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Ij_^bkeh\b_ 
 

L_jfbq_kdbc� �l_jfh]jZnbq_kdbc�� ZgZeba� \�l_q_gb_�^ebl_evgh]h� \j_f_gb�rbjhdh�

ijbf_gy_lky�\�ijZdlbd_�fbg_jZeh]h-i_ljh]jZnbq_kdbo�bkke_^h\Zgbc�dZd�h^bg�ba�ljZ^b�
pbhgguo�f_lh^h\�^bZ]ghklbjh\Zgby�fbg_jZeh\�b�mklZgh\e_gby�hkh[_gghkl_c�bo�dhgklb�

lmpbb��khihklZ\e_gby�k_jbb�h[jZaph\�ih�jZaj_am��\uykg_gby�iZjZ]_g_abkh\�fbg_jZeh\�^ey�

kljZlb]jZnbq_kdbo� khihklZ\e_gbc�� hij_^_e_gby� dZq_kl\Z� jZaguo� \b^h\� fbg_jZevgh]h�

kujvy��B� \� gZklhys__� \j_fy�� g_kfhljy� gZ� ihy\e_gb_�g_dhlhjuo�[he__�bgnhjfZlb\guo�

nbabdh-obfbq_kdbo�f_lh^h\� �j_gl]_gh\kdbc�fbdjhZgZeba��we_dljhggZy�fbdjhkdhiby���hg�
g_�mljZlbe�k\h_c�ZdlmZevghklb�b�y\ey_lky�ih\k_^g_\guf�jZ[hqbf�f_lh^hf�\�fZkkh\uo�

�hkh[_ggh�eblheh]bq_kdbo��bkke_^h\Zgbyo�^ey�j_r_gby�\Z`gh]h�dhfie_dkZ�]_heh]bq_kdbo�

aZ^Zq��Hkh[uf�ij_bfms_kl\hf�wlh]h�f_lh^Z��ijb�\k_c�_]h�[ukljhl_�b�hlghkbl_evghc�

^_r_\bag_��y\ey_lky�\hafh`ghklv�hij_^_e_gby�fbg_jZevgh]h�khklZ\Z�ijbjh^guo�h[jZah�

\Zgbc�[_a�ki_pbZevgh]h�\u^_e_gby�hl^_evguo�nZa��fbg_jZeh\��ba�]hjghc�ihjh^u� 
<f_kl_�k�l_f�wnn_dlb\ghklv�l_jfbq_kdh]h�ZgZebaZ�\�agZqbl_evghc�kl_i_gb�hi�

j_^_ey_lky� oZjZdl_jhf�bkihevam_fuo�f_lh^bq_kdbo�ijb_fh\�gZ� \k_o�wlZiZo�bkke_^h\Z�

gby��gZqbgZy�k�ihklZgh\db�l_o�beb�bguo�]_heh]bq_kdbo�aZ^Zq,�b�khhl\_lkl\_ggh, �hl[hjZ�
b� ih^]hlh\db� ijh[�� mq_lZ� \ebygby� jZaebqguo�nZdlhjh\� gZ�nhjfm� djb\uo� gZ]j_\Zgby� b�

dhgqZy� d\Zebnbpbjh\Zgghc� jZkrbnjh\dhc� b� bgl_jij_lZpb_c� ihemq_gguo� j_amevlZlh\��

MdZaZggh_�g_\hafh`gh�[_a� agZgby�h[sbo�hkh[_gghkl_c�wlh]h�f_lh^Z�b�_]h�ZiiZjZlmj�

ghc�hkgZs_gghklb���GZklhys__�mq_[gh_�ihkh[b_�dZd�jZa��b�ij_^gZagZq_gh�^ey�agZdhfkl\Z�

ki_pbZebklh\�]_heh]h\�b�fbg_jZeh]h\�k�l_hj_lbq_kdbfb�b�wdki_jbf_glZevgufb�hkgh\Zfb�

ZgZebaZ��ihdZau\Zy�_]h�\hafh`ghklb�b�]jZgbpu�ijbf_g_gby��Hgh�gZibkZgh�gZ�hkgh\_�g_�

kdhevdh�jZkrbj_ggh]h�dmjkZ�e_dpbc�\�jZfdZo�^bkpbiebgu�³Kh\j_f_ggu_�f_lh^u�bkke_^h�

\Zgby�fbg_jZevgh]h�\_s_kl\Z�´��ij_^mkfhlj_gghc�jZ[hq_c�ijh]jZffhc�ih^]hlh\db�ki_�

pbZebklh\�]_heh]bq_kdh]h�ijhnbey��Hkgh\gh_�\gbfZgb_�\�g_f�m^_e_gh�kh[kl\_ggh�^bnn_�

j_gpbZevgh-l_jfbq_kdhfm�b�l_jfh]jZ\bhf_ljbq_kdhfm�\b^Zf�ZgZebaZ��Djhf_�lh]h��^ZgZ�
h[sZy�oZjZdl_jbklbdZ��ijbgpbiu�b�ljm^ghklb�ijbf_g_gby�l_jfhexfbg_kp_glgh]h�f_�

lh^Z��ihemqb\r_]h�rbjhdh_�jZkijhkljZg_gb_�\�ihke_^gb_�]h^u��Z�lZd`_�i_j_qg_�\hijh�

kh\,�j_rZ_fuo�k�_]h�ihfhsvx� 
:\lhj� bkdj_gg_� [eZ]h^Zj_g� khljm^gbdZf� dZn_^ju� ?�F�Rmjrbeh\hc��

G�<�GZjlh\hc�� B�:�>vydh\hc�� G�I�;ZdZe_gdh� � aZ� [hevrmx� ihfhsv� ih� � ]jZnbq_kdhfm�

hnhjfe_gbx�b�dhfivxl_jguc�gZ[hj�l_dklZ�ihkh[by� 
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���H;SB?�K<?>?GBY�B�G:AG:Q?GB?�L?JFBQ?KDH=H�:G:EBA: 
 
L_jfbq_kdbc� ZgZeba�bkihevam_lky�\�bkke_^h\Zl_evkdhc�ijZdlbd_�\�jZaebqguo�gZ�

mqguo�h[eZklyo��\�lhf�qbke_�b�]_heh]bb��Jh^hgZqZevgbdhf�wlh]h�ZgZebaZ�fh`gh�kqblZlv�

njZgpmakdh]h�mq_gh]h�E_-RZl_ev_��dhlhjuc�\������]��ij_^eh`be�kihkh[�baf_j_gby�l_f�

i_jZlmj� k� ihfhsvx� l_jfhiZj� b� bkihevah\Ze� wlhl� kihkh[� ^ey� j_]bkljZpbb� l_jfbq_kdbo�

wnn_dlh\�ijb�bamq_gbb�]ebg�b�ba\_klgydh\� 
IjbgpbibZevghc� hkgh\hc� l_jfbq_kdh]h� ZgZebaZ� y\ey_lky� bamq_gb_� k\hckl\� \_�

s_kl\�b�ijhp_kkh\��ijhbkoh^ysbo�\�gbo�ijb�gZ]j_\Zgbb��beb�hoeZ`^_gbb���ih�hij_^_e_g�

ghc�aZ^Zgghc�ijh]jZff_��<�aZ\bkbfhklb�hl�lh]h��dZdh_�ba�k\hckl\�\_s_kl\�beb�dZdb_�ijh�

p_kku�bkke_^mxlky�ijb�wlhf��jZaebqZxl� �g_kdhevdh�\ZjbZglh\�wlh]h�ZgZebaZ��Kj_^b�gbo�

gZb[he__�\Z`gufb�y\eyxlky� 
- ^bnn_j_gpbZevgh-l_jfbq_kdbc�ZgZeba��>L:���[Zabjmxsbcky�gZ�j_]bkljZpbb�l_i�

eh\uo�wnn_dlh\��khijh\h`^Zxsbo�nbabq_kdb_�ij_\jZs_gby�b�obfbq_kdb_�j_Zdpbb��ijh�

bkoh^ysb_�ih^�\ha^_ckl\b_f�\ukhdbo�l_fi_jZlmj� 
- l_jfh]jZ\bhf_ljbq_kdbc��l_jfh\_kh\hc��ZgZeba��L=���hkgh\Zgguc�gZ�ihemq_gbb�b�

bamq_gbb�aZdhghf_jghkl_c�baf_g_gby�\_kZ�\_s_kl\Z�ijb�gZ]j_\Zgbb� 
- ]Zah\hexf_ljbq_kdbc�ZgZeba��iha\heyxsbc�ba\e_dZlv�bgnhjfZpbx�h�dhebq_kl\_�b�

kdhjhklb�\u^_e_gby�]Zah\�ba�\_s_kl\Z�ijb�l_fi_jZlmjghf�\ha^_ckl\bb� 
-�^beZlhf_ljbq_kdbc�ZgZeba��bkke_^mxsbc�baf_g_gb_�ebg_cguo�beb�h[t_fguo�dh�

wnnbpb_glh\�jZkrbj_gby�\_s_kl\Z�\�aZ\bkbfhklb�hl�l_fi_jZlmju� 
- l_jfhexfbg_kp_glguc ZgZeba� �LE��� mqblu\Zxsbc� dZd� h[s__� dhebq_kl\h�� lZd�b�

ki_dljZevgu_�hkh[_gghklb�k\_lh\hc�wg_j]bb��\u^_eyxs_cky�ijb�gZ]j_\Zgbb� 
<�g_dhlhjuo�kemqZyo�bkke_^mxl�b�^jm]b_��baf_gyxsb_ky�\�aZ\bkbfhklb�hl�l_fi_�

jZlmju��nbabq_kdb_�iZjZf_lju��<�qZklghklb�-�fZ]gblghc�\hkijbbfqb\hklb�-�lhqdb�Dxjb�
(l_jfhfZ]gblguc� ZgZeba),� \ZjbZpbb� hilbq_kdbo� dhgklZgl� (l_jfhhilbq_kdbc� ZgZeba), 
we_dljbq_kdh]h�khijhlb\e_gby��l_jfhwe_dljhijh\h -̂ghklv��b�̂ j� 

<� h[s_c� ijZdlbd_� fbg_jZeh]h-i_ljh]jZnbq_kdh]h� bamq_gby� fbg_jZevgh]h� kujvy�
ih^�l_jfbq_kdbf�ZgZebahf�qZs_�\k_]h�ih^jZamf_\Zxl�kh\hdmighklv�^\mo�ljZ^bpbhgguo�

f_lh^h\��Z�bf_ggh�-�>L:�b�L=��<�kemqZ_�khijh\h`^_gby�ihke_^gbo�ijb�bamq_gbb�h^gh]h�
h[jZapZ� ^jm]bfb� f_lh^bq_kdbfb� ijb_fZfb�gZijbf_j� ]Zah\hexf_ljbq_kdbf� beb� bguf�

ZgZebahf�� ih^h[gu_� bkke_^h\Zgby� ijbgylh� gZau\Zlv� dhfie_dkguf� l_jfbq_kdbf� ZgZeb�

ahf��iha\heyxs_f�[he__�h[hkgh\Zggh�mklZgZ\eb\Zlv�ijbjh^m�\k_o�ijhl_dZxsbo�\�\_s_�

kl\_�ij_\jZs_gbc� 
Hkgh\guf�j_amevlZlhf�l_jfbq_kdh]h�ZgZebaZ�y\eyxlky�l_jfbq_kdb_�djb\u_� �djb�

\u_�gZ]j_\Zgby�� -� l_jfh]jZffu�� dhlhju_�^Zxl� ��ijb�dhfie_dkghf�bamq_gbb��g_kdhevdh�
nbabq_kdbo�oZjZdl_jbklbd�h[jZapZ��baf_gyxsboky�ijb�l_fi_jZlmjghf�\ha^_ckl\bb� 

<ukhdZy� qm\kl\bl_evghklv�� hlghkbl_evgZy� [ukljhlZ� b� fZkkh\hklv� l_jfbq_kdh]h�

ZgZebaZ� ^Zxl� \hafh`ghklv� bkihevah\Zlv� _]h� ^ey� j_r_gby� rbjhdh]h� djm]Z� ]_heh]h-
fbg_jZeh]bq_kdbo�aZ^Zq� 

Z�� hkms_kl\eylv� ^bZ]ghklbdm� [he__� ���� fbg_jZevguo� \b^h\� b� jZagh\b^ghkl_c��

Hkh[_ggh� wnn_dlb\gh� ijbf_g_gb_� wlh]h� ZgZebaZ�^ey�b^_glbnbdZpbb� lhgdh^bki_jkguo��

dheehb^guo�b�f_lZfbdlguo���fbg_jZeh\��\klj_qZxsboky�dZd�\�qbklhf�\b^_��lZd�b�\�khklZ�
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\_� ijbjh^guo�f_oZgbq_kdbo� kf_k_c� \� dhj_� \u\_ljb\Zgby�� ahg_� hdbke_gby� b� hkZ^hqguo�

h[jZah\Zgbyo�jZaebqgh]h�lbiZ� 
[�� ijh\h^blv� dhebq_kl\_gguc� nZah\uc� ZgZeba� ihebfbg_jZevguo� kdhie_gbc� [_a�

jZa^_e_gby�bo�gZ�fhghfbg_jZevgu_�njZdpbb��qlh�iha\hey_l�ijbf_gylv�_]h�\�hl^_evguo�

kemqZyo�ijb�hijh[h\Zgbb�b�jZa\_^d_�jZaebqguo�f_klhjh`^_gbc�b�jm^hijhy\e_gbc� �[hd�

kblu�� Zemgblu�� ojbahlbe-�b� Zfnb[he-Zk[_klu�� kheygu_��`_e_ahjm^gu_�f_klhjh`^_gby�b�
^j����\uykg_gbb�iZjZ]_g_abkh\�fbg_jZeh\�ijb�kljZlb]jZnbq_kdbo�ihkljh_gbyo� 

\��mklZgZ\eb\Zlv�kl_i_gv�]b^jhl_jfZevgh]h�baf_g_gby�mevljZhkgh\guo�b�hkgh\guo�

ihjh^��k_ji_glbgbaZpby��ebkl\_gblbaZpby��hlZevdh\Zgb_�b�^j��� 
]�� \uy\eylv� khklZ\� ijh^mdlh\� jZkdjbklZeebaZpbb� dbkeuo� b� hkgh\guo� \medZgbq_�

kdbo�kl_dhe��iZeZ]hgblu��i_jeblu��h[kb^bZgu���Z�lZd`_�gZebqb_�k\h[h^gh]h�d\ZjpZ�b�_]h�

dhebq_kl\_ggh_�kh^_j`Zgb_� 
^��hij_^_eylv�nhjfu�gZoh`^_gby�jZkk_yggh]h�hj]Zgbq_kdh]h�\_s_kl\Z�\�ihjh^Zo��

h[_ki_qb\Zy�ijh\_^_gb_�kljmdlmjghc�b�kljZlb]jZnbq_kdhc�dhjj_eypbb��mklZgh\e_gb_�kl_�

i_gb�b�lbiZ�f_lZfhjnbafZ��Z�lZd`_�nZpbc�f_lZfhjnbafZ�ihjh^��kh^_j`Zsbo�jZkk_yggh_�

hj]Zgbq_kdh_�\_s_kl\h� 
_�� mlhqgylv� g_dhlhju_� kljmdlmjgu_� hkh[_gghklb� fbg_jZeh\�� ij_`^_� \k_]h� nhjf�

gZoh`^_gby�\h^u� �Z^khj[pbhggZy��p_heblgZy��dhgklblmpbhggZy���oZjZdl_j�ihebfhjnguo�

ij_\jZs_gbc��i_j_oh^�ba�f_lZfbdlgh]h�khklhygby�\�djbklZeebq_kdh_�b�l�^�� 
`��bkihevah\Zlv�^ey�ihkljh_gby�nZah\uo�^bZ]jZff�khklhygby�b�\uykg_gby�mkeh\bc�

h[jZah\Zgby�gh\uo�fbg_jZeh\�ijb�\ukhdhc�l_fi_jZlmj_� 
a�� b�� gZdhg_p�� hij_^_eylv�� ijb� \g_^j_gbb� gh\uo� lbih\� l_jfbq_kdbo� mklZgh\hd�

�kdZgbjmxsb_� dZehjbf_lju�� fbdjhdZehjbf_lju�� lZdb_� \Z`gu_� l_jfhobfbq_kdb_� dhg�

klZglu��dZd�wglZeviby�obfbq_kdbo�j_Zdpbc�b�nZah\uo�ij_\jZs_gbc��l_ieh_fdhklv�b�^j���Z�

\�mq_l_�nZdlhjZ�\j_f_gb�ihemqZlv�b�dbg_lbq_kdmx�bgnhjfZpbx� 
K�gZqZeZ���-o�]h^h\�rbjhdh_�jZkijhkljZg_gb_�\�]_heh]bb�\�dZq_kl\_�kZfhklhyl_ev�

gh]h�f_lh^Z�ihemqbe� l_jfhexfbg_kp_glguc� �LE��ZgZeba
1
��hkgh\Zgguc�gZ�bkke_^h\Zgbb�

djb\uo�l_jfh\uk\_qb\Zgby��hljZ`Zxsbo�aZ\bkbfhklv�bgl_gkb\ghklb�k\_q_gby�hl�l_fi_�

jZlmju��K�_]h�ihfhsvx�mki_rgh�j_rZebkv�ijbdeZ^gu_�]_heh]h-fbg_jZeh]bq_kdb_�aZ^Zqb�
gZ�hkgh\_�wfibjbq_kdb�mklZgh\e_gguo�aZdhghf_jghkl_c� �ghkysbo�ih^qZk�ehdZevguc�oZ�

jZdl_j��k\yab�l_jfhexfbg_kp_gpbb�fbg_jZeh\�b�ihjh^�ba�jZchgh\�k�dhgdj_lghc�bklhjb_c�

]_heh]bq_kdh]h�jZa\blby� 
Gb`_�hkgh\gh_�\gbfZgb_�m^_ey_lky�jZkkfhlj_gbx�kh[kl\_ggh�l_jfbq_kdh]h��>L:�

b� L=�� ZgZebaZ� b� ijb\h^blky� hq_gv� djZldZy� oZjZdl_jbklbdZ� LE� f_lh^Z�� Zdp_glbjmy� ijb�

wlhf�\gbfZgb_�gZ�djm]_�]_heh]bq_kdbo�aZ^Zq��j_rZ_fuo�k�_]h�ihfhsvx� 
 

���>BNN?J?GPB:EVGH-L?JFBQ?KDBC�:G:EBA 
 

>L:�hkgh\Zg�gZ�baf_g_gbb�nmg^Zf_glZevguo�hkh[_gghkl_c�\_s_kl\��k\yaZgguo�k�

bo�obfbq_kdbf�khklZ\hf�b�djbklZeebq_kdhc�kljmdlmjhc��DZd�ba\_klgh��ex[hc�fbg_jZe��aZ�

g_dhlhjufb�g_[hevrbfb�bkdexq_gbyfb��ijb�hij_^_e_gghc�ihklhygghc�l_fi_jZlmj_�y\�

ey_lky�klZ[bevghc�nZahc�k�oZjZdl_jghc�dhgklblmpb_c��Ih\ur_gb_�b�ihgb`_gb_�l_fi_jZ�

lmjguo�mkeh\bc�kms_kl\h\Zgby�ijb\h^yl�d�kljmdlmjguf�b�nZah\uf�ij_\jZs_gbyf�\�fb�

g_jZeZo�b�\�g_dhlhjuo�kemqZyo�\_^ml�d�ij_h[jZah\Zgbx�bo�obfbq_kdh]h�khklZ\Z�� 
<� h[s_f� kemqZ_� ex[hc�fbg_jZe� \�ijhp_kk_�gZ]j_\Z�ij_l_ji_\Z_l�g_kdhevdh�ij_�

\jZs_gbc�dZd�nbabq_kdh]h��lZd�b�obfbq_kdh]h�oZjZdl_jZ
2
��dhlhju_�aZ\bkyl�hl�_]h�khklZ\Z��

                                                 
1 ;he__ dhjj_dlgh_ gZa\Zgb_ - l_jfhklbfmebjh\ZggZy exfbg_kp_gpby� Ih kmlb ^_eZ wlh h^bg ba ki_dljhkdh�
ibq_kdbo f_lh^h\� ij_^klZ\eyxsbo jZagh\b^ghklv exfbg_kp_glgh]h ZgZebaZ� 
2 Nbabq_kdb_ ij_\jZs_gby - ijhp_kku baf_g_gby kljmdlmju b k\hckl\ fbg_jZeh\ [_a baf_g_gby bo obfbq_�

kdh]h khklZ\Z� obfbq_kdb_ j_Zdpbb - baf_g_gb_ kljmdlmju b k\hckl\ obfbq_kdh]h kh_^bg_gby k baf_g_gb_f

_]h obfbq_kdh]h khklZ\Z� 
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kljmdlmju�� k\hckl\�� f_oZgbafZ� b� dbg_lbdb� ij_h[jZah\Zgbc�� DZ`^hfm� ij_\jZs_gbx�

�lZ[e�����ijhl_dZxs_fm�\�h[jZap_��khhl\_lkl\m_l�k\hc�l_jfbq_kdbc�wnn_dl��gZau\Z_fuc�

wdahl_jfbq_kdbf�\�kemqZ_�\u^_e_gby�l_ieZ��h[hagZqZ_lky�agZdhf������b�wg^hl_jfbq_kdbf�

\�kemqZ_�ih]ehs_gby�l_ieZ��h[hagZqZ_lky�agZdhf��-����Kh\hdmighklv�\k_o�l_jfbq_kdbo�wn�
n_dlh\� ijb� khhl\_lkl\mxsbo� l_fi_jZlmjZo� y\ey_lky� bg^b\b^mZevghc� � oZjZdl_jbklbdhc�

^Zggh]h�fbg_jZeZ��dhlhjZy�hljZ`Z_l�hkh[_gghklb�\k_o�ijhbkoh^ysbo�\�g_f�ij_\jZs_gbc� 
LZ[ebpZ�� 

L_jfbq_kdb_�wnn_dlu�nZah\uo�ij_\jZs_gbc�\�fbg_jZeZo 
< b ^ i j h p _ k k Z 

n b a b q _ k d b c o b f b q _ k d b c 
 

gZbf_gh\Zgb_ 
baf_g_gb_

l_iehkĥ _j�

Z̀gby 

 
gZbf_gh\Zgb_ 

baf_g_gb_

l_iehkĥ _j�

Z̀gby 
IeZ\e_gb_  (-) JZaeh`_gb_ �\ qZklghklb ^bkkhpbZpby�

^_]b^jZlZpby� 
 (-) 

Dbi_gb_� \ha]hgdZ� bkiZj_gb_ (-) Kh_^bg_gb_ b \aZbfh^_ckl\b_ �h[f_gZ� (+) 
:[khj[pby� Z^khj[pby 

 
(+) Hdbke_gb_ - \hkklZgh\e_gb_ (+), (-) 

Ihebfhjngu_ ij_\jZs_gby 
 

(+), (-) Bahf_jbaZpby (+) 

I_j_oh^ ba Zfhjngh]h khklhygby \ djb�

klZeebq_kdh_ �jZkkl_deh\Zgb_� mdjmig_gb_

djbklZeeh\� 

 
(+) 

 
J_Zdpbb \ l\_j^hc nZa_ 

 
(+), (-) 

JZkiZ^ l\_j^uo jZkl\hjh\� \ l�q� mihjy^h�

q_gb_ kljmdlmju b i_j_oh^u n_jjhfZ]g_�

lbdZ \ iZjZfZ]g_lbd 

 
(+) 

  

 
<�hkgh\_�l_ogbq_kdh]h�hkms_kl\e_gby�f_lh^Z�>L:�gZoh^ylky�jZaebqgu_�kihkh[u�

j_]bkljZpbb�l_ieh\uo�wnn_dlh\��hljZ`Zxsbo�baf_g_gb_�l_fi_jZlmju�bamqZ_fh]h�\_s_�

kl\Z� ijb� _]h� gZ]j_\Zgbb� �hoeZ`^_gbb��� \� \b^_� jZaebqguo� djb\uo� gZ]j_\Zgby�� ijhkluo�

�l_fi_jZlmjguo��b�^bnn_j_gpbZevguo�� Z�bgh]^Z�ijhba\h^guo� �^_jb\Zlb\guo�� -� djb\uo�
kdhjhklb�gZ]j_\Z��h[jZlghc�kdhjhklb�gZ]j_\Z�b�^j��Djb\u_�gZ]j_\Zgby�iha\heyxl�km^blv�h�

oZjZdl_j_�b�bgl_gkb\ghklb�l_ieh\uo�wnn_dlh\��Z�lZd`_�h�l_fi_jZlmjZo��ijb�dhlhjuo�hgb�

bf_xl�f_klh� 
 

3��IHEMQ?GB?�IJHKLUO��L?FI?J:LMJGUO��B� 
>BNN?J?GPB:EVGUO�DJB<UO�G:=J?<:GBY 

 

>ey�ihemq_gby�ijhklhc�djb\hc�gZ]j_\Zgby�ijh\h^yl�ke_^mxsbc�wdki_jbf_gl��Bk�

ke_^m_fh_�\_s_kl\h��fbg_jZe���gZoh^ys__ky�\�ki_pbZevghf�lb]e_��ihf_sZxl�\�we_dljbq_�

kdmx� gZ]j_\Zl_evgmx� i_qv� b� ih^\_j]Zxl� ieZ\ghfm� b� jZ\ghf_jghfm� gZ]j_\m� �jbk�� ����<�

ijhp_kk_�gZ]j_\Z�\�hij_^_e_gghf�l_fi_jZlmjghf�bgl_j\Ze_���qZs_�\k_]h��-25HK�^h������H

K���q_j_a�ihklhyggu_�ijhf_`mldb�\j_f_gb�baf_jyxl�l_fi_jZlmjm�\�bkke_^m_fhf�h[jZap_�� 
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Jbk�����Ko_fZ�l_jfbq_kdhc�mklZgh\db�k�ijhklhc�l_jfhiZjhc� 

1 -�l_jfhiZjZ����-�bkke_^m_fh_�\_s_kl\h�\�lb]e_����-�we_dljbq_kdZy�gZ]j_\Zl_ev�
gZy�i_qv����-�l_fi_jZlmjguc�]Zev\Zghf_lj� 

 
L_fi_jZlmjm�\�h[jZap_�fh`gh�[ukljh� �b�lhqgh�baf_jblv�k�ihfhsvx�ijhklhc�l_j�

fhiZju��ij_^eh`_gghc�\i_j\u_�E_-RZl_ev_��Ihke_^gyy�ij_^klZ\ey_l�kh[hc�^\_�h^bgZdh�

\u_�ih�lhesbg_�ijh\hehdb�ba�jZaguo�f_lZeeh\��kieZ\h\��l_jfhwe_dljh^h\���ihf_s_gguo�

\�^\modZgZevgmx�nZjnhjh\mx�ljm[dm��b�k\Zj_gguo�f_`^m�kh[hc�gZ�h^ghf�dhgp_��F_klh�

kiZy�we_dljh^h\�l_jfhiZju��dhlhjh_�ihf_sZxl�\�gZ]j_\Z_fh_�\_s_kl\h��gZau\Z_lky�³]h�

jyqbf� kiZ_f´�� Z� ijhlb\hiheh`gu_� dhgpu� ijh\hehd�� ih^dexq_ggu_� d� baf_jbl_evghfm�

]Zev\Zghf_ljm�� gZoh^ys_fmky� ijZdlbq_kdb� ijb� g_baf_gghc� l_fi_jZlmj_� ��� beb� ���
H
K���

gZau\Zxl�³oheh^guf�kiZ_f´� 
Ijbgpbi� ^_ckl\by� l_jfhiZj� aZdexqZ_lky� \� lhf�� qlh� ijb� gZ]j_\Zgbb� ³]hjyq_]h�

kiZy´�\�gbo�]_g_jbjm_lky�l_jfh-W�>�K���\_ebqbgZ�dhlhjhc�\hajZklZ_l�k�ih\ur_gb_f�l_f�

i_jZlmju�b�[m^_l�l_f�[hevr_��q_f�\ur_�l_fi_jZlmjZ�gZ]j_\Z��Ba�fgh`_kl\Z�ijbf_gy_fuo�

\�ijhfure_gghklb�l_jfhiZj��ojhf_ev-Zexf_ev��gbd_ev-gbojhf��ojhf_ev-dhi_ev�b�^j���\�
ijZdlbd_�l_jfbq_kdh]h�ZgZebaZ�bkihevamxl�qZs_�\k_]h�ieZlbghjh^bc-ieZlbgh\mx�l_jfh�
iZjm��h^bg�we_dljh^�dhlhjhc�ij_^klZ\e_g�kieZ\hf�ieZlbgu�k�����jh^by��\lhjhc� -�qbklh�
ieZlbgh\uc��

3
� �>hklhbgkl\h� wlhc� l_jfhiZju� hij_^_ey_lky� l_f��qlh�hgZ�h[eZ^Z_l�^hklZ�

lhqgh� [hevrhc� m^_evghc� W�>�K��� hlghkbl_evgh� ijhklhc� fZl_fZlbq_kdhc� aZ\bkbfhklvx�

f_`^m� l_jfh-W�>�K��b�l_fi_jZlmjhc�gZ]j_\Z� ³]hjyq_]h�kiZy´��Z�lZd`_�\hafh`ghklvx�ba�
f_jylv� l_fi_jZlmju� ^h� ����

H
K� \� hdbkebl_evghc� Zlfhkn_j_� �\� \hkklZgh\bl_evghc� kj_^_�

iZjh\�m]e_jh^Z��k_ju�b�l�^��kiZc�II�l_jfhiZju�jZajmrZ_lky,�\�k\yab�k�q_f�_]h�ijboh^blky�
bahebjh\Zlv�� 

J_amevlZlu�ihemq_gguo� aZf_jh\�l_fi_jZlmj�bamqZ_fh]h�\_s_kl\Z�ijb�gZ]j_\_�gZ�

ghkyl�gZ�]jZnbd��ih�hkb�Z[kpbkk�-�\j_fy�gZ]j_\Z��ih�hkb�hj^bgZl�-�l_fi_jZlmjZ�\_s_kl\Z��

Ihemq_ggZy� lZdbf� h[jZahf� djb\Zy�L�  � I�W�� gZau\Z_lky� ijhklhc� �l_fi_jZlmjghc�� djb\hc�

gZ]j_\Zgby��<�h[s_f�kemqZ_�hgZ�bf__l�\b^��jbk�����ijyfhc�ebgbb��b^ms_c�ih^�hij_^_e_g�

guf�m]ehf�d�Z[kpbkk_��hljZ`Zy�g_ij_ju\gh_�ih\ur_gb_�l_fi_jZlmju�h[jZapZ�ih�f_j_�_]h�

gZ]j_\Z��B�lhevdh�\�hl^_evguo�kemqZyo�gZ�ijhklhc�djb\hc�gZ]j_\Zgby�nbdkbjmxlky�[he__�

beb� f_g__� j_adh� � \ujZ`_ggu_� hldehg_gby� hl� ijyfhebg_cgh]h� gZijZ\e_gby� \� \b^_� g_�

[hevrbo� �ijb[eb`Zxsboky�d�]hjbahglZevguf��iehsZ^hd��eb[h�j_adbo�³\kie_kdh\´��Wlb�

hldehg_gby� hljZ`Zxl� mf_gvr_gb_� beb�� gZh[hjhl�� ih\ur_gb_� l_fi_jZlmju� h[jZapZ� ih�

hlghr_gbx� d� h[h]j_\Zxs_fm� ijhkljZgkl\m� we_dljhi_qb� \� kemqZ_�� dh]^Z� ijb� gZ]j_\_� \�

\_s_kl\_� bf_xl�f_klh� khhl\_lkl\_ggh� wg^h-� beb� wdahl_jfbq_kdb_� ij_\jZs_gby� b� j_Zd�

pbb��<�hlkmlkl\bb�l_jfbq_kdbo�ijhp_kkh\�djb\Zy�b^_l�ih�ijyfhebg_cghfm�gZijZ\e_gbx��

>ey�h^gh]h�b� lh]h�`_�fbg_jZeZ�oZjZdl_jgh��dZd�mdZau\Zehkv��g_kdhevdh�j_Zdpbc�b�ij_�

                                                 
3 Ijb gZbf_gh\Zgbb l_jfhiZj i_j\uf mdZau\Z_lky iheh`bl_evguc we_dljh �̂ 
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\jZs_gbc�k�\u^_e_gb_f�b�ih]ehs_gb_f�l_ieZ��qlh�khhl\_lkl\mxsbf�h[jZahf�kdZau\Z_lky�

gZ�nhjf_�ijhklhc�djb\hc�gZ]j_\Zgby� 

 

 
 
 
 
 
 
 
 
Jbk�����IjhklZy��l_fi_jZlmj�
gZy��djb\Zy�gZ]j_\Zgby�dZh�
ebgblZ. 
 

 
H^gZdh�\ke_^kl\bb� lh]h��qlh� l_jfbq_kdb_�ijhp_kku�\�ijbjh^guo�h[jZah\Zgbyo�\�

[hevrbgkl\_�kemqZ_\�h[eZ^Zxl�fZehc�\_ebqbghc�baf_g_gby�l_iehkh^_j`Zgby��lh�g_�\k_�

hgb�nbdkbjmxlky�beb�`_�g_^hklZlhqgh�q_ldh�\ujZ`_gu�gZ�ijhkluo�djb\uo�gZ]j_\Zgby��K�

p_evx�ih\ur_gby�qm\kl\bl_evghklb�b�gZ^_`ghc�j_]bkljZpbb�\�bamqZ_fhf�h[t_dl_�\k_o�

bf_xsbo�f_klh�l_ieh\uo�wnn_dlh\�qZs_�bkihevamxl�f_lh^�ihemq_gby�^bnn_j_gpbZev�

guo�djb\uo�gZ]j_\Zgby��Wdki_jbf_gl�\�wlhf�kemqZ_�ijh\h^yl�ke_^mxsbf�h[jZahf��jbk�����

<�i_qb�h^gh\j_f_ggh�gZ]j_\Zxl�bkke_^m_fh_�\_s_kl\h�b�wlZehg��gZoh^ysb_ky�\�jZaguo��

kbff_ljbqgh�jZkiheh`_gguo�lb]eyo��Baf_g_gb_�l_fi_jZlmju�h[_bo�ijh[�ijh\h^yl�k�ih�

fhsvx� ^bnn_j_gpbZevghc� l_jfhiZju,� b� bo� jZaghklv� j_]bkljbjmxl� \� \b^_�nmgdpbb� hl�
\j_f_gb��∆L� �I�W�� 

>bnn_j_gpbZevgZy�l_jfhiZjZ��ij_^eh`_ggZy�J�:mkl_ghf������]���b�:�:�;Zcdh\uf�

������ ]���� khklhbl� ba� ^\mo� ijhkluo� l_jfhiZj�� \dexq_gguo� gZ\klj_qm� ^jm]� ^jm]m� q_j_a�

]Zev\Zghf_lj��=hjyqbc�kiZc�h^ghc�ijhklhc�l_jfhiZju��y\eyxsbcky�\�h[s_f�kemqZ_�\_l�

\vx� ^bnn_j_gpbZevghc�� ihf_sZxl� \� bkke_^m_fh_� \_s_kl\h�� kiZc� ^jm]hc� -� \� wlZehg��<�
dZq_kl\_�ihke_^g_]h�bkihevamxl�jZaebqgu_�obfbq_kdb_�kh_^bg_gby��ijbjh^gu_�beb�qZs_�

bkdmkkl\_ggu_���dhlhju_�m^h\e_l\hjyxl�ke_^mxsbf�hkgh\guf�lj_[h\Zgbyf��Z��wlh�^he`�

gh�[ulv�l_jfhbg_jlgh_�\_s_kl\h��l�_��lZdh_��m�dhlhjh]h�\�^Zgghf�bgl_j\Ze_�l_fi_jZlmju�

j_]bkljZpbb�djb\hc�gZ]j_\Zgby�aZ\_^hfh�g_�ijhbkoh^yl�dZdb_-eb[h�ij_\jZs_gby� �nbab�

q_kdb_� beb� obfbq_kdb_��� ^Zxsb_� l_jfbq_kdbc� wnn_dl�� [�� l_iehnbabq_kdb_� iZjZf_lju�

wlZehgZ�-�l_ieh_fdhklv�b�l_iehijh\h^ghklv�^he`gu�[ulv�ih�\hafh`ghklb�[ebadbfb�lZdh�
\uf�ZgZebabjm_fh]h�fZl_jbZeZ� 
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Jbk�����Ko_fZ�l_jfbq_kdhc�mklZgh\db�k�^bnn_j_gpbZevghc�l_jfhiZjhc� 
1 -�bkke_^m_fh_�\_s_kl\h����-�wlZehg��l_jfhbg_jlgh_�\_s_kl\h�����-�^bnn_j_gpb�

ZevgZy�l_jfhiZjZ����-�]Zev\Zghf_lj� 
 
?keb� bkke_^m_fh_� b� wlZehggh_� \_s_kl\Z� \� ijhp_kk_� gZ]j_\Z� bf_xl� h^bgZdh\mx�

l_fi_jZlmjm��lh�\hagbdZxsb_�ijb�gZ]j_\Zgbb�]hjyqbo�kiZ_\�\�h[_bo�\_l\yo�^bnn_j_gpb�

Zevghc�l_jfhiZju�l_jfhlhdb��W>K���\aZbfgh�dhfi_gkbjmxl�^jm]�^jm]Z�b�]Zev\Zghf_lj�g_�

ihdZau\Z_l�gbdZdbo�hldehg_gbc���=Zev\Zghf_lj�hlf_lbl�gZebqb_�we_dljhlhdZ�\�p_ib�l_j�

fhiZju�lhevdh�lh]^Z��dh]^Z�l_fi_jZlmjZ�]hjyq_]h�kiZy�\�h[jZap_�[m^_l�hlebqZlvky��\ke_^�

kl\b_�ijhl_dZxsbo�ijhp_kkh\��hl�l_fi_jZlmju�]hjyq_]h�kiZy�\�wlZehg_��<_ebqbgZ�gZijy�

`_gby�j_amevlbjmxs_]h�we_dljhlhdZ�[m^_l�l_f�[hevr_��q_f�[hevr_�jZaghklv�l_fi_jZlmj�

f_`^m�h[jZaphf�b�wlZehghf��qlh�hij_^_ey_lky�dhebq_kl\hf�ih]ehs_ggh]h�beb�\u^_e_g�

gh]h�ijb�ij_\jZs_gbb�l_ieZ� 
H[uqgh�^bnn_j_gpbZevgu_�djb\u_�gZ]j_\Zgby�lhqgh�lZd�`_,�dZd�b�l_fi_jZlmjgu_�

�ijhklu_���j_]bkljbjmxl�Z\lhfZlbq_kdb�eb[h�nhlhkihkh[hf��eb[h�k�ihfhsvx�ihl_gpbh�

f_ljZ�\�dhhj^bgZlZo�Z[kpbkkZ-\j_fy��hj^bgZlZ-jZaghklv�l_fi_jZlmj��Lbibqguc�\b^�lZdhc�
djb\hc�gZ]j_\Zgby�ihdZaZg�gZ�jbk�����>bnn_j_gpbZevgu_�djb\u_�gZ]j_\Zgby�oZjZdl_jb�

amxlky� gZebqb_f� l_jfbq_kdbo� wnn_dlh\� �ibdh\�� � \� \b^_� hldehg_gby� djb\hc� \\_jo� beb�

\gba�hl�mkeh\gh]h�gme_\h]h�iheh`_gby��Ijbgylh�aZibkv�ijh\h^blv�lZd��qlh�l_jfbq_kdb_�

wnn_dlu�� khhl\_lkl\mxsb_� ijhp_kkZf� k� ih]ehs_gb_f� l_ieZ�� hljZ`Zxlky� gZ� djb\hc� hl�

dehg_gb_f�\gba�hl�gme_\hc�ebgbb��Z�k\yaZggu_�k�\u^_e_gb_f�l_ieZ�-�hldehg_gb_f�\\_jo��
G_j_^dh�^bnn_j_gpbZevgmx�djb\mx�gZ]j_\Zgby�gZau\Zxl�ijhklh�l_jfh]jZffhc�fbg_jZ�

eZ� �ih�ZgZeh]bb�kh�ki_dljh]jZfffhc��^bnjZdlh]jZffhc�b�l�^����beb�djb\hc�>L:�-�ih�gZ�
a\Zgbx�kZfh]h�f_lh^Z�ZgZebaZ� 

Ke_^m_l�hlf_lblv��qlh�h[_�djb\u_�-�dZd�ijhklZy��lZd�b�>L:�j_]bkljbjh\Zebkv�\�dh�
hj^bgZl_�\j_fy��Z[kpbkkZ���\�lh�\j_fy�dZd�ZgZeba�bo�m^h[g__�ijh\h^blv�\�aZ\bkbfhklb�hl�

l_fi_jZlmju�� �I_j_oh^� hl� dhhj^bgZlu� \j_fy� d� dhj^bgZl_� l_fi_jZlmjZ� hkms_kl\ey_lky�

ijhklh��dh]^Z�kdhjhklv�gZ]j_\Z�i_qb�kljh]h�ihklhyggZ��l�_��l_fi_jZlmjZ�y\ey_lky�nmgdpb�

_c�\j_f_gb��QZs_�`_�\�l_jfbq_kdbo�mklZgh\dZo�ij_^mkfhlj_gZ�\hafh`ghklv�nbdkbjh\Zlv�

l_fi_jZlmjm�gZ]j_\Z� q_j_a� dZ`^u_� ���
H
K� �Z� \� kemqZ_�g_h[oh^bfhklb�b�q_j_a� ��

H
K�beb�

20HK��\�\b^_�j_i_jguo�hlf_lhd�ih�hkb�Z[kpbkk��Wlh�^_eZ_lky�k�ihfhsvx�^hihegbl_evgh]h�

klj_ehqgh]h� ibjhf_ljbq_kdh]h�fbeeb\hevlf_ljZ�� \dexq_ggh]h� \� ijhklmx� \_l\v� ^bnn_�

j_gpbZevghc�l_jfhiZju��]hjyqbc�kiZc�dhlhjhc�gZoh^blky�eb[h�\�h[jZap_��eb[h�\�wlZehg_�

�eb[h�\hh[s_�k�ihfhsvx�kZfhklhyl_evghc�l_jfhiZju�k�]hjyqbf�kiZ_f�\�dZdhc-eb[h�lhq�
d_�i_qb���<u[hj�lh]h�beb�bgh]h�kihkh[Z�baf_j_gby�l_fi_jZlmju��\�h[jZap_�beb�wlZehg_��

hij_^_ey_lky�dhgdj_lgufb�aZ^ZqZfb�bkke_^h\Zgby��?keb�g_h[oh^bfh�ihemqblv�bklbggu_�

�lhqgu_��agZq_gby�l_fi_jZlmj�gZqZeZ�b�dhgpZ�l_jfbq_kdbo�wnn_dlh\�baf_j_gb_�l_fi_jZ�
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lmj�ke_^m_l�ijh\h^blv�\�h[jZap_��Ijb�hij_^_e_gbb�l_fi_jZlmj�gZ]j_\Z�\�wlZehg_�\uy\e_�

gb_�bklbgguo�agZq_gbc�l_fi_jZlmj�ij_\jZs_gbc�g_�lhqgh��lZd�dZd�\�wlhf�kemqZ_�mklZgZ\�

eb\Z_lky�ebrv�l_fi_jZlmjguc�bgl_j\Ze�ijhoh`^_gby�l_jfbq_kdbo�wnn_dlh\��Z�ibd�^bn�

n_j_gpbZevghc�djb\hc�gZ]j_\Zgby�ihdZau\Z_l� lhevdh�jZagbpm� l_fi_jZlmj�f_`^m�h[jZa�

phf�b�wlZehghf�\�fhf_gl��dh]^Z�kdhjhklv�j_Zdpbb�\�ijh[_�^hklb]Z_l�fZdkbfZevghc�\_eb�

qbgu� 
 

 
 
Jbk�����>bnn_j_gpbZevgZy�djb\Zy���>L:��gZ]j_\Zgby�dZhebgblZ� 
 
 
 
 

���J:KRBNJH<D:�DJB<UO�>L:� 
 

JZkrbnjh\dZ�aZj_]bkljbjh\Zgguo�djb\uo�>L:�k\h^blky�Z��d�\uy\e_gbx�b�ZgZebam�

\k_o�oZjZdl_jguo�]_hf_ljbq_kdbo�we_f_glh\�djb\uo�gZ]j_\Zgby�b�hij_^_e_gbx�bo�l_f�

i_jZlmj��l�_��ihemq_gbx�l_jfbq_kdhc�oZjZdl_jbklbdb�l_jfh]jZffu��[��mklZgh\e_gbx�nb�

abdh-obfbq_kdhc�kmsghklb��ijbjh^u��wg^h-�b�wdahl_jfbq_kdbo�ij_\jZs_gbc��oZjZdl_jb�

amxsbo�bkke_^m_fh_�\_s_kl\h��?keb�i_j\Zy�ba�wlbo�aZ^Zq�j_rZ_lky�hlghkbl_evgh�ijhklh��

k�bkihevah\Zgb_f�klZg^Zjlguo�f_lh^bq_kdbo�ijb_fh\��lh�^ey�j_r_gby�\lhjhc�-�g_j_^dh�
ijboh^blky�ijb[_]Zlv�b�d�^jm]bf�\b^Zf�ZgZebah\�� lZdbf��dZd�obfbq_kdbc��j_gl]_gh]jZ�

nbq_kdbc��l_jfh]jZ\bhf_ljbq_kdbc��hilbq_kdbc�b�^jm]b_� 
=_hf_ljbq_kdb_�hkh[_gghklb�ex[hc�l_jfh]jZffu�hij_^_eyxlky�\�i_j\mx�hq_j_^v�

ihke_^h\Zl_evghklvx� jZkiheh`_gby� b� dhebq_kl\hf� wg^h-� b� wdahl_jfbq_kdbo� wnn_dlh\��
j_]bkljbjm_fuo�\�\b^_�k_jbb�ibdh\�hldehg_gby�djb\hc��\\_jo�beb�\gba��ih�hlghr_gbx�d�

gme_\hc�beb�[Zah\hc� �[Zabkghc��ebgbb��Gme_\hc�ebgb_c�ijbgylh�gZau\Zlv�ijyfmx��i_j�

i_g^bdmeyjgmx� d� hkb� hj^bgZl� \� lhqd_� gZqZeZ� aZibkb��;Zah\hc� �beb� wdki_jbf_glZevghc�

gme_\hc� ebgb_c�� y\ey_lky� ebgby� �jbk�� �Z��� kh\iZ^ZxsZy� k� ]hjbahglZevgufb� mqZkldZfb�

djb\hc�>L:�� ke_^mxsZy� iZjZee_evgh� gme_\hc� ebgbb�� qZklh� g_kdhevdh� gb`_� �\hafh`gh�

\ur_��__�mjh\gy��\�j_Zevguo�mkeh\byo�hiulZ��Iheh`_gb_�[Zah\hc�ebgbb�ih�hlghr_gbx�d�

gme_\hc�aZ\bkbl��ih�ij_bfms_kl\m�hl�kdhjhklb�gZ]j_\Z��fZkk�bamqZ_fh]h�h[jZapZ�b�wlZeh�

gZ�b�hkh[_ggh�jZ\_gkl\Z�bo�l_iehnbabq_kdbo�k\hckl\��<ke_^kl\b_�lh]h��qlh�l_iehnbabq_�

kdb_�k\hckl\Z�h[jZapZ�\h�\j_fy�gZ]j_\Z�fh]ml�f_gylvky��kh[ex^_gb_�ihke_^g_]h�mkeh\by�
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aZljm^g_gh��>hklbqv�kh\iZ^_gby�gme_\hc�b�[Zah\hc�ebgbc�fh`gh�ebrv�ijb�^hklZlhqghf�

aZ]jm[e_gbb�qm\kl\bl_evghklb�j_]bkljZpbb�djb\hc�>L:��qlh�g_�\k_]^Z�jZpbhgZevgh� 
Ex[hc�l_jfbq_kdbc�wnn_dl� �ibd��oZjZdl_jbam_lky�ke_^mxsbfb�]_hf_ljbq_kdbfb�

we_f_glZfb� djb\hc� gZ]j_\Zgby�� hij_^_ey_fufb� ih� hlghr_gbx� d� gme_\hc� beb� [Zah\hc�

ebgbyf��jbk���[�� 
 

 
Jbk�����=_hf_ljbq_kdb_�we_f_glu�djb\hc�>L:� 

Z��gme_\Zy�b�[ZabkgZy� ebgbb��[��l_fi_jZlmju��L1 -�gZqZeZ�l_jfbq_kdh]h�wnn_dlZ��L2 - 
hdhgqZgby�l_jfbq_kdh]h� wnn_dlZ��Lmax -�fZdkbfmfZ�l_jfbq_kdh]h�wnn_dlZ�L1-L2 -�bg�
l_j\Ze�l_fi_jZlmj�l_jfbq_kdh]h�wnn_dlZ��6�-�iehsZ^v��:�-�Zfieblm^Z��?1>�?>�-�bg^_dk�
nhjfu�l_jfbq_kdh]h�wnn_dlZ��k��hij_^_e_gb_�l_fi_jZlmju�gZqZeZ�b�dhgpZ�ibdZ� 
 

Z��lhqdZfb�b�khhl\_lkl\_ggh�l_fi_jZlmjZfb�gZqZeZ���L1 ��b�dhgpZ���L2���l_jfbq_kdh�

]h�wnn_dlZ��l�_��lhqdZfb�gZqZeZ�hldehg_gby�b�\ha\jZlZ�djb\hc�>L:�hl� �gZ��mjh\gy-�_gv��
gme_\hc� ��[Zah\hc� ��ebgbb��<� aZ\bkbfhklb�hl�nhjfu�ibdZ�\hafh`gu�jZaebqgu_�f_lh^u�

mklZgh\e_gby�wlbo�lhq_d��Ijb�j_adhf�hldehg_gbb�djb\hc�>L:� -�wlh�lhqdb�i_j_f_gu�gZ�
ijZ\e_gby� ��baehfZ� �� �lhqdZ� ���jbk���k� ���ijb�ieZ\ghf�ih\_^_gbb� -�hgb�mklZgZ\eb\Zxlky�
iml_f� i_j_k_q_gby� ijyfhebg_cgh]h� ijh^he`_gby� [ebae_`Zs_c� gbkoh^ys_c� beb� \hkoh�

^ys_c�\_l\_c�k�[Zabkghc���gme_\hc���ebgbyfb��lhqdZ����jbk���k���beb�`_�ih�lhqdZf�dZkZgby�

��ijh\_^_gghc�d�[Zabkghc�ebgbb�ih^�m]ehf���
0
���lhqdZ����jbk����k��� 

[�� lhqdhc� b� l_fi_jZlmjhc�fZdkbfmfZ� �� ibdZ�� \_jrbgu� �� l_jfbq_kdh]h� wnn_dlZ� ��

Lmax���l�_��lhqdhc�fZdkbfZevgh]h�hldehg_gby�djb\hc�>L:�hl�[Zabkghc��gme_\hc���ebgbb�� 
\��rbjbghc�ibdZ�-�jZkklhygb_f�f_`^m�_]h�gZqZehf�b�dhgphf�beb�bgl_j\Zehf�l_f�

i_jZlmj��\�dhlhjhf�aZj_]bkljbjh\Zg�wnn_dl��L1 -�L2; 
]�� Zfieblm^hc� l_jfbq_kdh]h� wnn_dlZ�:�� l�_�� agZq_gb_f� gZb[hevr_]h� hldehg_gby�

djb\hc�>L:�hl�[Zabkghc�ebgbb�\�ijhp_kk_�ij_\jZs_gby��baf_jy_fhc�gZ�l_jfh]jZff_�\�

fbeebf_ljZo� 
^��\_ebqbghc� l_jfbq_kdh]h� wnn_dlZ��hij_^_ey_fhc�iehsZ^vx�ibdZ�� aZdexq_gghc�

f_`^m�gme_\hc��[Zabkghc��ebgb_c�b�djb\hc�>L:; 
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_��bg^_dkhf�nhjfu�l_jfbq_kdh]h�wnn_dlZ� -��l�_��f_jhc�Zkbff_ljbb�ibdZ��dhlhjZy�

\ujZ`Z_lky�hlghr_gb_f�hlj_adh\� (1>�?>� �jbk�� �[� ���hlk_dZ_fuo�gZ�gme_\hc�ebgbb�ijy�

fufb��y\eyxsbfbky�ijh^he`_gb_f�ijyfhebg_cguo�mqZkldh\�gbkoh^ys_c�b�\hkoh^ys_c�

\_l\_c�b�ijyfhc��\hkklZgh\e_gghc�ba�lhqdb�Lmax. 
Djhf_�\ur_mdZaZgguo��\�aZ\bkbfhklb�hl�hkh[_gghkl_c�djb\hc�>L:��d�qbkem�oZjZd�

l_jguo�]_hf_ljbq_kdbo�we_f_glh\�l_jfh]jZff�hlghkyl�lZd`_�lhqdb�fbgbfmfh\� �fbg���b�

i_j_]b[Z���jbk�������Fbgbfmfhf�y\ey_lky�lhqdZ��gZb[he__�ijb[eb`_ggZy�d�gme_\hc��[Zah�

\hc���ebgbb��gZoh^ysZyky�gZ�i_j_ehf_�f_`^m�^\mfy�wg^h-�beb�wdahl_jfbq_kdbfb�wnn_d�
lZfb��ke_^mxsbfb�^jm]�aZ�^jm]hf�beb�i_j_dju\Zxsbfbky��<�kemqZ_�agZqbl_evgh]h�i_j_�

djulby�h^gh]h�wnn_dlZ�^jm]bf��fbgbfmf�gZ�djb\hc�ljZgknhjfbjm_lky�\�lhqdm�i_j_]b[Z� 

 
Jbk����Lhqdb�i_j_]b[Z�b�fbgbfmfZ��gZ�^bnn_j_gpbZevghc�djb\hc�gZ]j_\Zgby. 

 
Hlf_lb\�gZ� aZj_]bkljbjh\Zgghc� �nhlh-�beb�bguf�kihkh[hf�� l_jfh]jZff_�\k_�oZ�

jZdl_jgu_�]_hf_ljbq_kdb_�lhqdb�l_jfbq_kdbo�wnn_dlh\��^Ze__�hij_^_eyxl�bo�l_fi_jZlm�

ju��agZq_gby�dhlhjuo�mdZau\Zxl�gZ�ihemq_gghf�]jZnbd_�aZibkb�� 
<�l_o�kemqZyo��dh]^Z�nbdkbjm_lky�lhevdh�h^gZ�^bnn_j_gpbZevgZy�djb\Zy��Z�l_fi_�

jZlmju�gZ]j_\Z�gZghkylky�g_ihkj_^kl\_ggh�\�\b^_�\_jlbdZevguo�ebgbc�iZjZee_evguo�hkb�

hj^bgZl� q_j_a� dZ`^u_� ���
H
K� �jbk����� l_fi_jZlmju�gZqZeZ��fZdkbfmfZ�b� dhgpZ� l_jfbq_�

kdbo�wnn_dlh\�kqblu\Zxlky�g_ihkj_^kl\_ggh�k�]jZnbdZ��iml_f�bgl_jiheypbb�jZkklhygbc�

�gZ��-���jZ\guo�qZkl_c��f_`^m�l_fi_jZlmjgufb�ebgbyfb��<ghkbfZy�ijb�wlhf�hrb[dZ�hi�

j_^_e_gby� l_fi_jZlmj� �ba-aZ� hlkmlkl\by� kljh]hc� ebg_cghc� aZ\bkbfhklb�W>K� l_jfhiZju�
hl�l_fi_jZlmju�b�_kl_kl\_ggh]h�m\_ebq_gby�jZkklhygbc�f_`^m�l_fi_jZlmjgufb�ebgbyfb�

\�klhjhgm�[hevrbo�l_fi_jZlmj��^ey�j_r_gby�fgh]bo�aZ^Zq�l_jfbq_kdh]h�ZgZebaZ�y\ey_lky�

\iheg_�^himklbfhc�� 
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Jbk����Djb\u_�>L:�dZj[hgZlh\� 
 

Lh]^Z�`_��dh]^Z�h^gh\j_f_ggh� aZibku\Zxlky�^bnn_j_gpbZevgZy�b� l_fi_jZlmjgZy�

djb\u_� gZ]j_\Zgby� �l_jfbq_kdb_� mklZgh\db� bgh]h� lbiZ�� hij_^_e_gb_� l_fi_jZlmj� lhq_d�

hkms_kl\eyxl� k� ihfhsvx� l_fi_jZlmjghc� �]jZ^mbjh\hqghc�� ebg_cdb��Ihke_^gxx� ihem�

qZxl�wdki_jbf_glZevgh�^ey�dZ`^hc�l_jfbq_kdhc�mklZgh\db��Z�lZd`_�b�ihke_�__�j_fhglZ��b�

bkihevamxl� ijb� jZkrbnjh\d_�� <� [hevrbgkl\_� l_jfbq_kdbo� mklZgh\hd� ij_^mkfhlj_gZ�

\hafh`ghklv�gZg_k_gby�l_f�beb�bguf�kihkh[hf��h[uqgh�hilbq_kdbf��l_fi_jZlmjghc�eb�

g_cdb�ih�hkb�hj^bgZl�l_jfh]jZffu��Hij_^_e_gb_�l_fi_jZlmj�jZaebqguo�lhq_d�l_jfbq_�

kdbo� wnn_dlh\� gZ� ^bnn_j_gpbZevghc� djb\hc� gZ]j_\Zgby� hkms_kl\eyxl� ijb� wlhf� ke_�

^mxsbf�h[jZahf��DeZ^ml�l_fi_jZlmjgmx�ebg_cdm�lZd��qlh[u�gZqZevgh_�^_e_gb_�ebg_cdb�

kh\iZ^Zeh� k� Z[kpbkkhc�� Z� __� djZc� ijhoh^be� [u� q_j_a� lhqdm�� l_fi_jZlmjm� dhlhjhc� ohlyl�

mklZgh\blv� �jbk������>Ze__�kfhljyl��]^_�djZc�l_fi_jZlmjghc�ebg_cdb�i_j_k_dZ_lky�k�djb�

\hc�ijhklhc�aZibkb��WlZ�lhqdZ�i_j_k_q_gby�b�ihdZau\Z_l��ijb�khhl\_lkl\mxs_c�bgl_jih�

eypbb�l_fi_jZlmjm� \� bkdhfhc� qZklb� djb\hc� >L:�� >ey� hij_^_e_gby� l_fi_jZlmj� ^jm]bo�

lhq_d� l_jfh]jZffu� i_j_^\b]Zxl� l_fi_jZlmjgmx� ebg_cdm� iZjZee_evgh� hkb� hj^bgZl�� kh�

[ex^Zy�\k_�\j_fy� kh\iZ^_gby�gmey�ebg_cdb�k�hkvx�Z[kpbkk�� lZd��qlh[u�djZc�__�ijhr_e�

q_j_a�ke_^mxsmx�khhl\_lkl\mxsmx�lhqdm,�b�\ur_mdZaZggmx�hi_jZpbx�ih\lhjyxl��B�lZd�

ijh^he`Zxl�^h� l_o�ihj��ihdZ�g_�[m^ml�mklZgh\e_gu� l_fi_jZlmju�^ey�\k_o�oZjZdl_jguo�

]_hf_ljbq_kdbo� lhq_d�djb\hc�>L:��Jhev�ijhklhc�djb\hc�gZ]j_\Zgby�\� wlhf�kemqZ_�k\h�

^blky�d� lhfm��qlh�k�__�ihfhsvx�hij_^_eyxlky�l_fi_jZlmju�\k_o�ijhp_kkh\�� aZnbdkbjh�

\Zgguo�gZ�djb\hc�>L:�� 
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Jbk�����Hij_^_e_gb_�l_fi_jZlmju�l_jfbq_kdbo�wnn_dlh\�ijb�ihfhsb� 

]jZ^mbjh\hqghc�ebg_cdb� 
1 -�ijhklZy�djb\Zy�gZ]j_\Zgby����-�^bnn_j_gpbZevgZy�djb\Zy����-�l_fi_jZlmjgZy�ebg_cdZ� 
 

H[sbc�\b^�djb\hc�gZ]j_\Zgby��oZjZdl_j�nhjfu�l_jfbq_kdbo�wnn_dlh\��bo�bgl_g�

kb\ghklv�b�khhlghr_gb_�iehsZ^_c�b�Zfieblm^��bg^_dk�nhjfu��Z�lZd`_�bgl_j\Ze�l_fi_jZ�

lmj�\�g_dhlhjhc�kl_i_gb�^Zxl�ij_^klZ\e_gb_�h�ijbjh^_�ij_\jZs_gbc��bf_\rbo�f_klh�\�

ijhp_kk_�gZ]j_\Z�fbg_jZeZ�� 
LZd��wdahl_jfbq_kdb_�wnn_dlu��aZnbdkbjh\Zggu_�\�madhf�bgl_j\Ze_�l_fi_jZlmj�\�

\b^_�bgl_gkb\gh]h�hkljhdhg_qgh]h�b�kbff_ljbqgh]h�ibdZ,�h[uqgh�h[mkeh\e_gu�i_j_oh�
^Zfb�ba�Zfhjngh]h�khklhygby�\�djbklZeebq_kdh_��jZkkdjbklZeebaZpb_c�kl_dhe��dheehb^h\�

beb�ijh^mdlh\�f_lZfbdlgh]h�jZkiZ^Z� �jbk��� -�������Iheh]Zy�nhjfZ��jZklygmlhklv�b�Zkbf�
f_ljbqghklv�wdahl_jfbq_kdbo�wnn_dlh\�k\b^_l_evkl\mxl�kdhj__�\k_]h�h�f_^e_ggh�ijhl_�

dZxsbo� ijhp_kkZo� hdbke_gby� b� \u]hjZgby�� aZ\bkysbo� qZklbqgh� hl� hdbkebl_evghc� kih�

kh[ghklb�hdjm`Zxs_c�kj_^u��jbk��-3).  
Wg^hl_jfbq_kdb_�wnn_dlu�wgZglbhfhjnguo�ihebfhjnguo�ij_\jZs_gbc��jbk���-4) 

oZjZdl_jbamxlky�g_[hevrbfb�iehsZ^yfb�b�Zfieblm^Zfb�ibdh\��dhlhju_�d�lhfm�`_�qZklh�

Zkbff_ljbqgu��\�lh�\j_fy�dZd�wnn_dlu�jZajmr_gby�djbklZeebq_kdhc�j_r_ldb�[_a�\u^_�

e_gby�beb�k�m^Ze_gb_f��e_lmqbo�dhfihg_glh\��^bkkhpbZpby��^_]b^jZlZpby��hljZ`Zxlky�gZ�

l_jfh]jZffZo�[he__�yjdbfb�ibdZfb�k�iheh]bf�hldehg_gb_f�gbkoh^ys_c�\_l\b�b�g_ihklh�

ygguf�l_fi_jZlmjguf�iheh`_gb_f�fZdkbfmfZ�\ke_^kl\b_�baf_g_gby�\g_rg_]h�^Z\e_gby��

b�\_ebqbgu�ih\_joghklb�l\_j^hc�nZau��jbk�����>ey�ih^l\_j`^_gby�wlh]h�bgh]^Z�j_dhf_g�

^m_lky�ihemq_gb_�l_jfh]jZff�\�jZaguo�mkeh\byo��Z��\�h[uqghc�\ha^mrghc�beb�bg_jlghc�

kj_^_�� [�� jZagh]h� \g_rg_]h� ^Z\e_gby��<� g_dhlhjuo� kemqZyo� gZ� djb\hc�>L:� hlf_qZ_lky�

qZklbqgh_�gZeh`_gb_�b�i_j_djulb_�l_jfbq_kdbo�wnn_dlh\��qlh�qZklh�h[mkeh\e_gh�\u^_�

e_gb_f�\h^u�ba�jZaguo�kljmdlmjguo�ihabpbc�\�khklZ\_�fbg_jZeZ�� 
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Jbk�����L_jfh]jZffZ�jZaebqguo�fbg_jZ�
eh\� 
1 -�f_lZfbdlguc�fbg_jZe����-�debghojbah�
lbe�k�g_kh\_jr_gghc�kljmdlmjhc����-�]jZ�
nbl����-�d\Zjp��gZ]j_\Zgb_�����-�d\Zjp��ho�
eZ`^_gb_�����-�ij_gbl����-�dZhebgbl�^\mo�
]_g_jZpbc����-�k_ji_glbg�k�hj]Zgbdhc� 
 

 
;he__�h^ghagZqgh�fgh]b_�ba�ijhp_kkh\��ijhbkoh^ysbo�\�\_s_kl\_�ijb�gZ]j_\Zgbb��

fh]ml�[ulv�bgl_jij_lbjh\Zgu�ebrv�\�khq_lZgbb�k�^Zggufb�l_jfh]jZ\bhf_ljbq_kdh]h�b�

^bnn_j_gpbZevgh]h� l_jfh]jZ\bhf_ljbq_kdh]h� ZgZebah\� �djb\ufb� L=� b� >L=��� l�d�� jy^�

ij_\jZs_gbc�oZjZdl_jbam_lky�baf_g_gb_f�fZkku�\_s_kl\Z��GZijbf_j��j_Zdpbb�^bkkhpbZ�

pbb��^_]b^jZlZpbb� �m^Ze_gb_�KH2, SO3, F,Cl, H22�b�^jm]bo�e_lmqbo�dhfihg_glh\��khijh�

\h`^Zxlky� ihl_j_c�� Z� hdbke_gb_� �ij_\jZs_gb_� gbadh\Ze_glguo� f_lZeeh\� \� \ukhdh\Z�

e_glgu_�lbiZ��)H
2+ → Fe3+

�b�l�^��� -�gZh[hjhl��\hajZklZgb_f�fZkku��GZjy^m�k�wlbf��lZdb_�
y\e_gby�dZd�h[jZah\Zgb_�gh\uo�nZa��i_j_oh^�ba�h^gh]h�Z]j_]Zlgh]h�khklhygby�\�^jm]h_��

jZkiZ^�l\_j^uo�jZkl\hjh\��ihebfhjngu_�baf_g_gby�ijhl_dZxl�ijZdlbq_kdb�[_a�baf_g_�

gby�\_kZ�\_s_kl\Z��<f_kl_�k�l_f�lhqgh_�\uykg_gb_�nbabdh-obfbq_kdhc�kmsghklb�aZj_]b�

kljbjh\Zgguo�gZ�l_jfh]jZffZo�wnn_dlh\�ijh\h^yl�iml_f�dhfie_dkgh]h��j_gl]_ghf_ljb�

q_kdh]h��BD-ki_dljhkdhibb��hilbq_kdh]h�b�^j���bkke_^h\Zgby�bkoh^gh]h�\_s_kl\Z��^h�gZ�

qZeZ�\�g_f�ij_\jZs_gbc��Z�lZd`_�ijhf_`mlhqguo�b�dhg_qguo�ijh^mdlh\�_]h�gZ]j_\Zgby�� 
 

���WDKI?JBF?GL:EVGU?�N:DLHJU��<EBYXSB?�G:� 
NHJFM�>BNN?J?GPB:EVGUO�DJB<UO�G:=J?<:GBY� 

 

<�b^_Zevguo� mkeh\byo�nhjfZ� djb\hc�>L:�^he`gZ�hljZ`Zlv�ih\_^_gb_�fbg_jZeZ�

ijb�gZ]j_\Zgbb�b�hij_^_eylvky�lhevdh�hkh[_gghklyfb�_]h�kljmdlmju��khklZ\hf�b�k\hckl�

\Zfb�� l�_�� \k_� l_jfh]jZffu� h^gh]h� b� lh]h�`_� h[jZapZ� ihklhygghc� dhgklblmpbb� y\eylky�

h^ghlbigufb� b� khihklZ\bfufb� ^jm]� k� ^jm]hf��H^gZdh�gZ�ijZdlbq_kdmx� \hkijhba\h^b�

fhklv�djb\uo�>L:�hdZau\Zxl�\ebygb_�jZaebqgu_�nZdlhju��aZ\bkysb_�dZd�hl�hkh[_ggh�

kl_c�kZfh]h�fbg_jZeZ��lZd�b�hl�mkeh\bc�hkms_kl\e_gby�wdki_jbf_glZ��Hkgh\ghc�aZ^Zq_c�

ijb� wlhf�y\ey_lky�hilbfbaZpby�mkeh\bc�ijh\_^_gby� l_jfbq_kdh]h�ZgZebaZ�k� l_f��qlh[u�

kgb\_ebjh\Zlv�\ebygb_�nZdlhjh\�\lhjhc�]jmiiu��gZb[he__�\Z`gufb�kj_^b�dhlhjuo�y\ey�

xlky�kdhjhklv�gZ]j_\Zgby��\_ebqbgZ�gZ\_kdb��kl_i_gv�^bki_jkghklb�b�iehlghklb�gZ[b\db�

h[jZapZ�\�lb]e_��qm\kl\bl_evghklv�\�p_ib�^bnn_j_gpbZevghc�l_jfhiZju��k\hckl\Z�wlZeh�

gZ�� Zlfhkn_jZ� i_qgh]h� ijhkljZgkl\Z� b� ^j��KlZg^ZjlbaZpby� \ur_mdZaZgguo� wdki_jbf_g�

lZevguo�iZjZf_ljh\�^Z_l�hkgh\Zgb_�d�\uy\e_gbx�l_o�oZjZdl_jbklbd�l_jfh]jZff��dhlhju_�

hljZ`Zxl� kl_i_gv�kh\_jr_gkl\Z�kljmdlmju��djbklZeebqghklb��bahfhjnguo� aZf_s_gbc�\�

fbg_jZeZo��\uklmiZxsbo�\�dZq_kl\_�lbih]_gguo�ijbagZdh\�b�hljZ`Zxsbo�]_g_lbq_kdb_�

hkh[_gghklb�bamqZ_fuo�h[jZah\Zgbc�� 
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Ke_^m_l�hlf_lblv��qlh�p_euc�jy^�nZdlhjh\��\ebyxsbo�gZ�oZjZdl_j�nhjfu�l_jfb�

q_kdbo�djb\uo��gZoh^ylky�f_`^m�kh[hc�\�hij_^_e_gghc�\aZbfhk\yab��ihwlhfm�gb`_�djZldh�

jZkkfhlj_gh�\ebygb_�ebrv�g_dhlhjuo�ba�gbo� 
FZkkZ�h[jZapZ�kms_kl\_ggh�\eby_l�gZ�l_fi_jZlmjm�b�\_ebqbgm�iehsZ^b�l_jfbq_�

kdh]h�wnn_dlZ��Ihke_^gyy��dZd�ijZ\beh��ijhihjpbhgZevgZ�\_km�ijh[u�b�f_g__�aZ\bkbfZ�hl�

wdki_jbf_glZevguo� mkeh\bc�� q_f� l_fi_jZlmjZ� b� \ukhlZ� ibdZ�� dhlhju_� k� mf_gvr_gb_f�

gZ\_kdb�kf_sZxlky�\�h[eZklv�[he__�gbadbo�l_fi_jZlmj��HilbfZevghc�^ey�fgh]bo�kh\j_�

f_gguo�l_jfbq_kdbo�mklZgh\hd�y\ey_lky�fZkkZ�h[jZapZ���-����f]��<�g_dhlhjuo�kemqZyo��\�
aZ\bkbfhklb�hl�j_rZ_fuo�aZ^Zq��gZ\_kdZ�fh`_l�[ulv�m\_ebq_gZ�^h����-��]��gZijbf_j�^ey�
hij_^_e_gby� g_[hevrh]h� dhebq_kl\Z� hj]Zgbq_kdh]h� \_s_kl\Z� \� khklZ\_� ]hjguo� ihjh^���

Ke_^m_l�bf_lv�\�\b^m��qlh�q_f�[hevr_�kdhjhklv�gZ]j_\Zgby��l_f�f_gvr_�fh`_l�[ulv�fZkkZ�

h[jZapZ��<�p_ehf�mf_gvr_gb_�gZ\_kdb�kihkh[kl\m_l�jZ\ghf_jghfm�jZkij_^_e_gbx�l_fi_�

jZlmjgh]h�ihey�\�h[jZap_��qlh�agZqbl_evgh�kgb`Z_l�\j_fy�nZah\uo�ij_\jZs_gbc��Z�lZd`_�

mf_gvrZ_l�\ebygb_�gZ�j_amevlZlu�ZgZebaZ�iZjpbZevgh]h�^Z\e_gby�]ZaZ��\u^_eyxs_]hky�ba�

ijh[u�� 
Kdhjhklv� gZ]j_\Zgby�� dhlhjZy� ih-kms_kl\m� hij_^_ey_l� \j_fy� gZ� ijhba\h^kl\h�

l_jfbq_kdbo� ZgZebah\�� kms_kl\_gguf� h[jZahf� kdZau\Z_lky� gZ� nhjf_� l_jfh]jZff�� >ey�

ihemq_gby�\hkijhba\h^bfuo�djb\uo�hgZ�^he`gZ�[ulv��ij_`^_�\k_]h��kljh]h�ihklhygghc�

\h� \k_f� bkke_^m_fhf� bgl_j\Ze_� l_fi_jZlmj��MklZgh\e_gh�� qlh� k� ih\ur_gb_f� kdhjhklb�

gZ]j_\Zgby�l_jfbq_kdb_�wnn_dlu�kf_sZxlky�\�h[eZklv�[hevrbo�l_fi_jZlmj�b�Zfieblm^u�

bo�\hajZklZxl� �jbk������Ijb�wlhf�iehsZ^v�l_jfbq_kdbo�wnn_dlh\,�hdZau\Z_lky,�fZeh�aZ�
\bkbl�hl�kdhjhklb�gZ]j_\Zgby��Baf_gyy�kdhjhklv�gZ]j_\Zgby��fh`gh�memqrblv�jZaj_r_gb_�

khk_^gbo�l_jfbq_kdbo�wnn_dlh\��H^gZdh�kdhjhklv�gZ]j_\Z�g_�^he`gZ�[ulv�kebrdhf�fZ�

ehc��l�d��f_^e_ggh�l_dmsb_�k�g_[hevrbfb�l_ieh\ufb�wnn_dlZfb�j_Zdpbb�g_�[m^ml�aZnbd�

kbjh\Zgu�\ke_^kl\b_�\ujZ\gb\Zgby�l_fi_jZlmj�f_`^m�wlZehghf�b�bkke_^m_fuf�\_s_kl�

\hf�� 
F_`^m�kdhjhklvx�gZ]j_\Zgby�b�\_ebqbghc�gZ\_kdb�N�<�Kujhfylgbdh\uf�mklZgh\�

e_gZ�fZl_fZlbq_kdZy�aZ\bkbfhklv��bf_xsZy�ebg_cguc�oZjZdl_j��W� �NP��]^_�W�-�ijh^he`b�
l_evghklv�aZibkb�ijb�gZ]j_\_�hl�dhfgZlghc�l_fi_jZlmju�^h�����

H
K��P�-�gZ\_kdZ�bamqZ_�

fh]h�fbg_jZeZ��f]��N�-�dhgklZglZ��jZ\gZy������<�khhl\_lkl\bb�k�wlhc�aZ\bkbfhklvx�ijb�j_�
]bkljZpbb�l_jfh]jZffu�aZ���-���fbg��l�_��ijb�kdhjhklb�gZ]j_\Zgby��jZ\ghc���-100HK�fbg��
fZkkZ�gZ\_kdb�^he`gZ�khklZ\eylv����f]���H^gZdh�ijZdlbdZ�ihdZau\Z_l��qlh�\ujZabl_evgu_��

khihklZ\bfu_� l_jfh]jZffu�fh`gh�ihemqZlv�eb[h�baf_g_gb_f�qm\kl\bl_evghklb�\�p_ib�

^bnn_j_gpbZevghc�l_jfh]jZffu��qlh�g_�\k_]^Z�`_eZl_evgh���eb[h�g_dhlhjuf�m\_ebq_gb�

_f�beb�mf_gvr_gb_f�gZ\_kdb��<� aZ\bkbfhklb�hl�bgl_gkb\ghklb� l_ieh\uo� wnn_dlh\�^ey�

jZaebqguo� ]jmii� fbg_jZeh\� khljm^gbdZfb� <K?=?B� [ueb� j_dhf_g^h\Zgu� ke_^mxsb_�

hilbfZevgu_�\ZjbZglu�gZ\_khd�ijb�kdhjhklghf�gZ]j_\_
4 : 25-���f]��dZj[hgZlu��kmevnZlu��

]b^jhhdbkeu�fZ]gby��hj]Zgbq_kdb_�kh_^bg_gby�b�l�i����hdheh����f]��dZhebgblu��^bZkihj��

[_fbl�� ]_lbl�� oehjblu�� k_ji_glbgu� b� ^j���� ��-���� f]� �kex^u�� ]b^jhkex^u�� Zfnb[heu��
wib^hlu�� phbablu�� ij_gblu�� lZevd�� ]jZgZlu�� [_a\h^gu_� hdbkeu� b� ^j����Ijb� f_^e_gguo�

kdhjhklyo�gZ]j_\Z�gZ\_kdZ�fbg_jZeh\�^he`gZ�[ulv�m\_ebq_gZ�^h���]j�� 

                                                 
4 Ih kdhjhklb gZ]j_\Zgby \_s_kl\Z mkeh\gh \u^_eyxl ke_^mxsb_ ]jZ^Zpbb l_jfbq_kdh]h ZgZebaZ� f_^e_g�

guc �-��� mkdhj_gguc - hdheh ��� kdhjhklghc - 60-���� wdkij_kkguc - [hevr_ ���
HK�fbg� 
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Jbk������>bnn_j_gpbZevgu_�
djb\u_�]bikZ��ihemq_ggu_�
ijb�kdhjhklb�gZ]j_\Zgby�hl���
^h����]jZ^�fbg� 
 

 
JZaf_j�qZklbp��kl_i_gv�bo�djbklZeebqghklb�b�iehlghklv�miZdh\db.�GZ�lhq�

ghklv�b�^hklh\_jghklv��ihemqZ_fuo�l_jfhZgZeblbq_kdbo�djb\uo�aZf_lgh_�\ebygb_�hdZau�

\Z_l�jZaf_j�qZklbp�ZgZebabjm_fuo�ijh[��<�h[s_f�kemqZ_�\k_�[hevr__�baf_evq_gb_�fZl_�

jbZeZ�ijb\h^bl�d�mf_gvr_gbx�bgl_gkb\ghklb�dZd�wg^h-�lZd�b�wdahl_jfbq_kdbo�wnn_dlh\�
ijb�h^gh\j_f_gghf�kf_s_gbb�bo�\�klhjhgm�gbadbo�l_fi_jZlmj��Bgh]^Z�bgl_gkb\gh_�jZk�

lbjZgb_�\uau\Z_l�qZklbqgmx�^bkkhpbZpbx��^_]b^jZlZpbx�fbg_jZeZ�b�hdbke_gb_�obfbq_�

kdbo�we_f_glh\�\�_]h�khklZ\_��bf_xsbo�i_j_oh^gmx�\Ze_glghklv�b��gZdhg_p��ijb\h^bl�d�

qZklbqghfm�beb�iheghfm�jZajmr_gbx�kljmdlmju�fbg_jZeZ�b�h[jZah\Zgbx�Zfhjnbah\Zg�

ghc�nZau��Ihwlhfm�gZb[he__�ih^oh^ys_c�^ey�ZgZebaZ�y\ey_lky�njZdpby�������ff��;he__�

djmiguc�fZl_jbZe�fh`_l�^Z\Zlv�eh`gu_�wnn_dlu��\ua\Zggu_�jZklj_kdb\Zgb_f��:gZebab�

jm_fu_�qZklbpu�^he`gu�[ulv�ih�\hafh`ghklb�[ebadb�ih�jZaf_jm��Z�iehlghklv�miZdh\db�

bo�\�lb]_ev�h^ghlbigZ��<�aZ\bkbfhklb�hl�kl_i_gb�miehlg_gby�ijh[u�h^gh]h�b�lh]h�`_�\_�

s_kl\Z�k�ihgb`_gguf�m^_evguf�\_khf�jZaebqb_�\�ebg_cguo�jZaf_jZo�hldehg_gby�^bnn_�

j_gpbZevghc�djb\hc�^ey�khhl\_lkl\mxsbo�ij_\jZs_gbc�fh`_l�^hklb]Zlv���-����b�[he__��
Hkh[_ggh�kbevgh�\ebygb_�jZaebqghc�kl_i_gb�miehlg_gby�bkke_^m_fh]h�b�wlZehggh]h�\_�

s_kl\Z�gZ�oZjZdl_j�>L:�kdZau\Z_lky�ijb�gbadbo�l_fi_jZlmjZo��l�_��\�gZqZe_�ijhp_kkZ�gZ�

]j_\Zgby�� 
Hij_^_e_ggh_�\ebygb_�gZ�oZjZdl_j�djb\uo�>L:�hdZau\Z_l�lZd`_�kl_i_gv�djbklZe�

ebqghklb�ZgZebabjm_fh]h�\_s_kl\Z��LZd��keZ[hdjbklZeebq_kdbc�dZhebgbl�^Z_l�rbjhdbc��

gh�g_[hevrhc�wg^hl_jfbq_kdbc�wnn_dl�\�bgl_j\Ze_����-200HK��\�lh�\j_fy�dZd�m�dZhebgb�
lh\�k�\ukhdhc�kl_i_gvx�djbklZeebqghklb�wlh]h�wnn_dlZ�g_�gZ[ex^Z_lky��>ey�\_s_kl\�k�

gbadhc�kl_i_gvx�djbklZeebqghklb� ��]b^jhdkb^u�`_e_aZ� ��hlf_qZ_lky�kf_s_gb_�l_jfbq_�

kdbo�wnn_dlh\�\�klhjhgm�gbadbo�l_fi_jZlmj� 
L_ieh_fdhklv� b�l_iehijh\h^ghklv� ZgZebabjm_fh]h� \_s_kl\Z� b� wlZehgZ� lZd`_�

hdZau\Z_l�\ebygb_�gZ�nhjfm�^bnn_j_gpbZevguo�djb\uo�gZ]j_\Zgby��JZaebqb_�\�l_iehnb�

abq_kdbo�oZjZdl_jbklbdZo�bg_jlgh]h�\_s_kl\Z�b�hkh[_ggh�h[jZapZ��l_ieh_fdhklv�b�l_f�

i_jZlmjhijh\h^ghklv�dhlhjh]h�fh`_l�baf_gylvky�\�ijhp_kk_�gZ]j_\Z��ijb\h^yl�d�hldeh�

g_gbx�djb\hc�>L:�hl�[Zabkghc�ebgbb��>ey�mkljZg_gby�wlh]h�\ebygby�g_h[oh^bfh�\u[b�

jZlv�wlZehgu��koh^gu_�\�l_ieh\hf�hlghr_gbb�k�bamqZ_fuf�\_s_kl\hf��LZd�ijb�bamq_gbb�

[hdkblh\� \� dZq_kl\_� � wlZehgZ� ke_^m_l� bkihevah\Zlv� ij_^\Zjbl_evgh� ijhdZe_ggmx� ijb�

1300H K�hdbkv�Zexfbgby��α - Al2O3���ijb�ZgZeba_�]ebg�-�f_edhjZkl_jluc�rZfhl��^ey�kex^�

emqrb_�j_amevlZlu�ihemqZxlky��_keb�\�dZq_kl\_�wlZehgZ�[_jml�ijhdZe_ggmx�kex^m�b�l�^��

H^gbf�ba�f_lh^h\�� qZklbqgh�bkdexqZxsbo� lZdh_�hldehg_gb_�� y\ey_lky�jZa[Z\e_gb_�bk�

ke_^m_fh]h� \_s_kl\Z� wlZehgguf� fZl_jbZehf�� JZa[Z\e_gb_� lZd`_� kihkh[kl\m_l� mkljZg_�

gbx�mkZ^hqguo�y\e_gbc��baf_g_gbx�jZaf_jZ�h[jZapZ��ijb\h^ys_fm�\�g_dhlhjuo�kemqZyo�

d�h[jZah\Zgbx�aZahjZ�f_`^m�kl_gdZfb�lb]ey�b�h[jZaphf��b�\kimqb\Zgbx�h[jZaph\��\ke_^�

kl\b_�\u^_e_gby�]Zah\hc�nZau���dhlhju_�\uau\Zxl�ihy\e_gb_� �gZ�djb\hc�>L:�lZd�gZau�

\Z_fh]h�eh`gh]h�wnn_dlZ�b�hldehg_gbx�djb\hc�hl�[Zabkgh]h�iheh`_gby�� 
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:lfhkn_jZ�\�i_qb�l_jfbq_kdhc�mklZgh\db�fh`_l�[ulv�klZlbq_kdhc�beb�^bgZfbq_�

kdhc��jZaebqghc�ih�khklZ\m�-�g_cljZevghc��hdbkebl_evghc��\hkklZgh\bl_evghc��HgZ�kms_�

kl\_ggh�kdZau\Z_lky�gZ�oZjZdl_j_�djb\uo�>L:�b�agZqbl_evgh�\eby_l�gZ�baf_g_gb_�fZkku�

ZgZebabjm_fh]h�\_s_kl\Z��Ba\_klgh��qlh�gZqZeh�b�ijh^he`bl_evghklv�j_Zdpbc�^_]b^jZlZ�

pbb�aZ\bkyl�hl�iZjpbZevgh]h�^Z\e_gby�iZjh\�\h^u��jZaeh`_gb_�dZj[hgZlh\�hij_^_ey_lky��

iZjpbZevguf�^Z\e_gb_f�KH2�b�H2�\�i_qb��h[mkeZ\eb\Zxs_f�hdbkebl_evgu_�j_Zdpbb��Ba�

f_gyy�iZjZf_lju�kj_^u��fh`gh�j_]mebjh\Zlv� l_fi_jZlmju�^bkkhpbZpbb�b�^_]b^jZlZpbb�

bkke_^m_fh]h�\_s_kl\Z��klbfmebjh\Zlv�beb�ih^Z\eylv�j_Zdpbb�hdbke_gby�b�\hkklZgh\e_�

gby�� Ihwlhfm� ij_^ihqlbl_evgh� ijh\_^_gb_� wdki_jbf_glZ� \� ^bgZfbq_kdhc� h[klZgh\d_��

dhlhjZy�h[_ki_qb\Z_lky�aZ�kq_l�gZ]g_lZgby�beb�j_]mebjh\Zgby�kdhjhklb�khhl\_lkl\mxs_�

]h�]Zah\h]h�ihlhdZ��JZamf__lky��qlh�\�mkeh\byo�baf_gyxsboky�iZjZf_ljh\�kj_^u�\k_�hgb�

^he`gu� kljh]h� dhgljhebjh\Zlvky�� Z� bo� \ebygb_� mqblu\Zlvky� ijb� jZkrbnjh\d_� djb\uo�

>L:�� 
Ihfbfh� \ur_mdZaZgguo��gZ�nhjfm� �^bnn_j_gpbZevguo�djb\uo�hdZau\Zxl�\eby�

gb_�g_iheZ^db�l_ogbq_kdh]h�oZjZdl_jZ��dhlhju_�\�ijhp_kk_�g_kdhevdbo�hiulguo�j_]bkl�

jZpbc�^he`gu�[ulv�h[yaZl_evgh�\uy\e_gu�b�mkljZg_gu��D�bo�qbkem�hlghkylky��g_jZ\gh�

f_jgh_�jZkij_^_e_gb_�l_fi_jZlmju�\�jZ[hq_f�ijhkljZgkl\_�i_qb��g_kbff_ljbqgh_�jZkih�

eh`_gb_�^_j`Zl_ey�l_jfhiZju�b�lb]e_c�ih�hlghr_gbx�d�__�kl_gdZf��]em[bgZ�ih]jm`_gby�

]hjyqbo�kiZ_\�l_jfhiZju�\�lb]eyo�k�bamqZ_fuf�\_s_kl\hf�b�wlZehghf��[ukljh^_ckl\b_�b�

qm\kl\bl_evghklv�j_]bkljZlhjZ�b�g_dhlhju_�^j�� 
 

���IJBF?G?GB?�F?LH>:�>L:�>EY�BAMQ?GBY�FBG?J:EH<� 
 

Bamq_gb_�fbg_jZeh\�b�]hjguo�ihjh^�f_lh^hf�ihemq_gby�^bnn_j_gpbZevguo�djb�

\uo�gZ]j_\Zgby��l_jfh]jZff��^Z_l�ij_bfms_kl\_ggmx�\hafh`ghklv��Z��ijh\h^blv�dZq_kl�

\_gguc�nZah\uc�ZgZeba�-�b^_glbnbpbjh\Zlv�g_ba\_klguc�fbg_jZe��hlh[jZgguc�b�ih^]h�
lh\e_gguc� ^ey� l_jfbq_kdh]h� ZgZebaZ�� beb� ^bZ]ghklbjh\Zlv� fbg_jZeu�� gZoh^ysb_ky� \�

kf_kyo� �]hjguo�ihjh^Zo���[_a�bo�ki_pbZevgh]h�\u^_e_gby��[��hkms_kl\eylv�dhebq_kl\_g�

guc�ZgZeba��l�_��mklZgZ\eb\Zlv�ijhp_glgh_��h[t_fgh_��kh^_j`Zgb_�h^gh]h�beb�g_kdhevdbo�

dhfihg_glh\�\�ihebfbg_jZevguo�h[jZah\Zgbyo� 
 

�����DZq_kl\_gguc�nZah\uc�l_jfbq_kdbc�ZgZeba�fbg_jZeh\ 
�b�bo�ijbjh^guo�kf_k_c� 

Ih^�dZq_kl\_gguf�nZah\uf�l_jfbq_kdbf�ZgZebahf�f_lh^hf�>L:�ih^jZamf_\Z_lky��

dZd� hlf_qZehkv��mklZgh\e_gb_� �hij_^_e_gb_��hl^_evguo�fbg_jZevguo�\b^h\�b�bo�jZagh�

\b^ghkl_c� eb[h� \� khklZ\_� fhghnjZdpbc�� eb[h� \� ijbjh^guo� Z]j_]Zlguo� kdhie_gbyo� ih�

l_jfbq_kdbf� oZjZdl_jbklbdZf� -� djb\uf� >L:��:gZeba� hkgh\Zg� gZ� lhf� iheh`_gbb�� qlh�
[hevrbgkl\h�l_ieh\uo�wnn_dlh\��ijhl_dZxsbo�\�\_s_kl\_��b�oZjZdl_jgu_�^ey�gbo�l_f�

i_jZlmju� hklZxlky� g_baf_ggufb� g_aZ\bkbfh� hl� lh]h�� gZoh^blky� eb� \aylh_� \_s_kl\h� \�

qbklhf�\b^_�beb�`_�\�kf_kb�k�^jm]bfb�\_s_kl\Zfb�ijb�mkeh\bb��qlh�\_s_kl\Z��\oh^ysb_�\�

^Zggmx�kf_kv��g_�\klmiZxl�ijb�gZ]j_\Zgbb�\�l\_j^hnZah\h_�obfbq_kdh_�\aZbfh^_ckl\b_��

Bgufb� keh\Zfb�� dZ`^uc� fbg_jZe� ij_l_ji_\Z_l� k\h_h[jZagu_� ij_\jZs_gby� �j_Zdpbb�� k�

khimlkl\mxsbfb�l_ieh\ufb�wnn_dlZfb�\�hij_^_e_gguo�l_fi_jZlmjguo�bgl_j\ZeZo��dh�

lhju_� oZjZdl_jgu� lhevdh� ^ey� g_]h� b� y\eyxlky� ihwlhfm� ^bZ]ghklbqgufb��Bkdexq_gb_f�

y\eyxlky�wnn_dlu�ieZ\e_gby�b�dbi_gby��dhlhju_�\h�fgh]hf�aZ\bkyl�hl�gZebqby�ijbf_k_c�

b�g_�fh]ml�\ke_^kl\b_�wlh]h�kem`blv�p_eyf�b^_glbnbdZpbb�� 
>bZ]ghklbdZ�g_ba\_klgh]h�fbg_jZeZ��^ey�dhlhjh]h�ihemq_gZ�djb\Zy�>L:��ijhba\h�

^blky�� dZd� ijZ\beh��f_lh^hf� kjZ\g_gby� k� wlZehggufb� djb\ufb�>L:�fbg_jZevguo�nZa��

ijb\h^bfuo� \� kijZ\hqghc� ebl_jZlmj_��<� \b^_� wlZehgguo�fh`gh� bkihevah\Zlv� � djb\u_�

>L:�^ey�fbg_jZeh\�k�ba\_klguf�obfbq_kdbf�khklZ\hf��j_gl]_gh\kdbf�ZgZebahf��k�q_l�

dbfb� ]_hf_ljbq_kdbfb� oZjZdl_jbklbdZfb�^ey� wg^h-�b� wdahl_jfbq_kdbo� wnn_dlh\��ihem�
q_ggu_�\�kljh]h�ihklhygguo�wdki_jbf_glZevguo�mkeh\byo�b�gZ�mklZgh\dZo�lh]h�`_�lbiZ��
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qlh�b�djb\Zy�bamqZ_fh]h�fZl_jbZeZ��Ijb�kjZ\g_gbb�>L:�djb\hc�ZgZebabjm_fh]h�fbg_jZeZ�

k�wlZehgghc�djb\hc�>L:�g_h[oh^bfh�jmdh\h^kl\h\Zlvky�\�i_j\mx�hq_j_^v�\g_rgbf�koh^�

kl\hf� h[_bo� djb\uo��Ke_^m_l� lZd`_� h[jZsZlv� \gbfZgb_�gZ�[ebahklv� l_fi_jZlmj� ZgZeh�

]bqguo�wnn_dlh\�b�khhlghr_gb_�jZaf_jh\�bo�iehsZ^_c� 
<�dZq_kl\_�k\h^gh]h�ZleZkZ�wlZehgguo�djb\uo��^Zxs_]h�gZjy^m�k�\g_rg_c�nhjfhc�

lZd`_� b� bgl_jij_lZpbb� ijbjh^u� l_jfbq_kdbo� wnn_dlh\�� fh`gh� bkihevah\Zlv� lZ[ebpu�

djb\uo� >L:�� khklZ\e_ggu_� dhee_dlb\hf� khljm^gbdh\� <K?=?B� ih^� j_^Zdpb_c�

<�I�B\Zgh\hc� �L_jfbq_kdbc�ZgZeba�������������<� wlhc�dgb]_�ijb\_^_gu�wlZehggu_�l_jfh�

]jZffu�^ey�ihqlb�����fbg_jZevguo�\b^h\�jZaebqguo�deZkkh\�b�g_dhlhjuo�]hjguo�ihjh^��

ihemq_ggu_�gZ�l_jfbq_kdbo�mklZgh\dZo�h^gh]h�lbiZ� �ML:-���LM-�f��\�ZgZeh]bqguo�wdk�
i_jbf_glZevguo�mkeh\byo��Ij_^\Zjbl_evgmx�b^_glbnbdZpbx�ZgZebabjm_fuo�nZa�\�wlhf�

kemqZ_�fh`gh�ijh\h^blv�k�ihfhsvx�hij_^_ebl_ey�fbg_jZeh\�ih�l_fi_jZlmjZf�l_jfbq_�

kdbo� wnn_dlh\� �lZ[e�����GZb[he__� iheguf� kijZ\hqgbdhf�� \� dhlhjhf� kdhgp_gljbjh\Zgu�

k\_^_gby�ih� l_jfh]jZnbq_kdhc�oZjZdl_jbklbd_�[he__�q_f� �����djb\uo�>L:�fbg_jZeh\��

g_hj]Zgbq_kdbo�b�hj]Zgbq_kdbo�kh_^bg_gbc��^hklZlhqgu_��qlh[u�kem`blv�\�dZq_kl\_�wlZ�

ehgguo��y\ey_lky�hij_^_ebl_ev-dZjlhl_dZ��khklZ\e_ggZy�J�FZdd_gab� 
Ihegh_�kh\iZ^_gb_�ihemq_gghc�l_jfh]jZffu�fhghfbg_jZevgh]h�h[jZapZ�ih�oZjZd�

l_jm��l_fi_jZlmjghfm�bgl_j\Zem��bgl_gkb\ghklb��b�agZdm��wg^h-�beb�wdah-��aZj_]bkljbjh�
\Zgguo� wnn_dlh\� k� wlZehgghc� djb\hc�>L:� �\g_rg__� koh^kl\h� h[_bo� djb\uo�� y\ey_lky�

gZ^_`guf�hkgh\Zgb_f�^ey�h^ghagZqgh]h�hlh`^_kl\e_gby�bamqZ_fh]h�fbg_jZeZ��Ih^h[gh_�

hlh`^_kl\e_gb_�agZqbl_evgh�mkeh`gy_lky�ijb�ZgZeba_�ihebdhfihg_glguo�h[jZah\Zgbc��<�

wlhf�kemqZ_�h[sZy�l_jfh]jZffZ�kf_kb�fbg_jZeh\�ij_^klZ\ey_l�kh[hc�gZeh`_gb_��keh`_�

gb_��bg^b\b^mZevguo�dZjlbg� �wnn_dlh\��dZ`^hc�nZau��Ijb�wlhf�\_ebqbgu�l_jfbq_kdbo�

wnn_dlh\�gZoh^ylky�\�hij_^_e_gghc�ijhihjpbhgZevghc�aZ\bkbfhklb�hl�ex[h]h�ba�fbg_�

jZeh\�\�ZgZebabjm_fhc�ijh[_��Wlh�ijb\h^bl�g_j_^dh�d�qZklbqghfm�kh\iZ^_gbx��i_j_dju�

lbx��l_fi_jZlmj�l_jfbq_kdbo�wnn_dlh\��ijbgZ^e_`Zsbo�jZaguf�fbg_jZeZf��qlh�hljZ`Z�

_lky� eb[h� \� \b^_� m\_ebq_gby� �ijb� kh\iZ^_gbb� h^bgZdh\uo� ih� agZdm� wnn_dlh\��� eb[h�

mf_gvr_gbb��ijb�kh\iZ^_gbb�jZaguo�ih�agZdm�wnn_dlh\��bgl_gkb\ghkl_c�ibdh\�beb�^Z`_�

iheghfm�bkq_agh\_gbx�h^gh]h�ba�wnn_dlh\�aZ�kq_l�^jm]h]h��Bgh]^Z�jZkrbj_gb_�bgl_j\Z�

eZ� ³bklbgguo´� l_fi_jZlmj� wnn_dlh\� m� g_dhlhjuo� fbg_jZeh\� h[mkeh\e_gu� lZd`_� bah�

fhjngufb� aZf_s_gbyfb�b�f_oZgbq_kdbfb�ijbf_kyfb�� kl_i_gvx�^bki_jkghklb�b� kh\_j�

r_gkl\hf�bo�kljmdlmju�� 
HlijZ\guf�fhf_glhf�ijb�hlh`^_kl\e_gbb�hl^_evguo�fbg_jZeh\�\�kf_kb�y\eyxlky�

bo�g_i_j_dju\Zxsb_ky�wnn_dlu��ohly�[u�h^bg��k�bgl_jij_lZpb_c�\k_o�hklZevguo�k�mq_�

lhf� \ur_mdZaZgguo� hkeh`g_gbc��<h� ba[_`Zgb_�i_j_djulbc�b�ihemq_gby�gZ^_`guo� j_�

amevlZlh\�hq_gv�qZklh�ijb[_]Zxl�d�ij_^\Zjbl_evghfm�jZa^_e_gbx�bkoh^ghc�ijh[u�gZ�jy^�

njZdpbc��ih�iehlghklb��djmighklb�b�^j����ihemq_gbx�dhgp_gljZlh\�khhl\_lkl\mxs_c�ob�

fbq_kdhc� qbklhlu� �h[jZ[hld_� l_fb� beb� bgufb� obfbq_kdbfb� j_Z]_glZfb� ^ey� m^Ze_gby�

ijbf_k_c�dZj[hgZlh\��hj]Zgbq_kdh]h�\_s_kl\Z�beb�`_�Zdlb\baZpbb�dhgdj_lguo�l_jfbq_�

kdbo�wnn_dlh\���ijb\h^yl�wdki_jbf_gl�\�Zlfhkn_j_�bg_jlguo�]Zah\��Zahl��m]e_dbkeuc�]Za�

b�l�^���\�\Zdmmf_�beb�ih^�^Z\e_gb_f��ihemqZxl�djb\u_�hoeZ`^_gby��Ih^h[guc�dhfie_dk�

guc�ZgZeba�bkke_^h\Zgbc�kihkh[kl\m_l�ihemq_gbx�h^ghagZqguo�^bZ]ghklbq_kdbo�j_amev�

lZlh\�� 
LZ[ebpZ�� 

Hij_^_ebl_ev�g_dhlhjuo�fbg_jZeh\�ih�l_fi_jZlmj_�l_jfbq_kdh]h�wnn_dlZ 
 

L_fi_jZlmjZ

wnn_dlZ� HK 
F b g _ j Z e 

 100-115 ]bik� Zexfbgbl 
120-140 Zexfbgbl� \_jfbdmebl� ]ZeemZabl� ]b^jh]_fZlbl� k_ji_glbg� ebfhgbl� f_lZ]Ze�

emabl� k_ibhebl 
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150-200 ZeehnZg �\_jfbdmebl�� ]b^jh[bhlbl� ]b^jhfmkdh\bl� ]bik� ]eZmdhgbl� k_ji_g�

lbg� fhglfhjbeehgbl� Zexfbgbl 
220-300 [hdkbl� \_jfbdmebl� ]b^jh[bhlbl� ]b^jZjZ]beebl� fZg]Zgbl� ghgljhgbl� kbg]_�

gbl 
310-400 [_c^_eebl� \_jfbdmebl� ]_lbl� ]b^jhfZ]g_abl� ]bik �wda��� fZg]Zgbl �wda��� iheb�

]Zgbl� kZ]Zgbl� kb^_jbl 
400-450 ZgZevpbf� ZjZ]hgbl� [jmkbl� ]b^jhfZ]g_abl� gZljhebl� kb^_jbl 
460-500 Zemgbl� fmkdh\bl� jh^hojhabl 
505-550 [hdkbl� �Zemgbl�� ]b^jhfZ]g_abl �wda��� ]eZm[_jbl� ^bZkihj� fZg]Zgbl� �fmkdh�

\bl�� ghgljhgbl 
555-600 [hdkbl� [_c^_eebl� ]ZeemZabl� ]b^jhfZ]g_abl� ]eZmdhgbl 
650-700 ^bddbl� k_ji_glbg� fZg]Zgbl� fhglfhjbeehgbl �gZdjbl� 
700-750 Zemgbl� Zgd_jbl� ^hehfbl� �af__\bd�� ibjhnbeebl� jh^hojhabl �wda�� 
750-800 Zemgbl� ghgljhgbl �wda��� ibjhnbeebl 
800-850 Zgd_jbl� Zexfbgbl� k_ji_glbg �wda��� k_ibhebl 
850-900 dZevpbl� Zgd_jbl� ^hehfbl� Zexfbgbl� ZjZ]hgbl� fhglfhjbeehgbl� fmkdh\bl�

k_jbpbl� lZevd� dkhglhebl 
900-950 [jZmgbl� ghgljhgbl �wda��� iZjZ]hgbl� e_ib^hebl� �lZevd� 
950-1000 Zghdkbl �wda��� [hdkbl �wda��� ]ZeemZabl �wda��� ^bddbl �wda��� dZhebgbl �wda��� fZg�

]Zgbl� f_lZ]ZeemZabl �wda��� fhglfhjbeehgbl �wda��� gZdjbl �wda��� ibjhexabl�

ZeehnZg �wda� 
1000-1200 [bhlbl� ]ZmkfZgbl� ]b^jhfmkdh\bl� fZg]Zgbl� iZjZ]hgbl� neh]hibl� ibjhexabl�

k_jbpbl� kljhgpbZgbl 
 
 

�����Dhebq_kl\_gguc�nZah\uc�l_jfbq_kdbc�ZgZeba 
 

<�hkgh\_�dhebq_kl\_ggh]h�hij_^_e_gby�hl^_evguo�fbg_jZeh\�\�keh`ghc�ihebfb�

g_jZevghc� kf_kb� gZoh^blky� aZ\bkbfhklv�� kh]eZkgh� dhlhjhc� \_ebqbgZ� l_jfbq_kdh]h� wn�

n_dlZ� ijhihjpbhgZevgZ�fZkk_� l_jfhZdlb\gh]h� dhfihg_glZ� �fbg_jZeZ��ijb� mkeh\bb�� qlh�

dhfihg_glu�\�kf_kb�g_�j_Z]bjmxl�^jm]�k�^jm]hf��l�_� 
                                      ∆S = km,                                      (6.2.1) 

]^_�∆S -�\_ebqbgZ�l_jfbq_kdh]h�wnn_dlZ� 
       m -�fZkkZ�l_jfhZdlb\gh]h�dhfihg_glZ� 
       k  -�dhwnnbpb_gl�ijhihjpbhgZevghklb� 
<� dZq_kl\_�f_ju� \_ebqbgu� l_jfbq_kdh]h� wnn_dlZ� h[uqgh�ijbgbfZ_lky�iehsZ^v��

aZdexq_ggZy�f_`^m�^bnn_j_gpbZevghc�djb\hc�b�gme_\hc�ebgb_c��ki_pbZevgh�ijh\_^_g�

ghc�q_j_a�lhqdb�fZdkbfZevguo�i_j_]b[h\�ibdZ��j_`_�bkihevamxl�Zfieblm^m�l_jfbq_kdh]h�

wnn_dlZ��IehsZ^v�baf_jy_lky�g_ihkj_^kl\_ggh�ih�l_jfh]jZff_�jZaebqgufb�f_lh^Zfb��k�

ihfhsvx�ieZgbf_ljZ��iZe_ldb��f_lh^hf�\a\_rb\Zgby�b�ljZi_pbc�beb�we_dljhf_oZgbq_�

kdbfb�bgl_]jZlhjZfb�b�l�^��Dhwnnbpb_gl�ijhihjpbhgZevghklb��N��g_�y\ey_lky�\_ebqbghc�

kljh]h�ihklhygghc�b�aZ\bkbl�\�agZqbl_evghc�kl_i_gb�hl�khklZ\Z�b�k\hckl\�\_s_kl\�ZgZeb�

abjm_fhc�kf_kb�b�mkeh\bc�ijh\_^_gby�wdki_jbf_glZ��GZb[he__�ijhkluf�kihkh[hf�dheb�

q_kl\_ggh]h�hij_^_e_gby�kh^_j`Zgby�fbg_jZeh\�y\ey_lky�f_lh^�lZd�gZau\Z_fhc�]jZ^mb�

jh\hqghc� �� dZeb[jh\hqghc� �� djb\hc�� dhlhjZy� ^Z_l� \hafh`ghklv� mklZgZ\eb\Zlv� ]jZnbq_�

kdmx�aZ\bkbfhklv�f_`^m�∆6�b�P�\�mjZ\g_gbb������������l�_��mqblu\Zlv�\ZjbZpbb�dhwnnbpb�
_glZ�ijhihjpbhgZevghklb���N��� 

Ihkljh_gb_�dZeb[jh\hqghc�djb\hc�ijhba\h^blky� ke_^mxsbf�h[jZahf��Ij_^\Zjb�

l_evgh�]hlh\ylky�wlZehggu_�kf_kb�ZgZeh]bqgh]h�fbg_jZeh]h-i_ljh]jZnbq_kdh]h�khklZ\Z��
qlh� b� � m� bamqZ_fuo� h[jZaph\�� k� ba\_klguf� \hajZklZxsbf� kh^_j`Zgb_f� hij_^_e_ggh]h�

dhfihg_glZ��gZijbf_j� ���� ���� ����b� l�^��>Ze__��[_jy�h^gm�b� lm�`_�gZ\_kdm�^ey�dZ`^h]h�

wlZehgZ�� \� h^gbo� b� l_o� `_� mkeh\byo� wdki_jbf_glZ�� ihemqZxl� khhl\_lkl\mxsb_� l_jfh�
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]jZffu��gZ�dhlhjuo�k�fZdkbfZevghc�lhqghklvx�aZf_jyxl�iehsZ^v�hij_^_e_ggh]h�l_jfb�

q_kdh]h� wnn_dlZ�
5
� �Ih�gZc^_gguf� agZq_gbyf� kljhblky� ]jZnbd�� Z[kpbkkZ� -�ba\_klgh_� kh�

^_j`Zgb_�l_jfhZdlb\gh]h�fbg_jZeZ�\�kf_kb�\����hj^bgZlZ� -�iehsZ^v�khhl\_lkl\mxs_]h�

ibdZ�\�ff
2
� �jbk������Ijhp_glgh_�`_�kh^_j`Zgb_�bkke_^m_fh]h�fbg_jZeZ�\�bamqZ_fuo�h[�

jZapZo�ih^\_j]rboky�lZd`_�l_jfbq_kdhfm�ZgZebam�kh�kljh]bf�kh[ex^_gb_f�l_o�`_�kZfuo�

wdki_jbf_glZevguo� mkeh\bc�� mklZgZ\eb\Zxl� ih� aZf_j_gguf� iehsZ^yf� ibdh\� ZgZeh]bq�

guo�l_jfbq_kdbo�wnn_dlh\��qlh�b�\�kemqZ_�wlZehgh\��k�bkihevah\Zgb_f�aZjZg__�khklZ\e_g�

ghc�dZeb[jh\hqghc�djb\hc� 
Ih�\k_c�ijhklhl_�hoZjZdl_jbah\Zggh]h�f_lh^Z�hkgh\guf�_]h�g_^hklZldhf�y\eyxlky�

agZqbl_evgu_� ljm^haZljZlu�ih�khklZ\e_gbx� wlZehgh\�b�bo� l_jfh]jZnbjh\Zgbx�� l�d��^ey�

^hklb`_gby� lhqguo� dhebq_kl\_gguo� hij_^_e_gbc� g_h[oh^bfh� ]jZ^mbjh\hqgmx� djb\mx�

kljhblv�ih�[hevrhfm�dhebq_kl\m�lhq_d���JZajZ[hlZgu�b�^jm]b_�f_lh^bdb�dhebq_kl\_ggh]h�

l_jfbq_kdh]h�ZgZebaZ��Kj_^b�gbo�ijhihjpbhgZevguc�f_lh^��f_lh^�kh\f_s_ggh]h�wlZehgZ�

�klZg^Zjlghc� kf_kb�� b� ^j�� LZd� jZkq_l� bkdhfhc�fZkku� hij_^_ey_fh]h�fbg_jZeZ� \�f_g__�

ljm^h_fdhf�b� \f_kl_� k� l_f�f_g__� lhqghf�ijhihjpbhgZevghf�f_lh^_� hkms_kl\ey_lky�gZ�

hkgh\_�mjZ\g_gby�� 
                               mi = ma 

. ∆Si /  ∆Sa ,                    (6.2.2) 
 

]^_��Pa -�fZkkZ�qbklh]h�l_jfhZdlb\gh]h�fbg_jZeZ� 
       mi  -�fZkkZ�l_jfhZdlb\gh]h�fbg_jZeZ�\�bamqZ_fhc�kf_kb� 
     ∆Sa -�iehsZ^v�l_jfbq_kdh]h�wnn_dlZ�gZ�djb\hc�>L:�^ey�qbklh]h�fbg_jZeZ� 
      ∆Si -�iehsZ^v�l_jfbq_kdh]h�wnn_dlZ�gZ�djb\hc�>L:�^ey�l_jfhZdlb\gh]h�fbg_�

jZeZ�\�kf_kb�� 
G_kfhljy�gZ�lh��qlh�f_lh^u�dhebq_kl\_ggh]h�nZah\h]h�l_jfbq_kdh]h�ZgZebaZ�k�ih�

fhsvx�djb\uo�>L:�y\eyxlky�^h\hevgh�djhihleb\ufb�b�kjZ\gbl_evgh�g_�hq_gv�lhqgufb��

hgb�\k_�`_�gZreb��[eZ]h^Zjy�[ukljhl_�b�^_r_\bag_��ijZdlbq_kdh_�ijbf_g_gb_�ijb�bamq_�

gbb�fbg_jZeh]bq_kdh]h�khklZ\Z�fgh]bo�]_heh]bq_kdbo�h[t_dlh\�\�mkeh\byo�ijhba\h^kl\Z�

k_jbb�h^ghlbiguo�ZgZebah\��Hkh[_ggh�wnn_dlb\gh�bkihevah\Zgb_�wlbo�f_lh^h\�^ey�hi�

j_^_e_gby� dZevpblZ�� fZ]g_ablZ� b� ^hehfblZ� \� dZj[hgZlZo�� dZhebgblZ� b� ]b^jZj]beeblZ� \�

[hdkblZo��d\ZjpZ�\�]hjguo�ihjh^Zo�b�g_dhlhjuo�^jm]bo�kemqZyo��Ihemq_ggu_�j_amevlZlu�

hdZau\Zxlky� \iheg_� ijb_fe_fufb� ijb� lhqghklb� hij_^_e_gby�� \� ij_^_eZo� ^himklbfhc�

ih]j_rghklb��-5%. 

 

 
 
 
 
 
 

Jbk������DZeb[jh\hqgZy�djb\Zy� 
 

                                                 
5 Ke_^m_l hlf_lblv� qlh g_ \k_ nZah\u_ ij_\jZs_gby �ibdb� ijb]h^gu ^ey dhebq_kl\_gguo hij_^_e_gbc ba-
aZ iehohc \hkijhba\h^bfhklb� GZijbf_j� wdahl_jfbq_kdbc wnn_dl ^ey dZhebgblZ� iehsZ^v dhlhjh]h f_gy�

_lky \ aZ\bkbfhklb hl qbklhlu ijh[u� 
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���L?JFH=J:<BHF?LJBQ?KDBC�F?LH>�:G:EBA: 
 

H^gbf�ba�gZb[he__�jZggbo�b�rbjhdh�bkihevam_fuo�\�jZaguo�h[eZklyo�gZmdb�y\ey�

_lky�f_lh^�bkke_^h\Zgby��hkgh\Zgguc�gZ�mq_l_�baf_g_gby�fZkku�bamqZ_fuo�\_s_kl\�ijb�

gZ]j_\Zgbb�^h�\ukhdbo�l_fi_jZlmj��dhlhjuc�ihemqbe�gZa\Zgb_�l_jfh\_kh\h]h�beb�l_jfh�

]jZ\bhf_ljbq_kdh]h�ZgZebaZ��Baf_g_gb_�fZkku�fbg_jZeh\�\h�\j_fy�gZ]j_\Z�hij_^_ey_lky�

]eZ\guf�h[jZahf�m^Ze_gb_f�ba�gbo�\h^u��^_]b^jZlZpby���\u^_e_gb_f�]Zahh[jZaghc�nZau�

�KH2, SO3��)��&O�b�^jm]bo�e_lmqbo�dhfihg_glh\���hdbke_gb_f�ijh^mdlh\�jZaeh`_gby� �gZ�

ijbf_j��ij_\jZs_gby�)H
2+
��\�)H

3+
���qlh�ijb\h^bl�\�[hevrbgkl\_�kemqZ_\�d�ihl_jyf�\�\_k_�b�

ebrv�bgh]^Z�d�_]h�m\_ebq_gbx�� 
Ijhkl_crbf� h[jZahf� djb\mx� baf_g_gby� \_kZ� bamqZ_fh]h� \_s_kl\Z� fh`gh� ihem�

qblv�f_lh^hf�lZd�gZau\Z_fh]h�bahl_jfbq_kdh]h�klmi_gqZlh]h�gZ]j_\Z��K�wlhc�p_evx�h^gm�

b� lm�`_� gZ\_kdm� bkke_^m_fhc� ijh[u� ihke_^h\Zl_evgh� ^h\h^yl� ^h� ihklhyggh]h� \_kZ� ijb�

jZaebqguo�\hajZklZxsbo�l_fi_jZlmjZo�����
H
K�����

H
K�����

H
K�b�l�^����ijb�dhlhjuo�ijh\h�

^yl�\a\_rb\Zgb_��GZ�hkgh\Zgbb�ihemq_gguo�lZ[ebqguo�^Zgguo�kljhyl�djb\mx�baf_g_gby�

\_kZ��jbk�����\�dhhj^bgZlZo��Z[kpbkkZ-l_fi_jZlmjZ��hj^bgZlZ-\_k�ijh[u��beb�ihl_jy�\_kZ�\�
ijhp_glZo���<�ijZdlbd_�l_jfbq_kdh]h�ZgZebaZ�ij_^mkfhlj_gZ�\hafh`ghklv�ihemq_gby�ih�

^h[guo�djb\uo�\�ijhp_kk_�g_ij_ju\gh]h�gZ]j_\Z�ijb�ihfhsb�^bgZfbq_kdh]h�\a\_rb\Z�

gby��G_ij_ju\gZy�nbdkZpby� baf_g_gby� fZkku� iha\hey_l� k� \ukhdhc� kl_i_gvx� lhqghklb�

mklZgZ\eb\Zlv� oZjZdl_j� [hevrbgkl\Z� nbabq_kdbo�� obfbq_kdbo� beb� nbabdh-obfbq_kdbo�
ijhp_kkh\��ijhl_dZxsbo�\�\_s_kl\_� 

<h�\k_o�l_jfbq_kdbo�mklZgh\dZo�bf__lky�l_jfh\_kh\hc�[ehd�hkh[hc�dhgkljmdpbb��

dhlhjuc�iha\hey_l�aZibkZlv��nhlh-�beb�bguf�kihkh[hf��]jZnbd�baf_g_gby�fZkku�bamqZ_�
fh]h�\_s_kl\Z�J�\�aZ\bkbfhklb�hl�l_fi_jZlmju�L�beb�\j_f_gb� W�\�\b^_�oZjZdl_jghc�l_j�

fh]jZ\bhf_ljbq_kdhc��l_jfh\_kh\hc��L=�djb\hc�� 
J� �I��L����������beb������������J� �I��W���������������������� 

 

 
 
 
 

Jbk������Djb\Zy�baf_g_gby�\_kZ� 
 

 
LZdZy�L=�djb\Zy�gZau\Z_lky�ghjfZevghc�beb�bgl_]jZevghc�b�ihdZau\Z_l�baf_g_gb_�

�ihl_jx��fZkku�bamqZ_fh]h�\_s_kl\Z�hl�gZqZeZ�b�^h�dhgpZ�gZ]j_\Z��g_j_^dh�__�gZau\Zxl�

lZd`_�djb\hc�ihl_jb�\_kZ� �fZkku���Ijbf_qZl_evgh��qlh�l_jfh\_kh\Zy�djb\Zy�j_]bkljbjm�

_lky�iZjZee_evgh�k�^bnn_j_gpbZevghc�djb\hc�gZ]j_\Zgby�\�h^ghf�hiul_�\�ZgZeh]bqguo�

mkeh\byo�j_`bfZ�jZah]j_\Z�i_qb�b�gZ�h^ghf�b�lhf�`_�ebkl_�nhlh[mfZ]b��jbk������<g_rgyy�

nhjfZ�bgl_]jZevghc�L=�djb\hc�^Z_l�\hafh`ghklv�km^blv�h�l_jfbq_kdhc�klZ[bevghklb�beb�

g_mklhcqb\hklb�bamqZ_fh]h� \_s_kl\Z��h[�h[jZah\Zgbb�ijhf_`mlhqguo�ijh^mdlh\�jZaeh�
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`_gby�� Z� lZd`_� h� obfbaf_�b�dbg_lbd_� l_jfbq_kdbo�j_Zdpbc�ih� klZ^byf�ijhp_kkZ�beb�\�

p_ehf� 
 

 
Jbk�����Djb\Zy�baf_g_gby�fZkku�bamqZ_fh]h�\_s_kl\Z��L=��b�^bnn_j_gpbZevgZy�

�>L:��djb\Zy�gZ]j_\Zgby��ihemq_ggu_�gZ�mklZgh\d_�LM-,�f� 
OZjZdl_jgufb�]_hf_ljbq_kdbfb�we_f_glZfb�l_jfh]jZ\bhf_ljbq_kdhc�djb\hc��L=��

^ey�h^ghklZ^bcgh]h�jZaeh`_gby��jbk�����y\eyxlky��lhqdZ�<��ijb�dhlhjhc�gZqbgZ_lky�jZa�

eh`_gb_��l�_��wlh�l_fi_jZlmjZ� �L1),
6 
ijb�dhlhjhc�aZf_lgh�h[s__�baf_g_gb_�fZkku�� �lhqdZ�

K� khhl\_lkl\mxsZy�hdhgqZgbx�j_Zdpbb�ijb�l_fi_jZlmj_�L2���dh]^Z�baf_g_gb_�fZkku�^hk�

lb]Z_l�fZdkbfZevgh]h� agZq_gby��LhqdZ�LS� y\ey_lky� lhqdhc�i_j_]b[Z�djb\hc�<K�b�bf__l�

\Z`gh_�agZq_gb_�ijb�bamq_gbb�dbg_lbdb�ijhp_kkZ�jZaeh`_gby��L_fi_jZlmjguc�bgl_j\Ze��

\� dhlhjhf� ijhl_dZ_l� khhl\_lkl\mxsZy� j_Zdpby�� hij_^_ey_lky� dZd� jZaghklv� gZqZevghc� b�

dhg_qghc�l_fi_jZlmj��l�_��L1 -�L2��>ey�wg^hl_jfbq_kdbo�j_Zdpbc�jZaeh`_gby�L1�b�L2�\ha�

jZklZxl�k�m\_ebq_gb_f�kdhjhklb�gZ]j_\Z��ijbq_f�L2�jZkl_l�[uklj__��q_f�L1.  
 

 

 
 
 
 

 
Jbk������B^_ZevgZy�l_jfh]jZ\bhf_ljbq_kdZy�L=�djb\Zy� 
 
Ijb�jZkrbnjh\d_�bgl_]jZevguo�djb\uo�ihl_jb�\_kZ�\�ijZdlbd_�l_jfbq_kdh]h�ZgZ�

ebaZ�fbg_jZevguo� h[jZah\Zgbc� hq_gv� qZklh� \hagbdZxl� [hevrb_� ljm^ghklb�� hkh[_ggh� \�

kemqZ_�qZklbqgh]h�i_j_djulby�ijhp_kkh\�jZaeh`_gby��ijbgZ^e_`Zsbo�jZaguf�dhfihg_g�

lZf�ZgZebabjm_fhc�kf_kb��AgZqbl_evgh_�h[e_]q_gb_�\�bgl_jiheypbb�ijhklhc�djb\hc�ih�

l_jb�\_kZ�ijb�wlhf�^Z_l�ihemq_gb_�^bnn_j_gpbZevghc�djb\hc�ihl_jb�\_kZ��>L=���dhlhjZy�

                                                 
6 LhqdZ L1 g_ h[yaZl_evgh khhl\_lkl\m_l bklbgghc l_fi_jZlmj_ jZaeh`_gby �\ kfuke_ nbabq_kdhc dhgklZg�

lu�� lZd dZd hgZ aZ\bkbl hl qm\kl\bl_evghklb mklZgh\db b mkeh\bc ijh\_^_gby hiulZ� 
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y\ey_lky�]jZnbq_kdhc�ijhba\h^ghc�ih�l_fi_jZlmj_��\j_f_gb��hl�nmgdpbb�baf_g_gby�\_kZ�

bkke_^m_fh]h�\_s_kl\Z�
dP

dT
f T= ( ) ��l�_��ijhba\h^ghc�hl��������� 

Ihkljh_gb_�djb\hc�>L=�fh`gh�hkms_kl\blv�f_lh^hf�]jZnbq_kdh]h�^bnn_j_gpb�

jh\Zgby� ij_^\Zjbl_evgh� aZibkZgghc� ijhklhc� �bgl_]jZevghc�� djb\hc��>ey� wlh]h� g_h[oh�

^bfh�kgZqZeZ�\uqbkeblv�jZaghklv�^\mo�agZq_gbc�fZkku�J�^ey�l_fi_jZlmj��hlebqZxsboky�

f_`^m�kh[hc��gZijbf_j��gZ���
H
K��K�wlhc�p_evx�gZ�L=�djb\hc��jbk���Z�ebg_cdhc�ijhf_jy�

xl�\ukhlm� �hj^bgZlm�G��^ey� khhl\_lkl\mxsbo� l_fi_jZlmj� ������ ����� ����� ����� ����
H
K�b�

l�^����Z�aZl_f�\uqbkeyxl�jZaghklv�ihemq_gguo�\_ebqbg��lZ[e�����Ih�\uqbke_gguf�lhqdZf�

(∆Η��ijhba\h^yl�ihkljh_gb_�>L=�gZ�fbeebf_ljh\d_�\�dhhj^bgZlZo��Z[kpbkkZ-L��hj^bgZlZ-
∆Η��jbk���[�� 

 

 
 
 
 
 
 
 
 
 
 
Jbk������IjhklZy�djb\Zy�ihl_jb�\_kZ��Z��
[hdkblZ�b�ihkljh_ggZy�ih�g_c� 
^bnn_j_gpbZevgZy�djb\Zy�ihl_jb�\_kZ�
�[�� 
 

LZ[ebpZ�� 
JZkq_l��^ey�]jZnbq_kdh]h�ihkljh_gby�^bnn_j_gpbZevghc�djb\hc 

�ihl_jb�\_kZ�[hdkblZ 
L�

HK G� ff ∆Η� ff L�
HK G� ff ∆Η� ff 

0 85 0 550 18 5 
50 84 1 600 12 6 
100 81 3 650 11 1 
150 79 2 700 10 1 
200 77 2 750 8 2 
250 74 3 800 5 3 
300 42 32 850 4 1 
350 29 15 900 3 1 
400 27 2 950 3 0 
450 26 3 1000 3 0 
500 23 3    

 
<�gZklhys__�\j_fy�kms_kl\mxl�l_jfh]jZnbq_kdb_�mklZgh\db��\�qZklghklb�³>_jb\Z�

lh]jZn´��� dhlhju_�iha\heyxl� h^gh\j_f_ggh� k�L=� djb\hc� Z\lhfZlbq_kdb� j_]bkljbjh\Zlv�

ijhba\h^gmx�>L=�iml_f�we_dljhggh-f_oZgbq_kdh]h�beb�lhevdh�we_dljhggh]h�^bnn_j_g�
pbjh\Zgby�kb]gZeh\��H^gh\j_f_ggZy�aZibkv�L=�b�>L=�bf__l�jy^�ij_bfms_kl\�b�ij_`^_�

\k_]h��Z��ih�djb\uf�>L=��hlebqZxsbfky�ohjhr_c�\hkijhba\h^bfhklvx��[he__�lhqgh�hi�
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j_^_eyxlky� l_fi_jZlmju� gZqZeZ� b� dhgpZ� ijhp_kkZ� l_jfbq_kdh]h� jZaeh`_gby�� Z� ih� ibdm�

>L=�djb\hc�mklZgZ\eb\Zxlky�l_fi_jZlmju�fZdkbfZevguo�kdhjhkl_c�j_Zdpbc��[��ih�fZd�

kbfmfm� ibdh\�>L=� djb\uo� emqr_� jZaebqZlv�i_j_dju\Zxsb_ky� klZ^bb�ijhp_kkh\�� \��ih�

iehsZ^b��aZdexq_gghc�f_`^m�>L=�djb\hc�b�gme_\hc�ebgb_c��Z^wd\Zlgh�hljZ`Zxs_c�ba�

f_g_gb_�fZkku�l_jfhZdlb\gh]h�dhfihg_glZ��ijh\h^blv�dhebq_kl\_ggh_�hij_^_e_gb_�fb�

g_jZeh\�\�]hjguo�ihjh^Zo��Djhf_�lh]h��ihemq_gb_�^bnn_j_gpbZevguo�djb\uo�ihl_jb�\_kZ�

\�p_ehf��m\_ebqb\Z_l�jZaj_rZxsmx�kihkh[ghklv�l_jfh]jZ\bhf_ljbq_kdh]h�f_lh^Z�b�^Z_l�

\hafh`ghklv�dhebq_kl\_ggh�hp_gblv�g_agZqbl_evgu_� wnn_dlu�baf_g_gby�\_kZ�\�bamqZ_�

fhf�\_s_kl\_��<f_kl_�k�l_f��djb\u_�>L=��lZd�`_�dZd�b�L=��g_�hljZ`Zxl�\k_�l_jfbq_kdb_�

wnn_dlu��dhlhju_�fh]ml�bf_lv�f_klh�ijb�gZ]j_\Zgbb�fbg_jZeh\��LZd��gZijbf_j��gZ�L=�b�

>L=�djb\uo�g_�nbdkbjmxlky�ihebfhjngu_�ij_\jZs_gby��\ke_^kl\b_�lh]h��qlh�hgb�g_�kdZ�

au\Zxlky�gZ�baf_g_gbb�\_kZ��Ihwlhfm�^ey�\k_klhjhggbo�bkke_^h\Zgbc�g_h[oh^bfh�gZjy^m�

k�L=�b�>L=�djb\ufb�ihemqZlv�lZd`_�ijhklu_� �b�^bnn_j_gpbZevgu_�djb\u_�gZ]j_\Zgby�

�l_jfh]jZffu���ijbq_f�aZibkv�\k_o�djb\uo�ijhba\h^blv�\�h^ghf�hiul_�ba�h^ghc�b�lhc�`_�

gZ\_kdb.  
Hkh[_ggh� wnn_dlb\gh� ijbf_g_gb_� l_jfh\_kh\h]h� ZgZebaZ� \� khq_lZgbb� �>L:�^ey�

dhebq_kl\_ggh]h�hij_^_e_gby�hl^_evguo�fbg_jZeh\�\�fbg_jZevguo�kf_kyo�b��]hjguo�ih�

jh^Zo��Kh^_j`Zgb_�khhl\_lkl\mxsbo�fbg_jZeh\�\�ijh[_�hp_gb\Z_lky�ijb�wlhf�ih�dhebq_�

kl\m�\u^_e_gguo�]Zahh[jZaguo�ijh^mdlh\�\�j_amevlZl_�^bkkhpbZpbb�b�^_]b^jZlZpbb�fb�

g_jZevguo� nZa�� jZaeZ]Zxsboky� ijb� jZaebqguo�� gh� \k_]^Z� hij_^_e_gguo� l_fi_jZlmjZo��

Ohjhrb_� j_amevlZlu� dhebq_kl\_ggh]h� ZgZebaZ�� ijbf_gy_fh]h� \� mkeh\byo� fZkkh\uo� bk�

ke_^h\Zgbc� h^ghlbiguo� ijh[�� [ueb� ihemq_gu� ijb� bamq_gbb� dZj[hgZlguo� ihjh^�� lZdbo�

dZd�^hehfbl��^hehfblbabjh\Zgguc�ba\_klgyd��Ih�kdZqdhh[jZaguf�baf_g_gbyf�\_kZ�wlbo�

ihjh^��\ujZ`_gguo�\�ijhp_glZo��\uqbkeyebkv�kh^_j`Zgby�fZ]g_abZevgh]h��ihl_jb�\�\_k_�

\�bgl_j\Ze_����-860HK��b�dZevpb_\h]h��ihl_jb�\�\_k_�\�bgl_j\Ze_����-950HK��dZj[hgZlguo�
dhfihg_glh\��Z�^Ze__�-�^hehfblZ�b�dZevpblZ��>ey�[ukljh]h�\uqbke_gby�dhebq_kl\�KD>&23] 
b� 0J>&23@� ih� gZc^_gguf� agZq_gbyf�KH2� \� eZ[hjZlhjghc� ijZdlbd_� ijbf_gyxl� aZjZg__�

khklZ\e_ggu_�lZ[ebpu�beb�jZkq_lgu_�]jZnbdb��JZajZ[hlZgu�lZd`_�f_lh^bdb�dhfie_dkgh�

]h�ZgZebaZ�\ukhdh]ebgha_fbkluo�ihjh^�gZ�kh^_j`Zgb_�\�gbo�d\ZjpZ��dZhebgblZ��^bZkihjZ�

b�ibjhnbeeblZ��hp_gdZ�dZq_kl\Z�[hdkblh\�ih�ihl_jyf�hl�ijhdZeb\Zgby�b�l�^� 
 

���IH>=HLH<D:�IJH;�>EY�L?JFBQ?KDH=H�:G:EBA: 
 

Ih^]hlh\dZ�dZq_kl\_gguo�jZ[hqbo�ijh[�^ey�l_jfbq_kdh]h�ZgZebaZ�ijh\h^blky�ki_�

pbZebklZfb� ]_heh]bq_kdhc� kem`[u� \� aZ\bkbfhklb� hl� p_e_c� bkke_^h\Zgby� jZaebqgufb�

kihkh[Zfb��?keb� aZ^Zq_c� ZgZebaZ� y\ey_lky�^bZ]ghklbdZ�beb�\uy\e_gb_�g_dhlhjuo� lbih�

]_gguo�hkh[_gghkl_c�fbg_jZeZ,�lj_[m_lky�ihemqblv�_]h�qbkluc�h^ghjh^guc�dhgp_gljZl-
fhghnjZdpbx��<ke_^kl\b_�lh]h��qlh�hl[hj�fhghnjZdpbb�fbg_jZeZ�lj_[m_l�agZqbl_evguo�

fZl_jbZevguo�aZljZl�b�\j_f_gb��`_eZl_evgh�ijh\h^blv�ZgZeba�ijh[u�dZd�fh`gh�f_gvr_c�

fZkku��HilbfZevghc�\�wlhf�kemqZ_��mqblu\Zy�^hklb`_gby�kh\j_f_ggh]h�l_jfhZgZeblbq_�

kdh]h�ijb[hjhkljh_gby��y\ey_lky�fZkkZ�g_�f_g__����f]��h[uqgh�[he__�-�^h���-���f]��<�kem�
qZ_� dZq_kl\_ggh]h� b� dhebq_kl\_ggh]h� ZgZebaZ�fbg_jZevguo� kf_k_c� jZaebqgh]h� khklZ\Z��

dh]^Z�dhebq_kl\h�fZl_jbZeZ��dZd�ijZ\beh��g_�ebfblbjh\Zgh��hl[hj�ij_^klZ\bl_evghc�ijh�

[u�fbgbfZevgh]h�\_kZ��-��]j��hkms_kl\ey_lky�ih�h[uqghc�ko_f_��iml_f�ihke_^h\Zl_evgh�

]h�^jh[e_gby�b�d\Zjlh\Zgby� �bkoh^y�ba�nhjfmeu� �JbqZj^kZ-Q_qqhlZ��hlh[jZggh]h�fZl_�
jbZeZ�� 

DjZcg_� \Z`guf� we_f_glhf� ijh[hih^]hlh\db� ^ey� l_jfbq_kdh]h� ZgZebaZ� y\ey_lky�

hdhgqZl_evgh_� baf_evq_gb_� hlh[jZgghc� gZ\_kdb��IjZdlbdhc� mklZgh\e_gh�� qlh� gZb[he__�

hilbfZevghc� ^ey� ZgZebaZ�� fZeh� kdZau\Zxs_cky� gZ� l_jfbq_kdhf� ih\_^_gbb� fbg_jZeh\��

y\ey_lky�njZdpby�������ff��;he__�djmiguc�fZl_jbZe�fh`_l�^Z\Zlv�gZ�djb\uo�>L:�b�L=�

eh`gu_�wnn_dlu��Kebrdhf�lhgdh_�baf_evq_gb_��\�ijhp_kk_�h[jZ[hldb�ijh[u��ijb\h^bl�d�

baf_g_gbx�__�obfbq_kdh]h�b�nZah\h]h�khklZ\Z��ihy\e_gbx�Zfhjngh]h�dhfihg_glZ�� �Ijb�
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bkke_^h\Zgbb� ]ebgbkluo� fbg_jZeh\�� gZh[hjhl�� p_e_khh[jZagh� bkihevah\Zlv� njZdpbx�

<������ff� 
<�ijyfhc�aZ\bkbfhklb�hl�fbg_jZevgh]h�khklZ\Z�ijh[�bkihevamxl�g_kdhevdh�kihkh�

[h\�baf_evq_gby�h[jZaph\��jZklbjZgb_f��gZkljb]hf�b�gZj_aZgb_f� 
H[uqguc� f_lh^� bklbjZgby� ijh[� \� Z]Zlh\hc� klmid_� ijb� ihfhsb� \jZsZl_evguo�

^\b`_gbc� i_klbdZ� j_dhf_g^m_lky� ijb� bkke_^h\Zgbb� gZb[he__� mklhcqb\uo�fbg_jZeh\�� \�

khklZ\�dhlhjuo�g_�\oh^bl�\h^Z��e_lmqb_�dhfihg_glu�beb�[hevrh_�dhebq_kl\h�)H
2+, Mn2+

�b�

^jm]bo� we_f_glh\�� i_j_oh^ysbo� \� ijhp_kk_� baf_evq_gby� ba� gbar_c� \Ze_glghklb� \� \uk�

rmx��Baf_evqZlv�ijh[m� ke_^m_l�hq_gv�hklhjh`gh�b�g_^ebl_evgh��Ijb� wlhf�hilbfZevgh�

fhdjh_� jZklbjZgb_� k�^h[Z\e_gb_f� �-��fe�� kibjlZ��<h�ba[_`Zgb_�i_j_baf_evq_gby�j_dh�
f_g^m_lky� g_h^ghdjZlgh_� ijhk_b\Zgb_�� >ebl_evgh_� baf_evq_gb_� fbg_jZeh\�� gZijbf_j��

kex^�� k_ji_glbgZ�� oehjblh\�� kmevnZlh\� �]bik��� l�_�� kh^_j`Zsbo� djbklZeeh]b^jZlgmx� b�

dhgklblmpbhggmx� \h^m�� \ke_^kl\b_� bo� qZklbqgh]h� gZ]j_\Zgby� ijb\h^bl� d� ^bkkhpbZpbb��

^_]b^jZlZpbb�fbg_jZeh\��hdbke_gbx�\�bo�khklZ\_�obfbq_kdbo�we_f_glh\��bf_xsbo�i_j_�

oh^gmx� \Ze_glghklv�� qZklbqghfm� beb� iheghfm� jZajmr_gbx� djbklZeebq_kdhc� j_r_ldb��

<k_�wlh�kdZau\Z_lky�gZ�l_jfbq_kdhc�oZjZdl_jbklbd_�ijh[u��h[mkeZ\eb\Zy�qZklbqgh_�beb�

ihegh_� mgbqlh`_gb_� gZ� djb\hc�>L:� khhl\_lkl\mxsbo� wg^hl_jfbq_kdbo� wnn_dlh\� beb�

ihgb`_gbx�bo�l_fi_jZlmju��\�hl^_evguo�kemqZyo�ihy\e_gbx�gh\uo�dZd�wg^h-��lZd�b�wdah�
l_jfbq_kdbo�ibdh\��K�p_evx�gb\_ebjh\Zgby�ih^h[guo�y\e_gbc�^_abgl_]jZpbx�ijh[��kh�

^_j`Zsbo� \ur_mdZaZggu_�fbg_jZeu��ij_^ihqlbl_evgh� hkms_kl\eylv�iml_f� lhgdh]h�ih�

kehcgh]h�khkdZ[eb\Zgby�k�h[jZapZ�ijb�ihfhsb�e_a\by�[jbl\u�beb�gh`Z��Ijb�ih^]hlh\d_�

d�l_jfbq_kdhfm�ZgZebam�djmighdjbklZeebq_kdbo�kex^�bo�g_�ke_^m_l�jZklbjZlv��Z�g_h[oh�

^bfh�ebrv�f_edh�gZj_aZlv�gh`gbpZfb��[jbl\hc�beb�gh`hf�\�\b^_�lhgdbo�e_glhq_d� 
Ke_^m_l� ih^q_jdgmlv�� qlh� \� dhgdj_lguo� kemqZyo� ih^]hlh\db� ZgZeblbq_kdbo�ijh[�

bkoh^guo� fbg_jZevguo� kf_k_c� k� p_evx� ba[_`Zgby� gZeh`_gby� l_jfbq_kdbo� wnn_dlh\��

ijbgZ^e_`Zsbo� h^ghfm� fbg_jZem�� ijbkmlkl\mxs_fm� g_j_^dh� \� \b^_� g_agZqbl_evguo�

ijbf_k_c�� gZ� ^jm]hc�� ZgZebabjm_fu_� gZ\_kdb� ih^\_j]Zxlky� ij_^\Zjbl_evghc� h[jZ[hld_�

obfbq_kdbfb�j_Z]_glZfb��LZd�hl�f_rZxsbo�ijb�b^_glbnbdZpbb�k_ji_glbgh\uo�b�]ebgb�

kluo�fbg_jZeh\�dZj[hgZlguo�khklZ\eyxsbo�ijh[�ba[Z\eyxlky�iml_f�\ha^_ckl\by�Zp_lZ�

lhf�Zffhgby��ih^dbke_gguf�mdkmkghc�dbkehlhc�^h�jG��-�����Qlh[u�m^Zeblv�hj]Zgbq_kdh_�
\_s_kl\h��ijbkmlkl\mxs__�qZklh�\h�njZdpbyo� ]ebgbkluo�fbg_jZeh\��ijb[_]Zxl�d�^\mo- 
lj_odjZlghc�h[jZ[hld_�ijh[�dhgp_gljbjh\Zgghc�i_j_dbkvx�\h^hjh^Z�ijb�gZ]j_\Zgbb�gZ�

\h^ghc�[Zg_�^h� ��-60 HK�� Z�^ey�mf_gvr_gby�\ebygby�oehjb^h\�gZ� l_jfbq_kdb_�j_Zdpbb�

dZj[hgZl-� b� ]ebgkh^_j`Zsbo� ijh[�� ihke_^gb_� ijhfu\Zxl� \h^hc� b� l�^��Ijb� wlhf� qZklh�

l_jfbq_kdb_�bkke_^h\Zgby�ijh\h^yl�iZjZee_evgh�gZ�ijh[Zo�jZaebqghc�obfbq_kdhc�qbklh�

lu��dZd�ijbjh^guo��lZd�b�ih^\_j]r_]hky�h[jZ[hld_�fZl_jbZeZ��KhihklZ\e_gb_�l_jfhZgZ�

eblbq_kdbo�oZjZdl_jbklbd�ih^h[guo�ZgZebah\�kihkh[kl\m_l�[he__�^hklh\_jghc�jZkrbn�

jh\d_�djb\uo�>L:�b�khhl\_lkl\_ggh�lhqghc�^bZ]ghklbd_�ih�gbf�fbg_jZeh\� 
KZfh�kh[hc�jZamf__lky��qlh�^ey�ihemq_gby�\hkijhba\h^bfuo�djb\uo�\h�ba[_`Zgb_�

\Zjvbjh\Zgby�wg^hl_jfbq_kdh]h�wnn_dlZ�ijb����
H
K�\k_�ijh[u��ihklmiZxsb_�gZ�l_jfbq_�

kdbc�ZgZeba��^he`gu�bf_lv�h^gm�b�lm�`_�klZg^Zjlgmx�\eZ`ghklv��K�wlhc�p_evx�hgb�\u�

^_j`b\Zxlky� g_kdhevdh� ^g_c� \� \Zdmmfghf� wdkbdZlhj_� gZ^� gZkus_gguf� jZkl\hjhf�

Mg(NO3) 
. 6H22��beb�KZ�123) 

. 4H2O. 
 

 
���:II:J:LMJ:�>EY�L?JFBQ?KDH=H�:G:EBA: 

 

I_j\uc� ijb[hj� ^ey� l_jfbq_kdh]h� ZgZebaZ� [ue� kdhgkljmbjh\Zg� \� ����� ]�� ZdZ^��

G�K�DmjgZdh\uf�b�gZau\Zeky�ibjhf_ljhf��Hkgh\gu_�b^_b��\hiehs_ggu_�\�wlhf�ijb[hj_��

bkihevamxlky� ijb� dhgkljmbjh\Zgbb� l_jfhZgZeblbq_kdhc� ZiiZjZlmju� \iehlv� ^h� kZfh]h�

ihke_^g_]h�\j_f_gb��baf_gy_lky�ebrv�bo�l_ogbq_kdZy�j_ZebaZpby�\�k\yab�k�jZkrbj_gb_f�
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p_e_c�b�aZ^Zq�bkke_^h\Zgby��Z�lZd`_�h[sbf�ijh]j_kkhf�\�we_dljhgbd_�b�fZrbghkljh_gbb��

Ijb�wlhf�jZa\b\Z_lky�^\Z�gZijZ\e_gby��I_j\h_�gZijZ\e_gb_�ij_^mkfZljb\Z_l�\uimkd�hl�

ghkbl_evgh�^_r_\uo�b�ijhkluo�ijb[hjh\�^ey�>L:�b�L=�ZgZebaZ��dhlhju_�gZoh^yl�ijbf_�

g_gb_� ij_bfms_kl\_ggh� \� ijhba\h^kl\_gguo� ]_heh]bq_kdbo� hj]ZgbaZpbyo� ^ey� j_r_gby�

ijZdlbq_kdbo�aZ^Zq��<lhjh_� -�j_rZ_l�\hijhku�kha^Zgby�ijb[hjh\�^ey�dhfie_dkgh]h�l_j�

fbq_kdh]h� ZgZebaZ�� ijbf_gyxsboky� ijb� ijh\_^_gbb� gZmqgh-bkke_^h\Zl_evkdbo� jZ[hl� b�
iha\heyxsbo�h^gh\j_f_ggh�j_]bkljbjh\Zlv� �g_j_^dh�hkms_kl\eylv�k[hj��ojZg_gb_�b�h[�

jZ[hldm��kh\hdmighklv�jZaebqguo�nbabq_kdbo�k\hckl\�\_s_kl\��Z�lZd`_�ijh\h^blv�ZgZeba�

]Zahh[jZaguo�ijh^mdlh\��h[jZamxsboky�\�ijhp_kk_�l_jfbq_kdh]h�jZaeh`_gby�� 
<�h[s_f�kemqZ_�\k_�l_jfbq_kdb_�mklZgh\db��\uimkdZ_fu_�k_jbcgh�dZd�hl_q_kl\_g�

gufb��lZd�b�aZjm[_`gufb�nbjfZfb��Z�lZd`_�kfhglbjh\Zggu_�\�g_dhlhjuo�eZ[hjZlhjbyo��

khklhyl�ba�ke_^mxsbo�[Zah\uo�maeh\�� 
Z��i_qb�beb�gZ]j_\Zl_evgh]h�mkljhckl\Z�k�h[hjm^h\Zgb_f��h[_ki_qb\Zxs_f�jZ\gh�

f_jguc�gZ]j_\�ih�aZ^Zgghc�ijh]jZff_�� 
[��[ehdZ�ijhklhc�b�^bnn_j_gpbZevghc�l_jfhiZju�k�lb]eyfb�^ey�wlZehgZ�b�bkke_�

^m_fh]h�\_s_kl\Z� 
\��ijbkihkh[e_gby�^ey�ihklhyggh]h�\a\_rb\Zgby�ZgZebabjm_fhc�ijh[u�\�ijhp_kk_�

gZ]j_\Z��l_jfh\_kh\h]h�[ehdZ�� 
]�� we_dljhbaf_jbl_evguo� ijb[hjh\� b� mkljhckl\� ^ey� Z\lhfZlbq_kdhc� j_]bkljZpbb�

djb\uo�gZ]j_\Zgby��\�ijhkl_cr_f�\ZjbZgl_�djb\uo�>L:�b�L=�� 
MklZgh\db�^ey�dhfie_dkgh]h�l_jfbq_kdh]h�ZgZebaZ�dhfie_dlmxlky�djhf_�lh]h�^h�

ihegbl_evgufb�ijbklZ\dZfb�^ey�^beZlhf_ljbq_kdbo�b�l_jfhfZ]gblguo�b�^j��baf_j_gbc��

l_jfh]Zalbljhf_ljbq_kdbf�mkljhckl\hf��\�g_dhlhjuo�\ZjbZglZo�\�dhf[bgZpbb�k�ojhfZlh�

]jZnhf� beb� fZkk-ki_dljhf_ljhf��� ijbkihkh[e_gbyfb� ^ey� dhgljhey� ]Zah\hc� Zlfhkn_ju�
beb�\ZdmmfZ�\�i_qb�b�l�^�� 

<�dZq_kl\_�ijbf_jZ�jZkkfhljbf�ijbgpbibZevgmx�ko_fm�b�dhgkljmdlb\gu_�hkh[_g�

ghklb�h^ghc�ba�rbjhdh�bkihevam_fuo�\�ijZdlbd_� ]_heh]h-fbg_jZeh]bq_kdbo�bkke_^h\Z�
gbc�l_jfbq_kdhc�mklZgh\db�LM-�f��jbk������ij_^gZagZq_gghc�^ey�h^gh\j_f_gghc�j_]bkl�
jZpbb�^bnn_j_gpbZevghc�djb\hc�gZ]j_\Zgby�b�djb\uo��baf_g_gby�\_kZ�bkke_^m_fh]h�\_�

s_kl\Z�mkdhj_gguf�f_lh^hf�ijb�ijh\_^_gbb�fZkkh\uo�l_jfbq_kdbo�ZgZebah\�fbg_jZeh\��

]hjguo�ihjh^�b�jm^��<g_rgbc�\b^�wlhc�mklZgh\db��khklhys_c�ba�^\mo�[ehdh\�-�l_jfbq_�
kdh]h� ����b�hk\_lblbl_evgh-\_kh\h]h� ���,�ij_^klZ\e_g�gZ�jbk�����7�L_jfbq_kdbc�[ehd�jZk�
iheZ]Z_lky�gZ�klhe_��eb[h�ki_pbZevghc�]hjbahglZevghc�aZdj_ie_gghc�ihehqd_��ih^^_j`b�

\Z_fhc�djhgrl_cgZfb��hk\_lbl_evgh-\_kh\hc�[ehd�dj_iblky�gZ�\_jlbdZevghc�dZiblZevghc�
kl_g_� 

Hkgh\guf� we_f_glhf� l_jfbq_kdh]h� [ehdZ� y\ey_lky� gZ]j_\Zl_evgh_� mkljhckl\h� \�

\b^_�\_jlbdZevgh�jZkiheh`_gghc�ljm[qZlhc�i_qb�����-�d_jZfbq_kdh]h�djm]eh]h�^_j`Zl_ey�
k�gZ]j_\Zl_evghc�kibjZevx�ba�gbojhfZ�beb�ieZlbgu��dhlhjuc�gZoh^blky�\�f_lZeebq_kdhf�

dhjimk_�� aZiheg_gguf�l_jfhbaheypbhgguf�fZl_jbZehf� �rZfhlhf���Dhgpu�kibjZeb�ih^�

kh_^bg_gu�d�lhdhijh\h^ysbf�rbgZf�-�kl_j`gyf��bahebjh\Zgguf�hl�dhjimkZ��k�ihfhsvx�

dhlhjuo�i_qdZ�mklZgZ\eb\Z_lky�\�dhglZdlgu_�]g_a^Z�l_jfbq_kdh]h�[ehdZ�b�`_kldh�aZdj_i�

ey_lky� hlghkbl_evgh� dhf[bgbjh\Zgghc� ^bnn_j_gpbZevghc� l_jfhiZju�� Ihke_^gyy�� kh�

klhysZy�ba�ijhklhc�b�^bnn_j_gpbZevghc�l_jfhiZj��aZdexq_gZ�\��-o�dZgZevguc�nZjnhjh�
\uc�kl_j`_gv��gZ�dhlhjuc�mklZgZ\eb\Zxlky�^\Z�lb]ey�lZd��qlh�]hjyqb_�kiZb�l_jfhiZj�hdZ�

au\Zxlky� \� p_glj_� wlbo� lb]e_c�� J_]mebjh\hqgufb� \bglZfb� ^h[b\Zxlky� jZkiheh`_gby�

dhf[bgbjh\Zgghc� l_jfhiZju� k� lb]eyfb� \� k_j_^bg_� [_a]jZ^b_glghc� ahgu� gZ]j_\Z� i_qb��

>ey�ih\ur_gby�ijhba\h^bl_evghklb�l_jfbq_kdZy�mklZgh\dZ�dhfie_dlm_lky�^\mfy�i_qdZ�

fb��h^gZ�gZoh^blky�\�jZ[hl_��\lhjZy�\�wlh�\j_fy�hoeZ`^Z_lky�k�ihfhsvx�gZklhevgh]h�\_g�

lbeylhjZ� 

                                                 
7 Hk\_lbl_evgh-\_kh\hc [ehd ihdZaZg kh kgylhc [hdh\hc kl_gdhc� 
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Jbk������L_jfbq_kdZy��mklZgh\dZ�LM-�f� 

1 -�l_jfbq_kdbc�[ehd����-�hk\_lbl_evgh-\_kh\hc�[ehd����-�gZ]j_\Zl_evgZy�i_qv����- 
\hevlf_lj����-�\_kh\h_�mkljhckl\h����-�dhjhfukeh�\_kh\h]h�mkljhckl\Z������-�hk\_lbl_�
eb����-�]Zev\Zghf_lj��������-�ih\hjhlgu_�a_jdZeZ�����-�s_ev�nhlhdZkk_lu; 13 -�hk\_lb�
l_ev�hlf_lqbdZ�l_fi_jZlmj�����-�dghihqguc�ij_ju\Zl_ev�����-�fbeeb\hevlf_lj� 

JZ\ghf_jguc�gZ]j_\�i_qb� \h�\j_f_gb�hkms_kl\ey_lky�iml_f�baf_g_gby�gZijy`_�

gby�� ih^Z\Z_fh]h� gZ� kibjZev� gZ]j_\Zl_evgh]h� mkljhckl\Z� k� ihfhsvx� j_]mebjh\hqgh]h�

Z\lhljZgknhjfZlhjZ��jmqdZ�dhlhjh]h�\u\_^_gZ�ke_\Z�gZ�dhjimk_�l_jfbq_kdh]h�[ehdZ��J_�

`bf� ih^Zqb� gZijy`_gby�� dhgljhebjm_fuc� ihdZaZl_eyfb� \hevlf_ljZ� �mklZgh\e_g� gZ� i_�

j_^g_c�gZdehgghc�qZklb�dhjimkZ� -����hkms_kl\ey_lky�hi_jZlhjhf�\jmqgmx�k�bkihevah\Z�

gb_f�khhl\_lkl\mxsbo�lZ[ebqguo�^Zgguo��ihemq_gguo�^ey�dZ`^hc�i_qdb�\�ijhp_kk_�g_�

kdhevdbo�ij_^\Zjbl_evguo�gZ]j_\h\��<j_fy�gZ]j_\Z�i_qb�hl���
H
K�^h�fZdkbfZevghc�l_f�

i_jZlmju�����
H
K�-����fbg� 

<� l_jfbq_kdhf� [ehd_� bf__lky� ]g_a^h� ^ey� ihf_s_gby� kt_fghc� nhlhdZkk_lu-
[ZjZ[ZgZ��NhlhdZkk_lZ��kgZ[`_ggZy�ijh^hevghc�s_evx�k�j_]mebjm_fhc�rlhjdhc��aZjy`Z�

_lky�nhlh[mfZ]hc�jZaf_jhf����o����kf��MklZgZ\eb\Z_lky�hgZ�gZ�hkv�j_^mdlhjZ��ijb\h^b�

fh]h�\h�\jZs_gb_�ki_pbZevguf�fhlhjhf��Kdhjhklv�\jZs_gby�nhlhdZkk_lu�-�h^bg�h[hjhl�
aZ����fbg��ihegh]h�pbdeZ�gZ]j_\Z� 
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<_kh\h_� mkljhckl\h� ���� ij_^gZagZq_gh� ^ey� j_]bkljZpbb� baf_g_gby� \_kZ� ZgZebab�

jm_fh]h�\_s_kl\Z�\�ijhp_kk_�_]h�gZ]j_\Z��=eZ\guf�jZ[hqbf�we_f_glhf�_]h�y\ey_lky�dhjh�

fukeh� ����k� aZdj_ie_gguf�gZ�g_f� a_jdZevp_f��GZ�h^bg�dhg_p�dhjhfukeZ� �ijZ\uc��mklZ�

gZ\eb\Z_lky� gZ� ih^\_kd_� d\Zjp_\uc� lb]_ev�� \lhjhc� dhg_p� kgZ[`_g� mjZ\gh\_rb\Zxsbf�

ijhlb\h\_khf-]jmahf��K�ihfhsvx�ki_pbZevgh]h�ijbkihkh[e_gby�b�khhl\_lkl\mxs_c�jm�

dhyldb�d\Zjp_\uc�lb]_ev��\�dhlhjuc�ihf_sZxl�bkke_^m_fh_�\_s_kl\h�\�dhebq_kl\_�����- 
���� ]j���fh`gh�ih^gylv�g_kdhevdh�\ur_�dhjhfukeZ�beb�himklblv�gZ�g_]h��<�hims_gghf�

�ih^\_r_gghf� gZ� dhjhfuke_�� khklhygbb� lb]_ev� hdZau\Z_lky� jZkiheh`_gguf� \� kj_^g_c�

qZklb� gZ]j_\Zl_evghc� i_qb� �[_a]jZ^b_glghc� ahg_�� qmlv� \ur_� [ehdZ� dhf[bgbjh\Zgghc�

l_jfhiZju�k�gZoh^ysbfbky�gZ�g_f�d_jZfbq_kdbfb�lb]eyfb��LZdbf�h[jZahf�\k_�lb]eb��dZd�

d\Zjp_\uc�k�ZgZebabjm_fuf�\_s_kl\hf��g_h[oh^bfuf�^ey�j_]bkljZpbb�djb\hc�baf_g_gby�

\_kZ��lZd�b�d_jZfbq_kdb_�k�wlZehghf�b�l_f�`_�kZfuf�ZgZebabjm_fuf�\_s_kl\hf��ij_^gZ�

agZq_gguf�^ey�ihemq_gby�^bnn_j_gpbZevghc�djb\hc�gZ]j_\Zgby��gZoh^ylky�ih^�\ha^_c�

kl\b_f�h^ghc�b�lhc�`_�l_fi_jZlmju�gZ]j_\Z�� 
J_]bkljZpby�^bnn_j_gpbZevghc�djb\hc�gZ]j_\Zgby�b�h^gh\j_f_ggh�baf_g_gby�\_�

kZ�bkke_^m_fh]h�\_s_kl\Z�\�ijhp_kk_�gZ]j_\Z�hkms_kl\ey_lky�\�mklZgh\d_�LM-�f�Z\lhfZ�
lbq_kdbf� kihkh[hf� k� ijbf_g_gb_f� khhl\_lkl\mxs_c� hilbq_kdhc� ko_fu��>ey�gZg_k_gby�

^bnn_j_gpbZevghc�djb\hc�gZ]j_\Zgby�\�ko_f_�bkihevam_lky�hk\_lbl_ev�-����k�we_dljheZf�
ihqdhc��dhg^_gkhjhf�b�s_evx���^Zxsbc�madbc�imqhd�k\_lZ��dhlhjuc�gZijZ\ey_lky�gZ�a_j�

dZeh�]Zev\Zghf_ljZ�-����lbiZ�F�������A_jdZeh�]Zev\Zghf_ljZ��ihke_�hij_^_e_gghc�dhjj_d�

pbb��\�aZ\bkbfhklb�hl�\_ebqbgu�l_jfhW>K�^bnn_j_gpbZevghc�l_jfhiZju�baf_gy_l�k\h_�

iheh`_gb_��aZdjmqb\Zykv�\hdjm]�\_jlbdZevghc�hkb�\ijZ\h�beb�\e_\h��hlghkbl_evgh�njhg�

lZevghc�iehkdhklb�\_jlbdZevghc�kl_gu��gZ�lhl�beb�bghc�m]he��qlh�h[mkeZ\eb\Z_l�hldeh�

g_gb_�hljZ`_ggh]h�hl�wlh]h�a_jdZeZ�k\_lh\h]h�emqZ��Ihke_^gbc��ij_ehfe_gguc�^hihegb�

l_evgufb� iehkdbfb� a_jdZeZfb�� gZijZ\ey_lky� gZ� s_ev� nhlhdZkk_lu� -� �� �ijb� hldjulhc�
rlhjd_��b�ihiZ^Z_l�gZ�nhlh[mfZ]m�\�\b^_�dhgljZklghc�k\_lh\hc�lhqdb��Ij_^mkfhlj_ggh_�

\jZs_gb_�nhlh[ZjZ[ZgZ�b�kbgojhggh_�k�gbf�i_j_f_s_gb_�\^hev�s_eb�hldehg_ggh]h�k\_�

lh\h]h�emqZ�iha\hey_l�aZnbdkbjh\Zlv�gZ�nhlh[mfZ]_�^bnn_j_gpbZevgmx�djb\mx�gZ]j_\Z�

gby��Ih^h[guf�`_�h[jZahf�aZibku\Z_lky�b�djb\Zy�baf_g_gby�\_kZ��Imqhd�k\_lZ�hl�ZgZeh�

]bqgh]h�hk\_lbl_ey�����gZijZ\ey_lky�\�wlhf�kemqZ_�gZ�a_jdZeh�dhjhfukeZ�\_kh\h]h�mkljhc�

kl\Z��Hldehg_gb_�dhjhfukeZ�hl�]hjbahglZevgh]h�iheh`_gby��\ke_^kl\b_�mf_gvr_gby��j_�

`_� m\_ebq_gby� \_kZ� \_s_kl\Z� \� ijhp_kk_� gZ]j_\Z�� ijb\h^bl� d� kf_s_gbx� hljZ`_ggh]h�

³aZcqbdZ´��gZijZ\ey_fh]h�q_j_a�kbkl_fm�iehkdbo�a_jdZe�gZ�s_ev�nhlhdZkk_lu�� 
Djhf_�lh]h��hilbq_kdhc�kbkl_fhc�ij_^mkfhlj_gZ�\hafh`ghklv�k�ihfhsvx�hk\_lb�

l_ey�hlf_lqbdZ�l_fi_jZlmj������b�dghihqgh]h�ij_ju\Zl_ey������nbdkbjh\Zlv�gZ�nhlh[mfZ�

]_� �jmdh\h^kl\mykv�ihdZaZgbyfb�hl^_evgh�jZkiheh`_ggh]h�fbeeb\hevlf_ljZ�-�����l_fi_�
jZlmjm� jZah]j_\Z� i_qb� q_j_a� dZ`^u_� ���

H
K� �\� kemqZ_� g_h[oh^bfhklb� q_j_a� ��

H
K� beb�

20HK��� Z� lZd`_� hlf_qZlv� iheh`_gb_� ³gme_\hc´� ebgbb�� j_]bkljbjmxs_c� gZqZeh� hlkq_lZ�

\_kZ�ijh[u� 
LbibqgZy�dZjlbgZ�j_]bkljZpbb�djb\uo�>L:�b�L=�gZ�mklZgh\dZo�LM-�f��ihke_�ijh�

y\e_gby�nhlh[mfZ]b��bf__l�\b^��ij_^klZ\e_gguc�gZ�jbk���� 
>jm]b_�mklZgh\db�^ey�l_jfbq_kdh]h�ZgZebaZ��iha\heyxsb_�Z\lhfZlbq_kdb�j_]bkl�

jbjh\Zlv�baf_g_gby�dhfie_dkZ�jZaebqguo�nbabq_kdbo�k\hckl\�\_s_kl\�ba�h^ghc�gZ\_kdb�

ijb�gZ]j_\Zgbb�beb�hoeZ`^_gbb�hlebqZxlky�^jm]�hl�^jm]Z� 
Z�� lbihf�gZ]j_\Zl_evguo�mkljhckl\�b�^bZiZahghf� l_fi_jZlmj�^ey�ijh\_^_gby�bk�

ke_^h\Zgbc��GZjy^m�k�rbjhdh�bkihevam_fufb�we_f_glZfb�khijhlb\e_gby� �\�\b^_�ijh\h�

ehdb�b�e_glu��gZ]j_\�i_qb�fh`_l�hkms_kl\eylvky�bgnjZdjZkguf�baemq_gb_f��\ukhdhqZk�

lhlguf�]_g_jZlhjhf�beb�iml_f�pbjdmeypbb�gZ]j_luo�beb�hoeZ`^_gguo�jZkl\hjh\��]Zah\��

q_j_a� dZlmrdm-af__\bd��Kha^Zgu� mklZgh\db�� l_jfh]jZnbq_kdb_� bkke_^h\Zgby� \� dhlhjuo�
ijh\h^yl�h[uqgh�g_�lhevdh�^h�fZdkbfZevguo�l_fi_jZlmj������

H - 1500 HK��gh�b�[he__�rb�

jhdhf�l_fi_jZlmjghf�bgl_j\Ze_�hl�����^h������-3000HK� 
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[��h[hjm^h\Zgb_f��h[_ki_qb\Zxsbf�gZ]j_\�ih�aZ^Zgghc�ijh]jZff_�b�k�jZaebqgufb�

kdhjhklyfb�\�ij_^_eZo�hl�����^h����
H
K�fbg��;hevrbgkl\h�mklZgh\hd�kgZ[`_gh�ki_pbZev�

gufb�j_]meylhjZfb�jZaebqgh]h�lbiZ�-�f_oZgbq_kdbfb��we_dljhggufb�k�h[jZlghc�k\yavx��
fbdjhijhp_kkhjZfb�b�^j�� 

\��\hafh`ghklvx�kha^Zgby�khhl\_lkl\mxs_c�Zlfhkn_ju� �\ha^mrghc��\�jZaebqguo�

]Zah\uo�kj_^Zo�beb�^bgZfbq_kdhf�]Zah\hf�ihlhd_��\ZdmmfZ�beb�^Z\e_gby�\�gZ]j_\Zl_ev�

ghc�i_qb�b�h[_ki_q_gby�dhgljhey�aZ�mdZaZggufb�iZjZf_ljZfb� 
]��f_lh^hf�j_]bkljZpbb�djb\uo�gZ]j_\Zgby� -�ij_bfms_kl\_ggh�ihl_gpbhf_ljbq_�

kdbf�beb�nhlhkihkh[hf� 
<� ihke_^g__� \j_fy� ^ey� bkke_^h\Zgby� fbg_jZevgh]h� kujvy�rbjhdh� bkihevam_lky�

\_g]_jkdbc�l_jfhZgZebaZlhj�³>_jb\Zlh]jZn´��nbjfZ�Fhg���Ihke_^gb_�_]h�fh^_eb�³>_jb�

\Zlh]jZn�����>´�b�³4-����>´��\uimkdZ_fu_�\�gZklhevghf�\ZjbZgl_��iha\heyxl�ihemqZlv�
gZ�h^ghc�l_jfh]jZff_�l_fi_jZlmjgmx��ijhklmx�-�L��b�^bnn_j_gpbZevgmx�djb\mx�gZ]j_�
\Zgby��>L:���Z�lZd`_�kbgojhggh�ijhklmx��L=��b�^bnn_j_gpbZevgmx�djb\mx�ihl_jb�\_kZ�

�>L=��\�jZ[hq_f�bgl_j\Ze_�l_fi_jZlmj�hl��
H
K�^h�����

H
K��Lbjbklhjguc�ijh]jZffguc�j_�

]meylhj� ijb[hjZ� h[_ki_qb\Z_l� ^bkdj_lguc� \u[hj� kdhjhklb� gZ]j_\Zgby� hl� ���� ^h� ���

]jZ^�fbg�
8
� J_amevlZlu� j_]bkljbjmxlky� kZfhibrmsbf� ihl_gpbhf_ljhf� gZ� ^bZ]jZffghc�

e_gl_��>_jb\Zlh]jZn�mdhfie_dlh\Zg�^beZlhf_ljbq_kdhc�ijbklZ\dhc�b�fh`_l�[ulv�kgZ[�

`_g� l_jfh]Zalbljhf_ljbq_kdbf� mkljhckl\hf�� iha\heyxsbf� aZibku\Zlv� h^gh\j_f_ggh� k�

jZgg_mdZaZggufb�djb\ufb��L��>L:��L=�b�>L=��l_jfh]Zalbljhf_ljbq_kdmx�djb\mx�-�L=L�
�wd\b\Ze_glgmx� dhebq_kl\m� \u^_eb\r_]hky� ]ZaZ�� b� ^bnn_j_gpbZevgmx� l_jfh]Zalbljh�

f_ljbq_kdmx�djb\mx�-�>==L� ��jbk������Z�lZd`_�dhebq_kl\_ggh�hij_^_eblv�KH2, SO2, SO3, 

H22�b�^jm]b_�]Zahh[jZagu_�nZau��\u^_eyxsb_ky�ba�h[jZapZ�ijb�gZ]j_\Zgbb�^h�����
H
K� 

 

 
 
 
 
 
 
 
 
Jbk�����J_amevlZlu� dhfie_dkgh]h� l_jfb�
q_kdh]h�ZgZebaZ�h[jZapZ�[hdkblZ� 
Djb\u_�� ^bnn_j_gpbZevgh-l_jfbq_kdh]h�
ZgZebaZ� �>L:��� l_jfh]jZ\bf_ljbq_kdh]h�

ZgZebaZ� �L=���^bnn_j_gpbZevghc�l_jfh]jZ�

\bf_ljbb� �>L=��� l_jfh]Zal_ljhf_ljbb�

�L=L�� -� djb\Zy� jZkoh^Z� lbljmxs_]h� jZk�

l\hjZ�� wd\b\Ze_glgh]h� dhebq_kl\m� ih]eZ�

s_ggh]h�]ZaZ�-�b�^bnn_j_gpbZevghc�l_jfh�
]Zahlbljhf_ljbb� �>L=L�� -� djb\Zy� baf_g_�
gby�kdhjhklb�jZkoh^Z�lbljmxs_]h�jZkl\h�

jZ� 

 

                                                 
8 Ij_^mkfhlj_gZ lZd`_ jZ[hlZ ijb[hjZ \ d\Zabl_jfbq_kdhf b d\Zabbahl_jfbq_kdhf j_`bfZo� 
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Kms_kl\_ggh]h�ijh]j_kkZ�\�jZajZ[hld_�gh\uo�ijb[hjh\�^ey�l_jfbq_kdh]h�ZgZebaZ�

^hklb]eb� nbjfu� ³F_lle_j´� �R\_cpZjby��� ³K_lZjZf´� �NjZgpby��� ³JbqZdm->_gdb´� �Yih�
gby��� ³G_lq´� �=_jfZgby��� ³I_jdbg-Wevf_j´�� ³>xihg´� �KR:��b�^j��Ijb[hju� wlbo�nbjf�

^ey� dhfie_dkgh]h� l_jfbq_kdh]h� ZgZebaZ� hlebqZ_l� rbjhdbc� l_fi_jZlmjguc� ^bZiZahg�

�\dexqZy�h[eZklv�hljbpZl_evguo�l_fi_jZlmj���dhgljhebjm_fZy�]Zah\Zy�Zlfhkn_jZ�b�\Zdm�

mf� \� i_qb�� ijbf_g_gb_� fbdjhijhp_kkhjh\�� h[_ki_qb\Zxsbo� [hevrhc� \u[hj� j_`bfZ� b�

kdhjhkl_c�gZ]j_\Z��\hafh`ghklvx�ijh\_^_gby�ZgZebaZ�]Zah\�k�ihfhsvx�]Zah\h]h�ojhfZlh�

]jZnZ�beb�fZkk-ki_dljhf_ljZ� 
 

����L?JFHEXFBG?KP?GLGUC�:G:EBA 
 

L_jfhexfbg_kp_gpby�� dZd� jZagh\b^ghklv� h[s_c� exfbg_kp_gpbb�� ij_^klZ\ey_l�

kh[hc� l_jfbq_kdh_� hk\h[h`^_gb_� ba[ulhqgh]h� kmffZjgh]h� wg_j]_lbq_kdh]h� aZiZkZ�ijb�

jh^guo�fbg_jZeh\��Wg_j]_lbq_kdbc� aZiZk�\�djbklZeeZo�gZdZieb\Z_lky�b�baf_gy_lky�ih^�

\ha^_ckl\b_f�jZaghh[jZaguo�nZdlhjh\��gZqbgZy�k�fhf_glZ�djbklZeebaZpbb�b�\k_c�ihke_�

^mxs_c� ]_heh]bq_kdhc� bklhjbb� kms_kl\h\Zgby�� Ih^� \ha^_ckl\b_f� lZdbo� nZdlhjh\� dZd�

\oh`^_gb_� \� j_r_ldm� djbklZeeZ�ijbf_k_c��^_ckl\by�bhgbabjmxs_]h�baemq_gby��h[jZam�

xlky�iheh`bl_evgu_��^ujdb��b�hljbpZl_evgu_��we_dljhgu��ghkbl_eb�aZjy^h\��I_j_f_sZ�

ykv�ih�j_r_ld_��we_dljhgu�b�^ujdb�ehdZebamxlky�gZ�^_n_dlZo�djbklZeebq_kdhc�kljmdlm�

ju��]eZ\gufb�ba�dhlhjuo�y\eyxlky�kljmdlmjgu_�gZjmr_gby��^bkehdZpbb�b�Zlhfu�we_f_g�

lh\-ijbf_k_c� �Zdlb\Zlhju�b� ]Zkbl_eb���<�j_amevlZl_� wlh]h�nhjfbjmxlky�p_glju� aZo\ZlZ�
we_dljhgh\�b�^ujhd��p_glju�we_dljhggh-^ujhqghc�j_dhf[bgZpbb�b�p_glju�k\_q_gby��GZ�
]j_\� \uk\h[h`^Z_l� we_dljhgu� b� ^ujdb� ba� eh\mr_d� �\� i_j\mx� hq_j_^v� ba�f_edbo��� h[m�

keZ\eb\Zy�bo�j_dhf[bgZpbx�k�[he__�mklhcqb\ufb�^ujhqgufb��we_dljhggufb��p_gljZfb��

Wg_j]by� j_dhf[bgZpbb� ijb\h^bl� d� \ha[m`^_gbx� p_gljh\� k\_q_gby�� l�_�� l_jfhexfbg_k�

p_gpbb��LE�� 
LE� ]_heh]bq_kdbo� fZl_jbZeh\� bkke_^m_lky� ]eZ\guf� h[jZahf� iml_f� aZibkb� bgl_�

]jZevguo� djb\uo� l_jfh\uk\_qb\Zgby� �L<���dhlhju_�hljZ`Zxl� aZ\bkbfhklv�bgl_gkb\gh�

klb�k\_q_gby�hl�l_fi_jZlmju��JZaebqby�\�wg_j]bb�ehdZebaZpbb�aZjy^h\�gZ�hl^_evguo�p_g�

ljZo�h[mkeZ\eb\Z_l�keh`guc�oZjZdl_j�djb\uo�L<�k�g_kdhevdbfb�fZdkbfmfZfb��jbk�������

L_fi_jZlmjZ� fZdkbfmfZ� hij_^_ey_l� wg_j]_lbq_kdmx� ]em[bgm� eh\mrdb�� Z� bgl_gkb\ghklv�

L<�-�dhgp_gljZpbx�aZiheg_gguo�^_n_dlh\��NhjfZ�djb\hc�mdZau\Z_l�gZ�ihjy^hd�dbg_lb�

db�� \_jhylghklv� j_dhf[bgZpbb� b� ih\lhjgh]h� aZo\ZlZ�� Djhf_� lh]h�� \hafh`gh� bamq_gb_�

ki_dljZ�baemq_gby��qlh�iha\hey_l�^hihegbl_evgh�hij_^_eylv�lbi�b�oZjZdl_j�p_gljh\�k\_�

q_gby�� 

 

 
 
 
 
 
 
 
Jbk������Djb\u_�l_jfh\uk\_qb\Zgby�ih�
jh^hh[jZamxs_]h�d\ZjpZ 
1 -�km[\medZgbq_kdb_�dbkeu_�ihjh^u�FZ]gb�

lhjkdh]h�kbgdebghjby����-�km[\medZgbq_kdb_�
dbkeu_�ihjh^u�DZnZgkdh]h�Zglbdebghjby��

3 -�kbghjh]_ggu_�]jZgbl-ihjnbju�MjZeZ����
-�]jZgblu�MjZeZ� 
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������:iiZjZlmjZ��f_lh^bq_kdb_�hkh[_gghklb�ijh\_^_gby� 

LE�ZgZebaZ�b�h[jZ[hldb�ihemq_gguo�j_amevlZlh\� 
>ey� ijh\_^_gby� l_jfhexfbg_kp_glgh]h� ZgZebaZ� fbg_jZeh\� b� ]hjguo� ihjh^� bk�

ihevamxl� k_jbcgh� \uimkdZ_fu_� ijb[hju� lbiZ� ³L_jfhexf´� �jbk������ Ijbgpbi� jZ[hlu�

mklZgh\db�ke_^mxsbc��Baf_evq_ggZy�^h�ihjhrdZ�ijh[Z�jZ\ghf_jguf�lhgdbf�keh_f�gZ�

kuiZ_lky�gZ�gZ]j_\Zl_evgh_�mkljhckl\h�^ZlqbdZ�\�\b^_�ieZklbgdb�ba�g_j`Z\_xs_c�klZeb��

>ey�h]jZgbq_gby�iehsZ^b�k\_q_gby�ijh[Z�gZdju\Z_lky�khhl\_lkl\mxs_c�f_lZeebq_kdhc�

fZkdhc� k� dZeb[jh\Zgguf� djm]euf� hl\_jklb_f��Exfbg_kp_glguc� ihlhd�� \ua\Zgguc� gZ�

]j_\Zgb_f��ihiZ^Z_l�gZ�dZlh^�nhlhwe_dljhggh]h�mfgh`bl_ey� �NWM��g_h[oh^bfh]h�ki_d�

ljZevgh]h�^bZiZahgZ��Kb]gZe�k�\uoh^Z�NWM�ih^Z_lky�gZ�mkbebl_ev�b�^Ze__�gZ�j_]bkljZlhj�

^ey�aZibkb�djb\hc�L<��qlh�^Z_l�\hafh`ghklv�hij_^_e_gby�h[s_c�k\_lhkmffu��L_fi_jZlm�

jZ�gZ]j_\Zgby�ijh[u��j_]mebjm_fZy�iml_f�baf_g_gby�kbeu�lhdZ�k�ihfhsvx�we_dljhfhlh�

jZ��khqe_g_ggh]h�k�Z\lhljZgknhjfZlhjhf��baf_jy_lky�l_jfhiZjhc� �ojhf_ev-dhi_e_\hc��b�
gZ[ex^Z_lky�ijb�ihkj_^kl\_�ihdZau\Zxs_]h�fbeeb\hevlf_ljZ��lbiZ�F-�����Oh^�l_fi_jZ�
lmju��gZ[ex^Z_fuc�\bamZevgh��iml_f�ki_pbZevghc�kbkl_fu�hlf_ldb�nbdkbjm_lky� aZk_q�

dZfb� q_j_a� hij_^_e_ggu_�bgl_j\Zeu�gZ�^bZ]jZffghc� e_gl_� aZibkb� djb\hc�L<�� �Ih^ZqZ�

kb]gZeZ�k�NWM�gZ�j_]bkljZlhj�hkms_kl\ey_lky�q_j_a�^_ebl_ev�gZijy`_gby��qlh�iha\hey_l�

klmi_gqZlh� aZ]jm[eylv�mklZgh\dm�b�h[_ki_qb\Zlv�\�ij_^_eZo�e_glu�kZfhibkpZ�nbdkZpbx�

k\_q_gby�jZaghc�bgl_gkb\ghklb��dhlhjZy�^ey�jZaebqguo�fbg_jZeh\�\Zjvbjm_l�\�hq_gv�rb�

jhdbo�ij_^_eZo� �gZ�g_kdhevdh�ihjy^dh\���:\lhfZlbq_kdh_�gZ]j_\Zgb_�bkiulm_fhc�ijh[u�

hl� ��
H
K�^h� ���

H
K�ijb� jZaguo� kdhjhklyo�ih^t_fZ� l_fi_jZlmju� hkms_kl\ey_lky�gZ� mklZ�

gh\d_� ³L_jfhexf´� aZ�ke_^mxsb_�ijhf_`mldb�\j_f_gb�� ���k_d��� ��fbg��� ��fbg��� ���fbg���

h[_ki_qb\Zy�l_f�kZfuf�^hklZlhqgh�\ukhdmx�ijhba\h^bl_evghklv�f_lh^Z� 

 
Jbk������MklZgh\dZ�^ey�l_jfhexfbg_kp_glgh]h�ZgZebaZ�³L_jfhexf´ 

1 -�^Zlqbd����-�[ehd�iblZgby����-�imevl�mijZ\e_gby����-�j_]bkljZlhj� 
 

H[uqgh�\�dZq_kl\_�h[t_dlZ�LE�bkke_^h\Zgbc�bkihevamxl�ihjhrhd�fbg_jZeZ�beb�

]hjghc�ihjh^u��<hafh`gh�ijbf_g_gb_��[he__�ljm^h_fdbo�\�ba]hlh\e_gbb��lhgdbo�fhgh�

fbg_jZevguo� ieZklbghd�� iehsZ^v� dhlhjuo� hij_^_ey_lky� mkeh\byfb� wdki_jbf_glZ�� Ih�

jhrdhh[jZaguc�fZl_jbZe�^he`_g�[ulv�ih-\hafh`ghklb�h^ghlbiguf�ih�jZaf_jm��Kl_i_gv�
baf_evq_gby�hdZau\Z_l�agZqbl_evgh_�\ebygb_�gZ�wnn_dl�l_jfhexfbg_kp_gpbb��Ihwlhfm�

gZb[he__� hilbfZevghc� ^ey� ZgZebaZ�� dZd�ihdZau\Z_l�ijZdlbdZ�� ke_^m_l� kqblZlv�njZdpbx�

0,1 -������ff�beb������-�����ff��Ihke_^gyy�^Z_l�[he__�bgl_gkb\gh_�k\_q_gb_��Bkihevah\Z�
gb_� [he__� djmiguo� njZdpbc� g_`_eZl_evgh� ba-aZ� kbevgh]h� jZklj_kdb\Zgby�� Lhgdh_� ba�
f_evq_gb_�ijb\h^bl�d�ihl_jyf�bgl_gkb\ghklb�LE��<�lh�`_�\j_fy�l_jfhexfbg_kp_glguc�
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ZgZeba� ]hjguo� ihjh^�� k� p_evx� ihemq_gby� \hkijhba\h^bfuo� j_amevlZlh\�� p_e_khh[jZagh�

ijh\h^blv�ba�gZ\_khd�ihjhrdZ�lhgdh]h�ihfheZ������-����ff��� 
Bkiulm_fmx�ijh[m�gZghkyl�gZ�gZ]j_\Zl_evgmx�ieZklbgm�mklZgh\db�b�\ujZ\gb\Zxl�

kehc�lZd��qlh[u�_]h�lhesbgZ�[ueZ�ijbf_jgh�jZ\gZ�^bZf_ljm�a_jgZ��L_f�kZfuf�^hklb]Z_l�

ky�gb\_ebjh\Zgb_�ih�bkdZ`_gbx�j_amevlZlh\�\ke_^kl\b_�\hafh`gh]h�]jZ^b_glZ�l_fi_jZ�

lmj�\�keh_��l�d��gZ]j_\�b^_l�kgbam��b�ih]ehs_gby�k\_lhbaemq_gby�gb`gbo�qZkl_c�\_jogbfb��

Wlh�h[_ki_qb\Z_lky�kj_^g_c�ZgZebabjm_fhc�gZ\_kdhc�\���-����f]��Z�k�mq_lhf��-��aZf_jh\�
\_k�ijh[u�^ey�LE�bkke_^h\Zgbc�gZoh^blky�\�ij_^_eZo����-����f]� 

Ke_^m_l� hlf_lblv�� qlh� \hkijhba\h^bfhklv�LE� b� lhqghklv� __� baf_j_gby� \� ih^Z\�

eyxs_f�[hevrbgkl\_�kemqZ_\�hij_^_eyxlky�klZg^ZjlbaZpb_c�b�h[_ki_q_gb_f�g_baf_ggh�

klb�wdki_jbf_glZevguo�nZdlhjh\�ZgZebaZ��Hkh[h_�\gbfZgb_�ijb�wlhf�^he`gh�[ulv�h[jZ�

s_gh�gZ� oZjZdl_j�b� hkh[_gghklb�^bki_j]bjh\Zgby�ijh[��BklbjZgb_�bo�^he`gh�[ulv�ih�

\hafh`ghklb�mf_j_gguf��g_�ijb\h^ys_f�d�gZ]j_\m�bkiulm_fh]h�fbg_jZeZ�b�khijh\h`�

^Zlvky�g_h^ghdjZlguf�ijhk_b\Zgb_f�^ey�^hklb`_gby�h^ghjh^ghklb�fZl_jbZeZ��Ijb�wlhf�

kgZqZeZ�ba[Z\eyxlky�hl�lhgdhc�njZdpbb��f_g__�����ff���Z�aZl_f�ba�hklZldZ�gZ�kbl_�m^Zey�

xl�djmigu_�qZklbpu��[he__�����-����ff�� 
Ijb�ZgZeba_�b�khihklZ\e_gbb�djb\uo�L<�mqblu\Z_l�ke_^mxsb_�iZjZf_lju��h[smx�

bgl_gkb\ghklv�k\_q_gby��oZjZdl_j�djb\uo�b�ij_`^_�\k_]h�gZebqb_�g_kdhevdbo�fZdkbfm�

fh\�k\_q_gby��l_fi_jZlmjm�gZqZeZ�b�fZdkbfZevgh]h�baemq_gby��jZa[jhk�agZq_gbc�l_fi_jZ�

lmj��Zkbff_ljbx�ibdh\�b�g_dhlhju_�^jm]b_��Bgl_gkb\ghklv�LE�fbg_jZeh\�b�]hjguo�ih�

jh^�hp_gb\Zxl�\�mkeh\guo�_^bgbpZo�jZaf_jZfb�iehsZ^_c��hibkZgguo�djb\ufb�L<��ijb�

\_^_ggufb�d�_^bghc�qm\kl\bl_evghklb��<�ijh[Zo��]^_�ijhy\ey_lky��g_kdhevdh�fZdkbfmfh\�

k\_q_gby�� ihfbfh� kmffZjgh]h� wnn_dlZ�� hij_^_eyl� lZd`_� iehsZ^v� dZ`^h]h� fZdkbfmfZ�

jZa^_evgh��<�g_dhlhjuo�kemqZyo��ijb�gZebqbb�^hklZlhqgh�madbo�b�kbff_ljbqguo�ibdh\�gZ�

djb\uo� L<�� \� dZq_kl\_� f_ju� bgl_gkb\ghklb� \hafh`gh� kjZ\g_gb_� \ukhl� ibdh\� \f_klh�

iehsZ^_c�� ohly� ihke_^g__� ij_^ihqlbl_evgh�� lZd� dZd� ijb� wlhf� mkljZgy_lky� \ebygb_� gZ�

nhjfm�djb\hc�kdhjhklb�gZ]j_\Z��<Z`guf�ihdZaZl_e_f�LE�hkh[_gghkl_c�fbg_jZeh\�b�]hj�

guo�ihjh^��bf_xsbo�keh`gu_�djb\u_�l_jfh\uk\_qb\Zgby� �fgh]hibdh\u_��y\eyxlky�aZ�

nbdkbjh\Zggu_�l_fi_jZlmju�fZdkbfmfh\�k\_q_gby��oZjZdl_jbamxsb_�]em[bgm�ehdZevguo�

mjh\g_c�� >ey� mklZgh\e_gby� hilbfZevguo� oZjZdl_jbklbd� LE� iZjZf_ljh\� j_dhf_g^m_lky�

dZ`^mx� ijh[m� ZgZebabjh\Zlv� g_�f_g__� ^\mo-lj_o� jZa�b� hij_^_eylv� kj_^g__� agZq_gb_� \h�
ba[_`Zgb_�\hafh`guo�dhe_[Zgbc�LE�ba-aZ�g_h^ghjh^ghklb�fZl_jbZeZ�� 

Djhf_� ijbjh^ghc�LE� \h�fgh]bo� kemqZyo�bkke_^mxl�bkdmkkl\_ggmx�beb�gZ\_^_g�

gmx�l_jfhexfbg_kp_gpbx�]_heh]bq_kdbo�h[t_dlh\��Ih^�wlbf�ihgbfZxl�LE�fbg_jZeh\�b�

]hjguo�ihjh^��\ua\Zggmx�bo�ij_^\Zjbl_evguf�h[emq_gb_f�\g_rgbfb�bklhqgbdZfb��]Zf�

fZ-emqZfb��j_gl]_gh\kdbf�b�^jm]bf�baemq_gb_f��<ha[m`^_ggZy�lZdbf�h[jZahf�LE�kbevgh�
aZ\bkbl�hl�^hau�h[emq_gby�b�hij_^_ey_lky�hkh[_gghklyfb�\gmlj_gg_]h�kljh_gby�dhgdj_l�

gh]h�h[jZapZ��aZ\bkys_]h�\�k\hx�hq_j_^v�hl�nbabdh-obfbq_kdbo�mkeh\bc�djbklZeebaZpbb��
ijbf_k_c� b� ^jm]bo� nZdlhjh\��Bgufb� keh\Zfb� gZ\_^_ggZy� LE� oZjZdl_jbam_l� ijbkmsb_�

hij_^_e_gguf�fbg_jZeZf�\b^u�b�hkh[_gghklb�^_n_dlh\�kljmdlmju�b�bo�dhf[bgZpbb��Bk�

dmkkl\_ggZy� LE� bf__l� jy^� ij_bfms_kl\� ih� kjZ\g_gbx� k� ijbjh^ghc��HgZ� ^Z_l� \hafh`�

ghklv�bamqZlv�LE�k\hckl\Z�fbg_jZeh\�fgh]hdjZlgh��\�lhf�qbke_�b�l_o��dhlhju_�g_�h[eZ�

^Zxl� ijbjh^ghc� LE��Ijb� wlhf� m\_ebq_gb_� bgl_gkb\ghklb� gZ\_^_ggh]h� l_jfhk\_q_gby��

\ke_^kl\b_�ihegh]h�gZkus_gby�ghkbl_e_c�aZjy^Z�gZ�^_n_dlZo�j_r_ldb��^Z_l�\hafh`ghklv�

[he__�ihegh�hp_gblv�wg_j]_lbq_kdb_�iZjZf_lju�p_gljh\�aZo\ZlZ��dbg_lbdm�l_jfh\uk\_qb�

\Zgby��aZlmoZgby�k\_lhkmffu��l_jfZevghc�mklhcqb\hklb�b�l�i�� 
 

������Ijbf_g_gb_�LE�ZgZebaZ�^ey�j_r_gby�]_heh]bq_kdbo�aZ^Zq� 
 

<ukhdZy�qm\kl\bl_evghklv�b�ijhklhlZ�LE�ZgZebaZ��bkihevah\Zgb_�ijb�wlhf�hlghkb�

l_evgh�g_^hjh]hc�ZiiZjZlmju��kihkh[kl\h\Zeb�rbjhdhfm�\g_^j_gbx�wlh]h�f_lh^Z�\�ijZd�
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lbdm�fbg_jZeh]h-]_hobfbq_kdh]h�bkke_^h\Zgby�dZf_ggh]h�fZl_jbZeZ�k�p_evx�ba\e_q_gby�
ba�g_]h�^hihegbl_evghc�b�ihjhc�hq_gv�\Z`ghc� �bgnhjfZpbb��K�ihfhsvx� wlh]h�f_lh^Z�

ij_^ijbgbfZebkv�ihiuldb�j_r_gby�p_eh]h�jy^Z�^hklZlhqgh�keh`guo� ]_heh]bq_kdbo� aZ�

^Zq�b�ij_`^_�\k_]h� 
Z�� hij_^_e_gby� Z[khexlgh]h� b� hlghkbl_evgh]h� \hajZklZ� h[jZaph\� b� l_jfbq_kdhc�

bklhjbb�]_heh]bq_kdbo�b�Zjo_heh]bq_kdbo�kh[ulbc� 
[��jZkqe_g_gby�b�m\yadb�jZaj_aZ�hlghkbl_evgh�h^ghjh^guo�dZd�hkZ^hqguo�� wnnm�

ab\gh-hkZ^hqguo�b�f_lZfhjnbq_kdbo�lhes��lZd�b�jZaghh[jZaguo�bgljmab\guo�h[jZah\Z�
gbc�� 

\��bkihevah\Zgby�ijb�ihbkdZo�b�hp_gd_�jm^hijhy\e_gbc�b�f_klhjh`^_gbc�jZaebq�

guo�ihe_aguo�bkdhiZ_fuo��Z�bf_ggh�-�bamq_gby�kljmdlmj�jm^guo�ihe_c��\uy\e_gby�ijh�
^mdlb\ghklb�b�jm^gh-nhjfZpbhgghc�ijbgZ^e_`ghklb��hij_^_e_gby�ahgZevghklb�b�]em[b�
gu�wjhabhggh]h�kj_aZ�jm^guo�l_e�b�l�^� 

]�� \hkklZgh\e_gby�g_dhlhjuo�nbabdh-obfbq_kdbo�iZjZf_ljh\�ijbjh^guo�ijhp_k�
kh\�fbg_jZehh[jZah\Zgby� 

^��hij_^_e_gby�dhebq_kl\_ggh]h�kh^_j`Zgby�l_o�beb�bguo�fbg_jZeh\�\�ihjh^Zo�b�

jm^Zo��ijh\_^_gby�iZe_hdebfZlbq_kdbo�j_klZ\jZpbc��bkke_^h\Zgby�f_l_hjblh\�b�emgguo�

ihjh^�b�l�^� 
L_hj_lbq_kdhc�ij_^ihkuedhc�hij_^_e_gby�Z[khexlgh]h�b�hlghkbl_evgh]h \ha�

jZklZ�]hjguo�ihjh^�b�fbg_jZeh\�LE�f_lh^hf�y\eyxlky�ke_^mxsb_�iheh`_gby��Z��khojZ�

g_gb_� b� gZdhie_gb_� k\_lhkmffu� ^h� hij_^_e_ggh]h� jZ\gh\_kgh]h� ij_^_eZ� gZoh^blky� \�

ijyfhc�aZ\bkbfhklb�hl�^hau�b�ijh^he`bl_evghklb�ijbjh^guo�bhgbabjmxsbo�baemq_gbc��

[��jZ^bZpbhggh_�\ha^_ckl\b_� khijh\h`^Z_lky�g_� lhevdh�^hiheg_gb_f� ]hlh\uo�eh\mr_d��

gh�b�ijb\h^bl�d�h[jZah\Zgbx�gh\uo�^_n_dlh\��\eby_l�gZ�bo�mklhcqb\hklv��qlh�g_khfg_g�

gh�hljZ`Z_lky�gZ�LE�k\hckl\Zo�]_heh]bq_kdbo�h[t_dlh\��<�k\yab�k�wlbf�\hafh`gu�jZagu_�

ih^oh^u�ih�LE�^Zlbjh\Zgbx�� 
GZb[hevr__�jZa\blb_��h[hkgh\Zgb_�b�ijbf_g_gb_�ihemqbe�f_lh^�hij_^_e_gby�\ha�

jZklZ�ih�dbg_lbd_�gZdhie_gby�k\_lhkmffu��Wlhl�f_lh^�[Zabjm_lky�gZ�hij_^_e_gguo�^h�

ims_gbyo�� �I_j\h_�-�jZ^bhZdlb\ghklv�ihjh^�b�fbg_jZeh\�g_�ij_l_ji_\ZeZ�kms_kl\_gguo�

baf_g_gbc��kgb`_gb_�jZ^bhZdlb\ghklb�aZ�kq_l�jZkiZ^Z�jZ^bhZdlb\guo�we_f_glh\�g_\_eb�

dh��lZd�dZd�8��7K�b�D
40
�bf_xl�[hevrhc�i_jbh^�ihemjZkiZ^Z���<lhjh_�-�kdhjhklv�gZdhie_�

gby�k\_lhkmffu�hklZ_lky�ihklhygghc��l�_��\k_�eh\mrdb�aZihegyxlky�k�h^ghc�kdhjhklvx�b�

dhebq_kl\h�eh\mr_d�ijbgpbibZevgh�g_�f_gy_lky� aZ�i_jbh^�bklhjbb�fZl_jbZeZ��Lj_lv_� - 
wg_j]_lbq_kdb_�iZjZf_lju�eh\mr_d� �b�mkeh\by�kj_^u�h[_ki_qb\Zxl�ihegmx�khojZgghklv�

gZdhie_gguo�\�eh\mrdZo�aZjy^h\�\�l_q_gb_�\j_f_gb��ijhr_^r_]h�k�gZqZeZ�gZdhie_gby��B��

gZdhg_p��q_l\_jlh_�-�wnn_dlb\ghklv�gZdhie_gby�k\_lhkmffu�hl�ijbjh^gh]h�b�bkdmkkl\_g�
gh]h�h[emq_gby�y\eyxlky�h^bgZdh\ufb�� 

Dhjj_dlgh_�ijh\_^_gb_�LE�^Zlbjh\Zgby�ijb�wlhf�qj_a\uqZcgh�ljm^h_fdh�b�\dex�

qZ_l�p_euc�jy^�hi_jZpbc�� Z��baf_j_gb_�bgl_gkb\ghklb�ijbjh^ghc�k\_lhkmffu� �-h[j��bk�

ke_^m_fuo�fhghfbg_jZevguo�ijh[�beb�ihjh^��\�dhlhjuo�aZ�LE�hl\_qZ_l�h^bg��jZ\ghf_j�

gh�jZkij_^_e_gguc�fbg_jZe��:gZeba�ke_^m_l�ijh\h^blv�ih�\ukhdhl_fi_jZlmjguf�ibdZf�

�L�≥ 280HK���^hklZlhqgh�mklhcqb\uf�d�l_jfbq_kdhfm�b�jZ^bZpbhgghfm�\uk\_qb\Zgbx��[��
mklZgh\e_gb_�qm\kl\bl_evghklb�bamqZ_fuo�fbg_jZeh\�d�jZ^bZpbb��<�ijhkl_cr_f�kemqZ_�

wlh�ijbjhkl�LE�ihke_�h[emq_gby�\k_o�bkke_^m_fuo�ijh[�h^ghc�b�lhc�`_�^hahc�jZ^bZpbb�

�^hklZlhqgh� ^Ze_dhc� hl� ^hau�� h[_ki_qb\Zxs_c� ihegh_� gZkus_gb_�� b� baf_j_gghc� q_j_a�

hij_^_e_gguc�ihklhygguc�ijhf_`mlhd�\j_f_gb��L_ogbq_kdb�h[emq_gb_�hkms_kl\eyxl��γ-
emqZfb�hl�bahlhiZ�Kh

60
�beb� we_dljhgZfb�hl�mkdhjbl_e_c��;he__�lhqgh�wlh�LE��ijboh^y�

sZyky�gZ�_^bgbpm�jZ^bhZdlb\ghklb��m^_evgZy�LE�- Jm^���hij_^_ey_fZy�ih�djb\hc�jhklZ�LE��
ihkljh_gghc�ih�j_amevlZlZf�ZgZebaZ�hl^_evguo�gZ\_khd�ijh[u�h[emq_gguo��-��ihke_^h�
\Zl_evgh� \hajZklZxsbfb� ^haZfb� jZ^bhZdlb\ghklb�� Ih� djb\hc� jhklZ� LE� fh`gh�� djhf_�

lh]h��hp_gblv��gZkdhevdh�ebg_cgh�gZdZieb\Z_lky�LE��dZd�^Ze_dZ�hgZ�hl�gZkus_gby��Z�lZd�
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`_� hij_^_eblv�^ham�bkdmkkl\_gghc�jZ^bZpbb��dhlhjZy�fh`_l�\ua\Zlv�gZdhie_gb_� k\_lh�

kmffu��jZ\ghc�ijbjh^ghc�LE��>ey�bamq_gby�^haghc�aZ\bkbfhklb�fh`gh�bkihevah\Zlv�dZd�

fZl_jbZeu�k�\uk_q_gghc� �emqr_�mevljZnbhe_lhf�b�k\_lhf��Z�g_�gZ]j_\hf���lZd�b�g_h[jZ�

[hlZggu_�� \�� hij_^_e_gb_� agZq_gby� ijbjh^ghc� jZ^bhZdlb\ghklb� �5��� dhlhjhc�ih^\_j]ky�

bkke_^m_fuc�fZl_jbZe��aZ\bkys_c�hl�dhgp_gljZpbc�jZ^bhZdlb\guo�we_f_glh\�\�fbg_jZ�

eZo� b� ihjh^Zo��Wlh� gZb[he__� ljm^gZy� ba� aZ^Zq�� dhlhjZy� \ghkbl�� \_jhylgh�� gZb[hevrmx�

hrb[dm�\�\hajZklgmx�bgnhjfZpbx��K\yaZgh�wlh�dZd�k�l_ogbq_kdbfb�ljm^ghklyfb�hij_^_�

e_gby�deZjdh\uo�kh^_j`Zgbc�mjZgZ�b�lhjby��lZd�b�k�hkh[_gghklyfb�bo�jZkij_^_e_gby��Ba�

kms_kl\mxsbo�f_lh^h\�hij_^_e_gby�dhgp_gljZpbb�wlbo�we_f_glh\�hilbfZevgh�ijbf_g_�

gb_�g_cljhggh-Zdlb\Zpbhggh]h�ZgZebaZ�b�f_lh^Z�jZ^bh]jZnbb�ih�lj_dZf� 
AgZy� ijbjh^gmx�LE�� jZ^bhZdlb\ghklv� b� qm\kl\bl_evghklv�fZl_jbZeZ� d� jZ^bZpbb�

fh`gh�mklZgh\blv�\hajZklghc�bg^_dk�fbg_jZeZ��:��ih�nhjfme_� 

                                           W = 
J

J R
î á

ó ä

ð

⋅
,                                    (10.2.1) 

 
Z� hij_^_e_gb_� \hajZklZ� h[jZaph\� hkms_kl\blv� ih� ]jZnbdm� aZ\bkbfhklb� \hajZklgh]h� bg�

^_dkZ�hl�\hajZklZ�fbg_jZeZ��ihkljh_gghfm�ih�wlZehgguf�h[jZapZf�k�lhqgh�mklZgh\e_gguf�

�l_f�beb�bguf�f_lh^hf��\hajZklhf�� 
<f_kl_�k�l_f�ke_^m_l�_s_�jZa�ih^q_jdgmlv��qlh�g_^hmq_l�\k_o�nZdlhjh\��\ebyxsbo�

gZ�ijbjh^gmx�LE�b�ij_`^_�\k_]h�g_^hklZlhqgZy�bamq_gghklv�f_oZgbafZ�b�dbg_lbdb�gZdh�

ie_gby�k\_lhkmffu� �lbiZ�b�iehlghklb�eh\mr_d��kl_i_gb�bo� aZiheg_gby�b�mklhcqb\hklb��

\j_f_gb�`bagb�we_dljhgh\�\�eh\mrdZo���oZjZdl_jZ�\aZbfh^_ckl\by�jZ^bZpbb�k�fbg_jZeZ�

fb� b� hij_^_e_gghc� g_Z^_d\Zlghklb� jZg__� mdZaZgguo� ^hims_gbc� j_Zevguf� ijhp_kkZf��

\hafh`guo� baf_g_gbc� \� l_jfZevghc� bklhjbb� ]_heh]bq_kdbo�fZl_jbZeh\� �\� lhf� qbke_�b�

debfZlbq_kdbo� b� fbdjhdebfZlbq_kdbo� mkeh\bc��� Z� lZd`_� agZqbl_evguo� bgkljmf_glZev�

guo�hrb[hd�ijb�hij_^_e_gbb�jZaebqguo�iZjZf_ljh\�^Zxl�hkgh\Zgb_�]h\hjblv�kdhj__�h�

\hafh`ghklb�ijbf_g_gby�LE�ZgZebaZ�^ey�hij_^_e_gby�hlghkbl_evgh]h��Z�g_�Z[khexlgh]h�

\hajZklZ�� Ijb� wlhf� \� dZq_kl\_� ]_hojhgheh]bq_kdh]h� djbl_jby� hlghkbl_evgh]h� \hajZklZ�

bkihevamxl�ijhklh�m^_evgmx�LE��>hklh\_jgu_�j_amevlZlu�ihemqZxl�\� lhf�kemqZ_��_keb�

kjZ\gb\Zxl�m^_evgmx�LE�h^gh]h�b�lh]h�`_�ibdZ�\�]_g_lbq_kdb�b�fbg_jZeh]bq_kdb�h^gh�

jh^guo�hleh`_gbyo�� 
Ijbf_g_gb_�LE�ZgZebaZ�^ey�dhjj_eypbb�]_heh]bq_kdbo�h[jZah\Zgbc�hkgh\Zgh�gZ�

lhf�ij_^iheh`_gbb��qlh� ]_g_lbq_kdb�h^ghjh^gu_�h[t_dlu��bf_xsb_�_^bgu_�fbg_jZev�

gu_� ZkkhpbZpbb�b�koh^gmx� ]_heh]bq_kdmx�bklhjbx,�^he`gu�h[eZ^Zlv�h^bgZdh\ufb�LE�
oZjZdl_jbklbdZfb� �nhjfhc� djb\uo� \uk\_qb\Zgby�� qbkehf� b� bgl_gkb\ghklvx� ibdh\�� hl�

ghr_gb_f�bo�d�jZ^bhZdlb\ghklb�ihjh^��\�hlebqb_�hl�\g_rg_�ihoh`bo��gh�knhjfbjh\Z\�

rboky� \� ^jm]bo� mkeh\byo� hleh`_gbc�� Bkke_^h\Zgbyfb� mklZgh\e_gZ� wnn_dlb\ghklv� LE�

ZgZebaZ�^ey�khihklZ\e_gby�jZaj_ah\�hkZ^hqguo� �hkh[_ggh�m\_j_ggh�ba\_klgydh\uo�b�^h�

ehfblh\uo���f_lZfhjnbq_kdbo�lhes�b�dbkeuo�wnnmab\h\��bgljmab\guo�]eZ\guf�h[jZahf�

]jZgblhb^guo� h[jZah\Zgbc�� jZkqe_g_gby� ig_\fZlheblh\h-]b^jhl_jfZevguo� ijh^mdlh\�b�
l�^��GZ^_`gu_�j_amevlZlu�ihemqZxl�ijb�wlhf�ijb�ZgZeba_�fhghnjZdpbc��Z�g_�]hjguo�ih�

jh^��ijb�bamq_gbb�gZ\_^_gghc��Z�g_�_kl_kl\_gghc�LE�b�ijb�bkke_^h\Zgbb�klZlbklbq_kdb�

ij_^klZ\bl_evgh]h�dhebq_kl\Z�ijh[��Ke_^m_l��h^gZdh��ih^q_jdgmlv��qlh�bkihevah\Zgb_�LE�

^ey�j_r_gby�mdZaZgguo�aZ^Zq�fh`_l�^Zlv�bgl_j_kgu_�\�ijZdlbq_kdhf�hlghr_gbb�j_amev�

lZlu��gh�bo�^hklh\_jghklv��bgnhjfZlb\ghklv�\h�fgh]hf�aZ\bkyl�hl�f_lh^bq_kdbo�mkeh\bc�

ijh\_^_gby�ZgZebaZ� 
Bkihevah\Zgb_� LE ijb� ihbkdZo� b� hp_gd_� f_klhjh`^_gbc. Ijh]ghagh-

f_lZeeh]_gbq_kdb_�ihkljh_gby��nhjfZpbhgguc�ZgZeba�^ey�jZa[jZdh\db�koh^guo�jm^guo�

h[t_dlh\�� \uykg_gb_� ahgZevghklb� hl^_evguo� jm^guo� ihe_c�� f_klhjh`^_gbc� b� aZe_`_c�

hkgh\Zgh� gZ� ij_^ihkued_�� qlh� jm^hh[jZamxsb_� ijhp_kku� g_ba[_`gh� khijh\h`^Zxlky�
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agZqbl_evguf�\ha^_ckl\b_f�gZ�\f_sZxsb_�ihjh^u��baf_gyy�bo�LE�k\hckl\Z�b�\uau\Zy�

l_f� kZfuf�ihy\e_gb_� ZghfZevguo�LE� hj_heh\� hdheh� \hafmsZxsbo� h[t_dlh\��Khimlkl�

\mxs__�nhjfbjh\Zgbx�jm^guo�kdhie_gbc�l_fi_jZlmjgh_�\ha^_ckl\b_�b�khklZ\�fbg_jZeb�

amxsbo�jZkl\hjh\�hdZau\Zxl�\ebygb_��Z��gZ�i_j_jZkij_^_e_gb_�ijbf_k_c��dhlhju_�fh]ml�

dZd�Zdlb\bjh\Zlv��lZd�b�]Zkblv�LE��[��gZ�kljmdlmjgu_�hkh[_gghklb�kms_kl\h\Z\rbo�fbg_�

jZeh\��baf_gylv�dhgp_gljZpbx�kh[kl\_gguo�^_n_dlh\��lbi�mihjy^hq_gby�b�l�^����bo�i_j_�

djbklZeebah\Zggu_�ZgZeh]b�b�\gh\v�h[jZamxsb_ky�l_jfhexfbg_kpbjmxsb_�\b^u��\��gZ�

i_j_jZkij_^_e_gb_�jZ^bhZdlb\guo�ijbf_k_c�b�^j��GZdhie_gguc�wfibjbq_kdbc�fZl_jbZe�

ih�\uykg_gbx�\ebygby�jm^hh[jZamxsbo�ijhp_kkh\�gZ�LE�hkh[_gghklb�\f_sZxsbo�ihjh^�

k\b^_l_evkl\mxl�h�^hklZlhqgh�keh`ghc��i_j_f_gghc��Z�ihjhc�b�g_h^ghagZqghc��aZ\bkbfh�

klb�b�k\ya_c�ijbjh^guo�nZdlhjh\�b�LE�oZjZdl_jbklbd��<f_kl_�k�l_f�bkihevah\Zgb_�khhl�

\_lkl\mxsbo� f_lh^bq_kdbo� ijb_fh\� fh]ml� hdZaZlv�� dZd� wlh� ihdZaZeb� fgh]hqbke_ggu_�

jZ[hlu��kms_kl\_ggmx�ihfhsv�\�mklZgh\e_gbb�nhjfZpbhgghc�ijbgZ^e_`ghklb�b�ijh^md�

lb\ghklb�f_klhjh`^_gbc� b� jm^hijhy\e_gbc�� \� hij_^_e_gbb� ]em[bgu� wjhabhggh]h� kj_aZ�

jm^guo�l_e�b�^j��<�g_dhlhjuo�kemqZyo�klZlbklbq_kdb_�dhjj_eypbhggu_�aZ\bkbfhklb�LE�

ZgZebaZ�^Zxl�\hafh`ghklv�km^blv�lZd`_�h�ihke_^h\Zl_evghklb�b�mkeh\byo�fbg_jZehh[jZ�

ah\Zgby��H^gZdh�\u^_e_gb_�]_g_jZpbb�l_o�beb�bguo�fbg_jZeh\�y\ey_lky�_s_�[he__�keh`�

ghc�aZ^Zq_c��l�d��LE�oZjZdl_jbklbdb�bo�fh]ml�\Zjvbjh\Zlv�b�qZklbqgh�i_j_dju\Zlvky�^jm�

]bfb� ]_g_jZpbyfb� l_o�`_�fbg_jZeh\�� gh� h[jZah\Z\rboky� \�^jm]bo� mkeh\byo� \ke_^kl\b_�

g_iheghc��b^_glbqghklb�mkeh\bc�fbg_jZehh[jZah\Zgby��^hklb`_gby�jZ\gh\_kby��b�g_jZ\�

ghf_jghklb�jZa\blby�ijhp_kkh\�\�ijhkljZgkl\_�b�\j_f_gb� 
Hkgh\guf�ij_iylkl\b_f�^ey�[he__�rbjhdh]h�bkihevah\Zgby�LE�\�]_heh]bb��y\ey�

_lky�qj_a\uqZcgZy�keh`ghklv�b�g_klZ[bevghklv�wlh]h�y\e_gby��_]h�aZ\bkbfhklb�hl�fgh]bo�

nZdlhjh\��\�lhf�qbke_�b�g_�dhgljhebjm_fuo��qlh�qZklh�ijb\h^bl�d�lhfm��qlh�ijbqbggh-
ke_^kl\_ggu_�k\yab�g_�mqblu\Zxlky�ijb�bgl_jij_lZpbb� 
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