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INTRODUCTION

3b '�&%&-0"�'&( �&%�&%) ' ()��)J ��'40%&��>  +Q  .&%4�&%�RJ �C .1>&"��
�2� @0� D�%&0� &(� ' ��'D&%4� 0� D�O%O0'D� )' %DG� ,)0'-%4� O&)J� ?�?� >  +
J&# (�&%����?�&%�=1()�V�* 0'(�)J ' �J0D�>  %�(J0'.�&%�"&%0-�%�&%�%1;> '�
�2�>  +J&# (��' 0�J&%4��?GV??�>  +J&# (� &%����XG�,&%� �)J %��)J �Y41' (�
0' ��%�() 0D*�D�O%�("�. G�K%�0���'D0%� �O&)J�D0)0�2'�;�)J �@&%&()'*��2�
34'&�1")1' �� /�' ()'*� 0%D�^0) '� 8��%�;*�� &%� ���?� )J � %1;> '� �2� >  +
J&# (�&(�ZGXT��>  +J&# (G

C 0(�%(� 2�'� )J&(� D'�.� &%� &%) ' ()� 2�'� �'40%&�� >  +Q  .&%4� 0' �
%1; '�1(G�7�O�.'&� ��2�� '-Y D��'40%&��J�% *��(;0""�0%D�1%D 'D # "�. D�
;0'Q )��&%0>&"&)*�)���'40%&c �)J ;( "# (�d)J �>  +Q  . '(e�&%�0((��&0-�%(��
"0�Q��2�0..'�# D�2�'�1( �&%.1)(�� )�G

,-""�� &)� &(�J0'D�%�)�)��; %-�%�)J0)�#0()�%1;> '��2� &%D&#&D10"(�)J0)�
 U.' ((� &%) ' ()� )�� > ��; ��'40%&�� Q%�O�P1&) � "&f" � 0>�1)� )J � �'40%&��
.'&%�&." (��0�-#&- (��.'�� ((��2�� '-Y�0-�%�0%D�;0%*��)J '�)J&%4(�)J *�
%  D�)��2�""�O�&%��'D '�)��> ��; �� '-Y D�>  +Q  . 'G

RJ&(�>'��J1' �D� (� U0�)"*�)J0)G�:'�#&D (�Q%�O" D4 �)'0%(2 '�2'�;�
0%� U. '& %� D�&%��'40%&��>  +Q  .&%4�. '(�%�)��0""�&%) ' () D�&%D&#&D10"(�
OJ��0' ���%(&D '&%4�(J&b&%4�)���'40%&��.'1D�-�%G�K)a(�O'&f %�&%� 0(*+)�+
1%D '()0%D� "0%4104 �OJ&" �)J � &%�"1D D� &""1()'0-�%(�0' ���%)'&>1-%4�)��
)J � U."0%0-�%(�4&�# %�&%�) U)�2�';G
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Chapter I – BASIC PRINCPIPLES OF ORGANIC BEE-KEEPING
��	���	��	������	����
��	���	���	���������
RJ �"��0-�%�2�'�.�(&-�%&%4�)J �>  +J&# (�&(�P1&) �0�"&;&-%4�20�)�'G�

RJ ' 2�' �)J&(�%  D(�)��> ���%(&D ' D�2'�;���0(. �)(g
�L 5  .&%4� )J � J&# (� 0O0*� 2'�;� 0' 0(� &%� OJ&�J� 0�-#&- (� 0' � )0Q&%4�

."0� �OJ&�J�D&(P10"&2*�&)�0(�0�."0� ��%�OJ&�J��'40%&��>  +Q  .&%4�&(�

.�((&>" h
�L K2� )J �.�) %-0"� "��0-�%�J0(� )J ��0.0�&)*� )��.'�#&D � %�14J�i2��D�

0%D�O0) 'j�2�'�)J �>  (�0""�* 0'�'�1%DG�
6'40%&�� >  +Q  .&%4� ��%(&D ' (� 1( � �2� %0)1'0"� J�% *� 0%D� .�"" %�

0(�>  (�2  DG�RJ ' 2�' ��)J �"��0-�%�%  D(�)��i.'�#&D j�)J ( �2'�;�)J �
&%D&4 %�1(� J�% *� k�'0� �'� 2'�;� )J � ."0%)(� 4'�O%� �%� ."�)(� OJ&�J� 0("��
� '-Y (�0(��'40%&���0(�&""1()'0) D��%�Y41' ��G

Figure 1 L�."�)�1%D '��'40%&��0%&( 

,)0'-%4�2'�;�3141()� l-""�6�)�> '�)J �."0%)(� &%�)J �#&�&%&%)*��2�)J �
J&# (�%  D�)��.'�#&D � %�14J�P10%-- (��2�% �)0'�0%D�.�"" %��OJ&�J�O&""�
( '# �)J �O&%) '�>  (�0(�2��D�(�1'� ��0(�)J&(�&(�)J �. '&�D�&%�OJ&�J�>  (�
0' �;0Q&%4�O&%) '�2��D�' ( '# (G

3%�)J '� )J&%4� )J � Q  . '� %  D(� )�� �J �Q� &(�OJ )J '� )J � "��0-�%�
i.'�#&D (j� %�14J� ' (�1'� (� d."0%)(� )J0)�>"��;� 0'"*� &%� (.'&%4e� 2�'� )J �
��"�%& (� )�� 2  D� 2'�;�/ >'10'*� )��3.'&"G� K%� )J&(�. '&�D��2� )J �* 0'�>  (�
%  D�)����"" �)�% �)0'�0%D�.�"" %�&%��'D '�)��D # "�.�;0U&;1;�%1;> '�
�2�O�'Q '�>  (G�^&)J�1)�(1m�& %)�%1;> '��2�O�'Q '�>  (��)J ���"�%& (�
&%�)J �. '&�D�@0*�)��W1"*�d0%D�&%�J&4J '� " #0-�%(�1.�)��3141()e�O&""�%�)�
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.'�D1� � 4��D� *& "D(� &%� J�% *� 0%D� �)J '� >  � .'�D1�)(G� K2� &%� 0%*� �2� )J �
;�%)J(�&%�)J&(�. '&�D�)J �."0%)(�( &c �)��>"��;��)J ���"�%& (�O&""�> ��; �
O 0Q�� O&""� "�( � OJ0)� J0D� .' #&�1("*� .'�D1� D� 0%D� &%� ( # ' � �0( (� )J �
��"�%*�;&4J)�D& G� :'�#&D&%4� 2  D� &%� 0� 2�';��2� ��%# %-�%0"� (140'�� (*'1.�
�'��)J '�Q&%D��2���%� %-�%0"�&%) '# %-�%�must not be considered��OJ&" �
1( ��2��'40%&��(140'��'�J�% *�&(�)��� U. %(&# G

N %( ���J��(&%4�)J �'&4J)�"��0-�%�&(��2�1);�()�&;.�')0%� G
K)�&(�)��> �Q%�O%�)J0)�)J ' �0' �"��0-�%(�&%�OJ&�J�0)�� ')0&%�. '&�D�

�2�)J �* 0'�)J ' �&(�0%�0>1%D0%� ��2�(�1'� (��2�% �)0'�0%D�.�"" %G�RJ %��&%�
(1;; '�;�%)J(�D'�14J)�> ��; (�0..0' %)�0%D�&%�(1�J���%D&-�%(�)J ' �
&(�%��."0%)�>"��;��OJ&�J�' (1")(�O&)J�%�)J&%4�2�'�)J �>  (�)����"" �)G�RJ&(�
()'�%4"*�0n �)(� )J �P1  %�)�� "0*� 44(� d # %)�()�.(e�0%D� &%�( # ' ��0( (�
)J � ��"�%*� ()0')� )�� ()0'# G� ,J�1"D� )J&(� ��%D&-�%�> ��2�  U) %(&# �%0)1' �
dW1"*+3141()e�>  (�O&""� %) '�&%�i(1;; '�J*> '%0-�%j�OJ&�J�;0Q (�O  Q�
��"�%& (� &G G� "&;&) D� %1;> '� �2� O�'Q '� >  (G� $"-;0) "*�� &%� )J � O&%) '�
. '&�D� dW0%10'*+/ >'10'*e� )J ( � ��"�%& (� ;&4J)� ( 0&c � )��  U&()G� K2� )J �
O&%) '�&(�;&"D�0%D�)J ���"�%& (�(1'#&# ��)J *�O&""�()'&# �)��D # "�.�%�';0""*�
0%D�)��' 0�J�21""+()' %4)J�D # "�.; %)�> 2�' �)J �;0&%�. '&�D��2�0�-#&)*G�
RJ&(�; 0%(�)J0)�J�% *�*& "D�0%D�.'�D1�-�%��2��)J '�>  �.'�D1�)(�O&""�> �
P1&) �"�O��)J1(�;0Q&%4�# '*�"&f" ��'�%��.'�Y)�0)�0""G

K%�(1�J��0( (�� &)� &(�> ()�)���J0%4 �)J � "��0-�%���%�J&4J '�0"-)1D G�
6%�)J ( � " #0-�%(�)J �21""�>"��;&%4�0�-#&)*��2�)J �."0%)(�&(�0�>&)� "0) 'G�
/1')J ';�' ��)J&(�&(�)J �( 0(�%�&%�OJ&�J�2�' ()0""�."0%)(�0' �>"��;&%4��)J1(�
J0#&%4�0�.�((&>"&")*�)���>)0&%�D0'Q���"�' D�J�% *�d2�' ()��'&4&%eG�RJ �% O�
"��0-�%�must�> �&%���;."&0%� ��2�)J ��'&) '&0�2�'��'40%&��>  +Q  .&%4G�

/'�;� " 40"�.�&%)��2� #& O�� )J � "��0-�%� &(�D ) ';&%&%4� 20�)�'� &%� )J �
� '-Y�0-�%�.'�� ((G�,J�1"D�)J ' �&%�'0D&1(��2�T�Q;�> �0�.'�� ((&%4�20�&"&)*�
 ;&o%4�.�""1)0%)(�� )J � "��0-�%� �0%%�)� > � ��%(&D ' D� 2�'� � '-Y�0-�%G�
RJ � (0; �J0.. %(� &2� &%� )J � (1''�1%D&%4�0' 0��'�.0�0' �> &%4�4'�O%� &%�
&%) %(&# �O0*��%�"0'4 �."�)(��2�"0%DG�RJ ' �;1()�%�)�> �'�0D(�O&)J�J&4J '�
# J&�" � 2' P1 %�*� &%� )J �#&�&%&)*��2� )J � "��0-�%���'�% 0'� )J �."0� � 2'�;�
OJ ' �)J �>  (�0' ���"" �-%4�% �)0'��.�"" %�0%D�.'�D1�&%4�.'�.�"&(G�N&# (�
&%� �"�( � .'�U&;&)*� )�� ' 4&�%0"� '�0D(�� ' 40'D" ((� �2� "�O� # J&�" � &%) %(&)*�
�0%%�)� > � ��%(&D ' D� 2�'� � '-Y�0-%� )��G� C&(Q� 0%0"*(&(� 0%D� �J ;&�0"�
0%0"*(&(� �0%� ( '# � 0(� 0%� &%()'1; %)� )�� ' (�"# � )J � D&" ;;0� &2� � ')0&%�
"��0-�%�&(�(1&)0>" ��'�%�)G
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Figure 2 L�,1&)0>" �"��0-�%�2�'�.�(&-�%&%4�)J �J&# (

Figure 3 L�,1&)0>" �"��0-�%�2�'�.�(&-�%&%4�)J �J&# (

��	����!"���	���	"�������	���	���	��	��#����	���	$��!��# 
RJ �;�()� 2' P1 %)�;0) '&0"� 2�'� J&# � .'�D1�-%� &%� )J � C .1>"&�� �2�

@0� D�%&0� &(�O��DG�N�O # '�� )J ' �0' � U0;. (�2�'�J&# (�.'�D1� D��2�
.0(-���'�,)*'�2�0;G�@�()�2' P1 %)"*�.&% ��Y'��.�."0'��0(. %�0' �1( D�0(�
O��D�' (�1'� G�K%�)J �20>'&�0-�%�.'�� ((�&)�&(�0""�O D�)��1( ; )0"�%0&"(��
>�")(�O&' �0%D�; )0"�(J  )(G��"1 (���%)0%&%&%4�(*%)J -��;0) '&0"(��OJ&�J�
)J'�14J� #0.�'0-�%��0%�4 )� &%� )�1�J�O&)J�>  �.'�D1�)(�0' �.'�J&>&) D�
2�'�1( G
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K%�0���'D0%� �)��)J �;0) '&0"(� )J � P1&.; %)� 2�'�D&(0f0�J&%4�)J �
2'0; (�� )J � � %)'&214 �� J�% *� ()'0&% '(� 0%D� J�% *� ()�'04 � # (( "(�� )J �
�'40%&��.'&%�&." (�D��%�)�J0# �( )�;�' �()'&�)�' 41"0-�%�0(���;.0' D�)��
)J ���%# %-�%0"�.'&%�&." G�K%�0%*��0( ��&)�&(�' P1&' D�)��2�""�O�&%�21""�)J �
0.."&0%� ��2�)J ����D�E  +5  . 'a(�:'0�-� G

RJ ' a(� %�)� ;1�J� D&n ' %� � O&)J� ��%# %-�%0"�  P1&.; %)� O&)J�
' 40'D� )�� )J � ' ;0&%&%4� &%# %)�'*� >  +Q  . '(� 0' � 1(&%4� &%� )J &'� D0&"*�
'�1-% ��(1�J�0' g�)J �2'0; �(J�# "��)J �J0;; '��P1  %� U�"1D '�(J�# "��
J&# �)��"��.'*�%0&"���"0O�J&# �)��"�� )�G�6%�)J ��)J '�J0%D�� P1&.; %)�1( D�
2�'� 0.."&�0-�%��2� (*%)J -��;0) '&0"(�must not > �1( D� &%��'40%&��>  +
Q  .&%4�.'0�-� ��0(�&)��0%���%)0;&%0) �>  �.'�D1�)(G

RJ �.'�) �-�%�040&%()�O 0)J '�)��)J �J&# (�0%D� U) %(&�%��2�)J &'�
 U."�0)0)0&�%�. '&�D�' "& (��%�( # '0"�)J&%4(G�/&'()"*��)J �J&# (�%  D�)��> �
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CHAPTER II – BEE-KEEPING TECHNOLOGY
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%�';0"��0%D�%��J�% *�*& "D�(J�1"D�> � U. �) DG�RJ&(�" 0D(�)��0���%�"1(&�%�
)J0)�)J �>  +Q  . '�(J�1"D�;�' �2' P1 %)�O&)J�0�.' ( %� �&%�)J&(�;�%)JG

K%�;0%*� �0( (�� )J �>  (� (O0';��0%�> �D�D4 D� &%)�� �" 0%�� 2' (J"*�
.' .0' D�J&# �'1>> D�O ""�O&)J� " ;�%�>0";G�E  (�("�O"*�0%D�;0((&# "*�
O&""�()0')� %) '&%4�)J �J&# ��OJ&�J�D� (�)J �P1  %�)��G
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Figure 9�L�:'&;&-# �)*. ��2�J&# �2�'�(O0';���"" �-�%

K%�)J � # %&%4�J�1'(�)J �(O0';��0%�> �)'0(%2 ' D�)��0�.' .0' D�J&# �
O&)J�2'0; (�O&)J�J�% *��;>�2�1%D0-�%(G�RJ&(�J&# �(J�1"D�> �.�(&-�% D�
�%�&)(�. ';0% %)�."0� ��)��;0'Q�&)�&%���'' (.�%D %� �)��)J �)*. ��2�)J �
��"�%*� dY'()�� ( ��%D�� )�G� (O0';�� &%�OJ&�J� )J ' �0' �*�1%4��1%2 '-"&c D�
P1  %(eG

3.4.2. Swarm nurturing 
M1')1'&%4� (O0';(� 0%D� )J � �)J '� ��;;1%&- (� (O0'; D� &%� W1"*�� &(�

 (. �&0""*� (&4%&Y�0%)� 2�'� )J � ( ��%D� J0"2� �2� )J&(� ;�%)J� OJ %� %1;> '�
�2�>"��;&%4�."0%)(�D �"&% ��0%� 0(&"*� " 0D� )�� )J �(&)10-�%� &%�OJ&�J� )J �
(O0';(� 0%D� )J � ��"�%& (� )�� 20� � J1%4 'G� RJ ' 2�' �� &2� % � ((0'*�� )J �
��"�%& (�0%D�(O0';(�0' �0DD&-�%0""*�2 D�O&)J�J�% *��'�(*'1.�&%�0�2�';��2�
0DD D�2'0; (�Y"" D�O&)J�J�% *�)0Q %�0O0*�2'�;�)J �.'�D1�-# �20;&"& (G�
3"(��� &2� % � ((0'*�� )J � (O0';(� 0' � .'�#&D D� O&)J� (1m�& %)� ' ( '# (� �2�
.�"" %�0%D�O&)J�O ""+>1&")�J�% *��;>G

K2� )J ' � &(� 0%�  U) %D D� . '&�D�O&)J� J&4J� ) ;. '0)1' (�� )J ' � &(� 0��
%  D� )��> � "��Q��# '� )�� )J �.�((&>&"&)*��2��# 'J 0-%4� )J �(O0';(G�RJ&(�
�0%�J0.. %�&2�)J ���"�%& (�0' �"��0) D�&%�."0� (�OJ ' �)J ' �&(�%��(J0D G�
K%�(1�J��0( �&)� &(�% � ((0'*�)��' "��0) �)J �(O0';(�&%�(J0D ��2�)'  (���'�
)��.'�#&D �(J0D&%4�O&)J�>'0%�J (��'  D(��'��)J '�J0%D*�;0) '&0"��;0Q&%4�
(1' �)��0#�&D�20""&%4�;0) '&0"�0%D��"�(&%4�)J �D��'��2�)J �>  (�&%�)J �J&# G
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'�?�	%���������	���	�����������	������!"���	��	���	��������	
3.5.1. Feeding
6%� �)J �0&'�) ;. '0)1' � U�  D(��A�p�I�D )0&" D�&%(. �-�%��2�>  �

20;&"& (�(J�1"D�> �. '2�'; DG�W1()�"&Q �)J �Y'()��J �Q��)J&(��J �Q�(J�1"D�> �
0(�(J�')�0(�.�((&>" ��>1)�0f %-�%�(J�1"D�> �4&# %�)��0""�2'0; (�&%�)J �J&# G

K)�&(�D (&'0>" �)��"��0) �)J �P1  %a(�&%�)J �J&# �0%D��J �Q�&2�&)�;�# (�
d20()�0%D�()'�%4��'�O 0Q�0%D�("�O"*e��OJ )J '�;0Q (�> D(�&%�)J �2�';��2�
��%� %)'&���&'�" (�0%D�&%) %(&# "*���'�> D�&(���"�'21"�0%D�D&n1( DG�,)'�%4�
0%D�J 0")J*�P1  %�&(�;�#0>" �0%D�;0Q (�> D(�&%�)J �2�';��2���%� %)'&��
�&'�" (G� K2� )J � P1  %� > J0# � 0(� D (�'&> D�� )J � OJ�" � ��"�%*� O&""� %�)�
.'�4' ((�&%�)J �2�')J��;&%4�. '&�DG

Figure 10�L�E D�;0D ��2�4��D�P1  %�&%�@0'�J

8����
R��.'�#&D � 2��D� 2�'� )J �% O�> D��2�OJ&�J� *�1%4�>  (�O&""� J0)�J��

)J ' �(J�1"D�> �;�' �J�% *�&%�)J&(�. '&�D�&%�)J �J&# G�3"(���D1'&%4�)J �Y'()�
�J �Q�(. �&0"�0f %-�%�OJ�1"D�> �4&# %�)��)J �J 0")J���%D&-�%��2�)J �> D�
0%D�0D1")�>  (G

!0)0�2'�;�)J&(�D )0&" D�' #& O�0' �#0"10>" �2�'�21')J '�0�-�%��2�)J �
>  Q  . 'G�/&'()"*���" 0%�)J �>0(Q )(�&%�OJ&�J�>  ���;;1%&- (�0' �D 0DG�
K)�O&""�4�# �1(�&D 0�2�'�)J �' 0(�%��2�)J �D 0)JG�K2�2�1%D� ;.)*�2'0; (�0%D�
 ;.)*�� ""(�O&)J�1)�J�% *�)J %�&)�&(��" 0'"*�)J0)�)J �>  ���"�%*�J0(�D& D�
�2�J1%4 'G
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E1)��&%��0( �)J ' �&(�>  (a�2 � (��%�)J �2'0 ;(��0%D�J�% *�&%�)J �J&# ��
)J %�)J ���"�%*�J0(�D& D�D1 �%�( ;�(&(G�RJ ( ���"�%& (�;1()�>1'% D�0%D�
)J �J&# (�)��> �D&(&%2 �) DG

I�"�%& (�)J0)�J0# �" ((�)J0%�T����1.& D�2'0; (�O&)J�>  (�0' �# '*�
O 0Q�0%D�(J�1"D�> �; '4 D�O&)J��)J '���"�%& (G�,1�J�%0''�O&%4��2�)J �
>  (a�% ()�&(�# '*�&;.�')0%)�> �01( �&%�)J&(�O0*�Q  .(�)J �J 0)�&%�)J �>  �
��;;1%&)*�0%D�' D1� (�)J ���%(1;.-�%��2�J�% *��0%D�&%�' 0( (�)J �> DG

RJ � ; '4 '� �2� )J � O 0Q� >  J&# (� 0%D� O&)J�1)� P1  %� (J�1"D� > �
D�% �O&)J���"�%& (�)J0)�0' �; D&1;�&%�()' %4)JG�@&U&%4�O 0Q�O&)J�O 0Q�
>  J&# (� 1(10""*� D� (� %�)� O�'QG� RJ � > ()� ) �J%&P1 � 2�'� =�&%&%4� )O��
>  J&# (�&(�O&)J�)J �0DD&-�%��2�)J �O 0Q�)��0�()'�%4 '���"�%*��>*�&%( '-%4�
0�(J  )��2�% O(.0. 'G

/&'()��)��)J �"�O '�0%D�()'�%4 '���"�%*�)J0)�;0&%)0&%(�&)(�.�(&-�%�O �
' ;�# �)J ���# '��)J � U�"1D '�0%D�&%% '���# 'G�K%�."0� ��2�)J � U�"1D '�
0� (J  )��2� % O(.0. '� &(� &%( ') D���%�OJ&�J�O �J0# �;0D � )O�� +� )J'  �
(;0""� ("&)(� O&)J� 0� " %4)J� �2� ( # '0"� � %-; ) '(G� 3b '� )J&(� .' .0'0-�%��
0%�)J '�(1. '� &(� &%( ') D�OJ&�J�(J�1"D�' � &# �)J �>  (�2'�;�)J �O 0Q�
��"�%*G�K%�0�2 O�D0*(�)J �>  (�2'�;�>�)J���;.0%& (�O&""�4'0D10""*��J O�
)J �% O(.0. '��0%D�&%�)J �; 0%-; �O&""� P10"&c �)J �(; ""�0%D�O&""�1%&) �
0'�1%D�)J �> DG�RJ �2'0; (�O&)J�J�% *��&2�0%*���2�)J �O 0Q���"�%*�( '# �
0(�2  D�2�'�)J �0�� " '0-�%��2�)J �(.'&%4�D # "�.; %)G

K%�)J&(�;�%)J�&)�&(�%�)�' ��;; %D D�)��&%( ')�J�% *��;>�2�1%D0-�%(��
1%" ((� &%� 0� �0( � �2�  ; '4 %�*��OJ %� )J ' � 0' � J&4J� ) ;. '0)1' (� 0%D�
;0((&# �>"��;��2�k�O '&%4�."0%)(

3.5.2.����!���
��	���	�����#	����"�	����	����&��"�	�����
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6% ��2�)J �Y'()�)0(Q(��2�)J �>  Q  . '�&%�3.'&"�&(� U.0%D&%4�>  �% ()G
K%��0( ��2���"�%& (�)J0)�&%�@0'�J�O ' �%0''�O D�)��0(�;0%*�2'0; (�

0(����1.& D�>*�)J �>  (�0%D�O ' �O ""�O0'; D��)J ( ���"�%& (�&%�)J �Y'()�
D �0D ��2�3.'&"�0' �;0((&# "*�Y"" D�O&)J�>  (��)J &'�.' ( %� ��0%�> �2 ")���
0%D�)J �2'0; �)J0)�.' � D (�)J �"0()��% �&(�.' .0' D�2�'�"0*&%4G�RJ&(�&(�)J �
'&4J)�2�'�)J �% O�2'0; (�)��> �&%( ') DG

3DD D�2'0; (��0%�> �>1&")�0%D� # %�> f '�&2�)J *�J0# ��0.. D�J�% *G�
K)��0%�> �.0'-0""*�1%�0.. D�OJ&�J�O&""�&%) %(&2*�)J �2  D&%4�.'�� ((�OJ&" �
 ;.- D�� ""(�0' �"0* D�>*�)J �P1  %

RJ �  ()0>"&(J D� J�% *��;>� 2�1%D0-�%� &(� &%( ') D� > )O  %� )J �
2'0; �)J0)�J0(� 44(�0%D�)J �2'0; ��%�OJ&�J�)J ' �&(�k�O '�D1()G�/�""�O&%4�
)J � (0; � .'&%�&." (�� 1%>1&")� 2'0; (� 0' � &%( ') D� �%�OJ&�J� J�% *��;>�
2�1%D0-�%(�&(�.�(&-�% DG�3b '��+T�D0*(���J �Q�&2�)J �2'0; �J0(�>  %�21""*�



25

>1&")�0%D� "0* D�O&)J� 44(G� K2�Y"" D�O&)J� 44(��0%�)J '� 2'0; � &(� &%( ') D��
)J&(�-; ��%� )J ��..�(&) �(&D ��2� )J � "0* 'G�,1�J� 44+"0* '� U.0%(&�%� &%�
20#�1'0>" � * 0'(� �0%� .'�#&D � 1.� )�� ���  44+"0* D� 2'0; (� &%� !0D0%� E"0)�
J&# (G

K%� ()'�%4� 70%4()'�)J� J&# (� )J � D # "�.; %)� &(� 0�� " '0) D� >*�
' "��0-%4� )J � k��'(� &G G� )J � 1.. '� k��'� &(� .�(&-�% D� D�O%��OJ&" � )J �
"�O '��% �4� (�1.G�E*�D�&%4�)J&(��)J ���"�%*�()0')(�;�#&%4�)J �J�% *�)��
)J �1.. '�>�U�� )J �P1  %�;�# (� )�� )J0)�>�U� )���0%D�()0')(� )�� "0*� 44(�
&%) %(&# "*G�

K%�3.'&"��&)�&(�)��> �Q%�O%�)J0)�&%�� ')0&%��0( (�0"' 0D*�()�' D�2  D��0%�
> ��; �0%��>()0�" � 2�'� &%) %(&# �D # "�.; %)G�@�()� 2' P1 %)�; )J�D�
&(�>*�D �0..&%4� )J �J�% *�0.(��%�0%�0' 0��2�����;���%�)J � 2'0; (� 21""�
O&)J�J�% *G�K%�.'0�-� ��)J&(�4&# (�4��D�' (1")(��0%D���;>&% D�O&)J�)1'%&%4�
 0# '*�( ��%D�2'0; �>*��A�s�)J �D # "�.; %)�OJ�1D�&%) %(&2*G

,. 0Q&%4�&%�)J&(�;0%% '��2�'� D���"�%*�D # "�.; %)�0%D� U.0%(&�%�
�2�"0* '�1%&)��&)�(J�1"D�> � ;.J0(&c D�)J0)�.' ;0)1'0"� U.0%(&�%��0%�J0';�
)��)J �D # "�.; %)��2�)J ���"�%*G

3.'&"�&(�)J �;�%)J�)J0)��0%�> ���"D�O 0)J '�0%D�&%�(1�J��0( (��&%��'D '�)��
Q  .���"�%*a(�D # "�.; %)���%-%1�1(�� )J *�(J�1"D�> �O0'; D�1.�0%D�
2  D&%4�2'�;�)J �D �0.. D�J�% *��;>(�L�&%) %(&Y DG

Figure 11L�K%) %(&# �D # "�.; %)� 44+" * '�( �-�%

@0%&.1"0-�%�O&)J� )J � >�U (� �2� )J � 70%4()'�)Ja(� J&# � (&4%&Y�0%)"*�
�0%� ' D1� � (O0';&%4� &(-�)�� OJ&�J� 1(10""*� ���1'(� &%� 3.'&"G� $(10""*�� 0""�
)J0)�%  D(�)��> �D�% �&(�)��;1)10"")*�' ."0� �)J �>�U (G�3(�(��%�0(�4��D�
O 0)J '�&(��%�)J �>'&%Q��>�U (��0%�> �' ()'1�)1' D�&G G�)J �1..�'�>�U�&%�
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OJ&�J�)J � 44(�0' �"��0) D�0%D�)J �#0()�;0=�'&)*��2�)J �2  D�&(�4�&%4��%�
)J �"�O '�>�U��OJ&" �)J �"�O '�>�U�' ."0� (�)J �1.. '��% G

,O0';&%4�.' # %-�%��0%�> �. '2�'; D�&%�( # '0"�O0*(g
�• � E*� 0DD&%4� J�% *��;>� 2�1%D0-�%(� 2�'� >1&D&%4� 0%D�  U.0%(&�%� �2�

)J �>'��D�>�U�0%D�D  .�J�% *�(1. 'G�RJ&(�O&""� ' (1")� &%� &%�' 0(&%4�
)J � %1;> '� �2� *�1%� >  (� OJ�� J0# � 0%� &%(-%�)� )�� .'�D1� � #0U�
0%D� )�� >1&"D� % O� J�% *��;>� 2�1%D0-�%(G� RJ&(� (J�1"D� > � 1( D�
2�'�&%�' 0(&%4�#0U�.'�D1�-�%��OJ&�J�0n �)(�&%�' D1�&%4�)J �(O0';�
&%(-%�)�O&)J�)J �>  (G�

�• ��E*�"&;&-%4�)J �P1  %a(�0�� ((�)���%"*��% �>�U��&%��'D '�)��&%�' 0( �
.'�D1�-�%��2�J�% *G
RJ ' �0' ��.�(&)��.&%&�%(�OJ %�&)���; (�)��)J �P1  %a(�"&;&-0-�%(�

)��"0*� 44(G�K%�.'0�-� ��(1�J�0..'�0�J�J0(�(�; �' (1")(�(&%� �>*�"&;&-%4�
P1  %a(�;�# ; %)(�)���%"*��% �>�U��" 0# (�"0'4 �(.0� �2�'�()�'&%4�J�% *G�
/1')J '�; ��(;0"" '�J�% *�P10%-- (�0' �1( D��0%D�)J �(O0';&%4�&%(-%�)�
&(�( # ' "*�' D1� DG�E1)�� &2� )J �>"��;&%4�. '&�D� &(� U) %D D�0%D�)J ' a(�
0>1%D0%� ��2�% �)0'��' D1� D�%1;> '��2� 44(�O&""�' (1")�&%�' D1� D�>  (a�
%1;> '��(��)J �.'�D1�-�%��2�)J ���"�%*�O&""�(&4%&Y�0%)"*�> �' D1� DG�K%�
(1�J��0( ��"&;&-%4�P1  %a(�;�# ; %)�&(���1%) '.'�D1�-# G

'�J�	����&	�)����
��
^J %�)J �>  (�J0# �Y"" D�)J ��0.(�O&)J�J�% *��)J �Q  . '�(J�1"D�

()0')� )��.' .0' � 2�'�J�% *� U)'0�-�%G� K)� &(� &;.�')0%)� )�� ;.J0(&c � )J0)�
J�% *�  U)'0�-�%� &(� %�)� 0� .'�� D1' � )J0)� (J�1"D� > � . '2�'; D� > 2�' �
)J �J�% *�J0(�;0)1' DG�R��� 0'"*� U)'0�) D�J�% *�&(�;�' �"&P1&D��OJ&�J�
Q0Q (�&)�&%0f'0�-# �)��)J ��1()�; '(G�6%�)J ��)J '�(&D �)J&(�)*. ��2�J�% *�
D� (�%�)�"0()�2�'�"�%4�0(�&)��0%�0�&D&2*�0%D�)��> ��; �1%1(0>" �2�'�J1;0%�
��%(1;.-�%G�N %� ��2'0; (�OJ&�J�0' �%�)�0)�" 0()���t��"�( D��(J�1"D�%�)�
> � U)'0�) DG�6% ��2�)J �> ()�O0*(�)��;0Q �0%� (-; 0) �&(�)��J0# �0�2'0; �
�1)��(J0Q �&)�4 %)"*�0%D�&2�% �)0'�D'&.(�0' �20""&%4��1�)��&)a(�0�(&4%�)J0)�)J �
J�% *�&(�%�)�' 0D*�)��> � U)'0�) D�0%D�(J�1"D�> �" b�)��;0)1' G�K2��.�(&)��
; 0(%� )J � J�% *� &(� ;0)1' � 0%D� �0%� > � 1( D� 0(� J�% *� &%� J�% 1��;>�
2�1%D0-�%(��'�)��� %)'&214 G�RJ � ;.)*�2'0; (�(J�1"D�> �' )1'% D�>0�Q�
2'�;�)J *�O ' �)0Q %��2�'�21')J '�J�% *�()�'04 �2'�;��)J '�.0()1' (G

3.7. Water
^0) '�' (�1'� (�(J1"D�> �&D %-Y D�D1'&%4�)J �. '&�D�OJ %�( 0'�J�

2�'� (1-0>" � "��0-�%� &(� 1%D '4�&%4G� ` )�� )J ' � 0' � �0( (� OJ %� )J ( �
' (�1'� (�0' �'1%%&%4��1)��2�O0) '�� (. �&0""*�D1'&%4�D'�14J)G�K%�(1�J��0( �
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