
KHOA H&C CÔNG NGH+  
                                                                                 

N«ng nghiÖp vµ ph¸t triÓn n«ng th«n - KỲ 1 - TH¸NG 10/2024 23 

NGHIÊN C(U *NH H+,NG C-A M0T S3 LO6I  
DUNG D8CH D+9NG H:U C; PHUN QUA LÁ ? N  
SINH TR+,NG VÀ N$NG SU%T CÂY RAU XÀ LÁCH 

TRONG H) TH3NG NUÔI CÁ - TR,NG RAU 
(AQUAPONICS) T6I T/NH LÀO CAI 

Bàn V&n Kiên1, Nguy0n Th3 Ng4c Dinh2, *, L:c Quang T=n1,  

>? Th3 H!"ng2, Hoàng Công M'nh3 

1 Phòng Hành chính - T-ng h.p, Phân hi'u >1i h4c Thái Nguyên t1i t4nh Hà Giang 
2 Khoa Nông h4c, H4c vi'n Nông nghi'p Vi't Nam 

3 Vi'n Quy ho1ch và Thi8t k8 Nông nghi'p  

 Email*: ntndinh@vnua.edu.vn 

 

TÓM TBT 

H' thCng nuôi cá - trEng rau (aquaponics) là giJi pháp giúp sJn xu=t rau an toàn, ti8t ki'm dinh 
d!Mng và n!Nc t!Ni. Thí nghi'm 1 nhân tC O!.c bC trí theo kiQu khCi ngRu nhiên OSy OT (RCBD) 
vNi 3 công thVc khác nhau: >Ci chVng: phun n!Nc lã; phun dung d3ch dinh d!Mng hYu cZ Soymic 
V; phun dung d3ch dinh d!Mng hYu cZ Super Hume, vNi nEng O\ khuy8n cáo cho rau &n lá là 1% 
vNi 3 lSn nh^c l1i nh_m Oánh giá Jnh h!`ng cTa các lo1i dung d3ch dinh d!Mng hYu cZ b- sung 
qua lá O8n sinh tr!`ng, sinh lý, n&ng su=t và ch=t l!.ng cTa cây rau xà lách trong v: thu và v: 
Oông 2022 t1i t4nh Lào Cai. Các k8t quJ nghiên cVu cho th=y, vi'c b- sung dung d3ch dinh d!Mng 
hYu cZ phun lên lá cTa rau xà lách làm t&ng các ch4 tiêu sinh tr!`ng, sinh lý và n&ng su=t so vNi 
OCi chVng phun n!Nc lã. Trong h' thCng aquaponics, b- sung dung d3ch dinh d!Mng hYu cZ qua 
lá Soymic V cho các ch4 tiêu sinh tr!`ng, sinh lý và n&ng su=t cTa rau xà lách cao nh=t trong cJ 2 
v:, có ý nghda so vNi các công thVc còn l1i. B- sung dung d3ch dinh d!Mng hYu cZ qua lá Soymic 
V Oã làm t&ng n&ng su=t thec thu cTa rau xà lách là 38,18% và 11,25% trong v: thu và v: Oông 
t!Zng Vng so vNi OCi chVng phun n!Nc lã. Vì th8, trEng rau xà lách trong h' thCng aquapoincs 
nên b- sung dung d3ch dinh d!Mng hYu cZ qua lá Soymic V. 

Ti khóa: H' thCng cá - rau (aquaponics), dung d3ch dinh d!Mng hYu cZ qua lá; rau xà lách (Lactuca 
sativa L.) 

 
1. $%T V(N $* 
Rau xà lách thu\c h4 Cúc Asteraceae, chi 

Lactura, loài Lactuca sativa là lo1i rau th!"ng O!.c 
sk d:ng OQ &n sCng OCi vNi nhilu n!Nc nhi't ONi và 
á nhi't ONi. Xà lách là cây &n lá, d0 trEng, th"i gian 
sinh tr!`ng ng^n, nên góp phSn rJi v: và trEng 
O!.c nhilu v: trong n&m [1]. Xà lách O!.c !a 
chu\ng do chVa nhilu ch=t dinh d!Mng nh!: Ch=t 
khoáng, protein, ch=t xZ và vitamin C [1]. Tuy 
nhiên, hi'n nay, vi'c l1m d:ng sk d:ng phân bón 
hóa h4c và các thuCc tri sâu trong th"i gian dài ` 
nhilu nZi Oã gây ra các v=n Ol an toàn nông sJn, 

môi tr!"ng, Jnh h!`ng x=u O8n sVc khpe ng!"i 
sJn xu=t, ng!"i tiêu dùng [2].  

>Q giJi quy8t v=n Ol này, m\t trong nhYng 
giJi pháp quan tr4ng là chuyQn O-i sang sJn xu=t 
thec phrm hYu cZ hosc theo nguyên t^c hYu cZ, 
tVc là không sk d:ng b=t kt hóa ch=t nông nghi'p 
nào trong quá trình sJn xu=t [3 - 5]. Vi'c k8t h.p 
trEng rau và nuôi cá trong h' thCng aquaponics là 
m\t giJi pháp OQ OJm bJo sJn phrm an toàn, ch=t 
l!.ng cao, OEng th"i phù h.p vNi nhilu Oilu ki'n 
sJn xu=t, Osc bi't là ` nhYng nZi có không gian 
h1n ch8 nh! nhà phC và nZi có nguEn n!Nc khó 
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NKôQ�� +Ť� WKŪQJ� DTXDSRQLFV� KRĀW� îŮQJ� QKò� PŮW�
FKX� Nį� WXŗQ�KRÃQ�� WÐFK�KļS� YLŤF�QX×L� FÄ� YĸL� WKĦ\�
FDQK�îŢ�WUūQJ�FÅ\��JLÝS�îþP�EþR�UōQJ�GLQK�GòĻQJ�
îòļF�Vń�GĨQJ�PŮW�FÄFK�KLŤX�TXþ��6þQ�SKŘP�WKþL�WŃ�
FÄ�îòļF�SKÅQ�JLþL�EĺL�YL�VLQK�YÃ�VDX�îÖ�WUĺ� WKÃQK�
QJXūQ�GLQK� GòĻQJ� FKR� FÅ\� WUūQJ� WURQJ�KŤ� WKŪQJ�
WKĦ\�FDQK��.KL�FÅ\�WUūQJ�Vń�GĨQJ�VþQ�SKŘP�WKþL�WŃ�
FÄ��JLÝS�OĔF�QòĸF�YÃ�WĀR�îLšX�NLŤQ�WKXŚQ�OļL�FKR�FÄ�
VLQK�WUòĺQJ�>�@��7URQJ�KŤ�WKŪQJ�QÃ\��VþQ�SKŘP�WĀR�
UD�WŃ�SKÅQ�FÄ�Vĉ�îòļF�FÄF�YL�VLQK�YŚW�SKÅQ�JLþL�îĀP�
YÃ�OÃ�QJXūQ�GLQK�GòĻQJ�îŗX�YÃR�FXQJ�FŖS�FKR�FÅ\�
WUūQJ�SKÄW�WULŢQ�WURQJ�KŤ�WKŪQJ�DTXDSRQLFV�>�@��+Ť�
WKŪQJ�QÃ\�NK×QJ�FŗQ�Vń�GĨQJ�SKÅQ�EÖQ�KÖD�KĔF��
WLŠW�NLŤP�QòĸF�VR�YĸL�KŤ�WKŪQJ� WK×QJ�WKòĹQJ�>�@��
9Ï�WKŠ��KŤ�WKŪQJ�DTXDSRQLFV�OÃ�JLþL�SKÄS�EšQ�YŅQJ�
îŢ�FXQJ�FŖS�îĦ�FÄ���UDX�DQ�WRÃQ�YÃ�PDQJ�OĀL�JLÄ�WUĞ�
JLÄR� GĨF� FKR� FŮQJ� îūQJ�� KòĸQJ� GřQ� Yš�P×� KÏQK�
NLQK�WŠ�EšQ�YŅQJ�WURQJ�EŪL�FþQK�ELŠQ�îŬL�NKÐ�KŚX���

7X\�QKLÍQ��YŖQ�îš�îŐW�UD�OÃ�OLŤX�FÖ�FŗQ�EŬ�VXQJ�
GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�TXD�OÄ�FKR�FÅ\�[Ã�OÄFK�
WURQJ�KŤ�WKŪQJ�DTXDSRQLFV�KD\�NK×QJ"�9Ï�YŚ\��PĨF�
îÐFK�FĦD�QJKLÍQ�FłX� OÃ�[HP�[ÌW�YLŤF�EŬ�VXQJ�GXQJ�
GĞFK� GLQK�GòĻQJ�KŅX�Fð�TXD� OÄ� FKR� UDX�[Ã� OÄFK� FÖ�
OÃP�WôQJ�FÄF�FKĜ�WLÍX�VLQK�WUòĺQJ��QôQJ�VXŖW�YÃ�FKŖW�
OòļQJ�NK×QJ�� WŃ�îÖ� QKōP�[ÄF�îĞQK�îòļF� ORĀL�GXQJ�
GĞFK�GLQK�GòĻQJ�KŅX�Fð�EŬ�VXQJ�TXD�OÄ�WKÐFK�KļS��

���3+óñ1*�3+¤3�1*+,­1�&Ň8�

�����ïŪL�WòļQJ�YÃ�YŚW�OLŤX�QJKLÍQ�FłX�

ïŪL�WòļQJ���5DX�[Ã�OÄFK�FXŪQ��

9ŚW� OLŤX�� 'XQJ� GĞFK� GLQK� GòĻQJ� KŅX� Fð�
6R\PLF� 9� FĦD� &×QJ� W\� 303� 86$� FÖ� GĀQJ� OĒQJ�
PÃX�YÃQJ�FDP��YĸL�WKÃQK�SKŗQ��ïŚX�WòðQJ��FKXŪL��
D[LW�KXPLF�� WUłQJ��9L� OòļQJ��&D��6��)H��&X��=Q��%��
0Q��0J��1��3��.��9L�VLQK�YŚW�KŅX�ÐFK�WKXŮF�FÄF�FKL��
%DFLOOXV�VS���6DFFKDURP\FHV�VS���/DFWREDFLOOXV�VS���
$FWLQRP\FHV�� $]RWREDFWHU� VS��� $]RVSLULOOXP� VS���
3VHXGRPRQRQDV� VS��� 3DHQLEDFLOOXV� VS��� GXQJ� GĞFK�
GLQK�GòĻQJ�KŅX�Fð�6XSHU�+XPH�[XŖW�[ł�FĦD�&×QJ�
W\�8$6�RI�$PHULFD��0ı��FÖ�GĀQJ�OĒQJ�PÃX�îHQ�YĸL�
WKÃQK�SKŗQ��$[LW� KXPLF� ����� EŬ� VXQJ�KÃP� OòļQJ�
FDR�D[LG�IXOYLF������

�����3KòðQJ�SKÄS�QJKLÍQ�FłX�

�������%Ū�WUÐ�WKÐ�QJKLŤP�

7KÐ�QJKLŤP�PŮW�QKÅQ�WŪ�îòļF�EŪ�WUÐ�WKHR�NLŢX�
NKŪL�QJřX�QKLÍQ�îŗ\�îĦ��5&%��YĸL� ED� F×QJ� WKłF��
îŪL� FKłQJ� SKXQ� QòĸF� OÆ�� SKXQ� GXQJ� GĞFK� GLQK�
GòĻQJ� KŅX� Fð� 6R\PLF� 9� �QūQJ� îŮ� ����� YÃ� SKXQ�
GXQJ�GĞFK�GLQK�GòĻQJ�6XSHU�+XPH��QūQJ�îŮ�����
YĸL���OŗQ�QKŌF�OĀL�FKR�FÅ\�UDX�[Ã�OÄFK�WURQJ�YĨ�WKX�
����� �WŃ� QJÃ\� ���������� îŠQ� QJÃ\� ������������
�WKX�KRĀFK� ��� QJÃ\� VDX� WUūQJ� �167�� YÃ� YĨ� î×QJ�
����� �WŃ� QJÃ\� ����������� îŠQ�QJÃ\� ������������
�WKX�KRĀFK����167��WĀL�NKX�WKÐ�QJKLŤP�FĦD�3KÅQ�
KLŤX�ïĀL�KĔF�7KÄL�1JX\ÍQ�WĀL�/ÃR�&DL��

+Ť� WKŪQJ�DTXDSRQLFV�JūP�KDL�SKŗQ�FKÐQK�����
%Ţ�QX×L�FÄ�FÖ�NÐFK�WKòĸF���[���P��GÃL�[�UŮQJ��YĸL�
GLŤQ�WÐFK�EŢ�OÃ���P���QòĸF�îòļF�EðP�OÍQ�FÄF�FKŚX�
WUūQJ� UDX�� PŭL� FKŚX� FÖ� GLŤQ� WÐFK� ����� P�� �GÃL� [�
UŮQJ���7KÐ�QJKLŤP�îòļF�WKLŠW�NŠ�YĸL���FKŚX�WUūQJ��
PŭL� OŗQ�QKŌF� OĀL� OÃ� �� FKŚX��%Ţ�QX×L� FÄ� îòļF�QX×L�
YĸL� ��� FRQ� FÄ� WUÍ� SKL� �&ODULDV� JDULHSLQXV�� YÃ� FÄ�
îòļF�QX×L�YĸL�WKłF�ôQ�F×QJ�QJKLŤS�NŠW�KļS�YĸL�FÄP�
QJ×�����NJ�YÃ�FÄP�JĀR�����NJ��îòļF�FXQJ�FŖS�OÝF���
JLĹ�VÄQJ�KÃQJ�QJÃ\��0ŭL�EŢ�QX×L�FÄ�îòļF�WUDQJ�EĞ�
PÄ\�EðP�îŢ�FXQJ�FŖS�NK×QJ�NKÐ�FKR�FÄ��0ŐW�îŖW�
WUūQJ�UDX�WURQJ�PŭL�FKŚX�îòļF�FKĔQ�OÃ�JLÄ�WKŢ�îŖW�
VÌW�QXQJ��YĸL�PŚW�îŮ�WUūQJ�[Ã�OÄFK�FÅ\�FÄFK�FÅ\�OÃ�
��FP�YÃ�KÃQJ�FÄFK�KÃQJ�OÃ���FP��WŬQJ�VŪ�FÅ\�FKŚX�
OÃ�����&ÄF�F×QJ�WKłF�SKXQ�GXQJ�GĞFK�GLQK�GòĻQJ�
KŅX� Fð� YÃ� SKXQ� QòĸF� OÆ� îòļF� WLŠQ� KÃQK� SKXQ� ��
QJÃ\���OŗQ��

�������&ÄF�FKĜ�WLÍX�WKHR�GØL�

&ÄF�FKĜ�WLÍX�WKHR�GØL�JūP���

�� S+�GXQJ�GĞFK�FĦD�EŢ� FÄ�îòļF�îR�EōQJ�PÄ\�
S+� +$11$� +,� ������ îĞQK� Nį� �� QJÃ\� îR� �� OŗQ��
QūQJ�îŮ�FKŖW�UŌQ�KÕD�WDQ�FĦD�GXQJ�GĞFK��7'6��îR�
EōQJ�PÄ\�7'6�+$11$�+,�������îĞQK�Nį���QJÃ\�
îR���OŗQ��

��&ÄF�FKĜ�WLÍX�VLQK�WUòĺQJ��FKLšX�FDR�FÅ\�îR�ĺ�
FÄF�OŗQ�WKX�KRĀFK�FĦD�Fþ���YĨ��VŪ�OÄ�FÅ\��FKLšX�GÃL�
OÄ��îòĹQJ�NÐQK�OÄ����

��&ÄF�FKĜ�WLÍX�VLQK�Oà�YÃ�FKŖW�OòļQJ��GLŤQ�WÐFK�OÄ�
FXŪL�FÜQJ�îR�EōQJ�SKòðQJ�SKÄS�FÅQ�WUņF�WLŠS��FKĜ�
VŪ� 63$'��ïR�EōQJ�PÄ\�îR� 63$'����� �6SHFWUXP�
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1zQJ�QJKL�S�Y~�SK�W�WUL�Q�QzQJ�WKzQ���.ǣ�����7+�1*��������� ���

7HFKQRORJ\�� ,QF��� $XURUD�� ,/�� 86$��� KÃP� OòļQJ�
12�

��WURQJ�UDX��îR�EōQJ�PÄ\�6RHNV����

�� 5DX� [Ã� OÄFK� îòļF� FŌW� YÃR� EXŬL� VÄQJ� EōQJ�
FÄFK�FŌW� WKÅQ�FÄFK�JŪF���FP��1ôQJ�VXŖW� WKņF�WKX�
îòļF� FÅQ�EōQJ� FÅQ� îLŤQ� Wń�� 6ņ�PŖW�QòĸF� FĦD� UDX�
îòļF�[ÄF�îĞQK�TXD�NKŪL�OòļQJ�KDR�KĨW��./++��NKL�
îŢ�FÅ\�WURQJ�îLšX�NLŤQ�QKLŤW�îŮ�SKÕQJ��������R&���

�����;ń�Oà�VŪ�OLŤX�

6Ū� OLŤX� WKX� WKŚS� îòļF� [ń� Oà� WKŪQJ� NÍ� WKHR�
SKòðQJ�SKÄS�SKÅQ� WÐFK�SKòðQJ�VDL� �$129$���6R�
VÄQK�Vņ�VDL�NKÄF�JLŅD�FÄF�JLÄ�WUĞ� WUXQJ�EÏQK�EōQJ�
JLÄ�WUĞ�VDL�NKÄF�à�QJKĝD�QKĒ�QKŖW��/6'��EōQJ�SKŗQ�
PšP� WKŪQJ� NÍ� ,5,67$7� ����� 7òðQJ� TXDQ� JLŅD�
QôQJ�VXŖW�WKņF�WKX�YÃ�FÄF�FKĜ�WLÍX�îòļF�[ń�Oà�WKŪQJ�
NÍ�Vń�GĨQJ�WòðQJ�TXDQ�3HDUVRQuV�5��

���.ť7�48ă�1*+,­1�&Ň8�9£�7+ă2�/8ş1�
�����&ÄF�WK×QJ�VŪ�Yš�FKŖW�OòļQJ�QòĸF�WURQJ�EŢ�

FÄ��S+��7'6��
%þQJ����6ņ�ELŠQ�îŬL�S+�FĦD�P×L�WUòĹQJ�QòĸF�QX×L�FÄ�

6ņ�ELŠQ�îŬL�S+�FĦD�GXQJ�GĞFK�GLQK�GòĻQJ�FĦD�EŢ�FÄ�

9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������

��167� ���167� ���167� ���167� ��167� ���167� ���167� ���167�

���� ���� ���� ���� ���� ���� ���� ����

6ņ�ELŠQ�îŬL�7'6�FĦD�GXQJ�GĞFK�GLQK�GòĻQJ�WURQJ�EŢ�FÄ��ïðQ�YĞ��SSP��

9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������

��167� ���167� ���167� ���167� ��167� ���167� ���167� ���167�

���� ���� ���� ���� ���� ���� ���� ����

*KL�FKÝ��167��1JÃ\�VDX�WUūQJ��
6Ū�OLŤX�WKHR�GØL�Yš�S+�QòĸF�WURQJ�EŢ�QX×L�FÄ�ĺ�

Fþ�KDL�YĨ�FKR�WKŖ\��PłF�îŮ�ELŠQ�îŮQJ�FĦD�S+�QòĸF�
OÃ�NK×QJ�QKLšX��GDR�îŮQJ�WŃ�����������îÅ\�OÃ�NKRþQJ�
S+�WKÐFK�KļS�FKR�FÅ\�[Ã�OÄFK�VLQK�WUòĺQJ�YÃ�SKÄW�
WULŢQ�� 9ĸL� NKRþQJ� GDR� îŮQJ� S+� QòĸF� QKò� WUÍQ�
FħQJ� KRÃQ� WRÃQ� SKÜ� KļS� FKR� FÄF� ORĀL� YL� NKXŘQ�
SKÅQ�JLþL�îĀP�YÃ�KŅX�Fð�WURQJ�QòĸF�>�@�PÃ�QJXūQ�
îĀP�YÃ�KŅX�Fð�WURQJ�QòĸF�WŃ�SKÅQ�FÄ�îòļF�WKþL�UD�
KōQJ�QJÃ\��

7KHR�GØL�Yš� WŬQJ�FKŖW� UŌQ� Oð� OńQJ�7'6� WURQJ�
QòĸF�YĨ�WKX�QôP������FKR�WKŖ\��WŬQJ�FKŖW�UŌQ�KÕD�
WDQ�FĦD�GXQJ�GĞFK�ĺ���167�OÃ�����SSP�WôQJ�OÍQ�����
SSP�VDX����QJÃ\�YÃ�NK×QJ�WKD\�îŬL�ĺ�KDL�OŗQ�îR����
QJÃ\� VDX� WUūQJ� YÃ� îŠQ� NKL� WKX� KRĀFK� OÃ� ��� QJÃ\�
VDX�WUūQJ�YĸL�OòļQJ�����SSP��7URQJ�YĨ�î×QJ�QôP�
������WŬQJ�OòļQJ�FKŖW�UŌQ�KÕD�WDQ�WURQJ�GXQJ�GĞFK�
NK×QJ�WKD\�îŬL�JLŅD�FÄF�OŗQ�îR�YÃ�JLÄ�WUĞ�7'6�FĦD�
EŢ�FÄ�îĀW�����SSP�ĺ�YĨ�î×QJ��ïLšX�QÃ\�FÖ�WKŢ�JLþL�
WKÐFK�� NKL� FÄ� îÆ� OĸQ� WKÏ� OòļQJ� GLQK� GòĻQJ�PÃ� FÄ�
WKþL�UD�KÃQJ�QJÃ\�WURQJ�EŢ�FÄ� OÃ�ŬQ�îĞQK��1JKLÍQ�
FłX�QÃ\�FħQJ�SKÜ�KļS�YĸL�NŠW�TXþ�QJKLÍQ�FłX�FĦD�
1JX\HQ�7KL�$L�1JKLD�YÃ�FV� �������>��@�� WURQJ�îÖ�

KŤ� WKŪQJ� FÄ� UDX� WKÏ� JLÄ� WUĞ� 7'6� FĦD� GXQJ� GĞFK�
WURQJ�EŢ�FÄ�NK×QJ�YòļW�TXÄ�����SSP��7Ń�FÄF�NŠW�
TXþ�TXDQ�VÄW�WKŖ\�UōQJ��UDX�[Ã�OÄFK�WURQJ�FÄF�F×QJ�
WKłF�VLQK�WUòĺQJ�EÏQK�WKòĹQJ��

7LŠQ�KÃQK�îR�S+�FĦD�EŢ�FÄ���QJÃ\�OŗQ��VŪ�OLŤX�
FKR� FKĜ� VŪ� S+� FĦD� QòĸF� WURQJ� EŢ� FÄ� GDR� îŮQJ�
WURQJ�NKRþQJ�����îŠQ�����ĺ�YĨ�WKX�î×QJ�YÃ�YĨ�î×QJ�
S+� ĺ� PłF� ����� .KRþQJ� S+� FĦD� �� YĨ� WURQJ� WKÐ�
QJKLŤP� OÃ� QJòĻQJ� WKÐFK�KļS� FKR� FÅ\� UDX�[Ã� OÄFK�
SKÄW�WULŢQ�WŪW��1KÏQ�FKXQJ��S+�ĺ�FÄF�OŗQ�îR�NK×QJ�
FÖ�Vņ�WKD\�îŬL�QKLšX��%þQJ�����9Ï�YŚ\��FÅ\�UDX�[Ã�
OÄFK� WURQJ�QJKLÍQ� FłX� FĦD� 6ZLQJOH� ������� >�@� îÆ�
FKĜ�UD�UōQJ��NKRþQJ�S+�WŃ�����������OÃ�WKÐFK�KļS�FKR�
YL�NKXŘQ�SKÅQ�JLþL�îĀP�KRĀW�îŮQJ�YÃ�S+�GòĸL�����
FÖ� WKŢ� NÏP�KÆP� Vņ� SKÄW� WULŢQ�FĦD� YL� NKXŘQ� SKÅQ�
JLþL�îĀP�>��@��

7URQJ�Fþ���YĨ�WUūQJ�UDX��JLÄ�WUĞ�7'6�FĦD�EŢ�FÄ�
OĸQ�QKŖW�FKĜ�îĀW�����SSP��îūQJ�WKĹL�îòļF�JKL�QKŚQ�
ĺ� Fþ� KDL� YĨ� WKX� î×QJ� YÃ� î×QJ� �%þQJ� ����.ŠW� TXþ�
QÃ\�WòðQJ�îūQJ�YĸL�QJKLÍQ�FłX�FĦD�1JX\HQ�7KL�$L�
1JKLD�YÃ�FV��������>��@��WURQJ�îÖ�KŤ�WKŪQJ�FÄ�UDX�
FKR�UDX�[Ã�OÄFK�GX\�WUÏ�JLÄ�WUĞ�7'6�FĦD�EŢ�FÄ�NK×QJ�
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YòļW�TXÄ�����SSP��7URQJ�WKÐ�QJKLŤP�YĸL�FÅ\�UDX�[Ã�
OÄFK�� TXDQ� VÄW� FKR� WKŖ\�� FKÝQJ� SKÄW� WULŢQ� EÏQK�
WKòĹQJ�WURQJ�FÄF�F×QJ�WKłF�îÆ�îòļF�WKņF�QJKLŤP��

�����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�
KŅX�Fð�îŠQ�FÄF�îŐF�îLŢP�VLQK�WUòĺQJ��VLQK�Oà�FĦD�
FÅ\�UDX�[Ã�OÄFK�

%þQJ����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�NKÄF�QKDX��
îŠQ�îŮQJ�WKÄL�UD�OÄ�FĦD�FÅ\�UDX�[Ã�OÄFK�

ïðQ�YĞ��OÄ�FÅ\�
9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������

&×QJ�WKłF�
��167� ���167� ���167� ���167� ��167� ���167� ���167� ���167�

1òĸF�OÆ� ���D� ���E� ����E� ����D� ���E� ���E� ����E� ����E�

6R\PLF�9� ���D� ���D� ����D� ����D� ���D� ���D� ����D� ����D�

6XSHU�KXPH� ���E� ���E� ����DE� ����D� ���D� ���D� ����DE� ����D�

/6'����� ���� ���� ���� ���� ���� ���� ���� ����

&9�� ���� ���� ���� ���� ���� ���� ���� ����

*KL�FKÝ��167��1JÃ\�VDX�WUūQJ��
%þQJ���FKR� WKŖ\�� WURQJ�YĨ� WKX�QôP�������NKL�

SKXQ� EŬ� VXQJ� GLQK� GòĻQJ� TXD� OÄ� VŪ� OÄ� FĦD� F×QJ�
WKłF� SKXQ� 6R\PLF� 9� FDR� KðQ� FÖ� à� QJKĝD� VR� YĸL�
F×QJ�WKłF�îŪL�FKłQJ�WŃ����167�îŠQ����167�QKòQJ�
VDL� NKÄF� NK×QJ� FÖ� à� QJKĝD� ĺ� �� 167� YÃ� ��� 167�
�%þQJ������

Ŀ�YĨ�î×QJ�QôP������VŪ�OÄ�FÅ\�ĺ�F×QJ�WKłF�EŬ�
VXQJ�GXQJ�GĞFK�GLQK�GòĻQJ�6R\PLF�9�TXD� OÄ� FDR�
KðQ� FÖ� à�QJKĝD� VR� YĸL� F×QJ� WKłF�îŪL� FKłQJ�SKXQ�
QòĸF�OÆ�ĺ�WŖW�Fþ�FÄF�JLDL�îRĀQ�WKHR�GØL�WŃ���167������
167��%þQJ�����

'R�FÅ\�UDX�[Ã�OÄFK�OÃ�ORĀL�UDX�ôQ�OÄ��YLŤF�FÖ�VŪ�
OÄ�QKLšX�KðQ� WURQJ� F×QJ� WKłF� Vń� GĨQJ�GXQJ�GĞFK�
GLQK�GòĻQJ�KŅX�Fð�FÖ�WKŢ�OÃ�WLšQ�îš�TXDQ�WUĔQJ�îŢ�
WĀR� UD� QôQJ� VXŖW� FDR� YÃ� FKŖW� OòļQJ� WŪW� WURQJ� FÄF�
F×QJ�WKłF�QÃ\��

%þQJ����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�
KŅX�Fð�NKÄF�QKDX�îŠQ�GLŤQ�WÐFK�OÄ�FĦD�UDX�[Ã�OÄFK�

ïðQ�YĞ��PP��

&×QJ�WKłF�
9Ĩ�WKX�

�QôP������
9Ĩ�î×QJ�
�QôP������

1òĸF�OÆ� �����E� �����E�

6R\PLF�9� �����D� �����D�
6XSHU�KXPH� �����E� �����E�

/6'����� ����� ����
&9�� ���� ����

'LŤQ� WÐFK� OÄ� îÖQJ� YDL� WUÕ� TXDQ� WUĔQJ� WURQJ�
þQK�KòĺQJ�îŠQ�QôQJ�VXŖW�FĦD�FÅ\�WUūQJ��YÏ�OÄ�OÃ�Fð�
TXDQ�TXDQJ�KļS�FKÐQK�FĦD�FÅ\��7URQJ� OÄ�� OĨF� OĀS�
FKłD�KŤ�VŌF� WŪ�TXDQJ�KļS�� FÖ�NKþ�QôQJ�KŖS� WKĨ�
QôQJ�OòļQJ�WŃ�ÄQK�VÄQJ�YÃ�FKX\ŢQ�îŬL�WKÃQK�QôQJ�
OòļQJ� KÖD� KĔF�� îūQJ� WKĹL� FXQJ� FŖS� QôQJ� OòļQJ�
QÃ\�FKR�TXÄ� WUÏQK� WŬQJ�KļS�FKŖW�KŅX�Fð� WŃ�&2���
'R�îÖ��YLŤF�WôQJ�GLŤQ�WÐFK�OÄ��îŐF�ELŤW�OÃ�GLŤQ�WÐFK�
OÄ� KŖS� WKĨ� ÄQK� VÄQJ�� Vĉ� WôQJ� FòĹQJ� TXÄ� WUÏQK�
TXDQJ�KļS��GřQ�îŠQ�Vņ�JLD� WôQJ� WURQJ�QôQJ�VXŖW�
FÅ\�WUūQJ�>�@��

7URQJ�Fþ�KDL�YĨ�QJKLÍQ�FłX��NKL�EŬ�VXQJ�GXQJ�
GĞFK�GLQK�GòĻQJ�TXD�OÄ�îÆ�OÃP�WôQJ�GLŤQ�WÐFK�OÄ�FĦD�
FÅ\�UDX�[Ã�OÄFK�YÃ�GLŤQ�WÐFK�OÄ�FĦD�FÅ\�[Ã�OÄFK�îĀW�
FDR�QKŖW�NKL� Vń�GĨQJ�GXQJ�GĞFK� GLQK�GòĻQJ�KŅX�
Fð�6R\PLF�9��VDL�NKÄF�FÖ�à�QJKĝD�VR�YĸL�FÄF�F×QJ�
WKłF� FÕQ� OĀL��6ń�GĨQJ�GXQJ�GĞFK� GLQK�GòĻQJ�KŅX�
Fð�TXD�OÄ�îÆ�OÃP�WôQJ����������������YÃ�������������ĺ�
YĨ�WKX�YÃ�YĨ�î×QJ�WòðQJ�łQJ�VR�YĸL�F×QJ�WKłF�îŪL�
FKłQJ�SKXQ�QòĸF�OÆ��%þQJ�����'LŤQ�WÐFK�OÄ�îĀW�PłF�
FDR�QKŖW� WURQJ�Fþ�KDL� YĨ�QJKLÍQ�FłX�NKL�Vń�GĨQJ�
F×QJ� WKłF� SKXQ� EŬ� VXQJ� GXQJ� GĞFK� GLQK� GòĻQJ�
KŅX� Fð� 6R\PLF� 9�� ïLšX� QÃ\� OÃ� WLšQ� îš� FKR� YLŤF�
F×QJ�WKłF�QÃ\�FÖ�WKŢ�îĀW�îòļF�QôQJ�VXŖW�FDR�KðQ�
VR�YĸL�FÄF�F×QJ�WKłF�NKÄF��
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%þQJ����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�NKÄF�QKDX�îŠQ�FKĜ�VŪ�63$'�FĦD�UDX�[Ã�OÄFK�

9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������
&×QJ�WKłF�

��167� ���167� ���167� ���167� ��167� ���167� ���167� ���167�

1òĸF�OÆ� ����D� ����E� ����E� ����E� ����D� ����D� ����E� ����E�

6R\PLF�9� ����D� ����D� ����D� ����D� ����D� ����D� ����D� ����D�

6XSHU�KXPH� ����D� ����DE� ����E� ����E� ����E� ����E� ����E� ����E�

/6'����� ���� ���� ���� ���� ���� ���� ���� ����

&9�� ���� ���� ���� ���� ���� ���� ���� ����

&KĜ� VŪ� 63$'� �SKþQ� ÄQK� KÃP� OòļQJ� GLŤS� OĨF�
WURQJ�OÄ��FĦD�FÅ\�[Ã�OÄFK�WôQJ�GŗQ�TXD�FÄF�OŗQ�WKHR�
GØL�ĺ�Fþ�KDL�YĨ�WKX�YÃ�î×QJ��9Ĩ�WKX�FÖ�FKĜ�VŪ�63$'�
FDR� KðQ� GR� îLšX� NLŤQ� QKLŤW� îŮ� WKXŚQ� OļL� FKR� Vņ�
VLQK�WUòĺQJ�FĦD�FÅ\��%þQJ�����

Ŀ� JLDL� îRĀQ� �� 167� FÅ\� FÕQ� QRQ�� QÍQ� FKĜ� VŪ�
63$'�WKŖS�QKŖW�ĺ�FÄF�OŗQ�WKHR�GØL�YÃ�NK×QJ�FÖ�Vņ�
VDL�NKÄF�FÖ�à�QJKĝD�WKŪQJ�NÍ�JLŅD�FÄF�F×QJ�WKłF��
7Ń� ��� 167� îŠQ� ��� 167� YÃ� ĺ� �� YĨ� WKX� î×QJ� YÃ�
î×QJ�� KDL� F×QJ� WKłF� Vń� GĨQJ� GXQJ� GĞFK� KŅX� Fð�

6R\PLF�9�îšX�FÖ�FKĜ�VŪ�63$'�FDR�KðQ�FÖ�à�QJKĝD�
VR�YĸL�FÄF�F×QJ�WKłF�FÕQ�OĀL�YÃ�FDR�KðQ�VR�YĸL�îŪL�
FKłQJ��&×QJ�WKłF�îŪL� FKłQJ�SKXQ�QòĸF� OÆ�FÖ�FKĜ�
VŪ�63$'�WKŖS�QKŖW��VDL�NKÄF�NK×QJ�FÖ�à�QJKĝD�VR�
YĸL� F×QJ� WKłF�SKXQ�GXQJ�GĞFK�GLQK�GòĻQJ�6XSHU�
+XPH��&ÄF�JLDL�îRĀQ�WŃ����167�îŠQ����167�OÃ�JLDL�
îRĀQ� VLQK� WUòĺQJ� VLQK� GòĻQJ� FĦD� FÅ\� [Ã� OÄFK� FÖ�
WÄF� îŮQJ� UŖW� OĸQ� îŠQ� YLŤF� TX\ŠW� îĞQK� NKþ� QôQJ�
TXDQJ�KļS�FĦD�FÅ\�FħQJ�QKò�QôQJ�VXŖW�FĦD�FÅ\�[Ã�
OÄFK��

%þQJ����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�îŠQ�NKŪL�OòļQJ�KDR�KĨW�FĦD�UDX�[Ã�OÄFK�VDX�
WKX�KRĀFK�WURQJ�îLšX�NLŤQ�QKLŤW�îŮ�SKÕQJ�

ïðQ�YĞ��J�FKŚX�
9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������

&×QJ�WKłF�
��JLĹ�67+� ��JLĹ�67+� ���JLĹ�67+� ��JLĹ�67+� ��JLĹ�67+� ���JLĹ�67+�

1òĸF�OÆ� �����D� �����E� �����E� �����E� �����E� �����E�

6R\PLF�9� �����D� �����D� �����D� �����D� �����D� �����D�

6XSHU�KXPH� �����D� �����E� �����D� �����DE� �����DE� �����DE�

/6'�����
����� ����� ����� ����� ����� �����

&9�� ���� ���� ���� ���� ���� ����

*KL�FKÝ��67+��6DX�WKX�KRĀFK��
ïŢ�îÄQK�JLÄ�îŮ�KÌR�FĦD�UDX�[Ã�OÄFK�GòĸL�îLšX�

NLŤQ�QKLŤW�îŮ�SKÕQJ��WKÐ�QJKLŤP�îÆ�WKņF�KLŤQ�îÄQK�
JLÄ�WK×QJ�TXD�Vņ�JLþP�NKŪL�OòļQJ�FĦD�UDX�[Ã�OÄFK�
NKL� Vń� GĨQJ� FÄF� GXQJ� GĞFK� GLQK� GòĻQJ� KŅX� Fð�
NKÄF� QKDX�� 7İ� OŤ� JLþP� NKŪL� OòļQJ� FĦD� UDX� JLþP�
GŗQ�WŃ���JLĹ������JLĹ�VDX�NKL�WKX�KRĀFK�ĺ�Fþ�KDL�YĨ�
�WKX�YÃ�î×QJ���'Ņ�OLŤX�FKĜ�UD�UōQJ�Wİ�OŤ�JLþP�NKŪL�
OòļQJ�FĦD�FÄF�F×QJ�WKłF�FKłD�GLQK�GòĻQJ�KŅX�Fð�

TXD� OÄ� ÐW� KðQ� VR� YĸL� F×QJ� WKłF� îŪL� FKłQJ� SKXQ�
QòĸF� OÆ�� 7URQJ� VŪ� FÄF� F×QJ� WKłF� EŬ� VXQJ� GXQJ�
GĞFK�GLQK�GòĻQJ�TXD� OÄ��F×QJ�WKłF�Vń�GĨQJ�GXQJ�
GĞFK�GLQK�GòĻQJ�6R\PLF�9�WKŢ�KLŤQ�Wİ�OŤ�JLþP�NKŪL�
OòļQJ� ÐW�QKŖW� VR�YĸL� FÄF�F×QJ� WKłF�NKÄF� WKDP�JLD�
WKÐ�QJKLŤP�ĺ�Fþ���YĨ�WKX�YÃ�î×QJ��%þQJ�����

5DX� [Ã� OÄFK� îòļF� EŬ� VXQJ� WKÍP� GXQJ� GĞFK�
GLQK�GòĻQJ�KŅX�Fð�FKłD�FÄF�WKÃQK�SKŗQ�WòðQJ�Wņ�
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QKò�SKÅQ�KŅX�Fð�QÍQ�FÖ�NKþ�QôQJ�JLŅ�QòĸF�WURQJ�
WŠ�EÃR�WŪW�KðQ�NKL�îLšX�NLŤQ�EŖW�OļL�[þ\�UD��VWUHVV���
NŠW�TXþ� QÃ\�SKÜ�KļS�YĸL� NŠW�TXþ� QJKLÍQ� FłX� FĦD�
1JX\ţQ� 7KĞ�1JĔF� 'LQK� YÃ� FV� ������� >�@�� NKL� Vń�
GĨQJ�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�Wņ�FKLŠW�[XŖW�WŃ�
îŮQJ� WKņF� YŚW� îŢ� VþQ� [XŖW� UDX�PXŪQJ� WKĦ\� FDQK�

FħQJ� FKR� NŠW� TXþ� UDX� PXŪQJ� ÐW� KÌR� KðQ� VR� YĸL�
F×QJ�WKłF�îŪL�FKłQJ�Vń�GĨQJ�GXQJ�GĞFK�WKĦ\�FDQK�
Y×�Fð���

�����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�
NKÄF�QKDX�îŠQ�FÄF�FKĜ�WLÍX�QôQJ�VXŖW�YÃ��FKŖW�OòļQJ�
UDX�[Ã�OÄFK�

%þQJ����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�NKÄF�QKDX�îŠQ��
QôQJ�VXŖW�FÄ�WKŢ�YÃ�QôQJ�VXŖW�WKņF�WKX�UDX�[Ã�OÄFK�

9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������
&×QJ�WKłF�

16&7��J�FÅ\�� 1677��J�FKŚX�� 16&7��J�FÅ\�� 1677��J�FKŚX��

1òĸF�OÆ� ����E� �����E� ����E� �����E�

6R\PLF�9� ����D� �����D� ����D� �����D�

6XSHU�KXPH� ����E� �����E� ����E� �����E�

/6'����� ���� ������ ���� �����

&9�� ���� ���� ���� ����

*KL�FKÝ��16&7��1ôQJ�VXŖW�FÄ�WKŢ��1677��1ôQJ�VXŖW�WKņF�WKX��
ăQK� KòĺQJ� FĦD� FÄF� FKŠ� SKŘP� KŅX� Fð� îŠQ�

QôQJ�VXŖW�FÄ�WKŢ�YÃ�QôQJ�VXŖW�WKņF�WKX�TXD�VŪ�OLŤX�
EþQJ� WUÍQ� FKR� WKŖ\� NKL� Vń� GĨQJ� GXQJ� GĞFK� GLQK�
GòĻQJ�KŅX� Fð�6R\PLF�9� FKR�QôQJ� VXŖW� FÄ� WKŢ� YÃ�
QôQJ�VXŖW�WKņF�WKX�WURQJ�YĨ�WKX�FDR�KðQ��������YÃ�
�������VR�YĸL�SKXQ�FKŠ�SKŘP�6XSHU�KXPH�YÃ�SKXQ�
QòĸF� OÆ�ĺ�F×QJ� WKłF�îŪL�FKłQJ��Į�  ��������.K×QJ�
FÖ�Vņ�NKÄF�ELŤW�FÖ�à�QJKĝD� WKŪQJ�NÍ�Yš�QôQJ�VXŖW�
FÄ�WKŢ�JLŅD�F×QJ�WKłF�SKXQ�GXQJ�GĞFK�GLQK�GòĻQJ�
KŅX� Fð� 6XSHU� KXPH� YĸL� F×QJ� WKłF� SKXQ� QòĸF� OÆ��
7òðQJ� Wņ� QôQJ� VXŖW� UDX� [Ã� OÄFK� WURQJ� YĨ� î×QJ��
F×QJ�WKłF�EŬ�VXQJ�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�
6R\PLF�9�FħQJ�îĀW�FDR�QKŖW��WôQJ��������YÃ��������
VR� YĸL� YĸL� SKXQ� FKŠ� SKŘP� 6XSHU� KXPH� YÃ� SKXQ�
QòĸF�OÆ��Į� ��������

'R�îÖ��FÖ�WKŢ�NŠW�OXŚQ�UōQJ�F×QJ�WKłF�SKXQ�EŬ�
VXQJ�GXQJ�GĞFK�KŅX�Fð�6R\PLF�9��PDQJ� OĀL�QôQJ�
VXŖW�FDR�KðQ�VR�YĸL�Fþ�KDL�F×QJ�WKłF�NKÄF�WKDP�JLD�
WKÐ� QJKLŤP� �%þQJ� ����ïLšX� QÃ\� FÖ� WKŢ� JLþL� WKÐFK��
NKL�EŬ� VXQJ�GLQK�GòĻQJ�KŅX�Fð�TXD� OÄ�6R\PLF�9�
FKR� FÅ\� [Ã� OÄFK� îÆ� OÃP� WôQJ� VŪ� OÄ�FÅ\� �%þQJ� ����
GLŤQ�WÐFK�OÄ�FÅ\��%þQJ����YÃ�FKĜ�VŪ�63$'��%þQJ�����
WŃ�îÖ�OÃP�WôQJ�NKþ�QôQJ�TXDQJ�KļS�FĦD�FÅ\�YÃ�OÃ�
WLšQ�îš�îŢ�WôQJ�16&7�YÃ�1677�ĺ�F×QJ�WKłF�QÃ\�VR�
YĸL�FÄF�F×QJ�WKłF�FÕQ�OĀL��%þQJ�����

%þQJ����ăQK�KòĺQJ�FĦD�FÄF�GXQJ�GĞFK�GLQK�GòĻQJ�
KŅX�Fð�NKÄF�QKDX�îŠQ�KÃP�OòļQJ�QLWUDW�WURQJ�FÅ\�

UDX�[Ã�OÄFK�

ïðQ�YĞ��PJ�NJ�
+ÃP�OòļQJ�12�

��
&×QJ�WKłF�

9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������
1òĸF�OÆ� ���D� ���D�
6R\PLF�9� ���E� ���E�

6XSHU�KXPH� ���DE� ���DE�

/6'����� ����� ����

&9�� ���� ����

*KL�FKÝ��&ÄF�JLÄ�WUĞ�WUXQJ�EÏQK�FÜQJ�FŮW�PDQJ�
Pħ� FÜQJ� FKŅ� FÄL� OÃ� VDL� NKÄF� NK×QJ� FÖ� à� QJKĝD�
WKŪQJ�NÍ� ĺ� îŮ� WLQ� FŚ\� ���� YÃ� QJòļF� OĀL� NKL� NKÄF�
FKŅ�OÃ�NKÄF�QKDX�OÃ�VDL�NKÄF�FÖ�à�QJKĝD��

7KHR� <HE� 	� <DQJ� ������� >�@�� KŤ� WKŪQJ�
DTXDSRQLFV�WKÝF�îŘ\�KRĀW�îŮQJ�FĦD�YL�VLQK�YŚW�îŢ�
îþP� EþR� QôQJ� VXŖW� FĦD� FÅ\� WUūQJ�� WòðQJ� Wņ� QKò�
WUūQJ� WKĦ\� FDQK�� PŐF� GÜ� QūQJ� îŮ� GLQK� GòĻQJ�
WURQJ� QòĸF� WKòĹQJ� WKŖS� KðQ�� 1JRÃL� UD�� YLŤF� EŬ�
VXQJ�D[LW�KXPLF�YÃ�D[LW�IXOYLF�NKL�WUūQJ�FÅ\�FÖ�WKŢ�
WôQJ�FòĹQJ�NKŪL� OòļQJ� WKÅQ�� Uţ�YÃ�KRĀW�îŮQJ�FĦD�
HQ]\P�$73DVH�WURQJ�Uţ�>��@��ïLšX�QÃ\�FÖ�WKŢ�JLþL�
WKÐFK� WĀL� VDR� YLŤF� SKXQ� GXQJ� GĞFK� GLQK� GòĻQJ�
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6R\PLF�9�OÃP�WôQJ�FÄF�îŐF�îLŢP�VLQK�WUòĺQJ��QôQJ�
VXŖW� YÃ� FKŖW� OòļQJ� FĦD� FÅ\� UDX� [Ã� OÄFK� YÏ� WURQJ�
WKÃQK� SKŗQ� FĦD� 6R\PLF� 9� FÖ� FKłD� D[LW� KXPLF��
WUłQJ��YL�OòļQJ�YÃ�FÄF�YL�VLQK�YŚW�KŅX�ÐFK�SKÅQ�JLþL�
îĀP�WURQJ�GXQJ�GĞFK��SKÅQ�JLþL�FÄF�KļS�FKŖW�KŅX�
Fð�WURQJ�KŤ�WKŪQJ�DTXDSRQLFV��

1LWUDW�OÃ�PŮW�GĀQJ�FKŖW�îĀP�FÖ�PŐW�WURQJ�UDX��
7X\� QKLÍQ�� OòļQJ� QLWUDW� FÖ� WKŢ� WÐFK� WĨ� NKÄF� QKDX�
WURQJ� WŃQJ� ORĀL� UDX�� SKĨ� WKXŮF� YÃR� QKLšX� \ŠX� WŪ�
NKÄF�QKDX��6ņ�[XŖW�KLŤQ�FĦD�QLWUDW�WURQJ�Q×QJ�VþQ�
FÖ� WKŢ�þQK�KòĺQJ� WLÍX�FņF�îŠQ�VłF�NKĒH�FĦD�FRQ�
QJòĹL�YÃ�YLŤF�FÖ�Gò�OòļQJ�QLWUDW�WURQJ�P×�WKņF�YŚW�
YòļW�TXÄ�QJòĻQJ�DQ�WRÃQ�îòļF�FRL�OÃ�FÖ�KĀL��7ŖW�Fþ�
FÄF� F×QJ� WKłF� îšX� FKR� FKĜ� WLÍX�KÃP� OòļQJ� QLWUDW�
WURQJ�[Ã�OÄFK�GòĸL�QJòĻQJ�FKR�SKÌS�WKHR�TX\�îĞQK�
FKR�UDX�DQ�WRÃQ�>��@��%þQJ�����

Ŀ�Fþ���YĨ�KÃP�OòļQJ�QLWUDW�WURQJ�UDX�îšX�WKŖS�
QKŖW� FÖ� à� QJKĝD� ĺ� F×QJ� WKłF� EŬ� VXQJ� GXQJ� GĞFK�
GLQK�GòĻQJ�TXD� OÄ�6R\PLF�9��&×QJ� WKłF� Vń�GĨQJ�

QòĸF� OÆ� YÃ� F×QJ� WKłF� EŬ� VXQJ� GXQJ� GĞFK� GLQK�
GòĻQJ� KŅX� Fð� 6XSHU�+XPH� VDL� NKÄF� NK×QJ� FÖ� à�
QJKĝD� WKŪQJ�NÍ�ĺ�PłF�à�QJKĝD�����Yš�KÃP� OòļQJ�
QLWUDWH� WURQJ� UDX� �%þQJ� ���� ïLšX� QÃ\� FÖ� WKŢ� JLþL�
WKÐFK��YLŤF�SKXQ�GXQJ�GĞFK�GLQK�GòĻQJ�6R\PLF�9�
FÖ�FKłD�D[LW�KXPLF�� WUłQJ��YL� OòļQJ�YÃ�FÄF�YL�VLQK�
YŚW�KŅX�ÐFK�JLÝS�FKR�FÅ\�[Ã�OÄFK�FÖ�NKþ�QôQJ�SKÅQ�
JLþL�îĀP�WURQJ�FÅ\��SKÅQ�JLþL�FÄF�KļS�FKŖW�KŅX�Fð�
WURQJ�KŤ�WKŪQJ�DTXDSRQLFV�JLÝS�FKR�FÅ\�[Ã�OÄFK�FÖ�
NKþ� QôQJ� Vń� GĨQJ� îĀP� WŪW� KðQ� VR� YĸL� FÄF� F×QJ�
WKłF�FÕQ�OĀL��

�����&ÄF�FKĜ�WLÍX�Yš�VLQK�WUòĺQJ��SKÄW�WULŢQ�FĦD�
FÄ� WUÍ�SKL�ĺ�FÄF� OŗQ� WKHR� GØL� WURQJ�TXÄ� WUÏQK� WLŠQ�
KÃQK�WKÐ�QJKLŤP�

&ÅQ� NKŪL� OòļQJ� FÄ� QJřX� QKLÍQ� EDQ� îŗX� WKHR�
WKĹL� NÏ� VLQK� WUòĺQJ� FĦD� UDX� ���� QJÃ\� FÅQ� �� OŗQ���
PŭL�OŗQ�îR���FÄ�WKŢ�FÄ�WUÍ�SKL�VŪ�OLŤX�îòļF�WKŢ�KLŤQ�
TXD� EþQJ� ��� &Ä� QX×L� îòļF� WKþ� ��� QJÃ\� WUòĸF� NKL�
WUūQJ�UDX��

%þQJ����&ÄF�FKĜ�WLÍX�Yš�VLQK�WUòĺQJ��SKÄW�WULŢQ�FĦD�FÄ�WUÍ�SKL�WĀL�FÄF�OŗQ�WKHR�GØL�

9Ĩ�WKX�QôP������ 9Ĩ�î×QJ�QôP������
&KĜ�WLÍX�FÄ�

ïR�OŗQ��� ïR�OŗQ��� ïR�OŗQ��� ïR�OŗQ���

.KŪL�OòļQJ�WUXQJ�EÏQK�FÄ��JDP�FÄ�� ������������ ����������� ����������� �����������

�&KX�YL�FÄ��FP�� ���������� ��������� ��������� ���������

ïòĹQJ�NÐQK�FÄ��FP�� ��������� ��������� ��������� ���������

&KLšX�GÃL�FÄ��FP�� ��������� ��������� ��������� ���������

.ŠW�TXþ�EþQJ���FKR�WKŖ\��FÄF�FKĜ�WLÍX�Yš�FÄ�îšX�
WôQJ�OÍQ�WKHR�FÄF�îļW�îR�ĺ�Fþ���YĨ��ĺ�YĨ�î×QJ�FÄF�
FKĜ� WLÍX� Yš� FÄ� îšX� FDR� KðQ� VR� YĸL� YĨ� WKX� YÏ� WKHR�
WKĹL� JLDQ� FÄ�îÆ� OĸQ�KðQ��7URQJ�YĨ� WKX�QôP�������
NKŪL� OòļQJ�FÄ� WUXQJ�EÏQK�îR� OŗQ��� OÃ� ������J�FRQ�
îŠQ�OŗQ���îÆ�WôQJ�OÍQ�����J�VR�YĸL�NKŪL�OòļQJ�îR�OŗQ�
���&KX�YL�FÄ�ĺ���OŗQ�îR�NK×QJ�WKD\�îŬL��7X\�QKLÍQ��
îòĹQJ�NÐQK�FÄ�YÃ�FKLšX�GÃL�FÄ�ĺ�OŗQ�îR���îšX�WôQJ�
VR� YĸL� OŗQ� îR� ��� 7URQJ� YĨ� î×QJ� QôP� ������ NKŪL�
OòļQJ�FÄ�WUXQJ�EÏQK�îR�OŗQ���FDR�KðQ�OŗQ���OÃ����J��
&KX� YL� FÄ� FĦD� OŗQ� �� FħQJ� KðQ� OŗQ� �� OÃ� ���� FP��
ïòĹQJ� NÐQK� FÄ� YÃ� FKLšX� GÃL� FÄ� îR� OŗQ� �� îšX� FDR�
KðQ�OŗQ�îR���OŗQ�OòļW�OÃ�����FP�YÃ���FP�WòðQJ�łQJ��

1Kò�YŚ\��FÖ�WKŢ�WKŖ\�UØ�Vņ�JLD�WôQJ�FĦD�FÄF�FKĜ�
WLÍX� QôQJ� VXŖW� FÄ� WKHR� WKĹL� JLDQ� YÃ� WŃQJ� îļW� WKX�
KRĀFK��KŤ�WKŪQJ�DTXDSRQLFV�NK×QJ�FÖ�þQK�KòĺQJ�

îÄQJ� NŢ� îŠQ� TXÄ� WUÏQK� VLQK� WUòĺQJ� YÃ� SKÄW� WULŢQ�
FĦD�FÄ�WUÍ�SKL�WURQJ�EŢ��

�����6ņ�WòðQJ�TXDQ�JLŅD��îŮQJ�WKÄL�UD�OÄ�YÃ�FKĜ�
VŪ�63$'�YĸL�QôQJ�VXŖW�WKņF�WKX�FĦD�UDX�[Ã�OÄFK�

7òðQJ� TXDQ� WKXŚQ� YÃ� FÖ� à� QJKĝD� ĺ� PłF� îŮ�
������JLŅD�VŪ�OÄ�FÅ\�YÃ�FKĜ�VŪ�63$'�YĸL�QôQJ�VXŖW�
WKņF�WKX�ĺ�FÄF�F×QJ�WKłF�WKÐ�QJKLŤP�YÃ�ĺ�Fþ�KDL�YĨ�
�WKX�î×QJ�YÃ�î×QJ�QôP��������ïLšX�QÃ\�FKR�WKŖ\��
FÄF� FKĜ� WLÍX� VLQK� WUòĺQJ�� VLQK� Oà� FÖ� WòðQJ� TXDQ�
WKXŚQ�YÃ�FKŐW�YĸL�QôQJ�VXŖW� WKņF� WKX�FĦD�FÅ\�UDX�
[Ã�OÄFK�WUūQJ�WURQJ�KŤ�WKŪQJ�DTXDSRQLFV��+ÏQK����
���� 'R� YŚ\�� YLŤF� EŬ� VXQJ� GXQJ� GĞFK� GLQK� GòĻQJ�
KŅX�Fð�TXD�OÄ�JLÝS�FÅ\�UDX�[Ã�OÄFK�WôQJ�FÄF�FKĜ�WLÍX�
VLQK� WUòĺQJ�� VLQK� Oà�� WŃ� îÖ�� JÖS� SKŗQ� WôQJ� QôQJ�
VXŖW�FĦD�FÅ\�WUūQJ��
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�
+ÏQK����6ņ�WòðQJ�TXDQ�JLŅD�VŪ�OÄ�FÅ\�YĸL�
QôQJ�VXŖW�WKņF�WKX�FĦD�UDX�[Ã�OÄFK�

�
+ÏQK����6ņ�WòðQJ�TXDQ�JLŅD�FKĜ�VŪ�63$'�YÃ�QôQJ�

VXŖW�WKņF�WKX�FĦD�UDX�[Ã�OÄFK�
���.ť7�/8ş1�9£�.,ť1�1*+ģ�
�����.ŠW�OXŚQ�
9LŤF� EŬ� VXQJ� GLQK� GòĻQJ� KŅX� Fð� TXD� OÄ� NKL�

WUūQJ�UDX�[Ã�OÄFK�WURQJ�KŤ�WKŪQJ�$TXDSRQLFV�JLÝS�
WôQJ�FÄF� FKĜ� WLÍX� OLÍQ�TXDQ�îŠQ� VLQK� WUòĺQJ�� VLQK�
Oà��QôQJ�VXŖW�YÃ�FKŖW� OòļQJ�FĦD�UDX�[Ã�OÄFK�ĺ�Fþ���
YĨ�QJKLÍQ�FłX��&ÄF�FKĜ�WLÍX�Yš�VŪ�OÄ�FÅ\�YÃ�FKĜ�VŪ�
63$'�FÖ�WòðQJ�TXDQ�WKXŚQ�YĸL�1677�FĦD�FÅ\�UDX�
[Ã� OÄFK��7URQJ�FÄF�F×QJ�WKłF�WKÐ�QJKLŤP��YLŤF�EŬ�
VXQJ�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�6R\PLF�9�TXD�
OÄ�îÆ�OÃP�WôQJ�FÄF�FKĜ�WLÍX�Yš�VLQK�WUòĺQJ��VLQK�Oà�
YÃ� QôQJ� VXŖW� FĦD� FÅ\� UDX� [Ã� OÄFK� WURQJ�KŤ� WKŪQJ�
DTXDSRQLFV�VR�YĸL�FÄF�F×QJ�WKłF�FÕQ�OĀL��1677�FĦD�
F×QJ� WKłF� SKXQ�6R\PLF�9� îĀW� � ����J�FKŚX� WURQJ�
YĨ� WKX� FDR� KðQ� ����� YÃ� ������� VR� YĸL� F×QJ� WKłF�
SKXQ�6XSHU�+XPH�YÃ�QòĸF�OÆ��7òðQJ�Wņ�F×QJ�WKłF�
EŬ� VXQJ�6R\PLF�9� FÖ�QôQJ� VXŖW� WKņF� WKX�îĀW�����
J�FKŚX� WURQJ�YĨ�î×QJ��FDR�KðQ������YÃ��������VR�
YĸL�F×QJ�WKłF�SKXQ�6XSHU�+XPH�YÃ�SKXQ�QòĸF� OÆ�
WòðQJ�łQJ��7Ń�FÄF�NŠW�TXþ�QJKLÍQ�FłX��GXQJ�GĞFK�
GLQK�GòĻQJ�KŅX�Fð�6R\PLF�9�OÃ�Vņ�OņD�FKĔQ�WŪL�òX�
QKŖW�FKR�YLŤF�VþQ�[XŖW�UDX�[Ã�OÄFK�WURQJ�KŤ�WKŪQJ�
DTXDSRQLFV�YĸL�JLÄ�WKŢ�OÃ�îŖW�VÌW�QXQJ��

�����.LŠQ�QJKĞ�
&Ö�WKŢ�SKÄW�WULŢQ�VþQ�[XŖW�UDX�[Ã�OÄFK�WURQJ�KŤ�

WKŪQJ�DTXDSRQLFV�YÃ�QÍQ�EŬ�VXQJ�WKÍP�GXQJ�GĞFK�
GLQK�GòĻQJ�KŅX�Fð�TXD� OÄ�6R\PLF�9�îŢ�FKR�QôQJ�
VXŖW�UDX�[Ã�OÄFK�îĀW�WŪL�òX�QKŖW��

7£,�/,ũ8�7+$0�.+ă2�
���7UĞQK�.KŌF�4XDQJ��7×�7KĞ�7KX�+Ã�YÃ�3KĀP�

7KĞ�0LQK�+XŤ���������.KþR�QJKLŤP�FÄF�JLŪQJ�[Ã�
OÄFK�QKŚS�QŮL�YÃ�Nı�WKXŚW�EÖQ�SKÅQ�FKR�JLŪQJ�[Ã�
OÄFK�WULŢQ�YĔQJ��7ĀS�FKÐ�1×QJ�QJKLŤS�YÃ�3KÄW�WULŢQ�
1×QJ�WK×Q����������������������

��� 1JX\ţQ� 1JÅQ� +Ã�� 1JX\ţQ�0LQK� 3KòðQJ��
1JX\ţQ�0DL�$QK���������ïÄQK�JLÄ�KLŤQ�WUĀQJ�P×L�
WUòĹQJ� îŖW� YÃ� Vņ� WÐFK� Oħ\� PŮW� VŪ� NLP� ORĀL� QŐQJ��
QLWUDW� WURQJ� UDX� WUūQJ�ĺ�SKòĹQJ�<ÍQ�1JKĝD�� TXŚQ�
+Ã�ï×QJ��WKÃQK�SKŪ�+Ã�1ŮL��7ĀS�FKÐ�.KRD�KĔF�ïĀL�
KĔF�4XŪF� JLD�+Ã�1ŮL�� &ÄF�.KRD� KĔF� 7UÄL� îŖW� YÃ�
0×L�WUòĹQJ������6��������������

��� 3KĀP�7LŠQ�'ħQJ�� ïÃR�&KÅX� 7KX�� /Í� 9ôQ�
+òQJ��1JX\ţQ�+ūQJ�+ĀQK��1JX\ţQ�7KĞ�¤L�1JKĝD��
3KÐ� 7KĞ� 'LţP� +ūQJ�� 1JX\ţQ� 7KĞ� 1JĔF� 'LQK�
��������*LÄR� WUÏQK�1×QJ�QJKLŤS�KŅX� Fð��1[E�ïĀL�
KĔF�1×QJ�QJKLŤS��

���1JX\ţQ�7KĞ�1JĔF�'LQK��3KĀP�7LŠQ�'ħQJ��
1JX\ţQ�+ūQJ�+ĀQK��7UŗQ�$QK�7XŖQ���������+LŤX�
TXþ� Vń� GĨQJ� � FĦD� GXQJ� GĞFK� GLQK� GòĻQJ� KŅX� Fð�
WURQJ�VþQ�[XŖW�WKĦ\�FDQK�WĝQK�YĸL�FÅ\�UDX��7ĀS�FKÐ�
.KRD�KĔF�YÃ�3KÄW�WULŢQ��������������������

���1JX\ţQ�7KĞ�1JĔF�'LQK��3KĀP�7LŠQ�'ħQJ��
1JX\ţQ�+ūQJ�+ĀQK��ïŭ�7KĞ�7KDQK� ��������+LŤX�
TXþ�FĦD�PŮW�VŪ�ORĀL�GXQJ�GĞFK�GLQK�GòĻQJ�KŅX�Fð�
îŠQ�VLQK�WUòĺQJ��QôQJ�VXŖW�YÃ�FKŖW� OòļQJ�FĦD�UDX�
PXŪQJ�VþQ�[XŖW�EōQJ�F×QJ�QJKŤ�WKĦ\�FDQK�îŮQJ�
YĸL� JLÄ� WKŢ�� 7ĀS� FKÐ�.KRD� KĔF�1×QJ� QJKLŤS� 9LŤW�
1DP��������������������

��� <HS� %�� 	� =KHQJ� <�� �������� $TXDSRQLF�
WUHQGV� DQG� FKDOOHQJHV� �� $� UHYLHZ�� -RXUQDO� RI�
&OHDQHU�3URGXFWLRQ��������������������

��� %X]E\� .�� 0�� 	� /LQ� /�� 6�� �������� 6FDOLQJ�
DTXDSRQLF� V\VWHPV�� %DODQFLQJ� SODQW� XSWDNH� ZLWK�
ILVK�RXWSXW��$TXDFXOWXUDO�(QJLQHHULQJ���������������

��� /LDQJ� /<��	�&KLHQ� <�+�� �������� (IIHFWV� RI�
SKRWRV\VWKHWLF� SKRWRQ� IOX[� GHQVLW\� DQG�
SKRWRSHULRG�RQ�ZDWHU�TXDOLW\�DQG�FURS�SURGXFWLRQ�
LQ�D�ORDFK��0LVJXUQXV�DQJXLOOLFDQGDWXV��HQHVW�IHUQ�
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�$VSOHQLXP� QLGXV�� UDIW� DTXDSRQLFV� V\VWHP�� ,QW��
%LRGHWHU��%LRGHUJU����������������

��� 6ZLQJOH� +�6�� �������� 6WDQGDUGL]DWLRQ� RI�
FKHPLFDO�DQDO\VLV� IRU�ZDWHU�DQG�SRQG�PXGV��)$2�
ILVK��5HS��������������������

���� 7\VRQ� 5�� 9�� �������� 5HFRQFLOLQJ� S+� IRU�
DPPRQLD� ELRILOWUDWLRQ� LQ� D� FXFXPEHU�WLODSLD�
DTXDSRQLFV� V\VWHP� XVLQJ� D� SHUOLWH� PHGLXP�� 3K'�
GLVVHUWDWLRQ��8QLYHUVLW\�RI�)ORULGD��86$��

���� 1JX\HQ�7KL� $L�1JKLD�� 1JX\HQ�7KL�1JRF�
'LQK�� 1JX\HQ� +RQJ� +DQK� 	� 'R� 7KL� +XRQJ�
�������� 6XSSOHPHQWDO� (IIHFWV� RI� 6HOI�([WUDFWHG�
2UJDQLF�1XWULHQW�6ROXWLRQ�RQ�*URZWK�DQG�<LHOG�RI�
:DWHU�6SLQDFK��,SRPRHD�$TXDWLF�)���LQ�$TXDSRQLF�

6\VWHP��9LHWQDP�-RXUQDO�RI�$JULFXOWXUDO�6FLHQFHV��
�������������������

���� &DQHOODV� /�� 3��� 6SDFFLQL� 5��� 3LFFROR� $���
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7KH� ILVK�YHJHWDEOH� V\VWHP� �DTXDSRQLFV�� LV� D� VROXWLRQ� WR� KHOS� SURGXFH� VDIH� YHJHWDEOHV�� VDYH�
QXWULHQWV�DQG� LUULJDWLRQ�ZDWHU��$�RQH�IDFWRU�H[SHULPHQW�ZDV�DUUDQJHG�LQ�D�UDQGRPL]HG�FRPSOHWH�
EORFN� �5&%'�� GHVLJQ� ZLWK� �� GLIIHUHQW� WUHDWPHQWV� �FRQWURO� VSUD\HG� ZLWK� ZDWHU�� VSUD\HG� ZLWK�
RUJDQLF� 6R\PLF� 9� DQG� VSUD\HG� ZLWK� RUJDQLF� QXWULHQW� VROXWLRQ� 6XSHU� +XPH�� ZLWK� WKH�
UHFRPPHQGHG�FRQFHQWUDWLRQ�IRU�OHDI\�YHJHWDEOHV�RI�����ZLWK���UHSOLFDWLRQV�WR�HYDOXDWH�WKH�HIIHFWV�
RI�VSUD\�IROLDU�RUJDQLF�QXWULHQW�VROXWLRQV�RQ�JURZWK��SK\VLRORJ\��\LHOG�DQG�TXDOLW\�RI�OHWWXFH�LQ�WKH�
FRQGLWLRQV�RI�DXWXPQ�DQG�ZLQWHU�FURSV�LQ������LQ�/DR�&DL�SURYLQFH��5HVHDUFK�UHVXOWV�VKRZHG�WKDW�
VSUD\LQJ� IROLDU� RUJDQLF� QXWULHQW� VROXWLRQ� IRU� OHWWXFH� VLJQLILFDQWO\� LQFUHDVHG� WKH� JURZWK��
SK\VLRORJLFDO�DQG�\LHOG�FKDUDFWHULVWLFV��FRPSDUHG�WR�WKH�FRQWURO�WUHDWPHQWV�VSUD\HG�ZLWK�ZDWHU��,Q�
WKH� DTXDSRQLFV� V\VWHP�� DGGLQJ� 6R\PLF� 9� IROLDU� RUJDQLF� QXWULHQW� VROXWLRQ� JDYH� WKH� JURZWK��
SK\VLRORJ\�DQG�\LHOG�LQGLFDWRUV�RI�OHWWXFH�VLJQLILFDQWO\�KLJKHVW�FRPSDUHG�WR�WKH�RWKHU�WUHDWPHQWV��
$GGLQJ�IROLDU�RUJDQLF�QXWULHQW�VROXWLRQ�6R\PLF�9�LQFUHDVHG�WKH�QHW�\LHOG�RI�OHWWXFH�E\��������DQG�
������� LQ� WKH� DXWXPQ� DQG�ZLQWHU� FURSV� LQ� ������ UHVSHFWLYHO\�� FRPSDUHG� WR� WKH� FRQWURO� VSUD\HG�
ZLWK�ZDWHU��7KHUHIRUH��JURZLQJ�OHWWXFH�LQ�WKH�DTXDSRLQFV�V\VWHP�VKRXOG�EH�DGGHG�IROLDU�RUJDQLF�
QXWULHQW�VROXWLRQ�6R\PLF�9��
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