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

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

ɁȺɋɌɈɋɍȼȺɇɇə�ȺɉȺɊȺɌɍ ɆȺɌɊɂɐɖ�Ɍɂɉɍ�ȽɊȱɇȺ�
ɌȺ�ɆȺɌɊɂɑɇɈȲ�ȺɅȽȿȻɊɂ ȼ�ɁȺȾȺɑȱ�ɉɊɈ�ɋɌȺɌɂɑɇȿ�
ȾȿɎɈɊɆɍȼȺɇɇə�ɄɊɍȽɅɂɏ ɉɅȺɋɌɂɇ�
ȾɂɋɄɊȿɌɇɈ�ɁɆȱɇɇɈȲ�ɌɈȼɓɂɇɂ

ɋ��Ⱥ��Ʌɟɜɱɭɤ��$��$��ɏɦɟɥɶɧɢɰɶɤɢɣ��ɋ��ɉ��ɒɜɢɞɤɚ

Ɂɚɩɨɪɿɡɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ
NSPP�PI#]QX�HGX�XD

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ�
ɤɪɭɝɥɚ�ɩɥɚɫɬɢɧɚ�ɞɢɫɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ�
ɬɨɜɳɢɧɢ��ɤɪɚɣɨɜɚ�ɬɚ�ɫɤɥɚɞɟɧɚ�ɡɚ�
ɞɚɱɚ��ɫɤɥɚɞɟɧɚ�ɤɨɧɫɬɪɭɤɰɿɹ��ɦɚɬɪɢɰɹ�
ɬɢɩɭ�Ƚɪɿɧɚ��ɦɚɬɪɢɱɧɚ�ɚɥɝɟɛɪɚ�

Ɇɟɬɚ�ɪɨɛɨɬɢ� ɉɨɛɭɞɭɜɚɬɢ� ɤɨɦɩɚɤɬɧɢɣ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ� ɚɥɝɨɪɢɬɦ�
ɪɨɡɜ¶ɹɡɤɭ�ɡɚɞɚɱɿ�ɩɪɨ�ɫɬɚɬɢɱɧɟ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɤɪɭɝɥɢɯ�ɩɥɚɫɬɢɧ�ɞɢɫ�
ɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ�ɬɨɜɳɢɧɢ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɚɩɚɪɚɬɭ�ɮɭɧɤɰɿɣ�Ƚɪɿɧɚ�ɬɚ�ɦɚ�
ɬɪɢɱɧɨʀ�ɚɥɝɟɛɪɢ�

Ɇɟɬɨɞɢ� ɞɨɫɥɿɞɠɟɧɧɹ��Ɇɟɬɨɞɢ� ɝɪɚɧɢɱɧɨ�ɫɤɥɚɞɟɧɢɯ� ɡɚɞɚɱ� ɬɚ� ɦɚɬ�
ɪɢɰɶ�ɬɢɩɭ�Ƚɪɿɧɚ��ɦɚɬɪɢɱɧɚ�ɚɥɝɟɛɪɚ�

Ɉɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɉɨɛɭɞɨɜɚɧɨ� ɤɨɦɩɚɤɬɧɢɣ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ�
ɚɥɝɨɪɢɬɦ�ɪɨɡɜ¶ɹɡɤɭ�ɡɚɞɚɱɿ�ɩɪɨ�ɫɬɚɬɢɱɧɟ�ɞɟɮɨɪɦɭɜɚɧɧɹ�ɤɪɭɝɥɢɯ�ɩɥɚ�
ɫɬɢɧ� ɞɢɫɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ� ɬɨɜɳɢɧɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɚɩɚɪɚɬɭ� ɮɭɧɤɰɿɣ�
Ƚɪɿɧɚ�ɬɚ�ɦɚɬɪɢɱɧɨʀ�ɚɥɝɟɛɪɢ�

ɇɚɭɤɨɜɚ� ɧɨɜɢɡɧɚ� ɍ ɞɚɧɿɣ� ɪɨɛɨɬɿ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɚɩɚɪɚɬɭ� ɮɭɧɤɰɿɣ�
Ƚɪɿɧɚ�ɬɚ�ɦɚɬɪɢɱɧɨʀ�ɚɥɝɟɛɪɢ�ɞɨɡɜɨɥɢɥɨ�ɩɨɛɭɞɭɜɚɬɢ�ɤɨɦɩɚɤɬɧɢɣ�ɨɛ�
ɱɢɫɥɸɜɚɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ�ɪɨɡɜ¶ɹɡɤɭ�ɪɨɡɝɥɹɧɭɬɨʀ�ɡɚɞɚɱɿ�ɩɪɢ�ɩɪɚɤɬɢɱɧɨ�
ɞɨɜɿɥɶɧɿɣ� ɤɿɥɶɤɨɫɬɿ� ɫɟɤɰɿɣ� ɭ� ɫɤɥɚɞɟɧɨɦɭ� ɬɿɥɿ�� ɹɤɟ� ɡɚɫɬɨɫɨɜɭɜɚɥɨɫɹ�
ɩɪɢ�ɦɨɞɟɥɸɜɚɧɧɿ�

ɉɪɚɤɬɢɱɧɟ� ɡɧɚɱɟɧɧɹ�� Ⱦɨɫɥɿɞɠɭɜɚɧɚ� ɭ� ɪɨɛɨɬɿ� ɡɚɞɚɱɚ� ɦɨɞɟɥɸɽ�
ɹɜɢɳɚ��ɹɤɿ�ɜɿɞɛɭɜɚɸɬɶɫɹ��ɡɨɤɪɟɦɚ��ɩɪɢ�ɞɟɮɨɪɦɭɜɚɧɧɿ�ɟɥɟɦɟɧɬɿɜ�ɜɭɥ�
ɤɚɧɿɡɚɰɿɣɧɨɝɨ� ɨɛɥɚɞɧɚɧɧɹ�� Ɉɞɟɪɠɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɞɨɡɜɨɥɹɸɬɶ� ɜɢ�
ɹɜɢɬɢ�ɨɫɨɛɥɢɜɨɫɬɿ�ɪɨɛɨɬɢ�ɟɥɟɦɟɧɬɿɜ�ɤɨɧɫɬɪɭɤɰɿʀ�ɫɤɥɚɞɧɨʀ�ɫɬɪɭɤɬɭɪɢ�
ɿ� ɡɪɟɲɬɨɸ��ɩɿɞɜɢɳɢɬɢ�ʀʀ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɲɥɹɯɨɦ�ɨɩɬɢɦɿɡɚɰɿʀ�ɩɚɪɚɦɟɬ�
ɪɿɜ�ɫɤɥɚɞɨɜɢɯ�ɱɚɫɬɢɧ�
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=DSRUL]K]KLD�1DWLRQDO�8QLYHUVLW\
NSPP�PI#]QX�HGX�XD

.H\�ZRUGV�
FLUFXODU�SODWH�ZLWK�GLVFUHWH�YDULDEOH�
WKLFNQHVV��ERXQGDU\�FRPSRXQG�
SUREOHP��FRPSRXQG�FRQVWUXFWLRQ��
PDWUL[�RI�*UHHQ�W\SH��DOJHEUD�RI�
PDWUL[�

3XUSRVH� RI� ZRUN� 7R� EXLOG WKH� FRPSDFW� FRPSXWDWLRQDO� DOJRULWKP� RI�
GHFLVLRQ� RI� WDVN� DERXW� VWDWLF� GHIRUPDWLRQ� RI� URXQG� SODWHV� RI� GLVFUHWH�
YDULDEOH�WKLFNQHVV�E\�WKH�YHKLFOH�RI�IXQFWLRQV�RI�*ULQ�DQG�PDWUL[�DOJHEUD��
7KLV�DUWLFOH�LV�GHYRWHG�WR�WKH�VLPXODWLRQ�RI�VWDWLF�GHIRUPDWLRQ�RI�GLVFUHWH�
YDULDEOH�WKLFNQHVV�FLUFOHV��7KLV�DSSURDFK�LV�QRW�QHZ��3UHYLRXVO\��KH�ZDV�
GHYHORSHG�LQ�D�QXPEHU�RI�ZRUNV��VHH�OLWHUDWXUH���+RZHYHU��LQ�WKLV�SDSHU��
WKH� XVH� RI� WKH�*UHHQ¶V� IXQFWLRQV� DQG� WKH�PDWUL[� DOJHEUD� HQDEOHG� XV� WR�
FRQVWUXFW�D�FRPSDFW�FRPSXWDWLRQDO�DOJRULWKP�IRU�VROYLQJ�D�JLYHQ�SUREOHP�
LQ�D�SUDFWLFDOO\�DUELWUDU\�QXPEHU�RI�VHFWLRQV�LQ�D�IROGHG�ERG\��ZKLFK�ZDV�
XVHG�LQ�PRGHOOLQJ��7KH�DIRUHPHQWLRQHG�DSSURDFK�ZDV�LPSOHPHQWHG�LQ�IXOO�
LQ� WKH� SUHYLRXV� ZRUN� RI� WKH� DXWKRU�� EXW� IRU� D� ULQJ� SODWH� RI� YDULDEOH�
WKLFNQHVV�� ,Q� WKLV� SDSHU�� WKH� LQYHVWLJDWHG� PHWKRG� RI� FDOFXODWLRQ� ZDV�
GHYHORSHG�LQ�WHUPV�RI�LQFUHDVLQJ�SUDFWLFDO�UHVXOWV�

5HVHDUFK�PHWKRGV�0HWKRGV�RI�ERUGHU�FRPSRQHQW�WDVNV�DQG�PDWULFHV�RI�
W\SH�RI�*ULQ��PDWUL[�DOJHEUD��,W�VKRXOG�EH�QRWHG�WKDW�LQ�WKH�QXPHULFDO�ILQG�
RI�DQ�LQYHUVH�PDWUL[�ZKRVH�HOHPHQWV�DUH�QHFHVVDU\�IRU�WKH�FRQVWUXFWLRQ�RI�
DSSURSULDWH� PDWULFHV� RI� WKH� *UHHQ� W\SH�� LW� ZLOO� EH� QHFHVVDU\� WR� VROYH�
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V\VWHPV�� HDFK� RI� ZKLFK� FRQVLVWV� RI� D� FHUWDLQ� QXPEHU� RI� DOJHEUDLF�
HTXDWLRQV�� ZKLFK� GHSHQGV� RQ� WKH� QXPEHU� RI� VHFWLRQV� LQ� WKH� FRPSRVLWH�
REMHFW��:KHQ�VROYLQJ�WKHVH�V\VWHPV��XVLQJ�RQH�RI�WKH�H[DFW�PHWKRGV��IRU�
H[DPSOH��WKH�*DXVV�PHWKRG�ZLWK�WKH�FKRLFH�RI�WKH�PDLQ�HOHPHQW���RIWHQ�
HQFRXQWHU�SUREOHPV�RI�FRPSXWDWLRQDO�QDWXUH��EHFDXVH�ZLWK�D�VXIILFLHQWO\�
ODUJH� GLPHQVLRQ� RI� V\VWHPV� RI� HTXDWLRQV�� WKH� HUURU� RI� FRPSXWDWLRQ� RI�
XQNQRZQV�EHFRPHV�XQVDWLVIDFWRU\��7KH�XVH�RI�WKH�VDPH�LWHUDWLYH�PHWKRGV�
IRU�WKH�VROXWLRQ�RI�V\VWHPV�RI�DOJHEUDLF�HTXDWLRQV�LQ�WKH�FDVHV�FRQVLGHUHG�
LV� H[WUHPHO\� GLIILFXOW�� VLQFH� LW� LV� QHFHVVDU\� WR� SUHSDUH� WKH� PDWULFHV� RI�
FRHIILFLHQWV� IRU� XQNQRZQV� DW� D� ODUJH� VL]H� RI�PDWUL[� GDWD�� 7KHUHIRUH�� LW�
VKRXOG� EH� QRWHG� WKDW� WKH� UHVXOWLQJ� PDWULFHV� KDYH� D� VR�FDOOHG� ULEERQ�
VWUXFWXUH�� WKDW� LV�� WKH\�FRQWDLQ�D� ODUJH�QXPEHU�RI�]HUR�HOHPHQWV� �TXDVL�
GLDJRQDO� PDWULFHV��� ,W� LV� ZHOO� NQRZQ� WKDW� ZKHQ� VROYLQJ� D� V\VWHP� RI�
HTXDWLRQV� ZLWK� D� TXDVLGLDJLQDO� PDWUL[�� WKH� QXPEHU� RI� DULWKPHWLF�
RSHUDWLRQV� DQG� WKH� DPRXQW� RI� FRPSXWHU� PHPRU\� LQYROYHG� FDQ� EH�
VLJQLILFDQWO\�UHGXFHG��ZKLFK�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�DFFXUDF\�RI�WKH�
FDOFXODWLRQV�

*RW�UHVXOWV� 7KH�FRPSDFW�FRPSXWDWLRQDO�DOJRULWKP�RI�GHFLVLRQ�RI�WDVN�LV�
EXLOW� DERXW� VWDWLF� GHIRUPDWLRQ� RI� URXQG� SODWHV� RI� GLVFUHWH�YDULDEOH�
WKLFNQHVV� E\� WKH� YHKLFOH� RI� IXQFWLRQV� RI�*ULQ� DQG�PDWUL[� DOJHEUD��7KH�
FRQVWUXFWHG�FRPSXWDWLRQDO�DOJRULWKP�DOORZHG�WR�GHDO�ZLWK�FDOFXODWLRQV�RI�
QRQ�PDWUL[�FRHIILFLHQWV�IRU�XQNQRZQ�ODUJH�VL]HV��EXW�ZLWK�PDWULFHV�LQ�VL]H�
IRXU�WR�IRXU��7KLV�DYRLGV�PDQ\�FRPSXWDWLRQDO�FRPSOH[LWLHV�

6FLHQWLILF�QRYHOW\� ,Q�WKLV�ZRUN�DSSOLFDWLRQ�RI�YHKLFOH�RI�IXQFWLRQV�RI�*ULQ�
DQG�PDWUL[�DOJHEUD�DOORZHG�WR�EXLOG�WKH�FRPSDFW�FRPSXWDWLRQDO�DOJRULWKP�
RI�GHFLVLRQ�RI�WKH�FRQVLGHUHG�WDVN�DW�WKH�SUDFWLFDOO\�DUELWUDU\�DPRXQW�RI�
VHFWLRQV�LQ�D�FRPSRQHQW�ERG\�ZKLFK�ZDV�XVHG�IRU�D�GHVLJQ��,W�VKRXOG�DOVR�
EH�QRWHG�WKDW�ZKHQ�VROYLQJ�WKLV�SUREOHP�WKHUH�DUH�IHDWXUHV�LQ WKH�IRUP�RI�
LPSURSHU�LQWHJUDOV�RI�D�IXQFWLRQ�WKDW�LV�GLVFRQWLQXRXV�DW�WKH�OHIW�HQG�RI�WKH�
LQWHJUDWLRQ�VHJPHQW��$SSO\LQJ�WKH�WKHRU\�RI�ERXQGDULHV�LV�HDV\�WR�VKRZ�
WKDW� WKHVH�LQWHJUDOV�ZLOO�EH�FRQYHUJHQW��LQ�DQ\�FDVH�� LI� WKH�IXQFWLRQ�LV�D�
FRQVWDQW��RU�KDV�D�SRZHU�FKDUDFWHU��

3UDFWLFDO� YDOXH� 7KH� WDVN� SUREHG� LQ� SURFHVV� GHVLJQV� WKH� SKHQRPHQD�
ZKLFK� WDNH� SODFH�� LQ� SDUWLFXODU�� DW� GHIRUPDWLRQ� RI� HOHPHQWV� RI�
YXOFDQL]DWLRQ�HTXLSPHQW��7KH�JRW�UHVXOWV�DOORZ�WR�H[SRVH�WKH�IHDWXUHV�RI�
ZRUN�RI�HOHPHQWV�RI�FRQVWUXFWLRQ�RI� GLIILFXOW� VWUXFWXUH�DQG�SURPRWH� LWV�
HIILFLHQF\�E\�RSWLPL]DWLRQ�RI�SDUDPHWHUV�RI�FRPSRQHQW�SDUWV�

ȼɫɬɭɩ� Ⱦɚɧɚ�ɫɬɚɬɬɹ�ɩɪɢɫɜɹɱɟɧɚ�ɦɨɞɟɥɸ�
ɜɚɧɧɸ� ɫɬɚɬɢɱɧɨɝɨ� ɞɟɮɨɪɦɭɜɚɧɧɹ� ɤɪɭɝɥɢɯ�
ɩɥɚɫɬɢɧ�ɞɢɫɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ�ɬɨɜɳɢɧɢ��Ɂɚɫɬɨ�
ɫɨɜɚɧɢɣ�ɦɟɬɨɞ� ɪɨɡɪɚɯɭɧɤɭ� ɩɨɩɟɪɟɞɧɶɨ� ɛɭɜ�
ɪɨɡɜɢɧɭɬɢɣ� ɭ� ɪɨɛɨɬɚɯ� >�±�@��ɉɪɨɬɟ� ɜ� ɞɚɧɿɣ�
ɪɨɛɨɬɿ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɚɩɚɪɚɬɭ�ɮɭɧɤɰɿɣ�Ƚɪɿɧɚ�
ɬɚ�ɦɚɬɪɢɱɧɨʀ�ɚɥɝɟɛɪɢ�ɞɨɡɜɨɥɢɥɨ�ɩɨɛɭɞɭɜɚɬɢ�
ɤɨɦɩɚɤɬɧɢɣ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɣ� ɚɥɝɨɪɢɬɦ�
ɪɨɡɜ¶ɹɡɤɭ�ɪɨɡɝɥɹɧɭɬɨʀ�ɡɚɞɚɱɿ�ɩɪɢ�ɩɪɚɤɬɢɱɧɨ�
ɞɨɜɿɥɶɧɿɣ�ɤɿɥɶɤɨɫɬɿ�ɫɟɤɰɿɣ ɭ�ɫɤɥɚɞɟɧɨɦɭ�ɬɿɥɿ��

ɹɤɟ�ɡɚɫɬɨɫɨɜɭɜɚɥɨɫɹ�ɩɪɢ�ɦɨɞɟɥɸɜɚɧɧɿ��Ɂɝɚ�
ɞɚɧɢɣ�ɩɿɞɯɿɞ�ɛɭɜ�ɪɟɚɥɿɡɨɜɚɧɢɣ�ɭ ɩɨɜɧɨɦɭ�ɨɛ�
ɫɹɡɿ�ɭ�ɪɨɛɨɬɿ�>�@��ɚɥɟ�ɞɥɹ�ɤɿɥɶɰɟɜɨʀ�ɩɥɚɫɬɢɧɢ�
ɡɦɿɧɧɨʀ�ɬɨɜɳɢɧɢ��ɿ�ɭ�>�@��ɍ ɞɚɧɿɣ�ɪɨɛɨɬɿ�ɛɭɜ�
ɪɨɡɜɢɧɟɧɢɣ� ɞɨɫɥɿɞɠɭɜɚɧɢɣ� ɦɟɬɨɞ� ɪɨɡɪɚɯɭ�
ɧɤɭ�ɡ�ɬɨɱɤɢ�ɡɨɪɭ�ɡɛɿɥɶɲɟɧɧɹ�ɩɪɚɤɬɢɱɧɢɯ�ɪɟ�
ɡɭɥɶɬɚɬɿɜ�

Ɇɚɬɟɪɿɚɥɢ�ɬɚ�ɦɟɬɨɞɢɤɚ�ɞɨɫɥɿɞɠɟɧɶ��Ɋɨɡ�
ɝɥɹɧɟɦɨ�ɤɪɭɝɥɭ�ɩɥɚɫɬɢɧɭ�ɞɢɫɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ�
ɬɨɜɳɢɧɢ��ɪɢɫ������

Ɋɢɫ�����Ɉɫɶɨɜɢɣ�ɩɟɪɟɪɿɡ�ɤɪɭɝɥɨʀ�ɩɥɚɫɬɢɧɢ�ɞɢɫɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ�ɬɨɜɳɢɧɢ

Ɋɨɡɪɚɯɭɧɤɨɜɚ� ɫɯɟɦɚ� ɞɥɹ� ɬɚɤɨʀ� ɦɨɞɟɥɿ�
ɦɨɠɟ�ɛɭɬɢ�ɜɢɡɧɚɱɟɧɚ�ɬɚɤɢɦ�ɱɢɧɨɦ��ȼɿɫɟɫɢ�
ɦɟɬɪɢɱɧɢɣ� ɧɨɪɦɚɥɶɧɢɣ� ɩɪɨɝɢɧ� � �U::  
ɩɨɜɢɧɟɧ�ɡɚɞɨɜɨɥɶɧɹɬɢ�ɪɿɜɧɹɧɧɸ�>�@�

):  '' � ���
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ɞɟ� ) T ' �� � �UTT  ± ɿɧɬɟɧɫɢɜɧɿɫɬɶ�ɡɨɜɧɿ�
ɲɧɶɨɝɨ�ɧɨɪɦɚɥɶɧɨɝɨ�ɧɚɜɚɧɬɚɠɟɧɧɹ��' ± ɰɢ�
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ɦɚɬɪɢɰɶ� ɬɢɩɭ� Ƚɪɿɧɚ�� ɧɟɨɛɯɿɞɧɨ� ɛɭɞɟ�
ɪɨɡɜ¶ɹɡɚɬɢ� Q� ɫɢɫɬɟɦ��ɤɨɠɧɚ�ɡ�ɹɤɢɯ�ɫɤɥɚɞɚ�
ɽɬɶɫɹ�ɡ� Q� ɚɥɝɟɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ�ɡ� Q� ɧɟɜɿ�
ɞɨɦɢɦɢ�� ɞɟ� Q ± ɤɿɥɶɤɿɫɬɶ� ɫɟɤɰɿɣ� ɭ� ɫɤɥɚɞɟ�
ɧɨɦɭ�ɨɛ¶ɽɤɬɿ�

ɉɪɢ�ɪɨɡɜ¶ɹɡɭɜɚɧɧɿ�ɞɚɧɢɯ�ɫɢɫɬɟɦ�ɡɚ�ɞɨɩɨ�
ɦɨɝɨɸ�ɨɞɧɨɝɨ�ɡ�ɬɨɱɧɢɯ�ɦɟɬɨɞɿɜ��ɧɚɩɪɢɤɥɚɞ��
ɦɟɬɨɞɭ� Ƚɚɭɫɫɚ� ɡ� ɜɢɛɨɪɨɦ� ɝɨɥɨɜɧɨɝɨ� ɟɥɟ�
ɦɟɧɬɚ��ɱɚɫɬɨ�ɡɬɢɤɚɽɦɨɫɹ�ɡ�ɩɪɨɛɥɟɦɚɦɢ�ɨɛɱɢ�
ɫɥɸɜɚɥɶɧɨɝɨ�ɯɚɪɚɤɬɟɪɭ��ɨɫɤɿɥɶɤɢ�ɩɪɢ�ɞɨɫɬɚ�
ɬɧɶɨ�ɜɟɥɢɤɨɦɭ�Q ɩɨɯɢɛɤɚ�ɨɛɱɢɫɥɟɧɶ�ɧɟɜɿɞɨ�
ɦɢɯ�ɫɬɚɽ�ɧɟɡɚɞɨɜɿɥɶɧɨɸ��Ɂɚɫɬɨɫɭɜɚɧɧɹ�ɠ�ɿɬɟ�
ɪɚɰɿɣɧɢɯ�ɦɟɬɨɞɿɜ�ɪɨɡɜ¶ɹɡɤɭ�ɫɢɫɬɟɦ�ɚɥɝɟɛɪɚʀ�
ɱɧɢɯ�ɪɿɜɧɹɧɶ�ɭ�ɜɢɩɚɞɤɚɯ��ɹɤɿ�ɪɨɡɝɥɹɞɚɸɬɶɫɹ��
ɜɤɪɚɣ�ɭɬɪɭɞɧɟɧɨ��ɨɫɤɿɥɶɤɢ�ɩɨɬɪɿɛɧɚ�ɩɨɩɟɪɟ�
ɞɧɹ�ɩɿɞɝɨɬɨɜɤɚ�ɦɚɬɪɢɰɶ�ɤɨɟɮɿɰɿɽɧɬɿɜ�ɩɪɢ�ɧɟ�
ɜɿɞɨɦɢɯ� ɩɪɢ� ɜɟɥɢɤɨɦɭ� ɪɨɡɦɿɪɿ� ɞɚɧɢɯ� ɦɚɬ�
ɪɢɰɶ�

Ɍɨɦɭ� ɜɚɪɬɨ ɡɜɟɪɧɭɬɢ� ɭɜɚɝɭ� ɧɚ� ɬɟ�� ɳɨ�
ɨɞɟɪɠɚɧɿ�ɦɚɬɪɢɰɿ�ɦɚɸɬɶ�ɬɚɤ�ɡɜɚɧɭ�ɫɬɪɿɱɤɨɜɭ�
ɫɬɪɭɤɬɭɪɭ�� ɬɨɛɬɨ� ɦɿɫɬɹɬɶ� ɜɟɥɢɤɭ� ɤɿɥɶɤɿɫɬɶ�
ɧɭɥɶɨɜɢɯ� ɟɥɟɦɟɧɬɿɜ� �ɤɜɚɡɿɞɿɚɝɨɧɚɥɶɧɿ� ɦɚɬ�
ɪɢɰɿ���Ɂɚɝɚɥɶɧɨɜɿɞɨɦɨ��ɳɨ�ɩɪɢ�ɪɨɡɜ¶ɹɡɭɜɚɧɧɿ�
ɫɢɫɬɟɦɢ� ɪɿɜɧɹɧɶ� ɿɡ� ɤɜɚɡɿɞɿɚɝɨɧɚɥɶɧɨɸ� ɦɚɬ�
ɪɢɰɟɸ� ɱɢɫɥɨ� ɚɪɢɮɦɟɬɢɱɧɢɯ� ɨɩɟɪɚɰɿɣ� ɿ��
ɨɛ¶ɽɦ� ɡɚɞɿɹɧɨʀ� ɩɚɦ¶ɹɬɿ� ȿɈɆ� ɦɨɠɭɬɶ� ɛɭɬɢ�
ɫɭɬɬɽɜɨ� ɡɦɟɧɲɟɧɿ��ɳɨ� ɩɪɢɜɨɞɢɬɶ� ɞɨ� ɩɿɞɜɢ�
ɳɟɧɧɹ�ɬɨɱɧɨɫɬɿ�ɨɛɱɢɫɥɟɧɶ�

Ɋɨɡɪɚɯɭɧɤɨɜɚ� ɫɯɟɦɚ� ɞɥɹ� ɡɧɚɯɨɞɠɟɧɧɹ�
ɨɛɟɪɧɟɧɨʀ� ɦɚɬɪɢɰɿ� ��$ �� ɿɡ� ɡɚɫɬɨɫɭɜɚɧɧɹɦ�
ɜɤɚɡɚɧɨɝɨ�ɜɢɳɟ�ɩɿɞɯɨɞɭ��ɦɨɠɟ�ɜɢɝɥɹɞɚɬɢ�ɬɚ�
ɤɢɦ�ɱɢɧɨɦ�

ȼɢɯɨɞɹɱɢ�ɡ�ɜɿɞɨɦɨʀ�ɦɚɬɪɢɱɧɨʀ�ɪɿɜɧɨɫɬɿ
�$ $ (�  �

ɞɟ� ^ ` Q

MLLMD$ �

��

�

 
�  ± ɦɚɬɪɢɰɹ��ɨɛɟɪɧɟɧɚ�ɞɨ�ɡɚ�

ɞɚɧɨʀ� ɦɚɬɪɢɰɿ� ^ ` Q

MLLM$ �

��  
 D �� ( ± ɨɞɢɧɢɱɧɚ�

ɦɚɬɪɢɰɹ��ɛɚɱɢɦɨ��ɳɨ�ɞɥɹ�ɡɧɚɯɨɞɠɟɧɧɹ�ɧɟɜɿ�
ɞɨɦɢɯ�ɟɥɟɦɟɧɬɿɜ�ɨɛɟɪɧɟɧɨʀ�ɦɚɬɪɢɰɿ� ��$ ɧɟ�
ɨɛɯɿɞɧɨ�ɪɨɡɜ¶ɹɡɚɬɢ� Q� ɫɢɫɬɟɦ�ɥɿɧɿɣɧɢɯ�ɚɥɝɟ�
ɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ�ɜɢɝɥɹɞɭ�

� �� � �L L L QD D D $  

� �� � � � �L �

ɞɟ� L ± ɧɨɦɟɪ� ɪɹɞɤɚ� ɨɛɟɪɧɟɧɨʀ� ɦɚɬɪɢɰɿ�
� �QL ��������� �� L� ± ɨɡɧɚɱɚɽ�� ɳɨ� ɨɞɢɧɢɰɹ� ɽ�

L �ɬɨɸ�ɤɨɦɩɨɧɟɧɬɨɸ�ɜɟɤɬɨɪɚ�ɜɿɥɶɧɢɯ�ɱɥɟɧɿɜ�
ɍ� ɜɢɩɚɞɤɭ� ɬɪɶɨɯ� ɫɟɤɰɿɣ� ɭ� ɫɤɥɚɞɟɧɨɦɭ�

ɨɛ¶ɽɤɬɿ� � �� Q ɭ� ɦɚɬɪɢɱɧɨɦɭ� ɜɢɝɥɹɞɿ� ɡɝɚ�
ɞɚɧɚ� ɫɢɫɬɟɦɚ� ɩɨɞɚɽɬɶɫɹ� ɬɚɤɢɦ� ɱɢɧɨɦ� �ɞɥɹ�
ɤɨɠɧɨɝɨ� L ��

�� � �� � ��$ & $ & )�  
�� � �� � ��$ & $ & )�  ����

�� � ��$ & ) 
Ⱦɚɥɿ� ɿɡ� ɫɢɫɬɟɦɨɸ� ����� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ�

ɜɟɤɬɨɪɿɜ�ɧɟɜɿɞɨɦɢɯ� L& � ������ L ɦɨɠɧɚ�ɡɪɨ�
ɛɢɬɢ�ɧɚɫɬɭɩɧɟ�

ȱɡ� ɩɟɪɲɨɝɨ� ɿ� ɞɪɭɝɨɝɨ� ɪɿɜɧɹɧɶ� ɫɢɫɬɟɦɢ�
�����ɡɧɚɣɞɟɦɨ��ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɩɪɚɜɢɥɚ�ɦɚ�
ɬɪɢɱɧɨʀ�ɚɥɝɟɛɪɢ�� �& ɿ� �& ɜɿɞɩɨɜɿɞɧɨ�

� � � ��� �� � �� � �& $ ) $ &
�

 �

� � � ��� �� � �� � �& $ ) $ &
�

 �
�� � ��$ & ) ����

ɉɿɞɫɬɚɜɥɹɸɱɢ�ɞɚɥɿ�ɜɢɪɚɡ�ɞɥɹ� �& ɿɡ������ɭ�
ɜɢɪɚɡ� ɞɥɹ� �& ɿɡ� ɰɿɽʀ� ɠ� ɫɢɫɬɟɦɢ� ɿ� ɨɞɟɪɠɚɧɿ�
ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɞɥɹ� �& ± ɜ�ɨɫɬɚɧɧɽ�ɪɿɜɧɹɧɧɹ�
ɫɢɫɬɟɦɢ�������ɦɚɬɢɦɟɦɨ�

� � � ��� �� � �� � �& $ ) $ &
�

 �

� � � � � �^ `� �� �� � �� �� � �� � �& $ ) $ $ ) $ &
� �

 � �

� � � � � �^ `� ��� �� � �� �� � �� � ��$ $ ) $ $ ) $ & )
� �

� �  

����

ɉɟɪɟɬɜɨɪɢɜɲɢ�ɨɫɬɚɧɧɽ�ɡ�ɪɿɜɧɹɧɶ�������ɨɞɟɪ�
ɠɢɦɨ�

� � � �� ��� �� �� �� �� �$ $ $ $ $ ɋ
� �

 

� � �� �� �� �) $ $ )
�

 � �

� � � �� ��� �� �� �� ��$ $ $ $ )
� �

� ����

Ɉɫɬɚɧɧɽ�ɪɿɜɧɹɧɧɹ�ɽ��ɭ�ɪɨɡɝɨɪɧɭɬɨɦɭ�ɜɢ�
ɝɥɹɞɿ��ɫɢɫɬɟɦɨɸ�ɞɜɨɯ�ɥɿɧɿɣɧɢɯ�ɚɥɝɟɛɪɚʀɱɧɢɯ�
ɪɿɜɧɹɧɶ� ɜɿɞɧɨɫɧɨ� ɬɚɤɨʀ� ɠ� ɤɿɥɶɤɨɫɬɿ� ɧɟɜɿɞɨ�
ɦɢɯ�

ɉɿɞɫɬɚɜɥɹɸɱɢ�ɡɧɚɣɞɟɧɟ�ɡ������ �& ɭ�������

ɜɢɡɧɚɱɢɦɨ� �& ɿ� �& ɿ ɭ�ɬɚɤɢɣ�ɫɩɨɫɿɛ ɡɚɤɿɧ�
ɱɢɦɨ�ɪɨɡɜ¶ɹɡɨɤ�ɡɚɞɚɱɿ�
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ȼɿɫɧɢɤ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ʋ��������

ɍ�ɡɚɝɚɥɶɧɨɦɭ�ɜɢɝɥɹɞɿ��ɹɤɳɨ�ɪɨɡɝɥɹɞɚɬɢ�
ɫɤɥɚɞɟɧɭ� ɤɿɥɶɰɟɜɭ� ɩɥɚɫɬɢɧɭ�� ɹɤɚ� ɫɤɥɚɞɚ�
ɽɬɶɫɹ�ɡ� Q ɫɟɤɰɿɣ��ɦɚɬɢɦɟɦɨ�ɧɚɫɬɭɩɧɭ�ɪɨɡɪɚ�
ɯɭɧɤɨɜɭ�ɫɯɟɦɭ�

ɋɢɫɬɟɦɚ�ɞɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɟɥɟɦɟɧɬɿɜ�ɨɛɟɪ�
ɧɟɧɨʀ�ɦɚɬɪɢɰɿ� ɬɚɤɨɠ�ɡɚɩɢɲɟɬɶɫɹ� ɭ�ɜɢɝɥɹɞɿ��
ɚɧɚɥɨɝɿɱɧɨɦɭ������

�� � �� � ��$ ɋ $ & )�  

�� � �� � ��$ ɋ $ & )�  

� � � � ��Q Q Q Q Q Q Q$ ɋ $ & )� � � � ��  
�QQ Q Q$ ɋ ) ����

Ɋɨɡɜ¶ɹɡɭɜɚɥɶɧɚ�ɫɢɫɬɟɦɚ�ɥɿɧɿɣɧɢɯ�ɚɥɝɟɛ�
ɪɚʀɱɧɢɯ� ɪɿɜɧɹɧɶ� ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɧɟɜɿɞɨɦɢɯ�
ɤɨɦɩɨɧɟɧɬɿɜ�ɜɟɤɬɨɪɿɜ� �& ɡɚɩɢɲɟɬɶɫɹ�ɭ�ɜɢ�
ɝɥɹɞɿ�

� � � � � �

� �
� � � � � � � �

� �� � � � � � � �� �� �� �

� � �

�� � � � � � �

� � �� � � � � � � �� �� �� �� �

� � �

� �

� �
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Q QQ Q Q Q Q Q Q

Q QQ Q Q Q

QQ Q Q Q Q Q Q Q

Q QQ Q Q Q Q Q Q

$ $ $ $ $ $ $ &

) $ $ )

$ $ $ $ )

$ $ $ $ $ $ $ $ )
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� � �

�� � � � � � �
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�  

 � �

� � �

� �

����

ȼɟɤɬɨɪɢ� �& �� �& ��«�� Q& ɜɢɡɧɚɱɚɸɬɶɫɹ�ɡɚ�
ɪɟɤɭɪɟɧɬɧɢɦɢ�ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦɢ�

� � � ��� �� � �� � �& $ ) $ &
�

 �

� � � ��� �� � �� � �& $ ) $ &
�

 �

� � � ��� � � � � � � �Q Q Q Q Q Q Q& $ ) $ &
�� � � � � � � �

� � � ��� � � � � �Q Q Q Q Q Q Q& $ ) $ &
�� � � � � � ����

əɤ�ɛɚɱɢɦɨ��ɩɪɢ�ɪɨɡɪɚɯɭɧɤɚɯ�ɞɨɜɨɞɢɬɶɫɹ�
ɦɚɬɢ� ɫɩɪɚɜɭ� ɧɟ� ɡ� ɦɚɬɪɢɰɹɦɢ� ɤɨɟɮɿɰɿɽɧɬɿɜ�
ɩɪɢ�ɧɟɜɿɞɨɦɢɯ�ɪɨɡɦɿɪɨɦ� QQ �� u ��ɚ�ɡ�ɦɚɬɪɢ�
ɰɹɦɢ�ɪɨɡɦɿɪɨɦ� ��u ��ɐɟ�ɞɨɡɜɨɥɹɽ�ɭɧɢɤɧɭɬɢ�
ɛɚɝɚɬɶɨɯ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɫɤɥɚɞɧɨɫɬɟɣ�

Ɋɨɡɪɚɯɭɧɤɨɜɿ� ɪɟɡɭɥɶɬɚɬɢ� Ɂɚ� ɜɢɤɥɚɞɟ�
ɧɨɸ�ɜɢɳɟ�ɫɯɟɦɨɸ�ɛɭɥɨ�ɨɬɪɢɦɚɧɨ�ɞɟɹɤɿ�ɪɨɡ�
ɪɚɯɭɧɤɨɜɿ�ɪɟɡɭɥɶɬɚɬɢ��ɪɢɫ����± ����ɉɪɢ�ɪɨɡɪɚ�
ɯɭɧɤɚɯ� ɛɭɥɨ� ɩɪɢɣɧɹɬɨ�� � Q ��

���� � ( Ɇɉɚ�� ���� Q �� �����  K ɦ��

�����  K ɦ�� �����  K ɦ�� ����  5 ɦ��

����  5 ɦ�� ����  5 ɦ��Ɋɨɡɪɚɯɭɧɨɤ�ɡɞɿɣɫɧɸ�

ɜɚɜɫɹ�ɞɥɹ�ɧɚɫɬɭɩɧɢɯ�ɜɚɪɿɚɧɬɿɜ�ɧɚɜɚɧɬɚɠɟɧɧɹ�
�ɤɪɢɜɿ������������ɜɿɞɩɨɜɿɞɧɨ��� � �������  T Ɇɉɚ��

� �������  T Ɇɉɚ�� � �������  T Ɇɉɚ��

� �������  T Ɇɉɚ�� � �������  T Ɇɉɚ��ɭ�ɞɭɠɤɚɯ�
ɜɤɚɡɚɧɿ� ɿɧɬɟɧɫɢɜɧɨɫɬɿ� ɧɚɜɚɧɬɚɠɟɧɶ� ɧɚ� ɩɟɪ�
ɲɿɣ��ɞɪɭɝɿɣ�ɿ�ɬɪɟɬɿɣ�ɫɟɤɰɿɹɯ�ɜɿɞɩɨɜɿɞɧɨ��

Ɋɢɫ���� ɇɨɪɦɚɥɶɧɿ�ɩɪɨɝɢɧɢ Ɋɢɫ���� Ɂɝɢɧɚɥɶɧɿ�ɦɨɦɟɧɬɢ Ɋɢɫ��� ɉɨɩɟɪɟɱɧɿ�ɫɢɥɢ
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Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ ,661������������2QOLQH���,661������������3ULQW�

Ʌɿɬɟɪɚɬɭɪɚ
�� Ƚɚɜɟɥɹ�ɋ��ɉ���Ʌɟɜɱɭɤ�ɋ��Ⱥ���ɂɳɟɧɤɨ�Ɉ��Ⱥ��Ɋɚɫɱɟɬ�ɭɩɪɭɝɨɝɨ�ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ�ɤɪɭɝɥɨɣ�ɩɥɚɫɬɢɧɵ�

ɞɢɫɤɪɟɬɧɨ�ɩɟɪɟɦɟɧɧɨɣ�ɬɨɥɳɢɧɵ��Ɂɚɩɨɪɨɠɶɟ�����������ɫ��Ⱦɟɩ��ɜ�ɍɤɪɂɇɌɗɂ�����������ʋ������
ɍɤ���

�� Ʌɟɜɱɭɤ�ɋ� Ⱥ��Ɇɚɬɪɢɰɿ�Ƚɪɿɧɚ�ɪɿɜɧɹɧɶ�ɬɚ�ɫɢɫɬɟɦ�ɟɥɿɩɬɢɱɧɨɝɨ�ɬɢɩɭ�ɞɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ�ɫɬɚɬɢɱɧɨɝɨ�
ɞɟɮɨɪɦɭɜɚɧɧɹ�ɫɤɥɚɞɟɧɢɯ�ɬɿɥ���ɞɢɫ��«�ɤɚɧɞ��ɮɿɡ��ɦɚɬ��ɧɚɭɤ�������������Ɂɚɩɨɪɿɠɠɹ������������ɫ�

�� Ʌɟɜɱɭɤ�ɋ��Ⱥ��Ɇɚɬɪɢɰɹ�ɬɢɩɭ�Ƚɪɿɧɚ�ɤɪɭɝɥɨʀ�ɩɥɚɫɬɢɧɢ�ɞɢɫɤɪɟɬɧɨ�ɡɦɿɧɧɨʀ�ɬɨɜɳɢɧɢ��ȼɿɫɧɢɤ�Ɂɚɩɨ�
ɪɿɡɶɤɨɝɨ�ɞɟɪɠɚɜɧɨɝɨ�ɭɧɿɜɟɪɫɢɬɟɬɭ��Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ�ɧɚɭɤɢ� ������ʋ����ɋ����±���

�� Ʌɟɜɱɭɤ�ɋ��Ⱥ���ɋɢɫɨɽɜ�ɘ��Ɉ��ɉɪɨ�ɞɟɹɤɿ�ɫɩɨɫɨɛɢ�ɚɩɪɨɤɫɢɦɚɰɿʀ�ɤɪɭɝɥɢɯ�ɩɥɚɫɬɢɧ�ɪɿɡɧɢɯ�ɩɪɨɮɿɥɿɜ��
ȼɿɫɧɢɤ� Ɂɚɩɨɪɿɡɶɤɨɝɨ� ɞɟɪɠɚɜɧɨɝɨ� ɭɧɿɜɟɪɫɢɬɟɬɭ�� Ɏɿɡɢɤɨ�ɦɚɬɟɦɚɬɢɱɧɿ� ɧɚɭɤɢ� ������ ʋ ���
ɋ�����±����

�� Ʉɪɚɲɚɧɨɜɫɶɤɚ�Ɇ��Ɉ���Ʌɟɜɱɭɤ�ɋ��Ⱥ���ɏɦɟɥɶɧɢɰɶɤɢɣ�Ⱥ��Ⱥ��ɉɪɨ�ɞɟɹɤɿ�ɫɩɨɫɨɛɢ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɫɢɫɬɟɦ�
ɥɿɧɿɣɧɢɯ�ɚɥɝɟɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ�ɡ�ɤɜɚɡɿɞɿɚɝɨɧɚɥɶɧɢɦɢ�ɦɚɬɪɢɰɹɦɢ��Ⱥɤɬɭɚɥɶɧɿ�ɩɪɨɛɥɟɦɢ�ɦɚɬɟɦɚ�
ɬɢɤɢ�ɬɚ�ɿɧɮɨɪɦɚɬɢɤɢ��ɡɛ��ɬɟɡ�ɞɨɩ��ɲɨɫɬɨʀ�ɪɟɝɿɨɧ��ɧɚɭɤ��ɤɨɧɮ��ɦɨɥɨɞɢɯ�ɞɨɫɥɿɞɧɢɤɿɜ� ɩɪɢɫɜɹɱ��
��±ɪɿɱɱɸ�ɇȺɇ�ɍɤɪɚʀɧɢ��Ɂɚɩɨɪɿɠɠɹ��������ɋ����±���

�� Ɋɢɛɚɥɤɨ�Ɉ� Ɉ���Ʌɟɜɱɭɤ�ɋ��Ⱥ���ɏɦɟɥɶɧɢɰɶɤɢɣ�Ⱥ��Ⱥ��ɉɪɨ�ɪɨɡɜɢɬɨɤ�ɦɟɬɨɞɿɜ�ɪɨɡɜ¶ɹɡɚɧɧɹ�ɫɢɫɬɟɦ�
ɥɿɧɿɣɧɢɯ�ɚɥɝɟɛɪɚʀɱɧɢɯ�ɪɿɜɧɹɧɶ�ɡ�ɤɜɚɡɿɞɿɚɝɨɧɚɥɶɧɢɦɢ�ɦɚɬɪɢɰɹɦɢ��Ⱥɤɬɭɚɥɶɧɿ�ɩɪɨɛɥɟɦɢ�ɦɚɬɟɦɚ�
ɬɢɤɢ�ɬɚ�ɿɧɮɨɪɦɚɬɢɤɢ��ɡɛ��ɬɟɡ�ɞɨɩ��ɉɟɪɲɨʀ�ȼɫɟɭɤɪ���ɜɨɫɶɦɨʀ�ɪɟɝɿɨɧ��ɧɚɭɤ��ɤɨɧɮ��ɦɨɥɨɞɢɯ�ɞɨɫɥɿ�
ɞɧɢɤɿɜ� ɩɪɢɫɜɹɱ�����ɪɿɱɱɸ�Ɂɚɩɨɪɿɡɶɤɨɝɨ�ɧɚɰ��ɭɧ�ɬɭ��Ɂɚɩɨɪɿɠɠɹ��������ɋ����±���

�� /HYFKXN�6� $��$SSO\LQJ� WKH�DSSDUDWXV¶ RI�*UHHQ�PDWUL[HV�DQG�PDWUL[�DOJHEUD� WR� WKH�LVVXH�RI�VWDWLF�
GHIRUPDWLRQ�RI�FLUFXODU�SODWHV�ZLWK�GLVFUHWHO\�YDULDEOH�WKLFNQHVV� ɇɨɜɿ�ɦɚɬɟɪɿɚɥɢ�ɿ ɬɟɯɧɨɥɨɝɿʀ�ɜ�ɦɟ�
ɬɚɥɭɪɝɿʀ�ɬɚ�ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ� ������ʋ����ɋ�����±����

�� Ȼɢɪɝɟɪ�Ɇ��Ⱥ���ɉɚɧɨɜɤɨ�ə��Ƚ��ɉɪɨɱɧɨɫɬɶ��ɭɫɬɨɣɱɢɜɨɫɬɶ��ɤɨɥɟɛɚɧɢɹ��ɜ���ɬ��Ɇɨɫɤɜɚ��Ɇɚɲɢɧɨɫɬɪɨ�
ɟɧɢɟ��������Ɍ���������ɫ�

�� ȼɚɣɧɛɟɪɝ�Ⱦ� ȼ��ɇɚɩɪɹɠɟɧɧɨɟ�ɫɨɫɬɨɹɧɢɟ�ɫɨɫɬɚɜɧɵɯ�ɞɢɫɤɨɜ�ɢ�ɩɥɚɫɬɢɧ��Ʉɢɟɜ� ɂɡɞ�ɜɨ�Ⱥɇ�ɍɋɋɊ��
����������ɫ�

5HIHUHQFHV

�� *DYHOD��6� 3���/HYFKXN��6� $��	 ,VKHQNR��2� $��������� &DOFXODWLRQ�RI�WKH�HODVWLF�GHIRUPDWLRQ�RI�D�
FLUFXODU�SODWH�RI�GLVFUHWH�YDULDEOH�WKLFNQHVV��'HS��Y�8NU,17(,��ʋ����8N�������S�

�� /HYFKXN��6� $��������� *UɿQ¶V�PDWUL[HV�WKH�HTXDWLRQV�DQG�V\VWHPV�RI�WKH�HOOLSWLFDO�W\SH�IRU�VWXG\�WKH�
VWDWLF�GHIRUPDWLRQ�FRPSRVLWH�ERGLHV� $EVWUDFW�IRU�&DQG��6F���3K\VLFDO�DQG�PDWKHPDWLFDO�������������
1DWLRQDO�8QLYHUVLW\��=DSRUL]K]KD��8NUDLQH�

�� /HYFKXN��6� $��������� *UHHQ¶V�W\SH�PDWUL[�RI�D�FLUFXODU�SODWH�RI�GLVFUHWH�YDULDEOH�WKLFNQHVV��9LVQLN�
=DSRUL]NRJR�GHU]DYQRJR�XQLYHUVLWHWX��)L]LNR�PDWHPDWLFKQ\�QDXNL��1R� ���SS����±���

�� /HYFKXN��6� $��	 6LVRHY��8� 2��������� $ERXW�VRPH�PHWKRGV�RI�DSSUR[LPDWLRQ�RI�URXQG�SODWHV�RI�
GLIIHUHQW�SURILOHV� 9LVQLN�=DSRUL]NRJR�GHU]DYQRJR�XQLYHUVLWHWX��)L]LNR�PDWHPDWLFKQ\�QDXNL��1R� ���
SS�����±����

�� .UDVKDQRYVNDMD��Ɇ��Ɉ��� /HYFKXN�� 6�$��	 +PHOQLWVNL\��$� $�� ������� $ERXW� VRPH�ZD\V� WR� VROYH�
V\VWHPV�RI�OLQHDU�DOJHEUDLF�HTXDWLRQV�ZLWK�TXDVL�GLDJRQDO�PDWULFHV��3URFHHGLQJ�RI�WKH�6L[WK�UHJLRQDO�
VFLHQWLILF�FRQIHUHQFH�RI�\RXQJ�UHVHDUFKHUV�GHGLFDWHG�WR�WKH���WK�DQQLYHUVDU\�RI�WKH�1DWLRQDO�$FDGHP\�
RI� 6FLHQFHV� RI� 8NUDLQH $FWXDO� SUREOHPV� RI� PDWKHPDWLFV� DQG� FRPSXWHU� VFLHQFH�� �SS�� ��±�����
=DSRUL]K]KD�

�� 5LEDONR��2� 2���/HYFKXN��6� $��	 +PHOQLWVNL\��$� $��������� $ERXW�WKH�GHYHORSPHQW�RI�PHWKRGV�IRU�
VROYLQJ�V\VWHPV�RI�OLQHDU�DOJHEUDLF�HTXDWLRQV�ZLWK�TXDVL�GLDJRQDO�PDWULFHV��3URFHHGLQJ�RI�WKH HLJKWK�
UHJLRQDO�VFLHQWLILF�FRQIHUHQFH�RI�\RXQJ�UHVHDUFKHUV�GHGLFDWHG�WR�WKH���WK�DQQLYHUVDU\�RI�WKH�1DWLRQDO�
$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�$FWXDO�SUREOHPV�RI�PDWKHPDWLFV�DQG�FRPSXWHU�VFLHQFH� �SS����±����
=DSRUL]K]KD�

�� /HYFKXN��6� $��������� $SSO\LQJ�WKH�DSSDUDWXV¶ RI�*UHHQ�PDWUL[HV�DQG�PDWUL[�DOJHEUD�WR�WKH�LVVXH�RI�
VWDWLF�GHIRUPDWLRQ�RI�FLUFXODU�SODWHV�ZLWK�GLVFUHWHO\�YDULDEOH�WKLFNQHVV� 1RYL�PDWHULDO\�L�WHNKQRORKL\L�
Y�PHWDOXUKL\L�WD�PDVK\QREXGXYDQQL��1R� ���SS�����±����

�� %LUJHU��0� 1��	 3DQRYNR��,D��*��������� 6WUHQJWK��VWDELOLW\��RVFLOODWLRQV� 0RVNRZ� 0DVK\QRVWURHQ\H�

�� 9DLQEHUJ��'� 9�� ������� 6WUHVV� VWDWH� RI� FRPSRVLWH� GLVFV� DQG� SODWHV� .LHY� 3XEOLVKLQJ� KRXVH� RI� WKH�
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�


