨɦ�ɪɚɫɫɬɨɹɧɢɢ�ɨɬ�ɩɪɟɞɵɞɭɳɟɣ��ɢ�ɩɥɚɫɬɢɱɟɫɤɨɟ�ɬɟɱɟɧɢɟ�
ɩɪɨɞɨɥɠɚɟɬɫɹ��

ɇɚɦɧɨɝɨ�ɩɨɡɠɟ�>�@�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɩɨɞɨɛɧɭɸ�ɮɨɪɦɭɥɢɪɨɜɤɭ�ɞɥɹ�ɜɜɟɞɟɧɢɹ�ɧɚɱɚɥɶɧɨɝɨ�ɪɟɡɤɨɝɨ�
ɩɚɞɟɧɢɹ�ɧɚɝɪɭɡɤɢ��Ɍɚɤɨɟ�ɩɨɜɟɞɟɧɢɟ�ɫ�ɪɚɡɭɩɪɨɱɧɟɧɢɟɦ�ɩɟɪɟɯɨɞɢɬ�ɜ�ɫɬɚɧɞɚɪɬɧɨɟ�ɭɩɪɨɱɧɟɧɢɟ�
ɩɪɢ� ɨɩɪɟɞɟɥɟɧɧɨɣ� ɞɟɮɨɪɦɚɰɢɢ� ɢ� ɬɚɤɢɦ� ɨɛɪɚɡɨɦ� ɫɨɡɞɚɟɬ� ɧɟɨɛɯɨɞɢɦɨɟ� ɩɚɞɟɧɢɟ� ɧɚɝɪɭɡɤɢ��
ɩɪɢɜɨɞɹɳɟɟ�ɤ�ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ�ɨɛɥɚɫɬɢ�ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ��ɤɚɤ�ɩɨɤɚɡɚɧɨ�ɜ�>��@�

ɉɨɩɵɬɤɢ�ɨɩɢɫɚɧɢɹ�ɹɜɥɟɧɢɹ�ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ�ɩɥɚɫɬɢɱɟɫɤɨɝɨ�ɬɟɱɟɧɢɹ�ɜ�ɪɚɛɨɬɚɯ� >�����@ ɛɵɥɢ�
ɧɚɩɪɚɜɥɟɧɵ� ɧɚ� ɚɧɚɥɢɡ� ɪɚɡɥɢɱɧɵɯ� ɭɬɨɱɧɟɧɢɣ� ɢ� ɞɨɩɨɥɧɟɧɢɣ� ɤ� ɤɥɚɫɫɢɱɟɫɤɢɦ� ɭɪɚɜɧɟɧɢɹɦ�
ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɫɨɫɬɨɹɧɢɹ�� ɋɪɟɞɢ� ɩɨɥɭɱɟɧɧɵɯ� ɚɜɬɨɪɚɦɢ� ɱɢɫɥɟɧɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� ɢɦɟɸɬɫɹ�
ɛɨɥɟɟ�ɢɥɢ�ɦɟɧɟɟ�ɛɥɢɡɤɢɟ�ɤ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ�ɞɚɧɧɵɦ�ɨ�ɩɥɚɫɬɢɱɟɫɤɨɦ�ɬɟɱɟɧɢɢ��ɉɪɢ�ɷɬɨɦ�
ɦɨɠɧɨ� ɭɤɚɡɚɬɶ� ɧɚ� ɫɢɥɶɧɭɸ� ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ� ɪɟɡɭɥɶɬɚɬɨɜ� ɤ� ɜɵɛɪɚɧɧɨɦɭ� ɤɥɚɫɫɭ� ɦɨɞɟɥɟɣ��
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

ɂɫɩɨɥɶɡɭɟɦɵɟ� ɦɟɬɨɞɢɤɢ� ɧɟɢɡɛɟɠɧɨ� ɩɪɢɜɨɞɹɬ� ɤ� ©ɪɟɚɥɶɧɨª� ɩɚɞɚɸɳɟɦɭ� ɭɱɚɫɬɤɭ� ɞɢɚɝɪɚɦɦɵ�
ɧɚɩɪɹɠɟɧɢɣ�ɞɟɮɨɪɦɚɰɢɣ�� ɱɬɨ� ɩɨɡɜɨɥɹɟɬ� ɩɪɨɜɟɫɬɢ� ɚɧɚɥɨɝɢɢ� ɦɟɠɞɭ� ɩɨɜɟɞɟɧɢɟɦ� ɩɪɢ�
ɩɥɚɫɬɢɱɟɫɤɨɣ� ɥɨɤɚɥɢɡɚɰɢɢ� ɢ� ɪɚɡɭɩɪɨɱɧɟɧɢɢ�� ɉɪɟɞɩɪɢɧɢɦɚɥɢɫɶ� ɩɨɩɵɬɤɢ� ɪɚɫɫɦɨɬɪɟɧɢɹ�
ɝɪɚɞɢɟɧɬɧɵɯ�ɬɟɨɪɢɣ��ɩɨɡɜɨɥɹɸɳɢɯ�ɜ�ɩɨɥɧɨɣ�ɦɟɪɟ�ɨɩɢɫɵɜɚɬɶ�ɜɫɟ�ɯɚɪɚɤɬɟɪɧɵɟ�ɞɥɹ�ɩɥɨɳɚɞɤɢ�
ɬɟɤɭɱɟɫɬɢ� ɷɮɮɟɤɬɵ�� Ɍɚɤ� ɜ� >��@� ɩɪɟɞɫɬɚɜɥɟɧɚ� ɦɨɞɢɮɢɤɚɰɢɹ� ɭɪɚɜɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɹ�� ɤɨɬɨɪɚɹ�
ɩɨɡɜɨɥɹɟɬ� ɩɨɥɭɱɢɬɶ� ɩɢɤ�ɡɭɛ� ɡɚɞɚɧɧɨɣ� ɚɦɩɥɢɬɭɞɵ� ɜ� ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ�
ɤɨɧɮɢɝɭɪɚɰɢɢ�ɡɟɪɟɧ�ɢ�ɢɯ�ɪɚɡɦɟɪɚ�

ȼ� ɪɚɛɨɬɟ� >��@ ɛɵɥɚ� ɩɪɟɞɥɨɠɟɧɚ� ɤɨɧɬɢɧɭɚɥɶɧɚɹ� ɬɟɨɪɢɹ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɬɟɱɟɧɢɹ� ɫ�
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ�ɭɩɪɨɱɧɟɧɢɟɦ�ɞɥɹ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɩɥɨɳɚɞɤɨɣ�ɬɟɤɭɱɟɫɬɢ� Ɍɟɨɪɢɹ�ɩɨɡɜɨɥɢɥɚ�
ɨɩɢɫɚɬɶ� ɩɥɨɳɚɞɤɭ� ɬɟɤɭɱɟɫɬɢ� ɢ� ɭɱɚɫɬɨɤ� ɭɩɪɨɱɧɟɧɢɹ� ɩɪɢ� ɨɞɧɨɨɫɧɨɦ� ɧɚɝɪɭɠɟɧɢɢ�� ɚ� ɬɚɤɠɟ�
ɞɟɮɨɪɦɚɰɢɸ� ɩɪɢ� ɦɹɝɤɨɦ� ɰɢɤɥɢɱɟɫɤɨɦ� ɧɚɝɪɭɠɟɧɢɢ� ɧɚ� ɩɥɨɳɚɞɤɟ� ɬɟɤɭɱɟɫɬɢ� ȼ� ɧɚɫɬɨɹɳɟɣ�
ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɜɵɲɟɭɤɚɡɚɧɧɵɣ�ɜɚɪɢɚɧɬ�ɬɟɨɪɢɢ�ɬɟɱɟɧɢɹ�>��@�ɩɪɢɦɟɧɹɟɬɫɹ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�
ɩɪɟɪɵɜɢɫɬɨɝɨ�ɯɚɪɚɤɬɟɪɚ�ɞɟɮɨɪɦɚɰɢɢ�ɩɪɢ�ɠɟɫɬɤɨɦ�ɧɚɝɪɭɠɟɧɢɢ�

ɄɈɇɌɂɇɍȺɅɖɇȺə�ɌȿɈɊɂə ɉɅȺɋɌɂɑȿɋɄɈȽɈ�Ɍȿɑȿɇɂə

Ʉɨɧɬɢɧɭɚɥɶɧɚɹ� ɬɟɨɪɢɹ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɬɟɱɟɧɢɹ� ɫ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ� ɭɩɪɨɱɧɟɧɢɟɦ� ɞɥɹ�
ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɩɥɨɳɚɞɤɨɣ�ɬɟɤɭɱɟɫɬɢ >��@ ɢɫɩɨɥɶɡɭɟɬ�ɭɫɥɨɜɢɟ�ɬɟɤɭɱɟɫɬɢ�ɜɢɞɚ

� � � � � �� � �I 5{ � � � O  V Į V Į � ���

ɝɞɟ� Į ± ɞɟɜɢɚɬɨɪ� ɨɫɬɚɬɨɱɧɵɯ� ɧɚɩɪɹɠɟɧɢɣ�� ɨɩɪɟɞɟɥɹɸɳɢɣ� ɤɢɧɟɦɚɬɢɱɟɫɤɨɟ� ɭɩɪɨɱɧɟɧɢɟ��
� �WU � �V ı ı , ± ɞɟɜɢɚɬɨɪ� ɬɟɧɡɨɪɚ� ɧɚɩɪɹɠɟɧɢɣ�Ʉɨɲɢ��Ɉɫɨɛɟɧɧɨɫɬɶ� ɬɟɨɪɢɢ� ɫɨɫɬɨɢɬ� ɜ� ɬɨɦ��

ɫɢɥɚ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɞɜɢɠɟɧɢɸ� ɞɢɫɥɨɤɚɰɢɣ� � �5 O ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ� ɜ� ɜɢɞɟ� ɫɭɦɦɵ� ɞɜɭɯ�

ɫɥɚɝɚɟɦɵɯ

� � � � � �� �5 5 5O  O � O � ���

ɝɞɟ� � ��5 O � ɮɭɧɤɰɢɹ� ɪɚɡɭɩɪɨɱɧɟɧɢɹ�� ɫɜɹɡɚɧɧɚɹ� ɫ� ɨɫɜɨɛɨɠɞɟɧɢɟɦ� ɞɢɫɥɨɤɚɰɢɣ�ɧɚ� ɩɥɨɳɚɞɤɟ�

ɬɟɤɭɱɟɫɬɢ�� � ��5 O � ɮɭɧɤɰɢɹ� ɭɩɪɨɱɧɟɧɢɹ�� ɫɜɹɡɚɧɧɚɹ� ɫ� ɞɜɢɠɟɧɢɟɦ� ɞɢɫɥɨɤɚɰɢɣ�� ɩɪɢɱɟɦ�

� � � �� �� � V5 5�  V ɢ� 6V ± ɧɚɱɚɥɶɧɵɣ�ɩɪɟɞɟɥ�ɬɟɤɭɱɟɫɬɢ�

ɂɡ�ɩɪɢɧɰɢɩɚ�ɝɪɚɞɢɟɧɬɚɥɶɧɨɫɬɢ��ɫ�ɭɱɟɬɨɦ�ɭɫɥɨɜɢɹ�ɬɟɤɭɱɟɫɬɢ������ɢɦɟɟɦ

S  Oİ 1 � ���

ɝɞɟ�O� ± ɩɥɚɫɬɢɱɟɫɤɢɣ�ɫɨɦɧɨɠɢɬɟɥɶ� 1 � ɧɚɩɪɚɜɥɹɸɳɢɣ�ɞɟɜɢɚɬɨɪ�� � � � 1 1 ���
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ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ� ɩɚɪɚɦɟɬɪɨɜ� ɢɡɨɬɪɨɩɧɨɝɨ� ɢ� ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ� ɭɩɪɨɱɧɟɧɢɹ� ɡɚɞɚɟɬɫɹ
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ�ɢɧɬɟɧɫɢɜɧɨɫɬɢ�ɫɤɨɪɨɫɬɢ�ɩɥɚɫɬɢɱɟɫɤɨɣ�ɞɟɮɨɪɦɚɰɢɢ�ɫɞɜɢɝɚ�O �
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ɝɞɟ� N5 � �N5 � � �E �D � ɩɨɫɬɨɹɧɧɵɟ ɦɚɬɟɪɢɚɥɚ��

ɈȾɇɈɈɋɇɈȿ ɊȺɋɌəɀȿɇɂȿ�ɋɌȿɊɀɇə

Ɋɚɫɫɦɨɬɪɢɦ�ɫɬɟɪɠɟɧɶ�ɩɨɫɬɨɹɧɧɨɝɨ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ��ɨɞɢɧ�ɤɨɧɟɰ ɤɨɬɨɪɨɝɨ ɡɚɤɪɟɩɥɟɧ�� ɚ
ɧɚ�ɞɪɭɝɨɦ�ɡɚɞɚɧɨ ɩɟɪɟɦɟɳɟɧɢɟ ɫ�ɩɨɫɬɨɹɧɧɨɣ�ɫɤɨɪɨɫɬɶɸ�9 �ɠɟɫɬɤɨɟ�ɧɚɝɪɭɠɟɧɢɟ���Ɋɢɫ����� ȼ�
ɭɩɪɭɝɨɦ� ɢ� ɜ� ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɦ� ɪɟɠɢɦɟ�� ɩɪɢ� ɭɫɥɨɜɢɢ�� ɱɬɨ� ɦɚɬɟɪɢɚɥ� ɭɩɪɨɱɧɹɟɬɫɹ��
ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɞɟɮɨɪɦɚɰɢɢ� ɜ� ɫɬɟɪɠɧɟ� ɨɫɬɚɟɬɫɹ� ɨɞɧɨɪɨɞɧɵɦ�� ȿɫɥɢ� ɠɟ� ɦɚɬɟɪɢɚɥ�
ɪɚɡɭɩɪɨɱɧɹɟɬɫɹ��ɬɨ�ɨɩɪɟɞɟɥɹɸɳɢɟ�ɭɪɚɜɧɟɧɢɹ�ɞɨɩɭɫɤɚɸɬ�ɛɟɫɤɨɧɟɱɧɨɟ�ɦɧɨɠɟɫɬɜɨ�ɪɟɲɟɧɢɣ�ɫ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɧɟɨɞɧɨɪɨɞɧɵɦ�ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ�ɞɟɮɨɪɦɚɰɢɢ��ɉɥɚɫɬɢɱɟɫɤɚɹ�ɨɛɥɚɫɬɶ�ɦɨɠɟɬ�ɥɨɤɚɥɢɡɨɜɚɬɶɫɹ�ɜ�
ɫɤɨɥɶ� ɭɝɨɞɧɨ� ɦɚɥɨɣ� ɨɛɥɚɫɬɢ� ɢ� ɫɬɟɪɠɟɧɶ� ɦɨɠɟɬ� ɢɫɱɟɪɩɚɬɶ� ɧɟɫɭɳɭɸ� ɫɩɨɫɨɛɧɨɫɬɶ� ɩɪɢ�
ɩɪɨɢɡɜɨɥɶɧɨ�ɦɚɥɨɣ�ɞɢɫɫɢɩɚɰɢɢ�

Ʉɚɤ� ɨɬɦɟɱɚɥɨɫɶ� ɜɵɲɟ�� ɩɥɚɫɬɢɱɟɫɤɚɹ� ɞɟɮɨɪɦɚɰɢɹ� ɪɚɡɜɢɜɚɟɬɫɹ� ɡɚ� ɫɱɟɬ� ɪɨɫɬɚ� ɩɪɨɬɹɠɟɧɧɨɫɬɢ�
ɩɥɚɫɬɢɱɟɫɤɨɣ� ɨɛɥɚɫɬɢ , ɞɥɢɧɵ� O �� ɜ� ɤɨɬɨɪɨɣ� ɞɟɮɨɪɦɚɰɢɹ� ɞɨɫɬɢɝɥɚ� ɜɟɥɢɱɢɧɵ� /H �� ɤɚɤ�

ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫ�����Ɍɚɤɨɣ�ɪɨɫɬ�ɩɪɨɢɫɯɨɞɢɬ�ɧɚ�ɭɱɚɫɬɤɟ ,, ɫɬɟɪɠɧɹ�ɞɥɢɧɨɣ� O G'  ��ɇɚ�ɭɱɚɫɬɤɟ�
,, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ� ɩɟɪɟɯɨɞ� ɢɡ� ɬɨɱɤɢ $ ɧɚ� ɞɢɚɝɪɚɦɦɟ� ɦɚɬɟɪɢɚɥɚ� ɜ� ɬɨɱɤɭ� % �� ȼɟɥɢɱɢɧɚ� G
ɹɜɥɹɟɬɫɹ�ɩɚɪɚɦɟɬɪɨɦ�ɦɚɬɟɪɢɚɥɚ�ɢ�ɡɚɜɢɫɢɬ�ɨɬ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ��ɧɚɩɪɢɦɟɪ��ɨɬ�ɪɚɡɦɟɪɚ�ɡɟɪɧɚ���
ȼ� ɨɛɥɚɫɬɢ� ,,, ɢɦɟɟɬ� ɦɟɫɬɨ� ɭɩɪɭɝɨɟ� ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ�� Ʉɨɝɞɚ� ɨɛɥɚɫɬɶ� ,, ɞɨɫɬɢɝɚɟɬ� ɤɨɧɰɚ�
ɫɬɟɪɠɧɹ�� ɚ� ɩɪɨɬɹɠɟɧɧɨɫɬɶ� ɨɛɥɚɫɬɢ� ,,, ɫɬɚɧɨɜɢɬɫɹ� ɧɭɥɟɜɨɣ�� ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ� ɩɟɪɟɯɨɞ� ɤ�
ɭɱɚɫɬɤɭ�ɭɩɪɨɱɧɟɧɢɹ��

Ɉɩɢɲɟɦ� ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɣ� ɩɪɨɰɟɫɫ� ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ� ɫɬɟɪɠɧɹ�� ɩɪɢ� ɤɨɬɨɪɨɦ� ɟɝɨ� ɞɥɢɧɚ�
ɭɜɟɥɢɱɢɥɚɫɶ� ɧɚ� ɡɧɚɱɟɧɢɟ� X 9 W'  ' �� ɝɞɟ� 9 ± ɫɤɨɪɨɫɬɶ� ɩɟɪɟɦɟɳɟɧɢɹ� ɤɨɧɰɚ� ɫɬɟɪɠɧɹ�� W' ±
ɜɪɟɦɹ�� ɉɪɢ� ɩɟɪɟɦɟɳɟɧɢɢ� ɤɨɧɰɚ� ɫɬɟɪɠɧɹ� ɧɚ� ɪɚɫɫɬɨɹɧɢɟ� X' ɤ� ɩɥɚɫɬɢɱɟɫɤɨɣ� ɨɛɥɚɫɬɢ�
ɞɨɛɚɜɢɬɫɹ� ɭɱɚɫɬɨɤ� ɞɥɢɧɵ� O' �� ɤɨɬɨɪɵɣ� ɩɟɪɟɣɞɟɬ� ɢɡ� ɭɩɪɭɝɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɜ� ɩɥɚɫɬɢɱɟɫɤɨɟ��
ȼɵɪɚɡɢɦ� ɩɪɢɪɚɳɟɧɢɟ� ɞɥɢɧɵ� ɜɫɟɝɨ� ɨɛɪɚɡɰɚ� X' ɱɟɪɟɡ� ɩɪɢɪɚɳɟɧɢɹ� ɞɥɢɧɵ� ɤɚɠɞɨɣ� ɨɛɥɚɫɬɢ�
�,���,,,��

, ,, ,,,9 W X X X X' { '  ' �' �' � ���

Ɋɢɫ���� Ɉɛɥɚɫɬɢ�ɩɥɚɫɬɢɱɧɨɫɬɢ��,���ɭɩɪɭɝɨɫɬɢ��,,,��ɢ�ɬɟɤɭɱɟɫɬɢ��,,,��ɜ�ɨɛɪɚɡɰɟ

ɂɡɦɟɧɟɧɢɟ� ɞɥɢɧɵ� ɩɥɚɫɬɢɱɟɫɤɨɣ� ɨɛɥɚɫɬɢ� ɛɭɞɟɬ� ɡɚɜɢɫɟɬɶ� ɨɬ� ɬɨɝɨ�� ɩɚɞɚɸɬ� ɢɥɢ� ɪɚɫɬɭɬ�
ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɨɛɥɚɫɬɢ��,��

� ��

� ��,

O +
X

O (

'V 'V !­
'  ®'V 'V �¯

���

ɝɞɟ� ( ± ɭɩɪɭɝɢɣ� ɦɨɞɭɥɶ�� + ± ɦɨɞɭɥɶ� ɭɩɪɨɱɧɟɧɢɹ� ɜ� ɬɨɱɤɟ� % ɞɢɚɝɪɚɦɦɵ� ɦɚɬɟɪɢɚɥɚ�� Ⱦɥɹ�
ɨɛɥɚɫɬɢ��,,���ɝɞɟ�ɩɪɨɢɫɯɨɞɢɬ�ɩɥɚɫɬɢɱɟɫɤɨɟ�ɬɟɱɟɧɢɟ�

,, / / 3X O F W'  H '  H ' � ���

ɝɞɟ� 3F ± ɫɤɨɪɨɫɬɶ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ� ɮɪɨɧɬɚ� ɩɥɚɫɬɢɱɟɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ� ɜ� ɫɬɟɪɠɧɟ��

ɉɪɢɪɚɳɟɧɢɟ�ɞɥɢɧɵ�ɭɩɪɭɝɨɣ�ɨɛɥɚɫɬɢ�ɢɦɟɟɬ ɜɢɞ�

� �,,,X / O ('  'V � � ���

ɝɞɟ�'V ± ɢɡɦɟɧɟɧɢɟ�ɧɚɩɪɹɠɟɧɢɣ ɜ�ɨɛɪɚɡɰɟ�

ɉɨɞɫɬɚɜɥɹɹ ���������ɜ�����ɩɨɥɭɱɢɦ�

� �/ 3O ( F W / O ( 9 W'V � H ' � 'V �  ' �

Ɉɬɫɸɞɚ�ɧɚɯɨɞɢɦ�ɜɵɪɚɠɟɧɢɟ�ɞɥɹ�ɢɡɦɟɧɟɧɢɹ�ɧɚɩɪɹɠɟɧɢɣ�ɜ�ɨɛɪɚɡɰɟ�ɡɚ�ɜɪɟɦɹ W' �

W9X ' '

,,,,,,

O/ '�
O'

O
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

� �/ 3

(
9 F W

/
'V  �H ' � ���

Ɍɚɤ� ɤɚɤ� ɨɩɢɫɚɧɧɵɣ� ɩɪɨɰɟɫɫ� ɥɨɤɚɥɢɡɚɰɢɢ� ɩɥɨɳɚɞɤɢ� ɬɟɤɭɱɟɫɬɢ� ɜ� ɫɥɨɟ�ɲɢɪɢɧɵ� G ɡɚɧɢɦɚɟɬ�
ɧɟɤɨɬɨɪɨɟ� ɜɪɟɦɹ� W' �� ɬɨ� ɩɪɢ� ɪɚɫɫɦɨɬɪɟɧɢɢ� ɷɤɫɩɟɪɢɦɟɧɬɚ� ɫ� ɨɛɪɚɡɰɨɦ� ɰɟɥɟɫɨɨɛɪɚɡɧɨ�
ɨɩɪɟɞɟɥɢɬɶ� ɫɤɨɪɨɫɬɶ� ɞɜɢɠɟɧɢɹ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɮɪɨɧɬɚ� 9 G W ' �� ɉɪɢ� ɞɨɫɬɚɬɨɱɧɨɦ� ɪɚɡɦɟɪɟ�
ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ� ɨɛɥɚɫɬɢ� G ɩɨ� ɨɬɧɨɲɟɧɢɸ� ɤ� ɪɚɡɦɟɪɭ� ɨɛɪɚɡɰɚ� / ɦɨɠɧɨ� ɧɚɛɥɸɞɚɬɶ�
ɩɪɢɪɚɳɟɧɢɟ� ɤɚɠɞɨɝɨ� ɨɬɞɟɥɶɧɨɝɨ� ɫɥɨɹ� ɤ� ɨɛɥɚɫɬɢ� ɩɥɚɫɬɢɱɧɨɫɬɢ� ɜ� ɜɢɞɟ� ɩɟɪɢɨɞɢɱɟɫɤɢɯ�
ɤɨɥɟɛɚɧɢɣ ɧɚ�ɞɢɚɝɪɚɦɦɟ�ɩɥɨɳɚɞɤɢ�ɬɟɤɭɱɟɫɬɢ�ɨɛɪɚɡɰɚ��Ɋɢɫ�����

Ɋɢɫ���� Ʉɨɥɟɛɚɧɢɹ ɧɚ�ɩɥɨɳɚɞɤɟ�ɬɟɤɭɱɟɫɬɢ�ɩɪɢ�ɨɞɧɨɨɫɧɨɣ�ɞɟɮɨɪɦɚɰɢɢ ɫɬɟɪɠɧɹ

ȿɫɥɢ� ɧɚ� ɩɥɨɳɚɞɤɟ� ɬɟɤɭɱɟɫɬɢ� ɨɛɪɚɡɰɚ� ɫɯɟɦɚɬɢɱɟɫɤɢ� ɜɵɞɟɥɢɬɶ� ɨɫɰɢɥɥɹɰɢɢ�� ɬɨ� ɤɚɠɞɨɦɭ�
ɩɪɢɪɚɳɟɧɢɸ� ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ� ɫɥɨɹ� ɤ� ɩɥɚɫɬɢɱɟɫɤɨɣ� ɨɛɥɚɫɬɢ� ɨɬɜɟɱɚɟɬ� ɭɱɚɫɬɨɤ� &%$ �� ��
ɤɨɬɨɪɵɣ� ɩɪɢɜɧɨɫɢɬ� ɫɜɨɸ� ɱɚɫɬɶ� ɩɥɚɫɬɢɱɟɫɤɨɣ� ɞɟɮɨɪɦɚɰɢɢ� Ʌɸɞɟɪɫɚ� /'H �� ɍɱɚɫɬɨɤ� $ %�
ɨɬɜɟɱɚɟɬ� ɡɚ� ɪɚɡɭɩɪɨɱɧɟɧɢɟ� ɤɚɠɞɨɝɨ� ɩɪɢɪɚɳɟɧɧɨɝɨ� ɥɨɤɚɥɢɡɢɪɨɜɚɧɧɨɝɨ� ɫɥɨɹ�� Ɇɨɞɭɥɶ�
ɪɚɡɭɩɪɨɱɧɟɧɢɹ� . ɡɞɟɫɶ� ɪɚɜɟɧ� � ��. G5 G O � ɍɱɚɫɬɨɤ� % &� ɨɬɜɟɱɚɟɬ ɭɩɪɨɱɧɟɧɢɸ�

ɷɥɟɦɟɧɬɚɪɧɨɝɨ� ɫɥɨɹ�� ɦɨɞɭɥɶ� ɭɩɪɨɱɧɟɧɢɹ� + ɪɚɜɟɧ� ɦɨɞɭɥɸ� ɭɩɪɨɱɧɟɧɢɹ� ɨɛɪɚɡɰɚ� ɩɨɫɥɟ�
ɞɨɫɬɢɠɟɧɢɹ�ɬɨɱɤɢ�' ɢ�ɪɚɜɟɧ� � �/+ G5 G H O �

ɈɉɊȿȾȿɅȿɇɂȿ�ɉɈɋɌɈəɇɇɕɏ�ɆȺɌȿɊɂȺɅȺ

Ⱦɥɹ� ɩɨɥɧɨɝɨ� ɨɩɢɫɚɧɢɹ� ɧɚɩɪɹɠɟɧɧɨ�ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ� ɫɨɫɬɨɹɧɢɹ� ɦɚɬɟɪɢɚɥɚ� ɧɟ� ɯɜɚɬɚɟɬ�
ɡɧɚɱɟɧɢɹ� �5 �� ɜɥɢɹɧɢɟ�ɤɨɬɨɪɨɝɨ�ɩɪɨɹɜɥɹɟɬɫɹ�ɬɨɥɶɤɨ�ɧɚ�ɭɱɚɫɬɤɟ�ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ�ɬɟɱɟɧɢɹ� ,,

�Ɋɢɫ������Ɉɰɟɧɢɬɶ�ɟɝɨ�ɦɨɠɧɨ�ɢɫɩɨɥɶɡɭɹ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɞɚɧɧɵɟ�

ȼ� ɪɚɛɨɬɟ� >�@� ɛɵɥɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɫɬɚɥɶ���� ɫɨ� ɫɥɟɞɭɸɳɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ�� �����/H  ��

Ɋɚɫɬɹɠɟɧɢɟ�ɨɛɪɚɡɰɚ�ɩɪɨɢɫɯɨɞɢɥɨ�ɫɨ�ɫɤɨɪɨɫɬɶɸ� � ��� VHF/ / � � ��ɉɪɢ�ɷɬɨɦ�ɮɪɨɧɬ�ɥɨɤɚɥɢɡɚɰɢɢ�

ɩɟɪɟɦɟɳɚɥɫɹ�ɜɞɨɥɶ�ɨɛɪɚɡɰɚ�ɫɨ�ɫɤɨɪɨɫɬɶɸ� � �� �� VHF39
� � u ��ɉɨ�ɪɟɡɭɥɶɬɚɬɚɦ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɧɚ�

ɨɞɧɨɨɫɧɨɟ� ɪɚɫɬɹɠɟɧɢɟ� ɛɵɥɢ� ɫɨɫɬɚɜɥɟɧɵ� ɡɚɜɢɫɢɦɨɫɬɢ� ɧɚɩɪɹɠɟɧɢɣ� ɢ� ɞɟɮɨɪɦɚɰɢɣ� ɜ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɨɬ� ɜɪɟɦɟɧɢ��ɍ�ɦɚɬɟɪɢɚɥɚ� ɧɚɛɥɸɞɚɥɚɫɶ� ɹɜɧɨ� ɜɵɪɚɠɟɧɧɚɹ� ɩɥɨɳɚɞɤɚ� ɬɟɤɭɱɟɫɬɢ��
ɫɥɟɞɭɸɳɚɹ� ɡɚ� ɭɱɚɫɬɤɨɦ� ɭɩɪɭɝɨɫɬɢ�� ɇɚ� ɩɥɨɳɚɞɤɟ� ɬɟɤɭɱɟɫɬɢ� ɧɚɩɪɹɠɟɧɢɹ� ɧɟ� ɛɵɥɢ�
ɩɨɫɬɨɹɧɧɵɦɢ� ɢ� ɫɨɜɟɪɲɚɥɢ� ɩɟɪɢɨɞɢɱɟɫɤɢɟ� ɨɫɰɢɥɥɹɰɢɢ� ɫ� ɚɦɩɥɢɬɭɞɨɣ� ɩɨ� ɧɚɩɪɹɠɟɧɢɹɦ�

����03D'V  �� ɉɟɪɢɨɞ� ɨɫɰɢɥɥɹɰɢɣ� ɫɨɫɬɚɜɥɹɥ� ��VHFW'  �� ɱɬɨ� ɨɬɜɟɱɚɥɨ� ɞɟɮɨɪɦɚɰɢɢ�

���� H' / �� ɂɫɩɨɥɶɡɭɹ� ɷɬɢ� ɩɚɪɚɦɟɬɪɵ� ɧɚɯɨɞɢɦ� �� ����5  �� �� ����5  �� Ⱦɚɧɧɵɟ� ɡɧɚɱɟɧɢɹ�

ɤɨɷɮɮɢɰɢɟɧɬɨɜ�ɩɨɡɜɨɥɹɸɬ�ɩɨɥɭɱɢɬɶ�ɩɨɥɧɨɟ�ɨɩɢɫɚɧɢɟ�ɦɚɬɟɪɢɚɥɚ�ɧɚ�ɩɥɨɳɚɞɤɟ�ɬɟɤɭɱɟɫɬɢ�

ȼɕȼɈȾɕ

ɉɪɨɜɟɞɟɧɧɚɹ� ɨɰɟɧɤɚ� ɞɚɟɬ� ɨɫɧɨɜɚɧɢɟ� ɩɨɥɚɝɚɬɶ�� ɱɬɨ� ɬɟɨɪɢɹ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɬɟɱɟɧɢɹ� ɫ�
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ� ɩɨɡɜɨɥɹɟɬ� ɨɩɢɫɚɬɶ� ɩɪɟɪɵɜɢɫɬɨɫɬɶ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɬɟɱɟɧɢɹ�
ɦɚɬɟɪɢɚɥɚ�ɫ�ɩɥɨɳɚɞɤɨɣ�ɬɟɤɭɱɟɫɬɢ�ɩɪɢ�ɠɟɫɬɤɨɦ�ɧɚɝɪɭɠɟɧɢɢ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɅɂɌȿɊȺɌɍɊȺ

�� &RWWUHOO $� +���%LOE\ % �$��'LVORFDWLRQ�7KHRU\�RI�<LHOGLQJ�DQG�6WUDLQ�$JHLQJ�RI�,URQ��3URFHHGLQJV�RI�
WKH�3K\VLFDO�6RFLHW\��6HFWLRQ�$�����������

�� -RKQVWRQ :� *��� *LOPDQ -� -�� 'LVORFDWLRQ� 9HORFLWLHV�� 'LVORFDWLRQ� 'HQVLWLHV�� DQG� 3ODVWLF� )ORZ� LQ�
/LWKLXP�)OXRULGH�&U\VWDOV��-RXUQDO�RI�$SSOLHG�3K\VLFV������������3�����±����

�� +DOO (� 2��<LHOG�SRLQW�SKHQRPHQD�LQ�PHWDOV�DQG�DOOR\V��3OHQXP�3UHVV�������

�� +DKQ *� $��PRGHO�IRU�\LHOGLQJ�ZLWK�VSHFLDO�UHIHUHQFH�WR�WKH�\LHOG�SRLQW�SKHQRPHQD�RI�LURQ�DQG�UHODWHG�
EFF�PHWDOV��$FWD�0HWDOOXUJLFD������������3�����±����

�� 6KLR\D 7��� 6KLRLUL -�� (ODVWLF�SODVWLF� DQDO\VLV� RI� WKH� \LHOG� SURFHVV� LQ� PLOG� VWHHO�� -RXUQDO� RI� WKH�
0HFKDQLFV�DQG�3K\VLFV�RI�6ROLGV������������3�����±����

�� 6KDZ -� $���.\ULDNLGHV 6��7KHUPRPHFKDQLFDO�DVSHFWV�RI�1L7L��-RXUQDO�RI�WKH�0HFKDQLFV�DQG�3K\VLFV�
RI�6ROLGV������������3������±�����

�� 6KDZ -� $���.\ULDNLGHV 6��,QLWLDWLRQ�DQG�3URSDJDWLRQ�RI�/RFDOL]HG�'HIRUPDWLRQ�LQ�(ODVWR�3ODVWLF�6WULSV�
8QGHU�8QLD[LDO�7HQVLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�3ODVWLFLW\������������3�����±����

�� .\ULDNLGHV 6���0LOOHU -� (��2Q� WKH� 3URSDJDWLRQ� RI� /XGHUV� %DQGV� LQ� 6WHHO� 6WULSV�� -RXUQDO� RI� $SSOLHG�
0HFKDQLFV������������3�����±����

�� <RVKLGD )���.DQHGD <���<DPDPRWR 6��$�SODVWLFLW\�PRGHO�GHVFULELQJ�\LHOG�SRLQW�SKHQRPHQD�RI�VWHHOV�
DQG� LWV�DSSOLFDWLRQ� WR�)(�VLPXODWLRQ�RI� WHPSHU�UROOLQJ� ,QWHUQDWLRQDO�-RXUQDO�RI�3ODVWLFLW\������������
3������±�����

��� .\ULDNLGHV 6��%XFNOH�SURSDJDWLRQ�LQ�SLSH�LQ�SLSH�V\VWHPV��3DUW�,��([SHULPHQWV� ,QWHUQDWLRQDO�-RXUQDO�
RI�6ROLGV�DQG�6WUXFWXUHV������������3�����±����

��� 1HHGOHPDQ $���5LFH -� /LPLWV�WR�'XFWLOLW\�6HW�E\�3ODVWLF�)ORZ�/RFDOL]DWLRQ� 0HFKDQLFV�RI�6KHHW�0HWDO�
)RUPLQJ��± �����

��� 1HHGOHPDQ $���7YHUJDDUG 9��$QDO\VHV� RI� 3ODVWLF� )ORZ�/RFDOL]DWLRQ� LQ�0HWDOV��$QQDOHQ� GHU�3K\VLN��
����������3���±���

��� =XHY /�� 2Q� WKH� ZDYHV� RI� SODVWLF� IORZ� ORFDOL]DWLRQ� LQ� SXUH� PHWDOV� DQG� DOOR\V�� ȼɨɩɪɨɫɵ� ɦɟɯɚɧɢɤɢ
ɬɜɟɪɞɨɝɨ�ɬɟɥɚ������������3�����±����

��� 'RZOLQJ 1��)DWLJXH�)DLOXUH�3UHGLFWLRQV�IRU�&RPSOLFDWHG�6WUHVV�6WUDLQ�+LVWRULHV�������

��� )UHGHULFN &� 2��� $UPVWURQJ 3�� $� PDWKHPDWLFDO� UHSUHVHQWDWLRQ� RI� WKH� PXOWLD[LDO� %DXVFKLQJHU� HIIHFW��
0DWHULDOV DW +LJK 7HPSHUDWXUHV������������3���±���

��� Ʌɚɛɢɛɨɜ Ɋ� Ɋ��� ɑɟɪɧɹɤɨɜ ɘ� Ⱥ�� Ɏɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɚɹ� ɬɟɨɪɢɹ� ɩɥɚɫɬɢɱɟɫɤɨɝɨ� ɬɟɱɟɧɢɹ� ɧɚ�
ɩɥɨɳɚɞɤɟ�ɬɟɤɭɱɟɫɬɢ��ȼɿɫɧɢɤ�Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ��ɋɟɪɿɹ��Ɇɟɯɚɧɿɤɚ��������ʋ� ������
ȼɢɩ������ɋ����±����

5()(5(1&(6

��� &RWWUHOO�� $�� +��	� %LOE\�� %�� $�� �������� 'LVORFDWLRQ� 7KHRU\� RI� <LHOGLQJ� DQG� 6WUDLQ� $JHLQJ� RI� ,URQ��
3URFHHGLQJV�RI�WKH�3K\VLFDO�6RFLHW\��6HFWLRQ�$�����

��� -RKQVWRQ��:� *��	�*LOPDQ�� -�� -�� ������� 'LVORFDWLRQ� 9HORFLWLHV�� 'LVORFDWLRQ�'HQVLWLHV�� DQG� 3ODVWLF�
)ORZ�LQ�/LWKLXP�)OXRULGH�&U\VWDOV��-RXUQDO�RI�$SSOLHG�3K\VLFV������SS����������

��� +DOO��(��2����������<LHOG�SRLQW�SKHQRPHQD�LQ�PHWDOV�DQG�DOOR\V� 3OHQXP�3UHVV�

��� +DKQ��*��$����������0RGHO�IRU�\LHOGLQJ�ZLWK�VSHFLDO�UHIHUHQFH�WR�WKH�\LHOG�SRLQW�SKHQRPHQD�RI� LURQ�
DQG�UHODWHG�EFF�PHWDOV��$FWD�0HWDOOXUJLFD������SS����������

��� 6KLR\D��7��	�6KLRLUL��-����������(ODVWLF�SODVWLF�DQDO\VLV�RI�WKH�\LHOG�SURFHVV�LQ�PLOG�VWHHO��-RXUQDO�RI�WKH�
0HFKDQLFV�DQG�3K\VLFV�RI�6ROLGV������SS����������

��� 6KDZ��-��$��	�.\ULDNLGHV��6�� ��������7KHUPRPHFKDQLFDO�DVSHFWV�RI�1L7L�� -RXUQDO�RI� WKH�0HFKDQLFV�
DQG�3K\VLFV�RI�6ROLGV������SS������������
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

��� 6KDZ��-��$�	�.\ULDNLGHV��6�� �������� ,QLWLDWLRQ�DQG�3URSDJDWLRQ�RI�/RFDOL]HG�'HIRUPDWLRQ�LQ�(ODVWR�
3ODVWLF�6WULSV�8QGHU�8QLD[LDO�7HQVLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�3ODVWLFLW\������SS����������

��� .\ULDNLGHV��6��	�0LOOHU��-��(����������2Q�WKH�3URSDJDWLRQ�RI�/XGHUV�%DQGV�LQ�6WHHO�6WULSV��-RXUQDO�RI�
$SSOLHG�0HFKDQLFV������SS����������

��� <RVKLGD�� )��� .DQHGD�� <�� 	� <DPDPRWR�� 6�� �������� $� SODVWLFLW\� PRGHO� GHVFULELQJ� \LHOG�SRLQW�
SKHQRPHQD�RI� VWHHOV� DQG� LWV� DSSOLFDWLRQ� WR�)(� VLPXODWLRQ�RI� WHPSHU� UROOLQJ�� ,QWHUQDWLRQDO� -RXUQDO�RI�
3ODVWLFLW\������SS������������

��� .\ULDNLGHV��6����������%XFNOH�SURSDJDWLRQ�LQ�SLSH�LQ�SLSH�V\VWHPV��3DUW�,��([SHULPHQWV��,QWHUQDWLRQDO�
-RXUQDO�RI�6ROLGV�DQG�6WUXFWXUHV������SS����������

��� 1HHGOHPDQ� $��	�5LFH��-����������/LPLWV�WR�'XFWLOLW\�6HW�E\�3ODVWLF�)ORZ�/RFDOL]DWLRQ��0HFKDQLFV�RI�
6KHHW�0HWDO�)RUPLQJ�

��� 1HHGOHPDQ��$��	�7YHUJDDUG��9����������$QDO\VHV�RI�3ODVWLF�)ORZ�/RFDOL]DWLRQ�LQ�0HWDOV��$QQDOHQ�GHU�
3K\VLN������SS�������

��� =XHY�� /�� �������� 2Q� WKH� ZDYHV� RI� SODVWLF� IORZ� ORFDOL]DWLRQ� LQ� SXUH� PHWDOV� DQG� DOOR\V�� 9RSURV\�
PHNKDQLNL�WYHUGRJR�WHOD������SS����������

��� 'RZOLQJ��1����������)DWLJXH�)DLOXUH�3UHGLFWLRQV�IRU�&RPSOLFDWHG�6WUHVV�6WUDLQ�+LVWRULHV�

��� )UHGHULFN��&��2��	�$UPVWURQJ��3����������$�PDWKHPDWLFDO�UHSUHVHQWDWLRQ�RI�WKH�PXOWLD[LDO�%DXVFKLQJHU�
HIIHFW��0DWHULDOV�DW�+LJK�7HPSHUDWXUHV������SS�������

��� /DELERY��5��5��	�&KHUQ\DNRY��<X��$�� ��������3KHQRPHQRORJLFDO� WKHRU\�RI�SODVWLF� IORZ�DW� WKH� IORZ�
DUHD��9LVQ\N�'QLSURSHWURYV
NRKR�XQLYHUV\WHWX��6HUL\D��0HNKDQLND��1R���������,VV������SS���������


