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$120$/286�2)�5(6,67$1&(�$1'�0$*1(7,&�686&(37,%,/,7<�$7�
���-����.�$1'�$0%,(17�35(6685(�,1�%,6087+�&835$7(6� 
6<17+(6,=('�%<�62/$5�(1(5*<� 
 
'LOEDUD�'M��*8/$029$���JXODPRYD#X]VFL�QHW� 
(O\RU�%��(6+21.8/29���HO\RUHVKRQNXORY��#PDLO�UX� 
9DOHUL\D�5��/,���YOL#PLVLV�X]� 
*ULJRU�,��0$01,$6+9,/,���PJULJRU#URFNHWPDLO�FRP� 
7LPXU�,��*8/$029���*XODPRYWLPXU#JPDLO�FRP� 
�0DWHULDOV�6FLHQFH�,QVWLWXWH��7DVKNHQW��8]EHNLVWDQ 
�0RVFRZ�,QVWLWXWH�RI�6WHHO�DQG�$OOR\V�EUDQFK��$OPDOLN��8]EHNLVWDQ 
�7ELOLVL�6WDWH�8QLYHUVLW\��7ELOLVL��*HRUJLD� 
 

,Q�RUGHU�WR�REWDLQ�WKH�IXOO�FRQWHQW�RI�KLJK-WHPSHUDWXUH�VXSHUFRQGXFWLQJ�SKDVHV�XVLQJ�WKH�³6XSHU�)DVW�$OOR\V�4XHQFKLQJ´�WHFKQRO�
RJ\�LQ�WKH�/DUJH�6RODU�)XUQDFH��3DUNHQW���SUHFXUVRUV�RI�ELVPXWK�FXSUDWHV�RI�WKH�VHULHV�%L���3E���6U�&D�Q-��&XQ2\��Q �-���ZHUH�V\QWKHVL]HG��
0HWKRGV�IRU�VWXG\�WKH�SURSHUWLHV�RI�SUHFXUVRUV�DUH�SUHVHQWHG��7KH�RULHQWHG�QDQR-VL]HG�PLFURVWUXFWXUH�DQG�OD\HUHG�VWUXFWXUH�RI�QDQRFU\VWDO�
OLQH�QXFOHL�DUH�VKRZQ��7KH�SKDVH�FRPSRVLWLRQ�RI�WKH�SUHFXUVRUV�DW�WKH�EHJLQQLQJ�RI�WKH�VHULHV��Q �-���LV�UHSUHVHQWHG�E\�;-UD\�DPRUSKRXV�
DQG�FU\VWDOOLQH�SKDVHV��$Q�LQFUHDVH�LQ�WKH�FRQWHQW�RI�&D2�DQG�&X2�GHVWDELOL]HV�WKH�DPRUSKRXV�SKDVH��7KH�FU\VWDOOLQH�EDVLV�RI�DOO�SUHFXU�
VRUV�LV�LGHQWLFDO��*UDSKV�RI�WKH�UHVLVWDQFH�DQG�PDJQHWLF�VXVFHSWLELOLW\�RI�%L���3E���6U�&D�Q-��&XQ2\���Q ���������SUHFXUVRUV�VKRZ�DEQRUPDOO\�
VKDUS�HIIHFWV�LQ�WKH�WHPSHUDWXUH�UDQJH����-����.�DW�DWPRVSKHULF�SUHVVXUH��GD\OLJKW��7KH�PDQLIHVWDWLRQ�RI�WKH�0HLVVQHU�HIIHFW��DQRPDOLHV�LQ�
UHVLVWDQFH�DQG�PDJQHWLF�VXVFHSWLELOLW\�EHORZ�����.�VXJJHVW�VXSHUFRQGXFWLYLW\�RI�WKH�SUHFXUVRUV�RI�WKH�VHULHV�%L���3E���6U�&D�Q-��&XQ2\��Q ���
�������DW�URRP�WHPSHUDWXUH� 

 
.H\ZRUGV��%L�3E�FXSUDWHV��VRODU�WHFKQRORJ\��PLFURVWUXFWXUH��SKDVH�FRPSRVLWLRQ��UHVLVWDQFH��PDJQHWLF�VXVFHSWLELOLW\��URRP-WHPSHUDWXUH�VXSHUFRQGXFWLQJ�SKDVHV� 

ȺɇɈɆȺɅɂɂ�ɋɈɉɊɈɌɂȼɅȿɇɂə�ɂ�ɆȺȽɇɂɌɇɈɃ�ȼɈɋɉɊɂɂɆɑɂȼɈɋɌɂ�
ɉɊɂ����-����Ʉ�ɂ�ȺɌɆɈɋɎȿɊɇɈɆ�ȾȺȼɅȿɇɂɂ�ȼɂɋɆɍɌɈȼɕɏ�ɄɍɉɊȺɌȺɏ�� 
ɋɂɇɌȿɁɂɊɈȼȺɇɇɕɏ�ɋɈɅɇȿɑɇɈɃ�ɗɇȿɊȽɂȿɃ� 
 
Ⱦɢɥɶɛɚɪɚ�Ⱦɠ��ȽɍɅȺɆɈȼȺ���JXODPRYD#X]VFL�QHW� 
ɗɥɺɪ�Ȼ��ɗɒɈɇɄɍɅɈȼ����HO\RUHVKRQNXORY��#PDLO�UX� 
ȼɚɥɟɪɢɹ�Ɋ��Ʌɂ���YOL#PLVLV�X]� 
Ƚɪɢɝɨɪ�ɂ��ɆȺɆɇɂȺɒȼɂɅɂ���PJULJRU#URFNHWPDLO�FRP� 
Ɍɢɦɭɪ�ɂ��ȽɍɅȺɆɈȼ���*XODPRYWLPXU#JPDLO�FRP� 
�ɂɧɫɬɢɬɭɬ�ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ɏɢɥɢɚɥ�Ɇɨɫɤɨɜɫɤɨɝɨ�ɢɧɬɫɬɢɬɭɬɚ�ɫɬɚɥɢ�ɢ�ɫɩɥɚɜɨɜ��Ⱥɥɦɚɥɵɤ��ɍɡɛɟɤɢɫɬɚɧ 
�Ɍɛɢɥɢɫɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɍɛɢɥɢɫɢ��Ƚɪɭɡɢɹ� 
 

ɋ�ɰɟɥɶɸ� ɩɨɥɭɱɟɧɢɹ� ɩɨɥɧɨɨɛɴɟɦɧɨɝɨ� ɫɨɞɟɪɠɚɧɢɹ� ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ�ɬɟɯɧɨɥɨɝɢɟɣ� ³6XSHU� )DVW�
$OOR\V�4XHQFKLQJ´�ɜ�Ȼɨɥɶɲɨɣ�ɫɨɥɧɟɱɧɨɣ�ɩɟɱɢ��ɉɚɪɤɟɧɬ��ɫɢɧɬɟɡɢɪɨɜɚɧɵ�ɩɪɟɤɭɪɫɨɪɵ�ɜɢɫɦɭɬɨɜɵɯ�ɤɭɩɪɚɬɨɜ�ɪɹɞɚ�%L���3E���6U�&D�Q-��
&XQ2\��Q �-���� ɉɪɟɞɫɬɚɜɥɟɧɵ� ɦɟɬɨɞɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɜɨɣɫɬɜ� ɩɪɟɤɭɪɫɨɪɨɜ�� ɉɨɤɚɡɚɧɚ� ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ� ɧɚɧɨ� ɪɚɡɦɟɪɧɚɹ� ɦɢɤɪɨ�
ɫɬɪɭɤɬɭɪɚ�ɢ�ɫɥɨɢɫɬɨɟ�ɫɬɪɨɟɧɢɟ�ɧɚɧɨ�ɤɪɢɫɬɚɥɥɢɬɨɜ-ɡɚɪɨɞɵɲɟɣ��Ɏɚɡɨɜɵɣ�ɫɨɫɬɚɜ�ɩɪɟɤɭɪɫɨɪɨɜ�ɧɚɱɚɥɚ�ɪɹɞɚ��Q �-���ɩɪɟɞɫɬɚɜɥɟɧ�
ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɨɣ�ɢ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ�ɮɚɡɚɦɢ��ȼɨɡɪɚɫɬɚɧɢɟ�ɫɨɞɟɪɠɚɧɢɹ�ɋɚɈ�ɢ�ɋX2�ɞɟɫɬɚɛɢɥɢɡɢɪɭɟɬ�ɚɦɨɪɮɧɭɸ�ɮɚɡɭ��Ʉɪɢ�
ɫɬɚɥɥɢɱɟɫɤɚɹ�ɨɫɧɨɜɚ�ɜɫɟɯ�ɩɪɟɤɭɪɫɨɪɨɜ�ɢɞɟɧɬɢɱɧɚ��Ƚɪɚɮɢɤɢ�ɡɚɜɢɫɢɦɨɫɬɢ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɩɪɟɤɭɪɫɨ�
ɪɨɜ�%L���3E���6U�&D�Q-��&XQ2\���Q ���������ɩɨɤɚɡɵɜɚɸɬ�ɚɧɨɦɚɥɶɧɨ�ɪɟɡɤɢɟ�ɷɮɮɟɤɬɵ�ɜ�ɬɟɦɩɟɪɚɬɭɪɧɨɦ�ɢɧɬɟɪɜɚɥɟ����-����Ʉ�ɩɪɢ�ɚɬ�
ɦɨɫɮɟɪɧɨɦ�ɞɚɜɥɟɧɢɢ��ɞɧɟɜɧɨɦ�ɨɫɜɟɳɟɧɢɢ��ɉɪɨɹɜɥɟɧɢɟ�ɷɮɮɟɤɬɚ�Ɇɟɣɫɫɧɟɪɚ��ɚɧɨɦɚɥɢɢ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨ�
ɫɬɢ�ɜɵɲɟ�����Ʉ�ɩɪɟɞɩɨɥɚɝɚɸɬ�ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶ�ɩɪɟɤɭɪɫɨɪɨɜ�ɪɹɞɚ�%L���3E���6U�&D�Q-��&XQ2\��Q ����������ɩɪɢ�ɤɨɦɧɚɬɧɨɣ�ɬɟɦɩɟɪɚ�
ɬɭɪɟ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɤɥɢɧɤɟɪ��%L�3E�ɤɭɩɪɚɬɵ��ɫɨɥɧɟɱɧɚɹ�ɬɟɯɧɨɥɨɝɢɹ��ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ��ɮɚɡɨɜɵɣ�ɫɨɫɬɚɜ��ɫɨɩɪɨɬɢɜɥɟɧɢɟ��ɦɚɝɧɢɬɧɚɹ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ�� 
ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɟ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɟ�ɮɚɡɵ� 

48<26+�(1(5*,<$6,�%,/$1�6,17(=/$1*$1�9,6087�.835$7/$5'$�
���-����.�'$*,�4$56+,/,.�9$�0$*1,7�6,1*',589&+$1/,.� 
$120$/,<$6, 

 
'LOEDUD�'M��*8/$029$���JXODPRYD#X]VFL�QHW� 
(O\RU�%��(6+21.8/29���HO\RUHVKRQNXORY��#PDLO�UX� 
9DOHUL\D�5��/,���YOL#PLVLV�X]�� 
*ULJRU�,��0$01,$6+9,/,���PJULJRU#URFNHWPDLO�FRP�� 
7LPXU�,��*8/$029���*XODPRYWLPXU#JPDLO�FRP�� 
�0DWHULDOVKXQRVOLN�LQVWLWXWL��7RVKNHQW��2
]EHNLVWRQ 
�0RVNYD�SR
ODW�YD�TRWLVKPDODU�LQVWLWXWLQLQJ�ILOLDOL��2OPDOLT��2
]EHNLVWRQ 
�7ELOLVL�'DYODW�8QLYHUVLWHWL��7ELOLVL��*UX]L\D 
 

<XTRUL� KDURUDWOL� R¶WD� R
WND]XYFKL� ID]DODUQLQJ� WR
OLT� KDMPOL� WDUNLELQL� ROLVK� XFKXQ� PDTVDGLGD� .DWWD� TX\RVK� SHFKLGD� �3DUNHQW��
³6XSHU�)DVW�$OOR\V�4XHQFKLQJ´�WH[QRORJL\DVLGDQ�IR\GDODQLE�%L���3E���6U�&D�Q-��&XQ2\�Q �-���VHUL\DOL�YLVPXW�NXSUDWODULQLQJ�SUHNXUVRUODUL�
ROLQGL�� 3UHNXUVRUODUQLQJ� [RVVDODULQL� R
UJDQLVK� XVXOODUL� NHOWLULOJDQ�� 1DQR� NULVWDOOL� \DGURODUQLQJ� \R
QDOWLULOJDQ� QDQR� R
OFKDPGDJL� PLNUR�
WX]LOLVKL�YD�TDWODPOL�WX]LOLVKL�NR
UVDWLOJDQ��3UHNXUVRUODUQLQJ�ID]DYL\�WDUNLEL��Q �-���TDWRU�ERVKODQLVKLGD�UHQWJHQ�DPRUI�YD�NULVWDOO�ID]DODU�
ELODQ�LIRGDODQDGL��&D2�YD�&X2�QLQJ�RVKLVKL�DPRUI�ID]DQL�EHTDURUODVKWLUDGL��%DUFKD�SUHNXUVRUODUQLQJ�NULVWDOOL�DVRVL�ELU�[LO��%L���3E���6U�&D
�Q-��&XQ2\��Q ���������SUHNXUVRUODULQLQJ�TDUVKLOLN�YD�PDJQLW�VH]XYFKDQOLN�JUDILNODUL��DWPRVIHUD�ERVLPLGD��NXQGX]JL�\RUXJ
OLNGD����-����.�
KDURUDW�RUDOLJ
LGD�DQRPDO�UDYLVKGD�NHVNLQ�WD
VLUODUQL�NR
UVDWDGL��0HLVVQHU�HIIHNWLQLQJ�QDPR\RQ�ER
OLVKL��TDUVKLOLN�YD�PDJQLW�VH]XYFKDQOLN�
GDJL�DQRPDOL\DODU�[RQD�KDURUDWLGD�%L���3E���6U�&D�Q-��&XQ2\�Q ��������VHUL\DVLQLQJ�SUHNXUVRUODULQLQJ�R
WD�R
WND]XYFKDQOLJLQL�NR
UVDWDGL� 

 
ɄɚOLW�VR
]ODU��%L�3E�NXSUDWODUL��TX\RVK�WH[QRORJL\DVL��PLNURWX]XOLVK��ID]DYL\�WDUNLE��TDUVKLOLN��PDJQLW�VH]XYFKDQOLN��[RQD�KDURUDWOL�R
WD�R
WND]XYFKDQ�ID]DODU� 

'2,�����������FFH������ 

� 

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ȼɜɟɞɟɧɢɟ 
ɋɨɫɬɚɜ� ɢ� ɬɟɯɧɨɥɨɝɢɹ� ɹɜɥɹɸɬɫɹ� ɨɫɧɨɜ�

ɧɵɦɢ� ɮɚɤɬɨɪɚɦɢ�� ɨɩɪɟɞɟɥɹɸɳɢɦɢ� ɫɜɨɣɫɬɜɚ�

ɰɟɥɟɜɨɝɨ� ɦɚɬɟɪɢɚɥɚ�� ɉɪɢ� ɩɨɫɬɨɹɧɧɨɦ� ɫɨɫɬɚɜɟ��
ɤɨɬɨɪɵɣ�ɜ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɞɨɫɬɚɬɨɱɧɨ�ɧɚɞɟɠ�
ɧɨ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɜɵɫɨɤɨɬɨɱɧɵɦɢ� ɩɪɢɛɨɪɚɦɢ� ɢ�
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɨɛɨɪɭɞɨɜɚɧɢɟɦ�� ɬɨɧɤɢɟ� ɨɫɨɛɟɧ�
ɧɨɫɬɢ� ɬɟɯɧɨɥɨɝɢɢ� ɫɢɧɬɟɡɚ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɝɥɚɜ�
ɧɵɣ� ɫɟɤɪɟɬ� QRZ-KRZ�� ɤɨɬɨɪɵɣ� ɧɟɨɛɯɨɞɢɦɨ�
ɪɟɚɥɢɡɨɜɚɬɶ� ɞɥɹ� ɫɨɡɞɚɧɢɹ� ɬɪɟɛɭɟɦɵɯ� ɫɜɨɣɫɬɜ� ɭ�
ɦɚɬɟɪɢɚɥɚ�ɢ�ɢɡɞɟɥɢɣ�ɧɚ�ɟɝɨ�ɨɫɧɨɜɟ��Ⱦɥɹ�ɫɢɧɬɟɡɚ�
ɨɤɫɢɞɧɵɯ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ� >�-��@�
ɬɪɚɞɢɰɢɨɧɧɨ�ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭɸɬ�ɬɟɯɧɨɥɨɝɢɢ�ɧɚ�
ɨɫɧɨɜɟ�ɩɪɢɧɰɢɩɚ�ɬɜɟɪɞɨɮɚɡɧɵɯ�ɪɟɚɤɰɢɣ��Ɍɚɤɢɟ�
ɩɪɨɰɟɫɫɵ� ɞɨɥɝɨɜɪɟɦɟɧɧɵ�� ɫɜɹɡɚɧɵ� ɫ� ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɦɢ� ɩɟɪɟɞɟɥɚɦɢ� ɩɨɦɨɥɚ�� ɪɚɡɞɟɥɟɧɢɹ� ɧɚ�
ɮɪɚɤɰɢɢ�� ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɹ�� ɨɛɠɢɝɚ� ɢ� ɞɪɭɝɢɦɢ�
ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ� ɨɫɨɛɟɧɧɨɫɬɹɦɢ�� Ɍɟɪɦɨɨɛɪɚ-
ɛɨɬɤɚ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɷɧɟɪɝɨɡɚɬɪɚɬɧɵɣ� ɩɪɨɰɟɫɫ� ɫ�
ɩɟɪɢɨɞɢɱɟɫɤɢɦ� ɩɨɷɬɚɩɧɵɦ� ɢɡɦɟɧɟɧɢɟɦ� ɬɟɪɦɢ-
ɱɟɫɤɨɝɨ� ɪɟɠɢɦɚ�� ɱɬɨ� ɬɪɟɛɭɟɬ� ɩɪɢɦɟɧɟɧɢɹ�
ɜɵɫɨɤɨɬɨɱɧɨɣ� ɚɩɩɚɪɚɬɭɪɵ� ɢ� ɞɨɪɨɝɨɫɬɨɹɳɢɯ�
ɧɚɝɪɟɜɚɬɟɥɟɣ�� ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɫɨɡɞɚɸɬɫɹ� ɦɚɬɟ-
ɪɢɚɥɵ� ɢ� ɢɡɞɟɥɢɹ� ɫ� ɪɚɡɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ�
ɨɛɴɟɦɧɨɣ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ�� ɩɪɢɟɦɥɟɦɨɣ�� ɫ�
ɧɟɤɨɬɨɪɵɦɢ� ɨɝɪɚɧɢɱɟɧɢɹɦɢ�� ɞɥɹ� ɢɡɞɟɥɢɣ� ɫ�
ɢɡɨɬɪɨɩɧɵɦɢ� ɫɜɨɣɫɬɜɚɦɢ�� ɧɨ� ɧɟ� ɭɞɨɜɥɟɬ-
ɜɨɪɹɸɳɟɣ� ɠɟɫɬɤɢɟ� ɬɪɟɛɨɜɚɧɢɹ� ɤ� ɩɚɪɚɦɟɬɪɚɦ�
ɚɧɢɡɨɬɪɨɩɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ��ɫɭɳɟɫɬɜɟɧɧɨ�ɡɚɜɢɫɹ-
ɳɢɦ� ɨɬ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɦɨɪɮɨɥɨɝɢɢ�� ɇɟɤɨɬɨɪɨɟ�
ɭɥɭɱɲɟɧɢɟ� ɬɟɤɫɬɭɪɵ�� ɩɨɡɜɨɥɹɸɳɟɟ� ɞɨɫɬɢɝɚɬɶ�
ɬɪɟɛɭɟɦɵɯ� ɫɜɨɣɫɬɜ� ɜ� ɩɪɨɢɡɜɨɞɫɬɜɟ� ɫɜɟɪɯɩɪɨ-
ɜɨɞɹɳɢɯ� ɦɚɬɟɪɢɚɥɨɜ� ɡɚɞɚɧɧɨɝɨ� ɫɨɫɬɚɜɚ� ɫ�
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ� ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ�� ɞɨɫɬɢɝɚɟɬ-
ɫɹ� ɪɚɫɩɥɚɜɧɵɦɢ� ɦɟɬɨɞɚɦɢ�� Ɉɞɧɚɤɨ�� ɜɵɫɨɤɚɹ�
ɷɧɟɪɝɨɟɦɤɨɫɬɶ� ɪɚɫɩɥɚɜɧɵɯ� ɬɟɯɧɨɥɨɝɢɣ�� ɫɥɨɠ-
ɧɨɫɬɶ� ɞɥɢɬɟɥɶɧɨɝɨ� � ɩɨɞɞɟɪɠɚɧɢɹ� ɬɪɟɛɭɟɦɨɝɨ�
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ� ɪɟɠɢɦɚ� ɱɚɫɬɨ� ɧɟ�
ɩɨɡɜɨɥɹɸɬ� ɤɨɧɤɭɪɢɪɨɜɚɬɶ� ɫ� ɩɪɨɦɵɲɥɟɧɧɵɦɢ�
ɩɪɨɰɟɫɫɚɦɢ�ɧɚ�ɨɫɧɨɜɟ�ɬɜɟɪɞɨɮɚɡɧɨɝɨ�ɩɪɢɧɰɢɩɚ��
ȼ� ɬɨ� ɠɟ� ɜɪɟɦɹ�� ɜ� ɬɟɯ� ɫɥɭɱɚɹɯ�� ɤɨɝɞɚ�
ɜɨɡɦɨɠɧɨɫɬɶ� ɪɟɚɥɢɡɚɰɢɢ� ɬɪɟɛɭɟɦɵɯ� ɫɜɨɣɫɬɜ�
ɰɟɥɟɜɨɝɨ� ɦɚɬɟɪɢɚɥɚ� ɪɚɫɩɥɚɜɧɵɦɢ� ɦɟɬɨɞɚɦɢ�
ɩɪɟɜɚɥɢɪɭɟɬ�ɧɚɞ�ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ�ɚɪɝɭɦɟɧɬɚɦɢ��
ɢɫɩɨɥɶɡɭɸɬɫɹ� ɪɚɫɩɥɚɜɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ��
ɇɚɩɪɢɦɟɪ�� ɪɚɡɪɚɛɨɬɚɧɧɵɣ� Ɋ�� 0F-LQQ� ɪɚɫɩɥɚɜ�
ɧɵɣ� ɦɟɬɨɞ� >��@� ɬɟɤɫɬɭɪɢɪɨɜɚɧɢɹ� ɞɥɹ� ɩɨɜɵɲɟ�
ɧɢɹ�ɤɪɢɬɢɱɟɫɤɨɣ�ɬɟɦɩɟɪɚɬɭɪɵ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɟ�
ɝɨ�ɩɟɪɟɯɨɞɚ�ɤɭɩɪɚɬɨɜ�ɢɬɬɪɢɹ��ɜɢɫɦɭɬɚ�ɢ�ɞɪɭɝɢɯ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɦɚɬɟɪɢɚɥɨɜ��ɡɚɫɥɭɠɢɜɚɟɬ�ɜɧɢ�
ɦɚɧɢɹ�� ɬ�ɤ�� ɫɨɡɞɚɟɬ� ɫɜɨɣɫɬɜɚ�� ɧɟ� ɞɨɫɬɢɝɧɭɬɵɟ�
ɬɜɟɪɞɨɮɚɡɧɵɦ� ɦɟɬɨɞɨɦ� ɤ� ɦɨɦɟɧɬɭ� ɪɚɡɪɚɛɨɬɤɢ�
ɢɦ�ɬɟɯɧɨɥɨɝɢɢ�ɧɚɩɪɚɜɥɟɧɧɨɝɨ�ɬɟɤɫɬɭɪɢɪɨɜɚɧɢɹ��
ɚɧɚɥɨɝɢɱɧɨɣ� ɦɟɬɨɞɭ� ɜɵɪɚɳɢɜɚɧɢɹ� ɦɨɧɨɤɪɢ�
ɫɬɚɥɥɨɜ�� 

Ⱦɥɹ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɦɚɬɟɪɢɚɥɨɜ�ɫ�ɢɡɨɬɪɨɩ�
ɧɨɣ�ɫɬɪɭɤɬɭɪɨɣ�ɬɪɟɛɨɜɚɧɢɹ�ɧɟ�ɫɬɨɥɶ�ɫɬɪɨɝɢ��ɤɚɤ�

ɤ� ɬɟɯɧɨɥɨɝɢɹɦ� ɩɨɥɭɱɟɧɢɹ� ɰɟɥɟɜɵɯ� ɩɪɨɞɭɤɬɨɜ��
ɫɜɨɣɫɬɜɚ� ɤɨɬɨɪɵɯ� ɨɩɪɟɞɟɥɹɸɳɢɦ� ɨɛɪɚɡɨɦ� ɡɚ�
ɜɢɫɹɬ�ɨɬ�ɨɫɨɛɟɧɧɨɫɬɟɣ�ɦɨɪɮɨɥɨɝɢɢ��ɤ�ɤɨɬɨɪɵɦ�
ɨɬɧɨɫɹɬɫɹ� ɦɚɬɟɪɢɚɥɵ� ɢ� ɢɡɞɟɥɢɹ� ɫ� ɨɫɨɛɵɦɢ�
ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɦɢ� ɫɜɨɣɫɬɜɚɦɢ�� ɫɟɝɧɟɬɨɷɥɟɤ�
ɬɪɢɤɢ�� ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ�� ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɢ��
Ɍɜɟɪɞɨɮɚɡɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ�ɩɪɨɢɡɜɨɞɫɬɜɚ�ɫɟɝɧɟ�
ɬɨɷɥɟɤɬɪɢɤɨɜ� ɢ� ɨɤɫɢɞɧɵɯ� ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ�
ɪɚɡɜɢɬɵ�ɞɨɫɬɚɬɨɱɧɨ�ɧɚɞɟɠɧɨ��ɨɞɧɚɤɨ�ɜ�ɨɛɥɚɫɬɢ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɤɭɩɪɚɬɨɜ� ɫɥɨɠɧɨ� ɞɨɛɢɬɶɫɹ�
ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ� ɬɪɚɞɢɰɢɨɧɧɵɦɢ�
ɬɟɯɧɨɥɨɝɢɹɦɢ�ɢ�ɞɨ�ɧɚɫɬɨɹɳɟɝɨ�ɜɪɟɦɟɧɢ�ɨɫɬɚɟɬ�
ɫɹ�ɩɪɨɛɥɟɦɚ�ɩɨɥɭɱɟɧɢɹ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɣ�ɤɟɪɚ�
ɦɢɤɢ�ɫ�ɤɪɢɬɢɱɟɫɤɨɣ�ɬɟɦɩɟɪɚɬɭɪɨɣ�ɫɜɟɪɯɩɪɨɜɨ�
ɞɹɳɟɝɨ�ɩɟɪɟɯɨɞɚ�ɜɵɲɟ�����Ʉ��ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ��
ɱɬɨ� ɧɟɬɪɢɜɢɚɥɶɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɩɨɡɜɨɥɹɬ� ɩɪɢ-
ɛɥɢɡɢɬɶɫɹ� ɤ� ɩɨɥɭɱɟɧɢɸ� ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚ-
ɬɭɪɧɵɯ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɤɭɩɪɚɬɨɜ��ɉɨɞɬɜɟɪɠ-
ɞɟɧɢɟɦ� ɷɬɨɝɨ� ɩɪɟɞɩɨɥɨɠɟɧɢɹ� ɹɜɥɹɸɬɫɹ�
ɪɟɡɭɥɶɬɚɬɵ� ɩɨɥɭɱɟɧɢɢ� ɫɨɥɧɟɱɧɨɣ� ɬɟɯɧɨɥɨɝɢɟɣ�
³6)$4´� � ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɜɢɫɦɭɬɨɜɵɯ� ɮɚɡ� ɫ�
Ɍɫ ���� Ʉ� >��@� ɢ� ɜɵɲɟ� >��-��@�� Ʉɨɦɧɚɬɧɨ-
ɬɟɦɩɟɪɚɬɭɪɧɵɟ�ɮɚɡɵ�ɩɨɥɭɱɟɧɵ�ɜ�ɨɝɪɚɧɢɱɟɧɧɨɦ�
ɨɛɴɟɦɧɨɦ�ɤɨɥɢɱɟɫɬɜɟ�ɜ�ɦɧɨɝɨɮɚɡɧɵɯ�ɤɭɩɪɚɬɚɯ�
ɜɢɫɦɭɬɚ��Ⱦɥɹ�ɜɵɩɨɥɧɟɧɢɹ�ɬɪɟɛɨɜɚɧɢɹ�ɲɢɪɨɤɨ�
ɝɨ� ɩɪɨɦɵɲɥɟɧɧɨɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ� ɦɚɫɫɢɜɧɵɯ�
ɧɢɡɤɨɨɦɧɵɯ� ɤɟɪɚɦɢɤ� ɰɟɥɶɸ� ɪɚɛɨɬɵ� ɹɜɢɥɨɫɶ�
ɩɨɥɭɱɟɧɢɟ��ɩɨɥɧɨɨɛɴɟɦɧɨɝɨ�ɫɨɞɟɪɠɚɧɢɹ�ɜɵɫɨ�
ɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ�� 

Ɉɛɴɟɤɬɵ�ɢ�ɦɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼɢɫɦɭɬɨɜɵɟ� ɤɭɩɪɚɬɵ�� ɫɨɫɬɚɜ� ɤɨɬɨɪɵɯ�

ɨɩɢɫɵɜɚɟɬɫɹ�ɮɨɪɦɭɥɨɣ�%L���3E���6U�&D�Q-��&XQ2\��
Q �-���� ɫɢɧɬɟɡɢɪɨɜɚɧɵ� ɜ� Ȼɨɥɶɲɨɣ� ɫɨɥɧɟɱɧɨɣ�
ɩɟɱɢ� �ɉɚɪɤɟɧɬ�� ³6)$4´� ɬɟɯɧɨɥɨɝɢɟɣ� >��@��
ɉɪɢɧɰɢɩ� ɦɟɬɨɞɚ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɩɥɚɜɥɟɧɢɢ�
ɲɢɯɬɵ� ɡɚɞɚɧɧɨɝɨ� ɫɨɫɬɚɜɚ� ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ�
ɫɨɥɧɟɱɧɨɣ� ɷɧɟɪɝɢɟɣ� ɢ� ɩɨɫɥɟɞɭɸɳɟɣ� ɡɚɤɚɥɤɟ�
ɪɚɫɩɥɚɜɚ�� ɇɚ� ɮɪɨɧɬɚɥɶɧɭɸ� ɩɨɜɟɪɯɧɨɫɬɶ�
ɪɚɫɩɥɚɜɚ� ɜɨɡɞɟɣɫɬɜɭɟɬ� ɫɨɥɧɟɱɧɨɟ� ɢɡɥɭɱɟɧɢɟ��
ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ� ɫɩɟɤɬɪ� ɷɧɟɪɝɢɣ� ���-���� ɟ9��
ɉɪɨɬɢɜɨɩɨɥɨɠɧɚɹ� ɫɬɨɪɨɧɚ� ɪɚɫɩɥɚɜɚ� ɧɯɨɞɢɬɫɹ�
ɧɚ�ɜɨɞɨɨɯɥɚɠɞɚɟɦɨɣ�ɩɨɞɥɨɠɤɟ�ɫ�ɬɟɦɩɟɪɚɬɭɪɨɣ�
��-����ɋ��Ɍɚɤɢɟ�ɭɫɥɨɜɢɹ�ɫɨɡɞɚɸɬ�ɜɵɫɨɤɢɣ�ɬɟɦ�
ɩɟɪɚɬɭɪɧɵɣ� ɝɪɚɞɢɟɧɬ� ɜ� ɜɚɧɧɟ� ɪɚɫɩɥɚɜɚ�  � ���-
����ɝɪɚɞ�ɫɦ���Ɋɚɫɩɥɚɜ�ɡɚɤɚɥɢɜɚɟɬɫɹ�ɜ�ɞɢɫɩɟɪɝɚ�
ɬɨɪɟ��Ɂɚɤɚɥɟɧɧɵɟ�ɱɚɫɬɢɰɵ��ɩɪɟɤɭɪɫɨɪɵ��-�ɩɪɟɞ�
ɫɬɚɜɥɹɸɬ� ɫɨɛɨɣ� ɩɥɚɫɬɢɧɤɢ�� ɫɮɟɪɨɥɢɬɵ�� ɢɝɥɵ�
>��@�ɢ�ɢɫɩɨɥɶɡɭɸɬɫɹ�ɞɥɹ�ɢɡɝɨɬɨɜɥɟɧɢɹ�ɛɚɥɨɱɟɤ�
ɪɚɡɦɟɪɨɦ� ��ɯ�ɯ�ɦɦ� ɩɭɬɟɦ� ɩɨɦɨɥɚ�� ɫɭɯɨɝɨ�
ɩɪɟɫɫɨɜɚɧɢɹ��ɱɬɨ�ɢɫɤɥɸɱɚɟɬ�ɜɥɢɹɧɢɟ�ɩɪɢɦɟɫɟɣ��
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CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

�� 

ɩɪɢ�ɞɚɜɥɟɧɢɢ�����Ɇɉɚ�� 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɢɫɫɥɟɞɨɜɚɧɚ� ɧɚ�

ɫɤɚɧɢɪɭɸɳɟɦ�ɡɨɧɞɨɜɨɦ�ɦɢɤɪɨɫɤɨɩɟ�³62/9(5�
1(;��7��17-0'7�´�ɢ�ɷɥɟɤɬɪɨɧɧɨɦ�ɦɢɤɪɨɫɤɨ�
ɩɟ�©=(,66ª��Ɏɚɡɨɜɵɣ�ɫɨɫɬɚɜ�ɨɩɪɟɞɟɥɟɧ�ɪɟɧɬɝɟ�
ɧɨɜɫɤɢɦ�ɦɟɬɨɞɨɦ�ɧɚ�ɞɢɮɪɚɤɬɨɦɟɬɪɚɯ��©ȾɊɈɇ-
ɍɆ-�ª�� &X.Į–ɢɡɥɭɱɟɧɢɟ�� 1L–� ɮɢɥɶɬɪ�� ³;�
����´�� 

ɗɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɢɫɫɥɟɞɨ�
ɜɚɧɵ� ɪɟɡɢɫɬɢɜɧɵɦ� �-ɯ� ɤɨɧɬɚɤɬɧɵɦ� >��@�� ɦɚɝ�
ɧɢɬɧɨɣ� ɢɧɞɭɤɬɢɜɧɨɫɬɢ� >��@� ɦɟɬɨɞɚɦɢ�� ȼ� ɷɬɢɯ�
ɦɟɬɨɞɚɯ�ɧɚɩɪɹɠɟɧɢɟ��ɬɨɤ��ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɩɪɟ�
ɞɟɥɹɸɬɫɹ� ɦɭɥɶɬɢɦɟɬɪɨɦ� ©5LJRO� '0����(ª��

Ɍɟɦɩɟɪɚɬɭɪɚ� ɨɩɪɟɞɟɥɹɟɬɫɹ� ɬɟɪɦɨɩɚɪɚɦɢ� ɯɪɨ�
ɦɟɥɶ-ɤɚɩɟɥɶ�� ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɶ�� ɝɪɚɞɭɢɪɨɜɚɧ�
ɧɵɦɢ�ɜ�ɤɢɩɹɳɟɣ�ɜɨɞɟ�ɢ�ɥɶɞɭ� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɩɪɟɤɭɪɫɨɪɨɜ� -

ɩɥɚɫɬɢɧɨɤ� ɧɟɩɪɚɜɢɥɶɧɨɣ� ɮɨɪɦɵ�� ɬɨɥɳɢɧɨɣ�
ɦɟɧɟɟ� ���� ɦɦ� �ɪɢɫ�� �ɚ�� ɢ� ɛɚɥɨɱɟɤ� ɩɨɤɚɡɚɧɚ� ɧɚ�
ɪɢɫɭɧɤɟ��E��F��ɉɪɨɡɪɚɱɧɵɟ�ɜɤɥɸɱɟɧɢɹ��ɜɢɞɧɵɟ�
ɧɚ� ɪɢɫɭɧɤɟ� �ɚ�� ɩɨɤɚɡɵɜɚɸɬ� ɫɬɟɤɥɨɮɚɡɭ��
ɨɛɪɚɡɨɜɚɜɲɭɸɫɹ� ɜ� ɪɟɡɭɥɶɬɚɬɟ� ɡɚɤɚɥɤɢ�
ɷɜɬɟɤɬɢɤɢ�� Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ� ɩɪɟɤɭɪɫɨɪɨɜ�
ɩɪɟɞɫɬɚɜɥɹɟɬ� ɫɨɛɨɣ� ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ� ɜ� ɨɞɧɨɦ�

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

D����������������������������������������������������������E������������������������������������������������������ɫ 
Ɋɢɫɭɧɨɤ����ɉɪɟɤɭɪɫɨɪɵ-ɩɥɚɫɬɢɧɤɢ��ɚ��ɢ�6(0�ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ��E��F��ɩɪɟɤɭɪɫɨɪɨɜ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\��

�Q �-�����ɩɨɥɭɱɟɧɧɵɯ�³6)$4´�ɬɟɯɧɨɥɨɝɢɟɣ�ɜ�Ȼɨɥɶɲɨɣ�ɫɨɥɧɟɱɧɨɣ�ɩɟɱɢ��ɉɚɪɤɟɧɬ�� 

Ɋɢɫɭɧɨɤ����Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɩɪɟɤɭɪɫɨɪɨɜ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\���Q �-�����ɯ��྄-ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɟ�ɮɚɡɵ�� 
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

ɧɚɩɪɚɜɥɟɧɢɢ� ɛɥɨɤɢ� ɧɚɧɨ� ɤɪɢɫɬɚɥɥɢɬɨɜ� �ɪɢɫ��
�E��� Ȼɥɨɤɢ� ɫɨɫɬɨɹɬ� ɢɡ� ɩɥɨɬɧɨ� ɭɩɚɤɨɜɚɧɧɵɯ�
ɩɥɚɫɬɢɧ��ɩɨɤɚɡɚɧɧɵɯ�ɧɚ�ɪɢɫɭɧɤɟ��ɫ�� 

Ɋɟɡɭɥɶɬɚɬɵ� ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ� ɚɧɚɥɢɡɚ�
ɩɪɟɤɭɪɫɨɪɨɜ�ɤɨɪɪɟɥɢɪɭɸɬ�ɫ�ɞɚɧɧɵɦɢ�ɦɢɤɪɨ�
ɫɬɪɭɤɬɭɪɧɨɝɨ�ɚɧɚɥɢɡɚ��Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ�ɩɪɟ�
ɤɭɪɫɨɪɨɜ� ɧɨɦɢɧɚɥɶɧɵɯ� ɫɨɫɬɚɜɨɜ�
%L���3E���6U�&D�Q-��&XQ2\�� �Q �-��� ɩɨɤɚɡɵɜɚɸɬ�
ɪɟɧɬɝɟɧɨɚɦɨɪɮɧɭɸ� ɮɚɡɭ� �ɝɚɥɨ� ɜ� ɢɧɬɟɪɜɚɥɟ�
�Ԧ ��-����� ɢ� ɪɟɮɥɟɤɫɵ�� ɨɩɪɟɞɟɥɹɸɳɢɟ� ɤɪɢ�

ɫɬɚɥɥɢɱɟɫɤɢɟ�ɮɚɡɵ� �ɪɢɫ�� ���� Ɋɟɮɥɟɤɫɵ� ��Ԧ�@��
�������������������������������������������ɜɯɨɞɹɬ�
ɜ� ɫɢɫɬɟɦɵ� >KNO@� %L�3E� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɮɚɡ�
������������ ����� >��@��Ɋɟɧɬɝɟɧɨɚɦɨɪɮɧɚɹ�ɮɚ�
ɡɚ� ɞɟɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɫɨɞɟɪ�
ɠɚɧɢɹ�ɋɚɈ�ɢ�&X2��Q������ 

Ɋɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɫɨɩɪɨɬɢɜɥɟ�
ɧɢɹ�ɢ�ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɩɪɟɤɭɪɫɨ�
ɪɨɜ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɧɚ� ɝɪɚɮɢɤɚɯ� �ɪɢɫ�� �D�� E�� F��
�D��E��F���Ⱥɧɨɦɚɥɶɧɵɟ�ɷɮɮɟɤɬɵ�ɡɚɜɢɫɹɬ�ɨɬ�ɧɨ�
ɦɢɧɚɥɶɧɨɝɨ� ɫɨɫɬɚɜɚ� ɩɪɟɤɭɪɫɨɪɨɜ�� ȼ� ɨɛɪɚɡɰɟ�
ɧɨɦɢɧɚɥɶɧɨɝɨ�ɫɨɫɬɚɜɚ�%L���3E���6U�&D�Q-��&XQ2\��
�Q ��� ɪɟɡɤɨɟ� ɜɨɡɪɚɫɬɚɧɢɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɩɪɢ�
���� Ʉ� ɢ� ɫɩɚɞ� ɞɨ� ɩɨɱɬɢ� ɧɭɥɟɜɨɝɨ� ɡɧɚɱɟɧɢɹ�� ɚ�

ɬɚɤɠɟ�ɜɨɡɪɚɫɬɚɧɢɟ�ɢ�ɧɚɱɚɥɨ�ɫɩɚɞɚ�ɫɨɩɪɨɬɢɜɥɟ�
ɧɢɹ� ɜ� ɨɛɪɚɡɰɟ� ɧɨɦɢɧɚɥɚ� %L���3E���6U�&D�Q-��

&XQ2\���Q ����ɩɪɢ�����Ʉ��ɚɧɚɥɨɝɢɱɧɨɟ�ɩɨɜɬɨɪɟ�
ɧɢɟ�ɷɮɮɟɤɬɨɜ�ɜɨɡɪɚɫɬɚɧɢɹ�ɢ�ɫɩɚɞɚ�ɫɨɩɪɨɬɢɜɥɟ�
ɧɢɹ� ɜ� ɨɛɪɚɡɰɟ� ɧɨɦɢɧɚɥɚ� %L���3E���6U�&D�Q-��

&XQ2\���Q ����ɭɤɚɡɵɜɚɸɬ�ɧɚ�ɜɨɡɦɨɠɧɨɫɬɶ�ɫɜɹɡɢ�
ɷɬɢɯ� ɚɧɨɦɚɥɢɣ� ɫɨ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɦɢ� ɮɚɡɚɦɢ��
ɇɚɱɚɥɨ� ɩɟɪɟɯɨɞɚ� ɜ� ɨɛɪɚɡɰɟ� �Q ��� ɩɪɨɢɫɯɨɞɢɬ�
ɩɪɢ� ���� Ʉ�� ɋ� ɭɜɟɥɢɱɟɧɢɟɦ� �Q �������� ɬ�� ɟ��
ɭɜɟɥɢɱɟɧɢɟɦ�ɫɨɞɟɪɠɚɧɢɹ�ɋɚ2�ɢ�&X2��ɬɟɦɩɟɪɚ�
ɬɭɪɚ� ɚɧɨɦɚɥɶɧɨɝɨ� ɢɡɦɟɧɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ�
³Ɍɫ´� ɩɨɜɵɲɚɟɬɫɹ� ɞɨ� Ɍɫ ���� Ʉ� ɭ� ɨɛɪɚɡɰɚ�
ɧɨɦɢɧɚɥɚ��Q ����ɢ�ɞɨ�Ɍɫ ����-����Ʉ�ɭ�ɨɛɪɚɡɰɚ�
ɧɨɦɢɧɚɥɚ� �Q ���� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�� ɗɬɢ�
ɡɚɜɢɫɢɦɨɫɬɢ� ɫɨɨɬɜɟɬɫɬɜɭɸɬ� ɩɪɟɞɩɨɥɨɠɟɧɢɸ�
ɚɜɬɨɪɨɜ�>�@�ɨ�ɜɨɡɪɚɫɬɚɧɢɢ�Ɍɫ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�
ɮɚɡ� ɫ� ɭɜɟɥɢɱɟɧɢɟɦ� ɨɛɴɟɦɚ� ɷɥɟɦɟɧɬɚɪɧɨɣ�
ɹɱɟɣɤɢ�� ɱɬɨ� ɢ� ɩɪɨɢɫɯɨɞɢɬ� ɩɨ� ɪɹɞɭ�
%L���3E���6U�&D�Q-��&XQ2\��Q �-����� 

ɇɚ� ɝɪɚɮɢɤɚɯ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢ�
ɜɨɫɬɢ�� ɢɡɦɟɪɟɧɧɨɣ� ɧɚ� ɬɟɯ� ɠɟ� ɨɛɪɚɡɰɚɯ�� ɚɧɨ�
ɦɚɥɶɧɵɟ� ɷɮɮɟɤɬɵ� ɩɨɜɬɨɪɹɸɬɫɹ� ɜ� ɚɧɚɥɨɝɢɱ�
ɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɢɧɬɟɪɜɚɥɚɯ� ���-���� Ʉ��
�ɪɢɫ���D��E��F��� 

��������ɚ���������������������������������������������������������������������E����������������������������������������������������������������������������ɫ 
Ɋɢɫɭɧɨɤ����Ⱥɧɨɦɚɥɶɧɵɟ�ɷɮɮɟɤɬɵ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɩɪɟɤɭɪɫɨɪɨɜ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\��Q ���������� 

ɚ�–��Q ����E�-��Q �����ɫ�–��Q -����� 

D�������������������������������������������������������������������E�������������������������������������������������������������F 
Ɋɢɫɭɧɨɤ����ɂɡɦɟɧɟɧɢɟ�ɧɚɩɪɹɠɟɧɢɹ�ɜ�ɩɪɟɤɭɪɫɨɪɚɯ-ɩɥɚɫɬɢɧɤɚɯ�ɧɨɦɢɧɚɥɶɧɵɯ�ɫɨɫɬɚɜɨɜ�%L���3E���6U�&D�Q-��&XQ2\���Q ���������� 

ɚ�–��Q- ����ɛ�–��Q �����ɫ�–��Q ���� 
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5()(5(1&(6 
 

�� 7UHW\DNRY�<X�'���*RRGLOLQ�(�$���+LPLFKHVNLH�SULQFLS\�SROXFKHQL\D�PHWDOORRNVLGQ\K�VYHUKSURYRGQLNRY�>&KHPLFDO�SULQFLSOHV�RI�SUHSDUDWLRQ�
RI�PHWDO-R[LGH�VXSHUFRQGXFWRUV@��ɍɫɩɟɯɢ�ɯɢɦɢɢ���������������–����'2,����������5&����Y���Q��$%(+������� 

�� &KX�&�:���'HQJ�/�=��� /Y�%��+ROH-GRSHG� FXSUDWH�KLJK� WHPSHUDWXUH� VXSHUFRQGXFWRUV��3K\VLFD�&��6XSHUFRQGXFWLYLW\�DQG� LWV�$SSOLFDWLRQV��
��������������-�����'2,���������M�SK\VF������������ 

�� <X�(��*ULJRUDVKYLOL��0DQXIDFWXULQJ�7HFKQRORJ\�RI� WKH��%L�3E��6U�&D�&X�2���KLJK�WHPSHUDWXUH�6XSHUFRQGXFWRUV�SURSHUWLHV��6XSHUFRQGXF�
WRUV�-�3URSHUWLHV��7HFKQRORJ\��DQG�$SSOLFDWLRQV�������������'2,��������������� 

�� 3R]LJXQ�6�ௗ$���3DQ�9�ௗ0���$OHNVHHY�9�ௗ$���6WUXQQLNRY�9�ௗ0���.DXO
�$�ௗ5���*RUEHQNR�2�ௗ<8��9\VRNRWHPSHUDWXUQ\H�VYHUKSURYRG\DVKLH�PDWH�
ULDO\�V�Y\VRNLPL�WRNRQHVXVKFKLPL�KDUDNWHULVWLNDPL�L�PHWRG\�LK�SROXFKHQL\D�>+LJK-7HPSHUDWXUH�6XSHUFRQGXFWLQJ�0DWHULDOV�ZLWK�+LJK�&XU�
UHQW-&DUU\LQJ�&KDUDFWHULVWLFV�DQG�0HWKRGV�RI�7KHLU�)DEULFDWLRQ@��8VSHNKL�IL]LNL�PHWDOORY��������������-���� 

�� <RVKLKLUR�$EH�� >6XSHUFRQGXFWLQJ�JODVV-FHUDPLFV� LQ�%L6U&D&X2��)DEULFDWLRQ�DQG� LWV�$SSOLFDWLRQV@��$YDLODEOH�DW��KWWSV���SOD\�JRRJOH�FRP�
VWRUH�ERRNV�GHWDLOV"LG X[+W&J$$4%$-	UGLG ERRNX[+W&J$$4%$-	UGRW �	VRXUFH JEVBDWE	SFDPSDLJQLG ERRNVBERRNVHDUFKBDWE� 

�� 7DUDVFRQ�-�0���0F.LQQRQ�:�5���%DUERX[�3���+ZDQJ�'�0���%DJOH\�%�*���*UHHQH�/�+���+XOO�*�:��3UHSDUDWLRQ��VWUXFWXUH�DQG�SURSHUWLHV�RI�
WKH�VXSHUFRQGXFWLQJ�FRPSRXQG�VHULHV�%L�6U�&DQ-�&XQ2\�ZLWK�Q� ������DQG����3K\V��5HY��%��–�0HOYLOOH����������������-����� 

�� 

Ⱥɧɨɦɚɥɶɧɵɟ� ɷɮɮɟɤɬɵ� ɧɚ� ɡɚɜɢɫɢɦɨɫɬɹɯ�
ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɢ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�
ɜ�ɬɟɦɩɟɪɚɬɭɪɧɨɦ�ɢɧɬɟɪɜɚɥɟ����-�����Ʉ�ɜ�ɫɨɩɨ�
ɫɬɚɜɥɟɧɢɢ�ɫ�ɩɪɨɹɜɥɟɧɢɹɦɢ�ɷɮɮɟɤɬɚ�ɜɵɬɚɥɤɢɜɚ�
ɧɢɹ�ɦɚɝɧɢɬɚ� �ɷɮɮɟɤɬɚ�Ɇɟɣɫɫɧɟɪɚ��ɨɬ�ɨɛɪɚɡɰɨɜ�
ɩɪɟɤɭɪɫɨɪɨɜ� ɢ� ɤɟɪɚɦɢɤ� ɪɹɞɚ� %L���3E���6U�&D�Q-��

&XQ2\�� �Q ��������� ɩɪɢ� ɤɨɦɧɚɬɧɵɯ� ɬɟɦɩɟɪɚɬɭ�
ɪɚɯ�� ɧɨɪɦɚɥɶɧɨɦ� ɚɬɦɨɫɮɟɪɧɨɦ� ɞɚɜɥɟɧɢɢ�� ɩɪɢ�
ɞɧɟɜɧɨɦ�ɫɜɟɬɟ�ɢ�ɩɨɞ�ɜɨɡɞɟɣɫɬɜɢɟɦ�ɛɟɥɨɝɨ�ɫɜɟɬɚ�
>��@� ɩɨɡɜɨɥɹɸɬ� ɫɞɟɥɚɬɶ� ɩɪɟɞɩɨɥɨɠɟɧɢɟ� ɨ� ɩɪɨ�
ɹɜɥɟɧɢɢ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɫɜɨɣɫɬɜ�ɜɢɫɦɭɬɨɜɵɯ�
ɤɭɩɪɚɬɨɜ�� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ� ³6)$4´� ɬɟɯɧɨɥɨ�
ɝɢɟɣ� 

ɉɪɟɞɩɨɥɨɠɟɧɢɹ� ɨ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�
ɩɟɪɟɯɨɞɚɯ�ɩɪɢ�ɤɨɦɧɚɬɧɵɯ�ɬɟɦɩɟɪɚɬɭɪɚɯ�ɜ�ɩɪɟ�
ɤɭɪɫɨɪɚɯ� ɢ� ɤɟɪɚɦɢɤɚɯ� ɜɢɫɦɭɬɨɜɵɯ� ɤɭɩɪɚɬɨɜ�
ɪɹɞɚ�%L���3E���6U�&D��&X��2\�� �Q ���������� ɫɢɧɬɟ�
ɡɢɪɨɜɚɧɧɵɯ�³6)$4´�ɬɟɯɧɨɥɨɝɢɟɣ�� � ɫɞɟɥɚɧɵ�ɧɚ�
ɨɫɧɨɜɚɧɢɢ� ɜɩɟɪɜɵɟ� ɩɨɥɭɱɟɧɧɵɯ� ɚɧɨɦɚɥɶɧɵɯ�
ɷɮɮɟɤɬɨɜ� ɢɡɦɟɧɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɢ�ɦɚɝɧɢɬ�
ɧɨɣ�ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ�ɜ� ɬɟɦɩɟɪɚɬɭɪɧɨɦ�ɢɧɬɟɪ�
ɜɚɥɟ� ��-���� Ʉ� ɩɪɢ� ɧɨɪɦɚɥɶɧɨɦ� ɚɬɦɨɫɮɟɪɧɨɦ�
ɞɚɜɥɟɧɢɢ�� ɞɧɟɜɧɨɦ� ɨɫɜɟɳɟɧɢɢ� ɢ� ɩɨɞ� ɜɨɡɞɟɣ�
ɫɬɜɢɟɦ� ɢɫɬɨɱɧɢɤɚ� ɫɜɟɬɚ�� ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ� ɷɤɫ�
ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɩɨɥɭɱɟɧɵ� ɜɩɟɪ�
ɜɵɟ�� Ɋɚɧɟɟ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ� ɜ� ɬɟɦɩɟɪɚɬɭɪɧɨɦ�
ɢɧɬɟɪɜɚɥɟ� ���-���ɨɋ� ɤɟɪɚɦɢɤɢ� ɧɚ� ɨɫɧɨɜɟ� ɷɬɢɯ�
ɩɪɟɤɭɪɫɨɪɨɜ� ɫɨɞɟɪɠɚɥɢ� ɥɢɲɶ� ɨɝɪɚɧɢɱɟɧɧɨɟ�
ɤɨɥɢɱɟɫɬɜɨ� ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ� ɫɜɟɪɯ�
ɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ�Ɍɫ ����Ʉ��ɨ�ɤɨɬɨɪɵɯ�ɫɨɨɛɳɚ�
ɥɨɫɶ�ɜ�ɪɚɛɨɬɟ�>��@�� 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɋɨɩɨɫɬɚɜɥɟɧɢɟ�ɭɫɥɨɜɢɣ�ɩɨɥɭɱɟɧɢɹ�ɩɪɟ�

ɤɭɪɫɨɪɨɜ� ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ�ɪɟɡɭɥɶɬɚɬɚɦɢ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɫɜɨɣɫɬɜ�ɩɨɡɜɨɥɹɟɬ�ɫɞɟɥɚɬɶ�ɫɥɟɞɭ�
ɸɳɢɟ�ɩɪɟɞɩɨɥɨɠɟɧɢɹ� 

��� ɋɢɧɬɟɡ� ɜ� ɪɚɫɩɥɚɜɟ� ɨɩɪɟɞɟɥɹɟɬ� ɩɨɜɵ�
ɲɟɧɧɭɸ� ɜɡɚɢɦɧɭɸ� ɪɚɫɬɜɨɪɢɦɨɫɬɶ� ɤɨɦɩɨɧɟɧ�
ɬɨɜ��ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɬɜɟɪɞɨɮɚɡɧɵɦɢ�ɩɪɨɰɟɫɫɚ�
ɦɢ��ɢ�ɜɨɡɦɨɠɧɨɫɬɶ�ɨɛɪɚɡɨɜɚɧɢɹ�ɮɚɡ�ɫ�ɛɨɥɶɲɢ�

ɦɢ�ɨɛɴɟɦɚɦɢ� ɷɥɟɦɟɧɬɚɪɧɨɣ�ɹɱɟɣɤɢ�� ɱɬɨ�ɩɪɹɦɨ�
ɫɜɹɡɚɧɨ� ɫ� ɬɟɦɩɟɪɚɬɭɪɨɣ� ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɝɨ� ɩɟ�
ɪɟɯɨɞɚ�� 

��� ɍɫɥɨɜɢɹ� ɩɨɥɭɱɟɧɢɹ� ɩɪɟɤɭɪɫɨɪɨɜ��
ɨɩɪɟɞɟɥɹɟɦɵɟ�ɪɟɡɤɢɦ�ɬɟɦɩɟɪɚɬɭɪɧɵɦ�ɝɪɚɞɢɟɧ�
ɬɨɦ��³ɧɚɞɫɬɟɯɢɨɦɟɬɪɢɱɧɵɦ�ɤɢɫɥɨɪɨɞɨɦ´��ɨɩɪɟ�
ɞɟɥɹɸɬ�ɩɨɜɵɲɟɧɢɟ�ɩɥɨɬɧɨɫɬɢ�ɞɟɮɟɤɬɨɜ�ɢ�ɫɨɨɬ�
ɜɟɬɫɬɜɟɧɧɨɟ� ɭɫɢɥɟɧɢɟ� ɩɢɧɧɢɧɝɚ��
³ɇɚɞɫɬɟɯɢɨɦɟɬɪɢɱɧɵɣ´�ɤɢɫɥɨɪɨɞ�ɦɨɠɟɬ�ɫɬɚɛɢ�
ɥɢɡɢɪɨɜɚɬɶ�ɜɵɫɨɤɨɜɚɥɟɧɬɧɵɟ�ɫɨɫɬɨɹɧɢɹ�ɤɚɬɢɨ�
ɧɨɜ��ɜ�ɬɨɦ�ɱɢɫɥɟ�ɋX��� 

��� ɋɧɢɠɟɧɢɟ� ɤɪɢɬɢɱɟɫɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ�
Ɍɫ�ɩɨɫɥɟ�ɞɥɢɬɟɥɶɧɨɝɨ�ɨɛɠɢɝɚ�ɤɟɪɚɦɢɤɢ�ɩɪɢɜɨ�
ɞɢɬ�ɤ�ɚɧɧɢɝɢɥɹɰɢɢ�ɞɟɮɟɤɬɨɜ�ɢ��ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ��
ɪɚɡɪɭɲɟɧɢɸ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ�ɮɚɡ��Ɋɟɡɭɥɶɬɚɬɵ�
ɩɨɜɵɲɟɧɢɹ� ɤɪɢɬɢɱɟɫɤɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ� ɩɟɪɟɯɨ�
ɞɚ�ɜ�ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ�ɫɨɫɬɨɹɧɢɟ�Ɍɫ�ɩɨɫɥɟ�ɞɥɢ�
ɬɟɥɶɧɨɣ� ɜɵɞɟɪɠɤɢ� ɤɟɪɚɦɢɤ� ɜ� ɠɢɞɤɨɦ� ɚɡɨɬɟ� ɢ�
ɫɧɢɠɟɧɢɟ� Ɍɫ� ɜ� ɷɬɢɯ� ɨɛɪɚɡɰɚɯ�� ɨɛɨɠɠɟɧɧɵɯ�
ɞɥɢɬɟɥɶɧɨɟ�ɜɪɟɦɹ� ���-���ɱɚɫɨɜ��� ɭɤɚɡɵɜɚɸɬ�ɧɚ�
ɩɨɥɨɠɢɬɟɥɶɧɨɟ� ɜɥɢɹɧɢɟ� ɞɟɮɟɤɬɨɜ�� ɨɛɪɚɡɨɜɚɜ�
ɲɢɯɫɹ� ɩɪɢ� ɜɵɞɟɪɠɤɟ� ɜ� ɠɢɞɤɨɦ� ɚɡɨɬɟ�� ɬ�ɤ�� ɨɛ�
ɠɢɝ�ɩɪɢɜɨɞɢɬ�ɤ�ɚɧɧɢɝɢɥɹɰɢɢ�ɞɟɮɟɤɬɨɜ�ɢ��ɫɨɨɬ�
ɜɟɬɫɬɜɟɧɧɨ��ɧɚɛɥɸɞɟɧɧɨɦɭ��ɫɧɢɠɟɧɢɸ�Ɍɫ�ɢɡ-ɡɚ�
ɭɦɟɧɶɲɟɧɢɹ� ɫɢɥɵ� ɩɢɧɧɢɧɝɚ�� ɬ�ɟ�� ɞɟɝɪɚɞɚɰɢɢ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɮɚɡ� ɩɪɢ� ɞɥɢɬɟɥɶɧɨɣ� ɬɟɪɦɨ�
ɨɛɪɚɛɨɬɤɟ�� 

���ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ�ɝɪɚɮɢɤɢ�ɢɡɦɟɧɟ�
ɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɢ� ɦɚɝɧɢɬɧɨɣ� ɜɨɫɩɪɢɢɦɱɢ�
ɜɨɫɬɢ�� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɯɚɪɚɤɬɟɪɧɵɟ� ɞɥɹ� ɫɜɟɪɯ�
ɩɪɨɜɨɞɹɳɢɯ�ɩɟɪɟɯɨɞɨɜ�ɡɚɜɢɫɢɦɨɫɬɢ�� 

��� ɗɮɮɟɤɬ�Ɇɟɣɫɫɧɟɪɚ� ɩɪɨɹɜɥɹɟɬɫɹ� ɩɪɢ�
ɤɨɦɧɚɬɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɟ�� ɨɛɵɱɧɨɦ� ɚɬɦɨɫɮɟɪ�
ɧɨɦ�ɞɚɜɥɟɧɢɢ��ɩɨɞ�ɢ�ɛɟɡ�ɜɨɡɞɟɣɫɬɜɢɹ�ɢɫɬɨɱɧɢ�
ɤɚ�ɫɜɟɬɚ�� 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɪɟ�
ɡɭɥɶɬɚɬɨɜ� ɢ� ɨɛɴɹɫɧɟɧɢɟ�ɜɥɢɹɧɢɹ� ɨɫɨɛɟɧɧɨɫɬɟɣ�
³ɫɨɥɧɟɱɧɨɣ´� ɬɟɯɧɨɥɨɝɢɢ� ɩɨɡɜɨɥɹɸɬ� ɧɚɦ� ɫɞɟ�
ɥɚɬɶ�ɩɪɟɞɩɨɥɨɠɟɧɢɟ�ɨ�ɜɨɡɦɨɠɧɨɫɬɢ�ɩɨɥɭɱɟɧɢɹ�
ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɯ� ɤɨɦɧɚɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɵɯ�
ɜɢɫɦɭɬɨɜɵɯ�ɤɭɩɪɚɬɨɜ�ɫɨɥɧɟɱɧɨɣ�ɷɧɟɪɝɢɟɣ� 

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 
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�� 5DELQRYLFK�.�6���6DPRMOHQNR�/�/���6+QHMGHU�$�*��6SRVRE�SROXFKHQL\D�VYHUKSURYRG\DVKFKHJR�PDWHULDOD�QD�RVQRYH�%L-�����V�NULWLFKHVNRM�
WHPSHUDWXURM�SHUHNKRGD����.�>0HWKRG�IRU�SURGXFLQJ�VXSHUFRQGXFWLQJ�PDWHULDO�EDVHG�RQ�%L-�����ZLWK�D�FULWLFDO�WUDQVLWLRQ�WHPSHUDWXUH�RI�
���.@��3DWHQW�58��������������� 

�� =KDQJ��<5���4LX��/3���*DR��6/��HW�DO��6\QWKHVLV�RI�����-3KDVH�%6&&2�%DVHG�RQ�/LTXLG-3KDVH�0HWKRG�DQG�,WV�0DJQHWLF�3URSHUWLHV��-RXU�
QDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP���������������–�����'2,���������V�����-���-�����-� 

�� =KDQJ��<5���4LX��/3���*DR��6/�� HW� DO��6\QWKHVLV� RI� ����-3KDVH�%6&&2�%DVHG�RQ�/LTXLG-3KDVH�0HWKRG� DQG� ,WV�0DJQHWLF�3URSHUWLHV�� -�
6XSHUFRQG�1RY�0DJQ����������������–�����'2,���������V�����-���-�����-� 

��� (O�0DNGDK�0�+���(O�*KRXFK�1���(O-'DNGRXNL�0�+���$ZDG�5���0DWDU�0��6\QWKHVLV��FKDUDFWHUL]DWLRQ��DQG�9LFNHUV�PLFURKDUGQHVV�IRU��<,*�
[��%L�3E�-�����VXSHUFRQGXFWLQJ�SKDVH��&HUDPLFV�,QWHUQDWLRQDO���������������'2,����������M�FHUDPLQW������������ 

��� 9HUPD�,���.XPDU�5���*DQHVDQ�9���%DQHUJHH�$���'DV�%��6\QWKHVLV�DQG�PDJQHWLF�SURSHUWLHV�RI��%L�3E��6U�&D�&X�2���į�VXSHUFRQGXFWRU��-RXU�
QDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP��������������'2,����������V�����-���-����-� 

��� 7RUVRQL�*�%���&HQD�&�5���GH�)UHLWDV�*�4���&DUYDOKR�&�/��6\QWKHVLV�RI� �%L�3E�-�����VXSHUFRQGXFWRU�SRZGHU�E\�3HFKLQL�PHWKRG��5HYLVWD�
%UDVLOHLUD�GH�)tVLFD�7HFQROyJLFD�$SOLFDGD��������������'2,����������UEIWD�Y�Q������ 

��� /LPD�5�*���5RGULJXHV�9�'���&DUYDOKR�&�/���7HL[HLUD�6�5���6RX]D�$�(���=DGRURVQ\�5��6\QWKHVLV�RI�%L-EDVHG�VXSHUFRQGXFWRU�E\�PLFURZDYH-
DVVLVWHG�K\GURWKHUPDO�PHWKRG��-RXUQDO�RI�3K\VLFV��&RQIHUHQFH�6HULHV�������������3$57����'2,��������������-����������������� 

��� &HQD�&�5���7RUVRQL�*�%���=DGRURVQ\�/���0DOPRQJH�/�)���&DUYDOKR�&�/���0DOPRQJH�-�$��%6&&2�VXSHUFRQGXFWRU�PLFUR�QDQRILEHUV�SUR�
GXFHG�E\�VROXWLRQ�EORZ-VSLQQLQJ�WHFKQLTXH��&HUDPLFV�,QWHUQDWLRQDO�������������������–������'2,����������M�FHUDPLQW������������ 

��� (UPL]D�6�1���+DVKLP�$���.DVLP�$���1RUD]LOD�,���6LWL�)�6��6\QWKHVLV�DQG�FKDUDFWHUL]DWLRQ�RI�ORZ�GHQVLW\�%L-�����FXSUDWHV�VXSHUFRQGXFWRU�
GRSHG�(X�2��QDQRSDUWLFOHV��6ROLG�6WDWH�3KHQRPHQD����������������-�����'2,����������ZZZ�VFLHQWLILF�QHW�663�������� 

��� %DODVDQ�%�$���+DVKLP�$���0D]ZLU�0�+���=XONLIOL�)�+��(OHFWURVSLQQLQJ�6\QWKHVLV�RI�%L-�����6XSHUFRQGXFWLQJ�1DQRZLUHV��6ROLG�6WDWH�3KH�
QRPHQD���������������–����'2,����������ZZZ�VFLHQWLILF�QHW�663������� 

��� (O� *KRXFK� 1��� $O-2ZHLQL� 5��� $ZDG� 5�� 6\QWKHVLV�� FKDUDFWHUL]DWLRQ� DQG� HOHFWULFDO� SURSHUWLHV� RI� K\EULG� PRQR-LURQ-VXEVWLWXWHG� XQGHFD�
WXQJVWRVLOLFDWH��%L�3E�-�����SKDVH�VXSHUFRQGXFWRUV��0DWHULDOV�5HVHDUFK�([SUHVV��������������������-��������'2,��������������-�����
DE��H� 

��� *RNKIHOG�'�0���.REOLVFKND�0�5���.REOLVFKND-9HQHYD�$��+LJKO\�3RURXV�6XSHUFRQGXFWRUV��6\QWKHVLV��5HVHDUFK��DQG�3URVSHFWV��3K\VLFV�RI�
0HWDOV�DQG�0HWDOORJUDSK\�������������������-�����'2,����������6�������;�������� 

��� /RXGKDLHI�1���/DELDGK�+���+DQQDFKL�(���=RXDRXL�0���%HQ�6DOHP�0��6\QWKHVLV�RI�&G6�QDQRSDUWLFOHV�E\�K\GURWKHUPDO�PHWKRG�DQG�WKHLU�
HIIHFWV� RQ� WKH� HOHFWULFDO� SURSHUWLHV� RI�%L-EDVHG� VXSHUFRQGXFWRUV��-RXUQDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP�������� ������ ����-
������'2,����������V�����-���-����-� 

��� $VWXWL�)���%DTL\D�0�$���'DUPLQWR��0DJQHWLF� SURSHUWLHV� RI� VXSHUFRQGXFWRUV�%L-����� DQG� �%L�3E�-�����QDQRSDUWLFOHV� V\QWKHVL]HG�E\�GLV�
VROYHG�PHWKRG��$,3�&RQIHUHQFH�3URFHHGLQJV������������������-�����'2,������������������� 

��� <DPDNL�.���)XVHJL�5���2LNDZD�'���,ULH�$��6\QWKHVLV�RI�%6&&2�VLQJOH�FU\VWDO�ZKLVNHUV�IRU�WHUDKHUW]�HP�ZDYH�RVFLOODWRUV��,(((�7UDQVDF�
WLRQV�RQ�$SSOLHG�6XSHUFRQGXFWLYLW\��������������$UWLFOH�VHTXHQFH�QXPEHU�����������'2,����������7$6&������������� 

��� .DQQDQ�7��3UHGHHS�3��(IIHFW�RI�VLQWHULQJ�WHPSHUDWXUH�RQ�WKH�JODVV\�SUHFXUVRU�V\QWKHVLV�RI�VXSHUFRQGXFWLQJ�%L���3E���6U�&X�&D�2���į��-RXU�
QDO�RI�6XSHUFRQGXFWLYLW\�DQG�1RYHO�0DJQHWLVP����������������-����'2,����������V�����-���-����-� 
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