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DMEHGHF?LJBY�<�HJ=:GBQ?KDHF�:G:EBA?�
IJH;E?FU��I?JKI?DLB<U

:[^meebg�B� N�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

Mki_ob�\�jZaebqguo�h[eZklyo�obfbb�b�jZa\blby�gh\uo�l_ogheh]bc��Z

lZd`_� ijZdlbq_kdb_� aZ^Zqb� wdheh]bq_kdh]h� b� [bhobfbq_kdh]h� dhgljhey

hij_^_eyxl� l_g^_gpbb� jZa\blby� dmehghf_ljbb� \� ZgZeba_� hj]Zgbq_kdbo

kh_^bg_gbc�� ;hevrh_� \gbfZgb_� \� ]Zev\ZghklZlbq_kdhc� dmehghf_ljbb� ih�

ij_`g_fm� m^_eyxl� ihbkdm� mkeh\bc� ]_g_jZpbb� gh\uo� dmehghf_ljbq_kdbo

lbljZglh\��\�dhlhjuo�jhev�f_rZxsbo�dhfihg_glh\�k\_^_gZ�d�fbgbfmfm��Z

lZd`_� kha^Zgbx� mkeh\bc� dhebq_kl\_ggh]h�ijhl_dZgby� j_Zdpbb� lbljZglZ� k

hij_^_ey_fuf� \_s_kl\hf�� Ijb� wlhf� bkihevamxl� kZfu_� jZaghh[jZagu_

we_dljh^gu_� fZl_jbZeu�� g_\h^gu_� b� kf_rZggu_� jZkl\hjbl_eb�� gh\u_

dhgkljmdpbb�we_dljhobfbq_kdbo�yq__d�

JZa\blb_� f_lh^h\� dmehghf_ljbb� ^ey� we_f_glgh]h� hj]Zgbq_kdh]h

ZgZebaZ� \� p_ehf� k\yaZgh� k� kha^Zgb_f� gh\uo� beb� kh\_jr_gkl\h\Zgb_f

ba\_klguo� ijb[hjh\� b� mklZgh\hd�� ^ey� dhlhjuo� jZg__� [ueb� jZajZ[hlZgu

f_lh^bdb�� bf_xsb_� g_h[oh^bfu_� f_ljheh]bq_kdb_� oZjZdl_jbklbdb�� Qlh

dZkZ_lky� nmgdpbhgZevgh]h� hj]Zgbq_kdh]h� dmehghf_ljbq_kdh]h� ZgZebaZ

^Zevg_cr__� _]h� ijh^\b`_gb_� ij_^mkfZljb\Z_l� kha^Zgb_� b

kh\_jr_gkl\h\Zgb_� kihkh[h\� hij_^_e_gby� bg^b\b^mZevguo� hj]Zgbq_kdbo

kh_^bg_gbc�� Ijb� wlhf� \ukhdbc� bgl_j_k� ijhy\eyxl� d� ZgZebam� ibs_\uo

ijh^mdlh\�� nZjfZp_\lbq_kdbo� b� [bheh]bq_kdbo� ij_iZjZlh\�� h[t_dlh\

hdjm`Zxs_c� kj_^u� gZ� kh^_j`Zgb_� lh]h� beb� bgh]h� dhfihg_glZ�� ijbq_f

hklZ_lky� ijh[e_fZ� ^hklb`_gby� \ukhdbo� f_ljheh]bq_kdbo� oZjZdl_jbklbd

hij_^_e_gby�

Ke_^m_l�hkh[h�hlf_lblv��qlh�\�ihke_^gb_�]h^u�djhf_�lh]h�ijhy\beky

bgl_j_k� d� hij_^_e_gbx� kmffZjgh]h� kh^_j`Zgby� jy^Z� \_s_kl\� k

hij_^_e_ggufb� k\hckl\Zfb�� qlh� iha\hey_l� hi_jZlb\gh� dhgljhebjh\Zlv

bgl_]jZevgh_�kh^_j`Zgb_� �ihe_aguo��beb� �\j_^guo��dhfihg_glh\��<� wlbo

jZ[hlZo� \gbfZgb_� m^_eyxl� kmffZjghc� hp_gd_� kh^_j`Zgby� hj]Zgbq_kdbo

kh_^bg_gbc� \� \h^Zo�� hdbkebl_e_c� beb� \hkklZgh\bl_e_c� \� hj]Zgbq_kdbo

jZkl\hjbl_eyo�� [bhZglbhdkb^Zglh\� \� gZlmjZevguo� ibs_\uo� ijh^mdlZo�

KhojZgbeky� bgl_j_k� d� bkke_^h\Zgbx� f_lh^h\� dmehghf_ljbq_kdh]h

hij_^_e_gby� \eZ`ghklb� hj]Zgbq_kdbo� kh_^bg_gbc�� lZd�� jZajZ[Zlu\Zxlky

jZaebqgu_�\ZjbZglu�deZkkbq_kdh]h�f_lh^Z�hij_^_e_gby�\h^u�ih�Nbr_jm�

JZa\blb_�f_lh^h\�ihl_gpbhklZlbq_kdhc�dmehghf_ljbb�\�[eb`Zcr_f

[m^ms_f�\b^blky�\�ijbf_g_gbb�obfbq_kdb�fh^bnbpbjh\Zgguo�we_dljh^h\�

qlh� iha\hebl� ih\ukblv� k_e_dlb\ghklv�� ihgbablv� rmfu� \

dmehghf_ljbq_kdbo� hij_^_e_gbyo�� >ey� wlh]h� _klv� g_h[oh^bfu_� mkeh\by�

Wlh� ��h]jhfguc�gZ�k_]h^gyrgbc�^_gv�[Zgd�^Zgguo�ih�\hevlZfi_jhf_ljbb

hj]Zgbq_kdbo�kh_^bg_gbc�

<�ihke_^gb_�]h^u�\�dmehghf_ljbb��\�hlebqb_�hl�qbklh�deZkkbq_kdhc�

ihy\bebkv� gh\u_� jZagh\b^ghklb�� Wlh� dmehghf_ljby� [_a� \g_rg_]h
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bklhqgbdZ� gZijy`_gby�� wdkij_kk�dmehghf_ljby� i_jbh^bq_kdh]h� lbiZ� k

bkihevah\Zgb_f� ihjbkluo� we_dljh^h\�� dmehghf_ljbq_kdh_� ijhlhqgh�

bg`_dpbhggh_� lbljh\Zgb_� gZ� ]m[qZluo� ihjbkluo� we_dljh^Zo�

dmehghf_ljbq_kdh_� lbljh\Zgb_� gZ� fbdjhwe_dljh^Zo�� dmehghf_ljby� k

bkihevah\Zgb_f�g_bahebjh\Zgguo�we_dljh^h\�
DMEHGHF?LJBQ?KDH?�HIJ?>?E?GB?�KHJ;BGH<HC
DBKEHLU�<�IBS?<UO�IJH>MDL:O

:[^meebg�B�N���Lmjh\Z�?�G���;m^gbdh\�=�D�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� DZaZgv

Khj[bgh\mx� dbkehlm� k� mki_ohf� bkihevamxl� \� ibs_\hc

ijhfure_gghklb� \� dZq_kl\_� dhgk_j\bjmxs_]h� kj_^kl\Z�

ij_^hl\jZsZxs_]h� fbdjh[bZevgmx� ihjqm� ijh^mdlZ�� Khj[bgh\Zy� dbkehlZ

ij_^mij_`^Z_l�ijh]hjdZgb_�ijh^mdlZ��g_�ijb^Z_l�_fm�ihklhjhgg_]h�aZiZoZ�

\dmkZ�b�agZqbl_evgh�m^ebgy_l�kjhdb�ojZg_gby��qlh�hij_^_ey_l�rbjhdh_�__

ijbf_g_gb_� \� ibs_\hc� ijhfure_gghklb�� Ba\_klgu_� f_lh^u� __

hij_^_e_gby�g_�hl\_qZxl�kh\j_f_gguf�lj_[h\Zgbyf�

J_amevlZlu� bamq_gby� \hevlZfi_jhf_ljbq_kdh]h� ih\_^_gby

khj[bgh\hc�dbkehlu�ihdZaZeb��qlh�hgZ�g_�hdbkey_lky�\�s_ehqguo�b�dbkeuo

jZkl\hjZo�gZ�ieZlbgh\hf�we_dljh^_�\�bgl_j\Ze_�ihl_gpbZeh\�������<�

Bkke_^h\ZgZ� \hafh`ghklv� dmehghf_ljbq_kdh]h� hij_^_e_gby

khj[bgh\hc� dbkehlu� k� ihfhsvx� we_dljh]_g_jbjh\Zgguo� ]Zeh]_gh\� b

g_dhlhjuo�bo�kh_^bg_gbc�

Oehj� b� [jhf� ]_g_jbjh\Zeb� ba� khhl\_lkl\mxsbo� khe_c� \� ���� F

jZkl\hj_�k_jghc�dbkehlu��Z�]bih[jhfbl�bhg���ba�[jhfb^Z�dZeby�\�[hjZlghf

[mn_jghf�jZkl\hj_�ijb�ihklhygghc�kbe_�lhdZ�

Dhg_qgmx� lhqdm� lbljh\Zgby� khj[bgh\hc� dbkehlu

we_dljh]_g_jbjh\Zggufb� lbljZglZfb�nbdkbjh\Zeb� ihl_gpbhf_ljbq_kdb� b

Zfi_jhf_ljbq_kdb�k�^\mfy�iheyjbah\Zggufb�ieZlbgh\ufb�we_dljh^Zfb�

MklZgh\e_gh�� qlh� khj[bgh\Zy� dbkehlZ� [ukljh� b� dhebq_kl\_ggh

\aZbfh^_ckl\m_l� k� we_dljh]_g_jbjh\Zggufb� [jhfhf� b� oehjhf� \

khhlghr_gbb� �:��� J_Zdpby� khj[bgh\hc� dbkehlu� k� we_dljh]_g_jbjh\Zgguf
]bih[jhfbl�bhghf� ijhl_dZ_l� g_dhebq_kl\_ggh�� Z� k� we_dljh]_jbjh\Zgguf

bh^hf�\hh[s_�g_�b^_l�

H[km`^_gZ�\hafh`gZy�ko_fZ�\aZbfh^_ckl\by�khj[bgh\hc�dbkehlu�k

[jhfhf�b�oehjhf��GZc^_gu�hilbfZevgu_�mkeh\by�hij_^_e_gby�

Ijh\_^_gh� hij_^_e_gb_� khj[bgh\hc� dbkehlu� \� fZchg_a_� b

dhg^bl_jkdbo�dj_fZo��H[jZapu� ]hlh\bebkv�\�khhl\_lkl\bb�k�=HKL� ������

���� <_ebqbgZ� Sr g_� ij_\urZ_l� ������ qlh� iha\hey_l� bkihevah\Zlv

ij_^eZ]Z_fuc� f_lh^� ^ey� [ukljh]h� b� lhqgh]h� hij_^_e_gby� khj[bgh\hc

dbkehlu�\�ibs_\uo�ijh^mdlZo�^ey�dhgljhey�bo�dZq_kl\Z�
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<EBYGB?�>BF?LBE:FBG:�G:�IJHP?KKU�J:AJY>:�
BHGBA:PBB�D:>FBY�G:�JLMLGHF�B�=:EEB?<HF

KL:PBHG:JGHF�WE?DLJH>?

:ddZeb_\Z�R�:���Dhau[Z_\�:���F_g^Zeb_\Z�>�D�

DZa=M bf� :ev�NZjZ[b� ]� :efZlu� me� DZjZkZc [ZlujZ� ��

Bkke_^h\Zgh� \ebygb_� ^bf_lbeZfbgZ� �>F:�� gZ� ijhp_kku� jZajy^Z�

bhgbaZpbb�dZ^fby�f_lh^hf�pbdebq_kdhc�\hevlZfi_jhf_ljbb�gZ�jlmlghf�b

]Zeeb_\hf� klZpbhgZjghf� fbdjhwe_dljh^Zo� �JKW�� =KW�� gZ� nhg_� ���� F

1D&O2��� ijb� l_fi_jZlmj_� ���D� ^ey� JKW� b� ���D� ^ey�=KW�� ]^_� we_dljh^u

gZoh^ylky�\�`b^dhf�khklhygbb�

Bkke_^h\Zgby� ijh\_^_gu� gZ� mgb\_jkZevghf� iheyjh]jZn_� IM���� \

deZkkbq_kdhf� b� i_j_f_gghlhdh\hf� j_`bfZo� \� lj_owe_dljh^ghc� yq_cd_�

JKW� b� =KW� ihemqZeb� we_dljheblbq_kdb��<� dZq_kl\_� we_dljh^Z� kjZ\g_gby

ijbf_gyeb� gZkus_gguc� oehjk_j_[jygguc� we_dljh^�� Z� \kihfh]Zl_evguf

kem`be� kl_j`_gv� ki_dljZevgh� qbklh]h� ]jZnblZ�� Dhgp_gljZpby� dZ^fby� \

jZkl\hj_� �⋅10-3
fhev/e�� <ebygb_� >F:� bamq_gh� \� h[eZklb� dhgp_gljZpbc

I:H<� hl� �⋅10-5
fhev/e� ^h� ���⋅10-4

� fhev/e� gZ� JKW� b� hl� �⋅10-4
fhev/e� ^h

7⋅10-4
fhev/e�gZ�=KW�
MklZgh\e_gh��qlh�gZ�JKW�jZajy^�bhgbaZpby�dZ^fby�ijhl_dZ_l�\�h^gm

klZ^bx��Z�gZ�=KW�\�^\_�klZ^bb��ijhy\eyxs__ky�\�h[jZah\Zgbb�^\mo�\heg�

<\_^_gb_� >F:� \� iheyjh]jZnbjm_fuc� jZkl\hj� ijb\h^bl� d� mf_gvr_gbx

\ukhlu�ibdh\��kf_s_gbx�ihl_gpbZeh\�ibdh\�dZd�dZlh^gh]h��lZd�b�Zgh^gh]h

ijhp_kkh\�� m\_ebq_gbx� rbjbgu� ihemibdh\�� k\b^_l_evkl\mxsbo� h[

bg]b[bjh\Zgbb�Z^khj[pbhgghc�ie_gdhc�>F:�ijhp_kkZ�jZajy^Z�bhgbaZpbb

dZ^fby�dZd�gZ�JKW��lZd�b�gZ�=KW�

JZkkqblZggu_� ba� i_j_f_gghlhdh\uo� \hevlZfi_jh]jZff� dhgklZglu

kdhjhklb� jZajy^Z�bhgbaZpbb� dZd� dZlh^gh]h�� lZd� b� Zgh^gh]h� ijhp_kkh\� gZ

JKW�ijb�ih\ur_gbb�dhgp_gljZpbb�>F:�^h� �⋅10-5
fhev/e� \hajZklZxl��ijb

^Zevg_cr_f� ih\ur_gbb� dhgp_gljZpbb� >F:� ^h� ���⋅10-4
fhev/e� �

ihgb`Zxlky�� b� ijb� dhgp_gljZpbb�>F:� ^h� ���⋅10-4
fhev/e� ijZdlbq_kdb� g_

f_gyxlky�� GZ� =KW� ijb� ih\ur_gbb� dhgp_gljZpbb� >F:� ^h� �⋅10-4
fhev/e

dhgklZglu�kdhjhklb�\lhjhc�\hegu�dZd�dZlh^gh]h��lZd�b�Zgh^gh]h�ijhp_kkh\

\hajZklZxl�� k� m\_ebq_gb_f� dhgp_gljZpbb� >F:� ^h� �⋅10-4
fhev/e� �

ihgb`Zxlky��DhgklZglu�kdhjhklb�i_j\hc�\hegu�dZlh^gh]h�ijhp_kkZ�lZd`_

baf_gyxlky��ihgb`Zykv�k�ih\ur_gb_f�dhgp_gljZpbb�>F:�

GZ[ex^Z_fh_�y\e_gb_�mkdhj_gby�ijhp_kkh\�dZd�gZ�JKW��lZd�b�gZ�=KW

fh`_l� [ulv� h[mkeh\e_gh� h[jZah\Zgb_f� gZ� ih\_joghklb� fbdjhwe_dljh^h\

ih\_joghklguo� dhfie_dkh\�� h[e_]qZxsbo� ijhp_kk� dZd� jZajy^Z�� lZd� b

bhgbaZpbb�dZ^fby�

Ijhp_kk� lhjfh`_gby� y\ey_lky� ke_^kl\b_f� ^hihegbl_evguo

aZljm^g_gbc� \� j_amevlZl_� m\_ebq_gby� kl_i_gb� aZiheg_gby� fhe_dmeZfb

Z^khj[ZlZ� ih\_joghklb� fbdjhwe_dljh^h\� b� h[jZah\Zgby� gZ� gbo� iehlguo
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Z^khj[pbhgguo� keh_\� >F:�� dhlhju_� aZljm^gyxl� ijhp_kk� jZajy^Z�

bhgbaZpbb�dZ^fby�\�bkke_^m_fuo�mkeh\byo�

LZdbf� h[jZahf�� ZgZeba� ihemq_gguo� wdki_jbf_glZevguo� ^Zgguo

ihdZau\Z_l�� qlh� \ebygb_�>F:�gZ�ijhp_kku� jZajy^Z�bhgbaZpbb� dZ^fby�gZ

=KW� bf__l� [he__� keh`guc� oZjZdl_j�� q_f� gZ� JKW�� Gh� bg]b[bjmxs__

^_ckl\b_�>F:�gZ�ijhp_kku� jZajy^Z�bhgbaZpbb� dZ^fby� gZ�JKW� \ujZ`_gh

kbevg__��q_f�gZ�=KW��qlh��fh`_l�[ulv��h[mkeh\e_gh�o_fZkhj[pb_c�fhe_dme

\h^u�gZ�=KW�
<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?�:GLB;BHLBDH<
<�IJH>MDL:O�IBL:GBY��;BHEH=BQ?KDBO�H;T?DL:O

B�E?D:JKL<?GGUO�NHJF:O

:gbkbfh\Z�E�K���Kebiq_gdh�<�N���:d_g__\�X�:�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l� ]�Lhfkd

<� gZklhys__� \j_fy� ^ey� hij_^_e_gby� hklZlhqguo� dhebq_kl\

Zglb[bhlbdh\� �:;�� ijbf_gyxl� \� hkgh\ghf� fbdjh[bheh]bq_kdb_� f_lh^u�

G_^hklZldhf� bo� y\ey_lky� kjZ\gbl_evgZy� ^hjh]h\bagZ� j_Z]_glh\� �dmevlmj��

^ebl_evghklv� ijh\_^_gby� ZgZebaZ� �[he__� ^\mo� kmlhd��� g_^hklZlhqgZy

qm\kl\bl_evghklv� b� lhqghklv�� qlh� h[_ki_qb\Z_l� ebrv� \hafh`ghklv

ihemdhebq_kl\_ggh]h� hij_^_e_gby� :;�� Ihwlhfm�� ZdlmZevghc� aZ^Zq_c

y\ey_lky� jZajZ[hldZ� wdkij_kkguo� b� qm\kl\bl_evguo� f_lh^bd

dhebq_kl\_ggh]h� obfbq_kdh]h� ZgZebaZ� :;� \� [bheh]bq_kdbo� h[t_dlZo�

e_dZjkl\_gguo�ij_iZjZlZo��\�ijh^mdlZo�iblZgby�b�kujv_�

MklZgh\e_gu� mkeh\by� \hevlZfi_jhf_ljbq_kdh]h� �<:�� hij_^_e_gby

:;� b� ij_^eh`_gu�f_lh^bdb� dhebq_kl\_ggh]h� ZgZebaZ� l_ljZpbdebgZ� �LP��

oehj���hdkbl_ljZpbdebgZ�b�e_\hfbp_lbgZ�

>ey� hij_^_e_gby� l_ljZpbdebgZ� \i_j\u_� ij_^eh`_g� f_lh^� Zgh^ghc

<:�gZ�kl_dehm]e_jh^guo� �KM��we_dljh^Zo��Bkke_^h\Zgh�<:�ih\_^_gb_�LP

\� nhknZlguo� b� pbljZlguo� jZkl\hjZo�� Ih\_joghklv� we_dljh^h\

ij_^\Zjbl_evgh� h[jZ[Zlu\ZeZkv� f_oZgbq_kdb� b� Zgh^gh�dZlh^ghc

iheyjbaZpb_c� \� nhgh\hf� we_dljhebl_�� <:�djb\u_� kgbfZebkv� gZ

iheyjh]jZn_� IM��� b� gZ� \hevlZfi_jhf_ljbq_kdbo� ZgZebaZlhjZo� J<:��

�LIM�� b� KL:��� �HHH� ©BLFª�� ]�Lhfkd��� GZ� <:�djb\uo� kgyluo� ^h

we_dljhobfbq_kdhc� h[jZ[hldb� �WOH�� bg^bdZlhjguo� we_dljh^h\

gZ[ex^Zxlky� ^\_� keZ[h� \ujZ`_ggu_� Zgh^gu_� \hegu� k� ihl_gpbZehf

ihem\hegu�������<�b�������<��Ihke_�WOH�gZ�Zgh^guo�djb\uo�gZ[ex^Z_lky

h^gZ� q_ldZy� \hegZ� hdbke_gby� LP� k� ihl_gpbZehf� ihem\hegu� ������ <�

>bnn_j_gpbjh\Zgb_� ^Zgghc� \hegu� ^Z_l� q_ldh� \ujZ`_gguc� ibd�� dhlhjuc

bkihevam_lky� ^ey� dhebq_kl\_ggh]h� hij_^_e_gby� LP� gZ� mjh\g_� I>D�

<_jhylgh��WOH�ijb\h^bl�d�baf_g_gbx�oZjZdl_jZ�Z^khj[pbb�l_ljZpbdebgh\

gZ�ih\_joghklb� we_dljh^Z�b� memqr_gbx� h[jZlbfhklb�ijhp_kkZ� hdbke_gby

l_ljZpbdebgh\�� Gb`gyy� ]jZgbpZ� hij_^_e_gby� LP� khklZ\ey_l� ���⋅10-9
� F�

oehj��b�hdkb�l_ljZpbdebgZ�±�����
-9
�F
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<i_j\u_�mklZgh\e_gu�mkeh\by�dhebq_kl\_ggh]h�obfbq_kdh]h�ZgZebaZ

e_\hfbp_lbgZ� \� ibs_\uo� ijh^mdlZo�� [bheh]bq_kdbo� kbkl_fZo� �ebfn_�

ieZaf_�� djh\b�� f_lh^hf� dZlh^ghc� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� k

bkihevah\Zgb_f� jlmlgh�ie_ghqgh]h� we_dljh^Z� gZ� mjh\g_� ���⋅10-9
� F�

HilbfZevguf� nhgh\uf� we_dljheblhf� y\ey_lky� ���� F� jZkl\hj� kmevnZlZ

Zffhgby��ihl_gpbZe�ibdZ�e_\hfbp_lbgZ�khklZ\ey_l�������<�

Ijh[hih^]hlh\dZ�ijb�ZgZeba_�ibs_\uo�ijh^mdlh\�b�[bheh]bq_kdbo

h[t_dlh\� gZ� kh^_j`Zgb_� l_ljZpbdebgZ� b� e_\hfbp_lbgZ� aZdexqZ_lky� \

]b^jheba_� b� hkZ`^_gbb� [_edh\�� p_gljbnm]bjh\Zgbb�� k� ihke_^mxsbf

we_dljhobfbq_kdbf� hij_^_e_gb_f� :;� \� p_gljbnm]Zl_�� <j_fy� ZgZebaZ� k

mq_lhf� ijh[hih^]hlh\db� g_� ij_\urZ_l� �� qZkh\�� Ijb� ZgZeba_

e_dZjkl\_gguo� nhjf� �lZ[e_ldb�� dZieb�� ^hklZlhqgh� jZkl\hjblv� gZ\_kdm

ZgZebabjm_fh]h� h[t_dlZ� \� nhgh\hf� we_dljhebl_� ijb� kljh]h

dhgljhebjm_fhc� l_fi_jZlmj_�� ihke_� q_]h� Zglb[bhlbdb� hij_^_eyxlky

\hevlZfi_jhf_ljbq_kdb�� <� gZklhys__� \j_fy� ijh\h^blky� f_ljheh]bq_kdZy

Zll_klZpby� f_lh^bd� .;$� l_ljZpbdebgZ� \� ibs_\uo� ijh^mdlZo� b

e_dZjkl\_gguo�ij_iZjZlZo��F_lh^bdZ�hij_^_e_gby�e_\hfbp_lbgZ�\�fhehd_

b�fhehqguo�ijh^mdlZo�Zll_klh\ZgZ�gZ�mjh\g_�=hkklZg^ZjlD
<HEVL:FI?JHF?LJBQ?KDH?�IH<?>?GB?�KBKL?F�PB(II)-CU(II)
B ZN(II)-CU(II) <�<H>GUO�J:KL<HJ:O

IHEB�1�<BGBEIBJJHEB>HG:

:gmjh\�<�E���Hkbih\Z�?�:���Rdbg_\�<�F���;_eh\�>�:�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<� Ehfhghkh\Z
Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B� <_jgZ^kdh]h

F_lh^m� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� ljZ^bpbhggh

ijbgZ^e_`bl� \Z`gZy� jhev� \� j_r_gbb� ijh[e_fu� hij_^_e_gby� bhgh\

ly`_euo� f_lZeeh\� \� fgh]hdhfihg_glguo� ijbjh^guo� b� ijhfure_gguo

h[t_dlZo�� Ih\ur_gbx� wnn_dlb\ghklb� f_lh^Z� kihkh[kl\m_l

dhf[bgbjh\Zgb_� _]h� k� ij_^\Zjbl_evguf�f_f[jZgguf� dhgp_gljbjh\Zgb_f

bhgh\�f_lZeeh\�k�bkihevah\Zgb_f�\h^hjZkl\hjbfuo�dhfie_dkhh[jZamxsbo

ihebf_jguo� j_Z]_glh\�� Ijb� wlhf� \hafh`gh� ijbf_g_gb_� dZd� ]jmiih\uo

�gZijbf_j�� ihebwlbe_gbfbgZ��� lZd� b� [he__� k_e_dlb\guo� j_Z]_glh\�� h^gbf

ba� dhlhjuo� y\ey_lky� iheb-N-\bgbeibjjheb^hg� �I<I��� iha\heyxrbc

hkms_kl\eylv� k_e_dlb\gh_� dhgp_gljbjh\Zgb_� bhgh\� Cu(II) b� Pb(II) b� bo
hl^_e_gb_� hl� bhgh\� ^jm]bo� ly`_euo� b� i_j_oh^guo� f_lZeeh\��F_lh^Zfb

pbdebq_kdhc� b� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� bamq_gh

we_dljhobfbq_kdh_�ih\_^_gb_�kbkl_fu�Pb(II)-Cu(II)�gZ�iZklh\hf�we_dljh^_
\�\h^guo�jZkl\hjZo�I<I��MklZgh\e_gh�g_agZqbl_evgh_�\ebygb_�ihebf_jZ

ijb�dhgp_gljZpbyo� �����gZ�ijbjh^m� lhdh\� we_dljhdbke_gby��h[jZlbfhklv

ijhp_kkh\�jZajy^Z�bhgbaZpbb�b�\_ebqbgm�ZgZeblbq_kdbo�kb]gZeh\�Cu(II) b
Pb(II)��Hilbfbabjh\Zgu�mkeh\by�ijh\_^_gby�ZgZebaZ��nhg� �� ��������fhev�e
KCl� k� pH 3,0 (Pb(II)) b� pH 1,5 (Cu(II)��� ?

gZd ����� <�� tgZd ���� k�� kdhjhklv
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jZa\_jldb� ihl_gpbZeZ� ���� <�k�� ij_^_eu� h[gZjm`_gby� khklZ\eyxl� �����
-7

fhev�e� Pb(II)� b� �����-7
� fhev�e� Cu(II)�� IhdZaZgh�� qlh� I<I� mf_gvrZ_l

f_`f_lZeebq_kdb_� \aZbfh^_ckl\by� dhfihg_glh\� kbkl_fu� Pb(II)-Cu(II)� gZ
klZ^bb� nhjfbjh\Zgby� we_dljhdhgp_gljZlZ� gZ� ih\_joghklb� iZklh\h]h

we_dljh^Z�� \� j_amevlZl_� q_]h� klZgh\blky� \hafh`guf� hij_^_e_gb_�Pb(II)� \
ijbkmlkl\bb� agZqbl_evgh� [hevr_]h� ba[ulhqgh]h� dhebq_kl\Z�Cu(II)�� q_f� \
hlkmlkl\b_�ihebf_jZ��Ba\_klgh��qlh�gZebqb_�Cu(II)�hljbpZl_evgh�\eby_l�b
gZ� ZgZeblbq_kdbc� kb]gZe� Zn(II)� ba�aZ� kbevgh]h� \aZbfh^_ckl\by

dhfihg_glh\� kbkl_fu� Zn(II)-Cu(II)� gZ� ih\_joghklb� l\_j^h]h� we_dljh^Z�
Ihkdhevdm� dhfie_dku�I<I� k�bhgZfb�Cu(II) b Zn(II)�� hq_\b^gh�� h[eZ^Zxl

jZaghc� mklhcqb\hklvx�� bamq_gZ� \hafh`ghklv� bkihevah\Zgby� I<I� ^ey

ih\ur_gby� k_e_dlb\ghklb� bg\_jkbhggh�\hevlZfi_jhf_ljbq_kdh]h

hij_^_e_gby� Zn(II)� \� ijbkmlkl\bb� Cu(II)�� <u[jZgu� mkeh\by� ihemq_gby
ZgZeblbq_kdh]h� kb]gZeZ� Zn(II)� \� kbkl_f_� Zn(II)-Cu(II)� gZ� iZklh\hf

we_dljh^_� \� ��� jZkl\hj_� I<I�� ijb� jZkkfhlj_gbb� KCl, KBr b� KSCN \
dZq_kl\_�nhgh\uo�we_dljheblh\�ij_^ihql_gb_�hl^Zgh�����fhev�e�KCl�k�pH
����� ?

gZd ������ <�� tgZd ���� k�� kdhjhklv� jZa\_jldb� ihl_gpbZeZ� ���� <�k�
MklZgh\e_gh� aZf_lgh_� mf_gvr_gb_� \aZbfh^_ckl\bc� dhfihg_glh\� kbkl_fu

Zn(II)-Cu(II)� \� we_dljhhkZ`^_gghc� f_lZeebq_kdhc� nZa_� gZ� ih\_joghklb
iZklh\h]h� we_dljh^Z� \� jZkl\hj_� I<I� b� ihdZaZgZ� \hafh`ghklv

^_kylbdjZlgh]h� m\_ebq_gby� k_e_dlb\ghklb� hij_^_e_gby� Zn(II)� \

ijbkmlkl\bb� Cu(II)� \� wlbo� mkeh\byo�� K^_eZg� \u\h^� h� i_jki_dlb\ghklb
ijbf_g_gby� I<I� ^ey� j_r_gby� ijh[e_fu� \hevlZfi_jhf_ljbq_kdh]h

ZgZebaZ�fgh]hdhfihg_glguo�kbkl_f��kh^_j`Zsbo�Cu(II)��k�bkihevah\Zgb_f
l\_j^uo�we_dljh^h\
HIJ?>?E?GB?�=B>J:ABG:�B�G?KBFF?LJBQGH=H
>BF?LBE=B>J:ABG:�F?LH>:FB�<HEVL:FI?JHF?LJBB

;Z[bq�E�<���Dh\Ze_\Z�K�<���OjZfph\Z�G�:���=eZ^ur_\�<�I�

Lhfkdbc ]hkm^Zjkl\_gguc i_^Z]h]bq_kdbc mgb\_jkbl_l

H[jZah\Zgb_� ZfZev]Zf� hgb_\uo� bhgh\� hldju\Z_l� \hafh`ghklv

ijbf_g_gby� f_lh^h\� \hevlZfi_jhf_ljbb� k� jlmlgufb� bg^bdZlhjgufb

we_dljh^Zfb� ^ey� hij_^_e_gby� hgb_\uo� bhgh\� b� khhl\_lkl\mxsbo� bf

hkgh\Zgbc�\�\h^ghc�kj_^_�beb� ]ZaZo� �ihke_�ij_^\Zjbl_evgh]h�ih]ehs_gby

\h^gufb� jZkl\hjZfb� dbkehl��� MklZgh\e_gh�� qlh� bhgu� ]b^jZabgby� b� g�

^bf_lbe]b^jZabgby�fh]ml�[ulv�gZdhie_gu�gZ�jlmlghf�dZi_evghf�we_dljh^_

b� jlmlghf� ie_ghqghf� we_dljh^_�� Bkke_^h\Zgb_� Zgh^gh]h� ih\_^_gby

ZfZev]Zf� Zahlkh^_j`Zsbo� hgb_\uo� bhgh\� [ueh� \uiheg_gh� dhfie_dkhf

we_dljhobfbq_kdbo�f_lh^h\��pbdebq_kdhc�bfimevkghc�\hevlZfi_jhf_ljbb

�ihl_gpbhklZl�IB��������iheyjh]jZnbb��iheyjh]jZn�IM����b�bg\_jkbhgghc

\hevlZfi_jhf_ljbb� �\hevlZfi_jhf_ljbq_kdbc� ZgZebaZlhj� ©<HE:Gª��

IhdZaZgh�� qlh� gZ� Zgh^guo� djb\uo� Zahlkh^_j`Zsbo� hgb_\uo� bhgh\

gZ[ex^Zxlky�ibdb�lhdZ��h[mkeh\e_ggu_�hdbke_gb_f�ZfZev]Zf�]b^jZabgZ�b
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g�^bf_lbe]b^jZabgZ�� \ukhlZ� dhlhjuo� aZ\bkbl� hl� dhgp_gljZpbb� dZlbhgh\

ik_\^hf_lZeeh\� b� bhgh\� \h^hjh^Z� \� ZgZebabjm_fhf� � jZkl\hj_� b� mkeh\bc

ij_^we_dljhebaZ� �ihl_gpbZe� gZdhie_gby�� \j_fy� gZdhie_gby��� Wlb

j_amevlZlu� iheh`_gu� \� hkgh\m� f_lh^bd� hij_^_e_gby� ]b^jZabgZ� b� g�

^bf_lbe]b^jZabgZ� \� ijbjh^guo� b� ijhfure_gguo� \h^Zo�� \ha^mo_�� \

we_dljheblZo� b� klhdZo� obfbq_kdbo� ijhba\h^kl\�� <� dZq_kl\_� nhgh\h]h

we_dljheblZ� bkihevah\Zeb� ���� F� oehjb^u� dZeby� beb� gZljby� �hk�q���

DZeb[jh\hqgu_� djb\u_� kljhyl� \� ij_^_eZo� h^gh]h� ihjy^dZ� k

bkihevah\Zgb_f� oehjb^h\� hij_^_ey_fuo� dZlbhgh\�� F_lh^bdb� iha\heyxl

hij_^_eylv� Zahlkh^_j`Zsb_� hkgh\Zgby� b� hgb_\u_� bhgu� \� dhgp_gljZpbyo

10-5-2⋅10-7
�F�e� k� bkihevah\Zgb_f� ie_ghqguo� jlmlguo� fbdjhwe_dljh^h\� b

10-2-10-4
� F�e� k� ijbf_g_gb_f� klZpbhgZjgh]h� jlmlgh]h� we_dljh^Z

ih\_joghklvx���������kf
2
��<j_fy��aZljZqb\Z_fh_�gZ�hij_^_e_gb_�]b^jZabgZ

b�g�^bf_lbe]b^jZabgZ� \�jZkl\hjZo� khklZ\ey_l� �����fbg�� �ijb� lj_odjZlghc

kt_fd_�\hevlZfi_jguo�djb\uo���>ey�hij_^_e_gby�fbgbfZevguo�dhebq_kl\

hgb_\uo� bhgh\� \� jZkl\hj_� p_e_khh[jZag__� bkihevah\Zlv� f_lh^� B<:� k

ijbf_g_gb_f� jlmlgh]h� ie_ghqgh]h� we_dljh^Z��Ijb� kh^_j`Zgbb� ]b^jZabgZ

beb�g�^bf_lbe]b^jZabgZ�gZ�mjh\g_� ��
-3-10-5

�F�e�p_e_khh[jZagh�ijbf_gylv

f_lh^�i_j_f_gghlhdh\hc�iheyjh]jZnbb�
<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?�;BHEH=BQ?KDB
:DLB<GUO�<?S?KL<�G:�HKGH<?�BO

DHFIE?DKHH;J:AH<:GBY�K�BFFH;BEBAH<:GGHC�>GD

;Z[dbgZ�K�K���MeZoh\bq�G�:���Ay\dbgZ�X�B�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

Hij_^_e_gb_� gmde_bgh\uo� dbkehl� b� bo� wnn_dlhjh\� −� h^gZ� ba
gZb[he__� ZdlmZevguo� b� keh`guo� aZ^Zq� kh\j_f_gghc� obfbb�� ihkdhevdm

lj_[m_l� h[t_^bg_gby� \hafh`ghkl_c� qm\kl\bl_evguo� f_lh^h\� ^_l_dpbb� b

bkihevah\Zgby� \ukhdhc� ki_pbnbqghklb� [bheh]bq_kdbo� ijhp_kkh\�

^hklb`_gbc�[bhobfbb�b�obfbb�dhhj^bgZpbhgguo�kh_^bg_gbc��JZajZ[hldZ

\ukhdhqm\kl\bl_evguo� we_dljhobfbq_kdbo� [bhk_gkhjh\� �;K�� gZ� hkgh\_

gmde_bgh\uo� dbkehl� iha\hey_l� g_� lhevdh� agZqbl_evgh� ih\ukbl

k_e_dlb\ghklv� hij_^_e_gbc�� gh� b� mf_gvrbl� dhebq_kl\h

^_ahdkbjb[hgmde_bgh\hc� dbkehlu� �>GD��� g_h[oh^bfh_� ^ey� ZgZebaZ�

JZajZ[hlZgguc� gZfb� Zfi_jhf_ljbq_kdbc�;K� gZ� hkgh\_� ^_gZlmjbjh\Zgghc

>GD��bffh[bebah\Zgghc�gZ�gbljhp_eexehaghc�f_f[jZg_��b�klZpbhgZjgh]h

jlmlgh�ie_ghqgh]h� we_dljh^Z� k� k_j_[jyghc� ih^eh`dhc� iha\hey_l

hij_^_eylv� jZaebqgu_� [bheh]bq_kdb� Zdlb\gu_� \_s_kl\Z�� y\eyxsb_ky

wnn_dlhjZfb� >GD�� \� qZklghklb�� Zglbl_eZ(:L)� d� gmde_bgh\uf� dbkehlZf�
ijhlb\hhimohe_\u_� ij_iZjZlu� gZ� hkgh\_� dhfie_dkh\� Pt(II)� b� ly`_eu_
f_lZeeu�� Bamq_gb_� dhfie_dkhh[jZah\Zgby� >GD� k� ijhlb\hhimohe_\uf

ij_iZjZlhf� pbk�^boehjh^bZffbghieZlbghc� �pbk�>>I�� iha\hebeh

hij_^_eylv� _]h� \� fgh]hdhfihg_glguo� [bheh]bq_kdbo� kj_^Zo�� GZ
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\hevlZfi_jh]jZffZo� jZkl\hjZ� pbk�>>I� \� ijbkmlkl\bb ;K gZ[ex^Z_lky
dZlh^guc ibd�ijb�ihl_gpbZe_

����<�� hl\_qZxsbc� dZlZeblbq_kdhfm� lhdm� \u^_e_gby� \h^hjh^Z

�DL<���H[jZah\Zgb_�\�gZrbo�mkeh\byo�dZlZeblbq_kdb�Zdlb\gh]h�dhfie_dkZ

Pt(II)� k�>GD� ijhbkoh^bl�� \� hkgh\ghf�� k� 1���� ZlhfZfb� khk_^gbo� fhe_dme
]mZgbgZ� h^ghc� kibjZeb�� l�_�� bf__l� f_klh� lZd� gZau\Z_fh_� \gmljbgbl_\h_

krb\Zgb_�� Ijyfhebg_cgZy� aZ\bkbfhklv� DL<� hl� dhgp_gljZpbb� Pt(II)
iha\hey_l� bkihevah\Zlv� _]h� ^ey� hij_^_e_gby� pbk�>>I� \� fh^_evguo

jZkl\hjZo� \� h[eZklb� dhgp_gljZpbc� ���⋅10-5- 1.0⋅10-7
�fhev�e� b� \� ku\hjhld_

djh\b� (7,0±0,3⋅10-6
� fhev�e , Sr < 0,02)�� DL<� ijb� ����� <� [ue� lZd`_

bkihevah\Zg� ^ey� hij_^_e_gby� :L� d� >GD� b� ^bZ]ghklbdb� Zmlhbffmgguo

aZ[he_\Zgbc�� Mf_gvr_gb_� \ukhlu� dZlh^gh]h� ibdZ� \� ijbkmlkl\bb� :L

ijhbkoh^bl� \ke_^kl\b_� wdjZgbjh\Zgby� qZklb� dZlZeblbq_kdb� Zdlb\guo

dhfie_dkh\ >GD�3W(II) �\�j_amevlZl_�[bhki_pbnbqgh]h�\aZbfh^_ckl\by�:L�k
>GD��Gb`gbc� ij_^_e� h[gZjm`_gby�:L� �� �×10-10

�fhev/e� jZkkqblZg� ih� �s-
djbl_jbx��Lhdkbqgh_� ^_ckl\b_� ly`_euo�f_lZeeh\� gZ�>GD�� ijb\h^ys__� d

fmlZpbyf��[ueh�bamq_gh�gZ�ijbf_j_�bhgh\�Cd(II).�Mf_gvr_gb_�dZlh^gh]h

ibdZ�ijb� ������<�� khhl\_lkl\mxs_]h� \hkklZgh\e_gbx�Cd(II)� gZ� we_dljh^_�
h[mkeh\e_gh� dhfie_dkhh[jZah\Zgb_f� Cd(II)� k� bffh[bebah\Zgghc� >GD�
JZajZ[hlZgZ�f_lh^bdZ�hij_^_e_gby�kh^_j`Zgbc�dZ^fby��>ey�fgh]hdjZlgh]h

bkihevah\Zgby� ;K� jZajZ[hlZgu� mkeh\by� _]h� j_Zdlb\Zpbb� k� ihfhsvx

dhfie_dkhgZ� III. � DZlh^guc� ibd� ijb� ����� <�� khhl\_lkl\mxsbc

\hkklZgh\e_gbx� dhfie_dkZ� Cd(II)�dhfie_dkhg(III) � bkihevah\Zg� ^ey

hij_^_e_gby�fbdjhdhebq_kl\� dZ^fby� \�^bZiZahg_� dhgp_gljZpbc� ���×10-4 -
1,0×10-7

�fhev/e��J_amevlZlu�hij_^_e_gby�dZ^fby�\�ijbjh^guo�\h^Zo�[ueb
khihklZ\e_gu� k� ^Zggufb� Zlhfgh�Z[khj[pbhgghc� ki_dljhf_ljbb�

JZkoh`^_gby� f_`^m� kj_^gbfb� \_ebqbgZfb� g_agZqbfu� b� ohjhrh

kh]eZkmxlky� ih t-� b� F-djbl_jbyf.� LZdbf� h[jZahf�� jZajZ[hlZgguc� ;K� gZ
hkgh\_� bffh[bebah\Zgghc� >GD� fh`_l� kem`blv� gh\uf� kj_^kl\hf

wdheh]bq_kdh]h� dhgljhey� b� dhgljhey� [bhkj_^� hj]ZgbafZ� gZ� ijbkmlkl\b_

jZaebqguo�[bheh]bq_kdb�Zdlb\guo�\_s_kl\�
N:JF:P?<LBQ?KDBC�:G:EBA�B
WE?DLJHLBLJBF?LJBQ?KDB?�F?LH>U

;Z^ZdrZgh\�J��F���OZebmeebg�N��:�

;Zrdbjkdbc ]hkm^Zjkl\_gguc f_^bpbgkdbc mgb\_jkbl_l

Lbljbf_ljbq_kdb_� f_lh^u� y\eyxlky� gZb[he__� jZkijhkljZg_ggufb

f_lh^Zfb� nZjfZp_\lbq_kdh]h� ZgZebaZ�� Bkihevah\Zgb_� jZaebqguo� lbih\

j_Zdpbc�b�kj_^��ijhklhlZ��^_r_\bagZ��wdkij_kkghklv��^hklZlhqgZy�lhqghklv

wlbo� f_lh^h\� \iheg_� ijb]h^gu� ^ey� hij_^_e_gby� hkgh\guo� dhfihg_glh\

hj]Zgbq_kdh]h� b� g_hj]Zgbq_kdh]h� ijhbkoh`^_gby� \� e_dZjkl\_gguo

ij_iZjZlZo�
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AZf_gZ� bg^bdZlhjh\�j_Z]_glh\� gZ� bgkljmf_glZevgu_� f_lh^u

bg^bdZpbb� dhgpZ� j_Zdpbb� iha\hey_l� ih\ukblv� qm\kl\bl_evghklv� b

h[t_dlb\ghklv�lbljbf_ljbq_kdbo�f_lh^h\�

We_dljhobfbq_kdb_�f_lh^u�bf_xl�[hevrb_�i_jki_dlb\u� \� ZgZeba_

e_dZjkl\_gguo�kj_^kl\�

IhdZaZgZ� \hafh`ghklv� ijbf_g_gby� jy^Z� we_dljhlbljbf_ljbq_kdbo

f_lh^h\� �dmehghf_ljby�� ihl_gpbhf_ljby�� Zfi_jhf_ljby�� \

nZjfZp_\lbq_kdhf�ZgZeba_�jZaebqguo�deZkkh\�e_dZjkl\_gguo�kh_^bg_gbc�

We_dljh]_g_jbjh\Zggu_� \� \h^guo� b� g_\h^guo� kj_^Zo� [jhf� b� ch^

bkihevah\Zgu� ^ey� dhebq_kl\_ggh]h� hij_^_e_gby� jy^Z� kmevnZgbeZfb^guo

ij_iZjZlh\�� n_gheh\�� ZjhfZlbq_kdbo� dbkehl� b� bo� ijhba\h^guo�� jy^Z

ijhba\h^guo� ibjb^bgZ� �nlb\Zab^�� bahgbZab^�� gbdh^bg��� =_g_jbjh\Zggu_

bhgu� f_lZeeh\� ba� Zdlb\guo� we_dljh^h\� �f_^b� �II) �� k_j_[jZ� �I��� jlmlb� �I))
bkke_^h\Zgu� \� dZq_kl\_� lbljZglh\� ^ey� ]Zeb^h\� s_ehqguo� f_lZeeh\� b

]b^jh]Zeh]_gb^h\�jy^Z�hj]Zgbq_kdbo�hkgh\Zgbc��f_aZlhg��baZ^jbg��

We_dljh]_g_jbjh\Zggu_� bhgu� ]b^jhdkhgby� b� ]b^jhdkb^Z

bkihevah\Zgu�dZd�lbljZglu�ijb�hij_^_e_gby�ZfbgZabgZ��f_lbelbhmjZpbeZ�

kZexab^Z��nlb\Zab^Z��Zfb^hibjbgZ�

Ihl_gpbhf_ljbq_kdb_� b� Zfi_jhf_ljbq_kdb_� f_lh^u� k� h^gbf� beb

^\mfy�bg^bdZlhjgufb�we_dljh^Zfb�\�g_\h^guo�kj_^Zo��fZl_jbZe�we_dljh^Z

�� f_^v�� k_j_[jh�� ieZlbgZ�� jlmlv�� bkke_^h\Zgu� ijb� ZgZeba_� jy^Z

g_hj]Zgbq_kdbo�ij_iZjZlh\� �kh_^bg_gby�fZ]gby�� \bkfmlZ�� dZevpby��pbgdZ�

jlmlb� b� k_j_[jZ�� k� bkihevah\Zgb_f� \� dZq_kl\_� lbljZglh\� jy^Z� gh\uo

ijhba\h^guo�lb_lZgbedkZglbgZ�b�lb_lZgbe[_gabfb^ZaheZ�ih�lbim�j_Zdpbc

dhfie_dkhh[jZah\Zgby�k�jZkq_lhf�dhgklZgl�bo�mklhcqb\hklb�

<� bgl_j\Ze_� dhgp_gljZpbc� hij_^_ey_fuo� \_s_kl\� ��
-3-10-5

� fhev�e�

JZajZ[hlZggu_� f_lh^bdb� hij_^_e_gby� mdZaZgguo� \_s_kl\� hlebqZxlky

hlghkbl_evghc� ijhklhlhc� b� ^hklmighklvx� ^ey� kj_^g_]h� i_jkhgZeZ� ijb

gZebqbb�Zll_klh\Zgguo�lbljh\Zevguo�mklZgh\hd�
BHGHK?E?DLB<GU?�WE?DLJH>U�>EY�HIJ?>?E?GBY
:AHLKH>?J@:SBO�E?D:JKL<?GGUO�<?S?KL<

;Zjbgh\Z�H�<����DmeZibgZ�?�=��

KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h
KZjZlh\kdbc ]hkm^Zjkl\_gguc Z]jZjguc mgb\_jkbl_l bf� G�B� <Z\beh\Z

JZajZ[hlZgu� bhghk_e_dlb\gu_� we_dljh^u� �BKW�� ^ey� hij_^_e_gby

nbabheh]bq_kdb� Zdlb\guo� Zfbgh\� �gh\hdZbg�� eb^hdZbg�� iZiZ\_jbg�

^bf_^jhe�� b� Zglb[bhlbdh\� i_gbpbeebgh\h]h� jy^Z� �[_gabei_gbpbeebg�

hdkZpbeebg��Zfibpbeebg��dZj[_gbpbeebg��

Bamq_gu� hkgh\gu_� aZdhghf_jghklb� nmgdpbhgbjh\Zgby� BKW� gZ

hkgh\_� bhgguo� ZkkhpbZlh\� nbabheh]bq_kdb� Zdlb\guo� Zfbgh\� k

l_ljZn_gbe[hjZlhf�� H[t_fgu_� k\hckl\Z� f_f[jZg� gZ� bo� hkgh\_� bamqZeb
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f_lh^hf�we_dljhijh\h^ghklb�ijb�gme_\hf�lhd_�b�\�mkeh\byo�ijbeh`_ggh]h

ihl_gpbZeZ�� Ijbjh^Z� ijhlb\hbhgZ� \� khklZ\_� we_dljh^gh�� Zdlb\gh]h

\_s_kl\Z� ijZdlbq_kdb� g_� \eby_l� gZ� \_ebqbgu� m^_evghc

we_dljhijh\h^ghklb�f_f[jZg�� l�_��dZlbhgu�e_dZjkl\_gguo� \_s_kl\� \�nZa_

f_f[jZgu� bf_xl� [ebadb_� \_ebqbgu� ih^\b`ghkl_c�� DZ`msZyky� D^bk�

bhggh]h� ZkkhpbZlZ� gh\hdZbg�� l_ljZn_gbe[hjZl� \� f_f[jZgghc� nZa_� jZ\gZ

1,6.10-2
�� <� mkeh\byo� ijbeh`_ggh]h� ihl_gpbZeZ� oh^� aZ\bkbfhklb

khijhlb\e_gby� f_f[jZg� hl� \j_f_gb� ijb� kf_g_� iheyjbaZpbb

k\b^_l_evkl\m_l� h[� h[jZlbfhklb� ijhp_kkh\� i_j_ghkZ� dZlbhgh\� bamqZ_fuo

e_dZjkl\_gguo� \_s_kl\ q_j_a� f_f[jZgm�� Bamq_gh� \ebygb_� ijbjh^u

e_dZjkl\_ggh]h� \_s_kl\Z� \� khklZ\_� f_f[jZgghc� nZau� b� bkke_^m_fhf

jZkl\hj_� gZ� ^bgZfbdm� hldebdZ� we_dljh^h\�� GZ� hkgh\Zgbb� kh\hdmighklb

ihemq_gguo� ^Zgguo� ihdZaZgh�� qlh� bkke_^m_fu_� f_f[jZgu� hlghkylky� d

`b^dbf� f_f[jZgZf� k� ^bkkhpbbjh\Zgguf� bhghh[f_ggbdhf� b� bo

k_e_dlb\ghklv�hij_^_ey_lky� khev\Zlbjmxs_c� kihkh[ghklvx� jZkl\hjbl_ey�

ieZklbnbdZlhjZ�� MklZgh\e_g� hilbfZevguc� khklZ\� f_f[jZg� BKW�

ieZklbnbdZlhj� �� ^b[mlbenlZeZl� �>;N��� khhlghr_gb_� I<O� �� >;N�  � ����

we_dljh^gh�� Zdlb\gh_� \_s_kl\h� �� bhgguc� ZkkhpbZl� gh\hdZbg�

l_ljZn_gbe[hjZl��dhgp_gljZpby�W:<��������fhev�d]�>;N�

<� dZq_kl\_� we_dljh^gh�Zdlb\guo� \_s_kl\� BKW� ^ey� hij_^_e_gby

Zglb[bhlbdh\� bkke_^h\Zgu� bhggu_� ZkkhpbZlu� l_ljZ^_pbeZffhgbc�

i_gbpbeebg� �7'$�<3Q��� l_ljZ^_pbeZffhgbc�� Zfibpbeebg�� gh\hdZbg�

i_gbpbeebg�� Z� lZd`_� ijha_jbg� b� l_ljZ^_pbeZffhgbc� [jhfb^�� KjZ\g_gb_

hkgh\guo�iZjZf_ljh\�nmgdpbhgbjh\Zgby�b�ljZgkihjlguo�k\hckl\�f_f[jZg

ihdZaZeh�� qlh� emqrbfb� wdkiemZlZpbhggufb� k\hckl\Zfb� h[eZ^Zxl

we_dljh^u� gZ� hkgh\_� 7'$�<3Q�� >ey� BKW� k� f_f[jZgZfb� hilbfZevgh]h

khklZ\Z�^bZiZahg�hij_^_ey_fuo�dhgp_gljZpbc�khklZ\be�����
.10-5 - 1,0 .10-1

�F

^ey� [_gabei_gbpbeebgZ�� ����
.10-4 - 1,0 .10-1

� F� �^ey� ZfibpbeebgZ�

hdkZpbeebgZ��dZj[_gbpbeebgZ��m]eh\hc�dhwnnbpb_gl�we_dljh^ghc�nmgdpbb

������ f<�jK�� jZ[hqZy� h[eZklv� jG� ���� �� ����� G_hj]Zgbq_kdb_� Zgbhgu� ih

\ebygbx� gZ� i_gbpbeebgh\mx� nmgdpbx� we_dljh^Z� jZkiheZ]Zxlky� \

ihke_^h\Zl_evghklb��,
-, NO3- > Br- > Cl-, HCO3- > H2PO4

-.
Hilbfbabjh\Zgu� mkeh\by� ih^]hlh\db� we_dljh^h\� ^ey� hij_^_e_gby

Zglb[bhlbdh\� \� ku\hjhld_� djh\b� b� fhq_�� IhdZaZgZ� \hafh`ghklv

ijbf_g_gby� jZajZ[hlZgguo� we_dljh^h\� ^ey� hij_^_e_gby� nbabheh]bq_kdb

Zdlb\guo�Zfbgh\�\�e_dZjkl\_gguo�nhjfZo��Zglb[bhlbdh\�i_gbpbeebgh\h]h

jy^Z�\�nZjfZp_\lbq_kdbo�nhjfZo�b�[bheh]bq_kdbo�kj_^Zo�
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F?LH>BQ?KDB?�HKGH<U�BHGHF?LJBQ?KDH=H�:G:EBA:
IJBJH>GUO�B�L?OGH=?GGUO�H;T?DLH<

;_[_rdh�=�B���G_kl_jbgZ�?�F��

<k_jhkkbckdbc bgklblml fbg_jZevgh]h kujvy bf� G�F� N_^hjh\kdh]h�

]� Fhkd\Z

Ijh[e_fZ�kha^Zgby�we_dljh^ghZdlb\guo�f_f[jZg�^ey�BKW�mki_rgh

j_rZ_lky� gZ� fbjh\hf� mjh\g_�� H^gZdh� \� lZdbo� fgh]hdhfihg_glguo� b

keh`guo� ih� khklZ\m� h[t_dlZo�� dZdbfb� y\eyxlky� fbg_jZevgh_� kujv_�

ijh^mdlu� _]h� i_j_jZ[hldb�� ijbjh^gu_� \h^u�� hloh^u� b� klhdb

l_ogheh]bq_kdbo� ijhp_kkh\� b� ^jm]b_� h[t_dlu� hdjm`Zxs_c� kj_^u�

g_\hafh`gh�^Z`_�k�mgbdZevgufb�ih�k_e_dlb\ghklb�we_dljh^Zfb�ijh\h^blv

g_ihkj_^kl\_ggu_�baf_j_gby�gZ�nhg_�\k_o�khimlkl\mxsbo�bhgh\�

>ey� dhebq_kl\_ggh]h� i_j_\_^_gby� hij_^_ey_fuo� we_f_glh\� \

bhggmx�nhjfm��^Zxsmx�k_e_dlb\guc�we_dljh^guc�hldebd��b�hilbfbaZpbb

mkeh\bc� baf_j_gby� ihl_gpbZeh\� bamq_gu� k\hckl\Z� jZaebqguo� BKW�

dbkehlgh�hkgh\gu_� jZ\gh\_kby� \� jZkl\hj_�� hdbkebl_evgh�

\hkklZgh\bl_evgu_� j_Zdpbb�� ijhp_kku� hkZ`^_gby�� khj[pbb� b� ]Zah\hc

wdkljZdpbb�

Ijb� hij_^_e_gbb� nlhjZ� \� fbg_jZevghf� kujv_� khklhygb_� _]h� \

jZkl\hj_� hkeh`gy_lky� l_f�� qlh� ihqlb� \k_� khimlkl\mxsb_� f_lZeeu

ijhy\eyxl� \ukhdh_� kjh^kl\h� dh� nlhjm� b� \� lh� `_� \j_fy� e_]dh

]b^jhebamxlky�

K�ihfhsvx�l_jfh^bgZfbq_kdbo�jZkq_lh\�ij_h[eZ^Zgby�jZ\gh\_kguo

nhjf�we_f_glh\�b�bamq_gby�kl_i_gb�\u^_e_gby�k\h[h^gh]h�nlhjb^�bhgZ�\

aZ\bkbfhklb� hl� jG� \� kbkl_fZo� OHMeF n
2−− +− � mklZgh\e_gh�� qlh� \

bgl_j\Ze_�jG� ��������ijb�dbiyq_gbb�jZkl\hjZ�b�bkihevah\Zgbb�\�dZq_kl\_

khhkZ^bl_ey� oehjb^Z� `_e_aZ� �II) � m^Z_lky� \kx� ]Zffm� khimlkl\mxsbo

f_lZeeh\� \u\_klb� ba� jZkl\hjZ� \� e_]dhnbevljmxsbcky� hkZ^hd�

JZajZ[hlZggZy� f_lh^bdZ� hij_^_e_gby� nlhjZ� ijZdlbq_kdb� g_� bf__l

h]jZgbq_gby�ih�khklZ\m�h[t_dlh\�

<ukhdZy� k_e_dlb\ghklv� `b^dhklgh]h� \Zebghfbpbgh\h]h

dZebck_e_dlb\gh]h� we_dljh^Z� ij_^iheZ]Z_l� bkihevah\Zgb_� _]h� ^ey

\ukhdhlhqguo� hij_^_e_gbc� ijb� ]_hojhgheh]bq_kdbo� bkke_^h\Zgbyo�

H^gZdh� ijb� ]b^jheblbq_kdhf� kihkh[_� i_j_\_^_gby� dZeby� \� jZkl\hj

ijhbkoh^bl� g_\hkijhba\h^bfZy� khj[pby� dZeby� gZ� hkZ^d_� ]b^jhdkb^h\�

GZc^_gh��qlh�khj[pby�dZeby�klZgh\blky�g_kms_kl\_gghc��_keb�ijb�jG�����

����\�jZkl\hj�\us_eZqb\Zgby�\\_klb�ij_^_evgmx�hj]Zgbq_kdmx�dbkehlm� k

dhgklZglhc�^bkkhpbZpbb� 5105 −⋅ �b�ijhdbiylblv�jZkl\hj�

>ey� hij_^_e_gby� kmffu� kmevnZlghc� b� kmevnb^ghc� k_ju� k

kmevnb^k_e_dlb\guf� we_dljh^hf� ij_^\Zjbl_evgh� wlb� nhjfu� k_ju

i_j_\h^yl� \� k_jh\h^hjh^� b� ih]ehsZxl� _]h� kbevghs_ehqguf� jZkl\hjhf�

Ij_^eh`_gZ� hjb]bgZevgZy� kf_kv� nhknhjghc� dbkehlu� k� f_lZeebq_kdbf

lblZghf�b� 2SnCl ��dhlhjZy�ijb�gZ]j_\Zgbb�\hkklZgZ\eb\Z_l�k_jm�kmevnZlh\�b

f_lZeeu�\�kmevnb^Zo�l\_j^h]h�h[jZapZ�fbg_jZevgh]h�kujvy�
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Ijb�hij_^_e_gbb�]Zeh]_gb^�bhgh\�\�\h^Zo�\�ijbkmlkl\bb�f_rZxsbo

nhjf� k_ju� ihke_^gb_� ©fy]dhª� hdbkeyxl� i_jhdkh[hjZlhf� gZljby�� g_

aZljZ]b\Zy� ch^b^�bhgZ�� MklZgh\e_gh�� qlh� i_jhdkh[hjZlguc� [mn_jguc

jZkl\hj��ihemqZ_fuc�kf_rb\Zgb_f�]b^jhdkb^Z�gZljby�k�ba[uldhf�[hjghc

dbkehlu�b�i_jhdkb^Z�\h^hjh^Z��ijb�jG� ��������b�dhgp_gljZpbb�i_jhdkb^Z

\h^hjh^Z� �����h[�k_e_dlb\gh� hdbkey_l�^h� ���� ]�e� ������djZlguc�ba[ulhd�

kmevnb^�bhgZ�b�^h����]�e��������djZlguc�ba[ulhd��kmevnbl�bhgZ�

>ey� \u^_e_gby� bhgh\� we_f_glh\�� h[jZamxsbo� e_]dhe_lmqb_

kh_^bg_gby��i_jki_dlb\gh�bkihevah\Zgb_�]Zah\hc�wdkljZdpbb�

Gbljbl�bhg� hdbkey_l� ch^b^�bhg�� h[jZamy� ]Zahh[jZaguc� ch^�

MklZgh\e_gh�� qlh� ijb� hij_^_e_gguo� khhlghr_gbyo� mdZaZgguo� bhgh\

ijhp_kk�hdbke_gby�ijhl_dZ_l�ih�f_oZgbafm�khijy`_ggh�ihke_^h\Zl_evguo

j_Zdpbc�� <� j_amevlZl_� bgbpbbjm_lky� ^hihegbl_evgh_� dhebq_kl\h� ch^Z�� b

ih\urZ_lky�qm\kl\bl_evghklv�dhk\_ggh]h�hij_^_e_gby�gbljbl�bhgZ�\�\h^Zo

k�ch^b^k_e_dlb\guf�we_dljh^hf�

IhdZaZgh��qlh�k_e_dlb\gh_�hdbke_gb_�[jhfb^�bhgZ�i_jfZg]ZgZlhf�k

ihke_^mxs_c�]Zah\hc�wdkljZdpb_c�[jhfZ�iha\hey_l�hij_^_eylv�[jhfb^�hbg

\�\h^Zo�\�ijbkmlkl\bb�������djZlgh]h�ba[uldZ�oehjb^�bhgZ�

<� ieZg_� hilbfbaZpbb� mkeh\bc� baf_j_gby� ZgZeblbq_kdh]h� kb]gZeZ

dhgdj_lbabjh\Zgu� dhwnnbpb_glu� k_e_dlb\ghklb� jZaebqguo� BKW� \

j_Zevguo� ZgZeblbq_kdbo� kbkl_fZo�� hp_g_gZ� \hafh`ghklv� Z^^blb\gh]h

mkbe_gby� hldebdZ� \[ebab� ij_^_eZ� hij_^_e_gby�� G� Z� ijbf_j_

oehjb^k_e_dlb\gh]h� we_dljh^Z� ij_^eh`_gh� bkihevah\Zgb_� ^\mo

ihke_^h\Zl_evgh�kh_^bg_gguo�yq__d�

Ijb�ZgZeba_�jZkkheh\�mql_gh�gZjmr_gb_�nmgdpbb�BKW��k\yaZggh_�k

\ebygb_f� khklZ\Z� jZkkheh\� gZ� ^bnnmabhgguc� ihl_gpbZe� `b^dhklgh]h

kh_^bg_gby�jZkl\hjZ�k�ijhlhqguf�we_dljh^hf�kjZ\g_gby�

JZajZ[hlZggu_� f_lh^bdb� hij_^_e_gby� nlhjZ�� dZeby�� k_ju� \

fbg_jZevghf� kujv_�� oehjb^��� ch^b^��� nlhjb^��� [jhfb^��� gbljbl��� gbljZl�

bhgh\� \� \h^Zo� f_ljheh]bq_kdb� Zll_klh\Zggu� b� gZoh^yl� rbjhdh_

ijbf_g_gb_�
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<UKHDH<HEVLGUC�J?@BF�WE?DLJHHK:@>?GBY�<
BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB�BHGH<

F?L:EEH<�
F?O:GBAF�IJHP?KK:�B�I?JKI?DLB<U <�:G:EBA?�

;_d�J�X��Dbjxrh\�<�G���Kd\hjph\Z�E�B���:e_dkZg^jh\Z�L�I��
LZjZkh\Z�<�:�

Bgklblml obfbb l\_j^h]h l_eZ b f_oZghobfbb� ]� Gh\hkb[bjkd

We_dljhfb]jZpbhgguc� i_j_ghk� hij_^_ey_fh]h� bhgZ� \� f_lh^_

bg\_jkbhgghc� \hevlZfi_jhf_ljbb� kqblZ_lky� f_rZxsbf� nZdlhjhf� b

h[uqgh� ih^Z\ey_lky� dhfihg_glZfb� nhgh\h]h� jZkl\hjZ�� <� khhl\_lkl\bb� k

l_hjb_c��we_dljhfb]jZpby�m\_ebqb\Z_l�fZkkhi_j_ghk�ih�kjZ\g_gbx�k�qbklh

^bnnmabhgguf� \� ���� jZaZ�� H� agZqbl_evgh� [hevr_f� wnn_dl_� mkdhj_gby

fb]jZpbb� we_dljbq_kdbf� ihe_f� khh[sZ_lky� \� jZ[hl_� ����� ]�� [1]�� ]^_� ijb
gZijy`_gbb� ���<�f_`^m� we_dljh^Zfb�b� lhd_� ���fA�^hklb]gmlh� mkdhj_gb_
we_dljhhkZ`^_gby�Cu, Pb b�Cd�\� �����F�jZkl\hj_�H2SO4�gZ�ihjy^hd.GZfb

wdki_jbf_glZevgh� ihemq_gh� mkdhj_gb_� we_dljhhkZ`^_gby� wlbo� b� ^jm]bo

f_lZeeh\� �Ag, Ni, Bi��\�jZa[Z\e_gguo�jZkl\hjZo�keZ[uo�dbkehl� �mdkmkghc�
[hjghc��\�khlgb�b�lukyq�jZa�ijb�gZijy`_gbyo�gZ�we_dljh^Zo�hl����^h�����

<��<_ebqbgZ�lhdZ�ibdZ�jZkl\hj_gby�f_lZeeh\��hkZ`^_gguo�\�wlhf�j_`bf_�

ijyfh� ijhihjpbhgZevgZ� \_ebqbg_� gZijy`_gby� b� dhgp_gljZpbb

hij_^_ey_fh]h� bhgZ�� Z� _]h� \hkijba\h^bfhklvkhihklZ\bfZ� k

\hkijhba\h^bfhklvx�� gZ[ex^Z_fhc� ijb� bkihevah\Zgbb� h[uqguo

ihl_gpbZeh\� we_dljhhkZ`^_gby� �^h� ��� <��� Wdki_jbf_glZevgh

gZc^_ggu_aZdhghf_jghklb� kh]eZkmxlky� k� \u\h^Zfb� l_hjbb

we_dljhfb]jZpbhgguo�y\e_gbc�X�<��OZjdZpZ� [2]�b�h[tykgyxlky�wnn_dlhf
wdaZevlZpbb� fZkkhi_j_ghkZ� hij_^_ey_fh]h� dZlbhgZ�Nbabq_kdbc� f_oZgbaf

y\e_gby�wdaZevlZpbb�aZdexqZ_lky�\�lhf��qlh\u^_e_gb_�\h^hjh^Z�gZ�dZlh^_

ba� fhe_dme� keZ[hc� dbkehlu� nhgh\h]h� jZkl\hjZ� beb� \h^u� kihkh[kl\m_l

©hk\h[h`^_gbxª� Zgbhgh\�� aZjy^� dhlhjuo� ^he`_g� [ulv

kdhfi_gkbjh\Zgih^\h^hf�dZlbhgh\�ba�h[t_fZ�jZkl\hjZ��<�j_amevlZl_�wlh]h

gZ[ex^Z_lky�j_adh_� mkdhj_gb_�bo� \hkklZgh\e_gby�gZ� dZlh^_�b� aZf_^e_gb_

�©^_ij_kkbyª�� ih^\h^Z� Zgbhgguo� nhjf�� JZkq_lu� ihdZaZeb�� qlh� kdhjhklv

fZkkhi_j_ghkZ� dZlbhgh\� k� mqZklb_f� wdaZevlZpbb� \hajZklZ_l

ijhihjpbhgZevgh�[hevrhfm� lhdm� \u^_e_gby� \h^hjh^Z��Wdki_jbf_glZevgh

gZc^_gh�� qlh� aZ� kq_l� bkihevah\Zgby� wnn_dlZ� wdaZevlZpbb� ij_^_e

h[gZjm`_gby� bhgh\�� gZijbf_j�� k_j_[jZ� fh`_l� [ulv� ihgb`_g� ^h

10-12
� F�� ;eZ]h^Zjy� wnn_dlm� ^_ij_kkbb� Zgbhgh\� ^hklb]gmlh� k_e_dlb\gh_

we_dljhhkZ`^_gb_�dZlbhgh\�Cr(III) \�ijbkmlkl\bb�lukyq_djZlgh]h�ba[uldZ
Zgbhgghcnhjfu� Cr(VI)�� F_lh^� B<:� k� gZdhie_gb_f� ijb� \ukhdbo

gZijy`_gbyo� f_`^m� we_dljh^Zfb� i_jki_dlb\_g� \� ZgZeba_� ke_^h\uo

dhebq_kl\� bhgh\� f_lZeeh\�� \� kdhjhklghf� \hevlZfi_jhf_ljbq_kdhf

lbljh\Zgbb� fbdjhdhebq_kl\� f_lZeeh\� ljbehghf� ;�� \� ih\ur_gbb

ba[bjZl_evghklb�we_dljhhkZ`^_gby�g_dhlhjuo�f_lZeeh\�

Ebl_jZlmjZ�
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1. Ladanyi E., Radulescu U.-D.N., Gavan M.// J. Electroanal. Chem. 1970. V.24. P.91.
2. OZjdZp�X�B��Fb]jZpbhggu_�lhdb�\�we_dljhobfbq_kdhc�dbg_lbd_��Blh]b

gZmdb�b�l_ogbdb��We_dljhobfby��L�����F���<BGBLB������������k�

�JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB

Ν�����������Z�
IJH;E?F:�WE?DLJHO?FBEXFBGHNHJ:�F:JD,J:�<
;BHF?>BPBGKDHF�B

BFFMGHWE?DLJHO?FBEXFBG?KP?GLGHF�:G:EBA?��BWOE:�

;_eZr�?�F���Jh`bpdbc�G�G�

OZjvdh\kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l jZ^bhwe_dljhgbdb�

MDJ:BG:

<� kh\j_f_gghc� bffmgheh]bb� rbjhdh� bkihevamxl� f_lh^u

bffmghobfbq_kdh]h� ZgZebaZ� �BO:��� hkgh\Zggu_� gZ� ijbf_g_gbb�f_q_guo

[bhihebf_jh\� �Zglb]_gh\�� ]Zil_gh\�� gmde_bgh\uo� dbkehl�

heb]hgmde_hlb^h\�� Zglbl_e�� bffmgh]eh[mebgh\�� jZaebqgufb� fZjd_jZfb� �

n_jf_glZfb�� jZ^bhbahlhiZfb�� nhlh��� o_fbexfbghnhjZfb� b� ^j��� dhlhju_

^he`gu�baf_gylv�\�\hafh`gh�f_gvr_c�kl_i_gb�kljmdlmjm�b�ki_pbnbqghklv

lZdbo�fZdjhfhe_dme�K_jheh]bq_kdb_�j_Zdpbb�k�bkihevah\Zgb_f�ku\hjhlhd�

kh^_j`Zsbo� f_q_gu_� Zglbl_eZ� �bgh]^Z� �� Zglb]_gu��� khh[sZxl

bffmgh]eh[mebgZf� oZjZdl_jgu_� ^ey� ^Zggh]h� f_lh^Z� b�fZjd_jZ� k\hckl\Z�

qlh�iha\hey_l�b^_glbnbpbjh\Zlv�in vitro�Zglb]_gu�jZagh]h�ijhbkoh`^_gby�
bamqZlv� ki_pbnbq_kdb_� \aZbfh^_ckl\by� Zglb]_g�Zglbl_eh� b� l�i�� Wlb

j_Zdpbb���klZg^Zjlgu_�ijbzfu�wdkij_kk�^bZ]ghklbdb�jZaebqguo�\bjmkguo

b� [Zdl_jbZevguo� bgn_dpbc�� hgb� ijbf_gyxlky� \�f_^bpbgkdhc� ijZdlbd_� \

\bjmkheh]bb��wg^hdjbgheh]bb��Zee_j]heh]bb��lhdkbdheh]bb��[Zdl_jbheh]bb

b� l�^�� Kj_^b� kms_kl\mxsbo� f_lh^h\� BO:� ^hklZlhqgh� jZkijhkljZg_g

]_l_jh]_gguc�l\_j^hnZaguc�bffmghn_jf_glguc��BN:���gZijbf_j��ELISA,
hkgh\Zgguc� gZ� ^_l_dlbjh\Zgbb� bffmggh]h� dhfie_dkZ� Zglb]_g�Zglbl_eh

�beb� kwg^\bq_\h]h� ljhcgh]h� dhfie_dkZ� Zglbl_eh�Zglb]_g�Zglbl_eh�� dh]^Z

h[Z�Zglbl_eZ� ��k�f_ldhc�b�[_a�g_z� ��kh_^bgyxlky�k�jZaebqgufb�wiblhiZfb

^Zggh]h� Zglb]_gZ��� <� dZq_kl\_� l\_j^hc� nZau� ijbf_gyxl� ihebklbjheh\u_

ieZgr_lu�� Z�fZjd_jZ� ��jZaebqgu_�bffh[bebabjh\Zggu_�gZ�g_c�n_jf_glu

�ibjhnhknZlZaZ�� s_ehqgZy� nhknZlZaZ�� i_jhdkb^ZaZ�� ]ZeZdlhab^ZaZ��

kihkh[gu_� jZaeZ]Zlv� ojhfh]_gguc� km[kljZl�� gZijbf_j�� RUWR�

n_gbe_g^bZfbg�� k� h[jZah\Zgb_f� hdjZr_gguo� ijh^mdlh\�� h[uqgh

^_l_dlbjm_fuo� ki_dljhnhlhf_ljbq_kdb�� >ey� l\_j^hnZagh]h� BN:

ZdlmZevgh� ih\ur_gb_� qm\kl\bl_evghklb�� ki_pbnbqghklb�

\hkijhba\h^bfhklb� b� khdjZs_gb_� \j_f_gb� ZgZebaZ�� dhlhjh_� fh`_l

khklZ\eylv� g_kdhevdh� kmlhd�� <� jZ^bhbffmgheh]bq_kdhf� ZgZeba_� �JB:�� k

jZ^bhbahlhigufb�fZjd_jZfb��gZijbf_j��3
32, J125

��ZgZeba�ijh\h^yl�\�jZaguo

fh^bnbdZpbyo� �� ijyfhf� k� h[jZah\Zgb_f� bffmggh]h� dhfie_dkZ� Zglbl_eh�

fZjdbjh\Zgguc� Zglb]_g� b� kwg^\bq_\hf� eb[h� dhgdmj_glghf�� dh]^Z
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ki_pbnbq_kdb_�d�^Zgghfm�Zglbl_em��khj[bjh\Zgghfm�gZ�l\_j^hf�ghkbl_e_�

g_fZjdbjh\Zggu_�b�fZjdbjh\Zggu_�Zglb]_gu��^h[Z\eyykv�ihke_^h\Zl_evgh�

k\yau\Zxlky�k�jZaebqgufb�iZjZlhiZfb�Zglbl_eZ��dhgdmjbjmy�f_`^m�kh[hc�

q_f� mf_gvrZ_lky� jZkoh^� f_q_guo� Zglb]_gh\�� G_^hklZldb� JB:� �

fZehklZ[bevgu_� fZjd_ju�� g_h[oh^bfhklv� jZ[hlu� k� jZ^bhZdlb\gufb

\_s_kl\Zfb��gZebqby�jZ^bhf_ljbq_kdhc� ZiiZjZlmju�b�^j��<_kvfZ�rbjhdh

bkihevamxl�b�f_lh^�nemhj_kp_glghc�f_ldb�Zglbl_e��ijyfu_�b�g_ijyfu_� �

dhgdmjbjmxsb_� �� j_Zdpbb� bffmghnemhj_kp_gpbb� DmgkZ��� ]^_� fZjd_jhf

kem`bl� exfbghnhj�nemhj_kp_bgbahlbhpbhgZl��Ih^h[gu_�fZjd_ju�� qbkeh

dhlhjuo� ^h\hevgh� agZqbl_evgh� �Zdjb^bgh\uc� hjZg`_\uc�� ^Zgkbeoehjb^�

bahlbhpbhgZlijhba\h^gu_� trans�klbev[_gZ�� aZf_s_ggu_� dkZgl_gh\uo

djZkbl_e_c�� nemhj_kp_bgZ�� ibj_gZ�� Zdjb^bgZ�� ZdjbobgZ�� k� mki_ohf

ijbf_gyxl�b�\�[bhnbabq_kdhc�obfbb�ijb�bamq_gbb�obfbq_kdhc�kljmdlmju

[bhfZdjhfhe_dme�� \� qZklghklb�� bo� dhgnhjfZpbc�� H[sb_� lj_[h\Zgby� d

lZdbf� fZjd_jZf�� bkihevam_fuf� \� f_^bpbgkdhc� ^bZ]ghklbd_�

exfbg_kp_glghc�pblhobfbb�b�^j��kf_`guo�h[eZklyo���\ukhdbc�d\Zglh\uc

\uoh^� nemhj_kp_gpbb�� ki_pbnbqghklv� k\yau\Zgby� k� [_edh\ufb

fhe_dmeZfb�[_a�gZjmr_gby�j_Zdpbhgghc�kihkh[ghklb�ihke_^gbo��jy^�bguo�

D� gZb[he__� k_jv_aguf� g_^hklZldZf�� h]jZgbqb\Zxsbo� ijbf_g_gby

nemhjhnhjh\�fZjd_jh\�� hlghkylky� g_h[oh^bfhklv� hlkljZb\Zgby

nemhj_kp_gpbb� fZjd_jZ� hl� Z\lhnemhj_kp_gpbb� de_lhd� \� kbg_�]hem[hc

h[eZklb�ki_dljZ��Wlh�kms_kl\_ggh�ih\urZ_l�ij_^_e�h[gZjm`_gby�^Zggh]h

f_lh^Z�ZgZebaZ�aZ�kq_l�m\_ebq_gby�bgl_gkb\ghklb�kb]gZeZ�ihf_ob��km`Z_l

ghf_gdeZlmjm� fZjd_jh\�� F_lh^u� BO:� h[eZ^Zxl� jy^hf� bguo

kms_kl\_gguo� h]jZgbq_gbc� �� g_^hklZlhqgufb� qm\kl\bl_evghklvx�

ki_pbnbqghklvx� b� ^bgZfbq_kdbf� ^bZiZahghf� hij_^_e_gbc�� \ukhdbfb

ljm^haZljZlZfb��klhbfhklvx�b�ij��Hlkx^Z�ZdlmZevgZ�jZajZ[hldZ�^hklZlhqgh

lhqguo� b� mgb\_jkZevguo� nbabdh�obfbq_kdbo� f_lh^h\� [bhf_^bpbgkdbo

bkke_^h\Zgbc�� ZgZebaZ� [bh`b^dhkl_c� b� BO:�� lZdbo�� dZd

we_dljho_fbexfbg_kp_glguc� �WOE�� ZgZeba�� mki_rgh� ijbf_gy_fuc� ^ey

hij_^_e_gby� we_f_glh\� b� kh_^bg_gbc�� WOE�f_lh^� �BWOE:��� ijb

bkihevah\Zgbb�\�BO:�ih�h[sbf�^ey�f_lh^h\�l\_j^hl_evgh]h�BN:��JB:�b

bffmghnemhj_kp_gpbb� ijhlhdheZf�� iha\hey_l� kms_kl\_ggh� mijhklblv

ijhp_^mjm� ZgZebaZ� k� h^gh\j_f_gguf� memqr_gb_f� f_ljheh]bq_kdbo

oZjZdl_jbklbd�� qlh� ^_eZ_l� _]h� \_kvfZ� ijb\e_dZl_evguf� Zevl_jgZlb\guf

f_lh^hf��H^gZdh�rbjhdhfm�ijbf_g_gbx�BWOE:�ij_iylkl\m_l�hlkmlkl\b_

jZajZ[hlZgguo� hkgh\� kha^Zgby� khhl\_lkl\mxsbo� fZjd_jh\�� lj_[h\Zgbc� d

bo� nbabdh�obfbq_kdbf�� ij_`^_� \k_]h�� we_dljhobfbq_kdbf� b� WOE�

k\hckl\Zf��hljZ[hldb� wdki_jbf_glZevguo�ijbzfh\�k\yau\Zgby�fZjd_jh\�k

h[jZah\Zgb_f� ijhqguo� dhfie_dkh\� k� ijhl_bgZfb�� ]Zil_gZfb�

gmde_bgh\ufb� dbkehlZfb�� Kms_kl\_ggu� ijh[e_fu�� h[mkeh\e_ggu_

g_^hklZlhqgh� jZa\blhc� f_lh^bq_kdhc� b� ZiiZjZlmjghc� [Zahc�� <� jZ[hl_

jZkkfhlj_gu� hkgh\u� ijbf_g_gby� WOE�fZjd_jh\� ^ey� [bhf_^bpbgkdbo

bkke_^h\Zgbc�b�BWOE:�^bZ]ghklbdb��<i_j\u_�knhjfmebjh\Zgu�hkgh\gu_

k\hckl\Z� we_dljho_fbexfbghnhjZ�fZjd_jZ�� ��� We_dljho_fbexfbghnhj� �

�f_lZeeh�hj]Zgbq_kdh_�kh_^bg_gb_���^he`_g�wnn_dlb\gh�ljZgknhjfbjh\Zlv
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we_dljbq_kdmx� wg_j]bx� we_dljhebaZ� \� k\_l� k� ^hklZlhqgh� \ukhdbf

dhwnnbpb_glhf� ij_h[jZah\Zgby�� ��� Fhe_dmeZ� we_dljho_fbexfbghnhjZ

^he`gZ� we_dljhobfbq_kdb� hdbkeylvky� b�beb� \hkklZgZ\eb\Zlvky� dZd� \

�d\Zab�k\h[h^ghf� khev\Zlbjh\Zgghf�� lZd� b� \� k\yaZgghf� k� [bhihebf_jhf

khklhygbyo�� h[jZamy� \� we_dljh^guo� j_Zdpbyo� bhg�jZ^bdZeu�� kihkh[gu_

j_dhf[bgbjh\Zlv� k� \uoh^hf� wfbll_jh\�� ��� Kms_kl\_ggZ� jhev� \j_f_gb

`bagb�we_dljh]_g_jbjh\Zgguo�bhgh\���dZd�m�klZ[bevguo��lZd�b�m�eZ[bevguo

bhg�jZ^bdZeh\�� ih� jZaguf� ijbqbgZf�� bf__lky� fZeh�rZgkh\� gZ� mqZklb_� \

�k\_lh\hc�� jZ^bdZevguo� j_dhf[bgZpbyo�� ���Exfbghnhj� ^he`_g� h[eZ^Zlv

\ukhdbf� d\Zglh\uf� \uoh^hf� nemhj_kp_gpbb� \� ^Zgghf� jZkl\hjbl_e_�

kem`Zsbf� \_jogbf� ij_^_ehf� ^ey� wnn_dlb\ghklb� ijhp_kkZ� WOE�

MdZaZggu_� mkeh\by�� d� dhlhjuf� ke_^m_l� ^h[Z\blv� jZkl\hjbfhklv

exfbghnhjZ� �\� [bh`b^dhklb��� _]h� klZ[bevghklv� �l�_�� \hafh`ghklv

fgh]hdjZlgh]h�bkihevah\Zgby�\�ijhp_kk_�ijh\_^_gby�ZgZebaZ���kihkh[ghklv

k\yau\Zgby� k� [bhihebf_jZfb� iml_f� <Zg�^_j�<ZZevkh\uo�� dh\Ze_glguo

\aZbfh^_ckl\bc��Z�lZd`_�bgl_jdZeypbb��\�kmff_�y\eyxlky�g_h[oh^bfufb�b

^hklZlhqgufb� ^ey� \hagbdgh\_gby� WOE� \� jZkl\hj_� b� bkihevah\Zgby

kh_^bg_gby� \� dZq_kl\_� fZjd_jZ�� Hlf_q_ggu_� nZdlhju� hij_^_eyxlky

kljmdlmjhc� b� we_dljhgguf� kljh_gb_f� khijy`_gguo� π�kbkl_f� fhe_dme�
fZjd_jh\�� k\hckl\Zfb� ^\hcghc� kbkl_fu� we_dljh^�we_dljhebl� b� \g_rgbfb

mkeh\byfb�� <� bkke_^h\Zgbyo�� ijh\_^_gguo� gZfb� gZ� jZajZ[hlZgghc

we_dljhggh�hilbq_kdhc�ZiiZjZlmj_�WOE�ZgZebaZ� �WE:G�����bkihevah\Zgu

dhfie_dku� jml_gby�� bf_xsb_� jy^� hlebqbc� \� kljmdlmj_� eb]Zg^h\� \

kjZ\g_gbb�k�fZjd_jZfb�25,*(1�/DEHOV��b�g_dhlhju_�^jm]b_�hj]Zgbq_kdb_

kh_^bg_gby��iha\heyxsb_�kgbablv�ij_^_e�h[gZjm`_gby�ZgZeblh\�b�^hklbqv

bguo� iheh`bl_evguo� dZq_kl\� ZgZebaZ�� qlh� h[km`^Z_lky� \� gZklhys_f

khh[s_gbb�
EBLBC�K?E?DLB<GUC�KL?DEYGGUC�WE?DLJH>

;_exklbg�:�:����Ijhgdbg�:�:����B\Zgh\kdZy�B�K����>_jbc�<�<���
Fmjbg�B�<����Khdheh\�B�:��

KZgdl�I_l_j[mj]kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l�

KZgdl�I_l_j[mj]kdbc ]hkm^Zjkl\_gguc L_ogheh]bq_kdbc bgklblml�

KZgdl�I_l_j[mj]kdbc ]hkm^Zjkl\_gguc L_ogbq_kdbc mgb\_jkbl_l�

Rbjhdh�ba\_klgu�b�ijbf_gyxlky�we_dljh^u�k�f_f[jZgZfb�ba�kl_dhe�kbkl_f�Na2O
(Li 2O) - Al2O3 - SiO2, Na2O(Li2O) - Al2O3 - B2O3 - SiO2, \ukhdhk_e_dlb\gu_�d�bhgZf
Na+�\�ijbkmlkl\bb�^jm]bo�s_ehqguo�bhgh\��<�kbkl_fZo�k�Li2O� \hafh`gh� lZd`_
ihemq_gb_�kl_deygguo�we_dljh^h\� �KW��k�ihgb`_gghc�k_e_dlb\ghklvx�d�Na+,�gh
g_dhlhjhc�k_e_dlb\ghklvx�d�Li+ �b�G+���FZdkbfZevgZy�^hklb]gmlZy�k_e_dlb\ghklv

d�Li+�hibku\Z_lky�dhwnnbpb_glhf�k_e_dlb\ghklb�KNaLi ~ 5.�Ljm^ghklv�ihemq_gby
\ukhdhc� k_e_dlb\ghklb� d�Li+ � h[tykgy_lky� [he__� \ukhdhc� ih^\b`ghklvx� bhgh\
Na+�\�dj_fg_dbkehjh^ghc�khklZ\eyxs_c�kl_deZ�

>ey� ihemq_gby� we_dljh^h\�� k_e_dlb\guo� d� Li+�� i_jki_dlb\gu� g_kbebdZlgu_

fZl_jbZeu� Kj_^b� gbo� �� ba\_klguc� ihebdjbklZeebq_kdbc� fZl_jbZe� LISICON,� \
dhlhjhf� SiO2� aZf_g_g� gZ� P2O5� b� TiO2 beb GeO2� ����� kl_deZ� kbkl_f
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Li2O - CaO - P2O5�b Li2O - Al2O3 - P2O5 �����H^gZdh�wlb�kl_deZ�h[eZ^Zxl�gbadhc
obfbq_kdhc�mklhcqb\hklvx�b�\ukhdbf�we_dljbq_kdbf�khijhlb\e_gb_f�

GZr_� \gbfZgb_� ijb\e_deb� kl_deZ� kbkl_fu� LiF - Al 2O3 - P2O5� �� h[eZ^Zxsb_

g_iehohc�obfbq_kdhc�mklhcqb\hklvx�\�\h^guo�jZkl\hjZo�b�\ukhdhc�mgbiheyjghc

�eblb_\hc�� we_dljbq_kdhc� ijh\h^bfhklvx� ����� lZd� qlh� hdZaZehkv� \hafh`guf

ba]hlh\e_gb_�KW�k�iehkdhc�f_f[jZghc�lhesbghc�^h���ff��KW�ba�kl_deZ�khklZ\Z

���fhe����LiF , 20 % Al(PO3)3�ijhy\eyxl�G_jgklh\kdmx�Li+-nmgdpbx�\�bgl_j\Ze_
Zdlb\ghklb�LiKl 1 - 10-4 fhev�e� KNaLi~ 20, qlh� iha\hey_l� hij_^_eylv�Li+

� ijb� ��

djZlghf� ba[uld_� Na+ ; gbadmx� qm\kl\bl_evghklv� d� jG� jZkl\hjZ�� I_j_oh^

ihl_gpbZeZ� hl Li+
�� d� Na+

�nmgdpbb� b� h[jZlgh� lhqgh� hibku\Z_lky� mjZ\g_gb_f

Gbdhevkdh]h��qlh�jZkrbjy_l�\hafh`ghklb�KW�

Ebl_jZlmjZ

1. Cretin M., Khireddine H., Fabry P. // Sens. and Actuators B. 1997.
Vol. 43. P. 224 - 229.

�� Dhq_lh\Z L� B�� ;h[jh\ <� K� ��@� ijbde� obfbb� ����� L����� ��� K� ���� � �����

� Ijhgdbg :� :�� Khdheh\ B� :�� GZjZ_\ :� <�� b ^j� �� Nba� b obf� kl_deZ� �����
L� ���� �� K� ��� � ����
DHEBQ?KL<?GGH?�HIJ?>?E?GB?�DHJ>:GMF:�<
;BHEH=BQ?KDBO�KJ?>:O

;h[e_\Z�X�<���B\Zgh\kdZy�?�:���DZj[Zbgh\�X�:�

GBB dZj^bheh]bb LGP KH J:FG
������ Lhfkd� Db_\kdZy ���Z

M`_� k\ur_� ��� e_l� [_lZ�[ehdZlhju� mki_rgh� ijbf_gyxlky� ^ey

e_q_gby� k_j^_qgh�khkm^bkluo� aZ[he_\Zgbc�� ;ehdZlhju� k� k_e_dlb\guf

^_ckl\b_f� gZ� [_lZ���Z^j_ghj_p_ilhju� y\eyxlky� \� f_`^mgZjh^ghf

fZkrlZ[_� [_kkihjgh� qZs_� \k_]h� gZagZqZ_fufb� [_lZ�[ehdZlhjZfb��Hkh[h_

agZq_gb_� hgb� ihemqbeb� ijb� e_q_gbb� hkljh]h� b� ojhgbq_kdh]h� bgnZjdlZ

fbhdZj^Z�� D� k_e_dlb\guf� [_lZ�[ehdZlhjZf� hlghkblky� dhj^Zgmf

�lZebgZehe��� gZb[he__� qZklh� gZagZqZ_fuc� ij_iZjZl� ^Zgghc� ]jmiiu

e_dZjkl\_gguo� \_s_kl\�� Mki_rgh� ijbf_gy_lky� ijb� e_q_gbb� ]bi_jlhgbb�

jZaebqguo� \b^h\� lZobdZj^bb�� bgnZjdlZ� fbhdZj^Z�� Dhebq_kl\_ggh_

wdkij_kkgh_�hij_^_e_gb_�dhj^ZgmfZ�y\ey_lky�ZdlmZevghc�aZ^Zq_c�\�hp_gd_

wnn_dlb\ghklb� e_q_gby� [hevguo�� We_dljhobfbq_kdb_� f_lh^u� hdZaZebkv

\_kvfZ� i_jki_dlb\gufb� b� qm\kl\bl_evgufb� ijb� hij_^_e_gbb

e_dZjkl\_gguo� b� lhdkbqguo� \_s_kl\�� Z� lZd`_� bo� f_lZ[heblh\� \

[bheh]bq_kdbo�fZljbpZo��Ihklhygghlhdh\Zy�\hevlZfi_jhf_ljby�iha\hey_l

dhgljhebjh\Zlv� kh^_j`Zgb_� dhj^ZgmfZ� \� ku\hjhld_ (ieZaf_�� djh\b

[hevguo�� Wnn_dlb\gh� _]h� we_dljhgZdhie_gb_� gZ� klZpbhgZjghf� jlmlgh�

ie_ghqghf� we_dljh^_� \� \b^_� ljm^ghjZkl\hjbfh]h� kh_^bg_gby� k

ihke_^mxs_c� j_]bkljZpb_c� lhdZ� we_dljhjZkl\hj_gby� ij_iZjZlZ�

FbgbfZevgh�hij_^_ey_fZy�dhgp_gljZpby����*10-8�]�fe��Sr < 0�����>bZiZahg
hij_^_ey_fuo� dhgp_gljZpbc� �*10-3 - 1*10-7� ]�fe�� JZajZ[hlZgu

wdkij_kkgu_� f_lh^bdb� hij_^_e_gby� dhj^ZgmfZ� \� qbkluo� jZkl\hjZo� b

ku\hjhld_� djh\b�� F_lh^bdb� bkihevah\Zgu� ^ey� nZjfZdhdbg_lbq_kdbo
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bkke_^h\Zgbc�dhj^ZgmfZ�ijb�\gmljb\_gghf�\\_^_gbb�m�[hevguo�k�hkljuf

bgnZjdlhf� fbhdZj^Z�� b� ijb� \g_khkm^bklhf� ijb_f_� \� i_jbh^� ih^hkljh]h

bgnZjdlZ�fbhdZj^Z�k�mq_lhf�\k_o�nZdlhjh\� ��khimlkl\mxsb_�aZ[he_\Zgby�

\hajZkl��bg^b\b^mZevgu_�hkh[_gghklb�hj]ZgbafZ���\ebyxsbo�gZ�dbg_lbdm

dhj^ZgmfZ�� LZd`_� ijh\_^_g� kjZ\gbl_evguc� nZjfZdhdbg_lbq_kdbc� ZgZeba

lZ[e_lbjh\Zgguo� nhjf� dhj^ZgmfZ�� Hkgh\gu_� nZjfZdhdbg_lbq_kdb_

iZjZf_lju� � jZkkqblu\Zeb� k� ihfhsvx� fZl_fZlbq_kdbo� fh^_e_c�

hkgh\Zgguo� gZ� ZgZeba_� aZ\bkbfhklb� dhgp_gljZpbb� ij_iZjZlZ� hl� \j_f_gb

_]h� jZkl\hj_gby� \� djh\b�� Ihemq_ggu_� nZjfZdhdbg_lbq_kdb_� ^Zggu_

bkihevamxlky� ijb� jZajZ[hld_� f_lh^h\� hilbfbaZpbb� b� bg^b\b^mZebaZpbb

ijbf_g_gby� dhj^ZgmfZ�� k� p_evx� ih\ur_gby� wnn_dlZ� b� [_ahiZkghklb

e_q_gby�
H�<EBYGBB�WE?DLJHOBFBQ?KDH=H�IHEBJH<:GBY
IH<?JOGHKLB�AHEHLH=H�WE?DLJH>:�G:

QM<KL<BL?EVGHKLV�<HEVL:FI?JHF?LJBQ?KDH=H
HIJ?>?E?GBY�JLMLB

;hj`bpdZy�:�<���?jfZdh\�K�K���Fhkd\bg�E�G�

KZgdl�I_l_j[mj]kdbc ]hkmgb\_jkbl_l� KZgdl�I_l_j[mj]

Bkke_^h\Zgh� \ebygb_� jZaebqguo� kihkh[h\� ih^]hlh\db� ih\_joghklb

ahehlh]h� we_dljh^Z� gZ� qm\kl\bl_evghklv� bg\_jkbhggh�

\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� jlmlb� ba� i_joehjZlguo� jZkl\hjh\�

GZc^_gh�� qlh� ijbf_g_gb_� we_dljhobfbq_kdh]h� ihebjh\Zgby� \� jZkl\hj_�

kh^_j`Zs_f� jh^Zgb^� Zffhgby�� lbhfhq_\bgm� b� fhehqgmx� dbkehlm� k

ihke_^mxs_c� we_dljhobfbq_kdhc� Zdlb\Zpb_c� iha\hey_l� ijh\h^blv

hij_^_e_gb_���g]�jlmlb��MklZgh\e_gh��qlh�gZb[hevr__�f_rZxs__�\ebygb_

ijb� bg\_jkbhggh�\hevlZfi_jhf_ljbq_kdhf� hij_^_e_gbb� jlmlb� hdZau\Z_l

Z^khj[pby� jZkl\hj_gguo� hj]Zgbq_kdbo� \_s_kl\� gZ� ih\_joghklb� ahehlZ�

F_lh^hf� baf_j_gby� g_nZjZ^__\kdh]h� Z^fbllZgkZ� ahehlh]h

we_dljh^Z�h[jZ[hlZggh]h� jZaebqgufb� kihkh[Zfb�� gZc^_gh�� qlh� ijb

bkihevah\Zgbb� we_dljhobfbq_kdh]h� ihebjh\Zgby� bklbggZy� ih\_joghklv

we_dljh^Z�bf__l�gZbf_gvrmx�iehsZ^v�
BKIHEVAH<:GB?�WE?DLJHD:L:EBLBQ?KDBO�IJHP?KKH<
>EY�DHGLJHEY�BFFMGHEH=BQ?KDBO�J?:DPBC

;hjfhlh\Z�X�B���F_^ygp_\Z�W�I���DZeZq_\Z�G�<���;m^gbdh\�=�D�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� DZaZgv

JZajZ[hldZ� gh\uo� f_lh^h\� bffmghobfbq_kdh]h� ZgZebaZ� iha\hey_l

jZkrbjblv� djm]� hij_^_ey_fuo� kh_^bg_gbc�� kihkh[kl\m_l� ih\ur_gbx

k_e_dlb\ghklb� b� qm\kl\bl_evghklb� ZgZebaZ�� >ey� hij_^_e_gby� Zglb]_gZ

jb[hgmde_Zau� �:]� JGDZau�� ij_^eh`_gh� bkihevah\Zlv� bhgu Co(II�� \
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dZq_kl\_� f_ldb� ^ey� ijh\_^_gby� bffmghobfbq_kdh]h� ZgZebaZ�� <

ijbkmlkl\bb� [_edh\� beb� ^jm]bo� hj]Zgbq_kdbo� kh_^bg_gbc� bhgu

i_j_oh^guo� f_lZeeh\ (Ko2+ , Ni2+, Cr2+, Fe2+)� kihkh[gu� \uau\Zlv

dZlZeblbq_kdh_� \u^_e_gb_� \h^hjh^Z�� MklZgh\e_gh�� qlh� fZdkbfZevguc

dZlZeblbq_kdbc� wnn_dl� gZ[ex^Z_lky� ijb� dhgp_gljZpbb�Co(II) 1×10-4 
F� b

dhgp_gljZpbb�:]� ����×10-9
�F� ��<� bgl_j\Ze_� dhgp_gljZpbc�:]�JGDZau� hl

1.62×10-9
�F�^h����×10-11

�F�gZ[ex^Z_lky�ebg_cgZy�aZ\bkbfhklv�lhdZ�\�ibd_

Co(II��hl�dhgp_gljZpbb�:]��WlZ�aZ\bkbfhklv�gZ[ex^Z_lky�\�^bZiZahg_�pH�hl
���� ^h� ���� >ey� jZajZ[hldb� f_lh^Z� bffmghobfbq_kdh]h� hij_^_e_gby

JGDZau�� Zglbl_eZ� �:l�� ijhlb\� JGDZau� bffh[bebah\Zeb� \

gbljhp_eexehagu_� f_f[jZgu� �GPF�� \� jZaebqguo� jZa\_^_gbyo�� >ey

h[jZah\Zgby� bffmggh]h� dhfie_dkZ� ie_gdm� k� :l� bgdm[bjh\Zeb� ��� fbg� \

kj_^_��kh^_j`Zs_c�jZkl\hj�:]�JGDZau�b�Co(II��gZ�nhg_�ljbk�HCl�[mn_jZ�k
pH� ����� AZl_f� ie_gdm� i_j_ghkbeb� \� ]ebpbg�HCl� [mn_j� k� pH� ����� ]^_
ijhbkoh^beh� jZajmr_gb_� bffmggh]h� dhfie_dkZ�� :ebd\hlm� jZkl\hjZ

i_j_ghkbeb�\� we_dljhobfbq_kdmx�yq_cdm�b�gZ�nhg_� ZffbZqgh]h�[mn_jZ� k

pH� ���� gZ[ex^Zeb� dZlZeblbq_kdmx� \hegm� \u^_e_gby� \h^hjh^Z�� ijbq_f
\ukhlZ� lhdZ� \� ibd_� aZ\bkbl� hl� dhgp_gljZpbb� :]�� \� lh `_� \j_fy�� \
hij_^_e_gghf�bgl_j\Ze_��g_� aZ\bkbl� hl� jZa\_^_gby�:l��bkihevam_fuo� ^ey

bffh[bebaZpbb�

>jm]hc� \ZjbZgl� bffmghobfbq_kdh]h� ZgZebaZ� �� bkihevah\Zgb_

bffmghn_jf_glguo� k_gkhjh\� gZ� hkgh\_� jZklbl_evguo� ldZg_c�� >ey

ba]hlh\e_gby�[bhqm\kl\bl_evghc�qZklb�k_gkhjZ�bkihevah\Zeb�]hfh]_gZl�ba

ijhjhkldh\� ir_gbpu�� kh^_j`Zsbc� L�pbkl_bg^_kmevn]b^jheZam�
ki_pbnbq_kdbf� km[kljZlhf� dhlhjh]h� y\ey_lky� L�pbkl_bg�� =hfh]_gZl

bffh[bebah\Zeb� \� GPF�� <� ijbkmlkl\bb� lZdhc� f_f[jZgu� \� jZkl\hj_

L�pbkl_bgZ� ijhbkoh^bl� mf_gvr_gb_� lhdZ� \� ibd_� ijb� ihl_gpbZe_� ������<�

Ijb�kh\f_klghc�bffh[bebaZpbb�\�GPF�n_jf_glZ�b�:l�ijhlb\ iZlh]_ggh]h
]jb[dZ� Candida Albicans (CA�� lZd`_� gZ[ex^Zehkv� kgb`_gb_� lhdZ� \� ibd_
L�pbkl_bgZ� ijb� E ������ <� gZ� nhg_� nhknZlgh]h� [mn_jZ� k� pH� ������ gh� \
f_gvr_c� kl_i_gb�� q_f� ijb� ^h[Z\e_gbb� ie_gdb�� g_� kh^_j`Zs_c� :l�

<\_^_gb_�`_� \�^Zgguc�jZkl\hj�:]� �CA�� kjZam� \uau\Z_l� m\_ebq_gb_�ibdZ�
qlh� fh`_l� k\b^_l_evkl\h\Zlv� h� lhf�� qlh� h[jZamxsbcky� bffmgguc

dhfie_dk�\uklmiZ_l�\�jheb�wnn_dlhjZ�n_jf_glZlb\ghc�j_Zdpbb��\�^Zgghf

kemqZ_�\�jheb�bg]b[blhjZ�

LZdbf� h[jZahf�� ihdZaZgZ� \hafh`ghklv� bkihevah\Zgby

bffmgheh]bq_kdbo� j_Zdpbc� k� \hevlZfi_jhf_ljbq_kdbf� dhgljhe_f� ^ey

hij_^_e_gby�:]�JGDZau�b�:]�Candida Albicans.
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WE?DLJH:G:EBA�
HL�E:;HJ:LHJGUO�D�IHE?<UF�<:JB:GL:F

;jZcgbgZ�O�A�

MjZevkdbc ]hkm^Zjkl\_gguc wdhghfbq_kdbc mgb\_jkbl_l�
������� ?dZl_jbg[mj]� � FZjlZ ���

l_e��nZdk �� �� ��� (�PDLO� ED]#XVXH�UX

:gljhih]_ggh_� \ha^_ckl\b_� gZ� hdjm`Zxsmx� kj_^m� \� gZr_� \j_fy

ijb\_eh�d�g_h[oh^bfhklb�dhgljhey�__�khklhygby�on-site, in situ b�on-line��<
k\yab� k� wlbf� \hagbdZxl� gh\u_� lj_[h\Zgby� d� hj]ZgbaZpbb� ZgZeblbq_kdbo

kem`[�� d� dhfie_dlmxs_fm� h[hjm^h\Zgbx�� <k_� [hevr__� \gbfZgb_� [m^ml

ijb\e_dZlv� ihe_\u_� f_lh^u�� <hajZklZxl� ihlj_[ghklb� \� ihjlZlb\guo

i_j_ghkguo� beb� Z\lhfh[bevguo� \ZjbZglZo� ijb[hjh\� b� ijhlhqguo

Z\lhfZlbq_kdbo� kbkl_fZo�� Ijb[hjguc� iZjd� klZpbhgZjguo� eZ[hjZlhjbc

fh`gh� kqblZlv� ^hklZlhqgh� ohjhrh� hkgZs_gguf� jZaghh[jZaguf

h[hjm^h\Zgb_f�� D� kh`Ze_gbx�� kblmZpby� k� ihjlZlb\gufb� b� on-line
kbkl_fZfb� kms_kl\_ggh� om`_�� A^_kv� gZ� i_j\uc� ieZg� \uklmiZ_l

g_h[oh^bfhklv�fbgbfbaZpbb�hi_jZpbc�ijh[hih^]hlh\db��fbgbZlxjbaZpbb

b�kgb`_gby�klhbfhklb�^Zlqbdh\�bgnhjfZpbb��k_gkhjh\�b�ljZgk^xk_jh\���Z

lZd`_�kha^Zgby�\hafh`ghklb�^ebl_evguo�baf_j_gbc�[_a�mqZklby�hi_jZlhjZ�

We_dljhobfbq_kdb_�f_lh^u�\h�fgh]hf�iha\heyxl�j_rblv�jy^�aZ^Zq

fhgblhjbg]Z� hdjm`Zxs_c� kj_^u�� Ihkdhevdm� k_j^p_f� dZ`^hc

baf_jbl_evghc� kbkl_fu� y\ey_lky� k_gkhj�� ihk\ylbf� wlh� khh[s_gb_

kh\j_f_gghfm� khklhygbx� bf_ggh� wlhc� qZklb� ZgZeblbq_kdbo� kbkl_f�

h[jZsZy� \gbfZgb_� gZ� ^\Z� lbiZ� k_gkhjh\�� jZah\u_� beb� aZf_gy_fu_� ^ey

ihjlZlb\guo� ijb[hjh\� b� ^he]h`b\msb_� ^ey� ijhlhqguo� kbkl_f�

<hafh`ghklv�fZgbimebjh\Zlv�fhe_dmeyjghc�fZljbp_c�we_dljh^Z��k_gkhjZ�

beb� _]h� ih\_joghklb� ijb\_eh� d� ©\aju\mª� \� jZajZ[hld_� b� ijbf_g_gbb

[bhk_gkhjh\� b� fh^bnbpbjh\Zgguo� k_gkhjh\�� h[eZ^Zxsbo� \ukhdhc

k_e_dlb\ghklvx�b�qm\kl\bl_evghklvx�

Ihkdhevdm� i_j_^� wdheh]hf� klhbl� ^\hckl\_ggZy� aZ^ZqZ�� hij_^_e_gb_

h[s_c� lhdkbqghklb� b� \uy\e_gb_� nZdlhjh\�� h[mkeZ\eb\Zxsbo� wlm

lhdkbqghklv�� khq_lZgb_� g_k_e_dlb\guo� [bhk_gkhjh\�� hldebd� dhlhjuo

hij_^_ey_lky� `bag_^_yl_evghklvx� fbdjhhj]Zgbafh\�� k� obfbq_kdbfb

k_gkhjZfb�y\ey_lky�hilbfZevguf�ih^oh^hf�

H^bg� b� lhl� `_� we_dljh^� �k_gkhj��� h^gZ� b� lZ� `_� j_Zdpby� fh`_l

kem`blv� \� dZq_kl\_� kb]gZehh[jZamxs_c� ijb� bkihevah\Zgbb� jZaebqguo

lbih\� ljZgk^xk_jh\�� \� qZklghklb�� we_dljhobfbq_kdbo��Baf_jylvky� fh`_l

eb[h� ihl_gpbZe� �ihl_gpbhf_ljby��� eb[h� lhd� �Zfi_jhf_ljby�

\hevlZfi_jhf_ljby�� dmehghf_ljby��� H^ghc� ba� bgl_j_kguo� j_ZebaZpbc

ihl_gpbhf_ljbb� y\eyxlky� ©we_dljhgguc� yaudª�b� ©we_dljhgguc� ghkª�� ]^_

gZ[hj� g_� \k_]^Z� k_e_dlb\guo� we_dljh^h\� iha\hey_l� ijh\_klb� ZgZeba� gZ

kh^_j`Zgb_�hl^_evguo�dhfihg_glh\�kbkl_fu�

Ba\_klgu� jZaebqgu_� bhg�k_e_dlb\gu_� we_dljh^u�� iha\heyxsb_

ihemqblv�rbjhdmx�bgnhjfZpbx�h�khklZ\_�h[t_dlh\�hdjm`Zxs_c�kj_^u�
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:fi_jhf_ljbq_kdb_� \ZjbZglu� k_gkhjh\� rbjhdh� bkihevamxlky� \

dZq_kl\_�^_l_dlhjh\�\�ojhfZlh]jZnbb�b�ijhlhqgh�bg`_dpbhgghf�ZgZeba_�

Iheyjh]jZnby�b��hkh[_ggh�bg\_jkbhggZy� \hevlZfi_jhf_ljby��fh]ml

kqblZlvky� hkgh\gufb� f_lh^Zfb� hij_^_e_gby� dhgp_gljZpbb� bhgh\

f_lZeeh\�� Z� lZd`_� g_dhlhjuo� hj]Zgbq_kdbo� lhdkbdZglh\� \� h[t_dlZo

hdjm`Zxs_c�kj_^u�

Wlh� klZgh\blky� hkh[_ggh� j_Zevguf� [eZ]h^Zjy� ihy\e_gbx� gh\uo

screen-printed b� lheklhie_ghqguo� we_dljh^h\�� Z� lZd`_� bo

fh^bnbpbjh\Zgguo� \ZjbZglh\�� HldZa� hl� bkihevah\Zgby� ljZ^bpbhgguo

lhdkbqguo� b� g_m^h[guo� \� wdkiemZlZpbb� jlmlguo� we_dljh^h\�� gbadZy

klhbfhklv�mihfygmluo�gh\uo�we_dljh^h\��\hafh`ghklv�bkihevah\Zgby�bo�\

dZq_kl\_�jZah\uo��Z�lZd`_�kha^Zgb_�we_dljh^h\�k�aZf_gy_fhc�ih\_joghklvx

hldju\Z_l� kh\_jr_ggh�gh\u_� \hafh`ghklb� \� jZajZ[hld_� dZd� ihjlZlb\guo

lZd�b�ijhlhqguo�kbkl_f�^ey�ihe_\h]h�ZgZebaZ�

Ke_^m_l�hlf_lblv��qlh�we_dljhobfbq_kdb_�f_lh^u�ij_\jZsZxlky�ba

f_lh^h\� bkke_^h\Zgby� \� ^hklZlhqgh� rbjhdh� bkihevam_fu_� b� hq_gv

i_jki_dlb\gu_�f_lh^u�]hkm^Zjkl\_ggh]h�dhgljhey�\h�fgh]bo�kljZgZo�fbjZ�
GH<UC�Q?LUJ?OWE?DLJH>GUC�K?GKHJ�>EY�:G:EBA:�<H>U
F?LH>HF�BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB

;jZcgbgZ�O�A���Dm[ur_\Z�B�<���KZjZ_\Z�K�K�

MjZevkdbc =hkm^Zjkl\_gguc Wdhghfbq_kdbc Mgb\_jkbl_l� �������

?dZl_jbg[mj]� � FZjlZ ��� L_e�NZdk� ������� (�PDLO� ED]#XVXH�UX

Ihy\e_gb_� lheklhie_ghqguo� b� screen-printed we_dljh^h\� hldjueh
gh\mx� wjm� \� bg\_jkbhgghc� \hevlZfi_jhf_ljbb�� h[_ki_qb\� \hafh`ghklv

kha^Zgby� ihjlZlb\guo� ijb[hjh\� ^ey� dhgljhey� nhgh\h]h� mjh\gy� b

aZ]jyag_gby�hdjm`Zxs_c�kj_^u��ihkdhevdm�bkihevah\Zgb_�lZdbo�ijb[hjh\

iha\hey_l� j_rblv� hkgh\gu_� ijh[e_fu�f_lh^Z�� k\yaZggu_� k� lhdkbqghklvx

jlmlb�� g_h[oh^bfhklvx� f_oZgbq_kdhc� j_]_g_jZpbb� ih\_joghklb� l\_j^uo

we_dljh^h\�b�m^Ze_gby�jZkl\hj_ggh]h�dbkehjh^Z��Gh��d�kh`Ze_gbx��h^gZ�ba

ijh[e_f� ��f_rZxs__� \ebygb_� hj]Zgbq_kdbo� kh_^bg_gbc� ��g_�fh`_l� [ulv

j_r_gZ� [_a� ijh[hih^]hlh\db�� Ij_eZ]Z_lky� gh\uc� q_luj_owe_dljh^guc

k_gkhj� ^ey� ZgZebaZ� ijbjh^guo� b� klhqguo� \h^�� <� g_f� bkihevah\Zgu

m]e_jh^kh^_j`Zsb_� b� k_j_[jyguc� screen-printed we_dljh^u�� qlh� ^Z_l

\hafh`ghklv� kh\f_klblv� \�ijhkljZgkl\_�ijh[hih^]hlh\dm�b�bg\_jkbhggh�

\hevlZfi_jhf_ljbq_kdh_� baf_j_gb_�� Baf_jbl_evgZy� yq_cdZ� bf__l� h[t_f

��������fe�



22
LZ[ebpZ

J_amevlZlu�\hevlZfi_jhf_ljbq_kdh]h�ZgZebaZ�klhqghc�\h^u�b�fh^_evgh]h

jZkl\hjZ�� KhklZ\� fh^_evgh]h� jZkl\hjZ�� ���� f]�e� ljblhgZ������ ���� f]�e

ihebwlbe_g]ebdhey�� ����f]�e�n_gheZ�� ��f]�e�^bwlbeZfbgZ�� ��f]�e� ]exdhau�

���� f]�e� fhq_\bgu�� �� f]�e� ]mfbgh\hc� dbkehlu�� ���� f]�e� ibdjbgh\hc

dbkehlu�����f]�e�ljbikbgZ����fd]�e Cu2+
, Pb2+,Cd2+.

GZc^_gh� fd]�e

H[t_dl ;_a ij_^\Zjbl_evghc
ijh[hih^]hlh\db

We_dljhobfbq_kdZy
ijh[hih^]hlh\dZ

UV

Cu Pb Cd Cu Pb Cd Cu Pb Cd
j� Bk_lv 7.8±

1.0
2.7±
0.8

0 12.7
±2.7

3.8±
0.4

0.3±
0.4

11.5±
0.7

3.2±
0.1

0.37±
0.05

Fh^_ev-
guc
jZkl\hj

4.0±
0.3

3.5±
0.2

3.0±
0.4

5.2
±0.1

4.8±
0.2

4.8±
0.2

-- -- --

>bnn_j_gpZevgu_� \hevlZfi_jh]jZfu� Cu2+
� �klhqgu_� \h^u� ihke_

we_dljhobfbq_kdhc� ijh[hih^]hlh\db��� 3E
2+
� b� &G

2+
� �fh^_evguc� jZkl\hj��

Nhgh\uc�we_dljhebl�����F�+&O�����
-4 
F�Hg2+

�KlZg^Zjlgu_�^h[Z\db���fd]�e�

C

��

����

����

����

����

��

����

����

����

����

�

���� ���� ���� ���� ���� ���� ���� �

(�9

,� X$

��

��

��

��

��

��

��

�

�� ���� ���� ���� ���� �

(�9

,� X$

C

Pb
;BHF?>BPBGKDB?�:KI?DLU�F?LH>H<�WE?DLJH:G:EBA:

;m^gbdh\�=��D�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

?s_� gZ� aZj_� jZa\blby� we_dljhobfbq_kdbo� f_lh^h\� ZgZebaZ� �WF:�

h[t_dlu�[bheh]bb�b�f_^bpbgu�ijb\e_dZeb�\gbfZgb_�bkke_^h\Zl_e_c��Wlh

ij_`^_� \k_]h� hlghkblky� d� iheyjh]jZnbb�� Z� aZl_f� b� d� \hevlZfi_jhf_ljbb

�<:��� k� ihfhsvx� dhlhjuo� hij_^_eyeb� jZaebqgu_� f_lZ[heblu�� [_edb

b^_glbnbpbjh\Zeb� n_jf_glu�� hp_gb\Zeb� bo� Zdlb\ghklv� ih� ijh^mdlZf

n_jf_glZlb\guo� j_Zdpbc�� bkke_^h\Zeb� ijhp_kku� \� fbdjhhj]ZgbafZo�
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km[de_lhqguo� kljmdlmjZo�� \� ldZgyo� ih� ijh^mdlZf� bo� `bag_^_yl_evghklb�

Djhf_� lh]h�� wlb� f_lh^u� ijbf_gyeb� ^ey� ihemq_gby� we_dljhobfbq_kdbo

oZjZdl_jbklbd� \_s_kl\�� mqZkl\mxsbo� \� i_j_ghk_� we_dljhgh\� \� ijhp_kk_

^uoZgby� b� nhlhkbgl_aZ�� Z� lZd`_� ^ey� bkke_^h\Zgby� kljmdlmjguo

hkh[_gghkl_c� [bheh]bq_kdbo� fZdjhfhe_dme� b� [bhf_f[jZg�� <� ���o� ]h^Zo

;j^bqdZ� h[gZjm`be� dZlZeblbq_kdb_� \hegu� [_edh\�� \hagbdZxsb_� \

ijbkmlkl\bb� khe_c� dh[ZevlZ�� <ihke_^kl\bb� wlhl� f_lh^� ;j^bqdb� [ue

ijbf_g_g�\�f_^bpbg_�^ey�^bZ]hklbdb�jZdZ��Z�aZl_f�b�^jm]bo�aZ[he_\Zgbc�

DeZkkbq_kdZy� iheyjh]jZnby� \� [bheh]bb�� f_^bpbg_� b� nZjfZpbb

h[h[s_gZ� \� ba\_klghc� fhgh]jZnbb� I� AmfZgZ� b�F� ;j`_abgu�� dhlhjZy� \

l_q_gb_� g_kdhevdbo� ^_kylbe_lbc� bf_eZ� h^bg� ba� kZfuo� \ukhdbo� bg^_dkh\

pblbjh\Zgby��H[ahju� ih� mki_oZf� iheyjh]jZnbb� \� [bhobfbb� b� bamq_gbx

>GD� ih^\_eb� blh]b� jZa\blby� \� wlhc� h[eZklb� ^h� ����� �Iheyjh]jZnby�

Ijh[e_fu�b�i_jki_dlb\u��Jb]Z��AbgZlg_��������

Gh\uc� wlZi� oZjZdl_jbam_lky� ihy\e_gb_f� ih]jZgbqghc� h[eZklb

bkke_^h\Zgby�� \� dhlhjhc� we_dljhZgZeba�� [bheh]by� b� f_^bpbgZ� m`_� l_kgh

k\yaZgu�gZklhevdh��qlh�\aZbfhijhgbdgh\_gb_�b^_c�iha\hey_l�\u^_eblv�bo

\�hl^_evgmx�h[eZklv�gZmdb�

Ijb� bgl_]jZevghc� hp_gd_� jZa\blby�WF:� wlh]h� i_jbh^Z� \� Zki_dlZo

[bheh]bb�b�f_^bpbgu�fh`gh�m\b^_lv�\hajZklZgb_�m^_evgh]h�\_kZ�<:�kj_^b

^jm]bo� f_lh^h\�� Ijb� wlhf� ljZ^bpbhggu_� gZijZ\e_gby� bkke_^h\Zgbc� \

h[eZklb� <:� �ijyfh_� hij_^_e_gb_� km[kljZlh\� gZ� h[uqguo� we_dljh^Zo�

bkihevah\Zgb_� ijbgpbih\� ij_^\Zjbl_evgh]h� dhgp_gljbjh\Zgby� b

dZlZeblbq_kdbo� lhdh\� ^ey� ih\ur_gby� qm\kl\bl_evghklb� b� g_dhlhju_

^jm]b_�ijb_fu��gZoh^yl�g_�klhev�rbjhdh_�ijbf_g_gb_�dZd�wlh�[ueh�jZg__�

K_cqZk� gZ[ex^Z_lky� aZf_lgh_� ijhgbdgh\_gb_� b^_c� kmijZfhe_dmeyjghc

obfbb�� \� qZklghklb�� ijbgpbih\�� bkihevam_fuo� ^ey� kha^Zgby

kZfhhj]Zgbamxsboky�fhgh��beb�[bkeh_\�Zfnbnbevguo�fhe_dme��gZijbf_j�

lbheh\�gZ�ahehluo�we_dljh^Zo��\�h[eZklv�WF:��\�dhlhjhc�jZajZ[Zlu\Zxlky

k_e_dlb\gu_� we_dljhobfbq_kdb_� k_gkhju�� >ey� wlbo� k_gkhjh\� kha^Zxlky

ki_pbZevgu_� f_f[jZgu�� gZoh^ysb_ky� \� l_kghf� dhglZdl_� k� we_dljh^hf� �

ij_h[jZah\Zl_e_f� b� hkms_kl\eyxsb_� fhe_dmeyjgh_� jZkihagZ\Zgb_

ihkj_^kl\hf� \dexq_gby� k_e_dlb\guo� j_p_ilhjh\� �kbgl_lbq_kdbo� beb

gZlb\guo��� ih^h[gh� lhfm�� dZd� wlh� ijhbkoh^bl� \� j_p_ilhjZo� `b\uo

hj]Zgbafh\�� K\yau\Zgb_� km[kljZlZ� fh`_l� [ulv� ij_h[jZah\Zgh� \

we_dljbq_kdbc� kb]gZe� aZ� kq_l� baf_g_gbc�� dhlhjh_� hgh� \uau\Z_l� \

nbabq_kdbo� beb� obfbq_kdbo� k\hckl\Zo� Zdlb\gh]h� kehy� j_p_ilhjZ�

ijh\h^bfhklb�� _fdhklb�� lhdZ� beb� ihl_gpbZeZ�� Fhe_dmeyjguc� ^baZcg

�ihkehcgh_�gZg_k_gb_�Zdlb\guo�keh_\��b�gZghl_ogheh]by�\�kha^Zgbb�gh\uo

we_dljh^h\� b� gZ� bo� hkgh\_� fbdjhZgZeblbq_kdbo� kbkl_f� ^ey� p_e_c

f_^bpbgkdhc� ^bZ]ghklbdb� �� _s_� h^bg� imlv� jZa\blby�WF:� b� jZkrbj_gby

kn_j� bo� ijZdlbq_kdh]h� ijbf_g_gby��Fmevlbk_gkhjgu_� mkljhckl\Z� fh]ml

[ulv� hkgh\Zgu� gZ� ZgkZf[eyo� k_gkhjguo� njZ]f_glh\�� h[eZ^Zxsbo

jZaebqghc� qm\kl\bl_evghklvx� ih� hlghr_gbx� d� dZ`^hfm� km[kljZlm�� WlZ

k_gkhjgZy� h[eZklv� WF:� k_cqZk� l_kgh� k\yaZgZ� k� k_fbhobfb_c�� h[eZklvx

agZgby�� bamqZxs_c� obfbx� ]_g_jbjh\Zgby�� h[jZ[hldb�� i_j_^Zqb�
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ij_h[jZah\Zgby� b� j_]bkljZpbb� fhe_dmeyjguo� kb]gZeh\�� Qbiu� gZ� hkgh\_

lZdbo� k_gkhjh\� gZihfbgZxl� [hevrb_� bgl_]jZevgu_� ko_fu�

We_dljhobfbq_kdb_� [bhk_gkhju�� hkgh\Zggu_� gZ� bffh[bebah\Zgguo

n_jf_glZo� �� _s_� h^bg� \Z`guc� Zki_dl� h[km`^Z_fhc� ijh[e_fu�� K_cqZk

gZ[ex^Z_lky� i_j_oh^� hl� wfibjbq_kdh]h� ih^oh^Z� \� dhgkljmbjh\Zgbb

[bhk_gkhjh\� gZ� km[kljZlu�� bf_xsb_� f_^bdh�[bheh]bq_kdh_� agZq_gb_�� d

kljZl_]bb�� hkgh\Zgghc� gZ� emqr_f� ihgbfZgbb� ijbjh^u� klZ^bc�

hij_^_eyxsbo� i_j_ghk� we_dljhgZ� b� khklhys_c� \� h[^mfZgghf

dhgkljmbjh\Zgbb� Zjobl_dlmju� ih\_joghklb� we_dljh^Z� k� hj]Zgbah\Zggufb

fhe_dmeyjgufb� ZgkZf[eyfb�� kh^_j`Zsbfb� n_jf_glu�� >GD� beb� __

njZ]f_glu�� Zglbl_eZ�� AZ� ��� �� e_lgbc� i_jbh^� <:� ijhreZ� imlv� hl

bkke_^h\Zgby�>GD�dZd h[t_dlZ�^h�[bhk_gkhjZ�gZ�hkgh\_�h^ghgbl_\hc�>GD
beb�__�heb]hf_jZ��\dexq_ggh]h�\�[bkehcgmx�ebib^gmx�f_f[jZgm��^Zxsmx

hldebd�gZ�]_ghlhdkbgu�

J_dhgkljmdpby� bffh[bebah\Zgguo�n_jf_glh\�� kh^_j`Zsbo� j_^hdk�

p_glju�� dhgljhebjm_fh_� h[jZah\Zgb_� ZgkZf[e_c� ba� [bhfhe_dme�

bkihevah\Zgb_� ijb� wlhf� OFW�� iha\hey_l� kha^Z\Zlv� [he__� \ukhdmx

ih\_joghklgmx�dhgp_gljZpbx�wlbo�p_gljh\��memqrblv�^hklmi�km[kljZlZ�d

j_^hdk�p_gljm� b� hilbfbabjh\Zlv� jZkklhygb_� f_`^m� ihke_^gbf� b

we_dljh^hf�� Ijb� wlhf� fhe_dmeyjguc� ^baZcg� lZdh]h� k_gkhjZ� iha\hey_l

^hklbqv�\ukhdhc�iehlghklb�lhdZ��Z�hlkx^Z�ihgbablv�ij_^_e�h[gZjm`_gby�b

h[_ki_qblv�\hafh`ghklv�bkihevah\Zgby�l_ogheh]bb�MFW�^ey�ba]hlh\e_gby

lZdbo� k_gkhjh\� ^ey� [bhf_^bpbgkdbo� p_e_c�� Gh\h_� ihdhe_gb_

we_dljhobfbq_kdbo� k_gkhjh\� b� [bhk_gkhjh\� ij_^gZagZq_gh� ^ey� jZ[hlu� \

ihlhd_� `b^dhklb� �^_l_dlhju� \� <W@O� b� ahgghf� dZibeeyjghf

we_dljhnhj_a_���\�j_Zevghf�fZkrlZ[_�\j_f_gb��LQ�YLYR�

>jm]hc� imlv� h[_ki_q_gby� k_e_dlb\ghklb� hldebdZ

we_dljhobfbq_kdh]h� k_gkhjZ� k\yaZg� k� ijbf_g_gb_f� ijbgpbih\

fbdjh^bZebaZ�� Ijb� wlhf� hldebd� gZ� lhd�hij_^_eyxsb_� qZklbpu

j_]mebjm_lky�bo�ihlhdhf�\�aZ\bkbfhklb�hl�jZaf_jZ�b���beb�aZjy^Z�

Ijbgpbiu� WF:� bkihevamxl� b� \� hp_gd_� dZq_kl\Z� e_dZjkl\_gguo

ij_iZjZlh\�� hij_^_e_gby� hkgh\gh]h� kh^_j`Zgby� dhfihg_glh\� \

e_dZjkl\_gguo�nhjfZo �]Zev\ZghklZlbq_kdZy� dmehghf_ljby�� dZd� \� h[t_f_
we_dljhobfbq_kdhc�yq_cdb��lZd�b�\�ihlhd_�`b^dhklb�

>Zevg_cr__�jZa\blb_�WF:�[m^_l�hij_^_eylvky�f_klhf��dhlhjh_�hgb

aZcfml� \� [bh�f_^bpbgkdbo� bkke_^h\Zgbyo�� dZd� b� \� j_r_gbb� ijh[e_f

wdheh]bb�� H^gZdh� wlZ� h[eZklv� Zkkhpbbjm_lky� g_� lhevdh� k� khpbZevgufb

dZl_]hjbyfb� �h[s_kl\h�� ijh]j_kk�� q_eh\_q_kl\h�� [m^ms__� b� l� ^���� gh� b� k

dh]gblb\gufb��agZgby��ihbkd��bkke_^h\Zgby��jZajZ[hldb��
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WE?DLJHOBFBQ?KDH?�IH<?>?GB?�F?>B�G:�M=HEVGH�
I:KLH<HF�WE?DLJH>?��KH>?J@:S?F�DK?JH=?EV

TIO2�BEB�6IO2

;me^Zdh\Z�E�X���OZjqmd�<�=���RbrfZdh\�:�;���Dh\Ze_\Z�?�=��
Fhehqgbdh\�E�K���Dmj[Zlh\�>�B���I_ljh\�E�:��Ygq_gdh�F�X�

Bgklblml obfbb l\_j^h]h l_eZ MjH J:G�
������� ?dZl_jbg[mj]� =KI����� me� I_j\hfZckdZy� ��

Bgklblml hj]Zgbq_kdh]h kbgl_aZ MjZevkdh]h hl^_e_gby J:G�
������� ?dZl_jbg[mj]� =KI����� me� K�Dh\Ze_\kdhc� ��

H^gbf� ba� iml_c� ^Zevg_cr_]h� ih\ur_gby� wnn_dlb\ghklb

dZlZeblbq_kdh]h� hdbke_gby� hj]Zgbq_kdbo� ijh^mdlh\� y\ey_lky

bkihevah\Zgb_� ]_e_c�� Bo� mgbdZevgu_� k\hckl\Z� �� \ukhdZy� ih^\b`ghklv

ijhkljZgkl\_gghc� kljmdlmjghc� k_ldb�

^hklmighklv� Zdlb\guo� p_gljh\� \h� \k_f

h[t_f_�kbkl_fu��Z�lZd`_�e_]dhklv�hl^_e_gby

hl� `b^dhc� nZau� h[tykgyxl� \k_

mkbeb\Zxsbcky�bgl_j_k�d�bo�ijZdlbq_kdhfm

bkihevah\Zgbx�\�]_l_jh]_gghf�dZlZeba_�

<\_^_gb_� \� jZkl\hj� bhgh\� f_lZeeZ�

dZlZebabjmxs_]h� hdbke_gb_� hj]Zgbq_kdbo

dhfihg_glh\�� ijb� h^gh\j_f_gghf

ijbkmlkl\bb� \� jZkl\hj_� ]_ey� ijb\h^bl� d

agZqbl_evghfm� baf_g_gbx� kdhjhklb

j_Zdpbb�� Bamq_gb_� f_`qZklbqguo

\aZbfh^_ckl\bc� F_�]_ev� ihwlhfm

ij_^klZ\ey_l� agZqbl_evguc� bgl_j_k�� GZfb� [ueh� bamq_gh

\hevlZfi_jhf_ljbq_kdh_� ih\_^_gb_� &X
2+
� �� ij_^\Zjbl_evgh� khj[bjh\Zgghc

gZ� g_hj]Zgbq_kdbo� ]_eyo�� kj_^b� dhlhjuo

fh`gh� mihfygmlv� 6L22� b� 7L22�� dhlhju_

[ueb� \\_^_gu� \� m]hevguc� iZklh\uc

we_dljh^�� <� dZq_kl\_� ijbf_jZ� fh`gh

ijb\_klb� djb\u_� hdbke_gby� f_^b�

khj[bjh\Zgghc� gZ� 6L22� b� 7L22,
hlghkbl_evgh� lZdh\uo� ^ey� f_^b� ba

jZkl\hjZ�� Fu� \b^bf� agZqbl_evgh_

mrbj_gb_� ibdZ�� khijh\h`^Zxs__ky

g_[hevrbf� k^\b]hf� ihl_gpbZeZ�� Z� lZd`_

ihy\e_gb_� gh\h]h� ibdZ� lhdZ� ijb� ������ <�

Wlh�hljZ`Z_l�kms_kl\h\Zgb_�jZaebqguo�ih

kbe_�f_`qZklbqguo�\aZbfh^_ckl\bc� ]_ev� �

bhg�&X
2+
���LZdb_�`_�baf_g_gby�gZ[ex^Zxlky�ijb�ij_^\Zjbl_evghc�khj[pbb

gZ� ]_e_� 7L22� �mrbj_gb_� ibdZ� b� ijb� m\_ebq_gbb� dhgp_gljZpbb

Z^khj[bjh\Zgghc� f_^b� jZa^\h_gb_� _]h�� ihy\e_gb_� ibdZ� lhdZ� ijb� ������ �

����� <�� Ijb� bkke_^h\Zgbb� ^Zgguo� kh_^bg_gbc� ijb� ihfhsb� WIJ� [ueh

hij_^_e_gh��qlh�\�aZ\bkbfhklb�hl�dhgp_gljZpbb�Z^khj[bjh\Zgghc�f_^b�gZ

?, f<
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]_e_� 7L22� fh]ml� h[jZah\u\Zlvky� ljb� lbiZ� dhfie_dkh\�� �� fhghy^_jgu_

dhfie_dku�� �� ZkkhpbZlu� fhghy^_jguo� dhfie_dkh\�� �� kh_^bg_gb_� f_^b�

Z^khj[bjh\Zggh_� gZ� ]_e_� b� g_� ^Zxs__� kb]gZeh\�WIJ� �ij_^iheh`bl_evgh

iheby^_jgu_� kh_^bg_gby� fhklbdh\hc� kljmdlmju��� Ke_^h\Zl_evgh�

Z^khj[pby�bhgh\�f_^b�gZ�g_hj]Zgbq_kdbo�]_eyo�ijb\h^bl�d� agZqbl_evguf

baf_g_gbyf� __� we_dljhobfbq_kdhc� Zdlb\ghklb�� qlh� \eby_l� gZ

dZlZeblbq_kdmx�Zdlb\ghklv�bhgh\�f_^b�
WE?DLJHOBFBQ?KDB?�K?GKHJU�G:�HKGH<?
IHEMIJH<H>GBDH<UO F:L?JB:EH<�>EY
IHL?GPBHF?LJBQ?KDH=H�LBLJH<:GBY

;mjZolZ�<��:�<�

AZiZ^gh�DZaZoklZgkdbc Z]jZjguc mgb\_jkbl_l� ]� MjZevkd

Ihke_^gb_� ^_kylbe_lby� ZdlmZevgZ� jZajZ[hldZ� we_dljhobfbq_kdbo

k_gkhjh\� k� ihemijh\h^gbdh\ufb� f_f[jZgZfb�� lZd� dZd� hgb� h[eZ^Zxl

khq_lZgb_f� jy^Z� p_gguo� k\hckl\�� \ukhdhc� we_dljhijh\h^ghklvx�

obfbq_kdhc� mklhcqb\hklvx� \� Z]j_kkb\guo� kj_^Zo�� f_oZgbq_kdhc

ijhqghklvx�

<� gZklhys_c� jZ[hl_� bkke_^h\ZgZ� \hafh`ghklv� ijbf_g_gby

ihemijh\h^gbdh\uo�fZl_jbZeh\�Zjk_gb^Z�bg^by� �,Q$V���Zglbfhgb^Z�bg^by

�,Q6E���Zjk_gb^Z�]Zeeby�*D$V��\�dZq_kl\_�we_dljh^ghZdlb\guo�\_s_kl\�^ey

we_dljhobfbq_kdbo� k_gkhjh\�� We_dljh^u� ba]hlh\e_gu� gZ

ijb[hjhkljhbl_evghf� aZ\h^_� �Hf_]Z��� H[gZjm`_gZ� qm\kl\bl_evghklv

bkke_^m_fuo� k_gkhjh\� d� oehjb^��� [jhfb^��� bh^b^�bhgZf�� bhgZf� k_j_[jZ�

qlh� iha\hebeh� bkihevah\Zlv� bo� \� dZq_kl\_� bg^bdZlhjguo� we_dljh^h\� \

\ZjbZglZo� hkZ^bl_evgh]h� lbljh\Zgby�� >ey� ihemq_gby� [he__� mklhcqb\hc

nmgdpbb� gZ� ]Zeh]_gb^�bhgu� ihemijh\h^gbdh\u_� f_f[jZgu� ih^\_j]Zeb

ij_^\Zjbl_evghc�obfbq_kdhc�fh^bnbdZpbb�\�jZkl\hjZo�gbljZlZ�k_j_[jZ�b

khhl\_lkl\mxs_]h� ]Zeh]_gb^Z�� MklZgh\e_gh�� qlh� ihke_^h\Zl_evgZy

h[jZ[hldZ�f_f[jZgu�ba�Zglbfhgb^Z�bg^by�H��F�jZkl\hjZfb�DKO�b�$J123

ijb\h^bl� d� kgb`_gbx� gb`g_c� ]jZgbpu� h[gZjm`_gby� oehjb^h\�� Ijb

ihl_gpbhf_ljbq_kdhf� lbljh\Zgbb� oehjb^h\� jZkl\hjhf� gbljZlZ� k_j_[jZ

\[ebab�DLL�\hagbdZxl�[he__�\ujZ`_ggu_�kdZqdb�ihl_gpbZeZ�ih�kjZ\g_gbx

kh� k\_`_aZqbs_gghc� ih\_joghklvx� we_dljh^Z��K_gkhju� k� f_f[jZgZfb� ba

Zglbfhgb^Z� bg^by�� Zjk_gb^Z� bg^by�� Zjk_gb^Z� ]Zeeby� ijbf_g_gu� ^ey

ihl_gpbhf_ljbq_kdh]h� hij_^_e_gby� oehjb^h\� \� ihq\_gguo� \uly`dZo�

ijbjh^guo�\h^Zo��dhjfZo�

Bamq_gh� ih\_^_gb_� we_dljhobfbq_kdbo� k� ihemijh\h^gbdh\ufb

f_f[jZgZfb� \�jZkl\hjZo� khe_c�f_^b�,,��� dZ^fby�,,��� k\bgpZ� �,,��� Z� lZd`_� \

jZkl\hjZo� dhfie_dkhh[jZamsbo� j_Z]_glh\� �dmin_jhgZ�� hdkbobghebgZ�

^bwlbe^blbhdZj[ZfZlZ� gZljby�� ^bf_lbe]ebhdkbfZ�� W>L:��

Qm\kl\bl_evghklv� bkke_^m_fuo� k_gkhjh\� d� bhgZf� f_lZeeh\� h[tykg_gZ

Z^khj[pbhggufb� ijhp_kkZfb�� ijhl_dZxsbfb� gZ� ih\_joghklb
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ihemijh\h^gbdh\uo�f_f[jZg��;eZ]h^Zjy�hldebdm�gZ�dhfie_dkhh[jZamxsb_

j_Z]_glu� b� ihl_gpbZehij_^_eyxsb_� bhgu� we_dljh^u� [ueb� bkihevah\Zgu

^ey� bg^bdZpbb� lhq_d� wd\b\Ze_glghklb� ijb� ihl_gpbhf_ljbq_kdhf

lbljh\Zgbb�\�\h^guo�b�g_\h^guo�jZkl\hjZo�

Ij_^klZ\e_gu� j_amevlZlu� ihl_gpbhf_ljbq_kdh]h� lbljh\Zgby� f_^b

jZkl\hjhf� W>L:� \� Zp_lZlghf�� ZffbZqghf�� mjhljhibgh\hf� [mn_jghf

jZkl\hjZo� k� f_^vk_e_dlb\guf� we_dljh^hf� b� we_dljh^Zfb� k

ihemijh\h^gbdh\ufb� f_f[jZgZfb� ^h� b� ihke_� fh^bnbdZpbb�� Ohjhrh

aZj_dhf_g^h\Ze� k_[y� k_gkhj� ba� Zjk_gb^Z� bg^by�� dhlhjuc� bkihevah\Zg

gZjy^m� k� KbKW� ^ey� bg^bdZpbb� dhg_qghc� lhqdb� lbljh\Zgby� ijb

dhfie_dkhghf_ljbq_kdhf�hij_^_e_gbb�kmevnZl�bhgh\�\�ihq\Zo��ijbjh^guo

\h^Zo�
K?GKHJ�K�F?F;J:GHC�BA�:GLBFHGB>:�BG>BY�>EY
:G:EBA:�IE:KLH<UO�NEXB>H<

;mjZolZ�<�:���OZkZbgh\Z�E�B���DmgZr_\Z���O���:clxjbgZ�L�=�

AZiZ^gh�DZaZoklZgkdbc Z]jZjguc mgb\_jkbl_l� =� MjZevkd

Ijb� hk\h_gbb� g_nl_]Zahdhg^_gkZlguo�f_klhjh`^_gbc� ^ey� j_r_gby

l_ogheh]bq_kdbo�� wdheh]bq_kdbo� \hijhkh\� g_h[oh^bfh� hij_^_e_gb_

obfbq_kdh]h� khklZ\Z� ieZklh\uo� nexb^h\� �dhg^_gkZlh\�� ieZklh\uo� \h^�

]Zah\���Bamq_gZ�\hafh`ghklv�bkihevah\Zgby�we_dljhobfbq_kdh]h�k_gkhjZ�k

f_f[jZghc� ba� ihemijh\h^gbdh\h]h� Zglbfhgb^Z� bg^by� �,Q6E�� \� ZgZeba_

ieZklh\uo� nexb^h\�� ;eZ]h^Zjy� h[gZjm`_gghc� jG� �� qm\kl\bl_evghklb

we_dljh^� ijbf_g_g� ^ey� hij_^_e_gby� jG� b� \� dZq_kl\_� bg^bdZlhjgh]h� ^ey

dbkehlgh�hkgh\gh]h� lbljh\Zgby��Ij_^eh`_gZ�f_lh^bdZ�ihke_^h\Zl_evgh]h

ihl_gpbhf_ljbq_kdh]h� hij_^_e_gby� \� ieZklh\uo� \h^Zo� jG�� dZj[hgZlh\�

]b^jhdZj[hgZlh\��[hjZlh\�ba�h^ghc�ijh[u�k�k_gkhjhf�ba�Zglbfhgb^Z�bg^by�

oZjZdl_jbamxsZyky�ijhklhlhc�\uiheg_gby�b�wdkij_kkghklvx�

Wdki_jbf_glZevgh� mklZgh\e_gh�� qlh� ,Q6E� bf__l� hldebd� gZ

k_jhkh^_j`Zsb_� j_Z]_glu�� qlh� iha\hebeh� bkihevah\Zlv� _]h� ^ey

ihl_gpbhf_ljbq_kdh]h� lbljh\Zgby� f_jdZilZgh\� \� dhg^_gkZlZo�� Ijb

lbljh\Zgbb� 56+� jZkl\hjhf� $J123� \� kj_^_� bahijhiZghe�[_gahe� k

we_dljh^Zfb� ba� ]_jfZgby�� Zglbfhgb^Z� bg^by� \� iZj_� k� oehjb^k_j_[jyguf

we_dljh^hf� kjZ\g_gby� \hagbdZxl� q_ldb_� kdZqdb� ihl_gpbZeZ�� ih� \_ebqbg_

g_� mklmiZxsb_� kdZqdZf� ihl_gpbZeZ�� ihemq_gguf� k� Zgbhghk_e_dlb\gufb

we_dljh^Zfb�� GZb[he__� gZ^_`gufb� b� m^h[gufb� ^ey� hij_^_e_gby

f_jdZilZgh\� hdZaZebkv� iheghklvx� l\_j^hnZagu_� yq_cdb�� \dexqZxsb_

bhghk_e_dlb\gu_� we_dljh^u� b� we_dljh^u� k� ihemijh\h^gbdh\ufb

f_f[jZgZfb�ba�]_jfZgby��dZj[b^Z�dj_fgby��Zglbfhgb^Z�bg^by��,�KW�÷ InSb,
I�KW�÷ Ge, InSb ÷ SiC.

Bkihevah\Zgb_� we_dljh^ghc� iZju� ,Q6E� ÷� 3W� iha\hebeh� ijh\_klb
ihke_^h\Zl_evgh_� lbljh\Zgb_� f_jdZilZgh\� Zahlghdbkeuf� ZffbZdZlhf

k_j_[jZ� b� kmevnb^h\� mdkmkghdbkeuf� jZkl\hjhf� bh^ZlZ� dZeby� ba� h^ghc
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ijh[u� dhg^_gkZlZ��Djb\u_� ihl_gpbhf_ljbq_kdh]h� lbljh\Zgby� 56+� b� 52S
oZjZdl_jbamxlky� q_ldh� \ujZ`_ggufb� kdZqdZfb� ihl_gpbZeZ� \[ebab

dhg_qghc� lhqdb� lbljh\Zgby�� IjZ\bevghklv� j_amevlZlh\� hij_^_e_gby

f_jdZilZgh\� b� kmevnb^h\� k� we_dljh^ghc� iZjhc� ,Q6E� �� 3W� dhgljhebjh\Zeb

kjZ\g_gb_f�k�j_amevlZlZfb��ihemq_ggufb�jZa^_evguf�lbljh\Zgb_f�56+�b

R26� ih� ba\_klguf� f_lh^bdZf�� JZajZ[hlZggZy� f_lh^bdZ� \g_^j_gZ� \

obfbq_kdhc� eZ[hjZlhjbb� DZjZqZ]ZgZdkdh]h� f_klhjh`^_gby� b

oZjZdl_jbam_lky� ohjhr_c� lhqghklvx�� gZ^_`ghklvx�� wdkij_kkghklvx�

K_gkhj�k�f_f[jZghc�ba�ihemijh\h^gbdh\h]h�Zglbfhgb^Z�bg^by�hlebqZ_lky

\ukhdhc�f_oZgbq_kdhc� ijhqghklvx��bg_jlghklvx� \� Z]j_kkb\guo� kj_^Zo� b

g_\h^guo�jZkl\hjbl_eyo�

Ij_^klZ\e_gu� kjZ\gbl_evgu_� j_amevlZlu� ZgZebaZ� ieZklh\uo� \h^�

dhg^_gkZlh\��ihemq_ggu_�ih�jZajZ[hlZgguf�b�ba\_klguf�f_lh^bdZf�
F?LH>�HIJ?>?E?GBY�IHEBF?JH<�<�NHJFH<HQGUO
J:KL<HJ:O�IJHBA<H>KL<:�<HEHDHG�BA�:JHF:LBQ?KDBO

IHEB:FB>H<

;udh\Z�E�G���<_g_^bdlh\Z�:�=�

Fhkdh\kdbc ]hkm^Zjkl\_gguc l_dklbevguc mgb\_jkbl_l bf� :�G�Dhku]bgZ

Ijb� ihemq_gbb� obfbq_kdbo� \hehdhg� nhjfh\Zgb_f� ba� jZkl\hjh\

\Z`guf�ihdZaZl_e_f�dhgljhey�y\ey_lky�dhgp_gljZpby�ihebf_jZ�\�jZkl\hj_�

Mkeh\by� nhjfh\Zgby� b� k\hckl\Z� ihemqZ_fuo� \hehdhg� \� agZqbl_evghc

kl_i_gb�hij_^_eyxlky�wlbf�ihdZaZl_e_f� GZfb�ijh\_^_gu�bkke_^h\Zgby�ih
jZajZ[hld_� wdkij_kk�f_lh^Z� hij_^_e_gby� kh^_j`Zgby� ihebf_jh\� \

nhjfh\hqguo� jZkl\hjZ�� dhlhjuc� iha\heye� [u� hi_jZlb\gh� mijZ\eylv

l_ogheh]bq_kdbf� ijhp_kkhf�� Ihkdhevdm� h[t_dlZfb� gZr_]h� bkke_^h\Zgby

y\eyebkv� ^\modhfihg_glgu_� nhjfh\hqgu_� jZkl\hju� �ihebf_j� b

jZkl\hjbl_ev��� fu� ihreb� ih� imlb� jZajZ[hldb� dhk\_ggh]h� f_lh^Z�

hkgh\Zggh]h� gZ� hkZ`^_gbb� ihebf_jZ� b� wdkljZ]bjh\Zgbb� jZkl\hjbl_ey� h

ihke_^mxsbf� hij_^_e_gb_f� _]h� dhgp_gljZpbb� \� wdkljZdl_�� GZrb

bkke_^h\Zgby� ihdZaZeb�� qlh� gZbemqrbf� hkZ^bl_e_f

ihebf_lZn_gbe_gbahnlZeZfb^Z�b�wdkljZ]_glhf�^bf_lbeZp_lZfb^Z��>F::�

y\ey_lky� mdkmkguc� Zg]b^jb^�� \� dhlhjhf� >F::� ohjhrh� jZkl\hjbf�� Ijb

hkZ`^_gbb� ihebf_jZ� mdkmkguf Zg]b^jb^hf� h[jZam_lky� ]_ev�� qlh

kihkh[kl\m_l� [he__� iheghc� wdkljZdpbb� >F::�� Lbljh\Zgb_

wdkljZ]bjh\Zggh]h�>F:: \�kj_^_�mdkmkgh]h�Zg]b^jb^Z�jZkl\hjhf�oehjghc

dbkehlu� \� ijbkmlkl\bb� ie_gdb� ihebf_jZ� iha\hey_l� iheghklvx� ba\e_qv

>F::� ba� nhjfh\hqgh]h� jZkl\hjZ�� JZajZ[hlZgu� wdkij_kk�f_lh^bdb

hij_^_e_gby� kh^_j`Zgby� ihebf_jh\� \� nhjfh\hqguo� jZkl\hjZo�� dhlhju_

hkgh\Zgu� gZ� hkZ`^_gbb� ihebf_jZ� b� wdkljZdpbb� jZkl\hjbl_ey� k

ihke_^mxsbf� ihl_gpbhf_ljbq_kdbf� lbljh\Zgb_f� \� kj_^_� wdkljZ]_glZ�

KhihklZ\e_gb_f� j_amevlZlh\� ih� jZajZ[hlZgghc� f_lh^bd_� k� j_amevlZlZfb

hij_^_e_gby�f_lh^hf�kmoh]h�hklZldZ��Z�lZd�`_�f_lh^hf�©\\_^_gh�gZc^_ghª
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mklZgh\e_gu� ]jZgbpu� ijbf_gbfhklb� f_lh^bd� \� aZ\bkbfhklb� hl

dhgp_gljZpbb�ihebf_jh\�\�jZkl\hjZo�
OJHFK?E?DLB<GUC�WE?DLJH>�B�?=H�BKIHEVAH<:GB?�<
DHGLJHE?�KHKL:<:�KLHQGUO�<H>�HL>?EHQGH=H

IJHBA<H>KL<:

;udh\Z�E�G���Jmabgh\Z�H�E�

Fhkdh\kdbc =hkm^Zjkl\_gguc L_dklbevguc Mgb\_jkbl_l bf� :�G�Dhku]bgZ

<�ebl_jZlmj_�hibkZgh�g_[hevrh_�qbkeh�bhghk_e_dlb\guo�we_dljh^h\

gZ� ojhf� �9,��� we_dljhobfbq_kdb_� k\hckl\Z� bo� bkke_^h\Zgu� g_^hklZlhqgh�

AZkem`b\Zxl� \gbfZgby� we_dljh^u� k� f_f[jZgZfb� ba� oZevdh]_gb^guo

kl_dhe�� dhlhju_� oZjZdl_jbamxlky� ^ebl_evghc� jZ[hlhkihkh[ghklvx�

klZ[bevghklvx�oZjZdl_jbklbd�b�\ukhdhc�qm\kl\bl_evghklvx��\�lhf�qbke_�\

Z]j_kkb\guo� kj_^Zo�� GZfb� bkke_^h\Zgu� we_dljhobfbq_kdb_� k\hckl\Z

f_f[jZggh]h� we_dljh^Z� gZ� ojhf� �9,��� ba]hlh\e_ggh]h� \� EZ[hjZlhjbb

obfbq_kdbo� k_gkhjh\� KZgdl�I_l_j[mj]kdh]h� Mgb\_jkbl_lZ� gZ� hkgh\_

oZevdh]_gb^guo� kl_dhe��Bkke_^h\Zgby� \uihegyebkv� k�^\mfy� we_dljh^Zfb�

>ey� ihkljh_gby� ]jZ^mbjh\hqghc� aZ\bkbfhklb� bkihevah\Zeb� klZg^Zjlgu_

jZkl\hju� ^bojhfZlZ� dZeby� k� dhgp_gljZpb_c� ��
-7-10-3

� fhev�e�� >hklb`_gb_

ihklhygguo�agZq_gbc�ihl_gpbZeZ�gZ[ex^Zehkv�\�ij_^_eZo���fbg��IhdZaZgh�

qlh� ]jZ^mbjh\hqgZy� aZ\bkbfhklv� bf__l� ^\Z� ebg_cguo� mqZkldZ� \� ij_^_eZo

pCCr(VI) �������� b� SKCr(VI) ��������� dhlhju_� oZjZdl_jbamxlky� ke_^mxsbfb

mjZ\g_gbyfb�� we_dljh^� �:�?1=465-48,2(-lgC), n=21; E2=350-27,5(-lgC), n=9;
we_dljh^� �: E1=471-49,9(-lgC), n=28; E2=331-24����OJK��� Q ��� GZdehg

]jZ^mbjh\hqghc� aZ\bkbfhklb� \� ij_^_eZo� hl� ���� ^h� ���� khklZ\ey_l� ��±��� \
ij_^_eZo�hl�����^h�����±���±���G_h[oh^bfhklv�dhgljhey�kh^_j`Zgby�ojhfZ�\
klhqguo�\h^Zo�hl^_ehqgh]h�ijhba\h^kl\Z�k\yaZgZ�k�_]h�lhdkbqghklvx��Ijb

djZr_gbb� ldZg_c� f_lh^hf� i_qZlb� bkihevamxl� ojhfbjh\Zggu_� f_^gu_

\Zeu�� dhlhju_� lj_[mxl� h[gh\e_gby�� Ojhf� �VI �� ba� \Zgg� ojhfbjh\Zgby
ihiZ^Z_l� \� klhqgu_� \h^u�� dhlhju_� kh^_j`Zl� lZd`_� jZaebqgu_

g_hj]Zgbq_kdb_� b� hj]Zgbq_kdb_� kh_^bg_gby�� \� lhf� qbke_� b� djZkbl_eb�� <

ebl_jZlmj_� hlkmlkl\mxl� ^Zggu_� ih� \ebygbx� djZkbl_e_c� gZ

we_dljhobfbq_kdb_� k\hckl\Z� ojhfk_e_dlb\guo� we_dljh^h\�� F_rZxs__

^_ckl\b_�ihklhjhggbo�kh_^bg_gbc�b�bhgh\�ijb�baf_j_gbyo�k�f_f[jZggufb

we_dljh^Zfb�fh`_l�kdZau\Zlvky��k�h^ghc�klhjhgu�\�baf_g_gbb�ihl_gpbZeZ

we_dljh^Z��Z��k�^jm]hc�klhjhgu��\�baf_g_gbb�dhgp_gljZpbb�hij_^_ey_fh]h

bhgZ� ba�aZ� _]h� \aZbfh^_ckl\by� k� f_rZxsbf� kh_^bg_gb_f�� GZfb

bkke_^h\Zgh�\ebygb_�djZkbl_e_c�gZ�j_amevlZlu�hij_^_e_gby�bhgh\�&U�9,��\

jZkl\hjZo��Dhebq_kl\_ggh�\ebygb_�djZkbl_e_c�oZjZdl_jbah\Zeb�³mkeh\guf

dhwnnbpb_glhf� k_e_dlb\ghklb´�� dhlhjuc�ij_^klZ\ey_l� kh[hc� .mke KkU/Cdj.
Hij_^_e_gb_� Dmke� ijh\h^beb� ih� f_lh^m� ³kf_rZgguo� jZkl\hjh\´�

ih^^_j`b\Zy� ihklhyggmx� dhgp_gljZpbx� djZkbl_ey� b� baf_gyy

dhgp_gljZpbx�bhgh\�ojhfZ��GZfb�baf_j_gu�Dmke�^ey�djZkbl_e_c:�ijyfh]h
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]hem[h]h�� ijyfh]h� a_e_gh]h� b� dbkehlgh]h� [hj^h�� Ijb� dhgp_gljZpbb

djZkbl_e_c� ��
-3
� fhev�e� dhwnnbpb_glu� k_e_dlb\ghklb� bf_xl� \_ebqbgm

ihjy^dZ� ��
-2
�� lh� _klv� \hafh`gh� hij_^_e_gb_�Cr(VI�� \� klhdjZlghf�ba[uld_

djZkbl_e_c�
F?>VK?E?DLB<GUC�WE?DLJH>�<�:G:EBA?�J:KL<HJH<�
KH>?J@:SBO�DJ:KBL?EB

�;udh\Z�E�G��NZevdh\kdZy�:�E���Gh\bdh\�:�<�

Fhkdh\kdbc =hkm^Zjkl\_gguc L_dklbevguc Mgb\_jkbl_l bf� :�G�Dhku]bgZ

IjZdlbq_kdb� g_� kms_kl\m_l� bhgk_e_dlb\guo� we_dljh^h\�� dhlhju_

h[eZ^Zeb� [u� k_e_dlb\ghklvx� ih� hlghr_gbx� d� h^ghfm� bhgm��F_rZxs__

\ebygb_� ihklhjhggbo� bhgh\� h[tykgy_lky� ^\mfy� ijbqbgZfb�� K� h^ghc

klhjhgu�� \ebygb_� f_rZxs_]h� bhgZ� khklhbl� \� \ha^_ckl\bb� gZ� W>K

we_dljh^Z�\ke_^kl\b_�i_j_ghkZ� aZjy^Z�q_j_a�f_f[jZgm��K�^jm]hc�klhjhgu�

\ebygb_� f_rZxs_]h� bhgZ� fh`_l� aZdexqZlvky� \� obfbq_kdhf

\aZbfh^_ckl\bb� _]h� k� hij_^_ey_fuf� bhghf�� <� wlhf� kemqZ_� baf_j_gb_

ihl_gpbZeZ� hij_^_ey_fh]h� bhgZ� g_� k\yaZgh� k� ijbf_g_gb_f� kZfh]h

we_dljh^Z�� Z� aZ\bkbl� hl� khklZ\Z� jZkl\hjZ�� <ebygb_� f_rZxs_]h� bhgZ

oZjZdl_jbamxl�dhwnnbpb_glhf�k_e_dlb\ghklb�\�khhl\_lkl\bb�k�mjZ\g_gb_f

Gbdhevkdh]h�� <� ebl_jZlmj_� ijb\h^yl� agZq_gby� dhwnnbpb_glh\

k_e_dlb\ghklb�^ey�bhgh\�k�h^bgZdh\uf�agZdhf�aZjy^Z��>Zgguo�ih�\ebygbx

fhe_dme�� \� lhf� qbke_� hj]Zgbq_kdbo�� gZ� k_e_dlb\ghklv� f_f[jZgguo

we_dljh^h\� gZ� bhgu�f_lZeeh\� g_^hklZlhqgh��LZd�� hlkmlkl\mxl� ^Zggu_� ih

\ebygbx� djZkbl_e_c� gZ� mkeh\by� hij_^_e_gby� bhgh\� f_^b� \� \h^Zo�� GZfb

bkke_^h\Zgh� \ebygb_� djZkbl_e_c� gZ� we_dljhobfbq_kdb_� k\hckl\Z

f_^vk_e_dlb\gh]h� we_dljh^Z� k� p_evx� jZajZ[hldb� f_lh^bd

bhghf_ljbq_kdh]h�hij_^_e_gby�bhgh\�f_^b�\�\h^Zo�djZkbevgh�hl^_ehqgh]h

ijhba\h^kl\Z�� K_e_dlb\ghklv� f_^vk_edlb\gh]h� we_dljh^Z� oZjZdl_jbah\Zg

©mkeh\guc�dhwnnbpb_gl�k_e_dlb\ghklbª�Dmke��dhlhjZy�ij_^klZ\ey_l� kh[hc

hlghr_gb_�dhgp_gljZpbc�bhgZ�f_^b�d�bhgm�djZkbl_ey�[_a�mq_lZ�bo�aZjy^h\�

Dmke� hij_^_eyeb� f_lh^hf� ©kf_rZgguo� jZkl\hjh\ª�� Bkke_^h\Zgh� \ebygb_

djZkbl_e_c�� hlghkysboky� d� deZkkm� ^bZahkh_^bg_gbc�� kh^_j`Zsbo

kmevnh]jmiim�� LZd� dZd� dhwnnbpb_glu� k_e_dlb\ghklb� aZ\bkyl� hl

dhgp_gljZpbb�� f_rZxs_]h� bhgZ� agZq_gby� Dmke baf_j_gu� ^ey� lj_o

dhgp_gljZpbc�djZkbl_e_c��J_amevlZlu�baf_j_gbc�ij_^klZ\e_gu�\�lZ[ebp_�
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DjZkbl_ev Dhgp_gljZpby�djZkbl_ey�

fhev�eblj

Dmke

Ijyfhc�]hem[hc 1,41*10-3 2,24*10-4

1,41*10-4 2,24*10-3

1,41*10-5 3,98*10-2

Ijyfhc�a_e_guc 1,11*10-3 2,85*10-5

1,11*10-4 0,90*10-4

1,11*10-5 2,85*10-3

Dbkehlguc�kbgbc��D 1,20*10-3 3,73*10-4

1,20*10-4 3,73*10-3

1,20*10-5 3,73*10-2

Ijyfhc�dhjbqg_\uc 1,96*10-3 5,00*10-3

1,96*10-4 5,00*10-2

1,96*10-5 5,00*10-1

DZd� \b^gh�� k� mf_gvr_gb_f� dhgp_gljZpbc� djZkbl_ey� k_e_dlb\ghklv

f_f[jZggh]h� we_dljh^Z�gZ�f_^v� mom^rZ_lky��qlh� lj_[m_l�^hihegbl_evguo

bkke_^h\Zgbc�� J_amevlZlu� hij_^_e_gby� f_^b� k� f_^vk_e_dlb\gufb

we_dljh^Zfb�\�\h^Zo��kh^_j`Zsbo�djZkbl_eb��khihklZ\bfu�k�j_amevlZlZfb

hij_^_e_gby�f_lh^hf�Zlhfghc�Z^khj[pbb�
K:FHHJ=:GBAMXSB?KY�;BKEHB�:FNBNBEVGH=H�I:<
%5,-����G:�IH<?JOGHKLB�AHEHLH=H�WE?DLJH>:�>EY

J:AJ:;HLDB�:NNBGGUO�;BHK?GKHJH<�

<Z]bg�F�X���Qh[Z�F�:���Deyqdh�G�E���DZjydbg�:�:�

Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l bf� F�<� Ehfhghkh\Z�

Obfbq_kdbc n�l� dZn� obfbq_kdhc wgabfheh]bb�

������� Fhkd\Z� E_gbgkdb_ =hju� =KI��� H�PDLO� 0<9#HQ]\PH�FKHP�PVX�UX�

Ba\_klgh�� qlh� kehb� Zfnbnbevguo� fhe_dme� y\eyxlky� hkgh\hc

de_lhqguo� f_f[jZg�� ;bkehcgu_� ebib^gu_� f_f[jZgu� khklhyl� ba

\gmlj_gg_]h� ]b^jhnh[gh]h� j_]bhgZ�� h[jZah\Zggh]h� g_iheyjgufb

m]e_\h^hjh^gufb� hklZldZfb� [bnbevguo� fhe_dme�� b� ^\mo� ]b^jhnbevguo

mqZkldh\�� jZkiheZ]Zxsboky� ih� h[_� klhjhgu� hl� ]b^jhnh[gh]h� b

h[jZah\Zgguo� iheyjgufb� qZklyfb� fhe_dme� I:<�� hjb_glbjh\Zggufb� d

\g_rg_fm�iheyjghfm�hdjm`_gbx�

IjZdlbq_kdh_�bkihevah\Zgb_�[bkehcguo� ebib^guo�f_f[jZg� djZcg_

i_jki_dlb\gh�� <� qZklghklb�� lZdb_� f_f[jZgu� fh]ml� [ulv� bkihevah\Zgu� \

dZq_kl\_�ij_h[jZah\Zl_e_c�ZgZeblbq_kdh]h�kb]gZeZ�\�jZaebqguo�Znnbgguo

[bhk_gkhjZo�>�@�

<�gZr_c�jZ[hl_�[ueZ�bkke_^h\ZgZ� kZfhhj]ZgbaZpby� kbgl_lbq_kdh]h

g_aZjy`_ggh]h�I:<�%ULM����gZ�ih\_joghklb� ahehlh]h�we_dljh^Z��Ijb� wlhf
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[ue� jZajZ[hlZg� djZcg_� ijhklhc� f_lh^� ijb]hlh\e_gby� kehz\� I:<� gZ

l\zj^hc� ih\_joghklb�� Ihemq_ggu_� f_f[jZgu� [ueb� bkke_^h\Zgu� k

ihfhsvx� f_lh^Z� bfi_^Zgkghc� ki_dljhkdhibb�� dhlhjuc�� \� qZklghklb�

iha\hey_l�hp_gb\Zlv�h^ghjh^ghklv�kehz\��KjZ\gb\Zy�bfi_^Zgkgu_�ki_dlju

kehz\� %ULM�����ihemq_gguo� \�jZaguo� mkeh\byo�� Z� lZd`_� ki_dlju� ebib^guo

[bkehz\��fu�ijbreb�\�\u\h^m��qlh�h^ghjh^gu_�f_f[jZgu�I:<�h[eZ^Zxl

oZjZdl_jufb� bfi_^Zgkgufb� ki_dljZfb�� Fu� ij_^eh`beb� mijhszggmx

wd\b\Ze_glgmx� ko_fm� ^ey� jZkqzlZ� zfdhklb� kehy� ba� ^Zgguo� bfi_^Zgkguo

ki_dljh\�

GZ� hkgh\_� ZgZebaZ� bfi_^Zgkguo� ki_dljh\� [ue� k^_eZg� \u\h^�� qlh

bkke_^h\Zggu_� jZ\gh\_kgu_� kehb� %ULM���� [ueb� h^ghjh^gufb�

\hkijhba\h^bfufb� b� h[eZ^Zeb� g_agZqbl_evguf� dhebq_kl\hf� ^_n_dlh\�

Ijb� wlhf� zfdhklv� gZb[he__� h^ghjh^guo� b� \hkijhba\h^bfuo� kehz\�

jZkqblZggZy�ba�wdki_j�bf_glZevguo�ki_dljh\��khklZ\eyeZ�����± 0.4 µΦ�Ff
-2.

WlZ�\_ebqbgZ�\_kvfZ�[ebadZ�d�agZq_gbx�zfdhklb�ebib^guo�[bkehz\��LZdbf

h[jZahf�� fu� k^_eZeb� \u\h^�� qlh� gZ[ex^Z_fZy� kZfhhj]ZgbaZpby� kehz\

%ULM���� ij_^klZ\eyeZ� kh[hc� h[jZah\Zgb_� [bkehy� gZ� ih\_joghklb� ahehlh]h

we_dljh^Z�

Bkke_^h\Zggu_� h^ghjh^gu_� kehb� kbgl_lbq_kdh]h� I:<� gZfgh]h

[he__�klZ[bevgu��q_f�[bkehb�ebib^h\��qlh�iha\hey_l�bkihevah\Zlv�bo�ijb

j_r_gbb� jZaebqguo� ZgZeblbq_kdbo� aZ^Zq�� Djhf_� lh]h�� lZdb_� kehb

qj_a\uqZcgh� qm\kl\bl_evgu� d� jZaebqguf� baf_g_gbyf�� ijhbkoh^ysbf� gZ

ih\_joghklb�� dhlhju_�� \� k\hx� hq_j_^v�� fh]ml� [ulv� aZnbdkbjh\Zgu� ih

baf_g_gbx� bfi_^Zgkgh]h� ki_dljZ�� Ihwlhfm�� gZr_c� p_evx� y\ey_lky

jZajZ[hldZ� Znnbgguo� [bhk_gkhjh\� gZ� hkgh\_� bkke_^h\Zgguo� [bkehz\

%ULM����� <� qZklghklb�� \� ij_^\Zjbl_evguo� wdki_jbf_glZo� ihdZaZgZ

\hafh`ghklv�ijyfhc�^_l_dpbb�k\yau\Zgby�heb]hgmde_hlb^h\��qlh�iha\hebl

jZajZ[hlZlv�[_aj_Z]_glguc�>GD�k_gkhj�ijyfhc�^_l_dpbb�

Ebl_jZlmjZ

1. D.P. Nikolelis, U.J. Krull Electroanalysis 1993, 5, 539.
BKIHEVAH<:GB?�WE?DLJHOBFBQ?KDBO�F?LH>H<�>EY
HP?GDB�LHDKBQGHKLB�BHGH<�F?L:EEH<�D�NBLHP?GHAM

IH<?JOGHKLGUO�<H>

<Zkxdh\�:�?�

MdjGBBWI� ]�OZjvdh\

Ijb\e_q_gb_� g_ljZ^bpbhgguo� we_dljhobfbq_kdbo� f_lh^h\� ^ey

bamq_gby� ]b^jh[bheh]bq_kdbo�ijhp_kkh\�\�ih\_joghklguo�\h^Zo�k� mq_lhf

ijbjh^gh]h� nblhp_ghaZ� ^Z_l� \hafh`ghklv� g_� lhevdh� jZkrbjblv� b

^hihegblv�hkgh\gu_�iheh`_gby�\h^ghc�lhdkbdheh]bb��gh�b�kha^Zlv�ijb_fu

b� f_lh^u� ^ey� dhebq_kl\_gghc� hp_gdb� kl_i_gb� lhdkbqghklb� dZd

bg^b\b^mZevguo�� lZd� b� kf_kb� jZaebqguo� \_s_kl\� ijb� ihiZ^Zgbb�

gZijbf_j�� ijb� k[jhk_� bo� \� ih\_joghklguc� \h^guc� h[t_dl��LZdZy� hp_gdZ�
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\uiheg_ggZy�\�mkeh\byo��ijb[eb`_gguo�d�ijbjh^guf��Z�g_�\�eZ[hjZlhjbyo�

^Z_l� \hafh`ghklv� ijh]ghabjh\Zlv� ih\_^_gb_� ih\_joghklguo� \h^guo

wdhkbkl_f�\�ghjfZevguo�b�wdklj_fZevguo�mkeh\byo�

<� mkeh\byo� gZlmjgh]h� fh^_ebjh\Zgby� ihdZaZgh�� qlh� wdheh]bq_kdh_

khklhygb_�fh^_evguo�\h^guo� wdhkbkl_f� �ijbjh^gZy� \h^Z� ��nblhieZgdlhg

�NI��� ijbjh^gZy� \h^Z� �� \ukrZy� \h^gZy� jZklbl_evghklv� �<<J��� ijb

ihklmie_gbb� \� gbo� bhgh\� f_lZeeh\� �&X�,,��� &G�,,��� &R�,,��� 1L�,,��� &U�9,��

&U�,,,��� =Q�,,��� fh`gh� hp_gb\Zlv� ih� j_amevlZlZf� ihl_gpbhf_ljbq_kdbo

hij_^_e_gbc� �� ih� kmlhqguf� dhe_[Zgbyf� S+� b� kh^_j`Zgby� \� \h^_

jZkl\hj_ggh]h�dbkehjh^Z��JZaebqby�wlbo�ihdZaZl_e_c�f_`^m�dhgljhevghc�b

wdki_jbf_glZevghc� f_ahdhkfZfb� ^Zxl� \hafh`ghklv� dhebq_kl\_ggh

\ujZablv� lhdkbq_kdbc� wnn_dl�fhey�bhgh\�f_lZeeZ� q_j_a� \j_fy��\� l_q_gb_

dhlhjh]h� \� h[t_f_� �� f
3
� \h^u� ijhbahc^_l� kgb`_gb_� ijh^mdpbhgghc

kihkh[ghklb� ]b^jh[bhglh\� ��� d]� NI� beb� <<J�� gZ� �� fhev� dbkehjh^Z�

Bgl_jij_lZpby� wdki_jbf_glZevguo� ^Zgguo� hkms_kl\ey_lky� k� ihfhsvx

ki_pbZevghc�ijh]jZffu�gZ�W<F�

Bkihevah\Zgb_� iheyjh]jZnbb�� dZd� f_lh^Z� ^ey� dhebq_kl\_gghc

hp_gdb� kh^_j`Zgby� f_lZeeh\� \� we_f_glZo� fh^_evguo� wdhkbkl_f�

ih^l\_j^beh� __� rbjhdb_� ZgZeblbq_kdb_� \hafh`ghklb� b� \� mkeh\byo

gZlmjgh]h� fh^_ebjh\Zgby�� ij_`^_� \k_]h� [hevrhc� ^bZiZahg� baf_jy_fuo

dhgp_gljZpbc� b� ^hklZlhqgh� gbadb_� K
g
�� iha\heyxsb_� dhgljhebjh\Zlv

dhgp_gljZpbb�bkke_^m_fuo�f_lZeeh\�gZ�mjh\g_�I>D�

IhdZaZgh��qlh�jZkij_^_e_gb_�f_lZeeh\�f_`^m�dhfihg_glZfb�\h^guo

wdhkbkl_f� fh`gh� dhgljhebjh\Zlv� k� bkihevah\Zgb_f� i_j_f_ggh�lhdh\hc

iheyjh]jZnbb�� iha\heyxs_c� hij_^_eylv� \� gbo� \Zeh\h_� kh^_j`Zgb_

f_lZeeZ�� Z� \� \h^_� b� bhggu_�� gZb[he__� lhdkbqgu_� nhjfu�� GZ� ijbf_j_

dh[ZevlZ�ihdZaZgZ�jhev�JH<��NI��<<J�b�^hgguo�hleh`_gbc�\�k\yau\Zgbb

&R�,,�� ijb� _]h� ihiZ^Zgbb� \� fh^_evgu_� \h^gu_� wdhkbkl_fu�� qlh� fh`_l

kem`blv�hkgh\hc�^ey�hp_gdb�\ha^_ckl\by�&R�,,��gZ�\h^gu_�wdhkbkl_fu�ijb

bo�W:D�b�wdheh]bq_kdhf�ghjfbjh\Zgbb�
BKIHEVAH<:GB?�WE?DLJHOBFBQ?KDBO�F?LH>H<�IJB
:G:EBA?�J:AEBQGUO�H;T?DLH<

<Zoh[h\Z�J�M���OZfaZ_\Z�=��Q���IZqZ^`Zgh\�>�G���JZqbgkdZy�=�N�

LZ^`bdkdbc =hkm^Zjkl\_gguc GZpbhgZevguc Mgb\_jkbl_l�

Bgklblml obfbb bf� <�B� GbdblbgZ :G JL

<�l_q_gb_�jy^Z�e_l�gZ�dZn_^j_�ZgZeblbq_kdhc�obfbb�L=GM�b�BO�:G

JL� jZajZ[Zlu\Zxlky� we_dljhobfbq_kdb_� f_lh^u� dhgljhey� h[t_dlh\

hdjm`Zxs_c�kj_^u��]hjguo�ihjh^��ihq\��[bhobfbq_kdbo�h[t_dlh\��Z�lZd`_

lZdbo� fZl_jbZeh\� dZd� hkh[h� qbklu_� f_lZeeu�� kieZ\u�� ijh^mdlu

h[h]Zs_gby�� GZb[hevr__� jZkijhkljZg_gb_� ihemqbeb� f_lh^u

\hevlZfi_jhf_ljbb�� bg\_jkbhggZy� \hevlZfi_jhf_ljby� �B<��

i_j_f_gghlhdh\Zy� b� hkpbeeh]jZnbq_kdZy� iheyjh]jZnby�� dZlZeblbq_kdb_
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iheyjh]jZnbq_kdb_� lhdb�� L_hj_lbq_kdb_� b� wdki_jbf_glZevgu_

bkke_^h\Zgby� iha\hebeb� memqrblv� f_ljheh]bq_kdb_� oZjZdl_jbklbdb

ijbf_gy_fuo�f_lh^h\��kgbablv�ij_^_eu�h[gZjm`_gby� �IH��hij_^_ey_fuo

we_f_glh\�� memqrblv� \hkijhba\h^bfhklv�� lhqghklv� b� k_e_dlb\ghklv

jZajZ[Zlu\Z_fuo� f_lh^bd�� Bkihevah\Zgu� jZaebqgu_� f_lh^u

ijh[hih^]hlh\db�� gZqbgZy� k� obfbq_kdh]h� jZkl\hj_gby� ^h� Z\lhdeZ\gh]h

\kdjulby�� mevljZnbhe_lh\h]h� b� mevljZa\mdh\h]h� h[emq_gby� k� p_evx

jZajmr_gby� hj]Zgbq_kdbo� \_s_kl\�� JZajZ[hlZgu� \ukhdhqm\kl\bl_evgu_

f_lh^bdb�hij_^_e_gby�0R�b�:�\�hkZ^hqguo�ihjh^Zo��ihq\Zo��:�
hkq�\�`_eqb�

djh\b�ih�dZlZeblbq_kdbf�lhdZf�gbljZl�bhgh\�b�]b^jhdkbeZfbgZ�gZ�jlmlgh�

dZiZxs_f� b� klZpbhgZjguo� we_dljh^Zo� k� �IH�� ^h I-IO-9
F�� Wnn_dlb\ghc

y\ey_lky� \ukhdhqm\kl\bl_evgZy� k_e_dlb\gZy� �B<�� f_lh^bdZ� hij_^_e_gby

jlmlb�� k_j_[jZ� b� ahehlZ� \� ijbjh^guo� \h^Zo� b� hkZ^hqguo� ihjh^Zo� gZ

]jZnblh\hf� b� m]hevgh�iZklh\hf� we_dljh^_� k� IH� � I-IO-9
F�� >ey� ZgZebaZ

ly`_euo� b� lhdkbqguo� we_f_glh\� \� \h^Zo� jZaebqghc� kl_i_gb� qbklhlu� \

aZ\bkbfhklb�hl�bo�dhgp_gljZpbb�bkihevamxlky�f_lh^u�i_j_f_gghlhdh\hc�

deZkkbq_kdhc�beb�bg\_jkbhgghc�\hevlZfi_jhf_ljbb��Ij_^klZ\ey_l�bgl_j_k

f_lh^bdZ�h^gh\j_f_ggh]h�hij_^_e_gby�Kb
2+, Cd2+, Bi2+, Sb2+ Pb2+

�b Zn2+
� \

hj]Zgbq_kdhc�qZklb�hkZ^hqguo�ihjh^�f_lh^hf�B<�k�p_evx�\uykg_gby�nhjf

gZdhie_gby�wlbo�we_f_glh\�\�jZaebqguo�njZdpbyo�hj]Zgbq_kdh]h�\_s_kl\Z�

Ijh\_^_ggu_� bkke_^h\Zgby� iha\hebeb� mklZgh\blv� kl_i_gv

dhgp_gljbjh\Zgby� wlbo� we_f_glh\� \� ]mfbgh\uo� b� nmev\hdbkehlZo�

[blmfZo�� kfheZo� b� ^jm]bo�njZdpbyo�� qlh� iha\hebeh� km^blv� h[� bo� jheb� \

jZa^_e_gbb� b� gZdhie_gbb� f_lZeeh\�� Kbkl_fZlbq_kdbc� ZgZeblbq_kdbc

dhgljhev� aZ� oh^hf� hqbkldb� \� l_ogheh]bq_kdhf� ijhp_kk_� ijb� ihemq_gbb

hkh[h� qbklh]h Al,�KZ��<Z� Mg, Sr� b� bo� khe_c� k� ijb\e_q_gb_f�f_lh^Z�B<
iha\hebe� mklZgh\blv� dhgp_gljZpbhggh_� jZkij_^_e_gb_� jy^Z� we_f_glh\� ih

^ebg_� kebldZ� b� djbklZeeZ�� kl_i_gb� hqbkldb� f_lZeeZ� hl� ijbf_kb� b

hljZ[hlZlv� l_ogheh]bq_kdmx� ko_fm� ihemq_gby� b� ZgZebaZ� hkh[h qbkluo
f_lZeeh\.
GBD?EVK?E?DLB<GUC�WE?DLJH>�G:�HKGH<?
GBH;:L:�GBD?EY

<_ebdZgh\Z�L�<���Ih^dhjulh\�:�E���@mdh\kdbc�<�F���Rlbg�K�:�

������� ?dZl_jbg[mj]� MjZevkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

Ihbkd� gh\uo� fZl_jbZeh\� ^ey� bhghf_ljbb� y\ey_lky� ZdlmZevghc

aZ^Zq_c�kh\j_f_ggh]h�fZl_jbZeh\_^_gby��<�^Zgghf�khh[s_gbb�jZkkfhlj_gZ

\hafh`ghklv� bkihevah\Zgby� gbh[ZlZ� gbd_ey� Ni4Nb2O9� \� dZq_kl\_

we_dljh^ghZdlb\gh]h�\_s_kl\Z�gbd_evk_e_dlb\gh]h�we_dljh^Z�

KljmdlmjZ�Ni4Nb2O9�ihkljh_gZ�ba�hdlZw^jh\�NbO6 b�NiO6��khqe_g_gb_

dhlhjuo� \� ljzof_jguc� dZjdZk� khijh\h`^Z_lky� \hagbdgh\_gb_f� imklhl�

H[jZah\Zgb_�ih^h[guo�©hdlZw^jh[ehdh\ª�b�gZebqb_�\�gbo�lmgg_evguo�f_kl

h[e_]qZ_l� ih\ur_ggmx� ih^\b`ghklv� bhgh\� gbd_ey�� Ihke_^g__
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ih^l\_j`^_gh� ijyfuf� jZ^bhf_ljbq_kdbf� wdki_jbf_glhf� ijb� bamq_gbb

^bnnmabb�bahlhiZ�
63Ni�\�d_jZfbq_kdbo�h[jZapZo�Ni4Nb2O9.

Wdki_jbf_glZevgh_�bamq_gb_�we_dljbq_kdbo�oZjZdl_jbklbd�h[jZaph\

d_jZfbdb�gbh[ZlZ�gbd_ey�ijb�ih\ur_gguo�l_fi_jZlmjZo�k\b^_l_evkl\m_l�h

gZebqbb�m�g_]h�bhggh�we_dljhgghc�ijh\h^bfhklb�

GZ� hkgh\_� 1L4Nb2O9 ba]hlh\e_gu� gbd_evk_e_dlb\gu_� we_dljh^u� k
l\zj^uf� dhglZdlhf� k� f_f[jZgZfb� ^\mo� lbih\�� iezghqgu_� �ihebf_jgZy

fZljbpZ� ±� ihebklbjhe�� b� iheghklvx� l\_j^hl_evgu_�� b� hij_^_e_gu� bo

hkgh\gu_�we_dljhobfbq_kdb_�iZjZf_lju�

MklZgh\e_gh�� qlh� emqrbfb� oZjZdl_jbklbdZfb� h[eZ^Z_l� iezghqguc

gbd_evk_e_dlb\guc� we_dljh^� k� l\zj^uf� dhglZdlhf��We_dljh^gZy�nmgdpby

gbd_evk_e_dlb\gh]h� we_dljh^Z� ebg_cgZ� \� bgl_j\Ze_� dhgp_gljZpbc� �⋅10-5 -
1⋅10-1

� fhev�e�� djmlbagZ� we_dljh^ghc� nmgdpbb� [ebadZ� d� l_hj_lbq_kdhc� b

khklZ\ey_l����±��� f<�jK�� F_f[jZgZ� h[jZlbfZ� d� bhgZf� gbd_ey� �II) � \
bgl_j\Ze_�jG�����±�����

GZ� hkgh\Zgbb� j_amevlZlh\� hij_^_e_gby� dhwnnbpb_glh\

ihl_gpbhf_ljbq_kdhc� k_e_dlb\ghklb� f_lh^hf� ihklhygghc� dhgp_gljZpbb

f_rZxs_]h�bhgZ� mklZgh\e_gh�� qlh�hij_^_e_gbx�gbd_ey�g_�f_rZxl� �����

djZlgu_�ba[uldb�bhgh\�Fe(III), Cu(II), Co(II) b�D�
IhdZaZgZ� \hafh`ghklv� bkihevah\Zgby� gbd_evk_e_dlb\guo

we_dljh^h\� ^ey� ihl_gpbhf_ljbq_kdhc� bg^bdZpbb� dhg_qghc� lhqdb

lbljh\Zgby�ijb�hij_^_e_gbb�gbd_ey�dhfie_dkhghf_ljbq_kdbf�f_lh^hf�

JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�]jZglZ�Jhkkbckdh]h

Nhg^Z�Nmg^Zf_glZevguo�Bkke_^h\Zgbc

�������������Z�
DH;:EVLK?E?DLB<GU?�WE?DLJH>U�G:�HKGH<?
O:EVDH=?GB>H<

<_ebdZgh\Z�L�<���Lblh\�:�G���FblyrbgZ�K�=���<^h\bgZ�H�<�

������� ?dZl_jbg[mj]� MjZevkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

<�gZklhys__�\j_fy�hlkmlkl\mxl�dh[Zevlk_e_dlb\gu_�we_dljh^u��Kh�

KW�� k� l\_j^uf� dhglZdlhf�� bf_xsb_� m^h\e_l\hjbl_evgu_

wdkiemZlZpbhggu_�oZjZdl_jbklbdb�

I_jki_dlb\gufb� fZl_jbZeZfb� ^ey� kha^Zgby� dh[Zevlk_e_dlb\guo

we_dljh^h\� y\eyxlky�^bl_eemjb^u� lblZgZ, bgl_jdZebjh\Zggu_� dh[Zevlhf,
b�k_e_gb^u�dh[ZevlZ, h[eZ^Zxsb_�bhgghc�b�we_dljhgghc�ijh\h^bfhklvx.

<� ^Zgghf� khh[s_gbb� jZkkfhlj_gu� gh\u_� ie_ghqgu_� Kh�KW

�bg_jlgZy� fZljbpZ±ihebklbjhe�� k� l\_j^uf� dhglZdlhf� gZ� hkgh\_

^bl_eemjb^h\�lblZgZ��bgl_jdZebjh\Zgguo�dh[Zevlhf��khklZ\h\: Co0.25TiTe2

�we_dljh^� ��, Co0.4TiTe2� �we_dljh^� �� b�k_e_gb^h\�dh[ZevlZ�khklZ\h\: CoSe
�we_dljh^���, Co3Se4��we_dljh^�.
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Hkgh\gu_� we_dljh^gu_� oZjZdl_jbklbdb� Kh�KW� [ueb� bamq_gu� \

k_jghdbkeuo� b� Zahlghdbkeuo� kj_^Zo�� MklZgh\e_gh,� qlh� we_dljh^gu_

nmgdpbb� Kh�KW� k� fZljbpZfb� jZagh]h� khklZ\Z� ebg_cgu� \� ^hklZlhqgh

rbjhdhf�^bZiZahg_�dhgp_gljZpbc,�fhev/e��1·10-5 - 1·10-1�we_dljh^���, 1·10-3-
1·10-1(we_dljh^� ��, 5·10-5 -1·10-1�we_dljh^� ��, 5·10-5 -1·10-2 �we_dljh^� ���
DjmlbagZ�we_dljh^ghc�nmgdpbb�^ey�\k_o�Kh�KW�[ebadZ�d�l_hj_lbq_kdhc, g_
aZ\bkbl� hl� ijbjh^u� Zgbhggh]h� khklZ\Z� jZkl\hjh\� b� khklZ\ey_l� ^ey

we_dljh^Z�������±���f</jK,�^ey�we_dljh^Z�������±���f</jK,�^ey�we_dljh^Z����
(28±���f</jK�b�^ey�we_dljh^Z�������±���f</jK�

F_f[jZgu�Kh�KW�h[jZlbfu�d�bhgZf�dh[ZevlZ�\�bgl_j\Ze_ pH 4,7 -
6,5 ^ey� we_dljh^h\� 1 b� 2 gZ� hkgh\_� ^bl_eemjb^h\� lblZgZ,
bgl_jdZebjh\Zgguo� dh[Zevlhf,� b� \�bgl_j\Ze_� jG� �,0 - 5,5 b� �,5 - 6,5 ̂ ey
we_dljh^h\���b���gZ�hkgh\_�CoSe b Co3Se4 chhl\_lkl\_ggh.

GZ� hkgh\Zgbb� j_amevlZlh\� hij_^_e_gby� dhwnnbpb_glh\

ihl_gpbhf_ljbq_kdhc� k_e_dlb\ghklb� mklZgh\e_gh�� qlh� hij_^_e_gbx

dh[ZevlZ� g_� f_rZxl� ke_^mxsb_� ba[uldb� bhgh\�� ^ey� we_dljh^h\� �� b� �� �

La3+(5), Ni2+, Mn2+(10), Pb2+(100)�� ^ey� we_dljh^Z� �� �� Sr2+, Fe3+(10)�� ^ey
we_dljh^Z�����Sr2+, Fe3+(100)��^ey�we_dljh^Z�����Fe3+, Pb2+, Mn2+(10), Sr2+(100),
Ni2+(200), La3+(500)�� ^ey� we_dljh^Z� �� �� Sr2+(5), Mn2+(10), Fe3+, Pb2+(100);
Ni2+(1000), La3+(5000).

IhdZaZgD� \hafh`ghklv� bkihevah\Zgby� Kh�KW� gZ� hkgh\_

bgl_jdZeZlh\� Co
o
TiTe2 b� k_e_gb^h\� dh[ZevlZ� ^ey� ihl_gpbhf_ljbq_kdhc

bg^bdZpbb� dhg_qghc� lhqdb� lbljh\Zgby� ijb lbljbf_ljbq_kdbo

hij_^_e_gbyo� Kh� �II) � k� bkihevah\Zgb_f� \� dZq_kl\_� lbljZglh\� W>L:� b
DFnH4. Ijb� hij_^_e_gbb� dh[ZevlZ� i_jfZg]ZgZlhf_ljbq_kdbf� f_lh^hf� \
h[jZap_�dh[ZevlblZ�eZglZgZ�b�kljhgpby�La0,5Sr0,5CoO3, kh^_j`Zs_f���,76%
dh[ZevlZ, gZc^_gh� (26,52 ± 0,53)% dh[ZevlZ� �n=5, P=0,95). AgZq_gb_� Sr

khklZ\eyeh��,01.�IjZ\bevghklv�j_amevlZlh\�ih^l\_j`^_gZ�f_lh^hf�^h[Z\hd
b�g_aZ\bkbfuf�f_lh^hf� �dhk\_ggh_�dhfie_dkhghf_ljbq_kdh_�hij_^_e_gb_

dh[ZevlZ� k� bkihevah\Zgb_f� nlhjb^k_e_dlb\gh]h� we_dljh^Z� ^ey

ihl_gpbhf_ljbq_kdhc� bg^bdZpbb� dhg_qghc� lhqdb� lbljh\Zgby� \

ijbkmlkl\bb�bg^bdZlhjguo�dhebq_kl\�nlhjb^�bhgh\�.
LZdbf�h[jZahf, oZevdh]_gb^u�dh[ZevlZ�fh]ml�[ulv�j_dhf_g^h\Zgu�\

dZq_kl\_�we_dljh^ghZdlb\guo�fZl_jbZeh\�dh[Zevlk_e_dlb\guo�we_dljh^h\,
iha\heyxsbo�hij_^_eylv�dh[Zevl�\�keh`guo�h[t_dlZo.

JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�JNNB

]jZgl��������������Z
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K<BG?PK?E?DLB<GUC�WE?DLJH>�G:�HKGH<?�FBKNBLGH=H
KH?>BG?GBY��3BS)1.18TIS2

<_ebdZgh\Z�L�<���Lblh\�:�G���Rbrfbgp_\Z�G�G�

������� ?dZl_jbg[mj]� MjZevkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

<� gZklhys__� \j_fy� ^ey� bhghf_ljbq_kdh]h� hij_^_e_gby� k\bgpZ

rbjhdh� bkihevamxlky� we_dljh^u� gZ� hkgh\_� kmevnb^Z� k\bgpZ� PbS.� ?]h
hkgh\guf�g_^hklZldhf�y\ey_lky�gbadZy�we_dljhijh\h^ghklv��ijb\h^ysZy�d

g_h[oh^bfhklb�\\_^_gby�ohjhrh�ijh\h^ysbo�^h[Z\hd��gZijbf_j��]jZnblZ��

dhlhju_� agZqbl_evgh� mom^rZxl� ihdZaZl_eb� we_dljh^h\�� kgb`Zy

k_e_dlb\ghklv� b� ijb\h^y� d� h]jZgbq_gbx� qbkeZ� ^himklbfuo� ihklhjhggbo

bhgh\�

I_jki_dlb\guf� fZl_jbZehf� ^ey� kha^Zgby� k\bg_pk_e_dlb\gh]h

we_dljh^Z� �Pb�KW�� y\ey_lky� fbknblgh_� kh_^bg_gb_� khklZ\Z� (PbS)1.18TiS2,
ij_^klZ\eyxs__� kh[hc�fhe_dmeyjgh�h^ghjh^gmx� dhfihablgmx� kf_kv�PbS
b� ohjhrh� ijh\h^ys_]h� TiS2,� b� h[eZ^Zxs__� bhgghc� b� we_dljhgghc

ijh\h^bfhklvx�� Kljmdlmjm (PbS)1.18TiS2� fh`gh� ij_^klZ\blv� dZd

q_j_^h\Zgb_� keh_\� 3E6� b� 7L62�� miZdh\Zgguo� \� ihke_^h\Zl_evghklb� -TiS2-
PbS–TiS2-PbS-.

<� ^Zgghf� khh[s_gbb� ij_^klZ\e_gu� j_amevlZlu� bkke_^h\Zgby

we_dljh^ghZdlb\guo� k\hckl\� gh\h]h� ie_ghqgh]h� k\bg_pk_e_dlb\gh]h

we_dljh^Z��bg_jlgZy�fZljbpZ�±�ihebklbjhe��k�l\_j^uf�dhglZdlhf�gZ�hkgh\_

(PbS)1,18TiS2.
MklZgh\e_gh��qlh� we_dljh^gZy�nmgdpby�Pb�KW� ebg_cgZ� \�bgl_j\Ze_

dhgp_gljZpbc� k\bgpZ� �·10-5–5·10-2�fhev�e�� djmlbagZ� we_dljh^ghc�nmgdpbb
[ebadZ�d�l_hj_lbq_kdhc�b�khklZ\ey_l� ����±1)�f<�S&��F_f[jZgZ�h[jZlbfZ�d

bhgZf�Pb(II) \�bgl_j\Ze_�pH 3.5 - 4,5.
GZ� hkgh\Zgbb� j_amevlZlh\� hij_^_e_gby� dhwnnbpb_glh\

ihl_gpbhf_ljbq_kdhc�k_e_dlb\ghklb�Pb�KW�gZ�hkgh\_��PbS)1.18TiS2 f_lh^hf
ihklhygghc�dhgp_gljZpbb�f_rZxs_]h�bhgZ�mklZgh\e_gh��qlh�hij_^_e_gbx

k\bgpZ� g_�f_rZxl� ke_^mxsb_� ba[uldb� bhgh\��Ag+ (100), Zn2+, Cu2+(120),
Co2+(160), Ni2+(200), dhlhju_� ih� gZrbf� ^Zgguf�� \� iheghf� kh]eZkbb� k

ebl_jZlmjgufb�� ^he`gu� hlkmlkl\h\Zlv� ijb� hij_^_e_gbb� k\bgpZ� k

we_dljh^hf� gZ� hkgh\_� PbS.� <ebygb_� bhgh\� gZ� hij_^_e_gb_� k\bgpZ� l_f
[hevr_��q_f�f_g__�jZkl\hjbf�khhl\_lkl\mxsbc�kmevnb^�

Ijh\_^_gh� khihklZ\e_gb_� hkgh\guo� we_dljh^guo� oZjZdl_jbklbd

k\bg_pk_e_dlb\guo� we_dljh^h\� gZ� hkgh\_� �PbS)1,18TiS2 b� JbS, dZd

ch^_j`Zsbo,� lZd� b� g_� kh^_j`Zsbo� ]jZnbl,� b� ihdZaZgh,� qlh� \\_^_gb_
]jZnblZ� mom^rZ_l� k_e_dlb\ghklv� we_dljh^h\. MklZgh\e_gh,� qlh� emqrb_

oZjZdl_jbklbdb�bf__l�Pb-CW�gZ�hkgh\_�fbknblgh]h�kh_^bg_gby.
IhdZaZgZ�\hafh`ghklv�bkihevah\Zgby�k\bg_pk_e_dlb\gh]h�we_dljh^Z

gZ� hkgh\_�fbknblgh]h� kh_^bg_gby� �PbS)1,18TiS2� ^ey� ihl_gpbhf_ljbq_kdhc
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bg^bdZpbb� dhg_qghc� lhqdb� lbljh\Zgby� ijb� hij_^_e_gbb� k\bgpZ�f_lh^hf

hkZ^bl_evgh]h� lbljh\Zgby� k� bkihevah\Zgb_f� \� dZq_kl\_� lbljZglZ�K2CrO4.
Ijb� ZgZeba_� klZg^Zjlgh]h� h[jZapZ� [jhgau,� kh^_j`Zs_]h� ��,19% k\bgpZ,
gZc^_gh

 (12,22±0,23)% k\bgpZ��n=5, P=0,95). AgZq_gb_�Sr khklZ\eyeh��,015.
LZdbf� h[jZahf�� �PbS)1,18TiS2 fh`_l� [ulv� j_dhf_g^h\Zg� ^ey

bkihevah\Zgby� \� dZq_kl\_� we_dljh^ghZdlb\gh]h� fZl_jbZeZ

k\bg_pk_e_dlb\gh]h�we_dljh^Z, iha\heyxs_]h�hij_^_eylv�k\bg_p�\�kieZ\Zo

b�^jm]bo�h[t_dlZo��kh^_j`Zsbo�Ag, Cu, Zn, Co b Ni.

JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�JNNB

�]jZgl��������������Z��
KBKL?FU�OBFBQ?KDBO�K?GKHJH<
LBI:�©WE?DLJHGGUC�YAUDª�B�BO�IJBF?G?GB?�<
DHEBQ?KL<?GGHF�B�D:Q?KL<?GGHF�:G:EBA?

FGH=HDHFIHG?GLGUO�@B>DBO�KJ?>

<eZkh\�X�=���E_]bg�:�<���Jm^gbpdZy�:�F�

KZgdl�I_l_j[mj]kdbc Mgb\_jkbl_l� obfbq_kdbc nZdmevl_l� eZ[hjZlhjby
obfbq_kdbo k_gkhjh\�Mgb\_jkbl_lkdZy gZ[����� ������� KZgdl�I_l_j[mj]

<� l_q_gb_� ihke_^gbo� ^_kylbe_lbc� obfbq_kdb_� k_gkhju� ijb\e_dZxl

\k_�[hevr__�\gbfZgb_�bkke_^h\Zl_e_c�\h�\k_f�fbj_��Qbkeh�im[ebdZpbc� \

h[eZklb� obfbq_kdbo� k_gkhjh\� \hajZklZ_l� gZ� ��� �� \� ]h^�� Z� ijh]gha� jhklZ

k_gkhjgh]h� jugdZ� khklZ\ey_l� ���� �� \� ]h^� gZ� i_jbh^� ^h� ����� ]h^Z�� qlh

ihdZau\Z_l� \ukhdmx� Zdlb\ghklv� gZmqgh]h� khh[s_kl\Z� \� jZajZ[hld_� \k_o

lbih\�k_gkhjh\�b�obfbq_kdbo�k_gkhjh\��\�qZklghklb�

Bklhjby�jZa\blby�obfbq_kdbo�k_gkhjh\�^h�ihke_^g_]h�\j_f_gb�[ueZ

bklhjb_c�jZa\blby�k_e_dlb\guo� k_gkhjh\��H^gZdh��^h� kbo�ihj� kms_kl\m_l

ZdlmZevgZy� ijh[e_fZ� jZajZ[hldb� gh\uo� lbih\� k_gkhjh\�� hkh[_ggh� ^ey

ZgZebaZ� keh`guo� ih� khklZ\m� `b^dhkl_c�� l�d�� k_e_dlb\ghklv� b

qm\kl\bl_evghklv�[hevrbgkl\Z�ba\_klguo�qZklh�g_^hklZlhqgZ�^ey�ijyfuo

baf_j_gbc�kh^_j`Zgby�fgh]bo�dhfihg_glh\�

H^gh�ba�\hafh`guo�i_jki_dlb\guo�gZijZ\e_gbc�\�wlhc�h[eZklb�wlh

ijbf_g_gb_� k_gkhjguo� kbkl_f� �fZkkb\h\� k_gkhjh\�� gZ� hkgh\_

g_k_e_dlb\guo�fZl_jbZeh\�b�f_lh^h\�h[jZ[hldb�^Zgguo�hl�lZdbo�fZkkb\h\

gZ� [Za_� kh\j_f_gguo� ^hklb`_gbc� jZa\blby� bkdmkkl\_ggh]h� bgl_ee_dlZ�

gZijbf_j�f_lh^h\�jZkihagZ\Zgby�h[jZah\��Wlhl�ih^oh^�y\ey_lky�hkgh\guf

hlebqb_f�kh\j_f_ggh]h�wlZiZ�jZa\blby�k_gkhjh\��dh]^Z�[ueb�ij_^eh`_gu�b

ijbf_g_gu�lZdb_�gh\u_�ZgZeblbq_kdb_�mkljhckl\Z�dZd�³we_dljhgguc�ghk´�b

³we_dljhgguc� yaud´� Dhgp_ipby� we_dljhggh]h� yaudZ� [ueZ� ij_^eh`_gZ
gZfb�hdheh���e_l�gZaZ^��mki_rgh�ijbf_g_gZ�b�Zdlb\gh�jZa\b\Z_lky�

©We_dljhgguc�yaudª�h[t_^bgy_l�fZkkb\� �kbkl_fm��g_k_e_dlb\guo

�g_ki_pbnbqguo�� k_gkhjh\� k� \ukhdhc� i_j_dj_klghc� qm\kl\bl_evghklvx� b

f_lh^u� jZkihagZ\Zgby� h[jZah\� b�fgh]hf_jghc� dZeb[jh\db� ^ey� h[jZ[hldb

^Zgguo� \ukhdhc� jZaf_jghklb� hl� lZdh]h� fZkkb\Z�� I_j_dj_klgZy



39
qm\kl\bl_evghklv�� ihgbfZ_fZy� dZd� \hkijhba\h^bfuc� hldebd� k_gkhjh\� d

\hafh`gh� [hevr_fm� qbkem� dhfihg_glh\� jZkl\hjZ�� y\ey_lky� \Z`g_crbf

k\hckl\hf� k_gkhjh\� ©we_dljhggh]h� yaudZª�� Ijb� ijZ\bevghc� dZeb[jh\d_

�]jZ^mbjh\d_�� h[mq_gbb�� kbkl_fu� hgZ� ^Z_l� \hafh`ghklv� ijh\_^_gby

fgh]hdhfihg_glgh]h�dhebq_kl\_ggh]h�ZgZebaZ�keh`guo�`b^dhkl_c��Djhf_

lh]h� ihy\ey_lky� gh\Zy� \hafh`ghklv� bgl_]jZevgh]h� dZq_kl\_ggh]h� ZgZebaZ

�b^_glbnbdZpbb�� deZkkbnbdZpbb�� jZkihagZ\Zgby�� kj_^� keh`gh]h� khklZ\Z�

gZijbf_j�ibs_\uo�ijh^mdlh\�

FZkkb\u� \dexqZeb� ^\Z� lbiZ� ihl_gpbhf_ljbq_kdbo� k_gkhjh\�

���ljZ^bpbhggu_�bhghk_e_dlb\gu_�we_dljh^u��gZijbf_j�oehjb^���gZljbc��

dZebck_e_dlb\gu_� b� jG�kl_deygguc�� ��� ki_pbZevgh� jZajZ[hlZggu_� b

ij_^\Zjbl_evgh� bamq_ggu_� k_gkhju� k� m\_ebq_gghc� i_j_dj_klghc

qm\kl\bl_evghklvx�� hp_g_gghc� ih� f_lh^m� jZajZ[hlZgghfm� gZfb�� <

hkgh\ghf�wlh�[ueb�oZevdh]_gb^gu_�kl_deyggu_�fZl_jbZeu�b�hjb]bgZevgu_

khklZ\u�I<O� ieZklbnbpbjh\Zgguo�f_f[jZg��<�fZkkb\� \dexqZeb� h[uqgh

hl� �� ^h� ��� k_gkhjh\��Dhgdj_lgu_� khklZ\u�fZkkb\h\� aZ\bk_eb� hl� aZ^Zqb� b

w\hexpbhgbjh\Zeb�\�ijhp_kk_�wdki_jbf_glh\�

F_`^m� baf_j_gbyfb� l\_j^u_� k_gkhju� ojZgbeb� gZ� \ha^mo_�� Z�I<O

f_f[jZgu� \� jZkl\hj_� hkgh\guo� bhgh\�� I_j_^� baf_j_gbyfb� k_gkhju

hlfu\Zeb� ^h� ihklhyggh]h� ihl_gpbZeZ� b� ijh\h^beb� ijyfu_

ihl_gpbhf_ljbq_kdb_� baf_j_gby� ih� h[uqghc� deZkkbq_kdhc� ko_f_�

Lbibqgh_�\j_fy�baf_j_gby�khklZ\eyeh������fbgml�

H[jZ[hldm� ^Zgguo� hl� fZkkb\Z� obfbq_kdbo� k_gkhjh\� ijh\h^beb� k

ihfhsvx� ebg_cguo� �ZgZeba� ih� ]eZ\guf� dhfihg_glZf� �:=D��� ^jh[gu_

gZbf_gvrb_� d\Z^jZlu� �>GD��� ^j��� b� g_ebg_cguo� �bkdmkkl\_ggu_

g_cjhggu_� k_lb� �BGK�� �� k� h[jZlguf� jZkijhkljZg_gb_f� hrb[hd�� k_lv

Dhohg_gZ�b�l�^���f_lh^h\�

DZq_kl\_gguc� ZgZeba� �� jZkihagZ\Zgb_� gZibldh\�� �We_dljhgguc

yaud�� gZ� hkgh\_� fZkkb\h\� g_k_e_dlb\guo� k_gkhjh\� [ue� ijbf_g_g� ^ey

ZgZebaZ� jZaebqguo� khjlh\� gZibldh\�� <hkijhba\h^bfhklv� j_amevlZlh\� �

h[uqgh� g_� om`_� �� f<� \� ij_^_eZo� baf_j_gby� b� ���� f<� \� l_q_gb_� ^gy

iha\hey_l� ihke_� h[jZ[hldb� �\� ^Zgghf� kemqZ_� :=D�� \u^_eblv� g_dhlhju_

bgl_]jZevgu_� dZq_kl\_ggu_� iZjZf_lju� ^ey� dZ`^h]h� ba� \b^Z� gZibldh\

�Jbk�����b�mklhcqb\h�jZa^_eylv�bo�^jm]�hl�^jm]Z�

Ijbf_j� dhebq_kl\_ggh]h� ZgZebaZ�� Ijb� bkke_^h\Zgbb� fh^_evguo

]jmglh\uo� \h^� mklZgh\e_gh�� qlh� k� ihfhsvx� �we_dljhggh]h� yaudZ�

\hafh`gh� ijh\_^_gb_� fgh]hdhfihg_glgh]h� dhebq_kl\_ggh]h� ZgZebaZ

oZjZdl_jguo� dhfihg_glh\� gZ� lbibqghf� mjh\g_� dhgp_gljZpbc� �gZijbf_j�

10-7 –10-5
� fhev?e� ih� ly`_euf� f_lZeeZf��� GZb[he__� gbadb_� hrb[db

hij_^_e_gby� dhfihg_glh\� ihemq_gu� ijb� bkihevah\Zgbb� fZkkb\Z� ba� ��

k_gkhjh\������^ey�&X�� �����^ey�=Q��������^ey�0Q�������^ey�)H�,,,��� ����

^ey�&D�������^ey�0J�������^ey�624�������^ey�1D�������^ey�&O�

Ij_^iheZ]Z_lky� rbjhdh_� bkihevah\Zgb_� kbkl_f� lbiZ

©we_dljhgguc�yaudª�^ey�aZ^Zq�ijhfure_ggh]h�b�wdheh]bq_kdh]h�ZgZebaZ�

Z�lZd`_�^ey�dhgljhey�dZq_kl\Z�ibs_\uo�ijh^mdlh\�
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Jbk�1� JZkihagZ\Zgb_� gZibldh\� k� ihfhsvx� ©we_dljhggh]h� yaudZª�

H[jZ[hldZ� ^Zgguo� ijh\_^_gZ� f_lh^hf� ZgZebaZ� ih� ]eZ\guf� dhfihg_glZf

�:=D�� 3&���b� 3&��� wlh�hlghkbl_evgu_�_^bgbpu��ihemqZ_fu_�ijb�k\_jld_
���lb� f_jgh]h� ijhkljZgkl\Z� �qbkeh� k_gkhjh\� \� fZkkb\_�� ^h� ^\mf_jgh]h�

ij_^klZ\e_ggh]h� gZ� jbkmgd_�� 3&� �� b� 3&� �� wlh� ^\Z� gZb[he__� agZqbfuo

dhfihg_glZ��kh^_j`Zsb_�gZb[he__�ihegmx�bgnhjfZpbx�h[�ZgZebabjm_fhf

h[t_dl_�
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PBDEBQ?KD:Y�<HEVL:FI?JHF?LJBY�K
WD<BIHL?GPB:EVGUF�KEH@?GB?F�KB=G:EH<

<yk_e_\�F�J���KmoZj_\�:�:���KmelZgh\�W�B�

D=LM bf�:�G�Lmihe_\Z� DZaZgv

Ij_^eh`_g� �iZl_gl� JN� ����������� l_hj_lbq_kdb� b

wdki_jbf_glZevgh�bkke_^h\Zg�f_lh^�\hevlZfi_jhf_ljbb��\�hkgh\_�dhlhjh]h

e_`bl� wd\bihl_gpbZevgh_� keh`_gb_� kb]gZeh\�� ihemqZ_fuo� ijb� ijyfhc� b

h[jZlghc� jZa\_jld_� iheyjbamxs_]h� gZijy`_gby�� k� ihke_^mxsbf

^bnn_j_gpbjh\Zgb_f�kmffZjghc�aZ\bkbfhklb�

<� oh^_� l_hj_lbq_kdh]h� bkke_^h\Zgby� gZ� hkgh\_� j_r_gby� mjZ\g_gby

<hevl_jjZ� jZajZ[hlZgZ� dhfivxl_jgZy� fh^_ev� f_lh^Z� ^ey� klZpbhgZjgh]h

bg^bdZlhjgh]h� we_dljh^Z�� iha\heyxsZy� fh^_ebjh\Zlv� b� hlh[jZ`Zlv� \

]jZnbq_kdhf�\b^_�lhd�bg^bdZlhjgh]h�we_dljh^Z��\dexqZxsbc�_fdhklghc�b

nZjZ^__\kdbc� dhfihg_glu� ijb� ijhba\hevghc� kl_i_gb� h[jZlbfhklb

we_dljhobfbq_kdhc� j_Zdpbb�� >ey� m\_ebq_gby� kdhjhklb� fh^_ebjh\Zgby

jZajZ[hlZg� kihkh[� qbke_ggh]h� ^jh[gh]h� bgl_]jh^bnn_j_gpbjh\Zgby�

ih\ukb\rbc� ijbf_jgh� gZ� ^\Z� ihjy^dZ� [ukljh^_ckl\b_� fh^_eb� ih

kjZ\g_gbx�k�ljZ^bpbhgguf�

>ey� Zijh[Zpbb� f_lh^Z� kha^ZgZ� mklZgh\dZ�� ij_^klZ\eyxsZy� kh[hc

Z\lhfZlbabjh\Zgguc�gZ�[Za_�dhfivxl_jZ�\hevlZfi_jh]jZn�k�ijh]jZffguf



41
mijZ\e_gb_f�� pbnjh\hc� h[jZ[hldhc� b� Z\lhfZlbabjh\Zgguf� ZgZebahf

ihemqZ_fuo� ^Zgguo�� Wdki_jbf_glZevgh_� bkke_^h\Zgb_� ih^l\_j^beh

wnn_dlb\gh_�mkljZg_gb_�_fdhklgh]h�lhdZ�\�ihl_gpbhklZlbq_kdbo�mkeh\byo�

GZ� ijbf_j_� we_dljhobfbq_kdbo� j_Zdpbc� bhgh\� dZ^fby� b� pbgdZ�� Z� lZd`_

kh\f_klgh� dZ^fby� b� lZeeby� ih^l\_j`^_gZ� Z^^blb\ghklv�� ebg_cghklv� b

ih\ur_ggZy� jZaj_rZxsZy� kihkh[ghklv� f_lh^Z�� Z^_d\Zlgu_� jZg__

ihemq_gguf� l_hj_lbq_kdbf� \u\h^Zf�� NhjfZ� kb]gZeZ–hldebdZ� ijb

h[jZlbfhc� j_Zdpbb� khhl\_lkl\h\ZiZ� h`b^Z_fhfm� madhfm� kbff_ljbqghfm

ibdm��k�fZdkbfmfhf�ijb�ihl_gpbZe_�ihem\hegu��b�ihemrbjbghc�\������jZaZ

m`_� �l_hj_lbq_kdb� \� ������ q_f� \� i_j_f_gghlhdh\uo� f_lh^Zo�� Ijb� wlhf

nhjfZ� hldebdZ� ijZdlbq_kdb� g_� f_gyeZkv� \� aZ\bkbfhklb� hl� ghf_jZ� pbdeZ

iheyjbaZpbb�� <� oh^_� wlh]h� bkke_^h\Zgby� ih^l\_j`^_gZ� ih\ur_ggZy

qm\kl\bl_evghklv� f_lh^Z� d� dbg_lbq_kdbf� iZjZf_ljZf� we_dljhobfbq_kdbo

j_Zdpbc� b� ihemq_gh� agZq_gb_� dhgklZglu� kdhjhklb� we_dljhobfbq_kdhc

j_Zdpbb� bhgh\� pbgdZ� ohjhrh� kh]eZkmxs__ky� k� ebl_jZlmjgufb� ^Zggufb�

qlh�^_eZ_l�_]h�i_jki_dlb\guf�ijb�bkke_^h\Zgbb�we_dljh^guo�ijhp_kkh\�b

dbg_lbdb�j_Zdpbc��hkh[_ggh�ijb�\ukhdbo�kdhjhklyo�jZa\_jldb�

IjZdlbq_kdh_� bkihevah\Zgb_� ^Zggh]h� f_lh^Z� iha\hebl� ih\ukblv

lhqghklv�dZq_kl\_ggh]h�b�dhebq_kl\_ggh]h�ZgZebaZ�\_s_kl\�
J:A<BLB?�:II:J:LMJGUO�F?LH>H<�<HEVL:FF?LJBB*
<yk_e_\�F�J���MjfZgq__\�E�F�

D=LM bf�:�G�Lmihe_\Z� DZaZgv

<hevlZff_ljbq_kdb_�f_lh^u�ijh^he`Zxl�mki_rgh�bkihevah\Zlvky�b

jZa\b\Zlvky��ihkdhevdm�hgb�h[eZ^Zxl�jy^hf�ijbgpbibZevguo�^hklhbgkl\�±

hlghkbl_evghc� ijhklhlhc� b� ^_r_\baghc� ZiiZjZlmju�� [hevrbf

jZaghh[jZab_f� hij_^_ey_fuo� \_s_kl\� \� rbjhdhf� ^bZiZahg_� bo

kh^_j`Zgbc�� \ukhdhc� qm\kl\bl_evghklvx�� k_e_dlb\ghklvx� b

wdkij_kkghklvx��e_]dhklvx� Z\lhfZlbaZpbb�baf_jbl_evgh]h�ijhp_kkZ��<� lh

`_� \j_fy� ^hklZlhqgh� ihegZy� j_ZebaZpby� i_j_qbke_gguo� ^hklhbgkl\� b

ijbf_g_gb_� \hevlZff_ljbq_kdbo� f_lh^h\� kms_kl\_ggh� h]jZgbqb\Zxlky

nZdlhjZfb�� h[mkeh\e_ggufb� ki_pbnbdhc� ijhp_kkh\� \� we_dljhobfbq_kdbo

^ZlqbdZo�� D� gbf� ij_`^_� \k_]h� hlghkylky� ihf_ob� b� bkdZ`_gby

ZgZeblbq_kdh]h� kb]gZeZ� h[mkeh\e_ggu_� aZjy`_gb_f� _fdhklb� ^\hcgh]h

kehy�� g_ihklhygkl\hf� k\hckl\� beb� iehsZ^b� ih\_joghklb� we_dljh^Z�

iZ^_gb_f� gZijy`_gby� \� h[t_f_� jZkl\hjZ�� gZebqb_f� dZibeeyjguo�

dhg\_dpbhgguo�� l_ieh\uo� b� ^jh[h\uo� rmfh\� we_dljh^Z� b� l�i�� Ihwlhfm

jZkrbj_gb_� \hafh`ghkl_c� \hevlZff_ljbb� \h� fgh]hf� hij_^_ey_lky

ijbf_g_gb_f�\�g_c�f_lh^h\�b�kj_^kl\�jZ^bhwe_dljhgghc�b�\uqbkebl_evghc

l_ogbdb�� iha\heyxs_c� wnn_dlb\gh� \u^_eylv� ZgZeblbq_kdbc� kb]gZe� \

ijbkmlkl\bb�mdZaZgguo�nZdlhjh\�

?keb�\�g_^Ze_dhf�ijhrehf�rbjhdh_�\g_^j_gb_�we_dljhgbdb�ijb\_eh

d� gZklhys_fm� ©j_g_kZgkmª� \hevlZff_ljbb� [eZ]h^Zjy� \hafh`ghklb
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ijbf_g_gby� \� g_c� [hevrh]h� jZaghh[jZaby� nhjf� we_dljbq_kdh]h

\ha^_ckl\by� \� khq_lZgbb� k� khhl\_lkl\mxsbfb� �\� hkgh\ghf� ZgZeh]h\ufb�

kihkh[Zfb�\u^_e_gby�ihe_agh]h�kb]gZeZ��lh�\�ihke_^g__�\j_fy�jZa\blb_�b

jZkrbj_ggh_� bkihevah\Zgb_� \hevlZff_ljbb� b^_l� \� hkgh\ghf� aZ� kq_l�� \h�

i_j\uo�� ih\k_f_klgh]h� bkihevah\Zgby� \uqbkebl_evghc� �pbnjh\hc�� b�� \

qZklghklb�� fbdjhijhp_kkhjghc� l_ogbdb�� <h�\lhjuo� �� aZ� kq_l

kh\_jr_gkl\h\Zgby� b� kha^Zgby� gh\uo� jZagh\b^ghkl_c� i_j\bqguo

ij_h[jZah\Zl_e_c� bgnhjfZpbb� �iZjZf_ljbq_kdbo� ^Zlqbdh\��� \dexqZy

gh\u_�� qZklh� ^hklZlhqgh� keh`gu_� ih� dhgkljmdpbb�� l_ogheh]bb

ba]hlh\e_gby� b� nmgdpbhgZevguf� \hafh`ghklyf� yq_cdb� �gZijbf_j�

ijhlhqgh�bg`_dpbhggu_��� gh\u_� dhgkljmdpbb�� fZl_jbZeu� b� ihdjulby

�gZijbf_j�� [bheh]bq_kdb� Zdlb\gu_�� jZ[hqbo� we_dljh^h\�� \� qZklghklb�

mevljZ�� b� fmevlbfbdjhwe_dljh^h\�� Ijb� wlhf� qZklh� ijbf_gyxlky

l_ogheh]bq_kdb_� ^hklb`_gby� kh\j_f_gghc�fbdjhwe_dljhgbdb��?s_� h^gbf

gZijZ\e_gb_f� jZa\blby� \hevlZff_ljbb� y\ey_lky� __� bkihevah\Zgb_� \

khq_lZgbb�k�^jm]bfb�bgkljmf_glZevgufb�f_lh^Zfb�ZgZebaZ�

<� lh� `_� \j_fy�� jZaghh[jZab_� nhjf� we_dljbq_kdh]h� \ha^_ckl\by� \

^hklZlhqghc� kl_i_gb� m`_� ©mklhyehkvª�� kj_^b� gbo� \uy\e_gu� b

ij_bfms_kl\_ggh�bkihevamxlky�gZb[he__�hilbfZevgu_�±�\�aZ\bkbfhklb�hl

dhgdj_lguo� j_rZ_fuo� aZ^Zq�� :gZeh]h\u_� kihkh[u� ij_h[jZah\Zgby

�h[jZ[hldb�� kb]gZeZ�hldebdZ� �aZ� bkdexq_gb_f� i_j\bqguo� \b^h\

ij_h[jZah\Zgby� ±� lhdZ� \� gZijy`_gb_�� mkbe_gby�� fZkrlZ[bjh\Zgby� b� l�i��

ih\k_f_klgh� aZf_gyxlky� gZ� pbnjh\u_�� \uihegy_fu_� kj_^kl\Zfb

\uqbkebl_evghc�l_ogbdb��Ijb�wlhf�hgZ�bkihevam_lky�b�^ey�nhjfbjh\Zgby

lj_[m_fuo�nhjf� we_dljbq_kdh]h� \ha^_ckl\by�� b� ^ey� Z\lhfZlbabjh\Zggh]h

mijZ\e_gby� jZ[hlhc� \k_]h� baf_jbl_evgh]h� dhfie_dkZ� \� p_ehf��Ihkdhevdm

\k_�wlb�nmgdpbb�fh`_l�\uihegylv�i_jkhgZevguc�dhfivxl_j��Z�mkljhckl\Z

i_j\bqghc� h[jZ[hldb� kb]gZeZ�� \dexqZy� _]h� ij_h[jZah\Zgb_� \� pbnjh\mx

nhjfm��:PI��b�gZh[hjhl��P:I���lZd`_�fh]ml�[ulv�ihf_s_gu�\�dhjimk�ID�

lh� kh\j_f_gguc� ^hklZlhqgh� mgb\_jkZevguc� \hevlZffh]jZn� �iheyjh]jZn�

dhgkljmdlb\gh� fh`_l� ij_^klZ\eylv� kh[hc� i_j\bqguc� ij_h[jZah\Zl_ev

�^Zlqbd�� k� khhl\_lkl\mxsbfb� bkihegbl_evgufb� we_dljh�f_oZgbq_kdbfb

mkljhckl\Zfb� �\� khq_lZgbb� k� g_[hevrbf� we_dljhgguf� maehf� mkbe_gby

fhsghklb��iexk�ID�k�^hihegbl_evghc�ieZlhc�\gmljb�

*<\_^_gguc�gZ�Zg]ebckdhf�yaud_�l_jfbg�voltammetry
ijb�i_j_\h^_�gZ�jmkkdbc�dZd�\hevlZfi_jhf_ljby

l_jy_l�k\hx�we_dljhobfbq_kdmx�ki_pbnbdm�

ihkdhevdm�baf_j_gb_�\hevl�Zfi_jguo�aZ\bkbfhkl_c

rbjhdh�ijbf_gy_lky�\�nbabd_��we_dljhl_ogbd_�b

^jm]bo�h[eZklyo��Ihwlhfm�l_jfbg \hevlZff_ljby
ij_^klZ\ey_lky�[he__�lhqguf��ki_pbnbqguf�^ey

we_dljhZgZebaZ��[he__�djZldbf�b�m^h[hijhbaghkbfuf�
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WE?DLJBQ?KDB?�J:AJY>U�G:�K<H;H>GHC�IH<?JOGHKLB
J:KL<HJ:�WE?DLJHEBL:��I?JKI?DLB<U�IJBF?G?GBY�<

:G:EBA?

=_pbgZ�F�E���Y]h\�<�<�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B�<_jgZ^kdh]h J:G

GZklhysZy� jZ[hlZ� hlghkblky� d� ki_pbnbq_kdhc� h[eZklb

we_dljhobfbb�� \� dhlhjhc� jZkkfZljb\Zxlky� we_dljbq_kdb_� jZajy^u� gZ

k\h[h^ghc� ih\_joghklb� we_dljheblZ��<� p_glj_� \gbfZgby� a^_kv� gZoh^blky

]jZgbpZ�we_dljhebl/]ZahjZajy^gZy�ieZafZ��dhlhjZy��ih^h[gh�ljZ^bpbhgghc
^ey�we_dljhobfbb�]jZgbp_�we_dljhebl/f_lZee��jZa^_ey_l�h[eZklb�k�jZaguf
lbihf�ijh\h^bfhklb��BgnhjfZpbx�h�ijhp_kkZo�\�jZajy^_�gZ�ih\_joghklb

we_dljheblZ�^Zxl��]eZ\guf�h[jZahf��hilbq_kdb_�baf_j_gby��K�lhqdb�aj_gby

ZgZeblbq_kdhc� obfbb� we_dljbq_kdb_� jZajy^u� gZ� k\h[h^ghc� ih\_joghklb

we_dljheblZ� bgl_j_kgu� dZd� bklhqgbd� ZlhfbaZpbb� b� \ha[m`^_gby� ^ey

Zlhfgh�wfbkkbhggh]h� ZgZebaZ� jZkl\hjh\�� <� gZklhys_c� jZ[hl_� fu

bkihevah\Zeb� dZi_evgh�bkdjh\hc� jZajy^� �DBJ��� dhlhjuc� \hagbdZ_l� ihke_

ijh[hy�ijhf_`mldZ�f_`^m�ih\_joghklvx�`b^dhklb�b�himkdZxs_cky�gZ�g__

dZie_c�� Bamq_gu� we_dljbq_kdb_� b� hilbq_kdb_� oZjZdl_jbklbdb� DBJ� b

\hafh`ghklb�_]h�bkihevah\Zgby�^ey�hij_^_e_gby�1D��.��0J�b�&D�\�ihlhd_�

Hkgh\gZy� klZ^by�DBJ� ij_^klZ\ey_l� kh[hc� le_xsbc� jZajy^�� ^ebl_evghklv

dhlhjh]h�\�aZ\bkbfhklb�hl�iZjZf_ljh\�we_dljbq_kdhc�p_ib�f_gy_lky�hl���^h

���fk��kbeZ�lhdZ�hl������^h�����f:��gZijy`_gb_�gZ�jZajy^ghf�ijhf_`mld_��

hl� ����^h� ����<��jZaf_ju�nZd_eZ� ±� �����ff��GZ� klZ^bb� le_xs_]h�jZajy^Z

ijhbkoh^bl�jZkiue_gb_�jZkl\hjZ�\�ieZafm�b�gZ[ex^Z_lky�ZlhfgZy�wfbkkby

ijbkmlkl\mxsbo�\�jZkl\hj_�f_lZeeh\��<�ki_dlj_�DBJ�gZ[ex^Zeb�Zlhfgu_

ebgbb� /L�� 1D�� .�� 0J�� &D�� 6U�� $O�� *D�� ,Q�� 7O�� 3E�� &U�� 0Q�� )H�� &X� b� =Q�� �

Bgl_]jZevgZy� bgl_gkb\ghklv� Zlhfghc� wfbkkbb� oZjZdl_jbam_lky� ohjhr_c

\hkijhba\h^bfhklvx� �sr =0.05)��>ey� 1D�� .��0J� b� &D� bamq_gZ� aZ\bkbfhklv

bgl_gkb\ghklb�baemq_gby�hl�dhgp_gljZpbb�f_lZeeZ��gZijy`_gby�b�ijbjh^u

nhgh\h]h�we_dljheblZ� IhdZaZgZ�\hafh`ghklv�hij_^_e_gby�wlbo�we_f_glh\

\�ihlhd_�gZ�oZjZdl_jghf�^ey�ij_kguo�\h^�mjh\g_�dhgp_gljZpbc��H^ghc�ba

keh`ghkl_c� \� ijbf_g_gbb� DBJ� y\ey_lky� agZqbl_evgZy� bgl_gkb\ghklv

nhgh\h]h�baemq_gby��AZibkZg�ki_dlj�nhgh\h]h�baemq_gby�DBJ��ijh\_^_gh

hlg_k_gb_� ihehk� b� ebgbc�� bkke_^h\ZgZ� dbg_lbdZ� baemq_gby� hkgh\guo

dhfihg_glh\�� KhihklZ\e_gb_� dbg_lbq_kdbo� djb\uo� baemq_gby� f_lZeeZ� b

dhfihg_glh\� nhgZ� ihdZaZeh� p_e_khh[jZaghklv� bkihevah\Zgby� f_lh^Z

\j_f_gghc� k_e_dpbb� ijb� j_]bkljZpbb� kb]gZeZ�� qlh� iha\hebeh� memqrblv

khhlghr_gb_� kb]gZe/nhg�� Hlkmlkl\b_� wnn_dlZ� iZfylb�� k\yaZggh_� k

h[gh\ey_fhklvx� ih\_joghklb� `b^dhklb�� gbadZy� fhsghklv�� \hafh`ghklv

jZ[hlu� \� ihlhd_� b� ijhklhlZ� mkljhckl\Z� �g_� lj_[m_lky� ki_pbZevgh]h

jZkiuebl_ey�� iha\heyxl� gZ^_ylvky� gZ� bkihevah\Zgb_� DBJ� \� k_gkhjZo gZ
f_lZeeu�\�\h^_�
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FHGBLHJBG=�G?KBFF?LJBQGH=H�>BF?LBE=B>J:ABG:
<�H;T?DL:O�HDJM@:XS?C�KJ?>U

=eZ^ur_\�<�I���Dh\Ze_\Z�K�<���DmeZ]bg�?�F��

OjZfph\Z�G�:���;Z[bq�E�<�

Lhfkdbc ]hkm^Zjkl\_gguc i_^Z]h]bq_kdbc mgb\_jkbl_l
Kb[bjkdh_ hl^_e_gb_ F_`^mgZjh^ghc ZdZ^_fbb l\hjq_kl\Z

GID ©JBIKª� ]�Lhfkd

H^ghc� ba� keh`g_crbo� wdheh]bq_kdbo� ijh[e_f� dhgpZ�OO� klhe_lby

klhys_c�i_j_^�Jhkkb_c�y\ey_lky�aZ]jyag_gb_�hdjm`Zxs_c�kj_^u�\h�fgh]bo

j_]bhgZo� hklZldZfb� jZd_lgh]h� lhieb\Z� \ke_^kl\b_� jZd_lgh�dhkfbq_kdhc

^_yl_evghklb��Ijbhjbl_lguf� aZ]jyagbl_e_f� h[t_dlh\� hdjm`Zxs_c� kj_^u

�\h^h_fh\�� ihq\�� kg_`gh]h� ihdjh\Z�� y\ey_lky� g_kbff_ljbqguc

^bf_lbe]b^jZabg� �]_ilbe��� hlghkbfuc� d� kmi_jwdhlhdkbdZglZf��Dexq_\uf

fhf_glhf� j_r_gby� ijh[e_fu� aZ]jyag_gby� hdjm`Zxs_c� kj_^u� ]_ilbehf

y\ey_lky� kha^Zgb_� hi_jZlb\ghc� b� wdhghfbq_kdb� p_e_khh[jZaghc� kbkl_fu

fhgblhjbg]Z�� Hiul�� gZdhie_gguc� gZfb�� iha\hey_l� ij_^eh`blv� f_lh^

dhgp_gljbjh\Zgby�]_ilbeZ�ba�\h^guo�jZkl\hjh\�gZ�klZ^bb�ih^]hlh\db�ijh[�

baf_jylv� _]h� dhgp_gljZpbb� \� ihe_\uo� mkeh\byo� \� h[t_dlZo� hdjm`Zxs_c

kj_^u��<�gZklhys__�\j_fy�bf__lky�aZ^_e��\dexqZxsbc�mkeh\by�ihemq_gby

ZgZeblbq_kdh]h� kb]gZeZ� ]_ilbeZ� \� mkeh\byo� bg\_jkbhgghc

\hevlZfi_jhf_ljbb��Ij_^eZ]Z_fuc� \ZjbZgl� hij_^_e_gby� ]_ilbeZ� hkgh\Zg

gZ� bkihevah\Zgbb� kjZ\gbl_evgh� g_^hjh]h]h� \hevlZfi_jhf_ljbq_kdh]h

ZgZebaZlhjZ�<HE:G� �klhbfhklvx� ������ lukyqb� ^heeZjh\�KR:��� >Zgguc

ZgZebaZlhj� fh`_l� [ulv� bkihevah\Zg� \� ihe_\uo� mkeh\byo� b� jZ[hlZlv� hl

Z\lhghfguo�bklhqgbdh\�iblZgby����<��k�gbadhc�ihlj_[ey_fhc�fhsghklvx

��<l��� J_ZebaZpby� ij_^eZ]Z_fh]h� f_lh^Z� b� ZiiZjZlmjm� iha\heyl

hkms_kl\eylv� hi_jZlb\guc� dhgljhev� aZ� kh^_j`Zgb_f� ]_ilbeZ� \� h[t_dlZo

hdjm`Zxs_c� kj_^u� [_a� aZljZl� gZ� ljZgkihjlbjh\dm� ijh[�� Djhf_� lh]h�

ij_^eZ]Z_fuc� f_lh^� hij_^_e_gby� ]_ilbeZ� \� \h^guo� jZkl\hjZo� b� ^jm]bo

h[t_dlZo� hdjm`Zxs_c� kj_^u� y\ey_lky� wdheh]bq_kdb� [_ahiZkguf�� lZd� dZd

ijb� dZeb[jh\d_� ZgZebaZlhjZ� g_� lj_[m_lky� bkihevah\Zgby� wlh]h� \_s_kl\Z

beb�_]h� \h^guo� jZkl\hjh\��F_lh^�iha\hey_l�hij_^_eylv� ]_ilbe�gZ� mjh\g_

I>D�� <� kemqZ_� g_^hklZlhqghklb� qm\kl\bl_evghklb� g_h[oh^bfh

hkms_kl\blv� dhgp_gljbjh\Zgb_� ]_ilbeZ� we_dljhobfbq_kdbf� beb

wdkljZdpbhgguf� f_lh^hf�� Kha^Zgb_� b� \g_^j_gb_� \� ijZdlbdm

wdheh]bq_kdh]h� fhgblhjbg]Z� f_lh^Z� hij_^_e_gby� ]_ilbeZ� \� h[t_dlZo

hdjm`Zxs_c� kj_^u� iha\hebl� hj]ZgZf� a^jZ\hhojZg_gby� hkms_kl\eylv

ijhnbeZdlbq_kdmx� jZ[hlm�� gZijZ\e_ggmx� gZ� kgb`_gb_� mjh\gy

aZ[he_\Z_fhklb� gZk_e_gby� jy^Z� jZchgh\� b� jZajZ[hlZlv� f_ju� khpbZevghc

aZsblu� ex^_c�� ijh`b\Zxsbo� \� ih^ljZkkh\uo� jZchgZo�� gZ� l_jjblhjbx

dhlhjuo�iZ^Zxl�hljZ[hlZggu_�klmi_gb�jZd_lgh�dhkfbq_kdhc�l_ogbdb�



45
<HEVL:FI?JHF?LJBY�<H>HJH>:�G:�JLMLGUO�WE?DLJH>:O
B�HIJ?>?E?GB?�?=H�J:KL<HJBFHKLB�<�JLMLB�B

:F:EV=:F:O

=eZ^ur_\�<�I���Dh\Ze_\Z�K�<���GZaZjh\�;�N�

Bgklblml obfbq_kdhc wdheh]bb Kb[bjkdh]h hl^_e_gby F_`^mgZjh^ghc
ZdZ^_fbb l\hjq_kl\Z

<�we_dljhobfbq_kdbo�f_lh^Zo�ZgZebaZ��dZd�b�\�we_dljhobfbb��jlmlv

ijbgylh� kqblZlv� we_dljh^hf� k� b^_Zevgh� ]eZ^dhc� ih\_joghklvx�

g_jZkl\hjyxsbf�]Zah\��\�lhf�qbke_�b�\h^hjh^Z��Jlmlv��y\eyykv�g_lbibqguf

f_lZeehf�� ijb� ghjfZevguo� mkeh\byo� jZkl\hjy_l� fgh]b_� \_s_kl\Z

g_f_lZeebq_kdhc� ijbjh^u�� \h^m� b� ]Zau� �^h� ���� fe�fe� Hg) [1]� b

ih\_joghklguc� kehc� `b^dhc� jlmlb� �ihjy^dZ� �� Zlhfguo� keh_\�� bf__l

iehlghklv�gZ�����f_gvrmx�ih�kjZ\g_gbx�k�h[t_fghc�iehlghklvx�[2].
<i_j\u_� gZ� \hafh`ghklv� \hkklZgh\e_gby� bhgh\� \h^hjh^Z� k

h[jZah\Zgb_f� ZfZev]Zf� mdZau\Ze� Y�� =_cjh\kdbc� [3]�� Wdki_jbf_glZevgh
h[jZah\Zgb_� ZfZev]Zfu� \h^hjh^Z� ijb� we_dljheba_� dbkeuo� \h^guo

we_dljheblh\� [ueh� mklZgh\e_gh�N��Kfblhf� [4,5]��Wlb� jZ[hlu�� h^gZdh�� g_
ihemqbeb� jZa\blby� ^h� gZqZeZ� bkke_^h\Zgbc� Z\lhjh\� [2,6]�� <� \h^guo
jZkl\hjZo� gZ� ih\_joghklb� jlmlgh]h� dZlh^Z� \hafh`gh� ijhl_dZgb_

g_kdhevdbo�ijhp_kkh\�k�mqZklb_f�\h^hjh^Z��jZaj_r_gguo�l_jfh^bgZfbdhc

we_dljhobfbq_kdbo�kbkl_f�[7]:
�G

+
������ �G2������������������?� �������±��������jG�±��������OJ�JH2      (1)

G
+
������ �G

-                    E = -1.125 + 0.0295 lg 
H

H

K

K
−

+

                        (2)

G
+
����� �G1  ��������������������?� ��������±��������jG�±��������lg JG�     (3)

G
+
�������Hg = HgH        ?� ��������±��������jG�±��������lg JHgH    (4)

J_Zdpbb� ������fh]ml� ijb\h^blv� d� h[jZah\Zgbx� ZfZev]Zf�� Z� j_Zdpby

���� d� ^bki_j]bjh\Zgbx� �jZkiue_gbx�� jlmlb�� LZd� dZd� ihl_gpbZe

we_dljh^guo� kbkl_f� \h^hjh^Z� gZfgh]h� hljbpZl_evg__� jlmlb� [7]�� ex[Zy
nhjfZ� \hkklZgh\e_ggh]h� \h^hjh^Z�� dZd� wlh� ke_^m_l� ba� l_hjbb� kieZ\h\�� \

kbkl_f_� jlmlv�\h^hjh^� ^he`gZ� [ulv� ihl_gpbZehij_^_eyxsbf

dhfihg_glhf� kieZ\Z� ±� ZfZev]Zfu� \h^hjh^Z�� Y\e_gb_� we_dljhobfbq_kdhc

gZdZqdb�ZfZev]Zfu�gZljby�\h^hjh^hf�ijb� we_dljheba_�jZkl\hjh\�oehjb^Z

beb� ]b^jhdkb^Z� gZljby� [ueZ� mklZgh\e_gZ�K�<�Dh\Ze_\hc� [2,6]��F_lh^Zfb

\hevlZfi_jhf_ljbb�b�ojhghihl_gpbhf_ljbb�[ueh�mklZgh\e_gh�h[jZah\Zgb_

\h^hjh^kh^_j`Zsbo� ZfZev]Zf� s�f_lZeeh\� �Li – Cs, Ca – Ba)� ijb

we_dljheba_� \h^guo� jZkl\hjh\� bo� khe_c� �oehjb^h\�� i_joehjZlh\�

kmevnZlh\��b�]b^jhdkb^h\�k�jlmlguf�klZpbhgZjguf�we_dljh^hf�\�rbjhdhf

bgl_j\Ze_� dhgp_gljZpbc� b� l_fi_jZlmj� [2,6]�� H[gZjm`_gu� jZg__

g_ba\_klgu_� ijhp_kku� \u^_e_gby� \h^hjh^Z� ijb� Zgh^ghf� hdbke_gbb

ZfZev]Zf� s�f_lZeeh\�� ijb\h^ysb_� d� m\_ebq_gbx� h[t_fZ� ZfZev]Zfgh]h

Zgh^Z� [8]�� \hagbdgh\_gb_� i_jbh^bq_kdbo� kljmdlmj� b� Z\lhdhe_[Zl_evgu_
ijhp_kku� k� qZklhlZfb� ���� =p� [2,9]�� Ljb� ihl_gpbZehij_^_eyxsbo

dhfihg_glZ� \h^hjh^kh^_j`Zsbo� ZfZev]Zf� b^_glbnbpbjh\Zgu� dZd
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ZfZev]Zfu� ZlhfZjgh]h� \h^hjh^Z� H(Hg) (ZgZeh]bqgh� ZfZev]ZfZf� s-
f_lZeeh\��� ZfZev]Zfu� ]b^jb^gh]h� \h^hjh^Z� HM(Hg)� b� fhe_dmeyjgh]h
\h^hjh^Z�H2(Hg).

<� mkeh\byo�B<:� k� jlmlguf� ie_ghqguf� we_dljh^hf� gZ� k_j_[jyghc

ih^eh`d_� ^ey� \k_o� V�f_lZeeh\� h[gZjm`_gu� q_luj_� Zgh^guo� ibdZ� lhdZ�

ihl_gpbZeu� dhlhjuo� ohjhrh� dhjj_ebjmxl� k� ihl_gpbZeZfb� hdbke_gby

\ur_� hibkZgguo� \h^hjh^kh^_j`Zsbo� ZfZev]Zf�� hij_^_e_ggufb� ih� J-E b
(�W�djb\uf�^ey�jlmlgh]h�klZpbhgZjgh]h�we_dljh^Z�b�jZkkqblZggufb�ih����

3) [7]�� <ukhlu� ibdh\� lhdZ� gZ� B<:� djb\uo� khhl\_lkl\mxsbo� H(Hg) ,
HM(Hg)� b� H2(Hg)� ijb� ihl_gpbZe_� ij_^we_dljhebaZ� ±���� <� �o�k�w��

khhlghkylky� dZd� ���������� GZ� hkgh\Zgbb� dmehghf_ljbq_kdbo� jZkq_lh\� ih

iehsZ^yf� ih^� ibdZfb� lhdh\� hdbke_gby� \h^hjh^kh^_j`Zsbo� ZfZev]Zf

hp_g_gh�kh^_j`Zgb_�jZaebqguo�nhjf�\h^hjh^Z�\�jlmlb�ijb� ���
0
K��fZk���

ZlhfZjgh]h� W(H) = 10-5 ÷ 10-4
�� ]b^jb^gh]h� W(H-) = 10-7 ÷ 10-3

� b

fhe_dmeyjgh]h�W(H2) = 10-8 ÷ 10-5
��Wlb�\_ebqbgu�y\eyxlky�klZpbhgZjgufb

b� aZ\bkyl� hl� ihl_gpbZeZ� ij_^we_dljhebaZ�� dhgp_gljZpbb� b� ijbjh^u

we_dljheblZ�� l_fi_jZlmju�� Ijb� mq_l_� lh]h�� qlh� \� f_lZeebq_kdhc� jlmlb

fh]ml� ijhl_dZlv� nZjZ^__\kdb_� ijhp_kku� [8]�� \hafh`gh� \hkklZgh\e_gb_
\h^u�� jZkl\hj_gghc� \� jlmlb� k� h[jZah\Zgb_f� ZfZev]Zfu� \h^hjh^Z� �beb

]b^jhgby��

Ebl_jZlmjZ

1 =eZ^ur_\ <�I� ��@HO� ����� L� ��� N� �� K����

2� Dh\Ze_\Z K�<� �� <_klgbd L=IM� ����� <ui� �� K����

3. Heyrovsky J. //Trans. Faraday Soc.1924. V. 19. P. 785.
4. Smith F.R., Wells A.E. // Nature. 1967. V. 215. N 5706. P.1165.
5. Smith F.R., Heintze H.U. // Canad. J. Chem. 1970. V. 48. N 1. P. 203.
�� =eZ^ur_\ <�I�� Dh\Ze_\Z K�<� ��@HO� ����� L� ��� N. 10� K������
7. Pourbax M. Atlas d’equilibres electrochimiques. Paris. 1963.
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F?LH>�IJH=J:FFGH=H�<U>?E?GBY
IEHOH<UJ:@?GGUO�IBDH<�LHD:

=hjh[_p�:�B���>Z\e_lqbg�>�B���KZebo^`Zgh\Z�J�F��N�

Fhkdh\kdbc ]hkm^Zjkl\_gguc bgklblml
jZ^bhl_ogbdb� we_dljhgbdb b Z\lhfZlbdb

Fhkdh\kdZy ]hkm^Zjkl\_ggZy l_dklbevgZy ZdZ^_fby

Hkgh\guf� ihdZaZl_e_f� \hevlZfi_jhf_ljbq_kdbo� mklZgh\hd

ihke_^g_]h� ihdhe_gby� y\ey_lky� Z\lhfZlbaZpby� h[jZ[hldb� ZgZeblbq_kdh]h

kb]gZeZ� k� bkihevah\Zgb_f� \uqbkebl_evghc� l_ogbdb�� Ijbq_f� [hevrhc

bgl_j_k� ij_^klZ\ey_l kgb`_gb_� gb`g_]h� ij_^_eZ� hij_^_ey_fuo

dhgp_gljZpbc�aZ�kq_l�hjb]bgZevguo�f_lh^h\�h[jZ[hldb�\hevlZfi_jh]jZff�

D� qbkem� wlbo� f_lh^h\� ke_^m_l� hlg_klb� \u^_e_gb_� b� h[jZ[hldm

iehoh\ujZ`_gguo� ibdh\� lhdZ� gZ� \hevlZfi_jh]jZffZo� \b^Z� ��hc

ijhba\h^ghc�� Iehoh\ujZ`_gguc� ibd� ihemqZ_lky�� _keb� dhgp_gljZpby
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h^gh]h� ^_iheyjbaZlhjZ� fgh]h� [hevr_� ^jm]h]h� b� hklZlhqguc� lhd i_j\h]h
^_iheyjbaZlhjZ� i_j_dju\Z_l� fZeuc� lhd� \lhjh]h� �jbk�� ���� qlh� aZljm^gy_l

b^_glbnbdZpbx�ibdZ�\lhjh]h�dhfihg_glZ�

jbk��� Iehoh\ujZ`_gguc ibd gZ \hevlZfi_jh]jZff_ jbk��� <u^_e_gb_ \ujZ`_gguo \b^Z
\b^Z ��hc ijhba\h^ghc ibdh\ gZ \hevlZfi_jh]jZff_

GZfb� [ue� jZajZ[hlZg� Ze]hjblf� ijh]jZffgh]h� \u^_e_gby

iehoh\ujZ`_gguo� ibdh\� lhdZ� gZ� kdehgZo� khimlkl\mxs_]h� dhfihg_glZ

[hevrhc� dhgp_gljZpbb�� GZ� i_j\hf� wlZi_� ijhba\h^blky� jZaf_ldZ

\hevlZfi_jh]jZffu�y\gh�\ujZ`_gguo�ibdh\�lhdZ�b�ihl_gpbZeh\�gZqZeZ�b

dhgpZ� \hkklZgh\e_gby�hdbke_gby� we_dljhobfbq_kdb�Zdlb\gh]h� \_s_kl\Z

�WO:<�� ih� Z\lhjkdhc� hjb]bgZevghc� f_lh^bd_�� <� j_amevlZl_

\hevlZfi_jh]jZff_� \u^_eyxlky�oZjZdl_jgu_�ihl_gpbZeu�Eg�� (i�� (d��>ey
ijh\_jdb� gZebqby� gZ� kdehgZo� h[jZ[hlZggh]h� lZdbf� h[jZahf� ibdZ

iehoh\ujZ`_ggh]h�kb]gZeZ�^jm]h]h�WO:<�ijh\h^blky�^bnn_j_gpbjh\Zgb_

\hevlZfi_jh]jZffu�� IjbagZdhf� Hlkmlkl\by� iehoh\ujZ`_ggh]h� ibdZ� gZ

kdehgZo�ibdZ�lhdZ�y\ey_lky�gZebqb_�h^gh]h�IbdZ�gZ�^bnn_j_gpbjh\Zgghc

djb\hc� \� dZ`^hf� ba� ^bZiZahgh\� ����� �� jbk����� ?keb� dhebq_kl\h� ibdh\� \

^bZiZahgZo� �� beb� �� [hevr_� ��� lh� ^_eZ_lky� \u\h^� h� lhf�� qlh� gZ� kdehg_

gZoh^blky� iehoh\ujZ`_gguc� kb]gZe�WO:<��EhdZevgu_� fbgbfmfu� ihke_

ibdh\� min1,min2 [m^ml� khhl\_lkl\h\Zlv� khhl\_lkl\_ggh� gZqZem� b� dhgpm
ijhy\e_gby�iehoh�\ujZ`_ggh]h�kb]gZeZ�WO:<�

jbk��� H[gZjm`_gb_ iehoh\ujZ`_ggh]h jbk��� <hafh`gZy hrb[dZ ijb ihkljh_gbb
ibdZ lhdZ WO: dZkZl_evghc ih jZg__ gZc^_gguf djblbq_kdbf

lhqdZf

Ke_^mxsbc� wlZi� h[jZ[hldb� �� ihkljh_gb_� dZkZl_evghc� d

iehoh\ujZ`_gghfm� kb]gZem�WO:<�^ey� jZkq_lZ� _]h� \ukhlu��Ba� jbkmgdZ� �

\b^gh�� qlh� \hafh`_g� \ZjbZgl� ihkljh_gby� dZkZl_evghc� d� ibdm� lhdZ� �� ijb

dhlhjhf�\hagbdZ_l�hrb[dZ�dI \uqblZgby�kb]gZeZ�nhgZ��Wlh�y\e_gb_�fh`_l
gZ[ex^Zlvky� dZd� gZ� e_\hf� kdehg_� ibdZ� lhdZ�� lZd� b� gZ� ijZ\hf� kdehg_� \
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aZ\bkbfhklb�hl�\ebygby�nhgZ���Zkbff_ljbb�ibdZ�lhdZ���Mq_l�wlh]h�\ebygby

\uihegy_lky�ke_^mxsbf�h[jZahf�

  
  jbk��� Dhjj_dpby ihkljh_gby dZkZl_evghc jbk��� Ihbkd b ihkljh_gb_ \ukhlu

d ibdm lhdZ ^ey mq_lZ \ebygby nhgZ iehoh\ujZ`_ggh]h ibdZ lhdZ WO:<

DZkZl_evgZy� �� ehdZevgZ� ^ey� \u[jZggh]h� ibdZ� lhdZ�� Wlh� ijyfZy� �

kh_^bgyxsZy� gZqZeh� b� dhg_p� \hkklZgh\e_gby� ^_iheyjbaZlhjZ� K� mq_lhf
nhgZ� gZqZeh� b� dhg_p� [m^ml� dhjj_dlbjh\Zlvky� k� bkihevah\Zgb_f� gZr_]h

f_lh^Z�� � Dhjj_dpby� ihkljh_gby� dZkZl_evghc� gZqbgZ_lky� k� ihkljh_gby

hlj_adZ�  [ STFN(i), STFN(i+1)]. >Ze__� gZ� e_\hf� kdehg_� gZ� ^bZiZahg_
[STFN(i),PEAK(i)] dhjj_dlbjm_lky� agZq_gb_� ihl_gpbZeZ�STFN(i) k� mq_lhf
ke_^mxs_]h�mkeh\by���Imklv� ) (

�
� �  -�wlh�nmgdpby�dZkZl_evghc�gZ�hlj_ad_�[

STFN(i),STFN(i+1)]��Z� .h[sMn  - nmgdpby� lhdZ�gZ� wlhf�`_� hlj_ad_��AgZq_gb_
STFN(i) dhjj_dlbjm_lky� ^h� agZq_gby� STFN*(i) �jbk���� ^h� \uiheg_gby
ke_^mxs_]h�mkeh\by�

                  ) ( ) (
L L

� � � �≥
�

                     (1)

]^_� L Q= ��

<� ^Zgghf� kemqZ_� ( (
Q�

�  - khhl\_lkl\_ggh� ihl_gpbZeu� STFN(i) b
PEAK(i).

<�j_amevlZl_�ijh\_^_gghc�h[jZ[hldb�gZoh^blky�ihl_gpbZe�STFN*(i) ,
hljZ`Zxsbc� j_Zevgh_� gZqZeh� \hkklZgh\e_gby� ^_iheyjbaZlhjZ�� >Ze__

kljhblky� hlj_ahd�� kh_^bgyxsbc� lhqdb�STFN*(i) b�STFN(i+1). Ihke_^gbf
wlZihf� \u^_e_gby�iehoh� \ujZ`_ggh]h�ibdZ� lhdZ�WO:<� y\ey_lky�ihbkd�b

ihkljh_gb_� \ukhlu� ibdZ� lhdZ�� Djbl_jb_f� ijZ\bevghklb� ihkljh_gby

y\ey_lky�ke_^mxsbc��>ey�^bZiZahgZ�ihl_gpbZeh\�{En, Ek} H=H max.
LZdbf� h[jZahf� \ukhlZ� kljhblky� \� dZ`^hf� ^bkdj_l_� gZ� mdZaZgghf

\ur_� ^bZiZahg_� ihl_gpbZeh\� b� fZdkbfZevgZy� \ukhlZ� \u[bjZ_lky� aZ

bklbggmx�� HibkZgguc� \ur_� Ze]hjblf� nhjfZebah\Zg� b� \dexq_g� \

ijh]jZffgh_�h[_ki_q_gb_�Z\lhfZlbq_kdh]h�iheyjh]jZnh\�IEK��:
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MGB<?JK:EVG:Y�:<LHF:LBABJH<:GG:Y�;:A:�>:GGUO
<HEVL:FI?JHF?LJBQ?KDBO�F?LH>BD�:G:EBA:

=hjh[_p�:�B���>_j[Zrb�B�B���>Z\e_lqbg�>�B��
I_ljh\Z�G�Y���KZebo^`Zgh\Z�J�F��N�

Fhkdh\kdbc ]hkm^Zjkl\_gguc bgklblml
jZ^bhl_ogbdb� we_dljhgbdb b Z\lhfZlbdb

Fhkdh\kdZy ]hkm^Zjkl\_ggZy l_dklbevgZy ZdZ^_fby

JZajZ[hlZgZ� mgb\_jkZevgZy� Z\lhfZlbabjh\ZggZy� [ZaZ� ^Zgguo

\hevlZfi_jhf_ljbq_kdbo�f_lh^bd�ZgZebaZ��\dexqZxsZy�[he__�����f_lh^bd

�� ;ZaZ� kh^_j`bl� fZl_jbZe� ba� ebl_jZlmjguo� bklhqgbdh\�� =HKLh\��G>N� b

f_lh^bd���ijhr_^rbo�\_^hfkl\_ggmx�Zll_klZpbx�

FZl_jbZe� ij_^klZ\e_g� \� [Za_� ^Zgguo� \� ^\mo� nhjfZo�� lZ[ebqghc� b

iheghc�� <� lZ[ebqghc� qZklb� [Zau� kh^_j`Zlky� hkgh\gu_� hij_^_eyxsb_

ihdZaZl_eb� f_lh^bdb�� h[t_dlu� ZgZebaZ� b� hij_^_e_gby� �� khklZ\

j_dhf_g^m_fh]h� we_dljheblZ� �� ihl_gpbZe� ibdZ� lhdZ� beb� ihl_gpbZe

ihem\hegu�� j_dhf_g^m_fuc� \hevlZfi_jhf_ljbq_kdbc� j_`bf�� lbi� BW�

i_j_q_gv�f_rZxsbo�dhfihg_glh\��iheghlZ�bgnhjfZpbb�\�[Za_��hlghkblky

eb�f_lh^bdZ�d�Zll_klh\Zgghc��ebl_jZlmjgZy�kkuedZ��LZ[ebpu�khklZ\e_gu�gZ

jmkkdhf�� Zg]ebckdhf�� njZgpmakdhf� �� g_f_pdhf� b� ZjZ[kdhf� yaudZo�

LZ[ebqgZy� qZklv� [Zau� iha\hey_l� [ukljh� __� ijhkfhlj_lv�� \u[jZlv

lj_[m_fmx� bgnhjfZpbx� ih� hij_^_eyxsbf� h^ghfm�� ^\mf�� lj_f� b� l�^�

ijbagZdZf��Z�\�kemqZ_�g_h[oh^bfhklb

h[jZlblvky� d� hibkZgbx� iheghc� f_lh^bdb� kh]eZkgh� bklhqgbdm� gZ

yaud_� hjb]bgZeZ� �� H[t_dlu� ZgZebaZ� h[t_^_gu� \� ke_^mxsb_� jm[jbdb�

]_heh]by�� fbg_jZeu� b� \uly`db�� f_lZeeu� b� kieZ\u�� ihemijh\h^gbdh\u_

fZl_jbZeu� b� fhghdjbklZeeu�� \h^Z� �� iblv_\Zy�� ijbjh^gZy� b� klhqgZy��

ibs_\h_� kujv_� b� ijh^mdlu� iblZgby�� nZjfZp_\lbdZ� b� nZjfij_iZjZlu�

ihq\u�� f_^bpbgZ�� obfbq_kdb_� \_s_kl\Z�� [bhihebf_ju� �� ihebf_ju� b

[bhijh^mdlu���\ha^mo�b�ijhq__�

Bf__lky� \hafh`ghklv� Z\lhfZlbq_kdh]h� ihiheg_gby� [Zau� ^Zgguo

gh\hc�bgnhjfZpb_c�q_j_a�k_lv�Bgl_jg_gl� ��bkihevamy�m^Ze_gguc�^hklmi�d

k_j\_jm� jZajZ[hlqbdZ� beb� ihihegylv�fZl_jbZeZfb�� dhlhjufb� jZkiheZ]Z_l

hi_jZlhj��lZd��qlh�__�h[t_f�fh`_l�jZklb�ijZdlbq_kdb�[_a�h]jZgbq_gbc� ��<

[Zam� \dexq_gu� lZd� `_� f_lh^bdb�� kh^_j`Zgb_� dhlhjuo� Z\lhjZfb� g_

jZkdju\Z_lky� ih� dhff_jq_kdbf� ijbqbgZf�� <� wlhf� kemqZ_� \� jZa^_e_� k

lZ[ebqguf� fZl_jbZehf� ijb\h^ylky� h[v_dlu� ZgZebaZ� b� hij_^_e_gby� b

dhhj^bgZlu� \eZ^_evpZ� ^Zgghc� f_lh^bdb�� ;ZaZ� bkihevam_lky� dZd� hl^_evgh

lZd� b� \� khklZ\_� wdki_jlghc� kbkl_fu� Z\lhfZlbabjh\Zgguo

\hevlZfi_jhf_ljbq_kdbo� ZgZebaZlhjh\� lbih\� IM��F�� IEK��F�� IM��� b

IEK��:��<� kemqZ_�bkihevah\Zgby� k�IEK��:�ijbf_gy_lky�Windows 9*,NT
\_jkby�[Zau�^Zgguo
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DJBL?JBB�<U;HJ:�JLMLGH=H�D:I:XS?=H�WE?DLJH>:�<
F?LH>:O�I?J?F?GGHLHDH<HC�<HEVL:FI?JHF?LJBB

=hjhoh\kdZy�<�B���Debfh\Z�E�B�

DZaZgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l

<u[hj�jlmlgh]h�dZiZxs_]h�we_dljh^Z�\�f_lh^Zo�\hevlZfi_jhf_ljbb

k�bkihevah\Zgb_f�kljh[bjh\Zgby�b�\j_f_gghc�k_e_dpbb�kb]gZeZ��gZijbf_j

\�<IL�I��hkgh\Zg�gZ�kljh]bo�\j_f_gguo�djbl_jbyo��

��i_jbh^�dZiZgby�jlmlb�t�aZ^Z_lky�k�mkeh\b_f��/3t<taZ^<t,
-�iZjZf_lj�kdhjhklb�bkl_q_gby�jlmlb�m, ]�k�aZ^Z_lky R -
jZ^bmkhf�\gmlj_gg_]h�hl\_jklby�dZibeeyjZ�

ml/hHg = 4,683.106 R4
��ijb R = (3,0±0,5).10-3�kf�

��agZq_gb_ m�\�khhl\_lkl\bb�k R, hHg, l,
-nZdlhj�kn_jbqghklb�q_j_a�m = t1/6 / m1/3=1,0±0,1.
<�lZ[ebp_�ijb\_^_gu�oZjZdl_jbklbdb�^\mo�jZ[hqbo�we_dljh^h\���W���b�W���

b�bo� \ebygb_�gZ� lhdb�ibdh\�h[jZlbfh]h�^bnnmabhggh]h�ijhp_kkZ� �KG�I��

HCI� ���0�� b� dZlZeblbq_kdh]h� lhdZ� ;j^bqdb� �Kh�I��1+3�pbklbg�� ijb

fZdkbfZevghf� aZiheg_gbb� ih\_joghklb� we_dljh^Z� Z^khj[bjh\Zgguf

\_s_kl\hf���O ���kf��<�ihke_^g_c�kljhd_�ijb\_^_gu�j_dhf_g^Zpbb�;Zjd_jZ

(l=���������kf��

We_d

ljh^

m,
f]�k

t, c mt,
f]

t aZ^� c mtaZ^,
f]

R.103,
kf

hHg,
kf

ml/h,
f]�k

ip
Co,

fd$

ip
&R�pbk, lim,

fd:

W�� 2,1 3,2 7,0 2 4,3 3,1 50 0,4 66 27
1,5 3,2 54 19

W�� 1,4 6,6 9,1 3 4,2 2,8 50 0,3 65 13
2 2,8 49 7

W�; 1,7 4,5 7,7 3 5,1 3,0 70 0,36 (73) -

DZd� \b^gh� ba� lZ[e�� ^ey� h[jZlbfuo� ijhp_kkh\�fh]ml� [ulv� \u[jZgu

h[Z� we_dljh^Z�� >ey� dZlZeblbq_kdbo� lhdh\� ij_^ihql_gb_� ke_^m_l� hl^Zlv

we_dljh^m�W��� Gh�ijbqbgZ�g_� klhevdh� \� agZq_gbb� P�� kdhevdh� \� jZaebqbb
kdhjhkl_c�aZiheg_gby�ih\_joghklb�we_dljh^Z�Z^khj[bjh\Zgguf�\_s_kl\hf�
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BG<?JKBHGG:Y�<HEVL:FI?JHF?LJBY�K�LJ?M=HEVGHC
J:A<?JLDHC�IHL?GPB:E:�G:�K?J?;JYGHF�B

=:EH=?GB>K?J?;JYGHF�WE?DLJH>:O

=hjhoh\kdbc�<�F�

DZaZgkdbc bgklblml nhlhfZl_jbZeh\� ]� DZaZgv�

����Bamq_gu�we_dljhobfbq_kdb_�ijhp_kku�dZlh^gh]h�\hkklZgh\e_gby

Ag+
�\�jZkl\hjZo�obfbq_kdb�j_Z]bjmxsbo�\_s_kl\� �ZffbZd��gbd_evpbZgb^�

lbhkmevnZl�� gZ� m]hevghiZklh\hf� �MIW�� b� kl_deh]jZnblh\hf� �K=W�

we_dljh^Zo�� ��D�� Ijb� Zgh^gh�dZlh^ghc� jZa\_jld_� ihl_gpbZeZ� ijh\_^_gZ

j_]bkljZpby�lhevdh�Zgh^guo�ibdh\�$J�ba�jZkl\hjh\�GP�b�LK��<�jZkl\hjZo

ZffbZdZ� j_]bkljbjmxlky� Zgh^gh�dZlh^gu_� ibdb� $J�� ����Bamq_gh� Zgh^gh_

hdbke_gb_�$J��\u^_e_ggh]h�\� ����gZ�ih^eh`dm�MIW�beb�K=W��\�jZkl\hjZo

Cl-, Br-, I-��IhdZaZgh�obfbq_kdb�b�we_dljhobfbq_kdb��qlh�\k_�i_j\hgZqZevgh
h[jZah\Zggh_� \� ���� gZ� ih\_joghklb� MKW�K=W�� $J� \� Zgh^ghc� klZ^bb

ij_\jZsZ_lky�\�$J+DO����D��Bamq_gh�Zgh^gh_�hdbke_gb_�fZkkb\gh]h�$J���W�\

jZkl\hjZo� &O
-, Br-, I-� b� ^jm]bo� \_s_kl\� �lbhpbZgZl�� LK�� lbhfhq_\bgZ�

lbhk_fbdZj[Zab^�� wlbedkZglh]_gZl��� Z^khj[bjmxsboky� gZ� $J� b

dhfie_dkmxsbo� k� $J
+
�� ���� Lhevdh� ^ey� $J+DO� \u^_e_gghc� \� ����� ijb� D�:

jZa\_jld_� ihl_gpbZeZ� j_]bkljbjmxlky� D�:� ibdb�� Ijb� wlhf� lhdh\u_

oZjZdl_jbklbdb� �4�� fdD�� hl\_qZxl� h[jZah\Zgbx� gZ� W� nZah\hc� ie_gdb� k

qbkehf�fhe_dme� $J+DO�� khhl\_lkl\mxs_fm�FK�ihdjulbx��WO�iZjZf_lju

ijhp_kkZ���ihl_gpbZeu�b�lhdb�ibdh\��d�lu�K_f_jZgh��k\b^_l_evkl\mxl��qlh

W<� $J&O� b� \� [hevr_c� kl_i_gb� W<� $J%U� gZ� MIW�K=W�� dhgljhebjmxlky

kdhjhklvx� i_j_ghkZ� aZjy^Z�� ����Bamq_gu� hkh[_gghklb�B<:� k�MIW�$J+DO

/MK AgHal (Cl-, Br-, I-� ��� \� g_cljZevguo� jZkl\hjZo� nhgZ� b� \� jZkl\hjZo� k
Zdlb\gufb�^h[Z\dZfb� �%U

-, NH3��IW=��`_eZlbgZ��n_gbef_jdZilhl_ljZahe��

Ij_^eh`_gu� mjZ\g_gby� ihl_gpbZeh\� b� lhdh\� ibdh\� b� ^jm]b_� jZkq_lgu_

oZjZdl_jbklbdb�WO�ijhp_kkh\�gZ�KW�b�$J+DO�MIW�
I?JKI?DLB<U�IJBF?G?GBY�WE?DLJHOBFQ?KDBO�F?LH>H<
:G:EBA:�<�OBFBDH���NHLH=J:NBQ?KDHC

IJHFURE?GGHKLB

=hjhoh\kdbc�:�F���<hjh[v_\Z�=�K�

DZaZgkdbc bgklblml nhlhfZl_jbZeh\� ]�DZaZgv

We_dljhobfbq_kdb_� f_lh^u� ZgZebaZ� �WF:�� h[_ki_qb\Zxl

fZdkbfZevgmx� bgnhjfZlb\ghklv�� wdkij_kghklv�� lhqghklv� b� \hafh`ghklv

dhfivxl_jbaZpbb�gZ�obfbdh�nhlh]jZnbq_kdbo�ij_^ijbylbyo��ONI���WF:

g_hj]Zgbq_kdh]h�� hj]Zgbq_kdh]h� b� ihebf_jgh]h� kujvy�� hij_^_e_gb_

nhlh]jZnbq_kdb�Zdlb\guo�\_s_kl\� �N:<��\�kujv_� ��f_lZeeu��hdbkebl_eb�

\hkklZgh\bl_eb�� I:<��� WF:� l_ogheh]bq_kdbo� jZkl\hjh\� b� ^h[Z\hd� \

nhlh]jZnbq_kdb_�wfmevkbb���obfbq_kdb_�b�ki_dljZevgu_�k_gkb[bebaZlhju�

klZ[bebaZlhju�� Zglb\mZe_glu�� kfZqb\Zl_eb�� ^m[bl_eb� b� ^j���� WF:
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nhlh]jZnbq_kdbo� fZl_jbZeh\� b� fZ]gblguo� e_gl�� l\_j^hnZagZy

\hevlZfi_jhf_ljby� ]Zeh]_gb^h\� k_j_[jZ�� WF:� ijhy\eyxsbo� \_s_kl\� b

^h[Z\hd�\�h[jZ[Zlu\Zxsbo�khklZ\Zo��WF:�k_j_[jZ�\�jZkl\hjZo�h[jZ[hldb

l_ogheh]bq_kdbo� ijhfu\guo� b� klhqguo� \h^Zo� �� reZfZo�� WF:

nhlh]jZnbq_kdhc� `_eZlbgu� b� __� ihebf_jguo� dhfihabpbc�� WF:� \

wdheh]bq_kdhf� dhgljhe_�� :\lhjZfb� b� khljm^gbdZfb� ZgZeblbq_kdhc

eZ[hjZlhjbb�DBN� jZajZ[hlZgh� !� ���WF:�� \� hkgh\ghf�� k� bkihevah\Zgb_f

hl_q_kl\_gguo�ijb[hjh\���IIL������IM�������KZebo^`Zgh\Z�J�F�N���b�k_jbb

ijb[hjh\�WEI� ��J�R�Gb]fZlmeebg��F�J�<yk_e_\�b�^j����Dhfivxl_jbaZpby

WF:�iha\hey_l�khdjZlblv�ljm^haZljZlu�hl���^h����jZa��ih\ukblv�kdhjhklv�

lhqghklv�b�qm\kl\bl_evghklv�ZgZebaZ��<hajh`^_gb_�b�^Zevg_cr__�jZa\blb_

Jhkkbckdbo�ONI� g_\hafh`gh� [_a� bkihevah\Zgby� dhfivxl_jbabjh\Zgguo

WF:�
WE?DLJHOBFBQ?KDB?�F?LH>U�:G:EBA:�<�P?EYO
<UYKG?GBY�IJBQBGU�DHJJHABB�NHLHWFMEVKBC

=hjhoh\kdbc�<�F���Kb^hjh\�X�>���Eb�G�B���<hjh[v_\Z�=�K�

DZaZgkdbc bgklblml nhlhfZl_jbZeh\� ]� DZaZgv�

Bkke_^h\ZgZ� ijbqbgZ� dhjjhabb� ^ebl_evgh� ojZgb\r_cky� \

dhgl_cg_jZo� ba� g_j`Z\klZeb� aZklm^_g_gghc� ]Zeh]_gb^hk_j_[jyghc

j_gl]_gwfmevkbb�� <uiheg_g� ZgZeba�� nhlh]jZnbq_kdbc�� obfbq_kdbc�

fbdjhobfbq_kdbc��nbabdh�obfbq_kdbc��\dexqZy�WF:��h[jZaph\�wfmevkbc�

__�dhfihg_glh\��Z�lZd`_�fZl_jbZeZ�b�ih\_joghklb�dhgl_cg_jh\��\�dhlhjuo

ojZgbeZkv� wfmevkby�� Ijb� gZebqbb� dbkehjh^Z� \� khklZ\_� wfmevkbb

ihke_^mxsb_� ijhp_kku� dhjjhabb� \_^ml� d� h[jZah\Zgbx� hdkb^Z�`_e_aZ�,,�

j`Z\qbg�� dZd�gZ�ih\_joghklb� dhgl_cg_jZ�� hkh[_ggh� \� _]h�s_eyo� �s_e_\Zy

dhjjhaby���lZd�b�\�h[v_f_�wfmevkbb��h[jZah\Zgby�©dZ\_jgª����<�khklZ\_�l_eZ

©dZ\_jguª�b^_glbnbpbjh\Zgh�f_lZeebq_kdh_�k_j_[jh�b�hdkb^�`_e_aZ� �,,,��

F_oZgbaf�^\mof_jguo� dhevp_\uo� h[jZah\Zgbc� �lbiZ� dhe_p�Eba_]Zg]Z��gZ

ih\_joghklb� ^gZ� dhgl_cg_jZ� b� kehbkluo� ©dZ\_jgª� \� wfmevkbb

b^_glbnbpbjh\Zg� ih� :�� <bgnb�� dZd� hj]Zgbamxsb_� p_glju� obfbq_kdbo

\heg� \� ^\m� �� b� lj_of_jguo� kj_^Zo� �� ©i_ckf_cd_juª� �j_\_j[_jZlhju�

dhevp_\uo� kljmdlmj�� K^_eZg� \u\h^� h� gZebqbb� we_dljhobfbq_kdhc

dhjjhabb�� dhlhjZy� ijb\h^bl� d� ihy\e_gbx� gZ� ]jZgbp_� f_lZee�� wfmevkby

f_lZeebq_kdh]h� k_j_[jZ� �\mZebjh\Zgb_� wfmevkbb�� �� dZlh^guc� ijhp_kk� b

gZdhie_gbx� \� h[t_f_� wfmevkbb� bhgh\� ^\mo� �� b� lj_o\Ze_glgh]h� `_e_aZ� �

Zgh^gh_� jZkl\hj_gb_� f_lZeeZ� dhgl_cg_jZ�� ihke_^mxs_fm� ^m[e_gbx� b

kbg_j_abkm�wfmevkbb�
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WE?DLJHOBFBQ?KDH?�BAMQ?GB?�<:E?GLGH=H
KHKLHYGBY�DBKEHJH>:�<�GBD?E:L?�EBLBY

=hjrdh\�<�K���DZj_ebgZ�<�<���D_ee_jfZg�>�=��
Dmj[Zlh\�>�B���Ygq_gdh�F�X�

Bgklblml obfbb l\_j^h]h l_eZ MjH J:G� ?dZl_jbg[mj]
������� ?dZl_jbg[mj]� =KI����� me� I_j\hfZckdZy� ��

DZd�ihdZaZgh�\�jZ[hl_� >�@��kh_^bg_gby�/L0H22��]^_�0H�±�G�we_f_gl�

y\eyxlky� m^h[gufb�fh^_evgufb�h[t_dlZfb�^ey�bkke_^h\Zgby� \Ze_glgh]h

khklhygby� dbkehjh^Z�� <� ihke_^g__� \j_fy

ihy\bebkv� mdZaZgby� gZ� lh�� qlh� dbkehjh^� \

l\_j^uo�jZkl\hjZo�lbiZ�/LxNi1-xO (0<x<0,5)
fh`_l�gZoh^blvky�\�\b^_�bhgZ�H

– 
>�@��LZd`_

^ey� /L1L22� [ueh� ihdZaZgh�� qlh� aZf_s_gb_

bhgZ� 1L
2+
� \� 1L2� bhgZfb� /L

+
� ijb\h^bl� d

^ujdZf� \� H2p ihehk_�� Z� gbd_ev� hklZ_lky
^\moaZjy^guf�� K� ^jm]hc� klhjhgu�� ^ey

LiCoO2� b� /L)H22� aZf_s_gb_� bhgh\� �G

i_j_oh^gh]h�f_lZeeZ�bhgZfb�eblby�\_^_l�d

h[jZah\Zgbx� &R
3+
� b� )H

3+
� khhl\_lkl\_ggh

>�@�� K� p_evx� ihemq_gby� ^hihegbl_evghc

g_aZ\bkbfhc� bgnhjfZpbb� gZfb� [ueh� ijh\_^_gh� bkke_^h\Zgby

we_dljhobfbq_kdh]h� ih\_̂ _gby� /L1L22� \� dbkeuo�� g_cljZevguo� b�s_ehqguo� kj_̂ Zo� k

bkihevah\Zgb_f� m]hevgh�iZklh\h]h� we_dljhZdlb\gh]h� we_dljh^Z� �MIWW��

Hij_^_e_gh�� qlh� gZb[he__� bgnhjfZlb\gu_� djb\u_� ihemqZxlky� ijb

bkihevah\Zgbb� s_ehqguo� nhgh\�� <� h[eZklb� ����� ±� ����� <� ^ey� /L1L22

gZ[ex^Z_lky�j_adh_�\hajZklZgb_�lhdZ�\hkklZgh\e_gby�o_fhkhj[bjh\Zggh]h

dbkehjh^Z��kZf�`_�ibd�jZa^\Zb\Z_lky��wlh�y\e_gb_�hlkmlkl\m_l�^ey�/L&R22�b

1L2� �kf�� jbk���� JZg__� ih^h[gh_� y\e_gb_� [ueh� hlf_q_gh� Z\lhjZfb� >�@� ^ey

<LKI±fZl_jbZeh\�� b� ijbibkZgh� gZebqbx� H
–
�� Ih� ^Zgguf� j_gl]_gh\kdbo

nhlhwe_dljhgguo� ki_dljh\� [ueh� hp_g_gh� dhebq_kl\h� ^ujhd�

ijbkmlkl\mxsbo�\�/L1L22��GZ�h^ghf�dbkehjh^ghf�Zlhf_�ehdZebah\Zgh�����

^ujhd�� Ke_^h\Zl_evgh�� kjZ\gb\Zy� ihemq_ggu_� gZfb� ^Zggu_� ih

we_dljhobfbq_kdhfm� \hkklZgh\e_gbx� keh`guo� hdkb^h\� /L0H22� k

bf_xsbfbky� fu� fh`_f� ij_^iheh`blv�� qlh� jZaebqb_� \� ihl_gpbZeZo

\hkklZgh\e_gby�dbkehjh^Z�k\yaZgh�k�baf_g_gb_f�_]h�\Ze_glgh]h�khklhygby�
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IJBF?G?GB?�IHEYJH=J:NBB�>EY�>HD:A:L?EVKL<:
MQ:KLBY�N?JF?GL:�J:KL<HJBFHC�=M:GBE:LPBDE:AU�<

IJHP?KK:O�J?:DLB<:PBB�OHEBGWKL?J:AU

=jb]hjv_\�G�;���>Zgbeh\�:�<�

=GP JN ³GBHIBD´

Ijhp_kku� ^_nhknhjbebjh\Zgby�� b]jZxsb_� \Z`gmx� jhev� \

j_Zdlb\Zpbb� ohebgwkl_jZau� �OW��� bg]b[bjh\Zgghc� nhknhjhj]Zgbq_kdbfb

kh_^bg_gbyfb� �NH��� \hafh`gh�� k\yaZgu� k� Zdlb\Zpb_c� ]mZgbeZl�pbdeZau

hdkb^hf�ZahlZ��NO).
�OW� hkms_kl\ey_l� n_jf_glZlb\guc� ]b^jheba� Zp_lbeohebgZ� �:O��

y\eyxs_]h�ky� f_^bZlhjhf� g_j\guo� bfimevkh\�� <� gZqZevghc� klZ^bb

\aZbfh^_ckl\by� :O� k� OW� ijhbkoh^bl� hjb_glbjh\Zgb_

ljbf_lbeZffhgb_\h]h� �dZlbhggh]h�� dhgpZ� fhe_dmeu� :O� gZ� Zgbhgghf

mqZkld_� Zdlb\gh]h� p_gljZ� n_jf_glZ� aZ� kq_l� dZj[hdkbevghc� ]jmiiu

ZkiZjZ]bgh\hc� dbkehlu�� Ihke_^mxs__� hjb_glbjh\Zgb_� fhe_dmeu� :O� gZ

hilbfZevghf� jZkklhygbb� hl� hklZldZ� k_jbgZ� ijb\h^bl� d� Zp_lbebjh\Zgbx

n_jf_glZ�ih� ]b^jhdkbem� k_jbgZ�� AZ\_jrZ_lky�ijhp_kk�^_Zp_lbebjh\Zgb_f

n_jf_glZ� b� \hk�klZgh\e_gb_f� _]h� i_j\hgZqZevghc� kljmdlmju�� NH�

bg]b[blhju�OW�hlqZklb�bfblbjmxl�j_Zdpbx�:O�k�OW��<aZfh^_ckl\b_�NH

k� OW� k\h^blky� d� nhknhjbebjh\Zgbx� ]b^jhdkbeZ� k_jbgZ� �qlh� ih^h[gh

Zp_lbebjh\Zgbx��� H^gZdh� aZ\_jrZxsZy� klZ^by� �� ^_nhknhjbebjh\Zgb_� ±

ijhl_dZ_l�f_^e_ggh�

Kh]eZkgh� kh\j_f_gguf� ij_^klZ\e_gbyf� kmsghklv� ^_ckl\by

j_Zdlb\Zlhjh\�khklhbl�\�^_nhknhjbebjh\Zgbb�bg]b[bjh\Zgghc�OW�aZ�kq_l

gmde_hnbevghc� ZlZdb� j_Zdlb\ZlhjZ� gZ� nhknhjbebjh\Zgguc� ]b^jhdkbe

k_jbgZ� \� Zdlb\ghf�p_glj_�n_jf_glZ�b� \hkklZgh\e_gbb� __� i_j\hgZqZevghc

Zdlb\ghklb�

<� ^Zgghc� jZ[hl_� k� ijbf_g_gb_f� f_lh^Z� iheyjh]jZnbq_kdh]h

^_l_dlbjh\Zgby� 12� \� \b^_� gbljhijmkkb^�ZgbhgZ� ihdZaZgh�� qlh

bkke_^h\Zggu_� j_Zdlb\Zlhju� =P� �]b^jhdkbeZfbg�� ���C�ljbf_lbe_g�[bk����

ibjb^bgZev^hdkbf��[jhfb^�� ��ibjb^bg�Zev^hdkbf�� ��� b

��ibjb^bgZev^hdkbff_lbech^b^�� y\eyxlky� ^hghjZfb� =P�� Fh`gh

ij_^iheh`blv�� qlh� \� ijhp_kk_� j_Zdlb\Zpbb� OW� j_Zdlb\Zlhj� fh`_l

\uihegylv� ^\hcgmx� nmgdpbx�� ��� hdZau\Zlv� gmde_hnbevgmx� ZlZdm� gZ

nhknhjbebjh\Zgguc� ]b^jhdkbe� hklZldZ� k_jbgZ� \� Zdlb\ghf� p_glj_

bg]b[bjh\Zgghc� ohebgwkl_jZau� b� ��� [eZ]h^Zjy� kihkh[ghklb� ]_g_jbjh\Zlv

NO���Zdlb\bjh\Zlv�J=P��qlh�ijb\h^bl�d�gZdhie_gbx�p=FN��H[Z�ijhp_kkZ

[m^ml� kihkh[kl\h\Zlv� ^_nhknhjbebjh\Zgbx� bg]b[bjh\Zgghc

ohebgwkl_jZau�b�\hkklZgh\e_gbx�Zdlb\ghklb�n_jf_glZ�
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<HEVL:FI?JHF?LJBQ?KDB?�KI?DLJU
B�BO�IJ:DLBQ?KDH?�IJBF?G?GB?

=jb]hjv_\�G�;���KZebo^`Zgh\Z�J�F��N�

Fhkdh\kdbc ]hkm^Zjkl\_gguc bgklblml jZ^bhl_ogbdb�
we_dljhgbdb b Z\lhfZlbdb� �l_ogbq_kdbc mgb\_jkbl_l��

=hkm^Zjkl\_gguc gZmqguc p_glj GBHIBD

:gZeblbq_kdbf� kb]gZehf� \� \hevlZfi_jhf_ljbb� y\ey_lky

aZ\bkbfhklv� lhdZ� we_dljhobfbq_kdhc� j_Zdpbb� \hkklZgh\e_gby� beb

hdbke_gby� beb� Z^khj[pbhggh]h� lhdZ� hl� ihl_gpbZeZ� gZ� bg^bdZlhjghf

we_dljh^_�� <� ihklhygghlhdh\hc� \hevlZfi_jhf_ljbb� �<I�� b

ghjfZevghbfimevkghc� \hevlZfi_jhf_ljbb� �GB<�� aZ\bkbfhklv� bf__l

nhjfm� klmi_gb�� h[uqgh� gZau\Z_fhc� \heghc�� <� ^jm]bo� f_lh^bdZo�

gZijbf_j�� ijb� we_dljbq_kdhf� ^bnn_j_gpbjh\Zgbb� \hegu� lhdZ�� ijb

ijbf_g_gbb� [ukljhc� jZa\_jldb� gZijy`_gby� \� khq_lZgbb� k� <I�� ijb

baf_j_gbb�jZaghklgh]h�lhdZ�^\mo�khk_^gbo�bfimevkh\�\�GB<��ijhba\h^gZy

GB<��� \� \hevlZfi_jhf_ljbb� i_j_f_ggh]h� lhdZ� b� ^bnn_j_gpbZevghc

bfimevkghc� \hevlZfi_jhf_ljbb� aZ\bkbfhklv� bf__l� ibdh\mx� nhjfm�

G_h^ghdjZlgh� mdZau\Zehkv�� qlh� ibdh\Zy� nhjfZ� y\eyeZkv� gZb[he__

\u]h^ghc� ^ey� \u^_e_gby� kb]gZeZ� fZeh]h� mjh\gy� b� ih\ur_gby

k_e_dlb\ghklb�� Ibdh\Zy� nhjfZ� \hevlZfi_jhf_ljbb� hdZau\Z_lky� lZd`_

\_kvfZ�ihe_aghc�\�jy^_�kemqZ_\��\�qZklghklb��\�ke_^mxsbo�

• Ijb� ij_^klZ\e_gbb� \hafh`ghkl_c� nhgh\uo� we_dljheblh\� ^ey

hij_^_e_gby� jZaebqguo� \_s_kl\� \� \b^_� ki_dljh\��Ijb� wlhf� ibd

lhdZ�mkeh\gh�ij_^klZ\ey_lky�\�\b^_�lj_m]hevgbdh\�k�hkgh\Zgb_f�

khhl\_lkl\mxsbf�gZqZem�b�dhgpm�\hevlZfi_jh]jZffu�b�\ukhlhc�

jZ\ghc� ibdm� lhdZ� \_s_kl\Z� k� h^ghc� b� lhc� `_� dhgp_gljZpb_c�

LZdZy� ^bZ]jZffZ� gZ]ey^gh� ij_^klZ\ey_l� nhjfm

\hevlZfi_jh]jZffu�� ih� dhlhjhc� fh`gh� km^blv� h[� h[jZlbfhklb

we_dljhobfbq_kdh]h� ijhp_kkZ�� h� dhebq_kl\_� we_dljhgh\�

mqZkl\mxsbo� \� j_Zdpbb�� klZ^bcghklv� ijhoh`^_gby

we_dljhobfbq_kdhc�j_Zdpbb�

• Ijb�ij_^klZ\e_gbb�we_dljhobfbq_kdh]h�ih\_^_gby�hj]Zgbq_kdbo

\_s_kl\�� kh^_j`Zgb_� g_kdhevdbo� we_dljhobfbq_kdbo� Zdlb\guo

nmgdpbhgZevguo� ]jmii�� dZ`^Zy� ba� dhlhjuo� oZjZdl_jbam_lky

k\hbf� ZgZeblbq_kdbfb� kb]gZehf� �� ibdhf� lhdZ�� ijhy\eyxsbfky

ijb� hij_^_e_gbb� ihl_gpbZeZ�� <� j_amevlZl_� kha^Z_lky

\hafh`ghklv�ij_^klZ\eylv�hj]Zgbq_kdh_�\_s_kl\h�\�\b^_�ki_dljZ�

khhl\_lkl\mxs_]h� _]h� we_dljhobfbq_kdb� Zdlb\guf

nmgdpbhgZevguf�]jmiiZf��Wlb�ki_dlju�fh]ml�bkihevah\Zlvky�^ey

b^_glbnbdZpbb�hj]Zgbq_kdbo�\_s_kl\��gZijbf_j��e_dZjkl\_gguo

ij_iZjZlh\�
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IJBF?G?GB?�<HEVL:FI?JHF?LJBB�>EY
IJH=GHABJH<:GBY�;BHEH=BQ?KDHC�:DLB<GHKLB

12�=?G?JBJMXSBO�KH?>BG?GBC�J:AEBQGUO�DE:KKH<

=jb]hjv_\�G�;���E_\bgZ�<�B���Q_q_dbg�=�<���>Zgbeh\�:�<��
Of_evgbpdZy�?�X�

=GP JN ©GBHIBDª

Hldjulb_� wg^h]_ggh]h� NO�� ijh^mpbjm_fh]h� wg^hl_ebZevgufb

de_ldZfb� djh\_ghkguo� khkm^h\�� b� mklZgh\e_gb_� b^_glbqghklb� NO
wg^hl_ebZevghfm� j_eZd�kbjmxs_fm� nZdlhjm� �EDRF)� klbfmebjh\Zeh

jZajZ[hldm� gh\uo� e_dZjkl\_gguo� kj_^kl\�� \� hkgh\ghf� �� \Zah^beZlZlhjh\�

^_ckl\b_� dhlhjuo� hkgh\Zgh� gZ� ]_g_jZpbb� wdah]_ggh]h� NO� \� ijhp_kk_
f_lZ[hebaZpbb�

Kms_kl\mxsb_� \� gZklhys__� \j_fy� f_lh^u� bg^_glbnbdZpbb� NO
�WIJ�� ki_dljhnhlhf_ljby�� o_fbexfbg_kp_glguc� f_lh^�� g_� ^Zxl

ij_^klZ\e_gby�h�f_�oZgbafZo�]_g_jZpbb�NO \�ijhp_kk_�[bhljZgknhjfZpbb
ihl_gpbZevguo�e_dZjkl\�

>ey�h^gh\j_f_ggh]h�^_l_dlbjh\Zgby�NH�b�mklZgh\e_gby�\hafh`gh]h

f_oZgbafZ�_]h�h[jZah\Zgby�in vivo gZ�hkgh\Zgbb�wdki_jbf_glh\�in vitro [ue
jZa�jZ[hlZg� jy^� fh^_evguo� f_lh^h\� k� bkihevah\Zgb_f� iheyjh]jZnbb� gZ

jlmlghf� dZ�i_evghf� we_dljh^_��Ihemq_ggu_� j_amevlZlu� khihklZ\eyebkv� k

^Zggufb�[bhobfb�q_kdbo�bkiulZgbc�gZ�Zdlb\Zpbx�n_jf_glZ�jZkl\hjbfhc

]mZgbeZlpbdeZau� �j=P�� b� k� nZjfZdheh]bq_kdbfb� bkiulZgbyfb� gZ

kiZafheblbq_kdmx�Zdlb\ghklv�

Kmsghklv�i_j\h]h�f_lh^Z��ijbf_gbfh]h�ijb�\hkklZgh\bl_evghf�f_-
oZgbaf_�]_g_jZpbb�NO,�khklhbl�\�ZgZeba_�ihklhygghlhdh\uo�dZlh^guo�ih-
eyjh]jZff��nbdkbjmxsbo�\u^_e_gb_�NO \�j_amevlZl_�we_dljhobfbq_kdh]h
\hkklZgh\e_gby�ihl_gpbZevgh]h�^hghjZ�NH��Lbibqgufb� ij_^klZ\bl_eyfb

^Zggh]h�deZkkZ�kh_^bg_gbc�y\eyxlky�gbljhwnbju��gbljh]ebp_jbg��fhgh��b

^b�� gbljhkhj[b^u�� wjbgbl��� ijb� we_dljhobfbq_kdhf� \hkklZgh\e_gbb

dhlhjuo� ijhbkoh^bl� jZks_ie_gb_� gbljhwnbjghc� k\yab�� b� \lhjZy� \hegZ

nbdkbjm_l�\hkklZgh\e_gb_�\ukh[h`^_ggh]h�gbljblZ:

RONO2+2e+H2O →ROH +NO2
-+OH-;

 NO2
-+H+ → HNO2, HNO2+e → NO +OH-.
<�gZklhys__�\j_fy�ij_^iheZ]Z_lky��qlh�^ey�g_dhlhjuo�gbljhwnbjh\�

\� qZklghklb�� gbljh]ebp_jbgZ�� ]_g_jZpby� NO ijhbkoh^bl� ijb� mqZklbb
wg^h]_gguo�lbheh\��pbkl_bgZ��]emlZlbhgZ�:

RONO2 +2R`SH → ROH +R`SSR` +NO +H2O
<lhjhc� kihkh[� ihbkdZ� kh_^bg_gbc�� ]_g_jbjmxsbo� NO� ijb

\hkklZgh\b�l_evguo� ij_\jZs_gbyo�� khklhbl� \� bkke_^h\Zgbb

\ur_ijb\_^_gghc� j_Zdpbb� \� Zf�i_jhf_ljbq_khf� j_`bf_�� Nbdkbjm_lky

mf_gvr_gb_� \h� \j_f_gb� Zgh^ghc� \hegu� hdbke_gby� lbheZ� b� \hajZklZgb_

dZlh^ghc� \hegu� \hkklZgh\e_gby� ^bkmevnb^Z� \� aZ�\bkbfhklb� hl� jG�

JZkkqblZggZy�gZ�hkgh\Zgbb�wlbo�^Zgguo�wnn_dlb\gZy�dhgklZg�lZ�kdhjhklb
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fh`_l� kem`blv� f_jhc� e_]dhklb� \uk\h[h`^_gby� NO \� jy^m� kh_^bg_�gbc
^Zggh]h�deZkkZ�

?s_� h^bg� f_lh^� g_ijyfh]h� iheyjh]jZnbq_kdh]h� bkke_^h\Zgby

kihkh[ghk�lb� kh_^bg_gby� ]_g_jbjh\Zlv� NO� ijb� \hkklZgh\bl_evguo

ij_\jZs_gbyo�hkgh\Zg�gZ�j_Zdpbb�k�n_jjhpbZgb^hf�dZeby:
                                                                                             H+

[Fe(CN)6]
4-+X → [Fe(CN)6]

3- +Y+NO2
-;  NO2

-+[Fe(CN)6]
4- → [Fe(CN)5NO]2-

+CN-.
<� j_amevlZl_� ^Zgghc� j_Zdpbb� NO-̂ hghju� h[jZamxl

iheyjh]jZnbq_kdb� Zd�lb\guc� gbljhijmkkb^�bhg� �GI�bhg��� h� ihy\e_gbb

dhlhjh]h� k\b^_l_evkl\mxl� �� oZ�jZdl_jguo� ibdZ� gZ� bnn_j_gpbZevgh�

bfimevkghc�beb�i_j_f_gghlhdh\hc�iheyjh�]jZff_�

Ijbf_gbfhklv� hibkZgguo� f_lh^h\� [ueZ� ih^l\_j`^_gZ� gZ� ijbf_j_

ijhba�\h^guo� N-gbljhibjZaheh\� �kbgl_abjh\Zgguo� \� BHO_��� HdZaZehkv�
qlh� f_oZgbafu� obfbq_kdh]h� b� we_dljhobfbq_kdh]h� \hkklZgh\e_gby� N-
gbljhibjZaheh\� b� gbljh�wnbjh\� koh^gu�� gZ� hkgh\Zgbb� q_]h� [ueh

ij_^iheh`_gh�� qlh� ^Zggu_� kh_^bg_gby� ^he`gu� Zdlb\bjh\Zlv� j=P� b

h[eZ^Zlv� kiZafheblbq_kdbf�� Zglb]bi_jl_gab\guf� b� Zglbljhf[hlbq_kdbf

^_ckl\b_f��qlh�b�ih^l\_j^behkv�gZ�ijZdlbd_�

<_kvfZ�bgl_j_kgu�ijhba\h^gu_���gbljhibjZaheZ:

+

1+

1+
�2

�
1

1+
�

1+

&

1+
�

1+
�2

�
1

1+
�

1+

& 1

1

1

1

ijb�we_dljhobfbq_kdhf�b�obfbq_kdhf�\hkklZgh\e_gbb�dhlhjuo��dZd

b� \� kemqZ_� ijhba\h^guo� N�gbljhibjZaheh\�� ijhbkoh^bl� hls_ie_gb_

gbljh]jmiiu� \f_klh� h[uqgh]h� __� ]b^jbjh\Zgby�� <� j_amevlZl_� j_Zdpbb� k

n_jjhpbZgb^hf� dZeby� h[jZam�_lky� GI�bhg� >Zggu_� kh_^bg_gby� lZd`_

Zdlb\bjmxl�j=P�b�h[eZ^Zxl�Zglb]bi_j�l_gab\gufb�k\hckl\Zfb�

Ih� ^jm]hfm� f_oZgbafm� ]_g_jbjmxl�NO� ijhba\h^gu_� �,2-̂ bZa_lbg�

����^b�N�hdkb^u�� kbgl_abjh\Zggu_� \� Gh\hkb[bjkdhf� BHO_�� >Zggu_

kh_^bg_gby� we_d�ljhobfbq_kdb� \hkklZgZ\eb\Zxlky� k� h[jZah\Zgb_f

ijhba\h^guo� [bk�]b^jhdkbe�ZfbgZ�� h^gZdh� ijb� l_jfbq_kdhf� ]b^jheba_

\hafh`gZ�]_g_jZpby�hdkb^Z�ZahlZ�ih�ko_f_:

2

2

5
�

5
�

5
�

5
�

5
�

5
�

5
�

5
�

�121

1

H�ijhl_dZgbb�j_Zdpbb� km^beb�ih�ihy\e_gbx�ihke_�ijh]j_\Z� \hegu

\hkklZgh\e_gby�gbljbl�bhgZ��2NO + O2 + H2O → HNO2 + HNO3)
Iheyjh]jZnbq_kdb�� ih� baf_g_gbx� ij_^_evgh]h� lhdZ� ihke_

\u^_j`b\Zgby� bkke_^m_fuo� kh_^bg_gbc� ijb� jZaebqguo� l_fi_jZlmjZo�
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�[ueb� hij_^_e_gu� bo� wn�n_dlb\gu_� dhgklZglu� g_klhcdhklb[K=i t
ij/i

25
ij].

>ey� �� ijhba\h^guo� �,2-̂ bZa_lbg�����^b�N�hdkb^h\� k� jZaebqgufb� R1-R4

gZ[ex^ZeZkv� m^b\bl_evgZy� dhjj_eypby� f_`^m� \_ebqbghc� D� k� h^ghc

klhjhgu� b� Zdlb\Zpb_c� j=P�� kl_i_gvx� bg]b[bjh\Zgby� Z]j_]Zpbb

ljhf[hpblh\�� Z� lZd`_� kh� kiZafheblbq_kdbfb� b� Zglb]bi_jl_gab\gufb

k\hckl\Zfb�k�^jm]hc�klhjhgu�

Hij_^_e_gb_� \hafh`ghklb� ]_g_jZpbb� NO� ijb� hdbkebl_evguo

ij_\jZs_gb�yo�ijh\h^behkv�ih�f_lh^m�� koh^ghfm� k�f_lh^hf� obfbq_kdh]h

\hkklZgh\e_gby� n_j�jhpbZgb^hf� dZeby�� <� wlhf� kemqZ_� \hkklZgh\bl_ev

K4[Fe(CN)6] aZf_gy_lky�gZ�hdbkebl_ev�K3[Fe(CN)6], b�ijhl_dZxl�ke_^mxsb_

j_Zdpbb:
                           OH-

X + [Fe(CN)6]
3-. → Y + [Fe(CN)6]

4- +NO,

2NO+1/2O2+2OH- →2 NO2
- +H2O,

                                 H+

NO2
- + [Fe(CN)6]

4-→ [Fe(CN)5NO]2- +CN- .
I_j\hgZqZevgh� f_lh^� [ue� bkiulZg� gZ� ba\_klguo� ^hghjZo� NO

]b^jhdkbeZfbg_� b� fhekb^hfbg_� �i_j\hf� Zglb]bi_jl_gab\ghf� ij_iZjZl_�

^_ckl\b_�dhlhjh]h�k\yaZgh�k�\u^_e_gb_f�NO�ijb�hdbke_gbb���K�ihfhsvx

^Zggh]h� f_lh^Z� [ueZ� ^hdZaZgZ� ]_�g_jZpby� NO� ijb� hdbke_gbb� hdkbfh\�
]b^jhdkZfh\uo� dbkehl�� Zfb^bgh\� b� mdZaZg�guo� \ur_� ijhba\h^guo� ��

gbljhibjZaheZ�� qlh� lZd`_� [ueh� ih^l\_j`^_gh� [bhobfb�q_kdbfb� b

nZjfZdheh]bq_kdbfb� bkiulZgbyfb. Hkh[h� ke_^m_l� hlf_lblv� \u^_e_�gb_
NO�ijb�hdbke_gbb�^b_g^bZfbgh\uo�ijhba\h^guo�bg^hebghgZ-3��\�dhlhjuo
bfblbjm_lky�we_dljhggh_�kljh_gb_�]mZgb^bgh\hc�]jmiibjh\db���bklhqgbdZ

wg^h]_ggh]h�NO:

+

2 &1

1+
�

11
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D<:ABKL:PBHG:JGUC�F?LH>�J?R?GBY
>BNNMABHGGUO�A:>:Q�<�F?LH>?�BG<?JKBHGGHC
<HEVL:FI?JHF?LJBB�G:�L<,J>HF�WE?DLJH>?

=mgph\�:�<�

Lxf_gkdbc ]hkm^Zjkl\_gguc g_nl_]Zah\uc mgb\_jkbl_l� ]� Lxf_gv

:gZebabjmxlky� ijhp_kku� jhklZ� b� jZkl\hj_gby� fZeuo� dhebq_kl\

hkZ^dZ� gZ� l\zj^hf� bg^bnn_j_glghf� we_dljh^_�� D\ZabklZpbhgZjguf

f_lh^hf� j_r_gu� hkgh\gu_� aZ^Zqb� h� jhkl_� b� jZkl\hj_gbb� ^bnmabhggh�

g_\aZbfh^_ckl\mxsbo� aZjh^ur_c� hkZ^dZ�� Ihemq_gu� mjZ\g_gby

\hevZfi_jguo� djb\uo� ^ey� h[jZlbfh]h� b� g_h[jZlbfh]h� we_dljh^guo

ijhp_kkh\�we_dljhjZkl\hj_gby�aZjh^ur_c�hkZ^dZ��<u\_^_gu�mjZ\g_gby�^ey

lhdZ�b�ihl_gpbZeZ�ibdZ�\hevlZfi_jghc�djb\hc��Lhd�ibdZ�ijhihjpbhgZe_g

dhebq_kl\m� hkZ^dZ� gZ� we_dljh^_�� Ihemq_gu� mjZ\g_gby� ^ey� dhebq_kl\Z

gZdZieb\Z_fh]h� gZ� we_dljh^_� hkZ^dZ� ^ey� h[jZlbfh]h�� g_h[jZlbfh]h� b

d\Zabh[jZlbfh]h�we_dljh^guo�ijhp_kkh\�

Ihemq_ggu_� j_amevlZlu� dZq_kl\_ggh� hibku\Zxl� fgh]hqbke_ggu_

wdki_jbf_glZevgu_� ^Zggu_�� aZ\bkbfhklb� lhdZ� ibdZ� J
i b� dhebq_kl\Z

we_dljbq_kl\Z�Q�hl�iZjZf_ljh\�klZ^bb�we_dljhgZdhie_gby�±�dhgp_gljZpbb
bhgh\�\�jZkl\hj_��ihl_gpbZeZ�b�\j_f_gb�ij_^we_dljhebaZ�

IjhZgZebabjh\Zgu� ijhp_kku� h[jZah\Zgby� b� jZkl\hj_gby� ljm^gh� b

fZehjZkl\hjbfuo�kh_^bg_gbc�k�mqzlhf�^bnnmabb�dZlbhgh\�\gmljb�l\zj^hc

nZau�hkZ^dZ�b�^bnnmabb� Zgbhgh\� \�jZkl\hj_� we_dljheblZ�^ey� h[jZlbfh]h

we_dljh^gh]h� ijhp_kkZ�� JZkkfhlj_gu� kemqZb� jhklZ� hkZ^dZ� \� \b^_

aZjh^ur_c� b� \� \b^_� kiehrghc� iezgdb�� <� h[hbo� kemqZyo� dhebq_kl\h

we_dljbq_kl\Z� Q� aZ\bkbl� hl� ijhba\_^_gby� jZkl\hjbfhklb� kh_^bg_gby
hkZ^dZ�� AZ\bkbfhklb� Q� hl� iZjZf_ljh\� klZ^bb� we_dljhgZdhie_gby

khhl\_lkl\mxl� wdki_jbf_glZevguf� ^Zgguf� bamq_gguo� gZfb� kbkl_f� b

^Zgguf�^jm]bo�Z\lhjh\�

Ihemq_ggu_� mjZ\g_gby� iha\heyxl� ihemdhebq_kl\_ggh� hibku\Zlv

wdki_jbf_glZevgu_� ^Zggu_�� >ey� ihegh]h� dhebq_kl\_ggh]h� hibkZgby

wdki_jbf_glZ� g_h[oh^bfh� agZlv� dhebq_kl\h� aZjh^ur_c� gZ� we_dljh^_�� bo

jZkij_^_e_gb_�ih�iehsZ^b�we_dljh^Z�b�bo�jZkij_^_e_gb_�ih�jZaf_jZf��>ey

wlh]h�g_h[oh^bfh�ijb\e_dZlv� we_dljhggh�fbdjhkdhibq_kdh_�bkke_^h\Zgb_

gZqZevguo� klZ^bc� h[jZah\Zgby� hkZ^dZ� gZ� we_dljh^_� \� mkeh\byo� f_lh^Z

bg\_jkbhgghc�\hevlZfi_jhf_ljbb�
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L?HJBY�D:LH>GHC�BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB
IJB�HK:@>?GBB�G:�WE?DLJH>?�G?KDHEVDBO

F:EHJ:KL<HJBFUO�KH?>BG?GBC

=mgph\�:�<���AZoZjh\�F�K�

Lxf_gkdbc ]hkm^Zjkl\_gguc g_nl_]Zah\uc mgb\_jkbl_l� ]� Lxf_gv

<� f_lh^_� dZlh^ghc� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� \� klZ^bb

we_dljhgZdhie_gby� \� ijbkmlkl\bb� \� jZkl\hj_� g_kdhevdbo� Zgbhgh\

�gZijbf_j��Cl¯, Br¯ ) gZ�bg^bdZlhjghf�f_lZeebq_kdhf�we_dljh^_��gZijbf_j�
k_j_[jyghf�� \hafh`gh� hkZ`^_gb_� g_kdhevdbo� fZehjZkl\hjbfuo

kh_^bg_gbc�� ijb� we_dljhjZkl\hj_gbb� dhlhjuo� dZlh^gu_� ibdb

gZdeZ^u\Zxlky�^jm]�gZ�^jm]Z��Wlhl�kemqZc�bf__l�agZq_gb_�ijb�hij_^_e_gbb

h[s_]h� kh^_j`Zgby� ]Zeh]_gb^�bhgh\� \� jZkl\hj_�� MjZ\g_gb_� ^ey� lhdZ� \

fZdkbfmf_�dZlh^ghc�iheyjbaZpbhgghc�djb\hc bf__l�\b^�

( ) ( ) �

��

�

�
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⋅
=
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*

fW

//

*&&

*

H//
&&

*&&

//
]*1I-

IK

ωπ  (1),

]^_ L1, L2 – ijhba\_^_gby� jZkl\hjbfhklb� i_j\h]h� b� \lhjh]h

fZehjZkl\hjbfh]h� kh_^bg_gbc��K1��K2 – dhgp_gljZpbb� i_j\h]h� b� \lhjh]h

Zgbhgh\�\�jZkl\hj_��
P9

*
�= ; Vm – fhevguc�h[tzf�l\zj^hc�nZau�hkZ^dZ��N –

dhebq_kl\h� aZjh^ur_c� fZehjZkl\hjbfh]h� kh_^bg_gby� gZ� we_dljh^_�� &� ±

kdhjhklv� baf_g_gby� ihl_gpbZeZ we_dljh^Z��
57

])
I = �� JZkkqblZggu_� ih

mjZ\g_gbx� ���� aZ\bkbfhklb� Jmax=f(C), bf_xl� ijyfhebg_cguc� oZjZdl_j� b

ih^l\_j`^_gu�wdki_jbf_glZevgh�

MjZ\g_gby� ^ey� ihl_gpbZeZ� fZdkbfmfZ� �?
fZo

) dZlh^ghc

iheyjbaZpbhgghc�djb\hc�bf__l�\b^�
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+

++= − IK
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&&
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&&

I
WI

I
((

��

��

��

��

PD[
OQ

�

�

�
OQ

� ω  (2),

]^_� Ep – jZ\gh\_kguc� ihl_gpbZe� kbkl_fu�� t – \j_fy� we_dljhgZdhie_gby
hkZ^dZ� fZehjZkl\hjbfh]h� kh_^bg_gby� gZ� we_dljh^_�� h – i_j_gZijy`_gb_
ijhp_kkZ�we_dljhjZkl\hj_gby�hkZ^dZ�gZ�we_dljh^_��Ijb�_

-fh
§��mjZ\g_gb_ (2)

ijb\h^blky�d�\b^m�

��PD[
//.- ⋅= ������]^_�

( )
( )�

�

��

�

�

��

� &&

&&

.
. +⋅

⋅
= .

�Ijb�L1 »L2

Emax=const+
�

�
/

I
 (4), l�_�� k� m\_ebq_gb_f� ijhba\_^_gby� jZkl\hjbfhklb

ihl_gpbZe� fZdkbfmfZ� kf_sZ_lky� \� we_dljhiheh`bl_evgmx� h[eZklv�� qlh

ih^l\_j`^Z_lky�wdki_jbf_glhf�
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JHKL�B�J:KL<HJ?GB?�A:JH>UR?C�F:EHJ:KL<HJBFUO
KH?>BG?GBC�HK:>D:�G:�L<,J>HF�WE?DLJH>?�>EY

MKEH<BY�F?LH>:�BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB

=mgph\�:�<���AZoZjh\Z�H�F�

Lxf_gkdbc ]hkm^Zjkl\_gguc g_nl_]Zah\uc mgb\_jkbl_l� ]� Lxf_gv

GZfb�ihemq_gh�mjZ\g_gb_�^ey�dhebq_kl\Z�hkZ^dZ�gZ�we_dljh^_�\�\b^_

h[tzfguo� ljzof_jguo� ihemkn_jbq_kdbo� aZjh^ur_c� ^ey� h[jZlbfh]h

ijhp_kkZ� we_dljhgZdhie_gby� hkZ^dZ� gZ� ih\_joghklb� l\zj^h]h

bg^bnn_j_glgh]h�we_dljh^Z�
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I

7

2..I

7

2$$

7

η
ηπ  (1),

]^_�
P

7
9

&
�= ; Vm – fhevguc�h[tzf�\_s_kl\Z�hkZ^dZ�

57

])
I = ; L – ijhba\_^_gb_�jZkl\hjbfhklb�

MjZ\g_gb_� ���� mqblu\Z_l� ^bnnmabx� dZlbhgh\� \gmljb� aZjh^urZ� b

^bnnmabx�Zgbhgh\�\�jZkl\hj_�we_dljheblZ�

Ihemq_gh�mjZ\g_gb_�\hevlZfi_jghc�djb\hc�jZkl\hj_gby�aZjh^ur_c

hkZ^dZ��Hgh�bf__l�\b^�
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2.2$

WI

7

2..WI

7

2$$

2.2$

WI

7

2..WI

7

2$$

R7

&&

H/

&

&'
H

&

&'

W
&&I

H/

&

&'
WH

I&

&'
5&])-

ω
ω

ω
ω

ωω
π

]^_�R0 – i_j\hgZqZevguc�jZ^bmk� aZjh^urZ��&� ±� kdhjhklv�jZa\zjldb

ihl_gpbZeZ�

GZ� hkgh\_� mjZ\g_gbc� ���� b� ���� [ueb� jZkkqblZgu� aZ\bkbfhklb� lhdZ

ibdZ�\hevlZfi_jh]jZffu�Jn b�dhebq_kl\Z�we_dljbq_kl\Z�gZ�we_dljh^_�Q hl
iZjZf_ljh\�klZ^bb�we_dljhgZdhie_gby��t – \j_f_gb�ij_^we_dljhebaZ��?����±
ihl_gpbZeZ� ij_^we_dljhebaZ�� KH:� ±� dhgp_gljZpbb� Zgbhgh\� \� jZkl\hj_

we_dljheblZ�

JZkkqblZggu_� aZ\bkbfhklb� ohjhrh� kh]eZkmxlky� k

wdki_jbf_glZevgufb� ^Zggufb� ih� bg\_jkbhgghc� \hevlZfi_jhf_ljbb

khexlbahgZ�� lbhi_glZgZ�� l_lmjZfZ� b� lbhnhknZfb^Z� gZ� k_j_[jyghf

we_dljh^_�

JZkqzlu� ^ey� lhdZ� ibdZ� ijh\h^bebkv� qbke_gguf� kihkh[hf� gZ� W<F

imlzf� h[kqzlZ� k_jbb� \hevlZfi_jguo� djb\uo� ^ey� jZaebqguo� agZq_gbc
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dZdh]h�eb[h� iZjZf_ljZ�� JZkqzlu� \_ebkv� \� fZl_fZlbq_kdhf� iZd_l_

Mathcad 8.1.
DHK<?GGH?�I?J?F?GGHLHDH<H?
<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?

NHJF:EV>?=B>:�G:�<BKYS?C�JLMLGHC�D:IE?�<
IJBKMLKL<BB�DBKEHJH>:

>_^h\�:�=���AZcp_\�G�D���AZcp_\�I�F���IZ\exd�:�<���Kmkeh\�K�=�

Jhkkbckdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l G_nlb b =ZaZ bf� B�F�=m[dbgZ�
nZdmevl_l obfbq_kdhc l_ogheh]bb b wdheh]bb�

dZn_^jZ h[s_c b g_hj]Zgbq_kdhc obfbb�
������� =KI��� Fhkd\Z� E_gbgkdbc ij�� ^����

NhjfZev^_]b^� �N:�� rbjhdh� ijbf_gy_lky� \� obfbb� ihebf_jh\�

hj]Zgbq_kdhf� kbgl_a_�� f_^bpbg_� b� kZgblZjbb� b� y\ey_lky� h^gbf� ba

jZkijhkljZg_gguo� aZ]jyagbl_e_c� hdjm`Zxs_c� kj_^u�� N:� h[eZ^Z_l

h[s_y^h\bluf� b� dZgp_jh]_gguf� ^_ckl\b_f�� >ey� hij_^_e_gby� N:� \

hdjm`Zxs_c� kj_^_� rbjhdh� ijbf_gyxlky� iheyjh]jZnbq_kdb_� f_lh^u

ZgZebaZ�� H[uqgh� i_j_^� iheyjh]jZnbjh\Zgb_f� m^Zeyxl� ba� bkke_^m_fh]h

jZkl\hjZ� jZkl\hj_gguc� dbkehjh^� \ha^moZ� iml_f� [Zj[hlbjh\Zgby� q_j_a

jZkl\hj� bg_jlgh]h� ]ZaZ�� qlh� y\ey_lky� fZeh� ijbf_gbfuf� \� mkeh\byo

\g_eZ[hjZlhjghc� ijZdlbdb�� Ihwlhfm� ij_^klZ\ey_l� ijZdlbq_kdbc� bgl_j_k

jZajZ[hldZ� f_lh^bdb� iheyjh]jZnbq_kdh]h� hij_^_e_gby� N:� [_a

ij_^\Zjbl_evgh]h� m^Ze_gby� ba� jZkl\hjZ� dbkehjh^Z�� Bkihevah\Zgb_

klZpbhgZjgh]h� jlmlgh]h� we_dljh^Z� \� \b^_� \bkys_c� jlmlghc� dZieb

h[_ki_qb\Z_l�agZqbl_evgh_�khdjZs_gb_�jZkoh^Z�jlmlb�gZ�h^gh�hij_^_e_gb_�

qlh�fh`_l�[ulv�ihe_agh�^ey�fh[bevguo�eZ[hjZlhjbc�b�memqrZ_l�wdheh]bx

jZ[hq_]h�f_klZ�

<� gZklhys_c� jZ[hl_� jZajZ[hlZgZ� f_lh^bdZ� dhk\_ggh]h

i_j_f_gghlhdh\h]h� \hevlZfi_jhf_ljbq_kdh]h�hij_^_e_gby�nhjfZev^_]b^Z

\�^bZiZahg_� ���� ±� ���f]�e� \� \b^_� _]h� ]b^jZahgZ�gZ� klZpbhgZjghc� \bkys_c

jlmlghc� dZie_� gZ� nhg_� [mn_jgh]h� jZkl\hjZ� k� jG� ���±���� k� [hevrbf

ba[uldhf� ]b^jZabgZ� ������ ±���� fhev�e�� [_a� m^Ze_gby� jZkl\hj_ggh]h

dbkehjh^Z�� :gZeblbq_kdbc� kb]gZe� j_]bkljbjm_lky� k� bkihevah\Zgb_f

khijy`_ggh]h� k� dhfivxl_jhf� fZeh]Z[Zjblgh]h� \hevlZfi_jhf_ljbq_kdh]h

ZgZebaZlhjZ� ³WDHL?KL�<:´�� Ij_^_e� h[gZjm`_gby� nhjfZev^_]b^Z� ^ey

ij_^eZ]Z_fhc�f_lh^bdb�khklZ\ey_l�����f]�e�
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MEVLJ:FBDJHWE?DLJH>U���HIULGU?�H;J:APU�
J?=BKLJBJMXS:Y�:II:J:LMJ:�
F?LH>BQ?KDH?�H;?KI?Q?GB?

>_fbg�<�:���DZf_g_\�:�B���Ebfbg�;�?���Kb^Zdh\�:�:�

A:H ©:el_c�ZgZeblª� ]�KZgdl�I_l_j[mj]�
F=M bf�F�<�Ehfhghkh\Z� ]�Fhkd\Z

:ijh[bjh\Zgu� hiulgu_� h[jZapu� mevljZfbdjhwe_dljh^h\� �MFW�� ba

ieZlbgu�� ahehlZ�� m]e_jh^gh]h� \hehdgZ� k� ^bZf_ljhf� jZ[hq_]h� iylgZ

8...10�fdf�� FZl_jbZe� baheylhjZ� �� kl_deh�� ijbkh_^bgbl_evguc� dZ[_evguc

jZat_f�lbiZ�KJ����

Mqblu\Zy�� qlh� iehsZ^v� jZ[hq_c� ih\_joghklb� MFW� gZ� �� ihjy^dh\

f_gvr_�� q_f� iehsZ^v� h[uqguo� \jZsZxsboky� we_dljh^h\� ^ey

bg\_jkbhgghc� \hevlZfi_jhf_ljbb�� ihlj_[h\Zehkv� jZajZ[hlZlv� baf_jbl_ev

fZeuo�lhdh\��iha\heyxsbc�m\_j_ggh�baf_jylv�lhdb�\�^bZiZahg_�hl�_^bgbp

i:� ^h� ^_kyldh\� g:�� Hij_^_e_ggu_� ijh[e_fu� \ua\Zeh� lj_[h\Zgb_

kh\j_f_gghc� ijb[hjghc� ko_fhl_ogbdb� �� ihegh_� mijZ\e_gb_� ijb[hjZ� hl

dhfivxl_jZ�

<� kha^Zgghf� nbjfhc� ©:el_c�ZgZeblª� \hevlZfi_jhf_ljbq_kdhf

ZgZebaZlhj_� <E:���� i_j_dexq_gb_� ^bZiZahgh\� lhdZ� hkms_kl\ey_lky� dZd

h[uqgufb�i_j_dexqZl_eyfb��lZd�b�we_dljhggufb�dhffmlZlhjZfb��Hkh[h_

\gbfZgb_� m^_e_gh� wdjZgbjh\Zgbx� \oh^guo� lhdh\uo� p_i_c� hl

gbadhqZklhlguo� k_l_\uo� ihf_o� ijhfure_gghc� qZklhlu� ���=p� b� hl� lhdh\

\ukhdhc� qZklhlu�� >ey� wlh]h� bkihevah\Zgu� dZd� ljZ^bpbhggu_

wd\bihl_gpbZevgu_� wdjZgu� �\iehlv� ^h� jZ[hq_]h� iylgZ� we_dljh^Z��� lZd� b

ki_pbZevgZy� ljZkkbjh\dZ� rbg� aZa_fe_gby�� iblZgby�� lhdh\_^msbo

ijh\h^gbdh\�� >ey� kgb`_gby� kh[kl\_gguo� rmfh\� mkbebl_e_c� iblZgb_

hkms_kl\eyehkv�ihgb`_gguf�klZ[bebabjh\Zgguf�gZijy`_gb_f�±5�<��Ijb
baf_j_gbb� lhdh\� gZ� mjh\g_� ���i:� [ukljh^_ckl\b_� <E:���� khklZ\ey_l

_^bgbpu�fbeebk_dmg^�

Ijh]jZffgh_�b�f_lh^bq_kdh_�h[_ki_q_gb_�ijb[hjZ�<E:�����gZ�wlZi_

jZajZ[hldb�� aZbfkl\h\Zgh� hl� ZgZebaZlhjZ� \hevlZfi_jhf_ljbq_kdh]h�O:G�

��� k_jbcgh� \uimkdZ_fh]h� nbjfhc� ©:el_c�ZgZeblª�� Ij__fkl\_gghklv

ZgZebaZlhjh\� h[_ki_qb\ZeZkv� l_f�� qlh� h[Z� ijb[hjZ� kha^Z\Zebkv� h^gbf� b

l_f�`_�dhee_dlb\hf�jZajZ[hlqbdh\�

I_j\u_� bkiulZgby� dhfie_dlZ� gZkljh_gghc� ZiiZjZlmju� ihdZaZeb

\hafh`ghklv� ^_lZevgh]h� bkke_^h\Zgby� gZ� ijb[hj_� <E:���� ijhp_kkh\� gZ

ih\_joghklb� MFW� gZ� mjh\g_� ibdhZfi_jguo� lhdh\� ijZdlbq_kdb� \

hlkmlkl\b_� ihf_o�� H^ghc� ba� ijh[e_f� y\behkv� gZebqb_� [hevrbo� \_ebqbg

hklZlhqgh]h� lhdZ� gZ� g_dhlhjuo� h[jZapZo� we_dljh^h\�� >bnn_j_gpbZevgh�

bfimevkguc� f_lh^� j_]bkljZpbb� iha\hebe� mf_gvrblv� \ebygb_� gZdehgZ

djb\uo�

Fh^bnbdZpby� ZgZebaZlhjZ� <E:���� k� \kljh_gguf

fbdjhdhgljhee_jhf�ij_^iheZ]Z_l�\hafh`ghklv�j_]bkljZpbb�ibdh\�lhdZ�gZ



64
mjh\g_� ^_kyldh\� ibdhZfi_j� ijb� mjh\g_� \oh^gh]h� kb]gZeZ� \� ^_kyldZo

gZghZfi_j�
GH<U?�IH>OH>U�D�KHA>:GBX�:II:J:LMJU�>EY
WE?DLJHOBFBQ?KDH=H�:G:EBA:

>_fbg�<�:���Ebfbg�;�?�

NbjfZ ³:el_c�ZgZebl´� ]�KZgdl�I_l_j[mj]

H[km`^Zxlky�\hijhku�kha^Zgby�gh\h]h�ihdhe_gby�l�g��\bjlmZevguo

ijb[hjh\��hjb_glbjh\Zgguo�gZ�rbjhdbc�djm]�ihevah\Zl_e_c��<bjlmZevguc

ijb[hj iha\hey_l� kms_kl\_ggh� baf_gylv� k\hb� nmgdpbb�� bkihevamy� ^ey

wlh]h�ijh]jZffgu_�kj_^kl\Z�

<bjlmZevgZy� ZiiZjZlmjZ� khq_lZ_l� dhf[bgZpbx� nbdkbjh\Zgguo

ZiiZjZlguo� iZjZf_ljh\� k� ]b[dh� aZ^Z\Z_fuf� ihevah\Zl_e_f� ijh]jZffguf

h[_ki_q_gb_f� ZgZeblbq_kdh]h� dhfie_dkZ�� F_gyy� dhfie_dl� i_j\bqguo

ij_h[jZah\Zl_e_c� �^Zlqbdh\�� b� bgl_jn_ckgmx� ieZlm� khijy`_gby�� fh`gh

kha^Z\Zlv�ijb[hju�jZaebqgh]h�gZagZq_gby��Ijb�wlhf�g_h[yaZl_evgh��qlh[u

\k_� we_f_glu� ko_fu� [ueb� aZdexq_gu� \� h^bg� dhjimk� beb� ihklZ\eyebkv� \

aZdhgq_gghf� \b^_� hl� h^gh]h� ihklZ\sbdZ�� <� wlhf� kemqZ_� bf_ggh

ihevah\Zl_ev�� Z� g_� ijhba\h^bl_ev� hij_^_ey_l� nmgdpbhgZevgu_

oZjZdl_jbklbdb�dhg_qgh]h�ijb[hjZ�

<� ��������]]�� khljm^gbdZfb� nbjfu� ©:el_c�ZgZeblª� jZajZ[hlZg� b

\g_^j_g� \� ijhba\h^kl\h� ZgZebaZlhj� \hevlZfi_jhf_ljbq_kdbc� O:G���

dhlhjuc� \h�fgh]hf� h[eZ^Z_l� q_jlZfb� \bjlmZevgh]h� ijb[hjZ��:gZebaZlhj

j_Zebam_l�f_lh^�bg\_jkbhgghc�\hevlZfi_jhf_ljbb��h[_ki_qb\Zy�baf_j_gb_

dhgp_gljZpbb� bhgh\� f_lZeeh\� \� \h^guo� jZkl\hjZo� \� ^bZiZahg_� hl� �� ^h

1000�fd]�e�� Ij_^_e� ^himkdZ_fhc� hlghkbl_evghc� ih]j_rghklb� ijb

baf_j_gbb�dhgp_gljZpbb�dZ^fy�\�dhgljhevguo�jZkl\hjZo�\�^bZiZahg_�hl��

^h�����fd]�e�khklZ\ey_l�±20%.
Ijb[hj� O:G��� jZ[hlZ_l� ih^� mijZ\e_gb_f� ,%0�kh\f_klbfh]h

dhfivxl_jZ� �hl� ����^h� 3HQWLXP� ,,��b�\uihegy_l�\�Z\lhfZlbq_kdhf�j_`bf_

ZgZeblbq_kdbc�wdki_jbf_gl��ij_^eZ]Zy�hi_jZlhjm�\hafh`gu_�^_ckl\by�

Ijh]jZffgh_� h[_ki_q_gb_� hjb_glbjh\Zgh� gZ� g_ih^]hlh\e_ggh]h

ihevah\Zl_ey:� ^Z`_� g_� bf_y� wdkiemZlZpbhgghc� ^hdmf_glZpbb�� hi_jZlhj
fh`_l�jZ[hlZlv�gZ�ijb[hjghf�dhfie_dk_��ke_^my�mdZaZgbyf�ijh]jZffu�

;eZ]h^Zjy�ijhklhl_�h[kem`b\Zgby�ZgZebaZlhj�O:G���bkihevam_lky�\

j_]bhgZo� KG=� k� jZaebqgufb� debfZlbq_kdbfb� mkeh\byfb� �\� g_[hevrbo

]hjh^Zo� \� Zddj_^blh\Zgguo� eZ[hjZlhjbyo� kbkl_fu� KZgwib^gZ^ahjZ�� gZ

l_jjblhjbZevguo� klZgpbyo� aZsblu� jZkl_gbc�� \� ]hjh^kdbo� b� h[eZklguo

\_leZ[hjZlhjbyo�� \� ]_heh]bq_kdbo� hj]ZgbaZpbyo� b� \� kbkl_f_

Fbgju[ijhfZ���<hafh`gh�lZd`_�ijbf_g_gb_�ijb[hjZ�\�mq_[ghf�ijhp_kk_�

ihkdhevdm� jZ[hlZ� gZ� g_f� agZdhfbl� klm^_glh\� k� kh\j_f_gghc

we_dljhZgZeblbq_kdhc�l_ogbdhc�b�f_lh^Zfb�we_dljhobfbq_kdh]h�ZgZebaZ�
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DMEHGHF?LJBQ?KDH?�HIJ?>?E?GB?�IE:LBGU�B
I:EE:>BY�IJB�KH<F?KLGHF�IJBKMLKL<BB

>_fdbg�:�F�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf�<�B�<_jgZ^kdh]h J:G� Fhkd\Z

AZ^ZqZ�kh\f_klgh]h�hij_^_e_gby�ieZlbgu�b�iZeeZ^by�kms_kl\m_l�^ey

fgh]bo� ijhfure_gguo� b� ijbjh^guo� h[t_dlh\�� ?_� dmehghf_ljbq_kdh_

j_r_gb_� \hafh`gh� k� ihfhsvx� Zgh^guo� j_Zdpbc� hdbke_gby� kh_^bg_gbc

wlbo� we_f_glh\� gZ� ]jZnblh\hf� we_dljh^_�� JZg__� >�@� ihdZaZgh�� qlh

fbeeb]jZffh\u_�dhebq_kl\Z�ieZlbgu�fh`gh�hij_^_eylv�dmehghf_ljbq_kdb

\� kbkl_f_� 3W�,9�� �3W�,,�� ih� j_Zdpbb� hdbke_gby� 3W�,,�� ^h� 3W�,9�� gZ

m]e_]jZnblh\hf� we_dljh^_�� Dmehghf_ljbq_kdhc� f_lh^bdb� hij_^_e_gby

iZeeZ^by�gZ�]jZnblh\hf�we_dljh^_�ih�j_Zdpbb�hdbke_gby�3G�����^h�3G�,,��\

ebl_jZlmj_�g_l��<�lh�`_�\j_fy�^ey�wlhc�j_Zdpbb�kms_kl\mxl�bg\_jkbhggh�

\hevlZfi_jhf_ljbq_kdb_� f_lh^bdb� hij_^_e_gby� kh^_j`Zgbc� iZeeZ^by�

f_gvrbo�gZ������ihjy^dh\�

<� ^Zgghc� jZ[hl_� gZ� hkgh\Zgbb� \hevlZfi_jhf_ljbq_kdh]h� bamq_gby

ijhp_kkh\�hdbke_gby��\hkklZgh\e_gby�\�kbkl_fZo�3W�,9��3W�,,��b�3G�,,��3G���

gZ� nhg_� ��F� +&,� �� ���� 0� oehjbkluc� wlbe_g^bZfbg� gZ� m]e_]jZnblh\hf

we_dljh^_�ba�h[t_fghc�ihjbklhc�ldZgb�k�]_hf_ljbq_kdhc�ih\_joghklvx�a��

kf
2
� �� we_dljh^� kjZ\g_gby� gZk�� oehjb^k_j_[jyguc�� gZc^_gu� hilbfZevgu_

mkeh\by� ihl_gpbhklZlbq_kdh]h� dmehghf_ljbq_kdh]h� hij_^_e_gby� ieZlbgu

b� iZeeZ^by� ijb� kh\f_klghf� ijbkmlkl\bb� �� Hij_^_e_gb_� ijh\h^blky� ih

j_Zdpbyf� hdbke_gby� kh_^bg_gbc� 3W�,,�����!3W�,9�� b� 3G�������!3G�,,��

ihemq_gguo� iml_f� ij_^we_dljhebaZ�� Ij_^we_dljheba� \_^ml� \� l_q_gb_� ��

fbgml�ijb�ihl_gpbZe_��������<��AZl_f�ijb�gme_\hf�agZq_gbb�ihl_gpbZeZ�\

l_q_gb_���fbgmlu�ijh\h^yl�bhgbaZpbx�\h^hjh^Z��ih]ehs_ggh]h�iZeeZ^b_f

\� ijhp_kk_� \hkklZgh\e_gby� 3G�,,�� ^h� 3G����� >Ze__� ihke_^h\Zl_evgh

hij_^_eyxl�kh^_j`Zgb_�iZeeZ^by�b�ieZlbgu�ijb�ihl_gpbZeZo������b������<

iml_f����fbgmlgh]h�we_dljhebaZ�\�dZ`^hf�kemqZ_��Ijb�wlhf�3G�,,��b�3W�,9�

dhebq_kl\_ggh� j_]_g_jbjmxlky� \� jZkl\hj_�� qlh� iha\hey_l� \uihegylv

fgh]hdjZlgh_� hij_^_e_gb_� wlbo� we_f_glh\� ba� h^ghc� ihjpbb� jZkl\hjZ�

;hevrZy� jZaghklv� ihl_gpbZeh\� ibdh\� lhdh\� j_Zdpbc� hdbke_gby� 3G���� b

3W�,,��� jZ\guo� ����� <� b� ����� <� khhl\_lkl\_ggh�� iha\hey_l� hij_^_eylv

iylbdjZlgu_�fZkkh\u_�ba[uldb�ieZlbgu�b�iZeeZ^by�ih�hlghr_gbx�^jm]�d

^jm]m�� <� ^bZiZahg_� ������ f]� ih]j_rghklv� b� hlghkbl_evgh_� klZg^Zjlgh_

hldehg_gb_�khklZ\eyxl��������

Ebl_jZlmjZ

�� >_fdbg :� F�� DZ[Zgh\Z H�E� �� �@mjg� ZgZebl� obfbb������ L��� ��1����K������
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IJ?PBABHGGH?�HIJ?>?E?GB?�JLMLB�<
<UKHDHL?FI?J:LMJGUO�K<?JOIJH<H>GBD:O��<LKI�

F?LH>HF�DMEHGHF?LJBB�IJB�IHKLHYGGHF�IHL?GPB:E?

>_gbkh\Z�:�?���DZ[Zgh\Z�H�E�

Fhkd\Z� Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B�<_jgZ^kdh]h J:G�

Jlmlvkh^_j`Zsb_�<LKI� �^h� kbo�ihj� y\eyxlky�eb^_jZfb�ih� \ukhl_

l_fi_jZlmju� djblbq_kdh]h� i_j_oh^Z�� :dlmZevgZ� aZ^ZqZ� hij_^_e_gby

hkgh\guo�dhfihg_glh\�\�h[jZapZo�<LKI��hkh[_ggh�e_]dhe_lmq_c�jlmlb��k

\ukhdhc� lhqghklvx�� F_lh^� dmehghf_ljbq_kdh]h� hij_^_e_gby� jlmlb� ijb

ihklhygghf� ihl_gpbZe_� ����<� gZ� we_dljh^_� ba� m]e_jh^ghc� ldZgb� \

klZg^Zjlguo� jZkl\hjZo� ih� j_Zdpbb� +J�,,�→+J�2��� nhgh\uc� we_dljhebl

2��F�+123��jZajZ[hlZg�gZfb�\�jZ[hl_� >�@�� ]^_�ijb�hij_^_e_gbb� ������f]

jlmlb� ^hklb]gmlu� ih]j_rghklv� b� Sr�� jZ\gu_� ������ <u[hj� mkeh\bc� ^ey

hij_^_e_gby� jlmlb� \� ijbkmlkl\bb� f_^b� klZ\bl� k\hb� aZ^Zqb�� l�d�� +J�,,�� b

&X�,,��bf_xl�[ebadb_�ihl_gpbZeu�\hkklZgh\e_gby�

<� gZklhys_c� jZ[hl_� bkihevah\Zebkv� wdki_jbf_glZevgu_� mkeh\by�

[ebadb_� d� >�@�� Ba� � \hevlZfi_jguo� djb\uo� \hkklZgh\e_gby� +J�,,�� \

ijbkmlkl\bb�&X�,,��ke_^m_l��qlh�^ey�hij_^_e_gby�bhgh\�jlmlb�fh`_l� �[ulv

bkihevah\Zg� ^bZiZahg� ihl_gpbZeh\� ���÷���<�� ijb� [he__� hljbpZl_evguo
ihl_gpbZeZo�gZ[ex^Z_lky�ih^t_f�lhdZ��k\yaZgguc�k�\hkklZgh\e_gb_f�bhgh\

f_^b�� Ijb� baf_j_gbb� nhgh\uo� ihdZaZgbc� \� ijbkmlkl\bb� KX�,,�� ijb

ihl_gpbZe_����<�gZ[ex^Z_lky�jhkl�hklZlhqgh]h�lhdZ�,hkl�b��khhl\_lkl\_ggh�

m\_ebq_gb_� kmffZjgh]h� \deZ^Z� nhgh\h]h� ihdZaZgby� 4n
 
gZ� \_ebqbgm

Qn
∗=Ihkl W��GZc^_gh��qlh�,hkl b��khhl\_lkl\_ggh��4n

∗
�aZ\bkyl�hl�dhgp_gljZpbb

f_^b�,,�� ijyfhebg_cgh�� Hiul� ihdZaZe�� qlh� bhgu� [Zjby� \� ^_kylbdjZlghf

fheyjghf� ba[uld_� g_� f_rZxl� hij_^_e_gbx�� K� mq_lhf� ihijZ\db� gZ

nhgh\u_� ihdZaZgby� ^ey� klZg^Zjlguo� jZkl\hjh\� bhgh\� jlmlb� \� wlbo

mkeh\byo� ^ey� ^bZiZahgZ� kh^_j`Zgbc� ����� f]� +J�,,�� ihemq_gZ� ijhp_glgZy

f_jZ� ijZ\bevghklb� ����±���� �6U ������� Q ���� >ey� fh^_evguo� jZkl\hjh\
+J�,,��\�ijbkmlkl\bb�&X�,,��b %D�,,��ijb�fheyjghf�khhlghr_gbb�+J�&X�%D

hl� �:���� ^h� ������� ^ey� ����f]� +J�,,�� ihemq_gZ� ijhp_glgZy� f_jZ

ijZ\bevghklb������±0,1 (sr=0,001, n=9).
>ey� mf_gvr_gby� \deZ^Z� nhgh\h]h� ihdZaZgby� [ue� jZkkfhlj_g

ihl_gpbZe� hij_^_e_gby� ����<�� l�_�� g_kdhevdh� iheh`bl_evg__� agZq_gby

ihl_gpbZeZ� ij_^_evgh]h� lhdZ� j_Zdpbb� +J�,,�→+J����� Ijb� ^Zgghf

ihl_gpbZe_� \� nhgh\uo� fh^_evguo� jZkl\hjZo� g_� gZ[ex^Z_lky� jhklZ

hklZlhqgh]h� lhdZ� k� jhklhf� kh^_j`Zgby� f_^b�� AgZq_gb_� \deZ^Z� nhgh\h]h

ihdZaZgby�mf_gvrZ_lky��kgb`Zy�gb`gxx�]jZgbpm�hij_^_e_gby�jlmlb�^h� �

f]��<�wlbo�mkeh\byo�^ey�^bZiZahgZ�kh^_j`Zgbc������f]�jlmlb�\�klZg^Zjlguo

jZkl\hjZo�ihemq_gZ�ijhp_glgZy�f_jZ�ijZ\bevghklb����±0,2 (sr=0,001, n=4).
>ey� fh^_evguo� jZkl\hjh\� +J�,,�� \� ijbkmlkl\bb� &X�,,�� b� %D�,,�� ijb

fheyjghf� khhlghr_gbb� +J�&X�%D� hl� �:���� ^h� �������� ^ey� ����f]� +J�,,�
ijhp_glgZy�f_jZ�ijZ\bevghklb�jZ\gZ������±0,1 (sr=0,001, n=5).
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Ijb� hij_^_e_gbb� jlmlb� \� h[jZap_� <LKI� khklZ\Z� +J�%D�&X�2

�kbgl_abjh\Zg�gZ�obfnZd_�F=M�FboZceh\hc�>�:��b�ex[_agh�ij_^hklZ\e_g

gZf�� [ueh� ihemq_gh� kh^_j`Zgb_� jlmlb� \� h[jZap_� ������±0,03)% (sr<0,001,
Q ����qlh�ohjhrh�kh\iZ^Z_l�k�j_amevlZlZfb��ihemq_ggufb�gZ�obfnZd_�F=M

h[t_fguf� lbljbf_ljbq_kdbf� f_lh^hf�� ]^_� hij_^_e_gh� kh^_j`Zgb_� jlmlb

30,3%.
Ebl_jZlmjZ

1. >_gbkh\Z :�?�� DZ[Zgh\ZH�E� ��@mjg� ZgZebl� obfbb� ����� L���� 1�� K������

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_

Jhkkbckdhc�=hkijh]jZffu�©:dlmZevgu_�gZijZ\e_gby

\�nbabd_�dhg^_gkbjh\Zgguo�kj_^ª�ih�gZijZ\e_gbx

©K\_joijh\h^bfhklvª�
DMEHGHF?LJBQ?KDH?�LBLJH<:GB?�F?>B�B�;:JBY
WLBE?G>B:FBGL?LJ:MDKMKGHC�DBKEHLHC�K�P?EVX

HIJ?>?E?GBY�BO�KH>?J@:GBY�<�KH?>BG?GBYO
LBI:�+G-CU-BA-O

>_gbkh\Z�:�?���DZ[Zgh\Z�H�E�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf�<�B�<_jgZ^kdh]h J:G� Fhkd\Z

>ey� \uykg_gby� dhjj_eypbb� khklZ\�k\hckl\Z� \ukhdhl_fi_jZlmjguo

k\_joijh\h^gbdh\� �<LKI��� \� qZklghklb�� jlmlvkh^_j`Zsbo�� lj_[m_lky

hij_^_e_gb_� kh^_j`Zgby� hkgh\guo� dhfihg_glh\� kbkl_fu�� <� gZklhys_f

k[hjgbd_� l_abkh\� �kf�� ^hdeZ^� l_o� `_� Z\lhjh\�� ijb\_^_gZ� jZajZ[hlZggZy

gZfb�f_lh^bdZ�ij_pbabhggh]h�hij_^_e_gby�jlmlb�\�<LKI�k�ih]j_rghklvx

������<�^Zgghc�jZ[hl_�ihklZ\e_gZ�aZ^ZqZ�hij_^_e_gby�f_^b�b�[Zjby�k�lhc

`_�ih�ihjy^dm�\_ebqbgu�ih]j_rghklvx�

Hij_^_e_gb_� ij_^eZ]Z_lky� \_klb� lbljh\Zgb_f

we_dljh]_g_jbjh\Zgghc� gZ� we_dljh^_� ba� m]e_jh^ghc� ldZgb

wlbe_g^bZfbgl_ljZmdkmkghc� dbkehlhc� �W>L:�� k� Zfi_jhf_ljbq_kdhc

bg^bdZpb_c� dhg_qghc� lhqdb� lbljh\Zgby� �d�l�l���� =_g_jZpby� W>L:

ijhba\h^blky�ijb�ihklhygghf�ihl_gpbZe_�\hkklZgh\e_gb_f�+J�,,��ba�����F

jZkl\hjZ� dhfie_dkhgZlZ� jlmlb�� >ey� ihemq_gby� \hkijhba\h^bfuo

j_amevlZlh\� ijba\h^beZkv� ij_^\Zjbl_evgZy� fh^bnbdZpby� m]e_jh^gh]h

]_g_jZlhjgh]h� we_dljh^Z� jlmlvx�� Bg^bdZpby� d�l�l�� \_eZkv� ih� lhdm

hdbke_gby�ba[uldZ�W>L:�gZ�bg^bdZlhjghf�we_dljh^_�ba�m]e_jh^ghc�ldZgb�

ihl_gpbZe� bg^bdZlhjgh]h� � we_dljh^Z� \u[jZg� jZ\guf� ����<�� >ey

hij_^_e_gby� &X�,,�� \� dZq_kl\_� jZkl\hjZ� nhgh\h]h� we_dljheblZ� \u[jZg

���F� Zp_lZlguc� [mn_jguc� jZkl\hj� �jG� ������ ihl_gpbZe� ]_g_jZpbb� ����<�

Hij_^_e_gb_�%D�,,��\_ehkv�\�mkeh\byo��[ebadbo�d�hibkZgguf�\�>�@��ijb�wlhf

jG�jZkl\hjZ��\�dhlhjhf�jZg__�[ueZ�hij_^_e_gZ�f_^v��^h\h^beky�^h�jG� ���

^h[Z\e_gb_f� ZffbZdZ�� ihke_� q_]h� hkms_kl\eyehkv� dmehghf_ljbq_kdh_

lbljh\Zgb_�[Zjby�ijb�ihl_gpbZe_�]_g_jZlhjgh]h�we_dljh^Z��jZ\ghf�����<�
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Ij_^eZ]Z_fZy� f_lh^bdZ� [ueZ� bkihevah\ZgZ� ijb� ZgZeba_� jZkl\hjZ�

fh^_ebjmxs_]h�khklZ\�<LKI�b�kh^_j`Zs_]h�bhgu�+J�,,���&X�,,��b�%D�,,��\

fheyjghf�khhlghr_gbb��������<�wlhf�kemqZ_�kgZqZeZ�\�Zp_lZlghf�[mn_jghf

jZkl\hj_� �jG� ����� ijhba\h^behkv� hij_^_e_gb_� kmffu� &X�,,�� b� +J�,,��

Kh^_j`Zgb_� f_^b� gZoh^behkv� ih� jZaghklb� f_`^m� wlhc� kmffZjghc

\_ebqbghc� b� kh^_j`Zgb_f� +J�,,��� ihke_^g__� [ueh� ihemq_gh� hl^_evgh

f_lh^hf� ihl_gpbhklZlbq_kdhc� dmehghf_ljbb�� Ihke_� hij_^_e_gby

kmffZjgh]h�kh^_j`Zgby�f_^b�b�jlmlb�\�lhl�`_�jZkl\hj�^h[Z\eyeky�jZkl\hj

ZffbZdZ� ^h� jG� ���� b� ijh\h^behkv� lbljh\Zgb_� [Zjby�� Ih]j_rghklv

hij_^_e_gby� b� \hkijhba\h^bfhklv� ijb� hij_^_e_gbb� f_^b� b� [Zjby� \� wlbo

mkeh\byo�g_�ij_\urZeZ������

Ebl_jZlmjZ

��>_gbkh\Z :�?�� DZ[Zgh\Z H�E���@mjg� ZgZebl� obfbb� ����� L���� 1��� K�����

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_

Jhkkbckdhc�=hkijh]jZffu�©:dlmZevgu_�gZijZ\e_gby

\�nbabd_�dhg^_gkbjh\Zgguo�kj_^ªih�gZijZ\e_gbx

©K\_joijh\h^bfhklvª�
BKIHEVAH<:GB?�FBDJHWE?DLJH>H<�>EY�:G:EBA:
KH>?J@:GBY�LY@?EUO�F?L:EEH<�<�<H>GUO�B�<H>GH�

HJ=:GBQ?KDBO�J:KL<HJ:O

>jb[bgkdbc�:�<���Emdh\p_\Z�G�<���FhqZeh\kdbc�K�?���Jhl_g[_j]�A�:�

Bgklblml we_dljhobfbb bf�:�G�NjmfdbgZ J:G

Bkihevah\Zgb_� fbdjhwe_dljh^h\� \� we_dljhobfbq_kdbo� f_lh^Zo

ZgZebaZ� ij_^klZ\ey_l� g_khfg_gguc� bgl_j_k�� ihkdhevdm� ijb� wlhf

h[_ki_qb\Z_lky� ih\ur_gb_� kdhjhklb� fZkkhi_j_ghkZ�� [ukljh_� ^hklb`_gb_

klZpbhgZjgh]h�khklhygby�^bnnmabhggh]h�kehy��kgb`_gby�_fdhklb�^\hcgh]h

we_dljbq_kdh]h� kehy�� DZd� ke_^kl\b_�� hliZ^Z_l� g_h[oh^bfhklv� \� kha^Zgbb

dhgljhebjm_fh]h�dhg\_dlb\gh]h�ihlhdZ�bkke_^m_fh]h�jZkl\hjZ��ihy\ey_lky

\hafh`ghklv�jZ[hlu�ih�^\mowe_dljh^ghc�ko_f_��\�keZ[hijh\h^ysbo�kj_^Zo

b�l�^�

H^gZdh� jZ[hlZ� k� fbdjhwe_dljh^Zfb� khijy`_gZ� k� g_h[oh^bfhklvx

baf_j_gby� qj_a\uqZcgh� fZeuo� lhdh\� b�� ke_^h\Zl_evgh�� bkihevah\Zgby

ki_pbZevghc� \ukhdhqm\kl\bl_evghc� b� ihf_ohaZsbs_gghc� ZiiZjZlmju�

>jm]hc� \hafh`ghklvx� ih\ur_gby� baf_jy_fuo� lhdh\� y\ey_lky� kha^Zgb_

ZgkZf[e_c�we_dljbq_kdbo�aZfdgmluo�fbdjhwe_dljh^h\��dZ`^uc�ba�dhlhjuo

jZ[hlZ_l�dZd�hl^_evgh�\ayluc�we_f_gl�

Bkihevah\Zgb_� ih^h[guo� ZgkZf[e_c�� jZajZ[hlZgguo� b

ba]hlh\e_gguo� \� Bgklblml_� we_dljhobfbb� bf�:�G�NjmfdbgZ� J:G�

iha\hebeh� bamqblv� \ebygb_� iZjZf_ljh\� f_lh^Z� bg\_jkbhgghc

\hevlZfi_jhf_ljbb� k� gZdhie_gb_f� gZ� \_ebqbgm� we_dljhZgZeblbq_kdh]h

kb]gZeZ�

GZc^_gu� hilbfZevgu_� mkeh\by� hij_^_e_gby� \� \h^guo� b� \h^gh�

hj]Zgbq_kdbo�jZkl\hjZo�dZlbhgh\�pbgdZ��dZ^fby��k\bgpZ��f_^b��Z�lZd`_�bo
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kf_k_c� \� rbjhdhf� ^bZiZahg_� dhgp_gljZpbc� �hl� ��� ^h� ����� fd]�e�� k

ih]j_rghklvx��������
HKH;?GGHKLB�<HEVL:FI?JHF?LJBB�G:�=J:GBP?�J:A>?E:
><MO�G?KF?RB<:XSBOKY�J:KL<HJH<�WE?DLJHEBLH<

�=J>GJW���F?LH>�BKKE?>H<:GBY�B�:G:EBA:

>mgZ_\Z�:�:���Dheuq_\Z�G�<���<bevd_�K���I_ljmobg�H�F�

Jhkkbckdbc obfbdh�l_ogheh]bq_kdbc mgb\_jkbl_l bf�>�B�F_g^_e__\Z� �������
Fhkd\Z� FbmkkdZy ie���

Mgb\_jkbl_l FZjlbgZ Exl_jZ� Bgklblml ZgZeblbq_kdhc obfbb b obfbb
hdjm`Zxs_c kj_^u� '������� F_ja_[mj]� =_jfZgby

<� jZfdZo� kh\j_f_gguo�ij_^klZ\e_gbc�=J>GJW�ij_^klZ\ey_l� kh[hc

^\Z� \aZbfh^_ckl\mxsbo� f_`^m� kh[hc� ^\hcguo� ^bnnmabhgguo� kehy

dhg_qgh]h�jZaf_jZ�b�\_^_l�k_[y�dZd�b^_Zevgh�iheyjbah\ZggZy�ih\_joghklv�

<hevlZfi_jhf_ljby� gZ� =J>GJW�� k� h^ghc� klhjhgu�� iha\hey_l� bamqZlv

ijhp_kk�i_j_ghkZ�bhgh\�\�^\monZaguo�]_l_jh]_gguo�kbkl_fZo��Z�k�^jm]hc��

jZa\b\Z_lkydZd�g_aZ\bkbfuc�f_lh^�ZgZebaZ��JZ[hqbc�bgl_j\Ze�ihl_gpbZeh\

b� _fdhklv� ^\hcgh]h� we_dljbq_kdh]h� kehy� hij_^_ey_lky�� \� hkgh\ghf�

ijbjh^hc� nhgh\uo� we_dljheblh\� Ij_^klZ\e_gguc� f_lh^� iha\hey_l

ijh\h^blv� h^gh\j_f_ggh_� k_e_dlb\gh_� hij_^_e_gb_g_kdhevdbo� bhgh\� ba

h^ghc� ijh[u� aZ� kq_l� baf_g_gby� \_ebqbgu� jZaghklb� ihl_gpbZeh\�

gZeZ]Z_fhc� gZ� =J>GJW� �gZijbf_j�� ij_^eh`_ggh_� gZfb� h^gh\j_f_ggh_

hij_^_e_gb_�NO3
- b�NO2

-). Hij_^_e_gb_�bhgh\�f_lZeeh\� ^Zgguf�f_lh^hf
ij_^iheZ]Z_l� g_h[oh^bfhklv� \u[hjZ� bhghnhjZ�� h[_ki_qb\Zxs_]h

g_h[oh^bfu_� ZgZeblbq_kdb_� oZjZdl_jbklbdb� f_lh^Z� hij_^_e_gby�� ij_`^_

\k_]h�gb`gbc�ij_^_e�h[gZjm`_gby��^bgZfbq_kdbc�^bZiZahg�h[gZjm`_gby�b

k_e_dlb\ghklv��GZfb�bamq_g�i_j_ghk�bhgh\�s_ehqguo�b�s_ehqgha_f_evguo

f_lZeeh\�� bg^mpbjh\Zgguc� dbkehjh^kh^_j`Zsbfb� bhghnhjZfb

�^bpbdeh]_dkbe����djZmg��� �>P=����D���� b� jy^� ijhba\h^guo� [_gah����

djZmg����;����D������Z�lZd`_�i_j_ghk�bhgh\�k_j_[jZ��bg^mpbjh\Zgguc�jy^hf

k_jmkh^_j`Zsbo� kh_^bg_gbc�� Ijb� hibkZgbb� ihemq_gguo� j_amevlZlh\

jZkkfZljb\Zebkv�^\Z�fh^_evguo�ih^oh^Z��fh^_ev�jZkij_^_e_gby�f_lZeeZ�b

fh^_ev� jZkij_^_e_gby� bhghnhjZ�� Ij_^eh`_gu� f_lh^bdb� kh\f_klgh]h

hij_^_e_gby�bhgh\�.
+
�b�1D

+
�k�bkihevah\Zgb_f�;����D����hij_^_e_gby�bhgh\

Ag+
� k� bkihevah\Zgb_f� k_jmkh^_j`Zsbo� kh_^bg_gbc� b� hij_^_e_gby� bhgh\

K+
� b� 5E

+
� k� bkihevah\Zgb_f� >P=����D����Ihke_^gbc� bhghnhj� [ue� lZd`_

bkihevah\Zg� ijb� hij_^_e_gbb� bhgh\� s_ehqguo� f_lZeeh\� f_lh^hf

ijhlhqgh�bg`_dpbhgghc�Zfi_jhf_ljbb�

JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�Jhkkbckdbf�Nhg^hf

Nmg^Zf_glZevguo�Bkke_^h\Zgbc

�ijh_dl�JNNB�������������Z��
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WE?DLJHOBFBQ?KDH?�>?L?DLBJH<:GB?�<�<W@O
HJ=:GBQ?KDBO�<?S?KL<��IJH;E?FU�B�I?JKI?DLB<U

?<=?GV?<�F�B�1��;M>GBDH<�=�D�2

L_ogheh]bq_kdbc mgb\_jkbl_l1
� Mgb\_jkbl_l2

� ]� DZaZgv

Fgh]hh[jZab_� k\hckl\� hj]Zgbq_kdbo� \_s_kl\� jZaebqguo� deZkkh\�

ZgZebabjm_fuo� f_lh^hf� \ukhdhwnn_dlb\ghc� `b^dhklghc� ojhfZlh]jZnbb

(<W@O)�� \uau\Z_l� g_h[oh^bfhklv� \u[hjZ� dhgdj_lguo� kbkl_f

^_l_dlbjh\Zgby� ^ey� ^hklb`_gby� lj_[m_fhc� qm\kl\bl_evghklb� b

ba[bjZl_evghklb� hij_^_e_gbc�� ;eZ]h^Zjy� \ukhdbf� ZgZeblbq_kdbf

oZjZdl_jbklbdZf� \Z`gmx� jhev� kj_^b� gbo� b]jZxl� we_dljhobfbq_kdb_

f_lh^u�

KhihklZ\e_gu� ij_bfms_kl\Z� b� g_^hklZldb� jZaebqguo� \ZjbZglh\

ijyfh]h� b� g_ijyfh]h� ^_l_dlbjh\Zgby� hj]Zgbq_kdbo� \_s_kl\� \� <W@O� k

bkihevah\Zgb_f� MN��� \b^bfhc� b� ^bh^gh�fZljbqghc� ki_dljhnhlhf_ljbb�

nemhj_kp_gpbb�� fZkk�k_e_dlb\gh]h� b� we_dljhobfbq_kdbo� f_lh^h\� k

mq_lhf� ij_^_eh\� h[gZjm`_gby� ZgZeblh\�� h[eZkl_c� ebg_cghklb

]jZ^mbjh\hqguo�aZ\bkbfhkl_c�

JZkkfhlj_gu� hkgh\gu_� ijb_fu� h[_ki_q_gby� ihklhygkl\Z� k\hckl\

we_dljh^h\� \� ijhp_kk_� wexbjh\Zgby� b� fgh]hdjZlghc� bg`_dpbb

ZgZebabjm_fuo� h[jZaph\�� H[km`^_gu� \hijhku \u[hjZ� fZl_jbZeZ

we_dljh^h\� b� hilbfbaZpbb� mkeh\bc� we_dljhobfbq_kdh]h� ^_l_dlbjh\Zgby

ijb� hij_^_e_gbyo� kf_k_c� we_dljhZdlb\guo� \_s_kl\�� JZkkfhlj_gu

hkgh\gu_� lbiu� dhgkljmdpbc� yq__d� Zfi_jhf_ljbq_kdbo� b

dmehghf_ljbq_kdbo�^_l_dlhjh\�\�<W@O�

H[km`^_gu� g_dhlhju_� imlb� ih\ur_gby� wnn_dlb\ghklb

bkihevah\Zgby� we_dljhobfbq_kdbo� f_lh^h\� \� <W@O�� hkgh\Zggu_� gZ

bkihevah\Zgbb� bgl_]jbjh\Zgguo� kbkl_f� ^_l_dlbjh\Zgby�� ijh\_^_gby

obfbq_kdhc� beb� nbabq_kdhc� ^_jb\ZlbaZpbb� hij_^_ey_fuo� \_s_kl\� \

ijhp_kk_�bo�ZgZebaZ�

GZ� dhgdj_lguo� ijbf_jZo� ij_^klZ\e_gu� ijbf_ju� hij_^_e_gbc

hj]Zgbq_kdbo�\_s_kl\�\�h[t_dlZo�ibs_\hc�b�debgbq_kdhc�obfbb��Z�lZd`_

h[t_dlZo� hdjm`Zxs_c� kj_^u;� ihdZaZgu� ij_bfms_kl\Z� jZaebqguo

\ZjbZglh\�^_l_dlbjh\Zgby�
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9.
n

WE?DLJH:G:EBLBQ?KDB?�K<HCKL<:
>BGBLJH;?GAHDK:>B:AHEVGUO�IJHBA<H>GUO

:FBGHKH?>BG?GBC

?\]_gv_\�F�B��=Zjfhgh\�K�X���;m^gbdh\�=�D�

DZaZgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

>bgbljhaZf_s_ggu_� [_ga�������hdkZ^bZaheZ� y\eyxlky

wnn_dlb\gufb� j_Z]_glZfb� ^ey� ihemq_gby� ijhba\h^guo� Zfbgh\� ijb

hij_^_e_gbb�bo�f_lh^Zfb�\ukhdhwnn_dlb\ghc�`b^dhklghc�ojhfZlh]jZnbb�

ijhlhqgh�bg`_dpbhggh]h� ZgZebaZ� kh� ki_dljhnhlhf_ljbq_kdbf� b

nemhj_kp_glguf� ^_l_dlbjh\Zgb_f� >���@�� Ij_^klZ\eyeh� bgl_j_k� bamqblv

we_dljhobfbq_kdb_� k\hckl\Z� ijhba\h^guo� ^ey� ijbf_g_gby� kbkl_f

we_dljhobfbq_kdh]h�^_l_dlbjh\Zgby�

IhdZaZgh�� qlh� \hkklZgh\e_gb_� Zfbghijhba\h^guo� [_ga�������

hdkZ^bZaheh\ \� Zijhlhgguo� kj_^Zo� ijhl_dZ_l� klmi_gqZlh�� I_j\Zy� klZ^by
khklhbl� \� h[jZlbfhf� i_j_ghk_� h^gh]h� we_dljhgZ�� \� p_ehf� `_

\hkklZgh\e_gb_� g_h[jZlbfh� b� bf__l� kmffZjguc� r_klbwe_dljhgguc

oZjZdl_j��<ke_^kl\b_�gZebqby�\�fhe_dmeZo�[he__�h^ghc�we_dljhobfbq_kdb

Zdlb\ghc� ]jmiiu� �gbljh]jmiiZ�� nmjZaZgh\uc� pbde�� ijbjh^Z

iheyjh]jZnbq_kdbo�\heg�^h\hevgh�keh`gZ��GZ�iheyjh]jZffZo�gZ[ex^Z_lky

^h� lj_o� \heg�� I_j\Zy� \hegZ�� ih�\b^bfhfm�� khhl\_lkl\m_l� i_j_oh^m

we_dljhgZ� gZ� gbljh]jmiim�� Ihke_^mxsb_� \hegu� khhl\_lkl\mxl

^Zevg_cr_fm� \hkklZgh\e_gbx� gbljh]jmiiu� b� nmjZaZgh\h]h� njZ]f_glZ�

dhlhjh_� ijhl_dZ_l� h^gh\j_f_ggh� b� gZdeZ^u\Z_lky� ^jm]� gZ� ^jm]Z�� I_j\Zy

\hegZ� [ebadZ� d� h[jZlbfhc�� qlh� ih^l\_j`^Zxl� agZq_gby� m]eh\uo

dhwnnbpb_glh\� \heg� \hkklZgh\e_gby� b� ^Zggu_� pbdebq_kdhc

\hevlZfi_jhf_ljbb�

Bamq_gu� we_dljhobfbq_kdb_� oZjZdl_jbklbdb� jy^Z

Zfbgh^bgbljhijhba\h^guo� [_gahnmjZaZgZ�� We_dljhgh^hghjgu_

aZf_klbl_eb��ih\urZxsb_�we_dljhggmx�iehlghklv�\�fhe_dme_��aZljm^gyxl

\hkklZgh\e_gb_� gbljhijhba\h^guo�� \hkklZgh\e_gb_� khhl\_lkl\mxsbo

]b^jhdkbijhba\h^guo�ijhbkoh^bl� ijb� [he__� hljbpZl_evguo� ihl_gpbZeZo�

q_f�\hkklZgh\e_gb_���gbljh[_gahnmjZaZgZ�

Ihemq_ggu_�j_amevlZlu�ihdZau\Zxl�i_jki_dlb\ghklv�bkihevah\Zgby

we_dljhobfbq_kdh]h� ^_l_dlbjh\Zgby� Zfbghkh_^bg_gbc� \� \b^_

[_gahdkZ^bZahevguo�ijhba\h^guo�

Ebl_jZlmjZ

1.Evgenev M.I., Garmonov S.Yu., Evgeneva I.I., Budnicov H.C. Talanta, 42 (1995) 1465-146
2. Evgenev M.I., Garmonov S.Yu., Evgeneva I.I., Goryunova S.M., Pogorel’tsev V.I., Levinso

F.S. Talanta, 47 (1998) 891-898.
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WE?DLJHOBFBQ?KDB?�;BHK?GKHJU
>EY�HIJ?>?E?GBY�I?KLBPB>H<

?\lx]bg�=�:���;m^gbdh\�=�D�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ������� DZaZgv

N_jf_glZlb\gu_� f_lh^u� hij_^_e_gby� [bheh]bq_kdb� Zdlb\guo

kh_^bg_gbc� \� ihke_^g__� ^_kylbe_lb_� Zdlb\gh� ijb\e_dZxlky� ^ey� j_r_gby

aZ^Zq� wdheh]h�ZgZeblbq_kdh]h� dhgljhey�� ;eZ]h^Zjy� \ukhdhc

qm\kl\bl_evghklb� hij_^_e_gby� ijbhjbl_lguo� lhdkbdZglh\�� ijhklhl_

baf_j_gby�ZgZeblbq_kdh]h�kb]gZeZ�b�bgl_jij_lZpbb�hldebdZ�n_jf_glu�hgb

fh]ml� khklZ\blv� j_Zevgmx� dhgdmj_gpbx� ljZ^bpbhgguf� f_lh^Zf� nbabdh�

obfbq_kdh]h� ZgZebaZ�� <� i_j\mx� hq_j_^v� wlh� hlghkblky� d

ki_pbZebabjh\Zgguf� ZgZeblbq_kdbf� mkljhckl\Zf� �� [bhk_gkhjZf�

khq_lZxsbf� bffh[bebah\Zggu_� n_jf_glu� b� obfbq_kdb_� k_gkhju�

ij_h[jZamxsb_�[bhobfbq_kdbc�kb]gZe�

<� ^hdeZ^_� gZ� hkgh\_� kh[kl\_gguo� bkke_^h\Zgbc� Z\lhjh\� k

ijb\e_q_gb_f�ebl_jZlmjguo�^Zgguo�h[h[sZxlky�hkh[_gghklb�ijbf_g_gby

we_dljhobfbq_kdbo� [bhk_gkhjh\� ^ey� hij_^_e_gby� i_klbpb^h\�� Hkh[h_

\gbfZgb_� m^_e_gh� ijbf_g_gbx� [bhk_gkhjh\� ^ey� dhgljhey� j_Zevguo

h[t_dlh\�hdjm`Zxs_c�kj_^u�

<�gZklhys__�\j_fy�^ey�hij_^_e_gby�i_klbpb^h\�hibkZgu�jZaebqgu_

[bhk_gkhju� gZ� hkgh\_� bffh[bebah\Zgghc� i_jhdkb^Zau�� lbjhabgZau�

Zev^_]b^� ^_]b^jh]_gZau�� pblhojhf� hdkb^Zau�� dbkehc� b� s_ehqghc

nhknZlZau�� ohebgwkl_jZau�� nhknhljbwkl_jZau�� Bffh[bebaZpby� n_jf_glZ

h[_ki_qb\Z_l�fgh]hdjZlghklv�_]h�bkihevah\Zgby�b�h[e_]qZ_l�\dexq_gb_�\

khklZ\� [bhk_gkhjZ�� <f_kl_� k� l_f�� \� j_amevlZl_� bffh[bebaZpbb

ZgZeblbq_kdb_� oZjZdl_jbklbdb� n_jf_glZlb\gh]h� hij_^_e_gby� i_klbpb^h\

kms_kl\_ggh�f_gyxlky��IjbqbgZfb�wlh]h�y\eyxlky�

�� baf_g_gb_� fbdjhhdjm`_gby� n_jf_glZ� �^bwe_dljbq_kdZy� ijhgbpZ_fhklv�

[mn_jgZy�_fdhklv�ghkbl_ey��jG��

�� lhjfh`_gb_� i_j_ghkZ� km[kljZlZ� b� i_klbpb^Z� \� n_jf_glkh^_j`Zsmx

f_f[jZgm�

��khj[pbhggh_�gZdhie_gb_�i_klbpb^Z�gZ�]b^jhnh[guo�f_f[jZgZo�

Hp_gdZ� dbg_lbq_kdbo� iZjZf_ljh\� bg]b[bjh\Zgby

bffh[bebah\Zggh]h�b�gZlb\gh]h�n_jf_glh\�ihdZau\Z_l��qlh�ZgZeblbq_kdbc

kb]gZe� �kgb`_gb_� hldebdZ� [bhk_gkhjZ� ijb� dhglZdl_� k� lhdkbdZglhf�

hij_^_ey_lky� ]b^jhnh[gh�]b^jnbevguf� [ZeZgkhf� gZ� ]jZgbp_� f_f[jZgZ�

jZkl\hj�b�aZ\bkbl�g_�lhevdh�hl�n_jf_gl�bg]b[blhjghc�ki_pbnbqghklb��gh�b

hl�ijbjh^u�fZl_jbZeZ�f_f[jZgu�b�i_klbpb^Z�

JZkkfhlj_gu� gh\u_� ih^oh^u� d� gZijZ\e_gghfm� baf_g_gbx

qm\kl\bl_evghklb� b� k_e_dlb\ghklb� hij_^_e_gby� i_klbpb^h\� k� ihfhsvx

[bhk_gkhjh\�^ey�j_r_gby�dhgdj_lguo�ZgZeblbq_kdbo�aZ^Zq�

��p_e_gZijZ\e_gguc�ih^[hj�ghkbl_ey�n_jf_glZ�

��^h[Z\db�ih\_joghklgh�Zdlb\guo�\_s_kl\�

��bkihevah\Zgb_�^hihegbl_evguo�ihdjh\guo�f_f[jZg�
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��hilbfbaZpby�mkeh\bc�ijh[hih^]hlh\db�

Ijb\_^_gu�ijbf_ju�hij_^_e_gby�hklZlhqguo�dhebq_kl\�i_klbpb^h\

\�k_evkdhohayckl\_gghc�ijh^mdpbb��ijbjh^guo�b�iblv_\uo�\h^Zo�b�ihq\Zo�

H[km`^Zxlky� ijh[e_fu� dhff_jpbZebaZpbb� we_dljhobfbq_kdbo

[bhk_gkhjh\�^ey�hij_^_e_gby�i_klbpb^h\�
WE?DLJHOBFBQ?KDB?�K<HCKL<:�LJ?OTY>?JGH=H
=?DK::P?L:L:�BJB>BY

[IR3
IV,III,III(µ3-N)(µ-CH3COO)6PY3]CLO4

?a_jkdZy�G�:���Lhjhiq_gh\Z�?�K���Dbk_e_\Z�B�G���NhfbgZ�L�:�

Bgklblml h[s_c b g_hj]Zgbq_kdhc obfbb bf� G�K� DmjgZdh\Z� J:G� Fhkd\Z

F_lh^Zfb�pbdebq_kdhc�\hevlZfi_jhf_ljbb��P<:��b�dmehghf_ljbb�k

dhgljhebjm_fuf� ihl_gpbZehf� �KM� beb� Pt-W�� nhg� ���� F� Bu4NPF6) \
khq_lZgbb� kh� ki_dljhnhlhf_ljb_c� ihdZaZgh�� qlh� \� Zp_lhgbljbevguo

jZkl\hjZo� Ir 3(µ3-N)(µ-CH3COO)6py3]ClO4 (CIr~10-4 fhev�e��\�^bZiZahg_�?�hl
����^h� �����f<� �gZk��d��w���ijhbkoh^bl�j_^hdk�ijhp_kk� Ir 3

IV,III,III ⇔ Ir3
III,III,III .

GZ�P<:�gZ[ex^Zxlky�^\_�iZju�ibdh\� g
ÇÆ


  ������f<� g
¶Æ


  �����f<� g
ÇÆ



 = -370

f<� g
¶Æ



  � ����� f<�� KmffZjgh_� qbkeh� we_dljhgh\�� gZc^_ggh_� ^ey� h[hbo

j_^hdk�iZj�� jZ\gh� ����±����� �ijb�?Z � �����f<�� b� ����±����� ijb� �?k= -500
f<��� , ,

SÇ S¶


 
� � : , ,
SÇ S¶



 

� � ≈� ���� �� ���Ij_^iheh`_gh�� qlh� bkke_^m_fuc� jZkl\hj
kh^_j`bl� kf_kv� dhfie_dkh\� k� ZdkbZevgufb� eb]Zg^Zfb� ibjb^bghf� b

Zp_lhgbljbehf��:gZeba�aZ\bkbfhkl_c�Ij, v; lgIj, lgv; Ij, v
1/2; IjZ/Ijk, v; ∆E, v (v

= 5 −� ���� f<�k�� mdZau\Z_l� gZ� ^bnnmabhggmx� ijbjh^m� ijhp_kkZ�� I_j\Zy
iZjZ� ibdh\� hl\_qZ_l� h[jZlbfhfm� i_j_ghkm� aZjy^Z� \� bkoh^ghf� dhfie_dk_�

\lhjZy� iZjZ� −� ijhp_kkm�� \� dhlhjhf� obfbq_kdZy� klZ^by� �aZf_s_gb_

ZdkbZevguo�fhe_dme�jm�gZ�Zp_lhgbljbe��ij_^r_kl\m_l�i_j_ghkm�aZjy^Z��lbi

K?��

Hlf_q_g� agZqbl_evguc� k^\b]� ?jk� \� h[eZklv� hljbpZl_evguo

ihl_gpbZeh\�\�jZkl\hjZo�gbljb^hp_gljbjh\Zgguo�]_dkZZp_lZlh\�bjb^by�ih

kjZ\g_gbx�k�?jk��gZc^_ggufb�^ey�khhl\_lkl\mxs_]h�hdkhp_gljbjh\Zggh]h

dhfie_dkZ� [1].� :gZeh]bqgh_� gZijZ\e_gb_� k^\b]Z� ?jk� hlf_q_gh� jZg__� ijb

kjZ\g_gbb� \hevlZfi_jh]jZff� gbljb^h�� b� hdkhp_gljbjh\Zggh]h

]_dkZkmevnZlh\�bjb^by�[2]��lZ[ebpZ��
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Ihl_gpbZeu� \hkklZgh\e_gby� Ir 3(IV,III,III) →Ir 3(III,III,III)
\�gbljb^h��b�hdkhp_gljbjh\Zgguo�dhfie_dkZo

Dhfie_dk ?jk��f<
JZ[hqbc
we_dljh^

Nhgh\uc
we_dljhebl

Ebl_jZ�
lmjZ

[Ir 3(µ3-N)(µ-CH3COO)6py3]
+

[Ir 3(µ3-H)(µ-CH3COO)6py3]
2+

[Ir 3(µ3-N)(µ-SO4)6(H2O)3]
-

[Ir 3(µ3-H)(µ-SO4)6(SO4)3]
7-

-140, -370
~ 600
-550
100

KM

KM

j��d��w�

Pt

CH3CN + Bu4NPF6

CH3CN + Bu4NClO4

����F�NaClO4

0���F�NaClO4

gZkl��j�

1
2
2

GZ[ex^Z_fh_�kf_s_gb_�ihl_gpbZeh\� \hkklZgh\e_gby� Ir(IV) →→Ir(III)
\�gbljb^hp_gljbjh\Zgguo�dhfie_dkZo��\_jhylgh��h[mkeh\e_gh�m\_ebq_gb_f

σ�^hghjguo�k\hckl\�ZlhfZ�N�ih�kjZ\g_gbx�k�Zlhfhf�H��dhlhjh_�aZljm^gy_l
^hihegbl_evgh_�ijbkh_^bg_gb_�we_dljhgh\�d�Zlhfm�Ir .

Ebl_jZlmjZ

1. Takahashi K., Umakoshi K., Kikuchi A., Saseki Y. //Z. Naturforsh. 1995. V.50b. �4. S.551.
�� ?a_jkdZy G�:�� Dbk_e_\Z B�G�� NhfbgZ L�:�� Lhjhiq_gh\Z ?�K�� Dwgghg J�>�

��@mjg� g_hj]Zg� obfbb� ����� L�������� K������
:DLM:EVGU?�A:>:QB�IH>=HLH<DB�KI?PB:EBK<�H;E:KLB
WDH:G:EBLBQ?KDH=H�DHGLJHEY

?eZgkdbc�=�G���EmdZrdbg�G�>���B\Zgh\�K�K���B]gZlh\�<�B��
Dma_e_\�G�J���<Zj\ZjbpZ�<�I�

Fhkdh\kdbc ]hkm^Zjkl\_gguc \_q_jgbc f_lZeemj]bq_kdbc bgklblml
<k_jhkkbckdbc gZmqgh�bkke_^h\Zl_evkdbc bgklblml

l_ogbq_kdhc nbabdb b Z\lhfZlbaZpbb

Mki_ob� ZgZeblbq_kdhc� obfbb� \� jZajZ[hld_� f_lh^h\� dhgljhey� aZ

khklhygb_f� hdjm`Zxs_c� kj_^u� klZ\yl� jy^� aZ^Zq�� h^ghc� ba� dhlhjhc

y\ey_lky�ih^]hlh\dZ�ki_pbZebklh\�\�h[eZklb�wdhZgZeblbq_kdh]h�dhgljhey�

<g_^j_gb_� kbkl_f� fhgblhjbg]Z� khklhygby� hdjm`Zxs_c� kj_^u�

hkgh\Zgguo�gZ�nbabq_kdbo��nbabdh�obfbq_kdbo�b�[bhobfbq_kdbo�f_lh^Zo�

b� hl\_lkl\_gghklv� obfbdZ�ZgZeblbdZ� aZ� ^hklh\_jghklv� ^Zgguo� b

bgl_jij_lZpbx�j_amevlZlh\�ZgZebaZ�ihdZau\Zxl��qlh�ZgZeblbq_kdZy�obfby

\ureZ� aZ� ij_^_eu� obfbq_kdhc� gZmdb� b� ijbh[j_eZ� f_`^bkpbiebgZjguc

oZjZdl_j�

L_ogbq_kdbc� ijh]j_kk� \� ZgZeblbq_kdhf� ijb[hjhkljh_gbb�

\ujZ`Zxsbcky� \� kha^Zgbb� keh`guo� kj_^kl\� Z\lhfZlbq_kdh]h� dhgljhey� k

bkihevah\Zgb_f� kh\j_f_gguo� ^hklb`_gbc� nbabdb�� b� g_h[oh^bfhklv

h[gZjm`_gby� [bheh]bq_kdb� hiZkguo� hj]Zgbq_kdbo� b� g_hj]Zgbq_kdbo

\_s_kl\� gZ� mjh\g_� ke_^h\� lj_[m_l� hl� ki_pbZebklZ� agZgbc� \� h[eZklb

wdheh]bb�� nbabdb�� nbabq_kdhc� obfbb�� [bheh]bb� b� ^jm]bo� kf_`guo

^bkpbiebg�
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>bgZfbqghklv� fgh]bo� h[t_dlh\� hdjm`Zxs_c� kj_^u�� \uau\ZxsZy

g_hij_^_e_gghklv� \� ijh[hhl[hj_� b� bkdZ`_gb_� j_amevlZlh\� ZgZebaZ�

ih^q_jdb\Z_l� g_h[oh^bfhklv� mdj_ie_gby� f_`ij_^f_lguo� k\ya_c� ^ey

mki_rgh]h� j_r_gby� aZ^Zq� ih^]hlh\db� ki_pbZebklh\� wdhZgZeblbq_kdh]h

dhgljhey�

H^bg� ba� ih^oh^h\� mki_rgh]h� j_r_gby� aZ^Zq� ih^]hlh\db

ki_pbZebklh\� wdhZgZeblbq_kdh]h� dhgljhey� ±� nhjfbjh\Zgb_� b� h[mq_gb_

mq_[guo� ]jmii� ih� bg^b\b^mZevguf� ieZgZf� gZ� ij_^ijbylbyo� ^ey

ki_pbZebaZpbb� ih� lZdbf�rbjhdh� jZkijhkljZg_gguf�f_lh^Zf� ZgZebaZ� dZd

bg\_jkbhggZy� \hevlZfi_jhf_ljby�� ihl_gpbhf_ljby�� jZ^bZpbhggZy�

j_gl]_gh\kdZy�b�we_dljhggZy�ki_dljhkdhiby�b�^j�

J_ZebaZpby� ih^h[gh]h� ih^oh^Z� gZ� [Za_� ki_pbZevghkl_c� �HojZgZ

hdjm`Zxs_c�kj_^u�b�jZpbhgZevgh_�bkihevah\Zgb_�ijbjh^guo�j_kmjkh\��b

�Nbabdh�obfbq_kdb_� f_lh^u� bkke_^h\Zgby� ihp_kkh\� b� fZl_jbZeh\�

hkms_kl\ey_lky�Fhkdh\kdbf�]hkm^Zjkl\_gguf�\_q_jgbf�f_lZeemj]bq_kdbf

bgklblmlhf� b� <k_jhkkbckdbf� gZmqgh�bkke_^h\Zl_evkdbf� bgklblmlhf

l_ogbq_kdhc�nbabdb�b�Z\lhfZlbaZpbb��ki_pbZebabjmxsbfky�gZ�jZajZ[hld_

ijb[hjh\� ^ey� jZ^bZpbhgguo� b� j_gl]_gh\kdbo�f_lh^h\� wdhZgZeblbq_kdh]h

dhgljhey�
MGB<?JK:EVGUC�<HEVL:FI?JHF?LJBQ?KDBC
:G:EBA:LHJ��MIJ:<EY?FUC�W<F

?jfZdh\�K�K���Dhq_fbjh\kdbc�<�:���Qb`h\�<�F�

HHH ©<blbfª� KZgdl�I_l_j[mj]

Mgb\_jkZevguc� \hevlZfi_jhf_jbq_kdbc� ZgZebaZlhj�� khklhbl� ba

we_dljhggh]h� [ehdZ�� ^ZlqbdZ� >I���� h[_ki_qb\Zxs_]h� jZ[hlm� \� j_`bf_

klZpbhgZjgh]h�jlmlgh]h�dZi_evgh]h��jlmlgh]h�dZiZxs_]h��b�\jZsZxs_]hky

^bkdh\h]h� we_dljh^h\� b� IW<F�� mijZ\eyxs_c� we_dljhgguf� [ehdhf� b

^Zlqbdhf� k� ihfhsvx� ijh]jZffu� :32/� ���� q_j_a� bgl_jn_ck� 56� ±� ���.
Ijh]jZffZ�iha\hey_l�j_Zebah\Zlv�ke_^mxsb_�j_`bfu�\hevlZfi_jhf_ljbb

b� iheyjh]jZnbb�� k� ebg_cghc� jZa\_jldhc� ihl_gpbZeZ�� bfimevkguc� b

^bnn_j_gpbZevguc� bfimevkguc�� d\Z^jZlgh�\hegh\hc� b� kbgmkhb^Zevguc,
lZkl��b�k�^\hcguf�bfimevkhf�
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BAMQ?GB?�WE?DLJHOBFBQ?KDH=H�IH<?>?GBY
F:DJHPBDEBQ?KDBO�KH?>BG?GBC�G:�IH<?JOGHKLB

L<?J>HN:AGUO�K?GKHJH<

?KBIH<:�F�<�

Dm[Zgkdbc l_ogheh]bq_kdbc mgb\_jkbl_l

JZajZ[hldZ� \ukhdhqm\kl\bl_evguo� b� k_e_dlb\guo� kihkh[h\

hij_^_e_gby� jZaebqguo� lhdkbdZglh\�� y\ey_lky� h^ghc�ba�gZb[he__� \Z`guo

aZ^Zq� ZgZeblbq_kdhc� obfbb�� hl� dhlhjhc� aZ\bkyl� mki_ob� \� j_r_gbb

ijh[e_fu�wdheh]bq_kdh]h�fhgblhjbg]Z�

Ihwlhfm��\�ihke_^g__�\j_fy��gZb[hevr__�jZkijhkljZg_gb_�ihemqbeb

\hevlZfi_jhf_ljbq_kdb_� f_lh^u� ZgZebaZ�� bkihevamxsb_� ^ey� jZ[hlu

fh^bnbpbjh\Zggu_�l\_j^hnZagu_�k_gkhju��<�dZq_kl\_�fh^bnbpbjmxs_]h

j_Z]_glZ� bkihevamxl� jZaebqgu_� g_hj]Zgbq_kdb_� b� hj]Zgbq_kdb_

j_Z]_glu�LZd�� bkihevah\Zgb_� ^ey� wlbo� p_e_c�� fZdjhpbdebq_kdbo

kh_^bg_gbc�k�aZdjulufb�pbdeZfb��djZmg�wnbjh\���djhf_�kgb`_gby�ij_^_eZ

h[gZjm`_gby�iha\hey_l�ih\ukblv�k_e_dlb\ghklv�hij_^_e_gby�

Ba\_klgh��qlh�fZdjhpbdebq_kdb_�kh_^bg_gby�k�hldjulufb�pbdeZfb�

h[eZ^Zxl� [hevr_c� j_Zdpbhgghc� kihkh[ghklvx�� q_f� k� aZdjulufb�� Djhf_

wlh]h�� lh� qlh� ^ey� kha^Zgby� fh^bnbpbjh\Zggh]h� we_dljh^Z� bkihevah\Zgh

kljmdlmjgh_� ih^h[b_� ]jZnblZ� b� [_gahevgh]h� dhevpZ� fZdjhpbdebq_kdh]h

kh_^bg_gby� iha\hey_l� k^_eZlv� \u\h^� h� i_jki_dlb\ghklb� bamq_gby

\hafh`ghklb� fh^bnbpbjh\Zgby� ih\_joghklb� we_dljh^Z

fZdjhpbdebq_kdbfb�kh_^bg_gbyfb�k�hldjulufb�pbdeZfb�

Bkke_^h\Zgh� we_dljhobfbq_kdh_� ih\_^_gb_� ijhba\h^guo� djZmg�

wnbjZ� lbiZ� ^b[_gah����djZmg��� hldjulh]h� lbiZ� gZ� ih\_joghklb

l\_j^hnZaguo� k_gkhjh\�� ieZlbgh\hf� lhq_qghf�� ibjh]jZnblh\hf�

m]hevgh\hehdgbklhf�� lhq_qgh�]jZnblh\hf�� h^ghjZah\hf� ]jZnblh\hf�

kl_dehm]e_jh^ghf�� ]jZnblh\hf��bfij_]gbjh\Zgghf� kf_kvx�ihebwlbe_gZ�b

iZjZnbgZ��]jZnblh\hf��bfij_]gbjh\Zgguf�wihdkb^ghc�kfhehc�

IhdZaZgh�� qlh� gZ� Zgh^ghc� ijhba\h^ghc� \hevlZfi_jh]jZff_

j_]bkljbjmxlky�kb]gZeu�\�h[eZklb�ihl_gpbZeh\���������������<��

GZbemqrb_� j_amevlZlu� �ih� \_ebqbg_� lhdh\� hdbke_gby� b

\hkijhba\h^bfhklb� j_amevlZlh\� ihemq_gu� gZ� k_gkhj_�� ba]hlh\e_gghf� ba

]jZnblZ� �k� jZ[hq_c� ih\_joghklb� �� �� �� dm[�� kf��� bfij_]gbjh\Zgghf

wihdkb^ghc� kfhehc� �� W>������ Lhdb� hdbke_gby� fZdjhpbdebq_kdbo

kh_^bg_gbc� ihke_� fh^bnbpbjh\Zgby� ih\_joghklb� ieZlbgh\h]h� b

kl_dehm]e_jh^gh]h� we_dljh^h\� gZ� ijhba\h^ghc� \hevlZfi_jh]jZff_� g_

nbdkbjh\Zebkv�

Ihemq_ggu_� j_amevlZlu� k\b^_l_evkl\mxl� h[� Z^khj[pbhgghf

f_oZgbaf_� ijhp_kkZ� fh^bnbpbjh\Zgby� b� mkbeb\Zxs_f� wnn_dl_

\aZbfh^_ckl\by� �ih^h[by� kljh_gby�� f_`^m� hj]Zgbq_kdbf� j_Z]_glhf�

]jZnblh\uf�kl_j`g_f�b�bfij_]gbjmxsbf�\_s_kl\hf�
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GZ�Z^khj[pbhggu_�k\hckl\Z�fZdjhpbdebq_kdbo�kh_^bg_gbc�\ebygb_

g_�hdZau\Z_l� dhebq_kl\h� Zlhfh\� dbkehjh^Z�b� ZahlZ� \�pbde_�� Z� \eby_l��ih�

\b^bfhfm�� kljmdlmjZ� b� iheh`_gb_� aZf_klbl_ey�� LZd`_� hq_\b^gh�� qlh

Z^khj[pbhggu_�k\hckl\Z�emqr_�\ujZ`_gu�m�fZdjhpbdebq_kdbo�kh_^bg_gbc

k�aZf_klbl_eyfb��jZkiheh`_ggufb�\�pbdebq_kdhf�njZ]f_gl_�fhe_dmeu�

MklZgh\e_gh�� qlh� kljmdlmjZ� fh^bnbpbjmxs_]h� fZdjhpbdebq_kdh]h

kh_^bg_gby� gZ� g_h[jZlbfhklv� ijhp_kkZ� hdbke_gby�\hkklZgh\e_gby�� gZ

kms_kl\_ggmx� jZagbpm� f_`^m� agZq_gbyfb� ihl_gpbZeh\� hdbke_gby� b

\hkklZgh\e_gby�\ebygby�g_�hdZau\Z_l�

Hij_^_e_gu� hilbfZevgu_� mkeh\by� fh^bnbpbjh\Zgby� ih\_joghklb

]jZnblh\h]h�we_dljh^Z�fZdjhpbdebq_kdbfb�kh_^bg_gbyfb�
:G:EBLBQ?KDB?�O:J:DL?JBKLBDB�BHGK?E?DLB<GUO
WE?DLJH>H<�G:�HKGH<?�NHKNHJHHJ=:GBQ?KDBO

KH?>BG?GBC��<EBYGB?�A:F?KLBL?E?C�B�EBIHNBEVGUO
>H;:<HD

@mdh\�:�N���Mjmkh\�X�B���OZjblhgh\�:�;���NjZdbckdbc�?�<���
;Zmebg�<�?���I_ljmobg�H�F�

Jhkkbckdbc obfbdh�l_ogheh]bq_kdbc mgb\_jkbl_l bf�>�B�F_g^_e__\Z
Fhkd\Z� ������ FbmkkdZy ie�^��

Bgklblml nbabheh]bq_kdb Zdlb\guo kh_^bg_gbc J:G� Q_jgh]heh\dZ ������

:gZeblbq_kdb_� oZjZdl_jbklbdb� bhgk_e_dlb\guo� we_dljh^h\� gZ

hkgh\_�nhknhjhj]Zgbq_kdbo�kh_^bg_gbc�fh]ml�[ulv�baf_g_gu�dZd�aZ�kq_l

\\_^_gby� we_dljhggh�kl_jbhobfbq_kdb� Zdlb\guo� aZf_klbl_e_c�� lZd� b� aZ

kq_l�\\_^_gby�ebihnbevguo�^h[Z\hd�

<� ^Zgghc� jZ[hl_� bamq_gu� ZgZeblbq_kdb_� oZjZdl_jbklbdb

^bnhknbghdkb^h\� h[s_c� kljmdlmjghc� nhjfmeu

Ph 2 P(O)-C6H4 – ( O-CH 2– CH2 )n - o C6H4 – P(O) Ph 2 n =2 (1), 2 n =3 (11), n
 ��������b�Q� �����<�

DZd� ihdZaZeb� gZrb� bkke_^h\Zgby� ijb� aZf_g_� h�dkbebe_gh\hc

fhklbdh\hc� ]jmiiu� gZ� f�dkbebe_gh\mx� ijb\h^bl� d� memqr_gbx� KZ�

k_e_dlb\ghklb� ih� hlghr_gbx� d� FJ�� GZijhlb\�� m\_ebq_gb_� qbkeZ

hdkbZedbevguo� njZ]f_glh\� ijb\h^bl� d� aZf_g_� KZ�<Z� k_e_dlb\ghklb� gZ

<Z�KZ�� ;ueh� ihdZaZgh�� qlh� ^bnhknbghdkb^u� k� kh^_j`Zgb_f

hdkbwlbe_gh\uo� njZ]f_glh\� n< 3 k_k_e_dlb\_g� ih� hlghr_gbx� d� KZ�� Z

^bnhknbghdkb^u� k� kh^_j`Zgb_f� hdkbwlbe_gh\uo� njZ]f_glh\� n>5
k_e_dlb\_g�d�bhgZf�<Z�

>ey� bhgk_e_dlb\guo� we_dljh^h\� gZ� hkgh\_� g_cljZevguo

i_j_ghkqbdh\� bf__lky� \_jogbc� ij_^_e� mklhcqb\hklb

ihl_gpbZehij_^_eyxsbo�dhfie_dkh\�ih�^hklb`_gbx�dhlhjh]h�lhd�h[f_gZ

\� kms_kl\_gghc� kl_i_gb� hij_^_ey_lky� i_j_ghkhf� Zgbhgh\�� GZijbf_j�

aZf_gZ�n_gbevgh]h�jZ^bdZeZ�gZ�lZebevguc�\�g_ihkj_^kl\_gghc�[ebahklb�d
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nhknhjbevghc� nmgdpbhgZevghc� ]jmii_� ijb\h^bl� d� kgb`_gbx� \_jog_]h

ij_^_eZ�h[gZjm`_gby�aZ�kq_l�Zgbhggh]h�wnn_dlZ�

<\_^_gb_� ebihnbevguo� bhgh]_gguo� kh_^bg_gbc� mkljZgy_l� wlhl

wnn_dl�b�h^gh\j_f_ggh�baf_gy_l�k_e_dlb\ghklv�b�ij_^_e�h[gZjm`_gby�

Hlf_q_gh�� qlh� bkihevah\Zgb_� [he__� ebihnbevgh]h� ZgbhgZ

m\_ebqb\Z_l� k_e_dlb\ghklv� ih� hlghr_gbx� d� ^\moaZjy^guf� bhgZf� ih

hlghr_gbx� d� h^ghaZjy^guf��<\_^_gb_� ebihnbevghc� ^h[Z\db� ijb\h^bl� d

aZf_lghfm�baf_g_gbx�ij_^_eZ�h[gZjm`_gby�khhl\_lkl\mxs_]h� we_dljh^Z�

LZd� ��gZijbf_j��^ey�bhghnhjZ� �<�baf_g_gb_�kh^_j`Zgby�D<� (ClPh)4 hl���
^h�����fhe��iha\hey_l�m\_ebqblv�ij_^_e�h[gZjm`_gby�hl�����

-5
�^h�����

-7
F�
WE?DLJHOBFBQ?KDBC�F?LH>�>EY�HIJ?>?E?GBY
OHEBGWKL?J:AGHC�:DLB<GHKLB�N?JF?GLH<

@mdh\kdbc�X��=���Dmag_ph\Z�E��I��KhqbebgZ�?��?��
;udh\kdZy�?��X���FboZceh\Z�E��X�

Bgklblml w\hexpbhgghc nbabheh]bb b [bhobfbb bf� B� F� K_q_gh\Z J:G�

]� KZgdl�I_l_j[mj]

Ij_^eh`_g� b� bkihevah\Zg� k� iheh`bl_evgufb� j_amevlZlZfb

we_dljhobfbq_kdbc� f_lh^� hij_^_e_gby� ohebgwkl_jZaghc� Zdlb\ghklb�� Ijb

ihklhygghc�kbe_�lhdZ��ijhoh^ys_]h�q_j_a�^\Z�ieZlbgh\uo�we_dljh^Z��Zgh^

b�dZlh^���ihf_szgguo�\f_kl_�k�we_dljh^hf�kjZ\g_gby�\�[mn_jguc�jZkl\hj

ch^bklh]h� lbhohebgh\h]h� wnbjZ� dZj[hgh\hc� dbkehlu�� j_]bkljbjh\Zeb

ihl_gpbZe�Zgh^Z�hlghkbl_evgh�ihl_gpbZeZ�we_dljh^Z�kjZ\g_gby��GZqZevgZy

\_ebqbgZ� ihl_gpbZeZ� ieZlbgh\h]h� Zgh^Z� ����� f<�� hij_^_ey_lky

dhgp_gljZpb_c�Zgbhgh\�ch^Z�b�ihqlb�g_�aZ\bkbl�hl�\_ebqbgu�jG� ����������

\_ebqbgu� kbeu� lhdZ� ���������fd:��� dhgp_gljZpbb� oehjbklh]h� dZeby� ������

fhev�e�� b� dhgp_gljZpbb� nhknZlgh]h� [mn_jZ� ������� ffhev�e��� Ihke_

^h[Z\e_gby� ohebgwkl_jZau� gZqbgZ_lky� n_jf_glZlb\guc� ]b^jheba

lbhohebgh\h]h�wnbjZ�b�h[jZam_lky�lbhohebg��\�j_amevlZl_�q_]h�ihl_gpbZe

ieZlbgh\h]h� Zgh^Z� mf_gvrZ_lky�� Kdhjhklv� mf_gvr_gby� ihl_gpbZeZ

ijhihjpbhgZevgZ� dZlZeblbq_kdhc� Zdlb\ghklb� ohebgwkl_jZau�� ijb

hilbfZevghc�^ey�wlhc�Zdlb\ghklb�\_ebqbg_�jG����������Ba�ljzo�bkiulZgguo

lbhohebgh\uo� wnbjh\� �Zp_lbelbhohebg�� ijhibhgbelbhohebg� b

[mlbjbelbhohebg�� \� hiulZo� k� [mlbjbeohebgwkl_jZahc� �GN� ��������� ba

ku\hjhldb�djh\b�q_eh\_dZ��ehrZ^b��]hem[y��dhklbklhc�ju[u�kbgpZ�[uklj__

\k_o� ]b^jhebah\Zeky� [mlbjbelbhohebg;� \� hiulZo� k

ijhibhgbeohebgwkl_jZahc� �GN� ��������� ba�fha]h\hc� ldZgb� beb� ku\hjhldb

djh\b� �� ijhibhgbelbhohebg;� Z� \� hiulZo� k� Zp_lbeohebgwkl_jZahc� �GN
��������� ba� wjbljhpblh\� djh\b� q_eh\_dZ�� [udZ�� ehrZ^b�� Z� lZd`_� ba

we_dljbq_kdhc� ldZgb� we_dljbq_kdh]h� m]jy� b� we_dljbq_kdh]h� kdZlZ� �

Zp_lbelbhohebg�� lh]^Z� dZd� [mlbjbelbhohebg� g_� ]b^jhebah\Zeky�� Kihkh[

oZjZdl_jbam_lky�\ukhdhc�qm\kl\bl_evghklvx�hij_^_e_gby�ohebgwkl_jZaghc

Zdlb\ghklb� b� iha\hey_l� baf_jylv� ohebgwkl_jZagmx� Zdlb\ghklv� g_� lhevdh
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\h^hjZkl\hjbfuo� ij_iZjZlh\�� gh� b� ]hfh]_gZlh\� ldZg_c� Hg� fh`_l� [ulv
bkihevah\Zg�\�klZpbhgZjguo�b�i_j_^\b`guo�eZ[hjZlhjbyo�kem`[�dhgljhey

^ey� hij_^_e_gby� fbdjhdhgp_gljZpbc� Zglbohebgwkl_jZaguo� kh_^bg_gbc

�i_klbpb^h\� b� e_dZjkl\_gguo� \_s_kl\��� ;hevrbgkl\h� bkiulZgguo

ijbf_k_c��kheb�ly`zeuo�f_lZeeh\��kheb�Zffhgby��n_gheu��lZggbgu��[_gabg

b� ^j���� \� dhgp_gljZpbyo�� ij_\urZxsbo� I>D� \� ����� jZa�� g_� \ebyxl� gZ

j_amevlZlu�baf_j_gbc� F_rZxsb_�ijbf_kb�±�kbevgu_�\hkklZgh\bl_eb�
IH<?>?GB?�=:AH>BNNMABHGGUO�WE?DLJH>H<�K
DBKEHJH>GHC�>?IHEYJBA:PB?C�<�K?GKHJ:O

OEHJH<H>HJH>:

AZ\_jZq�?�F���Q\bjmd�<�I���Ebgxq_\Z�H�<�

GZpbhgZevguc l_ogbq_kdbc mgb\_jkbl_l MdjZbgu ³DIB³� ������� ]� Db_\� ij�
Ih[_^u� ��� l_e� � ��� � �������

Hij_^_e_gb_�jy^Z�ijbf_k_c�\�\ha^mrghc�kj_^_� �]Zeh]_gh\h^hjh^h\�

m]e_dbkehlu�b�^j���fh`_l�[ulv� hkgh\Zgh�gZ�bo� kihkh[ghklb�baf_gylv� jG

we_dljheblZ� \�ijbwe_dljh^ghf� keh_� k_gkhjZ��GZfb� jZkkfhlj_gZ� ijh[e_fZ

\u[hjZ� bg^bdZlhjgh]h� we_dljh^Z� k_gkhjZ� ^ey� ih^h[guo� ijbf_k_c� gZ

hkgh\_�j_Zdpbb�k�dbkehjh^ghc�^_iheyjbaZpb_c�Zlfhkn_jguf�\ha^mohf

��G
+
�������H2 ���_� �G2H

Ijh\_^_gh� wdki_jbf_glZevgh_� bkke_^h\Zgb_� we_dljhobfbq_kdbo

yq__d� k� dZlZeblbq_kdb� Zdlb\gufb� bg^bdZlhjgufb� we_dljh^Zfb

]Zah^bnnmabhggh]h� lbiZ� \� kj_^_� Zlfhkn_jgh]h� \ha^moZ�� kh^_j`Zs_f

ijbf_kb�oehjh\h^hjh^Z��<�dZq_kl\_�dZlZeblbq_kdb�Zdlb\guo�bg^bdZlhjguo

we_dljh^h\�bkihevah\Zebkv�3W��$X��5X22, Co3O4�b�0Q22 beb�bo�dhfihabpbb

gZ�ihjbklhc�lblZgh\hc�hkgh\_�

<� ihl_gpbhf_ljbq_kdhf� j_`bf_� gZ� yq_cdZo� k� lhgdhkehcgufb

ihdjulbyfb� ba� i_j_qbke_gguo� dZlZebaZlhjh\� j_Zebamxlky� ihl_gpbZeu

hljbpZl_evg__� l_hj_lbq_kdbo� agZq_gbc�� MklZgh\e_gh�� qlh� wlhl� wnn_dl

h[mkeh\e_g� ijhl_dZgb_f� khijy`_gguo� j_Zdpbc� gZ� dZlZebaZlhjZo� b

lblZgh\hc� ih^eh`d_�� Yq_cdb� wlh]h� lbiZ� oZjZdl_jbah\Zebkv� \ukhdhc

bg_jpbhgghklvx�b�^j_cnhf�ihl_gpbZeh\�\h�\j_f_gb�

Yq_cdb� Zfi_jhf_ljbq_kdh]h� lbiZ� k� 3W� b� $X� we_dljh^Zfb� ba�aZ

\ukhdh]h� i_j_gZijy`_gby� j_Zdpbb� \hkklZgh\e_gby� dbkehjh^Z

oZjZdl_jbah\Zebkv�gbadbf�[ukljh^_ckl\b_f�b�keZ[hc�nmgdpb_c�hldebdZ�gZ

baf_g_gb_�dhgp_gljZpbb�oehjh\h^hjh^Z�

<hkklZgh\e_gb_�hdkb^guo�fZl_jbZeh\�k�mqZklb_f�\hagbdZxsbo�ijb

jZkl\hj_gbb� +&O� ijhlhgh\� ijhl_dZ_l� k� h[jZah\Zgb_f� hdkb^h\� gbar_c

\Ze_glghklb�� Z� ijb� ihke_^mxs_c� \u^_j`d_� yq__d� \hafh`gh� hdbke_gb_

gbarbo� hdkb^h\� \� \ukrb_� b� j_]_g_jZpby� ih\_joghklb� we_dljh^Z� ih^

\ha^_ckl\b_f�dbkehjh^Z�Zlfhkn_jgh]h�\ha^moZ��We_dljhobfbq_kdb_�yq_cdb

k�hdkb^gufb�we_dljh^Zfb�hlebqZebkv�[he__�\ukhdbfb�[ukljh^_ckl\b_f�b
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qm\kl\bl_evghklvx� ih� kjZ\g_gbx� k� yq_cdZfb� k� we_dljh^Zfb� ba

[eZ]hjh^guo� f_lZeeh\�� GZb[he__� klZ[bevgu_� b� \hkijhba\h^bfu_� \h

\j_f_gb� wdkiemZlZpbhggu_� oZjZdl_jbklbdb� ihemq_gu� gZ� we_dljh^Zo� k

MnO2�� Wlh� k\yaZgh� k� \ukhdhc� Z^khj[pbhgghc� kihkh[ghklvx� hdkb^h\

fZj]ZgpZ�� Z� lZd`_� bo� [hevr_c� obfbq_kdhc� klhcdhklvx� \� bkke_^m_fuo

kj_^Zo��GZ�hkgh\_�ijh\_^_gguo�wdki_jbf_glh\�klZeh�\hafh`guf�kha^Zgb_

we_dljhobfbq_kdbo� k_gkhjh\� ^ey� hij_^_e_gby� oehjh\h^hjh^Z� k

bg^bdZlhjgufb� we_dljh^Zfb� gZ� hkgh\_� hdkb^guo� fZl_jbZeh\�� dhlhju_

ij_\hkoh^yl� ih� l_ogbq_kdbf� oZjZdl_jbklbdZf� ba\_klgu_� iZl_glgu_

ZgZeh]b�� hkgh\Zggu_� gZ� Zgh^ghf� jZkl\hj_gbb� ahehlZ� ih^� \ha^_ckl\b_f

bhgh\�oehjZ�
IJB;HJGH�F?LH>BQ?KDH?�H;?KI?Q?GB?�GII�WDHGBDK

AZcp_\�G�D���=jbr_qdbgZ�F�<���AZcp_\�I�F���DjZkguc�>�<�

GII Wdhgbdk� Fhkd\Z

<� ����� ]h^m�[ue�\g_k_g�\�=hkj__klj�\�dZq_kl\_�kj_^kl\Z�baf_j_gby

\hevlZfi_jhf_ljbq_kdbc� ZgZebaZlhj� Wdhl_kl�<:�� ?kl_kl\_ggh�

agZqbl_evgZy� qZklv� ^_yl_evghklb� GII� Wdhgbdk� k\yaZgZ� k� ih^]hlh\dhc

ijh]jZffgh]h� b� f_lh^bq_kdh]h� h[_ki_q_gby�� Z� lZd`_� dhfie_dlZ� ijb[hjZ

Wdhl_kl�<:�� ;hevrbgkl\h�nbjf�� ijhba\h^ysbo� ijb[hju� b�f_lh^bdb� ^ey

f_lh^Zf�\hevlZfi_jhf_ljbb��bkihevamxl�^ey�mkbe_gby�kb]gZeZ�jZaebqgu_

gZdhibl_evgu_� j_`bfu�� bg\_jkbhggmx� \hevlZfi_jhf_ljbx�� dh]^Z�

gZijbf_j�� ly`_eu_� f_lZeeu� \hkklZgZ\eb\Zxlky� gZ� dZlh^_� ^h� k\h[h^gh]h

khklhygby��Z�aZl_f�gZ�\lhjhc��baf_jbl_evghc��klZ^bb�ijhp_kkZ�ijhbkoh^bl

bo� jZkl\hj_gb_�� Z� lZd`_� jZaebqgu_� \b^u� Z^khj[pbhgghc

\hevlZfi_jhf_ljbb�� dh]^Z� hij_^_ey_fh_� \_s_kl\h� gZdZieb\Z_lky� gZ

we_dljh^_�\�k\h[h^ghf�\b^_��dZd�\�kemqZ_�hij_^_e_gby�n_gheh\��beb�\�\b^_

kh_^bg_gby� �dZd�ijb�hij_^_e_gbb�gbd_ey�b�dh[ZevlZ� \� \b^_� dhfie_dkh\� k

^bf_lbe]ebhdkbfhf���Ijb� wlhf�kh\_jr_ggh�g_aZkem`_ggh�fZeh�\gbfZgby

ihemqZ_l� ^jm]hc� f_oZgbaf� mkbe_gby� ihe_agh]h� kb]gZeZ�� ^hklmiguc� ^ey

\hevlZf_ijhf_ljbb� ±� f_oZgbaf� dZlZeblbq_kdbo� lhdh\�� GII� Wdhgbdk

ih^]hlh\beh� b� Zll_klh\Zeh� aZ� ����� ]h^� jy^�f_lh^bd�� \� dhlhjuo� hkgh\ghc

f_oZgbaf� mkbe_gby� ihe_agh]h� kb]gZeZ� bf_ggh� dZlZeblbq_kdbc�� Wlh

f_lh^bdb�hij_^_e_gby�lj_o�b�r_klb\Ze_glgh]h�ojhfZ�\�\h^ghf�jZkl\hj_�b

kmffZjgh]h� ojhfZ� \� ijh^mdlZo� iblZgby� b� ijh^h\hevkl\_gghf� kujv_�� Z

lZd`_�ZgZeh]bqgu_�f_lh^bdb�hij_^_e_gby�fheb[^_gZ��Ij_^_e�h[gZjm`_gby

khklZ\ey_l� ijb� bkihevah\Zgbb� \hevlZfi_jhf_ljbq_kdh]h� ZgZebaZlhjZ

Wdhl_kl�<:�\�dhfie_dl_�k�fZehjlmlguf�we_dljh^hf�\bkys_c�dZieb���fd]�e�

DZlZeblbq_kdbc� wnn_dl� ^hklb]Z_lky� aZ� kq_l� \\_^_gby� \� jZkl\hj� ba[uldZ

gbljZl�bhgh\�\�kemqZ_�ojhfZ�b�[jhfZl�bhgh\�\�kemqZ_�fheb[^_gZ�

IjbfudZ_l� d� dZlZeblbq_kdbf� jZajZ[hlZggZy� b� ]hlh\ysZyky� d

Zll_klZpbb� f_lh^bdZ� hij_^_e_gby� nhjfZev^_]b^Z� gZ� nhg_� ]b^jZabgZ�
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Hkh[_gghklvx� wlhc�f_lh^bdb� y\ey_lky� lh�� qlh�fu� \i_j\u_� j_]bkljbjm_f

lhdb�� k\yaZggu_� k� \hkklZgh\e_gb_f� ]b^jZahgZ� nhjfZev^_]b^Z� \

ijbkmlkl\bb� dbkehjh^Z� \ha^moZ�� Ijb� wlhf� [ueh� \uiheg_gh� g_[hevrh_

bkke_^h\Zgb_�h�\ebygbb�dbkehjh^Z�\ha^moZ�gZ�ihe_aguc�kb]gZe��Keh`ghklv

aZdexqZ_lky� \� lhf�� qlh�fZdkbfmf� lhdZ� \hkklZgh\e_gby�nhjfZe^v^_]b^Z� \

lhqghklb� gZdeZ^u\Z_lky� gZ� i_j\mx� \hegm� \hkklZgh\e_gby� dbkehjh^_� �^h

i_j_dbkb� \h^hjh^Z��� Ijbf_g_gb_� i_j_f_gghlhdh\hc� \hevlZfi_jhf_ljbb

iha\hey_l�jZa^_eblv�lhdb�\hkklZgh\e_gby�dbkehjh^Z�b�nhjfZev^_]b^Z�

<f_kl_� k� l_f� GII� Wdhgbdk� aZgbfZehkv� lZd`_� ijbf_g_gb_f

bg\_jkbhgghc� \hevlZfi_jhf_ljbb�� Ih^]hlh\e_gu� f_lh^bdb� hij_^_e_gby

f_^b�� k\bgpZ�� dZ^fby�� b� pbgdZ�� Z� lZd`_� jlmlb� \� ijh^mdlZo� iblZgby� b

ijh^h\hevkl\_gghf� kujv_�� Hkh[_ggh� ohjhrh� k_[y� aZj_dhf_g^h\ZeZ

Z\lhdeZ\gZy� ijh[hih^]hlh\dZ�� F_ljheh]bq_kdb� Zll_klh\Zgu� f_lh^bdb

hij_^_e_gby�©we_dljhobfbq_kdhc�q_l\_jdbª�b�jlmlb�\�ijh^mdlZo�iblZgby�b

\� ijh^h\hevkl\_gghf� kujv_� k� ijh[hih^]hlh\dhc� iml_f� dbkehlgh]h

hahe_gby�\�lblZgh\uo�Z\lhdeZ\Zo�ijhba\h^kl\Z�GII�:gdhg��<�wlbo�jZ[hlZo

hkgh\ghc� mihj� k^_eZg� gZ� mkljZg_gby� f_rZxs_]h� \ebygby� f_^b� gZ

ZgZeblbq_kdb_�kb]gZeu�pbgdZ�b�dZ^fby�

Khljm^gbdZfb� GII� Wdhgbdk� [ueZ� ijh\_^_gZ� wdki_jlbaZ

kms_kl\mxsbo�b�Zll_klh\Zgguo�\�JN�f_lh^bd�^ey�hij_^_e_gby�furvydZ�

D� kh`Ze_gbx�� \uykgbehkv�� qlh� ijb� [md\Zevghf� bkiheg_gbb� f_lh^bd� gb

h^gZ�ba�jZg__�Zll_klh\Zgguo�f_lh^bd�g_�\hkijhba\h^blky��Ihwlhfm�kbeZfb

GII�Wdhgbdk�ih^]hlh\e_gZ�d�Zll_klZpbb�f_lh^bdZ�hij_^_e_gby�furvydZ�\

jZaebqguo� h[t_dlZo�� dhlhjZy� mklhcqb\h� \hkijhba\h^blky�� Ijb� wlhf� \

dZq_kl\_�bg^bdZlhjgh]h�we_dljh^Z�ijbf_g_g�ahehlh]jZnblh\uc��GZg_k_gb_

ahehlZ� gZ� ih\_joghklv� bfij_]gbjh\Zggh]h� ]jZnblh\h]h� we_dljh^Z

ijhba\h^blky�ba�ki_pbZevgh]h�jZkl\hjZ� ©Wdhfahevª��ihke_�q_]h�\hafh`gh

fgh]hdjZlgh_� hij_^_e_gb_� furvydZ� gZ� ih\_joghklb� lZdh]h� we_dljh^Z�

ijbq_f�dbkehjh^�\ha^moZ�g_�f_rZ_l�hij_^_e_gbx�

Ih^]hlh\e_gZ� gh\Zy� memqr_ggZy� \_jkby� ijh]jZffu� mijZ\e_gby

ijb[hjhf�Wdhl_kl�<:��iha\heyxsZy�jZ[hlZlv�ih^�MS-Windows,�gZqbgZy�k
\_jkbb� ���� Dhfie_dl� ijb[hjZ� jZkrbj_g� \ukhdhdZq_kl\_gguf� k_jbcguf

bfij_]gbjh\Zgguf�]jZnblh\uf�we_dljh^hf��ahehluf�we_dljh^hf��Z�lZd`_

fZehjlmlguf� we_dljh^hf� \bkys_c� dZieb�� dhlhjuc�^hjZ[hlZg�b� iha\hey_l

mklhcqb\h�jZ[hlZlv�^Z`_�\�ihe_\uo�mkeh\byo��JZajZ[hlZgZ�ZddmfmeylhjgZy

\_jkby� ijb[hjZ� Wdhl_kl�<:�� dhlhjZy� bkiulZgZ� e_lhf� ����� ]h^Z� gZ� [Za_

ijZdlbdb�]_heh]bq_kdh]h�nZdmevl_lZ�F=M�b�ihdZaZeZ�m^h\e_l\hjbl_evgu_

j_amevlZlu� ijb� jZ[hl_� \� ihe_\uo� mkeh\byo� �gZ� Z\lhfh[bevghc� [Za_��

Mki_rgu_� \gmlj_ggb_� bkiulZgby� ijhr_e� gh\uc� we_dljh^guc� [ehd�

iha\heyxsbc�ijhba\h^blv�aZf_gm�jZkl\hjbl_ey�[_a�jZafudZgby�p_ib��Wlh

\Z`guc� rZ]� d� wdkij_kk�ZgZebam� kf_k_c� ijhba\hevgh]h� khklZ\Z� [_a

jZaeh`_gby� ijh[u� f_lh^Zfb� bg\_jkbhgghc� b� Z^khj[pbhgghc

\hevlZfi_jhf_ljbb�

AZ������]h^�\�=hkm^Zjkl\_gguc�J__klj�\�dZq_kl\_�kj_^kl\Z�baf_j_gby

\g_k_g� jG�f_lj�bhghf_j� Wdhl_kl������ HklZgh\bfky� gZ� g_dhlhjuo

hkh[_gghklyo� wlh]h� ijb[hjZ�� Lhqghklv� Wdhl_kl����� khklZ\ey_l� ���� f<�� Z
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bg^bdZpby� hkms_kl\ey_lky� ^h� �����f<��Bg^bdZpby� jG� hkms_kl\ey_lky� ^h

������jO��qlh�iha\hey_l�ih^^_j`b\Zlv�lhqghklv��kjZ\gbfmx�k�gh\uf�=HKL

gZ�rdZem� jG�� \ur_^rbf� \� ����� ]h^m�� Wlh� i_j\uc� \� kljZg_� bhghf_j�� \

ijh]jZffm� dhlhjh]h� \g_k_g� f_lh^� ^h[Z\hd�� qlh� \Z`gh� ijb� hij_^_e_gbb

Zgbhgh\�\�ijbkmlkl\bb�dhfie_dkhh[jZamxsbo�f_lZeeh\��Ijb�hij_^_e_gbb

gbljZlh\�Wdhl_kl�����iha\hey_l�g_ihkj_^kl\_ggh�jZkkqblu\Zlv�kh^_j`Zgb_

gbljZlh\�gZ�dbeh]jZff�fZkku�h\hs_c�jZaebqguo�deZkkh\��lZd�dZd�\�iZfylv

ijb[hjZ� \g_k_gu� [hevrb_� [bheh]bq_kdb_� lZ[ebpu�� iha\heyxsb_

h[_ki_qblv� lZdhc� i_j_kq_l� �kh\f_klgZy� jZ[hlZ� Wdhgbdk� k� Bgklblmlhf

iblZgby�J:FG�JN���M�ijb[hjZ�m^h[guc�\uoh^�gZ�dhfivxl_j�q_j_a�KHF�

ihjl�� m^h[guc� ihevah\Zl_evkdbo� bgl_jn_ck� ^ey� ihkljh_gby� ]jZnbdZ

aZ\bkbfhklb� baf_jy_fh]h� iZjZf_ljZ� hl� \j_f_gb�� <uims_g� dhffmlZlhj�

iha\heyxsbc� ih^dexqZlv� d� ijb[hjm� Wdhl_kl����� kjZam� ��� ��� beb� ��

we_dljh^Z�� Ijb� wlhf� gZ� dhfivxl_j� fh`_l� hkms_kl\eylvky� \u\h^

iZjZf_ljh\�kjZam�kh�\k_o�we_dljh^h\�

Ih^]hlh\e_g� b� gZoh^blky� \� klZ^bb� ]hkm^Zjkl\_gguo� bkiulZgbc

fgh]hiZjZf_ljbq_kdbc� ZgZebaZlhj� Wdhl_kl������� m� dhlhjh]h� lhqghklv

khklZ\ey_l� �� f<�� H^gZdh� \� dhfie_dlZpbb� bhghf_jZ� hg� ihqlb� \� �� jZaZ

^_r_\e_� ijb[hjZ� Wdhl_kl������ >jm]Zy� \Z`gZy� dhfie_dlZpby� ijb[hjZ

Wdhl_kl������ ±� baf_jbl_ev� kh^_j`Zgby� jZkl\hj_ggh]h� dbkehjh^Z� b� ;ID�

l_kl_j�

<� klZ^bb� ]hkm^Zjkl\_gguo� bkiulZgbc� gZoh^blky� lZd`_� ��lb

we_dljh^guc�dhg^mdlhf_lj�Wdhl_kl������
FH>BNBPBJH<:GGU?�M=HEVGH�I:KLH<U?�WE?DLJH>U
B�BO�IJBF?G?GB?�<�:G:EBLBQ?KDBO�P?EYO

AZoZjh\�<�:���RZjbih\Z�G�K���;_kkZjZ[h\Z�B�F�

DZaZokdbc ]hkm^Zjkl\_gguc gZpbhgZevguc mgb\_jkbl_l bf_gb Zev�NZjZ[b�

:efZlu� DZaZoklZg

<� gZklhys__� \j_fy� \� we_dljhZgZeblbq_kdhc� obfbb� rbjhdh_

ijbf_g_gb_�gZoh^yl�jZaebqgu_�fh^bnbpbjh\Zggu_�we_dljh^u��\�lhf�qbke_

b�m]hevgh�iZklh\u_��Bkihevah\Zgb_�lZdbo�we_dljh^h\�iha\hey_l�jZkrbjblv

\hafh`ghklb�b�h[eZklb�ijbf_g_gby�we_dljhZgZeblbq_kdbo�f_lh^h\�

Rbjhdb_� \hafh`ghklb� \� wlhf� Zki_dl_� hldju\Zxlky� ijb

bkihevah\Zgbb� m]hevgh�iZklh\uo� we_dljh^h\�� Ih^[bjZy� jZaebqgu_

fh^bnbdZlhju�� dhlhju_� \\h^ylky� g_ihkj_^kl\_ggh� \� m]hevgmx� iZklm�

fh`gh�ijb^Zlv�we_dljh^m�aZ^Zggu_�k\hckl\Z��k^_eZ\�_]h�bhgk_e_dlb\guf��b

l_f� kZfuf� bkihevah\Zlv� ^ey� ZgZebaZ� dhgdj_lguo� h[t_dlh\�� dZd

hj]Zgbq_kdhc�� lZd� b� g_hj]Zgbq_kdhc� ijbjh^u��<� dZq_kl\_�fh^bnbdZlhjh\

gZfb� [ueb� bkihevah\Zgu� khj[_glu�� wdkljZdlu� e_]dhieZ\dbo� j_Z]_glh\�

n_jf_glu�b�^j��M]hevgh�iZklh\uc�we_dljh^�fh^bnbpbjh\Zgguc�n_jf_gl�

dhnZdlhjghc� kbkl_fhc� Zedh]hev^_]b^jh]_gZaZ� �:>=�� �
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gbdhlbgZfb^Z^_gbg^bgmde_hlb^� �G:>��� bkihevah\Zg� gZfb� \� dZq_kl\_

bhgk_e_dlb\gh]h�we_dljh^Z�^ey�ZgZebaZ�kibjlZ�

MklZgh\e_gh�� qlh� ^Zgguc� we_dljh^� lZd`_� qm\kl\bl_e_g� d

ijbkmlkl\bx�\�jZkl\hj_�bg]b[blhjh\�n_jf_glZlb\ghc�j_Zdpbb��\�qZklghklb

pbZgb^�bhgZ��IhdZaZgZ� \hafh`ghklv� bkihevah\Zgby� lZdh]h� we_dljh^Z� ^ey

dhgljhey� kh^_j`Zgby� pbZgb^Z�� >ey� hij_^_e_gby� jlmlb� bkihevah\Zg

m]hevgh�iZklh\uc� we_dljh^� fh^bnbpbjh\Zgguc� k_jmkh^_j`Zsbfb

khj[_glZfb� jZaebqghc� ijbjh^u�p_eexehaZ�� kbebdZ]_ev�� iheblbhwnbj��

Gb`gbc� ij_^_e� hij_^_e_gby� jlmlb� k� bkihevah\Zgb_f� lZdh]h� we_dljh^Z

khklZ\ey_l� ����
-7
�fhev�e��M]hevgh�iZklh\uc� we_dljh^��fh^bnbpbjh\Zgguc

g_ij_^_evgufb� dZj[hgh\ufb� dbkehlZfb� �ebghe_\Zy�� he_bgh\Zy��

bkihevah\Zg� ^ey� dhebq_kl\_ggh]h� hij_^_e_gby� ^Zgguo� dbkehl�

We_dljhZgZeblbq_kdbc� f_lh^� k� bkihevah\Zgb_f� ^Zggh]h� we_dljh^Z� bf__l

jy^� ij_bfms_kl\� i_j_^� jZg__� kms_kl\mxsbfb�� gbadbc� ij_^_e

h[gZjm`_gby�� wdkij_kkghklv�� ohjhrZy� \hkijhba\h^bfhklv�� ijhklhlZ

wdki_jbf_glZ�
HIJ?>?E?GB?�KE?>H<�MJ:G:�F?LH>HF�:>KHJ;PBHGGHC
D:LH>GHC�<HEVL:FI?JHF?LJBB�G:�KL:PBHG:JGHF

JLMLGHF�WE?DLJH>?

AZoZjh\Z�W�:���DblZ_\Z�G�:�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l� ]� Lhfkd

>ey� hij_^_e_gby� ke_^h\� mjZgZ� f_lh^hf� Z^khj[pbhgghc� dZlh^ghc

\hevlZfi_jhf_ljbb� �:D<:��\�ebl_jZlmj_�ij_^eh`_gh�g_kdhevdh�eb]Zg^h\

�ibjhdZl_obg��dmin_jhg��ijhibe]ZeeZl����hdkbobghebg�b�^j����h[jZamxsbo

k�U(6+) dhfie_dku��Z^khj[bjmxsb_ky�gZ�ih\_joghklb�jlmlgh]h�we_dljh^Z�

G_^hklZldhf� ij_^eh`_gguo� f_lh^bd� y\ey_lky� bkihevah\Zgb_� dZiZxs_]h

�\bkys_]h�� jlmlgh]h� we_dljh^Z�� lj_[mxs_]h� [hevrh]h� dhebq_kl\Z

lhdkbqghc� jlmlb�� <� gZklhys_c� jZ[hl_� k^_eZgZ� ihiuldZ� bkihevah\Zgby

klZpbhgZjguo� we_dljh^h\� ^ey� hij_^_e_gby� mjZgZ� \� \h^Zo�� Bkihevah\Zeb

]jZnblh\u_� �=W��� kl_dehm]e_jh^gu_� �KMW��� Z� lZd`_� jlmlgu_� ie_ghqgu_

we_dljh^u� �JIW��� gZg_k_ggu_� gZ� jZaebqgu_� ih^eh`db�� GZbemqrb_

j_amevlZlu�ihemq_gu�k�JIW�gZ�k_j_[jyghc�ih^eh`d_��<�dZq_kl\_�eb]Zg^Z

\u[jZg� hdkbobghebg� gZ� nhg_� oehjbklh]h� dZeby� b� [mju� ijb� jG� �±��

Ijh\_^_gu� bkke_^h\Zgby� ih� hilbfbaZpbb� kb]gZeZ� mjZgZ� gZ� mjh\g_

dhgp_gljZpbc� ��
–9 –10–8

� F� f_lh^hf� :D<:� �\ebygb_� �� ihl_gpbZeZ

Z^khj[pbb�� \j_f_gb� Z^khj[pbb�� \_ebqbgu� jG�� dhgp_gljZpbb

hdkbobghebgZ���Ihl_gpbZe� dZlh^gh]h� ibdZ� mjZgZ� ����� ±������±�����<� �okw��

>ey� ih\ur_gby� \hkijhba\h^bfhklb� ibdh\� mjZgZ� gZ� h^ghf� b� lhf� `_

we_dljh^_� bkihevah\Zeb� jy^� ijb_fh\� ����f_oZgbq_kdZy� hqbkldZ� we_dljh^Z

\eZ`guf� [mfZ`guf� nbevljhf�� ��we_dljhobfbq_kdZy� hqbkldZ� ijb

? � ±������±����<� \� l_q_gb_� jZaebqgh]h� \j_f_gb�� ��mevljZa\mdh\Zy� hqbkldZ

we_dljh^Z�\�\h^_����^h[Z\e_gb_�\�jZkl\hj�bhgh\�jlmlb�����\�dhgp_gljZpbb
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5.10–6
� F�� <hkijhba\h^bfu_� j_amevlZlu� ihemq_gu� kihkh[Zfb� ��� b� ���

:^khj[pbhgguc� f_oZgbaf� nhjfbjh\Zgby� kb]gZeZ� mjZgZ� \� mdZaZgguo

mkeh\byo�ih^l\_j`^_g�oZjZdl_jhf�aZ\bkbfhkl_c��lhd�ibdZ�±�dhgp_gljZpby

mjZgZ� ������ lhd� ibdZ� ±� \j_fy� Z^khj[pbhggh]h� gZdhie_gby�� lhd� ibdZ� b

ihl_gpbZe� ibdZ� ±� kdhjhklv� jZa\_jldb� ihl_gpbZeZ�� Dmehghf_ljbq_kdb

jZkkqblZgZ�iehlghklv�Z^khj[bjh\Zgguo�gZ�ih\_joghklb�we_dljh^Z�fhe_dme

ijb� fhghkehcghf� ihdjulbb�� m^h\e_l\hjbl_evgh� kh\iZ^ZxsZy� k

l_hj_lbq_kdhc� \_ebqbghc� ^ey� dhfie_dkZ� khklZ\Z� ����� ij_h[eZ^Zxs_]h� \

jZkl\hj_�ijb�jG����IhdZaZgh��qlh�\ebygb_�f_rZxsbo�bhgh\�±�f_^b��`_e_aZ�

k\bgpZ�b�dZ^fby�mkljZgy_lky�^h[Z\e_gb_f�����
–4
F�LjbehgZ�;��F_rZxs__

\ebygb_� dZj[hgZlh\�� Zp_lZlh\�� ijbjh^guo� I:H<� b� ^j�� eb]Zg^h\

ij_^eh`_gh�mkljZgylv�ih^dbke_gb_f�GKL�k�ijhimkdZgb_f�bg_jlgh]h� ]ZaZ
beb� MN� h[emq_gb_f� jZkl\hjh\� ijb� jG� ��� Ij_^eh`_gZ� f_lh^bdZ� ZgZebaZ

iblv_\uo� b� fbg_jZevguo� \h^� gZ� kh^_j`Zgb_� mjZgZ� \� ^bZiZahg_

10–4 – 10–3
f]�^f

3
�k�jZaebqghc�ijh[hih^]hlh\dhc��dbkehlgZy�h[jZ[hldZ��MN

h[emq_gb_�b�fhdjh_�hahe_gb_�k�Zahlghc�dbkehlhc�b�i_j_dbkvx� \h^hjh^Z��

F_lh^hf� �\\_^_gh�gZc^_gh�� ihdZaZgh�� qlh� kbkl_fZlbq_kdZy� ih]j_rghklv

hlkmlkl\m_l��gZbf_gvrZy�kemqZcgZy�ih]j_rghklv�ijb�dbkehlghc�h[jZ[hld_�

F_lh^bdZ�ijhklZ�b�qm\kl\bl_evgZ�
<HAFH@GHKLB�<HEVL:FI?JHF?LJBB�IJB�:G:EBA?
;BHEH=BQ?KDB�:DLB<GUO�NHJF�K?E?G:��@?E?A:�B�BH>:

AZoZjh\Z�W�:���Ke_iq_gdh�=�;�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

DZq_kl\h� iblZgby� gZk_e_gby� \� agZqbl_evghc� kl_i_gb� aZ\bkbl� hl

kh^_j`Zgby� \� ibs_\uo� ijh^mdlZo� [bheh]bq_kdb� Zdlb\guo� \_s_kl\� beb

^h[Z\hd� �;:>���Djhf_�\blZfbgh\��kms_kl\_ggmx�nbabheh]bq_kdmx�jhev�\

hj]Zgbaf_�q_eh\_dZ�b]jZxl�jZaebqgu_�nhjfu�lZdbo�we_f_glh\��dZd�Se, Fe,
I.� Ijh\_^_g� ebl_jZlmjguc� ihbkd� f_lh^h\� hij_^_e_gby� wlbo� we_f_glh\� \
ibs_\uo�ijh^mdlZo��[bheh]bq_kdbo�h[t_dlZo�b�\h^Zo�aZ�ihke_^gb_�ljb�]h^Z

�����±�����]]����<uy\e_gh�����j_n_jZlh\��ba�gbo�ih�k_e_gm�±������ih�`_e_am

±������ih�bh^m�±�����:gZeba�ebl_jZlmju�mdZau\Z_l�gZ�\hajhkrbc�bgl_j_k�d

dhgljhex� aZ� ihklmie_gb_f�� jZkij_^_e_gb_f� b� \u\_^_gb_f� ;:>� ba

hj]ZgbafZ�� ijbq_f� hij_^_ey_lky� g_� lhevdh� \Zeh\h_� kh^_j`Zgb_� gh� b

obfbq_kdb_�nhjfu�wlbo�we_f_glh\��<�gZklhysbc�fhf_gl�^ey�hij_^_e_gby

jZaguo� nhjf� mdZaZgguo� ;:>� ijbf_gyxl� ]eZ\guf� h[jZahf� ke_^mxsb_

f_lh^u��\�kdh[dZo�±�f_lh^u�jZa^_e_gby��

Se: ::K�>�FK�>�KN��<W@O�>�BHO >�BH�>�=O�
Fe: KN�!�<:F�!�::K��Wd�>�BH��
I: FK�!�<:F�>�G:��BHO��

Ljm^ghklb�ZgZebaZ�nhjf�;:>� aZdexqZxlky�\�g_h[oh^bfhklb�bf_lv

qm\kl\bl_evgu_�b�k_e_dlb\gu_�f_lh^u��Z�lZd`_�klZg^Zjlgu_�h[jZapu�KH�

ijb[eb`Zxsb_ky�ih�khklZ\m�d�hij_^_ey_fhfm�h[t_dlm�
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F_lh^u� \hevlZfi_jhf_ljbb� �<:F�� ijb\e_dZxl� ZgZeblbdh\� k\h_c

\ukhdhc� qm\kl\bl_evghklvx� b� ijhklhlhc�� We_dljhobfbq_kdbc� kb]gZe

fh`_l� [ulv� ihemq_g� hl� jZaebqguo� nhjf� ;:>�� >ey� ih\ur_gby

k_e_dlb\ghklb� ijbf_gyxl� jZaebqgu_� ijb_fu� ±� \u[hj� khhl\_lkl\mxs_]h

eb]Zg^Z�� lbiZ� we_dljh^Z�� ihl_gpbZeZ� we_dljhgZdhie_gby�� j_`bfZ

baf_g_gby� ihl_gpbZeZ�� <:F� ohjhrh� khq_lZ_lky� k� lZdbfb� f_lh^Zfb

jZa^_e_gby� dZd� wdkljZdpby�� bhgguc� h[f_g�� <ha^_ckl\by� gZ� jZkl\hju

jZaebqguo� ihe_c� �� mevljZnbhe_lh\h_� h[emq_gb_�� mevljZa\md� b� ^j��� fh]ml

\uau\Zlv� j_Zdpbb� hl^_evguo� nhjf�� mkljZgyy� bo� \ebygb_� beb� kha^Z\Zy

ihe_aguc� kb]gZe� >ey� hij_^_e_gby� `_e_aZ� b� _]h� nhjf� f_lh^hf� <:F
bkihevamxl�� dhgp_gljbjh\Zgb_�Fe� gZ� we_dljh^Zo� \� \b^_�Fe(0) beb� hkZ^dZ
]b^jhdkb^Z� Fe����� beb� Z^khj[bjh\Zgguo� jZaghh[jZaguo� dhfie_dkh\

Fe(2+,3+) ��>ey� hij_^_e_gby�nhjf� k_e_gZ�bkihevamxl� kihkh[ghklv�Se(4+)
gZdZieb\Zlvky�gZ�jlmlghf�we_dljh^_�\�\b^_�Hg2Se beb�Cu2Se��Z�gZ�ahehlhf
we_dljh^_� ±� \� \b^_� Se����� >Ze__� ihemqZxl� we_dljhobfbq_kdbc� kb]gZe

dhgp_gljZlZ�� HibkZgh� \hkklZgh\e_gb_� IO3
– 
^h� I– gZ� Hg-we_dljh^_�� >ey

hij_^_e_gby�bh^b^�bhgh\�ijbf_gyxl�dhgp_gljbjh\Zgb_�_]h�\�\b^_�hkZ^dh\

beb� Z^khj[bjh\Zgguo� dhfie_dkh\� gZ� jZaebqguo� we_dljh^Zo� k

ihke_^mxsbf�we_dljh\hkklZgh\e_gb_f�

<� jZ[hl_� ihdZaZgZ� i_jki_dlb\ghklv� bkihevah\Zgby

ahehlh]jZnblh\uo� we_dljh^h\� ^ey� hij_^_e_gby� Fe(2+), Fe(3+), I–, IO3
–

�ihke_� _]h� obfbq_kdh]h� \hkklZgh\e_gby�, Se(4+) b Se(6+)� �ihke_� _]h
nhlhobfbq_kdh]h� \hkklZgh\e_gby�� \� dhgp_gljZpbyo� ���±������ f]�d]� \

\h^guo�jZkl\hjZo�
IJH;E?FU�NHJFBJH<:GBY�JLMLGH=H�IHDJULBY�G:
M=E?JH>KH>?J@:SBO�WE?DLJH>:O�BA�J:KL<HJ:�B�BA

L<?J>UO�KH?>BG?GBC��BFFH;BEBAH<:GGUO�G:
IH<?JOGHKLV

AZoZjqmd�G�N����;hjbkh\Z�G�K����KZjZ_\Z�K�X����;jZcgbgZ�O�A��

Bgklblml g_hj]Zgbq_kdhc obfbb KH J:G� ]� Gh\hkb[bjkd
MjZevkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l wdhghfbdb� ]� ?dZl_jbg[mj]

&hq_lZgb_� f_lh^h\� \hevlZfi_jhf_ljbb� b� fbdjhkdhibb� LQ� VLWX� ^ey

bamq_gby� ijhp_kkZ� fh^bnbpbjh\Zgby� jlmlvx� m]e_jh^kh^_j`Zsbo

we_dljh^h\� iha\hebeh� ihemqblv� ^hihegbl_evgu_� agZgby� h� \aZbfk\yab

f_`^m�fhjnheh]b_c�jZ[hq_c�ih\_joghklb�we_dljh^h\�� we_dljhobfbq_kdbf

ih\_^_gb_f� jlmlb� b� ZgZeblbq_kdbfb� oZjZdl_jbklbdZfb� hij_^_ey_fuo

we_f_glh\��&X��3E��&G��

Lj_[m_lky� i_j_gZijy`_gb_� hl� ���� ^h� ���� <� ^ey� \u^_e_gby� jlmlb

iml_f� \hkklZgh\e_gby� bhgh\� +J�,,�� ba� jZkl\hjh\�� Jlmlv� hkZ`^Z_lky� \

i_j\mx� hq_j_^v� gZ� Zdlb\guo� p_gljZo� \� \b^_� ^\mf_jguo� aZjh^ur_c�

dhlhju_� \� ijhp_kk_� we_dljhebaZ� ij_\jZsZxlky� ihke_^h\Zl_evgh� \

lj_of_jgu_� h[jZah\Zgby�b� dZieb��>hklb]gm\� djblbq_kdh]h� jZaf_jZ� �≤ 0.1
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fdf�� ihke_^gb_� ijboh^yl� \� ^\b`_gb_� b� dhZe_kpbjmxl� k� h[jZah\Zgb_f

f_gvr_]h�qbkeZ�djmiguo�dZi_ev��GZ�f_kl_�[u\rbo�aZjh^ur_c�h[jZamxlky�

jZklml�� ij_\jZsZxlky� \� dZi_evdb� b� dhZe_kpbjmxl� gh\u_� aZjh^urb

h^gh\j_f_ggh� k� aZiheg_gb_f� k\h[h^guo� p_gljh\� ih\_joghklb�

<hkijhba\h^bfu_� �6r ≤� ������ ZgZeblbq_kdb_� kb]gZeu� gZ[ex^Zxlky�� dh]^Z
lhd�jZajy^Z�bhgh\�+J�,,��^hklb]Z_l�fZdkbfmfZ��jlmlv�jZ\ghf_jgh�aZihegy_l

ih\_joghklv�� ij_djZsZxlky� \kydb_� ^\b`_gby� jlmlguo� dZi_e_d� b

h[jZah\Zgb_� gh\uo� aZjh^ur_c�� GZ� \_ebqbgm� ZgZeblbq_kdbo� kb]gZeh\

\eby_l�jZaf_j�jlmlguo�dZi_ev��?keb�ihke_^gb_�^hklb]Zxl�\_ebqbgu�≥ 5 µf�
\� jZkq_lZo� \_ebqbgu� ZgZeblbq_kdbo� kb]gZeh\� g_h[oh^bfh� mqblu\Zlv

aZdhgu� ^bnnmabb�� Ljm^ghjZkl\hjbfu_� kh_^bg_gby� jlmlb� h[jZamxlky� gZ

jZ[hq_c�ih\_joghklb�we_dljh^Z�dZd�\�l_q_gbb�Zgh^gh]h�jZkl\hj_gby�jlmlb�

lZd�b�\h�\j_fy�we_dljhebaZ�\�jZkl\hjZo��kh^_j`Zsbo�oehjb^�bhgu����>�jG�>
���� Lj_[m_lky� ki_pbZevgZy� we_ljhobfbq_kdZy� lj_gbjh\dZ� we_dljh^Z� ^ey

mkljZg_gby� wlh]h� y\e_gby�� BgZq_� ZgZeblbq_kdb_� kb]gZeu� fh]ml� [ulv

hkeh`g_gu�ZghfZevgufb�³h[jZlgufb´�kb]gZeZfb�lhdZ�

JZajy^� bhgh\� +J�,,�� ba� l\_j^uo� kh_^bg_gbc� jlmlb�

bffh[bebah\Zgguo�gZ�jZ[hqmx�ih\_joghklv�ij_^\Zjbl_evgh��ijhbkoh^bl�k

aZf_lgh� f_gvrbf� `_�� dZd� lhevdh� \hagbdZ_l� lhd� jZajy^Z�� AZ� \j_fy

we_dljhebaZ� ijb� ihl_gpbZeZo� ij_^_evgh]h� lhdZ� ih\_joghklv� we_dljh^Z

jZ\ghf_jgh� aZihegy_lky� jlmlvx� \� \b^_� hq_gv�f_edbo� �≤ 0.1 µf�� dZi_e_d�
dhlhju_� \� wlhf� kemqZ_� kljh]h� ijbdj_ie_gu� d� ih\_joghklb� b� g_

dhZe_kpbjmxl�� <k_� k\hckl\Z� we_dljh^Z� ih^qbgyxlky� mjZ\g_gbyf�

ij_^eh`_gguf� ^ey� lhgdhie_ghqgh]h� we_dljh^Z�� Nhjfbjh\Zgb_� jlmlgh]h

ihdjulby� b� we_dljhobfbq_kdZy� j_]_g_jZpby� jZ[hq_c� ih\_joghklb

we_dljh^Z� g_� khijh\h`^Zxlky� h[jZah\Zgb_f� ljm^ghjZkl\hjbfuo

kh_^bg_gbc�� kh^_j`Zsbo� \� k\h_f� khklZ\_� dZehf_ev��:ghfZevguo� y\e_gby

hlkmlkl\mxl�� gZdehg� ]jZ^mbjh\hqguo� ]jZnbdh\� m\_ebqb\Z_lky�

\hkijhba\h^bfhklv�ZgZeblbq_kdbo�kb]gZeh\��6r��g_�ij_\urZ_l������
<HEVL:FI?JHF?LJBY��F:=GBLGU?�K<HCKL<:�B
KLJMDLMJGU?�O:J:DL?JBKLBDB�KF?R:GGUO�D:>FBC�II)-

@?E?AH�,,,��=?DK:PB:GHN?JJ:LH<

AZoZjqmd�G�N����;hjbkh\Z�G�K����Rhevp�N��b�Rjz^_j�M�

Bgklblml g_hj]Zgbq_kdhc obfbb KH J:G� ]� Gh\hkb[bjkd
Bgklblml nbabq_kdhc obfbb mgb\_jkbl_lZ bf� WjgklZ FhjblpZ�

]� =jZcnk\Zev^� =_jfZgby

=eZ\ghc� hkh[_gghklvx� djbklZeebq_kdhc� j_rzldb

f_lZee]_dkZpbZghn_jjZlh\� y\ey_lky� kms_kl\h\Zgb_� \� g_c� fhklbdh\uo

pbZgh]jmii�� k\yaZgguo� k� h^gbf� Zlhfhf� f_lZeeZ� q_j_a� m]e_jh^

�gbadhkibgh\Zy�k\yav�K���Z�k�^jm]bf���q_j_a�Zahl��\ukhdhkibgh\Zy�k\yav��N).
<ke_^kl\b_� wlh]h� Zlhfu� f_lZeeZ�� jZkiheh`_ggu_� \� jZaebqguo� maeZo

j_rzldb�� y\eyxlky� obfbq_kdb� g_wd\b\Ze_glgufb� b� gZ� \hevlZfi_jghc
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djb\hc�\hagbdZxl�hl^_evgu_�kb]gZeu�we_ljhobfbq_kdbo�ij_\jZs_gbc�iZj

[Fe3+/Fe2+](N)� b� >Fe3+/ Fe2+](C)�� dhlhju_� e_]dh� b^_glbnbpbjh\Zlv�� Wlh

iha\hey_l� bamqZlv� i_j_ghk� aZjy^h\� \� jZaguo� maeZo� djbklZeebq_kdhc

j_rzldb��Djhf_�lh]h��f_oZgbaf�b�dbg_lbdZ�we_dljhobfbq_kdbo�j_Zdpbc�gZ

]jZgbp_� jZa^_eZ� f_lZee]_dkZpbZghn_jjZl� �� jZkl\hj� [m^ml� aZ\bk_lv� hl

hkh[_gghkl_c� bhggh]h� h[f_gZ�� LZdbf� h[jZahf�� ihy\ey_lky� \hafh`ghklv

³aZ]eygmlv´�b�\�maeu��b�\�dZgZeu�djbklZeebq_kdhc�j_rzldb��ihqm\kl\h\Zlv

_z� ³^uoZgb_´� \� ijhp_kk_� we_dljhobfbq_kdbo� beb� dZdbo�eb[h� ^jm]bo

\ha^_ckl\bc� gZ� g_z�� LZdb_� kh_^bg_gby� fh`gh� e_]dh� b� gZijZ\e_ggh

fh^bnbpbjh\Zlv�dZd�aZ�kqzl�aZf_gu�hl^_evguo�Zlhfh\�\�njZ]f_glZo��lZd�b

ihkj_^kl\hf� \Zjvbjh\Zgby� khklZ\Z� ijhlb\hbhgh\�� <kz� wlh� iha\hey_l

jZkkfZljb\Zlv� ^Zggmx� ]jmiim� kh_^bg_gbc� dZd� ij_djZkgu_� fh^_evgu_

h[t_dlu�^ey�bamq_gby�ijbjh^u�f_`Zlhfguo�\aZbfh^_ckl\bc�b�\uykg_gby

jheb� hl^_evguo� we_f_glh\� \� mklhcqb\hklb� b� k\hckl\Zo� fZl_jbZeh\� kh

keh`ghc� fhe_dmeyjghc� b� we_dljhgghc� kljmdlmjhc� k� ihfhsvx� bamq_gby

we_dljh^guo�ijhp_kkh\�ijhbkoh^ysbo�g_ihkj_^kl\_ggh�\�l\zj^hc�nZa_�

F_lh^hf� l\_j^hnZaghc� pbdebq_kdhc� \hevlZfi_jhf_ljbb� bamq_gu

we_dljhobfbq_kdb_� k\hckl\Z� h[jZaph\� dZ^fbc�,,��`_e_ah�,,,��

]_dkZpbZghn_jjZlh\�� ihemq_gguo� imlzf� obfbq_kdh]h� \aZbfh^_ck\by� \

kbkl_f_� o&G&O2 - (1-x)FeCl3 - K4[Fe(CN)6]. (0 ≤� o� ≤� ���� MklZgh\e_gh�� qlh
i_j\hgZqZevguc� h[f_g� bhgh\� )H�,,,�N� F� bhgZfb� &G�,,�� q_j_a� dZgZeu

ijb\h^bl� d� bkdZ`_gbx� djbklZeebq_kdhc� j_r_ldb�� Z� aZl_f� d� nZah\hfm

i_j_oh^m�ijb�o� ������BkdZ`_gb_�khijh\h`^Z_lky�i_j_ghkhf�aZjy^h\�dZd�\

maeZo� )H�,,,�N�� lZd� b� )H�,,�C�� <ke_^kl\bb� wlbo� y\e_gbc� klZeh� \hafh`guf

h[jZah\Zgb_� g_ij_ju\gh]h� jy^Z� l\zj^uo� jZkl\hjh\� Dk(CdxFe1-x)[Fe(CN)6],
g_kfhljy�gZ� kebrdhf�[hevrh_�jZaebqb_�f_`^m� jZ^bmkZfb�bhgh\� &G�,,��b

Fe(III)N�� >hklh\_jghklv� j_amevlZlh\� b� \u\h^h\� ih^l\_`^_gZ� lZdbfb

g_aZ\bkbfufb� f_lh^Zfb�� dZd� iheguc� obfbq_kdbc� b� j_gl]_ghnZah\uc

ZgZebau��fZ]gblgu_� b�WIJ� baf_j_gby��Fzkk[Zmwjh\kdZy� ki_dljhkdhiby� b

ki_dljhkdhiby�^bnnmabhggh]h�hljZ`_gby�
KJ:<G?GB?�><MO�KIHKH;H<�<<?>?GBY�L<?J>H=H
<?S?KL<:�<�AHGM�WE?DLJH>GHC�J?:DPBB

AZoZjqmd�G�N����;hjbkh\Z�G�K���b�Rhevp�N�

Bgklblml g_hj]Zgbq_kdhc obfbb KH J:G� ]� Gh\hkb[bjkd
Bgklblml nbabq_kdhc obfbb mgb\_jkbl_lZ bf� WjgklZ FhjblpZ�

]� =jZcnk\Zev^� =_jfZgby

Fgh]hqbke_ggu_� im[ebdZpbb� ij_djZkgh� ^_fhgkljbjmxl

\hafh`ghklb� l\_j^hnZaghc� \hevlZfi_jhf_ljbb� k� bkihevah\Zgb_f

]jZnblh\uo�we_dljh^h\�\�nZah\hf�b�kljmdlmjghf�ZgZeba_�l\_j^uo�\_s_kl\�

\� j_r_gbb� g_dhlhjuo� nbabdh�obfbq_kdbo� ijh[e_f� b� ^ey� bamq_gby

we_dljhobfbb� ihjhrdh\uo� kh_^bg_gbc�� dhlhju_� fh]ml� [ulv� e_]dh

hoZjZdl_jbah\Zgu�^jm]bfb�g_aZ\bkbfufb�f_lh^Zfb�\�hlebqb_�hl�lZdbo�`_

kh_^bg_gbc� \� \b^_� ie_gdb�� >ey� \\_^_gby� l\_j^h]h� \_s_kl\Z� \� ahgm
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we_dljh^ghc� j_Zdpbb�� dZd� ijZ\beh�� ijbf_gyxl� ^\Z� kihkh[Z�

��� �� g_ihkj_^kl\_ggh_� gZg_k_gb_� bkke_^m_fh]h� \_s_kl\Z� gZ� jZ[hqmx

ih\_joghklv� bfij_]gbjh\Zggh]h� iZjZnbghf� ]jZnblh\h]h� kl_j`gy� iml_f

f_oZgbq_kdh]h� \lbjZgby� �DEUDVLYH� WUDQVIHU� WHFKQLTXH�� b� ��� �� \\_^_gb_

bkke_^m_fh]h� \_s_kl\Z� \� khklZ\� ]jZnblh\h]h� iZklh\h]h� we_dljh^Z�

We_dljhobfbq_kdh_� ih\_^_gb_� wlbo� ^\mo� we_dljh^h\� fh`_l� [ulv

iheghklvx�b^_glbqguf�beb�hlebqZlvky�agZqbl_evgh��<�i_j\hf�kemqZ_�^Z`_

ijb� hq_gv� lsZl_evghf� ijb]hlh\e_gbb� ljm^gh� ihemqblv� jZ\ghf_jgh_

jZkij_^_e_gb_�qZklbp�ih�ih\_joghklb��DZd�ijZ\beh��bkke_^h\Zl_ev�bamqZ_l

we_dljhobfbx� hl^_evguo� Z]ehf_jZlh\�� <lhjhc� we_dljh^� k\h^_g� hl� wlh]h

g_^hklZldZ�� gh� ^ey� ijb]hlh\e_gby� iZklu� \� dZq_kl\_� k\yamxs_c�`b^dhklb

bkihevamxl�dZdh_�eb[h�hj]Zgbq_kdh_�\_s_kl\h��<hijhk��dZdh\h�`_�\ebygb_

lZdh]h�\_s_kl\Z�gZ�dbg_lbdm�we_dljh^gh]h�ijhp_kkZ��ijh[e_fZlbq_g�

F_lh^hf� pbdebq_kdhc� \hevlZfi_jhf_ljbb� bkke_^h\Zgh

we_dljhobfbq_kdh_�ih\_^_gb_�Ijmkkdhc� kbgb� �IK���djZkghc� 3E2��α-PbO2,
β-PbO2�b�%D3E23�\�dbkehc�b�s_ehqghc�kj_^Zo��<g_rg_�we_dljhobfbq_kdh_

ih\_^_gb_�Ijmkkdhc� kbgb� gZ� h[hbo� we_dljh^Zo� hq_gv� ihoh`_� gZ� ohjhrh

bamq_ggh_� ih\_^_gb_� we_dljh^h\� \� \b^_� we_dljhobfbq_kdb

kbgl_abjh\Zgguo� lhgdbo� ie_ghd� IK�� H^gZdh�� \� keZ[h� dbkeuo� jZkl\hjZo

k\yamxsZy�`b^dhklv�\�iZklh\hf�we_dljh^_�agZqbl_evgh�\eby_l�gZ�dbg_lbdm

we_dljhobfbq_kdbo�j_Zdpbc�iZju� >Fe3+/Fe2+](N)��\ke_^kl\bb�bg]b[bjh\Zgby

ijhp_kkZ� i_j_ghkZ� dZlbhgh\� we_djheblZ� q_j_a� dZgZeu� djbklZeebq_kdhc

j_r_ldb� ]_dkZpbZghn_jjZlZ� `_e_aZ�� Qlh� dZkZ_lky� hdkb^h\� k\bgpZ�� lh� bo

we_dljhobfby� gZ� h[hbo� we_dljh^Zo� \g_rg_� ih^h[gZ� ohjhrh� ba\_klghfm

we_dljhobfbq_kdhfm�ih\_^_gbx� we_dljh^h\�� k^_eZgguo�ba� kij_kkh\Zgguo

ihjhrdh\� hdkb^h\� k\bgpZ�� J_amevlZlu� ihdZau\Zxl�� qlh� k\yamxsZy

`b^dhklv� \� wlhf� kemqZ_� g_� \eby_l� gZ� we_dljhobfbq_kdb_� oZjZdl_jbklbdb

we_dljh^Z�� ;he__� lh]h�� we_dljhobfbq_kdb_� j_Zdpbb� [he__� h[jZlbfu� ^ey

iZklh\h]h�we_dljh^Z��q_f�hgb�^ey�we_dljh^Z�k�f_oZgbq_kdb�gZg_k_gguf�gZ

jZ[hqmx�ih\_joghklv�bkke_^m_fuf�hdkb^hf�
KHKLHYGB?�B�I?JKI?DLB<U�J:A<BLBY
<HEVL:FI?JHF?LJBB�<�JMLBGGHF�:G:EBA?

B\Zgh\�X�:���Omkl_gdh�E�:���=jb]hjv_\�K�<���B\Zgh\�B�X��

F_j`Z�:�G���HkljZklv�F�K���GZaZjh\�;�N���AZbqdh�:�<��
Ghkdh\Z�=�G���LhefZq_\Z�L�I�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l� GII ©L?OGH:G:EBLª

F_lh^�bg\_jkbhgghc�\hevlZfi_jhf_ljbb� �B<��aZ�ihke_^gb_� ����e_l

kms_kl\_ggh� mdj_ibe� k\hb� ihabpbb� \� Jhkkbb�� :dlb\gh� jZajZ[Zlu\Zxlky

f_lh^bdb� dhebq_kl\_ggh]h� obfbq_kdh]h� ZgZebaZ� �DO:��� ml\_j`^Zxlky

=HKLu�� gZ� ijb[hjghf� jugd_� ihy\eyxlky� gh\u_� ZgZebaZlhju�� <ukhdZy

qm\kl\bl_evghklv�� hlghkbl_evgh� g_[hevrh_� \j_fy� ijh\_^_gby� ZgZebah\�

\hafh`ghklv�h^gh\j_f_ggh]h�bkke_^h\Zgby�g_kdhevdbo�ijh[��gZ^_`ghklv�b
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ijhklhlZ� h[hjm^h\Zgby�� ohjhrZy� Z^ZilZpby� d� Z\lhfZlbaZpbb� b

dhfivxl_jbaZpbb�� kjZ\gbl_evgh� gbadZy� klhbfhklv� ZgZebaZ� ^_eZ_l

bg\_jkbhggmx� \hevlZfi_jhf_ljbx� dhgdmj_glghkihkh[guf� b

i_jki_dlb\guf�f_lh^hf�^ey�ijh\_^_gby�ih\k_^g_\guo�jmlbgguo�ZgZebah\�

;eZ]h^Zjy�wlbf�^hklhbgkl\Zf�f_lh^�hdZaZeky�\hklj_[h\Zgguf�\�Jhkkbb�^ey

j_r_gby� ijh[e_fu�� k\yaZgghc� k� g_h[oh^bfhklvx� fZkkh\h]h� dhgljhey

lhdkbqguo� ijbf_k_c� \� ibs_\uo� b� wdheh]bq_kdbo� h[t_dlZo� \� mkeh\byo

nbgZgkh\uo� h]jZgbq_gbc� bkiulZl_evguo� eZ[hjZlhjbc�� JZ[hlu� ih

jZa\blbx� \hevlZfi_jhf_ljbb�� gZqZlu_� \� Lhfkdhf� ihebl_ogbq_kdhf

mgb\_jkbl_l_� �LIM�� \� ����� ]h^m� ih^� jmdh\h^kl\hf� Kljhf[_j]Z� :�=�

ijh^he`Zxlky� b� \� gZklhys__� \j_fy��K� ����� ]h^Z� wlb� jZ[hlu� ijh\h^ylky

kh\f_klgh�k�kha^Zgguf�gZ�[Za_�GBE� ©Ijb[hju�\hevlZfi_jhf_ljbq_kdh]h

ZgZebaZª� LIM� gZmqgh�ijhba\h^kl\_gguf� ij_^ijbylb_f

©L?OGH:G:EBLª�� Kh\f_klgZy� jZ[hlZ� gZmqgh�bkke_^h\Zl_evkdhc

eZ[hjZlhjbb� LIM� b� fZeh]h� ij_^ijbylby� dZd� gZmqgh�ijhba\h^kl\_ggh]h

lZg^_fZ� ih^� _^bguf� jmdh\h^kl\hf� iha\hey_l� gZb[he__� wnn_dlb\gh

h[_ki_qb\Zlv� dhfie_dkgh_� jZa\blb_� b� \g_^j_gb_� f_lh^Z� B<� \

ZgZeblbq_kdhc� ijZdlbd_�� Khq_lZgb_� fgh]he_lg_]h� hiulZ� jZ[hlu� b

\hagbdrZy� \� i_jbh^� i_j_kljhcdb� \hafh`ghklv� bkihevah\Zgby� ihke_^gbo

^hklb`_gbc� \_^msbo� fbjh\uo� ijhba\h^bl_e_c� fbdjhwe_dljhgbdb� b

dhfivxl_jghc� l_ogbdb� iha\hebeb� kha^Zlv� ZgZebaZlhj� k_jbb� L:�

hl\_qZxsbc� kh\j_f_gguf� lj_[h\Zgbyf�� OZjZdl_jgufb� ijbagZdZfb

ZgZebaZlhjZ� L:� y\eyxlky�� ijbf_g_gb_� MN�h[emq_gby� ^ey� mkljZg_gby

f_rZxs_]h� ^_ckl\by� jZkl\hj_gguo� hj]Zgbq_kdbo� \_s_kl\� b� dbkehjh^Z�

ijbf_g_gb_�klZpbhgZjguo� we_dljh^h\��h^gh\j_f_gguc�ZgZeba�g_kdhevdbo

ijh[��kihkh[�i_j_f_rb\Zgby�jZkl\hjZ�iml_f�\b[jZpbb�jZ[hq_]h�we_dljh^Z�

kh\f_s_ggZy�dhgkljmdpby�ZgZebaZlhjZ��we_dljhobfbq_kdh]h�^ZlqbdZ�b�MN�

h[emqZl_ey��ih^dexq_gb_�ZgZebaZlhjZ�d�IBM �kh\f_klbfhfm�i_jkhgZevghfm

dhfivxl_jm� q_j_a� klZg^Zjlguc� ihke_^h\Zl_evguc� ihjl�� ijh]jZffguc

kihkh[� mklZgh\db� b� i_j_kljhcdb� \k_o� iZjZf_ljh\� ZgZebaZ� b� mijZ\e_gby�

B^_heh]by�kha^Zgby�ZiiZjZlmju��ijbgpbiu�__�ihkljh_gby��f_lh^bq_kdh_�b

ijh]jZffgh_� h[_ki_q_gb_� gZijZ\e_gu� gZ� fZdkbfZevgh_� m^h\e_l\hj_gb_

lj_[h\Zgbyf� ijh\_^_gby� fZkkh\uo� jmlbgguo� ZgZebah\�� H[h[s_gb_

fgh]he_lg_]h�hiulZ� wdkiemZlZpbb�ihjy^dZ� ���� ZgZebaZlhjh\� \� jZaebqguo

bkiulZl_evguo� eZ[hjZlhjbyo� ih^l\_j`^Z_l� ijZ\bevghklv� bkihevam_fhc

b^_heh]bb� b� iha\hey_l� h[_ki_qblv� ^Zevg_cr__� jZa\blb_� jZ[hl� ih

mkh\_jr_gkl\h\Zgbx� ZgZebaZlhjZ� \� jmke_� bgl_j_kh\� ihlj_[bl_ey�� LZd�� \

ihke_^g_c� fh^_eb� ZgZebaZlhjZ� L:��� ij_^mkfhlj_g� [he__� ijhklhc�

gZ^_`guc�b�[_ahiZkguc�we_dljhobfbq_kdbc�kihkh[�nhjfbjh\Zgby�jlmlgh�

ie_ghqgh]h� we_dljh^Z�b�hkms_kl\e_gZ�klZ[bebaZpby�iZjZf_ljh\� \b[jZpbb

jZ[hq_]h� we_dljh^Z�� qlh� iha\hebeh� kms_kl\_ggh� kgbablv

g_\hkijhba\h^bfhklv�� gZijbf_j�� ibdh\� Zn, Cd, Pb, Cu c� ���� ^h� ���
M\_ebq_g� kjhd� jZ[hlu� bkihevam_fh]h� \� ZgZebaZlhj_� oehjk_j_[jygh]h

we_dljh^Z�kjZ\g_gby��ih\ur_gZ�_]h�klZ[bevghklv�b�\hkijhba\h^bfhklv�ih

ihl_gpbZem�� kgb`_gh� hfbq_kdh_� khijhlb\e_gb_� b� m\_ebq_gZ� gZ]jmahqgZy

kihkh[ghklv�� Ijb� k_jbcghf� ijhba\h^kl\_� we_dljh^h\� �g_kdhevdh� lukyq
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rlmd� \� ]h^�� b� bo� bkihevah\Zgbb� \� fZkkh\hf� ZgZeba_� hkh[h_� agZq_gb_

ijbh[j_lZ_l� b^_glbqghklv� b� \hkijhba\h^bfhklv� \hevlZfi_jguo

oZjZdl_jbklbd��JZajZ[hlZgZ�l_ogheh]by�ba]hlh\e_gby�lZdh]h�we_dljh^Z�^ey

hij_^_e_gby�Hg b�As f_lh^hf� eblvy� \� ij_kknhjfm� kf_kb� ihebwlbe_gZ� b
kZ`b�� Ba]hlh\e_ggu_� ih� lZdhc� l_ogheh]bb� ]jZnblh\u_� we_dljh^u

oZjZdl_jbabjmxlky� gbadbf� agZq_gb_f� hklZlhqgh]h� lhdZ� b� iha\heyxl

gZ^_`gh�hij_^_eylv�As hl���������f]�e�ijb�\j_f_gb�we_dljhebaZ�����k_d��Z
Hg �hl� �������� f]�e� ijb� \j_f_gb� we_dljhebaZ� ���k_d�� We_dljh^� jZ[hlZ_l
klZ[bevgh�\�l_q_gb_�����f_kyp_\�[_a�h[gh\e_gby�ahehlhc�ie_gdb�[eZ]h^Zjy

ki_pbZevghfm� j_`bfm� we_dljhobfbq_kdhc� h[jZ[hldb�� :gZebaZlhj� L:��

kgZ[`_g�[he__�m^h[guf�b�gZ^_`guf�f_oZgbafhf�dj_ie_gby�we_dljh^h\�b

hahgh\uf� nbevljhf�� Ihklhyggh� kh\_jr_gkl\m_lky� ijh]jZffgh_� b

f_lh^bq_kdh_�h[_ki_q_gb_��Kha^Zxlky�gh\u_�f_lh^bdb�DO:�k�Zdp_glhf�gZ

wdkij_kkghklv�� JZajZ[hlZgh� ijh]jZffgh_� h[_ki_q_gb_� ©VALabª� k

fgh`_kl\hf� ^hihegbl_evguo� \hafh`ghkl_c�� ^_eZxsbo� jZ[hlm� ZgZeblbdZ

[he__� m^h[ghc� b� wnn_dlb\ghc�� K� p_evx� Z\lhfZlbaZpbb�� kgb`_gby

ljm^h_fdhklb� b� mijhs_gby� h^ghc� ba� keh`g_crbo� klZ^bc� ZgZebaZ� �

ijh[hih^]hlh\db�� jZajZ[hlZgu� b� \uimkdZxlky� ijh]jZffbjm_fu_

^\modZf_jgu_� [ukljh^_ckl\mxsb_� i_qb� I>I�� ki_pbZebabjh\Zggu_� ^ey

B<�ZgZebaZ�� Bkihevah\Zgb_� ^ey� ba]hlh\e_gby� i_q_c� dhgkljmdlb\gh]h

fZl_jbZeZ� k� \ukhdbfb� l_iehbaheypbhggufb� k\hckl\Zfb�� jZkiheh`_gb_

gZ]j_\Zl_evguo� we_f_glh\� \gmljb� i_qb�� ^hiheg_gb_� i_qb� hldjulhc

dZf_jhc��iebldhc��^ey�\uiZjb\Zgby��h^gh\j_f_gguc�ijh]jZffguc�kihkh[

mijZ\e_gby� i_qvx� b� iebldhc� b� ^jm]b_� dhgkljmdlb\gu_� hkh[_gghklb

iha\hebeb�h[_ki_qblv�\ukhdb_�ihlj_[bl_evkdb_�k\hckl\Z�i_qb��JZajZ[hlZg

b� \uimkdZ_lky� nhlhfbg_jZebaZlhj� MNH�� iha\heyxsbc� hkms_kl\eylv

h^gh\j_f_ggh_�MN�h[emq_gb_� ^_\ylb� ijh[� ijb� i_j_f_rb\Zgbb� jZkl\hjZ�

IjZdlbdZ�ihdZau\Z_l��qlh�ihl_gpbZevgu_� \hafh`ghklb�f_lh^Z�B<�^Ze_dh

g_� bkq_jiZgu�� Bo� ^Zevg_crZy� j_ZebaZpby� iha\hey_l� gZ^_ylvky�� qlh� hg

klZg_l�Zevl_jgZlb\hc�^hjh]hklhysbf�f_lh^Zf�
WE?DLJHOBFBQ?KD:Y�H;J:;HLD:�D:D�KJ?>KL<H
<G?>J?GBY�<�RBJHDMX�IJ:DLBDM�WE?DLJH>H<�BA
M=E?JH>GUO�F:L?JB:EH<�K�;HEVRHC�J:;HQ?C

IH<?JOGHKLVX�EX;HC�=?HF?LJBB

B\Zgh\�X�B���DbebgZ�B�D�

D_f_jh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

<�\hevlZfi_jhf_ljbb�hlkmlkl\m_l�we_dljh^��dhlhjuc�fh`gh�[ueh�[u

gZa\Zlv� hkgh\guf� we_dljh^hf�� ih^h[gh� JDW� \� iheyjh]jZnbb�� <k_

ba\_klgu_� l\_j^u_� we_dljh^u� g_� ^Zxl� klZ[bevgh� \hkijhba\h^bfh]h

kb]gZeZ�� ihkdhevdm� we_dljhobfbdZf� g_ba\_kl_g� ijhklhc� b� wnn_dlb\guc

kihkh[� hqbkldb� jZ[hq_c� ih\_joghklb� lZdbo� we_dljh^h\� hl� ijh^mdlh\

we_dljhobfbq_kdbo�j_Zdpbc�
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GZfb�aZiZl_glh\Zg�kihkh[�we_dljhobfbq_kdhc�h[jZ[hldb�we_dljh^h\

ba� m]e_jh^guo� fZl_jbZeh\�� dhlhjuc� iha\hey_l� \g_^jblv� \� ijZdlbdm

we_dljh^u�k�[hevrhc�jZ[hq_c�ih\_joghklvx�ex[hc� ]_hf_ljbb��gZijbf_j�

rlujvdh\u_�kl_dehm]e_jh^gu_�we_dljh^u�kh�kjhdhf�kem`[u�^h� ��b�[he__

e_l.
<� ijhp_kk_� we_dljhobfbq_kdhc� h[jZ[hldb� \� jZkl\hj_� s_ehqb� k

^h[Z\dhc� Zp_lhgZ� k� ih\_joghklb� we_dljh^Z� m^Zeyxlky� ijh^mdlu

we_dljhobfbq_kdbo� j_Zdpbc�� ih\_joghklgh�Zdlb\gu_� \_s_kl\Z�

k]eZ`b\Zxlky� dZ\_jgu� b� fbdjhlj_sbgu�� GZijbf_j�� ih\_joghklv

kl_dehm]e_jh^gh]h� we_dljh^Z�klZgh\blky�ihoh`_c�gZ�h[eblmx�ijhajZqghc

]eZamjvx�� q_j_a� dhlhjmx� \b^gu� \k_� ^_n_dlu� kljmdlmju�� gh� hgb� [he__� g_

f_rZxl�baf_j_gbyf�

K� ihfhsvx� rlujvdh\uo� kl_dehm]e_jh^guo� we_dljh^h\�

h[jZ[hlZgguo�ih�wlhfm�kihkh[m��klZeh�\hafh`guf��gZijbf_j��hij_^_e_gb_

n_gheZ� \� \h^_� gZ� mjh\g_� ������ f]�e� [_a� ij_^\Zjbl_evgh]h

dhgp_gljbjh\Zgby�k�hldehg_gb_f�hl�kj_^g_]h�ba���iZjZee_evguo�baf_j_gbc

g_�[he__������K�m\_ebq_gb_f�dhgp_gljZpbb�n_gheZ�\�����jZa�hldehg_gb_�hl

kj_^g_]h�mf_gvrZ_lky�^h������<j_fy�ZgZebaZ�k�ijh[hih^]hlh\dhc�g_�[he__

��o�qZkh\�

Ijb� we_dljhobfbq_kdhc� h[jZ[hld_� lhjp_\hc� kl_dehm]e_jh^guc

we_dljh^�khojZgy_l�k\hx�jZ[hlhkihkh[ghklv�^h�l_o�ihj��ihdZ�g_�kehfZ_lky

ih�ijbqbg_�bklhgq_gby� >ey�we_dljh^Z�k�^bZf_ljhf�jZ[hq_c�qZklb� ����ff
wlh]h� ke_^m_l� h`b^Zlv� q_j_a� ����� e_l�� ihkdhevdm� ijhf_`mlhd� f_`^m

pbdeZfb� h[jZ[hldb� fh`_l� [ulv� hl� g_kdhevdbo� qZkh\� ^h� ���� g_^_ev� b

aZ\bkbl�lhevdh�hl�mkeh\bc�wdkiemZlZpbb�we_dljh^Z�

J_Zdlb\u�� bkihevam_fu_� ijb� we_dljhobfbq_kdhc� h[jZ[hld_

m]e_jh^guo�we_dljh^h\��bf_xlky�\�ex[hc�eZ[hjZlhjbb��We_dljhebl�fh`_l

bkihevah\Zlvky� fgh]hdjZlgh�� kjhd� ojZg_gby� g_� h]jZgbq_g�� Ki_pbZevguo

agZgbc�b�gZ\udh\�g_�lj_[m_lky�

Ijb�gZebqbb�f_lh^bdb�we_dljhobfbq_kdhc�h[jZ[hldb�h^bg�b�lhl�`_

kl_dehm]e_jh^guc� we_dljh^� fh`gh� ihke_^h\Zl_evgh� bkihevah\Zlv� ^ey

hij_^_e_gby� hj]Zgbq_kdbo� kh_^bg_gbc�� jlmlb�� furvydZ� b� ly`_euo

f_lZeeh\��Kl_dehm]e_jh^�beb�^jm]hc�m]e_jh^guc�fZl_jbZe±�wlh�\k_]h�ebrv

ih^eh`dZ�� ih^]hlh\b\� dhlhjmx� khhl\_lkl\mxsbf� h[jZahf�� fh`gh

ihemqblv� we_dljh^u� ^ey� hij_^_e_gbb� [hevrbgkl\Z� we_dljhobfbq_kdb

Zdlb\guo� \_s_kl\�� Fu� ij_^eZ]Z_f� g_kdhevdh� \ZjbZglh\� h[jZ[hldb

kl_dehm]e_jh^Z� �we_dljhobfbq_kdh_� ihebjh\Zgb_�� ihdjulb_� jlmlghc� beb

ahehlhc� ie_gdZfb��� kh\hdmighklv� dhlhjuo� b� iha\hey_l� ihke_^h\Zl_evgh

hij_^_eylv�jZaebqgu_�\_s_kl\Z�gZ�h^ghc�ih^eh`d_�
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N:JF:DHDBG?LBQ?KDB?�BKKE?>H<:GBY
D:J>BHIJ?I:J:LH<�F?LH>HF�BG<?JKBHGGHC

<HEVL:FI?JHF?LJBB

B\Zgh\kdZy�?�:���;h[e_\Z�X�<�

GBB dZj^bheh]bb LGP KH J:F
������ Lhfkd� Db_\kdZy ���Z�

<� gZklhys__� \j_fy� hlf_qZ_lky� jhkl� k_j^_qgh�khkm^bkluo

aZ[he_\Zgbc��H^gh\j_f_ggh�� gZ� jugd_� e_dZjkl\_gguo� kj_^kl\� ihy\ey_lky

[hevrh_� dhebq_kl\h� ij_iZjZlh\�� bkihevam_fuo� ijb� e_q_gbb� k_j^_qgh�

khkm^bkluo�aZ[he_\Zgbc��Ihwlhfm�bkke_^h\Zgb_�ij_iZjZlh\�wdkij_kkgufb

f_lh^Zfb�y\ey_lky�ZdlmZevguf�\�hp_gd_�wnn_dlb\ghklb�e_q_gby�[hevguo�

H^gbf� ba� lZdbo� f_lh^h\� y\ey_lky� bg\_jkbhggZy� \hevlZfi_jhf_ljby�

dhlhjZy� hlebqZ_lky� Z[khexlghc� qm\kl\bl_evghklvx� b� ba[bjZl_evghklvx

ijb� hij_^_e_gbb� ZgZebabjm_fh]h� h[t_dlZ�� Bkihevam_fZy� fbgbfZevgZy

ijh[hih^]hlh\dZ� [bheh]bq_kdh]h� fZl_jbZeZ� k^_eZeZ� f_lh^� bg\_jkbhgghc

\hevlZfi_jhf_ljbb�wdkij_kkguf�ijb�hij_^_e_gbb�e_dZjkl\_gguo�\_s_kl\�

GZ�[Za_�eZ[hjZlhjbb�Lhfkdh]h�GBB�dZj^bheh]bb�[ueb�jZajZ[hlZgu

f_lh^bdb� hij_^_e_gby� dZj^bhij_iZjZlh\� jZaebqguo� deZkkh\� [_lZ�

[ehdZlhju� �\_jZihfbe�� dhj^Zgmf�� h[ab^Zg��� ZglZ]hgbklu� dZevpby

�^belbZa_f��� k_j^_qgu_� ]ebdhab^u� �^b]hdkbg��� Z� lZd`_� ij_iZjZlu

gZagZqZ_fu_� ijb� ]bi_jebib^_fbb� �wg^mjZpbg��� JZajZ[hlZggu_� f_lh^bdb

iha\hebeb� ijh\_klb� nZjfZdhdbg_lbq_kdb_� bkke_^h\Zgby� ij_iZjZlh\

fbe^jhgZl�� dhj^ZgmfZ�� wg^mjZpbg� b� ^j�� JZkq_l� nZjfZdhdbg_lbq_kdbo

iZjZf_ljh\� ijh\h^beb� k� ihfhsvx� fZl_fZlbq_kdbo� fh^_e_c�� ;ueb

jZkkqblZgu� hkgh\gu_� nZjfZdhdbg_lbq_kdb_� iZjZf_lju�� gZqZevgu_� b

ih^^_j`b\Zxsb_� ^habjh\db�� i_jbh^� ihem\u\_^_gby�� dhgklZglZ

webfbgZpbb�� h[sbc� debj_gk�� h[t_f� jZkij_^_e_gby�� wnn_dlb\gu_� b

lhdkbq_kdb_� dhgp_gljZpbb�� >Zggu_� bkke_^h\Zgby� iha\heyxl� ih^h[jZlv

^ham� bg^b\b^mZevgh� ^ey� dZ`^h]h� [hevgh]h� b� gZb[he__� wnn_dlb\gh

ijbf_gylv�ij_iZjZl�ijb�_]h�kh\f_klghf�ijb_f_�k�^jm]bfb�e_dZjkl\_ggufb

kj_^kl\Zfb�
HIJ?>?E?GB?�K?J?;J:�<�IBLV?<UO�B�IJ?KGUO
IJBJH>GUO�<H>:O�F?LH>HF�BG<?JKBHGGHC

<HEVL:FI?JHF?LJBB�K�M=E?JH>GUFB�WE?DLJH>:FB

B]gZlh\�<�B���B\Zgh\�K�K�

Fhkdh\kdbc ]hkm^Zjkl\_gguc \_q_jgbc f_lZeemj]bq_kdbc bgklblml

Hij_^_e_gb_�fbdjhkh^_j`Zgbc�k_j_[jZ�\�iblv_\hc�\h^_�ZdlmZevgh�\

k\yab� k� h[_aaZjZ`b\Zgb_f� iblv_\hc� \h^u� bhgZfb� k_j_[jZ�� Z� lZd`_� k

dhgljhe_f� ijhba\h^kl\Z� we_dljhobfbq_kdbo� bhgZlhjh\� ^ey� k_j_[j_gby

\h^u�
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JZajZ[hlZgZ� f_lh^bdZ� hij_^_e_gby� fbdjhkh^_j`Zgbc� k_j_[jZ� \

iblv_\uo� b� ij_kguo� ijbjh^guo� \h^Zo� f_lh^hf� bg\_jkbhgghc

\hevlZfi_jhf_ljbb�

Bkke_^h\Zgh� \ebygb_� ijh[hih^]hlh\db�� fZl_jbZeZ� l\_j^uo

bg^bdZlhjguo� we_dljh^h\� �m]e_kblZee�� kl_dehm]e_jh^�� bfij_]gbjh\Zgguc

]jZnbl�� b� bo� ih^]hlh\db� d� j_]bkljZpbb� \hevlZfi_jh]jZff�� khklZ\Z� b

dhgp_gljZpbb�nhgh\uo�we_dljheblh\�gZ�ZgZeblbq_kdbc�kb]gZe�k_j_[jZ�

<u[jZgu� mkeh\by� hij_^_e_gby� k_j_[jZ� \� iblv_\uo� b� ij_kguo

ijbjh^guo�\h^Zo�

F_lh^�hkgh\Zg�gZ�fbg_jZebaZpbb� Zebd\hlghc� qZklb� ZgZebabjm_fhc

ijh[u� \h^u� ihke_� __� \uiZjb\Zgby� ^h� \eZ`guo� khe_c� f_lh^hf� fhdjh]h

k`b]Zgby�kf_kvx�Zahlghc�dbkehlu�k�i_jhdkb^hf�\h^hjh^Z�k�ihke_^mxsbf

jZkl\hj_gb_f�hklZldZ�\�nhgh\hf�jZkl\hj_�

Ijb�gZebqbb�[hevrh]h�kh^_j`Zgby�hj]Zgbq_kdbo�\_s_kl\� \�ijh[Zo

ijbjh^guo� \h^� fh`_l� ihlj_[h\Zlvky� ^hihegbl_evgZy� h[jZ[hldZ� ijh[u� \

fmn_evghc� i_qb� ijb� l_fi_jZlmj_� ���
h

K� k� ihke_^mxs_c� dbkehlghc

h[jZ[hldhc� hklZldZ�� \uiZjb\Zgb_f� dbkehlu� b� jZkl\hj_gb_f� ihemq_gguo

khe_c�\�nhgh\hf�we_dljhebl_�

Ihemq_gguc� jZkl\hj� i_j_ghkyl� \� we_dljhobfbq_kdmx� yq_cdm�

dhgp_gljbjmxl� k_j_[jh� gZ� nhg_� ���� F� jZkl\hjZ� Zahlghdbkeh]h� dZeby

�gZljby�� we_dljhebahf�ijb� aZ^Zgghf�ihl_gpbZe_�gZ�ih\_joghklb� l\_j^h]h

bg^bdZlhjgh]h� we_dljh^Z� b� jZkl\hjyxl� dhgp_gljZl� k� j_]bkljZpb_c

i_j_f_gghlhdh\hc�\hevlZfi_jh]jZffu�ijb�Zgh^ghc�jZa\_jld_�ihl_gpbZeZ�

<ebygb_� oehjb^� bhgh\� ba� oehjb^k_j_[jygh]h� we_dljh^Z� kjZ\g_gby

mkljZgyxl� bkihevah\Zgb_f� we_dljh^Z� k� ^\hcguf� kh_^bg_gb_f�� i_j\h_

ijhkljZgkl\h�aZiheg_gh�gZkus_gguf�jZkl\hjhf�oehjb^Z�dZeby��Z�\lhjh_�±

nhgh\uf�jZkl\hjhf�beb�kh_^bg_gb_f�we_dljh^Z�kjZ\g_gby�k�yq_cdhc�q_j_a

khe_\hc�fhklbd�k�nhgh\uf�jZkl\hjhf�

�F_rZxs__� \ebygb_� f_^b� gZ� hij_^_e_gb_� k_j_[jZ� \� ijh[_

ZgZebabjm_fhc� \h^u� mkljZgyxl� \u[hjhf� hilbfZevgh]h� ihl_gpbZeZ

ij_^we_dljhebaZ�\�bgl_j\Ze_�hl�±����^h�±����<�

F_lh^bdZ�iha\hey_l�hij_^_eylv�hl���^h�����fd]�e�k_j_[jZ�b�ih�k\hbf

f_ljheh]bq_kdbf� oZjZdl_jbklbdZf� m^h\e_l\hjy_l� lj_[h\Zgbyf�KZgIbG� b

=HKL�gZ�iblv_\u_�b�ijbjh^gu_�\h^u�
<HEVL:FI?JHF?LJBY�IHEBF?JGUO�WE?DLJHEBLH<
>EY�EBLB?<UO�BKLHQGBDH<�LHD:

BaZZd�L�B���Fhdjhmkh\�=�F�

Lhfkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

<�ihke_^gb_�]h^u�agZqbl_evgh�m\_ebqbeky�h[tzf�bkke_^h\Zl_evkdbo

jZ[hl�� k\yaZgguo� k� kha^Zgb_f� eblb_\uo� Zddmfmeylhjh\� k� l\zj^uf

ihebf_jguf� we_dljheblhf� �LIW���Kfuke� bkihevah\Zgby�LIW� k\h^blky� d
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\hafh`ghklb�kha^Zgby�gZ�bo�hkgh\_�lhgdhkehcguo�dhgkljmdpbc�k�[hevrbf

hlghr_gb_f�jZ[hq_c�ih\_joghklb�d�h[tzfm�ZddmfmeylhjZ��\�qZklghklb�^ey

we_dljhfh[be_c�� H^gZdh� kms_kl\mxsb_� LIW� oZjZdl_jbamxlky� gbadbf

agZq_gb_f�we_dljbq_kdhc�ijh\h^bfhklb�ijb�dhfgZlghc�l_fi_jZlmj_��GZfb

kha^Zgu� l\zj^u_� we_dljheblu�gZ� hkgh\_� Zdjbeh\h]h� khihebf_jZ�� dhlhju_

kihkh[gu� m^_j`b\Zlv� Zijhlhggu_� jZkl\hjbl_eb� b,� khojZgyy� ohjhrb_

f_oZgbq_kdb_� k\hckl\Z�� bf_xl� \ukhdmx� we_dljhijh\h^ghklv�� Bo

ijbf_g_gb_� \� eblb_\uo� bklhqgbdZo� lhdZ� aZ\bkbl� hl� we_dljhobfbq_kdhc

klZ[bevghklb� ihebf_jghc�fZljbpu� b� jZkl\hjbl_ey�� Z� lZd`_� \hafh`ghklb

we_dljh\u^_e_gby�eblby�

GZfb� bkke_^h\Zgu� LIW� k� ^bf_lbkmevnhdkb^hf� �>FKH��

ijhibe_gdZj[hgZlhf� �ID�� b� nhjfZfb^hf� �N:��� Bkke_^h\Zgby

we_dljbq_kdhc� klZ[bevghklb� b� we_dljh\u^_e_gby� eblby� ijh\h^bebkv

f_lh^hf� pbdebq_kdhc� \hevlZfi_jhf_ljbb�� >ey� jZ[hlu� k� LIW

bkihevah\ZeZkv� ljzowe_dljh^gZy� yq_cdZ� hjb]bgZevghc� dhgkljmdpbb� kh

\kihfh]Zl_evguf� we_dljh^hf� b� we_dljh^hf� kjZ\g_gby�� \uiheg_ggufb� ba

ieZlbgu�� JZ[hqbc� we_dljh^� ieZlbgh\uc� beb� jlmlgh�iezghqguc�� K[hjdZ

we_dljhobfbq_kdbo� yq__d� ijh\h^beZkv� \� Zj]hgh\hf� [hdk_�� kh[jZggu_

yq_cdb�lsZl_evgh�]_jf_lbabjh\Zebkv�

IhdZaZgh�� qlh� we_dljhobfbq_kdZy� klZ[bevghklv� LIW� gZ� hkgh\_

Zdjbeh\h]h�khihebf_jZ�hij_^_ey_lky�k\hckl\Zfb�\\_^zggh]h�jZkl\hjbl_ey�

Z� g_� ihebf_jghc� fZljbpu�� \� kemqZ_� ID� b� >FKH� hgZ� h]jZgbq_gZ

–3,7 ÷ −����<��^ey�N:�~ −����<��GZ�\hevlZfi_jh]jZffZo��ihemq_gguo�ijb
bkihevah\Zgbb� ieZlbgh\h]h� we_dljh^Z� \� dZq_kl\_� jZ[hq_]h�� ibdh\�

oZjZdl_jbamxsbo� ijhp_kku� gZdhie_gby/jZkl\hj_gby� eblby� g_

gZ[ex^Zehkv�� GZdhie_gb_� eblby� bf__l� f_klh� gZ� jlmlgh�iezghqghf

we_dljh^_� ijb� ihl_gpbZeZo� ^ey� >FKH� �� −���� <�� ^ey� ID� �� −���� <�� Ijb
^h[Z\e_gbb� \� khklZ\� LIW� nhjfZfb^Z� \u^_eb\rbcky� f_lZee

\aZbfh^_ckl\m_l� k� jZkl\hjbl_e_f�� We_dljheblu� k� >FKH� b� ID� fh`gh

bkihevah\Zlv� \� lhgdhkehcguo� eblb_\uo� bklhqgbdZo� lhdZ�� \ke_^kl\b_� bo

\ukhdhc� we_dljhijh\h^ghklb�� we_dljhobfbq_kdhc� klZ[bevghklb� b

\hafh`ghklb�\u^_e_gby��jZkl\hj_gby��f_lZeeh\�
WE?DLJHOBFBQ?KDB?�F?LH>U�:G:EBA:�G?HJ=:GBQ?KDBO
<?S?KL<�������±����� =.=.)

DZ[Zgh\Z�H�E���Rbjhdh\Z�<�B���FZjdh\Z�B�<���:g^jbZgh\Z�L�<�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B�<_jgZ^kdh]h J:G�
������� =KI � �� Fhkd\Z� me� Dhku]bgZ� ��� e-mail: shirokova@geokhi.ru

GZklhysZy� jZ[hlZ� y\ey_lky� ijh^he`_gb_f� gZmdhf_ljbq_kdbo

bkke_^h\Zgbc� im[ebdZpbc� ih� we_dljhobfbq_kdbf� f_lh^Zf� ZgZebaZ

g_hj]Zgbq_kdbo� \_s_kl\�� \uiheg_gguo� \� ����� ±� ���� ]�]�� b,� qZklbqgh,� \
1999 ]��:gZeh]bqgu_�^Zggu_�aZ������±������]�]��ijb\_^_gu�\�>�@��Z�aZ������±
1989 ]�]�� \ >�@�� :gZebabjmxlky� l_g^_gpbb� jZa\blby� b� baf_g_gb_� qbkeZ
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im[ebdZpbc� ih� jZaebqguf� jZa^_eZf� we_dljhZgZeblbq_kdhc� obfbb� \h

\j_f_gb�� khhlghr_gb_� qbkeZ� im[ebdZpbc� ih� dZ`^hfm� ba� f_lh^h\� d

kmffZjghfm� qbkem� im[ebdZpbc� aZ� ]h^� \� fbjh\hc� b� hl_q_kl\_gghc

ebl_jZlmj_� b� ^jm]b_� \hijhku�� <� ihke_^gb_� ]h^u� h[s__� qbkeh� jZ[hl

dhe_[e_lky�hdheh����� aZ�]h^��DZd�b�jZg__��\�we_dljhZgZeblbq_kdbo�jZ[hlZo
h^gbfb�ba�hkgh\guo�y\eyxlky�ijhfure_ggu_��f_^bpbgkdb_��wdheh]bq_kdb

\Z`gu_� h[t_dlu�� ;hevr_� ijhqbo� f_lh^h\� gZ� ijZdlbd_� bkihevamxlky

ihl_gpbhf_ljby�� \� lhf� qbke_� bhgk_e_dlb\gu_� we_dljh^u�

\hevlZfi_jhf_ljby�� hkh[_ggh� bg\_jkbhggZy� \hevlZfi_jhf_ljby�

dhg^mdlhf_ljby� b� Zfi_jhf_ljby� k� ojhfZlh]jZnbq_kdbf� jZa^_e_gb_f

\_s_kl\�� Ijh^he`Z_l� jZa\b\Zlvky� b� dmehghf_ljby�� dZd� f_lh^

\ukhdhlhqgh]h�[_awlZehggh]h�hij_^_e_gby�khklZ\Z�b�kh^_j`Zgby�\_s_kl\�

AZ� ihke_^gb_� ]h^u� f_lh^� \hevlZfi_jhf_ljbb� ^h]hgy_l� ih� \deZ^m� jZ[hl

ihl_gpbhf_ljbq_kdbc� f_lh^� hij_^_e_gby�� Z� gZ� dhgn_j_gpbyo� >�� �� �@� b

i_j_]hgy_l� ihke_^gbc�� <� ����]�� \i_j\u_� aZ� fgh]b_� ]h^u� \deZ^� f_lh^Z

\hevlZfi_jhf_ljbb�\�h[s__�qbkeh�jZ[hl�klZe�[hevr_��������ih�kjZ\g_gbx

kh�\deZ^hf�ihl_gpbhf_ljbb��qmlv�[hevr_�������<������b������]�]��\deZ^u

wlbo� f_lh^h\� \� kmffZjgh_� qbkeh� jZ[hl� ijZdlbq_kdb� h^bgZdh\u�� JZ\gh_

dhebq_kl\h�jZ[hl�ih�wlbf�f_lh^Zf�bf__l�f_klh�\�©@mjgZe_�ZgZeblbq_kdhc

obfbbª� \� ����� b� ����� ]�]��H^gZdh�� \�`mjgZeZo� ©AZ\h^kdZy� eZ[hjZlhjbyª�

©>bZ]ghklbdZ� fZl_jbZeh\ª� aZ� ����� ±� ����� ]�]�� b� ©$QDO\WLFDO� &KHPLVWU\ª� \

����� ]�� jZ[hl� ih� \hevlZfi_jhf_ljbb� agZqbl_evgh� [hevr_�� q_f� ih

ihl_gpbhf_ljbb��GZ[ex^Z_fZy�l_g^_gpby�m\_ebq_gby�^heb�im[ebdZpbc�ih

\hevlZfi_jhf_ljbb� k\yaZgZ�g_�\�ihke_^gxx�hq_j_^v� k�ihy\e_gb_f�gh\uo

gZijZ\e_gbc�� lZdbo�� dZd� mevljZfbdjhwe_dljh^u�� fh^bnbpbjh\Zggu_

we_dljh^u�� Z^khj[pbhggZy�bg\_jkbhggZy� \hevlZfi_jhf_ljby��GZb[hevr__

qbkeh�jZ[hl�ihk\ys_gh�hij_^_e_gbx�&X��3E��&G�

GZmdhf_ljbq_kdbc� ZgZeba� im[ebdZpbc� ihdZau\Z_l� [hevrhc� \deZ^

we_dljhobfbq_kdbo� f_lh^h\� \� ZgZeblbq_kdmx� obfbx� g_hj]Zgbq_kdbo

\_s_kl\�b�i_jki_dlb\ghklv�jZa\blby�wlbo�f_lh^h\�\�[m^ms_f�

Ebl_jZlmjZ

�� DZ[Zgh\Z H�E�� DmjbebgZ G�:� Im[ebdZpbb ih we_dljhobfbq_kdbf f_lh^Zf ZgZebaZ
g_hj]Zgbq_kdbo \_s_kl\ \ ���� ± ���� ]�]� ��@mjg� ZgZebl� obfbb� �����

L���� 1��� &������

�� DZ[Zgh\Z H�E�� ;ZdZgh\Z E�<��FZjdh\Z B�<��Rbjhdh\Z <�B� GZmdhf_ljbq_kdh_

bamq_gb_ im[ebdZpbc ih we_dljhobfbq_kdbf f_lh^Zf ZgZebaZ g_hj]Zgbq_kdbo
\_s_kl\ ����� � ����]�]�� ��@mjg� ZgZebl� obfbb� ����� L���� 1��K������

3. International Congress on Analytical Chemistry. Moscow. Russia. June 15-21. 1997
//Book of Abstracts. Volume N.I, II.

4. European Society for ElectroAnalytical Chemistry. University of Coimbra. Coimbra,
Portugal. 24-28 May. 1998. // Book of Abstracts.

5. 2-Zy <k_jhkkbckdZy dhgn_j_gpby ©WdhZgZeblbdZª� DjZkgh^Zj� ����� k_gly[jy �����
��Ljm^u dhgn_j_gpbb�

6. Pre-satellite Symposium of the 49th ISE Meeting on the New Trends in Electroanalytical
Chemistry. Abstract Book. September 10-12, 1998. Hoam Convention Center,
Seoul National University.
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J?>HDKF?LJBQ?KDH?�HIJ?>?E?GB?�FHE?DMEYJGH=H
DBKEHJH>:�<�<H>?

DZ\_jbg�:�<���IbkZj_\kdbc�:�F�

K��I_l_j[mj]kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� obfbq_kdbc nZdmevl_l�

Fhgblhjbg]� dhgp_gljZpbb� jZkl\hj_ggh]h� \� \h^_� dbkehjh^Z� \Z`_g

^ey�fgh]bo�hljZke_c�gZmdb�b�l_ogbdb��H[s_ijbgyluc�klZg^Zjlguc�f_lh^

<bgde_jZ�� hkgh\Zgguc� gZ� obfbq_kdbo� j_Zdpbyo� i_j_\h^Z� jZkl\hj_ggh]h

dbkehjh^Z� \� fhe_dmeyjguc� bh^� k� _]h� ihke_^mxsbf� lbljbf_ljbq_kdbf

hij_^_e_gb_f��g_�h[_ki_qb\Z_l�lhc�lhqghklb��dhlhjZy�g_h[oh^bfZ�k_]h^gy

\� h[eZklb� dhgp_gljZpbc� f_gvrbo� �� f]H2�^f
3
�� H[km`^Zxlky� ^\Z

ijbgpbibZevguo� fhf_glZ�� k_e_dlb\ghklv� bg^bdZlhjgh]h� we_dljh^Z� b

dmehghf_ljbq_kdh_� \\_^_gb_� klZg^Zjlghc� ^h[Z\db� bh^Z� \� oh^_� ZgZebaZ�

<ukhdZy� k_e_dlb\ghklv� ieZlbgh\uo� bg^bdZlhjguo� we_dljh^h\� k

fh^bnbpbjh\Zgghc� ih\_joghklvx� d� dhfihg_glZf� j_^hdk�kbkl_fu� bh^�

bh^b^� h[_ki_qb\Z_l� we_dljhobfbq_kdmx� h[jZlbfhklv� \iehlv� ^h

dhgp_gljZpbc�fhe_dmeyjgh]h�bh^Z����⋅10-6
�F� �khhl\_lkl\m_l�����⋅10-6

�fhev

H2�^f
3
� ijb� hij_^_e_gbb� jZkl\hj_ggh]h� dbkehjh^Z��� Dmehghf_ljbq_kdh_

\\_^_gb_�klZg^Zjlghc�^h[Z\db�bh^Z�\uihegyehkv�\�\ZjbZgl_�[_a�jZa^_e_gby

dZlh^gh]h� b� Zgh^gh]h� ijhkljZgkl\Z� k� bkihevah\Zgb_f� fbdjhdZlh^Z�� qlh

mijhsZ_l�dhgkljmdpbx�we_dljhobfbq_kdhc�yq_cdb�b�h[e_]qZ_l�ijhp_^mjm

hij_^_e_gbc>�@�� <u[hj� lhdZ� ]_g_jbjh\Zgby�≤3⋅10-3
� :�� ijh\h^beky� lZdbf

h[jZahf�� qlh[u� Zgh^gh_� hdbke_gb_� bh^b^Z� ijhoh^beh� ijb� ihl_gpbZeZo�

[ebadbo� d� jZ\gh\_kguf� agZq_gbyf� �i]_g≤3⋅10-3
� :��� KlZg^ZjlgZy� ^h[Z\dZ

bh^Z��\�i_j_kq_l_�gZ�fhe_dmeyjguc�dbkehjh^��\k_]^Z�[ueZ�g_�f_gvr_��q_f

hij_^_ey_fZy� \_ebqbgZ�� <� \u[jZgguo� mkeh\byo� we_dljhobfbq_kdh_

]_g_jbjh\Zgb_� klZg^Zjlguo� ^h[Z\hd� lhqg__� b� gZ^_`g__� ljZ^bpbhggh]h

bkihevah\Zgby� dZeb[jh\hqguo� ]jZnbdh\�� >ey� fh^_evguo� jZkl\hjh\

hij_^_e_gby� \uiheg_gu� ^h� ����� f]H2�^f
3
� k� ih]j_rghklvx� g_

ij_\urZxs_c����hlg��>ey�dhgp_gljZpbc�\ur_�����f]�H2�^f
3
�ih]j_rghklv

kgb`Z_lky� ^h� �� �hlg�� Ijb� dhgp_gljZpbb� ≤����� f]� H2�^f
3
� ihl_gpbZeu

bg^bdZlhjguo�we_dljh^h\�klZgh\ylky�g_klZ[bevgufb�\h�\j_f_gb�

H[km`^Zxlky� oZjZdl_jbklbdb� ihl_gpbhf_ljbq_kdh]h� hij_^_e_gby

fhe_dmeyjgh]h� dbkehjh^Z� \� \h^guo� jZkl\hjZo� \� kjZ\g_gbb� k

lbljbf_ljbq_kdbf�� <� h[eZklb� gb`_� �� f]� H2�^f
3
� ihl_gpbhf_ljbq_kdbc

ZgZeba� hdZau\Z_lky� \iheg_� dhgdmj_glghkihkh[guf�� I_jki_dlb\gufb

h[eZklyfb� ijbf_g_gby� y\eyxlky� jZ[hlZ� \� ihe_\uo� mkeh\byo� \

ihemZ\lhfZlbq_kdhf�j_`bf_��dZeb[jh\dZ�Zfi_jhf_ljbq_kdbo�ZgZebaZlhjh\

b�^j�

Ebl_jZlmjZ

�� :�F� IbkZj_\kdbc� B�I� Ihehah\Z� GbdheZ_\ X�B� b ^j� <hafh`ghklb
ihl_gpbhf_ljbq_kdhc f_lh^bdb hij_^_e_gby hklZlhqgh]h Zdlb\gh]h oehjZ \

iblv_\hc \h^_� �� <_klgbd KI[=M� ����� k_j� �� \ui� �� k� ������
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HIUL�BKIHEVAH<:GBY�<HEVL:FI?JHF?LJBB�<�DHGLJHE?
JY>:�LHDKBQGUO�DHFIHG?GLH<�<�KEM@;:O

K:GWIB>?FG:>AHJ:

DZ^udh\Z�?�:���Dhjhe_\Z�H�G���;udh\Z�E�G��
:ofZ^vyjh\Z�>�B���>Z\e_lqbg�>�B���=hjh[_p�:�B��

KZebo^`Zgh\Z�J�F��N�

P_glj ]hkkZgwib^_fgZ^ahjZ A_e_gh]jZ^kdhh]h Z^fbgbkljZlb\gh]h hdjm]Z
]� Fhkd\u� P_glj ]hkkZgwib^_f gZ^ahjZ ]� Ijhl\bgh �

Fhkdh\kdbc ]hkm^Zjkl\_gguc l_dklbevguc mgb\_jkbl_l �

Fhkdh\kdbc bgklblml jZ^bhl_ogbdb we_dljhgbdb b Z\lhfZlbdb 

Bg\_jkbhggZy� \hevlZfi_jhf_ljby� �B<�� i_j_f_ggh]h� lhdZ� [ueZ

bkihevah\ZgZ� ijb� ZgZeba_� iblv_\hc� \h^hijh\h^ghc� �� kd\Z`bgghc�

ijbjh^ghc�b�klhqguo�\h^��hkZ^dh\�\�\b^_�^h`^y�b�kg_]Z��ibs_\h]h�kujvy�b

ijh^mdlh\� iblZgby� �fmdb�� djmi�� fykguo� dhg^bl_jkdbo� ba^_ebc�� h\hs_c�

njmdlh\��jZklbl_evgh]h�fZkeZ��fykguo�b�ju[guo�dhgk_j\h\��Zedh]hevguo�b

[_aZedh]hevguo� gZibldh\��� ihq\� b� Zlfhkn_jgh]h� \ha^moZ� gZ� kh^_j`Zgb_

bhgh\�b�Zwjhahe_c�Cu, Pb, Cd, Zn, Ni, Fe, Mo, Co, Cr, Hg b�As. H[jZ[hldm
f_lh^bd�b�ZgZebaZ�ijh\h^beb�gZ�fh^_jgbabjh\Zgguo�iheyjh]jZnZo�IM��F

b� IEK��F�� Z� lZd� `_� gZ� iheyjh]jZn_� gh\h]h� ihdhe_gby� IEK��:�� <k_

mklZgh\db� jZ[hlZxl� k� W<F� b� kgZ[`_gu� ijh]jZffguf� h[_ki_q_gb_f� k

wdki_jlghc� kbkl_fhc�� h[_ki_qb\Zxsbfb� Z\lhfZlbabjh\Zgguc� j_`bf

jZ[hlu�ih�ZgZebam�ZgZeblbq_kdh]h�kb]gZeZ��ijh\_^_gbx�_]h�klZlbklbq_kdhc

h[jZ[hldb�� jZkq_lm� dhgp_gljZpbc� \� _]h� ZgZebabjm_fhf� ijh^mdl_� b

jZkihagZ\Zgbx� hij_^_ey_fh]h� h[t_dlZ�� <� wdki_jbf_glZo� bkihevah\Zeb

jlmlguc� klZlbq_kdbc� we_dljh^�� jlmlguc� ]jZnblh\uc� b� ahehq_guc

we_dljh^u��Ihke_^gb_�^\Z� we_dljh^Z�bkihevah\Zeb�ijb�hij_^_e_gbb�Hg b
As. >ey� dhgljhey� bhgh\� As ijbf_gyeb� lZd`_� ihklhygghlhdh\mx� B<� k
we_dljbq_kdbf� ^bnn_j_gpbjh\Zgb_f� kb]gZeZ�� IjZ\^Z�� j_`bf

\hevlZfi_jhf_ljbb� i_j_f_ggh]h� lhdZ� hdZaZeky� [he__� qm\kl\bl_evguf� b

ba[bjZl_evguf��Hij_^_e_gb_�ijh\h^beb�gZ� mjh\g_�gb`_�I>D�gZ�ijh^mdl

ZgZebaZ�
WE?DLJHOBFBQ?KDB?�DHGP?GLJ:LU�G:
FH>BNBPBJH<:GGHC�:>�:LHF:FB�IH<?JOGHKLB

M=E?KBL:EEH<UO�WE?DLJH>H<

DZf_g_\�:�B���:eh\�G�<���<bl_j�B�I���Dh\Zevkdbc�D�:���Hkdhehd�D�<�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<�Ehfhghkh\Z

<� we_dljhobfbq_kdhf� ZgZeba_� ih\_joghklv� l\_j^uo� we_dljh^h\� gZ

klZ^bb�ih^]hlh\db�we_dljh^Z�d�baf_j_gbyf�beb�ijb�\uiheg_gbb�baf_j_gbc

\k_]^Z� fh^bnbpbjm_lky� Z^�ZlhfZfb� f_lZeeh\�� gZoh^ysbfbky� gZ

ih\_joghklb� we_dljh^Z� b� \� bkke_^m_fhf� jZkl\hj_� \� dZq_kl\_� hkgh\guo

hij_^_ey_fuo� dhfihg_glh\� beb� fbdjhijbf_k_c�� Ihkdhevdm� bf_ggh

ijhp_kku� we_dljhobfbq_kdh]h� fh^bnbpbjh\Zgby� ih\_joghklb� we_dljh^Z
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Z^�ZlhfZfb� hij_^_eyxl� ijbjh^m�� hkh[_gghklb� b� oZjZdl_jbklbdb

ZgZeblbq_kdbo� kb]gZeh\�� wlb� ijhp_kku� b]jZxl� kms_kl\_ggmx� jhev� b� gZ

gZqZevguo�klZ^byo�h[jZah\Zgby�gh\hc�nZau�b�we_dljhdjbklZeebaZpbb��b��\

^Zevg_cr_f�� ijb� nhjfbjh\Zgbb� we_dljhobfbq_kdbo� dhgp_gljZlh\� b

ZgZeblbq_kdbo� kb]gZeh\�� Keh`ghklv� ijh[e_fu� b� bgl_]jZevguc� oZjZdl_j

j_amevlZlh\� we_dljhobfbq_kdh]h� bkke_^h\Zgby� mdZau\Zxl� gZ

g_h[oh^bfhklv� bkihevah\Zgby� ki_dljhkdhibq_kdbo� �j_gl]_gh\kdhc

nhlhwe_dljhgghc� ki_dljhkdhibb�� j_gl]_ghki_dljZevgh]h� fbdjhZgZebaZ�� b

fbdjhkdhibq_kdbo� f_lh^h\� �jZkljh\hc� we_dljhgghc� fbdjhkdhibb�� \

khq_lZgbb� k� we_dljhobfbq_kdbfb� baf_j_gbyfb�� Bkke_^h\Zebkv� ijhp_kku

nhjfbjh\Zgby� we_dljhobfbq_kdbo� dhgp_gljZlh\� bg^b\b^mZevguo

dhfihg_glh\� �KX�� KG�� JE�� b� [bgZjguo� kbkl_f� k� KX� gZ� ih\_joghklb

m]e_kblZeeh\uo� we_dljh^h\� jZaebqgh]h� jZ^bmkZ� \� mkeh\byo� f_lh^Z

bg\_jkbhgghc�\hevlZfi_jhf_ljbb�k�bkihevah\Zgb_f�dhfivxl_jbah\Zggh]h

\hevlZfi_jhf_ljbq_kdh]h� dhfie_dkZ�� >ey� ihemq_gby� pbdebq_kdbo

\hevlZfi_jh]jZff�ijbf_gyeb�we_dljhobfbq_kdmx�kbkl_fm�3$5�����

MklZgh\e_gZ� aZ\bkbfhklv� we_f_glgh]h� khklZ\Z� b� fhjnheh]bb

fh^bnbpbjh\Zgghc� ih\_joghklb� we_dljh^Z� hl� dhgp_gljZpbb� b� ijbjh^u

f_lZeeZ�\�jZkl\hj_��jZ^bmkZ�we_dljh^Z��\j_f_gb�we_dljhebaZ�b�ihl_gpbZeZ�

lbiZ� f_`f_lZeebq_kdh]h� \aZbfh^_ckl\by�� Ij_^eh`_gu

n_ghf_gheh]bq_kdb_�fh^_eb�nhjfbjh\Zgby�we_dljhdhgp_gljZlh\�f_lZeeh\

b�kieZ\h\�gZ�ih\_joghklb�m]e_kblZeeh\uo�we_dljh^h\��MklZgh\e_g�oZjZdl_j

aZ\bkbfhklb� iZjZf_ljh\� ZgZeblbq_kdbo� kb]gZeh\� hl� ij_^iheZ]Z_fh]h

f_oZgbafZ� h[jZah\Zgby� b� jhklZ� aZjh^ur_c� f_lZeeZ�� jZkij_^_e_gby� ih

ih\_joghklb� we_dljh^Z� b� ih� ]em[bg_� we_dljhdhgp_gljZlZ�� jZ^bmkZ

we_dljh^Z�� H[km`^_gZ� \hafh`ghklv� j_ZebaZpbb� ijhp_kkh\� h[jZah\Zgby

gh\hc�nZau�b�jhklZ�Zlhfguo�deZkl_jh\� �aZjh^ur_c��iml_f�nhjfbjh\Zgby

hkljh\dh\� �f_oZgbaf� Nhevf_jZ —�<_[_jZ��� ihkehcgh]h� jhklZ� �f_oZgbaf

NjZgdZ —�\Zg�^_j�F_j\_�� b� h[jZah\Zgby� fhghkehcgh]h� ihdjulby� k

hkljh\dZfb��f_oZgbaf�KljZgkdh]h —�DjZklZgh\Z��
<HEVL:FI?JHF?LJBY�LY@?EUO�F?L:EEH<�G:
WE?DLJHOBFBQ?KDB�FH>BNBPBJH<:GGUO�WE?DLJH>:O

DZf_g_\�:�B���Dh\Zevkdbc�D�:���Dh\Ze_gdh�F�:�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<�Ehfhghkh\Z

Bkke_^h\Zgu� mkeh\by� nhjfbjh\Zgby� bg\_jkbhgguo� ZgZeblbq_kdbo

kb]gZeh\� k\bgpZ� b� f_^b� gZ� we_dljhobfbq_kdb� fh^bnbpbjh\Zgguo

we_dljh^Zo�� AZ\bkbfhklb� iZjZf_ljh\� ZgZeblbq_kdbo� kb]gZeh\� hl

ihl_gpbZeZ�b�\j_f_gb�we_dljhebaZ��kdhjhklb�jZa\_jldb�[ueb�khihklZ\e_gu

^ey�fbdjh���fZdjh��b�mevljZwe_dljh^h\��MFW���Bkke_^h\Zgby�\uiheg_gu�k

bkihevah\Zgb_f� we_dljh^h\� ba� m]e_jh^guo� fZl_jbZeh\� �]jZnblZ�

kl_dehm]e_jh^Z��m]e_kblZeeZ��b�[eZ]hjh^guo�f_lZeeh\��ieZlbgu�b�k_j_[jZ��
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KhihklZ\e_gb_� j_amevlZlh\� baf_j_gbc�� \uiheg_gguo� ^ey

bg^b\b^mZevguo� ^_iheyjbaZlhjh\� \� l_o� `_� mkeh\byo�� qlh� b� ^ey� kf_kb�

ihdZaZeh�� qlh� gZebqb_� \lhjh]h� dhfihg_glZ� \� bkke_^m_fhf� jZkl\hj_� g_

kdZau\Z_lky�aZf_lguf�h[jZahf�gZ�oZjZdl_j_�bamqZ_fuo�aZ\bkbfhkl_c�

<� kemqZ_� bkihevah\Zgby� mevljZfbdjhwe_dljh^h\� mklZgh\e_gZ

\hafh`ghklv� fh^bnbpbjh\Zgby� ih\_joghklb� we_dljh^Z� Z^ZlhfZfb� jlmlb�

lh�_klv�ihemq_g�jlmlgh�]jZnblh\h]h�\ZjbZglZ�MFW��Ijb�\\_^_gbb�jlmlb�\

ZgZebabjm_fuc� jZkl\hj�ihl_gpbZeu�ibdh\� k\bgpZ�b� dZ^fby� kf_sZxlky� d

f_g__� hljbpZl_evguf� agZq_gbyf�� Kb]gZe� k\bgpZ� m\_ebqb\Z_lky� ijb

\\_^_gbb� jlmlb� \� jZkl\hj�� h^gZdh�� ^Zevg_cr__� m\_ebq_gb_� dhgp_gljZpbb

jlmlb� ijb\h^bl� d� mf_gvr_gbx� \ukhlu� ibdZ� k\bgpZ� b� mom^r_gbx� _]h

nhjfu�� Ih�\b^bfhfm�� wlh� k\yaZgh� k� ^bnnmab_c� k\bgpZ� \� jlmlghf

ihdjulbb�� Ijh\_jdZ� ijZ\bevghklb� j_amevlZlh\� hij_^_e_gbc� ijh\h^beZkv

kihkh[hf�³\\_^_gh�gZc^_gh´��Hij_^_e_gb_�ijh\h^behkv�f_lh^hf�^h[Z\hd�

>ey� bkke_^h\Zgby� mkeh\bc� hij_^_e_gby� ly`_euo�f_lZeeh\� �=Q�� &G�

3E�� &X�� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� [ueb� lZd`_

bkihevah\Zgu� \h^gh�kibjlh\u_� kj_^u�� Bkke_^h\Zgby� ijh\h^bebkv� gZ

we_dljh^_�� ojZgys_fky� \� ����ghf� kibjlh\hf� jZkl\hj_�� lh� _klv� gZ

obfbq_kdb�fh^bnbpbjh\Zgghc�ih\_joghklb�we_dljh^Z��Kh^_j`Zgb_�kibjlZ

\�jZkl\hjZo�khklZ\eyeh��������Dhgp_gljZpby�bhgh\�bamqZ_fuo�f_lZeeh\�\

fh^_evguo�jZkl\hjZo�khklZ\eyeZ�����
-7
�fhev�e�

MklZgh\e_gh� fZdkbfZevgh� ^himklbfh_� khhlghr_gb_� dhgp_gljZpbc

&G�,,�� b� 3E�,,��� ijb� dhlhjhf� \hafh`gh� h^gh\j_f_ggh_� hij_^_e_gb_� wlbo

bhgh\� \� \h^gh�kibjlh\uo� jZkl\hjZo�� Dhebq_kl\_ggh� ihdZaZgh�� qlh� ����

djZlguc� ba[ulhd� 3E�,,�� g_� f_rZ_l� hij_^_e_gbx� &G�,,��� H^gZdh� ijb

ih\ur_gbb�dhgp_gljZpbb�&G�,,��ihemrbjbgZ�kb]gZeZ�\hajZklZ_l��b�m`_�ijb

_]h� ���djZlghf� ba[uld_� gZ[ex^Z_lky� i_j_dju\Zgb_� ibdh\

we_dljhjZkl\hj_gby� jZkkfZljb\Z_fuo� f_lZeeh\�� Ijh\_^_gh� hij_^_e_gb_

n•1—n•10�fd]�e� ijbf_k_c� ly`_euo� f_lZeeh\� \� Zedh]hevguo� gZibldZo� b
fbg_jZevguo�\h^Zo�
HKH;?GGHKLB�WE?DLJHOBFBQ?KDH=H�IH<?>?GBY�K?J?;J:
B�AHEHL:�G:�L<?J>HF�WE?DLJH>?�G:�;JHFB>GHF�NHG?

DZf_g_\�:�B���Emrh\�D�:�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<�Ehfhghkh\Z

F_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� bkke_^h\Zgu

dbg_lbq_kdb_� hkh[_gghklb� ijhp_kkh\� we_dljhhkZ`^_gby� k_j_[jZ� b� ahehlZ

gZ�l\_j^uo�we_dljh^Zo�

Bamq_gu� aZ\bkbfhklb� iZjZf_ljh\� kb]gZeh\� hl� ihl_gpbZeZ� �?w�� b

\j_f_gb� we_dljhebaZ� Ww�� kdhjhklb� jZa\_jldb� ihl_gpbZeZ� Y�� dhgp_gljZpbb

nhgh\h]h� we_dljheblZ� Kn�� Z� lZd`_� [ueb� ihkljh_gu� khhl\_lkl\mxsb_

]jZ^mbjh\hqgu_�aZ\bkbfhklb�
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JZ[hlZ�ijh\h^beZkv�gZ�ZgZebaZlhj_�\hevlZfi_jhf_ljbq_kdhf�:<:���
khijy`_gghf�k�W<F��Ijbf_gyeZkv�lj_owe_dljh^gZy�ko_fZ�yq_cdb��jZ[hqbc
±� ibjh]jZnblh\uc�� kjZ\g_gby� ±� oehjb^k_j_[jyguc�� \kihfh]Zl_evguc� ±
ieZlbgh\Zy� ijh\hehdZ�� <� dZq_kl\_� nhgh\h]h� we_dljheblZ� bkihevah\Zeb
jZkl\hju� ������±������F�+%U��GZc^_gh��qlh�hilbfZevguc�?w�^ey�$J�b�$X
khklZ\ey_l� ������b������<�khhl\_lkl\_ggh�

>ey�$X�,,,��jZkkqblZg�dhwnnbpb_gl��G,�G4��Y� ������Ww� ����±�����k���Z

lZd`_� βQ�  � ������ AgZq_gb_� G(i/d(lg.v) = 0.089 (v = 0.005 – 0.3 B/c)
khhl\_lkl\m_l�g_h[jZlbfhfm�ijhp_kkm�k�βQ� �������AZ\bkbfhklv�?i�±�OJ�Kn)
ebg_cgZ� \� mdZaZgghf� bgl_j\Ze_� dhgp_gljZpbc� +%U� b� bf__l� m]eh\hc

dhwnnbpb_gl�  � �������� hldm^Z�^ey�g_h[jZlbfh]h�ijhp_kkZ�� ijb�βn = 0.66,
qbkeh�eb]Zg^h\�o� ������=jZ^mbjh\hqgu_�]jZnbdb��1� ����[ueb�ihkljh_gu�\
^bZiZahgZo� ���-8 – 10-7, 10-7 – 10-6, 10-6 – 10-5� F�� JZkkqblZg

Cmin = 1.8*10-8 M.
>ey�$J�,��dhwnnbpb_gl��G,�G4��Y� �������Ww� ����±����k���hldm^Z��_keb

ij_^iheh`blv�gZebqb_�g_h[jZlbfh]h�ijhp_kkZ��βQ� �������AZ\bkbfhklv�?i –
OJ�Y�� ebg_cgZ� \� ke_^mxsbo� ^bZiZahgZo�� ����� ±� ���� <�k� �gZdehg� ]jZnbdZ
�������� qlh� oZjZdl_jgh� ^ey� Z^khj[pbhggh]h� ijhp_kkZ�� b� ����� ±� ���� <�k
�m]eh\hc�dhwnnbpb_gl� ��������qlh�khhl\_lkl\m_l�g_h[jZlbfhfm�ijhp_kkm�k

βQ�  � ������JZkkqblZggh_� k� bkihevah\Zgb_f� aZ\bkbfhklb�?i� ±� OJ�Kn�� qbkeh
eb]Zg^h\� o� khklZ\ey_l� ����� Ihemq_ggu_� \� ^bZiZahg_� ���-8 – 5*10-6� F
aZ\bkbfhklb� ,� ±� &Ag� b� 4� �� &Ag� g_ebg_cgu� b� hibku\Zxlky� bahl_jfhc
E_g]fxjZ��qlh�fh`gh�h[tykgblv�gZebqb_f�Z^khj[pbhgguo�ijhp_kkh\�

GZ� hkgh\Zgbb� ihemq_gguo� ^Zgguo� fh`gh� ij_^iheh`blv�� qlh

ijhp_kku�we_dljhjZkl\hj_gby�ahehlZ�b�k_j_[jZ�hlebqZxlky�hl�h[jZlbfuo�b
hibku\Zxlky�ke_^mxsbfb�ko_fZfb�

Au0 + 2Br- -e → [AuBr2]
-

Ag0 + Br- -e → AgBrZ^k; AgBrZ^k + Br- → [AgBr2]
-

³<BJLM:EVGUC´�<HEVL:FI?JHF?LJBQ?KDBC�:G:EBA:LHJ
G:�;:A?�IJB;HJ:�:<:���B�BGL?JN?CKGHC�IE:LU�/����

DZf_g_\�:�B���Jmfygp_\�:�X���Emrh\�D�:���Dh\Zevkdbc�D�:�

F=M bf� F�<�Ehfhghkh\Z� ]� Fhkd\Z

³<bjlmZevgu_´� ijb[hju� >�@� h[t_^bgyxl� \� h^gm� baf_jbl_evgmx
kbkl_fm� i_jkhgZevgu_� dhfivxl_ju� b� we_dljhobfbq_kdh_� h[hjm^h\Zgb_�
Ijh]jZffgu_�b�ZiiZjZlgu_�j_kmjku�[he__�rbjhdh�bkihevam_lky�^ey�k[hjZ�
h[jZ[hldb� b� ij_^klZ\e_gby� ^Zgguo�� Kh\j_f_ggu_� dhfivxl_jbah\Zggu_
kbkl_fu�iha\heyxl� kms_kl\_ggh� baf_gylv� mkeh\by� bo�nmgdpbhgbjh\Zgby
\iehlv� ^h� j_ZebaZpbb� gh\uo� \ZjbZglh\� ZgZeblbq_kdbo� f_lh^h\� iml_f
baf_g_gby� dhfivxl_jguo� ijh]jZff�� JZajZ[hlZgh� hjb]bgZevgh_

ijh]jZffgh_� h[_ki_q_gb_� ^ey� ijb[hjZ� :<:���� kh\f_s_ggh]h� k

i_jkhgZevguf� dhfivxl_jhf� k� ihfhsvx� bgl_jn_ckghc� ieZlu� /�����
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iha\heyxs__� gZ� ^Zgghc� mklZgh\d_� ijh\h^blv� baf_j_gby� ke_^mxsbfb

f_lh^Zfb�

�� Zgh^gZy� b� dZlh^gZy� ihklhygghlhdh\Zy� b� i_j_f_gghlhdh\Zy

kbgmkhb^ZevgZy�\hevlZfi_jhf_ljby�k�³ebg_cghc´��klmi_gqZlhc��jZa\_jldhc
ihl_gpbZeZ�
�� Zgh^gZy� b� dZlh^gZy� bg\_jkbhggZy� \hevlZfi_jhf_ljby� k� ebg_cghc

jZa\_jldhc�ihl_gpbZeZ�
�� bg\_jkbhggZy� \hevlZfi_jhf_ljby� k� gZeh`_gb_f� i_j_f_ggh]h

kbgmkhb^Zevgh]h�gZijy`_gby�
��Zgh^gZy�b�dZlh^gZy�^bnn_j_gpbZevgh�bfimevkgZy�ijyfZy�b�bg\_jkbhggZy
\hevlZfi_jhf_ljby�

<�bkihevam_fuo�f_lh^Zo�\hafh`gh�baf_g_gb_�Zfieblm^u��qZklhlu�b
nZah\h]h� m]eZ� ^ey� i_j_f_ggh]h� gZijy`_gby�� ^ebl_evghkl_c� \j_f_g� b
\_ebqbg� ihl_gpbZeh\� gZ� klZ^byo� j_]_g_jZpbb� we_dljh^Z�� mkihdh_gby

bkke_^m_fh]h� jZkl\hjZ� b� we_dljhdhgp_gljbjh\Zgby�� ^ebl_evghklb

bfimevkZ� b� \j_f_gb� aZ^_j`db�� Djhf_� lh]h�� ijh]jZffgh_� h[_ki_q_gb_
iha\hey_l� ijh\h^blv� k]eZ`b\Zgb_� wdki_jbf_glZevguo� djb\uo� b

nbevljZpbx� ihf_o�� Ijh]jZffZ� iha\hey_l� lZd`_� kdeZ^u\Zlv� b� \uqblZlv
djb\u_�� dhgkljmbjh\Zlv� [Zah\mx� ebgbx� b� \uqblZlv� hklZlhqgu_� lhdb� >�@�
\uqbkeylv� \ukhlu�� iehsZ^b�� ihl_gpbZeu� b� ihemrbjbgu� ibdh\� \

Z\lhfZlbq_kdhf� j_`bf_�� Bkihevamxlky� hi_jZpbhggu_� kbkl_fu

WINDOWS�������b�m^h[guc�^ey�ihevah\Zl_ey�]jZnbq_kdbc�bgl_jn_ck�
Ebl_jZlmjZ

�� < ihfhsv ZgZeblbdm�ijZdlbdm� \bjlmZevgu_ ijb[hju \ we_dljhobfbq_kdhf ZgZeba_ �

Ih^ j_^� <�:�>_fbgZ� KI[� nbjfZ ³:el_c´� ����� ��� k�
�� DZf_g_\ :�B�� Jmfygp_\ :�X�� Emrh\ D�:� � < dg�� <ukhdb_ l_ogheh]bb \

ijhfure_gghklb Jhkkbb� F�� ����� K���������
<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?�DHFIHG?GLH<
K�I?J?DJU<:XSBFBKY�:G:EBLBQ?KDBFB�KB=G:E:FB

DZf_g_\�:��B���Q_jgh\Z�G��:���Jmfygp_\�:��X�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<�Ehfhghkh\Z

<u^_e_gb_� ZgZeblbq_kdbo� kb]gZeh\� fgh]hdhfihg_glguo� kf_k_c

hlghkblky� d� �h[jZlguf�� aZ^ZqZf�� dhlhju_� oZjZdl_jbamxlky� fgh`_kl\hf
j_r_gbc�� >ey� ij_h^he_gby� \hagbdZxsbo� ljm^ghkl_c� gZjy^m� k

obfbq_kdbfb� b� ZiiZjZlmjgufb� ih^oh^Zfb� �gZijbf_j�� ih^[hj� nhgh\h]h
we_dljheblZ��fZkdbjh\Zgb_��kihkh[�j_]bkljZpbb�kb]gZeZ�b�l�^���\k_�[hevr__

ijbf_g_gb_� gZoh^yl� jZaebqgu_� f_lh^u� fZl_fZlbq_kdh]h� ZgZebaZ� b

klZlbklbdb�� kZfufb� jZkijhkljZg_ggufb� ba� dhlhjuo� y\eyxlky� f_lh^u
gZbf_gvrbo�d\Z^jZlh\�b�qbke_ggh]h�^bnn_j_gpbjh\Zgby��Ba\_klgh�lZd`_
ijbf_g_gb_�^ey�j_r_gby�mdZaZgghc�aZ^Zqb�l_hjbb�ij_h[jZah\Zgbc�Nmjv_�
ZiiZjZlZ�fZljbqghc�Ze]_[ju�b�nZdlhjgh]h�ZgZebaZ��f_lh^h\�jZkihagZ\Zgby
h[jZah\� b� l_hjbb� bgnhjfZpbb�� <f_kl_� k� l_f�� \u[hj� h^gh]h� \_jgh]h
j_r_gby��hl\_qZxs_]h�dhgdj_lghc�kblmZpbb��ijZdlbq_kdb�g_\hafh`_g�[_a
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ijb\e_q_gby�^hihegbl_evghc�bgnhjfZpbb�wdki_jbf_glZevgh]h�oZjZdl_jZ�b
g_dhlhjuo� h]jZgbq_gbc�� gZijbf_j�� gZ� \b^� nmgdpbb� b� \aZbfgh_

jZkiheh`_gb_�khk_^gbo�kb]gZeh\��iZjZf_lju�fh^_eb�b�__�Z^_d\Zlghklv�b�l�
^�

J_amevlZlu� bkke_^h\Zgby� fh^_evguo� ijbf_jh\� ihdZau\Zxl�� qlh� \
jy^_� kemqZ_\� h[km`^Z_fu_� f_lh^u� g_� iha\heyxl� ihemqblv� _^bgkl\_ggh_
j_r_gb_�^ey�h[jZlghc�aZ^Zqb��Ij_^eh`_gguc�ih^oh^�d�j_r_gbx�aZ^Zqb�[1]
fh`gh� jZkkfZljb\Zlv� dZd� \ZjbZgl� deZkl_j�ZgZebaZ�� l�� _�� dZd� f_lh^

jZkihagZ\Zgby�h[jZah\�[_a�h[mq_gby��Wlhl�f_lh^�g_�lj_[m_l�aZ^Zgby�qbkeZ
dhfihg_glh\�b�iha\hey_l��gZjy^m�k�jZaeh`_gb_f�dhglmjZ�gZ�khklZ\eyxsb_�
h^gh\j_f_ggh� mklZgZ\eb\Zlv� bg^b\b^mZevghklv� dhfihg_glh\�
G_h[oh^bfuf� mkeh\b_f� ^ey� \u^_e_gby� kb]gZeh\� �gZijbf_j� ^ey� kbkl_f
In(III)-Cd(II), Pb(II)-Sn(II) b� ^j��� [ueh� lj_[h\Zgb_� \hafh`ghklb

ebg_ZjbaZpbb� fZl_fZlbq_kdhc� fh^_eb� b� hlkmlkl\b_� Zkbfilhlbq_kdbo

�o\hklh\�� gZ� ihemqZ_fuo� djb\uo�� JZajZ[hlZg� Ze]hjblf� jZa^_e_gby

i_j_dju\Zxsboky� kb]gZeh\� �b� bo� dhebq_kl\_gghc� hp_gdb��� bf_xsbo

nhjfm� ibdh\�� hkgh\Zgguc� gZ� ij_^iheh`_gbb� h[� Z^^blb\ghklb� kb]gZeh\
bg^b\b^mZevguo� dhfihg_glh\�� Ij_^eh`_gu� fh^_eb�� hibku\Zxsb_

kb]gZeu� \� i_j_f_gghlhdh\hc� iheyjh]jZnbb� b� \hevlZfi_jhf_ljbb�
ijh\_^_gh� bo� wdki_jbf_glZevgh_� h[hkgh\Zgb_� b� h[hkgh\Zgb_� kihkh[Z
\uy\e_gby� b� \uqblZgby� [Zah\hc� ebgbb�� H[km`^_gu� ^hklhbgkl\Z� b

h]jZgbq_gby� ij_^eh`_gguo� ih^oh^h\�� ^Zgu� ijZdlbq_kdb_� ijbf_ju

\u^_e_gby�kb]gZeh\�ba�keh`gh]h�dhglmjZ��we_dljhobfbq_kdh]h��ki_dljZ�

Ebl_jZlmjZ

1. Q_jgh\Z G� :� ��@mjg� ZgZebl� obfbb� ����� L� ���� ��� K� ����������
BG<?JKBHGGH?�<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?
G?DHLHJUO�WE?F?GLH<�<�<H>:O�B�IBS?<UO�IJH>MDL:O

DZfurh\�<�F���;_eur_\Z�=�F���FZeZoh\Z�G�:��
Klh`dh�G�X���:e_rbgZ�E�<�

MjZevkdbc ]hkm^Zjkl\_gguc wdhghfbq_kdbc mgb\_jkbl_l
������� ?dZl_jbg[mj]� � FZjlZ ��� l_e��nZdk �� �� ��� (�PDLO� ED]#XVXH�UX

Ijb� kZgblZjghf� dhgljhe_� iblv_\uo�� ijbjh^guo�� klhqguo� \h^�
ibs_\uo�ijh^mdlh\�b�ijh^h\hevkl\_ggh]h� kujvy�gZ� kh^_j`Zgb_� ly`_euo
f_lZeeh\� p_e_khh[jZagh� bkihevah\Zlv� f_lh^� bg\_jkbhgghc

\hevlZfi_jhf_ljbb��khq_lZxsbc�ijhklhlm�bgkljmf_glZevgh]h�hnhjfe_gby
k� gbadbfb� ij_^_eZfb� h[gZjm`_gby�� JZajZ[hldZ� f_lh^bd� dhebq_kl\_ggh]h
hij_^_e_gby� bhgh\� f_lZeeh\� \� bgl_j\Ze_� dhgp_gljZpbc� bkiulm_fuo

jZkl\hjh\��fd]�e� 0,5 - 2000�^ey�Cu (II)�������������^ey�Pb (II), 0,1 - 1000�^ey
Cd (II), 10 -10000 ̂ey�Zn (II), 1���������^ey�Cr (VI)�b�Ni (II), 2,0 - 4000�^ey
Mn (II), 1,0 -10000�^ey�Mo (VI), 20 - 1000�^ey�Sn (II+IV), 2,0 - 1000 ̂ey�As
(III) \� \h^Zo� b� ibs_\uo� ijh^mdlZo� ijh\_^_gZ� k� bkihevah\Zgb_f

bg\_jkbhggh]h� \hevlZfi_jhf_ljbq_kdh]h� ZgZebaZlhjZ� k_jbb� ©B<:� �� �:ª
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����������� =hkJ??KLJZ��� Z� lZd`_� l\_j^hnZaguo� bfij_]gbjh\Zgguo

�LNB�� b� lheklh�ie_ghqguo� m]e_jh^kh^_j`Zsbo� k_gkhjh\� �LI��
ba]hlh\e_gguo� \� GI<I� ©B<:ª� ]�?dZl_jbg[mj]Z�� <u[jZgu� hilbfZevgu_
mkeh\by�hij_^_e_gby�dZ`^h]h�ba�we_f_glh\��j_`bfu�iheyjbaZpbb�jZ[hq_]h
we_dljh^Z� ijb� gZdhie_gbb�� j_]bkljZpbb� b� j_]_g_jZpbb� ih\_joghklb

we_dljh^Z�� khklZ\� nhgh\h]h� we_dljheblZ�� jG�� :fZev]Zfhh[jZamxsb_

f_lZeeu� �Cu, Pb, Cd, Zn, Sn)� hij_^_eyxl� eb[h� gZ� LNB� \� j_`bf_ in situ
ihke_� ^h[Z\e_gby� \� jZkl\hj� 1o��-4�F� Hg2+�� eb[h� gZ� LI�� ij_^\Zjbl_evgh
fh^bnbpbjh\Zgguo�dZehf_evx��>ey�hij_^_e_gby�kh^_j`Zgby�f_^b��k\bgpZ
b�dZ^fby�\�\h^Zo�\�dZq_kl\_�nhgh\h]h�bkihevam_lky�jZkl\hj� ����F�GK���\
ibs_\uo�ijh^mdlZo��������F�GK���������F�NaC1��Kh^_j`Zgb_�bhgh\�pbgdZ
hij_^_ey_lky� \� Zp_lZlgh�oehjb^ghf� [mn_jghf� jZkl\hj_� (jG� ���±0.5).
F_rZxs__� \ebygb_� f_^b� mkljZgy_lky� \\_^_gb_f� \� jZkl\hj� bhgh\

]Zeeby(III) ��Ij_^eh`_g� kihkh[� hij_^_e_gby� kh^_j`Zgby� heh\Z� b� k\bgpZ� \
dhgk_j\bjh\Zgguo� ijh^mdlZo�� jZknZkh\Zgguo� \�`_klygmx� lZjm��<� hkgh\_
jZajZ[hlZgguo� f_lh^bd� hij_^_e_gby� bhgh\� gbd_ey�� fZj]ZgpZ�� ojhfZ� \
\h^Zo�e_`bl�Z^khj[pbhggh_�dhgp_gljbjh\Zgb_�gZ�ih\_joghklb�]jZnblh\h]h
we_dljh^Z� dhfie_dkh\� wlbo� f_lZeeh\� k� hj]Zgbq_kdbfb� j_Z]_glZfb

��^bf_lbe]ebhdkbfZlZ� gbd_ey� (II) �� ^bn_gbedZj[ZahgZlh\�Mn(II) b�Cr (III).
Bhgu� fheb[^_gZ� dhgp_gljbjmxl� \� j_amevlZl_� we_dljhobfbq_kdh]h

\hkklZgh\e_gby�Mo (VI) b� k\yau\Zgby� ijh^mdlZ� we_dljh^ghc� j_Zdpbb Mo
(V) Zglbibjbghf�b� jh^Zgb^hf� dZeby� \�fZehjZkl\hjbfh_� kh_^bg_gb_��>ey
hij_^_e_gby� furvydZ� \� \h^Zo� b� ibs_\uo� ijh^mdlZo� ijbf_gy_lky

f_lh^bdZ��hkgh\ZggZy�gZ�dhgp_gljbjh\Zgbb�bhgh\�As (III) gZ�ih\_joghklb
ahehlh�ie_ghqgh]h� ]jZnblh\h]h� we_dljh^Z�� Fbg_jZebaZpbx� ibs_\uo

ijh^mdlh\�hkms_kl\eyxl�kmobf�hahe_gb_f�\�khhl\_lkl\bb�k�=HKL���������
b� wdkij_kk�f_lh^hf� �\� l_q_gb_� ��� �� ��� fbgml�� iml_f� fhdjh]h� hahe_gby
k_jghc�dbkehlhc�b�i_j_dbkvx�\h^hjh^Z��gZ�mklZgh\d_�©Digestahl Disgestion
Apparatus Model 23120-21ª� ijhba\h^kl\Z� Hach Company �KR:��� <k_
f_lh^bdb�f_ljheh]bq_kdb�Zll_klh\Zgu�\�MjZevkdhf�bgklblml_�f_ljheh]bb�
qZklv� ba� gbo� \dexq_gZ� \� =hkJ??KLJ� f_lh^bd� dhebq_kl\_ggh]h

obfbq_kdh]h�ZgZebaZ�b�hp_gdb�khklhygby�h[t_dlh\�hdjm`Zxs_c�kj_^u�b�\
ijh_dl� =HKLZ� ih� ZgZebam� ibs_\uo� ijh^mdlh\� f_lh^hf� bg\_jkbhgghc
\hevlZfi_jhf_ljbb�
IHL?GPBHF?LJBQ?KDH?�HIJ?>?E?GB?�PB:GKH>?J@:SBO
IBJ?LJHB>GUO�KH?>BG?GBC�<�IJHFURE?GGUO

IJ?I:J:L:O

D:J:G>B�B�<���;MAE:GH<:�F�F�

BGKLBLML WE?F?GLHHJ=:GBQ?KDBO KH?>BG?GBC
BF� :�G� G?KF?YGH<: J:G

������ FHKD<: =KI�� ME� <:<BEH<:� >���

Kbgl_lbq_kdb_� ibj_ljhb^u� y\eyxlky� i_jki_dlb\ghc� ]jmiihc

i_klbpb^h\�� Hgb� bkihevamxlky� \� dZq_kl\_� obfbq_kdbo� kj_^kl\� aZsblu
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jZkl_gbc� rbjhdh]h� ki_dljZ� ^_ckl\by�� ^ey� [hjv[u� k� i_^bdme_ahf� b� ^j�
Kj_^b� gbo� [hevrh_� jZkijhkljZg_gb_� ihemqbeb� kh_^bg_gby� jy^Z

pbZgijhba\h^guo�pbdehijhiZgdZj[hgh\hc�dbkehlu�

Ba\_klgh�� qlh� \� j_amevlZl_� ]b^jhebaZ� ih^h[guo� kh_^bg_gbc

ijhbkoh^bl� bo� jZaeh`_gb_� k� h[jZah\Zgb_f� Zev^_]b^Z� b� \u^_e_gb_f

k\h[h^gh]h�pbZgb^Z��GZfb�ij_^eh`_g�f_lh^�hij_^_e_gby�pbZgkh^_j`Zsbo

ibj_ljhb^guo�kh_^bg_gbc�lbiZ

R—CH—CH
                        O
          C——C—O—CH—C6H4OC6H5

H3C         CH3            CN

]^_� 5�� &&O2=CH-; CBr2=CH-; CF3�&&O &+��� \� ijhfure_gguo

ij_iZjZlZo� �Pbib��� �DZjZlw��� �>_pbk��� gZ� hkgh\_� pbi_jf_ljbgZ�
pb]ZehljbgZ�b�^_evlZf_ljbgZ��khhl\_lkl\_ggh�

F_lh^� hkgh\Zg� gZ� ihl_gpbhf_ljbq_kdhf� lbljh\Zgbb� pbZgb^�bhgZ�
\u^_eb\r_]hky�ijb�s_ehqghf�]b^jheba_�h[jZapZ��jZkl\hjhf�Zahlghdbkeh]h
k_j_[jZ�k�bkihevah\Zgb_f�BKW�

S_ehqghc� jZkl\hj� h[jZapZ� dbiylbeb� \� l_q_gb_� �� fbg�� b� ihke_
g_cljZebaZpbb� ijh\h^beb� Zj]_glhf_ljbq_kdh_� lbljh\Zgb_� k

kmevnb^k_e_dlb\guf�b�dZehf_evguf�we_dljh^Zfb�

>ey� ih^l\_j`^_gby� j_amevlZlh\� ZgZebaZ� h^gh\j_f_ggh� ijh\h^beb
hij_^_e_gb_� keh`ghwnbjghc� ]jmiiu� bkke_^m_fuo� kh_^bg_gbc

ihl_gpbhf_ljbq_kdbf� lbljh\Zgb_f� ba[uldZ� s_ehqb� ihke_� ]b^jhebaZ

jZkl\hjhf�kheyghc�dbkehlu�

H[Z�f_lh^Z�^Z\Zeb�b^_glbqgu_�j_amevlZlu�
<HEVL:FI?JHF?LJBY�BGL?JF?>B:LH<
WE?DLJHIHEBF?JBA:PBB�<BGBEH<UO�FHGHF?JH<

DZjibg_p�:��I�

>hg_pdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l

<� gZklhys__� \j_fy� gZb[he__� i_jki_dlb\guc� f_lh^� kbgl_aZ

\ukhdhfhe_dmeyjguo� kh_^bg_gbc� kh� ki_pbZevgh� aZ^Zgguf� dhfie_dkhf
nbabdh�obfbq_kdbo� k\hckl\� �� we_dljhobfbq_kdb� bgbpbbjh\ZggZy

ihebf_jbaZpby� �WOBI�� >,@�� <f_kl_� k� l_f� bkke_^h\Zgb_� __� f_oZgbafZ� b
dhgljhev� dbg_lbdb� \k_o� klZ^bc� hkeh`gy_lky� \ukhdhc� Zdlb\ghklvx

bgl_jf_^bZlh\� >�@�� qlh� \ugm`^Z_l� kh\f_sZlv� ijhp_kku� bo

we_dljh]_g_jbjh\Zgby��b^_glbnbdZpbb�b�dhebq_kl\_ggh]h�hij_^_e_gby��GZ
ijb��f_j_�WOBI�klbjheZ (St)�b�f_lbef_lZdjbeZlZ��FF:��gZfb�h[hkgh\ZgZ
p_e_khh[� �jZaghklv� kh\f_klgh]h� bkihevah\Zgby� \hevlZfi_jhf_ljbb� gZ
klZpbhgZjghf�dZlh^_�b�<>WD��P<:��WIJ�b�MN�ki_dljhkdhibb�^ey�ZgZebaZ
ijh^mdlh\� \hkklZgh\e_gby� fgh]hdhfihg_glguo� kbkl_f�� ��nemhj_ghg� �D��
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fhghf_j�Zijhlhgguc�jZkl\hjbl_ev� ��F_K��4� �� ]^_ Me+: Li+, Na+,�D+, Cs+),
�K4H9)4NClO4.

WOBI� FF:� \dexqZ_l�� h^ghwe_dljhggh_� \hkklZgh\e_gb_

bgbpbZlhjZ�5��h[jZah\Zgb_�bhgghc�iZju R.-Me+(I)�b�i_j_oh^�we_dljhgZ�hl�,
d� wnbjm�� >ey� g_� kdehgguo� d� ZkkhpbZpbb� dZlbhgh\� p_aby� b

l_ljZ[mlbeZffhgby�WOBI�j_Zebam_lky�ih�ko_f_��5.-���FF:�→5���FF:
.-.

<�kemqZ_�6W�ijhbkoh^bl�^bf_jbaZpby�,�b�i_j_ghk�^\mo�we_dljhgh\�hl�^bf_jZ
d� fhghf_jm�� Ihke_^mxsbc� jhkl� fZdjhfhe_dme�� hkms_kl\ey_lky� ih

Zgbhgghfm�f_oZgbafm�b�-\hajZklZ_l�\�jy^m��Li+<  Na+<�D+ < Cs+ < (C4H9)4N
+ ,

l�_�� ih� f_j_� m\_ebq_gby� jZ^bmkZ� dZlbhgZ� nhgZ� ^ey� 6W� b� \� h[jZlghc
ihke_^h\Zl_evghklb� ^ey�FF:�� qlh� h[mkeh\e_gh� jZaebqbyfb� \�f_oZgbaf_
bgbpbbjh\Zgby�

Ijb� h^bgZdh\hf� khklZ\_� nhgh\h]h� we_dljheblZ� kdhjhklv� WOBI
\bgbeh\uo� fhghf_jh\� m\_ebqb\Z_lky� \� jy^m�� Zp_lhgbljbe� �
ijhibe_gdZj[hgZl� �� ^bf_lbe� �nhjfZfb^� �� ^bf_lbeZp_lZfb^� �
^bf_lbekmevnhdkb^���^bwlbenhjfZfb^��l�_��ih�f_j_�\hajZklZgby�^hghjgh]h
qbkeZ�jZkl\hjbl_ey�b�dhgdmjbjmxs_c�khev\ZlZpbb�dZlbhgh\�nhgZ�

Ijbf_g_gb_� ki_dljhwe_dljhobfbq_kdbo� f_lh^bd� b� ki_pbZevguo

dhgkljmdpbc� we_dljheba_jh\� iha\hey_l� gZ[ex^Zlv� ^bgZfbdm� WOBI� dZd
g_ihkj_^kl\_ggh� \� ijbwe_dljh^ghf� keh_� �qlh� \Z`gh� ^ey� bamq_gby

nhjfbjh\Zgby� ihebf_jguo� ihdjulbc��� lZd� b� \� h[t_f_� jZkl\hjZ�
h[_ki_qb\Z_l� \ukhdmx� k_e_dlb\ghklv�� lhqghklv� b� bgnhjfZlb\ghklv� ijb
bkke_^h\Zgbb�klhev�keh`guo�kbkl_f��OZjZdl_jgh��qlh�\ke_^kl\b_�\ukhdhc
j_Zdpbhgghc� kihkh[ghklb� bgl_jf_^bZlh\� ih� hlghr_gbx� d� dhfihg_glZf
kbkl_fu�WOBI�b�\�hkh[_gghklb�d�ke_^Zf�\eZ]b�b�dbkehjh^Z�hkms_kl\blv

hl[hj� ijh[� b� bo� ZgZeba� ^jm]bfb� nbabdh�obfbq_kdbfb� f_lh^Zfb� g_
ij_^klZ\ey_lky�\hafh`guf�

Ebl_jZlmjZ

��DZjibg_p :�I�� ;_am]euc <�>� �� We_dljhobfby� �������L���� � ���� K����� ����

��;_am]euc <�>�� DZjibg_p :�I� ��Blh]b gZmdb b l_ogbdb� We_dljhobfby�

����� L���� K�������
KI?PBNBD:�WE?DLJH<HKKL:GH<E?GBY�D:J;HGBEVGUO
KH?>BG?GBC�<�KBKL?F:O�F?L:GHE�;?GAHE

B�F?L:GHE�>BHDK:G

DZjibg_p�:�I�

>hg_pdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l

<�gZklhys__�\j_fy�\�ijZdlbd_�we_dljhkbgl_aZ�>���@�b�we_dljhZgZebaZ
>���@�hj]Zgbq_kdbo�\_s_kl\�rbjhdh�bkihevamxlky�g_\h^gu_�jZkl\hjbl_eb�
\�lhf�qbke_�kf_rZggu_��Ijb�bkke_^h\Zgbb�[bgZjguo�kj_^�f_lZghe�[_gahe
b�f_lZghe�^bhdkZg� k� ihfhsvx�nbabdh�obfbq_kdh]h� ZgZebaZ��IFJ� b�BD�
ki_dljhkdhibb� gZf� m^Zehkv� kms_kl\_ggh� jZkrbjblv� ^bZiZahg

^bwe_dljbq_kdhc� ijhgbpZ_fhklb� �>I�� ���������� ^ey� iheyjh]jZnbjh\Zgby
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dZj[hgbevguo� kh_^bg_gbc� b� \uy\blv� ijbjh^m� f_`qZklbqguo

\aZbfh^_ckl\bc�dhfihg_glh\�kbkl_f�

MklZgh\e_gh�� qlh� ZjhfZlbq_kdb_� d_lhgu�� Zev^_]b^u� b� bo

]_l_jhpbdebq_kdb_� ZgZeh]b� gZ� nhg_� Zp_lZl� eblby�oehjh\h^hjh^
\hkklZgZ\eb\Zxlky� k� dbg_lbq_kdbf� h]jZgbq_gb_f� ij_^_evgh]h� lhdZ�
h[mkeh\e_gguf� bo� kh_^bg_gb_f� k� f_lZghehf�� Ijb� wlhf� kdhjhklv

h[jZah\Zgby (k)� i_jki_dlb\guo� \� kbgl_lbq_kdhf� ieZg_� ihemZp_lZe_c

aZ\bkbl� hl� Zdlb\ghklb� dZj[hgbevghc� ]jmiiu� �N� dhjj_ebjm_l� k� ?1/2 b

m\_ebqb\Z_lky� \� jy^m�� [_gahn_ghg�Zp_lhn_ghg���
lb_gZev^_]b^�[_gaZev^_]b^�� ��nmjZev^_]b^�i�oehj[_gaZev^_]b^�
i�[jhf[_gaZev^_]b^��� kljmdlmjgh]h� b� ZkkhpbZlb\gh]h� khklhygby

gmde_hnbevgh]h�dhfihg_glZ�kibjlZ�

H[gZjm`_gh��qlh�\�rbjhdhf�bgl_j\Ze_�dhgp_gljZpbc� �����������F�
f_lZghe� ^Z`_� \� bg_jlghf� l_ljZoehjb^_� m]e_jh^Z� gZoh^blky� \� \b^_

p_ihq_qguo� g_jZa\_l\e_gguo� kZfhZkkhpbZlh\�l_ljZf_jh\�� ^bf_ju� b

fhghf_ju� b^_glbnbpbjh\Zgu� \� ���F� b� ����F� jZkl\hjZo�� <\_^_gb_

^bhdkZgZ� \uau\Z_l� ^ebggh\hegh\h_� kf_s_gb_� ihehk� ih]ehs_gby� HG�
]jmiiu��kf-1��������m�fhghf_jZ������m�^bf_jZ�b�gZ����m�l_ljZf_jZ��Z�[_gaheZ
��khhl\_lkl\_ggh� ���� ���b� ����<�blh]_�h[jZah\Zgb_�kf_rZgguo�ZkkhpbZlh\
ijhbkoh^bl� ebrv� \� ^h\hevgh� jZa[Z\e_gguo� jZkl\hjZo� kibjlZ� �ijbq_f
f_`fhe_dmeyjgZy� \h^hjh^gZy� k\yav� \� kbkl_f_� f_lZghe�^bhdkZg� [he__
ijhqgZy�� q_f� \� f_lZghe�[_gahevguo� kj_^Zo�� b� g_� hkeh`gy_l� iheyjh�
]jZnbjh\Zgb_�bkke_^m_fuo�^_iheyjbaZlhjh\�^h�>I�����\dexqbl_evgh�

Kf_s_gb_ E1/2�dZj[hgbevguo�kh_^bg_gbc�\�[he__�dZlh^gmx�h[eZklv
ih�f_j_� m\_ebq_gby� kh^_j`Zgby�[_gaheZ�b�^bhdkZgZ� \�[bgZjguo� kj_^Zo� k
f_lZghehf� h[mkeh\e_gh� kmffZjguf� ^_ckl\b_f� ke_^mxsbo� nZdlhjh\�
kgb`_gb_f�>I��baf_g_gb_f�f_`nZah\h]h�ihl_gpbZeZ�b�khev\ZlZpbb�

Ebl_jZlmjZ

� DZjibg_p :�I�� ;_am]euc <�> �� We_dljhobfby������ L����� ���K� ��������

� DZjibg_p :�I�� ;_am]euc <�>� ��@IO�������� L������ ���K� ����������
�� JZcoZj^ D� JZkl\hjbl_eb b wnn_dlu kj_^u \ hj]Zgbq_kdhc obfbb� F�� Fbj� ����� ���k
�� DZjibg_p:�I��@IO��������L�������� �K� ����
;?JEBGKD:Y�E:AMJV���LJ:GK>VXK?J�>EY
WE?DLJHOBFBQ?KDHC�>?L?DPBB�I?JHDKB>:�<H>HJH>:�

IJBF?G?GB?�>EY�J:AJ:;HLDB�;BHK?GKHJH<

DZjydbg�:jdZ^bc�b�DZjydbgZ��?e_gZ

Obfbq_kdbc nZdmevl_l F=M bf� F�<� Ehfhghkh\Z� ������ Fhkd\Z� Jhkkby�
NZdk� ������� ��� �� ��� H�PDLO� NDU\DNLQ#FKHP�PVX�UX

K_e_dlb\gu_� we_dljhdZlZebaZlhju� \hkklZgh\e_gby� i_jhdkb^Z

\h^hjh^Z� g_h[oh^bfu� ^ey� jZajZ[hldb� obfbq_kdbo� b� [bheh]bq_kdbo

k_gkhjh\�� ;_jebgkdZy� eZamjv�� \� hij_^_e_gguo� mkeh\byo� hkZ`^Z_fZy� gZ
ih\_joghklv� kl_dehm]e_jh^gh]h� we_dljh^Z�� fh`_l� kem`blv� k_e_dlb\guf
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we_dljhdZlZebaZlhjhf� \hkklZgh\e_gby� +2O2 \� ijbkmlkl\bb� dbkehjh^Z�
>_l_dpby�+2O2 \�^h`^_\hc�b�]jmglh\hc�\h^_��Z�lZd`_�\�klhqguo�\h^Zo�ihke_
^_abgn_dpbb� \Z`gZ� ^ey� kh\j_f_gghc� wdheh]bb�� ;bhk_gkhju� gZ� hkgh\_
hdkb^Za� khklZ\eyxl� [he__� ���� \k_o� ijhba\h^bfuo� \� gZklhys__� \j_fy
[bhZgZeblbq_kdbo�mkljhckl\��Ijbgpbi�jZ[hlu�lZdbo�[bhk_gkhjh\�hkgh\Zg
gZ� ^_l_dpbb� eb[h� dbkehjh^Z�� eb[h� i_jhdkb^Z� \h^hjh^Z�� h[jZamxsboky� \
j_amevlZl_� n_jf_glZlb\ghc� j_Zdpbb�� >_l_dlbjh\Zgb_� +2O2� [he__

i_jki_dlb\gh�� l�d�� iha\hey_l� kgbablv� ij_^_e� h[gZjm`_gby� >�@�� <� jZ[hlZo
gZr_c� ]jmiiu� \i_j\u_� [ueh� ihdZaZgh�� qlh� we_dljhdZlZebaZlhj

\hkklZgh\e_gby� i_jhdkb^Z� \h^hjh^Z� gZ� hkgh\_� ;_jebgkdhc� eZamjb�
k_e_dlb\guc�\�rbjhdhc�h[eZklb�ihl_gpbZeZ�b�iha\heyxsbc�^_l_dlbjh\Zlv
H2O2� ijb� ���� <� b� gb`_�� fh`_l� bkihevah\Zlvky� ^ey� kha^Zgby

Zfi_jhf_ljbq_kdbo�obfbq_kdbo�b�[bheh]bq_kdbo�k_gkhjh\�>���@��;eZ]h^Zjy
lZdbf� k\hckl\Zf�� dZd� \ukhdZy� k_e_dlb\ghklv� b� Zdlb\ghklv�� koh^gZy� k
[bhdZlZebahf�� we_dljhdZlZebaZlhj� [ue� gZa\Zg� “bkdmkkl\_ggZy
i_jhdkb^ZaZ” �� Ijh\_^_gZ� klZ[bebaZpby� we_dljhdZlZebaZlhjZ�
ij_iylkl\mxsZy� _]h� \ufu\Zgbx� k� ih\_joghklb� we_dljh^Z� ijb� dZlh^guo
ihl_gpbZeZo�� =b^jh^bgZfbq_kdb_� \hevlZfi_jh]jZffu� \hkklZgh\e_gby

H2O2� mdZau\Zxl� gZ� i_j_ghk� ^\mo� we_dljhgh\� \� h^ghf� dZlZeblbq_kdhf
pbde_�� Hi_jZpbhggZy� klZ[bevghklv� we_dljh^h\�� fh^bnbpbjh\Zgguo

;_jebgkdhc�eZamjvx��kbevgh�aZ\bkbl�hl�_fdhklb�[mn_jZ�ih^^_j`b\Zxs_]h

we_dljheblZ�� <� g_cljZevguo� \h^guo� jZkl\hjZo� ijh^mdlhf

we_dljhdZlZeblbq_kdh]h� \hkklZgh\e_gby� +2O2� y\ey_lky� 2+-. K\hckl\Z

we_dljhobfbq_kdh]h� ljZgk^vxk_jZ� iha\hebeb� kha^Zlv� [bhk_gkhju� ^ey

ZgZebaZ� gbadbo� dhgp_gljZpbc� ZgZebabjm_fuo� \_s_kl\� �ij_^_e
h[gZjm`_gby� f_g__� 0.�� fdF�� b� ijZdlbq_kdb� g_aZ\bkysbo� hl

\hkklZgh\bl_e_c�

Ebl_jZlmjZ

1. O'Connell P. J., O'Sullivan C. K., Guilbault G. G. Anal. Chim. Acta 373, (1998) 261.
2. A.A. Karyakin, O.V. Gitelmacher, E.E. Karyakina. Anal. Chem. 67 (1995) 2419.
3. :�:� DZjydbg� ?�?� DZjydbgZ�@mjgZe JOH bf� >�B�F_g^_e__\Z�

������ lhf ;/,, ������ klj����

:\lhju�[eZ]h^Zjyl�]jZgl�BGDH�Dhi_jgbdmk
�13/���������aZ�ih^^_j`dm�jZ[hlu�
HIJ?>?E?GB?�K?J?;J:�<�NBDK:@GUO�J:KL<HJ:O
F?LH>HF�BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB�G:

=J:NBLH<HF�H;GH<EY?FHF�WE?DLJH>?

Dbjxrh\�<�G���<Zck�:�:���Kd\hjph\Z�E�B�

Bgklblml obfbb l\_j^h]h l_eZ b f_oZghobfbb KH J:G� ]� Gh\hkb[bjkd

<� ihke_^g__� \j_fy� kqblZxl�� qlh� dhgp_gljZpbx� bhgh\� k_j_[jZ� \
nbdkZ`guo� jZkl\hjZo� \�rbjhdhf� ^bZiZahg_� dhgp_gljZpbc� ��������� f]�/e
m^h[g__� hij_^_eylv� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� [1,2].
F_rZxs__� \ebygb_� hkgh\guo� dhfihg_glh\� nbdkZ`gh]h� jZkl\hjZ
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mkljZgyxl� k_e_dlb\ghc� Z^khj[pb_c� hij_^_ey_fh]h� bhgZ� gZ� ih\_joghklb
]jZnblh\h�iZklh\h]h� we_dljh^Z�� fh^bnbpbjh\Zggh]h� d_jZlbghf� [1]�� beb
Z^khj[pb_c� jh^Zgb^guo� dhfie_dkh\� k_j_[jZ� gZ� m]e_jh^ghf� we_dljh^_
ki_pbZevghc�dhgkljmdpbb�[2].

<� gZklhys_c� jZ[hl_� ij_^eh`_gh� hij_^_eylv� dhgp_gljZpbx� bhgh\
k_j_[jZ� \� nbdkZ`guo� jZkl\hjZo� gZ� ]jZnblh\hf� we_dljh^_�� ih\_joghklv
dhlhjh]h� h[gh\eyxl� \� ZgZebabjm_fhf� jZkl\hj_� gZ� ^Zlqbd_� dhgkljmdpbb
BOLLF� KH� J:G� [3]�� F_rZxs__� \ebygb_� eb]Zg^h\� S2O3

2-
, SCN-,

dhfie_dkmxsbo� k_j_[jh�� mkljZgyxl� bo� hdbke_gb_f� ����G� jZkl\hjhf� J2 \

ijbkmlkl\bb� ���� dZi_ev� ����� djZofZeZ� \� dZq_kl\_� bg^bdZlhjZ�
H[jZ[hlZggmx�ch^hf�Zebd\hlm�nbdkZ`gh]h�jZkl\hjZ�jZa[Z\eyxl�^h� �����
kf

3 
nhgh\uf� jZkl\hjhf� ���� F� KJ�� bh^b^guc� dhfie_dk� k_j_[jZ

\hkklZgZ\eb\Zxl� ^h�f_lZeeZ� gZ� we_dljh^_� ijb� ihl_gpbZe_� ������� �������<
hlghkbl_evgh� gZkus_ggh]h� dZehf_evgh]h� we_dljh^Z� b� ijb� Zgh^ghc

jZa\_jld_� ihl_gpbZeZ� hl� ������ <� ^h� ����� <� j_]bkljbjmxl� ZgZeblbq_kdbc
bg\_jkbhgguc� ibd� jZkl\hj_gby� hkZ`^_ggh]h� k_j_[jZ� \� h[eZklb

ihl_gpbZeh\�������<��GDW���Lhd�ibdZ�ijyfh�ijhihjpbhgZe_g�dhgp_gljZpbb
k_j_[jZ� \� jZa[Z\e_gghc� ijh[_� \� ^bZiZahg_� ����� f]/e� ijb� gZdhie_gbb� \
l_q_gb_� ������� k� [_a� i_j_f_rb\Zgby� b� \� ^bZiZahg_� ������� f]/e� ijb
gZdhie_gbb� \� i_j_f_rb\Z_fhf� jZkl\hj_�� NbdkZ`gu_� jZkl\hju�
kh^_j`Zsb_� [he__� ���� f]/e� Ag�� ij_^\Zjbl_evgh� jZa[Z\eyxl

^bklbeebjh\Zgghc�\h^hc�\����jZa��Kdhjhklv�Zgh^ghc�jZa\_jldb�ihl_gpbZeZ
���� f</k�� :gZeba� ijh\h^yl� f_lh^hf� \g_rg_]h� klZg^ZjlZ�� <� dZq_kl\_
klZg^Zjlgh]h� bkihevamxl� jZkl\hj� ���� F� Na2S2O3 + 0,2 M Na2SO3,

kh^_j`Zsbc� �������� f]/e� Ag��� ijb]hlh\e_gguc� jZkl\hj_gb_f� lhqghc
gZ\_kdb� kheb�AgNO3��:ebd\hlm� wlh]h� jZkl\hjZ� ��� kf

3) 
]hlh\yl� d� ZgZebam

lZd`_��dZd�Zebd\hlm�ijh[u�nbdkZ`gh]h�jZkl\hjZ�

F_lh^� ijh\_j_g� gZ� j_Zevguo� nbdkZ`guo� jZkl\hjZo� kjZ\g_gb_f
j_amevlZlh\� ZgZebaZ� k� ^Zggufb� hij_^_e_gby� obfbq_kdbf� ������ ]/e�Ag�� b
Zlhfgh�Z^khj[pbhgguf� ������f]/e� ��f_lh^Zfb��Hlghkbl_evgh_�klZg^Zjlgh_
hldehg_gb_�j_amevlZlh\�ZgZebaZ�g_�ij_\urZeh������

Ebl_jZlmjZ

1. Sugawara K., Motsui H., Yoshi S., Akatsuka K./. Analyst. 1998. V. 123. �10. P.2013-2016.
2. Dillen J.W., Sprules S.D., Borry J.B., Hoggett G.D./ Analyst. 1998. V. 123. �12.

P.2905-2907.
�� De_l_gbd X�;�� :e_dkZg^jh\Z L�I�/@� ZgZebl� obfbb� ����� L������� K�����
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<EBYGB?�WE?DLJHOBFBQ?KDBO�J?:DPBC�K�MQ:KLB?F
<H>HJH>:�G:�HIJ?>?E?GB?�S?EHQGUO�B

S?EHQGHA?F?EVGUO�F?L:EEH<�F?LH>HF�B<:

Dh\Ze_\Z�K�<���=eZ^ur_\�<�I���Qbdbg_\Z�G�<�

Lhfkdbc ]hkm^Zjkl\_gguc i_^Z]h]bq_kdbc mgb\_jkbl_l
Bgklblml obfbq_kdhc wdheh]bb

Kb[bjkdh]h hl^_e_gby F_`^mgZjh^ghc ZdZ^_fbb l\hjq_kl\Z

Bkke_^h\Zgby�� \uiheg_ggu_� k�bkihevah\Zgb_f�f_lh^Z� pbdebq_kdhc
\hevlZfi_jhf_ljbb��iha\hebeb�mklZgh\blv��qlh�ijb�dZlh^ghc�iheyjbaZpbb
jlmlgh]h�fZdjhwe_dljh^Z� \� \h^guo� jZkl\hjZo� oehjb^h\� b� ]b^jhdkb^h\� s-
f_lZeeh\� ijb� ihl_gpbZeZo� [he__� hljbpZl_evguo� ±���� <� ijhl_dZxl

ijhp_kku� h[jZah\Zgby� \h^hjh^kh^_j`Zsbo� ZfZev]Zf� [1-5]. <� keh`guo
f_lZeeh\h^hjh^guo� ZfZev]ZfZo� s�f_lZeeh\� gZb[he__� hljbpZl_evguf

ihl_gpbZehij_^_eyxsbf� dhfihg_glhf� y\ey_lky� ZlhfZjguc� \h^hjh^�

]b^jZj]bjh\Zgguc� jlmlvx� HHgn (-2.18 ÷� ������ <��� ^Ze__� ke_^mxl

]b^jZj]bjZlu� s�f_lZeeh\� MHgm (-2.10 ÷� ������ <��� lj_lvbf� dhfihg_glhf
y\eyxlky�ZfZev]Zfu�]b^jb^h\�s�f_lZeeh\�lbiZ�MHnHgm (-1.60 ÷�������<���b�
gZdhg_p�� fhe_dmeyjguc� \h^hjh^� ������� ÷� ������ <��� h[jZamxsbcky� ijb

Zgh^ghf� hdbke_gbb� ZfZev]Zf� ]b^jb^h\� s�f_lZeeh\� [4-5]��Hldjulb_� gh\uo
wnn_dlh\��k\yaZgguo�k�h[jZah\Zgb_f�\h^hjh^kh^_j`Zsbo�ZfZev]Zf��klZeh
\hafh`guf� [eZ]h^Zjy� lhfm�� qlh� \� wlbo� jZ[hlZo� [ueZ� bkihevah\ZgZ
kh\j_f_ggZy� we_dljhobfbq_kdZy� ZiiZjZlmjZ�� iha\heyxsZy� aZibkZlv

pbdebq_kdb_� \hevlZfi_jgu_� djb\u_� \� rbjhdhf� bgl_j\Ze_� ihl_gpbZeh\�
ZgZeh]bqgh� pbdebq_kdhc� hkpbeeh]jZnbq_kdhc� iheyjh]jZnbb�� k� h^ghc

klhjhgu�� b� gh\u_� g_ljZ^bpbhggu_� ih^oh^u� d� ihgbfZgbx� ijbjh^u

ZfZev]Zf��<hafh`ghklv�ijhl_dZgby�wlbo�ijhp_kkh\�gZoh^blky�\�kh]eZkbb�k
l_jfh^bgZfbdhc�� Z� wdki_jbf_glZevgu_� \_ebqbgu� ihl_gpbZeh\� wlbo

ZfZev]Zf� ohjhrh� kh]eZkmxlky� k� jZkq_lgufb� agZq_gbyfb��� J_]bkljZpbx
\hevlZfi_jguo� djb\uo� ijh\h^beb� gZ� \hevlZfi_jhf_ljbq_kdbo

ZgZebaZlhjZo� L:��� b� ©<heZgª� k� jlmlguf� ie_ghqguf� we_dljh^hf� gZ
k_j_[jyghc�ih^eh`d_�k�ih\_joghklvx�������ff2��Ih�iheh`_gbx�ibdh\�lhdZ
�IL�� hdbke_gby� ZfZev]Zf� f_lZeeh\� M(Hg)n gZ� :<:D� hlghkbl_evgh� ibdZ
hdbke_gby� ZfZev]Zfu� ZlhfZjgh]h� \h^hjh^Z� H(Hg)n�� bamq_ggu_� f_lZeeu
fh`gh� jZa^_eblv� gZ� �� ]jmiiu�� f_lZeeu�� IL� dhlhjuo� iheh`bl_evg__
ihl_gpbZeZ�hdbke_gby�ZfZev]Zfu ZlhfZjgh]h�\h^hjh^Z� �Na, Ba)��f_lZeeu�
IL�dhlhjuo�hljbpZl_evg__�ihl_gpbZeZ�hdbke_gby�ZfZev]Zfu�\h^hjh^Z�(Li,
Ca, Sr)� b� f_lZeeu�� IL� dhlhjuo� kh\iZ^Zxl� k� ihl_gpbZehf� hdbke_gby
ZfZev]Zfu� \h^hjh^Z� (K, Rb)��<� ihke_^g_f� kemqZ_� gZ�:<:D� gZ[ex^Z_lky
mrbj_gguc� IL� b� jZaj_r_gby� ibdZ� hdbke_gby� ZfZev]Zfu� \h^hjh^Z� g_
ijhbkoh^bl�� Ibd� hdbke_gby� ZfZev]Zfu� \h^hjh^Z� g_� f_rZ_l� ihemqZlv
q_ldb_�IL�hdbke_gby�gZljby�b�[Zjby�gZ�nhgZo�CaCl2, SrCl2, (CH3)4NCl, LiCl,
Z�lZd�`_�[Zjby�gZ�nhg_�KCl��Ibd�hdbke_gby�ZfZev]Zf�\h^hjh^Z�ijb�±����<
ijhibku\Z_lky�f_`^m�^\mfy�IL�hdbke_gby�ZfZev]Zf�mdZaZgguo�f_lZeeh\�
<f_kl_�k�l_f��ibd�hdbke_gby�ZfZev]Zfu�\h^hjh^Z�g_�iha\hey_l�jZaj_rZlv

IL� dZeby�� jm[b^by� gZ� nhgZo� gZa\Zgguo� we_dljheblh\�� Ibdb� hdbke_gby
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ZfZev]Zf� ]b^jb^h\� s�f_lZeeh\� \� h[eZklb� ihl_gpbZeh\� ±���� ÷� ����� <� g_
hdZau\Z_l� \ebygby� gZ� jZaj_r_gb_�IL� hdbke_gby� ZfZev]Zf� eblby�� gZljby�
dZevpby��kljhgpby�b�[Zjby�

Ebl_jZlmjZ

�� =eZ^ur_\ <�I�� Dh\Ze_\Z K�<� ��@HO� ����� L� ��� <ui� ��� K�����������

�� Dh\Ze_\Z K�<�� =eZ^ur_\ <�I� ��@HO� ����� L� ��� <ui� ��� K����������

�� =eZ^ur_\ <�I�� Dh\Ze_\Z K�<� ��@HO� ����� L� ��� <ui� ��� K������

�� Dh\Ze_\Z K�<� �� <_klgbd L=IM� ����� <ui� �� K��

�� Dh\Ze_\Z K�<�� =eZ^ur_\ <�I�� Qbdbg_\Z G�<� �� <_klgbd L=IM� ����� <ui� �� K����
�J:KQ?LGUC�F?LH>��HIJ?>?E?GBY�LHQDB
WD<B<:E?GLGHKLB�<�F?LH>?�:FI?JHF?LJBQ?KDH=H

LBLJH<:GBY�K�><MFY�IHEYJBAH<:GGUFB�WE?DLJH>:FB

Dh`_\gbdh\�B�<���=Z\jbeh\Z�B�K�

Qm\Zrkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�B�G�Mevygh\Z

H^gbf� ba� we_dljhobfbq_kdbo� f_lh^h\� ZgZebaZ� y\ey_lky� f_lh^

Zfi_jhf_ljbq_kdh]h� lbljh\Zgby� k� ^\mfy� bg^bdZlhjgufb� we_dljh^Zfb�� <
wlhf�f_lh^_�dhg_qgZy�lhqdZ�lbljh\Zgby�h[uqgh�hij_^_ey_lky�]jZnbq_kdb��
ihkljh_gb_f�djb\uo�lbljh\Zgby��Lhqghklv�ihemq_gguo�^Zgguo�ih�]jZnbdm
\� [hevr_c� kl_i_gb� aZ\bkbl� hl� kihkh[Z� _]h� ihkljh_gby�� l�_�� \� j_amevlZlZo
\k_]^Z�[m^_l�ijbkmlkl\h\Zlv�]jZnbq_kdZy�hrb[dZ��Ihwlhfm�^ey�ih\ur_gby

lhqghklb� j_amevlZlh\� jZamfguf� b� p_e_khh[jZaguf� y\ey_lky� mkljZg_gb_
ihke_^g_c��qlh�\hafh`gh�hkms_kl\blv�gZ�hkgh\_�fZl_fZlbq_kdbo�f_lh^h\�

GZb[he__� wlh� aZf_lgh� ijb� hij_^_e_gbb� lhqdb� wd\b\Ze_glghklb� \
kemqZ_�� dh]^Z� djb\Zy� ihke_� lhqdb� wd\b\Ze_glghklb� \hajZklZ_l� keh`guf
h[jZahf�� l�_��ijb� lbljh\Zgb_�h[jZlbfhc� kbkl_fu�g_h[jZlbfhc� �gZijbf_j�
n_jjhpbZgb^Z�dZeby�i_jfZg]ZgZlhf��

>ey� ijZdlbq_kdbo� p_e_c� \Z`gh� mjZ\g_gb_�� ijb\h^bfh_� \� dgb]_
>_eZo_y�� dhlhjh_� \� kemqZ_� h^bgZdh\uo� we_dljh^h\� aZibr_lky� ke_^mxsbf

h[jZahf

( ) ( )i
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P C Ua k= ⋅

⋅ ⋅
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Hij_^_eb\� ^ey� dhgdj_lghc� kbkl_fu� \_s_kl\� ijb� hij_^_e_gghf
gZijy`_gbb� dhwnnbpb_glu� 3�� \� ^Zevg_cr_f� jZkq_l� djb\hc� lbljh\Zgby� b
hij_^_e_gb_�lhqdb�wd\b\Ze_glghklb�ijhba\h^blky�ih�^\mf�lj_f�gZqZevguf
lhqdZf� lbljh\Zgby� �� aZ\bkbfhklb� kbeu� \hagbdZxs_]h� lhdZ� hl� h[t_fZ
ijbeb\Z_fh]h� lbljZglZ�� J_rZy� kbkl_fm� ihemqZxsboky� g_ebg_cguo

mjZ\g_gbc��fu�gZoh^bf�dhgp_gljZpbx�ZgZebabjm_fh]h�\_s_kl\Z�

Wdki_jbf_glZevgZy� ijh\_jdZ� ij_^eh`_ggh]h� f_lh^Z� ihdZaZeZ

^hklZlhqgh�g_[hevrmx�hlghkbl_evgmx�hrb[dm�hij_^_e_gby� ����������ijb
dhgp_gljZpbb� n_jjhpbZgb^Z� ������ g�� ijb� mf_gvr_gbb� \j_f_gb

hij_^_e_gby�b�mf_gvr_gby�jZkoh^Z�j_Zdlb\h\�
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BFFMGHK?GKHJ�>EY�>B:=GHKLBDB�DE?S?<H=H
WGP?N:EBL:

DhabpbgZ�:�G���;jZcgbgZ�O�A�

MjZevkdbc ]hkm^Zjkl\_gguc wdhghfbq_kdbc mgb\_jkbl_l�
������� ?dZl_jbg[mj]� � FZjlZ ���

l_e��nZdk �� �� ��� (�PDLO� ED]#XVXH�UX

JZa\blb_�f_lh^h\�hij_^_e_gby�de_s_\h]h�wgp_nZeblZ��hkh[_ggh�_]h
wdkij_kkgh]h�b�ijhklh]h�\ZjbZglZ��\_kvfZ�\Z`gh�^ey�jy^Z�j_]bhgh\�:abb��Z
\�ihke_^g__� \j_fy�b�?\jhiu��GZfb�ij_^eh`_g�gh\uc� we_dljhobfbq_kdbc
bffmghk_gkhj��\�dhlhjhf�bkihevam_lky�\aZbfh^_ckl\b_�\bjmkZ�wgp_nZeblZ
kh� ki_pbnbq_kdbfb� Zglbl_eZfb� b� ihke_^gbo� k� g_q_eh\_q_kdbfb

Zglbl_eZfb�� f_q_gufb� i_jhdkb^Zahc�� :glb]_g� bffh[bebah\Zeb� gZ

ih\_joghklb� beb� \� h[t_f_� we_dljh^Z�� <� dZq_kl\_� f_^bZlhjghc� kbkl_fu
bkihevah\Zeb� hdbkebl_evgh�� \hkklZgh\bl_evgmx� iZjm� bh^�bh^b^� \

ijbkmlkl\bb� G2H2�� Kb]gZehh[jZamxs_c� y\ey_lky� dZlZeblbq_kdZy

we_dljhobfbq_kdZy�j_Zdpby�\hkklZgh\e_gby�bh^Z�

Hijh[h\Zgu� lheklhie_ghqgu_� ]jZnblkh^_j`Zsb_� we_dljh^u� �
dhfihablu� ba� wihdkb^ghc� kfheu� b� jZaebqguo� ]jZnblh\uo� ihjhrdh\��
screen-printed� we_dljh^u� gZ� hkgh\_� ]jZnblkh^_j`Zsbo� q_jgbe� b� iehkdb_
ahehlu_�we_dljh^u��Bffh[bebaZpbx�\bjmkZ�wgp_nZeblZ�ijh\h^beb�dZd�gZ
ih\_joghklb� lheklhie_ghqguo� b� screen-printed� we_dljh^h\� �k� ihfhsvx

]emlZjh\h]h�Zev^_]b^Z��gZnbhgZ��gbljhp_eexehau���lZd�b�\\h^beb�\bjmk�\
h[t_f� we_dljh^Z��<� kemqZ_�iehkdbo� ahehluo� we_dljh^h\�ijbf_gyeb�f_lh^
dh\Ze_glghc� ©krb\dbª��BffmghZgZeba�ijh\h^beb�\�^\_�klZ^bb��gZ�i_j\hc
klZ^bb� bffmghk_gkhj� bgdm[bjh\Zeb� \� ieZaf_� q_eh\_q_kdhc� djh\b� ijb

l_fi_jZlmj_� ���±1)0�K� \� l_q_gb_� ��� fbgml�� gZ� \lhjhc� klZ^bb� bgdm[Zpbb
nhjfbjh\Zeb�bffmghdhfie_dk�k�Zglbl_eZfb��f_q_gufb�i_jhdkb^Zahc��ijb

l_fi_jZlmj_� ���±1)0K� \� l_q_gb_� ��� fbgml�� J_]bkljbjh\Zeb

ojhghZfi_jh]jZffm� ijb� ihl_gpbZe_� ������ <� hlghkbl_evgh� gZkus_ggh]h

oehjk_j_[jygh]h� we_dljh^Z�� Bkihevah\Zeb� nhknZlguc� [mn_jguc� jZkl\hj

�jG ����±� ������kh^_j`Zsbc�10-3 M H2O2+10-3 M KI. GZb[he__�klZ[bevguc
hldebd�ihemqbeb�ijb�bkihevah\Zgbb�screen-printed�we_dljh^h\��kh^_j`Zsbo

Zglb]_g,�bffh[bebah\Zgguc�\�h[t_f_�we_dljh^Z��cf�jbk���

�

�

OjhghZfi_jh]jZffu�� aZj_]bkljbjh\Zggu_� k� bkihevah\Zgb_f� we_dljh^h\,
g_�kh^_j`Zs_]h�����b�kh^_j`Zs_]h�����Zglbl_eZ�d�wgp_nZeblm.

1
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F?LH>�B<:�<�FHGBLHJBG=?�LY@?EUO�F?L:EEH<�<
A<?GVYO�L?OGH=?GGHA:<BKBFUO�IBS?<UO�P?I?C

Dhe_kgbdh\Z�?�<���Ivyguo�=�F���=eZ^ur_\�<�I�

Bgklblml obfbq_kdhc wdheh]bbKb[bjkdh]h hl^_e_gby F_`^mgZjh^ghc
ZdZ^_fbb l\hjq_kl\Z

=hkm^Zjkl\_ggZy klZgpby Z]jhobfbq_kdhc kem`[u ©LhfkdZyª

L_ogh]_ggZy� gZ]jmadZ� gZ� h[t_dlu� [bhkn_ju� ijb\h^bl� d� bo

aZ]jyag_gbx� lhdkbqgufb� obfbq_kdbfb� \_s_kl\Zfb� ba� qbkeZ� dhlhjuo
gZb[he__� jZkijhkljZg_ggufb� \� kh\j_f_gguo� l_ogheh]byo� y\eyxlky

kh_^bg_gby� ly`_euo� f_lZeeh\� �Pb, Cd, Hg, Zn, Cu, As)�� hlghkbfuo� d
ijbhjbl_lguf� wdhlhdkbdZglZf��Ly`_eu_�f_lZeeu� ihiZ^Zxl� ba� \ha^moZ� b
\h^u� \� jZkl_gby� b� hj]Zgbaf� `b\hlguo� y\eyxsboky� ijh^h\hevkl\_gguf
kujv_f�^ey�ba]hlh\e_gby�ijh^mdlh\�iblZgby�q_eh\_dZ��J_Zevgu_�ibs_\u_

p_ib� y\eyxlky� l_ogh]_gghaZ\bkbfufb�� Z� bo� a\_gvy� ^_ihgbjmxsbfb

kj_^Zfb� ^ey� ly`_euo� f_lZeeh\�� =hkm^Zjkl\_ggu_� kbkl_fu� fhgblhjbg]Z
h[t_dlh\�hdjm`Zxs_c�kj_^u�b�k_jlbnbdZpbb�k_evkdhohayckl\_ggh]h�kujvy
b� ijh^mdlh\� iblZgby� ij_^mkfZljb\Zxl� hij_^_e_gb_� ly`_euo� f_lZeeh\� b
hkms_kl\eyxlky� \� ZgZeblbq_kdbo� eZ[hjZlhjbyo� jZaebqguo� \_^hfkl\�
JZaebqgZy� \_^hfkl\_ggZy� ijbgZ^e_`ghklv� eZ[hjZlhjbc� ZgZeblbq_kdhc

kem`[u� b� ijbf_g_gb_� jZaghh[jZaguo� f_lh^h\� ^ey� ZgZebaZ� a\_gv_\

ibs_\uo� p_i_c� aZljm^gy_l� ijhke_`b\Zlv� ih\_^_gb_� ly`_euo� f_lZeeh\�
JZpbhgZevguf� j_r_gb_f� wlhc� ijh[e_fu� y\ey_lky� ijbf_g_gb_� h^gh]h
f_lh^Z� ^ey� hij_^_e_gby� ly`_euo� f_lZeeh\� dZd� \� h[t_dlZo� [bhkn_ju�
k_evohaijh^mdpbb� lZd� b� ijh^mdlZo� iblZgby� k� bkihevah\Zgb_f

mgbnbpbjh\Zgguo� f_lh^bd� ijh[hih^]hlh\db� b� ZgZebaZ�� LZdbf� f_lh^hf
y\ey_lky�f_lh^�B<:�iha\heyxsbc�hij_^_eblv�ly`_eu_�f_lZeeu�gZ�mjh\g_
I>D� dZd� \� kbkl_f_� fhgblhjbg]Z� \h^� b� ihq\� lZd� b� k_jlbnbdZpbb

\ujZs_gghc�gZ�g_c�k_evkdhohayckl\_gghc�ijh^mdpbb�b�ijh^mdlh\�iblZgby�
Hij_^_e_gb_� k\bgpZ�� pbgdZ�� dZ^fby� b� f_^b� p_e_khh[jZagh� ijh\h^blv� k
gZdhie_gb_f� gZ� jlmlguo� ie_ghqguo� we_dljh^Zo�� Z� jlmlb� b� furvydZ� gZ
l\_j^uo�f_lZeebq_kdbo� we_dljh^Zo��F_lh^bdb� hij_^_e_gby�LF� \� a\_gvyo
l_ogh]_gghaZ\bkbfhc� ibs_\hc� p_ib� bkihevamxlky� \� gZklhys__� \j_fy� \
eZ[hjZlhjbyo�Lhfkdhc�h[eZklb�b�^jm]bo�j_]bhgZo�Kb[bjb�
HP?GD:�IHEGHLU�KHJ;PBB�IE:LBGH<UO�F?L:EEH<�
AHEHL:�B�K?J?;J:�:DLB<BJH<:GGUF�M=E?F�BA

OEHJB>GUO�KJ?>�F?LH>:FB�B<:�B�JN:

DheiZdh\Z�G��:���:]__\Z�E��>���Dh\ujdbgZ�L��<���Ihpyimg�G��I�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

AZ^ZqZ� hl^_e_gby� [eZ]hjh^guo� f_lZeeh\� hl� g_[eZ]hjh^guo� b

jZa^_evgh]h� ba\e_q_gby� [eZ]hjh^guo� f_lZeeh\� ba� jZkl\hjh\� keh`gh]h
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khe_\h]h�khklZ\Z�fh`_l�[ulv�j_r_gZ�f_lh^hf�\hkklZgh\bl_evghc�khj[pbb
gZ�Zdlb\guo�m]eyo�

GZfb� bamq_gZ� \hafh`ghklv� khj[pbb� dZd� [eZ]hjh^guo�� lZd� b

g_[eZ]hjh^guo� f_lZeeh\� ba� dbkeuo� we_dljheblh\�� Bamq_gb_� khj[pbb
ijh\h^behkv�gZ�kbgl_lbq_kdbo�kf_kyo�b�klZg^Zjlguo�h[jZapZo�kmevnb^guo
f_^gh�gbd_e_\uo�jm^��DG����DF����b�ieZlbgh\uo�dhgp_gljZlZo��DI����DI�
���DI����DI�����Ijhp_kk�khj[pbb�ijh\h^beky�\�l_q_gb_�^\Z^pZlb�fbgml�ijb
h[emq_gbb� mevljZnbhe_lhf�� Khj[_gl� bkke_^h\Zeky� f_lh^hf� j_gl]_gh�
nemhj_kp_glgh]h� ZgZebaZ� �JN:��� Z� jZkl\hju�� hklZ\rb_ky� ihke_� khj[pbb�
bkke_^h\Zebkv� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� �B<:��
J_gl]_gh�nemhj_kp_glgu_�ZgZebau�ijh\h^bebkv�gZ�ijb[hj_��Ki_dljhkdZg�
�GIH� �Ki_dljhg��� ]�� KZgdl�I_l_j[mj]��� Z� bg\_jkbhggh�
\hevlZfi_jhf_ljbq_kdb_�ZgZebau�±�gZ�ijb[hj_�L:����GIH��L_oghZgZebl��
]��Lhfkd��

Wdki_jbf_glZevgh� ihdZaZgh�� qlh� Zdlb\bjh\Zggu_� m]eb� ba� dbkeuo
jZkl\hjh\� ba[bjZl_evgh� khj[bjmxl� k_j_[jh�� ahehlh�� ieZlbgm�� iZeeZ^bc�
IhdZaZgZ� \hafh`ghklv� khj[pbb� oehjb^guo� dhfie_dkh\� jh^by� ba

g_cljZevguo� b� s_ehqguo� jZkl\hjh\�� Ba� dbkeuo� jZkl\hjh\� khj[pby

dhfie_dkh\� jh^by� \hafh`gZ� lhevdh� \� ijbkmlkl\bb� \hkklZgh\bl_e_c�� <
dZq_kl\_� \hkklZgh\bl_e_c� bkke_^h\Zebkv� f_lZeebq_kdbc� pbgd�
f_lZeebq_kdbc�dZ^fbc��oehjb^�heh\Z��II).

Khj[pby�ieZlbgh\uo�f_lZeeh\�ijh\h^beZkv�gZ�����]�Zdlb\bjh\Zggh]h

m]ey�ba����fe�jZkl\hjZ��kh^_j`Zs_]h�bo�\�dhgp_gljZpbyo��⋅10-3-1⋅10-6�]�fe�
IheghlZ� khj[pbb� [eZ]hjh^guo� we_f_glh\� gZ� Zdlb\bjh\Zgghf� m]e_�
bamq_ggZy� ^\mfy� f_lh^Zfb� �B<:� b� JN:��� khklZ\ey_l� ������� �� �� LZdb_
g_[eZ]hjh^gu_� we_f_glu� dZd�`_e_ah��gbd_ev��pbgd�� ojhf�� k\bg_p�� dZ^fbc
g_� khj[bjmxlky� Zdlb\bjh\Zgguf� m]e_f��GZ[ex^Z_lky� g_[hevrZy� khj[pby
f_^b�

�F_lh^Zfb� bg\_jkbhgghc� \hevlZfi_jhjf_ljbb� b� j_gl]_gh�
nemhj_kp_glgh]h� ZgZebaZ� gZfb� bamq_gZ� iheghlZ� khj[pbb� wlbo� bhgh\� gZ
Zdlb\bjh\Zgguo� m]eyo� jZaebqgh]h� ijhbkoh`e_gby�� IhdZaZgh�� qlh

ijhbkoh`^_gb_� m]ey� ijZdlbq_kdb� g_� \eby_l� gZ� iheghlm� khj[pbb

[eZ]hjh^guo�f_lZeeh\�

Bamq_gh� \aZbfgh_� \ebygb_� we_f_glh\�ijb� hij_^_e_gbb�bo�f_lh^hf
JN:�� Hij_^_e_gb_� ieZlbgu�� iZeeZ^by�� k_j_[jZ�� ahehlZ� b� jh^by

ijh\h^behkv�\h�\lhjhf�hljZ`_gbb�ih�ke_^mxsbf�ebgbyf��3W�±�/.������Å,
$X�±�/.������Å, Pd – K.������Å, Ag – K.������Å, Rh – K.������Å.

Ba� Zdlb\bjh\Zgguo� m]e_c� k� khj[bjh\Zggufb� gZ� gbo� [eZ]hjh^gufb
f_lZeeZfb� nhjfbjh\Zibkv� m]hevgh�iZklh\u_� we_dljh^u�� Bamq_gZ

\hafh`ghklv� hij_^_e_gby� ieZlbgu�� iZeeZ^by�� jh^by� b� bjb^by� ijb� bo
kh\f_klghf� ijbkmlkl\bb� gZ� we_dljh^_� f_lh^hf� B<:�� IhdZaZgZ

ijbgpbibZevgZy�\hafh`ghklv�bkihevah\Zgby�lZdh]h�we_dljh^Z�\�ZgZeba_�gZ
ieZlbgh\u_� f_lZeeu�� Ijh\_^_gu_� bkke_^h\Zgby� iha\hebeb� jZajZ[hlZlv
f_lh^bdb� j_gl]_gh�nemhj_kp_glgh]h� b� bg\_jkbhggh�
\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� [eZ]hjh^guo� f_lZeeh\� \
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fbg_jZevghf� kujv_��IjZ\bevghklv� ijh\h^bfuo� hij_^_e_gbc� hp_gb\ZeZkv
f_lh^hf�\\_^_gh�gZc^_gh�b�ih�ZgZebam�klZg^Zjlguo�h[jZaph\�
HP?GD:�F?O:GBAF:�B�DBG?LBDB�KHJ;PBB�IE:LBGU�
I:EE:>BY��AHEHL:�B�JH>BY�:DLB<BJH<:GGUF�M=E?F�BA

OEHJB>GUO�KJ?>��H;EMQ?GGUO�MEVLJ:NBHE?LHF

DheiZdh\Z�G��:���;mcgh\kdbc�:��K���:]__\Z�E��>���Dh\ujdbgZ�L��<�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

:dlb\bjh\Zggu_�m]eb�^Z\gh�b�mki_rgh�ijbf_gyxlky�^ey�ba\e_q_gby
[eZ]hjh^guo� f_lZeeh\� ba� fbg_jZebah\Zgguo� jZkl\hjh\�� H^gZdh� \

ebl_jZlmj_�hlkmlkl\mxl�^Zggu_�ih�\ebygbx�mevljZnbhe_lh\h]h�h[emq_gby
�MNH�� gZ� f_oZgbaf� b� dbg_lbdm� khj[pbb� [eZ]hjh^guo� f_lZeeh\�
:dlb\bjh\Zggu_� m]eb� y\eyxlky� ihebnmgdpbhgZevgufb� fZl_jbZeZfb�
ijbq_f� bo� kbgl_lbq_kdb_� jZagh\b^ghklb� oZjZdl_jbamxlky� g_� lhevdh

\ujZ`_gghc� kihkh[ghklvx� d� fhe_dmeyjghc� khj[pbb�� ih\_joghklghfm

dhfie_dkhh[jZah\Zgbx�b�bhgghfm�h[f_gm��gh�h[eZ^Zxl�b� agZqbl_evgufb
\hkklZgh\bl_evgufb� k\hckl\Zfb�� Ba� ebl_jZlmjguo� ^Zgguo� ba\_klgh�� qlh
h[emq_gb_� dZd� dbkeuo�� lZd� b� s_ehqguo� jZkl\hjh\� mevljZnbhe_lhf

ijb\h^bl� d� ihy\e_gbx� ZlhfZjgh]h� \h^hjh^Z�� mkbeb\Zxs_]h

\hkklZgh\bl_evgu_� k\hckl\Z� Zdlb\bjh\Zgguo� m]e_c�� GZfb� bamq_gu

f_oZgbaf� b� dbg_lbdZ� khj[pbb� ieZlbgu�� iZeeZ^by�� ahehlZ� b� jh^by� dZd� ba
dbkeuo�� lZd� b� s_ehqguo� jZkl\hjh\� gZ� Zdlb\bjh\Zgguo� m]eyo�
:^khj[pbhggu_� baf_j_gby� ijh\h^beb� f_lh^hf� hl^_evguo� gZ\_khd� \

klZlbq_kdbo�mkeh\byo�ijb���0 
K��<_ebqbgu�khj[pbb��:��f]�]��jZkkqblu\Zeb

ih� m[ueb� dhgp_gljZpbb�f_lZeeh\� \� jZkl\hj_� ^h� b� ihke_� dhglZdlZ� m]ey� k
jZkl\hjhf� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� �B<:�� b� ih

dhebq_kl\m� khj[bjh\Zggh]h� f_lZeeZ� gZ� ih\_joghklb� m]ey�� hij_^_ey_fh]h
j_gl]_gh�nemhj_kp_glguf� f_lh^hf� ZgZebaZ� �JN:��� Khj[pby� bhgh\� gZ
Zdlb\bjh\Zgguo� m]eyo� fh`_l� hkms_kl\eylvky� aZ� kq_l� Zgbhggh]h� h[f_gZ�
ih\_joghklgh]h� dhfie_dkhh[ah\Zgby�� \hafh`ghklb� kZfhijhba\hevgh]h

\hkklZgh\e_gby��;_a�MNH�khj[pby�\hafh`gZ�dZd�ih�f_oZgbafm�Zgbhggh]h
h[f_gZ��_keb�kh^_j`Zgb_�[eZ]hjh^guo�f_lZeeh\�g_�ij_\urZ_l�n·10-6 

]�fe�
lZd�b�ih�f_oZgbafm� \hkklZgh\bl_evghc� khj[pbb�ijb� kh^_j`Zgbyo�[hevr_

n·10-4 
]�fe�� <� kemqZ_� khj[pbb� dhfie_dkh\� [eZ]hjh^guo� f_lZeeh\� ba

oehjb^guo� jZkl\hjh\�� ih^\_j]Zxsboky� mevljZnbhe_lh\hfm� h[emq_gbx�
khj[pby� ijhl_dZ_l� ih� f_oZgbafm� \hkklZgh\bl_evghc� khj[pbb�� <uykg_gh�
qlh�dbkehlghklv�kj_^u�hdZau\Z_l�kms_kl\_ggh_�\ebygb_�gZ�khj[pbbhggmx
_fdhklv� Zdlb\bjh\Zgguo� m]e_c�� qlh� k\yaZgh� \_jhylgh� k� baf_g_gb_f

we_dljhobfbq_kdh]h� ihl_gpbZeZ� m]ey�� Khj[pbhggZy� _fdhklv� jZaebqguo
Zdlb\bjh\Zgguo�m]e_c�[_a�h[emq_gby�mevljZnbhe_lhf��ijb�h^ghf�b�lhf�`_
jG��aZ\bkbl�hl�lbiZ�Zdlb\bjh\Zggh]h�m]ey��<�kemqZ_�jZkl\hjh\��h[emq_gguo
mevljZnbhe_lhf�� lZdhc� aZ\bkbfhklb� g_l�� Ijb� bkke_^h\Zgbb� khj[pbb

oehjb^guo� dhfie_dkh\� jh^by� \uykg_gh�� qlh� \� dbkeuo� kj_^Zo� hgb� g_



115
khj[bjmxlky� Zdlb\bjh\Zgguf� m]e_f�� Ijb� jG� ����� \hafh`gZ� khj[pby
oehjb^guo�dhfie_dkh\�Rh (III)�� qlh� h[tykgy_lky 

l_f�� qlh�ijb�ih\ur_gbb

jG� we_dljhobfbq_kdbc� ihl_gpbZe� ih\_joghklb� m]ey� kf_sZ_lky� \� klhjhgm
hljbpZl_evguo� agZq_gbc� b� klZgh\blky� hljbpZl_evg__�� q_f� ihl_gpbZe
\hkklZgh\e_gby� jh^by��Bamq_gZ� \hafh`ghklv� khj[pbb� ieZlbgu�� iZeeZ^by�
ahehlZ� b� jh^by� ba� dbkeuo� jZkl\hjh\� ih^� ^_ckl\b_f� \hkklZgh\bl_e_c�
f_lZeebq_kdh]h�pbgdZ��dZ^fby��khe_c�^\mo\Ze_glgh]h�heh\Z��Z�lZd`_�khe_c
lj_o\Ze_glgh]h�`_e_aZ��\hkklZgh\e_ggh]h�^h�^\mo\Ze_glgh]h�`_e_aZ�aZ�kq_l
mevljZnbhe_lh\h]h� h[emq_gby�� Bamq_gZ� dbg_lbdZ� khj[pbb� [_a� MNH� b� k
MNH� \� hilbfZevguo� ^ey� khj[pbb� mkeh\byo�� IhdZaZgh�� qlh� MNH� j_adh
f_gy_l�\j_fy�khj[pbb�^ey�ahehlZ��ieZlbgu�
DBG?LBD:�B�F?O:GBAF�WE?DLJHOBFBQ?KDH=H
DHGP?GLJBJH<:GBY�IE:LBGU�B�JH>BY�G:

JLMLGH�=J:NBLH<HF��IE:LBGH<HF
B�HDKB>GH�L:GL:EH<HF�WE?DLJH>:O

DheiZdh\Z�G�:���>vyq_gdh�:�G���;hjbkh\Z�G�<���:g^j__\�F�=�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

<� jZ[hl_� bkke_^h\Zebkv� hkZ^db�� ihemq_ggu_� ihke_� we_dljhebaZ
jZkl\hjh\��kh^_j`Zsbo�lhevdh�bhgu�jlmlb��II ���Z�lZd`_�hkZ^db��ihemq_ggu_
ihke_�we_dljhhkZ`^_gby�ieZlbgu�beb�jh^by�ba�oehjb^guo�dhfie_dkh\�wlbo
f_lZeeh\� gZ� aZjZg__� knhjfbjh\Zggu_� jlmlgu_� p_glju� gZ� ieZlbgh\uo�
bfij_]gbjh\Zgguo� ]jZnblh\uo�� kl_dehm]e_jh^guo� b� hdkb^gh�lZglZeh\uo
we_dljh^Zo�� >ey� bamq_gby� hkZ^dh\� bkihevah\Zgu� dmehghf_ljbq_kdbc

ZgZeba� Zgh^guo� iheyjbaZpbhgguo� djb\uo� we_dljhhdbke_gby� hkZ^dh\� b
f_lh^� g_cljhggh�Zdlb\Zpbhggh]h� ZgZebaZ� jZkl\hjh\� ihke_

we_dljhobfbq_kdh]h� jZkl\hj_gby� hkZ^dZ� ijb� hij_^_e_gghf� ihl_gpbZe_�
Bamq_gb_�ih\_joghklb�we_dljh^h\�ijh\h^behkv�k�ihfhsvx�mgb\_jkZevgh]h
f_lZeeh]jZnbq_kdh]h�fbdjhkdhiZ�Nu-2 �DZje�P_ck��B_gZ��k

�����±djZlguf�m\_ebq_gb_f�b�we_dljhgguf�fbdjhkdhihf�

IhdZaZgh�� qlh� jlmlv� hkZ`^Z_lky� gZ� \k_� we_dljh^u� \� \b^_� dZi_e_d�
Djb\u_�we_dljhhdbke_gby�hkZ^dh\�qbklhc�jlmlb�gZ�]jZnblh\hf�b�hdkb^gh�
lZglZeh\hf�we_dljh^Zo�b^_glbqgu�Ihl_gpbZe�we_dljhhdbke_gby�khklZ\ey_l
����� <� gZk�� dZe�� w�� We_dljhhdbke_gb_� hkZ^dh\� jlmlb� k� ih\_joghklb
ieZlbgh\h]h�we_dljh^Z�ijhbkoh^bl�\�h[eZklb�ihl_gpbZeh\������<��Ijhp_kk
we_dljhobfbq_kdh]h� hkZ`^_gby� ieZlbgu� beb� jh^by�� hkms_kl\e_gguc� gZ
ih\_joghklv� jlmlgh�]jZnblh\uo�� hdkb^gh�lZglZeh\uo� beb� ieZlbgh\uo

we_dljh^h\�ijb\h^bl�d�bkq_agh\_gbx�dZi_e_d�b�nhjfbjh\Zgbx�njZdlZeh\�
oZjZdl_jguo�^ey�f_lZeebq_kdbo�hkZ^dh\��h^gZdh�gZ�dhgpZo� lZdbo�hkZ^dh\
fh`gh� gZ[ex^Zlv� dZi_evdb� jlmlb�� G_cljhgh�Zdlb\Zpbhgguf� ZgZebahf
bkke_^h\Zebkv�jZkl\hju��\�dhlhju_�ijh\h^behkv�we_dljhhdbke_gb_�hkZ^dh\
ijb�jZaebqguo�ihl_gpbZeZo��Z�lZd`_�hkZ^db��dhlhju_�hklZxlky�ijb�wlhf�gZ
ih\_joghklb� we_dljh^h\�� Ihemq_ggu_� ^Zggu_� ihdZau\Zxl�� qlh� ijhp_kk
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\hkklZgh\e_gby� oehjb^gh]h� dhfie_dkZ� ieZlbgu� beb� jh^by� ijb\h^bl� d
^_khj[pbb�jlmlb�k�ih\_joghklb�\k_o�bamq_gguo�we_dljh^h\��LZdh_�y\e_gb_
fh`_l� gZ[ex^Zlvky�� _keb� jlmlv� mqZkl\m_l� \� hdbkebl_evgh�
\hkklZgh\bl_evghc� obfbq_kdhc� j_Zdpbb� k� khj[bjh\Zgguf� gZ� __

ih\_joghklb� dhfie_dkhf� ieZlbgu� beb� jh^by��Wlh� ijb\h^bl� d� mkdhj_gbx
ijhp_kkZ� we_dljhobfbq_kdh]h� \hkklZgh\e_gby� oehjb^gh]h� dhfie_dkZ

ieZlbgu� beb� jh^by�� GZebqb_� obfbq_kdh]h� \aZbfh^_ckl\by� f_`^m

jZajy`Zxsbfky� dhfie_dkhf� ieZlbgu� beb� jh^by� b� jlmlvx� iha\hey_l
h[tykgblv� ba\_klgu_� ebl_jZlmjgu_� ^Zggu_� dh]^Z� kdhjhklv

we_dljh\hkklZgh\e_gby�oehjb^guo�dhfie_dkh\�jh^by��III ��gZ�\jZsZxs_fky

^bkdh\hf� jh^b_\hf� we_dljh^_� gZ� ^\Z� ihjy^dZ� f_gvr_�� q_f� gZ� j�d�� w��� Z
kdhjhklv�\hkklZgh\e_gby�oehjb^gh]h�ieZlbgu�gZ�ieZlbgh\hf�we_dljh^_�gZ
^\Z� ihjy^dZ� f_gvr_�� q_f� gZ� jlmlgh�� dZi_evghf� we_dljh^_�� GZ

knhjfbjh\Zgguo� Zdlb\guo� p_gljZo� ieZlbgu� beb� jh^by� gZ� ih\_joghklb
]jZnblh\uo�beb�hdkb^gh�lZglZeh\uo�we_dljh^h\�lZd`_�fh`_l�ijhbkoh^blv
\hkklZgh\e_gb_� jlmlb�� H^gZdh� ihl_gpbZe� __� hdbke_gby� k� ih\_joghklb
ieZlbgh\uo� beb� jh^b_\uo� Zdlb\guo� p_gljh\� [m^_l� hlebqZlvky� hl

ihl_gpbZeZ� we_dljhhdbke_gby� hkZ^dZ� jlmlb� k� ih\_joghklb� qbkluo

]jZnblh\h]h� b� hdkb^gh�lZglZeh\h]h� we_dljh^h\� b� ^he`_g� kh\iZ^Zlv� k
ihl_gpbZehf�we_dljhhdbke_gby�jlmlb�k�ih\_joghklb�ieZlbgh\h]h�we_dljh^Z
������<��
HIJ?>?E?GB?�L?EEMJ:�G:�K?J?;JYGHF�WE?DLJH>?�<
S?EHQGUO�J:KL<HJ:O

DhgZd[__\Z�W�=���G_n_^h\�:�G���LZklZgh\Z�:�F�

DZaZokdbc ]hkm^Zjkl\_gguc gZpbhgZevguc mgb\_jkbl_l bf� Zev�NZjZ[b�

]�:efZlu

<ihke_^g__�\j_fy�\hagbd�bgl_j_k�d�bkihevah\Zgbx�\�ZgZeblbq_kdhc
ijZdlbd_� g_bg_jlguo� �j_Z]bjmxsbo� we_dljh^h\�� ^ey� kha^Zgby

\hevZfi_jhf_ljbq_kdbo� k_gkhjguo� ^Zlqbdh\�� Ijbf_jhf� lZdh]h� ^ZlqbdZ
fh`_l� kem`blv� k_j_[jyguc� we_dljh^� \� s_ehqguo� jZkl\hjZo� k

qm\kl\bl_evghklvx� d� bhgZf� l_eemjZ�,9��� JZg__� [ueh� ihdZaZgh�� qlh

ijbkmlkl\b_�bhgh\�l_eemjZ�,9��\�jZkl\hj_�ijb\h^bl�d�ih^Z\e_gbx�\lhjh]h
fZdkbfmfZ�lhdZ�Zgh^gh]h�hdbke_gby�k_j_[jZ�b�agZqbl_evghfm�m\_ebq_gbx
i_j\h]h�fZdkbfmfZ� lhdZ�edbke_gby��Ihemq_gZ� ebg_cgZy� aZ\bkbfhklv� lhdZ
hdbke_gby� k_j_[jZ� hldhgp_gljZpbb� l_eemjZ� \� jZkl\hj_� \� ^bZiZahg_

dhgp_gljZpbc� l_eemjZ� ����-3 - 5.10-4� fhev�e>�@��>Zevg_cr__� bkke_^h\Zgb_
we_dljhobfbq_kdh]h�\aZbfh^_ckl\by�bhgh\�7H�,9��\�s_ehqguo�jZkl\hjZo�k
k_j_[jyguf� we_dljh^hf� ijh\h^behkv� \� dZlh^ghc� h[eZklb� ihl_gpbZeh\��K
p_evx� jZkrbj_gby� dhgp_gljZpbhggh]h� ^bZiZahgZ� hij_^_e_gby� bhgh\

7H�,9�� \� s_ehqguo� jZkl\hjZo� [ueZ� ijbf_g_gZ� f_lh^bdZ� bg\_jkbhgghc
\hevlZfi_jhf_ljbb�� <� j_amevlZl_� bkke_^h\Zgbc� [ueh� ihdZaZgh�� qlh� gZ
\ukhlm� Zgh^gh]h�ibdZ�g_jZkl\hjbfhc�nhjfu� l_eemjZ� \eby_l�ihl_gpbZe�b
\j_fy� gZdhie_gby� km[kljZlZ� l_eemjZ� gZ� k_j_[jyghf� \jZsZxs_fky

we_dljh^_�� IhdZaZgh�� qlh� gZ[ex^Z_lky� ebg_cgZy� aZ\bkbfhklv� f_`^m

dhgp_gljZpb_c� bhgh\� 7H�,9�� \� jZkl\hj_� b� \ukhlhc� Zgh^gh]h� fZdkbfmfZ
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lhdZ� hdbke_gby� ijb� ihl_gpbZe_� we_dljh^Z� ����<� �we_dljh^� kjZ\g_gby
hdkb^gh�jlmlguc�� \kihfh]Zl_evguc� we_dljh^� �� ieZlbgh\Zy� k_ldZ�� \

^bZiZahg_�dhgp_gljZpbc�����-4 - 2.10-6�fhev�e��IhiuldZ�mf_gvrblv�ij_^_e
h[gZjm`_gby� bhgh\� 7H�,9�� \� jZkl\hj_� iml_f� m\_ebq_gby� \j_f_gb

gZdhie_gby� km[kljZlZ� l_eemjZ� gZ� k_j_[jyghf� we_dljh^_� g_� m^Zehkv� ba�aZ
\aZbfh^_ckl\by�km[kljZlZ�l_eemjZ�b�fZl_jbZeZ�we_dljh^Z��>ey�jZkrbj_gby

ij_^_eZ�h[gZjm`_gby�bhgh\�7H�,9��[ue�bkke_^h\Zg�bgl_j\Ze�ihl_gpbZeh\
\hevlZfi_jghc� djb\hc� \� [he__� dZlh^ghc� h[eZklb� ihl_gpbZeh\� ^h

ihl_gpbZeZ�jZaeh`_gby���F�DHG�gZ�k_j_[jyghf�we_dljh^_��HdZaZehkv��qlh
\� ijbkmlkl\bb� bhgh\� 7H�,9�� a^_kv� gZ[ex^Z_lky� dZlh^gZy� \hegZ

\hkklZgh\e_gby� km[kljZlZ� l_eemjZ�� <_ebqbgZ� ij_^_evgh]h� lhdZ

\hkklZgh\e_gby� aZ\bkbl� hl� kdhjhklb� \jZs_gby� we_dljh^Z�� <hegZ

\hkklZgh\e_gby� bf__l� keh`guc� oZjZdl_j� ��H^gZdh��fh`gh� ij_^iheh`blv�
qlh�a^_kv�ijhbkoh^bl�^Zevg_cr__�\hkklZgh\e_gb_�l_eemjZ�^h�7H�,,���ijbq_f
ijhp_kk� ijhl_dZ_l� ihklZ^bcgh�� Ijbf_gyy� ^bnn_j_gpbjh\Zgb_

\hevlZfi_jghc�djb\hc�m^Zehkv�ihgbablv�ij_^_e�h[gZjm`_gby�bhgh\�7H�,9�
\� s_ehqguo� jZkl\hjZo� ^h� ����-7 

fhev�e�� LZdbf� h[jZahf�� ijbf_g_gb_
k_j_[jygh]h� we_dljh^Z� \� dZq_kl\_� k_gkhjZ� gZ� bhgu� 7H�,9�� \

dhgp_gljbjh\Zgguo� s_ehqguo� jZkl\hjZo� iha\hebeh� j_rblv� aZ^Zqm

ih\ur_gby�qm\kl\bl_evghklb�k_j_[jygh]h�we_dljh^Z�d�bhgZf�7H�,9��

Ebl_jZlmjZ

�� DhgZd[Z_\Z H�=�� G_n_^h\ :�G�� LZklZgh\Z :�F� Hij_^_e_gb_ l_eemjZ �,9� gZ

k_j_[jyghf we_dljh^_ \ dhgp_gljbjh\Zgguo s_ehqguo
jZkl\hjZo���F_`^mgZjh^gZy dhgn_j_gpby ih ZgZebl� obfbb� L_abku ^hde� �
:efZlu� ����� �K�������
DMEHGHF?LJBQ?KDBC�F?LH>�HIJ?>?E?GBY�L?OG?PBY

Dhg^Zdh\�<�F���;_de_fur_\�<�=��K_fzgh\�?�G�

Kb[bjkdbc obfbq_kdbc dhf[bgZl� ]� K_\_jkd Lhfkdhc h[ehklb

Bkdmkkl\_gguc� we_f_gl� l_og_pbc���� ihemqZ_lky� \� y^_jguo

j_ZdlhjZo� dZd� ijh^mdl� ^_e_gby� y^_j� mjZgZ������ Ijb� i_j_jZ[hld_

hljZ[hlZ\r_]h� y^_jgh]h� lhieb\Z� dhgljhev� jZkij_^_e_gby� l_og_pby���� \
l_ogheh]bq_kdbo� jZkl\hjZo� y\ey_lky� ZdlmZevghc� aZ^Zq_c�� K� wlhc� p_evx
jZajZ[hlZg� dmehghf_ljbq_kdbc� f_lh^� lbljh\Zgby� l_og_pby

we_dljh]_g_jbjh\Zggufb�ijb�ihklhygghc�kbe_�lhdZ�j_Z]_glZfb��>ey�wlh]h
bkihevah\Zeb� j_Zdpbb� \hkklZgh\e_gby� k_fb\Ze_glgh]h� l_og_pby� ^h

iylb\Ze_glgh]h� khklhygby� ^\mo\Ze_glguf� `_e_ahf�
we_dljh]_g_jbjh\Zgguf� ba� ljzo\Ze_glgh]h� `_e_aZ�� b� hdbke_gby

iylb\Ze_glgh]h�l_og_pby�^h�k_fb\Ze_glgh]h�khklhygby�i_jfZg]ZgZl�bhghf�
we_dljh]_g_jbjh\Zgguf� ba� ^\mo\Ze_glgh]h� fZj]ZgpZ�� Lhqdb

wd\b\Ze_glghklb� hij_^_eyeb� Zfi_jhf_ljbq_kdb� k� ^\mfy� bg^bdZlhjgufb
we_dljh^Zfb�� Hij_^_e_gb_� ijh\h^beb� \� yq_cd_� k� ^\mfy� hl^_e_gbyfb�
f_`^m� dhlhjufb� \iZygZ� ihjbklZy� kl_deyggZy� i_j_]hjh^dZ�� ijhiblZggZy
]_e_f�dj_fgb_\hc�dbkehlu��<�h^gh� hl^_e_gb_� aZeb\Zeb� k_jgmx� dbkehlm� k
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dhgp_gljZpb_c� ��� fhe�e� b� ihf_sZeb� \kihfh]Zl_evguc� we_dljh^

�ieZlbgh\Zy� ijh\hehdZ� ^bZf_ljhf� ���� ff� b� ^ebghc� ��� ff��� <h� \lhjh_
hl^_e_gb_�ihf_sZeb� jZ[hqbc� we_dljh^� �ieZlbgh\Zy� ijh\hehdZ� ^bZf_ljhf
���� ff� b� ^ebghc� ���� ff�� b� ^\Z� bg^bdZlhjguo� we_dljh^Z� �ieZlbgh\Zy
ijh\hehdZ�^bZf_ljhf�����ff�b�^ebghc����ff���<�wlh�`_�hl^_e_gb_�aZeb\Zeb
nhgh\uc� jZkl\hj� �h[tzf� ���� fe�� khklZ\Z�� ��� fhe�e� ih� k_jghc� dbkehl_�� �
fhe�e� ih� nhknhjghc� dbkehl_�� ���� fhe�e� ih� ^\mo\Ze_glghfm� fZj]Zgpm� b
�����fhe�e�ih�ljzo\Ze_glghfm�`_e_am���b�\\h^beb�Zebd\hlm�ZgZebabjm_fh]h
jZkl\hjZ�� kh^_j`Zsmx� ������ fd]� l_og_pby�� JZ[hqbc� b� \kihfh]Zl_evguc
we_dljh^u�kh_^bgyeb�k�bklhqgbdhf�ihklhyggh]h�lhdZ��k�ihfhsvx�dhlhjh]h
gZ� jZ[hq_f� we_dljh^_� ]_g_jbjh\Zeb� ^\mo\Ze_glgh_� `_e_ah� beb

i_jfZg]ZgZl�bhg�� Lhd� we_dljh]_g_jZpbb� \u[bjZeb� lZdbf�� qlh[u� \j_fy
lbljh\Zgby� khklZ\eyeh� ���� fbgml�� LZd� dZd� kbeZ� ]_g_jbjmxs_]h� lhdZ
hklZzlky� ihklhygghc�� lh� ^ey� baf_j_gby� dhebq_kl\Z� we_dljbq_kl\Z

^hklZlhqgh�baf_jblv�\j_fy�lbljh\Zgby�l_og_pby��>ey�wlh]h�j_]bkljbjh\Zeb
lhd�� ijhl_dZxsbc� q_j_a� bg^bdZlhjgu_� we_dljh^u�� d� dhlhjuf

ijbdeZ^u\Zeb�gZijy`_gb_���������f<��Djb\mx�lbljh\Zgby�j_]bkljbjh\Zeb
kZfhibrmsbfihl_gpbhf_ljhf�k�jZ\ghf_jgh�^\b`ms_cky�^bZ]jZffhc��HgZ
bf_eZ� ]hjbahglZevgmx� iehsZ^dm� b� ^\_� \hkoh^ysbo� \_l\b�� <hkoh^ysb_

\_l\b�djb\hc� lbljh\Zgby�khhl\_lkl\h\Zeb�ijbkmlkl\bx�\�jZkl\hj_� yq_cdb
beb� ^\mo\Ze_glgh]h� `_e_aZ�� beb� i_jfZg]ZgZl�bhgZ�� =hjbahglZevgZy

iehsZ^dZ� hl\_qZeZ� \j_f_gb� lbljh\Zgby� l_og_pby�� J_Zdpbb� hdbke_gby�
\hkklZgh\e_gby�l_og_pby�fh`gh�ijh\h^blv�\�yq_cd_�fgh]hdjZlgh��J_Zdpby
hdbke_gby� l_og_pby� ij_^gZagZq_gZ� lhevdh� ^ey� i_j_\_^_gby� _]h� \

k_fb\Ze_glgh_� khklhygb_�� l�d�� wnn_dlb\ghklv� lhdZ� we_dljh]_g_jZpbb

i_jfZg]ZgZl�bhgZ� \� ^Zgguo� mkeh\byo� g_kdhevdh� gb`_� ������ F_lh^

h[eZ^Z_l� \ukhdhc� ba[bjZl_evghklvx�� Hij_^_e_gbx� g_� f_rZxl� mjZg�
iemlhgbc�� ojhf�� fZj]Zg_p�� `_e_ah�� GbljZl�bhg� lbljm_lky� kh\f_klgh� k
l_og_pb_f��?]h�m^Zeyxl�fmjZ\vbghc�dbkehlhc�\�k_jghdbkehc��������fhe�e�
kj_^_�� Ba[ulhd� fmjZ\vbghc� dbkehlu� m^Zeyxl� jZkl\hjhf� i_jfZg]ZgZlZ
dZeby�� Hi_jZpbb� ijh\h^yl� ijb� gZ]j_\Zgbb� ijh[u�� JZajZ[hlZgguc� f_lh^
fh`_l� [ulv� bkihevah\Zg� ^ey� hij_^_e_gby� l_og_pby� \� l_ogheh]bq_kdbo
jZkl\hjZo�b� _]h� ij_iZjZlZo��Ijb� kh^_j`Zgbb� \� yq_cd_� l_og_pby� �����fd]
ih]j_rghklv�khklZ\ey_l�����ijb�kh^_j`Zgbb�����fd]�±������
BAMQ?GB?�F?O:GBAF:�F?@N:AGHC�J:AGHKLB
IHL?GPB:EH<�IJB�WDKLJ:DPBB�±�J?WDKLJ:DPBB

Dhg^Zdh\�<�F��K_fzgh\�?�G

Kb[bjkdbc obfbq_kdbc dhf[bgZl� ]� K_\_jkd Lhfkdhc h[ehklb

WdkljZdpbhggu_� ijhp_kku� k� ijbf_g_gb_f� jZaebqguo� wdkljZ]_glh\
rbjhdh� bkihevamxlky� \� ijhfure_gghklb� ^ey� jZa^_e_gby� we_f_glh\� k
[ebadbfb� k\hckl\Zfb�� \� lhf� qbke_� ijb� i_j_jZ[hld_� hljZ[hlZ\r_]h

y^_jgh]h� lhieb\Z�� HdZaZehkv�� qlh� ijhp_kku� wdkljZdpbb�j_wdkljZdpbb



119
khijh\h`^Zxlky� \hagbdgh\_gb_f� f_`nZaghc� jZaghklb� ihl_gpbZeh\�
dhlhjZy� fh`_l� ^hklb]Zlv� g_kdhevdbo� khl_g� fbeeb\hevl�� Bamq_gb_

f_oZgbafZ� f_`nZaghc� jZaghklb� ihl_gpbZeh\�� ihy\eyxs_cky� \� ijhp_kk_
fZkkhi_j_ghkZ�q_j_a�]jZgbpm�jZa^_eZ�nZa�wdkljZ]_gl��L;N��NHJ��LH:�b�^j�
\�jZa[Z\bl_e_��±�\h^gZy�nZaZ��ihdZaZeh��qlh�hgZ�bf__l�lm�`_�ijbjh^m��qlh�b
^bnnmabhggu_� ihl_gpbZeu� gZ� ]jZgbpZo� jZkl\hjh\� k� jZagufb

dhgp_gljZpbyfb� b� jZaebqZxsbfbky� ih^\b`ghklyfb� ijhlb\hiheh`gh

aZjy`_gguo� bhgh\�� Bkke_^h\Zgby� ijh\h^beb� baf_j_gb_f� W>K

we_dljheblbq_kdhc� yq_cdb�� bf_xs_c� g_kdhevdh� ]jZgbp�� oehjk_j_[jyguc
we_dljh^� ±� \h^guc� jZkl\hj� �� \h^guc� jZkl\hj� �� hj]Zgbq_kdbc� jZkl\hj� �
hj]Zgbq_kdbc� jZkl\hj� �� \h^guc� jZkl\hj� ±� oehjk_j_[jyguc� we_dljh^�
Kha^Z\Zeb�mkeh\by��ijb�dhlhjuo�fZkkhi_j_ghk�hkms_kl\eyeky�lhevdh�q_j_a
h^gm�ba� ]jZgbp��b�baf_j_gby�ijh\h^beb�ijb�baf_g_gbb�i_j_f_rb\Zgby�b
dhgp_gljZpbb� wdkljZ]bjmxs_]hky� �j_wdkljZ]bjmxs_]hky�� \_s_kl\Z�
IhdZaZgh�� qlh� _keb� \k_� ]jZgbpu� jZa^_eZ� gZoh^ylky� \� jZ\gh\_kbb�� l�_�
fZkkhi_j_ghk� q_j_a� ]jZgbpu� hlkmlkl\m_l�� lh� W>K� yq_cdb� jZ\gZ� gmex�
FZdkbfZevgZy� W>K� jZa\b\Z_lky� ijb� dhglZdl_� hj]Zgbq_kdbo� jZkl\hjh\� k
jZagufb� dhgp_gljZpbyfb� b� jZ\gh\_kgufb� ^jm]bfb� ]jZgbpZfb�� HgZ

h[mkeh\e_gZ� fZkkhi_j_ghkhf� \� hj]Zgbq_kdhc� nZa_� bhgh\�� bf_xsbo

ijhlb\hiheh`guc�aZjy^�b�jZagmx�ih^\b`ghklv��AgZd�W>K�ihdZau\Z_l��qlh
hljbpZl_evguc� bhg� bf__l� [hevrmx� ih^\b`ghklv� \� kjZ\g_gbb� k

iheh`bl_evguf�bhghf��Wlh�hlghkblky�d�khev\ZlZf�Zahlghc�dbkehlu��mjZgZ�
j_^dbo� a_f_ev� b� l�i�� <� mkeh\byo� wg_j]bqgh]h� i_j_f_rb\Zgby� b� \

ijbkmlkl\bb� we_dljheblZ� \� \h^ghc� nZa_� fZdkbfZevgZy� W>K� yq_cdb

j_]bkljbjm_lky�b�ijb�g_jZ\gh\_kghc� ]jZgbp_� \h^gZy�nZaZ� ±� hj]Zgbq_kdZy
nZaZ�� l�_�� dh]^Z� hkms_kl\eyxlky� ijhp_kku� wdkljZdpbb±j_wdkljZdpbb�� WlZ
W>K� kdeZ^u\Z_lky� ba� kdZqdh\� ihl_gpbZeh\�� \hagbdZxsbo� gZ� ]jZgbp_
jZa^_eZ� nZa� \� kehyo� \h^gh]h� b� hj]Zgbq_kdh]h� jZkl\hjh\�� LZd� dZd

ih^\b`ghklv� bhgZ� \h^hjh^Z� aZf_lgh� [hevr_� \� \h^guo� jZkl\hjZo�� q_f
gbljZl�bhgZ�� lh� agZd� ^bnnmabhggh]h� ihl_gpbZeZ� \� \h^ghc� nZa_� ijb
wdkljZdpbb� �j_wdkljZdpbb��ijhlb\hiheh`_g�^bnnmabhgghfm�ihl_gpbZem�\
hj]Zgbq_kdhc�nZa_��?]h�\ebygb_�kbevgh�kdZau\Z_lky�\�kemqZ_��dh]^Z�\h^gZy
nZaZ� g_� kh^_j`bl� we_dljheblh\�� GZijbf_j�� ijb� j_wdkljZdpbb� Zahlghc
dbkehlu� \� ^bklbeebjh\Zggmx� \h^m� W>K� yq_cdb� j_adh� mf_gvrZ_lky�� <

ijbkmlkl\bb�khe_c�\�\h^ghc�nZa_�≥� ����fhe�e�^bnnmabhgguc�ihl_gpbZe�\
\h^ghc� nZa_� kgb`Z_lky� ^h� g_kdhevdbo� fbeeb\hevl�� LZdbf� h[jZahf�� ijb
wdkljZdpbb±j_wdkljZdpbb� f_`nZagZy� jZaghklv� ihl_gpbZeh\� kdeZ^u\Z_lky
ba� kdZqdh\� ihl_gpbZeh\� \� kehyo� dZ`^hc� nZau�� ijbe_]Zxsbo� d� ]jZgbp_
jZa^_eZ� nZa�� Ihemq_ggu_� j_amevlZlu� ihdZau\Zxl�� qlh� ijb� wdkljZdpbb
khev\Zlh\�g_�j_Zebamxlky�ba\_klgu_�f_oZgbafu�\hagbdgh\_gby�ihl_gpbZeZ
jZkij_^_e_gby�[1]�b�wdkljZdpbhggh]h�ihl_gpbZeZ�[2,3].
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Dhg^Zdh\�<�F���K_fzgh\�?�G���FZeuc�?�G�

Kb[bjkdbc obfbq_kdbc dhf[bgZl� ]� K_\_jkd Lhfkdhc h[ehklb

FZkkhh[f_ggu_� ijhp_kku�� \hagbdZxsb_� ijb� wdkljZdpbb�
j_wdkljZdpbb�� khijh\h`^Zxlky� \hagbdgh\_gb_f� f_`nZaghc� jZaghklb

ihl_gpbZeh\�� HgZ� kdeZ^u\Z_lky� ba� ^bnnmabhgguo� ihl_gpbZeh\� \� kehyo
\h^gh]h�b� hj]Zgbq_kdh]h� jZkl\hjh\�� ijbe_]Zxsbo� d� ]jZgbp_� jZa^_eZ�nZa�
Baf_j_gb_� f_`nZaghc� jZaghklb� ihl_gpbZeh\� iheh`_gh� \� hkgh\m� jy^Z
f_lh^h\�� jZajZ[hlZgguo� ^ey� ^bklZgpbhggh]h� dhgljhey� l_ogheh]bq_kdbo
ijhp_kkh\��<�f_lh^Zo�hij_^_e_gby�dhgp_gljZpbb� mjZgZ�� Zahlghc�dbkehlu�
j_^dha_f_evguo�we_f_glh\�bkihevamxlky�ihl_gpbhf_ljbq_kdb_�baf_j_gby
kdZqdZ� ihl_gpbZeZ� \� hj]Zgbq_kdhc� nZa_� \� ijhp_kk_� fZkkhi_j_ghkZ� b
bkdexq_gb_� kdZqdZ� ihl_gpbZeZ� \� \h^ghc� nZa_�� >bZiZahg� baf_jy_fuo
dhgp_gljZpbc�\_s_kl\���hl�g_kdhevdbo�^_kyluo�fhe�e�^h�g_kdhevdbo�fhe�e�
<� hlebqb_� hl� ba\_klguo� ihl_gpbhf_ljbq_kdbo� f_lh^h\� \� ij_^eh`_gguo
kihkh[Zo�gZ[ex^Z_lky�ijZdlbq_kdb�ijyfhebg_cgZy� aZ\bkbfhklv� \_ebqbgu
kdZqdZ� ihl_gpbZeZ� \� hj]Zgbq_kdhc� nZa_� hl� dhgp_gljZpbb� hij_^_ey_fh]h
\_s_kl\Z�� Dhgp_gljZpbx� \_s_kl\Z� hij_^_eyxl� ih� ]jZ^mbjh\hqghfm

]jZnbdm� \� dhhj^bgZlZo�� kdZqhd� ihl_gpbZeZ� ±� dhgp_gljZpby� bkiulm_fh]h
jZkl\hjZ��F_lh^u� fh]ml� [ulv� j_Zebah\Zgu� \� ^\mo� \ZjbZglZo�� <� i_j\hf
\ZjbZgl_� baf_jyxl� ihl_gpbZe� f_f[jZggh]h� we_dljh^Z� �klZg^Zjlguc
\h^guc� jZkl\hj� �� hj]Zgbq_kdbc� jZkl\hj� �� bkiulm_fuc� \h^guc� jZkl\hj�� k
bkihevah\Zgb_f� klZg^Zjlguo� we_dljh^h\�� <� wlhf� kemqZ_� baf_jy_lky

g_ihkj_^kl\_ggh� kdZqhd� ihl_gpbZeZ� \� hj]Zgbq_kdhc� nZa_�� <h� \lhjhf
\ZjbZgl_� baf_j_gb_� ijh\h^yl� k� we_dljh^hf�� bf_xsbf� jZaju\gmx

f_f[jZgm�� <� dZq_kl\_� \kihfh]Zl_evguo� we_dljh^h\� bkihevamxl

g_j`Z\_xsmx�klZev��KdZqhd�ihl_gpbZeZ�gZoh^yl�dZd�jZaghklv�ihl_gpbZeh\
we_dljh^Z� k�f_f[jZghc�b�[_a�f_f[jZgu� �klZg^Zjlguc�jZkl\hj� ��f_f[jZgZ
�wdkljZ]_gl�� �� bkiulm_fuc� jZkl\hj;� klZg^Zjlguc� jZkl\hj� �� bkiulm_fuc
jZkl\hj��� Ij_^eh`_ggu_� f_lh^u� fh]ml� [ulv� bkihevah\Zgu� ^ey

hij_^_e_gby� wnn_dlb\ghklb� jZ[hlu� wdkljZdpbhggh]h� ZiiZjZlZ�� kl_i_gb
gZkus_gby�wdkljZ]_glZ��iheh`_gby�njhglZ�mjZgZ��beb�^jm]h]h�dhfihg_glZ�
ih�\ukhl_�dhehggh]h�ZiiZjZlZ�

<� hkgh\m�f_lh^Z� jZajZ[hlZggh]h� kb]gZebaZlhjZ� hj]Zgbq_kdh]h� kehy
�KHK�� lZd`_� iheh`_gh� baf_j_gb_� f_`nZaghc� jZaghklb� ihl_gpbZeh\�
\hagbdZxs_c� f_`^m� wdkljZ]_glhf� �\� keh_�� b� aZ\_^hfh� g_jZ\gh\_kguf
\h^guf� jZkl\hjhf� �dZiey� gZ� dhgqbd_� dZibeeyjZ��� ih^Z\Z_fuf� ba

ijhlhqgh]h� kdZgbjm_fh]h� ^ZlqbdZ�� We_dljbq_kdb_� kb]gZeu� ^ZlqbdZ� ^ey
jZaguo�kj_^��\ha^mo��wdkljZ]_gl��\h^guc�jZkl\hj��hlebqZxlky�g_�lhevdh�ih
Z[khexlghc�\_ebqbg_��gh�b�ih�nhjf_��qlh�iha\hey_l�bo�b^_glbnbpbjh\Zlv�
Ijb�jZkiheh`_gbb�^ZlqbdZ� \� \ha^mo_� kb]gZe�jZ\_g�gmex�� \� wdkljZ]_gl_� ±
kb]gZe�bf__l�ibehh[jZagmx�nhjfm�k�Z[khexlguf�agZq_gb_f�^h�����f<��\
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\h^ghf�jZkl\hj_� ±�ihklhygguc�kb]gZe� ������f<��NhjfZ� kb]gZeZ� \�f_^ma_
aZ\bkbl�hl�_z�\b^Z�f�\�beb�\�f��Bamq_gu�jZaebqgu_�nZdlhju��\ebyxsb_�gZ
qm\kl\bl_evghklv�b�ih]j_rghklv�hij_^_e_gby��IhdZaZgh��qlh�hij_^_e_gb_

\hafh`gh� ijh\h^blv� ijb� \ukhl_� kehy� wdkljZ]_glZ� ≥� ����ff��<� gZklhys__

\j_fy�gZ�hiulguc�h[jZa_p�kb]gZebaZlhjZ�hj]Zgbq_kdh]h�kehy�jZajZ[hlZgZ
jZ[hqZy�l_ogbq_kdZy�^hdmf_glZpby�
WE?DLJHOBFBQ?KDBC�KIHKH;�HIJ?>?E?GBY
:DLB<GHKLB�:GLBHDKB>:GLH<

Dhjhldh\Z�?�B���DZj[Zbgh\�X�:���@mjZ\dh\�K�I�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

Bkihevah\Zgb_� Zglbhdkb^Zglh\�ihemqbeh�rbjhdh_� jZkijhkljZg_gb_
\� ihke_^g__� \j_fy� \� jZaebqguo� h[eZklyo� ijhfure_gghklb:� ibs_\hc�
eZdhdjZkhqghc��g_nl_obfbq_kdhc��nZjfZp_\lbq_kdhc�b�l�^�

�Hkgh\guf� djbl_jb_f� Zdlb\ghklb� Zglbhdkb^Zglh\� y\ey_lky� bo

kihkh[ghklv� ih]ehsZlv� dbkehjh^� \� h[t_f_� jZkl\hjZ�� Khhl\_lkl\mxsb_

baf_j_gby� \� [hevrbgkl\_� kemqZ_\� ijh\h^ylky� k� bkihevah\Zgb_f

ljm^h_fdbo�� gbadhqm\kl\bl_evguo� ]Zahf_ljbq_kdbo� mklZgh\hd�� GZfb

ij_^eh`_g� [he__� wnn_dlb\guc�� \ukhdhqm\kl\bl_evguc

\hevlZfi_jhf_ljbq_kdbc� kihkh[� hij_^_e_gby� Zdlb\ghklb� Zglbhdkb^Zglh\
ihkj_^kl\hf� j_]bkljZpbb� lhdZ� dZlh^gh]h� \hkklZgh\e_gby� dbkehjh^Z� gZ
jlmlgh�ie_ghqghf� we_dljh^_� �j�i�w��� \� Zijhlhgghc� kj_^_

�^bf_lbenhjfZfb^���bkihevamy�]_jf_lbqgmx�we_dljhobfbq_kdmx�yq_cdm�k
jZ[hqbf� �j�i�w��� we_dljh^hf� b� we_dljh^hf� kjZ\g_gby� �gZk�� dZehf_evguc
we_dljh^��

�IjhZgZebabjh\Zgu� Zglbhdkb^Zglu�� bkihevam_fu_� \� eZdhdjZkhqghc
ijhfure_gghklb��ZjhfZlbq_kdb_�Zfbgu�b�ijhba\h^gu_�n_ghlbZabgZ� �NL�
�lZ[ebpZ� ���� >Zggu_� \_s_kl\Z� we_dljhobfbq_kdb� b� Z^khj[pbhggh

g_Zdlb\gu�\�h[eZklb�ihl_gpbZeh\�we_dljh\hkklZgh\e_gby�dbkehjh^Z�

�<� dZq_kl\_� dhwnnbpb_glh\� Zdlb\ghklb� Zglbhdkb^Zglh\� �D�
ij_^eh`_gh� bkihevah\Zlv� lZg]_gk� m]eZ� gZdehgZ� ijyfhebg_cguo

aZ\bkbfhkl_c� hlghkbl_evgh]h� baf_g_gby� iehlghklb� ij_^_evgh]h� lhdZ

\hkklZgh\e_gby� dbkehjh^Z� hl� dhgp_gljZpbb� Zglbhdkb^Zglh\� \� jZkl\hj_

(∆K��� D�  � ∆i / (i
gZq – io)∆C , ]^_� igZq� �� iehlghklv� lhdZ� \hkklZgh\e_gby

dbkehjh^Z� \� hlkmlkl\bb� Zglbhdkb^Zglh\� \� jZkl\hj_�� io – iehlghklv

hklZlhqgh]h� lhdZ� \� hlkmlkl\bb� dbkehjh^Z� \� jZkl\hj_� ijb� ihklhygghf
ihl_gpbZe_��<�lZ[ebp_���ijb\_^_gu�^Zggu_�D�^ey�bkke_^h\Zgguo�\_s_kl\�
ih^l\_j`^_ggu_�khhl\_lkl\mxsbfb�agZq_gbyfb��ihemq_ggufb�ba\_klguf
]Zahf_ljbq_kdbf�f_lh^hf�
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LZ[ebpZ���
AgZq_gby�dhwnnbpb_glh\�Zdlb\ghklb�Zglbhdkb^Zglh\

GZa\Zgb_�\_s_kl\Z D σ,% GZa\Zgb_

\_s_kl\Z

D σ,%

n-ZfbghZah^n_gbe 3,05 8,7 khihebf_j�G<D�
���INL

1,02 6,9

n-̂ bf_lbeZfbgh�
n_gbeibjb^bg

4,07 9,5 pbk����ijhi_g�
NL��pbk����INL�

1,40 9,2

n-Zfbghibjb^bg 5,22 8,3 ���Zp_lbe�NL 2,29 6,7
Zdjb^bgh\uc

`_eluc

6,24 9,3 ibjb^h�NL 3,44 7,4

Ih� j_amevlZlZf� bkke_^h\Zgbc� \b^gh�� qlh� gZb[he__� Zdlb\gu

ZjhfZlbq_kdb_� Zfbgu� b� Zdjb^bgh\uc`_eluc� ba� gbo�� gZbf_g__� ±
ijhba\h^gu_�n_ghlbZabgZ��khihebf_j�G�\bgbedZj[ZaheZ�k����ijhi_g�NL�
IJHLHQGUC�WE?DLJH>B:EBA�G:�I?J?F?GGHF�LHD?�<
IJH;HIH>=HLH<D?�@B>DBO�KJ?>�>EY

WE?DLJHOBFBQ?KDBO�F?LH>H<�:G:EBA:

Dhkvyg_gdh�H�:���Jm[bgkdZy�L�;���DmeZ]bg�?�F�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

Ebfblbjmxs_c�klZ^b_c�[hevrbgkl\Z�kh\j_f_gguo�f_lh^h\�ZgZebaZ�
k� lhqdb� aj_gby� lhqghklb�� \hkijhba\h^bfhklb� b� ^hklh\_jghklb� y\ey_lky
ijh[hih^]hlh\dZ�� GZfb� ijh\_^_gu� ij_^\Zjbl_evgu_� wdki_jbf_glZevgu_
bkke_^h\Zgby� k�p_evx� dhgp_gljbjh\Zgby�b�i_j_\h^Z� hij_^_ey_fuo�bhgh\
ly`_euo� f_lZeeh\� \� nhgh\uc� we_dljhebl� ihkj_^kl\hf� ijhlhqgh]h

we_dljh^bZebaZ�� >ey� wlh]h� [ueZ� kha^ZgZ� mklZgh\dZ� ±� we_dljh^bZebaZlhj�
lhesbgZ� Zgh^ghc� b� dZlh^ghc� dZf_j� khklZ\ey_l� �� ff�� iehsZ^v�� nhjfZ� b
h[t_f� dZf_j� jZ\gu�� H[t_f� pbjdmebjmxs_]h� jZkl\hjZ� \� Zgh^ghf� b
dZlh^ghf� ijhkljZgkl\Zo� fh`_l� [ulv� jZaebqguf� ba�aZ� bkihevah\Zgby

[mn_jguo�_fdhkl_c�f_`^m�\oh^hf�b�\uoh^hf�dZ`^hc�ba�dZf_j��<�Zgh^ghf
ijhkljZgkl\_� ijhl_dZ_l� bkke_^m_fZy� ijh[Z�� \� dZlh^ghf� ijhkljZgkl\_
nhgh\uc� we_dljhebl� �����fhev�e�KCL)��F_`^m� dZf_jZfb� mklZgZ\eb\Zebkv
f_f[jZgu� jZaebqguo� lbih\�� \� qZklghklb�� f_f[jZgZ�FD���� b� iZkkb\gu_
eZ\kZgh\u_�f_f[jZgu�lhesbghc����fd�k�^bZf_ljZfb�hl\_jklbc�����������fd�
DZlh^� hl^_eyeky� hl� jZkl\hjZ� Zgbhgghc� f_f[jZghc� �� GZ� we_dljh^u

gZdeZ^u\ZeZkv� kmffZ� ihklhyggh]h� b� i_j_f_ggh]h� kbgmkhb^Zevgh]h

gZijy`_gby�� >bZiZahg� ^_ckl\mxsbo� ihl_gpbZeh\� ^h� ��� <�� ^bZiZahg
bkke_^m_fuo� qZklhl� khklZ\eye� hl� ^_kyldh\� =_jp� ^h� ^_kyldh\� d=_jp�
>bZiZahg�dhgp_gljZpbc�ly`_euo�f_lZeeh\�\�bkke_^m_fuo�jZkl\hjZo�\_kvfZ
fZe� ^ey� we_dljh^bZebaZ� ��� f]�e� b� gb`_��� Bkke_^h\Zeb� kl_i_gv� b

wnn_dlb\ghklv�i_j_oh^Z�dZlbhgh\�ly`_euo�f_lZeeh\��fZl_jbZevguc�[ZeZgk
f_`^m� dZlheblhf� b� Zgheblhf�� k_e_dlb\ghklv� i_j_\h^Z� dZlbhgh\� h^gh]h
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we_f_glZ� ba� kf_kb� dZlbhgh\� jZaguo� we_f_glh\� \� aZ\bkbfhklb� hl

ijbeZ]Z_fh]h� oZjZdl_jZ� \ha^_ckl\by� �\_ebqbgu� ihklhyggh]h� gZijy`_gby�
\_ebqbgu�b�qZklhlu�i_j_f_ggh]h�gZijy`_gby�� khhlghr_gby�f_`^m�gbfb�
kdhjhklb�ijhlhdZ��

IhdZaZgh�� qlh� ijb� bkihevah\Zgbb� f_f[jZg�FD���� g_� kh[ex^Z_lky
fZl_jbZevguc� [ZeZgk� f_`^m� dZlheblhf� b� Zgheblhf�� lh� _klv� dhebq_kl\h
\\_^_gguo� \� Zgh^gmx� dZf_jm� dZlbhgh\� ijh[u� [hevr_� kmffu� gZc^_gguo
dZlbhgh\� \� Zghebl_� b� dZlhebl_� ihke_� ijh\_^_gby� ijhlhqgh]h

we_dljh^bZebaZ� ijh[u�� ihl_jb� khklZ\eyeb� hl� ��� ^h� ��� �� dZlbhgh\� \
aZ\bkbfhklb� hl� ijh^he`bl_evghklb� we_dljh^bZebaZ�� Ijb� we_dljh^bZeba_
jZkl\hjh\� k� dhgp_gljZpbyfb� ly`_euo� f_lZeeh\� ^h� �� f]�e� dZlbhgu

hkZ`^Zxlky� \� h[t_f_� f_f[jZgu� FD����� Ijh\_^_gb_� ihke_^mxs_]h

we_dljh^bZebaZ�gZ�jZkl\hjZo�qbklhc�\h^u�^ey�hqbkldb�we_dljh^bZebaZlhjZ
\� l_q_gbb� ^ebl_evgh]h� \j_f_gb� ijb\h^bl� d� ihkl_i_gghfm� \u^_e_gbx
dZlbhgh\� ba� f_f[jZgu� \� h[t_f� dZlheblZ� b� ZgheblZ�� ihwlhfm� hlkmlkl\b_
fZl_jbZevgh]h� [ZeZgkZ� b� ^ebl_evgZy� hqbkldZ� we_dljh^bZebaZlhjZ� i_j_^
\\_^_gb_f� gh\hc� ijh[u� ^_eZxl� g_\hafh`guf� ijbf_g_gb_� ih^h[guo
f_f[jZg�^ey�ijh[hih^]hlh\db�[_a�ijh\_^_gby�^hihegbl_evguo�ijhp_^mj�

�;ueh� lZd`_� mklZgh\e_gh�� qlh� ijb� bkihevah\Zgbb� iZkkb\guo

eZ\kZgh\uo� f_f[jZg� fZl_jbZevguc� [ZeZgk� dZlbhgh\� f_`^m� dZlheblhf� b
Zgheblhf� kh[ex^Z_lky�� Gh� \� ^Zgghf� kemqZ_� g_h[oh^bfh� ijh\_^_gb_
bkke_^h\Zgbc� ih� \ebygbx� Zgbhgh\� i_j_oh^ysbo� \� Zgh^gmx� dZf_jm� ijb
we_dljh^bZeba_�
BKIHEVAH<:GB?�GH<H=H�F?LH>:�BFFH;BEBA:PBB
N?JF?GLH<�<�F?F;J:G?�G:NBHG�>EY�MEMQR?GBY

K<HCKL<�;BHK?GKHJH<

Dhl_evgbdh\Z�?�:���EmdZq_\Z�E�<���DZjydbg�:�:�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<� Ehfhghkh\Z

Qm\kl\bl_evghklv�b�klZ[bevghklv�n_jf_glgh]h�we_dljh^Z�\h�fgh]hf
aZ\bkyl� hl� f_lh^Z� bffh[bebaZpbb� n_jf_glZ�� H^gbf� ba� ih^oh^h\� d

kha^Zgbx� n_jf_glkh^_j`Zsbo� f_f[jZg� y\ey_lky� bkihevah\Zgb_

\h^hg_jZkl\hjbfuo� ihebwe_dljheblh\�� GZb[he__� rbjhdh� bkihevam_lky
dZlbhghh[f_gguc� ihebwe_dljhebl� GZnbhg�� ij_^klZ\eyxsbc� ba� k_[y

[bhkh\f_klbfuc�fZl_jbZe��ijb]h^guc�^ey�ba]hlh\e_gby�bfieZglbjm_fuo
k_gkhjh\�� Djhf_� lh]h�� _]h� f_f[jZgu� iha\heyxl� kgbablv� f_rZxs__

\ebygb_�e_]dh�hdbkey_fuo�Zgbhgh\�gZ�hldebd�k_gkhjh\�[1].
F_lh^�nhjfbjh\Zgby�n_jf_glkh^_j`Zsbo�f_f[jZg�GZnbhg� ijhkl�

[uklj�b� \hkijhba\h^bf��Hg� aZdexqZ_lky� \�ijb]hlh\e_gbb� kf_kb� jZkl\hjZ
n_jf_glZ�b�GZnbhgZ��b�\ukmrb\Zgbb� __�gZ�ih\_joghklb� we_dljh^Z��GZfb
ij_^eh`_gh� ]hlh\blv� kf_kv� \� \h^gh�hj]Zgbq_kdhc� kj_^_� k� \ukhdbf

kh^_j`Zgb_f� wlZgheZ� �~������ LZdhc� ih^oh^� iha\hey_l� ih\ukblv

h^ghjh^ghklv�b�klZ[bevghklv�ihemqZ_fhc�f_f[jZgu [2].
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P_evx�gZklhys_c�jZ[hlu�y\ey_lky�^_lZevgh_�bkke_^h\Zgb_�hkgh\guo
iZjZf_ljh\�� \ebyxsbo� gZ� klZ[bevghklv� b� Zdlb\ghklv� ihemq_gghc

f_f[jZgu�� Z� lZd`_� jZajZ[hldZ� f_lh^bdb� ihemq_gby� fZdkbfZevgh

klZ[bevghc� f_f[jZgu�� h[eZ^Zxs_c� \ukhdhc� Zdlb\ghklvx�� GZ� ijbf_j_
bffh[bebaZpbb� ]exdhahhdkb^Zau� �=H>�� [ueh� \uykg_gh�� qlh� gZ

klZ[bevghklv�b�Zdlb\ghklv�f_f[jZgu�hdZau\Zxl�j_rZxs__�\ebygb_�lZdb_
nZdlhju�� dZd� khhlghr_gby� dhgp_gljZpbc� n_jf_glZ�� \h^u� b� GZnbhgZ� \
gZghkbfhc�gZ�ih\_joghklv�we_dljh^Z�kf_kb�

<Z`guf� fhf_glhf� ijb� kha^Zgbb� f_f[jZg� GZnbhg� y\ey_lky

g_cljZebaZpby� ihebwe_dljheblZ�� bf_xs_]h� gbadh_� agZq_gb_� jG�� k� p_evx
h[_ki_qblv� hilbfZevgh_� fbdjhhdjm`_gb_� ^ey� bffh[bebah\Zggh]h

n_jf_glZ�� G_cljZebah\Zgguc� jZkl\hj� GZnbhg� bf__l� agZq_gb_� jG� ���� �
hilbfZevgh_� ^ey� ^_ckl\by� =H>�� <� j_amevlZl_� bkihevah\Zgby� jZaebqguo
g_cljZebaZlhjh\� gZfb� [ue� \u[jZg� \h^guc� jZkl\hj� ZffbZdZ�
kihkh[kl\mxsbc�h[jZah\Zgbx�gZb[he__�klZ[bevghc�f_f[jZgu�

HibkZgguc� ih^oh^� [ue� lZd`_� mki_rgh� ijbf_g_g� ^ey

bffh[bebaZpbb� n_jf_glh\� Zedh]hev^_]b^jh]_gZau� b� Zedh]hevhdkb^Zau�
;bhk_gkhju� ihl_gpbhf_ljbq_kdh]h� b� Zfi_jhf_ljbq_kdh]h� lbih\�
jZajZ[hlZggu_� k� ijbf_g_gb_f� ^Zggh]h� ih^oh^Z�� h[eZ^Zeb� ih\ur_ggufb

Zdlb\ghklvx� b� klZ[bevghklvx� ih� kjZ\g_gbx� k� ljZ^bpbhggufb� f_lh^Zfb
bffh[bebaZpbb�n_jf_glh\�\�f_f[jZg_�GZnbhg�[2, 3, 4].
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Dhq_eZ_\Z�=�:���Ijhohjh\Z�=�<���B\Zgh\�<�F�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<� Ehfhghkh\Z

GZ� \hevlZfi_jh]jZffZo� k� ebg_cghc� jZa\_jldhc� ihl_gpbZeZ

dhfie_dkh\�������fheb[^_gZ��VI ��k�]b^jhdkbeZfbghf�b�exfh]Zeebhghf��I),
fZ]g_ahghf� �II), 4-(��ibjb^beZah�j_ahjpbghf� �III �� b� �����[jhf���
ibjb^beZah����^bwlbeZfbghn_ghehf� �IV �� gZ[ex^Zxlky� ibdb�� \ukhlu

dhlhjuo� ebg_cgh� jZklml� k� ih\ur_gb_f� dhgp_gljZpbb� fheb[^_gZ�VI �� \
^bZiZahg_�hl��⋅10-7�^h����⋅10-5�F��AgZq_gby�ihl_gpbZeh\�ibdh\�������<�^ey�I
b� ±����� <� ^ey� II �jG� ������ ������ <� ^ey� III b� ±����� <� ^ey� IV �jG� �����
H^gh\j_f_ggh� gZ[ex^Z_lky� ijhihjpbhgZevgh_� kgb`_gb_� \ukhl� ibdh\
\hkklZgh\e_gby� I-IV � ijb� ihl_gpbZeZo� ±�����<�� ������<�� ������<� b� ±�����<
khhl\_lkl\_ggh� ijb� mdZaZgguo� \ur_� jG�� Wlh� iha\hey_l� bkihevah\Zlv� bo
^ey� dhk\_ggh]h� hij_^_e_gby� fheb[^_gZ� �VI ��� Ij_^_eu� h[gZjm`_gby

dhk\_gguf� f_lh^hf� g_kdhevdh� gb`_� ^hklb]Z_fuo� ijb� ijyfhf
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hij_^_e_gbb�� LZd�� ijb� jZ[hl_� k� JDW� �i_jbh^� dZiZgby� ∼�k�� ij_^_eu
h[gZjm`_gby ijyfuf�f_lh^hf�khklZ\eyxl����⋅10-7�F�^ey�dhfie_dkh\�,�b�,,�

2.6⋅10-7�F�^ey�dhfie_dkh\�,,,�b�,9��Z�dhk\_gguf�f_lh^hf������⋅10-7�F�^ey�,�

7.9⋅10-8�F�^ey�,,, 1.7⋅10-7�F�^ey�III �b����⋅10-7�F�^ey�IV �khhl\_lkl\_ggh�

KjZ\gbl_evgh_� bamq_gb_� oZjZdl_jbklbd� ibdh\� gZ

\hevlZfi_jh]jZffZo� I-IV � b� bo� dhfie_dkh\� �hp_gdZ� Ov=∆lgi/∆lgv� b

X t=∆lgi/∆lgt� djbl_jb_\�� \ebygb_� I:<�� we_dljhdZibeeyjgu_� djb\u_�
ihdZaZeh�� qlh� h[Z� ibdZ� gZ� \hevlZfi_jh]jZffZo� dhfie_dkh\� y\eyxlky
Z^khj[pbhggufb� b� h[mkeh\e_gu� \hkklZgh\e_gb_f� Zah]jmiiu� I-IV �� Ibdb
ijb� [he__� iheh`bl_evguo� ihl_gpbZeZo� khhl\_lkl\mxl� \hkklZgh\e_gbx
k\h[h^guo� eb]Zg^h\�� Z� ibdb� ijb� [he__� hljbpZl_evguo� ihl_gpbZeZo� ±
\hkklZgh\e_gbx�eb]Zg^h\�ba�dhfie_dkh\�

:^khj[pbhgguc� oZjZdl_j� ijhp_kkZ� \hkklZgh\e_gby� I-IV � fh`gh

bkihevah\Zlv� ^ey� kgb`_gby� ij_^_eh\� h[gZjm`_gby� fheb[^_gZ� (VI) ijb
j_]bkljZpbb�\hevlZfi_jh]jZff�gZ�klZpbhgZjghf�jlmlghf�we_dljh^_�ihke_
Z^khj[pbhggh]h�gZdhie_gby�dhfie_dkh\�gZ�ih\_joghklb�we_dljh^Z�
<UKHDHL?FI?J:LMJG:Y�IHL?GPBHF?LJBY�J:KIE:<H<
OEHJB>H<�@?E?A:��,,��K�OEHJB>:FB�S?EHQGUO�B

S?EHQGHA?F?EVGUO�F?L:EEH<�

DjbpdZy�?�;���=_jrmgbgZ�<�Y���;mjue_\�;�I���Dhkl_gdh�G�;�

H:H GBBFhglZ`� ]�DjZkgh^Zj

Kms_kl\_ggh_�memqr_gb_�nbabdh�f_oZgbq_kdbo�b�wdkiemZlZpbhgguo
k\hckl\�`_e_ah�m]e_jh^bkluo�fZl_jbZeh\� ijb� h[jZ[hld_� jZkieZ\e_ggufb
oehjb^Zfb� b� dZj[hgZlZfb� s_ehqguo� b� s_ehqgha_f_evguo� f_lZeeh\

^bdlm_l� g_h[oh^bfhklv� bkke_^h\Zgby� bo� \aZbfh^_ckl\by� \� `b^dhc� b
iZjh\hc� nZaZo�� Ba� g_kdhevdbo� f_lh^h\� [he__� bgnhjfZlb\guf� hdZaZeky
f_lh^� \ukhdhl_fi_jZlmjghc� ihl_gpbhf_ljbb�� lZd� dZd� ex[u_� baf_j_gby
khklZ\Z� b� k\hckl\� \� h[eZklb� gbadbo� l_fi_jZlmj� fh]ml� ijb\h^blv� d
bkdZ`_gbyf� \� ijhp_kk_� djbklZeebaZpbb�� >ey� \uiheg_gby� bkke_^h\Zgby
kha^ZgZ�ki_pbZevgZy�mklZgh\dZ��iha\heyxsZy�ijhba\h^blv�baf_j_gby�W>K
\� bg_jlghc� Zlfhkn_j_� \�rbjhdhf� ^bZiZahg_� l_fi_jZlmj��Bkihevah\Zebkv
jZaebqgu_�we_dljhobfbq_kdb_�p_ib�h[jZah\Zgby�^ey�bkke_^h\Zgby���kbkl_f
gZ�hkgh\_�oehjb^Z�`_e_aZ��II) �k�oehjb^Zfb�s_ehqguo�b�s_ehqgha_f_evguo

f_lZeeh\�

J_amevlZlu� baf_j_gby� W>K� ijb� jZaguo� l_fi_jZlmjZo� b

dhgp_gljZpbyo� jZkieZ\h\� ihdZau\Zxl� ebg_cgu_� aZ\bkbfhklb� W>K� hl
l_fi_jZlmju�

Ih�hiulguf�agZq_gbyf�W>K�jZkkqblZgu�Zdlb\ghklb�oehjb^Z�`_e_aZ
(II) �� \_ebqbgu� dhlhjuo� ^ey� \k_o� kbkl_f� f_gvr_� fhevguo� ^he_c�� qlh
k\b^_l_evkl\m_l� h� g_ih^qbg_gbb� ^Zgguo� jZkl\hjh\� aZdhgm� JZmey�� K
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ihfhsvx� fh^_evguo� mjZ\g_gbc� jZkkqblZgu� Zdlb\ghklb� \lhjh]h

dhfihg_glZ�

Ihemq_gu� bgl_]jZevgu_� b� iZjpbZevgu_� \_ebqbgu� wg_j]bb� =b[[kZ
�b^_Zevgu_�� kf_r_gby� b� ba[ulhqgu_�� b� hp_g_gu� wgljhibcgu_

oZjZdl_jbklbdb�k�bkihevah\Zgb_f�ebl_jZlmjguo�^Zgguo�ih�bgl_]jZevguf
wglZevibyf� kf_r_gby� \� bkke_^m_fuo� kbkl_fZo�� Hlf_q_gh�� qlh� ijb

i_j_oh^_�hl�oehjb^Z�eblby�d�oehjb^m�p_aby�m\_ebqb\Zxlky�hljbpZl_evgu_
hldehg_gby� hl� aZdhgh\� kh\_jr_gguo� jZkl\hjh\�� qlh� hl\_qZ_l� jhklm

dhfie_dkhh[jZah\Zgby�\jZkieZ\Zo�oehjb^Z`_e_aZ��II) ���oehjb^u�s_ehqguo

f_lZeeh\�� AgZqbl_evgh�f_gvrb_� hldehg_gby�ihemq_gu� \� kbkl_fZo� oehjb^
`_e_aZ�II) ���oehjb^u�s_ehqgha_f_evguo�f_lZeeh\��Hlf_q_gZ�dhjj_eypby�k
lbihf�^bZ]jZff�ieZ\dhklb��Hp_g_gu�\_ebqbgu�kl_i_gb�[eb`g_]h�ihjy^dZ�
dhlhjZy� jZkl_l� k� m\_ebq_gb_f� aZjy^Z� dZlbhgZ� \lhjh]h� dhfihg_glZ� \
I_jbh^bq_kdhc�kbkl_f_�we_f_glh\�>�B�F_g^_e__\Z�

JZajZ[hlZggZy�f_lh^bdZ�jZkq_lh\�iha\hey_l�ijh]ghabjh\Zlv�k\hckl\Z
fgh]hdhfihg_glguo� kbkl_f� [_a� ijh\_^_gby� ^hihegbl_evguo

wdki_jbf_glh\�
WE?DLJHOBFBQ?KDB?�F?LH>U�:G:EBA:�B�BKKE?>H<:GBY
IJBJH>GUO�<H>

Dm^jy\p_\Z�<�:���FZdZjh\Z�?�>���;_j_`dh\kdZy�H�F��

E_\bl�J�E���Dm[Zgdh\Z�G�<�

KI�[ GZmqgh�bkke_^h\Zl_evkdbc p_glj wdheh]bq_kdhc [_ahiZkghklb J:G
Bgklblml ZgZeblbq_kdh]h ijb[hjhkljh_gby J:G� KZgdl�I_l_j[mj]

GZ� hkgh\Zgbb� jZkkfhlj_gby� ki_pbnbq_kdbo� hkh[_gghkl_c

ijbjh^guo� \h^� jZajZ[hlZgu� gh\u_� ih^oh^u� d� kha^Zgbx� bkdmkkl\_gguo
kf_k_c�� iha\heyxsb_� fh^_ebjh\Zlv� dZd� khklZ\u� ijbjh^guo� kj_^�� lZd� b
ijhl_dZxsb_� \� gbo� nbabdh�obfbq_kdb_� ijhp_kku� ljZgknhjfZpbb

jZaebqguo� kh_^bg_gbc� f_lZeeh\�� \dexqZy� dhfie_dku� k� hkgh\gufb

hj]Zgbq_kdbfb� eb]Zg^Zfb� ijbjh^guo� \h^� �� ]mfbgh\ufb� b

nmev\h\_s_kl\Zfb�� GZ� ijbf_j_� bamq_gby� fh^_evguo� kbkl_f� \� rbjhdhf

^bZiZahg_� khklZ\h\� ihdZaZgZ� ihegZy� Z^_d\Zlghklv� ijbf_g_gby

fgh]hiZjZf_ljbq_kdh]h� ]b[jb^gh]h� f_lh^Z� bg\_jkbhgghc

\hevlZfi_jhf_ljbb� �B<:�� ^ey� fgh]hiZjZf_ljbq_kdhc� hp_gdb� dZq_kl\Z
ijbjh^guo�\h^guo�kbkl_f�

>ey�ke_^h\�f_lZeeh\��f_^v��k\bg_p��pbgd��dZ^fbc��jlmlv���k\yaZgguo
k�]mfbgh\ufb�\_s_kl\Zfb��=<���hij_^_e_g�ihjy^hd�eZ[bevghklb��&G�!�=Q�!
3E� !� &X� !� +J��Bamq_gh� \ebygb_� jG�� dhfie_dkhh[jZamxs_c� kihkh[ghklb
f_lZeeZ� ih� hlghr_gbx� d� eZ[bevghklb� f_lZeeh\� k� =<�� Ihemq_ggu_

j_amevlZlu� hldju\Zxl� i_jki_dlb\u� kh\f_klgh]h� bkke_^h\Zgby� ih\_^_gby
ly`_euo�f_lZeeh\�b�[bhlu�\�ijbjh^guo�\h^Zo�
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<uy\e_gu� iZjZf_lju� \hevlZfi_jguo� djb\uo�� dhlhju_� fh]ml� [ulv
bkihevah\Zgu� ^ey� dZq_kl\_gghc� b�beb� dhebq_kl\_gghc� oZjZdl_jbklbdb
ijbjh^guo�\h^�

JZa\blu� f_lh^heh]by�� ijbgpbibZevgu_� ko_fu� b� Ze]hjblfu

bkke_^h\Zgby�ijbjh^guo�\h^�f_lh^hf�B<:�

K� ihfhsvx� f_lh^Z� B<:� ijh\_^_gZ� fgh]hiZjZf_ljbq_kdZy� hp_gdZ
dZq_kl\Z� \h^u� \h^h_fh\� b� \h^hlhdh\� �j_d� K_\_jh�AZiZ^gh]h� j_]bhgZ
Jhkkbb�� K_\_jgh]h� fhjkdh]h� imlb�� gZ� jZaebqguo� klZgpbyo� Nbgkdh]h

aZeb\Z��

Baf_j_gby�ijh\h^beb�\� wdki_jbf_glZevguo� mkeh\byo� �jG�b�bhggZy
kbeZ���hlebqguo�hl�khklZ\Z�ZgZebabjm_fuo�\h^�b�ijb[eb`_gguo�d�g_fm�

J_amevlZlu� bkke_^h\Zgbc� \hreb� \� djm]� iZjZf_ljh\�� iha\heb\rbo

\u^_eblv� njhglZevgmx� ahgm� \� Nbgkdhf� aZeb\_�� dhlhjZy� jZa^_ey_l

ijb[j_`gmx� wdhkbkl_fm� b� wdhkbkl_fm� hldjulh]h� fhjy�� b� y\ey_lky

[bh]b^jhobfbq_kdbf� ³[Zjv_jhf´�� ]^_� b^_l� Zdlb\gh_� i_j_jZkij_^_e_gb_
\_s_kl\Z�\�]_l_jh]_gghc�kbkl_f_�

We_dljhobfbq_kdbfb� f_lh^Zfb� mklZgh\e_gu� dbg_lbq_kdb_

aZdhghf_jghklb�ijhp_kkh\�ljZgknhjfZpbb�dhfie_dkh\�g_dhlhjuo�f_lZeeh\
k�]mfbgh\ufb�dbkehlZfb��nmev\hdbkehlZfb�b�=<�\�fh^_evguo�b�j_Zevguo
ijbjh^guo�kbkl_fZo�\� aZ\bkbfhklb�hl�dhgp_gljZpbb�bhgh\�f_lZeeh\��jG�
bhgghc�kbeu��dhgp_gljZpbb�b�ijbjh^u�eb]Zg^h\�

Bamq_gh� ih\_^_gb_� =<� \� fh^_evguo� kbkl_fZo� b� ijbjh^guo� \h^Zo
f_lh^Zfb� B<:�� ihl_gpbhf_ljbq_kdh]h� lbljh\Zgby�� bhghf_ljbb�
ki_dljhnhlhf_ljbb�� Z� lZd`_� k� ihfhsvx� gh\hc� fh^bnbdZpbb� f_lh^Z
k_^bf_glZpbhggh]h�ZgZebaZ�

J_amevlZlu�� ihemq_ggu_� jZagufb� nbabdh�obfbq_kdbfb� f_lh^Zfb�
ohjhrh�kh]eZkmxlky�f_`^m�kh[hc�

Ijh\_^_ggu_� bkke_^h\Zgby� ihdZaZeb� i_jki_dlb\ghklv� gh\uo

we_dljhobfbq_kdbo� ih^oh^h\� b� g_h[oh^bfhklv� bkihevah\Zgby� dhfie_dkZ
f_lh^h\�\�j_r_gbb�keh`guo�ijh[e_f�³Zdlb\gh]h´�fhgblhjbg]Z�
FH>?EBJH<:GB?�B�>BG:FBD:�KHKL:<:�IH<?JOGHKLGH=H
KEHY�F?F;J:GU�B�:G:EBLBQ?KDB?�O:J:DL?JBKLBDB

NLHJB>K?E?DLB<GH=H�WE?DLJH>:

Dmag_ph\Z�B�<���Kb\Zgh\Z�H�<���Of_e_\�K�K�

KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�G�=� Q_jgur_\kdh]h

Bkihevah\Zgb_� bhghk_e_dlb\guo� we_dljh^h\� ^ey� ZgZebaZ� ex[uo
dhebq_kl\� hij_^_ey_fh]h� dhfihg_glZ� hl� fZdjh�� ^h� fbdjhdhgp_gljZpbc
ij_^iheZ]Z_l� dhfie_dkgh_� bkke_^h\Zgb_� \k_o� \hafh`ghkl_c

bhghqm\kl\bl_evgh]h� k_gkhjZ��:gZeblbq_kdb_� oZjZdl_jbklbdb� we_dljh^h\�
dZd� ba\_klgh�� ij_^hij_^_e_gu� nbabdh�obfbq_kdbfb� k\hckl\Zfb

we_dljh^ghZdlb\guo� dhfihg_glh\� f_f[jZg�� Ihwlhfm� gZfb� ^ey
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h[hkgh\Zgby� ZgZeblbq_kdbo� oZjZdl_jbklbd�nlhjb^k_e_dlb\gh]h� we_dljh^Z
[ueb� bamq_gu� nbabdh�obfbq_kdb_� ijhp_kku�� ijhl_dZxsb_� gZ� ]jZgbp_
jZa^_eZ� nZa� fhghdjbklZee� /D)3�� klZg^Zjlguc� jZkl\hj� 1D)�� MklZgh\e_gh�
qlh� \� ijhp_kk_� dhg^bpbhgbjh\Zgby� we_dljh^Z� gZ� ih\_joghklb

fhghdjbklZeeZ� \hagbdZ_l� ]_e_\Zy� ie_gdZ�� F_lh^hf� ki_dljhkdhibb

^bnnmagh]h�hljZ`_gby�^hdZaZgh��qlh�ie_gdZ�y\ey_lky�b^_Zevguf�l\_j^uf
jZkl\hjhf� khklZ\Z� /D)1,5(OH)1,5� �� dhlhjuc� kms_kl\m_l� \� jZ[hq_c� h[eZklb
dbkehlghklb� nlhjb^k_e_dlb\gh]h� we_dljh^Z�� L\_j^uc� jZkl\hj� h[eZ^Z_l
bhghh[f_ggufb� k\hckl\Zfb�� dhlhju_� h[mkeZ\eb\Zxl� obfbaf

\hagbdgh\_gby� we_dljh^gh]h� ihl_gpbZeZ�� A^_kv� k_e_dlb\ghklv� we_dljh^Z
oZjZdl_jbam_lky� dhgklZglhc� bhggh]h� h[f_gZ�� jZ\ghc� hlghr_gbx

ijhba\_^_gbc�jZkl\hjbfhklb�]b^jhdkb^Z�b�nlhjb^Z�eZglZgZ�D ���±�����K
mf_gvr_gb_f�dbkehlghklb�kj_^u�khklZ\�ie_gdb�f_gy_lky��GZjy^m�k�nZahc
l\_j^h]h�jZkl\hjZ�/D)1,5(OH)1,5���ihy\ey_lky�gh\Zy�nZaZ�]b^jhdkb^Z�eZglZgZ
La(OH)3� �� dhebq_kl\h� dhlhjhc� m\_ebqb\Z_lky� k� mf_gvr_gb_f� dbkehlghklb

kj_^u��Ijb�jG∼13÷���ijhbkoh^bl�ihegh_�i_j_hkZ`^_gb_�l\_j^h]h�jZkl\hjZ
^h� ]b^jhdkb^Z� eZglZgZ�� K_e_dlb\ghklv� \� wlhc� h[eZklb� dbkehlghklb

oZjZdl_jbam_lky� dhwnnbpb_glhf� k_e_dlb\ghklb�� dhlhjuc� \Zjvbjm_lky� \
aZ\bkbfhklb�hl�khhlghr_gby�nZa��?]h�ij_^_evgh�\hafh`gh_�agZq_gb_�jZ\gh

k≤����<hagbdgh\_gb_� nhgh\hc� Zdlb\ghklb� nlhjb^k_e_dlb\gh]h� we_dljh^Z
hibku\Z_lky� bhghh[f_gguf� mjZ\g_gb_f�� /D)1,5(OH)����ie� + yOH- �j�j� ⇔
LaF1,5-y(OH)����\�ie� + yF- �j�j����Lh]^Z�gbdZdh_�\Zjvbjh\Zgb_�khklZ\Z�[mn_jghc
kj_^u� b� fZkdbjmxsbo� Z]_glh\�� g_� khijh\h`^Zxs__ky� obfbq_kdbf

\aZbfh^_ckl\b_f� k� nlhjb^�bhgZfb�� g_� fh`_l� ijb\_klb� d� baf_g_gbx
nhgh\hc� Zdlb\ghklb�� Wlhl� \u\h^� ih^l\_j`^_g� wdki_jbf_glZevgh�� ;ueb
baf_j_gu� agZq_gby� nhgh\hc� Zdlb\ghklb� \� jZkl\hjZo� bg_jlguo

we_dljheblh\� b� pbljZlZ� dZeby� jZaebqghc� dhgp_gljZpbb� b� ijb� jZaebqguo
bhgguo� kbeZo�� GZc^_ggh_� l_jfh^bgZfbq_kdh_� agZq_gb_� jZ\gh

α=(4,0±0,4)•10-6� fhev�e�� JZkkqblZggZy� \_ebqbgZ� gb`g_c� ]jZgbpu

hij_^_ey_fuo� kh^_j`Zgbc� khklZ\ey_l� &min=1,5•10-6� fhev�e�� Hlkmlkl\b_
aZ]b[Z� gZ� ]jZ^mbjh\hqghf� ]jZnbd_� \� klZg^Zjlguo� dhgp_gljbjh\Zgguo
jZkl\hjZo� nlhjb^�bhgh\� \iehlv� ^h� ���� fhev�e� k\b^_l_evkl\m_l� eb[h� h[
baf_g_gbb� f_oZgbafZ� \hagbdgh\_gby� we_dljh^gh]h� ihl_gpbZeZ�� eb[h� h[
hq_gv�[hevrhc�_fdhklb�bhghh[f_ggbdZ�/D)1,5(OH)1,5.
L<?J>HDHGL:DLGU?�IHL?GPBHF?LJBQ?KDB?�K?GKHJU�
K?E?DLB<GU?�D�I:<�J:AEBQGUO�LBIH<

DmeZibg�:�B���:jbgmrdbgZ�L�<�

KZjZlh\kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l
KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf�G�=�Q_jgur_\kdh]h

Kf_kb� ih\_joghklgh�Zdlb\guo� \_s_kl\�� ihiZ^Zxsbo� \� h[t_dlu
hdjm`Zxs_c� kj_^u�� rbjhdh� bkihevamxlky� \� khklZ\Zo� dhkf_lbdh�
]b]b_gbq_kdbo� b� kbgl_lbq_kdbo� fhxsbo� kj_^kl\�� Ba\_klgu_� f_lh^u
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iha\heyxl� hij_^_eylv� kmffm� I:<� beb� ijh\h^blv� ij_^\Zjbl_evgh_

jZa^_e_gb_��qlh�m\_ebqb\Z_l�^ebl_evghklv�ZgZebaZ�

GZfb� ^ey� [_awdkljZdpbhggh]h� hij_^_e_gby� jZaebqguo� lbih\� I:<
ij_^eh`_gu� l\_j^hdhglZdlgu_�ihl_gpbhf_ljbq_kdb_� k_gkhju��<� dZq_kl\_
bg_jlguo� we_dljh^h\�� \uihegyxsbo�nmgdpbb� we_dljhgguo� ijh\h^gbdh\�
bkihevah\Zebkv� k_j_[jh� b� ]jZnbl�� we_dljh^gh�Zdlb\gu_� \_s_kl\Z� ²
bhggu_� ZkkhpbZlu� p_lbeibjb^bgbc�^h^_pbekmevnZl� �PI�>>K�� b

p_lbeibjb^bgbc�l_ljZn_gbe[hjZl��PI�LN;��

KhklZ\� b� jZkl\hjbfhklv� bhgguo� ZkkhpbZlh\� hij_^_eyeb� iml_f

h[jZ[hldb� djb\uo� ihl_gpbhf_ljbq_kdh]h� lbljh\Zgby� oehjb^Z

p_lbeibjb^bgby� jZkl\hjZfb� ^h^_pbekmevnZlZ� beb� l_ljZn_gbe[hjZlZ

gZljby��Khhlghr_gb_

j_Z]bjmxsbo�dhfihg_glh\�\�bhgguo�ZkkhpbZlZo�khklZ\ey_l� �����IJ
jZ\gh� �.10-11� �PI�>>K��b� ���.10-12� �PI�LN;��� dhgklZglZ�^bkkhpbZpbb�PI�
LN;�\�f_f[jZg_�²����.10-5.

Hij_^_e_gu� hkgh\gu_� we_dljhobfbq_kdb_� b� wdkiemZlZpbhggu_

oZjZdl_jbklbdb� I:<�k_gkhjh\�� >ey� we_dljh^h\� gZ� hkgh\_� bhggh]h

ZkkhpbZlZ� p_lbeibjb^bgbc�^h^_pbekmevnZl� aZ\bkbfhklv� (�  � f (-lg C)
khojZgy_lky�\�bgl_j\Ze_���-2-10-6 

F�>>K1D��]jZnbl��b���-5-10-2�F��k_j_[jh��
M]eh\u_� dhwnnbpb_glu� we_dljh^guo�nmgdpbc� [ebadb� d� l_hj_lbq_kdbf� b
khklZ\eyxl��� ± ��f<�jK�

We_dljh^u� gZ� hkgh\_� bhggh]h� ZkkhpbZlZ� PI�>>K� ijhy\eyxl� dZd
Zgbhggmx�� lZd� b� dZlbhggmx� nmgdpbb� ²� p_lbeibjb^bgbc�

p_lbeljbf_lbeZffhgbc�²���-6 - 10-3�F��m]eh\hc�dhwnnbpb_gl�jZ\_g� ��±2
f<�jK�

Kihkh[ghklv� we_dljh^Z� gZ� hkgh\_� l_ljZn_gb[hjZlZ� p_lbeijb^bgby
ijhy\ey_l�qm\kl\bl_evghklv�ih�hlghr_gbx�d�bhgZf�PI+�b�LN;

- 
\��.10-6 —

1.10-3 
F�� iha\hey_l� j_dhf_g^h\Zlv� ^Zgguc� bhgguc� ZkkhpbZl� \� dZq_kl\_

Zdlb\gh]h� dhfihg_glZ� f_f[jZg� mgb\_jkZevguo� I:<� we_dljh^h\� ^ey

hkZ^bl_evgh]h�ihl_gpbhf_ljbq_kdh]h�lbljh\Zgby�k�mqZklb_f�wlbo�bhgh\�

GZ� hkgh\Zgbb� kh\hdmighklb� ^Zgguo� ihemq_gguo� f_lh^Zfb

we_dljhijh\h^ghklb��W>K�b�\hevlZfi_jhf_ljbb�ihdZaZgh��qlh�hkgh\gufb
i_j_ghkqbdZfb� aZjy^Z� \� bkke_^m_fuo� kbkl_fZo� y\eyxlky� bhgu

^h^_pbekmevnZlZ��p_lbeibjb^bgby�b�l_ljZn_gbe[hjZlZ�

AgZqbl_evgh_� jZaebqb_� k\hckl\� k_gkhjh\� k� ]jZnblh\uf� b

k_j_[jyguf� lhdhhl\h^Zfb� iha\hey_l� k^_eZlv� aZdexq_gb_� h� ij_bfms_kl\_

]jZnblZ� dZd� we_dljhggh]h� ijh\h^gbdZ�� BD�ki_dljhkdhibq_kdb� ^hdZaZgh
ijhgbdgh\_gb_� ^b[mlbenlZeZlZ� \� fZl_jbZe� ]jZnblh\h]h� lhdhhl\h^Z

l\_j^hdhglZdlguo�I:<�k_gkhjh\�

JZajZ[hlZgu�f_lh^bdb� wdkij_kkgh]h� hij_^_e_gby�:I:<� \� klhqguo
\h^Zo�� DI:<� \� [ZevaZfZo� ^ey� \hehk� jZa^_evgh]h� hij_^_e_gby� GI:<� b
:I:<�\�rZfimgyo��fhxsbo�kj_^kl\Zo�
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IH<UR?GB?�K?E?DLB<GHKLB�L<?J>HDHGL:DLGUO
I:<�K?GKHJH<

DmeZibg�:�B����H\qbgkdbc�<�:��

KZjZlh\kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l
KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h

Ihl_gpbhf_ljby�k�k_e_dlb\gufb� we_dljh^Zfb� �k_gkhjZfb�� y\ey_lky
i_jki_dlb\guf�f_lh^hf�hij_^_e_gby�I:<�

JZajZ[hlZgu� l\_j^hdhglZdlgu_� ihl_gpbhf_ljbq_kdb_� k_gkhju�
k_e_dlb\gu_�d�Zgbhgguf�ih\_joghklgh�Zdlb\guf�\_s_kl\Zf��we_dljhgguc
ijh\h^gbd� �� ]jZnbl�� we_dljh^gh�Zdlb\gh_� kh_^bg_gb_� �W:K�� �� bhgguc
ZkkhpbZl�p_lbeibjb^bgbc�^h^_pbekmevnZl��PI�>>K��

Hij_^_e_gu� hkgh\gu_� we_dljhobfbq_kdb_� b� wdkiemZlZpbhggu_

oZjZdl_jbklbdb� I:<�k_gkhjh\�� \j_fy� mklZgh\e_gby� klZpbhgZjgh]h

ihl_gpbZeZ� ijb� jZaebqguo� dhgp_gljZpbyo� I:<�� bgl_j\Zeu� ebg_cghklb
we_dljh^guo� nmgdpbc�� m]eh\u_� dhwnnbpb_glu�� jZ[hqb_� bgl_j\Zeu� jG� b
l_fi_jZlmju��kjhd�kem`[u�

Ih� \_ebqbgZf� khijhlb\e_gby� f_f[jZg� b� ij_^_eZf� h[gZjm`_gby
I:<� hij_^_e_g� hilbfZevguc� khklZ\� f_f[jZg� k_gkhjh\� �K

wZk = 0,002 -
�����fhev�d]� >;N�� khhlghr_gb_� I<O�>;N�  � ������ klZpbhgZjgh_

khijhlb\e_gb_�ijb�KwZk� �������fhev�d]�jZ\gh������FHf�

Bkke_^h\ZgZ� qm\kl\bl_evghklv� :I:<�k_gkhjh\� d� ij_^klZ\bl_eyf
ZedbekmevnZlh\�� jZaebqZxsboky� ^ebgghc� m]e_\h^hjh^gh]h� jZ^bdZeZ�
^_pbe��>K��� ^h^_pbe��>>K��� ljb^_pbe��L>K��� l_ljZ^_pbe��LL>K��
]_dkZ^_pbe��=>K��kmevnZlZf� gZljby�� Z� lZd`_� kmevnhghem�� ;ueh

mklZgh\e_gh�� qlh� we_dljh^u� bf_xl� Zgbhggmx� nmgdpbx� \� jZkl\hjZo� \k_o
bkke_^m_fuo�:I:<�hl�DDF�^h���-5-10-6�F�

AgZq_gby� dhwnnbpb_glh\� ihl_gpbhf_ljbq_kdhc� k_e_dlb\ghklb

^h^_pbekmevnZl�bhgh\� ih� hlghr_gbx� d� ^_pbe��� ljb^_p_e��� l_ljZ^_pbe��
]_dkZ^_pbekmevnZlZf�gZljby�jZ\gu_�khhl\_lkl\_ggh����� ± 0,1).10-2, 1,1± 0,2,
(5,6± 0,4).10-1, (1,1± 0,3).10-1�� k\b^_l_evkl\mxl� h� g_\hafh`ghklb� bo

jZa^_evgh]h�hij_^_e_gby�ijb�kh\f_klghf�ijbkmlkl\bb�

Ihkdhevdm� we_dljh^gZy� nmgdpby� bkke_^h\Zgguo� we_dljh^h\

\uihegy_lky� \� jZkl\hjZo� \k_o� bkke_^m_fuo� :I:<�� lh� we_dljh^u� fh]ml
[ulv� bkihevah\Zgu� ^ey� hij_^_e_gby� mdZaZgguo� I:<� \� bgl_j\Ze_

dhgp_gljZpbc� hl� ��-2� ^h� ��-6�F�� Ijb� gZebqbb� \� jZkl\hj_� kf_kb� :I:<
ihl_gpbZe�we_dljh^Z�kmffZjgh�hljZ`Z_l�\deZ^�\k_o�I:<�

K� p_evx� ih\ur_gby� k_e_dlb\ghklb� hij_^_e_gby� Zgbhgguo� I:<
ijh\_^_gh� fh^bnbpbjh\Zgb_� f_f[jZgghc� ih\_joghklb�:I:<�we_dljh^h\
g_cehgh\ufb��oblbgh\ufb��iheb\bgbeoehjb^gufb�b�ihebf_lZdjbeZlgufb
fhe_dmeyjgufb� kblZfb� k� jZaebqgufb� jZaf_jZfb� ihj�� Ij_^eh`_gu

jZaebqgu_�kihkh[u�fh^bnbpbjh\Zgby�we_dljh^ghc�ih\_joghklb��IhdZaZgh�
qlh� fh^bnbpbjh\Zggu_� we_dljh^u� iha\heyxl� ijh\h^blv� jZa^_evgh_

hij_^_e_gb_�\�kf_kb�ZedbekmevnZlh\�k�jZaebqghc�^ebghc�m]e_\h^hjh^gh]h
jZ^bdZeZ�



131
NBABDH�OBFBQ?KDB?�O:J:DL?JBKLBDB�KH?>BG?GBC�<:�
IHEBWLHDKBE:L�L?LJ:N?GBE;HJ:L�B

WE?DLJH:G:EBLBQ?KDB?�K<HCKL<:�F?F;J:G�G:�BO
HKGH<?

DmeZibgZ�?�=����:imolbgZ�E�<��

KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h
KZjZlh\kdbc ]hkm^Zjkl\_gguc Z]jZjguc mgb\_jkbl_l bf�G�B� <Z\beh\Z

Ihl_gpbhf_ljby� k� k_e_dlb\gufb� we_dljh^Zfb� y\ey_lky

i_jki_dlb\guf�f_lh^hf�jZa^_evgh]h�hij_^_e_gby�ihebhdkbwlbebjh\Zgguo
kh_^bg_gbc� �IWH�� jZaebqghc� ijbjh^u�� We_dljh^gh�Zdlb\gufb
\_s_kl\Zfb� �W:<�� ie_ghqguo� f_f[jZg� k_e_dlb\guo� we_dljh^h\�
ijbf_gy_fuo� ^ey� wlbo� p_e_c� y\eyxlky� l_ljZn_gbe[hjZlgu_� kheb� �LN;�
dhfie_dkh\�ihebwlhdkbeZlh\�k�dZlbhgZfb�[Zjby�

<� gZklhys_c� jZ[hl_� mklZgh\e_gu� dhjj_eypbb� f_`^m� nbabdh�
obfbq_kdbfb� oZjZdl_jbklbdZfb� W:<� b� ZgZeblbq_kdbfb� k\hckl\Zfb

k_e_dlb\guo� f_f[jZg� gZ� hkgh\_� kh_^bg_gbc� <Z�IWH�LN;�� ]^_� IWH� dZd
GI:<�  � ihebhdkbwlbebjh\Zggu_� ghgben_gheu� k� jZaebqguf� qbkehf

hdkbwlbevguo� ]jmii� �GN�P�� P ��� ���� ���� ���� ���� �����
gbadhhdkbwlbebjh\Zggu_� kibjl� �KbglZghe����� `bjgZy� dbkehlZ� �Kl_Zjhdk�
����Zfb^�dbkehlu��KbglZfb^�����lZd�b�IW=� �ihebwlbe_g]ebdheb�jZaebqghc
fheyjghc�fZkku��������������

<� gZklhys_c� jZ[hl_� bkke_^h\Zgh� khklhygb_� we_dljh^gh�Zdlb\guo
kh_^bg_gbc� <Z�IWH�LN;� \� \h^_�� \� kj_^_� jZkl\hjbl_ey�ieZklbnbdZlhjZ
^b[mlbenlZeZlZ�b�\�nZa_�f_f[jZgu��MklZgh\e_gh��qlh�W:<�^bkkhpbbjmxl�\
wlbo�kj_^Zo�k�h[jZah\Zgb_f�dhfie_dkgh]h�dZlbhgZ�<Z�IWH�b�Zgbhgh\�LN;

-

�� Dhg^mdlhf_ljbq_kdbf� f_lh^hf� hij_^_e_gu� dhgklZglu� mklhcqb\hklb
dhfie_dkguo� dZlbhgh\� <Z�IWH� \� jZaebqguo� kj_^Zo�� IhdZaZgh�� qlh

mklhcqb\hklv� dhfie_dkguo� dZlbhgh\� \hajZklZ_l� k� m\_ebq_gb_f� ^ebgu
hdkbwlbevghc�p_ib�b�]b^jhnh[ghklb�m]e_\h^hjh^gh]h�jZ^bdZeZ�IWH�\�_]h
khklZ\_�b�\�p_ehf�g_\_ebdZ� �kl_i_gv�^bkkhpbZpbb�[he__�������Ijb�wlhf�k
m\_ebq_gb_f� mklhcqb\hklb� dhfie_dkgh]h� dZlbhgZ� ih\urZ_lky� ij_^_e

h[gZjm`_gby�dZd�dZlbhgh\�<Z2+ 
lZd�b�GI:<��Wlh�k\yaZgh�kh�ki_pbnbq_kdbf

f_oZgbafhf� ihl_gpbZehh[jZah\Zgby� \� ^Zgguo� kbkl_fZo�� Bamq_gb_

ljZgkihjlguo� k\hckl\� f_f[jZg� ih� hlghr_gbx� d� <Z2+� ihdZaZeh�� qlh� ijb
m\_ebq_gbb� ^ebgu� hdkbwlbevghc� p_ib� IWH� \� khklZ\_� W:<� \deZ^

dhfie_dkgh]h�dZlbhgZ�\�i_j_ghk�bhgh\�q_j_a�f_f[jZgm�mf_gvrZ_lky��Ijb
wlhf� mf_gvrZ_lky� lZd`_� \j_fy� mklZgh\e_gby� klZpbhgZjgh]h� ihl_gpbZeZ
KW�

MklZgh\e_gh�� qlh� g_aZ\bkbfh� hl� ijbjh^u� ihebhdkbwlbebjh\Zggh]h
kh_^bg_gby� \� khklZ\_� W:<� ihemq_ggu_� we_dljh^u� ijhy\eyxl� [hevrmx

k_e_dlb\ghklv� ih� hlghr_gbx� d� [he__� ]b^jhnh[guf�GI:<��Kl_Zjhdk��� >
GN��� >� KbglZghe��� >� KbglZfb^���� >ey� ihebhdkbwlbebjh\Zgguo

ghgben_gheh\�we_dljh^u�ijhy\eyxl�[hevrmx�k_e_dlb\ghklv�d�Z^^mdlZf�k
f_gvrbf� qbkehf� hdkbwlbevguo� ]jmii� \� fhe_dme_�� GZ� hkgh\Zgbb
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iZjZf_ljh\� we_dljh^guo� nmgdpbc� b� \_ebqbg� dhwnnbpb_glh\

ihl_gpbhf_ljbq_kdhc�k_e_dlb\ghklb�k^_eZg�\u\h^�h�ijbf_gbfhklb�f_lh^Z
ijyfhc�ihl_gpbhf_ljbb�^ey�hij_^_e_gby�lhevdh�bg^b\b^mZevguo�GI:<�

Ih�\_ebqbgZf�jIJ�khe_c�<Z�IWH�LN;��h[jZah\Zgguo�GI:<�b�IW=
mklZgh\e_gZ� ijbgpbibZevgZy� \hafh`ghklv� jZa^_evgh]h� bo� hij_^_e_gby
f_lh^hf�ihl_gpbhf_ljbq_kdh]h�hkZ^bl_evgh]h�lbljh\Zgby�k�k_e_dlb\gufb
we_dljh^Zfb�� JZajZ[hlZgu� f_lh^bdb� jZa^_evgh]h� hij_^_e_gby� GI:<� b
IW=� \� klhqguo� \h^Zo� ijhfure_gguo� ij_^ijbylbc� b� kh^_j`Zgby�IW=� \
ijhfure_gguo�ij_iZjZlZo�GI:<�
>BG:FBQ?KDB?�O:J:DL?JBKLBDB�F?F;J:G�G:�HKGH<?
D:LBHGGUO�DHFIE?DKH<�B�HJ=:GBQ?KDBO

BHGHH;F?GGBDH<

DmeZibgZ�?�=����:imolbgZ�E�<����;Zjbgh\Z�H�<��

KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h
KZjZlh\kdbc ]hkm^Zjkl\_gguc Z]jZjguc mgb\_jkbl_l bf� G�B� <Z\beh\Z

Bkke_^h\Zgu�^bgZfbq_kdb_�k\hckl\Z�f_f[jZg�gZ�hkgh\_�kh_^bg_gbc
f_lZee�ihebwlhdkbeZl�l_ljZn_gbe[hjZl�� \dexqZxsbo� dZlbhggu_

dhfie_dku�[F_�IWH]2+��GI:<�we_dljh^u���b�gZ�hkgh\_�bhgguo�ZkkhpbZlh\
nbabheh]bq_kdb�Zdlb\guo�Zfbgh\�k�l_ljZn_gbe[hjZlhf� �NN:� ��gh\hdZbg�
^bf_^jhe��iZiZ\_jbg��eb^hdZbg��

Ih\_joghklv� f_f[jZgu� fh`gh� jZkkfZljb\Zlv� dZd� ]jZgbpm� jZa^_eZ
nZa� \h^guc� jZkl\hj� �� jZkl\hj� we_dljh^gh�Zdlb\guo� \_s_kl\� \

jZkl\hjbl_e_�ieZklbnbdZlhj_�� \� dZq_kl\_� dhlhjh]h� bkihevah\Zeb

^b[mlbenlZeZl�� >ey� jZkkfhlj_gby� ijhp_kkh\�� ijhl_dZxsbo� gZ� ]jZgbp_
jZa^_eZ� f_f[jZgZ� �� jZkl\hj� b� bamq_gby� \hijhkh\� f_oZgbafZ

ihl_gpbZehh[jZah\Zgby� \� jZkl\hjZo� hj]Zgbq_kdbo� \_s_kl\� jZaebqguo

lbih\� bkke_^h\Zgh� khklhygb_� we_dljh^gh�Zdlb\guo� kh_^bg_gbc� \� \h^_�� \
kj_^_�^b[mlbenlZeZlZ�b�\�nZa_�f_f[jZgu�

>ey� oZjZdl_jbklbdb� ijhp_kkh\� gZ� ih\_joghklb� GI:<�f_f[jZg
bamq_gh� \ebygb_� ijbjh^u� ihebwlhdkbeZlZ� \� khklZ\_� we_dljh^ghZdlb\gh]h
kh_^bg_gby� b� bkke_^m_fhf� jZkl\hj_� gZ� ^bgZfbdm� hldebdZ� GI:<�
we_dljh^h\��W95���IhdZaZgh��qlh�gZ[ex^Z_lky�ihke_^h\Zl_evgh_�mf_gvr_gb_

\j_f_gb� hldebdZ� �W95�� ijb� i_j_oh^_� hl� jZa[Z\e_gguo� jZkl\hjh\� d� [he__
dhgp_gljbjh\Zgguf� b� ijb� mf_gvr_gbb� ]b^jhnh[ghklb� hij_^_ey_fh]h
GI:<�

Ijh\_^_ggu_� jZkq_lu� ihdZaZeb�� qlh� ^bgZfbdZ� mklZgh\e_gby

klZpbhgZjgh]h� ihl_gpbZeZ� ^ey� GI:<�we_dljh^h\� hibku\Z_lky� keh`ghc
wdkihg_gpbZevghc�aZ\bkbfhklvx�k�^\mfy�i_j_f_ggufb�iZjZf_ljZfb�

E(t)= E(0)+∆E1 [1-exp(-t/τ1)]+∆E2[1-exp(-t/τ2�@�� ]^_� ∆E1�b� ∆E2 -
khklZ\eyxsb_�jZaghklb�ihl_gpbZeZ��τ1 b�τ2���oZjZdl_jbklbq_kdb_�\j_f_ggu_
iZjZf_lju�
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MklZgh\e_gZ� aZ\bkbfhklv� iZjZf_ljh\� τ1 b� τ2� hl� khklZ\Z� jZkl\hjZ� b
k_gkhjghc� qZklb� we_dljh^Z�� qlh� iha\hey_l� ij_^iheh`blv� \ebygb_� ^\mo
ijhp_kkh\� gZ� \j_fy� hldebdZ�� ��h[jZah\Zgb_� dhfie_dkgh]h� dZlbhgZ� [Zjbc�

ihebwlhdkbeZl�� l�d�� τ1 aZ\bkbl� hl� hlghr_gby� mklhcqb\hkl_c� dhfie_dkguo
dZlbhgh\�\�khklZ\_�W:<�b�h[jZah\Zggh]h�hij_^_ey_fuf�GI:<����i_j_ghk

dhfie_dkgh]h�dZlbhgZ�><Z.
GI:<@2+�\�nZam�f_f[jZgu��l�d��τ2�mf_gvrZ_lky�k

m\_ebq_gb_f� ]b^jhnh[ghklb� GI:<� \� _]h� khklZ\_� b� khhl\_lkl\m_l� jy^m
wdkljZdpbb� \�^b[mlbenlZeZl��Hlf_q_gh�� qlh� W95� kms_kl\_ggh� mf_gvrZ_lky

�^h� �� �� fbg��� _keb� \� jZkl\hj_�GI:<� ijbkmlkl\mxl� bhgu� [Zjby�� <� wlhf
kemqZ_� h[jZah\Zgb_� dhfie_dkgh]h� dZlbhgZ� [<Z�GI:<]2+�� \_jhylgh�
ijhbkoh^bl� \�h[t_f_�jZkl\hjZ��b� hkgh\ghc� klZ^b_c�� hij_^_eyxs_c� \j_fy
hldebdZ�y\ey_lky�i_j_ghk�qZklbpu�\�nZam�f_f[jZgu�

MklZgh\e_gh�� qlh� \j_fy� hldebdZ� ^ey� f_f[jZg� gZ� hkgh\_� bhgguo
ZkkhpbZlh\� e_dZjkl\_gguc� ij_iZjZl� �� l_ljZn_gbe[hjZl� mf_gvrZ_lky� ijb
i_j_oh^_� hl� jZa[Z\e_gguo� jZkl\hjh\� e_dZjkl\_gguo� \_s_kl\� d� [he__
dhgp_gljbjh\Zgguf� b� g_� aZ\bkbl� hl� ijbjh^u� dZlbhgZ� nbabheh]bq_kdb
Zdlb\gh]h� ZfbgZ� \� khklZ\_� we_dljh^ghZdlb\gh]h� \_s_kl\Z� b� \

ZgZebabjm_fhf� jZkl\hj_�� Ijh\_^_ggu_� jZkq_lu� ihdZaZeb�� qlh� ^bgZfbdZ
hldebdZ� ^ey� ^Zgguo� f_f[jZg� dhgljhebjm_lky� ijhp_kkZfb� ^bnnmabb

hij_^_ey_fh]h� bhgZ� \� ijbih\_joghklghf� keh_� f_f[jZgu� �τ1�� b� i_j_ghkZ

aZjy^Z�q_j_a�]jZgbpm�jZa^_eZ�f_f[jZgZ���jZkl\hj��τ2).
IJBF?G?GB?�K?E?DLB<GUO�WE?DLJH>H<�<�:G:EBA?
;BHEH=BQ?KDBO�H;T?DLH<

DmeZibgZ�?�=���Dhjhez\Z�K�:�

KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h

>ey� bkke_^h\Zgby� bhggh]h� khklZ\Z� [bheh]bq_kdbo� kj_^� rbjhdh

ijbf_gyxlky� bhghk_e_dlb\gu_� we_dljh^u�� Hkh[_ggh� [hevrh_� agZq_gb_
bf_xl�BKW�\�ZgZeba_�fZdjhwe_f_glh\�[bheh]bq_kdbo�kj_^���bhgh\�gZljby�
dZeby�� dZevpby�� Hkgh\guf� h[t_dlhf� debgbq_kdbo� bkke_^h\Zgbc� kem`bl
p_evgZy�djh\v�beb�ku\hjhldZ�djh\b��Baf_g_gby�bhggh]h�khklZ\Z�djh\b�g_
ki_pbnbqgu�� gh� fh]ml� kem`blv� h[t_dlb\guf� [bhobfbq_kdbf� djbl_jb_f
kl_i_gb�ly`_klb�khklhygby�[hevgh]h�

GZfb�\uy\e_gu�baf_g_gby�we_dljheblgh]h�khklZ\Z�ku\hjhldb�djh\b
ijb� jZaebqguo� aZ[he_\Zgbyo�� >ey� hij_^_e_gby� dZlbhgh\� djh\b

ijbf_gyebkv�BKW��kl_deygguc�we_dljh^�WKE��������Na+)��ijh\hehqguc�gZ
hkgh\_� l_ljZn_gbe[hjZlZ� dZeby� �D+��� dZevpbc�k_e_dlb\guc� we_dljh^� k
ieZklbnbpbjh\Zgghc� f_f[jZghc� ijhfure_ggh]h� ijhba\h^kl\Z�
Hij_^_e_gu� hkgh\gu_� we_dljhobfbq_kdb_� oZjZdl_jbklbdb� bkihevam_fuo
BKW� b� ihdZaZgZ� \hafh`ghklv� bo� ijbf_g_gby� ^ey� hij_^_e_gby� dZlbhgh\
djh\b�f_lh^hf� ijyfhc� ihl_gpbhf_ljbb��>ey� mq_lZ� [_edh\h]h� \ebygby� gZ
hldebd�we_dljh^u�i_j_^�jZ[hlhc�dhg^bpbhgbjh\Zebkv�\�ku\hjhld_�djh\b�\
l_q_gb_����fbg�
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H[ke_^h\Zgh� ��� ^_l_c� k� ]bihdkbq_kdbf� ihjZ`_gb_f�PGK� ly`_ehc
kl_i_gb�� MklZgh\e_gh� ^hklh\_jgh_� kgb`_gb_� mjh\gy� gZljby� b� dZevpby� \
ku\hjhld_� djh\b� gZ� nhg_� ]bi_jdZeb_fbb� m� gh\hjh`^_gguo� k

i_jbgZlZevghc�ihkl]bihdkbq_kdhc�wgp_nZehiZlb_c��M�[hevguo�^bnl_jb_c
gZb[he__� ih^\b`guf� hdZaZeky� mjh\_gv� bhgh\�D+� \� ieZaf_��IhdZaZgh�� qlh
kh^_j`Zgb_� gZljby� \� p_evghc� djh\b�� ieZaf_� b� ku\hjhld_� m� [hevguo
jZaebqgufb� nhjfZfb� ^bnl_jbb� g_� hlebqZ_lky� hl� kj_^gbo� agZq_gbc� ^ey
a^hjh\uo� ex^_c�� Kh^_j`Zgb_� dZeby� agZqbl_evgh� ij_\urZ_l� ghjfZevgu_
nbabheh]bq_kdb_� agZq_gby�� Fh`gh� ij_^iheh`blv�� qlh� baf_g_gb_

we_dljheblgh]h�khklZ\Z�djh\b�dhk\_gguf�h[jZahf�hljZ`Z_l�iZlheh]bq_kdh_
khklhygb_� ijhgbpZ_fhklb� de_lhqguo� f_f[jZg� ^ey� hkgh\guo� bhgh\� ijb
jZkkfZljb\Z_fuo�aZ[he_\Zgbyo�

IjZdlbq_kdbc�bgl_j_k�ij_^klZ\ey_l�lZd`_�ZgZeba�fbdjhwe_f_glh\�b
ly`_euo�f_lZeeh\�\�[bheh]bq_kdbo�h[t_dlZo��gh�\�wlhf�kemqZ_�ijbf_g_gb_
k_e_dlb\guo� we_dljh^h\� aZljm^g_gh�� Keh`ghklb� k\yaZgu� k� l_f�� qlh

g_h[oh^bfh� hij_^_eylv� hq_gv� fZeu_� dhgp_gljZpbb� gZ� nhg_� [hevrbo

dhebq_kl\�f_rZxsbo�bhgh\��Djhf_�lh]h��hij_^_ey_fuc�we_f_gl�\�khklZ\_
ijh[u�fh`_l�gZoh^blvky�\�jZaebqguo�nhjfZo�

GZfb� ij_^eh`_gu� Pb-k_e_dlb\gu_� we_dljh^u� k

ieZklbnbpbjh\Zggufb� f_f[jZgZfb� gZ� hkgh\_� kh_^bg_gbc� k\bg_p�II) -
ihebhdkbwlbebjh\Zgguc� ghgben_ghe� �� l_ljZn_gbe[hjZl�� Bgl_j\Ze

ebg_cghklb� we_dljh^ghc� nmgdpbb� Pb-KW� khklZ\ey_l� ��-7-10-1� fhev�e�
Hij_^_e_gu� dhwnnbpb_glu� ihl_gpbhf_ljbq_kdhc� k_e_dlb\ghklb

ij_^eh`_gguo� we_dljh^h\� ih� hlghr_gbx� d� dZlbhgZf� gZljby�� dZeby�
dZevpby�� fZ]gby�� pbgdZ�� ijbkmlkl\b_� dhlhjuo� \_jhylgh� \� [bheh]bq_kdbo
h[t_dlZo�� IhdZaZgZ� \hafh`ghklv� ijbf_g_gby� jZajZ[hlZgguo� we_dljh^h\
^ey� hij_^_e_gby� kh^_j`Zgby� k\bgpZ� \� \hehkZo� f_lh^hf� ^h[Z\hd�
Ijbf_gyehkv�fhdjh_�hahe_gb_�ijh[u��a����]���Ijb�kh^_j`Zgbb�k\bgpZ�����
����fd]�]�hlghkbl_evgh_�klZg^Zjlgh_�hldehg_gb_�g_�ij_\urZeh�����
K?E?DLB<GU?�WE?DLJH>U�>EY�HIJ?>?E?GBY
HJ=:GBQ?KDBO�KH?>BG?GBC

DmeZibgZ�?�=���Q_jgh\Z�J�D�

KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h

Ihl_gpbhf_ljby� k� f_f[jZggufb� k_e_dlb\gufb� we_dljh^Zfb

ij_^klZ\ey_l� kh[hc� ijbgpbibZevgh� gh\mx� h[eZklv� kh\j_f_gghc

ZgZeblbq_kdhc� obfbb�� fZeh� bamq_ggmx� ^ey� ijbf_g_gby� \� hj]Zgbq_kdhf
ZgZeba_�� <� gZklhys_c� jZ[hl_� bkke_^h\Zgu� we_dljh^gu_�� ^bgZfbq_kdb_�
ljZgkihjlgu_� b� ZgZeblbq_kdb_� k\hckl\� f_f[jZg� gZ� hkgh\_� dZlbhgguo
dhfie_dkh\� b� hj]Zgbq_kdbo� bhghh[f_ggbdh\�� h[_ki_qb\Zxsbo� hldebd
k_e_dlb\guo� we_dljh^h\� d� aZjy`_gguf� �bhggu_� I:<�� nbabheh]bq_kdb
Zdlb\gu_� Zfbgu�� Zglb[bhlbdb� i_gbpbeebgh\h]h� jy^Z�� b� g_cljZevguf
�g_bhggu_�I:<��n_ghe��qZklbpZf�
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Bamq_gh� khklhygb_� Zdlb\guo� dhfihg_glh\� f_f[jZg� \� \h^guo� b
hj]Zgbq_kdbo� kj_^Zo�� ijh\_^_gZ� dhebq_kl\_ggZy� hp_gdZ� bo� nbabdh�
obfbq_kdbo� oZjZdl_jbklbd� �khklZ\�� jZkl\hjbfhklv�� IJ�� mklhcqb\hklv�
kl_i_gv� ^bkkhpbZpbb��� MklZgh\e_gu� aZdhghf_jghklb� \ebygby� nbabdh�
obfbq_kdbo� k\hckl\� we_dljh^gh�Zdlb\guo� \_s_kl\� gZ

we_dljhZgZeblbq_kdb_�� ljZgkihjlgu_�� ^bgZfbq_kdb_� oZjZdl_jbklbdb

f_f[jZg� \� jZkl\hjZo� hj]Zgbq_kdbo� kh_^bg_gbc� jZaebqguo� lbih\�� qlh
iha\hebeh�ijh]ghabjh\Zlv�k_e_dlb\gu_�k\hckl\Z�we_dljh^h\��GZ�hkgh\Zgbb
jZ^bhobfbq_kdbo�bkke_^h\Zgbc�b�kh\hdmighklb�^Zgguo�ih�^bgZfbq_kdbf�
ljZgkihjlguf�b� we_dljh^guf�k\hckl\Zf�f_f[jZg�gZ�hkgh\_�dhfie_dkguo
dZlbhgh\� b� bhghh[f_ggbdh\� \uy\e_gu� hkgh\gu_� klZ^bb� ijhp_kkZ

ihl_gpbZehh[jZah\Zgby� k_e_dlb\guo� we_dljh^h\�� hij_^_e_gu� hkgh\gu_
i_j_ghkqbdb� aZjy^Z� gZ� ]jZgbp_� jZa^_eZ� f_f[jZgZ� �� jZkl\hj� b� \� nZa_
f_f[jZgu�

Ij_^eh`_gguc�gh\uc�f_lh^heh]bq_kdbc�ih^oh^�d�ijh]ghabjh\Zgbx
k_e_dlb\guo� k\hckl\� f_f[jZg� ih� bo� obfbq_kdbf� b� we_dljhobfbq_kdbf
iZjZf_ljZf�j_Zebah\Zg�\�kha^Zgbb�we_dljh^h\��k_e_dlb\guo�d�dZlbhgguf�
Zgbhgguf�� g_bhgguf� ih\_joghklgh�Zdlb\guf� \_s_kl\Zf�� n_ghem�
nbabheh]bq_kdb�Zdlb\guf�ZfbgZf��Zglb[bhlbdZf�i_gbpbeebgh\h]h�jy^Z��k
hilbfZevgufb� ZgZeblbq_kdbfb� iZjZf_ljZfb�� Hp_g_gu� f_ljheh]bq_kdb_
oZjZdl_jbklbdb�k_e_dlb\guo�we_dljh^h\�

JZajZ[hlZgu� hjb]bgZevgu_�� wdkij_kkgu_�� k_e_dlb\gu_� kihkh[u

hij_^_e_gby� ih\_joghklgh�Zdlb\guo� \_s_kl\� jZaebqguo� lbih\�� n_gheZ�
Zahlkh^_j`Zsbo� e_dZjkl\_gguo� \_s_kl\� \� h[t_dlZo� hdjm`Zxs_c� kj_^u�
nZjfZp_\lbq_kdbo� ij_iZjZlZo�� ijhba\h^kl\_gguo� dhfihabpbyo�
jZa^_evgh]h�hij_^_e_gby�g_bhgguo�I:<�b�ihebwlbe_g]ebdhe_c�� kj_^g_]h
qbkeZ� hdkbwlbevguo� ]jmii� \� ijhfure_gguo� h[jZapZo� GI:<� ijb

jZaebqghf�kh^_j`Zgbb�ihebwlbe_g]ebdhe_c��kmevnZlbjh\Zgguo�ijh^mdlh\�
LJ:GKIHJLGU?�K<HCKL<:�F?F;J:G�G:�HKGH<?
KH?>BG?GBC�F?L:EE�IHEBWLHDKBE:L�L:LJ:N?GBE;HJ:L

DmeZibgZ�?�=����Q_jgh\Z�J�D����Dhjhez\Z�K�:����:imolbgZ�E�<���
Lj_lvyq_gdh�?�<�

 KZjZlh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�=� Q_jgur_\kdh]h
 KZjZlh\kdbc ]hkm^Zjkl\_gguc Z]jZjguc mgb\_jkbl_l bf� G�B� <Z\beh\Z

 KZjZlh\kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l

Bkke_^h\Zgu� ljZgkihjlgu_� k\hckl\Z� ieZklbnbpbjh\Zgguo

iheb\bgbeoehjb^guo� f_f[jZg� gZ� hkgh\_� kh_^bg_gbc� f_lZee�
ihebwlhdkbeZl�l_ljZn_gbe[hjZl� �F_�IWH�LN;��� <� dZq_kl\_� f_lZeeh\�
dhfie_dkhh[jZah\Zl_e_c� ijbf_gyebkv� [Zjbc b� k\bg_p� �II), IWH� �
ihebhdkbwlbebjh\Zggu_� ghgben_gheu� k� qbkehf� hdkbwlbevguo� ]jmii� �� �
����� Dhgp_gljZpby� we_dljh^ghZdlb\gh]h� \_s_kl\Z� �W:<�� \� f_f[jZg_
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khklZ\eyeZ� ����� fhev�d]� jZkl\hjbl_ey�ieZklbnbdZlhjZ�� khhlghr_gb_

iheb\bgbeoehjb^���^b[mlbenlZeZl� �������

Khijhlb\e_gb_� f_f[jZg� hij_^_eyeb� f_lh^hf� Wdn_ev^Z�I_jeb�
dhglZdlbjmxsb_� jZkl\hju� �� �����F� jZkl\hju� <ZK�2� b� Pb(NO3)2�� Ihke_
dhglZdlZ�k�\h^gufb� jZkl\hjZfb� we_dljhijh\h^ghklv�f_f[jZg�baf_gy_lky�
^hklb]Zy� klZpbhgZjgh]h� agZq_gby� \� l_q_gb_� ���� kmlhd�� Baf_g_gb_

we_dljhijh\h^ghklb� f_f[jZg� k\yaZgh�� \_jhylgh�� k� \oh`^_gb_f� \h^u� \
f_f[jZgm�� qlh� ijb\h^bl� d� m\_ebq_gbx� ^bwe_dljbq_kdhc� ijhgbpZ_fhklb�
mf_gvr_gbx� \yadhklb� f_f[jZgghc� nZau�� m\_ebq_gb_f� kl_i_gb

^bkkhpbZpbb�W:<��M\_ebq_gb_�qbkeZ�hdkbwlbevguo�]jmii�ihebwlhdkbeZlZ
\� khklZ\_� W:<� hl� ��� ^h� ���� ijb\h^bl� d� m\_ebq_gbx� khijhlb\e_gby
f_f[jZg� gZ� hkgh\_� kh_^bg_gbc� <Z�IWH�LN;�� F_f[jZgu� gZ� hkgh\_

kh_^bg_gbc�Pb-IWH�LN;�bf_xl�[he__�\ukhdh_�khijhlb\e_gb_�

Bamq_gh�ih\_^_gb_�f_f[jZg�gZ� hkgh\_� kh_^bg_gbc�F_�IWH�LN;� \
mkeh\byo�ijbeh`_ggh]h�ihl_gpbZeZ� �����<�� H[sbc�oh^�aZ\bkbfhklb�kbeu
lhdZ� hl� \j_f_gb� ijb� kf_g_� iheyjbaZpbb� k\b^_l_evkl\m_l� h� f_^e_gghf
jZajmr_gbb� bhghi_j_ghkys_]h� dhfie_dkZ�� khijh\h`^Zxs_fky� ijhp_kkhf
\ufu\Zgby� W:<� ba� f_f[jZgu�� IhdZaZgh�� qlh� i_j_ghkqbdZfb� aZjy^Z� \
f_f[jZgZo�y\eyxlky�dhfie_dkgu_�dZlbhgu�>F_�IWH@2+��ijb�wlhf�bo�\deZ^
\� ljZgkihjl� bhgh\� q_j_a� f_f[jZgm� mf_gvrZ_lky� k� m\_ebq_gb_f� qbkeZ
hdkbwlbevguo� ]jmii� ghgben_gheZ�� JZaebqby� \� we_dljhijh\h^ghklb

f_f[jZg� b� \� bo� ih\_^_gbb� \� mkeh\byo� ijbeh`_ggh]h� ihl_gpbZeZ� fh]ml
[ulv� k\yaZgu� k� jZaebqghc� kl_i_gvx� ^bkkhpbZpbb� W:<�� kljmdlmjhc� b
ih^\b`ghklyfb� dhfie_dkguo� dZlbhgh\� f_lZee�ihebwlhdkbeZl� \� nZa_

f_f[jZgu�

Ijh\_^_gh�baf_j_gb_�h[s_c�we_dljhijh\h^ghklb�f_f[jZg�gZ�hkgh\_
Pb(II)�IWH�LN;�ijb�i_j_f_gghf�lhd_�\�^bZiZahg_�qZklhl��������d=p��Ijb
dhg^bpbhgbjh\Zgbb� k\_`_ijb]hlh\e_gguo� f_f[jZg� \� ^bklbeebjh\Zgghc
\h^_� �����kmlhd��bo�khijhlb\e_gb_�ihgb`Zehkv�\� ������jZaZ��IhdZaZgh��qlh
aZ\bkbfhklv� khijhlb\e_gby� f_f[jZg� hl� bo� lhesbgu� ��������� ff�� ghkbl
ebg_cguc�oZjZdl_j�
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<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?�DH;:EVL:
K�BKIHEVAH<:GB?F�FH>BNBPBJH<:GGH=H�M=HEVGH�

I:KLH<H=H�WE?DLJH>:

Dmj[Zlh\�>�B���;me^Zdh\Z�E�X�

Bgklblml obfbb l\_j^h]h l_eZ MjH J:G�
������� ]�?dZl_jbg[mj]� =KI����� I_j\hfZckdZy� ���

nZdk ������� �������

<� gZklhys__� \j_fy� \� \hevlZfi_jhf_ljbb� rbjhdh� bkihevamxlky

fh^bnbpbjh\Zggu_� we_dljh^u�� \� khklZ\� dhlhjuo� \\h^yl� j_Z]_glu�
kihkh[gu_� h^gh\j_f_ggh� dhgp_gljbjh\Zlv� hij_^_ey_fuc� we_f_gl� gZ

ih\_joghklb� we_dljh^Z� b� \� lh� `_� \j_fy� hl^_eylv� _]h� hl� khimlkl\mxsbo

we_f_glh\�� >ey� ^hklb`_gby� wlhc� p_eb� ijb]h^gh� bkihevah\Zgb_

[hevrbgkl\Z� j_Z]_glh\�� ijbf_gy_fuo� ^ey� wdkljZdpbb� bhgh\� f_lZeeh\�
ba[bjZl_evgh�^_ckl\mxsbo�ijb�hij_^_e_gguo�mkeh\byo�

<� ^Zgghc� jZ[hl_� bkke_^h\Zgh� \hevlZfi_jhf_ljbq_kdh_� ih\_^_gb_
dh[ZevlZ� �,,��gZ�nhg_� kf_kb�fhghwlZgheZfbgZ��^bf_lbe]ebhdkbfZ�b� khe_c
l_ljZZedbeZffhgby� k� bkihevah\Zgb_f� fh^bnbpbjh\Zggh]h� m]hevgh�
iZklh\h]h� we_dljh^Z�� <� khklZ\� we_dljh^Z� \oh^beb� ]jZnbl�� \Za_ebgh\h_
fZkeh� �k\yamxs__��b� ljb�g�[mlbenhknZl� �wdkljZ]_gl��\�khhlghr_gbb� �� ]� �
����fe� ������fe��HilbfZevgu_�mkeh\by�gZdhie_gby�dh[ZevlZ� �,,�� �������fbg
ba� ����� F� jZkl\hjh\� +KO�Ihke_� gZdhie_gby� hij_^_ey_fh]h� we_f_glZ
we_dljh^� i_j_ghkbeb� \� nhgh\uc� jZkl\hj�� kh^_j`Zsbc� fhghwlZgheZfbg�
^bf_lbe]ebhdkbf� b� kh_^bg_gb_� l_ljZZedbeZffhgby�� b� j_]bkljbjh\Zeb
\hevlZfi_jh]jZffm�� MklZgh\e_gh�� qlh� \� ijbf_gy_fuo� we_dljheblZo

dh[Zevl��,,��\hkklZgZ\eb\Z_lky�ijb�ihl_gpbZe_�hdheh�������<��hlghkbl_evgh
oehjb^k_j_[jygh]h� we_dljh^Z��� F_`^m� \_ebqbghc� fZdkbfZevgh]h� lhdZ
\hkklZgh\e_gby� b� dhgp_gljZpb_c� dh[ZevlZ� �,,�� \� jZkl\hj_� kms_kl\m_l

ijyfhijhihjpbgZevgZy�aZ\bkbfhklv�\�bgl_j\Ze_��×10 -6 - 1×10 -4�fhev�e�

M\_ebq_gb_� kdhjhklb� baf_g_gby� ihl_gpbZeZ� khijh\h`^Z_lky

kf_s_gb_f� ihl_gpbZeZ� fZdkbfmfZ� djb\hc� \� hljbpZl_evgmx� h[eZklv

ihl_gpbZeh\�

Gbd_ev� �,,���h[uqgh�hdZau\Zxsbc�k_jv_agh_�f_rZxs__� \ebygb_�gZ
hij_^_e_gb_�dh[ZevlZ��\�^Zgguo� mkeh\byo�gZ� we_dljh^_�g_�gZdZieb\Z_lky�
ihkdhevdm�gZdhie_gb_�gZ�ih\_joghklb�we_dljh^Z�ijh\h^beb�ba�oehjb^guo
jZkl\hjh\��]^_�gbd_ev��,,��h[jZam_l�djZcg_�g_mklhcqb\u_�dhfie_dku�

<ebygb_� khimlkl\mxsbo� iheb\Ze_glguo� we_f_glh\� �� )H�,,,��� 9�9��
0R�9,��b�^j��� mkljZgyeb�iml_f�bo� \hkklZgh\e_gby� \� jZkl\hj_� k� ihfhsvx

Zkdhj[bgh\hc�dbkehlu�\�fhf_gl�gZdhie_gby�

Ijh\_^_ggh_� bkke_^h\Zgb_� iha\hebeh� mklZgh\blv� hilbfZevgu_

mkeh\by� hij_^_e_gby� dh[ZevlZ� \� klZeyo� b� kieZ\Zo�� k\h^ys__ky� d

jZkl\hj_gbx� ijh[u�� gZdhie_gbx� hij_^_ey_fh]h� we_f_glZ� gZ� we_dljh^_� b
nbdkZpbb� we_dljhZgZeblbq_kdh]h� kb]gZeZ� [_a� hl^_e_gby� khimlkl\mxsbo

dhfihg_glh\�
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<HEVL:FI?JHF?LJBY�IJB�HP?GD?�LBI:�IJH<H>BFHKLB
IH<?JOGHKLGH=H�KEHY�D:J;B>H<�B�GBLJB>H<�LBL:G:

>�B�Dmj[Zlh\��E�X�;me^Zdh\Z��<�:�@bey_\

Bgklblml obfbb l\_j^h]h l_eZ MjH J:G
������� ]� ?dZl_jbg[mj]� =KI����� me� I_j\hfZckdZy� ��

AgZgb_� kl_i_gb� hdbke_gby� f_lZeeZ� \� obfbq_kdhf� kh_^bg_gbb

iha\hey_l�hij_^_eblv�lbi�ijh\h^bfhklb�l\_j^h]h�l_eZ��_keb�hg�gZoh^blky�\
\ukr_f�\Ze_glghf�khklhygbb��lh�h[eZ^Z_l�we_dljhgghc�ijh\h^bfhklvx��Q��
Z�_keb�\�gbar_f���lh]^Z�^ujhqghc�S��>�@�

Hp_gdZ�lbiZ�ijh\h^bfhklb�ih\_joghklgh]h�kehy�dZj[b^h\��gbljb^h\
b�dZj[hgbljb^h\�lblZgZ�ijh\_^_gZ�f_lh^hf�\hevlZfi_jhf_ljbb�k�m]hevgh�
iZklh\uf� we_dljhZdlb\guf� we_dljh^hf� �MIWW��� F_lh^

\hevlZfi_jhf_ljbb� [ue� bkihevah\Zg� ijb� bkke_^h\Zgbb� kljmdlmju

hdkb^guo� nZa� jZaebqghc� ijbjh^u� >�@�� IhdZaZgh�� qlh� i_j\uc� dZlh^guc
fZdkbfmf� lhdZ� gZ� \hevlZfi_jh]jZff_�� ihemq_gghc� ihke_� Zgh^ghc

iheyjbaZpbb�MIWW�� kh^_j`Zs_]h� bkke_^m_fh_� \_s_kl\h�� gZ� ih\_joghklb
dhlhjh]h� [ue� Zgh^gh� Z^khj[bjh\Zg� dbkehjh^�� g_k_l� bgnhjfZpbx� h

^_n_dlghc� kljmdlmj_� bkke_^m_fh]h� \_s_kl\Z�� Ijbq_f� mklZgh\e_gh�� qlh
lhdb� \hkklZgh\e_gby� o_fhkhj[bjh\Zggh]h� dbkehjh^Z� gZ� ih\_joghklb

ihemijh\h^gbdh\� Q�lbiZ� gZ� ihjy^hd� f_gvr_�� q_f� m� ^ujhqguo

ihemijh\h^gbdh\�S�lbiZ�

Bkihevamy� wlb� jZaebqby� \� \_ebqbgZo� lhdZ� \hkklZgh\e_gby

khj[bjh\Zggh]h�dbkehjh^Z��jZaebqby�\Ze_glgh]h�khklhygby�f_lZeeZ�m� Q��b
S�ihemijh\h^gbdh\�� gZfb� \� ^Zgghc� jZ[hl_� jZkkfZljb\Z_lky� \hafh`ghklv
f_lh^Z� \hevlZfi_jhf_ljbb� k� MIWW� ^ey� hp_gdb� lbiZ� ijh\h^bfhklb

hdkb^ghc� ie_gdb� lblZgZ� gZ� ih\_joghklb� _]h� gbljb^h\�� dZj[b^h\� b

dZj[hgbljb^h\�

>ey�bkke_^h\Zgby�[ueb�bkihevah\Zgu�h[jZapu��7L&x (x=0,6-1,0), TiNx

(x=0,6-1,0), TiCxN1-x� �[ ��������� b� 7L22� dZd� ba\_klguc� Q�ihemijh\h^gbd�
NZah\uc�khklZ\�h[jZaph\�dhgljhebjh\Zeb�j_gl]_gh]jZnbq_kdb�ijb�ihfhsb

^bnjZdlhf_ljZ�>JHG�MF��

Bamq_ggZy� aZ\bkbfhklv� lhdh\� \hkklZgh\e_gby� o_fhkhj[bjh\Zggh]h
dbkehjh^Z� hl� khklZ\Z� 7L&x - TiCxN1-x - TiNx ihdZaZeh�� qlh� lhdb

\hkklZgh\e_gby�hdkb^ghc�ie_gdb�gZ�ih\_joghklb�7L&x gZ�ihjy^hd�b�[he__
f_gvr_�� q_f� gZ� ih\_joghklb� 7L1x�� qlh� iha\hey_l� kqblZlv� ih\_joghklguc
kehc� hdkb^ghc� ie_gdb� 7L&[�� dZd� b� _]h� hdkb^Z� �7L22�� we_dljhggufb
ihemijh\h^gbdZfb��Z�hdkb^ghc�ie_gdb�7L1x���^ujhqgufb��LZd`_�ihdZaZgh�
qlh� ih\_joghklguc� kehc� hdkb^Z� lblZgZ� gZ� 7L&[� kh^_j`bl� agZqbl_evgh
f_gvr_�7L�,,,���q_f�hdkb^�lblZgZ�gZ�ih\_joghklb�7L1[��qlh�^hihegbl_evgh
ih^l\_j`^Z_l� ^ujhqgmx� ijh\h^bfhklv� ih\_joghklgh]h� kehy� gbljb^h\�
Ke_^h\Zl_evgh�� hdkb^gZy� ie_gdZ� gZ� ih\_joghklb� 7L&[� khklhbl

ij_bfms_kl\_ggh� ba� \ukrbo� hdkb^h\� lblZgZ�� f_g__� o_fhkhj[bjm_l

dbkehjh^�b�y\ey_lky�Q�ihemijh\h^gbdhf��Z�gZ�ih\_joghklb�7L1[���gZjy^m�k
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7L�,9�� kh^_j`bl� agZqbl_evgh_� dhebq_kl\h� 7L�,,,�� b� o_fhkhj[bjh\Zggh]h
dbkehjh^Z�b��ih�\b^bfhfm��bf__l�^ujhqguc�lbi�ijh\h^bfhklb�

Ebl_jZlmjZ

�� D�OZmnn_� J_Zdpbb \ l\_j^uo l_eZo b gZ bo ih\_joghklb�F�� BE� ����� K����
��F�;�<b^j_\bq� <�F�@mdh\kdbc� <�=�;Zf[mjh\�� Ba\_klby KH :G KKKJ�

K_jby obf� gZmd� ����� <� ��� �� K�����
HIJ?>?E?GB?�=?J;BPB>H<�KBF�����������LJB:ABGH<H=H
JY>:�K�BKIHEVAH<:GB?F�:FI?JHF?LJBQ?KDHC

BFFMGHN?JF?GLGHC�KBKL?FU

Dmluj_\Z�F�I���F_^ygp_\Z�W�I���Bevbq_\Z�G�X���;m^gbdh\�=�D��
?j_fbg�K�:�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]�DZaZgv
Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]�Fhkd\Z

Ij_^eh`_g� \ZjbZgl� bffmghobfbq_kdh]h� hij_^_e_gby� ]_j[bpb^h\
kbf�������ljbZabgh\h]h� jy^Z�kbfZabgZ�� ZljZabgZ�� ijhiZabgZ�k
bkihevah\Zgb_f� Zfi_jhf_ljbq_kdhc� bffmghn_jf_glghc� kbkl_fu�
\dexqZxs_c� \� k_[y� bffh[bebah\Zggu_� Zglbl_eZ� �:l�� b

Zfi_jhf_ljbq_kdbc�ohebgwkl_jZaguc�[bhk_gkhj �:OW;���MklZgh\e_gh��qlh
bamqZ_fu_� ]_j[bpb^u� y\eyxlky� wnn_dlhjZfb� bffh[bebah\Zgghc

ohebgwkl_jZau��BOW���<�h[eZklyo�dhgp_gljZpbc��×10-11-1×10-6 
F��kbfZabg��

2×10-9-1×10-6 
F�ZljZabg���×10-8-1×10-7

F� �ijhiZabg�� ^Zggu_� ]_j[bpb^u

\uklmiZxl� \� jheb� bg]b[blhjh\� BOW; \� h[eZklyo��×10-15-2×10-11
F

�kbfZabg��� �×10-9-8×10-12 
F� �ZljZabg��� �×10-10-1×10-8

F� �ijhiZabg�
gZ[ex^Z_lky� wnn_dl� Zdlb\Zpbb�� Wlh� iha\hey_l� bkihevah\Zlv� :OW;� ^ey
hij_^_e_gby�dhgdj_lgh]h�]_j[bpb^Z�\�hlkmlkl\bb�^jm]bo�wnn_dlhjh\�BOW�
Dbg_lbq_kdb_� iZjZf_lju� �Km, VmZo) n_jf_glZlb\ghc� j_Zdpbb�� bo

aZ\bkbfhklv� hl� jG�nhgh\h]h� jZkl\hjZ� b� jZkkqblZggu_� agZq_gby� dhgklZgl
bg]b[bjh\Zgby� b� Zdlb\Zpbb� iha\hebeb� \u[jZlv� dhgp_gljZpbx� km[kljZlZ

�[mlbjbelbhohebg�bh^b^Z�� ^ey� hij_^_e_gbc� kbfZabgZ� ��×10-4
F��� ZljZabgZ

(2×10-3
F��� ijhiZabgZ� ��×10-4�F�� b� agZq_gb_� jG�� khklZ\eyxs__� ����±0.05.

Hij_^_e_gu�dhgklZglu�Znnbgghklb��^ey�kbfZabgZDZ�=(2,2±0,2)×1011
fhev

-1,
DZ�=(6,8±0,9)×108

fhev
-1�� ^ey� ZljZabgZ� DZ�=(3,1±0,3)×109

fhev
-1,

DZ�=(2,5±0,4)×108
fhev

-1��� dhlhju_� mdZau\Zxl� gZ� ijhqghklv� h[jZamxsboky

bffmgguo� dhfie_dkh\� :l�]_j[bpb^� \� bamq_gguo� mkeh\byo� b� iha\heyxl

\u[jZlv jZ[hqb_� dhgp_gljZpbb� :l� ^ey� bffh[bebaZpbb�� ���� f]�fe� ^ey
kbfZabgZ� b� ����� f]�fe� ^ey� ZljZabgZ�� LZdbf� h[jZahf�� jZajZ[hlZg� kihkh[
bffmghhij_^_e_gby� ]_j[bpb^h\� kbf�������ljbZabgh\h]h� jy^Z� k� ihfhsvx

bffmghn_jf_glghc� kbkl_fu�� bffh[bebah\Zggu_� Zglbl_eZ� iha\heyxl

hkms_kl\blv� bffmghobfbq_kdmx� j_Zdpbx� b� \u^_eblv� ]_j[bpb^� ba

ZgZebabjm_fhc� kf_kb� aZ� kq_l� h[jZah\Zgby� bffmggh]h� dhfie_dkZ�� Z

Zfi_jhf_ljbq_kdbc� [bhk_gkhj� gZ� hkgh\_� bffh[bebah\Zgghc

ohebgwkl_jZau� nbdkbjm_l� kh^_j`Zgb_� ]_j[bpb^Z� \� jZkl\hj_�
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Bkihevah\Zgb_� bffh[bebah\Zgguo�:l� ijhlb\� wlbo� ]_j[bpb^h\� iha\hey_l
hij_^_eylv� hl^_evguc� ]_j[bpb^� \� kf_kb� kljmdlmjgh� jh^kl\_gguo

kh_^bg_gbc��Ijhp_glu� i_j_dj_klguo� j_Zdpbc�:l� d� kbfZabgm� khklZ\eyxl
0.5%� b� ���%� ^ey� ZljZabgZ� b� ijhiZabgZ� khhl\_lkl\_ggh�� b� :l� ijhlb\
ZljZabgZ������� %�b������%�^ey�kbfZabgZ�b�ijhiZabgZ�khhl\_lkl\_ggh

IhdZaZgZ� \hafh`ghklv� hij_^_e_gby� kbfZabgZ� b� ZljZabgZ� \

fh^_evguo�jZkl\hjZo�b�\�h[jZapZo�ijbjh^guo�\h^��>bgZfbq_kdbc�^bZiZahg

dhgp_gljZpbc� khklZ\be�^ey� kbfZabgZ� �×10-11-1×10-7 
F�� k

g
=5×10-12 

F�b�^ey

ZljZabgZ��×10-11-1×10-7 
F��k

g
=5×10-12 

F��bg]b[bjmxsbc�wnn_dl��

JZ[hlZ�\uiheg_gZ�ijb�qZklbqghc�nbgZgkh\hc
ih^^_j`d_�]jZglZ�INCO-Copernicus
ERBIC15CT-98-0910.
IJBF?G?GB?�IHEYJH=J:NBB�<�DHGLJHE?�IJHBA<H>KL<:
HJLHN?G:

E_\bgZ�<�B���Of_evgbpdZy�?�X���Jy[h\Z�K�X���=jb]hjv_\�G�;�

=GP JN ©GBHIBDª

JZajZ[hlZg� ijeyjh]jZnbq_kdbc� dhgljhev jy^Z� klZ^bc� ijhba\h^kl\Z
hjlhn_gZ��hkms_kl\ey_fh]h�ih�ke_^mxs_c�ko_f_:

&O

&O

&O

&O

1

&O

&O

&O

&O
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&O &O
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1

&+�&O

2

&O&O &O &O

21

9,9

&+�&221D
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&O &O
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, ,,,

Kh_^bg_gby�(I, II, III, V ��iheyjh]jZnbq_kdb�Zdlb\gu��Bkoh^guc�d_lhg
(I)�bf__l�\_kvfZ�hljbpZl_evguc�ihl_gpbZe�\hkklZgh\e_gby�gZ�jlmlb,�gh��dZd
[ueh� ihdZaZ�gh� AmfZghf�� hg� e_]dh� hij_^_ey_lky� \� \b^_� rbnnh\uo

hkgh\Zgbc�

<� d_lhg_� �II) we_dljhobfbq_kdb� Zdlb\gZ� ]jmiibjh\dZ� >C=O�� Z� \
bfbg_� �,,,�>C=N-�� gh,� ihfbfh� wlh]h,� h[Z� kh_^bg_gby� y\eyxlky

iheb]Zeh]_gb^Zfb�� qlh�ij_^�hij_^_ey_l�h[sghklv�bo�iheyjh]jZnbq_kdh]h
ih\_^_gby�� I_j\u_� dZlh^gu_� \hegu� gZ� iheyjh]jZffZo� wlbo

kh_^bg_gbcgZ[ex^Zxlky�ijb�ihl_gpbZeZo�hdheh�gmey���gZk�d�w���b�g_�fh]ml
[ulv� hlg_k_gu� d� \hkklZgh\e_gbx� ^\hcguo� k\ya_c�� >ey� d_lhgZ� (II) � gZfb
[ueh� ihdZaZgh�� qlh� \� gZkus_gghf� jZkl\hj_� KNO3� \� ^bf_lbenhjfZfb^_
�>FN��i_j\Zy�\hegZ�kh\iZ^Z_l�k�\heghc�dZehf_eb��b�fh`gh�ij_^iheh`blv�
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qlh� gZ� jlmlghf� we_dljh^_� iZjZee_evgh� k� we_dljhobfbq_kdbf

\hkklZgh\e_gb_f� �II) � b (III) ijhbkoh^bl� obfbq_kdh_� h[jZah\Zgb_

jlmlvhj]Zgbq_kdbo� kh_^bg_gbc� b� dZeh�f_eb� k� bo

ihke_^mxsbf\hkklZgh\e_gb_f�

;ueh� h[gZjm`_gh�� qlh� \� jZkl\hjZo� d_lhgZ� (II) � ijhl_dZgb_

we_dljhobfbq_kdbo� ijhp_kkh\� \� ijbkmlkl\bb� \h^u� lhjfhablky� \iehlv� ^h
ihl_gpbZeh\� jZajy^Z� nhgh�\h]h� we_dljheblZ�� GZ� wlhf� hkgh\ZgZ

jZajZ[hlZggZy�f_lh^bdZ�hij_^_e_gby�bfbgZ�(III) �\�ijbkmlkl\bb�d_lhgZ�(II) �k
bkihevah\Zgb_fjZkl\hjh\��kh^_j`Zsbo�kibjl�b������F�[hjZlguc�[mn_jguc
jZkl\hj� k� jG� ����� \� khhlghr_gbb� ����� ]^_� lhdb� ^ey� �II �� iheghklvx
ih^Z\eyxlky�� <ukhlZ� ihklhygghlhdh\hc� \hegu ijhihjpbhgZevgZ� dhg-
p_gljZpbb� �III) � \� bgl_j\Ze_� ��-5-10-3 

F� ijb� ihl_gpbZeZo� �������²��0,50)
<�Ag).

>ey�hij_^_e_gby� (II) �gZfb�bkihevah\Zg� ����F�jZkl\hj�LiCl �\�>FN�
GZ� iheyjh]jZff_� \� wlhf� kemqZ_� bf_xlky� ^\_� \hegu�� ^ey� i_j\hc� \hegu
?1/2 ����<� �Ag)�� ^ey� \lhjhc� �� ?1/2 �����<� (Ag)�� b� h[_� bf_xl� mqZkldb
ij_^_evgh]h� lhdZ�� \_ebqbgZ� dhlhjh]h� ebg_cgh� aZ\bkbl� hl� dhgp_gljZpbb� \
bgl_j\Ze_���-5 -10-3

F��

<lhjbqguc� Zfbg� �IV ��� g_� kh^_j`Zsbc� we_dljhobfbq_kdb�Zdlb\guo
]jmiibjh�\hd�� fh`_l� [ulv� hij_^_e_g� iheyjh]jZnbq_kdb� ihke_

gbljhabjh\Zgby�� <� jZajZ[h�lZgghc� f_lh^bd_� ^ey� gbljhabjh\Zgby

ijbf_gy_lky:�dhgp_gljbjh\Zgguc�����F��jZkl\hj�NaNO2�\�ijbkmlkl\bb����
g�H2SO4��Hij_^_e_gb_� \ukhlu� \hegu� ijh\h^bl�ky� \�s_ehqghc� kj_^_�� ]^_
g_l� aZ\bkbfhklb� lhdZ� hl� jG� �\hegZ� khhl\_lkl\m_l� ^\mo�we_dljhgghfm
jZks_ie_gbx� k\yab� >N-N=��� ?1/2  ����� <�gZk�d�w���� lhd� ijhihjpbh�gZe_g
dhgp_gljZpbb \�bgl_j\Ze_���-4-6.10-4

F�

F_lh^bdZ� iheyjh]jZnbq_kdh]h� hij_^_e_gby� oehjZp_lbevgh]h

ijhba\h^gh]h� �V)� hkgh\ZgZ� gZ� we_dljh\hkklZgh\e_gbb� k\yab� C-Cl,
Zdlb\bjh\Zgghc� dZj[hgbev�ghc� ]jmiihc�� \� ����ghf� jZkl\hj_� >FN� \
ijbkmlkl\bb� ����� F� oehjbklh]h� l_ljZ�f_lbeZffhgby� ?1/2 hdheh� ���5� <
�gZk�d�w���� Ebg_cghklv� aZ\bkbfhklb� \ukhlu� \he�gu� hl� dhgp_gljZpbb

gZ[ex^Z_lky�\�bgl_j\Ze_���-4 - 5.10-3�F�
BAMQ?GB?�<HAFH@GHKLB�KGB@?GBY�IJ?>?E:
H;G:JM@?GBY�IJB�HIJ?>?E?GBB�K?JHHJ=:GBQ?KDBO

KH?>BG?GBC�F?LH>HF�BG<?JKBHGGHC
<HEVL:FI?JHF?LJBB

E_cl_k�?�:���=emoh\Z�G�:���F_^\_^_\Z�B�:�

:elZckdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� ;ZjgZme�

<� gZklhys__� \j_fy� y\ey_lky� ZdlmZevguf� dhgljhev� kh^_j`Zgby
lhdkbqguo� k_jhhj]Zgbq_kdbo� kh_^bg_gbc� \� h[t_dlZo� hdjm`Zxs_c� kj_^u�
Hij_^_e_gb_� lZdbo� kh_^bg_gbc� ^he`gh� ijh\h^blvky� hi_jZlb\gh� b� k
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\ukhdhc� qm\kl\bl_evghklvx�� F_lh^� bg\_jkbhgghc� \hevlZfi_jhf_ljbb

iha\hey_l� hij_^_eylv� ke_^h\u_� dhebq_kl\Z� k_jhkh^_j`Zsbo� \_s_kl\�
h[jZamxsbo�fZehjZkl\hjbfu_�kh_^bg_gby�k�fZl_jbZehf�we_dljh^Z�

Bf_xsb_ky� \� ebl_jZlmjguo� bklhqgbdZo� \hevlZfi_jhf_ljbq_kdb_
f_lh^bdb� hij_^_e_gby� k_jhhj]Zgbq_kdbo� kh_^bg_gbc� bf_xl� ij_^_e

h[gZjm`_gby�^h��� – 10) ⋅ 10-9M.
>ey� kgb`_gby� ij_^_eZ� h[gZjm`_gby� ij_^_eZ� h[gZjm`_gby� lheh\

bamq_gh� \ebygb_� we_dljhZdl\guo�^h[Z\hd��MklZgh\e_gh��qlh�^h[Z\e_gb_� \
jZkl\hju�wlZg±��ijhiZg±��[mlZg±��]_dkZg±�b�]_ilZglbheh\�bhgh\�jlmlb��I) b
jlmlb� �II �� iha\hey_l� kgbablv� ij_^_e� h[gZjm`_gby� wlbo� \_s_kl\� ^h

10-11 – 10-13
F�b� l_f� kZfuf�jZkrbjblv� \hafh`ghklv�f_lh^Z�bg\_jkbhgghc

\hevlZfi_jhf_ljbb�\�hij_^_e_gbb�gbadbo�dhgp_gljZpbc�\_s_kl\�

MklZgh\e_gh� lZd`_�� qlh� ijbkmlkl\b_� bhgh\� jlmlb� �I�� b� jlmlb� �II)
mf_gvrZ_l�\ebygb_�fgh]bo�g_hj]Zgbq_kdbo�bhgh\�

:gZeh]bqgu_� j_amevlZlu��ij_^iheh`bl_evgh��fh]ml� [ulv� ihemq_gu
b�^ey�^jm]bo�k_jhhj]Zgbq_kdbo�\_s_kl\�
IJBF?G?GB?�IE?GHD�FH>BNBPBJH<:GGH=H
IHEBF?LBEF?L:DJBE:L:�<�D:Q?KL<?�K?GKHJ:�>EY

<HEVL:FI?JHF?LJBQ?KDH=H�HIJ?>?E?GBY�F?L:EEH<

EyfbgZ�=�<���Dgya_\Z�?�I���Fhdjhmkh\�=�F�

Lhfkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

<hafh`ghklb� \hevlZfi_jhf_ljbb� kms_kl\_ggh� jZkrbj_gu� aZ

ihke_^gb_� ]h^u� [eZ]h^Zjy� ihy\e_gbx� fh^bnbpbjh\Zgguo� we_dljh^guo
kbkl_f��Z\lhfZlbabjh\Zgguo�mkljhckl\�b�gh\uo�\ZjbZglh\�f_lh^Z�

GZfb� ij_^eh`_gh� ZgZebabjh\Zlv� ih\_joghklv� l\_j^uo� l_e� gZ

kh^_j`Zgb_� f_lZeeh\� b� bo� kh_^bg_gbc� k� ihfhsvx� _^bghc� we_dljh^ghc
kbkl_fu� �?WK�� ^ey� wdkij_kkgh]h� hl[hjZ� ijh[u� �[_a� bkihevah\Zgby

jZkl\hjh\�� b� \hevlZfi_jhf_ljbq_kdh]h� ZgZebaZ�� <� ^Zgghc� jZ[hl_

jZkkfhlj_gu� \hafh`ghklb� ijbf_g_gby� \� dZq_kl\_� ?WK�� gZg_k_gghc� gZ
ijh\h^ysmx� ih^eh`dm�� ie_gdb� ihebf_lbef_lZdjbeZlZ�
fh^bnbpbjh\Zggh]h� kheyfb� s_ehqguo� f_lZeeh\�� <u[hj� h[mkeh\e_g

^hklmighklvx� b� \ukhdhc� nmgdpbhgZevghklvx� ^Zggh]h� fZl_jbZeZ

�lh\Zjguc�agZd��=bieZf���

H[t_dlZfb�bamq_gby� y\eyebkv� kh_^bg_gby�f_^b�� dZ^fby�b� k\bgpZ� \
hdkb^guo� kbkl_fZo�� Bkke_^h\Zgh� \ebygb_� gZeh`_gby� ihl_gpbZeZ�� _]h
\_ebqbgu� b� \j_f_gb� gZdhie_gby� gZ� hl[hj� ijh[u�� <uy\e_gZ� [hevrZy

wnn_dlb\ghklv� jZ[hlu� k_gkhjZ� ijb� bkihevah\Zgbb� khe_c� gZljby�� ih
kjZ\g_gbx�k�kheyfb�eblby�b�dZeby��\�dZq_kl\_�fh^bnbpbjmxs_c�^h[Z\db�d
ihebf_lbef_lZdjbeZlm��IhdZaZgh�� qlh�ie_ghqgu_�?WK� h[eZ^Zxl�[hevr_c

qm\kl\bl_evghklvx� ih� kjZ\g_gbx� k� we_dljh^gufb� kbkl_fZfb�
ba]hlh\e_ggufb�iml_f�ijhibldb�m]e_jh^guo�fZl_jbZeh\��=bieZfhf��
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Bkihevah\Zgb_�lZdhc�?WK�iha\hey_l�hl[bjZlv�ijh[m�[_a�jZajmr_gby

b� baf_g_gby� khklZ\Z� ih\_joghklb� ZgZebabjm_fh]h� h[jZapZ�� ijhba\h^blv
jZ[hlu�\�ihe_\uo�mkeh\byo��bf__l�ijhklh_�ZiiZjZlmjgh_�hnhjfe_gb_�
<HEVL:FI?JHF?LJBY�FHE?DMEYJGUO�DHFIE?DKH<
EBGDHFBPBG:�K�I:J:�GBLJH:G:EBGHF��I:J:�

GBLJHN?GHEHF�B�I:J:�HDKBF?LBEGBLJH;?GAHEHF

FZcklj_gdh�<�G���=mkZdh\�<�G���KZnbmeebg�J�J���Ebkbpdbc�<�<�

;Zrdbjkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l
������� ]�MnZ� me�Njmga_� ��

Fgh]b_� fZdjhfhe_dmeu� \� jZkl\hj_� kihkh[gu� gZoh^blvky� \

dhgnhjfZpbb�� kihkh[kl\mxs_c� h[jZah\Zgbx� f_`fhe_dmeyjguo

\h^hjh^guo� k\ya_c�� aZ� kq_l� q_]h� hgb� h[jZamxl� ik_\^hpbdebq_kdb_

kljmdlmju� k� fhe_dmeyjghc� ihehklvx�� >ZggZy� hkh[_gghklv� bf� jy^

mgbdZevguo�nbabdh�obfbq_kdbo�k\hckl\��gZb[he__�bgl_j_kgh_�ba�dhlhjuo��
kihkh[ghklv� \uklmiZlv� \� dZq_kl\_� fhe_dmeu�´]hkly´� b� h[jZah\u\Zlv

mklhcqb\u_� \� jZkl\hjZo� fhe_dmeyjgu_� dhfie_dku� k� jy^hf� hj]Zgbq_kdbo
kh_^bg_gbc�� JZ[hlZ� ihk\ys_gZ� ihbkdm� gh\uo� deZkkh\� hldjulhp_iguo
fZdjhfhe_dme�� kihkh[guo� ijhy\eylv� k_[y� dZd� fhe_dmeu�´ohay_\Z´� ijb
h[jZah\Zgbb� dhfie_dkh\�� bamq_gbx� khklZ\Z�� mklhcqb\hklb� b

l_jfh^bgZfbq_kdbo�iZjZf_ljh\�h[jZah\Zgby�fhe_dmeyjguo�dhfie_dkh\�

<� dZq_kl\_� fhe_dmeu�´ohaybgZ´� gZfb� [ue� \u[jZgZ� fhe_dmeZ

ebgdhfbpbgZ��Ebgdhfbpbg���α�f_lbe������^b^bhdkb���>��f_lbe���ijhibe���
ibjbeb^bgdZj[hdkb�Zfb^h@���'�wjbljh�'�]ZeZdlhhdlZibjZghab^Z� ]b^jh

oehjb^� �K18G34N2H6S×+&O���bf__l�rbjhdh_�jZkijhkljZg_gb_�\�f_^bpbg_� \
dZq_kl\_� Zglb[bhlbdZ�� >ey� bamq_gby� j_Zdpbc� dhfie_dkhh[jZah\Zgby

ebgdhfbpbgZ� k� jy^hf� gbljhkh_^bg_gbc� bkihevah\Zg� f_lh^

ihklhygghlhdh\hc� \hevlZfi_jhf_ljbb� gZ� KJDW�� Ij_^_evguc� lhd

\hkklZgh\e_gby� \k_o� gbljhkh_^bg_gbc� bf__l� ^bnnmabhggmx� ijbjh^m� b
ijb]h^_g�^ey�bamq_gby�j_Zdpbc�dhfie_dkhh[jZah\Zgby��AZ\bkbfhklv�lhdZ�\
ibd_� \hkklZgh\e_gby� gbljhkh_^bg_gby� hl� dhgp_gljZpbb� ebgdhfbpbgZ

bf__l� \b^� m[u\Zxs_c� djb\hc� b� iha\hey_l� k� ihfhsvx� mjZ\g_gbc

fZl_jbZevgh]h� [ZeZgkZ� jZkkqblZlv� dhgklZglu� h[jZah\Zgby� fhe_dmeyjguo
dhfie_dkh\�k�gbljhijhba\h^gufb�

F_lh^hf� bahfheyjguo� k_jbc� mklZgh\e_gh�� qlh� ebgdhfbpbg� \

dbkehlguo� \h^gh�kibjlh\uo� kj_^Zo� h[jZam_l� k� bamq_ggufb

gbljhijhba\h^gufb� dhfie_dku� kl_obhf_ljbq_kdh]h� khklZ\Z� ����
L_jfh^bgZfbq_kdb_� iZjZf_lju� j_Zdpbc� h[jZah\Zgby� dhfie_dkh\� [ueb
\uqbke_gu� ih� mjZ\g_gbx� bahl_jfu� <Zgl�=hnnZ� \� bgl_j\Ze_� l_fi_jZlmj

15°÷40°K��MklZgh\e_gh��qlh�h[jZah\Zgb_�dhfie_dkh\�ebgdhfbpbgZ�\�\h^gh�
kibjlh\uo� kj_^Zo� khijh\h`^Z_lky� iheh`bl_evguf� wglZevibcguf

wnn_dlhf��Mklhcqb\hklb� bamq_gguo� dhfie_dkh\� \� jZkl\hj_� kihkh[kl\m_l
iheh`bl_evguc� wgljhibcguc� wnn_dl�� <� ^Zgghf� kemqZ_� wlh� y\e_gb_
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\_jhylgh� k\yaZgh� k� i_j_kljhcdhc� ]b^jZlghc� kn_ju� h[hbo� mqZkl\mxsbo� \
j_Zdpbb� qZklbp�� dhlhjZy� khijh\h`^Z_lky� ³\ulZedb\Zgb_f´� fhe_dme� \h^u
ba� ]b^jZlguo� h[hehq_d�� f_klh� dhlhjuo� aZgbfZ_l� \oh^ysbc� ³]hklv´�
H[gZjm`_g� wnn_dl� wglZevibcgh�wgljhibcghc� dhfi_gkZpbb�� dhlhjuc

iha\hey_l� k^_eZlv� \u\h^�� qlh� h[jZah\Zgb_� lj_o� bamq_gguo� dhfie_dkh\
ijhl_dZ_l� ih� _^bghfm� f_oZgbafm� k� mqZklb_f� obfbq_kdbo� k\ya_c�
jh^kl\_gguo�ih�k\h_c�ijbjh^_�
OBFBQ?KDB�FH>BNBPBJH<:GGU?�WE?DLJH>U�
L?HJ?LBQ?KDB?�IJH;E?FU�B�I?JKI?DLB<U�IJBF?G?GBY

FZcklj_gdh�<�G���KZi_evgbdh\Z�K�<�

;Zrdbjkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l
������� ]�MnZ� me�Njmga_� ��

H^gbf� ba� hkgh\guo� gZijZ\e_gbc� jZa\blby� \hevlZfi_jhf_ljbb

y\ey_lky�kha^Zgb_�^Zlqbdh\��iha\heyxsbo�[ukljh�b�k_e_dlb\gh�hij_^_eylv
g_hj]Zgbq_kdb_� bhgu� b� hj]Zgbq_kdb_� \_s_kl\Z� \� h[t_dlZo� hdjm`Zxs_c

kj_^u�

Ba\_klgh�� qlh� kZfuf� wnn_dlb\guf� kihkh[hf� m\_ebq_gby

nZjZ^__\kdh]h� lhdZ� \� \hevlZfi_jhf_ljbb�� iha\heyxsbf� gZ� g_kdhevdh
ihjy^dh\� kgbablv� ]jZgbpm� hij_^_ey_fuo� kh^_j`Zgbc�� y\ey_lky

dhgp_gljbjh\Zgb_� bkke_^m_fuo� dhfihg_glh\� gZ� ih\_joghklb

bg^bdZlhjgh]h� we_dljh^Z�� Ihwlhfm� ijbklZevgh]h� \gbfZgby� aZkem`b\Zxl
obfbq_kdb� fh^bnbpbjh\Zggu_� we_dljh^u�� [eZ]h^Zjy� \hafh`ghklb

kh\f_s_gby� ijhp_kkh\� dhgp_gljbjh\Zgby� b� hij_^_e_gby� bkke_^m_fuo
\_s_kl\�� Ijb� wlhf� bkke_^m_fuc� dhfihg_gl� ba� \h^gh]h� �hj]Zgbq_kdh]h�
jZkl\hjZ�dhgp_gljbjm_lky�\�h[t_f_�bg^bdZlhjgh]h�we_dljh^Z�\�j_amevlZl_
`b^dhklghc�� l\_j^hnZaghc� beb� f_f[jZgghc� wdkljZdpbb� k� ihfhsvx

ba[bjZl_evguo�`b^dbo��l\_j^uo�beb�ihebf_jguo�wdkljZ]_glh\��khj[_glh\
b�ihemijhgbpZ_fuo�f_f[jZg�

Fh^bnbpbjh\Zgb_�we_dljh^ghc�ih\_joghklb�fh`_l�[ulv�^hklb]gmlh
jZaebqgufb� kihkh[Zfb�� dhlhju_� ^he`gu� h[_ki_qb\Zlv� ijhqgmx� k\yav
we_dljhZdlb\gh]h�kh_^bg_gby�k�ih\_joghklvx�b�hkms_kl\e_gb_�k�\ukhdhc
kdhjhklvx� h[f_gZ� we_dljhgZfb�f_`^m� ih^eh`dhc� b� km[kljZlhf� \� h[t_f_
jZkl\hjZ� beb� gZ� ih\_joghklb� we_dljh^Z�� Fgh]hqbke_ggu_� f_lh^bdb

ijb]hlh\e_gby�fh^bnbpbjh\Zgguo�we_dljh^h\�\dexqZxl�\�k_[y�Z^khj[pbx
j_Z]_glZ� gZ� ih\_joghklb� we_dljh^Z�� obfbq_kdh_� ijb\yau\Zgb_� k

h[jZah\Zgb_f�dh\Ze_glguo�k\ya_c��\dexq_gb_�fh^bnbdZlhjZ�\�ihebf_jgmx
ie_gdm�beb�\�iZklm�ba�]jZnblh\uo�fZl_jbZeh\��Z�lZd`_�we_dljhobfbq_kdbc
kbgl_a� gZ� ih\_joghklb� we_dljh^Z� Kj_^b� wlbo� f_lh^h\� \Z`gh_� f_klh
aZgbfZ_l�jZajZ[hldZ�^Zlqbdh\�gZ�hkgh\_�m]hevguo�iZkl�

Ih� kjZ\g_gbx� k� ^jm]bfb� we_dljh^Zfb� m]hevgh�iZklh\u_� we_dljh^u
�MIW��h[eZ^Zxl�gZb[he__�jZa\blhc�jZ[hq_c�ih\_joghklvx�ijb�h^gbo�b�l_o
`_�jZaf_jZo��ihwlhfm�hgb�bf_xl�ih\ur_ggmx�Z^khj[pbhggmx�kihkh[ghklv
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ih�hlghr_gbx�d�^_iheyjbaZlhjm��Wlh�y\ey_lky�kms_kl\_gguf�g_^hklZldhf
\� mkeh\byo� deZkkbq_kdhc� \hevlZfi_jhf_ljbb�� h^gZdh� wlh� k\hckl\h�fh`gh
bkihevah\Zlv� ^ey� Z^khj[pbhggh]h� dhgp_gljbjh\Zgby� we_dljhZdlb\guo

kh_^bg_gbc�gZ�fh^bnbpbjh\Zgguo�MIW�\�bg\_jkbhgguo�f_lh^Zo�

<Z`ghc� ijh[e_fhc� y\ey_lky� hij_^_e_gb_� jZaebqguo� bahf_jh\

h^gh]h�b�lh]h�`_�kh_^bg_gby��ihkdhevdm�ih�lhdkbq_kdhfm�\ha^_ckl\bx�gZ
hj]Zgbaf� hgb� fh]ml� jZaebqZlvky� gZ� g_kdhevdh� ihjy^dh\�� Z� ijb

we_dljhobfbq_kdhf� hij_^_e_gbb� ^Z\Zlv� kb]gZeu� \� h^ghc� h[eZklb

ihl_gpbZeh\��Fh^bnbdZpb_c� ih\_joghklb� we_dljh^Z� �\� qZklghklb�� MIW�
j_Z]_glZfb�� bf_xsbfb� ki_pbnbq_kdb_� nmgdpbhgZevgu_� ]jmiiu�� fh`gh
kha^Zlv� ^ey� hij_^_ey_fh]h� \_s_kl\Z� lZdb_� mkeh\by�� dh]^Z� ZgZeblbq_kdbc
kb]gZe�[m^_l�ijZdlbq_kdb�ki_pbnbqguf�

<� dZq_kl\_� fh^bnbdZlhjh\� fh]ml� [ulv� \u[jZgu� kh_^bg_gby�
bkihevamxsb_ky� \� ZgZeblbq_kdhc� obfbb� \� dZq_kl\_� k_e_dlb\guo

wdkljZ]_glh\� ^ey� jZa^_e_gby� [ebadbo� ih� k\hckl\Zf� \_s_kl\�� b

f_edh^bki_jkgu_� khj[_glu�� ijbf_gyxsb_ky� ^ey� ba[bjZl_evgh]h

dhgp_gljbjh\Zgby� fbdjhijbf_k_c� b� ojhfZlh]jZnbq_kdh]h� jZa^_e_gby

bahf_jguo� kh_^bg_gbc�� GZijbf_j�� ijb� bkihevah\Zgbb� MIW�
fh^bnbpbjh\Zgguo� jZaebqgufb� ojhfZlh]jZnbq_kdbfb� nZaZfb� �`b^dbfb
g_ih^\b`gufb� nZaZfb�� ihjbklufb� ihebf_jgufb� khj[_glZfb� k_jbc

IhjZiZd� b� K_iZjhg�� fh`gh� k_e_dlb\gh� hij_^_eylv� h�gbljhn_ghe� \

ijbkmlkl\bb� ba[uldZ� i�gbljhn_gheZ�� h�gbljhZgbebg� \� ijbkmlkl\bb� iZjZ-
bahf_jZ�

Ihfbfh�k_e_dlb\gh]h�hij_^_e_gby�bahf_jh\�hj]Zgbq_kdbo�\_s_kl\�
fh^bnbpbjh\Zggu_� \hevlZfi_jhf_ljbq_kdb_� k_gkhju� h[_ki_qb\Zxl

ba[bjZl_evgh_�hij_^_e_gb_�jZaebqguo�kh_^bg_gbc��h[eZ^Zxsbo�[ebadbfb
hdbkebl_evgh�\hkklZgh\bl_evgufb�k\hckl\Zfb��eb[h�bg_jlguo�gZ�h[uqguo
we_dljh^Zo��LZd��gZ�MIW��fh^bnbpbjh\Zgguo�g_dhlhjufb�kbebdZ]_eyfb�b
ihjbklufb� ihebf_jgufb� khj[_glZfb�� fh`gh� k_e_dlb\gh� hij_^_eylv

oehjbjh\Zggu_� n_gheu� \� ijbkmlkl\bb� ����djZlgh]h� ba[uldZ

g_aZf_s_ggh]h�n_gheZ�

Ke_^mxsbc� wlZi�bkke_^h\Zgbc�\�h[eZklb�bkihevah\Zgby�obfbq_kdb
fh^bnbpbjh\Zgguo�we_dljh^h\�^he`_g�[ulv�k\yaZg�k�jZajZ[hldhc�l_hjbb�
iha\heyxs_c� h[hkgh\Zggh� ij_^kdZau\Zlv� baf_g_gb_� k\hckl\� we_dljh^h\
ijb� aZdj_ie_gbb� gZ� bo� ih\_joghklb� l_o� beb� bguo� kh_^bg_gbc�� Ke_^m_l
bf_lv�\�\b^m��qlh�k\hckl\Z�OFW�g_�\k_]^Z�y\eyxlky�kmffhc�k\hckl\�kZfh]h
we_dljh^Z�b�fh^bnbdZlhjZ�

LZdbf� h[jZahf�� \� ihke_^g__� ^_kylbe_lb_� \� we_dljhZgZeblbq_kdhc
obfbb� gZ� klud_� we_dljhobfbb�� g_hj]Zgbq_kdhc�� hj]Zgbq_kdhc�
we_f_glhhj]Zgbq_kdhc�� dheehb^ghc� obfbb�� obfbb� \ukhdhfhe_dmeyjguo
kh_^bg_gbc��Z^khj[pbb�b�dZlZebaZ�keh`behkv�gh\h_�gZmqgh_�gZijZ\e_gb_�±
\hevlZfi_jhf_ljby�k�OFW�
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K?E?DLB<GH?�<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?
A:F?S?GGUO�N?GHEH<�G:�M=HEVGH�I:KLH<UO
WE?DLJH>:O��FH>BNBPBJH<:GGUO�IHJBKLUFB

IHEBF?JGUFB�KHJ;?GL:FB

FZcklj_gdh�<�G���KZi_evgbdh\Z�K�<���Bevykh\Z�J�J�

;Zrdbjkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l
������� ]�MnZ� me�Njmga_� ��

Kj_^b� ]eh[Zevguo� aZ]jyagbl_e_c� hdjm`Zxs_c� kj_^u� agZqbl_evgh_
f_klh� aZgbfZxl� ijhba\h^gu_� n_gheZ�� \� qZklghklb�� oehjijhba\h^gu_� b
gbljhn_gheu�� <Z`ghc� ijh[e_fhc� y\ey_lky� hij_^_e_gb_� jZaebqguo

bahf_jh\� h^gh]h� b� lh]h� `_� kh_^bg_gby�� Z� lZd`_� aZf_s_gguo� n_gheh\� \
ijbkmlkl\bb� g_aZf_s_ggh]h� n_gheZ�� ihkdhevdm� ih� lhdkbq_kdhfm

\ha^_ckl\bx� gZ� hj]Zgbaf� hgb� jZaebqZxlky� gZ� g_kdhevdh� ihjy^dh\�� Z� ijb
we_dljhobfbq_kdhf� hij_^_e_gbb� ^Zxl� kb]gZeu� \� h^ghc� h[eZklb

ihl_gpbZeh\�� Bkihevah\Zgb_� fh^bnbpbjh\Zgguo� m]hevgh�iZklh\uo
we_dljh^h\� �MIW�� iha\hey_l� k_e_dlb\gh� dhgp_gljbjh\Zlv� b� hij_^_eylv
h^bg�ba�bahf_jh\� \�ijbkmlkl\bb�ba[uldZ� ^jm]h]h�� Z� lZd`_� \� ijbkmlkl\bb
^jm]h]h� kh_^bg_gby�� ^Zxs_]h� we_dljhobfbq_kdbc� hldebd� ijb� l_o� `_
ihl_gpbZeZo

:\lhjZfb�[ueh�bamq_gh�\hevlZfi_jhf_ljbq_kdh_�ih\_^_gb_�n_gheZ�
hjlh�oehjn_gheZ�������b�����^boehjn_ghehZ��������ljboehjn_gheZ��hjlh��b
iZjZ�bahf_jh\� gbljhn_gheZ� b� ����^bgbljhn_gheZ� gZ� MIW�
fh^bnbpbjh\Zgguo�ihjbklufb�ihebf_jgufb�khj[_glZfb��HilbfZevgufb
mkeh\byfb� dhgp_gljbjh\Zgby� b� we_dljhhdbke_gby� n_gheh\� gZ

fh^bnbpbjh\Zgguo�MIW� y\eyxlky� jG� ���� �Zp_lZlguc� [mn_j�� gZ� klZ^byo
gZdhie_gby�b�j_]bkljZpbb�^ey�g_aZf_s_ggh]h�b�oehjbjh\Zgguo�n_gheh\�b
jG� �� gZ� klZ^bb� gZdhie_gby�� jG� ���� gZ� klZ^bb� j_]bkljZpbb� ^ey

gbljhijhba\h^guo�n_gheZ��GZdhie_gb_� ^_iheyjbaZlhjZ� hkms_kl\eyehkv� \
l_q_gb_� �� fbgml� ijb� jZahfdgmlhc� p_ib�� <hevlZfi_jh]jZffu� kgbfZebkv
ijb� Zgh^ghc� jZa\_jld_� ihl_gpbZeh\� hl� �� ^h� ��� <�� <� dZq_kl\_

fh^bnbdZlhjh\�^ey�MIW�bkihevah\Zebkv�ihjbklu_�ihebf_jgu_� khj[_glu
klbjhkhj[��ihebkhj[����ihebojhf����nemhjhiZd�

Bkke_^m_fu_� kh_^bg_gby� hdbkeyxlky� gZ� l\_j^uo� we_dljh^Zo� ijb

ihl_gpbZeZo� �����÷������ <� �n_ghe� b� oehjn_gheu�� b� �����÷������ <
�gbljhn_gheu�� \� aZ\bkbfhklb� hl� qbkeZ� b� jZkiheh`_gby� aZf_klbl_e_c� \
y^j_�� GZ� \k_o� fh^bnbpbjh\Zgguo� MIW� n_ghe�� iZjZ�gbljhn_ghe� b� ����
^bgbljhn_ghe� g_� ^Zxl� kb]gZeZ� \� bamqZ_fhf� ^bZiZahg_� dhgp_gljZpbc�
Bamq_gZ� Z^khj[pby� bahf_jh\� gbljhn_gheZ� b� ����^bgbljhn_gheZ� gZ

ki_dljZevgh� qbklhf� ]jZnbl_�� H[gZjm`_gZ� \aZbfhk\yav� f_`^m

qm\kl\bl_evghklvx� we_dljh^Z� d� jZaebqguf� bahf_jZf� b� \_s_kl\Zf� b� bo
Z^khj[pb_c�gZ�]jZnbl_�

IhdZaZgZ� \hafh`ghklv� k_e_dlb\h]h� hij_^_e_gby� gZ

fh^bnbpbjh\Zgguo� ihjbklufb� ihebf_jgufb� khj[_glZfb� MIW� h-
oehjn_gheZ�������b�����^boehjn_gheh\��������ljboehjn_gheZ�\�ijbkmlkl\bb



147
����djZlgh]h�ba[uldZ�n_gheZ�b�h�gbljhn_gheZ�\�ijbkmlkl\bb�����djZlgh]h
ba[uldZ� iZjZ�bahf_jZ� b� ����^bgbljhn_gheZ�� KjZ\g_gb_� bkoh^guo

dhgp_gljZpbc�k�gZc^_ggufb�ih�f_lh^m�^h[Z\hd�iha\heyxl�k^_eZlv� \u\h^
h[�hlkmlkl\bb�kbkl_fZlbq_kdbo�ih]j_rghkl_c�ijb�ZgZeba_�
LHEKLHIE?GHQGU?�FH>BNBPBJH<:GGU?�=J:NBLH<U?
WE?DLJH>U�<�BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB

FZeZoh\Z�G�:���Klh`dh�G�X�

MjZevkdbc ]hkm^Zjkl\_gguc wdhghfbq_kdbc mgb\_jkbl_l�

������� ?dZl_jbg[mj]� � FZjlZ ���

l_e��nZdk �� �� ��� (�PDLO� ED]#XVXH�UX

>hklZlhqgh� rbjhdh_� ijbf_g_gb_� f_lh^Z� bg\_jkbhgghc

\hevlZfi_jhf_ljbb� \� kh\j_f_gghc� ZgZeblbq_kdhc� ijZdlbd_� k\yaZgh� g_
lhevdh� k� _]h� hkh[_gghklyfb� �gbadb_� ij_^_eu� h[gZjm`_gby� �� \ukhdZy
k_e_dlb\ghklv�� e_]dhklv� Z\lhfZlbaZpbb� b� dhfivxl_jbaZpbb� ijb

hlghkbl_evghc� ijhklhl_� b� ^_r_\bag_� ZiiZjZlmju��� gh� b� k� aZf_ghc

lhdkbqguo� jlmlguo� we_dljh^h\� gZ� l\_j^u_� f_lZeebq_kdb_� �ahehlh�
\hevnjZf�� ieZlbgZ� b� ^j��� b� m]e_jh^gu_� �kl_dehm]e_jh^�� m]e_kblZee�
ibjh]jZnbl�� bfij_]gbjh\Zgguc� ]jZnbl���H^gZdh�� bkihevah\Zgb_� l\_j^uo
we_dljh^h\� hkeh`g_gh� g_h[oh^bfhklvx� lsZl_evghc� �jmqghc��
f_oZgbq_kdhc� ih^]hlh\db� b� j_]_g_jZpbb� bo� ih\_joghklb� \� ijhp_kk_
wdkiemZlZpbb� ^ey� h[_ki_q_gby� g_h[oh^bfuo� f_ljheh]bq_kdbo

oZjZdl_jbklbd� ZgZebaZ�� Ijbf_g_gb_� lheklhie_ghqguo� ]jZnblh\uo

we_dljh^h\� �L=W��� \uimkdZ_fuo� \� gZklhys__� \j_fy� HHH

©B<:ª�?dZl_jbg[mj]��� iha\hey_l� iheghklvx� bkdexqblv� ijhp_^mjm

f_oZgbq_kdhc� h[jZ[hldb� ih\_joghklb� we_dljh^h\� b� bkihevah\Zlv

we_dljhobfbq_kdmx�iheyjbaZpbx�^ey�j_]_g_jZpbb�ih\_joghklb�we_dljh^Z�
>ey�hij_^_e_gby�ZfZev]Zfhh[jZamxsbo�f_lZeeh\��Cu, Pb, Cd, Zn, Sn b�^j��
ij_^eZ]Z_lky� bkihevah\Zlv� L=W�� ij_^\Zjbl_evgh� fh^bnbpbjh\Zggu_

fbdjhdhebq_kl\Zfb� fZehjZkl\hjbfuo� �hj]Zgbq_kdbo� b� g_hj]Zgbq_kdbo�
kh_^bg_gbc� jlmlb� �FL=W��� qlh� iha\hey_l� bkdexqblv� g_� lhevdh

bkihevah\Zgb_� f_lZeebq_kdhc� jlmlb�� gh� b� jZkl\hjh\� jlmlb� �II) �� dhlhju_
h[uqgh� \\h^yl \� ZgZebabjm_fuc� jZkl\hj� ijb� jZ[hl_� k� l\_j^ufb

we_dljh^Zfb� \� j_`bf_� in situ. GZb[he__� klZ[bevgu_� b� \hkijhba\h^bfu_
j_amevlZlu� ihemq_gu� ijb� bkihevah\Zgbb� \� dZq_kl\_� fh^bnbdZlhjh\

^bwlbe^blbhdZj[ZfbgZlZ�jlmlb�b�ibjjheb^bg^blbhdZj[ZfbgZlZ�jlmlb (lbi
��� b� dZehf_eb� �lbi� ��� Ijb� hij_^_e_gbb� f_^b� ij_^ihqlbl_evg__

bkihevah\Zlv�we_dljh^���lbiZ��ihkdhevdm�f_^v�k\yau\Z_lky�gZ�ih\_joghklb
we_dljh^h\� �� lbiZ� \� ijhqgu_� dhfie_dkgu_� kh_^bg_gby�� qlh� kms_kl\_ggh

aZljm^gy_l� ijhp_kk� we_dljhobfbq_kdhc� j_]_g_jZpbb� b� mom^rZ_l

\hkijhba\h^bfhklv�baf_j_gbc��Ijb�jZ[hl_�k�FL=W�ZgZebabjm_fuc�jZkl\hj
aZ]jyagy_lky� bhgZfb� jlmlb� kms_kl\_ggh� f_gvr_�� q_f� ijb� bkihevah\Zgbb
jlmlgh�]jZnblh\h]h� we_dljh^Z� �� n x10-7�F� b� n x10-5 

F� khhl\_lkl\_ggh��
Ij_^_eu� h[gZjm`_gby� bhgh\� f_lZeeh\� ijb� bkihevah\Zgbb� FL=W� �� b� �
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lbih\�khklZ\eyxl� ���� �� ��fd]�e�\� aZ\bkbfhklb�hl�hij_^_ey_fh]h�we_f_glZ�
L=W�� ij_^\Zjbl_evgh� fh^bnbpbjh\Zggu_� fZehjZkl\hjbfuf

ibjjheb^bg^blbhdZj[ZfbgZlhf�ahehlZ��III) �FL=W��lbi�����ij_^eh`_gu�^ey
hij_^_e_gby� bhgh\� jlmlb� �II) � \� ijbjh^guo� b� klhqguo� \h^Zo� \� bgl_j\Ze_
������������fd]�e�

Kjhd� ojZg_gby� FL=W� h^bg� ]h^� k� fhf_glZ� ba]hlh\e_gby�� FL=W

fh`gh�bkihevah\Zlv�\�l_q_gb_��������qZkh\�g_ij_ju\ghc�jZ[hlu�

FL=W�� ih� gZr_fm� fg_gbx�� \iheg_� ^hklhcgu� klZlv� Zevl_jgZlb\hc
h[s_ijbgyluf� \� ijZdlbd_� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� we_dljh^Zf�
jlmlguf��jlmlgh�ie_ghqguf��ahehluf�b�ahehlh�ie_ghqguf�
F?O:GBAF�BG=B;BJH<:GBY�BH>B>�±�BHG:FB
D:L:EBLBQ?KDHC�IHEYJH=J:NBQ?KDHC�IJ?><HEGU�<

KBKL?F:O�7I(IV) – H2SO4 – SCN-,TI(IV) – H2SO4 – H2C2O4

FZemdZ�E�F���Guj_gdh\�:�<�

Dm[Zgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l

Ijh\_^_gh�bkke_^h\Zgb_�oZjZdl_jZ� \ebygby�^h[Z\hd�bh^b^� ±�bhgh\
gZ�dZlZeblbq_kdb_�ijhp_kku�we_dljh\hkklZgh\e_gby�lblZg��,9��\�jZkl\hjZo
k_jghc� dbkehlu� \� ijbkmlkl\bb� 6&1-_� bhgh\� b�G2K2H4 . <� khhl\_lkl\bb� k
^Zggufb� jZ[hlu� >�@� k_jgZy� dbkehlZ� y\ey_lky� dhfie_dkhh[jZamxsbf

we_dljheblhf�� gh� dZlZeblbq_kdZy� ij_^\hegZ� gZ[ex^Z_lky� ebrv� ijb� K
(H2SO4�� !� �� fhev� �^f

3� �� <� ^Zgghf� bkke_^h\Zgbb� K� �+2SO4) = 0,1 – 0,25
fhev�^f3� �� DZlZeblbq_kdbc� wnn_dl� k\yaZg� k� ijbkmlkl\b_f� \

iheyjh]jZnbjm_fuo�jZkl\hjZo�jh^Zgb^�±�bhgh\� �K�6&1-)=3∗10-3 
fhev�^f� �

b�G2K2H4��K�G2K2H4)=1∗10-3�fhev�^f3).
H[gZjm`_gh� agZqbl_evgh_� kf_s_gb_� ihl_gpbZeZ� ihem\hegu

dZlZeblbq_kdhc� ij_^\hegu� lblZgZ� �,9�� \� klhjhgm� [he__� hljbpZl_evguo
agZq_gbc�ihl_gpbZeZ�ijb�\\_^_gbb�\�kbkl_fm�+2SO4 – H2C2O4�\_kvfZ�fZeuo

dhebq_kl\� bh^b^�bhgh\� �n∗10-5
fhev�^f3��� Ijb� ^Zevg_cr_f� m\_ebq_gbb

kh^_j`Zgby� bh^b^�bhgh\� ^h� �∗10-3� fhev�^f3� bgl_gkb\ghklv� kf_s_gby

ihl_gpbZeZ� ihem\hegu� d� [he__� hljbpZl_evguf� agZq_gbyf� aZf_^ey_lky��<
jZkl\hjZo�+2SO4 – SCN-�bhgu�gZ[ex^Z_lky�fhghlhggh_�b�]hjZa^h�f_gvr__

ih� \_ebqbg_� kf_s_gb_� ihl_gpbZeZ� ihem\hegu� d� hljbpZl_evguf

ihl_gpbZeZf�ijb�\\_^_gbb�l_o�`_�dhebq_kl\�bh^b^�bhgh\�

K� jhklhf� dhgp_gljZpbb� bh^b^�bhgh\� ieZlh� ij_^_evgh]h� lhdZ

ij_^\hegu� b� \� hdkZeZlguo�� b� \� jh^Zgb^guo� jZkl\hjZo� bkq_aZ_l�� qlh
mdZau\Z_l�gZ�lhjfh`_gb_�klZ^bb�i_j_ghkZ�we_dljhgZ��Ijbq_f�\�hdkZeZlguo
jZkl\hjZo� iheyjh]jZnbq_kdbc� dhwnnbpb_gl� i_j_ghkZ� dZlZeblbq_kdh]h

jZajy^Z� lblZgZ� �,9�� mf_gvrZ_lky� hl� ����� �K� �I-� �� fhev� ^f3�� ^h� ����

�K��I-)=5 ∗10-5�fhev�^f3���ijb�^Zevg_cr_f�m\_ebq_gbb�dhgp_gljZpbb�bh^b^�
bhgh\� gZ[ex^Z_lky� m\_ebq_gb_� \_ebqbgu� dhwnnbpb_glZ� i_j_ghkZ� \iehlv
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^h�������K��I-)=5 ∗10-3�fhev�^f3���<�jh^Zgb^ghc�kbkl_f_�fbgbfmf�\_ebqbgu

dhwnnbpb_glZ�i_j_ghkZ�gZoh^blky�ijb�K��I-)=5 ∗10-4�fhev�^f3,
K^_eZgh� ij_^iheh`_gb_�� qlh� hibkZggu_� wnn_dlu� k\yaZgu� k

Z^khj[pb_c� bh^b^�bhgh\� b� Z^khj[pb_c� we_dljhobfbq_kdb� Zdlb\gh]h

dhfie_dkZ�lblZgZ��,9��gZ�ih\_joghklb�jlmlgh]h�we_dljh^Z�b��dZd�ke_^kl\b_�
\� [hevr_c� f_j_� ijhy\eyxlky� \� kbkl_f_� 7L� �,9�� ±� +2SO4 – H2C2O4� k
ih\_joghklghc� ijbjh^hc� ij_^\hegu� \� hlebqbb� hl� h[t_fguo� ijhp_kkh\� \

ijbkmlkl\bb� jh^Zgb^�bhgh\� [2]�� H^gZdh�� k� mq_lhf� mjh\gy� kh^_j`Zgby
bh^b^�bhgh\� \� jZkl\hjZo� wlb� wnn_dlu� g_� fh]ml� [ulv� h[tykg_gu� gb
ijhkluf�[ehdbjh\Zgb_f�ih\_joghklb�we_dljh^Z�Z^khj[bjh\Zggufb�bh^b^�

bhgZfb�� gb� baf_g_gb_f� kj_^g_]h� agZq_gby� ψ�ihl_gpbZeZ� gZ� \g_rg_c

iehkdhklb� =_evf]hevpZ�� Z� k\yaZgu� k� ^bkdj_lguf� kljh_gb_f� ^\hcgh]h
we_dljbq_kdh]h� kehy� \� iehkdhklb� we_dljhobfbq_kdhc� klZ^bb

we_dljhdZlZeblbq_kdhc�j_Zdpbb�jZajy^Z�dhfie_dkh\�lblZgZ��,9��

Ebl_jZlmjZ

�� Lmjvyg Y�B�� FZemdZ E�F���@mjg�H[s_c obfbb������L�L1(CXIII �\��� K�����

�� Lmjvyg Y�B�� Jm\bgkdbc H�?�� AZcp_\ I�F� Iheyjh]jZnbq_kdZy dZlZebf_ljby�
F��Obfby� ����� ���k�
WE?DLJH:G:EBLBQ?KDB?�K<HCKL<:�G?DHLHJUO
IE?GHQGUO�HDKB>GUO�WE?DLJH>H<

FZjbgbgZ�=��B���J_agbd�F��N���=hj^b_gdh�I��K�

>Zevg_\hklhqguc ]hkm^Zjkl\_gguc mgb\_jkbl_l�

������� ]� <eZ^b\hklhd� Hdly[jvkdZy� ��

Ih\_^_gb_�f_lZeehdkb^guo�we_dljh^h\��FHW��aZ\bkbl�hl�k\hckl\�bo
ih\_joghklghc� hdkb^ghc� ie_gdb�� <� k\yab� k� wlbf� l_hj_lbq_kdbc� b

ijZdlbq_kdbc� bgl_j_k� ij_^klZ\ey_l� bkke_^h\Zgb_� ie_ghd� hdkb^h\

f_lZeeh\��gZg_k_gguo�gZ�jZaebqgu_�ih^eh`db�

<� jZ[hl_� khihklZ\e_gu� oZjZdl_jbklbdb� ie_ghqguo�FHW� �IFHW��
ihemq_gguo� jZaebqgufb� kihkh[Zfb�� gZ� ijbf_j_� lbljh\Zgby� dhfihg_glh\
h[jZlbfuo� hdbkebl_evgh�\hkklZgh\bl_evguo� kbkl_f� >`_e_ah�R��� f_^b

�,,�@�� dhfie_dkhghf� ,,,�� F_lh^u� ihemq_gby� IFHW� �� ibjheblbq_kdbc�
]Zev\Zghibjheblbq_kdbc�� fbdjh^m]h\h]h� hdkb^bjh\Zgby� �� gZ� lblZgh\hc
ih^eh`d_�� Ijb� \uy\e_gbb� bg^bdZlhjguo� k\hckl\� gZ� ijbf_j_� heh\h�
kmjvfygh]h� b� g_dhlhjuo� ^jm]bo� we_dljh^h\� bamqZeb� f_oZgbaf� j_Zdpbb�
hij_^_eyxs_c�ihl_gpbZe�we_dljh^Z�jy^hf�f_lh^h\� �kgylb_�dbg_lbq_kdbo�
dhgp_gljZpbhgguo�� \hevlZfi_jguo� djb\uo�� hij_^_e_gb_� lhqdb� gme_\h]h
aZjy^Z� �l�� g�� a��� �� jGh�� DZq_kl\_ggmx� hp_gdm� khklhygby� ih\_joghklb
ijh\h^beb�f_lh^hf�jZkljh\hc�we_dljhgghc�fbdjhkdhibb�

MklZgh\e_gZ� khihklZ\bfhklv� ZgZeblbq_kdh]h� kb]gZeZ� b� f_oZgbaf
^_ckl\by� ijb� ihl_gpbhf_ljbq_kdhc� bg^bdZpbb� d�� l�� l�� j_Zdpbb� f_^v�I��
dhfie_dkhg� ,,,� ^ey� ba\_klguo� ieZlbgh\h]h�� \bkfmlh\h]h�FHW� b� IFHW�
ba]hlh\e_gguo�ibjheblbq_kdbf�b�]Zev\Zgh�ibjheblbq_kdbf�f_lh^Zfb�
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<uy\e_gZ� ihl_gpbZehij_^_eyxsZy� jhev� ^ey� IFHW� mqZklgbdh\
lbljh\Zgby�b�g_agZqbl_evgh_�\ebygb_�ijh^mdlh\�j_Zdpbb��MklZgh\e_g�nZdl
Z^khj[pbb�b�fh^bnbdZpbb�ih\_joghklb�ibjheblbq_kdh]h�heh\h�kmjvfygh]h
IFHW�bhgZfb�f_gvr_c�kl_i_gb�hdbke_gby�
F?LH>�IHL?GPBHKL:LBQ?KDHC�DMEHGHF?LJBB�>EY
HIJ?>?E?GBY�OJHF:�B�F?>B�IJB�BO�KH<F?KLGHF

IJBKMLKL<BB

FZjdh\Z�B�<�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B�<_jgZ^kdh]h J:G
������� =KI � �� Fhkd\Z� me� Dhku]bgZ� ��� PDUNRYD#JHRNKL�UX

Ihke_^g__� \j_fy� \� k\yab� k� ^Zevg_crbf� jZa\blb_f

k\_joijh\h^gbdh\hc� l_fZlbdb� ihy\bebkv� khh[s_gby� h� kbgl_a_� gh\uo
<LKI�� lbiZ� &X&U6U&D2�� Mqblu\Zy� \hafh`ghklv� \ukhdhlhqgh]h

hij_^_e_gby� fZdjhdhihg_glh\� <LKI� f_lh^hf� ihl_gpbhklZlbq_kdhc

dmehghf_ljbb��[ueh�ijh\_^_gh�bkke_^h\Zgb_�^ey�gZoh`^_gby�hilbfZevguo
mkeh\bc� hij_^_e_gby� &U�9,�� b� &X�,,�� ijb� bo� kh\f_klghf� ijbkmlkl\bb� \
fh^_evguo� jZkl\hjZo�� Ijb� dmehghf_ljbq_kdhf� hij_^_e_gbb

bgl_j_kmxs_]h� gZk� we_f_glZ� hilbfZevgufb� y\eyxlky� l_� mkeh\by�� ijb
dhlhjuo�h[_�nhjfu� hdbkebl_evgh� �� \hkklZgh\bl_evghc� kbkl_fu�� \�gZr_f

kemqZ_� wlh� &U�9,�� �!� &U�,,,��� hklZxlky� \� jZkl\hj_�� F_lh^hf

\hevlZfi_jhf_ljbb�gZ�3W���we_dljh^_�[ueh�bkke_^h\Zgh�ih\_^_gb_�&U�9,��b
&X�,,��\�jZkl\hjZo�+2SO4�k�dhgp_gljZpb_c�ihke_^g_c�hl�������^h�����F� GZ
,�(� �� djb\hc�� kgylhc� \� jZkl\hj_� ����F� +2SO4�� kh^_j`Zs_f� ojhfZl�bhgu�
[ue� ihemq_g� ibd� lhdZ� \hkklZgh\e_gby� &U�9,�� �!� &U�,,,��� ?max�  � ���<
�kdhjhklv�baf_g_gby�ihl_gpbZeZ� �f<�F�� we_dljh^� �� 3W� �� k_ldZ���Hdbke_gb_
&U�,,,���!�&U�9,��\�wlbo�mkeh\byo�ijhl_dZ_l�k�?max ������������<�

Hij_^_e_gb_� ojhfZ� \_^_lky� ih� j_Zdpbb� \hkklZgh\e_gby� ijb

ihl_gpbZe_� ���<�� <� h^ghc� Zebd\hl_� fh`gh� ijh\h^blv� lhevdh� _^bgbqgh_
hij_^_e_gb_� &U�9,��� lZd� dZd� h[jZlgh_� dhebq_kl\_ggh_� we_dljhhdbke_gb_
&U�,,,�� �!�&U�9,��ijb� mdZaZgguo� \ur_� ihl_gpbZeZo� aZljm^g_gh��H^gZdh�� \
h^ghc�Zebd\hl_�fh`gh�ijh\h^blv�fgh]hdjZlgh_�hij_^_e_gb_�&U�9,���^_eZy
ihke_^h\Zl_evgh� g_kdhevdh� ^h[Z\hd� jZkl\hjZ� �� kh^_j`Zs_]h� bhgu

ojhfZ�9,��� lZd� dZd� ijbkmlkl\b_� \� ZgZebabjm_fhf� jZkl\hj_� bhgh\� &U�,,,��
ihemq_gguo� ihke_� j_Zdpbb� \hkklZgh\e_gby�� g_� \eby_l� gZ� \_ebqbgm

ih]j_rghklb�������b�\hkijhba\h^bfhklb���Vr  �����������������hij_^_e_gby
&U�9,���HilbfZevgh_� kh^_j`Zgb_� bhgh\� ojhfZ� \� ZgZebabjm_fhf� jZkl\hj_
khklZ\ey_l�hl�����^h�����f]�

Ijb� bkihevah\Zgbb� \� dZq_kl\_� nhgZ� jZkl\hjh\� +2SO4� \hafh`gh
dmehghf_ljbq_kdh_� hij_^_e_gb_� &U�9,�� b� &X�,,�� ijb� bo� kh\f_klghf

ijbkmlkl\bb��<�^Zgguo�mkeh\byo�\hkklZgh\e_gb_�f_^b�,,��b^_l�ih�j_Zdpbb
&X�,,�� �!� &X���� k� ?max ����<� [_a� ijhf_`mlhqgh]h� khklhygby� �� &X�,��
Hdbke_gb_� &X���� �!� &X�,,�� ijhl_dZ_l� k� ?max ���<�� Mqblu\Zy�� qlh
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&U�9,���!�&U�,,,��\hkklZgZ\eb\Z_lky�ijb�[he__�iheh`bl_evguo�ihl_gpbZeZo�
q_f�ijhl_dZ_l�\hkklZgh\e_gb_���hdbke_gb_�f_^b��fh`gh�ijh\h^blv�\�h^ghc
Zebd\hl_�_^bgbqgh_�hij_^_e_gb_�&U�9,��b�fgh]hdjZlgh_�hij_^_e_gb_�&X�,,�
ih� j_Zdpbb� KX�,,�� �� �� !� &X����� ijb� ihl_gpbZeZo� �� ����<� ^ey� j_Zdpbb
\hkklZgh\e_gby� b� ���<� ^ey� j_Zdpbb� hdbke_gby�� k� ih]j_rghklvx� a����� b
ohjhr_c� \hkijhba\h^bfhklvx�� Vr�  � ������ �� ������Ijbkmlkl\b_� \� jZkl\hj_
bhgh\� &U�,,,�� g_� \eby_l� gZ� lhqghklv� b� \hkijhba\h^bfhklv� hij_^_e_gby
f_^b��>himklbfu_�khhlghr_gby�kh^_j`Zgby�KU�9,��&X�,,��\�ZgZebabjm_fhf
jZkl\hj_�khklZ\ey_l�����ijb�kh^_j`Zgbb�ojhfZ����f]�b������ijb��f]�ojhfZ�\
jZkl\hj_�

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_
Jhkkbckdhc�=hkijh]jZffu�©:dlmZevgu_�gZijZ\e_gby
\�nbabd_�dhg^_gkbjh\Zgguo�kj_^ª�ih�gZijZ\e_gbx
©K\_joijh\h^bfhklvª�
WE?DLJHOBFBQ?KDB?�HKH;?GGHKLB
FH>BNBPBJH<:GGH=H�M=E?JH>GH�<HEHDGBKLH=H

WE?DLJH>:��M<W�

FZlZdh\Z�J�G���;Z^Z\Zfh\Z�=�E�

DZa=m bf� Zev�NZjZ[b� ]� :efZlu� me� DZjZkZc [ZlujZ ��:

AZ^Zqb� dhgljhey� jZaebqguo� ijhba\h^kl\� b� h[t_dlh\� hdjm`Zxs_c

kj_^u� lj_[mxl� ihbkdZ� gh\uo� we_dljh^guo� fZl_jbZeh\�� iha\heyxsbo

ZgZebabjh\Zlv�we_dljhobfbq_kdbfb�f_lh^Zfb�gbadb_�kh^_j`Zgby�f_lZeeh\
ijb� [hevr_c� dhfihg_glghklb� ZgZebabjm_fh]h� h[t_dlZ� k� [he__� \ukhdhc
lhqghklvx��\hkijhba\h^bfhklvx�b�k_e_dlb\ghklvx�

<�k\yab�k� wlbf�g_h[oh^bfh�gZdhie_gb_� wdki_jbf_glZevguo�^Zgguo
ih� hkh[_gghklyf� jZajy^Z�bhgbaZpbb� f_lZeeh\� gZ� gh\uo

fh^bnbpbjh\Zgguo�we_dljh^Zo�b�jZajZ[hldZ�gZ�wlhc�hkgh\_�]hklbjh\Zgguo
f_lh^bd� hij_^_e_gby� f_lZeeh\�� ^Zxsbo� \hafh`ghklv� ZgZebabjh\Zlv

keh`gu_�h[t_dlu�

K� wlhc� p_evx� ijh\_^_gh� kjZ\gbl_evgh_� bg\_jkbhggh�
\hevlZfi_jhf_ljbq_kdh_� bkke_^h\Zgb_� jZajy^Z�bhgbaZpbb� jZaebqguo� ih
we_dljhobfbq_kdhc� Zdlb\ghklb� f_lZeeh\� �&X�� 3E�� =Q�� \� jZkl\hjZo

jZaebqghc�ijbjh^u�b�dbkehlghklb�gZ�M<�b�KM�we_dljh^Zo�\�hlkmlkl\bb�b
ijbkmlkl\bb�`b^dh]h�fh^bnbdZlhjZ��jlmlb��

<uy\e_gu�ij_bfms_kl\Z�hij_^_e_gby�gbadbo�kh^_j`Zgbc�&X�b�3E�gZ
M<W� we_dljh^Zo�ih� kjZ\g_gbx� kh�KMW��[hevrbc�bgl_j\Ze� hij_^_ey_fuo
kh^_j`Zgbc�� emqrZy� \hkijhba\h^bfhklv� b� \ukhdZy� qm\kl\bl_evghklv

ZgZeblbq_kdh]h� kb]gZeZ�� Khj[pbhggu_� k\hckl\Z� m]e_jh^gh]h� \hehdgZ� b
fh^bnbpbjh\Zgb_�_]h�ih\_joghklb�jlmlvx�\�agZqbl_evghc�f_j_�ih\urZxl

kl_i_gv� we_dljhdhgp_gljbjh\Zgby� bkke_^h\Zgguo� f_lZeeh\�� qlh� \_kvfZ
iheh`bl_evgh� kdZau\Z_lky� gZ� ij_^_e_� hij_^_e_gby� b� f_ljheh]bq_kdbo
iZjZf_ljZo�we_dljhZgZebaZ�
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AZkem`b\Z_l� hkh[h]h� \gbfZgby� mklZgh\e_gguc� gZfb� nZdl�� qlh

we_dljh^gh_� \hehdgh�� dZd� we_dljh^guc� fZl_jbZe�� iha\hey_l� hij_^_eylv
we_dljhiheh`bl_evgu_� f_lZeeu� �&X�� 3E�� k� lhc� `_� qm\kl\bl_evghklvx� b
f_ljheh]bq_kdbfb�iZjZf_ljZfb��qlh�b�we_dljhhljbpZl_evgu_�f_lZeeu�

MklZgh\e_gh�� qlh� [he__� kbevgZy� khj[pby� ih\_joghklb� m]e_jh^gh]h
\hehdgZ� \h^hjh^hf� h]jZgbqb\Z_l� \hafh`ghklb� bg\_jkbhggh�
\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� gZ� M<W� \_kvfZ

we_dljhhljbpZl_evguo�f_lZeeh\�lZdbo��dZd��gZijbf_j�pbgd�

KhihklZ\e_gb_� we_dljh^guo� fZl_jbZeh\� ihdZau\Z_l�� qlh� ij_^_e

h[gZjm`_gby� pbgdZ� gZ� JKMW� kgb`Z_lky� ^h� �� ∗10-7� F� \� kjZ\g_gbb� k

1∗ 10-5� F� gZ� JM<W� \� [mn_jguo� Zp_lZlguo� jZkl\hjZo� �jG�����Ih� wlhc
ijbqbg_� \� hlebqb_� hl� &X� b� 3E� ^ey� b\_jkbhggh�\hevlZfi_jhf_ljbq_kdh]h
hij_^_e_gby�pbgdZ�[he__�ij_^ihqlbl_evguf�y\ey_lky�JKMW�g_`_eb�JM<W�
BG<?JKBHGG:Y�<HEVL:FI?JHF?LJBY�P?JBY
G:�L<?J>UO�WE?DLJH>:O

FZlZdh\Z�J�G���D_g`_oZgh\Z�@�L���;Z^Z\Zfh\Z�=�E�

DZa=m bf� Zev�NZjZ[b� ]� :efZlu� me� DZjZkZc [ZlujZ ��:

P_jbc�y\ey_lky�h^gbf�ba�hkgh\guo�jZkijhkljZg_gguo�dhfihg_glh\
kujvy�JAW��ihwlhfm�jZajZ[hldZ�ijhkluo��^_r_\uo�b�\ukhdhqm\kl\bl_evguo
f_lh^h\� _]h� dhgljhey� k� ohjhrbfb� f_ljheh]bq_kdbfb� iZjZf_ljZfb

hij_^_e_gby�hklZ_lky�^h�kbo�ihj�ZdlmZevghc�ijh[e_fhc�fZkkh\h]h�ZgZebaZ�

F_lh^hf�B<:�bamq_gh�ih\_^_gb_�p_jby�gZ�kl_dehm]e_jh^ghf��KM��b
dhfihabpbhgghf� we_dljh^Zo� �DW�� gZ� nhg_� \h^guo� jZkl\hjh\� ����� F
nhknhjghc� dbkehlu� �jG� ������ �����F� bh^ZlZ� dZeby� �jG� ����� b� Zp_lZlgh]h
[mn_jZ� �jG� ����� \� bgl_j\Ze_� kh^_j`Zgbc� ��-3-10-7� F�� FZdkbfZevgu_

dZlh^gu_�lhdb�p_jby�[ueb�ihemq_gu�ijb�ihl_gpbZe_�b�\j_f_gb�gZdhie_gby
khhl\_lkl\_ggh� ���������� <�� ����� fbg�� \� aZ\bkbfhklb� hl� dhgp_gljZpbb
bhgh\�p_jby�\�jZkl\hj_�

KhihklZ\e_gb_� ihemq_gguo� j_amevlZlh\� \uy\beh� g_dhlhju_

ij_bfms_kl\Z�DW�ih

kjZ\g_gbx� k� KM�� [he__� rbjhdbc� dhgp_gljZpbhgguc� bgl_j\Ze

hij_^_ey_fuo� kh^_j`Zgbc� bhgh\� f_lZeeZ� \� jZkl\hj_� b� [he__� emqrb_

f_ljheh]bq_kdb_�oZjZdl_jbklbdb�

GZb[he__�qm\kl\bl_evguc�ZgZeblbq_kdbc�kb]gZe�p_jby�gZ[ex^Z_lky
gZ�nhg_�nhknhjghc�dbkehlu�

Mkeh\gu_� dhgklZglu� kdhjhklb� j_Zdpbb� \hkklZgh\e_gby� K_�,9�� ^h
K_�,,,��jZ\gu��Ns ������������k_d

-1�DW��nhg�G3JH4;ks ��������������k_d�
-1�DW�

nhg� .-23; ks �� ����������� k_d
-1�DW�� nhg� Zp_lZlguc� [mn_j�� Ns=(0,72+0,04)

k_d
-1�KMW�nhg�G3JH4; ks �������������k_d

-1�KMW��nhg�.-23.
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:G:EBLBQ?KDB?�<HAFH@GHKLB�BFFMGHEH=BQ?KDBO
J?:DPBC�K�<HEVL:FI?JHF?LJBQ?KDBF�DHGLJHE?F

F_^ygp_\Z�W�I�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l_� ]�DZaZgv

Ijh[e_fZ�jZajZ[hldb� k_e_dlb\guo� kihkh[h\� hij_^_e_gby�rbjhdh]h

djm]Z� nbabheh]bq_kdb� Zdlb\guo� kh_^bg_gbc� ih� ij_`g_fm� y\ey_lky

ZdlmZevghc� ^ey� obfbdh\�ZgZeblbdh\�� H^bg� ba� iml_c� __� j_r_gby� �
ijbf_g_gb_� bffmgheh]bq_kdbo� j_Zdpbc�� Bkihevah\Zgb_� ij_bfms_kl\

bffmgheh]bq_kdbo�� n_jf_glZlb\guo� b� we_dljhobfbq_kdbo� j_Zdpbc� \

jZaebqguo�dhf[bgZpbyo�iha\hebeh�\�hl^_evguo�kemqZyo�^hklbqv�ij_^_eh\
h[gZjm`_gby�khihklZ\bfuo�k�^Zggufb�jZ^bhbffmgguo�f_lh^h\�ZgZebaZ�

JZkkfhlj_gh� g_kdhevdh� \ZjbZglh\� ijbf_g_gby� [bhki_pbnbq_kdbo
j_Zdpbc�k�\hevlZfi_jhf_ljbq_kdbf�dhgljhe_f�

���Bkihevah\Zgb_�we_dljhobfbq_kdbo��bffmgheh]bq_kdbo�j_Zdpbc�b
j_Zdpbc�n_jf_glZlb\gh]h�dZlZebaZ�\�hij_^_e_gghc�dhf[bgZpbb�iha\hey_l
jZajZ[Zlu\Zlv� bffmghn_jf_glgu_� k_gkhju� �BNK��� k� ihfhsvx� dhlhjuo
\hafh`gh� hij_^_e_gb_� rbjhdh]h� djm]Z� nbabheh]bq_kdb� Zdlb\guo

kh_^bg_gbc�� g_� h[eZ^Zxsbo� we_dljhobfbq_kdhc� Zdlb\ghklvx k� gbadbfb
ij_^_eZfb�h[gZjm`_gby��LZdhc�\ZjbZgl�bkihevah\Zgb_�bffmgheh]bq_kdbo
j_Zdpbc� k� \hevlZfi_jhf_ljbq_kdbf� dhgljhe_f� \hafh`_g�� _keb

hij_^_ey_fh_� kh_^bg_gb_� g_� hdZau\Z_l� g_ihkj_^kl\_ggh]h� \ebygby� gZ
k\hckl\Z� n_jf_glZ�� bkihevam_fh]h� \� dZq_kl\_� f_ldb�� l�_�� g_l

dhgdmjbjmxsbo�j_Zdpbc�f_`^m�hij_^_ey_fuf�kh_^bg_gb_f�b�n_jf_glhf
b�� gZijbf_j�� Zglbl_eZfb�� \oh^ysbfb� \� khklZ\� [bhqm\kl\bl_evghc� qZklb
BNK�� LZdb_� BNK�� \dexqZxl� kh\f_klgh� bffh[bebah\Zggu_

n_jf_glkh^_j`Zsb_�ij_iZjZlu�b�dhfihg_glu�bffmgheh]bq_kdbo�j_Zdpbc
�Zglbl_eZ� beb� Zglb]_gu��� Ih� wlhfm� ijbgpbim� jZajZ[hlZgu� BNK� ^ey
hij_^_e_gby� iZlh]_gguo� ]jb[h\� Trichophyton rubrum� b� Candida Albicans,
\bjmkh\�Ze_mlkdhc�[he_agb�ghjhd�b�kb[bjkdhc�ya\u��djZiqZlhklb�]\ha^bdb�

��� G_dhlhju_� n_jf_glu�� baf_g_gb_� n_jf_glZlb\ghc� Zdlb\ghklb
dhlhjuo� \hafh`gh� dhgljhebjh\Zlv� \hevlZfi_jhf_ljbq_kdb�� ijhy\ey_l

ebrv� ]jmiih\mx� ki_pbnbqghklv�� Ih\ukblv� ba[bjZl_evghklv� ^_ckl\by
[bhk_gkhjh\�� hkgh\Zgguo� gZ� bkihevah\Zgbb� lZdbo� n_jf_glh\�� \hafh`gh
ijbf_gyy� bffmghobfbq_kdb_� j_Zdpbb�� <� wlhf� kemqZ_� ijb� kh\f_klghc
bffh[bebaZpbb� dhfihg_glh\� [bhki_pbnbq_kdbo� \aZbfh^_ckl\bc

\hafh`gu� iZjZee_evgh� ijhl_dZxsb_� \aZbfh^_ckl\by� f_`^m

hij_^_ey_fuf�kh_^bg_gb_f�b�n_jf_glhf�b�khhl\_lkl\mxsbfb�Zglbl_eZfb�
>ey� k_e_dlb\gh]h� hij_^_e_gby� i_klbpb^h\� jZaebqghc� ijbjh^u

�oehjkh^_j`Zsb_� ijhba\h^gu_� n_ghdkbmdkmkghc� dbkehlu� b� ������
ljbZabgu�� ij_^eh`_gh� jZa^_eblv� klZ^bb� h[jZah\Zgby� bffmgguo

dhfie_dkh\� b� bo� ihke_^mxs__� hij_^_e_gb_� k� ihfhsvx

Zfi_jhf_ljbq_kdh]h� [bhk_gkhjZ� �dhgljhev� kl_i_gb� ijhl_dZgby

bffmgheh]bq_kdbo�j_Zdpbc��
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��� <� dZq_kl\_� f_ldb� ^ey� hp_gdb� kl_i_gb� ijhl_dZgby

bffmgheh]bq_kdbo� j_Zdpbc� \hafh`gh� bkihevah\Zgb_� bhgh\� f_lZeeh\�
hkh[_ggh�bhgh\�dh[ZevlZ����b�����Z�lZd`_�^jm]bo��\�ijbkmlkl\bb�dhlhjuo�\
jZkl\hjZo� [_edh\� gZ[ex^Z_lky� dZlZeblbq_kdh_� \u^_e_gb_� \h^hjh^Z�
Ij_^eh`_gu�jZaebqgu_�\ZjbZglu�hij_^_e_gby�k�ihfhsvx�lZdbo�ih^oh^h\
Zglb]_gh\�jb[hgmde_Zau�b�iZlh]_ggh]h�]jb[Z�Candida Albicans.
IJ?PBABHGG:Y�DMEHGHF?LJBY�IJB�DHGLJHEBJM?FHF
IHL?GPB:E?��BGKLJMF?GL:EVGU?�IH=J?RGHKLB

Fh]be_\kdbc�:�G�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B� <_jgZ^kdh]h J:G� Fhkd\Z�

Dmehghf_ljby� ijb� dhgljhebjm_fhf� ihl_gpbZe_� y\ey_lky� h^gbf� ba
kZfuo� lhqguo� f_lh^h\� ZgZeblbq_kdhc� obfbb�� Ijb� hij_^_e_gbb

kh^_j`Zgbc� hkgh\gh]h� \_s_kl\Z� ih]j_rghklv� ZgZebaZ� kms_kl\_gguf

h[jZahf� aZ\bkbl� hl� \_ebqbgu� bgkljmf_glZevguo� ih]j_rghkl_c

dmihghf_ljbq_kdhc� mklZgh\db�� lZd� dZd�f_lh^bq_kdb_� ih]j_rghklb� \� wlhf
kemqZ_�fh]ml�[ulv�k^_eZgu�^hklZlhqgh�fZeufb�

Bgkljmf_glZevgu_� ih]j_rghklb� dmehghf_ljbq_kdhc� mklZgh\db� k
dhgljhebjm_fuf�ihl_gpbZehf�fh`gh�jZa^_eblv�gZ�^\_�hkgh\gu_�]jmiiu�

Ih]j_rghklb� I ]jmiiu��� ih]j_rghklb� dhwnnbpb_glZ� i_j_^Zqb

ijhp_kkZ� «fZkkZ� hij_^_ey_fh]h� \_s_kl\Z→� hlkq_l� ijb[hjZ»��Hkgh\gufb
khklZ\eyxsbfb�ih]j_rghklb�y\eyxlky�

1����<_ebqbgZ�\uoh^m�ih�lhdm�we_dljheblbq_kdhc�yq_cdb���hlebqb_�hl
������WlZ� khklZ\eyxsZy� iheghklvx� hij_^_ey_lky� dhgkljmdpb_c� yq_cdb
�hlkmlkl\b_�ihl_jv�\_s_kl\Z�gZ�kl_gdZo�b�^bZnjZ]fZo��mkljZg_gb_�[jua]�b
©dZjfZgh\ª�b�l�i���b�fh`_l�[ulv�k\_^_gZ�d�\_ebqbg_�f_g__�������

����� Dhwnnbpb_gl� aZ\_jr_gghklb� ijhp_kkZ� we_dljhebaZ�
Ih]j_rghklv� \_ebqbgu� dhwnnbpb_glZ� aZ\_jr_gghklb� hij_^_ey_lky

nZdlhjZfb�

��ih]j_rghklv�mklZgh\db�ihl_gpbZeZ�jZ[hq_]h�we_dljh^Z��Ijb�ihl_gpbZeZo�

hlebqZxsboky� hl� nhjfZevgh]h� gZ� ±���� f<�� g_lhqghklv� mklZgh\db

ihl_gpbZeZ� \� �� f<� baf_gy_l� \_ebqbgm� dhwnnbpb_glZ� aZ\_jr_gghklb� gZ
0.004%;
��� g_klZ[bevghklv� ih^^_j`Zgby� ihl_gpbZeZ� \ke_^kl\b_� imevkZpbc� lhdZ
we_dljhebaZ� b� l_fi_jZlmjghc� g_klZ[bevghklb� ihl_gpbZeZ� \� ijhp_kk_

ZgZebaZ�� Ijb� hilbfZevghcdhgkljmdpbb� ihl_gpbhklZlZ� wlhl� \b^

ih]j_rghklb�fh`_l�[ulv�kgb`_g�^h����������������
��baf_g_gb_� kl_i_gb� aZ\_jr_gghklb� ijhp_kkZ� we_dljhebaZ� ijb� baf_g_gbb
ihklhygghc\j_f_gb� yq_cdb� ba�� aZ� baf_g_gby� \_ebqbgu� g_mqblu\Z_fhc
qZklb� we_dljhebagh]h� lhdZ�� Ijb� khhlghr_gbb� ijh^he`bl_evghklb

we_dljhebaZ�T b�ihklhygghc�\j_f_gb�yq_cdb�τ��jZ\ghf�T/τ= 12 ( T= 600 k��τ=
���k���baf_g_gb_�ihklhygghc�\j_f_gb�gZ ����ijb\h^bl�d�^hihegbl_evghc
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ih]j_rghklb��jZ\ghc���������Z�baf_g_gb_�gZ����ijb\h^bl�d�ih]j_rghklb

0.02%.
����� G_ebg_cghklv� bgl_]jZlhjZ� lhdZ� we_dljhebaZ�� baf_gy_l� h[smx

\_ebqbgm� bgl_]jZeZ�� <� [hevrbgkl\_� bgl_]jZlhjh\� g_ebg_cghklv

m\_ebqb\Z_lky� h[jZlgh� ijhihjpbhgZevgh� \_ebqbg_� bgl_]jbjm_fh]h

kb]gZeZ�� <� wlhfkemqZ_� kmffZjgZy� ih]j_rghklv� bgl_]jbjh\Zgby

wdkihg_gpbZevgh� kiZ^Zxs_]h� lhdZ� g_� ij_\ukbl� ������ ������� _keb

g_ebg_cghklv� \� \_jog_c� qZklb� ^bZiZahgZ� khklZ\ey_l� �������� Hkh[hc
jZagh\b^ghklvx� g_ebg_cghklb� y\ey_lky� ih]j_rghklv� ^bkdj_lghklb

pbnjh\uo� � bgl_]jZlhjh\�� dhlhjZylZd`_� jZkl_l� h[jZlgh� ijhihjpbhgZevgh
\_ebqbg_�lhdZ�b�^he`gZ�h[yaZl_evgh�mqblu\Zlvky�

����� Dhwnnbpb_gl� i_j_^Zqb� bgl_]jZlhjZ� �p_gZ� _^bgbpu� hlkq_lZ��
ijyfh� \eby_l� gZ� ih]j_rghklv� dmehghf_ljbq_kdh]h� ZgZebaZ�
KhklZ\eyxsbfb�wlhc�ih]j_rghklb�y\eyxlky�

��ih]j_rghklv�� hij_^_ey_fZy� \j_f_gghc� g_klZ[bevghklvx� dhwnnbpb_glZ
i_j_^Zqb� bgl_]jZlhjZ�� >ZggZy� khklZ\eyxsZy� fh`_l� [ulv� kms_kl\_ggh

kgb`_gZi_jbh^bq_kdhc�]jZ^mbjh\dhc�
��ih]j_rghklv� \ke_^kl\b_� baf_g_gby� dhwnnbpb_glZ� i_j_^Zqb� bgl_]jZlhjZ
ijbbaf_g_gbb� l_fi_jZlmju��WlZ� ih]j_rghklv�� \� � hkgh\ghf�� hij_^_ey_lky
klZ[bevghklvxbaf_jbl_evgh]h� j_abklhjZ�� ij_h[jZamxs_]h� \_ebqbgm� lhdZ
we_dljhebaZ� \gZijy`_gb_� gZ� \oh^_� bgl_]jZlhjZ�� klZ[bevghklvx� \oh^gh]h
khijhlb\e_gby� bgl_]jZlhjZ� b� klZ[bevghklvx� bklhqgbdZ

wlZehggh]h�dhfi_gkbjmxs_]h���aZjy^Z�\�bgl_]jZlhj_��KmffZjgZy�\_ebqbgZ
wlhc�ih]j_rghklbfh`_l�[ulv�^h\_^_gZ�^h������������������gZ��hK�b�fh`_l
[ulv�^hihegbl_evgh�kgb`_gZ�l_jfhklZlbjh\Zgb_f�ihf_s_gby�b�hl^_evguo
maeh\�

Ih]j_rghklb� II � ]jmiiu� �� ih]j_rghklb� ]jZ^mbjh\db

dmehghf_ljbq_kdhc�mklZgh\db��D�gbf�fh`gh�hlg_klb�ke_^mxsb_�nZdlhju�

����� Ih]j_rghklb� ]jZ^mbjh\db� aZ^ZlqbdZ� ihl_gpbZeZ�� IjZdlbq_kdb
iheghklvx� hij_^_ey_lky� ih]j_rghklvx� \hevlf_ljZ� ihklhyggh]h� lhdZ�
bkihevam_fh]h� ijb� ]jZ^mbjh\d_�� b� qbkehf� jZajy^h\� pbnjhZgZeh]h\h]h
ij_h[jZah\Zl_ey�� kbgl_abjmxs_]h� \uoh^gh_� gZijy`_gb_� aZ^ZlqbdZ�� Ijb
bkihevah\Zgbb�emqrbo�fh^_e_c�\hevlf_ljh\�ih]j_rghklv� ]jZ^mbjh\db�g_
ij_\urZ_l����������f<��Ih]j_rghklv�^bkdj_lZ�khklZ\ey_l�ijbf_jgh�lZdmx
`_�\_ebqbgm�

����� Ih]j_rghklv� ]jZ^mbjh\db� bgl_]jZlhjZ� �hij_^_e_gb_� p_gu

_^bgbpu�hlkq_lZ���Hij_^_ey_lky�ke_^mxsbfb�nZdlhjZfb�

��ih]j_rghklv� aZ^Zgby� wlZehggh]h� lhdZ� �lhdZ� ]jZ^mbjh\db���Hij_^_ey_lky
ih]j_rghklyfb� \hevlf_ljZ� ihklhyggh]h� lhdZ� b� dZlmrdb� h[jZaph\h]h
khijhlb\e_gby�� ih� dhlhjuf� \uqbkey_lky� \_ebqbgZ� lhdZ�� J_Zevgh

wlZ\_ebqbgZ�fh`_l�[ulv�kgb`_gZ�^h�������
�� ih]j_rghklv� baf_j_gby� \j_f_gb� bgl_]jbjh\Zgby� wlZehggh]h� lhdZ�
<_ebqbgZwlhc�ih]j_rghklb�g_�ij_\urZ_l��������

KmffZjgZy� \_ebqbgZ� bgkljmf_glZevghc� ih]j_rghklb� fh`_l� [ulv
^h\_^_gZ� ^h� ������ �ijb� baf_g_gbb� l_fi_jZlmju� gZ� �hK�� beb� ������ �ijb
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baf_g_gbb� l_fi_jZlmju� gZ� ��hK��� Ijb� wlhf� hij_^_eyxsbfb� nZdlhjZfb
y\eyxlky� \_ebqbgZ� \uoh^Z� ih� lhdm� we_dljheblbq_kdhc� yq_cdb�
g_ebg_cghklv� bgl_]jZlhjZ� lhdZ� we_dljhebaZ� b� ih]j_rghklv� ]jZ^mbjh\db
bgl_]jZlhjZ��p_gu�_^bgbpu�hlkq_lZ��
:<LHF:LBABJH<:GG:Y�DMEHGHF?LJBQ?KD:Y�MKL:GH<D:�K
DHGLJHEBJM?FUF�IHL?GPB:EHF

Fh]be_\kdbc�:�G���P_eh\�<�:���NZ[_ebgkdbc�X�B���Fykh_^h\�;�N��

Qm[mdh\Z�L�F���=mk_\�<�G����:gbdbg�:�Y��

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B�<_jgZ^kdh]h J:G�

]� Fhkd\Z�
IH © F:YDª� ]� Ha_jkd

MklZgh\dZ� ij_^gZagZq_gZ� ^ey� k_e_dlb\gh]h� hij_^_e_gby� hkgh\guo
dhfihg_glh\� \_s_kl\Z� k� \ukhdhc� lhqghklvx�� Hkgh\gu_� h[eZklb

ijbf_g_gby� �� p\_lgZy� b� q_jgZy� f_lZeemj]by�� jZ^bhobfbq_kdb_

ijhba\h^kl\Z�� i_j_jZ[hldZ� ^jZ]hp_gguo� f_lZeeh\�� dhgljhev� klZg^Zjlguo
h[jZaph\� hkgh\gh]h� \_s_kl\Z�� =jZ^mbjh\dZ� mklZgh\db� hkms_kl\ey_lky� ih
nbabq_kdbf�wlZehgZf��lhd��gZijy`_gb_��\j_fy��

�HKGH<GU?�L?OGBQ?KDB?�O:J:DL?JBKLBDB�
We_dljheblbq_kdZy�yq_cdZ�
h[tzf� jZ[hq_]h� hl^_e_gby� �� ��fe�we_dljh^u� \uiheg_gu� ba� ieZlbgu�
iehsZ^v� jZ[hq_]h� we_dljh^Z� ���� kf2�� fZdkbfZevguc� jZ[hqbc� lhd� ���� :�
ihklhyggZy� \j_f_gb� g_� [he__� ��� k� �\� �N� jZkl\hj_� fbg_jZevguo� dbkehl��
i_j_f_rb\Zgb_�jZkl\hjZ���fZ]gblghc�f_rZedhc�
Ihl_gpbhklZl�

�fZdkbfZevguc�\uoh^ghc�lhd�±���:��fZdkbfZevgh_�\uoh^gh_�gZijy`_gb_�±
���<�� \oh^ghc� lhd� �� f_g__� �� g:�� ih]j_rghklv� ih^^_j`Zgby� ihl_gpbZeZ�

f_g__�±���f<��
AZ^Zlqbd�ihl_gpbZeh\�

^bZiZahg� ihl_gpbZeh\� ±� ����� f<� k� ^bkdj_lghklvx� f_g__� ���� f<�
ih]j_rghklv�aZ^Zgby�ihl_gpbZeZ�f_g__������������f<�
Bgl_]jZlhj�lhdZ�we_dljhebaZ�
ghfbgZevguc� jZ[hqbc� lhd� ���� :�� fZdkbfZevgh_� baf_jy_fh_� dhebq_kl\h
we_dljbq_kl\Z� �� ��� De� �ijb� ghfbgZevghf� \oh^ghf� lhd_��� fbgbfZevgh_
baf_jy_fh_�dhebq_kl\h�we_dljbq_kl\Z��ijb�khojZg_gbb�iheghc�lhqghklb���
�fDe�� ih]j_rghklv� bgl_]jbjh\Zgby� wdkihg_gpbZevgh� kiZ^Zxs_]h� lhdZ� k
gZqZevghc�Zfieblm^hc�\�ij_^_eZo�hl�����^h���ghfbgZevghc�\_ebqbgu� ��g_
[he__� ������� ih]j_rghklv� aZ^Zgby� \j_f_gb� bgl_]jbjh\Zgby� �� g_� [he__
0.01%.
Kbkl_fZ�]jZ^mbjh\db�
h[_ki_qb\Z_l�dhgljhev�aZ^ZlqbdZ�ihl_gpbZeZ�b�hij_^_e_gb_�p_gu�_^bgbpu
hlkq_lZ� bgl_]jZlhjZ� ih� \g_rgbf� ijb[hjZf� �\hevlf_lj� ihklhyggh]h� lhdZ�
h[jZaph\u_� dZlmrdb� khijhlb\e_gby�� qZklhlhf_j��� Ih]j_rghklv
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]jZ^mbjh\db�hij_^_ey_lky� deZkkhf�bkihevam_fuo�ijb[hjh\�b�fh`_l�[ulv
^h\_^_gZ�^h��������
Kbkl_fZ�mijZ\e_gby�b�j_]bkljZpbb�bgnhjfZpbb�
hkgh\ZgZ� gZ� IW<F� deZkkZ� IBM PC� b� hkms_kl\ey_l� Z\lhfZlbq_kdh_
mijZ\e_gb_� ijhp_kkhf� ZgZebaZ� b� baf_j_gby� �� mklZgZ\eb\Z_l� aZ^Zggu_
ihl_gpbZeu�� ih^dexqZ_l� b� hldexqZ_l� we_dljheblbq_kdmx� yq_cdm� b

bgl_]jZlhj�� mklZgZ\eb\Z_l� j_`bfu� ij_^we_dljhebaZ�� ohehklh]h� hiulZ� b
ZgZebaZ�� \uqbkey_l� fZkkm� b� dhgp_gljZpbx� hij_^_ey_fh]h� we_f_glZ�
hkms_kl\ey_l�j_`bf�]jZ^mbjh\db�

FZd_l� Z\lhfZlbabjh\Zgghc� dmehghf_ljbq_kdhc� mklZgh\db� [ue

bkiulZg� ijb� hij_^_e_gbb� qbklh]h� `_e_aZ�� Ih]j_rghklv� hij_^_e_gby
khklZ\beZ� ����ijb� \hkijhba\h^bfhklb� ������� Ba]hlh\e_gb_� hiulghc

iZjlbb�mklZgh\hd�ij_^iheZ]Z_lky�gZ�IH�©�F:YDª��]��Ha_jkd��
BKKE?>H<:GB?�MKEH<BC�NHJFBJH<:GBY�LHGDBO
IE?GHQGUO�IHDJULBC�G:�=J:NBL?��IJBF?GBL?EVGH�D

KBKL?F?�JLMLV�=:EEBC�PBGD

GZ^_`bgZ�E�K���J_mk�L�;�

KZgdl�I_l_j[mj]kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l
������ KZgdl�I_l_j[mj]� Ihebl_ogbq_kdZy me� ���

dZn_^jZ nbabq_kdhc obfbb NLBBF

<� f_lh^_� bg\_jkbhgghc� \hevlZfi_jhf_ljbb�� ijb� jZ[hl_� k� jlmlgh�
ie_ghqguf� we_dljh^hf�� \� dZq_kl\_� lj_lv_]h� we_f_glZ� ^ey� mkljZg_gby
\aZbfgh]h� \ebygby� hij_^_ey_fuo� dhfihg_glh\�� j_dhf_g^m_lky

bkihevah\Zlv� ]Zeebc�� Him[ebdh\Zgh� fgh`_kl\h� j_dhf_g^Zpbc�
iha\heyxsbo� j_rblv� hl^_evgu_�� dhgdj_lgu_� aZ^Zqb�� gh� \hijhk

nhjfbjh\Zgby�jlmlgh�]Zeeb_\h]h�ihdjulby�hklZeky�\�klhjhg_�hl�\gbfZgby
bkke_^h\Zl_e_c�� Kbkl_fZ� jlmlv�]Zeebc� ij_^klZ\ey_lky� qj_a\uqZcgh

bgl_j_kghc��ihkdhevdm�__�^bZ]jZffZ�khklhygbc��ihemq_ggZy�\�jZ\gh\_kguo
mkeh\byo�� nbdkbjm_l� ihegh_� jZkkeh_gb_� we_f_glh\�� gh� \� lh`_� \j_fy�
Bf__lky� jy^� ^Zgguo� �gZijbf_j�� l_jfh^bgZfbq_kdbo��� mdZau\Zxsbo� gZ
gZebqb_�hij_^_e_ggh]h�\aZbfh^_ckl\by�f_`^m�jlmlvx�b�]Zeeb_f��<aZbfgZy
jZkl\hjbfhklv� wlbo� we_f_glh\� \� ZfZev]ZfZo�� ihemq_gguo� iml_f

we_dljhebaZ�� aZf_lgh� ij_\urZ_l� \_ebqbgu�� mdZaZggu_� \� kijZ\hqghc

ebl_jZlmj_��Djhf_�lh]h��j_adh_�jZaebqb_�h[t_fZ�]Zeeby�\�l\_j^hf�b�`b^dhf
khklhygbyo� lZd`_� fh`_l� hdZau\Zlv� \ebygb_� gZ� kljmdlmjm� ie_ghd�
h[jZah\Z\rboky�\�j_`bf_�in situ.

<�gZklhys_f�bkke_^h\Zgbb�bamq_gu� kbkl_fu�jlmlv�]Zeebc�b� jlmlv�
]Zeebc�pbgd�\�rbjhdhf�dhgp_gljZpbhgghf�^bZiZahg_��Wdki_jbf_glZevgu_
^Zggu_� khihklZ\e_gu� k� j_amevlZlZfb� ijh]ghaZ�� ihemq_ggufb� ijb

ihkljh_gbb� jZaj_aZ� ^bZ]jZffu� ljhcghc� kbkl_fu� jlmlv�]Zeebc�pbgd� \
dhhj^bgZlZo� ia-khklZ\� ijb� ���

h

K�� IhdZaZgh�� qlh� g_kh\iZ^_gby� ^Zgguo
ijh]ghaZ� k� wdki_jbf_glhf� \ua\Zgh� g_\hafh`ghklvx� hibjZlvky� gZ

^bZ]jZffm� khklhygbc� jlmlv�]Zeebc�� ihemq_ggmx� \� jZ\gh\_kguo� mkeh\byo�
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l�d�� \� j_`bf_� in situ�� ijbf_gbl_evgh� d� j_`bfm� bg\_jkbhgghc

\hevlZfi_jhf_ljbb�� wlb� agZq_gby� fh]ml� jZaebqZlvky� gZ� ihjy^hd�
Ihemq_ggu_� wdki_jbf_glZevgu_� ^Zggu_� h[tykg_gu� k� mq_lhf� \hafh`gh]h
khklZ\Z� b� kljmdlmju� h[jZamxsboky� ie_ghqguo� ihdjulbc�� >Zgu

hilbfZevgu_� khhlghr_gby� jlmlv�]Zeebc� \� nhgh\hf� jZkl\hj_�� Ijb

hij_^_e_gbb� pbgdZ�� \� ijbkmlkl\bb� ba[uldZ� f_^b�� ij_^eh`_g� nhgh\uc
jZkl\hj��h[_ki_qb\Zxsbc�\hafh`ghklv�h^gh\j_f_ggh]h�hij_^_e_gby�f_^b
b� pbgdZ� \� dhgp_gljZpbhgghf� bgl_j\Ze_ Zn/Cu� ���� �� ����� <ukdZaZgu
ij_^eh`_gby�� iha\heyxsb_� ijh\h^blv� ij_^\Zjbl_evgmx� l_hj_lbq_kdmx
hp_gdm� jZ\gh\_kguo� kbkl_f� khklZ\�k\hckl\Z�� ijb� bkihevah\Zgbb� bo� ^ey
ijh]ghaZ�\�B<�f_lh^_�
K?GKHJU�>EY�HIJ?>?E?GBY�=:AH<UO�DHFIHG?GLH<�<
:LFHKN?JGHF�<HA>MO?�B�=:AH<UO�KJ?>:O

GZkbfh\�:�G���:[^mjZofZgh\�W�:���;_jldh\�:�L���EmlnmeZ_\�A�E��
GZkbfh\�O�F���Ghjfm^h\�A�G���Ohsbfh\�L�@���KZebo^`Zgh\Z�J�F��N�

KZfZjdZg^kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� :�G�GZ\hb� FBJW:

JZajZ[hlZgu�ijbgpbiu�ihkljh_gby�\ukhdhqm\kl\bl_evguo�k_gkhjh\�
h[eZ^Zxsbo� \ukhdhc�gZ^_`ghklvx��bkke_^h\Zgu� mkeh\by�^ey�ih\ur_gby

bo�qm\kl\bl_evghklb�b�k_e_dlb\ghklb�b�h[_ki_q_gby�hilbfZevguo�mkeh\bc
bo�wdkiemZlZpbb��Kha^Zgu�dhgkljmdpbb�ke_^mxsbo�k_gkhjh\�

• BhgbaZpbhgguc� k_gkhj� ^ey� Z\lhfZlbabjh\Zggh]h� hij_^_e_gby

dbkehjh^Z� \� ^bZiZahg_� ����� h[� �� ijb� baf_g_gbb� \eZ`ghklb

hdjm`Zxs_c� kj_^u�hl� ���^h� �����\� ]Zah\uo� kf_kyo��<� hkgh\_� jZ[hlu
k_gkhjZ� e_`bl� wnn_dl� bkiZj_gby� \_s_kl\�� gZijbf_j� ]_dkZ[hjb^Z

eZglZgZ�� \aZbfh^_ckl\mxs_]h� k� dbkehjh^hf� b� gZg_k_ggh]h� gZ

ih\_joghklv� l_jfhj_abklhjZ�� khijhlb\e_gb_� dhlhjh]h� baf_jy_lky�
ihkdhevdm�hgh�aZ\bkbl�hl�kh^_j`Zgby�dbkehjh^Z�

• K_gkhj�^ey�baf_j_gby�hdbkeh\� ZahlZ� \� ]Zah\uo� kj_^Zo�� hkgh\Zgguc�gZ
baf_j_gbb�bhgguo�lhdh\��\hagbdZxsbo�ijb�bhgbaZpbb�hdbkeh\�ZahlZ�b
ijhihjpbhgZevguo�bo�dhgp_gljZpbb�k�gb`g_c�]jZgbp_c���������h[���
\�dhlhjhf�qm\kl\bl_evguf�we_f_glhf�y\ey_lky�dZlh^��\uihegy_fuc�ba
hdkb^Z� Zexfbgby� k� ^h[Z\dhc� ]_dkZ[hjb^Z� eZglZgZ� b� dheehdkbebgZ�
Ihke_^g__�kem`bl�\�dZq_kl\_�bklhqgbdZ�wfbkkbb�

• Bkke_^h\Zgu� mkeh\by� hdbke_gby� m]e_\h^hjh^h\� gZ� ih\_joghklb

dZlZebaZlhjZ�qm\kl\bl_evgh]h� we_f_glZ� l_jfhdZlZeblbq_kdh]h� k_gkhjZ�
<�dZq_kl\_�dZlZebaZlhjZ�fh`gh�bkihevah\Zlv�ieZlbgm��iZeeZ^bc��hdbkeu
dh[ZevlZ�� fZj]ZgpZ� b� ^jm]bo� f_lZeeh\�� Bkke_^h\Zgu� aZdhghf_jghklb
]em[hdh]h� hdbke_gby� ]hfheh]h\� f_lZgZ� gZ� ih\_joghklb� k_gkhjZ� k
dZlZebaZlhjhf�gZ�hkgh\_�hdbkeh\�dh[ZevlZ�
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WE?DLJHOBFBQ?KDBC�:G:EBA�<�LMJ;ME?GLGUO�IHLHD:O
WE?DLJHEBLH<

G_djZkh\�E�G���:e_dk__\�<�G���=jZnh\�;�F���FZjl_fvygh\�K�:��
Ohfq_gdh�L�G�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<�Ehfhghkh\Z�

 Bgklblml we_dljhobfbb bf�:�G�NjmfdbgZ J:G

We_dljhZgZeblbq_kdb_� f_lh^u� bkke_^h\Zgby�� hkgh\Zggu_� gZ

p_e_gZijZ\e_gghf� bkihevah\Zgbb� lmj[me_glguo� ihlhdh\� jZkl\hjh\

we_dljheblZ�� iha\heyxl� j_rZlv� rbjhdbc� djm]� aZ^Zq� \� h[eZklyo

]b^jh^bgZfbdb�� we_dljhobfbq_kdhc� dbg_lbdb� b� fZkkhi_j_ghkZ� �Kha^Zgb_
ihke_^h\Zl_evghc� klZlbklbq_kdhc� l_hjbb� lmj[me_glgh]h� ^bnnmabhggh]h
kehy� b� ijbf_g_gb_� l_hjbb� kemqZcguo� ijhp_kkh\� ihkem`beb� hkgh\hc� ^ey
jZajZ[hldb� gh\h]h� wdki_jbf_glZevgh]h� f_lh^Z� bamq_gby� mihfygmluo

ijh[e_f� iml_f� baf_j_gby� ki_dljh\� lmj[me_glgh]h� rmfZ� lhdZ

we_dljhobfbq_kdbo� j_Zdpbc�� \uau\Z_fh]h� \ha^_ckl\b_f� lmj[me_glguo

imevkZpbc� ]b^jh^bgZfbq_kdhc� kdhjhklb�gZ� lhesbgm� ^bnnmabhggh]h� kehy
beb� ijbwe_dljh^gmx� dhgp_gljZpbx� we_dljhZdlb\gh]h� \_s_kl\Z� �� f_lh^
]b^jhwe_dljhobfbq_kdh]h� bfi_^ZgkZ� �� [ 1 ]�Kha^Zgu� fZl_fZlbq_kdh_

h[_ki_q_gb_� b� mklZgh\dZ� ^ey� iZjZee_evgh]h� baf_j_gby� b� ZgZebaZ

klZpbhgZjguo� iheyjbaZpbhgguo� djb\uo� b� ki_dljh\� lmj[me_glgh]h�rmfZ

we_dljhobfbq_kdbo� j_Zdpbc�� MklZgh\dZ� \dexqZ_l� aZfdgmlmx

we_dljhobfbq_kdmx� yq_cdm� k� f_oZgbq_kdhc� f_rZedhc� b� g_ih^\b`guf
jZ[hqbf� we_dljh^hf�� h[eZ^Zxsbf� k\hckl\hf� jZ\gh^hklmighklb� \

^bnnmabhgghf� hlghr_gbb�� b� Z\lhfZlbabjh\Zggmx� kbkl_fm� baf_j_gbc� k
gbadbf�mjh\g_f�kh[kl\_gguo�rmfh\��Ihkj_^kl\hf�baf_j_gby�hkj_^g_gguo
\hevlZfi_jh]jZff� b� klZlbklbq_kdbo� oZjZdl_jbklbd� lmj[me_glgh]h

we_dljhobfbq_kdh]h�rmfZ�hkms_kl\e_gZ�hiulgZy�ijh\_jdZ�klZlbklbq_kdhc
l_hjbb� lmj[me_glgh]h� ^bnnmabhggh]h� kehy�� mklZgh\e_g� f_oZgbaf

fZkkhi_j_ghkZ� \� mkeh\byo� h[t_fgh]h� oZhlbq_kdh]h� i_j_f_rb\Zgby

jZkl\hjZ�f_rZedhc��wdki_jbf_glZevgh�ih^l\_j`^_g�l_hj_lbq_kdbc�\u\h^�h
gZebqbb� k\hckl\Z� Z\lhfh^_evghklb� m� lmj[me_glgh]h� rmfZ� ij_^_evgh]h
lhdZ�^bnnmabb�\�h[eZklb�\ukhdbo�qZklhl��Wdki_jbf_glZevgh�mklZgh\e_gh�
qlh jhkl� dhwnnbpb_glZ� lmj[me_glghc� ^bnnmabb� \� ijbkl_gghc� h[eZklb
ihlhdZ� we_dljheblZ� ijhihjpbhgZe_g� q_l\_jlhc� kl_i_gb� jZkklhygby� hl
l\_j^hc� ]jZgbpu�� qlh� lZd`_� ih^l\_j`^Z_l� \u\h^� klZlbklbq_kdhc� l_hjbb�
Ij_^eh`_gu�f_lh^u�hij_^_e_gby�dhwnnbpb_glh\�fhe_dmeyjghc�^bnnmabb
ba� ki_dljZevguo� ^Zgguo� b� we_dljh^bnnmabhggh]h� bkke_^h\Zgby

lmj[me_glgh]h� fZkkhi_j_ghkZ� \� aZfdgmlhc� yq_cd_� k� f_oZgbq_kdhc

f_rZedhc� iml_f� ijh\_^_gby� iheyjbaZpbhgguo� baf_j_gbc� k� ihfhsvx

g_ih^\b`ghc�we_dljh^ghc�kbkl_fu�^bkd���dhevph�
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Ebl_jZlmjZ

1.;�F� =jZnh\� K�:� FZjl_fvygh\� E�G� G_djZkh\ ³Lmj[me_glguc ^bnnmabhgguckehc \
we_dljhobfbq_kdbo kbkl_fZo´� F�� GZmdZ� �����

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_
Jhkkbckdh]h�Nhg^Z�Nmg^Zf_glZevguo�Bkke_^h\Zgbc��
Ijh_dlu�JNNB��������������Z�b����������������
D:LBHGK?E?DLB<GU?�WE?DLJH>U�G:�HKGH<?
D:EBDK>���@:J?GH<

G_fbeh\Z�F�X��R\_^_g_�G�<���=mebgZ�G�X��

Rhdh\Z�W�:���Dh\Ze_\�<�<

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<� Ehfhghkh\Z

FZdjhpbdebq_kdb_� kh_^bg_gby� ±� dZebdkZj_gu� \� ihke_^g__

^_kylbe_lb_� bkihevamxl� dZd� g_cljZevgu_� i_j_ghkqbdb \� f_f[jZgZo

bhghk_e_dlb\guo�we_dljh^h\��BKW��^ey�hij_^_e_gby�g_dhlhjuo�s_ehqguo

dZlbhgh\�b� hj]Zgbq_kdbo� Zfbgh\. K\yau\Zgb_� dZlbhgh\� hkms_kl\ey_lky� \
j_amevlZl_�bhg�^bihevguo�\aZbfh^_ckl\bc�k�we_dljhgh^hghjgufb�ZlhfZfb
©gb`g_]h� h[h^Zª� b� hij_^_ey_lky� jZaf_jhf� ]b^jhnh[ghc� ihehklb

dZebdkZj_gZ�� Bkihevah\Zgb_� Z^ZfZglbevguo� aZf_klbl_e_c� \� ©\_jog_f
h[h^_ª� dZebdkZj_gZ� m\_ebqb\Z_l� ]b^jhnh[ghklv� fhe_dmeu�� Z� lZd`_

kihkh[kl\m_l�nhjfbjh\Zgbx�©]em[hdhcª�\gmljbfhe_dmeyjghc�ihehklb�

Iheb\bgbeoehjb^gmx� ieZklbnbpbjh\Zggmx� f_f[jZgm� ]hlh\beb

jZkl\hj_gb_f� dZebdkZj_gZ�� iheb\bgbeoehjb^Z�� l_ljZn_gbe[hjZlZ� gZljby�
ieZklbnbdZlhjZ� �� hjlh�gbljhn_gbehdlbeh\h]h� wnbjZ� \� k\_`_i_j_]gZgghf
l_ljZ]b^jhnmjZg_� k� ihke_^mxsbf� bkiZj_gb_f� ijb� klhygbb� gZ� \ha^mo_� \
l_q_gb_����qZkh\�

Ihebf_jgZy� f_f[jZgZ� BKW� gZ� hkgh\_� dZebdk[4]Zj_gZ� k� lj_l��
[mlbevguf� aZf_klbl_e_f� \� jZkl\hjZo� oehjb^Z� gZljby� ^Z_l� hldebd� k

gZdehghf� ���±��� f</^_d�� Z� ijb� bkihevah\Zgbb� Z^ZfZglbevgh]h

dZebdk[4]Zj_gZ�±�lhevdh����±���f</^_d��We_dljh^�k_e_dlb\_g�\�ijbkmlkl\bb
^jm]bo�s_ehqguo�dZlbhgh\�b�Zffhgby�

�?keb� bkihevah\Zlv� \� dZq_kl\_� f_f[jZggh�Zdlb\gh]h� dhfihg_glZ
Z^ZfZglbeaZf_s_gguc� dZebdkZj_g� k� \hk_fvx� [_gahevgufb� a\_gvyfb�� lh
we_dljh^� ijhy\ey_l� ihl_gpbhf_ljbq_kdbc� hldebd� d� Ks+ 

\� rbjhdhf

^bZiZahg_� jG� ��� ±� ����� djmlbagZ� we_dljh^ghc� nmgdpbb� khklZ\ey_l� ���±5)
f</^_d��Ijb�wlhf�bhgu�gZljby�g_�\ebyxl�gZ�j_amevlZlu�hij_^_e_gby�

<� jZkl\hjZo� hj]Zgbq_kdbo� dZlbhgh\±� ijhlhgbjh\Zgguo� Zfbgh\�
dZl_oheZfbgZ���^h[mlZfbgZ�b�g_dhlhjuo�wnbjh\�Zfbghdbkehl��f_f[jZgZ�gZ
hkgh\_� dZebdk[8]Zj_gZ� ihdZau\Z_l� hldebd�� [ebadbc� d� l_hj_lbq_kdhfm�
Ihl_gpbZe� we_dljh^Z� ihklhyg_g� \� bgl_j\Ze_� jG� hl� �� ^h� �����Ihemq_ggu_
BKW� k_e_dlb\gu� d� hj]Zgbq_kdbf� dZlbhgZf� \� ijbkmlkl\bb� s_ehqguo� b
s_ehqgh�a_f_evguo�dZlbhgh\�
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J:KQ,L�O:J:DL?JBKLBD�:GH>GUO�IBDH<�<�BG<?JKBHGGHC
<HEVL:FI?JHF?LJBB�K�IHFHSVX�BGL?JIHEYPBHGGUO

NHJFME

G_fh\�<�:�

>Zevg_\hklhqguc ]hkf_^mgb\_jkbl_l� OZ[Zjh\kd� Jhkkby

HilbfbaZpby� mkeh\bc� ZgZebaZ� beb� dhgljhey� ly`zeuo� f_lZeeh\
f_lh^Zfb� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� �B<�� ijb� j_r_gbb

ijhba\h^kl\_gguo�beb�wdheh]bq_kdbo�aZ^Zq�mki_rgh�ijh\h^blky�gZ�hkgh\_
l_hj_lbq_kdbo� ih^oh^h\�� KlZ^by� Zgh^gh]h� beb� dZlh^gh]h� jZkl\hj_gby
hibku\Z_lky� keh`gufb� bgl_]jZevgufb� mjZ\g_gbyfb� beb

iZjZf_ljbq_kdbfb� bgl_]jZeZfb�� ^ey� \uqbke_gby� dhlhjuo� g_h[oh^bfZ
dhfivxl_jgZy�h[jZ[hldZ�

Ijhklu_� bgl_jiheypbhggu_� nhjfmeu� ^ey� \uqbke_gby� k� aZ^Zgghc
ih]j_rghklvx� dhgklZglu� Zgh^gh]h� lhdZ�� ihl_gpbZeZ� ibdZ� b� rbjbgu

ihemibdZ� ij_^eh`_gu� gZ� hkgh\Zgbb� l_hj_lbq_kdh]h� ZgZebaZ� klZ^bb

we_dljhjZkl\hj_gby� hij_^_ey_fh]h� \_s_kl\Z� \� f_lh^_

ihl_gpbh^bgZfbq_kdhc� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� k� ebg_cghc

jZa\zjldhc�ihl_gpbZeZ� �I>B<EI���Hp_g_gu�ih]j_rghklb� \uqbke_gbc�ih
wlbf�nhjfmeZf�\�aZ\bkbfhklb�hl�bkke_^m_fhc�h[eZklb�wdki_jbf_glZevguo
mkeh\bc�b�ij_^eh`_gu�\ZjbZglu�nhjfme�^ey�rbjhdbo�b�madbo�bgl_j\Zeh\
baf_g_gby�wdki_jbf_glZevgh�agZqbfuo�iZjZf_ljh\�kbkl_fu.

IhdZaZgh�� qlh� kms_kl\_ggh_� \ebygb_� gZ� oZjZdl_jbklbdb� Zgh^guo
ibdh\� hdZau\Z_l� bkoh^gh_� khhlghr_gb_� dhgp_gljZpbc� hdbke_gghc� b

\hkklZgh\e_gghc� nhjf� hij_^_ey_fh]h� \_s_kl\Z� i_j_^� klZ^b_c

we_dljhjZkl\hj_gby��MklZgh\e_gh��qlh�\�mjZ\g_gbb�^ey�lhdZ�Zgh^gh]h�ibdZ

 ι n = A ∗ 106 ∗ z2 ∗ W ∗ Q
agZq_gb_� dhwnnbpb_glZ� $�� hij_^_ezggh]h� ih� ij_^eZ]Z_fuf

bgl_jiheypbhgguf� nhjfmeZf� ijbf_gbl_evgh� d� h^bgZdh\uf� mkeh\byf
wdki_jbf_glZ� \� h[eZklb� ?� [he__� hljbpZl_evguo�� q_f� ?1/2�� hlebqZ_lky� hl
khhl\_lkl\mxs_]h�agZq_gby�:��ihemq_ggh]h�>_�<jbahf�b�<Zg�>Ze_ghf�±�gZ
���� Jh� b� Lhgb� ±� gZ� ����� DZj[Zbgh\hc� ±� gZ� ����� Z� \� h[eZklb� ?� [he__
iheh`bl_evguo� beb� jZ\guo� ?1/2� dhwnnbpb_gl�:� hlebqZ_lky� hl� agZq_gby�
ihemq_ggh]h�B]hebgkdbf�±�gZ����

<� aZ\bkbfhklb� hl� khhlghr_gby� dhgp_gljZpbc� hdbke_gghc� b

\hkklZgh\e_gghc� nhjf� \_s_kl\Z� rbjbgZ� ihemibdZ� h[jZlbfh]h� Zgh^gh]h
ibdZ� \� I>B<EI�jZkkqblZggZy� ih� bgl_jiheypbhgguf� nhjfmeZf�
baf_gy_lky�hl��������]�f<�^h��������]�f<��Kms_kl\_ggh_�\ebygb_�hdZau\Z_l
khhlghr_gb_�dhgp_gljZpbc�hdbke_gghc�b�\hkklZgh\e_gghc�nhjf�\_s_kl\Z

gZ�ihl_gpbZe�Zgh^gh]h�ibdZ�

Ijb� ihl_gpbZeZo� we_dljhebaZ�� khhl\_lkl\mxsbo� ij_^_evghfm

dZlh^ghfm�lhdm��Zgh^gu_�ibdb�kf_sZxlky�\�dZlh^gmx�h[eZklv�ihl_gpbZeh\
hlghkbl_evgh�ihl_gpbZeZ�ihem\hegu�
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Hlf_qZ_lky� ^hklZlhqgh� ohjhr__� kh\iZ^_gb_� j_amevlZlh\�
ihemq_gguo�bkoh^y�ba�bgl_jiheypbhgguo�nhjfme��k�wdki_jbf_glZevgufb
^Zggufb�^ey�dZ^fby��lZeeby�b�k\bgpZ�
DHFIVXL?JGH?�FH>?EBJH<:GB?�A:>:Q�F:KKHI?J?GHK:
<�LHGDHKEHCGUO�KBKL?F:O

G_fh\�<�:���KZih`gbdh\�X�:�

>Zevg_\hklhqguc ]hkf_^mgb\_jkbl_l� OZ[Zjh\kd� Jhkkby

JZa\blb_�f_lh^Z�bg\_jkbhgghc�\hevlZfi_jhf_ljbb��B<��ijhbkoh^bl
\� agZqbl_evghc� kl_i_gb� [eZ]h^Zjy� jZa\blbx� _]h� l_hjbb�� <� wlhc� k\yab
[hevrhc�bgl_j_k�ij_^klZ\ey_l�bamq_gb_� aZ\bkbfhklb� kdhjhklb�baf_g_gby
dhgp_gljZpbb� bkke_^m_fh]h� \_s_kl\Z� gZ� ih\_joghklb� we_dljh^Z� hl

iZjZf_ljh\��aZ^Z\Z_fuo�mkeh\byfb�wdki_jbf_glZ��dZd�\�dZq_kl\_gghf��lZd
b� \� dhebq_kl\_gghf� \ujZ`_gbb�� AgZgb_� dhgp_gljZpbhgguo� ijhnbe_c
iha\hey_l� wnn_dlb\g__� mijZ\eylv� ijhp_^mjhc� f_lh^Z� B<�� K� ^jm]hc

klhjhgu� aZ^ZqZ� hlukdZgby� dhgp_gljZpbhgguo� ijhnbe_c� j_rZ_lky� qbklh
fZl_fZlbq_kdbfb�f_lh^Zfb�

Bkoh^y�ba�^bnnmabhggh]h�oZjZdl_jZ�ijhp_kkh\�\�klZ^bb�jZkl\hj_gby
knhjfmebjh\ZgZ� b� j_r_gZ� hi_jZpbhgguf� f_lh^hf� khhl\_lkl\mxsZy

djZ_\Zy� aZ^ZqZ�� J_r_gb_� aZ^Zqb� ihemq_gh� \� ZgZeblbq_kdhf� \b^_�� Hgh
mqblu\Z_l�h]jZgbq_gghklv�^bnnmabhggh]h�ihey�\�we_dljh^_�beb�jZkl\hj_�b
kh^_j`bl� bgl_]jZe� \_jhylghklb�� Dhgp_gljZpbhggZy� aZ\bkbfhklv� [ueZ
kfh^_ebjh\ZgZ�gZ�dhfivxl_j_�\�\b^_�ljzof_jguo�]jZnbdh\��iha\heb\rbo

gZ[ex^Zlv� baf_g_gb_� dhgp_gljZpbb� hl� �� wdki_jbf_glZevgh� aZ^Z\Z_fuo
iZjZf_ljh\��\ujZ`_gguo�\�[_ajZaf_jghf�\b^_�

>h\_^_gb_� ihemq_ggh]h� j_r_gby� djZ_\hc� aZ^Zqb� ^h� qbkeh\h]h

\ujZ`_gby� ihlj_[h\Zeh� hilbfbabjh\Zlv� \uqbke_gb_� bgl_]jZeZ

\_jhylghklb��KjZ\gbl_evgh_�bamq_gb_�ljzo�f_lh^h\�_]h�\uqbke_gby��f_lh^Z
KbfikhgZ�� f_lh^Z� Mw^^ey� b� f_lh^Z� ZiijhdkbfZpbb� fgh]hqe_ghf� �hc

kl_i_gb�� bkihevah\Zggh]h� >_� <jbahf� b� <Zg� >Ze_ghf�� G_fh\uf� b

GZaZjh\uf�� ihdZaZeh�� qlh� f_lh^u� KbfikhgZ� b� Mw^^ey�� y\eyykv� [he__
mgb\_jkZevgufb�� ³koh^ylky´� agZqbl_evgh� f_^e_gg__�� q_f� f_lh^

ZiijhdkbfZpbb�� H^gZdh� f_lh^� ZiijhdkbfZpbb� fgh]hqe_ghf� �hc� kl_i_gb
bf__l� ij_^_evgmx� lhqghklv� \uqbke_gbc� ���� � ��-7�� Z� f_lh^� Mw^^ey
iha\hey_l� m\_ebqblv� lhqghklv� \uqbke_gbc� ijb� kjZ\gbl_evgh� g_[hevrbo

aZljZlZo�fZrbggh]h�\j_f_gb��<k_� ljb�f_lh^Z�qbke_ggh]h�bgl_]jbjh\Zgby
j_Zebah\Zgu�gZ�dhfivxl_j_��b�j_amevlZlu�h[km`^Zxlky�\�^hdeZ^_�
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BAMQ?GB?�<EBYGBY�F:LJBQGH=H�KHKL:<:�G:
HIJ?>?E?GB?�LHDKBQGUO�WE?F?GLH<�<�<H>:O

IH>FHKDH<VY�F?LH>HF�B<:

G_kl_jbgZ�?�F���;_[_rdh�=�B�

<k_jhkkbckdbc bgklblml fbg_jZevgh]h kujvy bf� G�F� N_^hjh\kdh]h�

]� Fhkd\Z

Kh^_j`Zgb_� lhdkbqguo� f_lZeeh\� y\ey_lky� h^gbf� ba� hkgh\guo

ihdZaZl_e_c� hp_gdb� dZq_kl\Z� \h^u�� <� jy^_� kljZg� hnbpbZevgh� ijbagZg
klZg^Zjlguf� f_lh^� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� �B<:��� Hg

dhgdmj_glhkihkh[_g� k� Zlhfghc� Z[khj[pb_c� b� fZkk�ki_dljhf_ljb_c� k

bg^mdlb\ghk\yaZgghc� ieZafhc� ih� gb`g_fm� ij_^_em� hij_^_e_gby

(10-8 - 10-11�F��b�ih�g_\ukhdbf� wdhghfbq_kdbf�ihdZaZl_eyf��<�gZklhys__

\j_fy� gZeZ`_g� \uimkd� klZg^Zjlbah\Zggh]h� hl_q_kl\_ggh]h� h[hjm^h\Zgby
^ey�B<:��g_� mklmiZxs_]h�ih� k\hbf� oZjZdl_jbklbdZf�fbjh\uf� ZgZeh]Zf�
>Zlqbdb� d� iheyjh]jZnZf� k� jZaebqgufb� bg^bdZlhjgufb� we_dljh^Zfb� ^ey
B<:� \uimkdZ_l� :HH� ©BgnZljhgª� �]�Fhkd\Z��� nbjfZ� ©:d\behgª
�]�Fhkd\Z��� GIH� ©;mj_\_klgbdª� �]�� K��I_l_j[mj]��� GLN� ©<hevlZ
�]��K��I_l_j[mj]���GI<I� ©B<:ª� �]�� ?dZl_jbg[mj]���GIH� ijb�Dm[Zgkdhf
=M

�]��DjZkgh^Zj��b�^j�

>ey�hp_gdb�dZq_kl\Z�\h^�Ih^fhkdh\vy�ih�kh^_j`Zgbx� Cu , Pb, Cd ,
Zn � bkihevah\Zeb� ^Zlqbd� ?F���� �GLN� ©<hevlZª�� kh� kl_dehm]e_jh^guf
bg^bdZlhjguf� we_dljh^hf� b� iheyjh]jZn� IM���� IjhZgZebabjh\Zgh

g_kdhevdh� khl_g� ijh[� \h^u�� kg_]h\u_�� ih\_joghklgu_�� iblv_\u_�
ih^a_fgu_� k� fbg_jZebaZpb_c� hl� ����� ^h� �� ]�e�� Kh^_j`Zgb_� hkgh\guo
fZdjhdhfihg_glh\� \Zjvbjh\Zehkv� \� rbjhdbo� ij_^_eZo� b� ^hklb]Zeh

ke_^mxsbo� fZdkbfZevguo� agZq_gbc�� −Cl - 3500 f]�e�� −
2HCO - 3000� f]�e�

−2
4SO - 300 f]�e�� 2SiO  b .h[s

Fe  �� ��� f]�e�� +2Ca �� ���� f]�e�� +2Mg �� ���� f]�e�
+Na �������f]�e�� .h[s

Mn ����f]�e�

Dhgp_gljbjh\Zgb_� ijh[� \h^u� ijb� hij_^_e_gbb� gbadbo� kh^_j`Zgbc
mkm]m[eyeh�\ebygb_�fZljbqgh]h�khklZ\Z�

<� k\yab� k� l_f�� qlh� ^Z`_� g_agZqbl_evgu_� dhebq_kl\Z� hj]Zgbq_kdbo
\_s_kl\� \ebyxl� gZ� khklhygb_� ih\_joghklb� bg^bdZlhjgh]h� we_dljh^Z�� ^ey
\k_o� ijh[� \h^u� ijbf_gyeb� ij_^\Zjbl_evgh_� jZajmr_gb_� hj]Zgbq_kdh]h
\_s_kl\Z�iml_f�©fhdjh]h�k`b]Zgbyª�kf_kvx�dbkehl�

G_� mklZgh\e_gh�f_rZxs_]h� \ebygby� Na � b� Fe� \iehlv� ^h� ��3 - 105

djZlguo� ba[uldh\� ih� hlghr_gbx� d� hij_^_ey_fuf� we_f_glZf�� <� \h^Zo� k

ih\ur_gguf� kh^_j`Zgb_f� −2
4SO � gZ[ex^Zeb� baf_g_gb_� dbg_lbdb

we_dljh^guo� ijhp_kkh\�� GZijbf_j�� ibd� Cu � jZa^\Zb\Zeky�� mrbjyeky�� b
ijhp_kk�ba�d\Zabh[jZlbfh]h�klj_fbeky�d�g_h[jZlbfhfm�

<� wlbo� kemqZyo� ^ey� hij_^_e_gby� dhgp_gljZpbb� j_dhf_g^h\Zgh

bkihevah\Zlv� f_lh^� klZg^Zjlghc� ^h[Z\db� kh\f_klgh� k� f_lh^hf
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jZa[Z\e_gby�� Ijb� wlhf� jZa[Z\e_ggmx� ijh[m� b� ijh[m� k� ^h[Z\dhc

\u^_j`b\Zeb�hij_^_e_ggh_�\j_fy�i_j_^�baf_j_gb_f�

Ijb� h^gh\j_f_gghf� kh^_j`Zgbb� −2
4SO � b� +2Ca � ^h� ���� �� ���� f]�e

dZ`^h]h�� Z� lZd`_�ijb� \ukhdbo� kh^_j`Zgbyo� 2SiO � mklZgh\e_gZ�iZkkb\Zpby

ih\_joghklb� we_dljh^Z�� J_]_g_jZpbx� ih\_joghklb� ijh\h^beb

kdZqdhh[jZaguf�baf_g_gb_f�ihl_gpbZeZ�we_dljhobfbq_kdhc�hqbkldb�

<� ijbkmlkl\bb� )(IVMn � ZgZeblbq_kdb_� kb]gZeu� hij_^_ey_fuo

we_f_glh\� mf_gvrZebkv� ijb� ih\lhjguo� baf_j_gbyo� \� h^ghf� b� lhf� `_
jZkl\hj_�� eb[h� \hagbdZeb� lZd� gZau\Z_fu_� ©h[jZlgu_� ibdbª� \� h[eZklb

ihl_gpbZeh\� we_dljhjZkl\hj_gby� Cu � b� Pb��F_rZxs__� \ebygb_� )(IVMn

h[tykgy_lky� khj[pb_c� hij_^_ey_fuo� we_f_glh\� gZ� _]h� ]b^jZlbjh\Zgguo

kh_^bg_gbyo� beb� h[jZah\Zgb_f� )(IICl � ijb� \aZbfh^_ckl\bb� )(IVMn � k� −Cl

nhgh\h]h� we_dljheblZ� \� ijbwe_dljh^ghf� keh_�� <� oh^_� ijh[hih^]hlh\db

)(IVMn �\hkklZgZ\eb\Zeb�^h� )( IIMn .

MklZ\e_gh��qlh�\�ijhZgZebabjh\Zgguo�\h^Zo�kh^_j`Zgb_�Cd \�j_^dbo
kemqZyo�ij_\urZeh��������f]�e��kh^_j`Zgb_�Cu �b� Pb�dhe_[Zehkv�hl�������
^h�������f]�e��pbgdZ���hl�������^h�����f]�e�
BAMQ?GB?�MKEH<BC�J?=?G?J:PBB�IH<?JOGHKLB
KL?DEHM=E?JH>GH=H�WE?DLJH>:�IJB�HIJ?>?E?GBB

LHDKBQGUO�WE?F?GLH<�<�<H>:O�IH>FHKDH<VY

G_kl_jbgZ�?�F���;_[_rdh�=�B�

<k_jhkkbckdbc bgklblml fbg_jZevgh]h kujvy bf� G�F� N_^hjh\kdh]h�

]� Fhkd\Z

H[_ki_q_gb_� \hkijhba\h^bfh]h� khklhygby� ih\_joghklb

jlmlghie_ghqgh]h� we_dljh^Z� �JIW�� hklZ_lky� kZfuf� \Z`guf� fhf_glhf� \
B<:�� G_fgh]hqbke_ggu_� bkke_^h\Zgby� khklhygby� ih\_joghklb� g_� ghkyl
h[h[sZxs_]h� oZjZdl_jZ�� <� gZklhys__� \j_fy� g_l� _^bghc� lhqdb� aj_gby
hlghkbl_evgh�f_oZgbafZ� h[jZah\Zgby� b� b� khklZ\_� ie_gdb� gZ� ih\_joghklb
we_dlhjh^Z� ijb� jZ[hl_� k� jZkl\hjZfb�� kh^_j`Zsbfb� )(IIHg �� Z� lZd`_� g_

mklZgh\e_g�f_oZgbaf�i_j_ghkZ�aZjy^Z�\�lZdbo�ie_gdZo�

<� k\yab� k� l_f�� qlh� ijh]ghabjh\Zlv� khklhygb_� ih\_joghklb� JIW� ih
l_f� beb� bguf� __� iZjZf_ljZf� ihdZ� g_� ij_^klZ\ey_lky� \hafh`guf�
ih^[bjZxl� mkeh\by� j_]_g_jZpbb� ih\_joghklb� dhgdj_lgh]h� we_dljh^Z� b� \
dhgdj_lghf� nhgh\hf� we_dljhebl_�� J_]_g_jZpby� aZdexqZ_lky� \

f_oZgbq_kdhc� beb� we_dljhobfbq_kdhc� hqbkld_� beb� bo� khq_lZgbb�
IhdZaZl_e_f� j_]_g_jZpbb� kem`bl� \hkijhba\h^bfhklv� ZgZeblbq_kdbo

kb]gZeh\�hij_^_ey_fuo�we_f_glh\�ijb�ih\lhjguo�baf_j_gbyo�

JZkkfhlj_gu� mkeh\by� j_]_g_jZpbb� ih\_joghklb� we_dljh^Z� ijb

hij_^_e_gbb� CdPbCu ,, � b� Zn f_lh^hf� B<:� \� \h^Zo� Ih^fhkdh\vy

jZaghh[jZagh]h�khklZ\Z��<�dZq_kl\_�^ZlqbdZ�bkihevah\Zeb�fh^mev�©?F���ª
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�©<hevlZª�� K��I_l_j[mj]�� kh� kl_dehm]e_jh^guf� ^bkdh\uf� we_dljh^hf�� \

dZq_kl\_�nhgh\h]h�we_dljheblZ���jZkl\hj�����F�ih� KCl ��b������F�ih� HCl b
6105 −⋅ ih� )(IIHg � k� 2pH �� Hijh[h\ZgZ� we_dljhobfbq_kdZy� b� f_oZgbq_kdZy

hqbkldb��IjZ\bevghklv� \u[hjZ� kihkh[Z� hqbkldb� \� ZgZebabjm_fuo� ijh[Zo
dhgljhebjh\Zeb� ih� \hkijhba\h^bfhklb� ZgZeblbq_kdbo� kb]gZeh\

klZg^Zjlguo� jZkl\hjh\�� We_dljhobfbq_kdZy� hqbkldZ� \hafh`gZ� ijb

gZeh`_gbb�gZ� we_dljh^�ihl_gpbZeh\�
hq

? ��ijbf_jgh� jZ\guo�beb�[hevrbo�

q_f� ihl_gpbZe� we_dljhhdbke_gby� jlmlb HgE . 
hq

? � fh`_l� ih^^_j`b\Zlvky

ihklhygguf� beb� baf_gylvky� \h� \j_f_gb� ihkl_i_ggh� beb� bfimevkgh�

IhdZaZgh�� qlh� <?
hq

4,0= [he__� ij_^ihqlbl_e_g�� q_f� <??
hqHg 4,0<≤ �� ijb

ijhqbo� jZ\guo� mkeh\byo� �\j_fy� hqbkldb�  � \j_f_gb� we_dljhebaZ��

>hklb]Z_lky� [he__� gbadbc� ij_^_e� hij_^_e_gby� KX � \� j_amevlZl_� f_gvr_c

lhesbgu� ie_gdb� gZ� we_dljh^_�� ijb� wlhf� ij_^_e� hij_^_e_gby� Pbb� Cd g_
baf_gy_lky�� Hlf_q_gh�� qlh� k� mf_gvr_gb_f� l_fi_jZlmju� ZgZebabjm_fuo
jZkl\hjh\�hilbfZevgh_�agZq_gb_�ihl_gpbZeZ�hqbkldb�mf_gvrZ_lky��lZd�dZd

ijb� Ct $3022÷= hg�khklZ\eye������������Z�ijb� Ct $1514÷= �\k_]h�����������<�

<�g_dhlhjuo�kemqZyo�gZ[ex^Zeb�j_adh_�mf_gvr_gb_�ZgZeblbq_kdbo
kb]gZeh\�hij_^_ey_fuo�we_f_glh\�ijb�ih\lhjguo�baf_j_gbyo�\�jZkl\hjZo�
kh^_j`Zsbo�ih\ur_ggh_� dhebq_kl\h� kmevnZlh\�b� kbebdZlh\� dZevpby�� qlh
h[tykgyeb� iZkkb\Zpb_c� ih\_joghklb� we_dljh^Z� \� j_amevlZl_� __

wdjZgbjh\Zgby� fZehjZkl\hjbfufb� lhdhg_ijh\h^ysbfb� Z]j_]ZlZfb� lbiZ

,)( 24 OnHSOCa yx ⋅  OnHSiOCa yx 22)( ⋅ �� <� wlbo� kemqZyo� ijbf_gyeb

kdZqdhh[jZagh_�baf_g_gb_�
hq

? �hl�����^h���<�b�h[jZlgh�^h�����<�

Ijb� hij_^_e_gbb� f_^b� )95,0( <?
we

= \� ijh[Zo� k� ih\ur_gguf

kh^_j`Zgb_f�fZj]ZgpZ�gZ[ex^Zeb�ihy\e_gb_�� lZd�gZau\Z_fuo�� ©h[jZlguo

ibdh\ª�\�h[eZklb� we_dljhhdbke_gby� KX �b� Pb ��Ihy\e_gb_� lZdbo�ibdh\��ih
\k_c�\b^bfhklb��k\yaZgh�k�h[jZah\Zgb_f�\�ijbwe_dljh^ghf�keh_�oehjZ�ijb

\aZbfh^_ckl\bb� )( IVMn c −Cl  nhgh\h]h� we_dljheblZ��<_ebqbgZ� dZlh^gh]h
ibdZ�m\_ebqb\ZeZkv�ijb�ih\lhjghf�baf_j_gbb�\�h^ghf�b�lhf�`_�jZkl\hj_�
Khklhygb_�ih\_joghklb�g_h[jZlbfh�baf_gyehkv��<�wlbo�kemqZyo�ijbf_gyeb
f_oZgbq_kdmx� ihebjh\dm� we_dljh^Z� ZefZaguf� ihjhrdhf� k� ^bZf_ljhf
a_j_g� ����� ������ fdf�� ijhfu\dm� \h^hc� b� kibjlhf� \� khq_lZgbb� k

©we_dljhobfbq_kdhc�lj_gbjh\dhcª�ih\_joghklb��©Lj_gbjh\dZª�\dexqZeZ�\
k_[y�fgh]hdjZlgh_�ih\lhj_gb_�klZ^bc�we_dljhebaZ�ijb�ihl_gpbZeZ�������<�
jZa\_jldb�ihl_gpbZeZ�hl�������^h������<�b�we_dljhobfbq_kdhc�hqbkldb�ijb
ihl_gpbZe_� ���� <�� <� wlbo� kemqZyo� \hkijhba\h^bfhklv� hij_^_e_gby

we_f_glh\� [ueZ� m^h\e_l\hjbl_evghc�� IjZ\bevghklv� hij_^_e_gby

dhgljhebjh\Zeb� ih� ^h[Z\dZf� klZg^Zjlguo� jZkl\hjh\�� dhlhju_� ijh\h^beb
ih�oh^m�ZgZebaZ�
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N?JF?GLGUC�IHL?GPBHF?LJBQ?KDBC�F?LH>
HIJ?>?E?GBY�DHGKL:GL�>BKKHPB:PBB�LBHOHEBG:

GbdhevkdZy�?�;�

Bgklblml w\hexpbhgghc nbabheh]bb b [bhobfbb bf� B�F� K_q_gh\Z J:G�
������� K�I_l_j[mj]� ij� F�Lhj_aZ� ��� nZdk ���������������

F_lh^� hkgh\Zg� gZ� hlebqbb� kdhjhkl_c� ohebgwkl_jZagh]h� ]b^jhebaZ
lbhohebgh\h]h�km[kljZlZ��hij_^_e_gguo�k�ihfhsvx�ihl_gpbhf_ljbq_kdh]h
lbljh\Zgby� k� jG�f_ljbq_kdbf� we_dljh^hf� b� ijyfuf

ihl_gpbhf_ljbjh\Zgb_f� jZkoh^Z� km[kljZlZ� k� km[kljZlguf� we_dljh^hf�� <
j_amevlZl_� n_jf_glZlb\gh]h� ]b^jhebaZ� keh`guo� lbhohebgh\uo� wnbjh\
ihemqZ_lky�dbkehlZ�b�lbhohebgh\uc�kibjl��LO���Ijb�ihl_gpbhf_ljbq_kdhf
lbljh\Zgbb� k� jG�f_ljbq_kdbf� we_dljh^hf� ijb� aZ^Zgghf� ihklhygghf

agZq_gbb� jG� lbljZgl� �s_ehqv�� jZkoh^m_lky� gZ� g_cljZebaZpbx� bhgh\
\h^hjh^Z�� h[jZamxsboky� ijb� ^bkkhpbZpbb� ijh^mdlZ� j_Zdpbb� �� dbkehlu� b
SH-]jmiiu� LO�� K� km[kljZlguf� we_dljh^hf� hij_^_ey_lky� baf_g_gb_

dhgp_gljZpbb� km[kljZlZ� aZ� \j_fy� ijh\_^_gby� j_Zdpbb�� qbke_ggh� jZ\gh_
dhgp_gljZpbb� h[jZah\Z\r_]hky� aZ� wlh� \j_fy� ijh^mdlZ� ohebgwl_jZagh]h
]b^jhebaZ� LO� beb� dbkehlu�� DhgklZglZ� ^bkkhpbZpbb� KLO fh`_l� [ulv

jZkkqblZgZ ih�mjZ\g_gbx�� S. S+
6+ Ã»º¾Ç

6+ º¾Ç
tw

= + OJ
> @

> @
.

[SH]^bk hij_^_ey_lky� jZaghklvx�f_`^m� ^Zggufb� ihl_gpbhf_jbq_kdh]h� b
^Zggufb�ijyfh]h�ihl_gpbhf_ljbjh\Zgby� ��Z� [SH]g_^bk���jZaghklvx�f_`^m
^Zggufb�ijyfh]h�ihl_gpbhf_ljbjh\Zgby b�[SH]^bk

;ueb�ijh\_^_gu�k_jbb�hiulh\�\�^bZiZahg_�jG����������\�dhlhjuo�^ey
ihemq_gby�LO�bkihevah\Zeb�jZagu_�lbhohebgh\u_�wnbju��Zp_lbelbhohebg�
ijhibhgbelbhohebg�� [mlbjbelbhohebg�� \� dhgp_gljZpbyo� �������� fF�� b
\uqbke_gu� agZq_gby�pKLO b�KLO�

�Kj_^g__� agZq_gb_�pKLO�� \uqbke_ggh_�ijb

jG�7����������khklZ\beh������± 0,016; KLO - (2,0 ± 0,1)10-8 F��Ijb�jG�����b����
g_h[oh^bfh� mqblu\Zlv� g_ihegmx� ^bkkhpbZpbx� mdkmkghc,� ijhibhgh\hc� b
fZkeyghc�dbkehl��Ihemq_ggu_�agZq_gby�pKLO�kh]eZkmxlky�k�ebl_jZlmjgufb
^Zggufb�

MdZaZgguf� kihkh[hf� ijb� khhl\_lkl\mxsbo� agZq_gbyo� jG� fh]ml
[ulv� hij_^_e_gu� b� jZkkqblZgu� pK� g_� lhevdh� ^ey� lbhohebgZ�� gh� b� ^ey
^jm]h]h� ijh^mdlZ� ]b^jhebaZ� - mdkmkghc�� ijhibhgh\hc,� fZkeyghc� b

[_gahcghc� dbkehl�� H^gZdh� ijZdlbq_kdb� f_lh^� kms_kl\_g_g� ^ey

hij_^_e_gby�dhgklZgl�^bkkhpbZpbb�lbhkibjlh\��dhlhju_�e_]dh�hdbkeyxlky
dbkehjh^hf� \ha^moZ�� qlh� agZqbl_evgh� aZljm^gy_l� ijbf_g_gb_� ^jm]bo

f_lh^h\�^ey�wlbo�p_e_c��Djhf_�lh]h��gZ�hkgh\Zgbb�ihemq_gguo�j_amevlZlh\
[ueb�jZkkqblZgu�ihijZ\hqgu_� dhwnnbpb_glu�^ey�hij_^_e_gby� kdhjhkl_c
ohebgwkl_jZagh]h� ]b^jhebaZ� lbhohebgh\uo� wnbjh\�deZkkbq_kdbf�f_lh^hf
ihl_gpbhf_ljbq_kdh]h�lbljh\Zgby�ijb�ihklhygghf�agZq_gbb�jG�
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BKKE?>H<:GB?�J:<GH<?KBY�<�KBKL?F:O�K?J?;JH
�I:EE:>BC��AHEHLH��±�LJBBH>B>�D:EBY��BKIHEVAH<:GB?
LJBBH>B>:�<�D:Q?KL<?�:FI?JHF?LJBQ?KDH=H�LBLJ:GL:

Gh\hoZlvdh�H�<���R_\q_gdh�X�B���Kmijmgh\bq�<�B�

MdjZbgkdbc ]hkm^Zjkl\_gguc obfbdh�l_ogheh]bq_kdbc mgb\_jkbl_l�

]� >g_ijhi_ljh\kd� MdjZbgZ

Bkihevamy� we_dljhlbljhf_ljbq_kdb_�f_lh^u� b� \hevlZfi_jhf_ljbx�
bamq_gh�\ebygb_�k_j_[jZ��iZeeZ^by�b�ahehlZ�gZ�bh^b^�bh^Zlgh_�jZ\gh\_kb_
ijb�ihklhygghc�dbkehlghklb�jZkl\hjZ�jG�����

Ag(I���3G�,,��b�$X�,,,��h[jZamxl�fZehjZkl\hjbfu_�hkZ^db�k�bh^b^��b
bh^Zl�bhgZfb��Wlb�f_lZeeh�bhgu�kihkh[gu�k^\b]Zlv�jZ\gh\_kb_�\�klhjhgm
h[jZah\Zgby� fZehjZkl\hjbfuo� kh_^bg_gbc�� <� k\yab� k� q_f� we_f_glZjguc
ch^� \aZbfh^_ckl\m_l� k� k_j_[jhf� �iZeeZ^b_f�� ahehlhf�� k� \u^_e_gb_f
khkhl\_lkl\mxsbo� bh^b^h\� b� bh^Zlh\�� J_Zdpbb� ijhoh^yl� \� kljh]h

kl_o_hf_ljbq_kdbo� khhlghr_gbyo�� Ihwlhfm� ijb� lbljh\Zgbb�� gZijbf_j�
k_j_[jZ�jZkl\hjhf�.-3+KJ�ijhoh^yl�j_Zdpbb:

 n Ag+ + n J- Q�Q�$J-;�b
9Ag+ + 3J- +3H2O +6Ac- = 8AgJ + AgJO3 + 6HAc
>hdZaZgh�� qlh� \� keZ[hdbkeuo� Zp_lZlguo� kj_^Zo� \� kemqZ_

\aZbfh^_ckl\by� JO3- �bhgh\� jZkl\hjhf� ljbch^b^Z� \� j_^hdk�ijhp_kkZo
mqZkl\mxl�lhevdh�k\h[h^gu_�bh^b^�bhgu��Z�KJ3�gZdZieb\Z_lky�\�jZkl\hj_�
Ijb�gZebqbb�\�]_l_jh]_gghc�kbkl_f_�KJ3, J2 b�$J-�k�Zahlghdbkeuf�k_j_[jhf
i_j\uf� j_Z]bjm_l� k\h[h^guc� ch^�� <� mkeh\byo� ^_nbpblZ� $J+ �bhgh\� \
j_amevlZl_� j_Zdpbb� h[jZamxlky� $J-� b� k\h[h^gu_� -23- �bhgu�� <lhjhc
ijhoh^bl�j_Zdpby�hkZ`^_gby� k� \u^_e_gb_f�AgJO3. Ihke_^gbf� k� k_j_[jhf
\aZbfh^_ckl\m_l�KJ3, dhlhjuc� ^_khj[bjm_lky� k� ih\_joghklb� $J-��<� lhqd_
wd\b\Ze_glghklb� \� wlhf� kemqZ_� bkq_aZ_l� dhjbqg_\Zy� hdjZkdZ� jZkl\hjZ� b
hkZ^hd�ba�³dhn_cgh]h´�i_j_oh^bl�\�[_euc�

AZibkZgu� Zfi_jh^bgZfbq_kdb_� djb\u_� lbljh\Zgbc�� Ihemq_gZ

bgnhjfZpby�h�kdhjhklyo�ijhoh`^_gby�wlbo�ijhp_kkh\�

Hllbljh\Zgu� jZaebqgu_� dhebq_kl\Z� k_j_[jZ� ����������� f]�� k

\bamZevghc� nbdkZpb_c� lhqdb� wd\b\Ze_glghklb�� <� fhf_gl� ihy\e_gby

ba[ulhqghc� dZieb� lbljZglZ� �KJ3 b� .-�� jZkl\hj� ijbh[j_lZ_l

k\_lehdhjbqg_\uc� p\_l� aZ� kq_l� .-3 b� \ke_^kl\b_� \u^_e_gby J2, dZd

j_amevlZlZ�ijhoh`^_gby�j_Zdpbb�

;$J-23 + 6J- +6H+ = AgJ;���-2+ 3H2O.
Dhwnnbpb_gl� “mkbe_gby´�\�aZ\bkbfhklb�hl�khkhlghr_gbc� >-- ]:[J2@�\

lbljm_s_f� jZkl\hj_� khklZ\ey_l� hl� �� ^h� ��� �ijb� Q �� b� �����Hij_^_e_gbx
k_j_[jZ�g_�f_rZxl�pbgd��gbd_ev��f_^v��`_e_ah��Zexfbgbc�����dj��ba[uldb�
b�fgh]b_� ^jm]b_�f_lZeeu��:fi_jhf_ljbq_kdh_� lbljh\Zgb_� $J�I��� 3G�,,�� b
$X�,,,�� m\_ebqb\Z_l� qm\kl\bl_evghklv� hij_^_e_gbc� gZ� h^bg�� ihelhjZ

ihjy^dZ�
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>ey� jZkq_lh\� j_amevlZlh\� ZgZebaZ� ij_^\Zjbl_evgh� hij_^_eyeb� lblj
ljbch^b^Z�ih�k_j_[jm��>Zggu_�lbljh\Zgbc�klZg^Zjlguo�jZkl\hjh\�k_j_[jZ
h^gh\j_f_ggh�bkihevah\Zeb�b�^ey�hij_^_e_gbc� ³Q´� �Q >-@�>-2])�\�jZkl\hjZo
ljbch^b^Z�dZeby��ijb]hlh\e_gguo�ba�nbdkZgZeh\.

JZajZ[hlZgu� f_lh^bdb� hij_^_e_gby� k_j_[jZ� \� ijbihyo� b� kieZ\Zo�
<j_fy� ijh\_^_gby� ZgZebaZ� ������ fbgml�� Hlghkbl_evgh_� klZg^Zjlgh_

hldehg_gb_�f_g__������
<H>HJ:KL<HJBFU?�DHFIE?DKHH;J:AMXSB?�IHEBF?JU�<
BG<?JKBHGGHF�<HEVL:FI?JHF?LJBQ?KDHF�:G:EBA?

Hkbih\Z�?�:���DZf_g_\�:�B���Rdbg_\�<�F���KeZ^dh\�<�?���:gmjh\�<�E�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<� Ehfhghkh\Z
Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B� <_jgZ^kdh]h

<h^hjZkl\hjbfu_� dhfie_dkhh[jZamxsb_� ihebf_ju�� lZdb_� dZd

ihebwlbe_gbfbg� �IWB��� �ihebwlbe_gbfbg�f_lbelbhfhq_\bgZ� �IWBFL��
iheb�1�\bgbeibjjheb^hg� �I<I��� �iheb�1�
\bgbeibjjheb^hg�f_lbelbhfhq_\bgZ� �I<IFL��� mki_rgh� ijbf_gyxlky� \
wnn_dlb\ghf� f_lh^_� jZa^_e_gby� b� dhgp_gljbjh\Zgby� bhgh\� f_lZeeh\� �
f_lh^_� m^_j`b\Zgby� ihebf_jgufb� j_Z]_glZfb� ijb� f_f[jZgghc

nbevljZpbb�� IhemqZ_fu_� \� ^Zgghf� kemqZ_� dhgp_gljZlu� ij_^klZ\eyxl
kh[hc� \h^gu_� jZkl\hju� khhl\_lkl\mxsbo� ihebf_jh\� b� bo� dhfie_dkh\� k
bhgZfb� f_lZeeh\�� qlh� iha\hey_l� bkihevah\Zlv� ^ey� bo� ZgZebaZ� f_lh^
Zgh^ghc� bg\_jkbhgghc� \hevlZfi_jhf_ljbb�� GZ� ijbf_j_� kbkl_f� +J�,,��
IWB�� $J�,��IWB�� &X�,,��IWB�� Zn(II)�IWB�� 3E�,,��IWB�� 3E�,,��IWBFL�
3E�,,��I<I�� 3E�,,��I<IFL�� &G�,,��IWB� b� &G�,,��IWBFL� bamq_gu

hkh[_gghklb� ijhl_dZgby� we_dljh^guo� ijhp_kkh\� gZ� we_dljh^Zo� ba

m]e_jh^guo� fZl_jbZeh\� f_lh^Zfb� pbdebq_kdhc� b� bg\_jkbhgghc

\hevlZfi_jhf_ljbb�� GZc^_gh�� qlh� ijbjh^Z� lhdh\� we_dljhhdbke_gby� b
h[jZlbfhklv�ijhp_kkh\�jZajy^Z�bhgbaZpbb�g_�ij_l_ji_\Zxl� agZqbl_evguo
baf_g_gbc� ijb� dhgp_gljZpbyo� ihebf_jZ� ������ JZajZ[hlZgu

\hevlZfi_jhf_ljbq_kdb_�kihkh[u�hij_^_e_gby�bhgh\�&X�,,��� 3E�,,���&G�,,��
$J�,��b�+J�,,��k�ij_^_eZfb�h[gZjm`_gby�n•10-7 - n•10-6�fhev�e�\�ijbkmlkl\bb
\h^hjZkl\hjbfuo�dhfie_dkhh[jZamxsbo�ihebf_jh\��\dexqZy�hij_^_e_gb_
bhgh\� ly`_euo� f_lZeeh\� \� ihebf_jguo� dhgp_gljZlZo� g_ihkj_^kl\_ggh
ihke_� klZ^bb� f_f[jZggh]h� dhgp_gljbjh\Zgby�� GZ� hkgh\Zgbb� bamq_gby
mkeh\bc� nhjfbjh\Zgby� we_dljhdhgp_gljZlh\� gZ� ih\_joghklb� iZklh\h]h
we_dljh^Z�\�[bgZjghc�kbkl_f_�$J�,��&X�,,��\�ijbkmlkl\bb�IWB��\�[bgZjghc
kbkl_f_�&X�,,��3E�,,��\�ijbkmlkl\bb�I<I��\�ljhcghc�kbkl_f_�&X�,,��&G�,,��
Zn�,,�� \� ijbkmlkl\bb� IWB� b� \� ljhcghc� kbkl_f_� &X�,,��3E�,,��&G�,,�� \
ijbkmlkl\bb�IWB�b�IWBFL�ihdZaZgh�� qlh� ijbf_g_gb_� \h^hjZkl\hjbfuo
dhfie_dkhh[jZamxsbo�ihebf_jh\�iha\hey_l�mf_gvrblv�f_`f_lZeebq_kdb_
\aZbfh^_ckl\by�dhfihg_glh\�kbkl_f�gZ�ih\_joghklb�l\_j^h]h�we_dljh^Z��\
j_amevlZl_� q_]h� m\_ebqb\Z_lky� k_e_dlb\ghklv� bg\_jkbhggh]h
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\hevlZfi_jhf_ljbq_kdh]h� ZgZebaZ�� gZijbf_j�� klZgh\blky� \hafh`guf

hij_^_e_gb_� k_j_[jZ�,��\�ijbkmlkl\bb� �����djZlguo�� k\bgpZ�,,�� �� ��������
djZlguo� b� dZ^fby�,,�� �� ������djZlguo� dhebq_kl\� f_^b�,,��� Ijh\_^_gZ
kjZ\gbl_evgZy�hp_gdZ�dhgklZgl�jZ\gh\_kby�j_Zdpbc�dhfie_dkhh[jZah\Zgby
bhgh\�ly`_euo�f_lZeeh\�k�IWB��MklZgh\e_gh��qlh�mklhcqb\hklv�mdZaZgguo
dhfie_dkguo� kh_^bg_gbc�iZ^Z_l� \� jy^m�� +J�,,�!&X�,,�!$J�,�!&G�,,�!3E�,,�
����� WlZ� bgnhjfZpby� fh`_l� [ulv� bkihevah\ZgZ� ^ey� ih\ur_gby

k_e_dlb\ghklb� dZd� klZ^bb� f_f[jZggh]h� dhgp_gljbjh\Zgby�� lZd� b� klZ^bb
ihke_^mxs_]h� \hevlZfi_jhf_ljbq_kdh]h� ZgZebaZ�� LZd�� q_f� f_gvr_

\_ebqbgZ� pH�� l_f� f_gvr__� dhebq_kl\h� bhgh\� \� jy^m� �� �kijZ\Z� gZe_\h�
dhgp_gljbjm_lky� k� IWB�� Iml_f� \Zjvbjh\Zgby� \_ebqbgu� pH� fh`gh

kms_kl\_ggh� m\_ebqblv� b� ba[bjZl_evghklv� bg\_jkbhggh]h� hij_^_e_gby
bhgh\�f_lZeeh\�� dZ`^uc�ihke_^mxsbc�bhg� \� jy^m� ��fh`gh� hij_^_eylv� \
ijbkmlkl\bb� agZqbl_evgh� [hevr_]h� ba[uldZ� ij_^u^ms_]h� bhgZ�� q_f� \
hlkmlkl\b_�IWB�
:FI?JHF?LJBQ?KDH?�>?L?DLBJH<:GB?�BHGH<�F?L:EEH<
<�<B>?�DHFIE?DKH<�K�MGBLBHEHF�<�<W@O

Hkbih\Z�?�:���RZih\Zeh\Z�?�G���Hnbp_jh\Z�F�G���Ih^e_kguo�K�<�

Fhkdh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� F�<� Ehfhghkh\Z

F_lh^� \ukhdhwnn_dlb\ghc� `b^dhklghc� ojhfZlh]jZnbby� �<W@O�
\k_� qZs_� bkihevamxl� ^ey� dhgljhey� kh^_j`Zgby� hj]Zgbq_kdbo� b

g_hj]Zgbq_kdbo� lhdkbdZglh\�� \� lhf� qbke_� bhgh\� ly`_euo� f_lZeeh\�� \
jZaebqguo� ijbjh^guo� h[t_dlZo�� JZa^_e_gb_� bhgh\� f_lZeeh\� h[uqgh

ijh\h^yl�\�\b^_�o_eZlguo�dhfie_dkh\�f_lh^Zfb�h[jZszggh�nZah\hc�b�bhg�
iZjghc� <W@O�� H^gbf� ba� i_jki_dlb\guo� eb]Zg^h\� y\ey_lky� ógblbhe�
h[jZamxsbc�kh�fgh]bfb�f_lZeeZfb�mklhcqb\u_�b�dbg_lbq_kdb�eZ[bevgu_
dhfie_dku� b� hl\_qZxsbc� \k_f� lj_[h\Zgbyf� d� o_eZlhh[jZamxsbf

j_Z]_glZf�\�<W@O��>ey�^_l_dlbjh\Zgby�dhfie_dkh\�f_lZeeh\�\�<W@O��dZd
ijZ\beh�� ijbf_gyxl� ki_dljhnhlhf_ljbq_kdb_� ^_l_dlhju� Kihkh[ghklv

mgblbheZ� d� we_dljhobfbq_kdhfm� hdbke_gbx� bkihevah\ZgZ� ^ey� jZajZ[hldb
dhk\_ggh]h� Zfi_jhf_ljbq_kdh]h� \ZjbZglZ� ^_l_dlbjh\Zgby� Cd(II), Pb(II),
Hg(II), Cu(II), Co(II)�b�Ni(II) �\�\b^_�dhfie_dkh\�k�mgblbhehf�\�klZlbq_kdbo
mkeh\byo� b� \� h[jZs_ggh�nZah\hc� bhg�iZjghc� <W@O�� Bkke_^h\Zgu

nZdlhju�� \ebyxsb_� gZ� ojhfZlh]jZnbq_kdh_� jZa^_e_gb_� b

Zfi_jhf_ljbq_kdh_� ^_l_dlbjh\Zgb_� dhfie_dkh\�f_lZeeh\� k� mgblbhehf��<
dZq_kl\_� g_ih^\b`ghc� nZau� bkihevah\Zeb� ]b^jhnh[guc� kbebdZ]_ev� �
K_iZjhg� K18�� MklZgh\e_g� hilbfZevguc� khklZ\� ih^\b`ghc� nZau� ^ey

ojhfZlh]jZnbq_kdh]h� jZa^_e_gby� dhfie_dkh\� f_lZeeh\� k� mgblbhehf�

Zp_lhgbljbe������ih�h[t_fm��Zp_lZlguc�[mn_jguc�jZkl\hj�k�jG~6,0 (65%
ih� h[t_fm��� �• 10-2� fhev�e� bhg�iZjgh]h� j_Z]_glZ� �� [jhfb^Z

l_ljZ[mlbeZffhgby� b� �•10-4� fhev�e� mgblbheZ�� Ijh\_^_gh� kjZ\g_gb_� ^\mo
dhgkljmdpbc�ijhlhqguo�we_dljhobfbq_kdbo�yq__d��lhgdhkehcghc�yq_cdb�b
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yq_cdb� lbiZ� ©kl_gdZ�khiehª�� b� ljzo� we_dljh^guo� fZl_jbZeh\� �ieZlbgZ�
]jZnbl�� kl_dehm]e_jh^��� FZdkbfZevgZy� qm\kl\bl_evghklv� ^hklb]gmlZ� ijb
bkihevah\Zgbb� Zfi_jhf_ljbq_kdh]h� ^_l_dlhjZ� k� ijhlhqghc� yq_cdhc� lbiZ
©kl_gdZ�khiehª� k� bg^bdZlhjguf� ]jZnblh\uf� we_dljh^hf�� Ij_^_eu

h[gZjm`_gby� ^ey Hg(ll), Pb(ll), Cd(ll)� khklZ\eyxl� ����� ���� b� ���� fd]�fe
khhl\_lkl\_ggh�� Ijh\_^_gh� ojhfZlh]jZnbq_kdh_� hij_^_e_gb_� kh^_j`Zgby
ly`_euo� f_lZeeh\� \� h[jZap_� klhqghc� \h^u� k� bkihevah\Zgb_f

Zfi_jhf_ljbq_kdh]h� ^_l_dlhjZ�� Ij_^eZ]Z_fuc� kihkh[� hij_^_e_gby

wdkij_kk_g��\j_fy�ZgZebaZ�khklZ\ey_l�hl���^h����fbgml��b�ijhkl��lZd�dZd�\
^Zgghf� kemqZ_� bkdexqZ_lky� klZ^by� ij_^\Zjbl_evgh]h� wdkljZdpbhggh]h
\u^_e_gby�dhfie_dkh\�f_lZeeh\�
BG<?JKBHGGH?�<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?
BHGH<�LY@?EUO�F?L:EEH<�B�I:<�<�IJBJH>GUO�B

KLHQGUO�<H>:O

I_ljh\�K�B���B\Zgh\Z�@�<�

J=M g_nlb b ]ZaZ bf� B�F� =m[dbgZ
������� Fhkd\Z� E_gbgkdbc ijhki_dl� ��

Bhgu� ly`_euo� f_lZeeh\� �Cd2+, Pb2+, Hg2+, b� ^j��� y\eyxlky

kmi_jwdhlhdkbdZglZfb��\ebyxsbfb�gZ�[bhobfbq_kdb_�ijhp_kku�\�de_ld_�b
\uau\Zxsbfb�fmlZ]_gguc� b� dZgp_jh]_gguc� wnn_dlu��Bo� wdheh]bq_kdbc
dhgljhev�gZ�mjh\g_�I>D�lj_[m_l�jZajZ[hldb�ijhkluo�wdkij_kkguo�f_lh^h\
ZgZebaZ� h[t_dlh\� hdjm`Zxs_c� kj_^u�� \� i_j\mx� hq_j_^v� ijbjh^guo� b
klhqguo� \h^�� Ijb� wlhf� bkihevah\Zgb_� f_lh^h\� \hevlZfi_jhf_ljbb

hkeh`g_gh� gZebqb_f� \� ZgZebabjm_fuo� ijh[Zo� ijbjh^guo� ih\_joghklgh�
Zdlb\guo�\_s_kl\�beb�nehdmeyglh\��bkihevam_fuo�ijb�\h^hhqbkld_�

IhdZaZgh�� qlh� \� ijbkmlkl\bb� I:<� ijbf_g_gb_� f_lh^h\

i_j_f_gghlhdh\hc� iheyjh]jZnbb� gZ� JDW� ijb� hij_^_e_gbb� f_^b�� k\bgpZ�
dZ^fby� b� pbgdZ� hkeh`g_gh� ijhp_kkZfb� khj[pbb� b� ^_khj[pbb� I:<�� qlh
ijb\h^bl� d� kbevghfm� hkeZ[e_gbx� ZgZeblbq_kdh]h� kb]gZeZ� b� ihy\e_gbx
^hihegbl_evguo�ibdh\�gZ�\hevlZfi_jghc�djb\hc��;he__�ij_^ihqlbl_evguf
\�wlhf�kemqZ_�y\ey_lky�bg\_jkbhggh_�<:�hij_^_e_gb_�Cu, Pb, b Cd�gZ�nhg_
���F� HCl� k� bkihevah\Zgb_f� J=W�� J_`bf� i_j_f_ggh]h� lhdZ� B<:� b� �F
jZkl\hjZ� LiCl � \� dZq_kl\_� nhgh\h]h� we_dljheblZ� iha\hey_l� ijh\h^blv
fgh]hwe_f_glguc� ZgZeba� ih\_joghklguo� \h^� [_a� bo� ki_pbZevghc

ijh[hih^]hlh\db�� JZajZ[hlZggu_� f_lh^bdb� hdZaZebkv� wnn_dlb\gufb� ijb
ZgZeblbq_kdhf�dhgljhe_�bhgh\�f_^b��k\bgpZ��dZ^fby�b�pbgdZ�ijb�hqbkld_
\h^�k�ihfhsvx�dhZ]meypbb�b�nehdmeypbb��;he__�ih^jh[gu_�bkke_^h\Zgby
ih�bamq_gbx�we_dljhobfbq_kdh]h�ih\_^_gby�bhgh\�f_^b��k\bgpZ��dZ^fby�b
pbgdZ�gZ�J=W� \�f_lh^_�B<:�IL��ihdZaZeb�� \h�i_j\uo�� qlh�bg\_jkbhggu_
kb]gZeu�mdZaZgguo�bhgh\�aZ\bkyl�hl�dhgp_gljZpbb�nhgh\h]h�we_dljheblZ�
ijhoh^y� q_j_a�fZdkbfmf��GZb[hevr__� \ebygb_� dhgp_gljZpbb�nhgZ� bf__l
f_klh� ijb�fZeuo� dhgp_gljZpbyo�� qlh� g_h[oh^bfh� mqblu\Zlv� ijb� \u[hj_
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mkeh\bc� ZgZeblbq_kdh]h� hij_^_e_gby� mdZaZgguo� bhgh\�� <h�\lhjuo�
\ebygb_�I:<��dZlbhgblgh]h�nehdmeyglZ�DN�����gZ�bg\_jkbhggu_�kb]gZeu
f_^b��k\bgpZ��dZ^fby�b�pbgdZ�_sz�\�[hevr_c�kl_i_gb�aZ\bkbl�hl�ijbjh^u

nhgh\h]h�we_dljheblZ��<�jy^m�2F NaCl > 1M LiCl << 0,5M HCl�wlh�\ebygb_
ijhy\ey_lky�^ey�2F NaCl�ijb�[he__�gbadbo�dhgp_gljZpbyo�DN�����q_f�gZ
nhg_� 1M LiCl �� ijb� wlhf� bg\_jkbhggu_� kb]gZeu�� dZd� ijZ\beh�� k� jhklhf
dhgp_gljZpbb� DN���� mf_gvrZxlky�� <� rbjhdhf� bgl_j\Ze_� dhgp_gljZpbc
DN����\b^�nmgdpbb�H = f (cDN�����^ey�jZaguo�ih�ijbjh^_�bhgh\�f_lZeeh\
jZaebqZ_lky�� Bf__l� f_klh�� \_jhylgh�� khj[pby� I:<� gZ� ih\_joghklb

we_dljh^Z�� baf_g_gb_� kljh_gby� ^\hcgh]h� kehy� m� ih\_joghklb

bg^bdZlhjgh]h�we_dljh^Z�b��dZd�ke_^kl\b_����aZljm^g_ggZy�^bnnmaby�bhgh\�
Ih� ^hklb`_gbb� ih\_joghklgh�Zdlb\guf� \_s_kl\hf� djblbq_kdhc

dhgp_gljZpbb� fbp_ehh[jZah\Zgby� aZ\bkbfhklv�H = f (cDN����� klj_fblky� d
©gZkus_gbxª���fbgbfmfm�G ibdZ.

Kh\k_f�^jm]Zy� aZ\bkbfhklv�gZ[ex^Z_lky�gZ�nhg_� ���F�HCl��<� wlhf
kemqZ_� bg\_jkbhgguc� kb]gZe� hl� f_^b�� k\bgpZ� b� dZ^fby� jZkl_l� k

m\_ebq_gb_f� dhgp_gljZpbb� DN����� ^hklb]Z_l� fZdkbfmfZ� b� aZl_f� iZ^Z_l�
qlh�fh`_l�[ulv�h[tykg_gh� m\_ebq_gb_f�h[jZlbfhklb� we_dljhobfbq_kdh]h

ijhp_kkZ� aZ� kq_l� baf_g_gby� Ψ1�� ihl_gpbZeZ� we_dljh^Z� ijb� Z^khj[pbb
ihebwe_dljheblZ�� Ke_^m_l� aZf_lblv�� qlh� \� h[eZklb� g_[hevrbo

dhgp_gljZpbc� DN���� �gZ� mjh\g_� I>D�� \ebygb_� I:<� gZ� bg\_jkbhggu_
kb]gZeu� g_\_ebdh�� qlh� iha\hebeh� gZf� jZajZ[hlZlv� f_lh^bdm� hij_^_e_gby
f_^b�� k\bgpZ�� dZ^fby� b� pbgdZ� \� ijbkmlkl\bb� DN����� H^gZdh�� \� h[s_f

kemqZ_�� \ebygb_� DN���� gZ� bg\_jkbhggu_� kb]gZeu� lj_[m_l� ijb

dhebq_kl\_gguo�hij_^_e_gbyo�ijbf_g_gby�kihkh[Z�^h[Z\hd��Djb\Zy�\b^Z�∆
H = f (cDN����� ZgZeh]bqgZ� bahl_jf_� khj[pbb� EZg]fxjZ�� GZb[hevrZy

qm\kl\bl_evghklv� ZgZeblbq_kdhc� nmgdpbb� gZ[ex^Z_lky� \� h[eZklb

dhgp_gljZpbc�� f_gvrbo� q_f� agZq_gb_� I>D�� FbgbfZevgh� hij_^_ey_fZy
dhgp_gljZpby�� kh]eZkgh� wlbf� ^Zgguf�� khklZ\ey_l� ���� f]�e� �ijb� ����hc
ih]j_rghklb�baf_g_gby�kb]gZeZ�ibdZ�lhdZ��

Ebl_jZlmjZ

�� I_ljh\ K�B�� Dmogbdh\Z E�<�� B\Zgh\Z @�<� <hevlZfi_jhf_ljbq_kdh_ hij_^_e_gb_

f_^b� k\bgpZ� dZ^fby b pbgdZ \ ijbkmlkl\bb ih\_joghklgh�Zdlb\guo \_s_kl\�
AZ\� eZ[�� Lhf ������ ����� k� ����

�� I_ljh\ K�B�� Dmogbdh\Z E�<�� B\Zgh\Z @�<�Fgh]hwe_f_glguc ZgZeba ih\_joghklguo
\h^ f_lh^hf bg\_jkbhgghc i_j_f_gghlhdh\hc \hevlZfi_jhf_ljbb� AZ\� eZ[�� Lhf
������ ����� k� ������

�� I_ljh\ K�B�� Dmogbdh\Z E�<��FmobgZ ?�:��FbexlbgZ B�:� :gZeblbq_kdbc dhgljhev
bhgh\ f_lZeeh\ ijb hqbkld_ \h^ k ihfhsvx dhZ]meypbb b nehdmeypbb� AZ\� eZ[�

>bZ]ghklbdZ fZl_jbZeh\� Lhf ������ ����]�
�� I_ljh\ K�B�� B\Zgh\Z @�<� :gZeblbq_kdbc dhgljhev \h^hhqbkldb� bg\_jkbhggh_

\hevlZfi_jhf_ljbq_kdh_ i_j_f_gghlhdh\h_ hij_^_e_gb_ nehdmeyglZ DN���� AZ\�

eZ[�� Lhf ������ �����
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WE?DLJHOBFBY�=J:GBPU�J:A>?E:�WE?DLJHEBLH<�B
:G:EBLBQ?KD:Y�OBFBY

I_ljmobg�H�F�

Jhkkbckdbc obfbdh�l_ogheh]bq_kdbc mgb\_jkbl_l bf� >�B� F_g^_e__\Z�
������ Fhkd\Z� FbmkkdZy ie� �� Jhkkby

Kljh_gb_� ]jZgbpu� jZa^_eZ� ^\mo� g_kf_rb\Zxsboky� jZkl\hjh\

we_dljheblh\� �=J>GJW�� ij_^iheZ]Z_l� kms_kl\h\Zgb_� [he__� beb� f_g__
kljmdlmjbjh\Zggh]h� iehlgh]h� kehy� gZ� ih\_joghklb� jZa^_eZ� b� ^\mo

^bnnmabhgguo� nZa�� Khhl\_lkl\_ggh� ihl_gpbZe� gZ� =J>GJW� nhjfbjm_lky
[eZ]h^Zjy� jZkij_^_e_gbx� aZjy`_gguo� bhgh\�� ^bnnmabhggh]h� b

khj[pbhggh]h�ihl_gpbZeh\��<deZ^�lh]h�beb�bgh]h�ihl_gpbZeZ�hij_^_ey_lky
ijbjh^hc� ihl_gpbZehij_^_eyxsbo� qZklbp�� ]b^jhnh[ghklvx� bhghnhjh\�
jZkl\hjbl_e_f� b� khklZ\hff_f[jZgghc� nZau�Ijb� hij_^_e_gguo� mkeh\byo
=J>GJW� \_^_l� k_[y� dZd� b^_Zevgh� iheyjbah\ZggZy� ih\_joghklv�� JZ[hqbc
bgl_j\Ze� ihl_gpbZeh\� b� _fdhklv� ^\hcgh]h� we_dljbq_kdh]h� kehy

hij_^_eyxlky� ijbjh^hc� b� dhgp_gljZpb_c� nhgh\uo� we_dljheblh\�
Ihl_gpbZeu� i_j_ghkZ� hij_^_ey_fuo� ihl_gpbZehij_^_eyxsbo� bhgh\

h[km`^Zxlky�\�jZfdZo�lj_o�fh^_e_c��Ihl_gpbZeu�i_j_ghkZ�g_hj]Zgbq_kdbo
bhgh\�� gZijbf_j� bhgh\�� /L+-Rb+, F--I-�� bgl_jij_lbjmxlky� dZd� wg_j]by
i_j_khev\ZlZpbb�bhgh\�b�hij_^_eyxlky�ij_`^_�\k_]h�wg_j]b_c�]b^jZlZpbbb
dhjj_ebjmxl� k� djbklZeeh]jZnbq_kdbf� jZ^bmkhf� bhgZ�� Ihl_gpbZeu

i_j_ghkZ� hj]Zgbq_kdbo� bhgh\� aZ\bkyl� hl� ]b^jhnbevgh�ebihnbevgh]h
[ZeZgkZ� kh_^bg_gby�� lh� _klv� ]b^jhnh[ghklb� b� ]b^jhnbevghklb

khhl\_lkl\mxsbo� njZ]f_glh\�� Wg_j]by� bg^mpbjh\Zggh]h� i_j_ghkZ�
jZkkqblZggZy�ba�wdki_jbf_glZevgh�hij_^_e_gguo�ihl_gpbZeh\�i_j_ghkZ��g_
ih^^Z_lky� h^ghagZqghc� bgl_jij_lZpbb�� Kms_kl\mxsb_� fh^_evgu_

ih^oh^u� Zdp_glbjmxl� \gbfZgb_� gZ� gZ� lhc� beb� bghc� klZ^bb

l_jfh^bgZfbq_kdh]h� pbdeZ�� DeZkkbq_kdZy� fh^_ev� ij_^iheZ]Z_l

jZkij_^_e_gb_� dZlbhgZ� f_lZeeZ� \� f_f[jZggmx� nZam� k� ihke_^mxsbf

h[jZah\Zgb_f� dhfie_dkZ� k� bhghnhjhf�� [he__� iha^gyy� �� jZkij_^_e_gb_
bhghnhjZ�� h[jZah\Zgb_� dhfie_dkZ� \� \h^ghc� nZa_� b� jZkij_^_e_gb_� \
f_f[jZggmx�nZam��<�jZfdZo�kh\j_f_ggh]h�ih^oh^Z�ij_^iheZ_lky��qlh�h[_
fh^_eb� hibku\Zxl� djZcgbb� kblmZpbb� b� j_Zevghklv� lh]h� beb� bgh]h

f_oZgbafZ� hij_^_ey_lky� ij_`^_� \k_]h� wg_j]b_c� ]b^jZlZpbb� dZlbhgZ

f_lZeeZ� b� ]b^jhnh[ghklvx� bhghnhjZ��<hafh`_g� lZd`_� \ZjbZgl� Z^khjpbb
dhfie_dkZ� gZ� ih\_joghklb� jZa^_eZ� b� khhl\_lkl\mxs__� h[jZah\Zgb_

f_`nZagh]h�ihl_gpbZeZ��I_j_ghk�ijhkluo�bhgh\�g_�\uau\Z_l�dbg_lbq_kdbo
h]jZgbq_gbc�� \� lh� \j_fy� dZd� ijb� bg^mpbjh\Zgghf� i_j_ghk_� dZlbhgZ
f_lZeeZ� f_^e_ggZy� dbg_lbdZ� h[jZah\Zgby� b� ^bkkhpbZpbb� dhfie_dkh\

h]jZgbqb\Z_l� \u[hj� bhghnhjh\�� <� ZgZeblbq_kdhc� obfbb� i_j_ghk� bhgh\
q_j_a� =J>GJW� bkihevam_lky� \� \hevlZfi_jhf_ljbb� b� Zfi_jhf_ljbb� b
bhghf_ljbb� k� bhgk_e_dlb\gufb� we_dljh^Zfb� �BKW�� b� bhgk_e_dlb\gufb
ihe_\ufb� ljZgabklhjZfb� �BKIL��� Z� lZd`_� ^ey� kha^Zgby� dZgZeh\� \

fbdjhwe_dljhf_oZgbd_�
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GZb[he__� jZajZ[hlZgghc� h[eZklvx� ZgZeblbq_kdh]h� bkihevah\Zgby
=J>GJW� y\ey_lky� ihl_gpbhf_ljby� k� BKW�� <� `b^dhklguo� b

ieZklbnbpbjh\Zgguo� we_dljh^Zo� bkihevamxl� kh_^bg_gby� jZaebqguo

deZkkh\�� o_eZlu� f_lZeeh\�� bhggu_� ZkkhpbZlu�� h[jZah\Zggu_

hij_^_ey_fufb� Zgbhggufb� dhfie_dkZfb� f_lZeeh\�� b� bhggu_� ZkkhpbZlu�
h[jZah\Zggu_� aZjy`_ggufb� hij_^_ey_fufb� qZklbpZfb� b� ]b^jhnh[gufb
ijhlb\hbhgZfb�� b� g_cljZevgu_� bhghnhju��Ij_^_eu� h[gZjm`_gby� f_lh^Z
hij_^_eyxlky� wg_j]b_c� i_j_ghkZ�� ij_`^_� \k_]h� ihl_gpbZeZfb

jZkij_^_e_gby� b� dhgklZglZfb� \aZbfh^_ckl\by� \� f_f[jZgghc� nZa_�
<hafh`ghklb� hij_^_e_gby� hj]Zgbq_kdbo� kh_^bg_gbc�� \� lhf� qbke_

[bheh]bq_kdb� Zdlb\guo� Zahlkh^_j`Zsbo� kh_^bg_gbc� fh]ml� [ulv

agZqbl_evgh� memqr_gu� [eZ]h^Zjy� fh^bnbdZpbb� f_f[jZgghc� nZau�
Hkh[_gghklv� bkihevah\Zgby� g_cljZevguo� bhghnhjh\� khklhbl� \� lhf�� qlh
mklhcqb\hklv� dhfie_dkZ� hij_^_ey_fh]h� f_lZeeZ� k� bhghnhjhf� ^he`gZ
mdeZ^u\Zlvky� \� hij_^_e_gguc� bgl_j\Ze� agZq_gbc�� \ur_� dhlhjh]h

aZjy`_gguc� dhfie_dk� f_lZeeZ� gZqbgZ_l� b]jZlv� jhev� dZlbhgh[f_ggh]h
bhghnhjZ�� Z� gb`_� �� g_� nhjfbjm_lky� mklhcqb\h]h� agZq_gby� ihl_gpbZeZ�
Gb`gbc�ij_^_e�h[gZjm`_gby�BKW�hij_^_ey_lky�wg_j]b_c�i_j_ghkZ��ij_`^_
\k_]h� mklhcqb\hklvx� dhfie_dkh\�� k_e_dlb\ghklv� `_� hij_^_ey_lky

hlghr_gb_f� wg_j]bc� i_j_ghkZ� dhfie_dkh\� hij_^_ey_fh]h� b� f_rZxs_]h

dZlbhgZ� f_lZeeZ�� H^gZdh� dhwnnbpb_glu� k_e_dlb\ghklb� hibku\Zxl

j_Zevgmx� kblmZpbx� lhevdh� \� lhf� kemqZ_�� _keb� j_Zebam_lky� g_jklh\kdZy
nmgdpby�dZd�^ey�hij_^_ey_fh]h��lZd�b�^ey�f_rZxs_]h�bhgh\��<�ihke_^g__
\j_fy� jZ[hlZfb� Ij_lqZ� k� dhee_]Zfb� ihdZaZgh� �� qlh� k_e_dlb\ghklv� b
ij_^_eu� h[gZjm`_gby� BKW� k� f_f[jZgZfb� kh^_j`Zsbfb� g_cljZevgu_
bhghnhju��fh]ml�[ulv�kms_kl\_ggh�memqr_gu�ijb�\\_^_gbb�\h�\gmlj_ggbc
jZkl\hj�kjZ\g_gby�BKW�dhfie_dkhh[jZamxsbo�kh_^bg_gbc��<�wlhf�kemqZ_
f_gy_lky� gZijZ\e_gb_� ljZgkf_f[jZggh]h� ihlhdZ� b� gZ� wlb� oZjZdl_jbklbdb
g_� \eby_l� jZkij_^_e_gby� ihl_gpbZehij_^_eyxsbo� dhfie_dkh\� \

^bnnmabhgguc�kehc�kh�klhjhgu�\h^ghc�nZau��<\_^_gb_�[hevrbo�dhebq_kl\
ebihnbevguo� ^h[Z\hd� k^\b]Z_l� j_Zdpbb� h[jZah\Zgby� aZjy`_gguo

dhfie_dkh\� p_e_\h]h� b� f_rZxsbo� f_lZeeh\�� qlh� fh`gh� lZd`_

bkihevah\Zlv� ^ey� hilbfbaZpbb� qm\kl\bl_evghklb� b� k_e_dlb\ghklb� BKW�
Ijb� fhe_dmeyjghf� fh^_ebjh\Zgbb� bhghnhjh\� g_h[oh^bfh� mqblu\Zlv

j_Zevgu_�f_oZgbafu�h[jZah\Zgby�f_f[jZgguo�ihl_gpbeh\�

:gZeblbq_kdb_� k\hckl\Z� BKIL� hij_^_eyxlky� bhgqm\kl\bl_evghc
f_f[jZghc� b� dZd� ke_^kl\b_� ZgZeblbq_kdb_� oZjZdl_jbklbdb

fhghnmgdpbhgZevguo� BKIL� kh\iZ^Zxl� k� oZjZdljbklbdZfb

khhl\_lkl\mxsbo� BKW�� <� lh`_� \j_fy� ^ey� [bnmgdpbhgZevgh]h� BKIL
gZ[ex^Z_lky�kgb`_gb_�k_e_dlb\ghklb�b�ih\ur_gb_�ij_^_eZ�h[gZjm`_gby�b
ke_^h\Zl_evgh� ba]hlh\e_gb_� ihebnmgdpbhgZevguo�BKIL� [m^_l� lj_[h\Zlv
bhghnhjh\� k� ]hjZa^h� [he__� \ukhdhc� k_e_dlb\ghklvx� ih� kjZ\g_gbx� k
bhghnhjZfb� ^ey� fhghnmgdpbhgZevguo� BKIL� HibkZg

ihebnmgdpbhgZevguc� BKIL�k_gkhju� k� �� qm\kl\bl_evgufb� aZl\hjZfb�� <
gZklhys__� \j_fy� \� we_dljhZgZeblbd_� bf_xlky� ijbf_ju� j_ZebaZpbb

dhgp_ipbb�³bgl_]jbjh\Zgguo�fbdjhZgZeblbq_kdbo�kbkl_f��7RWDOO�&KHPLFDO
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$QDO\VLV� 6\VWHP�´�� p_evx� jZ[hl� \� wlhc� h[eZklb� y\ey_lky� kha^Zgb_

ihjlZlb\guo� ZgZeblbq_kdbo� fbdjhijb[hjh\�� \� dhlhjuo� jZaf_ju� \k_o
dhfihg_glh\� ijb[hjZ� khhl\_lkl\mxl� jZaf_jZf�BKIL� b� ^ey� ba]hlh\e_gby
dhlhjuo�bkihevam_lky�ieZgZjgZy�l_ogheh]by�

<hevlZfi_jhf_ljby� b� Zfi_jhf_ljby� gZ� =J>GJW� iha\hey_l

hij_^_eylv� we_dljhobfbq_kdb� g_Zdlb\gu_� f_lZeeu�� gZijbf_j� bhgu

s_ehqguo� b� s_ehqgha_f_evguo� we_f_glh\�� hj]Zgbq_kdb_� kh_^bg_gby�
Ij_^_eu�h[gZjm`_gby�aZ\bkyl�hl�ihl_gpbZeh\�i_j_ghkZ�b�_]h�iheh`_gby�gZ
rdZe_�jZ\[hqbo�ihl_gpbZeh\��<hafh`ghklv�ijh\h^blv�Zfi_jhf_ljbq_kdbc
ZgZeba� ijb� nbdkbjh\Zgguo� agZq_gbyo� ihl_gpbZeh\� ^Z_l� ^hihegbl_evguc
\ub]jur� \� k_e_dlb\ghklb� ZgZebaZ� ih� kjZ\g_gbx� k

\hevlZfi_jhf_ljbq_kdbf�� <ukhdh_� khijhlb\e_gb_� hj]Zgbq_kdhc

f_f[jZgghc� nZau� ijb\h^bl� d� g_h[oh^bfhklb� bkihevah\Zlv

��o�we_dljh^gu_�yq_cdb��F_lh^u�fh`gh�bkihevah\Zlv�dZd�\�i_jbh^bq_kdhf
lZd�b�\�ijhlhqghf�ZgZeba_�

DeZkkbq_kdb_� we_dljhobfbq_kdb_� k_gkhju��hkgh\Zggu_�gZ� j_Zdpbyo
gZ�=J>GJW��ij_`^_�\k_]h�BKW��ohjhrh�ba\_klgu�b�rbjhdh�bkihevamxlky�
gZijbf_j��\�KR:�_`_]h^gh�ijh\h^blky�hdheh�����fbeebhgh\�debgbq_kdbo
ZgZebah\� gZ� dZebc� k� \Zebghfbpbgh\uf� BKW�� <� lh`_� \j_fy

we_dljhZgZeblbq_kdb_� f_lh^u�� hkgh\Zggu_� gZ� i_j_ghk_

ihl_gpbZeh[jZamxsbo� bhgh\� f_`^m� ^\mfy� jZkl\hjZfb� we_dljheblh\�
ijh^he`Zxl�jZa\b\Zlvky��qlh�ijb\h^bl�d�jZkrbj_gbx�\hafh`ghkl_c� wlbo
f_lh^h\� b� d� ihy\e_gbx� ijh[e_f�� j_r_gb_� dhlhjuo� aZ\bkbl� hl� jZa\blby
nmg^Zf_glZevguo�h[eZkl_c�agZgby�

JZ[hlZ�ih^^_j`b\Z_lky�JNNB

�]jZgl��������������Z�
H�<<?>?GBB�<�>?CKL<B?�=HKL�J
G:�<HEVL:FI?JHF?LJBQ?KDBC�F?LH>�:G:EBA:

IbdmeZ�G�I���Ke_iq_gdh�=�;�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l� ]�Lhfkd
������� ]�Lhfkd� ij�E_gbgZ� ��� l_e��nZdk ������� ������� �

E-mail: TPU@TPU.EDU.RU

F_lh^� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� �B<�� dZd� h^bg� ba

\ukhdhqm\kl\bl_evguo� we_dljhobfbq_kdbo� f_lh^h\� dhebq_kl\_ggh]h

obfbq_kdh]h�ZgZebaZ�\�gZklhys__�\j_fy�rbjhdh�\g_^jy_lky�b�bkihevam_lky
\� ijZdlbd_� bkiulZl_evguo� b� ZgZeblbq_kdbo� eZ[hjZlhjbc� ^ey� p_e_c

dhgljhey�dZq_kl\Z�ijh^mdlh\�iblZgby��ijh^h\hevkl\_ggh]h�kujvy��lh\Zjh\
gZjh^gh]h� ihlj_[e_gby�� wdheh]bq_kdbo� h[t_dlh\�� Rbjhdhfm

jZkijhkljZg_gbx�f_lh^Z�kihkh[kl\m_l�dZd�gZebqb_�Zll_klh\Zgguo�f_lh^bd
DO:�� lZd� b� kha^Zgb_� kj_^kl\� baf_j_gbc� k� \g_k_gb_f� bo� \� =hkj__klj
Kj_^kl\� baf_j_gbc�� Wlh� iha\hebeh� Lhfkdhfm� ihebl_ogbq_kdhfm

mgb\_jkbl_lm� \� ebp_� Zddj_^blh\Zgghc� gZmqgh�bkke_^h\Zl_evkdhc
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eZ[hjZlhjbb� fbdjhijbf_k_c�� y\eyxs_cky� h^ghc� ba� \_^msbo� Jhkkbckdbo
rdhe�ih�f_lh^m�bg\_jkbhgghc�\hevlZfi_jhf_ljbb�\uklmiblv�bgbpbZlhjhf
\� ijh\_^_gbb� jZ[hl� ih� klZg^ZjlbaZpbb� \hevlZfi_jhf_ljbq_kdbo� f_lh^bd
ZgZebaZ� gZ� \ukr_f� ]hkm^Zjkl\_gghf� mjh\g_� \� dZq_kl\_� =HKL� J�
BgbpbZlb\m� ih^^_j`Zeb� ]]�?dZl_jbg[mj]� b� DjZkgh^Zj�� >eb\rZyky� [he__
^\mo� e_l� jZ[hlZ� aZ\_jrbeZkv� kha^Zgb_f� =HKL� J� ��������� ©Ibs_\u_

ijh^mdlu� b� ijh^h\hevkl\_ggh_� kujv_�� F_lh^u� bg\_jkbhggh�
\hevlZfi_jhf_ljbq_kdh]h� ZgZebaZ� gZ� kh^_j`Zgb_� lhdkbqguo� we_f_glh\
�dZ^fby�� k\bgpZ�� f_^b� b� pbgdZ�ª�� dhlhjuc� \\h^blky� \� ^_ckl\b_� gZ

l_jjblhjbb�Jhkkbb�IhklZgh\e_gb_f�=hkklZg^ZjlZ������KL� hl� ��� Z\]mklZ
�����]�

>h� gZklhys_]h� \j_f_gb� \� dZq_kl\_� =HKL� [ueh� klZg^Zjlbabjh\Zgh
lhevdh� g_kdhevdh� f_lh^bd� iheyjh]jZnbq_kdh]h� f_lh^Z� k� bkihevah\Zgb_f
jlmlgh]h� dZiZxs_]h� we_dljh^Z�� ihwlhfm� ih� l_ogbd_� [_ahiZkghklb� f_lh^
ijbf_gyeky� lhevdh� \� _^bgbqguo� eZ[hjZlhjbyo�� <\_^_gb_� \� ^_ckl\b_
wdheh]bq_kdb� [_ahiZkgh]h�� \ukhdhqm\kl\bl_evgh]h�� wdkij_kkgh]h� b

dhfivxl_jbabjh\Zggh]h� bg\_jkbhggh�\hevlZfi_jhf_ljbq_kdh]h� f_lh^Z

iha\hebl� kms_kl\_ggh� kgbablv� \j_fy� b� aZljZlu� gZ� ijh\_^_gb_� ZgZebaZ
jZaebqguo�h[t_dlh\�

<� gZklhys__� \j_fy� aZ\_jrZxlky� jZ[hlu� ih� kha^Zgbx� =HKL� J� ih
ZgZebam�Zedh]hevguo�b�[_aZedh]hevguo�gZibldh\��iblv_\uo�b�fbg_jZevguo
\h^� gZ� kh^_j`Zgb_� jlmlb� b� furvydZ� f_lh^hf� bg\_jkbhgghc

\hevlZfi_jhf_ljbb�
K?E?DLB<GHKLV�FH>BNBPBJH<:GGUO�BH>HF
J?>HDKF?LJBQ?KDBO�WE?DLJH>H<�B�BO�IJBF?G?GB?
<�IHL?GPBHF?LJBQ?KDHF�:G:EBA?�HDBKEBL?E?C

�:DLB<GUC�OEHJ��HAHG��I?JHDKB>�<H>HJH>:�
FHE?DMEYJGUC�DBKEHJH>�

IbkZj_\kdbc�:�F���Ihehah\Z�B�I���DZ\_jbg�:�<���Ev\h\Z�L�B�

K��I_l_j[mj]kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� obfbq_kdbc nZdmevl_l�

Rbjhdh� bkihevamxlky� f_lh^bdb� ZgZebaZ�� dhlhju_� [Zabjmxlky� gZ
hij_^_e_gbb� fhe_dmeyjgh]h� bh^Z�� \u^_eyxs_]hky� ih^� ^_ckl\b_f

hdbkebl_e_c�ba�jZkl\hjh\�bh^b^Z�dZeby��<�k\yab�k�wlbf�[hevrh_�\gbfZgb_
ke_^m_l� m^_eylv� ]hfh]_gguf� k\hckl\Zf� jZkl\hjh\� j_^hdk�kbkl_fu� bh^�
bh^b^� b� hkh[_gghklyf� ]_l_jh]_gguo� j_Zdpbc� gZ� ]jZgbp_� bg^bdZlhjguc
we_dljh^�jZkl\hj�

Bkke_^h\Zgby� ihdZaZeb�� qlh� jZkl\hju� kbkl_fu� bh^�bh^b^
fh^bnbpbjmxl� we_dljhobfbq_kdb_� iZjZf_lju� dhglZdlbjmxsbo� k� gbfb
ieZlbgh\uo� we_dljh^h\�� <� j_amevlZl_� we_dljh^u� ijbh[j_lZxl� yjdh

\ujZ`_ggmx� k_e_dlb\ghklv� d� dhfihg_glZf� j_^hdk�kbkl_fu� bh^�bh^b^� ih
kjZ\g_gbx� k� dhfihg_glZfb� ^jm]bo� kbkl_f�� MklZgh\e_gh�� qlh� hkgh\Z
k_e_dlb\ghklb���j_adh_�mf_gvr_gb_�gZ�^\Z�b�[he__�ihjy^dh\��lhdh\�h[f_gZ
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fh^bnbpbjh\Zgguo� we_dljh^h\� \� jZkl\hjZo� j_^hdk�kbkl_f� Fe3+,2+, Ce4+,3+,
O2/H2O b�^j���\�lh�\j_fy�dZd�kdhjhklv�we_dljhggh]h�h[f_gZ�k�dhfihg_glZfb
kbkl_fu� J0, 1- ijZdlbq_kdb� g_�f_gy_lky��Dhebq_kl\_ggh� wlm� k_e_dlb\ghklv
fh`gh� hoZjZdl_jbah\Zlv� dhwnnbpb_glZfb� k_e_dlb\ghklb�� dhlhju_

^hklb]Zxl� \_ebqbg� ��-4� b� khihklZ\bfu� k� khhl\_lkl\mxsbfb� agZq_gbyfb
^ey�bhghk_e_dlb\guo�we_dljh^h\�

Wdki_jbf_glZevgh� fgh]hdjZlgh� ih^l\_j`^_gh�� qlh� [_a� aZsblu

jZkl\hjh\�hl�dbkehjh^Z�\ha^moZ�\�«qbkluo»�jZkl\hjZo�kbkl_fu�J3
-/J- ijb�pH

2.0-4.5� b� dhgp_gljZpbb� KI � gZ� mjh\g_� ��-2� F� G_jgklh\kdZy� aZ\bkbfhklv
gZ[ex^Z_lky� \iehlv� ^h� dhgp_gljZpbc� bh^Z� ~10-6 F�� gb`gbc� ij_^_e

qm\kl\bl_evghklb� ~3⋅10-7�F��MklZgh\e_gh�� qlh� gZjmr_gby� h[jZlbfhklb� \
h[eZklb� fZeuo� dhgp_gljZpbc� bh^Z� \� agZqbl_evghc� f_j_� dZ`msb_ky�� hgb
k\yaZgu�k�gZebqb_f�\�jZkl\hjZo�«ijbf_kgh]h»�bh^Z�

<�ZgZeblbq_kdbo�hij_^_e_gbyo�hdbkebl_e_c�gZb[hevr_c�ijhklhlu�b
lhqghklb�m^Zehkv�^hklb]gmlv� aZ�kq_l�khq_lZgby�ijyfhc�ihl_gpbhf_ljbb�k
dmehghf_ljbq_kdbf� \\_^_gb_f� klZg^Zjlghc� ^h[Z\db� bh^Z�� Ijb

]_g_jbjh\Zgbb�klZg^Zjlghc�^h[Z\db�bh^Z�dZlh^gh_�b�Zgh^gh_�ijhkljZgkl\h
g_�jZa^_eyebkv��bkihevah\Zeky�dZlh^�fZehc�iehsZ^b�

GZdhie_ggu_� wdki_jbf_glZevgu_� ^Zggu_� iha\hebeb� kjZ\gblv

hkh[_gghklb� ihl_gpbhf_ljbq_kdbo� hij_^_e_gbc� Zdlb\gh]h� oehjZ�� hahgZ�
i_jhdkb^Z� \h^hjh^Z�hl^_evgh� b� kh\f_klgh� k� hahghf��� fhe_dmeyjgh]h

dbkehjh^Z�� <h� \k_o� kemqZyo� ijb� \u[hj_� hilbfZevguo� mkeh\bc� ZgZebaZ
lj_[m_lky� ih^[hj� \_ebqbg� pH� b� klZg^Zjlghc� ^h[Z\db�� dhgp_gljZpbb
bh^b^Z��<�k\yab�k�aZf_^e_gghklvx�]hfh]_gguo�\aZbfh^_ckl\bc�H2O2 b�H2�k
J- ijbf_gyebkv�dZlZebaZlhju�
>HKLB@?GBY�B�I?JKI?DLB<U�BKIHEVAH<:GBY�IJHLHQGH�
BG@?DPBHGGHC�DHG>MDLHF?LJBB�<�:FBGHDBKEHLGUO

KJ?>:O

Ibkdmgh\Z�F�K���K_j]__\�=�F�

Gb`_]hjh^kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l bf� G�B� Eh[Zq_\kdh]h

>ey�ZgZebaZ�jZaebqguo�l_ogheh]bq_kdbo�kj_^��\dexqZy�hj]Zgbq_kdb_
jZkl\hjbl_eb�� Z� lZd`_� dhgljhey� aZ]jyag_gbc� hdjm`Zxs_c� kj_^u

g_h[oh^bfu� qm\kl\bl_evgu_� b� wdkij_kkgu_� f_lh^u� hij_^_e_gby� gbadbo
kh^_j`Zgbc� ijbf_k_c� dbkehl� beb� hkgh\Zgbc�� <� ^Zgghc� jZ[hl_� \i_j\u_
h[h[sZxlky�j_amevlZlu�kbkl_fZlbq_kdbo�bkke_^h\Zgbc�ih�bkihevah\Zgbx
\� ihlhdh\hc� lbljbf_ljbb� k� dhg^mdlhf_ljbq_kdbf� ^_l_dlbjh\Zgb_f

ijhlheblbq_kdbo� j_Zdpbc� p\bll_j�bhgguo� nhjf� Zfbghdbkehl� dZd

\ukhdhqm\kl\bl_evguo�j_Z]_glh\�

Ijb\_^_ggu_� ^Zggu_� k\b^_l_evkl\mxl� h� jZg__� g_ba\_klguo

\hafh`ghklyo�ijhlhqgh�bg`_dpbhggh]h�hij_^_e_gby�\�\h^guo�b�g_\h^guo
kj_^Zo� fbdjh]jZffh\uo� dhebq_kl\� g_hj]Zgbq_kdbo� b� hj]Zgbq_kdbo

ijhlheblh\�� oZjZdl_jbamxsboky� \_kvfZ� keZ[hc� ijhlhgh^hghjghc
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�jDZ ���±�����beb�ijhlhghZdp_ilhjghc��jD\ ��±�����nmgdpbyfb��<uiheg_g
jZkq_l�dhgklZgl�jZ\gh\_kby�khhl\_lkl\mxsbo�j_Zdpbc��Ijbf_gyeb�kihkh[
h[jZlgh]h� lbljh\Zgby� \� ihlhd_� j_Z]_glZ� ���-6 – 10-4

F�� k� ihfhsvx� k_jbc
klZg^Zjlguo�jZkl\hjh\�b�f_lh^Z�^h[Z\hd� �h[t_f�ZgZebabjm_fhc�Zebd\hlu
�������� fde���Hlghkbl_evgZy� ih]j_rghklv� hij_^_e_gbc� ��-5- 10-3� fZkk��
ijhlheblh\�g_�ij_\urZ_l�����

F_lh^� ijhlhqgh�bg`_dpbhgghc� dhg^mdlhf_ljbb� \� Zfbghdbkehlguo
kj_^Zo�iha\hey_l�j_rZlv�ke_^mxsb_�ZgZeblbq_kdb_�aZ^Zqb�

���:\lhfZlbabjh\Zgguc� wdkij_kk�ZgZeba� \h^guo� jZkl\hjh\� ���-6 – 10-4
F�

g_hj]Zgbq_kdbo�b�hj]Zgbq_kdbo�dbkehl�beb�hkgh\Zgbc��∆�jD≥1,5).
��� Dhgljhev� kh^_j`Zgby� ^bkkhpbbjh\Zgguo� nhjf� ebfblbjm_fuo

dZj[hgh\uo�dbkehl�\�kibjlZo��wnbjZo�b�d_lhgZo�d\ZebnbdZpbb�o�q��b�q�^�Z�
���:gZeba�kibjlh\�b�d_lhgh\�gZ�kh^_j`Zgb_�ijbf_k_c�k\h[h^guo�hkgh\Zgbc
�\�i_j_kq_l_�gZ�1D2+�beb�1+3).
���Dhgljhev��≥ 10-4�fZkk����Zglbhdkb^Zglh\��n_gheZ��_]h�ijhba\h^guo�beb
]b^jhobghgZ��\�^bbahijhibeh\hf�wnbj_��l_ljZ]b^jhnmjZg_�b�^j�
HIJ?>?E?GB?�JLMLB�B�FURVYD:�<�WDHEH=BQ?KDBO
B�IBS?<UO�H;T?DL:O�F?LH>HF�BG<?JKBHGGHC

<HEVL:FI?JHF?LJBB

Ibqm]bgZ�<�F���A_fZg�E�I���Ke_iq_gdh�=�;���IbdmeZ�G�I�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l� ]�Lhfkd

AZ^ZqZ�ih�hij_^_e_gbx�jlmlb�b�furvydZ�y\ey_lky�ZdlmZevghc�ba�aZ
ihbkdZ�ijhkluo��gZ^_`guo�b�qm\kl\bl_evguo�f_lh^h\�ZgZebaZ��<�ihke_^g__
\j_fy� ^ey� hij_^_e_gby� jlmlb� b�furvydZ� \� h[t_dlZo� hdjm`Zxs_c� kj_^u�
ibs_\uo� b� ^jm]bo� ijh^mdlZo� gZoh^bl� ijbf_g_gb_� f_lh^� bg\_jkbhgghc
\hevlZfi_jhf_ljbb� �B<�� [eZ]h^Zjy� gZebqbx� agZqbl_evgh]h� dhebq_kl\Z
Z\lhfZlbabjh\Zgguo�� dhfivxl_jbabjh\Zgguo� \hevlZfi_jhf_ljbq_kdbo

ZgZebaZlhjh\�� \g_k_gguo� \� J__klj� kj_^kl\� baf_j_gbc�� jZaebqguo� nbjf�
ijhba\h^bl_e_c��<�Lhfkdhf�ihebl_ogbq_kdhf�mgb\_jkbl_l_�\�ijh[e_fghc
eZ[hjZlhjbb� fbdjhijbf_k_c� jZajZ[hlZgu� b� f_ljheh]bq_kdb� Zll_klh\Zgu
f_lh^bdb� hij_^_e_gby� jlmlb� b�furvydZ� \� \h^Zo� ijbjh^guo�� hqbs_gguo

klhqguo�� iblv_\uo�� fbg_jZevguo�� \� gZibldZo� Zedh]hevguo� b

[_aZedh]hevguo�� \� fhehd_� b� dbkehfhehqguo� ijh^mdlZo�� ju[_�
dhkf_lbq_kdbo� ij_iZjZlZo� b� b]jmrdZo� f_lh^hf� B<�� Ijh\h^ylky

bkke_^h\Zgby� ih� jZajZ[hld_� f_lh^bdb� hij_^_e_gby� jlmlb� b� furvydZ� \
h\hsZo�b�njmdlZo�

F_lh^bdb� ijbf_gyxlky� \� [he__�� q_f� ���� bkiulZl_evguo

ZgZeblbq_kdbo� eZ[hjZlhjbyo� hj]Zgh\� =hkklZg^ZjlZ�� kZgwib^gZ^ahjZ�
\_l_jbgZjbb�b�^j�

Ijb�k_jbcghf�ZgZeba_�qZklh�ijb�hij_^_e_gbb�jlmlb�hdZau\Zxl�k\h_
hljbpZl_evgh_�\ebygb_�I:<u��gZoh^ysb_ky�\�[b^bklbeebjh\Zgghc�\h^_��Z
lZd`_�� _keb� g_^hklZlhqgh� ihegh� ijh\_^_gh� mevljZnbhe_lh\h_� jZaeh`_gb_



178
hj]Zgbq_kdhc� fZljbpu� �hklZlhqguc� lhd� m\_ebqb\Z_lky�� ibd� jlmlb

bkq_aZ_l��� Ihwlhfm� Z\lhju� j_dhf_g^mxl� bkihevah\Zlv� ^ey� hij_^_e_gby
jlmlb� h[_kkhe_ggmx� \h^m� �ljb^bklbeeyl�� ki_pbZevghc� i_j_]hgdb�� Z� \
kemqZ_� g_ihegh]h� jZaeh`_gby� hj]Zgbq_kdhc� fZljbpu� �� k� ^h[Z\e_gb_f
dZlZebaZlhjZ� TiO2 m\_ebq_gb_� \j_f_gb� mevljZnbhe_lh\h]h� jZaeh`_gby
hj]Zgbq_kdhc�fZljbpu�

>Ze__� jZkl\hj� ihke_� MN�jZaeh`_gby� hj]Zgbq_kdhc� fZljbpu

nbevljmxl�� ^h[Z\eyxl� fbdjhdhebq_kl\Z� bhgh\� As(3+)� b� ijh\h^yl� B<�
baf_j_gby� k� bkihevah\Zgb_f� ahehlh]jZnblh\h]h� we_dljh^Z�� F_lh^bdb

iha\heyxl� dhgljhebjh\Zlv� kh^_j`Zgb_� jlmlb� ijb� dhgp_gljZpbyo�
khklZ\eyxsbo� hl� ���� ^h� ��� I>D� jZaebqguo� ijh^mdlh\�� \dexqZy� \h^m
iblv_\mx�b�ijbjh^gmx�^ey�ju[h�ohayckl\_gguo�p_e_c�

>h\hevgh� qZklh� hljbpZl_evgh_� \ebygb_� gZ� hij_^_e_gb_� furvydZ

hdZau\Z_l� [hevrh_� kh^_j`Zgb_�f_^b� \� ZgZebabjm_fuo� h[t_dlZo�� ihwlhfm
Z\lhju� ij_^eZ]Zxl� mkljZgylv� \ebygb_� f_^b� fZkdbjh\dhc� _z� \� ijhqguc

dhfie_dk�k�Ljbehghf�;�ijb�jG�jZkl\hjZ�≥ 4.
:ll_klZpby�f_lh^bd�ZgZebaZ�ijh\h^blky�k�mq_lhf�lj_[h\Zgbc�=HKL

J� ����������f_ljheh]bq_kdZy� wdki_jlbaZ�f_lh^bd� ijh\h^blky� \�MjZevkdhf
GBB�F_ljheh]bb��<�gZklhys__�\j_fy��kh]eZkgh�ieZgm�=hkklZg^ZjlZ�Jhkkbb
ijh\h^blky� jZ[hlZ� ih� kha^Zgbx� =HKL� J� ih� B<�hij_^_e_gbx� jlmlb� b
furvydZ� \� gZibldZo� Zedh]hevguo� b� [_aZedh]hevguo�� \h^Zo� iblv_\uo� b
fbg_jZevguo�
HIJ?>?E?GB?�LY@?EUO�F?L:EEH<�F?LH>HF
:FI?JHF?LJBQ?KDH=H�LBLJH<:GBY�K�IJ?><:JBL?EVGUF

NEHL:PBHGGUF�DHGP?GLJBJH<:GB?F

IeZdkb_gdh�B�E���Bevq_gdh�G�<���Kmijmgh\bq�<�B�

MdjZbgkdbc ]hkm^Zjkl\_gguc obfbdh�l_ogheh]bq_kdbc mgb\_jkbl_l�

]�>g_ijhi_ljh\kd� MdjZbgZ

We_dljhobfbq_kdb_� f_lh^u� ZgZebaZ� b� dhgljhey� m`_� ^Z\gh

bkihevamxlky� \� jZaebqguo� h[eZklyo� gZmdb�� Z� lZd`_� \h� fgh]bo� hljZkeyo
ijhfure_gghklb� b� \� k_evkdhf� ohayckl\_�� ;eZ]h^Zjy� \ukhdhc

qm\kl\bl_evghklb��k_e_dlb\ghklb��[ukljhl_�ijh\_^_gby�ZgZebaZ�b�m^h[kl\m
aZibkb� j_amevlZlh\� wlb� f_lh^u� ijbh[j_eb� hkh[_ggh� [hevrh_� agZq_gb_� \
ihke_^g__� \j_fy�� dh]^Z� hkljh� \klZeZ� ijh[e_fZ� dhgljhey� hdjm`Zxs_c

kj_^u�

Ly`_eu_�f_lZeeu�\ukhdhlhdkbqgu��lZd�dZd�h[eZ^Zxl�dmfmeylb\guf
l_jZi_\lbq_kdbf� wnn_dlhf�� \ukhdbf� dhwnnbpb_glhf� gZdhie_gby� \

hj]Zgbaf_�� ihwlhfm� kh[ex^_gb_� I>D� \� ijhba\h^kl\_gguo� b� [ulh\uo
mkeh\byo� ih^e_`bl� kljh]hfm� dhgljhex�� Gh� hij_^_e_gb_� kh^_j`Zgby

ly`_euo� f_lZeeh\� gZ� mjh\g_� I>D� f_lh^hf� \hevlZfi_jhf_ljbq_kdh]h
lbljh\Zgby� g_\hafh`gh�� lZd� dZd� qm\kl\bl_evghklv

\hevlZfi_jhf_ljbq_kdh]h�lbljh\Zgby�g_�iha\hey_l�hij_^_eblv�kh^_j`Zgb_
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ly`_euo� f_lZeeh\� gZ� mjh\g_� I>D�� Ihwlhfm� g_h[oh^bfh� bkihevah\Zlv
ij_^\Zjbl_evgh_� dhgp_gljbjh\Zgb_� ly`_euo� f_lZeeh\� bo� klhqguo� b

iblv_\uo�\h^�

GZfb� \� dZq_kl\_� ij_^\Zjbl_evgh]h� dhgp_gljbjh\Zgby� [ue� \u[jZg
f_lh^� bhgghc� nehlZpbb�� dhlhjuc� h[eZ^Z_l� jy^hf� ^hklhbgkl\�� hg� ^Z_l
hlghkbl_evgh�qbkluc�ijh^mdl��ijb]h^guc�^ey�ihke_^mxs_]h�bkke_^h\Zgby
k� ihfhsvx� g_dhlhjuo� bgkljmf_glZevguo� f_lh^h\�� bf__l� ijhklh_

ZiiZjZlmjgh_� hnhjfe_gb_�� y\ey_lky� wdkij_kkguc� f_lh^hf�� iha\heyxsbf

hij_^_eylv�kh^_j`Zgb_�ly`_euo�f_lZeeh\�gZ�mjh\g_�I>D�������fd]/e��
AZ� hkgh\m� ^ey� eZ[hjZlhjghc� mklZgh\db� gZfb� [ue� bkihevah\Zg

imaujvdh\h�ie_ghqguc�wdkljZdlhj��jZajZ[hlZgguc�dZn_^jhc�we_dljhobfbb
M>OLM� b�fh^_jgbabjh\Zgguc� gZfb� ^ey� dhgp_gljbjh\Zgby� b� ba\e_q_gby
ly`_euo�f_lZeeh\�ba�klhqguo�b�iblv_\uo�\h^�

Ihke_� ij_^\Zjbl_evgh]h� dhgp_gljbjh\Zgby� ijh\h^behkv

hij_^_e_gb_� kh^_j`Zgby� ly`_euo� f_lZeeh\� \� dhgp_gljZl_� f_lh^hf

Zfi_jhf_ljbq_kdh]h� lbljh\Zgby�� Hkms_kl\e_gh� \hevlZfi_jhf_ljbq_kdh_
hij_^_e_gb_�f_^b�� dZ^fby�� k\bgpZ� k� bkihevah\Zgb_f� \� dZq_kl\_� lbljZglZ
jZkl\hjZ� �� ±� f_jdZilhobghebgZ�� Z� lZd`_� ihke_^h\Zl_evgh_

\hevlZfi_jhf_ljbq_kdh_� lbljh\Zgb_� f_^b� b� dZ^fby�� f_^b� b� k\bgpZ� ba
h^ghc�ijh[u�

Bkihevah\Zgb_� \hevlZfi_jhf_ljbq_kdh]h� lbljh\Zgby� ihke_

ijh\_^_gby�nehlZpbhggh]h� dhgp_gljbjh\Zgby�iha\hebeh�gZf�[he__� lhqgh
hij_^_eblv�kh^_j`Zgb_�ly`_euo�f_lZeeh\�\�klhqguo�b�iblv_\uo�\h^Zo�
KBGL?LBQ?KDBC�:EF:A��GH<UC�WE?DLJH>GUC�F:L?JB:E

Ie_kdh\�X�<�

Bgklblml we_dljhobfbb bf� :�G� NjmfdbgZ J:G� Fhkd\Z

;eZ]h^Zjy� k\h_c� bkdexqbl_evghc� obfbq_kdhc� klhcdhklb�� ZefZa

y\ey_lky� i_jki_dlb\guf� we_dljh^guf� fZl_jbZehf� ^ey� bkihevah\Zgby� \
l_hj_lbq_kdhc� b� ijbdeZ^ghc� we_dljhobfbb�� D� gZklhys_fm� \j_f_gb

jZajZ[hlZgu� \ukhdhwnn_dlb\gu_� f_lh^u� \ujZsb\Zgby

ihebdjbklZeebq_kdbo� ZefZaguo� ie_ghd� ijb� km[Zlfhkn_jghf� ^Z\e_gbb� gZ
ijh\h^ysbo� ih^eh`dZo�� iml_f� e_]bjh\Zgby� bo� Zdp_ilhjghc� ijbf_kvx���
[hjhf���m^Zehkv� ihemqblv� ie_gdb� k� \_kvfZ� ohjhr_c� ijh\h^bfhklvx�
dhlhju_�ih�k\h_c�ijbjh^_�y\eyxlky�ihemijh\h^gbdh\ufb��Z�ijb�\ukhdhf
mjh\g_� e_]bjh\Zgby���� d\Zabf_lZeebq_kdbfb��Bf_ggh� ihke_^gb_� gZb[he__
ijb]h^gu� \� dZq_kl\_� we_dljh^h\� ^ey� ij_iZjZlb\ghc� we_dljhobfbb� b
we_dljhZgZeblbq_kdhc� obfbb�� <� gZklhys_f� ^hdeZ^_� ij_^klZ\e_g� h[ahj
kihkh[h\� ijb]hlh\e_gby� ZefZaguo� we_dljh^h\�� bo� hkgh\guo� we_dljh^guo
oZjZdl_jbklbd� ���bfi_^Zgkguo� b� dbg_lbq_kdbo���b� \hafh`guo

we_dljhZgZeblbq_kdbo�ijbf_g_gbc�
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:efZaguc� we_dljh^� h[eZ^Z_l� \ukhdhc� dhjjhabhgghc� klhcdhklvx� \
Z]j_kkb\guo� kj_^Zo� b� ijb� wdklj_fZevguo� ihl_gpbZeZo�� GZijbf_j�� ijb
ijh^he`bl_evghf� pbdebjh\Zgbb� ihl_gpbZeZ� we_dljh^Z� \� rbjhdbo

ij_^_eZo� \� jZkl\hjZo� +123 + HF, HNO3� �� 1D&O� ih\_joghklv� ZefZaZ� g_
ij_l_ji_\Z_l�gbdZdbo�baf_g_gbc�

<� \h^guo� jZkl\hjZo� bg^bnn_j_glguo� we_dljheblh\� j_Zdpbb

Zgh^gh]h�\u^_e_gby�dbkehjh^Z�b�dZlh^gh]h�\u^_e_gby�\h^hjh^Z�ijhl_dZxl
k� [hevrbf� i_j_gZijy`_gb_f�� Ihwlhfm� h[eZklv� ihl_gpbZeh\�� \� dhlhjhc
nhgh\uc� lhd� hq_gv� fZe�� \_kvfZ� rbjhdZy�� hgZ� ^hklb]Z_l� lj_o� \hevl� \

^bZiZahg_�f:⋅kf-2�b�ih�djZcg_c�f_j_�ihemlhjZ�\hevl�\�^bZiZahg_�^_kyluo

^he_c� fd:⋅kf-2�� KjZ\g_gb_� nhgh\h]h� lhdZ� ^ey� we_dljh^h\� ba� ZefZaZ� b
kl_dehm]e_jh^Z�ihdZaZeh��qlh�\_ebqbgZ�lhdZ�gZ�ZefZa_��ih�djZcg_c�f_j_��gZ
ihjy^hd�gb`_�

<�jZkl\hjZo��kh^_j`Zsbo�hdbkebl_evgh�\hkklZgh\bl_evgu_�kbkl_fu
[Fe(CN)6

3-/4-, IrCl6
2-/3-, Ru(NH3)6

2+/3+�b�l�i�@��j_Zdpbb�gZ�kbevgh�e_]bjh\Zgghf
[hjhf� ZefZaghf� we_dljh^_� ijhl_dZxl�� dZd� d\Zabh[jZlbfu_�� >ey� wlbo
j_Zdpbc� [ueb� hij_^_e_gu� dhgklZglu� kdhjhklb� j_Zdpbc�� dhwnnbpb_glu
i_j_ghkZ��Z�lZd`_�dhwnnbpb_glu�^bnnmabb�j_Z]bjmxsbo�bhgh\�

G_dhlhju_� we_dljhobfbq_kdb_� j_Zdpbb� gZ� ZefZaguo� we_dljh^Zo
fh]ml� e_qv� \� hkgh\m� we_dljhZgZeblbq_kdbo� f_lh^h\�� :efZaguc� we_dljh^
hq_gv� ih^oh^bl� ^ey� bkihevah\Zgby� \� f_lh^_� �DQRGLF� VWULSSLQJ�� ZgZebaZ
jZkl\hjh\�gZ�fZeu_�dhgp_gljZpbb�bhgh\�f_lZeeh\��dhlhjuc�aZdexqZ_lky�\
dZlh^ghf� hkZ`^_gbb� gZ� bg_jlguc� jZ[hqbc� we_dljh^� g_[hevrh]h

dhebq_kl\Z�f_lZeeZ�k�ihke_^mxsbf�_]h�Zgh^guf�jZkl\hj_gb_f�

HibkZgZ� lhgdhkehcgZy� yq_cdZ� ijhlhqgh]h� lbiZ� k� ZefZaguf

we_dljh^hf�^ey�hij_^_e_gby�wlbeZfbgZ��wlbe_g^bZfbgZ�b�^jm]bo�Zfbgh\��Z
lZd`_� bhgZ� Zab^Z� 13

-�� Hij_^_e_gb_� \_^_lky� \� j_`bf_� \ijukdb\Zgby
fbdjhihjpbb� bkke_^m_fh]h� jZkl\hjZ� \� ihlhd� we_dljheblZ�� ijb� wlhf

j_]bkljbjm_lky� [jhkhd� lhdZ� hdbke_gby� hij_^_ey_fh]h� \_s_kl\Z��Nmgdpby

yq_cdb� ebg_cgZ� \� ^bZiZahg_� dhgp_gljZpbc� ��-2--10-5� fhe�e�� ij_^_e

hij_^_e_gby��gZijbf_j��Zab^�bhgZ��khklZ\ey_l���gfhe�e�
BG<?JKBHGGH�<HEVL:FI?JHF?LJBQ?KDH?�BAMQ?GB?
<A:BFH>?CKL<BC�<�WE?DLJHHK:@>?GGUO�KIE:<:O

G:�HKGH<?�F?>B

Ih\_ldbg�<�<���AZoZjh\�F�K���Fmkebfh\�J�J��
B\Zgh\Z�L�?���<_^_jgbdh\Z�:�<�

Lxf_gkdbc ]hkm^Zjkl\_gguc g_nl_]Zah\uc mgb\_jkbl_l

F_lh^� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� iha\hey_l� ihemqblv

bgnhjfZpbx� h� oZjZdl_j_� \aZbfh^_ckl\by�f_lZeeh\� \� we_dljhhkZ`^_gguo
kbkl_fZo�� qlh� ihfh]Z_l� hp_gblv� \eygb_� mkeh\bc� we_dljhhkZ`^_gby� b
ijbjh^u�we_dljheblZ�gZ�nZah\uc�khklZ\�g_jZ\gh\_kguo�kieZ\h\�



181
I_jki_dlb\gufb� ^ey� we_dljhhkZ`^_gby� kieZ\h\� y\eyxlky

ljbehgZlgu_� we_dljheblu�� h[eZ^Zxsb_� \ukhdhc� jZkk_b\Zxs_c

kihkh[ghklvx�� fZehc� lhdkbqghklvx� b� jZkrbjyxsb_� \hafh`ghklv

khhkZ`^_gby�f_lZeeh\�

F_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� bkke_^h\Zgh� \ebygb_
khklZ\Z� we_dljheblZ�b� mkeh\bc� we_dljhebaZ�gZ�oZjZdl_j� \aZbfh^_ckl\bc�\
we_dljhhkZ`^_gguo�[bgZjguo�kbkl_fZo�f_^b�k�e_]dhieZ\dbfb�f_lZeeZfb�
=Q�� 6Q�� 3E�� &G�� 7O�� %L� \�ijbkmlkl\bb� ljbehgZ�;� gZ� ]jZnblh\hf� we_dljh^_�
Dhgp_gljZpby� ljbehgZ� ;� khhl\_lkl\h\ZeZ� kmffZjghc� dhgp_gljZpbb

hkZ`^Z_fuo�f_lZeeh\�\�jZkl\hj_�

>bZiZahg�dhgp_gljZpbc�^_iheyjbaZlhjh\�b�\j_fy�we_dljhhkZ`^_gby
[jZeb�ba�h[eZklb�ebg_cghc�aZ\bkbfhklb�Zgh^gh]h�ibdZ�we_dljhjZkl\hj_gby
we_f_glh\� k� we_dljh^Z� hl� mdZaZgguo� nZdlhjh\�� MklZgh\e_gu� ^bZiZahgu
hilbfZevguo� ihl_gpbZeh\� we_dljhgZdhie_gby� [bf_lZeebq_kdbo� hkZ^dh\
&X�=Q�� &X�&G�� &X�6Q� b� &X�3E�� �����<�� �����<�� �����<�� �����<� �gZk�� d�w��
khhl\_lkl\_ggh�

Hp_gdZ� kl_i_gb� \aZbfh^_ckl\by� f_lZeeh\� \� mdZaZgguo

we_dljhhkZ`^_gguo� kieZ\Zo�� ihemq_gguo� ba� ljbehgZlguo� we_dljheblh\�
\_eZkv� ih� f_lh^bd_�O�A�� ;jZcgbghc� b� khlj�� b� dhebq_kl\_ggh� \ujZ`ZeZkv

iZjZf_ljhf� [ ]ν ∂ ∂=
→

, &
��� � & �

�

o
o

.

KieZ\u� f_^b� k� pbgdhf�� dZ^fb_f� b� heh\hf� ih� oZjZdl_jm

\aZbfh^_ckl\by� b� ijhy\e_gbx� _]h� gZ� \hevlZfi_jh]jZffZo� hlghkyl� d� ,,,
lbim� [bgZjguo� kbkl_f�� ^ey� dhlhjuo� ijh^mdlu� \aZbfh^_ckl\by� g_� ^Zxl
hl^_evguo� Zgh^guo� kb]gZeh\�� HkZ^db�� ihemq_ggu_� ba� ljbehgZlguo

we_dljheblh\�� oZjZdl_jbamxlky� agZqbl_evgufb� hljbpZl_evgufb

hldehg_gbyfb� hl� b^_Zevguo� jZkl\hjh\� \ke_^kl\b_� h[jZah\Zgby

bgl_jf_lZeebq_kdbo� kh_^bg_gbc� f_lZeeh\� k� f_^vx�� KbeZ� bo

\aZbfh^_ckl\by� �iZjZf_lj� ν�� \hajZklZ_l� ih�f_j_� m\_ebq_gby� ihjy^dh\h]h
ghf_jZ�b�Zlhfgh]h�jZ^bmkZ�we_f_glZ�\�i_jbh^_�

K\bg_p�� lZeebc� b� \bkfml� h[jZamxl� ijb� kh\f_klghf

we_dljhhkZ`^_gbb�k�f_^vx�\�mdZaZgguo�mkeh\byo�[bgZjgmx�kbkl_fm�,,�lbiZ
b� oZjZdl_jbamxlky� h[jZah\Zgb_f� l\_j^h]h� jZkl\hjZ� k� iheh`bl_evgufb

hldehg_gbyfb�hl�b^_Zevguo��Ijb�khhlghr_gbb� & & ���
&X 3E

o o ≥ �gZ�Zgh^ghc

\hevlZfi_jh]jZf_�ihy\ey_lky�lj_lbc�ibd�lhdZ��khhl\_lkl\mxsbc�ijhp_kkm
we_dljhjZkl\hj_gby�ijh^mdlZ�bo�\aZbfh^_ckl\by��ijb�wlhf�lhd�ibdZ�k\bgpZ
khhl\_kl\_ggh�mf_gvrZ_lky��Hlf_q_gh�\ebygb_�ihl_gpbZeZ�we_dljhebaZ�gZ
oZjZdl_j� ihemq_gguo� aZ\bkbfhkl_c�� H[jZah\Zgb_� l\_j^uo� jZkl\hjh\� b
bgl_jf_lZeebq_kdbo� kh_^bg_gbc� \� bamq_gguo� kbkl_fZo� ih^l\_j`^Z_lky
j_gl]_ghkljmdlmjguf�ZgZebahf�we_dljheblbq_kdbo�hkZ^dh\�



182
IHL?GPBHF?LJBY�<�=:EV<:GBQ?KDBO�P?IYO�K
F?F;J:GGUFB�BHGHK?E?DLB<GUFB�WE?DLJH>:FB�B
HF:=GBQ?GGHC�H;?KKHE?GGHC�<H>HC�<�YQ?CD?��D:D

KJ?>KL<H�NBABDH�OBFBQ?KDH=H�L?KLBJH<:GBY��;BH��B
=?HNBABQ?KDH=H�FHGBLHJBG=:�IH�>@��IBDD:J>B

Iheyd�W�:�

:HHL K\_j^GBBobffZr� ?dZl_jbg[mj]� Jhkkby

JZkkfhlj_gu� \hafh`ghklb� bkihevah\Zgby� ihl_gpbhf_ljbb� \

]Zev\Zgbq_kdbo� p_iyo� k� f_^v�� b� gbljZlk_e_dlb\gufb� we_dljh^Zfb� b
hfZ]gbq_gghc� ^bklbeebjh\Zgghc� \h^hc� \� yq_cdZo� \� dZq_kl\_� kj_^kl\Z
nbabdh�obfbq_kdh]h� l_klbjh\Zgby�� [bh�� b� ]_hnbabq_kdh]h� fhgblhjbg]Z�
JZajZ[hlZg� Ze]hjblf� baf_j_gbc�� hkgh\Zgguc� gZ� ijbf_g_gbb

bhghk_e_dlb\guo� we_dljh^h\� \� j_`bf_� f_lh^Z� fgh]hdjZlguo� ^h[Z\hd�
F_lh^�iha\hey_l�oZjZdl_jbah\Zlv�baf_g_gby�dhgp_gljZpbb�HG�jZ^bdZeh\�k
ihfhsvx� hlghkbl_evguo� iZjZf_ljh\�� dhlhju_� gZb[he__� ijb]h^gu� ijb
hibkZgbb� nbabdh�obfbq_kdbo� ijhp_kkh\�� ijhl_dZxsbo� \� keh`guo

kbkl_fZo�� IhdZaZgh�� qlh� j_amevlZlu� baf_j_gbc� qm\kl\bl_evgu� d

baf_g_gbyf� djZlghklb� fZ]gblghc� Zdlb\Zpbb� ihjpbb� ^bklbeebjh\Zgghc
\h^u�b�hljZ`Zxl�dhjj_eypbx�nbabdh�obfbq_kdbo�ijhp_kkh\��ijhl_dZxsbo

\�hfZ]gbq_gguo�\h^guo�kbkl_fZo�k�dhkfh]_ebh]_hnbabq_kdbfb�nZdlhjZfb�
Ih^h[gZy�dhjj_eypby�fh`_l�[ulv�bkihevah\ZgZ�ijb�hkms_kl\e_gbb�[bh��b
]_hnbabq_kdh]h� fhgblhjbg]Z�� H[hkgh\ZgZ� \hafh`ghklv� bkihevah\Zgby

ih^h[gh]h�ih^oh^Z�ijb� jZajZ[hld_� Ze]hjblfh\�b�f_lh^h\� djZldhkjhqgh]h
ijh]ghaZ�k_ckfbq_kdbo�kh[ulbc�wg^h]_ggh]h�b�l_ogh]_ggh]h�oZjZdl_jZ�
FH>?EBJH<:GB?�B�:IIJHDKBF:PBY�DJB<UO

IHL?GPBHF?LJBQ?KDH=H�LBLJH<:GBY

Iheyd�W�:�

:HHL K\_j^GBBobffZr� ?dZl_jbg[mj]

Hkgh\hiheZ]Zxsbfb� ijbgpbiZfb� ijb� fh^_ebjh\Zgbb� b

ZiijhdkbfZpbb� djb\uo� ihl_gpbhf_ljbq_kdh]h� b� ex[uo� ^jm]bo� \b^h\
lbljh\Zgby� y\eyxlky� ke_^mxsb_�� Bkihevah\Zgb_� khhlghr_gbc� aZdhgh\
^_ckl\by� fZkk� b� djZlguo� hlghr_gbc� ijb� g_jZ\gh\_kghf� baf_g_gbb

dhgp_gljZpbb� dhfihg_glh\�� gZoh^ysboky� \� lbljm_fhf� jZkl\hj_�
ihemq_ggu_� aZ\bkbfhklb� khhl\_lkl\mxsbf� h[jZahf� hjb_glbjh\Zgu

hlghkbl_evgh�lhqdb�wd\b\Ze_glghklb��dhgp_gljZpby�dhfihg_glh\�\�dhlhjhc
hij_^_ey_lky� l_jfh^bgZfbq_kdbfb� b� dbg_lbq_kdbfb� nZdlhjZfb�
ijhl_dZgb_f� dZd� hkgh\ghc�� lZd� b� ih[hqghc� j_Zdpbc�� kbff_ljby� \_l\_c
djb\uo� lbljh\Zgby� hij_^_ey_lky� kihkh[hf� \ujZ`_gby� dhgp_gljZpbb

lbljh\Zggh]h� jZkl\hjZ�� _kl_kl\_gghc� f_jhc� dhgp_gljZpbb� dhfihg_glZ�
hij_^_ey_fh]h� lbljbf_ljbq_kdbf� f_lh^hf�� y\ey_lky� _]h� dhgp_gljZpby� \
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lhqd_� wd\b\Ze_glghklb�� oZjZdl_j� Ziijhdkbfbjmxsbo� aZ\bkbfhkl_c

hij_^_ey_lky� g_� oZjZdl_jhf� j_Zdpbb�� ijhl_dZxs_c� ijb� lbljh\Zgbb�� Z
kihkh[hf� hij_^_e_gby� lhqdb� wd\b\Ze_glghklb�� Wlb� ijbgpbiu� [ueb

j_Zebah\Zgu� gZfb� [1-7]� ijb� hibkZgbb� baf_g_gbc� \� ijhp_kk_� lbljh\Zgby
nmgdpbc� dhgp_gljZpbb� dhfihg_glh\�� hdbkebl_evgh�\hkklZgh\bl_evgh]h� b
we_dljh^gh]h� ihl_gpbZeh\�� ebg_cguo� nmgdpbc� �kbeZ� ^bnnmagh]h� lhdZ��
dhgp_gljZpbb� dhfihg_glh\�� gZoh^ysboky� \� lbljm_fhf� jZkl\hj_� b

bkihevah\Zgbb� ihemq_gguo� aZ\bkbfhkl_c� ^ey� hp_gdb� \hafh`ghkl_c

lbljbf_ljbq_kdbo�f_lh^h\��Khklhyl_evghklv� bkoh^guo� iheh`_gbc� fh`_l
[ulv� ih^l\_j`^_gZ� jZkkfhlj_gb_f� baf_g_gbc� ijbjZs_gby� b

bgl_gkb\ghklb�bklhqgbdZ�wgljhibb�\�ijhp_kk_�lbljh\Zgby��Ijbf_gbl_evgh
d� bkihevah\Zgbx� dhfivxl_jghc� l_ogbdb� bkoh^gu_� iheh`_gby� gZreb

ih^l\_j`^_gby�\�jZ[hlZo�>8-11].
Ebl_jZlmjZ

�� Iheyd W�:� �� VI Dhgn_j_gpby jZ[hlgbdh\ aZ\h^kdbo b ijhba\h^kl\_gguo eZ[hjZlhjbc
DZaZoklZgZ b Kj_^g_c :abb� L_abku ^hdeZ^h\�± :efZ�:lZ� ����� k� ���

�� Iheyd W�:� ��FZl_jbZeu II Kh\_sZgby ih iheyjh]jZnbb�± DZaZgv� ����� k� ����
�� Iheyd W�:�� ��FZl_jbZeu II Kh\_sZgby ih iheyjh]jZnbb�± DZaZgv� ����� k� ����
�� Iheyd W�:� ��@mjgZe ZgZeblbq_kdhc obfbb� ����� l� ��� \� �� k� ����
�� Iheyd W�:�� ����� l� ��� \� �� k� ����

�� Iheyd W�:� ��@mjgZe ZgZeblbq_kdhc obfbb� =hjh^_gp_\Z L�;��� Ljm^u <k_khxagh]h
gZmqgh�bkke_^h\Zl_evkdh]h bgklblmlZ klZg^Zjlguo h[jZaph\�±F� Ba^�
©F_lZeemj]byª� ����� \� �� k� ���

�� Iheyd W�:��� Ljm^u <k_khxagh]h gZmqgh�bkke_^h\Zl_evkdh]h bgklblmlZ klZg^Zjlguo
h[jZaph\�±F� Ba^� ©F_lZeemj]byª� ����� \� �� k����

�� =heh\Zgh\ <�B���@mjgZe ZgZeblbq_kdhc obfbb� ����� l� ��� \� �� k� ����
�� Djhihlh\ <�:���@mjgZe ZgZeblbq_kdhc obfbb� ����� l� ��� \��� k�����
��� Djhihlh\ <�:���@mjgZe ZgZeblbq_kdhc obfbb� ����� l� ��� \� �� k� ����

��� Djhihlh\ <�:��@mjgZe ZgZeblbq_kdhc obfbb� ����� l� ��� \� �� k� ����
G?DHLHJU?�<HAFH@GHKLB�F?LJHEH=BQ?KDHC
K:FHHP?GDB�IJB�OBFBDH�:G:EBLBQ?KDHF�DHGLJHE?�K
IJBF?G?GB?F�WE?DLJHOBFBQ?KDBO�F?LH>H<�:G:EBA:

Iheyd�W�:��

:HHL K\_j^GBBobffZr� ?dZl_jbg[mj]�

G_h[oh^bfhklv� h\eZ^_gby� ijb_fZfb� f_ljheh]bq_kdhc� kZfhhp_gdb
ijb� hkms_kl\e_gbb� obfbdh�ZgZeblbq_kdh]h� dhgljhey� knhjfmebjh\ZgZ� \
fhgh]jZnbb� >,@�� GZmqgu_� hkgh\u� lZdbo� ijb_fh\� aZeh`_gu� \� jZ[hl_� [2].
We_dljhobfbq_kdb_� f_lh^u� ZgZebaZ� ij_^klZ\eyxl� kh[hc� ^hklZlhqgh

ih^oh^ysbc� h[t_dl� ^ey� hkms_kl\e_gby� f_ljheh]bq_kdhc� kZfhhp_gdb� k
bkihevah\Zgb_f� iheh`_gbc� h[s_c� l_hjbb� hrb[hd� [3]�� MjZ\g_gby� k\yab
a^_kv�hij_^_e_gu�agZqbl_evgh�emqr_��g_`_eb�^ey�^jm]bo�f_lh^h\�ZgZebaZ
[4]. Ihiuldb� jZajZ[hldb� gZmqguo� hkgh\� f_ljheh]bq_kdhc� kZfhhp_gdb� \
kemqZ_� we_dljhobfbq_kdbo� f_lh^h\� ZgZebaZ� ij_^ijbgbfZebkv� gZfb�
gZqbgZy� k� ���o� ]h^h\� [5-7]. Ljm^ghklb� k\yaZgu� k� hkms_kl\e_gb_f

nhjfZebaZpbb� \� jZfdZo� ljZ^bpbhgghc� kljmdlmju� ih]j_rghklb�� Wlb
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ljm^ghklb�ih�gZr_fm�fg_gbx�fh]ml�[ulv�ij_h^he_gu�ijb�bkihevah\Zgbb
ij_^eh`_ggh]h� \� jZ[hl_� >�@� \u^_e_gby� \� kljmdlmj_� ih]j_rghklb

khklZ\eyxs_c��k\yaZgghc�k�ih]j_rghklvx�ZiijhdkbfZpbb�ZgZeblbq_kdh]h
hldebdZ�� D� wlhc� khklZ\eyxs_c� fh]ml� [ulv� ijbkh\hdmie_gu� keZ]Z_fu_�
hljZ`Zxsb_� \deZ^� ih]j_rghkl_c� \lhjbqguo� ijb[hjh\� b� kj_^kl\

klZg^ZjlbaZpbb��ij_h[jZah\Zgguo� \� khhl\_lkl\bb� k� oZjZdl_jhf� mjZ\g_gby
k\yab� gZ[ex^Z_fh]h� iZjZf_ljZ� b� dhgp_gljZpbb�� GZfb� ihdZaZgh� >9@�� qlh
ih]j_rghklv�ZiijhdkbfZpbb�ZgZeblbq_kdh]h�hldebdZ�fh`_l�[ulv�k\yaZgZ�k
ljZ^bpbhggh�obfbdh�ZgZeblbq_kdbf�iZjZf_ljhf� ©ij_^_e� h[gZjm`_gbyª�b
hkms_kl\e_gZ� nhjfZebaZpby� \uqbke_gby� ij_^_evghc� ih]j_rghklb� \

khhl\_lkl\bb� k� iheh`_gbyfb� h[s_c� l_hjbb� hrb[hd�� MklZgh\e_gh�� qlh
kmffbjh\Zgb_� khklZ\eyxsbo� ij_^_evghc� ih]j_rghklb� fh`_l

ijhba\h^blvky� Zjbnf_lbq_kdb� k� mq_lhf� mf_gvr_gby� \_jhylghklb

kmffZjgh]h� agZq_gby�� KmffZjgh_� agZq_gb_� ij_^_evghc� ih]j_rghklb

∆Oiij_^� iha\hey_l� i_j_clb� d� ]ZjZglbjm_fuf� agZq_gbyf� ihdZaZl_e_c

lhqghklb� f_lh^bd� obfbq_kdh]h� ZgZebaZ� ±� kj_^g_d\Z^jZlbq_kdhfm

hldehg_gbx (SL]);� ij_^_em� hkgh\ghc� ih]j_rghklb� ijb� ^h\_jbl_evghc

\_jhylghklb� j_amevlZlZ� J�  � ����� �∆Oi� j=0.95��� ^himkdZ_fuf� jZkoh`^_gbyf
f_`^m�j_amevlZlZfb�^\mo�iZjZee_evguo�hij_^_e_gbc (dn).

( )4,10,1R
R

ij_^X
d ]�Si96,1X ;

77,3

X
]Si i

n95,0iP
ij_^,i −=∆==∆

∆
−= =

Ijb\_^_gu� ijbf_ju� hp_gdb� lhqghklb� baf_j_gbc� k� ijbf_g_gb_f
bhghk_e_dlb\guo�we_dljh^h\�

Ebl_jZlmjZ

�� =� DZl_fZg� N�<� Ibci_jk �� Dhgljhev dZq_kl\Z obfbq_kdh]h ZgZebaZ� I_j_\h^ ih^ j_^�
X�:� DZjih\Z ± Q_ey[bgkd� Ba^�\h ©F_lZeemj]byª ���� ± k� ������

�� G� DZca_j�� Anal Chem. – 1970 – v/ 2, � 2, p.24a; � 4, p.26a.
�� QZjudh\ :�D���FZl_fZlbq_kdZy h[jZ[hldZ j_amevlZlh\ obfbq_kdh]h ZgZebaZ� ± E� Ba^�

©Obfbyª� E_gbg]jZ^kdh_ hl^_e_gb_� ����� k� ���

��RZjeh =���F_lh^u ZgZeblbq_kdhc obfbb ±F�E� ����� k� ��������
�� Iheyd W�:��� < k[� ©Ihemq_gb_ b ZgZeba \_s_kl\ \ukhdhc qbklhluª�±F� ����� k�����

�� Iheyd W�:��� Ljm^u <k_khxagh]h GBB klZg^Zjlguo h[jZaph\�±F� ©F_lZeemj]byª�
���� ± \� �� ± k� ���

�� Iheyd W�:�� =hjh^_gp_\Z L�;��� LZf `_� k� ����

�� Beb_\ D�� KlZ\jbd_\ @��� Ba\� <F?B E_gbg� ± Khnby� ���� ������� l� ��� \� �� k� ����
130.

�� Hp_gdZ ghjfZlb\h\ b ]ZjZglbjm_fhc lhqghklb f_lh^bd obfbq_kdh]h ZgZebaZ�� :\l�
W�:� Iheyd ± BgnhjfZpbhgguc ebklhd <GBBFB�� �������� �����
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IJBF?G?GB?�BHGHK?E?DLB<GUO�WE?DLJH>H<�IJB
OBFBDH�:G:EBLBQ?KDHF�DHGLJHE?�WNN?DLH<�:DLB<:PBB

<H>GUO�KBKL?F

Iheyd�W�:���FZlmk_\bq�<�K�

:HHL K\_j^GBBobffZr� ������� ?dZl_jbg[mj]

JZkkfhlj_gu�\hafh`ghklb�bkihevah\Zgby�f_^v��b�gbljhk_e_dlb\guo
we_dljh^h\� ijb� wdki_jbf_glZevghf� bkke_^h\Zgbb� wnn_dlh\� fZ]gblghc� b
we_dljhobfbq_kdhc� Zdlb\Zpbb� \h^guo� kbkl_f�� IhdZaZgh�� qlh

ijbf_gbl_evgh� d�hfZ]gbq_gghc� \h^_�b� Zgheblm� wlb� \hafh`ghklb� k� h^ghc
klhjhgu� k\yaZgu� k� mkljZg_gb_f� ie_gdb� oehjb^Z�f_^b� �I�� gZ� ih\_joghklb
f_f[jZgu� f_^vk_e_dlb\gh]h� we_dljh^Z�� k� ^jm]hc� ±� k� jZkkfhlj_gb_f
aZ\bkbfhklb� W>K� ]Zev\Zgbq_kdbo� p_i_c� k� gbljZl�� b� f_^vk_e_dlb\gufb
we_dljh^Zfb� hl� djZlghklb� fZ]gblghc� h[jZ[hldb� ihjpbb� bkke_^m_fh]h
jZkl\hjZ� \� j_`bf_� f_lh^Z� fgh]hdjZlguo� ^h[Z\hd�� Ijbf_gbl_evgh� d
dZlheblm� \hafh`ghklb� obfbdh�ZgZeblbq_kdh]h� \h^ghkhe_\uo� kbkl_f

k\yaZgu� k� \hkklZgh\e_gb_f� bhgh\� f_^b� �II �� ]b^jZlbjh\Zggufb

we_dljhgZfb�� h[jZamxsbfbky� \� dZlh^ghc� h[eZklb� \� ijhp_kk_

we_dljhobfbq_kdhc� Zdlb\Zpbb�� b� bkihevah\Zgb_f� f_^vk_e_dlb\gh]h

we_dljh^Z� \� \ZjbZglZo� ijyfhc� ihl_gpbhf_ljbb� b� ihl_gpbhf_ljbq_kdh]h
lbljh\Zgby�
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Jbk�� Baf_g_gb_ W>K p_ib f_^vk_e_dlb\guc�

oehjk_j_[jyguc we_dljh^u b dhgp_gljZpbb bhgh\ f_^b ijb

jZkl\hj_gbb s_ehqghc gZdbib gZ ijhfure_gghc

mklZgh\d_�

Z�±�W>K�±�\j_fy��q��[�±� +2Cu
C �±�\j_fy��q�

Jbk��� Baf_g_gb_

kdhjhklb� dhjjhabb

l_iehh[f_ggbdZ� ba

eZlmgb�EH������ �Z�� b� __
eh]ZjbnfZ� �[�� \

aZ\bkbfhklb�hl�jG�\h^u
DZkibckdh]h� fhjy�

BKIHEVAH<:GB?�F?>VK?E?DLB<GUO�WE?DLJH>H<�IJB
G?IJ?JU<GHF�DHGLJHE?�DHGP?GLJ:PBB�BHGH<�F?>B

<�OEHJB>KH>?J@:SBO�J:KL<HJ:O

Iheyd�W�:���FZlmk_\bq�<�K���AZabfdh�?�:���>_j[ur_\�:�K�

:HHL K\_j^GBBobffZr� ?dZl_jbg[mj]

IhdZaZgu� ^\_� gh\u_� \hafh`ghklb� wnn_dlb\gh]h� bkihevah\Zgby
f_^vk_e_dlb\guo� we_dljh^h\� ijb� g_ij_ju\ghf� dhgljhe_� dhgp_gljZpbb
bhgh\� f_^b� \� oehjb^kh^_j`Zsbo� jZkl\hjZo� ijbf_gbl_evgh� d� hp_gd_
kdhjhklb� dhjjhabb� l_iehh[f_gguo� ih\_joghkl_c� ba� f_^guo� kieZ\h\�� <

i_j\hc� ba� gbo�� jbk���� hij_^_e_gh� \j_fy

aZ\_jr_gby� hlfu\db� hl� s_ehqghc� gZdbijhfure_gghc� hij_kgbl_evghc
mklZgh\db�

<h� \lhjhc�� jbk�� ��� j_amevlZlhf� baf_j_gbc�� \uiheg_gguo

g_ihkj_^kl\_ggh� \� ZiiZjZl_� mklZgh\e_gu� kdhjhklb� dhjjhabb� ijb

jZaebqguo� agZq_gbyo� jG� \h^u� DZkibckdh]h� fhjy�� aZ^Z\Z_fuo

bfimevkgufb� ^h[Z\dZfb� bg]b[bjh\Zgghc� b� g_bg]b[bjh\Zgghc� kheyghc
dbkehlu�� AZdhghf_jgh_� baf_g_gb_� kdhjhklb� dhjjhabb� \� jZkkfZljb\Z_fhf
kemqZ_�iha\hey_l�hp_gblv�h`b^Z_fu_�kdhjhklb�dhjjhabb�f_^guo�kieZ\h\�\
\h^_�DZkibckdh]h�fhjy��g_�kh^_j`Zs_c�^h[Z\hd�dbkehlu�

<h� \lhjhc�� jbk���� j_amevlZlhf� baf_j_gbc� \uiheg_gguo

g_ihkj_^kl\_ggh� \� ZiiZjZl_� mklZgh\e_gu� kdhjhklb� dhjjhabb� ijb

jZaebqguo� agZq_gbyo� jG� \h^u� DZkibckdh]h� fhjy�� aZ^Z\Z_fuo

bfimevkgufb� ^h[Z\dZfb� bg]b[bjh\Zgghc� b� g_bg]b[bjh\Zgghc� kheyghc
dbkehlu�� AZdhghf_jgh_� baf_g_gb_� kdhjhklb� dhjjhabb� \� jZkkfZljb\Z_fhf
kemqZ_�iha\hey_l�hp_gblv�h`b^Z_fu_�kdhjhklb�dhjjhabb�f_^guo�kieZ\h\�\
\h^_�DZkibckdh]h�fhjy��g_�kh^_j`Zs_c�^h[Z\hd�dbkehlu
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:G:EBLBQ?KDB?�HLDEBDB�BHGH<�D:EVPBY�B�F:=GBY�
IHEMQ?GGU?�K�IHFHSVX�BHGHK?E?DLB<GUO

WE?DLJH>H<��BKIHEVAH<:GB?�IJB�BKKE?>H<:GBB
DBG?LBDB�DJBKL:EEBA:PBB�B�G:DBI?HLEH@?GBY

Iheyd�W�:���FZlmk_\bq�<�K���Dhaeh\�<�:�

:HHL K\_j^GBBobffZr� ?dZl_jbg[mj]

IhdZaZgu� \hafh`ghklb� ba]hlh\e_gby� f_f[jZg� ^ey� dZevpbc�� b

fZ]gbc�k_e_dlb\guo� we_dljh^h\� gZ� hkgh\_� jZaebqguo� \_s_kl\� �
i_j_ghkqbdh\� aZjy^Z��Ih� kihkh[m� ba]hlh\e_gby� b� khklhygbx� i_j_ghkqbdZ
aZjy^Z� f_f[jZgu� ^ey� dZevpbc�fZ]gbc�k_e_dlb\guo� we_dljh^h\� fh`gh

mkeh\gh� jZa^_eblv� gZ� ljb� [hevrb_� ]jmiiu�� I_j\mx� khklZ\eyxl

ihebdjbklZeebq_kdb_� f_f[jZgu�� ihemq_ggu_� \� mkeh\byo� ]hjyq_]h

ij_kkh\Zgby� ihebklbjheZ� nlhjb^h\� dZevpby� beb� fZ]gby� b� ^bhdkb^Z

dj_fgby�� \lhjmx� ±� f_f[jZgu� k� i_j_ghkqbdZfb� aZjy^Z

(l_ghbeljbnlhjZp_lhg�� fhgh���wlbe]_dkbe� nhknhgh\Zy� dbkehlZ� b� ^j��
=hfh]_ggh� jZkij_^_e_gguf� \� iheb\gbeoehjb^ghc� fZljbp_�� lj_lvx� ±

f_f[jZgu� k� i_j_ghkqbdZfb� aZjy^Z� �β�Zfbgh�wlbe[_gahe�β�^bnhknhgh\Zy
dbkehlZ�� dZevpb_\Zy� khev� ��hdkbwlbe_g� ^bnhknhgh\hc� dbkehlu� b� ^j���
]_l_jhggh� jZkij_^_e_ggufb� \� iheb\bgoehjb^ghc� fZljbp_�� <� khklZ\

f_f[jZg� ihke_^gbo� ^\mo� ]jmii� fh`_l� \oh^blv� \� dZq_kl\_

]b^jhnh[babjmxs_c� ^h[Z\db� ^ey� ih\ur_gby� l_jfhklhcdhklb

l_ljZn_gbe[hjZl�gZljby�\�jZaebqguo�dhebq_kl\Zo�

JZkkfhlj_gu� wdkiemZlZpbhggu_� oZjZdl_jbklbdb� we_dljh^h\

\uimkdZ_fuo�ijhfure_gghklvx�b�ba]hlh\e_gguo�\�eZ[hjZlhjbb��IhdZaZgZ
\hafh`ghklv� bkihevah\Zgby� dZevpbc�k_e_dlb\gh]h� we_dljh^Z� \� j_`bf_
g_ij_ju\guo� baf_j_gbc� ijb� bamq_gbb� dbg_lbdb� kgylby� i_j_kus_gby

jZkl\hjh\�kmevnZlZ�b�dZj[hgZlZ�dZevpby�\�ijbkmlkl\bb�ZglbgZdbibgh\�b�bo
hlkmlkl\bb��IhdZaZgZ�\hafh`ghklv�bkihevah\Zgby�ZgZeblbq_kdbo�hldebdh\
gZ� dZevpbc�k_e_dlb\ghf� we_dljh^_� ^ey� ijh]ghabjh\Zgby� hilbfZevguo
k\hckl\� ZglbgZdbibgh\�� MklZgh\e_gZ�� \� qZklghklb�� dhjj_eypby� f_`^m
m^_j`b\Zxs_c� h[jZah\Zgb_� gZdbib� �CaCO3 b� CaSO4�� kihkh[ghklvx

ZglbgZdbibgh\� b� djmlbaghc� we_dljh^guo� oZjZdl_jbklbd� dZevpbc�
k_e_dlb\guo� we_dljh^h\� k� f_f[jZgZfb�� dhlhju_� \dexqZxl� \� k_[y� \
dZq_kl\_� i_j_ghkqbdh\� aZjy^Z� khhl\_lkl\mxsb_� ZglbgZdbibgu� �kf�
lZ[ebpm��
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LZ[ebpZ

�

i

/
i

<_s_kl\Z��bkiulZggu_�\

dZq_kl\_�ZglbgZdbibgh\�b

lhdhi_j_ghkqbdh\�\

f_f[jZgZo�k�dZevpb_\hc

nmgdpb_c

We_dljh^gZy

nmgdpby

1Clg
f<

2Ca
=∆ +

FZkkh\Zy�^hey

\_s_kl\�

m^_j`b\Z_fuo�\

jZkl\hj_���

1. β�Zfbgh�wlbe[_gahe�
β^bnhknhgh\Zy�dbkehlZ

32 99 99

2. α,q�^bZfbgh�α-
^bijhiZgl_ljZnhknhjgZy

dbkehlZ

30 89 86

3. α�Zfbgh�α-
[mlZg^bnhknhgh\Zy�dbkehlZ

23 87 87

4. Ihebwlbe_g

ihebZfbgf_eblnhknhgh\Zy

dbkehlZ

20 87 87

5. α,δ�^bZfbgh�α-
[mlbedZj[hgh\Zy

^bnhknhgh\Zy�dbkehlZ

16 84 84

6. α�Zfbghf_lbe[_gahe�
nhknhgh\Zy�dbkehlZ

15 82-84 82-84

7. IhebZe_gbgh\uc�Zg]b^jb^ 14 82-84 82-84
:FI?JHF?LJBQ?KDH?�LBLJH<:GB?�GBLJ:L�BHGH<
J:KL<HJHF�K?JGHDBKEH=H�A:DBKGH=H�@?E?A:

Iheyd�W�:���Jh^bhgh\Z�E�:�

:HHL K\_j^GBBobffZr� ?dZl_jbg[mj]

<�kj_^_�kbevgh�k_jghdbkeuo�jZkl\hjh\��k_jgh�dbkehlZ��jZa[Z\e_ggZy
g_� [he__� \� hlghr_gbb� ����� bhgu� aZdbkgh]h� `_e_aZ� kl_obf_ljbq_kdb

\hkklZgZ\eb\Zxl�gbljZl�bhgu�ih�j_Zdpbb� ��IhdZaZgh��qlh�^ey
hij_^_e_gby� dhg_qghc� lhqdb� lbljh\Zgby� fh`_l� [ulv� bkihevah\ZgZ

Zfi_jhf_ljby�ih�lhdm�hdbke_gby�`_e_aZ� �II ��gZ�ieZlbgh\hf�Zgh^_�ih�H�:�
Khg]bghc�

<� dZq_kl\_� we_dljh^Z� kjZ\g_gby� ijbf_gyeb� gZkus_gguc

dZehf_evguc� we_dljh^�� <f_klh� \jZs_gby� we_dljh^Z� bkihevah\Zeb

\jZs_gb_� yq_cdb� ^ey� lbljh\Zgby� ih� K�D�� Qbjdh\m�
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<hevlZfi_jhf_ljbq_kdb_� djb\u_� `_e_aZ� �II �� ihdZaZgu� gZ� jbk�� ��� Ba� gbo
ke_^m_l�� qlh� ihl_gpbZe� ieZlbgh\h]h� Zgh^Z� ^he`_g� mklZgZ\eb\Zlvky� \
ij_^_eZo� �������� <�� GZ� jbk�� �� ijb\_^_gu� djb\u_� Zfi_jhf_ljbq_kdh]h
lbljh\Zgby� ���� f]� gbljZl�bhgZ� ����F� jZkl\hjhf� k_jghdbkeh]h� aZdbkgh]h
`_e_aZ�ijb�ihl_gpbZe_�������<��Ijbf_g_gb_�Zfi_jhf_ljbb�iha\hey_l�\����
jZa�ih\ukblv�qm\kl\bl_evghklv�hij_^_e_gby�gbljZl�bhgh\�ih�kjZ\g_gbx�k
\bamZevguf�hij_^_e_gb_f�dhg_qghc�lhqdb���hqdb�lbljh\Zgby�

Jbk���Djb\u_�Zgh^gh]h
hdbke_gby�^\mo\Ze_glgh]h
`_e_aZ�gZ�ieZlbgh\hf�we_dljh^_
\�jZkl\hj_�k_jghc�dbkehlu�
1. Hlkmlkl\b_ bhgh\ `_e_aZ �II)
2. ��� fe jZkl\hjZ `_e_aZ �II);
3. ��� fe jZkl\hjZ `_e_aZ �II);
4. ��� fe jZkl\hjZ `_e_aZ �II).

Jbk����Djb\u_
Zfi_jhf_ljbq_kdh]h�lbljh\Zgby
gbljZl�bhgZ�jZkl\hjhf�k_jghdbkeh]h
aZdbkgh]h�`_e_aZ�
1. � f] gbljZl�bhgZ \ ijh[_�

2. � f] gbljZl�bhgZ \ ijh[_�

3. � f] gbljZl�bhgZ \ ijh[_�
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G?DHLHJU?�DHFIHG?GLU�KHKL:<:�F?F;J:G
NHKN:LK?E?DLB<GH=H�WE?DLJH>:

Iheyd�W�:���R_\_ebgZ�K�K�

:HHL K<_j^GBBobffZr� ?dZl_jbg[mj]

F_f[jZgu� k� nhknZlghc� nmgdpb_c� ba]hlZ\eb\Zeb� ih� ke_^mxs_c

f_lh^bd_�� K\_`_hkZ`^_gguc� \bkfml� nhknhjghdbkeuc� kf_rb\Zeb� k

iheb\bgbeoehjb^hf� fZjdb� ?���� beb� K���� b� lsZl_evgh� jZklbjZeb� \
Z]Zlh\hc� klmid_�� Kf_kv� i_j_ghkbeb� \� [xdk�� ijb� ihklhygghf

i_j_f_rb\Zgbb� ^h[Z\eyeb� k\_`_i_j_]gZgguc� pbdeh]_dkZghg� b� jZklbjZeb
^h� h^ghjh^ghc� fZkku�� D� g_c� ^h[Z\eyeb� ^bhdlbenlZeZl� djZofZeZ�
jZklbjZgb_� ih\lhjyeb� b� m^Zeyeb� pbdeh]_dkZghg� \ukmrb\Zgb_f� ijb

dhfgZlghc� l_fi_jZlmj_��Ba� ihemq_gghc� ie_gdb� \uj_aZeb� ^bkdb�� dhlhju_
ijbde_b\Zeb� d� h^ghfm� ba� lhjph\� iheb\bgbeojb^guo� ljm[hd�� <

ihemqb\rb_ky�_fdhklb�ihf_sZeb�klZg^Zjlbah\Zgguc�jZkl\hj�nhknZl�bhgZ
b� lhdhhl\h^gbd��H� \ebygbb� dhfihg_glh\�f_f[jZgu� km^beb� gZ� hkgh\Zgbb
]jZ^mbjh\hqguo�oZjZdl_jbklbd�nhknZlk_e_dlb\guo�we_dljh^h\��jbk������

IhdZaZgh�� qlh� klZ[bebaZpby� dheehb^guo� kbkl_f� nhknZl� \bkfmlZ� ±
jZkl\hj�iheb\bgbeoehjb^Z�\�pbdeh]_dkZghg_�[eZ]hijbylgh�kdZau\Z_lky�gZ
nhknZlghc�nmgdpbb�f_f[jZgu�

Jbk� 1� =jZ^mbjh\hqgu_ oZjZdl_jbklbdb

nhknZlk_e_dlb\guo we_dljh^h\�
� ± f_f[jZgZ kh^_j`bl iheb\bgbeoehjb^Z fZjdb

?���

� ± f_f[jZgZ we_dljh^Z kh^_j`bl iheb\bgbeojb^

fZjdb K���
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BKIHEVAH<:GB?�:>KHJ;PBHGGUO�WNN?DLH<�>EY
IH<UR?GBY�QM<KL<BL?EVGHKLB

IHEYJH=J:NBQ?KDH=H�HIJ?>?E?GBY�FHEB;>?G:�B
F?>B�<�IJBKMLKL<BB�HJ=:GBQ?KDBO�J?:=?GLH<

J_\_gdh�F�>�1,2
��Dbjbyd�E�=1

���F_jyg�<�L�1��DZaZd�L�:�1

�Bgklblml obfbb :G Fhe^h\u� :dZ^_fbq_kdZy �� F> ����� Dbrbg_\
�Fhe^Z\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� me� FZl__\bqZ� ��� F> �����

Dbrbg_\� J_kim[ebdZ Fhe^h\Z

<�jZ[hl_�ijb\_^_gu�j_amevlZlu�bkke_^h\Zgbc�\�h[eZklb�ih\ur_gby

qm\kl\bl_evghklb� iheyjh]jZnbq_kdbo� f_lh^h\� ZgZebaZ� aZ� kq_l

^hihegbl_evgh]h� \aZbfh^_ckl\by� h[jZah\Z\rboky� \� dZdhc�eb[h� kbkl_f_
keh`guo� qZklbp� k� ijb[Z\ey_fuf� hj]Zgbq_kdbf� j_Z]_glhf�� Bamq_gh

\ebygb_� lbhgbgZ�� ZamjZ� ,� b� f_lbe_gh\h]h� ]hem[h]h� gZ� we_dljh\hkklZgh\
e_gb_� Fh�9,�� \� hdkZeZlguo� jZkl\hjZo� �jG� �� ±� ������ IhdZaZgh�� qlh
bgl_gkb\ghklv�i_j\h]h�ibdZ�\hkklZgh\e_gby�hdkZeZlgh]h�dhfie_dkZ�0R�9,�
\� ijbkmlkl\bb� lbZabgh\uo� djZkbl_e_c� �LD�� �,p���� kgZqZeZ� jZkl_l

g_agZqbl_evgh�� aZl_f� mf_gvrZ_lky�b�^hklb]Z_l�ihklhyggh]h� agZq_gby� ijb
KLD = 1,5·10-4� fhev�e�� <� wlbo� mkeh\byo� bgl_gkb\ghklv� \lhjh]h� ibdZ� ,p(2)
m\_ebqb\Z_lky�\���jZa��Ijyfhebg_cguc�oZjZdl_jaZ\bkbfhklb�f_`^m�,p����b
KFh�9,��kh[ex^Z_lky�\�^bZiZahg_��Â��

-7-5·10-6�fhev�e��AZ\bkbfhklv�\_ebqbgu
Ip���� hl� jZaebqguo� dhgp_gljZpbhgguo� nZdlhjh\� \� jZkl\hjZo� dhfie_dkh\
0R�9,��k�G2K2H2�ghkyl�h^ghlbiguc�oZjZdl_j�^ey�\k_o�bamq_gguo�LD��LZdh_
ih\_^_gb_� h[tykgy_lky� h[sghklvx� f_oZgbafZ� we_dljh^gh]h� ijhp_kkZ� \
bamq_gguo� kbkl_fZo�� AZ\bkbfhklv� ,p���� hl� dhgp_gljZpbb� LD� bf__l� \b^
djb\uo� k� i_j_]b[hf� b� mqZkldhf� gZkus_gby�� b� mdZau\Z_l� gZ� h[jZah\Zgb_
kf_rZggh]h� ijhf_`mlhqgh]h� dhfie_dkZ�� :gZeba� we_dljhdZibeeyjguo

djb\uo� ihdZaZe�� qlh� Z^khj[pby� LD� gZ� ih\_joghklb� we_dljh^Z� mkbeb\Z_l
Z^khj[pbx� bhgh\� GK2H2

-� b�� dZd� ke_^kl\b_�� ijhbkoh^bl� ^hihegbl_evgh_
dhfie_dkhh[jZah\Zgb_� beb� h[jZah\Zgb_� kf_rZgguo� dhfie_dkh\�
AZ\bkbfhklb� ,p���� hl� \ukhlu� klhe[Z� jlmlb� gZ^� dZibeeyjhf� b� hl

l_fi_jZlmju� mdZau\Zxl� gZ� lh�� qlh� djhf_� ^bnnmabhggh]h�� bf_xlky

dbg_lbq_kdb_� h]jZgbq_gby� lhdZ�� <lhjhc� ibd� \hkklZgh\e_gby� hdkZeZlgh]h
dhfie_dkZ� 0R�9,�� ij_^klZ\ey_l� kh[hc�� \_jhylgh�� kf_rZggmx

Z^khj[pbhggh�dbg_lbq_kdmx� \hegm�� Bamq_gh� lZd`_� iheyjh]jZnbq_kdh_
ih\_^_gb_� bhgh\� f_^b�II) � \� ijbkmlkl\bb� lbhk_fbdZj[ZahgZ� ��
obghebgZev^_]b^Z� �LKD���Ijb� jG� ���� ihy\ey_lky� iheyjh]jZnbq_kdbc� ibd
ijb�������V.�Dhwnnbpb_gl�kdhjhklb�\hkklZgh\e_gby�h[jZah\Z\rboky�\�wlhc
kbkl_f_� kh_^bg_gbc� jZ\_g� ������ We_dljh^guc� ijhp_kk� hkeh`g_g

Z^khj[pb_c� dhfie_dkh\� gZ� ih\_joghklb� we_dljh^Z�� FZdkbfZevgZy

dhgp_gljZpby� dhfie_dkh\� gZ� ih\_joghklv� we_dljh^Z� khklZ\ey_l� ���Â��-10

fhev�kf2�� F_lh^hf� Zfi_jhf_ljbq_kdh]h� lbljh\Zgby� mklZgh\e_gh�� qlh� \
jZkl\hj_� ij_h[eZ^Zxl� qZklbpu� khklZ\Z� Ku:LKD�  � �:1, \� lh� \j_fy� dZd� \
we_dljhobfbq_kdhf� ijhp_kk_� ijbgbfZxl� mqZklby� dhfie_dku� khklZ\Z� �:2.
Ij_^eh`_gZ� ko_fZ� we_dljh^gh]h� ijhp_kkZ� h[jZah\Zgby� b� jZajy^Z

dhfie_dkh\�� Ijyfhebg_cgZy� aZ\bkbfhklv� f_`^m� \_ebqbghc� lhdZ� b
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dhgp_gljZpb_c�f_^b�\�jZkl\hj_�khojZgy_lky�\�ij_^_eZo��Â��-8- 3·10-7�fhev�e
ijb�i_j_f_rb\Zgbb�jZkl\hjZ�b�\j_f_gb�gZdhie_gby����k��Bamq_gh�\ebygby
jZaebqguo�bhgh\�gZ� we_dljhobfbq_kdh_�ih\_^_gb_�f_^b�II) \�ijbkmlkl\bb
LKD��Bkke_^h\Zgguc�j_Z]_gl�LKD�ij_^eh`_g�^ey�hij_^_e_gby�ke_^h\�f_^b
\�iblv_\hc�\h^_�f_lh^hf�Z^khj[pbhgghc�bg\_jkbhgghc�iheyjh]jZnbb�
WE?DLJH=?G?JBJH<:GG:Y�O?FBEXFBG?KP?GPBY��WOE�
HJ=:GBQ?KDBO�KH?>BG?GBC���GH<UC�F?LH>

;BHF?>BPBGKDBO�BKKE?>H<:GBC�B�BFFMGH:G:EBA:

Jh`bpdbc�G�G�

OZjvdh\kdbc ]hkm^Zjkl\_gguc l_ogbq_kdbc mgb\_jkbl_l jZ^bhwe_dljhgbdb�

MDJ:BG:

Kh\j_f_ggZy� f_^bpbgZ� lj_[m_l� bkihevah\Zgby� wnn_dlb\guo� b

wdhghfbqguo� f_lh^h\� bffmgh^bZ]ghklbdb� k� \ukhdbfb� ki_pbnbqghklvx�
qm\kl\bl_evghklvx�� \hkijhba\h^bfhklvx�� <� fbjh\hc� ijZdlbd_� rbjhdh

ijbf_gyxl� f_lh^u� bffmghobfbq_kdh]h� ZgZebaZ� �BO:�� �� ]_l_jh]_gguc
l\_j^hnZaguc� bffmghn_jf_glguc� �BN:��� jZ^bhbffmgheh]bq_kdbc�
bffmghnemhj_kp_glguc� �j_Zdpbb� DmgkZ��
bffmghwe_dljhgghfbdjhkdhibq_kdbc�� h[eZ^Zxsb_� dZd� g_khfg_ggufb

^hklhbgkl\Zfb�� lZd� b� kms_kl\_ggufb� h]jZgbq_gbyfb�� g_^hklZlhqgufb
qm\kl\bl_evghklvx�� ki_pbnbqghklvx�� ^bZiZahghf� hij_^_e_gbc�
agZqbl_evghc� ^ebl_evghklvx� fgh]bo� ZgZebah\�� \ukhdhc� klhbfhklvx�
Hlkx^Z� ZdlmZevgZ� jZajZ[hldZ� gh\uo� f_lh^h\� [bhf_^bpbgkdbo

bkke_^h\Zgbc�� ZgZebaZ� [bh`b^dhkl_c�� BO:�� d� dhlhjuf� hlghkblky� f_lh^
ZgZebaZ�jZkl\hjh\��hkgh\Zgguc�gZ�wnn_dl_�WOE��kf��h[ahj�5R]KLWVNLL�1�1�
Electrochemiluminescence Analysis of Solutions//Anal.Chem.-1992.-V.47,N10-
11.-P.1288-������� We_dljh]_g_jbjh\ZggZy� o_fbexfbg_kp_gpby� beb

`b^dhnZagZy�jZ^bdZe�j_dhf[bgZpbhggZy�exfbg_kp_gpby���ba[ulhqgh_�gZ^
l_ieh\uf� bkimkdZgb_� \b^bfh]h� k\_lZ� ijb� nZjZ^__\kdhf� we_dljheba_

jZkl\hjh\� �f_lZeeh�hj]Zgbq_kdbo� kh_^bg_gbc�� we_dljho_fbexfbghnhjh\�
<� ihke_^g__� \j_fy� WOE� \_kvfZ� rbjhdh� ijbf_gy_lky� dZd

\ukhdhqm\kl\bl_evguc�� k_e_dlb\guc�� mijZ\ey_fuc� iml_f� baf_g_gby

gbadh\hevlgh]h� �~1÷ �<�� gZijy`_gby� we_dljhebaZ�f_lh^� [bhf_^bpbgkdbo
bkke_^h\Zgbc�� bamq_gby� kljmdlmju� [bheh]bq_kdbo� fhe_dme�� \� k_jheh]bb�
j_heh]bb� b� ^bZ]ghklbd_�� ij_`^_� \k_]h�� bffmghobfbq_kdhc�� Ijb

bkihevah\Zgbb�WOE�f_lh^Z� \�BO:�ih� klZg^Zjlguf�ijhlhdheZf� �(/,6$� -
enzyme-linked immunosorbent assays�� ki_dljhnhlhf_ljbq_kdbc� \ZjbZgl

dhlhjh]h� j_Zebah\Zg� \� ^hklZlhqgh� ijhklhf� bffmghn_jf_glghf� ���lb
emghqghf�ZgZebaZlhj_�:BN�P���K��:H�BEBI��]�KZgdl�I_l_j[mj]��Jhkkby�
FCA - flow cytometry assay�b�^j���kms_kl\_ggh�memqrZxlky�oZjZdl_jbklbdb
ZgZebaZ��qlh�^_eZ_l�bffmghwe_dljho_fbexfbg_kp_glguc�ZgZeba��BWOE:�
\_kvfZ� ijb\e_dZl_evghc� Zevl_jgZlb\hc� ba\_klguf� f_lh^Zf� ijb� j_r_gbb

\hijhkh\� f_lh^bq_kdh]h�� \dexqZy� kbgl_a� j_Z]_glh\�� b� ZiiZjZlmjgh]h
h[_ki_q_gby��<�OLMJW�gZ�dZn_^j_�[bhf_^bpbgkdbo�we_dljhgguo�kbkl_f�b



193
mkljhckl\��;FWK��jZajZ[hlZg�jy^�WOE�f_lh^bd�b�ZgZebaZlhj�©WE:G��fª�
bf_xsb_� rbjhdbc� ki_dlj� ijbf_g_gby�� \� lhf� qbke_� ^ey� ZgZebaZ� ijh[
\h^guo� wdhkbkl_f� b� [bh`b^dhkl_c� k� p_evx� h[gZjm`_gby� ZgZeblh\�
h[eZ^Zxsbo�kh[kl\_gguf�k\_q_gb_f���ijyfhc�ZgZeba��beb�\uy\ey_fuo�ijb
dhk\_gghf� hij_^_e_gbb� k� ihfhsvx� ki_pbZevguo� WOE�f_lhd� �fZjd_jh\��
Wnn_dlb\ghklv� ©WE:G��fª� ijh^_fhgkljbjh\ZgZ� ijb� ^ebl_evghc� jZ[hl_
gZ� dZn_^j_� ;FWK�� \� jy^_�GBB� b� mgb\_jkbl_lh\�MdjZbgu� b� kljZg�KG=�
Bf__lky� b� aZjm[_`gZy� jZajZ[hldZ� �� bffmghwe_dljho_fbexfbg_kp_glguc
ZgZebaZlhj� ©25,*(1� ���� $QDO\]HUª� nbjfu� ,*(1�� *DLWKHUVEXUJ�� �KR:��
Ijb[hj� iha\hey_l� ijh\h^blv� g_ij_ju\gh� [hevrh_� qbkeh� hij_^_e_gbc�
\dexqZy� bamq_gb_� [Zdl_jbZevghc�� \bjmkghc� Zdlb\ghkl_c�� fhe_dmeyjguo
[bheh]bq_kdbo� h[t_dlh\�� ]_gguo� kljmdlmj�� ZfiebnbdZpbb� gmde_bgh\uo
dbkehl� b� ij��� qlh� g_h[oh^bfh� \� j_Zevguo� mkeh\byo� debgbq_kdbo

eZ[hjZlhjbc�� k� ijbf_g_gb_f� l\_j^hnZagh]h� BO:� \� g_ij_ju\ghf� ihlhd_
l_klh\h]h� jZkl\hjZ�� >Zgguc� ZgZebaZlhj� bkihevam_l� hjb]bgZevgmx

f_lh^bdm� bffmghfZ]gblgh]h� dhk\_ggh]h� BWOE:� k� bffh[bebaZpb_c

f_q_guo� WOE�fZjd_jZfb� ZgZebabjm_fuo� h[t_dlh\� gZ� l\_j^hc� nZa_� �
ih\_joghklb�iZjZfZ]gblguo�kn_j�fbdjhkdhibq_kdh]h�^bZf_ljZ� �a��fdf��k
ihke_^mxsbf� bo� ijbly]b\Zgb_f� fZ]gblhf� d� jZ[hq_fm� we_dljh^m� WOE�
yq_cdb�� q_f� ^hklb]Z_lky� \ukhdZy� wnn_dlb\ghklv� ijhp_kkZ� baf_j_gby� b
h[gZjm`_gb_� ZgZeblh\� ijb� bkdexqbl_evgh� gbadbo� dhgp_gljZpbyo� �~100
nffhev�e�� k� \_kvfZ�rbjhdbf� ^bgZfbq_kdbf� ^bZiZahghf� hij_^_e_gbc�� <
dZq_kl\_� WOE�fZjd_jh\� ijbf_g_gu� obfbq_kdb� fh^bnbpbjh\Zggu_

ki_pbZevgufb�Zlhfgufb�]jmiibjh\dZfb�^ey�h[jZah\Zgby�ijhqguo�k\ya_c�k
[bhfZdjhfhe_dmeZfb� �� lZd� gZau\Z_fu_� 25,*(1� /DEHOV� �� ljbk�

[bibjb^bevgu_� dhfie_dku� jml_gby� �� bkimkdZxsb_� WOE� \

djZkghc� h[eZklb� ki_dljZ� �λmax≈���� gf��� >Zggu_� fZjd_ju� �� klZ[bevgu_
\h^h�jZkl\hjbfu_� kh_^bg_gby�� dhlhju_� obfbq_kdb� fh]ml� [ulv

fh^bnbpbjh\Zgu�lZd��qlh�hgb�h[jZamxl�ijhqgu_�dhfie_dku�k�ijhl_bgZfb�
]Zil_gZfb��gmde_bgh\ufb�dbkehlZfb��F_q_gu_�bfb�ZgZeblu�khojZgyxlky
^h���]h^Z��FZjd_ju�^hklZlhqgh�fZeu�\�kjZ\g_gbb�k�[bhfZdjhfhe_dmeZfb�
ihwlhfm�bfb�fh`gh�f_lblv�jZaebqgu_�ZgZeblu�\�g_kdhevdbo��oZjZdl_jguo
mqZkldZo�� [_a� baf_g_gby� bo� bffmghj_Zdpbhgghc� kihkh[ghklb�
jZkl\hjbfhklb�� \hafh`ghklb� d� ]b[jb^baZpbb� b� ^j�� ij_\jZs_gbyf�� qlh
kms_kl\_ggh� ijb� ijh\_^_gbb� jZaguo� bffmgheh]bq_kdbo� ZgZebah\�

FZjd_ju�gZ�hkgh\_� +2
3Ru(bpy) �ihklZ\eyxlky�nbjfhc� ,*(1��KR:�\�khklZ\_

WOE�ZgZebaZlhjZ�25,*(1��Mqblu\Zy�\ukhdmx�klhbfhklv�ijb[hjZ�����luk�
86����b�g_h[oh^bfuo�j_Zdlb\h\��gZijbf_j��kh]eZkgh�ijZck�ebklm�25,*(1
Products & 6HUYLFHV�hl�����������]���klhbfhklv�����f]�fZjd_jZ�25,*(1�7DJ
gZ�hkgh\_�fh^bnbpbjh\Zggh]h� 1�]b^jhdkbkmdpbgbfb^hf� [bibjb^bevgh]h

o_eZlZ�5X�khklZ\ey_l������86���Z����fe�jZkl\hjZ�iZjZfZ]gblguo�kn_j�∅2,8
fdf� '\QDEHDG� 0���� gZ� eZl_dkghc� hkgh\_� �� ������ 86���� Z� lZd`_� b� jy^
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g_^hklZldh\� \� _]h� dhgkljmdpbb�� p_e_khh[jZagh� bkihevah\Zgb_� \

f_^bpbgkdhc� ijZdlbd_� fh^bnbpbjh\Zggh]h� ^ey� ijh\_^_gby� BWOE:

ZgZebaZlhjZ� ©WE:G��fª��p_gZ�dhlhjh]h�� \dexqZy�j_Z]_glu��[he__��q_f�gZ
ihjy^hd�gb`_�klhbfhklb�ZgZebaZlhjZ�©25,*(1ª��H[km`^Zxlky�j_amevlZlu
jZ[hl��ijh\_^_gguo�gZ� dZn_^j_�;FWK� \�ihke_^g__� \j_fy��gZp_e_gguo�gZ
j_r_gb_�h^ghc�ba�kms_kl\_gguo�ijh[e_f�BWOE:���kha^Zgb_�wnn_dlb\guo
b� wdhghfbqguo� \h^hjZkl\hjbfuo� l_kl�kbkl_f�� l�_�� jZkl\hjbfuo� \

[bh`b^dhklyo� we_dljho_fbexfbghnhjh\�fZjd_jh\�� ki_pbnbqgh

k\yau\Z_fuo� k� [bhfZdjhfhe_dmeZfb� b� bffmggufb� dhfie_dkZfb� [_a

baf_g_gby� bo� �bffmgh�j_Zdpbhgghc� kihkh[ghklb�� Wlh� iha\hey_l� ih

baf_g_gbx� k\_q_gby� k\h[h^gh]h� b� k\yaZggh]h� �k� Zglb]_ghf�� fZjd_jZ
ijh\h^blv� gZ^_`gmx� ^bZ]ghklbdm� jZaebqguo� aZ[he_\Zgbc�� JZkkfhlj_gu
jZ[hlu� Z\lhjZ� b� khljm^gbdh\�� ihk\ys_ggu_� WOE�bkke_^h\Zgbyf
kbgl_lbq_kdbo� [bh`b^dhkl_c� k� p_evx� kha^Zgby� f_lh^bd� jZgg_c

^bZ]ghklbdb� \hkiZebl_evguo� b� himohe_\uo� aZ[he_\Zgbc�� hij_^_eyy

gZebqb_� \� ghjf_� b� iZlheh]bb� hdkZeZlZ�� obfbq_kdbo� hj]Zgbq_kdbo

dZgp_jh]_gh\� ba� deZkkZ� ZjhfZlbq_kdbo� ihebpbdebq_kdbo� m]e_\h^hjh^h\�
^jm]bo� oZjZdl_jguo� Z]_glh\�� Z� lZd`_� ijbf_g_gby� WOE�f_lh^Z� \� ZgZeba_
\h^guo� h[t_dlh\� wdhkbkl_f� k� p_evx� hij_^_e_gby� gZ� mjh\g_� gb`_� I>D
hj]Zgbq_kdbo� lhdkbgh\�� h[eZ^Zxsbo� dZgp_jh]_gghc� b� fmlZ]_gghc

Zdlb\ghklvx��[_ga[Z@ibj_g��nemhjZgl_g�b�^j���
H�IJBF?G?GBB�IJHBA<H>GUO�I?J<H=H�B�<LHJH=H
IHJY>DH<�<�BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB��B<�
G?DHLHJUO�F?L:EEH<�IJB�EBG?CGHC�B�KLMI?GQ:LHC

J:A<?JLD?�IHL?GPB:EH<

JhfZg_gdh�K�<���KlZkxd�G�<�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l_
 Lhfkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

>bnn_j_gpbjh\Zgb_� ZgZeblbq_kdbo� kb]gZeh\� qZklh� ijbf_gyxl� ^ey
m\_ebq_gby� bo� bgnhjfZpbhggh]h� kh^_j`Zgby�� H^gZdh�� ijhba\h^gZy

kb]gZeZ� hq_gv� qm\kl\bl_evgZ� d� gZebqbx� ijb[hjgh]h� rmfZ�� dhlhjuc

m\_ebqb\Z_lky� ijb� i_j_oh^_� d� ijhba\h^guf� [he__� \ukhdbo� ihjy^dh\�
Ihwlhfm� kh\f_klgh� k� ^bnn_j_gpbjh\Zgb_f� g_h[oh^bfh� bkihevah\Zlv

k]eZ`b\Zgb_�kb]gZeh\��G_kfhljy�gZ�lh��qlh�ijhp_^mjZ�^bnn_j_gpbjh\Zgby
b� k]eZ`b\Zgby� ohjhrh� bamq_gZ� b�rbjhdh� mihlj_[ey_lky�� ijb� dhgdj_lghc
j_ZebaZpbb� Ze]hjblfh\� g_h[oh^bfh� ijh\_^_gb_� ^hihegbl_evguo

bkke_^h\Zgbc�

GZfb� [ueh� ijh\_^_gh� kjZ\g_gb_� ijhba\h^guo� ZgZeblbq_kdbo

kb]gZeh\�lZeeby�b�k\bgpZ��ihemq_gguo�\�B<�ijb�klmi_gqZlhc�b�ebg_cghc
jZa\_jld_� ihl_gpbZeh\� �\k_� ^Zggu_� hpbnjh\Zgu� q_j_a� �� f<�
^bnn_j_gpbjh\Zgb_� ijh\_^_gh� qbke_ggh��� Ij_^\Zjbl_evgh� bamq_gh

\ebygb_� k]eZ`b\Zgby� �f_lh^hf� [_]ms_]h� kj_^g_]h�� gZ� bkoh^guc� b
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^bnn_j_gpbZevguc� kb]gZeu�� Ijb� k]eZ`b\Zgbb� ijhbkoh^bl� baf_g_gb_
\ukhlu� kb]gZeZ� �R�� �� hl� \ukhlu� bkoh^gh]h� kb]gZeZ��� Bkke_^h\ZgZ

aZ\bkbfhklv� R� hl� \_ebqbgu� hdgZ� �k�� b� qbkeZ� ihke_^h\Zl_evguo

k]eZ`b\Zgbc��n���IhdZaZgh��qlh�^ey�lZeeby�ijb�k =���b�n = 2 R�g_�ij_\urZ_l

����\�lh�\j_fy�dZd�ijb�k]eZ`b\Zgbb�\lhjhc�ijhba\h^ghc�nbevljhf�k�l_fb
`_� iZjZf_ljZfb� R� m\_ebqb\Z_lky� ijbf_jgh� \� ljb� jZaZ�� Ijb� wlhf

k]eZ`b\Zgb_� g_� \eby_l� gZ� ebg_cghklv� ]jZ^mbjh\hqguo� oZjZdl_jbklbd
bkoh^gh]h�b�^bnn_j_gpbZevgh]h�kb]gZeh\�

GZfb�[ueb�bkke_^h\Zgu�]jZ^mbjh\hqgu_�oZjZdl_jbklbdb�g_kdhevdbo
k_jbc� kb]gZeh\�� h[jZ[hlZgguo� ih� iehsZ^b� ih^� ibdhf�� \ukhl_� ibdZ�
jZafZom� wdklj_fmfh\� i_j\hc� ijhba\h^ghc� b� \lhjhc� ijhba\h^ghc�� <

ij_^_eZo� dZ`^hc� k_jbb� \uy\e_gh� mf_gvr_gb_� kbkl_fZlbq_kdhc

khklZ\eyxs_c� ih]j_rghklb� \� wlhf� jy^m� b� mf_gvr_gb_� kemqZcghc

khklZ\eyxs_c� \� gb`g_c� qZklb� bgl_j\ZeZ� dhgp_gljZpbc�� Wlh

h[klhyl_evkl\h� [m^_l� hkh[_ggh� \ebylv� ijb� ijbf_g_gbb�f_lh^Z� ^h[Z\hd� \
h[eZklb� gbadbo� dhgp_gljZpbc�� IhdZaZgh� kms_kl\_ggh_� mf_gvr_gb_

ebg_cghklb� ]jZ^mbjh\hqguo� oZjZdl_jbklbd� \� wlhf� `_� jy^m� kihkh[h\
h[jZ[hldb� kb]gZeZ� \� kemqZ_� klmi_gqZlhc� B<�� Ijb� ebg_cghc� jZa\_jld_
ihl_gpbZeh\�ebg_cghklv�khojZgy_lky�\h�\k_f�bgl_j\Ze_�dhgp_gljZpbc�^ey
\k_o�kihkh[h\�h[jZ[hldb�ZgZeblbq_kdbo�kb]gZeh\�

I_j_oh^� d� ijhba\h^guf� p_e_khh[jZa_g� ijb� h[jZ[hld_

keZ[h\ujZ`_gguo�kb]gZeh\�\�h[eZklb�fZeuo�dhgp_gljZpbc��qlh�iha\hey_l
m\_ebqblv�ijZ\bevghklv�b� kgbablv�ij_^_e�h[gZjm`_gby��Ijb� klmi_gqZlhc
jZa\_jld_� ihl_gpbZeh\� ijbf_g_gb_� ijhba\h^guo� h]jZgbq_gh�� lZd� dZd
g_h[oh^bfh� mqblu\Zlv� h]jZgbq_gghklv� ebg_cgh]h� ^bZiZahgZ

]jZ^mbjh\hqghc�oZjZdl_jbklbdb��qlh�\�dZ`^hf�dhgdj_lghf�kemqZ_�lj_[m_l
^hihegbl_evguo�bkke_^h\Zgbc�
H;�:IIJHDKBF:PBB�;:AH<HC�EBGBB�<�BG<?JKBHGGHC
<HEVL:FI?JHF?LJBB�KIE:CG�NMGDPB?C�KL?I?GB����

JhfZg_gdh�K��<���JhfZg_gdh�W��K�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

Ijb� h[jZ[hld_� wdki_jbf_glZevguo� \hevlZfi_jh]jZff� \k_]^Z

\hagbdZ_l�ijh[e_fZ�\uqblZgby�[Zah\hc�ebgbb��lZd�dZd�hl�ijZ\bevghklb�__
mq_lZ� aZ\bkbl� ijZ\bevghklv� hij_^_e_gby� bklbgghc� \_ebqbgu� b� nhjfu
ibdZ��GZb[he__�qZklh�[Zah\Zy�ebgby�\�ZgZeblbq_kdhc�ijZdlbd_�hibku\Z_lky
k� ihfhsvx� ijyfhc� ebgbb�� H^gZdh�� g_j_^dh� ijb� wlhf� ^himkdZ_lky

hljbpZl_evgZy� kbkl_fZlbq_kdZy� ih]j_rghklv�� k\yaZggZy� k� ihl_j_c� qZklb
\ukhlu� kb]gZeZ�� hkh[_ggh� kms_kl\_ggZy� ijb� fZeuo� agZq_gbyo

ZgZeblbq_kdh]h� kb]gZeZ� beb� ijb� [hevrhf� gZdehg_� [Zah\hc� ebgbb� b
kbevghc�__�g_ebg_cghklb��;he__�lhqguf��ih�kjZ\g_gbx�k�ijyfhc��kihkh[hf
mq_lZ� [Zah\hc� ebgbb� y\ey_lky� __� hibkZgb_� dm[bq_kdbfb� kieZcgZfb�� Ijb
ijZdlbq_kdhf�ijbf_g_gbb�wlhc�fh^_eb�\�f_lh^_�B<�gZfb�[ueh�aZf_q_gh�
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qlh� gZ� ijZ\bevghklv� hibkZgby� hklZlhqgh]h� lhdZ� kbevgh� \eby_l� lhqghklv
jZkklZgh\db�maeh\�bgl_jiheypbb��Ihwlhfm�kl_i_gv�kieZcgZ�[ueZ�ihgb`_gZ
^h�����

>ey� bamq_gby� ih\_^_gby� kbkl_fZlbq_kdhc� ih]j_rghklb� [ueh

ijh\_^_gh� g_kdhevdh� k_jbc� wdki_jbf_glh\�� \� j_amevlZl_� dhlhjuo� [ueb
ihkljh_gu� aZ\bkbfhklb� \_ebqbgu� ZgZeblbq_kdh]h� kb]gZeZ� ieZlbgu

�ihemq_gghf� gZ� jlmlgh�]jZnblh\hf� we_dljh^_� kh� klmi_gqZlhc� jZa\_jldhc
ihl_gpbZeZ�� hl� _]h� dhgp_gljZpbb� \� jZkl\hj_� Pt(IV)�� Ba� ebg_cguo

]jZ^mbjh\hqguo� oZjZdl_jbklbd� ^ey� kemqZ_\� hibkZgby� [Zah\hc� ebgbb

ijyfhc� b� kieZcgZfb� kh� kl_i_gvx� ���� \uykgbeb,� qlh� ijb� i_j_oh^_� d
hibkZgbx�kieZcgZfb�kj_^gyy�kbkl_fZlbq_kdZy�ih]j_rghklv�mf_gvrZ_lky�\
4,3 jZaZ�

>ey�ijh\_jdb�mklhcqb\hklb�kieZcgZ�kh�kl_i_gvx�����ih�kjZ\g_gbx�k
dm[bq_kdbf� kieZcghf� [ue� ijh\_^_g� qbke_gguc� wdki_jbf_gl�� \� dhlhjhf
djZcgb_��[eb`Zcrb_�d�bkke_^m_fhfm�ibdm��maeu ih^\_j]Zebkv�kemqZcghfm
k^\b]m� \� hij_^_e_gghf� ^bZiZahg_� ihl_gpbZeh\�� >ey� dZ`^h]h� k^\b]Z
ijh\h^beZkv� bgl_jiheypby� hklZlhqgh]h� lhdZ� b� baf_j_gb_� \ukhlu

fZdkbfmfZ� ibdZ�� Ihke_� wlh]h� jZkkqblu\ZeZkv� hlghkbl_evgZy� ^bki_jkby
\ukhlu� fZdkbfmfZ� ibdZ� b� kjZ\gb\ZeZkv� k� ZgZeh]bqghc� \_ebqbghc� ^ey
dm[bq_kdh]h� kieZcgZ�� GZfb� ijh^_fhgkljbjh\ZgZ� [óevrZy� mklhcqb\hklv
kieZcgZ� kh� kl_i_gvx� ���� ih� kjZ\g_gbx� k� dm[bq_kdbf� kieZcghf�� lZd� dZd
^bki_jkby� ^ey� dm[bq_kdh]h� kieZcgZ� \ur_�� Ihwlhfm� ijb� ihgb`_gbb

kl_i_gb�kieZcgZ�k���^h�����mf_gvrZ_lky�kemqZcgZy�ih]j_rghklv��k\yaZggZy
k�\uqblZgb_f�hklZlhqgh]h�lhdZ�

LZdbf� h[jZahf�� gZbemqrb_� j_amevlZlu� ba� jZkkfhlj_gguo� gZfb
kihkh[h\�ZiijhdkbfZpbb�hklZlhqgh]h�lhdZ�^Z_l�kieZcg�kh�kl_i_gvx�����
FBDJHWE?DLJH>U��IJ?>?EVGU?�>BNNMABHGGU?�LHDB�B
WE?DLJHOBFBQ?KDBC�BFI?>:GK�<�MKEH<BYO

?KL?KL<?GGHC�DHG<?DPBB

Jhl_g[_j]�A�:���>jb[bgkdbc�:�<���Emdh\p_\�<�I�

Bgklblml we_dljhobfbb bf �:�G�NjmfdbgZ J:G

Bkke_^h\Zgh� \ebygb_� dhg\_dlb\guo� ihlhdh\� gZ� ij_^_evgu_

^bnnmabhggu_� lhdb� b� ^bnnmabhgguc� bfi_^Zgk� gZ� ieZlbgh\uo� ^bkdh\uo
we_dljh^Zo� k� jZ^bmkZfb� hl� ����� ^h� ��� fdf� \� h[jZlbfhc� kbkl_f_

[Fe(CN)6]
3-/4-.

IhdZaZgh�� qlh� \� mkeh\byo� g_bahl_jfbq_kdh]h� gZ]j_\Z� ih\_joghklb
we_dljh^Z� _kl_kl\_ggZy� dhg\_dpby� mkbeb\Z_lky� aZ� kq_l� baf_g_gby

ijbwe_dljh^ghc� iehlghklb� jZkl\hjZ� b� wlh� ijb\h^bl� d� m\_ebq_gbx

ij_^_evgh]h�lhdZ��K�mf_gvr_gb_f�jZ^bmkZ�we_dljh^Z�gZ[ex^Z_fuc�wnn_dl
kgb`Z_lky�� khojZgyykv�� l_f� g_� f_g__�� b� gZ� we_dljh^_� jZ^bmkZ� ��� fdf�� <
bahl_jfbq_kdbo� mkeh\byo� _kl_kl\_gghc� dhg\_dpb_c�fh`gh� ij_g_[j_qv� gZ
we_dljh^Zo�� jZ^bmk� dhlhjuo� f_g__� ��� fdf�� ]^_� ^hklZ\dZ� \_s_kl\Z� d
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ih\_joghklb� hkms_kl\ey_lky� \� hkgh\ghf� iml_f� lj_of_jghc� ^bnnmabb�
oZjZdl_jghc� ^ey� fbdjhwe_dljh^h\�� GZ� we_dljh^Zo� lZdh]h� jZ^bmkZ� nhjfZ
qZklhlgh]h� ki_dljZ� bfi_^ZgkZ� b� oZjZdl_jgh_� \j_fy� j_eZdkZpbb�
ijhihjpbhgZevgh_�r2��dhebq_kl\_ggh�kh]eZkm_lky�k�l_hjb_c�

Ba� ihemq_gguo� j_amevlZlh\� ke_^m_l�� qlh� ijb� bkihevah\Zgbb

fbdjhwe_dljh^h\� \� we_dljhZgZeblbq_kdbo� p_eyo� g_h[oh^bfh� mqblu\Zlv
dhg\_dlb\gu_�wnn_dlu��dhlhju_�\�aZ\bkbfhklb�hl�jZaf_jZ�fbdjhwe_dljh^Z
fh]ml�ijb\h^blv�d�hij_^_e_gguf�ih]j_rghklyf�ZgZeblbq_kdbo�baf_j_gbc�

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_
Jhkkbckdbf�nhg^hf�nmg^Zf_glZevguo�bkke_^h\Zgbc
�ijh_dl���������������
WE?DLJHD:L:EBLBQ?KDB?�IJHP?KKU�<�:G:EBA?
IJBJH>GUO�B�IJHFURE?GGUO�H;T?DLH<�

Jm\bgkdbc�H�?�

Dm[Zgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l

<� jZa\blbb� jZ[hlu [1]� djblbq_kdb� jZkfZljb\Zxlky� nZdlhju� b
iZjZf_lju�� hij_^_eyxsb_� ZgZeblbq_kdbc� kb]gZe� \� we_dljhobfbq_kdbo
kbkl_fZo  gZ� hkgh\_� we_dljhdZlZeblbq_kdbo� j_Zdpbc� \� iheyjh]jZnbb
ijb�dZlZeba_�Z^khj[bjh\Zggufb�eb]Zg^Zfb��\ebygb_� we_dljbq_kdh]h�ihey
we_dljh^Z�� \dexqZy� ikb� �ijbf�� ±� wnn_dl�� gZ� jZ\gh\_kby

dhfie_dkhh[jZah\Zgby� b� ijhlhgbaZpbb� \� ijbwe_dljh^ghf� keh_�� ijbjh^Z
we_dljhobfbq_kdb� Zdlb\gh]h� Z^khj[bjh\Zggh]h� dhfie_dkZ� \� jZaebqguo
f_lh^Zo� \hevlZfi_jhf_ljbb� �iheyjh]jZnby�� pbdebq_kdZy

\hevlZfi_jhf_ljby� Z^khj[pbhggZy� bg\_jkbhggZy� \hevlZfi_jhf_ljby� b
^j���� b^_glbnbdZpby� b� \_ebqbgZ� we_dljhdZlZeblbq_kdh]h� wnn_dlZ

�dZlZeblbq_kdZy�ij_^\hegZ���mkeh\by�hilbfbaZpbb�ZgZeblbq_kdh]h�kb]gZeZ�
Ijb� wlhf� ZgZeba� im[ebdZpbc� ihke_^gbo� e_l� �gZijbf_j�� [2 – 4])� ihdZaZe
^hklZlhqgh_� kh]eZkb_� hiulguo� ^Zgguo� k� ij_^eh`_gghc� l_hj_lbq_kdhc
fh^_evx� [1]��H^gZdh�gZfb�mklZgh\e_g�b�jy^�ijbgpbZevguo�ijhlb\hj_qbc�
hkh[_ggh� \� kemqZ_� we_dljhdZlZebaZ� [bheh]bq_kdb� Zdlb\gufb� beb

fbdjhpbdebq_kdbfb�hj]Zgbq_kdbfb�kh_^bg_gbyfb��eb]Zg^Zfb��

JZa\b\Z_fZy� dhgp_ipby� [1]� iha\hey_l� b^_glbnbpbjh\Zlv�� ]eZ\guf
h[jZahf�� iZjZf_lju� jZ\gh\_kbc� dhfie_dkhh[jZah\Zgby� b� ijhlhgbaZpbb�
ehdZebah\Zgguo� \� ijbwe_dljh^ghf� keh_�� gh� \� hlkmlkl\b_� \ebygby� ihey
we_dljh^Z��lh�_klv�\[ebab�\g_rg_c�]jZgbpu�^\hcgh]h�we_dljbq_kdh]h�kehy�
Gh�\�kbkl_fZo� ©gbd_ev� �II) ��dh[Zevl� (II) � ±�gbdhlbgh\Zy�dbkehlZª� �jlmlguc
dZiZxsbc� we_dljh^��� MklZgh\e_gh�� qlh� ihe_� we_dljh^Z� \eby_l� gZ

jZ\gh\_kb_� ijhlhgbaZpbb� p\bll_j�bhgZ� �m\_ebq_gb_� dhgklZglu

^bkkhpbZpbb�ijhlhgbjh\Zgghc�Zfbgh]jmiiu��b�g_�\eby_l�gZ�mklhcqb\hklv
khhl\_lkl\mxsbo� gbdhlbgZlguo� dhfie_dkh\� \� ijbwe_dljh^ghf� keh_�
:gheh]bqgh_� y\e_gb_� ih�\b^bfhfm�� bf__l� f_klh� b� Z� kbkl_f_

gbd_ev� �II) � ±� pbkl_bg� [2]�� <� kbkl_fZo� ©gbd_ev� �II), dh[Zevl� �II) –
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pbZghdh[ZeZfbg�� Zd\hdh[ZeZfbgª�� gZh[hjhl� h[gZjm`_gh� [8]� dZ`ms__ky

ZghfZevgh_� m\_ebq_gb_� hkgh\ghklb� eb]Zg^h\� dZlZebaZlhjh\� \� ij_^_eZo
^bnnmabhgghc� qZklb� ^\hcgh]h� we_dljbq_kdh]h� kehy�� qlh� kdZau\Z_lky� gZ
ijbwe_dljh^ghf� b� ih\_joghklghf� dhfie_dkhh[jZah\Zgbb� b� \� p_ehf� gZ
oZjZdl_j_�Zfi_jhf_ljbq_kdh]h�kb]gZeZ�

G_kfhljy� gZ� rbjhdh_� bkihevah\Zgb_� f_lh^Z� Z^khj[pbhgghc

�dZlZeblbq_kdhc�� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� \� ZgZeblbq_kdhc

ijZdlbd_� [9-11]�� \� l_hj_lbq_kdhf� ieZg_�� �� \� hlghr_gbb� ijbjh^u

we_dljhobfbq_kdb� Zdlb\guo� dhfie_dkh\� [12]� hklZxlky� _s_� g_j_r_ggu_

\hijku�� dhlhju_� g_� fh]ml� [ulv� iheghklvx� bgl_jij_lbjh\Zgu� lhevdh� gZ
hkgh\_� iheyjh]jZnbq_kdhc� we_dljhdZlZeblbq_kdhc� fh^_eb� ijb� dZlZeba_
Zkhj[bjh\Zgguf�eb]Zg^hf[1].

GZ� hkgh\_� ZgZebaZ� l_hj_lbq_kdbo� aZdhghf_jghkl_c� b� iZjZf_ljh\
iheyjh]jZnbq_kdhc� dZlZebf_ljbb� ijb� dZlZeba_� eb]Zg^Zfb� mklZgh\e_gh
[13]�� qlh� dZlZeblbq_kdb_� \hegu� �ij_^\hegu�� fh]ml� gZ[ex^Zlvky� dZd� \
ijbkmlkl\bb�ba[uldZ�km[kljZlZ��bhgZ�f_lZeeZ��lZd�b�ijb�ba[uld_�eb]Zg^Z�
dZlZebaZlhjZ�� <_ebqbgZ� dZlZeblbq_kdh]h� wnn_dlZ� hij_^_ey_lky� dZd

hlghr_gb_� kmffZjgh]h� ij_^_evgh]h� dZlZeblbq_kdh]h� lhdZ� d� lhdm

g_dZlZeblbq_kdh]h�jZajy^Z�km[kljZlZ�ijb�lhf�`_�ihl_gpbZe_��JZkkfhlj_gu
lZd`_� mkeh\by�� hij_^_eyxsb_� hilbfZevguc� oZjZdl_j� ]jZ^mbjh\hqghc
aZ\bkbfhklb�� b� mkeh\b� baf_j_gby� &min� ih� eb]Zg^m� ±� dZlZebaZlhjm� ih
obfbq_kdhc�ijbjh^_�km[kljZlm��f_lZeeu��hdbkebl_eb��

Bkke_^h\Zgh� \ebygb_� ij_^\Zjbl_evghc� h[jZ[hldb� jZkl\hjh\

we_dljheblh\� nbabq_kdbfb� iheyfb� k� p_evx� hilbfbaZpbb� ZgZeblbq_kdbo
hij_^_e_gbc� b� mklZgh\e_gby� h[t_dlb\guo� nbabdh�obfbq_kdbo� djbl_jb_\
©Zdlb\Zpbbª� `b^dhkl_c�� Z� lZd`_� we_dljh^guo� b� we_dlhdZlZeblbq_kdbo
ijhp_kkh\��IhdZaZgh�� \� qZklghklb�� qlh� iheyjh]jZnbq_kdZy� dZlZeblbq_kdZy
ij_^\hegZ�\�kbkl_f_�©gbd_ev��II) �±�\blZfbg�<12ª�j_adh�bg]b[bjm_lky�lhevdh
ijb� ^hklb`_gbb� g_dhlhjh]h� djblbq_kdh]h� mjh\gy� ih� kh^_j`Zgbx

we_dljhobfbq_kdb� ]_g_jbjh\Zggh]h� Zdlb\gh]h� oehjZ�� DZlZeblbq_kdbc

iheyjh]jZnbq_kdbc�lhd�jZajy^Z�hdkZeZlgh]h�dhfbe_dkZ�lblZgZ��IV) �aZf_lgh
m\_ebqb\Z_lky�k\_jo�\_ebqbgu��hij_^_ey_fhc� l_hjb_c�iheyjh]jZnbq_kdhc
dZlZebf_ljbb� k� hdbkebl_evgh� ±� \hkklZgh\bl_evgufb� j_Zdpbyfb� [1]�� \
jZkl\hjZo�we_dljh]_g_jbjh\Zggh]h�Zdlb\gh]h�oehjZ��km[kljZ���hdbkebl_ev��
hkh[_ggh�ijb�lhd_�we_dljhebaZ�\�Zgh^ghc�dZf_j_�g_�gb`_�����:��Ihke_^gbc
wnn_dl� iha\hey_l� ih\ukblv� qm\kl\bl_evghklv� iheyjh]jZnbq_kdh]h

hij_^_e_gby�bhgh\�lblZgZ� �IV) ��MklZgh\e_gh��qlh�h[jZ[hldZ�mevljha\mdhf
ijb\h^bl� d� g_dhlhjhc� Zdlb\Zpbb� g_h[jZlbfhc� iheyjh]jZnbq_kdhc� \hegu
ijb�jZajy^_��gZijbf_j��bhgh\�lblZgZ��,9��b�ojhfZ�(,9���gh�ijZdlbq_kdb�g_
\eby_l�gZ�ih\_joghklgmx�dZlZeblbq_kdmx�ij_^\hegm�\�kbkl_f_�³lblZg�(IV)
±� k_jgZy� dbkehlZ´�� Ij_^eh`_gu� khhl\_lkl\mxsb_� f_oZgbafu� ^ey

h[tykg_gby� h[gZjm`_gguo� y\e_gbc�� We_dljhdZlZeblbq_kdb_� j_Zdpbb� \
iheyjh]jZnbq_kdhf� ZgZeba_�� \dexqZy� Z^khj[pbhggh� ±� dZlZeblbq_kdmx
bg\_jkbhggmx� \hevlZfi_jhf_ljbx�� bkihevamxlky� \� dhgljhe_� dZq_kl\Z
k_evkdhohayckl\_ggh]h�kujvy�b�ibs_\uo�ijh^mdlh\��ijbjh^guo�b�klhqguo
\h^�� \�nZjfZp_\lbd_��f_^bpbg_�b� kZgblZjgh� ±� ]b]b_gbq_kdhf� dhgljhe_�� \
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ZgZeba_� fZl_jbZeh\� b� ijh^mdpbb� ly`_ehc� b� e_]dhc� ijhfure_gghklb

[1-11,14 - 18].
Ebl_jZlmjZ

�� Lmjvyg Y�B�� Jm\bgkdbc H�?�� AZcp_\ I�F� Iheyjh]jZnbq_kdZy dZlZebf_ljby�F��

Obfby� ����� ��� k�

�� %�QLF� )�*�� 'LDFX (�� &ROO� &]HFK� &KHP� &RPPXQ� ����� 9� ���� 1. P. 140.
�� %�QLF� )�*��� 5HY� 5RXP� &KLP� ����� 9� ���� 6. P. 693.
�� %�QLF� )�*�� ,RQ $���(OHFWURDQDO\VLV� ����� 9� ��� 3� �����
5. López Fonseca Y. M., Fojón D.// Anal. Chim. Acta. 1990. V. 230. � 1. P.97.
6. López Fonseca Y. M., Fojón D.//Anal. Lett/ 1992. V.25. � 6. P. 1095.
7. Muñis Alvarez Y.L., Garci� &�<�$�� /RSH] )RQVHFD <�0���<� &KLP� (W SK\V� ± FKLP� %LRO�

1998. V.95. � 5. P. 1091.
 8. Jm\bgkdbc H�?�� G_gZr_\Z E�<���@mjg� DgZebl� [bfbb� ����� L����� �� K� ����
�� Ijhohjh\Z =�<�� Hkbih\Z ?�:�� =jb]hjv_\Z ?�<�� B\Zgh\Z <�F� �� >_i� \<BGBLB�F��

������ ���� ± < ���
10. Kalvoda R., Kopanica M. // Pure and Appl. Chem. 1989. V. 61. � �� J� ���
11. Esteban M., Casassas E.// Trends. Anal. Chem. 1994. V. 13. � �� J� ����
��� .RPRUVN\ ± /RYULü â �� /RYULü 0��� )U =� $QDO� &KHP� ����� %G� ���� 6� ����
13. Tur’yan Ya. I.// Y. Electroanal. Chem. 1994. V. 365. � �� J� ����
14. Kl_gbgZ E�W�� Q_jgurz\Z :�<�� >jZcgbgZ O�A��� AZ\� eZ[� ����� L� ���� �� K� �
��� =mcx Ygv� >_[jh\ B�:� ��@mjg� ijbde� obfbb� ����� L� ���� �� K� �����
��� 'MRJLü 5�� %UDQLFD 0� �� $QDO\VW� ����� 9� ����� �� J� �����
17. Bond A.M., Krasis S., Newman O.M.G.// Electroanalysis. 1998. V.10. � �� P. 387.
��� 3DOUHFED 0�0��� )UHVHQLXV -� $QDO� &KHP� ����� 9������ �� J� ����
IHL?GPBHF?LJBY�DBG?LBDB�WDKLJ:DPBB�<�KBKL?F:O
J:KLBL?EVGU?�F:KE:���<H>GUC�WL:GHE���J?:=?GLU�B

IJH;E?FU�HIJ?>?E?GBY�DBKEHLGH=H�QBKE:

Jm\bgkdbc�H�?���<ukdm[h\Z�?�G���RZjm^bgZ�K�Y�

Dm[Zgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l� DjZkgh^Zj

MklZgh\e_gh�� qlh�nbabdh� �� obfbq_kdb_� aZdhghf_jghklb� wdkljZdpbb
bf_xl�bkdexqbl_evgh�\Z`gh_�agZq_gb_�^ey�p_e_c�hij_^_e_gby�dbkehlgh]h
qbkeZ� jZklbl_evguo� fZk_e� f_lh^hf� dhk\_gghc� ihl_gpbhf_ljbb� ijb

bkihevah\Zgbb�\�dZq_kl\_�jZkl\hjbl_ey�\h^gh���kibjlh\uo�jZkl\hjh\��Wlhl
we_dljhZgZeblbq_kdbc� ijhp_kk� \dexqZ_l� \� k_[y� ke_^mxsb_� klZ^bb�
kh[kl\_ggh�fZkkhi_j_ghk�\ukrbo�`bjguo�dbkehl��he_bgh\hc��kl_Zjbgh\hc
b�^j���q_j_a�]jZgbpm�jZa^_eZ�³fZkeh���iheyjguc�kf_rZgguc�jZkl\hjbl_ev´�
obfbq_kdb_� \aZbfh^_ckl\by� k� mqZklb_f� j_Z]_glh\� jZaebqghc� ijbjh^u�� Z
bf_ggh� �� keZ[u_� hkgh\Zgby� \� ba[uld_�� ke_^h\u_� dhebq_kl\Z� kbevguo
hkgh\Zgbc� b� hdbkebl_evgh� �� \hkklZgh\bl_evgZy� kbkl_fZ� \� kf_kb� bh^Zl� �
bh^b^� �� bhgh\�� h[uqgu_� beb� Z\lhfZlbabjh\Zggu_� �� dhfivxl_jgu_�
Ze]hjblfu� ihl_gpbhf_ljbq_kdbo� baf_j_gbc�� <� kemqZ_� j_Z]_glh\� �
hkgh\Zgbc�hkgh\ghc�ijhp_kk�fh`_l�[ulv�hibkZg�j_Zdpbhgghc�ko_fhc� ����
mqblu\Zxs_c�� qlh� ZgZeblbq_kdb_� obfbq_kdb_� j_Zdpbb� ijhl_dZxl� \

iheyjghc� nZa_�� H^gZdh� \hafh`gh�� qlh� g_aZjy`_gguc� j_Z]_gl� �gZijbf_j�
]_dkZf_lbe_gl_ljZfbg�� b� ijhlhgbjh\Zgguc� ijh^mdl� j_Zdpbb� �gZijbf_j�
mdkmkgZy� dbkehlZ�� fh]ml� ijhgbdZlv� \� ih\_joghklguc� kehc



200
^bki_j]bjh\Zgguo�� \� hij_^_e_gguo� mkeh\byo� gZ� mjh\g_� fbdjhwfmevkbc�
dZi_ev�fZkeZ��g_iheyjgZy�nZaZ���<�j_amevlZl_�lZdbo�j_^hdk���j_Z]_glh\��dZd
bh^Zl� b� bh^b^� �� bhgu� khhl\_lkl\mxsZy� j_ZdpbhggZy� ko_fZ� ����� djhf_
klZ^bb� wdkljZdpbb�� \dexqZ_l� jZ\gh\_kgmx� beb� dbg_lbq_kdb� agZqbfmx
klZ^bx� bhgbaZpbb� `bjguo� dbkehl� �� ^hghjh\� ijhlhgZ�� Ijh\_^_gZ

wdki_jbf_glZevgZy�hp_gdZ�dbg_lbq_kdbo�aZdhghf_jghkl_c�^ey�ko_f���������
ijb� jZaebqguo� kh^_j`Zgbyo� wlZgheZ� b�`bjguo� dbkehl�� \� aZ\bkbfhklb� hl
ijbjh^u� b� dhgp_gljZpbb� j_Z]_glh\�� gZqZevguo� agZq_gbc� jG� b� ^jm]bo
nZdlhjh\�� Ihemq_gu� khhl\_lkl\mxsb_� ijb\_^_ggu_� wnn_dlb\gu_

gZqZevgu_� ³� ihl_gpbhf_ljbq_kdb_´� kdhjhklb�� dhlhju_� ^ey� ko_fu� ���
khklZ\beb�����������k-1���Ij_^iheZ]Z_lky��qlh�kdhjhklv��hij_^_eyxsZy�klZ^by
]_l_jh]_ggh]h�ijhp_kkZ�������wdkljZdpby�`bjguo�dbkehl�ba�fZk_e��lh]^Z�dZd
h[t_fgZy�b�ih\_joghklgh_�dbkehlgh� ��hkgh\gu_�\aZbfh^_ckl\by�y\eyxlky
[ukljufb�� MklZgh\e_gh�� qlh� ^ey� ijhp_kkZ� ���� mdZaZgguc� dbg_lbq_kdbc
iZjZf_lj� g_f_g__� q_f� gZ� ihjy^hd� f_gvr_� ih� kjZ\g_gbx� k� kdhjhklvx
wdkljZdpbb�`bjguo�dbkehl�\�[_aj_Z]_glguc�\h^gh� �� wlZghevguc�nhgh\uc
jZkl\hj�b�� ke_^h\Zl_evgh�� kdhjhklv� ��hij_^_eyxs_c� klZ^b_c�^he`gZ�[ulv
h^gZ� ba� h[t_fguo� obfbq_kdbo� j_Zdpbc�� JZajZ[hlZg� gh\uc� ih^oh^� b
ih^h[jZgu� hilbfZevgu_� mkeh\by� ^ey� dhk\_ggh]h� bh^Zl� �� bh^b^gh]h

ihl_gpbhf_ljbq_kdh]h�hij_^_e_gby�dbkehlgh]h�qbkeZ�jZklbl_evguo�fZk_e
[_a� ijh\_^_gby� lbljh\Zgby�� >ZggZy� f_lh^bdZ� oZjZdl_jbam_lky� [hevr_c

klZ[bevghklvx� ihdZaZgbc� baf_jbl_evgh]h� mkljhckl\Z� �ieZlbgh\uc
we_dljh^�� ih� kjZ\g_gbx� k� ih\_^_gb_f� jG� �� kl_deyggh]h� we_dljh^Z� \
\ur_mdZaZgghf� kf_rZgghf� jZkl\hjbl_e_� b� gZfgh]h� [uklj__�q_f
deZkkbq_kdh_�j_^hdk���lbljh\Zgb_�
WE?DLJHD:L:EBLBQKDB?�J?:DPBB�DH;:E:FBGH<�<
DHK<?GGHC�IHEYJH=J:NBB

Jm\bgkdbc�H�?���G_gZr_\Z�E�<�

Dm[Zgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l� DjZkgh^Zj

K� p_evx� kha^Zgby� g_n_jf_glgh]h� Zfi_jhf_ljbq_kdh]h� k_gkhjZ�
hkgh\Zggh]h�gZ� we_dljhdZlZeblbq_kdbo�j_Zdpbyo�dh[ZeZfbgh\�gZ� jlmlghf
we_dljh^_�� ijh\_^_gh� bamq_gb_� jZ\gh\_kby� dhfie_dkhh[jZah\Zgby

dZlZebaZlhjZ�dh[ZeZfbgZ�� \� iheyjh]jZnbq_kdhc� dZlZeblbq_kdhc� kbkl_f_
³km[kljZl�bhgu� gbd_ey� �,,��� �� dZlZebaZlhj� �\blZfbg�<12�� �� ³ihklhjhggbc´
dhfihg_gl� �bhgu� dh[ZevlZ� �,,��� pbgdZ� �,,��� [hjZlguc� [mn_j� k� ^h[Z\dZfb
fbg_jZevghc� beb� [hjghc� dbkehlu�´�� <� gZklhys_c� jZ[hl_� ij_^eh`_g� b
bkiulZg� gh\uc� ih^oh^� d� ^Zgghc� ijh[e_f_�� hkgh\Zgguc� gZ� j_]bkljZpbb
wdki_jbf_glZevguo� aZ\bkbfhkl_c� ³dZlZeblbq_kdbc� lhd� �� dhgp_gljZpby
km[kljZlZ´�F� �bhg� gbd_ey�� \� hlkmlkl\b_� b� \� ijbkmlkl\bb� ³ihklhjhgg_]h´

f_lZeeZ�F∗�� ijb� wlhf� dZd� KM >> CL, lZd� b� KM ∗ >> CL�� qlh� ]ZjZglbjm_l
h[jZah\Zgb_� b� \� jZkl\hj_�� b� \� ijbwe_dljh^ghf� keh_� lhevdh� dhfie_dkh\
f_lZeeh\� khklZ\Z� ����� Khhl\_lkl\mxsbf� h[jZahf� gZc^_gu� dhgklZglu
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mklhcqb\hklb�dh[ZevlZ��,,��b�pbgdZ��,,��k�\blZfbghf�<12 : 94 ±������Kh<12),
646 ± 6 (ZnB12���gZ�\_ebqbg_�dhlhjuo�hljZ`Z_lky�\ebygb_�ihey�we_dljh^Z

gZ� jZ\gh\_kb_� dhfie_dkhh[jZah\Zgby� �ijbwe_dljh^guc� kehc��
KhihklZ\e_gb_�\�h^bgZdh\uo�mkeh\byo�Zfi_jhf_ljbq_kdh]h�kb]gZeZ� �,D��\
we_dljhdZlZeblbq_kdbo�kbkl_fZo�³gbd_ev��,,����<12��<��:´�ihdZaZeh��qlh�^ey
^Zggh]h�km[kljZlZ�dZlZeblbq_kdZy�Zdlb\ghklv�<12�ihqlb�\�^\Z�jZaZ�f_gvr_

we_dljhdZlZeblbq_kdh]h�wnn_dlZ�<��:��<�lh�`_�\j_fy�mklZgh\e_gh��qlh�^ey
^Zggh]h�dZlZebaZlhjZ��<12�b�<��:��\_ebqbgZ�,D��Kh

2+��\����jZa�\ur_��q_f� ,D
(Ni2+��� H^gZdh� [he__� iehoh_� jZaj_r_gb_� ij_^\hegu� dh[ZevlZ� �,,�� ^_eZ_l
ihwlhfm� [he__� i_jki_dlb\guf� bkihevah\Zgb_� \� ZgZeblbq_kdbo� p_eyo

Zfi_jhf_ljbq_kdh]h� dZlZeblbq_kdh]h� kb]gZeZ� ,K (Ni2+��Bkihevamy� y\e_gb_
³[jhkdh\h]h´�mf_gvr_gby�ij_^_evgh]h�dZlZeblbq_kdh]h�lhdZ��ij_^\hegZ��\
kbkl_f_�³gbd_ev��,,����\blZfbg�%12́ �\�g_[mn_jghf�nhgh\hf�we_dljhebl_�ijb
kgb`_gbb� jG� jZkl\hjZ� gb`_� �� �� bkke_^h\Zgh� \ebygb_� ^h[Z\db

����[_gahobghgZ� gZ� mdZaZgguc� Zfi_jhf_ljbq_kdbc� kb]gZe�� mqblu\Zy�� qlh
iheyjh]jZnbq_kdh_� \hkklZgh\e_gb_� obghgZ� ^he`gh� ijb\_klb� d

ih^s_eZqb\Zgbx�ijbwe_dljh^gh]h�kehy��>_ckl\bl_evgh��ijb�hij_^_e_gghc
dhgp_gljZpbb� obghgZ� \� iheyjh]jZnbjm_fhf� keZ[hdbkehf� jZkl\hj_� ����
fhev�^f3�1D&O��gZ[ex^Zeb�j_adh_�m\_ebq_gb_�Zfi_jhf_ljbq_kdh]h�kb]gZeZ

(IK�� \� kbkl_f_� gbd_ev� �,,�� �� �� × 10-6�fhev�^f3� \blZfbgZ�<12� ��Ijb� jG� ≅ 4
hldju\Z_fh_� agZq_gb_� dhgp_gljZpbb� obghgZ� ih� \_ebqbg_� kb]gZeZ� ∆IK,
hlkqblu\Z_fh]h� hl� g_dhlhjh]h� nhgh\h]h� mjh\gy� ijb

ihklhygghfagZq_gbbihl_gpbZeZ� ?�  � �� ����� <� hlg�� gZk�d�w��� khklZ\ey_l� \

i_j\hf� ijb[eb`_gbb� hdheh� �� ⋅ 10-4� fhev�^f3�� HilbfZevgh_� kh^_j`Zgb_

km[kljZlZ� k� dhgp_gljZpb_c� K� �1L2+) = 2⋅10-3 - 1 ⋅ 10-2 
fhev�^f3�� >Zgguc

ih^oh^� fh`_l� [ulv� bkihevah\Zg� ^ey� hldjulby� \� ZgZebabjm_fuo�� \� lhf
qbke_�wdheh]bq_kdbo�h[t_dlZo��ijbf_kguo�dhebq_kl\�obghb^guo�b�^jm]bo
ijhlhghZdp_ilhjguo� we_dljhobfbq_kdb� Zdlb\guo� kh_^bg_gbc�
\hkklZgZ\eb\Zxsboky� ijb� f_g__� hljbpZl_evguo� ihl_gpbZeZo�� q_f

we_dljhdZlZeblbq_kdbc�jZajy^�bhgh\�gbd_ey��,,��
KH<J?F?GGU?�IMLB�B�KJ?>KL<:�:<LHF:LBA:PBB
<HEVL:FI?JHF?LJBQ?KDH=H�:G:EBA:

KZebo^`Zgh\Z�J�F��N��=hjh[_p�:�B�

Fhkdh\kdbc ]hkm^Zjkl\_gguc bgklblml jZ^bhl_ogbdb�

we_dljhgbdb b Z\lhfZlbdb� �l_ogbq_kdbc mgb\_jkbl_l�

Hlebqbl_evghc� hkh[_gghklvx� kh\j_f_gghc� \hevlZfi_jhf_ljbb

y\ey_lky� rbjhdh_� ijbf_g_gb_� Z\lhfZlbaZpbb� \� ijhp_kkZo� jmlbggh]h
ZgZebaZ�b�\�bkke_^h\Zgbyo��:\lhfZlbaZpby�dhkgmeZkv�ke_^mxs_]h�

��� Kha^Zgu� Z\lhfZlbabjh\Zggu_� bgnhjfZpbhggu_� [Zau� �:B;�
\hevlZfi_jhf_ljbq_kdbo� f_lh^bd�� iha\heyxsbo� \_klb� ihbkd

\hevlZfi_jhf_ljbq_kdbo�f_lh^bd�hij_^_e_gby�lj_[m_fh]h�dhfihg_glZ�beb
dhfihg_glh\��Wlb�[Zau�iha\heyxl�ijZdlbq_kdb�dZ`^hfm�ZgZeblbdm�bf_lv
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ih^� jmdZfb� h[smx�[b[ebhl_dm�� \dexqZxsmx� b� ihke_^gxx� bgnhjfZpbx
ih�bgl_j_kmxs_fm�\hijhkm�\�lhf�qbke_�ba�ljm^gh^hklmiguo�bklhqgbdh\��<
lZdb_� [Zau� \\h^blky� hjb]bgZevguc� fZl_jbZe� ba� fhgh]jZnbc�� klZl_c� ba
ki_pbZebabjh\Zgguo� `mjgZeh\� b� k[hjgbdh\�� ijhr_^rbo� ml\_j`^_gb_
f_lhjheh]bq_kdbo� kem`[�� f_lh^bdb� ba� =HKLh\� b� f_`^mgZjh^guo

klZg^Zjlh\� b� l�^�� Ijbf_gyxl� ^\Z� jZaguo� ijbgpbiZ� \� hj]ZgbaZpbb� lZdbo
[Za�

• ihbkd� \_^_lky� ih� dexq_\uf� keh\Zf�� dhlhju_� \u^_eyxlky� \
dZ`^hf�fZl_jbZe_��Ih�wlbf�ijbgpbiZf�hi_jZlhj�ihemqZ_l�^hklmi
d� iheghfm� l_dklm� f_lh^bdb�� <� j_amevlZl_� hl[hj� ihe_aghc

bgnhjfZpbb� ijhbkoh^bl� nZdlbq_kdb� lhevdh� ihke_� agZdhfkl\Z� k
iheguf� ebl_jZlmjguf� fZl_jbZehf� �[Zau� ^Zgguo� <GBBLB�
nbjfu�0HWURP��R\_cpZjby���

• ihbkd�\_^_lky�ih�lZ[ebqguf�fZl_jbZehf��dm^Z�\\h^blky��\�i_j\mx
hq_j_^v�� hij_^_eyxsb_� ijbagZdb� f_lh^bdb�� h[t_dlu� ZgZebaZ� b
hij_^_e_gby�� ihl_gpbZe� ibdZ� lhdZ� beb� ihem\hegu� lhdZ�� khklZ\
nhgZ�� bkihevam_fuc� bg^bdZlhjguc� we_dljh^� b� j_`bf

hij_^_e_gby�� dhfihg_glu�� f_rZxsb_� hij_^_e_gbx�� <u[jZlv
bgnhjfZpbx�fh`gh�ih�h^ghfm�beb�g_kdhevdbf�ijbagZdZf��Ihke_
hagZdhfe_gby�k�f_lh^bdhc�\�lZ[ebqghc�nhjf_�__�fh`gh�\ua\Zlv
^ey�ihemq_gby�[he__�ih^jh[guo�k\_^_gbc��hibkZgguo�\�bkoh^ghf
bklhqgbd_�

��� <k_� kh\j_f_ggu_� iheyjh]jZnu� b� \hevlZfi_jhf_ljbq_kdb_

ZgZebaZlhju�jZ[hlZxl�gZ�[Za_�fbdjhijhp_kkhjghc�l_ogbdb�beb�W<F��qlh
iha\hey_l� kgZ[`Zlv� bo� ijh]jZffguf� h[_ki_q_gb_f� ^ey� h[jZ[hldb

ZgZeblbq_kdh]h� kb]gZeZ�� \u^Zqb� j_amevlZlh\� ZgZebaZ�� h[_ki_q_gby

mklZgZ\eb\Z_fh]h� j_`bfZ� jZ[hlu� bg^bdZlhjgh]h� we_dljh^Z� beb

bg^bdZlhjguo� we_dljh^h\� \� fgh]hyq__qguo� \hevlZfi_jhf_ljbq_kdbo

kbkl_fZo�� h[_ki_q_gby� ihjy^dZ� jZ[hlu� ih� dhgdj_lghc� f_lh^bd_�
mklZgh\e_gb_�mkeh\bc�jZkihagZ\Zgby�h[jZaZ�hij_^_ey_fuo�dhfihg_glh\�ih
^Zgguf� wdki_jlghc� kbkl_fu�� khklZ\e_gghc� gZ� hkgh\Zgbb� ^Zgguo� [Zau
\hevlZfi_jhf_ljbq_kdbo�f_lh^bd�ZgZebaZ��LZdb_�\hevlZfi_jhf_ljbq_kdb_
kbkl_fu�jZajZ[hlZgu�b�\uimkdZxlky�nbjfZfb�L_oghZgZebl��]�Lhfkd���GID
©JBIKª� ijb� Lhfkdhf� LM�� nbjfhc� ijb� MjZevkdhf� Wdhghfbq_kdhf

mgb\_jkbl_l_� �?dZl_j_g[mj]��� GIN� ©:d\behgª�� ©Wdhgbdkª�� HHH

©BgnjZljhgª� �Fhkd\Z��� <hevlZ�� IHH� <BLBF� :gZeblijb[hj�� H:� GII
©;mj_\_klgbdª� �K��I_l_j[mj]��� nbjfhc� ijb� DjZkgh^Zjkdhf� =M�� nbjfhc
Metrom (R\_cpZjby���PAR �KR:���Bioanalytical systems �KR:���Eco Chec
BV �=heZg^by��� Amel Instruments �BlZeby��� Polurosensors �Q_oby��� Zaklad
elektronic MTM �IhevrZ��



203
BKIHEVAH<:GB?�FH>BNBPBJH<:GGUO�M=HEVGH�
I:KLH<UO�WE?DLJH>H<�>EY�K?E?DLB<GH=H

DHGP?GLJBJH<:GBY�B�HIJ?>?E?GBY�:JHF:LBQ?KDBO
>BGBLJHKH?>BG?GBC�<�<HEVL:FI?JHF?LJBB

KZi_evgbdh\Z�K�<���FZcklj_gdh�<�G���Dm^Zr_\Z�N�O�

Hj]Zgbq_kdb_� dhfihg_glu� ijbjh^guo� \h^� fgh]hqbke_ggu� b

jZaghh[jZagu�� <� hkgh\m� ZgZeblbq_kdh]h� dhgljhey� aZ� kh^_j`Zgb_f

gbljhkh_^bg_gbc� \� hdjm`Zxs_c� kj_^_� iheh`_gu� ojhfZlh]jZnbq_kdb_
f_lh^u�� QZklh� keh`guc� fgh]hdhfihg_glguc� khklZ\� hij_^_ey_fuo

h[t_dlh\� aZljm^gy_l� j_r_gb_� aZ^Zq� jZa^_e_gby� b� hij_^_e_gby

bg^b\b^mZevguo� kh_^bg_gbc�� Djhf_� lh]h�� ijh[hih^]hlh\dZ� ^ey

ojhfZlh]jZnbq_kdbo� f_lh^h\� ljm^h_fdZ� b� ^hjh]hklhysZ�� Ihwlhfm� \

ihke_^g__� \j_fy� ijb� ZgZeba_� h[t_dlh\� hdjm`Zxs_c� kj_^u� rbjhdh

ijbf_gyxl� \hevlZfi_jhf_ljbq_kdb_� f_lh^u�� Ijb� bkihevah\Zgbb

fh^bnbpbjh\Zggh]h� m]hevgh�iZklh\h]h� we_dljh^Z� �MIW�� \� dZq_kl\_

bg^bdZlhjgh]h�fh`gh�^h[blvky�ba[bjZl_evgh]h�dhgp_gljbjh\Zgby�\_s_kl\

gZ� ih\_joghklb� we_dljh^Z�� b�� dZd� ke_^kl\b_�� \ukhdhc� qm\kl\bl_evghklb� b
k_e_dlb\ghklb�ih�hlghr_gbx�d�hl^_evguf�dhfihg_glZf�jZkl\hjZ�

:\lhjZfb� bamq_gh� dhgp_gljbjh\Zgb_� b� \hevlZfi_jhf_ljbq_kdh_
ih\_^_gb_�jy^Z�ZjhfZlbq_kdbo�^bgbljhkh_^bg_gbc��^bgbljh[_gaheZ�������b
����^bgbljhn_gheZ�� ����^bgbljh[_gahcghc� b� ����^bgbljhbahnlZe_\hc
dbkehl�� gZ� MIW�� fh^bnbpbjh\Zgguo� ihebf_jgufb� khj[_glZfb� k_jbb
IhjZiZd�� HilbfZevgufb� mkeh\byfb� dhgp_gljbjh\Zgby� b

we_dljh\hkklZgh\e_gby� ^bgbljhkh_^bg_gbc� gZ� fh^bnbpbjh\Zgguo� MIW
y\eyxlky� jG� �� gZ� klZ^byo� gZdhie_gby� b� j_]bkljZpbb� ����� fhev/e� HCl� \
dZq_kl\_�nhgh\h]h�we_dljheblZ���\j_fy�gZdhie_gby� ��fbgmlu��GZdhie_gb_
^_iheyjbaZlhjZ� hkms_kl\eyehkv� ijb� jZahfdgmlhc� p_ib�
\hevlZfi_jh]jZffu� kgbfZeb� ijb� dZlh^ghc� jZa\_jld_� ihl_gpbZeh\

hl���^h�±��<�

<� mkeh\byo� \hevlZfi_jhf_ljbb� ihke_� gZdhie_gby� gZ

fh^bnbpbjh\Zgguo� MIW� bkke_^m_fu_� ^bgbljhkh_^bg_gby

\hkklZgZ\eb\Zxlky�k�h[jZah\Zgb_f�^\mo�q_ldbo�ibdh\�ijb�ihl_gpbZeZo�hl�±
����� ^h� ±�����<� \� aZ\bkbfhklb� hl� ijbjh^u� aZf_klbl_e_c� b� bo� \aZbfgh]h
jZkiheh`_gby� \� y^j_�� GZ� \k_o� fh^bnbpbjh\Zgguo� MIW� ����
^bgbljhbahnlZe_\Zy� dbkehlZ� g_� ^Z_l� kb]gZeZ� \� bamqZ_fhf� ^bZiZahg_
dhgp_gljZpbc�

>ey� \uykg_gby� ijbqbg� ba[bjZl_evgh]h� dhgp_gljbjh\Zgby

kh_^bg_gbc� gZ�MIW� bkke_^h\ZgZ� Z^khj[pby� ����� b� ����^bgbljhn_gheh\� b
����^bgbljhbahnlZe_\hc�dbkehlu�\�klZpbhgZjguo�mkeh\byo�gZ�ki_dljZevgh
qbklhf� ]jZnbl_�� H[gZjm`_gZ� \aZbfhk\yav� f_`^m� qm\kl\bl_evghklvx

we_dljh^Z�d�jZaebqguf�\_s_kl\Zf�b�bo�Z^khj[pb_c�gZ�]jZnbl_�

IhdZaZgZ� \hafh`ghklv� k_e_dlb\gh]h� hij_^_e_gby� ����� b� ����
^bgbljhn_gheZ� \� ijbkmlkl\bb� ���djZlgh]h� ba[uldZ
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����^bgbljhbahnlZe_\hc� dbkehlu� gZ� MIW�� fh^bnbpbjh\Zgguo

ihebf_jgufb�khj[_glZfb�k_jbb�IhjZiZd�
I?JKI?DLB<U�IJBF?G?GBY�BG<?JKBHGGH�
<HEVL:FI?JHF?LJBQ?KDH=H�:G:EBA:�K

WE?DLJHOBFBQ?KDHC�IJH;HIH>=HLH<DHC

K\bgph\Z�E�>���Q_jgur_\Z�G�G�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l
]� Lhfkd� ij� E_gbgZ���� l� �������������

JZkrbj_gb_� \hafh`ghkl_c� ijbf_g_gby� f_lh^Z� bg\_jkbhgghc

\hevlZfi_jhf_ljbb� �B<:�� \� ZgZeba_� jZaebqguo� h[t_dlh\� \� agZqbl_evghc
kl_i_gb� ebfblbjm_lky� klZ^b_c� ijh[hih^]hlh\db�� DZd� ijZ\beh�� wlh

^ebl_evguc� b� ljm^h_fdbc� ijhp_kk�� dhlhjuc� m\_ebqb\Z_l� ih]j_rghklv

ZgZebaZ��GZfb�ij_^eh`_g�b�jZajZ[hlZg�^hklZlhqgh�ijhklhc�b�wdkij_kkguc
kihkh[� ijh[hih^]hlh\db� \h^guo� kj_^�� aZdexqZxsbcky� \� bo� h[jZ[hld_
lhdhf� \� f_f[jZgghf� we_dljheba_j_� �:�K�� KKKJ� ��������� ����;� @mjg�
ZgZebl��Obfbb�������k����;�lZf�`_�������k�������

IhdZaZgh�� qlh� \� mkeh\byo� h[jZ[hldb� ijh[u� lhdhf� j_Zebam_lky
y\e_gb_� we_dljhobfbq_kdhc� Zdlb\Zpbb� �hlq_lu� ����������� ]jZgl

JNNB����������������

Wlh� ^hdZaZgh� gZebqb_f� ^\mo� ijbagZdh\:� baf_g_gb_f� g_dhlhjuo
k\hckl\�we_f_glh\�kbkl_fu�ijh[Z���bg^bdZlhjguc�we_dljh^�b�\k_c�kbkl_fu
\� p_ehf� b� aZf_^e_gghc� j_eZdkZpb_c� baf_g_gguo� k\hckl\� d� bkoh^ghfm
khklhygbx�\�l_q_gb_� �� �� ���qZkh\��GZfb�bamq_gh�baf_g_gb_�nbabq_kdbo�b

nbabdh���obfbq_kdbo�iZjZf_ljh\: E 0hd/\hk��jG��L�� χ η σ� � , n��bgl_]jZevgh_
ih]ehs_gb_� MN� �� baemq_gby� \� h[eZklb� ���� �� ���� gf�� \hevlZfi_jguo

oZjZdl_jbklbd� �Ii��ϕi��b�oZjZdl_jbklbq_kdbo�aZ\bkbfhkl_c� Ii� � f(ϕw)�� ,i� 
f(CF_

Z+), Ii�  � f(τw)� ijb� hij_^_e_gbb� Cd, Pb, Cu k� jlmlgh� �� ie_ghqguf
we_dljh^hf� \� jZkl\hjZo� ^h� b� ihke_� ij_^\Zjbl_evghc� we_dljhobfbq_kdhc
h[jZ[hldb�� G_ij_f_gguf� mkeh\b_f� \� bkihevah\Zgbb� wnn_dlh\

we_dljhobfbq_kdhc� Zdlb\Zpbb� y\ey_lky� ZgZeba� \h^ghc� ijh[u� \� l_q_gb_
i_j\h]h�qZkZ�ihke_�h[jZ[hldb� lhdhf��Hiul�bkihevah\Zgby� mkljhckl\Z�^ey
ijh[hih^]hlh\db� ihdZaZe�� qlh� hgh� klZ[bevgh� b� \hkijhba\h^bfh� jZ[hlZ_l
[_a� aZf_gu� ^_lZe_c� \� l_q_gb_� ]h^Z�� B<:� �� ZgZeba� \h^guo� ijh[� \� wlbo
mkeh\byo� iha\hey_l� fZdkbfZevgh� kgbablv� ih]j_rghklv� f_lh^bdb

hij_^_e_gby��m\_ebqblv�qm\kl\bl_evghklv�hij_^_e_gby�Cd, Pb, Cu�gZ�nhg_�
gZijbf_j�� hj]Zgbq_kdbo� \_s_kl\� \� ���� �� �� jZaZ�� AZ� kq_l� hlkmlkl\by� lZdbo
ZgZeblbq_kdbo�hi_jZpbc��dZd�m^Ze_gb_��jZajmr_gb_��jZa^_e_gb_�f_rZxsbo

hij_^_e_gbx� dhfihg_glh\�� \j_fy� ZgZebaZ� agZqbl_evgh� khdjZsZ_lky�
gZijbf_j�� ^h� ���fbgml� ijb� hij_^_e_gbb�Cd, Pb, Cu� k� jlmlgh�ie_ghqguf
we_dljh^hf�

Kihkh[�Zijh[bjh\Zg�^ey�\Zeh\h]h�hij_^_e_gby�Cd, Pb, Cu, As, Sb, Bi,
Hg \� ZgZeba_� j_qguo�� ha_jguo�� ih^a_fguo� \h^�� ijhba\h^kl\_gguo� b
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[ulh\uo� klhqguo� \h^�� \a\_k_c�� [bhh[t_dlh\�� IjZ\bevghklv� j_amevlZlh\
hp_g_gu� f_lh^Zfb� «\\_^_gh� �� gZc^_gh»� b� kjZ\g_gb_f� k� ^Zggufb� :WK�
::K� b� nhlhdhehjbf_ljbb�� Ihemq_ggu_� j_amevlZlu� iha\heyxl

ijh]ghabjh\Zlv� jZkrbj_gb_� \hafh`ghkl_c� ijbf_g_gby� f_lh^Z� B<:� k
bkihevah\Zgb_f�we_dljhobfbq_kdhc�ijh[hih^]hlh\db�\�ZgZeba_�jZaebqguo
h[t_dlh\�
IHEBF?JGU?�1�:JBE���:FBGHIJHIBHGH<U?�DBKEHLU��
I?JKI?DLB<GU?�F:L?JB:EU�>EY�F?F;J:G

F?>VK?E?DLB<GUO�WE?DLJH>H<

Kdhjbd�X�:���G_m^ZqbgZ�E�D���KbjZ_\Z�H�F���=_jl�G�<���<rb\dh\�:�:��
Ylemd�X�=�

MjZevkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ������� ?dZl_jbg[mj]� ij� E_gbgZ�
51.

JZg__� gZfb� mklZgh\e_gh� >�@�� qlh� 1�Zjbe���Zfbghijhibhgh\u_
dbkehlu� y\eyxlky� \ukhdhk_e_dlb\gufb� dhfie_dkhgZfb� ih� hlghr_gbx� d
bhgZf�&X2+��H[uqgh�dhfie_dkhh[jZamxsb_�b�dbkehlgh�hkgh\gu_�k\hckl\Z�
Z� lZd`_� k_e_dlb\ghklv� o_eZlhh[jZamxsbo� khj[_glh\� h[mkeh\e_gu

k\hckl\Zfb� khhl\_lkl\mxsbo� fhghf_jh\�� >ZggZy� jZ[hlZ� ihk\ys_gZ

bamq_gbx� f_f[jZggh]h� we_dljh^Z� gZ� hkgh\_� ihebf_jZ�� kh^_j`Zs_]h

njZ]f_glu�1�Zjbe���Zfbghijhibhgh\uo�dbkehl�

Bhgbl� ihemqZeb� j_Zdpb_c� ihebdhg^_gkZpbb� ZgbebgZ�� Zdjbeh\hc
dbkehlu� b� iZjZnhjfZ�� Bamq_gh� \ebygb_� dbkehlghklb� kj_^u� b

dhebq_kl\_ggh]h� khhlghr_gby� j_Z]_glh\� gZ� dZq_kl\h� ihemqZ_fh]h

khj[_glZ��MklZgh\e_gh��qlh�kfheZ�kh^_j`bl�����ZfbghfhghijhibhgZlguo
]jmii� b� ���� Zfbgh^bijhibhgZlguo� ]jmii�� jG�f_ljbq_kdb� f_lh^hf

hl^_evguo�gZ\_khd�hij_^_e_gu�dhgklZglu�dbkehlghc�bhgbaZpbb�ijb���hK�b

µ ���� F� .&O� �jD1=4,49±����� jD2=7,05±������� dhlhju_� khihklZ\bfu� k
khhl\_lkl\mxsbfb� dhgklZglZfb� fhghf_jZ� ±

1�1�^b���dZj[hdkbwlbe�ZgbebgZ� �jD1=3,89±0,02 
jD2=6,41±����� >�@��� jD1

hlghkblky� d� bhgbaZpbb� dZj[hdkbevghc�� Z� jD2� �� Zffhgbcghc� ]jmiiu�
KlZlbq_kdZy� h[f_ggZy� _fdhklv�ih�bhgZf� \h^hjh^Z� khklZ\beZ� ����ffhev�]�
ih� bhgZf� f_^b�,,�� �� ���� ffhev�]� �S+ ������ MklZgh\e_gZ� \hafh`ghklv
dhebq_kl\_ggh]h�ba\e_q_gby�f_^b�,,��ba�\h^guo�jZkl\hjh\�

<� gZklhys__� \j_fy� \� ebl_jZlmj_� ij_^eh`_gh� g_kdhevdh� kihkh[h\
ba]hlh\e_gby�f_f[jZgguo�we_dljh^h\��GZfb�ba]hlh\e_g�l\_j^hdhglZdlguc
we_dljh^�� gZ� dhlhjuc� gZg_k_gh� we_dljh^ghZdlb\gh_� ihdjulb_�� Ih^h[gu_
we_dljh^u� bf_xl� jy^� ij_bfms_kl\� i_j_^� f_f[jZggufb� we_dljh^Zfb� k
`b^dhklguf� aZiheg_gb_f�� Wdki_jbf_glZevgh� ih^h[jZgguc� f_f[jZgguc
khklZ\� bhgbl�I<O ���� gZghkbeb� gZ� ]jZnblh\uc� kl_j`_gv� \� \b^_� �� %
jZkl\hjZ� \� ^bf_lbenhjfZfb^_�� ijbe_]Zxsbc� d� ]jZnblm� kehc� djhf_� lh]h
kh^_j`Ze�hdheh�����Zdlb\bjh\Zggh]h�m]ey�



206
IhdZaZgh�� qlh� ijb� jG��� we_dljh^� h[gZjm`b\Z_l� g_k_e_dlb\gmx

Zgbhggmx�nmgdpbx� �&O-, NO3-, SO4
2-� b� ^j��� \� ^bZiZahg_� jK� �÷��� djmlbagZ

dhlhjhc� mf_gvrZ_lky� k� m\_ebq_gb_f� aZjy^Z� b� jZaf_jZ� ZgbhgZ�� We_dljh^

lZd`_� bf__l� ijhlhggmx� nmgdpbx� \� h[eZklb� jG� �÷��� gZebqb_� dhlhjhc
h[tykgy_lky�gZfb�k�ihabpbb�p\bll_j�bhggh]h� kljh_gby�bhgblZ��Ijb�jG!�

we_dljh^� h[gZjm`b\Z_l� f_^gmx� nmgdpbx� \� ^bZiZahg_� j&X� �÷���� k

djmlbaghc� ���f<�j&X�� <� wlbo� `_� mkeh\byo� \� bgl_j\Ze_� dhgp_gljZpbc
10-1-10-5�F�we_dljh^�g_�^Z_l�hldebd�gZ�bhgu�1L2+, Co2+, Zn2+.

JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_
f_`\mah\kdhc�gZmqghc�ijh]jZffu��Mgb\_jkbl_lu
Jhkkbb���nmg^Zf_glZevgu_�bkke_^h\Zgby���]jZgl��
���������������]]�

Ebl_jZlmjZ

1.Kdhjbd X�:�� G_m^ZqbgZ E�D�� <rb\dh\ :�:� ��@mjg� h[s� obfbb� ����� L������� K�

296-301.
GH<U?�<HAFH@GHKLB�IJH<?>?GBY
<HEVL:FI?JHF?LJBQ?KDH=H�WDKI?JBF?GL:

Khdheh\�F�:���DZf_g_\�:�B�

]�Fhkd\Z� F=M bf� F�<�Ehfhghkh\Z

Ijb� mf_gvr_gbb� dhgp_gljZpbb� bkke_^m_fuo� \_s_kl\� \� jZkl\hj_� b
m\_ebq_gbb� kdhjhklb� baf_g_gby� gZijy`_gby� �ihl_gpbZeZ�� gZ[ex^Z_lky
bkdZ`_gb_� kmffZjgh]h� ZgZeblbq_kdh]h� dhglmjZ� ba�aZ� \ebygby� gZ� kb]gZeu
^_iheyjbaZlhjh\� _fdhklgh]h� lhdZ� �mf_gvr_gb_� khhlghr_gby

kb]gZe�ihf_oZ�� b� hfbq_kdh]h� iZ^_gby� gZijy`_gby�� Z� lZd`_� kf_s_gb_

ZgZeblbq_kdbo�kb]gZeh\�ih�rdZe_�ihl_gpbZeh\��L_ogbq_kdb_�\hafh`ghklb
we_dljhobfbq_kdhc� ZiiZjZlmju� iha\heyxl� \� ba\_klghc� kl_i_gb� kgylv� wlb
h]jZgbq_gby�� h^gZdh� \� ZgZeblbq_kdbo� bkke_^h\Zgbyo� b� \� f_lh^bq_kdhf
ieZg_� \ukhdb_� kdhjhklb� jZa\_jldb� j_Zebamxlky� djZcg_� fZeh�� GZijbf_j�
[ueh� ihdZaZgh�� qlh� bg\_jkbhggh_� we_dljhobfbq_kdh_� hij_^_e_gb_

dhfihg_glh\� kbkl_fu� &G�,,�²3E�,,�� fh`gh� ijh\h^blv� ijb� kdhjhklyo
jZa\_jldb� ihl_gpbZeZ� Y����<�k�� H^gZdh� \hafh`ghklv� jZa^_evgh]h

hij_^_e_gby� bg^b\b^mZevguo� \_s_kl\� kms_kl\_ggh� aZ\bk_eZ� hl

khhlghr_gby� dhfihg_glh\� b� lj_[h\Zehkv� \� dZ`^hf� dhgdj_lghf� kemqZ_
wdki_jbf_glZevgh_�h[hkgh\Zgb_��dZd�ijZ\beh��ijb�Y!��<�k�^ey�hij_^_e_gby
bg^b\b^mZevguo�dhfihg_glh\�g_h[oh^bfu�jZagu_�\_ebqbgu�Y��

Fu� ijh\_eb� bkke_^h\Zgb_� \ebygby� kdhjhklb� gZ� kb]gZeu� ��o
dhfihg_glghc� kbkl_fu� &X�,,�²3E�,,�²&G�,,�²=Q�,,�� gZ

\hevlZfi_jhf_ljbq_kdhf� dhfie_dk_� gZ� [Za_� ZgZebaZlhjZ� :<:���� ieZlu
khijy`_gby� /����� b� dhfivxl_jZ� 3&� 3������ Hjb]bgZevgh_� ijh]jZffgh_
h[_ki_q_gb_�iha\heyeh�\Zjvbjh\Zlv� Y�hl� Q����f<�^h� Q����<��Bkihevah\Zeb
lj_owe_dljh^gmx� kbkl_fm� k� mgbnbpbjh\Zgguf� m]e_kblZeeh\uf� jZ[hqbf

we_dljh^hf� �]_hf_ljbq_kdZy� ih\_joghklv� ≈0,07�kf���� \kihfh]Zl_evguf
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ieZlbgh\uf� we_dljh^hf� b� oehjb^k_j_[jyguf� we_dljh^hf� kjZ\g_gby�
hl^_e_gguf� nlhjhieZklh\hc� f_f[jZghc� �gZ[ex^Zehkv� kf_s_gb_

ihl_gpbZeh\�ibdh\�^_iheyjbaZlhjh\�d�f_g__�hljbpZl_evguf�agZq_gbyf�ih
kjZ\g_gbx� k� hlkmlkl\b_f� f_f[jZgu��� <� dZq_kl\_� nhgh\h]h� we_dljheblZ
bkihevah\Zeb� ����F� .12�� �S+��²���� Ihl_gpbZe� b� ijh^he`bl_evghklv
j_]_g_jZpbb� jZ[hq_]h� we_dljh^Z� ����<� ����k��� ihl_gpbZe� b

ijh^he`bl_evghklv�we_dljhdhgp_gljbjh\Zgby� �mkihdh_gby��� �����<� ������<�
b� ��� �����k�� JZkq_l� \_eb� f_lh^hf� ^h[Z\hd�� Bkke_^h\Zgb_� ihdZaZeh�� qlh
gZ[ex^Z_fh_� baf_g_gb_� Zgh^guo� kb]gZeh\� mdZaZgguo� ^_iheyjbaZlhjh\� k
m\_ebq_gb_f� Y� ^h� ���<�k� hl\_qZ_l� l_hjbb� b� ijhbkoh^bl� [_a� bkdZ`_gby
ZgZeblbq_kdbo� kb]gZeh\�� Ke_^m_l� hlf_lblv�� qlh� ^ey� fZeuo� Y� lj_[m_lky
m\_ebqblv� \j_fy� we_dljhebaZ� ^h� �������� k�� ijb� wlhf� gZ[ex^Z_lky

mom^r_gb_�koh^bfhklb�baf_j_gbc�
DE:KKBNBD:PBY�F:L?F:LBQ?KDBO�FH>?E?C
WE?DLJH:G:EBLBQ?KDBO�KB=G:EH<�<�NHJF?�IBDH<�

HKGH<:GGUO�G:�WE?F?GL:JGUO�NMGDPBYO

Kljhf[_j]�:�=��JhfZg_gdh�K�<

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

H^ghc� ba� \Z`g_crbo� aZ^Zq� ZgZeblbq_kdhc� obfbb� y\ey_lky

ijZ\bevgh_� hij_^_e_gb_� iZjZf_ljh\� ZgZeblbq_kdbo� kb]gZeh\� b

mklZgh\e_gb_� bo� k\yab� kh� k\hckl\Zfb� ZgZebabjm_fh]h� h[t_dlZ� beb

dhgp_gljZpb_c� ZgZeblZ�� >ey� jZa\blby� djm]Z� wlbo� \hijhkh\� ZdlmZevgh
j_r_gb_� aZ^Zqb� ZiijhdkbfZpbb� ZgZeblbq_kdh]h� kb]gZeZ��Wlh� ^hklb]Z_lky
ijbf_g_gb_f� f_lh^h\� fZl_fZlbq_kdh]h� fh^_ebjh\Zgby� ijhp_kkh\�
e_`Zsbo� \� hkgh\_� ZgZeblbq_kdh]h� kb]gZeZ�� eb[h� ijbf_g_gb_f

wfibjbq_kdbo� beb� ihemwfibjbq_kdbo� nmgdpbc�� iha\heyxsbo� ^Zlv

^hklZlhqgh�lhqgh_�fZl_fZlbq_kdh_ hibkZgb_�ZgZeblbq_kdh]h�kb]gZeZ��>ey
mki_rgh]h�bkihevah\Zgby�\�ZgZeblbq_kdhc�ijZdlbd_�lZdb_�fh^_eb�^he`gu
[ulv��k�h^ghc�klhjhgu��^hklZlhqgh�Z^_d\Zlgu�hibku\Z_fuf�ZgZeblbq_kdbf
kb]gZeZf��k�^jm]hc�klhjhgu��g_�^he`gu�h[eZ^Zlv�baebrg_c�keh`ghklvx�

H[h[s_gb_� [hevrh]h� dhebq_kl\Z� ebl_jZlmjguo� ^Zgguo� ihdZaZeh�
qlh� \� ih^Z\eyxs_f� [hevrbgkl\_� kemqZ_\� \� hkgh\_� jZaebqguo

wfibjbq_kdbo� fh^_e_c� e_`Zl� nmgdpbb� lj_o� ³we_f_glZjguo´� ibdh\�� <
hklZevguo�kemqZyo�bf_xl�f_klh�l_�beb�bgu_�\b^hbaf_g_gby�wlbo�nmgdpbc�
D� we_f_glZjguf� ibdZf� fu� hlghkbf� ibd� =ZmkkZ�� ibd� Dhrb� b� ibd
ijhba\h^ghc�eh]bklu��We_f_glZjgu_�ibdb�ij_^klZ\e_gu�\�ghjfbjh\Zgghf
\b^_��Ih^�ghjfbjh\dhc�fu�ihgbfZ_f�ijb\_^_gb_�ibdZ�d�_^bgbqghc�\ukhl_
b�rbjbg_�gZ�\ukhl_�ihemibdZ�

<� ij_^klZ\e_gghc� jZ[hl_� ij_^eh`_gh� q_luj_� h[sbo� g_aZ\bkbfuo
\b^Z�fh^bnbdZpbc�ibdh\� �FI�� �^\_�kbff_ljbqgu_�b�^\_�g_kbff_ljbqgu_
fh^bnbdZpbb�� �kf�� ko_fm�� \gmlj_ggyy� kl_i_ggZy� fh^bnbdZpby� �FI1);
\g_rgyy�kl_i_ggZy�fh^bnbdZpby��FI2���ij_h[jZah\Zgb_�\�[b�nmgdpbx
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�FI3);�eh]Zjbnfbq_kdZy�fh^bnbdZpby�Z[kpbkku� �FI4���Wlb�fh^bnbdZpbb
^_ckl\mxl�ih�hlghr_gbx�d�ex[hfm�kbff_ljbqghfm�ghjfbjh\Zgghfm�ibdm�
khojZgyy� ijb� wlhf� _]h� ghjfbjh\dm�� Wlh� hagZqZ_l�� qlh� kbff_ljbqgu_
fh^bnbdZpbb�fu�fh`_f�khq_lZlv�^jm]�k�^jm]hf��Z�g_kbff_ljbqgu_�fh`gh
ijbf_gylv�lhevdh�h^bg�jZa��ihlhfm�qlh�ohly�ghjfbjh\dZ�ibdZ�khojZgy_lky�
ibd� klZgh\blky� g_kbff_ljbqguf� b� _]h� ^Zevg_cr__� fh^bnbpbjh\Zgb_
k\yaZgh� k� hij_^_e_ggufb� hkeh`g_gbyfb�� GZ� ko_f_� wlh� ihdZaZgh

gZijZ\e_gb_f�klj_ehd�
>jm]bf� ieh^hl\hjguf� ih^oh^hf� ihemq_gby� gh\uo� wfibjbq_kdbo

nmgdpbc� y\ey_lky� dhf[bgbjh\Zgb_� g_kdhevdbo� [he__� ijhkluo� nmgdpbc�
GZfb� ij_^eh`_gh� ljb� \b^Z� dhf[bgbjh\Zgby� kbff_ljbqguo

ghjfbjh\Zgguo�ibdh\�\�h[s_f�\b^_��ijb�dhlhjhf�khojZgy_lky�ghjfbjh\dZ
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ibdZ��kf��ko_fm���Z^^blb\gZy�dhf[bgZpby��:D���i_j\Zy�fmevlbiebdZlb\gZy
dhf[bgZpby� �FD1��� ij_^klZ\eyxsZy� kh[hc� ijhba\_^_gb_� ^\mo

ghjfbjh\Zgguo� ibdh\� \� kl_i_gyo�� kmffZ� dhlhjuo� jZ\gZ� _^bgbp_�� \lhjZy
fmevlbiebdZlb\gZy� dhf[bgZpby� �FD2��� aZdexqZxsZyky� \� ijhba\_^_gb_
^\mo� ibdh\�� bf_xsbo� jZaebqgmx� rbjbgm�� DZ`^Zy� jZkkfhlj_ggZy

fh^bnbdZpby� g_aZ\bkbfZ� b� ^_ckl\m_l� ih� hlghr_gbx� d� ex[hfm

ghjfbjh\Zgghfm� ibdm�� l�_�� fh`gh� khq_lZlv� fh^bnbdZpbb� b�beb
dhf[bgZpbb�ih�f_j_�g_h[oh^bfhklb��gZ�ko_f_�ihdZaZgh�klj_edZfb��

Djhf_� mihfygmluo� ijbgpbih\� fh^bnbdZpbc� b� dhf[bgZpbc� ibdh\�
kms_kl\mxl� ^jm]b_� ih^oh^u� d� ihkljh_gbx� ibdh\� keh`ghc�nhjfu��GZfb
jZkkfhlj_gh�^\Z�h[sbo�ijbgpbiZ��dhlhju_�iha\heyxl�dhgkljmbjh\Zlv�ibdb
k� g_h[oh^bfufb� k\hckl\Zfb�� bkoh^y� ba� [he__� ijhkluo� �we_f_glZjguo�
nmgdpbc��kf��ko_fm���I_j\uc�ijbgpbi�dhgkljmbjh\Zgby�aZdexqZ_lky�\�lhf�
qlh� ibd� h[jZam_lky� ba� ijhba\_^_gby� ^\mo� fhghlhgguo� g_hljbpZl_evguo
nmgdpbc�� \hajZklZxs_c� b� m[u\Zxs_c�� h[eZ^Zxsbo� hij_^_e_ggufb

k\hck\Zfb�� >jm]bf� h[sbf� ijbgpbihf� dhgkljmbjh\Zgby� nmgdpbb� ibdZ
y\ey_lky� ihemq_gb_� _]h� ba� U-h[jZaghc� djb\hc�� <k_� ba\_klgu_� gZf� ba
ebl_jZlmju� fh^_eb� \oh^yl� \� ij_^eh`_ggmx� deZkkbnbdZpbx�� Z� ijhklh_
khq_lZgb_�fh^bnbdZpbc�b�dhf[bgZpbc��kh]eZkgh�deZkkbnbdZpbb��iha\hey_l
ihemqblv� _s_� [he__� lukyqb� gh\uo� fh^_e_c� �bf_xsbo� g_� [he__� r_klb

iZjZf_ljh\��
L?HJ?LBQ?KDB?�HKGH<U�B�I?JKI?DLB<GHKLV
BKIHEVAH<:GBY�:FI?JH>BG:FBQ?KDH=H�LBLJH<:GBY

Kmijmgh\bq�<�B���IeZdkb_gdh�B�E���Gh\hoZlvdh�H�<�

MdjZbgkdbc ]hkm^ijkl\_gguc obfbdh�l_ogheh]bq_kdbc mgb\_jkbl_l�

]� >g_ijhi_ljh\kd� MdjZbgZ

:fi_jh^bgZfbq_kdh_� lbljh\Zgb_� ±� wlh� Zfi_jhf_ljbq_kdh_

lbljh\Zgb_� k� ^\mfy� bg^bdZlhjgufb� we_dljh^Zfb� k� aZibkvx� djb\uo

kZfhibkp_f� lbiZ� DKI���� Hq_j_^gZy� ihjpby� lbljZglZ� ^h[Z\ey_lky� ihke_
^hklb`_gby� ihklhyggh]h� agZq_gby� kbeu� lhdZ� \� p_ib�� ?keb� lbljmxsbc

j_Z]_gl� kihkh[_g� hdbkeylvky� gZ� fbdjhZgh^_�� lh� gZ� wlbo� djb\uo� q_ldh
nbdkbjm_lky� \j_fy� ijhoh`^_gby� dZ`^h]h� fbdjhijhp_kkZ� \� jZkl\hj_�
Djb\Zy� khklhbl� ba� ibdh\� jZaebqghc� \ukhlu� b� nhjfu�� Hkgh\ghc� dhglmj
Zfi_jh^bgZfbq_kdhc�djb\hc��:>D��fh`gh�ihemqblv�ihkljhb\�aZ\bkbfhklv
L�fd:��9�fe�� [_a� mq_lZ� \j_f_gb� ijhoh`^_gby� j_Zdpbb�� :gZeba� :>D
hkgh\Zg�gZ�jZkrbnjh\d_�hkgh\guo�we_dljh^guo�y\e_gbc�b�mklZgh\e_gby�bo
k\yab�k�obfbafhf�ijhl_dZxsbo�ijhp_kkh\�\�jZkl\hj_�

We_dljhobfbq_kdb_� f_lh^u� ZgZebaZ� l_kgh� \aZbfhk\yaZgu� f_`^m
kh[hc�� D� h[sbf� \hijhkZf� hlghkylky�� \hagbdgh\_gb_� ihl_gpbZeh\� gZ
we_dljh^Zo�� ihl_gpbZehij_^_eyxsbo� bhgh\� b� iZju�� iheyjbaZpby

we_dljh^h\�� we_dljheba� b� ihke_^h\Zl_evghklv� jZajy^Z� bhgh\� ^ey
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fgh]hdhfihg_glguo� kbkl_f�� ijbjh^Z� \hagbdZxs_]h� lhdZ� ijb

fbdjhwe_dljheba_�b�aZ\bkbfhklv�\_ebqbgu�lhdZ�hl�jy^Z�nZdlhjh\�b�^j�

Ijb� ih]jm`_gbb� ^\mo� bg^bdZlhjguo� we_dljh^h\�� gZ� dhlhju_

gZeh`_gZ� g_[hevrZy� jZaghklv� ihl_gpbZeh\�� \� ZgZebabjm_fuc� jZkl\hj
gZqbgZ_lky� fbdjhwe_dljheba� jZkl\hjZ��<� Zgh^ghf� hdbke_gbb� b� dZlh^ghf
\hkklZgh\e_gbb�mqZkl\mxl�^\Z�dhfihg_glZ��h[jZamxsb_�khijy`_ggu_�beb
kf_rZggu_� we_dljhobfbq_kdb� h[jZlbfu_� iZju�� <� p_ib� ihy\ey_lky� lhd�
GZijy`_gb_�jZaeh`_gby��g_h[oh^bfh_�^ey�we_dljhebaZ�h[jZlbfuo�kbkl_f
g_\_ebdh� �����<��� We_dljh^u� iheyjbamxlky� b� ijbh[j_lZxl� \_ebqbgu
ihl_gpbZeh\� hdbkebl_evgh�\hkklZgh\bl_evguo� iZj� \_s_kl\�� mqZkl\mxsbo

\�we_dljh^guo�j_Zdpbyo��û?�ijb�wlhf�hklZ_lky�ihklhygguf��<�we_dljh^guo
j_Zdpbyo� ihfbfh� hij_^_ey_fh]h� dhfihg_glZ� beb� lbljmxs_]h� jZkl\hjZ
fh]ml�ijbgbfZlv� mqZklb_� ±�nhg��ijhf_`mlhqgu_�beb� dhg_qgu_�ijh^mdlu
j_Zdpbb�� We_dljhebam� ih^\_j]Z_lky� gZb[he__� wg_j]_lbq_kdb� \u]h^gZy

kbkl_fZ�� K� baf_g_gb_f� ijbjh^u� j_^hdk�kbkl_fu�� kbf[Zlgh� baf_gyxlky
agZq_gby� ihl_gpbZeh\� iheyjbamxsboky� we_dljh^h\�� KbeZ� lhdZ� \� p_ib
ebfblbjm_lky� b� aZ\bkbl� hl� dhgp_gljZpbb� dhfihg_glZ� mqZkl\mxs_]h� \
we_dljheba_�b�bf_xs_]h�\�jZkl\hj_�f_gvrmx�dhgp_gljZpbx�

?keb� dhgp_gljZpby� h^gh]h� ba� dhfihg_glh\� iZju�� ijbgbfZxs_c

mqZklb_� \� we_dljh^guo� j_Zdpbyo�� baf_gy_lky� \� ijhp_kk_� lbljh\Zgby�� Z
\lhjh]h� �� hklZ_lky� ihklhygghc�� lh� ihemqZ_lky� njZ]f_gl� ZgZeh]bqguc
Zfi_jhf_ljbq_kdhfm� lbljh\Zgbx� k� h^gbf� bg^bdZlhjguf� we_dljh^hf� ih
lhdm� hij_^_ey_fh]h� \_s_kl\Z� beb� lbljZglZ� ijb� baf_j_gbb� kbeu� lhdZ�� <
lh`_�\j_fy�ijb�baf_j_gbb�ihl_gpbZeZ�h^gh]h�ba�we_dljh^h\�ih�hlghr_gbx

d� g�d�w� ±� wlh� ihl_gpbhf_ljbq_kdh_� lbljh\Zgb_� ih^� lhdhf�� <� kemqZ_
baf_g_gby� dhgp_gljZpbb� ^\mo� dhfihg_glh\� khijy`_gghc� iZju� ihemqZxl

dhehdhehh[jZagu_�djb\u_��dhglmj�dhlhjuo�aZ\bkbl�hl�jy^Z�khimlkl\mxsbo

nZdlhjh\�

H[sb_� nhjfu� djb\uo� Zfi_jh^bgZfbq_kdh]h� lbljh\Zgby� b� bo

hl^_evguo� mqZkldh\� aZ\bkbl� hl� ijbjh^u� \_s_kl\�� mqZkl\mxsbo� \

we_dljh^guo� ijhp_kkZo� b� l_kgh� k\yaZggu� k� obfbafhf� ijhp_kkh\�
ijhoh^ysbo� \� jZkl\hj_�� Hkh[_ggh� bgl_j_kgu� :>D� k� k_jhkh^_j`Zsbfb

j_Z]_glZfb�� kihkh[gufb� hdbkeylvky� gZ� fbdjhZgh^_�� h[jZamxsbfb

h[jZlbfu_� kf_rZggu_� iZju� jZkl\hjbfuc� H2/RSH� b� h[eZ^Zxsbfb

rbjhdbf�ki_dljhf�j_Zdpbhgghc�kihkh[ghklb�
<HEVL:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?�LY@?EUO
F?L:EEH<�<�H;T?DL:O�HDJM@:XS?C�KJ?>U

Kmjh\Z�G�:�

LZ\jbq_kdbc Wdheh]bq_kdbc Bgklblml� ]�Kbfn_jhihev

:gZeba�khklhygby� wdheh]bq_kdbo�h[t_dlh\� ��ihq\u��\ha^moZ��\h^u� �
ijbjh^ghc� iblv_\hc� b� klhqghc�� [bheh]bq_kdh]h� fZl_jbZeZ� �� jZkl_gbc� b
`b\uo�hj]Zgbafh\����Z�lZd`_�ibs_\uo�ijh^mdlh\�y\ey_lky�\Z`ghc�\_ohc�\
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j_r_gbb� ijh[e_f� hojZgu� hdjm`Zxs_c� kj_^u�� Kh\j_f_ggu_� f_lh^u

ZgZebaZ��\�lhf�qbke_�hlghkysb_ky�d�we_dljhobfbq_kdbf��hl\_qZxl�\ukhdbf
ZgZeblbq_kdbf� lj_[h\Zgbyf� �� \ukhdZy� qm\kl\bl_evghklv�� gbadZy

hlghkbl_evgZy� ih]j_rghklv�� k_e_dlb\ghklv�� ijhklhlZ� ��� IjZdlbq_kdb� ^ey
dhgljhey� \k_o� wdheh]bq_kdbo� h[t_dlh\� \hafh`gh� ijbf_gylv� f_lh^u

bg\_jkbhgghc� \hevlZfi_jhf_ljbb� ijb� hij_^_e_gbb� \� gbo� lZdbo

lhdkbq_kdbo� aZ]jyagbl_e_c� dZd� ly`_eu_� f_lZeeu�� GZb[he__� qZklh

\klj_qZxlky� aZ]jyag_gby� f_^vx�� k\bgphf�� dZ^fb_f�� pbgdhf�� jlmlvx� b
`_e_ahf�� ba[ulhd� dhlhjh]h� lZd`_� \j_^_g�� Hkh[uc� bgl_j_k� \� ihke_^g__
\j_fy� \uau\Z_l� ZgZeba� [bheh]bq_kdh]h�fZl_jbZeZ� �� jZkl_gbc�� gZk_dhfuo�
`b\uo� hj]Zgbafh\�� fhjkdbo� b� ij_kgh\h^guo� h[blZl_e_c�� GZfb� [ueZ
hljZ[ZlZgZ�f_lh^b_Z� ijh[hih^]hlh\db� lZdbo� [bheh]bq_kdbo�fZl_jbZeh\� k
ihe_^mxsbf� hij_^_e_gb_f� \� gbo� mdZaZgguo� we_f_glh\� ijb� kh\f_klghf
ijbkmlkl\bb� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� gZ� Zp_lZlghf
nhg_�� Ijb� wlhf� q_ldb_� ibdb� mdZaZgguo� we_f_glh\� ijhy\eyebkv� ijb
jZaebqguo� jG� jZkl\hjZ�� >ey� mkljZg_gby� f_rZxs_]h� \ebygby� ly`_euo
f_lZeeh\� ijb� hij_^_e_gbb� `_e_aZ� ^h[Z\eyeb� kmevnb^� gZljby�� ;ueb

hp_g_gu� ZgZeblbq_kdb_� kb]gZeu� gZ� qm\kl\bl_evghklv�� mklZgh\e_gZ

ebg_cgZy� aZ\bkbfhklv�bgl_gkb\ghklb� kb]gZeZ� hl� dhgp_gljZpbb� we_f_glh\

^h� ��-10� fhev�e� b� hp_g_gZ� ih]j_rghklv� hij_^_e_gby� Vr≤����IhdZaZgZ
\hafh`ghklv� hij_^_e_gby� wlbo�r_klb� f_lZeeh\� \� [bheh]bq_kdbo� ijh[Zo�
dh]^Z�jZkl_gby�beb�hj]Zgbafu�ij_^\Zjbl_evgh�k`b]Zeb�b�\us_eZqb\Zeb��Z
lZd`_�\�jZaebqguo�ijh[Zo�\h^u�b�ihq\_�ba�h^ghc�Zebd\hlu�
WE?DLJHOBFBQ?KDH?�BAMQ?GB?�<A:BFH>?CKL<BY
K:EBPBEH=B>JHDK:FH<HC�DBKEHLU�K�;HJHF�,,,�

Kmjh\Z�L�<���BdZgbgZ�L�<���;me^Zdh\Z�E�X���LZ[Zjbgp_\�F�<�

������ ]� ?dZl_jbg[mj]� ij�E_gbgZ���� Mj=M�
������� =KI����� I_j\hfZckdZy���� BOLL MjH J:G

<� dZq_kl\_� ZgZeblbq_kdh]h� j_Z]_glZ� gZ� [hj� bkihevah\Zeb

kZebpbeh]b^jhdkZfh\mx� dbkehlm� �K=D��� kbgl_abjh\Zggmx� gZ� dZn_^j_

hj]Zgbq_kdhc�obfbb�MjZevkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��F_lh^hf

ki_dljhnhlhf_ljbb� jZg__� gZfb� [ueh� ihdZaZgh�� qlh� \� \h^ghf� jZkl\hj_
dhfie_dk� <�,,,�� �� K=D� khklZ\Z� ���� h[jZam_lky� \� s_ehqghc� kj_^_�
Bkke_^h\Zgby� \aZbfh^_ckl\by� ]b^jhdkZfh\uo� dbkehl� k� kh_^bg_gbyfb

[hjZ�,,,�� we_dljhobfbq_kdbfb�f_lh^Zfb�g_�ijh\h^bebkv��<�^Zgghc�jZ[hl_
\i_j\u_�bamq_gh�ih\_^_gb_�kbkl_fu�[hjgZy�dbkehlZ� ��K=D�f_lh^hf�B<�\
h[eZklb� ihl_gpbZeh\� hl� ���� <� ^h� �� ���� <�� \Zjvbjh\Zeb� khklZ\�
dhgp_gljZpbx�� jG�� kdhjhklv� jZa\_jldb� �� �� ��� f<�F�� Bkihevah\Zeb

iheyjh]jZn� IM��� \� ijhba\h^ghf� j_`bf_� b� ]jZnblh\uc� bg^bdZlhjguc
we_dljh^��Ihl_gpbZe�ibdZ�\hkklZgh\e_gby�K=D�ijb�jG ����gZ[ex^Zeb�ijb
�� ����� <�� Z� dhfie_dkZ� �� ijb� ������ <� hlghkbl_evgh� oehjb^k_j_[jygh]h
we_dljh^Z�� Hij_^_e_gh� qbkeh� we_dljhgh\�� mqZkl\mxsbo� \� j_Zdpbb

\hkklZgh\e_gby�K=D�b�kZebpbeh]b^jhdkZfZlgh]h�dhfie_dkZ�[hjZ��Z� lZd`_
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kl_i_gv�h[jZlbfhklb�bkke_^h\Zgguo�kbkl_f��Bkke_^h\Zgby�\aZbfh^_ckl\by
K=D� k� [hjhf�,,,�� ih^l\_j`^Zxl� h[jZah\Zgb_� kZebpbeh]b^jhdkZfZlgh]h
dhfie_dkZ� [hjZ� khklZ\Z� ���� \� s_ehqghc� kj_^_�� IhdZaZgZ� \hafh`ghklv
bkihevah\Zgby� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� ihklhyggh]h� lhdZ� k

dZlh^ghc�jZa\_jldhc�ihl_gpbZeZ�^ey�hij_^_e_gby�fZeuo�kh^_j`Zgbc�[hjZ
k�ihfhsvx�kZebpbeh]b^jhdkZfh\hc�dbkehlu�
>JH;GH?�BGL?=JBJH<:GB?�B�>JH;GH?
>BNN?J?GPBJH<:GB?�IHEH<BGGH=H�IHJY>D:

>BKDJ?LGUO�<HEVL:FI?JHF?LJBQ?KDBO�KB=G:EH<

KmoZj_\�:�:���<yk_e_\�F�J�

�D=LM bf�:�G�Lmihe_\Z� DZaZgv�

>jh[gh_� bgl_]jbjh\Zgb_� b� ^jh[gh_� ^bnn_j_gpbjh\Zgb_

iheh\bggh]h� ihjy^dZ� �ihembgl_]jbjh\Zgb_� b� ihem^bnn_j_gpbjh\Zgb_�
aZgbfZxl� \Z`gh_� f_klh� ijb� fh^_ebjh\Zgbb� we_dljh^guo� ijhp_kkh\� gZ
bg^bdZlhjghf� we_dljh^_� b� ih\ur_gbb� bgnhjfZlb\ghklb� ihemqZ_fuo

\hevlZfi_jh]jZff�

<�gZklhys__�\j_fy�hi_jZpby�^jh[gh]h�^bnn_j_gpbjh\Zgby�gZb[he__
rbjhdh� bkihevam_lky� \� \hevlZfi_jhf_ljbq_kdhc� baf_jbl_evghc� l_ogbd_
^ey� m\_ebq_gby� jZaj_rZxs_c� kihkh[ghklb� \hevlZfi_jh]jZff� \

ZgZeh]h\hf� �\i_j\u_�ij_^eh`_gZ�J�R�Gb]fZlmeebguf��b�pbnjh\hf� \b^_�
H^gZdh� \j_fy� kq_lZ� b� lhqghklv� \uiheg_gby� lZdhc� hi_jZpbb� \� pbnjh\hf
\b^_��ihke_�:PI�ijb[hjZ��h[uqgh�g_m^h\e_l\hjbl_evgu��<k_�wlh�\uau\Z_l
g_h[oh^bfhklv�jZajZ[hldb�ijhkluo�b�[he__�lhqguo�Ze]hjblfh\�qbke_ggh]h
^jh[gh]h� bgl_]jbjh\Zgby� b� ^jh[gh]h� ^bnn_j_gpbjh\Zgby� ^bkdj_lguo
kb]gZeh\�

GZfb� gZ� hkgh\_� i_j_oh^Z� gZ� g_jZ\ghf_jguc� rZ]� ihemq_gZ

^hklZlhqgh� ijhklZy� nhjfmeZ� qbke_ggh]h� ^jh[gh]h� bgl_]jbjh\Zgby

iheh\bggh]h� ihjy^dZ�� bkihevamxsZy� ^bkdj_lgu_� agZq_gby

ih^bgl_]jZevghc� nmgdpbb�� hij_^_ey_fu_� gZ� hkgh\_� bgl_jiheypbb� ^\mo
[eb`Zcrbo� agZq_gbc� wlhc�nmgdpbb� \� lhqdZo� k� jZ\ghf_jguf�rZ]hf��>ey
ihemq_gby� ^jh[ghc� ijhba\h^ghc� iheh\bggh]h� ihjy^dZ� ^Zgguc� j_amevlZl
^hklZlhqgh� ijh^bnn_j_gpbjh\Zlv� ih� h^ghc� ba� nhjfme� qbke_ggh]h

^bnn_j_gpbjh\Zgby�

>ey� hij_^_e_gby� lhqghklb� Ze]hjblfZ� \uqbkeyeZkv� fZdkbfZevgZy
jZaghklv� f_`^m� ihemqZ_fuf� ZgZeblbq_kdb� b� nZdlbq_kdbf� j_amevlZlZfb
\uiheg_gby� hi_jZpbb� qbke_ggh]h� ^jh[gh]h� bgl_]jbjh\Zgby� gZ� aZ^Zgghf
bgl_j\Ze_� baf_g_gby� l_klh\hc� nmgdpbb�� Ijb� wlhf� aZf_jyehkv� \j_fy
\uiheg_gby� hi_jZpbb��<� dZq_kl\_� l_klh\uo� nmgdpbc� [ueb� bkihevah\Zgu
nmgdpbb�� bf_xsb_� ZgZeblbq_kdh_� ij_^klZ\e_gb_� j_amevlZlZ� ^jh[gh]h
bgl_]jbjh\Zgby��b�nmgdpbb��hibku\Zxsb_�nhjfm�\hevlZfi_jhf_ljbq_kdbo
djb\uo�� LZdZy� qbke_ggZy� ijh\_jdZ� Ze]hjblfZ� ^ey� \u[jZgguo� nmgdpbc
ihdZaZeZ��qlh�ij_^eh`_gguc�Ze]hjblf�iha\hey_l�ijbf_jgh�gZ�^\Z�ihjy^dZ
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ih\ukblv� kdhjhklv� �beb� lhqghklv�� aZ^Zgghc� ih]j_rghklb� �beb
^ebl_evghklb�� \uqbke_gbc� ih� kjZ\g_gbx� k� h[uqgh� bkihevam_fuf

kihkh[hf�gZ�hkgh\_�jZ\ghf_jgh]h�rZ]Z�Zj]mf_glZ�
NHJFBJH<:GB?�QM<KL<BL?EVGUO�WE?F?GLH<�=:AH<UO
K?GKHJH<�

LZjZk_gdh\Z�B�<���LmjZ_\Z�F�K�

:]jhnbabq_kdbc gZmqgh�bkke_^h\Zl_evkdbc bgklblml� K��I_l_j[mj]�

Bgl_j_k� d� ^ZlqbdZf� jZkl\hj_gguo� ]Zah\� hij_^_ey_lky

jZkrbjyxs_cky� ihlj_[ghklvx� ZgZebaZ� ijhp_kkh\� ]Zahh[f_gZ� \� ihq\Zo�
dhjg_h[blZ_fuo� kj_^Zo�� \� \h^_�� Z� lZd`_� i_jki_dlb\Zfb� bkihevah\Zgby
^Zlqbdh\� ^ey� j_r_gby� ijh[e_f� fhgblhjbg]Z� kbkl_f� [_ahiZkghklb� b
`bag_h[_ki_q_gby�� fhgblhjbg]Z� hdjm`Zxs_c� kj_^u�� mijZ\e_gby

l_ogheh]bq_kdbfb� ijhp_kkZfb� \� k_evkdhohayckl\_gghf� ijhba\h^kl\_� b
ijhfure_gghklb�

<� gZklhys_c� jZ[hl_� h[km`^Z_lky� nhjfbjh\Zgb_� gZ� f_lZeebq_kdhf
we_dljh^_� qm\kl\bl_evguo� we_f_glh\� ihl_gpbhf_ljbq_kdbo� ]Zah\uo

k_gkhjh\��hkms_kl\ey_fh_�ba�\h^guo�jZkl\hjh\�

MklZgh\e_gh�� qlh� we_dljh^guc� fZl_jbZe�� knhjfbjh\Zgguc� gZ

fheb[^_gh\hc� hkgh\_� ba� \h^guo� jZkl\hjh\�� kh^_j`Zsbo� kheb

fgh]hhkgh\guo�hdkbdbkehl�\�ijbkmlkl\bb�\hkklZgh\bl_e_c��h[gZjm`b\Z_l
ihl_gpbhf_ljbq_kdbc� hldebd� gZ� jZkl\hj_gguc� ^bhdkb^� m]e_jh^Z� \

hldjulhc� we_dljhobfbq_kdhc� kbkl_f_�� KhihklZ\e_gb_

ihl_gpbhf_ljbq_kdbo� b� \hevlZfi_jhf_ljbq_kdbo� bkke_^h\Zgbc� ihdZaZeh�
qlh�o_eZlguc�wnn_dl�fgh]hhkgh\guo�hdkbdbkehl�ijhy\ey_lky�\�baf_g_gbb
dbg_lbdb� khijy`_gguo� j_Zdpbc� ih� hlghr_gbx� d

ihl_gpbZehhij_^_eyxs_c��Lhjfh`_gb_�g_hkgh\guo�j_Zdpbc�hljZ`Z_lky�gZ
\hkijhba\h^bfhklb� klZpbhgZjgh]h� ihl_gpbZeZ� b� we_dljh^ghc� nmgdpbb�
<hkklZgh\bl_evgZy� kj_^Z�� ih�\b^bfhfm�� h]jZgbqb\Z_l� kl_i_gv� hdbke_gby
fheb[^_gZ�

W�^�k�� ba]hlh\e_gguo� f_f[jZgguo� ^Zlqbdh\� jZkl\hj_ggh]h� KH2� k
we_dljh^guf� fZl_jbZehf�� knhjfbjh\Zgguf� \� \h^ghf� pbljZlkh^_j`Zs_f

jZkl\hj_��bf__l�ebg_cmx�aZ\bkbfhklv�hl�eh]ZjbnfZ�iZjpbZevgh]h�^Z\e_gby

KH2�\�^bZiZahg_� �����÷���dIZ�k�gZdehghf�∆?�∆p (CO2) = (56 ±����f<��Ijb
\\_^_gbb� \� jZkl\hj� khhl\_lkl\mxsbo� dhfihg_glh\� we_dljh^gZy� nmgdpby
khojZgyeZ�klZ[bevgh_�agZq_gb_����������f<�\�l_q_gb_����^g_c�jZ[hlu�

Nhjfbjh\Zgb_� we_dljh^gh]h� fZl_jbZeZ� \� jZkl\hjZo

fheb[^_gkh^_j`Zsbo� ]_l_jhihebkh_^bg_gbc� �=IK�� kihkh[kl\h\Zeh

\uy\e_gbx� qm\kl\bl_evghklb� d� jZkl\hj_gghfm� dbkehjh^m��<� aZ\bkbfhklb
hl� dhgp_gljZpbb� =IK� b� hj]Zgbq_kdbo� dZlbhgh\� gZ[ex^Zeb� baf_g_gb_

nmgdpbb�∆?�∆lgp (O2) hl����f<�^h����f<��Wdki_jbf_glZevgh�ih^l\_j`^_gh
\ebygb_� khklZ\Z� b� jG� \gmlj_gg_]h� [mn_jgh]h� jZkl\hjZ� gZ� gZdehg� b
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\hkijhba\h^bfhklv� we_dljh^ghc� nmgdpbb�� Z� lZd`_� gZ� kjhd� kem`[u

f_f[jZggh]h�ihl_gpbhf_ljbq_kdh]h�^ZlqbdZ�jZkl\hj_ggh]h�dbkehjh^Z�

J_amevlZlu� bkke_^h\Zgbc� iha\heyxl� ij_^iheh`blv� \hafh`ghklv
mijZ\e_gby� k_e_dlb\ghklvx� ]Zah\uo� ^Zlqbdh\� k� ihfhsvx� baf_g_gby
khklZ\Z� jZkl\hjh\�� nhjfbjmxsbo� k_gkhjgu_� we_f_glu�� Z� lZd`_� khklZ\Z
\gmlj_ggbo�jZkl\hjh\�f_f[jZgguo�^Zlqbdh\�jZkl\hj_gguo�]Zah\�
BKIHEVAH<:GB?�J?@BF:�<UKHDH<HEVLGH=H�G:DHIE?GBY
>EY�MF?GVR?GBY�<EBYGBY�I:<�<�BG<?JKBHGGHC

<HEVL:FI?JHF?LJBB�

LZjZkh\Z�<�:���Dbjxrh\�<�G���;_d�J�X�

Bgklblml obfbb l\_j^h]h l_eZ b f_oZghobfbb� ]� Gh\hkb[bjkd

Ijbkmlkl\b_�ih\_joghklgh�Zdlb\guo�\_s_kl\� �I:<��\�ijbjh^guo�b
klhqguo� \h^Zo� kha^Z_l� hij_^_e_ggu_� ljm^ghklb� ^ey� bg\_jkbhggh]h

\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� ly`_euo� f_lZeeh\�� Ba\_klgu

jZaebqgu_� kihkh[u� mkljZg_gby� f_rZxs_]h� \ebygby� I:<�� fhdjh_

k`b]Zgb_�� mn�h[emq_gb_�� hahgbjh\Zgb_�� γ�h[emq_gb_�� we_dljhobfbq_kdbc
f_lh^�Zgh^gh]h�hdbke_gby�\�ijbkmlkl\bb�oehjb^�bhgh\�

JZg__� gZfb� [ueh� ihdZaZgh� [1-3]�� qlh� j_`bf� \ukhdh\hevlgh]h

gZdhie_gby� �<<G�� m\_ebqb\Z_l� kdhjhklv� hkZ`^_gby� f_lZeeh\� gZ

bg^bdZlhjghf� we_dljh^_� \� khlgb� jZa�� Ijb� wlhf� khojZgyxlky

ijyfhebg_cgu_� aZ\bkbfhklb� Zgh^gh]h� lhdZ� jZkl\hj_gby� gZdhie_ggh]h
f_lZeeZ� hl� _]h� dhgp_gljZpbb� \� jZkl\hj_� b� \j_f_gb� gZdhie_gby�� Z� lZd`_
\hkijhba\h^bfhklv� ZgZeblbq_kdh]h� kb]gZeZ�� <� gZklhys_c� jZ[hl_

jZkkfhlj_gZ� \hafh`ghklv� bkihevah\Zgby� j_`bfZ� <<G� ^ey� mkljZg_gby
\ebygby� I:<� gZ� ijbf_j_� hij_^_e_gby� f_^b�� <� dZq_kl\_� fh^_evghc
kbkl_fu� bkihevah\Zeb� jZkl\hj� kmevnZlZ� f_^b� ������ f]/e��� k_j_[jyguc
bg^bdZlhjguc� we_dljh^�� h[gh\ey_fuc� kj_aZgb_f� lhgdh]h� ih\_joghklgh]h
kehy� \� bkke_^m_fhf� jZkl\hj_� i_j_^� dZ`^uf� hij_^_e_gb_f�� b� I:<

jZaebqguo�deZkkh\��Zgbhggh_���kmevnhjbpbgZl�gZljby��g_cljZevgh_���HI���
b�dZlbhggh_���L:;:O��KjZ\g_gb_�^\mo�j_`bfh\�we_dljhhkZ`^_gby�f_^b��\

B<:� �ϕ�  � ����� <�� b� \� <<G� �V
g
�  � ���� <� �� ihdZaZeh�� qlh� \� j_`bf_� <<G

\ebygb_� I:<� gZ� \_ebqbgm� b� nhjfm� ibdZ� f_^b(II) � agZqbl_evgh� f_gvr_

�ijbf_jgh� gZ� ihjy^hd��� q_f� \� j_`bf_� B<:�� >jm]bf� iheh`bl_evguf
fhf_glhf� bkihevah\Zgby� <<G� ^ey� ZgZebaZ� I:<�kh^_j`Zsbo� jZkl\hjh\
y\ey_lky�lhl�nZdl��qlh�gbadb_�dhgp_gljZpbb�ZgZebabjm_fh]h�f_lZeeZ��<0,01
f]/e�� ��gZb[he__�hilbfZevgZy�h[eZklv�ijbf_g_gby�wlh]h�j_`bfZ��Ihwlhfm
jZa[Z\e_gb_�ZgZebabjm_fh]h�jZkl\hjZ��qZklh�bkihevam_fh_�^ey�mkljZg_gby
I:<��\�����b�[he__�jZa�\�j_`bf_�<<G�y\ey_lky�[eZ]hijbylguf�nZdlhjhf�
memqrZxsbf� f_ljheh]bq_kdb_� oZjZdl_jbklbdb� f_lh^Z�� \� hlebqb_� hl

j_`bfZ�B<:��^ey�dhlhjh]h�kms_kl\mxl�dhgp_gljZpbhggu_�h]jZgbq_gby�

<� jZ[hl_� ijb\_^_gu� j_amevlZlu� hij_^_e_gby� f_^b(II) � \� I:<�
kh^_j`Zsbo� jZkl\hjZo�� IhdZaZgu� ij_bfms_kl\Z� j_`bfZ� <<G�� ih
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kjZ\g_gbx�k�B<:��dZd�ih�\hkijhba\h^bfhklb�b�ijZ\bevghklb�hij_^_e_gby�
lZd�b�ih�wdkij_kkghklb�ZgZebaZ�

Ebl_jZlmjZ

�� De_l_gbd X�;�� :e_dkZg^jh\Z L�I�� LZjZkh\Z <�:�� Kd\hjph\Z E�B�� Dbjxrh\ <�G�� ;_d

J�X�//@mjg� ZgZebl� obfbb� ����� L� ���� �� K� ���

�� Kd\hjph\Z E�B�� LZjZkh\Z <�:�� :e_dkZg^jh\Z L�I�� ;_d J�X�//@mjg� ZgZebl�obfbb�
����� L� ���� �� K� ����

�
JZ[hlZ�\uiheg_gZ�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB

Ν�����������Z�
NHLHOBFBQ?KD:Y�IH>=HLH<D:�IJH;�>EY�P?E?C�B<:

L_f_j^Zr_\�A�:���Pxidh�L�=���<hjhgh\Z�H�;���J_cah\Z�F�<�

Dm[Zgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� DjZkgh^Zj� Jhkkby
������ DjZkgh^Zj� me� KlZ\jhihevkdZy� ���

Ijh[hih^]hlh\dZ�y\ey_lky�ebfblbjmxs_c�ijb�hij_^_e_gbb�ly`_euo
f_lZeeh\� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb� �B<�� \� ijbjh^guo
\h^Zo�ba�aZ�g_h[oh^bfhklb�mkljZg_gby�f_rZxs_]h�\ebygby�jZkl\hj_gguo
hj]Zgbq_kdbo� \_s_kl\�� dhlhjh_� aZdexqZ_lky� \� bg]b[bjh\Zgbb� Zgh^guo
ibdh\�hij_^_ey_fuo�f_lZeeh\�

F_oZgbaf� wlh]h� ijhp_kkZ� h[mkeh\e_g� \hafh`ghklvx� Z^khj[pbb
hj]Zgbq_kdbo� \_s_kl\� gZ� ih\_joghklb� we_dljh^Z� beb� h[jZah\Zgb_f

we_dljhobfbq_kdb�g_Zdlb\guo�dhfie_dkh\�k�hij_^_ey_fuf�dhfihg_glhf�

P_evx�jZ[hlu�y\eyehkv�bkke_^h\Zgb_�\ebygby�gZ�ijhp_kk�nhlhebaZ
jZaebqguo� hdbkebl_e_c� b� ihbkd� hilbfZevguo� mkeh\bc� nhlhobfbq_kdhc
ijh[hih^]hlh\db�^ey�^Zevg_cr_]h�B<�ZgZebaZ�\h^�

F_lh^bdZ�hljZ[Zlu\ZeZkv�gZ�W>L:��dhlhjZy�h[eZ^Z_l�kihkh[ghklvx
h[jZah\Zlv� ijhqgu_� dhfie_dku� k� ly`_eufb� f_lZeeZfb� b� hlghkblky� d
ljm^ghhdbkey_fuf�kh_^bg_gbyf�

Nhlhobfbq_kdh_�hdbke_gb_�ijh\h^beb�ih^�\ha^_ckl\b_f�jZaebqguo
hdbkebl_e_c��i_j_dbkb�\h^hjh^Z�b�i_jhdkh^bkmevnZl�bhgZ��I>K:���Z�lZd`_
nhlhdZlZebaZlhjZ�bhgh\�jlmlb��II).

IhdZaZgh�ij_bfms_kl\h�bkihevah\Zgby�I>K:�ih�kjZ\g_gbx�k�G2H2,
aZdexqZxs__ky� \� m\_ebq_gbb� wnn_dlb\ghklb� hdbke_gby� b� hlkmlkl\bb
hljbpZl_evgh]h� ^_ckl\by� ba[uldZ� I>K:� gZ� \b^� \hevlZfi_jghc� djb\hc�
MklZgh\e_gu�hilbfZevgu_�dhgp_gljZpby�I>K:�b�\j_fy�nhlhhdbke_gby�

<\_^_gb_� \� bamqZ_fmx� kbkl_fm�� gZjy^m� k� hdbkebl_e_f�
nhlhdZlZebaZlhjZ� ijb\h^bl� d� h[jZah\Zgbx� k\_lhqm\kl\bl_evguo

dhfie_dkh\� k� hj]Zgbq_kdbfb� \_s_kl\Zfb� ijh[u�� qlh� lZd`_� ih\urZ_l

wnn_dlb\ghklv� ijh[hih^]hlh\db�� Ijb� dhgp_gljZpbyo� I>K:� gZ� mjh\g_
5.10-3�F�b�Hg (II) – 5.10-4�F�\j_fy�MN�ijh[hih^]hlh\db�khklZ\ey_l���fbg�
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BKKE?>H<:GB?�DHFIE?DKHH;J:AH<:GBY
DJBKL:EEBQ?KDH=H�NBHE?LH<H=H�K�JLMLVX��,,��>EY

:G:EBLBQ?KDBO�P?E?C

L_f_j^Zr_\�A�:���Pxidh�L�=���I_j_dhlbc�<�<���:eb_\Z�W�R�

Dm[Zgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� DjZkgh^Zj� Jhkkby
������ DjZkgh^Zj�me� KlZ\jhihevkdZy ���

Ljbn_gbef_lZgh\u_� djZkbl_eb� h[jZamxl� [hevrb_� hj]Zgbq_kdb_

dZlbhgu� �5+��� k\yau\Zxsb_� jZaebqgu_� bhgu� \� fZehjZkl\hjbfu_

kh_^bg_gby�� dhlhju_�fh]ml� [ulv� bkihevah\Zgu� ^ey� ZgZeblbq_kdbo� p_e_c�
DjbklZeebq_kdbc� nbhe_lh\uc� �DN�� y\ey_lky� ij_^klZ\bl_e_f� djZkbl_e_c
hkgh\gh]h�lbiZ�

GZfb� bamq_g� ijhp_kk� Z^khj[pbb� DN� gZ� ih\_joghklb

kl_dehm]e_jh^gh]h�we_dljh^Z�^ey�p_e_c�bg\_jkbhgghc�\hevlZfi_jhf_ljbb�
Baf_j_gby� ijh\h^beb� \� lj_owe_dljh^ghc� kbkl_f_�� Ihke_� hilbfbaZpbb
agZq_gbc� ihl_gpbZeZ� gZdhie_gby� ihemq_gu� ohjhrh� \hkijhba\h^bfu_

ZgZeblbq_kdb_� kb]gZeu� DN�� Ihemq_ggZy� \hevlZfi_jgZy� aZ\bkbfhklv

ZgZeblbq_kdh]h� kb]gZeZ� hl� \j_f_gb�gZdhie_gby� oZjZdl_jbam_lky� djb\hc� k
gZkus_gb_f��qlh�k\b^_l_evkl\m_l�h�ijhp_kk_�Z^khj[pbb�DN�

Ijh\_^_gu� bkke_^h\Zgby� ih� mklZgh\e_gbx� nhgh\h]h� we_dljheblZ
ijb� nhjfbjh\Zgbb� ZgZeblbq_kdh]h� kb]gZeZ� DN�� Ihklhygkl\h� agZq_gbc
kb]gZeZ� \� pbdeZo�� gZdhie_gb_±jZkl\hj_gb_� b� gZdhie_gb_±ijhfu\dZ
we_dljh^Z±jZkl\hj_gb_� ^hdZau\Zxl� h[jZah\Zgb_� we_dljhZdlb\gh]h

dhfie_dkZ��Bamq_gb_� aZ\bkbfhklb� \_ebqbgu� Z^khj[pbhggh]h� kb]gZeZ�DN
hl�jG�kj_^u�ihdZaZeh��qlh�fZdkbfZevgh_�agZq_gb_�ZgZeblbq_kdh]h�kb]gZeZ
^hklb]Z_lky�\�dbkehc�kj_^_��<�s_ehqghc�h[eZklb�kb]gZe�DN�j_adh�iZ^Z_l�
qlh� k\yaZgh�� ih±\b^bfhfm�� k� \aZbfh^_ckl\b_f� DN� k� HG-±bhgZfb� b
i_j_oh^hf�5+�\�we_dljhg_Zdlb\gmx�nhjfm�

LZdbf�h[jZahf�ihdZaZgZ�\hafh`ghklv�Z^khj[pbb�DN�gZ�we_dljh^_�ba
kl_dehm]e_jh^gh]h� fZl_jbZeZ�� qlh� fh`_l� [uev� bkihevah\Zgh� ^ey

Z^khj[pbhggh]h� \hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� lZdbo

g_hj]Zgbq_kdbo�bhgh\��dZd�+J2+, Sb5+.
>ey� mklZgh\e_gby� hkh[_gghkl_c� dhfie_dkhh[jZah\Zgby� ijh\_^_gu

ki_dljhnhlhf_ljbq_kdb_� bkke_^h\Zgby� \aZbfh^_ckl\by� DN� k� ]Zeh�
]_gb^guf� dhfie_dkhf� jlmlb� �,,�� \� jZkl\hj_�� Bkke_^h\Zgby� \� \b^bfhc
h[eZklb� ki_dljZ� ihdZaZeb�� qlh� DN� bf__l� fZdkbfmf� ih]ehs_gby� \

^ebggh\hegh\hc� h[eZklb�� Z� \�ijhp_kk_� dhfie_dkhh[jZah\Zgby�ijhbkoh^bl
ih^Z\e_gb_� hilbq_kdhc� iehlghklb�� IhdZaZgh�� qlh� bhgguc� ZkkhpbZl

mklhcqb\�\h�\j_f_gb�b�\u[jZgh�hilbfZevgh_�agZq_gb_�jG�kj_^u��F_lh^hf

bahfheyjghc�k_jbb� mklZgh\e_g� khklZ\�dhfie_dkZ��fheyjguc�dhwnnbpb_gl
k\_lhih]ehs_gby�� JZkkqblZg� ij_^_e� h[gZjm`_gby� dhfie_dkZ�� dhlhjuc
khklZ\be�����·10-6 

F�
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KH<J?F?GGH?�KHKLHYGB?�B�I?JKI?DLB<U�J:A<BLBY
<HEVL:FI?JHF?LJBB�3��B�'�WE?F?GLH<�K�IJBF?G?GB?F
DHFIE?DKGUO�FBG?J:EVGH�HJ=:GBQ?KDBO�NHGH<UO

WE?DLJHEBLH<

Ljm[Zq_\�:�<��Dmj[Zlh\�>�B��Rmfbeh\Z�F�:�

Bgklblml ijbdeZ^ghc f_oZgbdb b Bgklblml obfbb l\_j^h]h l_eZ MjH J:G

Kh\j_f_ggh_� khklhygb_� \hevlZfi_jhf_ljbb� j�� b� d�we_f_glh\
iha\hey_l� ]h\hjblv� h� dZq_kl\_gghf� kdZqd_� \� wlhc� h[eZklb�� Kha^Zgb_
\ukhdhqm\kl\bl_evguo� we_dljhobfbq_kdbo� k_gkhjh\� k� h^gh\j_f_gguf

ih\ur_gb_f� k_e_dlb\ghklb� hij_^_e_gby� dhfihg_glh\� ZgZebabjm_fhc

kbkl_fu�e_]eh�\�hkgh\m�kljZl_]bb�k_e_dlb\ghc�\hevlZfi_jhf_ljbb�fZeuo
dhebq_kl\�\_s_kl\�

>ey� h[_ki_q_gby� \ukhdhc� ^bnn_j_gpbjmxs_c� nmgdpbb� [Zah\h]h
we_dljheblZ�\i_j\u_�[ueh�ij_^eh`_gh�bkihevah\Zgb_�\�dZq_kl\_�nhgh\uo
dhfihg_glh\� hj]Zgbq_kdbo� jZkl\hjbl_e_c� k� \ukhdhc� khev\Zlbjmxs_c

kihkh[ghklvx� b� g_hj]Zgbq_kdbo� dbkehl� k� Zgbhggheb]Zg^ghc

khklZ\eyxs_c�� MklZgh\e_gh�� qlh� k_e_dlb\ghklv

we_dljh\hkklZgh\e_gby�hdbke_gby�� bhgh\� j�� b� d-f_lZeeh\� \� ^Zgguo

mkeh\byo� kms_kl\_ggh� \hajZklZ_l� aZ� kq_l� h[jZah\Zgby� bfb� kf_rZggh�
eb]Zg^guo� dhfie_dkh\� jZaebqgh]h� khklZ\Z�� we_dljhobfbq_kdb� Zdlb\gu_
nhjfu� dhlhjuo� bf_xl� jZagu_� \hevlZfi_jhf_ljbq_kdb_� oZjZdl_jbklbdb�
GZb[hevrZy� kl_i_gv� k_e_dlb\ghklb� ^hklb]ZeZkv� \� lhf� kemqZ_�dh]^Z� \
we_dljh^ghc�j_Zdpbb�mqZkl\h\Zeb�dhfie_dku��hlebqZ\rb_ky�ih�khklZ\m�hl
dhfie_dkh\�^hfbgbjmxsbo� \� h[t_f_� jZkl\hjZ�� eb[h� dh]^Z� fhe_dmeu

hj]Zgbq_kdh]h� jZkl\hjbl_ey� kihkh[kl\h\Zeb� h[jZah\Zgbx

we_dljhobfbq_kdb� Zdlb\ghc� dhfie_dkghc� kljmdlmju�oZjZdl_jghc� ^ey

^Zggh]h�we_dljhggh]h�khklhygby�ZlhfZ�^_iheyjbaZlhjZ�

JZajZ[hlZgu� gZmqgu_� hkgh\u� jZkq_lZ� hilbfZevguo� mkeh\bc

\hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby� j�� b� d-we_f_glh\� \� dhfie_dkguo
fbg_jZevgh�hj]Zgbq_kdbo� nhgh\uo� we_dljheblZo�DFHNW��
kbkl_fZlbabjh\Zgu� ZgZeblbq_kdb_� j_r_gby�� jZkrbjyxsb_� \hafh`ghklb
\hevlZfi_jhf_ljbb� k� ijbf_g_gb_f� DFHNW�� knhjfmebjh\Zg� ijbgpbi
mijZ\e_gby� k_e_dlb\ghklvx� \hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby

we_f_glh\�R�M��]jmii�i_jbh^bq_kdhc�kbkl_fu�\�DFHNW�

>Zgu� hp_gdb� i_jki_dlb\� jZa\blby� \hevlZfi_jhf_ljbb� j�� b

d-we_f_glh\� k� ijbf_g_gb_f� DFHNW�� k\yaZgguo� k� j_ZebaZpb_c� f_lh^h\
�kbkl_fghc� k_e_dlb\ghklb��� iha\heyxsbo� ba[bjZl_evgh� nhjfbjh\Zlv

q_ldb_� we_dljhZgZeblbq_kdb_� kb]gZeu� gZ� dZlh^ghf� b� Zgh^ghf� mqZkldZo
pbdebq_kdhc�\hevlZfi_jh]jZffu�
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<HEVL:FI?JHF?LJBQ?KDH?�H;G:JM@?GB?�WE?F?GLH<
NLHJB>K?E?DLB<GUF�WE?DLJH>HF

LmjZ_\Z�F�K���I_]h\Z�B�:�

:]jhnbabq_kdbc gZmqgh�bkke_^h\Zl_evkdbc bgklblml� K��I_l_j[mj]

Ij_^eh`_gh� g_ljZ^bpbhggh_� ijbf_g_gb_� nlhjb^k_e_dlb\gh]h

we_dljh^Z� NKW� k� fhghdjbklZeebq_kdhc� f_f[jZghc� /D)3 (Eu2+) ^ey

h[gZjm`_gby� f_lZeeh\� gZ� ih\_joghklb� l\_j^uo� fZl_jbZeh\

\hevlZfi_jhf_ljbq_kdbf�f_lh^hf�

JZg__� gZfb� jZkkfZljb\ZeZkv� kihkh[ghklv� NKW� d� l\_j^hnZaguf
j_Zdpbyf��ihl_gpbZe�dhlhjuo� aZ\bkbl�hl�ijbjh^u�dhglZdlgh]h�f_lZeeZ�� Z
ih\_^_gb_� knhjfbjh\Zgghc� nZau� oZjZdl_jbam_lky� aZ\bkbfhklvx

ihl_gpbZe�lhd� k� fZdkbfmfhf� lhdZ�� k\yaZgguf� k� dhebq_kl\hf

]_g_jbjh\Zggh]h�kh_^bg_gby�

H[km`^Z_lky� nmgdpbhgbjh\Zgb_� \hevlZfi_jhf_ljbq_kdh]h� k_gkhjZ
gZ�[Za_�NKW��dhlhjuc�iha\hey_l�h[t_^bgblv�k_e_dlb\ghklv�baf_jbl_evgh]h
kj_^kl\Z� ±� bhghk_e_dlb\gh]h� we_dljh^Z� b� \hafh`ghklb

fgh]hdhfihg_glgh]h� ZgZebaZ� k� ihfhsvx� l_ogbdb� \hevlZfi_jhf_ljbb�
bkdexqb\� ijb� wlhf� bkihevah\Zgb_� j_Zdlb\h\� b� \h^gh]h� jZkl\hjZ�
Dhgkljmdpby� k_gkhjZ� ij_^klZ\ey_l� kh[hc� ijb`bfgmx� ^\mowe_dljh^gmx
yq_cdm�� ]^_� NKW� b]jZ_l� jhev� \kihfh]Zl_evgh]h� we_dljh^Z� b� we_dljh^Z
kjZ\g_gby�� Z� ZgZebabjm_fuc� h[jZa_p� y\ey_lky� jZ[hqbf� we_dljh^hf�
Ih^eh`dZ� ±� lhdhhl\h^� ba]hlh\e_gZ� ba� fZl_jbZeh\� [he__

we_dljhiheh`bl_evguo� ih� kjZ\g_gbx� k� ZgZebabjm_fufb� h[jZapZfb�
Ijh^mdlu�l\_j^hnZaguo�ijhp_kkh\�g_�\oh^yl�\�djbklZeebq_kdmx�j_r_ldm

gb� djbklZeeZ�� gb� f_f[jZgu�� Wlh� ^Z_l� \hafh`ghklv� ihemqblv� g_kdhevdh
^_kyldh\� \hevlZfi_jh]jZff� [_a� ki_pbZevghc� h[jZ[hldb� ih\_joghklb

f_f[jZgu�b�ijh\_klb�baf_j_gby�[_a�jZajmr_gby�ijh[u�

JZ[hqbc� ^bZiZahg� ihl_gpbZeh\� k_gkhjZ� hij_^_ey_lky

we_dljhobfbq_kdhc� mklhcqb\hklvx� fhghdjbklZeebq_kdh]h� l\_j^h]h

we_dljheblZ�b�gZoh^blky�\�ij_^_eZo�hl�±������<��qlh�khhl\_lkl\m_l�j_Zdpbb
jZaeh`_gby�LaF3�\�nZa_�f_f[jZgu��^h�?�!���<�

Wdki_jbf_glZevgh� ih^l\_j`^_gZ� \hafh`ghklv� h^gh\j_f_gghc

bg^bdZpbb� g_kdhevdbo� f_lZeeh\� �gZijbf_j� Pb+Sb, Sn+Bi, Pb+Bi+Ag,
Sn+Bi+Ag, Zn+Ag�� ijb� ihke_^h\Zl_evghf� mkeh`g_gbb� khklZ\Z� jZ[hq_]h
we_dljh^Z�� <� aZ\bkbfhklb� hl� khhlghr_gby� dhfihg_glh\� wnn_dlb\gh

bkihevah\Zgb_� l_ogbdb� pbdebq_kdhc� beb� bg\_jkbhgghc

\hevlZfi_jhf_ljbb�

H[gZjm`_gu� kb]gZeu� o_fhkhj[bjh\Zggh]h� dbkehjh^Z� gZ� ]jZgbp_
f_f[jZgu�NKW�k�f_lZeehf�b�mklZgh\e_gZ�aZ\bkbfhklv�ihl_gpbZeh\�ibdh\
hdbke_gby�o_fhkhj[bjh\Zggh]h�dbkehjh^Z�hl�ijbjh^u�f_lZeeZ�

Hkh[_gghklb�\hevlZfi_jhf_ljbb�k�NKW�

���Hlkmlkl\b_� \h^gh]h� beb� g_\h^gh]h� jZkl\hjZ� \� ahg_� j_Zdpbb� ijb
bkke_^h\Zgbbbeb�ZgZeba_�h[t_dlZ�
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Ijb�baf_j_gbyo�g_� gZjmrZ_lky� khklZ\� bamqZ_fhc� l\_j^hc�nZau�� g_
baf_gy_lky�ih\_joghklv�f_f[jZgu�NKW��g_�lj_[mxlky�j_Zdlb\u�

��� JZ[hqbc� ^bZiZahg� ihl_gpbZeh\� ^hklb]Z_l� �� <�� qlh� agZqbl_evgh
ij_\urZ_l�h[eZklv�jZ[hqbo�ihl_gpbZeh\�\�\h^guo�b�g_\h^guo�jZkl\hjZo�k
`b^dbfb�b�l\_j^ufb�we_dljh^Zfb�

Bkke_^h\Zgby�ihdZaZeb��qlh�Au, Ag, Sn, Bi, Zn, Cd, Hg, Tl, Te, Pb, Bi,
Sb�fh`gh�h[gZjm`blv�ih�j_Zdpbb�h[jZah\Zgby�nlhjb^h\�khhl\_lkl\mxsbo

f_lZeeh\�� Z� Be, Nb, Ta, Cr, Ni, Co, Mo, W, Se� �� ih� j_Zdpbb� hdbke_gby
o_fhkhj[bjh\Zggh]h�dbkehjh^Z�
L?HJBY�WE?DLJH<HKKL:GH<E?GBY�:GBHGH<�K�MQ:KLB?F
>HGHJH<�IJHLHGH<�<�EBFBLBJMXS?C�KL:>BB�J:AJY>:

N_^hjh\bq�G�<�

F=M bf� F�<�Ehfhghkh\Z� Obfbq_kdbc nZdmevl_l� dZn_^jZ we_dljhobfbb

J_Zdpbb� we_dljh\hkklZgh\e_gby� Zgbhgh\�� \� ebfblbjmxs_c� klZ^bb
jZajy^Z�dhlhjuo�mqZkl\mxl�^hghju�ijhlhgZ��123

-, NO2
-, BrO4

-, BrO3
-, CrO4

-

b�^jm]b_��

ij_^klZ\eyxl� kh[hc� gh\uc� deZkk� we_dljhobfbq_kdbo� j_Zdpbb�� <
khhl\_lkl\bb�k�jZa\blhc�l_hjb_c�mklZgh\e_gh�

��Kdhjhklv� j_Zdpbb� \hajZklZ_l� k� m\_ebq_gb_f� ijhlhgh^hghjguo
k\hckl\�^hghjh\�ijhlhgZ��+2O, NH4

+
b�+3O

+

��?keb� ^hghj� ijhlhgZ� �+3O
+�� \hkklZgZ\eb\Z_lky� gZ� we_dljh^_�� lh

j_Zdpby� jZajy^Z� Zgbhgh\� g_� ijhl_dZ_l�� K� m\_ebq_gb_f� dZlh^gh]h

ihl_gpbZeZ� j_Zebam_lky� \hafh`ghklv� \hkklZgh\e_gby� Zgbhgh\� k

Z^khj[bjh\Zggufb�fhe_dmeZfb�\h^u�\�dZq_kl\_�^hghjZ�ijhlhgZ

���<�Zijhlhgguo�jZkl\hjbl_eyo��Zp_lhgbljbe_��^bf_lbenhjfZfb^_�b
^jm]bo��Zgbhgu�g_�\hkklZgZ\eb\Zxlky

��<ebygb_� ijbjh^u� we_dljh^Z� gZ� kdhjhklv� \hkklZgh\e_gby� Zgbhgh\
ijb� f_^e_gghc� klZ^bb� we_dljhg�ijhlhggh]h� i_j_ghkZ� hij_^_ey_lky

kljmdlmjhc� ^\hcgh]h� we_dljbq_kdh]h� kehy� b� kl_i_gvx� ]b^jhnbevghklb
f_lZeeh\

��Hj]Zgbq_kdb_� \_s_kl\Z�� h[jZamxsb_� gZ� ]jZgbp_� f_lZee�jZkl\hj
^\mf_jgu_� dhg^_gkbjh\Zggu_� kehb� �Z^ZfZglZghe�� dZfnhjZ� b� ^jm]b_�
iheghklvx� lhjfhayl�ijhl_dZgb_�j_Zdpbc� \hkklZgh\e_gby�gbljZl���[jhfZl�
Zgbhgh\��qlh�h[mkeh\e_gh�mf_gvr_gb_f�\_jhylghklb�i_j_ghkZ�we_dljhgZ�d
jZajy`Zxs_cky�qZklbp_�\ke_^kl\b_�m\_ebq_gby�^ebgu�lmgg_ebjh\Zgby
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D:L:EBLBQ?KD:Y�<HEG:�<H>HJH>:�<�KBKL?F:O
GBLJHABEVGUO�DHFIE?DKH<�)E(II)

Nbp_\�B�F���Lhjhih\Z�<�N���;m^gbdh\�=�D�

Wdki_jlgh�djbfbgZebklbq_kdh_ mijZ\e_gb_ F<> J_kim[ebdb LZlZjklZg�
Hl^_e ki_pbZevguo bkke_^h\Zgbc� �������� ]� DZaZgv� me� >a_j`bgkdh]h� ^���

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l�

������� ]� DZaZgv� me� Dj_fe_\kdZy� ^���

I_jki_dlb\guf� ^ey� ih\ur_gby� qm\kl\bl_evghklb

iheyjh]jZnbq_kdh]h�ZgZebaZ�y\ey_lky�ihbkd�b�bkke_^h\Zgb_�dZlZeblbq_kdb
Zdlb\guo� we_dljhobfbq_kdbo� kbkl_f�� <� j_amevlZl_� we_dljhobfbq_kdbo
j_Zdpbc� \� lZdbo� kbkl_fZo� \hagbdZxl� dZlZeblbq_kdb_� lhdb�� b� ihe_aguc
ZgZeblbq_kdbc� kb]gZe� ^_l_dlhjZ� aZf_lgh� \hajZklZ_l�� qlh� iha\hey_l� k
\ukhdhc� gZ^_`ghklvx� b� m^h\e_l\hjbl_evgufb� f_ljheh]bq_kdbfb

oZjZdl_jbklbdZfb�hij_^_eylv�fZeu_�dhebq_kl\Z�\_s_kl\��dZlZebabjmxsbo

we_dljhobfbq_kdbc�ijhp_kk�

GZfb�mklZgh\e_gh��qlh�ijb�we_dljh\hkklZgh\e_gbb�)H�,,,��gZ�jlmlghf
dZiZxs_f�we_dljh^_��JDW��\�Zp_lZlguo�[mn_jguo�jZkl\hjZo��kh^_j`Zsbo

NO
2

-
-, NH

4

+
�� bhgu� b� g_dhlhju_� hdkb�� beb� Zfbghdbkehlu�� gZ[ex^Z_lky

ihy\e_gb_�\hegu�ijb�ihl_gpbZe_������<�

Bamq_gb_� aZ\bkbfhkl_c� \_ebqbgu� lhdZ� hl� dhgp_gljZpbb� bhgh\

Fe(III), NO
2

-
-, NH

4

+
�� bhgh\�� jG� nhgh\h]h� we_dljheblZ�� dhgp_gljZpbb

eb]Zg^Z�iha\hey_l�k^_eZlv�\u\h^�h�dZlZeblbq_kdhc�ijbjh^_�\hegu�

K� m\_ebq_gb_f� dhgp_gljZpbb� 12
2

-
� �^h� ����� fhev/e�� \_ebqbgZ� lhdZ

\hajZklZ_l��qlh�oZjZdl_jgh�^ey�dZlZeblbq_kdh]h� lhdZ��DZlZeblbq_kdbc� lhd
ebg__gh�aZ\bkbl�hl�dhgp_gljZpbb�bhgh\�)H�,,,��\�bgl_j\Ze_�0,04–0,5 fd]�fe�
AZ\bkbfhklv� \_ebqbgu� lhdZ� hl� jG� bf__l� \b^� djb\hc� k�fZdkbfmfhf��Ijb

m\_ebq_gbb� dhgp_gljZpbb� 1+
4

+
�bhgh\� ^h� ����� fhev�e� lhd� \hajZklZ_l� ^h

g_dhlhjh]h�ij_^_eZ�

Wlb�^Zggu_�iha\heyxl�kqblZlv��qlh�jZkkfZljb\Z_fZy�\hegZ�y\ey_lky
dZlZeblbq_kdhc� \heghc� \h^hjh^Z�� Ihke_^g__� ih^l\_j`^Z_lky� lZd`_

\u^_e_gb_f�]ZaZ�\�ijhp_kk_�we_dljh\hkklZgh\e_gby�

H[km`^_gZ� ko_fZ� ijhp_kkZ�� \dexqZxsZy� we_dljh\hkklZgh\e_gb_
dhfie_dkZ� )H�,,,��� h[jZah\Zgb_� kf_rZggh�eb]Zg^gh]h� gbljhabevgh]h

dhfie_dkZ� )H�,,��� _]h� ijhlhgbjh\Zgb_� b� \hkklZgh\e_gb_� gZ� JDW� k

\u^_e_gb_f�\h^hjh^Z�
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<HEVL:FI?JHF?LJBQ?KDB?�IJ?H;J:AH<:L?EB�>EY
HIJ?>?E?GBY�KE?>H<UO�KH>?J@:GBC�J:AEBQGUO

DHFIHG?GLH<

OZcjmebg�;�D���>Z\e_lqbg�>�B���=hjh[_p�:�B���Dhe[Zg_\�:�:�

Fhkdh\kdbc ]hkm^Zjkl\_gguc l_dklbevguc mgb\_jkbl_l bf� :�G�Dhku]bgZ�
Fhkdh\kdbc ]hkm^Zjkl\_gguc bgklblml jZ^bhl_ogbdb� we_dljhgbdb b

Z\lhfZlbdb� HHH ©BgnjZljhgª

<�gZklhys__�\j_fy�\�k\yab�k�g_h[oh^bfhklvx�hij_^_e_gby�ke_^h\uo
dhebq_kl\� jZaebqguo� dhfihg_glh\�� \� i_j\mx� hq_j_^v�� \� wdheh]bq_kdbo
h[t_dlZo� \� \hevlZfi_jhf_ljbb� \� hkgh\ghf� jZa\b\Z_lky� bg\_jkbhgguc
\ZjbZgl�f_lh^Z� �B<���<� wlhf� f_lh^_� hij_^_eyxsmx� jhev� \� ^hklb]Z_fhc
qm\kl\bl_evghklb�� ih\lhjy_fhklb� b� \hkijhba\h^bfhklb� ihemqZ_fuo

j_amevlZlh\� b]jZ_l� dhgkljmdpby� bg^bdZlhjgh]h� we_dljh^Z� �BW��� HgZ� `_
hij_^_ey_l� \� [hevr_c� kl_i_gb� i_j_q_gv� dhfihg_glh\�� dhlhju_� fh]ml
dhgljhebjh\Zlvky� f_lh^hf� B<�� Ijb� wlhf� ^ey� dhgljhey� dhfihg_glh\�
ijhy\eyxsbo� we_dljhobfbq_kdmx� Zdlb\ghklv� \� hljbpZl_evghc� h[eZklb
ihl_gpbZeh\�� ijbf_gyxl� klZlbq_kdb_� jlmlgu_� BW�� h[_ki_qb\Zxsb_

gZbemqrb_� f_ljheh]bq_kdb_� oZjZdl_jbklbdb�� ZfZev]hfbjh\Zggu_� BW� k
k_j_[j_gghc�hkgh\hc�b�gZb[he__�qZklh�jlmlgh]jZnblh\u_�BW�k�hkgh\hc�ba
kl_dehm]e_jh^Z�� m]e_klblZeeZ� beb� ibjh]jZnblZ�� >ey� bgl_gkbnbdZpbb

ijhp_kkZ� gZdhie_gby� bkihevamxl� f_oZgbq_kdh_� beb� we_dljhfZ]gblgh_
i_j_f_rb\Zgb_� jZkl\hjZ�� Ihevam_lky� ihimeyjghklvx� kihkh[� B<� k

ijbf_g_gb_f� \jZsZxs_]hky� BW�� h[_ki_qb\Zxsbf� [hevrmx

wnn_dlb\ghklv� gZdhie_gby�� q_f� ijb� f_oZgbq_kdhf� i_j_f_rb\Zgbb

jZkl\hjZ�� H^gZdh� ijb� wlhf� \hagbdZ_l� keh`ghklv� h[_ki_q_gby� gZ^_`gh]h
we_dljhobfbq_kdh]h� dhglZdlZ� ijb� \jZs_gbb� BW� aZ� kq_l� dhglZdlguo

ijm`bgysbo� s_lhd�� <� k\yab� k� wlbf� ba\_klgu� ke_^mxsb_� kihkh[u

memqr_gby�jZ[hlu�ih^\b`guo�BW��i_j_oh^�d�dhglZdlm�\jZsZxs_]hky�BW
q_j_a� jlmlguc� fhkl�� bkihevah\Zgb_� dZqZxsboky� BW� beb� BW� k

h]jZgbq_gguf� m]ehf� \jZs_gby�� ijb� dhlhjuo� we_dljhobfbq_kdbc� dhglZdl
g_�gZjmrZ_lky�\�l_q_gbb�\k_]h�\j_f_gb�gZdhie_gby��Ihke_^gb_�^\Z�kihkh[Z
h[eZ^Zxl� \ukhdhc� gZ^_`ghklvx� b� wdheh]bq_kdhc� aZsbs_gghklvx�� >ey
dhglZdlZ� dhfihg_glh\�� ijhy\eyxsbo� we_dljhobfbq_kdmx� Zdlb\ghklv� \
iheh`bl_evghc� h[eZklb� h[uqgh� bkihevamxl� ahehlu_� b� ahehq_gu_� BW
klZpbhgZjgu_� b� \jZsZxsb_ky�� Ijbq_f� gZ^_`ghklv� jZ[hlu� ihke_^gbo
ih\urZ_lky� lZd� `_� ijb� bkihevah\Zgbb� \ZjbZglh\� BW� dZqZxsboky� b� k
h]jZgbq_gb_f� m]eZ� \jZs_gby�� Ihke_^gyy� dhgkljmdpby� bkihevam_lky� \
Z\lhfZlbabjh\Zgghc� \hevlZfi_jhf_ljbq_kdhc� kbkl_f_� IEK��:� b� \

\ZjbZgl_� jlmlgh]jZnblh\h]h� bkiheg_gby� ijbf_gy_lky� ^ey� hij_^_e_gby� �
gZijbf_j�dhgp_gljZpbc�bhgh\�Ku, Pb, Cd, Ni, Zn \�\ZjbZgl_�k� ahehq_guf
BW�^ey�dhgljhey�bhgh\�As b�Hg \�\h^Zo�b�ibs_\uo�ijh^mdlZo�



222
BKIHEVAH<:GB?�<HEVL:FI?JHF?LJBQ?KDBO�>:GGUO�>EY
HIJ?>?E?GBY�NBABDH�OBFBQ?KDBO�I:J:F?LJH<

;BHKI?PBNBQ?KDBO�<A:BFH>?CKL<BC

OZe^__\Z�?�<���F_^ygp_\Z�W�I���RmrZjbgZ�:�?���;m^gbdh\�=�D�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� DZaZgv

JZkrbj_gb_� bkihevah\Zgby� [bhk_gkhjh\� b� bffmghk_gkhjh\� \

kh\j_f_gghc� ZgZeblbq_kdhc� ijZdlbd_� lj_[m_l� lsZl_evgh]h� bamq_gby

mkeh\bc� nmgdpbhgbjh\Zgby� wlbo� ZgZeblbq_kdbo� mkljhckl\� k� p_evx

ihemq_gby� fZdkbfZevgh]h� ZgZeblbq_kdh]h� kb]gZeZ�� Hkh[h_� \gbfZgb_

^he`gh� m^_eylvky� bamq_gbx� \ebygby� mkeh\bc� gZ� oZjZdl_j� ijhl_dZgby
[bhki_pbnbq_kdbo� \aZbfh^_ckl\bc� �n_jf_glZ� k� km[kljZlhf�� Zglb]_gZ� k
Zglbl_ehf��� hl� dhlhjuo� aZ\bkyl� ki_pbnbqghklv�� qm\kl\bl_evghklv� b

\hkijhba\h^bfhklv�hij_^_e_gbc�

>ey� \u[hjZ� gZbemqrbo� mkeh\bc� nmgdpbhgbjh\Zgby

Zfi_jhf_ljbq_kdh]h� bffmghn_jf_glgh]h� k_gkhjZ� �BNK�� gZ� hkgh\_

kh\f_klgh� bffh[bebah\Zgguo� ohebgwkl_jZau� b� Zglbl_e� �:l�� ^ey

hij_^_e_gby� Zglb]_gZ� �:]�� iZlh]_ggh]h� ]jb[Z� 7ULFKRSK\WRQ� UXEUXP� [ueh
bamq_gh� \ebygb_� jG� kj_^u� b� dhgp_gljZpbb� km[kljZlZ� �� [mlbjbelbhohebg
bh^b^Z� �;LOB��� �KV�� gZ� oZjZdl_j� ijhl_dZgby� [bhki_pbnbq_kdbo

\aZbfh^_ckl\bc�

;hevrh_� agZq_gb_� bf__l� \hafh`ghklv� bkihevah\Zgby

\hevlZfi_jhf_ljbq_kdbo� ^Zgguo� ^ey� bamq_gby� nbabdh�obfbq_kdbo
iZjZf_ljh\� [bhki_pbnbq_kdbo� \aZbfh^_ckl\bc�� Ijb� wlhf� bgl_jij_lZpby
aZ\bkbfhklb� lhdZ� hl� dhgp_gljZpbb� :]� iha\hey_l� g_� lhevdh� hij_^_eblv
^bgZfbq_kdbc�^bZiZahg�dhgp_gljZpbc��gh�b�mklZgh\blv�agZq_gby�dhgklZgl
k\yau\Zgby� bffmggh]h� dhfie_dkZ� :l�:]�� Bkihevamy� ]jZnbd� KdwlqZj^Z�
\ujZ`Zxsbc� hlghr_gb_� dhgp_gljZpbb� k\yaZggh]h� b� k\h[h^gh]h� :]� d
dhgp_gljZpbb� k\yaZggh]h� :]�� [ueb� hij_^_e_gu� dhgklZglu� k\yau\Zgby�

DZ1= (5.7±0.2 )× 109 
b�DZ2=(3.7±0.2)× 1011 

fhev
-1��Bamq_gb_�aZ\bkbfhklb�lhdZ

hl� \j_f_gb� ijb� jZaebqguo� jZa\_^_gbyo� :l� ������ b� ������� jG� kj_^u

�������������b�dhgp_gljZpbyo�km[kljZlZ���×10-3, 1.5×10-3, 1×10-3, 5×10-4�F��b
bgl_jij_lZpby� ihemq_gguo� ^Zgguo� iha\hebeb� hij_^_eblv� \b^� wnn_dlZ�
jZkkqblZlv�agZq_gby�dhgklZgl�FboZwebkZ (Km)�b�fZdkbfZevguo�kdhjhkl_c
(Vmax)� n_jf_glZlb\ghc� j_Zdpbb� b� \u[jZlv� gZbemqrb_� mkeh\by

nmgdpbhgbjh\Zgby� BNK�� jZa\_^_gb_� :l� ������ jG� ������ KV �×10-3 
F�

GZ[ex^Z_fuc� ijb� wlbo� mkeh\byo� \b^� ^\moiZjZf_ljbq_kdb

jZkkh]eZkh\Zgghc�Zdlb\Zpbb�khojZgy_lky�\h�\k_f�^bZiZahg_�hij_^_ey_fuo

dhgp_gljZpbc�:]���×10-14÷ 8×10-6�f]�fe���Ijb�[he__�gbadbo�dhgp_gljZpbyo
km[kljZlZ� \b^� Zdlb\Zpbb� baf_gy_lky� \� aZ\bkbfhklb� hl� dhgp_gljZpbb� :]�

LZd��ijb�\ukhdbo���×10-6�f]�fe��b�gbadbo���×10-12�f]�fe��dhgp_gljZpbyo�:]

gZ[ex^Z_lky�wnn_dl�ik_\^hZdlb\Zpbb��Z�^ey�kj_^gbo���×10-10 -5×10-8
f]�fe�

dhgp_gljZpbc� :]� \b^� wnn_dlZ� aZ\bkbl� lZd`_� hl� KV�� Djhf_� lh]h�� ijb

Ks=5×10-4� F� gZ[ex^Z_fuc� ZgZeblbq_kdbc� kb]gZe� bf__l� f_gvrmx

\_ebqbgm�� \ke_^kl\b_� mf_gvr_gby� dhgp_gljZpbb� we_dljhobfbq_kdb
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Zdlb\gh]h� ijh^mdlZ� ]b^jhebaZ� ;LOB� \� jZkl\hj_�� qlh� f_g__� m^h[gh� ^ey
ijh\_^_gby�hij_^_e_gbc�

Ihemq_ggu_� j_amevlZlu� iha\hebeb� \u[jZlv� mkeh\by�
h[_ki_qb\Zxsb_� ihemq_gb_� fZdkbfZevgh]h� ZgZeblbq_kdh]h� kb]gZeZ�� qlh
^Z_l� \hafh`ghklv� bkihevah\Zlv� ij_^eZ]Z_fuc� k_gkhj� \� ZgZeblbq_kdhc
ijZdlbd_� ^ey� j_r_gby� dhgdj_lguo� aZ^Zq�� \� qZklghklb�� hij_^_e_gby� :]
Trichophyton rubrum� \� ku\hjhld_� djh\b� q_eh\_dZ� k� p_evx� jZgg_c

^bZ]ghklbdb�]jb[dh\uo�bgn_dpbc�
WE?DLJHOBFBQ?KDB?�K?GKHJU�>EY�HIJ?>?E?GBY
:AHLHKH>?J@:SBO�<?S?KL<�<�=:AH<UO�KJ?>:O

OZfjZdmeh\�L�D���Gh\bpdbc�;�?�

Khqbgkdbc gZmqgh ± bkke_^h\Zl_evkdbc p_glj J:G

JZkkfhlj_gu� we_dljhobfbq_kdb_� k_gkhju� jZajZ[hlZggu_� ^ey

Z\lhfZlbq_kdh]h�g_ij_ju\gh]h�hij_^_e_gby�hdkb^Z�ZahlZ��^bhdkb^Z�ZahlZ�b
]b^jZabgZ� \� ]Zah\uo� kj_^Zo��>ey� hij_^_e_gby� dZ`^h]h� Zahlhkh^_j`Zs_]h

kh_^bg_gby�ij_^eh`_gu�we_dljhobfbq_kdb_�k_gkhju��dhlhju_�hlebqZxlky
ijbjh^hc� b� fZl_jbZehf� jZ[hq_]h� �baf_jbl_evgh]h�� \kihfh]Zl_evgh]h

we_dljh^Z� b� jZkl\hjhf� we_dljheblZ�� G_h[oh^bfuc� ihl_gpbZe� ^ey

ijhl_dZgby� dhgljhebjm_fhc� we_dljhobfbq_kdhc� j_Zdpbb� h[_ki_qb\Z_lky
eb[h� hl� \g_rg_]h� bklhqgbdZ�� eb[h� \� j_`bf_� ]Zev\Zgbq_kdh]h� we_f_glZ�
?keb�hij_^_ey_fh_�\_s_kl\h�g_�we_dljhZdlb\gh��gZijbf_j�hdkb^�ZahlZ���lh
bkihevamxl� ij_^\Zjbl_evgh_� obfbq_kdh_� hdbke_gb_� b� hij_^_e_gb_

ijh\h^yl�ih�ijh^mdlZf�j_Zdpbb��>ey�hdbke_gby�hdkb^Z�ZahlZ�^h�^bhdkb^Z
ij_^eh`_gh� bkihevah\Zlv� i_jhdkb^� \h^hjh^Z�� i_jfZg]ZgZl� b� [bojhfZl
dZeby�� ]bihoehjb^� dZeby�� Z� lZd`_� jZaebqgu_� dZlZebaZlhju� hdkb^h\� b
f_lZeeh\��`_e_aZ��fZj]ZgpZ��dh[ZevlZ��gbd_ey��beb�bo�kf_kb�k�jZaebqgufb
^h[Z\dZfb�� gZg_k_ggufb� gZ� bg_jlguc� ghkbl_ev�� <ukhdZy� kl_i_gv

hdbke_gby� �~99%)� hdkb^Z� ZahlZ� ^hklb]gmlZ� gZ� dZlZebaZlhj_� khklhys_f� ba
kf_kb� f_^b�� ojhfZ�� `_e_aZ�� gbd_ey� b� dh[ZevlZ�� >ey� Z\lhfZlbq_kdh]h
hij_^_e_gby� \� ]Zah\uo� kj_^Zo� ]b^jZabgZ� jZajZ[hlZgu� we_dljhobfbq_kdb_
k_gkhju�� \� dhlhjuo� \� dZq_kl\_� jZ[hq_]h� we_dljh^Z� ij_^eh`_gh

bkihevah\Zlv� ieZlbgm�� Z� jZkl\hjZ� we_dljheblZ� �f� ]b^jhhdkb^� dZeby� �ijb
iheh`bl_evguo� l_fi_jZlmjZo��� Ijb� hljbpZl_evguo� l_fi_jZlmjZo

j_dhf_g^h\Zgh�ijbf_gylv�\h^gh���hj]Zgbq_kdbc�jZkl\hj�±�����f�i_joehjZl
eblby��kh^_j`Zsbc� ����\h^u�\�^bf_lbenhjfZev^_]b^_��<�bkke_^h\Zgguo
jZkl\hjZo�we_dljheblh\�hdbke_gb_�]b^jZabgZ�ijhbkoh^bl�ijb�ihl_gpbZeZo
hl�����^h�����f<��Dhgkljmdlb\gh�k_gkhj�ij_^klZ\ey_l�kh[hx�^\mo�beb�lj_o
we_dljh^gmx� kbkl_fm�� Ijbgpbi� jZ[hlu� ih^h[guo� k_gkhjh\� hkgh\Zgu� gZ
k_e_dlb\ghc� ijhgbpZ_fhklb� ]b^jZabgZ� q_j_a� ihebf_jgmx� f_f[jZgm� b
ijhl_dZgbb� we_dljhobfbq_kdhc� j_Zdpbb� hdbke_gby� ]b^jZabgZ� gZ� jZ[hq_f
we_dljh^_�� jZ[hlZxs_]h� \� iZj_� k� \kihfh]Zl_evghf��<� ^hdeZ^_� ijb\_^_gu
hkgh\gu_� f_ljheh]bq_kdb_� oZjZdl_jbklbdb� jZajZ[hlZgguo
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we_dljhobfbq_kdbo� k_gkhjh\�� gZ� ijbf_j_� hij_^_e_gby� Zahlhkh^_j`Zsbo

\_s_kl\�� \� jZaebqguo� ]Zah\uo� kj_^Zo�� Bamq_gb_� f_ljheh]bq_kdbo

oZjZdl_jbklbd� we_dljhobfbq_kdbo� k_gkhjh\� gZ� iZju� ]b^jZabgZ� ihdZaZeh�
qlh�\j_fy� ]hlh\ghklb�khklZ\ey_l� ����k_d���\j_fy�\uoh^Z�gZ� ���� agZq_gb_
kb]gZeZ� ���� k_d��Ebg_cgZy� aZ\bkbfhklv� kb]gZeZ� k_gkhjZ� hl� dhgp_gljZpbb
gZ[ex^Z_lky�\�^bZiZahg_�dhgp_gljZpbc�^h� �����h[t_fZ��Ijb�\ha^_ckl\bb
dhgp_gljZpbb� ]b^jZabgZ� k\ur_� ������� \j_fy� \hkklZgh\e_gby�ghjfZevghc
jZ[hlu� k_gkhjZ� \hajZklZ_l� ^h� ���� k_d�� Ih^h[gh_� h[tykgy_lky

[ehdbjh\Zgb_f� ih\_joghklb� ihebf_jghc� f_f[jZgu� k_gkhjZ� iZjZfb

]b^jZabgZ�
BHGHK?E?DLB<GU?�WE?DLJH>U�K�HLDEBDHF�G:
G?DHLHJU?�E?D:JKL<?GGU?�IJ?I:J:LU

OZjblhgh\�K�<���=hj_eh\�B�I�

L\_jkdhc ]hkm^Zjkl\_gguc mgb\_jkbl_l

>hklhbgkl\Z� bhghf_ljbq_kdh]h� ZgZebaZ� g_hkihjbfu�� Wlh� \ukhdZy
wdkij_kkghklv� b� lhqghklv� \� khq_lZgbb� k� \hafh`ghklyfb� hij_^_e_gby� dZd
g_hj]Zgbq_kdbo�� lZd� b� hj]Zgbq_kdbo� bhgh\� b� fhe_dme�� ijhklhlZ

ZiiZjZlgh]h�hnhjfe_gby��ijb�ijb_fe_fuo��\�[hevrbgkl\_�kemqZ_\��kjhdZo
kem`[u�bhghf_ljbq_kdbo�^Zlqbdh\��<�k\yab�k�wlbf�g_�m^b\bl_evgh��qlh�d
gZklhys_fm� \j_f_gb� hibkZgh� fgh`_kl\h� jZaebqguo� lbih\

bhghk_e_dlb\guo�we_dljh^h\��BKW��^ey�hij_^_e_gby�kZfuo�jZaghh[jZaguo
nZjfZp_\lbq_kdbo� ij_iZjZlh\� k� bkihevah\Zgb_f� jZaebqguo� \ZjbZglh\
ihl_gpbhf_ljbq_kdh]h�f_lh^Z�

P_evx� gZklhys_c� jZ[hlu� y\behkv� kha^Zgb_� `b^dhklguo� �Z� \

g_dhlhjuo� kemqZyo� lZd`_� b� k� ^bki_j]bjh\Zgguf� \� f_f[jZgghf

jZkl\hjbl_e_� bhghh[f_ggbdhf� lbih\�BKW� k� hldebdhf� gZ� e_dZjkl\_ggu_
ij_iZjZlu��EI��^bijZabg��ljbf_dZbg�b�iZiZ\_jbg��Z�lZd`_�bkke_^h\Zgb_�b
h[h[s_gb_� bo� k\hckl\�� JZg__� [ueb� hibkZgu� BKW� gZ� ljbf_dZbg b

iZiZ\_jbg��]^_�\�dZq_kl\_�bhghh[f_ggbdh\�bkihevah\Zebkv�bo�ZkkhpbZlu�k
]_l_jhihebZgbhghf� [PMo12O40]

3-� b� l_ljZn_gbe[hjZl�Zgbhghf
khhl\_lkl\_ggh�

>ey�kha^Zgby�ieZklbnbpbjh\Zgguo�^bhdlbenlZeZlhf�I<O�f_f[jZg
fu� bkihevah\Zeb� ZkkhpbZlu� E<� k� ]_l_jhihebkh_^bg_gbyfb

�dj_fg_\hevnjZfh\hc�� dj_fg_fheb[^_gh\hc�� nhknhjgh\hevnjZfh\hc� b

nhknhjghfheb[^_gh\hc�dbkehlZfb���hj]Zgbq_kdbfb�hkZ^bl_eyfb��ibdjZl�b
l_ljZn_gbe[hjZl� gZljby�� b� dhfie_dkgufb� kheyfb� �l_ljZbh^hf_jdmjZl
dZeby��l_ljZbh^h\bkfmlZl�dZeby�b�khev�J_cg_d_��

Bamq_gu� k\hckl\Z� ihemq_gguo� we_dljh^h\� �dZd� \� ijyfhc

ihl_gpbhf_ljbb��lZd�b�\�ihl_gpbhf_ljbq_kdhf�hkZ^bl_evghf�lbljh\Zgbb��
djmlbagZ� we_dljh^ghc� oZjZdl_jbklbdb�� ebg_cguc� ^bZiZahg� aZ\bkbfhklb
ihl_gpbZeZ�hl�\_ebqbgu�jK��\ebygb_�jG��\j_fy�hldebdZ�b�^j��Hij_^_e_gu
dhwnnbpb_glu� k_e_dlb\ghklb� \� hlghr_gbb� jy^Z� ihklhjhggbo� bhgh\� b



225
\j_fy� `bagb� BKW�� JZajZ[hlZggu_� we_dljh^u� bkihevah\Zeb� ^ey

wdkij_kkgh]h�bhghf_ljbq_kdh]h�ZgZebaZ�nZjfZp_\lbq_kdbo�ij_iZjZlh\�

LZdbf� h[jZahf�� j_amevlZlu� bkke_^h\Zgbc� [he__� ��� bhgguo

ZkkhpbZlh\�E<�iha\hebeb�hilbfbabjh\Zlv�khklZ\�ihebf_jghc�f_f[jZgu�k
p_evx� memqr_gby� oZjZdl_jbklbd� we_dljh^h\� k� hldebdhf� gZ� E<� dZd� \
ijyfhc� ihl_gpbhf_ljbb�� lZd� b� ijb� hkZ^bl_evghf� lbljh\Zgbb� k

bkihevah\Zgb_f�^Zgguo�BKW�

<� gZklhys_c� jZ[hl_� lZd`_� bkke_^h\Zebkv� ijhp_kku fh^bnbdZpbb
ih\_joghklb� f_f[jZg� BKW� hj]Zgbq_kdbfb� dZlbhgZfb� lhc� `_� ijbjh^u
�lbZfbg�� ibjb^hdkbg�� ^bf_^jhe�� obgbg�� ZgZev]bg�� he_g^hfbpbg�� dZlbhgu
Q:K�� I:<��� F_oZgbaf� fh^bnbdZpbb� k\yaZg�� \� hkgh\ghf�� k� ijhp_kkZfb
aZf_s_gby� ihl_gpbZehij_^_eyxs_]h� bhgZ�� \oh^ys_]h� \� khklZ\

bhghh[f_ggbdZ��MklZgh\e_gh��qlh�^\b`ms_c�kbehc�ijhp_kkZ� aZf_s_gby�\
kljmdlmj_� bhghh[f_ggbdZ� y\eyxlky� we_dljhobfbq_kdb_� oZjZdl_jbklbdb
bhgh\� �dhwnnbpb_glu� ^bnnmabb� b� ih^\b`ghklb��� gZoh^ysboky� \� h[_bo
nZaZo��f_f[jZgZ���jZkl\hj���dhwnnbpb_glu�bo�jZkij_^_e_gby�f_`^m�\h^ghc
nZahc� b�nZahc�f_f[jZggh]h� jZkl\hjbl_ey�� Z� lZd`_� kl_i_gv� ZkkhpbZpbb� k
Zdlb\ghc�]jmiihc�bhgblZ�
H�IJ?>?E:O�H;G:JM@?GBY�I:I:<?JBG���K?E?DLB<GUO
WE?DLJH>H<

OZjblhgh\�K�<���=hj_eh\�B�I�

L\_jkdhc ]hkm^Zjkl\_gguc mgb\_jkbl_l

Ijb� hibkZgbb� ih\_^_gby� bhghk_e_dlb\guo� we_dljh^h\� �BKW�
hkgh\gh_� \gbfZgb_� m^_eyxl� we_dljh^ghZdlb\ghfm� dhfihg_glm� �W:D��
Kha^Zgb_� gh\uo� BKW� �� wlh� ij_`^_� \k_]h� kbgl_a� W:D� k� lj_[m_fufb
k\hckl\Zfb�� ohly� bf_ggh� f_f[jZgguc� jZkl\hjbl_ev� hij_^_ey_l

oZjZdl_jbklbdb� W:D� \� f_f[jZgghc� nZa_�� \ebyy� dZd� gZ

ihl_gpbhf_ljbq_kdb_� lZd� b� gZ� ZgZeblbq_kdb_� iZjZf_lju� BKW�� IhdZaZgh
[1]�� qlh� _]h� \u[hj� \� g_dhlhjuo� kemqZyo� y\ey_lky� j_rZxsbf� ^ey

^hklb`_gby�aZ^Zgguo�k\hckl\�bhghh[f_gguo�f_f[jZg�

?s_�^Z\gh� [ueh�ba\_klgh�� qlh� \deZ^�nZdlhjZ�bhgghc� ZkkhpbZpbb� \
kj_^Zo�k�gbadbfb�agZq_gbyfb�^bwe_dljbq_kdhc�ijhgbpZ_fhklb��>I��\_kvfZ
kms_kl\_g_g�[2]��<�k\yab�k�wlbf�W:D��\_^msbc�k_[y�\�\h^ghf�jZkl\hj_�dZd
kbevguc� we_dljhebl�� \� `b^dhklghc� bhghh[f_gghc� f_f[jZg_� k� gbadbf
agZq_gb_f�>I�^bkkhpbbjm_l�^Ze_dh�g_�iheghklvx�

<� jZ[hl_� bkihevah\Zeb� jZg__� bkke_^h\Zggu_� bhggu_� ZkkhpbZlu
iZiZ\_jbgZ� k� ijhlb\hbhgZfb� dhhj^bgZpbhgghc� �g_hj]Zgbq_kdhc�� b

hj]Zgbq_kdhc� ijbjh^u� [3]�� aZdexq_ggu_� \� ieZklbnbpbjh\Zggmx

^bhdlbenlZeZlhf� iheb\bgbeoehjb^gmx� f_f[jZgm�� Kh_^bg_gby� \lhjh]h
lbiZ� k� mki_ohf� ijbf_gyxlky� ^ey� kha^Zgby� `b^dhklguo� f_f[jZgguo
we_dljh^h\�� jZkl\hjbfhklv� W:D� gZ� bo� hkgh\_� \� hj]Zgbq_kdbo

jZkl\hjbl_eyo� k�gbadbfb� agZq_gbyfb�>I�emqr_�� q_f�jZkl\hjbfhklv�W:D



226
i_j\h]h� lbiZ�� Ohly� W:D� gZ� hkgh\_� dhfie_dkguo� Zgbhgh\� bf_xl�� dZd
ijZ\beh�� [he__� \ukhdmx� fhe_dmeyjgmx� fZkkm�� gh� ihke_� bkiZj_gby

jZkl\hjbl_ey� ihebf_jghc� k\yadb�� ijb� bo� ih\ur_gghf� kh^_j`Zgbb� \
f_f[jZg_�� qZklh� gZ[ex^Z_lky� h[jZah\Zgb_� hkZ^dZ� kheb� beb� ]_ey�
Ihgb`_gb_� dhgp_gljZpbb� W:D� ijb\h^bl� d� ijh[e_fZf�� k\yaZgguf� k
m\_ebq_gb_f� khijhlb\e_gby� f_f[jZgu�� [he__� ^ebl_evguf� \j_f_g_f

mklZgh\e_gby� jZ\gh\_kgh]h� ihl_gpbZeZ� b� ^jm]bfb� g_`_eZl_evgufb

wnn_dlZfb��<� hlghr_gbb� iZiZ\_jbg� ��BKW� ihdZaZgh�� qlh� \� [hevrbgkl\_

kemqZ_\� gZ[ex^Z_lky� g_agZqbl_evgh_� hlebqb_� \� agZq_gbyo� \_ebqbg

ijhba\_^_gby� jZkl\hjbfhklb� W:D� b� dhgklZgl� bo� ^bkkhpbZpbb� \

f_f[jZgghf� jZkl\hjbl_e_�� Z� lZd`_� ij_^eh`_gZ� nhjfmeZ�� k� ihfhsvx

dhlhjhc�ih�^Zgguf�ijyfh]h�ihl_gpbhf_ljbq_kdh]h�f_lh^Z�fh`gh�hp_gblv
\_ebqbgm�dhgklZglu�ZkkhpbZpbb�bhghh[f_ggbdZ�\�kj_^_�ieZklbnbdZlhjZ�

Hkgh\gu_� ^hims_gby� l_hjbb� Kwg^[ehfZ� �� Wca_gfZgZ� �� Mhed_jZ
ijbgbfZeb� ijb� \u\h^_� nhjfme�� hibku\Zxsbo� GIH� BKW� `b^dhklgh]h
lbiZ��GZfb� ihdZaZgh�� qlh� \� h[s_f� kemqZ_�GIH� we_dljh^h\� hij_^_ey_lky
]_g_jbjh\Zgb_f� ihl_gpbZehij_^_eyxs_]h� bhgZ� ba� f_f[jZgghc� nZau� \
\h^gmx�� Z� lZd`_� aZ\bkbl� hl� dhgp_gljZpbb� bhghh[f_ggbdZ� \� f_f[jZg_�
dhgklZglu� ZkkhpbZpbb� dZlbhgZ� k� Zdlb\ghc� ]jmiihc� bhgblZ� b

]b^jhnh[ghklb�ihl_gpbZehij_^_eyxs_]h�bhgZ�
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>boehjb^� N,N²^b���oehjwlbe�nhknZfb^Z� y\ey_lky� dexq_\uf

ijh^mdlhf�\�kbgl_a_�ijhlb\hhimohe_\h]h�ij_iZjZlZ�pbdehnhknZgZ:
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GZ� iheyjh]jZffZo� ^boehjb^Z� N,N²^b���oehjwlbe�nhknZfb^Z \

\h^gh�^bf_lbenhjfZfb^ghf� jZkl\hj_� oehjb^Z� l_ljZf_lbeZffhgby
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gZ[ex^Zxlky� ^\_� h^ghwe_dljhggu_� g_h[jZlbfu_� \hegu�� k\yaZggu_� k

we_dljhobfbq_kdbf� jZks_i-e_gb_f� k\ya_c� P-Cl. I_j\mx� ba� wlbo� \heg
m^h[gh�bkihevah\Zlv�^ey� ZgZeblbq_kdbo�p_e_c��<ukhlZ� wlhc� \hegu�� dZd� \
ihklhygghlhdh\hf��lZd�b�\�i_j_f_gghlhdh\hf�j_`bf_�ebg_cgh� aZ\bkbl�hl
dhgp_gljZpbb� \� ^bZiZahg_� ��-4-10-3 

F�� Ijb� jG� \ur_� �� ijhbkoh^bl
]b^jheblbq_kdh_� jZks_ie_gb_� k\ya_c� J�� Cl� b� \ke_^kl\b_� wlh]h� bkq_aZ_l
iheyjh]jZnbq_kdZy�Zdlb\ghklv�kh_^bg_gby��lZd�dZd�k\yab�C-Cl \�bamq_gguo
mkeh\byo�hdZaZebkv�g_Zdlb\gufb�
L?HJBY�B�IJ:DLBD:�L<?J>HL?EVGUO�WE?DLJHOBFBQ?KDBO
=:AH<UO�K?GKHJH<�>EY�FHGBLHJBG=:�<HA>MRGHC�KJ?>U

Q\bjmd�<�I���Ebgxq_\Z�H�<���Dmrfbjmd�:�B���G_n_^h\�K�<��
AZ\_jZq�?�F���;md_l�:�B�

GZpbhgZevguc l_ogbq_kdbc mgb\_jkbl_l MdjZbgu ³ DIB ³
������� Db_\� ij� Ih[_^u� ��� l_e� � ��� � �������

GZ� hkgh\_� kh[kl\_gguo� nmg^Zf_glZevguo� bkke_^h\Zgbc� \� h[eZklb
we_dljhdZlZebaZ�� l\_j^uo� b� d\Zabl\_j^uo� we_dljheblh\� >���@� jZajZ[hlZgu
ijbgpbibZevgh� gh\u_� we_dljhobfbq_kdb_� k_gkhju� b� ]_g_jZlhju� ]Zah\�
We_dljhobfbq_kdb_�yq_cdb�wlbo�k_gkhjh\�b�]_g_jZlhjh\�\uiheg_gu�\�\b^_
_^bguo�[ehdh\���ij_kkh\Zgguo�lZ[e_lhd��We_dljhobfbq_kdb_�yq_cdb�\�\b^_
`_kldbo� lZ[e_lhd� ih� kjZ\g_gbx� k� kh[jZggufb� ba� hl^_evguo� we_f_glh\
[he__� dhfiZdlgu�� bf_xl� [hevrmx� f_oZgbq_kdmx� ijhqghklv� b

klZ[bevghklv� \h� \j_f_gb�� Z� ihdZaZl_eb� bo� jZ[hlu� g_� aZ\bkyl� hl

ijhkljZgkl\_gghc�hjb_glZpbb��ljZgkihjlghc�ljykdb�b�\b[jZpbb�

Bg^bdZlhjgu_� we_dljh^u� jZajZ[hlZgguo� k_gkhjh\� h[uqgh

ij_^klZ\eyxl� kh[hc� lhdhijh\h^ysbc� ]ZahijhgbpZ_fuc� dhee_dlhj� ba

ihjhrdZ� lblZgZ� njZdpb_c� ������ fdf�� d� dhlhjhfm� ijbfudZ_l� kehc

we_dljhdZlZebaZlhjZ� \� kf_kb� k� l\_j^uf� ijhlhgguf� beb� d\Zabl\_j^uf
we_dljheblhf�� K� bg^bdZlhjguf� we_dljh^hf� ]jZgbqbl� kehc� l\_j^h]h

we_dljheblZ� k� ihebf_jguf� k\yamxsbf�� Ihke_^mxsb_� kehb� \uihegyxl
nmgdpbb� \kihfh]Zl_evgh]h� we_dljh^Z� ^\mowe_dljh^ghc� beb� we_dljh^h\
kjZ\g_gby� b� \kihfh]Zl_evgh]h� lj_owe_dljh^ghc� yq_cdb�� Ijb� mkbebb

ij_kkh\Zgby��ij_\urZxs_f�ihjh]�l_dmq_klb�lblZgZ��nhjfbjm_lky�ijhqguc
f_lZeebq_kdbc�dZjdZk��\�dhlhjhf�l\_j^uc�we_dljhebl�b�we_dljhdZlZebaZlhj
h[jZamxl� g_ij_ju\guc� deZkl_j�� h[eZ^Zxsbc� bhgghc� b� we_dljhgghc

ijh\h^bfhklvx� k� jZa\blhc� lj_onZaghc� ]jZgbp_c� jZa^_eZ� ]Za�
we_dljhdZlZebaZlhj�we_dljhebl�

Ijb� bkihevah\Zgbb� \� dZq_kl\_� l\_j^uo� we_dljheblh\

gbadhl_fi_jZlmjguo� ijhlhggbdh\� \hafh`gh� kha^Zgb_� k_gkhjh\� ^ey

hij_^_e_gby� ]Zah\uo� dhfihg_glh\�� hdbke_gb_� b� \hkklZgh\e_gb_� dhlhjuo
ijhl_dZ_l�khhl\_lkl\_ggh�k�h[jZah\Zgb_f�beb�ihlj_[e_gb_f�ijhlhgh\��GZ
lZdbo� `_� ijbgpbiZo� ^_ckl\m_l� kha^ZggZy� fh^bnbdZpby� k_gkhjh\� k
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d\Zabl\_j^ufb�we_dljheblZfb�\�\b^_�]b^jhnbevguo�fZljbp��ijhiblZgguo
jZkl\hjZfb�khhl\_lkl\mxsbo�we_dljheblh\�

Dhgkljmdlb\gh� k_gkhj� ij_^klZ\ey_l� kh[hc� ieZklbdh\uc� dhjimk�� \
dhlhjuc� \fhglbjh\ZgZ� we_dljhobfbq_kdZy� yq_cdZ�� K� h^ghc� klhjhgu

dhjimkZ�jZkiheh`_gh�^bnnmabhggh_�hdgh��q_j_a�dhlhjh_�hij_^_ey_fuc�]Za
ihklmiZ_l�ba�hdjm`Zxs_]h�\ha^moZ�gZ�bg^bdZlhjguc�we_dljh^��Z�k�^jm]hc��
f_lZeebq_kdb_� jZat_fu� ^ey� ih^kh_^bg_gby� baf_jbl_evguo� beb

j_]bkljbjmxsbo�mkljhckl\�

GZ� hkgh\_� d\Zabl\_j^uo� we_dljheblh\� jZajZ[hlZgu

we_dljhobfbq_kdb_� ]_g_jZlhju� ]Zah\� ^ey� ih\_jdb� beb� l_klbjh\Zgby

]ZahZgZeblbq_kdbo� ijb[hjh\�� Kha^Zgb_� fbgbZlxjgh]h� ]_g_jZlhjZ� oehjZ
iha\hebeh�dhgkljmdlb\gh� h[t_^bgblv� k_gkhj�b� ]_g_jZlhj� oehjZ� \� _^bguc
[ehd�� <� h[uqghf� j_`bf_� [ehd� ^_ckl\m_l� dZd� k_gkhj�� Z� \� j_`bf_

^bZ]ghklbdb�gZ�]_g_jZlhj�ih^Zxl�bfimevk�lhdZ�^ey�ihemq_gby�dhebq_kl\Z
oehjZ��^hklZlhqgh]h�^ey�hij_^_e_gby� qm\kl\bl_evghklb�b�[ukljh^_ckl\by
k_gkhjZ� b� ^bZ]ghklbdb� \k_c� kbkl_fu� \� p_ehf�� K_gkhjguc� [ehd� kha^Zg
\i_j\u_�b�_]h�bkihevah\Zgb_�iha\hebeh�\g_^jblv�gZ�jy^_�ijhfure_gguo

ijhba\h^kl\�jZkkj_^hlhq_ggu_�kbkl_fu�hij_^_e_gby�Z\Zjbcguo�\u[jhkh\
oehjZ�k�^bklZgpbhgghc�^bZ]ghklbdhc�\�Z\lhfZlbq_kdhf�j_`bf_�

GZ� ZgZeh]bqguo� ijbgpbiZo� kha^Zgu� k_gkhju� ^ey� hij_^_e_gby� \
\ha^mrghc� kj_^_� dbkehjh^Z�� \h^hjh^Z� b� jy^Z� lhdkbqguo� ]Zah\�� K_gkhju
mgbnbpbjh\Zgu�ih�]Z[Zjblguf�jZaf_jZf��dhglZdlguf�jZat_fZf��jZaf_jZf
^bnnmabhgguo� hdhg� b� jy^m� wdkiemZlZpbhgguo� oZjZdl_jbklbd�� FZkkZ

k_gkhjh\�khklZ\ey_l����]�ijb�bo�\ukhl_����b�^bZf_lj_����ff�

Hkgh\gu_� l_ogbq_kdb_� oZjZdl_jbklbd� mgbnbpbjh\Zgghc� k_jbb

k_gkhjh\�ijb\_^_gu�\�lZ[ebp_�

=Za FbgbfZevguc� b

fZdkbfZevguc

^bZiZahg��SSP

;ukljh^_ckl\b_

k_gkhjZ�

τ0.9��k

JZaj_rZxsZy

kihkh[ghklv�
ppm

O2

H2

NH3

Cl2
O3

HCl
CO
H2S
SO2

NO
NO2

HF

0 - 30 %
0 - 500;0 – 2500
0 - 20;0 – 5000
0 - 5;0 – 2500
0 - 2;0 - 100
0 - 10;0 - 200
0 - 100;0 - 2500
0 - 10;0 - 1000
0 - 100;0 -1000
0 - 20;0 - 2500
0 - 10;0 - 1000
0 - 10;0 - 200

< 10
< 40
< 60
< 40
< 30

 < 100
< 30
< 30
< 30
< 20
< 20

 < 100

0,1%
10
1
0,05
0,05
0,5
1
0,2
1
1
0,1
0,3

K_gkhju� jZ[hlhkihkh[gu� ijb� l_fi_jZlmj_� hdjm`Zxs_c� kj_^u� hl
fbgmk� ��� ^h� iexk� ��� 0

K
 
b� hlghkbl_evghc� \eZ`ghklb� \ha^moZ� �������

Hldehg_gb_�kb]gZeh\�k_gkhjh\�hl�ebg_cghklb�g_�ij_\urZ_l����hl�iheghc
rdZeu��kjhd�kem`[u���ljb�]h^Z�
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K_gkhju� fh]ml� wdkiemZlbjh\Zlvky� \� ^bnnmabhgghf� j_`bf_� beb� k
ih[m^bl_eyfb� jZkoh^Z� \ha^moZ� \� i_jkhgZevguo� b� klZpbhgZjguo

]ZahZgZebaZlhjZo�� kbkl_fZo� ihklhyggh]h� fhgblhjbg]Z� \ha^mrghc� kj_^u�
GZdhie_g� hiul� ijhfure_gghc� wdkiemZlZpbb� kha^Zgguo� k_gkhjh\� \

MdjZbg_��Jhkkbckdhc�N_^_jZpbb�b�^jm]bo�kljZgZo�

Ebl_jZlmjZ

�� Q\bjmd <�I�� Ebgxq_\Z H�<��� We_dljhobfby � ���� � L��� � K� �������
�� Q\bjmd <�I�� Ebgxq_\Z H�<���We_dljhobfby����� � L� �� � K� ���� � ����

3. Chviruk V.P., Linucheva O.V., Buket A.I.// Electrochim. Acta - 1997 - V. 42 - P. 3155 - 3165
4. Kroll A.V., Chviruk V.P.//Sensors and Actuators - 1995 - V. 24 - P. 320-322
�� Q\bjmd <�I�� Ebgxq_\Z H�<�� :�G� Dmrfbjmd� K�<� G_n_^h\� ?�F� AZ\_jZq� ;md_l :�B�

<hijhku obfbb b obfbq_kdhc l_ogheh]bb� Ki_p� \uimkd � we_dljhobfby ��

>g_ijhi_ljh\kd� \� �� ����� k� �������
L<?J>HL?EVGU?�WE?DLJHOBFBQ?KDB?�KBKL?FU�B
K?GKHJU�G:�BO�HKGH<?

Q\bjmd�<�I���Ebgxq_\Z�H�<���Dmrfbjmd�:�B���G_n_^h\�K�<��
;md_l�:�B���AZ\_jZq�?�F�

GZpbhgZevguc l_ogbq_kdbc mgb\_jkbl_l MdjZbgu ³ DIB ³
Db_\� ij� Ih[_^u� ��� l_e� � ��� � �������

<� ]Zah\uo� k_gkhjZo� ^ey� hij_^_e_gby� lhdkbq_kdbo� ijbf_k_c� \

\ha^mrghc�kj_^_�h[uqgh�bkihevamxlky�dZlZeblbq_kdb�Zdlb\gu_�we_dljh^u
\� \b^_� \ukhdh^bki_jkguo� ihjhrdh\� beb� lhgdhkehcguo� ihdjulbc� ba
ieZlbgu�beb�^jm]bo�^jZ]hp_gguo�f_lZeeh\�

JZajZ[hlZgZ� f_lh^bdZ� ba]hlh\e_gby� we_dljh^h\� we_dljhobfbq_kdbo
k_gkhjh\� \� \b^_� ihjbklhc� hkgh\u� k� jZa\blhc� ih\_joghklvx� ba� bg_jlgh]h
we_dljhijh\h^gh]h�fZl_jbZeZ��GZ�ih\_joghklb�wlh]h�fZl_jbZeZ�nhjfbjmxl

ie_gdb�dZlZeblbq_kdb�Zdlb\guo�hdkb^h\�ke_^mxsbo�f_lZeeh\��0Q��&R��3E�
6E�� 5X�� 3W� beb� bo� dhfihabpbc�� <� dZq_kl\_� ihjbklhc� hkgh\u� k� jZa\blhc
ih\_joghklvx�bkihevah\Zgu�ij_kkh\Zggu_�kljmdlmju�ba�ihjhrdh\� 7L�� =U�
1E� b� 7D�� Bkke_^h\Zgu� dZlZeblbq_kdb_� k\hckl\Z�� dbg_lbdZ� b� f_oZgbaf
we_dljh^guo� j_Zdpbc� gZ� hl^_evguo� hdkb^Zo� b� bo� dhfihabpbyo�
MklZgh\e_gh�� qlh� knhjfbjh\Zggu_� hdkb^gu_� ihdjulby� oZjZdl_jbamxlky
\ukhdhc� m^_evghc� ih\_joghklvx� b� \ke_^kl\b_� dZibeeyjghc� dhg^_gkZpbb
iZjh\� \h^u� \� mkeh\byo� j_Zevghc� \eZ`ghklb� Zlfhkn_jgh]h� \ha^moZ

ijbh[j_lZxl� aZf_lgmx� bhggmx� ijh\h^bfhklv�� >Zgguc� wnn_dl

bkihevah\Zeky�^ey�kha^Zgby�k_gkhjh\�1+3, O3, O2, Cl2, HCl, HF, H2S, CO, H2,
SO2, NO2� gZ� hkgh\_� l\_j^uo� b� d\Zabl\_j^uo� we_dljheblh\� k

]Zah^bnnmabhggufb�we_dljh^Zfb�

Ih^� ^_ckl\b_f� ]Zah\uo� ijbf_k_c� \� \ha^mo_� k_gkhju� ]_g_jbjmxl

lhdh\uc� kb]gZe�� \_ebqbgZ� dhlhjh]h�ijyfhijhihjpbhgZevgZ� dhgp_gljZpbb
]ZaZ�\�\ha^mo_��K_gkhju�jZ[hlhkihkh[gu�\�bgl_j\Ze_�l_fi_jZlmj�hl�����^h
+500

Kb� hlghkbl_evghc� \eZ`ghklb� Zlfhkn_jgh]h� \ha^moZ� ��� �� ��� ��
Ebg_cghklv� kb]gZeZ� khklZ\ey_l� ��� hl� iheghc� rdZeu�� ^j_cn� kb]gZeZ� g_
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ij_\urZ_l� ��� aZ� ��f_kyp_\�� l_fi_jZlmjguc� dhwnnbpb_gl�f_g__� ���gZ� �
0
K��Ih^ZqZ�ZgZebabjm_fh]h�]ZaZ�fh`_l�ijhba\h^blvky�dZd�\�^bnnmabhgghf
j_`bf_��lZd�b�ih[m^bl_eyfb�jZkoh^Z��K_gkhju�fhglbjmxlky�\�klZg^Zjlguo
dhjimkZo�\ukhlhc� ���b� ���ff�b�^bZf_ljhf� ���b� ���ff��<_k� k_gkhjZ� ��� ]�
kjhd� kem`[u� �� ]h^Z�� >Zggu_� k_gkhju� kh\f_klbfu� k� ^jm]bfb

we_dljhobfbq_kdbfb� k_gkhjZfb��bf_xsbfbky�gZ�fbjh\hf� jugd_�b�fh]ml
[ulv� bkihevah\Zgu� dZd� \� ihjlZlb\guo�� lZd� b� klZpbhgZjguo

]ZahZgZebaZlhjZo� ^ey� dhgljhey� ijbf_k_c� \� \ha^mo_� ijhfure_gguo� b
k_evkdhohayckl\_gguo� ij_^ijbylbc�� hij_^_e_gby� ]Zah\uo� ml_q_d�
fhgblhjbg]Z�\ha^moZ��\�kbkl_fZo�[_ahiZkghklb��ijhlb\hih`Zjghc�aZsblu�
^ey�f_^bpbgkdbo�b�^jm]bo�p_e_c�

JZaghh[jZab_� bkihevam_fuo� dZlZeblbq_kdb� Zdlb\guo� we_dljh^h\
iha\hey_l� ijhba\h^blv� k_gkhju� k� [he__� \ukhdbfb� [ukljh^_ckl\b_f�
k_e_dlb\ghklvx�� jZaj_r_gb_f� b� kjhdhf� kem`[u� ih� kjZ\g_gbx� k

ba\_klgufb�j_r_gbyfb�

GZ�ij_^klZ\e_gguo� jbkmgdZo� ^_fhgkljbjmxlky� ijbgpbiu� ^_ckl\by
b�l_ogbq_kdb_�ihdZaZl_eb�k_gkhjh\�b�k_gkhjguo�[ehdh\�
<HAFH@GHKLB�BKIHEVAH<:GBY�K?JGHDBKEUO
J:KL<HJH<�JM;?:GH<H>HJH>HC�DBKEHLU�<

IHL?GPBHF?LJBQ?KDHF�LBLJH<:GBB

Q_[hlZjz\�<�D��I_ljh\�;�B��<yldbgZ�G�=��S_j[Zdh\Z�:�?��
Fhkmgh\Z�L�<��IZjg_\Z�E�<�

:elZckdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� ;ZjgZme�

Jm[_Zgh\h^hjh^gZy� dbkehlZ� �J<D�� y\ey_lky� k_jhkh^_j`Zsbf

hj]Zgbq_kdbf� j_Z]_glhf� b� h[jZam_l� ijhqgu_� \gmljbdhfie_dkgu_

kh_^bg_gby� kh� fgh]bfb� kmevnb^h[jZamxsbfb� bhgZfb� f_lZeeh\�� J_Z]_gl
rbjhdh�bkihevah\Zeky�\�ki_dljhnhlhf_ljbq_kdbo�f_lh^Zo�ZgZebaZ�b�h^gbf
ba�i_j\uo�hj]Zgbq_kdbo� k_jhkh^_j`Zsbo� j_Z]_glh\� klZe�ijbf_gylvky� dZd
ihl_gpbhf_ljbq_kdbc� lbljZgl�� Bhgu Ag+, Hg2

2+, Hg2+, Pd2+� lbljh\Zebkv
kibjlh\ufb�jZkl\hjZfb�J<D�\�kbevgh±�b�keZ[hdbkeuo�kj_^Zo��bhgu�1i2+,
Co2+, Zn2+�\�s_ehqghc�kj_^_�\�ijbkmlkl\bb�ke_^mxsbo�eb]Zg^h\��ZffbZd�
kheb� \bgghc� b� ebfhgghc� dbkehl�� qlh� ih\urZ_l� ba[bjZl_evghklv

hij_^_e_gbc�

<�djbklZeebq_kdhf�khklhygbb�j_Z]_gl�gZoh^blky�\�lbhgghc�nhjf_��Z
\�jZkl\hjZo�\�lbhg±lbhevghc�nhjfZo��ijbqzf��k^\b]�jZ\gh\_kby�\�klhjhgm
lbhevghc�nhjfu�ijhbkoh^bl�\�[hevr_c�kl_i_gb�\�s_ehqghc�kj_^_�

NH2CSCSH2N NHCSHCSHNHH2N NHCSHCS

I II III
lbhggZy�nhjfZ lbhg±lbhevgZy�nhjfZ lbhevgZy�nhjfZ

GZb[he__� j_Zdpbhgghc� nhjfhc� J<D� y\ey_lky� lbhevgZy� nhjfZ

j_Z]_glZ��ijbkmlkl\mxsZy�\�gZb[hevr_c�kl_i_gb�\�s_ehqguo�b�wlZghevguo
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jZkl\hjZo�� <� ihl_gpbhf_ljbq_kdbo� lbljh\Zgbyo� jZg__� bkihevah\Zebkv
lhevdh� wlZghevgu_� jZkl\hju� j_Z]_glZ��GZrb� bkke_^h\Zgby� ihdZaZeb�� qlh
gZb[hevrb_�kdZqdb�ihl_gpbZeZ�\hagbdZxl�ijb�bkihevah\Zgbb�s_ehqguo�b
kibjlh\uo� jZkl\hjh\� j_Z]_glZ�� Z� gZbf_gvrb_� ²� k_jghdbkehlguo

jZkl\hjh\�� qlh� ih\urZ_l�nZdlhj� ba[bjZl_evghklb� hij_^_e_gbc�� JZkl\hju
]hlh\bebkv� gZ� dhgp_gljbjh\Zgghc� k_jghc� dbkehl_�� lZd� dZd� \� g_c

gZ[ex^ZeZkv�gZb[hevrZy�jZkl\hjbfhklv�j_Z]_glZ�

<k_� ihl_gpbhf_ljbq_kdb_� bkke_^h\Zgby� ijh\h^bebkv� k

bkihevah\Zgb_f� bg^bdZlhjgh]h� we_dljh^Z� ba� k_j_[jZ�� dhlhjuc� ^h� lhqdb
wd\b\Ze_glghklb� �l��w���ijb�lbljh\Zgbb� ©k\hboª�bhgh\� �Ag+) ^_ckl\m_l�dZd
we_dljh^� I� jh^Z� ² Ag+ / Ag, Z� ijb� hij_^_e_gbb� ©qm`boª� bhgh\� ²� dZd
we_dljh^�III �jh^Z�±�Men+/MeRn, Ag2R,Ag , aZ�l��w��²�dZd�we_dljh^�II �jh^Z�²
R-/Ag2R,Ag�� <� dZq_kl\_� we_dljh^Z� kjZ\g_gby� bkihevah\Zeky� gZkus_gguc

oehjk_j_[jyguc�we_dljh^�

<uy\e_gZ� \hafh`ghklv� bg^b\b^mZevgh]h� hij_^_e_gby� bhgh\� Ag+,

Hg2
2+, Pd2+, Au3+, Cu2+, Zn2+, Co2+,Ni2+, Te(IV), Cd2+, Pb2+. Ba[bjZl_evghklv

hij_^_e_gbc�\ur_��q_f�ijb�bkihevah\Zgbb�kibjlh\uo�jZkl\hjh\�j_Z]_glZ�
Ij_bfms_kl\hf�y\ey_lky�\hafh`ghklv�lbljh\Zgby�bhgh\�\�dbkeuo�kj_^Zo�
:GLBIBJBEJM;?:GH<H>HJH>G:Y�DBKEHL:�±�GH<UC
IHL?GPBHF?LJBQ?KDBC�LBLJ:GL�

HIJ?>?E?GB?�K?J?;J:�B�I:EE:>BY

Q_[hlZjz\�<�D���I_ljh\�;�B���S_j[Zdh\Z�E�<���:]__\Z�F�<�

:elZckdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� ;ZjgZme�

Ijhba\h^gu_� ibjZahehgZ� ±� Zglbibjbg�� ^bZglbibjbef_lZg� b� _]h
]hfheh]b�� Z� lZd`_� bo� k_jmkh^_j`Zsb_� ZgZeh]b� ±� lbhibjbg� b� _]h

ijhba\h^gu_� gZreb� rbjhdh_� ijbf_g_gb_� \� ZgZeblbq_kdhc� obfbb�� Hgb
bkihevah\Zgu� ^ey� wdkljZdpbhggh]h� \u^_e_gby� b� wdkljZdpbhggh±
nhlhf_ljbq_kdh]h��Zlhfgh±Z^khj[pbhggh]h�hij_^_e_gby�fy]dbo�dZlbhgh\�
Wdki_jbf_gl� ihdZaZe� fZemx� ba[bjZl_evghklv� ^Zgguo� j_Z]_glh\� \

lbljbf_ljbq_kdbo� f_lh^Zo�� K� p_evx� jZkrbj_gby� \hafh`ghkl_c

k_jmkh^_j`Zsbo� ijhba\h^guo� ibjZahehgZ� b� ijbf_g_gby� mdZaZgguo

kh_^bg_gbc� \� ihl_gpbhf_ljbb� kbgl_abjh\Zg� gh\uc� j_Z]_gl� ±
Zglbibjbejm[_Zgh\h^hjh^gZy� dbkehlZ�� >ey� b^_glbnbdZpbb� ihemq_ggh]h
kh_^bg_gby� hij_^_e_gZ� fhe_dmeyjgZy� fZkkZ� ijh^mdlZ� djbhkdhibq_kdbf
f_lh^hf�� Ihemq_ggZy� \� j_amevlZl_� wdki_jbf_glZ� fhe_dmeyjgZy� fZkkZ
khklZ\beZ���������jZkqzlgZy�±��������

>ey� bamq_gby� \aZbfh^_ckl\by� Zglbibjbejm[_Zgh\h^hjh^ghc

dbkehlu� �Ant–J<D�� k� oZevdhnbevgufb� bhgZfb�f_lZeeh\� bkihevah\Zeb� _z
s_ehqghc� jZkl\hj��Dhgp_gljZpby�szehqb� hdZau\Z_l� [hevrh_� \ebygb_� gZ
mklhcqb\hklv�jZkl\hjZ�j_Z]_glZ�\h�\j_f_gb�b�\_ebqbgm�kdZqdZ�ihl_gpbZeZ
bg^bdZlhjgh]h� we_dljh^Z�� JZ[hqbc� jZkl\hj� j_Z]_glZ� ]hlh\beb� gZ� ���F
jZkl\hj_�s_ehqb�



232
Ihl_gpbhf_ljbq_kdbc� f_lh^� hij_^_e_gby� k_j_[jZ� b� iZeeZ^by

hkgh\Zg� gZ� h[jZah\Zgbb� fZehjZkl\hjbfuo� ijhkluo� beb� dhfie_dkguo
hdjZr_gguo�kh_^bg_gbc�k�j_Z]_glhf��>ey�wlh]h�bkke_^h\Zgu�aZ\bkbfhklb
ihl_gpbZeh\�jZaebqguo�bg^bdZlhjguo�we_dljh^h\�ba�f_lZeeh\�±�Ag, Au, Pt,
W, Pd, Cu, Sb�hl�dhgp_gljZpbb�bamq_gguo�bhgh\�b�j_Z]_glZ��dhgp_gljZpbb
1·10-5 – 1·10-4�F��� MklZgh\e_gh�� qlh� fZdkbfZevgZy� jZaghklv� ihl_gpbZeh\
gZ[ex^ZeZkv�gZ� we_dljh^Zo�ba�Ag, Pt, Au�b�Pd.�>Zevg_crb_�bkke_^h\Zgby
ijh\h^beb� k� bg^bdZlhjguf� we_dljh^hf� ba� k_j_[jZ� b� oehjk_j_[jyguf
we_dljh^hf� kjZ\g_gby�� Ijb� hij_^_e_gbb� bhgh\� k_j_[jZ� bg^bdZlhjguc
we_dljh^�^h�lhqdb�kl_obhf_ljbqghklb��l�k���^_ckl\m_l�dZd�we_dljh^�I�jh^Z�b
h[jZam_l�we_dljhobfbq_kdmx�kbkl_fm�Ag+/ Ag��AZ�l�k��h[jZam_lky�kbkl_fZ

R /AgR,R b�we_dljh^�ba�k_j_[jZ�^_ckl\m_l�dZd�we_dljh^�II �jh^Z��Ijb
lbljh\Zgbb� bhgh\� iZeeZ^by� ^h� l�k�� we_dljh^� ba� k_j_[jZ� h[jZam_l

we_dljhobfbq_kdmx� kbkl_fm� Pd2+ / [PdRn] , [AgR],Ag b� ^_ckl\m_l� dZd
we_dljh^� III �jh^Z�� aZ� l�k��h[jZam_lky�kbkl_fZ�R/ [AgR],Ag, l�_�� we_dljh^�ba
k_j_[jZ�nmgdpbhgbjm_l�dZd�we_dljh^�II �jh^Z�

Hij_^_e_gu�hilbfZevgu_�mkeh\by�ihl_gpbhf_ljbq_kdbo�lbljh\Zgbc
bhgh\� Ag+, Pd2+.� Bgl_j\Zeu� dbkehlghklb�� kha^Zggu_� jZkl\hjhf� k_jghc
dbkehlu�beb�]b^jhdkb^Z�gZljby�jZ\gu�khhl\_lkl\_ggh����·10-3 – 3,3; 4,0·10-3

±������fhev�e��fbgbfZevgu_�hij_^_ey_fu_�dhgp_gljZpbb�������±�������·10-5;
(0,57 – 2,63)·10-5��fhev�e� khhl\_lkl\_ggh��>Zggu_�f_lh^bdb� Zijh[bjh\Zgu
gZ� j_Zevghf� h[t_dl_� ±� am[ghf� k_j_[jygh±iZeeZ^b_\hf� kieZ\_� I>±����
Ih]j_rghklv� hij_^_e_gby� g_� ij_\urZ_l� ���F_lh^bdb� hlebqZxlky

wdkij_kkghklvx�b�k_e_dlb\ghklvx�
G:IJ:<E?GGUC�KBGL?A��IJH=GHABJH<:GB?�B
IJ:DLBQ?KDH?�IJBF?G?GB?�K?JHKH>?J@:SBO�J?:=?GLH<

<�IHL?GPBHF?LJBQ?KDHF�:G:EBA?

Q_[hlZjz\�<�D���Qb]bjbgp_\�<�>���DjZ_\�X�D���I_ljh\�;�B��
<Zc]Zgl�G�?���S_j[Zdh\Z�E�<���<hjhgdbgZ�B�<���G_\kdZy�G�<��

IZjg_\Z�L�<���Fhkmgh\Z�:�?�

:elZckdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� ;ZjgZme�

Ijh]gha�\�jZaebqguo�h[eZklyo�q_eh\_q_kdbo� agZgbc�\k_]^Z�p_gbeky
hq_gv� \ukhdh� b� klbfmebjh\Ze� jZa\blb_� gZmdb�� <� h[eZklb� obfbb�� \
qZklghklb� ZgZeblbq_kdhc�� jZa\blb_� l_hj_lbq_kdbo� agZgbc�� bkihevah\Zgb_
W<F� iha\heyxl� \� gZklhys__� \j_fy� gZclb� ih^oh^u� d� ijh]ghabjh\Zgbx
bkihevah\Zgby� ZgZeblbq_kdbo� j_Z]_glh\� \� jZaebqguo� f_lh^Zo� ZgZebaZ�
<_kvfZ� ZdlmZevgh� ijh]ghabjh\Zgb_� bkihevah\Zgb_� \� kZfuo

jZkijhkljZgzgguo� f_lh^Zo� ZgZebaZ� ±� lbljbf_ljbb�� \� qZklghklb� \

ihl_gpbhf_ljbq_kdhf�lbljh\Zgbb�[1–4].
Ijh]ghabjh\Zgb_� \� ihl_gpbhf_ljbq_kdhf� ZgZeba_� b� ^jm]bo

lbljbf_ljbq_kdbo� f_lh^Zo� iha\hey_l� ij_^\Zjbl_evgh�� g_� ijh\h^y

wdki_jbf_glZ�� jZkkqblZlv� hilbfZevgu_� mkeh\by� b� f_ljheh]bq_kdb_
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oZjZdl_jbklbdb�f_lh^bd�� l�_�� kijh]ghabjh\Zlv� kZfm�f_lh^bdm� lbljh\Zgby�
Ijh]ghabjh\Zgb_�f_lh^bd�lbljh\Zgby�bg^b\b^mZevguo�\_s_kl\�iha\hey_l�

1. Hij_^_eblv� \hafh`ghklv� bkihevah\Zgby� ^Zggh]h� j_Z]_glZ� ^ey
bg^b\b^mZevgh]h�lbljh\Zgby�jZaebqguo�\_s_kl\�

2. JZkdjulv�ihegu_�\hafh`ghklb�m`_�ba\_klguo�b�gh\uo�j_Z]_glh\�
3. <uy\blv� \hafh`ghklb� gZijZ\e_ggh]h� kbgl_aZ� j_Z]_glh\

bkke_^m_fh]h�deZkkZ�k�gm`gufb�ZgZeblbq_kdbfb�k\hckl\Zfb�

4. Hij_^_eblv� hilbfZevgu_� ]jZgbpu� dhgp_gljZpbc� lbljZglZ� b

hij_^_ey_fh]h�dhfihg_glZ�

5. Hij_^_eblv�\hafh`gmx�ih]j_rghklv�ZgZebaZ�

6. AgZqbl_evgh� khdjZlblv� \j_fy� gZ� bkke_^h\Zgb_� jZaebqguo

lbljZglh\�[5].
Ijh]ghabjh\Zgb_� f_lh^bd� lbljh\Zgby� fgh]hdhfihg_glguo� kf_k_c

iha\hey_l�

1. JZkkqblZlv� jy^u� ijhqghklb� �ihke_^h\Zl_evghklb� lbljh\Zgby�
\k_o� dhfihg_glh\�� ^Zxsbo� fZehjZkl\hjbfu_� beb� ijhqgu_

dhfie_dkgu_�kh_^bg_gby�

2. Hij_^_eblv� \hafh`ghklv� bkihevah\Zgby� ex[h]h� j_Z]_glZ� ^ey
lbljh\Zgby�^\mo�±�b�fgh]hdhfihg_glguo�kf_k_c�

3. JZkdjulv�ihegu_�\hafh`ghklb�m`_�ba\_klguo�b�gh\uo�j_Z]_glh\
^ey�lbljh\Zgby�fgh]hdhfihg_glguo�kf_k_c�\_s_kl\�

4. Hij_^_eblv�\hafh`gu_�hrb[db�hij_^_e_gbc�

5. <_klb�gZijZ\e_gguc�kbgl_a�j_Z]_glh\�k�gm`gufb�k\hckl\Zfb�^ey
lbljh\Zgby�fgh]hdhfihg_glguo�kf_k_c�b�l�^�

<u\_^_gu� mjZ\g_gby� ^ey� jZkqzlZ� kl_i_g_c� ijhl_dZgby

bg^b\b^mZevguo� ZgZeblbq_kdbo� j_Zdpbc� b� kl_i_gb� ijhl_dZgby� j_Zdpbc
kf_kb�^\mo�\_s_kl\�k�bkihevam_fuf� lbljZglhf�\� lhqdZo� wd\b\Ze_glghklb
�l�� w��� [5]�� Hgb� bkihevamxlky� \� dZq_kl\_� djbl_jb_\� ijh]ghabjh\Zgby
f_lh^bd�lbljh\Zgby�bg^b\b^mZevguo�\_s_kl\�b�bo�kf_k_c�

GZijZ\e_ggh� kbgl_abjh\Zgh� [he__� ���� k_jhkh^_j`Zsbo

hj]Zgbq_kdbo�j_Z]_glh\�±�lbljZglh\�k�lbhgghc� S, lbhevghc�²SH�b�lbhg�±
lbhevghc�]jmiiZfb��kh_^bgzgguo�q_j_a�m]e_jh^��nhknhj�b�^Ze__�q_j_a�Zahl�
dbkehjh^��k_jm�
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I. Ijhba\h^gu_�jm[_Zgh\h^hjh^ghc�dbkehlu�fhgh�±b�^baZf_szggu_�
RNH CS CS NH2 RN CSH CSH NH, RNH CS CS NHR RN CSH CSH NR.

II. Ijhba\h^gu_�^blbhdZj[Zfbgh\hc�dbkehlu��RNH–CS2H ,R2NCS2H
III. Ijhba\h^gu_�^blbhm]hevghc�dbkehlu��R-O-CS2H
IV. �Ijhba\h^gu_�^blbhnhknhjghc�dbkehlu� (RO)2PS2H
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V�>jm]b_� k_jhkh^_j`Zsb_�j_Z]_glu��ijhba\h^gu_� ���±^bf_jdZilh±
1,3,4–lbh^bZahehgZ� �\bkfmlheu��� ibjZahehgZ�� f_jdZilhobghebgZ�� ���±
^blbh[bmj_l��f_jdZilhibjbfb^bg�b�l�^�

Ih�j_Zdpbhgghc�kihkh[ghklb�j_Z]_glu�jZkiheZ]Zxlky�\�ke_^mxs_f

ihjy^d_��ijhba\h^gu_�jm[_Zgh\h^hjh^ghc�dbkehlu��^b±�b�fhghaZf_szggu_

ijhba\h^gu_� ^blbhdZj[Zfbgh\hc� dbkehlu�� ijhba\h^gu_� ^blbhm]hevghc� b
gZbf_g__�j_Zdpbhggh�kihkh[gufb�y\eyxlky�ijhba\h^gu_�^blbhnhknhjghc
dbkehlu�

Hij_^_e_gu� [he__� ���� dhgklZgl� jZ\gh\_kby� j_Zdpbc� j_Z]_glh\� k
kmevnb^h[jZamxsbfb� bhgZfb� [6]�� J_ZdpbhggZy� kihkh[ghklv� \� dZ`^hf
deZkk_� j_Z]_glh\� gZijZ\e_ggh� j_]mebjh\ZeZkv� \\_^_gb_f� jZaebqguo

jZ^bdZeh\� \� fhe_dmeu� j_Z]_glZ�� Ijh\_^zg� ijh]gha� \hafh`ghklb

bkihevah\Zgby� j_Z]_glh\� \� ihl_gpbhf_ljbq_kdhf� lbljh\Zgbb� b� ^jm]bo
lbljbf_ljbq_kdbo�f_lh^Zo�ZgZebaZ��dhlhjuc�ih^l\_j`^zg�ebl_jZlmjgufb
^Zggufb�b�wdki_jbf_glhf�

Bkoh^y� ba� k\hckl\� k_jhkh^_j`Zsbo� j_Z]_glh\�� ijhqghklb� bo

dhfie_dkh\� k� kmevnb^h[jZamxsbfb� bhgZfb�� k\hckl\� jZaebqguo

fZl_jbZeh\�� bkihevam_fuo� ^ey� kha^Zgby� we_dljh^h\�� ijh\_^zg� ijh]gha
\u[hjZ�bg^bdZlhjguo�we_dljh^h\��GZb[he__�ih^oh^ysbfb�bg^bdZlhjgufb
we_dljh^Zfb� y\eyxlky� we_dljh^u�ba�Hg, Ag, Pd, Pt, Au, bhghk_e_dlb\gu_
we_dljh^u� gZ� hkgh\_� kmevnb^h\� k_j_[jZ�� jlmlb� b� m]e_jh^kh^_j`Zsbo

fZl_jbZeh\�� Ijh]gha� \u[hjZ� bg^bdZlhjguo� we_dljh^h\� iheghklvx

ih^l\_j`^zg� wdki_jbf_glZevgh�� Bkihevah\Zgb_� j_Z]_glh\� jZaebqguo

deZkkh\� b� jZaebqguo� ijhba\h^guo� dZ`^h]h� deZkkZ� iha\hebeh

kijh]ghabjh\Zlv�b�kha^Zlv�\ukhdhba[bjZl_evgu_�b�lhqgu_�f_lh^bdb�
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WE?DLJHHK:@>?GB?�><MO�NHJF�HK:>D:
F:EHJ:KL<HJBFH=H�KH?>BG?GBY�G:�IH<?JOGHKLB
F?L:EEBQ?KDH=H�WE?DLJH>:�IJB�BG<?JKBHGGH�

<HEVL:FI?JHF?LJBQ?KDHF�HIJ?>?E?GBB�:GBHGH<

Q_f_ah\Z�D�K���Oeugh\Z�G�F���AZoZjh\�F�K�

Lxf_gkdbc ]hkm^Zjkl\_gguc g_nl_]Zah\uc mgb\_jkbl_l� ]� Lxf_gv

Wdki_jbf_glZevgh� ihdZaZgh�� qlh� ijb� we_dljhobfbq_kdhf

dhgp_gljbjh\Zgbb�Zgbhgh\�\�\b^_�fZehjZkl\hjbfuo�khe_c�gZ�ih\_joghklb
f_lZeebq_kdh]h� we_dljh^Z� ba� kbevgh� jZa[Z\e_gguo� jZkl\hjh\� \hafh`gh
h[jZah\Zgb_� ^\mo� nhjf� hkZ^dZ� wlbo� kh_^bg_gbc�� Z^khj[pbhggh]h� kehy
kh_^bg_gby� b� djbklZeebq_kdbo� aZjh^ur_c� fZehjZkl\hjbfhc� kheb�� Jhkl
dhebq_kl\Z� i_j\hc� nhjfu� hkZ^dZ� h]jZgbqb\Z_lky� h[jZah\Zgb_f

aZ\_jr_ggh]h�fhghkehy�kh_^bg_gby��jhkl�dhebq_kl\Z�\lhjhc�nhjfu�hkZ^dZ
ijb\h^bl� d� h[jZah\Zgbx� gZ� we_dljh^_� ihjbklhc� nZah\hc� ie_gdb

fZehjZkl\hjbfh]h�kh_^bg_gby�

<� jZ[hl_� ijh\_^_gh� l_hj_lbq_kdh_� jZkkfhlj_gb_� wlbo

ijhp_kkh\�� Ijb� ihkljh_gbb� fh^_eb� bkihevah\Zg� ih^oh^� d� ijh[e_f_�
ZgZeh]bqguc� ih^oh^m, ij_^eh`_gghfm� O�A�� ;jZcgbghc� ^ey� jZkkfhlj_gby
h[jZah\Zgby�^\mo�nhjf� hkZ^dZ�f_lZeeZ� gZ� ih\_joghklb� bg^bnn_j_glgh]h
we_dljh^Z��Fh^_ev�ijhp_kkZ�ij_^iheZ]Z_l�

 ��� h[sZy� kdhjhklv� hkZ`^_gby� hij_^_ey_lky� klZpbhgZjghc
dhg\_dlb\ghc�^bnnmab_c�Zgbhgh\�d�ih\_joghklb�we_dljh^Z�

��� h[jZah\Zgb_� Z^khj[pbhggh]h� kehy� kh_^bg_gby� ijhbkoh^bl� dZd
we_dljhobfbq_kdZy�j_Zdpby��ijhl_dZxsZy�g_ihkj_^kl\_ggh�gZ�ih\_joghklb
we_dljh^Z�ih�ko_f_:

zMe+ Az- → MeA+ ze;
��� h[jZah\Zgb_� djbklZeebq_kdbo� aZjh^ur_c� fZehjZkl\hjbfhc� kheb

ijhbkoh^bl� iml_f� i_j_oh^Z� dZlbhgZ� f_lZeeZ� \� jZkl\hj� k� ihke_^mxsbf

hkZ`^_gb_f�kheb�gZ�ih\_joghklb�we_dljh^Z ih�ko_f_:

Me → Mez+ + ze

Mez+ + Az- : MeA
;

��� wlb� ^\Z� ijhp_kkZ� fh]ml� ijhl_dZlv� iZjZee_evgh� b� y\eyxlky
dhgdmjbjmxsbfb�

Ihemq_gZ�b�j_r_gZ�kbkl_fZ�mjZ\g_gbc��hibku\Zxsbo�wlb�ijhp_kku�
JZkq_lu� ihdZaZeb, qlh� ijb� hij_^_e_gguo� mkeh\byo� dhebq_kl\h� i_j\hc
nhjfu� hkZ^dZ� k� jhklhf� dhgp_gljZpbb� Zgbhgh\� \� jZkl\hj_� beb

ijh^he`bl_evghklb�ij_^\Zjbl_evgh]h�we_dljhebaZ�klj_fblky�d�g_dhlhjhfm
ihklhygghfm� agZq_gbx,� dhebq_kl\h� \lhjhc� nhjfu� hkZ^dZ� \hajZklZ_l� k
m\_ebq_gb_f� wlbo� iZjZf_ljh\� Hlf_q_gh� khhl\_lkl\b_� kh\hdmighklb

wdki_jbf_glZevguo�j_amevlZlh\�k�j_amevlZlZfb�l_hj_lbq_kdbo�jZkq_lh\�



236
WE?DLJHHK:@>?GB?�IHJBKLHC�IE?GDB
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F?L:EEBQ?KDH=H�B�BG>BNN?J?GLGH=H�WE?DLJH>H<�<
MKEH<BYO�IJBF?G?GBY�F?LH>:�BG<?JKBHGGHC

<HEVL:FI?JHF?LJBB

Q_f_ah\Z�D�K���Oeugh\Z�G�F���AZoZjh\�F�K�

Lxf_gkdbc ]hkm^Zjkl\_gguc g_nl_]Zah\uc mgb\_jkbl_l� ]� Lxf_gv

?keb� gZ� we_dljh^_� h[jZah\ZgZ� nZah\Zy� ie_gdZ� fZehjZkl\hjbfh]h
kh_^bg_gby�� iheghklvx� ihdju\ZxsZy� _]h� ih\_joghklv�� lh� ^Zevg_crbc

ijhp_kk�__�jhklZ�h[yaZl_evgh�[m^_l�\dexqZlv�\�k_[y�klZ^bx�fZkkhi_j_ghkZ
qZklbp� kd\hav� ie_gdm�� K� m\_ebq_gb_f� lhesbgu� ie_gdb� \hafh`gh

mf_gvr_gb_�kdhjhklb�__�jhklZ��aZ\bkbfhklv�dhebq_kl\Z�h[jZah\Z\r_]hky�gZ
we_dljh^_� kh_^bg_gby� hl� dhgp_gljZpbb� hij_^_ey_fuo� bhgh\� klZgh\blky
g_ebg_cghc�� G_h[oh^bfh� hlf_lblv�� qlh� wlZ� hkh[_gghklv� g_h^ghdjZlgh
hlf_qZeZkv�\�wdki_jbf_glZevguo�jZ[hlZo�

�<� gZklhys_c� jZ[hl_� k� _^bguo� ihabpbc� ijh\_^_gh� l_hj_lbq_kdh_
jZkkfhlj_gb_� ijhp_kkh\� h[jZah\Zgby� b� jhklZ� nZah\hc� ie_gdb

fZehjZkl\hjbfh]h� kh_^bg_gby� ^ey� ^\mo� kemqZ_\: we_dljhobfbq_kdh]h

dhgp_gljbjh\Zgby� Zgbhgh\� gZ�f_lZeebq_kdhf� we_dljh^_ b bhgh\�f_lZeeZ
i_j_f_gghc�\Ze_glghklb�gZ�bg^bnn_j_glghf�we_dljh^_�

<�h[hbo�kemqZyo�fh^_ev�ijhp_kkZ� mqblu\Z_l�i_j_f_s_gb_� ]jZgbpu
ie_gdZ�jZkl\hj�b�\dexqZ_l�\�k_[y�ke_^mxsb_�klZ^bb�

���d\ZabklZpbhgZjgmx�dhg\_dlb\gmx�^bnnmabx�qZklbp��Zgbhgh\�beb
dZlbhgh\� f_lZeeZ� i_j_f_gghc� \Ze_glghklb�� \� jZkl\hj_� d� ih\_joghklb
jZklms_c�ie_gdb�

��� we_dljhhdbke_gb_� f_lZeeZ� we_dljh^Z� beb� dZlbhgZ� f_lZeeZ

i_j_f_gghc�\Ze_glghklb�

��� [ukljmx� obfbq_kdmx� j_Zdpbx� h[jZah\Zgby� fZehjZkl\hjbfh]h
kh_^bg_gby�

���^bnnmabx�qZklbp�lh]h�beb�bgh]h�\b^Z�kd\hav�jZklmsmx�ie_gdm�

Ihemq_gu�� j_r_gu� b� ijhZgZebabjh\Zgu� mjZ\g_gby�� hibku\Zxsb_

kh\hdmighklb�wlbo�ijhp_kkh\�

IhdZaZgh��qlh�ijb�fZehc�lhesbg_�ie_gdb��dh]^Z�ijhp_kk�gZoh^blky
\h� \g_rg_c� ^bnnmabhgghc� h[eZklb�� bf__l� f_klh� ebg_cgZy� aZ\bkbfhklv
dhebq_kl\Z� h[jZah\Z\r_]hky� gZ� ih\_joghklb� we_dljh^Z� kh_^bg_gby� hl
dhgp_gljZpbb� b� \j_f_gb� ij_^\Zjbl_evgh]h� we_dljhebaZ�� K� m\_ebq_gb_f
dhebq_kl\Z� kh_^bg_gby� gZ� we_dljh^_� gZ[ex^Zxlky� hldehg_gby� wlbo

aZ\bkbfhkl_c� hl� ebg_cgh]h� aZdhgZ�� k\yaZggu_� k� i_j_oh^hf� ijhp_kkZ� \h
\gmlj_ggxx�^bnnmabhggmx�h[eZklv��Ihemq_gu�\ujZ`_gby��iha\heyxsb_

ijh\_klb�hp_gdm�\_ebqbgu�ebg_cgh]h�mqZkldZ�djb\hc�T�C���ijb]h^gh]h�^ey
ZgZeblbq_kdbo� p_e_c�� <ujZ`_gby� kh^_j`Zl� iZjZf_lju� ij_^\Zjbl_evgh]h
we_dljhebaZ�b�oZjZdl_jbklbdb�fZehjZkl\hjbfhc�ie_gdb��IhdZaZgh,�qlh�q_f
f_gvr_� \j_fy� we_dljhhkZ`^_gby,�[hevr_� lhesbgZ�^bnnmabhggh]h� kehy�b
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[hevr_�wnn_dlb\guc�dhwnnbpb_gl�^bnnmabb�qZklbp�\�ie_gd_,�l_f�[hevr_

\_ebqbgZ�ebg_cgh]h�mqZkldZ�djb\hc�q(C) .
FH>?EBJH<:GB?�IJHP?KK:�HQBKLDB
IHEMIJH<H>GBDH<H=H�DJ?FGBY�K�BKIHEVAH<:GB?F

F?LH>:�<HEVL:FI?JHF?LJBB

Q_jgh\Z�?�?���DZj[Zbgh\�X�:�

Lhfkdbc ihebl_ogbq_kdbc mgb\_jkbl_l

Ba\_klgh��qlh�h^gbf�ba�wnn_dlb\guo�f_lh^h\�hqbkldb�ih\_joghklb
ihemijh\h^gbdh\uo�ieZklbg�dj_fgby��bkihevam_fuo�\�fbdjhwe_dljhgbd_�
y\ey_lky� bo� h[jZ[hldZ� \� we_dljhobfbq_kdb� Zdlb\bjh\Zgguo� jZkl\hjZo
k_jghc�dbkehlu��H^gZdh��f_oZgbaf�wlh]h�ijhp_kkZ�g_^hklZlhqgh�bamq_g�

IhdZaZgh�� qlh� \� Zdlb\bjh\Zgguo� jZkl\hjZo� k_jghc� dbkehlu

h[jZam_lky� Zdlb\guc� dbkehjh^� ijb� jZaeh`_gbb� i_jhdkhk_jguo� dbkehl� gZ
ih\_joghklb�dj_fgb_\uo�ieZklbg�eb[h�\�\b^_�ZlhfZjgh]h�dbkehjh^Z��eb[h�
\hafh`gh�� \� \b^_� fhe_dmeyjgh]h� kbg]e_lgh]h� dbkehjh^Z�� Dbkehjh^

jZkoh^m_lky� gZ� hdbke_gb_� \hkklZgh\bl_e_c� �f_lZeeh\�� g_f_lZeeh\�
hj]Zgbq_kdbo� \_s_kl\��� dhlhju_� \k_]^Z� ijbkmlkl\mxl� gZ� ih\_joghklb
ieZklbg�

F_lh^�bg\_jkbhgghc�\hevlZfi_jhf_ljbb�bkihevah\Zeb�^ey�dhgljhey
dhgp_gljZpbb� dbkehjh^Z� \� Zdlb\bjh\Zgguo�jZkl\hjZo� \�ijhp_kk_� hqbkldb
ihemijh\h^gbdh\uo�ieZklbg��Ihemq_ggu_�aZ\bkbfhklb�jZkoh^Z�dbkehjh^Z
��O02��f]�e��hl�\j_f_gb�ghkyl�wdklj_fZevguc�oZjZdl_j��fZdkbfmf���Ijhp_kk
baf_g_gby�dhgp_gljZpbb�ijhj_Z]bjh\Z\r_]h�dbkehjh^Z�hl�\j_f_gb�k\yaZg
dZd�k�h[jZah\Zgb_f�dbkehjh^Z�\ke_^kl\b_�jZkiZ^Z�i_jhdkhk_jguo�dbkehl�gZ
ih\_joghklb� dj_fgb_\uo� ieZklbg�� lZd� b� k� jZkoh^h\Zgb_f� dbkehjh^Z� gZ
hdbke_gb_�\hkklZgh\bl_e_c�gZ�ih\_joghklb�ieZklbg�

>ey�hibkZgby�ijhp_kkZ�hqbkldb�\u[jZgZ�fh^_ev�ijhp_kkZ�jZkoh^Z�b
h[jZah\Zgby�dbkehjh^Z�\�nhjf_�mjZ\g_gby�gZb[he__�lhqgh�hibku\Zxs_]h

\k_�wdki_jbf_glZevgu_�^Zggu_�

O02  �O’ 02 + O’’ 02 (exp(-k1t) - exp(-k2t)),
]^_�O¶02�±�nhgh\uc�jZkoh^�dbkehjh^Z�

O¶¶02�±�bkoh^gZy�ijb\_^_ggZy�dhgp_gljZpby�dbkehjh^Z�\�jZkl\hj_��t = 0),
k1 ±�dhgklZglZ�kdhjhklb�h[jZah\Zgby�dbkehjh^Z��k

-1),
k2� �� dhgklZglZ� kdhjhklb� jZkoh^Z� dbkehjh^Z� gZ� hdbke_gb_

\hkklZgh\bl_e_c��k-1).
FZl_fZlbq_kdZy� h[jZ[hldZ� j_amevlZlh\� wdki_jbf_glZ� f_lh^hf

>Z\b^hgZ��Ne_lq_jZ�IZmweeZ��DFP��ih�ijb\_^_gghfm�mjZ\g_gbx�ihdZaZeZ�
qlh� N1� g_� aZ\bkbl� hl� mkeh\bc� ijh\_^_gby� hqbkldb� ih\_joghklb�� y\ey_lky
ihklhygghc� \_ebqbghc� b� khklZ\ey_l� ������ k-1�� Qlh� dZkZ_lky� dhgklZglu
kdhjhklb�jZkoh^h\Zgby�dbkehjh^Z�N2�gZ�hqbkldm�ih\_joghklb�Si-ieZklbg��lh
hgZ�jZaebqgZ�ijb�jZaguo�dhgp_gljZpbyo�Zdlb\gh]h�dbkehjh^Z�\�jZkl\hj_�b
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^ey�jZaguo�ieZklbg��WlZ�\_ebqbgZ�aZ\bkbl�hl�ijbjh^u�\hkklZgh\bl_e_c�gZ
ih\_joghklb�ieZklbg��Ij_^_evgZy�dhgp_gljZpby�jZkoh^Z�dbkehjh^Z�aZ\bkbl
hl�dhebq_kl\Z�\hkklZgh\bl_e_c�gZ�ih\_joghklb�

Ij_^eh`_ggZy�fZl_fZlbq_kdZy�fh^_ev� ^hklZlhqgh� lhqgh� hibku\Z_l
ihemq_ggu_�wdki_jbf_glZevgu_�^Zggu_�ijhp_kkZ�hqbkldb�ih\_joghklb�Si-
ieZklbg� \� Zdlb\bjh\Zgguo� jZkl\hjZo� k_jghc� dbkehlu� b� fh`_l� [ulv
bkihevah\ZgZ�^ey�mijZ\e_gby�ijhp_kkhf�hqbkldb�
WE?DLJHOBFBQ?KDB?�F?LH>U�HIJ?>?E?GBY
IHEBF?JGH=H�IH<?JOGHKLGH�:DLB<GH=H�<?S?KL<:

Qfbe_gdh�N�:���Dhjh[h\Z�B�<��>Zgbe_gdh�E�G��Ihjlj_lguc�<�I�

>g_ijhi_ljh\kdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

IhdZaZgZ� \hafh`ghklv� hij_^_e_gby� dZlbhggh]h� ihebf_jgh]h

ih\_joghklgh�Zdlb\gh]h� \_s_kl\Z� �DII:<�� \� \h^guo� b� ijhfure_gguo

l_ogheh]bq_kdbo� jZkl\hjZo� f_lh^Zfb� \hevlZfi_jhf_ljbb� b

ihl_gpbhf_ljbb�� Bkke_^m_fuc� DII:<� ±
ihebkmevnhgbeibi_jb^bgbef_lbe_g]b^jhdkb^� �IKIF=�� hlghkblky� d

deZkkm�q_l\_jlbqguo�Zffhgb_\uo�ihebf_jguo�hkgh\Zgbc�

Bamq_gZ� \hafh`ghklv� \hevlZfi_jhf_ljbq_kdh]h� hij_^_e_gby

IKIF=� ih� m]g_l_gbx� ij_^_evguo� lhdh\� ijb� jZajy^_� bhgh\

]_dkZpbZghn_jjZlZ� `_e_aZ� �,,,��� Bkihevah\Zeb� ieZlbgh\uc� \jZsZxsbcky

we_dljh^�k�h[gh\ey_fhc�ih\_joghklvx��MklZgh\e_gZ�ebg_cgZy�aZ\bkbfhklv
,ij�� hl� dhgp_gljZpbb� D3[Fe(CN)6@� �Z� lZd`_� aZ\bkbfhklv� ,ij�� hl� KIKIF=�

MklZgh\e_gh�� qlh� aZ\bkbfhklv� ,ij�� ±� OJKIKIF= y\ey_lky� ebg_cghc� \

bgl_j\Ze_�dhgp_gljZpbc�IKIF=������±������f]�fe�

>ey� hij_^_e_gby� IKIF=� k� ihfhsvx� Zfi_jhf_ljbq_kdh]h

lbljh\Zgby� ij_^eh`_gh� \� dZq_kl\_� lbljZglZ� bkihevah\Zlv� jZkl\hj

l_ljZbh^hf_jdmjZlZ�dZeby��dhlhjuc�h[jZam_l�k�IKIF=�hkZ^hd��L_ljZbh^b^
jlmlb�,,��e_]dh�\hkklZgZ\eb\Z_lky�gZ�g_ih^\b`ghf�ieZlbgh\hf� we_dljh^_�
ijb�ihl_gpbZe_�����<�hlghkbl_evgh�gZkus_ggh]h�dZehf_evgh]h�we_dljh^Z�
HilbfZevgh_�agZq_gb_�jG����������IhdZaZgZ�\hafh`ghklv�dZd�ijyfh]h�lZd�b
h[jZlgh]h� Zfi_jhf_ljbq_kdh]h� lbljh\Zgby� jZkl\hjh\� ijhfure_ggh]h

we_dljheblZ�pbgdh\Zgby��kh^_j`Zsbo�IKIF=��Ij_^_e�h[gZjm`_gby� ±����
10-4�]�e��6r = 0,09.

>ey� hij_^_e_gby� IKIF=� \� ijhfu\guo� \h^Zo� ij_^eh`_g

bhghk_e_dlb\guc�we_dljh^��BKW��f_f[jZggh]h�lbiZ��Baf_j_gb_�w�^�k��\_eb
hlghkbl_evgh�oehjk_j_[jyggh]h�we_dljh^Z�kjZ\g_gby���F��lbiZ�W<E��FA�
<� dZq_kl\_� we_dljh^ghZdlb\gh]h� \_s_kl\Z� bkihevah\Zeb� kh_^bg_gb_

IKIF=�+J,4
-2�\�khhlghr_gbb������MklZgh\e_gZ�ebg_cgZy�aZ\bkbfhklv�w�^�k�

�� OJK� IKIF= \� ^bZiZahg_� dhgp_gljZpbc� �±�
.10-6� ]�e��DjmlbagZ� we_dljh^ghc

nmgdpbb� khklZ\ey_l� ��� f<�^_dZ^m�� qlh� k\yaZgh� kh� \aZbfh^_ckl\b_f

IKIF=� dZd� fgh]haZjy^gh]h� dZlbhgZ�� HilbfZevgZy� \_ebqbgZ� jG

bkke_^m_fuo� jZkl\hjh\� jZ\gZ� ����� Dhwnnbpb_glu� k_e_dlb\ghklb
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hij_^_eyeb� f_lh^Zfb� nbdkbjh\Zggh]h� f_rZxs_]h� bhgZ� b

bahihl_gpbZevghc� lhqdb�� >ey� ij_^eh`_ggh]h� BKW� dhwnnbpb_glu

k_e_dlb\ghklb� \� ijbkmlkl\bb� kbgl_lbq_kdbo� fhxsbo� kj_^kl\� �KFK�
©Ehlhkª� khklZ\beb� ����.10-2� �f_lh^� nbdkbjh\Zggh]h� f_rZxs_]h� bhgZ��
3,98.10-2� �f_lh^� bahihl_gpbZevghc� lhqdb��� Z� \� ijbkmlkl\bb� KFK� ©HFHª
6,30.10-2��f_lh^�nbdkbjh\Zggh]h�f_rZxs_]h�bhgZ���<j_fy�`bagb�we_dljh^Z
��f_kypZ
BKIHEVAH<:GB?�WE?DLJH>H<��FH>BNBPBJH<:GGUO
F?L:EEHNL:EHPB:GBG:FB��<�IJHLHQGHF�:G:EBA?

K?JHKH>?J@:SBO�HJ=:GBQ?KDBO�KH?>BG?GBC

RZc^Zjh\Z�E�=��AZjbih\Z�K�:��Nhfbg�:�X��

�;m^gbdh\�=�D��Nbp_\�B�F�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ������� ]� DZaZgv�
me�Dj_fe_\kdZy���

Wdki_jlgh�djbfbgZebklbq_kdh_ mijZ\e_gb_ F<> J_kim[ebdb LZlZjklZg�
Hl^_e ki_pbZevguo bkke_^h\Zgbc� ������� ]�DZaZgv� me�>a_j`bgkdh]h� ��

H^gbf�ba�i_jki_dlb\guo�gZijZ\e_gbc�we_dljhZgZeblbq_kdhc�obfbb
y\ey_lky� \hevlZfi_jhf_ljby� k� obfbq_kdb� fh^bnbpbjh\Zggufb

we_dljh^Zfb� �OFW���Hkh[h]h�\gbfZgby�aZkem`b\Zxl�we_dljh^u�gZ�hkgh\_
i_j_ghkqbdh\�we_dljhgh\�

Ij_^klZ\ey_l� bgl_j_k� bkihevah\Zgb_� we_dljh^h\� k

we_dljhdZlZeblbq_kdbfb� k\hckl\Zfb� \� dZq_kl\_� ^_l_dlhjh\� \� ijhlhqguo
f_lh^Zo� ZgZebaZ� �IF:��� JZajZ[hldZ� lZdbo� OFW� \� khq_lZgbb� k

f_lh^heh]b_c� b� ijbgpbiZfb� IF:� iha\hey_l� g_� lhevdh� kms_kl\_ggh

ih\ukblv� qm\kl\bl_evghklv� hij_^_e_gbc�� gh� b� jZkrbjblv� djm]

ZgZebabjm_fuo�hj]Zgbq_kdbo�kh_^bg_gbc�

Ba\_klgh�� qlh� kmevnb]b^jbevgu_� b� lbhdZj[hgbevgu_� kh_^bg_gby
hdbkeyxlky�gZ�m]hevgh�iZklh\hf�we_dljh^_��MIW��g_h[jZlbfh�b�k�[hevrbf

i_j_gZijy`_gb_f�� Wnn_dl� i_j_gZijy`_gby� mf_gvrZ_lky� ijb� \\_^_gbb� \
iZklm�j_^hdk�f_^bZlhjh\�

MklZgh\e_gh�� qlh� f_lZeehnlZehpbZgbgu�� bffh[bebah\Zggu_� \

khklZ\�MIW��ijhy\eyxl�dZlZeblbq_kdmx�Zdlb\ghklv�ijb�we_dljhhdbke_gbb
pbkl_bgZ��lbhfhq_\bgu�b�dZj[ZlbhgZ��<�[hevr_c�kl_i_gb�dZlZeblbq_kdbc
wnn_dl�ijhy\ey_lky�gZ�we_dljh^Zo��fh^bnbpbjh\Zgguo�dhfie_dkZfb�Fe (II)
b Co (II).�Ijb� we_dljhhdbke_gbb� wlbo� kh_^bg_gbc� gZ� OFW� nbdkbjh\Zeb
aZf_lgh_� m\_ebq_gb_� lhdZ� ibdZ�� Z� lZd`_� mf_gvr_gb_� wnn_dlh\

i_j_gZijy`_gby�� We_dljhobfbq_kdbc� kb]gZe� j_]bkljbjh\Zeb� \� h[eZklb
ihl_gpbZeh\��oZjZdl_jghc�^ey�we_dljhhdbke_gby�f_lZeehdhfie_dkZ�

JZkkfZljb\Z_fu_� dZlZeblbq_kdb_� kbkl_fu� [ueb� bkihevah\Zgu� \
ijhlhqghf� ZgZeba_� hj]Zgbq_kdbo� kh_^bg_gbc�� We_dljhobfbq_kdh_

^_l_dlbjh\Zgb_� hkms_kl\eyeb� \� ijhlhqghc� lj_owe_dljh^ghc

we_dljhobfbq_kdhc�yq_cd_��v=�����fde��
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Bamq_gZ�aZ\bkbfhklv�dZlZeblbq_kdh]h�lhdZ�jZkkfZljb\Z_fuo�kbkl_f
hl� ]b^jh^bgZfbq_kdbo� iZjZf_ljh\� ijhlhqghc� kbkl_fu�� Ijb

we_dljhhdbke_gbb� dZj[ZlbhgZ�bgl_gkb\ghklv� kb]gZeZ� aZ\bkbl� hl� kdhjhklb
ihlhdZ��u��b�ijhoh^bl�q_j_a�fZdkbfmf�\�bgl_j\Ze_���������fe/fbg��<�kemqZ_
we_dljhhdbke_gby� pbkl_bgZ� b� lbhfhq_\bgu� gZ� OFW� kb]gZe� kgZqZeZ

\hajZklZ_l��Z�aZl_f�ijb u > 3�fe/fbg�^hklb]Z_l�ihklhygghc�\_ebqbgu�
J_amevlZlu� f_ljheh]bq_kdhc� h[jZ[hldb� mdZau\Zxl� gZ

m^h\e_l\hjbl_evgmx� \hkijhba\h^bfhklv� ZgZeblbq_kdh]h� kb]gZeZ� \

ijhlhqghc� kbkl_f_�� <_jhylgh�� \� ijhlhqguo� mkeh\byo� ijh^mdlu

we_dljhobfbq_kdbo�j_Zdpbc�g_� mki_\Zxl�Z^khj[bjh\Zlvky�gZ�ih\_joghklb
we_dljh^Z�

Mkeh\by� ijh\_^_gby� ijhlhqgh�bg`_dpbhggh]h� ZgZebaZ� �IB:��� ?�  
����� <� u  � �� fe/fbg�� v= 800 fde�� Bgl_gkb\ghklv� kb]gZeZ� IB:� hl
dhgp_gljZpbb� km[kljZlh\� ebg_cgZ� \� bgl_j\Ze_� ����-3- 1.1.0-7� fhev/e�
Ijhba\h^bl_evghklv�IB:�~����ijh[/qZk
:FI?JHF?LJBQ?KDH?�>?L?DLBJH<:GB?�K�IHFHSVX
WE?DLJH>H<�G:�HKGH<?�I?J?GHKQBDH<�WE?DLJHGH<�<
KBKL?F?�OHEBGWKL?J:A:���;MLBJBELBHOHEBG�BH>B>

RZc^Zjh\Z�E�=���Nhfbg�:�X���F_^ygp_\Z�W�I���;m^gbdh\�=�D�

DZaZgkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ������� ]� DZaZgv� me�Dj_fe_\kdZy���

<� gZklhys__� \j_fy� \� ZgZeblbq_kdhc� obfbb� \k_� qZs_� ijbf_gyxlky
n_jf_glZlb\gu_�j_Zdpbb��Wlh�k\yaZgh�k�l_f��qlh�n_jf_glZlb\gu_�j_Zdpbb
h[eZ^Zxl�\ukhdhc�ki_pbnbqghklvx��Khq_lZgb_�n_jf_glZlb\guo�j_Zdpbc�k
we_dljhobfbq_kdbf� kihkh[hf� ^_l_dlbjh\Zgby� ZgZeblbq_kdh]h� kb]gZeZ

iha\hey_l�jZajZ[hlZlv�qm\kl\bl_evgu_�b�wdkij_kkgu_�kihkh[u�hij_^_e_gby
jZaebqguo�[bheh]bq_kdb�Zdlb\guo�kh_^bg_gbc�

H^gbf�ba�ijh^mdlh\�]b^jhebaZ�[mlbjbelbhohebg�bh^b^Z���;LOB���\
ijbkmlkl\bb� ohebgwkl_jZau� �� OW� �� y\ey_lky� lbhohebg� �� RS-�� bh^b^�
we_dljhobfbq_kdZy� Zdlb\ghklv� dhlhjh]h�bkihevam_lky�^ey� ^_l_dlbjh\Zgby
wlhc�n_jf_glZlb\ghc�kbkl_fu�

Ijb�we_dljhhdbke_gbb�ijh^mdlh\�ohebgwkl_jZagh]h�]b^jhebaZ�;LOB
gZ�]jZnblh\hf�we_dljh^_�j_]bkljbjm_fuc�we_dljhobfbq_kdbc�kb]gZe�ijb�?
~ 0���� <� khhl\_lkl\m_l� hdbke_gbx� lbhohebgZ� ^h� ^bkmevnb^Z�� ijb� wlhf
bh^b^�bhg� mqZkl\m_l� \� we_dljh^ghf� ijhp_kk_� \� dZq_kl\_� f_^bZlhjZ

we_dljhgh\�

Obfbq_kdb� fh^bnbpbjh\Zggu_� we_dljh^u� gZ� hkgh\_� i_j_ghkqbdh\
we_dljhgh\�lZd`_�fh]ml�[ulv�bkihevah\Zgu�\�kbkl_f_�OW���;LOB�

MklZgh\e_gh�� qlh� m]hevgh�iZklh\u_� we_dljh^u� �MIW��
fh^bnbpbjh\Zggu_� f_lZeehnlZehpbZgbgZfb� (MPc)� ^Zxl� dZlZeblbq_kdbc
hldebd� ijb� we_dljhhdbke_gbb� lbhohebgZ�� <� [hevr_c� kl_i_gb

dZlZeblbq_kdbc�wnn_dl�ijhy\ey_lky�gZ�we_dljh^Zo��kh^_j`Zsbo�dhfie_dku
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Fe (II) b Co (II).� Ijb� bkihevah\Zgbb� MIW� gZ� hkgh\_� dhfie_dkh\� Fe (II)
we_dljhdZlZeblbq_kdbc� kb]gZe� j_]bkljbjm_lky� ijb� ?�  � ����� <�� Z� ^ey
we_dljh^Z�gZ�hkgh\_�Co (II)���ijb�?� ������<��We_dljh^gZy�j_Zdpby�\dexqZ_l

h[jZah\Zgb_� dhfie_dkZ� M�,,,�3F�� mqZkl\mxs_]h� \� hdbke_gbb� lbheZ� k
j_]_g_jZpb_c�bkoh^ghc�nhjfu�dhfie_dkZ�

M(II)Pc         M(III)Pc + e;   M(III)Pc + RS-→M(II)Pc + 1/2 RSSR
Ih^h[guc� dZlZeblbq_kdbc� wnn_dl� mklZgh\e_g� ijb� bkihevah\Zgbb

we_dljh^Z��fh^bnbpbjh\Zggh]h� ]m[qZluf�hkfb_f��We_dljhdZlZeblbq_kdbc
kb]gZe�gZ[ex^Z_lky�ijb�?� ������<��<�dZq_kl\_�i_j_ghkqbdZ�we_dljhgh\�\
wlhf�kemqZ_�\uklmiZxl�hdkb^u�hkfby�

Os(III)      Os(IV) + e;   Os(IV) + RS- →Os(III) + 1/2 RSSR
We_dljh^u�gZ�hkgh\_�i_j_ghkqbdh\�we_dljhgh\�iha\heyxl�ih\ukblv

qm\kl\bl_evghklv� hij_^_e_gbc� km[kljZlh\� b� wnn_dlhjh\� OW�� Ijb

hij_^_e_gbb� ;LOB� ZgZeblbq_kdbc� kb]gZe� m\_ebqb\Z_lky� k� jhklhf� jG�
ihwlhfm� \� dZq_kl\_� nhgh\h]h� we_dljheblZ� bkihevah\Zeb� nhknZlguc� beb
[hjZlguc�[mn_j�k�jG�> 7.

Ijb� hij_^_e_gbb� bhgh\� ly`_euo� f_lZeeh\� ^ey� m\_ebq_gby

jZkl\hjbfhklb� \k_o� nhjf� f_lZeeh\� bkihevah\Zeb� ZffbZqguc� [mn_jguc
jZkl\hj� k� jG� >� ��� Ebg_cgZy� aZ\bkbfhklv� \_ebqbgu� we_dljhobfbq_kdh]h
kb]gZeZ� hl� dhgp_gljZpbb� ;LOB� gZ[ex^Z_lky� \� bgl_j\Ze_� �����-5-1.10-3)
fhev/e�� Bhgu� ly`_euo� f_lZeeh\� �Cu,Cd, Zn) fh`gh� hij_^_eylv� gZ

mjh\g_�����-9-1.10-8��fhev/e�
K:EBPBE:L�K?E?DLB<GUC�WE?DLJH>�G:�HKGH<?
WE?DLJHIHEBF?JBAH<:GGH=H

L?LJ::FBGHNL:EHPB:G:L:�F?>B��,,�

R\_^_g_�G�<���E_ca_jh\bq�G�G���:eiZlh\Z�G�F��

H\kyggbdh\Z�?�<���Lhfbeh\Z�E�=

 Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l bf� F�<�Ehfhghkh\Z�
 Bgklblml we_dljhobfbb bf� :�F�NjmfdbgZ

LjZ^bpbhggZy� dhgkljmdpby� bhghk_e_dlb\guo� we_dljh^h\

ih^jZamf_\Z_l� \\_^_gb_� Zdlb\gh]h� dhfihg_glZ� \� ]b^jhnh[gmx�f_f[jZgm�
dhlhjZy� \� [hevrbgkl\_� kemqZ_� ij_^klZ\ey_l� kh[hc� ieZklbnbpbjh\Zggmx
iheb\bgbeoehjb^gmx� fZljbpm�� <� ihke_^gb_� ]h^u� ihy\bebkv� k\_^_gby� h
ihl_gpbhf_ljbq_kdbo� ^ZlqbdZo�� ihemq_gguo� we_dljhhkZ`^_gb_f� lhgdhc
ihebf_jghc� ie_gdb� Zdlb\gh]h� dhfihg_glZ� gZ� ijh\h^ys_c� ih\_joghklb�
LZdhc� ih^oh^� h[eZ^Z_l� jy^hf� ij_bfms_kl\�� \� qZklghklb� iha\hey_l

bkdexqblv� wnn_dlu�� k\yaZggu_� k� ijbjh^hc� ihebf_jghc� fZljbpu� b

ieZklbnbdZlhjZ�� Z� lZd`_� \�[hevrbgkl\_� kemqZ_\�h[_ki_qblv� agZqbl_evgh_
\j_fy� `bagb� we_dljh^Z� aZ� kq_l� ijhqgh]h� m^_j`b\Zgby� bhghnhjZ� gZ
ih\_joghklb� lhdhhl\h^Z�� <� ^Zgghc� jZ[hl_� hdbkebl_evgZy

we_dljhihebf_jbaZpby� l_ljZZfbghnlZehpbZgZlZ� Ku(II)� �KuTAPc)
ijbf_g_gZ�^ey�ihemq_gby�BKW��h[jZlbfh]h�d�kZebpbeZlm�
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>ey� hkZ`^_gby� we_dljh^ghZdlb\gh]h� ihebf_jZ� gZ� ih\_joghklb

lhdhhl\h^h\� ba� kl_dehm]e_jh^Z�� ]jZnblZ� beb� ieZlbgu� bkihevah\Zeb

pbdebq_kdmx�\hevlZfi_jhf_ljbx��kdZgbjmy�ihl_gpbZe�hl�±����^h�����<�ijb
kdhjhklb�jZa\_jldb����f</k��Ijh\h^beb�hl����^h����pbdeh\�kdZgbjh\Zgby�\
gZkus_gghf� KX7$3F� ^bf_lbenhjfZfb^_� \� ijbkmlkl\bb� ���F
l_ljZn_gbe[hjZlZ�l_ljZ[mlbeZffhgby�

<g_� aZ\bkbfhklb� hl� ijbjh^u� ijh\h^ys_]h� fZl_jbZeZ�� ihemq_ggu_
BKW�h[eZ^Zxl�qm\kl\bl_evghklvx�d�kZebpbeZlm�\�bgl_j\Ze_�dhgp_gljZpbc

1×10-4 - 1×10-1�F��DjmlbagZ�we_dljh^ghc�nmgdpbb�[ebadZ�d�l_hj_lbq_kdhc
ijb� jG>��� We_dljh^u� oZjZdl_jbamxlky� fZeuf� \j_f_g_f� hldebdZ� ������
k_d��� ^Z`_� ijb� fZeuo� dhgp_gljZpbyo� ihl_gpbZehij_^_eyxs_]h� bhgZ�
Hkh[_gghklvx� ^ZlqbdZ� y\ey_lky� hlq_leb\Zy� aZ\bkbfhklv� ihl_gpbZeZ

we_dljh^Z�hl�jG�\�bgl_j\Ze_� ����� �����f</jG���dhlhjZy�gZ[ex^Z_lky�dZd�\
ijbkmlkl\bb��lZd�b�\�hlkmlkl\b_�kZebpbeZlZ�gZljby�\�bkke_^m_fhf�jZkl\hj_�

F_lh^hf� [bbhgguo� ihl_gpbZeh\� hp_g_gu� dhwnnbpb_glu

ihl_gpbhf_ljbq_kdhc� k_e_dlb\ghklb� d� kZebpbeZlm� \� ijbkmlkl\bb� jy^Z
ihklhjhggbo� Zgbhgh\�� MklZgh\e_gh�� qlh� jy^� ihl_gpbhf_ljbq_kdhc

k_e_dlb\ghklb� BKW� k� we_dljhihebf_jbah\Zgghc� f_f[jZghc:
Sal>ClO4>SCN>Benz>I>NO3≈H2PO4>Br>CH3COO>Cl>F>SO4 (k

ihl

i/j≤5×10-1 -
1×10-2) hldehgy_lky�hl�jy^Z�=hnf_ckl_jZ��qlh�mdZau\Z_l�gZ�ki_pbnbq_kdb_
\aZbfh^_ckl\by�p_e_\h]h�bhgZ�k�ihebf_jghc�ie_gdhc�
F?L:EEHNL:EHPB:GBGU�D:D�:DLB<GU?�DHFIHG?GLU
F?F;J:G�BKW

R\_^_g_�G�<���E_ca_jh\bq�G�G���Lhfbeh\Z�E�=���Ie_lg_\�B�<�

Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l bf� F�<�Ehfhghkh\Z� Obfbq_kdbc
nZdmevl_l

F_lZeehdhfie_dku� ihjnbjbgh\� b� nlZehpbZgbgh\� mki_rgh

ijbf_gyxlky� ^ey� jZajZ[hldb� Zgbhgk_e_dlb\guo� we_dljh^h\�� Ijbjh^Z

f_lZeeZ� \� lZdhf� dhfie_dkghf� kh_^bg_gbb� b]jZ_l� j_rZxsmx� jhev� \
h[_ki_q_gbb� ihl_gpbhf_ljbq_kdh]h� hldebdZ� b� k_e_dlb\ghklb� f_f[jZg�
dhlhjZy� fh`_l� kms_kl\_ggh� baf_gylvky� ijb� \Zjvbjh\Zgbb� p_gljZ

k\yau\Zgby��H^gZdh��kj_^b�f_lZeehnlZehpbZgbgh\�d�gZklhys_fm�\j_f_gb�\
khklZ\_�BKW� bkke_^h\Zgu� lhevdh� ijhba\h^gu_� 6Q�,9�� b� &R�,,��� <� gZr_c

jZ[hl_� l_ljZdbk�lj_l�[mlbenlZehpbZgZlu�$O�,,,��b�Ku(II) (PctAlCl b�PctCu,
khhl\_lkl\_ggh� bkihevah\Zgu�\�dZq_kl\_�f_f[jZgghZdlb\guo�kh_^bg_gbc
kZebpbeZl�k_e_dlb\guo�we_dljh^h\�

F_f[jZgu�� kh^_j`Zsb_� ��� j_Z]_glZ� b� ieZklbnbpbjh\Zggu_� h�
gbljhn_gbehdlbeh\uf� wnbjhf�� ijhy\eyxl� ebg_cguc

ihl_gpbhf_ljbq_kdbc� hldebd� d� kZebpbeZlm� \� bgl_j\Ze_� dhgp_gljZpbc

1×10-4-1×10-1
F� �PctAlCl) b� �×10-4-1×10-1

F� �Pct&X��� MklZgh\e_gh

kms_kl\_ggh_� baf_g_gb_� ihl_gpbhf_ljbq_kdhc� k_e_dlb\ghklb

ijb]hlh\e_gguo� f_f[jZg� ih� kjZ\g_gbx� k� k_e_dlb\ghklvx� we_dljh^h\� gZ
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hkgh\_�Zgbhghh[f_ggbdh\��khhl\_lkl\mxs_c�jy^m�ebihnbevghklb�Zgbhgh\
=hnf_ckl_jZ��;he__� \ukhdZy� k_e_dlb\ghklv� d� kZebpbeZlm�^hklb]Z_lky� ijb
bkihevah\Zgbb� 3Ft$O&O�� dhwnnbpb_glu� k_e_dlb\ghklb� ^Z`_� d

\ukhdhebihnbevguf� g_hj]Zgbq_kdbf� bhgZf� f_gvr_� �� (kihlSal/ClO4=0.557,
kihl

Sal/SCN=0.287, kihlSal/I=0.042, kihlSal/NO3=0.021).
F_f[jZggmx� dhfihabpbx�� \dexqZxsmx� PctAlCl \� dZq_kl\_

i_j_ghkqbdZ��\Zjvbjh\Zeb�dZd�ih�dhgp_gljZpbb�j_Z]_glZ��lZd�b�ih�ijbjh^_
f_f[jZggh]h� jZkl\hjbl_ey�� GZc^_gh�� qlh� bkihevah\Zgb_� Zdlb\gh]h

dhfihg_glZ� \� dhebq_kl\_� ���fZkk��� \� f_f[jZg_�� ieZklbnbpbjh\Zgghc� h�
gbljhn_gbehdlbeh\uf� wnbjhf�� h[_ki_qb\Z_l� gZbemqrb_� iZjZf_lju

hldebdZ� �djmlbagZ� we_dljh^ghc� nmgdpbb� ��±�� f</^_d��� kmin = 4×10-50�� b
k_e_dlb\ghklv�hij_^_e_gby�

Bamq_gh� \ebygb_� ijbjh^u� b� kh^_j`Zgby� ebihnbevguo� bhgh]_gguo
^h[Z\hd� \� f_f[jZggmx� dhfihabpbx�� MklZgh\e_g� jZaebqguc� f_oZgbaf
nmgdpbhgbjh\Zgby�nlZehpbZgZlh\�Zexfbgby��³aZjy`_gguc´�i_j_ghkqbd��b
f_^b� �g_cljZevguc� i_j_ghkqbd�� dZd� Zdlb\guo� dhfihg_glh\� f_f[jZgu
BKW�

JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�Jhkkbckdh]h�Nhg^Z

Nmg^Zf_glZevguo�bkke_^h\Zgbc
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BKIHEVAH<:GB?������LHEBE:AH�N?GBE;HJGHC
DBKEHLU�>EY�BHGHF?LJBQ?KDH=H�HIJ?>?E?GBY

IHEB=B>JHDKBKH?>BG?GBC

R\_^_g_�G�<���Ie_lg_\�B�<���GZaZjh\Z�B�:���KlZjmrdh�G�<�

Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l bf� F�<�Ehfhghkh\Z� Obfbq_kdbc
nZdmevl_l

=b^jhnh[gu_� ijhba\h^gu_� [hjghc� dbkehlu� ²� i_jki_dlb\gu_

j_Z]_glu�^ey�k\yau\Zgby�b�hij_^_e_gby�iheb]b^jhdkbkh_^bg_gbc��H^gZdh
^h�kbo�ihj�bo�g_�bkihevah\Zeb ^ey�kha^Zgby bhghk_e_dlb\guo�we_dljh^h\�
Fu�bkke_^h\Zeb�ih\_^_gb_�ieZklbnbpbjh\Zgguo�f_f[jZgguo� we_dljh^h\
gZ� hkgh\_� �����lhebeZah�n_gbe[hjghc� dbkehlu� �L:N;D�� kbgl_abjh\ZgZ� \
B;O� J:G� :�� :�� NhjfZgh\kdbf� k� khlj��� \� jZkl\hjZo� dZl_oheZfbgh\� b
n_ghehdbkehl�

We_dljh^gZy�nmgdpby�f_f[jZgu�gZ� hkgh\_�L:N;D� �ieZklbnbdZlhj
²^bwlbek_[ZpbgZl��\�jZkl\hjZo�^h[mlZfbgZ�[ebadZ�d�l_hj_lbq_kdhc��S = 56
±� �� f<�ihjy^hd�� Ij_^_e� h[gZjm`_gby� khklZ\be� �����-5�F�� jG�^bZiZahg
nmgdpbhgbjh\Zgby� ���������Ijb�i_j_oh^_� hl�^h[mlZfbgZ� d� ghjZ^j_gZebgm
we_dljh^gu_� oZjZdl_jbklbdb� mom^rZxlky�� qlh�� \b^bfh�� k\yaZgh� k

mf_gvr_gb_f�]b^jhnh[ghklb�\�jy^m�^h[mlZfbg�>�^hnZfbg�!�Z^j_gZebg�!
ghjZ^j_gZebg�� We_dljh^� k_e_dlb\_g� d� ^h[mlZfbgm� \� ijbkmlkl\bb� ^jm]bo

dZl_oheZfbgh\��s_ehqguo�b�s_ehqgha_f_evguo�f_lZeeh\��Kpot
i/j  ≈ 10-2-10-4).

Ijh\_^_gZ� hilbfbaZpby� khklZ\Z� f_f[jZgu�� MklZgh\e_gh�� qlh

mf_gvr_gb_�dhebq_kl\Z�Zdlb\gh]h�dhfihg_glZ�\�f_f[jZg_�hl����^h����g_
hdZau\Z_l� aZf_lgh]h� \ebygby� gZ� nmgdpbhgbjh\Zgb_� BKW�� Baf_g_gb_
ijbjh^u� ieZklbnbdZlhjZ� kms_kl\_ggh� kdZau\Z_lky� gZ� oZjZdl_jbklbdZo
f_f[jZgu��emqrbfb� k\hckl\Zfb�h[eZ^Z_l�f_f[jZgZ��ieZklbnbpbjh\ZggZy
^bwlbek_[ZpbgZlhf�

F_f[jZgZ� gZ� hkgh\_� L:N;D� k� dZlbhgghc� ^h[Z\dhc

�l_ljZ]_dkbewlbe_g^bZfbg��^Z_l�Zgbhgguc�hldebd�\�jZkl\hjZo�dhn_bgh\hc
dbkehlu�\�bgl_j\Ze_�jG����������kmin = 2,5*10-5 

F��

FZeh_�\j_fy�hldebdZ���������k_dmg^���klZ[bevgu_�we_dljhobfbq_kdb_
oZjZdl_jbklbdb� b� m^h\e_l\hjbl_evgZy� k_e_dlb\ghklv� iha\heyxl

j_dhf_g^h\Zlv� ij_^eh`_ggu_� we_dljh^u� ^ey� hij_^_e_gby� ^h[mlZfbgZ� b
n_ghehdbkehl�\�e_dZjkl\_gguo�j_p_ilmjZo�b�[bheh]bq_kdbo�`b^dhklyo�
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BAMQ?GB?�DHFIE?DKH<�=B>JHDK:FH<UO
1�:JBEA:F?S?GGUO�DBKEHL�B�;HJGHC�DBKEHLU�<
D:Q?KL<?�WE?DLJH>GH:DLB<GUO�DHFIHG?GLH<

F?F;J:G�BKW

R\_^_g_�G�<���Ie_lg_\�B�<���GZaZjh\Z�B�:���KlZjmrdh�G�<�

Fhkdh\kdbc =hkm^Zjkl\_gguc Mgb\_jkbl_l bf� F�<�Ehfhghkh\Z� Obfbq_kdbc
nZdmevl_l

<� ihke_^g__� \j_fy� bgl_gkb\gh� bkke_^mxlky� ]b^jhnh[gu_

[hjkh^_j`Zsb_� kh_^bg_gby�� ihl_gpbZevgh� ijb]h^gu_� ^ey� kha^Zgby

bhghk_e_dlb\guo�we_dljh^h\�gZ�iheb]b^jhdkbkh_^bg_gby��Fu�ihiulZebkv
ijbf_gblv�ijbgpbibZevgh�gh\uc�deZkk�i_j_ghkqbdh\��ijhba\h^guo�[hjghc
dbkehlu����dhfie_dku�]b^jhdkZfh\uo�dbkehl�k�[hjghc�dbkehlhc�

Ihemq_gu� ieZklbnbpbjh\Zggu_� ^bwlbek_[ZpbgZlhf� f_f[jZgu�
kh^_j`Zsb_� ��� jZaebqguo� 1�ZjbeaZf_s_gguo� g_gZkus_gguo

]b^jhdkZfh\uo� dbkehl�� :dlb\guc� dhfihg_gl� f_f[jZg� [ue� ihemq_g� \
j_amevlZl_� bo� dhg^bpbhgbjh\Zgby� \� ���� F� jZkl\hj_� [hjghc� dbkehlu
�jG ������ Bamq_gh� we_dljhobfbq_kdh_� ih\_^_gb_� ihemq_gguo� f_f[jZg� \
jZkl\hjZo�^h[mlZfbgZ�

DjmlbagZ� we_dljh^ghc� nmgdpbb� BKW� aZ\bkbl� hl� kljmdlmju

]b^jhdkZfh\hc� dbkehlu�� oZjZdl_jbklbdb� f_f[jZg� memqrZxlky� k

m\_ebq_gb_f�p_ib�khijy`_gby�k\ya_c�b�]b^jhnh[ghklb�j_Z]_glZ��Emqrbfb

oZjZdl_jbklbdZfb� h[eZ^Z_l� we_dljh^� gZ� hkgh\_� ��

klbjbehZdjbehbe]b^jhdkbeZfbgZ�� djmlbagZ� we_dljh^ghc� nmgdpbb� ��� ± 4
f<�^_d��bgl_j\Ze�ebg_cghklb����-5 – 10-2�F��Kmin=2*10-5�F��Hg�iha\hey_l
hij_^_eylv�^h[mlZfbg�\�rbjhdhf�^bZiZahg_�jG�\�ijbkmlkl\bb�s_ehqguo�
s_ehqgha_f_evguo�f_lZeeh\��^jm]bo�dZl_oheZfbgh\�

LZdbf� h[jZahf�� ihdZaZgZ� \hafh`ghklv� bkihevah\Zgby� gh\uo

Zdlb\guo� dhfihg_glh\� f_f[jZg� ±� kh_^bg_gbc� ]b^jhdkZfh\uo� dbkehl� b
[hjghc�dbkehlu�±�^ey�bhghf_ljbq_kdh]h�hij_^_e_gby�dZl_oheZfbgh\��Wlh
kms_kl\_ggh� jZkrbjy_l� djm]� ]b^jhnh[guo� kh_^bg_gbc� [hjZ�� ijb]h^guo
^ey� bhghf_ljbq_kdh]h� hij_^_e_gby� iheb]b^jhdkbkh_^bg_gbc�
WdkiemlZpbhggu_� oZjZdl_jbklbdb� f_f[jZg� ²^bZiZahg� hij_^_ey_fuo

kh^_j`Zgbc�� djmlbagZ� we_dljh^ghc� nmgdpbb�� ij_^_e� h[gZjm`_gby� ²g_

mklmiZxl� ihemq_gguf� ijb� bkihevah\Zgbb� ijhba\h^guo� n_gbe[hjghc

dbkehlu�
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&?E?DLB<GH?�HIJ?>?E?GB?�KMJVFU�F?LH>HF
BG<?JKBHGGHC�<HEVL:FI?JHF?LJBB�G:

FH>BNBPBJH<:GGHF�JH>:FBGHF�K�WE?DLJH>?

R_edh\gbdh\�<��<���Kheh\v_\Z�E��G�

Lhfkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

Ijb�ZgZeba_�j_Zevguo�ijbjh^guo�h[t_dlh\��\h^u��ihq\u��jZkl_gby�b
l�^��� gZ� kh^_j`Zgb_� kmjvfu� f_lh^hf� bg\_jkbhgghc� \hevlZfi_jhf_ljbb
�B<��f_rZxs__�\ebygb_�hdZau\Zxl�f_^v�b�\bkfml��:gh^gu_�ibdb�^Zgguo
we_f_glh\� gZdeZ^u\Zxlky� gZ� Zgh^guc� ibd� kmjvfu� ijZdlbq_kdb� gZ� \k_o
nhgh\uo� we_dljheblZo� ^Z`_� ijb� khbaf_jbfuo� dhebq_kl\Zo�� ihwlhfm� ijb
ijh\_^_gbb� ZgZebaZ� g_h[oh^bfh� bo� ij_^\Zjbl_evgh_� m^Ze_gb_�� F_lh^u

jZa^_e_gby��dZd�ijZ\beh�� ljm^h_fdb�b�^ebl_evgu�\h� \j_f_gb��djhf_� lh]h�
\hafh`gu� ihl_jb� hij_^_ey_fh]h� we_f_glZ� ijb� jZaebqguo� hi_jZpbyo
ijh[hih^]hlh\db�

K� p_evx� k_e_dlb\gh]h� hij_^_e_gby� kmjvfu� fu� ij_^eZ]Z_f

bkihevah\Zlv� kihkh[ghklv� kmjvfu� d� h[jZah\Zgbx� ijhqgh]h� dhfie_dkZ� k
jh^Zfbghf�K��>Zgguc� dhfie_dk��ijb�gZeh`_gbb�gZ� ]jZnblh\uc� we_dljh^
iheh`bl_evgh]h� ihl_gpbZeZ�� Z^khj[bjm_lky� gZ� g_f� b� ijb� ebg_cghc

jZa\_jld_� ihl_gpbZeZ� ^Z_l� dZlh^guc� ibd�� khhl\_lkl\mxsbc

\hkklZgh\e_gbx� Sb(V) → Sb(III)�� <_ebqbgZ� ibdZ� ebg_cgh� aZ\bkbl� hl
dhgp_gljZpbb�kmjvfu�\�^bZiZahg_��×10-7 ÷ 5×10-6�fhev�e�

We_dljhZdlb\guf� y\ey_lky� dhfie_dk�Sb(V) k� jh^Zfbghf��LZd� dZd� \
j_Zevguo�h[t_dlZo�kmjvfZ�fh`_l�gZoh^blvky�b�\�lj_o\Ze_glghf�khklhygbb�
lh� g_h[oh^bfh� __� ij_^\Zjbl_evgh_� hdbke_gb_� ^h� iylb\Ze_glgh]h

khklhygby�� Qlh[u� ba[_`Zlv� \g_k_gby� \� ZgZebabjm_fuc� jZkl\hj

hdbkebl_e_c��fu�ij_^eZ]Z_f�ijh\_klb�ij_^\Zjbl_evgh_�h[emq_gb_�jZkl\hjZ
k\_lhf� MN� eZfiu�� <� ijbkmlkl\bb� g_[hevrh]h� dhebq_kl\Z� HCl,� dhlhjZy
b]jZ_l�jhev�nhgh\h]h�we_dljheblZ��\�l_q_gb_���fbgml�MN�h[emq_gby�Sb(III)
dhebq_kl\_ggh�hdbkey_lky�^h�Sb(V).

LZd� dZd� jh^Zfbg� K� y\ey_lky� djZkbl_e_f�� lh� ijb� jZ[hl_� k� gbf
\hagbdZ_l� jy^� g_m^h[kl\�� \� qZklghklb�� eZ[hjZlhjgmx� ihkm^m� ljm^gh

hqbklblv�� Qlh[u� ba[_`Zlv� ijyfh]h� dhglZdlZ� k� djZkbl_e_f� gZfb� [ue
ij_^eh`_g�kihkh[�fh^bnbdZpbb�]jZnblh\h]h�we_dljh^Z�jh^Zfbghf�K��Ijb
gZeh`_gbb�gZ�we_dljh^�hljbpZl_evgh]h�ihl_gpbZeZ�gZ�ih\_joghklb�]jZnblZ
h[jZam_lky� ie_gdZ� jh^ZfbgZ� K�� >ZggZy� ie_gdZ� ^h\hevgh� ijhqgh

m^_j`b\Z_lky� gZ� ih\_joghklb� aZ� kq_l� kbe� Z^khj[pbb�� Ijb� himkdZgbb
we_dljh^Z�\�jZkl\hj��kh^_j`Zsbc�Sb(V)�ijhbkoh^bl�h[jZah\Zgb_�dhfie_dkZ
]_dkZoehjhklb[ZlZ� jh^ZfbgZ� K�� dhlhjuc� kihkh[_g� \hkklZgZ\eb\Zlvky� ijb
dZlh^ghc� jZa\_jld_� ihl_gpbZeZ�� Bkihevah\Zgb_� fh^bnbpbjh\Zggh]h

we_dljh^Z�iha\hey_l�kgbablv�ij_^_e�h[gZjm`_gby�kmjvfu�^h��×10-8�fhev�e�
ijb�wlhf�hlghkbl_evgh_�klZg^Zjlgh_�hldehg_gb_�g_�ij_\urZ_l������



247
IHL?GPBHKL:LBQ?KD:Y�DMEHGHF?LJBY�G?HJ=:GBQ?KDBO
<?S?KL<�A:�IHKE?>G??�>?KYLBE?LB?

Rbjhdh\Z�<�B���DZ[Zgh\Z�H�E���Fykh_^h\�;�N�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B� <_jgZ^kdh]h J:G�
������� =KI��� Fhkd\Z� <����� Dhku]bgZ� ���

nZdk� ����� ���������� H�PDLO� shirokova@geokhi.ru

F_lh^u� dmehghf_ljbb� \� jZaebqguo� \ZjbZglZo�� \� lhf� qbke_

ihl_gpbhklZlbq_kdZy� dmehghf_ljby�� ijbf_gyxlky� ^ey� hij_^_e_gby

[hevrh]h� dhebq_kl\Z� we_f_glh\� i_jbh^bq_kdhc� kbkl_fu� b� baeh`_gu� \
fhgh]jZnbyo� b� h[ahjZo�� Ihke_^gyy�� gZb[he__� ihegZy� kbkl_fZlbaZpby
^Zgguo� ih� dmehghf_ljbq_kdbf� f_lh^Zf� hij_^_e_gby� g_hj]Zgbq_kdbo

\_s_kl\�[ueZ�ijh\_^_gZ�I�D�:]Zkyghf�b�L�D�OZfjZdmeh\uf�\�fhgh]jZnbb
>�@�� ho\Zlb\r_c� ebl_jZlmjm� ijbf_jgh� ih� ����� ]�� Ihl_gpbhklZlbq_kdZy
dmehghf_ljby� bf__l� jy^� ij_bfms_kl\� i_j_^� dmehghf_ljb_c� k

bkihevah\Zgb_f� ihklhyggh]h� lhdZ�� Wlh� \� i_j\mx� hq_j_^v� \hafh`ghklv
hij_^_e_gby� bhgh\� k� [ebadbfb� ihl_gpbZeZfb� we_dljhij_\jZs_gby� b

jZagh\Ze_glguo�nhjf�we_f_glh\�

Ijbf_g_gbx� f_lh^Z� ihl_gpbhklZlbq_kdhc� dmehghf_ljbb� beb

dmehghf_ljbb� ijb� dhgljhebjm_fhf� ihl_gpbZe_� �DDI�� \� ZgZeblbq_kdhc
obfbb�ihk\ys_g�h[ahj�B�K�Kdeyj_gdh�b�L�F�Qm[mdh\hc�>�@��<�g_f�m^_e_gh
[hevrh_� \gbfZgb_� ZiiZjZlmjghfm� hnhjfe_gbx� f_lh^Z�� bkihevam_fuf
yq_cdZf�� ^Zgh� kjZ\g_gb_� k� ^jm]bfb� f_lh^Zfb� ih� jy^m� f_ljheh]bq_kdbo
iZjZf_ljh\� b� jZkkfhlj_gu� i_jki_dlb\u� jZa\blby� f_lh^Z�� <� h[ahj_

pblbjmxlky� hl^_evgu_� jZ[hlu� ih� hij_^_e_gbx� jy^Z� g_hj]Zgbq_kdbo

\_s_kl\�^h������]���>hklZlhqgh�ihegu_�^Zggu_�ih�dmehghf_ljbb�bf_xlky�\
ebl_jZlmj_� ^ey� [eZ]hjh^guo� we_f_glh\� �we_f_glu� ieZlbgh\hc� ]jmiiu�
ahehlh� b� k_j_[jh�� \� h[ahjZo� >���@�� kbkl_fZlbabjh\Z\rbo� im[ebdZpbb� \
fbjh\hc�ebl_jZlmj_�k������ih������]��\dexqbl_evgh��LZdh_�\gbfZgb_�d�wlhc
]jmii_� we_f_glh\� h[tykgylky� � g_h[oh^bfhklvx� hij_^_e_gby� bo� k� hq_gv
fZehc�ih]j_rghklvx�

<� ^Zgghc� jZ[hl_� gZfb� ijhZgZebabjh\Zgu� im[ebdZpbb� b� khklhygb_
jZ[hl�ih�DDI�k������]��ih������]��AZ�wlhl�i_jbh^�\j_f_gb�fu�jZkiheZ]Z_f
[Zgdhf�^Zgguo�ih�dmehghf_ljbb�g_hj]Zgbq_kdbo�\_s_kl\��gZkqblu\Zxsbf

hdheh� ���� im[ebdZpbc� \� fbjh\hc� ebl_jZlmj_�� Ba� gbo� hdheh� ���
im[ebdZpbc� ihk\ys_gh� l_hj_lbq_kdbf� \hijhkZf� b� \hijhkZf� ZiiZjZlmju�
ijbf_jgh� iheh\bgZ� im[ebdZpbc� �� f_lh^Zf� dmehghf_ljbb� ijb

dhgljhebjm_fhf� lhd_�� hdheh� ���� �� f_lh^Zf� ijb� dhgljhebjm_fhf

ihl_gpbZe_��hklZevgh_���im[ebdZpbb�ih�dmehghf_ljbb�k�baf_g_gb_f�lhdZ�b
ihl_gpbZeZ�� <� qbkeh� jZ[hl� ih� DDI� \dexq_gu� jZ[hlu� ih

dmehghf_ljbq_kdhfm� lbljh\Zgbx�� ]^_� lbljZgl� ]_g_jbjm_lky� beb

hij_^_ey_lky� _]h� ba[ulhd� ihke_� gZoh`^_gby� kh^_j`Zgby� hij_^_ey_fh]h
dhfihg_glZ�f_lh^hf�DDI�

:gZeba� im[ebdZpbc� ih� dmehghf_ljbb� ijb� dhgljhebjm_fhf

ihl_gpbZe_� ihdZau\Z_l�� qlh� aZ� jZkkfZljb\Z_fuc� i_jbh^� \j_f_gb� qbkeh
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jZ[hl� "jmkkdhyauqguo�� Z\lhjh\� �Jhkkby� b� KG=�� b� bghkljZgguo� Z\lhjh\
ijbf_jgh�h^bgZdh\h�����b�����hl�h[s_]h�qbkeZ�im[ebdZpbc�ih�DDI��

Hkgh\gu_�gZijZ\e_gby��eb^bjmxsb_�\�f_lh^_�DDI�

���jZajZ[hldZ�f_lh^bd�ij_pbabhggh]h�hij_^_e_gby�fZdjhkh^_j`Zgbc
[eZ]hjh^guo�f_lZeeh\�\�h[t_dlZo�jZaebqghc�ijbjh^u� �$X��$J��3W��3G��5X�
Rh, Ir, Os);

��� jZajZ[hldZ� f_lh^bd� ij_pbabhggh]h� hij_^_e_gby� mjZgZ� b

ljZgkmjZgh\uo��8��3X��1S�$P�b�^j�);
��� hij_^_e_gb_� k� \ukhdhc� lhqghklvx� fZdjhdhfihg_glh\� \

ihemijh\h^gbdh\uo� kh_^bg_gbyo� b� \ukhdhl_fi_jZlmjguo

k\_joijh\h^gbdZo���&G��,Q��+J��&X��7O��3E��%L�b�^j���

��� hij_^_e_gb_� fZdjhkh^_j`Zgbc� jZagh\Ze_glguo� nhjf� bhgh\� ijb
bo� kh\f_klghf� ijbkmlkl\bb� �� $V�,,,��� $V�9��� 3X�,9��� 3X�,,,��� &X�,��� &X�,,��
Cu(III), Bi(III), Bi(V), Tl(I), Tl(III), Pb(II), Pb(IV), Pt(II), Pt(IV);

��� hij_^_e_gb_� ]Zah\� \� ]Zah\uo� kf_kyo� b� `b^dhklyo� �� \� l�q�� ^ey
ijb]hlh\e_gby� klZg^Zjlguo� ]Zah\uo� kf_k_c� b� dZeb[jh\db� ]Zah\uo

ojhfZlh]jZnh\��22, H2, Cl2, CO2, NOx�b�^j���

Ihy\bebkv�g_fgh]hqbke_ggu_�im[ebdZpbb�ih�bkihevah\Zgbx�f_lh^Z
DDI� ^ey� ^_l_dlbjh\Zgby� \� bhgghc� ojhfZlh]jZnbb�� \� l�q�� \� ihlhd_� �Kl-,
NO3

-, PO4
3-, SO4

2-, Cu 2+).
<� lZ[ebp_� ijb\_^_gh� qbkeh� im[ebdZpbc� ih� wlbf� gZijZ\e_gbyf� \

ihke_^gb_�]h^u�^ey�jmkkdhyauqguo�b�bghkljZgguo�Z\lhjh\�

LZ[ebpZ

GZijZ\e_gb_ H[s__

qbkeh

jZ[hl

Im[ebdZpbb�©jmkkdhyauqguoª
Z\lhjh\

Im[ebdZpbb

bghkljZgguo

Z\lhjh\

1 40 ����ba�gbo��� – =?HOB�J:G�b
���BHGO�J:G�

9

2 29 ����ba�gbo��� – =?HOB�J:G� 13
3 19 ����ba�gbo�15– =?HOB�J:G� 3
4 12 ���ba�gbo�7 – =?HOB�J:G� 4
5 20 5 15

?keb� ^h� ����� ]�� �kf�� fhgh]jZnbx� >�@�� hkgh\gufb� gZijZ\e_gbyfb
jZa\blby� b� ZgZeblbq_kdh]h� ijbf_g_gby� y\eyebkv� hij_^_e_gb_� lhesbgu

f_lZeebq_kdbo�ihdjulbc��ijb]hlh\e_gb_�klZg^Zjlguo�jZkl\hjh\�b�]Zah\uo
kf_k_c�� lh� \� ihke_^gb_� ]h^u� [hevrZy� qZklv� jZ[hl� ih� DDI� ihk\ys_gZ

hij_^_e_gbx� [eZ]hjh^guo� we_f_glh\�� mjZgZ� b� ljZgkmjZgh\uo� we_f_glh\�
ijbq_f�khhlghr_gb_�jZ[hl�m�gZk�b�aZ�jm[_`hf�ih�mjZgm�b�ljZgkmjZgh\uf
we_f_glZf� h^bgZdh\h� b� hij_^_ey_lky� \Z`ghklvx� ^Zgghc� l_fZlbdb� \

fbjh\hf�fZkrlZ[_�

Ba�lZ[ebpu�\b^gh��qlh�DDI�jZa\b\Z_lky�\�Jhkkbb�]eZ\guf�h[jZahf�\
=?HOB� J:G� b� BHGO� J:G�� BamqZxlky� we_dljhobfbq_kdh_� ih\_^_gb_�
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ijhp_kku� dhfie_dkhh[jZah\Zgby� khhl\_lkl\mxsbo� bhgh\� b

jZajZ[Zlu\Zxlky�f_lh^bdb�bo�hij_^_e_gby�

<� h[eZklb� DDI� ^hklb]gmlu� f_ljheh]bq_kdb_� iZjZf_lju� �
ih]j_rghklv� hij_^_e_gby� hl� ����� ^h� ������ hlghkbl_evgh_� klZg^Zjlgh_
hldehg_gb_��������������Z�\�jy^_�kemqZ_\�b�f_gvr_�������

=eZ\guf�gZijZ\e_gb_f�jZ[hl�ih�DDI�ihke_^gbo�^_kylb�e_l�fh`gh
gZa\Zlv� ij_pbabhggh_� hij_^_e_gb_� fZdjhdhfihg_glh\� b� bo� \Ze_glguo
nhjf�� jZkrbj_gb_� h[t_dlh\� ZgZebaZ� b� djm]Z� hij_^_ey_fuo� we_f_glh\�
bkihevah\Zgb_� gh\uo� we_dljh^guo� fZl_jbZeh\�� LZd�� _keb� jZg__�� dZd

ijZ\beh��bkihevah\Zeky�ieZlbgh\uc�we_dljh^��lh�l_i_jv�ihy\bebkv�jZ[hlu
k� m]e_jh^gufb� we_dljh^Zfb�� kh� kl_dehm]e_jh^guf�� we_dljh^Zfb� ba

m]e_jh^ghc�ldZgb�b�^j�

I_jki_dlb\Z� jZa\blby� DDI� \� ^Zevg_cr_f� \� jZkrbj_gbb

hij_^_ey_fuo� we_f_glh\� b� ZgZebabjm_fuo� h[t_dlh\�� \� bkihevah\Zgbb
gh\uo�we_dljh^guo�fZl_jbZeh\� �\�l�q��b�m]e_jh^guo��gZijbf_j��we_dljh^Z
ba�ZefZaZ�\ke_^kl\b_�gbadh]h�\deZ^Z�nhgh\uo�ihdZaZgbc���khq_lZgb_�DDI�k
^jm]bfb� f_lh^Zfb� ZgZeblbq_kdhc� obfbb�� gZijbf_j� k

ojhfZlh]jZnbq_kdbfb�

DZd� b� \� ^jm]bo�WF:�� mki_ob�DDI� g_� \� ihke_^gxx� hq_j_^v� [m^ml
hij_^_eylvky� mkh\_jr_gkl\h\Zgb_f� ijb[hjghc� [Zau� f_lh^Z�� Z

ijZdlbq_kdh_�bkihevah\Zgb_�\uimkdhf�klZg^Zjlguo�aZ\h^kdbo�ijb[hjh\�

Ebl_jZlmjZ

�� :]Zkyg I�D�� OZfjZdmeh\ L�D� Dmehghf_ljbq_kdbc f_lh^ ZgZebaZ�F�� Obfby� �����
��� k�

�� Kdeyj_gdh B�K�� Qm[mdh\Z L�F� //@mjg� ZgZebl� obfbb� ����� L����N2� K�����
�� ?a_jkdZy G�:�� DZ[Zgh\Z H�E��Kljbevq_gdh L�=� //@mjg� ZgZebl� obfbb� ����� L����N11.

K�����

�� DZ[Zgh\Z H�E��Rbjhdh\Z <�B� //@mjg� ZgZebl� obfbb� ����� L��� �N8� K�����
WE?DLJHOBFBQ?KDH?�>?L?DLBJH<:GB?�<�IJHLHQGH�
BG@?DPBHGGHF�:G:EBA?��HIJ?>?E?GB?�;E:=HJH>GUO

F?L:EEH<

Rib]mg�E�D�

Bgklblml h[s_c b g_hj]Zgbq_kdhc obfbb bf� G� K� DmjgZdh\Z J:G� Fhkd\Z

We_dljhobfbq_kdb_� ijbgpbiu� ^_l_dlbjh\Zgby� bf_xl� \Z`gh_

agZq_gb_� \� ijhlhqgh�bg`_dpbhgghf� ZgZeba_� �IB:��� ;he__� lh]h�� kZfu_
i_j\u_�jZ[hlu�\�wlhc�h[eZklb�[ueb�\uiheg_gu�bf_ggh�ijb�bkihevah\Zgbb
we_dljh�obfbq_kdbo� ^_l_dlhjh\�� H^gZdh� \� l_q_gb_� ^ebl_evgh]h� \j_f_gb
ijhlhqgh�bg`_dpbhgguc� we_dljhZgZeba� kms_kl\_ggh� mklmiZe

klj_fbl_evghfm�jZa\blbx�IB�f_lh^h\�k�hilbq_kdbfb�^_l_dlhjZfb��Ebrv�\
ihke_^gb_�]h^u�gZf_lbeZkv�l_g^_gpby�mkbe_gby�jheb�we_dljhobfbq_kdh]h
^_l_dlbjh\Zgby�\�IB:��Bgl_j_k�d�kha^Zgbx�f_lh^h\�IB�we_dljhZgZebaZ�b
p_e_khh[jZaghklv� jZa\blby� ^Zggh]h� gZijZ\e_gby� h[mkeh\e_gu
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i_jki_dlb\gufb� \hafh`ghklyfb� bo� ijbf_g_gby� \� p_eyo� j_r_gby

ZdlmZevguo�aZ^Zq�]b^jh�]_h�obfbb�b��wdh�ZgZeblbq_kdh]h�dhgljhey��>ZggZy
ijh[e_fZ� ij_^klZ\ey_lky� ^hklZlhqgh� keh`ghc� b� ^Ze_dh� g_� j_r_gghc�
Him[ebdh\Zggu_�gZ�wlm�l_fm�bkke_^h\Zgby�h]jZgbq_gu�hq_gv�madbf�djm]hf
hij_^_ey_fuo�dhfihg_glh\�

Kj_^b� ba\_klgh]h� jZaghh[jZaby� we_dljhobfbq_kdbo� f_lh^h\� ^ey
^_l_dlbjh\Zgby�\�IB�kbkl_fZo�qZs_�\k_]h�bkihevamxl�ihl_gpbhf_ljbx�b
Zfi_jhf_ljbx��\�lhf�qbke_�k�ijbf_g_gb_f�f_f[jZgguo�bhghk_e_dlb\guo
we_dljh^h\��BKW��b�obfbq_kdb�fh^bnbpbjh\Zgguo�we_dljh^h\��OFW���DZd
^_l_dlhju�\�IB:��mdZaZggu_�k_gkhju�oZjZdl_jbamxlky�jy^hf�^hklhbgkl\�
Hkgh\gu_� ba� gbo� ke_^mxsb_�� rbjhdbc� ^bZiZahg� hij_^_ey_fuo

kh^_j`Zgbc�� ^hklZlhqgh� \ukhdZy� qm\kl\bl_evghklv�� k_e_dlb\ghklv� b

[ukljh^_ckl\b_�� <� hlebqb_� hl� gZb[he__� jZkijhkljZg_gguo

nhlhf_ljbq_kdbo� ^_l_dlhjh\�� hgb� iha\heyxl� bkihevah\Zlv� ijhkl_crb_

h^gh�� beb� ^\modZgZevgu_� ko_fu� IB:�� lZd� dZd� h[uqgh� g_� lj_[mxl

ij_^\Zjbl_evgh]h�ijh\_^_gby�keh`guo�obfbq_kdbo�ij_h[jZah\Zgbc�ijh[u
i_j_^� j_]bkljZpb_c� ZgZeblbq_kdh]h� kb]gZeZ�� Ijhlhqgu_

we_dljhobfbq_kdb_�^_l_dlhju�ijhklu�\�wdkiemZlZpbb��bf_xl�hlghkbl_evgh
gbadmx�klhbfhklv�b�g_�lj_[mxl�keh`ghc�b�^hjh]hklhys_c�baf_jbl_evghc
ZiiZjZlmju�� K� ^jm]hc� klhjhgu, f_lh^heh]by� IB:� kihkh[kl\m_l

jZkrbj_gbx� ZgZeblbq_kdh]h� ijbf_g_gby� we_dljh�obfbq_kdbo� f_lh^h\�
Ij_`^_� \k_]h�� \hkijhba\h^bfhklv� j_amevlZlh\� we_dljhobfbq_kdbo

baf_j_gbc�\�j_`bf_�IB:�aZf_lgh�memqrZ_lky�ih�kjZ\g_gbx�k�h[uqgufb
mkeh\byfb�jZ[hlu��Wlhl�wnn_dl�h[tykgy_lky�dZd�h[s_c�ki_pbnbdhc�lZdbo
baf_j_gbc� \� ijhlhqguo� kbkl_fZo�� lZd� b� ke_^mxsbfb� ^hihegbl_evgufb
h[klhyl_evkl\Zfb��k\yaZggufb�k�hkh[_gghklyf�IB:�� ��� jZ[hqbc� we_dljh^
ihklhyggh�gZoh^blky�\�³dhg^bpbhgbjmxs_c´�kj_^_�nhgh\h]h�we_dljheblZ�
lZd�dZd�ZgZebabjm_fuc�jZkl\hj��ijh[Z��h[uqgh�ebrv�dhjhldh_�\j_fy��������
k�� dhglZdlbjm_l� k� _]h� ih\_joghklvx�� ��� ^j_cn� klZg^Zjlgh]h� agZq_gby
ihl_gpbZeZ� �beb� nhgh\h]h� lhdZ�� \h� \j_f_gb� Z\lhfZlbq_kdb� mqblu\Z_lky
iml_f� hlkq_lZ� \ukhlu� ZgZeblbq_kdh]h� kb]gZeZ� hlghkbl_evgh� ³gme_\hc´
ebgbb�� ��� h[t_f� ijh[u� khklZ\ey_l� ��� �� ���� fde�� ijhba\h^bl_evghklv
^hklb]Z_l� ���� hij_^_e_gbc� \� qZk�� ��� kljh]h_� kh[ex^_gb_� ihklhygkl\Z
]b^jh^bgZfbq_kdbo� mkeh\bc� \� kbkl_f_� iha\hey_l� g_� lhevdh� memqrblv

\hkijhba\h^bfhklv�j_amevlZlh\�ZgZebaZ��gh�b�ih\ukblv�qm\kl\bl_evghklv�b
k_e_dlb\ghklv�hij_^_e_gbc��Djhf_�lh]h��ij_^eh`_gu�gh\u_�jZagh\b^ghklb
we_dljhobfbq_kdbo� f_lh^h\�� gZijbf_j�� \� qZklghklb� f_lh^� ]jZ^b_glgh]h
kdZgbjh\Zgby� \hevlZfi_jguo� djb\uo�� j_ZebaZpby� dhlhjuo� \hafh`gZ

lhevdh�\�mkeh\byo�IB�kbkl_fu�

Kj_^b� hkgh\guo� ^hklb`_gbc� \� h[eZklb� IB� we_dljhZgZebaZ� aZ
ihke_^gb_� ^_kylv� e_l� \Z`gh_� agZq_gb_� bf__l� jZa\blb_� gh\uo� b

wnn_dlb\guo� ih^oh^h\� d� hij_^_e_gbx� bhgh\� f_lZeeh\�� Ijb� wlhf

bgl_gkb\gu_� bkke_^h\Zgby� \_^mlky� \� gZijZ\e_gbb� jZa\blby

Z\lhfZlbabjh\Zgguo� f_lh^h\� hij_^_e_gby� gbadbo� kh^_j`Zgbc� ahehlZ� b
ieZlbgh\uo�f_lZeeh\� \� \h^Zo� b� l_ogheh]bq_kdbo� h[t_dlZo��Kha^Zgb_�IB
kbkl_f�gZ�hkgh\_� we_dljhobfbq_kdbo�k_gkhjh\�k� k_e_dlb\guf�hldebdhf� d
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jZaebqguf�bhgguf�nhjfZf�[eZ]hjh^guo�f_lZeeh\�gZoh^blky�gZ�gZqZevghc
klZ^bb� jZa\blby�� >Zggu_� h[� bkihevah\Zgbb� BKW� ^ey� IB� hij_^_e_gby
ahehlZ� �,,,�� b� k_j_[jZ� �,�� h]jZgbq_gu� _^bgbqgufb� im[ebdZpbyfb�� Z� ^ey
bhgh\�ieZlbgh\uo�f_lZeeh\�\hh[s_�g_�ba\_klgu��<hafh`ghklv�ijbf_g_gby
\�IB:�obfbq_kdb�fh^bnbpbjh\Zgguo�we_dljh^h\�^ey�Zfi_jhf_ljbq_kdh]h
hij_^_e_gby� bhgh\� [eZ]hjh^guo� f_lZeeh\� lZd`_� g_� bamqZeZkv�� <

agZqbl_evghc� kl_i_gb� wlh� k\yaZgh� k� l_f�� qlh� ijbf_g_gb_� [hevrbgkl\Z

ba\_klguo� we_dljh^guo� dhfihabpbc�� \� qZklghklb� gZ� hkgh\_� m]hevghc
iZklu�� \� ]b^jh^bgZfbq_kdbo� mkeh\byo� aZljm^g_gh� ba�aZ� g_^hklZlhqghc
f_oZgbq_kdhc� klZ[bevghklb� Zdlb\ghc� ih\_joghklb� b� ihkl_i_ggh]h

\ufu\Zgby� fh^bnbdZlhjZ� ba� nZau� we_dljh^Z�� Wlh� ijb\h^bl� d� [ukljhc
ihl_j_� qm\kl\bl_evghklb�� ^j_cnm� gme_\hc� ebgbb� b� iehohc

\hkijhba\h^bfhklb� j_]bkljbjm_fuo� kb]gZeh\�� Djhf_� lh]h�� g_j_^dh

gZ[ex^Z_fZy� g_h[jZlbfhklv� hldebdZ� b� k\yaZggZy� k� wlbf� g_h[oh^bfhklv
ihklhygghc� j_]_g_jZpbb� ih\_joghklb� we_dljh^h\� lZd`_� ij_iylkl\mxl� bo
bkihevah\Zgbx�^ey�g_ij_ju\gh]h�^_l_dlbjh\Zgby�\�IB�kbkl_fZo�

GZfb� [ueb� bamq_gu� \hafh`ghklb� kha^Zgby� IB� f_lh^h\

ihl_gpbhf_ljbq_kdh]h� b� Zfi_jhf_ljbq_kdh]h� hij_^_e_gby� jy^Z

[eZ]hjh^guo� f_lZeeh\� gZ� hkgh\_� bkihevah\Zgby� lj_o� lbih\

k_gkhjh\�f_f[jZgguo� BKW� ljZ^bpbhggh]h� khklZ\Z�� l\_j^hdhglZdlguo

we_dljh^h\�� ba]hlh\e_gguo� iml_f� \g_^j_gby� fh^bnbdZlhjZ� \

ieZklbnbpbjh\Zggmx� iheb\bgbeoehjb^gmx� fZljbpm�� kh^_j`Zsmx

^bki_j]bjh\Zgguc� m]hevguc� ihjhrhd�� dhfihabpbhggh]h� we_dljh^Z� gZ
hkgh\_� kf_kb� m]hevgh]h� ihjhrdZ� b� obfbq_kdb� fh^bnbpbjh\Zggh]h

]b^jhnh[gh]h� kbebdhgh\h]h� ghkbl_ey�� Bamq_ggu_� k_gkhju� hlebqZxlky

^hklZlhqgh� \ukhdhc� qm\kl\bl_evghklvx� b� h[jZlbfhklvx

ihl_gpbhf_ljbq_kdh]h�b�beb�Zfi_jhf_ljbq_kdh]h�hldebdZ��klZ[bevghklvx
nmgdpbhgbjh\Zgby� \� ]b^jh^bgZfbq_kdbo� mkeh\byo�� Z� lZd`_� ijhklhlhc
ijb]hlh\e_gby�� Ij_^eh`_gu� IB� k_gkhjgu_� kbkl_fu� ^ey� ba[bjZl_evgh]h
hij_^_e_gby� bhgh\� $X�,,,��� ,U�,9�� b� 3G�,,�� \� oehjb^guo� jZkl\hjZo� \
ijbkmlkl\bb� i_j_oh^guo� b� ^jm]bo� [eZ]hjh^guo� f_lZeeh\�� <j_fy

_^bgbqgh]h� hij_^_e_gby� ��� k� �� �� fbg� ijb� h[t_f_� ijh[� �������� fde�
IhdZaZgZ� \hafh`ghklv� kha^Zgby� wdkljZdpbhggh�ihl_gpbhf_ljbq_kdhc
kbkl_fu�^ey�ihl_gpbhf_ljbq_kdh]h�hij_^_e_gby�$X�,,,��b� ,U�9,��gZ�hkgh\_
]jZnblh\h]h� we_dljh^Z� k� lhgdhkehcgufb� `b^dbfb� f_f[jZgZfb�
kh^_j`Zsbfb�[bgZjgu_�wdkljZ]_glu��JZajZ[hlZg�hjb]bgZevguc�IB�f_lh^
bg\_jkbhggh�\hevlZfi_�jhf_ljbq_kdh]h� hij_^_e_gby� mevljZfZeuo

dhgp_gljZpbc� k_j_[jZ� \� fhjkdhc� \h^_�� F_lh^� j_dhf_g^h\Zg� ^ey

bkihevah\Zgby�\�mkeh\byo�km^h\hc�eZ[hjZlhjbb�

JZ[hlZ�\uiheg_gu�ijb�nbgZgkh\hc�ih^^_j`d_�JNNB

�������������Z��
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<EBYGB?�IJ?>R?KL<MXS?C�MEVLJ:A<MDH<HC�H;J:;HLDB
G:�G?H;J:LBFU?�IHEYJH=J:NBQ?KDB?�<HEGU�BHGH<

LBL:G:�,9��B�OJHF:�III)

RmjZc�K�I���FZemdZ�E�F���Jm\bgkdbc�H�?�

Dm[Zgkdbc ]hkm^Zjkl\_gguc l_ogheh]bq_kdbc mgb\_jkbl_l� DjZkgh^Zj

Ij_^\Zjbl_evgZy� mevljZa\mdh\Zy� h[jZ[hldZ� iheyjh]jZnbjm_fuo

jZkl\hjh\�Ti�,9���ijh\_^_ggZy�k�qZklhlhc�^h�����d=p�b�bgl_gkb\ghklvx�^h
��<l�kf2�ijb\h^bl�d�g_dhlhjhfm�m\_ebq_gbx�kj_^g_]h�iheyjh]jZnbq_kdh]h
lhdZ� dZd� m�hkgh\Zgby�g_h[jZlbfhc�^bnnmabhgghc� \hegu�� lZd�b� \�h[eZklb
ij_^_evgh]h� ^bnnmabhggh]h� lhdZ�� Ihke_� ihijZ\db� gZ� ^bnnmabx

mklZgh\e_gh�� qlh� mevljZa\mdh\Zy� h[jZ[hldZ� m\_ebqb\Z_l

iheyjh]jZnbq_kdbc� lhd�� ]eZ\guf� h[jZahf�� m� hkgh\Zgby� g_h[jZlbfhc

\hegu��gh�\�gZijZ\e_gbb�d�ihl_gpbZem�E1/2�wlhl�wnn_dl�hkeZ[_\Z_l��ohly�\
ha\mq_gguo� jZkl\hjZo� agZq_gby� E*1/2 \� p_ehf� kf_sZ_lky� d� f_g__

hljbpZl_evguf� ihl_gpbZeZf�� Djhf_� lh]h�� g_kdhevdh� mf_gvrZxlky

wnn_dlb\gu_� agZq_gby� iheyjh]jZnbq_kdh]h� dhwnnbpb_glZ� i_j_ghkZ�� gh
ijb� wlhf� oZjZdl_j� \ebygby� khklZ\Z� bkoh^gh]h� b� ha\mq_ggh]h� jZkl\hjZ
nZdlbq_kdb� h^bgZdh\�� Ijh\_^_gZ� dhebq_kl\_ggZy� hp_gdZ� hlghkbl_evgh]h
baf_g_gby� agZq_gbc� wnn_dlb\ghc� dhgklZglu� kdhjhklb� we_dljh^ghc

j_Zdpbb� ek �� jZkkqblZgguo� gZ� hkgh\_� lhqgh]h� j_r_gby� Dhml_pdh]h�� ih^

\ebygb_f� ij_^r_kl\mxs_c� mevljZa\mdh\hc� h[jZ[hldb� ����F� +&O24��� K
jhklhf� hljbpZl_evgh]h� ihl_gpbZeZ� we_dljh^Z� Zdmklbq_kdbc� wnn_dl� gZ

hlghr_gb_� �� �


HH
NN �� dhlhjh_� m� hkgh\Zgby� \hegu� [hevr_� _^bgbpu�

kgb`Z_lky.� MevljZa\mdh\Zy� h[jZ[hldZ� g_� gZjmrZ_l� ]b^jheblbq_kdh]h

jZ\gh\_kby�k�mqZklb_f�bhgh\�lblZgZ�,9��\�h[t_f_�jZkl\hjZ�b�m�ih\_joghklb
we_dljh^Z��gh�\�kmevnZlguo�we_dljheblZo�wnn_dl�h[jZ[hldb�ijhy\ey_lky�\
f_gvr_c� kl_i_gb�� q_f� \� i_joehjZlguo� jZkl\hjZo� <ebygb_

ij_^r_kl\mxs_c�mevljZa\mdh\hc�h[jZ[hldb�gZ�\_ebqbgm� d
lI �jZajy^Z�Ti(IV)

kdhj__� \k_]h�� h[mkeh\e_gh� m\_ebq_gb_f� dhwnnbpb_glZ� ^bnnmabb� qZklbp
7L�,9�� d� we_dljh^m�� OZjZdl_jgh_� baf_g_gb_� dbg_lbq_kdbo� iZjZf_ljh\
^bnnmabhgghc� iheyjh]jZnbq_kdhc� \hegu� lblZgZ� fh`gh� k\yaZlv� k

hij_^_e_gguf� mkdhj_gb_f� ]_l_jh]_gghc� klZ^bb� i_j_ghkZ� we_dljhgZ

\ke_^kl\b_� mf_gvr_gby� wg_j]bb� j_hj]ZgbaZpbb� qZklbp� 7L�,9�� b� fhe_dme
jZkl\hjbl_ey� ih^� ^_ckl\b_f� mevljZa\mdZ�� G_[hevrh_� kgb`_gb_

dhwnnbpb_glZ� i_j_ghkZ� fh`_l� hagZqZlv�� qlh� \� i_j_oh^ghf� khklhygbb
we_dljhobfbq_kdhc� j_Zdpbb� klZ^by� ]_l_jh]_ggh�� ih\_joghklghc

ijhlhgbaZpbb� klZgh\blky� [he__� dbg_lbq_kdb� agZqbfhc�� q_f� khijy`_gguc
i_j_ghk�we_dljhgZ�

�:gZeh]bqgZy� mevljZa\mdh\Zy� h[jZ[hldZ� iheyjh]jZnbjm_fuo

jZkl\hjh\� bhgh\� Cr(III) � ijZdlbq_kdb� g_� \eby_l� gZ� \_ebqbgm� 2/1E , gh
\uau\Z_l� g_[hevrh_� hlghkbl_evgh_� m\_ebq_gb_� wnn_dlb\ghc� \_ebqbgu
]_l_jh]_gghc�dhgklZglu�kdhjhklb� �m�kZfh]h�hkgh\Zgby�iheyjh]jZnbq_kdhc
\hegu�� b,� \� hij_^_e_gguo� mkeh\byo,� mf_gvrZ_l� dhwnnbpb_gl� i_j_ghkZ� b
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m\_ebqb\Z_l� ij_^_evguc� ^bnnmabhgguc� lhd.� MklZgh\e_gh�� qlh

fZdkbfZevguc� wnn_dl� mevljZa\mdh\hc� h[jZ[hldb� ijhy\ey_lky� ijb

\u^_j`d_� bkoh^guo� jZkl\hjh\� khe_c� Cr(III) � \� l_q_gb_� ������ qZkh\�
Ij_^iheZ]Z_lky�� qlh� lhevdh� \� wlbo� mkeh\byo� h[jZamxlky� eZ[bevgu_

kljmdlmju� bhgh\� &U�,,,��� gZ� jZajy^� dhlhjuo� fh`_l� ih\ebylv

ij_^r_kl\mxsZy�mevljZa\mdh\Zy�h[jZ[hldZ�
BHGK?E?DLB<GU?�WE?DLJH>U�<�:G:EBA?�=HLH<UO
IJ?I:J:LH<�B�IJHBA<H>KL<?�:GLB;BHLBDH<

S_]eh\Z�L�<���S_]eh\Z�G�<���=heh\g_\�G�G�

DjZkghyjkdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l

Ijb� ijhba\h^kl\_� Zglb[bhlbdh\� ]jmiiu� i_gbpbeebgZ� \Z`_g

dhgljhev� aZ� h[sbf� kh^_j`Zgb_f� k_ju� b� n_ghdkbmdkmkghc� dbkehlu�
Bkihevah\Zgb_� f_lh^Z� ihl_gpbhf_ljbb� ^ey� j_r_gby� wlhc� aZ^Zqb

p_e_khh[jZagh� \ke_^kl\b_� ijhklhlu�� wdkij_kkghklb�� \ukhdhc� lhqghklb�
Ihke_^g__� ^hklhbgkl\h� \ul_dZ_l� ba� lh]h� nZdlZ�� qlh� ^Zgguc� f_lh^

ijbf_gbf�b� ^ey� ZgZebaZ�g_ijhajZqguo� jZkl\hjh\�� dh]^Z�nhlhf_ljby� ^Z_l
iehoh� \hkijhba\h^bfu_� j_amevlZlu�� Bkihevah\Zgb_� bhgk_e_dlb\guo

we_dljh^h\��BKW���dZd�\uimkdZ_fuo�ijhfure_gghklvx��gZijbf_j�JE�BKW
©Djblmjª� lbi� ����� lZd� b� kha^Zgguo� gZfb� gZ� n_ghdkbZp_lZl�bhg�� ^_eZ_l
^Zgguc�f_lh^�d�lhfm�`_�b�ba[bjZl_evguf��F_lh^bdZ�hij_^_e_gby�kmevnZl�
bhgh\�\�klj_ilhfbpbg�kmevnZl_�iml_f� lbljh\Zgby�jZkl\hjhf� kheb�k\bgpZ
�gbljZlhf� beb� i_jkmevnZlhf�� \� \h^gh�Zp_lhgh\hc� kj_^_� ba\_kgZ� b

lj_[h\ZeZ�ebrv�bkke_^h\Zgby�\ebygby�bhgghc�kbeu�jZkl\hjZ�gZ�j_amevlZlu
ZgZebaZ��lZd�dZd�\�mkeh\byo�ijhba\h^kl\Z�gZ[ex^Zxlky�[hevrb_�\ZjbZpbb�\
khklZ\_� dmevlmjZevghc� `b^dhklb�� <� lhf� kemqZ_� �gZijbf_j�� ijb

bkke_^h\Zgbb� dmevlmjZevghc� `b^dhklb� i_gbpbeebgh\h]h� ijhba\h^kl\Z��
dh]^Z� g_h[oh^bfh� agZgb_� h[s_c� dhgp_gljZpbb� k_ju�� lj_[h\Zehkv

ij_^\Zjbl_evgh� i_j_\_klb� \k_� k_jhkh^_j`Zsb_� nhjfu� \� kmevnZl�bhg�
Hkms_kl\eyeb�wlh�ke_^mxsbf�h[jZahf��ihke_�hdbke_gby�k_jhkh^_j`Zsbo

nhjf� \� kmevnZl�bhg� i_j_dbkvx� \h^hjh^Z� \� s_ehqghc� kj_^_� jZkl\hj
\ukmrb\Zeb� ^h� kmobo� khe_c� b� k`b]Zeb� \� fmn_evghc� i_qb� ijb� ���hK�
K`b]Zgb_� ijh\h^beb� ^ey� m^Ze_gby� hj]Zgbq_kdbo� kh_^bg_gbc�� AZl_f� wlhl
ki_d� jZkl\hjyeb� \� \h^_� b� ihemq_gguc� jZkl\hj� bkihevah\Zeb� ^ey

ihl_gpbhf_ljbq_kdh]h� lbljh\Zgby� kheyfb� k\bgpZ� kh� k\bg_pk_e_dlb\guf
we_dljh^hf��<� oh^_� wdki_j_f_glZ� [ueh� aZf_q_gh�� qlh� ijb� bkihevah\Zgbb
3E�BKW� \� l_q_gb_� ^\mo� g_^_ev� ^ey� wlbo� bkke_^h\Zgbc�� ih\_joghklv� _]h
klZeZ� f_g__� qm\kl\bl_evghc� d� baf_g_gbx� dhgp_gljZpbb� bhgh\� Pb2+.
<_jhylgh��3E�BKW�hdbkey_lky�gZ�ih\_joghklb��ij_^iheh`bl_evgh��h[jZamy
[he__� ohjhrh� jZkl\hjbfu_� kmevnZl� b� ^bhdkb^� k\bgpZ�� Ih\_joghklgh_
hdbke_gb_� ijb\h^bl� d� iZ^_gbx� \hkijhba\h^bfhklb�� >ey� dhgljhey� aZ
kh^_j`Zgb_f� n_ghdkbmdkmkghc� dbkehlu� gZfb� [ue� kha^Zg� f_f[jZgguc
we_dljh^� gZ� hkgh\_� iheb\bgbeoehjb^Z�� dhlhjuc� kh^_j`Ze� \� dZq_kl\_
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we_dljh^ghZdlb\gh]h� \_s_kl\Z� bhgguc� ZkkhpbZl� l_ljZ[mlbZffhgbc�
dZlbhgZ�k�n_ghdkbZp_lZl�Zgbhghf��jZkl\hj_gguc�\�^b[mlbenlZeZl_��LZdhc
\_s_kl\_gguc� khklZ\� f_f[jZgu� iha\hebe� ijh\h^blv� hij_^_e_gb_

n_ghdkbZp_lZl�ZgbhgZ� \� bgl_j\Ze_� pH� hl� �� ^h� ������ Dhwnnbpb_glu

k_e_dlb\ghklb� ^jm]bo� dZj[hgh\uo� dbkehl� ZgZeh]bqgh]h� kljh_gby� bf_eb
ihjy^hd� n*10-3�� Fh`gh� ij_^iheh`blv�� qlh� ijyfZy� bhghf_ljby�� dZd� b
ihl_gpbhf_ljbq_kdh_� lbljh\Zgb_�gZc^ml�rbjhdh_�ijbf_g_gb_� \�[m^ms_f

^ey� hj]ZgbaZpbb� hi_jZlb\gh]h� l_ogbq_kdh]h� dhgljhey� ijhba\h^kl\Z

e_dZjkl\_gguo�kh_^bg_gbc�b�]hlh\uo�e_dZjkl\_gguo�ij_iZjZlh\�
BKIHEVAH<:GB?�LBHIBJBG:�<�IHL?GPBHF?LJBQ?KDHF
LBLJH<:GBB

S_j[Zdh\Z�E�<��I_ljh\�;�B��Q_[hlZjz\�<�D��:]__\Z�F�<��

:elZckdbc ]hkm^Zjkl\_gguc mgb\_jkbl_l� ]� ;ZjgZme�

Lbhibjbg� y\ey_lky� k_jhkh^_j`Zsbf� ijhba\h^guf� ibjZahehgZ�� <
aZ\bkbfhklb�hl�dbkehlghklb�kj_^u�hg�ih^\_j]Z_lky�ijhlhgbaZpbb�b�\�\b^_
dZlbhgh\�h[jZam_l�k�Zpb^hdhfie_dkZfb�bhggu_�ZkkhpbZlu��J_Z]_gl�rbjhdh

bkihevah\Zeky�jZg__�\�ki_dljhnhlhf_ljbq_kdbo��Zlhfgh±Z^khj[pbhgguo�b
wdkljZdpbhggh±nhlhf_ljbq_kdbo� hij_^_e_gbyo� fy]dbo� dZlbhgh\�� >ey

fgh]bo�ba�gbo�bamq_gu�mkeh\by�dhfie_dkhh[jZah\Zgby�

<� ihl_gpbhf_ljbq_kdbo� lbljh\Zgby� j_Z]_gl� jZg__� g_� ijbf_gyeky�
LZd�dZd�lbhibjbg�ijb�\aZbfh^_ckl\bb�k�g_dhlhjufb�kmevnb^h[jZamxsbfb

bhgZfb�f_lZeeh\�^Zzl�mklhcqb\u_�hdjZr_ggu_�kh_^bg_gby�p_e_khh[jZagh
[ueh� bkke_^h\Zlv� ^Zgguc� j_Z]_gl� \� dZq_kl\_� gh\h]h� lbljZglZ� \

ihl_gpbhf_ljbb�� <u[hj� bg^bdZlhjguo� we_dljh^h\� aZ\bkbl� hl� k\hckl\
j_Z]_glZ�� ijhqghklb� _]h� dhfie_dkh\� k� kmevnb^h[jZamxsbfb� bhgZfb� b
k\hckl\� jZaebqguo� we_dljh^guo� fZl_jbZeh\�� GZbemqrbfb� we_dljh^Zfb
^he`gu�[ulv�we_dljh^u�I�jh^Z�^ey�©k\hboª�bhgh\�hlghkbl_evgh�fZl_jbZeZ
we_dljh^Z�b�we_dljh^u�III �jh^Z�^ey�©qm`boª�bhgh\�

Ijb� hdbkebl_evgh±\hkklZgh\bl_evguo� j_Zdpbyo� [hevrb_� kdZqdb
ihl_gpbZeh\� fh]ml� gZ[ex^Zlvky� gZ� we_dljh^Zo� ba� ieZlbgu� b� ahehlZ�
Ihkdhevdm� lbhibjbg� y\ey_lky� \hkklZgh\bl_e_f�� _]h� fh`gh� bkihevah\Zlv
^ey� lbljh\Zgby�f_lZeeh\� k� i_j_f_gghc� \Ze_glghklvx��Gh� l�d�� \� jZkl\hj_
j_Z]_glZ�\k_]^Z�ijbkmlkl\m_l�g_[hevrh_�dhebq_kl\h�hdbke_gghc�nhjfu��lh
ijb� lbljh\Zgbb� \hagbdZ_l� hdbkebl_evgh±\hkklZgh\bl_evgZy� kbkl_fZ

^bkmevnb^� �� hdbke_ggZy� nhjfZ�� ²� j_Z]_gl� �\hkklZgh\e_ggZy� nhjfZ��
Ihwlhfm� ^Zgguc� j_Z]_gl� \hafh`gh� ijbf_gylv� ^ey� ihl_gpbhf_ljbq_kdh]h
lbljh\Zgby� ex[uo� kmevnb^h[jZamxsbo� bhgh\�� ^Zxsbo� ijhqgu_

dhfie_dku� k� j_Z]_glhf�� GZ� ieZlbgh\hf� bg^bdZlhjghf� we_dljh^_� [m^_l
gZ[ex^Zlvky� agZqbl_evguc� kdZqhd� ihl_gpbZeZ�� Wdki_jbf_glZevgh� [ueZ
bamq_gZ�aZ\bkbfhklv�ihl_gpbZeh\�jZaebqguo�bg^bdZlhjguo�we_dljh^h\�ba
Ag, Pd, Pt, Cu, Au� b L_ hl� dhgp_gljZpbb� kmevnb^h[jZamxsbo� bhgh\
f_lZeeh\�b�j_Z]_glZ���dhgp_gljZpby�����-5·-1 10-4�fhev�e���MklZgh\e_gh��qlh



255
fZdkbfZevgZy�jZaghklv�ihl_gpbZeh\�gZ[ex^ZeZkv�gZ�we_dljh^Zo�ba�Ag, Pt�b
Au.��>Zevg_cr__�bkke_^h\Zgby�ijh\h^beb� k�bg^bdZlhjguf� we_dljh^hf�ba
k_j_[jZ� b� oehjk_j_[jyguf� we_dljh^hf� kjZ\g_gby�� >h� lhqdb

kl_obhf_ljbqghklb��l�k���we_dljh^�ba�k_j_[jZ�h[jZam_l�we_dljhobfbq_kdmx
kbkl_fm� Mn+ /[MR], [AgR], Ag b� ^_ckl\m_l� dZd� we_dljh^� III � jh^Z�� aZ� l�k�
h[jZam_lky�kbkl_fZ�R /[AgR],Ag b�we_dljh^�ba�k_j_[jZ�nmgdpbhgbjm_l�dZd
we_dljh^�II �jh^Z��Hij_^_e_gu�hilbfZevgu_�mkeh\by�ihl_gpbhf_ljbq_kdh]h
lbljh\Zgby� bhgh\� Pd(II), Ag(I), Se(IV), Te(IV). bgl_j\Zeu� dbkehlghklb
jZ\gu� ����� ±� ����� ���� ±� ����� ���� ±� ����� ���� ±� ���� fhev�e� ih� H2SO4

khhl\_lkl\_ggh�� FbgbfZevgu_� hij_^_ey_fu_� dhgp_gljZpbb� ������ ±
1,17)·10-5; (0,75 – 5,89)·10-5; (0,50 – 2,54)·10-5; (0,25 – 5,05)·10-5fhev�e
khhl\_lkl\_ggh�� Fhevgu_� khhlghr_gby� Me: R� khklZ\beb�� Pd(II):R=1:2;
Ag(I):R=1:1; Se(IV):R=1:3; Te:R=1:4.� F_lh^bdb� hlebqZxlky� ^hklZlhqghc
ba[bjZl_evghklvx�
GBADH<HEVLG:Y�D:LH>G:Y�EXFBG?KP?GPBY�LY@?EUO
F?L:EEH<�G:�WE?DLJH>:O�K�;:JV?JGUFB

>BWE?DLJBQ?KDBFB�KEHYFB�B�??�IJBF?G?GB?�<�:G:EBA?

Y]h\�<�<��Dhjhldh\�:�K��He_gbg�:�X�

Bgklblml ]_hobfbb b ZgZeblbq_kdhc obfbb bf� <�B�<_jgZ^kdh]h J:G

<� ihke_^g__� \j_fy� ^bgZfbqgh� jZa\b\Zxlky� f_lh^u� ZgZebaZ�
hkgh\Zggu_� gZ� j_]bkljZpbb� k\_lZ�� baemqZ_fh]h� \� j_amevlZl_

we_dljhobfbq_kdbo� j_Zdpbc�� DZd� ihdZaZgh� gZ� ijbf_j_� Zexfbgb_\h]h
we_dljh^Z� �kf�� jZ[hlu� >���@� b� ijb\_^_ggu_� \� gbo� kkuedb��� ^ey

we_dljhobfbq_kdhc� ]_g_jZpbb� exfbg_kp_gpbb� hkh[_ggh� wnn_dlb\gu

we_dljh^u� k� [Zjv_jgufb� ^bwe_dljbq_kdbfb� kehyfb�� <� gZklhys_c� jZ[hl
ij_^klZ\e_gu� ^Zggu_� h� exfbg_kp_gpbb� jy^Z� ly`_euo� f_lZeeh\� gZ

we_dljh^Zo� $O�$O2O3�� %H�%H2�� 0J�0J2� b� 0J�0J)2�� ih^l\_j`^Zxsb_

ij_^iheh`_gb_�h[�h[s_f�f_oZgbaf_�ijhp_kkh\��ijb\h^ysbo�d�baemq_gbx
k\_lZ� \� lZdbo� kbkl_fZo�� MklZgh\e_gh�� qlh� we_dljhexfbg_kp_gpby� jlmlb�
heh\Z� b� bg^by� gZ� $O�$O2O3�� %H�%H2� b� 0J�0J)2� bf__l� khihklZ\bfmx
bgl_gkb\ghklv�� JZaebqby� \� nhjf_� ki_dljh\� \ua\Zgu� \ebygb_f� khklZ\Z
[Zjv_jgh]h� kehy�� dhlhjuc� b]jZ_l� jhev� hkgh\u� ih\_joghklgh]h

djbklZeehnhknhjZ��;hevrhc�bgl_j_k�ij_^klZ\eyxl�^Zggu_��hlghkysb_ky�d
Mg/MgF2 �� wlh� i_j\uc� mki_rguc� hiul� ]_g_jZpbb� oZjZdl_jbklbq_kdhc
we_dljhexfbg_kp_gpbb� gZ� nlhjb^ghf� [Zjv_jghf� keh_�� <� hlebqb_� hl
Al/Al 2O3�we_dljh^�0J�0J)2�fh`_l�[ulv�bkihevah\Zg�\�dbkeuo�nlhjb^guo
jZkl\hjZo�

GZb[he__� k_jv_agufb� ij_iylkl\byfb� gZ� imlb� ZgZeblbq_kdh]h

bkihevah\Zgby�we_dljh^h\�k�[Zjv_jgufb�kehyfb�ij_^klZ\eyxlky�dhjjhaby
b� g_h[jZlbfh_� aZ]jyag_gb_� ih\_joghklb� ly`_eufb� f_lZeeZfb�� >ey

ij_^hl\jZs_gby� dhjjhabb� ij_^eh`_g� j_`bf� ^ebl_evghc� iZkkb\Zpbb�� ijb
dhlhjhf� fbeebk_dmg^gu_� dZlh^gu_� bfimevku� jZa^_e_gu� k_dmg^gufb
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iZmaZfb�� \h� \j_fy� dhlhjuo� jZ[hqbc� we_dljh^� gZoh^blky� ijb� ihl_gpbZe_
iheghc�iZkkb\Zpbb�b�ijZdlbq_kdb�g_�dhjjh^bjm_l��<�hiulZo�k�ijhlhqghc
yq_cdhc� bamq_gZ� dbg_lbdZ� khj[pbb� b� ^_khj[pbb� ly`_euo� f_lZeeh\� gZ
Zexfbgb_\hf� we_dljh^_�� IhdZaZgh�� qlh� \� dbkehc� kj_^_� khj[pby�� dZd
ijZ\beh�� ijhl_dZ_l� h[jZlbfh�� qlh� iha\hey_l� bkihevah\Zlv

we_dljhexfbg_kp_glgmx�yq_cdm�\�j_`bf_�^_l_dlhjZ�

Ebl_jZlmjZ

1. S. Kulmala, A. Kulmala, T. Ala-Kleme, J. Pihlaja, // Anal. Chim. Acta, 1998, V.367, P.17.
�� Y]h\ <�<� ��@mjg� ZgZebl� obfbb� ����� L������� K�����

JZ[hlZ�\uiheg_gZ�ijb�ih^^_j`d_�Jhkkbckdh]h�nhg^Z
nmg^Zf_glZevguo�bkke_^h\Zgbc��ijh_dl���������
32668).
=:AHQM<KL<BL?EVGUC�K?GKHJ�>EY�HIJ?>?E?GBY
OBFBQ?KDB�:DLB<GUO�=:AH<�<�<H>?�B�<HA>MO?

Y]h^bgZ�H�<���GbdhevkdZy�?�;�

Bgklblml w\hexpbhgghc nbabheh]bb b [bhobfbb bf� B� F� K_q_gh\Z
J:G�������� ij� F� Lhj_aZ ���KZgdl�I_l_j[mj]� Jhkkby

JZajZ[hlZg� ihl_gpbhf_ljbq_kdbc� ]Zahqm\kl\bl_evguc� k_gkhj� gZ

hkgh\_�dhf[bgbjh\Zggh]h�jG� �f_ljbq_kdh]h�we_dljh^Z�k�]Zah\uf�aZahjhf,
\� dhlhjhf� bkihevah\Zg� kjZ\gbl_evguc� oehjk_j_[jygguc� we_dljh^� k

^\hcguf� dhglZdlhf�� Bkke_^m_fuc� k_gkhj� iha\hebe� hij_^_eylv

dhgp_gljZpbb� dbkehlhh[jZamxsbo� ]Zah\� �hdbkeu� ZahlZ�� ^bhdkb^u� k_ju� b
m]e_jh^Z��k_jh\h^hjh^��b�ZffbZdZ�gZ�mjh\g_�I>D�b�gb`_��<h�\k_o�kemqZyo
khklZ\� jZkl\hjZ� gZ� we_dljh^_� [ue� h^bgZdh\: 10-2� F� DKl�� KhklZ\

bkke_^m_fhc� ijh[u� �jG�� bhgguc� khklZ\�� \Zjvbjh\Zeky� \� aZ\bkbfhklb� hl
hij_^_ey_fh]h� ]ZaZ� b� _]h� dhgp_gljZpbb�� >ey� hij_^_e_gby� ZffbZdZ

agZq_gb_�jG�≥12 kha^Z\Zehkv�^h[Z\e_gb_f���F�jZkl\hjZ�NaOH��bhggZy�kbeZ
jZkl\hjZ���F��gZkus_gguf�jZkl\hjhf�KCl. >ey�hij_^_e_gby CO2�agZq_gb_
jG�����kha^Z\Zehkv�^h[Z\e_gb_f�����F�H2SO4��bhggZy�kbeZ�jZkl\hjZ���M -
gZkus_gguf�jZkl\hjhf�Na2SO4��>ey�hij_^_e_gby�hdbkeh\� ZahlZ� agZq_gb_
pH 0,7 kha^Z\Zehkv�^h[Z\e_gb_f���F�H2SO4, HClO4��beb�GNO3��bhggZy�kbeZ
jZkl\hjZ���F���gZkus_gguf�jZkl\hjhf�Na2SO4��>ey�hij_^_e_gby�^bhdkb^Z
k_ju� agZq_gb_� jG� ���� kha^Z\Zehkv� ^h[Z\e_gb_f� ��F�HNO3, lZ�`_� bhggZy
kbeZ��qlh�b�^ey� hdbkeh\� ZahlZ��Ijb� wlhf�SO2� hdbkeyehkv� ^h�SO4

2-, Z�NO3
-

\hkklZgZ\eb\Zehkv� ^h NO2,� l�_��nZdlbq_kdb�SO2 hij_^_eyeb� lZd�`_�� dZd� b
hdbkeu�ZahlZ��>ey�hij_^_e_gby�G2S \�jZkl\hj��_]h�kh^_j`Zsbc��^h[Z\eyeb
ba\_klgh_�ba[ulhqgh_�dhebq_kl\h�Na2SO4,�jG�����kha^Z\Zeb�^h[Z\e_gb_f��
F� HNO3 b� ^Ze__� hij_^_eyeb� g_ijhj_Z]bjh\Z\r__� dhebq_kl\h SO2,� dZd
hibkZgh� \ur_��Ba� \ha^moZ� ]Zau� ij_^\Zjbl_evgh� ih]ehsZeb� \� ke_^mxsbo

jZkl\hjZo: NH3 - \� �����M HCl, dbkehlhh[jZamxsb_� �� \� �����F�NaOH. K
ihfhsvx� jZajZ[hlZggh]h� k_gkhjZ� gZf� m^Zehkv� baf_jblv� dhgp_gljZpbx
]Zah\�\�\h^_: NH3\�^bZiZahg_��

.10-9-2.10-4�F��KH2- 5
.10-5-1.10-2 M, NO2- 5

.10-8

- 1.10-3 M, SO2- 1
.10-7 - 1.10-5 M, H2S- 5.10-8 - 5.10-6 M��b�\�\ha^mo_�(k�mq_lhf
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gZdhie_gby� ]ZaZ� ijb� hl[hj_� ijh[u): NH3\� ^bZiZahg_� ������� ����� f]/f
3,

hklZevguo�]Zah\�\�^bZiZahg_�����������f]/f3.
:FI?JHF?LJBQ?KDH?�HIJ?>?E?GB?�I?JHDKB>:
<H>HJH>:�K�IJBF?G?GB?F�WE?DLJH>H<�

FH>BNBPBJH<:GGUO�;?JEBGKDHC�E:AMJVX��IH<UR?GB?
KL:;BEVGHKLB�WE?DLJHD:L:EBA:LHJ:�

Yg_qdh�I��:���DZjydbg�:��:�

F=M bf� F� <� Ehfhghkh\Z� Obfbq_kdbc n�l

>ey� Zfi_jhf_ljbq_kdh]h� hij_^_e_gby� i_jhdkb^Z� \h^hjh^Z� \

ebl_jZlmj_� ij_^eZ]Z_lky� \� hkgh\ghf� ^\Z� f_lh^Z�� we_dljhhdbke_gb_� gZ
ieZlbgh\uo�we_dljh^Zo�ijb�a�����<��o�k�w���beb�we_dljh\hkklZgh\e_gb_�ijb
a� �� <� �o�k�w��� gZ� n_jf_glguo� we_dljh^Zo�� kh^_j`Zsbo� i_jhdkb^Zam� b
f_^bZlhju�� H^gZdh� keh`ghklv� ijb]hlh\e_gby� we_dljh^h\� k

bffh[bebah\Zgghc� i_jhdkb^Zahc� b� g_^hklZlhqgZy� klZ[bevghklv

h]jZgbqb\Zxl� \hafh`ghklb� bo� ijbf_g_gby�� >_l_dpby� G2H2� gZ� 3W�
we_dljh^Zo�ijb�����<�g_�iha\hey_l�ijh\h^blv�hij_^_e_gb_�fZeuo�dhebq_kl\
G2H2�\�ijbkmlkl\bb�^jm]bo�\hkklZgh\bl_e_c��kh^_j`Zsboky��\�qZklghklb��\
[bheh]bq_kdbo�`b^dhklyo��

Bkihevah\Zgb_� ^ey� fh^bnbdZpbb� we_dljh^h\� we_dljhobfbq_kdb

hkZ`^_gghc� ;_jebgkdhc� EZamjb� �;E�� �� n_jjhpbZgb^Z� `_e_aZ� �,,,�
Fe4[Fe(CN)6]·xH22���hldju\Z_l�\hafh`ghklv�ijh\h^blv�Zfi_jhf_ljbq_kdh_
hij_^_e_gb_�G2H2�iml_f�_]h�\hkklZgh\e_gby�ijb�ihl_gpbZe_���<��o�k�w���>�@�
Ie_gdZ� ;E� gZ� kl_dehm]e_jh^ghf� �KM�� we_dljh^_� �ihdjulb_� ���� fDe�kf2)
b]jZ_l�jhev�k_e_dlb\gh]h�we_dljhdZlZebaZlhjZ�\hkklZgh\e_gby�G2H2 [1].

<� ^Zgghc� jZ[hl_� ijh\_^_gZ� hilbfbaZpby� we_dljhhkZ`^_gby� ie_ghd
;E� gZ� ^bkdh\uo� KM� b� ]jZnblh\uo� we_dljh^Zo� k� p_evx� ^hklb`_gby
fZdkbfZevghc� klZ[bevghklb� �hij_^_ey_fhc� \j_f_g_f� gZqZeZ� jZajmr_gby

ie_gdb� ;E� \� ijhp_kk_� jZ[hlu�� ijb� khojZg_gbb� jZg__� ^hklb]gmluo� >�@
agZq_gbc� Zdlb\ghklb� b� k_e_dlb\ghklb��>ey� j_r_gby� ihklZ\e_gghc� aZ^Zqb
bamqZeb� \ebygb_� jZaebqguo� iZjZf_ljh\� jhklZ� ie_gdb� ;E� �khklZ\�
dhgp_gljZpby�� S+� jhklh\uo� jZkl\hjh\�� j_`bf� we_dljhhkZ`^_gby

�ihl_gpbh�]Zev\ZghklZlbq_kdbc��� ihl_gpbZe�� iehlghklv� lhdZ�� \j_fy� jhklZ�
j_`bf� ihke_^mxs_]h� pbdebjh\Zgby� ihl_gpbZeZ� ie_gdb� b� l�^��� gZ

klZ[bevghklv��Zdlb\ghklv�b�k_e_dlb\ghklv�we_dljhdZlZebaZlhjZ�

Bkke_^h\Zgb_� fh^bnbpbjh\Zgguo� we_dljh^h\� ijh\h^behkv� \

lj_owe_dljh^ghc� ijhlhqghc� yq_cd_� lbiZ� ZDOO�MHW�� GZb[hevr_c

klZ[bevghklvx�h[eZ^Zeb�ie_gdb�;E�k�ihdjulb_f� a��fDe�kf2��ihemq_ggu_

hkZ`^_gb_f�\� ]Zev\ZghklZlbq_kdhf�j_`bf_� �a���µ:�kf2��ba�jZkl\hjh\� ���
mM FeCl3� b� ���� P0� .3[Fe(CN)6@� \� ���F� +&O� k� ihke_^mxsbfb

l_jfhh[jZ[hldhc� ����O� &�� �� qZk�� b� pbdebjh\Zgb_f� ihl_gpbZeZ� ie_gdb� ��

100÷����f<��o�k�w���\���������F�.&O���Ijb�wlhf�lhd�\hkklZgh\e_gby�����µF
G2H2�\�����F�nhknZlghf�[mn_jghf�jZkl\hj_��S+������ijb�kdhjhklb�ihlhdZ



258
we_dljheblZ���fe�fbg�b�ihl_gpbZe_���<��o�k�w���khklZ\eye�������µ:�kf2�b�g_
baf_gyeky� \� l_q_gb_� ������ qZkh\�� <� ^Zgguo� mkeh\byo� hlghr_gb_� lhdZ

\hkklZgh\e_gby� ���� µF� G2H2� d� lhdm� nhgZ� �[mn_j� k� jZkl\hj_gguf

Zlfhkn_jguf�H2��gZoh^blky�\�ij_^_eZo���������KM��b��������]jZnbl��

>bZiZahg�hij_^_ey_fuo�kh^_j`Zgbc�G2H2�ih�^Zgghc�f_lh^bd_������

µF� �KM�we_dljh^u��� ]jZ^mbjh\hqguc� ]jZnbd� ebg__g� �gZdehg� ����

µ:��kf2·µF����

Bffh[bebaZpby� hdkb^Za� gZ� ih\_joghklb� ;E�we_dljh^h\� iha\hey_l
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êóëîíîìåòðèè ïðè ïîñòîÿííîì ïîòåíöèàëå

Äåíèñîâà À.Å., Êàáàíîâà Î.Ë., (ñòð.66)
56
Êóëîíîìåòðè÷åñêîå òèòðîâàíèå ìåäè è áàðèÿ ýòèëåíäèàìèíòåòðàóêñóñêíîé êèñëîòîé ñ öåëüþ
îïðåäåëåíèÿ èõ ñîäåðæàíèÿ â ñîåäèíåíèÿõ òèïà Hg-Cu-Ba-O

Äåíèñîâà À.Å., Êàáàíîâà Î.Ë., (ñòð.67)
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57
Èñïîëüçîâàíèå ìèêðîýëåêòðîäîâ äëÿ àíàëèçà ñîäåðæàíèÿ òÿæåëûõ ìåòàëëîâ â âîäíûõ è
âîäíî-îðãàíè÷åñêèõ ðàñòâîðàõ
òÿæåëûõ ìåòàëëîâ â âîäíûõ è âîäíî-îðãàíè÷åñêèõ ðàñòâîðàõ

Äðèáèíñêèé À.Â., Ëóêîâöåâà Í.Â., Ìî÷àëîâñêèé Ñ.Å., Ðîòåíáåðã Ç.À. (ñòð.68)
58
Îñîáåííîñòè âîëüòàìïåðîìåòðèè íà ãðàíèöå ðàçäåëà äâóõ íåñìåøèâàþùèõñÿ ðàñòâîðîâ
ýëåêòðîëèòîâ (ÃÐÄÍÐÝ): ìåòîä èññëåäîâàíèÿ è àíàëèçà

Äóíàåâà À.À., Êîëû÷åâà Í.Â., Âèëüêå Ñ., Ïåòðóõèí Î.Ì. (ñòð.69)
59
Ýëåêòðîõèìè÷åñêîå äåòåêòèðîâàíèå â ÂÝÆÕ îðãàíè÷åñêèõ âåùåñòâ. Ïðîáëåìû è ïåðñïåêòèâû

Åâãåíüåâ Ì.È., Áóäíèêîâ Ã.Ê., (ñòð.70)
60
Ýëåêòðîàíàëèòè÷åñêèå ñâîéñòâà äèíèòðîáåíçîêñàäèàçîëüíûõ ïðîèçâîäíûõ àìèíîñîåäèíåíèé

Åâãåíüåâ Ì.È., Ãàðìîíîâ Ñ.Þ., Áóäíèêîâ Ã.Ê. (ñòð.71)
61
Ýëåêòðîõèìè÷åñêèå áèîñåíñîðû äëÿ îïðåäåëåíèÿ ïåñòèöèäîâ

Åâòþãèí Ã.À., Áóäíèêîâ Ã.Ê., (ñòð.72)
62
Ýëåêòðîõèìè÷åñêèå ñâîéñòâà òðåõúÿäåðíîãî ãåêñààöåòàòà èðèäèÿ [Ir3IV,III,III(?3-N)(?-
CH3COO)6py3]ClO4
[Ir3IV,III,III(?3-N)(?-CH3COO)6py3]ClO4

Åçåðñêàÿ Í.À., Òîðîï÷åíîâà Å.Ñ., Êèñåëåâà È.Í., Ôîìèíà Ò.À. (ñòð.73)
63
Àêòóàëüíûå çàäà÷è ïîäãîòîâêè ñïåöèàëèñòîâ â îáëàñòè ýêîàíàëèòè÷åñêîãî êîíòðîëÿ
â îáëàñòè ýêîàíàëèòè÷åñêîãî êîíòðîëÿ

Åëàíñêèé Ã.Í., Ëóêàøêèí Í.Ä., Èâàíîâ Ñ.Ñ., Èãíàòîâ Â.È., Êóçåëåâ Í.Ð., Âàðâàðèöà Â.Ï.
(ñòð.74)

64
Óíèâåðñàëüíûé âîëüòàìïåðîìåòðè÷åñêèé àíàëèçàòîð, óïðàâëÿåìûé ÝÂÌ

Åðìàêîâ Ñ.Ñ., Êî÷åìèðîâñêèé Â.À., ×èæîâ Â.Ì. (ñòð.75)
65
Èçó÷åíèå ýëåêòðîõèìè÷åñêîãî ïîâåäåíèÿ ìàêðîöèêëè÷åñêèõ ñîåäèíåíèé íà ïîâåðõíîñòè
òâåðäîôàçíûõ ñåíñîðîâ

Åñèïîâà Ì.Â. (ñòð.76)
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66
Àíàëèòè÷åñêèå õàðàêòåðèñòèêè èîíñåëåêòèâíûõ ýëåêòðîäîâ íà îñíîâå ôîñôîðîðãàíè÷åñêèõ
ñîåäèíåíèé. Âëèÿíèå çàìåñòèòåëåé è ëèïîôèëüíûõ äîáàâîê

Æóêîâ À.Ô., Óðóñîâ Þ.È., Õàðèòîíîâ À.Á., Ôðàêèéñêèé Å.Á., Áàóëèí Â.Å., Ïåòðóõèí Î.Ì.
(ñòð.77)

67
Ýëåêòðîõèìè÷åñêèé ìåòîä äëÿ îïðåäåëåíèÿ õîëèíýñòåðàçíîé àêòèâíîñòè ôåðìåíòîâ

Æóêîâñêèé Þ.Ã., Êóçíåöîâà Ë.Ï., Ñî÷èëèíà Å.Å., Áûêîâñàÿ Å.Þ., Ìèõàéëîâà Ë.Þ.
(ñòð.78)

68
Ïîâåäåíèå ãàçîäèôôóçèîííûõ ýëåêòðîäîâ ñ êèñëîðîäíîé äåïîëÿðèçàöèåé â ñåíñîðàõ
õëîðîâîäîðîäà

Çàâåðà÷ Å.Ì., ×âèðóê Å.Ï., Ëþíè÷åâà Î.Â. (ñòð.79)
69
Íîâîå ïðèáîðíî-ìåòîäè÷åñêîå îáåñïå÷åíèå ÍÏÏ Ýêîíèêñ

Çàéöåâ Í.Ê., Ãðèøå÷êèíà Ì.Â., Çàéöåâ Ï.Ì., Êðàñíûé Ä.Â. (ñòð.80)
70
Ìîäèôèöèðîâàííûå óãîëüíî-ïàñòîâûå ýëåêòðîäû è èõ ïðèìåíåíèå â àíàëèòè÷åñêèõ öåëÿõ

Çàõàðîâ Â.À., Øàðèïîâà Í.Ñ., Áåññàðàáîâà È.Ì. (ñòð.82)
71
Îïðåäåëåíèå ñëåäîâ óðàíà ìåòîäîì àäñîðáöèîííîé êàòîäíîé âîëüòàìïåðîìåòðèè íà
ñòàöèîíàðíîì ðòóòíîì ýëåêòðîäå

Çàõàðîâà Ý.À., Êèòàåâà Í.À., (ñòð.83)
72
Âîçìîæíîñòè âîëüòàìïåðîìåòðèè ïðè àíàëèçå áèîëîãè÷åñêè àêòèâíûõ ôîðì ñåëåíà, æåëåçà è
èîäà

Çàõàðîâà Ý.À., Ñëåï÷åíêî Ã.Á., (ñòð.84)
73
Ïðîáëåìû ôîðìèðîâàíèÿ ðòóòíîãî ïîêðûòèÿ íà óãëåðîäñîäåðæàùèõ ýëåêòðîäàõ èç ðàñòâîðà è
èç òâåðäûõ ñîåäèíåíèé, èììîáèëèçîâàííûõ íà ïîâåðõíîñòü

Çàõàð÷óê Í.Ô., Áîðèñîâà Í.Ñ., Ñàðàåâà Ñ.Þ., Áðàéíèíà Õ.Ç. (ñòð.85)
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74
Âîëüòàìïåðîìåòðèÿ, ìàãíèòíûå ñâîéñòâà è ñòðóêòóðíûå õàðàêòåðèñòèêè ñìåøàííûõ
êàäìèé(Ï)-æåëåçî(Ø)-ãåêñàöèàíîôåððàòîâ

Çàõàð÷óê Í.Ô., Áîðèñîâà Í.Ñ., Øîëüö Ô., Øðåäåð Ó. (ñòð.86)
75
Ñðàâíåíèå äâóõ ñïîñîáîâ ââåäåíèÿ òâåðäîãî âåùåñòâà â çîíó ýëåêòðîäíîé ðåàêöèè

Çàõàð÷óê Í.Ô., Áîðèñîâà Í.Ñ., Øîëüö Ô. (ñòð.87)
76
Ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ âîëüòàìïåðîìåòðèè â ðóòèííîì àíàëèçå

Èâàíîâ Þ.À., Õóñòåíêî Ë.À., Ãðèãîðüåâ Ñ.Â., Èâàíîâ È.Þ., Ìåðæà À.Í.,
Îñòðàñòü Ì.Ñ., Íàçàðîâ Á.Ô., Çàè÷êî À.Â., Íîñêîâà Ã.Í., Òîëìà÷åâà Ò.Ï. (ñòð.88)

77
Ýëåêòðîõèìè÷åñêàÿ îáðàáîòêà êàê ñðåäñòâî âíåäðåíèÿ â øèðîêóþ ïðàêòèêó ýëåêòðîäîâ èç
óãëåðîäíûõ ìàòåðèàëîâ ñ áîëüøîé ðàáî÷åé ïîâåðõíîñòüþ ëþáîé ãåîìåòðèè

Èâàíîâ Þ.È., Êèëèíà È.Ê., (ñòð.90)
78
Ôàðìàêîêèíåòè÷åñêèå èññëåäîâàíèÿ êàðäèîïðåïàðàòîâ ìåòîäîì èíâåðñèîííîé
âîëüòàìïåðîìåòðèè

Èâàíîâñêàÿ Å.À., Áîáëåâà Þ.Â., (ñòð.92)
79
Îïðåäåëåíèå ñåðåáðà â ïèòüåâûõ è ïðåñíûõ ïðèðîäíûõ âîäàõ
ìåòîäîì èíâåðñèîííîé âîëüòàìïåðîìåòðèè ñ óãëåðîäíûìè ýëåêòðîäàìè

Èãíàòîâ Â.È., Èâàíîâ Ñ.Ñ., (ñòð.92)
80
Âîëüòàìïåðîìåòðèÿ ïîëèìåðíûõ ýëåêòðîëèòîâ äëÿ ëèòèåâûõ èñòî÷íèêîâ òîêà

Èçààê Ò.È., Ìîêðîóñîâ Ã.Ì., (ñòð.93)
81
Ýëåêòðîõèìè÷åñêèå ìåòîäû àíàëèçà íåîðãàíè÷åñêèõ âåùåñòâ (1990 - 1998ã.ã.)

Êàáàíîâà Î.Ë., Øèðîêîâà Â.È., Ìàðêîâà È.Â., Àíäðèÿíîâà Ò.Â. (ñòð.94)
82
Ðåäîêñìåòðè÷åñêîå îïðåäåëåíèå ìîëåêóëÿðíîãî êèñëîðîäà â âîäå

Êàâåðèí À.Â., Ïèñàðåâñêèé À.Ì., (ñòð.96)
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83
Îïûò èñïîëüçîâàíèÿ âîëüòàìïåðîìåòðèè â êîíòðîëå ðÿäà òîêñè÷íûõ êîìïîíåíòîâ â ñëóæáàõ
ñàíýïèäåìíàäçîðà

Êàäûêîâà Å.À., Êîðîëåâà Î.Í.
., Áûêîâà Ë.Í., Àõìàäüÿðîâà Ä.È., Äàâëåò÷èí Ä.È., Ãîðîáåö À.È., Ñàëèõäæàíîâà Ð.Ì.-Ô.
(ñòð.97)

84
Ýëåêòðîõèìè÷åñêèå êîíöåíòðàòû íà ìîäèôèöèðîâàííîé àä-àòîìàìè ïîâåðõíîñòè
óãëåñèòàëëîâûõ ýëåêòðîäîâ

Êàìåíåâ À.È., Àëîâ Í.Â., Âèòåð È.Ï., Êîâàëüñêèé Ê.À.. Îñêîëîê Ê.Â. (ñòð.97)
85
Âîëüòàìïåðîìåòðèÿ òÿæåëûõ ìåòàëëîâ íà ýëåêòðîõèìè÷åñêè ìîäèôèöèðîâàííûõ ýëåêòðîäàõ

Êàìåíåâ À.È., Êîâàëüñêèé Ê.À., Êîâàëåíêî Ì.À. (ñòð.98)
86
Îñîáåííîñòè ýëåêòðîõèìè÷åñêîãî ïîâåäåíèÿ ñåðåáðà è çîëîòà íà òâåðäîì ýëåêòðîäå íà
áðîìèäíîì ôîíå

Êàìåíåâ À.È., Ëóøîâ Ê.À., (ñòð.99)
87
«Âèðòóàëüíûé « âîëüòàìïåðîìåòðè÷åñêèé àíàëèçàòîð  íà áàçå ïðèáîðà ÀÂÀ-1 è
èíòåðôåéñíîé  ïëàòû L-154

Êàìåíåâ À.È., Ðóìÿíöåâ À.Þ., Ëóøîâ Ê.À., Êîâàëüñêèé Ê.À. (ñòð.100)
88
Âîëüòàìïåðîìåòðè÷åñêîå îïðåäåëåíèå êîìïîíåíòîâ ñ ïåðåêðûâàþùèìèñÿ àíàëèòè÷åñêèìè
ñèãíàëàìè

Êàìåíåâ À.È., ×åðíîâà Í.À., Ðóìÿíöåâ À.Þ. (ñòð.101)
89
Èíâåðñèîííîå âîëüòàìïåðîìåòðè÷åñêîå îïðåäåëåíèå íåêîòîðûõ ýëåìåíòîâ â âîäàõ è
ïèùåâûõ ïðîäóêòàõ

Êàìûøîâ Â.Ì., Áåëûøåâà Ã.Ì., Ìàëàõîâà Í.À., Ñòîæêî Í.Þ.,Àëåøèíà Ë.Â. (ñòð.102)
90
Ïîòåíöèîìåòðè÷åñêîå îïðåäåëåíèå öèàíñîäåðæàùèõ ïèðåòðîèäíûõ ñîåäèíåíèé â
ïðîìûøëåííûõ ïðåïàðàòàõ

Êàðàíäè È.Â., Áóçëàíîâà Ì.Ì., (ñòð.103)
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91
Âîëüòàìïåðîìåòðèÿ èíòåðìåäèàòîâ ýëåêòðîïîëèìåðèçàöèè âèíèëîâûõ ñïèðòîâ

Êàðïèíåö À. Ï. (ñòð.104)
92
Ñïåöèôèêà ýëåêòðîâîññòàíîâëåíèÿ êàðáîíèëüíûõ ñîåäèíåíèé â ñèñòåìàõ ìåòàíîë-áåíçîë è
ìåòàíîë-äèîêñàí

Êàðïèíåö À.Ï. (ñòð.105)
93
Áåðëèíñêàÿ Ëàçóðü - òðàíñäüþñåð äëÿ ýëåêòðîõèìè÷åñêîé äåòåêöèè ïåðîêñèäà âîäîðîäà.
Ïðèìåíåíèå äëÿ ðàçðàáîòêè áèîñåíñîðîâ

Êàðÿêèí À., Êàðÿêèíà Å., (ñòð.106)
94
Îïðåäåëåíèå ñåðåáðà â ôèêñàæíûõ ðàñòâîðàõ ìåòîäîì èíâåðñèîííîé âîëüòàìïåðîìåòðèè íà
ãðàôèòîâîì îáíîâëÿåìîì ýëåêòðîäå

Êèðþøîâ Â.Í., Âàéñ À.À., Ñêâîðöîâà Ë.È. (ñòð.107)
95
Âëèÿíèå ýëåêòðîõèìè÷åñêèõ ðåàêöèé ñ ó÷àñòèåì âîäîðîäà íà îïðåäåëåíèå ùåëî÷íûõ è
ùåëî÷íîçåìåëüíûõ ìåòàëëîâ ìåòîäîì ÈÂÀ

Êîâàëåâà Ñ.Â., Ãëàäûøåâ Â.Ï., ×èêèíåâà Í.Â. (ñòð.109)
96
«Ðàñ÷åòíûé ìåòîä» îïðåäåëåíèÿ òî÷êè ýêâèâàëåíòíîñòè â ìåòîäå àìïåðîìåòðè÷åñêîãî
òèòðîâàíèÿ ñ äâóìÿ ïîëÿðèçîâàííûìè ýëåêòðîäàìè

Êîæåâíèêîâ È.Â., Ãàâðèëîâà È.Ñ., (ñòð.110)
97
Èììóíîñåíñîð äëÿ äèàãíîñòèêè êëåùåâîãî ýíöåôàëèòà

Êîçèöèíà À.Í., Áðàéíèíà À.Ç., (ñòð.111)
98
Ìåòîä ÈÂÀ â ìîíèòîðèíãå òÿæåëûõ ìåòàëëîâ â çâåíüÿõ òåõíîãåííîçàâèñèìûõ ïèùåâûõ öåïåé

Êîëåñíèêîâà Å.Â., Ïüÿíûõ Ã.Ì., Ãëàäûøåâ Â.Ï. (ñòð.112)
99
Îöåíêà ïîëíîòû ñîðáöèè ïëàòèíîâûõ ìåòàëëîâ, çîëîòà è ñåðåáðà àêòèâèðîâàííûì óãëåì èç
õëîðèäíûõ ñðåä ìåòîäàìè ÈÂÀ è ÐÔÀ

Êîëïàêîâà Í.À., Àãååâà Ë.Ä., Êîâûðêèíà Ò.Â., Ïîöÿïóí Í.Ï. (ñòð.112)
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100
Îöåíêà ìåõàíèçìà è êèíåòèêè ñîðáöèè ïëàòèíû, ïàëëàäèÿ, çîëîòà è ðîäèÿ àêòèâèðîâàííûì
óãëåì èç õëîðèäíûõ ñðåä, îáëó÷åííûõ óëüòðàôèîëåòîì

Êîëïàêîâà Í.À., Áóéíîâñêèé À.Ñ., Àãååâà Ë.Ä., Êîâûðêèíà Ò.Â. (ñòð.114)
101
Êèíåòèêà è ìåõàíèçì ýëåêòðîõèìè÷åñêîãî êîíöåíòðèðîâàíèÿ ïëàòèíû è ðîäèÿ íà ðòóòíî-
ãðàôèòîâîìïëàòèíîâîì è îêñèäíî-òàíòàëîâîì ýëåêòðîäàõ

Êîëïàêîâà Í.À., Äüÿ÷åíêî À.Í., Áîðèñîâà Í.Â., Àíäðååâ Ì.Ã. (ñòð.115)
102
Îïðåäåëåíèå òåëëóðà íà ñåðåáðÿíîì ýëåêòðîäå â ùåëî÷íûõ ðàñòâîðàõ

Êîíàêáàåâà Ý.Ã., Íåôåäîâ À.Í., Òàñòàíîâà À.Ì. (ñòð.116)
103
Êóëîíîìåòðè÷åñêèé ìåòîä îïðåäåëåíèÿ òåõíåöèÿ

Êîíäàêîâ Â.Ì., Áåêëåìûøåâ Â.Ã., Ñåìåíîâ Å.Í. (ñòð.117)
104
Èçó÷åíèå ìåõàíèçìà ìåæôàçíîé ðàçíîñòè ïîòåíöèàëîâ ïðè ýêñòðàêöèè-ðåýêñòðàêöèè

Êîíäàêîâ Â.Ì., Ñåìåíîâ Å.Í., (ñòð.118)
105
Ðàçðàáîòêà ìåòîäîâ êîíòðîëÿ òåõíîëîãè÷åñêèõ ïðîöåññîâ, îñíîâàííûõ íà èçìåðåíèè
ìåæôàçíîé ðàçíîñòè ïîòåíöèàëîâ, âîçíèêàþùåé ïðè ýêñòðàêöèè-ðåýêñòðàêöèè

Êîíäàêîâ Â.Ì., Ñåìåíîâ Å.Í., Ìàëûé Å.Í. (ñòð.120)
106
Ýëåêòðîõèìè÷åñêèé ñïîñîá îïðåäåëåíèÿ àêòèâíîñòè àíòèîêñèäàíòîâ

Êîðîòêîâà Å.È., Êàðáàèíîâ Þ.À., Æóðàâêîâ Ñ.Ï. (ñòð.121)
107
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Ïîëÿê Ý.À. (ñòð.182)
161
Íåêîòîðûå âîçìîæíîñòè ìåòðîëîãè÷åñêîé ñàìîîöåíêè ïðè õèìèêî-àíàëèòè÷åñêîì êîíòðîëå ñ
ïðèìåíåíèåì ýëåêòðîõèìè÷åñêèõ ìåòîäîâ àíàëèçà

Ïîëÿê Ý.À. (ñòð.183)
162
Ïðèìåíåíèå èîíîñåëåêòèâíûõ ýëåêòðîäîâ ïðè õèìèêî-àíàëèòè÷åñêîì êîíòðîëå ýôôåêòîâ
àêòèâàöèè âîäíûõ ñèñòåì

Ïîëÿê Ý.À., Ìàòóñåâè÷ Â.Ñ., (ñòð.185)
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163
Èñïîëüçîâàíèå ìåäüñåëåêòèâíûõ ýëåêòðîäîâ ïðè íåïðåðûâíîì êîíòðîëå êîíöåíòðàöèè èîíîâ
ìåäè â õëîðèäñîäåðæàùèõ ðàñòâîðàõ

Ïîëÿê Ý.À., Ìàòóñåâè÷ Â.Ñ., Çàçèìêî Å.À., Äåðáûøåâ À.Ñ. (ñòð.186)
164
Àíàëèòè÷åñêèå îòêëèêè èîíîâ êàëüöèÿ è ìàãíèÿ, ïîëó÷åííûå ñ ïîìîùüþ èîíîñåëåêòèâíûõ
ýëåêòðîäîâ, èñïîëüçîâàíèå ïðè èññëåäîâàíèè êèíåòèêè êðèñòàëëèçàöèè è íàêèïåîòëîæåíèÿ

Ïîëÿê Ý.À., Ìàòóñåâè÷ Â.Ñ., Êîçëîâ Â.À.. (ñòð.187)
165
Àìïåðîìåòðè÷åñêîå òèòðîâàíèå íèòðàò-èîíîâ ðàñòâîðîì ñåðíîêèñëîãî çàêèñíîãî æåëåçà

Ïîëÿê Ý.À., Ðîäèîíîâà Ë.À., (ñòð.188)
166
Íåêîòîðûå êîìïîíåíòû ñîñòàâà ìåìáðàí ôîñôàòñåëåêòèâíîãî ýëåêòðîäà

Ïîëÿê Ý.À., Øåâåëèíà Ñ.Ñ., (ñòð.190)
167
Èñïîëüçîâàíèå àäñîðáöèîííûõ ýôôåêòîâ äëÿ ïîâûøåíèÿ ÷óâñòâèòåëüíîñòè
ïîëÿðîãðàôè÷åñêîãî îïðåäåëåíèÿìîëèáäåíà è ìåäè â ïðèñóòñòâèè îðãàíè÷åñêèõ ðåàãåíòîâ

Ðåâåíêî Ì.Ä., Êèðèÿê Ë.Ã., Ìåðÿí Â.Ò., Êàçàê Ò.À. (ñòð.191)
168
Ýëåêòðîãåíåðèðîâàííàÿ õåìèëþìèíåñöåíöèÿ (ÝÕË) îðãàíè÷åñêèõ ñîåäèíåíèé - íîâûé ìåòîä
áèîìåäèöèíñêèõ èññëåäîâàíèé è èììóíîàíàëèçà

Ðîæèöêèé Í.Í. (ñòð.192)
169
Î ïðèìåíåíèè ïðîèçâîäíûõ ïåðâîãî è âòîðîãî ïîðÿäêîâ â èíâåðñèîííîé âîëüòàìïåðîìåòðèè
(ÈÂ) íåêîòîðûõ ìåòàëëîâ ïðè ëèíåéíîé è ñòóïåí÷àòîé ðàçâåðòêå ïîòåíöèàëîâ

Ðîìàíåíêî Ñ.Â., Ñòàñþê Í.Â., (ñòð.194)
170
Îá àïïðîêñèìàöèè áàçîâîé ëèíèè â èíâåðñèîííîé âîëüòàìïåðîìåòðèè ñïëàéí-ôóíêöèåé
ñòåïåíè 2,5

Ðîìàíåíêî Ñ.Â., Ðîìàíåíêî Ý.Ñ., (ñòð.195)
171
Ìèêðîýëåêòðîäû: ïðåäåëüíûå äèôôóçèîííûå òîêè è ýëåêòðîõèìè÷åñêèé èìïåäàíñ â óñëîâèÿõ
åñòåñòâåííîé êîíâåêöèè
è ýëåêòðîõèìè÷åñêèé èìïåäàíñ â óñëîâèÿõ åñòåñòâåííîé êîíâåêöèè

Ðîòåíáåðã Ç.À., Äðèáèíñêèé À.Â., Ëóêîâöåâ Â.Ï. (ñòð.196)
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172
Ýëåêòðîêàòàëèòè÷åñêèå ïðîöåññû â àíàëèçå ïðèðîäíûõ è ïðîìûøëåííûõ îáúåêòîâ

Ðóâèíñêèé Î.Å. (ñòð.197)
173
Ïîòåíöèîìåòðèÿ êèíåòèêè ýêñòðàêöèè â ñèñòåìàõ ðàñòèòåëüíûå ìàñëà  - âîäíûé ýòàíîë -
ðåàãåíòû è ïðîáëåìû îïðåäåëåíèÿ êèñëîòíîãî ÷èñëà

Ðóâèíñêèé Î.Å., Âûñêóáîâà Å.Í., Øàðóäèíà Ñ.ß. (ñòð.199)
174
Ýëåêòðîêàòàëèòè÷åñêèå ðåàêöèè êîáàëàìèíîâ â êîñâåííîé ïîëÿðîãðàôèè

Ðóâèíñêèé Î.Å., Íåíàøåâà Ë.Â., (ñòð.200)
175
Ñîâðåìåííûå ïóòè è ñðåäñòâà àâòîìàòèçàöèè âîëüòàìïåðîìåòðè÷åñêîãî àíàëèçà

Ñàëèõäæàíîâà Ð.Ì.-Ô., Ãîðîáåö À.È. (ñòð.201)
176
Èñïîëüçîâàíèå ìîäèöèôèðîâàííûõ óãîëüíî-ïàñòîâûõ ýëåêòðîäîâ äëÿ ñåëåêòèâíîãî
êîíöåíòðèðîâàíèÿ è îïðåäåëåíèÿ àðîìàòè÷åñêèõ äèíèòðîñîåäèíåíèé â âîëüòàìïåðîìåòðèè

Ñàïåëüíèêîâà Ñ.Â., Ìàéñòðåíêî Â.Í., Êóäàøåâà Ô.Õ. (ñòð.203)
177
Ïåðñïåêòèâû ïðèìåíåíèÿ èíâåðñèîííî-âîëüòàìïåðîìåòðè÷åñêîãî  àíàëèçà ñ
ïðîáîïîäãîòîâêîé

Ñâèíöîâà Ë.Ä., ×åðíûøîâà Í.Í., (ñòð.204)
178
Ïîëèìåðíûå N-àðèë-3-àìèíîïðîïèîíîâûå êèñëîòû - ïåðñïåêòèâíûå ìàòåðèàëû äëÿ ìåìáðàí
ìåäüñåëåêòèâíûõ ýëåêòðîäîâ

Ñêîðèê Þ.À., Íåóäà÷èíà Ë.Ê., Ñèðàåâà Î.Ì., Ãåðò Í.Â., Âøèâêîâ À.À., ßòëóê Þ.Ã.
(ñòð.205)

179
Íîâûå âîçìîæíîñòè ïðîâåäåíèÿ âîëüòàìïåðîìåòðè÷åñêîãî ýêñïåðèìåíòà

Ñîêîëîâ Ì.À., Êàìåíåâ À.È., (ñòð.206)
180
Êëàññèôèêàöèÿ ìàòåìàòè÷åñêèõ ìîäåëåé ýëåêòðîàíàëèòè÷åñêèõ ñèãíàëîâ â ôîðìå ïèêîâ,
îñíîâàííûõ íà ýëåìåíòàðíûõ ôóíêöèÿõ

Ñòðîìáåðã À.Ã., Ðîìàíåíêî Ñ.Â., (ñòð.207)
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181
Òåîðåòè÷åñêèå îñíîâû è ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ àìïåðîäèíàìè÷åñêîãî òèòðîâàíèÿ

Ñóïðóíîâè÷ Â.È., Ïëàêñèåíêî È.Ë., Íîâîõàòüêî Î.Â. (ñòð.209)
182
Âîëüòàìïåðîìåòðè÷åñêîå îïðåäåëåíèå òÿæåëûõ ìåòàëëîâ â îáúåêòàõ îêðóæàþùåé ñðåäû

Ñóðîâà Í.À. (ñòð.210)
183
Ýëåêòðîõèìè÷åñêîå èçó÷åíèå âçàèìîäåéñòâèÿ ñàëèöèëîãèäðîêñàìîâîé êèñëîòû ñ áîðîì(III)

Ñóðîâà Ò.Â., Èêàíèíà Ò.Â., Áóëäàêîâà Ë.Þ., Òàáàðèíöåâ Ì.Â. (ñòð.211)
184
Äðîáíîå èíòåãðèðîâàíèå è äðîáíîå äèôôåðåíöèðîâàíèå ïîëîâèííîãî ïîðÿäêà äèñêðåòíûõ
âîëüòàìïåðîìåòðè÷åñêèõ ñèãíàëîâ

Ñóõàðåâ À.À., Âÿñåëåâ Ì.Ð., (ñòð.212)
185
Ôîðìèðîâàíèå ÷óâñòâèòåëüíûõ ýëåìåíòîâ ãàçîâûõ ñåíñîðîâ

Òàðàñåíêîâà È.Â., Òóðàåâà Ì.Ñ., (ñòð.213)
186
Èñïîëüçîâàíèå ðåæèìà âûñîêîâîëüòíîãî íàêîïëåíèÿ äëÿ óìåíüøåíèÿ âëèÿíèÿ ÏÀÂ â
èíâåðñèîííîé âîëüòàìïåðîìåòðèè

Òàðàñîâà Â.À., Êèðþøîâ Â.Í., Áåê Ð.Þ. (ñòð.214)
187
Ôîòîõèìè÷åñêàÿ ïîäãîòîâêà ïðîá äëÿ öåëåé ÈÂÀ

Òåìåðäàøåâ Ç.À., Öþïêî Ò.Ã., Âîðîíîâà Î.Á., Ðåéçîâà Ì.Â. (ñòð.215)
188
Èññëåäîâàíèå êîìïëåêñîîáðàçîâàíèÿ êðèñòàëëè÷åñêîãî ôèîëåòîâîãî ñ ðòóòüþ (II) äëÿ
àíàëèòè÷åñêèõ öåëåé

Òåìåðäàøåâ Ç.À., Öþïêî Ò.Ã., Ïåðåêîòèé Â.Â., Àëèåâà Ý.Ø. (ñòð.216)
189
Ñîâðåìåííîå ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ âîëüòàìïåðîìåòðèè p- è d-ýëåìåíòîâ ñ
ïðèìåíåíèåì êîìïëåêñíûõ ìèíåðàëüíî-îðãàíè÷åñêèõ ôîíîâûõ ýëåêòðîëèòîâ

Òðóáà÷åâ À.Â., Êóðáàòîâ Ä.È., Øóìèëîâà Ì.À. (ñòð.217)
190
Âîëüòàìïåðîìåòðè÷åñêîå îáíàðóæåíèå ýëåìåíòîâ ôòîðèäñåëåêòèâíûì ýëåêòðîäîì

Òóðàåâà Ì.Ñ., Ïåãîâà È.À., (ñòð.218)
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191
Òåîðèÿ ýëåêòðîâîññòàíîâëåíèÿ àíèîíîâ ñ ó÷àñòèåì äîíîðîâ ïðîòîíîâ â ëèìèòèðóþùåé
ñòàäèè ðàçðÿäà

Ôåäîðîâè÷ Í.Â. (ñòð.219)
192
Êàòàëèòè÷åñêàÿ âîëíà âîäîðîäà â ñèñòåìàõ íèòðîçèëüíûõ êîèïëåêñîâ Fe(II)

Ôèöåâ È.Ì., Òîðîïîâà Â.Ô., Áóäíèêîâ Ã.Ê. (ñòð.220)
193
Âîëüòàìïåðîìåòðè÷åñêèå ïðåîáðàçîâàòåëè äëÿ îïðåäåëåíèÿ ñëåäîâûõ ñîäåðæàíèé
ðàçëè÷íûõ êîìïîíåíòîâ

Õàéðóëèí Á.Ê., Äàâëåò÷èí Ä.È., Ãîðîáåö À.È., Êîëáàíåâ À.À. (ñòð.221)
194
Èñïîëüçîâàíèå âîëüòàìïåðîìåòðè÷åñêèõ äàííûõ äëÿ îïðåäåëåíèÿ ôèçèêî-õèìè÷åñêèõ
ïàðàìåòðîâ áèîñïåöèôè÷åñêèõ âçàèìîäåéñòâèé

Õàëäååâà Å.Â., Ìåäÿíöåâà Ý.Ï., Øóøàðèíà À.Å., Áóäíèêîâ Ã.Ê. (ñòð.222)
195
Ýëåêòðîõèìè÷åñêèå ñåíñîðû äëÿ îïðåäåëåíèÿ àçîòîñîäåðæàùèõ âåùåñòâ â ãàçîâûõ ñðåäàõ

Õàìðàêóëîâ Ò.Ê., Íîâèöêèé Á.Å., (ñòð.223)
196
Èîíîñåëåêòèâíûå ýëåêòðîäû ñ îòêëèêîì íà íåêîòîðûå ëåêàðñòâåííûå ïðåïàðàòû

Õàðèòîíîâ Ñ.Â., Ãîðåëîâ È.Ï., (ñòð.224)
197
Î ïðåäåëàõ îáíàðóæåíèÿ ïàïàâåðèí-ñåëåêòèâíûõ ýëåêòðîäîâ

Õàðèòîíîâ Ñ.Â., Ãîðåëîâ È.Ï., (ñòð.225)
198
Ïîëÿðîãðàôè÷åñêèé ìåòîä àíàëèçà äèõëîðèäà N,N�äè(2-õëîðýòèë)ôîñôàìèäà

Õìåëüíèöêàÿ Å.Þ., Ðîìàíîâà Î.Á., Ñîðîêèíà È.Ê., Ãðèãîðüåâ Í.Á. (ñòð.226)
199
Òåîðèÿ è ïðàêòèêà òâåðäîòåëüíûõ ýëåêòðîõèìè÷åñêèõ ãàçîâûõ ñåíñîðîâ äëÿ ìîíèòîðèíãà
âîçäóøíîé ñðåäû

×âèðóê Â.Ï., Ëþíè÷åâà À.È., Êóøìèðóê À.È., Íåôåäîâ Ñ.Â., Çàâåðà÷ Å.Ì., Áóêåò À.È.
(ñòð.227)
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200
Òâåðäîòåëüíûå ýëåêòðîõèìè÷åñèêå ñèñòåìû è ñåíñîðû íà èõ îñíîâå

×âèðóê Â.Ï., Ëþíè÷åâà Î.Â., Êóøìèðóê À.È., Íåôåäîâ Ñ.Â., Áóêåò À.È., Çàâåðà÷ Å.Ì.
(ñòð.229)

201
Âîçìîæíîñòè èñïîëüçîâàíèÿ ñåðíîêèñëûõ ðàñòâîðîâ ðóáåàíîâîäîðîäîé êèñëîòû â
ïîòåíöèîìåòðè÷åñêîì òèòðîâàíèè

×åáîòàðåâ Â.Ê., Ïåòðîâ Á.È., Âÿòêèíà Í.Ã., Øåðáàêîâà Ë.Â., Ìîñóíîâà À.Å., Ïàðíåâà
Ò.Â. (ñòð.230)

202
Àíòèïèðèëðóáåàíîâîäîðîäíàÿ êèñëîòà � íîâûé ïîòåíöèîìåòðè÷åñêèé òèòðàíò. Îïðåäåëåíèå
ñåðåáðà è ïàëëàäèÿ

×åáîòàðåâ Â.Ê., Ïåòðîâ Á.È., Ùåðáàêîâà Ë.Â., Àãååâà Ì.Â. (ñòð.231)
203
Íàïðàâëåííûé ñèíòåç, ïðîãíîçèðîâàíèå è ïðàêòè÷åñêîå ïðèìåíåíèå ñåðîñîäåðæàùèõ
ðåàãåíòîâ â ïîòåíöèîìåòðè÷åñêîì àíàëèçå

×åáîòàðåâ Â.Ê., ×èãèðèíöåâ Â.Ä., Êðàåâ Þ.Ê., Ïåòðîâ Á.È., Âàéãàíò Í.Å., Ùåðáàêîâà
Ë.Â., Âîðîíêèíà È.Â., Íåâñêàÿ Í.Â., Ò.Â. Ïàðíåâà Ò.Â., Ìîñóíîâà À.Å. (ñòð.232)

204
Ýëåêòðîîñàæäåíèå äâóõ ôîðì îñàäêà ìàëîðàñòâîðèìîãî ñîåäèíåíèÿíà ïîâåðõíîñòè
ìåòàëëè÷åñêîãî ýëåêòðîäà ïðè èíâåðñèîííî-âîëüàìïåðîìåòðè÷åñêîì îïðåäåëåíèè àíàîíîâ

×åìåçîâà Ê.Ñ., Õëûíîâà Í.Ì., Çàõàðîâ Ì.Ñ. (ñòð.235)
205
Ýëåêòðîîñàæäåíèå ïîðèñòîé ïëåíêè ìàëîðàñòâîðèìîãî ñîåäèíåíèÿ íà ïîâåðõíîñòè
ìåòàëëè÷åñêîãî è èíäèôôåðåíòíîãî ýëåêòðîäîâ â óñëîâèÿõ ïðèìåíåíèÿ ìåòîäà èíâåðñèîííîé
âîëüòàìïåðîìåòðèè

×åìåçîâà Ê.Ñ., Õëûíîâà Í.Ì., Çàõàðîâ Ì.Ñ. (ñòð.236)
206
Ìîäåëèðîâàíèå ïðîöåññà î÷èñòêè ïîëóïðîâîäíèêîâîãî êðåìíèÿ ñ èñïîëüçîâàíèåì ìåòîäà
âîëüòàìïåðîìåòðèè

×åðíîâà Å.Å., Êàðáàèíîâ Þ.À., (ñòð.237)
207
Ýëåêòðîõèìè÷åñêèå ìåòîäû îïðåäåëåíèÿ ïîëèìåðíîãî ïîâåðõíîñòíî-àêòèâíîãî âåùåñòâà

×ìèëåíêî Ô.À., Êîðîáîâà È.Â., Äàíèëåíêî Ë.Í., Ïîðòðåòíûé Â.Ï. (ñòð.238)
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208
Èñïîëüçîâàíèå ýëåêòðîäîâ, ìîäèôèöèðîâàííûõ ìåòàëëîôòàëîöèàíèíàìè, â ïðîòî÷íîì
àíàëèçå ñåðîñîäåðæàùèõ îðãàíè÷åñêèõ ñîåäèíåíèé

Øàéäàðîâà Ë.Ã., Çàðèïîâà Ñ.À., Ôîìèí À.Þ., Áóäíèêîâ Ã.Ê., Ôèöåâ È.Ì. (ñòð.239)
209
Àìïåðîìåòðè÷åñêîå äåòåêòèðîâàíèå ñ ïîìîùüþ ýëåêòðîäîâ íà îñíîâå ïåðåíîñ÷èêîâ
ýëåêòðîíîâ â ñèñòåìå õîëèíýñòåðàçà - áóòèðèëòèîõîëèí èîäèä

Øàéäàðîâà Ë.Ã., Ôîìèí À.Þ., Ìåäÿíöåâà Ý.Ï., Áóäíèêîâ Ã.Ê. (ñòð.240)
210
Ñàëèöèëàò-ñåëåêòèâíûé ýëåêòðîä íà îñíîâå ýëåêòðîïîëèìåðèçîâàííîãî
òåòðààìèíîôòàëîöèàíàòà ìåäè(II)

Øâåäåíå Í.Â., Ëåéçåðîâè÷ Í.Í., Àëïàòîâà Í.Ì., Îâñÿííèêîâà Å.Â., Òîìèëîâà Ë.Ã.
(ñòð.241)

211
Ìåòàëëîôòàëîöèàíèòû êàê àêòèâíûå êîìïîíåíòû ìåìáðàí ÈÑÝ

Øâåäåíå Í.Â., Ëåéçåðîâè÷ Í.Í., Òîìèëîâà Ë.Ã., Ïëåòíåâ È.Â. (ñòð.242)
212
Èñïîëüçîâàíèå 3-(4-òîëèëàçî)ôåíèëáîðíîé êèñëîòû äëÿ èîíîìåòðè÷åñêîãî îïðåäåëåíèÿ
ïîëèãèäðîêñèñîåäèíåíèé

Øâåäåíå Í.Â., Ïëåòíåâ È.Â., Íàçàðîâà È.À., Ñòàðóøêî Í.Â. (ñòð.244)
213
Èçó÷åíèå êîìïëåêñîâ ãèäðîêñàìîâûõ N-àðèëçàìåùåííûõ  êèñëîò è áîðíîé êèñëîòû â êà÷åñòâå
ýëåêòðîäíîàêòèâíûõ êîìïîíåíòîâ ìåìáðàí ÈÑÝ

Øâåäåíå Í.Â., Ïëåòíåâ È.Â., Íàçàðîâà È.À., Ñòàðóøêî Í.Â. (ñòð.245)
214
Ñåëåêòèâíîå îïðåäåëåíèå  ñóðüìû ìåòîäîì èíâåðñèîííîé âîëüòàìïåðîìåòðèè íà
ìîäèôèöèðîâàííîì ðîäàìèíîì Ñ ýëåêòðîäå

Øåëêîâíèêîâ Â.Â., Ñîëîâüåâà Ë.Í., (ñòð.246)
215
Ïîòåíöèîñòàòè÷åñêàÿ êóëîíîìåòðèÿ íåîðãàíè÷åñêèõ âåùåñòâ ïîñëåäíåãî äåñÿòèëåòèÿ

Øèðîêîâà Â.È., Êàáàíîâà Î.Ë., Ìÿñîåäîâ Á.Ô. (ñòð.247)
216
Ýëåêòðîõèìè÷åñêîå äåòåêòèðîâàíèå â ïðîòî÷íî-èíæåêöèîííîì àíàëèçå: îïðåäåëåíèå
áëàãîðîäíûõ ìåòàëëîâ

Øïèãóí Ë.Ê. (ñòð.249)



Ñîäåðæàíèå

217
Âëèÿíèå ïðåäøåñòâóþùåé óëüòðàçâóêîâîé îáðàáîòêè íà íåîáðàòèìûå ïîëÿðîãðàôè÷åñêèå
âîëíû èîíîâ òèòàíà (VI) è õðîìà(III)

Øóðàé Ñ.Ï., Ìàëóêà Ë.Ì., Ðóâèíñêèé Î.Å. (ñòð.252)
218
Èîíñåëåêòèâíûå ýëåêòðîäû â àíàëèçå ãîòîâûõ ïðåïàðàòîâ è ïðîèçâîäñòâå àíòèáèîòèêîâ

Ùåãëîâà Ò.Â., Ùåãëîâà Í.Â., Ãîëîâíåâ Í.Í. (ñòð.253)
219
Èñïîëüçîâàíèå òèîïèðèíà â ïîòåíöèîìåòðè÷åñêîì òèòðîâàíèè

Ùåðáàêîâà Ë.Â., Ïåòðîâ Á.È., ×åáîòàðåâ Â.Ê., Àãååâà Ì.Â. (ñòð.254)
220
Íèçêîâîëüòíàÿ êàòîäíàÿ ëþìèíåñöåíöèÿ òÿæåëûõ ìåòàëëîâ íà ýëåêòðîäàõ ñ áàðüåðíûìè
äèýëåêòðè÷åñêèìè ñëîÿìè è åå ïðèìåíåíèå â àíàëèçå

ßãîâ Â.Â., Êîðîòêîâ À.Ñ., Îëåíèí À.Þ. (ñòð.255)
221
Ãàçî÷óâñòâèòåëüíûé ñåíñîð äëÿ îïðåäåëåíèÿ õèìè÷åñêè àêòèâíûõ ãàçîâ â âîäå è âîçäóõå

ßãîäèíà Î.Â., Íèêîëüñêàÿ Å.Á., (ñòð.256)
222
Àìïåðîìåòðè÷åñêîå îïðåäåëåíèå ïåðîêñèäà âîäîðîäà ñ ïðèìåíåíèåì ýëåêòðîäîâ,
ìîäèôèöèðîâàííûõ Áåðëèíñêîé Ëàçóðüþ. Ïîâûøåíèå ñòàáèëüíîñòè ýëåêòðîêàòàëèçàòîðà

ßíå÷êî Ï.À., Êàðÿêèí À.À., (ñòð.257)
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Àáäóëëèí È.Ô.    1    2
Àáäóðàõìàíîâ Ý.À.    139
Àãååâà Ë.Ä.    99    100
Àãååâà Ì.Â.    202    219
Àéòþðèíà Ò.Ã.    22
Àêåíååâ Þ.À.    4
Àêêàëèåâà Ø.À.    3
Àëåêñàíäðîâà Ò.Ï.    11
Àëåêñååâ Â.Í.    140
Àëåøèíà Ë.Â.    89
Àëèåâà Ý.Ø.    188
Àëîâ Í.Â.    84
Àëïàòîâà Í.Ì.    210
Àíäðååâ Ì.Ã.    101
Àíäðèÿíîâà Ò.Â.    81
Àíèêèí À.ß.    137
Àíèñèìîâà Ë.Ñ.    4
Àíóðîâ Â.Ë.    5    148
Àïóõòèíà Ë.Â.    115    116    119
Àðèíóøêèíà Ò.Â.    113
Àõìàäüÿðîâà Ä.È.    83
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Áàáè÷ Ã.À.    6
Áàáè÷ Ë.Â.        36
Áàáêèíà Ñ.Ñ.    7
Áàäàâàìîâà Ã. Ë.    133    134
Áàäàêøàíîâ Ð. Ì.    8
Áàðèíîâà Î. Â.    9    116
Áàóëèí Â.Å.    66
Áåáåøêî Ã.È.    10    144    145
Áåê Ð.Þ.    11    186
Áåêëåìûøåâ Â.Ã.    103
Áåëàø Å.Ì.    12
Áåëîâ Ä.À.    5
Áåëûøåâà Ã.Ì.    89
Áåëþñòèí À.À.    13
Áåðåæêîâñêàÿ Î.Ì.    111
Áåðòêîâ À.Ò.    139
Áåññàðàáîâà È.Ì.    70
Áîáëåâà Þ.Â.    14    78
Áîðæèöêàÿ À.Â.    15
Áîðèñîâà Í.Â.    101
Áîðèñîâà Í.Ñ.    73    74    75
Áîðìîòîâà Þ.È.    16
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Áðàéíèíà Õ.Ç.    17    18    73    97
Áóäíèêîâ Ã. Ê.    2    16    19    59    60    61    122    192

208    209    194
Áóçëàíîâà Ì.Ì.    90
Áóéíîâñêèé À.Ñ.    100
Áóêåò À.È.    199    200
Áóëäàêîâà Ë.Þ.    20    120    121    183
Áóðàõòà Â.À.    21    22
Áóðûëåâ Á. Ï.    110
Áûêîâà Ë. Í.    23    24    25    83
Áûêîâñêàÿ Å.Þ.    67
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Âàãèí Ì.Þ.    26
Âàéãàíò Í.Å.    203
Âàéñ À.À.    94
Âàðâàðèöà Â.Ï.    63
Âàñþêîâ À.Å.    27
Âàõîáîâà Ð.Ó.    28
Âäîâèíà Î.Â.    30
Âåäåðíèêîâà À.Â.    158
Âåëèêàíîâà Ò. Â.    29    30    31
Âåíåäèêòîâà À.Ã.    23
Âèëüêå Ñ.    58
Âèòåð È.Ï.    84
Âëàñîâ Þ. Ã.    32
Âîðîáüåâà Ã.Ñ.    42    43
Âîðîíêèíà È.Â.    203
Âîðîíîâà Î.Á.    187
Âøèâêîâ À.À.    178
Âûñêóáîâà Å.Í.    173
Âÿñåëåâ Ì.Ð.    33    34    184
Âÿòêèíà Í.Ã.    201
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Ãàâðèëîâà È.Ñ.    96
Ãàðìîíîâ Ñ.Þ.    60
Ãåðò Í.Â.    178
Ãåðøóíèíà Â.ß.    110
Ãåöèíà Ì.Ë.    35
Ãëàäûøåâ Â.Ï.    6    36    37    95    98
Ãëóõîâà Í.À.    124
Ãîëîâíåâ Í.Í.    218
Ãîðäèåíêî Ï.Ñ.    131
Ãîðåëîâ È.Ï.    196    197
Ãîðîáåö À.È.    38    39    83    175    193
Ãîðîõîâñêàÿ Â.È.    40
Ãîðîõîâñêèé Â.Ì.    41    42    43
Ãîðøêîâ Â.Ñ.    44
Ãðàôîâ Á.Ì.    140
Ãðèãîðüåâ Í.Á.    45    46    47    123    198
Ãðèãîðüåâ Ñ.Â.    76
Ãðèøå÷êèíà Ì.Â.    69
Ãóëèíà Í.Þ.    141
Ãóíöîâ À.Â.    48    49    50
Ãóñàêîâ Â.Í.    126
Ãóñåâ Â.Í.    137
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Äàâëåò÷èí Ä.È.    38    39    83    193
Äàíèëåíêî Ë.Í.    207
Äàíèëîâ À.Â.    45    47
Äåäîâ À.Ã.    51
Äåìèí Â.À.    52    53
Äåìêèí À.Ì.    54
Äåíèñîâà À.Å.    55    56
Äåðáàøè È.È.    39
Äåðáûøåâ À.Ñ.    163
Äåðèé Â.Â.    13
Äðèáèíñêèé À.Â.    57    171
Äóíàåâà À.À.    58
Äüÿ÷åíêî À.Í.    101

Åâãåíüåâ Ì.È.    59    60
Åâòþãèí Ã.À.    61
Åçåðñêàÿ Í.À.    62
Åëàíñêèé Ã.Í.    63
Åðåìèí Ñ.À.    122
Åðìàêîâ Ñ.Ñ.    15    64
Åñèïîâà Ì.Â.    65
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Æèëÿåâ Â.À.    121
Æóêîâ À.Ô.    66
Æóêîâñêèé Â.Ì.    29
Æóêîâñêèé Þ.Ã.    67
Æóðàâêîâ Ñ.Ï.    106

Çàâåðà÷ Å.Ì.    68    199    200
Çàçèìêî Å.À.    163
Çàè÷êî À.Â.    76
Çàéöåâ Í.Ê.    51    69
Çàéöåâ Ï.Ì.    51    69
Çàðèïîâà Ñ.À.    208
Çàõàðîâ Â.À.    70
Çàõàðîâ Ì.Ñ.    49    158    204    205
Çàõàðîâà Î.Ì.    50
Çàõàðîâà Ý.À.    71    72
Çàõàð÷óê Í.Ô.    73    74    75
Çåìàí Ë.Ï.    155
Çÿâêèíà Þ.È.    7
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Èâàíîâ Â.Ì.    109
Èâàíîâ È.Þ.    76
Èâàíîâ Ñ.Ñ.    63    79
Èâàíîâ Þ.À.    76
Èâàíîâ Þ.È.    77
Èâàíîâà Æ.Â.    150
Èâàíîâà Ò.Å.    158
Èâàíîâñêàÿ Å.À.    14    78
Èâàíîâñêàÿ È.Ñ.    13
Èãíàòîâ Â.È.    63    79
Èçààê Ò.È.    80
Èêàíèíà Ò.Â.    183
Èëüè÷åâà Í.Þ.    122
Èëü÷åíêî Í.Â.    156
Èëüÿñîâà Ð.Ð.    128
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Êàáàíîâà Î.Ë.    55    56    81    215
Êàâåðèí À.Â.    82    153
Êàäûêîâà Å.À.    83
Êàçàê Ò.À.    167
Êàëà÷åâà Í.Â.    16
Êàìåíåâ À.È.    52    84    85    86    87    88    148    179
Êàìûøîâ Â.Ì.    89
Êàðàíäè È.Â.    90
Êàðáàèíîâ Þ.À.    14    106    206
Êàðåëèíà Â.Â.    44
Êàðïèíåö À. Ï.    91    92
Êàðÿêèí À.À.    26    93    108    222
Êàðÿêèíà Å.Å.    93
Êåëëåðìàí Ä.Ã.    44
Êåíæåõàíîâà Æ.Ò.    134
Êèëèíà È.Ê.    77
Êèðèÿê Ë.Ã.    167
Êèðþøîâ Â.Í.    11    94    186
Êèñåëåâà È.Í.    62
Êèòàåâà Í.À.    71
Êëèìîâà Ë.È.    40
Êëÿ÷êî Í.Ë.    26
Êíÿçåâà Å.Ï.    125
Êîâàëåâ Â.Â.    141
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Êîâàëåâà Å.Ã.    20
Êîâàëåâà Ñ.Â.    6    36    37    95
Êîâàëåíêî Ì.À.    85
Êîâàëüñêèé Ê.À.    84    85    87
Êîâûðêèíà Ò.Â.    99    100
Êîæåâíèêîâ È.Â.    96
Êîçèöèíà À.Í.    97
Êîçëîâ Â.À.    164
Êîçûáàåâ À.    3
Êîëáàíåâ À.À.    193
Êîëåñíèêîâà Å.Â.    98
Êîëïàêîâà Í.À.    99    100    101
Êîëû÷åâà Í.Â.    58
Êîíàêáàåâà Ý.Ã.    102
Êîíäàêîâ Â.Ì.    103    104    105
Êîðîáîâà È.Â.    207
Êîðîëåâà Î.Í.    83
Êîðîëåâà Ñ.À.    117    119
Êîðîòêîâ À.Ñ.    220
Êîðîòêîâà Å.È.    106
Êîñòåíêî Í.Á.    110
Êîñüÿíåíêî Î.À.    107
Êîòåëüíèêîâà Å.À.    108
Êî÷åëàåâà Ã.À.    109
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Êî÷åìèðîâñêèé Â.À.    64
Êðàåâ Þ.Ê.    203
Êðàñíûé Ä.Â.    69
Êðèöêàÿ Å.Á.    110
Êóáàíêîâà Í.Â.    111
Êóáûøåâà È.Â.        18
Êóäàøåâà Ô.Õ.    176
Êóäðÿâöåâà Â.À.    111
Êóçåëåâ Í.Ð.    63
Êóçíåöîâà È.Â.    112
Êóçíåöîâà Ë.Ï.    67
Êóëàãèí Å.Ì.    36    107
Êóëàïèí À.È.    113    114
Êóëàïèíà Å.Ã.    9    115    116    117    118    119
Êóíàøåâà Ç.Õ.    22
Êóðáàòîâ Ä.È.    20    44    120    121    189
Êóòûðåâà Ì.Ï.    122
Êóøìèðóê À.È.    199    200
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Ëåâèíà Â.È.    47    123
Ëåâèò Ð.Ë.    111
Ëåãèí À.Â.    32
Ëåéçåðîâè÷ Í.Í.    210    211
Ëåéòåñ Å.À.    124
Ëè Í.È.    43
Ëèìèí Á.Å.    52    53
Ëèíþ÷åâà Î.Â.    68    199    200
Ëèñèöêèé Â.Â.    126
Ëóêà÷åâà Ë.Â.    108
Ëóêàøêèí Í.Ä.    63
Ëóêîâöåâ Â.Ï.    171
Ëóêîâöåâà Í.Â.    57
Ëóòôóëàåâ Ç.Ë.    139
Ëóøîâ Ê.À.    86    87
Ëüâîâà Ò.È.    153
Ëÿìèíà Ã.Â.    125
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Ìàéñòðåíêî Â.Í.    126    127    128    176
Ìàêàðîâà Å.Ä.    111
Ìàëàõîâà Í.À.    89    129
Ìàëóêà Ë.Ì.    130    217
Ìàëûé Å.Í.    105
Ìàðèíèíà Ã.È.    131
Ìàðêîâà È.Â.    81    132
Ìàðòåìüÿíîâ Ñ.À.    140
Ìàòàêîâà Ð.Í.    133    134
Ìàòóñåâè÷ Â.Ñ.    162    163    164
Ìåäâåäåâà È.À.    124
Ìåäÿíöåâà Ý.Ï.    16    122    135    194    209
Ìåíäàëèåâà Ä.Ê.    3
Ìåðæà À.Í.    76
Ìåðÿí Â.Ò.    167
Ìèòÿøèíà Ñ.Ã.    30
Ìèõàéëîâà Ë.Þ.    67
Ìîãèëåâñêèé À.Í.    136    137
Ìîêðîóñîâ Ã.Ì.    80    125
Ìîëî÷íèêîâ Ë.Ñ.    20
Ìîñêâèí Ë.Ì.    15
Ìîñóíîâà À.Å.    201    203
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Ìî÷àëîâñêèé Ñ.Å.    57
Ìóðèí È.Â.    13
Ìóñëèìîâ Ð.Ð.    158
Ìÿñîåäîâ Á.Ô.    137    215
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Íàäåæèíà Ë.Ñ.    138
Íàçàðîâ Á.Ô.    37    76
Íàçàðîâà È.À.    212    213
Íàñèìîâ À.Í.    139
Íàñèìîâ Õ.Ì.    139
Íåâñêàÿ Í.Â.    203
Íåêðàñîâ Ë.Í.    140
Íåìèëîâà Ì.Þ.    141
Íåìîâ Â.À.    142    143
Íåíàøåâà Ë.Â.    174
Íåñòåðèíà Å.Ì.    10    144    145
Íåóäà÷èíà Ë.Ê.    178
Íåôåäîâ À.Í.    102
Íåôåäîâ Ñ.Â.    199    200
Íèêîëüñêàÿ Å.Á.    146    221
Íîâèêîâ À.Â.    25
Íîâèöêèé Á.Å.    195
Íîâîõàòüêî Î.Â.    147    181
Íîðìóäîâ Ç.Í.    139
Íîñêîâà Ã.Í.    76
Íûðåíêîâ À.Â.    130
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Àâòîðñêèé óêàçàòåëü

Îâñÿííèêîâà Å.Â.    210
Îâ÷èíñêèé Â.À.    114
Îëåíèí À.Þ.    220
Îñèïîâà Å.À.    5    148    149
Îñêîëîê Ê.Â.    84
Îñòðàñòü Ì.Ñ.    76
Îôèöåðîâà Ì.Í.    149

Ïàâëþê À.Â.    51
Ïàðíåâà Ò.Â.    201    203
Ïà÷àäæàíîâ Ä.Í.    28
Ïåãîâà È.À.    190
Ïåðåêîòèé Â.Â.    188
Ïåòðîâ Á.È.    201    202    203    219
Ïåòðîâ Ë.À.    20
Ïåòðîâ Ñ.È.    150
Ïåòðîâà Í.ß.    39
Ïåòðóõèí Î.Ì.    58    66    151
Ïèêóëà Í.Ï.    152    155
Ïèñàðåâñêèé À.Ì.    82    153
Ïèñêóíîâà Ì.Ñ.    154
Ïè÷óãèíà Â.Ì.    155
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Àâòîðñêèé óêàçàòåëü

Ïëàêñèåíêî È.Ë.    156    181
Ïëåñêîâ Þ.Â.    157
Ïëåòíåâ È.Â.    211    212    213
Ïîâåòêèí Â.Â.    158
Ïîäêîðûòîâ À.Ë.    29
Ïîäëåñíûõ Ñ.Â.    149
Ïîëîçîâà È.Ï.    153
Ïîëÿê Ý.À.    159    160    161    162    163    164    165

166
Ïîðòðåòíûé Â.Ï.    207
Ïîöÿïóí Í.Ï.    99
Ïðîíêèí À.À.    13
Ïðîõîðîâà Ã.Â.    109
Ïüÿíûõ Ã.Ì.    98
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Àâòîðñêèé óêàçàòåëü

Ðà÷èíñêàÿ Ã.Ô.    28
Ðåâåíêî Ì.Ä.    167
Ðåçíèê Ì.Ô.    131
Ðåéçîâà Ì.Â.    187
Ðåóñ Ò.Á.    138
Ðîäèîíîâà Ë.À.    165
Ðîæèöêèé Í.Í.    12    168
Ðîìàíåíêî Ñ.Â.    169    170    180
Ðîìàíåíêî Ý.Ñ.    170
Ðîìàíîâà Î.Á.    198
Ðîòåíáåðã Ç.À.    57    171
Ðóáèíñêàÿ Ò.Á.    107
Ðóâèíñêèé Î.Å.    172    173    174    217
Ðóäíèöêàÿ À.Ì.    32
Ðóçèíîâà Î.Ë.    24
Ðóìÿíöåâ À.Þ.    87    88
Ðÿáîâà Ñ.Þ.    123
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Àâòîðñêèé óêàçàòåëü

Ñàëèõäæàíîâà Ð.-Ì.Ô.    38    39    46    83    139    175
Ñàïåëüíèêîâà Ñ.Â.    127    128    176
Ñàïîæíèêîâ Þ.À.    143
Ñàðàåâà  Ñ.Ñ.    18
Ñàðàåâà Ñ.Þ.    73
Ñàôèóëëèí Ð.Ð.    126
Ñâèíöîâà Ë.Ä.    177
Ñåìåíîâ Å.Í.    103    104    105
Ñåðãååâ Ã.Ì.    154
Ñèâàíîâà Î.Â.    112
Ñèäàêîâ À.À.    52
Ñèäîðîâ Þ.Ä.    43
Ñèðàåâà Î.Ì.    178
Ñêâîðöîâà Ë.È.    11    94
Ñêîðèê Þ.À.    178
Ñëàäêîâ Â.Å.    148
Ñëåï÷åíêî Ã.Á.    72    152    155
Ñëèï÷åíêî Â.Ô.    4
Ñîêîëîâ È.À.    13
Ñîêîëîâ Ì.À.    179
Ñîëîâüåâà Ë.Í.    214
Ñîðîêèíà È.Ê.    198
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Àâòîðñêèé óêàçàòåëü

Ñî÷èëèíà Å.Å.    67
Ñòàðóøêî Í.Â.    212    213
Ñòàñþê Í.Â.    169
Ñòîæêî Í.Þ.    89    129
Ñòðîìáåðã À.Ã.    180
Ñóëòàíîâ Ý.È.    33
Ñóïðóíîâè÷ Â.È.    147    156    181
Ñóðîâà Í.À.    182
Ñóðîâà Ò.Â.    183
Ñóñëîâ Ñ.Ã.    51
Ñóõàðåâ À.À.    33    184
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Àâòîðñêèé óêàçàòåëü

Òàáàðèíöåâ Ì.Â.    183
Òàðàñåíêîâà È.Â.    185
Òàðàñîâà Â.À.    11    186
Òàñòàíîâà À.Ì.    102
Òåìåðäàøåâ Ç.À.    187    188
Òèòîâ À.Í.    30    31
Òîëìà÷åâà Ò.Ï.    76
Òîìèëîâà Ë.Ã.    210    211
Òîðîïîâà Â.Ô.    192
Òîðîï÷åíîâà Å.Ñ.    62
Òðåòüÿ÷åíêî Å.Â.    119
Òðóáà÷îâ À.Â.    189
Òóðàåâà Ì.Ñ.    185    190
Òóðîâà Å.Í.    2

Óëàõîâè÷ Í.À.    7
Óðìàí÷ååâ Ë.Ì.    34
Óðóñîâ Þ.È.    66
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Àâòîðñêèé óêàçàòåëü

Ôàáåëèíñêèé Þ.È.    137
Ôàëüêîâñêàÿ À.Ë.    25
Ôåäîðîâè÷ Í.Â.    191
Ôèöåâ È.Ì.    192    208
Ôîìèí À.Þ.    209
Ôîìèíà Ò.À.    62
Ôðàêèéñêèé Å.Â.    66
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Àâòîðñêèé óêàçàòåëü

Õàéðóëèí Á.Ê.    193
Õàëäååâà Å.Â.    194
Õàëèóëëèí Ô.À.    8
Õàìçàåâà Ã.×.    28
Õàìðàêóëîâ Ò.Ê.    195
Õàðèòîíîâ À.Á.    66
Õàðèòîíîâ Ñ.Â.    196    197
Õàð÷óê Â.Ã.    20
Õàñàèíîâà Ë.È.    22
Õëûíîâà Í.Ì.    204    205
Õìåëåâ Ñ.Ñ.    112
Õìåëüíèöêàÿ Å.Þ.    47    123    198
Õîì÷åíêî Ò.Í.    140
Õîùèìîâ Ò.Æ.    139
Õðàìöîâà Í.À.    6    36
Õóñòåíêî Ë.À.    76

Öåëîâ Â.À.    137
Öþïêî Ò.Ã.    187    188
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Àâòîðñêèé óêàçàòåëü

×âèðóê Â.Ï.    68    199    200
×åáîòàðåâ Â.Ê.    201    202    203    219
×åìåçîâà Ê.Ñ.    204    205
×åðíîâà Å.Å.    206
×åðíîâà Í.À.    88
×åðíîâà Ð.Ê.    118    119
×åðíûøåâà Í.Í.    177
×å÷åêèí Ã.Â.    47
×èãèðèíöåâ Â.Ä.    203
×èæîâ Â.Ì.    64
×èêèíåâà Í.Â.    95
×ìèëåíêî Ô.À.    207
×îáà Ì.À.    26
×óáóêîâà Ò.Ì.    137
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Àâòîðñêèé óêàçàòåëü

Øàéäàðîâà Ë.Ã.    208    209
Øàïîâàëîâà Å.Í.    149
Øàðèïîâà Í.Ñ.    70
Øàðóäèíà Ñ.ß.    173
Øâåäåíå Í.Â.    141    210    211    212    213
Øåâåëèíà Ñ.Ñ.    90
Øåâ÷åíêî Þ.È.    147
Øåëêîâíèêîâ Â.Â.    214
Øèðîêîâà Â.È.    81    215
Øèøìàêîâ À.Á.    20
Øèøìèíöåâà Í.Í.    31
Øêèíåâ Â.Ì.    5    148
Øîêîâà Ý.À.    141
Øîëüö Ô.    74    75
Øïèãóí Ë.Ê.    216
Øðåäåð Ó.    74
Øòèí Ñ.À.    29
Øóìèëîâà Ì.À.    189
Øóðàé Ñ.Ï.    217
Øóøàðèíà À.Å.    194
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Àâòîðñêèé óêàçàòåëü

Ùåãëîâà Í.Â.    218
Ùåãëîâà Ò.Â.    218
Ùåðáàêîâà Ë.Â.    201    202    203    219

ßãîâ Â.Â.    35    220
ßãîäèíà Î.Â.    221
ßíå÷êî Ï.À.    222
ßí÷åíêî Ì.Þ.    20    44
ßòëóê Þ.Ã.    178



Ìåòîä àíàëèçà

Àìïåðîìåòðèÿ:     8    58    59    96    108    122    139    147    149    151    156    165    167
181    199    200    207    209    216

Àíàëèç â ïðîòî÷íûõ ñèñòåìàõ:     154    216    222

Âîëüòàìïåðîìåòðèÿ:     3    4    7    16    19    28    33    34    36    37    38    39    44    46
47    58    62    64    65     69    71    72    77    80    87    88    91    93    102     106    109    121
125    126    127    128    151    157    171    175    176    184    189    193    194    207    208

Âîëüòàìïåðîìåòðèÿ èíâåðñèîííàÿ:     5    6    11    14    15    18    20    28    41     48
49    50    52    53    57    69    73    74       75    76    78    79    83    84    85    86    87    89    94
95    98    99    100    101    102    111    120    124    127    129    133    134    135    138    142
143    144    145    148    150    152     155    158    167    169    170    177    179    180    182    183
186    187    188    189     190    204    205    206    214    216

Èîíîìåòðèÿ:     10    29    69    111    116    118    119    151    212    213

Èîíîñåëåêòèâíûå ýëåêòðîäû:     9    13    24    25    29    30    31    32    66    70     112
117    118    141    159    162    163    164    166     178    190    196    197    210    211    213    216
218

Êîíäóêòîìåòðèÿ:     69    154

Êóëîíîìåòðèÿ:     1    2    8    19    54    55    56    59    62    103    132    136    137    215

Îáçîðû:     1    19    76    127    151    154    172    215    216

Îáùèå âîïðîñû:    17    42    46    63    73    81    136    152    161    187     191

Ïîëÿðîãðàôèÿ:     6    27    40    45    51    60    92    123    130    167    172    174    192
198    217



Ìåòîä àíàëèçà

Ïîòåíöèîìåòðèÿ:     8    21    22    23    27    29    30    31    32    67    68    82    90    104
105    108    110    111    113     114    115    117    131    141    146    153    159    160    173     181
185    201    202    203    207    210    211    216    218    219    221

Ïðèáîðû:     33    34    38    53    64    69    76    87    136    137    175    184

Ñåíñîðû:     7    18    19    21    22    26    32    61    65    68    68    93    97    102    108    113
114    127    135     139    151    185    190    194    195    199    200    221    222

Òåîðèÿ:     33    48    49    50    65    88    96    127    138    140    142    143    151    158    169
170    171    172    180     184    189    203    204    205

Õðîíîàìïåðîìåòðèÿ:     97

Õðîíîïîòåíöèîìåòðèÿ:         37

Ýëåêòðîäû:     15    40    52    57    75    76    77    129    131    157    171

Ýëåêòðîäû ìîäèôèöèðîâàííûå:     70    84    85    89    114    120    125    127    128
129    133    153    176    208    209    214    216    222

Ýëåêòðîôîðåç è äð.ìåòîäû:     12    19    35    107    168    220



Îáúåêò àíàëèçà

Áèîëîãè÷åñêèå îáúåêòû:    4    7    7    9   12    14    16    19    26    45    72    78    90
93    97    117    177    182    194    208    212

Âîäû ïðèðîäíûå, ïèòüåâûå, ïðîìûøëåííûå è äð.:    6    10    18    21   22    27    32
57    71    79    82    83    89    111    113    113    114    115    122    129    144    145    149
150    152    153    156    162    163    167    168    176    177    185    186    187    193    207
209    216    221

Âîçäóõ, ãàçîâûå ñðåäû:    6    68    139    195   199    200    221

Ãåîëîãè÷åñêèå îáúåêòû, ðóäû, ïîðîäû, ïî÷âû:    10    21    28    99   100    134

Ëåêàðñòâåííûå ïðåïàðàòû:    4    7    8    9   14    45    47    67    78    116    118    123
135    196    197    198    212    218

Îáúåêòû îêðóæàþùåé ñðåäû:    10    16    36    61   65    67    90    98    118    124    127
128    133    154    154    155    168    176    182    199    214

Îáúåêòû ÷åðíîé è öâåòíîé ìåòàëëóðãèè:    28    30    31    110   120    147    158
202

Îðãàíè÷åñêèå âåùåñòâà (èíäèâèäóàëüíûå):    51    59    60    91   92    126    146

Ïèùåâûå ïðîäóêòû:    2    4    32    83   89    98    152    155    173    193

Ïîëèìåðû, ïîëèìåðíûå ýëåêòðîëèòû:    80

Ïîëóïðîâîäíèêè, ÂÒÑÏ:    44    55    56    121   132    206

Òåõíîëîãè÷åñêèå ðàñòâîðû:    23    24    24    25   41    42    43    94    106    118    129
177    207



Îïðåäåëÿåìûé ýëåìåíò

Ag: 28    41    43    58    79    94    99    147    148    190    201    202    216    219
Al: 35
As: 83    89    98    155    177    193
Au: 28    99    100    190    201    216
B: 183    213
Ba: 56    95
Be: 190
Bi: 158    177    190
Br: 21
Ca: 32    35    95    117    164
Cd: 3    7    11    18    21    27    28    57    74    83    85    88    89    98    111    125

129    144    145   148    149    150    156    158    177    179    182    190    193
201    209

Ce: 134
Cl: 10    21    32
Cl2: 199
Co: 16    27    30    83    120    149    190    199    201
CO2: 185    221
Cr: 11    16   24    27    35    83    89    132    190    217
Cu: 5    11    18    20    21    25    27    28    32    35    56    57    83    85    89    98

111    125    129    132    133    138    144    145    148    149    150    156    158
162    163    167    177    178    179    182    186    193    201    209

F: 10    112
Fe: 16    32    35    43    72    74    83    110    157    182    192
Ga: 35
H: 199
H2O2: 93    222



Îïðåäåëÿåìûé ýëåìåíò

H2S: 199    221
HCl: 199
HF: 199
Hg: 15    28    55    83    98    111    129    148    149    155    177    182    187    188

190    193    201
I: 10    21    72    153
In: 35    88
Ir: 62    157    216
K: 10    35    58    117
Li: 13    80    95
Mg: 32    35    117    164
Mn: 32    35    89
Mo: 28    83    89    109    167    190
N: 6    9    36    157    195
Na: 32    35    58    95    117
Nb: 190
NH3: 199    221
Ni: 16    27    29    83    89    149    190    201
NO: 45
NO2: 10    47    139    199    221
NO3

- 10    162    165    199
O: 44    82    139    206
O2: 199
O3: 199
Pb: 5    11    18    21    28    31    35    83        85    88    89    98    111    125    129

133    144    145    148    150    156    158    169    177    179    182    190    193
201    218



Îïðåäåëÿåìûé ýëåìåíò

Pd: 54    99    100    149    201    202    219
PO4

3-: 166
Pt: 7    54    99    100    101
Rh: 100    101    99
Ru: 157
Sb: 10    177    188    190    214
Se: 72    190    219
Sn: 88    89    129    158    190
SO2: 199    221
SO4

2-: 32
Sr: 35    95
Ta: 190
Tc: 103
Te: 102    190    201    219
Ti: 130    217
Tl: 35    158    169    190
U: 71
W: 28    190
Zn: 5    27    28    32    35    57    83    85    89    98    111    117    129    133    138

145    148    158    179    182    190    193    201    209

Áèîëîãè÷åñêè àêòèâíûå âåùåñòâà: 7    97

Îðãàíè÷åñêèå âåùåñòâà: 2      4    7    8    12    14    19    22    36    51    60    61
65    66    67    70    90    90    91    92    93    106    113    115    115    118    122    123
124    124    126    127    128    128    135    141    141    146    150    154    157    173
174    176    176    194    196    197    207    208    209    210    211    212    213    218
207



Îïðåäåëÿåìûé ýëåìåíò

Ïîëèìåðû: 23
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