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,QWURGXFWLRQ 
$TXHRXV� VROXWLRQV� RI� HWKDQRO� FKRVHQ� DV� WKH�

REMHFWV�RI�WKH�UHVHDUFK��7KLV�V\VWHP�LV�D�FRQYHQLHQW�
PRGHO� IRU� VWXG\LQJ� LQWHUPROHFXODU�K\GURJHQ�ERQGV�
>�-��@�� 7KH�PDMRU� VWUXFWXUDO� UHDUUDQJHPHQWV� LQ� WKH�
FRQFHQWUDWLRQ� UDQJH� RI� �����[� (W2+������ ZHUH�
VKRZQ�� ZKHUH� [� (W2+� GHQRWHV� WKH� HWKDQRO� PROH�
IUDFWLRQ��7KH�PDMRU�FKDQJH�RI�VWUXFWXUDO�YLEUDWLRQDO�
G\QDPLFV� LQ� WKLV� UHJLRQ�GHWHFWHG�E\�%ULOORXLQ�VFDW�
WHULQJ��8VLQJ�VLPXODWLRQ��LW�ZDV�REVHUYHG�WKDW�PLFUR
-VHJUHJDWHG� GLVWULEXWLRQV� RI� ZDWHU� DQG� HWKDQRO� GR�

PDLQV� OHDG� WR� IRUPDWLRQ� FKDLQ-OLNH� K\GURJHQ-
ERQGHG�ZDWHU�DW� ODUJH�HWKDQRO� IUDFWLRQ�>�@��7KH�H[�
WHQGHG�K\GURJHQ�ERQG�QHWZRUN�RI�GLIIHUHQW� LVRPHU�
FOXVWHUV�ZDV�VWXG\�E\�PROHFXODU�G\QDPLFV� FDOFXOD�
WLRQ�� ,W� ZDV� FRQFOXGHG� WKDW� WKH� SULPDU\� VWUXFWXUH�
RULHQWDWLRQ� LQ� V\VWHP� GHSHQGHG� RQ� ORFDWLRQ� RI� K\�
GUR[\O� JURXS� WR� HDFK� RWKHU� ORFDWH�� ZKLFK� LV� GHWHU�
PLQH�WKH�K\GURJHQ�ERQG�QHWZRUN�DQG�GLUHFWO\�FRUUH�
ODWHG� WR� WKH� VL]H� RI� WKLV� QHWZRUN� >��� �@��7KH�;-UD\�
&RPSWRQ�VFDWWHULQJ�VWXG\�RI�K\GURJHQ�ERQG�RI�HWK�
DQRO-ZDWHU� V\VWHPV� VWXGLHG� LQ� FRQFHQWUDWLRQ� UHJLRQ�

СПЕКТРАЛЬНЫЕ ОСОБЕННОСТИ И СТРУКТУРА ВОДОРОДНОЙ  
СВЯЗИ ВОДНЫХ РАСТВОРОВ ЭТАНОЛА 
 
Ⱦɢɥɛɚɪ�ȻɈɁɈɊɈȼȺ���ER]RURYD���#JPDLO�FRP���ɒɭɤɭɪ�ȽɈɎɍɊɈȼ���VFKXFNXU#JPDLO�FRP��� 
Ɇɚɜɥɨɧɛɟɤ�Ɂɂəȿȼ���PDYORQEHN�]#PDLO�UX���Ⱥɛɞɭɥɦɭɬɚɥɥɢɛ�ɄɈɏɏȺɊɈȼ���NRNKDP#\DQGH[�FRP��� 
Ɉɤɫɚɧɚ�ɂɋɆȺɂɅɈȼȺ�������RLVPDLORYD��#JPDLO�FRP� 
�ɂɧɫɬɢɬɭɬ�ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɵɯ�ɢ�ɥɚɡɟɪɧɵɯ�ɬɟɯɧɨɥɨɝɢɣ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�ɍɧɢɜɟɪɫɢɬɟɬ�ɐɭɤɭɛɚ��ɐɭɤɭɛɚ��əɩɨɧɢɹ 
�ɂɧɫɬɢɬɭɬ�ɛɢɨɨɪɝɚɧɢɱɟɫɤɨɣ�ɯɢɦɢɢ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ɍɭɪɢɧɫɤɢɣ�ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɜ�Ɍɚɲɤɟɧɬɟ��ɍɡɛɟɤɢɫɬɚɧ 
�ɍɡɛɟɤɫɤɨ-əɩɨɧɫɤɢɣ�ɢɧɧɨɜɚɰɢɨɧɧɵɣ�ɰɟɧɬɪ�ɦɨɥɨɞɟɠɢ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 

 
ɐɟɥɶɸ�ɞɚɧɧɨɣ�ɪɚɛɨɬɵ�ɛɵɥɨ�ɪɚɡɜɢɬɢɟ�ɩɨɞɯɨɞɚ��ɩɨɡɜɨɥɹɸɳɟɝɨ�ɢɡɭɱɚɬɶ�ɫɩɟɤɬɪɚɥɶɧɵɟ�ɫɜɨɣɫɬɜɚ�ɢ�ɫɬɪɨɟɧɢɟ�ɦɟɠɦɨɥɟ�

ɤɭɥɹɪɧɵɯ� ɜɨɞɨɪɨɞɧɵɯ� ɫɜɹɡɟɣ� ɜ� ɜɨɞɧɵɯ� ɪɚɫɬɜɨɪɚɯ� ɷɬɚɧɨɥɚ�� ɨɛɪɚɡɭɸɳɢɯɫɹ� ɜ� ɫɢɫɬɟɦɚɯ�� ɫɭɳɟɫɬɜɨɜɚɧɢɟ� ɤɨɬɨɪɵɯ� ɜ� ɝɚɡɨɜɨɣ�
ɫɪɟɞɟ�ɢɥɢ�ɢɡɨɥɢɪɨɜɚɧɧɨɦ�ɫɨɫɬɨɹɧɢɢ�ɩɪɚɤɬɢɱɟɫɤɢ�ɧɟɜɨɡɦɨɠɧɨ��Ⱦɚɧɧɵɣ�ɩɨɞɯɨɞ�ɨɫɧɨɜɚɧ�ɧɚ�ɫɨɜɦɟɫɬɧɨɦ�ɢɫɩɨɥɶɡɨɜɚɧɢɢ�ɦɟɬɨ�
ɞɨɜ�ɢɧɮɪɚɤɪɚɫɧɨɣ� ɫɩɟɤɬɪɨɫɤɨɩɢɢ�ɢ�ɦɨɥɟɤɭɥɹɪɧɨɣ�ɞɢɧɚɦɢɤɢ� �ɆȾ���ɉɪɢɜɨɞɢɬɫɹ�ɚɧɚɥɢɡ� ɫɬɪɭɤɬɭɪɧɨɣ�ɪɟɨɪɝɚɧɢɡɚɰɢɢ�ɦɨɥɟɤɭɥ�
ɜɨɞɵ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɤɨɧɰɟɧɬɪɚɰɢɢ�ɷɬɚɧɨɥɶɧɨɝɨ�ɫɩɢɪɬɚ��Ȼɵɥɨ�ɩɨɤɚɡɚɧɨ��ɱɬɨ�ɦɟɬɨɞ�ɦɨɥɟɤɭɥɹɪɧɨɣ�ɞɢɧɚɦɢɤɢ�ɫ�ɤɥɚɫɫɢɱɟ�
ɫɤɢɦɢ�ɫɢɥɨɜɵɦɢ�ɩɨɥɹɦɢ�ɩɨɡɜɨɥɹɟɬ�ɹɜɧɨ� ɭɱɢɬɵɜɚɬɶ�ɦɨɥɟɤɭɥɵ�ɪɚɫɬɜɨɪɢɬɟɥɹ�ɢ�ɪɚɫɬɜɨɪɟɧɧɨɝɨ� ɜɟɳɟɫɬɜɚ�ɢ��ɬɚɤɢɦ�ɨɛɪɚɡɨɦ��
ɢɫɫɥɟɞɨɜɚɬɶ� ɜɨɞɨɪɨɞɧɵɟ� ɫɜɹɡɢ� ɜ� ɫɢɫɬɟɦɟ� ɢ� ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɞɚɧɧɵɟ�� ɩɨɥɭɱɟɧɧɵɟ� ɦɟɬɨɞɨɦ� ɤɨɥɟɛɚ�
ɬɟɥɶɧɨɣ�ɫɩɟɤɬɪɨɫɤɨɩɢɢ�� 
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PHQWDO�QDWLMDODUQL�VKDUKODVKJD�LPNRQ�EHUDGL�� 
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RI����·����PROH�IUDFWLRQ�RI�HWKDQRO��7KH�VWURQJ�K\�
GURJHQ� ERQG� QHWZRUN� RFFXUV� DW� ORZ� FRQFHQWUDWLRQ�
UHJLRQ�DQG� LQWHUPROHFXODU�GLVWDQFHV�EHWZHHQ�PROH�
FXOHV� EHFDPH� VKRUWHU� DW� WKH� KLJKHU� FRQFHQWUDWLRQ�
UHJLRQ�>��@� 

7KH� VWUXFWXUH� DQG� VSHFWUDO� SURSHUWLHV� RI�
VWURQJ� LQWHUPROHFXODU� K\GURJHQ� ERQGV� LQ� DQ� DTXH�
RXV�PHGLXP�VWXGLHG�XVLQJ� WKH� DSSURDFK�GHYHORSHG�
LQ� WKLV� ZRUN�� 7KLV� DSSURDFK� FRQVLVWV� LQ� WKH� FRP�
ELQHG� XVH� RI� LQIUDUHG� VSHFWURVFRS\� �,5� VSHFWURVFR�
S\�� DQG� PROHFXODU� G\QDPLFV� �0'�� PHWKRGV� ZLWK�
FODVVLFDO�IRUFH�ILHOGV��,Q�WKLV�ZRUN��ZH�FRPSDUH�WKH�
H[SHULPHQWDO�GDWD�RQ�,5�VSHFWURVFRS\� LQ�WKH�ZDYH�
QXPEHU� UDQJH�RI� ���-����� FP-��DQG� WKH� FDOFXODWHG�
GDWD�RQ�0'��)RXULHU� LQIUDUHG�VSHFWURVFRS\�XVHG� WR�
REWDLQ� WKH� ,5� VSHFWUXP� RI� DQ� DTXHRXV� VROXWLRQ� RI�
HWKDQRO��7KH�DGYDQWDJHV�RI�PROHFXODU�G\QDPLFV�DUH�
WKDW�LW�LV�SRVVLEOH�WR�VHSDUDWHO\�KLJKOLJKW�WKH�FRQWUL�
EXWLRQ�RI�HDFK�PROHFXOH�� VWXG\� WKH�VWUXFWXUH�RI� WKH�
ILUVW�K\GUDWLRQ�VKHOO�� DQG�FDOFXODWH� WKH� ,5�VSHFWUXP�
RI� DTXHRXV� VROXWLRQV� RI� HWKDQRO� LQ� WKH� ILQJHUSULQW�
UHJLRQ�ZLWK� H[SOLFLW� FRQVLGHUDWLRQ� RI� WKH� G\QDPLFV�
RI�VWUXFWXUDO�FKDQJHV� 

,Q� WKLV� SDSHU�� ZH� SUHVHQW� D� WHFKQLTXH� IRU�
PRGHOLQJ� DQG� FDOFXODWLQJ� ,QIUDUHG� VSHFWUD� E\� WKH�
PROHFXODU�G\QDPLFV�XVLQJ�FODVVLFDO�IRUFH�ILHOGV��DQG�
D� FRPSDULVRQ� ZLWK� WKH� H[SHULPHQW� LQ� WKH� ILHOG� RI�
ILQJHUSULQWV� 

 
5HVHDUFK�PHWKRGV 
0DWHULDOV�� (WKDQRO� �������� 6LJPD-$OGULFK��

86$��DQG�GRXEOH-GLVWLOOHG�ZDWHU� 
3UHSDUDWLRQ�RI�6ROXWLRQV 
$TXHRXV� VROXWLRQV� RI� HWKDQRO� SUHSDUHG� E\�

PHWKRG�GHVFULEHG�LQ�SDSHUV��>��@� 
6WXG\�RI�5HIUDFWLYH�,QGLFHV�RI�6ROXWLRQV 
0HDVXUHPHQWV�RI�UHIUDFWLYH�LQGH[�RI�DTXHRXV�

VROXWLRQV� RI� HWKDQRO� LQ� WKH� ZLGH� UDQJH� RI� HWKDQRO�
FRQFHQWUDWLRQV��a�·��PROH�IUDFWLRQ��LQ�VROXWLRQ�DW�D�
URRP�WHPSHUDWXUH�FRQGXFWHG�DQG�UHSRUWHG�LQ�>��@� 

,QYHVWLJDWLRQ�RI�)7-,5�RI�VROXWLRQV 
7KH� )RXULHU� WUDQVIRUP� LQIUDUHG� VSHFWUD� �)7-

,5��UHFRUGHG�XVLQJ�6KLPDG]X�,57UDFHU-����)RXULHU�
7UDQVIRUP�,QIUDUHG�6SHFWURSKRWRPHWHU��)7,5���7KH�
VSHFWUD�PHDVXUHG�XVLQJ�DQ�$WWHQXDWHG�7RWDO�5HIOHF�
WDQFH� �$75��� $OO� VSHFWUDO� GDWD� UHFRUGHG� ZLWK� WKH�
UREXVW� 6�1� UDWLR� RI� ��������� DQG� D� UHVROXWLRQ� RI�
����� FP-�� XVLQJ� D� 0HUFXU\-&DGPLXP-7HOOXULGH�
�0&7�� GHWHFWRU�� )RU� UHFRUGLQJ� )7-,5� VSHFWUD�� WKH�
VDPH�VROXWLRQV�DV�IRU�PHDVXULQJ�WKH�UHIUDFWLYH�LQGH[�
RI�VROXWLRQV�ZLWK�FRQFHQWUDWLRQV�RI�a����PROH�IUDF�
WLRQ�DQG�IRU�SXUH�ZDWHU�DQG�HWKDQRO�XVHG� 

0ROHFXODU�G\QDPLFV�VWXG\ 
,Q�WKLV�ZRUN�� WKH�FDOFXODWLRQ�RI�,5�VSHFWUD�RI�

DTXHRXV� VROXWLRQ� RI� HWKDQRO� ZLWK� H[SOLFLW� VROXWLRQ�
FRQVLGHUDWLRQ� ZHUH� FDUULHG� RXW� E\� WKH� PROHFXODU�
G\QDPLFV��0'��PHWKRG�XVLQJ�FODVVLFDO�IRUFH�ILHOGV�
23/6-$$�DQG�63&��7KLV�PHWKRGRORJ\�RI� FDOFXOD�
WLRQ�SUHVHQWHG� LQ�GHWDLO� LQ�RXU�SUHYLRXV�ZRUNV� >����
��@��7KH�FXELF�FHOO�FRQVLVWHG�RI�����PROHFXOHV��7KH�

UDWLR�RI�PROHFXOHV�FKRVHQ�DFFRUGLQJ�WR�WKH�FRQFHQ�
WUDWLRQ� LQ�PROH� IUDFWLRQV��$OO�0'�FDOFXODWLRQV�SHU�
IRUPHG�LQ�WKH�197�DQG�137�HQVHPEOH��7KH�FXWRII�
UDGLXV� RI� WKH� &RXORPE� DQG� VKRUW-UDQJH� YDQ� GHU�
:DDOV�LQWHUDFWLRQV�ZDV�WDNHQ�WR�EH�����QP��7KH�ORQJ
-UDQJH� &RXORPE� LQWHUDFWLRQV� ZHUH� WDNHQ� LQWR� DF�
FRXQW�E\�(ZDOG�PHWKRG-30(��7KH� VLPXODWLRQ� FDU�
ULHG� RXW� DW� D� FRQVWDQW� WHPSHUDWXUH� RI� ���� .�� 7KH�
VWHS� OHQJWK� ZDV� �� IV�� 7KH� V\VWHP� ZDV� FRQVLGHUHG�
�WKHUPRVWDWHG���WKDW�LV���UHDFKHG�HTXLOLEULXP��LI�LW¶V�
WRWDO�� NLQHWLF�� DQG� SRWHQWLDO� HQHUJLHV� IOXFWXDWHG�
DURXQG�FHUWDLQ�YDOXHV��ZKLFK�GLG�QRW�FKDQJH�GXULQJ�
IXUWKHU�0'�FDOFXODWLRQV��7KH�OHQJWKV�RI�WKH�WUDMHFWR�
ULHV�XVHG�DW� WKH�VWDJH�RI� UHDFKLQJ�HTXLOLEULXP�ZHUH�
���QV� 

 
5HVXOWV�DQG�'LVFXVVLRQ 
$� UHIUDFWRPHWULF� PHWKRG� �)LJ�� ���� FRXSOHG�

ZLWK�PROHFXODU�G\QDPLFV�VWXG\��DQG�DWWHQXDWHG�WRWDO�
UHIOHFWLRQ�)RXULHU� WUDQVIRUP�LQIUDUHG��$75�)7-,5���
ZHUH� XVHG� WR� GHWHUPLQH� RSWLFDO� FKDUDFWHULVWLFV� RI�
FRQFHQWUDWLRQ�IHDWXUHV�RI�DTXHRXV�VROXWLRQV�RI�HWKD�
QRO�VROXWLRQ�� 

0D[LPXP�YDOXH�RI� UHIUDFWLYH� LQGH[�GHWHFWHG�
DW�D�FRQFHQWUDWLRQ�RI�a����PROH�IUDFWLRQ��7KH�PD[L�
PXP�DWWULEXWHG� WR� WKH� ODUJHVW�QXPEHU�RI�PROHFXODU�
LQWHUDFWLRQ� EHWZHHQ� ZDWHU� DQG� HWKDQRO� PROHFXOHV��
7R�LGHQWLI\�WKLV�IDFW��WKH�)7-,5�VSHFWUD�UHFRUGHG�DQG�
FRPSDUHG�ZLWK�WKRVH�REWDLQHG�RI�PROHFXODU�G\QDP�
LFV�VLPXODWLRQV��)LJXUH��� VKRZV� WKDW� WKH� ,5-LQWHQVH�
EDQGV�RI�����FP-��VNHOHWDO�&&2�VWUHWFKLQJ��RI������
FP-�� VNHOHWDO�&&2�DQG�GHIRUPDWLRQ�RI������FP-��
&2�VWUHWFKLQJ�����FP-��LQ�WKH�H[SHULPHQWDO�UHFRUG�
HG� UHJLRQ� >������@��ZKLFK�DUH� FRUUHVSRQGHG� WR�����
DQG�����FP-��������FP-��DQG������FP-��LQ�FDOFXODWHG�
UHJLRQ�� 7KH� FRPELQHG� XVH� RI� FDOFXODWLRQ� PHWKRGV�
ZLWK� H[SOLFLW� FRQVLGHUDWLRQ� RI� WKH� VROYHQW� PDGH� LW�
SRVVLEOH� WR� UHYHDO� WKH� VSHFWUDO� IHDWXUH� RI� DTXHRXV�
VROXWLRQV�RI�HWKDQRO��QDPHO\�� WKH� ,5-DFWLYH�EDQG� LQ�
WKH� UHJLRQ� RI� ���� FP-��� GXH� WR� WKH� VWURQJ� ERQG� LQ�
WKH�IRUPDWLRQ�RI�KHWHURVWUXFWXUHV�EHWZHHQ�ZDWHU�DQG�
HWKDQRO�PROHFXOHV� 

$FFRUGLQJ� WR� RXU� FDOFXODWLRQV� �)LJ�� ���� WKH�
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DWXUH��)LJXUH�WDNHQ�IURP�>�@� 
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PDMRULW\�RI�ZDWHU�PROHFXOHV�DUH�ORFDWHG�DW�D�VLJQLIL�
FDQW�GLVWDQFH� IURP�HDFK�RWKHU�DW� ORZ�FRQFHQWUDWLRQ�
RI� HWKDQRO�� $W� KLJK� FRQFHQWUDWLRQV�� WKH� DPRXQW� RI�
ZDWHU�GHFUHDVHV��D�FORVH�SRVLWLRQ�RI�WKH�ZDWHU�PROH�
FXOH� REVHUYHG�� DSSDUHQWO\� DVVRFLDWHG� ZLWK� WKH� IRU�
PDWLRQ� RI� VPDOO� FOXVWHUV� RI� ZDWHU� PROHFXOHV�� 7KH�
LQWHQVLW\�RI�WKH�SHDNV�IRU�VKRUW�DQG�ORQJ�ERQGV�LV�WKH�
VDPH�DW�D�FRQFHQWUDWLRQ�RI�����PROH�IUDFWLRQV� 

7KH�REWDLQHG�UHVXOW�H[SODLQHG�DV�IROORZV��HP�
EHGGHG� HWKDQRO� PROHFXOHV� ³EURNH´� WKH� K\GURJHQ�
IUDPHZRUN�RI�ZDWHU�DQG�WKHUH�LV�D�XQLIRUP�GLVWULEX�
WLRQ� RI� VKRUW� DQG� ORQJ� ERQGV� RI� K\GURJHQ� ERQGV��
7KHVH� UHVXOWV� VXJJHVW� WKDW� WKH� HWKDQRO�–� � FOXVWHU� LV�
WKH� PRVW� VWDEOH� VWUXFWXUH�� ZKLFK� LV� UHDOL]HG� LQ� DQ�
DTXHRXV�VROXWLRQ�RI�HWKDQRO�DW�WKH�����PROH�IUDFWLRQ�
RI�HWKDQRO��)LJ����� 

 
&RQFOXVLRQ 
7KXV��WKH�FRPELQHG�XVH�RI�WKH�PROHFXODU�G\�

QDPLFV� PHWKRG�� ZKHQ� FRPSDUHG� ZLWK� WKH� H[SHUL�
PHQWDO�GDWD�REWDLQHG�LQ�WKLV�ZRUN�E\�WKH�VSHFWURVFR�
S\�PHWKRG�PDNHV�LW�SRVVLEOH�WR�REWDLQ�D�QXPEHU�RI�

LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�DQG�G\QDPLF�PHFK�
DQLVPV� LQ� V\VWHPV�� 7KHVH� PHWKRGV� FRPSOHPHQW�
HDFK�RWKHU��$�UHDVRQDEOH�FRPSURPLVH�LV�WKH�PROHF�
XODU� G\QDPLFV� PHWKRG� ZLWK� FODVVLFDO� IRUFH� ILHOGV��
2Q� WKH� RQH� KDQG�� LW� DOORZV� H[SOLFLWO\� FRQVLGHU� VRO�
YHQW�PROHFXOHV�� WKDW� LV�� WR� WDNH� LQWR� DFFRXQW� VKRUW-
OLYHG� V\VWHPV�ZLWK� VWURQJ� �VKRUW��+-ERQGV��+HQFH��
WKH�FRPELQHG�XVH�RI�PROHFXODU�G\QDPLFV�ZLWK�FODV�
VLFDO� IRUFH� ILHOGV� VHHPV� WR� EH� WKH� PRVW� SURPLVLQJ�
DSSURDFK� IRU� VWXG\LQJ� VWURQJ� +-ERQGV� LQ� DTXHRXV�
V\VWHPV� DQG� DOORZV� RQH� WR� LQWHUSUHW� WKH� H[SHUL�
PHQWDO�GDWD�REWDLQHG�E\�,5�VSHFWURVFRS\� 

 
$FNQRZOHGJHPHQWV 
7KLV� LQYHVWLJDWLRQ� VXSSRUWHG� E\� D� JUDQW�0,�

5$,� DQG� 8=%-,1'-��� DQG� E\� D� IXQGDPHQWDO� UH�
VHDUFK�RI�WKH�$FDGHP\�RI�6FLHQFHV�RI�WKH�5HSXEOLF�
RI�8]EHNLVWDQ� 

�� 
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D�� E�� 

)LJXUH����)7-,5�VSHFWUD������-����FP-���IRU�ZDWHU�DQG�HWKDQRO��DV�SXUH�VXEVWDQFHV�DQG�DTXHRXV�VROXWLRQV�RI�HWKDQRO�IRU�FRQFHQWUDWLRQV�RI�
a����PROH�IUDFWLRQ�LQ�ILQJHU�SULQWHG�ZDYHOHQJWK�UDQJH��D��FDOFXODWHG�YDOXHV�REWDLQHG�IURP�PROHFXODU�VWXG\��ZKLFK�DUH�H[WUDFWHG�IRU�HWKDQRO�

FRQWULEXWLRQ�RQO\�DQG�E��H[SHULPHQWDO�GDWD�� 

)LJXUH����5DGLDO�GLVWULEXWLRQ�IXQFWLRQ�RI�ZDWHU�PROHFXOHV�DW�WKH�
GLIIHUHQW�FRQFHQWUDWLRQ�RI�HWKDQRO������P�I���EODFN���E������P�I��UHG���

����P�I��JUHHQ�� 

)LJXUH����6QDSVKRW�RI�DQ�DTXHRXV�VROXWLRQ�RI�HWKDQRO�DW�D�����PROH�
IUDFWLRQ�RI�HWKDQRO�WDNHQ�IURP�PROHFXODU�G\QDPLFV�VLPXODWLRQ� 
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5()(5(1&(6 
 

�� *HUHEHQ� 2�� 5LQJ� VWUXFWXUH� DQDO\VLV� RI� HWKDQRO–ZDWHU� PL[WXUHV�� -RXUQDO� RI� 0ROHFXODU� /LTXLGV��� ������ YRO�� ����� SS�� ���-����� '2,��
��������M�PROOLT������������� 

�� 0HMtD�6�0���0DWWKHZ�-�/��0LOOV���6KDLN�0�6���0RQGUDJRQ�)���3RSHOLHU�3�/�$��7KH�G\QDPLF�EHKDYLRU�RI�D�OLTXLG�HWKDQRO-ZDWHU�PL[WXUH��D�
SHUVSHFWLYH�IURP�TXDQWXP�FKHPLFDO�WRSRORJ\��-RXUQDO�RI�&KHPLFDO�3K\VLFV��������YRO������SS������-������'2,����������F�FS�����M 

�� *HUHEHQ�2���3XV]WDL�/��,QYHVWLJDWLRQ�RI�WKH�6WUXFWXUH�RI�(WKDQROí:DWHU�0L[WXUHV�E\�0ROHFXODU�'\QDPLFV�6LPXODWLRQ�,��$QDO\VHV�&RQ�
FHUQLQJ�WKH�+\GURJHQ-%RQGHG�3DLUV��-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�%���������YRO�������QR�����SS������-������'2,���������MS������\ 

�� 0RKVHQ-1LD�0���$PLUL�+��0HDVXUHPHQW�DQG�PRGHOOLQJ�RI�VWDWLF�GLHOHFWULF�FRQVWDQWV�RI�DTXHRXV�VROXWLRQV�RI�PHWKDQRO��HWKDQRO�DQG�DFHWLF�
DFLG�DW�7 �������.�DQG������N3D��-RXUQDO�RI�&KHPLFDO�7KHUPRG\QDPLFV��������YRO������SS����-����'2,����������M�MFW������������ 

�� $VHQEDXP�$���3UXQHU�&���:LOKHOP�(���0LMDNRYLF�0���=RUDQLF�/���6RNROLF�)���.H]LF�%���3HUHUD�$��6WUXFWXUDO�FKDQJHV� LQ�HWKDQRO–ZDWHU�
PL[WXUHV��8OWUDVRQLFV��%ULOORXLQ�VFDWWHULQJ�DQG�PROHFXODU�G\QDPLFV�VWXGLHV��9LEUDWLRQDO�6SHFWURVFRS\��������YRO������SS�����-�����'2,��
��������M�YLEVSHF������������ 

�� 6WHSKHQVRQ� 6�.��� 2IIHPDQ� 5�'��� 5REHUWVRQ� *�+��� 2UWV�:�-�� (WKDQRO� DQG� ZDWHU� FDSDFLWLHV� RI� DOFRKROV�$�PROHFXODU� G\QDPLFV� VWXG\��
&KHPLFDO�(QJLQHHULQJ�6FLHQFH��������YRO������QR������SS������-������'2,����������M�FHV��������������� 

�� $LGD�0��� $NDVH� '�� +\GURJHQ-ERQG� SDWWHUQ� WR� FKDUDFWHUL]H� ZDWHU� QHWZRUN��3XUH� DQG� $SSOLHG� &KHPLVWU\�� ������ YRO�� ���� QR�� ��� '2,��
��������SDF-����-����� 

�� $QGRK�<���<DVXRND�.��+\GURJHQ-ERQGHG�FOXVWHUV�RQ�WKH�YDSRU�HWKDQRO–DTXHRXV-VROXWLRQ�LQWHUIDFH��7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�
%���������YRO�������SS�������–�������'2,����������MS������N� 

�� *XR�-�-+���/XR�<���$XJXVWVVRQ�$���.DVKWDQRY�6���5XEHQVVRQ�-�-(���6KXK�'�.���$JUHQ�+���-�1RUGJUHQ��0ROHFXODU�VWUXFWXUH�RI�DOFRKRO–
ZDWHU�PL[WXUHV��3K\V��5HY��/HWW���������YRO������QR����������SS���-���'2,���������3K\V5HY/HWW����������� 

��� 9UKRYVHN� $��� *HUHEHQ� 2��� -DPQLN� $��� 3XV]WDL� /�� +\GURJHQ� ERQGLQJ� DQG� PROHFXODU� DJJUHJDWHV� LQ� OLTXLG� PHWKDQRO�� HWKDQRO�� DQG� �-
SURSDQRO��7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�%���������YRO�������SS�������–�������'2,����������MS������Z� 

��� 1LVKL�1���7DNDKDVKL�6���0DWVXPRWR�0���7DQDND�$���0XUD\D�.���7DNDPXNX�7���<DPDJXFKL�7��+\GURJHQ�ERQGLQJ�FOXVWHU�IRUPDWLRQ�DQG�
K\GURSKRELF�VROXWH�DVVRFLDWLRQ� LQ�DTXHRXV�VROXWLRQ�RI� HWKDQRO��7KH�-RXUQDO� RI�3K\VLFDO�&KHPLVWU\�������� YRO������SS�����–�����'2,��
��������M������D���� 

��� .LUSDODQL�'��0���6X]XNL�.��(WKDQRO�HQULFKPHQW�IURP�HWKDQRO–ZDWHU�PL[WXUHV�XVLQJ�KLJK�IUHTXHQF\�XOWUDVRQLF�DWRPL]DWLRQ��8OWUDVRQLFV�
6RQRFKHPLVWU\��������YRO������QR�����SS������–������'2,���������M�XOWVRQFK������������� 

��� 7DNDPXNX��7��� 6DLVKR��.���1R]DZD�� 6���<DPDJXFKL�� 7��;-UD\�GLIIUDFWLRQ� VWXGLHV� RQ�PHWKDQRO–ZDWHU�� HWKDQRO–ZDWHU�� DQG��-SURSDQRO–
ZDWHU�PL[WXUHV�DW�ORZ�WHPSHUDWXUHV��-RXUQDO�RI�0ROHFXODU�/LTXLGV��������YRO�������SS�����–�����'2,���������M�PROOLT������������� 

��� /L�)���0HQ�=���/L�6K���:DQJ�6K���/L�=K���6XQ�&K��6WXG\�RI�K\GURJHQ�ERQGLQJ�LQ�HWKDQRO-ZDWHU�ELQDU\�VROXWLRQV�E\�5DPDQ�VSHFWURVFRS\��
6SHFWURFKLPLFD�$FWD�3DUW�$��0ROHFXODU�DQG�%LRPROHFXODU�6SHFWURVFRS\��������YRO�������SS�����-�����'2,����������M�VDD������������� 

��� =KDQJ�&���<DQJ�;��0ROHFXODU�G\QDPLFV�VLPXODWLRQ�RI�HWKDQRO�ZDWHU�PL[WXUHV�IRU�VWUXFWXUH�DQG�GLIIXVLRQ�SURSHUWLHV��)OXLG�3KDVH�(TXLOLE�
ULD��������YRO�������QR�����SS���–����'2,���������M�IOXLG������������� 

��� 3HþDU�'���'ROHþHN�9��9ROXPHWULF�SURSHUWLHV�RI�HWKDQRO–ZDWHU�PL[WXUHV�XQGHU�KLJK�WHPSHUDWXUHV�DQG�SUHVVXUHV��)OXLG�3KDVH�(TXLOLEULD��
������YRO�������SS����–����'2,���������M�IOXLG������������� 

��� +\GH�$��(���2KVKLR�0���1JX\HQ�&��9���<XVD�6���<DPDGD�1��/���3KDQ�&��0��6XUIDFH�SURSHUWLHV�RI�WKH�HWKDQRO�ZDWHU�PL[WXUH��7KLFNQHVV�
DQG�FRPSRVLWLRQ��-RXUQDO�RI�0ROHFXODU�/LTXLGV��������YRO�������SS����������'2,���������M�PROOLT������������� 

��� 3RWKRF]NL�6���3XV]WDL�/���%DNy�,��7HPSHUDWXUH�GHSHQGHQW�G\QDPLFV�LQ�ZDWHU-HWKDQRO�OLTXLG�PL[WXUHV��-RXUQDO�RI�0ROHFXODU�/LTXLGV��������
'2,���������M�PROOLT������������� 

��� 'LFNH\�$��1���)DOOHU�5��+RZ�$OFRKRO�&KDLQ-/HQJWK�DQG�&RQFHQWUDWLRQ�0RGXODWH�+\GURJHQ�%RQG�)RUPDWLRQ�LQ�D�/LSLG��%LOD\HU��%LR�
SK\VLFDO�-RXUQDO��������YRO������QR�����SS������-������'2,����������ELRSK\VM������������ 

��� 1RVNRY�6�<���/DPRXUHX[�*���5RX[�%��0ROHFXODU�'\QDPLFV�6WXG\�RI�+\GUDWLRQ�LQ�(WKDQROí:DWHU�0L[WXUHV�8VLQJ�D�3RODUL]DEOH�)RUFH�
)LHOG��7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�%���������YRO�������QR������SS������–������'2,����������MS������T� 

��� *KRXIL� $��� $UW]QHU� )���0DOIUH\W� 3�3K\VLFDO� 3URSHUWLHV� DQG� +\GURJHQ-%RQGLQJ� 1HWZRUN� RI�:DWHU–(WKDQRO�0L[WXUHV� IURP�0ROHFXODU�
'\QDPLFV�6LPXODWLRQV��7KH�-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�%���������YRO�������QR�����SS�����–�����'2,����������DFV�MSFE��E������ 

��� 6DUNDU� 6��� %LVZDV� %��� 6LQJK� 3�&K�� 6SHFWURVFRSLF� DQG�0ROHFXODU� '\QDPLFV� 6LPXODWLRQ� 6WXG\� RI� /\VR]\PH�� 7KH� -RXUQDO� RI� 3K\VLFDO�
&KHPLVWU\�%���������YRO�������QR������SS������-������'2,���������DFV�MSFE��E������ 

��� +DNDOD�0���-XXULQHQ�,���1DNDKDUD�.��(WKDQRO-ZDWHU�VWUXFWXUHV�DW�WKH�PLFURVFKRSLF� OHYHO�VWXGLHG�E\�;-UD\�&RPSWRQ�VFDWWHULQJ��H[WUHPH�
VHQVLWLYLW\�WR�JHRPHWULHV��5HVHDUFK�)URQWLHUV��������SS����-��� 

��� *RIXURY�6K���,VPDLORYD�2���0DNKPDQRY�8���.RNKNKDURY�Ⱥ��+HWHURPROHFXODU�VWUXFWXUH�IRUPDWLRQ�LQ�DTXHRXV�VROXWLRQV�RI�HWKDQRO��WHWUD�
K\GURIXUDQ� DQG�GLPHWK\OIRUPDPLGH�� ,QWHUQDWLRQDO� -RXUQDO� RI�&KHPLFDO��0ROHFXODU��1XFOHDU��0DWHULDOV� DQG�0HWDOOXUJLFDO�(QJLQHHULQJ��
������YRO������QR�����SS�����-�����'2,����������]HQRGR��������� 

��� %R]RURYD�'�7���*RIXURY�6K�3���=L\D\HY�0�$���0LUWRML\HYD�'�0���,VPDQRYD�2�7���,VPDLORYD�2�%��7KH�UROH�RI�K\GURJHQ�ERQGV�LQ�GLOXWHG�
HWKDQRO�VROXWLRQV�RI�F\FORKH[DQH�DQG�GLPHWK\OIRUPDPLGH��&KHPLVWU\�DQG�&KHPLFDO�(QJLQHHULQJ��������YRO��������QR�����SS����-����'2,��
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