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

ɗɅȺɋɌɈȺɊɆɂɊɈȼȺɇɇȺə�ɌɊɍȻȺ�ɂɁ�ɌɊȿɏ�ɋɅɈȿȼ�
ɋ�ɄɈɅɖɐȿȼɕɆɂ�ȼɈɅɈɄɇȺɆɂ�ɉɈȾ�ȼɈɁȾȿɃɋɌȼɂȿɆ�
ȼɇɍɌɊȿɇɇȿȽɈ�ȾȺȼɅȿɇɂə

ȼ��Ɇ��Ⱥɯɭɧɞɨɜ��ɂ��ɘ��ɇɚɭɦɨɜɚ��Ⱥ��Ⱥ��Ɂɚɛɪɨɞɫɤɚɹ

ɇɚɰɢɨɧɚɥɶɧɚɹ�ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ�ɚɤɚɞɟɦɢɹ�ɍɤɪɚɢɧɵ
DNKXQGRY#XD�IP

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ�
ɦɨɞɟɥɶ�ɤɭɫɨɱɧɨ�ɨɞɧɨɪɨɞɧɨɣ�ɫɪɟɞɵ��
ɜɨɥɨɤɧɚ�ɤɨɥɶɰɟɜɵɟ��ɞɚɜɥɟɧɢɟ�ɜɧɭɬ�
ɪɟɧɧɟɟ��ɞɟɮɨɪɦɚɰɢɢ�ɛɨɥɶɲɢɟ��ɦɟɬɨɞ�
ɤɨɧɟɱɧɵɯ�ɪɚɡɧɨɫɬɟɣ�

ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ�ɱɢɫɥɟɧɧɨɟ�ɪɟɲɟɧɢɟ�ɩɨ�ɦɨɞɟɥɢ�ɤɭɫɨɱɧɨ�ɨɞɧɨɪɨɞɧɨɣ�
ɫɪɟɞɵ�ɡɚɞɚɱɢ�ɨ�ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ�ɬɪɭɛɵ�ɢɡ�ɬɪɟɯ�ɫɥɨɟɜ�ɫ�ɤɨɥɶɰɟɜɵɦɢ�
ɜɨɥɨɤɧɚɦɢ�ɤɜɚɞɪɚɬɧɨɝɨ�ɫɟɱɟɧɢɹ�ɩɨɞ�ɜɨɡɞɟɣɫɬɜɢɟɦ�ɜɧɭɬɪɟɧɧɟɝɨ�ɞɚɜ�
ɥɟɧɢɹ�ɩɪɢ�ɛɨɥɶɲɢɯ�ɩɟɪɟɦɟɳɟɧɢɹɯ�ɢ�ɞɟɮɨɪɦɚɰɢɹɯ��Ɍɪɭɛɭ�ɦɨɞɟɥɢɪɨ�
ɜɚɥɢ� ɤɚɤ� ɫɛɨɪɤɭ� ɤɨɥɶɰɟɜɵɯ� ɷɥɟɦɟɧɬɨɜ�� Ɍɚɤɢɟ� ɷɥɟɦɟɧɬɵ� ɩɪɟɞɫɬɚɜ�
ɥɹɸɬ�ɫɨɛɨɣ�ɤɨɥɶɰɚ�ɤɜɚɞɪɚɬɧɨɝɨ�ɫɟɱɟɧɢɹ�ɢɡ�ɫɜɹɡɭɸɳɟɝɨ�ɦɚɬɟɪɢɚɥɚ��
ɜɤɥɸɱɚɸɳɢɟ�ɤɨɥɶɰɟɜɵɟ�ɜɨɥɨɤɧɚ�ɜ�ɤɚɱɟɫɬɜɟ�ɢɯ�ɚɪɦɢɪɭɸɳɟɣ�ɫɟɪɞɰɟ�
ɜɢɧɵ��ɉɪɢɧɢɦɚɥɢ�ɪɚɫɱɟɬɧɭɸ�ɫɯɟɦɭ�ɬɪɭɛɵ�ɤɚɤ�ɞɥɢɧɧɨɣ�ɰɢɥɢɧɞɪɢɱɟ�
ɫɤɨɣ� ɨɛɨɥɨɱɤɢ�� ɨɫɟɫɢɦɦɟɬɪɢɱɧɨ� ɞɟɮɨɪɦɢɪɭɟɦɨɣ� ɩɪɢ� ɧɚɝɪɭɠɟɧɢɢ�
ɞɚɜɥɟɧɢɟɦ�� ɤɨɝɞɚ� ɰɟɧɬɪɚɥɶɧɵɟ� ɢ� ɤɪɚɣɧɢɟ� ɫɟɱɟɧɢɹ� ɤɨɥɶɰɟɜɵɯ� ɷɥɟ�
ɦɟɧɬɨɜ�ɩɟɪɟɦɟɳɚɸɬɫɹ�ɜ�ɩɥɨɫɤɨɫɬɹɯ�ɫɜɨɟɝɨ�ɢɫɯɨɞɧɨɝɨ�ɩɨɥɨɠɟɧɢɹ�

ȿɅȺɋɌɈȺɊɆɈȼȺɇȺ�ɌɊɍȻȺ�ȱɁ�ɌɊɖɈɏ�ɒȺɊȱȼ�
Ɂ�ɄȱɅɖɐȿȼɂɆɂ�ȼɈɅɈɄɇȺɆɂ�ɉȱȾ�ȼɉɅɂȼɈɆ�
ȼɇɍɌɊȱɒɇɖɈȽɈ�ɌɂɋɄɍ

ȼ��Ɇ��Ⱥɯɭɧɞɨɜ��ȱ��ɘ��ɇɚɭɦɨɜɚ��Ƚ��Ⱥ��Ɂɚɛɪɨɞɫɶɤɚ

ɇɚɰɿɨɧɚɥɶɧɚ�ɦɟɬɚɥɭɪɝɿɣɧɚ�ɚɤɚɞɟɦɿɹ�ɍɤɪɚʀɧɢ
DNKXQGRY#XD�IP

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɦɨɞɟɥɶ�ɤɭɫɤɨɜɨ�ɨɞɧɨɪɿɞɧɨɝɨ�ɫɟɪɟɞɨ�
ɜɢɳɚ��ɜɨɥɨɤɧɚ�ɤɿɥɶɰɟɜɿ��ɬɢɫɤ�ɜɧɭɬɪɿ�
ɲɧɿɣ��ɞɟɮɨɪɦɚɰɿʀ�ɜɟɥɢɤɿ��ɦɟɬɨɞ�ɤɿɧ�
ɰɟɜɢɯ�ɪɿɡɧɢɰɶ�

Ⱦɨɫɥɿɞɠɟɧɧɹ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɦ¶ɹɤɢɯ�ɤɨɦɩɨɡɢɬɧɢɯ�ɫɬɪɭɤɬɭɪ��ɤɨɥɢ�ɿɫ�
ɬɨɬɧɨ�ɡɦɿɧɸɽɬɶɫɹ�ʀɯ�ɩɨɱɚɬɤɨɜɚ�ɤɨɧɮɿɝɭɪɚɰɿɹ��ɡɚɥɢɲɚɽɬɶɫɹ�ɨɞɧɿɽɸ�ɡ�
ɩɪɨɛɥɟɦ�ɦɟɯɚɧɿɤɢ�ɤɨɦɩɨɡɢɬɧɢɯ�ɦɚɬɟɪɿɚɥɿɜ��ȼ�ɹɤɨɫɬɿ�ɨɞɧɿɽʀ�ɡ�ɬɚɤɢɯ�
ɫɬɪɭɤɬɭɪ�ɪɨɡɝɥɹɧɭɥɢ�ɞɨɜɝɭ�ɬɨɧɤɨɫɬɿɧɧɭ�ɬɪɭɛɭ�ɡ�ɟɥɚɫɬɢɱɧɢɯ�ɲɚɪɿɜ�ɡ�
ɤɿɥɶɰɟɜɢɦɢ� ɜɨɥɨɤɧɚɦɢ� ɡ� ɛɿɥɶɲ� ɠɨɪɫɬɤɨɝɨ� ɟɥɚɫɬɢɱɧɨɝɨ� ɦɚɬɟɪɿɚɥɭ��
Ɍɪɭɛɢ�ɞɚɧɨʀ�ɛɭɞɨɜɢ�ɦɨɠɭɬɶ�ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹ�ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɝɧɭɱɤɢɯ�
ɝɚɡɨ� ɿ�ɩɨɜɿɬɪɨɩɪɨɜɨɞɿɜ ɡ�ɦɟɬɨɸ�ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ�ɪɟɱɨɜɢɧ�ɜ�ɪɨɡɩɢ�
ɥɟɧɨɦɭ�ɜɢɝɥɹɞɿ��ɞɥɹ�ɡɛɢɪɚɧɧɹ�ɟɤɨɥɨɝɿɱɧɨ�ɲɤɿɞɥɢɜɢɯ�ɜɿɞɯɨɞɿɜ�ɜɢɪɨɛ�
ɧɢɰɬɜɚ�
ɇɚɣɛɿɥɶɲ� ɡɚɝɚɥɶɧɢɣ� ɩɿɞɯɿɞ� ɜ� ɞɨɫɥɿɞɠɟɧɧɿ� ɬɿɥ� ɜɨɥɨɤɧɢɫɬɨʀ� ɛɭɞɨɜɢ�
ʉɪɭɧɬɭɽɬɶɫɹ� ɧɚ� ɡɚɫɬɨɫɭɜɚɧɧɿ� ɦɨɞɟɥɿ� ɤɭɫɤɨɜɨ�ɨɞɧɨɪɿɞɧɨɝɨ� ɫɟɪɟɞɨ�
ɜɢɳɚ��ɤɨɥɢ�ɦɚɬɪɢɰɹ�ɿ�ɜɨɥɨɤɧɚ�ɪɨɡɝɥɹɞɚɸɬɶɫɹ�ɹɤ�ɤɨɧɬɚɤɬɧɨ�ɜɡɚɽɦɨɞɿ�
ɸɱɿ�ɬɿɥɚ��ɉɪɟɞɫɬɚɜɥɹɽɬɶɫɹ�ɱɢɫɟɥɶɧɟ�ɪɿɲɟɧɧɹ�ɡɚɞɚɱɿ�ɩɨ�ɞɚɧɿɣ�ɦɨɞɟɥɿ�
ɩɪɨ�ɞɟɮɨɪɦɚɰɿɸ�ɬɪɭɛɢ�ɡ�ɬɪɶɨɯ�ɲɚɪɿɜ�ɡ�ɤɿɥɶɰɟɜɢɦɢ�ɜɨɥɨɤɧɚɦɢ�ɤɜɚɞ�
ɪɚɬɧɨɝɨ�ɩɟɪɟɬɢɧɭ�ɩɿɞ�ɜɩɥɢɜɨɦ�ɜɧɭɬɪɿɲɧɶɨɝɨ�ɬɢɫɤɭ�ɩɪɢ�ɜɟɥɢɤɢɯ�ɩɟ�
ɪɟɦɿɳɟɧɧɹɯ�ɿ�ɞɟɮɨɪɦɚɰɿɹɯ��Ɍɪɭɛɭ�ɦɨɞɟɥɸɜɚɥɢ�ɹɤ�ɡɛɿɪɤɭ�ɤɿɥɶɰɟɜɢɯ�
ɟɥɟɦɟɧɬɿɜ��Ɍɚɤɿ�ɟɥɟɦɟɧɬɢ�ɹɜɥɹɸɬɶ�ɫɨɛɨɸ�ɤɿɥɶɰɹ�ɤɜɚɞɪɚɬɧɨɝɨ�ɩɟɪɟ�
ɬɢɧɭ�ɡɿ ɫɩɨɥɭɱɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ��ɳɨ�ɜɤɥɸɱɚɸɬɶ�ɤɿɥɶɰɟɜɿ�ɜɨɥɨɤɧɚ�ɹɤ ɚɪ�
ɦɭɸɱɭ ɫɟɪɰɟɜɢɧɭ��ɉɪɢɣɦɚɥɢ� ɪɨɡɪɚɯɭɧɤɨɜɭ� ɫɯɟɦɭ� ɬɪɭɛɢ� ɹɤ� ɞɨɜɝɨʀ�
ɰɢɥɿɧɞɪɢɱɧɨʀ�ɨɛɨɥɨɧɤɢ��ɹɤɚ�ɨɫɟɫɢɦɟɬɪɢɱɧɨ�ɞɟɮɨɪɦɭɽɬɶɫɹ�ɩɪɢ�ɧɚɜɚ�
ɧɬɚɠɟɧɧɿ�ɬɢɫɤɨɦ��ɤɨɥɢ�ɤɪɚɣɧɿ�ɿ�ɰɟɧɬɪɚɥɶɧɿ�ɩɟɪɟɬɢɧɢ�ɤɿɥɶɰɟɜɢɯ�ɟɥɟ�
ɦɟɧɬɿɜ�ɩɟɪɟɦɿɳɚɸɬɶɫɹ�ɜ�ɩɥɨɳɢɧɚɯ�ɫɜɨɝɨ�ɜɢɯɿɞɧɨɝɨ�ɩɨɥɨɠɟɧɧɹ�
Ʉɪɚɣɨɜɭ�ɡɚɞɚɱɭ�ɞɥɹ�ɡɛɿɪɤɢ�ɤɿɥɶɰɟɜɢɯ�ɟɥɟɦɟɧɬɿɜ�ɨɛɨɥɨɧɤɢ�ɮɨɪɦɭɥɸ�
ɜɚɥɢ��ɜɢɯɨɞɹɱɢ�ɡ�ɪɿɜɧɹɧɶ�ɧɟɥɿɧɿɣɧɨʀ�ɬɟɨɪɿʀ�ɩɪɭɠɧɨɫɬɿ�ɞɥɹ�ɦɚɬɪɢɰɿ�ɿ�
ɜɨɥɨɤɨɧ�ɜ�ɧɿɣ��Ɋɿɲɟɧɧɹ�ɡɚɞɚɱɿ�ɩɪɨɜɨɞɢɥɢ ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɦɟɬɨɞɭ�ɤɿɧ�
ɰɟɜɢɯ�ɪɿɡɧɢɰɶ�� ɩɨɯɿɞɧɿ�ɩɟɪɲɨɝɨ�ɩɨɪɹɞɤɭ�ɜɿɞ�ɨɫɧɨɜɧɢɯ�ɜɟɥɢɱɢɧ�ɩɨ�
ɨɫɶɨɜɿɣ�ɬɚ�ɪɚɞɿɚɥɶɧɿɣ�ɤɨɨɪɞɢɧɚɬɚɯ ɚɩɪɨɤɫɢɦɭɜɚɥɢ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɤɿ�
ɧɰɟɜɨ�ɪɿɡɧɢɰɟɜɢɯ�ɫɩɿɜɜɿɞɧɨɲɟɧɶ�ɞɪɭɝɨɝɨ�ɩɨɪɹɞɤɭ�ɬɨɱɧɨɫɬɿ��Ⱦɢɫɤɪɟ�
ɬɧɢɣ� ɚɧɚɥɨɝ� ɡɚɞɚɱɿ� ɜɢɪɿɲɭɜɚɥɢ� ɧɚ� ɨɫɧɨɜɿ� ɩɪɨɰɟɞɭɪɢ�ɦɟɬɨɞɭ�ɇɶɸ�
ɬɨɧɚ��Ɉɞɢɧɢɱɧɿɫɬɶ�ɪɿɲɟɧɧɹ�ɤɪɚɣɨɜɨʀ� ɡɚɞɚɱɿ� ɡɚɛɟɡɩɟɱɭɜɚɥɢ�ɩɪɨɞɨɜ�
ɠɟɧɧɹɦ�ɪɿɲɟɧɧɹ�ɩɨ�ɬɢɫɤɭ�ɜ�ɬɪɭɛɿ�
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DNKXQGRY#XD�IP

.H\�ZRUGV�
PRGHO�RI�D�SLHFHZLVH�KRPRJHQHRXV�
PHGLXP��ILEHUV�DUH�DQQXODU��LQWHUQDO�
SUHVVXUH��ODUJH�GHIRUPDWLRQV��ILQLWH�
GLIIHUHQFH�PHWKRG�

$�QXPHULFDO�VROXWLRQ�RI�WKH�SUREOHP�RI�GHIRUPLQJ�D�WKUHH�OD\HU�SLSH�ZLWK�
DQQXODU�VTXDUH�ILEHUV�XQGHU�WKH�LQIOXHQFH�RI�LQWHUQDO�SUHVVXUH�ZLWK�ODUJH�
GLVSODFHPHQWV�DQG�GHIRUPDWLRQV�LV�SUHVHQWHG�E\�D�PRGHO�RI�D�SLHFHZLVH�
KRPRJHQHRXV�PHGLXP�� 7KH� SLSH�ZDV�PRGHOHG� DV� DQ� DVVHPEO\� RI� ULQJ�
HOHPHQWV�� 6XFK� HOHPHQWV� DUH� VTXDUH� ULQJV� PDGH� RI� ELQGHU� PDWHULDO��
LQFOXGLQJ� ULQJ� ILEHUV� DV� WKHLU� UHLQIRUFLQJ� FRUH�� 7KH� SLSH� GHVLJQ� ZDV�
DFFHSWHG�DV�D� ORQJ�F\OLQGULFDO� VKHOO��ZKLFK� LV�D[LDOO\�GHIRUPDEOH�ZKHQ�
ORDGHG�ZLWK�SUHVVXUH��ZKHQ�WKH�FHQWUDO�DQG�H[WUHPH�VHFWLRQV�RI�WKH�ULQJ�
HOHPHQWV�PRYH�LQ�WKH�SODQHV�RI�WKHLU�RULJLQDO�SRVLWLRQ�

7KH� VWXG\� RI� WKH� GHIRUPDWLRQ� RI� VRIW� FRPSRVLWH� VWUXFWXUHV�� ZKHQ� WKHLU�
LQLWLDO�FRQILJXUDWLRQ�FKDQJHV�VLJQLILFDQWO\��UHPDLQV�RQH�RI�WKH�SUREOHPV�
RI�WKH�PHFKDQLFV�RI�FRPSRVLWH�PDWHULDOV��$V�RQH�RI�WKHVH�VWUXFWXUHV��ZH�
FRQVLGHUHG�D�ORQJ�WKLQ�ZDOOHG�WXEH�RI�HODVWLF�OD\HUV�ZLWK�ULQJ�ILEHUV�RI�D�
PRUH�ULJLG�HODVWLF�PDWHULDO��3LSHV�RI�WKLV�VWUXFWXUH�FDQ�EH�XVHG�WR�FUHDWH�
IOH[LEOH�JDV�DQG�DLU�GXFWV��LQ�RUGHU�WR�WUDQVSRUW�VXEVWDQFHV�LQ�D�VSUD\�IRUP��
WR�FROOHFW�HQYLURQPHQWDOO\�KD]DUGRXV�ZDVWH�

7KH� PRVW� FRPPRQ� DSSURDFK� LQ� WKH� VWXG\� RI� WKH� ERGLHV� RI� D� ILEURXV�
VWUXFWXUH� LV� EDVHG� RQ� WKH� XVH� RI� D�PRGHO� RI� D� SLHFHZLVH�KRPRJHQHRXV�
PHGLXP��ZKHQ�WKH�PDWUL[�DQG�ILEHUV�DUH�FRQVLGHUHG�DV�FRQWDFWLQJ�ERGLHV��
$� QXPHULFDO� VROXWLRQ� RI� WKH� SUREOHP� DFFRUGLQJ� WR� WKLV� PRGHO� RI� WKH�
GHIRUPDWLRQ�RI�D�SLSH�RI�WKUHH�OD\HUV�ZLWK�DQQXODU�VTXDUH�ILEHUV�XQGHU�WKH�
LQIOXHQFH� RI� LQWHUQDO� SUHVVXUH� GXULQJ� ODUJH� GLVSODFHPHQWV� DQG�
GHIRUPDWLRQV�LV�SUHVHQWHG��7KH�SLSH�ZDV�PRGHOHG�DV�DQ�DVVHPEO\�RI�ULQJ�
HOHPHQWV�� 6XFK� HOHPHQWV� DUH� VTXDUH� ULQJV� PDGH� RI� ELQGHU� PDWHULDO��
LQFOXGLQJ� ULQJ� ILEHUV� DV� WKHLU� UHLQIRUFLQJ� FRUH�� 7KH� SLSH� GHVLJQ� ZDV�
DFFHSWHG�DV�D� ORQJ�F\OLQGULFDO� VKHOO��ZKLFK� LV�D[LDOO\�GHIRUPDEOH�ZKHQ�
ORDGHG�ZLWK�SUHVVXUH��ZKHQ�WKH�H[WUHPH�DQG�FHQWUDO�VHFWLRQV�RI�WKH�ULQJ�
HOHPHQWV�PRYH�LQ�WKH�SODQHV�RI�WKHLU�RULJLQDO�SRVLWLRQ�

7KH�ERXQGDU\�SUREOHP�IRU�DVVHPEOLQJ�WKH�ULQJ�HOHPHQWV�RI�WKH�VKHOO�ZDV�
IRUPXODWHG� RQ� WKH� EDVLV� RI� WKH� HTXDWLRQV� RI� WKH� QRQOLQHDU� WKHRU\� RI�
HODVWLFLW\�IRU�WKH�PDWUL[�DQG�WKH�ILEHUV�LQ�LW��7KH�SUREOHP�ZDV�VROYHG�XVLQJ�
WKH�ILQLWH�GLIIHUHQFH�PHWKRG��ILUVW�RUGHU�GHULYDWLYHV�RI�WKH�PDLQ�TXDQWLWLHV�
ZLWK�UHVSHFW�WR�WKH�D[LDO�DQG�UDGLDO�FRRUGLQDWHV��DQG�DSSUR[LPDWHG�XVLQJ�
VHFRQG�RUGHU� ILQLWH�GLIIHUHQFH� UHODWLRQV�� 7KH� GLVFUHWH� DQDORJXH� RI� WKH�
SUREOHP�ZDV�VROYHG�RQ�WKH�EDVLV�RI�WKH�1HZWRQ�PHWKRG�SURFHGXUH��7KH�
XQLTXHQHVV�RI�WKH�VROXWLRQ�RI�WKH�ERXQGDU\�YDOXH�SUREOHP�ZDV�HQVXUHG�E\�
WKH�FRQWLQXDWLRQ�RI�WKH�SUHVVXUH�VROXWLRQ�LQ�WKH�SLSH��$V�D�UHVXOW�RI�VROYLQJ�
WKH�ERXQGDU\�YDOXH�SUREOHP�DW�D�ILQLWH SUHVVXUH�YDOXH��WKH�QRGDO�YDOXHV�RI�
GLVSODFHPHQWV�� VWUDLQV�� DQG�VWUHVVHV� IRU� WKH�PDWUL[� ���DQG� ILEHUV� ���ZHUH�
GHWHUPLQHG�

7KH�ERXQGDU\�VXUIDFHV�RI�WKH�SLSH�DFTXLUH�D�ZDYH�OLNH�VKDSH��FRUUXJDWHG��
ZLWK�D�SHULRG�DORQJ�WKH�JHQHUDWUL[�HTXDO�WR�WKH�UHLQIRUFHPHQW�SHULRG��$U�
URZV�RI�GHIOHFWLRQ��GRXEOH�DPSOLWXGHV�RI�ZDYH�IRUPDWLRQ��LQ�WKH�LQQHU�DQG�
RXWHU�VXUIDFHV�RI�WKH�SLSH�DUH�QRW�YHU\�GLIIHUHQW�IURP�HDFK�RWKHU��7KH�PLG�
GOH� VXUIDFH�RI� WKH�SLSH�� GXH� WR� LWV� WKLQ�ZDOOHG� VWDWH�� UHPDLQV� LQ� WKH�GH�
IRUPHG�FRQILJXUDWLRQ�DOPRVW�F\OLQGULFDO��ZKHQ� LWV�GHIOHFWLRQV�DUH� VPDOO�
FRPSDUHG�WR�WKH�GHIOHFWLRQV�LQ�WKH�ERXQGDU\�VXUIDFHV��7KH�PDWUL[�PDWHULDO�
LV�H[WUXGHG�IURP�WKH�UHJLRQV�RI�WKH�ILEHU�PDWUL[�OD\HU�EHWZHHQ�WKH�ILEHUV�
LQWR�WKH�UHJLRQ�RI�WKH�PDWUL[�OD\HU��7KH�ERXQGLQJ�F\OLQGULFDO�VXUIDFHV�RI�
WKH�DQQXODU�ILEHUV�LQ�WKH�GHIRUPDEOH�SLSH�EHFRPH�FRQYH[��DQG�WKHLU�HQG�
VXUIDFHV�EHFRPH�FRQFDYH�
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ȼɜɟɞɟɧɢɟ� Ɉɬɦɟɬɢɦ� ɦɨɧɨɝɪɚɮɢɸ� >�@��
ɝɞɟ� ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɛɟɡɦɨɦɟɧɬɧɚɹ� ɰɢɥɢɧ�
ɞɪɢɱɟɫɤɚɹ� ɨɛɨɥɨɱɤɚ� �ɬɪɭɛɚ��� ɨɞɧɨɧɚɩɪɚɜ�
ɥɟɧɧɨ� ɚɪɦɢɪɨɜɚɧɧɚɹ� ɜɨɥɨɤɧɚɦɢ�� ɧɚ� ɨɫɧɨɜɟ�
ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɷɮɮɟɤɬɢɜɧɵɯ�ɦɨɞɭɥɟɣ�ɟɟ�ɦɚ�
ɬɟɪɢɚɥɚ��ȼ� >�@� ɢɡɭɱɚɸɬɫɹ� ɞɜɭɯ� ɢ� ɱɟɬɵɪɟɯ�
ɫɥɨɣɧɵɟ�ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ�ɨɛɨɥɨɱɤɢ�ɫ�ɩɟɪɟ�
ɤɪɟɫɬɧɵɦ� ɪɚɫɩɨɥɨɠɟɧɢɟɦ� ɜ� ɧɢɯ� ɜɨɥɨɤɨɧ��
Ɇɚɬɟɪɢɚɥ� ɤɚɠɞɨɝɨ� ɢɡ� ɫɥɨɟɜ� ɭɱɢɬɵɜɚɟɬɫɹ�
ɬɚɤɠɟ� ɫ� ɩɨɦɨɳɶɸ� ɟɝɨ� ɷɮɮɟɤɬɢɜɧɵɯ� ɦɨɞɭ�
ɥɟɣ�� Ɉɫɧɨɜɧɨɣ� ɦɚɬɟɪɢɚɥ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�
ɨɛɨɥɨɱɤɢ�� ɚɪɦɢɪɨɜɚɧɧɨɣ� ɩɨ� ɩɟɪɟɤɪɟɫɬɧɨɣ�
ɫɯɟɦɟ� ɦɚɥɨɪɚɫɬɹɠɢɦɵɦɢ� ɜɨɥɨɤɧɚɦɢ�� ɪɚɫ�
ɫɦɚɬɪɢɜɚɟɬɫɹ� ɤɚɤ�ɮɢɡɢɱɟɫɤɢ�ɧɟɥɢɧɟɣɧɵɣ�ɜ�
>�@��ȼ�>����@�ɢɫɫɥɟɞɭɟɬɫɹ�ɚɪɬɟɪɢɹ�ɤɚɤ�ɰɢɥɢɧ�
ɞɪɢɱɟɫɤɚɹ�ɬɪɭɛɚ�ɢɡ�ɞɜɭɯ�ɫɥɨɟɜ�ɩɪɢ�ɛɨɥɶɲɢɯ�
ɞɟɮɨɪɦɚɰɢɹɯ��ɜ�ɤɨɬɨɪɵɯ�ɚɪɦɢɪɭɸɳɢɦɢ�ɷɥɟ�
ɦɟɧɬɚɦɢ� ɹɜɥɹɸɬɫɹ� ɤɨɥɥɚɝɟɧɨɜɵɟ� ɜɨɥɨɤɧɚ��
Ʉɨɧɤɪɟɬɧɵɣ�ɜɢɞ�ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ�ɡɚɤɨɧɚ�ɩɪɢ�
ɧɟɥɢɧɟɣɧɨ�ɭɩɪɭɝɨɦ� ɩɨɜɟɞɟɧɢɢ� ɬɪɟɛɭɟɬ�
ɬɨɥɶɤɨ� ɬɪɢ� ɦɚɬɟɪɢɚɥɶɧɵɟ� ɤɨɧɫɬɚɧɬɵ� ɞɥɹ�
ɤɚɠɞɨɝɨ�ɢɡ�ɫɥɨɟɜ��ɱɬɨɛɵ�ɭɱɟɫɬɶ�ɫɨɜɦɟɫɬɧɭɸ�
ɪɟɚɤɰɢɸ�ɫɬɟɧɤɢ�ɫɨɫɭɞɚ�ɧɚ�ɜɨɡɞɟɣɫɬɜɢɟ�ɨɫɟ�
ɜɨɝɨ�ɪɚɫɬɹɠɟɧɢɹ��ɞɚɜɥɟɧɢɹ�ɢ�ɤɪɭɱɟɧɢɹ�

ȼ�ɭɤɚɡɚɧɧɵɯ�ɪɚɛɨɬɚɯ�ɡɚɞɚɱɢ�ɨ�ɞɟɮɨɪɦɢ�
ɪɨɜɚɧɢɢ� ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ� ɨɛɨɥɨɱɟɤ� ɪɟɲɚ�
ɸɬɫɹ�ɧɚ�ɨɫɧɨɜɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɦɚɬɟɪɢɚɥɚ�ɫ�
ɢɫɯɨɞɧɵɦ�ɫɬɪɨɟɧɢɟɦ�ɤɚɤ�ɨɞɧɨɪɨɞɧɨɝɨ�ɚɧɢ�
ɡɨɬɪɨɩɧɨɝɨ�ɫ�ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢ�ɷɤɜɢɜɚɥɟɧɬ�
ɧɵɦɢ�ɦɟɯɚɧɢɱɟɫɤɢɦɢ�ɫɜɨɣɫɬɜɚɦɢ��ɉɪɟɢɦɭ�
ɳɟɫɬɜɨ�ɩɨɞɯɨɞɚ�ɜ�ɬɨɦ��ɱɬɨ�ɞɥɹ�ɟɝɨ�ɤɨɦɩɶɸ�
ɬɟɪɧɨɣ�ɪɟɚɥɢɡɚɰɢɢ�ɬɪɟɛɭɸɬɫɹ�ɫɪɚɜɧɢɬɟɥɶɧɨ�
ɧɟɛɨɥɶɲɢɟ� ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ� ɪɟɫɭɪɫɵ�� Ɉɞ�
ɧɚɤɨ�ɧɚ�ɟɝɨ�ɨɫɧɨɜɟ�ɧɟ�ɜɵɹɜɥɹɸɬɫɹ�ɜɧɭɬɪɟɧ�
ɧɢɟ�ɩɨɥɹ� ɜ�ɦɚɬɪɢɰɟ�ɢ�ɜɨɥɨɤɧɚɯ�ɦɚɬɟɪɢɚɥɚ��
ɚɧɚɥɢɡ� ɪɚɡɪɭɲɟɧɢɹ� ɦɚɬɟɪɢɚɥɚ� ɦɨɠɟɬ� ɛɵɬɶ�
ɥɢɲɶ�ɱɚɫɬɢɱɧɵɦ�

ɇɚɢɛɨɥɟɟ�ɨɛɳɢɣ�ɩɨɞɯɨɞ�ɜ�ɢɫɫɥɟɞɨɜɚɧɢɢ�
ɬɟɥ�ɜɨɥɨɤɧɢɫɬɨɝɨ�ɫɬɪɨɟɧɢɹ�ɨɫɧɨɜɵɜɚɟɬɫɹ�ɧɚ�
ɩɪɢɦɟɧɟɧɢɢ� ɦɨɞɟɥɢ� ɤɭɫɨɱɧɨ�ɨɞɧɨɪɨɞɧɨɣ�
ɫɪɟɞɵ��Ɇɚɬɪɢɰɚ�ɢ�ɜɨɥɨɤɧɚ�ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ�
ɤɚɤ� ɤɨɧɬɚɤɬɧɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ� ɬɟɥɚ�ɧɚ�
ɨɫɧɨɜɟ� ɭɪɚɜɧɟɧɢɣ� ɦɟɯɚɧɢɤɢ� ɞɟɮɨɪɦɢɪɨɜɚ�
ɧɢɹ� ɫ� ɜɵɹɜɥɟɧɢɟɦ� ɜɧɭɬɪɟɧɧɢɯ� ɩɨɥɟɣ� ɞɥɹ�
ɤɨɦɩɨɡɢɬɧɨɣ�ɫɬɪɭɤɬɭɪɵ��ȼ�ɫɢɥɭ�ɨɝɪɚɧɢɱɟɧ�
ɧɨɫɬɢ�ɪɟɫɭɪɫɨɜ�ɞɚɧɧɵɣ�ɩɨɞɯɨɞ�ɦɨɠɧɨ�ɩɪɢ�
ɦɟɧɢɬɶ�ɥɢɲɶ�ɞɥɹ�ɫɪɚɜɧɢɬɟɥɶɧɨ�ɧɟɛɨɥɶɲɨɝɨ�
ɩɟɪɟɱɧɹ�ɬɟɥ��ɜ�ɨɫɧɨɜɧɨɦ�ɨɞɧɨɧɚɩɪɚɜɥɟɧɨ�ɚɪ�
ɦɢɪɨɜɚɧɧɵɯ��ȼ�ɧɚɫɬɨɹɳɟɣ�ɪɚɛɨɬɟ�ɩɪɟɞɫɬɚɜ�
ɥɹɟɦ�ɪɟɡɭɥɶɬɚɬɵ�ɱɢɫɥɟɧɧɨɝɨ�ɪɟɲɟɧɢɹ�ɩɨ�ɦɨ�
ɞɟɥɢ� ɤɭɫɨɱɧɨ�ɨɞɧɨɪɨɞɧɨɣ� ɫɪɟɞɵ� ɡɚɞɚɱɢ� ɨ�

ɪɚɡɞɭɜɚɧɢɢ� ɬɪɭɛɵ� ɢɡ� ɬɪɟɯ� ɫɥɨɟɜ� ɫ� ɤɨɥɶɰɟ�
ɜɵɦɢ� ɜɨɥɨɤɧɚɦɢ� ɤɜɚɞɪɚɬɧɨɝɨ� ɫɟɱɟɧɢɹ� ɩɪɢ�
ɛɨɥɶɲɢɯ�ɩɟɪɟɦɟɳɟɧɢɹɯ�ɢ�ɞɟɮɨɪɦɚɰɢɹɯ�

���ɉɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɢ� ɂɫɫɥɟɞɨɜɚɥɢ�ɞɟ�
ɮɨɪɦɢɪɨɜɚɧɢɟ� ɷɥɚɫɬɢɱɧɨɣ� ɬɨɧɤɨɫɬɟɧɧɨɣ�
ɬɪɭɛɵ�� ɚɪɦɢɪɨɜɚɧɧɨɣ� ɤɨɥɶɰɟɜɵɦɢ� ɜɨɥɨɤ�
ɧɚɦɢ��ɩɨɞ�ɜɨɡɞɟɣɫɬɜɢɟɦ�ɜɧɭɬɪɟɧɧɟɝɨ�ɞɚɜɥɟ�
ɧɢɹ��ɉɪɢɦɟɧɹɸɬɫɹ�ɜɨɥɨɤɧɚ�ɤɜɚɞɪɚɬɧɨɝɨ�ɫɟ�
ɱɟɧɢɹ�ɢɡ�ɛɨɥɟɟ�ɠɟɫɬɤɨɝɨ�ɦɚɬɟɪɢɚɥɚ�ɩɨ�ɫɪɚɜ�
ɧɟɧɢɸ�ɫ�ɦɚɬɟɪɢɚɥɨɦ�ɦɚɬɪɢɰɵ��ɫɜɹɡɭɸɳɟɝɨ���
ɤɨɬɨɪɵɟ�ɪɚɫɩɨɥɚɝɚɸɬɫɹ�ɜ�ɦɚɬɪɢɰɟ�ɩɨ�ɫɯɟɦɟ�
ɤɜɚɞɪɚɬɧɨɣ� ɭɩɚɤɨɜɤɢ�� ɇɚ� ɪɢɫ��� ɩɨɤɚɡɚɧɚ�
ɤɨɧɮɢɝɭɪɚɰɢɹ�ɨɫɟɜɨɝɨ�ɫɟɱɟɧɢɹ�ɬɪɭɛɵ�ɜ�ɧɟ�
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ� ɫɨɫɬɨɹɧɢɢ�� Ɍɪɭɛɚ� ɜɤɥɸ�
ɱɚɟɬ� ɬɪɢ� ɫɥɨɹ� ɬɨɥɳɢɧɨɣ� K ɫ� ɜɨɥɨɤɧɚɦɢ� ɜ�
ɧɢɯ��ɞɥɢɧɚ�ɫɬɨɪɨɧ�ɤɜɚɞɪɚɬɧɨɝɨ�ɫɟɱɟɧɢɹ�ɤɨ�
ɬɨɪɵɯ� G �� ȼɧɭɬɪɟɧɧɢɣ� ɪɚɞɢɭɫ� ɨɛɨɥɨɱɤɢ�

DU  ��ɜɧɟɲɧɢɣ�ɪɚɞɢɭɫ� KDEU ��  �

Ɋɢɫ���� Ɉɫɟɜɨɟ�ɫɟɱɟɧɢɟ�ɬɪɟɯɫɥɨɣɧɨɣ�ɬɪɭɛɵ�ɫ�
ɤɨɥɶɰɟɜɵɦɢ�ɜɨɥɨɤɧɚɦɢ�ɜ�ɢɫɯɨɞɧɨɦ�ɫɨɫɬɨɹɧɢɢ��

��± ɜɨɥɨɤɧɨ�ɤɜɚɞɪɚɬɧɨɝɨ�ɫɟɱɟɧɢɹ��
��± ɤɨɥɶɰɟɜɨɣ�ɷɥɟɦɟɧɬ��

��± ɩɨɥɨɜɢɧɚ�ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ�ɫɛɨɪɤɢ�ɤɨɥɶɰɟɜɵɯ�
ɷɥɟɦɟɧɬɨɜ�ɫɩɪɚɜɚ�ɨɬ�ɰɟɧɬɪɚɥɶɧɨɝɨ�ɫɟɱɟɧɢɹ

Ɍɪɭɛɭ�ɦɨɞɟɥɢɪɨɜɚɥɢ�ɤɚɤ�ɫɛɨɪɤɭ�ɤɨɥɶɰɟ�
ɜɵɯ� ɷɥɟɦɟɧɬɨɜ�� Ɍɚɤɢɟ� ɷɥɟɦɟɧɬɵ� ɩɪɟɞɫɬɚɜ�
ɥɹɸɬ� ɫɨɛɨɣ� ɤɨɥɶɰɚ� ɤɜɚɞɪɚɬɧɨɝɨ� ɫɟɱɟɧɢɹ�

KKu ɢɡ� ɫɜɹɡɭɸɳɟɝɨ� ɦɚɬɟɪɢɚɥɚ�� ɜɤɥɸɱɚɸ�
ɳɢɟ�ɤɨɥɶɰɟɜɵɟ�ɜɨɥɨɤɧɚ��ɜ�ɤɚɱɟɫɬɜɟ�ɢɯ�ɚɪɦɢ�
ɪɭɸɳɟɣ�ɫɟɪɞɰɟɜɢɧɵ��ɉɪɢɧɢɦɚɥɢ�ɪɚɫɱɟɬɧɭɸ�
ɫɯɟɦɭ� ɬɪɭɛɵ� ɤɚɤ� ɞɥɢɧɧɨɣ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ�
ɨɛɨɥɨɱɤɢ��ɨɫɟɫɢɦɦɟɬɪɢɱɧɨ�ɞɟɮɨɪɦɢɪɭɟɦɨɣ�
ɩɪɢ�ɧɚɝɪɭɠɟɧɢɢ�ɞɚɜɥɟɧɢɟɦ��ɤɨɝɞɚ�ɤɪɚɣɧɢɟ�ɢ�
ɰɟɧɬɪɚɥɶɧɵɟ�ɫɟɱɟɧɢɹ�ɤɨɥɶɰɟɜɵɯ�ɷɥɟɦɟɧɬɨɜ�
ɩɟɪɟɦɟɳɚɸɬɫɹ� ɜ� ɩɥɨɫɤɨɫɬɹɯ� ɫɜɨɟɝɨ� ɢɫɯɨɞ�
ɧɨɝɨ�ɩɨɥɨɠɟɧɢɹ��Ɂɚɞɚɱɭ�ɜ�ɫɢɥɭ�ɭɫɥɨɜɢɣ�ɫɢɦ�
ɦɟɬɪɢɢ� ɪɟɲɚɥɢ� ɞɥɹ� ɩɪɚɜɨɣ� ɩɨɥɨɜɢɧɵ� ɤɨɧ�
ɰɟɧɬɪɢɱɟɫɤɨɣ�ɫɛɨɪɤɢ�ɢɡ�ɬɪɟɯ�ɤɨɥɶɰɟɜɵɯ�ɷɥɟ�
ɦɟɧɬɨɜ�� ɜɤɥɸɱɚɸɳɟɣ� ɩɨ� ɨɞɧɨɦɭ� ɷɥɟɦɟɧɬɭ�
ɨɬ�ɤɚɠɞɨɝɨ�ɫɥɨɹ��Ɍɚɤɨɣ�ɩɨɥɨɜɢɧɧɵɣ�ɫɥɨɣ�ɡɚ�
ɤɥɸɱɟɧ� ɦɟɠɞɭ� ɰɟɧɬɪɚɥɶɧɵɦ� ɩɨɩɟɪɟɱɧɵɦ�
ɫɟɱɟɧɢɟɦ��ɜ�ɤɨɬɨɪɨɦ�ɪɚɫɩɨɥɚɝɚɸɬɫɹ�ɨɫɟɜɵɟ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɥɢɧɢɢ�ɜɨɥɨɤɨɧ�ɜ�ɫɛɨɪɤɟ��ɢ�ɤɪɚɣɧɟɣ�ɩɨɜɟɪɯ�
ɧɨɫɬɶɸ� ɫɛɨɪɤɢ�� ɹɜɥɹɸɳɟɣɫɹ� ɰɟɧɬɪɚɥɶɧɵɦ�
ɫɟɱɟɧɢɟɦ�ɞɥɹ�ɦɚɬɪɢɱɧɨɝɨ�ɫɥɨɹ�ɦɟɠɞɭ�ɞɜɭɦɹ�
ɫɦɟɠɧɵɦɢ�ɪɹɞɚɦɢ�ɜɨɥɨɤɨɧ� ɫ�ɤɨɧɰɟɧɬɪɢɱɟ�
ɫɤɢɦ�ɪɚɫɩɨɥɨɠɟɧɢɟɦ��ɫɦ��ɬɚɤɠɟ�ɪɢɫ����ɚ���

ɉɪɢɦɟɧɹɥɢ� ɫɢɫɬɟɦɭ� ɦɚɬɟɪɢɚɥɶɧɵɯ� ɰɢ�

ɥɢɧɞɪɢɱɟɫɤɢɯ�ɤɨɨɪɞɢɧɚɬ� �Ö �T �Ö �T �ÖT ��ɤɨɬɨ�
ɪɵɟ�ɜ�ɨɬɫɱɟɬɧɨɣ�ɤɨɧɮɢɝɭɪɚɰɢɢ�ɬɪɭɛɵ�ɨɛɨ�
ɡɧɚɱɚɟɦ�ɤɚɤ� �W �M U ± ɨɫɟɜɚɹ��ɨɤɪɭɠɧɚɹ�ɢ�ɪɚ�
ɞɢɚɥɶɧɚɹ�ɤɨɨɪɞɢɧɚɬɵ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��Ɉɫɟ�
ɜɭɸ�ɤɨɨɪɞɢɧɚɬɭ� W ɨɬɫɱɢɬɵɜɚɟɦ�ɨɬ�ɰɟɧɬɪɚɥɶ�
ɧɨɝɨ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɫɛɨɪɤɢ��ɇɚɪɹɞɭ�ɫ�
ɪɚɞɢɚɥɶɧɨɣ�ɤɨɨɪɞɢɧɚɬɨɣ�U ɩɪɢɦɟɧɹɥɢ�ɤɨɨɪ�
ɞɢɧɚɬɭ� DU] � ��ɨɬɦɟɪɹɟɦɭɸ�ɨɬ�ɜɧɭɬɪɟɧɧɟɣ�
ɩɨɜɟɪɯɧɨɫɬɢ� ɬɪɭɛɵ�� Ɏɢɡɢɱɟɫɤɢɟ� ɤɨɦɩɨ�
ɧɟɧɬɵ�ɜɟɤɬɨɪɧɵɯ�ɢ�ɬɟɧɡɨɪɧɵɯ�ɜɟɥɢɱɢɧ�ɫɨ�
ɩɪɨɜɨɠɞɚɟɦ�ɤɨɨɪɞɢɧɚɬɧɵɦɢ�ɢɧɞɟɤɫɚɦɢ��ɡɚ�
ɤɥɸɱɟɧɧɵɦɢ�ɜ�ɤɪɭɝɥɵɟ�ɫɤɨɛɤɢ�

ȼɟɥɢɱɢɧɵ��ɨɬɧɨɫɹɳɢɟɫɹ�ɤ�ɦɚɬɪɢɰɟ�ɢ�ɜɨ�
ɥɨɤɧɚɦ�� ɨɬɦɟɱɚɟɦ� ɢɧɞɟɤɫɨɦ� Q �� Ɂɧɚɱɟɧɢɟ�

� Q ɨɬɜɟɱɚɟɬ�ɦɚɬɪɢɰɟ��ɡɧɚɱɟɧɢɹ� ����� Q
ɭɤɚɡɵɜɚɸɬ� ɧɚ� ɜɨɥɨɤɧɚ� ɢ� ɜɤɥɸɱɚɸɳɢɟ� ɢɯ�
ɤɨɥɶɰɟɜɵɟ�ɷɥɟɦɟɧɬɵ�ɢɡ�ɫɨɫɬɚɜɚ�ɫɛɨɪɤɢ��ɞɥɹ�
ɤɨɬɨɪɨɣ� ɪɟɲɚɟɬɫɹ� ɤɪɚɟɜɚɹ� ɡɚɞɚɱɚ�� ɧɭɦɟɪɚ�
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Ʉɨɦɩɨɧɟɧɬɵ� � �LM-V ɫɢɦɦɟɬɪɢɱɧɨɝɨ�ɬɟɧ�

ɡɨɪɚ�ɧɚɩɪɹɠɟɧɢɣ��ɜɵɪɚɠɚɸɬɫɹ�ɱɟɪɟɡ�ɤɨɦɩɨ�

ɧɟɧɬɵ� LMS ɜɟɤɬɨɪɨɜ�ɧɚɩɪɹɠɟɧɢɣ�ɧɚ� ÖLT ± ɤɨ�

ɨɪɞɢɧɚɬɧɵɯ� ɩɨɜɟɪɯɧɨɫɬɹɯ�� ɨɬɧɟɫɟɧɧɵɯ� ɤ�
ɧɨɪɦɢɪɨɜɚɧɧɨɦɭ� ɜɟɤɬɨɪɧɨɦɭ� ɛɚɡɢɫɭ� ɫɢ�
ɫɬɟɦɵ� ɤɨɨɪɞɢɧɚɬ� ɜ� ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ� ɤɨɧ�
ɮɢɝɭɪɚɰɢɢ�ɰɢɥɢɧɞɪɚ��ɩɨ�ɮɨɪɦɭɥɚɦ�>�@�
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�ɢɧɞɟɤɫ� ©Q ª�ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ�ɦɚɬɪɢɰɟ�ɢɥɢ�
ɜɨɥɨɤɧɭ�ɨɩɭɫɤɚɟɦ��

�� ɉɨɫɬɪɨɟɧɢɟ� ɱɢɫɥɟɧɧɨɝɨ� ɪɟɲɟɧɢɹ�
ɡɚɞɚɱɢ� Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ� ɭɪɚɜɧɟɧɢɹ� �������
ɮɢɡɢɱɟɫɤɢɟ� ɭɪɚɜɧɟɧɢɹ� ������ ɢ� ɭɪɚɜɧɟɧɢɹ�
ɪɚɜɧɨɜɟɫɢɹ� ������ ɜɦɟɫɬɟ� ɫ� ������� ������ ɹɜɥɹ�
ɸɬɫɹ�ɪɚɡɪɟɲɚɸɳɢɦɢ�ɭɪɚɜɧɟɧɢɹɦɢ�ɤɪɚɟɜɨɣ�
ɡɚɞɚɱɢ�ɞɥɹ�ɬɪɭɛɵ�ɤɚɤ�ɤɭɫɨɱɧɨ�ɨɞɧɨɪɨɞɧɨɝɨ�
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ɧɢɣ� ����QW ɜɵɪɚɠɚɥɢ�ɱɟɪɟɡ� ɨɫɧɨɜɧɵɟ� ɜɟɥɢ�

ɱɢɧɵ�ɫ�ɩɨɦɨɳɶɸ��������������ɢ �������
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ɩɟɪɟɦɟɳɟɧɢɣ�ɜ�ɩɨɜɟɪɯɧɨɫɬɹɯ� � W ɢ� �W K 
ɢ� ɩɨɩɟɪɟɱɧɵɯ� ɫɞɜɢɝɨɜ� ɢɡ� ɷɬɢɯ� ɩɨɜɟɪɯɧɨ�
ɫɬɟɣ�
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Ⱦɥɹ�ɜɧɭɬɪɟɧɧɟɣ�ɩɨɜɟɪɯɧɨɫɬɢ� DU  ɩɨɞ�

ɜɨɡɞɟɣɫɬɜɢɟɦ� ɞɚɜɥɟɧɢɹ� S �� ɤɚɤ� ɫɥɟɞɹɳɟɣ�
ɧɚɝɪɭɡɤɢ�� ɤɨɦɩɨɧɟɧɬɵ� ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ�
ɬɟɧɡɨɪɚ� ɉɢɨɥɚ±Ʉɢɪɯɝɨɮɮɚ� ������ ɜɵɪɚɠɚɥɢ�
ɱɟɪɟɡ� ɤɨɦɩɨɧɟɧɬɵ� ɫɢɦɦɟɬɪɢɱɧɨɝɨ� ɬɟɧɡɨɪɚ�
������ɢ�ɢɫɩɨɥɶɡɨɜɚɥɢ�ɫɜɹɡɶ�ɩɨɫɥɟɞɧɢɯ�������ɫ�
ɤɨɦɩɨɧɟɧɬɚɦɢ� ɜɟɤɬɨɪɚ� ɧɚɩɪɹɠɟɧɢɣ� ɜ� ɩɨ�
ɜɟɪɯɧɨɫɬɢ�� ɉɪɢ� ɫɜɨɛɨɞɧɨɣ� ɨɬ� ɧɚɝɪɭɡɨɤ�
ɜɧɟɲɧɟɣ� ɩɨɜɟɪɯɧɨɫɬɢ� EU  ɧɚɩɪɹɠɟɧɢɹ� ɜ�
ɧɟɣ�ɩɪɢɧɢɦɚɥɢ�ɪɚɜɧɵɦɢ�ɧɭɥɸ��ȼ�ɪɟɡɭɥɶɬɚɬɟ�
ɩɪɢɲɥɢ�ɤ�ɝɪɚɧɢɱɧɵɦ�ɭɫɥɨɜɢɹɦ�ɜɨ�ɜɧɭɬɪɟɧ�
ɧɟɣ�ɢ�ɜɧɟɲɧɟɣ�ɩɨɜɟɪɯɧɨɫɬɹɯ�ɬɪɭɛɵ��ɫɛɨɪɤɢ�
ɛɥɨɤɨɜ���ɤɨɬɨɪɵɟ�ɡɚɩɢɫɵɜɚɟɦ�ɜ�ɜɢɞɟ
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ɝɞɟ� ɢɧɞɟɤɫɨɦ� P ɨɬɦɟɬɢɥɢ� ɨɬɞɟɥɶɧɨ� ɜɟɥɢ�
ɱɢɧɵ�ɜ�ɝɪɚɧɢɱɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɹɯ ɤɚɤ�ɨɬɧɨɫɹ�
ɳɢɟɫɹ�ɤ�ɦɚɬɪɢɰɟ��ɫɜɹɡɭɸɳɟɦɭ��

ɍɫɥɨɜɢɹ� ɫɨɜɦɟɫɬɧɨɝɨ� ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ�
ɡɚɞɚɜɚɥɢ��ɢɫɯɨɞɹ�ɢɡ�ɪɚɜɟɧɫɬɜ�ɤɨɦɩɨɧɟɧɬ�ɜɟɤ�
ɬɨɪɨɜ�ɩɟɪɟɦɟɳɟɧɢɣ�ɢ�ɧɚɩɪɹɠɟɧɢɣ�ɞɥɹ�ɦɚɬ�
ɪɢɰɵ��ɫɜɹɡɭɸɳɟɝɨ��ɢ�ɜɨɥɨɤɨɧ�ɦɟɠɞɭ�ɫɨɛɨɣ�
ɜ�ɝɪɚɧɢɰɚɯ�ɢɯ�ɪɚɡɞɟɥɚ��ɗɬɢ�ɭɫɥɨɜɢɹ�ɩɪɢɜɨ�
ɞɢɦ��ɨɬɦɟɱɚɹ�ɜɟɥɢɱɢɧɵ��ɨɬɧɨɫɹɳɢɟɫɹ�ɤ�ɦɚɬ�
ɪɢɰɟ��ɨɬɞɟɥɶɧɨ�ɢɧɞɟɤɫɨɦ�P ��ȼ�ɰɢɥɢɧɞɪɢɱɟ�
ɫɤɢɯ�ɩɨɜɟɪɯɧɨɫɬɹɯ�ɪɚɡɞɟɥɚ�ɦɚɬɪɢɰɵ�ɫ�Q �ɜɨ�
ɥɨɤɧɨɦ

� � � � � � � �� �� �P QX W U X W U �

� � � � � � � �� �� �P QX W U X W U �

� � � � � � � ��� ��� �P QW W U W W U �

� � � � � � � ��� ��� �P QW W U W W U � �����
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

� �W Gd d ���� � � �] QK K G � � �

� � �] QK K G � � �

����� Q �

ȼ�ɩɨɩɟɪɟɱɧɨɣ�ɩɥɨɫɤɨɫɬɢ� �W G ɪɚɡɞɟɥɚ�
Q �ɜɨɥɨɤɧɚ�ɫ�ɦɚɬɪɢɰɟɣ

� � � � � � � �� �� �P QX W U X W U �

� � � � � � � �� �� �P QX W U X W U �

� � � � � � � ��� ��� �P QW W U W W U �

� � � � � � � ��� ��� �P QW W U W W U � �����

�W G ���� � � � �� �QK K ] QK KG G� � d d � � �

�����Q  �
ɉɪɨɢɡɜɨɞɧɵɟ�ɩɟɪɜɨɝɨ�ɩɨɪɹɞɤɚ�ɨɬ�ɨɫɧɨɜ�

ɧɵɯ�ɜɟɥɢɱɢɧ�ɩɨ�ɨɫɟɜɨɣ�ɢ�ɪɚɞɢɚɥɶɧɨɣ�ɤɨɨɪ�
ɞɢɧɚɬɚɦ� W ɢ� U ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɥɢ� ɫ� ɩɨɦɨ�
ɳɶɸ� ɤɨɧɟɱɧɨ±ɪɚɡɧɨɫɬɧɵɯ� ɫɨɨɬɧɨɲɟɧɢɣ�
ɜɬɨɪɨɝɨ�ɩɨɪɹɞɤɚ�ɬɨɱɧɨɫɬɢ�>�@��ȼɦɟɫɬɟ�ɫ�ɩɪɢ�
ɜɥɟɱɟɧɢɟɦ�ɝɪɚɧɢɱɧɵɯ�ɭɫɥɨɜɢɣ��������������ɢ�
ɭɫɥɨɜɢɣ�ɫɨɜɦɟɫɬɧɨɝɨ�ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ�ɦɚɬ�
ɪɢɰɵ�ɢ�ɜɨɥɨɤɨɧ��������������ɮɨɪɦɢɪɭɟɬɫɹ�ɫɢ�
ɫɬɟɦɚ�ɧɟɥɢɧɟɣɧɵɯ�ɭɪɚɜɧɟɧɢɣ�ɨɬɧɨɫɢɬɟɥɶɧɨ�

ɨɫɧɨɜɧɵɯ�ɜɟɥɢɱɢɧ�ɜ�ɭɡɥɨɜɵɯ�ɬɨɱɤɚɯ�ɞɜɭɦɟɪ�
ɧɨɣ� ɨɛɥɚɫɬɢ� � �W Kd d �� EUD dd �� Ⱦɚɧɧɭɸ�
ɫɢɫɬɟɦɭ�ɭɪɚɜɧɟɧɢɣ�ɪɟɲɚɥɢ�ɧɚ�ɨɫɧɨɜɟ�ɩɪɨɰɟ�
ɞɭɪɵ� ɞɢɫɤɪɟɬɧɨɝɨ� ɦɟɬɨɞɚ� ɇɶɸɬɨɧɚ� >�@��
ȿɞɢɧɫɬɜɟɧɧɨɫɬɶ� ɪɟɲɟɧɢɹ� ɤɪɚɟɜɨɣ� ɡɚɞɚɱɢ�
ɨɛɟɫɩɟɱɢɜɚɥɢ�ɧɚ�ɨɫɧɨɜɟ�ɩɪɨɞɨɥɠɟɧɢɹ�ɪɟɲɟ�
ɧɢɹ�ɩɨ�ɞɚɜɥɟɧɢɸ� S ɜ�ɬɪɭɛɟ��ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɟ�
ɲɟɧɢɹ�ɤɪɚɟɜɨɣ�ɡɚɞɚɱɢ�ɩɪɢ�ɤɨɧɟɱɧɨɦ�ɡɧɚɱɟ�
ɧɢɢ�ɞɚɜɥɟɧɢɹ�ɫ�ɩɪɢɜɥɟɱɟɧɢɟɦ�������ɨɩɪɟɞɟ�
ɥɹɥɢ� ɭɡɥɨɜɵɟ� ɡɧɚɱɟɧɢɹ� ɩɟɪɟɦɟɳɟɧɢɣ� � �Q LX ��

ɞɟɮɨɪɦɚɰɢɣ� QLO �� QLMZ ɢ�ɧɚɩɪɹɠɟɧɢɣ� QLMS ɞɥɹ�

ɦɚɬɪɢɰɵ�� � Q ��ɢ�ɜɨɥɨɤɨɧ�� ����� Q ��

���Ɋɟɡɭɥɶɬɚɬɵ�ɱɢɫɥɟɧɧɨɝɨ�ɢɫɫɥɟɞɨɜɚ�
ɧɢɹ� Ɋɟɡɭɥɶɬɚɬɵ�ɱɢɫɥɟɧɧɨɝɨ�ɪɟɲɟɧɢɹ�ɩɪɟɞ�
ɫɬɚɜɥɹɟɦ�ɞɥɹ�ɬɪɭɛɵ��ɜɧɭɬɪɟɧɧɢɣ�ɪɚɞɢɭɫ�ɤɨ�
ɬɨɪɨɣ� ��� D ɦɦ�� ɜɧɟɲɧɢɣ� ɪɚɞɢɭɫ�

����  � KDE ɦɦ� �ɫɦ�� ɪɢɫ�� ���� ȼɨɥɨɤɧɚ� ɜ�
ɧɟɣ� ɤɜɚɞɪɚɬɧɨɝɨ� ɫɟɱɟɧɢɹ� GG u ɫ� ɞɥɢɧɨɣ�
ɫɬɨɪɨɧɵ� ɫɟɱɟɧɢɹ� ��� G ɦɦ��Ʉɨɷɮɮɢɰɢɟɧɬ�

ɚɪɦɢɪɨɜɚɧɢɹ� ɬɪɭɛɵ� � � ����IN KG  �� Ɏɢ�

ɡɢɱɟɫɤɢɟ�ɭɪɚɜɧɟɧɢɹ�ɞɥɹ�ɦɚɬɟɪɢɚɥɚ�ɦɚɬɪɢɰɵ�
ɫɬɪɨɢɥɢ�� ɢɫɩɨɥɶɡɭɹ� ɩɨɬɟɧɰɢɚɥ� Ʌɟɜɢɧɫɨɧɚ±
Ȼɭɪɠɟɫɚ�>��@�
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ɝɞɟ� �, �� �, �� �, ± ɢɧɜɚɪɢɚɧɬɵ�ɬɟɧɡɨɪɚ�ɦɟɪɵ�ɞɟ�

ɮɨɪɦɚɰɢɢ�Ʉɨɲɢ±Ʌɚɝɪɚɧɠɚ��ɉɚɪɚɦɟɬɪɵ� P( ��

PQ ɯɚɪɚɤɬɟɪɢɡɭɸɬ� ɠɟɫɬɤɨɫɬɶ� ɢ� ɫɠɢɦɚɟ�

ɦɨɫɬɶ� ɦɚɬɟɪɢɚɥɚ� ɦɚɬɪɢɰɵ�� PE ± ɞɨɩɨɥɧɢ�

ɬɟɥɶɧɚɹ� ɤɨɧɫɬɚɧɬɚ� ɦɚɬɟɪɢɚɥɚ�� Ⱦɥɹ� ɦɨɞɭɥɹ�

ɭɩɪɭɝɨɫɬɢ� ɫɜɹɡɭɸɳɟɝɨ� ɩɪɢɧɢɦɚɥɢ�
�P(  Ɇɉɚ�� ɞɥɹ� ɩɚɪɚɦɟɬɪɚ� ɫɠɢɦɚɟɦɨɫɬɢ�

ɩɨɥɚɝɚɥɢ� ����PQ  �� ɩɚɪɚɦɟɬɪ� PE ɫɱɢɬɚɥɢ�

ɪɚɜɧɵɦ� ɟɞɢɧɢɰɟ�� ɉɨɜɟɞɟɧɢɟ� ɦɚɬɟɪɢɚɥɚ�
ɜɨɥɨɤɨɧ� ɦɨɞɟɥɢɪɨɜɚɥɢ� ɩɨɬɟɧɰɢɚɥɨɦ�
Ȼɥɟɣɬɰɚ�>��@
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ɫ�ɦɨɞɭɥɟɦ� ɭɩɪɭɝɨɫɬɢ� ��I(  Ɇɉɚ�ɢ� ɩɚɪɚ�

ɦɟɬɪɨɦ�ɫɠɢɦɚɟɦɨɫɬɢ� ���IQ  �

Ɇɚɬɟɪɢɚɥ�ɦɚɬɪɢɰɵ�ɫ�ɭɤɚɡɚɧɧɵɦɢ�ɩɚɪɚ�
ɦɟɬɪɚɦɢ�ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɦɟɯɚɧɢɱɟɫɤɢɦ�ɫɜɨɣ�
ɫɬɜɚɦ�ɩɨɥɢɭɪɟɬɚɧɨɜɨɝɨ�ɤɚɭɱɭɤɚ��ɚ�ɦɚɬɟɪɢɚɥ�
ɜɨɥɨɤɨɧ�± ɫɜɨɣɫɬɜɚɦ�ɩɨɥɢɭɪɟɬɚɧɨɜɵɯ�ɧɢɬɟɣ�
>��@�

Ɋɟɡɭɥɶɬɚɬɵ� ɩɪɢɜɨɞɢɦ� ɧɚ� ɨɫɧɨɜɟ� ɫɟɬɤɢ�
ɭɡɥɨɜɵɯ� ɬɨɱɟɤ� ɤɨɧɟɱɧɨ�ɪɚɡɧɨɫɬɧɨɣ� ɫɯɟɦɵ��
ɩɪɢ� ɤɨɬɨɪɨɣ� ɧɚ� ɨɫɟɜɵɯ� ɨɬɪɟɡɤɚɯ�

���ɦɦ� dd W ɦɦ�ɢ����ɦɦ ���dd W ɦɦ�ɩɨ�ɫɟɦɶ�
ɪɚɜɧɨɨɬɫɬɨɹɳɢɯ� ɭɡɥɨɜɵɯ� ɬɨɱɟɤ�� ɚ� ɧɚ� ɪɚɞɢ�
ɚɥɶɧɵɯ� ɨɬɪɟɡɤɚɯ� ɞɥɹ� ɨɛɥɚɫɬɟɣ� ɜɨɥɨɤɨɧ� ɩɨ�
ɬɪɢɧɚɞɰɚɬɶ�ɢ� ɨɛɥɚɫɬɟɣ�ɦɚɬɪɢɰɵ�ɦɟɠɞɭ� ɜɨ�
ɥɨɤɧɚɦɢ�ɩɨ�ɞɟɜɹɬɶ ɭɡɥɨɜɵɯ�ɬɨɱɟɤ��Ɍɨɱɤɢ�ɧɚ�
ɝɪɚɧɢɰɚɯ�ɪɚɡɞɟɥɚ�ɫɜɹɡɭɸɳɟɝɨ�ɫ�ɜɨɥɨɤɧɚɦɢ��
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ɜ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɤɨɦɩɶɸɬɟɪɧɵɦ� ɚɥɝɨɪɢɬ�
ɦɨɦ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ�� ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ� ɤɚɤ�
ɫɞɜɨɟɧɧɵɟ��ɩɪɢɧɚɞɥɟɠɚɳɢɟ�ɪɚɡɧɵɦ�ɤɨɦɩɨ�
ɧɟɧɬɚɦ�ɦɚɬɟɪɢɚɥɚ��ɤɨɨɪɞɢɧɚɬɧɵɟ�ɥɢɧɢɢ��ɨɬ�
ɜɟɱɚɸɳɢɟ�ɞɚɧɧɨɣ�ɫɟɬɤɟ�ɭɡɥɨɜɵɯ�ɬɨɱɟɤ��ɩɨ�
ɤɚɡɚɧɵ�ɧɚ�ɪɢɫ� ����Ɂɚɞɚɱɚ�ɩɪɢ�ɬɚɤɨɣ�ɫɟɬɤɟ�ɭɡ�
ɥɨɜɵɯ�ɬɨɱɟɤ�ɪɟɲɚɥɚɫɶ� ɫ�ɞɨɜɨɥɶɧɨ�ɜɵɫɨɤɨɣ�
ɬɨɱɧɨɫɬɶɸ�� Ɍɚɤ�� ɭɞɜɨɢɜ� ɭɤɚɡɚɧɧɨɟ� ɤɨɥɢɱɟ�
ɫɬɜɨ� ɭɡɥɨɜɵɯ� ɬɨɱɟɤ� ɩɨ� ɤɨɨɪɞɢɧɚɬɧɵɦ�

ɧɚɩɪɚɜɥɟɧɢɹɦ� W ɢ� U �� ɩɪɢɲɥɢ� ɤ� ɡɧɚɱɟɧɢɹɦ�
ɪɚɞɢɚɥɶɧɵɯ�ɩɟɪɟɦɟɳɟɧɢɣ�ɜɨ� ɜɧɭɬɪɟɧɧɟɣ�ɢ�
ɜɧɟɲɧɟɣ�ɩɨɜɟɪɯɧɨɫɬɹɯ�ɬɪɭɛɵ�ɩɪɢ�ɞɚɜɥɟɧɢɢ�
ɜ�ɧɟɣ� ��� S Ɇɉɚ��ɨɬɥɢɱɚɸɳɢɯɫɹ�ɨɬ�ɫɨɨɬ�
ɜɟɬɫɬɜɭɸɳɢɯ� ɡɧɚɱɟɧɢɣ� ɩɪɢ� ɢɫɯɨɞɧɨɣ� ɞɢɫ�
ɤɪɟɬɢɡɚɰɢɢ�ɜ�ɩɪɟɞɟɥɚɯ�������

Ɋɢɫ� �� Ʉɨɧɮɢɝɭɪɚɰɢɢ�ɤɨɧɰɟɧɬɪɢɱɟɤɨɣ�ɫɛɨɪɤɢ�ɢɡ�ɤɨɥɶɰɟɜɵɯ�ɷɥɟɦɟɧɬɨɜ�ɬɪɟɯɫɥɨɣɧɨɣ�ɬɪɭɛɵ�ɫɩɪɚɜɚ�
ɨɬ�ɰɟɧɬɪɚɥɶɧɨɝɨ�ɫɟɱɟɧɢɹ� � W ɦɦ��ɚ�± ɫɛɨɪɤɚ�ɩɪɢ�ɨɬɫɭɬɫɬɜɢɢ�ɞɚɜɥɟɧɢɹ�ɜ�ɬɪɭɛɟ��ɛ��ɜ� ɝ�± ɫɛɨɪɤɚ�ɩɪɢ�

ɞɚɜɥɟɧɢɹɯ�ɜ�ɬɪɭɛɟ� ����� S Ɇɉɚ��������Ɇɉɚ�ɢ�ɩɪɟɞɟɥɶɧɨɦ�ɞɚɜɥɟɧɢɢ�������Ɇɩɚ

ɇɚ�ɪɢɫ����ɢɡɨɛɪɚɠɟɧɵ�ɱɟɬɵɪɟ�ɤɨɧɮɢɝɭ�
ɪɚɰɢɢ� ɨɫɟɜɨɝɨ� ɫɟɱɟɧɢɹ� ɤɨɧɰɟɧɬɪɢɱɟɫɤɨɣ�
ɫɛɨɪɤɢ�ɢɡ��ɪɟɯ ɤɨɥɶɰɟɜɵɯ�ɷɥɟɦɟɧɬɨɜ�ɫɩɪɚɜɚ�
ɨɬ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� � W �� Ʉɨɧɮɢɝɭɪɚ�
ɰɢɢ� ɫɛɨɪɤɢ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɫɟɬɤɚɦɢ� ɦɚɬɟɪɢ�
ɚɥɶɧɵɯ� ɤɨɨɪɞɢɧɚɬɧɵɯ� ɥɢɧɢɣ� LW W �� L] ] ��

ɩɪɨɯɨɞɹɳɢɯ�ɱɟɪɟɡ�ɭɡɥɨɜɵɟ�ɬɨɱɤɢ�� LW �� L] ��ɤɨ�
ɧɟɱɧɨ�ɪɚɡɧɨɫɬɧɨɣ� ɫɯɟɦɵ� ɪɟɲɟɧɢɹ� ɡɚɞɚɱɢ��
Ʉɨɨɪɞɢɧɚɬɧɵɟ� ɥɢɧɢɢ� ɫɬɪɨɢɥɢ� ɩɨ� ɢɧɬɟɪɩɨ�
ɥɹɰɢɨɧɧɵɦ� ɤɭɛɢɱɟɫɤɢɦ� ɫɩɥɚɣɧɚɦ� ɜ� ɩɚɪɚ�
ɦɟɬɪɢɱɟɫɤɨɣ�ɮɨɪɦɟ�>��@��ɉɟɪɜɚɹ�ɤɨɧɮɢɝɭɪɚ�
ɰɢɹ�ɨɬɧɨɫɢɬɫɹ�ɤ�ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ�ɬɪɭɛɟ�
�ɫɛɨɪɤɟ���ɩɪɢɜɟɞɟɧɚ�ɞɥɹ�ɫɨɩɨɫɬɚɜɥɟɧɢɹ�ɫ�ɧɟɣ�

ɨɫɬɚɥɶɧɵɯ�ɬɪɟɯ�ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ�ɤɨɧɮɢɝɭ�
ɪɚɰɢɣ��Ⱦɟɮɨɪɦɢɪɨɜɚɧɧɵɟ�ɤɨɧɮɢɝɭɪɚɰɢɢ�ɧɚ�
ɪɢɫ�� ��� ɛ�ɝ� ɫɨɡɞɚɸɬɫɹ� ɩɪɢ� ɡɧɚɱɟɧɢɹɯ� ɜɧɭɬ�
ɪɟɧɧɟɝɨ� ɞɚɜɥɟɧɢɹ� ����� S Ɇɉɚ��
�����Ɇɉɚ� ɢ� ����� Ɇɉɚ� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��
Ⱦɚɜɥɟɧɢɟ� ����� S Ɇɉɚ��ɧɚɩɨɦɢɧɚɟɦ��ɩɪɟ�
ɞɟɥɶɧɨɟ��ɩɪɢ�ɤɨɬɨɪɨɦ�ɤɨɧɮɢɝɭɪɚɰɢɹ�ɬɪɭɛɵ�
ɧɚɱɢɧɚɟɬ� ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ� ɪɚɡɜɢɜɚɬɶɫɹ� ɞɨ�
ɟɟ� ɪɚɡɪɭɲɟɧɢɹ�� �ȼɨɡɦɨɠɧɨ� ɢɫɫɥɟɞɨɜɚɧɢɟ�
ɞɚɥɶɧɟɣɲɟɝɨ�ɫɬɚɬɢɱɟɫɤɨɝɨ�ɪɚɡɜɢɬɢɹ�ɤɨɧɮɢ�
ɝɭɪɚɰɢɢ�ɬɪɭɛɵ�ɩɪɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ�ɩɚɞɟ�
ɧɢɢ� ɜ� ɧɟɣ� ɞɚɜɥɟɧɢɹ�� Ⱦɥɹ� ɷɬɨɝɨ� ɫɥɟɞɭɟɬ� ɨɬ�
ɩɪɨɞɨɥɠɟɧɢɹ�ɪɟɲɟɧɢɹ�ɩɨ�ɞɚɜɥɟɧɢɸ�ɜɧɭɬɪɢ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɬɪɭɛɵ�ɩɟɪɟɣɬɢ�ɤ�ɩɪɨɞɨɥɠɟɧɢɸ�ɩɨ�ɪɚɞɢɚɥɶ�
ɧɨɦɭ�ɩɟɪɟɦɟɳɟɧɢɸ�ɨɞɧɨɣ�ɢɡ�ɬɨɱɟɤ�ɜ�ɟɟ�ɨɫɟ�
ɜɨɦ�ɫɟɱɟɧɢɢ��ɍɞɨɛɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɩɟɪɟɦɟ�
ɳɟɧɢɟ�ɬɨɱɤɢ��ɭɞɥɢɧɟɧɢɟ�ɪɚɞɢɭɫɚ�ɨɤɪɭɠɧɨ�
ɫɬɢ��ɜɨ�ɜɧɭɬɪɟɧɧɟɣ�ɢɥɢ�ɜɧɟɲɧɟɣ�ɩɨɜɟɪɯɧɨ�
ɫɬɢ� ɬɪɭɛɵ� ɩɨ� ɦɟɫɬɭ� ɰɟɧɬɪɚɥɶɧɨɝɨ� ɫɟɱɟɧɢɹ�

� W ɦɦ��
ɉɥɨɳɚɞɶ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� ɫɛɨɪɤɢ�

ɭɦɟɧɶɲɚɟɬɫɹ�ɜɦɟɫɬɟ�ɫ�ɭɜɟɥɢɱɟɧɢɟɦ�ɟɟ�ɞɢɚ�
ɦɟɬɪɚ� ɩɪɢ� ɜɨɡɪɚɫɬɚɧɢɢ� ɜɧɭɬɪɟɧɧɟɝɨ� ɞɚɜɥɟ�
ɧɢɹ�� ȼɜɢɞɭ� ɬɨɧɤɨɫɬɟɧɧɨɫɬɢ� ɷɥɚɫɬɨɚɪɦɢɪɨ�
ɜɚɧɧɨɣ�ɬɪɭɛɵ�ɤɨɧɮɢɝɭɪɚɰɢɹ�ɟɟ�ɫɬɟɧɤɢ�ɜ�ɞɟ�
ɮɨɪɦɢɪɨɜɚɧɧɨɦ� ɫɨɫɬɨɹɧɢɢ� ɨɫɬɚɟɬɫɹ� ɞɨɫɬɚ�
ɬɨɱɧɨ�ɛɥɢɡɤɨɣ�ɤ�ɰɢɥɢɧɞɪɢɱɟɫɤɢ�ɫɢɦɦɟɬɪɢɱ�
ɧɨɣ� ɨɬɧɨɫɢɬɟɥɶɧɨ� ɫɪɟɞɢɧɧɨɣ� ɰɢɥɢɧɞɪɢɱɟ�
ɫɤɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ� KDU ���� � K] ��� ��

Ɉɝɪɚɧɢɱɢɜɚɸɳɢɟ� ɩɨɜɟɪɯɧɨɫɬɢ� ɬɪɭɛɵ�
ɩɪɢɨɛɪɟɬɚɸɬ�ɜɨɥɧɨɨɛɪɚɡɧɭɸ�ɮɨɪɦɭ��ɝɨɮɪɢ�
ɪɭɸɬɫɹ��ɫ�ɩɟɪɢɨɞɨɦ�ɜɞɨɥɶ�ɨɛɪɚɡɭɸɳɟɣ��ɪɚɜ�
ɧɨɦ�ɩɟɪɢɨɞɭ�ɚɪɦɢɪɨɜɚɧɢɹ�K ��ɋɬɪɟɥɵ�ɩɪɨɝɢ�
ɛɨɜ� �ɞɜɨɣɧɵɟ� ɚɦɩɥɢɬɭɞɵ� ɜɨɥɧɨɨɛɪɚɡɨɜɚ�
ɧɢɹ��ɜɨ�ɜɧɭɬɪɟɧɧɟɣ�ɢ�ɜɧɟɲɧɟɣ�ɩɨɜɟɪɯɧɨɫɬɹɯ�
ɬɪɭɛɵ�� ɨɩɪɟɞɟɥɹɟɦɵɟ� ɤɚɤ� ɪɚɡɧɨɫɬɢ� ɩɨ� ɦɨ�
ɞɭɥɸ�ɩɟɪɟɦɟɳɟɧɢɣ�ɜ�ɞɚɧɧɵɯ�ɩɨɜɟɪɯɧɨɫɬɹɯ�
ɩɨ�ɦɟɫɬɭ�ɰɟɧɬɪɚɥɶɧɨɝɨ� � W ɦɦ�ɢ�ɤɪɚɣɧɟɝɨ�

��� W ɦɦ�ɫɟɱɟɧɢɣ

� � � �� ��� ��
D

W U D W K U D
I X X

    
 � �

� � � �� ��� ��
E

W U E W K U E
I X X

    
 � �

ɧɟ� ɨɱɟɧɶ� ɫɭɳɟɫɬɜɟɧɧɨ� ɨɬɥɢɱɚɸɬɫɹ� ɦɟɠɞɭ
ɫɨɛɨɣ��Ɍɚɤ��ɜ�ɫɥɭɱɚɟ�ɩɪɟɞɟɥɶɧɨɝɨ�ɫɨɫɬɨɹɧɢɹ�
ɩɪɢ� ����� S Ɇɉɚ��ɞɥɹ�ɤɨɬɨɪɨɝɨ�ɩɪɨɝɢɛɵ�ɜ�
ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ� ɩɨɜɟɪɯɧɨɫɬɹɯ� ɧɚɢɛɨɥɶ�
ɲɢɟ�� ������� ������� �����DI  �  ɦɦ� ɢ�

������� ������� �����EI  �  ɦɦ�� ɢɯ� ɪɚɡ�

ɥɢɱɢɟ�ɦɟɠɞɭ�ɫɨɛɨɣ�ɪɚɜɧɨ���������ɨɬɧɨɫɢɦ�ɤ�
ɫɪɟɞɧɟɦɭ� ɡɧɚɱɟɧɢɸ�ɩɪɨɝɢɛɨɜ�ɦɟɠɞɭ� ɫɨɛɨɣ�
� � �D EI I� ��� Ⱦɥɹ� ɤɨɧɮɢɝɭɪɚɰɢɢ� ɩɪɢ�

�����S  Ɇɉɚ� ������ ������DI  �  

����� ɦɦ�� ������ ������ �����EI  �  ɦɦ�

ɫ�ɨɬɥɢɱɢɟɦ�ɦɟɠɞɭ�ɫɨɛɨɣ������
ɋɪɟɞɢɧɧɚɹ�ɩɨɜɟɪɯɧɨɫɬɶ�ɫɛɨɪɤɢ��ɢ�ɬɪɭɛɵ�

ɜ�ɰɟɥɨɦ��ɨɫɬɚɟɬɫɹ�ɜ�ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ�ɤɨɧ�
ɮɢɝɭɪɚɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ� ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ��
ɉɪɨɝɢɛɵ�ɟɟ�ɦɚɥɵ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɩɪɨɝɢɛɚɦɢ�
ɜ� ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ� ɩɨɜɟɪɯɧɨɫɬɹɯ�� ɋɬɪɟɥɚ�
ɩɪɨɝɢɛɚ� ɜ� ɫɪɟɞɢɧɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɪɢ�

����� S Ɇɉɚ

� � � � � � � �� ��� � ���� �W U D E W U D E
I X X

 � �   �
 �

ɪɚɜɧɚ�ɥɢɲɶ
������� ������� �����I  �  ɦɦ�

Ɋɢɫ���� Ɋɚɫɩɪɟɞɟɥɟɧɢɹ�ɤɪɚɬɧɨɫɬɟɣ�ɭɞɥɢɧɟɧɢɣ� �O �����

�O ����� �O ����ɢ�ɤɨɨɪɞɢɧɚɬɧɨɝɨ�ɭɝɥɚ� ��Z ����

ɜ�ɫɪɟɞɢɧɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ� K] ��� ɬɪɟɯɫɥɨɣɧɨɣ�
ɬɪɭɛɵ�ɧɚ�ɩɪɨɬɹɠɟɧɢɢ�ɩɨɥɨɜɢɧɵ�ɫɛɨɪɤɢ�ɤɨɥɶɰɟɜɵɯ�
ɷɥɟɦɟɧɬɨɜ�ɩɪɢ�ɩɪɟɞɟɥɶɧɨɦ�ɞɚɜɥɟɧɢɢ� ����� S Ɇɉɚ

ȼ�ɤɚɱɟɫɬɜɟ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɞɟɮɨɪɦɢɪɨɜɚ�
ɧɢɹ�ɦɚɬɟɪɢɚɥɚ�ɦɚɬɪɢɰɵ�ɨɬɦɟɬɢɦ�ɟɝɨ�ɜɵɞɚɜ�
ɥɢɜɚɧɢɟ�ɢɡ�ɨɛɥɚɫɬɟɣ�ɜɨɥɨɤɨɧɧɨ�ɦɚɬɪɢɱɧɨɝɨ�
ɫɥɨɹ� ɦɟɠɞɭ� ɜɨɥɨɤɧɚɦɢ� ɜ� ɨɛɥɚɫɬɶ� ɦɚɬɪɢɱ�
ɧɨɝɨ� ɫɥɨɹ� Ɉɝɪɚɧɢɱɢɜɚɸɳɢɟ� ɰɢɥɢɧɞɪɢɱɟ�
ɫɤɢɟ�ɩɨɜɟɪɯɧɨɫɬɢ�ɤɨɥɶɰɟɜɵɯ�ɜɨɥɨɤɨɧ�ɜ�ɞɟ�
ɮɨɪɦɢɪɭɟɦɨɣ�ɬɪɭɛɟ�ɫɬɚɧɨɜɹɬɫɹ�ɜɵɩɭɤɥɵɦɢ��
ɚ� ɢɯ� ɬɨɪɰɟɜɵɟ� ɩɨɜɟɪɯɧɨɫɬɢ� ± ɜɨɝɧɭɬɵɦɢ��
ɉɥɨɳɚɞɶ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� ɫɛɨɪɤɢ��
ɪɚɜɧɨ�ɤɚɤ�ɨɫɟɜɨɝɨ�ɫɟɱɟɧɢɹ�ɬɪɭɛɵ��ɜ�ɩɪɟɞɟɥɶ�
ɧɨɦ� ɫɨɫɬɨɹɧɢɢ� ɫɬɚɧɨɜɢɬɫɹ� ɩɪɢɦɟɪɧɨ� ɜ� ����
ɪɚɡɚ�ɦɟɧɶɲɟ��ɱɟɦ�ɜ�ɢɫɯɨɞɧɨɦ��ɉɥɨɳɚɞɶ�ɩɨ�
ɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɜɨɥɨɤɧɚ�ɩɪɢ�ɷɬɨɦ�ɭɦɟɧɶ�
ɲɚɟɬɫɹ�ɜ�����ɪɚɡɚ��ɉɪɢ�ɷɬɨɦ�ɨɛɴɟɦ��ɡɚɧɢɦɚɟ�
ɦɵɣ�ɜ�ɰɟɥɨɦ�ɦɚɬɟɪɢɚɥɨɦ�ɬɪɭɛɵ��ɭɜɟɥɢɱɢɜɚ�
ɟɬɫɹ�ɧɚ�����ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɢɫɯɨɞɧɵɦ�± ɤɚɤ�
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

ɫɥɟɞɫɬɜɢɟ�ɫɠɢɦɚɟɦɨɫɬɢ�ɩɪɢɦɟɧɹɟɦɵɯ�ɜ�ɧɟɣ�
ɦɚɬɟɪɢɚɥɨɜ�ɫɜɹɡɭɸɳɟɝɨ�ɢ�ɜɨɥɨɤɨɧ�

ɇɚ�ɪɢɫ����ɩɪɢɜɟɞɟɧɵ�ɝɪɚɮɢɤɢ�ɪɚɫɩɪɟɞɟ�
ɥɟɧɢɹ� ɥɢɧɟɣɧɵɯ� ɞɟɮɨɪɦɚɰɢɣ� ��O �O �� �O ɢ�

ɤɨɨɪɞɢɧɚɬɧɨɝɨ�ɭɝɥɚ� ��Z ɤɚɤ�ɭɝɥɨɜɨɣ�ɞɟɮɨɪ�

ɦɚɰɢɢ�ɜ�ɫɪɟɞɢɧɧɨɣ�ɩɨɜɟɪɯɧɨɫɬɢ� ��� ] ɦɦ�
ɞɥɹ� ɫɥɭɱɚɹ� ɧɚɝɪɭɠɟɧɢɹ� ɬɪɭɛɵ� ɩɪɟɞɟɥɶɧɵɦ�
ɞɚɜɥɟɧɢɟɦ� ����� S Ɇɉɚ�

Ⱦɟɮɨɪɦɚɰɢɢ� �O ɢ� ��Z ɩɪɟɬɟɪɩɟɜɚɸɬ�

ɫɤɚɱɤɢ� ɩɨ�ɦɟɫɬɭ� ɩɟɪɟɯɨɞɚ� ɨɬ� ɬɨɪɰɟɜɨɣ� ɩɨ�
ɜɟɪɯɧɨɫɬɢ�ɜɨɥɨɤɧɚ�ɤ�ɫɜɹɡɭɸɳɟɦɭ�± ɜ�ɫɨɨɬ�
ɜɟɬɫɬɜɢɟ� ɫ� ɪɚɡɧɵɦɢ� ɭɩɪɭɝɢɦɢ� ɫɜɨɣɫɬɜɚɦɢ�
ɤɨɧɬɚɤɬɢɪɭɟɦɵɯ� ɦɚɬɟɪɢɚɥɨɜ�� ȼɨɡɪɚɫɬɚɧɢɟ�
ɜɫɸɞɭ�ɧɚ�ɢɧɬɟɪɜɚɥɟ� ���� dd W ɦɦ�ɨɫɟɜɨɣ�ɞɟ�

ɮɨɪɦɚɰɢɢ� �O ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ� ɭɛɵɜɚɧɢɟɦ�

ɜɫɸɞɭ�ɧɚ�ɞɚɧɧɨɦ�ɢɧɬɟɪɜɚɥɟ�ɪɚɞɢɚɥɶɧɨɣ�ɞɟ�
ɮɨɪɦɚɰɢɢ� �O �

ȼɵɜɨɞɵ� ɉɪɨɜɟɥɢ�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɷɥɚɫɬɨ�
ɤɨɦɩɨɡɢɬɧɨɣ�ɬɪɭɛɵ�ɢɡ�ɬɪɟɯ�ɫɥɨɟɜ��ɚɪɦɢɪɨ�
ɜɚɧɧɵɯ�ɤɨɥɶɰɟɜɵɦɢ�ɜɨɥɨɤɧɚɦɢ�ɤɜɚɞɪɚɬɧɨɝɨ�
ɫɟɱɟɧɢɹ��ɩɨɞ�ɜɨɡɞɟɣɫɬɜɢɟɦ�ɜɧɭɬɪɟɧɧɟɝɨ�ɞɚɜ�
ɥɟɧɢɹ��Ⱦɟɮɨɪɦɢɪɨɜɚɧɢɟ�ɬɪɭɛɵ�ɢɡɭɱɚɥɢ�ɩɪɢ�
ɛɨɥɶɲɢɯ� ɩɟɪɟɦɟɳɟɧɢɹɯ� ɢ� ɞɟɮɨɪɦɚɰɢɹɯ� ɩɨ�
ɦɨɞɟɥɢ� ɤɭɫɨɱɧɨ�ɨɞɧɨɪɨɞɧɨɣ� ɫɪɟɞɵ�� ȼɵ�
ɹɜɢɥɢ�ɢɡɦɟɧɟɧɢɹ�ɦɚɬɟɪɢɚɥɶɧɨɣ�ɤɨɧɮɢɝɭɪɚ�
ɰɢɢ�ɬɪɭɛɵ�ɜɦɟɫɬɟ�ɫ�ɝɨɮɪɢɪɨɜɚɧɢɟɦ�ɜɨ�ɜɧɭɬ�
ɪɟɧɧɟɣ�ɢ�ɜɧɟɲɧɟɣ�ɩɨɜɟɪɯɧɨɫɬɹɯ�ɩɪɢ�ɜɨɡɪɚɫ�
ɬɚɧɢɢ� ɜɧɭɬɪɟɧɧɟɝɨ� ɞɚɜɥɟɧɢɹ�� Ɉɛɧɚɪɭɠɢɥɢ�
ɜɵɬɟɫɧɟɧɢɟ�ɫɜɹɡɭɸɳɟɝɨ�ɢɡ�ɨɛɥɚɫɬɟɣ�ɦɟɠɞɭ�
ɤɨɧɰɟɧɬɪɢɱɟɫɤɢ� ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ� ɜɨɥɨɤ�
ɧɚɦɢ� ɜ� ɩɪɢɦɵɤɚɸɳɢɟ� ɨɛɥɚɫɬɢ�ɦɚɬɪɢɱɧɨɝɨ�
ɫɥɨɹ��Ɉɩɪɟɞɟɥɢɥɢ�ɩɪɟɞɟɥɶɧɨɟ�ɞɚɜɥɟɧɢɟ��ɤɨ�
ɝɞɚ�ɬɪɭɛɚ�ɧɚɱɢɧɚɟɬ�ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ�ɪɚɡɜɢ�
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Ʌɢɬɟɪɚɬɭɪɚ

�� Ɇɚɥɦɟɣɫɬɟɪ Ⱥ� Ʉ���Ɍɚɦɭɠ ȼ� ɉ���Ɍɟɬɟɪɫ Ƚ� Ⱥ��ɋɨɩɪɨɬɢɜɥɟɧɢɟ�ɩɨɥɢɦɟɪɧɵɯ�ɢ�ɤɨɦɩɨɡɢɬɧɵɯ�ɦɚɬɟ�
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DQG�D�FRPSDUDWLYH�VWXG\�RI�PDWHULDO�PRGHOV� -��RI�(ODVWLFLW\��������9RO� ����3���±���
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�� $NKXQGRY 9� 0� $QDO\VLV�RI�HODVWRPHULF�FRPSRVLWHV�EDVHG�RQ�ILEHU�UHLQIRUFHG�V\VWHPV�����'HYHORS�
PHQW�RI�GHVLJQ�PHWKRGV�IRU�FRPSRVLWH�PDWHULDOV�0HFKDQLFV RI�&RPSRVLWH�0DWHULDOV��������9RO������1R�
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��� /HYLQVRQ��0��	�%XUJHVV��,��:����������$�FRPSDULVRQ�RI�VRPH�VLPSOH�FRQVWLWXWLYH�UHODWLRQV�IRU�VOLJKWO\�
FRPSUHVVLEOH�UXEEHU±OLNH�PDWHULDOV��,QW��-��0HFK��6FL���9RO������SS�����±����
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