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G:MQGH-HJ=:GBA:PBHGG:Y�>?YL?EVGHKLV�KH<?L:�\ 2000 ]. 
 
<�Ih^fhkdh\v_� �iZgkbhgZl� �DeyavfZ��� k� ��� ih� ��� Zij_ey� ijh\_^_gZ�

hq_j_^gZy��XXV ��]h^bqgZy�k_kkby�kh\_lZ��HgZ�ijhreZ�\�jZfdZo�<k_jhkkbc�
kdhc� dhgn_j_gpbb� �Obfbq_kdbc� ZgZeba� \_s_kl\� b� fZl_jbZeh\��� hj]Zgbah�
\Zgghc�GZmqguf�kh\_lZf�J:G�ih�ZgZeblbq_kdhc�obfbb��GZmqguf�kh\_lhf�
J:G�ih�Z^khj[pbb�b�ojhfZlh]jZnbb��ZgZeblbq_kdhc�k_dpb_c�GZmqgh]h�kh\_�
lZ� J:G� ih� ijh[e_f_� �Ki_dljhkdhiby� Zlhfh\� b� fhe_dme��� ZkkhpbZpbyfb�
�:gZeblbdZ��b��WdhZgZeblbdZ���<�jZ[hl_�f_jhijbylby�ijbgyeb�mqZklb_�hdh�
eh�����q_eh\_d�ba����]hjh^h\�Jhkkbb�b�[eb`g_]h�aZjm[_`vy��ij_^klZ\ey\rbo�
bgklblmlu�J:G��hljZke_\u_�bgklblmlu��\mau��aZ\h^kdb_�eZ[hjZlhjbb��ij_^�
ijbylby�jZaebqguo�hljZke_c�ijhfure_gghklb��f_ljheh]bq_kdb_�b�wdheh]b�
q_kdb_� kem`[u��GZ� k_kkbb� [ueb� h[km`^_gu�blh]b� jZa\blby� ZgZeblbq_kdhc�
obfbb�\������]h^m��gZmqgh-hj]ZgbaZpbhggZy�^_yl_evghklv�kh\_lZ�\�ijhr_^�
r_f�]h^m�b�ieZgu�gZ�[m^msbc�]h^�� 
 <�l_q_gb_�]h^Z�ijh\_^_gu�^\Z�aZk_^Zgby�[xjh�kh\_lZ��gZ�dhlhjuo�h[�
km`^Zeb�ieZgu�GK:O�gZ������]���kha^Zgb_�kljZgbpu�\�Bgl_jg_l_��ihk\ys_g�
ghc�jhkkbckdhc�ZgZeblbq_kdhc�obfbb��nhjfm�ijh\_^_gby����k_kkbb�GK:O��
Ijbgylh� j_r_gb_� hj]Zgbah\Zlv� b� \dexqblv� \� khklZ\� kh\_lZ� Dhfbkkbx� ih�
we_dljhggh-bgnhjfZpbhgghc� kbkl_f_� GK:O� J:G� ih^� ij_^k_^Zl_evkl\hf�
k�g�k��� d�o�g�� <�I�� Dhehlh\Z�� aZ^Zq_c� dhlhjhc� [m^_l� kha^Zgb_� b� ihklhyggZy�
ih^^_j`dZ�kZclZ�\�Bgl_jg_l_�h�jhkkbckdhc�ZgZeblbq_kdhc�obfbb��<�Fhkd\_�
gZ�[Za_�FBKbK�kha^Z_lky�k_fbgZj�ih�h[_ki_q_gbx�b�dhgljhex�dZq_kl\Z�ZgZ�
ebaZ��ij_^k_^Zl_ev�k_fbgZjZ�–�qe�-dhjj�J:G�X�:��DZjih\���>hihegbl_evgh�\�
ieZg�f_jhijbylbc������]��\dexq_g�kbfihabmf�ih�l_kl-f_lh^Zf��dhlhjuc�[m�
^_l�hj]Zgbah\Zg�gZ�[Za_�F=M�\�dhgp_� ����]��GZ�gZqZeh� �����]��gZf_qZ_lky�
hj]Zgbah\Zlv�gZ�[Za_�=?HOB�J:G�dhgn_j_gpbx��:gZeblbq_kdb_�ijb[hju���
Hq_j_^gZy�� ��-y��k_kkby�GK:O�[m^_l�ijh\_^_gZ�\�iZgkbhgZl_� �A\_gb]hjh^�
kdbc��k����n_\jZey�ih���fZjlZ������]�� 
  

GZmqguc�kh\_l�J:G�ih�ZgZeblbq_kdhc�obfbb��Bgklblml�]_hobfbb�b�

ZgZeblbq_kdhc�obfbb�bf��<�B��<_jgZ^kdh]h��Obfbq_kdbc�nZdmevl_l�Fhkdh\�

kdh]h� ]hkm^Zjkl\_ggh]h� mgb\_jkbl_lZ� bf��F�<��Ehfhghkh\Z� h[jZlbebkv� \�

Hl^_e_gb_� nbabdhobfbb� b� l_ogheh]bb� g_hj]Zgbq_kdbo� fZl_jbZeh\� J:G� k�

ijhkv[hc�h[� mqj_`^_gbb�ij_fbb�bf_gb�ZdZ^_fbdZ�B�I��:ebfZjbgZ�J:G� aZ�

\u^Zxsb_ky�jZ[hlu�\�h[eZklb�ZgZeblbq_kdhc�obfbb�� 
 
�K�mqZklb_f�dhfbkkbc�b�hl^_e_gbc�kh\_lZ�\�ijhr_^r_f�]h^m�ijh\_^_g�jy^�

\k_jhkkbckdbo�b�j_]bhgZevguo�f_jhijbylbc� 
 

<k_jhkkbckdb_�dhgn_j_gpbb�b�kbfihabmfu� 
 

16-���Zij_ey��]��Fhkd\Z��<k_jhkkbckdZy�dhgn_j_gpby��Obfbq_kdbc�ZgZ�
eba� \_s_kl\� b� fZl_jbZeh\�� �GK:O� J:G�� GK:bO� J:G�� GK� ih� ijh[e_f_�
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�Ki_dljhkdhfby�Zlhfh\�b�fhe_dme���ZkkhpbZpbb� �:gZeblbdZ��b� �WdhZgZeb�
lbdZ�������mqZklgbdh\�� 

�GZmqgZy�ijh]jZffZ�f_jhijbylby�[ueZ�ihk\ys_gZ�ZgZebam�\Z`g_crbo�
h[t_dlh\�� ibs_\uo� ijh^mdlh\�� e_dZjkl\_gguo� ij_iZjZlh\�� ]_heh]bq_kdbo�
h[t_dlh\��ZgZebam�\�f_^bpbg_��k_evkdhf�ohayckl\_��djbfbgZebklbd_��Zjo_h�
eh]bb��obfbb�b�g_nl_obfbb��f_lZeemj]bb�b�fZl_jbZeh\_^_gbb��GZ�kl_g^h\hc�
k_kkbb�[ueh�ij_^klZ\e_gh�hdheh� ����^hdeZ^h\�ih�\k_f�i_j_qbke_gguf�gZ�
ijZ\e_gbyf��<� \uklZ\d_� ZgZeblbq_kdbo�ijb[hjh\�ijbgyeb� mqZklb_� ��� jhk�
kbckdbo�b�aZjm[_`guo�nbjfu� 
  

15-���fZy��]��Gb`gbc�Gh\]hjh^� XI�dhgn_j_gpby�ih�obfbb�\ukhdhqbkluo�
\_s_kl\� �HNOLGF� J:G�� GKO<<� J:G�� GK:O� J:G�� BO<<� J:G��
Gb`_]hjh^kdbc�=M������mqZklgbdh\�� 

GZ�dhgn_j_gpbb�h[km`^Zebkv�\hijhku�ihemq_gby��ZgZebaZ�b�bkke_^h\Z�
gby�k\hckl\�\ukhdhqbkluo�\_s_kl\�b�fZl_jbZeh\��JZ[hlZeb�k_dpbb��ihemq_�
gb_�\ukhdhqbkluo�\_s_kl\��\ukhdhqbklu_�fZl_jbZeu��ZgZeba�\ukhdhqbkluo�
\_s_kl\�b�hij_^_e_gb_�ke_^h\�we_f_glh\�� 

 
21-��� bxgy�� ]�� KZgdl-I_l_j[mj]�� <k_jhkkbckdZy� dhgn_j_gpby� k� bgh�

kljZgguf�mqZklb_f�³K_gkhj-������K_gkhju�b�fbdjhkbkl_fu´��Ki[=M��Dh�
fbkkby�ih�obfbq_kdbf�k_gkhjZf�GK:O�J:G��qbkeh�mqZklgbdh\�–�[he__������ 

Hkgh\gufb�l_fZfb��h[km`^Z\rbfbky�gZ�dhgn_j_gpbb�[ueb��l_hjby�b�
ijbgpbiu�nmgdpbhgbjh\Zgby�k_gkhjh\�b�ZdlxZlhjh\��gh\u_�fZl_jbZeu�^ey�
k_gkhjh\�b�MST��k_gkhju�obfbq_kdh]h�khklZ\Z�`b^dbo�b�]Zah\uo�kj_^��k_g�
khju�f_oZgbq_kdbo�\_ebqbg��l_fi_jZlmju�b�ihlhdh\�l_ieZ��[bhk_gkhju��k_g�
khju� ^ey� wdklj_fZevguo� mkeh\bc�� bgl_ee_dlmZevgu_� k_gkhju�� fmevlbk_g�
khjgu_�kbkl_fu��\lhjbqgu_�ij_h[jZah\Zl_eb�b�f_lh^u�h[jZ[hldb�bgnhjfZ�
pbb��we_f_glgZy�[ZaZ�fbdjhkbkl_fghc�l_ogbdb� 
 

11-���k_gly[jy� ����� ]h^Z�� ]��B`_\kd� II �<k_jhkkbckdZy�dhgn_j_gpby�k�
f_`^mgZjh^guf�mqZklb_f�©Obfbq_kdh_�jZahjm`_gb_-������Wdheh]by�b�l_o�
gheh]by��CHEMDET-2000 (J:G��MjH�J:G��M^fmjlkdbc�GP�MjH�J:G��GK:O�
J:G��Bgklblml�ijbdeZ^ghc�f_oZgbdb�MjH�J:G��JOH�bf��>�B��F_g^_e__\Z��
Khxa�gZmqguo�b�bg`_g_jguo�h[s_kl\_gguo�hj]ZgbaZpbc�M^fmjlkdhc�J_k�
im[ebdb��qbkeh�mqZklgbdh\�– 70). 

Dhgn_j_gpby� hk\_lbeZ� kh\j_f_ggu_� wdheh]bq_kdb_�b� l_ogheh]bq_kdb_�
ijh[e_fu�mgbqlh`_gby�obfbq_kdh]h�hjm`by��mlbebaZpbb�ijh^mdlh\�^_lhd�
kbdZpbb�H<�� jZkkfhlj_eZ� \hijhku� wdheh]bq_kdh]h� ijh]ghaZ��fhgblhjbg]Z��
hojZgu�ijbjh^ghc�kj_^u�b�ZgZebaZ�__�h[t_dlh\�ijb�mgbqlh`_gbb�hljZ\eyx�
sbo� \_s_kl\�� ijhp_kku� ^_lhdkbdZpbb�H<� b� kh\j_f_ggu_� l_ogheh]bq_kdb_�
ih^oh^u�d�[_ahiZkghfm�mgbqlh`_gbx�H<��Ba^Zg�k[hjgbd�fZl_jbZeh\�dhgn_�
j_gpbb  
  

17–���k_gly[jy��ihk��:]hc��LmZikbgkdh]h�j-gZ�DjZkgh^Zjkdh]h�djZy�� IV 
<k_jhkkbckdZy� dhgn_j_gpby� ih� ZgZebam� h[t_dlh\� hdjm`Zxs_c� kj_^u�

©WdhZgZeblbdZ-����ª� k� f_`^mgZjh^guf� mqZklb_f� �GK:O� J:G��
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gZeblbdZ-����ª� k� f_`^mgZjh^guf� mqZklb_f� �GK:O� J:G��Fbgbkl_jkl\h�
h[jZah\Zgby�JN��Wdheh]h-ZgZeblbq_kdZy� ZkkhpbZpby� ©WdhZgZeblbdZª��F=M�
bf� F�<��Ehfhghkh\Z��Dm[Zgkdbc�=M��qbkeh�mqZklgbdh\�- 187). 
 GZ�dhgn_j_gpbb�[ueb�jZkkfhlj_gu�ZdlmZevgu_�ijh[e_fu�wdhZgZeblb�
q_kdh]h�fhgblhjbg]Z��h[km`^Zebkv�f_lh^u��kj_^kl\Z��kbkl_fu��f_lh^bq_kdh_�
h[_ki_q_gb_�b�h[_ki_q_gb_�dZq_kl\Z�wdhZgZeblbq_kdh]h�dhgljhey� Knhjfm�
ebjh\Zgu�gZb[he__�ZdlmZevgu_�gZmqgu_�gZijZ\e_gby�\�h[eZklb�ZgZebaZ�h[t�
_dlh\�hdjm`Zxs_c�kj_^u��kha^Zgb_�^hklmiguo�b�hkh[h�qm\kl\bl_evguo�f_�
lh^h\�hij_^_e_gby�kmi_jwdhlhdkbdZglh\��jZajZ[hldZ�wdkij_kkguo�f_lh^h\�b�
kj_^kl\� ©ihe_\h]hª�� \g_eZ[hjZlhjgh]h� ZgZebaZ�� ij_`^_� \k_]h� ^ey� p_e_c�
kdjbgbg]Z�ijh[��jZa\blb_�k_e_dlb\guo�f_lh^h\��f_ljheh]bq_kdh_�h[_ki_q_�
gb_�wdhZgZeblbq_kdh]h�dhgljhey� 
 

21-��� ghy[jy�� ]�� Gh\hkb[bjkd�� VI � <k_jhkkbckdZy� dhgn_j_gpby�
":gZeblbdZ�Kb[bjb� b�>Zevg_]h�<hklhdZ-2000�� �J:G��GK:O�J:G��BD�KH�
J:G������mqZklgbdh\� 
 GZ�dhgn_j_gpbb�[ueb�ijhqblZgu����ie_gZjgZy�e_dpby��jZ[hlZeb���k_d�
pbc��we_dljhobfbq_kdb_�f_lh^u�ZgZebaZ��f_lh^u�ojhfZlh]jZnbb�b�khj[pbb��
ki_dljZevgu_�f_lh^u��obfbq_kdb_�b�nbabdh-obfbq_kdb_�f_lh^u��ZgZeblbq_�
kdb_� f_lh^u� \� [bheh]bb��f_^bpbg_��nZjfZdheh]bb�� ZgZeba� h[t_dlh\� hdjm�
`Zxs_c�kj_^u 

 
15-��� fZy�� ]��OZjvdh\�� <k_mdjZbgkdZy� �k� f_`^mgZjh^guf� mqZklb_f��

dhgn_j_gpby�ih�ZgZeblbq_kdhc�obfbb��ihk\ys_ggZy����-e_lbx�kh�^gy�jh`�
^_gby�ijhn_kkhjZ�G�I�DhfZjy��G:G�MdjZbgu��Fbgbkl_jkl\h�h[jZah\Zgby�b�
gZmdb�MdjZbgu��BF�G:G�MdjZbgu��OZjvdh\kdbc�gZpbhgZevguc�mgb\_jkbl_l�
bf��<�G�DZjZabgZ��qbkeh�mqZklgbdh\�-�k\ur_�����q_e���\dexqZy�mq_guo�b�jZ�
[hlgbdh\�ijhfure_gguo�ij_^ijbylbc� jZaebqguo� j_]bhgh\�MdjZbgu��Jhk�
kbckdhc�N_^_jZpbb� �Fhkd\Z��KZgdl-I_l_j[mj]��Hfkd��Bjdmlkd��<hjhg_`��b�
;_eZjmkb��� 

 
 J_]bhgZevgu_�dhgn_j_gpbb 

 
22-���fZjlZ��]��KZgdl-I_l_j[mj]��9,,,�?`_]h^gZy�gZmqgZy�dhgn_j_gpby�

Ki[=M� ©XXI� \_d�� fheh^_`v�� wdheh]by�� ghhkn_jZ� b� mklhcqb\h_� jZa\blb_» 
�Ki[=M�� Ij_^k_^Zl_ev� hj]dhfbl_lZ� –� ^�l�g��� ijhn_kkhj� G_f_p� <Ze_jbc�
FboZceh\bq� 
 

25-���Zij_ey��]��Gb`gbc�Gh\]hjh^��IylZy�Gb`_]hjh^kdZy�k_kkby�fheh�

^uo�mq_guo��Gb`_]hjh^kdZy�h[eZklgZy�Z^fbgbkljZpby��^_iZjlZf_gl�h[jZah�
\Zgby�b�gZmdb��BIN�J:G��GG=M�b�^j�������mqZklgbdh\�� 
 

25-��� Zij_ey�� ]��?dZl_jbg[mj]��X�<k_jhkkbckdZy� klm^_gq_kdZy�gZmqgZy�
dhgn_j_gpby� ©Ijh[e_fu�l_hj_lbq_kdhc�b� wdki_jbf_glZevghc� obfbbª��ih�
k\ys_ggZy���-e_lbx�MjZevkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��Fbgbkl_j�



 

�

7 

kl\h�h[jZah\Zgby�JN��MjZevkdbc�=M��hdheh�����q_eh\_d��ba�gbo����bgh]hjh^�
gbo�� 

 
17-���fZy��]��Gb`gbc�Gh\]hjh^��<lhjZy�dhgn_j_gpby�fheh^uo�mq_guo-

obfbdh\��Gb`_]hjh^kdbc�=M��BO<<�J:G�����mqZklgbdh\�� 
 

21-��� k_gly[jy�� ]�� <hjhg_`� – VIII � J_]bhgZevgZy� gZmqgh-l_ogbq_kdZy�
dhgn_j_gpby� ©Ijh[e_fu� obfbb� b� obfbq_kdhc� l_ogheh]bbª� �<hjhg_`kdbc�
=M��GK:bO�J:G��Z^fbgbkljZpby�<hjhg_`kdhc�h[eZklb������mqZklgbdh\�� 
 

��� k_gly[jy-�� hdly[jy�� ]�Lhfkd�� Kbfihabmf� ©L_hjby� we_dljh-
ZgZeblbq_kdhc�obfbb�b�f_lh^�bg\_jkbhgghc�\hevlZfi_jhf_ljbbª��Lhfkdbc�
IM� 

  
14-��� ghy[jy�� ]��KZjZlh\��F_`\mah\kdZy� gZmqgZy� dhgn_j_gpby�� ihk\y�

s_ggZy���-e_lbx�dZn_^ju�:O�©DZn_^jZ�:O�\�j_]bhgZevghf�ijhkljZgkl\_» 
�obfbq_kdbc�nZdmevl_l�KZjZlh\kdh]h�=M�����mqZklgbdh\�� 
Hl\_lkl\_gguc�-�^�o�g���ijhn_kkhj�J�D��Q_jgh\Z 

 
25-��� k_gly[jy�� ]��:kljZoZgv��F_`^mgZjh^gZy� dhgn_j_gpby� ©G_ebg_c�

guc�fbj��BgnhjfZlbdZ��fZl_fZlbdZ�� wdheh]byª� �:kljZoZgkdbc�=IM�� ����
mqZklgbdh\��Hl\_lkl\_gguc�^�o�g���ijhn_kkhj�G�F��:eudh\� 

 
4-��hdly[jy��]��:kljZoZgv��III �<k_jhkkbckdZy�gZmqgZy�dhgn_j_gpby�©Wdh�

eh]h-[bheh]bq_kdb_� ijh[e_fu� <he`kdh]h� j_]bhgZ� b�K_\_jgh]h�IjbdZkiby» 
�:kljZoZgkdbc�=IM������mqZklgbdh\���Hl\_lkl\_gguc�^�o�g���ijhn_kkhj�G�F��

:eudh\� 
 

K_fbgZju 
 

• Fhkdh\kdbc�k_fbgZj�ih�ZgZeblbq_kdhc�obfbb����aZk_^Zgbc��� 
• Fhkdh\kdbc� k_fbgZj� ih� ZgZebam� h[t_dlh\� hdjm`Zxs_c� kj_^u� ����

aZk_^Zgbc�� 
• Fhkdh\kdbc�k_fbgZj�ih�hj]Zgbq_kdhfm�ZgZebam����aZk_^Zgb_�� 
• J_]bhgZevguc� k_fbgZj� ih� ijh[e_f_� �:gZeblbq_kdZy� obfby� h[t_dlh\�

hdjm`Zxs_c�kj_^u���BO<<�J:G��Gb`gbc�Gh\]hjh^����aZk_^Zgbc� 
• Kb[bjkdbc�ZgZeblbq_kdbc�k_fbgZj��]��Gh\hkb[bjkd����aZk_^Zgb_��� 
• >jm]b_�j_]bhgZevgu_�k_fbgZju�ih�kh\j_f_gguf�ijh[e_fZf�ZgZeblb�

q_kdhc�obfbb��M=LM-MIB��?dZl_jbg[mj]����aZk_^Zgby��Lhfkdbc�IM����
aZk_^Zgby�� 

 
Fhkdh\kdbc� k_fbgZj�ih�ZgZeblbq_kdhc�obfbb��AZ�i_jbh^� k�ghy[jy�

�����]��ih�hdly[jv������]��Fhklhyehkv�r_klv�aZk_^Zgbc�k_fbgZjZ��K_fbgZj�\�
^_dZ[j_� ����� ]��[ue�ihk\ys_g�bkke_^h\Zgbyf�\�h[eZklb�hj]Zgbq_kdbo�j_Z�
]_glh\��;ueb�jZkkfhlj_gu�gh\u_�ijZ\beZ�b�aZdhghf_jghklb�dhfie_dkhh[jZ�
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ah\Zgby� bhgh\� k�fhghf_jgufb� hj]Zgbq_kdbfb� b� ihebf_jgufb� o_eZlgufb�
khj[_glZfb�� Z� lZd`_� l_hj_lbq_kdb_� Zki_dlu� dhgp_gljbjh\Zgby� we_f_glh\-
lhdkbdZglh\�gZ�ih^h[guo�khj[_glZo��k\yau\Zxsb_�dbkehlgh-hkgh\gu_�k\hc�
kl\Z�nmgdpbhgZevguo� ]jmii�khj[_glh\�b�iZjZf_lju�ijhp_kkZ�o_fhkhj[pbb�
we_f_glh\� 

<hijhku�f_ljheh]bb�h[km`^Zebkv�gZ�^\mo�k_fbgZjZo��H^bg�ba�gbo�[ue�
ihk\ys_g�ijh[e_fZf�fZl_fZlbq_kdhc�klZlbklbdb�b�klZg^Zjlguo�h[jZaph\�\�
ZgZeba_�ijbjh^guo�h[t_dlh\��IjbgpbibZevgu_�ijhlb\hj_qby��\hagbdZxsb_�
f_`^m�aZijhkZfb�ZgZeblbdh\�ijb�bkke_^h\Zgbb�h[t_dlh\�keh`ghc�ijbjh^u�
b� \hafh`ghklyfb� deZkkbq_kdhc� klZlbklbdb�� fh]ml� [ulv� jZaj_r_gu� kh\j_�
f_ggufb� dhfivxl_jgufb� g_deZkkbq_kdbfb� f_lh^Zfb�� <� qZklghklb� f_lh^�
³[mlklj_iZ´� ijbf_gy_lky� ^ey� klZlbklbq_kdhc� h[jZ[hldb� j_amevlZlh\� ki_d�
ljhobfbq_kdh]h�ih\_^_gby�keh`guo�hj]Zgbq_kdbo�kh_^bg_gbc� 

>ey�h[_ki_q_gby�^hklh\_jghklb�ZgZeblbq_kdhc�bgnhjfZpbb�\�]_hobfbb�
gZ�hkgh\_�jZajZ[hldb�b�ijbf_g_gby�fgh]hwe_f_glguo�klZg^Zjlguo�h[jZaph\�
khklZ\Z� mklZgh\e_gu� h[sb_� aZdhghf_jghklb� jZkij_^_e_gby� j_amevlZlh\� \�
ZgZeblbq_kdbo�bgl_j\ZeZo�f_lh^bd��dhlhju_�bkq_jiu\Zxs_�h[tykgyxl�\b^u�
jZkij_^_e_gby�j_amevlZlh\�\�f_`eZ[hjZlhjguo�wdki_jbf_glZo��K_fbgZj�h[�
km^be�lZd`_�gh\u_�ghjfZlb\gu_�lj_[h\Zgby�d�\uimkdm�b�ijbf_g_gbx�klZg�
^Zjlguo�h[jZaph\�khklZ\Z�\_s_kl\�b�fZl_jbZeh\��jZajZ[hlZggu_�\�ihke_^g__�
\j_fy�b�ijbgylu_�\�jZa\blb_�aZdhgZ�JN�³H[�h[_ki_q_gbb�_^bgkl\Z�baf_j_�
gbc´� 

GZ�\lhjhf�k_fbgZj_�ih�wlhc�l_fZlbd_�hkgh\ghc�Zdp_gl�[ue�k^_eZg�gZ�
h[_ki_q_gb_�ijZ\bevghklb�j_amevlZlh\�hij_^_e_gby�fZeuo�kh^_j`Zgbc�dhf�
ihg_glh\�aZ�kq_l�jZkrbj_gby�\hafh`ghkl_c�ijbf_g_gby�klZg^Zjlguo�h[jZa�
ph\��Zll_klh\Zgguo�ih�[he__�\ukhdbf�kh^_j`Zgbyf��q_f�kh^_j`Zgb_�lh]h�`_�
dhfihg_glZ�\�bkke_^m_fhc�ijh[_�� Z� lZd`_�bkihevah\Zgbx� klZg^Zjlguo�h[�
jZaph\� ^ey� f_ljheh]bq_kdhc� Zll_klZpbb� f_lh^bd� ijb� ihq\_ggh-
Z]jhobfbq_kdhf�h[ke_^h\Zgbb�b�h[ke_^h\Zgbb�ibs_\hc�ijh^mdpbb� 

AZk_^Zgb_�k_fbgZjZ�\�n_\jZe_�[ueh�ihk\ys_gh�klhe_lbx�kh�^gy�jh`�
^_gby�<�F�I_rdh\hc�-�ijhn_kkhjZ�F=M��aZf_qZl_evgh]h�obfbdZ-ZgZeblbdZ�
b� i_^Z]h]Z�� ihk\ylb\r_]h� Fhkdh\kdhfm� mgb\_jkbl_lm� ��� e_l� l\hjq_kdhc�
`bagb��<�jZa\blb_�gZmqguo�gZijZ\e_gbc��gZqZluo�\���-o�]h^Zo�ih^�jmdh\h�
^kl\hf�<�F��I_rdh\hc��[ueb�aZkemrZgu�^hdeZ^u�h�kh\j_f_gghf�khklhygbb�
b�i_jki_dlb\Zo�dbg_lbq_kdbo�f_lh^h\�ZgZebaZ�b�h�ijbf_g_gbb�hj]Zgbq_kdbo�
j_Z]_glh\�\�gh\uo�hilbq_kdbo�f_lh^Zo� 

<�fZjl_�gZ�k_fbgZj_�[ueb�ij_^klZ\e_gu�^hdeZ^u��ihk\ys_ggu_�jZa\b�
lbx�b�ijbf_g_gbx�f_lh^Z�dZibeeyjgh]h�we_dljhnhj_aZ�����HilbfbaZpby�mk�
eh\bc�jZa^_e_gby�\�bhgghc�we_dljhdbg_lbq_kdhc�ojhfZlh]jZnbb�o_eZlh\�f_�
lZeeh\�k�ihebZfbghdZj[hdkbeZlgufb�eb]Zg^Zfb�b�memqr_gb_�k_e_dlb\ghklb�
jZa^_e_gby�wlbo�o_eZlh\��<i_j\u_�ijh^_fhgkljbjh\Zgh�jZa^_e_gb_�dhfie_d�
kh\� bg^by� b� ]Zeeby�f_lh^hf� dZibeeyjgh]h� we_dljhnhj_aZ�� ���Hij_^_e_gb_�
bhgguo�nhjf�furvydZ�b�k_e_gZ�f_lh^hf�dZibeeyjgh]h�we_dljhnhj_aZ�\�[bh�
eh]bb�b�f_^bpbg_�����Bkihevah\Zgb_�f_lh^Z�dZibeeyjgh]h�we_dljhnhj_aZ 
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GZ�k_fbgZj_��ihk\ys_gghf�ijh[e_fZf�o_fhf_ljbdb��[ueb�h[km`^_gZ�
f_lh^heh]by� hl[hjZ� h[jZaph\� b� ZgZebaZ� ^Zgguo� \� ]_hobfbb��P_gljZevgZy�
aZ^ZqZ�\�lZdbo�bkke_^h\Zgbyo�-�dZd�gZ�hkgh\_�bf_xs_cky�\u[hjdb�hl^_evguo�
ijh[� ihemqblv� dZjlbgm��fZdkbfZevgh� ijb[eb`Zxsmxky� d� bklbgghfm� ijh�
kljZgkl\_gghfm�jZkij_^_e_gbx�kh^_j`Zgbc�bkke_^m_fh]h�we_f_glZ� 

<k_]h�gZ�Fhkdh\kdhf�ZgZeblbq_kdhf�k_fbgZj_�aZ�hlq_lguc�i_jbh^�[u�
eh�ijhqblZgh����^hdeZ^h\�k�mqZklb_f����Z\lhjh\� 

 
Fhkdh\kdbc� k_fbgZj�ih�ZgZebam�h[t_dlh\�hdjm`Zxs_c� kj_^u [ue�

hj]Zgbah\Zg�ih�bgbpbZlb\_�X�:��Ahehlh\Z�ih^�w]b^hc�GK:O�J:G��ZkkhpbZ�
pbb�©WdhZgZeblbdZª�b�dZn_^ju�ZgZeblbq_kdhc�obfbb�F=M�\�dhgp_������]��
AZ�^\Z�]h^Z�jZ[hlu�������–������]]���ijh\_^_gh����aZk_^Zgbc��gZ�dhlhjuo�[u�
eh�k^_eZgh����khh[s_gbc�ih�gZb[he__�ZdlmZevguf�\hijhkZf�ZgZebaZ�aZ]jya�
gyxsbo�\_s_kl\�\�\ha^mo_��\h^_��ihq\_��ibs_\uo�ijh^mdlZo�b�^j��\hijhkZf��
<�dZq_kl\_�^hdeZ^qbdh\�gZ�k_fbgZj_�\uklmiZeb�ba\_klgu_�\�wdheh]bq_kdhc�
ZgZeblbq_kdhc�obfbb�mq_gu_�b�ki_pbZebklu��Zdlb\gh�jZ[hlZxsb_�\�h[eZklb�
kZgblZjgh-obfbq_kdh]h�ZgZebaZ�–�ba�Fhkd\u��KZgdl-I_l_j[mj]Z��YjhkeZ\ey�
b�Gb`g_]h�Gh\]hjh^Z��>hdeZ^qbdb�ij_^klZ\eyeb�bgklblmlu�J:G��hljZke_�
\u_�bgklblmlu��mqj_`^_gby�=hkkZgwib^gZ^ahjZ�JN�b�Fbgbkl_jkl\Z�ijbjh^�
guo� j_kmjkh\��F=M��Ki[=M�� mq_[gu_�bgklblmlu�� \h_ggu_� mgb\_jkbl_lu�� Z�
lZd`_�j_]bhgZevgu_�mqj_`^_gby�wdheh]bq_kdh]h�ijhnbey�b�jhkkbckdb_�b�aZ�
jm[_`gu_� nbjfu�� ijhba\h^ysb_� ijb[hju� b� h[hjm^h\Zgb_� ^ey� wdheh]bq_�
kdbo�ZgZebah\�� 

<�^hdeZ^Zo�h[km`^Zebkv�ZdlmZevgu_�\hijhku�wdhZgZeblbdb�–�ijh[hhl�
[hj�b�dhgp_gljbjh\Zgb_��\hijhku�ijh[hih^]hlh\db�b�ba\e_q_gby�kdhgp_g�
ljbjh\Zgguo� ijbf_k_c� ba� eh\mrdb�� f_lh^heh]by� hij_^_e_gby� ijbf_k_c�
�ojhfZlh]jZnbq_kdb_��ki_dljZevgu_��we_dljhobfbq_kdb_�b�]b[jb^gu_�f_lh�
^u���ijh[e_fu�gZ^_`ghc�b^_glbnbdZpbb�p_e_\uo�dhfihg_glh\�\� keh`guo�
kf_kyo�aZ]jyag_gbc�b�\hafh`ghklb�ZgZebaZ�kf_k_c�g_ba\_klgh]h�khklZ\Z��GZ�
k_fbgZj_�[ueb�ij_^klZ\e_gu�^hdeZ^u�ih�ojhfZlh]jZnbq_kdbf�f_lh^Zf�hi�
j_^_e_gby� aZ]jyagyxsbo� \_s_kl\� �=O�� <W@O�� BO�LKO� b� we_dljhnhj_a���
ki_dljZevguf� �BKI�FK��BKI�:WK��::K��BD-Nmjv_��FK���we_dljhobfbq_�
kdbf� �\hevlZfi_jhf_ljby�� b� ]b[jb^guf� f_lh^Zf� �=O�FK�� =O�BD-Nmjv_��
<W@O�FK�b�^j����GZb[he__�ihegh�[ueZ�ij_^klZ\e_gZ�l_fZlbdZ��k\yaZggZy�k�
hij_^_e_gb_f�aZ]jyag_gbc�]hjh^kdh]h�\ha^moZ�f_]Zihebkh\��ZgZebahf�kmi_j�
lhdkbdZglh\� �I:M��IO;��i_klbpb^u��^bhdkbgu�b�^j���\�ijbjh^guo�kj_^Zo��
[bhkj_^Zo�b�ibs_\uo�ijh^mdlZo��b^_glbnbdZpb_c�hiZkguo�\_s_kl\�\�kf_kyo�
g_ba\_klgh]h� khklZ\Z�� ^bklZgpbhgghc� ^bZ]ghklbdhc� lhdkbqguo� \_s_kl\�� k�
gh\_crbfb�f_lh^Zfb�wdheh]bq_kdh]h�ZgZebaZ�b�gh\_cr_c�ZiiZjZlmjhc�^ey�
bo�\uiheg_gby� 
 <� ^hdeZ^Zo�� ij_^klZ\e_gguo�gZ� k_fbgZj_�� h[km`^Zebkv� \hijhku� wdk�
ij_kkgh]h� hij_^_e_gby� hklZlhqguo� dhebq_kl\� i_klbpb^h\� \� ibs_\uo� ijh�
^mdlZo�� gZ^_`ghklb� wlbo� ZgZebah\� �kjZ\gb\Zebkv� f_lh^heh]bb� Jhkkbb� b�
KR:��b�ijh[e_fu�klZg^Zjlguo�h[jZaph\�^ey�hij_^_e_gby�i_klbpb^h\�\�\h^_�
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b�ihq\_��;ueb�aZljhgmlu�ijh[e_fu�f_lh^heh]bb�b�f_ljheh]bb�wdhZgZeblb�
q_kdbo�baf_j_gbc��ZdlmZevgu_�\hijhku�wdhdjbfbgZebklbdb�� 
 GZ�k_fbgZj_�khklhyehkv�g_kdhevdh�bgl_j_kguo�^bkdmkkbc��ih�\hijhkZf�
b^_heh]bb� wdhZgZeblbq_kdbo� baf_j_gbc�� h� aZ^ZqZo� wdheh]bq_kdh]h� ZgZebaZ�
gZ�n_^_jZevghf�mjh\g_��h�gh\_crbo�kihkh[Zo�ba\e_q_gby�ijbf_k_c�aZ]jya�
gyxsbo�\_s_kl\�ba�\h^u��ihq\u�b�\ha^moZ��h�klZg^Zjlguo�h[jZapZo�khklZ\Z�
^ey�wdheh]bq_kdh]h�ZgZebaZ�b�kh\j_f_gghc�hl_q_kl\_gghc�ZiiZjZlmj_�^ey�kZ�
gblZjgh-obfbq_kdh]h�ZgZebaZ� 
 

Dhfbkkby�ih�f_`^mgZjh^guf�^_eZf�ijbgyeZ�Zdlb\gh_�mqZklb_�\�ijh�
\_^_gbb� kh\f_klguo� k_fbgZjh\� k� bghkljZggufb� nbjfZfb� b� ijb]eZr_gbb�
aZjm[_`guo�ki_pbZebklh\�gZ�k_fbgZju��ijh\h^bfu_�\�Jhkkbb� 
• :gZeblbq_kdbc�nhjmf�nbjfu�©Bgl_jeZ[ª��BHGO�J:G��Fhkd\Z�� 
• K_fbgZj�ki_pbZebklh\�ih�BKI�-�ki_dljhf_ljbb����aZk_^Zgby���ijh\h  
�^bfuc�GZmqgh-bg`_g_jguf�dem[hf�©Ki_dljh-GBDª� 
 GZ�aZk_^Zgbyo�k_fbgZjZ�\uklmiZeb�aZjm[_`gu_�ki_pbZebklu�b�ij_^�
klZ\bl_eb�\_^msbo�nbjf�k�bgnhjfZpb_c�h�gh\uo�jZajZ[hldZo�\�h[eZklb�hi�
lbq_kdhc� Zlhfgh-wfbkkbhgghc� ki_dljhf_ljbb� b� fZkk-ki_dljhf_ljbb� k� bk�
ihevah\Zgb_f�Zj]hgh\h]h�\ukhdhqZklhlgh]h�bg^mdpbhggh]h�ieZaf_ggh]h�bk�
lhqgbdZ� 
 Ihklhygguc� h[f_g� bgnhjfZpb_c� f_`^m� Dem[hf� ©Ki_dljh-GBDª� b�
j_^Zdlhjhf�`mjgZeZ�³ICP Information NEWSLETTEŔ�JZfhghf�F��;Zjg_khf�
iha\heye�hi_jZlb\gh�jZkijhkljZgylv�bgnhjfZpbx�h�aZjm[_`guo�dhgn_j_g�
pbyo�b�im[ebdZpbyo�l_abkh\�\uklmie_gbc� 
 Dhfbkkby�kh^_ckl\h\ZeZ�mqZklbx�jhkkbckdbo�ki_pbZebklh\�\�Abfg_c�
?\jhi_ckdhc� dhgn_j_gpbb� ih� BKI-ki_dljhf_ljbb�� dhlhjZy� khklhblky� \�
Ghj\_]bb�\�n_\jZe_������]��>ey�\uklmie_gby�gZ�dhgn_j_gpbb�aZy\e_gh�hdheh�
��� khh[s_gbc� b� knhjfbjh\ZgZ� ]jmiiZ� mq_guo� ba� Fhkd\u�� Fhkdh\kdhc�
h[eZklb� �Q_jgh]heh\db��� KZgdl-I_l_j[mj]Z�� DZaZgb�� ?dZl_jbg[mj]Z��
BjdmlkdZ�b�DZj_ebb� 
 K�p_evx�ihemq_gby�bgnhjfZpbb�h�gh\_crbo�jZajZ[hldZo�aZjm[_`guo�
b�hl_q_kl\_gguo�ki_pbZebklh\�ij_^klZ\bl_eb�dhfbkkbb�ijbgbfZeb�Zdlb\gh_�
mqZklb_�\�ijh\h^bfuo�\�Fhkd\_�f_`^mgZjh^guo�\uklZ\dZo��©GZmdZ�– 2000», 
©G_nl_]Za� –� ����ª�� \uklZ\dZo� ih� dhfivxl_jbaZpbb� b� ijh]jZffghfm�
h[_ki_q_gbx�b�^j� 
 Hj]Zgbah\Zg�h[f_g�gZmqghc�ebl_jZlmjhc�–�ihemq_gu�\uimkdb�`mjgZ�
eZ�ICP-Newsletter�aZ������]� 

J_]meyjgh�ihihegyeky�b�im[ebdh\Zeky�[Zgd�^Zgguo�h�f_`^mgZjh^guo�
dhgn_j_gpbyo�����-�����]�]� 

Dhfbkkb_c�ih�ij_ih^Z\Zgbx�ZgZeblbq_kdhc�obfbb�ijh^he`_gZ�jZ[hlZ�
ih� kha^Zgbx� h[s_\mah\kdh]h� [ZgdZ� mq_[gbdh\�� f_lh^bq_kdbo� fZl_jbZeh\��
\dexqZxsbo�ijZdlbq_kdb_�jmdh\h^kl\Z��k[hjgbdb�aZ^Zq��h[mqZxsb_�dhfiv�
xl_jgu_�ijh]jZffu�ih�jZaebqguf�jZa^_eZf�ZgZeblbq_kdhc�obfbb� 

<� ba^Zl_evkl\_� ©<ukrZy� rdheZª� aZdZgqb\Z_lky� ih^]hlh\dZ� d� i_qZlb�
©IjZdlbq_kdh]h�jmdh\h^kl\Z�ih�ZgZeblbq_kdhc�obfbbª��gZibkZggh]h�dhee_d�
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lb\hf�Z\lhjh\�dZn_^ju�ZgZeblbq_kdhc�obfbb�F=M�ih^�j_^Zdpb_c�ZdZ^_fbdZ�
X�:��Ahehlh\Z��b�ij_^gZagZq_ggh]h�^ey�klm^_glh\�deZkkbq_kdbo��l_ogheh]b�
q_kdbo��l_ogbq_kdbo��f_^bpbgkdbo��i_^Z]h]bq_kdbo��k_evkdhohayc-kl\_gguo�
mgb\_jkbl_lh\�� 

Dhee_dlb\hf� lhc�`_� dZn_^ju�ih^� j_^Zdpb_c� ZdZ^_fbdZ�X�:��Ahehlh\Z�
ih^]hlh\e_g�d�i_qZlb�\�ba^-\_�©<ukrZy�rdheZª�©K[hjgbd�aZ^Zq�b�\hijhkh\�
ih�ZgZeblbq_kdhc�obfbbª� 

<�p_eyo�\ujZ[hldb�j_dhf_g^Zpbc�Dhfbkkbb�ih�gZ[hjm�g_h[oh^bfuo�^ey�
deZkkbq_kdbo�mgb\_jkbl_lh\�ki_pbZevguo�dmjkh\�b�^ey�\hafh`gh]h�mqZklby�
ij_^klZ\bl_e_c�\k_o�mgb\_jkbl_lh\�\�h[km`^_gbb�wlhc�ijh[e_fu�ih^]hlh\�
e_gZ�d�i_qZlb��\uc^_l�\����@mjgZeZ�ZgZeblbq_kdhc�obfbb�\������]h^m��klZ�
lvy�©DZdhc�^he`gZ�[ulv�ijhn_kkbhgZevgZy�ih^]hlh\dZ�obfbdh\-ZgZeblbdh\�
\�deZkkbq_kdbo�mgb\_jkbl_lZo"ª��Z\lhju��L�G��R_oh\ph\Z�b�<�B��<_jrbgbg�� 

Ijh\_^_gh� �� aZk_^Zgby� Dhfbkkbb� k� h[km`^_gb_f� hkgh\guo� ijh[e_f�
ij_ih^Z\Zgby�ZgZeblbq_kdhc�obfbb�\�mgb\_jkbl_lZo�� 
  

Dhfbkkby�ih�f_ljheh]bb��klZg^ZjlbaZpbb�b�h[_ki_q_gbx�dZq_kl\Z� 
�:kkhpbZpby��:gZeblbdZ�� 

�:ddj_^blZpby�ZgZeblbq_kdbo�eZ[hjZlhjbc�� Ijh^he`Z_l� ^_yl_ev�
ghklv�Kbkl_fZ�Zddj_^blZpbb�ZgZeblbq_kdbo�eZ[hjZlhjbc�=hkklZg^ZjlZ�Jhk�
kbb��Ih�khklhygbx�gZ������������]��\�j__klj�kbkl_fu�\g_k_gh������ZgZeblb�
q_kdbo�eZ[hjZlhjbc��ba�dhlhjuo�\������]��Zddj_^blZpbx�ihemqbeb�����eZ[h�
jZlhjbb� 

<� k\yab� k� \\_^_gb_f� \� ^_ckl\b_� �H[sbo� ijZ\be� ih� ijh\_^_gbx�
Zddj_^blZpbb� \� Jhkkbckdhc� N_^_jZpbb� �IhklZgh\e_gb_� =hkklZg^ZjlZ� JN�
���� hl� ������������ b� =HKL� J� BKH�FWD� ������ �H[sb_� lj_[h\Zgby� d�
l_ogbq_kdhc�dhfi_l_glghklb�bkiulZl_evguo�b�dZeb[jh\hqguo�eZ[hjZlhjbc��
ZkkhpbZpb_c��:gZeblbdZ��ih^]hlh\e_gZ�gh\Zy�j_^Zdpby�^hdmf_glZ��Kbkl_fZ�
Zddj_^blZpbb� ZgZeblbq_kdbo� eZ[hjZlhjbc��� dhlhjZy� \� gZklhys__� \j_fy�
]hlh\blky�d�jZkkfhlj_gbx�gZ�dhee_]bb�=hkklZg^ZjlZ�Jhkkbb� 
 >_yl_evghklv�ih�klZg^ZjlbaZpbb��L_ogbq_kdbc�dhfbl_l�ih�klZg^Zj�
lbaZpbb��:gZeblbq_kdbc�dhgljhev��aZy\be�^ey�\dexq_gby�\�IeZg�]hkm^Zjkl�
\_gghc�klZg^ZjlbaZpbb�gZ������]��ih^]hlh\dm�ijh_dlZ�klZg^ZjlZ��:gZeblbq_�
kdbc�dhgljhev��L_jfbgu�b�hij_^_e_gby�� 
 Hj]ZgbaZpbhggZy�^_yl_evghklv��<�fZ_������]��]jmiiZ�jhkkbckdbo�ki_�
pbZebklh\�ih^�jmdh\h^kl\hf�X�:��DZjih\Z�ijbgyeZ�mqZklb_�\�jZ[hl_�F_`�
^mgZjh^ghc� dhgn_j_gpbb� ih� f_ljheh]bb� \� ]�� B_jmkZebf_� �BajZbev��� ;ue�
k^_eZg�^hdeZ^�ih�ijh[e_f_�ijhn_kkbhgZevgh]h�l_klbjh\Zgby�ZgZeblbq_kdbo�
eZ[hjZlhjbc��jZ[hlZxsbo�\�h[eZklb�ZgZebaZ�^jZ]hp_gguo�f_lZeeh\� 
  

Obfbdh-ZgZeblbq_kdZy� eZ[hjZlhjby� <h_ggh]h� mgb\_jkbl_lZ� jZ�

^bZpbhgghc�� obfbq_kdhc�b� [bheh]bq_kdhc� aZsblu�ih�blh]Zf� k_fb�d\Z�

ebnbdZpbhgguo�l_klh\�ih�ZgZebam�ijh[�g_ba\_klgh]h�khklZ\Z��ijh\h^b�

fuo�k������]h^Z��ihemqbeZ��\�qbke_�^_kylb�eZ[hjZlhjbc�fbjZ��f_`^mgZ�

jh^gmx�Zddj_^blZpbx�Hj]ZgbaZpbb�ih�aZij_s_gbx�obfbq_kdh]h�hjm`by�
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\�dZq_kl\_�gZagZq_gghc�eZ[hjZlhjbb�^ey�ZgZebaZ�ijh[��hlh[jZgguo�\�oh�

^_�f_`^mgZjh^guo�bgki_dpbc� 
 

Dhfbkkby�ih�bklhjbb�b�f_lh^heh]bb�ZgZeblbq_kdhc�obfbb�ijh\_eZ�
�� aZk_^Zgb_��=hlh\blky�d�i_qZlb�K[hjgbd�jZ[hl�ih�bklhjbb�ZgZeblbq_kdhc�
obfbb�\�Jhkkbb��KhklZ\bl_ev�:�F��Pmd_jfZg� 

?�F�� K_gq_gdh\hc� aZsbs_gZ� ^hdlhjkdZy� ^bkk_jlZpby� ©Bklhjby� \ha�
gbdgh\_gby�ojhfZlh]jZnbb�b�__�l_hj_lbq_kdbo�hkgh\�\�ljm^Zo�F�K��P\_lZª� 

Dhfbkkby�ih�obfbq_kdbf�k_gkhjZf�mqZkl\h\ZeZ�\�hj]ZgbaZpbb�b ijh�
\_^_gbb�<k_jhkkbckdhc�dhgn_j_gpbb�k�f_`^mgZjh^guf�mqZklb_f�©K_gkhj-
������K_gkhju�b�fbdjhkbkl_fuª����-���bxgy��]��KZgdl-I_l_j[mj]��[he__�����
mqZklgbdh\�� 

hj]Zgbah\ZeZ� \_[-kZcl� \�Bgl_jg_l_� �www.electronic-tongue.com��� ih�
k\ys_gguc�j_amevlZlZf�jZ[hlu�ih� ©we_dljhgghfm�yaudmª�b�_]h�ZgZeblbq_�
kdbf�ijbeh`_gbyf� 
 

Dhfbkkby�ih�fbdjhZgZebam�b�hij_^_e_gbx�ke_^h\�ijbgyeZ�Zdlb\gh_�
mqZklb_�\�ih^]hlh\d_�b�ijh\_^_gbb�OI�dhgn_j_gpbb�ih�obfbb�\ukhdhqbkluo�
\_s_kl\� 

 
Dhfbkkby�ih�ZgZeblbq_kdhc�obfbb�[eZ]hjh^guo�f_lZeeh\�ijh\_eZ�

h^gh�aZk_^Zgb_��ihk\ys_ggh_�h[km`^_gbx�khklZ\Z�dhfbkkbb�b�i_jki_dlb\Zf�
jZa\blby� ZgZeblbq_kdhc� obfbb� [eZ]hjh^guo�f_lZeeh\� \� Jhkkbb��<� jZfdZo�
ijh]jZffu� Zll_klZpbb�F_`^mgZjh^guo� klZg^Zjlguo� h[jZaph\� khklZ\Z� ih�
jh^�� jZajZ[hlZgghc� *HR37-International Proficiency Test of Analytical 
Geochemistry Laboratories (Jmdh\h^bl_ev�ijh]jZffu�-�^hdlhj�Nbebi�Ihllk�ba�
^_iZjlZf_glZ� GZmd� h� A_fe_� Hldjulh]h� Mgb\_jkbl_lZ�� :DOWRQ� +DOO�� 0LOWRQ�

.H\QHV��<_ebdh[jblZgby��dhfbkkby�ijh\_eZ�jZ[hlm�ih�hj]ZgbaZpbb�Zll_klZ�
pbhgguo�ZgZebah\�wlbo�ihjh^�\�\_^msbo�bgklblmlZo�kljZgu��<������]h^m�\u�
iheg_g� Zll_klZpbhgguc� ZgZeba� q_luj_o� h[jZaph\� ihjh^�� ih� ijh]jZff_��
*HR37��K$/-6� h[jZapu� 28-�� �fbdjh]jZgbl��b�K$/-6� �ba\_klgyd���ih�ijh�
]jZff_� *HR37�� h[jZa_p� *%3*-1 (Garnet-biotite plagiogneiss) -� [bhlblh\uc�
ieZ]_h]g_ck��ih�ijh]jZff_�*HR37��28-4 (Penmaenmawr microdiorite) -�fbd�
jh^bhjbl��Ihemq_gu�^Zggu_�ih�kh^_j`Zgbx�]eZ\guo�ihjh^hh[jZamxsbo�b�
e_lmqbo�dhfihg_glh\��Z�lZd`_�ahehlZ��ieZlbgu�b�iZeeZ^by��:ll_klZpbhgguc�
ZgZeba�h[jZaph\�ijh\h^beb�\�EZ[hjZlhjbb�]_hobfbb�b�ZgZeblbq_kdhc�obfbb�
[eZ]hjh^guo�f_lZeeh\�b�PE:<�=?HOB�J:G��BGO�KH�J:G��Bgklblml_�]_h�
eh]bb�b�]_hnbabdb�KH�J:G��Bj=?HOB��b�^jm]bo�hj]ZgbaZpbyo��J_amevlZlu�
Zll_klZpbhggh]h�ZgZebaZ�gZijZ\e_gu�hj]ZgbaZlhjZf� 

 
Dhfbkkby� ih� we_f_glghfm� b� nmgdpbhgZevghfm� ZgZebam� hj]Zgbq_�

kdbo� kh_^bg_gbc� ;ueb� khklZ\e_gu� b� qZklbqgh� him[ebdh\Zgu� \�`mjgZeZo�
�Wdheh]by� b� ijhfure_gghklv�� b� �Wdheh]by� b�`bagv�� h[ahju� ih� f_lh^Zf�
ZgZebaZ�hj]Zgbq_kdbo�kh_^bg_gbc�b�hdkb^h\�f_lZeeh\�\�hdjm`Zxs_c�kj_^_��
ZgZebam�Zlfhkn_ju�\�ijhfahgZo��ZgZebam�k[jhkh\�ijhfij_^ijbylbc�Fhkd\u�
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b�h[eZklb��ZgZebam�ihq\u�ih^fhkdh\guo�jZchgh\��ZgZebam�ibs_\uo��jZklb�
l_evguo�b�`b\hlguo��ijh^mdlh\�  

Qe_gu�dhfbkkbb�ijbgyeb�mqZklb_��k�^hdeZ^Zfb��\�jZ[hl_�F_`^mgZjh^�
gh]h�kbfihabmfZ�ih�ly`_euf�f_lZeeZf�–�����\�Ihevr_�b�dhgn_j_gpbb�\�bg�
klblml_� g_hj]Zgbq_kdhc� obfbb� L_ogbq_kdh]h� mgb\_jkbl_lZ� \� ]��Nj_c[_j]_�
�=_jfZgby�� 
 ;ueh�ijh\_^_gh�^\Z�aZk_^Zgby�dhfbkkbb� 
 

Dhfbkkby�ih�we_dljhggh-bgnhjfZpbhgghc�kbkl_f_��GK:O�J:G 
cha^Z_l�kZcl�\�Bgl_jg_l_��ihk\ys_gguc�jhkkbckdhc�ZgZeblbq_kdhc�obfbb�b�
GZmqghfm�kh\_lm�J:G�ih�ZgZeblbq_kdhc�obfbb�� 
:^j_k�kZclZ��http:// www.geokhi.ru/~rusanalytchem. 

 
K_\_jh-AZiZ^gh_�hl^_e_gb_ 
Ijh\_^_g�k_fbgZj-ij_a_glZpby�ijb[hjh\�HHH��BgnhjfZgZeblbdZ���]��

KZgdl-I_l_j[mj]��gZ�Dbjh\h-Q_i_pdhf�obfbq_kdhf�dhf[bgZl_��MqZkl\h�
\Zeh����q_eh\_d��H[km`^_gu�aZ^Zqb�dhf[bgZlZ�\�h[eZklb�l_ogheh]bq_kdh]h�b�
wdheh]h-ZgZeblbq_kdh]h�dhgljhey��hiul�b�i_jki_dlb\u�ijbf_g_gby�ijb[h�
jh\�nbjfu�gZ�dhf[bgZl_�� 

Hj]Zgbah\Zgu� 
-�<k_jhkkbckdZy�dhgn_j_gpby�k�bghkljZgguf�mqZklb_f�³K_gkhj-2000. 
K_gkhju�b�fbdjhkbkl_fu´� ���-���bxgy�� ]��KZgdl-I_l_j[mj]�Ki[=M, 
Dhfbkkby�ih�obfbq_kdbf�k_gkhjZf�GK:O�J:G��qbkeh�mqZklgbdh\�– 
[he__������ 

- 9,,,� _`_]h^gZy� gZmqgZy� dhgn_j_gpby� Ki[=M� ©XXI� \_d�� fheh^_`v��

wdheh]by��ghhkn_jZ�b� mklhcqb\h_�jZa\blb_» (22-���fZjlZ�� ]��KZgdl-
I_l_j[mj]�� Ki[=M�� Ij_^k_^Zl_ev� hj]dhfbl_lZ� –� ^�l�g��� ijhn_kkhj�
G_f_p�<Ze_jbc�FboZceh\bq� 

- K_fbgZj� ³Kh\j_f_ggu_� Zki_dlu� wdheh]bq_kdh]h� dhgljhey” (4-5 
^_dZ[jy�� ]��KZgdl-I_l_j[mj]��=MI� ³<GBBF�bf��>�B�F_g^_e__\Z´�b�
:H�³WDJHK´��mqZkl\h\Zeh����q_e��� 

<GBBF� bf��>�B��F_g^_e__\Z� ijh\_e�x[be_cgu_� lhj`_kl\Z�� ihk\y�
s_ggu_��25-e_lbx�ih^ibkZgby�F_ljbq_kdhc�dhg\_gpbb����-���fZy��]��KZgdl-
I_l_j[mj]��qbkeh�mqZklgbdh\�- 122). 

Khljm^gbdb�eZ[hjZlhjbb� ]hkm^Zjkl\_gguo� wlZehgh\�\�h[eZklb�ZgZeb�
lbq_kdbo�baf_j_gbc�=I�<GBBF�bf��>�B��F_g^_e__\Z�b�GIH�³Fhgblhjbg]´�
\������]��ijbgyeb�mqZklb_�\����dhgn_j_gpbyo��kbfihabmfZo�b�k_fbgZjZo��gZ�
dhlhjuo�\uklmibeb�k����^hdeZ^Zfb�b�khh[s_gbyfb� 

<i_j\u_� \� kljZg_� \�KZgdl-I_l_j[mj]_� kha^Zgh� mebqgh_� ]hjh^kdh_�

WDHEH=BQ?KDH?�L:;EH� dhlhjh_�mklZgh\e_gh gZ�a^Zgbb�<GBBF�bf��

>�B�F_g^_e__\Z��WDHEH=BQ?KDH?�L:;EH�hlh[jZ`Z_l�wdheh]bq_kdmx�

bgnhjfZpbx�h�aZ]jyag_gbb�ijba_fgh]h�kehy�Zlfhkn_ju�ih�CO, SO2, NO, 
NO2, O3, NH3�dhfihg_glZf��Z�lZd`_�l_dms__�\j_fy��l_fi_jZlmjm�\ha^m�

oZ� b� Zlfhkn_jgh_� ^Z\e_gb_�� BgnhjfZpby� i_j_^Z_lky� gZ� WDHEH-
=BQ?KDH?�L:;EH�hl�]ZahZgZeblbq_kdh]h�ihklZ�ih�l_e_nhgghc�ebgbb�
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beb�ih�jZ^bhdZgZem��BgnhjfZpby�gZ�L:;EH�hlh[jZ`Z_lky�\�j_`bf_�j_�

Zevgh]h�\j_f_gb��L:;EH�bf__l�a_e_gmx��`_elmx�b�djZkgmx�ahgu��khhl�

\_lkl\mxsb_� kh^_j`Zgbx� dhfihg_glZ� \�ij_^_eZo�I>D� �a_e_gZy� ahgZ���

hl���^h���I>D��`_elZy�ahgZ��b�hl�� I>D�b�\ur_��djZkgZy�ahgZ�� 
 

Ih\he`kdh_�hl^_e_gb_� 
Obfbq_kdbc�nZdmevl_l�KZjZlh\kdh]h�=M�ijh\_e�F_`\mah\kdmx�gZmq�

gmx�dhgn_j_gpbx��ihk\ys_ggmx���-e_lbx�dZn_^ju�:O�©DZn_^jZ�:O�\�j_�
]bhgZevghf� ijhkljZgkl\_ª� ���-��� ghy[jy�� ]�� KZjZlh\�� ���� mqZklgb�
dh\��Hl\_lkl\_gguc�–�^�o�g���ijhn_kkhj�J�D��Q_jgh\Z� 

GZ�[Za_�:kljZoZgkdh]h�=IM�[ueb�hj]Zgbah\Zgu�F_`^mgZjh^gZy�dhg�
n_j_gpby� ©G_ebg_cguc� fbj�� BgnhjfZlbdZ�� fZl_fZlbdZ�� wdheh]byª� ���-28 
k_gly[jy������mqZklgbdh\��b�III �<k_jhkkbckdZy�gZmqgZy�dhgn_j_gpby�©Wdheh�
]h-[bheh]bq_kdb_�ijh[e_fu�<he`kdh]h�j_]bhgZ�b�K_\_jgh]h�IjbdZkibyª���-
��hdly[jy������mqZklgbdh\���Hl\_lkl\_gguc�^�o�g���ijhn_kkhj�G�F��:eudh\� 

23-���hdly[jy�����]��khljm^gbdb�dZn_^ju�:O�DZaZgkdh]h�=M�hj]Zgb�
ah\Zeb�b�ijh\_eb�rdhem�-�k_fbgZj�ih�kh\j_f_gguf�Zki_dlZf�ZgZeblbq_kdhc�
obfbb�b�f_lh^Zf�dhgljhey�g_nl_obfbq_kdh]h�ijhba\h^kl\Z�gZ�H:H��Gb`�
g_dZfkdg_nl_obf�� ^ey� khljm^gbdh\� gZmqgh-l_ogheh]bq_kdh]h� p_gljZ� �a� ���
q_eh\_d�� 

 
K_\_jh-DZ\dZakdh_�hl^_e_gb_b_�hj]Zgbah\Zeh�b�ijh\_eh�IV �<k_jhkkbc�

kdmx�dhgn_j_gpbx�ih�ZgZebam�h[t_dlh\�hdjm`Zxs_c�kj_^u�©WdhZgZeblbdZ-
����ª�k�f_`^mgZjh^guf�mqZklb_f����–���k_gly[jy��ihk��:]hc��LmZikbgkdh]h�
j-gZ�DjZkgh^Zjkdh]h�djZy�GK:O�J:G��Fbgbkl_jkl\h�h[jZah\Zgby�JN��Wdh�
eh]h-ZgZeblbq_kdZy�ZkkhpbZpby�©WdhZgZeblbdZª��F=M�bf� F�<��Ehfhghkh\Z��
Dm[Zgkdbc�=M��qbkeh�mqZklgbdh\�- 187). 

 
MjZevkdh_�hl^_e_gb_�ijh\_eh 

-�k_fbgZj��©FZkk-ki_dljhf_lju�n��Agilent Technologiesª��H[e��P=KWG��MjH�
GK:O��]��?dZl_jbg[mj]�����fZjlZ�����q_e��� 
-�k_fbgZj��©:gZeblbq_kdh_�h[hjm^h\Zgb_�nbjfu�LECOª���MjH�GK:O��nbj�
fZ�LECO��]��Gh\hmjZevkd����-���k_gly[jy�����q_eh\_d��� 
-� k_fbgZj�� ³:lhfguc� ki_dljZevguc� ZgZeba´� �MjH� GK:O� J:G�� M=LM�� n��
³I_jdbg-Wevf_j´��]��?dZl_jbg[mj]��M=LM-MIB�����hdly[jy��ijbkmlkl\h\Zeh�
[he__�����q_eh\_d���� 
-� k_fbgZj�� ©F_lh^u� ki_dljZevgh]h� ZgZebaZ��F_lZeeh]jZnbyª�MjH� GK:O��
M=LM-MIB��KD;� ©Ki_dljZevgZy� eZ[hjZlhjbyª� �K-I_l_j[mj]��� ]��?dZl_jbg�
[mj]��M=LM-MIB�����ghy[jy������q_eh\_d�� 

Qe_gu�MjH�J:G�ijbgbfZeb�mqZklb_�\�hj]ZgbaZpbb�b�ijh\_^_gbb� 
- 10-hc�<k_jhkkbckdhc�klm^_gq_kdhc�gZmqghc�dhgn_j_gpbb�³Ijh[e_fu�l_h�
j_lbq_kdhc� b� wdki_jbf_glZevghc� obfbb´� �]��?dZl_jbg[mj]��MjZevkdbc� =M��
Zij_ev�� 
-�f_`^mgZjh^gh]h�dhg]j_kkZ�b�\uklZ\db�©K_jlbnbdZpbhggu_�bkiulZgby�ib�
s_\hc� ijh^mdpbb� –OOI� \_dª� �ijZ\bl_evkl\h� K\_j^eh\kdhc� h[eZklb��
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MGBBF��MPKF�b�^j���]��?dZl_jbg[mj]����-���ghy[jy��mqZkl\h\Zeh�����q_eh�
\_d�� 

Ba^Zgh���ghf_jh\�`mjgZeZ�³:gZeblbdZ�b�dhgljhev´� 
J_]meyjgh� jZ[hlZeb� dhgkmevlZpbhggu_� p_glju� gZ� [Za_� M=LM-MIB��

MGBBF��BKH��Mj=M� 
MGBBF��]��?dZl_jbg[mj]��mqZkl\h\Ze�\�hj]ZgbaZpbb�b�ijh\_^_gbb� 

-�kh\_sZgby�ih�h[km`^_gbx�j_amevlZlh\�FKB��ijh\_^_gguo�\�����]��\�k_lb�
Zddj_^blh\Zgguo�eZ[hjZlhjbc�ibs_\hc�ijh^mdpbb�b�ieZgbjh\Zgb_�FKB�gZ�
����]��=hkklZg^Zjl�Jhkkbb��MijZ\e_gb_�Z]jhe_]obfijhfZ���MGBBF��]��Fh�
kd\Z�����n_\jZey�����mqZklgbdh\�� 

 -�gZmqgh-ijZdlbq_kdhc�dhgn_j_gpbb�ih�mkem]Zf�h[s_kl\_ggh]h�iblZgby� �Fb�
gbkl_jkl\h� ih� lhj]h\e_� b� mkem]Zf� h[s_kl\_ggh]h� iblZgby� K\_j^eh\kdhc�
h[e���GBB�©Ibs_ijhfk_jlbnbdZlª��MGBBF��]��?dZl_jbg[mj]�����fZjlZ������
mqZklgbdh\�� 

 -� kh\_sZgby� k� ij_^klZ\bl_eyfb� hj]Zgh\� =hkm^Zjkl\_gghc� f_ljheh]bq_kdhc�
kem`[u�gZ�l_jjblhjbyo�ih�hj]ZgbaZpbb�ijh\_^_gby�\�jZfdZo�=hkm^Zjkl\_g�
gh]h�dhgljhey�b�gZ^ahjZ�p_e_\uo�ijh\_jhd�k�ihklZgh\dhc�wdki_jbf_glZev�
guo�f_lh^h\�hp_gb\Zgby�dZq_kl\Z�j_amevlZlh\�bkiulZgbc��=hkklZg^Zjl�Jhk�
kbb� �MijZ\e_gb_� j_]bhgZevghc� iheblbdb� b� ]hkm^Zjkl\_ggh]h� gZ^ahjZ���
MGBBF��]��Fhkd\Z���-��bxey�����mqZklgbdh\�� 

 -� k_fbgZjZ� ©MklZgh\e_gb_� jZkq_lguo� agZq_gbc� oZjZdl_jbklbd� ih]j_rghklb�
ibs_\hc�ijh^mdpbb�b�ijh^h\hevkl\_ggh]h�kujvyª��\�k\yab�k�\g_^j_gb_f�^h�
dmf_glZ�©J���������-�����J_dhf_g^Zpby�ih�Zddj_^blZpbb��:ddj_^blZpby�bk�
iulZl_evguo� eZ[hjZlhjbc� ibs_\hc� ijh^mdpbb� b� ijh^h\hevkl\_ggh]h� ku�
jvyª���<GBBKKZ]jhijh^mdl��MGBBF��]��DjZkgh^Zj����-���yg\Zjy�����mqZkl�
gbdh\�� 
-�f_`^mgZjh^gh]h�dhg]j_kkZ�©K_jlbnbdZpbhggu_�bkiulZgby- XXI �\_dª�b� 

�F_`^mgZjh^ghc�\uklZ\db�kj_^kl\�baf_j_gbc�b�bkiulZl_evgh]h�h[hjm^h\Zgby 
©;_ahiZkghklv�ijh^h\hevkl\by� - XXI � \_dª� �=hkklZg^Zjl�Jhkkbb�b�;_ehjmk�
kbb�� IjZ\bl_evkl\h� K\_j^eh\kdhc� h[eZklb�� GBB� ©Ibs_ijhfk_jlbnbdZlª��
MjZevkdbc�GBB�f_ljheh]bb��MjZeL?KL��MjZeWdkihp_glj��]��?dZl_jbg[mj]��
27-���ghy[jy������mqZklgbdh\�� 
 
 GZ� dZn_^j_� ©F_ljheh]bq_kdh_� h[_ki_q_gb_� bkiulZgbc� khklZ\Z� b�
k\hckl\�\_s_kl\�b�fZl_jbZeh\ª�MN�:dZ^_fbb�klZg^ZjlbaZpbb��f_ljheh]bb�b�
k_jlbnbdZpbb��mq_[ghc��=hkklZg^ZjlZ�Jhkkbb�aZ�����]��ijhreb�h[mq_gb_�[h�
e__� ���� ki_pbZebklh\� \� h[eZklb�f_ljheh]bq_kdh]h� h[_ki_q_gby� ZgZeblbq_�
kdh]h�dhgljhey��Zddj_^blZpbb�ZgZeblbq_kdbo�eZ[hjZlhjbc��Zll_klZpbb�f_lh�
^bd�\uiheg_gby�baf_j_gbc��\� lhf�qbke_�k�p_evx�ih^]hlh\db�dZg^b^Zlh\�\�
wdki_jlu�ih�Zddj_^blZpbb�ZgZeblbq_kdbo�eZ[hjZlhjbc�b�Zll_klZpbb�f_lh^bd�
\uiheg_gby�baf_j_gbc��<_^_gb_�mq_[gh]h�ijhp_kkZ�h[_ki_qb\Zeb�ki_pbZeb�
klu�eZ[hjZlhjbb�FH�DO:�MGBBF. 
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Kb[bjkdh_�hl^_e_gb_ 
KH�GK:O� J:G��BD� bf��=�D��;hj_kdh\Z�KH� J:G� ijh\_eb�<k_jhkkbc-

kdmx� dhgn_j_gpbx� ©:gZeblbdZ� Kb[bjb� b� >Zevg_]h� <hklhdZ-2000» (21-24 
ghy[jy��]��Gh\hkb[bjkd������mqZklgbdh\��� 

GZ� [Za_� obfbq_kdh]h�nZdmevl_lZ�Bjdmlkdh]h�=M� k� ijb\e_q_gb_f� kh�
ljm^gbdh\�Bjdmlkdh]h�hl^_e_gby�J:G�[ueb�hj]Zgbah\Zgu�dmjku�ih\ur_gby�
d\ZebnbdZpbb 

-�ih�j_gl]_ghnemhj_kp_glghfm�ZgZebam�b�f_ljheh]bb� ����n_\jZey�– 20 
fZjlZ�� 
-�Zlhfghfm�ki_dljZevghfm�ZgZebam�b�f_ljheh]bb�����hdly[jy�–���ghy[jy� 
<� Lhfkdhf� IM� ijh\_^_g� kbfihabmf� ©L_hjby� we_dljhZgZeblbq_kdhc�

obfbb�b�f_lh^�bg\_jkbhgghc�\hevlZfi_jhf_ljbb�����k_gly[jy�–���hdly[jy��b�
hj]Zgbah\Zgu�^\Z�k_fbgZjZ� 
-�©Gh\u_�lj_[h\Zgby�d�bkiulZl_evguf�eZ[hjZlhjbyf�b�bo�f_ljheh]bq_kdh_�
h[_ki_q_gb_ª�������-�������]��DjZkgh^Zj�Lhfkdbc�IM�� 
-� ©Gh\u_� f_lh^u� hij_^_e_gby� ihdZaZl_e_c� [_ahiZkghklb�bg\_jkbhggZy�
\hevlZfi_jhf_ljby�b�^j�ª�������-�������]��Jhklh\-gZ�>hgm��Lhfkdbc�IM��� 
 
�<������]��aZsbs_gu�^hdlhjkdb_�^bkk_jlZpbb� 
?�F��K_gq_gdh\Z�©Bklhjby�\hagbdgh\_gby�ojhfZlh]jZnbb�b�__�l_hj_lbq_�
kdbo�hkgh\�\�ljm^Zo�F�K��P\_lZª� 
;�<��Klheyjh\��=ZahojhfZlh]jZnbq_kdbc�iZjhnZaguc� ZgZeba� j_Zdpbhgguo�
kbkl_f� 
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Ij_^eh`_gby�\�ieZg�jZ[hlu�GK:O�J:G�gZ������]h^ 
 

<k_jhkkbckdb_�dhgn_j_gpbb��kbfihabmfu��k_fbgZju 
 
24-���Zij_ey��]��Fhkd\Z���-Zy <k_jhkkbckdZy�dhgn_j_gpby�©Fhe_dmeyj�

gh_� fh^_ebjh\Zgb_ª� �J:G�� =?HOB� bf�� <�B�<_jgZ^kdh]h�� F=M� bf��
F�<�Ehfhghkh\Z�� obfbq_kdbc� nZdmevl_l��� Hl\_lkl\_gguc�� qe_g-
dhjj_kihg^_gl� J:G�=jb[h\�E_\�:e_dkZg^jh\bq�� l_e����������-41-����nZdk��
(095)938-20-54; E-mail:cmm@geokhi.ru 
 

17-���Zij_ey��]��Fhkd\Z��<k_jhkkbckdZy�dhgn_j_gpby�ih�obfbb��ZgZebam�
b�l_ogheh]bb�ieZlbgh\uo�f_lZeeh\� �HNOLGF��BHGO�J:G��Dhfbkkby�ih�
[eZ]hjh^guf�f_lZeeZf�GK:O�J:G��Hl\_lkl\_ggu_��S_ehdh\�Jh[_jl�Gbdh�
eZ_\bq�� mq_guc� k_dj_lZjv� –�Kb^hjh\�:e_dk_c�:gZlhev_\bq�� l_e��� ��������-
������nZdk�����������- 1279  
 

24-���bxey��]��Bjdmlkd��<lhjhc�f_`^mgZjh^guc�kb[bjkdbc�]_hZgZeb�
lbq_kdbc� k_fbgZj� ³INTERSIBGECHEM 2001́� �B=�KH�J:G��BAD�KH�J:G��
Hl\_lkl\_gguc-�I_ljh\�E_\�Ev\h\bq�� l_e��� ������� ��-������nZdk� ������� ��-
4050; E-mail: petrov@igc.irk.ru 
 

���bxey�–���Z\]mklZ��]��;ZcdZevkd�Bjdmlkdhc�h[e���7-hc�:gZeblbq_kdbc�
jhkkbckdh-]_jfZgh-mdjZbgkdbc�kbfihabmf��:J=MK
�������Bgklblml�wdheh]b�
q_kdhc�lhdkbdheh]bb�bf��:��;wcfZ��GK:O�J:G���H[jZsZlvky��?e_gZ�=jhr_�
\Z��l_e��������������-����nZdk������������-04; E=-mail: iet@irmail.ru 

 
17-���k_gly[jv��]��AZj_qguc��XV�MjZevkdZy�dhgn_j_gpby�ih�ki_dljhkdh�

ibb�L_e�����������-4505, 75-9395 
 

19-���bxgy��]��KZjZlh\��II �<k_jhkkbckdbc�k_fbgZj�©Ijh[e_fu�b�^hklb�
`_gby� exfbg_kp_glghc� ki_dljhkdhibbª� �Fbgbkl_jkl\h� h[s_]h�b�ijhn_k�
kbhgZevgh]h�h[jZah\Zgby�JN��JOH�bf��>�B��F_g^_e__\Z��dhfbkkby�ih�ZgZeb�
lbq_kdbf�j_Z]_glZf�GK:O�J:G��GK�ih�exfbg_kp_gpbb�J:G��KZjZlh\kdbc�
=M��KZjZlh\kdbc�=LM��H[jZsZlvky��ijhn��Rludh\�K_j]_c�GbdheZ_\bq��l_e���
8845-251-������nZdk����������-0446; E-mail:orgmedia@sgu.ru 
 

ghy[jv-^_dZ[jv������]���]��Fhkd\Z��Kbfihabmf�ih�l_kl-f_lh^Zf��F=M�
bf��F�<��Ehfhghkh\Z� 
 

GZqZeh������]��]��Fhkd\Z� <k_jhkkbckdZy�dhgn_j_gpby�ih�ijb[hjhkljh_�
gbx� Ij_^k_^Zl_ev�hj]dhfbl_lZ�-�qe�-dhjj�J:G�X�:��DZjih\ 
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J_]bhgZevgu_�dhgn_j_gpbb 
 

<lhjZy�iheh\bgZ�ghy[jy������]h^Z����^gy��]��DZaZgv�- Ih\he`kdZy�ZgZ�

eblbq_kdZy� dhgn_j_gpby� �DZaZgkdbc� =M�� DZaZgkdbc� OLM�� JOH� bf�� >�B��
F_g^_e__\Z�LZlZjklZgkdh_�hl^���:G�j_kim[ebdb�LZlZjklZg��GK:O�J:G���Hl�
\_lkl\_gguc��=�D��;m^gbdh\��l_e������-����jZ[�������-�����^hf����E-mail: Her-
man. Budnikov@ksu.ru 
 

IX �?`_]h^gZy�gZmqgZy�dhgn_j_gpby�Ki[=M�©XXI�\_d��fheh^_`v��h[jZ�

ah\Zgb_�� wdheh]by�� ghhkn_jZ»� �Ki[=M��Hl\_lkl\_gguc� –� <�F��G_f_p�� l_e��
(812)428-������nZdk����������-7240; E-mail: apver@onti.niif.spb.su 

 
Zij_ev������]���]��?dZl_jbg[mj]��XI �<k_jhkkbckdZy�klm^_gq_kdZy�gZmqgZy�

dhgn_j_gpby� ©Ijh[e_fu� l_hj_lbq_kdhc� b� wdki_jbf_glZevghc� obfbb� » 
�MjZevkdbc� =M�� obfbq_kdbc� nZdmevl_l�� Hl\_lkl\_gguc�� Kmjh\Z� LZlvygZ�
<bdlhjh\gZ�� L_e����������-����� NZdk� ���������-401. E-mail: 
Tatyana.Surova@usu.ru 

k_gly[jv��]��KZjZlh\��III �<k_jhkkbckdmx�dhgn_j_gpbx�fheh^uo�mq_guo�
«Kh\j_f_ggu_�ijh[e_fu�l_hj_lbq_kdhc�b�wdki_jbf_glZevghc�obfbb»  
�Fbgbkl_jkl\h� h[s_]h� b� ijhn_kkbhgZevgh]h� h[jZah\Zgby�� JOH� bf�� >�B��
F_g^_e__\Z��� Hl\_lkl\_gguc� –� ijhn�� K�G�� Rludh\�� l_e��� ����-251-69-60, 
nZdk�����������-0446; E-mail: orgmedia@sgu.ru  

 
k_gly[jv�� ]�� :kljZoZgv�� F_`^mgZjh^gmx� dhgn_j_gpbx�

«Wdheh]hZgZeblbq_kdZy�obfby�b�hojZgZ�hdjm`Zxs_c�kj_^u»  
�Fbgh[jZah\Zgby� JN�� :kljZoZgkdbc� =IM��� Hl\_lkl\_gguc� –� ijhn�� G�F��

:eudh\��l_e�������-222-93-47 
 

 24-��� k_gly[jy�� ]��<hjhg_`�� IX �<k_jhkkbckdZy� gZmqgZy� dhgn_j_gpby�
«Nbabdh-obfbq_kdb_�hkgh\u�bhghh[f_gguo�ijhp_kkh\ª��GK:bO�J:G��<hjh�
g_`kdbc� =M�� dZn_^jZ� :O�� Hl\_lkl\_gguc� –� ^�o�g��� ijhn_kkhj� K_e_f_g_\�
<�N���l_e�������-789-362, E-mail: common@anch.vsu.ru 

 
K_fbgZju 

 
Fhkdh\kdbc�k_fbgZj�ih�ZgZeblbq_kdhc�obfbb� �=?HOB�J:G��Ij_^k_�

^Zl_ev�–�=�F��<ZjrZe��mq_guc�k_dj_lZjv�–�B�Y��Dhs__\Z 
 

Fhkdh\kdbc� k_fbgZj� ih� ZgZebam� h[t_dlh\� hdjm`Zxs_c� kj_^u� �F=M�
bf��F�<�� Ehfhghkh\Z��� Ij_^k_^Zl_ev� –�X�K�� >jm]h\�� mq_guc� k_dj_lZjv� – 
G�F��KhjhdbgZ� 
 

Fhkdh\kdbc�k_fbgZj�ih�ieZlbgh\uf�f_lZeeZf� �BHGO�J:G���Ij_^k_�
^Zl_ev�–�X�:��Ahehlh\��mq_guc�k_dj_lZjv�–�E�D��Rm[hqdbg 
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Fhkdh\kdbc�k_fbgZj�ih�hj]Zgbq_kdhfm�ZgZebam��BGWHK�J:G���Ij_^�
k_^Zl_eb�–�:�F��Pmd_jfZg��F�F��;maeZgh\Z��mq_guc�k_dj_lZjv�–�B�<�DZjZg^b� 
 

Fhkdh\kdbc� k_fbgZj� ih� dhgljhex� dZq_kl\Z� ZgZebaZ� �FBKbK���
Ij_^k_^Zl_ev�–�X�:��DZjih\ 
 
 "L_kl-dem[���k_fbgZj�ih�l_kl-f_lh^Zf�ZgZebaZ���F=M���Ij_^k_^Zl_ev�– 
X�:��Ahehlh\ 
 
Dhfbkkby�ih� ki_dljhkdhibb��GZ� ����]��gZ�[Za_�BgklblmlZ� ki_dljhkdhibb�
J:G�ieZgbjm_lky�ijh\_^_gb_�OO,,�Kt_a^Z�ih�ki_dljhkdhibb��\�l_fZlbdm�dh�
lhjh]h� [m^ml� \dexq_gu� ZdlmZevgu_� ijh[e_fu� Zlhfgh]h� b� fhe_dmeyjgh]h�
ki_dljZevgh]h�ZgZebaZ� 
 

Dhfbkkby�ih�fbdjhZgZebam�b�hij_^_e_gbx�ke_^h\�gZqZeZ�ih^]hlh\dm�d�
ijh\_^_gbx� �-]h� :gZeblbq_kdh]h� Jhkkbckdh-=_jfZgh-MdjZbgkdh]h�
KbfihabmfZ��ARGUS’01). 
 
K_\_jh-AZiZ^gh_�hl^_e_gb_�ieZgbjm_l�ijh\_klb 
-�\u_a^gh_�aZk_^Zgb_�[xjh�GZmqgh]h�kh\_lZ�ih�Z^khj[pbb�b�ojhfZlh]jZnbb�
J:G�gZ�B`_\kdhf�we_dljhf_oZgbq_kdhf�aZ\h^_�k�p_evx�h[km`^_gby�khklhy�
gby�b�i_jki_dlb\�ojhfZlh]jZnbq_kdh]h�ijb[hjhkljh_gby�\�Jhkkbb� 
 
MjZevkdh_�hl^_e_gb_�ieZgbjm_l 
ijh^he`blv�\uimkd�`mjgZeZ�©:gZeblbdZ�b�dhgljhevª����ghf_jh\�\�]h^�� 
ijh\_klb� ��j_]bhgZevguo�k_fbgZjZ�ih�kh\j_f_gguf�ijh[e_fZf�ZgZeblbq_�
kdhc�obfbb�k�ijb\e_q_gb_f�ki_pbZebklh\�nbjf�–�ijhba\h^bl_e_c�ZgZeblb�
q_kdbo�ijb[hjh\� 
ijh\_klb�XV �MjZevkdmx� dhgn_j_gpbx� ih� ki_dljhkdhibb� ���-��� k_gly[jy�� ]��
?dZl_jbg[mj]-�AZj_qguc�� 
 
Ih\he`kdh_�hl^_e_gb_ ijh\_^_l  

II �<k_jhkkbckdbc� k_fbgZj� ©Ijh[e_fu� b� ^hklb`_gby� exfbg_kp_glghc�
ki_dljhkdhibbª����-���bxgy��]��KZjZlh\��Fbgbkl_jkl\h�h[s_]h�b�ijhn_kkbh�
gZevgh]h�h[jZah\Zgby�JN��JOH�bf��>�B��F_g^_e__\Z��dhfbkkby�ih�ZgZeblb�
q_kdbf�j_Z]_glZf�GK:O�J:G��GK�ih�exfbg_kp_gpbb�J:G��KZjZlh\kdbc�=M��
KZjZlh\kdbc�=LM��–�bxgv��H[jZsZlvky�ih�l_e�������-251-6411 

 
F_`^mgZjh^gmx�dhgn_j_gpbx�©Wdheh]hZgZeblbq_kdZy�obfby�b�hojZgZ�

hdjm`Zxs_c� kj_^uª� �k_gly[jv�� ]��:kljZoZgv��Fbgh[jZah\Zgby� JN��:kljZ�
oZgkdbc�=IM���Hl\_lkl\_gguc�–�ijhn��G�F��:eudh\��l_e�������-222-93-47 

 
III �<k_jhkkbckdmx� dhgn_j_gpbx�fheh^uo� mq_guo� ©Kh\j_f_ggu_�ijh�

[e_fu� l_hj_lbq_kdhc� b� wdki_jbf_glZevghc� obfbbª� �k_gly[jv�� ]�� KZjZlh\��
Fbgbkl_jkl\h� h[s_]h� b� ijhn_kkbhgZevgh]h� h[jZah\Zgby�� JOH� bf�� >�B��
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F_g^_e__\Z��� Hl\_lkl\_gguc� –� ijhn�� K�G�� Rludh\�� l_e��� ����-251-69-60, 
nZdk�����������-0446; E-mail: orgmedia@sgu.ru  
 

Kb[bjkdh_�hl^_e_gb_�ijh\_^_l�Gh\hkb[bjkdbc�ZgZeblbq_kdbc�k_fbgZj�
gZ�l_fm���Kh\j_f_ggu_�f_lh^u�ZgZebaZ�h[t_dlh\�hdjm`Zxs_c�kj_^u���BGO�
KH�J:G����-���fZy���Hl\_lkl\_ggu_��Rm\Z_\Z�H�<���;_ca_ev�G�N��l_e��(3832) 
34-19-65, e-mail: olga@che.nsk.su  

 
 

DGB=B 
 

<������]��him[ebdh\Zgu 
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J?AMEVL:LU�G:MQGUO�J:;HL������]� 

H;SB?�<HIJHKU�:G:EBLBQ?KDHC�OBFBB 

L_hj_lbq_kdb_�hkgh\u�f_lh^h\�ZgZebaZ 

Ijh\_^_g�nZdlhjguc�b�deZkl_jguc� ZgZeba�dhgklZgl� mklhcqb\h�

klb� dhfie_dkh\� ��� bhgh\� f_lZeeh\� b� \h^hjh^Z� k� ����� j_Z]_glZfb� �\k_]h�
������ agZq_gbc� lgK1��� DeZkl_jbaZpby� �dZd� g_ihkj_^kl\_ggZy�� lZd� b� ihke_�
nZdlhjgh]h� beb� dhfihg_glgh]h� ZgZebaZ� ^Zgguo�� iha\hey_l� \u^_eblv�

r_klv� mklhcqb\uo� deZkkh\� [ebadbo� ih� k\hckl\Zf� dZlbhgh\ (F=M�� dZ�
n_^jZ�:O). 

JZajZ[hlZgu�hkgh\gu_�l_hj_lbq_kdb_�iheh`_gby�h[gZjm`_ggh]h�jZg__�
gh\h]h�y\e_gby� - bahl_jfbq_kdh]h�i_j_kus_gby�jZkl\hjh\�\�bhghh[f_g�

guo�ijhp_kkZo��BIBH���<i_j\u_�\�l_hjbb�bhggh]h�h[f_gZ�bkihevah\Zg�fZ�
l_fZlbq_kdbc� ZiiZjZl� ba� h[eZklb� ]_hf_ljbb� h[h[s_gguo� ZgZeblbq_kdbo�
nmgdpbc�� iha\heyxsbc� hilbfZevguf� h[jZahf� nhjfmebjh\Zlv� ]jZgbqgu_�
mkeh\by�^ey�BIBH�b�j_rZlv�dbg_lbq_kdb_�aZ^Zqb�k�mq_lhf�BIBH��Knhjfm�
ebjh\Zgh�gh\h_�gZmqgh_�gZijZ\e_gb_�- bhgguc�h[f_g�\�dheehb^guo�kbkl_�

fZo��Kha^Zgu�fZl_fZlbq_kdb_�fh^_eb�b�ijh]jZffu�jZkq_lZ�ijhp_kkh\�dhg�
p_gljbjh\Zgby�b�jZa^_e_gby�dhfihg_glh\�k�mq_lhf�y\e_gby�BIBH��=?HOB�

J:G��NbanZd�F=M). 

Kbkl_fZlbq_kdb� bamq_gu� ijhp_kku� ^_aZdlb\Zpbb� kbg]e_lguo� b� ljb�
ie_lguo� khklhygbc� jy^Z� ihebpbdebq_kdbo� ZjhfZlbq_kdbo� m]e_\h^hjh^h\ 
�I:M��b�Zdjb^bgh\uo�djZkbl_e_c��:D���ijhp_kkZ�ljbie_l-ljbie_lgh]h�i_�
j_ghkZ� \� kbkl_f_� :D-I:M� b� k_gkb[bebabjh\Zgghc� nhknhj_kp_gpbb� ijb�
dhfgZlghc�l_fi_jZlmj_��K-NDL��I:M��klbfmebjh\Zgguo�wnn_dlhf�\g_rg_�
]h� ³ly`_eh]h´�ZlhfZ�lZeeby��MklZgh\e_gh��qlh�mdZaZggu_�:D�\�ljbie_lghf�
khklhygbb�fh]ml�bkihevah\Zlvky�\�dZq_kl\_�j_Z]_glh\�^ey�k_e_dlb\gh]h�hi�
j_^_e_gby� I:M� f_lh^hf� K-NDL� �KZjZlh\kdbc� =M�� dZn_^ju� :O� b� OW��
HbGO��IN). 

Gh\u_�j_Z]_glu�b�bkke_^h\Zgb_�jZ\gh\_kbc 

Bamq_gh�\aZbfh^_ckl\b_�j_Z]_glZ�3,5-̂ b[jhf-I:>:N�k�gbh[b_f��lZg�
lZehf��iZeeZ^b_f��ieZlbghc��jh^b_f��bjb^b_f��k_j_[jhf�b�p\_lgufb�f_lZe�
eZfb��GZc^_gu� hilbfZevgu_� mkeh\by� \uiheg_gby� p\_lguo� j_Zdpbc� �Fhk�
dh\kdbc�IM�� 

MklZgh\e_gZ� k\yav� f_`^m� oZjZdl_jhf� aZf_klbl_e_c� ijhba\h^guo� dh�
jbqgh]h� Zev^_]b^Z� b� obfbdh-ZgZeblbq_kdbfb� oZjZdl_jbklbdZfb� j_Zdpbb�
\aZbfh^_ckl\by�i_j\bqguo�ZjhfZlbq_kdbo�Zfbgh\�k�^Zggufb�Zev^_]b^Zfb��
J_amevlZlu�fhe_dmeyjgh]h�fh^_ebjh\Zgby�iha\heyxl�ijh\h^blv�gZijZ\e_g�
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guc�\u[hj�b�kbgl_a�gh\uo�hj]Zgbq_kdbo�j_Z]_glh\�^ey�i_j\bqguo�ZjhfZlb�
q_kdbo�Zfbgh\� �KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW��KZjZlh\kdbc�=:M��
=?HOB�J:G). 

Ki_dljhnhlhf_ljbq_kdbf�f_lh^hf�bamq_gu�dhfie_dku�\dexq_gby�[_�
lZ-pbdeh^_dkljbgZ�k�dbkehlgh-hkgh\gufb�bg^bdZlhjZfb�f_lbeh\uf�hjZg�
`_\uf�b�n_ghenlZe_bghf��hij_^_e_gZ�bo�kl_obhf_ljby��\_ebqbgu�dhgklZgl�
k\yau\Zgby�b�\ebygb_�dhfie_dkhh[jZah\Zgby�gZ�dbkehlgh-hkgh\gu_�k\hckl\Z�
(KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW). 

JZkrbnjh\Zgu� djbklZeebq_kdZy� b� fhe_dmeyjgZy� kljmdlmjZ� dhfie_dkZ�
Ni2+

�k�1�1-^b��-dZj[hdkbwlbe�-h-Zgbab^bghf��,,���IhdZaZgh��qlh�\�dhhj^bgZ�
pbb�mqZkl\mxl�Zlhfu�ZahlZ�lj_lbqghc�Zfbgh]jmiiu�b�Zlhfu�dbkehjh^Z�dZj�
[hdkbeZlguo� ]jmii�� gZoh^ysb_ky� \� wd\ZlhjbZevguo� ihabpbyo� dhhj^bgZpb�
hggh]h�hdlZw^jZ�bhgh\�1L2+

�b�Zlhfu�dbkehjh^Z�hjlh-f_lhdkb]jmiiu��jZkih�
eZ]Zxsb_ky� \� ZdkbZevghc�ihabpbb� �MjZevkdbc�=M� kh\f_klgh� k�BGO�KH�

J:G). 
H[gZjm`_gZ�g_hibkZgZy�jZg__�j_Zdpby�gmde_hnbevgh]h�ijbkh_^bg_gby�

hdkbfh\� 55
& 12+� d� hj]Zghgbljbevguf� dhfie_dkZf� ieZlbgu�,9��
PtCl4(RCN)2�� ijb\h^ysZy� d� bfbghZpbevguf� ijhba\h^guf�
PtCl4(NH=C(R)ON=CRR')2��J_Zdpby�jZkijhkljZg_gZ�gZ�\bp-^bhdkbfu��ijhba�
\h^gu_�]b^jhdkbeZfbgZ��Z�lZd`_�gZ�gbljbevgu_�dhfie_dku�^jm]bo�f_lZeeh\�
-�j_gby�b�jh^by��MklZgh\e_gh��qlh�gbljhgu��dhlhju_�fh`gh�jZkkfZljb\Zlv�
dZd� �aZfhjh`_ggu_��\�j_amevlZl_�Zedbebjh\Zgby�lZmlhf_jgu_�nhjfu�hdkb�
fh\��\klmiZxl�\�j_Zdpbb�����pbdehijbkh_^bg_gby�k�hj]ZghgbljbeZfb�\�dhf�
ie_dkZo�ieZlbgu��,9��k�h[jZah\Zgb_f�djZcg_�j_^dbo�b�fZeh^hklmiguo�\�hj�
]Zgbq_kdhc� obfbb� kh_^bg_gbc� - 1,2,4-hdkZ^bZahebgh\� �KI[� =M�� dZn_^jZ�
:O).  

Hj]Zgbah\Zggu_�kj_^u�\�ZgZeba_ 

<�jZfdZo�bkke_^h\Zgby�fbdjhwfmevkbc�gZ�hkgh\_�Zgbhgguo�I:<�dZd�
kj_^u�^ey�ZgZeblbq_kdbo�j_Zdpbc�bamq_gu�h[t_fgu_�k\hckl\Z�\h^guo�jZk�
l\hjh\�]_ilbe-��^h^_pbe-��l_ljZ^_pbe-��]_dkZ^_pbekmevnZlh\�gZljby��Baf_j_�
gu�h[t_fgu_� k\hckl\Z�h^ghnZaguo�fbdjhwfmevkbc�g-]_ilZg� -�\h^Z� -�^h^_�
pbekmevnZl�gZljby�-�g-i_glZghe��jZkkqblZgu�\gmlj_gg__�^Z\e_gb_�b�fhevguc�
h[t_f (KZjZlh\kdbc�=M�dZn_^jZ�:O�b�OW�b�dZn_^jZ�HN) 

Bkke_^h\Zgh�\ebygb_�I:< jZaebqghc�ijbjh^u��dZlbhgghc��Zgbhgghc�
b� g_bhgghc�� gZ� ijhlheblbq_kdb_�� hdbkebl_evgh-\hkklZgh\bl_evgu_� b�

ki_dljZevgu_� k\hckl\Z� ijhba\h^guo� ^bn_gbeZfbgZ�� jZaebqZxsboky� ih�
dhgnhjfZpbhgghc�`_kldhklb�b�]b^jhnh[ghklb��Hij_^_e_gu�dhgklZglu�k\y�
au\Zgby�j_Z]_glh\�fbp_eeyjgufb�jZkl\hjZfb�I:<��IhdZaZgh��qlh�q_f�]b^�
jhnbevg__�j_Z]_gl��l_f�[hevrb_�baf_g_gby�\�ki_dljZo�ih]ehs_gby�\uau\Z_l�
khex[bebaZpby�\�fbp_eeZo��gZ�ijbf_j_�ljbn_gbeZfbg-4-kmevnhdbkehlu�mk�
lZgh\e_gh��qlh�gZb[hevr__�\ebygb_�gZ�ki_dlj�nemhj_kp_gpbb�hdZau\Zxl�dZ�
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lbhggu_�I:<��Bamq_gh�\ebygb_�\k_o�lbih\�bkke_^h\Zgguo�I:<�gZ�bhgbaZ�
pbx�j_Z]_glh\��Ijh\_^_gZ�dhebq_kl\_ggZy�hp_gdZ�khex[bebaZpbb�j_Z]_glh\�
\�fbp_eeZo�I:<��MklZgh\e_gh��qlh�baf_g_gb_�kj_^u�ijb�khex[bebaZpbb��\�
aZ\bkbfhklb�hl�ijbjh^u�j_Z]_glZ�b�I:<��fh`_l�g_agZqbl_evgh�\ebylv�gZ�\_�
ebqbgm� nhjfZevgh]h� hdbkebl_evgh-\hkklZgh\bl_evgh]h� ihl_gpbZeZ�
(KZjZlh\kdbc�=M��dZn_^jZ�HbGO). 

Ijb� ihfhsb� [eb`g_c�BD-ki_dljhkdhibb�� ^bnn_j_gpbZevghc� kdZgb�
jmxs_c�dZehjbf_ljbb�b�l_jfh]jZ\bf_ljbb�bamq_gu�nZah\u_�ij_\jZs_gby�\�

kbkl_f_�`_eZlbg-\h^Z��bkihevam_fhc�\�ijh[hih^]hlh\d_�jZkl\hjh\�i_j_^�
j_gl]_ghnemhj_kp_glguf�ZgZebahf��Ij_^eh`_g�kihkh[�ihemq_gby�hj]Zgh�
]_e_c��ieZ\ysboky�ijb�[he__�\ukhdhc�l_fi_jZlmj_��q_f�ijhklhc�`_eZlbgh�
\uc� ]_ev��b�ijb]h^guo�^ey�bkihevah\Zgby�\�dZq_kl\_�baemqZl_e_c�ijb� wdk�
ljZdpbhggh-j_gl]_ghnemhj_kp_glguo�hij_^_e_gbyo��BFD�G:G�MdjZbgu). 

Gh\u_�khj[_glu�b�bkke_^h\Zgb_�jZ\gh\_kbc�khj[pbb 

I_ghihebmj_lZgu ij_^eh`_gu�\�dZq_kl\_�j_Z]_glh\�^ey�ihemq_gby 
^bZahkh_^bg_gbc, dhlhju_� fh`gh� bkihevah\Zlv� \� ZgZeblbq_kdbo� p_eyo��
Ij_^eh`_g�kihkh[�b�hilbfbabjh\Zgu�mkeh\by�ihemq_gby�^bZahlbjh\Zgguo�
i_ghihebmj_lZgh\��GZ�ijbf_j_��-�b��-gZnlheh\�mklZgh\e_gu�hkh[_gghklb�]_�
l_jh]_gghc� j_Zdpbb� Zahkhq_lZgby�� ijhl_dZxs_c� k� bo� mqZklb_f�� IhdZaZgZ�
\hafh`ghklv�ijbf_g_gby�^bZahlbjh\Zggh]h�i_ghihebmj_lZgZ�^ey�hij_^_e_�
gby� �-b� �-gZnlheh\� \� \b^_� ihebf_jguo� Zahkh_^bg_gbc�f_lh^hf� ki_dljh�
kdhibb�^bnnmagh]h�hljZ`_gby��F=M��dZn_^jZ�:O�. 

Bamq_gh�dhfie_dkhh[jZah\Zgb_�f_`^m�ihebf_jgufb�o_eZlgufb�khj�

[_glZfb� gZ� hkgh\_� ihebklbjheZ� b� aZf_s_gguo� kZebpbeh\hc� dbkehlu 
�]jmiiZ����b�bhgZfb�f_lZeeh\�V, Mn, Cr��Z�lZd`_�f_`^m�khj[_glZfb�gZ�hk�

gh\_�ihebklbjheZ�b�ZahaZf_s_gguo�ibjhdZl_obgZ��]jmiiZ����b�bhgh\�f_�
lZeeh\�Al, In, Ga, Ti, Zr, Th��MklZgh\e_gu� dhjj_eypbb� dbkehlgh-hkgh\guo�
k\hckl\� khj[_glh\� b�nbabdh-obfbq_kdbo� oZjZdl_jbklbd� ijhp_kkZ� khj[pbb��
hij_^_e_gh�qbkeh�\ul_kgy_fuo�ijb�khj[pbb�ijhlhgh\��B=?F�J:G��Hjeh\�
kdbc�=M). 

 
 

F_ljheh]by�b�klZg^ZjlbaZpby�ZgZebaZ 
 
 MGBBF�� H[s_f_ljheh]bq_kdZy� ^_yl_evghklv����� JZajZ[hlZg� kh�
\f_klgh�k�<GBBF�b�\\h^blky�\�^_ckl\b_�k���yg\Zjy������]h^Z�^hdmf_gl�J�
50.4.004-����� ©J_dhf_g^Zpbb� ih� Zddj_^blZpbb��:ddj_^blZpby� bkiulZl_ev�
guo� eZ[hjZlhjbc� ibs_\uo� ijh^mdlh\� b� ijh^h\hevkl\_ggh]h� kujvyª�� mklZ�
gZ\eb\Zxsbc� lj_[h\Zgby� d� Zddj_^blm_fuf� bkiulZl_evguf� eZ[hjZlhjbyf�
ibs_\uo� ijh^mdlh\� b� ijh^h\hevkl\_ggh]h� kujvy�� hj]ZgbaZpbx� b� ihjy^hd�
ijh\_^_gby�bo�Zddj_^blZpbb� 
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 ����<�khhl\_lkl\bb�k�ieZghf�f_`]hkm^Zjkl\_gghc�klZg^ZjlbaZpbb�jZa�
jZ[hlZg� b� ij_^klZ\e_g� \� F_`]hkm^Zjkl\_gguc� Kh\_l� ih� klZg^ZjlbaZpbb��
f_ljheh]bb�b�k_jlbnbdZpbb�klZg^Zjl�©<h^Z��Ghjfu�ih]j_rghklb�baf_j_gbc�
ihdZaZl_e_c�khklZ\Z�b�k\hckl\ª� 
 ����JZajZ[hlZg�kh\f_klgh�k�<GBBFK�b�ij_^klZ\e_g�\�mklZgh\e_gghf�
ihjy^d_�gZ�ml\_j`^_gb_�\�=hkklZg^Zjl�Jhkkbb�^hdmf_gl�©J_dhf_g^Zpbb�ih�
f_ljheh]bb��=KB��Ijh\_jdZ�gZ�dZq_kl\h�ijh\_^_gby�bkiulZgbc�Zddj_^blh�
\Zgguo�bkiulZl_evguo�eZ[hjZlhjbc�ibs_\uo�ijh^mdlh\�b�ijh^h\hevkl\_g�
gh]h�kujvyª��<�J_dhf_g^Zpbyo�hljZ`_gu��ihjy^hd�hj]ZgbaZpbb�b�ijh\_^_gby�
f_`eZ[hjZlhjguo�kjZ\gbl_evguo�bkiulZgbc��FKB���lj_[h\Zgby�d�h[jZapZf�
^ey�ijh\_^_gby�FKB��ihjy^hd�bo�kha^Zgby�b�^himkdZ�d�ijbf_g_gbx��j_dh�
f_g^m_fuc�Ze]hjblf�hp_gdb�lhqghklb�j_amevlZlh\�baf_j_gbc��ihemq_gguo�\�
oh^_�FKB��lj_[h\Zgby�d�hj]ZgbaZlhjZf�ijh\_^_gby�FKB�–�dhhj^bgZlhjZf�b�
ihjy^hd�ijh\_jdb�bo�l_ogbq_kdhc�dhfi_l_glghklb� 
 ����JZajZ[hlZgZ�j_dhf_g^Zpby�FB�����-�����©Ijh\_jdZ�ijb]h^ghklb�d�
ijbf_g_gbx�\�eZ[hjZlhjbb�j_Zdlb\h\� k�bkl_drbf� kjhdhf�ojZg_gby�ih�j_�
amevlZlZf�\gmljbeZ[hjZlhjgh]h�dhgljhey�lhqghklb�baf_j_gbcª��<�gZklhys__�
\j_fy� ijh\h^blky� \g_^j_gb_� wlh]h� ^hdmf_glZ� \� ^_yl_evghklv� eZ[hjZlhjbc��
Zddj_^blh\Zgguo� \� Kbkl_f_� Zddj_^blZpbb� ZgZeblbq_kdbo� eZ[hjZlhjbc�
�K::E�� 

����Ih�aZdZam�N_^_jZevgh]h�mijZ\e_gby�©F_^[bhwdklj_fª�jZajZ[hlZgu�
\�jZg]_�hljZke_\h]h�^hdmf_gl�©F_lh^bq_kdb_�mdZaZgby��F_lh^bdb�dhebq_kl�
\_ggh]h�ZgZebaZ�khklZ\Z�ijh[�[bheh]bq_kdbo�h[t_dlh\� �fZl_jbZeh\���h[t_d�
lh\�hdjm`Zxs_c�ijbjh^ghc�kj_^u��H[sb_�lj_[h\Zgby�d�jZajZ[hld_�b�Zll_�
klZpbbª� 
 ����>ey�bkihevah\Zgby� \�ijZdlbq_kdhc� jZ[hl_� eZ[hjZlhjbc� hj]ZgbaZ�
pbc�b�mqj_`^_gbc�N_^_jZevgh]h�mijZ\e_gby�©F_^[bhwdklj_fª�jZajZ[hlZgu�
ke_^mxsb_�^hdmf_glu� 

- F_lh^bq_kdbc� fZl_jbZe�� L_ogbq_kdb_� kj_^kl\Z� baf_jbl_evguo�
ZgZeblbq_kdbo� eZ[hjZlhjbc��DeZkkbnbdZpby�� lj_[h\Zgby� d�f_ljh�
eh]bq_kdhfm�h[_ki_q_gbx� 

- L_ogbq_kdb_� kj_^kl\Z�ih^]hlh\db��h[jZ[hldb�h[jZaph\� �ijh[��^ey�
ZgZebaZ��Ijh]jZffZ�b�f_lh^bdZ�Zll_klZpbb�k�bkihevah\Zgb_f�Ze]h�
jblfh\�dhgljhey�ih]j_rghklb�j_amevlZlh\�baf_j_gbc� 

- L_ogbq_kdb_� kj_^kl\Z� \� ZgZeblbq_kdhf� dhgljhe_�� Lbih\Zy� ijh�
]jZffZ� b�f_lh^bdZ� Zll_klZpbb� i_q_c�fmn_evguo� k�fZdkbfZevghc�
l_fi_jZlmjhc�^h������HK� 

- L_ogbq_kdb_� kj_^kl\Z� \� ZgZeblbq_kdhf� dhgljhe_�� Lbih\Zy� ijh�
]jZffZ�b�f_lh^bdZ�Zll_klZpbb�rdZnh\�kmrbevguo�k�l_fi_jZlmjhc�
^h�����HK� 

 ���� <� ����� ]�� kh\f_klgh� k� Bgklblmlhf� wdheh]bq_kdhc� lhdkbdheh]bb�
bf�:�F�;_cfZ� [ueb� ijh\_^_gu� \� jZfdZo� i_j\h]h� wlZiZ� Jhkkbckdh-
Zf_jbdZgkdh]h�ijh_dlZ��Bg\_glZjbaZpby�bklhqgbdh\�KHK�\�Jhkkbb��f_`eZ�
[hjZlhjgu_� kjZ\gbl_evgu_�bkiulZgby� �FKB��ih�hij_^_e_gbx�kh^_j`Zgbc�
iheboehjbjh\Zgguo� ^b[_gah-i-^bhdkbgh\� �IO>>�� b� ^b[_gahnmjZgh\�
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�IO>N��kj_^b�eZ[hjZlhjbc�Jhkkbb��<�wdki_jbf_gl_�ijbgyeb�mqZklb_���eZ[h�
jZlhjbc��Zddj_^blh\Zgguo�\�K::E��Bkihevah\Zgguc�ijb�ijh\_^_gbb�wdki_�
jbf_glZ�h[jZa_p�^ey�dhgljhey� �HD��ij_^klZ\eye�kh[hc�lhie_gh_�keb\hqgh_�
fZkeh�k�ba\_klgufb�kh^_j`Zgbyfb�IO>>�b�IO>N��JZajZ[hldm�b�Zll_klZpbx�
HD�hkms_kl\eye�Obfbdh-ZgZeblbq_kdbc�p_glj�GIH� �LZcnmg�� �]�H[gbgkd), 
wdki_jlbam� -�MGBBF��gZ�dhlhjuc�=hkklZg^Zjlhf�Jhkkbb�\haeh`_gu�nmgd�
pbb�gZmqgh-f_lh^bq_kdh]h�p_gljZ��GFP��ih�h[_ki_q_gbx�_^bgkl\Z�baf_j_�
gbc� ijb� ijh\_^_gbb� k_jlbnbdZpbhgguo� bkiulZgbc� ibs_\hc� ijh^mdpbb� b�
ijh^h\hevkl\_ggh]h�kujvy��HD�aZj_]bkljbjh\Zg�\�j__klj_�h[jZaph\��ki_pb�
Zevgh�ij_^gZagZq_gguo�^ey�ijh\_^_gby�FKB�� 
 ����<������]h^m�\�dZq_kl\_�dhhj^bgZlhjZ�MGBBF�hj]Zgbah\Zgh�ijh\_�
^_gb_�ke_^mxsbo�<k_jhkkbckdbo�FKB� 
 

��i�i 
Dhgljhebjm_fuc�

h[t_dl 
=jmiiu�dhgljhebjm_fuo 

ihdZaZl_e_c 

Dhebq_kl\h�
eZ[hjZlhjbc-
mqZklgbdh\ 

FKB�kj_^b�Zddj_^blh\Zgguo�bkiulZl_evguo�eZ[hjZlhjbc�ibs_\hc�ijh^mdpbb 
1.  Kmoh_�fhehdh Ly`_eu_�f_lZeeu 88 
2.  KZoZj Ly`_eu_�f_lZeeu 81 
3.  DZimklZ I_klbpb^u 115 
 

��i�i 
Dhgljhebjm_fuc�

h[t_dl 
=jmiiu�dhgljhebjm_fuo 

ihdZaZl_e_c 

Dhebq_kl\h�
eZ[hjZlhjbc-
mqZklgbdh\ 

FKB�\�jZfdZo�p_e_\hc�ijh\_jdb�ijb�ijh\_^_gbb�]hkm^Zjkl\_ggh]h� 
f_ljheh]bq_kdh]h�gZ^ahjZ 

4.  ;_gabg IhdZaZl_eb�dZq_kl\Z 70 
5.  Ku\hjhldZ�djh\b ;bhobfbq_kdb_�ihdZaZl_eb 70 
6.  Iblv_\Zy�\h^Z F_lZeeu�b�[bh]_ggu_�we_f_glu 100 
7.  <h^dZ Lhdkbqgu_�fbdjhijbf_kb 100 
 
 J_amevlZlu�FKB�[m^ml�bkihevah\Zgu�^ey�dhfie_dkghc�hp_gdb�dZq_kl�
\Z� bkiulZgbc�� ijh\h^bfuo� Zddj_^blm_fufb� eZ[hjZlhjbyfb�� hilbfbaZpbb�
ijhp_^mj�bgki_dpbhggh]h�dhgljhey�bo�^_yl_evghklb��\ujZ[hldb�f_oZgbafZ�
\g_^j_gby�\�ijZdlbdm�]hkm^Zjkl\_ggh]h�f_ljheh]bq_kdh]h�gZ^ahjZ�wdki_jb�
f_glZevguo�f_lh^h\�hp_gdb�dZq_kl\Z�baf_j_gbc� 

����K�p_evx�hp_gdb�dZq_kl\Z�\uihegy_fuo�jZ[hl�\�eZ[hjZlhjbyo�hj]Z�
gbaZpbc� b� mqj_`^_gbc�N_^_jZevgh]h� mijZ\e_gby�f_^bdh-[bheh]bq_kdbo� b�
wdklj_fZevguo�ijh[e_f�ijb�Fbga^jZ\_�JN�[ueb�hj]Zgbah\Zgu�b�ijh\_^_gu�
f_`eZ[hjZlhjgu_� kebqbl_evgu_� bkiulZgby� �FKB�� \� ��� debgbdh-
^bZ]ghklbq_kdbo�eZ[hjZlhjbyo�b�\����eZ[hjZlhjbyo�kem`[u�=KWG�\�khklZ\_�
hj]ZgbaZpbc� b� mqj_`^_gbc�N_^_jZevgh]h� mijZ\e_gby� ©F_^[bhwdklj_fª��<�
dZq_kl\_�h[jZaph\�^ey�dhgljhey�bkihevah\Zgu�]hkm^Zjkl\_ggu_�klZg^Zjlgu_�
h[jZapu�khklZ\Z�ebhnbebabjh\Zgghc�ku\hjhldb�djh\b� �=KH� ����-����b�kh�
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klZ\Z�ijbjh^ghc�\h^u�oehjb^gh-kmevnZlgh-gZljb_\h]h�lbiZ��=KH�����-92), 
dhlhju_�[ueb�jZahkeZgu�\�eZ[hjZlhjbb�\�\b^_�rbnjh\Zgguo�ijh[��H[jZ[hl�
dZ� j_amevlZlh\� baf_j_gbc�� ihemq_gguo� dZ`^hc� ba� eZ[hjZlhjbc-mqZklgbdh\�
FKB��\uiheg_gZ�MGBBF��>ey�hp_gdb�dZq_kl\Z�j_amevlZlh\�bkihevah\Zg�Ze�
]hjblf��iha\heb\rbc�hp_gblv�dZq_kl\h�j_amevlZlh\�bkiulZgbc�ih�dZ`^hfm�
dhgljhebjm_fhfm�ihdZaZl_ex�\�dZ`^hc�eZ[hjZlhjbb��Z�lZd`_�dZq_kl\h�jZ[h�
lu�eZ[hjZlhjbc�\�kbkl_f_�N_^_jZevgh]h�MijZ\e_gby�\�p_ehf��MGBBF�� 

>_yl_evghklv�\�jZfdZo�Kbkl_fu�Zddj_^blZpbb�ZgZeblbq_kdbo�eZ�

[hjZlhjbc�� 
����>_yl_evghklv�MGBBF�\�dZq_kl\_�GZmqgh-f_lh^bq_kdh]h�p_gljZ�
K::E 

 Ijh\_^_gu�jZ[hlu� 
- ih�dhgljhex� aZ�^_yl_evghklvx�hj]Zgh\�ih�Zddj_^blZpbb�ZgZeblb�

q_kdbo�eZ[hjZlhjbc��kha^Zgguo�gZ�[Za_�PKFbK�J_kim[ebdb�;Zr�
dhjlhklZg��LZlZjklZgkdh]h�PKFbK��KZfZjkdh]h�PKFbK��DjZkgh�
^Zjkdh]h�PKFbK��DjZkgh^Zjkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��
PKB:D� Fbgijbjh^u� J_kim[ebdb� LZlZjklZg�� HHH� �:ddj_^blZ�
pby�� 

- ih�ih^]hlh\d_�b�Zddj_^blZpbb�K_j]b_\-IhkZ^kdh]h�PKF�\�dZq_kl\_�
hj]ZgZ�ih�Zddj_^blZpbb�ZgZeblbq_kdbo�eZ[hjZlhjbc� 

- ih�ijh\_^_gbx�bgki_dpbhggh]h�dhgljhey�\�nhjf_�FKB�Zddj_^blh�
\Zgguo�\�K::E�eZ[hjZlhjbc� 

 
����>_yl_evghklv�MGBBF�\�dZq_kl\_�hj]ZgZ�ih�Zddj_^blZpbb�ZgZeb�

lbq_kdbo�eZ[hjZlhjbc 
  Ijh\_^_gu�jZ[hlu� 

- ih�Zddj_^blZpbb��-]h�hj]ZgZ�ih�Zddj_^blZpbb�ZgZeblbq_kdbo�eZ[h�
jZlhjbc�b���-hc�ZgZeblbq_kdhc�eZ[hjZlhjbb� 

- ih�bgki_dpbhgghfm�dhgljhex� aZ�^_yl_evghklvx� ���Zddj_^blh\Zg�
guo�eZ[hjZlhjbc� 

- ih�jZkrbj_gbx�h[eZklb�Zddj_^blZpbb����Zddj_^blh\Zgguo�eZ[hjZ�
lhjbc� 

- ih�ih\lhjghc�Zddj_^blZpbb����eZ[hjZlhjbc� 
 Ki_pbZebklu�hj]ZgZ�ih�Zddj_^blZpbb�MGBBF�j_]meyjgh�hkms_kl\ey�
xl�ijh\_^_gb_�dhgkmevlZpbc�ih�\hijhkZf�Zddj_^blZpbb�ZgZeblbq_kdbo�eZ�
[hjZlhjbc�b�f_ljheh]bq_kdhfm�h[_ki_q_gbx�bo�^_yl_evghklb�� 
 

�>_yl_evghklv�MGBBF� \� h[eZklb�f_ljheh]bq_kdh]h� h[_ki_q_gby�

klZg^Zjlguo�h[jZaph\� <������]��ki_pbZebklZfb�eZ[hjZlhjbb�f_ljheh]bq_�
kdh]h� h[_ki_q_gby� DO:� MGBBF� ijh^he`_gu� jZ[hlu� ih� kha^Zgbx� klZg�
^Zjlguo�h[jZaph\�khklZ\Z�qbkluo�\_s_kl\�b�bo�jZkl\hjh\��ij_^gZagZq_gguo�
^ey� f_ljheh]bq_kdh]h� h[_ki_q_gby� dhebq_kl\_ggh]h� obfbq_kdh]h� ZgZebaZ�
h[t_dlh\�hdjm`Zxs_c�kj_^u��ibs_\hc�ijh^mdpbb��iblv_\hc�\h^u�b�l�^��Kh�
\f_klgh�k�bgklblmlZfb�J:G�b�jZaebqgufb�hljZke_\ufb�bgklblmlZfb�jZajZ�
[hlZgh�k\ur_����lbih\�=KH�khklZ\Z�jZkl\hjh\�bhgh\�f_lZeeh\�b�g_f_lZeeh\��
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i_klbpb^h\��n_gheh\�b�oehjn_gheh\��Hkh[h_�\gbfZgb_�m^_ey_lky�kha^Zgbx�
klZg^Zjlguo�h[jZaph\�khklZ\Z�ibs_\uo�ijh^mdlh\�gZ�_kl_kl\_gghc�hkgh\_��<�
gZklhys__�\j_fy�fZl_jbZeu�ih�jZajZ[hld_���lbih\�KH�khklZ\Z�ibs_\uo�ijh�
^mdlh\�b�ijbjh^ghc� \h^u�ih^]hlh\e_gu� d�ij_^klZ\e_gbx�gZ�f_ljheh]bq_�
kdmx�wdki_jlbam�k�p_evx�\g_k_gby�\�=hkm^Zjkl\_gguc�j__klj� 
 Ijh\_^_gZ� Zll_klZpby� ���F<B�� ij_^gZagZq_gguo� ^ey� bkihevah\Zgby�
ijb�Zll_klZpbhgghf�ZgZeba_�KH��hdZaZgZ�f_lh^bq_kdZy�ihfhsv�jZaebqguf 
ij_^ijbylbyf�b� hj]ZgbaZpbyf� \� jZajZ[hld_� k\ur_� ��� lbih\�KH�dZl_]hjbb�
�klZg^Zjlguc�h[jZa_p�ij_^ijbylby�� 

 
�>_yl_evghklv�MGBBF� \� h[eZklb�f_ljheh]bq_kdh]h� h[_ki_q_gby�

kj_^kl\�baf_j_gbc�� <�khhl\_lkl\bb�k�ihjmq_gbyfb�=hkklZg^ZjlZ�Jhkkbb�k�
p_evx�ml\_j`^_gby�lbiZ�ijh\_^_gu�bkiulZgby��-fb�lbih\�kj_^kl\�baf_j_�
gbc� �KB���ij_^gZagZq_gguo�^ey�k_jbcgh]h�ijhba\h^kl\Z�beb�k_jbcguo�ih�
klZ\hd� 
 Ih�aZy\dZf�ij_^ijbylbc�ijh\_^_gu�bkiulZgby����_^bgbqguo�wda_fi�
eyjh\�KB�k�ml\_j`^_gb_f�lbiZ�b�\dexq_gb_f�\�=hkm^Zjkl\_gguc�j__klj�KB. 
 Ijh\_^_gZ�ih\_jdZ����KB��hkgh\Zgguo�gZ�f_lh^Zo�nbabdh-obfbq_kdh]h�
ZgZebaZ� 

Ijh\_^_gZ�Zll_klZpby����_^bgbp�bkiulZl_evgh]h�h[hjm^h\Zgby�\�khhl�
\_lkl\bb�k�=HKL���������MGBBF).  

 
<GBBF�bf��>�B��F_g^_e__\Z������<�gZklhys__�\j_fy�ijb�ijh\_^_gbb�

dhebq_kl\_ggh]h� obfbq_kdh]h� ZgZebaZ�� hkh[_ggh� \� lZdbo� \Z`guo� h[eZklyo�
dZd� wdheh]by�� dhgljhev� dZq_kl\Z� ibs_\uo� ijh^mdlh\� b� a^jZ\hhojZg_gby��
m\_ebqb\Z_lky�bgl_j_k�d�klZg^Zjlguf�h[jZapZf�b�fZl_jbZeZf��^ey�dhlhjuo�
ijhke_`b\Z_lky� k\yav� k� gZpbhgZevgufb� ]hkm^Zjkl\_ggufb� wlZehgZfb��>ey�
lZdbo� klZg^Zjlguo� h[jZaph\� aZ� jm[_`hf� ijbgylu� ki_pbZevgu_� l_jfbgu�
“primary reference materials´� b� ³standard primary reference materials´��GBKL�
KR:�\uimkdZ_l�_`_]h^gh�hdheh�����lbih\�PRM�b������lbih\�SRM��<�p_eyo�
dhhj^bgZpbb�jZ[hl�ih�kha^Zgbx�wlZehgguo�fZl_jbZeh\�\h�<GBBF�kha^ZgZ�
Kem`[Z� wlZehgguo�fZl_jbZeh\� b� jZajZ[hlZg� dZlZeh]�FB� ����-����� ³=KB��
WlZehggu_�fZl_jbZeu´��]^_�kh[jZgZ�bgnhjfZpby�h[�h[jZapZo��dhlhju_�bf_�
xl�klZlmk�PRM�b�SRM.  

����<�k\yab�kh�klj_fe_gb_f�\_^msbo�kljZg�fbjZ�h[_ki_qblv�[he__�ihe�
gmx�bgl_]jZpbx�\�\hijhkZo�wdheh]bq_kdhc�b�kZgblZjghc�[_ahiZkghklb��mkl�
jZg_gby�jZaebqguo�[Zjv_jh\�\�f_`^mgZjh^guo�lhj]h\uo�hlghr_gbyo�k������
]��ih^� w]b^hc�Consultative Committee for Amount of Substance –�DhgkmevlZ�
lb\gh]h�dhfbl_lZ�ih�dhebq_kl\m�\_s_kl\Z�kh\f_klgh�k�?<J:OBF��BXI:D��
?<JHF?L� b� ^jm]bfb� j_]bhgZevgufb� f_ljheh]bq_kdbfb� hj]ZgbaZpbyfb�
ijh\h^ylky�bgl_gkb\gu_�jZ[hlu�ih�mklZgh\e_gbx�wd\b\Ze_glh\�gZpbhgZev�
guo�wlZehgh\�b�\aZbfghfm�ijbagZgbx�j_amevlZlh\�baf_j_gbc�b�dZeb[jh\hd��
<�ihke_^gb_�^\Z�]h^Z�[hevrhc�jZafZo�ijbh[j_eb�lZd�gZau\Z_fu_�dexq_\u_�
kebq_gby��EZ[hjZlhjby�=hkm^Zjkl\_gguo�wlZehgh\�\�h[eZklb�ZgZeblbq_kdbo�
baf_j_gbc�\������]��ijbgyeZ�mqZklb_�\�F_`^mgZjh^guo�kebq_gbyo�\�h[eZklb�� 
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�]Zah\h]h�ZgZebaZ�-�[_gahe��lhemhe�b�dkbehe�\�Zahl_��CCQM-K����iZju�wlZgheZ�
\�\ha^mo_��EUROMET�������]jZ\bf_ljby�\�]Zah\hf�ZgZeba_��CCQM-J���� 

g_hj]Zgbq_kdh]h�ZgZebaZ�-�k\bg_p�\�\bg_��CCQM-J�����dZ^fbc�b�k\bg_p�\�
^hgguo�hleh`_gbyo��CCQM-K13); 

hj]Zgbq_kdh]h�ZgZebaZ�-�ihoehjbjh\Zggu_�[bn_gbeu�\�^hgguo�hleh`_gb�
yo��CCQM-J����b�i_klbpb^u�\�ju[v_f�`bj_��CCQM-K21). 

Ij_^eh`_gZ� dhgp_ipby� obfbq_kdhc� b^_glbnbdZpbb� �dZq_kl\_ggh]h�
obfbq_kdh]h� ZgZebaZ�� dZd� ijbgylby� deZkkbnbdZpbhggh]h� j_r_gby� wdki_j�
lhf-obfbdhf�\�j_amevlZl_�wdki_jbf_glZevghc�ijh\_jdb�b^_glbnbdZpbhgguo�
]bihl_a��<�dZq_kl\_�ihdZaZl_e_c�ijZ\bevghklb��gZ^_`ghklb��b^_glbnbdZpbb�
ij_^eh`_gu�g_hij_^_e_gghklb� I�b� II �jh^Z��jZ\gu_�\_jhylghklyf�ihy\e_gby�
eh`guo�hljbpZl_evguo�b�iheh`bl_evguo�j_amevlZlh\�khhl\_lkl\_ggh��Mjh�
\_gv�g_hij_^_e_gghklb�b^_glbnbdZpbb��gbadZy��ijhf_`mlhqgZy�beb�\ukhdZy�
g_hij_^_e_gghklv�� hp_gb\Z_lky� iml_f� hij_^_e_gby� ihdZaZl_e_c� koh^kl\Z�
wdki_jbf_glZevguo� ^Zgguo�� hlghkysboky� d� hij_^_ey_fuf� kh_^bg_gbyf�� b�
wlZehgguo� ^Zgguo� ^ey� jZaebqguo� \_s_kl\��IhdZaZl_eyfb� koh^kl\Z� �djbl_�
jbyfb�b^_glbnbdZpbb��fh]ml�[ulv�jZaghklb�agZq_gbc�h^ghf_jguo�nbabq_�
kdbo� \_ebqbg�� dhwnnbpb_glu� dhjj_eypbb�� jZaebqgu_� iZjZf_lju� ih^h[by�
ki_dljZevguo�^Zgguo��mjh\gb�agZqbfhklb�b�^j� 

<�jZfdZo�f_`^mgZjh^guo�kebqbl_evguo�wdki_jbf_glh\�b�^jm]bo�bkke_�
^h\Zgbc�ijh\_^_gZ�b^_glbnbdZpby�ijbf_k_c�\�m]e_\h^hjh^guo�jZkl\hjbl_�
eyo��\�qbkluo�h[jZapZo�gZnlZebgZ�b�[_gahcghc�dbkehlu��b^_glbnbdZpby�ih�
eby^_jguo� ZjhfZlbq_kdbo� m]e_\h^hjh^h\� \� hloh^ysbo� ]ZaZo� ijhba\h^kl\Z�
Zexfbgby��Ijbf_g_gu�fgh`_kl\_ggu_�djbl_jbb�b^_glbnbdZpbb��\dexqZx�
sb_�klZlbklbq_kdb_�b�jZaghklgu_�ihdZaZl_eb�koh^kl\Z�fZkk-ki_dljh\�b�]Zah�
ojhfZlh]jZnbq_kdbo� bg^_dkh\� m^_j`b\Zgby�� Z� lZd`_� Zijbhjgmx� bgnhjfZ�
pbx�\�khhl\_lkl\bb�k�;Zc_kh\kdbf�ih^oh^hf�\�klZlbklbd_��Fresenius J. Anal. 
Chem., v.367, No7, p.621-634.- 2000 

�JZajZ[hlZg� f_lh^� ]ZahojhfZlh]jZnbq_kdh]h� hij_^_e_gby� kh^_j`Zgby�
ijbf_k_c�\�]_ebb�\ukhdhc�b�k\_jo\ukhdhc�qbklhlu�k�kh^_j`Zgb_f�hkgh\gh]h�
dhfihg_glZ� ������-����������gZ�dhfie_dk_�ZiiZjZlmju��\oh^ys_c�\�khklZ\�
=hkm^Zjkl\_ggh]h�i_j\bqgh]h�wlZehgZ�=WL����-����Hij_^_ey_fu_�dhfihg_g�
lu��g_hg��\h^hjh^��Zj]hg��dbkehjh^��Zahl��hdkb^�b�^bhdkb^�m]e_jh^Z��f_lZg��
djbilhg�� dk_ghg�� m]e_\h^hjh^u�K1-K4��>bZiZahg�baf_j_gbc�fheyjghc�^heb�
ijbf_k_c�-hl������^h����feg-1

��<uiheg_gb_�baf_j_gbc�gZ�dhfie_dk_�ZiiZjZ�
lmju�=WL����-���h[_ki_qb\Z_l� 
• ZgZeblbq_kdbc�dhgljhev�ijb�\uimkd_�wlZehgguo�h[jZaph\�]_eby� 
• ijh\_^_gb_� k_jlbnbdZpbb� h[jZaph\� ]_eby��\uimkdZ_fh]h�ijhfure_ggh�

klvx� 
• \uimkd�]Zah\uo�kf_k_c- -�wlZehgh\�kjZ\g_gby��Zll_klZpby�dhlhjuo�gZ�ZiiZ�

jZlmj_�dhfie_dkZ�fh`_l�[ulv�ijh\_^_gZ�k�hlghkbl_evghc�ih]j_rghklvx���
��\�^bZiZahg_�hl���^h����feg-1

�b�����\�^bZiZahg_�hl����^h�����feg-1. 
Ihemq_ggu_�j_amevlZlu�\g_^jyxlky�^ey�dhfie_dkgh]h�f_ljheh]bq_kdh�

]h� h[_ki_q_gby� dhgljhey� ijh^mdpbb�ijb�ijhba\h^kl\_� ]_eby�gZ�Hj_g[mj]�
kdhf�]_eb_\hf�aZ\h^_��<GBBF). 
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 Ijh\_^_gZ�ijh\_jdZ�jhkkbckdbo�klZg^Zjlh\�gZ�f_lh^u�ZgZebaZ�^jZ]h�
p_gguo�f_lZeeh\��bo�kieZ\h\�b�bkoh^guo�ijh^mdlh\�^ey�bo�ihemq_gby��IhdZ�
aZgh��qlh�[hevrbgkl\h�klZg^Zjlh\�jZajZ[hlZgh���-���e_l�gZaZ^��hgb�mklZj_eb�
b�g_�khhl\_lkl\mxl�lj_[h\Zgbyf�hl_q_kl\_gguo�b�f_`^mgZjh^guo�hkgh\hih�
eZ]Zxsbo�f_ljheh]bq_kdbo�^hdmf_glh\��JZajZ[hlZgu�j_dhf_g^Zpbb�ih�fh�
^_jgbaZpbb�ghjfZlb\ghc�[Zau�ZgZeblbq_kdh]h�dhgljhey�ijhba\h^kl\Z�^jZ]h�
p_gguo�f_lZeeh\��=bj_^f_l). 

H[h[s_gu�ebl_jZlmjgu_�^Zggu_�ih�Ze]hjblfZf�\gmljbeZ[hjZlhjgh]h�
dhgljhey�b�hp_gdb�klZlbklbq_kdbo�oZjZdl_jbklbd�obfbq_kdh]h�ZgZebaZ��<u�
[jZgu�hilbfZevgu_�Ze]hjblfu�lZdh]h�dhgljhey��jZajZ[hlZgZ�dhfivxl_jgZy�
ijh]jZffZ� �Qcontrol��� j_dhf_g^h\ZggZy� d� bkihevah\Zgbx� =hkklZg^Zjlhf�
Jhkkbb��J_dhf_g^Zpbb�J���������-2000) (BGOK�J:G). 
 AZ\_jr_gh�bamq_gb_�obfbafZ�ijhp_kkh\��e_`Zsbo�\�hkgh\_�[bojhfZl�
gh]h�hij_^_e_gby�OID��GZ�hkgh\Zgbb�ihemq_gguo�j_amevlZlh\�ihdZaZgZ�g_�
ijZ\hf_jghklv� ijbf_g_gby� ^ey� dhgljhey� f_ljheh]bq_kdbo� oZjZdl_jbklbd�
f_lh^bd� hij_^_e_gby� OID� lhevdh� [bnlZeZlZ� dZeby�� \bgghc� dbkehlu� beb�
]exdhau��H[hkgh\Zg�khklZ\�klZg^Zjlghc�kf_kb��mdkmkgZy�dbkehlZ�b�^bf_lbe�
nhjfZfb^�\�jZ\guo�dhebq_kl\Zo��Fhkdh\kdbc�IM). 

Ijh\_^_gZ�^hjZ[hldZ�bf_xsboky�ghjfZlb\guo�^hdmf_glh\�ih�f_ljh�
eh]bq_kdhfm� h[_ki_q_gbx� ZgZebaZ��Hgb�hnhjfe_gu�\�\b^_�ijbeh`_gby�ih�
]jmiiZf� h^ghjh^ghc�ijh^mdpbb�� oe_[�b� oe_[h[mehqgu_�ba^_eby��fhehdh�b�
fhehqgu_�ijh^mdlu��ju[Z�b�ju[hijh^mdlu��fykh�b�ijh^mdlu�_]h�i_j_jZ[hl�
db���\h^u�iblv_\u_�b�fbg_jZevgu_��djmiZ��fmdZ�b�ijh^mdlu�i_j_jZ[hldb� 

Ijh\h^blky�jZ[hlZ�ih�klZg^ZjlbaZpbb�f_lh^bd�dhebq_kl\_ggh]h�obfb�
q_kdh]h�ZgZebaZ�\�\b^_�=HKL�J� 

=HKL�J��GZibldb�[_aZedh]hevgu_��<h^Z�fbg_jZevgZy�b�iblv_\Zy��Bg�
\_jkbhggh-\hevlZfi_jhf_ljbq_kdbc�f_lh^�hij_^_e_gby�fZkkh\hc�^heb�
k_e_gZ�� 
=HKL�J��Ijh^mdlu�ibs_\u_�b�ijh^h\hevkl\_ggh_�kujv_��Bg\_jkbhg�
gh-\hevlZfi_jhf_ljbq_kdbc�f_lh^�hij_^_e_gby�fZkkh\hc�^heb�furv�
ydZ�� 
=HKL�J��GZibldb�Zedh]hevgu_�b�[_aZedh]hevgu_��<h^Z�fbg_jZevgZy�b�
iblv_\Zy��Bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdb_�f_lh^u�hij_^_e_gby�
fZkkh\uo� dhgp_gljZpbc�furvydZ�b�jlmlb�� �Lhfkdbc�IM��eZ[hjZlh�
jby�fbdjhijbf_k_c). 

JZajZ[hldZ�klZg^Zjlguo�h[jZaph\�khklZ\Z 
 
<g_k_g�\�=hkm^Zjkl\_gguc�j__klj�ml\_j`^_gguo�lbih\�dhfie_dl�ba���

klZg^Zjlguo� h[jZaph\� khklZ\Z� ]jZnblh\h]h� dhee_dlhjZ� fbdjhijbf_k_c�
(KH=-����=KH�����-2000)��\�dhlhjhf�Zll_klh\ZgZ�fZkkh\Zy�^hey����ijbf_k�
guo�we_f_glh\�\�^bZiZahg_�Q.10-5-1.10-2

���KH=-���ij_^gZagZq_g�^ey�f_ljheh�
]bq_kdh]h�h[_ki_q_gby�obfbdh-ki_dljZevguo�f_lh^bd�ZgZebaZ� �\�lhf�qbke_�
k_ju�� k_e_gZ�� l_eemjZ� hkh[hc� qbklhlu���<� oh^_� \uimkdZ� ih\lhjghc� iZjlbb�
=KH�fZkkh\hc�^heb�jlmlb��dhfie_dl�KHJl��=KH�����-����mkh\_jr_gkl\h\ZgZ�
l_ogheh]by�kbgl_aZ�b�ijhp_^mjZ�Zll_klZpbhgguo�bkke_^h\Zgbc��qlh�iha\heb�
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eh� kms_kl\_ggh� memqrblv� f_ljheh]bq_kdb_� oZjZdl_jbklbdb� fZl_jbZeh\�
(M=LM-MIB��dZn_^jZ�NOF:). 
 JZajZ[hlZgZ�b�Zll_klh\ZgZ�f_lh^bdZ�hij_^_e_gby�h[t_fghc�^heb�m]e_�
\h^hjh^h\�K1 –�K4 \�fgh]hdhfihg_glguo�]Zah\uo�kf_kyo��\�lhf�qbke_�ijb�
jh^ghf�ihimlghf�]Za_��\�^bZiZahg_�hl���^h������h[���GBBObfbb�Gb`_]h�
jh^kdh]h=M). 
 �Ijh\_^_gu� bkke_^h\Zgby� h^ghjh^ghklb� h[jZapZ� ]jZgZl-[bhlblh\h]h�
ieZ- 
]bh]g_ckZ��hlh[jZggh]h�gZ�h��Hevohg���ih^]hlh\e_ggh]h�\�dZq_kl\_�dZg^b^ZlZ�
^ey� jZajZ[hldb�fgh]hwe_f_glgh]h� klZg^Zjlgh]h�h[jZapZ� k� ]hkm^Zjkl\_gghc�
Zll_klZpb_c��GZ�hkgh\_�^Zgguo�ih�jZkij_^_e_gbx�we_f_glh\�\�ihjh^Zo�^Zg�
ghc�nhjfZpbb�b�dhgdj_lgh��\�jZaebqguo�]jZgmehf_ljbq_kdbo�njZdpbyo�wlh]h�
h[jZapZ��ihemq_gZ�hp_gdZ�\ZjbZ[_evghklb�jZaebqguo�we_f_glh\��qlh�iha\h�
ebeh�jZg`bjh\Zlv�we_f_glu�ih�\_ebqbg_�ihl_gpbZevghc�g_h^ghjh^ghklb��K�
bkihevah\Zgb_f� dhee_dpbb� we_f_glh\-bg^bdZlhjh\� h^ghjh^ghklb� b� wdki_�
jbf_glZevgh]h�bamq_gby�����miZdh\hd�h[jZapZ��dhee_dpby��o����j_gl]_ghn�
emhj_kp_glguf�f_lh^hf�gZ�d\Zglhf_lj_�KJF-���[ueb�ihemq_gu�qbke_ggu_�
hp_gdb�ih]j_rghklb�g_h^ghjh^ghklb�^ey�\k_o�we_f_glh\��ieZgbjm_fuo�\�Zl�
l_klZpbx��<� [hevrbgkl\_� kemqZ_\� hgb� g_� ihlj_[mxl� mq_lZ� \� \_ebqbg_�ih�
]j_rghklb�Zll_klZpbb��H^ghjh^ghklv�ijh[u�ih^l\_j`^_gZ�lZd`_�bkke_^h\Z�
gbyfb�k�ihfhsvx�wg_j]h^bki_jkbhggh]h�j_gl]_ghnemhj_kp_glgh]h�ZgZebaZ�
\�eZ[hjZlhjbb�Hldjulh]h�mgb\_jkbl_lZ�\�Fbelhg�D_cg_k�\�:g]ebb��<uihe�
g_ggu_�bkke_^h\Zgby�iha\hebeb�j_dhf_g^h\Zlv�h[jZa_p�*%3J-��^ey�ijh\_�
^_gby�bkke_^h\Zgbc�\���jZmg^_�*(237��F_`^mgZjh^gZy�ijh]jZffZ�ijhn_k�
kbhgZevgh]h�l_klbjh\Zgby�]_heZ[hjZlhjbc���qlh�b�[ueh�hkms_kl\e_gh�\������
]h^m�� 

Ijh\_^_gh�kjZ\gbl_evgh_�bamq_gb_�we_f_glgh]h�khklZ\Z�jy^Z�\h^guo�
jZkl_gbc��<J��ha_jZ�;ZcdZe�k�p_evx�h[hkgh\Zgby�\u[hjZ�khhl\_lkl\mxs_]h�
klZg^Zjlgh]h� h[jZapZ� khklZ\Z�� Bkke_^h\ZggZy� dhee_dpby� \dexqZeZ�� ]hj_p�
a_fgh\h^guc��Persicaria amphibia L., S.F. Grey���j^_kl�ijhga_gghebklguc��Po-
tamogetonpefoliatus L���� jh]hebklgbd� ih]jm`_gguc� �Ceratophyllum demesum 
L����ljhklgbd�x`guc��Phrogmites australis, Cav., Trin, ex Steudel���mjmlv�dheh�
kbklZy� �Myriophyllum Spicatum L���� weh^_y� dZgZ^kdZy� �Elodea canadeusis 
Michaux���:gZeblbq_kdb_�bkke_^h\Zgby��\uiheg_ggu_�Zlhfgh-wfbkkbhgguf�
����we_f_glh\��b�Zlhfgh-Z[khj[pbhgguf�����we_f_glh\��f_lh^Zfb��ihdZaZeb��
qlh�ih�ihemq_gguf�^Zgguf�\k_�bkke_^h\Zggu_�<J�^hklZlhqgh�[ebadb��ohly�b�
gZf_qZ_lky�bo�jZa[jZdh\dZ�gZ�^\_�]jmiiu��L_f�g_�f_g__�gZ�i_j\hf�wlZi_�^hk�
lZlhqgh�hlh[jZlv�^ey� kha^Zgby� klZg^Zjlguo�h[jZaph\�<J� lhevdh�h^bg�\b^��
Ih�jy^m�^hihegbl_evguo�djbl_jb_\�gZfb�gZf_q_gZ�\�dZq_kl\_�dZg^b^ZlZ�\�
KH�weh^_y�dZgZ^kdZy��B=O�KH�J:G). 

JZajZ[hlZg�lbihjZaf_jguc�jy^�nlhjhieZklh\uo�^bgZfbq_kdbo�mklZgh�
\hd�^ey�ijb]hlh\e_gby�ih\_jhqguo�]Zah\uo�kf_k_c��I=K���FBDJH=:A-N���
Hg�\dexqZ_l�\�k_[y�h^ghdZgZevgu_�b�fgh]hdZgZevgu_�mklZgh\db��k�������b��-
fy�l_jfhklZlZfb��k�h^ghklmi_gqZluf�b�^\moklmi_gqZluf�jZa[Z\e_gb_f�fbd�
jhihlhdh\�^habjm_fuo�\_s_kl\��^bnnmg^bjmxsbo�ba�nlhjhieZklh\uo�klZ�
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[bevguo�bklhqgbdh\�fbdjhihlhdh\� ]Zah\�b�iZjh\� �KBF=I�� �FBDJH=:A���
ihf_s_gguo�\�l_jfhklZlu��MklZgh\db��FBDJH=:A-N��iha\heyxl�]hlh\blv�
I=K�k�ijbf_kyfb�]Zah\�\�^bZiZahg_�dhgp_gljZpbc�hl���-6

�^h���-1
���h[��ijb�

l_fi_jZlmjZo�hl����^h�����0K��Ih]j_rghklv�j_]mebjm_fhc�l_fi_jZlmju�\�dZ�
`^hf�l_jfhklZl_�� 0,050

K��JZaghklv�f_`^m�aZ^Zgghc�b�baf_jy_fhc�l_fi_jZ�
lmjhc�\�dZ`^hf�l_jfhklZl_������0K��=jZ^b_gl�l_fi_jZlmju�ih�^ebg_�dZf_ju�
l_jfhklZlZ������0K��Ij_^mkfhlj_gh�we_dljhggh_�baf_j_gb_�b�j_]mebjh\Zgb_�
jZkoh^h\�]ZaZ-jZa[Z\bl_ey�\�dZ`^hf�l_jfhklZl_��dZgZe_��\�^bZiZahg_�hl����^h�
����fe�fbg�k�ih]j_rghklvx��������� 

JZajZ[hlZgu�nlhjhieZklh\u_�klZ[bevgu_�bklhqgbdb�fbdjhihlhdh\�h[�
jZs_ggh]h�lbiZ�^ey�^bnnmabhggh]h�^habjh\Zgby�gbadhdbiysbo�]Zah\��>ebgZ�
g_�[he__�����ff��>bZf_lj�g_�[he__����ff��FZkkZ�g_�[he__�����]�� �Dbjh\h-
Q_i_pdbc�OD). 

F_lh^Zfb�njZdpbhggh]h�]Zah\h]h�ZgZebaZ� �N=:�� �kh\f_klgh�k�BF?L�
bf��:�:��;Zcdh\Z�J:G��gZ�ijb[hjZo�\hkklZgh\bl_evgh]h�ieZ\e_gby�LK� ����
nbjfu�LECO�k�ijb\e_q_gb_f�f_lZeeh\_^q_kdbo�bkke_^h\Zgbc�mklZgh\e_gh�
kh^_j`Zgb_�hdkb^Z�Zexfbgby�\�=KH�K=-���kl�����b�K=-���kl��RO-����k�Zll_�
klh\Zgguf�h[sbf�kh^_j`Zgb_f�dbkehjh^Z��Z�lZd`_�l_fi_jZlmjgu_�iZjZf_l�
ju�ijhp_kkZ�wdkljZdpbb��Ihemq_ggu_�j_amevlZlu�\g_k_gu��K=-���b�\ghkylky�
\�iZkihjlZ�=KH�ih�=HKL��������DZq_kl\_ggZy�b�dhebq_kl\_ggZy�bgnhjfZpby�
h�lbi_�dbkehjh^kh^_j`Zsbo�nZa�g_h[oh^bfZ�^ey�ihbkdZ�f_lh^h\�ih\ur_gby�
dZq_kl\Z�f_lZeeZ��dhgljhev�lhqghklb�hp_ghd�fh`_l�\uihegylvky�ijb�ihfhsb�
kha^Zgguo�KH��Ih^h[gu_�k\_^_gby�h�nZah\hf�khklZ\_�\�aZjm[_`guo�KH�hl�
kmlkl\mxl� 

:ll_klh\Zgu��\i_j\u_�\�Jhkkbb����lbiZ�KH�^ey�hij_^_e_gby�dbkehjh^Z�
\�f_^b� �fZkkh\Zy�^hey�dbkehjh^Z�f_g__� �������b�fZkkh\Zy�^hey�dbkehjh^Z�
��������Dbkehjh^�\_kvfZ�kms_kl\_ggh�\eby_l�gZ�wdkiemZlZpbhggu_�k\hckl\Z�
f_^b��_]h�kh^_j`Zgb_�`_kldh�j_]eZf_glbjm_lky�=hkm^Zjkl\_ggufb�klZg^Zj�
lZfb�b�ih^e_`bl�h[yaZl_evghfm�hij_^_e_gbx��\�kn_j_�=hkgZ^ahjZ���qlh�[_a�
khhl\_lkl\mxsbo�KH�g_gZ^_`gh��AZjm[_`gu_�KH�kms_kl\mxl��h^gZdh�^hjh�
]b��DZq_kl\h�Zll_klh\Zgguo�KH�gZ�mjh\g_�fbjh\uo�h[jZaph\� 

JZajZ[hlZgZ�b�ml\_j`^_gZ�hj]ZgZfb�=hkklZg^ZjlZ��J_dhf_g^Zpby��Nh�
lhwe_dljbq_kdb_� mklZgh\db� ^ey� ki_dljZevgh]h� ZgZebaZ� mgb\_jkZevgu_��F_�
lh^bdZ�ih\_jdb�\�mkeh\byo�wdkiemZlZpbb��� �kh\f_klgh�PKF-MjZel_kl��=GP�
JN�H:H��MBF���A:H��BKH����Kms_kl\m_l�\_kvfZ�hkljZy�ihlj_[ghklv�\�ih�
^h[ghc�f_lh^bd_�ih\_jdb�ijbf_gbl_evgh�dh�\k_f�^_ckl\mxsbf�\�Jhkkbb��\�
[hevrhf�dhebq_kl\_��nhlhwe_dljbq_kdbf�mklZgh\dZf��Z�\�hkh[_gghklb�–�hl_�
q_kl\_gguf��\uims_gguf�jZg__�Ehfh�b�^jm]bfb�ij_^ijbylbyfb��=GP�JN�

H:H��MBF�). 
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FZl_fZlbaZpby�b�Z\lhfZlbaZpby 
 
 J_amevlZlu� \uiheg_gguo� bkke_^h\Zgbc� k\b^_l_evkl\mxl� h� ^Zevg_c�
r_f�ijh^he`_gbb� jZ[hl� \� h[eZklb�ijbf_g_gby�fZl_fZlbq_kdbo�f_lh^h\�b�
W<F�obfbdZfb-ZgZeblbdZfb�b�jZa\blbb�wlbo�f_lh^h\�\�ke_^mxsbo�gZijZ\�
e_gbyo� 

Kha^Zgb_�f_lh^heh]bb� ijbf_g_gby� dhfivxl_jguo�f_lh^h\� \� ZgZeb�

lbq_kdhc� obfbb��JZajZ[hlZg�f_lh^� \uqblZgby� ki_dljh\�� aZj_]bkljbjh\Zg�
guo�k�ihfhsvx�ihabpbhggh�qm\kl\bl_evguo�^_l_dlhjh\��k�p_evx�dhjj_dpbb�
j_amevlZlh\� dhebq_kl\_ggh]h� Zlhfgh-wfbkkbhggh]h� ki_dljZevgh]h� ZgZebaZ��
>ey�mq_lZ�\hafh`gh]h�g_dhgljhebjm_fh]h�kf_s_gby�ki_dljh\�^jm]�hlghkb�
l_evgh�^jm]Z�bkihevah\Zgh�iZjZ[hebq_kdh_�fh^_ebjh\Zgb_�j_]bkljbjm_fuo�
kb]gZeh\�� IhdZaZgZ� wnn_dlb\ghklv� ij_^eh`_ggh]h� f_lh^Z� ijb� \uqblZgbb�
ki_dljZ�dhgljhevgh]h�hiulZ�ba�ki_dljZ�ijh[u�^ey�ih\ur_gby�ijZ\bevghklb�
j_amevlZlh\�ZgZebaZ�b�kgb`_gby�ij_^_eh\�h[gZjm`_gby�we_f_glh\�–�ijbf_�
k_c��BGO�KH�J:G�� 

F_lh^u�fgh]hf_jghc�klZlbklbdb� �j_]j_kkbhgguc�ZgZebaZ��F:NOVA, 
SEPATH��nZdlhjguc�b�^bkdjbfbgZglguc�ZgZeba��ijbf_g_gu�^ey�hij_^_e_�
gby� khklZ\Z� kf_rZgguo� jZkl\hjh\� we_dljheblh\�J_amevlZlu� baf_j_gbc� g_�
kdhevdbo� nbabdh-obfbq_kdbo� k\hckl\� jZkl\hjh\� �we_dljhijh\h^ghklv�� jG��
iehlghklv��ihdZaZl_eb�ij_ehfe_gby��hilbq_kdZy�iehlghklv�b�^j���ijb�baf_�
g_gbb�dhgp_gljZpbb�dhfihg_glh\�kf_kb�bkihevamxl�^ey�ihkljh_gby�fZl_fZ�
lbq_kdhc�fh^_eb��F_lh^�ijbgpbibZevgh�ijbf_gbf�ijb�ZgZeba_�ex[uo�kf_�
rZgguo�jZkl\hjh\�we_dljheblh\��<hjhg_`kdbc�=M).  

Kha^Zgb_�b�fh^_jgbaZpby�dhfie_dkh\�ijh]jZff�h[jZ[hldb�ZgZeblb�

q_kdhc�bgnhjfZpbb.�>ey�h[gZjm`_gby�b�h[jZ[hldb�ZgZeblbq_kdbo�kb]gZeh\�
jZajZ[hlZgZ�dhfivxl_jgZy�ijh]jZffZ��\�dhlhjhc�aZ\bkbfhklv�lhdZ�hl�ihl_g�
pbZeZ� jZkkfZljb\Z_lky� dZd� klhoZklbq_kdb� g_ij_ju\guc� gZ� bgl_j\Ze_� jZa�
\_jldb� qbkeh\hc� kemqZcguc� ijhp_kk�� kh^_j`Zsbc� hkh[_gghklb� \� h[eZklb�
ZgZeblbq_kdh]h�kb]gZeZ��Ijb�j_]bkljZpbb�hkms_kl\ey_lky�d\Zglh\Zgb_�wlhc�
aZ\bkbfhklb�ih�\j_f_gb�b�ij_h[jZah\Zgb_�j_amevlZlZ�baf_j_gby�\�pbnjh\mx�
nhjfm��Ihemq_ggZy�\u[hjhqgZy�nmgdpby�beb�j_ZebaZpby�ij_^klZ\ey_l�kh[hc�
aZrmfe_gguc� ihf_oZfb� \j_f_gghc� jy^�� kh^_j`Zsbc� lj_g^�� hij_^_ey_fuc�
iZjZf_ljZfb� jZa\_jldb�ihl_gpbZeZ��<� wlbo� mkeh\byo� Z\lhfZlbq_kdh_�h[gZ�
jm`_gb_�ZgZeblbq_kdh]h�kb]gZeZ�b�hij_^_e_gb_�_]h�\_ebqbgu�ij_^klZ\ey_l�
agZqbl_evgmx�keh`ghklv��hkh[_ggh�\�kemqZ_�fZeuo�dhgp_gljZpbc�bkdhfh]h�
\_s_kl\Z��<ebygb_� lj_g^Z�mf_gvrZ_lky�ijb�i_j_oh^_�d�^bnn_j_gpbZevghc�
nhjf_�ij_^klZ\e_gby�\j_f_ggh]h�jy^Z��h^gZdh��\�wlhf�kemqZ_�j_adh�\hajZklZ�
_l�hrb[dZ�hl�kemqZcguo�ihf_o��qlh�aZljm^gy_l�ihbkd�bgl_j\ZeZ�ihl_gpbZeh\��
\�dhlhjhf�gZoh^blky�ihe_aguc�kb]gZe��>ey�memqr_gby�jZkihagZ\Zgby�keZ[uo�
kb]gZeh\�jy^�ih^\_j]Z_lky�hqbkld_�hl�\u[jhkh\�b�ihke_^mxs_c�nbevljZpbb�
k�bkihevah\Zgb_f�kbgmkhb^Zevgh]h�hdgZ�OZggZ��>ey�hqbs_gghc�\u[hjhqghc�
nmgdpbb� kljhblky� gmev-p_gljbjh\ZggZy� oZjZdl_jbklbq_kdZy� aZ\bkbfhklv��
kh^_j`ZsZy�yjdh�\ujZ`_ggu_�lhqdb�fbgbfmfh\��iheh`_gby�dhlhjuo�khhl�
\_lkl\m_l�]jZgbpZf�ibdh\��Dhhj^bgZlu�fZdkbfmfh\�gZ�oZjZdl_jbklbq_kdhc�
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djb\hc�kh\iZ^Zxl�k�dhhj^bgZlZfb�\_jrbg�ibdh\��Wlb�hkh[_gghklb�oZjZdl_�
jbklbq_kdhc�aZ\bkbfhklb�iha\heyxl�kms_kl\_ggh�mijhklblv�Ze]hjblf�Z\lh�
fZlbq_kdh]h�hlukdZgby�dhhj^bgZl�ibdh\��AZl_f�aZ\bkbfhklv�lhdZ�hl�ihl_g�
pbZeZ� ^bnn_j_gpbjm_lky� b� baf_jy_lky� Zfieblm^Z� baf_g_gby� ijhba\h^ghc�
lhdZ�ih�\j_f_gb�\�gZc^_gghf�bgl_j\Ze_�ihl_gpbZeh\��<_ebqbgZ�Zfieblm^u�
kem`bl�ZgZeblbq_kdbf�kb]gZehf��MjZevkdbc�=WM�� 

Kha^ZgZ�jZkq_lgZy�ijh]jZffZ��j_ZebamxsZy�]b[jb^guc�fhe_dmeyjgh-
f_oZgbq_kdbc� –� d\Zglh\h-obfbq_kdbc� f_lh^� ^ey� jZkq_lZ� kljh_gby� b�
k\hckl\�dhhj^bgZpbhgguo�kh_^bg_gbc��kh\f_klgh�k�GBNOB�bf��DZjih\Z�. 
Bkihevam_lky�fhe_dmeyjgZy�f_oZgbdZ�gZ�hkgh\_�fh^_eb�=bee_kib-Dbi_jlZ�b�
d\Zglh\h-obfbq_kdZy�ko_fZ�wnn_dlb\gh]h�djbklZeebq_kdh]h�ihey��Hkh[_g�
ghklv�ijh]jZffu�–�h^ghdjZlguc�d\Zglh\h-obfbq_kdbc�jZkq_l�k�ihke_^mx�
sbf�ijbf_g_gb_f�l_hjbb�\hafms_gbc�^ey�jZkq_lZ�we_dljhgghc�wg_j]bb��GZ�

i_j\uo� ijbf_jZo� �dhfie_dku� `_e_aZ� k� eb]Zg^Zfb�� kh^_j`Zsbfb� sp2-
]b[jb^bah\Zgguc�Zlhf�ZahlZ��ihdZaZgZ�Z^_d\Zlghklv�ijh]jZffu�b�f_lh^Z� 
 JZajZ[hlZg�yaud�&26026�^ey�fZgbimebjh\Zgby�fhe_dmeyjgufb�h[t�
_dlZfb��Ihkljh_gZ�b_jZjoby�fhe_dmeyjguo�h[t_dlh\��ij_^eh`_gu�b�j_Zeb�
ah\Zgu�khhl\_lkl\mxsb_�f_lh^u��Yaud�j_Zebah\Zg�dZd�gZ^kljhcdZ�gZ^�yau�
dhf�ijh]jZffbjh\Zgby�h[s_]h�gZagZq_gby�Python. COSMOS�ihjlbjh\Zg�gZ�
jZaebqgu_�ieZlnhjfu� �PC-Windows, PC – Linux��jZ[hqb_�klZgpbb�b�kmi_j�
dhfivxl_j� Convex Hewlett-Packard�� b� bkihevah\Zg� \� jy^_� j_Zevguo� aZ^Zq�
�jZkq_lu�dhhj^bgZpbhgguo�kh_^bg_gbc�b�heb]hkZoZjb^h\�f_lh^hf�fhe_dm�
eyjghc�f_oZgbdb��fhe_dmeyjguc�^baZcg�k_e_dlb\guo�j_p_ilhjh\�� 
 Ijh\_^_gu� jZkq_lu� kljh_gby� [bk-f_lZeehnlZehpbZgZlh\� b� hp_g_gu�
\hafh`ghklb� bo� \aZbfh^_ckl\by� k� hj]Zgbq_kdbfb� km[kljZlZfb� �F=M�� dZ�
n_^jZ�:O�� 
 Kha^ZgZ� ijh]jZffZ� IONCHROM�� hkgh\ZggZy� gZ� fZl_fZlbq_kdhf�
fh^_ebjh\Zgbb� bhgghc� ojhfZlh]jZnbb�� dhlhjZy� iha\hey_l� ijh\h^blv�
Zijbhjgu_� jZkq_lu� ih\_^_gby� j_Zevguo� kf_k_c� bhgh\� \� ijhba\hevgh�
\u[jZgguo� ojhfZlh]jZnbq_kdbo� mkeh\byo�� jZkkqblu\Zlv� hilbfZevgu_�
j_`bfu� jZa^_e_gby� kf_k_c� b� j_rZlv� aZ^Zqb� dZq_kl\_ggh]h� b�
dhebq_kl\_ggh]h�ZgZebaZ��=?HOB�J:G�� 

Bkihevah\Zgb_�W<F�^ey�j_r_gby�hl^_evguo�aZ^Zq�\�jZaebqguo�h[�

eZklyo�ZgZeblbq_kdhc�obfbb. Ih�j_amevlZlZf�d\Zglh\h-obfbq_kdbo�jZkq_�
lh\�gZc^_gu�dhjj_eypbb�hdbkebl_evgh-\hkklZgh\bl_evguo�ihl_gpbZeh\� �?��
^bZjbeZfbgh\�k�i_j\ufb�ihl_gpbZeZfb�bhgbaZpbb��\_ebqbg�jDZ��oZjZdl_jb�
amxsbo�ijhlhgbjh\Zgb_�Zfbgh\�ih�Zahlm�b�^bkkhpbZpbx�dZj[hdkbaZf_s_g�
guo�j_Z]_glh\�ih�KHHG-]jmii_��kh�kjh^kl\hf�d�ijhlhgm�^bn_gbeZfbgh\�b�
KHH-kh^_j`Zsbo�Zgbhgh\��wdki_jbf_glZevguo�agZq_gbc�^bihevguo�fhf_g�
lh\ (µ��fhe_dme�k�l_hj_lbq_kdbfb��IhdZaZgZ�\hafh`ghklv�ijhklhc�d\Zglh\h-
obfbq_kdhc� hp_gdb� ?�� jDZ� b� µ� j_^hdk-j_Z]_glh\� ^bn_gbeZfbgh\h]h� jy^Z��
JZa\bl� ih^oh^� d� ij_^kdZaZgbx� k_e_dlb\ghklb� ZgZeblbq_kdbo� j_^hdk-
j_Z]_glh\��KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW�� 

F_lh^Zfb� MINDO, MINDO-3, AM-1, PM-�� jZkkqblZgu� klZg^Zjlgu_�
wgljhibb��l_iehlu�h[jZah\Zgby�b�^bihevgu_�fhf_glu�^ey����ij_^klZ\bl_e_c�
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ZjhfZlbq_kdbo�Zfbgh\��<u\_^_gu�dhjj_eypbb�©kljh_gb_-k\hckl\hª�^ey�dZj�
[hdkb-��gbljh-��hdkb-��f_lbe-��f_lhdkb-��Zfbgh-��oehj-ijhba\h^guo�ZgbebgZ��
Hkms_kl\e_g�l_hj_lbq_kdbc�ijh]gha�ij_bfms_kl\_ggh]h�gZijZ\e_gby�ZlZdb�
ijhlhgZfb�fhe_dme�i_j\bqguo�ZjhfZlbq_kdbo�Zfbgh\��JZkq_l�jZkij_^_e_gby�
fhe_dmeyjgh]h� we_dljhklZlbq_kdh]h� ihl_gpbZeZ� ih� dhfie_dkm� ijh]jZff�
"LEV�� \hdjm]� fhe_dme� ihdZaZe�� qlh� ba� l_hj_lbq_kdb� \hafh`guo� ©dZgZeh\�
k[eb`_gbyª� ijhlhgh\� k�fhe_dmeZfb� aZf_s_gguo� ZgbebgZ� ©gZ^-�� ih^-�� b� \�
iehkdhklb�fhe_dmeu�ZfbgZª�k�[hevrhc�\_jhylghklvx�j_Zebam_lky�gZijZ\e_�
gb_�ZlZdb�–�ih^�iehkdhklvx�[_gahevgh]h�dhevpZ��KZjZlh\kdbc�=M��dZn_^jZ�
:O�b�OW��KZjZlh\kdbc�=:M��=?HOB�J:G�� 

>ey�bkke_^h\Zgby�g_ebg_cghc�h[eZklb�dhgp_gljZpbhgghc�iheyjbaZpbb�
bhghh[f_gguo� f_f[jZg� ijb� we_dljh^bZeba_� jZajZ[hlZg� f_lh^� ehdZevgh]h�
hij_^_e_gby� ^\mo� dhfihg_glh\�� bkihevamxsbc� fgh]hqZklhlgmx� eZa_jgmx�
bgl_jn_jhf_ljbx��F_lh^�hkgh\Zg�gZ�baf_j_gbb�hlghkbl_evgh]h�k^\b]Z�bg�
l_jn_j_gpbhgguo�ihehk�ijb�baf_g_gbb�dhgp_gljZpbc�dhfihg_glh\�ijb�lj_o�
^ebgZo�\heg��Ihemq_ggZy�kbkl_fZ�lj_o�ebg_cguo�mjZ\g_gbc�j_rZ_lky�f_lh�
^hf�DjZf_jZ��<hjhg_`kdbc�=M). 

 
Ijh[hhl[hj�b�ijh[hih^]hlh\dZ 

 
Hlf_qZ_lky� agZqbl_evguc� jhkl� bgl_j_kZ� d� ih^]hlh\d_� ijh[� d� ZgZebam�

bgkljmf_glZevgufb�f_lh^Zfb��Hkgh\gh_�\gbfZgb_�m^_ey_lky�jZa\blbx�f_�
lh^h\�b�kha^Zgbx�mkljhckl\�k�bkihevah\Zgb_f�we_dljhfZ]gblguo�b�Zdmklb�
q_kdbo�\ha^_ckl\bc�gZ�obfbq_kdb_�j_Zdpbb� 

�<�MjZevkdhf�=WM�jZajZ[hlZg�mevljZnbhe_lh\uc�h[emqZl_ev�^ey�fb�
g_jZebaZpbb�hj]Zgbq_kdbo�\_s_kl\��kh^_j`Zsboky�\�ZgZebabjm_fuo�jZkl\h�
jZo�� 

Nmgdpbb�aZ^Zgby�b�mijZ\e_gby�iZjZf_ljZfb�ijhp_kkZ�ijh[hih^]hlh\�
db� �iblZgb_�hl�k_lb�����<��\j_fy�h[emq_gby��l_fi_jZlmjZ��\uihegy_l�we_d�
ljhgguc�[ehd��MevljZnbhe_lh\h_�h[emq_gb_�ijh[�j_Zebam_lky�\�[ehd_�ijh�
[hih^]hlh\db��dhlhjuc�\dexqZ_l�kl_g^�-�^_j`Zl_ev�^ey���h[jZaph\��mevljZ�
nbhe_lh\mx�eZfim�rbjhdh]h�ki_dljZ�b�kbkl_fm�ijbgm^bl_evgh]h�\ha^mrgh�
]h� hoeZ`^_gby� �\_glbeylhj��� Ijh\h^ylky� eZ[hjZlhjgu_� bkiulZgby� fZd_lZ�
MN-� h[emqZl_ey��Wnn_dlb\ghklv� jZajmr_gby� hj]Zgbq_kdbo� dhfihg_glh\� b�
ijZ\bevghklv� \u[hjZ� iZjZf_ljh\� ijhp_kkZ� hp_gb\Z_lky� ijb� ihke_^mxs_f�
ZgZeba_�h[jZ[hlZgguo�gZ�mklZgh\d_�ijh[�b�fh^_evguo�jZkl\hjh\�k�ijbf_g_�
gb_f� f_lh^h\� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� b� Zlhfgh-Z[khj[pbhgghc�
ki_dljhf_ljbb� 

�AZdhghf_jghklb�\ha^_ckl\by�mevljZa\mdZ�b�MN-baemq_gby�gZ�ijbjh^gmx�
\h^m� k�p_evx� mkljZg_gby� \ebygby�gZ�ihke_^mxs__� hij_^_e_gb_� we_f_glh\�
ijbkmlkl\mxsbo�\�\h^_�]mfbgh\uo�\_s_kl\�bamqZebkv�b�\�BFD�G:G�Md�
jZbgu�� IhdZaZgh�� qlh� aZ\bkbfhklb� ZgZeblbq_kdh]h� kb]gZeZ� hl� ijh^he`b�
l_evghklb�h[jZ[hldb�\h^u�bf_xl�q_ldh�\ujZ`_ggu_�fZdkbfmfu��jZaebqgu_�
^ey� jZaguo� \b^h\� b� j_`bfh\� h[jZ[hldb�� <ukdZaZgh� ij_^iheh`_gb_�� qlh�
mf_gvr_gb_�ZgZeblbq_kdh]h�kb]gZeZ�ijb�^ebl_evguo�\ha^_ckl\byo�MA�b�MN�
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h[mkeh\e_gh�jZaju\hf�k\ya_c�g_�lhevdh�\�dhfie_dkZo�f_lZee-]mfZl��gh�b�\�
fhe_dmeZo�ijbjh^gh]h�eb]Zg^Z� 

F_lh^u�nhlhobfbq_kdhc� ijh[hih^]hlh\db� d�B<-ZgZebam� jZa\b\Zxlky� \�
eZ[hjZlhjbb� fbdjhijbf_k_c� Lhfkdh]h�IM�� >ey� hij_^_e_gby� kmffZjgh]h�
kh^_j`Zgby�Se�\�\h^Zo��[_aZedh]hevguo�gZibldZo�b�^j��ijh[hih^]hlh\dZ�kh�
klhbl�ba�^\mo�klZ^bc��nhlhhdbke_gb_�\k_o�nhjf�k_e_gZ�^h�kl_i_gb�hdbke_gby�
���b����\�ijbkmlkl\bb�i_j_dbkb�\h^hjh^Z��Z�aZl_f�nhlhobfbq_kdh_�\hkklZ�
gh\e_gb_�Se�����\�Se�����ijb�jG��-���b�^_aZwjZpbb�jZkl\hjZ�lhdhf�ZahlZ�� 
 <�Dm[Zgkdhf�=M�gZ�dZn_^j_�:O�jZajZ[hlZg�kihkh[�nhlhobfbq_kdh]h�
hdbke_gby�hj]Zgbq_kdbo�\_s_kl\�ijbjh^guo�b�ih\_joghklguo�\h^�i_jhdkh�
^bkmevnZl-bhghf�^ey�bg\_jkbhgghc�\hevlZfi_jhf_ljbb� 
 Ij_^eh`_g� kihkh[� b� jZajZ[hlZgh� mkljhckl\h� ^ey� ij_^\Zjbl_evghc�
we_dljhobfbq_kdhc�ijh[hih^]hlh\db�\h^gh]h�h[jZapZ�\�Z\lhfZlbq_kdhf�j_�
`bf_� k� bkihevah\Zgb_f� q_luj_owe_dljh^ghc� ijhlhqgh-^bkdj_lghc� yq_cdb��
KlZg^ZjlgZy�ko_fZ�^hiheg_gZ�q_l\_jluf�we_dljh^hf��dhlhjuc�ij_^klZ\ey_l�
kh[hc�jZ[hqbc�we_dljh^�ijh[hih^]hlh\db��LZdbf�h[jZahf��ijh[hih^]hlh\dZ�
b�baf_j_gby�\uihegyxlky�ihke_^h\Zl_evgh�\�h^ghc�yq_cd_�[_a�\f_rZl_evkl�
\Z�hi_jZlhjZ��MjZevkdbc�=WM).  
 <ha^_ckl\b_�fbdjh\hegh\h]h�baemq_gby�dZd�kihkh[�ihemq_gby�aZ^Zg�
guo� ZgZeblbq_kdbo�nhjf� ^ey� ihke_^mxs_]h� hi_^_e_gby� [eZ]hjh^guo�f_�
lZeeh\�bkke_^m_lky�\�BHGO�J:G��kh\f��k�=?HOB�J:G���Ij_^eh`_g�[ukl�
juc� kihkh[� ihemq_gby� [by^_jgh]h� l_ljZZp_lZlZ� jh^by� �,,��� ihl_gpbZevgh�
ijb]h^gh]h�^ey�dmehghf_ljbq_kdh]h�hij_^_e_gby�jh^by��F_oZgbaf�j_^hdk-
ijhp_kkZ�5K2(III, II) → Rh2�,,��,,��\�mdkmkghdbkeuo�jZkl\hjZo�wlh]h�dhfie_dkZ�
hoZjZdl_jbah\Zg�f_lh^Zfb�pbdebq_kdhc�\hevlZfi_jhf_ljbb��dmehghf_ljbb�
k� dhgljhebjm_fuf� ihl_gpbZehf� b� ki_dljhnhlhf_ljbb�� IhdZaZgh�� qlh� bk�
ihevah\Zgb_�fbdjh\hegh\h]h�baemq_gby�iha\hey_l�mkdhjblv�h[jZah\Zgb_�aZ�
^Zggh]h�kh_^bg_gby��m\_ebqblv�_]h�\uoh^�^h�dhebq_kl\_ggh]h�b�klZ[bebab�
jh\Zlv�_]h�khklhygb_�\�jZkl\hj_� 
 MklZgh\e_gh� kms_kl\_ggh_� mkdhj_gb_� \�fbdjh\hegh\hf�ihe_� ]_l_jh�
]_gguo�j_Zdpbc�ZgZeblbq_kdbo�j_Z]_glh\��bffh[bebah\Zgguo�\�dk_jh]_eyo�
dj_fgb_\hc� dbkehlu� –� [jhf[_galbZah� k� dZ^fb_f�� �-(2-ibjb^beZah�-2-
gZnlheZ�k�dh[Zevlhf��I��b�fheb[^_ghnhknhjghc�]_l_jhihebdbkehlu�k�]b^�
jZabghf��GZ�ijbf_j_�\aZbfh^_ckl\by�dh[ZevlZ� �I��k�\dexq_gguf�\�dk_jh�
]_ev� �-(2-ibjb^beZah�-2-gZnlhehf� ihdZaZgh�� qlh�fbdjh\hegh\h_�baemq_gb_�
m\_ebqb\Z_l� kdhjhklv� \g_rg_c� b� \gmlj_gg_c� ^bnnmabb� �F=M�� dZn_^jZ�
:O). 
 <� =?HOB� J:G� bamqZ_lky� \hafh`ghklv� bkihevah\Zgby� fbdjh\hegh-
\h]h�baemq_gby�^ey�ih\ur_gby�wnn_dlb\ghklb�ba\e_q_gby�nhjf�we_f_glh\�
ijb�ZgZeba_�ihq\��GZ�ijbf_j_�ZgZebaZ�klZg^Zjlguo�h[jZaph\�ihq\�khihklZ\�
e_gZ�kl_i_gv�i_j_\_^_gby�\�jZkl\hjbfh_�khklhygb_�jZaebqguo�nhjf�ojhfZ��
dh[ZevlZ��gbd_ey��f_^b��k\bgpZ�\�h[uqguo�mkeh\byo��k�bkihevah\Zgb_f�klZg�
^Zjlguo�f_lh^bd�b�j_Zdpbhgguo�kf_k_c��b�ih^�^_ckl\b_f�fbdjh\hegh\h]h�
baemq_gby��Hij_^_e_gb_� we_f_glh\� \� jZkl\hjZo�ijh\h^beb�f_lh^Zfb�:WK-
BKI�b�WL::K��Hlf_q_ggu_�jZg__�g_baf_gghklv�obfbq_kdbo�nhjf�we_f_g�
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lh\�\�mkeh\byo�\ha^_ckl\by�baemq_gby�b�\ebygb_�baemq_gby�gZ�dbg_lbq_kdb_�
iZjZf_lju�ijhp_kkZ�iha\heyxl�\�h[hbo�kemqZyo�ijbf_gylv�l_�`_�kf_kb�j_Z�
]_glh\��h^gZdh�ijh^he`bl_evghklv�ijhp_^mju�m^Z_lky�khdjZlblv�^h� ��fbg��
Ihemq_gZ� bgnhjfZpby� h� khhlghr_gbb� \h^hjZkl\hjbfuo�� h[f_gguo�� hdbk�
ey_fuo�nhjf�we_f_glh\�^ey�jZaebqguo�lbih\�ihq\� 
 JZaebqgu_�f_lh^u�ij_^\Zjbl_evgh]h�\u^_e_gby�`bjhjZkl\hjbfh]h�\b�
lZfbgZ�?��hfue_gb_�`bjh\��dhfie_dkhh[jZah\Zgb_�k�bhgZfb�f_lZeeh\�b�^j���
ba�keh`ghc�fgh]hdhfihg_glghc�kf_kb�ijbf_g_gu�^ey�\hevlZfi_jhf_ljbq_�
kdh]h�hij_^_e_gby�wlh]h�\_s_kl\Z�\�Lhfkdhf�IM��eZ[hjZlhjby�fbdjhijbf_�
k_c�� 

Ijh\_^_gh� kjZ\gbl_evgh_� bamq_gb_� f_lh^h\� \kdjulby� m]e_jh^kh^_j�
`Zsbo� ihjh^� ijb� hij_^_e_gbb� j_^dha_f_evguo� we_f_glh\��Bkke_^h\Zebkv�
ke_^mxsb_� kihkh[u��:� –� hldjulh_� jZaeh`_gb_� ihjh^� kf_kvx� dbkehl� +)��
HNO3, HClO4��;�–� Z\lhdeZ\gh_� jZaeh`_gb_� kf_kvx� ��fe�+)�b� �fe�+123 \�
l_nehgh\uo�\deZ^urZo��<�–�kieZ\e_gb_�ijh[�k�f_lZ[hjZlhf�/L�\�kl_dehm]e_�
jh^_�ijb�W ���0°&���fbg���i_qv�<QLG-������F_lh^Zfb�fZkk-ki_dljhf_ljbb�k�
bg^mdlb\gh� k\yaZgghc� ieZafhc�� bgkljmf_glZevgh]h� g_cljhggh-
Zdlb\Zpbhggh]h�ZgZebaZ�b�obfbdh-Zlhfgh-wfbkkbhgguf�f_lh^hf�mklZgh\e_�
gh��qlh�ijb�hij_^_e_gbb�JAW�\�ihjh^Zo�q_jghkeZgp_\hc�nhjfZpbb�g_h[oh�
^bfh�\kdju\Zlv�ijh[u�kihkh[hf�kieZ\e_gby��ijb�dhlhjhf�gZ[ex^Zxlky�fb�
gbfZevgu_�ihl_jb��B=O�KH�J:G).  
 <�Dm[Zgkdhf�=M��dZn_^jZ�:O��jZajZ[hlZgh�mkljhckl\h��bfblbjmxs__�
dhehgdm�^ey�gZdhie_gby�b�^_l_dlbjh\Zgby�we_f_glghc�jlmlb��Hkgh\ghc�Zd�
p_gl�k^_eZg�gZ�ij_h^he_gb_�nZdlhjZ�fZehc�ijhimkdghc�kihkh[ghklb�dhehg�
db-dhee_dlhjZ��l�_��hilbfbaZpby�jZaf_jZ�yq__d�d\Zjp_\hc�k_ldb��jZaf_jZ�]jZ�
gme�khj[_glZ�gZ�dZj[hgbah\Zgghc�hkgh\_��kdhjhklb�ihlhdZ�–�ijh^he`bl_ev�
ghklv�ijh[hhl[hjZ�–�nhgh\h_�kh^_j`Zgb_�jlmlb�\�Zlfhkn_jghf�\ha^mo_� 

Ij_^eh`_gu�b�ba]hlZ\eb\Zxlky� kj_^kl\Z�ijh[hhl[hjZ�b�ijh[hih^]h�
lh\db� 

- nlhjhieZklh\u_�rijbpu�–�ijh[hhl[hjgbdb�RIN-����b�RIN-����^ey�
hl[hjZ��ojZg_gby�b�^habjh\Zgby�ijh[�]Zah\�b�`b^dhkl_c�h[t_fhf�����b�
����fe� 

- nlhjhieZklh\u_�nbevljh^_j`Zl_eb�Zwjhahevguo�nbevljh\�lbiZ�:N:� 
- nlhjhieZklh\u_�ljm[db��dhehgdb��nbevlju��miehlgbl_evgu_�we_f_glu�

^ey�]Zah\uo�b�`b^dhklguo�ojhfZlh]jZnh\�ih�l_ogbq_kdbf�lj_[h\Zgb�
yf�aZdZaqbdZ��Dbjh\h-Q_i_pdbc�OA). 
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F?LH>U�:G:EBLBQ?KDHC�OBFBB 
 

F_lh^u�h[gZjm`_gby�b�b^_glbnbdZpbb 
  

GZ�hkgh\_�j_amevlZlh\�fZl_fZlbq_kdh]h�fh^_ebjh\Zgby�b�wdki_jbf_g�
lZevgh]h� bkke_^h\Zgby� ijhp_kkh\� ^bnn_j_gpbjmxs_]h� jZkl\hj_gby� �>J��
kf_k_c�nZa�i_j_f_ggh]h�khklZ\Z� �F�ihklhygguf�b�i_j_f_gguf�ijhkljZgkl�
\_gguf�jZkij_^_e_gb_f�h[jZamxsbo�bo�dhfihg_glh\��jZajZ[hlZgu�ih^oh^u�
d�hilbfbaZpbb�mkeh\bc�>J�ijb�hij_^_e_gbb�kl_obhf_ljbq_kdh]h�khklZ\Z�b�
dhebq_kl\_ggh]h�kh^_j`Zgby�lZdbo�nZa�\�keh`guo�hdkb^guo�kbkl_fZo��Zex�
fhkbebdZlu��)H-V-O, Cu-Zn-O, Li-Mg-Al-2�b�^j����BD�KH�J:G). 
 Ij_^eh`_gu�hilbq_kdb_��IFJ��MN��b�ojhfZlh]jZnbq_kdb_��LKO��f_�
lh^u�b^_glbnbdZpbb�[bheh]bq_kdb�Zdlb\guo�kh_^bg_gbc�–�ljbbh^b^h\�hj�
]Zgbq_kdbo�Zahlkh^_j`Zsbo�dZlbhgh\��Jhklh\kdbc�=M��dZn_^jZ�:O).  

 
F_lh^u�jZa^_e_gby�b�dhgp_gljbjh\Zgby 

  
 Ijh\h^bebkv�bkke_^h\Zgby�k\hckl\�gh\uo�b�jZg__�ba\_klguo�khj[_g�
lh\�jZaguo�lbih\��JZajZ[hlZgu�wnn_dlb\gu_�kihkh[u�jZa^_e_gby�b�dhgp_g�
ljbjh\Zgby�\_s_kl\��<�jy^_�jZ[hl�m^_e_gh�\gbfZgb_�\ebygbx�ijbjh^u�khj�
[_glZ�b�^bgZfbq_kdbf�kihkh[Zf�dhgp_gljbjh\Zgby� 

F_lh^hf�iv_ahd\Zjp_\h]h�fbdjh\a\_rb\Zgby�bamq_gu�jZ\gh\_kby�khj�
[_gl� �ihebwlbe_g]ebdhevkmdpbgZl�� ihebklbjhe�� IW=� ������ �-
ZfbghZglbibjbg��Ljblhg�O-�����nlZeZlu��iq_ebguc�\hkd��ijhihebk��-�khj[Zl�
�Zahlkh^_j`Zsb_�hj]Zgbq_kdb_�kh_^bg_gby�jZaebqguo�deZkkh\��\�l�q��gbljh�
ZedZgu��� <i_j\u_� ^ey� dhebq_kl\_gghc� hp_gdb� khj[pbb� ie_gdhc� khj[_glZ��
gZg_k_gghc�gZ�ih\_joghklv�we_dljh^h\�iv_ahd\Zjp_\h]h�j_ahgZlhjZ��\\_^_g�
dhwnnbpb_gl�khj[pbhggh]h�dhgp_gljbjh\Zgby��<hjhg_`kdZy�=L:). 

Ihemq_gu� ^Zggu_� h� dhwnnbpb_glZo� jZkij_^_e_gby� bhgh\� 
f_^b� �II ���`_e_aZ� �III ���gbd_ey� �II ��� ojhfZ� �III ��� Zexfbgby� �III ��� dh[ZevlZ�II), 
k\bgpZ��II ���fZj]ZgpZ��II ���pbgdZ��II ���dZ^fby��II ���dZevpby��II ���b�fZ]gby��II ��\�
^bZiZahg_�jG��-���k�bkihevah\Zgb_f�ihebZdjbehgbljbevgh]h�\hehdgZ�k�Zfb�
gh-� b� dZj[hdkbevgufb�nmgdpbhgZevgufb� ]jmiiZfb� �:D<:I:G�� ]��KZgdl-
I_l_j[mj]��ijb�khe_\hf�nhg_�^h����]�e��IhdZaZgZ�\hafh`ghklv�dhebq_kl\_g�
ghc�^_khj[pbb�[hevrbgkl\Z�bhgh\�f_lZeeh\�ba�nZau�khj[_glZ� �BOLJWFK�
DGP�J:G). 

Ijh\_^_gh�kjZ\gbl_evgh_�bamq_gb_�khj[pbhgguo�k\hckl\�[he__����bh�
gblh\�k�jZaebqghc�kljmdlmjhc�ihebf_jgh]h�dZjdZkZ��g_ihjbklu_��ihjbklu_��
fZdjhihjbklu_��fZdjhk_lqZlu_��b�kljh_gb_f�nmgdpbhgZevguo�]jmii�gZ�ijb�
f_j_�jZa^_e_gby�Re(VII), Mo(VI), W(VI), Ga(III), Rh(III), Ni(II), Mn(II ��\�jZk�
l\hjZo�keh`gh]h�khe_\h]h�khklZ\Z��GZc^_gu�mkeh\by�dhebq_kl\_ggh]h�jZa^_�
e_gby�Re(VII��b�Mo(VI ��k�bkihevah\Zgb_f�gbadhhkgh\guo�Zgbhgblh\�:G-82-
��=�b�:G-105-��=�g_ihjbklhc�kljmdlmju�k� ]jmiiZfb�]_dkZf_lbe_gbfbgZ�b�
pbdeh]_dkbeZfbgZ��JZa^_e_gb_�bhgh\�Ni2+

�b�Mn2+
�^hklb]Z_lky�ijb�jG����-5,0 
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k�bkihevah\Zgb_f�fZdjhk_lqZlh]h�Zfnhl_jgh]h�bhgblZ�:FN-2T��IhdZaZgh��
qlh�Zgbhgblu�:G-���LI��:G-�LI��:G-���I�gZ�hkgh\_�fZdjhihjbkluo�khih�
ebf_jh\�f_lbeZdjbeZlZ�k�^ebgghp_ihq_qgufb�krb\Zxsbfb�Z]_glZfb�h[eZ�
^Zxl�\��-��jZa�[hevr_c�h[f_gghc�_fdhklvx�ih�W(VI ���q_f�Zgbhgblu�:G-221, 
:G-�����:G-����ihjbklhc�kljmdlmju�gZ�hkgh\_�khihebf_jh\�c�^b\bgbe[_g�
ahehf�� <ukhdZy� kl_i_gv� ba\e_q_gby� Rh(III�� ba� keZ[hdbkeuo� jZkl\hjh\� �^h�
����� ^hklb]Z_lky�ijb� khj[pbb�gZ�:GK-��� k� Zfbggufb�b� dZj[hdkbevgufb�
]jmiiZfb� b� k_jhkh^_j`Zsbf� krb\Zxsbf� Z]_glhf�� =Zeebc� ba\e_dZ_lky� ba�
s_ehqguo�jZkl\hjh\�kbevghhkgh\guf�Zgbhgblhf�ihebdhg^_gkZpbhggh]h�lb�
iZ� g_ihjbklhc� kljmdlmju�� <u[jZgu� mkeh\by� bhghh[f_ggh]h� ba\e_q_gby�
Re(VII��ba�hljZ[hlZgguo�dZlZebaZlhjh\��W(VI ��ba�kmevnZlguo�jZkl\hjh\��ih�
emqZ_fuo�\�j_amevlZl_�i_j_jZ[hldb�\hevnjZfkh^_j`Zs_]h�kujvy��Ga(III��ba�
jZkl\hjh\�\us_eZqb\Zgby�iue_c� ]ebgha_fgh]h�ijhba\h^kl\Z��Ni(II ��ba�jZk�
l\hjh\�Zahlghdbkeh]h�fZj]ZgpZ��Rh(III��ba�oehjb^guo�jZkl\hjh\��DjZkghyj�
kdbc�=M). 

JZajZ[hlZg�b�Zijh[bjh\Zg�gZ�j_Zevguo�h[t_dlZo�gh\uc�wnn_dlb\guc�
f_lh^�jZa^_evgh]h�dhgp_gljbjh\Zgby�Al, Ga�b�In�\�ZgZeba_�klZe_c��kieZ\h\�b�
fbg_jZevguo� h[t_dlh\� ihebf_jguf� o_eZlguf� khj[_glhf� ihebklbjhe-�Zah-
1)-3,4-̂ bhdkb-6-gbljh[_gahehf�k�ihke_^mxsbf�ki_dljhnhlhf_ljbq_kdbf�bo�
hij_^_e_gb_f� \� wexZl_�� Ij_^eh`_g� b� Zijh[bjh\Zg� gZ� j_Zevguo� h[t_dlZo�
wnn_dlb\guc�f_lh^�]jmiih\h]h�dhgp_gljbjh\Zgby V, Mn, Cr�\�ZgZeba_�iblv�
_\hc��j_qghc�b�klhqghc�\h^Zo�ihebf_jguf�o_eZlguf�khj[_glhf�ihebklbjhe-
�Zah-1)-2-hdkb-3-dZj[hdkb-5-gbljh[_gahehf� k� Zlhfgh-Z[khj[pbhgguf� hij_�
^_e_gb_f�we_f_glh\�\�wexZl_��F_lh^u�oZjZdl_jbam_lky�wdkij_kkghklvx��ba�
[bjZl_evghklvx��gbadbfb�ij_^_eZfb�h[gZjm`_gby�b�\ukhdhc�\hkijhba\h^b�
fhklvx�j_amevlZlh\��B=?F�J:G). 

Hij_^_e_gu�dhebq_kl\_ggu_�oZjZdl_jbklbdb�khj[pbb�n_gheh\�gZ�o_�
eZlhh[jZamxsbo�khj[_glZo�k�fZljbpZfb�lbhiZg��� �k�lbhk_fbdZj[Zab^gufb�
nmgdpbhgZevgufb�]jmiiZfb��N=����lbhiZg����k�^bwlbe^blbhdZj[ZfbgZlgufb�
N=���lbhiZg����k�lbhZp_lZlgufb�N=���Z�lZd`_�gZ�I:G-\hehdg_��g_fh^bnbpb�
jh\Zgghf� b� fh^bnbpbjh\Zgghf� iheb]ebpb^bef_lZdjbeZlhf�� GZb[hevr_c�
khj[pbhgghc�_fdhklvx�h[eZ^Z_l�I:G-\hehdgh�\�HG-nhjf_�ijb�jG�jZkl\hjZ�
4-���BhggZy�kbeZ�jZkl\hjZ�g_�\eby_l�gZ�khj[pbx�n_gheZ��KZjZlh\kdbc�=M��
dZn_^jZ�:O�b�OW). 

Ij_^eh`_gZ�gh\Zy�ko_fZ�ZgZebaZ��kh\f_sZxsZy�]b^jb^gh_�\u^_e_gb_�
furvydZ��gZdhie_gb_�_]h�gZ�khj[_gl_�k�dZj[hgbah\Zgghc�hkgh\hc�b�^_l_dlb�
jh\Zgb_�ih�ko_f_��slurry-sampling��::K-=:��Dm[Zgkdbc�=M). 

IhdZaZgZ� \hafh`ghklv� ijbf_g_gby� fh^bnbpbjh\Zggh]h� khj[_glZ� gZ�
hkgh\_�Zp_lbep_eexehau�b�wjbhojhfpbZgbgZ�R�^ey�dhgp_gljbjh\Zgby�ke_�
^h\uo�dhebq_kl\�Zexfbgby��Z�lZd`_�^ey�jZa^_e_gby�Al, Fe�b�Zn�ijb�bo�kh�
\f_klghf�ijbkmlkl\bb��Fh^bnbpbjh\Zggu_�khj[_glu�gZ�hkgh\_�kbebdZ]_ey�
Zijh[bjh\Zgu�^ey�jZa^_evgh]h�hij_^_e_gby�pbgdZ��f_^b�b�dh[ZevlZ� �>Z]_�
klZgkdbc�=M). 

Bamq_gZ� jZa^_ebl_evgZy� kihkh[ghklv� ih\_joghklgh-ijb\bluo� keh_\�
Zp_lbeZp_lhgZlZ�b�^bf_lbe]ebhdkbfZlZ�gbd_ey��gZg_k_gguo�gZ�ih\_joghklv�
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kbebdZ]_ey��IhdZaZgh��qlh�bkke_^h\Zggu_�khj[_glu�i_jki_dlb\gu�^ey�jZa^_�
e_gby�keh`guo�kf_k_c�m]e_\h^hjh^h\��\�l�q��\ukhdhdbiysbo�ZjhfZlbq_kdbo�
\_s_kl\�b�dbkehjh^kh^_j`Zsbo�kh_^bg_gbc��Lhfkdbc�=M). 

Ij_^eh`_g� kihkh[� ^bgZfbq_kdh]h� khj[pbhggh]h� dhgp_gljbjh\Zgby�
oehjhdhfie_dkh\�iZeeZ^by��ieZlbgu�b� ahehlZ� \� \b^_�bhgguo� ZkkhpbZlh\� k�
ljb-g-hdlbeZfbghf�ba�oehjb^guo�jZkl\hjh\�gZ� ]b^jhnh[babjh\Zgguo�lhg�
dhkehcguo�nbevljZo��IhdZaZgh��qlh�dj_fgbc�b�nhknhj�dhebq_kl\_ggh�ba\e_�
dZxlky�\�^bgZfbq_kdbo�mkeh\byo�gZ�fbdjhdhehgdZo�kh�kl_deh\Zlhc�\�dZq_kl�
\_�khj[_glZ��\�\b^_�bhgguo�ZkkhpbZlh\�khhl\_lkl\mxsbo�fheb[^_gh\uo�]_�
l_jhihebdbkehl� k� l_ljZ[mlbeZffhgbc� [jhfb^hf�� b� ^_khj[bjmxlky� Zp_lh�
gbljbehf��IhdZaZgZ� \hafh`ghklv� ojhfZlh]jZnbq_kdh]h� hij_^_e_gby� dj_f�
gby�b�nhknhjZ�\�ihemq_gghf�dhgp_gljZl_�\�j_`bf_�HN�<W@O��H[hkgh\ZgZ�
g_h[oh^bfhklv�bkihevah\Zgby�^ey�dhgp_gljbjh\Zgby�b�hij_^_e_gby�we_f_g�
lh\�g_\hkklZgh\e_gguo�nhjf�]_l_jhihebdbkehl�� 

JZajZ[hlZgZ�f_lh^bdZ�khj[pbhggh]h�dhgp_gljbjh\Zgby�b�ihke_^mxs_�
]h� khj[pbhggh-p\_lhf_ljbq_kdh]h�hij_^_e_gby�fheb[^_gZ�\�\b^_� lj_odhf�
ihg_glguo� dhfie_dkh\� fheb[^_g�VI) –� fZ]g_ahg� BJ?:� �exfh]Zeebhg�
BJ?:�� –� ]b^jhdkbeZfbg��Gb`gb_� ]jZgbpu� hij_^_ey_fuo� kh^_j`Zgbc� fh�
eb[^_gZ�����–���g]�fe��F=M��dZn_^jZ�:O�� 

Ihemq_gu� wdki_jbf_glZevgu_� ^Zggu_� ih� jZ\gh\_kbyf� b� dbg_lbd_�
khj[pbb�f_^b������F�NaCl��b�iZeeZ^by����F�HCl��\hehdgbklufb�dhfie_dkh�
h[jZamxsbfb�khj[_glZfb�k�Zfb^hdkbfgufb�b�]b^jZab^bgh\ufb�]jmiiZfb��
IhdZaZgZ�\hafh`ghklv�fh^_ebjh\Zgby�ijhp_kkZ�khj[pbb�k�p_evx�\u[hjZ�hi�
lbfZevguo� mkeh\bc� dhgp_gljbjh\Zgby� f_lZeeh\� \� ^bgZfbq_kdbo� mkeh\byo�
(=?HOB�J:G). 

>ey�hij_^_e_gby�f_lh^hf�ki_dljhkdhibb�^bnnmagh]h�hljZ`_gby�ij_^�
eh`_gu� kbkl_fu� bhgbl� -� bhg� f_lZeeZ� –� j_Z]_gl�� ^ey� j_gby�� :<-17-��I- 
Re(VII) - SCN-

��:<-17-��I�- Re(VII) -�[jbeebZglh\uc�a_e_guc��^ey�dh[ZevlZ��
D;-2-�L�- Co(II) -�gbljhah-R-khev��^ey�gbd_ey��:GD;-35 - Ni(II) -�ibjb^beZ�
ahgZnlhe�� JZajZ[hlZgu� b� Zijh[bjh\Zgu� gZ� fh^_evguo� kf_kyo�� ijbjh^guo�
\h^Zo�b�ijhfure_gguo�jZkl\hjZo�khj[pbhggh-ki_dljhkdhibq_kdb_�f_lh^b�
db�hij_^_e_gby�Re, Co�b�Ni��Ij_^eh`_ggu_�f_lh^bdb�hlebqZxlky�wdkij_kk�
ghklvx�� ijhklhlhc� \uiheg_gby�� ^hklZlhqgh� \ukhdhc� qm\kl\bl_evghklvx� b�
lhqghklvx��DjZkghyjkdbc�=M). 

JZajZ[hlZgu�f_lh^bdb�ih^]hlh\db�\h^guo�ijh[�d�iheyjh]jZnbq_kdhfm�
ZgZebam�k�ihfhsvx�ihebf_jguo�\hehdgbkluo�o_fhkhj[_glh\�<BHG�DG-��b�
:K-��� h[_ki_qb\Zxsbo� \ukhdhba[bjZl_evguc� dhgljhev� gbadbo� dhgp_gljZ�
pbc� bhgh\� W(VI), Mo(VI), Cr(VI), Mn(VII), V(V), Re(VII), Te(IV), Se(IV), 
As(III), Pb(II), Cu(II), Co(II), Ni(II), Cd(II), Tl(I��\�klhqguo�b�mkeh\gh�qbkluo�
\h^Zo�]Zev\Zghijhba\h^kl\�b�ij_^ijbylbc�k\bgph\h-pbgdh\hc�b�j_^dhf_lZe�
ebq_kdhc� hljZkeb�� JZajZ[hlZggu_� f_lh^bdb� iha\heyxl� ih\ukblv� qm\kl\b�
l_evghklv�b�ba[bjZl_evghklv�iheyjh]jZnbq_kdh]h�f_lh^Z�hij_^_e_gby�bhg�
gh]h�khklZ\Z�l_ogheh]bq_kdbo�jZkl\hjh\�b�klhqguo�\h^�ij_^ijbylbc�p\_lghc�
f_lZeemj]bb��K_\_jh-Hk_lbgkdbc�=M). 
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JZajZ[hlZgZ� l_jfh^bgZfbq_kdZy� l_hjby� gh\h]h� f_lh^Z� hij_^_e_gby�
dheehb^gh]h�khklhygby�fbdjhwe_f_glh\��hkgh\ZggZy�gZ�y\e_gbb�kihglZggh]h�
i_j_oh^Z�dheehb^h\�ba�\h^ghc�\�hj]Zgbq_kdmx�nZam��dheehb^gh-obfbq_kdZy�
wdkljZdpby���IhdZaZgZ�\aZbfhk\yav�jZaf_jZ�dheehb^guo�qZklbp��ih\_joghkl�
gh]h�gZly`_gby�gZ�]jZgbpZo�jZa^_eZ��ih\_joghklv�qZklbpu�-�nZaZ�jZkl\hjb�
l_ey�� b� dhwnnbpb_glZ� jZkij_^_e_gby� qZklbp� f_`^m� g_kf_rb\Zxsbfbky�
`b^dbfb�nZaZfb��GZ�hkgh\_�ihemq_gguo�^Zgguo�ij_^eh`_g�f_lh^�dhgp_g�
ljbjh\Zgby�[hevrh]h�qbkeZ�fbdjhwe_f_glh\�ba�ij_kghc�\h^u�bo�khwdkljZd�
pb_c� k� dheehb^Zfb� ]b^jhdkb^Z� Zexfbgby� \� jZkieZ\� iZjZnbgZ�� IhdZaZgh�
ijZdlbq_kdh_� agZq_gb_�f_lh^Z� ^ey�ih\ur_gby�qm\kl\bl_evghklb� hij_^_e_�
gby�fbdjhwe_f_glh\�\�ij_kghc�\h^_��BOLL�MjH�J:G). 

Kh\f_klgh�k�BNLL�J:G�b�BN�J:G�bamq_gh�\ebygb_�kljmdlmju�^bnhk�
nbgh\�gZ�bo�wdkljZdpbhggmx�kihkh[ghklv�ijb�ba\e_q_gbb�6F��<��Th, U b�j_^dh�
a_f_evguo� we_f_glh\�ba�jZkl\hjh\�+123��IhdZaZgh��qlh�ZjbeaZf_s_ggu_�^b�
nhknbgu� h[eZ^Zxl� \ukhdhc� wdkljZdpbhgghc� kihkh[ghklvx� ih� hlghr_gbx� d�
JAW�\�Zahlghdbkeuo�kj_^Zo��Kl_i_gv�wdkljZdpbb�JAW�\hajZklZ_l�k�m\_ebq_gb_f�
ihjy^dh\h]h�ghf_jZ�we_f_glZ��BILF�J:G). 

Hkms_kl\e_gZ� dhebq_kl\_ggZy� kmi_jdjblbq_kdZy�nexb^gZy� wdkljZd�

pby� �KNW��l\_j^h]h�^bhdkb^Z�mjZgZ�IV��k\_jodjblbq_kdbf�^bhdkb^hf�m]e_�
jh^Z�� kh^_j`Zsbf�dhfie_dk�ljb[mlbenhknZlZ�k�Zahlghc�dbkehlhc��>hk�

lb]gmlZ� dhebq_kl\_ggZy� wdkljZdpby� hdkb^Z� mjZgZ�VI�� k\_jodjblbq_kdbf�
^bhdkb^hf�m]e_jh^Z��kh^_j`Zsbf�kf_kv�ljb[mlbenhknZlZ�k�l_ghbeljbn�

lhjZp_lhghf� k� bkihevah\Zgb_f� mevljZa\mdh\h]h� \ha^_ckl\by� gZ� wlm� wdk�

ljZdpbhggmx�kbkl_fm��<uiheg_ggu_�jZ[hlu�hldju\Zxl�i_jki_dlb\u�bk�

ihevah\Zgby�f_lh^Z�KNW�^ey�ba\e_q_gby�Zdlbgb^h\�ba�h[emq_ggh]h�y^_jgh]h�

lhieb\Z (=?HOB�J:G). 
MklZgh\e_gu� hkgh\gu_� aZdhghf_jghklb� g_ij_ju\ghc� ]Zah\hc�

wdkljZdpbb� e_lmqbo� \_s_kl\� ihke_^h\Zl_evgh� ba� g_kdhevdbo�
g_h^bgZdh\uo� h[t_fh\� kh^_j`Zsbo� bo� jZkl\hjh\�� \u\_^_gZ� nhjfmeZ��
hibku\ZxsZy� aZ\bkbfhklv� bo� dhgp_gljZpbc� \� ]Zah\hf� ihlhd_� �K]�� gZ�
\uoh^_� ba� kbkl_fu�� >ey� kemqZy� ihke_^h\Zl_evgh� jZkiheh`_gguo� lj_o�
ihjpbc�jZkl\hjZ�ihdZaZgh��qlh�gZ�hkgh\_�^Zgguo�h�K]�q_j_a�h^bgZdh\u_�
bgl_j\Zeu�\j_f_gb�fh]ml�[ulv�jZkkqblZgu�dhwnnbpb_glu�jZkij_^_e_gby�
e_lmqbo� \_s_kl\�b�hlghr_gby�h[t_fh\�jZkl\hjZ�� �Ki[=M��eZ[hjZlhjby�
=O�GBB�obfbb). 

>ey�dhgp_gljbjh\Zgby�fbdjhijbf_k_c�ba�jZkl\hjh\�oehjb^Z�dZevpby�
\ukhdhc�qbklhlu�ij_^eh`_gh�bkihevah\Zlv�ijhp_kk�fgh]hklmi_gqZlhc�wdk�
ljZdpbb� k� ijbf_g_gb_f� \jZsZxsboky� kibjZevguo� dhehghd� �ieZg_lZjguo�
p_gljbnm]���<�dZq_kl\_�wdkljZdpbhgguo�j_Z]_glh\�bkihevah\Zeb�jZkl\hj�^b�
]_dkbe^blbhnhknZlZ�dZeby�\�oehjhnhjf_��kf_kv�]_dkZf_lbe_g^blbhdZj[Zfb�
gh\hc� dbkehlu� �-hdkbobghebgZ� \� oehjhnhjf_��IhdZaZgZ� \hafh`ghklv� dhg�
p_gljbjh\Zgby�fbdjhwe_f_glh\�ba�jZkl\hjh\�oehjb^Z�dZevpby�\h�nj_hg�ijb�
^h[Z\e_gbb�\�\h^gmx�nZam�ibjjheb^bg^blbhdZj[ZfZlZ�Zffhgby�k�bo�ihke_�
^mxsbf�\u^_e_gb_f�\�g_[hevrhc�h[t_f�wexZlZ��Ij_^eh`_g�kihkh[�dhebq_�
kl\_ggh]h�dhgp_gljbjh\Zgby�JAW�ba���-gh]h�jZkl\hjZ�oehjb^Z�dZevpby�\�db�
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kehc� kj_^_� ijb� bkihevah\Zgbb� g_ih^\b`ghc� nZau� gZ� hkgh\_� ^bn_�
gbe>^b[mlbedZj[Zfhbef_lbe@nhknbg�hdkb^Z��Ij_^eh`_gguc�kihkh[�bkihev�
ah\Zeb�^ey�ZgZebaZ�fh^_evguo�b�j_Zevguo�jZkl\hjh\�oehjb^Z�dZevpby�jZa�
ebqguo� dhgp_gljZpbc�f_lh^Zfb�fZkk-ki_dljhf_ljbb� b� Zlhfghc� wfbkkbb� k�
bg^mdlb\gh�k\yaZgghc�ieZafhc��=?HOB�J:G�� 

>ey�wdkljZdpbb�bhgh\�f_lZeeh\�ij_^eh`_gh�bkihevah\Zlv�kbkl_fu�gZ�
hkgh\_�\h^Z�-�Zglbibjbg��:gl��^bZglbibjbef_lZg��>:F��^bZglbibjbe]_ilZg�
�>:=�� –� gZnlZebg-2-kmevnhdbkehlZ� �GKD��� g_� kh^_j`Zsb_� hj]Zgbq_kdh]h�
jZkl\hjbl_ey�� K� p_evx� hij_^_e_gby� ZgZeblbq_kdbo� \hafh`ghkl_c� kbkl_f�
bamq_gh�ba\e_q_gb_�bhgh\�f_lZeeh\�ba�k_jghdbkeuo�b�kheyghdbkeuo�jZkl\h�
jh\��IhdZaZgh��qlh�kbkl_fu�k�>:F�dhebq_kl\_ggh�ba\e_dZxl�kdZg^bc��`_e_�
ah�III ���pbjdhgbc�� ]Zngbc��lhjbc��\bkfml��bg^bc��fheb[^_g�VI ���mjZg�VI ���<�
kbkl_fZo� H2O-:gl-GKD� dhebq_kl\_ggh� wdkljZ]bjmxlky� kdZg^bc� b� `_e_�
ah�III ���\�kbkl_fZo�H2O->:=-GKD�gZ�����ba\e_dZ_lky�kdZg^bc��JZajZ[hlZgu�
kihkh[u�wdkljZdpbhggh-dhfie_dkhghf_ljbq_kdh]h�hij_^_e_gby�lZeeby�,,,��b�
wdkljZdpbhggh-nhlhf_ljbq_kdh]h�hij_^_e_gby�mjZgZ�9,��ijb�bkihevah\Zgbb�
kbkl_f�gZ�hkgh\_�:gl��Kbkl_fu�k�>:F�iha\hebeb�ij_^eh`blv�f_lh^bdb�wdk�
ljZdpbhggh-nhlhf_ljbq_kdh]h� hij_^_e_gby� kdZg^by�� b� wdkljZdpbhggh-
nhlhf_ljbq_kdh]h�hij_^_e_gby�`_e_aZ�\�kieZ\Zo�b�lblZgZ�\�klZeyo�b�kieZ\Zo��
Z�lZd`_�dh[ZevlZ�b�`_e_aZ�\�gbd_e_� 

Bamq_gh�ba\e_q_gb_�fZdjh-�b�fbdjhdhebq_kl\�bhgh\�f_lZeeh\�ba�dZj�
[hgZlguo�jZkl\hjh\�k�ijbf_g_gb_f�Zp_lbeZp_lhgZ��NF;I��^bibjZahehgbe�
]_ilZgZ��MklZgh\e_g�jy^�wdkljZ]bjm_fhklb�bhgh\�f_lZeeh\�b�f_oZgbaf�wdk�
ljZdpbb�^ey�dZ`^h]h�ba�j_Z]_glh\��hij_^_e_gu�pH1/2�b� wdkljZdpbhggZy�_f�
dhklv�j_Z]_glh\��jZkkqblZgu�dhgklZglu�wdkljZdpbb��Kf_kv�Zp_lbeZp_lhgZ�b�
NF;I�ij_^eh`_gZ�^ey�dhgp_gljbjh\Zgby�fbdjhdhebq_kl\�we_f_glh\�^ey�bo�
ihke_^mxs_]h�hij_^_e_gby�\�klhqguo�b�ijbjh^guo�\h^Zo��I_jfkdbc�=M�. 

:jbe[hjgu_� dbkehlu� bkihevah\Zebkv� ^ey� wdFljZdpbb� Zfbghdbkehl��
Ihemq_gu� iZjZf_lju� mjZ\g_gby� =Zff_lZ-LZnlZ� ^ey� \uqbke_gby� dhgklZgl�
^bkkhpbZpbb�Zjbe[hjguo�dbkehl��Bamq_gZ�k\_jodjblbq_kdZy�nexb^gZy�wdk�
ljZdpby� kj_^g_e_lmqbo� hj]Zgbq_kdbo� kh_^bg_gbc� ba� ihq\� �F=M�� dZn_^jZ�
:O). 

Bamq_gZ�wdkljZdpby��-[jhfaZf_s_gguo�oehjn_gheh\�[_gahehf��lhemh�
ehf��]_dkZghf��[mlbeZp_lZlhf��f_lbe[mlbed_lhghf�b�]_dkZghehf�ba�\h^guo�
jZkl\hjh\�� MklZgh\e_gu� aZdhghf_jghklb� wdkljZdpbb� ]Zeh]_gaZf_s_gguo�
n_gheh\� iheyjgufb� b� g_iheyjgufb� jZkl\hjbl_eyfb�� bgl_jij_lbjh\Zgh�
\ebygb_�qbkeZ�b�oZjZdl_jZ�aZf_klbl_e_c�gZ�f_`nZagh_�jZkij_^_e_gb_��Ij_^�
eh`_g�gh\uc�\ZjbZgl�fbdjhwdkljZdpbb�ijb�khhlghr_gbb�h[t_fh\�\h^ghc�b�
hj]Zgbq_kdhc�nZa�hl�����^h���������L_hj_lbq_kdb�h[hkgh\Zgu�mkeh\by�wnn_d�
lb\gh]h�ijbf_g_gby�\ZjbZglZ�fbdjhwdkljZdpbb�^ey�hij_^_e_gby�iheb]Zeh�
]_gn_gheh\�\�iblv_\hc�\h^_��IhdZaZgZ�i_jki_dlb\ghklv�fbdjh`b^dhklgh]h�
dhgp_gljbjh\Zgby� ^ey� hij_^_e_gby� n_ghevguo� kh_^bg_gbc� \� jZaebqguo�
\h^guo�h[t_dlZo��<hjhg_`kdZy�=L:). 

Kbkl_fZlbq_kdb�bamq_gh�jZkij_^_e_gb_�]\ZydheZ�b�n_gheZ�f_`^m�kf_�
kyfb� djZmg-wnbjZ� �^bpbdeh]_dkZgh-18-djZmg-��� k�bg_jlgufb� jZkl\hjbl_ey�
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fb��MklZgh\e_gu�aZdhghf_jghklb�jZkij_^_e_gby�gZnlheh\��gbljhahgZnlheh\�
b�gZnlhekmevnhdbkehl�f_`^m�kf_kyfb�]b^jhnbevguo�jZkl\hjbl_e_c� �kibj�
lu�� keh`gu_� wnbju�� k� ZebnZlbq_kdbfb� m]e_\h^hjh^Zfb�b� \h^gh-khe_\ufb�
jZkl\hjZfb��IhdZaZgh�\ebygb_�khklZ\Z�kf_kb��ijbjh^u�\ukZeb\Zl_ey�gZ�dh�
wnnbpb_glu�jZkij_^_e_gby��Z�lZd`_�]b^jhnbevgh]h�jZkl\hjbl_ey�b�jZkij_�
^_ey_fh]h�kh_^bg_gby�gZ�oZjZdl_j�bahl_jf�wdkljZdpbb��Bamq_gh�jZkij_^_e_�
gb_� gZnlhekmevnhdbkehl� f_`^m� kf_kyfb� ljbZedbenhknZlh\� k� ZebnZlbq_�
kdbfb� m]e_\h^hjh^Zfb�� gZg_k_ggufb� gZ� ihebmj_lZgh\mx� i_gm� �<hjhg_`�
kdZy�=L:). 

Ij_^eh`_g�kihkh[�[_aj_Z]_glgh]h�gbadhl_fi_jZlmjgh]h�jZa^_e_gby�b�
dhgp_gljbjh\Zgby�ZjhfZlbq_kdbo�Zfbghdbkehl�gZ�hkgh\_�jZaebqby�\�oZjZd�
l_j_�bo�jZkij_^_e_gby�\�kebld_�ev^Z��<hjhg_`kdbc�=M). 

MklZgh\e_gu� h[sb_� aZdhghf_jghklb� wdkljZdpbb� ZjhfZlbq_kdbo� Zfb�
ghdbkehl�ba�\h^guo�kj_^�jZkl\hjbl_eyfb�jZaguo�deZkkh\��Ih^h[jZgu�mkeh�
\by�dhgp_gljbjh\Zgby�h^gh]h�ba�jZa^_ey_fuo�dhfihg_glh\�\�\h^ghc�nZa_��
Ij_^eh`_gu� ko_fu�[_aj_Z]_glgh]h�bhghh[f_ggh]h�jZa^_e_gby� kf_k_c� Zjh�
fZlbq_kdbo� b� ]_l_jhpbdebq_kdbo� Zfbghdbkehl� gZ� bhgblZo� �<hjhg_`kdbc�
=M�.  

JZa\b\Zebkv�lZd`_�f_lh^u�jZa^_e_gby�qZklbp�jZaebqgh]h�jZaf_jZ�b 
ijbjh^u� �eZl_dku�� kbebdZ]_eb�� d\Zjp� b� ^j��� k� bkihevah\Zgb_f�f_f[jZgghc�

nbevljZpbb��dZibeyjgh]h�we_dljhnhj_aZ�b�ijhlhqgh]h�njZdpbhgbjh\Zgby�\�

p_gljh[_`ghf�ihe_��Wlb�f_lh^u�ij_^iheZ]Z_lky�bkihevah\Zlv�^ey�bamq_�

gby�\h^�b�^bki_j]bjh\Zgguo�l\_j^uo�h[jZaph\�(=?HOB�J:G). 
F_lh^u�jZa^_e_gby�dheehb^guo�b�l\_j^uo�qZklbp�b�bo�ihke_^mx�

sbc�ZgZeba�Zdlb\gh�jZajZ[Zlu\Zxlky�\h�fgh]bo�aZjm[_`guo�eZ[hjZlh�
jbyo��hkh[_ggh�\�ijbeh`_gbb�d�qZklbpZf�\�h[t_dlZo�hdjm`Zxs_c�kj_�
^u��Z�lZd`_�\�h[jZapZo�[bheh]bq_kdh]h�ijhbkoh`^_gby��MdZaZggu_�\u�

r_� jZ[hlu� –� wlh�ihdZ� h^bg�ba�g_fgh]bo�ijbf_jh\� ^ey�gZr_c� kljZgu��

?s_� h^gbf� \_kvfZ� i_jki_dlb\guf� gZijZ\e_gb_f� y\ey_lky� jZ[hlZ� ih�
bkihevah\Zgbx� kmi_jdjblbq_kdhc� nexb^ghc� wdkljZdpbb� ^ey� ba\e_q_�
gby�hdkb^h\�mjZgZ��JZg__�wlhl�f_lh^�\�hkgh\ghf�bkihevah\Zeky�^ey�wdk�
ljZdpbb�hj]Zgbq_kdbo�kh_^bg_gbc��<�p_ehf�`_��hp_gb\Zy�ihklmib\rb_�\�
Kh\_l�fZl_jbZeu�ih�f_lh^Zf�jZa^_e_gby�b�dhgp_gljbjh\Zgby��ke_^m_l��
dZd�b�\�ij_^u^msb_�]h^u��hlf_lblv�ljZ^bpbhggh�ohjhrbc�mjh\_gv�jZ�
[hl�ih�khj[pbb�b�wdkljZdpbb��ijbq_f�jZ[hlu�ih�khj[pbhgguf�f_lh^Zf�
aZgbfZxl�\k_�[hevr__�f_klh�kj_^b�\k_o�jZ[hl�ih�dhgp_gljbjh\Zgbx�\_�
s_kl\� 
 

 
 

OjhfZlh]jZnbq_kdb_�f_lh^u 
 
;mfZ`gZy�b�lhgdhkehcgZy�ojhfZlh]jZnby� F_lh^hf� fbp_eeyjghc�

LKO�gZ�ijyfhc�b�h[jZs_gghc�nZa_�bamq_g�ijhp_kk�jZa^_e_gby�kf_kb�j_Z]_g�
lh\� deZkkZ� n_ghedZj[hgh\uo� dbkehl� ljbn_gbef_lZgh\h]h� jy^Z�� IhdZaZgh��
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qlh�bkihevah\Zgb_�ih^\b`ghc�nZau�gZ�hkgh\_�^h^_pbekmevnZlZ�gZljby�ih�
a\hey_l�jZa^_eylv�wjbhojhfpbZgbg�J��kmevnhojhf��ojhfZamjhe�K�b�wjbhojh�
fZamjhe�;��Z�lZd`_�ijh\h^blv�hp_gdm�qbklhlu�ij_iZjZlh\�mdZaZgguo�j_Z]_g�
lh\��KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW). 

=Zah\Zy� ojhfZlh]jZnby�� JZajZ[hlZgu� f_lh^u� ih^]hlh\db� wdkij_kk�
guo�ihebdZibeeyjguo�dhehghd�k�iheyjgufb�g_ih^\b`gufb�`b^dbfb�nZaZ�
fb��kh^_j`Zsbfb�ljbnlhjijhibevgu_�b�pbZghijhibevgu_�nmgdpbhgZevgu_�
]jmiiu��Ihemq_gu�ihebdZibeeyjgu_�dhehgdb�^ebghc����kf��kj_^g_c�iheyj�
ghklb��ljbnlhjijhibevgu_�nmgdpbhgZevgu_�]jmiiu��b�\ukhdhc�iheyjghklb�
�pbZghijhibevgu_� nmgdpbhgZevgu_� ]jmiiu�� k� wnn_dlb\ghklvx� ^h� ������
l_hj_lbq_kdbo�lZj_ehd�gZ�f_lj� 

K� p_evx� mkdhj_gby� ijhp_kkh\� ojhfZlh]jZnbq_kdh]h� hij_^_e_gby� kh�
klZ\Z�]Zahh[jZaguo�b�`b^dbo�dZlZebaZlh\�keh`gh]h�khklZ\Z�bamq_gu�mkeh\by�
ijb]hlh\e_gby�ihjbklhkehcguo�dZibeeyjguo�dhehghd�k�ie_gdhc�khj[_glZ�ba�
dhfihablgh]h�fZl_jbZeZ��GZc^_gu�mkeh\by�ijb]hlh\e_gby�mklhcqb\uo�kmk�
i_gabc�ba�wlh]h�fZl_jbZeZ��BD�KH�J:G). 

JZajZ[hlZg� kihkh[� kha^Zgby� iZjh]Zah\uo� kf_k_c� aZ^Zggh]h� khklZ\Z��
hkgh\Zgguc�gZ�ojhfZ^bklbeeypbb��h[_ki_qb\Zxsbc�\hafh`ghklv�kha^Zgby�
dhgp_gljZpbc�\�^bZiZahg_�hl����^h���-5 %. 

JZajZ[hlZg�kihkh[�dZeb[jh\db�]ZahojhfZlh]jZnbq_kdbo�^_l_dlhjh\�f_�
lh^hf� wdkihg_gpbZevgh]h� jZa[Z\e_gby� ih� \_s_kl\Zf� jZaebqghc� e_lmq_klb�
�Ldbi�hl����^h����°K��\�rbjhdhf�^bZiZahg_�dhgp_gljZpbc����4 – 10-3 %). 

JZajZ[hlZgh�ijh]jZffgh_�h[_ki_q_gb_��h[_ki_qb\Zxs__�bgl_]jbjh\Z�
gb_� i_j_dju\Zxsboky� ojhfZlh]jZnbq_kdbo� ibdh\� b� m\_ebq_gb_� lhqghklb�
dhebq_kl\_ggh]h�hij_^_e_gby�dhfihg_glh\�keh`guo�kf_k_c��F=M��dZn_^jZ�
:O). 

IjbgbfZy� \h� \gbfZgb_� jy^� oZjZdl_jbklbd� f_f[jZgguo� fZl_jbZeh\�
�\ukhdmx� ijhgbpZ_fhklv�� jZkl\hjbfhklv� \� gbo� ]Zah\� b� l�^���� [ueh�
ij_^eh`_gh� bkihevah\Zlv� wlb� fZl_jbZeu� dZd� ojhfZlh]jZnbq_kdb_�
Z^khj[_glu� \� ]Zah\hc� ojhfZlh]jZnbb�� <� dZq_kl\_� i_j\h]h� ij_^klZ\bl_ey�
wlh]h� deZkkZ�fZl_jbZeh\� [ue� bamq_g�ihebljbf_lbekbebeijhibg� �ILFKI���
dhlhjuc�[ue�ijbf_g_g�dZd�ojhfZlh]jZnbq_kdbc�Z^khj[_gl�\�gZkZ^hqguo�b�
hldjuluo�dZibeeyjguo�dhehgdZo��GZb[he__�bgl_j_kgu_�j_amevlZlu�gZ�wlhf�
Z^khj[_gl_�[ueb�ihemq_gu�ijb�jZa^_e_gbb�m]e_\h^hjh^guo�]Zah\�b�hkh[_ggh�
^ey�wlbe_gZ��Zp_lbe_gZ�b�ijhiZgZ��:p_lbe_g��y\eyxsbcky�\j_^ghc�ijbf_kvx�
\� wlbe_g_�� wexbjm_lky� jZg__� wlbe_gZ�� qlh� \Z`gh� ^ey� l_ogheh]bq_kdh]h�
dhgljhey� dZq_kl\Z� wlbe_gZ�� Ohjhr__� jZa^_e_gb_� ihemq_gh� ^ey� \k_o�
bamq_gguo� dhfihg_glh\� (BGOK� J:G�� eZ[hjZlhjbb� ojhfZlh]jZnbb� b�
kbgl_aZ�k_e_dlb\gh-ijhgbpZ_fuo�ihebf_jh\).  

JZajZ[hlZg�g_�bf_xsbc�ZgZeh]h\�\�fbjh\hc�ijZdlbd_�Ze]hjblf�ij_^�

kdZaZgby� hlghkbl_evgh]h� ihjy^dZ� ]ZahojhfZlh]jZnbq_kdh]h� wexbjh\Zgby�

bahf_jguo�hj]Zgbq_kdbo�kh_^bg_gbc��hkgh\Zgguc�gZ�kjZ\g_gbb�bo�\gmljbfh�

e_dmeyjguo� ^bgZfbq_kdbo� iZjZf_ljh\� �dhe_[Zl_evgu_� b� \jZsZl_evgu_�

wg_j]bb���Ijh\h^blky� jZkrbj_ggZy� ijh\_jdZ�f_lh^Z� gZ� ijbf_jZo� deZkkh\�

kh_^bg_gbc� k� ZghfZevgufb� aZ\bkbfhklyfb� ojhfZlh]jZnbq_kdbo� iZjZf_l�
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jh\�hl�kljmdlmju�fhe_dme��Zp_lbe_gu��^bZp_lbe_gu��ZebnZlbq_kdb_�iheb�

]Zeh]_gijhba\h^gu_�b�^j����Ij_^eh`_g�kihkh[�h^ghklZ^bcgh]h�]ZahojhfZlh�

]jZnbq_kdh]h�hij_^_e_gby�qbkeZ�Zdlb\guo�Zlhfh\�\h^hjh^Z�\�fhe_dmeZo�hj�

]Zgbq_kdbo� kh_^bg_gbc�� ij_^iheZ]Zxsbc� bkihevah\Zgb_� kf_rZgguo� j_Z]_g�

lh\�^ey�^_jb\ZlbaZpbb��AZ� kq_l�h[h[s_gby�ihemq_gguo�d�gZklhys_fm�fh�

f_glm�^Zgguo��ihdZaZgh��qlh�ebg_cgh-eh]Zjbnfbq_kdb_�aZ\bkbfhklb�\b^Z�\�
 �D�OJ�[���E�[���F�beb�I�\�� �D�OJ�[���E�[���F�ij_^klZ\eyxl�kh[hc�gh\uc�deZkk�

nmgdpbc� ^ey� hibkZgby� k\hckl\� ]hfheh]h\� (Ki[=M��eZ[hjZlhjby�=O�GBB�

obfbb) 
Bamq_gZ� \hafh`ghklv� bkihevah\Zgby� djZmg-kh_^bg_gbc� \� dZq_kl\_�

dhfihg_glh\�ojhfZlh]jZnbq_kdbo�nZa�^ey�jZkrbj_gby�^bZiZahgZ�k_e_dlb\�
ghklb� ijb� ZgZeba_� hj]Zgbq_kdbo� kh_^bg_gbc� jZaguo� deZkkh\� \� ]Zah\hc� b�
`b^dhklghc� ojhfZlh]jZnbb�� J_r_gb_� wlhc� aZ^Zqb� \dexqZeh� mklZgh\e_gb_�
aZdhghf_jghkl_c�� hij_^_eyxsbo� m^_j`b\Zgb_� hj]Zgbq_kdbo� kh_^bg_gbc� k�
jZaebqgufb� nmgdpbhgZevgufb� ]jmiiZfb�� kihkh[guo� d� ki_pbnbq_kdhfm� b�
g_ki_pbnbq_kdhfm�\aZbfh^_ckl\bx�k�\\_^_ggufb�\�khklZ\�ih^\b`guo�b�g_�
ih^\b`guo�ojhfZlh]jZnbq_kdbo�nZa�djZmg-wnbjZfb��GZ�hkgh\_�wdki_jbf_g�
lZevgh�hij_^_e_gguo�dhgklZgl�FZd-J_cghev^kZ��iZjZf_ljh\�m^_j`b\Zgby�b�
jZkkqblZgguo� dhgklZgl� dhfie_dkhh[jZah\Zgby� ihemq_gu� dhebq_kl\_ggu_�
hp_gdb� ^hfbgbjmxsbo� lbih\� \aZbfh^_ckl\bc� f_`^m� fZdjhpbdebq_kdbfb�
fh^bnbdZlhjZfb� ojhfZlh]jZnbq_kdbo� nZa� b� ZgZebabjm_fufb� \_s_kl\Zfb�
(Ki[=M��eZ[hjZlhjby�=O�GBB�obfbb). 

Bamq_gZ� \hafh`ghklv� \ukhdhqm\kl\bl_evgh]h� hij_^_e_gby� n_gheZ� b�
_]h�ijhba\h^guo�]ZahojhfZlh]jZnbq_kdbf�f_lh^hf�k�bkihevah\Zgb_f�nhlh�
bhgbaZpbhggh]h�^_l_dlhjZ��>hklb]gmlu_�Z[khexlgu_�ij_^_eu�h[gZjm`_gby�
n_gheZ���-oehjn_gheZ���-f_lben_gheZ���-gbljhn_gheZ�����-^boehjn_gheZ�kh�
klZ\beb��⋅10-12  9⋅10-12

�]��qlh�\��-���jZa�emqr_�ijb\_^_gguo�\�ebl_jZlmj_��
(BO<<�J:G�kh\f_klgh�k�Gb`_]hjh^kdbf�=M�. 
 Bkke_^h\Zgu� lj_lbqgu_� Zjkbgu� \� dZq_kl\_� g_ih^\b`guo� nZa� ^ey�
]Zah`b^dhklghc� ojhfZlh]jZnbb�� JZkkqblZgu� bg^_dku� m^_j`b\Zgby� b�
nZdlhju� iheyjghklb� klZg^Zjlguo� khj[Zlh\� gZ� lj_lbqguo� ZjkbgZo� h[s_c�
nhjfmeu� R2C2As�� ]^_� R = C6H5C2H5, (n - CH3OC6H4)2, (n - FC6H4)2, (n - 
BrC6H4)2, (n - ClC6H4)2, n - HOOCC6H4C2H5�� IhdZaZgh�� qlh�
ojhfZlh]jZnbq_kdb_� k\hckl\Z� bkke_^m_fuo� Zjkbgh\� aZ\bkyl� hl� kljmdlmju�
aZf_klbl_ey� m� ZlhfZ� furvydZ�� b� khj[_glu� oZjZdl_jbamxlky� \ukhdhc�
]b^jhdkbevghc� k_e_dlb\ghklvx�� MklZgh\e_gh�� qlh� ba� bkke_^m_fh]h� jy^Z�
kh_^bg_gbc� gZb[he__� \ukhdbfb� k_e_dlb\gufb� k\hckl\Zfb� h[eZ^Z_l�
iZjZdZj[hdkbn_gbe^bwlbeZjkbg�� qlh� h[tykgy_lky� kljmdlmjgufb�
hkh[_gghklyfb�ihke_^g_]h��DZaZgkdbc�=M). 

JZajZ[hlZg�gh\uc�kihkh[�]ZahojhfZlh]jZnbq_kdh]h�hij_^_e_gby�oehj�
n_gheh\�\�\h^guo�kj_^Zo��^_l_dlhj�we_dljhggh]h�aZo\ZlZ��k�ij_^\Zjbl_evghc�
^\moklZ^bcghc�obfbq_kdhc�fh^bnbdZpb_c��<�dZq_kl\_�j_Z]_glh\�^ey�^_jb\Z�
lbaZpbb�\�\h^ghc�nZa_�ijbf_g_g�fhe_dmeyjguc�[jhf�k�ihke_^mxsbf�Zpbeb�
jh\Zgb_f�oehjZg]b^jb^hf�i_jnlhj\Ze_jbZgh\hc�dbkehlhc�\�wdkljZdl_� �<h�
jhg_`kdZy�=L:). 



 

�

46 

  Bkke_^h\Zgu�\hafh`ghklb�]ZahojhfZlh]jZnbq_kdh]h�iZjhnZagh]h�ZgZ�
ebaZ�^ey�bamq_gby�jZ\gh\_kby�f_`^m�`b^dhklvx�b�iZjhf�\�q_luj_odhfih�
g_glguo�kbkl_fZo��GZ�ijbf_j_�kbkl_fu�oehjhnhjf�-�Zp_lhg�-�f_lbeZp_lZl�- 
f_lZghe�ihdZaZgZ�\hafh`ghklv�jZkq_lZ�khklZ\Z�`b^dhc�nZau�ih�^Zgguf�h�aZ�
\bkbfhklb�^Z\e_gby�dhg^_gkZpbb�iZjh\hc�nZau�hl�__�khklZ\Z��Ki[=M��eZ[h�
jZlhjby�=O�GBB�obfbb).  

<�KI[�=M�gZ�dZn_^j_�ZgZeblbq_kdhc�obfbb�ijh^he`_gu�jZ[hlu�\�
h[hkgh\Zgb_�b�jZa\blb_�ojhfZlhf_f[jZgguo�f_lh^h\�jZa^_e_gby�\_s_kl\� 

Ij_^eh`_gZ�lZj_ehqgZy�fh^_ev�b�fZl_fZlbq_kdh_�hibkZgb_�g_ij_ju\�
ghc�^\mof_jghc�ojhfZlhf_f[jZgghc�]Zah\hc�wdkljZdpbb��G>OW���Z^_d\Zlgh�
hljZ`Zxsb_�aZdhghf_jghklb�ba\e_q_gby�\_s_kl\�ba�\h^guo�jZkl\hjh\�\�]Za-
wdkljZ]_gl��MklZgh\e_gu�b�khihklZ\e_gu�ZgZeblbq_kdb_�oZjZdl_jbklbdb�f_�
lh^bd�hij_^_e_gby�e_lmqbo�hj]Zgbq_kdbo�\_s_kl\��hkgh\Zggu_�gZ�ljZ^bpb�
hggf�kljbiibg]_�k�h^ghc�klhjhgu�b�^\mof_jghf�b�ijhlb\hlhqghf�\ZjbZglZo�
ojhfZlhf_f[jZgghc�]Zah\hc�wdkljZdpbb�–�k�^jm]hc��IhdZaZgu�ij_bfms_kl\Z�
ojhfZlhf_f[jZgguo� \ZjbZglh\� k� lhqdb� aj_gby� kgb`_gby�ij_^_eh\�h[gZjm�
`_gby�hij_^_ey_fuo�\_s_kl\�b�kgb`_gby�ijh^he`bl_evghklb�ZgZebaZ� 

�Ih� j_amevlZlZf� hij_^_e_gby� hkgh\guo� f_ljheh]bq_kdbo� oZjZdl_jb�
klbd� �ij_^_eu�h[gZjm`_gby��ihdZaZl_eb�koh^bfhklb��f_lh^bd�]ZahojhfZlh�
]jZnbq_kdh]h�hij_^_e_gby���-lb�e_lmqbo�hj]Zgbq_kdbo�\_s_kl\�\�\h^_�ihdZ�
aZgu�ij_bfms_kl\Z�ojhfZlhf_f[jZgghc�]Zah\hc�wdkljZdpbb�ih�kjZ\g_gbx�k�
ljZ^bpbhgguf�\ZjbZglhf� SXUJH#WUDS��Hij_^_e_gh�\j_fy��g_h[oh^bfh_�^ey�
mklZgh\e_gby�klZpbhgZjgh]h�khklhygby�ijb�hkms_kl\e_gbb�^\mof_jghc�ojh�
fZlhf_f[jZgghc�]Zah\hc�wdkljZdpbb��dhlhjh_�dhjj_ebjm_l�k�e_lmq_klvx�hi�
j_^_ey_fuo�dhfihg_glh\�� 

MklZgh\e_gu�aZdhghf_jghklb�ijhp_kkZ�ojhfZlhf_f[jZgghc�Z[khj[pb�
hggh]h� \u^_e_gby� ijbf_k_c�iheyjguo� hj]Zgbq_kdbo�b�g_hj]Zgbq_kdbo� kh�
_^bg_gbc�\�iheyjgu_�`b^db_�nZau�^ey�bo�ihke_^mxs_]h�nhlhf_ljbq_kdh]h��
bhghf_ljbq_kdh]h��]Zah-�b�bhghojhfZlh]jZnbq_kdh]h�hij_^_e_gby��IhdZaZgu�
ij_bfms_kl\Z� ojhfZlhf_f[jZggh]h� \ZjbZglZ� Z[khj[pbb� ih� kjZ\g_gbx� k�
ljZ^bpbhgguf� [Zj[hlbjh\Zgb_f� k� lhqdb� aj_gby� j_adh]h� ih\ur_gby� wdk�
ij_kkghklb�ZgZebaZ�b�\hafh`ghklb�ijbf_g_gby�[he__�rbjhdh]h�djm]Z�obfb�
q_kdbo�j_Zdpbc��bkihevam_fuo�^ey�\u^_e_gby�hij_^_ey_fuo�\_s_kl\��JZajZ�
[hlZgu�f_lh^bd�hij_^_e_gby�[he__���-lb�hj]Zgbq_kdbo�b�g_hj]Zgbq_kdbo�aZ�
]jyagbl_e_c��dhlhju_�hkgh\Zgu�gZ�jZaebqguo�\ZjbZglZo�ojhfZlhf_f[jZgghc�
Z[khj[pbb�� 
 <ukhdhwnn_dlb\gZy�`b^dhklgZy� �\�lhf� qbke_� bhggZy�� ojhfZlh�

]jZnby JZajZ[hlZg�khj[_gl�gZ�hkgh\_�dj_fg_a_fZ�k�ijb\blufb�[biheyjgufb�
]jmiiZfb�hdkbijhebgZ�^ey�h^gh\j_f_ggh]h�bhghojhfZlh]jZnbq_kdh]h�hij_�
^_e_gby�bhgh\�kbevguo�we_dljheblh\�b�Zgbhgh\�^bdZj[hgh\uo�dbkehl�k�dhg�
^mdlhf_ljbq_kdbf� ^_l_dlbjh\Zgb_f�� Bfij_]gbjh\Zgb_f� k\_jokrblh]h� ih�
ebklbjheZ�f_lbeh\uf�hjZg`_\uf�ihemq_gZ�gh\Zy�[biheyjgZy�g_ih^\b`gZy�
nZaZ��IhdZaZgZ�ijbgpbibZevgZy�\hafh`ghklv�h^gh\j_f_ggh]h�jZa^_e_gby�k�
__�ihfhsvx�dZlbhgh\�b�Zgbhgh\��MklZgh\e_gZ�\ukhdZy�k_e_dlb\ghklv�wlhc�
g_ih^\b`ghc� nZau� d� s_ehqguf� b� s_ehqgha_f_evguf� f_lZeeZf��
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Na+<Li+∼K+<Rb+<NH4
+<Cs+b� Mg2+<Sr2+<Ca2+<Ba2+�� Bamq_gu� ojhfZlh�

]jZnbq_kdb_� k\hckl\Z� _s_� h^ghc�gh\hc�g_ih^\b`ghc�nZau�–�n_gbeZfbgh�
ijhibe�kbebdZ]_ey��PhA-kbebdZ]_ev���Ijbkmlkl\b_�\lhjbqghc�Zfbgh]jmiiu��
n_gbevgh]h�b� Zedbevgh]h� aZf_klbl_e_c�^_eZ_l� wlm�g_ih^\b`gmx�nZam�mgb�
\_jkZevghc�^ey�bkihevah\Zgby�dZd�\�bhgghc�ojhfZlh]jZnbb�^ey�jZa^_e_gby�
g_hj]Zgbq_kdbo�b�hj]Zgbq_kdbo�Zgbhgh\��lZd�b�\�h[jZs_ggh-nZah\hc�ojhfZ�
lh]jZnbb�^ey�jZa^_e_gby�n_gheh\�b�n_ghdkbmdkmkguo�dbkehl� 
 Bamq_gZ�m^_j`b\ZxsZy�b�jZa^_eyxsZy�kihkh[ghklv�kbebdZ]_ey��obfb�
q_kdb�b�Z^khj[pbhggh�fh^bnbpbjh\Zggh]h�oblhaZghf��_]h�ijhba\h^gufb�b�
Zfbghijhba\h^gufb�β-pbdeh^_dkljbgZ��IhdZaZgh��qlh�wlb�khj[_glu�h[eZ^Z�
xl�\ukhdhc�m^_j`b\Zxs_c�kihkh[ghklvx�ih�hlghr_gbx�d�iheyjguf�kh_^b�
g_gbyf�� kh^_j`Zsbf� gbljh-�� Zfbgh-� b� ]b^jhdkb]jmiiu��IhdZaZgZ� \hafh`�
ghklv� jZa^_e_gby� kf_k_c� hilbq_kdbo� bahf_jh\� n_gbeZeZgbgZ�� lbjhabgZ� b�
ljbilhnhgZ� \� \b^_� ijhba\h^guo� k� h-nlZe_\uf� Zev^_]b^hf� gZ� kbebdZ]_e_��
fh^bnbpbjh\Zgghf�Zfbghijhba\h^gufb�β-pbdeh^_dkljbgZ��F=M��dZn_^jZ�
:O). 

Ihkljh_gu�bahl_jfu�Z^khj[pbb�jy^Z�f_lZeenlZehpbZgbgh\�\�klZlbq_�
kdbo�mkeh\byo�b�ih�ojhfZlh]jZnbq_kdbf�^Zgguf��IhdZaZgh��qlh�khq_lZgb_�
^\mo�f_lh^h\�bamq_gby�Z^khj[pbb�iha\hey_l�ihemqZlv�bahl_jfu�\�[he__�rb�
jhdhf�bgl_j\Ze_�dhgp_gljZpbc� 

Ijh^he`_gh�bamq_gb_�jZa^_e_gby�dhfie_dkhgZlh\�f_lZeeh\�f_lh^Zfb�
bhgghc�b�bhgghc�we_dljhdbg_lbq_kdhc�ojhfZlh]jZnbb��Bamq_gh�bhghojhfZ�
lh]jZnbq_kdh_�ih\_^_gb_�dhfie_dkh\�Co, Cu, Al, Fe, Ni, Mn, Ga, In c�wlbe_g�
^bZfbg–N,N’–^b�h–]b^jhdkbn_gbe�–N,N’–^bmdkmkghc� b� N,N’–[bk�]b^jh-
dkb[_gabe�–wlbe_g^bZfbg–N,N’–^bmdkmkghc�dbkehlhc��JZajZ[hlZgu�kihkh[u�
hij_^_e_gby�dZlbhgh\�\�\b^_�bo�o_eZlh\�k�ij_^_eZfb�h[gZjm`_gby�gZ�mjh\g_�
10–7

�fhev�e��GZ�hkgh\_�^Zgguo�h�bhghojhfZlh]jZnbq_kdhf�m^_j`b\Zgbb�ijh�
^he`_gh� ihkljh_gb_�fZl_fZlbq_kdhc�fh^_eb� m^_j`b\Zgby� ijhkluo� b� dhf�
ie_dkguo�Zgbhgh\�\�\ZjbZgl_�bhgghc�we_dljhdbg_lbq_kdhc�ojhfZlh]jZnbb� 

<hah[gh\e_gu� jZ[hlu�ih�bkihevah\Zgbx� dZlZeblbq_kdh]h� ^_l_dlbjh�
\Zgby�\�bhgghc�ojhfZlh]jZnbb��Bamq_gu�jZaebqgu_�bg^bdZlhjgu_�j_Zdpbb�
hdbke_gby�hj]Zgbq_kdbo�kh_^bg_gbc��dZlZebabjm_fu_�bhgZfb�gbljZlZ�b�fZj�
]ZgpZ�II ���JZajZ[hlZgu�kihkh[u�ihke_dhehghqgh]h�^_l_dlbjh\Zgby� wlbo�bh�
gh\�k�ij_^_eZfb�h[gZjm`_gby�����f]�e��hdheh�iheh\bgu�I>D���F=M��dZn_^�
jZ�:O).  
 Kha^ZgZ�ijh]jZffZ� IONCHROM��hkgh\ZggZy�gZ�fZl_fZlbq_kdhf�fh�
^_ebjh\Zgbb�f_lh^Z�ZgZeblbq_kdhc�obfbb�–�bhgghc�ojhfZlh]jZnbb��dhlh�
jZy� iha\hey_l� ijh\h^blv� Zijbhjgu_� jZkq_lu� ih\_^_gby� j_Zevguo� kf_k_c�

bhgh\� \� ijhba\hevgh� \u[jZgguo� ojhfZlh]jZnbq_kdbo� mkeh\byo�� jZkkqblu�

\Zlv�hilbfZevgu_�j_`bfu�jZa^_e_gby�kf_k_c�b�j_rZlv�aZ^Zqb�dZq_kl\_g�

gh]h�b�dhebq_kl\_ggh]h�ZgZebaZ��Ijh]jZffZ�iha\hey_l�[ukljh�b�m^h[gh�bk�

ihevah\Zlv�j_amevlZlu�wfibjbq_kdh]h�b�l_hj_lbq_kdh]h�hiulZ�\�h[eZklb�

bhggh]h�h[f_gZ�b�bhgghc�ojhfZlh]jZnbb��Bkoh^gu_�^Zggu_�^ey�ijh]jZffu�

ij_^klZ\eyxl� kh[hc� _kl_kl\_ggu_�iZjZf_lju�� oZjZdl_jbamxsb_� khj[_g�
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lu��iZkihjlgu_�oZjZdl_jbklbdb���bhgu��lZ[mebjh\Zggu_�dhgklZglu��dhg�

p_gljZpbb��� b� e_]dh� aZ^Z\Z_fu_� iZjZf_lju� jZ[hlu� maeh\� ojhfZlh]jZnZ��

Ijh]jZffZ�j_rZ_l�aZ^Zqb�jZkq_lZ�l_hj_lbq_kdbo�ojhfZlh]jZff��\u[hjZ�

hilbfZevgh]h�j_`bfZ�jZa^_e_gby�aZ^Zgguo�kf_k_c�bhgh\��kha^Zgby�f_lh^bd�

ZgZebaZ�b�^j��Ij_^mkfhlj_gZ� \u^ZqZ�j_amevlZlh\�jZkq_lZ�\� ]jZnbq_kdhf�

\b^_��\�\b^_�nZceh\�b�gZ�i_qZlv��Ijh]jZffZ�ij_^gZagZq_gZ�dZd�^ey�h[mq_gby�

hkgh\Zf�f_lh^Z�ZgZebaZ�b�bkihevah\Zgby�\�ijh\_^_gbb�jmlbggh]h�ZgZebaZ��

lZd�b�^ey�jZkrbj_gby�\hafh`ghkl_c�bkihevam_fhc�ZiiZjZlmju�b�f_lh^Z�\�

p_ehf��JZkq_lu�� ijhba\h^bfu_� k� ihfhsvx IONCHROM�� ghkyl� Zijbhjguc�
oZjZdl_j��:^_d\Zlghklv�jZkq_lh\�ijh\_j_gZ�gZ�j_Zevguo�kbkl_fZo�b�y\ey�

_lky�m^h\e_l\hjbl_evghc�(=?HOB�J:G�. 
HljZ[hlZgZ�f_lh^bdZ�hij_^_e_gby�l_ljZpbdebgZ�\�fhehd_�\�h[jZs_g�

gh-nZah\hf�j_`bf_�\ukhdhwnn_dlb\ghc�`b^dhklghc�ojhfZlh]jZnbb�k�MN-�b�
nemhjbf_ljbq_kdbf� ^_l_dlbjh\Zgb_f� ih� kh[kl\_gghc�nemhj_kp_gpbb� �Dm�
[Zgkdbc�=M). 

Bkke_^h\Zgu�aZ\bkbfhklb�iZjZf_ljh\�m^_j`b\Zgby�\�]Zah`b^dhklghc�
ojhfZlh]jZnbb�b�\ukhdhwnn_dlb\ghc�`b^dhklghc�ojhfZlh]jZnbb�hl�kljh_�
gby�dZj[hgbevguo�kh_^bg_gbc�b�kh_^bg_gbc�ZjhfZlbq_kdh]h�jy^Z��Ih^l\_j�
`^_gZ�g_ebg_cgZy�aZ\bkbfhklv�iZjZf_ljh\�m^_j`b\Zgby�hl�ghf_jZ�]hfheh]Z�
^ey�djZcgbo�qe_gh\�\�jy^Zo�dZj[hgbevguo�kh_^bg_gbc��IhdZaZgh�ZghfZevgh_�
ih\_^_gb_�kh_^bg_gbc�jy^Z�aZf_s_gguo�nmjnmjheh\�\�mkeh\byo�h[jZs_ggh-
nZah\hc�`b^dhklghc�ojhfZlh]jZnbb��>Zevg_\hklhqguc�=M��D:O). 
 

Dbg_lbq_kdb_�f_lh^u 
 
>ey� hij_^_e_gby�fbdjhdhebq_kl\� k_e_gZ� ij_^eh`_gu� gh\u_� bg^bdZ�

lhjgu_�j_Zdpbb��hkgh\Zggu_�gZ�ijhp_kk_�\hkklZgh\e_gby�djZkbl_ey�f_lbeh�
\h]h� kbg_]h�hj]Zgbq_kdbfb� kh_^bg_gbyfb�� kh^_j`Zsbfb� lbhevgu_� ]jmiiu�
�mgblbhe�� ���-^bf_jdZilhijhibhgh\Zy� dbkehlZ�� f_jdZilhy[ehqgZy� dbkehlZ��
jm[_Zgh\h^hjh^gZy�dbkehlZ���MklZgh\e_gu�hkgh\gu_�dbg_lbq_kdb_�oZjZdl_�
jbklbdb�b�\u[jZgu�hilbfZevgu_�mkeh\by�ijh\_^_gby�j_Zdpbc��JZajZ[hlZgu�
f_lh^bdb� hij_^_e_gby� k_e_gZ� dZlZeblbq_kdbf� f_lh^hf� \� h[t_dlZo� hdjm�
`Zxs_c� kj_^u� k� ij_^_eZfb� h[gZjm`_gby�f_g__� ��fd]� �e� �DZaZgkdbc�=M��
dZn_^jZ�:O). 

N-N_gbe-1-gZnlbeZfbg� y\ey_lky� ohjhrbf� nhlhf_ljbq_kdbf� j_Z]_g�
lhf��ba\_klguf�\�ebl_jZlmj_��dZd�G_hahg-:��Ijb�hdbke_gbb�hg�h[jZam_l�bg�
l_gkb\gh�hdjZr_gguc�ijh^mdl�hdbkebl_evghc�^bf_jbaZpbb��Bkihevah\Zgb_�
N-n_gbe-1-gZnlbeZfbgZ� \� dZlZeblbq_kdbo�fk_lh^Zo� aZljm^g_gh� \ke_^kl\b_�
_]h�gbadhc�jZkl\hjbfhklb�\�\h^_��Wlh]h�g_^hklZldZ�ebr_gu�_]h�kmevnhijh�
ba\h^gu_�� Ijh^mdl� kmevnbjh\Zgby� -� ijb_fms_kl\_ggh� 1-n_gbe-1-
gZnlbeZfbg-8-kmevnhdbkehlu� gZljb_\Zy� khev� �NG:KD�� ihemq_gZ� f_lh^hf�
ijyfh]h�kmevnbjh\Zgby�k_jghc�dbkehlhc�b�bhggh]h�h[f_gZ�k�dZj[hgZlhf�gZ�
ljby� �\uoh^� �����ijb�\u[jZgguo�hilbfZevguo�mkeh\byo� �fhevgh_�khhlgh�
r_gb_� km[kljZl�� +2SO4�  � ��� ����� l_fi_jZlmjZ� kmevnbjh\Zgby� ���� - 135 hK��
\j_fy�kmevnbjh\Zgby����fbgml���Bamq_gu�ijhlheblbq_kdb_�k\hckl\�NG:KD�
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�agZq_gb_� ihdZaZl_ey� dhgklZglu� ijhlhgbaZpbb� khijy`zgghc� dbkehlu� ih�
rdZe_� dbkehlghc� nmgdpbb� =Zff_lZ�� -1,73+������ hij_^_e_gu� ki_dljZevgu_�
k\hckl\Z�ijh^mdlZ�hdbke_gby�NG:KD�\�jZkl\hjZo�G2SO4: λho

max ����gf��ε= 
4,42⋅104

��GZc^_gh��qlh�NG:KD�y\ey_lky�^\mowe_dljhgguf�j_^hdk-j_Z]_glhf��
Bamq_gb_�hdbkebl_evgh-\hkklZgh\bl_evguo�k\hckl\�NG:KD�ihdZaZeh��qlh�\�
ijhlhgbjh\Zgghf� khklhygbb�bg^bdZlhj�h[eZ^Z_l�g_\ukhdbf�hdbkebl_evgh-
\hkklZgh\bl_evguf�ihl_gpbZehf� �����<�ijb�dbkehlghklb� �-��F�ih�G2SO4), 
dhlhjuc�ih\urZ_lky�ijb�kgb`_gbb�dbkehlghklb������<�ijb�dbkehlghklb���F�

ih�G2SO4��� Khhl\_lkl\_ggh� djm]� hdbkebl_e_c�� dhlhjufb� bg^bdZlhj� fh`_l�
[ulv�hdbke_g��kgb`Z_lky�ijb�mf_gvr_gbb�dbkehlghklb��Wlh�[eZ]hijbylkl\m�
_l�kha^Zgbx�k_e_dlb\guo�dbg_lbq_kdbo�f_lh^h\�hij_^_e_gby�g_dhlhjuo�bh�
gh\�hdbkebl_e_c�beb�dZlZebaZlhjh\�\�keZ[hdbkeuo�kj_^Zo�� 

Bamq_gu�j_Zdpbb�g_dZlZeblbq_kdh]h�hdbke_gby�NG:KD�ijb�dbkehlgh�
klb�����������0�ih�+2SO4 ke_^mxsbfb�hdbkebl_eyfb� K2Cr2O7, NH4VO3, KIO3, 
NaIO4, NaNO2, NaNO3, (NH4)2S2O8��GZc^_gh��qlh�kdhjhklv�hdbke_gby�NG:KD�
jZaebqgufb� hdbkebl_eyfb� \� agZqbl_evghc� kl_i_gb� aZ\bkbl�hl�dbkehlghklb�
kj_^u��Bamq_gZ�\hafh`ghklv�hij_^_e_gby�h^gbo�hdbkebl_e_c�\�ijbkmlkl\bb�
^jm]bo�� GZc^_gh�� qlh� gbljZlu� ebrv� g_agZqbl_evgh� f_rZxl� hij_^_e_gbx�
gbljblh\�ijb�dbkehlghklb��F�G2SO4��Bamq_gu�j_Zdpbb�hdbke_gby�NG:KD�
i_jbh^Zlhf�dZeby�\�keZ[hdbkeuo�kj_^Zo�\�ijbkmlkl\bb�dZlZeblbq_kdb�Zdlb\�
guo�nhjf�bhgh\�jh^by��bjb^by��jml_gby��K^_eZg�\u\h^�h�\hafh`ghklb�ijb�
f_g_gby�NG:KD�\�dZq_kl\_�bg^bdZlhjgh]h�\_s_kl\Z�ijb�jZajZ[hld_�\ukh�
dhqm\kl\bl_evguo�f_lh^h\�hij_^_e_gby�f_lZeeh\�j_^dhc�ieZlbgh\hc�]jmiiu�
(KZjZlh\kdbc�=M��dZn_^jZ�HbGO�. 

JZajZ[hlZgu� dZlZeblbq_kdb_� f_lh^u� hij_^_e_gby� f_^b� b� dh[ZevlZ� \�
kieZ\Zo��kheyo�b�h[t_dlZo�hdjm`Zxs_c�kj_^u�ih�j_Zdpbb�hdbke_gby�bg^b]h�
dZjfbgZ�i_jhdkb^hf�\h^hjh^Z��J_Zdpby�;_ehmkh\Z-@Z[hlbgkdh]h�bkihevah�
\ZgZ� ^ey� jZajZ[hldb� \ukhdhqm\kl\bl_evgh]h� f_lh^Z� hij_^_e_gby�`_e_aZ� \�
klhqguo�\h^Zo��Qm\Zrkdbc�=M��dZn_^jZ�:O). 

Ij_^eh`_g� qm\kl\bl_evguc� dbg_lbq_kdbc� f_lh^� hij_^_e_gby� ikboh�
ljhiguo� e_dZjkl\_gguo� ij_iZjZlh\� –� ijhba\h^guo�n_ghlbZabgZ�� hkgh\Zg�
guc�gZ�mkdhjyxs_f�^_ckl\bb�dZlbhg-jZ^bdZeh\�hdbke_gguo�n_ghlbZabgh\�
gZ�j_Zdpbx�hdbke_gby�ZjhfZlbq_kdbo�Zfbgh\��gZijbf_j��i-n_g_lb^bgZ��\Z�
gZ^Zlhf��Gb`gb_�]jZgbpu�hij_^_ey_fuo�dhgp_gljZpbc�aZ\bkyl�hl�ijbjh^u�
aZf_klbl_e_c�\�fhe_dme_�n_ghlbZabgZ�b�e_`Zl�\�ij_^_eZo��-���g]�fe��BFD�
G:G�MdjZbgu). 

MklZgh\e_gh��qlh�ikbohljhigu_�e_dZjkl\_ggu_�ij_iZjZlu�–�[_ga^bZa_�
ibgu�� \� qZklghklb�� ^bZa_iZf� b� lZa_iZf�� y\eyxlky� bg]b[blhjZfb� j_Zdpbb�
hdbke_gby�ZjhfZlbq_kdbo�Zfbgh\��gZijbf_j��h-lhemb^bgZ��i_jbh^Zlhf��dZlZ�
ebabjm_fhc� dhfie_dkhf�`_e_aZ�III �� k� ����-n_gZgljhebghf��Wlh�ijb\h^bl�d�
baf_g_gbx�hdjZkdb�ijh^mdlh\�hdbke_gby�h-lhemb^bgZ�\�aZ\bkbfhklb�hl�dhg�
p_gljZpbb�[_ga^bZa_ibgh\�b�fh`_l�[ulv�bkihevah\Zgh�^ey�bo�dhebq_kl\_g�
gh]h�hij_^_e_gby��BFD�G:G�MdjZbgu�� 

Ijh^he`_gZ� jZajZ[hldZ� ]b[jb^gh]h� khj[pbhggh-dZlZeblbq_kdh]h� f_�
lh^Z� ZgZebaZ��Bkke_^h\Zgu� hkh[_gghklb� ijhl_dZgby� j_Zdpbc� hdbke_gby� h-
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^bZgbab^bgZ�i_jbh^Zlhf�gZljby�gZ�ih\_joghklb�hdkb^h\�– TiO2, ZnO, PbO 
�`_el����SiO2��<uykg_gh�� qlh� jy^� ZebnZlbq_kdbo� Zfbgh\�� hl^_evgu_�ijhba�
\h^gu_�dZj[hgh\uo�dbkehl�b�kZoZjh\�kms_kl\_ggh�\ebyxl�gZ�kdhjhklv�bam�
qZ_fhc�j_Zdpbb��JZajZ[hlZgZ�f_lh^bdZ�hij_^_e_gby�����–���F�g-[mlbeZfbgZ�
ih�j_Zdpbb�hdbke_gby�h-^bZgbab^bgZ�i_jbh^Zlhf�gZljby��ijh\h^bfhc�gZ�ih�
\_joghklb�ihjhrdZ�TiO2�\�ijbkmlkl\bb����g]�fe�f_^b�II). 

�Ij_^eh`_g�mklhcqb\uc�f_^vkh^_j`Zsbc�khj[_gl�gZ�hkgh\_�[mfZ`guo�
nbevljh\� k� ijb\blufb� ]_dkZf_lbe_g^bZfbggufb� ]jmiiZfb�� iha\heyxsbc�
dhgp_gljbjh\Zlv�b�hij_^_eylv�Zahlkh^_j`Zsb_�hj]Zgbq_kdb_�kh_^bg_gby�\�
bgl_j\Ze_�dhgp_gljZpbc� ����– 100 gF�ih�bo�\ebygbx�gZ�kdhjhklv�j_Zdpbb�
]b^jhobghg�– Cu(II) –�i_jhdkb^�\h^hjh^Z��F=M��dZn_^jZ�:O�.   

 
;bhobfbq_kdb_�b�[bheh]bq_kdb_�f_lh^u 

 
N_jf_glZlb\gu_�f_lh^u. JZajZ[hlZgu�h^ghjZah\u_�ohebgwkl_jZa�

gu_�[bhk_gkhju�gZ�hkgh\_�i_qZlguo�ieZgZjguo�we_dljh^h\�ba�m]e_jh^bkluo�

fZl_jbZeh\�� hlebqZxsb_ky� memqr_ggufb� ZgZeblbq_kdbfb� oZjZdl_jbklb�

dZfb�hij_^_e_gby�nhknhjhj]Zgbq_kdbo�b�dZj[ZfbgZlguo�i_klbpb^h\�\�jZk�

lbl_evghf� fZl_jbZe_��Bkihevah\Zgb_� fh^bnbpbjmxsbo� keh_\�GZnbhgZ� b�

we_dljhihebf_jbah\Zgguo�fZl_jbZeh\�iha\hebeb�kgbablv�jZ[hqbc�ihl_gpb�

Ze�b�\��-��jZaZ�m\_ebqblv�kjhd�ojZg_gby�[bhk_gkhjh\�ijb�dhfgZlghc�l_fi_�
jZlmj_� 

H[gZjm`_g� gh\uc� f_oZgbaf� bg]b[bjh\Zgby� ohebgwkl_jZa� ���-
aZf_s_ggufb�dZebdk>�@Zj_gZfb��khklhysbc�\�kl_jbq_kdhf�[ehdbjh\Zgbb�Zd�
lb\gh]h�p_gljZ�[_a�h[jZah\Zgby�dh\Ze_glguo�k\ya_c��<aZbfh^_ckl\b_�bg]b�
[blhj-n_jf_gl� hij_^_ey_lky� dhhi_jZlb\guf� \aZbfh^_ckl\b_f� km[kljZlZ�
�bg^hn_gbeZp_lZl���dZebdkZj_gZ��k\yau\Zxs_]h�km[kljZl�ih�gb`g_fm�h[h^m��
b� n_jf_glZ�� GZ� hkgh\_� bamq_gby� f_oZgbafZ� \aZbfh^_ckl\by� ij_^eh`_gu�
ijhklu_�\ukhdhqm\kl\bl_evgu_�f_lh^bdb�hij_^_e_gby�dZebdkZj_gh\�b�dhf�
ie_dkh\� ©]hklv-ohaybgª� k� mqZklb_f� ]ebpbgZ�b� [_gahcghc� dbkehlu� kh� ki_d�
ljhnhlhf_ljbq_kdbf� b� we_dljhobfbq_kdbf� ^_l_dlbjh\Zgb_f� �DZaZgkdbc�
=M� 

Bamq_gh�b�\uy\e_gh�jZaebqb_�\�f_oZgbafZo�jZkij_^_e_gby�gZ�i_ghih�
ebmj_lZg_�i_jhdkb^Zau�ba�dhjg_c�oj_gZ�b�s_ehqghc�nhknZlZau�ba�dbr_qgb�
dZ�puie_gdZ�\�hlkmlkl\b_�b�\�ijbkmlkl\bb�ijbjh^guo�ihebkZoZjb^h\�k�bk�
ihevah\Zgb_f�`b^dhklgh-kpbglbeeypbhggh]h�b� Z\lhjZ^bh]jZnbq_kdh]h�f_�
lh^h\�bkke_^h\Zgby�� 

IhdZaZgh��qlh�ijb�h^gh\j_f_gghf�ijbkmlkl\bb�^\mo�km[kljZlh\�n_j�
f_glZ� �n_ghevgh]h� kh_^bg_gby� b� ZjhfZlbq_kdh]h� ZfbgZ�� \� bg^bdZlhjguo�
kbkl_fZo�� dZlZebabjm_fuo� jZklbl_evgufb�i_jhdkb^ZaZfb��gZ[ex^Z_lky� wn�
n_dl� km[kljZl-km[kljZlghc� Zdlb\Zpbb�� [_gab^bg� beb� _]h� ijhba\h`gu_�� h-
^bZgbab^bg� beb� ���¶����¶-� l_ljZf_lbe[_gab^bg� Zdlb\bjmxl� i_jhdkb^Zagh_�
hdbke_gb_� n_gheh\� k� f_gvrbfb�� q_f� m� gbo� hdbkebl_evgh-
\hkklZgh\bl_evgufb� ihl_gpbZeZfb��Qm\kl\bl_evgu_� �k�Kg 0.05 – 5 fdF��b�
k_e_dlb\gu_� f_lh^bdb� hij_^_e_gby� h^gbo� n_gheh\� \� ijbkmlkl\bb� ^jm]bo�
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jZajZ[hlZgu� k� bkihevah\Zgb_f� jZaguo� ZgZeblbq_kdbo� kb]gZeh\�–� kdhjhklb�
bg^bdZlhjgh]h� ijhp_kkZ� �ijb� hij_^_e_gbb� n_gheh\� –� bg]b[blhjh\��� eb[h�
ijh^he`bl_evghklb�bg^mdpbhggh]h�i_jbh^Z��\�kemqZ_�n_gheh\�–�\lhjuo�km[�
kljZlh\�� 

<�j_amevlZl_�bamq_gby�\ebygby�rbjhdh]h�djm]Z�bhgh\�f_lZeeh\�gZ�dZ�
lZeblbq_kdmx�Zdlb\ghklv�Zihn_jf_glh\��ihemq_gguo�ba�s_ehqguo�nhknZlZa�
ba�dbr_qgbdZ�puie_gdZ��dbrdb�]j_geZg^kdh]h�lxe_gy�b�dbr_qghc�iZehqdb�
E.Coli��mklZgh\e_gh��qlh�lhevdh�\�kemqZ_�Zihn_jf_glZ�s_ehqghc�nhknZlZau�
ba�dbr_qgbdZ�puie_gdZ�_]h�Zdlb\ghklv�fh`_l�[ulv�\hkklZgh\e_gZ�\�ijbkml�
kl\bb�bhgh\�&R�,,���1L�,,���&X�,,���&G�,,���GZ�hkgh\_�dhgdmj_glgh]h�dhfie_d�
khh[jZah\Zgby�jZajZ[hlZgu�f_lh^bdb�hij_^_e_gby�mdZaZgguo�bhgh\�f_lZe�
eh\�k�ij_^_eZfb�h[gZjm`_gby������–�����fd]�fe� 

GZ�hkgh\Zgbb�bg]b[bjmxs_]h�^_ckl\by�jlmlb�,,��b�jlmlvhj]Zgbq_kdbo�
kh_^bg_gbc�gZ�Zedh]hev^_]b^jh]_gZam��\u^_e_ggmx�ba�i_dZjkdbo�^jh``_c��
jZajZ[hlZgu�qm\kl\bl_evgu_�f_lh^bdb�hij_^_e_gby�g_hj]Zgbq_kdhc�jlmlb�\�
ijbkmlkl\bb� ����-djZlguo� dhebq_kl\� f_lbejlmlb� b� f_lh^bdZ� hij_^_e_gby�
f_lbejlmlb� �Kg� ���gF���iha\heyxsZy�hij_^_eylv�__�\�ijbkmlkl\bb�^_kylb�
djZlguo�dhebq_kl\�g_hj]Zgbq_kdhc�jlmlb��F=M��dZn_^jZ�:O�� 

JZajZ[hlZgu� n_jf_glZlb\gu_� l_kl-f_lh^bdb� hij_^_e_gby� �� – 5000 
i]�fe�jlmlb�,,��b������–����g]�fe�k\bgpZ�,,��gZ�hkgh\_�bo�bg]b[bjmxs_]h�^_c�
kl\by�gZ�dZlZeblbq_kdmx�Zdlb\ghklv�i_jhdkb^Zau�ba�dhjg_c�oj_gZ�b�s_ehq�
ghc�nhknZlZau�ba�dbr_qgbdZ�puie_gdZ��bffh[bebah\Zgguo��iml_f�nbabq_�
kdhc�khj[pbb�b�dh\Ze_glghc�krb\db��gZ�jZaebqguo�ghkbl_eyo��kbebdZ]_eyo��
fbdjhdjbklZeebq_kdhc�p_eexeha_��i_ghihebmj_lZg_��b�fh^bnbpbjh\Zgguo�
ijbjh^gufb�ihebkZoZjb^Zfb��Zev]bgZlhf�dZevpby��p_eexehahc��^_dkljZghf��
Z]Zjhahc��oblhaZghf�b�bo�ijhba\h^gufb���JZajZ[hlZggu_�l_kl-f_lh^bdb�bk�
ihevah\Zgu�^ey�hij_^_e_gby�jlmlb�,,��b�k\bgpZ�,,��\�\h^Zo�jZaebqgh]h�ijh�
bkoh`^_gby��iblv_\uo��\h^hijh\h^guo��ih^a_fguo�b�j_qguo���\�dbkehlguo�b�
Zffhgbcgh-Zp_lZlguo�\uly`dZo�ba�ihq\��\�lhf�qbke_�k�ijbf_g_gb_f�fbdjh�
\hegh\h]h� h[emq_gby� ^ey� bgl_gkbnbdZpbb� jZaeh`_gby� h[jZaph\��� Z� lZd`_�
hij_^_e_gby�kh^_j`Zgby�jlmlb�,,��\�ieZaf_�djh\b�q_eh\_dZ���F=M��dZn_^jZ�
:O�� 

AZiZl_glh\Zg�kihkh[�hij_^_e_gby�pbgdZ�\�iblv_\hc�\h^_��hkgh\Zgguc�
gZ�i_jhdkb^baghf�hdbke_gbb�h-^bZgbab^bgZ�i_jhdkb^hf�\h^hjh^Z�\�ijbkml�
kl\bb�bhgh\�pbgdZ��>Z]_klZgkdbc�=M��dZn_^jZ�:O). 

Bffmghn_jf_glgu_�f_lh^u�ZgZebaZ� JZajZ[hlZgu�f_lh^u��dhebq_�
kl\_gguc�k�bkihevah\Zgb_f�o_fbexfbg_kp_glghc�^_l_dpbb�b�ihemdhebq_kl�
\_gguc�k�bkihevah\Zgb_f�dhehjbf_ljbq_kdhc�^_l_dpbb��f_f[jZggh]h�bffm�
ghZgZebaZ�^ey�hij_^_e_gby�Zglb[bhlbdZ�oehjZfn_gbdheZ�\�\h^guo�jZkl\h�
jZo��JZajZ[hlZg�f_lh^�f_f[jZggh]h�BN:�k�o_fbexfbg_kp_glghc�^_l_dpb_c�
^ey�hij_^_e_gby�hklZlhqguo�dhebq_kl\�������–�����g]�fe��oehjZfn_gbdheZ�\�
fhehd_��IH�-������g]�fe��� 

Bkke_^h\Zgh� ^_ckl\b_� jZaebqguo� ]jmii� Zglb[bhlbdh\� gZ� j_dhf[b�
gZglgu_�de_ldb�(�FROL�kh�\kljh_gguf�]_ghf�expbn_jZau�fhjkdbo�[Zdl_jbc�
9LEULR�ILVFKHUL�^ey�bamq_gby�\hafh`ghklb�kha^Zgby�k_gkhjZ�^ey�dZq_kl\_ggh]h�
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h[gZjm`_gby� b� dhebq_kl\_ggh]h� hij_^_e_gby� Zglb[bhlbdh\�� JZajZ[hlZgu�
gZ[hju�j_Z]_glh\�^ey�dhebq_kl\_ggh]h�hij_^_e_gby�kl_jhb^guo�]hjfhgh\�- 
dhjlbaheZ�b�ijh]_kl_jhgZ�f_lh^hf�bffmghn_jf_glgh]h�ZgZebaZ�� 

Ij_^eh`_gZ� kbkl_fZ� j_]bkljZpbb� \aZbfh^_ckl\bc� Zglb]_gh\� k� Zglbl_�
eZfb�� bffh[bebah\Zggufb� gZ� kl_gdZo� lhgdhkehcghc� ijhlhqghc� dx\_lu�� \�
j_`bf_�j_Zevgh]h�\j_f_gb��dhlhjZy�fh`_l�[ulv�bkihevah\ZgZ�^ey�kha^Zgby�
[bhk_gkhjgh]h�mkljhckl\Z��GZ�ijbf_j_�g_kdhevdbo�fh^_evguo�kbkl_f�ihdZ�
aZgZ� \hafh`ghklv� ijh\_^_gby� fgh]hdjZlghc� j_]_g_jZpbb� qm\kl\bl_evgh]h�
we_f_glZ�k_gkhjZ�b�ijh\_^_gby�ih\lhjgh]h�ZgZebaZ��Ijh\_^_gZ�wdki_jbf_g�
lZevgZy� Zijh[Zpby� nmgdpbhgbjh\Zgby� jZajZ[hlZggh]h� b� ba]hlh\e_ggh]h� \�
dZq_kl\_� wdki_jbf_glZevgh]h� ijhlhqgh-bg`_dpbhggh]h� o_fbexfbg_kp_gl�
gh]h� bffmghk_gkhjZ�� JZajZ[hlZgu� f_lh^bdb� hij_^_e_gby� jy^Z� fh^_evguo�
gbadhfhe_dmeyjguo� [bheh]bq_kdb� Zdlb\guo� \_s_kl\� ����-
^boehn_ghdkbmdkmkghc�dbkehlu��kbfZabgZ��ZljZabgZ�b�^j���b�[_edh\uo�Zglb�
]_gh\��,J*�q_eh\_dZ�b�^j����Hilbfbabjh\Zgu�j_Z]_glu�b�mkeh\by�hij_^_e_gby�
\�ibs_\uo�ijh^mdlZo�f_lh^hf�BN:�i_klbpb^h\��wg^hkmevnZgZ��ijhiZgbeZ��
Zp_lhoehjZ��>>L� 

JZajZ[hlZg�f_lh^�iheyjbaZpbhggh]h�nemhjhbffmghZgZebaZ�^ey�hij_^_�
e_gby�bgk_dlbpb^Z�Zabghnhkf_lbeZ��i_klbpb^Z�wg^hkmevnZgZ��ijhiZgbeZ� 

Ij_^eh`_g� nemhj_kp_glguc� [bhk_gkhj� ^ey� hij_^_e_gby� bg]b[blhjh\�
ohebgwkl_jZau��F=M��dZn_^jZ�OW). 
 GZ�ijbf_j_�bffmghn_jf_glgh]h�hij_^_e_gby�i_klbpb^h\�ljbZabgh\h�
]h�jy^Z��kbfZabg��ZljZabg��ijhiZabg�b�^j���bamq_gu�mkeh\by�ijh\_^_gby�ZgZ�
ebaZ�\�jZaebqguo�\h^gh-hj]Zgbq_kdbo�kj_^Zo��hilbfbabjh\Zgu�j_`bfu�wdk�
ljZdpbb�b�ZgZebaZ��h[_ki_qb\Zxsb_�fZdkbfZevgmx�qm\kl\bl_evghklv�\uy\�
e_gby�Zglb]_gh\�b�lhqghklv�dhebq_kl\_gguo�baf_j_gbc� 
 JZajZ[hlZgu�f_lh^u�fbdjhieZgr_lgh]h�b�f_f[jZggh]h�bffmghZgZeb�
aZ� ^ey� hij_^_e_gby� i_klbpb^Z� oehjkmevnmjhgZ�� Hilbfbabjh\ZgZ� kbkl_fZ�
bffmgh[bhk_g-� khjgh]h� hij_^_e_gby� i_klbpb^Z� ZljZabgZ�� hkgh\ZggZy� gZ�
ijbf_g_gbb�kf_gguo�f_f[jZg��ihebwe_dljheblgh]h�jZa^_e_gby�j_Z]_glh\�b�
we_dljhobfbq_kdh]h�hij_^_e_gby�bffmgguo�dhfie_dkh\�k�ihfhsvx�i_jhd�
kb^Zagh]h�fZjd_jZ�b�jG-qm\kl\bl_evgh]h�ihe_\h]h�ljZgabklhjZ� 
 Ih^]hlh\e_gu�hiulgu_�h[jZapu�l_kl-kbkl_fu�wdkij_kkgh]h�hij_^_e_�
gby�bffmgguf�f_lh^hf�l_klhkl_jhgZ�\�ku\hjhld_�djh\b� 

GZ�ijbf_j_�kbkl_fu�f_f[jZggh]h�bffmghnbevljZpbhggh]h�hij_^_e_�
gby�l_klhkl_jhgZ�Zijh[bjh\Zg�ihjlZlb\guc�nhlhf_lj-j_ne_dlhf_lj�^ey�^_�
l_dpbb�j_amevlZlh\�bffmghZgZebaZ� �kh\f_klgh�k�BHGO�J:G���Ij_^eh`_g�
gu_�kbkl_fu�iha\heyxl�hij_^_eylv�Zglb]_gu�\�bgl_j\Ze_�dhgp_gljZpbc������
g]�fe�-�����fd]�fe��\�aZ\bkbfhklb�hl�dhgdj_lgh]h�kh_^bg_gby�b�ko_fu�ZgZeb�
aZ��� ZgZeba� aZgbfZ_l� hl� �-�� qZkh\� �fbdjhieZgr_lguc�BN:�� ^h� ��-��� fbg�
�bffmgh[bhk_gkhju�b�kbkl_fu�f_f[jZggh]h�ZgZebaZ���BG;B�bf��:�G��;Z�
oZ��eZ[hjZlhjby�bffmgh[bhobfbb).  

;bhobfbq_kdb_� f_lh^u� -� ;bhk_gkhju.� JZajZ[hlZg� Zfi_jhf_ljbq_�
kdbc�bffmghn_jf_glguc�k_gkhj��BNK��^ey�hij_^_e_gby�lg?��H[jZamxsbcky�
gZ�ih\_joghklb�[bhqm\kl\bl_evghc�qZklb�BNK�bffmgguc�dhfie_dk� >� lgE - 



 

�

53 

Phoma betae@�\�bamq_gguo�mkeh\byo�hdZau\Z_l�Zdlb\bjmxs__�^_ckl\b_�gZ�dZ�
lZeblbq_kdmx�Zdlb\ghklv�BOW��<b^�wnn_dlZ�aZ\bkbl�hl�dhgp_gljZpbb�:r�b�
:l�� Z� lZd`_� hl� jG� jZkl\hjZ��GZc^_ggu_� dhgklZglu� k\yau\Zgby�bffmggh]h�
dhfie_dkZ�mdZau\Zxl�gZ�\hafh`ghklv�bkihevah\Zgby�bffmgheh]bq_kdhc�j_�
Zdpbb� \� ZgZeblbq_kdbo� p_eyo��GZ� hkgh\Zgbb� agZq_gbc� dbg_lbq_kdbo� iZjZ�
f_ljh\�n_jf_glZlb\ghc�j_Zdpbb�\�ijbkmlkl\bb�b�\�hlkmlkl\b_� lg?�\u[jZgu�
jZ[hqb_�mkeh\by�nmgdpbhgbjh\Zgby�ij_^eh`_ggh]h�BNK� 

JZajZ[hlZgguc�BNK�iha\hey_l�hij_^_eylv�lg?�\�bamq_gghf�^bZiZahg_�
dhgp_gljZpbc�k�gb`g_c�]jZgbp_c��o 10-13f]���fe� 

MklZgh\e_gu� mkeh\by� j_]_g_jZpbb�[bhqm\kl\bl_evghc�qZklb�bffmgh�
n_jf_glgh]h�k_gkhjZ��h[_ki_qb\Zxsb_�\hafh`ghklv�fgh]hdjZlgh]h�bkihev�
ah\Zgby�BNK��iml_f�bgdm[bjh\Zgby�[bhqm\kl\bl_evghc�qZklb�\���F�jZkl\hj_�
dZj[Zfb^Z�\�l_q_gb_���fbgml� 

Ijh\_^_gh� hij_^_e_gb_� lg?� \� ku\hjhld_� djh\b��Ij_^eZ]Z_fuc�BNK�
fh`_l�[ulv�bkihevah\Zg�ijb�ijh\_^_gbb�^bZ]ghklbdb�Zee_j]bq_kdbo�aZ[he_�
\Zgbc��\uau\Z_fuo�nblhiZlh]_gguf�]jb[hf�Phoma betae��\�lhf�qbke_�b�gZ�
jZgg_c�klZ^bb�jZa\blby� 

Ij_^eh`_g� gh\uc� \ZjbZgl� bffmghobfbq_kdh]h� hij_^_e_gby� k� we_d�
ljhobfbq_kdbf�dhgljhe_f�g_dhlhjuo�Zglb]_gh\�jb[hgmde_Zau�b�Jhoma betae 
k�bkihevah\Zgb_f�bhgh\�f_lZeeh\�\�dZq_kl\_�f_lhd��G_h[oh^bfZy�qm\kl\b�
l_evghklv�hij_^_e_gby�^hklb]Z_lky�aZ�kq_l�bkihevah\Zgby�\�dZq_kl\_�ZgZeb�
lbq_kdh]h� kb]gZeZ� dZlZeblbq_kdbo� \heg� \u^_e_gby� \h^hjh^Z�� dhlhju_� gZ�
[ex^Zxlky�\�jZkl\hjZo�g_dhlhjuo�i_j_oh^guo�f_lZeeh\�\�ijbkmlkl\bb�kh�
_^bg_gbc�[_edh\hc�ijbjh^u��MklZgh\e_gZ�aZ\bkbfhklv�dZlZeblbq_kdh]h�wn�
n_dlZ�hl�jG��[mn_jghc�_fdhklb�b�ijbjh^u�[mn_jgh]h�jZkl\hjZ��Z�lZd`_�hl�
ijbjh^u� bkke_^m_fh]h� Zglb]_gZ��Bkke_^h\Zgu� mkeh\by� h[jZah\Zgby� b� jZa�
jmr_gby� bffmggh]h� dhfie_dkZ� :l-:r�� Ebg_cguc� ^bZiZahg� hij_^_ey_fuo�
dhgp_gljZpbc�khklZ\be�������-�����f]���fe��Ij_^_e�h[gZjm`_gby�������f]���fe� 

DZebdk>�@Zj_gu�g_�hdZau\Zxl� aZf_lgh]h�bg]b[bjmxs_]h�^_ckl\by�gZ�
bffh[bebah\Zggmx�ohebgwkl_jZam��\�hlebqb_�hl�gZlb\ghc��^ey�dhlhjhc�hgb�
y\eyxlky� dhgdmj_glgufb� bg]b[blhjZfb��Wlh� iha\hey_l� j_dhf_g^h\Zlv� dZ�
ebdkZj_gu�^ey�fh^bnbdZpbb�ih\_joghklb�ohebgwkl_jZaguo�[bhk_gkhjh\�^ey�
ijb^Zgby�k_e_dlb\ghklb�kb]gZeZ�\�hlghr_gbb�dZlbhgh\�b�dhfie_dkhh[jZah�
\Zl_e_c�� Bamq_gh� \ebygb_� g_dhlhjuo� dZebdkZj_gh\� gZ� kb]gZe� [bhk_gkhjZ��
HdZaZehkv��qlh�dZebdkZj_gu�\ebyxl�gZ�gZlb\gmx�OW�ijb�jZaebqguo�agZq_�
gbyo�jG�[mn_jgh]h�jZkl\hjZ��gZc^_gZ�aZ\bkbfhklv�bg]b[bjmxs_]h�wnn_dlZ�
hl�dbkehlghklb�kj_^u��Z�lZd`_�gZebqb_�g_[hevrh]h�Zdlb\bjmxs_]h�wnn_dlZ�
^ey�g_dhlhjuo�dZebdkZj_gh\��DZaZgkdbc�=M��dZn_^jZ�:O). 
 GZc^_gu� dhjj_eypbb� kdhjhklb�n_jf_glZlb\gh]h� hdbke_gby� Zfbgh\�b�
n_ghevguo� kh_^bg_gbc�� dZlZebabjm_fh]h� eZddZahc� [Zab^bhfbp_lZ� Lentinus 
edodes, k� i_j\ufb� \_jlbdZevgufb� ihl_gpbZeZfb� bhgbaZpbb� fhe_dme� km[�
kljZlh\�b�ijhba\h^guo�hl�gbo�jZ^bdZeh\�kh�kibgh\ufb�iehlghklyfb�gZ�N-�b�
O-ZlhfZo�wlbo�jZ^bdZeh\��Z�lZd`_�k�wg_j]byfb�j_hj]ZgbaZpbb�jZ^bdZeh\��Ih�
emq_ggu_� khhlghr_gby�fh]ml�[ulv�bkihevah\Zgu�^ey�gZijZ\e_ggh]h�Zijb�
hjgh]h�\u[hjZ�km[kljZlh\��^ey�ijbgylby�wdki_jlguo�j_r_gbc�h�kbgl_a_�i_j�
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ki_dlb\guo�\_s_kl\��Qm\kl\bl_evghklv�b�k_e_dlb\ghklv�j_Zdpbc�hdbke_gby�
fh]ml�j_]mebjh\Zlvky�\u[hjhf�km[kljZlh\�k�g_h[oh^bfufb�k\hckl\Zfb��KZ�
jZlh\kdbc�=M��dZn_^jZ�:O�b�OW). 
 

L_kl-f_lh^u 
 

JZa\blb_�gh\uo�ih^oh^h\�d�kha^Zgbx�l_kl-kj_^kl\�iha\hebeh�^hklb]�
gmlv� agZqbl_evguo�^ey�ijZdlbdb�bo�f_ljheh]bq_kdbo�oZjZdl_jbklbd��\�lhf�
qbke_�gb`g_c�]jZgbpu�hij_^_ey_fuo�kh^_j`Zgbc�gZ�mjh\g_���-6 - 10-7

���b�
\ukhdhc�k_e_dlb\ghklb� 
 Ihemq_gu�gh\u_�JB;-L_klu�gZ����bhgh\�f_lZeeh\�iml_f�jZajZ[hldb�
gZijZ\e_ggh]h�fZljbqgh]h�kbgl_aZ�b�dh\Ze_glghc�bffh[bebaZpbb�gZ�p_eex�
ehaguo�fZljbpZo�ojhfh]_gguo�ZjhfZlbq_kdbo�b�]_l_jhpbdebq_kdbo�fgh]h�
nmgdpbhgZevguo�j_Z]_glh\��Dhhj^bgbjmxsb_�k\hckl\Z�g_dhlhjuo�eb]Zg^h\�
mkbe_gu�aZ�kq_l�\\h^Z�dbkehlguo�dZj[hdkb-�b�kmevnh]jmii��ijb�wlhf�k_e_d�
lb\ghklv�eb]Zg^h\�kgb`Z_lky�b�hgb�ijbh[j_lZxl�k\hckl\Z�j_Z]_glh\�]jmiih�
\h]h�^_ckl\by�^ey�hij_^_e_gby�k\bgpZ��jlmlb��dZ^fby��dh[ZevlZ��gbd_ey�b�f_�
^b��Ijh\_^_gh�bamq_gb_�jy^Z�fbdjhijhp_kkh\��ijhbkoh^ysbo�gZ�ih\_jogh�
klb��\�lhf�qbke_�p\_lguo�]_l_jh]_gguo�obfbq_kdbo�j_Zdpbc��dhlhjuf�ij_^�
r_kl\m_l�^bnnmaby�fhe_dme�b�bhgh\�hij_^_ey_fuo�fbdjhdhfihg_glh\�d�\h�
ehdhgguf�qZklbpZf�ojhfh]_gguo�bjj_]meyjguo�p_eexeha��<i_j\u_�ijbf_�
g_gu� kh\j_f_ggu_� nbabdh-obfbq_kdb_� ki_dljZevgu_� f_lh^u� hij_^_e_gby�
klZlbq_kdhc�h[f_gghc�_fdhklb�JB;��Hij_^_e_gb_�]jmiiu�ly`_euo�f_lZeeh\�
\� ijbjh^guo� b� ihlj_[bl_evkdbo� \h^Zo� ijhdhgljhebjh\Zgu� j_gl]_gh-
nemhj_kp_glguf�f_lh^hf�ZgZebaZ��<�p_ehf�aZ���e_l�kha^Zg�b�\g_^j_g�\�ijh�
ba\h^kl\h G:;HJ� J?:=?GLGUO� BG>BD:LHJGUO� L?KLH<� >EY 
HIJ?>?E?GBY� FBDJHDHFIHG?GLH<� <� HDJM@:XS?C� KJ?>?� - 
<?JKBY�������BHGO�J:G� 

Ij_^eh`_gu�bg^bdZlhjgu_�ihjhrdb�gZ�hkgh\_�dk_jh]_ey�dj_fgb_\hc�
dbkehlu��fh^bnbpbjh\Zggu_� 

- 1-gZnlhehf -�^ey�l\_j^hnZagh-ki_dljhnhlhf_ljbq_kdh]h�hij_^_e_gby�
0,5-���f]�e� ZgbebgZ��Hij_^_e_gb_� \hafh`gh� \� ijbkmlkl\bb� [hevrbo�
dhebq_kl\�ZebnZlbq_kdbo�Zfbgh\�b�ZffbZdZ��n_gheh\�b�bhgh\�f_lZe�
eh\� 

- dh[Zevlhf� �III)  –� ^ey� l\_j^hnZagh-ki_dljhnhlhf_ljbq_kdh]h� hij_^_�
e_gby� 

 0,1 –���f]�e�gZnlheh\�ihke_�bo�gbljhabjh\Zgby�\�jZkl\hj_��F_lh^bdZ� 
�bkihevah\ZgZ�^ey�hij_^_e_gby�gZnlheh\�\�rZfimg_��]m[ghc�ihfZ^_�� 
�l_ogbq_kdhf�d_jhkbg_�b�obfbq_kdbo�j_Zdlb\Zo� 
- 4-ZfbghZglbibjbghf –�^ey�\bamZevgh]h�hij_^_e_gby�����–���f]�e�n_�

gheh\�  
 Khj[pbhggh_�dhgp_gljbjh\Zgb_�n_gheh\�gZ�k\_jokrblhf�ihebklbjhe_� 
�memqrZ_l� qm\kl\bl_evghklv� hij_^_e_gby� ^h� �����-����� f]�e�� Hij_^_e_�
gbx� 
�n_gheh\�g_�f_rZxl�gZnlheu��Zgbebgu��Zfbgu�b�bhgu�f_lZeeh\� 
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 -�fheb[^_ghnhknhjguf�]_l_jhihebkh_^bg_gb_f –�^ey�\bamZevgh]h�l_kl- 
hij_^_e_gby����-��f]�e�g_kbff_ljbqgh]h�^bf_lbe]b^jZabgZ�\�klhqguo� 
\h^Zo��Wdkij_kkghklv�hij_^_e_gby�h[_ki_qb\Z_lky�h^gh\j_f_gghc� 
bffh[bebaZpb_c�b�dZlZebaZlhjZ�\hkklZgh\e_gby�–�f_^b�I�� 
Ij_^eh`_gu� bg^bdZlhjgu_� ihjhrdb� ^ey� hij_^_e_gby� ���� -� ��� f]�e�

nlhjb^-bhgh\�b��-���f]�e�oehjb^-bhgh\�b�bg^bdZlhjgu_�ljm[db�^ey�hij_^_�
e_gby� ��� –���f]�e� oehjb^-bhgh\��Hij_^_e_gb_� nlhjb^-bhgh\� hkgh\Zgh� gZ�
h[f_gghc�j_Zdpbb�dhfie_dkhh[jZah\Zgby�\�kbkl_f_�bffh[bebah\Zgguc�dkb�
e_gheh\uc�hjZg`_\uc�-�pbjdhgbc��M���hij_^_e_gb_�oehjb^-bhgh\�–�\�kbkl_�
f_��bffh[bebah\Zgguc�^bn_gbedZj[Zahg�-�jlmlv�I�� 
 JZajZ[hlZgu� n_jf_glZlb\gu_� l_kl� f_lh^bdb� hij_^_e_gby� �� – 5000 
i]�fe�jlmlb�,,��b������–����g]�fe�k\bgpZ�,,��gZ�hkgh\_�bo�bg]b[bjmxs_]h�^_c�
kl\by�gZ�dZlZeblbq_kdmx�Zdlb\ghklv�i_jhdkb^Zau�ba�dhjg_c�oj_gZ�b�s_ehq�
ghc�nhknZlZau�ba�dbr_qgbdZ�puie_gdZ��bffh[bebah\Zgguo��iml_f�nbabq_�
kdhc�khj[pbb�b�dh\Ze_glghc�krb\db��gZ�jZaebqguo�ghkbl_eyo��kbebdZ]_eyo��
fbdjhdjbklZeebq_kdhc�p_eexeha_��i_ghihebmj_lZg_��b�fh^bnbpbjh\Zgguo�
ijbjh^gufb�ihebkZoZjb^Zfb��Zev]bgZlhf�dZevpby��p_eexehahc��^_dkljZghf��
Z]Zjhahc��oblhaZghf�b�bo�ijhba\h^gufb���JZajZ[hlZggu_�l_kl�f_lh^bdb�bk�
ihevah\Zgu�^ey�hij_^_e_gby�jlmlb�,,��b�k\bgpZ�,,��\�\h^Zo�jZaebqgh]h�ijh�
bkoh`^_gby��iblv_\uo��\h^hijh\h^guo��ih^a_fguo�b�j_qguo���\�dbkehlguo�b�
Zffhgbcgh-Zp_lZlguo�\uly`dZo�ba�ihq\��\�lhf�qbke_�k�ijbf_g_gb_f�fbdjh�
\hegh\h]h� h[emq_gby� ^ey� bgl_gkbnbdZpbb� jZaeh`_gby� h[jZaph\��� Z� lZd`_�
hij_^_e_gby�kh^_j`Zgby�jlmlb�,,��\�ieZaf_�djh\b�q_eh\_dZ� 
�JZajZ[hlZgu�l_kl-f_lh^bdb�hij_^_e_gby� 

- 0.1 –� ����� g]�fe� dZ^fby� ih� j_Zdpbb� hdbke_gby� ���¶����¶- 
l_ljZf_lbe[_gab^bgZ�i_jbh^Zlhf�dZeby� 

- f_^b��hkgh\ZggZy�gZ�j_Zdpbb�aZf_s_gby�bhgZfb�f_^b�k\bgpZ�\�_]h� 
�wlbe^blbhdZj[ZfbgZl_��bffh[bebah\Zgghf�gZ�kbehojhf_�K-80.  
�:gZeblbq_kdbc�kb]gZe�ijhihjpbhgZe_g�dhgp_ljZpbb�f_^b�\�^bZiZahg_��-
100  
�g]�fe�f_^b��dhwnnbpb_gl�dhgp_gljbjh\Zgby�^hklbl]Z_l�������J_Zdpby� 
�Zijh[bjh\ZgZ�gZ�\h^hijh\h^ghc�\h^_�b�\h^_�DZkibckdh]h�fhjy� 
- `_e_aZ��II) �^h���g]�fe�ih�j_Zdpbb�h[jZah\Zgby�n_gZgljhebgZlZ�`_e_aZ�

gZ�ih\_joghklb� kbehojhfZ�K-����<� khq_lZgbb� k�p\_lhf_ljb_c�ij_^_e�
h[gZjm`_gby�kgb`Z_lky�^h�����g]�fe��F=M��dZn_^jZ�:O). 
Ij_^eh`_gu� k_e_dlb\gu_� l_kl-f_lh^u� ^ey� [ukljh]h� \ukhdhqm\kl\b�

l_evgh]h�h[gZjm`_gby�ikbohljhiguo�e_dZjkl\_gguo�ij_iZjZlh\�–�ijhba\h^�
guo�n_ghlbZabgZ��[Zj[blmjh\hc�dbkehlu�b�[_ga^bZa_ibgZ��L_kl�gZ�n_ghlbZ�
abgu�k�bkihevah\Zgb_f�\ZgZ^ZlZ�gZljby�b�i-n_gblb^bgZ�iha\hey_l�\�l_q_gb_�
1-��fbg�h[gZjm`blv�^h�����fd]�mdZaZgguo�\_s_kl\�\�dZie_�jZkl\hjZ�beb�ih�
jhrd_��L_kl�gZ�[Zj[blmjZlu��hkgh\Zgguc�gZ�[ukljhf�jZajmr_gbb�ihke_^gb�
fb� bgl_gkb\gh� hdjZr_gguo� dhfie_dkh\� f_^b�II) c� ^bn_gbedZj[Zahghf� b�
ojhfZamjhehf�K��iha\hey_l�h[gZjm`blv�^h���fd]�ijhba\h^guo�[Zj[blmjh\hc�
dbkehlu�\���f]�ihjhrdZ�beb�^h����fd]�[Zj[blmjZlh\�\�dZie_�jZkl\hjZ��L_kl�
gZ� ijhba\h^gu_� [_ga^bZa_ibgZ� hkgh\Zg� gZ� lhf�� qlh� ijh^mdl� hdbke_gby� h-
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lhemb^bgZ�i_jbh^Zlhf�\�hlkmlkl\b_�[_ga^bZa_ibgh\�hdjZr_g�\�`_eluc�p\_l��
Z�\�bo�ijbkmlkl\bb�–�\�]hem[hc��Ij_^_e�h[gZjm`_gby�[_ga^bZa_ibgh\�\�dZie_�
jZkl\hjZ� –�f]�� ^ebl_evghklv� \uiheg_gby� dZi_evghc� ijh[u�� g_� lj_[mxs_c�
ij_^\Zjbl_evghc�obfbq_kdhc�ih^]hlh\db�– 1-��fbg��BFD�G:G�MdjZbgu). 

JZajZ[hlZg�l_kl-f_lh^�hij_^_e_gby�]_j[_pb^h\�–fhgmjhgZ�b�^bmjhgZ�- 
k� ij_^_ehf� h[gZjm`_gby� ��-8

� ]�fe�� hkgh\Zgguc� gZ� p\_lghc� j_Zdpbb� k� i-
^bf_lbeZfbghdhjbqguf�Zev^_]b^hf��F_lh^bdZ�ijhoh^bl�Zijh[Zpbx�\�eZ[h�
jZlhjbyo� Z]jhobfbq_kdh]h�fhgblhjbg]Z� �KZjZlh\kdbc�=M� dZn_^jZ�:O�b 
OW��KZjZlh\kdbc�=:M). 
 <k_�i_j_qbke_ggu_�l_kl-f_lh^u�gZ�hkgh\_�khq_lZgby�wdkij_kkgh]h�
dhgp_gljbjh\Zgby� k� ihke_^mxsbf� ijbf_g_gb_f� j_ne_dlhf_ljbb� b�
ki_dljhnhlhf_ljbb�ih�k\hbf�f_ljheh]bq_kdbf�oZjZdl_jbklbdZf�b�kih�
kh[ghklb�d�j_]_g_jZpbb�ij_\hkoh^yl�ba\_klguc�mjh\_gv� 
 

We_dljhobfbq_kdb_�f_lh^u 
 

Ihl_gpbhf_ljby��bhghf_ljby���Bkke_^h\Zgu�ZgZeblbq_kdb_�oZjZd�
l_jbklbdb�bhghqm\kl\bl_evguo�f_f[jZg�gZ�hkgh\_�^bhdkbl_ljZ�iZjZ-lhebe�-
hjlh-dkbebe_g^bnhknbgZ��MklZgh\e_gh��qlh�gb`gb_�]jZgbpu�ij_^_eh\�h[gZ�
jm`_gby� fh]ml� [ulv� agZqbl_evgh� kgb`_gu� ijb� ^h[Z\e_gbb� \� khklZ\� f_f�
[jZgghc�dhfihabpbb�km[kl_obhf_ljbq_kdbo�dhebq_kl\�ebihnbevguo�Zgbhg�
guo�kh_^bg_gbc��Bkke_^h\ZgZ� aZ\bkbfhklv�ihl_gpbhf_ljbq_kdhc�k_e_dlb\�
ghklb�hl�kh^_j`Zgby�b�ijbjh^u�ebihnbevguo�j_Z]_glh\��Bamq_gh�\ebygb_�
ijbjh^u�jZkl\hjbl_ey�gZ�ZgZeblbq_kdb_�oZjZdl_jbklbdb�ieZklbnbpbjh\Zg�
guo�f_f[jZg��Bkihevah\Zgb_�jZkl\hjbl_ey�k�[hevr_c�^bwe_dljbq_kdhc�ijh�
gbpZ_fhklvx�memqrZ_l�ZgZeblbq_kdb_�oZjZdl_jbklbdb�lZdbo�f_f[jZg��Hij_�
^_e_g� hilbfZevguc� khklZ\� bhghqm\kl\bl_evghc� f_f[jZgu� dZevpbc-
k_e_dlb\gh]h�we_dljh^Z��JOLM��dZn_^jZ�:O). 

>ey� bhghf_ljbq_kdh]h� hij_^_e_gby� kZebpbeZl-bhgZ� bkihevah\Zgu�
l\_j^hdhglZdlgu_� we_dljh^u�� ihemq_ggu_� iml_f� we_dljhihebf_jbaZpbb�
nlZehpbZgZlZ�f_^b�gZ� kl_dehm]e_jh^_��K_e_dlb\ghklv� hij_^_e_gby� h[_ki_�
qb\Z_lky� b� ijb� \ukhdhc� dhgp_gljZpbb� \ukhdhebihnbevguo� Zgbhgh\� �i_j�
oehjZl�� lbhpbZgZl�� bh^b^��� Dhfie_dk� ^h[mlZfbgZ� k� �-(4-
lhebeZah�n_gbe[hjghc�dbkehlhc�bkihevah\Zg�\�dZq_kl\_�we_dljh^ghZdlb\gh�
]h�dhfihg_glZ�ieZklbnbpbjh\Zgguo�f_f[jZg�BKW�gZ�dZlboheZfbgu��^hnZ�
fbg�� Z^j_gZebg�� ghjZ^j_gZebg�� ^h[mlZfbg��� We_dljh^u� �kmin=n•10-5 F��

ki/j
pot≤10-2

��fh]ml� [ulv� bkihevah\Zgu� ijb� hij_^_e_gbb� \� \h^gh-wlZghevguo�
kj_^Zo�^h�����-5F�^h[mlZfbgZ��GZ�hkgh\_�Zahj_Z]_glh\��f_lZeeh\�nlZehpbZ�
gZlh\� b� Zgbhgghh[f_ggbdh\� ij_^eh`_gu� BKW� ^ey� ^bnn_j_gpbjh\Zggh]h�
hij_^_e_gby�β-eZdlZfguo�Zglb[bhlbdh\�–�[_gabei_gbpbeebgZ�b�Zfibpbeeb�
gZ��kmin=n•10-5F���F=M��dZn_^jZ�:O�� 

Ijh\_^_gZ�hp_gdZ�\hafh`ghklb�bkihevah\Zgby�gh\h]h�fh^bnbpbjmx�
s_]h�ihebf_jZ�-�kZfh^hibjh\Zggh]h�ihebZgbebgZ��kbgl_abjh\Zggh]h�gZ�dZ�
n_^j_�obfbq_kdhc�wgabfheh]bb�F=M��^ey�ihemq_gby�ihl_gpbhf_ljbq_kdh]h�
hldebdZ�gZ�baf_g_gb_�jG�kj_^u��Bamq_gu�mkeh\by�hkZ`^_gby�ihebZgbebgZ�
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gZ�ih\_joghklb�m]e_jh^bkluo�fZl_jbZeh\� �lheklhie_ghqgu_�we_dljh^u��ib�
jh]jZnbl� b� l�^����Hilbfbabjh\Zgu� mkeh\by�nmgdpbhgbjh\Zgby� b� ojZg_gby�
we_dljh^h\��ihdjuluo�ie_gdhc�ihebZgbebgZ��Bkke_^h\ZgZ�qm\kl\bl_evghklv�
jG-f_ljbq_kdbo�[bhk_gkhjh\�\�hlghr_gbb�dhfie_dkhh[jZah\Zl_e_c�-�dZebd�
kZj_gh\� 

MklZgh\e_gZ�hilbfZevgZy�dhgp_gljZpby�ihebZgbebgZ�gZ�ih\_joghklb�
we_dljh^Z�Ijb�mf_gvr_gbb�dhebq_kl\Z�ihebZgbebgZ�gZdehg�]jZ^mbjh\hqghc�
aZ\bkbfhklb�j_adh�kgb`Zeky��Z�ijb�m\_ebq_gbb�kgb`ZeZkv�mklhcqb\hklv�ih�
ebf_jghc�ie_gdb��<uykg_gh��qlh�ihebZgbebgh\u_�kehb�iha\heyxl�gZ^_`gh�
^_l_dlbjh\Zlv�jG�jZkl\hjZ�\�^bZiZahg_� ���� -� ����_^��jG��ijbq_f�baf_g_gb_�
ihl_gpbZeZ�we_dljh^Z�khklZ\ey_l�\�kj_^g_f����f<�jG��Ie_gdZ�ihebf_jZ�h[�
eZ^Z_l� ohjhrbfb� Z^]_abhggufb� k\hckl\Zfb� b� g_� hlkeZb\Z_lky� \� i_jbh^�
nmgdpbhgbjh\Zgby�we_dljh^Z��GZdehg�]jZ^mbjh\hqghc�aZ\bkbfhklb�hklZ_lky�
ijZdlbq_kdb�ihklhygguf�\�l_q_gb_�^\mo�g_^_ev�ijb�ojZg_gbb�we_dljh^h\�\�
kmohf�\b^_�ijb�l_fi_jZlmj_��hK��DZaZgkdbc�=M��dZn_^jZ�:O�� 

Bkke_^h\Zgh� \ebygb_� ijbjh^u� f_lZeeZ-dhfie_dkhh[jZah\Zl_ey� �Pb, 
Cd, Zn, Ca, Ba, Mg��b�ihebwlhdkbeZlZ�\�khklZ\_�we_dljh^ghZdlb\guo�kh_^b�
g_gbc�gZ�we_dljh^gu_��ljZgkihjlgu_��ih\_joghklgu_��k_e_dlb\gu_�k\hckl\Z�
f_lZeek_e_dlb\guo� f_f[jZgguo� we_dljh^h\�� IhdZaZgZ� \hafh`ghklv� fh^b�
nbpbjh\Zgby�GI:<-f_f[jZg�fhe_dmeyjgufb�kblZfb�k�jZaebqguf�^bZf_l�
jhf�ihj� 

JZajZ[hlZg�BKW�k�ieZklbnbpbjh\Zgghc�iheb\bgbeoehjb^ghc�f_f[jZ�
ghc��qm\kl\bl_evghc�d�Zfbgh]ebdhab^guf�Zglb[bhlbdZf��]_glZfbpbg��dZgZ�
fbpbg���Bamq_gu�nbabdh-obfbq_kdb_� k\hckl\Z� we_dljh^ghZdlb\guo� kh_^b�
g_gbc��khklZ\��jZkl\hjbfhklv��l_jfbq_kdZy�mklhcqb\hklv���Hp_g_gu�we_dljh�
ZgZeblbq_kdb_� oZjZdl_jbklbdb� BKW�� IhdZaZgZ� \hafh`ghklv� ijbf_g_gby�
BKW� ^ey� hij_^_e_gby� ]_glZfbpbgZ� \� ijbkmlkl\bb� agZqbl_evguo� ba[uldh\�
g_hj]Zgbq_kdbo� bhgh\� gZljby�� dZeby��fZ]gby� b� ^j�� �KZjZlh\kdbc�=M�� dZ�
n_^jZ�:O�b�OW). 

Kha^Zgu�f_f[jZgu�^ey�BKW�gZ�hkgh\_�^\hcguo�b�ljhcguo�gbh[Zlh\�b�
lZglZeZlh\�jZaebqguo�khklZ\h\�b�kljmdlmjguo�lbih\�^ey�ihl_gpbhf_ljbq_�
kdh]h�hij_^_e_gby�bhgh\�k\bgpZ�b�gbd_ey�\�\h^guo�jZkl\hjZo��M^h\e_l\hjb�
l_evgh�\hkijhba\h^bfu_�oZjZdl_jbklbdb�ihemq_gu�^ey�f_f[jZg�gZ�hkgh\_�
Pb3NiNb2O9� �kljmdlmjZ� i_jh\kdblZ���Pb0,8Sr0,2Nb2O6� �kljmdlmjZ� l_ljZ]hgZev�
ghc�\hevnjZfh\hc�[jhgau���Ba4,6Pb0,4Nb4O15��]_dkZ]hgZevgZy�kljmdlmjZ���Ijb�
hij_^_e_gbb�bhgh\�gbd_ey�lbljZglhf�kem`be�jZkl\hj�W>L:��bhgh\�k\bgpZ�– 
>>LD��^bwlbe^blbhdZj[ZfZl�gZljby�� 

JZajZ[hlZgu�bhgk_e_dlb\gu_�we_dljh^u�k�l\_j^uf�dhglZdlhf�^ey�ih�
l_gpbhf_ljbq_kdh]h�hij_^_e_gby 

-�dh[ZevlZ�\�dh[Zevlbl_�eZglZgZ-kljhgpby�La0,5Sr0,5CoO3 gZ�hkgh\_�^b�
l_eemjb^Z�lblZgZ��bgl_jdZebjh\Zggh]h�dh[Zevlhf� 

-�ojhfZ��III ��gZ�hkgh\_�^bk_e_gb^Z�b�^bl_eemjb^Z�lblZgZ��bgl_jdZebjh�
\Zgguo�ojhfhf�lbiZ�Cr0,1TiSe2�Ke_^m_l�hlf_lblv��qlh�^h�kbo�ihj�g_�kms_kl�
\h\Zeh�l\_j^hl_evguo�bhgk_e_dlb\guo�we_dljh^h\�^ey�hij_^_e_gby�Cr(III); 
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-�k\bgpZ�gZ�hkgh\_�fbknblgh]h�kh_^bg_gby��PbS)1,18TiS2.�We_dljh^�ih�
dZaZe�\ukhdmx�k_e_dlb\ghklv�d�bhgZf�Ni2+, Co2+, Zn2+, Cu2+, Ag+, K+, Ba2+

�b�
Sr2+

�b�iha\hey_l�ijh\h^blv�hij_^_e_gb_�k\bgpZ�\�keh`guo�ih�khklZ\m�h[t_d�
lZo�[_a�ij_^\Zjbl_evgh]h�hl^_e_gby�f_rZxsbo�bhgh\��MjZevkdbc�=M). 

F_lh^Zfb� ihl_gpbhf_ljbb� b� dhk\_gghc� hdkj_^f_ljbb� bkke_^h\Zgu�
k\hckl\Z�Zp_lbeZp_lhgZlguo�dhfie_dkguo�kh_^bg_gbc�\ZgZ^by��,V�9��\�\h^�
gh-kibjlh\uo�kj_^Zo��JZkkqblZgu�dbg_lbq_kdb_�b�l_jfh^bgZfbq_kdb_�oZjZd�
l_jbklbdb� ijhp_kkZ� \aZbfh^_ckl\by� Zp_lbeZp_lhgZlgh]h� dhfie_dkgh]h� kh�
_^bg_gby� \ZgZ^by� �,V�� k� fhe_dmeyjguf� dbkehjh^hf� \� \h^ghc�� \� \h^gh-
f_lZghevghc�b�f_lZghevghc�kj_^Zo��ij_^eh`_g�f_oZgbaf�ijhp_kkZ��e_`Zsbc�
\�hkgh\_�j_]_g_jZpbb�\ZgZ^b_\uo�dZlZebaZlhjh\�\�dZlZeblbq_kdbo�j_Zdpbyo�k�
i_j_ghkhf�dbkehjh^Z��MklZgh\e_gh�\ebygb_�Zdlb\bjmxs_c�^h[Z\db�Zp_lbe�
Zp_lhgZ�gZ�dbg_lbdm�]hfh]_gghdZlZeblbq_kdhc�j_Zdpbb�hdbke_gby�ijhkljZg�
kl\_ggh-aZljm^g_gguo�n_gheh\�jZkl\hj_gguf�fhe_dmeyjguf�dbkehjh^hf�\�
\h^ghs_ehqghc� kj_^_�� ij_^eh`_g� f_oZgbaf� Zdlb\Zpbb� ijhp_kkZ� �:joZg�
]_evkdbc�=LM). 

JZajZ[hlZgZ� ijhklZy� b� wdkij_kkgZy� f_lh^bdZ� ihl_gpbhf_ljbq_kdh]h�
hij_^_e_gby� Zffhgbcgh]h� ZahlZ� \� dmevlmjZevguo�`b^dhklyo� ijhba\h^kl\Z�
[_gabei_gbpbeebgZ� b� oehjl_ljZpbdebgZ� k� bkihevah\Zgb_f� Zffhgbck_e_d�
lb\gh]h� we_dljh^Z� k�`b^dhklghc�f_f[jZghc� \�ijbkmlkl\bb� ��-djZlguo�ba�
[uldh\�bhgh\�dZeby��Ijh^he`bl_evghklv�ZgZebaZ�khklZ\ey_l���fbgml��hlgh�
kbl_evgZy�ih]j_rghklv�hij_^_e_gbc�g_�ij_\urZ_l� ����F_lh^bdZ�f_ljheh�
]bq_kdb� Zll_klh\ZgZ�b�\g_^j_gZ�\�PAE�:H� �DjZknZjfZ��b�Gh\hkb[bjkdh]h�
aZ\h^Z�f_^bpbgkdbo�ij_iZjZlh\� 

JZajZ[hlZgZ�f_lh^bdZ�ihl_gpbhf_ljbq_kdh]h�hij_^_e_gby�D-khj[blZ�\�
jZkl\hj_� e_dZjkl\_ggh]h� ij_iZjZlZ� �IhebZfbg���HgZ� \dexqZ_l� k\yau\Zgb_�
D-chj[blZ�\�khj[blh[hjgmx�dbkehlm�b�ihke_^mxs__�lbljh\Zgb_�ihke_^g_c�
jZkl\hjhf� ]b^jhdkb^Z�gZljby�^h�ihklhyggh]h� agZq_gby�jG��Ijh^he`bl_ev�
ghklv� ZgZebaZ�khklZ\ey_l� ���fbgml��hlghkbl_evgh_�klZg^Zjlgh_�hldehg_gb_�
0,01-0,02. 

Ij_^eh`_gZ� ijhklZy� b� wdkij_kkgZy� f_lh^bdZ� ihl_gpbhf_ljbq_kdh]h�
hij_^_e_gby� ihebwlbe_g]ebdhey� k� fheyjghc� fZkkhc�� jZ\ghc� ������ �IW=-
�������� hkgh\ZggZy� gZ� bkihevah\Zgbb� wfibjbq_kdb� mklZgh\e_gghc� kl_obh�
f_ljbb�j_Zdpbb�_]h�hkZ`^_gby�k�ch^hf��Lbljh\Zgb_�ijh\h^blky�^h�ihklhyg�
gh]h�agZq_gby�ihl_gpbZeZ�Pt-�we_dljh^Z�\�kbkl_f_�I3/3I-��<�^bZiZahg_�kh^_j�
`Zgbc�IW=-20000 6,0-�����]�e�hlghkbl_evgh_�klZg^Zjlgh_�hldehg_gb_�g_�ij_�
\urZ_l�������DjZkghyjkdbc�=M). 

Bamq_gh�\ebygb_�khklZ\Z�\h^gh�–�wlZghevgh]h�jZkl\hjZ�bh^bklh]h�dZ�
eby� \� ijbkmlkl\bb� ch^Z� �hdbkebl_ey�� gZ� ihl_gpbhf_ljbq_kdmx� oZjZdl_jb�
klbdm�©lhq_qgh]hª�ieZlbgh\h]h�we_dljh^Z��MklZgh\e_gh��qlh�k�m\_ebq_gb_f�
kh^_j`Zgby� kibjlZ� \hajZklZ_l� djmlbagZ� we_dljh^ghc�nmgdpbb�ihqlb�gZ� ���
f<�ijb�i_j_oh^_�hl�\h^ghc�kbkl_fu�d�wlZghem�–�j_dlbnbdZlm��IjbqbgZ�wlh]h�
wnn_dlZ�k\yaZgZ�k�gZjmr_gb_f�\�dhgp_gljbjh\Zgghf�kibjlh\hf�jZkl\hj_�bk�
lbgghc� l_jfh^bgZfbq_kdhc�h[jZlbfhklb�ihl_gpbZehij_^_eyxs_c� we_dljh�
obfbq_kdhc�j_Zdpbb� 
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JZajZ[hlZg� dhk\_gguc� bh^hf_ljbq_kdbc� ihl_gpbhf_ljbq_kdbc�f_lh^�
hij_^_e_gby� hj]Zgbq_kdbo� i_jhdkb^h\� \� wnbjguo� fZkeZo� [_a� ijh\_^_gby�
lbljh\Zgby�gZ�hkgh\_�baf_j_gby�j_^hdk-ihl_gpbZeZ�©lhq_qgh]hª�ieZlbgh\h�
]h�we_dljh^Z��eb[h�\�Zp_lZlgh�–�dZj[hgZlghf�[mn_jghf�\h^ghf�jZkl\hj_��eb�
[h�\�wlZghevgh�–�\h^ghf�jZkl\hj_�k�[hevrbf�kh^_j`Zgb_f�kibjlZ�� 

JZajZ[hlZg� gh\uc� bh^Zl� –� bh^hf_ljbq_kdbc� f_lh^� hij_^_e_gby� db�
kehlgh]h� qbkeZ� wnbjguo�fZk_e� �dhjbZg^j�� ibolZ��rZen_c�� [_a� ijh\_^_gby�
lbljh\Zgby� k� m^h\e_l\hjbl_evgufb� f_ljheh]bq_kdbfb� oZjZdl_jbklbdZfb�
(Dm[Zgkdbc�=LM). 

F_lh^hf� jZkrbnjh\db� djb\uo� dZlh^ghc�iheyjbaZpbb�ijh\_^_gu�bk�
ke_^h\Zgby�ih�\hafh`ghklb�mlbebaZpbb�f_^b�ba�hljZ[hlZgguo�jZa[Z\e_gguo�
we_dljheblh\�f_^g_gby��<uy\e_gZ�jhev�dbkehlghklb�kj_^u��l_fi_jZlmjgh]h�
j_`bfZ��hij_^_e_gZ�ijbjh^Z�ebfblbjmxs_c�klZ^bb�ijhp_kkZ�we_dljhhkZ`�
^_gby�f_^b�g_aZ\bkbfufb�f_lh^Zfb�–�f_lh^hf�gZdehgZ�LZn_e_\kdbo� djb�
\uo�� l_fi_jZlmjgh-dbg_lbq_kdbf�f_lh^hf� =Zj[Zq_\Z� b� ih� mjZ\g_gbx� dhg�
p_gljZpbhgghc�iheyjbaZpbb��K^_eZg�\u\h^�h�p_e_khh[jZaghklb�mf_j_ggh]h�
i_j_f_rb\Zgby� we_dljheblZ� \� ijhp_kk_� we_dljh\u^_e_gby� f_^b��IhdZaZgZ�
\hafh`ghklv�bkihevah\Zgby�dZ^fbc-k_e_dlb\gh]h�we_dljh^Z�nbjfu��Crytur" 
^ey� kh\f_klgh]h� hij_^_e_gby� bhgh\�`_e_aZ� �II �� b�`_e_aZ�III �� dZd� f_lh^hf�
ijyfhc�ihl_gpbhf_ljbb��lZd�b�ihl_gpbhf_ljbq_kdbf�lbljh\Zgb_f��<�dZq_kl�
\_� lbljZglZ� bkihevah\Zg� klZg^Zjlguc� jZkl\hj� dhfie_dkhgZ� III (>Z]_klZg�
kdbc�=M��dZn_^jZ�:O). 

<hevlZfi_jhf_ljby��iheyjh]jZnby���Bkke_^h\Zg�i_j_ghk�bhgh\�s_�
ehqgha_f_evguo� �SA��f_lZeeh\�gZ�]jZgbp_�^\mo�g_kf_rb\Zxsboky�jZkl\h�
jh\� we_dljheblh\� �=J>GJW��� bg^mpbjh\Zgguc� nhknhjbehj]Zgbq_kdbf� kh�
_^bg_gb_f��^bhdbkvx�l_ljZ�iZjZ-lhebe�-hjlh-dkbebe_g^bnhknbgZ���Bamq_gh�
dhfie_dkhh[jZah\Zgb_� bhgh\�SA� f_lZeeh\� k� ^bhdbkvx� l_ljZ�iZjZ-lhebe�-
hjlh-dkbebe_g^bnhknbgZ�� MklZgh\e_gZ� kl_obhf_ljby� h[jZamxsboky� dhf�
ie_dkh\��Hij_^_e_gu�agZq_gby�klZg^Zjlguo�ihl_gpbZeh\�b�wg_j]bc�bg^mpb�
jh\Zggh]h�i_j_ghkZ�dhfie_dkh\�q_j_a�=J>GJW��Bkoh^y�ba�fh^_eb�jZkij_^_�
e_gby�bhgh\�f_lZeeZ�jZkkqblZgu�dhgklZglu�mklhcqb\hklb�dhfie_dkh\�\�gbl�
jh[_gahe_��JOLM��dZn_^jZ�:O).  

KhihklZ\e_gu� j_amevlZlu� baf_j_gbc� fZeuo� dhgp_gljZpbc�Pb(II�� bg�
\_jkbhggh-\hevlZfi_jhf_ljbq_kdbfb�f_lh^Zfb� k� ebg_cghc� jZa\_jldhc�ih�
l_gpbZeZ� �B<I��b�k�ebg_cghc�jZa\_jldhc��fh^mebjh\Zgghc�kbgmkhb^Zevguf�
�B<II �� b� ijyfhm]hevguf� gZijy`_gb_f� �B<III �� ^bnn_j_gpbZevgh-
bfimevkguc�\ZjbZgl���<ZjbZglu�B<I-B<III �j_Zebah\Zgu�dhfivxl_jbah\Zg�
guf� iml_f��<u[jZgu� hilbfZevgu_� mkeh\by� baf_j_gbc��<� ^bZiZahg_� baf_�
jy_fuo�dhgp_gljZpbc�Pb(II��hl�����⋅10-8

�^h����⋅10-7 F�]jZ^mbjh\hqgu_�aZ\b�
kbfhklb�ebg_cgu��tw=120 k���<_ebqbgu�m]eh\uo�dhwnnbpb_glh\�baf_gyebkv�\�
jy^m�B<I�B<II≈B<III �� agZq_gby� kg� khklZ\eyeb� ���⋅10-9, 4.3⋅10-9

� b� ���⋅10-9 F�

khhl\_lkl\_ggh� 
IhdZaZgZ� \hafh`ghklv� bkihevah\Zgby� iheb-N-\bgbeibjjheb^hgZ� ^ey�

mf_gvr_gby�\ebygby�Sn(II��b�Cu(II��gZ�bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdb_�
kb]gZeu�Pb(II��b��khhl\_lkl\_ggh��Zn(II) (F=M��dZn_^jZ�:O). 
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Ijh\_^_gZ�jZajZ[hldZ�b�hilbfbaZpby�dhfie_dkZ�\aZbfgh�kh\f_klbfuo�
ZgZeblbq_kdbo�� ijh]jZffgh-fZl_fZlbq_kdbo� b� bgkljmf_glZevguo� f_lh^h\��
h[_ki_qb\Zxsbo� \� kh\hdmighklb� j_r_gb_� aZ^Zqb� Z\lhfZlbabjh\Zggh]h�
\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� lhdkbqguo� f_lZeeh\�� JZajZ[hlZgu�
gh\u_�fZl_fZlbq_kdb_�Ze]hjblfu�Z\lhfZlbq_kdh]h�\hevlZfi_jhf_ljbq_kdh�
]h� hij_^_e_gby� lhdkbqguo�f_lZeeh\�� dhfie_dl� ijh]jZffgh]h� h[_ki_q_gby�
©:gZeblª�^ey�Z\lhfZlbq_kdh]h�\hevlZfi_jhf_ljbq_kdh]h�ZgZebaZ�b�h[jZ[hl�
db�_]h�j_amevlZlh\��Dm[Zgkdbc�=M�� 
  Bamq_gh�\ebygb_�jZaebqguo�deZkkh\�hj]Zgbq_kdbo�\_s_kl\�gZ�\_ebqb�
gm� bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdh]h� kb]gZeZ� b� jZajZ[hlZgZ�f_lh^bdZ�
dhk\_ggh]h� bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� kmffu� dZ�
lbhgh-Zdlb\guo�I:<�\�\h^Zo�k�bkihevah\Zgb_f�g_bhgh]_ggh]h�I:<-g_hgheZ�
\�dZq_kl\_�klZg^ZjlZ��Dm[Zgkdbc�=M). 

IhdZaZgh��qlh�g_[hevrb_�dhgp_gljZpbb�bh^b^�-�bhgh\�bg]b[bjmxl�dZ�
lZeblbq_kdb_�iheyjh]jZnbq_kdb_�lhdb�\�kbkl_fZo�lblZg��IV) –�jh^Zgb^�-�bhg��
sZ\_e_\Zy�dbkehlZ��GZ�hkgh\_�mdZaZggh]h�wnn_dlZ�jZajZ[hlZgZ�iheyjh]jZnb�
q_kdZy�f_lh^bdZ�hij_^_e_gby�bhgh\�lblZgZ��IV ��b�dZ^fby��II ��ijb�bo�kh\f_�
klghf�ijbkmlkl\bb�\�jZkl\hjZo�k_jghc�dbkehlu��Dm[Zgkdbc�=LM). 

M]hevgh-iZklh\uc� we_dljh^�� fh^bnbpbjh\Zgguc� ]m[qZluf� hkfb_f��
ijhy\ey_l� we_dljhdZlZeblbq_kdmx� Zdlb\ghklv� ih� hlghr_gbx� d�sZ\_e_\hc�
dbkehl_�b�__�kheyf��JZkkfZljb\Z_fu_�km[kljZlu�hdbkeyxlky�gZ�]jZnblh\uo�
we_dljh^Zo��\�lhf�qbke_�b�gZ�MIW��k�[hevrbf�i_j_gZijy`_gb_f�ijb�?�> 1.2 
<�� GZ� we_dljh^_�� fh^bnbpbjh\Zgghf� ]m[qZluf� hkfb_f�� i_j_gZijy`_gb_�
mf_gvrZ_lky�gZ� ����f<��Z�\_ebqbgZ�Zgh^gh]h� lhdZ� agZqbl_evgh�ij_\urZ_l�
lhd�hdbke_gby�kh[kl\_ggh�fh^bnbdZlhjZ��We_dljh^guc�ijhp_kk�hibku\Z_lky�
\� jZfdZo� ij_^klZ\e_gbc� j_^hdk-dZlZebaZ�� we_dljhhdbke_gb_� fh^bnbdZlhjZ�
khijh\h`^Z_lky�h[jZah\Zgb_f�hdkb^Z�hkfby��IV ���dhlhjuc�hdbkey_l�km[kljZl�
k�j_]_g_jZpb_c�bkoh^ghc�nhjfu�fh^bnbdZlhjZ�-�hkfby�III) (DZaZgkdbc�=M��
dZn_^jZ�:O�� 

JZa\blb_� f_lh^Z� Z^khj[pbhgghc� \hevlZfi_jhf_ljbb� k� ijbf_g_gb_f�
l\_j^hnZaguo�]jZnblkh^_j`Zsbo�k_gkhjh\�iha\hebeh�j_Zebah\Zlv�f_lh^bdb�
hij_^_e_gby�rbjhdh]h�jy^Z�we_f_glh\��ojhfZ��gbd_ey��fheb[^_gZ��fZj]ZgpZ��
b�^j����hkgh\Zggu_�gZ�Z^khj[pbhgguo�f_oZgbafZo�dhgp_gljbjh\Zgby�hij_^_�
ey_fuo�we_f_glh\�ba�jZkl\hjZ��F_lh^�iheh`_g�\�hkgh\m�kha^Zgby�ijh]jZf�
fbjm_fh]h� bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdh]h� ZgZebaZlhjZ� ©B<:-5» 
(MjZevkdbc�=WM). 

Bamq_gh� we_dljhobfbq_kdh_� ih\_^_gb_� mjZgZ�VI �� \� fbg_jZevgh-
hj]Zgbq_kdbo�nhgh\uo�we_dljheblZo�k�\ukhdhc�khev\Zlbjmxs_c�kihkh[gh�
klvx��kh^_j`Zsbo�^h����h[���ibjb^bgZ��^bf_lbekmevnhdkb^Z�beb�^bf_lbe�
nhjfZfb^Z��MklZgh\e_gh�� qlh� \� ijbkmlkl\bb� ���-����F� ibjb^bgZ� mjZg�9,��
g_h[jZlbfh�\hkklZgZ\eb\Z_lky�gZ�we_dljh^_�k�h[jZah\Zgb_f�q_ldh]h�dZlh^gh�
]h�ibdZ��ihl_gpbZe�dhlhjh]h�kf_sZ_lky�\�h[eZklv�[he__�hljbpZl_evguo�agZ�
q_gbc�k�m\_ebq_gb_f�dhgp_gljZpbb�hj]Zgbq_kdh]h�dhfihg_glZ��Ebg_cgZy�aZ�
\bkbfhklv�ij_^_evgh]h�lhdZ�mjZgZ�hl�_]h�kh^_j`Zgby�\�jZkl\hj_�kh[ex^Z_lky�
\�rbjhdhf� ^bZiZahg_� dhgp_gljZpbc��ijb� wlhf�bhgu�`_e_aZ��fZj]ZgpZ�� dh�
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[ZevlZ��gbd_ey��ojhfZ��lblZgZ��\hevnjZfZ��gbh[by�b�jy^Z�^jm]bo�we_f_glh\�g_�
hdZau\Zxl� \ebygby� gZ� \hegm� we_dljh\hkklZgh\e_gby� mjZgZ�9,��� IhdZaZgZ�
\hafh`ghklv� ijyfh]h� \hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� fZeuo� dheb�
q_kl\�mjZgZ�\�keh`guo�ih�khklZ\m�h[t_dlZo�k�ijbf_g_gb_f�ibjb^bgkh^_j�
`Zsbo�k_jghdbkeuo�we_dljheblh\��Ihemq_ggu_�j_amevlZlu�\Z`gu�^ey�ZgZ�
eblbq_kdhc�obfbb�mjZgZ�b�ghkyl�ijbhjbl_lguc�oZjZdl_j��BIF�MjH�J:G). 

Bamq_g�f_oZgbaf�fh^bnbpbjh\Zgby�m]e_jh^kh^_j`Zsbo�we_dljh^h\�im�
l_f�\hkklZgh\e_gby�bhgh\�f_^b��k_j_[jZ�b�ahehlZ�ba�l\_j^uo�khe_c��bffh[b�
ebah\Zgguo�g_ihkj_^kl\_ggh�gZ�jZ[hqmx�ih\_joghklv�we_dljh^Z��Lheklhie_�
ghqguc� ]jZnblhiZklh\uc� we_dljh^�� fh^bnbpbjh\Zgguc� Z^ZlhfZfb� f_^b��
ij_^eh`_g�\�dZq_kl\_�we_dljhobfbq_kdh]h�k_gkhjZ�^ey�hij_^_e_gby�k_e_gZ�
gZ�mjh\g_�dhgp_gljZpbc���–����fd]�e�k�ih]j_rghklvx��sr���g_�ij_\urZxs_c�
0,10.  

K� p_evx� bkke_^h\Zgby� \hafh`ghkl_c� we_dljhobfbq_kdhc� b^_glbnbdZ�
pbb� we_dljhgguo�khklhygbc� we_f_glh\�\�hl^_evguo�maeZo�djbklZeebq_kdhc�
j_r_ldb�fhghdjbklZeebq_kdbo�<LKI�nZa�^ey�nZa�lbiZ�����bamq_g�f_oZgbaf�
l\_j^hnZaguo�we_dljhobfbq_kdbo�j_Zdpbc�bhgh\�f_^b��jZkiheh`_gguo�\�ih�
abpbyo���b���\�jZkl\hjZo�+&O�jZaebqghc�dhgp_gljZpbb��IhdZaZgh��qlh�we_d�
ljhobfbq_kdhfm� \hkklZgh\e_gbx� bhgh\� f_^b� ba� ihabpbb� �� h[yaZl_evgh�
ij_^r_kl\m_l�obfbq_kdZy�j_Zdpby��lh]^Z�dZd�ZgZeblbq_kdbc�kb]gZe�ihabpbb�
KX�� e_]dh� nhjfbjm_lky� \hkklZgh\e_gb_f� bhgh\� f_^b� g_ihkj_^kl\_ggh� ba�
l\_j^hc�nZau��<Zjvbjh\Zgb_f� dhgp_gljZpbb� we_dljheblZ� \hafh`gh� kha^Z�
\Zlv� mkeh\by�� ijb� dhlhjuo� ihabpby� &X�� hklZ_lky� we_dljhobfbq_kdb� g_c�
ljZevghc��b�ihy\ey_lky�i_jki_dlb\Z�ijhke_^blv�aZ�we_dljhgguf�khklhygb_f�
bhgh\� lhevdh�\�ihabpbb�&X���Wlh�iha\hebeh�bamqblv�f_oZgbaf�j_eZdkZpbb�
nZa�khklZ\Z�3U%D2Cu3O6+x YBa2Cu3O6+x (0.40 ≥ x ≥��������aZdexqZxsbcky�\�j_�
hj]ZgbaZpbb�dbkehjh^ghc�ih^kbkl_fu� >&X+O2-

(2-x)O
-
2x]

3-⇔ [Cu+
(1-x)Cu2+

xO
2-

2O
-

x]
3-
��<�bgl_j\Ze_�l_fi_jZlmj����–400°�D�h[gZjm`_g�l_jfbq_kdbc�wnn_dl�wlh�

]h�ijhp_kkZ��BGO�KH�J:G�� 
F_lh^Zfb� \hevlZfi_jhf_ljbb� bamq_gu� j_Zdpbb� we_dljhobfbq_kdh]h�

\hkklZgh\e_gby�-�hdbke_gby�\Ze_glguo�nhjf�p_jby� �&H�,,,��b�&H�,9����\ZgZ�
^by��9�9��b�9�,9���b�ojhfZ��&U�9,��b�&U�,,,���\�jZkl\hjZo�g_hj]Zgbq_kdbo�db�
kehl�jZaebqghc�dhgp_gljZpbb�gZ�l\_j^uo�we_dljh^Zo�jZaebqghc�ijbjh^u�^ey�
gZoh`^_gby� mkeh\bc� hij_^_e_gby� \Ze_glguo� nhjf� mdZaZgguo� f_lZeeh\�
�=?HOB�J:G�� 

Bamq_gh� \hevlZfi_jhf_ljbq_kdh_�ih\_^_gb_�bhgh\�Co�gZ�fh^bnbpb�
jh\Zgghf� ljb-g-[mlbenlZeZlhf� m]hevgh-iZklh\hf� we_dljh^_�� Hij_^_e_gu�
oZjZdl_jbklbdb� \hkklZgh\e_gby-hdbke_gby� &R�� jZkkqblZgu� dhwnnbpb_glu�
i_j_ghkZ�� dhgklZglu� kdhjhklb� we_dljh^ghc� j_Zdpbb� b� khklZ\� dhfie_dkh\��
ij_h[eZ^Zxsbo� b� jZajy`Zxsboky� gZ� we_dljh^_�� JZajZ[hlZgZ� wdkij_kk-
f_lh^bdZ�hij_^_e_gby�dh[ZevlZ�[_a�hl^_e_gby�khimlkl\mxsbo� we_f_glh\�\�
h[t_dlZo�ijbjh^gh]h�b�l_ogbq_kdh]h�ijhbkoh`^_gby� 

F_lh^hf�\hevlZfi_jhf_ljbb�k�m]hevgh-iZklh\uf�we_dljh^hf�ijb�dZ�
lh^gh-Zgh^ghc� iheyjbaZpbb� ihdZaZgh�� qlh� Zlhfu� lblZgZ� \� ih\_joghklghf�
keh_�_]h�dZj[b^h\�b�gbljb^h\�gZoh^blky�\�\b^_�hdkb^ghc�ie_gdb�\��-o�b��-
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\Ze_glghf�khklhygbb��JZajZ[hlZgZ�f_lh^bdZ�hij_^_e_gby�\Ze_glgh]h�khklhy�
gby� lblZgZ� \� ih\_joghklghf� keh_� obfbq_kdb� klhcdbo� ljm^ghjZkl\hjbfuo�
dZj[b^h\��gbljb^h\�b�dZj[hgbljb^h\�[_a�bo�i_j_\_^_gby�\�jZkl\hj� �BOLL�
MjH�J:G��eZ[hjZlhjby�NOF:). 

<�jZa\blb_�l_hjbb�ZgZeblbq_kdh]h�kb]gZeZ�ij_^eh`_gZ�dZjdZkgZy�fh�
^_ev�ibdh\�b�\heg�^ey�bo�oZjZdl_jbklbdb��JZkkfhlj_gZ�\hafh`ghklv�bkihev�
ah\Zgby�jZaghklguo�djb\uo�^ey�mq_lZ�\ebygby�\g_rgbo�nZdlhjh\�b�ijbjh^u�
ZgZebabjm_fh]h�\_s_kl\Z�\�\hevlZfi_jhf_ljbb�gZ�hkgh\_�fh^_eb�ZgZeblbq_�
kdh]h�kb]gZeZ��Ij_^eh`_gZ�f_lh^bdZ�hp_gdb�kbkl_fZlbq_kdhc�ih]j_rghklb��
\ghkbfhc�mq_lhf�[Zah\hc�ebgbb��Lhfkdbc�IM��dZn_^jZ�N:O�� 

JZajZ[hlZg�kihkh[�dhebq_kl\_ggh]h�hij_^_e_gby�gbd_ey��II ��k�bkihev�
ah\Zgb_f�Z^khj[pbhgghc�B<�ih�dZlh^guf�ibdZf�gZ�]jZnblh\hf�we_dljh^_��
Ij_^eh`_g�\uqbkebl_evguc�Ze]hjblf��iha\heyxsbc�ebg_Zjbah\Zlv�]jZ^mb�
jh\hqgmx�aZ\bkbfhklv��Lhfkdbc�=M��dZn_^jZ�:O�� 

Ij_^eh`_gZ� bgl_jij_lbjmxsZy� kbkl_fZ� mijZ\e_gby� we_dljhobfbq_�
kdhc�mklZgh\dhc��bkihevamxsZy�dhgp_ipbx�hldjulhc�Zjobl_dlmju�b�iha\h�
eyxsZy� kms_kl\_ggh� jZkrbjblv�nmgdpbhgZevgu_� \hafh`ghklb� \hevlZfi_�
jhf_ljbq_kdh]h�dhfie_dkZ�[_a�fh^bnbpbjh\Zgby�_]h�ZiiZjZlghc�qZklb��JZa�
jZ[hlZgu� kihkh[u� j_]bkljZpbb� \hevlZfi_jhf_ljbq_kdbo�b�iheyjh]jZnbq_�
kdbo�djb\uo��bkihevah\Zgb_�[blh\hc�dZjlu��gZdhie_gb_�kmffu�b�g_ij_ju\�
ghc�j_]bkljZpbb�aZ\bkbfhklb�E-t�b�I-t���agZqbl_evgh�mf_gvrZxsZy�rmfh\u_�
khklZ\eyxsb_� kb]gZeh\� aZ� kq_l�m\_ebq_gby�dhebq_kl\Z�ihemqZ_fhc�bgnhj�
fZpbb��:e]hjblf�i_j\bqghc�fZl_fZlbq_kdhc�h[jZ[hldb�wdki_jbf_glZevguo�
djb\uo� \dexqZ_l�ihke_^h\Zl_evghklv� hi_jZpbc�� m^Ze_gb_�rmfh\�b� hp_gdb�
[Zah\hc�ebgbb��qlh�iha\hey_l�ijh\h^blv�dhebq_kl\_ggh_�hij_^_e_gb_�Zn(II), 
Mn(II), Pb(II), Cd(II), Cu(II��ijb�gZebqbb�agZqbl_evgh�aZrmfe_gguo�ZgZeblb�
q_kdbo� kb]gZeh\��Ij_^eh`_gu�mgb\_jkZevgu_�nmgdpbhgZevgu_�fh^_eb�^ey�
hibkZgby� kb]gZeh\�Pb(II), Cd(II), Zn(II), Tl(I), In(III), Mn(II), Sn(IV), Cu(II), 
bf_xsbo�nhjfm� _^bgbqgh]h�ibdZ��Ijb� \u[hj_�fh^_ebjmxs_c�nmgdpbb�b�
kjZ\g_gbb�kb]gZeh\�bkihevah\Zgh�bo�ghjfbjh\Zgb_�b�g_ebg_cguc�j_]j_kkb�
hgguc�ZgZeba��F=M��dZn_^jZ�:O). 

Bg\_jkbhggZy� \hevlZfi_jhf_ljby�� Ij_^eh`_gu� gh\u_� ih^oh^u� d�
m\_ebq_gbx�khhlghr_gby�³kb]gZe-rmf´��hkgh\Zggu_�gZ�fZl_fZlbq_kdhc�wdk�
ljZiheypbb� \hevlZfi_jghc� djb\hc� k� khojZg_gb_f� kljmdlmju� wdki_jbf_g�
lZevguo�rmfh\��Z�lZd`_�gZc^_gh�hilbfZevgh_�khq_lZgb_�ijhp_^mj�jZaeh`_�
gby�\�jy^�Nmjv_�b�³hdhgghc´�nbevljZpbb��ijb�dhlhjhf�ijZdlbq_kdb�g_l�bk�
dZ`_gby�ihe_agh]h� kb]gZeZ�ijb�^hklZlhqgh�iheghf� m^Ze_gbb�rmfh\hc� kh�
klZ\eyxs_c��MdZaZggu_�kihkh[u�bkihevah\Zgu�\�bg\_jkbhgghc�\hevlZfi_�
jhf_ljbb� ijb� jZkl\hj_gbb� we_dljhobfbq_kdbo� dhgp_gljZlh\� gZ� l\_j^uo�
we_dljh^Zo��ih\_joghklv�dhlhjuo�fh^bnbpbjh\ZgZ�beb�g_�fh^bnbpbjh\ZgZ�
Z^-ZlhfZfb�bkke_^m_fuo�^_iheyjbaZlhjh\�b�jlmlb��F=M��dZn_^jZ�:O). 

 Bkke_^h\Zgu�mkeh\by�we_dljhgZdhie_gby�b�hij_^_e_gby�bh^b^-bhgh\�
gZ�jZaebqguo� we_dljh^Zo� �k_j_[jh��ieZlbgZ�� ]jZnbl���MklZgh\e_gu�mkeh\by�
bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdh]h�hij_^_e_gby�bh^b^-bhgZ�gZ�]jZnblh�
\hf�we_dljh^_��ijhiblZgghf�lhemhehf��h[_ki_qb\Zxsbf�ebg_cghklv�kb]gZeZ�
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\�bgl_j\Ze_�dhgp_gljZpbc������-�����fd]���fe��Z�lZd`_�\�\b^_�mklhcqb\uo�bhg�
guo�iZj�I2Br- c�g_dhlhjufb�Zahlkh^_j`Zsbfb�kh_^bg_gbyfb��Ijh\_^_gh�hi�
j_^_e_gb_�bh^b^-bhgZ�\�fh^_evguo�jZkl\hjZo�b�\�mjbg_��DZaZgkdbc�=M��dZ�
n_^jZ�:O.). 

F_lh^Zfb�j_gl]_gh\kdhc�nhlhwe_dljhgghc�ki_dljhkdhibb��j_gl]_ghk�
i_dljZevgh]h� fbdjhZgZebaZ�� j_g]_ghnemhj_kp_glgh]h� ZgZebaZ� k� iheguf�
\g_rgbf� hljZ`_gb_f� b� jZkljh\hc� we_dljhgghc� fbdjhkdhibb� bamq_gu� ih�
\_joghklb� ^bkdh\uo� m]e_kblZeeh\uo� we_dljh^h\�� we_dljhobfbq_kdb� fh^b�
nbpbjh\Zgguo�ijb�kh\f_klghf�hkZ`^_gbb�f_^b�b�dZ^fby�ba�Zahlghdbkeuo�
jZkl\hjh\�\�mkeh\byo�we_dljhZgZeblbq_kdh]h�wdki_jbf_glZ��MklZgh\e_gZ�aZ�
\bkbfhklv�we_f_glgh]h�khklZ\Z�b�fhjnheh]bb�fh^bnbpbjh\Zgghc�ih\_jogh�
klb�we_dljh^Z�hl�dhgp_gljZpbb�f_lZeeh\�\�jZkl\hj_��jZ^bmkZ�we_dljh^Z��\j_�
f_gb� we_dljhebaZ�� lbiZ�bgl_jf_lZeebq_kdh]h�\aZbfh^_ckl\by��Ij_^eh`_gu�
n_ghf_gheh]bq_kdb_�fh^_eb�nhjfbjh\Zgby�we_dljhdhgp_gljZlh\�gZ�ih\_jo�
ghklyo�^bkdh\uo�we_dljh^h\�ba�bg_jlgh]h�fZl_jbZeZ�\�jZkl\hjZo��kh^_j`Z�
sbo�bg^bnn_j_glguc�nhgh\uc�we_dljhebl��F=M��dZn_^jZ�:O). 

F_lh^hf�B<�bkke_^h\Zgh�\aZbfgh_�\ebygb_�dhfihg_glh\�[bgZjguo�
kbkl_f�ieZlbgZ-f_lZee��Cd, Pb, Cu, Hg���IhdZaZgh��qlh�we_dljhiheh`bl_ev�
guc�Zgh^guc�ibd�h[mkeh\e_g�bhgbaZpb_c�f_lZeeZ�k�ih^eh`db�we_dljheblb�
q_kdhc�ieZlbgu��Lhfkdbc�IM��dZn_^jZ�N:O�� 

JZa\blu�l_hj_lbq_kdb_�hkgh\u�B<�dZj^bhij_iZjZlh\��Ihemq_gu�dheb�
q_kl-\_ggu_�djbl_jbb�hiulghc�ijh\_jdb�f_oZgbafZ�ijhp_kkZ�we_dljhhdbk�
e_gby�jlmlb�ijb�iheh`bl_evguo�agZq_gbyo�ihl_gpbZeh\�klZpbhgZjgh]h�bg�
^bdZlhjgh]h�we_dljh^Z�k�ihke_^mxsbf�h[jZah\Zgb_f�Z^khj[pbhggh]h�ljm^�
ghjZkl\hjbfh]h�kh_^bg_gby�gZ�hkgh\_�bhgh\�jlmlb�b�dZj^bhij_iZjZlZ��we_d�
ljhhdbke_gby�jlmlb�k�ihke_^mxs_c�obfbq_kdhc�j_Zdpb_c�dhfie_dkhh[jZah�
\Zgby�k�mqZklb_f�dZj^bhij_iZjZlZ��we_dljh\hkklZgh\e_gby�ljm^ghjZkl\hjb�
fuo�kh_^bg_gbc��Z^khj[bjh\Zgguo�gZ�ih\_joghklb�ie_ghqgh]h�we_dljh^Z��
Ij_^eh`_gu�gh\u_�kihkh[u�hp_gdb�iZjZf_ljh\�Z^khj[pbb�ljm^ghjZkl\hjb�
fuo�kh_^bg_gbc�gZ�jlmlb��dbg_lbq_kdbo�iZjZf_ljh\�kh[kl\_ggh�we_dljhob�
fbq_kdhc�klZ^bb��dbg_lbq_kdbo�b�l_jfh^bgZfbq_kdbo�iZjZf_ljh\�ihke_�
^mxsbo�obfbq_kdbo�j_Zdpbc��Lhfkdbc�IM�� 

F_lh^�B<:� bkihevah\Zg� \�nZjfZdhdbg_lbq_kdbo� bkke_^h\Zgbyo� ijb�
hij_^_e_gbb�^h�n 10-7

�fhev�e�dZj^bhij_iZjZlh\��Zl_gZeheZ��^b]hdkbgZ��wg^m�
jZpbgZ��dhj^ZgmfZ�b�^j���\�ku\hjhld_�djh\b�[hevguo�k_j^_qgh-khkm^bklufb�
aZ[he_\Zgbyfb�^ey�ijh\_^_gby�jZkq_lZ�^habjh\Zgby�ij_iZjZlZ�m�[hevguo�\�
hkljuc�b�ih^hkljuc�i_jbh^�bgnZjdlZ�fbhdZj^Z� �ihdZaZgh�\ebygb_�jZaebq�
guo�nZdlhjh\�gZ�nZjfZdhdbg_lbdm�dZj^bhij_iZjZlZ��\uy\e_gZ�l_jZi_\lbq_�
kdb�wnn_dlb\gZy�dhgp_gljZpby�_]h�\�djh\b�[hevgh]h�� �Lhfkdbc�IM��GBB�

dZj^bheh]bb�LGP�KH�J:FG). 
Dmehghf_ljby��F_lh^hf� ihl_gpbhklZlbq_kdhc� dmehghf_ljbb� jZajZ�

[hlZgu�f_lh^bdb�hij_^_e_gby fZdjhdhfihg_glh\�k�ih]j_rghklvx�b�\hkijh�
ba\h^bfhklvx�g_�[he__������^ey�gh\uo�i_jki_dlb\guo�khklZ\h\�<LKI�k�gh�
\uf�lbihf�ijh\h^bfhklb��kh^_j`Zsbo�\ZgZ^bc�b�ojhf��0e1-xSrxVO3 (Me=Ca, 
7O�b�^j�����&X0,5Cr0,5)Sr2Can-1CunO2n+3+d,: 
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- \ZgZ^by�ih�j_Zdpbb�9�9�⇔9�,9��^ey�hij_^_e_gby�dZd�h[s_]h�kh^_j�
`Zgby� \ZgZ^by� \� ijbkmlkl\bb� f_^b� b� \bkfmlZ�� lZd� b� _]h� \Ze_glguo�nhjf�
9�9��b�9�,9�� 

-�h[s_]h�kh^_j`Zgby�ojhfZ�ih�j_Zdpbb�&U�9,��->�&U�,,,�b�&U�9,��b�&X�,,��
ijb�bo�kh\f_klghf�ijbkmlkl\bb�� 

JZajZ[hlZgZ� ihl_gpbhklZlbq_kdZy� dmehghf_ljbq_kdZy�f_lh^bdZ� hij_�
^_e_gby�ieZlbgu�b�iZeeZ^by�ijb� kh\f_klghf�ijbkmlkl\bb�\�kieZ\Zo�gZ�bo�
hkgh\_��hkgh\ZggZy�gZ�Zgh^guo�j_Zdpbyo�hdbke_gby�3W�,,��→ Pt(IV) b�3G����→ 
3G�,,���]^_�3W�,,��b�3G����ihemq_gu�iml_f�\hkklZgh\bl_evgh]h�ij_^we_dljhebaZ�
3W�,9��b�3G�,,��gZ�m]e_]jZnblh\hf�we_dljh^_��=?HOB�J:G). 

JZ[hqb_� mkeh\by� j_Zdpbb� we_dljh]_g_jbjh\Zgguo� ]Zeh]_gh\� oehjZ��
[jhfZ�b�bh^Z�k�ZedZehb^Zfb�imjbgh\h]h�jy^Z�iha\hebeb�jZajZ[hlZlv�f_lh^b�
dm� dmehghf_ljbq_kdh]h� hij_^_e_gby� dhn_bgZ�� l_h[jhfbgZ� b� l_hnbeebgZ� k�
ihfhsvx� we_dljh]_g_jbjh\Zggh]h�oehjZ�\�fh^_evguo�jZkl\hjZo��nZjfij_�
iZjZlZo��h[jZapZo�qZy�b�dhn_��Ij_^eh`_gu�ko_fu�j_Zdpbc��gZc^_gu�kl_obh�
f_ljbq_kdb_�dhwnnbpb_glu� 

Bkke_^h\Zgu�mkeh\by�we_dljhobfbq_kdhc�]_g_jZpbb�Zdlb\guo�qZklbp�
dbkehjh^Z�ih� j_Zdpbb�N_glhgZ� ^ey� hij_^_e_gby� Zglbhdkb^Zglguo� k\hckl\�
jZaebqguo� ijbjh^guo� kh_^bg_gbc�� JZajZ[hlZgu�f_lh^bdb� dmehghf_ljbq_�
kdh]h�hij_^_e_gby�bhgheZ�\�ljZgknhjfZlhjghf�fZke_��Zglbhdkb^Zglghc�_f�
dhklb�g_dhlhjuo�gZklh_d��[ZevaZfh\�b�qZy��DZaZgkdbc�=M��dZn_^jZ�:O). 

C�p_evx� jZajZ[hldb� dmehghf_ljbq_kdh]h�f_lh^Z� hij_^_e_gby� k_ju� \�
g_nl_ijh^mdlZo�kdhgkljmbjh\ZgZ�b�hijh[h\ZgZ�we_dljhobfbq_kdZy�yq_cdZ�k�
q_lujvfy�]jZnblh\ufb�we_dljh^Zfb�b�h[jZlghc�k\yavx�f_`^m�kbkl_fhc�]_�
g_jZpbb�]Zeh]_gh\�b�Zfi_jhf_ljbq_kdhc�bg^bdZpb_c�dhg_qghc�lhqdb�lbljh�
\Zgby��Kha^Zgh�Z\lhfZlbq_kdh_�mkljhckl\h��^haZlhj��ih^Zqb�ZgZebabjm_fh]h�
g_nl_ijh^mdlZ� \� ahgm� k`b]Zgby�ijbf_k_c� k_ju�^h� k_jgbklh]h� ]ZaZ��Dhgkl�
jmbjm_lky�]hj_edZ�b�kha^Z_lky�dhfivxl_jgZy�ijh]jZffZ�mijZ\e_gby�ijb[h�
jhf�b�jZkq_lZfb�j_amevlZlh\��BGO�KH�J:G kh\f_klgh�k�HHH�³Ijhba\h^�
kl\_ggh-wdheh]bq_kdh_�ij_^ijbylb_�Kb[wdhijb[hj´). 

Ih�kjZ\g_gbx�k�ij_^u^msbf�]h^hf�\������]��gZ[ex^Zehkv�g_dhlhjh_�
jZkrbj_gb_�njhglZ�gZmqguo�bkke_^h\Zgbc�\�h[eZklb�WF:��<�p_ehf�ih�
jy^m�ihabpbc�hgb�hljZ`Zxl�fbjh\u_�l_g^_gpbb�\�jZa\blbb�we_dljhZgZ�
eblbdb��Z�j_amevlZlu�y\eyxlky�hjb]bgZevgufb��h[eZ^Zxl�gh\baghc�b�
\f_kl_� k� l_f� hgb� ihemq_gu� \� eZ[hjZlhjbyo� k� khojZgb\rbfbky� ljZ^b�
pbyfb��Kj_^b�gbo�fh`gh�hlf_lblv�ke_^mxsb_� 

-�jZajZ[hlZgu�gh\u_�BKW�gZ�hkgh\_�f_f[jZg�b�ie_ghd�ihebf_jh\�
gZ�l\_j^uo�we_dljh^Zo�k�memqr_ggufb�ZgZeblbq_kdbfb�b�hi_jZ�
pbhggufb�oZjZdl_jbklbdZfb� 

-�hp_g_gu�nZdlhju��\ebyxsb_�gZ�kZf�kb]gZe��Z�lZd`_�gZ�hlghr_�
gb_� kb]gZe�rmf� \� \hevlZfi_jhf_ljbb�� ij_^eh`_g� ih^oh^� ^ey�
ihegh]h�m^Ze_gby�rmfh\hc�khklZ\eyxs_c� 

-�gZc^_gu�gh\u_�mkeh\by�we_dljhgZdhie_gby�ly`_euo�f_lZeeh\�- 
aZ]jyagbl_e_c�\�\h^Zo�ijb�hij_^_e_gbb�k�ihfhsvx�B<:� 
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-� ihemq_gu� gh\u_� ^Zggu_� h� khklhygbb� ih\_joghklb� we_dljh^h\��
bkihevam_fuo�\�B<:��k�ihfhsvx�j_gl]_gh\kdbo�f_lh^h\� 

-�j_r_gZ�djZ_\Zy� aZ^ZqZ�g_klZpbhgZjghc�^bnnmabb�^ey�kdhjhklb�
h[jZah\Zgby�Z^khj[pbhggh]h�kehy�gZ�klZpbhgZjghf�we_dljh^_� 

-�jZajZ[hlZg�jy^�f_lh^bd�hij_^_e_gby�e_dZjkl\_gguo�ij_iZjZlh\�
b� ^jm]bo� \_s_kl\� \� h[t_dlZo� ijhba\h^kl\_ggh]h� gZagZq_gby� k�
memqr_ggufb�f_ljheh]bq_kdbfb�oZjZdl_jbklbdZfb� 

-�\�h[eZklb�dmehghf_ljbb�ihemq_gu�hjb]bgZevgu_�j_amevlZlu�ih�
hij_^_e_gbx� we_dljhZdlb\guo� dhfihg_glh\� k� memqr_ggufb�
f_ljheh]bq_kdbfb�oZjZdl_jbklbdZfb��ke_^m_l�hlf_lblv��qlh�k_c�
qZk�\�JN�ebrv�^\_-ljb�eZ[hjZlhjbb�Zdlb\gh�b�mki_rgh�jZa\b\Z�
xl�f_lh^u�dmehghf_ljbb�^ey�p_e_c�ZgZebaZ� 

JZkrbj_gb_�h[eZklb�ijbf_g_gby�WF:� aZ\bkbl�\�hkgh\ghf�hl�Zi�
iZjZlmjgh]h� h[_ki_q_gby��Ki_pbZebklu� \� h[eZklb�WF:� \�JN� _klv��bo�
ih^]hlh\dZ�g_�hkeZ[eZ��Hk\h_gb_�gh\hc�ZiiZjZlmju�b�__�\uimkd�kfh]ml�
ijb\_klb�d�ijh]j_kkm�\�h[eZklb�ijZdlbq_kdh]h�ijbf_g_gby�WF:� 
 

Obfbq_kdb_�k_gkhju 
 

 Bkke_^h\Zgb_� b� kha^Zgb_� k_gkhjh\� ijb\e_dZ_l� \gbfZgb_� mq_guo� \h�
\k_f�fbj_��H� lhf�� qlh� wlh� gZijZ\e_gb_� jZa\b\Z_lky� [ukljh� b� bgl_gkb\gh��
k\b^_l_evkl\m_l� h[beb_� Z\lhjbl_lguo� gZmqguo� f_`^mgZjh^guo� dhgn_j_g�
pbc��ihk\ys_gguo�^Zgghc�ijh[e_f_��LZd��lhevdh�\������]��ijhreb�ke_^mx�
sb_� dhgn_j_gpbb�� ©K_gkhj� ������K_gkhju� b�fbdjhkbkl_fuª� ���-��� bxgy��
KZgdl-I_l_j[mj]��Jhkkby���F_`^mgZjh^gZy�dhgn_j_gpby�ih�obfbq_kdbf�k_g�
khjZf�IMCS-2000 (2-��bxey��;Za_ev��R\_cpZjby���We_dljhgguc�ghk�b�kbkl_�
fu�h[hgygby����-���bxey��;jZclhg��:g]eby���Eurosensors-2000 (27-���Z\]mklZ��
Dhi_g]Z]_g��>Zgby���DZd�ijZ\beh��gZ�wlbo�dhgn_j_gpbyo�[ueh�ij_^klZ\e_gh�
ih����-����^hdeZ^h\��ijb�wlhf�qbkeh�mqZklgbdh\�khklZ\eyeh����-����q_eh\_d� 
 :gZeba�bf_xsboky� m�gZk�fZl_jbZeh\� wlbo�b�ij_^u^msbo�dhgn_�
j_gpbc�ihdZau\Z_l��qlh�\�gZklhys__�\j_fy�\k_�kbevg__�jZa\b\Z_lky�p_�
euc�jy^�gZijZ\e_gbc��k\yaZgguo�k�fbgbZlxjbaZpb_c�k_gkhjh\��ijbf_�
g_gb_f� ^hklb`_gbc�fbdjhwe_dljhgbdb�b� kbkl_fhl_ogbdb�� kha^Zgb_f�b�
ijbf_g_gb_f�g_�_^bgbqguo�k_gkhjh\��Z�k_gkhjguo�kbkl_f�� 

H� khklhygbb� jZ[hl� aZ� ����� ]h^� \� h[eZklb� k_gkhjh\�fh`gh� km^blv�ih�
<k_jhkkbckdhc�dhgn_j_gpbb�k�f_`^mgZjh^guf�mqZklb_f�©K_gkhj�������K_g�
khju�b�fbdjhkbkl_fuª�� dhlhjZy� y\ey_lky� lj_lv_c�ba� k_jbb�ijhoh^b\rbo�\�
KZgdl-I_l_j[mj]_�dhgn_j_gpbc�©Obfbq_kdb_�k_gkhju���ª�������]���b�MST-
Sensor Techno¶���������]���b�[ueZ�ihk\ys_gZ����-e_lbx�kh�^gy�jh`^_gby�ZdZ�
^_fbdZ�;�I�Gbdhevkdh]h��GZ�dhgn_j_gpbb�[ueb�ij_^klZ\e_gu�����^hdeZ^h\��
ba�gbo���ie_gZjguo�����mklguo�b�����kl_g^h\uo�^hdeZ^h\�gZ�jmkkdhf�yaud_��Z�
lZd`_�gZ�ki_pbZevghc�NEXUS-k_kkbb��gZ�Zg]ebckdhf�yaud_��–���mklguo�b����
kl_g^h\uo�^hdeZ^h\� 

Dhgn_j_gpby�[ueZ�hj]Zgbah\ZgZ�KZgdl-I_l_j[mj]kdbf�=hkm^Zjkl\_g�
guf�Mgb\_jkbl_lhf�b�KZgdl-I_l_j[mj]kdbf�=hkm^Zjkl\_gguf�We_dljhl_o�
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gbq_kdbf�Mgb\_jkbl_lhf�ijb�ih^^_j`d_�jy^Z�hj]ZgbaZpbc��\�lhf�qbke_�F_�
`^mgZjh^ghc�ijh]jZffu�?\jhi_ckdh]h�Khh[s_kl\Z�NEXUS. 

Hj]ZgbaZlhju�dhgn_j_gpbb�©K_gkhj�������K_gkhju�b�fbdjhkbkl_fuª�
klZ\beb� k\h_c� p_evx� h[t_^bgblv� j_amevlZlu� bkke_^h\Zgbc� b� jZajZ[hlhd� \�
lZdbo�ZdlmZevguo�h[eZklyo�gZmdb�b�l_ogbdb��dZd�k_gkhju�b�fbdjhkbkl_fh�
l_ogbdZ��MST���Bkihevah\Zgb_�^hklb`_gbc�MST�\�kha^Zgbb�dZd�obfbq_kdbo��
lZd�b�nbabq_kdbo� k_gkhjh\�ijb\h^bl� d�fbgbZlxjbaZpbb� k_gkhjh\�b�jZajZ�
[hld_�k_gkhjguo�kbkl_f��jZaf_s_gguo�gZ�h^ghf�qbi_��qlh�iha\hey_l� ]h\h�
jblv�h�kha^Zgbb�ZgZeblbq_kdbo�©eZ[hjZlhjbc�gZ�h^ghf�qbi_ª�� 

FZl_jbZeu�dhgn_j_gpbb�ihdZau\Zxl��qlh�\�Jhkkbb�\_^mlky�bkke_^h\Z�
gby�ih�\k_f�hkgh\guf�gZijZ\e_gbyf�k_gkhjghc�l_fZlbdb��l_hjby�b�ijbgpb�
iu�nmgdpbhgbjh\Zgby�k_gkhjh\�b�ZdlxZlhjh\��gh\u_�fZl_jbZeu�^ey�k_gkh�
jh\�b�MST��k_gkhju�obfbq_kdh]h�khklZ\Z�`b^dbo�b� ]Zah\uo�kj_^��k_gkhju�
f_oZgbq_kdbo�\_ebqbg��k_gkhju�l_fi_jZlmju�b�ihlhdh\�l_ieZ��[bhk_gkhju��
k_gkhju�^ey�wdklj_fZevguo�mkeh\bc��bgl_ee_dlmZevgu_�k_gkhju��fmevlbk_g�
khjgu_�kbkl_fu��©we_dljhgguc�ghkª��©we_dljhgguc�yaudª���\lhjbqgu_�ij_�
h[jZah\Zl_eb�b�f_lh^u� h[jZ[hldb�bgnhjfZpbb��ijbf_g_gb_� k_gkhjh\�� we_�
f_glgZy�[ZaZ�fbdjhkbkl_fghc�l_ogbdb� 

;he__�ih^jh[gmx�bgnhjfZpbx�h�dhgn_j_gpbb�fh`gh�ihemqblv�gZ�kZc�
l_�\�Bgl_jg_l_�www.sensor.spb.ru��H�ihemq_gbb�k[hjgbdZ�ljm^h\�dhgn_j_g�
pbb�fh`gh�magZlv�ih�we_dljhgghc�ihql_�sensor2000@VK5346.spb.edu 

Hl^_evgu_�gh\u_�jZajZ[hldb�aZ�ijhr_^rbc�]h^��g_�ij_^klZ\e_ggu_�gZ�
dhgn_j_gpbb��ijb\_^_gu�gb`_��<f_kl_�k�fZl_jbZeZfb�dhgn_j_gpbb�hgb�^Z�
xl�ihegh_�ij_^klZ\e_gb_�h�jZa\blbb�k_gkhjh\�\�Jhkkbb� 

 
JZajZ[hlZg� ^he]h`b\msbc� k_gkhj� k� aZf_gy_fhc� ih\_joghklvx� ^ey�

\hevlZfi_jhf_ljbq_kdh]h� ^bklZgpbhggh]h� g_ij_ju\gh]h� hij_^_e_gby� ke_�
^h\uo� dhgp_gljZpbc� lhdkbqguo�f_lZeeh\� \� iblv_\uo� b� ijbjh^guo� \h^Zo��
?]h� hlebqbl_evghc� hkh[_gghklvx� y\ey_lky� lh�� qlh� kh[kl\_ggh� k_gkhjhf�
�we_dljh^hf��kem`bl�]b[dbc�we_dljhijh\h^guc�fZl_jbZe��jZ[hqZy�qZklv�dh�
lhjh]h�aZf_sZ_lky�gh\hc�ih�f_j_�g_h[oh^bfhklb��Dhgkljmdpby�^he]h`b\m�
s_]h�k_gkhjZ�iha\hey_l�iheghklvx�j_rblv�hkgh\gmx�ijh[e_fm�l\_j^uo�]jZ�
nblh\uo� we_dljh^h\� -� j_]_g_jZpbx� ih\_joghklb� \� ijhp_kk_� wdkiemZlZpbb��
Ijh\_^_gu�bkke_^h\Zgby�ih�\u[hjm�fZl_jbZeZ�b�kihkh[Z�ba]hlh\e_gby�]b[�
dh]h�^he]h`b\ms_]h�k_gkhjZ�� 

K_gkhj�fh`_l� bkihevah\Zlvky� \�iheghklvx� Z\lhfZlbabjh\Zgguo� kbk�
l_fZo��[Zabjmxsboky�gZ�f_lh^Zo�we_dljhobfbq_kdh]h�ZgZebaZ�b�jZ[hlZxsbo�
[_a� \f_rZl_evkl\Z� hi_jZlhjZ� \� j_`bf_� j_Zevgh]h� \j_f_gb� �MjZevkdbc�
=WM).  

JZajZ[hlZgu� \hkijhba\h^bfu_� b� klZ[bevgu_� \h� \j_f_gb� iheghklvx�
l\_j^u_�k_gkhju�gZ�hkgh\_�ie_ghqguo�I<O�f_f[jZg�k�l\_j^uf�\gmlj_ggbf�
lhdhhhl\h^hf��MklZgh\e_gh��qlh�f_lh^�iha\hey_l�ihemqZlv�k_gkhju�ijb]h^�
gu_�^ey�ZgZeblbq_kdbo�aZ^Zq�\�klZlbq_kdbo�b�ijhlhqguo�kbkl_fZo��We_dljh�
obfbq_kdb_�oZjZdl_jbklbdb�jZajZ[hlZgguo�k_gkhjh\�ijZdlbq_kdb�kh\iZ^Zxl�
k�ijhlhlbiZfb�k�`b^dhklguf�\gmlj_ggbf�aZiheg_gb_f��JZajZ[hlZgguc�f_�
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lh^�hldju\Z_l�i_jki_dlb\u�bkihevah\Zgby�I<O�k_gkhjguo�fZl_jbZeh\�^ey�
fbdjhk_gkhjh\�b�fbdjhkbkl_f��Ki[=M��dZn_^jZ�jZ^bhobfbb). 

Kh\f_klgh� k� Bgklblmlhf� [bhobfbb� b� nbabheh]bb� fbdjhhj]Zgbafh\�
J:G�jZajZ[hlZgZ�bffmgh[bhk_gkhjgZy�kbkl_fZ��hkgh\ZggZy�gZ�bkihevah\Z�
gbb�kf_gguo�f_f[jZg��ihebwe_dljheblgh]h�jZa^_e_gby�j_Z]_glh\�b�we_dljh�
obfbq_kdhc�^_l_dpbb�dhebq_kl\Z�bffmgguo�dhfie_dkh\�k�ihfhsvx�i_jhd�
kb^Zagh]h�fZjd_jZ�b�jG-qm\kl\bl_evgh]h�ihe_\h]h�ljZgabklhjZ��Kbkl_fZ�Zi�
jh[bjh\ZgZ�gZ�ijbf_jZo�i_klbpb^h\�ljbZabgh\h]h�jy^Z��kbfZabg��ZljZabg�b�
^j���b�]hjfhgZ�l_klhkl_jhgZ��BG;B�J:G��eZ[hjZlhjby�bffmgh[bhobfbb). 

<� dZq_kl\_� k_gkhjZ� ^ey� we_dljhobfbq_kdhc� b^_glbnbdZpbb� kmi_jhd�
kb^guo�jZ^bdZeh\�\�[bheh]bq_kdbo�`b^dhklyo��djh\v��fhqZ��\u[jZgZ�ie_gdZ�
^\mohdkb^Z�k\bgpZ��gZg_k_ggZy�gZ�d\Zjp_\mx�ih^eh`dm�k�ieZlbgh\ufb�dhg�
lZdlZfb�f_lh^hf�\Zdmmfgh]h�gZiue_gby�k\bgph\h]h�a_jdZeZ�k�ihke_^mxsbf�
_]h� \ukhdhl_fi_jZlmjguf� hdbke_gb_f� \� kj_^_� dbkehjh^Z��IhdZaZgh�� qlh� \�
j_`bfZo� baf_j_gby� we_dljhijh\h^ghklb� k_gkhjZ� \deZ^� we_dljhobfbq_kdbo�
j_Zdpbc��k\yaZgguo�k�lhdhi_j_ghkhf�ih�we_dljheblm��g_agZqbl_e_g�b�baf_�
j_ggh_�agZq_gb_�we_dljhijh\h^ghklb�k_gkhjZ�hij_^_ey_lky�Z^khj[pbhggufb�
ijhp_kkZfb�gZ�_]h�ih\_joghklb��DZeb[jh\dZ�k_gkhjZ�\�^bZiZahg_�dhgp_gljZ�
pbc�H2O2 (BaO2 + 2HCl → BaCl2 + H2O2) 10-6 ÷ 10-3 M�ihdZaZeZ��qlh�\�wlhf�
^bZiZahg_� dhgp_gljZpbc� ohjhrh� \uihegy_lky� ijhihjpbhgZevghklv� f_`^m�
hlghkbl_evghc�we_dljhijh\h^ghklvx�k_gkhjZ�b�dhgp_gljZpb_c�BaO2��Ij_^�
eh`_gZ�f_lh^bdZ�baf_j_gby�kdhjhklb�j_Zdpbc�BaO2�k�[bheh]bq_kdbfb�`b^�
dhklyfb��djh\v��fhqZ���iha\heyxsZy�hp_gblv�\hafh`ghklv�ijbf_g_gby�wlbo�
j_Zdpbc� ^ey� ^bZ]ghklbdb� iZlheh]bc� �BGO� KH� J:G� kh\f_klgh� k� LHH�

GI<I�³B<:´��]��?dZl_jbg[mj]�). 
Ij_^eh`_gZ�lj_okehcgZy�dhgkljmdpby�iehkdh\hegh\h^gh]h�hilbq_kdh�

]h�obfbq_kdh]h�]Zah\h]h�k_gkhjZ�k�\\_^_gb_f�k\_lZ�\�\hegh\h^�q_j_a�lhj_p�
ihkj_^gbdZ��wnn_dlb\ghklv�dhlhjhc�ihdZaZgZ�gZ�ijbf_jZo�hij_^_e_gby�Zf�
fbZdZ�b�^bhdkb^Z�k_ju�\�\ha^mo_�� 

Bkke_^h\Zgu�\hafh`ghklb�k_gkhjZ�gZ�ih\_joghklgh-Zdmklbq_kdbo�\he�
gZo�\�ZgZeba_�]Zah\�b�]Zah\uo�kf_k_c��NZdlbq_kdb��ij_^eh`_g�gh\uc�f_lh^�
ZgZebaZ�iehlghklb��\yadhklb�b�dhebq_kl\_ggh]h�khklZ\Z�qbkluo�]Zah\�b�[b�
gZjguo�]Zah\uo�kf_k_c��GBB�obfbb�Gb`_]hjh^kdh]h�=M). 

JZajZ[hlZgu� k_e_dlb\gu_� l_jfhdZlZeblbq_kdb_� b� we_dljhobfbq_kdb_�
k_gkhju�]b^jZabgZ��<�l_jfhdZlZeblbq_kdhf�k_gkhj_�k_e_dlb\ghklv�^hklb]Z�
_lky�aZ�kq_l�bkihevah\Zgby�dZlZebaZlhjh\�gZ�hkgh\_�hdkb^h\�i_j_oh^guo�f_�
lZeeh\��h[eZ^Zxsbo�jZaebqghc�Zdlb\ghklvx�d�dhfihg_glZf�]Zah\hc�kj_^u��
K_e_dlb\ghklv� we_dljhobfbq_kdh]h� k_gkhjZ� h[_ki_qb\Z_lky� ^bnnmabhgghc�
ihebf_jghc� f_f[jZghc�� \h^gh-hj]Zgbq_kdbf� jZkl\hjhf� we_dljheblZ� b� ih�
l_gpbZehf� we_dljh^Z�� khhl\_lkl\mxs_]h� we_dljhij_\jZs_gbx� ]b^jZabgZ��
H[hkgh\Zgu� \u[hj� hkgh\guo� dhfihg_glh\� �khklZ\� dZlZebaZlhjZ�� jZkl\hj�
we_dljheblZ�� ijbjh^Z� ihebf_jghc�f_f[jZgu�� ihl_gpbZe� we_dljhij_\jZs_�
gby�b�^j���l_jfhdZlZeblbq_kdh]h�b�we_dljhobfbq_kdh]h�k_gkhjh\�]b^jZabgZ��
Z� lZd`_� mklZgh\e_gu� hilbfZevgu_� iZjZf_lju� bo� wdkieemZlZpbb� �KGBP�

J:G). 
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Ijh\_^_g�pbde�bkke_^h\Zgbc�ih�kljmdlmjghfm�fh^bnbpbjh\Zgbx�fZ�
l_jbZeh\� k_gkhjguo�ihdjulbc� �j_]mebjh\Zgb_�iehlghklb� �juoehklb��fhe_�
dmeyjghc� miZdh\db� b� ihjbklhklb�� fhe_dmeyjgh_� hli_qZlu\Zgb_�� k� p_evx�
memqr_gby�bo�k_gkhjguo�oZjZdl_jbklbd��qm\kl\bl_evghklv�b�k_e_dlb\ghklv���
GZ�hkgh\_�k_gkhjguo�l_ogheh]bc�^hklb]gml�wnn_dl����-djZlgh]h�m\_ebq_gby�
qm\kl\bl_evghklb�j_p_ilhjgh]h�fZl_jbZeZ��<�jZfdZo�mdZaZggh]h�pbdeZ�ijh�
\_^_gu�bkke_^h\Zgby�ih�ihbkdm� \ukhdhqm\kl\bl_evguo� j_p_ilhjguo�fZl_�
jbZeh\�^ey�^_l_dlbjh\Zgby�ke_^h\uo�dhebq_kl\�g_ljZ^bpbhgguo�ZgZeblh\�– 
dhfihg_glh\�Zlfhkn_ju��\�lhf�qbke_�–�iZjh\�g_dhlhjuo�wdkiehab\h\�b�kh�
ijh\h`^Zxsbo�bo�ijbf_k_c��KhklZ\e_gh�l_ogbq_kdh_�aZ^Zgb_�gZ�ba]hlh\e_�
gb_�khhl\_lkl\mxs_]h�iv_ahobfbq_kdh]h�k_gkhjgh]h�mkljhckl\Z�\�\b^_�i_�
j_ghkgh]h�ijb[hjZ��Ih�khklZ\guf�Zdmklh\hegh\uf�k_gkhjZf�ba]hlh\e_g�Z\�
lhghfgh�jZ[hlZxsbc�fZd_l�k_gkhjZ�gZ�iZju�m]e_\h^hjh^h\��BHGO�J:G�� 
 Bamq_gh�\ebygb_�ijbjh^u�fZljbpu��ljbZp_lZlp_eexehaZ��[bhihebf_j�
oblhaZg�b�bo�kf_kb��gZ�ijhlheblbq_kdb_�k\hckl\Z�bffh[bebah\Zggh]h�[bkZ�
ahbg^bdZlhjZ�dhg]h�djZkgh]h�b�ihdZaZgZ�\hafh`ghklv�\Zjvbjh\Zgby�^bZiZ�
ahgZ�dbkehlghklb�i_j_oh^Z�bg^bdZlhjZ�\�bgl_j\Ze_�jG�����–���F�k_jgZy�db�
kehlZ��Ij_^eh`_gh�bkihevah\Zgb_�mdZaZgguo�ihebf_jguo�ie_ghd�k�bffh[b�
ebah\Zgguf�bg^bdZlhjhf�dhg]h�djZkguf�\�dZq_kl\_�jG-k_gkhjguo�we_f_glh\�
k�rbjhdbf�^bZiZahghf�^_ckl\by� �KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW�kh�
\f_klgh�k�dZn_^jhc�:O�mgb\_jkbl_lZ�]��HdZyfZ��Yihgby). 
 Ihemq_gZ�IE;��kh^_j`ZsZy�ZjZobkh\mx�dbkehlm��bhgu�Pb(II��b�ibj_g��
\�dhlhjhc�\i_j\u_�gZ[ex^Zeky�wnn_dl�nhknhj_kp_gpbb�ijb�dhfgZlghc�l_f�
i_jZlmj_� �NDL���Bamq_gZ�dbg_lbdZ�ijhp_kkh\�lmr_gby�ljbie_lgh]h�khklhy�
gby�ibj_gZ�ih^�\ebygb_f�dbkehjh^Z�b�ihdZaZgZ�\hafh`ghklv�bkihevah\Zgby�
^Zgghc�IE;�\�dZq_kl\_�k_gkhjgh]h�we_f_glZ�gZ�dbkehjh^��KZjZlh\kdbc�=M�
dZn_^jZ�:O�b�OW��KZjZlh\kdbc�=LM�dZn_^jZ�IN). 

 
:gZeba�\�ihlhd_ 

 
Ijh^he`Zebkv�jZ[hlu�\�h[eZklb�jZa\blby�l_hjbb�ijhlhqgh]h�ob�

fbq_kdh]h�ZgZebaZ�k�bkihevah\Zgb_f�f_lh^Z�]jZnh\�^ey�fZl_fZlbq_kdh]h�
hibkZgby�\k_o�ijhp_kkh\�\�ijhlhqguo�kbkl_fZo��FZl_fZlbq_kdZy�nhjfm�
ebjh\dZ�iml_c�i_j_oh^Z�hl�bkoh^ghc�\_jrbgu�]jZnZ��hl\_qZxs_c�hij_^_�
ey_fhfm�we_f_glm��d�dhg_qghc��ij_^klZ\e_gghc�ijh^mdlhf�ZgZeblbq_kdhc�
j_Zdpbb��iha\hey_l�\u\_klb�dexq_\h_�mjZ\g_gb_�l_hjbb��Khhl\_lkl\b_�hk�
gh\guo� ijbgpbih\� jZajZ[hlZgghc� l_hjbb� lj_[h\Zgbyf� obfbq_kdhc� l_j�
fh^bgZfbdb��h[hkgh\Zggh_�mklZgh\e_gb_f�\�dZ`^hc�lhqd_�ihlhdZ�ehdZev�
gh]h� l_jfh^bgZfbq_kdh]h� jZ\gh\_kby�� iha\hey_l� gZoh^blv� hilbfZevgu_�
j_r_gby�ijb�bkihevah\Zgbb�\�ijhlhqguo�kbkl_fZo�jZaebqguo�ZgZeblbq_�
kdbo� j_Zdpbc��GZ� hkgh\_� l_hjbb�\uiheg_gu�dhgdj_lgu_�jZajZ[hldb�^ey�
kbkl_f�gZ�hkgh\_�j_Zdpbc�hdbke_gby-\hkklZgh\e_gby��eb]Zg^gh]h�b�]_l_�
jh]_ggh]h� h[f_gZ� k� mq_lhf� kdjuluo� hkh[_gghkl_c�bo� obfbafZ�� Z� lZd`_�
^ey�kbkl_f��\dexqZxsbo�klZ^bb�RQ-OLQH�dhgp_gljbjh\Zgby�b�khhkZ`^_gby��
>hdZaZgh��qlh�mkeh\by��j_Zebam_fu_�\�ijhlhqghc�kbkl_f_�j_Zevgh]h�\j_�
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f_gb��hl\_qZxl�hkgh\guf�ihklmeZlZf�ebg_cghc�g_jZ\gh\_kghc�l_jfh^b�
gZfbdb�� qlh� iha\hey_l� h[hkgh\Zlv� gh\uc� ih^oh^� d� l_hjbb� ijhlhqgh]h�
ZgZebaZ��JOLM�� 
 Ijh\h^bebkv�^bnn_j_gpbZevgh-dbg_lbq_kdb_�bkke_^h\Zgby��gZijZ\�
e_ggu_� gZ� jZa\blb_� dhgp_ipbb� fgh]hwe_f_glgh]h� ijhlhqgh-
bg`_dpbhggh]h�ZgZebaZ��IB:��b�kha^Zgb_�gh\uo�f_lh^h\�kh\f_klgh]h�hi�
j_^_e_gby�^\mo�b�[he__�dhfihg_glh\�\�h^ghc�fbdjhijh[_�[_a�bkihevah\Z�
gby�nbabdh-obfbq_kdbo�f_lh^h\�jZa^_e_gby��Ij_^eh`_g�dbg_lbdhf_ljbq_�
kdbc�ih^oh^�d�bamq_gbx�p\_lguo�j_Zdpbc�\�jZkl\hjZo�k�ihfhsvx�ki_pb�
Zevghc�IB�ki_dljhnhlhf_ljbq_kdhc�kbkl_fu�b�j_]bkljZpbb�\lhjhc�ijhba�
\h^ghc�ki_dljZ�ih]ehs_gby�\�j_`bf_�³hklZgh\e_ggh]h�ihlhdZ´��JZajZ[hlZ�
gu�h[sb_�ijbgpbiu�bkihevah\Zgby�f_lh^Z�IB�ijhba\h^ghc�ki_dljhnhlh�
f_ljbb�\�p_eyo�^bnn_j_gpbZevgh-dbg_lbq_kdh]h�ZgZebaZ�kf_k_c�kh_^bg_�
gbc�[ebadhc�ijbjh^u��GZc^_gu�hilbfZevgu_�mkeh\by�IB�kh\f_klgh]h�hi�
j_^_e_gby�j_^dha_f_evguo�we_f_glh\�\�bo�kf_kb� �/D�– Pr (Nm); Pr (Nm) – 
(X�� gZ� hkgh\_� fhgblhjbg]Z� ]hfh]_gguo� j_Zdpbc� h[f_gZ� f_`^m� bo� dhf�
ie_dkgufb� kh_^bg_gbyfb� c ojhfh]_ggufb� j_Z]_glZfb� �hjlZgbeh\uc� D��
oehjnhknhgZah�,,,��dZj[hdkbgbljZah��b�W>L:��LL=:��\�bgl_j\Ze_�jG�kj_^u�
3 -����JZajZ[hlZg�IB�f_lh^�k_e_dlb\gh]h�hij_^_e_gby�ke_^h\�ahehlZ�III ��\�
ijhfu\guo�\h^Zo� ]Zev\Zghijhba\h^kl\Z��hkgh\Zgguc�gZ� ki_dljhnhlhf_l�
jbq_kdhf�^_l_dlbjh\Zgbb�_]h�dZlZeblbq_kdh]h�wnn_dlZ�\�]hfh]_gghc�j_Zd�
pbb�hdbke_gby�[jhfibjh]Zeeheh\h]h�djZkgh]h�i_jhdkb^bkmevnZl-bhgZfb�\�
oehjb^gh-pbljZlghc�kj_^_��BHGO�� 

Ijh\h^bebkv� bkke_^h\Zgby� \� h[eZklb�IB:� k� we_dljhobfbq_kdbf� ^_�
l_dlbjh\Zgb_f��IhdZaZgZ�\hafh`ghklv�IB�hij_^_e_gby�`_e_aZ�k�bkihevah-
\Zgb_f�dZlZeblbq_kdhc�\hegu�\h^hjh^Z�\�kbkl_f_�kf_rZggh-eb]Zg^guo�gbl�
jhabevguo�dhfie_dkh\��Obfbq_kdb�fh^bnbpbjh\Zgguc�we_dljh^�gZ�hkgh\_�
]m[qZlh]h�hkfby�bkihevah\Zg�\�IB�kbkl_f_�^ey�Zfi_jhf_ljbq_kdh]h�^_l_d�
lbjh\Zgby�hdkZeZlh\��AZ\bkbfhklv�\_ebqbgu�Zfi_jhf_ljbq_kdh]h�kb]gZeZ�hl�
dhgp_gljZpbb�km[kljZlZ�ebg_cgZ�\�bgl_j\Ze_������-�����fdF��Ij_^_e�h[gZ�
jm`_gby� jZ\_g� ��� gF��Ijhba\h^bl_evghklv�ij_^eh`_gghc� kbkl_fu�IB:� - 
60.q-1 ijb�h[t_f_�ijh[u�����fde� (DZaZgkdbc�=M, dZn_^jZ�:O). 

JZajZ[hlZgu�^\_�jZagh\b^ghklb�we_dljhobfbq_kdbo�k_gkhjh\�k�h[gh\�
ey_fhc�ih\_joghklvx��ij_^gZagZq_ggu_�^ey�hij_^_e_gby�\_s_kl\�f_lh^hf�
Z^khj[pbhgghc� \hevlZfi_jhf_ljbb� \� ijhlhqghc� kbkl_f_��fh^bnbpbjh\Zg�
guc�–�^ey�hij_^_e_gby�ZfZev]Zfhh[jZamxsbo�we_f_glh\�b�g_fh^bnbpbjh�
\Zgguc�-�^ey�hij_^_e_gby�Cr(IV��b�Ni(II ���Ij_^eh`_gZ�dhgkljmdpby�q_luj_o�
we_dljh^ghc�ijhlhqgh-^bkdj_lghc�yq_cdb��^hihegbl_evgh�kh^_j`ZsZy�jZ[h�
qbc�we_dljh^�ijh[h-ih^]hlh\db��k\yaZgghc�k�mkljZg_gb_f�f_rZxs_]h�\eby�
gby�hj]Zgbq_kdhc�fZljbpu��>ey�mijZ\e_gby�ijhp_kkhf�baf_j_gby�b�ijh[h�
ih^]hlh\db� \�ijhlhqguo� kbkl_fZo� jZajZ[hlZg�b�ba]hlh\e_g�fZd_l�dhfivx�
l_jgh]h�bg\_jkbhggh-\hevlZfi_jhf_l-jbq_kdh]h�ZgZebaZlhjZ�IVA-7 (MjZev�
kdbc�=WM).  

IhdZaZgh��qlh�we_dljhexfbg_kp_gpby�gZ�we_dljh^Zo�k�[Zjv_jgufb�^b�
we_dljbq_kdbfb�kehyfb�ij_^klZ\ey_l�bgl_j_k�dZd�hkgh\Z�f_lh^Z�hij_^_e_gby�



 

�

70 

ke_^h\�ly`_euo�f_lZeeh\��jlmlb��k\bgpZ��heh\Z��lZeeby�b�^j����MklZgh\e_gh��
qlh�ijb�gZeh`_gbb�gZ�Zexfbgb_\uc�we_dljh^�ihl_gpbZeZ�ki_pbZevghc�nhj�
fu�m^Z_lky�h[_ki_qblv�h[jZlbfuc�oZjZdl_j�khj[pbb�Zdlb\ZlhjZ��qlh�hldju�
\Z_l�\hafh`ghklb�^ey�jZajZ[hldb�we_dljhexfbg_kp_glgh]h�^_l_dlhjZ�ly`_�
euo�f_lZeeh\��IhdZaZgZ�\hafh`ghklv�ijbf_g_gby�we_dljhexfbg_kp_glgh]h�
^_l_dlhjZ�\�ijhlhqgh-bg`_dpbhgghf�ZgZeba_�^ey�wdkij_kkgh]h�hij_^_e_gby�
3E�,,��b�Sn(II��\�^bZiZahg_�dhgp_gljZpbc��-����fd]�e��=?HOB�J:G�� 

JZajZ[hlZg�f_lh^�ijhlhqgh� -�bg`_dpbhggh]h� lbljh\Zgby�dZj[hgh\uo�
dbkehl� \� ijhkluo� b� keh`guo� wnbjZo� ]ebpbghf� k� ij_^_ehf� h[gZjm`_gby�
�o��-5 ]�e��<i_j\u_�ijh\_^_g�ZgZeba�ijhkluo�b�keh`guo�wnbjh\�j_Zdlb\ghc�
qbklhlu��ihdZaZ\rbc�ijbkmlkl\b_�\�gbo�dZj[hgh\uo�dbkehl�\�dhgp_gljZpbyo�
(0,1 -���o��-3 b������-���o��-2

�]�e�khhl\_lkl\_ggh��K�bkihevah\Zgb_f�wfibjbq_�
kdh]h�iZjZf_ljZ�iheyjghklb�mklZgh\e_gu�dhjj_eypbhggu_�aZ\bkbfhklb��ih�
a\heyxsb_� ijh]gh-abjh\Zlv� kh^_j`Zgb_� bhgbah\Zgghc�nhjfu� dZj[hgh\uo�
dbkehl�\�\ur_gZa\Zgguo�hj]Zgbq_kdbo�jZkl\hjbl_eyo�\�kemqZ_�h]jZgbq_gghc�
jZkl\hjbfhklb�hij_^_ey_fuo�ijbf_k_c��Gb`_]hjh^kdbc�=M). 

IhdZaZgZ�\hafh`ghklv�Z\lhfZlbabjh\Zggh]h�ijhlhqgh]h�khj[pbhggh-
Zlhfgh-Z[khj[pbhggh]h�hij_^_e_gby�iZeeZ^by�b�ieZlbgu�\�jZkl\hjZo�keh`�
gh]h�khklZ\Z��Dhgp_gljbjh\Zgb_�hkgh\Zgh�gZ�ba\e_q_gbb�bhgguo�ZkkhpbZlh\�
oehjh-dhfie_dkh\� ieZlbgh\uo� f_lZeeh\� k� ijhlhgbjh\Zgguf� ^b]_dkbeZfb�
ghf� gZ� k\_jokrblhf� ihebklbjhe_��Ijb� \j_f_gb� dhgp_gljbjh\Zgby� ��fbg��
ij_^_e�h[gZjm`_gby�iZeeZ^by�khklZ\be���fd]�e� �ijb�ZlhfbaZpbb�\�ieZf_gb�
ijhiZg-[mlZg-\ha^mo���Z�ieZlbgu�–���fd]�e��ijb�ZlhfbaZpbb�\�ieZf_gb�Zp_lb�
e_g-\ha^mo�� 

JZajZ[hlZgu� gh\u_� ko_fu� ijhlhqgh-bg`_dpbhggh]h� hij_^_e_gby�
fbdjhdhgp_gljZpbc� bhgh\� Zffhgby� b� kmevnb^-bhgh\� k� ij_^\Zjbl_evguf�
ojhfZlhf_f[jZgguf�dhgp_gljbjh\Zgb_f�b�\u^_e_gb_f�\�\h^gmx�nZam�KI[�
=M��dZn_^jZ�:O).  

Ij_^eh`_gu�ijh]jZffgh_�h[_ki_q_gb_�b�ko_fZ�jZkij_^_e_gby�ihlh�
dh\�� h[_ki_qb\Zxsb_� ijhlhqgh-khj[pbhggh_� dhgp_gljbjh\Zgb_� gZ�
>WL:L:-khj[_glZo�b�we_dljhobfbq_kdh_�^_l_dlbjh\Zgb_�f_lh^hf�bg\_jkb�
hgghc�\hevlZfi_jhf_ljbb�\�h^ghf�pbde_�ZgZebaZ��IjZ\bevghklv�j_amevlZlh\�
hij_^_e_gby�bhgh\�dZ^fby��f_^b��k\bgpZ��pbgdZ�\�ijh[Zo�\h^hijh\h^ghc�\h�
^u��klhqghc�\h^u�]Zev\Zgbq_kdh]h�ijhba\h^kl\Z��ihq\_gghc�\uly`db��g_dh�
lhjuo� ibs_\uo� ijh^mdlh\� ih^l\_j`^_gZ� ZgZebahf� h[jZaph\� g_aZ\bkbfuf�
f_lh^hf���F=M��dZn_^jZ�:O). 

Ij_^eh`_g�� l_hj_lbq_kdb� h[hkgh\Zg� b� wdki_jbf_glZevgh� j_Zebah\Zg�
gh\uc�\ZjbZgl�we_dljhbg`_dpbhggh]h�ZgZebaZ��WB:���iha\heyxsbc�ijhklh�
b�wnn_dlb\gh�bkke_^h\Zlv�dbg_lbdm�obfbq_kdbo�j_Zdpbc��Ijb�wlhf�j_ZdlZg�
lu�\\h^ylky�k�ijhlb\hiheh`guo�dhgph\�dZibeeyjZ�\�l_q_gb_�\k_]h�wdki_jb�
f_glZ��\�hlebqb_�hl�h[uqgh]h�WB:��ijb�dhlhjhf�nhjfbjh\Zebkv�ahgu�j_Zd�
lZglh\�dhg_qghc�^ebgu���Z�ibd�ijh^mdlZ�j_Zdpbb��j_]bkljbjm_fuc�^_l_dlh�
jhf��bf__l� dhg_qgmx� �f_gvrmx��q_f�^ebl_evghklv� wdki_jbf_glZ��^ebl_ev�
ghklv�� aZ\bkysmx� hl� khhlghr_gby� dhgp_gljZpbc� j_Z]bjmxsbo� \_s_kl\��
�Dhg_qghklv�� ^ebl_evghklb� ibdZ� h[tykgy_lky� ^\b`_gb_f� ]jZgbpu� jZa^_eZ�
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f_`^m�j_ZdlZglZfb�ih�gZijZ\e_gbx�d�^_l_dlhjm��IjbgpbibZevgh_�agZq_gb_�
bf__l�lh��qlh�dhg_p�ibdZ�khhl\_lkl\m_l�fhf_glm�ijhoh`^_gby�]jZgbpu�jZa�
^_eZ�fbfh�^_l_dlhjZ��LZdbf�h[jZahf��fhe_dmeu�ijh^mdlZ�gZ[ex^Zxlky�g_�
ihkj_^kl\_ggh�\�fhf_gl�\klj_qb�fhe_dme�j_ZdlZglh\��?keb�obfbq_kdZy�j_Zd�
pby�fgh]hklZ^bcgZy��b�dhwnnbpb_gl�wdklbgdpbb�f_lZklZ[bevgh]h�ijh^mdlZ�
gZ�aZ^Zgghc�^ebg_�\hegu�[hevr_��q_f�m�nbgZevgh]h�ijh^mdlZ�j_Zdpbb��lh�gZ�
aZ^g_f�njhgl_�hldebdZ�^_l_dlhjZ�^he`_g�bf_lv�f_klh�ibd��khhl\_lkl\mxsbc�
ijhf_`mlhqghfm�ijh^mdlm��ijbq_f�ibd�^he`_g�[ulv�l_f�hklj__��q_f�f_gvr_�
\j_fy�`bagb�ijhf_`mlhqgh]h�ijh^mdlZ��Kh]eZkgh�hibkZgghc�ko_f_��ijh\_�
^_gu�wdki_jbf_glu��\�dhlhjuo�[ueZ�j_Zebah\ZgZ�j_Zdpby�dhfie_dkhh[jZah�
\Zgby�bhgh\�f_^b�II ��b�W>L:��Kh\iZ^_gb_�j_amevlZlh\�wdki_jbf_glh\��ih^m�
q_gguo�ijb�jZaebqguo�khhlghr_gbyo�dhgp_gljZpbc�j_ZdlZglh\��k�ij_^kdZaZ�
gbyfb�ihkljh_gghc�fZl_fZlbq_kdhc�fh^_eb�^hdZau\Z_l�Z^_d\Zlghklv�ij_^�
eh`_ggh]h�h[tykg_gby�h[gZjm`_ggh]h�wnn_dlZ���B:gI�J:G). 
 

F_lh^u�Zlhfgh]h�ki_dljZevgh]h�ZgZebaZ 
 

 <�����]��ijh^he`Zebkv�bkke_^h\Zgby�\�h[eZklb�Zlhfgh-wfbkkbhggh]h�b�
Zlhfgh-Z[khj[pbhggh]h� ZgZebaZ�� Hilbfbabjh\Zebkv� mkeh\by� j_]bkljZpbb�
ki_dljh\�\�bg^mdlb\gh-k\yaZgghc�ieZaf_�ijb�we_dljhl_jfbq_kdhf�bkiZj_gbb�
ZgZebabjm_fuo�h[jZaph\��BILF�J:G���bamqZebkv�\ebygby�\deZ^u\Z_fhc�\�
BKI�fhsghklb�b�^Z\e_gby�\�ihlhd_�]ZaZ-ghkbl_ey�gZ�hlghr_gb_�kb]gZe�rmf�
(BFD� G:G� MdjZbgu��� jZajZ[Zlu\Zebkv� f_lh^bdb� dhgdj_lguo� ZgZebah\�
�obfbdh-ki_dljZevgh_� hij_^_e_gb_� ijbf_k_c� f_lZeeh\� \� exbabl_� �GBB�

Obfbb�Gb`_]hjh^kdh]h� =M��� obfbdh-Zlhfgh-Z[khj[pbhggh_� hij_^_e_gb_�
gbljZl-bhgh\�\�\h^Zo�b�\h^guo�\uly`dZo�ibs_\uo�ijh^mdlh\��F=M��dZn_^�
jZ�:O)���Mlhqgyebkv�b�fh^bnbpbjh\Zebkv� l_jfh^bgZfbq_kdb_�fh^_eb�^ey�
hibkZgby�ijhp_kkh\�\�BKI�b��gZ�ijbf_j_�ZlhfbaZpbb�6H�b�7H���\�]jZnblh\hc�
i_qb��M=LM�–�MIB��dZn_^jZ�NOF:���Z�lZd`_�\�djZl_j_�we_dljbq_kdhc�^m]b�
(Lhfkdbc�=M��dZn_^jZ�:O). 
 

F_lh^u�fhe_dmeyjgh]h�ki_dljZevgh]h�ZgZebaZ 
 
 <� h[eZklb� fhe_dmeyjgh]h� ZgZebaZ� ke_^m_l� hlf_lblv� jZ[hlm�
E�:�=jb[h\Z��=?HOB�J:G���\�dhlhjhc�ij_^eh`_g�gh\uc�ih^oh^�d�ijh[e_f_�
dZq_kl\_ggh]h�b�dhebq_kl\_ggh]h�[_awlZehggh]h�ZgZebaZ�keh`guo�\_s_kl\��
hkgh\Zgguc�gZ�wdki_jbf_glZevguo��aZ\bkysbo�hl�\j_f_gb�\b[jhgguo�ki_d�
ljZo� exfbg_kp_gpbb� �MN� b� \b^bfZy� h[eZklb�� b� g_� lj_[mxsbc� ij_^\Zjb�
l_evgh]h� jZkq_lZ� Z[khexlguo� bgl_gkb\ghkl_c� ^ey�fhe_dmeyjguo�fh^_e_c��
JZa\blZ�l_hjby�f_lh^Z� 
 <�����]��[ueb�ij_^eh`_gu�jZ[hlu�\�h[eZklb�ki_dljhnhlhf_ljbq_kdbo�
(Jhklh\kdbc�=M��dZn_^jZ�:O��Gb`_]hjh^kdbc�=M��GBB�Obfbb��KZjZ�
lh\kdbc�=M��dZn_^jZ�:O�b�OW��H:H� ©MjZej_^f_lª��BOLL�MjH�J:G), 
p\_lhf_ljbq_kdbo� �F=M�� dZn_^jZ� :O�� >Z]_klZgkdbc� =M�� dZn_^jZ� :O), 
exfbg_kp_glguo��KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW��f_lh^h\�hij_^_e_�
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gby�fhe_dmeyjgh]h�khklZ\Z�\_s_kl\Z��Ijh\h^bebkv�\�hkgh\ghf�jZ[hlu��gZ�
ijZ\e_ggu_�gZ�jZajZ[hldm�f_lh^bd�dhgdj_lguo� ZgZebah\��<�ZgZeblbq_kdbo�
p_eyo�bkihevah\Zebkv� lZd`_�f_lh^u�DJ-�b�BD-ki_dljhkdhibb� �B<LW�MjH�

J:G). 
 JZ[hlu�����]��\�h[eZklb�Zlhfgh]h�b�fhe_dmeyjgh]h�ki_dljZevgh]h�ZgZ�
ebaZ�gZoh^ylky�gZ�kh\j_f_gghf�mjh\g_��h^gZdh�njhgl�bkihevam_fuo�f_lh^h\�
kmabeky�� ;_amkeh\gh� gh\uf� gZijZ\e_gb_f�� lj_[mxsbf� bgl_gkb\ghc� wdki_�
jbf_glZevghc�ijh\_jdb��y\ey_lky�jZ[hlZ�ih�[_awlZehgghfm�ZgZebam�fhe_dm�
eyjguo�kf_k_c��=?HOB). 

 
FZkk-ki_dljhf_ljby 

 
IjhZgZebabjh\Zg�f_oZgbaf� \uly]b\Zgby� bhgh\� ba� jZajy^ghc� dZf_ju�

bhggh]h�bklhqgbdZ�le_xs_]h�jZajy^Z��IhdZaZgh��qlh�\�klZg^Zjlguo�bklhqgb�
dZo�le_xs_]h�jZajy^Z�ih^�^_ckl\b_f�we_dljbq_kdh]h�ihey�d�wdkljZ]bjmxs_�
fm�hl\_jklbx�^\b`_lky�we_dljhgguc�imqhd��dhlhjuc�m\e_dZ_l�iheh`bl_ev�
gu_�bhgu�aZ�kq_l�Zf[biheyjghc�^bnnmabb��AZf_gZ�iehkdhc�wdkljZ]bjmxs_c�
^bZnjZ]fu�gZ�dhgmkhh[jZagmx�iha\hey_l�ijb[ebabl_evgh�\���jZa�m\_ebqblv�
bhgguc�imqhd��\uly]b\Z_fuc�ba�jZajy^ghc�dZf_ju��IhdZaZgZ�\hafh`ghklv�
ZgZebaZ�g_ijh\h^ysbo�\_s_kl\�\�ij_^eh`_gghf�jZg__�bhgghf�bklhqgbd_�k�
iheuf�dZlh^hf�\�le_xs_f�jZajy^_��H[jZapu�ij_kkh\Zeb�\�\b^_�kl_j`gy���- 
���ff�b�mklZgZ\eb\Zeb�gZ�hkb�iheh]h�dZlh^Z��H[jZapu�jZkiueyxlky�kh�kdh�
jhklvx���–����f]�qZk�ijb�jZajy^ghf�lhd_���-���f:��BILF�J:G). 

FZkk-ki_dljhf_ljby�k�bg^mdlb\gh-k\yaZgghc�ieZafhc.  JZk�
kqblZgu� l_fi_jZlmjgu_� aZ\bkbfhklb� kmff� ih� khklhygbyf� b� ijb\_^_gghc�
wg_j]bb�=b[[kZ�^ey�^\moaZjy^guo�Zlhfguo�bhgh\�we_f_glh\�k�kZfuf�gbadbf�
\lhjuf�ihl_gpbZehf�bhgbaZpbb��F_lh^hf�l_jfh^bgZfbq_kdh]h�fh^_ebjh\Z�
gby� hij_^_e_gZ� wnn_dlb\ghklv� h[jZah\Zgby� ^\moaZjy^guo� bhgh\� \� ieZaf_�
bg^mdlb\gh-k\yaZggh]h�jZajy^Z��Ihemq_ggu_�^Zggu_�g_h[oh^bfu�^ey�mq_lZ�
ki_dljZevguo�gZeh`_gbc�b�ih\ur_gby�lhqghklb�ihemdhebq_kl\_ggh]h�fZkk-
ki_dljZevgh]h� ZgZebaZ� k� bg^mdlb\gh-k\yaZgghc� ieZafhc�� J_amevlZlu� khhl�
\_lkl\mxl�fbjh\hfm�mjh\gx��M=LM-MIB��dZn_^jZ�NOF:�� 

OjhfZlh-fZkk-ki_dljhf_ljby�� JZajZ[hlZg� kihkh[� ojhfZlh-fZkk-
ki_dljhf_ljbq_kdh]h�hij_^_e_gby�kj_^g_e_lmqbo�hj]Zgbq_kdbo�kh_^bg_gbc�
\�ihq\_��hkgh\Zgguc�gZ�khq_lZgbb�k\_jodjblbq_kdhc�nexb^ghc�wdkljZdpbb�
[_a�bkihevah\Zgby� hj]Zgbq_kdh]h� jZkl\hjbl_ey�b� ]Zah\hc� ojhfZlh]jZnbb� k�
fZkk-ki_dljhf_ljb_c��JZajZ[hlZg�kihkh[�\\h^Z�\�ojhfZlh-fZkk-ki_dljhf_lj�
[hevrbo�ih�h[t_fm�ijh[�hj]Zgbq_kdbo�jZkl\hjh\�k�m^Ze_gb_f�jZkl\hjbl_ey�
\g_�ijb[hjZ��Ij_^eh`_g�kihkh[�hp_gdb�dZq_kl\Z�nZjfZp_\lbq_kdhc�ijh^md�
pbb�� hkgh\Zgguc� gZ� bkihevah\Zgbb�fZkk-ki_dljhf_ljbb� k�nhlhbhgbaZpb_c�
ijb�Zlfhkn_jghf�^Z\e_gbb��F=M��dZn_^jZ�:O). 
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Y^_jgh-nbabq_kdb_�b�jZ^bhZgZeblbq_kdb_�f_lh^u 
 

GZ[ex^Zehkv� w\hexpbhggh_�jZa\blb_�y^_jgh-nbabq_kdbo�f_lh^h\�
ZgZebaZ��;hevrbgkl\h�jZ[hl� k\yaZgh� k� hij_^_e_gb_f�jZ^bhgmdeb^h\�\�
h[t_dlZo�hdjm`Zxs_c�kj_^u��:dlb\Zpbhgguc�ZgZeba�ijbf_gyeky�]eZ\�
guf� h[jZahf� \� dZq_kl\_� Zj[bljZ`gh]h� f_lh^Z� ZgZebaZ� �hij_^_e_gb_�
fbdjhwe_f_glh\�\�jZaebqguo�fZljbpZo���jZa\b\Zebkv�jZ[hlu�ih�ih\u�

r_gbx�lhqghklb�ZgZebaZ��AZf_lgh_�qbkeh�jZ[hl�k\yaZgh�k�hij_^_e_gb_f�
e_]dbo��]Zahh[jZamxsbo��we_f_glh\�jZaebqgufb�f_lh^Zfb�Zdlb\Zpbhg�
gh]h�ZgZebaZ��gZ�[ukljuo�g_cljhgZo��]ZffZ-d\ZglZo�b�aZjy`_gguo�qZk�
lbpZo���]^_� wlb�f_lh^u�h[_ki_qb\Zxl�eb[h�\ukhdmx�qm\kl\bl_evghklv��
eb[h�\hafh`ghklv�hij_^_e_gby�ijhnbe_c�dhgp_gljZpbc�� 

Ij_^eh`_gZ� l_hj_lbq_kdZy�fh^_ev� ihegh]h� \g_rg_]h� hljZ`_gby� ijb�
ijhoh`^_gbb�j_gl]_gh\kdh]h�baemq_gby�q_j_a�fbdjhggu_�s_eb��JZajZ[hlZgZ�
mgb\_jkZevgZy�f_lh^bdZ� ^bZ]ghklbdb�iehlghklb�fZl_jbZeZ�ihdjulby�gZ� 6L�
ih^eh`d_� ^ey� lhesbg� G� ����� gf�� hkgh\ZggZy�gZ�f_lh^_� j_a_jnhj^h\kdh]h�
h[jZlgh]h� jZkk_ygby� k� bkihevah\Zgb_f� \� dZq_kl\_� \gmlj_gg_]h� klZg^ZjlZ�
agZq_gby� \uoh^Z� jZkk_ygby� hl� ih^eh`db� \� g_hjb_glbjh\Zgghf� iheh`_gbb�
(BILF�J:G). 

JZajZ[hlZg� kihkh[� i_j_\h^Z� Z\lhjZ^bh]jZnbq_kdh]h� bah[jZ`_gby� \�
we_dljhgguc�nhjfZl�k�bkihevah\Zgb_f�ieZgr_lguo�kdZg_jh\��IhdZaZgh��qlh�
jZajZ[hlZggZy�f_lh^bdZ�kdZgbjh\Zgby�h[_ki_qb\Z_l�\hkklZgh\e_gb_�^\mf_j�
gh]h�jZkij_^_e_gby�jZ^bhgmdeb^h\�\�h[jZapZo�\�hlebqb_�hl�klZg^Zjlguo�f_�
lh^bd� h^ghf_jghc� ^_gkblhf_ljbb� k� bkihevah\Zgb_f� fbdjhnhlhf_ljh\��
<i_j\u_�ihdZaZgZ�\hafh`ghklv�k_e_dlb\gh]h�hij_^_e_gby�fbdjh\dexq_gbc�
ieZlbgu�\�hdbkeZo�b�ZexfhkbebdZlguo�h[jZapZo�k�bkihevah\Zgb_f�lhjfha�
gh]h�baemq_gby�fbdjhljhgZ�b�pbnjh\hc�Z\lhjZ^bh]jZnbb��Ij_^_e�h[gZjm`_�
gby�ieZlbgu�\�ribg_eb��MgAl 2O4��k�bkihevah\Zgb_f�jZajZ[hlZggh]h�f_lh^Z�
khklZ\be�a��gZgh]jZff��=?HOB�J:G). 

Fh^bnbpbjh\Zg�f_lh^�fZehm]eh\hc�f_kk[Zmwjh\kdhc�ki_dljhkdhibb��\�
dZq_kl\_�bklhqgbdZ�baemq_gby�[ueh�bkihevah\Zgh�kbgojhljhggh_�baemq_gb_�
�KB��� Wlh� iha\hebeh� ijh^_fhgkljbjh\Zlv� ijbgpbibZevgmx� \hafh`ghklv�
jZkrbj_gby� djm]Z� ZgZebabjm_fuo� h[t_dlh\� aZ�ij_^_eu�`_e_ahkh^_j`Zsbo�
fZl_jbZeh\�� Ijb� wlhf�� [eZ]h^Zjy� hkh[_gghklyf� KB�� lhqghklv� b� wdkij_kk�
ghklv� ZgZebaZ�\hajZkeZ�gZ�^\Z�ihjy^dZ��Kha^Zg�^_ckl\mxsbc�fZd_l�KW>F�

ki_dljhf_ljZ�b�ihdZaZgZ�_]h�wnn_dlb\ghklv�^ey�ZgZebaZ�`_e_ahkh^_j`Zsbo�
gZghqZklbp��KI;�=M��dZn_^jZ�:O). 

>ey�hij_^_e_gby�90
6U�\�iblv_\uo�b�ih\_joghklguo�\h^Zo�[_a�^ebl_ev�

guo�b�ljm^h_fdbo�hi_jZpbc�\u^_e_gby�b�hqbkldb�ij_^eh`_gh�bkihevah\Zlv�
©ihjbklucª�kpbglbeeylhj��dhlhjuc�h^gh\j_f_ggh�y\ey_lky�khj[_glhf�hij_�
^_ey_fh]h� jZ^bhgmdeb^Z� b� h[_ki_qb\Z_l� �π-]_hf_ljbx� baf_j_gby� β-
Zdlb\ghklb�dhgp_gljZlZ��©Ihjbklucª�kpbglbeeylhj�\�\b^_�pbebg^jbq_kdbo�
lZ[e_lhd�ihemqZeb�iml_f�ij_kkh\Zgby�h^ghjh^ghc�kf_kb�]jZgme�kpbglbeey�
pbhggh]h�fZl_jbZeZ� �Zdlb\bjh\Zgguc�i-l_jn_gbeZ��b� khj[_glZ� �kbgl_lbq_�
kdbc� ]b^jhdkbeZiZlbl� kf_rZgguc� k� ]b^jhdZj[hgZlhf� Zffhgby� \� dZq_kl\_�
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gZihegbl_ey���<�j_amevlZl_�l_jfbq_kdh]h�jZaeh`_gby�ihke_^g_]h�\�lZ[e_ldZo�
h[jZamxlky�kd\hagu_�ihju��g_h[oh^bfu_�^ey�khj[pbb�jZ^bhgmdeb^Z�ba�\h^u�
\� ^bgZfbq_kdhf� j_`bf_�� Ij_^_e� h[gZjm`_gby� kljhgpby� ij_^eh`_gguf�
khj[pbhggh-kpbglbeeypbhgguf�f_lh^hf�jZ\_g����.10-13 ]�e�90

6U��qlh�khhl\_l�
kl\m_l�I>D�wlh]h�jZ^bhgmdeb^Z�\�iblv_\hc�\h^_��BFD�G:G�MdjZbgu�. 

<uiheg_gh�fh^_ebjh\Zgb_�kh\f_klgh]h�khj[pbhggh]h�ih\_^_gby�bhg�
guo�b�dheehb^guo�nhjf�fbdjhdhfihg_glZ��Hij_^_e_gh�\ebygb_�lZdbo�nZd�
lhjh\�dZd�khklZ\��jZkl\hjbfhklv��nbabdh-obfbq_kdh_�klZj_gb_�dheehb^h\�gZ�
nhjfm�bahl_jf�khj[pbb�fbdjhdhfihg_glZ�dZlbhgblZfb��Ihemq_ggu_�^Zggu_�
bkihevah\Zgu�^ey�hij_^_e_gby�nhjf�obfbq_kdh]h�khklhygby�b�jZkij_^_e_�
gby�&D��Sr, Am��b�3X�\�kbkl_f_��j_qgZy�\h^Z�-�^hggu_�hleh`_gby��\�l_ogbq_�
kdbo�\h^h_fZo�<-���<-����<-���I�H��FZyd��Q_ey[bgkdhc�h[eZklb�ih�^Zgguf�
=?HOB�J:G��IhdZaZgh��qlh�\ZjbZpby�dhwnnbpb_glZ�jZkij_^_e_gby�Sr, Am��b�
3X�\�wlhc�kbkl_f_�\h^h_fh\�hij_^_ey_lky�ijhp_kkZfb�bo�ih[hqghc�Z^khj[�
pbb�gZ�f_lZklZ[bevghf�dheehb^_�kmevnZlZ�dZevpby��h[jZah\Zgb_�jZkl\hj_gb_�
dhlhjh]h�\uau\Z_l�k_ahggu_�dhe_[Zgby�\�kbkl_f_��j_qgZy�\h^Z�-�^hggu_�hl�
eh`_gby���BOLL�MjH�J:G��kh\f_klgh�k�M=LM-MIB�� 

<uiheg_g� dhfie_dk� bkke_^h\Zgbc� jZkij_^_e_gby� bahlhih\� \h^hjh^Z�
�\h^hjh^Z�b�^_cl_jby��ih� ]em[bg_� ]jZnblh\uo� lZceh\��bkihevah\Z\rboky�\�
dZq_kl\_� aZsblgh]h� wdjZgZ� <Q-Zgl_ggu� lhdZfZdZ� L-��F� bgklblmlZ�
LJBGBLB� �]�Ljhbpd�� Fhkd�h[e���� MklZgh\e_gh�� qlh� \h^hjh^� gZoh^blky� \�
i_j\uo���÷ 10 fdf�ih\_joghklb�lZceh\��Z�^_cl_jbc��lZd`_�gZoh^ysbcky�gZ�
ih\_joghklb�a���fdf��jZkij_^_e_g�g_jZ\ghf_jgh�ih�ih\_joghklb�\k_]h�lZceZ�
(BYB�J:G��=BJ?>F?L). 

Mkh\_jr_gkl\h\Zg� bklhqgbd� l_ieh\uo� �aZf_^e_gguo�� g_cljhgh\� ^ey�
Zdlb\Zpbhggh]h�ZgZebaZ�gZ�[Za_�g_cljhggh]h�]_g_jZlhjZ��Bkke_^h\Zgu�jZa�
ebqgu_�kbkl_fu�aZf_^e_gby�[ukljuo�g_cljhgh\�k�p_evx�ihemq_gby�fZdkb�
fZevgh]h�\uoh^Z�l_ieh\uo�g_cljhgh\��\�qZklghklb�dhf[bgbjh\ZggZy�kbkl_fZ�
k\bg_p-[_jbeebc��JZajZ[hlZgu�f_lh^bdb�hij_^_e_gby�fbdjhdhebq_kl\�aheh�
lZ�b�k_j_[jZ�\�jm^Zo�b�ijh^mdlZo�bo�i_j_jZ[hldb��Gb`gyy�]jZgbpZ�hij_^_�
ey_fuo�kh^_j`Zgbc�khklZ\beZ�^ey�ahehlZ��×10-5

���fZkk��hlghkbl_evgh�^he�
]h`b\msb_�jZ^bhgmdeb^u���Z�^ey�k_j_[jZ– 5×10-5���fZkk���dhjhldh`b\msb_�
jZ^bhgmdeb^u��(=BJ?>F?L). 

JZajZ[hlZgZ�f_lh^bdZ�kha^Zgby�h[jZapZ�kjZ\g_gby�^ey�hij_^_e_gby�db�
kehjh^Z�gZ�hkgh\_�ihebf_lbef_lZdjbeZlZ��hj]kl_deh���K�\ukhdhc�lhqghklvx�
Zll_klh\Zgh�kh^_j`Zgb_�\�g_f�dbkehjh^Z��kmkl= 32,58±�������fZkk�k�bkihev�
ah\Zgb_f� G::� gZ� [ukljuo� g_cljhgZo�� JZajZ[hlZgu� f_lh^bdb� G=-
Zdlb\Zpbhggh]h� hij_^_e_gby� fbdjhdhebq_kl\� dbkehjh^Z� \� fZ]gbb� b� _]h�
kieZ\Zo�� Z� lZd`_� \� [_jbeebb� �gb`gyy� ]jZgbpZ� hij_^_ey_fuo� kh^_j`Zgbc�
1.10-3 

����� <uiheg_gu� ZgZebau� k_jbc� l_ogheh]bq_kdbo� h[jZaph\� (=BJ?>�
F?L). 
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J_gl]_gh\kdb_�f_lh^u 
 

 >Zgh�l_hj_lbq_kdh_�h[hkgh\Zgb_�b�\uiheg_gu�jZkq_lu�ki_dljZevgh]h�
jZkij_^_e_gby� i_j\bqgh]h� j_gl]_gh\kdh]h� baemq_gby� \� mkeh\byo� \ha\jZlZ�
h[jZlgh�jZkk_ygguo�we_dljhgh\�gZ�iheh`bl_evgh�aZjy`_ggmx�ih\_joghklv��
IhdZaZgh��qlh�\deZ^�h[jZlgh�jZkk_ygguo�we_dljhgh\�\�nhjfbjh\Zgb_�bgl_g�
kb\ghklb�lhjfhagh]h�b�oZjZdl_jbklbq_kdh]h�baemq_gby�fh`_l�^hklb]Zlv���-
�����hl�bgl_gkb\ghklb��h[mkeh\e_gghc�^_ckl\b_f�dZlh^gh]h�imqdZ�we_dljh�
gh\��GBB�IN�B=M). 

Ihemq_gh� \ujZ`_gb_� ^ey� bgl_gkb\ghklb�nemhj_kp_gpbb�� \ha[m`^_g�
ghc�\�mkeh\byo�j_gl]_ghnemhj_kp_glgh]h�ZgZebaZ�gZ�ki_dljhf_lj_�k�iheguf�
\g_rgbf�hljZ`_gb_f�i_j\bqgh]h�baemq_gby��Ih]j_rghklb�j_amevlZlh\�ZgZ�
ebaZ�� h[mkeh\e_ggu_� \aZbfguf� \ebygb_f� we_f_glh\� b� g_jZ\ghf_jghklvx�
jZkij_^_e_gby�fZl_jbZeZ�ih�baemqZl_ex��g_\_ebdb�b�fh]ml�[ulv�mql_gu�ijb�
bkihevah\Zgbb�kihkh[Z�\gmlj_gg_]h�klZg^ZjlZ� 

>ey�fhgh^bki_jkguo�h^ghnZaguo�b�fgh]hnZaguo�h[jZaph\�bamq_gZ�aZ�
\bkbfhklv�bgl_gkb\ghklb�nhgZ��In��hl�jZaf_jZ�qZklbp�\�h[eZklb�\ha[m`^_g�
gh]h�j_gl]_gh\kdh]h�ki_dljZ������-�����gf�b�����-�����gf��>Zgu�j_dhf_g^Z�
pbb�ih�\u[hjm�kihkh[Z�mq_lZ�nhgZ�b�bkihevah\Zgby��In) \�dZq_kl\_�klZg^Zjlb�
abjmxs_]h�iZjZf_ljZ��JZajZ[hlZg�djbl_jbc�g_h[oh^bfhklb�mq_lZ�nhgZ�ijb�
hij_^_e_gbb�fZeuo�dhgp_gljZpbc�hij_^_ey_fuo�we_f_glh\��bkihevamxsbc�
hp_gdm�hlghkbl_evgh]h�klZg^Zjlgh]h�hldehg_gby� Sr�n��b�lj_[h\Zgby�d�lhqgh�
klb�j_amevlZlh\�ZgZebaZ��Bjdmlkdbc�=M). 
 Kha^ZgZ�[ZaZ�^Zgguo�j_gl]_ghnemhj_kp_glgh]h�ZgZebaZ�b�jZajZ[hlZgh�
ijh]jZffgh_�h[_ki_q_gb_�kihkh[Z�nmg^Zf_glZevguo�iZjZf_ljh\�^ey�fbdjh-
W<F�b�i_jkhgZevguo�dhfivxl_jh\��iha\heyxs__�ijh\h^blv�jZkq_lu�bgl_g�
kb\ghkl_c�hkgh\guo�oZjZdl_jbklbq_kdbo�ebgbc�D-, L-�b�F-k_jbb�b�kh^_j`Z�
gby�we_f_glh\�hl�Na�^h�U�\�jZaebqguo�fZl_jbZeZo�ijb�\ha[m`^_gbb�nemh�
j_kp_gpbb�ihebojhfZlbq_kdbf�i_j\bqguf�baemq_gb_f�j_gl]_gh\kdhc�ljm[�
db��Ij_^eh`_gu�djbl_jbb�kbkl_fZlbaZpbb�ZgZeblbq_kdbo�aZ^Zq�^ey�j_gl]_�
ghki_dljZevgh]h�ZgZebaZ�]hjguo�ihjh^�ih�]jmiiZf�dhfihg_glh\��kh\f_klgh_�
hij_^_e_gb_� dhlhjuo� h[_ki_qb\Z_l� gZbemqrmx� ijZ\bevghklv� j_amevlZlh\��
Wlh� iha\hey_l� aZjZg__� ih^]hlh\blv� Ze]hjblf� j_r_gby� aZ^Zqb� b� khdjZlblv�
\j_fy�jZajZ[hldb�dhgdj_lghc�f_lh^bdb�ZgZebaZ��K<D�GBB�><H�J:G��FZ�
]Z^Zg). 

Ij_^eh`_g�f_lh^�hij_^_e_gby�nhjfu�\oh`^_gby�we_f_glh\�\�ZgZeb�
abjm_fh_� obfbq_kdh_� kh_^bg_gb_�ih� j_]bkljZpbb� hlghr_gby�bgl_]jZevghc�
bgl_gkb\ghklb��HBB��^\mo�ebgbc�h^ghc�k_jbb�oZjZdl_jbklbq_kdh]h�j_gl]_�
gh\kdh]h�baemq_gby��i_j\Zy�ba�dhlhjuo�h[mkeh\e_gZ�i_j_oh^hf�we_dljhgh\�
ba� \Ze_glghc� ahgu� gZ� \gmlj_ggbc� mjh\_gv� ZlhfZ� hij_^_ey_fh]h� we_f_glZ�
�ihke_^gyy�wfbkkbhggZy�ebgby�IWE���\lhjZy�-�we_dljhgguf�i_j_oh^hf�f_`�
^m�\gmlj_ggbfb�mjh\gyfb�ZlhfZ��<i_j\u_�ihemq_gu�aZ\bkbfhklb�HBB�IWE�
hl�\Ze_glghklb�b�kl_i_gb�bhgyghklb�^ey�As�b�Nb (BHGO�J:G). 

J_Zebah\Zgh� ijh]jZffgh_� h[_ki_q_gb_� j_gl]_ghnemhj_kp_glgh]h�
ki_dljhf_ljZ�VRA-����mijZ\ey_fh]h�i_jkhgZevguf�dhfivxl_jhf��<uiheg_�
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gZ�fh^_jgbaZpby�ki_dljhf_ljZ�VRA-����dhlhjZy�aZdexqZeZkv�\�aZf_g_�W<F�

©We_dljhgbdZ-��ª� gZ� ID� IBM-���� k� mklZgh\dhc� khhl\_lkl\mxs_]h� bgl_j�
n_ckZ��jZajZ[hlZggh]h�:HAL�©BKB�HJª��]��Gh\hkb[bjkd���<�j_Zevghf�j_`b�
f_�\j_f_gb�ijh\h^blky�lhevdh�baf_j_gb_�ki_dljZ�k�aZibkvx�bgl_gkb\ghkl_c�
\�bgnhjfZpbhgguc�nZce��<�hkgh\m�gh\h]h�IH�aZeh`_g�ijbgpbi�fbgbfmfZ�
mijZ\eyxsbo�^_ckl\bc�hi_jZlhjZ�^ey�ihemq_gby�j_amevlZlZ��?^bgkl\_ggZy�
l_dklh\Zy�bgnhjfZpby��dhlhjZy�\\h^blky�k�deZ\bZlmju�–�gZa\Zgb_�ZgZebab�
jm_fh]h�ijh^mdlZ��Ij_bfms_kl\Z�jZajZ[hlZggh]h�ijh]jZffgh]h�h[_ki_q_gby�
–�\hafh`ghklv�iZjZee_evgh�ijhp_kkm�baf_j_gby�ijh\h^blv�ijhkfhlj�b�j_�
^Zdlbjh\Zgb_�baf_j_gguo�d�wlhfm�\j_f_gb�kb]gZeh\��\hafh`ghklv�ijh\_^_�
gby� ]jZ^mbjh\db� \� nhgh\hf� j_`bf_� jZ[hlu� dhfivxl_jZ�� mijZ\eyxs_]h�
ki_dljhf_ljhf��mf_gvr_gb_�h[sbo�aZljZl�\j_f_gb�gZ�baf_j_gb_�j_gl]_gh\�
kdbo�ki_dljh\�h[jZaph\�b�mf_gvr_gb_�aZljZl�\j_f_gb�gZ�ihkljh_gb_�hilb�
fZevguo�mjZ\g_gbc��Gh\h_�ijh]jZffgh_�h[_ki_q_gb_�ki_dljhf_ljZ�VRA-30 
\�l_q_gb_�^\mo�e_l�mki_rgh�ijbf_gy_lky�\�Bgklblml_�a_fghc�dhju�KH�J:G�
^ey�ZgZebaZ�mevljZhkgh\guo��hkgh\guo��kj_^gbo��dbkeuo��ZexfhkbebdZlguo�
b�dZj[hgZlguo�]hjguo�ihjh^��Z�lZd`_�i_kqZgbdh\��m]e_c��nhknhjblh\��aheu�
dZf_ggh]h�m]ey�b�dhkl_c� 
 JZajZ[hlZgZ� ijh]jZffZ� jZkq_lZ� dhwnnbpb_glh\� ebg_cgh]h� mjZ\g_gby�
^ey�mq_lZ�nhgZ�ijb�ijh\_^_gbb�JN:�gZ�kdZgbjmxs_f�j_gl]_gh\kdhf�nemh�
j_kp_glghf�ki_dljhf_lj_�VRA-����Ijh]jZffZ�ij_^gZagZq_gZ�^ey�fZl_fZlb�
q_kdhc� h[jZ[hldb� fZkkb\Z� bgl_gkb\ghkl_c� ohehkluo� ijh[�� baf_j_gguo� gZ�
mdZaZgghf�ki_dljhf_lj_�k�ihfhsvx�mijZ\eyxs_c�ijh]jZffu�VRAP��P_evx�
jZkq_lh\� y\ey_lky� ihemq_gb_� dhwnnbpb_glh\� ebg_cgh]h� mjZ\g_gby�� k\yau�
\Zxs_]h�bgl_gkb\ghklv�jZkk_yggh]h�baemq_gby�gZ�f_kl_�ZgZeblbq_kdhc�eb�
gbb�hij_^_ey_fh]h�we_f_glZ�k�bgl_gkb\ghklvx�g_dh]_j_glgh�jZkk_ygghc�eb�
gbb�jh^b_\h]h�Zgh^Z�eb[h�bgl_gkb\ghklvx�nhgZ�^ey�ex[hc�\u[jZgghc�m]eh�
\hc�ihabpbb: 
 Ii = ai IRh + bi 
A^_kv� Ii –�bgl_gkb\ghklv�jZkk_yggh]h�baemq_gby�hl�ohehklhc�ijh[u��aZj_]b�
kljbjh\ZggZy� ijb� m]e_� ]hgbhf_ljZ�� khhl\_lkl\mxs_f� ihabpbb� ZgZeblbq_�
kdhc�ebgbb�hij_^_ey_fh]h�we_f_glZ�i ; IRh –�bgl_gkb\ghklv�g_dh]_j_glgh�jZk�
k_yggh]h�baemq_gby�oZjZdl_jbklbq_kdhc�ebgbb�jh^b_\h]h�Zgh^Z�gZ�ohehklhc�
ijh[_��BAD�KH�J:G�� 

JZajZ[hlZgu�f_lh^bq_kdb_�j_dhf_g^Zpbb�ih�j_gl]_ghnemhj_kp_glgh�
fm� ZgZebam� ]hjguo� ihjh^� b� jm^� kihkh[hf� klZg^ZjlZ-nhgZ�� \� dhlhjuo� jZk�
kfhlj_gu�hkgh\gu_�jZagh\b^ghklb�kihkh[Z�b�hibkZg�mgbnbpbjh\Zgguc�Ze�
]hjblf��kha^Zxsbc�hkgh\m�ijh]jZffgh]h�h[_ki_q_gby�jZg__�Zll_klh\Zgguo�
f_lh^bd��JZkkfhlj_gZ�ijhp_^mjZ�jZkq_lZ�ZgZeblbq_kdbo�b�nhgh\uo�oZjZdl_�
jbklbd�ijbf_gbl_evgh�d�j_gl]_gh\kdhfm�ijb[hjm��bf_xs_fm�ljm[dm�k�lhj�
p_\uf�\uoh^guf�baemqZl_e_f��<BFK). 

JZajZ[hlZgZ� f_lh^bdZ� j_gl]_ghki_dljZevgh]h� hij_^_e_gby� k_j_[jZ� \�
bgl_j\Ze_� kh^_j`Zgbc� ����-6 – 10-2

��ihke_�ij_^\Zjbl_evghc� wdkljZdpbb�h-
bahijhibef_lbelbhdZj[ZfbgZlhf�ba�fbg_jZevgh]h�kujvy��ijh^mdlh\�_]h�i_�
j_jZ[hldb��hloh^h\��hl\Zeh\�ijhfure_gguo�ij_^ijbylbc��ihq\�b�^j��h[t_d�
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lh\��>ey�j_ZebaZpbb�f_lh^bdb� kha^Zg�ihe_\hc� ki_dljhf_lj�kh�k[eb`_gghc�
]_hf_ljb_c�gZ�[Za_�ihemijh\h^gbdh\h]h�^_l_dlhjZ�k�\ha^mrguf�hoeZ`^_gb�
_f�b�hkljhnhdmkghc�j_gl]_gh\kdhc�ljm[db��<BFK�� 

Ijb� bamq_gbb� \ebygby� ij_^\Zjbl_evghc� h[jZ[hldb� h[jZaph\� gZ� lhq�
ghklv�j_amevlZlh\�j_gl]_ghki_dljZevgh]h�ZgZebaZ�ihq\�mklZgh\e_gh��qlh�ba�
f_g_gb_�fZkku� h[jZapZ�ihq\u�ijb� kmohf� hahe_gbb�g_� hljZ`Z_l�ih\_^_gb_�
dZ`^h]h�hl^_evgh]h�hij_^_ey_fh]h� we_f_glZ��J_gl]_ghnemhj_kp_glguc�f_�
lh^� ZgZebaZ� ij_^eh`_gh� bkihevah\Zlv� gZjy^m� k� Zlhfgh-Z[khj[pbhgguf� b�
Zlhfgh-wfbkkbhgguf�^ey�hp_gdb� kh^_j`Zgby�g_dhlhjuo� lhdkbqguo�b�[bh�
nbevguo�we_f_glh\��kem`Zsbo�bg^bdZlhjZfb�khklhygby�hdjm`Zxs_c�kj_^u��
Ijbf_gyy�hahe_gb_�ijh[�^ey�dhgp_gljbjh\Zgby�we_f_glh\��fh`gh�m\_j_ggh�
hij_^_eylv�Ni, Pb, Zn, Fe, Rb�b�g_dhlhju_�^jm]b_�we_f_glu�k�ij_^_eZfb�h[�
gZjm`_gby�fd]�]�\�q_eh\_q_kdbo�\hehkZo��furpZo�ju[��hdmgv��hfmev���B=O�
KH�J:G). 
 JZajZ[hlZgZ� b� Zijh[bjh\ZgZ� f_lh^bdZ� j_gl]_ghnemhj_kp_glgh]h�
hij_^_e_gby�kljhgpby�^ey�bkke_^h\Zgby�_]h�ih\_^_gby�\�fgh]hdhfihg_glghc�
kbkl_f_� –� kf_kb� p_f_glh\� hl_q_kl\_gguo� fZjhd� b� gZihegbl_ey� –� j_qgh]h�
i_kdZ��ijbf_gy_fhc�ijb�aZohjhg_gbb�jZ^bhZdlb\guo�hloh^h\��J:H���F_lh�
^bdZ�ij_^gZagZq_gZ�^ey�dhgljhey�fh^_ebjh\Zgby�ijhp_kkh\�\us_eZqb\Zgby�
beb�bgh]h�\uoh^Z�\�hdjm`Zxsmx�kj_^m�90Sr,�dZd�gZb[he__�jZkijhkljZg_ggh�
]h�J:H��[_a�bkihevah\Zgby�kZfh]h�jZ^bhgmdeb^Z� �F=M��dZn_^jZ�jZ^bhob�
fbb). 

GZ�hkgh\Zgbb�bkke_^h\Zgby�ih\_joghklb�fh^bnbpbjh\Zgguo�^bkdh\uo�
m]e_kblZeeh\uo�we_dljh^h\�f_lh^Zfb�j_gl]_gh\kdhc�nhlhwe_dljhgghc�ki_d�
ljhkdhibb��j_gl]_ghki_dljZevgh]h�fbdjhZgZebaZ��j_gl]_ghnemhj_kp_glgh]h�
ZgZebaZ�k�iheguf�\g_rgbf�hljZ`_gb_f�b�jZkljh\hc�we_dljhgghc�fbdjhkdh�
ibb�ij_^eh`_gu�n_ghf_gheh]bq_kdb_�fh^_eb�nhjfbjh\Zgby�we_dljhdhgp_g�
ljZlh\�gZ�ih\_joghklyo�^bkdh\uo�we_dljh^h\�\�jZkl\hjZo��kh^_j`Zsbo�bg�
^bnn_j_glguc�nhgh\uc�we_dljhebl�(F=M��dZn_^jZ�:O). 
 

F_lh^u�hij_^_e_gby�ke_^h\�we_f_glh\� 
fbdjhZgZeba�b�ZgZeba�ih\_joghklb 

 
 <� hlq_lghf� ]h^m� ij_^klZ\e_gh� ^h\hevgh� fZeh� jZ[hl� \� h[eZklb�
fbdjhZgZebaZ� b� ZgZebaZ� \ukhdhqbkluo� fZl_jbZeh\�� Wlh� fh`gh�� ih-
\b^bfhfm��h[tykgblv�kgb`_gb_f�h[t_fZ�bkke_^h\Zl_evkdbo�jZ[hl�\�wlhc�
h[eZklb��k\yaZgguf�k�hlkmlkl\b_f�beb�klZj_gb_f�^hjh]hklhys_]h�b�^hk�
lZlhqgh�keh`gh]h�h[hjm^h\Zgby��Z�lZd`_�bkihevah\Zgb_f�^ey�ijZdlbq_�
kdbo�p_e_c�jZg__�jZajZ[hlZgguo�f_lh^h\��Ba�ij_^klZ\e_gguo�j_amevlZ�
lh\�fh`gh�hlf_lblv�jZajZ[hlZggu_�\�BO<<�J:G�f_lh^bdb�\ukhdhqm\�
kl\bl_evgh]h� hij_^_e_gby� jy^Z� ijbf_k_c� ^ey� ZgZebaZ� \ukhdhqbkluo�
furvydZ�b�k_ju�� 
F_lh^bdb�hij_^_e_gby�ke_^h\�we_f_glh\�\�jZaebqguo�fZl_jbZeZo�b�h[t_dlZo�
�ij_`^_� \k_]h� \� hdjm`Zxs_c� kj_^_�� f_^bpbgkdbo� b� ibs_\uo� ijh^mdlZo��
ij_^klZ\e_gu�\�^jm]bo�jZa^_eZo�hlq_lZ� 
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:gZeba� \ukhdhqbkluo� \_s_kl\�� K� bkihevah\Zgb_f� eZa_jgh]h� fZkk-
j_ne_dljhgZ� jZajZ[hlZgZ� f_lh^bdZ� hij_^_e_gby� \h^hjh^Z� \� kmevnb^gh�
furvydh\uo�kl_deZo�k�ijbf_g_gb_f�ij_^\Zjbl_evghc�bfimevkghc�hqbkldb�
ih\_joghklb� k^\h_gguf� eZa_jguf� bfimevkhf��KemqZcgZy� ih]j_rghklv� kh�
klZ\ey_l�����-�����\�bgl_j\Ze_�dhgp_gljZpbc���-4 –3.10-3���fZkk��MklZgh\e_gZ�
dhjj_eypby�dhwnnbpb_glZ�hilbq_kdh]h�ih]ehs_gby�gZ�ebgbb�HG�b�kh^_j`Z�
gby�\h^hjh^Z�\�h[jZapZo��Gb`gyy�]jZgbpZ�hij_^_ey_fuo�kh^_j`Zgbc�g_�hi�
j_^_e_gZ�ba-aZ�hlkmlkl\by�fZl_jbZeZ�k�gbadbf�kh^_j`Zgb_f�\h^hjh^Z��BO<<�
J:G�� 
 JZajZ[hlZgZ� f_lh^bdZ� eZa_jgh]h� fZkk-ki_dljhf_ljbq_kdh]h� �fZkk-
ki_dljhf_lj�WF:E-���]��Kmfu��ZgZebaZ�\ukhdhqbklh]h�furvydZ�k�ij_^\Zjb�
l_evguf�dhgp_gljbjh\Zgb_f�ijbf_k_c�hl]hgdhc�hkgh\u�\�\Zdmmf_�gZ�ih^�
eh`d_� ba� \ukhdhqbklh]h� ]_jfZgby�� Ij_^_eu� h[gZjm`_gby� ^ey� g_e_lmqbo�
ijbf_k_c�khklZ\beb���-8 –3.10-7���fZkk��ijb�gZ\_kd_���]��>ey�Na, Al, Si, S, K, 
Ca, Fe��ij_^_e�h[gZjm`_gby�h]jZgbq_g�mjh\g_f�dhgljhevgh]h�hiulZ�hl�����-7 

��^ey�ijbf_kb�`_e_aZ�^h�����-5
���^ey�dj_fgby��BO<<�J:G). 

JZajZ[hlZg� wdkljZdpbhggh-Zlhfgh-Z[khj[pbhgguc� �WL:��f_lh^�hij_�
^_e_gby�ijbf_k_c�furvydZ��kmjvfu�b�k_e_gZ�\�\ukhdhqbklhc�k_j_�iml_f�bo�
i_j_\h^Z� \� [jhfb^u� k� ihke_^mxs_c� wdkljZdpb_c� lhemhehf�� Dhwnnbpb_gl�
ba\e_q_gby�^ey�ijbf_k_c�kmjvfu�b�furvydZ�khklZ\be�����±������^ey�k_e_gZ�- 
0,66±������Hij_^_e_gb_�k_e_gZ�ijh\h^beb�ba�hj]Zgbq_kdhc�nZau��Z�furvydZ�
b�kmjvfu�-�ba�\h^gh]h�j_wdkljZdlZ��Ij_^_eu�h[gZjm`_gby�furvydZ��kmjvfu�
b� k_e_gZ� khklZ\eyxl� �⋅10-7, 2⋅10-7

� b� �⋅10-7
� fZk����� khhl\_lkl\_ggh� �BO<<�

J:G) 
JZajZ[hlZgZ� f_lh^bdZ� hij_^_e_gby� g_hj]Zgbq_kdh]h� oehjZ� \� kbeZg_�

\ukhdhc�qbklhlu�f_lh^hf�bhgghc�ojhfZlh]jZnbb��ojhfZlh]jZn�P\_l-�����k�
dhg^mdlhf_ljbq_kdbf�^_l_dlhjhf���Ba\e_q_gb_�oehjZ�ba�kbeZgZ�ijh\h^behkv 
\�\b^_�oehjb^-bhgZ�\�j_amevlZl_�]b^jheblbq_kdh]h�jZaeh`_gby�ijbf_k_c�\h�
^hc��Kl_i_gv�ba\e_q_gby�oehjZ�hij_^_eyeZkv�ZgZebahf�kbgl_lbq_kdbo�kf_k_c�
b�gZ�hkgh\Zgbb�j_amevlZlh\�hij_^_e_gby�oehjb^-bhgZ�ijb�ihke_^h\Zl_evghf�
jZaeh`_gbb�j_Zevguo�h[jZaph\�b�khklZ\ey_l�����±������Ij_^_e�h[gZjm`_gby�
oehjZ�ba�h[t_fZ�kbeZgZ���eblj�b�^Z\e_gbb���Zlf�khklZ\be��· 10-6

�fZk����qlh�
emqr_��q_f�hibkZggu_�\�ebl_jZlmj_��Hlghkbl_evgh_�klZg^Zjlgh_�hldehg_gb_�
khklZ\ey_l� ���-������ IjZ\bevghklv� ZgZebaZ� dhgljhebjh\Zeb� \Zjvbjh\Zgb_f�
h[t_fZ�ijh[u��BO<<�J:G�kh\f_klgh�k�GG=M�bf��G�B��Eh[Zq_\kdh]h).  
  �JZajZ[hlZgZ�f_lh^bdZ�fZkk-ki_dljZevgh]h�hij_^_e_gby�\h^u�\�l\_j�
^uo�fZl_jbZeZo� �ki_pkl_deZ��hilh\hehdgh�gZ�hkgh\_�]Zeh]_gb^h\�k_j_[jZ��k�
Kg��o��-4

���fZkk��b�Sr=0.15 (BILF�J:G).  

F_lh^u�ehdZevgh]h�ZgZebaZ�b�ZgZebaZ�ih\_joghklb.Ij_^eh`_gZ�gh�
\Zy�nhjfmeZ�dhebq_kl\_ggh]h�j_gl]_ghwe_dljhggh]h�ZgZebaZ�obfbq_kdb�fh�
^bnbpbjh\Zgguo� ih\_joghkl_c� �OFI�� l\_j^uo� l_e�� mqblu\ZxsZy� ]_hf_l�
jbx� we_dljhggh]h� ki_dljhf_ljZ�� lbi� b� j_`bf� jZ[hlu� wg_j]hZgZebaZlhjZ��
ijbjh^m� ZgZebabjm_fh]h�fZl_jbZeZ��JZajZ[hlZgu� kihkh[u�hij_^_e_gby� Zi�
iZjZlghc�nmgdpbb�we_dljhggh]h�ki_dljhf_ljZ�b�kj_^g_c�^ebgu�k\h[h^gh]h�
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ijh[_]Z�we_dljhgZ�\�l\_j^hf�l_e_��Gh\u_�l_hj_lbq_kdb_�b�wdki_jbf_glZev�
gu_� ih^oh^u� d� dhebq_kl\_gghfm� j_gl]_ghwe_dljhgghfm� ZgZebam�OFI� ih�
a\hebeb�ih\ukblv�qm\kl\bl_evghklv�f_lh^Z��\�^_kyldb�jZa���kgbablv�kbkl_fZ�
lbq_kdmx�ih]j_rghklv�f_lh^Z� �^h�mjh\gy�bgkljmf_glZevghc�ih]j_rghklb���
hkms_kl\blv�wdkij_kkguc�ZgZeba�OFI��F=M). 

JZajZ[hlZg�f_lh^� dhebq_kl\_ggh]h� ehdZevgh]h� hij_^_e_gby� kh^_j`Z�
gby�dbkehjh^Z�\�k\_joijh\h^ysbo� �KI��d_jZfbdZo��hkgh\Zgguc�gZ�baf_j_�
gbyo�\uoh^Z�\lhjbqghc�we_dljhgghc�wfbkkbb�ba�hl^_evguo�a_j_g��>Zg�ZgZ�
eba�jy^Z�bklhqgbdh\�ih]j_rghkl_c�baf_j_gbc��k\yaZgguo�\�lhf�qbke_��k�gZ�
dehghf�iehkdhklb�a_jgZ��i_ji_g^bdmeyjghc�ahg^m��L_hjby�f_lh^Z�[Zabjm_lky�
gZ�ihemq_gghc�bkihegbl_eyfb�jZg__�hkgh\ghc�nhjfme_��k\yau\Zxs_c�\uoh^�
\lhjbqghc� we_dljhgghc� wfbkkbb� \� jZkljh\hf� we_dljhgghf� fbdjhkdhi_� k�
dhgp_gljZpb_c� ^_n_dlh\�� h[mkeh\e_gguo� g_kl_obhf_ljb_c� ih� dbkehjh^m��
F_lh^� Zijh[bjh\Zg� gZ�KI� d_jZfbd_�YBa2Cu3O7-x��Ba� [Zah\h]h� \ujZ`_gby�
ke_^m_l��qlh�wfbkkby�\hajZklZ_l�k�m\_ebq_gb_f�^_nbpblZ�dbkehjh^Z�\�ij_^_�
eZo�������x��������<�dZq_kl\_�dZeb[jh\db�bkihevah\ZeZkv�aZ\bkbfhklv�\uoh^Z�
wfbkkbb�hl�kh^_j`Zgby�dbkehjh^Z��hij_^_ey_fh]h�^\mfy�g_aZ\bkbfufb�f_�
lh^Zfb��j_gl]_ghkljmdlmjguf��ih�baf_g_gbx�i_jbh^Z�K�we_f_glZjghc�yq_c�
db�� b� f_lh^hf� ch^hf_ljbq_kdh]h� lbljh\Zgby�� Baf_j_gby� \uoh^Z� wfbkkbb�
ijh\h^beb�gZ� ki_pbZevgh�i_j_h[hjm^h\Zgghf�jZkljh\hf�\ukhdh\Zdmmfghf�
we_dljhgghf� fbdjhkdhi_� BS-350 TESLA�� \� dhlhjhf� mklZgh\e_g� ^_l_dlhj�
\lhjbqguo�we_dljhgh\�lbiZ�W\_joZjlZ-Lhjgeb��Bkke_^h\ZeZkv�d_jZfbdZ��ih�
emq_ggZy�l\_j^hnZaguf�kbgl_ahf��\�nhjf_�^bkdh\�k�h[sbf�kh^_j`Zgb_f�db�
kehjh^Z�����b�����fhey��>ey�ihemq_gby�h[jZaph\�k�[he__�gbadbf�kh^_j`Zgb_f�
dbkehjh^Z�qZklv�bkoh^ghc�d_jZfbdb�gZ]j_\Zeb�\�Zlfhkn_j_�ZahlZ�b�hoeZ`^Z�
eb�kh�kdhjhklvx����0K�fbg��KhklZ\�d_jZfbdb�dhgljhebjh\Zeb�f_lh^Zfb�j_gl�
]_ghnZah\h]h�b�j_gl]_ghki_dljZevgh]h�fbdjhZgZebaZ��F_lh^Zfb�^beZlhf_l�
jbb� b� fbdjhl_jfh]jZ\bf_ljbb� bamqZeb� baf_g_gby� kh^_j`Zgby� dbkehjh^Z�
ijb�gZ]j_\_�gZ�\ha^mo_��\�dbkehjh^_�b�Zlfhkn_j_�ZahlZ� �=GP�JN GBNOB�

bf��E�Y��DZjih\Z).  
K�p_evx�hij_^_e_gby�ijbjh^u�baemqZxsbo�p_gljh\�b�ihemq_gby�ki_d�

ljhkdhibq_kdbo� ^Zgguo� ^ey� ZgZebaZ�fbdjh-� b� gZghjZaf_jguo� kljmdlmj� gZ�
hkgh\_�dj_fgby��e_]bjh\Zggh]h�wj[b_f��]hevfb_f�b�^bkijhab_f��[ueb�bkke_�
^h\Zgu�ki_dlju�nhlh�b�we_dljhexfbg_kp_gpbb�h[jZaph\��ihemq_gguo�f_lh�
^Zfb�km[ebfZpbhgghc�fhe_dmeyjgh-emq_\hc�wiblZdkbb�b�bhgghc�bfieZglZ�
pbb��LZdb_�kljmdlmju�bf_xl�[hevrh_�agZq_gb_�^ey�jZa\blby�dj_fgb_\hc�hi�
lhwe_dljhgbdb��Bgl_gkb\gZy�nhlhexfbg_kp_gpby��k\yaZggZy�k�\gmljbZlhf�
gufb�i_j_oh^Zfb�\��I-h[hehqd_�bhgh\�(U3+

�b�+R3+
��gZ[ex^ZeZkv�\�kljmdlmjZo�

k�lhesbghc�e_]bjh\Zgguo�keh_\�^h�g_kdhevdbo�^_kyldh\�Zg]klj_f��wiblZdkb�
Zevgu_�kljmdlmju�6L�(U�6L��Si:Ho/Si��ijb�kmffZjghf�kh^_j`Zgb_f�JAW�hl���-4 
^h���Zl����qlh�ihdZau\Z_l�i_jki_dlb\m�ijbf_g_gby�f_lh^Z�gbadhl_fi_jZlmj�
ghc�nhlhexfbg_kp_gpbb�^ey�hij_^_e_gby�ijbf_k_c�JAW�\�ij_^_evgh�lhgdbo�
kehyo�ihemijh\h^gbdh\��<�ki_dljZo�gbadhl_fi_jZlmjghc�nhlhexfbg_kp_g�
pbb�h^ghjh^gh�e_]bjh\Zgguo�keh_\�6L�Er/Si��b^_glbnbpbjh\Zgu�ke_^mxsb_�
hilbq_kdb�Zdlb\gu_�ijbf_kgu_�p_glju��\dexqZxsb_�bhg�(U3+

��dbkehjh^kh�
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^_j`Zsb_�ijbf_kgu_�p_glju� k� \ukhdhc� kbff_ljb_c� djbklZeebq_kdh]h� hd�
jm`_gby�bhgh\�JAW�(U-��b�(U-O1 �k_jbb�ij_^_evgh�madbo�ebgbc�k�gZb[he__�
bgl_gkb\gufb� \ukhdhwg_j]_lbq_kdbfb�i_j_oh^Zfb� �����b� ����� kf-1

�� khhl�
\_lkl\_ggh) SiO2-ih^h[gu_� ij_pbiblZlu� �rbjhdZy� ihehkZ� exfbg_kp_gpbb�
Er3+

�k�p_gljhf�gZ������kf-1
�ijb�7 ����.���dhfie_dku�wj[by�k�dbkehjh^hf�b�

^_n_dlZfb�k�gbadhc�kbff_ljb_c�hdjm`_gby��hl^_evgu_�ebgbb�exfbg_kp_g�
pbb�gZb[he__�bgl_gkb\gu_�\�^bZiZahg_�����-�����kf-1

���F_lh^Zfb�nhlhex�
fbg_kp_glghc�ki_dljhkdhibb��jZkk_ygby�bhgh\�kj_^gbo�wg_j]bc�b�<BFK�bk�
ke_^h\Zg�ijbf_kguc�khklZ\��_]h�baf_g_gby�ih�]em[bg_�wiblZdkbZevgh]h�kehy�
b�hkh[_gghklb�hilbq_kdb�Zdlb\guo�nhjf�ijbf_kb�wj[by�\�wiblZdkbZevguo�
kljmdlmjZo�� \ujZs_gguo� k� ijbf_g_gb_f� f_lZeebq_kdh]h� bklhqgbdZ� wj[by�
�kh\f_klgh�k�BNF�J:G��. 

 
:G:EBLBQ?KDB?�IJB;HJU 
 

<�hlq_lguc�]h^�ijh^he`Zeky�\uimkd�ZgZeblbq_kdhc�ZiiZjZlmju�jZa�
ebqgufb�hj]ZgbaZpbyfb�JN��]hkm^Zjkl\_ggufb�ij_^ijbylbyfb�b�nbjfZfb�
lbiZ�GII�b�HHH��;hevrZy�qZklv�wlbo�nbjf�gZjy^m�k�\uimkdhf�ijb[hjh\�
kh[kl\_gghc�jZajZ[hldb�j_Zebamxl�ZiiZjZlmjm�ijhba\h^kl\Z�ij_^ijbylbc�
JN��kljZg�KG=�b�aZjm[_`guo�nbjf��Wlh��gZijbf_j��nbjfu�WDHGBDK��
WDHGBDKBWDKI?JL��:D<BEHG��]��Fhkd\Z���<HEVL:��:EL?C��K-
I_l_j[mj]��b�^j��F_gvrZy�qZklv�fZeuo�nbjf�j_Zebamxl�lhevdh�kh[kl\_ggu_�
jZajZ[hldb��Wlh��GZijbf_j��L?OGH:G:EBL��]��Lhfkd���BGNJ:LJHG��]��
Fhkd\Z��b�^j��;eZ]h^Zjy�\k_f�wlbf�hj]ZgbaZpbyf�\hafh`gh�\�dhjhldb_�kjhdb�
\u[jZlv�b�ijbh[j_klb�ijZdlbq_kdb�ex[hc�ijb[hj�hl_q_kl\_ggh]h�b�aZjm[_`�
gh]h�ijhba\h^kl\Z� 

IZjd�ZgZeblbq_kdhc�ZiiZjZlmju�agZqbl_evgh�h[h]ZsZ_lky�aZ�kq_l�jZa�
jZ[hlhd�GBB�b�\ukrbo�mq_[guo�aZ\_^_gbc��LZd��jZajZ[hlZgu�dhfivxl_jb�
abjh\Zggu_�bg\_jkbhggh-\hevlZfi_jhf_ljbq_kdb_�ZgZebaZlhju��B<:-��^ey 
jmlbggh]h�ZgZebaZ�b�^ey�ijh\_^_gby�bke_^h\Zl_evkdhc�b�f_lh^bq_kdhc�jZ[h�
lu�b�B<:-��^ey�ZgZebaZ�b�ijh[hih^]hlh\db�\�ijhlhqguo�kbkl_fZo��Djhf_�
lh]h�jZajZ[hlZg�MN�h[emqZl_ev�\h^guo�jZkl\hjh\�^ey�^_kljmdpbb�I:<�b�
dhfie_dkhh[jZamxsbo�hj]Zgbq_kdbo�\_s_kl\��MjZevkdbc�=WM���Kha^Zg�Z\�
lhfZlbabjh\Zgguc�dmehghf_ljbq_kdbc�dhfie_dk�k�dhgljhebjm_fuf�ihl_g�
pbZehf�k�ih]j_rghklvx�bgl_]jbjh\Zgby��������h[jZ[hldZ�ZgZeblbq_kdh]h�
kb]gZeZ�hkms_kl\ey_lky�IW<F��IH��FZyd���=?HOB�J:G���JZajZ[hlZg�
gbadhnhgh\uc�]ZffZ-ki_dljhf_lj�k�]_jfZgb_\uf�^_l_dlhjhf�^ey�baf_j_gby�
_kl_kl\_gghc�jZ^bhZdlb\ghklb�\�kljhbl_evguo�fZl_jbZeZo��=BJ?>F?L). 
JZajZ[hlZg�b�ihemq_g�k_jlbnbdZl�gZ�\uimkd�\hevZfi_jhf_ljbq_kdh]h�ZgZeb�
aZlhjZ�<:-5 (Dm[Zgkdbc�=M���Kha^ZgZ�hjb]bgZevgZy�dhgkljmdpby�\b[jh�
mklhcqb\h]h�l_jfhdZlZeblbq_kdh]h�k_gkhjZ�b�fZeh]Z[Zjblgh]h�Z\lhfZlbq_�
kdh]h�]ZahZgZebaZlhjZ�]b^jZabgZ�^ey�bkihevah\Zgby�\�e_lZl_evguo�ZiiZjZlZo�
(KGBP�J:G���JZajZ[hlZg�ihjlZlb\guc�mgb\_jkZevguc�we_dljhobfbq_kdbc�
ZgZebaZlhj�k�j_`bfZfb�jZ[hlu�–�\hevlZfi_jhf_ljbb��ihl_gpbhf_ljbb��dm�
ehghf_ljbb�b�ojhghihl_gpbhf_ljbb�k�^Zlqbdhf��kh^_j`Zsbf�ljb�we_dljh�
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obfbq_kdb_�yq_cdb��HHH�BLF��Lhfkdbc�IM���JZajZ[hlZgu�Zfi_jhf_ljb�
q_kdb_�^Zlqbdb�^ey�hij_^_e_gby�dhgp_gljZpbb�dbkehjh^Z�\�mkeh\byo�g_klZ�
[bevghklb�hdjm`Zxs_c�kj_^u��\h^hjh^Z�\�Zahl_�b�bg_jlguo�]ZaZo��Z�lZd`_�
l\_j^hwe_dljheblguc�^Zlqbd�^ey�h^gh\j_f_ggh]h�dhgljhey�dbkehjh^Z�b�hd�
kb^h\�ZahlZ�\�ijh^mdlZo�k]hjZgby�b�\uoehiguo�]ZaZo��B<LW�MjH�J:G). 
Kha^Zg�k\_lh\hc�j_njZdlhf_lj�^ey�dhgljhey�khhl\_lkl\by�fhlhjguo�lhieb\�
klZg^ZjlZf��KI[�=M���JZajZ[hlZg�iheyjh]jZn�IEK-�:�mgb\_jkZevgh]h�gZ�
agZq_gby�k�ijh]jZffguf�h[_ki_q_gb_f�^ey�jmlbggh]h�ZgZebaZ�b�ijh\_^_gby�
bkke_^h\Zgbc��HHH�BGNJ:LJHG��FBJW:��F=LM). 

JZajZ[hlZg�l_ogbq_kdbc�ijh_dl�bkiulZl_evgh]h�kl_g^Z�^ey�h[_ki_q_gby�
bkiulZgbc�l_ogbq_kdbo�kj_^kl\�fhgblhjbg]Z�hdjm`Zxs_c�kj_^u��kha^Z\Z_�
fuo�\�k\yab�k�\\_^_gb_f�\�^_ckl\b_�ij_^ijbylbc�ih�mgbqlh`_gbx�obfbq_�
kdh]h�hjm`by�\�khhl\_lkl\bb�k�Dhg\_gpb_c�h�aZij_s_gbb�obfbq_kdh]h�hjm�
`by��BkiulZl_evguc�kl_g^�h[_ki_qb\Z_l�ijb]hlh\e_gb_�\�^bgZfbq_kdhf�j_�
`bf_�]Zah\uo�kf_k_c�hljZ\eyxsbo�\_s_kl\�k�\ha^mohf�k�dhgp_gljZpbyfb����
���� ���� b� �����I>Dj�a��b�f_rZxsbo�ijbf_k_c� k� \ha^mohf� \� ^bZiZahg_� �-5 
I>Dj�a�  

JZajZ[hlZg� mgb\_jkZevguc� hilbdh-Z[khj[pbhgguc� ]ZahZgZebaZlhj�H:K�
gZ�[Za_�fgh]hwe_f_glguo�nhlhijb_fgbdh\��IAK-ebg__d���h[eZ^Zxsbc��rb�
jhdbf� ^bZiZahghf� ZgZebabjm_fuo� dhgp_gljZpbc�� \ukhdhc� lhqghklvx�� \ha�
fh`ghklvx�ZgZebaZ�rbjhdh]h�ki_dljZ�]Zah\��\hafh`ghklvx�ZgZebaZ�fgh]h�
dhfihg_glguo� ]Zah\uo� kf_k_c�� [ukljh^_ckl\b_f�� \hafh`ghklvx� jZ[hlu� \�
Z\lhfZlbq_kdhf�j_`bf_�b�\�j_`bf_�g_ij_ju\guo�baf_j_gbc��<�gZklhys__�
\j_fy�H:K�bkihevam_lky�^ey�ijh\_^_gby�\ukhdhlhqguo�baf_j_gbc�ijb�i_�
j_^Zq_�_^bgbpu�fheyjghc�^heb�]Zah\uo�dhfihg_glh\� �Zll_klZpbb�ih\_jhq�
guo�]Zah\uo�kf_k_c�b�l��i���<GBBF).  

 
 

:G:EBA�<:@G?CRBO�H;T?DLH< 
 
G_hj]Zgbq_kdb_�kh_^bg_gby��\�lhf�qbke_�hkh[h�qbklu_�\_s_kl\Z�b�ihem�

ijh\h^gbdh\u_�fZl_jbZeu� 
 
JZajZ[hlZgu�f_lh^bdb�hij_^_e_gby�k_e_gZ��kmjvfu�b�furvydZ�\�jm^Zo�

b�ijh^mdlZo�f_^gh-gbd_e_\h]h�ijhba\h^kl\Z��khq_lZxsb_�ij_^\Zjbl_evgh_�
dhgp_gljbjh\Zgb_�hij_^_ey_fuo�we_f_glh\�k�ihke_^mxsbf�hij_^_e_gb_f�
bo�bgkljmf_glZevgufb�f_lh^Zfb��Ih^h[jZgu�dhee_dlhju��l_eemj�^ey�k_e_gZ�
b�]b^jhdkb^�fZj]ZgpZ��IV ��^ey�kmjvfu�b�furvydZ���gZc^_gu�hilbfZevgu_�
mkeh\by�dhebq_kl\_ggh]h�khhkZ`^_gby�b�ZgZeblbq_kdb_�iZjZf_lju�Zlhfgh-
wfbkkbhggh]h�k�BKI�hij_^_e_gby�mdZaZgguo�we_f_glh\��^Zxsb_�\hafh`�
ghklv�hij_^_eylv�k_e_g��furvyd�b�kmjvfm�\�^bZiZahg_�hl��������^h��������
F_lh^u�hij_^_e_gby�fZkkh\hc�^heb�k_e_gZ��kmjvfu�b�furvydZ�k�ij_^\Zjb�
l_evguf�dhgp_gljbjh\Zgb_f�ihke_^gbo�\g_^j_gu�\�ijZdlbdm�jZ[hlu�eZ[hjZ�
lhjbb�ZgZebaZ�]_heh]bq_kdbo�h[t_dlh\�� JZajZ[hlZggu_�f_lh^bdb�iha\hebeb�
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hldZaZlvky�hl�^hjh]hklhys_]h�b�\_kvfZ�hiZkgh]h�jZ^bhZdlb\Zpbhggh]h�f_lh�
^Z�ZgZebaZ��H:H��GhjbevkdZy�]hjgZy�dhfiZgby). 

JZajZ[hlZg�b�Zijh[bjh\Zg�gZ�j_Zevguo�h[t_dlZo�gh\uc�wnn_dlb\guc�
dhfie_dkguc� f_lh^� ij_^\Zjbl_evgh]h� bg^b\b^mZevgh]h� dhgp_gljbjh\Zgby�
Al, Ga�b�In�\�ZgZeba_�klZe_c��kieZ\h\�b�fbg_jZevguo�h[t_dlh\�ihebf_jguf�
o_eZlguf� khj[_glhf� ihebklbjhe-�Zah-1)-3,4-̂ bhdkb-6-gbljh[dgahehf� k� ih�
ke_^mxsbf�ki_dljhnhlhf_ljbq_kdbf�hij_^_e_gb_f�wlbo�we_f_glh\�\�wexZ�
l_��F_lh^�oZjZdl_jbam_lky�wdkij_kkghklvx��ba[bjZl_evghklvx��gbadbfb�ij_�
^_eZfb�h[gZjm`_gby�b�\ukhdhc�\hkijhba\h^bfhklvx�j_amevlZlh\��Sr�khklZ\�
ey_l������–������ijb�kh^_j`Zgbb�Zexfbgby�- 0,015-0,002%; Sr = 0,01 – 0,06 
ijb�kh^_j`Zgbb�]Zeeby�������– 0,003%; Sr = 0,02 –������ijb�kh^_j`Zgbb�bg�
^by� – 0,0001 –� �������� IjZ\bevghklv� f_lh^bdb� ih^l\_j`^Z_lky� ZgZebahf�
klZg^Zjlguo�h[jZaph\�b�f_lh^hf�^h[Z\hd��B=?F�J:G). 

JZajZ[hlZgu�f_lh^bdb� 
 -�nhlhf_ljbq_kdh]h�hij_^_e_gby�heh\Z�\�\b^_�dhfie_dkZ�heh\Z�k�exfh]Ze�
ebhghf��E=��F_rZxs__�\ebygb_�f_^b�mkljZgy_lky�bkihevah\Zgb_f�dhgdm�
jbjmxs_]h�dhfie_dkhh[jZah\Zgby�\�kbkl_fZo�Cu-E=��Sn-E=�b�Cu-Sn-E=-
lbhfhq_\bgZ��F_lh^bdZ�ijbf_g_gZ�^ey�ZgZebaZ�f_^gh-pbgdh\uo�eZlmg_c��
[jhga�b�k\bgph\uo�[Z[[blh\��Sr�g_�ij_\urZ_l��������>Z]_klZgkdbc�=M��dZ�
n_^jZ�:O). 

- nhlhf_ljbq_kdh]h�hij_^_e_gby�\ZgZ^by�b�k\bgpZ�\�\b^_�bo�dhfie_dkh\�
k�ojhfibjZahehf�b�_]h�ZgZeh]Zfb��I_jfkdbc�=M). 

- ki_dljhnhlhf_ljbq_kdh]h�hij_^_e_gby�fZeuo�dhebq_kl\�gbh[by�b�lZg�
lZeZ�k� 

3,5-̂ b[jhf-I:>:N� \� fbg_jZevghf� kujv_� �Fhkdh\kdbc�IM� kh\f_klgh� k�
=?HOB�J:G); 
 -�ki_dljhnhlhf_ljbq_kdh]h�hij_^_e_gby�f_^b�\�keh`ghhdkb^guo�kbkl_fZo�
lbiZ�/D�6U�01-xCuoO3 (M-Co,Mn; 0.05≤x≤�����b�ijh^mdlZo�f_lZeemj]bq_kdh]h�
ijhba\h^kl\Z� �kieZ\Zo�� rl_cgZo�� \� \b^_� dhhj^bgZpbhggh]h� kh_^bg_gby� k�
N,N-^b��-dZj[hdkbwlbe�-3,4-dkbeb^bghf��Ij_bfms_kl\hf�f_lh^bdb�y\ey_lky�
hlkmlkl\b_�g_h[oh^bfhklb�jZ[hlu�k�lhdkbqgufb�hj]Zgbq_kdbfb�jZkl\hjbl_�
eyfb��\hafh`ghklv�hij_^_e_gby�f_^b�gZ�nhg_�fgh]bo�^jm]bo�bhgh\�[_a�bo�
ij_^\Zjbl_evgh]h�hl^_e_gby�beb�fZkdbjh\Zgby��wdij_kkghklv� ���-���fbg��b�
wdhghfbqghklv��MjZevkdbc�=M). 

<�BFD�G:G�MdjZbgu� ijb� ihfhsb� Zlhfgh-wfbkkbhgghc� ki_dljh�
f_ljbb�k�bg^mdlb\gh-k\yaZgghc�ieZafhc� 
-hij_^_eyxl�ijbf_kguc�khklZ\�kujvy�b�fhghdjbklZeeh\�l_eemjb^Z�dZ^fby-
pbgdZ��CZT) –�i_jki_dlb\gh]h�fZl_jbZeZ�^ey�ba]hlh\e_gby�ihemijh\h^gbdh�
\uo�γ-^_l_dlhjh\��jZ[hlZxsbo�ijb�dhfgZlghc�l_fi_jZlmj_��Gb`gb_�]jZgbpu�
hij_^_ey_fuo�kh^_j`Zgbc�Ag, Al, Ca, Co, Cr, Cu, Ge, Mg, Fe, Na, Ni, Pb, Si, 
Sn, Ti�e_`Zl�\�^bZiZahg_���-5–10-4 fZk����agZq_gby�sr�khklZ\eyxl�����-0.1; 
-�bamq_gh�\ebygb_�bhgh\�hkgh\u�gZ�hij_^_e_gb_�ijbf_k_c�\�g_ebg_cguo�fh�
ghdjbklZeeZo�^b]b^jhnhknZlZ�dZeby��Z�bf_ggh�^h��.10-5 fZk���Al, 1.10-5fZk���
Ca, 5.10-6fZk���Cu, 5.10-6fZk���Ni, 1.10-4fZk��Pb�ba���-guo�jZkl\hjh\�kheb� 
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JZajZ[hlZg� ijhklhc� b� wdkij_kkguc� kihkh[� j_gl]_ghnemhj_kp_glgh]h�
hij_^_e_gby� ����–�fZk���e_]bjmxs_c�^h[Z\db�–�[jhfb^h\�\�kpbglbeeypb�
hgguo�fhghdjbklZeeZo�bh^b^Z�p_aby��Kihkh[�ij_^iheZ]Z_l�ij_kkh\Zgb_�h[�
jZapZ�b�j_]bkljZpbx�ZgZeblbq_kdh]h�kb]gZeZ�k�ih\_joghklb�ij_kkh\db��<�dZ�
q_kl\_�]jZ^mbjh\hqguo�h[jZaph\�kem`Zl�ih^\_j]gmlu_�ij_kkh\Zgbx�mqZkldb�
djbklZeeh\�&V,�%U���khk_^gb_�mqZkldb�dhlhjuo�ijhZgZebabjh\Zgu�jZg__�jZa�
jZ[hlZgguf� [he__� ljm^h_fdbf� f_lh^hf�� ij_^mkfZljb\Zxsbf� jZkl\hj_gb_�
h[jZapZ�\�\h^_��>hdZaZgh�hlkmlkl\b_� agZqbfuo�kbkl_fZlbq_kdbo�ih]j_rgh�
kl_c��h[mkeh\e_gguo�klZ^b_c�ijh[hih^]hlh\db��KemqZcgu_�ih]j_rghklb�oZ�
jZdl_jbamxlky� agZq_gbyfb� sr 0.01–������ J_amevlZlu� ZgZebaZ� bkihevah\Zgu�
^ey�hilbfbaZpbb�mkeh\bc�\ujZsb\Zgby�djbklZeeh\�&s,�%U��k�jZ\ghf_jguf�
jZkij_^_e_gb_f�e_]bjmxs_c�^h[Z\db�ih�^ebg_�djbklZeeZ� 
 GZ�H:H�©MjZej_^f_lª�ij_^eh`_gu�f_lh^bdb�hij_^_e_gby�dbkehjh^Z�
\�\ZgZ^bb�we_dljhgghemq_\h]h�i_j_ieZ\Z��\ZgZ^bb�we_dljheblbq_kdhf��eb]Z�
lmjZo�:FPb�:F<LM��<g:e-@��<g:e��blljbb�b�kZfZjbb�f_lZeebq_kdbo�gZ�
ZgZebaZlhj_� ©F_lZ\Zdª� �]��B`_\kd���MklZgh\e_gu� Ze]hjblfu� jZ[hlu� i_qb�
bfimevkgh]h�ieZ\e_gbyh[jZaph\�\�lhd_�bg_jlgh]h�]ZaZ�–�Zj]hgZ��iha\heyx�
sb_�iheghklvx�\u^_eblv�dbkehjh^�\�]Zah\mx�nZam��Ijhp_kk�jZ[hlu�gZ�ijb�
[hj_� dhfivxl_jbabjh\Zg�J_amevlZlu� m^h\e_l\hjbl_evgh� kh]eZkmxlky� k� j_�
amevlZlZfb�g_cljhggh-Zdlb\Zpbhggh]h�ZgZebaZ�gZ�ijb[hjZo�nbjfu�©E_dhª�� 
 �JZajZ[hlZgZ�f_lh^bdZ�fZkk-ki_dljZevgh]h� hij_^_e_gby� \h^u� \� l\_j�
^uo�fZl_jbZeZo� �ki_pkl_deZ��hilh\hehdgh�gZ�hkgh\_�]Zeh]_gb^h\�k_j_[jZ��k�
Kg��o��-4

���fZkk�b�Sr=0.15 (BILF�J:G). 
>ey�hij_^_e_gby�dbkehlghklb�ljZ\bevguo�jZkl\hjh\��kh^_j`Zsbo�oeh�

jb^u�`_e_aZ��gbd_ey��pbgdZ�\�bgl_j\Ze_������–���F�GKl�bkihevah\Zgu�ie_gdb�
E_g]fxjZ-;eh^`_l� �IE;��� kh^_j`Zsb_� ��-��� kf_rZgguo�fhghkeh_\�^bf_�
lbehdlZ^_pbeZffhgb_\hc�kheb�ihebZfb^hdbkehlu�k�[bkZahbg^bdZlhjhf�[_g�
ahimjimjbghf� �KZjZlh\kdbc� =M� dZn_^ju�:O� b�OW� b�nbabdb� ihemijh�
\h^gbdh\). 
 

;eZ]hjh^gu_�f_lZeeu 
 

DZd�b�\�ij_^u^msb_�]h^u�\�jZ[hlZo������]h^Z�[hevrh_�\gbfZgb_�m^_�
eyeb�jZa\blbx�f_lh^h\�jZaeh`_gby�ijbjh^guo�b�l_ogheh]bq_kdbo�ijh[�jZa�
ebqgh]h�khklZ\Z��f_lh^Zf�khj[pbhggh]h�b�wdkljZdpbhggh]h�dhgp_gljbjh\Z�
gby�b�ijh[bjghc�ieZ\db��Bkke_^h\Zeb�f_oZgbaf�jZkij_^_e_gby�b�ba\e_q_gby�
[eZ]hjh^guo�f_lZeeh\�ijb�bo�dhgp_gljbjh\Zgbb�f_lh^Zfb�fbdjhijh[bjghc�
ieZ\db� k�bkihevah\Zgb_f�\�dZq_kl\_�dhee_dlhjZ�kmevnb^Z�gbd_ey� �=?HOB�

J:G���bamqZeb�lZd`_�dhebq_kl\_ggu_�Zki_dlu�ba\e_q_gby�ahehlZ��k_j_[jZ�b�
FI=�\�ijh[bjguc�dhee_dlhj�b�kl_i_gv�hqbkldb�ZgZeblbq_kdh]h�dhgp_gljZlZ�
hl� khimlkl\mxsbo� we_f_glh\� �H:H� ³GhjbevkdZy� ]hjgZy� dhfiZgby´��
PGBB�=GIB�b�D=M�]�DZaZgv���JZkkfhlj_g�f_oZgbaf�jZkl\hj_gby�g_hj]Z�
gbq_kdbo�\_s_kl\�jZaghh[jZaghc�ijbjh^u�ih�^_ckl\b_f�fbdjh\hegh\h]h�ba�
emq_gby�b�hkh[_gghklb�fbdjh\hegh\hc�ih^]hlh\db�ieZlbghkh^_j`Zsbo�h[t�
_dlh\�� dhgp_gljZlh\�� kieZ\h\�� \lhjbqgh]h� kujvy� b� fbg_jZevgh]h� kujvy�
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(=?HOB� J:G��� Bamq_gu� l_hj_lbq_kdb_� b� ijZdlbq_kdb_� \hijhku� hdbkeb�
l_evgh]h�nlhjb^gh]h�jZaeh`_gby�keh`guo�ih�khklZ\m�]_heh]bq_kdbo�h[jZa�
ph\��ojhfblh\��m]e_jh^kh^_j`Zsbo�ihjh^�b�^j���BGO�KH�J:G��HB==F�KH�

J:G���Z�lZd`_�hkh[_gghklb�jZaeh`_gby�wlbo�ijh[�\�kf_kb�dbkehl�\�ZgZeblb�
q_kdbo�Z\lhdeZ\Zo��=?HOB�J:G��BGO�KH�J:G).  

Bgl_gkb\gh� jZa\b\Zebkv� f_lh^u� khj[pbhggh]h� dhgp_gljbjh\Zgby� k�
ijbf_g_gb_f�gh\uo�khj[_glh\�b�bkihevah\Zgb_f�^bgZfbq_kdbo��ijhlhqguo�
b�ijhlhqgh-bg`_dpbhgguo�\ZjbZglh\�f_lh^Z��JZkkfhlj_gu�\hijhku�l_hjbb�b�
ijZdlbdb� ^bgZfbq_kdh]h� dhgp_gljbjh\Zgby�ieZlbgh\uo�f_lZeeh\�b� ahehlZ�
ba� oehjb^guo� jZkl\hjh\� ³gZiheg_ggufb´� \hehdgbklufb� khj[_glZfb� jy^Z�
IHEBHJ=K��=?HOB�J:G���khj[pbhggh]h�dhgp_gljbjh\Zgby�FI=�b�ahehlZ�
\�\b^_�bo�]b^jhnh[guo�kh_^bg_gbc�\�ijhlhqguo�kbkl_fZo�k�bkihevah\Zgb_f�
\� dZq_kl\_� khj[_glZ� k\_jokrblh]h� ihebklbjheZ�� b� ]b^jhnh[babjh\Zgguo�
p_eexehaguo�nbevljh\��F=M���Z�lZd`_�ijh[e_fu�hij_^_e_gby�FI=�\�ijh�
lhqgh-bg`_dpbhgguo� kbkl_fZo� k� ^_l_dlbjh\Zgb_f�FI=� dZlZeblbq_kdbfb��
ihl_gpbhf_ljbq_kdbfb� b� Zfi_jhf_ljbq_kdbfb� f_lh^Zfb� �BHGO� J:G). 
Bamq_gZ�\hafh`ghklv�ijbf_g_gby�^ey�dhgp_gljbjh\Zgby�FI=�b�ahehlZ�jy^Z�
gh\uo�dhfie_dkhh[jZamxsbo�khj[_glh\��Kj_^b�gbo�\hehdgbklu_�khj[_glu�
gZ�hkgh\_�I:G��fh^bnbpbjh\Zggu_�ZebnZlbq_kdbfb�b�]_l_jhpbdebq_kdbfb�
ZfbgZfb�b�lbhk_fbdZj[Zab^gufb�]jmiiZfb��]jZgmevgu_�khj[_glu�-�khiheb�
f_ju�klbjheZ�b�^bwlbgbe[_gaheZ�k�ijb\blufb�f_lbeibjZahevgufb�]jmiiZ�
fb�� \h^hjZkl\hjbfu_� ihebwe_dljheblu� k� ibjZahevgufb� b� wlbelbhwlbef_�
lZdjbeZlgufb� ]jmiiZfb� b� \hehdgbkluc� m]e_jh^guc� khj[_gl�M<K-F��>ey�
[hevrbgkl\Z� khj[_glh\� mklZgh\e_gZ� \ukhdZy� kdhjhklv� ba\e_q_gby� oehjh�
dhfie_dkh\�iZeeZ^by��,,��]eZ\guf�h[jZahf�ih�kf_rZggh-^bnnmabhgghfm�f_�
oZgbafm�b�ihemq_gZ�^_lZevgZy�bgnhjfZpby�h�khj[pbhgghc�_fdhklb�ih�hlgh�
r_gbx�d�oehjb^guf�b�kmevnZlguf�dhfie_dkZf�iZeeZ^by�,,���KI[=LM). >ey�
khj[pbhggh]h� dhgp_gljbjh\Zgby� ahehlZ�b�FI=�bkihevah\Zg� m]e_jh^bkluc�
fZl_jbZe�MF��Lhfkdbc�IM���>ey�dhgp_gljbjh\Zgby�ieZlbgu�ba�oehjb^guo�
b� gbljZlguo� jZkl\hjh\� i_jki_dlb\_g� kbebdZ]_ev� obfbq_kdb� fh^bnbpbjh�
\Zgguc�f_jdZilh]jmiiZfb��Z�lZd`_�p_eexehaZ��obfbq_kdb�fh^bnbpbjh\Zg�
gZy�h-dZj[hdkb[_gaheZahjh^Zgbghf��DjZkghyjkdbc�=M���Bamq_gu�ijhp_kku�
khj[pbb�b�\hkklZgh\e_gby� ahehlZ�gZ�ih\_joghklb� ]b^jhl_jfZevgh�kbgl_ab�
jh\Zgguo� djbklZeeh\� knZe_jblZ�� ]Ze_gblZ� b� fZ]g_lblZ�� H[gZjm`_gh�� qlh�
gZb[he__� Zdlb\gh� ahehlh� khj[bjm_lky� gZ� ih\_joghklb� ]Ze_gblZ�� gZb[he__�
jZ\ghf_jgh�jZkij_^_ey_lky�gZ�ih\_joghklb�fZ]g_lblZ��B=O�KH�J:G). 

>ey�hij_^_e_gby�FI=�\�dhgp_gljZlZo�rbjhdh�ijbf_gyxlky�kh\j_f_g�
gu_�\ukhdhqm\kl\bl_evgu_�nbabq_kdb_�f_lh^u��Z^Zilbjh\Zggu_�d�dhgdj_l�
guf�ZgZebabjm_fuf�h[t_dlZf��F_lh^bdZ�fZkk-ki_dljZevgh]h�k�BKI�hij_^_�
e_gby� kh^_j`Zgby� \k_o� FI=�� ahehlZ� b� k_j_[jZ� \� kmevnb^guo� f_^gh-
gbd_e_\uo� jm^Zo�b�ijhfure_gguo�ijh^mdlZo� k�ij_^_ehf� h[gZjm`_gby�^h�
5⋅10-8

��fZkk��jZajZ[hlZgZ�\��H:H�³GhjbevkdZy�]hjgZy�dhfiZgby´���IhdZ�
aZgZ�i_jki_dlb\ghklv�ijbf_g_gby�fZkk-ki_dljhf_ljbb�k�bg^mdlb\gh�k\yaZg�
ghc�ieZafhc�b�eZa_jghc�Z[_eypb_c��BKI-E:-FK��\�dZq_kl\_�g_jZajmrZxs_�
]h�f_lh^Z�hij_^_e_gby�we_f_glh\�ijbf_k_c�\�Znnbgbjh\Zgguo�^jZ]hp_gguo�



 

�

85 

f_lZeeZo��\�lhf�qbke_�\�Znnbgbjh\Zgghc�ieZlbg_��=HOJ:G�Jhkkbb���:lhf�
gh-wfbkkbhggZy� ki_dljhf_ljby� k� bg^mdpbhgghc� ieZafhc� bkihevah\ZgZ� ^ey�
hij_^_e_gby���-2 – 10-4

�fZk���ieZlbgu�\�hilbq_kdbo�fhghdjbklZeeZo�[jhfb^Z�
dZeby��IhdZaZgh��qlh�ijZdlbq_kdb�\ky�ieZlbgZ�ijbkmlkl\m_l�\�djbklZeeZo�\�
bhgghc�nhjf_�� Z�g_� \� \b^_�f_lZeebq_kdbo� \dexq_gbc��:WK-BKI� ki_dljh�
f_ljby�bkihevah\ZgZ�^ey�hij_^_e_gby�kh^_j`Zgby�ahehlZ��k_j_[jZ��iZeeZ^by�
b�ieZlbgu��\�we_dljhgghf�ehf_��hljZ[hlZgguo�dZlZebaZlhjZo�b�ihemijh^md�
lZo�ahehlh^h[u\Zxs_c�ijhfure_gghklb��BFD�G:G�MdjZbgu���Ijb�hij_�
^_e_gbb�ij_^_eh\�h[gZjm`_gby�b�ih]j_rghklb�::K-�hij_^_e_gby�ahehlZ�ba�
jZkl\hjh\�djbklZeeh\�KH�khklZ\Z�]Ze_gbl��knZe_jbl��ibjbl�[ueh�mklZgh\e_�
gh��qlh�KH�^he`gu�g_�lhevdh�hljZ`Zlv�obfbq_kdbc�khklZ\�ijh[u��gh�b�nhj�
fm�gZoh`^_gby�\�g_c�bkke_^m_fh]h�we_f_glZ��B=O�KH�J:G). 

Ij_^eh`_gZ�gh\Zy�\ukhdhqm\kl\bl_evgZy�f_lh^bdZ�hij_^_e_gby�hkfby�
\�jZkl\hjZo�\�rbjhdhf�^bZiZahg_�_]h�dhgp_gljZpbc�hl���g]�fe�^h���g]�fe�f_�
lh^hf�eZa_jghc-Zlhfgh-nemhj_kp_glghc�ki_dljhf_ljbb��IhdZaZgh��qlh�f_lh�
^bdZ�i_jki_dlb\gZ�^ey�ZgZebaZ�j_Zevguo�h[t_dlh\�ijb�__�khq_lZgbb�k�ij_^�
\Zjbl_evguf�dhgp_gljbjh\Zgb_f�hkfby�\�^bnnmabhgguo�yq_cdZo� �=?HOB�

J:G). 
�JZkkfhlj_gZ�jhev�]mfbgh\uo�dbkehl� �=D��-�]eZ\gh]h�dhfihg_glZ�hj]Z�

gbq_kdbo�\_s_kl\�fhjkdbo�hkZ^dh\�-�dZd�ijbjh^guo�dhfie_dkhh[jZamxsbo�
khj[_glh\��\aZbfh^_ckl\b_�k�dhlhjufb�b]jZ_l�j_rZxsmx�jhev�\�ijhp_kkZo�
gZdhie_gby�FI=�b�ahehlZ�gZ�jZggbo�klZ^byo�nhjfbjh\Zgby�f_klhjh`^_gbc�
[eZ]hjh^guo�f_lZeeh\�\�q_jguo�keZgpZo��>ey�wlbo�p_e_c�bamq_gh�\aZbfh^_c�
kl\b_�bhgh\�ahehlZ�b�FI=�k�=D��\u^_e_ggufb�ba�fhjkdbo�hkZ^dh\��hlh[jZg�
guo�gZ�r_evn_�:fZahgdb��I_jmZgkdhf�r_evn_��\�DZebnhjgbckdhf�aZeb\_�b�\�
DZjkdhf�fhj_��Z�lZd`_�k�m]e_jh^bkluf�\_s_kl\hf��\u^_e_gguf�ba�ihjh^�ah�
ehlhjm^gh]h� f_klhjh`^_gby� <bl\Zl_jkjZg^� �X:J��� MklZgh\e_gZ� \ukhdZy�
khj[pbhggZy�_fdhklv�\k_o�bkke_^h\Zgguo�=D�ih�hlghr_gbx�d�bhgZf�$X�,,,���
3G�,,��� 5K�,,��� 5X�,9�� b� 2V�,9��b� ^hdZaZgZ�ijhqgZy� obfbq_kdZy� k\yav�bhgh\�
[eZ]hjh^guo�f_lZeeh\�k�m]e_jh^bklhc�fZljbp_c��qlh�bf__l�j_rZxs__�agZ�
q_gb_�ijb�\u[hj_�ko_f�dhebq_kl\_ggh]h�ba\e_q_gby�[eZ]hjh^guo�f_lZeeh\�
ba�ihjh^�\�ZgZeblbq_kdbo�b�l_ogheh]bq_kdbo�p_eyo��IhdZaZgh��qlh�=D�fhj�
kdbo� hkZ^dh\� ijZdlbq_kdb� g_� khj[bjmxl� ieZlbgm�,9��� <uy\e_gu� ]eZ\gu_�
ijbqbgu�wlh]h�y\e_gby��\ukhdZy�ijhqghklv�Zd\Zdhfie_dkh\�ieZlbgu� �,9��b�
qZklbqgh_�\hkklZgh\e_gb_�3W�,9��^h�3W�,,��\�kbkl_fZo�k�=D��=?HOB�J:G). 

Hkgh\gu_�gZijZ\e_gby�\�jZa\blbb�nhlhf_ljbq_kdbo�f_lh^h\�\dexqZeb�
kbgl_a�j_Z]_glguo�bg^bdZlhjguo�ihehk��JBI��^ey�wdkij_kkgh]h�b�k_e_dlb\�
gh]h�\bamZevgh]h�beb�nhlhf_ljbq_kdh]h�hij_^_e_gby�FI=��gZ�ijbf_j_�iZe�
eZ^by���BHGO�J:G���kbgl_a�b�ijbf_g_gb_�gh\uo�j_Z]_glh\��\�lhf�qbke_�j_Z�
]_glZ����-^b-Br-I:>:N�^ey�hij_^_e_gby�ieZlbgu��Fhkdh\kdbc�=IM). 

Hkgh\gu_� gZijZ\e_gby� \� jZa\blbb� f_lh^h\� dmehghf_ljbb� \dexqZxl�
jZajZ[hldm� ij_pbabhgguo� f_lh^h\� hij_^_e_gby� fZdjhdhebq_kl\� ahehlZ� b�
WI=��kl_i_gb�hdbke_gby�bhgh\��bo�dhfie_dkhh[jZah\Zgby�b�^jm]bo�ijhp_k�
kh\��Z�lZd`_�ihemq_gb_�gh\uo�we_dljh^guo�fZl_jbZeh\�b�bkihevah\Zgb_�dm�
ehghf_ljbq_kdh]h�f_lh^Z�^ey�hij_^_e_gby�[eZ]hjh^guo�f_lZeeh\�\�keh`guo�
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ijbjh^guo� b� ijhfure_gguo� h[t_dlZo�� Kha^ZgZ� gh\Zy� dmehghf_ljbq_kdZy�
mklZgh\dZ�k�dhgljhebjm_fuf�ihl_gpbZehf�^ey�hij_^_e_gby�[eZ]hjh^guo�f_�
lZeeh\� �=?HOB�J:G���F_lh^Zfb�pbdebq_kdhc�\hevlZfi_jhf_ljbb�b�dmeh�
ghf_ljbb��k�Pt�b�KM-�we_dljh^Zfb��bkke_^h\Zgh�we_dljhobfbq_kdh_�ih\_^_�
gb_� ]_dkZkmevnblZ� Os(II), K10[Os(SO3)6].2H2O�� ij_^klZ\eyxs_]h� bgl_j_k� \�
k\yab�k�i_jki_dlb\ghklvx�bkihevah\Zgby�kmevnblhkh^_j`Zsbo�j_Z]_glh\�\�
l_ogheh]bb� ba\e_q_gby� b� ZnnbgZ`Z�Pt-�f_lZeeh\��IhdZaZgh�� qlh� \� h[eZklb�
ihl_gpbZeh\� hl� ���� -� ����<�ijhbkoh^bl� ^\moklZ^bcgh_� hdbke_gb_�Os(II�� ^h�
Os(VI��� hkeh`g_ggh_� dZlZeblbq_kdbf� ijhp_kkhf�� k\yaZgguf� k� ^bkijhihj�
pbhgbjh\Zgb_f�Os(VI��gZ�Os (IV��b�Os (VIII) (BHGO�J:G��F=:�LOL). 

>ey� \ukhdhqm\kl\bl_evgh]h� hij_^_e_gby� WI=� ij_^eh`_gu� gh\u_� b�
mkh\_jr_gkl\h\Zggu_� dbg_lbq_kdb_�dZlZeblbq_kdb_�f_lh^u��J_Zdpby�hdbk�
e_gby� kmevnZjkZa_gZ� i_jbh^Zlhf� bkihevah\ZgZ� ^ey� hij_^_e_gby� bjb^by� k�
ij_^_ehf�h[gZjm`_gby�^h��⋅10-5

�fd]�fe��F=:�LOL���Gh\Zy�bg^bdZlhjgZy�j_�
Zdpby�^ey�\ukhdhqm\kl\bl_evgh]h�hij_^_e_gby�jml_gby�bkihevam_l�_]h�dZlZ�
eblbq_kdh_�^_ckl\b_�_]h�kmevnZlguo�dhfie_dkh\�\�j_Zdpbb�\hkklZgh\e_gby�
l_ljZZaZfZdjhpbdebq_kdbo�dhfie_dkh\�gbd_ey�,,,��bh^Zl-bhgZfb��BIINb;�
G:G�MdjZbgu).  

Ba\_klgh��qlh�dZlZeblbq_kdZy�Zdlb\ghklv�bhgh\�f_lZeeh\�\�jZkl\hjZo�
aZ\bkbl�hl�nhjf�bo�gZoh`^_gby��F_lh^hf�dZibeeyjgh]h�we_dljhnhj_aZ�bam�
q_gh� khhlghr_gb_� khkms_kl\mxsbo� nhjf� \� jZkl\hjZo� kheyghc�� Zahlghc��
oehjghc�b�k_jghc�dbkehl��Bkke_^h\ZgZ�lZd`_�dZlZeblbq_kdZy�Zdlb\ghklv�jh�
^by� \� j_Zdpbb� hdbke_gby� N-f_lbe^bn_gbeZfbg-4-kmevnhdbkehlu�
�F>N:KD�� i_jbh^Zlhf� dZeby� b� ihdZaZgh�� qlh� dZlZeblbq_kdZy� Zdlb\ghklv�
jh^by�,,,��\�wlhc�bg^bdZlhjghc�j_Zdpbb�mf_gvrZ_lky�\�jy^m�dbkehl��oehjgZy�
>� ZahlgZy�>�oehjh\h^hjh^gZy�>� k_jgZy��FZdkbfZevguc�dZlZeblbq_kdbc� wn�
n_dl�^hklb]Z_lky�ijb�bkihevah\Zgbb�jZkl\hjh\�i_joehjZlZ�jh^by��,,,���\�dh�
lhjhf�dZlZebaZlhj��kh]eZkgh�^Zgguf�DWN�kms_kl\m_l�lhevdh�\�\b^_�dZlbhg�
guo�nhjf��Khq_lZgb_�dbg_lbq_kdh]h�b�we_dljhnhj_lbq_kdh]h�bkke_^h\Zgbc�
i_jki_dlb\gh�^ey�ijh]ghaZ�dZlZeblbq_kdhc�Zdlb\ghklb�bhgh\�WI=�\�bg^bdZ�
lhjguo�j_Zdpbyo��KZjZlh\kdbc�=M��dZn_^jZ�HbGO).  

JZa\b\Zxlky�y^_jghnbabq_kdb_�f_lh^u��JZajZ[hlZgZ�f_lh^bdZ�hij_^_�
e_gby�fbdjhdhebq_kl\�k_j_[jZ�b�ahehlZ�\�jm^Zo�b�ijh^mdlZo�bo�i_j_jZ[hldb��
Gb`gyy� ]jZgbpZ�hij_^_ey_fuo�kh^_j`Zgbc�^ey�ahehlZ� �ih�^he]h`b\ms_fm�
bahlhim��khklZ\beZ��⋅10-5

���fZkk��Z�^ey�k_j_[jZ��ih�dhjhldh`b\msbf�bahlh�
iZf��– 5⋅10-5

���fZkk��=BJ?>F?L).  
 >ey�\ukhdhqm\kl\bl_evghc�ehdZebaZpbb�\�]_heh]bq_kdbo�h[t_dlZo�nZa��

kh^_j`Zsbo�ieZlbgh\u_�f_lZeeu��[hevrhc�bgl_j_k�ij_^klZ\ey_l�khq_lZgb_�
]ZffZ-jZ^bZpbhgghc� Z\lhjZ^bh]jZnbb� b� g_cljhggh-Zdlb\Zpbhgghc� jZ^bh�
]jZnbb��>ey�ZgZebaZ�Z\lhjZ^bh]jZff�jZajZ[hlZg�kihkh[�i_j_\h^Z�Z\lhjZ^bh�
]jZnbq_kdh]h�bah[jZ`_gby�\�we_dljhgguc�nhjfZl��=?HOB�J:G).  
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Hj]Zgbq_kdb_�b�we_f_glhhj]Zgbq_kdb_�kh_^bg_gby 
 

 GZ�hkgh\_�l_hjbb�bgnhjfZpbb�b�l_hjbb�fhe_dmeyjguo� ]jZnh\�ij_^�
eh`_g� gh\uc� ih^oh^� d� mklZgh\e_gbx� ki_dljh-kljmdlmjguo� dhjj_eypbc��
JZajZ[hlZgu�f_lh^u�jZkq_lZ�h[h[s_gguo�bgnhjfZpbhgguo�bg^_dkh\�fZkk-
ki_dljh\��dhlhju_��dZd�ihdZaZgh�gZ�ijbf_j_�[he__����deZkkh\�jZaebqguo�hj�

]Zgbq_kdbo��dj_fgbchj]Zgbq_kdbo�kh_^bg_gbc��dhjj_ebjmxl�kh�kljmdlmjgu�

fb�b�beb�we_dljhggufb�oZjZdl_jbklbdZfb�fhe_dme��qlh�iha\hey_l�bkihev�

ah\Zlv�bo�^ey�b^_glbnbdZpbb�g_ba\_klguo�kh_^bg_gbc��Ijb�wlhf�^ey�h^gh�

agZqgh]h�hlg_k_gby�ZgZebabjm_fh]h�\_s_kl\Z�d�^Zgghfm�deZkkm�kh_^bg_gbc��

^hklZlhqgh�lj_o�fZkk-ki_dljZevguo�bg^_dkh\ (BGWHK�J:G). 
 JZajZ[hlZg�f_lh^�ZgZebaZ�b�kha^ZgZ�eZ[hjZlhjgZy�mklZgh\dZ�^ey�b^_g�
lbnbdZpbb�keh`guo�kf_k_c�`b^dbo�hj]Zgbq_kdbo�\_s_kl\�gZ�hkgh\_�j_]bkl�
jZpbb�\ha[m`^Z_fhc�eZa_jhf�nemhj_kp_gpbb��Bkihevah\Zg�kihkh[� ]eZ\guo�
dhfihg_gl�dZd�\ZjbZgl�fgh]hf_jgh]h�klZlbklbq_kdh]h�ZgZebaZ�ki_dljh\��y\�
eyxs_]hky�[Zah\uf�\�ih^oh^_��jZkihagZ\Zgby�h[jZah\���F_lh^�b�mklZgh\dZ�
ijbf_g_gu�^ey�b^_glbnbdZpbb�[_gabgh\�hl_q_kl\_ggh]h�ijhba\h^kl\Z -�;-
���� :-���� :B-��� b� :B-��� b� ?-[_gabgh\� _\jhi_ckdbo� ijhba\h^bl_e_c�
(Ki[=M). 

�Bkke_^h\Zgh� jZaeh`_gb_� ch^bjh\Zgguo� dZj[hjZgh\� \� mkeh\byo� kh�
``_gby�\�ljm[d_�\�lhd_�dbkehjh^Z�ijb����0 gZ�d\Zjp_�b�jZajZ[hlZgZ�f_lh^bdZ�
h^gh\j_f_ggh]h�hij_^_e_gby��-o�we_f_glh\�–�m]e_jh^Z��\h^hjh^Z��[hjZ�b�ch�
^Z� \� dZj[hjZgZo� k� \ukhdbf� ijhp_glguf� kh^_j`Zgb_f� ch^Z� f_lh^hf� wdk�
ij_kk-]jZ\bf_ljbb��BGWHK�J:G). 

Kbgl_abjh\Zgu�b�bkke_^h\Zgu�[bheh]bq_kdb�Zdlb\gu_�^bbh^]Zeh]_gb�
^u�Zahlkh^_j`Zsbo�hj]Zgbq_kdbo�dZlbhgh\��^bbh^oehjb^u�ljbf_lbe[_gab�
eZffhgby�� ljbwlbe[_gabeZffhgby�� N-p_lbeibjb^bgby�� ^bbh^[jhfb^u� l_l�
jZf_lbeZffhgby��l_ljZ[mlbeZffhgby��N-p_lbeibjb^bgby��ljbbh^b^�[mlbjh�
beohebgby��Bkke_^h\Zgh�\ebygb_�jZaf_jZ�aZf_klbl_ey�m�q_l\_jlbqgh]h�ZlhfZ�
ZahlZ��Z�lZd`_�ijbjh^u�dhhj^bgbjmxs_]h�bh^�]Zeh]_gb^-ZgbhgZ�gZ�mklhcqb�
\hklv�kh_^bg_gbc��bo�kihkh[ghklv�hk\h[h`^Zlv�fhe_dmeyjguc�bh^��JZajZ[h�
lZgZ�ko_fZ�b^_glbnbdZpbb�bkke_^m_fuo�kh_^bg_gbc��hkgh\ZggZy�gZ�aZ\bkb�
fhklb�ojhfZlh]jZnbq_kdhc�ih^\b`ghklb��f_lh^�LKO��b�hilbq_kdbo�oZjZdl_�
jbklbd�BD-��MN-��IFJ-ki_dljh\� hl� ijbjh^u� dZlbhgZ� b� kljmdlmju� ZgbhgZ�
(Jhklh\kdbc�=M��dZn_^jZ�:O). 

�JZajZ[hlZg�f_lh^�hij_^_e_gby�fZeuo�dhebq_kl\�pbZgkh^_j`Zsbo�ib�
j_ljhb^guo�kh_^bg_gbc��hkgh\Zgguc�gZ�bo�jZaeh`_gbb�ijb�s_ehqghf�]b^�
jheba_�k�h[jZah\Zgb_f�k\h[h^gh]h�pbZgb^Z�b�nhlhf_ljbjh\Zgbb�hdjZr_ggh�
]h� jZkl\hjZ�� ihemq_ggh]h� ijb� \aZbfh^_ckl\bb� CN-bhgZ� k� ibjb^bg-
[Zj[blmjh\uf�j_Z]_glhf��BGWHK�J:G). 

JZajZ[hlZgZ� f_lh^bdZ� hij_^_e_gby� h[s_c� hj]Zgbq_kdhc� k_ju�
�HHK��\�g_nl_ijh^mdlZo��\dexqZxsZy�hi_jZpbb�ihegh]h�]b^jh]_ghebaZ�
obfbq_kdbo� k\ya_c� K-S \� fhe_dmeZo� k_jmkh^_j`Zsbo� kh_^bg_gbc��
ijh\h^bfh]h� \� Z\lhghfghf� ijhlhqghf� ihehf� d\Zjp_\hf� j_Zdlhj_� \�
Zlfhkn_j_� \h^hjh^Z� ijb� l_fi_jZlmjZo� ����� -� �����D�� k� meZ\eb\Zgb_f�
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h[jZamxs_]hky� k_jh\h^hjh^Z� \h^guf� jZkl\hjhf� s_ehqb� b�
ihke_^mxsbf� _]h� ]ZahojhfZlh]jZnbq_kdbf� hij_^_e_gb_f� k�
bkihevah\Zgb_f� ^bgZfbq_kdhc� j_Zdpbhgghc� ]Zah\hc� wdkljZdpbb� b�
k_e_dlb\gh]h� ieZf_ggh-nhlhf_ljbq_kdh]h� ^_l_dlbjh\Zgby�� Gb`gyy�
]jZgbpZ�hij_^_ey_fuo�kh^_j`Zgbc�HHK�khklZ\ey_l�ijb[ebabl_evgh 
����� �� fZkk��� \hkijhba\h^bfhklv� b� ih]j_rghklv� j_amevlZlh\� ZgZebaZ� g_�
om`_������hlg���Ki[=M��eZ[hjZlhjby�=O�GBB�obfbb). 

JZajZ[hlZgZ�b�Zll_klh\ZgZ�f_lh^bdZ�wdkij_kk-ZgZebaZ�kmevnheZgZ��l_l�
jZ]b^jhlbhn_g-1,1-̂ bhdkb^��b�ljbwlbe_g]ebdhey��LW=��\�\h^guo�jZkl\hjZo�\�
^bZiZahg_�fZkkh\uo�^he_c�������-�����������ijb�khhlghr_gbb�dhgp_gljZpbc�
hl������^h�������hkgh\ZggZy�gZ�bkihevah\Zgbb�f_lh^Z�bgnjZdjZkghc�Nmjv_-
ki_dljhf_ljbb��F_lh^bdZ�fh`_l�ijbf_gylvky�gZ�g_nl_obfbq_kdbo�b�obfb�
q_kdbo�ij_^ijbylbyo��ijbf_gyxsbo�\� l_ogheh]bq_kdhf�ijhp_kk_�kf_k_\hc�
wdkljZ]_gl�³kmevnheZg-LW=´�(<GBBF). 

�JZajZ[hlZg� f_lh^� hij_^_e_gby� dbg_lbq_kdb� mklhcqb\uo� dZlbhgguo�
dhfie_dkh\�Co(III�� k� bkihevah\Zgb_f� dZibeeyjgh]h� we_dljhnhj_aZ�� \� l�q�� k�
ijbf_g_gb_f�kljmdlmjbjmxsbo�^h[Z\hd� �I:<�jZaghc�ijbjh^u��b�\h^hjZk�
l\hjbfuo�ihebf_jh\��ihebkZoZjb^u���IhdZaZgh�\ebygb_�jZaf_jZ�Zedbevguo�
aZf_klbl_e_c� ijb� Zlhf_� dh[ZevlZ� gZ� we_dljhnhj_lbq_kdmx� ih^\b`ghklv�
dhfie_dkh\�–�gZ[ex^Zehkv�__�mf_gvr_gb_�k�jhklhf�fZkku�eb]Zg^Z��JZajZ[h�
lZg�f_lh^�=@O�eZ[bevguo�dhfie_dkh\��kh^_j`Zsbo�k\yav�Co-Zedbe��\�\b^_�
Zedbebh^b^h\��h[jZamxsboky�ijb�jZaeh`_gbb�dhfie_dkh\�bh^hf� �BGWHK�
J:G). 

�Kha^Zgu�gh\u_�nhknhjhj]Zgbq_kdb_� wdkljZ]_glu�gZ�hkgh\_�mlbebaZ�
pbb�ijh^mdlh\�ijhba\h^kl\Z�hljZ\eyxsbo�\_s_kl\��h[_ki_qb\Zxsb_�dheb�
q_kl\_ggh_�ba\e_q_gb_�Zdlbgb^h\�ba�hloh^h\�y^_jghc�wg_j]_lbdb� �BGWHK�
J:G��=?HOB�J:G). 
 >ey� dhebq_kl\_ggh]h� hij_^_e_gby� ljbbh^b^h\� hj]Zgbq_kdbo�
Zahlkh^_j`Zsbo� dZlbhgh\� \� \b^_� bhggh]h� ZkkhpbZlZ� ljbbh^b^-bhgZ� k�
dZlbhghf� djZkbl_ey� ���-^bf_lbe-2-(4-ibi_jb^bghn_gbe�Zah[_gabfb^Zaheby�
n_gbekmevnZlZ�jZajZ[hlZg�qm\kl\bl_evguc�wdkljZdpbhggh-ki_dljhnhlhf_l-
jbq_kdbc�f_lh^��6r – 0,01 (Jhklh\kdbc�=M��dZn_^jZ�:O). 

Ijbjh^gu_�b�kbgl_lbq_kdb_�\_s_kl\Z��ihebf_ju��JZajZ[hlZgu�f_�
lh^u�ZgZeblbq_kdh]h�dhgljhey�ijhba\h^kl\Z�eZdZ��Bgl_jpb^��k�[bhpb^gufb�
k\hckl\Zfb�–�nhlhf_ljbq_kdh_� hij_^_e_gb_� ^_ckl\mxs_]h� \_s_kl\Z�iheb�
]_dkZf_lbe_g]mZgb^bgZ� \� bkoh^ghf� ijh^mdl_�� eZd_� b� ihdjulbb�� ihl_gpbh�
f_ljbq_kdh_�hij_^_e_gb_�kh^_j`Zgby�Zdlb\gh]h�oehjZ�\�bkoh^hf�oehjkmev�
nbjh\Zgghf�ihebwlbe_g_��BGWHK�J:G). 

�JZajZ[hlZgu�f_lh^u� dhebq_kl\_ggh]h� b� dZq_kl\_ggh]h� dhgljhey� ih�
\_joghklghc�fh^bnbdZpbb�]_fhkhj[_glh\�iheb^b\bgbe[_gahevghc�ijbjh^u��
\dexqZy�BDK�� we_f_glguc� ZgZeba� b� h[jZah\Zgb_� hdjZr_gguo� dhfie_dkh\�
bh^Z� b� pbgdZ� k�fZdjhfhe_dmeZfb� ih\_joghklgh]h�fh^bnbdZlhjZ� �BGWHK�
J:G). 

Ijb�bamq_gbb� eb]gbgh\� mklZgh\e_gZ� \hafh`ghklv�bkihevah\Zgby�f_�
lh^Z�dhk\_gghc�hdkj_^f_ljbb�^ey�oZjZdl_jbklbdb�j_Zdpbhgguo�k\hckl\�j_�
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^hdkihebf_jh\�\�\h^gh-kibjlh\uo�kj_^Zo��<�dZq_kl\_�djbl_jb_\�j_Zdpbhg�
ghc�kihkh[ghklb�ij_^eh`_gh�bkihevah\Zlv�\_ebqbgu�dhgklZgl�kdhjhkl_c�j_�
Zdpbb�n_gheh\� k� kbkl_fhc-f_^bZlhjhf� b� wnn_dlb\guo� hdbkebl_evguo� ih�
l_gpbZeh\��JZajZ[hlZgu�wdki_jbf_glZevgu_�ijb_fu�ijh\_^_gby�hdkj_^f_l�
jbq_kdbo�baf_j_gbc�\�kf_rZgguo�jZkl\hjbl_eyo��Bamq_gZ�dbg_lbdZ�hdbke_�
gby�fh^_evguo�kh_^bg_gbc�kljmdlmjgh]h�a\_gZ�eb]gbgZ�n_jjbpbZgb^-bhghf�
\� \h^gh-kibjlh\hc� kj_^_�� ij_^eh`_g� f_oZgbaf� j_Zdpbb��MklZgh\e_gh�� qlh�
jZkl\hjbl_ev�hdZau\Z_l�kms_kl\_ggh_�\ebygb_�gZ�dbg_lbdm�hdbke_gby�b�j_�
Zdpbhggmx� kihkh[ghklv� n_ghevguo� kh_^bg_gbc� aZ� kq_l� ^hghjgh-
Zdp_ilhjguo�\aZbfh^_ckl\bc�b�kl_jbq_kdbo�nZdlhjh\��K�jhklhf�dhgp_gljZ�
pbb�hj]Zgbq_kdh]h�dhfihg_glZ�\�kf_rZgghf�\h^gh-kibjlh\hf�jZkl\hjbl_e_�
j_ZdpbhggZy�kihkh[ghklv�fh^_evguo�kh_^bg_gbc�b�ij_iZjZlh\�eb]gbgZ�\�j_�
Zdpbyo� hdbke_gby� \hajZklZ_l� \� jy^m� �-ijhiZghe�wlZghe�f_lZghe� �:joZg�
]_evkdbc�=LM). 

JZajZ[hlZg�kihkh[�hij_^_e_gby�ijbf_k_c��hl���-1 ^h���-5
����\�f_lbef_�

lZdjbeZl_��hkgh\Zgguc�gZ�khq_lZgbb�^Zgguo�fZkk-ki_dljhf_ljbb�k�nhlhbh�
gbaZpb_c� ijb� Zlfhkn_jghf� ^Z\e_gbb� k� ^Zggufb� ojhfZ�
lh-fZkk-ki_dljhf_ljbb� k�bhgbaZpb_c� we_dljhgguf� m^Zjhf� �F=M��dZn_^jZ�
:O). 
 JZajZ[hlZgZ�f_lh^bdZ� Zlhfgh-wfbkkbhggh]h� ki_dljZevgh]h� hij_^_e_�
gby�ijbf_k_c�f_lZeeh\�\�dj_fgbchj]Zgbq_kdbo�ihebf_jguo�fZl_jbZeZo��hk�
gh\ZggZy�gZ�dhgp_gljbjh\Zgbb�ijbf_k_c�gZ�m]hevghf�dhee_dlhj_�ihke_�k`b�
]Zgby� dj_fgbchj]Zgbq_kdh]h� fZl_jbZeZ� b� m^Ze_gby� hkgh\gh]h� we_f_glZ� – 
dj_fgby�–�\�\b^_�l_ljZnlhjb^Z��Dhgp_gljZl�ijbf_k_c�gZ�dhee_dlhj_�\ha[m`�
^Zxl� \� ieZaf_� ^m]b� i_j_f_ggh]h� lhdZ��:gZeba� ijh\h^yl� gZ� ki_dljh]jZnZo�
Pess-���DK:-��b�BKI-����JZajZ[hlZggZy�f_lh^bdZ�iha\hey_l�ijh\h^blv�hij_�
^_e_gb_�ijbf_k_c�K, Na, Li, Ba, Sr, Ca, Mg, Al, Fe, Ti, Mn, Cr, Cu, Zn, Pb�\�
dj_fgbchj]Zgbq_kdbo�ihebf_jguo�fZl_jbZeZo�ijb�kh^_j`Zgbb�bo� ��-2-10-5 
��� Ih]j_rghklv� baf_j_gby� khklZ\ey_l� ±� ��� �� ijb� kh^_j`Zgbb� ijbf_k_c�
5⋅10-4

���ijb�^h\_jbl_evghc�\_jhylghklb�������Ijbf_kb�oehjb^-bhgh\�\�dj_f�
gbchj]Zgbq_kdbo�ihebf_jZo�hij_^_eyeb�ihl_gpbhf_ljbq_kdbf�lbljh\Zgb_f�
\h^gh]h� wdkljZdlZ�jZkl\hjhf�gbljZlZ�k_j_[jZ�k�k_j_[jyguf�bg^bdZlhjguf�
we_dljh^hf��Ih]j_rghklv�baf_j_gby�khklZ\ey_l�±�����k�^h\_jbl_evghc�\_�
jhylghklvx������ijb�kh^_j`Zgbb�oehjb^-bhgZ��⋅10-4 %.  
 JZajZ[hlZgZ�f_lh^bdZ� wdkljZdpbhggh-Zlhfgh-wfbkkbhggh]h�hij_^_e_�
gby�ijbf_k_c�f_lZeeh\�\�dhfihabpbhgguo�ihebf_jguo�fZl_jbZeZo��kh^_j�
`Zsbo�jZaebqgu_�gZihegbl_eb�b�^h[Z\db��mklhcqb\u_�d�^_ckl\bx�\ukhdbo�
l_fi_jZlmj�b�fbg_jZevguo�dbkehl��Hkh[_gghklv�f_lh^bdb�khklhbl�\�lhf��qlh�
g_k]hj_\rbc�hklZlhd�dhebq_kl\_ggh�i_j_ghkyl�\�ki_pbZevguc�nlhjhieZklh�
\uc�wdkljZdlhj�b�ijh\h^yl�wdkljZdpbx�ijbf_k_c�^_bhgbah\Zgghc�\h^hc�ijb�
\kljyob\Zgbb� b� gZ]j_\Zgbb� ijb� l_fi_jZlmj_� ���°K� \� l_q_gb_� ��� q��<a\_kv�
p_gljbnm]bjmxl��hlnbevljh\Zgguc�nm]Zl�bkke_^mxl�gZ�kh^_j`Zgb_�we_f_g�
lh\-ijbf_k_c�Zlhfgh-wfbkkbhgguf�f_lh^hf�ZgZebaZ��JZajZ[hlZggZy�f_lh^b�
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dZ�iha\hey_l�hij_^_eylv�fbdjhijbf_kb�f_lZeeh\�\�gZiheg_gguo�ihebf_jZo�k�
ij_^_ehf�h[gZjm`_gby�n⋅10-5 - n⋅10-6 %. 
 JZajZ[hlZg�gh\uc�wdheh]bq_kdb�qbkluc�\ukhdhijhba\h^bl_evguc�kih�
kh[�g_ij_ju\ghc�hqbkldb iheb^bf_lbekbehdkZgh\h]h� dZmqmdZ�� L_dmsbc�
dhgljhev�kl_i_gb�qbklhlu�dZmqmdZ�\�ijhp_kk_�_]h�hqbkldb�ijh\h^beb��baf_�
jyy�\_ebqbgm�_]h�dhwnnbpb_glZ�k\_lhijhimkdZgby�gZ�ki_dljhnhlhf_lj_�KN-
���ijb�^ebg_�\hegu�����gf�b�lhesbg_�kehy����ff�ih�kjZ\g_gbx�k�^_bhgbah�
\Zgghc�\h^hc��MklZgh\e_gh��qlh�hqbs_gguc�dZmqmd��bf_xsbc�dhwnnbpb_gl�
k\_lhijhimkdZgby� ��-������ kh^_j`bl�g_�[he__� �⋅10-5

���ijbf_k_c�gZljby�b�
dZeby��dZd�gZb[he__�jZkijhkljZg_gguo� 
 JZajZ[hlZggu_�f_lh^bdb�bkihevamxlky�\�GBB� we_dljhgguo�fZl_jbZ�
eh\� ijb� jZajZ[hld_� gh\uo� aZsblguo� dj_fgbchj]Zgbq_kdbo� ihebf_jguo�
dhfihabpbc��Z�lZd`_�^ey�l_dms_]h�dhgljhey�dZq_kl\Z�bkoh^gh]h�kujvy�b�]h�
lh\hc�ijh^mdpbb�\�ijhp_kk_�_z�ba]hlh\e_gby� �K_\_jh-Hk_lbgkdbc�=M�bf��
D�E��O_lZ]mjh\Z�GBB�we_dljhgguo�fZl_jbZeh\�� 

Ih^h[jZgu�mkeh\by�hij_^_e_gby�k�ihfhsvx�=@O�gZ�gZ[b\guo�dhehg�
dZo��<W@O� b� g_\h^gh]h� lbljh\Zgby� ^ey� [jhf-2,3,5,6-l_ljZnlhj[_gaheZ�� �-
[jhfl_ljZnlhjn_gbe]b^jZabgZ�� ^_dZnlhj[_gahn_gh-� gZ�� �-Zfbgh-2,3,5,6 – 
l_ljZnlhjibjb^bgZ�� �-]b^jhdkb-2,3,5,6-� l_ljZnlhj-ibjb^bgZ (GBHO� KH�

J:G). 
Bkke_^h\Zgu� aZ\bkbfhklb� kdhjhklb�b�iheghlu� ]b^jhebaZ�b�ihebdhg�

^_gkZpbb�heb]hZedhdkbkbehdkZgh\�hl�khklZ\Z�dZlZebabjmxsbo�kbkl_f��<�dZ�
q_kl\_�dZlZebabjmxsbo�kbkl_f�bkihevah\Zgu�heb]hf_jgu_�dhfihabpbb��ih�
emq_ggu_� kh\f_s_gb_f� l_ljZ[mlhdkblblZgZ� k� iheb\bgbeh\uf� kibjlhf� b�
iheb\bgbeZp_lZlhf� 

JZajZ[hlZgZ�f_lh^bdZ�ihnZagh]h�ZgZeblbq_kdh]h�dhgljhey�lblZghdkZ�
gh\��F_lh^bdZ�\dexqZ_l�\u[hj�wdkljZ]_glZ�heb]hf_jguo�njZdpbc��bh^hf_l�
jbq_kdh_�hij_^_e_gb_�kmffZjgh]h�kh^_j`Zgby�Zedhdkb-]jmii�b�]ZahojhfZlh�
]jZnbq_kdbc� ZgZeba� ijh^mdlh\� ]b^jheblbq_kdh]h� jZks_ie_gby� b� ihebdhg�
^_gkZpbb�� <� dZq_kl\_� wdkljZ]_glZ� ij_^eh`_gh� bkihevah\Zlv� ^bwlbeh\uc�
wnbj��=ZahojhfZlh]jZnbq_kdbc�ZgZeba�ijh\h^blv�\�ijh]jZffbjh\Zgghf�j_�
`bf_�gZ]j_\Z�l_jfhklZlZ�dhehghd�k�h^gh\j_f_gguf�bkihevah\Zgb_f�g_ih^�
\b`guo�nZa�jZaebqghc�iheyjghklb�� 

�JZajZ[hlZggu_�f_lh^bdb�bkihevah\Zgu�ijb�\u[hj_�hilbfZevguo�mk�
eh\bc�kbgl_aZ�ihebf_jgh-dhfihabpbhgguo�fZl_jbZeh\�k�aZ^Zggufb�k\hckl�
\Zfb��JOLM��dZn_^jZ�:O). 

>ey�h[_ki_q_gby�dhgljhey�ijhba\h^kl\Z�pbdehi_glZ^b_gbe-ljbdZj[h-
gbefZj]ZgpZ��PLF��jZajZ[hlZg�dhfie_dk�ojhfZlh]jZnbq_kdbo�f_lh^bd� 
- hij_^_e_gb_�^bpbdehi_glZ^b_gZ�qbklhlhc� ��-����fZkk��gZ�kh^_j`Zgb_�

hkgh\gh]h�\_s_kl\Z�b�ijbf_k_c� 
- hij_^_e_gb_�hj]Zgbq_kdbo�ijbf_k_c�\�bkihevam_fuo�\�ijhp_kk_�kbgl_aZ�

PLF�jZkl\hjbl_eyo�^h�b�ihke_�bo�j_]_g_jZpbb� 
- hij_^_e_gb_�hj]Zgbq_kdbo�ijbf_k_c�\�klhqguo�\h^Zo��h[jZamxsboky�\�

ijhba\h^kl\_�PLF� 
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<u[jZgu� hilbfZevgu_� mkeh\by� hij_^_e_gby� ijbf_kb� \h^u� f_lh^hf�
dmehghf_ljbq_kdh]h�lbljh\Zgby�ih�Nbr_jm�\�PLF��Z�lZd`_�kujv_�^ey�_]h�
ijhba\h^kl\Z� �oehjbkluc� fZj]Zg_p�� l_ljZ]b^jhnmjZg�� \_j_l_ggh_� fZkeh��
d_jhkbg���=GBBOLWHK). 

JZajZ[hlZgZ�f_lh^bdZ� jZa^_evgh]h� hij_^_e_gby�ihebhdkbwlbebjh\Zg�
guo�ghgben_gheh\��jZaebqZxsboky�qbkehf�hdkbwlbevguo�]jmii�k�k_e_dlb\�
gufb�f_f[jZggufb�we_dljh^Zfb��fh^bnbpbjh\Zggufb�fhe_dmeyjgufb�kb�
lZfb��KZjZlh\kdbc�=M��dZn_^jZ�:O�b�OW). 

K�ijbf_g_gb_f�\ukhdhqm\kl\bl_evgh]h�ki_dljhf_ljZ�dhf[bgZpbhggh�
]h�jZkk_ygby�DJ�L�������kgZ[`_ggh]h�KKD�^_l_dlhjhf�b�fbdjhkdhihf��qlh�
iha\hey_l� bkke_^h\Zlv� h[t_dlu� k� ijhkljZgkl\_gguf� jZaj_r_gb_f� ihjy^dZ�
g_kdhevdbo�fbdjhg�� aZdhgq_gh�bkke_^h\Zgb_�jZaebqguo�ijbjh^guo�kd_e_l�
guo�ZefZah\�ba�f_lZfhjnbq_kdbo�ihjh^��Dmf^udhevkdh_�f_klhjh`^_gb_��b�
dbf[_jeblh\h]h�ZefZaZ��:joZg]_evkdZy�h[eZklv���Bkke_^h\Zgu�lZd`_�ZefZau�
ijbjh^gu_��Ydmlby�b�:\kljZeby��b�kbgl_lbq_kdb_�ba�BgklblmlZ�nbabdb�\u�
khdbo� ^Z\e_gbc� J:G� b� Fhkdh\kdhc� ]hkm^Zjkl\_gghc� ]_heh]hjZa\_^hqghc�
ZdZ^_fbb��>ey� ]_ffheh]bq_kdhc�^bZ]ghklbdb�bamq_gu�djbklZeeu��ljZ^bpb�
hggh� bkihevamxsb_k� dZd� bfblZpby� ZefZaZ��nZ[mebl��nbZgbl� b�fmZkkhgbl��
Ki_dlju�DJ�bfblZpbc�^hklZlhqgh�keh`gu�b�g_�ihoh`b�gZ�ki_dlj�DJ�ZefZaZ��
wlh�iha\hey_l�[ukljh��e_]dh�b�g_^_kljmdlb\gh�hlebqZlv�ZefZa�hl�bfblZpbc��
H^gZdh�jZaebqZlv�ijbjh^gu_�b�kbgl_lbq_kdb_�ZefZau��Z�lZd`_�\uy\blv�aZ\b�
kbfhklb� f_`^m� x\_ebjguf� dZq_kl\hf� ZefZaZ� g_� m^Zehkv�� Ih-\b^bfhfm��
kbgl_lbq_kdb_� ZefZau� ihke_^g_]h� ihdhe_gby� h[eZ^Zxl� ^hklZlhqgh�
kh\_jr_gghc� kljmdlmjhc�� kjZ\gbfhc� kh� kljmdlmjhc� �ghjfZevgh]h��
x\_ebjgh]h�ijbjh^gh]h�ZefZaZ� 

MklZgh\dZ�� \dexqZxsZy� ki_dljhf_lj� U-����� k� \ha[m`^Zxsbfb� eb�
gbyfb����������b�����gf��iha\hebeZ�j_]bkljbjh\Zlv�h^gh\j_f_ggh�kh�ki_d�
ljhf�DJ�ki_dlj�exfbg_kp_gpbb�\�h[eZklb����-����gf�Ki_dlju�exfbg_kp_g�
pbb�m�dhgdj_lguo�bkke_^h\Zgguo�ijbjh^guo�b�kbgl_lbq_kdbo�ZefZah\�hdZ�
aZebkv�jZaebqgufb��qlh�iha\hey_l�bo�hlebqZlv�^jm]�hl�^jm]Z��Fh`gh�eb�wlh�
jZkijhkljZgblv� gZ� \k_� ijbjh^gu_� b� bkdmkkl\_ggu_� ZefZau�� ihdZ`ml� ^Zev�
g_crb_�bkke_^h\Zgby� 

Bamq_gu�BD-ki_dlju�\�kj_^g_c������-����kf-���b�[eb`g_c�������-4300 
kf-1

�� BD-h[eZklyo� [hevrh]h� dhebq_kl\Z� ijbjh^guo� b� fh^bnbpbjh\Zgguo�
djZofZeh\� k� p_evx� h[gZjm`_gby� ZgZeblbq_kdbo� ijbagZdh\�� iha\heyxsbo�
jZaebqZlv�ijbjh^gu_�djZofZeu�f_`^m�kh[hc�b�hlebqZlv�bo�hl�obfbq_kdb�b�
jZ^bZpbhggh�fh^bnbpbjh\Zgguo��b�bkihevah\Zlv�wlh�\�jZ[hl_�lZfh`_gguo�
eZ[hjZlhjbc��BGWHK�J:G). 

qÆ»ºÁÄ¼»Ã� ÃÄ¸Ñ¿�Â»ÈÄº� ¾ÇÇÁ»ºÄ¸¶Ã¾µ� ÄÆ¹¶Ã¾Í»ÇÀ¾Ë� ¸»Ï»ÇÈ¸�� Ã¶�
ËÄºµÏ¾ËÇµ�¸�¸¾º»�ÈÄÃÀÄ¿��ºÄ����ÃÂ��ÅÁ»ÃÀ¾�Ã¶�ÅÄ¸»ÆËÃÄÇÈ¾�¸ÄºÑ��n»ÈÄº 
ÄÇÃÄ¸¶Ã�Ã¶�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶Ã¾¾�ÄÆ¹¶Ã¾Í»ÇÀÄ¹Ä ¸»Ï»ÇÈ¸¶�ÅÆ¾�Å»Æ»ÃÄÇ»�»¹Ä�
Ç�ÅÄ¸»ÆËÃÄÇÈ¾�¸ÄºÑ�Ã¶ ÅÄ¸»ÆËÃÄÇÈÒ�½ÄÃº¶��Ç�ÅÄÇÁ»ºÉÔÏ¾Â�ÄÅÆ»º»Á»Ã¾»Â�
Ä·Ï»¹Ä�ÇÄº»Æ¼¶Ã¾µ�ÄÆ¹¶Ã¾Í»ÇÀÄ¹Ä�¸»Ï»ÇÈ¸¶�È¸»ÆºÄÓÁ»ÀÈÆÄÁ¾ÈÃÑÂ�¶Ã¶�
Á¾½¶ÈÄÆÄÂ��qÆ»ºÁÄ¼»Ã�ÅÆ¾»Â�ÂÃÄ¹ÄÀÆ¶ÈÃÄ¹Ä�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶Ã¾µ��ÅÄ¸ÈÄ�
Æ»Ã¾»� ÓÈ¶ÅÄ¸� ÅÄ¹ÆÉ¼»Ã¾µ� ¾� ¸ÑÈµ¹¾¸¶Ã¾µ� ½ÄÃº¶��� ÅÄ½¸ÄÁµÔÏ¾¿� ÀÄÃÈÆÄ�
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Á¾ÆÄ¸¶ÈÒ�ÄÍ»ÃÒ�Ã¾½À¾»� ÇÄº»Æ¼¶Ã¾µ�ÄÆ¹¶Ã¾Í»ÇÀÄ¹Ä�¸»Ï»ÇÈ¸¶�Ã¶� ¹Æ¶Ã¾Ì»�
Æ¶½º»Á¶�Ê¶½�¸Äº¶�¸Ä½ºÉË��egpwj�rbo���

 
;bheh]bq_kdb_�b�f_^bpbgkdb_�h[t_dlu��nZjfZp_\lbq_kdb_�ij_iZjZlu 
 

JZajZ[hlZg�Zfi_jhf_ljbq_kdbc�bffmghk_gkhj�^ey�^bZ]ghklbdb�aZ[he_�
\Zgby�de_s_\h]h�wgp_nZeblZ��\�dhlhjhf�bkihevam_lky�\aZbfh^_ckl\b_�\bjmkZ�
wgp_nZeblZ�kh�ki_pbnbq_kdbfb�Zglbl_eZfb�b�ihke_^gbo�k�ijhl_bghf�:��f_�
q_gguf� dheehb^guf� ahehlhf��:glb]_g� bffh[bebabjm_lky� gZ� ih\_joghklb�
we_dljh^Z��Kb]gZehh[jZamxs_c� y\ey_lky� we_dljhobfbq_kdZy� j_Zdpby� hdbk�
e_gby� ahehlZ��JZajZ[hlZgguc�bffmghk_gkhj�fh`_l�[ulv�iheh`_g�\�hkgh\m�
kha^Zgby�^_r_\h]h��ihjlZlb\gh]h�ZgZebaZlhjZ�^ey�^bZ]ghklbdb�\bjmkZ�de_�
s_\h]h�wgp_nZeblZ� 

IhdZaZgZ� \hafh`ghklv� ijyfh]h� bg\_jkbhggh-\hevlZfi_jhf_ljbq_-
kdh]h�hij_^_e_gby�dhgp_gljZpbc�bhgh\�f_^b��k\bgpZ�b�dZ^fby�\�djh\b�k�bk�
ihevah\Zgb_f� lheklhie_ghqgh]h�fh^bnbpbjh\Zggh]h� ]jZnblh\h]h� we_dljh�
^Z��Ij_^eh`_g�kihkh[�ijyfh]h�hij_^_e_gby�wlbo�we_f_glh\�k�bkihevah\Zgb�
_f�fbgbZlxjgh]h�^ZlqbdZ��jZajZ[hlZggh]h�gZ�hkgh\_�lheklhie_ghqgh]h�]jZ�
nblh\h]h�fh^bnbpbjh\Zggh]h� we_dljh^Z��Ih^ZgZ�f_`^mgZjh^gZy� aZy\dZ�gZ�
bah[j_l_gb_� ³We_dljhobfbq_kdbc� ^Zlqbd´� �^ZlZ� ijbhjbl_lZ� �� k_gly[jy�
����]���]hlh\blky�f_`^mgZjh^gZy�aZy\dZ�³Kihkh[�ba]hlh\e_gby�fh^bnbpbjh�
\Zggh]h�we_dljh^Z´�(MjZevkdbc�=WM). 

Ijh\h^ylky�jZ[hlu�ih�hij_^_e_gbx�kh^_j`Zgby�hklZlhqguo�dhebq_kl\�
Zglb[bhlbdh\� \� [bheh]bq_kdbo�`b^dhklyo� q_eh\_dZ��HljZ[hlZgu�f_lh^bdb�
ijh[hih^]hlh\db�^ey�ZgZebaZ�Zglb[bhlbdh\�\�djh\b�iZpb_glh\�k�imevfZgh�
eh]bq_kdbfb�aZ[he_\Zgbyfb��>Zevg_\hklhqguc�=M�� 

Ih^]hlh\e_gu�hiulgu_�h[jZapu�l_kl-kbkl_fu�^ey�wdkij_kkgh]h�bffm�
ghZgZebaZ�mjh\gy�l_klhkl_jhgZ�\�ku\hjhld_�djh\b��him[ebdh\Zgu�f_lh^bq_�
kdb_�mdZaZgby�ih�__�ijbf_g_gbx��GZ�ijbf_j_�^Zgghc�kbkl_fu�kh\f_klgh�k�
BHGO� J:G� hkms_kl\e_gZ� Zijh[Zpby� ihjlZlb\gh]h� nhlhf_ljZ-
j_ne_dlhf_ljZ�^ey�j_]bkljZpbb�dhebq_kl\_gguo�j_amevlZlh\�ZgZebaZ��F_lh�
^bdZ�m^h\e_l\hjy_l�f_`^mgZjh^guf� lj_[h\Zgbyf�d� kbkl_fZf� wdkij_kkgh]h�
f_^bpbgkdh]h�dZd�ih�qm\kl\bl_evghklb������-����g]�fe�^ey�l_klhkl_jhgZ���lZd�
b�ih�wdkij_kkghklb����-���fbg���BG;B�J:G��eZ[��bffmgh[bhobfbb). 

JZajZ[hlZgu�f_lh^bdb�hij_^_e_gby� 
-�mjZgZ� ��������f]�e��\�fhq_�f_lh^hf�Z^khj[pbhgghc�dZlh^ghc�\hevl�
Zfi_jhf_ljbb� 

-�bh^Z�\�\hehkZo�ihke_�bo�s_ehqgh]h�kh``_gby�f_lh^hf�B<�k�JIW�� 
-�oehjZfn_pbdheZ�b�l_ljZpbdebgZ�]b^jhoehjb^Z�\�]eZaguo�dZieyo��lZ[�
e_ldZo�b�ihjhrdZo��Lhfkdbc�IM��eZ[��fbdjhijbf_k_c);  

- ]_glZfbpbgZ�\�ku\hjhld_�djh\b� �Sr <������bhghf_ljbq_kdb� �=?HOB�

J:G�� 
JZajZ[hlZgZ� bhghojhfZlh]jZnbq_kdZy� f_lh^bdZ� hij_^_e_gby� bh^b^-

bhgh\� k� Zfi_jhf_ljbq_kdbf� ^_l_dlbjh\Zgb_f� b� bhghojhfZlh]jZnbq_kdZy�
f_lh^bdZ�hij_^_e_gby�k_ju��[jhfZ�b�nhknhjZ�k�dhg^mdlhf_ljbq_kdbf�^_l_d�
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lbjh\Zgb_f� \�[bheh]bq_kdbo�ijh[Zo��MklZgh\e_gh��qlh�bkihevah\Zgb_�dbk�
euo�wex_glh\� �jG�����iha\hey_l�\����jZa�ih\ukblv�qm\kl\bl_evghklv�bhgh�
ojhfZlh]jZnbq_kdh]h�hij_^_e_gby�bh^b^-bhgh\�k�Zfi_jhf_ljbq_kdbf�^_l_d�
lbjh\Zgb_f�ih�kjZ\g_gbx�k�ljZ^bpbhggh�ijbf_gy_fufb�wex_glZfb�k�jG��-
7. 

JZajZ[hlZgZ� f_lh^bdZ� bhghojhfZlh]jZnbq_kdh]h� hij_^_e_gby� \Zevi�
jh_\hc�dbkehlu�\�ieZaf_�djh\b�q_eh\_dZ��hkgh\ZggZy�gZ�gh\Zc�ko_f_�ojhfZ�
lhf_f[jZggh]h�wdkljZdpbhggh-j_wdkljZdpbhggh]h�ij_^dhgp_gljbjh\Zgby� 

HljZ[hlZg�l_dmsbc�dhgljhev�k�ijbf_g_gb_f�<W@O��LKO�b�g_\h^gh]h�
lbljh\Zgby�^ey�ijhp_kkZ�ihemq_gby�dZj^bheh]bq_kdh]h�ij_iZjZlZ�©:eeZib�
gbgª� 
KhklZ\e_gu� l_ogbq_kdb_� mkeh\by� gZ� gh\uc� Z^Zilh]_gguc� ij_iZjZl� –
hdkbf_lbemjZpbe (GBHO�KH�J:G). 

Ijh\_^_gh�bamq_gb_�\ebygby�fh^bnbpbjh\Zgguo�jZkl\hjbl_e_c� �Zeb�
nZlbq_kdbo� kibjlh\� b� ^boehjZedZgh\�� gZ� iZjZf_lju� ojhfZlh]jZnbq_kdh]h�
m^_j`b\Zgby� b� jZaj_r_gby� kbgl_lbq_kdbo� `bjhjZkl\hjbfuo� \blZfbgh\�
�@J<�� 

Ij_^eh`_g� kihkh[� \u[hjZ� wex_glZ�� g-]_dkZg� - 1,2-̂ boehjhwlZg� -� g-
[mlZghe� �������� ������� �����h[�����^ey�hij_^_e_gby�kbgl_lbq_kdbo�@J<��?-
Zp_lZl��:-Zp_lZl��D3�b�>2�\�iheb\blZfbgguo�nZjfZp_\lbq_kdbo�ij_iZjZlZo�
©=_dkZ\blª�� ©Mg^_\blª�� ©=_g^_\blª�f_lh^hf�\ukhdhwnn_dlb\ghc�`b^dhkl�
ghc� ojhfZlh]jZnbb�� Kl_i_gv� ba\e_q_gby� \blZfbgh\� ijb� h^ghdjZlghc� wdk�
ljZdpbb�[he__� �����JZ\gh\_kb_�wdkljZdpbb�mklZgZ\eb\Z_lky�aZ���fbg��Ijh�
^he`bl_evghklv�h^gh]h�ojhfZlh]jZnbq_kdh]h�hij_^_e_gby�g_�[he__����fbg� 

�JZajZ[hlZgZ�wdkij_kkgZy�f_lh^bdZ�hij_^_e_gby�\blZfbgZ�<1�f_lh^hf�
\ukhdhqZklhlgh]h�hkZ^bl_evgh]h�lbljh\Zgby��hkgh\ZggZy�gZ�_]h�\aZbfh^_c�
kl\bb�k�hj]Zgbq_kdbfb�hkZ^bl_eyfb��l_ljZn_gbe[hjZlhf�gZljby��ibdjbgh\hc�
dbkehlhc���JOLM).  

Ij_^eh`_gu� mkeh\by� ijh\_^_gby� ZgZeblbq_kdh]h� dhgljhey� gZ� \k_o�
klZ^byo�ijhba\h^kl\Z�e_dZjkl\_ggh]h�ij_iZjZlZ��IZgZdk_e���jZajZ[hlZgZ�f_�
lh^bdZ�hij_^_e_gby�hkgh\gh]h�\_s_kl\Z�ih�kh^_j`Zgbx�]_jfZgby�\�km[klZg�
pbb� –� ]_jfZgbchj]Zgbq_kdhf� kh_^bg_gbb� �-dZj[hdkbwlbe]_jfk_kd\bhdkZg_�
�f_lh^bdZ�\dexq_gZ�\�l_ogbq_kdb_�mkeh\by�gZ�^Zgguc�ijh^mdl���jZajZ[hlZgu�
f_lh^bdb� ki_dljhnhlhf_ljbq_kdh]h� hij_^_e_gby� ]_jfZgby� \� [bhfZkk_�
`_gvr_gy��\ujZs_gghc�k�bkihevah\Zgb_f�]_jfZgbchj]Zgbq_kdh]h�kh_^bg_�
gby��Z�lZd`_�\�e_dZjkl\_gghf�ij_iZjZl_� �IZgZdk_e���ihemq_gghf�gZ�hkgh\_�
[bhfZkku�`_gvr_gy��ihke_�ij_^\Zjbl_evghc�fbg_jZebaZpbb�ZgZebabjm_fh]h�
h[jZapZ��F_lh^bdb�j_dhf_g^h\Zgu�^ey�\dexq_gby�\�khhl\_lkl\mxsb_�nZj�
fZdhi_cgu_�klZlvb� 
 >ey� dhgljhey� dZq_kl\Z� [bheh]bq_kdb� Zdlb\ghc� ^h[Z\db� �<blZklhf��
jZajZ[hlZgu�f_lh^bdb�hij_^_e_gby�pbgdZ�b�]_jfZgby� 

<k_]h�jZajZ[hlZgh���f_lh^bd���=GBBOLWHK). 
JZajZ[hlZgZ�ijbgpbibZevgZy�ko_fZ�ZgZebaZ�jZklbl_evguo�fZl_jbZeh\�

gZ�kh^_j`Zgb_�j_gby�\�p_eyo�bamq_gby�hkh[_gghkl_c�_]h�Zddmfmebjh\Zgby�\�
`b\uo�hj]ZgbafZo��>Zggu_�h�jZkij_^_e_gbb�j_gby�\�jZkl_gbyo�fh]ml�[ulv�
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bkihevah\Zgu�\�dZq_kl\_�[bh]_hobfbq_kdh]h�bg^bdZlhjZ�ijb�ihbkd_�f_klh�
jh`^_gbc��Z�lZd`_�^ey�j_r_gby�\hijhkh\�[bhl_ogheh]bb��=?HOB�J:G). 

Bkke_^m_lky�khklZ\�b�k\hckl\Z�ZedZehb^h\��ba\e_dZ_fuo�ba�^bdhjhkh\�
>Zevg_]h�<hklhdZ��Bkke_^h\Zgh�kh^_j`Zgb_�d\_jp_lbgZ�b�jmlbgZ�\�nZjfhdh�
i_cguo�ij_iZjZlZo��IhdZaZgh��qlh�fgh]b_�ijbfhjkdb_�^bdhjZklmsb_�jZkl_�
gby� [h]Zlu� ZedZehb^Zfb�� y\eyxsbfbky� [bheh]bq_kdb� Zdlb\gufb� kh_^bg_�
gbyfb��>Zevg_\hklhqguc�=M�� 

Ij_^eh`_gu� qm\kl\bl_evgu_� f_lh^bdb� hij_^_e_gby� Zahlkh^_j`Zsbo�
]_l_jhpbdebq_kdbo�ZedZehb^h\�\�]hlh\uo�e_dZjkl\_gguo�nhjfZo��jZkl\hjZo�
^ey�bgt_dpbc��ihjhrdZo��lZ[e_ldZo���hkgh\Zggu_�gZ�nhlhf_ljbjh\Zgbb�[m�
lZghevguo� wdkljZdlh\�bo�bhgguo�ZkkhpbZlh\�k�ZahdjZkbl_e_f�–kmevnhgZah�
 K�p_evx�\uy\e_gby�mkeh\bc�ihegh]h�\u^_e_gby�nZjfZdheh]bq_kdb�Zd�
lb\guo� dhfihg_glh\� ijh\_^_g� obfbq_kdbc� ZgZeba� e_dZjkl\_ggh]h� jZklb�
l_evgh]h� kujvy� ljZ\� �q_[j_pZ�� a\_jh[hy�� djZib\u�� imklujgbdZ�� qbklhl_eZ��
^mrbpu�b�^j����ijhbajZklZxsbo�gZ�l_jjblhjbb�J_kim[ebdb�>Z]_klZg��b�nb�
lhij_iZjZlh\�ba�gbo� �gZklh_\��gZklh_d� ����� ����b� hl\Zjh\���MklZgh\e_gh��
qlh�����gZklhcdb�b�gZklhb�[h]Zq_�kh^_j`Zgb_f�wnbjguo�fZk_e�b�neZ\Zghb�
^h\�� IhdZaZgh�� qlh� e_dZjkl\_ggh_� jZklbl_evgh_� kujv_�� ijhbajZklZxs__� \�
]hjguo� jZchgZo�� [h]Zq_� ih� fbg_jZevghfm� khklZ\m�� Z� kh^_j`Zgb_� wnbjguo�
fZk_e�b�neZ\Zghb^h\�\ur_�\�kj_^g_f�\�����jZaZ�ih�kjZ\g_gbx�k�^Zggufb�gZ�
mqgh-l_ogbq_kdhc�^hdmf_glZpbb��>Z]_klZgkdbc�=M��dZn_^jZ�:O). 
 F_lh^Zfb�:WK��::K� b�IN� ijh\_^_g� ZgZeba� ahevguo� hklZldh\� jy^Z�
h[t_dlh\�[bhkn_ju�=hjgh]h�:elZy� �jZkl_gby��ju[u��ey]mrdb��ihe_\u_�fu�
rb��b�hij_^_e_g�^bZiZahg�kh^_j`Zgby�g_hj]Zgbq_kdbo�lhdkbdZglh\�\�aZ\b�
kbfhklb�hl�ijbgZ^e_`ghklb�ijh[u�d�hij_^_e_gghc�qZklb�hj]ZgbafZ��_]h�\b�
^Z��Zj_ZeZ�jZkijhkljZg_gby��Lhfkdbc�=M). 
 

Ibs_\u_�ijh^mdlu�b�dhjfZ 
 
L\_j^hl_evgu_�obfbq_kdb_�k_gkhju�gZ�hkgh\_�oZevdh]_gb^guo�kl_dhe��

I<O�f_f[jZgu�k�\ukhdhc�i_j_dj_klghc�qm\kl\bl_evghklvx�b�^jm]b_�k_gkh�
ju�ijbf_g_gu�\�³we_dljhgguo�yaudZo´�-�fmevlbk_gkhjguo�kbkl_fZo�^ey�dh�
ebq_kl\_ggh]h�fgh]hdhfihg_glgh]h�ZgZebaZ�`b^dhkl_c�b�^ey�jZkihagZ\Zgby�
�b^_glbnbdZpbb��deZkkbnbdZpbb��keh`guo�`b^dbo�kj_^��\�qZklghklb�ibs_�
\uo�ijh^mdlh\�� 

MklZgh\e_gZ� \hafh`ghklv� deZkkbnbdZpbb� k� ihfhsvx� ³we_dljhggh]h�
yaudZ´�j_iqZlh]h�emdZ�b�emdZ-rZeehlZ�\�aZ\bkbfhklb�hl�khjlZ��f_klZ�b�mkeh�
\bc�_]h�ijhbajZklZgby�� 

MklZgh\e_gZ�\hafh`ghklv�b^_glbnbdZpbb�fZklblZ�m�dhjh\�k�ihfhsvx�
³we_dljhggh]h�yaudZ´�ih�bgl_]jZevghfm�khklZ\m�dhjh\v_]h�fhehdZ��IhdZaZgZ�
\hafh`ghklv�jZkihagZ\Zgby�fZklblZ�\�h[jZapZo�fhehdZ��ihemq_ggh]h�\�oh^_�
Z\lhfZlbq_kdh]h�fZrbggh]h�^h_gby��qlh�iha\hey_l�jZkkqblu\Zlv�gZ�ijbf_�
g_gb_�³we_dljhggh]h�yaudZ´�\�kbkl_fZo�dhgljhey�dZq_kl\Z�fhehqghc�ijh^md�
pbb) (Ki[=M��dZn_^jZ�jZ^bhobfbb). 
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 JZajZ[hlZgZ� ko_fZ� \hevlZfi_jhf_ljbq_kdh]h� ZgZebaZ� Zkdhj[bgh\hc�
dbkehlu�k�bkihevah\Zgb_f�kl_dehm]e_jh^gh]h�we_dljh^Z��Bkke_^h\Zgh�\eby�
gb_�nhgh\h]h�we_dljheblZ�b�khimlkl\mxsbo�hj]Zgbq_kdbo�bhgh\� �hdkZeZl-, 
pbljZl-�b�^j���gZ�lhqghklgu_�oZjZdl_jbklbdb�hij_^_e_gby�Zkdhj[bgh\hc�db�
kehlu��Bamq_gu�hkh[_gghklb�__�hij_^_e_gby�\�ibs_\uo�ijh^mdlZo��Dm[Zg�
kdbc�=M) 

�Bkke_^h\Zgu� hkh[_gghklb� we_dljhobfbq_kdh]h� ih\_^_gby� Pb(II�� b�
Cd(II��\�\h^guo�b�\h^gh-kibjlh\uo�kj_^Zo�gZ�m]e_kblZeeh\hf�we_dljh^_��ih�
\_joghklv�dhlhjh]h�fh^bnbpbjh\ZgZ�jlmlvx�(j_`bf in situ). <u[jZgu�hilb�
fZevgu_� mkeh\by�baf_j_gby�b�hij_^_e_gu�fbdjhdhebq_kl\Z�mdZaZgguo�bh�
gh\�\�dj_idbo�Zedh]hevguo�gZibldZo��sr≤0.1) (F=M��dZn_^jZ�:O). 

JZajZ[hlZg�f_lh^� hij_^_e_gby� e_lmqbo� dZj[hgbevguo� kh_^bg_gbc� �\�
lhf�qbke_�nmjnmjheZ�b�_]h�ijhba\h^guo��\�kibjlguo�gZibldZo��F_lh^�hljZ�
[hlZg�gZ�ijhfure_gguo�h[jZapZo�b�gZoh^bl�rbjhdh_�ijbf_g_gb_�ijb�ijh�
\_^_gbb�Zj[bljZ`guo�bkiulZgbc��>Zevg_\hklhqguc�=M��  

Bkke_^h\Zgu� hkh[_gghklb� we_dljhobfbq_kdh]h� ih\_^_gby� Pb(II�� b�
Cd(II��\�\h^guo�b�\h^gh-kibjlh\uo�kj_^Zo�gZ�m]e_kblZeeh\hf�we_dljh^_��ih�
\_joghklv�dhlhjh]h�fh^bnbpbjh\ZgZ�jlmlvx�(j_`bf in situ). <u[jZgu�mkeh�
\by�baf_j_gby�b� hij_^_e_gu�fbdjhdhebq_kl\Z� mdZaZgguo�bhgh\� \� dj_idbo�
Zedh]hevguo�gZibldZo��sr≤0.1) (F=M��dZn_^jZ�:O). 
 Ijh\_^_g�ZgZeba�jy^Z�ijh^mdlh\�iblZgby�b�e_dZjkl\_gguo�ljZ\�gZ�kh�
^_j`Zgb_�\�gbo�lhdkbqguo�f_lZeeh\��k\bgpZ��dZ^fby��f_^b�b�pbgdZ��Hij_^_�
e_gb_�lhdkbqguo�we_f_glh\�ijh\h^beb�iheyjh]jZnbq_kdbf�f_lh^hf�\�j_`b�
f_�i_j_f_ggh]h�lhdZ�gZ�iheyjh]jZn_�IM-��k�jlmlguf�dZiZxsbf�we_dljh^hf��
Ijh[hih^]hlh\dm�ijh\h^beb�f_lh^hf�kmohc�fbg_jZebaZpbb�k�ihke_^mxs_c�
h[jZ[hldhc� hahe_gghc� ijh[u� Zahlghc� dbkehlhc� \� khhl\_lkl\bb� k� =HKL�
26929-��� ^h� h[jZah\Zgby� aheu� ihqlb� [_eh]h� p\_lZ��Hij_^_e_gb_� k\bgpZ� b�
dZ^fby�ijh\h^beb� kh\f_klgh�ba�h^ghc�ijh[u��Z�f_^b�b�pbgdZ�–�ba�^jm]hc�
(K_\_jh-Hk_lbgkdbc�=M�bf��D�E�O_lZ]mjh\Z��
K_\_jh-Hk_lbgkdbc�p_glj�
klZg^ZjlbaZpbb��f_ljheh]bb�b�k_jlbnbdZpbb�� 

JZajZ[hlZg�f_lh^�jZa^_e_gby�furvydZ�b�kmjvfu�\�\b^_�]b^jb^h\�k�ih�
ke_^mxsbf�hij_^_e_gb_f�bo�nhlh]_g_jbjh\Zgguf�ch^hf�b�nhlhf_ljbq_�
kdbf�f_lh^hf�ijbf_gbl_evgh�d�ibs_\uf�ijh^mdlZf��Qm\Zrkdbc�=M��dZ�
n_^jZ�:O). 

JZajZ[hlZgu�b�Zll_klh\Zgu�f_lh^bdb�hij_^_e_gby�bh^Z�\�iblv_\uo�\h�
^Zo��[_aZedh]hevguo�gZibldZo��ibs_\hc�kheb�f_lh^hf�B<�[_a�ijh[hih^]h�
lh\db� b� \� oe_[_� ihke_� ijh[hih^]hlh\db� iml_f� s_ehqgh]h� hahe_gby� ijh[�
(Lhfkdbc�IM��eZ[hjZlhjby�fbdjhijbf_k_c�� 

JZajZ[hlZgZ�fh^bnbpbjh\ZggZy�f_lh^bdZ�nhlhf_ljbq_kdh]h�hij_^_e_�
gby�Zexfbgby�k�ojhfZahehf�DK�\�ijbkmlkl\bb�`_eZlbgu��dhlhjZy�iha\hey_l�
dhgljhebjh\Zlv�_]h�kh^_j`Zgb_�\�\bghfZl_jbZeZo�b�^jm]bo�`b^dbo�ibs_\uo�
ijh^mdlZo��bf_xsbo�dhglZdl�k�Zexfbgb_f��Qm\kl\bl_evghklv�f_lh^Z����⋅10-

2f]�e� 
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JZajZ[hlZgu�wdkij_kk�l_kl-f_lh^u�^ey�ZgZeblbq_kdh]h�dhgljhey�Pb(II), 
Cu(II), Zn(II��b�Co(II��\�ibs_\uo�ijh^mdlZo�b�^jm]bo�h[t_dlZo�hdjm`Zxs_c�
kj_^u��gZ�dhlhju_�ihemq_gu�iZl_glu��>Z]_klZgkdbc�=M��dZn_^jZ�:O). 

JZajZ[hlZgZ�f_lh^bdZ�bhghf_ljbq_kdh]h�hij_^_e_gby�k\bgpZ�\�[bheh�
]bq_kdbo�b�ibs_\uo�ijh^mdlZo�k�ij_^_ehf�h[gZjm`_gby������fd]�fe��KZjZ�
lh\kdbc�=M��dZn_^jZ�:O�b�OW�� 

�GZc^_gu�mkeh\by�fbg_jZebaZpbb�\h^u�b�ibs_\uo�ijh^mdlh\��kmoh_�hah�
e_gb_� ^ey� h\hsguo� dmevlmj� b� fhehdZ� b� fhdjZy� fbg_jZebaZpby�� h\hsgu_�
dmevlmju��\h^hijh\h^gZy�\h^Z��ih\Zj_ggZy�khev��keb\hqgh_�fZkeh��JZajZ[h�
lZgu�b�Zijh[bjh\Zgu�f_lh^bdb�hij_^_e_gby�`_e_aZ� �,,,��\�\h^_�b�ibs_\uo�
ijh^mdlZo�k�ihfhsvx�l_kl-j_Z]_glZ�`_e_ah��,,,�-[_gah]b^jhdkZfh\Zy�dbkeh�
lZ��Ijh\_^_gZ�f_ljheh]bq_kdZy�hp_gdZ�l_kl-f_lh^Z�hij_^_e_gby�`_e_aZ��,,,��
(MjZevkdbc�=M). 

K�p_evx� klbfmebjh\Zgby� \uimkdZ� wdheh]bq_kdb�[_ahiZkghc�ibs_\hc�
ijh^mdpbb�\uiheg_gZ�^h[jh\hevgZy�k_jlbnbdZpby�ba^_ebc����ij_^ijbylbc�
MjZevkdh]h�j_]bhgZ�ih�djbl_jbx� �Kh^_j`Zgb_� wdheh]bq_kdb�\j_^guo�ijb�
f_k_c�\�hij_^_e_ggh_�qbkeh�jZa� klZ[bevgh�f_gvr_�^himkdZ_fh]h�KZgblZj�
gufb� ijZ\beZfb� b� ghjfZfb��� k� \u^Zq_c� Wdheh]bq_kdbo� k_jlbnbdZlh\�� <�
qbke_� mdZaZgguo� ij_^ijbylbc� –� ijhba\h^bl_eb�fykghc��fhehqghc� ijh^md�
pbb�� ybp�� oe_[h-[mehqguo� ba^_ebc�� i_q_gvy�� djmi�� \bg� b� ebd_jh-\h^hqghc�
ijh^mdpbb��fbg_jZevguo�\h^��Hlau\u�ij_^ijbylbc��qvy�ijh^mdpby�m^hklh_�
gZ�Wdheh]bq_kdbo�k_jlbnbdZlh\��k\b^_l_evkl\m_l�h�khpbZevghc�b�wdhghfbq_�
kdhc�ihe_aghklb�^h[jh\hevghc�k_jlbnbdZpbb��MP�>KDLbM�. 
 JZajZ[hlZg� gh\uc� f_lh^� fbdjh[bheh]bq_kdh]h� hij_^_e_gby� bgl_�
]jZevghc�lhdkbqghklb�ijh^mdlh\�iblZgby��dhjfh\��l_ogheh]bq_kdbo�hloh^h\��
]jmglh\�b�^jm]bo�\_s_kl\��ihl_gpbZevgh�kh^_j`Zsbo�\h^hjZkl\hjbfu_�lhd�
kbgu��;eZ]h^Zjy� wlhfm�f_lh^m� mklZgh\e_gu�ijbqbgu�fZkkh\hc� ]b[_eb�`b�
\hlguo�b�ilbpu�gZ�`b\hlgh\h^q_kdbo�dhfie_dkZo�\�j_amevlZl_�ibs_\uo�hl�
jZ\e_gbc��MklZgh\e_gu�nZdlu� \ukhdhc� lhdkbqghklb� dhjfh\�� ihklmib\rbo�
ba-aZ� jm[_`Z�ih�ijh]jZff_� ]mfZgblZjghc�ihfhsb��qlh�iha\hebeh� k\h_\j_�
f_ggh�ij_^ijbgylv�f_ju��ij_^hl\jZlb\rb_�fZkkh\uc�iZ^z`�`b\hlguo��JZa�
jZ[hlZgu� j_dhf_g^Zpbb� ih� kgb`_gbx� wdheh]bq_kdhc� hiZkghklb� [hevrbo�
h[t_fh\� l_ogheh]bq_kdbo� hloh^h\� we_dljhobfbq_kdbo�� obfbq_kdbo��f_lZe�
emj]bq_kdbo�b�^jm]bo�ijhba\h^kl\�Gb`_]hjh^kdh]h�ijhfmaeZ�� JZajZ[hlZg�
guc�f_lh^�\�n_\jZe_�����]��Zll_klh\Zg�Gb`_]hjh^kdbf�hl^_e_gb_f�=hkklZg�
^ZjlZ� k� ijbk\h_gb_f� _fm� ghf_jZ� ]hkm^Zjkl\_gghc� j_]bkljZpbb� ��������
�GBBObfbb�Gb`_]hjh^kdh]h�=M��� 

 
p·Ð»ÀÈÑ�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ�

�
o¶�ÉÇÈ¶ÃÄ¸À»��ÇÄ½º¶ÃÃÄ¿�¸�Á¶·ÄÆ¶ÈÄÆ¾¾�¶Ã¶Á¾È¾Í»ÇÀÄ¿�ÓÀÄÈÄÀÇ¾ÀÄ�

ÁÄ¹¾¾�jq��� rbo� ºÁµ� ÇÉ·ÀÆ¾È¾Í»ÇÀÄ¿� ÓÀÇÈÆ¶ÀÌ¾¾� ¸ÄºÄ¿� ¾� Æ¶·ÄÈ¶ÔÏ»¿�
ÅÆ¾�Æ¶¸ÃÄ¸»ÇÃÄÂ�º¶¸Á»Ã¾¾��È»ÂÅ»Æ¶ÈÉÆ¶����Äs��º¶¸Á»Ã¾»����¶ÈÂ���ÅÆÄ¸»º»�
ÃÑ� ¾ÇÇÁ»ºÄ¸¶Ã¾µ� ÅÄ� ÓÊÊ»ÀÈ¾¸ÃÄÇÈ¾� ÓÀÇÈÆ¶ÀÌ¾¾� º¾ÄÀÇ¾ÃÄÅÄºÄ·ÃÑË� ¸»�
Ï»ÇÈ¸�¸�Æ¶½Á¾ÍÃÑË�Â¶ÈÆ¾Ì¶Ë��fÄÇÈ¾¹ÃÉÈ¶�¸ÑÇÄÀ¶µ�ÇÈ»Å»ÃÒ�¾½¸Á»Í»Ã¾µ��ºÄ�
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��������¾½�È¸»ÆºÑË�Â¶ÈÆ¾Ì��¹Á¾Ã��É¹Á»¿�¾�Ç¶¼���ºÁµ�ÀÄÈÄÆÑË�¾½¸Á»Í»Ã¾»�
ÇÉÅ»ÆÈÄÀÇ¾À¶ÃÈÄ¸�Æ¶Ã»»�ÅÆ»ºÇÈ¶¸ÁµÁÄ�ÈÆÉºÃÉÔ��ÅÄÆÄ¿�Ã»Æ¶½Æ»Î¾ÂÉÔ�½¶�
º¶ÍÉ��
� d�ÉÇÁÄ¸¾µË�ÇÉ·ÀÆ¾È¾Í»ÇÀÄ¿�ÓÀÇÈÆ¶ÀÌ¾¾�¸ÄºÄ¿�ÅÄÀ¶½¶Ã¶�¸Ä½ÂÄ¼ÃÄÇÈÒ�
¸ÄÇÇÈ¶ÃÄ¸¾È»ÁÒÃÄ¹Ä� º»ËÁÄÆ¾ÆÄ¸¶Ã¾µ� ËÁÄÆÇÄº»Æ¼¶Ï¾Ë� ÄÆ¹¶Ã¾Í»ÇÀ¾Ë� ¸»�
Ï»ÇÈ¸��À¶È¶Á¾½¶ÈÄÆ���¼»Á»½Ä���j½ÉÍ»ÃÄ�º»ËÁÄÆ¾ÆÄ¸¶Ã¾»�ÄÀÈ¶ËÁÄÆº¾·»Ã�
½Ä�Å�º¾ÄÀÇ¾Ã¶�¾�ºÆÉ¹¾Ë�ÇÈÄ¿À¾Ë�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�½¶¹Æµ½Ã»Ã¾¿���ËÁÄÆ¾ÆÄ¸¶ÃÃÑË�
º¾·»Ã½ÄÊÉÆ¶ÃÄ¸�� ·¾Ê»Ã¾ÁÄ¸�� ËÁÄÆÊ»ÃÄÁÄ¸�� Å»ÇÈ¾Ì¾ºÄ¸�� d� Æ»½ÉÁÒÈ¶È»� º»�
ËÁÄÆ¾ÆÄ¸¶Ã¾µ�ÓÈ¾�ÄÅ¶ÇÃÑ»�ÇÄ»º¾Ã»Ã¾µ�ÇÈ¶ÃÄ¸µÈÇµ�Ã»ÈÄÀÇ¾ÍÃÑÂ¾��

d�Á¶·ÄÆ¶ÈÄÆ¾¾�¹¾·Æ¾ºÃÑË�Â»ÈÄºÄ¸�ÀÄÃÈÆÄÁµ�ÅÆ¾ÆÄºÃÄ¿�ÇÆ»ºÑ�ojx�
�c�rbo�Æ¶½Æ¶·ÄÈ¶Ã�ÀÄÂÅÁ»ÀÇ�¶Ã¶Á¾È¾Í»ÇÀ¾Ë�¾ÇÇÁ»ºÄ¸¶Ã¾¿�¸�Ä·Á¶ÇÈ¾�ÓÀÄ�
ÁÄ¹Ä�ÀÆ¾Â¾Ã¶Á¾ÇÈ¾Í»ÇÀÄ¿� ÓÀÇÅ»ÆÈ¾½Ñ�� Ç� ÅÄÂÄÏÒÔ� ÓÀÇÅÆ»ÇÇÃÑË� ËÆÄÂ¶ÈÄ�
¹Æ¶Ê¾Í»ÇÀ¾Ë�� ÇÅ»ÀÈÆ¶ÁÒÃÑË� �À¶ÆÂ¶ÃÃÑ¿� ÊÁÉÄÆ¾Â»ÈÆ� Ã¶� ·¶½»� uv�
Ç¸»ÈÄº¾Äº¶�� ¾� È»ÇÈ�Â»ÈÄº¾À� �·¾Ä¾Ãº¾À¶Ì¾µ�� ¾½Â»ÆµÔÈ� ÇÄº»Æ¼¶Ã¾»� ½¶�
¹Æµ½ÃµÔÏ¾Ë�¸»Ï»ÇÈ¸�wql��Ä½ÄÃÄÁÔÂ¾Ã»ÇÌ»ÃÈÃÑ¿�Â»ÈÄº���Èµ¼»ÁÑË�Â»�
È¶ÁÁÄ¸��sqbd��ËÁÄÆÄÆ¹¶Ã¾Í»ÇÀ¾Ë�ÇÄ»º¾Ã»Ã¾¿�¾�Ã»ÊÈ»ÅÆÄºÉÀÈÄ¸��¸�ÅÄ¸»ÆË�
ÃÄÇÈÃÑË�¸Äº¶Ë�ÂÄÆ»¿��Æ»À�¾�Ä½»Æ���

r¶½Æ¶·ÄÈ¶Ã� ¾� ¸Ã»ºÆ»Ã� ¸� ÅÆ¶ÀÈ¾Í»ÇÀÉÔ� ÓÀÄ¶Ã¶Á¾È¾ÀÉ� Ç¸»ÆËÍÉ¸ÇÈ¸¾�
È»ÁÒÃÑ¿� º»È»ÀÈÄÆ� ºÁµ� d�hw� �¸Ä½ºÉË�� Ã¶� ÄÇÃÄ¸»� ÀÄÂ·¾Ã¶Ì¾¾� ÊÄÈÄ¶ÀÉ�
ÇÈ¾Í»ÇÀÄ¹Ä�¾�ÁÔÂ¾Ã»ÇÌ»ÃÈÃÄ¹Ä�º»È»ÀÈÄÆÄ¸�Ç�ÀÄÂÂ»ÆÍ»ÇÀ¾Â¾�Á¶½»Æ¶Â¾��»¹Ä�
ÍÉ¸ÇÈ¸¾È»ÁÒÃÄÇÈÒ�Ã¶�����ÅÄÆµºÀ¶�¸ÑÎ»�ÍÉ¸ÇÈ¸¾È»ÁÒÃÄÇÈ¾�ÈÆ¶º¾Ì¾ÄÃÃÑË�
º»È»ÀÈÄÆÄ¸���durwci���
�

dÄ½ºÉË�� r¶½Æ¶·ÄÈ¶Ã¶� Â»ÈÄºÄÁÄ¹¾µ� ¶ÈÈ»ÇÈ¶Ì¾¾� Â»ÈÄº¾À� ÀÄÁ¾Í»ÇÈ�
¸»ÃÃÄ¹Ä� Ë¾Â¾Í»ÇÀÄ¹Ä� ¶Ã¶Á¾½¶� Ä·Ð»ÀÈÄ¸� ÄÀÆÉ¼¶ÔÏ»¿� ÇÆ»ºÑ�� ÇÊÄÆÂÉÁ¾�
ÆÄ¸¶ÃÑ�ÅÆ¾ÃÌ¾ÅÑ�ÄÅÆ»º»Á»Ã¾µ�Ã¶º»¼ÃÄÇÈ¾�¾º»ÃÈ¾Ê¾À¶Ì¾¾�½¶¹Æµ½Ã»Ã¾¿�
¸�¸Ñ·ÆÄÇ¶Ë�ÅÆÄÂÑÎÁ»ÃÃÑË�ÅÆ»ºÅÆ¾µÈ¾¿�Â»ÈÄºÄÂ�ew/ns��dojjn���

n»ÈÄºÄÂ�ew�ns�ÄÅÆ»º»Á»ÃÑ�ÇÄº»Æ¼¶Ã¾µ�ÅÄÁ¾ËÁÄÆ¾ÆÄ¸¶ÃÃÑË�º¾�
·»Ã½Ä�Å�º¾ÄÀÇ¾ÃÄ¸��qwff��¾�º¾·»Ã½ÄÊÉÆ¶ÃÄ¸��qwfv��¸�¹¶½Ä¸ÑË�¸Ñ·ÆÄ�
Ç¶Ë� c¶¿À¶ÁÒÇÀÄ¹Ä� Ì»ÁÁÔÁÄ½ÃÄ�·ÉÂ¶¼ÃÄ¹Ä� ÀÄÂ·¾Ã¶È¶� �jq��� rbo���
qÆÄ¸»º»ÃÄ�¾ÇÇÁ»ºÄ¸¶Ã¾»�ÅÄ�¾º»ÃÈ¾Ê¾À¶Ì¾¾�¶ÆÄÂ¶È¾Í»ÇÀ¾Ë�É¹Á»¸ÄºÄÆÄ�
ºÄ¸� Â»ÈÄºÄÂ� ew�ns� ¸� ¶ÈÂÄÇÊ»ÆÃÄÂ� ¸Ä½ºÉË»�� ½¶¹Æµ½Ã»ÃÃÄÂ� ¸Ñ·ÆÄÇ¶Â¾�
ÀÆÉÅÃÄ¹Ä� Ã»ÊÈ»Å»Æ»Æ¶·¶ÈÑ¸¶ÔÏ»¹Ä� ½¶¸Äº¶�� s� ÅÄÂÄÏÒÔ� Â»ÈÄº¾À¾�� ÅÄ�
½¸ÄÁµÔÏ»¿� ÄÅÆ»º»ÁµÈÒ� ¶ÁÀ¾Á·»Ã½ÄÁÑ� ¸� ÀÄÃÌ»ÃÈÆ¶Ì¾µË� ¸� ��� Æ¶½� Ã¾¼»�
qfl��ÅÄ¹Æ»ÎÃÄÇÈÒ�±������·ÑÁÄ�ºÄÀ¶½¶ÃÄ��ÍÈÄ�ÅÆ¾ÄÆ¾È»ÈÃÑÂ¾�½¶¹Æµ½Ã»�
Ã¾µÂ¾� ¸Ñ·ÆÄÇÄ¸� µ¸ÁµÔÈÇµ� Ã»� ·»Ã½ÄÁ� ¾Á¾� ÈÄÁÉÄÁ�� ¶� ÈÆ¾Â»È¾Á·»Ã½ÄÁÑ�
�o¾¼»¹ÄÆÄºÇÀ¾¿�Ä·Á¶ÇÈÃÄ¿�Ì»ÃÈÆ�¹ÄÇÇ¶ÃÓÅ¾ºÃ¶º½ÄÆ¶���

nÃÄ¹ÄÁ»ÈÃ¾»�¾ÇÇÁ»ºÄ¸¶Ã¾µ�ÇÄÇÈ¶¸¶�½¶¹Æµ½Ã»Ã¾¿�¶ÈÂÄÇÊ»ÆÃÄ¹Ä�¸Ä½�
ºÉË¶�¹ÄÆÄºÄ¸��ÄÇÃÄ¸ÃÄ¿�¾ÇÈÄÍÃ¾À�½¶¹Æµ½Ã»Ã¾µ���¶¸ÈÄÈÆ¶ÃÇÅÄÆÈ��Â»ÈÄºÄÂ�
ew�ns� ÅÄ½¸ÄÁ¾Á¾� ÇÄÇÈ¶¸¾ÈÒ� Å»Æ»Í»ÃÒ� ÅÆ¾ÄÆ¾È»ÈÃÑË� ½¶¹Æµ½Ã»Ã¾¿� ÅÆÄ�
ÂÑÎÁ»ÃÃÑË�¹ÄÆÄºÄ¸�rÄÇÇ¾¾��ÄÀÄÁÄ����Á»ÈÉÍ¾Ë�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�ÇÄ»º¾Ã»Ã¾¿�
¾�Ã»ÄÆ¹¶Ã¾Í»ÇÀ¾Ë� ¹¶½Ä¸��� ÀÄÈÄÆÑ¿�ÂÄ¼»È� ÇÁÉ¼¾ÈÒ� Ç¸Ä»Ä·Æ¶½ÃÑÂ�ÓÈ¶ÁÄ�
ÃÄÂ�ÅÆ¾�Æ¶½Æ¶·ÄÈÀ»�ÓÀÄÁÄ¹¾Í»ÇÀ¾Ë�Â»ÈÄº¾À�ÀÄÃÈÆÄÁµ�½¶�ÇÄº»Æ¼¶Ã¾»Â�½¶�
¹Æµ½Ã»ÃÃÑË� ¸»Ï»ÇÈ¸� ¸� ¹ÄÆÄºÇÀÄÂ� ¸Ä½ºÉË»� �ojj� ÓÀÄÁÄÁÄ¹¾¾� Í»ÁÄ¸»À¶� ¾�
¹¾¹¾»ÃÑ�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ�rbno���
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qÆ¾Â»Ã»Ã¾»�È»ÆÂÄÀ¶È¶Á¾È¾Í»ÇÀÄ¹Ä�¾�ÓÁ»ÀÈÆÄË¾Â¾Í»ÇÀÄ¹Ä�Ç»ÃÇÄÆÄ¸�
ÅÄ½¸ÄÁ¾ÁÄ�Æ¶½Æ¶·ÄÈ¶ÈÒ�Â»ÈÄº¾ÀÉ�ºÁµ�Ç»Á»ÀÈ¾¸ÃÄ¹Ä�ÀÄÃÈÆÄÁµ�ÇÄº»Æ¼¶Ã¾¿�
¹¾ºÆ¶½¾Ã¶�¸�¸Ä½ºÉË»�ÅÆÄ¾½¸ÄºÇÈ¸»ÃÃÑË�ÅÄÂ»Ï»Ã¾¿�¸�Æ»¼¾Â»�ÂÄÃ¾ÈÄÆ¾Ã�
¹¶� Ç� ¾ÇÅÄÁÒ½Ä¸¶Ã¾»Â�ÅÄ¸»ÆÄÍÃÑË� ¹¶½Ä¸ÑË� ÇÂ»Ç»¿�Ì»Á»¸Ä¹Ä� ÀÄÂÅÄÃ»ÃÈ¶��
ÅÄÁÉÍ»ÃÃÑË� º¾ÊÊÉ½¾»¿� ¹¾ºÆ¶½¾Ã¶� ¸� ÅÄÈÄÀ»� ¹¶½¶�Æ¶½·¶¸¾È»Áµ� �sojx�
rbo���qÆ»ºÁÄ¼»Ã� ÉÃ¾¸»ÆÇ¶ÁÒÃÑ¿� ÇÅÄÇÄ·� Æ¶½ÁÄ¼»Ã¾µ�Ê¾ÁÒÈÆÄ¸� Ã¶� ÇÈ¶�
º¾¾�ÅÆÄ·ÄÅÄº¹ÄÈÄ¸À¾�ÅÆ¾�¶ÈÄÂÃÄ�ÓÂ¾ÇÇ¾ÄÃÃÄÂ�¶Ã¶Á¾½»� ¸Ñ·ÆÄÇÄ¸�ÅÆÄ�
ÂÑÎÁ»ÃÃÑË� ÅÆ»ºÅÆ¾µÈ¾¿� ¾� ¶ÈÂÄÇÊ»ÆÃÑË� ¶ÓÆÄ½ÄÁ»¿� Ã¶� ÇÄº»Æ¼¶Ã¾»� Â»�
È¶ÁÁÄ¸��������������Â¹�Â��ÅÆ¾�Sr� �������tÄÂÇÀ¾¿�eu���

bÃ¶Á¾È¾Í»ÇÀ¾Â� Ì»ÃÈÆÄÂ�q»ÆÂÇÀÄ¿� Ä·Á¶ÇÈ¾� ½¶Å¶È»ÃÈÄ¸¶Ã¶� Ç¾ÇÈ»Â¶�
È»ËÃÄÁÄ¹Ä�ÓÀÄÁÄ¹¾Í»ÇÀÄ¹Ä�ÂÄÃ¾ÈÄÆ¾Ã¹¶�¹¶½Ä¸ÑË�¸Ñ·ÆÄÇÄ¸�ÅÆÄÂÑÎÁ»Ã�
ÃÑË� ÅÆ»ºÅÆ¾µÈ¾¿�� ÇÄÇÈÄµÏ¶µ� ¾½� Å»ÆÇÄÃ¶ÁÒÃÄ¹Ä� ÀÄÂÅÒÔÈ»Æ¶� Ç� ÀÄÂÅÁ»À�
ÈÄÂ�Å»Æ¾Ê»Æ¾¿ÃÄ¹Ä�Ä·ÄÆÉºÄ¸¶Ã¾µ�¾�ÇÅ»Ì¾¶Á¾½¾ÆÄ¸¶ÃÃÄ¹Ä�ÅÆÄ¹Æ¶ÂÂÃÄ�
¹Ä�Ä·»ÇÅ»Í»Ã¾µ��ÅÄºÀÁÔÍ»ÃÃÄ¹Ä�À�ÎÈ¶ÈÃÄ¿�Ç¾ÇÈ»Â»�ljq�¾�bsu��

r¶½Æ¶·ÄÈ¶Ã¶�Â»ÈÄº¾À¶�ÄÅÆ»º»Á»Ã¾µ�ÁÔ¾½¾È¶�¸�¸Ä½ºÉË»�Ç�¾ÇÅÄÁÒ½Ä�
¸¶Ã¾»Â�ÇÄÆ·Ì¾¾�ÂÑÎÒµÀÇÄº»Æ¼¶Ï¾Ë�ÇÄ»º¾Ã»Ã¾¿�ÇÄÁµÃÄÀ¾ÇÁÑÂ�Æ¶ÇÈ¸Ä�
ÆÄÂ�ÈÆ¾ÓÈ¶ÃÄÁ¶Â¾Ã¶�Ç�ÅÄÇÁ»ºÉÔÏ¾Â�ÅÆ»¸Æ¶Ï»Ã¾»Â�¾Ë�¸�¹¾·Æ¾º�ÂÑÎÒµ�
À¶�¾�¶Ã¶Á¾½ÄÂ�¶ÆÇ¾Ã¶�Ç�ÅÄÂÄÏÒÔ�bbs��n»ÈÄº¾À¶�º¶»È�¸Ä½ÂÄ¼ÃÄÇÈÒ�ÄÅ�
Æ»º»Á»Ã¾µ�ÁÔ¾½¾È¶�¸�¸Ä½ºÉË»�Ç�ÅÆ»º»ÁÄÂ�Ä·Ã¶ÆÉ¼»Ã¾µ��������Â¹�Â��¾�ÄÈÃÄ�
Ç¾È»ÁÒÃÑÂ�ÄÈÀÁÄÃ»Ã¾»Â��Ã»�ÅÆ»¸ÑÎ¶ÔÏ¾Â������ojj�Ë¾Â¾¾�o¾¼»¹ÄÆÄº�
ÇÀÄ¹Ä�eu���

�JZajZ[hlZgZ� b� Zll_klh\ZgZ� f_lh^bdZ� hij_^_e_gby� dhfihg_glh\� ijb�
jh^gh]h� ]ZaZ� fZkk-ki_dljhf_ljbq_kdbf� f_lh^hf�� ij_^gZagZq_ggZy� ^ey� \u�
iheg_gby�baf_j_gby�h[t_fghc�dhgp_gljZpbb�dhfihg_glh\�kmoh]h�b�k`b`_g�
gh]h�ijbjh^gh]h�]ZaZ��m]e_\h^hjh^h\��f_lZgZ��wlZgZ��ijhiZgZ��[mlZgh\��i_g�
lZgh\�b�]_dkZgh\���^bhdkb^Z�m]e_jh^Z��ZahlZ�b�dbkehjh^Z�\�^bZiZahgZo�h[t_f�
guo�^he_c�hl������^h�������� 

F_lh^bdZ�fh`_l�ijbf_gylvky�gZ�ij_^ijbylbyo�g_nl_obfbq_kdhc��lhi�
eb\gh-wg_j]_lbq_kdhc�b�^jm]bo�hljZkeyo�ijhfure_gghklb�^ey�dhgljhey�l_o�
gheh]bq_kdbo�ijhp_kkh\��hij_^_e_gby�m^_evghc�l_iehlu�k]hjZgby�ijbjh^gh�
]h�]ZaZ��\oh^gh]h�dhgljhey�dZq_kl\Z�kujvy�^ey�ihebf_jbaZpbb�beb�Zedbebjh�
\Zgby��<GBBF). 

<�k\yab�k�\\_^_gb_f�n_^_jZevgh]h�aZdhgZ�³H�]Zahk[_j_`_gbb�\�Jhkkbc�
kdhc�N_^_jZpbb´� ijh\_^_gZ� ^hjZ[hldZ� b� ]hkm^Zjkl\_ggZy�f_ljheh]bq_kdZy�
Zll_klZpby�dhfie_dlZ�f_lh^bd�^ey�\g_^j_gby�gZ�]Zahi_j_jZ[Zlu\Zxs_f�aZ�
\h^_�HHH��Hj_g[mj]]Zaijhf���H:H��=Zaijhf��� 
f_lh^bdb�\uiheg_gby�baf_j_gbc�khklZ\Z�gZkus_ggh]h�b�j_]_g_jbjh\Zggh]h�
ZfbgZ��fZkkh\hc�dhgp_gljZpbb�khe_c�\�kdhg^_gkbjh\Z\r_fky�iZj_��dhleh\hc�
�ijh^m\hqghc��\h^_�gZ�f_]Zhff_lj_��kh^_j`Zgby�fhghwlbe_g]ebdhey��FW=��
\�\h^guo�jZkl\hjZo��khklZ\Z�dbkeh]h�]ZaZ�gZ�ojhfZlh]jZn_��fZkkh\hc�^heb�
fhghwlbe_g]ebdhey��f_lbe^bwlZgheZfbgZ�b�^bwlZgheZfbgZ�\�jZkl\hjZo�Zfb�
gh\�gZ�ojhfZlh]jZn_��fZkkh\hc�dhgp_gljZpbb�fhghwlbe_g]ebdhey�b�Zfbgh\�\�
]Za_��khklZ\Z�s_ehqb�gZ�ihl_gpbh]jZn_��fZkkh\hc�dhgp_gljZpbb�^bhdkb^Z�
k_ju�\�\ha^mo_�jZ[hq_c�ahgu��h[t_fghc�^heb�k_jh\h^hjh^Z�b�^bhdkb^Z�k_ju�
\�ijhfure_gguo�\u[jhkZo�ijb�kh\f_klghf�ijbkmlkl\bb��fZkkh\hc�dhgp_g�
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ljZpbb�f_lZgheZ�\�\ha^mo_�jZ[hq_c�ahgu��k�ojhfhljhih\hc�dbkehlhc��
(<GBBF). 
 

qÆ¾ÆÄºÃÑ»�� È»ËÃÄÁÄ¹¾Í»ÇÀ¾»� ¾� Å¾ÈÒ»¸Ñ»� ¸ÄºÑ�� r¶½Æ¶·ÄÈ¶Ã¶� Ç»Æ¾µ�
ÓÀÇÅÆ»ÇÇÃÑË�¾�¾½·¾Æ¶È»ÁÒÃÑË�È»ÇÈ�Â»ÈÄºÄ¸�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�Â»È¶ÁÁÄ¸�¾�
Ã»ÀÄÈÄÆÑË�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�ÇÄ»º¾Ã»Ã¾¿�¸�ÅÆ¾ÆÄºÃÑË��ÇÈÄÍÃÑË�¾�Å¾ÈÒ»¸ÑË�
¸Äº¶Ë�� nÃÄ¹ÄÓÁ»Â»ÃÈÃÑ¿� È»ÇÈ�¶Ã¶Á¾½� Ç� ÄÆ¹¶Ã¾Í»ÇÀ¾Â¾� Æ»¶¹»ÃÈ¶Â¾� Ã¶�
¸ÄÁÄÀÃ¾ÇÈÑË� Ã¶ÅÄÁÃ»ÃÃÑË� ¾ÄÃÃÄÄ·Â»ÃÃÑË�Â¶È»Æ¾¶Á¶Ë� ÅÄ½¸ÄÁ¾Á� ÄÅÆ»�
º»ÁµÈÒ� ¸� ¸Äº¶Ë� ËÆÄÂ�u���� Ã¾À»ÁÒ� ¾� Â»ºÒ� �egpwj� rbo��� pÅÆ»º»Á»Ã¾»�
ÂÑÎÒµÀ¶�¸�Å¾ÈÒ»¸Ä¿�¸Äº»�Ã¶�ÉÆÄ¸Ã»������Â¹�Á�ÄÇÃÄ¸¶ÃÄ�Ã¶�¸ÄÇÇÈ¶ÃÄ¸Á»�
Ã¾¾� »¹Ä�ºÄ� ¶ÆÇ¾Ã¶� Ç�ÅÄÇÁ»ºÉÔÏ¾Â�Ä·Æ¶½Ä¸¶Ã¾»Â�ÄÀÆ¶Î»ÃÃÑË�ÅµÈ»Ã�Ã¶�
·ÉÂ¶¹»��ÅÆÄÅ¾È¶ÃÃÄ¿�¹¶ÁÄ¹»Ã¾º¶Â¾�ÆÈÉÈ¾��o¾¼»¹ÄÆÄºÇÀ¾¿�eu���

lÇ»ÆÄ¹»Á¾�� ÂÄº¾Ê¾Ì¾ÆÄ¸¶ÃÃÑ»� ¶Ã¶Á¾È¾Í»ÇÀ¾Â¾� Æ»¶¹»ÃÈ¶Â¾�� ¾�
Å»ÃÄÅÄÁ¾ÉÆ»È¶ÃÑ��qqu��ÅÆ¾Â»ÃµÁ¾�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�Ã¾ÈÆ¶È��¾�Ã¾ÈÆ¾È�
¾ÄÃÄ¸�¸�ÅÆÄ·¶Ë�Â¾Ã»Æ¶ÁÒÃÄ¿��ÀÄÁÄº»½ÃÄ¿�¾�Æ»ÍÃÄ¿�¸ÄºÑ��¸�ÅÄÍ¸»��Å¾Ï»�
¸ÑË�ÅÆÄºÉÀÈ¶Ë��ÀÄÆÂ¶Ë�¾�ºÆ��qqu�ÇÄÆ·»ÃÈÑ�ÅÄ½¸ÄÁµÔÈ�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶ÈÒ�
Ì»Á»¸Ñ»�ÀÄÂÅÄÃ»ÃÈÑ�¾�ÅÆÄ¸Äº¾ÈÒ�·ÑÇÈÆÑ¿�ÇÀÆ¾Ã¾Ã¹�¸ÄºÑ�Ã¶�ÇÉÂÂ¶ÆÃÄ»�
ÇÄº»Æ¼¶Ã¾»�qbu� �ÁÔÂ¾Ã»ÇÌ»ÃÌ¾µ�� ¾� ÄÅÆ»º»ÁµÈÒ�¾Ãº¾¸¾ºÉ¶ÁÒÃÑ»�qbu�
�d�hw���qÆ»º¸¶Æ¾È»ÁÒÃÄ»�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶Ã¾»�Â»È¶ÁÁÄ¸��Hg, Pb, Fe ¾ Co��
Ã¶�qqu�ÅÄ½¸ÄÁµ»È�ÅÆ¾�Æ»ÃÈ¹»ÃÄÊÁÉÄÆ»ÇÌ»ÃÈÃÄÂ�¶Ã¶Á¾½»�ÇÃ¾½¾ÈÒ�sÃ�Ã¶�
���� ÅÄÆµºÀ¶� ¾� ÄÅÆ»º»ÁµÈÒ� ÇÁ»ºÑ� Â»È¶ÁÁÄ¸� ¸� ¸Äº¶Ë� ¾� ÇÃ»¹Ä¸ÄÂ� ÅÄÀÆÄ¸»�
¸·Á¾½¾�¶¸ÈÄºÄÆÄ¹��neu��À¶Ê»ºÆ¶�bw���o¶·ÄÆÑ�¾Ãº¾À¶ÈÄÆÃÑË�ÅÄÆÄÎÀÄ¸�
¾�¾Ãº¾À¶ÈÄÆÃÑË�ÈÆÉ·ÄÀ�¾ÇÅÄÁÒ½Ä¸¶Á¾�¸�È»ÇÈ�Â»ÈÄº¾À¶Ë�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�
¾ÄÃÄ¸�Â»È¶ÁÁÄ¸��¶Ã¾ÄÃÄ¸�¾�Ã»ÀÄÈÄÆÑË�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�ÇÄ»º¾Ã»Ã¾¿�¸�Å¾ÈÒ»�
¸ÑË� ¾� ÅÆ¾ÆÄºÃÑË� ¸Äº¶Ë�� ¸� ·¾ÄÇÆ»º¶Ë� ¾� Å¾Ï»¸ÑË� ÅÆÄºÉÀÈ¶Ë� �neu�� À¶�
Ê»ºÆ¶�bw���t»ÇÈ�Â»ÈÄº¾À¶�ÄÅÆ»º»Á»Ã¾µ�Ã»Ç¾ÂÂ»ÈÆ¾ÍÃÄ¹Ä�º¾Â»È¾Á¹¾ºÆ¶�
½¾Ã¶� �ofne�� ¸� ÅÄ¸»ÆËÃÄÇÈÃÑË� ¸Äº¶Ë� ¾� ¹ÆÉÃÈ¶Ë�� Ã»Ä·ËÄº¾Â¶µ� ºÁµ� ÓÀÇ�
ÅÆ»ÇÇÃÄ¹Ä�ÅÄÁ»¸Ä¹Ä�ÀÄÃÈÆÄÁµ�½¶�ÇÄº»Æ¼¶Ã¾»Â�ÓÈÄ¹Ä�ÄÅ¶ÇÃÄ¹Ä�¸»Ï»ÇÈ¸¶��
Æ¶½Æ¶·ÄÈ¶Ã¶�¸�jpow�rbo�¾�eoj�n¾Ã¾ÇÈ»ÆÇÈ¸¶�Ä·ÄÆÄÃÑ�rv��

t»ÇÈ�Â»ÈÄº¾À¾�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�Ã»ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�¹¶½Ä¸�Æ¶½Æ¶·ÄÈ¶ÃÑ�
¸�rÄÇÈÄ¸ÇÀÄÂ�eu�� ºÁµ� Å»ÇÈ¾Ì¾ºÄ¸� �� ¸�s¶Æ¶ÈÄ¸ÇÀÄÂ�eu�� ¾ÇÅÄÁÒ½Ä¸¶Ã¾Ô�
ÓÈ¾Ë�Â»ÈÄºÄ¸�¸�¶Ã¶Á¾½»� ½¶¹Æµ½Ã»Ã¾¿�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ�ÅÄÇ¸µÏ»ÃÑ�¾Ç�
ÇÁ»ºÄ¸¶Ã¾µ�¸�uÆ¶ÁÒÇÀÄÂ�eu�¾�l¶½¶ÃÇÀÄÂ�eu��¾ÂÂÉÃÄË¾Â¾Í»ÇÀ¾¿�¶Ã¶Á¾½�
À¶Í»ÇÈ¸¶� Å¾Ï»¸ÑË� ÅÆÄºÉÀÈÄ¸��� j½ÉÍ»ÃÑ� ÉÇÁÄ¸¾µ� ÅÆÄ¸»º»Ã¾µ� ¾ÂÂÉÃÄ�
Ê»ÆÂ»ÃÈÃÄ¹Ä�¶Ã¶Á¾½¶�¸ÄºÑ��½¶¹Æµ½Ã»ÃÃÄ¿�Å»ÇÈ¾Ì¾º¶Â¾��jocj�rbo���

qÆ»ºÁÄ¼»Ã�Â»ÈÄº�·¾Ä¾Ãº¾À¶Ì¾¾��ÅÄ½¸ÄÁµÔÏ¾¿�¾ÇÇÁ»ºÄ¸¶ÈÒ�ÅÆÄ·Ñ�
ÅÆ¾ÆÄºÃÄ¿� ¸ÄºÑ� Ã¶� Ã¶Á¾Í¾»� ¸»Ï»ÇÈ¸�½¶¹Æµ½Ã¾È»Á»¿� �Èµ¼»ÁÑ»� Â»È¶ÁÁÑ��
sqbd�� ËÁÄÆÄÆ¹¶Ã¾Í»ÇÀ¾»� ÇÄ»º¾Ã»Ã¾µ� ¾� Ã»ÊÈ»ÅÆºÉÀÈÑ��� ÄÇÃÄ¸¶ÃÃÑ¿� Ã¶�
ÓÀÇÅÄ½¾Ì¾¾�Í»Æ»ÃÀÄ¸�¸ÑÇÎ¾Ë�Æ¶ÇÈ»Ã¾¿�¸�ÅÆÄ·¶Ë�ÀÄÃÈÆÄÁ¾ÆÉ»ÂÄ¿�¸ÄºÑ�Ç�
ÅÄÇÁ»ºÉÔÏ»¿�ÓÀÇÈÆ¶ÀÌ¾»¿�Å¾¹Â»ÃÈÄ¸�Á¾ÇÈ¶�¾�ÇÄÅÄÇÈ¶¸Á»Ã¾µ�¾Ë�Ê¾Ã¹»Æ�
ÅÆ¾ÃÈÄ¸��ÅÄÁÉÍ»ÃÃÑË�Â»ÈÄºÄÂ�d�hw��ojx��c�rbo���

pºÃ¾Â�¾½�Ã¶¾·ÄÁ»»�¸¶¼ÃÑË�ÓÀÄÁÄ¹¾Í»ÇÀ¾Ë�¶Ã¶Á¾½Ä¸��¸ÑÅÄÁÃµ»ÂÑË�
Ç� ÅÄÂÄÏÒÔ� È»ÇÈ�Â»ÈÄºÄ¸�� µ¸Áµ»ÈÇµ� ÄÅÆ»º»Á»Ã¾»� Ã»ÊÈ»ÅÆÄºÉÀÈÄ¸� ¸�ÂÄÆ�
ÇÀÄ¿� ¾� Æ»ÍÃÄ¿� ¸Äº»� �ojx� �c� rbo� ¾� o¾¼»¹ÄÆÄºÇÀ¾¿� eu��� t»ÇÈ�Â»ÈÄº�
ÀÄÃÈÆÄÁµ� ½¶¹Æµ½Ã»Ã¾µ� ÅÆ¾ÆÄºÃÑË� ¸Äº� Ã»ÊÈ»ÅÆÄºÉÀÈ¶Â¾� ÄÇÃÄ¸¶Ã� Ã¶�
ÊÁÉÄÆ»ÇÌ»ÃÈÃÄÂ�¾½Â»Æ»Ã¾¾�Ã»ÊÈµÃÑË�É¹Á»¸ÄºÄÆÄºÄ¸��ÇÄÆ·¾ÆÄ¸¶ÃÃÑË�Ã¶�
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È¶·Á»ÈÀ»�Â¾Î»Ã¾� ¾½� ÅÄÆ¾ÇÈÄ¹Ä�ÊÈÄÆÄÅÁ¶ÇÈ¶� ÅÄÇÁ»� »»� ÀÄÃÈ¶ÀÈ¶� Ç� ¸ÄºÄ¿�
�ojx��c�rbo���

qÆ¾Â»Ã»Ã¾»� ÈÆ¶º¾Ì¾ÄÃÃÑË� ÓÁ»ÀÈÆÄË¾Â¾Í»ÇÀ¾Ë� Â»ÈÄºÄ¸�
�ÅÄÈ»ÃÌ¾ÄÂ»ÈÆ¾µ�� ¸ÄÁÒÈ¶ÂÅ»ÆÄÂ»ÈÆ¾µ�� ÀÉÁÄÃÄÂ»ÈÆ¾µ�� ÅÄÇÈÄµÃÃÄ�
Æ¶ÇÎ¾Æµ»È� Å»Æ»Í»ÃÒ� Èµ¼»ÁÑË� Â»È¶ÁÁÄ¸�� ÄÅÆ»º»Áµ»ÂÑË� ¸� ÅÆ¾ÆÄºÃÑË��
Å¾ÈÒ»¸ÑË� ¾� ÇÈÄÍÃÑË� ¸Äº¶Ë� ÅÆÄÂÑÎÁ»ÃÃÑË� ÅÆ»ºÅÆ¾µÈ¾¿� ¾�
ÀÄÂÂÉÃ¶ÁÒÃÄ¹Ä�ËÄ½µ¿ÇÈ¸¶�¹ÄÆÄºÄ¸��

qÆ»ºÁÄ¼»Ã¶�ÅÆÄÇÈ¶µ�ÓÀÇÅÆ»ÇÇÃ¶µ�Â»ÈÄº¾À¶�ÅÄÈ»ÃÌ¾ÄÂ»ÈÆ¾Í»ÇÀÄ¹Ä�
ÄÅÆ»º»Á»Ã¾µ�º¸ÉË��¾�ÈÆ»Ë¸¶Á»ÃÈÃÄ¹Ä�¼»Á»½¶�¸�Å¾ÈÒ»¸ÑË�¾�ÅÄº½»ÂÃÑË�¸Ä�
º¶Ë��tÄÂÇÀ¾¿�eu���¸ÄÁÒ¶ÂÅ»ÆÄÂ»ÈÆ¾Í»ÇÀ¶µ�Â»ÈÄº¾À¶�ÄÅÆ»º»Á»Ã¾µ�Ì¾ÃÀ¶�
¸�Å¾ÈÒ»¸ÑË�¾�ÅÆ¾ÆÄºÃÑË�¸Äº¶Ë��jow�sp�rbo��¾�Co(II), Mn(II) ¾ Mn(VII) �
¸�È»ËÃÄÁÄ¹¾Í»ÇÀ¾Ë�Æ¶ÇÈ¸ÄÆ¶Ë�¾�ÇÈÄÍÃÑË�¸Äº¶Ë�Ì¾ÃÀÄ¸Ä¹Ä�ÅÆÄ¾½¸ÄºÇÈ¸¶��¶�
È¶À¼»� Â»ÈÄº¾À¶� ÅÄÁµÆÄ¹Æ¶Ê¾Í»ÇÀÄ¹Ä� ÄÅÆ»º»Á»Ã¾µ� Èµ¼»ÁÑË� Â»È¶ÁÁÄ¸� ¸�
Å¾Ï»¸ÑË�ÅÆÄºÉÀÈ¶Ë�¾�Á»À¶ÆÇÈ¸»ÃÃÑË�Ç·ÄÆ¶Ë��s»¸»ÆÄ�pÇ»È¾ÃÇÀ¾¿�eu���

n»ÈÄºÄÂ� Ç¾ÃÉÇÄ¾º¶ÁÒÃÄ¿� ¸ÄÁÒÈ¶ÂÅ»ÆÄÂ»ÈÆ¾¾� ¸� Å¾ÈÒ»¸ÑË� ¸Äº¶Ë�
ÄÅÆ»º»Á»ÃÑ�º¸ÉË¸¶Á»ÃÈÃÑ»�¾ÄÃÑ�Â¶Æ¹¶ÃÌ¶��Ì¾ÃÀ¶��Ç¸¾ÃÌ¶�¾�Â»º¾��neu��
À¶Ê»ºÆ¶�bw���r¶½Æ¶·ÄÈ¶ÃÑ�¶Ã¶Á¾È¾Í»ÇÀ¾»�Â»ÈÄº¾À¾�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�Ë¾�
Â¾Í»ÇÀ¾Ë�ÊÄÆÂ�Ã¶ËÄ¼º»Ã¾µ�ÓÁ»Â»ÃÈÄ¸�¸�Æ¶½Á¾ÍÃÑË�Ä·Ð»ÀÈ¶Ë�ÄÀÆÉ¼¶Ô�
Ï»¿�ÇÆ»ºÑ��tÄÂÇÀ¾¿�eu��egpwj�rbo���ÇÄÆ·Ì¾ÄÃÃÄ�Ì¸»ÈÄÂ»ÈÆ¾Í»ÇÀÄ¹Ä�
ÄÅÆ»º»Á»Ã¾µ�Â»º¾��ÆÈÉÈ¾�¾�ÂÄÁ¾·º»Ã¶�¸�ÂÄÆÇÀÄ¿�¾�Å¾ÈÒ»¸Ä¿�¸Äº»���������
Â¹�Á��¾�¶¸ÈÄÂ¶È¾Í»ÇÀ¾¿�Â»ÈÄº�Ã¶�ÄÇÃÄ¸»�ÇÅ»ÀÈÆÄÊÄÈÄÂ»ÈÆ¾¾�ºÁµ�ÀÄÃÈÆÄ�
Áµ�ÇÄº»Æ¼¶Ã¾¿�ÇÄ»º¾Ã»Ã¾¿�ËÆÄÂ¶�¸�ÇÈÄÀ¶Ë�ÅÆ»ºÅÆ¾µÈ¾¿�Ì¸»ÈÃÄ¿�Â»È¶Á�
ÁÉÆ¹¾¾��s»¸»ÆÄ�l¶¸À¶½ÇÀ¾¿�etu���

fÁµ�ÓÈ¾Ë�¼»�Ì»Á»¿�ÅÆÄºÄÁ¼¶ÔÈ�¾ÇÅÄÁÒ½Ä¸¶ÈÒ�¾�ÇÅ»ÀÈÆ¶ÁÒÃÑ»�Â»ÈÄ�
ºÑ� �� ¶ÈÄÂÃÉÔ� ¶·ÇÄÆ·Ì¾Ô� �bbs�� ¾� ÓÂ¾ÇÇ¾ÄÃÃÑ¿� ÇÅ»ÀÈÆ¶ÁÒÃÑ¿� ¶Ã¶Á¾½��
pÆ¾¹¾Ã¶ÁÒÃ¶µ� Â»ÈÄº¾À¶� Ã¶� ÄÇÃÄ¸»� bbs� ºÁµ� ÄÅÆ»º»Á»Ã¾µ� ÍÆ»½¸ÑÍ¶¿ÃÄ�
ÈÄÀÇ¾ÍÃÑË�À¶ºÂ¾µ�¾�Ç¸¾ÃÌ¶�¸�ÓÀÄÁÄ¹¾Í»ÇÀ¾Ë�¾�·¾ÄÁÄ¹¾Í»ÇÀ¾Ë�Ä·Ð»ÀÈ¶Ë�
Æ¶½Æ¶·ÄÈ¶Ã¶�¸�rox��qÆ¾ÀÁ¶ºÃ¶µ�Ë¾Â¾µ���r¶½Æ¶·ÄÈ¶ÃÑ�Â»ÈÄº¾À¾�¸Ñµ¸�
Á»Ã¾µ�Ë¾Â¾Í»ÇÀ¾Ë�ÊÄÆÂ�Ã¶ËÄ¼º»Ã¾µ�ÂÑÎÒµÀ¶�¸�ÅÆ¾ÆÄºÃÑË�¾�¹ÆÉÃÈÄ¸ÑË�
¸Äº¶Ë�¾�ºÄÃÃÑË�ÄÇ¶ºÀ¶Ë�ÓÀÄÇ¾ÇÈ»ÂÑ�È»ËÃÄ¹»ÃÃÄ¹Ä�Ä½»Æ¶� ¹ÄÆÃÄÄ·Ä¹¶È¾�
È»ÁÒÃÄ¹Ä�ÀÄÂ·¾Ã¶È¶��jow�sp�rbo���¶�È¶À¼»�¸¶Ã¶º¾µ��Â¶Æ¹¶ÃÌ¶�¾�ËÆÄÂ¶�
¸�Æ¶½Á¾ÍÃÑË�¸Äº¶Ë��sÆ ��������������ÅÄÇÁ»�¾Ë�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶Ã¾µ�Ã¶�ÅÄÁ¾�
Â»ÆÃÄÂ�Ë»Á¶ÈÃÄÂ�ÇÄÆ·»ÃÈ»��jegn�rbo���

�r¶½Æ¶·ÄÈ¶Ã¶�ÓÊÊ»ÀÈ¾¸Ã¶µ�¾�¸ÑÇÄÀÄÍÉ¸ÇÈ¸¾È»ÁÒÃ¶µ�������Â¹�Á��ÅÆÄ�
ÈÄÍÃ¶µ� ÇÄÆ·Ì¾ÄÃÃÄ�¶ÈÄÂÃÄ�ÓÂ¾ÇÇ¾ÄÃÃ¶µ� �jsq�� Â»ÈÄº¾À¶� ÄºÃÄ¸Æ»Â»Ã�
ÃÄ¹Ä�ÄÅÆ»º»Á»Ã¾µ�Èµ¼»ÁÑË�Â»È¶ÁÁÄ¸��Cd, Co, Cu, Cr, Fe, Mn, Ni, Pb, V ¾ Zn)�
¸�ÂÄÆÇÀÄ¿�¸Äº»��ÀÄÈÄÆÉÔ�ÅÆ¾Â»ÃµÁ¾�¸�ÅÄÁ»¸ÑË�ÄÀ»¶ÃÄÁÄ¹¾Í»ÇÀ¾Ë�¾ÇÇÁ»�
ºÄ¸¶Ã¾µË�¸�c¶Æ»ÃÌÄ¸ÄÂ�¾�oÄÆ¸»¼ÇÀÄÂ�ÂÄÆµË��egpwj�rbo���jÇÅÄÁÒ½Ä�
¸¶Ã¾»�Â»ÈÄºÄ¸�ns�jsq�¾�b�s�jsq�ÅÄ½¸ÄÁ¾ÁÄ�¸�ÄºÃÄ¿�ÅÆÄ·»�¸ÄºÑ�¾Á¾�
ÅÄÍ¸Ñ�ÄÅÆ»º»Á¾ÈÒ�ºÄ����ÓÁ»Â»ÃÈÄ¸��ÍÈÄ�º¶ÁÄ�¸Ä½ÂÄ¼ÃÄÇÈÒ�ÅÆÄ¸»ÇÈ¾�º»�
È¶ÁÒÃÑ»� ¾ÇÇÁ»ºÄ¸¶Ã¾µ� ÅÄ� ÇÄº»Æ¼¶Ã¾Ô� Èµ¼»ÁÑË�Â»È¶ÁÁÄ¸� ¸� Å¾ÈÒ»¸ÑË� ¾�
¸ÄºÄÅÆÄ¸ÄºÃÑË�¸Äº¶Ë�¸�·ÄÁÒÎ¾ÃÇÈ¸»�¹ÄÆÄºÄ¸�¾�Æ»¹¾ÄÃÄ¸�rÄÇÇ¾¾��jqtn�
rbo���

n»ÈÄº�ÅÆÄÈÄÍÃÄ�¾Ã¼»ÀÌ¾ÄÃÃÄ¹Ä�¶Ã¶Á¾½¶��qjb��ÅÆ¾Â»Ã»Ã�ºÁµ�Ä·�
Ã¶ÆÉ¼»Ã¾µ� ½¶¹Æµ½Ã»Ã¾¿� ¸� ÄÈÀÆÑÈÑË� ¸ÄºÄ»Â¶Ë� Ç� ¾ÇÅÄÁÒ½Ä¸¶Ã¾»Â� ÊÄÈÄ�
Â»ÈÆ¾Í»ÇÀÄ¹Ä�¾�¾ÄÃÄÂ»ÈÆ¾Í»ÇÀÄ¹Ä�º»È»ÀÈ¾ÆÄ¸¶Ã¾µ��sq·�eu��¾�¾Äº¾ºÄ¸�¸�
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¸ÄºÃÑË�Æ¶ÇÈ¸ÄÆ¶Ë�Ç�º»È»ÀÈ¾ÆÄ¸¶Ã¾»Â�Ã¶�ÄÇÃÄ¸»�¿Äº¾ºÇ»Á»ÀÈ¾¸ÃÄ¹Ä�ÓÁ»À�
ÈÆÄº¶��o¾¼»¹ÄÆÄºÇÀ¾¿�eu���

d�¾ÃÇÈ¾ÈÉÈ¶Ë�n¾Ã½ºÆ¶¸¶�rv�Æ¶½Æ¶·ÄÈ¶Ã¶�Ç»Æ¾µ�¶Ã¶Á¾È¾Í»ÇÀ¾Ë�Â»�
ÈÄº¾À�Ã¶�ÄÇÃÄ¸»�d�hw�¾�¹¶½Ä¸Ä¿�ËÆÄÂ¶ÈÄ¹Æ¶Ê¾¾�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�ÈÄÀ�
Ç¾ÍÃÑË� ¸»Ï»ÇÈ¸� ¸� ·¾ÄÇÆ»º¶Ë� �¶Ì»ÈÄÃ¶�� ¶ÆÄÂ¶È¾Í»ÇÀ¾Ë� É¹Á»¸ÄºÄÆÄºÄ¸� ¾�
¶ÆÄÂ¶È¾Í»ÇÀ¾Ë�¶Â¾ÃÄÇÄ»º¾Ã»Ã¾¿��Ê»ÃÄÁ¶��ÊÄÆÂ¶ÁÒº»¹¾º¶�¾�Ã¾½Î¾Ë�¶Á¾�
Ê¶È¾Í»ÇÀ¾Ë�ÇÅ¾ÆÈÄ¸���¶�È¶À¼»�¾ÄÃÄ¸�ÊÈÄÆ¶�¾�ÇÄº»Æ¼¶Ã¾¿�Èµ¼»ÁÑË�Â»È¶Á�
ÁÄ¸���¸�ÂÄÍ»��ÀÆÄ¸¾��¼»ÁÍ¾�¾�¼»ÃÇÀÄÂ�ÂÄÁÄÀ»���Ç�¾ÇÅÄÁÒ½Ä¸¶Ã¾»Â�¾ÄÃÇ»�
Á»ÀÈ¾¸ÃÑË�ÓÁ»ÀÈÆÄºÄ¸�¾�bbs��q»ÆÂÇÀ¾¿�Ã¶ÉÍÃÄ�¾ÇÇÁ»ºÄ¸¶È»ÁÒÇÀ¾¿�ÀÁ¾�
Ã¾Í»ÇÀ¾¿�¾ÃÇÈ¾ÈÉÈ�º»ÈÇÀÄ¿�ÓÀÄÈÄÀÇ¾ÀÄÁÄ¹¾¾���

d�hw�¾ÇÅÄÁÒ½Ä¸¶Á¶ÇÒ�ºÁµ�Æ¶½Æ¶·ÄÈÀ¾�ÄÆ¾¹¾Ã¶ÁÒÃÑË�Â»ÈÄº¾À�ÀÄÃ�
ÈÆÄÁµ�ÇÄº»Æ¼¶Ã¾¿�Ê»ÃÄÁ¶��¶ÁÀ¾Á���Ã¾ÈÆÄ��¾�ËÁÄÆÄÊ»ÃÄÁÄ¸�¸�¸Äº»�¾�ºÆÉ�
¹¾Ë�Ä·Ð»ÀÈ¶Ë�ÅÆ¾ÆÄºÃÄ¿�ÇÆ»ºÑ�Ä·¾È¶Ã¾µ�ÅÄÇÁ»�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶Ã¾µ�Ì»Á»�
¸ÑË�ÀÄÂÅÄÃ»ÃÈÄ¸�Ã¶�É¹Á»��jq���rbo���ºÁµ�Ä·Ã¶ÆÉ¼»Ã¾µ�¸ÑÇÄÀÄÈÄÀÇ¾Í�
ÃÄ¹Ä�����º¾Â»È¾Á¹¾ºÆ¶½¾Ã¶�¸�ÅÆ¾ÆÄºÃÑË�¸Äº¶Ë�ÅÄÇÁ»�ÅÄÁÉÍ»Ã¾µ�»¹Ä�ÅÆÄ�
¾½¸ÄºÃÑË�ÅÄ�Æ»¶ÀÌ¾¾�Ç�Å�Ã¾ÈÆÄ·»Ã½¶ÁÒº»¹¾ºÄÂ��neu��À¶Ê»ºÆ¶�bw���ÄÅ�
Æ»º»Á»Ã¾µ� ÅÆÄ¾½¸ÄºÃÑË� Ã¶ÊÈ¶Á¾Ã¶� ¸� ÇÈÄÀ¶Ë� ÅÆÄÂÑÎÁ»ÃÃÑË� ÅÆ»ºÅÆ¾�
µÈ¾¿��ojpw�sp�rbo���

JZajZ[hlZgZ� hkgh\ZggZy� gZ� ojhfZlhf_f[jZgghf� ]Zah-wdkljZdpbhgghf�
\u^_e_gbb�]ZahojhfZlh]jZnbq_kdZy�f_lh^bdZ�hij_^_e_gby�f_lbe-�b�wlbeZp_�
lZlZ��iha\heyxsZy�ijh\h^blv�bo�hij_^_e_gb_�gZ�mjh\g_�ij_^_evgh�^himklb�
fuo� dhgp_gljZpbc� \�iblv_\hc�b�ijbjh^guo� \h^Zo� �hl� ���fd]�e�^h� ���f]�e�
\dexqbl_evgh��� JZajZ[hlZgZ� f_lh^bdZ� o_fbexfbg_kp_glgh]h� hij_^_e_gby�
Zdlb\gh]h��k\yaZggh]h�b�h[s_]h�oehjZ�\�\h^_��KI[�=M��dZn_^jZ�:O). 

sÄ½º¶ÃÑ�ÄÆ¾¹¾Ã¶ÁÒÃÑ»�Ç¸»ÆËÍÉ¸ÇÈ¸¾È»ÁÒÃÑ»�º»È»ÀÈÄÆÑ�ºÁµ�d�hw�
��ÊÄÈÄ¶ÀÉÇÈ¾Í»ÇÀ¾¿�¾�ÁÔÂ¾Ã»ÇÌ»ÃÈÃÑ¿���Ã¶�ÄÇÃÄ¸»�ÀÄÂÂ»ÆÍ»ÇÀÄ¹Ä�Á¶½»�
Æ¶�� ÅÄ½¸ÄÁµÔÏ¾»�ÅÆÄ¸Äº¾ÈÒ�º¾ÇÈ¶ÃÌ¾ÄÃÃÄ»�ÄÅÆ»º»Á»Ã¾»� ½¶¹Æµ½ÃµÔÏ¾Ë�
¸»Ï»ÇÈ¸� ¸� Æ¶½Á¾ÍÃÑË� ÇÆ»º¶Ë�� yÉ¸ÇÈ¸¾È»ÁÒÃÄÇÈÒ� ÓÈ¾Ë� º»È»ÀÈÄÆÄ¸� Ã¶� ����
ÅÄÆµºÀ¶� ¸ÑÎ»� ÍÉ¸ÇÈ¸¾È»ÁÒÃÄÇÈ¾� ¸Ç»Ë� ÈÆ¶º¾Ì¾ÄÃÃÑË� º»È»ÀÈÄÆÄ¸� ºÁµ�
d�hw��s¸»ÆËÍÉ¸ÇÈ¸¾È»ÁÒÃÑ¿�vbmf�Ç�Á¶½»ÆÄÂ�Ã¶�¸ÄÁÃÄ¸ÄÂ�ÅÆÄ·Ä»�ÅÄ�
½¸ÄÁ¾Á�ÅÆÄ¸»ÇÈ¾�Æµº�Ê¾½¾Í»ÇÀ¾Ë�ÓÀÇÅ»Æ¾Â»ÃÈÄ¸�¸�Ã»ºÄÇÈÉÅÃÄ¿�Æ¶Ã»»�Ä·�
Á¶ÇÈ¾�Å¶Æ¶Â»ÈÆÄ¸��durwci���

r¶½Æ¶·ÄÈ¶Ã¶�Â»ÈÄºÄÁÄ¹¾µ� ËÆÄÂ¶ÈÄ¹Æ¶Ê¾Í»ÇÀÄ¹Ä� ¶Ã¶Á¾½¶� �ew�ns��
ew�jl�vÉÆÒ»��d�hw�ns�¾�ºÆ���ÅÆ¾�¸ÑÅÄÁÃ»Ã¾¾�ÓÀÄÁÄ¹¾Í»ÇÀ¾Ë�¾�Ç¶Ã¾�
È¶ÆÃÄ�Ë¾Â¾Í»ÇÀ¾Ë� ÓÀÇÅ»ÆÈ¾½��Æ¶½Æ¶·ÄÈ¶ÃÑ�ÇÈ¶Ãº¶ÆÈÃÑ»�Â»ÈÄº¾À¾�ÄÅÆ»�
º»Á»Ã¾µ�ÇÉÅ»ÆÈÄÀÇ¾À¶ÃÈÄ¸��qbu��qwc��Å»ÇÈ¾Ì¾ºÑ�¾�ºÆ���¸�Ä·Ð»ÀÈ¶Ë�ÄÀ�
ÆÉ¼¶ÔÏ»¿� ÇÆ»ºÑ� ¾� ÇÅÄÇÄ·Ñ� Ã¶º»¼ÃÄ¿� ¾º»ÃÈ¾Ê¾À¶Ì¾¾� ÈÄÀÇ¾ÍÃÑË� ÀÄÂ�
ÅÄÃ»ÃÈÄ¸�¸�ÇÂ»ÇµË�Ã»¾½¸»ÇÈÃÄ¹Ä�ÇÄÇÈ¶¸¶��ojj�¹¾¹¾»ÃÑ��ÅÆÄÊÅ¶È¶ÁÄ¹¾¾�¾�
ÓÀÄÁÄ¹¾¾� Í»ÁÄ¸»À¶� n¾Ã½ºÆ¶¸¶� rv�� s¶ÃÀÈ�q»È»Æ·ÉÆ¹� ¾� ojj� ¹¾¹¾»ÃÑ��
ÈÄÀÇ¾ÀÄÁÄ¹¾¾�¾�ÅÆÄÊÅ¶È¶ÁÄ¹¾¾�n¾Ã½ºÆ¶¸¶�rv��dÄÁ¹Ä¹Æ¶º���

r¶½Æ¶·ÄÈ¶Ã¶� ¶Ã¶Á¾È¾Í»ÇÀ¶µ� ÇË»Â¶� ÊÆ¶ÀÌ¾ÄÃ¾ÆÄ¸¶Ã¾µ� ¾� ¶Ã¶Á¾½¶�
ÀÄÂÅÄÃ»ÃÈÄ¸� ÇÈÄÍÃÑË� ¾� Ä·ÄÆÄÈÃÑË� ¸Äº� ÅÆ»ºÅÆ¾µÈ¾¿� Á»ÇÄÈ»ËÃ¾Í»ÇÀÄ¹Ä�
ÀÄÂÅÁ»ÀÇ¶�Ã¶�ÅÆ¾Â»Æ»�bp��bÆË¶Ã¹»ÁÒÇÀ¾¿�xcl��Ç�¾ÇÅÄÁÒ½Ä¸¶Ã¾»Â�¹¶�
½Ä¸Ä¿�ËÆÄÂ¶ÈÄ¹Æ¶Ê¾¾�ºÁµ�ÄÅÆ»º»Á»Ã¾µ�ÇÄÇÈ¶¸¶�Á»ÈÉÍ¾Ë�Ê»ÃÄÁÄ¸�¾�Â»ÈÄ�
º¾À¶�ÓÀÇÅÆ»ÇÇÃÄ¹Ä�ÄÅÆ»º»Á»Ã¾µ�wql��bÆË¶Ã¹»ÁÒÇÀ¾¿�etu���qÆÄºÄÁ¼»Ã�
ÂÄÃ¾ÈÄÆ¾Ã¹� ½¶¹Æµ½Ã»Ã¾¿�b½Ä¸ÇÀÄ¹Ä�¾�y»ÆÃÄ¹Ä�ÂÄÆ»¿� �ÄÌ»ÃÀ¶� ÇÄº»Æ¼¶�
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Ã¾¿�Ã»ÊÈ»ÅÆÄºÉÀÈÄ¸�¾�qbu�¸�¸Äº»��ºÄÃÃÑË�ÄÈÁÄ¼»Ã¾µË�¾�ÅÆÄÂÑÇÁÄ¸Ä¿�
¾ËÈ¾Ê¶ÉÃ»��� qÆ»ºÁÄ¼»ÃÑ� ÃÄ¸Ñ»� ÇË»ÂÑ� ÄÅÆ»º»Á»Ã¾µ� ��� ÅÆ¾ÄÆ¾È»ÈÃÑË�
qbu� ¸� ¸Äº»�� ºÄÃÃÑË� ÄÇ¶ºÀ¶Ë� ¾� ¹¾ºÆÄ·¾ÄÃÈ¶Ë� �b½ojjrw�� rÄÇÈÄ¸ÇÀ¾¿�
eu��À¶Ê»ºÆ¶�bw���r¶½Æ¶·ÄÈ¶ÃÑ�ÃÄ¸Ñ»�Â»ÈÄº¾À¾�¾ÇÇÁ»ºÄ¸¶Ã¾µ�ÄÆ¹¶Ã¾Í»�
ÇÀ¾Ë�¸»Ï»ÇÈ¸��Ã¶ËÄºµÏ¾ËÇµ�¸�¸¾º»�ÈÄÃÀ¾Ë��ºÄ����ÃÂ��ÅÁ»ÃÄÀ�Ã¶�ÅÄ¸»ÆËÃÄ�
ÇÈ¾�¸ÄºÑ��ÍÈÄ�ÂÄ¼»È�·ÑÈÒ�¶ÀÈÉ¶ÁÒÃÄ�ÅÆ¾�ÄÅÆ»º»Á»Ã¾¾�Ã»ÊÈ»ÅÆÄºÉÀÈÄ¸�¸�
ÇÁÉÍ¶»�Ã»ÊÈµÃÑË�Æ¶½Á¾¸¶Ë�¸�ÂÄÆµË�¾�·ÄÁÒÎ¾Ë�¸ÄºÄ»Â¶Ë�Ç�ÅÆ»ÇÃÄ¿�¸ÄºÄ¿�
�egpwj�rbo���

n»ÈÄºÄÂ�À¶Å¾ÁÁµÆÃÄ¿�¹¶½Ä¸Ä¿�ËÆÄÂ¶ÈÄ¹Æ¶Ê¾¾�¾ÇÇÁ»ºÄ¸¶ÃÄ�ÇÄº»Æ�
¼¶Ã¾»�Ã»ÊÈµÃÑË�É¹Á»¸ÄºÄÆÄºÄ¸�¸�ÇÈÄÍÃÑË�¸Äº¶Ë�¹��dÁ¶º¾¸ÄÇÈÄÀ¶�¸�½¶¸¾�
Ç¾ÂÄÇÈ¾�ÄÈ�Ç»½ÄÃÃÑË�¾½Â»Ã»Ã¾¿�Â¾ÀÆÄÊÁÄÆÑ��f¶ÁÒÃ»¸ÄÇÈÄÍÃÑ¿�eu��À¶�
Ê»ºÆ¶� bw��� Æ¶½Æ¶·ÄÈ¶ÃÑ� ÃÄ¸Ñ»� ÇÅÄÇÄ·Ñ� ÄÅÆ»º»Á»Ã¾µ� Ê»ÃÄÁÄ¸� ¸� ÅÆÄ�
ÂÑÎÁ»ÃÃÑË�ÇÈÄÀ¶Ë��dÄÆÄÃ»¼ÇÀ¶µ�etb��¾�¸¶¼Ã¶µ�ºÁµ�ÓÀÄÁÄ¹¾¾�Â»ÈÄº¾À¶�
¹¶½ÄËÆÄÂ¶ÈÄ¹Æ¶Ê¾Í»ÇÀÄ¹Ä� ÄÅÆ»º»Á»Ã¾µ� Ä·Ï»¿� ÄÆ¹¶Ã¾Í»ÇÀÄ¿� ÇÆ»ºÑ� ¸�
Ã»ÊÈ»ÅÆÄºÉÀÈ¶Ë��sqc�eu��Á¶·��ew�ojj�Ë¾Â¾¾���

r¶½Æ¶·ÄÈ¶ÃÑ�Â»ÈÄº¾Í»ÇÀ¾»� Æ»ÀÄÂ»Ãº¶Ì¾¾� ÅÄ� ¾º»ÃÈ¾Ê¾À¶Ì¾¾�Ã»Ê�
È»ÅÆÄºÉÀÈÄ¸�¸�Ä·Ð»ÀÈ¶Ë�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ��egpwj�rbo���¸�ÈÄÂ�Í¾ÇÁ»���
Ç�ÅÄÂÄÏÒÔ�Ã¶¾·ÄÁ»»�Ã¶º»¼ÃÑË�¾�¾ÃÊÄÆÂ¶È¾¸ÃÑË���ew�¾�ew�ns��jq���
rbo�� ¾� Â»ÈÄºÄÂ�jl�ÇÅ»ÀÈÆÄÂ»ÈÆ¾¾� �ÇÉÂÂ¶ÆÃÄ»� ÇÄº»Æ¼¶Ã¾»� Ã»ÊÈ»ÅÆÄ�
ºÉÀÈÄ¸�¸�Å¾ÈÒ»¸ÑË��ÅÆ¾ÆÄºÃÑË�¾�ÇÈÄÍÃÑË�¸Äº¶Ë���Æ¶½Æ¶·ÄÈ¶Ã¶�¾�¶ÈÈ»ÇÈÄ�
¸¶Ã¶�Â»ÈÄº¾À¶�¾½Â»Æ»Ã¾µ�Â¶ÇÇÄ¸Ä¿�ÀÄÃÌ»ÃÈÆ¶Ì¾¾�¼¾ÆÄ¸�¸�ÅÆ¾ÆÄºÃÑË�¾�
ÄÍ¾Ï»ÃÃÑË�ÇÈÄÍÃÑË�¸Äº¶Ë��ojpw�sp�rbo�ÇÄ¸Â»ÇÈÃÄ�Ç�q�q��s¾·ÓÀÄ�
ÅÆ¾·ÄÆ����

qÆÄºÄÁ¼»ÃÑ� ¾ÇÇÁ»ºÄ¸¶Ã¾µ� ÅÄ� ÄÌ»ÃÀ»� ÇÈ»Å»Ã¾� º¾ÄÀÇ¾ÃÄ¸Ä¹Ä� ½¶�
¹Æµ½Ã»Ã¾µ�Æ»¹¾ÄÃÄ¸�rÄÇÇ¾¾��dÅ»Æ¸Ñ»�ÓÈ¾�¾ÇÇÁ»ºÄ¸¶Ã¾µ�ÅÆÄ¸»º»ÃÑ�¸�lÉÆ�
ÇÀÄ¿��qÇÀÄ¸ÇÀÄ¿�¾�dÁ¶º¾Â¾ÆÇÀÄ¿�Ä·Á¶ÇÈµË��¸�t¶È¶ÆÇÈ¶Ã»��w¶À¶ÇÇ¾¾�¾�Ã¶�
È»ÆÆ¾ÈÄÆ¾¾�¹��lÆ¶ÇÃÄµÆÇÀ¶��jq���rbo����ÀÄÁÄ¹¾Í»ÇÀ¾»�ÅÆÄ·Á»ÂÑ��Ç¸µ�
½¶ÃÃÑ»�Ç�½¶¹Æµ½Ã»Ã¾»Â�¸ÄºÑ�¾�ÅÄÍ¸Ñ�º¾ÄÀÇ¾Ã¶Â¾�¸�c¶ÎÀÄÆÈÄÇÈ¶Ã»��Æ»�
Î¶ÔÈÇµ� ¸� c¶ÎÀ¾ÆÇÀÄÂ� Æ»ÇÅÉ·Á¾À¶ÃÇÀÄÂ� ojx� nys� ¾� ÓÀÄÁÄ¹¾Í»ÇÀÄ¿�
·»½ÄÅ¶ÇÃÄÇÈ¾��

n»ÈÄºÄÂ� ew�ns� ÅÆÄ¸»º»ÃÄ� º»È¶ÁÒÃÄ»� Ä·ÇÁ»ºÄ¸¶Ã¾»� ÅÄ¸»ÆËÃÄÇÈ�
ÃÑË� ¸Äº� ¾� ºÄÃÃÑË� ÄÇ¶ºÀÄ¸� ÄÇÃÄ¸ÃÑË� ÓÀÄÁÄ¹¾Í»ÇÀ¾Ë� Ä·Ð»ÀÈÄ¸�oÄ¸ÄÇ¾�
·¾ÆÇÀÄ¿�Ä·Á�� �Å»ÇÈ¾Ì¾ºÑ��Ê»ÃÄÁÑ��qbu��qwc���¶�È¶À¼»�ÅÄ¸»ÆËÃÄÇÈÃÑË�
¸Äº�¾�ºÄÃÃÑË�ÄÈÁÄ¼»Ã¾¿�Ä½��c¶¿À¶Á��Æ¶½Æ¶·ÄÈ¶ÃÑ�ÇÅÄÇÄ·Ñ�¾º»ÃÈ¾Ê¾À¶�
Ì¾¾�ÀÄÂÅÄÃ»ÃÈÄ¸�·»Ã½¾ÃÄ¸�¾�ÈÄÅÁ¾¸�Â»ÈÄºÄÂ�ew�¾�ew�ns��ojpw�sp�
rbo���

l¶Å¾ÁÁµÆÃÑ¿�ÓÁ»ÀÈÆÄÊÄÆ»½��ÅÄ�ÓÊÊ»ÀÈ¾¸ÃÄÇÈ¾�Æ¶½º»Á»Ã¾µ�Ã»�ÉÇÈÉ�
Å¶ÔÏ¾¿� ÁÉÍÎ¾Â� ¸¶Æ¾¶ÃÈ¶Â� d�hw�� ·ÑÁ� ¾ÇÅÄÁÒ½Ä¸¶Ã� ºÁµ� ÄÅÆ»º»Á»Ã¾µ�
ÀÄÂÅÄÃ»ÃÈÄ¸�ÇÁÄ¼ÃÑË�ÇÂ»Ç»¿�¾�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�¶Ã¾ÄÃÄ¸�¸�Å¾ÈÒ»¸ÑË��ÅÆ¾�
ÆÄºÃÑË� ¾� ÇÈÄÍÃÑË� ¸Äº¶Ë��sÄ½º¶Ã¶� Ç¾ÇÈ»Â¶�Â»ÈÆÄÁÄ¹¾Í»ÇÀÄ¹Ä�Ä·»ÇÅ»Í»�
Ã¾µ� ¸� ¶Ã¶Á¾½»� ¸Äº� �euq� ¾� �x»ÃÈÆ� ¾ÇÇÁ»ºÄ¸¶Ã¾µ� ¾� ÀÄÃÈÆÄÁµ� ¸ÄºÑ��� ¾�
ÇÈ¶Ãº¶ÆÈÃÑ»� Ä·Æ¶½ÌÑ� �esp�� ºÁµ� Ä·»ÇÅ»Í»Ã¾µ� ÀÄÃÈÆÄÁµ� À¶Í»ÇÈ¸¶� ¸Äº�
�euq��x»ÃÈÆ�¾ÇÇÁ»ºÄ¸¶Ã¾µ�¾�ÀÄÃÈÆÄÁµ�¸ÄºÑ��¾�uojjn���

sÅ»ÀÈÆÄÇÀÄÅ¾µ��nr�o���ÃÄ¸Ñ¿�Â»ÈÄº�¾½ÄÈÄÅÃÄ¹Ä�¶Ã¶Á¾½¶���ÅÄ½¸Ä�
Á¾Á�ÅÄÁÉÍ¾ÈÒ�ÉÃ¾À¶ÁÒÃÉÔ�¾ÃÊÄÆÂ¶Ì¾Ô�Ä�½¶¹Æµ½Ã»Ã¾¾�¸ÄºÃÑË�Ä·Ð»ÀÈÄ¸�
�rÄÇÇ¾¿ÇÀ¾¿� ÉÃ¾¸»ÆÇ¾È»È� ºÆÉ¼·Ñ� Ã¶ÆÄºÄ¸�� jÆÀÉÈÇÀ¾¿� eu��� qÄÀ¶½¶Ã¶�
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¸Ä½ÂÄ¼ÃÄÇÈÒ�¾ÇÅÄÁÒ½Ä¸¶Ã¾µ�qbo�¸ÄÁÄÀÃ¶�ºÁµ�ÄÍ¾ÇÈÀ¾�¸ÄÁ¼ÇÀÄ¿�¸ÄºÑ�
ÄÈ� Ê»ÃÄÁÒÃÑË� ½¶¹Æµ½Ã»Ã¾¿� ¸� Æ¶¿ÄÃ»� ¹�� s¶Æ¶ÈÄ¸¶� �s¶Æ¶ÈÄ¸ÇÀ¾¿� eu�� À¶�
Ê»ºÆ¶�bw���

Ih� aZ^Zgbx�IjZ\bl_evkl\_gghc� dhfbkkbb� ih� jZkke_^h\Zgbx� ijbqbg�
dZlZkljhnu�ijh\_^_g�dZq_kl\_gguc�b�dhebq_kl\_gguc� ZgZeba�ijh[�\h^u�b�
\ha^moZ�� hlh[jZgguo� \h^heZaZfb� ba� �� b� �� hlk_dh\� aZlhgm\r_c� ieZ\[Zau�
³Dmjkd´�Bkihevah\Zebkv�ke_^mxsb_�f_lh^u��\ukhdh-wnn_dlb\gZy�`b^dhkl�
gZy� ojhfZlh]jZnby�� ]Zah\Zy� ojhfZlh-fZkk-ki_dljhf_ljby�� fZkk-
ki_dljhf_ljby�k�bg^mdlb\gh�k\yaZgghc�ieZafhc��Z[khj[pbhggZy�ki_dljhnh�
lhf_ljby� \� MN-h[eZklb�� Zlhfgh-Z[khj[pbhgguc� f_lh^� ³oheh^gh]h� iZjZ´��
BD-Nmjv_–ki_dljhf_ljby��nemhjbf_ljbq_kdbc�f_lh^��j_njZdlhf_ljbq_kdbc�
f_lh^��ihl_gpbhf_ljbq_kdbc��dhg^mdlhf_ljbq_kdbc�b�bhghf_ljbq_kdbc�f_�
lh^u��we_dljhobfbq_kdbc�f_lh^��lbljhf_ljbq_kdbc�f_lh^��f_lh^�<bgde_jZ��
f_lh^� dZibeeyjgh]h� we_dljhnhj_aZ� b� f_lh^� ijyfh]h� baf_j_gby� iehlgh�
klb�<GBBF).�

t¸»ÆºÑ»�Ä·Ð»ÀÈÑ��ÅÄÍ¸¶��ºÄÃÃÑ»�ÄÈÁÄ¼»Ã¾µ�¾�ºÆ����ÀÇÅÆ»ÇÇÃÄ»� ÄÅ�
Æ»º»Á»Ã¾»�ÅÄº¸¾¼ÃÑË�ÊÄÆÂ�Èµ¼»ÁÑË�Â»È¶ÁÁÄ¸�¸�¶¹ÆÄÓÀÄÁÄ¹¾Í»ÇÀ¾Ë�¾Ç�
ÇÁ»ºÄ¸¶Ã¾µË� ·ÑÁÄ� ¸ÑÅÄÁÃ»ÃÄ� Â»ÈÄºÄÂ� ¾Ã¸»ÆÇ¾ÄÃÃÄ¿� ¸ÄÁÒÈ¶ÂÅ»ÆÄÂ»È�
Æ¾¾��xjobp���r¶½Æ¶·ÄÈ¶Ã�Æµº�Â»ÈÄº¾À�ÄÅÆ»º»Á»Ã¾µ�Èµ¼»ÁÑË�Â»È¶ÁÁÄ¸�
¸�ÅÄÍ¸¶Ë��Æ¶ÇÈ»Ã¾µË�¾�ÄÆ¹¶Ã¾½Â¶Ë�¼¾¸ÄÈÃÑË��pÂÇÀ¾¿�eu��¾�Ë¾Â¾Í»ÇÀ¾Ë�
ÊÄÆÂ�ÓÁ»Â»ÃÈÄ¸�¸�Æ¶½Á¾ÍÃÑË�Ä·Ð»ÀÈ¶Ë�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ��tÄÂÇÀ¾¿�eu��
egpwj�rbo���dÄ½ÂÄ¼ÃÄÇÈÒ�ÓÀÇÅÆ»ÇÇÃÄ¹Ä�ÄÅÆ»º»Á»Ã¾µ�Ê»ÃÄÁÄ¸�¸�ÅÄÍ¸»�
Æ»¶Á¾½Ä¸¶Ã¶� ¸� Â»ÈÄº¾À»� Ã¶� ÄÇÃÄ¸»� ¶ÂÅ»ÆÄÂ»ÈÆ¾¾� ÅÄÇÁ»� ·ÆÄÂ¾ÆÄ¸¶Ã¾µ�
Ê»ÃÄÁÄ¸��yÉ¸¶ÎÇÀ¾¿�eu���

dÑÅÄÁÃ»ÃÑ�Æ¶·ÄÈÑ�ÅÄ�¾ÇÇÁ»ºÄ¸¶Ã¾Ô�ÊÄÆÂ�Èµ¼»ÁÑË�Â»È¶ÁÁÄ¸�Â»�
ÈÄºÄÂ�bbs�¸�ºÄÃÃÑË�ÄÈÁÄ¼»Ã¾µË�¸ÄºÄËÆ¶Ã¾Á¾Ï�bÃ¹¶ÆÇÀÄ¹Ä�À¶ÇÀ¶º¶�¾�
À»ÆÃÄ¸�ÄÇ¶ºÀÄ¸�Ä½��c¶¿À¶Á��j½ÉÍ»Ã�Â»Ë¶Ã¾½Â�¾½¸Á»Í»Ã¾µ�Èµ¼»ÁÑË�Â»È¶Á�
ÁÄ¸� ¾½� ÅÄÍ¸� Æ¶½Á¾ÍÃÑÂ¾� ÓÀÇÈÆ¶¹»ÃÈ¶Â¾� �jew�sp�rbo��fÁµ� ¶Ã¶ÁÄ¹¾Í�
ÃÄ¿� Ì»Á¾� ÅÆ¾Â»ÃµÁ¾� ÀÄÂÅÁ»ÀÇ� ¶Ã¶Á¾È¾Í»ÇÀ¾Ë� Â»ÈÄºÄ¸� �ÓÁ»Â»ÃÈÃÑ¿� ¾�
È»ÆÂ¾Í»ÇÀ¾¿� ¶Ã¶Á¾½�� jl�� ¾� �nr�� ÇÅ»ÀÈÆÄÇÀÄÅ¾Ô�� ÍÈÄ� ÅÄ½¸ÄÁ¾ÁÄ� ÄÌ»�
Ã¾ÈÒ�ÇÄº»Æ¼¶Ã¾µ�Æ¶½Á¾ÍÃÑË�Ë¾Â¾Í»ÇÀ¾Ë�ÓÁ»Â»ÃÈÄ¸�¸�ÅÄÍ¸¶Ë�¾�ÇÄÄÈÃÄÎ»�
Ã¾»�Â»¼ºÉ�Æ¶½Á¾ÍÃÑÂ¾�ÊÄÆÂ¶Â¾�Ã¶ËÄ¼º»Ã¾µ�ÓÈ¾Ë�ÓÁ»Â»ÃÈÄ¸��ojpw�sp�
rbo���n»ÈÄº¾À¶�Ã¶�ÄÇÃÄ¸»�Ë¾Â¾Í»ÇÀÄ¹Ä�¶Ã¶Á¾½¶��ÓÂ¾ÇÇ¾ÄÃÃÄ¿�ÇÅ»ÀÈÆÄ�
ÇÀÄÅ¾¾� ¾�ns�jsq� ÅÆ¾Â»ÃµÁ¶ÇÒ� ºÁµ� ÄÅÆ»º»Á»Ã¾µ� ÓÁ»Â»ÃÈÃÄ¹Ä� ÇÄÇÈ¶¸¶�
ÅÆÄ·��ÅÄ����ÓÁ»Â»ÃÈ¶Â��ÅÆ¾�¾ÇÇÁ»ºÄ¸¶Ã¾¾�ÇÃ»¹¶��ÅÄÍ¸Ñ��ÀÄÁÄº»½ÃÄ¿�¸ÄºÑ�
¸�y»Áµ·¾ÃÇÀÄ¿�Ä·Á���jwt�uÆp�rbo���

r¶½Æ¶·ÄÈ¶Ã¶� Â»ÈÄº¾À¶� Æ»ÃÈ¹»ÃÄÊÁÉÄÆ»ÇÌ»ÃÈÃÄ¹Ä� ÄÅÆ»º»Á»Ã¾µ� Â»�
È¶ÁÁÄ¸� ¸� ÅÄÍ¸»ÃÃÑË� ¸ÑÈµ¼À¶Ë� ¾�bbs�ÄÅÆ»º»Á»Ã¾µ� Ç¸¾ÃÌ¶�� Â¶Æ¹¶ÃÌ¶� ¾�
Ì¾ÃÀ¶� ¸� ÂÄÁÄÍÃÑË� ½É·¶Ë� ÅÄÇÁ»� ui�Æ¶½ÁÄ¼»Ã¾µ�� r»½ÉÁÒÈ¶ÈÑ� ¾½Â»Æ»Ã¾¿�
¾ÇÅÄÁÒ½Ä¸¶ÃÑ�ÅÆ¾�ÄÌ»ÃÀ»�ÓÀÄÁÄ¹¾Í»ÇÀÄ¹Ä�ÇÄÇÈÄµÃ¾µ�bÀ¶º»Â¹ÄÆÄºÀ¶�¸�¹��
jÆÀÉÈÇÀ»��p·Ä·Ï»ÃÑ�Æ»½ÉÁÒÈ¶ÈÑ�ÈÆ»ËÁ»ÈÃ»¹Ä�ÂÄÃ¾ÈÄÆ¾Ã¹¶��ÅÄ�¶Ã¶Á¾È¾�
Í»ÇÀÄ¿�bbs�Â»ÈÄº¾À»��ÇÄº»Æ¼¶Ã¾¿�Hg, Pb, Zn ¾ Cu�¸�Á»Í»·ÃÑË�¹Æµ½µË�ÀÉ�
ÆÄÆÈÄ¸�¾�Ç¶Ã¶ÈÄÆ¾»¸�qÆ¾·¶¿À¶ÁÒµ��jÆÀÉÈÇÀ¾¿�eu���

lÄÂ·¾Ã¾ÆÄ¸¶ÃÃ¶µ� Â»ÈÄº¾À¶� Ã¶� ÄÇÃÄ¸»� ns�jsq� ¾ÇÅÄÁÒ½Ä¸¶Á¶ÇÒ�
ºÁµ�ÄÅÆ»º»Á»Ã¾µ�ÉÆ¶Ã¶�¾�ÈÄÆ¾µ�¸�ºÄÃÃÑË�ÄÈÁÄ¼»Ã¾µË�ÅÆ»ÇÃÄ¸ÄºÃÑË�Ä½»Æ��
bÃ¶ÁÄ¹¾ÍÃ¶µ�Â»ÈÄº¾À¶�¾ÇÅÄÁÒ½Ä¸¶Á¶ÇÒ�ºÁµ�ÅÆµÂÄ¹Ä�ÄÅÆ»º»Á»Ã¾µ����ÓÁ»�
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Â»ÃÈÄ¸�¸�ºÄÃÃÑË�ÄÇ¶ºÀ¶Ë��ÅÄÍ¸¶Ë��Æ¶ÇÈ»Ã¾µË�¾�¸ÄÁÄÇ¶Ë��jow�sp�rbo���
qÆÄ¸»º»Ã�Æ¶º¾ÄË¾Â¾Í»ÇÀ¾¿�¶Ã¶Á¾½�Ä·Æ¶½ÌÄ¸�ÅÄÍ¸�� ÄÈÄ·Æ¶ÃÃÑË�Ã¶� È»Æ�
Æ¾ÈÄÆ¾¾�lÆ¶ÇÃÄµÆÇÀÄ¹Ä�ÀÆ¶µ��Æ»ÇÅÉ·Á¾À¾�w¶À¶ÇÇ¾µ�¾�ÇÄÅÆ»º»ÁÒÃÑË�Æ»�
¹¾ÄÃÄ¸�� pÀ¶½¶ÁÄÇÒ�� ÍÈÄ� Ë¶Æ¶ÀÈ»ÆÃÄ¿� ÄÇÄ·»ÃÃÄÇÈÒÔ� Æ¶º¾Ä¶ÀÈ¾¸ÃÄ¹Ä� ½¶�
¹Æµ½Ã»Ã¾µ� ¸� ºÄÁ¾Ã»� gÃ¾Ç»µ� µ¸Áµ»ÈÇµ� ÅÆ¾ÇÉÈÇÈ¸¾»� ¾½ÄÈÄÅÄ¸� ÅÁÉÈÄÃ¾µ�
�lÆ¶ÇÃÄµÆÇÀ¾¿�eu���r¶½Æ¶·ÄÈ¶Ã�ÇÅÄÇÄ·�ÄÅÆ»º»Á»Ã¾µ�ÇÁ»ºÄ¸�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�
ÇÄ»º¾Ã»Ã¾¿�ÇÆ»ºÃ»¿�Á»ÈÉÍ»ÇÈ¾�¸�ÅÄÍ¸»��ÄÇÃÄ¸¶ÃÃÑ¿�Ã¶�sv��·»½�¾ÇÅÄÁÒ�
½Ä¸¶Ã¾µ�ÄÆ¹¶Ã¾Í»ÇÀÄ¹Ä�Æ¶ÇÈ¸ÄÆ¾È»Áµ�¾�ew�ns�¶Ã¶Á¾½»�ÓÀÇÈÆ¶ÀÈ¶��neu��
À¶Ê»ºÆ¶�bw���qÆ»ºÁÄ¼»Ã¶�Â»ÈÄº¾À¶�¹¶½ÄËÆÄÂ¶ÈÄ¹Æ¶Ê¾Í»ÇÀÄ¹Ä�ÄÅÆ»º»Á»�
Ã¾µ� É¹Á»¸ÄºÄÆÄºÄ¸� s��s�� ¸� ÇÃ»¹Ä¸ÑË� ÅÄÀÆÄ¸¶Ë� �ÅÆ»º»Á� Ä·Ã¶ÆÉ¼»Ã¾µ� ��
ppm��¾�Â»ÈÄº¾À¶�ÅÆµÂÄ¹Ä�¶ÈÄÂÃÄ�ÓÂ¾ÇÇ¾ÄÃÃÄ¹Ä�¶Ã¶Á¾½¶�ÅÄÍ¸�Ã¶�ÇÄº»Æ�
¼¶Ã¾»�Â¾ÀÆÄÓÁ»Â»ÃÈÄ¸��tÄÂÇÀ¾¿�eu��À¶Ê»ºÆ¶�bw���

j½ÉÍ»Ã¶�¸»ÆÈ¾À¶ÁÒÃ¶µ�Â¾¹Æ¶Ì¾µ�º¾ÄÀÇ¾ÃÄ¸�Ã¶�¹ÁÉ·¾ÃÉ�ÅÄÍ¸»ÃÃÄ¹Ä�
ÇÁÄµ��pÀ¶½¶ÁÄÇÒ��ÍÈÄ�º¾ÄÀÇ¾ÃÑ�ÂÄ¹ÉÈ�ÀÄÃÌ»ÃÈÆ¾ÆÄ¸¶ÈÒÇµ�������Ã»�ÈÄÁÒÀÄ�
Ã¶�¹ÁÉ·¾Ã»�ºÄ����ÇÂ�ÅÄÍ¸»ÃÃÄ¹Ä�ÇÁÄµ��ÃÄ�¾�ÅÆÄÃ¾À¶ÈÒ�¸�Ã»»�Ã¶�¹ÁÉ·¾ÃÉ�����
Â��qÆÄ¸»º»Ã¶�ÄÌ»ÃÀ¶�ÉÆÄ¸Ãµ�½¶¹Æµ½Ã»ÃÃÄÇÈ¾�ÅÄÍ¸�º¾ÄÀÇ¾Ã¶Â¾�¸Ä�ÂÃÄ¹¾Ë�
Æ»¹¾ÄÃ¶Ë�rÄÇÇ¾¾��jq���rbo���

l¶À�¾�¸�ÅÆÄÎÁÑ»�¹ÄºÑ��ÇÂ��pÈÍ»È�½¶�����������¹�¹����ÉÆÄ¸»ÃÒ�¾�À¶Í»�
ÇÈ¸Ä� ÓÀÄ¶Ã¶Á¾È¾Í»ÇÀ¾Ë� ¾ÇÇÁ»ºÄ¸¶Ã¾¿� ¸� ·ÄÁÒÎ¾ÃÇÈ¸»� ÉÃ¾¸»ÆÇ¾È»ÈÄ¸�rÄÇ�
Ç¾¾�½Ã¶Í¾È»ÁÒÃÄ�Ã¾¼»��Í»Â�¸�¾ÃÇÈ¾ÈÉÈ¶Ë�rbo�¾��ÄÇÄ·»ÃÃÄ��¸�ÄÈÆ¶ÇÁ»¸ÑË�
¾ÃÇÈ¾ÈÉÈ¶Ë��ÅÆÄ¸ÄºµÏ¾Ë�¾ÇÇÁ»ºÄ¸¶Ã¾µ�¸�Ä·Á¶ÇÈ¾�ÓÀÄÁÄ¹¾Í»ÇÀÄ¹Ä�¶Ã¶Á¾½¶��

�i¶�Æ»ºÀ¾Â�¾ÇÀÁÔÍ»Ã¾»Â��sq·�eu��o¾¼»¹ÄÆÄºÇÀ¾¿�eu���¸�ÉÃ¾¸»ÆÇ¾�
È»È¶Ë��ÈÄÍÃÄ�È¶À�¼»��À¶À�¾�¸�¾ÃÇÈ¾ÈÉÈ¶Ë�rbo��ÇÁ¶·Ä�Æ¶½¸¾ÈÑ�Â»ÈÄºÑ�¶Ã¶�
Á¾½¶�½¶¹Æµ½Ã»Ã¾¿�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ��ÄÇÃÄ¸¶ÃÃÑ»�Ã¶�ËÆÄÂ¶ÈÄ¹Æ¶Ê¾Í»ÇÀ¾Ë�
Â»ÈÄº¶Ë��ew��d�hw��tsw��jw�¾�ºÆ����·»½�ÀÄÈÄÆÑË�Ã»ÂÑÇÁ¾ÂÑ�Ç»ÆÒ»½ÃÑ»�
¾ÇÇÁ»ºÄ¸¶Ã¾µ� ¸� Ä·Á¶ÇÈ¾� ÓÀÄÁÄ¹¾Í»ÇÀÄ¹Ä� ¶Ã¶Á¾½¶�� ÄÇÄ·»ÃÃÄ�ºÁµ� ÄÆ¹¶Ã¾Í»�
ÇÀ¾Ë�ÇÄ»º¾Ã»Ã¾¿�¾�ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�¾�Ã»ÄÆ¹¶Ã¾Í»ÇÀ¾Ë�¹¶½Ä¸�

nÃÄ¹¾»�¾½�ÅÆ¾ÇÁ¶ÃÃÑË�¸�sÄ¸»È�rbo�ÅÄ�¶Ã¶Á¾È¾Í»ÇÀÄ¿�Ë¾Â¾¾�Â»ÈÄ�
º¾À�¾�Â¶È»Æ¾¶Á�ÅÄ�¶Ã¶Á¾½É�Ä·Ð»ÀÈÄ¸�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ��ÇÄº»Æ¼¶Ï¾¿Çµ�¸�
È»½¾Ç¶Ë�ºÄÀÁ¶ºÄ¸� Ã¶� dÇ»ÆÄÇÇ¾¿ÇÀÄ¿� ÀÄÃÊ»Æ»ÃÌ¾¾� ��ÀÄ¶Ã¶Á¾È¾À¶�
������� ÇÄº»Æ¼¶È�� ¸�ÄÇÃÄ¸ÃÄÂ�� ÇÅÄÇÄ·Ñ�ÄÅÆ»º»Á»Ã¾µ�ÄÈº»ÁÒÃÑË�¾Ãº¾¸¾ºÉ�
¶ÁÒÃÑË� Ë¾Â¾Í»ÇÀ¾Ë� ÇÄ»º¾Ã»Ã¾¿�� ¸� ÈÄ� ¸Æ»Âµ� À¶À� ÇÄ¸Æ»Â»ÃÃ¶µ� ¾º»ÄÁÄ¹¾µ�
¶Ã¶Á¾½¶� ½¶¹Æµ½ÃµÔÏ¾Ë� ¸»Ï»ÇÈ¸� ¸� Æ¶½Á¾ÍÃÑË� ÇÆ»º¶Ë� ÅÆ»ºÅÄÁ¶¹¶»È� ÄºÃÄ�
¸Æ»Â»ÃÃÉÔ�¾º»ÃÈ¾Ê¾À¶Ì¾Ô�¾�ÄÅÆ»º»Á»Ã¾»�ÄºÃÄ¸Æ»Â»ÃÃÄ�¸Ç»Ë�ÅÆ¾ÄÆ¾È»È�
ÃÑË�½¶¹Æµ½Ã¾È»Á»¿�ÅÆÄ·Ñ��Ä·ÑÍÃÄ�������ÇÄ»º¾Ã»Ã¾¿���

�y¶Ï»�¸Ç»¹Ä�ÅÆ»ºÇÈ¶¸Áµ»ÂÑ»�ÉÃ¾¸»ÆÇ¾È»È¶Â¾�Â»ÈÄº¾À¾�ÅÄ¸ÈÄÆµÔÈ��¸�
ÅÆ¾ÃÌ¾Å»�� ¶Ã¶ÁÄ¹¾ÍÃÑ»� Â»ÈÄº¾À¾�� Æ¶½Æ¶·ÄÈ¶ÃÃÑ»� Æ¶Ã»»� �ÇÂ�� ÄÈÍ»ÈÑ� ½¶�
����������¹�¹����pÇÄ·»ÃÃÄ�ÓÈÄ�ÄÈÃÄÇ¾ÈÇµ�À�Â»ÈÄº¾À¶Â�ÅÄ�ÄÅÆ»º»Á»Ã¾Ô�Èµ�
¼»ÁÑË� Â»È¶ÁÁÄ¸� ¸� ¸Äº¶Ë� Â»ÈÄºÄÂ� ¸ÄÁÒÈ¶ÂÅ»ÆÄÂ»ÈÆ¾¾� ¾� ¶ÈÄÂÃÄ�
¶·ÇÄÆ·Ì¾ÄÃÃÄ¿� ÇÅ»ÀÈÆÄÇÀÄÅ¾¾�� t¶ÀÄ¹Ä� ÆÄº¶� Â»ÈÄº¾À¾� �¾� ÂÃÄ¹¾»� ºÆÉ¹¾»��
É¼»� º¶¸ÃÄ� ¾� ËÄÆÄÎÄ� ¾½¸»ÇÈÃÑ� ¾� ÉÈ¸»Æ¼º»ÃÑ�eÄÇÇÈ¶Ãº¶ÆÈÄÂ� ÇÅ»Ì¾¶ÁÒÃÄ�
ºÁµ�ÓÀÄÁÄ¹¾Í»ÇÀÄ¹Ä�¶Ã¶Á¾½¶��¾�ÄÅÉ·Á¾ÀÄ¸¶ÃÑ�¸�����������¹�¹����

�oÄ�ÂÄ¼ÃÄ� Ç� ÉºÄ¸Á»È¸ÄÆ»Ã¾»Â� ÄÈÂ»È¾ÈÒ�¾� Æµº�ÅÄÁÄ¼¾È»ÁÒÃÑË�È»Ã�
º»ÃÌ¾¿�¸�ÓÈÄ¿�Ä·Á¶ÇÈ¾��r¶½Æ¶·¶ÈÑ¸¶»ÈÇµ�ÂÃÄ¼»ÇÈ¸Ä�È»ÇÈ�Â»ÈÄº¾À�ºÁµ�ÄÅ�
Æ»º»Á»Ã¾µ�¾Ãº¾¸¾ºÉ¶ÁÒÃÑË�¸»Ï»ÇÈ¸�¾�ºÁµ�ÇÀ¶Ã¾ÆÄ¸¶Ã¾µ�½¶¹Æµ½Ã¾È»Á»¿�¸�
ºÄÇÈ¶ÈÄÍÃÄ�ÇÁÄ¼ÃÑË�ÓÀÄÁÄ¹¾Í»ÇÀ¾Ë�ÅÆÄ·¶Ë��s�ºÆÉ¹Ä¿�ÇÈÄÆÄÃÑ��ÅÆÄºÄÁ¼¶�
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»È�Æ¶½¸¾¸¶ÈÒÇµ�É¼»�ÅÆÄµ¸¾¸Î¶µÇµ�����¹Äº¶�Ã¶½¶º�È»Ãº»ÃÌ¾µ�À�¾ÇÅÄÁÒ½Ä¸¶�
Ã¾Ô�Ã¶¾·ÄÁ»»�ÇÄ¸»ÆÎ»ÃÃÑË�¾�¾ÃÊÄÆÂ¶È¾¸ÃÑË�Â»ÈÄºÄ¸���ew�ns�¾�ew�jl�
vÉÆÒ»�� ÄÇÄ·»ÃÃÄ� ¸� ¶Æ·¾ÈÆ¶¼ÃÑË� ÇÁÉÍ¶µË�� ÅÆ¾� ÓÀÇÅ»ÆÈÃÄ¿� ÄÌ»ÃÀ»� ÉÆÄ¸Ãµ�
½¶¹Æµ½Ã»Ã¾µ�Æ¶½Á¾ÍÃÑË�Ä·Ð»ÀÈÄ¸��¸�ÓÀÇÈÆ»Â¶ÁÒÃÑË�Ç¾ÈÉ¶Ì¾µË�¾�ºÁµ�¶Ã¶�
Á¾½¶�ÇÂ»Ç»¿�Ã»¾½¸»ÇÈÃÄ¹Ä�ÇÄÇÈ¶¸¶��

l�Æ¶·ÄÈ¶Â�Â¾ÆÄ¸Ä¹Ä�ÉÆÄ¸Ãµ�ÂÄ¼ÃÄ�ÄÈÃ»ÇÈ¾�Æ¶½Æ¶·ÄÈÀ¾�¸�Á¶·ÄÆ¶ÈÄ�
Æ¾¾�¶Ã¶Á¾È¾Í»ÇÀÄ¿�ÓÀÄÈÄÀÇ¾ÀÄÁÄ¹¾¾�jq���rbo��ÄÇÄ·»ÃÃÄ�ÅÄÇÁ»ºÃµµ�¾½�
Ã¾Ë�§�ÇÄ½º¶Ã¾»�ÉÇÈ¶ÃÄ¸À¾�ºÁµ�ÓÀÇÈÆ¶ÀÌ¾¾�ÈÄÀÇ¾À¶ÃÈÄ¸�ÇÉÅ»ÆÀÆ¾È¾Í»ÇÀÄ¿�
¸ÄºÄ¿��ÍÈÄ�ÅÄ½¸ÄÁµ»È�ºÄ·¾ÈÒÇµ�ÇÈ»Å»Ã¾�¾½¸Á»Í»Ã¾µ�ÂÃÄ¹¾Ë�¾½�Ã¾Ë�¾½�Æ¶½ÃÄ�
¹Ä�ÆÄº¶�ÅÄÍ¸�ºÄ������ÍÈÄ�Æ¶Ã»»�ºÁµ�º¾ÄÀÇ¾ÃÄ¸��qbu�¾�Å»ÇÈ¾Ì¾ºÄ¸�·ÑÁÄ�
Ã»¸Ä½ÂÄ¼ÃÑÂ��o¶�ÓÈÄ¿�¼»�ÉÇÈ¶ÃÄ¸À»�ÄºÃÄ¸Æ»Â»ÃÃÄ� �¸�ÅÆ¾ÇÉÈÇÈ¸¾¾�À¶È¶�
Á¾½¶ÈÄÆ¶� �� ¼»Á»½ÃÑË� ÄÅ¾ÁÄÀ�� ÅÆÄ¾ÇËÄº¾È� º»ËÁÄÆ¾ÆÄ¸¶Ã¾»� ÈÄÀÇ¾À¶ÃÈÄ¸��
ÅÆ¾¸ÄºµÏ»»� À� º»ÈÄÀÇ¾À¶Ì¾¾�� Ã¶ÅÆ¾Â»Æ�� º¾ÄÀÇ¾ÃÄ¸�� ÍÈÄ� ÄÍ»ÃÒ� ¸¶¼ÃÄ� ºÁµ�
È»ËÃÄÁÄ¹¾¾�¶Ã¶Á¾½¶�¾�·»½ÄÅ¶ÇÃÄÇÈ¾�Å»ÆÇÄÃ¶Á¶��
� l�Æ¶·ÄÈ¶Â�Â¾ÆÄ¸Ä¹Ä�ÉÆÄ¸Ãµ�ÂÄ¼ÃÄ�ÄÈÃ»ÇÈ¾�È¶À¼»�¾�¾ÇÇÁ»ºÄ¸¶Ã¾µ�ÅÄ�
ÇÄ½º¶Ã¾Ô� Ç¸»ÆËÍÉ¸ÇÈ¸¾È»ÁÒÃÑË� ÊÄÈÄ¶ÀÉÇÈ¾Í»ÇÀÄ¹Ä� ¾� ÁÔÂ¾Ã»ÇÌ»ÃÈÃÄ¹Ä�
º»È»ÀÈÄÆÄ¸�Ç�¾ÇÅÄÁÒ½Ä¸¶Ã¾»Â�ÀÄÂÂ»ÆÍ»ÇÀ¾Ë�Á¶½»ÆÄ¸��ÀÄÈÄÆÑ»�ÅÆ¾Â»ÃµÔÈ�
Çµ�À¶À�¸�d�hw��ÍÉ¸ÇÈ¸¾È»ÁÒÃÄÇÈÒ�ÓÈ¾Ë�º»È»ÀÈÄÆÄ¸�Ã¶�����ÅÄÆµºÀ¶�¸ÑÎ»�
ÍÉ¸ÇÈ¸¾È»ÁÒÃÄÇÈ¾� ÈÆ¶º¾Ì¾ÄÃÃÑË� º»È»ÀÈÄÆÄ¸� ºÁµ�d�hw��� È¶À� ¾� ºÁµ� º¾Ç�
È¶ÃÌ¾ÄÃÃÄ¹Ä�¶Ã¶Á¾½¶�¸�ÓÀÇÈÆ»Â¶ÁÒÃÑË�ÇÁÉÍ¶µË��durcwi���
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Hj]ZgbaZpbb��ij_^klZ\b\rb_�fZl_jbZe�\�hlq_l�kh\_lZ 

��� b½ojjrw�§�b½Ä¸ÇÀ¾¿�ojj�ÆÑ·ÃÄ¹Ä�ËÄ½µ¿ÇÈ¸¶�
2. :joZg]_evkdbc�=LM�–�:joZg]_evkdbc�]hkm^Zjkl\_gguc�l_ogheh]bq_�

kdbc�mgb\_jkbl_l 
3. <hjhg_`kdZy�=L:�–�<hjhg_`kdZy�]hkm^Zjkl\_ggZy�l_ogheh]bq_kdZy�

ZdZ^_fby 
4. <GBBF� bf��>�B��F_g^_e__\Z� –�<k_jhkkbckdbc�GBB�f_ljheh]bb�� ]��

KZgdl-I_l_j[mj] 
5. <hjhg_`kdbc�=M 
6. <MJO;A�–�<h_gguc�mgb\_jkbl_l�jZ^bZpbhgghc��obfbq_kdhc�b�[bheh�

]bq_kdhc�aZsblu 
7. =?HOB�J:G�–�Bgklblml�]_hobfbb�b�ZgZeblbq_kdhc�obfbb�bf��<�B��

<_jgZ^kdh]h 
8. =BJ?>F?L –�=hkm^Zjkl\_gguc�gZmqgh-bkke_^h\Zl_evkdbc�b�ijh_dl�

guc�bgklblml�j_^dhf_lZeebq_kdhc�ijhfure_gghklb 
9. =GBBOLWHK�–�=hkm^Zjkl\_gguc�GBB�obfbb�b�l_ogheh]bb�we_f_glh�

hj]Zgbq_kdbo�kh_^bg_gbc 
10. =GP�JN�GBNOB�bf��E�Y��DZjih\Z�–�=hkm^Zjkl\_gguc�gZmqguc�p_glj�

JN�gZmqgh-bkke_^h\Zl_evkdbc�nbabdh-obfbq_kdbc�bgklblml�bf��E�Y��
DZjih\Z 

11. =GP� JN� H:H� ©MBFª� -� =hkm^Zjkl\_gguc� gZmqguc� p_glj� JN� H:H�
©MjZevkdbc�bgklblml�f_lZeeh\ª 

12. =HOJ:G�Jhkkbb�� 
���� euq��x»ÃÈÆ�¾ÇÇÁ»ºÄ¸¶Ã¾µ�¾�ÀÄÃÈÆÄÁµ�¸ÄºÑ���¹��s¶ÃÀÈ�q»È»Æ·ÉÆ¹�
14. >Z]_klZgkdbc�=M�–�>Z]_klZgkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 
15. >Zevg_\hklhqguc�=M��D:O�–�>Zevg_\hklhqguc��]hkm^Zjkl\_gguc�mgb�

\_jkbl_l��dZn_^jZ�ZgZeblbq_kdhc�obfbb 
16. BZgI�J:G�–�Bgklblml�ZgZeblbq_kdh]h�ijb[hjhkljh_gby��]��KZgdl-

I_l_j[mj] 
17. BG;B�J:G��eZ[hjZlhjby�bffmgh[bhobfbb�–�Bgklblml�[bhobfbb�

bf�:�G��;ZoZ 
18. B<LW�J:G�–�Bgklblml�\ukhdhl_fi_jZlmjghc�we_dljhobfbbMjH�J:G��

]��?dZl_jbg[mj] 
19. B=?F�J:G-�Bgklblml�]_heh]bb�jm^guo�f_klhjh`^_gbc��i_ljh]jZnbb��

fbg_jZeh]bb�b�]_hobfbb�J:G 
20. B=O�KH�J:G�–�Bgklblml�]_hobfbb�bf��:�I��<bgh]jZ^h\Z��]��Bjdmlkd 
21. BAD�KH�J:G�–�Bgklblml�a_fghc�dhju�KH�J:G��]��Bjdmlkd 
22. BD�KH�J:G�–�Bgklblml�dZlZebaZ�bf��=�D��;hj_kdh\Z�KH�J:G��]��Gh\h�

kb[bjkd 
23. BFD�G:G�MdjZbgu-Bgklblml�fhghdjbklZeeh\�G:G�MdjZbgu��]��

OZjvdh\ 
24. BGO�KH�J:G-�Bgklblml�g_hj]Zgbq_kdhc�obfbb�KH�J:G��]��Gh\hkb�

[bjkd 
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25. BGOK�J:G��eZ[hjZlhjbb�ojhfZlh]jZnbb�b�kbgl_aZ�k_e_dlb\gh-
ijhgbpZ_fuo�ihebf_jh\�–�Bgklblml�g_nl_obfbq_kdh]h�kbgl_aZ�bf��:�<��
Lhiqb_\Z�J:G 

26. BGWHK�J:G�–�Bgklblml�we_f_glhhj]Zgbq_kdbo�kh_^bg_gbc�bf��:�G��
G_kf_ygh\Z 

27. BHGO�J:G�– Bgklblml�h[s_c�b�g_hj]Zgbq_kdhc�obfbb�bf��G�K��Dmj�
gZdh\Z�J:G� 

28. BIF�MjH�J:G�–�Bgklblml�ijbdeZ^ghc�f_oZgbdb�MjH�J:G 
29. BIINb;��G:G�MdjZbgu 
30. BILF�J:G�–�Bgklblml�ijh[e_f�l_ogheh]bb�fbdjhwe_dljhgbdb�b�hkh[h�

qbkluo�fZl_jbZeh\�J:G��i�Q_jgh]heh\dZ 
31. Bjdmlkdbc�=M�–�Bjdmlkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 
32. BNF�J:G�–�Bgklblml�nbabdb�fbdjhkljmdlmj��]��Gb`gbc�gh\]hjh^ 
33. BNLL�J:G�–�Bgklblml�nbabdb�l\_j^h]h�l_eZ�J:G��i��Q_jgh]heh\dZ 
34. BO<<�J:G�–�Bgklblml�obfbb�\ukhdhqbkluo�\_s_kl\�bf���J:G 
���� jwt�uÆp�rbo�§�jÃÇÈ¾ÈÉÈ�Ë¾Â¾¾�È¸»ÆºÄ¹Ä�È»Á¶��¹��gÀ¶È»Æ¾Ã·ÉÆ¹�
36. BOLJWFK�DGP�J:G�–�Bgklblml�obfbb�b�l_ogheh]bb�j_^dbo�we_f_g�

lh\�b�fbg_jZevgh]h�kujvy��=��:iZlblu 
37. BOLL�MjH�J:G��eZ[hjZlhjby�NOF:�–�Bgklblml�obfbb�l\_j^h]h�l_eZ�

MjH�J:G��]��?dZl_jbg[mj] 
38. BYB�J:G�–�Bgklblml�y^_jguo�bkke_^h\Zgbc�J:G��]��Fhkd\Z 
39. DZaZgkdbc�=M�–�DZaZgkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�dZn_^jZ�ZgZ�

eblbq_kdhc�obfbb��:O� 
40. Dbjh\h-Q_i_pdbc�OD�–�Dbjh\h-Q_i_pdbc��obfbq_kdbc��dhf[bgZl 
41. DjZkghyjkdbc�=M�–�DjZkghyjkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 
42. Dm[Zgkdbc�=LM�–�Dm[Zgkdbc�]hkm^Zjkl\_gguc�l_ogheh]bq_kdbc�mgb�

\_jkbl_l��]��DjZkgh^Zj 
43. F=:�LOL –�Fhkdh\kdZy�]hkm^Zjkl\_ggZy�ZdZ^_fby�lhgdhc�obfbq_kdhc�

l_ogheh]bb 
44. F=M�–�Fhkdh\kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�bf��F�<��Ehfhghkh�

\Z��dZn_^jZ�ZgZeblbq_kdhc�obfbb��:O���obfbq_kdhc�wgabfheh]bb��OW���
jZ^bhobfbb��� 

45. F=LM� 
46. FBJW:� 
47. Fhkdh\kdbc�IM-�Fhkdh\kdbc�i_^Z]h]bq_kdbc�mgb\_jkbl_l 
48. Gb`_]hjh^kdbc�=M��-�Gb`_]hjh^kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l�

bf��G�B��Eh[Zq_\kdh]h 
���� o¾¼»¹ÄÆÄºÇÀ¾¿�Ä·Á¶ÇÈÃÄ¿�Ì»ÃÈÆ�¹ÄÇÇ¶ÃÓÅ¾ºÃ¶º½ÄÆ¶�
���� ojj�¹¾¹¾»ÃÑ��ÅÆÄÊÅ¶È¶ÁÄ¹¾¾�¾� ÓÀÄÁÄ¹¾¾�Í»ÁÄ¸»À¶��ÅÄÇ��lÉ½ÒÂÄ�

ÁÄ¸ÇÀ¾¿�
���� ojj� ¹¾¹¾»ÃÑ�� ÈÄÀÇ¾ÀÄÁÄ¹¾¾�¾� ÅÆÄÊÅ¶È¶ÁÄ¹¾¾�n¾Ã½ºÆ¶¸¶�rv�� ¹��

dÄÁ¹Ä¹Æ¶º�
52. GBB�dZj^bheh]bb�LGP�KH�J:FG�–�Gbb�dZj^bheh]bb�Lhfkdh]h�GP 
53. GBB�IN�B=M�–�GBB�ijbdeZ^ghc�nbabdb�Bjdmlkdh]h�=M 
54. GBB�obfbb�Gb`_]hjh^kdh]h�=M 
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���� ojj�ÓÀÄÁÄÁÄ¹¾¾�Í»ÁÄ¸»À¶�¾�¹¾¹¾»ÃÑ�ÄÀÆÉ¼¶ÔÏ»¿�ÇÆ»ºÑ�rbno�
56. GBHO�KH�J:G�–�Gh\hkb[bjkdbc�bgklblml�hj]Zgbq_kdhc�obfbb�KH�

J:G 
���� ojx��c�rbo�§o¶ÉÍÃÄ�¾ÇÇÁ»ºÄ¸¶È»ÁÒÇÀ¾¿�¾ÃÇÈ¾ÈÉÈ�ÓÀÄÁÄ¹¾Í»ÇÀÄ¿�

·»½ÄÅ¶ÇÃÄÇÈ¾�rbo��¹��s¶ÃÀÈ�q»È»Æ·ÉÆ¹�
58. H:H�³GhjbevkdZy�]hjgZy�dhfiZgby´ 
59. H:H��MJ:EJ?>F?L� 
60. HB==F�KH�J:G�–�H[t_^bg_gguc�bgklblml�]_heh]bb��]_hnbabdb�b�fb�

g_jZeh]bb��]��Gh\hkb[bjkd 
61. Hjeh\kdbc�=M�-�Hjeh\kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 
62. I_jfkdbc�=M�–�I_jfkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 
63. I_jfkdbc� gZmqgh-bkke_^h\Zl_evkdbc� debgbq_kdbc� bgklblml� ^_lkdhc�

wdhlhdkbdheh]bb 
64. IH��FZyd� 
65. IWI�©Kb[wdhijb[hjª 
���� rox��qÆ¾ÀÁ¶ºÃ¶µ�Ë¾Â¾µ���¹��s¶ÃÀÈ�q»È»Æ·ÉÆ¹�
���� rÄÇÇ¾¿ÇÀ¾¿�ÉÃ¾¸»ÆÇ¾È»È�ºÆÉ¼·Ñ�Ã¶ÆÄºÄ¸�¾Â��q¶ÈÆ¾Ç¶�mÉÂÉÂ·Ñ�
68. Jhklh\kdbc�=M��dZn_^jZ�:O 
69. JOLM��dZn_^jZ�:O�–�Jhkkbckdbc�obfbdh-l_ogheh]bq_kdbc�mgb\_jkb�

l_l�bf��>�B��F_g^_e__\Z� 
70. KZjZlh\kdbc�=:M-�KZjZlh\kdbc�]hkm^Zjkl\_gguc�Z]jZjguc�mgb\_jkb�

l_l 
71. KZjZlh\kdbc�=M�–�KZjZlh\kdbc��]hkm^Zjkl\_gguc�mgb\_jkbl_l��dZn_^�

jZ�ZgZeblbq_kdhc�obfbb��b�obfbq_kdhc�wdheh]bb��:O�b�OW���dZn_^jZ�h[�
s_c�b�g_hj]Zgbq_kdhc�obfbb��HbGO���dZn_^jZ�h[s_c�nbabdb��HN���dZ�
n_^jZ�ijbdeZ^ghc�nbabdb��IN� 

72. K<D�GBB�><H�J:G��FZ]Z^Zg�–�K_\_jh-<hklhqguc�dhfie_dkguc�gZ�
mqgh-bkke_^h\Zl_evkdbc�bgklblml�>Zevg_\hklhqgh]h�hl^_e_gby�J:G 

73. K_\_jh-Hk_lbgkdbc�=M�–�K_\_jh-Hk_lbgkdbc�]hkm^Zjkl\_gguc�mgb\_j�
kbl_l��bf��D�E��O_lZ]mjh\Z��]��<eZ^bdZ\dZa 

74. K_\_jh-Hk_lbgkdbc� p_glj� klZg^ZjlbaZpbb�� f_ljheh]bb� b� k_jlbnbdZ�
pbb��]��<eZ^bdZ\dZa 

75. KGBP�J:G��-�Khqbgkdbc�gZmqgh-bkke_^h\Zl_evkdbc�p_glj�J:G 
76. KI[�=M�–�KZgdl-I_l_j[mj]kdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l��dZn_^�

jZ�ZgZeblbq_kdhc�obfbb��:O���eZ[hjZlhjby�]Zah\hc�ojhfZlh]jZnbb��=O���
dZn_^jZ�jZ^bhobfbb� 

77. Lhfkdbc�=M��dZn_^jZ�N:O�–�Lhfkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l��
dZn_^jZ�nbabq_kdhc�b�ZgZeblbq_kdhc�obfbb 

78. LHH�GI<I�³B<:´��]��?dZl_jbg[mj] 
79. M=LM-MIB��dZn_^jZ�NOF:�–MjZevkdbc�]hkm^Zjkl\_gguc�l_ogheh]b�

q_kdbc�mgb\_jkbl_l 
72 MGBBF�–�MjZevkdbc�GBB�f_ljheh]bb��]��?dZl_jbg[mj]�� 
80. MP�>KDLbM��]��?dZl_jbg[mj]�-�MjZevkdbc��p_glj�^h[jh\hevghc�k_jlb�

nbdZpbb�dZq_kl\Z�lh\Zjh\�b�mkem]��]��?dZl_jbg[mj] 
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81. MjZevkdbc�=WM�–�MjZevkdbc�]hkm^Zjkl\_gguc�wdhghfbq_kdbc�mgb\_j�
kbl_l��]��?dZl_jbg[mj] 

���� xjobp�§�x»ÃÈÆ¶ÁÒÃÑ¿�¾ÃÇÈ¾ÈÉÈ�¶¹ÆÄË¾Â¾Í»ÇÀÄ¹Ä�Ä·ÇÁÉ¼¾¸¶Ã¾µ�
Ç�Ë�

83. PGBB�=GIB�]�DZaZgv 
84. Qm\Zrkdbc�=M��dZn_^jZ�:O�–�Qm\Zrkdbc�]hkm^Zjkl\_gguc�mgb\_jkb�

l_l 
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F?@>MG:JH>GU?�DHGN?J?GPBB������− 2004 ]]. 

�����

������-DQXDU\�%RVWRQ��0$��86$����WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�0LFUR�

VFDOH� 6HSDUDWLRQV� DQG� $QDO\VLV� �+3&(� ������ �-RDQ� 2HIQHU�� 5KHPD� $VVRF��

0DQDJHPHQW�� ���� 6RXWK� 6SUXFH� $YH��� 6XLWH� ���� $�� 6RXWK� 6DQ� )UDQFLVFR�� &$�

������������ 86$�� (�PDLO�� KSFH#FDVVV�RUJ�� :HEVLWH��

ZZZ�FDVVV�RUJ�KSFH�������

������-DQXDU\�7HO�$YLY��,VUDHO��7KH��WK�&RQIHUHQFH�RQ�$QDO\WLFDO�&KHPLV�

WU\��6WLHU�*URXS�/WG���6WLHU�*URXS�+RXVH�����7YHUVNL�6W���7HO$YLY�������,V�

UDHO�� 7HO�� ������������������� )D[�� ������������������� (�PDLO��

VDULWP#VWLHU�FR�LO���

����)HEUXDU\�/LOOHKDPPHU��1RUZD\��(XURSHDQ�:LQWHU�&RQIHUHQFH�RQ�3ODVPD�

6SHFWURVFRS\��3ODVPD��������<��7KRPDVVHQ��3�2��%R[������'(3��1������2VOR��

1RUZD\�� 7HO�)D[�� ����������������� RU� ��������� (�PDLO��

\QJYDU�WKRPDVVHQ#VWDPL�QR��:HEVLWH��KWWS���ZZZ�VWDPL�QR�SODVPD�������

������)HEUXDU\�:DVKLQJWRQ��'&��86$���WK�6\PSRVLXP�RQ�WKH�,QWHUIDFH�RI�

5HJXODWRU\�DQG�$QDO\WLFDO�6FLHQFHV�IRU�%LRWHFKQRORJ\�+HDOWK�3URGXFWV��.DUHQ�

%HUWDQL�� 5KHPD� $VVRFLDWLRQ� 0DQDJHPHQW�� ���� 6RXWK� 6SUXFH� $YHQXH�� 6XLWH�

���$��6RXWK�6DQ�)UDQFLVFR��&$�������������86$��7HO����������������������

)D[�� �������������������� (�PDLO�� NEHUWDQL#FDVVV�RUJ�� :HEVLWH��

ZZZ�FDVVV�RUJ�ZFES���

��� )HEUXDU\� �� �� 0DUFK� 0RVFRZ�� 5XVVLD�� $TXD�7KHUP� �06,� 9HUWULHEV�

*PE+�� 9LHQQD��$XVWULD��7HO�� ���������������������)D[�� �����������������

����

���)HEUXDU\�����0DUFK�.|OQ��*HUPDQ\���UG�,QWHUQDWLRQDO�0HHWLQJ�%LRWHFK�

QRORJ\��&KULVWLDQH�)URKOLFK��.UHX]JDVVH������������.|OQ��*HUPDQ\��7HO������

����������� ��� ������ )D[�� ���� ���� ������� ��� ������� (�PDLO��

IURHKOLFK#FFPNRHOQ�GH���

���� 0DUFK� %DQJNRN��$TXDWHFK� $VLD� �5$,� ([KLELWLRQV� 6LQJDSRUH� 3WH� /WG��

6LQJDSRUH�� 7HO�� ���������������� )D[�� ���������������� (�PDLO��

UDLVSRUH#VLJQHW�FRP�VJ���

�����0DUFK�1HZ�2UOHDQV�� /$�� 86$��7KH� ��WK� 3LWWVEXUJK� &RQIHUHQFH� RQ�

$QDO\WLFDO� DQG� $SSOLHG� 6SHFWURVFRS\� ����� 3HQQ� &HQWHU� %OYG��� 6XLWH� �����

3LWWVEXUJK�� 3$� ������������ 86$�� 7HO�� ����������������� )D[�� ����������

�������(�PDLO��SLWWFRQLQIR#SLWWFRQ�RUJ��:HEVLWH��KWWS���ZZZ�SLWWFRQ�RUJ���
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������ 0DUFK� )UHLEHUJ�� *HUPDQ\�� &ROORTXLXP� $QDOLWLVFKH� $WRPVSHF�

WURVNRSLH��&$1$6�·���� �6DQGUD�.UHQ]HO��)UHLEHUJ�8QLYHUVLW\�RI�0LQLQJ�DQG�

7HFKQRORJ\��,QVWLWXWH�RI�$QDO\WLFDO�&KHPLVWU\��'��������)UHLEHUJ��*HUPDQ\��

7HO�� �������������������� )D[�� �������������������� (�PDLO��

NUHQ]HO#VHUYHU�FRPSFK�WX�IUHLEHUJ�GH��:HEVLWH��KWWS���ZZZ�FDQDV�GH���

������ 0DUFK� '�VVHOGRUI�� *HUPDQ\�� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�

,QVWUXPHQWDOL]HG�$QDO\WLFDO� &KHPLVWU\� DQG�&RPSXWHU�7HFKQRORJ\� �,Q&RP�

������ �:HUQHU�*XHQWKHU�� 6HQWDZHJ� ���� �������'�VVHOGRUI�� *HUPDQ\��7HO��

��������������������)D[����������������������(�PDLO��,Q&RP#W�RQOLQH�GH��

,Q&RP#XQL�GXHVVHOGRUI�GH��:HEVLWH��KWWS���ZZZ�,Q&RP�6\PSRVLXP�GH���

���� $SULO� 7�ELQJHQ�� *HUPDQ\����� %LR6HQVRU� 6\PSRVLXP� �,QVW�� 3K\VLNDOLVFKH�

&KHPLH��8QLY�� 7�ELQJHQ��$XI�GHU�0RUJHQVWHOOH����'�������7�ELQJHQ��*HUPDQ\��

(�PDLO��ELRVHQVRU#LSF�XQL�WXHELQJHQ�GH���

����$SULO�0DLQ]�:LHVEDGHQ��*HUPDQ\��7KH���WK�6\PSRVLXP�RQ�+DQGOLQJ�RI�

(QYLURQPHQWDO�DQG�%LRORJLFDO�6DPSOHV�LQ�&KURPDWRJUDSK\��7KRPDV�3��.QHS�

SHU�� (6:(�,QVWLWXWH� IRU� :DWHU� 5HVHDUFK� DQG� :DWHU� 7HFKQRORJ\��

6RHKQOHLQVWU�� ����� '�������:LHVEDGHQ�� *HUPDQ\��7HO�� �������������������

)D[�� ������������������� (�PDLO�� MXWWD�PXHOOHU#VWDGWZHUNH�ZLHVEDGHQ�GH��

:HEVLWH��KWWS���ZZZ�XQL�PDLQ]�GH�aHVZH���

�����$SULO�%OHG��6ORYHQLD����WK�,QWHUQDWLRQDO�6\PSRVLXP�´6SHFWURVFRS\�LQ�

7KHRU\�DQG�3UDFWLFHµ�ZLWK�7KLQNVKRS�´,Q�6HDUFK�RI�WKH�0HWURORJLFDO�%D�

VLV� RI� 6SHFWURVFRSLF� 0HDVXUHPHQWVµ� �3URI�� 'U�� 0DUMDQ� 9HEHU�� 6ORYHQLDQ�

&KHPLFDO�6RFLHW\��+DMGULKRYD�����6,������/MXEOMDQD��6ORYHQLD��)D[�����������

����������RU�)DFXOW\�RI�&KHPLVWU\�DQG�&KHPLFDO�7HFKQRORJ\��8QLYHUVLW\�RI�

/MXEOMDQD��$äNHU�HYD����6,������/MXEOMDQD��6ORYHQLD��7HO������������������

���� )D[�� �������������������� (�PDLO�� PDUMDQ�YHEHU#XQL�OM�VL��

FKHP�VRF#NL�VL���

������ $SULO�+DEDQD�� &XED���WK� ,QWHUQDWLRQDO� &RQJUHVV� RQ� &KHPLVWU\� DQG�

��WK� &DULEEHDQ� &RQIHUHQFH� RQ� &KHPLVWU\� DQG� &KHPLFDO� (QJLQHHULQJ� �$OLFLD�

*DUFtD�� 3DODFLR�GH�&RQYHQFLRQHV��)D[�� �������������������������������(�

PDLO��DOLFLJ#SDOFR�JHW�FPD�QHW���

������ ���	�#�ð������� ô����#��;9,,�ð	
���������	�û	��#	����	� ���

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

�������� õ������� ä�	��	
� ä����� 	����� ������� çõó����ð������ æ����� ï	�

������
�������� ����ìòñù�ôäñ��ö	��� �����������������ø����� ����������

�������
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������ $SULO�=YHQLJRURG�� 5XVVLD����WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�0DJ�

QHWLF� 5HVRQDQFH� LQ� &KHPLVWU\� DQG�%LRORJ\� �3URIHVVRU�$QDWRO\�%XFKDFKHQNR��

6HPHQRY�,QVWLWXWH�RI�&KHPLFDO�3K\VLFV��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��.RV\JLQ�

6WUHHW� ��� 0RVFRZ� �������� 5XVVLD�� 7HO�� ����������������� )D[�� ����������

�������(�PDLO��VSLQFKHP#FKSK�UDV�UX���

������$SULO�0DQFKHVWHU��8.��1HZ�'LUHFWLRQV� LQ�(OHFWURDQDO\VLV��$Q� ,Q�

WHUQDWLRQDO�6\PSRVLXP�RQ�(OHFWURDQDO\WLFDO�&KHPLVWU\�DQG� LWV�$SSOLFDWLRQV�

�'U�� 'DPLHQ� $UULJDQ�� 'HSDUWPHQW� RI� &KHPLVWU\�� &RFNFURIW� %XLOGLQJ�� 8QLYHU�

VLW\�RI�6DOIRUG��6DOIRUG�0���:7��8.��7HO�����������������������)D[�������

���������������� (�PDLO�� G�Z�P�DUULJDQ#VDOIRUG�DF�XN�� :HEVLWH��

KWWS���ZZZ�VDOIRUG�DF�XN�FKHPLVW�1'($�KWP���

������$SULO�$UOHVKHLP��6ZLW]HUODQG���QG�:RUNVKRS�RQ�$QDO\WLFDO�$UWHIDFWV�LQ�

(QYLURQPHQWDO� $QDO\VLV� DQG� 5HODWHG� $UHDV� �$57()$&7$�� �3URI�� 'U�� 0��

2HKPH��2UJDQ��$QDO��&KHP���8QLYHUVLW\�RI�%DVHO��1HXKDXVVWU������&+������%DVHO��

6ZLW]HUODQG��)D[��������������������(�PDLO��0LFKDHO�2HKPH#XQLEDV�FK���

����� 0D\� 7DPSHUH�� )LQODQG�� �WK� (XURSHDQ� :RUNVKRS� RQ� 0RGHUQ�

'HYHORSPHQWV�DQG�$SSOLFDWLRQV�LQ�0LFUREHDP�$QDO\VLV��(0$6��������(0$6�

6HFUHWDULDW�� 8QLYHUVLW\� RI� $QWZHUS� �8,$��� 'HSDUWPHQW� RI� &KHPLVWU\��

8QLYHUVLWHLWVSOHLQ� ��� %������ $QWZHUS�:LOULMN�� %HOJLXP�� 7HOHID[�� ������

����������� (�PDLO�� YDQWGDFN#XLD�XD�DF�EH�� :HEVLWH��

KWWS���ZZZ�HPDV�DF�XN�HPDV�������

����� 0D\� 1HXKHUEHUJ� QHDU� 0XQLFK�� *HUPDQ\�� 6HFRQG� ,QWHUQDWLRQDO�

&RQIHUHQFH� RQ� 7UDFH� (OHPHQW� 6SHFLDWLRQ� LQ� %LRPHGLFDO�� 1XWULWLRQDO� DQG�

(QYLURQPHQWDO�6FLHQFHV� �*6)�1DWLRQDO�5HVHDUFK�&HQWHU�IRU�(QYLURQPHQW�DQG�

+HDOWK� ,QVWLWXWH� IRU� (FRORJLFDO� &KHPLVWU\�� 'U�� %HUQKDUG� 0LFKDONH�� 3�2�� %R[�

������ '������� 1HXKHUEHUJ�� *HUPDQ\��7HO�� ������������������� )D[�� �����

��������������(�PDLO��EHUQKDUG�PLFKDONH#JVI�GH��� �

:HEVLWH��KWWS���ZZZ�JVI�GH�ZZZVSHF�LQGH[�KWPO���

����� 0D\� %RVWRQ�� 0$�� 86$�� (QYLUR([SR� �,QGXVWULDO� 6KRZV� 1RUWK� (DVW��

%RVWRQ��0$��86$��7HO���������������������)D[���������������������

������0D\�,QWHUODNHQ��6ZLW]HUODQG����WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�3ODQDU�

&KURPDWRJUDSK\�DQG�-RLQW�7HFKQLTXHV��$OIUHG�6WXGHU��1HVWOp�5HVHDUFK�&HQ�

WHU�� 3�2��%R[����� �����/DXVDQQH�����6ZLW]HUODQG��7HO�� ��������������������

)D[����������������������(�PDLO��DOIUHG�VWXGHU#UGOV�QHVWOH�FRP���

������0D\�:DUVDZ��3RODQG��&KHPLVWU\�)RUXP�������'U��,ZRQD�*OXFK��:DU�

VDZ� 8QLYHUVLW\� RI� 7HFKQRORJ\�� )DFXOW\� RI� &KHPLVWU\�� 1RDNRZVNLHJR� ��� ���
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����:DUVDZ��3RODQG��7HO�� �������������������)D[�� �������������������(�

PDLO�� IRUXP#FK�SZ�HGX�SO�� :HEVLWH��

KWWS���ZZZ�SZ�HGX�SO�IRUXP�LQGH[�KWPO���

������0D\�/DV�9HJDV��19��86$����WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&DSLOODU\�

&KURPDWRJUDSK\�DQG�(OHFWURSKRUHVLV� �/L]D�+DQVHQ�������:HVWPLQVWHU�3ODFH��

6W�� /RXLV�� 02� ������� 86$�� 7HO�)D[�� �������������������� (�PDLO��

OL]DBKBFFH#\DKRR�FRP���

������ ��#� ä������� î���������� ð	
���������#� ����	�	���#� ���

��������	���
� ������� ����#�	���#� �����	��"� ��� ��#� ��
�	��#�

��	�������	�����	���� ñäñ� ôî� ò�î�� õ������
� �ò��	����	���
�

�	��	��� � −� ë�ê�� ð������� ú	���� ������������	����� �	������ ��������

î��ç÷� ���� ä� �ø������� ô	��������� î���������� �������� ä������� ����

î�����
� ������� ����� ö	��� ������������������������ ø����� �����������

�����(�PDLO��FKHPLFV#FKHP�LDWS�N]��

���� -XQH� %LUPLQJKDP�� 8.�� (QYLURQPHQWDO� 7HFKQRORJ\� ����� �(XURFKHP��

�5HHG� ([KLELWLRQ� &RPSDQ\�� 7HO�� ������������������� )D[�� �������������

������ (�PDLO�� KHOHQ�EHFNHWW#UHHGH[SR�FR�XN�� :HEVLWH��

KWWS���ZZZ�UHHGH[SR�FRP���

���� -XQH� 6LQJDSRUH�� ,&$0� $VLD� �,$������ �0HVVH� 'XVVHOGRUI� ,QWHUQD�

WLRQDO�� 'XVVHOGRUI�� *HUPDQ\��7HO�� ������������������� )D[�� ��������������

����� (�PDLO�� OHQW]L#PHVVH�GXHVVHOGRUI�GH�� :HEVLWH�� KWWS���ZZZ�PHVVH�

GXHVVHOGRUI�GH���

�����-XQH�%RXOGHU��&RORUDGR��86$��&KHPUDZQ�&RQIHUHQFH�−�7RZDUG�(QYL�
URQPHQWDOO\�%HQLJQ�3URFHVVHV�DQG�3URGXFWV��&+(05$:1�;,9���'U��'HQ�

QLV� /�� +MHUHVHQ�� (QYLURQPHQWDO� 0DQDJHPHQW� 3URJUDP�� /RV� $ODPRV� 1DWLRQDO�

/DERUDWRU\�−�0DLO�6WRS�-�����/RV�$ODPRV��10��������7HO����������������

����)D[��������������������(�PDLO��GHQQLVK#ODQO�JRY���

������-XQH�%RUGHDX[��)UDQFH��,Q�9LQR�$QDO\WLFD�6FLHQWLD�������3URIHVVRU�5��

1��5XWOHGJH��/DERUDWRLUH�GH�&KLPLH�$QDO\WLTXH��,QVWLWXW�1DWLRQDO�$JURQRPLTXH��

��� UXH� &ODXGH� %HUQDUG�� ������ 3DULV�� )UDQFH��7HO�� �������������������)D[��

�������������������(�PDLO��UXWOHGJH#LQDSJ�LQUD�IU���

������ -XQH�9HURQD�� ,WDO\��$Q� (OHFWURSKRUHWLF�2G\VVH\� �,&(6������� �(P�

PH]HWD�&RQJUHVVL��9LD�&��)DULQL�����������0LODQR��,WDO\��7HO����������������

������)D[����������������������(�PDLO��LFHV����#P]FRQJUHVVL�FRP���
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������-XQH�0DDVWULFKW��7KH�1HWKHUODQGV����WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�

+LJK�3HUIRUPDQFH�/LTXLG�3KDVH�6HSDUDWLRQV�DQG�5HODWHG�7HFKQLTXHV��+3/&�

������ �+3/&������� 3�2��%R[� �����������%1�1LMPHJHQ��7KH�1HWKHUODQGV��7HO��

������������������)D[��������������������(�PDLO��KSOF�����#FRQJUHV�QHW���

������ -XQH� &RSHQKDJHQ��'HQPDUN��:RUOG�&RQIHUHQFH�RQ�'UXJ�$GVRUSWLRQ�DQG�

'UXJ�'HOLYHU\��(8)(36�6HFUHWDULDW��3�2��%R[��������������6WRFNKROP��6ZHGHQ��7HO��

������������������� )D[�� ������������������� (�PDLO�� VHFUHWDULDW#HXIHSV�RUJ��

:HEVLWH��ZZZ�SKDUPZHE�QHW�FRQIHUHQFH�HXIHSV��KWPO���

������-XQH�=DNRSDQH��3RODQG�������DQ�,VRWRSH�2G\VVH\��6HFUHWDU\�−�$JQLH]ND�
'\EDOD�� 7HO�� ������������������ )D[�� ������������������ (�PDLO��

RODI#FNVJ�S�ORG]�SO�� 7HFKQLFDO� 8QLYHUVLW\� RI� /RG]�� ,QVWLWXWH� RI� $SSOLHG� 5DGLDWLRQ�

&KHPLVWU\��XO��=HURPVNLHJR�������������/RG]��3RODQG��7HO��������������������)D[��

������������������ (�PDLO�� RG\VVH\#FNVJ�S�ORG]�SO�� :HEVLWH��

KWWS���FNVJ�S�ORG]�SO��aRG\VVH\��

�������"�#�ô���������è�����ô����#��;;�ð	
���������#�û���	����#�����	�

�	���#������������������
������� �ì��������#���ð����	��ö	��� ����������

�������ø����������������������(�PDLO��WVLY#LRQFKUDQ�ULQHW�UX����ô�����	����è�����

ö	��������������������(�PDLO��JDUQ#LSRF�UVX�UX���

������-XQH�1XUHPEHUJ��*HUPDQ\���UG�(XURSHDQ�&RQJUHVV�RI�&KHPLFDO�(Q�

JLQHHULQJ��(&&(�� LQFOXGLQJ�$QQXDO�0HHWLQJ�RI�*9&�DQG�'(&+(0$�$QQXDO�

0HHWLQJV� �,QIRUPDWLRQ� DQG�6XEPLVVLRQ� RI�&RQWULEXWLRQV��9',�*9&��5�GLJHU�

%ULHO��3�2��%R[�����������'��������'�VVHOGRUI��*HUPDQ\��7HO����������������

����� )D[�� ������������������� (�PDLO�� (&&(#YGL�GH�� :HEVLWH��

KWWS���ZZZ�YGL�GH�JYF�HFFH�� ,QIRUPDWLRQ� DQG� 9LVLWRU� 5HJLVWUDWLRQ��

'(&+(0$� H�9��� &RQJUHVV� 2IILFH�� &KULVWLQD� +HVV�� 3�2�� %R[� ��� ��� ���� '�

�������)UDQNIXUW�DP�0LQH��*HUPDQ\��7HO��������������������)D[���������

�����������(�PDLO��(&&(#GHFKHPD�GH��:HEVLWH��KWWS���GHFKHPD�GH�HFFH���

���-XQH�����-XO\�%ULVEDQH��$XVWUDOLD��,83$&�*HQHUDO�$VVHPEO\�&RQJUHVV�

�,83$&� 6HFUHWDULDW�� 7HO�� ������������������ )D[�� ������������������ (�

PDLO��VHFUHWDULDW#LXSDF�RUJ���

-XO\�3UHWRULD��6RXWK�$IULFD��;;;,,�&6,��7KH�6HFUHWDULDW��&RQIHUHQFH�3ODQ�

QHUV��3�2��%R[��������0HQOR�3DUN�������6RXWK�$IULFD��7HO������������������

���� )D[�� �������������������� (�PDLO�� ZLVVLQJ#LDIULFD�FRP�� :HEVLWH��

KWWS���ZZZ�XS�DF�]D�VFLHQFH�FKHP�FRQI�KWP���

���� -XO\�%ULVEDQH��$XVWUDOLD����WK� ,83$&�&RQJUHVV�)URQWLHU� LQ� &KHPLVWU\��

:RUOG� &KHPLVWU\� &RQJUHVV�� LQFRUSRUDWLQJ� �WK� $VLDQ� &KHPLVWU\� &RQJUHVV��
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�$,0(&62�����&RQJUHVV�6HFUHWDULDW��3�2��%R[������5HG�+LOO�4�������$XVWUD�

OLD�� 7HO�� ����������������� )D[�� ����������������� (�PDLO��

ZFF����#FFP�FRP�DX���

���� -XO\� 9LHQQD�� $XVWULD�� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ;�UD\� 2SWLFV�

DQG�0LFURDQDO\VLV��,&;20�;9,���9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\��:LHGQHU�

+DXSWVWUDVVH� ����������� $������ 9LHQQD�� $XVWULD�� 7HO�� ������������

������������������� )D[�� ������������������� (�PDLO�� LF[RP#LF[RP�DW��

:HEVLWH��KWWS���ZZZ�LF[RP�DW���

���� -XO\� *XLOGIRUG�� 8.�� ��WK� ,QWHUQDWLRQDO� %LRDQDO\WLFDO� )RUXP�� 6HQVLWLYH�

%LRDQDO\VLV�LQ�$QWL�FDQFHU�DQG�2WKHU�'UXJ�$UHDV��'U��(��5HLG��&KURPDWRJUDSKLF�

6RFLHW\� )RUXP� 6\QGLFDWH�� ��� 7KH� &KDVH�� *XLOGIRUG� *8�� �8/�� 8.�� )D[�� ����

�����������������

(�PDLO�� '�6WHYHQVRQ#VXUUH\�DF�XN�� :HEVLWH�� KWWS���ZZZ�FKURPVRF�GHPRQ�FR�XN�

RU�KWWS���ZZZ�FKHPVRF�RUJ�HYHQWV�FRQKRPF�KWP���

�������"�#�ì��������ô����#��æ����
��	
���������
���������
��	�������

���	���
� �	������ �,17(56,%*(2&+(0� ¶������ �û�������� ñ���� ï �������

��������ì������������ø���������������ì���������	�����������ä�ó��æ���������

��� õò� ôäñ�� ö	��� ����������������� ø����� ����������������� (�PDLO��

QLQDFK#LJF�LUN�UX��SHWURY#LJF�LUN�UX���

���-XO\�����$XJXVW�%DLNDOVN��5XVVLD���WK�5XVVLDQ�*HUPDQ�8NUDLQLDQ�$QD�

O\WLFDO� 6\PSRVLXP� �$5*86·������ �6HFUHWDULDW� RI� ,&$6������ 'U�� (OHQD�

*URVKHYD�� $%� ,QVWLWXWH� RI� (FRORJLFDO� 7R[LFRORJ\�� 3�2�� %R[� ���� %DLNDOVN��

,UNXWVN� UHJLRQ�� �������� 5XVVLD��7HO�� ���������������� )D[�� ������������

����(�PDLO��LHW#LUPDLO�UX���

�����$XJXVW�7RN\R��-DSDQ��,QWHUQDWLRQDO�&RQJUHVV�RQ�$QDO\WLFDO�6FLHQFHV�

������,&$6������ �6HFUHWDULDW�RI�,&$6������'U��0��)XMLQDPL��'HSDUWPHQW�

RI� $SSOLHG� &KHPLVWU\�� 7KH� 8QLYHUVLW\� RI� 7RN\R�� ������ +RQJR�� %XQN\R�NX��

7R\NR�����������-DSDQ��7HO�������������������RU��������)D[�������������

������ (�PDLO�� LFDV����#ODVHU�W�X�WRN\R�DF�MS�� :HEVLWH��

KWWS���ZZZ�VRF�QDFVLV�DF�MS�MVDF�LFDV�������

�����$XJXVW�7RN\R��-DSDQ��7KH�6L[WK�&RQIHUHQFH�RQ�$QDO\WLFDO�6FLHQFHV��

-RLQW� &RQIHUHQFH� ZLWK� ,&$6����� �$6,$1$/<6,6� 9,�� �<XNR� +DVHJDZD��

'HSDUWPHQW� RI� &KHPLVWU\�� 6FLHQFH� 8QLYHUVLW\� RI� 7RN\R�� 7RN\R� ����������

-DSDQ��7HO�� ������������������H[���������)D[�� ������������������(�PDLO��

DVLDQDO\VLV#FK�NDJX�VXW�DF�MS�� :HEVLWH�� KWWS���EXQ����LQGFKHP�PHWUR�

X�DF�MS�NXFKL\D����
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������$XJXVW�0\UWOH�%HDFK��6RXWK�&DUROLQD��86$����WK�,QWHUQDWLRQDO�6\PSR�

VLXP�RQ�3UHVVXUL]HG�)OXLG�&KURPDWRJUDSK\��([WUDFWLRQ��DQG�3URFHVVLQJ� �0UV��

-DQHW�&XQQLQJKDP��%DUU�(QWHUSULVHV��3�2��%R[������:DONHUVYLOOH��0'��������86$��

7HO�����������������������)D[����������������������(�PDLO��-DQHWEDUU#DRO�FRP���

������$XJXVW�%UDWLVODYD��6ORYDN�5HSXEOLF����WK� ,QWHUQDWLRQDO�6\PSRVLXP�RQ�

$GYDQFHV�DQG�$SSOLFDWLRQV�RI�&KURPDWRJUDSK\�LQ�,QGXVWU\��3URI��-R]HI�/HKR�

WD\��'HSDUWPHQW�RI�$QDO\WLFDO�&KHPLVWU\��)DFXOW\�RI�&KHPLFDO�7HFKQRORJ\��6OR�

YDN�8QLYHUVLW\�RI�7HFKQRORJ\��5DGOLQVNpKR����������%UDWLVODYD��6ORYDN�5HSXEOLF��

7HO�� �������������������� )D[�� �������������������� (�PDLO��

$$&,#FKWI�VWXED�VN��:HEVLWH��KWWS���ZZZ�FKWI�VWXED�VN�$$&,���

���� 6HSWHPEHU� 'UHVGHQ�� *HUPDQ\�� ��WK� (XURSHDQ� 6\PSRVLXP� RQ� 3RO\PHU�

6SHFWURVFRS\��(6236������(6236�����,QVWLWXW�I�U�3RO\PHUIRUVFKXQJ�'UHVGHQ�

H�9���3RVWIDFK���������������'UHVGHQ��*HUPDQ\��(�PDLO��HVRSV#LSIGG�GH���

����� 6HSWHPEHU� %UDWLVODYD�� 6ORYDN� 5HSXEOLF�� ,QWHUQDWLRQDO� :RUN�

VKRS�&RQIHUHQFH� RQ� &RXSOHG�� +\SKHQDWHG�� DQG� 0XOWLGLPHQVLRQDO� /LTXLG�

&KURPDWRJUDSKLF�3URFHGXUHV�IRU�6HSDUDWLRQ�RI�0DFURPROHFXOHV��F�R�3URIHV�

VRU�'XVDQ�%HUHN��3RO\PHU�,QVWLWXWH�RI�6ORYDN�$FDGHP\�RI�6FLHQFHV��'XEUDYVND�

FHVWD����6.��������%UDWLVODYD��6ORYDNLD��7HO����������������������)D[��������

������������� RU� �������������������� :HEVLWH��

KWWS���ZZZ�QLF�VDYED�VN�aXSROGEHU���

������6HSWHPEHU�.\RWR��-DSDQ��,QWHUQDWLRQDO�6\PSRVLXP�RQ�+LJK�3HUIRUP�

DQFH�/LTXLG�3KDVH�6HSDUDWLRQV�DQG�5HODWHG�7HFKQLTXHV��3URIHVVRU�.HQ�+R�

VR\D��'HSDUWPHQW�RI�3RO\PHU�6FLHQFH�(QJLQHHULQJ��.\RWR�,QVWLWXWH�RI�7HFKQRO�

RJ\�� 6DN\R�NX�� .\RWR� ��������� -DSDQ�� 7HO�)D[�� ������������������������

������� (�PDLO�� KSOFNLW#LFS�NLW�DF�MS�� :HEVLWH��

KWWS���ZZZ�SRO\NLW�DF�MS�EXQVKL�KSOFN\RWR�KWPO���

������ 6HSWHPEHU�0HOERXUQH�� $XVWUDOLD���WK�:RUOG� &RQJUHVV� RI� &KHPLFDO�

(QJLQHHULQJ��&RQIHUHQFH�6HFUHWDULDW��7KH�PHHWLQJ�SODQQHUV������&KXUFK�6W���

+DZWKRUQ��0HOERXUQH��9LFWRULD�������$XVWUDOLD��7HO�������������������)D[��

����������������� (�PDLO�� FKHPHQJ#PHHWLQJSODQQHUV�FRP�DX�� :HEVLWH��

KWWS���ZZZ�PHHWLQJSODQQHUV�FRP�DX�FKHPHQJ���

������6HSWHPEHU�0RVFRZ��5XVVLD��1DXND��1DXFKQL\H�3ULERU\���WK�,QWHU�

QDWLRQDO� ([KLELWLRQ� IRU�$QDO\WLFDO�5HVHDUFK�,QVWUXPHQWV� �=DR�([SRFHQWU��

0RVFRZ�� 5XVVLD�� 7HO�� ����������������� )D[�� ����������������� (�PDLO��

YRURQLQ#H[SRFHQWU�UX��:HEVLWH��KWWS���ZZZ�H[SRFHQWU�UX���
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������6HSWHPEHU�%XFKDUHVW��5RPDQLD���WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�.L�

QHWLFV� LQ�$QDO\WLFDO�&KHPLVWU\��.$6·�������$VVRF��3URI��/��0XWLKDF��'U��&��

%DOD�� 'HSDUWPHQW� RQ� $QDO\WLFDO� &KHPLVWU\�� 8QLYHUVLW\� RI� %XFKDUHVW�� ������

5HJLQD�(OLVDEHWD��%OYG����������%XFKDUHVW��5RPDQLD��7HO�)D[���������������

���� )D[�7HO�� ����������������� (�PDLO�� PXWLU#SFQHW�SFQHW�UR��

FEDOD#FKHP�XQLEXF�UR���

��������#��#�ì��������ô����#��9,,,�ð	
���������#�����	�	���#�ó����	�

��� ��� �������� �� �����	�������������#� �� ���������� �ï�ó�� õ���������

��������ì������������ä���	���	���#�����ìùô�ôäñ��ö	��������������������ø�����

����������������� (�PDLO�� VROYDWDWLRQ#LKQU�SRO\WHFK�LYDQRYR�VX�� :HEVLWH�� ZZZ��

LKQU�SRO\WHFK�LYDQRYR�VX�VROYDWDWLRQ���

������2FWREHU�0RQWHUH\��&$��86$���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0LQLDWXU�

L]HG� &KHPLFDO� DQG� %LRFKHPLFDO� $QDO\VLV� 6\VWHPV�� 0RQWHUH\� 0DUULRWW� �.DUHQ�

%HUWDQL��5KHPD�$VVRFLDWLRQ�0DQDJHPHQW�� ����6RXWK�6SUXFH�$YHQXH��6XLWH����$��

6RXWK� 6DQ� )UDQFLVFR�� &$� ������������ 86$��7HO�� �������������������� )D[�� ���

�����������������(�PDLO��NEFUWDQL#FDVVV�RUJ��:HEVLWH��ZZZ�FDVVV�RUJ�ZFES���
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�����

�����-DQXDU\�6FRWWVGDOH��$UL]RQD��86$�������:LQWHU�&RQIHUHQFH�RQ�3ODVPD�

6SHFWURFKHPLVWU\��5DPRQ�%DUQHV��,&3�,QIRUPDWLRQ�1HZVOHWWHU��,QF���3�2��%R[�

�����+DGOH\��0$�������������7HO����������������)D[����������������(�

PDLO��ZLQWHUFRQI#FKHP�XPDVV�HGX���

:HEVLWH��KWWS���ZZZ�FKHP�XPDVV�HGX�:LQWHU&RQI�������

���� )HEUXDU\� %UXJHV�� %HOJLXP�� 6HYHQWK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� +\�

SKHQDWHG� 7HFKQLTXHV� LQ� &KURPDWRJUDSK\� DQG� +\SKHQDWHG� &KURPDWRJUDSKLF�

$QDO\]HUV� �+7&���� �&RQJUHVV�6HFUHWDULDW��2UGLER� EYED�� /XFDV�+HQQLQFNVWUDDW�

����%������:LOULMN��$QWZHUS���%HOJLXP��7HO��������������������)D[�����������

���������(�PDLO��KWF#RUGLER�EH��:HEVLWH��KWWS���ZZZ�RUGLER�EH�KWF���

�����)HEUXDU\�6WHOOHQERVFK��6RXWK�$IULFD���WK�$QQXDO�81(6&2�6FKRRO�DQG�

6RXWK�$IULFD�,83$&�&RQIHUHQFH�RQ�0DFURPROHFXOHV�DQG�0DWHULDOV�6FLHQFH�

�3URIHVVRU�5�'��6DQGHUVRQ��81(&2�$VVRFLDWHG�&HQWUH�IRU�0DFURPROHFXOHV�DQG�

0DWHULDOV��,QVWLWXWH�IRU�3RO\PHU�6FLHQFH��8QLYHUVLW\�RI�6WHOOHQERVFK��3ULYDW�%DJ�

;,��0DWLHODQG�������6RXWK�$IULFD��7HO�� �����������������)D[�� �����������

������(�PDLO��UGV#PDWLHV�VXQ�DF�]D���

������0DUFK� &DSH� 7RZQ�� 6RXWK�$IULFD�� ,QWHUQDWLRQDO� 6ROYHQW� ([WUDFWLRQ�

&RQIHUHQFH� �,6(&
������ �&RQIHUHQFH� 6HFUHWDULDW�� 3ULYDWH� %DJ� ;������

5DQGEXUJ� ������ 6RXWK� $IULFD�� 7HO�� ���������������� RU� �����������������

)D[�� ����������������� (�PDLO�� LVHF����#PLQWHN�FR�]D�� :HEVLWH��

KWWS���ZZZ�LVHF�����RUJ�]D���

�����$SULO�0DQFKHVWHU��8QLWHG�.LQJGRP���WK�(XURSHDQ�&RQIHUHQFH�RQ�2SWL�

FDO� &KHPLFDO� 6HQVRUV� DQG� %LRVHQVRUV� �(85237�5�2'(� 9,�� �'U�� 5�� 1DUD�

\DQDVZDP\�� ',$6�� 80,67�� 3�2�� %R[� ���� 0DQFKHVWHU� 0��� �4'�� 8�.��7HO��

�������������������� )D[�� �������������������� (�PDLO��

UDPDLHU�QDUD\DQDVZDP\#XPLVW�DF�XN�� :HEVLWH��

KWWS���ZZZ�GLDV�XPLVW�DF�XN�(XURSWURGH9,���

������$SULO�%UXJHV��%HOJLXP��9,,�,QWHUQDWLRQDO�6\PSRVLXP�RQ�'UXJ�$QDO\VWV�

�0U��3HWHU�(UDUG��3URMHFW�0DQDJHU��(VVHQHVWUDDW����������7HUQDW��%HOJLXP��7HO��

������������������� )D[�� ������������������� (�PDLO�� RUJDPHG#YLOODJH�XXQHW�EH��

RU�3URIHVVRU�:�5�*��%DH\HQV��8QLYHUVLW\�RI�*KHQW��)DFXOW\�RI�3KDUPDFHXWLFDO�

6FLHQFHV��'HSDUWPHQW�RI�3KDUPDFHXWLFDO�$QDO\VLV��/DERUDWRU\�RI�'UXJ�4XDO�

LW\�&RQWURO��+DUHOEHNHVWUDDW�����%������*KHQW��%HOJLXP��7HO�� ������������

�������)D[�� �������������������(�PDLO�� ZLOO\�EDH\HQV#UXJ�DF�EH��:HEVLWH��

KWWS���DOOVHUY�UXJ�DF�EH�aHOVPHW�FRQIHUHQFHV�KWPO���
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���� 0D\� %HLMLQJ�� &KLQD�� ;,WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� /XPLQHVFHQFH�

6SHFWURPHWU\�−�'HWHFWLRQ�7HFKQLTXHV�DQG�$SSOLFDWLRQV� LQ�%LRPHGLFDO�DQG�

(QYLURQPHQWDO� $QDO\VLV� �3URIHVVRU� ;LQURQJ� =KDQJ�� $QDO\VLV� &HQWHU�� 'HSDUW�

PHQW�RI�&KHPLVWU\��7VLQJKXD�8QLYHUVLW\��%HLMLQJ���������3�5��&KLQD��7HO�������

��������������� )D[�� �������������������� (�PDLO��

[U]KDQJ#FKHP�WVLQJKXD�HGX�FQ�RU�]U]KDQJ#LKZ�FRP�FQ���

-XQH�0RQWUHDO��&DQDGD����WK�,QWHUQDWLRQDO� 6\PSRVLXP� RQ�+LJK� 3HUIRUPDQFH�

/LTXLG�3KDVH�6HSDUDWLRQV�DQG�5HODWHG�7HFKQLTXHV� �+3/&������� �-DQHW�&XQ�

QLQJKDP��%DUU�(QWHUSULVHV��3�2��%R[������:DONHUVYLOOH��0'��������86$��7HO��

��������������������)D[����������������������(�PDLO��-DQHWEDUU#DRO�FRP���

���� -XQH� *UDQDGD�� 6SDLQ�� ��WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� /XPLQHVFHQFH�

6SHFWURPHWU\�−�'HWHFWLRQ�7HFKQLTXHV�LQ�)ORZLQJ�6WUHDPV�−�4XDOLW\�$VVXUDQFH�

DQG�$SSOLHG�$QDO\VLV��'U��$QD�0D�*DUFD�&DPSDD��'HSDUWPHQW�RI�$QDO\WLFDO�&KHP�

LVWU\��)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�*UDQDGD��$Y��)XHQWHQXHYD�V�Q��(�������

*UDQDGD�� 6SDLQ�� 7HO�� ������������������� )D[�� ������������������� (�PDLO��

DPJDUFLD#JROLDW�XJU�HV���

���� -XO\�%ULVEDQH��$XVWUDOLD����WK� ,83$&�&RQJUHVV�)URQWLHU� LQ�&KHPLVWU\��

:RUOG� &KHPLVWU\� &RQJUHVV�� LQFRUSRUDWLQJ� �WK� $VLDQ� &KHPLVWU\� &RQJUHVV��

$,0(&62� ��� �(�PDLO�� DQLJUDFLD#JROLDW�XUJ�HV�� :HEVLWH��

KWWS���ZZZ�FFP�FRP�DX�ZFF���

�����-XO\�%HLMLQJ��&KLQD����WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�0DFURPROHFXOHV�−�
,83$&� :RUOG� 3RO\PHU� &RQJUHVV� ����� �0$&52� ������ �3URIHVVRU� )RVRQJ�

:DQJ�� 7KH� &KLQHVH� $FDGHP\� RI� 6FLHQFHV�� %HLMLQJ� �������� 3�5�� &KLQD�� 7HO��

�������������������� )D[�� �������������������� (�PDLO��

IVZDQJ#PLPL�FQF�DF�FQ���

������ $XJXVW� %XGDSHVW�� +XQJDU\�� ;9,,,WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�

5DPDQ�6SHFWURVFRS\��,&256��������6&23(�0HHWLQJV�&R��/WG���.HQGH�X�����

���� +������ %XGDSHVW�� +XQJDU\�� )D[�� ����������������� (�PDLO��

NLQGO#V]WDNL�KX��:HEVLWH��KWWS���ZZZ�V]WDNL�KX�FRQIHUHQFHV�,&256�������

�����6HSWHPEHU�'RUWPXQG��*HUPDQ\��(XURSHDQ�&RQIHUHQFH� RQ�$QDO\WLFDO�

&KHPLVWU\� �(852$1$/<6,6·���� �&RQIHUHQFH� 6HFUHWDULDW�� *HVHOOVFKDIW�

'HXWVFKHU�&KHPLNHU�−�(XURDQDO\VLV�−�3�2��%R[���������'�������)UDQNIXUW�

DP� 0DLQ�� *HUPDQ\�� 7HO�� ����������������� ����� ����� )D[�� ������������

�����(�PDLO��WJ#JGFK�GH��:HEVLWH��KWWS���ZZZ�HXURDQDO\VLV�GH���

������ 6HSWHPEHU� /HLS]LJ�� *HUPDQ\�� ��WK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�

&KURPDWRJUDSK\��,6&�·�����2UJDQL]LQJ�6HFUHWDULDW��*HVHOOVFKDIW�'HXWVFKHU�
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&KHPLNHU�� $EWHLOXQJ� 7DJXQJHQ�� 3�2�� %R[� �������� '������� )UDQNIXUW� DP�

0DLQ�� *HUPDQ\�� 7HO�� ����������������� ����� ����� )D[�� �����������������

(�PDLO��WJ#JGFK�GH��6\PSRVLXP�6FLHQWLILF�6HFUHWDULDW:��(QJHZDOG��8QLYHU�

VLW\�RI�/HLS]LJ��,QVWLWXWH�RI�$QDO\WLFDO�&KHPLVWU\��/LQQQVWU�����'�������/HLS�

]LJ�� *HUPDQ\�� 7HO�� ������������������� )D[�� ������������������� (�PDLO��

HQJHZDOG#U]�XQL�OHLS]LJ�GH���

������ 6HSWHPEHU� '�VVHOGRUI�� *HUPDQ\��$QQXDO� 0HHWLQJ� RI� WKH� ,QWHUQD�

WLRQDO� 6RFLHW\� RI� (OHFWURFKHPLVWU\� �-�:�� 6FKXOW]H�� ,QVWLWXWH� RI� 3K\VLFKH�

&KHPLH�� (OHNWURFKHPLH�� +HLQULFK�+HLQH�8QLYHUVLWlW�� '�VVHOGRUI�� 8QLYHU�

VLWlWVVWU�� ��� ������ 'XVVHOGRUI�� 7HO�)D[�� ������������������������ (�PDLO��

-RDFKLP:�6FKXOW]H#XQL�GXHVVHOGRUI�GH�� :HEVLWH�� KWWS���DJHI�XQL�

GXHVVHOGRUI�GH���

�����

����0D\�%HLMLQJ��&KLQD��;,�,QWHUQDWLRQDO�6\PSRVLXP�RQ�/XPLQHVFHQGH�6SHF�

WURPHWU\�LQ�%LRPHGLFDO�DQG�(QYLURQPHQWDO�$QDO\VLV�−�6SHFWURVRSLF�DQG�,PDJLQJ�
'HWHFWLRQ� 7HFKQLTXHV� �3URIHVVRU� 'U�� ;LQURQJ� =KDQJ�� $QDO\VLV� &HQWHU�� 'HSDUW�

PHQW�RI�&KHPLVWU\��7VLQJKXD�8QLYHUVLW\��%HLMLQJ���������3��5��&KLQD��7HO�����������

���������� �/DE��� )D[�� ������������������� �/DE��� (�PDLO��

[U]KDQJ#FKHP�WVLQJKXD�HGX�FQ���
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