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ɊɈɁȼ¶əɁɍȼȺɇɇə�ɅȱɇȱɃɇɈȲ�ɈɉɌɂɆȱɁȺɐȱɃɇɈȲ�ɁȺȾȺɑȱ�
ɇȺ�ɉɈɅȱɊɈɁɆȱɓȿɇɇəɏ�ɉɊɂ�ɋɌȺɅɈɋɌȱ�ɋɍɆ�ɄɈɈɊȾɂɇȺɌ�

ɍ ɊɈɁɆȱɓȿɇɇəɏ

ȯɦɟɰɶ�Ɉ� Ɉ���ɞ��ɮ��ɦ��ɧ���ɩɪɨɮɟɫɨɪ��ȯɦɟɰɶ�Ɉɥ�ɪɚ�Ɉ���ɤ��ɮ��ɦ��ɧ���ɞɨɰɟɧɬ��ɉɨɥɹɤɨɜ�ȱ� Ɇ�

ɉɨɥɬɚɜɫɶɤɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɟɤɨɧɨɦɿɤɢ�ɿ�ɬɨɪɝɿɜɥɿ�
ɜɭɥ��Ʉɨɜɚɥɹ�����ɦ��ɉɨɥɬɚɜɚ��ɍɤɪɚʀɧɚ
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ɍ ɫɬɚɬɬɿ�ɪɨɡɝɥɹɞɚɽɬɶɫɹ�ɨɞɧɚ� ɿɡ�ɡɚɞɚɱ�ɨɩɬɢɦɿɡɚɰɿʀ��ɚ�ɫɚɦɟ��ɥɿɧɿɣɧɚ�ɭɦɨɜɧɚ�ɩɨɜɧɿɫɬɸ�ɤɨɦɛɿɧɚɬɨɪɧɚ�
ɡɚɞɚɱɚ� ɟɜɤɥɿɞɨɜɨʀ� ɨɩɬɢɦɿɡɚɰɿʀ� ɧɚ� ɩɨɥɿɪɨɡɦɿɳɟɧɧɹɯ�� ɭ� ɹɤɿɣ� ɫɭɦɚ� ɤɨɨɪɞɢɧɚɬ� ɭ ɪɨɡɦɿɳɟɧɧɹɯ�
ɤɨɧɫɬɚɧɬɧɚ��ɐɹ�ɡɚɞɚɱɚ�ɩɨɥɹɝɚɽ�ɜ�ɦɿɧɿɦɿɡɚɰɿʀ�ɥɿɧɿɣɧɨʀ�ɰɿɥɶɨɜɨʀ�ɮɭɧɤɰɿʀ� ɡɚ�ɥɿɧɿɣɧɢɯ�ɨɛɦɟɠɟɧɶ��ɹɤɿ�
ɜɢɪɚɠɚɸɬɶ� ɭɦɨɜɭ�� ɳɨ� ɬɿ� ɤɨɨɪɞɢɧɚɬɢ� ɞɨɩɭɫɬɢɦɨʀ� ɬɨɱɤɢ�� ɹɤɿ� ɜɯɨɞɹɬɶ� ɜ� ɨɞɧɟ� ɪɨɡɦɿɳɟɧɧɹ�
ɩɨɥɿɪɨɡɦɿɳɟɧɧɹ�� ɜ� ɫɭɦɿ� ɞɨɪɿɜɧɸɸɬɶ� ɫɬɚɥɿɣ�� ɹɤɭ� ɦɨɠɧɚ� ɜɜɚɠɚɬɢ� ɨɞɢɧɢɰɟɸ�� Ʉɨɦɛɿɧɚɬɨɪɧɢɦ�
ɨɛɦɟɠɟɧɧɹɦ�ɰɿɽʀ�ɡɚɞɚɱɿ�ɽ�ɬɟ��ɳɨ�ɞɨɩɭɫɬɢɦɚ�ɬɨɱɤɚ�ɽ�ɩɨɥɿɪɨɡɦɿɳɟɧɧɹɦ��
Ⱦɥɹ� ɪɨɡɜ¶ɹɡɭɜɚɧɧɹ� ɡɚɞɚɱɿ� ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɬɚ� ɨɛʉɪɭɧɬɨɜɚɧɨ� ɦɟɬɨɞ� ɝɿɥɨɤ� ɬɚ� ɦɟɠ�� Ⱦɥɹ� ɦɟɬɨɞɭ�
ɜɢɫɜɿɬɥɟɧɿ� ɩɪɚɜɢɥɚ� ɝɚɥɭɠɟɧɧɹ� ɞɨɩɭɫɬɢɦɢɯ� ɩɿɞɦɧɨɠɢɧ�� ɨɰɿɧɸɜɚɧɧɹ� ɩɿɞɦɧɨɠɢɧ� ɿ� ɜɿɞɫɿɤɚɧɧɹ�� ɍ
ɪɨɛɨɬɿ� ɡɚɩɪɨɩɨɧɨɜɚɧɨ� ɩɪɚɜɢɥɨ� ɨɰɿɧɸɜɚɧɧɹ� ɞɨɩɭɫɬɢɦɢɯ� ɦɧɨɠɢɧ� ɬɚ� ɞɨɜɟɞɟɧɨ� ɬɟɨɪɟɦɭ�� ɹɤɚ�
ɜɫɬɚɧɨɜɥɸɽ� ɨɰɿɧɤɭ� ɞɨɩɭɫɬɢɦɨʀ� ɩɿɞɦɧɨɠɢɧɢ��ɉɪɢɧɰɢɩ� ɨɰɿɧɸɜɚɧɧɹ�� ɹɤɢɣ� ɪɟɚɥɿɡɨɜɚɧɨ� ɜ� ɬɟɨɪɟɦɿ�
ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨ�ɜ�ɹɤɨɫɬɿ�ɨɰɿɧɤɢ�ɛɟɪɭɬɶ�ɫɭɦɭ�ɞɜɨɯ�ɞɨɞɚɧɤɿɜ��ɨɞɢɧ�ɡ�ɹɤɢɯ�ɽ�ɫɭɦɨɸ�ɬɢɯ�ɟɥɟɦɟɧɬɿɜ�
ɰɿɥɶɨɜɨʀ�ɮɭɧɤɰɿʀ��ɹɤɿ�ɜɿɞɩɨɜɿɞɚɸɬɶ�ɜɢɡɧɚɱɟɧɢɦ�ɭ ɞɨɩɭɫɬɢɦɿɣ�ɦɧɨɠɢɧɿ��ɳɨ�ɨɰɿɧɸɽɬɶɫɹ��ɚ�ɞɪɭɝɢɣ�±
ɽ� ɦɿɧɿɦɭɦɨɦ� ɧɚ� ɤɨɦɛɿɧɚɬɨɪɧɿɣ� ɦɧɨɠɢɧɿ� ɩɨɥɿɪɨɡɦɿɳɟɧɶ�� ɹɤɚ� ɭɬɜɨɪɸɽɬɶɫɹ� ɫɩɟɰɿɚɥɶɧɢɦ� ɱɢɧɨɦ��
ɥɿɧɿɣɧɨʀ� ɰɿɥɶɨɜɨʀ� ɮɭɧɤɰɿʀ�� ɳɨ� ɽ� ɬɿɽɸ� ɱɚɫɬɢɧɨɸ� ɜɢɯɿɞɧɨʀ� ɰɿɥɶɨɜɨʀ� ɮɭɧɤɰɿʀ�� ɜ� ɹɤɭ� ɜɯɨɞɹɬɶ�
ɧɟɜɢɡɧɚɱɟɧɿ�ɜ�ɞɨɩɭɫɬɢɦɿɣ�ɦɧɨɠɢɧɿ��ɳɨ�ɨɰɿɧɸɽɬɶɫɹ��ɡɦɿɧɧɿ�
Ⱦɨɜɟɞɟɧɿ� ɞɟɹɤɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɨɰɿɧɨɤ�� ɚ� ɫɚɦɟ�� ��� ɞɥɹ� ɜɜɟɞɟɧɨɝɨ� ɫɩɨɫɨɛɭ� ɨɰɿɧɸɜɚɧɧɹ� ɬɚ� ɝɚɥɭɠɟɧɧɹ�
ɞɨɩɭɫɬɢɦɢɯ� ɩɿɞɦɧɨɠɢɧ� ɨɰɿɧɤɚ� ɧɚɫɬɭɩɧɨʀ� ɩɿɞɦɧɨɠɢɧɢ� ɧɚ� ɝɿɥɰɿ� ɞɟɪɟɜɚ� ɝɚɥɭɠɟɧɧɹ� ɜɿɞ� ɤɨɪɟɧɹ� ɞɨ�
ɥɢɫɬɚ� ɛɭɞɟ� ɧɟ� ɦɟɧɲɨɝɨ� ɜɿɞ� ɨɰɿɧɤɢ� ɩɨɩɟɪɟɞɧɶɨʀ� ɩɿɞɦɧɨɠɢɧɢ�� ��� ɧɚ� ɨɞɧɨɦɭ� ɪɿɜɧɿ� ɝɥɢɛɢɧɢ� ɜɿɞ�
ɤɨɪɟɧɹ� ɞɟɪɟɜɚ� ɝɚɥɭɠɟɧɧɹ� ɨɰɿɧɤɢ� ɞɨɩɭɫɬɢɦɢɯ� ɩɿɞɦɧɨɠɢɧ�� ɳɨ� ɽ� ɩɿɞɦɧɨɠɢɧɚɦɢ� ɨɞɧɿɽʀ� ɿ� ɬɿɽʀ� ɠ�
ɞɨɩɭɫɬɢɦɨʀ� ɩɿɞɦɧɨɠɢɧɢ�� ɩɪɢ� ɪɭɫɿ� ɜɿɞ� ɜɟɪɯɧɿɯ� ɝɿɥɨɤ� ɞɨ� ɧɢɠɧɿɯ� ɝɿɥɨɤ� ɩɿɞɦɧɨɠɢɧɢ� ɪɨɡɬɚɲɨɜɚɧɿ�
ɧɢɠɱɟ�ɩɿɞɦɧɨɠɢɧɢ�ɦɚɸɬɶ�ɛɿɥɶɲɿ�ɨɰɿɧɤɢ�
ɍ ɫɬɚɬɬɿ�ɧɚɜɟɞɟɧɨ�ɿɥɸɫɬɪɚɬɢɜɧɢɣ�ɩɪɢɤɥɚɞ��ɹɤɢɣ�ɩɨɥɿɩɲɭɽ�ɫɩɪɢɣɧɹɬɬɹ�ɦɚɬɟɪɿɚɥɭ�

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɤɨɦɛɿɧɚɬɨɪɧɿ�ɿɝɪɨɜɿ�ɡɚɞɚɱɿ��ɦɟɬɨɞ�ɝɿɥɨɤ�ɬɚ�ɦɟɠ��ɩɨɥɿɪɨɡɦɿɳɟɧɧɹ��ɪɨɡɦɿɳɟɧɧɹ�
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2QH�RI�WKH�RSWLPL]DWLRQ�SUREOHPV�LV�FRQVLGHUHG�LQ�WKH�DUWLFOH��QDPHO\��WKH�OLQHDU�FRQGLWLRQDOO\�FRPSOHWH�
FRPELQDWRULDO�SUREOHP�RI�(XFOLGHDQ�RSWLPL]DWLRQ�RQ�SRO\DUUDQJHPHQWV��LQ�ZKLFK�WKH�VXP�RI�FRRUGLQDWHV�
LQ� DUUDQJHPHQWV� LV� FRQVWDQW�� 7KLV� SUREOHP� LV� WR� PLQLPL]H� WKH� OLQHDU� REMHFWLYH� IXQFWLRQ� IRU� OLQHDU�
FRQVWUDLQWV�� ZKLFK� H[SUHVV� WKH� FRQGLWLRQ� WKDW� WKRVH� FRRUGLQDWHV� RI� WKH� DGPLVVLEOH� SRLQW�� ZKLFK� DUH�
LQFOXGHG� LQ� D� VLQJOH� DUUDQJHPHQW� RI� SRO\DUUDQJHPHQWV�� LQ� WKH� VXP� HTXDO� WR� D� FRQVWDQW�� ZKLFK� FDQ� EH�
FRQVLGHUHG� DV� RQH�� 7KH� FRPELQDWRULDO� FRQVWUDLQW� RI� WKLV� SUREOHP� LV� WKDW� WKH� DGPLVVLEOH� SRLQW� LV� D�
SRO\DUUDQJHPHQW�
7R� VROYH� WKH� SUREOHP�� WKH� EUDQFK� DQG� ERXQG�PHWKRG� LV� SURSRVHG� DQG� VXEVWDQWLDWHG�� 7KH� UXOHV� RI� WKH�
EUDQFKLQJ�RI DGPLVVLEOH�VXEVHWV��WKH�HVWLPDWLRQ�RI�VXEVHWV�DQG�WKH�FXWWLQJ�DUH�SURSRVHG�IRU�WKH�PHWKRG��
$�UXOH�IRU�HVWLPDWLQJ�DGPLVVLEOH�VHWV�DQG�D�WKHRUHP�WKDW�HVWDEOLVKHV�WKH�HVWLPDWH�RI�DQ�DGPLVVLEOH�VXEVHW�
DUH�SURSRVHG�LQ�WKH�ZRUN��7KH�SULQFLSOH�RI�HVWLPDWLRQ��ZKLFK�LV�UHDOL]HG�LQ�WKH�WKHRUHP��FRQVLVWV�RI�WKH�
IDFW�WKDW�WKH�VXP�RI�WZR�LWHPV�LV�WDNHQ�DV�DQ�HVWLPDWH��RQH�RI�LWHPV�LV�WKH�VXP�RI�WKRVH�HOHPHQWV�RI�WKH�
REMHFWLYH�IXQFWLRQ��WKDW�FRUUHVSRQG�WR�WKRVH�GHILQHG�LQ�WKH�DGPLVVLEOH�HVWLPDEOH�VHW��DQG�WKH�VHFRQG�LV�WKH�
PLQLPXP� RQ� WKH� FRPELQDWRULDO� VHW� RI� SRO\DUUDQJHPHQW�� ZKLFK� LV� IRUPHG� LQ� D� VSHFLDO� ZD\�� RI� OLQHDU�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

REMHFWLYH�IXQFWLRQ��ZKLFK�LV�WKH�SDUW�RI�WKH�RULJLQDO�REMHFWLYH�IXQFWLRQ��ZKLFK�LQFOXGHV�YDULDEOHV�WKDW�DUH�
QRW�GHILQHG�LQ�DQ�DGPLVVLEOH�VHW�WKDW�LV�HYDOXDWHG�
6RPH� SURSHUWLHV� RI� HVWLPDWLRQV� DUH� SURYHG�� QDPHO\�� ��� IRU� WKH� LQWURGXFHG� PHWKRG� RI� HVWLPDWLRQ� DQG�
EUDQFKLQJ�RI�DGPLVVLEOH�VXEVHWV��WKH�HVWLPDWLRQ�RI�WKH�QH[W�VXEVHW�RQ�WKH�EUDQFK�RI�WKH�WUHH�EUDQFK�IURP�
WKH�URRW�WR�WKH�OHDI�ZLOO�EH�QRW�OHVV�WKDQ�WKH�HVWLPDWH�RI�WKH�SUHYLRXV�VXEVHW�����DW�RQH�OHYHO�RI�GHSWK�IURP�
WKH�URRW�RI�WKH�EUDQFK�WUHH��WKH�HVWLPDWLRQ�RI�DGPLVVLEOH�VXEVHWV��ZKLFK�DUH�VXEVHWV�RI�RQH�DQG�WKH�VDPH�
DGPLVVLEOH�VXEVHW��ZKHQ�PRYLQJ� IURP�WKH�XSSHU�EUDQFKHV� WR� WKH� ORZHU�EUDQFKHV�RI� WKH� VXEVHW�� ORFDWHG�
EHORZ�VXEVHWV�KDYH�KLJKHU�HVWLPDWHV�
7KH�DUWLFOH�SUHVHQWV�DQ�LOOXVWUDWLYH�H[DPSOH�WKDW�LPSURYHV�SHUFHSWLRQ�RI�WKH�PDWHULDO�

.H\� ZRUGV�� FRPELQDWRULDO� JDPLQJ� SUREOHPV�� WKH� PHWKRG� RI� EUDQFKHV� DQG� ERXQGDULHV�� SRO\DUUDQJHPHQWV��
DUUDQJHPHQWV�

ȼɋɌɍɉ

Ɂɚɞɚɱɿ� ɤɨɦɛɿɧɚɬɨɪɧɨʀ� ɨɩɬɢɦɿɡɚɰɿʀ� >�@� ɽ� ɪɨɡɞɿɥɨɦ� ɬɟɨɪɿʀ� ɨɩɬɢɦɿɡɚɰɿʀ�� ɳɨ� ɲɜɢɞɤɨ� ɿ� ɛɭɪɯɥɢɜɨ�
ɪɨɡɜɢɜɚɽɬɶɫɹ� ɿ� ɜ� ɹɤɨɦɭ� ɞɨɫɥɿɞɠɭɸɬɶɫɹ� ɦɨɞɟɥɿ�� ɳɨ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɹɤ� ɞɨɩɭɫɬɢɦɿ� ɬɨɱɤɢ� ±
ɤɨɦɛɿɧɚɬɨɪɧɿ�ɤɨɧɮɿɝɭɪɚɰɿʀ��ɬɚɤɿ�ɹɤ�ɩɟɪɟɫɬɚɧɨɜɤɢ��ɪɨɡɦɿɳɟɧɧɹ��ɫɩɨɥɭɱɟɧɧɹ�ɬɚ�ɛɿɥɶɲ�ɫɤɥɚɞɧɿ��
ɉɨɥɿɪɨɡɦɿɳɟɧɧɹ�ɜɜɟɞɟɧɿ�ɜ�ɪɨɛɨɬɚɯ��ɹɤɿ�ɭɡɚɝɚɥɶɧɟɧɿ�ɜ�>����@��ɞɢɜ��ɬɚɤɨɠ�>�@��

ȼɢɜɱɟɧɧɹ� ɤɨɦɛɿɧɚɬɨɪɧɢɯ� ɿɝɪɨɜɢɯ� ɡɚɞɚɱ� ɧɚ� ɪɨɡɦɿɳɟɧɧɹɯ� �ɞɢɜ��� ɧɚɩɪɢɤɥɚɞ�� >��� �@��� ɜ� ɹɤɢɯ�
ɪɨɡɦɿɳɟɧɧɹ�ɽ�ɦɿɲɚɧɨɸ�ɫɬɪɚɬɟɝɿɽɸ��ɚ�ɨɬɠɟ� ɫɭɦɚ�ɤɨɨɪɞɢɧɚɬ�ɜ�ɧɶɨɦɭ�ɽ�ɨɞɢɧɢɰɟɸ��ɩɪɢɡɜɟɥɨ�ɞɨ�
ɧɟɨɛɯɿɞɧɨɫɬɿ� ɪɨɡɜ¶ɹɡɭɜɚɬɢ� ɥɿɧɿɣɧɿ� ɤɨɦɛɿɧɚɬɨɪɧɿ� ɡɚɞɚɱɿ� ɧɚ� ɪɨɡɦɿɳɟɧɧɹɯ�� ɳɨ� ɦɚɸɬɶ� ɬɚɤɭ�
ɜɥɚɫɬɢɜɿɫɬɶ� >�@�� Ɇɨɠɧɚ� ɫɬɚɜɢɬɢ� ɿ� ɛɿɥɶɲ� ɫɤɥɚɞɧɿ� ɿɝɪɨɜɿ� ɤɨɦɛɿɧɚɬɨɪɧɿ� ɡɚɞɚɱɿ�� ɜ� ɹɤɢɯ�
ɞɨɩɭɫɬɢɦɢɦɢ� ɽ� ɬɨɱɤɢ�ɩɨɥɿɪɨɡɦɿɳɟɧɧɹ�� ɳɨ� ɦɚɸɬɶ� ɫɬɚɥɿɫɬɶ� ɫɭɦ� ɤɨɨɪɞɢɧɚɬ� ɭ ɪɨɡɦɿɳɟɧɧɹɯ��
Ɇɟɬɨɞɿɜ ɪɨɡɜ¶ɹɡɭɜɚɧɧɹ� ɬɚɤɢɯ ɡɚɞɚɱ� ɧɟɦɚɽ�� ɨɬɠɟ�� ɚɤɬɭɚɥɶɧɢɦ� ɬɚ� ɧɟɨɛɯɿɞɧɢɦ� ɽ� ɩɪɟɞɦɟɬ� ɰɿɽʀ
ɩɭɛɥɿɤɚɰɿʀ�

ɉɈɋɌȺɇɈȼɄȺ�ɁȺȾȺɑȱ
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��[ �[ ��
�[ �� ɞɚɥɿ� �[ ��

�[ �� ɉɪɢɱɨɦɭ� ɞɥɹ�
�; ɩɨɪɹɞɨɤ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɟɥɟɦɟɧɬɿɜ�

�* ɬɚɤɢɣ�
� � �
� � ����J J Jd d d �� ɚ�ɞɥɹ�

�; � ɨɫɤɿɥɶɤɢ� �
� �F ! �� ɚ� �

� �F � ��ɩɨɪɹɞɨɤ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɟɥɟɦɟɧɬɿɜ�ɡ�
�*

ɞɥɹ� �[ �ɹɤ�ɿ�ɜ�
�; ��ɩɨ�ɧɟ�ɫɩɚɞɚɧɧɸ��ɚ�ɞɥɹ�

�[ ± ɩɨ�ɧɟ�ɡɪɨɫɬɚɧɧɸ��Ɍɨɛɬɨ�� �[ ��
�[ ��

�[ ɩɨɫɥɿɞɨɜɧɨ�

ɧɚɞɚɸɬɶɫɹ� ɡɧɚɱɟɧɧɹ�� �� ���� ���� ���� ���� ����� ɞɥɹ� �[ ± ɡɧɚɱɟɧɧɹ� �� ���� ���� ��� �� ɚ� ɞɥɹ� �[ ±

ɡɧɚɱɟɧɧɹ����� ���� ���� � �

Ɍɜɟɪɞɠɟɧɧɹ��� Ⱦɥɹ�ɡɚɞɚɱɿ���������ɭ ɦɟɬɨɞɿ�ɝɿɥɨɤ�ɬɚ�ɦɟɠ� ɡɚ�ɪɨɡɝɥɹɧɭɬɨɝɨ�ɫɩɨɫɨɛɭ�ɝɚɥɭɠɟɧɧɹ�
ɬɚ� ɨɰɿɧɸɜɚɧɧɹ� ɞɨɩɭɫɬɢɦɢɯ� ɩɿɞɦɧɨɠɢɧ� ɡɚ� ɮɨɪɦɭɥɨɸ� ����� ɨɰɿɧɤɚ� ɧɚɫɬɭɩɧɨʀ� ɩɿɞɦɧɨɠɢɧɢ�

� ����W W'
D�

ɧɚ� ɝɿɥɰɿ� ɞɟɪɟɜɚ� ɝɚɥɭɠɟɧɧɹ� ɜɿɞ� ɤɨɪɟɧɹ� �ɦɧɨɠɢɧɚ� � �NV( *KQ �� ɞɨ� ɥɢɫɬɚ� �ɨɞɧɨɟɥɟɦɟɧɬɧɚ�

ɦɧɨɠɢɧɚ��ɛɭɞɟ�ɧɟ�ɦɟɧɲɨɸ ɜɿɞ�ɨɰɿɧɤɢ�ɩɨɩɟɪɟɞɧɶɨʀ�ɩɿɞɦɧɨɠɢɧɢ�
����W W'

D
�� �N- �D� �

Ⱦɨɜɟɞɟɧɧɹ� Ɉɫɤɿɥɶɤɢ�ɨɰɿɧɤɚ�ɦɧɨɠɢɧɢ�
����W W'

D
ɡɞɿɣɫɧɸɽɬɶɫɹ�ɡɚ�������ɞɟ� 
�

MF ± ɰɟ�ɦɿɧɿɦɭɦ�������ɚ�

ɨɰɿɧɤɚ� ɦɧɨɠɢɧɢ�
� ����W W W'

D D�
ɨɞɟɪɠɭɽɬɶɫɹ� ɹɤ� ɡɧɚɱɟɧɧɹ� ɬɿɽʀ� ɠ� ɮɭɧɤɰɿʀ� ɩɪɢ� ɧɚɛɭɬɬɿ� ɧɟɸ� ɧɨɜɨɝɨ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

ɡɧɚɱɟɧɧɹ�ɡɚɞɚɧɧɹɦ�ɳɟ�ɨɞɧɿɽʀ�ɡɦɿɧɧɨʀ�ɬɚ�ɡɧɚɯɨɞɠɟɧɧɹɦ�ʀʀ�ɦɿɧɿɦɭɦɭ�ɩɨ�ɤɨɦɛɿɧɚɬɨɪɧɿɣ�ɦɧɨɠɢɧɿ�
ɦɨɠɥɢɜɢɯ ɡɧɚɱɟɧɶ� ɧɟɜɢɡɧɚɱɟɧɢɯ� ɳɟ� ɡɦɿɧɧɢɯ�� ɬɨ� ɡ� ɨɡɧɚɱɟɧɧɹ� ɦɿɧɿɦɭɦɭ� ɿ� ɜɢɩɥɢɜɚɽ�
ɫɩɪɚɜɟɞɥɢɜɿɫɬɶ�ɬɜɟɪɞɠɟɧɧɹ�

ȱɥɸɫɬɪɚɰɿɽɸ� ɪɟɚɥɿɡɚɰɿʀ� ɰɶɨɝɨ� ɬɜɟɪɞɠɟɧɧɹ� ɽ� ɨɰɿɧɤɚ� [ ɞɥɹ� ����' �� ���[  � ɬɚ� ɞɥɹ� �����'

� ���)[   �ɞɢɜ��ɪɢɫ�����

Ɋɢɫ�����ȱɥɸɫɬɪɚɰɿɹ�ɝɚɥɭɠɟɧɧɹ�ɬɚ�ɜɿɞɫɿɤɚɧɧɹ�ɜ�ɩɪɢɤɥɚɞɿ �ɡɧɚɤ�� ɨɡɧɚɱɚɽ�ɩɨɪɨɠɧɸ�ɦɧɨɠɢɧɭ��ɚ�� ± ɜɿɞɫɿɤɚɧɧɹ�

ɉɪɨɞɨɜɠɢɦɨ�ɪɨɡɝɥɹɞ�ɩɪɢɤɥɚɞɭ�

Ɂɚɭɜɚɠɢɦɨ��ɳɨ�ɪɚɯɭɜɚɬɢ�ɨɰɿɧɤɭ�ɪɚɧɿɲɟ ɧɿɠ�ɡɧɚɣɞɟɧɨ� �) ɧɟɦɚɽ�ɫɟɧɫɭ�

ɉɿɞɦɧɨɠɢɧɚ� �����' ± ɨɞɧɨɟɥɟɦɟɧɬɧɚ�� � �[  ��
� ���[  ��

� ���[  �� � ���[  ��
� ���[  �� Ɋɚɯɭɽɦɨ�

� �� � � ��� � ��� � ��� � ��� �)  � � � � � � � � � �  ��� ��� ��� ���� �  � �

Ɍɨɦɭ�ɦɧɨɠɢɧɚ� ����' ɦɨɠɟ�ɛɭɬɢ�ɜɿɞɫɿɱɟɧɚ�ɹɤ�ɛɟɡɩɟɪɫɩɟɤɬɢɜɧɚ�

���� ����' ' � � �
� � ���J J  ��

ɉɿɞɦɧɨɠɢɧɚ� �����' ɬɚɤɨɠ� ɨɞɧɨɟɥɟɦɟɧɬɧɚ��
�[ ��

�[ �� �[ ± ɬɿ� ɠ�� ɚ� � � ���[ [  �� Ɉɬɠɟ��

� �� � � ��� � ��� � ��� � ��� � ���)  � � � � � � � � � �  �� � �) )! ��ɨɬɠɟ� �) ɧɟ�ɩɨɥɿɩɲɭɽɬɶɫɹ�

���� ���� ��� � ��� ��� ���)[  [  � � �  � !  � �

���� ���� ��� ��� � �� ��� )[  [  � � � �  ! ��ɨɬɠɟ��ɬɭɬ�ɬɟɠ�ɜɿɞɫɿɤɚɧɧɹ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

�� � � ��� � ���Q  � � �  �� ^ `�
� ���� ���� ���� ���*  �� ^ `� � �� ���� ���� ���� ���* *  �� ^ `� �&  ��
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� �� �

�� � � � � ��� ���F  � � � � �  � �



�� �� �� ���� ��� ���F )[  Q �  �  � ! �

Ɂɚɭɜɚɠɢɦɨ ɫɩɪɚɜɟɞɥɢɜɿɫɬɶ�ɬɚɤɨɝɨ�ɬɜɟɪɞɠɟɧɧɹ�

Ɍɜɟɪɞɠɟɧɧɹ� �� ɇɚ� ɨɞɧɨɦɭ� ɪɿɜɧɿ� ɝɥɢɛɢɧɢ� ɜɿɞ� ɤɨɪɟɧɹ� ɞɟɪɟɜɚ� ɝɚɥɭɠɟɧɧɹ� ɨɰɿɧɤɢ� ɞɨɩɭɫɬɢɦɢɯ�
ɩɿɞɦɧɨɠɢɧ�

� ����W W W'
D� D

��
� � ���� � �W W W'

D� D�
�� «��

� ���� � �MW W W'
D� D�

�� �����
� ���� LW W Q'

D� VL -� � ��
LQ

-�D� �� �

LQ WM -
D�� � ɳɨ� ɽ�

ɩɿɞɦɧɨɠɢɧɚɦɢ�ɨɞɧɿɽʀ�ɿ�ɬɿɽʀ�ɠ�ɞɨɩɭɫɬɢɦɨʀ�ɩɿɞɦɧɨɠɢɧɢ�
� ����W W'

D�
�ɭ�ɜɢɩɚɞɤɭ� �D  ɦɧɨɠɢɧɢ� NV(KQ ��

ɩɪɢ� ɪɭɫɿ� ɜɿɞ� ɜɟɪɯɧɿɯ� ɝɿɥɨɤ� ɞɨ� ɧɢɠɧɿɯ� ɝɿɥɨɤ�� ɬɨɛɬɨ� ɜɿɞ�
� ���� � �W W W M'

D D �
ɞɨ�

� ���� � �W W W M'
D D �

�� ɞɟ� � �M M� ��
�

� �LQ
W M -D �� � �� � LQ

W M -D � � �

Ⱦɨɜɟɞɟɧɧɹ� ɋɩɪɚɜɟɞɥɢɜɿɫɬɶ� ɜɢɩɥɢɜɚɽ� ɡ� ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ� ɫɩɨɫɨɛɭ� ɨɛɱɢɫɥɟɧɧɹ� ɨɰɿɧɨɤ� ɡɚ�
ɮɨɪɦɭɥɚɦɢ� ������ ����� ɬɚ� ɨɩɢɫɚɧɢɦ� ɫɩɨɫɨɛɨɦ� ɝɚɥɭɠɟɧɧɹ�� Ɉɰɿɧɤɢ� ɦɧɨɠɢɧ�

� �
��� � �MW W W'

D D�
ɬɚ�

� �
��� � �MW W W'

D D�
��ɹɤ�ɜɢɞɧɨ��ɜɿɞɪɿɡɧɹɸɬɶɫɹ�ɨɞɧɢɦ�ɞɨɞɚɧɤɨɦ��ɚ�ɜ�ɫɢɥɭ�ɫɩɨɫɨɛɭ�ɝɚɥɭɠɟɧɧɹ�ɿ�ɨɰɿɧɸɜɚɧɧɹ�

ɞɥɹ�ɦɧɨɠɢɧ�
� �
��� � �MW W W'

D D�
ɜɿɧ�ɛɿɥɶɲɟ�ɧɿɠ�ɞɥɹ�

� �
��� � �MW W W'

D D�
��ɳɨ�ɿ�ɞɨɜɨɞɢɬɶ�ɬɜɟɪɞɠɟɧɧɹ�

ȱɥɸɫɬɪɚɰɿɽɸ� ɦɨɠɭɬɶ� ɜɢɫɬɭɩɚɬɢ� �ɪɢɫ�� ��� ɩɿɞɦɧɨɠɢɧɢ� ����' ɡ ɨɰɿɧɤɨɸ� ���[  � ɬɚ� ����' ɡ�

ɨɰɿɧɤɨɸ� ���[  �� Ʉɨɪɢɫɬɭɸɱɢɫɶ� ɰɿɽɸ� ɜɥɚɫɬɢɜɿɫɬɸ�� ɨɫɤɿɥɶɤɢ� ɞɥɹ� ɩɟɪɲɨʀ� ɦɧɨɠɢɧɢ� ɨɰɿɧɤɢ�

�)[ ! ��ɬɨ�ɞɪɭɝɭ�ɦɧɨɠɢɧɭ�ɜɠɟ�ɦɨɠɧɚ�ɧɟ�ɪɨɡɝɥɹɞɚɬɢ�

ɉɪɨɞɨɜɠɢɦɨ�ɪɨɡɝɥɹɞ�ɩɪɢɤɥɚɞɭ�

�� ��� ��� � ���Q  � �  �� ^ `�
� ���� ���� ���� ���*  �� � �* * �� ^ `� �&  �� ^ `� �� �&  � ��
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Ɋɨɡɝɥɹɧɟɦɨ� �' �� ɩɿɞɪɚɯɭɽɦɨ� �[ �� ȼɢɡɧɚɱɢɦɨ�
� � ��� �Q  �  �� ^ `�

� �� ���� ���� ���� ���*  ��

^ `� �� �&  �� �* * �� ^ `� � �� �& &  � �� � �
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ȼɂɋɇɈȼɄɂ

ɍ ɪɨɛɨɬɿ�ɪɨɡɝɥɹɧɭɬɚ�ɡɚɞɚɱɚ�ɨɩɬɢɦɿɡɚɰɿʀ�ɥɿɧɿɣɧɨʀ�ɮɭɧɤɰɿʀ�ɧɚ�ɩɨɥɿɪɨɡɦɿɳɟɧɧɹɯ�ɡɿ�ɫɬɚɥɨɸ�ɫɭɦɨɸ�
ɤɨɨɪɞɢɧɚɬ�ɭ ɪɨɡɦɿɳɟɧɧɹɯ��ɳɨ�ɜɢɧɢɤɚɽ�ɜ�ɿɝɪɨɜɢɯ�ɡɚɞɚɱɚɯ�ɤɨɦɛɿɧɚɬɨɪɧɨɝɨ�ɬɢɩɭ�

Ɂɚɩɪɨɩɨɧɨɜɚɧɨ� ɿ� ɨɛʉɪɭɧɬɨɜɚɧɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɦɟɬɨɞɭ� ɝɿɥɨɤ� ɬɚ� ɦɟɠ� ɞɨ� ɰɿɽʀ� ɡɚɞɚɱɿ�� ɚ� ɫɚɦɟ�
ɫɩɨɫɨɛɿɜ�ɝɚɥɭɠɟɧɧɹ��ɨɰɿɧɸɜɚɧɧɹ�ɬɚ�ɜɿɞɫɿɤɚɧɧɹ��ɇɚɜɟɞɟɧɨ�ɿɥɸɫɬɪɚɬɢɜɧɢɣ�ɩɪɢɤɥɚɞ�ɬɚ�ɞɨɜɟɞɟɧɨ�
ɞɟɹɤɿ�ɜɥɚɫɬɢɜɨɫɬɿ�ɨɰɿɧɨɤ�

əɤ� ɩɨɞɚɥɶɲɢɣ� ɧɚɩɪɹɦɨɤ� ɞɨɫɥɿɞɠɟɧɶ� ɜɛɚɱɚɽɬɶɫɹ� ɩɪɨɜɟɞɟɧɧɹ� ɱɢɫɥɨɜɢɯ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ� ɞɥɹ�
ɰɶɨɝɨ�ɩɿɞɯɨɞɭ�

ɅȱɌȿɊȺɌɍɊȺ

�� ɋɟɪɝɢɟɧɤɨ ɂ� ȼ���Ʉɚɫɩɲɢɰɤɚɹ Ɇ� Ɏ��Ɇɨɞɟɥɢ�ɢ�ɦɟɬɨɞɵ�ɪɟɲɟɧɢɹ�ɧɚ�ɗȼɆ�ɤɨɦɛɢɧɚɬɨɪɧɵɯ�ɡɚɞɚɱ�
ɨɩɬɢɦɢɡɚɰɢɢ��Ʉɢɟɜ��ɇɚɭɤ��ɞɭɦɤɚ������������ɫ�

�� ɋɬɨɹɧ ɘ� Ƚ��� ȯɦɟɰɶ Ɉ� Ɉ�� Ɍɟɨɪɿɹ� ɿ� ɦɟɬɨɞɢ� ɟɜɤɥɿɞɨɜɨʀ� ɤɨɦɛɿɧɚɬɨɪɧɨʀ� ɨɩɬɢɦɿɡɚɰɿʀ�� Ʉɢʀɜ�� ȱɧ�ɬ�
ɫɢɫɬɟɦɧ��ɞɨɫɥɿɞɠɟɧɶ�ɨɫɜɿɬɢ������������ɫ��85/��KWWS���GVSDFH�XFFX�RUJ�XD�KDQGOH���������������
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ �������

�� ɋɬɨɹɧ ɘ� Ƚ��� ȯɦɟɰɶ Ɉ� Ɉ��� ȯɦɟɰɶ ȯ� Ɇ�� Ɉɩɬɢɦɿɡɚɰɿɹ� ɧɚ� ɩɨɥɿɪɨɡɦɿɳɟɧɧɹɯ�� ɬɟɨɪɿɹ� ɬɚ� ɦɟɬɨɞɢ��
ɉɨɥɬɚɜɚ��Ɋȼɐ ɉɍɋɄɍ����������� ɫ��85/��KWWS���GVSDFH�XFFX�RUJ�XD�KDQGOH���������������

�� ȯɦɟɰɶ Ɉ� Ɉ�� ɉɚɪɮɶɨɧɨɜɚ Ɍ� Ɉ�� Ⱦɢɫɤɪɟɬɧɚ� ɦɚɬɟɦɚɬɢɤɚ�� ɧɚɜɱ� ɩɨɫɿɛ� ɉɨɥɬɚɜɚ�� Ɋȼȼ� ɉɍɋɄɍ��
����������ɫ��85/��KWWS���GVSDFH�XFFX�RUJ�XD�KDQGOH���������������

�� (PHWV 2� $�� 8VWLDQ 1� <X�� 6WXGLHV� RI� 3UREOHPV� RI� &RPELQDWRULDO� 2SWLPL]DWLRQ� RI� *DPH� 7\SH� RQ�
$UUDQJHPHQWV� -RXUQDO�RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV� ������9RO�����ʋ����Ɋ����±���

�� ,HPHWV�2� $���2ONKRYVNDMD (� 9� ,WHUDWLYH�0HWKRG�IRU�6ROYLQJ�&RPELQDWRULDO�2SWLPL]DWLRQ�3UREOHPV�
RI�WKH�*DPH�W\SH�RQ�$UUDQJHPHQWV��-RXUQDO�RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��������9RO� ����
ʋ����Ɋ����±���

�� ,HPHWV 2� 2��� <HPHWV 2� 2�� 6ROYLQJ� D� OLQHDU� SUREOHP� RI� (XFOLGHDQ� FRPELQDWRULDO� RSWLPL]DWLRQ� RQ�
DUUDQJHPHQWV�ZLWK�WKH�FRQVWDQW�VXP�RI�WKH�HOHPHQWV��&\EHUQHWLFV�DQG�6\VWHPV�$QDO\VLV��������9������
ʋ ���3�����±����

5()(5(1&(6

�� 6HUJLHQNR�� ,� 9�� 	 .DVSVKLWVND\D�� 0� )�� ������� 0RGHOV� IRU� FRPSXWHU� VROXWLRQ� RI� FRPELQDWRULDO�
RSWLPL]DWLRQ� .LHY� 1DXNRYD�GXPND�

�� 6WR\DQ��<X� *�	 ,HPHWV��2� 2��������� 7KHRU\�DQG�PHWKRGV�RI�HXFOLGLDQ�FRPELQDWRULDO�RSWLPL]DWLRQ�
.\LY� ,QV\W\WXW� V\VWHPQ\K� GRVOLG]KHQ¶ RVYLW\� 5HWULHYHG� IURP� KWWS���GVSDFH�XFFX�RUJ�XD�
KDQGOH���������������

�� 6WR\DQ��<X� *���,HPHWV��2� 2��	 <HPHWV��(� 0��������� 2SWLPL]DWLRQ�RQ�SRO\SHUPXWDWLRQV��WKHRU\�DQG�
PHWKRGV��597V�386.8��3ROWDYD� 5HWULHYHG�IURP� KWWS���GVSDFH�XFFX�RUJ�XD�KDQGOH���������������

�� ,HPHWV��2� 2��	 3DUI\RQRYD��7� 2��������� 'LVFUHWH�PDWKHPDWLFV��599 386.8��3ROWDYD��5HWULHYHG�
IURP� KWWS���GVSDFH�XFFX�RUJ�XD�KDQGOH���������������

�� (PHWV� 2� $� 	 8VWLDQ� 1� <X� ������ 6WXGLHV�RI�3UREOHPV�RI�&RPELQDWRULDO�2SWLPL]DWLRQ�RI�*DPH�
7\SH�RQ�$UUDQJHPHQWV� -RXUQDO�RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV� 9RO����� 1R �� SS����±���

�� ,HPHWV� 2� $� 	 2ONKRYVNDMD� (��9����������,WHUDWLYH�0HWKRG�IRU�6ROYLQJ�&RPELQDWRULDO�2SWLPL]DWLRQ�
3UREOHPV� RI� WKH� *DPH�W\SH� RQ� $UUDQJHPHQWV�� -RXUQDO� RI� $XWRPDWLRQ� DQG� ,QIRUPDWLRQ� 6FLHQFHV��
9RO� ����1R�����SS����±���

�� ,HPHWV�� 2�� 2�� 	� <HPHWV� 2�� 2�� �������� 6ROYLQJ� D� OLQHDU� SUREOHP� RI� (XFOLGHDQ� FRPELQDWRULDO�
RSWLPL]DWLRQ� RQ� DUUDQJHPHQWV� ZLWK� WKH� FRQVWDQW� VXP� RI� WKH� HOHPHQWV�� &\EHUQHWLFV� DQG� 6\VWHPV�
$QDO\VLV��9RO������1R�����SS����������

ɍȾɄ������ '2,������������������������������
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Ⱦɨɫɥɿɞɠɟɧɧɹ� ɥɨɤɚɥɶɧɨɝɨ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɬɨɧɤɨɫɬɿɧɧɢɯ� ɟɥɟɦɟɧɬɿɜ� ɩɪɨɜɨɞɢɥɢɫɶ� ɪɹɞɨɦ� ɚɜɬɨɪɿɜ��
Ɏɭɧɞɚɦɟɧɬɚɥɶɧɿ� ɪɨɡɜ¶ɹɡɤɢ� ɤɪɚɣɨɜɢɯ� ɡɚɞɚɱ� ɛɭɞɭɜɚɥɢɫɶ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɦɟɬɨɞɭ� ɿɧɬɟɝɪɚɥɶɧɨɝɨ�
ɩɟɪɟɬɜɨɪɟɧɧɹ�Ɏɭɪ¶ɽ�� ɹɤɟ� ɛɭɥɨ� ɡɚɫɬɨɫɨɜɚɧɨ� ɛɟɡɩɨɫɟɪɟɞɧɶɨ� ɞɨ� ɫɢɫɬɟɦɢ� ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ� ɪɿɜɧɹɧɶ�
ɝɪɚɧɢɱɧɨʀ� ɡɨɧɢ�ɚɛɨ�ɞɨ� ɫɢɫɬɟɦɢ��ɳɨ�ɜɪɚɯɨɜɭɜɚɥɚ�ɞɟɮɨɪɦɚɰɿʀ�ɩɨɩɟɪɟɱɧɨɝɨ� ɡɫɭɜɭ��Ɍɚɤɢɣ�ɩɿɞɯɿɞ� ɡ�
ɨɞɧɨɝɨ� ɛɨɤɭ� ɩɪɢɡɜɨɞɢɜ� ɞɨ� ɫɤɥɚɞɧɢɯ� ɦɚɬɟɦɚɬɢɱɧɢɯ� ɜɢɤɥɚɞɨɤ�� ɚ� ɡ� ɿɧɲɨɝɨ� ɛɨɤɭ�� ɹɤ� ɜɿɞɨɦɨ�� ɜ�
ɨɛɥɚɫɬɿ� ɞɿʀ� ɥɨɤɚɥɶɧɢɯ� ɧɚɜɚɧɬɚɠɟɧɶ� ɜɢɧɢɤɚɽ� ɫɭɬɬɽɜɨ� ɩɪɨɫɬɨɪɨɜɢɣ� ɧɚɩɪɭɠɟɧɢɣ� ɫɬɚɧ� ɿ� ɮɿɡɢɱɧɿ�
ɬɟɨɪɿʀ�ɜ�ɩɪɢɧɰɢɩɿ�ɧɟ�ɦɨɠɭɬɶ�ɣɨɝɨ�ɨɩɢɫɭɜɚɬɢ�ɞɨɫɬɚɬɧɶɨ�ɬɨɱɧɨ�


