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ɫɪɟɞɫɬɜɟɧɧɵɦ� ɨɛɪɚɡɨɦ� ɨɤɚɡɵɜɚɸɬ� ɜɥɢɹɧɢɟ� ɧɚ�
ɠɢɡɧɶ� ɜɨɞɨɺɦɚ� ɢ� ɟɝɨ� ɨɛɢɬɚɬɟɥɟɣ��Ɉɞɧɢɦ� ɢɡ� ɬɚ�
ɤɢɯ� ɩɨɤɚɡɚɬɟɥɟɣ� ɹɜɥɹɟɬɫɹ� ɤɢɫɥɨɪɨɞ�� Ȼɨɥɶɲɢɧ�
ɫɬɜɨ� ɠɢɜɵɯ� ɫɭɳɟɫɬɜ� ɢɫɩɵɬɵɜɚɸɬ� ɧɟɨɛɯɨɞɢ�
ɦɨɫɬɶ�ɜ�ɤɢɫɥɨɪɨɞɟ�ɢ�ɟɝɨ�ɫɨɟɞɢɧɟɧɢɹɯ��ɨɛɢɬɚɬɟɥɢ�
ɜɨɞɨɺɦɨɜ� ɧɟ� ɢɫɤɥɸɱɟɧɢɹ�� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɤɢɫɥɨ�
ɪɨɞɚ�ɜ�ɜɨɞɟ�ɹɜɥɹɟɬɫɹ�ɜɚɠɧɵɦ�ɩɨɤɚɡɚɬɟɥɟɦ�ɛɥɚɝɨ�
ɩɨɥɭɱɢɹ��ɉɨɫɬɨɹɧɧɨɟ� ɩɪɢɫɭɬɫɬɜɢɟ� ɪɚɫɬɜɨɪɟɧɧɨ�
ɝɨ�ɤɢɫɥɨɪɨɞɚ�ɜ�ɩɨɜɟɪɯɧɨɫɬɧɵɯ�ɜɨɞɚɯ�ɯɚɪɚɤɬɟɪɢ�
ɡɭɟɬ�ɤɢɫɥɨɪɨɞɧɵɣ�ɪɟɠɢɦ�ɜɨɞɨɺɦɨɜ�ɢ�ɢɦɟɟɬ�ɩɟɪ�
ɜɨɫɬɟɩɟɧɧɨɟ�ɡɧɚɱɟɧɢɟ�ɞɥɹ�ɨɰɟɧɤɢ�ɫɚɧɢɬɚɪɧɨɝɨ�ɢ�
ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ� ɫɨɫɬɨɹɧɢɹ�� ȼ� ɫɜɨɸ� ɨɱɟɪɟɞɶ�� ɢɫ�
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'LOREDU�.+855$029$��NKXUUDPRYDB����#PDLO�UX���0XNKWRU�.+855$029�[XUUDPRYD-����#PDLO�UX�� 
6KDULID�*$1,(9$��VDORKLGGLQBUDMDSRY#OLVW�UX���=XOTD\QDU�1$=,529��QD]LURY]VK#PDLO�UX�� 
.DUVKL�6WDWH�8QLYHUVLW\��.DUVKL��8]EHNLVWDQ 
 

,Q�RUGHU� WR� LPSOHPHQW�D�UHOLDEOH�DQG�HQYLURQPHQWDOO\�VDIH��HFRQRPLFDOO\�YLDEOH�PHWKRG�RI�ZDVWHZDWHU�HQULFKPHQW�� WKH�JRDO�LV� WR�
GHYHORS�DQ�HQHUJ\-�DQG�UHVRXUFH-VDYLQJ�PHWKRG�RI�R[\JHQ�HQULFKPHQW�RI�ZDVWHZDWHU�WKDW�KDV�QRW�XQGHUJRQH�VXIILFLHQW�WUHDWPHQW��&OHDQLQJ�
LV�FDUULHG�RXW�LQ�D�WDQN��ZKLFK�LV�EXLOW�XVLQJ�URFN��ZKLFK�LV�DQ�DOJDO�OLPHVWRQH��/LPHVWRQH�FRQWULEXWHV�WR�WKH�LPSURYHPHQW�RI�WKH�R[\JHQ�UH�
JLPH�GXH�WR�WKH�³FRQVHUYDWLRQ´�RI�RUJDQLF�PDWWHU�LQ�DQR[LF�ERWWRP�OD\HUV�DQG�WKH�DFFHOHUDWLRQ�RI�WKH�SURFHVV�RI�SKRWRV\QWKHVLV�RI�XQLFHOOX�
ODU�DOJDH��&DOFLXP�FDUERQDWH�LV�D�UHDJHQW�WKDW�SURYLGHV�QRW�RQO\�DXWRPDWLF�VWDELOL]DWLRQ�RI�ZDWHU�S+�DW�������EXW�DOVR�SURYLGHV�D�KLJK�GH�
JUHH�RI�UHPRYDO�RI�KHDY\�PHWDOV�IURP�ZDWHU��$SSOLFDELOLW\�DVVHVVPHQW�DQG�GHVLJQ�SDUDPHWHUV�RI�WKH�PHWKRG�DUH�FDOFXODWHG�LQ�WKH�GHYHORSHG�
H[SHULPHQWDO�VHWXS��7KH�UHVXOWV�VKRZHG�WKDW� WKH�FRQWHQW�RI�GLVVROYHG�R[\JHQ�LQ� WKH�UXQRII�LQFUHDVHV�WR����-����PJ2��GP

��DIWHU� OHDYLQJ�WKH�
UHVHUYRLU��ZKLFK�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�HFRORJ\�DQG�VDQLWDU\�FRQGLWLRQ�RI�ZDWHU�ERGLHV�ZKHUH�XQWUHDWHG�ZDVWHZDWHU�LV�GLVFKDUJHG� 

 
.H\ZRUGV��QDWXUDO�U HFHLYLQJ�UHVHUYRLU ��DOJDO�OLPHVWRQH��ZDWHU �S+�VWDELOL]DWLRQ��GLVVROYHG�R[\JHQ� 

ЭНЕРГО- И РЕСУРСОСБЕРЕГАЮЩИЙ СПОСОБ ОБОГАЩЕНИЯ  
НЕ ПРОШЕДШИХ ДОСТАТОЧНОЙ ОЧИСТКИ СТОЧНЫХ ВОД  
КИСЛОРОДОМ   
 
Ⱦɢɥɨɛɚɪ�ɏɍɊɊȺɆɈȼȺ��NKXUUDPRYDB����#PDLO�UX���0ɭɯɬɨɪ�ɏɍɊɊȺɆɈȼ��[XUUDPRYD-����#PDLO�UX��� 
ɒɚɪɢɮɚ�ȽȺɇɂȿȼȺ��VDORKLGGLQBUDMDSRY#OLVW�UX���Ɂɭɥɤɚɣɧɚɪ�ɇȺɁɂɊɈȼ��QD]LURY]VK#PDLO�UX�� 
Ʉɚɪɲɢɧɫɤɢɣ��ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ʉɚɪɲɢ��ɍɡɛɟɤɢɫɬɚɧ 
 

Ⱦɥɹ�ɨɫɭɳɟɫɬɜɥɟɧɢɹ�ɧɚɞɟɠɧɨɝɨ�ɢ�ɛɟɡɨɩɚɫɧɨɝɨ�ɜ�ɷɤɨɥɨɝɢɱɟɫɤɨɦ�ɨɬɧɨɲɟɧɢɢ��ɷɤɨɧɨɦɢɱɟɫɤɢ�ɰɟɥɟɫɨɨɛɪɚɡɧɨɝɨ�ɫɩɨɫɨɛɚ�ɨɛɨɝɚ�
ɳɟɧɢɹ�ɫɬɨɱɧɵɯ�ɜɨɞ�ɩɨɫɬɚɜɥɟɧɚ�ɰɟɥɶ�ɪɚɡɪɚɛɨɬɤɢ�ɷɧɟɪɝɨ-�ɢ�ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɝɨ�ɫɩɨɫɨɛɚ�ɨɛɨɝɚɳɟɧɢɹ�ɤɢɫɥɨɪɨɞɨɦ�ɧɟ�ɩɪɨɲɟɞɲɢɯ�
ɞɨɫɬɚɬɨɱɧɨɣ�ɨɱɢɫɬɤɢ�ɫɬɨɱɧɵɯ�ɜɨɞ��Ɉɱɢɫɬɤɚ�ɩɪɨɜɨɞɢɬɫɹ�ɜ�ɪɟɡɟɪɜɭɚɪɟ��ɤɨɬɨɪɵɣ�ɩɨɫɬɪɨɟɧ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɝɨɪɧɨɣ�ɩɨɪɨɞɵ��ɩɪɟɞ�
ɫɬɚɜɥɹɸɳɟɣ�ɫɨɛɨɣ� ɜɨɞɨɪɨɫɥɟɜɵɣ�ɢɡɜɟɫɬɧɹɤ��ɂɡɜɟɫɬɧɹɤ� ɫɩɨɫɨɛɫɬɜɭɟɬ� ɭɥɭɱɲɟɧɢɸ� ɤɢɫɥɨɪɨɞɧɨɝɨ� ɪɟɠɢɦɚ� ɡɚ� ɫɱɺɬ�©ɤɨɧɫɟɪɜɚɰɢɢª�
ɨɪɝɚɧɢɱɟɫɤɨɝɨ�ɜɟɳɟɫɬɜɚ�ɜ�ɛɟɫɤɢɫɥɨɪɨɞɧɵɯ�ɞɨɧɧɵɯ�ɫɥɨɹɯ�ɢ�ɭɫɤɨɪɟɧɢɹ�ɩɪɨɰɟɫɫɚ�ɮɨɬɨɫɢɧɬɟɡɚ�ɨɞɧɨɤɥɟɬɨɱɧɵɯ�ɜɨɞɨɪɨɫɥɟɣ��Ʉɚɪɛɨ�
ɧɚɬ�ɤɚɥɶɰɢɹ�ɹɜɥɹɟɬɫɹ�ɪɟɚɝɟɧɬɨɦ��ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ�ɧɟ�ɬɨɥɶɤɨ�ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ�ɫɬɚɛɢɥɢɡɚɰɢɸ�ɪɇ�ɜɨɞɵ�ɧɚ�ɭɪɨɜɧɟ�������ɚ�ɬɚɤɠɟ�
ɨɛɟɫɩɟɱɢɜɚɟɬ�ɜɵɫɨɤɭɸ�ɫɬɟɩɟɧɶ�ɭɞɚɥɟɧɢɹ�ɬɹɠɟɥɵɯ�ɦɟɬɚɥɥɨɜ�ɢɡ�ɜɨɞɵ��Ɉɰɟɧɤɚ�ɩɪɢɦɟɧɢɦɨɫɬɢ�ɢ�ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�ɩɚɪɚɦɟɬɪɵ�ɫɩɨ�
ɫɨɛɚ�ɪɚɫɫɱɢɬɚɧɵ�ɜ�ɪɚɡɪɚɛɨɬɚɧɧɨɣ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɟ��Ɋɟɡɭɥɶɬɚɬɵ�ɩɨɤɚɡɚɥɢ��ɱɬɨ�ɫɨɞɟɪɠɚɧɢɟ�ɪɚɫɬɜɨɪɟɧɧɨɝɨ�ɤɢɫɥɨ�
ɪɨɞɚ�ɜ�ɫɬɨɤɟ�ɭɜɟɥɢɱɢɜɚɟɬɫɹ�ɩɨ�ɜɵɯɨɞɭ�ɢɡ�ɪɟɡɟɪɜɭɚɪɚ�ɞɨ����-����ɦɝɈ��ɞɦ

���ɱɬɨ�ɨɤɚɡɵɜɚɟɬ�ɩɨɥɨɠɢɬɟɥɶɧɨɟ�ɜɥɢɹɧɢɟ�ɧɚ�ɷɤɨɥɨɝɢɸ�ɢ�
ɫɚɧɢɬɚɪɧɨɟ�ɫɨɫɬɨɹɧɢɟ�ɜɨɞɨɺɦɨɜ��ɝɞɟ�ɩɪɨɢɫɯɨɞɢɬ�ɫɛɪɨɫ�ɧɟɨɱɢɳɟɧɧɵɯ�ɫɬɨɤɨɜ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɪɢɪɨɞɧɵɣ�ɩɪɢɟɦɧɵɣ�ɪɟɡɟɪɜɭɚɪ��ɜɨɞɨɪɨɫɥɟɜɵɣ�ɢɡɜɟɫɬɧɹɤ��ɫɬɚɛɢɥɢɡɚɰɢɹ�ɪɇ�ɜɨɞɵ��ɪɚɫɬɜɨɪɟɧɧɵɣ�ɤɢɫɥɨɪɨɞ� 

MEꞌYOR DARAJASIDA TOZALANMAGAN OQOVA SUVLARNI  
KISLORODLI TOꞌYINTIRISHNI ENERGIYA VA RESURS  
TEJAMKOR USULI 
 
'LORERU�.+855$029$��NKXUUDPRYDB����#PDLO�UX���0X[WRU�.+855$029�[XUUDPRYD-����#PDLO�UX�� 
6KDULID�*$1,(9$��VDORKLGGLQBUDMDSRY#OLVW�UX���=XOTD\QDU�1$=,529��QD]LURY]VK#PDLO�UX�� 
.DUVKL�6WDWH�8QLYHUVLW\��.DUVKL��2]EHNLVWRQ 
 

%X�PDTRODGD�RWND]LOJDQ�WDGTLTRWODUJD�DVRVODQJDQ�PH\RU�GDUDMDVLGD�WROLT�WR]DODVKGDQ�RWPDJDQ�RTRYD�VXYODUQL�GDVWODENL�NLVORURG�ELODQ�
WR\LQWLULVK� MDUD\RQLQL� LVKRQFKOL�� HNRORJLN� WR]D� YD� LTWLVRGL\� WHMDPNRU� XVXOL� WDYVL\D� HWLOJDQ��8VXO�+LVRU� WRJ� WL]PDODUL� MLQVODULGDQ� ROLQJDQ� VXYRW�
TROGLTODUL� ERU�RKDN� WRVKODUGDQ� \DVDOJDQ�TDEXO� TLOXVK�KRYX]LGDQ� WDVKNLO� WRSJDQ��2KDN� WRVKODU�KRYX]QL� NLVORURGVL]� MR\ODULGD�RTRYD� WDUNLELGDJL�
RUJDQLN�PRGGDODUQL�]DUDUVL]ODQWLULVK�KLVRELJD�NLVORURGOL�UHMLPQL�EDUTDURUODVKWLUDGL�YD�IRWRVLQWH]�MDUD\RQLQL�WH]ODVKWLULE��ELU�[XMD\UDOL�VXY�RWODULQL�
ULYRMODQWLUDGL�7DUNLEGDJL�NDOVL\�NRUERQDW�HVD�RTRYD�PXKLWLQL������EDUTDURUODVKWLUXYFKL�UHDJHQW�EROLE��RJLU�PHWDOODUQL�KDP�R]LGD�]DUDUVL]ODQWLULVK�
[XVXVL\DWLJD�HJD��8VXOQL�MRUL\�TLOLVK��SDUDPHWUODULQL�EDKRODVK�GDOD�VKDURLWLGD�\DVDOJDQ�WDGTLTRW�MLKR]LGD�DPDOJD�RVKLULOGL��2OLQJDQ�QDWLMDODU�VKXQL�
NRUVDWGLNL��RTRYD�WDUNLELGDJL�HULJDQ�NLVORURG�PLTGRUL�KRYX]GDQ�FKLTLVKGD����-����PJɈ��GP

��EROLVKLQL�NRUVDWGL��8VXO�VDQRDW�NRU[RQDODULGDQ��WROLT�
WR]DODQPDJDQ�KROGD��WDVKODQD\RWJDQ�RTRYD�VXYQL�TRVKLPFKD�NLVORURG�ELODQ�WR\LQWLULE�HYD]LJD�VXY�UHVXUVODULQL�LIORVODQWLULVKQL�NDPD\WLULE�VDQLWDU�
KRODWLQL�\D[VKLODVKJD�\RUGDP�EHUDGL� 

 
ɄɚOLW�VR൏]ODU��WDELL\�TDEXO�TLOXVK�KRYX]L��VX�YR൏ WOL�RKDN�WRVK��VXYQLQJ�S+�VWDELOL]DWVL\DVL��HU LJDQ�NLVORU RG� 

�'2,�����������FFH������� 

ȼɜɟɞɟɧɢɟ 
ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɩɨɱɬɢ� ɧɚ� ɜɫɟ� ɜɨɞɧɵɟ�

ɨɛɴɟɤɬɵ� ɨɤɚɡɵɜɚɟɬɫɹ� ɚɧɬɪɨɩɨɝɟɧɧɨɟ� ɜɥɢɹɧɢɟ��
ɨɫɨɛɟɧɧɨ�ɧɚ�ɜɨɞɨɟɦɵ��ɧɚɯɨɞɹɳɢɟɫɹ�ɜɛɥɢɡɢ�ɩɪɨ�
ɦɵɲɥɟɧɧɵɯ� ɡɨɧ�� Ȼɨɥɶɲɟ� ɜɫɟɯ� ɫɬɪɚɞɚɸɬ� ɦɟɥɤɨ�
ɜɨɞɧɵɟ�ɨɛɴɟɤɬɵ��ɧɟ�ɢɦɟɸɳɢɟ�ɜɵɫɨɤɨɣ�ɪɚɡɛɚɜɥɹ�
ɸɳɟɣ� ɢ� ɫɚɦɨɨɱɢɳɚɸɳɟɣɫɹ� ɫɩɨɫɨɛɧɨɫɬɢ�� ɗɬɨ�
ɨɫɨɛɟɧɧɨ�ɜɪɟɞɧɨ�ɫɤɚɡɵɜɚɟɬɫɹ�ɩɪɢ��ɡɚɥɩɨɜɵɯ�ɜɵ�
ɛɪɨɫɚɯ�� ɨɬ� ɫɛɪɨɫɚ� ɧɟ� ɩɪɨɲɟɞɲɢɯ� ɞɨɫɬɚɬɨɱɧɨɣ�
ɨɱɢɫɬɤɢ� ɫɬɨɱɧɵɯ� ɜɨɞ�� ɉɨɷɬɨɦɭ� ɜɚɠɧɨ� ɜɨɜɪɟɦɹ�
ɩɪɨɜɨɞɢɬɶ�ɦɟɪɨɩɪɢɹɬɢɹ�� ɩɨɡɜɨɥɹɸɳɢɟ� ɜ�ɩɨɥɧɨɣ�
ɦɟɪɟ� ɨɰɟɧɢɬɶ� ɩɨɤɚɡɚɬɟɥɢ� ɜɨɞɵ�� ɤɨɬɨɪɵɟ� ɧɟɩɨ�
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ɬɨɳɟɧɢɟ� ɪɚɫɬɜɨɪɟɧɧɨɝɨ� ɤɢɫɥɨɪɨɞɚ� ɜ� ɫɢɫɬɟɦɚɯ�
ɦɨɠɟɬ� ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ� ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɦɭ�
ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ�ɧɢɬɪɚɬɚ�ɜ� ɧɢɬɪɢɬ�ɢ� ɫɭɥɶɮɚɬɚ� ɜ�
ɫɭɥɶɮɢɞ��ɱɬɨ�ɜɵɡɵɜɚɟɬ�ɩɨɹɜɥɟɧɢɟ�ɡɚɩɚɯɚ�>�-�@� 

Ɉɛɨɝɚɳɟɧɢɟ� ɫɬɨɱɧɵɯ� ɜɨɞ� ɤɢɫɥɨɪɨɞɨɦ� –�
ɨɞɢɧ�ɢɡ�ɜɚɠɧɟɣɲɢɯ�ɷɬɚɩɨɜ�ɩɨɞɝɨɬɨɜɤɢ�ɫɬɨɤɨɜ�ɤ�
ɨɱɢɫɬɤɟ� ɢɥɢ� ɫɛɪɨɫɭ� ɜ� ɜɨɞɨɺɦɵ��Ɉɞɧɢɦ� ɢɡ� ɩɟɪ�
ɫɩɟɤɬɢɜɧɵɯ� ɪɟɲɟɧɢɣ� ɹɜɥɹɟɬɫɹ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ�
ɷɧɟɪɝɨ-� ɢ� ɪɟɫɭɪɫɨɫɛɪɟɝɚɸɳɟɝɨ� ɫɩɨɫɨɛɚ�
ɨɛɨɝɚɳɟɧɢɹ�ɧɟ�ɩɪɨɲɟɞɲɢɯ�ɞɨɫɬɚɬɨɱɧɨɣ�ɨɱɢɫɬɤɢ�
ɫɬɨɱɧɵɯ�ɜɨɞ�ɤɢɫɥɨɪɨɞɨɦ�>��-��@� 

ɐɟɥɶ�ɢɫɫɥɟɞɨɜɚɧɢɹ�–�ɪɚɡɪɚɛɨɬɤɚ�ɷɧɟɪɝɨ-�ɢ�
ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɝɨ� ɫɩɨɫɨɛɚ� ɨɛɨɝɚɳɟɧɢɹ� ɧɟ�
ɩɪɨɲɟɞɲɢɯ� ɞɨɫɬɚɬɨɱɧɨɣ� ɨɱɢɫɬɤɢ� ɫɬɨɱɧɵɯ� ɜɨɞ�
ɤɢɫɥɨɪɨɞɨɦ� 

 
Ɇɟɬɨɞɵ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɉɛɴɟɤɬɨɦ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɫɥɭɠɢɥɚ� ɫɬɨɱ�

ɧɚɹ�ɜɨɞɚ�ɢɡ�ɩɪɨɦɵɲɥɟɧɧɨɣ�ɡɨɧɵ�ɝ��ɒɚɯɪɢɫɚɛɡɚ��
ɋɯɟɦɚ�ɨɱɢɫɬɤɢ� ɫɬɨɱɧɵɯ�ɜɨɞ� ɡɨɧɵ�ɜɤɥɸɱɚɟɬ�ɩɨ�
ɫɥɟɞɨɜɚɬɟɥɶɧɭɸ� ɦɟɯɚɧɢɱɟɫɤɭɸ� ɨɱɢɫɬɤɭ�� Ɉɛɴɟɦ�
ɫɛɪɨɫɚ�ɫɬɨɱɧɵɯ�ɜɨɞ��ɫɨɝɥɚɫɧɨ��ɝɪɚɮɢɤɚ�ɜɵɩɭɫɤɚ�
ɫɬɨɱɧɵɯ� ɜɨɞ� ɫɨɫɬɚɜɥɹɟɬ� ����� ɦ��ɫɭɬɤɢ�� Ʉɚɬɟɝɨ�
ɪɢɹ��ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ�ɫɬɨɱɧɵɟ�ɜɨɞɵ��ɂɫɯɨɞɧɵɟ�
ɫɬɨɱɧɵɟ�ɜɨɞɵ��ɩɪɟɞɫɬɚɜɥɹɸɬ�ɫɨɛɨɣ�ɫɦɟɫɶ�ɫɬɨɤɨɜ�
ɨɬ� ɦɟɥɤɢɯ� ɩɪɨɦɵɲɥɟɧɧɵɯ� ɩɪɟɞɩɪɢɹɬɢɣ�� ɬɟɤ�
ɫɬɢɥɶɧɨɣ�� ɦɨɥɨɱɧɨɣ�� ɩɢɳɟɜɨɣ�� ɦɟɬɚɥɥɨɨɛɪɚɛɚ�
ɬɵɜɚɸɳɢɟ�� ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ� ɢ� ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ�
ɰɟɯɨɜ��ȼɫɟ�ɫɬɨɱɧɵɟ�ɜɨɞɵ��ɨɛɪɚɡɭɸɳɢɟɫɹ�ɧɚ�ɬɟɪ�
ɪɢɬɨɪɢɢ� ɩɪɨɦɵɲɥɟɧɧɨɣ� ɡɨɧɵ� ɩɨɫɥɟ� ɦɟɯɚɧɢɱɟ�
ɫɤɨɣ� ɨɱɢɫɬɤɢ�� ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ� ɩɨ� ɡɚɤɪɵɬɨɦɭ�
ɬɪɭɛɨɩɪɨɜɨɞɭ� ɤ� ɦɟɫɬɭ� ɫɩɭɫɤɚ� ɜ� ɦɟɥɤɨɜɨɞɧɭɸ�
ɪɟɤɭ� ©Ʉɚɪɚ-ɫɭɜª� ɧɚ� ɪɚɫɫɬɨɹɧɢɢ� ���� ɤɦ�� Ʉɨɧ�
ɫɬɪɭɤɰɢɹ� ɜɵɩɭɫɤɚ� ɫɬɨɱɧɵɯ� ɜɨɞ� ɩɪɟɞɩɪɢɹɬɢɣ� ɜ�
ɜɨɞɨɟɦ�ɡɚɬɨɩɥɟɧɚ� 

ȼ� ɪɚɛɨɬɟ� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɨɬɨɛɪɚɧɧɵɟ� ɜ�
ɩɨɥɟɜɵɯ�ɭɫɥɨɜɢɹɯ�ɩɪɨɛɵ�ɫɬɨɤɨɜ��ɋ�ɰɟɥɶɸ�ɩɨɥɭ�
ɱɟɧɢɹ� ɧɚɢɛɨɥɟɟ� ɩɨɤɚɡɚɬɟɥɶɧɵɯ� ɪɟɡɭɥɶɬɚɬɨɜ� ɢɡ�
ɦɟɪɟɧɢɹ�ɤɨɧɰɟɧɬɪɚɰɢɣ�ɪɚɫɬɜɨɪɟɧɧɨɝɨ�ɤɢɫɥɨɪɨɞɚ�
ɜ�ɫɬɨɱɧɨɣ�ɜɨɞɟ�ɛɵɥɨ�ɜɵɛɪɚɧɨ����ɦɟɫɬ�ɨɩɪɨɛɨɜɚ�
ɧɢɹ��ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɜɵɩɭɫɤɚ���ɉɪɢ�
ɨɩɪɟɞɟɥɟɧɢɢ� ɫɨɞɟɪɠɚɧɢɹ� ɪɚɫɬɜɨɪɟɧɧɨɝɨ� ɤɢɫɥɨ�
ɪɨɞɚ� ɜ� ɫɬɨɤɟ� ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ� ɣɨɞɨɦɟɬɪɢɱɟɫɤɨɟ�
ɬɢɬɪɨɜɚɧɢɟ�–�ɦɟɬɨɞ�ȼɢɧɤɥɟɪɚ��ɲɢɪɨɤɨ�ɢɫɩɨɥɶɡɭ�
ɟɦɵɣ� ɢ� ɨɛɳɟɩɪɢɧɹɬɵɣ� ɩɪɢ� ɫɚɧɢɬɚɪɧɨ-
ɯɢɦɢɱɟɫɤɨɦ� ɢ� ɷɤɨɥɨɝɢɱɟɫɤɨɦ� ɤɨɧɬɪɨɥɟ�� ɉɨɥɟ�
ɜɵɟ� ɨɩɵɬɵ� ɩɪɨɜɨɞɢɥɢɫɶ� ɫɨɝɥɚɫɧɨ� ɫɬɚɧɞɚɪɬɧɵɦ�
ɦɟɬɨɞɢɤɚɦ��ɭɫɬɚɧɨɜɥɟɧɧɵɦ�ɩɪɚɜɢɥɚɦɢ�ɤɨɧɬɪɨɥɹ�
ɤɚɱɟɫɬɜɚ�ɜɨɞɵ�ɜɨɞɨɟɦɨɜ�ɮɢɡɢɱɟɫɤɢɦɢ�ɢ�ɯɢɦɢɱɟ�
ɫɤɢɦɢ� ɩɨɤɚɡɚɬɟɥɹɦɢ�� ɂɡɦɟɪɟɧɢɹ� ɩɪɨɜɟɞɟɧɵ� ɜ�
ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɧɨɪɦɚɬɢɜɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ� ɞɨɤɭ�
ɦɟɧɬɚɰɢɟɣ�>������-��@� 

 
Ɋɟɡɭɥɶɬɚɬɵ�ɢ�ɨɛɫɭɠɞɟɧɢɟ 
ɇɟɤɨɬɨɪɵɟ� ɩɨɤɚɡɚɬɟɥɢ� ɤɚɱɟɫɬɜɚ� ɜɨɞɵ��

ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥɢɰɟ� 
�Ⱥɧɚɥɢɡ� ɞɚɧɧɵɯ� ɬɚɛɥɢɰɵ� ɩɨɤɚɡɵɜɚɟɬ�� ɱɬɨ�

ɫɪɟɞɧɹɹ�ɤɨɧɰɟɧɬɪɚɰɢɹ�ɪɚɫɬɜɨɪɟɧɧɨɝɨ�ɤɢɫɥɨɪɨɞɚ�
ɜ�ɫɛɪɨɫɟ�ɜ�ɦɟɥɤɨɜɨɞɧɭɸ�ɪɟɤɭ�©Ʉɚɪɚ-ɫɭɜª�ɫɨɫɬɚɜ�
ɥɹɟɬ� ��������� ɦɝɈ��ɞɦ

��� Ɉɫɧɨɜɧɵɟ� ɩɨɤɚɡɚɬɟɥɢ�

ɤɚɱɟɫɬɜɚ�ɜɨɞɵ��ɩɪɢɜɟɞɟɧɧɵɟ�ɜ�ɬɚɛɥɢɰɟ��ɧɟ�ɫɨɨɬ�
ɜɟɬɫɬɜɭɸɬ�ɧɨɪɦɚɬɢɜɧɵɦ�ɡɧɚɱɟɧɢɹɦ�ɉȾɄ��Ɉɛɳɟ�
ɡɚɜɨɞɫɤɢɟ� ɨɱɢɫɬɧɵɟ� ɫɨɨɪɭɠɟɧɢɹ� ɩɪɟɞɩɪɢɹɬɢɣ�
ɪɚɛɨɬɚɸɬ� ɧɟɷɮɮɟɤɬɢɜɧɨ��ɂɡ� ɜɵɲɟ� ɢɡɥɨɠɟɧɧɨɝɨ�
ɫɥɟɞɭɟɬ� ɨ� ɞɨɫɬɚɬɨɱɧɨ� ɫɢɥɶɧɨɦ� ɢɯ� ɜɥɢɹɧɢɢ� ɧɚ�
ɫɬɟɩɟɧɶ� ɡɚɝɪɹɡɧɟɧɢɹ� ɜɨɞɵ� ɜ� ɪɟɤɟ�� Ɉɫɨɛɟɧɧɨ� ɡɚ�
ɦɟɬɧɨ� ɭɜɟɥɢɱɟɧɢɟ� ɡɧɚɱɟɧɢɣ� ɬɚɤɢɯ� ɩɨɤɚɡɚɬɟɥɟɣ��
ɤɚɤ� ɯɢɦɢɱɟɫɤɨɟ� ɩɨɬɪɟɛɥɟɧɢɟ� ɤɢɫɥɨɪɨɞɚ� �ɏɉɄ��
ɧɚ�����ɢ�ɛɢɨɯɢɦɢɱɟɫɤɨɟ�ɩɨɬɪɟɛɥɟɧɢɟ�ɤɢɫɥɨɪɨɞɚ�
ɩɟɪɟɞ� ɢ� ɩɨɫɥɟ� ɢɧɤɭɛɚɰɢɢ� ɜ� ɬɟɱɟɧɢɟ� �� ɞɧɟɣ�
�ȻɉɄ���ɧɚ������ȼ�ɧɚɫɬɨɹɳɟɟ�ɜɪɟɦɹ�ɫɚɦɨɨɱɢɳɚ�
ɸɳɟɣɫɹ� ɫɩɨɫɨɛɧɨɫɬɢ� ɦɟɥɤɨɜɨɞɧɨɣ� ɪɟɤɢ� ©Ʉɚɪɚ-
ɫɭɜª�ɭɠɟ�ɧɟ�ɯɜɚɬɚɟɬ��ɢ�ɨɧɚ�ɧɟ�ɜ�ɫɢɥɚɯ�ɩɟɪɟɪɚɛɨ�
ɬɚɬɶ�ɜɫɟ�ɩɨɫɬɭɩɚɸɳɢɟ�ɡɚɝɪɹɡɧɟɧɢɹ� 

Ɋɚɡɪɚɛɨɬɚɧɚ� ɩɨɥɟɜɚɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�
ɭɫɬɚɧɨɜɤɚ��ɗɤɫɩɟɪɢɦɟɧɬɵ�ɩɪɨɜɨɞɢɥɢɫɶ�ɩɪɹɦɨ� ɜ�
ɧɚɡɧɚɱɟɧɧɵɯ� ɦɟɫɬɚɯ� ɫɛɪɨɫɚ�� Ɉɛɳɢɣ� ɜɢɞ� ɷɤɫɩɟ�
ɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɫɬɚɜɥɟɧ�ɧɚ�ɪɢɫɭɧ�
ɤɟ��� 

ɋɬɨɤ�ɨɱɢɫɬɧɵɯ�ɫɨɨɪɭɠɟɧɢɣ� ɫɚɦɨɬɟɤɨɦ� ɫɨ�
ɫɤɨɪɨɫɬɶɸ� ɞɨ� ���� ɦ�ɫ� ɩɨɫɬɭɩɚɟɬ� ɱɟɪɟɡ� ɬɪɭɛɭ�
�G ���ɦɦ��ɜ�ɩɪɢɟɦɧɭɸ�ɹɦɭ��ɤɨɬɨɪɚɹ���ɭɫɬɚɧɨɜɥɟ�
ɧɚ�ɧɚ�����ɦ�ɜɵɲɟ�ɭɪɨɜɧɹ�ɜɨɞɵ�ɜ�ɫɬɨɤɚɯ��Ƚɥɭɛɢɧɚ�
ɩɪɢɟɦɧɨɝɨ� ɪɟɡɟɪɜɭɚɪɚ� ɩɪɹɦɨɭɝɨɥɶɧɨɣ� ɮɨɪɦɵ�
����ɦ��ɭɤɥɨɧ��������Ⱦɥɹ�ɫɥɢɜɚ�ɨɱɢɳɚɟɦɵɯ�ɜɨɞ�ɢ�
ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ�ɚɷɪɚɰɢɢ� � �ɜ�ɞɧɢɳɟ�ɪɚɡɜɨɞɹɳɢɯ�
ɬɪɭɛ� ɢɦɟɸɬɫɹ� ɨɬɜɟɪɫɬɢɹ� � � ɞɢɚɦɟɬɪɨɦ� �-��� ɦɦ��
ɪɚɫɫɬɨɹɧɢɟ� ɦɟɠɞɭ� ɨɬɜɟɪɫɬɢɹɦɢ� ����� ɦ�� Ⱦɥɹ� ɛɨ�
ɥɟɟ�ɪɚɜɧɨɦɟɪɧɨ�ɩɟɪɟɦɟɲɢɜɚɧɢɹ�ɨɱɢɳɚɟɦɵɯ�ɜɨɞ�
ɨɬɜɟɪɫɬɢɹ� ɪɚɫɩɨɥɨɠɟɧɵ� ɜ� ɲɚɯɦɚɬɧɨɦ� ɩɨɪɹɞɤɟ��

ɉɨɤɚɡɚɬɟɥɢ�ɤɚɱɟɫɬɜɚ�ɨɛɳɟɡɚɜɨɞɫɤɢɯ�ɨɱɢɫɬ�
ɧɵɯ�ɫɨɨɪɭɠɟɧɢɣ�ɫɛɪɚɫɵɜɚɟɦɨɣ�ɜɨɞɵ� 

ɜ�ɪɟɤɭ�©Ʉɚɪɚ-ɫɭɜª� 

Ɋɢɫɭɧɨɤ����Ɉɛɳɢɣ�ɜɢɞ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɢ�� 
�-ɬɪɭɛɚ�ɞɥɹ�ɩɨɞɚɱɢ�ɩɚɬɨɤɚ�ɫɬɨɤɨɜ���-ɨɬɜɟɪɫɬɢɹ� 
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ɬɚɤɢɦ�ɨɛɪɚɡɨɦ��ɱɬɨɛɵ�ɩɟɪɟɦɟɲɢɜɚɸɳɢɟ�ɩɥɨɳɚ�
ɞɢ�� ɫɨɫɟɞɧɢɦɢ� ɨɬɜɟɪɫɬɢɹɦɢ�� ɱɚɫɬɢɱɧɨ� ɩɟɪɟɤɪɵ�
ɜɚɥɢɫɶ�� � Ɂɚ� ɫɱɟɬ� ɫɜɨɛɨɞɧɨɝɨ� ɩɚɞɟɧɢɹ� ɢɡ� ɨɬɜɟɪ�
ɫɬɢɹ� ɨɱɢɳɚɟɦɵɯ� ɫɬɨɱɧɵɯ� ɜɨɞ� ɫ� ɜɵɫɨɬɵ� ���� ɦ�
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ�ɧɚɱɚɥɶɧɵɣ�ɪɚɫɩɚɞ�ɫɬɪɭɢ��Ɂɚ�ɫɱɟɬ�
ɪɚɡɞɪɨɛɥɟɧɢɹ� ɫɬɪɭɢ� ɧɚ� ɨɬɞɟɥɶɧɨɫɬɢ� ɭɜɟɥɢɱɢɬɫɹ�
ɩɥɨɳɚɞɶ� ɩɨɩɟɪɟɱɧɨɝɨ� ɫɟɱɟɧɢɹ� ɫɬɪɭɢ�� ȼ� ɪɟɡɭɥɶ�
ɬɚɬɟ�ɦɟɥɶɱɚɣɲɢɟ�ɤɚɩɥɢ�ɫɬɨɱɧɨɣ�ɜɨɞɵ��ɤɨɧɬɚɤɬɢ�
ɪɭɹ� ɫ� ɤɢɫɥɨɪɨɞɨɦ� ɜɨɡɞɭɯɚ�� ɧɚɫɵɳɚɸɬɫɹ� ɢɦ� ɜ�
ɩɪɨɰɟɫɫɟ�ɞɢɮɮɭɡɢɢ��ɗɬɨɬ�ɦɟɬɨɞ�ɜɟɫɶɦɚ�ɩɪɨɫɬ�ɢ�
ɷɮɮɟɤɬɢɜɟɧ��ɧɟ�ɬɪɟɛɭɟɬ�ɷɧɟɪɝɨɡɚɬɪɚɬ�ɢ�ɛɨɥɶɲɢɯ�
ɩɥɨɳɚɞɟɣ� 

ɇɚ�ɨɫɧɨɜɟ�ɩɨɥɭɱɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɷɤɫɩɟ�
ɪɢɦɟɧɬɚɥɶɧɨɣ� ɭɫɬɚɧɨɜɤɢ�� ɛɵɥɚ� ɜɵɛɪɚɧɚ� ɤɨɧ�
ɫɬɪɭɤɰɢɹ�ɩɪɢɟɦɧɨɝɨ�ɪɟɡɟɪɜɭɚɪɚ�ɨɬɤɪɵɬɨɝɨ�ɬɢɩɚ�
ɞɥɹ�ɫɥɢɜɚ�ɫɬɨɤɨɜ� �ɪɢɫ������ɂɫɯɨɞɹ�ɢɡ�ɷɬɨɝɨ�ɩɪɨ�
ɜɟɞɟɧ� � ɪɚɫɱɟɬ� ɪɚɡɦɟɪɨɜ� ɩɪɢɟɦɧɨɝɨ� ɪɟɡɟɪɜɭɚɪɚ��
ɉɪɢ�ɩɪɚɤɬɢɱɟɫɤɢɯ�ɪɚɫɱɟɬɚɯ� ɝɚɛɚɪɢɬɚ�ɩɪɢɟɦɧɵɣ�
ɹɦɵ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɫɥɟɞɭɸɳɢɟ� ɩɚɪɚɦɟɬɪɵ�� ɲɢ�
ɪɢɧɚ� ɩɨ� ɞɧɭ� /�� ɝɥɭɛɢɧɚ� ɧɚɩɨɥɧɟɧɢɹ� K�� ɪɚɞɢɭɫ�
ɨɤɪɭɠɧɨɫɬɢ�U� 

ɇɚ�ɨɫɧɨɜɟ�ɜɵɩɨɥɧɟɧɧɵɯ�ɪɚɫɱɟɬɨɜ�ɨɩɪɟɞɟ�
ɥɟɧɵ� ɩɚɪɚɦɟɬɪɵ� ɩɪɢɟɦɧɨɝɨ� ɪɟɡɟɪɜɭɚɪɚ�� Ʉɨɧ�
ɫɬɪɭɤɰɢɹ� ɩɪɢɟɦɧɨɝɨ� ɪɟɡɟɪɜɭɚɪɚ� ɩɪɟɞɫɬɚɜɥɹɟɬ�
ɫɨɛɨɣ�ɫɨɫɭɞ�ɨɬɤɪɵɬɨɝɨ�ɬɢɩɚ�Ⱥ �����ɯ����ɯ�����
ɦɦ��ɪɟɠɢɦ�ɫɚɦɨɬɟɱɧɵɣ�>��������������-��@� 

ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɨɩɬɢɦɚɥɶɧɚɹ�ɩɪɨɞɨɥɠɢ�
ɬɟɥɶɧɨɫɬɶ�ɩɪɟɛɵɜɚɧɢɹ�ɧɚɫɵɳɚɟɦɵɯ�ɤɢɫɥɨɪɨɞɨɦ�
ɫɬɨɱɧɵɯ�ɜɨɞ�ɜ�ɪɟɡɟɪɜɭɚɪɟ�ɫɨɫɬɚɜɥɹɟɬ���-���ɦɢɧ��
ɉɪɢ� ɷɬɨɦ� ɫɤɨɪɨɫɬɶ� ɬɟɱɟɧɢɹ� ɩɨɬɨɤɚ� ɨɩɪɟɞɟɥɟɧɚ�
ɩɨɪɹɞɤɚ� ���–���� ɦ�F�� ɞɥɹ� ɩɪɟɞɨɯɪɚɧɟɧɢɹ� ɟɝɨ� ɨɬ�
ɡɚɢɥɢɜɚɧɢɹ��ȼɨ�ɢɡɛɟɠɚɧɢɟ�ɪɚɡɦɵɜɚ�ɞɥɹ�ɡɚɝɪɭɡɤɢ�
ɧɚ�ɞɧɨ�ɜ�ɤɚɱɟɫɬɜɟ�ɫɥɨɹ�ɢɫɩɨɥɶɡɨɜɚɥɢ����-����ɦɦ�
ɤɭɫɤɢ� ɜɨɞɨɪɨɫɥɟɜɨɝɨ� ɢɡɜɟɫɬɧɹɤɚ� -� Ƚɢɫɫɚɪɫɤɭɸ�
ɝɨɪɧɭɸ�ɩɨɪɨɞɭ��ɫɪɚɜɧɢɬɟɥɶɧɨ�ɧɢɡɤɨɣ�ɫɬɨɢɦɨɫɬɢ�
ɢ� ɞɨɫɬɭɩɧɨɫɬɢ�� ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɥɚɛɨɪɚɬɨɪɧɨɝɨ�
ɚɧɚɥɢɡɚ�ɨɩɪɟɞɟɥɟɧ��ɯɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ�ɜɨɞɨɪɨɫ�
ɥɟɜɨɝɨ� ɢɡɜɟɫɬɧɹɤɚ� Ƚɢɫɫɚɪɫɤɨɣ� ɝɨɪɧɨɣ� ɩɨɪɨɞɵ�
�ɦɚɫ�� ���� ���� 6L2��� ����� 7L2��� ���� $O�2��� �����
)H�2��)H2�� ����� 0Q2�� ����� &D2�� ���� 0J2�� ����
.�2�� �����1D�2�� �����+�2�� ����� 3�2��� ����� &2���
�����62��������6��ɂɫɩɨɥɶɡɭɟɦɚɹ�ɜ�ɤɚɱɟɫɬɜɟ�ɢɨɧɨ�
ɨɛɦɟɧɧɨɝɨ�ɦɚɬɟɪɢɚɥɚ� ɝɨɪɧɚɹ�ɩɨɪɨɞɚ� ɭɞɨɜɥɟɬɜɨ�
ɪɹɟɬ�ɬɪɟɛɨɜɚɧɢɹɦ�ɩɪɨɰɟɫɫɚ�ɨɱɢɫɬɤɢ�ɫɬɨɤɨɜ�ɫɜɨ�

ɢɦɢ� ɫɜɨɣɫɬɜɚɦɢ�� Ɂɚɝɪɭɡɤɚ� ɢɡɜɟɫɬɧɹɤɚ� ɜ� ɩɪɢɟɦ�
ɧɵɟ�ɪɟɡɟɪɜɭɚɪɚ�ɫɩɨɫɨɛɫɬɜɭɟɬ�ɭɥɭɱɲɟɧɢɸ�ɤɢɫɥɨ�
ɪɨɞɧɨɝɨ� ɪɟɠɢɦɚ� ɡɚ� ɫɱɺɬ�©ɤɨɧɫɟɪɜɚɰɢɢª�ɨɪɝɚɧɢ�
ɱɟɫɤɨɝɨ� ɜɟɳɟɫɬɜɚ� ɜ� ɛɟɫɤɢɫɥɨɪɨɞɧɵɯ� ɞɨɧɧɵɯ�
ɫɥɨɹɯ� ɢ� ɭɫɤɨɪɟɧɢɹ� ɩɪɨɰɟɫɫɚ� ɮɨɬɨɫɢɧɬɟɡɚ� ɨɞɧɨ�
ɤɥɟɬɨɱɧɵɯ� ɜɨɞɨɪɨɫɥɟɣ�� ȼɨɞɨɪɨɫɥɢ� ɩɨɝɥɨɳɚɸɬ�
ɩɢɬɚɬɟɥɶɧɵɟ�ɜɟɳɟɫɬɜɚ�ɜɫɟɣ�ɫɜɨɟɣ�ɩɨɜɟɪɯɧɨɫɬɶɸ�
>��������������@� 

Ʉɚɪɛɨɧɚɬ� ɤɚɥɶɰɢɹ� ɹɜɥɹɟɬɫɹ� ɪɟɚɝɟɧɬɨɦ��
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ� ɧɟ� ɬɨɥɶɤɨ� ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ�
ɫɬɚɛɢɥɢɡɚɰɢɸ�ɪɇ�ɜɨɞɵ�ɧɚ�ɭɪɨɜɧɟ��������ɚ�ɬɚɤɠɟ�
ɫɩɨɫɨɛɫɬɜɭɟɬ� ɭɞɚɥɟɧɢɸ� ɬɹɠɟɥɵɯ� ɦɟɬɚɥɥɨɜ� ɢɡ�
ɜɨɞɵ��ɧɚɩɪɢɦɟɪ�&X����3E���ɢ�&G�����ɪɢɫ������� 

Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɪɢɫɭɧɤɚ� �ɛ�� ɩɪɢ� ɞɜɢɠɟɧɢɢ�

ɦɚɫ� ɫɵ�
ɫɬɨ� ɤɚ�

ɩɪɨɢɫɯɨɞɢɬ� ɤɚɤ� ɨɛɨɝɚɳɟɧɢɟ� ɤɢɫɥɨɪɨɞɨɦ�� ɬɚɤ� ɢ�
ɞɪɨɛɥɟɧɢɟ�ɩɭɡɵɪɶɤɨɜ��ɩɪɢ�ɫɞɜɢɝɚɧɢɢ�ɫɥɨɺɜ�ɫɬɨ�
ɤɚ�� ɱɬɨ� ɜ� ɰɟɥɨɦ� ɡɚɦɟɬɧɨ� ɭɫɤɨɪɹɟɬ� ɢ� ɨɛɥɟɝɱɚɟɬ�
ɜɟɫɶ� ɩɪɨɰɟɫɫ�� ȼɢɡɭɚɥɶɧɚɹ� ɨɰɟɧɤɚ� ɩɨɤɚɡɵɜɚɟɬ��
ɱɬɨ� ɚɤɬɢɜɧɚɹ� ɡɨɧɚ� ɜ� ɪɟɡɟɪɜɭɚɪ� ɞɨɫɬɢɝɚɟɬ� ������
ɗɬɨ� ɨɛɟɫɩɟɱɢɜɚɟɬ� ɪɚɜɧɨɦɟɪɧɨɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɟ�
ɤɢɫɥɨɪɨɞɚ�ɩɨ�ɜɫɟɦ�ɫɬɨɤɚɦ��ɭɥɭɱɲɚɟɬ�ɧɚɫɵɳɟɧɢɟ�
ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ� ɫɬɨɱɧɵɯ� ɜɨɞ� ɤɢɫɥɨɪɨɞɨɦ�� ɫɨ�
ɡɞɚɟɬ� ɨɩɬɢɦɚɥɶɧɵɟ� ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ� ɭɫɥɨɜɢɹ�
ɞɥɹ�ɩɨɥɧɨɝɨ�ɫɚɦɨɬɟɱɧɨɝɨ�ɫɦɟɲɟɧɢɹ�ɩɨɬɨɤɚ�ɫɬɨɱ�
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Ɋɢɫɭɧɨɤ����ɉɪɢɟɦɧɵɣ�ɪɟɡɟɪɜɭɚɪ��ɚ�–�ɫɥɨɣ�ɢɡ�ɢɡɜɟɫɬɧɹɤɚ�
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ɤɢɫɥɨɪɨɞɨɦ�ɧɟɞɨɨɱɢɳɟɧɧɵɯ�ɫɬɨɤɨɜ�ɜ�ɩɪɢɟɦɧɨɦ�ɪɟɡɟɪɜɭɚɪɟ� 

ɚ� 

ɛ� 



 

 

�
���� .�, �0�<�2  
YD �NLP\R � W H[QR ORJ L\DV L  

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  

�� 

ɧɨɣ� ɜɨɞɵ�� ɱɬɨ� ɹɜɥɹɟɬɫɹ� ɜɚɠɧɟɣɲɢɦ� ɭɫɥɨɜɢɟɦ�
ɭɫɩɟɲɧɨɝɨ� ɩɪɨɬɟɤɚɧɢɹ� ɩɪɨɰɟɫɫɚ� ɨɛɨɝɚɳɟɧɢɹ�
ɤɢɫɥɨɪɨɞɨɦ��Ɉɫɧɨɜɧɨɟ�ɧɚɡɧɚɱɟɧɢɟ�ɬɭɪɛɭɥɢɡɚɰɢɢ�
ɩɚɬɨɤɚ�–�ɤɚɤ�ɦɨɠɧɨ�ɛɨɥɟɟ�ɩɨɥɧɨɟ�ɢ�ɛɵɫɬɪɨɟ�ɪɚɫ�
ɩɪɟɞɟɥɟɧɢɟ� ɪɚɫɬɜɨɪɟɧɧɨɝɨ� ɤɢɫɥɨɪɨɞɚ� ɜ� ɦɚɫɫɟ�
ɫɬɨɤɚ��ɉɪɢ�ɜɵɫɨɤɢɯ�ɫɤɨɪɨɫɬɹɯ�ɬɟɱɟɧɢɹ�ɫɬɨɤɨɜ�ɜ�
ɧɚɱɚɥɶɧɨɦ�ɭɱɚɫɬɤɟ�ɪɟɡɟɪɜɭɚɪɚ�ɩɪɨɢɫɯɨɞɢɬ�ɧɚɪɭ�
ɲɟɧɢɟ� ɫɩɥɨɲɧɨɫɬɢ� ɫɜɨɛɨɞɧɨɣ� ɩɨɜɟɪɯɧɨɫɬɢ� ɩɨ�
ɬɨɤɚ� ɫɬɨɤɚ��ɨɧɚ� ɫɬɚɧɨɜɢɬɫɹ�ɪɵɯɥɨɣ�ɢ�ɜɨɡɞɭɯ� ɡɚ�
ɯɜɚɬɵɜɚɟɬɫɹ� ɜ� ɫɬɨɤɟ�� ɉɪɢ� ɩɪɨɧɢɤɧɨɜɟɧɢɢ� ɩɭ�
ɡɵɪɶɤɨɜ�ɜɨɡɞɭɯɚ�ɜ�ɫɬɨɤɟ�ɨɛɪɚɡɭɟɬɫɹ�ɡɨɧɚ�ɬɟɱɟɧɢɹ�
ɜɨɞɨɜɨɡɞɭɲɧɨɣ�ɫɦɟɫɢ�� �ɇɚ�ɷɬɨɦ�ɭɱɚɫɬɤɟ�ɩɪɢɟɦ�
ɧɨɝɨ� ɪɟɡɟɪɜɭɚɪɚ� ɫɪɟɞɧɹɹ� ɫɤɨɪɨɫɬɶ� ɩɨɬɨɤɚ� 9�
ɞɨɥɠɧɚ� ɛɵɬɶ� ɪɚɜɧɚ� ɤɪɢɬɢɱɟɫɤɨɣ� ɫɤɨɪɨɫɬɢ� 9ɤɪ��
ɨɩɪɟɞɟɥɹɟɦɨɣ�ɩɨ�ɮɨɪɦɭɥɟ� 

 

�����  
 

ɝɞɟ�5�-�ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ�ɪɚɞɢɭɫ��Dɧ�-�ɭɝɨɥ�ɧɚɤɥɨ�
ɧɚ�ɫɥɢɜɧɨɣ�ɝɪɚɧɢ�ɜɨɞɨɫɛɪɨɫɚ���Ȝ5�-ɤɨɷɮɮɢɰɢɟɧɬ�
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ�ɬɪɟɧɢɹ�ɟɝɨ�ɩɨɜɟɪɯɧɨɫɬɢ� 

Ⱥɧɚɥɢɡ� ɩɨɥɭɱɟɧɧɵɯ� ɞɚɧɧɵɯ� ɩɨɤɚɡɚɥ�� ɱɬɨ�
ɤɨɧɰɟɧɬɪɚɰɢɹ� ɪɚɫɬɜɨɪɟɧɧɨɝɨ� ɤɢɫɥɨɪɨɞɚ� ɜ� ɩɨ�
ɜɟɪɯɧɨɫɬɧɨɦ�ɫɥɨɟ�ɩɨɫɬɟɩɟɧɧɨ�ɭɜɟɥɢɱɢɜɚɥɚɫɶ�ɢ�ɜ�
ɯɜɨɫɬɨɜɨɣ� ɱɚɫɬɢ� ɪɟɡɟɪɜɭɚɪɚ� ɞɨɫɬɢɝɥɚ� ���-����
ɦɝɈ��ɞɦ

�� ɜ� ɩɪɨɛɟ�� ɨɬɨɛɪɚɧɧɨɣ� ɞɨ� ��� ɱɚɫɨɜ� ɞɧɹ�
�ɪɢɫ����� 

ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɩɨɡɜɨɥɹɸɬ� ɩɪɟɞ�
ɩɨɥɨɠɢɬɶ�ɫ�ɜɵɫɨɤɨɣ�ɜɟɪɨɹɬɧɨɫɬɶɸ��ɱɬɨ�ɭɜɟɥɢɱɟ�
ɧɢɟ�ɩɥɨɳɚɞɢ�ɜɨɡɞɟɣɫɬɜɢɹ�ɪɚɡɪɚɛɨɬɚɧɧɵɦ�ɫɩɨɫɨ�
ɛɨɦ�� ɩɨɡɜɨɥɢɬ� ɞɨɫɬɢɝɧɭɬɶ� ɬɪɟɛɭɟɦɵɯ� ɧɨɪɦ� ɫɨ�
ɞɟɪɠɚɧɢɹ� ɤɢɫɥɨɪɨɞɚ� ɜ� ɩɪɨɦɵɲɥɟɧɧɵɯ� ɜɨɞɧɵɯ�
ɫɛɪɨɫɚɯ� 

 
Ɂɚɤɥɸɱɟɧɢɟ� 
Ɋɚɡɪɚɛɨɬɚɧ�ɷɧɟɪɝɨ-�ɢ�ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɣ�

ɫɩɨɫɨɛ� ɨɛɨɝɚɳɟɧɢɹ� ɤɢɫɥɨɪɨɞɨɦ� ɧɟ� ɩɪɨɲɟɞɲɢɯ�
ɞɨɫɬɚɬɨɱɧɨɣ� ɨɱɢɫɬɤɢ� ɫɬɨɱɧɵɯ� ɜɨɞ� ɩɪɨɦɵɲɥɟɧ�
ɧɨɣ�ɡɨɧɵ�ɝ��ɒɚɯɪɢɫɚɛɡ��Ƚɥɚɜɧɵɦɢ�ɞɨɫɬɨɢɧɫɬɜɚ�

ɦɢ�ɫɩɨɫɨɛɚ�ɹɜɥɹɟɬɫɹ�ɞɟɲɟɜɢɡɧɚ�ɩɪɨɰɟɫɫɚ��ɨɬɫɭɬ�
ɫɬɜɢɟ� ɩɨɬɪɟɛɧɨɫɬɢ� ɜ� ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ�� ɩɪɨɫɬɨɬɚ�
ɫɬɪɨɢɬɟɥɶɫɬɜɚ� ɢ� ɩɪɚɤɬɢɱɟɫɤɨɟ� ɨɬɫɭɬɫɬɜɢɟ� ɧɟɨɛ�
ɯɨɞɢɦɨɫɬɢ� ɜ� ɫɨɞɟɪɠɚɧɢɢ� ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ�
ɩɟɪɫɨɧɚɥɚ��ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɫɨɞɟɪɠɚɧɢɟ� ɪɚɫɬɜɨɪɟɧ�
ɧɨɝɨ�ɤɢɫɥɨɪɨɞɚ�ɧɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɟ�
ɭɜɟɥɢɱɢɥɨɫɶ�ɜ���-���ɪɚɡ�ɞɨ����-����ɦɝɈ��ɞɦ

���ɉɨ�
ɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ� ɦɨɝɭɬ� ɫɥɭɠɢɬɶ� ɨɫɧɨɜɨɣ�
ɞɥɹ�ɫɨɡɞɚɧɢɹ�ɞɨɫɬɭɩɧɵɯ�ɬɟɯɧɨɥɨɝɢɣ��ɫɩɨɫɨɛɧɵɯ�
ɭɥɭɱɲɢɬɶ�ɷɤɨɥɨɝɢɸ�ɢ�ɫɚɧɢɬɚɪɧɨɟ�ɫɨɫɬɨɹɧɢɟ�ɜɨ�
ɞɨɺɦɨɜ� 
 
 
Ⱥɜɬɨɪɵ�ɜɵɪɚɠɚɸɬ�ɛɥɚɝɨɞɚɪɧɨɫɬɶ�ɪɭɤɨɜɨɞɫɬɜɭ�
ɩɪɟɞɩɪɢɹɬɢɣ�ɩɪɨɦɵɲɥɟɧɧɨɣ� ɡɨɧɵ�ɝ��ɒɚɯɪɢɫɚɛ�
ɡɚ��ɡɚ�ɜɫɟɫɬɨɪɨɧɧɸɸ�ɩɨɞɞɟɪɠɤɭ�ɢ�ɰɟɧɧɵɟ�ɫɨɜɟ�
ɬɵ� ɢ� ɡɚ� ɩɨɦɨɳɶ� ɜ� ɩɪɨɜɟɞɟɧɢɢ� ɢɫɫɥɟɞɨɜɚɧɢɣ�� ɚ�
ɬɚɤɠɟ� ɫɨɬɪɭɞɧɢɤɨɜ� ɯɢɦɢɱɟɫɤɨɣ� ɥɚɛɨɪɚɬɨɪɢɢ�
ɤɚɮɟɞɪɵ� ©ɏɢɦɢɹª� Ʉɚɪɲɢɧɫɤɨɝɨ� ɝɨɫɭɞɚɪɫɬɜɟɧ�
ɧɨɝɨ�ɭɧɢɜɟɪɫɢɬɟɬɚ��� 
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Ɋɢɫɭɧɨɤ����ɋɛɪɨɫ�ɫɬɨɤɚ�ɧɚɫɵɳɟɧɧɵɦ�ɤɢɫɥɨɪɨɞɨɦ�ɢɡ�
ɪɟɡɟɪɜɭɚɪɚ�� 

5()(5(1&(6 
 

�� $JD\HY�,���$NKPHGRY�%��>5HVWRUDWLRQ�RI�VPDOO�ULYHU�HFRV\VWHPV@��6ERUQLN�PDWHULDORY��9,,�0H]KGXQDURGQR\�FRQJUHVV�©9RGD��HNRORJL\D�L�
WH[QRORJL\Dª�>&ROOHFWLRQ�RI�PDWHULDODV�RI�WKH�9,,�LQWHUQDWLRQDO�&RQJUHVV�³:DWHU��HFRORJ\�DQG�WHFKQRORJ\´@��0RVFRZ��������SS����-��� 

�� %UɟNKɨYVNLNK�9�)��*LGUɨIL]LFKɟVNL\H�IɚNWɨU\� IɨUPLUɨYɚQL\D�NLVORURGQRJR�UH]KLPD�YRGR\RPRY�>+\GURSK\VLFDO�IDFWRUV�RI� WKH�IRUPDWLRQ�RI�
WKH�R[\JHQ�UHJLPH�RI�ZDWHU�ERGLHV@��ɆRVFRZ��1DXND�3XEO�������������S� 

�� *1�����������-����0D[LPXP�SHUPLVVLEOH�FRQFHQWUDWLRQ�RI�FKHPLFDO�VXEVWDQFHV� LQ� WKH�ZDWHU�RI�ZDWHU�ERGLHV�IRU�KRXVHKROG�DQG�GULQNLQJ�
DQG�FXOWXUDO�DQG�KRXVHKROG�ZDWHU�XVH��ɆRVFRZ��$\DNV�3XEO�������������S���,Q�5XVV���� 

�� *RQFKDURY�$�9���=DVODYVND\D�0�%���,VD\HY�9�$��>2[\JHQ�UHJLPH�RI�ULYHUV�DV�DQ�LQGLFDWRU�RI�SURGXFWLRQ�DQG�GHVWUXFWLRQ�SURFHVVHV�LQ�ULY�
HUV@��6ERUQLN�PDWHULDORY��9 �0H]KGXQDURGQ\\�YVHURVVL\VNL\�VLPSR]LXP�©2UJDQLFKHVNR\H�YHVKHVWYR�L�ELRJHQQ\\H�HOHPHQW\�YR�YQXWUHQQLNK�
YRGR\HPDNK�L�PRUVNLNK�YRGDNKª�>&ROOHFWLRQ�RI�PDWHULDODV�RI�WKH�9�LQWHUQDWLRQDO�V\PSRVLXP��2UJDQLF�PDWWHU�DQG�QXWULHQWV�LQ�LQODQG�ZDWHU�
ERGLHV�DQG�VHD�ZDWHUV�@��3HWUR]DYRGVN��������SS�����-���� 

�� 'DWVHQNR�<X�6���9HWURYD�(�,��$VVHVVPHQW�RI�WKH�WURSKLF�VWDWH�RI�ODNHV�LQ�WKH�WHPSHUDWH�]RQH�DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�WKHLU�R[\JHQ�
UHJLPH��9HVWQLN�0RVFRYVNRJR�XQLYHUVLWHWD��VHUL\D����*HRJUDILFKHVNL\�=KXUQDO��������QR�����SS����-��� 

�� ,YFKHQNR�/�9�� >([SHULPHQWDO� VWXGLHV�RI� WKH� VDWXUDWLRQ�RI�ZDVWHZDWHU�ZLWK�R[\JHQ� LQ� WKH� FKDQQHOV@�6ERUQLN�PDWHULDORY� QDXFKQ\NK� UDERW�
PRORG\NK�XFKHQ\NK�©$JUDULL�WVHQWUDOQRJR�IHGHUDOQRJR�RNUXJDª�>,Q�WKH�FROOHFWLRQ�RI�VFLHQWLILF�ZRUNV�RI�\RXQJ�VFLHQWLVWV��³$JUDULDQV�RI�WKH�
&HQWUDO�)HGHUDO�'LVWULFW´@��%U\DQVN��������SS�����-���� 

�� 6DYLFKHY�2�*��3UREOHPV�RI�UHJXODWLRQ�RI�GLVFKDUJHV�RI�SROOXWDQWV�LQWR�VXUIDFH�ZDWHU�ERGLHV��:DWHU��FKHPLVWU\�DQG�HFRORJ\��������QR�����SS��
��-���� 

�� 6HQDWRY�$�&�� >� 6HOI-FOHDQLQJ� FDSDFLW\� RI� WKH� ULYHU� EDVLQ@��6ERUQLN�PDWHULDORY� ,,�0H]KGXQDURGQR\� NRQIHUHQWVLL� ©(NRORJL\D� UHFKQL[�EDV�
VH\QRYª�>&ROOHFWLRQ�RI�PDWHULDODV�RI�WKH�,,�LQWHUQDWLRQDO�6FLHQWLILF�DQG�3UDFWLFDO�&RQIHUHQFH�©(FRORJ\�RI�ULYHU�EDVLQVª@��9ODGLPLU��������
SS�����-����� 

�� 7DVHLNR�2�9���6SLWV\QD�7�3���7DJLURY�5�5��>(YDOXDWLRQ�RI�WKH�SDUDPHWHUV�RI�VHOI-FOHDQLQJ�RI�VPDOO�ULYHUV�LQ�WKH�FHQWHU�RI�WKH�.UDVQR\DUVN�
7HUULWRU\@��6ERUQLN�PDWHULDORY�;9,�9VHURVVL\VNL\� VHPLQDU�©0RGHOLURYDQL\H�QHUDYQRYHVQL[� VLVWHPª� >&ROOHFWLRQ�RI�PDWHULDODV�RI� WKH�;9,�
$OO-5XVVLDQ�VHPLQDU�©0RGHOLQJ�RI�QRQHTXLOLEULXP�V\VWHPV��PDWHULDOVª@��.UDVQR\DUVN��������SS�����-����� 

��� 9RURQRY�� <X�9��9RGRRWYHGHQL\H� L� RFKLVWND� VWRFKQ\NK� YRG� >:DWHU� GLVSRVDO� DQG�ZDVWHZDWHU� WUHDWPHQW@��ɆRVFRZ�� ,]GDWHO
VWYR� DVVRWVLDWVLL�
XQLYHUVLWHWRY������������S� 
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��� *Ɉ6Ɍ������-������ �:DWHU��*HQHUDO�6DPSOLQJ�5HTXLUHPHQWV� �:DWHU��*HQHUDO� UHTXLUHPHQWV� IRU� VDPSOLQJ�� LQWHUVWDWH� VWDQGDUG��ɆRVFRZ��
6WDQGDUWLQIRUP�3XEO������������S���,Q�5XVV��� 

��� .DOD\GD�/��0���%RULVRY�6�'��3RVW-WUHDWPHQW�RI�LQGXVWULDO�ZDVWHZDWHU��(FRORJ\�DQG�,QGXVWULHV�RI�5XVVLD�-RXUQDO��������QR�����SS����-��� 
��� .XQDNKRYLFK�9�$��6WUXFWXUHV�IRU�FOHDQLQJ�VXUIDFH�UXQRII��WKH�ULJKW�FKRLFH��(FRORJ\�RI�SURGXFWLRQ�-RXUQDO��������QR�����SS����-��� 
��� .ULYRVKHLQ�'�$���.XNLQ�3�3���/DSLQ�9�/��,Q]KHQHUQD\D�]DVKFKLWD�SRYHUNKQRVWQ\NK�YRG�RW�SURP\VKOHQQNK�VWRNRY�>(QJLQHHULQJ�SURWHFWLRQ�RI�

VXUIDFH�ZDWHUV�IURP�LQGXVWULDO�HIIOXHQWV@���ɆRVFRZ��9\VVKH\H�REUD]RYDQL\H�3XEO�������������S� 
��� 1LNROD\HY�$�1���.U\XFKLNKLQ�(�0��:DVWHZDWHU� WUHDWPHQW� WR�PHHW� WKH� UHTXLUHPHQWV� RI� HQYLURQPHQWDO� VWDQGDUGV� IRU� GLVFKDUJH� LQWR�ZDWHU�

ERGLHV��(FRORJ\�RI�SURGXFWLRQ��������QR�����SS����-��� 
��� 63���-���-������'HVLJQ�DQG�LQVWDOODWLRQ�RI�SLSHOLQHV�IRU�ZDWHU�VXSSO\�DQG�VHZHUDJH�V\VWHPV�PDGH�RI�SRO\PHU�PDWHULDOV��0RVFRZ��*RVVWUR\�

3XEO�������������S���,Q�5XVV�� 
��� .KDUNLQD�2�9��1HZ�GHYHORSPHQWV�RI� WKH�(QJLQHHULQJ�DQG�7HFKQRORJ\�&HQWHU�RI� WKH�0RVFRZ�6WDWH�8QLWDU\�(QWHUSULVH��0RVYRGRNDQDO���

9RGRRFKLVWND��������YRO������QR�����SS����-��� 
��� 5)�31'�������������-����0HWKRGV�IRU�SHUIRUPLQJ�PHDVXUHPHQWV�RI�WKH�PDVV�FRQFHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ�LQ�VDPSOHV�RI�QDWXUDO�DQG�

WUHDWHG�ZDVWHZDWHU�E\�WKH�LRGRPHWULF�PHWKRG��0RVFRZ��$69�3XEO�����������S� 
��� 0LVKXNRY�%�*��7UHDWPHQW�RI�VXUIDFH�UXQRII��:DWHU�VXSSO\�DQG�VDQLWDU\�-RXUQDO��������QR�����SS���-�� 
��� 0XUDY\RY��$�*��5XNRYRGVWYR�SR�RSUHGHOHQL\X�SRND]DWHOH\�NDFKHVWYD�YRG\�SROHY\PL�PHWRGDPL�>*XLGHOLQHV�IRU�WKH�GHWHUPLQDWLRQ�RI�ZDWHU�

TXDOLW\�LQGLFDWRUV�E\�ILHOG�PHWKRGV@��6DQNW-3HWHUEXUJ��.ULVPDV�3XEO�������������ɪ� 
��� 5����������-������6DPSOLQJ�RI�VXUIDFH�ZDWHU�RQ�ODQG�DQG�WUHDWHG�ZDVWHZDWHU��0RVFRZ��5RVK\GURPHW�3XEO������������S���,Q�5XVV���� 
��� 5)�31'��������������-����0HWKRGV�IRU�SHUIRUPLQJ�PHDVXUHPHQWV�RI�WKH�PDVV�FRQFHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ�LQ�VDPSOHV�RI�QDWXUDO�DQG�

WUHDWHG�ZDVWHZDWHU�E\�WKH�LRGRPHWULF�PHWKRG��0RVFRZ��$69�3XEO������������S���,Q�5XVV���� 
��� $OHNVH\HY�0�,���.DUPD]LQRY�)�9���.XUJDQRY�$�0��*LGUDYOLFKHVNL\�UDVFKHW�VHWH\�YRGRRWYHGHQL\D�>+\GUDXOLF�FDOFXODWLRQ�RI�ZDWHU�GLVSRVDO�

QHWZRUNV@��6DQNW-3HWHUEXUJ��172�3XEO�������������ɪ� 
��� $OWVKXO�$�'���=KLYRWRYVN\�/�6��� ,YDQRY�/�3��*LGUDYOLND�L�DHURGLQDPLND�>+\GUDXOLFV�DQG�DHURG\QDPLFV@��0RVFRZ��6WUR\L]GDW�3XEO���������

����ɪ� 
��� .DUSXNKLQD�/�$��3URMHFWV�RI�VROXWLRQV�IRU�WKH�FRQVWUXFWLRQ�RI�ZDVWH�ZDWHU�GLVLQIHFWLRQ�IDFLOLWLHV��(FRORJ\�DQG�,QGXVWULHV�RI�5XVVLD��������QR��

���SS����-��� 
��� /XNLQ\NK�$�$��/XNLQ\NK�1�$��7KH� WDEOHV� IRU� K\GUDXOLF� DFFRXQW� RI� VHZHU� QHWZRUNV� DQG� ɞɸɤɟɪɨɜ� XQGHU� WKH� IRUPXOD�� DFDGHPLFLDQ�1�1��

3DYORYVN\��ɆRVFRZ��%$67(7�3XEO�������������S� 
��� /DVNRY�<X�0���.DOLWVXQ�9�,���9RURQRY�<X�9��/DERUDWRUQ\\�SUDNWLNXP�SR�YRGRRWYHGHQL\X�L�RFKLVWNH�VWRFKQ\NK�YRG�>/DERUDWRU\�ZRUNVKRS�

RQ�VHZHUDJH�DQG�ZDVWHZDWHU�WUHDWPHQW@��ɆRVFRZ��6WUR\L]GDW�3XEO�������������S� 
��� 0HWKRGRORJ\�IRU�GHWHUPLQLQJ�WKH�HVWLPDWHG�IORZ�UDWHV�RI�ZDWHU�DQG�ZDVWHZDWHU�LQ�WKH�ZDWHU�VXSSO\�DQG�VHZHUDJH�V\VWHP�RI�EXLOGLQJV�DQG�

VWUXFWXUHV��ɆRVNRZ��6DQ7HNK3URHNW�3XEO�������������S���,Q�5XVV���� 
��� 3RPRJDHYD��9�9��3RYLVKHQL\H�HIIHNWLYQRVWL�VWUX\QR\�DHUDWVLL�\HVWHVWYHQQ\NK�YRGR\RPRY�L�ELRORJLFKHVNLNK�SUXGRY�>,PSURYLQJ�WKH�HIILFLHQ�

F\�RI�MHW�DHUDWLRQ�RI�QDWXUDO�UHVHUYRLUV�DQG�ELRORJLFDO�SRQGV@��0RVFRZ������������S� 
��� *ODGLVKHY�1��)���*ODGLVKHYD�7��9���'YRUHWVNL\�6�� ,���6XYRURYD�<X�$��2EWDLQLQJ�D�FDOFDUHRXV�FKHPLVRUEHQW�LQ�WKH�IRUP�RI�D�VKHHW�DQG�LWV�

VHFRQGDU\�XVH��%XOOHWLQ�RI�WKH�7DPERY�VWDWH�WHFKQLFDO�XQLYHUVLW\��������YRO������QR�����SS����-��� 
��� 63���-���-������'HVLJQ�DQG�LQVWDOODWLRQ�RI�SLSHOLQHV�IRU�ZDWHU�VXSSO\�DQG�VHZHUDJH�V\VWHPV�PDGH�RI�SRO\PHU�PDWHULDOV��0RVFRZ��*RVVWUR\�

3XEO�������������S���,Q�5XVV�� 
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