
1GLGPQDOPQAM�M@O?FMA?LĜ�5DPNR@JGIG�(DJ?ORP[�

8VODECDLGD�M@O?FMA?LĜ�
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W|yz�X[zvwk��sznvwjqwtwlqq<�w{vwzq{z��s��qzt|�}|vmiunv{it�v�~�
jqwtwlq�nzsq~�mqz�qxtqv��P�viz{w��nn�kynu��kwpvqs�yipy�k�unom|�k�zw�
swr�zxwzwjvwz{���zwkynunvvwr��qkqtqpi�qq�zwpmiki{��vwk�r�~quq�nzsqr�
xw{nv�qit�xtivn{��q�wlyivq�nvv�uq�kwpuwovwz{�uq��ntwknsi�q�jq-
wz}ny��k��ntwu�kwzxyqvqui{��mnrz{kq���{wlw�xw{nv�qiti�z�mwz{i{w�vwr�
�}}ns{qkvwz{���q�jnp�zny�npv�~�w{yq�i{nt�v�~�xwztnmz{kqr��̂wkynunv�
v�n�uiz�{ij��kwpmnrz{kq���vi���wylivqpu��|onywmv�~�mt��oqkwlw�wyli�
vqpui�kn�nz{k��sznvwjqw{qswk �wlywunv��f{w{�}is{�vi~wmq{�zkwn�w{yion�
vqn�k�j|yvwu�yipkq{qq�vwkwr�w{yiztq�jqwtwlqq=sznvwjqwtwlqq��
P�s|yzn�tns�qr�X[zvwk��sznvwjqwtwlqq<�xynmz{iktnv�|�njv�r�ui{nyq�

it�xwzwkynunvv�uxynmz{iktnv�uw�piswvwunyvwz{�~�q�x|{�~�xwz{|xtn�
vq���k�knmnvq���yizxywz{yivnvq���xynkyi�nvq���|onywmv�~�~quq�nzsq~�
zwnmqvnvqr�k�oqk�~�wylivqpui~�q�un~ivqpui~�k�p�kinu�~�quq�jqwtwlq�
�nzsq~�ynis�qr, yizzuw{ynv��piswvwunyvwz{q�kpiquwmnrz{kq���|onywm�
v�~�zwnmqvnvqr�z�stn{w�v�uq�z{y|s{|yiuq��un~ivqpu��jqw{yivz}wyui�
�qq�q�jqwiss|u|tqywkivq���kqm��jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{q�
swk�q�un{wm��nn�wxynmntnvq���xwknmnvqnsznvwjqw{qswk�k��swzqz{nui~��P�
xynmtilinuwu�|�njvwu�ui{nyqitn|mnt�n{z���kvquivqn�uwvq{wyqvl|�iv�
{ywxwlnvvwlw�pily�pvnvq��jqwz}ny��
P�{nsz{n�kznu�vwk�u�{nyuqviu�miv��wxynmntnvq���̀�njv�r�ui{nyqit�

zwxywkwomin{z��z~nuiuq��lyi}qsiuq�q�}wyu|tiuq�pikqzquwz{nr���{w�xw�
uwlin{�kwzxyq�{q��q�|zkwnvq����{wlw��ui{nyqiti�
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�
�\ynmun{�sznvwjqwtwlqq��xywjtnu��q�pimi�q��zk�p��z�my|lquq�vi|si�
uq

���Yiz�{ij���xyq�qv��q��swtwlq�nzsqn�izxns{��~quq�nzswlw�pily�p�

vnvq��jqwz}ny�

���Pqm��sznvwjqw{qswk��q~�stizzq}qsi�q��xw�z{nxnvq�wxizvwz{q�q�

{wszq�vwz{q

1.1 4ODCKDQ IPDLM@GMJMBGG � NOM@JDKZ G F?C?VG � PÂF[�
P�CORBGKG�L?RI?KG

/NBJK>EKOEG=IE��KO�@MBTBNGER�NHK?�xenos"TPCKF �biotos"CEDJY��J=�
DX?=[O�TPCBMKAJXB �M=JBB�JB�?NOMBT=?UEBN\�?�KM@=JEDIB�KM@=JETBNGEB�E�
JBKM@=JETBNGEB�NKBAEJBJE\�W�{isqu�kn�nz{kiu�w{vwz�{z���vixyquny��tn�
siyz{knvv�n�xynxiyi{���xnz{q�qm���xywu��tnvv�n��m���w{~wm��xywqp�
kwmz{k��xq�nk�n�mwjiksq��swzun{q�nzsqn�zynmz{ki�q�xy��_is�sis�k�{siv�~�
wj��vw��k�ztnmwk�~�swtq�nz{ki~�xyqz|{z{k|�{�uvwlqn�vnwylivq�nzsqn�
�tnunv{���jqwtwlq�nzsi��}|vs�q��sw{wy�~�vnqpknz{vi��xw�{wu|�vnwylivq�
�nzsqn�kn�nz{ki�uwovw�w{vwzq{��s�sznvwjqw{qsiu�{wt�sw�k�{wu�zt|�in��nz�
tq�wvq�vn��kt��{z��vnwj~wmqu�uq�mt��un{ijwtq�nzsq~�xyw�nzzwk�
_nyuqv�Xsznvwjqw{qs<�mwkwt�vw�|ztwkv�r��xwzswt�s|�mt��wmvq~�wyli�

vqpuwk�{w�qtq�qvwn�kn�nz{kw�uwon{�j�{��nz{nz{knvv�u��itsitwqm��mt��
yiz{nvqr ��i�mt��my|lq~�=�|onywmv�u��itsitwqm��mt��oqkw{v�~ ��vn-
sw{wy�n�zwnmqvnvq���vixyquny��{qtwk�r�zxqy{��uwl|{�j�{��wmvwkynunvvw�
�|onywmv�uq�q�nz{nz{knvv�uq�mt��wmvwlw�q�{wlw�on�wylivqpui��P�zk�pq�z�
�{qu�{nyuqv�Xsznvwjqw{qsq<�qzxwt�p|n{z��k��qywswu�zu�ztn��nztq�yiz�
zui{yqkinuwn�kn�nz{kw��kt�n{z���|onywmv�u�xw�w{vw�nvq��s�swvsyn{�
vwu|�kqm|�wylivqpuwk��q�k�|pswu�zu�ztn��nztq�kn�nz{kw��|onywmvw�xw�w{�
vw�nvq��sw�kznr�jqwz}nyn��P�s|yzn�mqz�qxtqv��X[zvwk��sznvwjqwtw�
lqq<�{nyuqv�Xsznvwjqw{qs<�qzxwt�p|n{z��k��qywswu�zu�ztn�
Tqkwr�wylivqpu�=�{w�w{sy�{i��zqz{nui��̂ynmq�kn�nz{k��xwz{|xi��q~�

qp�wsy|oi��nr�zynm��k�wylivqpu��yiptq�i�{�nz{nz{knvv�r�xw{ws��xq{i�
{nt�v�n�kn�nz{ki �q�xw{ws�kn�nz{k�xyqywmvwlw�q�zqv{n{q�nzswlw�xywqz�
~womnvq���sw{wy�n�vn�k~wm�{�k�zwz{ik�mivvwlw�wylivqpui��f{q�xw{wsq�
kpiquwmnrz{k|�{�vi�kzn~�|ywkv�~�wylivqpui��uwtns|t�yvwu��stn{w�vwu��
wylivvwu ��Vpj�{ws�{wszq�nzsq~��|onywmv�~�zwnmqvnvqr��sznvwjqw{qswk �
k�p�kin{�piunmtnvqn�qtq�wz{ivwks|�xyw�nzzwk�ywz{i��yipkq{q���yipuvwon�
vq���Rt��xwmmnyoivq��lwunwz{ipi�k�wylivqpun�z|�nz{k|�{�ynl|t�{wyv�n�
un~ivqpu��
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/NBJK>EKHK@E\�EDPT=BO�D=GKJKIBMJKNOE�E�LPOE�LKNOPLHBJE\ �?X?BAB�
JE\ �M=NLMKNOM=JBJE\ �LMB?M=VBJE\�TPCBMKAJXR�REIETBNGER�NKBAEJBJEF�?�
CE?KI�KM@=JEDIB�E�IBR=JEDIX�?XDX?=BIXR�EIE�>EKHK@ETBNGERMB=GSEF�
Wznvwjqwtwlq��xwmyipmnt�n{z��vi�jwtnn�|psqn�wjtiz{q�=sznvwjqw}qpq�

s|��sznvwjqw~quq���sznvw}qpqwtwlq��q�my��f{w�wpvi�in{���{w�sznvwjqwtw�
lq��vnyipy�kvw�zk�pivi�z�{isquq�mqz�qxtqviuq��sis�jqw~quq���jqw}qpqsi��
}qpqwtwlq��q�{�m��Rnrz{kqn�yiptq�v�~�kn�nz{k�vi�wylivqpu�qtq�w{mnt��
v�n�z{y|s{|y��qp|�in{z��}iyuiswtwlqnr�q�{wszqswtwlqnr�
Uimi�iuq�GNBJK>EKQEDEGE�kt��{z��qp|�nvqn�xyw�nzzwk�kpiquwmnrz{�

kq���spwlnvv�~�sznvwjqw{qswk�z�{yivzxwy{v�uq�zqz{nuiuq�wylivqpui��z�
yiptq�v�uq�stn{w�v�uq�z{y|s{|yiuq��k�xnyk|��w�nynm��z�xtipuwtnuuwr��
q�un~ivqpuwk�xwz{|xtnvq��sznvwjqw{qswk��
\ynmun{wu�qp|�nvq��GNBJK>EKREIEE�kt�n{z��un{ijwtqpu�sznvwjqw{q�

swk�k�wylivqpun��f{w�vixyiktnvqn�sznvwjqwtwlqq�kst��in{�y�m�yipmntwk�
jqwtwlq�nzswr��wylivq�nzswr�q�ivitq{q�nzswr�~quqq��}iyuiswtwlqq��{ws�
zqswtwlqq�q�my|lq~�vi|s��P�pimi�|�z{i{q�nzswr�sznvwjqw~quqq�k~wmq{�|z�
{ivwktnvqn�z{y|s{|y��uwtns|t�un{ijwtq{wk�sznvwjqw{qswk��wjyip|��q~�
z��k�wylivqpun��qp|�nvqn�q~�yizxywz{yivnvq�,twsitqpi�qq�k�wylivqpui~�q�
{siv�~���Rqviuq�nzsi��sznvwjqw~quq��qzztnm|n{�un~ivqpu��xynkyi�nvq��
sznvwjqw{qswk�k�wylivqpun��z{y|s{|y|�q�si{itq{q�nzsqn�zkwrz{ki�}nyunv�
{wk��|�iz{k|��q~�k�{q~�xynkyi�nvq�~��
/NBJKQEDEKHK@E\�qp|�in{�xyw�nzz��oqpvnmn�{nt�vwz{q��q�}|vs�qq�oq�

k�~�wylivqpuwk�vi�kznu�xyw{�onvqq�q~�yipkq{q��k�|ztwkq�~�mnrz{kq��szn�
vwjqw{qswk��/NBJKQEOKQEDEKHK@E\qp|�in{wzwjnvvwz{qxwz{|xtnvq��q�
k�mntnvq���zxn�q}qs|xyw�nzzwk�jqw{yivz}wyui�qq�q�iss|u|tqywkivq��
sznvwjqw{qswk�k�yiz{q{nt�vwu�wylivqpun�
Uimi�q�k�sznvwjqwtwlqq�wxynmnt��{z��xynomn�kznlw�wj�quq�pimi�iuq�

jqwtwlqq��~quqq�q�unmq�qv���[zwjwn�pvi�nvqn�qun�{�mivv�n�xw�un-
{ijwtqpu|�uqsywwylivqpuwk��yiz{nvqr�q�oqkw{v�~��sw{wy�n�qlyi�{�z|�n�
z{knvv|��ywt��k�wjnpkynoqkivqq�kn�nz{k�iv{ywxwlnvvwlw�xywqz~womnvq���
]np|t�{i{��qp|�nvq��xyw�nzzwk�iss|u|t��qq�sznvwjqw{qswk�q�un~ivqpuwk�
imix{i�qq�wylivqpuwk�s�xwk��nvvwu|�zwmnyoivq���|onywmv�~�kn�nz{k�k�
wsy|oi��nr�zynmn�q�kv|{yq�ziuwlw�wylivqpui�|�q{�ki�{�xyq�yiz-
zuw{ynvqq��swtwlq�nzsq~�xywjtnu��vixyquny��xyq�xywknmnvqq�unywxyq��
{qr�xw�w~yivn�wsy|oi��nr�zynm��
Wznvwjqwtwlq��zk�pivi�z�>EKOBRJKHK@EBF��sw{wyi��qzxwt�p|n{�xyqv�q�

x��un{ijwtqpui�sznvwjqw{qswk��k��iz{vwz{q�}nyunv{v�r�si{itqp��k�zqv{n�
pn�wylivq�nzsq~�kn�nz{k��̂k�p��sznvwjqwtwlqq�z�IBAESEJKFwjnzxn�qkin{�
jnpwxizvwz{��tn�nvq��k�ynp|t�{i{n�qp|�nvq��un~ivqpui�mnrz{kq��q�un{i�
jwtqpui�vwk�~�tnsiyz{knvv�~�xynxiyi{wk�
Pwpyiz{ivqn�is{|it�vwz{q�xywjtnu��yizzui{yqkinu�~�k�sznvwjqwtwlqq��

wj|ztwktnvw�j�z{y�u�|kntq�nvqnu�swtq�nz{ki�zqv{n{q�nzsq~�zwnmqvn�
vqr��kwktnsinu�~�k�sy|lwkwyw{�kn�nz{k�k�xyqywmn��̂ynmq�sznvwjqw{qswk�
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z|�nz{k|n{�y�m�xwtnpv�~�kn�nz{k��vnwj~wmqu�~unmq�qvn��yiz{nvqnkwm�
z{k|��oqkw{vwkwmz{k|�q�{�m��\w�{wu|�wmvwr�qp�pimi��sznvwjqwtwlqq��kt��
n{z��yipyijw{si�xyqnuwk�q�xwm~wmwk�mt��zwpmivq��zqz{nu��wxynmntnvq��
jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{qswk�
Wznvwjqwtwlq��z{ynuq{z��z�wmvwr�z{wywv���ivitqpqywki{��uizzqk�|on�

z|�nz{k|��q~��|onywmv�~�zwnmqvnvqr��i�z�my|lwr�=xywns{qywki{��kn�n�
z{ki��n�n�vn�z|�nz{k|��qn��vw�vnwj~wmqu�n�mt��|xyiktnvq��wxynmntnv�
v�uq�xyw�nzziuq�k�jqwz}nyn�

1.2 1?PWQ?@Z �NOGVGLZ�G\IMJMBGVDPIGD?PNDIQZ�TGKGVDPIMBM�
F?BÔFLDLĜ @GMPSDOZ

n̂y�npv�n��swtwlq�nzsqn�xywjtnu���kwpvqs�qn�xnynm��ntwkn�nz{kwu��
zk�piv��z�mnrz{kqnu�mk|~�wzvwkv�~�}is{wywk��mnuwlyi}q�nzsqu�kpy�kwu�
�z�
�utym. �ntwkns�k�
����l��mw���	�utym. k��			�l� �q�ywz{wu�xyw-
u��tnvvwlw�xywqpkwmz{ki��W�wzvwkv�u�xyq�qviu�|ztwovnvq���swtwlq�n�
zsq~�xywjtnu�w{vwz�{z��ztnm|��qn�
=pvi�q{nt�vwn�|kntq�nvqn�wj°nui�xywu��tnvvwlw�xywqpkwmz{ki���zk��

pivvwn��z��xwk��nvqnu��xywqpkwmq{nt�vwz{q�{y|mi�
=xw�ktnvqn��swtwlq�nzsq�wxizv�~�kqmwk�{n~vqsq�q�{n~vwtwlqr�
=viswxtnvqn�vi�~quq�nzsq~�xynmxyq�{q�~�jwt��q~�pixizwk�wxizv�~�

{wszq�nzsq~�kn�nz{k�
=ynpswn�xwk��nvqn�yiz~wmwkivq��xyqywmv�~�ynz|yzwk��vn}{���lip��

|lwt���ztiv�� �z�k�jywzwu�xywm|s{wk�q~�~wp�rz{knvvwlw�qzxwt�pwkivq��k�
jqwz}ny|�
=xwk��nvqn�ztwovwz{q{n~vq�nzsq~�zqz{nu��sw{wy�uq�wxnyqy|n{��n�

twkns��xyqkwm��nn s|kntq�nvq���iz{w{� xywu��tnvv�~�ikiyqr�q�
si{iz{yw}�
�̀nv�n�z�q{i�{���{w�k�viz{w��nn�kynu��k�jqwz}nyn�zwmnyoq{z�jwtnn�

��utv. w{mnt�v�~ ~quq�nzsq~�zwnmqvnvqrjnp�|�n{i�q~swujqvi�qr��
Vp�vq~��	���qun�{�zqv{n{q�nzswn�xywqz~womnvqn�q�k�xwmikt���nu�
jwt��qvz{kn��|onywmv��mt��wylivqpui�
\wuvq{n�
=ik{wuwjqt���xywnpoi��
			�sqtwun{ywk��zoqlin{�sqztwywmi�z{wt�sw��

zswt�sw��ntwkns�xw{ynjt�n{�pi�kz��zkw��oqpv��
=m�uwki���ixsivim lwywmiuq wztijt�n{�zwtvn�v�r�zkn{�vi��	%, 

zxwzwjz{k|n{�|kntq�nvq��{|uivwk�q�mwomnr�
=k�zynmvnu�pi�oqpv��ntwkns�mntin{��		�utv�kmw~wk�q�k�mw~wk��Onp�

kwpm|~i�oqpv���ntwknsi�mtq{z��vn�jwt��n��=4-~�uqv|{��
=xyq�xnynxtiksn�wmvwr�{wvv��un{ittwtwui�wj°nu�w{~wmwk�zwsyi�in{�

z��vi������pily�pvnvqn�kwpm|~i�|unv��in{z��vi������kwm��=vi���%; 
=xyq�xywqpkwmz{kn�j|uilq�qp�uis|ti{|y��pily�pvnvqn�i{uwz}ny��

|unv��in{z��vi������kwm��=vi���=30 %;
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"?MBI\�M=DHKCBJE\�I=OBME=HK?�?�BNOBNO?BJJXR�PNHK?E\R�
xisn{��qp-xwm�uwtwsi���nyz{�v�n�qpmntq��=mw���tn{;
xwtq~twykqvqtwk�n�xisn{��=mw��	�tn{;
un{ittq�nzsqn�qpmntq��=
		�tn{�q�jwtnn;
z{nstw=
�uqttqwv�tn{;
xtiz{qswki��{iyi�=xyis{q�nzsq�vn�yiptilin{z�.
\yqknmnu�vnsw{wy�n�mivv�n�w�zwz{w�vqq�wsy|oi��nr�zynm��k�Ontiy|�

zq�vi��		��l. (xw�mivv�u�Qwzswuq{n{ixyqywmv�~�ynz|yzwk�q�w~yiv��ws�
y|oi��nr�zynm��]O �
[zvwkv�uq�qz{w�vqsiuq�pily�pvnvq��i{uwz}nyvwlw�kwpm|~i�vi�{nyyq�

{wyqq�Ontiy|zq��kt��{z����ik{w{yivzxwy{, wj°ns{���vnyln{qsq, xywu���
tnvv�n�xynmxyq�{q���Tq{ntq�lwywmwk�qzx�{�ki�{�kynmvwn�kwpmnrz{kqn�
jnvpixqynvi��znyvqz{wlw�lipi��}nvwti��}wyuit�mnlqmi��x�tq��zioq�q�my��
P�]nzx|jtqsn�Ontiy|z�k��		��l��k�jyw�nvw�k�i{uwz}ny|�
������{�z��{�

pily�pv���q~�kn�nz{k��Owt��i���iz{��qp�vq~�xywqpknmnvi�xnynmkqov�uq�
qz{w�vqsiuq��xynomn�kznlw�ik{w{yivzxwy{wu �=72 ���Zi�mwt��z{i�qwviy�
v�~�qz{w�vqswk�xyq�twz������k�jywzwk��+X>MKNX�D=@M\DJ\[VER�?B�
VBNO?�J=�KAJK@K�CEOBH\�MBNLP>HEGE�NKNO=?EHE��	
 ��G@�
P�zwz{ikn�k�jywzwkk�i{uwz}ny|�xynwjtimitq�wszqm�|ltnywmi�=55,2 %, 

|ltnkwmwywm��=18,6��q�wszqm��ipw{i�=10,6���Owt��i���iz{��k�jyw�nv�
v�~�k�i{uwz}ny|�wszqmi�|ltnywmi�����	� �q�wszqmwk�ipw{i���	��� �wj|�
ztwktnvi�yijw{wr�ik{w{yivzxwy{i��P�jywz��zkqv�i�ik{w{yivzxwy{wu�xyis�
{q�nzsq�w{z|{z{k|�{��xwzswt�s|��{qtqywkivv�r�jnvpqv�k�Ontiy|zq�vn�
xywqpkwmq{z��q�vn�quxwy{qy|n{z�z�
����l�
ŷnmq�wjtiz{nrynzx|jtqsq�viqjwt��nn�swtq�nz{kw�pily�pv���q~�kn�

�nz{k�k�jyw�nvw�vi�{nyyq{wyqq�Yqvzswr�wjtiz{q=���	�{�z��{��viq�
unv��nn�=Ywlqtnkzswr�=
�	���{�z��{��Zi�siomwlw�oq{nt��Yqvzswr�wj�
tiz{q�xyq~wmq{z��
����sl�pily�pv���q~�kn�nz{k��lwywmi�Yqvzsi�=119,8. 
ŷnmq lwywmwk�Ontiy|zq xw�wj°nu|�k�jywzwk�pily�pv���q~�kn�

�nz{k�k�i{uwz}ny|�w{�z{i�qwviyv�~�qz{w�vqswk�k�mnt��{z��Zwkwxwtw�s�
����	�{�z��{ �q�Yqvzs�������{�z��{ ��P�
��lwywmi~�kstim�}wyuit�mnlqmi�k�
z|uuiyvwn�pily�pvnvqn�kwpm|~i�zwz{ikt�t�mw��	%. 
\nynun�i��qnz��kwpm|�v�n�uizz�vn�pvi�{�lwz|miyz{knvv�~�lyivq���

P�
����l�j�ti�xwmxqzivi�Wwvknv�q��w�{yivzlyivq�vwu�pily�pvnvqq�kwpm|�
~i�vi�jwt��qn�yizz{w�vq���sw{wyi���kqtiz��xnyk�u�unom|viywmv�u�zw�
lti�nvqnu�k�wjtiz{q�w~yiv��i{uwz}nyvwlw�kwpm|~i��]nzx|jtqsi�Ontiy|z��
�kt�n{z��̂{wywvwr��{wr�Wwvknv�qq�q�{yn~�xyw{wswtwk�s�vnr�̂wkunz{v�n�
mnrz{kq��xyqkntq�s�{wu|���{w�k�xnyqwm�z�
��	�l��xw��			�l�xywqpw�tw�zw�
syi�nvqn�k�jywzwk�zny��kjwt��qvz{kn�ynlqwvwk�Skywx��xyqunyvw�vi�
70���P�Ontiy|zq�k�jywz��zwsyi{qtqz��vi��	���̂wsyi�nvqn�k�jywzwk�ws�
zqmwk�ipw{i�k�Skywxn�pi�xnyqwm�z�
��	�xw��			�lwm�zwz{ikqtw���=30 ���k�
Ontiy|zq�=43 %).
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\w�yiz�n{iuYn{nwywtwlq�nzsq~�zqv{npqy|��q~��nv{ywk�XPwz{ws<q�
XUixim<�mivv�n�vi��			�l� ��nonlwmv�r�xw{ws�vi{nyyq{wyq��Ontiy|zq�zw�
z{ikt�n{�wswtw�
�	�{�z��{�zny���P�xwz{|xtnvqq�vi�{nyyq{wyq��Ontiy|zq�
wsqztnvv�~�zny��q�ipw{i��{�ont�~�un{ittwk��jnvpixqynvi�wzvwkvwr�kstim�
xyqvimtnoq{�z{yiviu-zwznm�u��\wt��n��̀syiqvn��]wzzqq��Owtnn��	��zny��
q�kwzz{ivwktnvvwlw�ipw{i�q�jwtnn��	��wsqztnvvwlw�ipw{i�w{�qz{w�vqswk�
vi�{nyyq{wyqq�Ontiy|zq�k�ximin{�vi�{nyyq{wyqq�my|lq~�z{yiv�
ùnv��nvqn�k�i{uwz}nynpily�pv���q~�kn�nz{k��kqtwz��ztnmz{kqnu�

zximi�xywu��tnvvwlw�q�znt�zsw~wp�rz{knvvwlw�xywqpkwmz{ki�k�ynzx|jtq�
sn��i�{ison�xyqunvnvq��vwk�~�{n~vwtwlqr�w�qz{sq�k�jywzwk�
Ziqjwtnn�~iyis{nyv�uq�pily�pv���quq�kn�nz{kiuqmt��kwm�Ontiy|zq�

�kt��{z��zwnmqvnvq��ipw{i��wylivq�nzsqn�kn�nz{ki��zwnmqvnvq��un{ittwk��
}nvwt���vn}{nxywm|s{��q�yimqwv|stqm���]nl|t�yvw�vijt�minu�n�xynk��
�nvq��vwyui{qkv�~�xwsipi{ntnr�xw�ontnp|�wj�nu|��unmq�q�uiyliv�|�wj|�
ztwktnv���k�wzvwkvwu��nz{nz{knvv�uq�}is{wyiuq�
Vvmnsz�pily�pvnvvwz{q�kwm�VUP k��qzt�n{z��sis�
%��z|uu��w{vw�n�

vqr�zynmvq~�pi�lwm�swv�nv{yi�qr�xw��nz{q�xyqwyq{n{v�u�pily�pv���qu�
kn�nz{kiu��yiz{kwynvv�r�sqztwywm��O\W5��ipw{�iuuwvqrv�r��ipw{�vq{yq{�
v�r��vn}{nxywm|s{��q��qvs �s�q~�xynmnt�vw�mwx|z{qu�u�swv�nv{yi�q�u�k�
kwmv�~�wj°ns{i~�mt��|ztwkqr�~wp�rz{knvvw-xq{�nkwlw��swuu|vit�vwlw�q�
y�jw~wp�rz{knvvwlw�kwmwxwt�pwkivq��
\w�qvmnsz|�pily�pvnvq��kwmuwovw�z|mq{��w�z{nxnvq�~quq�nzswlw�pi�

ly�pvnvq��kwm���Pwmi�z�q{in{z���qz{wr�q�w{vwzq{z��s�xnykwu|�stizz|�si�
�nz{ki�kwm���nztq�VUP�vn�xynk��in{�	����VUP�mw�nmqvq���=kwmi�z�q{in{z��
w{vwzq{nt�vw��qz{wr��mw�����=|unynvvwpily�pvnvvwr��Sztq�jwtnn�����q�
	��
{w�kwmi�wxynmnt�n{z��sis�ly�pvi���w�nv��ly�pvi��q��ynpk��irvw�ly�pvi��
Pwmv�n�wj°ns{�xwmknyli�{z��xwz{w�vvwu|�pily�pvnvq��i{uwz}nyv��

uq�wzimsiuq��W�unz{v�u�qz{w�vqsiu�pily�pvnvq��i{uwz}ny��w{�ik{w�
{yivzxwy{i��xynmxyq�{qr �vnyln{qsq�q�xywu��tnvvwz{q�mwjikt�n{z��
{yivzlyivq�vwn�pily�pvnvqn��
ŵ~yivnvqn�si�nz{ki�xwmpnuv�~kwmxywmwtoin{�wz{iki{�z��is{|it�vwr�

xywjtnuwr��\yqunvnvqn�|mwjynvqr�q��mw~quqsi{wk�k�znt�zswu�~wp�rz{kn�
k�p�kin{�k�ly|v{wk�~�kwmi~�|kntq�nvqn�~twyqmwk�k�=��yip�xw�zyikvnvq��
z�}wvwk�uq�swv�nv{yi�q�uq��z|t�}i{wk�k��=�yipi��vq{yi{wk�k��=
	�yip��
diz{��pily�pvnvq��zk�pivi�z�k�xik�quq�yimqwv|stqmiuq��vw�swv�nv{yi�
�q��q~�k�xwmpnuv�~�kwmi~�vn�xynk��in{�xyqv�{wlw�k�ynzx|jtqsn�swv�
{ywt�vwlw�|ywkv��k�
	�Os%mu3.
P�zynmvnuviwmvwlw�lwywmzswlwoq{nt��xyq~wmq{z��k�lwm�w{�		�mw�

		�sl�{knym�~�j�{wk�~�w{~wmwk��V~�xyq~wmq{z��k�kwpq{��vi�zkitsq��Pzn�
�{w�w{~wm��xw{ynjtnvq��N�nz{��q�xywu��tnvv�n�w{~wm���P��		��l��vi�
xynmxyq�{q�~�wjyipwkitwz��wswtw����utv��{�w{~wmwk��xyqunyvw�����{�{isq~�
w{~wmwk�vi�wmvwlw�oq{nt��ynzx|jtqsq��[j�qr�|ywknv��qzxwt�pwkivq��w{~w�
mwk�k�Ontiy|zq�xwsi�vqpsqr=kznlw�
��%��[z{it�vi���iz{��qmn{�vizkitsq�
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qtq�u|zwywzoqli��qn�pikwm���P�hxwvqq��vixyquny��qzxwt�p|n{z����% 
xywu��tnvv�~�w{~wmwk��k�z{yivi~�Ŝ �xnynyiji{�kin{z��mw��	��xywu���
tnvv�~�w{~wmwk�q�����znt�zsw~wp�rz{knvv�~��
Wwtq�nz{kw�w{~wmwkxw�zyikvnvq��z��		��l��|kntq�qtwz��vi�����Zi�

wj°ns{i~�q~�yipun�nvq��q�vi�{nyyq{wyq�~�xynmxyq�{qr�viswxqtwz��jwtnn�
��	�utv�{������utv�{�������% ) =�{w�w{~wm��]̀\�XOntiy|z�sitqr<.
[swtw����utv��{�w{~wmwk�j�tw�qzxwt�pwkivw�k��		��l��Zi�v|om��ziuq~�

xynmxyq�{qr�qzxwt�pwkitqz��
����w{~wmwk��[z{it�v�n�xnynmiv��my|lqu�
xynmxyq�{q�u��ynitqpwkiv��}qpq�nzsqu�tq�iu��tqjw�xwz{iktnv��vi��sz�
xwy{�mt��mit�vnr�nlw�qzxwt�pwkivq���\w�yipv�u�xyq�qviu�vn�j�tw�qz�
xwt�pwkivw�jwtnn���utv��{�w{~wmwk��	��qp�sw{wy�~�xyq~wmq{z��vi�xyw�
u��tnvv�r�q�z{ywq{nt�v�r�u|zwy .
Zi�xynmxyq�{q�~wjyipwkitwz��zk��n�
���utv��{�{wszq�v�~�w{~wmwk��Vp�

vq~����xyq~wmq{z��vi�mwt���ynpk��irvw�q�|unynvvw�wxizv�~��W�wxizv�u�
w{vwz�{z��w{~wm��lit�kivq�nzsq~�xywqpkwmz{k��vn}{nzwmnyoi�qn��tiu���
w{~wm��tiswsyizw�v�~�xywqpkwmz{k��w{yijw{ivv�n�uizti�q�wylivq�nzsqn�
yiz{kwyq{ntq��
[j�i��xtw�im��pnunt��piv�{�~�xwm�wj°ns{iuq�z�xywu��tnvv�uq�w{�

~wmiuq��zwz{ikt�n{����	�li��qp�sw{wy�~�
�		�li�xyq~wmq{z��vi�zwtnw{kit��
q�ltqvqz{w-litq{wk�n��tiu������li�=vi�w{~wm��}wz}wlqxzi�
P�ynzx|jtqsn�nonlwmvwwjyip|n{z��wswtw���utv��{�{knym�~�swuu|vit��

v�~�w{~wmwk��sw{wy�n�k�kwp�{z��vi�xwtqlwv���P��		�l�wj|z{ywnvw�jwtnn�
mk|~�{�z���uqvq-xwtqlwvwk�q�wswtw�wmvwr�{�z��q�xtw�imws�kynunvvwlw�
zstimqywkivq��w{~wmwk�
P�z{y|s{|yn�pijwtnkinuwz{qviqjwt��qr�|mnt�v�r�knz�zwz{ikt��{�pi�

jwtnkivq��wylivwk�m�~ivq��=70,0 ���diz{w{i�pijwtnkivqr�wylivwk�m�~i�
vq�xyqunyvw�vi��	��wxynmnt�n{z��zwz{w�vqnu�i{uwz}nyvwlw�kwpm|~i��
Vv}ns�qwvv�n�q�xiyipq{iyv�n�pijwtnkivq��zwz{ikt��{���
���{yiku��q�
w{yiktnvq��=4,9���pijwtnkivq��swoq�q�xwmswovwr�stn{�i{sq�=3,9���wy�
livwk�xq�nkiynvq��=3,5���jwtnpvq�ltip�=2,8 %.

1.	�)GCZIPDLM@GMQGIMA �GT�IJ?PPGSGI?UĜ�NM�PQDNDLG�MN?PLMPQG�
G�QMIPGVLMPQG

P�mnt��{�ztnm|��qn�{qx��kn�nz{k��k�p�ki��q~�ltwjit�vwn�~quq�n�
zswn�pily�pvnvqn�jqwz}ny��
=lipwwjyipv�n�kn�nz{ki�
={�ont�n�un{itt��
=|mwjynvq��q�jqwlnvv�n��tnunv{��
=wylivq�nzsqn�zwnmqvnvq��
=yimqwis{qkv�n�kn�nz{ki��yimqwv|stqm� �]�xynmun{�qp|�nvq��yi�

mqwjqwtwlqq�
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�.5<</>.5;I3�03G3?@0.. Ziqjwt��nn�jnzxwswrz{kw�k�p�kin{�pily�p�
vnvqn�i{uwz}ny��|ltnsqzt�u�lipwu��̂[2 ��|liyv�u�lipwu��̂[ ��wszqmiuq�
ipw{i�q�zny���}{wyzwmnyoi�quq�|ltnkwmwywmiuq��xwtq�qstq�nzsquq�iyw�
ui{q�nzsquq�|ltnkwmwywmiuq��
\yq�qv��ywz{i�zwmnyoivq��|ltnsqztwlw�lipi�k�i{uwz}nyn��zoqlivqn�qz�

swxinuwlw�{wxtqki��k�y|jsi�tnzwk��wsqztnvqn�wylivq�nzswlw�kn�nz{ki�
xw�k���\wztn�
����l��zwmnyoivqn�̂[2 |kntq�qkitwz��vi�	��=0,5 %. k̀ntq�
�nvqnzwmnyoivq���{wlw�lipi�|on�xyqkntws�vnz{ijqt�vwz{q�stqui{i��|�i�
�nvq��stqui{q�nzsq~�ivwuitqr��piz|~��zvnlwximwk��vikwmvnvqr�q�{�m� �q�
ltwjit�vwu|xw{nxtnvq�.
8liyv�r�lip�wjyip|n{z��xyq�vnxwtvwu�zlwyivqq�|ltnywm�zwmnyoi�q~�

kn�nz{k��Ziqjwt��qn�nlw�swtq�nz{ki�wjyip|�{z��k�ynp|t�{i{n�k|tsivq�n�
zswr�mn�{nt�vwz{q�q�wsqztnvq��un{ivi�k�i{uwz}nyn��̂[wjyip|n{�k�zwsw�
{wszq�v�n�zwnmqvnvq��=siyjwvqt���uwon{�zk�p�ki{�z��z�lnuwltwjqvwu�
sywkq��Ziswxtnvq��k�mnt�nuwlw�k�i{uwz}ny|�̂[�xynx�{z{k|�{�k�z�qn�
yiz{nvq���kwmwywztq�q�wzwjnvvw�uqsywwylivqpu���̀�k�z�q~�yiz{nvqr�̂[�
uwon{�zk�p�ki{�z��z�iuqvwsqztw{wr�znyqvwu��i�{ison�wsqzt�{�z��mw�̂[2. 
P�xw�kn�vnsw{wy�n�uqsywwylivqpu��tqjw��iz{q�vw�kst��i�{�̂[�k�wyli�
vq�nzsqn�zwnmqvnvq���tqjw�wsqzt��{�mw�̂[2��\w�{wu|�xw�ki�qlyin{�wzw�
j|��ywt��k�|mitnvqq�̂[�qp�i{uwz}ny��
[szqm��ipw{i�q�zny��wjyip|�{z��xyq�zoqlivqq�qzswxinuwlw�{wxtqki��

Wwtq�nz{kw�k�jywzwk�wszqmwk�ipw{i�kunz{n�z�iuuqiswu�zwz{ikt�n{�xyq�
jtqpq{nt�vw�k��		=��	�utv. {�k�lwm��diz{��xyqz|{z{k|��q~�k�i{uwz}nyn�
wszqmwk��NO, SO �q�mqwszqmwk��NO2, SO2 �ipw{i�q�zny��wjyip|n{z��k�~wmn�
k|tsivq�nzsq~�qpknyonvqr��yipy�mwk�i{uwz}nyvwlw��tns{yq�nz{ki��oqpvn�
mn�{nt�vwz{q�uqsywwylivqpuwk��Ui�z�n{�nz{nz{knvv�~xyw�nzzwk�k�jqwz}n�
yn�nonlwmvw�visixtqkin{z��

	�utv.{�wszqmwk�ipw{i��wswtw����utv.{�xyqk�
vwzq{z��iv{ywxwlnvvwr�mn�{nt�vwz{���
[jyipwkivqn�q�viswxtnvqn�wszqmwk�ipw{i�kv|{yq�xwun�nvqr�xywqz~w�

mq{�k�ynp|t�{i{n��szxt|i{i�qq�j�{wk�~�lipwk�~�xyqjwywk�q�s|ynvq���̂w�
mnyoivqn�wszqmi�q�mqwszqmi�ipw{i�k�{iji�vwu�m�un�zww{kn{z{knvvwzw�
z{ikt�n{���=
���q�
�	=����ul%u3��P�s|yqkivqn�wmvwr�zqliyn{��zwxywkwo�
min{z��k�mntnvqnu�k�kwpm|~�xwun�nvq��
�	=�		�ul�wszqmi�ipw{i�
Vp�wszqmwk�ipw{i�viqjwtnn�{wszq�nv�mqwszqm��Rtq{nt�vwn�kwpmnrz{kqn�

mqwszqmi�ipw{i�k�p�kin{��nt�r�zxns{y�qpunvnvqr�}qpqwtwlq�nzsq~�zqz�
{nu�wylivqpui�oqkw{v�~��viy|�nvqn�yn}tns{wyvwr�mn�{nt�vwz{q��lnui{w�
twlq�nzsqn�qpunvnvq��q�{�m� ��[z{ywn�w{yiktnvqn�wszqmiuq�ipw{i�k�p�ki�{�
w{ns�tnlsq~��Oqw~quq�nzsqr��}}ns{�mqwszqmi�ipw{i�=j�z{y�n�zvqonvqn�
zwmnyoivq��lt|{i{qwvi�k�{siv�~�tnlsq~�q�xn�nvq�
Sonlwmvw�k�ynp|t�{i{n�mn�{nt�vwz{q��ntwknsi�k�yiji{�kin{z��wswtw�

150 utv. {�zny���xynqu|�nz{knvvw�k�ynp|t�{i{n�|{qtqpi�qq�qzswxinuwlw�
{wxtqki��mw��	���=xyq�zoqlivqq�siunvvwlw�|lt��q�
����=xyq�zlwyivqq�
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vn}{nxywm|s{wk ��\yq�k�xtiksn�unmq��zkqv�i�q��qvsi�swtq�nz{kw�wjyip|-
��nlwz��mqwszqmi�zny��mwz{qlin{�
��utv.{�
Pwpmnrz{kqn�wszqmwk�zny��vi�m�~i{nt�v�n�x|{q�xyqkwmq{�s�|kntq�n�

vq���qzti�ynzxqyi{wyv�~�pijwtnkivqr�|�vizntnvq���wztijt�n{�quu|vv|��
pi�q{|�|�t�mnr�q�oqkw{v�~�q�{��m�
[xynmntnvvwn�swtq�nz{kw�wszqmwk�ipw{i�q�zny��|mit�n{z��qp�i{uwz}ny��

k�ynp|t�{i{n�zwyj�qq�xw�kwr��yiz{q{nt�v�u�xwsywkwu��kwmwr�q�z�sqztw{�
v�uq�mwom�uq��\wztnmvqn�zvqoi�{�qv{nvzqkvwz{��}w{wzqv{npi��k�p�ki�
�{�lqjnt��vipnuv�~�yiz{q{nt�v�~�zwwj�nz{k��xwmsqztnvqn�kwmwnuwk�q�
zk�pivv|��z�vqu�lqjnt��lqmywjqwv{wk�
\yq�viswxtnvqq}{wyzwmnyoi�q~�|ltnkwmwywmwkk�i{uwz}nyn�|unv��

�in{z��zwmnyoivqn�wpwvi��[j�qn�k�jywz��|ltnkwmwywmwk�k�i{uwz}ny|�zw�
z{ikt��{�vn�unvnn��		�utv.{�k�lwm��
\wtq�qstq�nzsqn�iywui{q�nzsqn�|ltnkwmwywm��k��iz{vwz{qjnvpixq�

ynv wzwjnvvw�wxizv��mt��oqk�~�wylivqpuwk��wj°nmqvnvv�~�wj�nr�wjti�
z{���yizxywz{yivnvq���jqw{i ��[jyip|�{z��xyq�zlwyivqq�yiptq�v�~�kqmwk�
{wxtqki�q�my|lq~�k�zwsw{nuxnyi{|yv�~�xyw�nzzi~�q�k�p�ki�{�u|{ilnv�
v�n�q�siv�nywlnvv�n��}}ns{��
)M439I3�:3@.99I.Ziqjwtnn��iz{w�un{itt��xwximi�{�k�wsy|oi��|��

zynm|�k�ynp|t�{i{n�xywu��tnvv�~�zjywzwk�k�kwmwnu��zw�z{w�v�uq�kwmi�
uq��vn�xwmknyli��quqz���}}ns{qkvwr�w�qz{sn��i�{ison�xyq�qzxwt�pwki�
vqq�xnz{q�qmwk��k�zwz{ik�sw{wy�~�wvq�k~wm�{�W��qzt|�viqjwtnn�{wszq��
v�~�un{ittwk�ztnm|n{�w{vnz{q�G=AIEF, MOPOY, N?EJBS, RMKIq�vnsw{wy�n�
my|lqn��wvq�wsip�ki�{�xwkynomi��nn�mnrz{kqn�vi�jqwwj°ns{��k�swv�nv�
{yi�q�~��vn�xynk��i��q~�
�ul%t��
Wimuqrvisixtqkin{z��k�xn�nvq��xw�si~��xwmont|mw�vwr�q��q{wkqmvwr�

ontnpi~�q�my��~iyis{nyqp|n{z��k�yionvvwr�vn}yw{wszq�vwz{���xyq�xwxi�
mivqqkwylivqpu�z�xq{�nkwrkwmwr�P�zwsw��|kz{kq{nt�v��kwmv�n�
wylivqpu���
k̂qvn��qunn{�zkwrz{kw�is{qkvw�kziz�ki{�z��k�xq�nkiyq{nt�vwu�{yis{n�

�ntwknsi�q�oqkw{v�~�z�xwztnm|��qu�viswxtnvqnu�k�swz{vwr�q�my|lq~�
{siv�~��Vp�swz{vwr�{sivq�zkqvn��uwon{�xwz{|xi{��k�sywk��q�{yivzxwy{qyw�
ki{�z��z�vnr�k�yiptq�v�n�wyliv���Qtikvwr�uq�nv���kwpmnrz{kq��zkqv�i�
xyq�~ywvq�nzsq~�w{yiktnvq�~��kt�n{z���nv{yit�vi��q�xnyq}nyq�nzsi��
vnykvi��zqz{nui��̂kqv�wki��qv{wszqsi�q��k�p�kin{�viy|�nvqn�jqwzqv{n-
pi��̂kqvn��ktq�n{vi�zqv{np��q{w~ywui�]=450. 
bywvq�nzswn�w{yiktnvqn�zkqv�wu�w{un�i�{z��xyq�mtq{nt�vwu�|xw{�

ynjtnvqq�xq{�nkwr�kwm���zwmnyoi�nr�	�	=1 ul%t��{wlw�un{itti�Pwyli�
vqpu�kpywztwlw��ntwknsi�z�kwmwr�q�xywm|s{iuq�xq{ivq��pi�z|{sq�xwz{|xin{�
	���ul�zkqv�iq�z{wt�sw�on�nlw�mwxwtvq{nt�vw�xwt|�i�{�z�{iji�v�u�m��
uwu�pi�mt�n�s|yqt��qsq�P�viqjwt��nr�z{nxnvq�wxizvwu|�kwpmnrz{kq��
zkqv�i�xwmknyli�{z��yijw�qn��piv�{�n�nlw�mwj��nr�k��i~{i~��i�{ison�
k�xtikswr.
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Sonlwmvwn�xwz{|xtnvqn�k�jqwz}ny|y{|{q�zwz{ikt�n{�
��=��{�z��{�xyq�
xnynyijw{sn�uqvnyitwk�q�y|m��	�
=��{�z��{�=xyq�zoqlivqq�{wxtqki�
]{|{��q�nn�zwnmqvnvq��w{vwz�{z�s�kn�nz{kiu�wj�n{wszq�nzswlw�mnrz{�

kq���]{|{��~iyis{nyqp|n{z��k�zwswr�vn}yw{wszq�vwz{����\yq�w{yiktnvq�~�
y{|{����wzwjnvvw�nn�wylivq�nzsquq�zwnmqvnvq�uq��w{�n{tqkw�k�yionv��
zqux{wu��xwyionvqr�vnykvwr�zqz{nu���xiynp���xiyitq�q��viy|�nvq��
pynvq��q�zt|~i �]{|{��q�nn�zwnmqvnvq��k�p�ki�{�|�t�mnr�tn{it�v�r�qz�
~wm�k�swtq�nz{kn���=�		�ul�k�z|{sq��Ziqjwtnn�{wszq�vi�mk|~twyqz{i��
y{|{��z|tnui)��Zi�qvi��z�swv�nv{yi�qq�	�		�=0,01 ul%t�y{|{��k�kqmn�kw-
mwyiz{kwyqu�~�zwtnr�wsip�kin{�l|jq{nt�vwn�ktq�vqn�vi�y�j�q�my|lqn�
kwmv�n�wylivqpu��
*2</>3;6M�6�/6<13;;I3�K93:3;@I. [j�nn�xw{ynjtnvqn�uqvnyit�v�~�

|mwjynvqr��N ��]2[5 ��W2[ �zwz{ikt�n{�wswtw�
		�utv. {�k�lwm��[zwj|��
{ynkwl|�k�p�kin{�xyqunvnvqn�ipw{v�~�|mwjynvqr��{�s��xwk��nvvwn�zw�
mnyoivqn�vq{yi{wk�q�vq{yq{wk�k�xq{�nkwr�kwmn��wkw�i~��pntnv�~�swyui~�
xynmz{ikt�n{�{wszqswtwlq�nzs|��wxizvwz{��mt���ntwknsi�q�oqkw{v�~�
Punz{n�z�vnsw{wy�uq�|mwjynvq�uq�k�xw�k|�xwximi�{�q�xwjw�v�n�pi�

ly�pv���qn��tnunv{���vixyquny��}{wy��simuqr ��]iz{nvq��qzxwt�p|�{�
�iz{��kvnznvv�~�uqvnyit�v�~�|mwjynvqr��i�qpj�{ws�q~�uwon{�zu�ki{�z��k�
kwmwnu���Uily�pvnvqn�xw�k��jqwlnviuq��}wz}wy��ipw{ �xywqz~wmq{�q�my|�
lquq�x|{�uq��}nsit�v�n�w{~wm��oqkw{vwkwmz{ki��swuu|vit�vw-j�{wk�n�
pily�pvnvq��q�{�m� ��_wt�sw�k�̂eN�nonlwmvwn�xwz{|xtnvqn�jqwlnvwk�k�kw�
mwnu��zwz{ikt�n{��ipw{i=wswtw���utv. {��}wz}wyi=xyqunyvw���	�{�z��{��
Pzn��{w�xyqkwmq{�s��k{yw}qsi�qq�kv|{ynvvq~�kwmwnuwk��i�{isonxyqjyno�
v�~�|�iz{swk�wsnivi�
Sonmvnkvwn�xw{ynjtnvqn�vq{yi{wk�vi�m|�|�vizntnvq��k�̂eN�w�nvqki�

n{z��xyqunyvw�k�		�ul���		�ul�=z�wkw�iuq��

��ul�=z�u�zv�uq�xywm|s�
{iuq�q����ul=z�kwmwr��Rt��Nvltqq��{q��q}y��zww{kn{z{knvvw�zwz{ikt��{:
225, 110q�
	��ul��q{wlw�	�ul ��̀�viz��{q�mwp��vnzswt�sw�vqon�
%>1.;6E3?863�?<326;3;6M. Ziqjwtnn�yizxywz{yivnvv�n�pily�pvq{ntq�]�

vn}{��q�vn}{nxywm|s{���xnz{q�qm���xwtq~twyjq}nvqt���\bO �q�xwkny~�
vwz{vw-is{qkv�n�kn�nz{ki��\NP �
Qtwjit�vwn�pily�pvnvqn�vn}{���q�vn}{nxywm|s{iuqzstim�kin{z��qp�

�uqzzqq�k�i{uwz}ny|��kztnmz{kqn�qzxiynvq��q�zlwyivq� ��pily�pvnvqr�vi�
pnuv�~��swzqz{nu�q�uwyzswr�zynm���Zn}{��w�nv��unmtnvvw�yiptilin{z��k�
wsy|oi��nr�zynmn��Zi�xwkny~vwz{q�kwm��
�{�vn}{q�wjyip|n{�xtnvs|�vi�
��
su2���{w�xyqkwmq{�s�lqjntq�lqmywjqwv{wk��Zn}{��q�y�m�vn}{nxywm|s{wk�
knz�ui�{wszq�v��mt��oqk�~�wylivqpuwk��uvwlqn�nn�xywm|s{��siv�nywlnv�
v��
4BNOESEAX#�ZOKREIETBNGEBNMBANO?=�D=VEOX�NBHYNGKRKD\FNO?BJJXR�

M=NOBJEF�KO�NKMJ\GK? �J=NBGKIXR �@ME>K?�[swtw�
���kznlw�uqywkwlw�|yw�
oi��nonlwmvw�{ny�n{z��qp-pi�viznswu�~��
����=qp-pi�jwtnpvnr�yiz{nvqr��
k�p�kinu�~�lyqjiuq�q��nyk�uq������=qp-pi�zwyv�swk�q�
	���|vq�{woin{z��
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ly�p|viuq��[j�qn�xw{nyq�|ywoi��k�uqyn�w�nvqki�{z��xyqunyvw�k�
���
utym.{��dntwkns�k�v|omnv�qzxwt�pwki{��wlywuvwn�swtq�nz{kw�~quq�nzsq~�
zynmz{k�pi�q{���̂}wyuqywkitz��Xxnz{q�qmv�r�xiyimwsz<���ntwkn�nz{kw��
xyqunv���xnz{q�qm���ziuw�z{ivwkq{z��uq�nv���q~�kwpmnrz{kq��
\wximivqn�jwt��wlw�swtq�nz{ki�xnz{q�qmwk�q�my|lq~�sznvwjqw{qswk�k�

kwmwnu��xyqkwmq{�s�mnlyimi�qq�kwmv�~��swzqz{nu�q�j�z{ywu|�|unv��n�
vq��ynz|yzwk��qz{wr�kwm��
Ziqjwtnn��qywsw�yizxywz{yivnv��mki�stizzi�xnz{q�qmwk�=QKNQKMKM�

@=JETBNGEB��~[\ �q�RHKMKM@=JETBNGEB��b[\ �xnz{q�qm��
~[\�=xw{nv�qit�v�n�qz{w�vqsq�knz�ui�{�ont�~�w{yiktnvqr�t�mnr�

sis�k�|ztwkq�~�znt�zsw~wp�rz{knvvwlw�xywqpkwmz{ki��{is�q�k�j�{|��O�{w�
k�n�w{yiktnvq��~twyw}wzwu�~iyis{nyqp|�{z��k�zwswr�z{nxnv���tn{it��
vwz{q�=20=�	����~[\��kt��{z�zqvix{q�nzsquq�miuq��xwmikt���quq
xnynmi�|�vnykvwlw�qux|t�zi�k�~wtqvynis{qkv�~�zqz{nui~�[vqwsip�ki�{�
xwkynomi��nn�mnrz{kqn�vi�unujyiv|(zvqoi�{�zswywz{��N_~-pikqzquwlw�
{yivzxwy{i�̂i2+)��z{qu|tqy|�{�xnyqsqzvwn�wsqztnvqn�tqxqmwk�jqwtwlq�n�
zsq~�unujyiv�q�{�m��
W�xwtwoq{nt�v�u�uwunv{iu�ztnm|n{�w{vnz{q�j�z{y|��mnlyimi�q��

~[\��[mvisw�mion�vnxywmwtoq{nt�vwn�zw~yivnvqn�~[\�k�xw�kn�knmn{�s�
xwztnm|��nu|�xywvqsvwknvq��q~�k�s|t�{qkqy|nu�n�vi�wjyijw{ivv�~�
xtw�im�~�yiz{nvq���k�ly|v{wk�n�kwm��q�i{uwz}ny|��
Wtizzq�nzsqu� xynmz{ikq{ntnu� b[\� �kt�n{z�� mq~twymq}nvqt-

{yq~twy�{iv��RR_ :

\w�vnsw{wy�u�mivv�u��k�viz{w��nn�kynu��k�i{uwz}nyn�yizx�tnvw�wsw�
tw���utv.{�RR_��P�zwsi��|z{wr�qkwz{���vqpsi��yiz{kwyquwz{��k�kwmn��k��
yionvvi��tqxw}qt�vwz{��=kzn��{w�xyqkntw�s�{wu|���{w�q�k�viz{w��nn�kyn�
u���{w{�sznvwjqw{qs��kt�n{z��wmvqu�qp�wzvwkv�~�pily�pvq{ntnr�zynm���
Ynom|�{nu�kw�uvwlq~�z{yivi~��k�{wu��qztnq�|�viz��xyqunvnvqn�RR_�j�tw�
pixyn�nvw�n�n�k��	-~�lwmi~�XXk�
b[\�k�k�zwsq~�mwpi~�xwkynomi�{�ynxywm|s{qkv|��zqz{nu|�̀��ntwkn�

si�b[\�xwyioi�{�vnykv|���xq�nkiyq{nt�v|���sywkn{kwyv|��q�znymn�vw-
zwz|mqz{|��zqz{nu���[vqktq��{�q�vi�is{qkvwz{��y�mi�}nyunv{wk��Znsw�
{wy�n�qzztnmwki{ntq�yizzui{yqki�{�qpunvnvq��is{qkvwz{q�}nyunv{v�~�
zqz{nu�|ltnkwmvw-}wz}wyvwlw�wjunvi�k�si�nz{kn�yivvnlw�xwsipi{nt��
b[\-qv{wszqsi�qq�
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4KHERHKM>EQBJEHX��4:*�=�{w�ly|xxi�zwnmqvnvqr��qun��q~�ztnm|��
�|��z{y|s{|y|�

\bO�xyqunv��{�k�lqmyiktq�nzsq~�zqz{nui~��k�{yivz}wyui{wyi~��k�si�
�nz{kn�xtiz{q}qsi{wywk��k�zwz{ikn�zuipw�v�~�uiznt�q�xnz{q�qmwk���{w�
wj|ztwktnvw�{isquq�q~�zkwrz{kiuq�sis�~quq�nzsi��qvny{vwz{��vnlwy��n�
z{���q�k�zwswr�mq�tns{yq�nzswr�xwz{w�vvwr��
Uily�pvnvqn�wsy|oi��nr�zynm��\bO�zk�pivw�ltikv�u�wjyipwu�z�|{q�

tqpi�qnr�w{~wmwk�xyq�q~�zoqlivqq��i�{ison�z�|{n�swr�q~�xyq�{yivzxwy{q�
ywksn��xyq�ikiyq�~�vi�xywqpkwmz{kn�q�xyq�|mitnvqq�oqmsq~�xywu��tnv�
v�~�w{~wmwk��
\w�unyn�xwk��nvq��z{nxnvq�~twyqywkivq��qv{nvzqkvwz{��un{ijwtq�n�

zswr�mnlyimi�qq\bO�oqk�uq�wylivqpuiuq�zvqoin{z���\bO��swtwlq�nzsq�
wxizv��k�zqt|�k�zwswr�xnyzqz{nv{vwz{q�q�zxwzwjvwz{q�visixtqki{�z��k�
oqywk�~�{siv�~��ntwknsi�q�oqkw{v�~��k�uwtwsn�q�kw�kzn~�lqmyw}wjv�~�
zynmi~�\wximi��k�wylivqpu��oqkw{v�~��\bO�xwk��i�{��iz{w{|�kwpvqs�
vwknvq��zxwv{ivv�~�xvnkuwvqr�q�ijz�nzzwk�tnlsq~��̂�q{i�{���{w�\bO�
mnrz{k|�{�q�vi�ynxywm|s{qkv|��}|vs�q��
Xn{wu�
����l��k�hxwvqq�j�ti�piynlqz{yqywkivi�pvi�q{nt�vi��ly|xxi�

jwt�v�~��sw{wy�n�|xw{ynjt�tq�k�xq�|�yqzwkwn�uiztw��pily�pvnvvwn�\bO��
xwxik�qu�k�vnlw�qp�{nxtwwjunvvqsi�k�xyw�nzzn�yi}qvqywkivq���\wyion�
vqn��vwzqk�nn�~iyis{ny��xqmnuq�nzswr�kzx��sq��xwt|�qtw�vipkivqn�jw�
tnpvq�g�w��
4K?BMRJKNOJK-=GOE?JXB�?BVBNO?=��4)+�. [j�nuqywkwn�xywqpkwmz{kw�

\NP�zwz{ikt�n{�wswtw�mnz�{si�uqttqwvwk�{wvv�k�lwm��Rn{nylnv{��~wyw�w�
yiz{kwyqu��k�kwmn�q�uwl|{�xnynvwzq{�z��z�kwmv�uq�uizziuq�vi�jwt��qn�
yizz{w�vq��fsw{wszqswtwlq�nzsi��wxizvwz{���{q~�kn�nz{k�zk�pivi�z�q~�
uwmq}q�qy|��qu�kwpmnrz{kqnu�vi�jqwtwlq�nzsqn�unujyiv���q�k�xnyk|��
w�nynm��vi�q~�{yivzxwy{vw-jiy�nyv�n�zkwrz{ki��\NP�wsip�ki�{�ktq�vqn�
vi�is{qkvwz{��}nyunv{wk�k�unujyivn��xyq�nu�xyq�vqpsq~�swv�nv{yi�q�~�k�
y�mn�zt|�ink�vijt�min{z��is{qki�q���i�xyq�k�zwsq~�=qvlqjqywkivqn�
}nyunv{i{qkvwr�is{qkvwz{q��
Yvwlqn�qp�sznvwjqw{qswk�q�xwtt�{iv{wk��kt��{z��zqt�vwmnrz{k|��

�quq��mwkq{�uq�kn�nz{kiuq�
P�ziuwu��qywswu�zu�ztn�\AX=ZOK�REIETBNGEB�?BVBNO?=�ZGDK@BJJK@K�

LMKENRKCABJE\��NEJOBOETBNGEB�E�LMEMKAJXB� �GKOKMXB�LKNHB�LMKJEGJK�
?BJE\�?�KM@=JEDI�?XDX?=[O�NOMPGOPMJXB�E�QPJGSEKJ=HYJXB�EDIBJBJE\ �
NKLMK?KCA=[VEBN\�M=D?EOEBI�R=M=GOBMJXR�L=OKHK@ETBNGER�NKNOK\JEF�
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hm��q�{wszqv��=�{w�kn�nz{ki�w�nv��k�zwswr�jqwtwlq�nzswr�is{qkvw�
z{q�q�zntns{qkvwz{q��k�p�ki��qn�w{yiktnvq���Yvwlqn��m��k�uqvquit��
v�~�mwpi~��qywsw�xyqunv��{z��k�unmq�qvn��vixyquny��itsitwqm���z{yq~�
vqv��{|jws|yiyqv��uwy}qv�q�my� ��iv{qjqw{qsq��z{nywqmv�n�lt�swpqm���
punqv�r��x�ntqv�r��m��q�{�m��Ziqjwtnn�{wszq�v�u�kn�nz{kwu��kt�n{z��
jw{|tqvq�nzsqr�{wszqv�=jntws�qp�Clostridium botulinum.
+�D=?ENEIKNOE�KO�ENOKTJEG=�LMKENRKCABJE\�E�LM=GOETBNGK@K�LMEIB�

JBJE\�OKGNETBNGEB�?BVBNO?=��\AX��LKAM=DABH\[O�J=�NHBAP[VEB�@MPLLX:
=xywu��tnvv�n��m���wylivq�nzsqn�yiz{kwyq{ntq��mq~twy�{iv��{n{yi�

~twyun{iv��i�n{wv�q�my� , kn�nz{ki��xyqunv�nu�n�k�si�nz{kn�{wxtqki��un�
{iv��xywxiv��j|{iv , syizq{ntq��ivqtqv�q�nlw�xywqpkwmv�n , }ynwv���~q�
uq�nzsqn�ynilnv{���xwt|xywm|s{��wylivq�nzswlw�zqv{npi�q�my���
= ~quq�nzsqn�|mwjynvq��q�zynmz{ki�pi�q{��yiz{nvqr��k�{wu��qztn�

xnz{q�qm���
=tnsiyz{knvv�n�zynmz{ki�q�xwt|xywm|s{��}iyui�nk{q�nzswr�xywu���

tnvvwz{q��
=j�{wk�n�~quqsi{���qzxwt�p|nu�n�k�si�nz{kn�qvzns{q�qmwk��syizq{n�

tnr��tiswk��xiy}�unyvw-swzun{q�nzsq~�zynmz{k��xq�nk�~�mwjikws��iv{q�
wszqmiv{wk��
=yiz{q{nt�v�n�q�oqkw{v�n��m��
=jwnk�n�w{yikt���qn�kn�nz{ki�
+�D=?ENEIKNOE�KO�LMBEIPVBNO?BJJK@K�LKM=CBJE\�NKKO?BONO?P[VER�

KM@=JK?�E�OG=JBF�TBHK?BG=�\AX�LKAM=DABH\[O�J=�NHBAP[VEB�G=OB@KMEE�
"NBMABTJXB�\AX �~iyis{nyqp|��qnz��siymqw{wszq�nzsqu�mnrz{kqnu�q�

k�p�ki��qn�viy|�nvqn�yq{ui�q�xywkwmquwz{q�uqwsiymi�
"JBM?JXB�\AX �sw{wy�n�wjtimi�{�vnryw{wszq�nzsqu�mnrz{kqnu��xyw�k�

t���quz��k�viy|�nvqq�xzq~q�nzswr�is{qkvwz{q�z�xnyn~wmwu�k�{wszq�n�
zs|��swu|��k�viz{|xtnvqq�xiyitq�nr�q�my��
"LBTBJKTJXB�\AX�=zwnmqvnvq���xyqkwm��qn�s�{wszq�nzswr�xi{wtwlqq�

xn�nvq;
"LKTBTJXB�\AX �mnrz{kqn�sw{wy�~�k�p�kin{�vn}ywxi{wtwlq�nzsqn�

xyw�ktnvq��
"GMK?\JXB��@BIETBNGEB��\AX�=kn�nz{ki��wjtimi��qn�lnui{wszq�n�

zsqu�kwpmnrz{kqnu�q�k�p�ki��qn�un{lnuwltwjqvnuq���lnuwtqp��ivnuq��
"CBHPAKTJK-GEUBTJXB�\AX �xyqkwm��qn�s�yipkq{q��{wszq�nzswlw�li�

z{yw�v{nyq{i��
"HB@KTJXB�\AX �qv{wszqsi�q��sw{wy�uq�xyqkwmq{�s�w{ns|q��qtq �xw�

ztnm|��nu|}qjywp|tnlsq~;
"\AX �LKM=C=[VEB��EIIPJJP[�NENOBIP�yipkq{qn�{wszqsw-ittny-

lq�nzsq~�viy|�nvqr ;
=\AX �LKM=C=[VEB�GKCP�~quq�nzsqn�wowlq��qp°�pktnvq���ittnylq�n�

zsqn�mnyui{q{���{wszqswmnyuqq �
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\yq�~iyis{nyqz{qsn�vnli{qkvwlw�mnrz{kq��sznvwjqw{qsi�yiptq�i�{�xw�
v�{q��X{wszq�vwz{�<�q�Xwxizvwz{�<��
7KGNETJKNOY=IBM=�JBNK?IBNOEIKNOE�?BVBNO?=�N�CEDJY[ �?BHETEJ= �

K>M=OJ=\�=>NKH[OJKIP�DJ=TBJE[�NMBAJBNIBMOBHYJKF�AKDX����LD50��EHE�
GKJSBJOM=SEE����LC50). Pntq�qv��LC50 qtq�LD50 =�{w�zww{kn{z{knvvw�
swv�nv{yi�q��qtq�mwpi�kn�nz{ki��k�p�ki��i��xwtwkqvvwn�xwmiktnvqn�yn�
lqz{yqy|nuwr�ynis�qq��vixyquny��lqjnt���	���wylivqpuwk ��
3L=NJKNOYTPCBMKAJK@K�?BVBNO?=�"?BMK\OJKNOY�LK\?HBJE\�?MBAJXR�

AH\�DAKMK?Y\�ZQQBGOK?�?�MB=HYJXR�PNHK?E\R�ER�LMKED?KANO?=�E�LMEIBJB�
JE\�
Pynmv�n�kn�nz{ki��z�sw{wy�uq�swv{is{qy|n{��ntwkns��xw�z{nxnvq�wxiz�

vwz{q��{wszq�vwz{q �xwmyipmnt��{�vi��n{�yn�stizzi�
I =�ynpk��irvw�wxizv�n���ynpk��irvw�{wszq�v�n ;
II=k�zwswwxizv�n��k�zwsw{wszq�v�n ;
III =|unynvvw�wxizv�n��|unynvvw�{wszq�v�n ;
IV=vqpswwxizv�n��vqpsw{wszq�v�n �
~[\�xw�z{nxnvq {wszq�vwz{q�xynmtili�{��xwmyipmnt�{�ztnm|��qu�

wjyipwu�� I =unvnn��	�ul%sl�� II =50=�		�ul%sl��III =200=
			�ul%sl��
IV=jwtnn�
			�ul%sl�
Wyq{nyqq�stizzq}qsi�qq�sznvwjqw{qswk�xw�z{nxnvq�q~�{wszq�vwz{q�
=pvi�nvqn�kntq�qv�LD50qtq�LC50; 
=x|{q�xwz{|xtnvq���qvlit��qwvvw���nynp�swo| ��
=kynu��kwpmnrz{kq���
=zkwrz{kw�yipy|�i{�z��k�wsy|oi��nr�zynmn�qtq�xyn{nyxnki{��xynkyi�

�nvq��k�oqk�~�wylivqpui~��jqw{yivz}wyui�q� �
\wuquw�{wszq�vwz{q�q�wxizvwz{q�kz�swn�ktq�vqn�sznvwjqw{qsi�vi�wj°�

ns{�uwovw�w~iyis{nyqpwki{��xw�vnsw{wy�u�wzwjnvvwz{�u�nlw�jqwtwlq�n�
zswlw�mnrz{kq��

1) xw�{qx|�jqwtwlq�nzswlw�kwpmnrz{kq��vi�uq�nv���unujyivw{ywxv�n�
kn�nz{ki��yipwj�q{ntq�m�~ivq���qvlqjq{wy��jqwzqv{npi�RZW��]ZW�q�my� ;

2) xw�xwsipi{nt�u�LD50qtq�LC50;
3) xw�kqmiu�{wszq�vwz{q�q�wxizvwz{q���ujyqwvit�vi���u|{ilnvvi���

siv�nywlnvvi� . Wyq{nyq�uq�~iyis{nyqz{qsq�xw�kqmiu�wxizvwlw�mnrz{kq��
mwtov��zt|oq{��xnyqwm�mnrz{kq��q�zyws�xyw�ktnvq���}}ns{i��syi{swkyn�
unvv�r��mtq{nt�v�r �

4) xw�qpjqyi{nt�vwz{q�mnrz{kq��sznvwjqw{qswk(kn�nz{ki�uwl|{�j�{��
{wszq�v�uq�mt��wmvq~�wylivqpuwk�q�vn{wszq�v�uq�=mt��my|lq~);

5) xw�swv�nv{yi�qwvv�u�xynmntiu��xwywlwk�u�pvi�nvq�u �{wszq�n�
zswlw�q%qtq�wxizvwlw�kwpmnrz{kq��

6) xw�~iyis{ny|�}iyuiswtwlq�nzswlw�mnrz{kq���zvw{kwyv�n��vnrywtnx�
{qsq��lwyuwvit�v�n�q�{�m� �
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0DIUĜ 2
(GMJMBGVDPI?̂�?IQGALMPQ[�IPDLM@GMQGIMA�

��
�Vz{wyq��xwqzsi�jqwtwlq�nzsq�is{qkv�~�kn�nz{k��}wyuqywkivqn�
xynmz{iktnvqr�w�jqwtwlq�nzswr�is{qkvwz{q�kn�nz{k

2.2]ipvwwjyipqn�kqmwk�jqwtwlq�nzswr�is{qkvwz{q
2.3 k̂�p��unom|�z{y|s{|ywr�sznvwjqw{qswk�q�q~�jqwtwlq�nzswr�is{qk�

vwz{��

2.��-PQMOĜ�NMGPI?�@GMJMBGVDPIG�?IQGALZT�ADXDPQA

P�qz{wyq�nzswu�yipkq{qq�vi�q~�pvivqr�w�jqwtwlq�nzswr�is{qkvwz{q�
kn�nz{k�uwovw�k�mntq{��vnzswt�sw�xnyqwmwk�q��{ixwk�
4BM?XF�LBMEKA=wzkwnvqn�vwk�~�xyqywmv�~�qz{w�vqswk�jqwtwlq�nzsq�

is{qkv�~�kn�nz{k�xynmsiuq��ntwknsi��mw�pikny�nvq�}wyuqywkivq��k{w�
ywr�zqlvit�vwr�zqz{nu� ��Rtq{nt�vwz{��xnyqwmi�wswtw��		-�		�{�z��tn{�
kxtw{��mw�xw�ktnvq���ntwknsi�yip|uvwlw��Oqwtwlq�nzsq�is{qkv�n�kn�nz{�
ki�qzxwt�pwkitqz��xynomn�kznlw�sis�xq�i. Ziswxtnvqn�qxnynmi�i�pvivqr�
wz|�nz{kt�tqz��k�xynmnti~�|psq~�ly|xx�
+OKMKF�LBMEKA=xnykq�vwn�viswxtnvqn�pvivqr�w�jqwtwlq�nzsq�is{qk�

v�~�kn�nz{ki~��ntwknswu�yip|uv�u��xnyqwm�mwuqvqywkivq��uq}wtwlq�n�
zswlw�u��tnvq� ��f{w�xnyqwm�w{�xnyk�~�zwwj�nz{k��ntwknsi�yip|uvwlw�mw�
iv{q�vwz{q��	-����{�z��tn{�mw�v���� ��Ziswxtnvqn�pvivqr�w�jqwtwlq�nzswr�
is{qkvwz{q�kn�nz{k�xywmwtoitw�wz|�nz{kt�{�z��k�wzvwkvwu�x|{nu�zt|�
�irvwr�k�jwysq��qtq�Xxywj�vi�p|j<��[mvisw��{q�zknmnvq��|on�wzwpviki�
tqz��q�xnynmikitqz��k�|z{vwr��i�pi{nu�q�k�xqz�unvvwr�yn�q��Ziswxtnvqn�
�uxqyq�nzsq~�pvivqr��sis�xyikqtw��j�tw�|mntwu�|pswr�siz{wkwr�ly|xx��
7MBOEF�LBMEKA=w{�iv{q�v�~�kynunv�mw�zwkynunvvwz{q��Rt���{wlw�xn�

yqwmi�~iyis{nyv��mwuqvqywkivqn�twlq�nzswlw�u��tnvq���z{ynutnvqn�s�
zqz{nui{qpi�qq�pvivqr�w�jqwtwlq�nzsq�is{qkv�~�kn�nz{ki~��yipkq{qn�
�szxnyqunv{it�v�~�q�{nwyn{q�nzsq~�zxwzwjwk�xwqzsi�q�wxynmntnvq��jqw�
twlq�nzswr�is{qkvwz{q��xwz{w�vvwn�|kntq�nvqn��qzti�pimi���mt��yn�nvq��
sw{wy�~�xyqunv��{z��jqwtwlq�nzsq�is{qkv�n�kn�nz{ki��P�mivvwuxnyqw�
mn�k�mnt��{�n{�yn��{ixi:
=z{ivwktnvqn�zqz{nu��pvivqr�w�jqwtwlq�nzsq�is{qkv�~�kn�nz{ki~��

[zvwkvwr��nt���xwqzsi�vwk�~�jqwtwlq�nzsq�is{qkv�~�kn�nz{k��kt�n{z��
zwpmivqn�tnsiyz{k��f{ix�pikny�in{z��k�xnykwr�xwtwkqvn�XVIk�;
=ztq�vqn�~quqq�q�unmq�qv���Zi�itw��{ixizwkximin{z�|ktn�nvqnu�it�

~quqnr�k�xwqzsi~�yipvwwjyipv�~�xivi�nr�q�tnsiyz{k. Zi��{wu��{ixn�kwp�
yiz{in{�wzwpvivv�r�xwqzs�vwk�~�~quq�nzsq~�kn�nz{k�z�pimivv�uq�zkwr-
z{kiuq�q�xywkwmq{z��q~�qzx�{ivqn�vi�jqwtwlq�nzs|��is{qkvwz{�;
=}wyuqywkivqn�}iyuiswtwlqq�vi�wzvwkn�mwz{qonvqr�~quqq��jqwtwlqq��

unmq�qv���f{ix�zk�piv�z�xywlynzzwu�~quqq��̂wpmin{z��jwt��wn�swtq�nz{kw�
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vwk�~~quq�nzsq~�zwnmqvnvqr��k�{wu��qztn�q�vn�z|�nz{kwkik�q~�k�xyqyw�
mn��\wz{w�vvw�yiz�qy�n{z��z}nyi�xyqunvnvq��jqwtwlq�nzsq�is{qkv�~�
kn�nz{k��}iyuiswtwlq��znt�zswn�~wp�rz{kw��xq�nki��xywu��tnvvwz{���
xiy}�unyq��q�{�m��̂wpmi�{z��zqz{nu���szxnyqunv{it�v�~�uwmntnr�mt��
qzx�{ivq��kn�nz{k�vi�jqwtwlq�nzs|��is{qkvwz{���yipkqkin{z��swvz{y|q�
ywkivqn�uwtns|t�z�pimivv�u�kqmwu�jqwtwlq�nzswr�is{qkvwz{q;
]�qzxwt�pwkivqnzwkynunvv�~�jqw{n~vwtwlqr�q�fPY�k�z}nyn�xwqzsi�q�

zwpmivq��vwk�~�jqwtwlq�nzsq�is{qkv�~�kn�nz{k��f{ix�w~ki{�kin{�xywun�
o|{ws�z��	-~�lwmwk�XX k��mw�viz{w��nlw�kynunvq��̀zxn~q�uwtns|t�yvwr�
jqwtwlqq�q�uwtns|t�yvwr�lnvn{qsq��yipkq{qn�{n~vwtwlqr�lnvvwr��stn-
{w�vwr�q�jqw~quq�nzswr�qvonvnyqq�zxwzwjz{kwkitq�}wyuqywkivq��zw�
kny�nvvw�vwkwlw�xwvquivq��un~ivqpui�mnrz{kq��jqwtwlq�nzsq�is{qkv�~�
kn�nz{k��[{sy�tqz��xyqv�qxqit�vw�vwk�n�kwpuwovwz{q�mt��swvz{y|qyw�
kivq��uwtns|t�z�pimivvwr�z{y|s{|ywr�q�jqwtwlq�nzswr�is{qkvwz{���
Pzn�sznvwjqw{qsq�k�{wr�qtq�qvwr�z{nxnvq�kwpmnrz{k|�{�vi�oqk|��

ui{nyq���{�n��xyw�kt��{�jqwtwlq�nzs|��is{qkvwz{���Zi�q�pvivq��w�
kwpuwov�~�xwztnmz{kq�~�{iswlw�kwpmnrz{kq��wlyivq�nvv���̂nlwmv��ws�
y|oi��i��zynmi�viz��nvi�{isquq�jqwtwlq�nzsq�is{qkv�uq�kn�nz{ki�
uq��z�sw{wy�uq��ntwkns�vqswlmi�vn�kz{yn�itz��k�xyw�nzzn�zkwnr��kwt�-
�qq�Oqwtwlq�nzswn�mnrz{kqn�{wlw�qtq�qvwlw�kn�nz{ki�uwon{�j�{��wlyi�
vq�nvw�sisqu-{w�|ywkvnu�q�vn�xyw�kt�{�z��vi�}|vs�qwvit�vwu�|ywkvn�
wylivqpui�k��ntwu�
Yvwlwwjyipqn�~quq�nzsq~�zwnmqvnvqr�k�wylivqpun�xynmxwtilin{�kwp�

uwovwz{��kpiquwmnrz{kq��xyis{q�nzsq�z�t�j�u�xwximi��qu�k�vnlw�szn�
vwjqw{qswu��̂kwrz{kw�oqk�~�zqz{nu�j�{��ynis�qwvvw-zxwzwjv�u�xw�w{�
vw�nvq��s�t�jwu|�sznvwjqw{qs|�wj|ztiktqki�{�{w{�}is{���{w�kzn�~quq�
�nzsqn�zwnmqvnvq��wjtimi�{�jqwtwlq�nzswr�is{qkvwz{����
*EKHK@ETBNGKF�=GOE?JKNOY[�GNBJK>EKOEG= J=DX?=[O�B@K�NLK-

NK>JKNOY�EDIBJ\OY�QPJGSEKJ=HYJXB�?KDIKCJKNOE�HE>K�GKILKJBJOK?�
KM@=JEDI=�(in vitro EHE�in vivo), HE>K�CE?K@K�KM@=JEDI=�?�SBHKI �HE>K�
NKK>VBNO?=�KM@=JEDIK?�
d|onywmvwn�~quq�nzswn�zwnmqvnvqn�tqjw�qzxwt�p|n{z��mt��v|om�wyli�

vqpui��tqjw�k�kwmq{z��qp�vnlw��tqjw�wz{in{z��k�wylivqpun��|onywmv�u��
�{w�k�p�kin{�jwtnn�lt|jws|��}qpqwtwlq�nzs|��ynis�q���\yq��{wu�xwxi�
mivqn�k�wylivqpu�mion�wmvwr�uwtns|t��sznvwjqw{qsi�k�p�kin{�w{kn{v|��
ynis�q���_qx�q�zqti�ynis�qq�wxynmnt��{z��zkwrz{kiuq�sznvwjqw{qsi��nlw�
swv�nv{yi�qnr�q�jqwtwlq�nzswr�uq�nv���
X�jwn�xyw�ktnvqn�jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{qsi�zk�pivw�z�

nlw�zxwzwjvwz{���xywr{q�x|{��w{�kvn�vnr�zynm��mw�uq�nvq��zk�pi{�z��z�
vnr�q�k�pki{��nn�ynis�q��
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2.25?FLMM@O?FGD�AGCMA�@GMJMBGVDPIMH�?IQGALMPQG

\nyk�r�swv{is{��|onywmvwlw�zwnmqvnvq��z�jqwtwlq�nzsqu�wj°ns{wu�
uwon{�j�{��zt|�irv�u��vixyquny��pily�pvnvqn�zynm� �qtq�xyqv|mq{nt��
v�u��s�xyquny|��kknmnvqn�tnsiyz{k ��xwztn��nlw��|onywmvwn�zwnmqvnvqn�q�
jqwtwlq�nzsqr�wj°ns{�kpiquwmnrz{k|�{�xw�zww{kn{z{k|��nr�z~nun�
O�tw�wjviy|onvw���{w�mion�knz�ui�qvny{v�n�k�~quq�nzswu�w{vw�nvqq�

kn�nz{ki�uwl|{�wjtimi{��piun{v�u�ktq�vqnu��̀on�k�swv�n�XIX k��j�tw�
mwsipivw���{w�k�zwswqvny{v�n�k�wj��v�~�}qpqsw-~quq�nzsq~�|ztwkq�~�
jtilwywmv�n�lip��wjtimi�{�zqt�v�u�viysw{q�nzsqu��}}ns{wu��Rion�vn�
yiz{kwyqu�n�qvny{v�n�kn�nz{ki�xyq�xwximivqq�k�wylivqpu�k�kqmn�untsq~�
�iz{q�ns�uwl|{�wsip�ki{��piun{vwn�jqwtwlq�nzswn�mnrz{kqn��{is��vixyq�
uny��uqvnyit�stizzi�zqtqsi{wk�izjnz{�wjtimin{�siv�nywlnvv�u��}}ns{wu �
cnt�r�y�m�xwyw�swwjyipv�~�kn�nz{k��~iyis{nyqp|��q~z��zwyj�qwv�

v�uq�zkwrz{kiuq��synuvnpnu��mwtwuq{��siwtqv��siyjwy|vm�q�my� �q�sio|�
�q~z��vi�xnyk�r�kplt�m�tq�nvv�uq�jqwtwlq�nzswr�is{qkvwz{q��wsipitqz��
�}}ns{qkv�uq�qvzns{q�qmiuq��V~�ktq�vqn�wj|ztwktnvw�{nu���{w�wvq�k��
p�ki�{�zwz{w�vqn��xwmwjvwn�z{ynzz|��k�ynp|t�{i{n��nlw�k�wylivqpun�k�mn�
t��{z��kn�nz{ki��wsip�ki��qn�vi�vnlw�xiyitqp|��nn�mnrz{kqn�
Wznvwjqw{qsq��xwxik�qn�k�stn{s|��uwl|{�xyw�kq{��jqwtwlq�nzs|��is�

{qkvwz{��xwm�ktq�vqnu�mwxwtvq{nt�v�~�}qpq�nzsq~�qtq�~quq�nzsq~�}is�
{wywk�zynm���vixyquny��uvwlqn�syizq{ntq�zxwzwjv��s�}w{wmqviuq�nzswu|�
�}}ns{|�xyq�zkn{wkwu�wjt|�nvqq �
]ipvwwjyipqn�kqmwk�jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{qswk�wxynmn�

t�n{z��ztnm|��quq�}is{wyiuq�
=uvwonz{kwu�jqwtwlq�nzsq~�wj°ns{wk��q~�zwz{w�vqr�q�xyw{nsi��q~�

k�vq~�ynis�qr��Ywovw�wjwzvwkivvw�lwkwyq{��wj�qvmqkqm|it�vwr�ynis�qq�
vi�mivv�r�sznvwjqw{qs�
=zxwzwjwu�xwximivq��sznvwjqw{qsi�k�wylivqpu��mwpi��}qpq�nzsi���

}wyui�kn�nz{ki���kynunvvwr�ynoqu��kknmnvq���unz{w�kknmnvq��q�{�m� ��
=vitq�qnu�qtq�w{z|{z{kqnu�mwxwtvq{nt�v�~�kwpmnrz{kqr��xynm�nz{�

k|�q~�xwximivq��k�wylivqpu�~quq�nzswlw�zwnmqvnvq���zwx|{z{k|��q~�
nu|�qtq�ztnm|��q~�pi�vqu��mnrz{kqn�my|lq~�kn�nz{k���tns{ywuilvq{v�~��
lyikq{i�qwvv�~�xwtnr��{nuxnyi{|y���miktnvq���my|lq~�wylivqpuwk�q�{�m� �
=zxwzwjwu��kynunvnu�vijt�mnvq���xyqv�qxwu�xwmjwyi�jqwwj°ns{i��

ivitqpi�qv}wyui�qq�q�{�m�
Oqwtwlq�nzsi��is{qkvwz{��sznvwjqw{qswk�knz�ui�yipvwwjyipvi��Znli�

{qkvwn�mnrz{kqn�sznvwjqw{qswk�vi�wylivqpu��ntwknsi�uwon{�j�{��yipmyi�
oi��nn��mnyui{wszq�nzswn��x|t�uw{wszq�nzswn��vnryw{wszq�nzswn��lnui�
{wszq�nzswn��lnxi{wszq�nzswn��vn}yw{wszq�nzswn��quu|vw{wszq�nzswn��{n�
yi{wlnvvwn��u|{ilnvvwn��siv�nywlnvvwn�mnrz{kqn�
5=DAM=C=[VEIvip�kin{z�� qpjqyi{nt�vwn�mnrz{kqn�~quq�nzsq~�

kn�nz{k�vi�vnykv�n�wswv�ivq���yipkn{kt���qnz��k�xwsywkv�~�{siv�~��
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zwxywkwomi��nnz�y�mwu�unz{v�~�q�wj�q~�yn}tns{wyv�~�ynis�qr�q�
z|j°ns{qkvw�kwzxyqvquinuwn��sis�vnxyq�{vwn��|kz{kw�xwsit�kivq���oon�
vq���ynpq��jwtq�q�{�m��yqz|vws�
 �
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]qz|vws�
� ~̂nui�yipkq{q��{wszq�nzswlw�xyw�nzzi�k�swon�

Ziqjwtnn��|kz{kq{nt�v�uq�s�yipmyionvq���kt��{z��xwsywkv�n�{sivq��
k�sw{wy�~�xtw{vwz{��vnykv�~�wswv�ivqr�k��n��lmn�wvq�jwtnn�mwz{|xv��
mnrz{kq��~quq�nzsq~�kn�nz{k��f{w��xynomn�kznlw��swv°�vs{qki�ltip��ztq�
pqz{i��m�~i{nt�v�~�x|{nr�
]ipmyioi��nn�mnrz{kqn�xyqz|�n�wlywuvwu|�swtq�nz{k|�kn�nz{k��W�

�qzt|�viqjwtnn�qpknz{v�~�w{vwz�{z��litwlnv���it�mnlqm���sn{wv���xiy��
sqztw{��ivlqmyqm��sqztw{�q�my��P�yionvvwz{���}}ns{i�k�siomwu�swvsyn{�
vwu�zt|�in�wxynmnt�n{z��z{ywnvqnu�{wszqsiv{i��nlw�swv�nv{yi�qnr�q�un�
z{wu�ixxtqsi�qq��
Pn�nz{ki��wjtimi��qn�yipmyioi��qu�mnrz{kqnu��sis�xyikqtw��xtw~w�

yiz{kwyqu��k�kwmn��vw�~wyw�w�k�wylivq�nzsq~�yiz{kwyq{nt�~��[vq�uwl|{�
j�{��lipwwjyipv�uq��oqmsquq�q�{knym�uq��Ownk�n�w{yikt���qn�kn�nz{ki�
xyq�wj��vwr�{nuxnyi{|yn�wsy|oi��nlw�kwpm|~i��xw�jwt��nr��iz{q��vi~w�
m�{z��k�{knymwu�zwz{w�vqq��V~�xyqunvnvqn�zwxy�onvw�z�vnwj~wmquwz{���
qzxwt�pwkivq��zxn�qit�v�~�|z{ywrz{k�mt��zwpmivq��i�ywpwtnr��
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-BMI=OKOKGNETJKNOY�=�{w�zkwrz{kw�~quq�nzsq~�kn�nz{k��mnrz{k|��vi�
wylivqpu�vnun~ivq�nzsqu�x|{nu��k�p�ki{��xwkynomnvqn�swov�~�xwsyw�
kwk�Pwpmnrz{kqn�sznvwjqw{qswk�wz|�nz{kt�n{z��mk|u��zxwzwjiuq��x|{nu�
xy�uwlw�swv{is{i�swov�~�xwsywkwk�z�xiywwjyipv�uq��oqmsquq��{knym�uq�
kn�nz{kiuq��}wyuit�mnlqm��}nvwt���iuqv��sqztw{����ntw�q��siv{iyq�
mqv���{qtnvwszqm��un{itt��q�{�m� �q�ynpwyj{qkvwlw�mnrz{kq���kztnmz{kqn�
xywvqsvwknvq��kn�nz{k�kw�kv|{ynvvqn�zynm��wylivqpui�z�yipkq{qnu�zqz�
{nuv�~��}}ns{wk��xwtqlitwlnvqywkivv�n�mqwszqv���mqjnvpw}|yiv���vq�
snt���jnyqttqr�q�{�m� ��
_wszq�nzsqr�xyw�nzz�uwon{vwzq{�~iyis{nywz{ywlw�q�~ywvq�nzsw�

lw�kwzxitnvq��}|vs�qwvit�v�~�viy|�nvqrswoq�q�n��xyqmi{swk�kw�
twz�v�~�}wtqs|twk��xw{wk�~qzit�v�~�ontnp ��vnwxtiz{q�nzsq~qp�
unvnvqr��_wszq�nzsqr�xyw�nzz��yipkqki��qrz��k�ynp|t�{i{n�unz{vwlw�
mnrz{kq��{wszqsiv{wk�qzwxywkwomi��qrz��kwzxitq{nt�vwr�ynis�qnr��
vip�kin{z��~quq�nzsqu�mnyui{q{wu��\i{wtwlq�nzsqn�xyw�nzz��k�swon��
}wyuqy|��qnz��kztnmz{kqn�ynpwyj{qkvwlw�mnrz{kq��{wszqsiv{wk�vip�ki�
�{z��{wszqmnyuq�uq��
4PHYIKJKOKGNETJKNOY=�{w�zkwrz{kw�~quq�nzsq~�kn�nz{k��mnrz{k|��

vi�wylivqpu�vnun~ivq�nzsqu�x|{nu�k�p�ki{��z{y|s{|yvw-}|vs�qwvit�v�n�
viy|�nvq��zw�z{wywv��wylivwk�m�~ivq�.
[jtimi��wlywuvwr�xtw�im���xwkny~vwz{q��t�lsqn�vi~wm�{z��k�zwz{w��

vqq�xwz{w�vvwlw�kwpmnrz{kq��sznvwjqw{qswk��zwmnyoi�q~z��kw�km�~inuwu�
kwpm|~n��P�xwmikt���nu�jwt��qvz{kn�zt|�ink��swlmi�swv�nv{yi�qq�kn�
�nz{k�uit���{isqn�kwpmnrz{kq��vqsis�vn�xyw�kt��{�znj���Sztq�on�|ywknv��
kwpmnrz{kq��mwz{i{w�vw�k�zws��}wyuqy|n{z��{wszq�nzsqr�xyw�nzz��{�onz{��
sw{wywlw�swtnjtn{z��k��qywsq~�xynmnti~�w{�vnpvi�q{nt�v�~��ktnvqr�yip�
myionvq���{yivpq{wyvi��{wszq�nzsi��ynis�q� �mw�{�ontnr�q~�yizz{ywrz{k�
zw�z{wywv��uvwlq~�wylivwk�q�zqz{nu��qv{wszqsi�q� ��\|t�uwvw{wszq��
vwz{��uwon{�xyw�kt�{�z��sis�xyq�unz{vwu��{is�q�xyq�ynpwyj{qkvwu�mnrz{�
kqq�{wszqsiv{wk��Owtnn�{wlw��vn�kzn�kn�nz{ki��mnrz{k|��qn�qvlit��qwvvw��
wjtimi�{�x|t�uwvw{wszq�vwz{����Rt��uvwlq~�{wszqsiv{wk�tnlsqn�tq���
k~wmv�nkwyw{i��sw{wy�n�wvqxyw~wm�{��vn�k�p�ki�xwkynomnvqr��uw�
vwwszqm�|ltnywmi��u����swkqz{�r�kwmwywm��z{qjqvq{�m� ��Punz{n�z�{nu�
s�vnsw{wy�u�zwnmqvnvq�u��xywvqsi��qu�k�wylivqpu�q�my|lquq�x|{�uq�
�vixyquny���nynp�ont|mw�vw-sq�n�v�r�{yis{ �{siv��tnlsq~��ynpk��irvw�
�|kz{kq{nt�vi��
\w�jwt��nr��iz{q�x|t�uwvw{wszq�vwz{��xyw�kt�n{z��xyq�qvlit��qwv�

vwu�zxwzwjn�kwpmnrz{kq��sznvwjqw{qswk�k�}wyun�lipwk��xiywk�q�i�ywpwtnr��
\nyn�nv��kn�nz{k��mnrz{k|��q~�vi�wylivqpu�qvlit��qwvvw��w�nv��kntqs�q�
kst��in{�pily�pvq{ntq�i{uwz}nyvwlw�kwpm|~i�q�kwpm|~i�yijw�nr�pwv���
lnyjq�qm���xnz{q�qm���zqt�vwmnrz{k|��qn�q��mwkq{�n�kn�nz{ki��jwnk�n�
w{yikt���qn�kn�nz{ki��q�{�m��
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Znsw{wy�n�kn�nz{ki�k�p�ki�{�xwyionvqn�|on�kztnmz{kqn�wmvwsyi{vw�
lw�kwpmnrz{kq���my|lqn�xywkw�qy|�{�xi{wtwlq��{wt�sw�xyq�mtq{nt�vwr�
�szxwpq�qq�qtq�xwk{wyv�~�kwpmnrz{kq�~��

~̂nui�mnrz{kq��sznvwjqw{qsi�vi�{sivq�tnlsq~�xyqknmnvi�viyqz|vsn���
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]qz|vws���= ~̂nuixi{wlnvnpi�{wszq�nzswlw�w{nsi�tnlsq~�

,BI=OKOKGNETJKNOY�{w�zkwrz{kw�~quq�nzsq~�kn�nz{k��mnrz{k|��vi�
wylivqpu�vnun~ivq�nzsqu�x|{�u��qpjqyi{nt�vw�viy|�i{��}|vs�qq�stn{ws�
sywkq�qtq�n��stn{w�v�r�zwz{ik��sis�k�z{wywv|�|unv��nvq���{is�q�|kntq�n�
vq���qzti�}wyunvv�~��tnunv{wk �Ziy|�nvqn��qzti�}wyunvv�~��tnunv{wk�
uwon{��kq{�z��ztnmz{kqnu�xy�uwlw�yipy|�nvq��stn{ws�k�sywk�vwu�y|ztn��
xwkynomnvq��xyw�nzzwk�stn{w�vwlw�mntnvq��q�zwpynkivq��k�sywkn{kwyv�~�
wylivi~��xwz{|xtnvq��pynt�~��tnunv{wk�k�sywk���
diz{�uq�xyw�ktnvq�uq�lnui{w{wszq�vwz{q��kt��{z���viy|�nvqn�

zkwrz{k�lnuwltwjqvi��un{lnuwltwjqvnuq���siyjwszqlnuwltwjqvnuq� ��
ivnuqq��k�{wu��qztn�lnuwtq{q�nzsqn ��{ywujw�q{wxnvqq��tnrswxnvqq��tnr�
snuqq��\w�jwt��nr��iz{q�stn{w�v�n�mqzsyipqq�xwywsq ��k�pkivv�n�{ws�
zqsiv{iuq��wjyi{qu��q�qz�npi�{�xwztn�xynsyi�nvq��mnrz{kq��kn�nz{ki��
[mvisw�kz{yn�i�{z��q�xnyzqz{qy|��qn�}wyu���pisiv�qki��qnz��tn{it��
v�u�qz~wmwu�k�zt|�in�{�ontwlw�xwkynomnvq��swz{vwlw�uwpli��
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2BFMKOKGNETJKNOY=�{w�zkwrz{kw�~quq�nzsq~�kn�nz{k��mnrz{k|��vi�
wylivqpu�vnun~ivq�nzsqu�x|{nu��k�p�ki{��viy|�nvqn�z{y|s{|y��q%qtq�
}|vs�qr�vnykvwr�zqz{nu��P�wzvwkn�yipkqki��nlwz��{wszq�nzswlw�xyw�
�nzzi�uwon{�tnoi{��xwkynomnvqn�t�jwlw�z{y|s{|yvwlw��tnunv{i�vnykvwr�
zqz{nu��x|{nu�uwmq}qsi�qq�xtiz{q�nzswlw���vnyln{q�nzswlw�wjunvwk��vi�
y|�nvq��lnvnyi�qq��xywknmnvq��vnykvwlw�qux|t�zi�xw�kwpj|mqu�u�unu�
jyiviu��xnynmi�q�zqlviti�k�zqvixzi~��Znryw{wszq�vwz{��uwon{�j�{��xyw�
�ktnvqnu�xy�uwlw��q�wxwzynmwkivvwlw�xwkynomnvqnu�my|lq~�wylivwk�q�
zqz{nu��mnrz{kq��{wszqsiv{wk�vi�vnykv|��zqz{nu|��Znryw{wszq�vwz{��
xyqz|�i�jwt��qvz{k|�qpknz{v�~�kn�nz{k��\w�{wu|�xyis{q�nzsq�t�ji��
wz{yi��qv{wszqsi�q��k�{wr�qtq�qvwr�z{nxnvq�zwxywkwomin{z��viy|�nvq��
uq�}|vs�qr�vnykvwr�zqz{nu���
Pn�nz{ki��mt��sw{wy�~�xwywl��|kz{kq{nt�vwz{q�zwjz{knvvw�vnykvwr�

zqz{nu���w{mnt�v�~�n��lqz{wtwlq�nzsq~�q�ivi{wuq�nzsq~�wjyipwkivqr �
z|�nz{knvvw�vqon���nu�my|lq~�wylivwk�q�zqz{nu��q�k�wzvwkn�qv{wszqsi�qq�
sw{wy�uq�tnoi{�viy|�nvq��uw{wyv�~��znvzwyv�~�}|vs�qq�vnykvwr�zqz�
{nu���xiu�{q��u��tnvq����uw�qr��xwknmnvq���|ztwkvw�w{vwz�{�s�JBFMK�
OKGNEG=JO=I, mion�nztq�vn�qpknz{v��un~ivqpu��q~�{wszq�nzswlw�mnrz{�
kq���Zixyquny��qv{wszqsi�q��zkqv�wu�|�mn{nr�xyqkwmq{�s�piunmtnvq��|u�
z{knvvwlw�yipkq{q���|~|m�in{�zxwzwjvwz{q�s�wj|�nvq���
,BL=OKOKGNETJKNOY=�{w�zkwrz{kw�~quq�nzsq~�kn�nz{k��mnrz{k|��vi�

wylivqpu�vnun~ivq�nzsqu�x|{nu��k�p�ki{��z{y|s{|yvw-}|vs�qwvit�v�n�
viy|�nvq��xn�nvq�Vpknz{nv��qywsqr�sy|l�kn�nz{k��wjtimi��q~�lnxi{w�
{wszq�vwz{����W�q~��qzt|�w{vwz�{z��xyqywmv�n�zwnmqvnvq���xywm|�qy|n�
u�n�yiz{nvq�uq��lyqjiuq��uqsywwylivqpuiuq��uqvnyit���xywm|s{��~quq�
�nzswr�q�}iyui�nk{q�nzswr�xywu��tnvvwz{q��w{~wm���{q~�kqmwk�xywqp�
kwmz{knvvwr�mn�{nt�vwz{q��
2BQMKOKGNETJKNOY"�{w�zkwrz{kw�~quq�nzsq~�kn�nz{k��mnrz{k|��vi�

wylivqpu�vnun~ivq�nzsqu�x|{nu�k�p�ki{�z{y|s{|yvw-}|vs�qwvit�v�n�
viy|�nvq��xw�ns�Zn}yw{wszq�vwz{��uwon{�xyw�kt�{�z���sis�kztnmz{kqn�
xy�uwlw�kpiquwmnrz{kq��~quq�nzsq~�kn�nz{k��qtq�q~�un{ijwtq{wk �z�xi�
ynv~quwr�xw�ns��{is�q�wxwzynmwkivvwlw�mnrz{kq���ltikv�u�wjyipwu��nynp�
qpunvnvq��lnuwmqviuqsq��sqztw{vw-wzvwkvwlw�yikvwknzq��kv|{ynvvnr�
zynm���uizzqkvwn�wjyipwkivqn�k�wylivqpun�xywm|s{wk�{wszq�nzswlw�yip�
y|�nvq��stn{w�v�~��tnunv{wk��xwmtnoi�q~�k�knmnvq���nynp�xw�sq��ln�
uwtqp��yijmwuqwtqp ��
P�z{ywlwu�zu�ztn�JBQMKOKGNEG=JO=IEuwl|{�j�{��vipkiv��tq���{n, 

vnxwzynmz{knvvw�mnrz{k|��qn�vi�xw�sq�kn�nz{ki��s�sw{wy�u�xwywl��|kz{�
kq{nt�vwz{q�wylivi�z|�nz{knvvw�vqon���nu�|�my|lq~�wylivwk�q�zqz{nu��
[mvisw�vi�xyis{qsn��iz{w�vn}yw{wszqsiv{iuq�vip�ki�{�t�jwn�kn�nz{kw��
wjtimi��nn�vn}yw{wszq�vwz{����
\w�vnsw{wy�u�mivv�uk�uqyn�jwtnn�
	�uqtv��ntwkns�qun�{�xwz{w�v�

v�r�swv{is{�z�kn�nz{kiuq��wjtimi��quq�k�yionvvwr�vn}yw{wszq�vwz{��. 
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diz{w{i�ynlqz{yqy|nu�~�zt|�ink�wz{ywr�xw�n�vwr�vnmwz{i{w�vwz{q�wswtw�
��vi�
			��\w�uvnvq��vnsw{wy�~�qzztnmwki{ntnr�xyqunyvw��	% =ztnmz{�
kqn�~quq�nzsq~�kwpmnrz{kqr��ltikv�u�wjyipwu��tnsiyz{knvv�~�zynmz{k��
Xnsiyz{ki��kt��{z��q�wzvwkvwr��zynmq�xyw�q~�~quq�nzsq~�}is{wywk��xyq�
�qvwr�~ywvq�nzsq~�vn}ywxi{qr��\i{wtwlq��xw�ns�kwpvqsin{�kztnmz{kqn�
~ywvq�nzsq~�kwpmnrz{kqr��swxwt�{iv{wk��xywqpkwmz{knvv�~�kynmvwz{nr�
�{�ont�~�un{ittwk��wylivq�nzsq~�yiz{kwyq{ntnr�q�my� ��_is��zynmq�tq���xw�
z{w�vvw�xwmknyli��q~z��kwpmnrz{kq��{�ont�~�un{ittwk��zkqv�i��simuq� �
�iz{w{i�zuny{nr�w{�xw�n�vwr�vnmwz{i{w�vwz{q�mwz{wknyvw�k��n�zynmvn�
z{i{qz{q�nzswr��
.IIPJKOKGNETJKNOYztnm|n{yizzui{yqki{��k�mk|~�izxns{i~��sis�zwj�

z{knvvw�xwkynomi��nn�mnrz{kqn�kn�nz{k�vi�quu|vv|��zqz{nu|�q�sis�|�i�
z{qn�quu|vvwr�zqz{nu��k�ynitqpi�qq�un~ivqpuwk�{wszq�nzswlw�mnrz{kq��
sznvwjqw{qswk. P�wzvwkn�viy|�nvqr�uwl|{�tnoi{��yipvwwjyipv�n��}}ns�
{���w{�ly|jwlw�xwkynomnvq�z{kwtwk�~�stn{ws�swz{vwlw�uwpli��mw�qpunvn�
vq��xywm|s�qq��q{wsqvwk�q�uwm|t��qq�xtw{vwz{q�yn�nx{wywk�mt��uwtn�
s|t-ynl|t�{wywk�vi�unujyivi~�quu|vwswuxn{nv{v�~�stn{ws��sis�k�z{wywv|�
|unv��nvq���{is�q�|kntq�nvq� ��Ziy|�nvq��uwl|{�j�{��swtq�nz{knvv�uq�
�|unv��nvqn��qzti�stn{ws�kztnmz{kqn�zntns{qkvwr��q{w{wszq�vwz{q�szn�
vwjqw{qsi �q�si�nz{knvv�uq��}|vs�qwvit�v�n�{yivz}wyui�qq�stn{ws�qtq�
stn{w�v�~�yn�nx{wywk ��
1PO=SEE=�{w�viztnm|nu�n�qpunvnvq��lnvn{q�nzswr�qv}wyui�qq��

~yiv��nrz��k�RZW�stn{ws�]iptq�v�n�}is{wy��~quq�nzswr�q�}qpq�nzswr�
xyqywm�zxwzwjv��k�p�ki{��u|{i�qq�bquq�nzsqn�kn�nz{ki��zxwzwjv�n�
k�p�ki{��u|{i�qq�vip�ki�{z��IPO=@BJ=IE.
Znjtilwxyq�{v�n��}}ns{��u|{ilnvnpi�wxynmnt��{z��{nu��k�stn{si~�si�

swlw�{qxi�wv�ynitqp|n{z���xwtwk�~�qtq�zwui{q�nzsq~��z{kwtwk�~�q�mnt��
�q~z��qtq�zwpynki��q~�q�pynt�~��]np|t�{i{wu�ly|j�~�u|{i�qr�xwtwk�~�
stn{ws�q�mnt��q~z��stn{ws�yipkqki��nlwz��xtwmi��kt��{z���z{nyqt�vwz{��
wzwjq��kywomnvvi��xi{wtwlq��|�xw{wuz{ki��{nyi{wlnvnp��lqjnt��xtwmi��Y|�
{i�qq�z{kwtwk�~�q�mnt��q~z��zwui{q�nzsq~�stn{ws�zwxywkwomi�{z��
z{y|s{|yvw-}|vs�qwvit�v�uq�viy|�nvq�uq�{sivnr�z�vnxyny�kvwr�}q�
pqwtwlq�nzswr�ynlnvnyi�qnr��zqz{nui�sywkq��quu|vvi��zqz{nui���xq{ntq�
it�v�n�{sivq �q�siv�nywlnvnpwu��
[zvwkv�uq�kqmiuq�u|{i�qr��k�p�kinu�~�~quq�nzsquq�kn�nz{kiuq�

�kt��{z���
 �{w�n�vi��u|{i�q���zk�pivvi��z�uwmq}qsi�qnr�wmvwlw�v|stnw�
{qmi�k�z{y|s{|yn�RZW���piun�nvqn�v|stnw{qmi��k�ximnvqn�v|stnw{qmi�qp�
�nxq��kst��nvqn�mwxwtvq{nt�vwlw�v|stnw{qmi�k��nx� ��� �~ywuwzwuv�n�
ijnyyi�qq��{�n��qpunvnvqn�z{y|s{|y��~ywuwzwu��yipy�k��uwtns|t�RZW��
{yivztwsi�qq�}yilunv{wk�RZW �qtq��qzti�~ywuwzwu�k�stn{sn��
/=JSBMK@BJ=IEvip�ki�{z��~quq�nzsqn�kn�nz{ki��kwpmnrz{kqn�sw{w�

y�~�mwz{wknyvw�|kntq�qkin{��iz{w{|�kwpvqsvwknvq��wx|~wtnr�qtq�zwsyi�
�in{�xnyqwm�q~�yipkq{q��|��ntwknsi�qtq�oqkw{v�~�
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|̂m�ji��{q~�kn�nz{k�k�wylivqpun��sis�q�my|lq~�sznvwjqw{qswk��xwm�q�
v�n{z��wj�qu�piswviu�{wszqswsqvn{qsq��[mvisw�k�mnrz{kqq�vi�wylivqpu�
qu�xyqz|��y�m�wzwjnvvwz{nr��_is��yipkqki��qnz��xwm�q~�ktq�vqnu��}�
}ns{��vwz�{�w{zyw�nvv�r�~iyis{ny�q��kt��{z��ztnmz{kqnu��sis�xyikqtw��
mtq{nt�vwlw�s|u|t�{qkvwlw�mnrz{kq��k�uit�~�mwpi~��Ns{qkvwz{��yizzui{�
yqkinuwr�ly|xx��kn�nz{k�k�w{vw�nvqq�uwtns|t-vwzq{ntnr�viztnmz{knv�
vwz{q�k�qpknz{vwr�z{nxnvq�|vqsit�vi��

t̂nm|n{�yiptq�i{��xwv�{q��Xsiv�nywlnvvi��is{qkvwz{�<��Xsiv�nywlnv�
vwz{�< �q�Xsiv�nywlnvvi��wxizvwz{�<�kn�nz{ki��Wiv�nywlnvvi��is{qkvwz{��
zkqmn{nt�z{k|n{�w�zxwzwjvwz{q�kn�nz{kiqvm|�qywki{��yipkq{qn�ptwsi�n�
z{knvv�~�vwkwwjyipwkivqr��xwpkwt�n{�wz|�nz{kt�{��zyikvnvqn�kn�nz{k�xw�
�{wu|�xyqpvis|�xyq�vnxwzynmz{knvvwu�kwpmnrz{kqq�q~�vi�jqwtwlq�nzsqr�
wj°ns{��Wiv�nywlnvvi��wxizvwz{��kst��in{�k�znj��mwxwtvq{nt�v�n�|ztw�
kq���yizxywz{yivnvvwz{��kn�nz{ki��kwpuwovwz{��swv{is{i�z�vqu��nlw�z{i�
jqt�vwz{��k�wsy|oi��nr�zynmn�qtq�k�unz{i~�xw{nv�qit�v�~�swv{is{wk�q�
my�/KG=JSBMK@BJ=IEvip�ki�{z��kn�nz{ki��sw{wy�n�z|�nz{knvvw�|kntq�
�qki�{�knyw�{vwz{��}wyuqywkivq��vwkwwjyipwkivqr��mnrz{k|��vi�wyli�
vqpu�qtq�zwkunz{vw�z�siv�nywlnviuq��qtq�mw�vnlw�
Rwztwkv�r�xnynkwm�{nyuqvi�X{nyi{wlnvnp<�wpvi�in{�Xywomnvqn�uwvz{�

ywk<��w{�lyn�nzswlw�4-2+3��wpvi�i��nlw�Xuwvz{y<��
]nxywm|s{qkvi��}|vs�q��wz|�nz{kt�n{z��sis�ztwovwwylivqpwkivvi��

xwztnmwki{nt�vwz{��}qpqwtwlq�nzsq~�xyw�nzzwk��xyw{nsi��q~�k�wylivqp�
un�w{�i��ui{nyq��xtwmi��_wszqsiv{��uwl|{�wsip�ki{��vnjtilwxyq�{vwn�kwp�
mnrz{kqn�vi�t�jwu��{ixn�ynitqpi�qq�}|vs�qq��̂twovwz{��}nvwunvi�yn�
xywm|s�qq�mntin{�nlw�knz�ui�|�pkqu�u�mt��sznvwjqw{qswk��
7BM=OK@BJJXIvip�kin{z��mnrz{kqn�~quq�nzswlw�kn�nz{ki�vi�wyli�

vqpu�ui{nyq��w{�i�qtq�xtwmi��zwxywkwomi��nnz��z|�nz{knvv�u�|kntq�n�
vqnu�knyw�{vwz{q�xw�ktnvq��z{y|s{|yvw-}|vs�qwvit�v�~�viy|�nvqr�|
xw{wuz{ki��Pn�nz{ki��wjtimi��qn�{nyi{wlnvvwr�is{qkvwz{����vip�ki�{z��
OBM=OK@BJ=IE. |̂�nz{k|n{�xynmz{iktnvqn��zwltizvw�sw{wywu|�xyis{q�n�
zsq�t�jwn�~quq�nzswn�kn�nz{kw��kknmnvvwn�k�wylivqpu�w{�i�qtq�ui{nyq��k�
{w{�qtq�qvwr�xnyqwm�jnynunvvwz{q��k�mwz{i{w�vw�jwt��wr�mwpn��uwon{�k��
p�ki{��{nyi{wlnvnp��\w�{wu|�{nyi{wlnviuq�k�|pswu�zu�ztn�ztwki�ztnm|n{�
vip�ki{��tq���{wszqsiv{���k�p�ki��qn��}}ns{�k�swv�nv{yi�q�~��vn�wsi�
p�ki��q~�piun{vwlw�mnrz{kq��vi�wylivqpu�ywmq{ntnr��P�~wmn�tijwyi{wy�
v�~�q��xqmnuqwtwlq�nzsq~�qzztnmwkivqr�|z{ivwktnvw���{w�uvwlqn�sznvw�
jqw{qsq�qun�{�mwz{i{w�vw�k�zwsqr�xw{nv�qit�ynxywm|s{qkvwr�{wszq�vw�
z{q��Vp�wjztnmwkivv�~�xyqunyvw�{yn~�{�z���sznvwjqw{qswk�wswtw�	��
wjtimi�{�zkwrz{kiuq�{nyi{wlnvwk�
cntq�wxynmntnvq��jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{qswk�
=k��ktnvqn�zwnmqvnvqr��wjtimi��q~�xwtnpv�uq�mt���ntwkn�nzswlw�

wylivqpui�zkwrz{kiuq���vixyquny�zynmz{k�xyw}qtis{qsq�q�tn�nvq��jwtnp�
vnr��yiz�qynvq��}qpqwtwlq�nzsq~�q�qv{nttns{|it�v�~�kwpuwovwz{nr�
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�ntwknsi�q�{�m�
=wjviy|onvqn�kynmv�~�mt���ntwkn�nzswlw�wylivqpui�jqwtwlq�nzsq~��

is{qkvwz{nr�|��qzx�{|nu�~���sznvwjqw{qswk��wzwjnvvw�{isq~�kqmwk�is{qk�
vwz{q��sis�u|{ilnvvi���siv�nywlnvvi����ujyqw{wszq�nzsi��q�{�x��
=xwqzs�sznvwjqw{qswk��ktq���q~�vi�xywm|s{qkvwz{��q�jqwtwlq�n�

zswn�yikvwknzqn�nz{nz{knvv�~�q�qzs|zz{knvv�~��swzqz{nu��znt�zswn��tnz�
vwn��y�jvwn�~wp�rz{ki��uqsywjqwtwlq�nzsi��xywu��tnvvwz{� �
=|z{ivwktnvqn��|onywmv�~�zwnmqvnvqr��sw{wy�n�uwl|{�k�pki{��vn�

swv{ywtqy|nuwn�wxizvwn�qtq�vnmwz{i{w�vw�xywlvwpqy|nuwn�viy|�nvqn�
jqwtwlq�nzswlw�yikvwknzq��xyqywmv�~��swzqz{nu��vixyquny��ynpsw�|kntq�
�q{��knyw�{vwz{��lqjyqmqpi�qq�kqy|zwk�lyqxxi��
=vi~womnvqn��|onywmv�~�zwnmqvnvqr��sw{wy�n�uwl|{�zt|oq{��ynis�

{qkiuq�mt��qzztnmwki{nt�zsq~�yijw{�k�jqwtwlqq��unmq�qvn��vi�ntnvv�~�vi�
yipkq{qn�xyqv�qxqit�vw�vwk�~�un{wmwk�qzztnmwkivq��
=viswxtnvqn�pvivqr��xwpkwt���q~�xynmzsip�ki{��jqwtwlq�nzs|��is�

{qkvwz{��kn�nz{ki�xw�nlw�~quq�nzswr�z{y|s{|yn�

2.3 6ÂF[�KDECR�PQORIQROMH�IPDLM@GMQGIMA�G�GT�@GMJMBGVDPIMH�
?IQGALMPQ[]

P��ktnvqn�zk�pq�unom|�~quq�nzswr�z{y|s{|ywr�zwnmqvnvq��q�nlw�}q�
pqsw-~quq�nzsquq�zkwrz{kiuq��z�wmvwr�z{wywv���q�~iyis{nyqz{qsiuq�jqw�
twlq�nzswr�is{qkvwz{q�=z�my|lwr��xwpkwt�n{�xynmzsip�ki{��q�xywlvwpqyw�
ki{��xwztnmz{kq��nlw�xwximivq��k�wylivqpu��k�jqwz}ny|�q�zxwzwjz{k|n{��n�
tnvixyiktnvvwu|�zqv{np|�kn�nz{k�z�pimivv�uq�zkwrz{kiuq���pi�y|jnowu�
qzztnmwkivq���{wlw�vixyiktnvq��k�}iyuiswtwlqq�xwt|�qtq�vipkivqn�AM=�
@AED=FJ==xywns{qywkivq��tnsiyz{k �
Qwkwy��w�zk�pq�NOMPGOPM=-=GOE?JKNOY �ztnm|n{�qun{��k�kqm|���{w

z{y|s{|yi�wpvi�in{�z{ywnvqn�kn�nz{ki��wxynmnt���nn�kzn�nlw�}qpq�n�
zsqn�q�~quq�nzsqn�zkwrz{ki�is{qkvwz{��=�{w�kpiquwmnrz{kqn�kn�nz{�
ki�z��nv{yiuq-uq�nv�uq��unz{i�zk�p�kivq� �z�vijt�minu�u�}qpqwtw�
lq�nzsqu��}}ns{wu. 
Rt��ivitqpi�zk�pq�unom|�z{y|s{|ywr�kn�nz{ki�q�nlw�jqwtwlq�nzswr�is�

{qkvwz{���qzxwt�p|�{z��yiptq�v�n�}qpq�nzsqn�q�~quq�nzsqn�~iyis{nyq�
z{qsq�kn�nz{ki�\iyiun{y���qp|�inu�n�xyq�|z{ivwktnvqq�zww{vw�nvq��
NOMPGOPM=-=GOE?JKNOY: uwtns|t�yvi��uizzi�kn�nz{ki��xtw{vwz{���uwtn�
s|t�yv�r�wj°nu��syq{q�nzswn�miktnvqn��sw�}}q�qnv{�{nxtwxywkwmvwz{q��
{nxtwnuswz{���xwkny~vwz{vwn�vi{�onvqn��k�pswz{��q�my�
Wis�xyikqtw��jqwtwlq�nzsi��is{qkvwz{��sznvwjqw{qsiswyyntqy|n{�z�nlw�

zxwzwjvwz{���wxynmntnvv�u�wjyipwuyizxynmnt�{�z��unom|�tqxqmvwr�
q�kwmvwr�}ipiuq��
Rt��w�nvsq�jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{qsi�xw�nlw�}qpqsw-

~quq�nzsqu�zkwrz{kiu��qywsw�xyqunv��{z��un{wm���wzvwkivv�n�vi�xwqzsn�
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swyynt��qwvv�~�zk�pnr�unom|��{quq�xwsipi{nt�uq�q�jqwtwlq�nzswr�is�
{qkvwz{����Rt��xynmzsipivq��jqwtwlq�nzswlw��}}ns{i�vnqpknz{vwlw�zw�
nmqvnvq��ztnmwkitw�j��zyikvqki{��z{y|s{|y|�nlw�uwtns|t��q�z{ywnvqn�uw�
tns|t�kzn~�kiovnr�q~�kn�nz{k��wjtimi��q~�pimivvwr�is{qkvwz{����qtq�
{wszq�vwz{�� ��vwvi�xyis{qsn�s�ivitqp|�xyqktnsi�{z��tq���vnsw{wy�n�
wzvwkv�n�kn�nz{ki��wjtimi��qn�~iyis{nyv�u�xyw�ktnvqnu�jqwtwlq�n�
zswr�is{qkvwz{q�
Vpknz{vw���{w�viqjwtnn��}}ns{qkv�n��m��=�{w�zwnmqvnvq����kt���qn�

z��ivitwliuq�xyqywmv�~�jqwynl|t�{wywk��Zixyquny��yizxywz{yivnvv�r�
lnyjq�qm���-R��mq~twy}nvwszq|sz|zvi��sqztw{i �

jtqpws�k�z{y|s{|yvwu�w{vw�nvqq�=xw�yizxwtwonvq��siyjwszqt�vwr�
ly|xx��w{vwzq{nt�vw�iywui{q�nzswlw�swt��i�=lwyuwv|�qvmwtqt|sz|zvwr�
sqztw{n��V̀ W ��ynl|tqy|��nr�ywz{wk�n�xyw�nzz��|�yiz{nvqr�

\wximi��vi�tqz{������-R�tnlsw�xwltw�in{z��q�k�p�kin{�ynl|t�{wyv�n�
yizz{ywrz{ki��xyqkwm��qnxyq�k�zwswrswv�nv{yi�qqlnyjq�qmi�s�lqjntq�
yiz{nvq���\wzswt�s|�ptiswk�n��kwwj�n�wmvwmwt�v�n �wsipitqz��|z{wr�q�
knns�mnrz{kq����-R���nu�mk|mwt�v�n��nlw�q�z{itq�xyqunv�{��mt��jwy�j��
z�zwyv�siuq�
P�xyqknmnvvwr�xiyn�zwnmqvnvqr�z{y|s{|yvwn�z~wmz{kw�w�nkqmvw��wji�

kn�nz{ki�=xywqpkwmv�n�|sz|zvwr�sqztw{���zwmnyoi�qn�iywui{q�nzsqr�
piunz{q{nt��Zn�kznlmi��wmvisw��zxwzwjvwz{��zwnmqvnvq��quq{qywki{��si-
swr-{w�Xnz{nz{knvv�r<�un{ijwtq{�wj|ztwktnvi�z{wt��k�yionvv�u�xwmwjq�
nu�uwtns|t�yvwlw�z{ywnvq��
Ry|lwr�xyquny=}wz}wywylivq�nzsqn�qvzns{q�qm���̂wnmqvnvq���{wr�

ly|xx��Xyijw{i�{<�xwm�i�n{qt~wtqv
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wz|�nz{kt���qr�xnynmi�|�qux|t�zi�unom|�vnykv�uq�stn{siuq�qtq�vnyk�
vwr�q�u��n�vwr�stn{siuq��Ywtns|t��i�n{qt~wtqvi��w{yijw{ik�qn �yiz�
�nxt��{z��}nyunv{wu�~wtqv�z{nyipwr. Ywtns|ti�~wtqv�z{nyip��w�nv��
kntqsi��wvi�zwz{wq{�qp�{�z���i{wuwk��vw�k�si{ijwtq�nzswu�is{n�viqjwtnn�
kiov|��ywt��qlyin{�wxynmntnvvi��lqmywszqt�vi��ly|xxi��s�sw{wywr�vi�
ulvwknvqn�xyqzwnmqv�n{z���}qyvi��ly|xxi�i�n{qt~wtqvi�

\wztn�pikny�nvq��yiz�nxtnvq��uwtns|t��i�n{qt~wtqvi�xywm|s{��yn�
is�qq�w{mnt��{z��w{�}nyunv{i�
Yvwlqn�}wz}wywylivq�nzsqn�zwnmqvnvq��kqmi

{ison�zxwzwjv��kpiquwmnrz{kwki{��z�lqmywszqtwu��vw�wvq�wjyip|�{�z�vqu�
xyw�v|���vn�xwmmi��|�z��yiz�nxtnvq��zk�p��

Ywmq}q�qywkivv�r�{isqu�wjyipwu�}nyunv{�|on�vn�uwon{�k�xwtv�{��
zkw��}|vs�q��=lqmywtqp�i�n{qt~wtqvi���{w�k�p�kin{�k�swvn�vwu�z�n{n�
jtwsqywkivqn�xnynmi�q�vnykv�~�qux|t�zwk�=xiyitq��
Uvi����{w�~twyw}wz�

�kt�n{z��zqt�v�u�vnykvw-xiyitq{q�nzsqu��mwu�xw�w{vw�nvq��s�viznsw�
u�u��uwovw�zw�pvi�q{nt�vwr�mwtnr�|knynvvwz{q�xynmxwtwoq{����{w�{isqu�
mnrz{kqnu�j|mn{�wjtimi{��q�mq~tw}wz
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\yq�qzztnmwkivqq�piswvwunyvwz{nr�qpunvnvq��jqwtwlq�nzswr�is{qkvw�
z{q�k�y�m|�ivitwlwk�vnsw{wywlw�kn�nz{ki�uwmq}qsi�qq��k�p�ki��qn�
zmkql�jqwtwlq�nzswr�is{qkvwz{q��wj��vw�yipmnt��{�vi�mkn�ly|xx���uwmq�
}qsi�qq��zk�pivv�n�z�qpunvnvqnu�zywmz{ki�uwtns|t��s�unujyivis{qkv�u�
z{y|s{|yiu��yn�nx{wy| ��q�uwmq}qsi�qq��viy|�i��qn�yipkq{qn�ynis�qq�
zqz{nu��vi�wjyipwkivqn�swuxtnszi�kn�nz{kw-yn�nx{wy�
ŷwmz{kw�uwtns|t��t�jwlw�kn�nz{ki�s�yn�nx{wy|��is{qkvwu|��nv{y| �

zk�pivw�z�wxynmntnvv�uq��tnunv{iuq�nn�xywz{yivz{knvvwr�z{y|s{|y���
wjnzxn�qki��quq�kpiquv|��swuxtnunv{iyvwz{��yn�nx{wyi�q�ilwvqz{i�̂�
my|lwr�z{wywv���kv|{ynvv���is{qkvwz{��wxynmnt�n{z��xynqu|�nz{knvvw�
xyqywmwr�}|vs�qwvit�v�~�ly|xx��xyqz|{z{kqnu�k�vnsw{wy�~�xwtwonvq�~�
iywui{q�nzswlw�yimqsiti��sqztw{vwr�ly|xx���lqmyw}wjvwr�ly|xx��q�{�x� �
Ywtns|t��uvwlq~�kn�nz{k�qun�{�k�yiz{kwyn�vnzswt�sw�z{ijqt�v�~�

swv}wyui�qr��xyq�nu�mt��wz|�nz{ktnvq��is{i�kpiquwmnrz{kq��z�is{qkv�u�
�nv{ywu�vnwj~wmqui�tq���wmvi�qtq�vnuvwlqn�qp�vq~��\w�{wu|�viy�m|�z�
wxynmntnvqnu�z{ijqt�v�~�swv}wyui�qr�uwtns|t��sznvwjqw{qsi�kwpvqsi�
n{�vnwj~wmquwz{��k��ktnvq��jqwtwlq�nzsq�is{qkvwr�swv}wyui�qr�
\wm�swv}wyui�qnr�uwtns|t�ztnm|n{�xwvqui{��yiptq�v�n�xywz{yivz{�

knvv�n�}wyu��uwtns|t���kwpvqsi��qn�xyq�qpunvnvqq�w{vwzq{nt�vwr�
wyqnv{i�qq�w{mnt�v�~�nn��iz{nr�k�ynp|t�{i{n�kv|{ynvvnlw�kyi�nvq��i{w�
uwk�qtq�ly|xx�i{wuwk�kwsy|l�xywz{�~�zk�pnr��qplqji�zk�pq�q�{�m�
[{un{quvnsw{wy�n�xwsipi{ntq�zk�pq�unom|�z{y|s{|ywr�kn�nz{k�q�q~�

jqwtwlq�nzswr�is{qkvwz{���
=@EAMKQK>JKNOY��HELKQEHWJKNOY� ��wxynmnt�nui��zww{vw�nvqnu�k�

z{y|s{|yn�uwtns|t��lqmyw}wjv�~�q�lqmyw}qt�v�~�ly|xx��Rt��wylivqpuwk�
z|�nz{knvvwn�pvi�nvqn�qunn{vn�z{wt�sw�ziui�lqmyw}wjvwz{���zswt�sw�zw�
�n{ivqn�mk|~zkwrz{k��lqmyw}wjvwz{q�q�z{ijqt�vwz{q�uwtns|t�k�kwmn�
=EKJED=SE\��qtq�my|lwr�xwsipi{nt��yizxynmntnvq��tns{ywvwk �
=NKABMC=JEB�@=HK@BJK?�?�IKHBGPHB�GNBJK>EKOEG=��Uiunvii{wuwk�kw�

mwywmi�k�uwtns|tn�kn�nz{ki�vi�i{wu��litwlnvwk|kntq�qkin{�|z{wr�qkwz{��
mivvwlw�zwnmqvnvq��
=GKJQKMI=SE\�IKHBGPH���Zixyquny���z{y|s{|yi�qpimyqviq�nlw��xwszq�

xywqpkwmvwlw��vmyqvi�tnl�n�i{is|n{z��}nyunv{iuq���nu�swv}wyui�qwvvw�
vnzswt�sw�qvi�n�Xk�knyv|{i�<�z{y|s{|yi�it�myqvi�q�nlw��xwszqmwxywqp�
kwmvwlw�=mqt�myqvi���f{qu���knyw�{vw���uwovw�wj°�zvq{��{w����{w|�utnsw�
xq{i��q~��vmyqv�un{ijwtqpqy|n{z��j�z{ynn���nuit�myqv�
=D=IBJ=�A?KFJKF�N?\DE�?�IKHBGPHB�J=�ZLKGNE@MPLLP��[vixyqkwmq{�s�

|kntq�nvq��jqwtwlq�nzswr�is{qkvwz{q�kn�nz{ki�q�k�y�mn�zt|�ink�xwk��
�in{�nlw�xnyzqz{nv{vwz{��
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��
�_qx��~quq�nzsq~�zk�pnr
����\yqywmi�qwvqpi�qq��swvz{iv{i�q�z{nxnv��qwvqpi�qq
����]iptq�q��k�qwvqpi�qq��wjnzxn�qki��qn�qpjqyi{nt�vwz{�

3.17GNZ�TGKGVDPIGT�PÂFDH�

Rtq{nt�vwz{��q�qpjqyi{nt�vwz{��kpiquwmnrz{kq��uwtns|ti�kn�nz{ki�]�
yn�nx{wy�wxynmnt�n{z��wzwjnvvwz{�uq�q~�~quq�nzswr�xyqywm���{qxwu�
zk�pnr�unom|�vquq��viqjwtnn�kiov�uq�qp�sw{wy�~��kt��{z��swkitnv{v�n��
qwvv�n���tns{ywz{i{q�nzsqn ��kwmwywmv�n�q�kiv-mny-kiit�zwk��zk�pq��
"<0.93;@;.M�?0M5Jwjyip|n{z��pi�z�n{�wjwj�nz{ktnvq��mk|u��i{wuiuq�

xiy���tns{ywvwk��xyqvimtnoi�q~�{qu�i{wuiu��f{i�zk�p��viqjwtnn�xyw��
vi���\yw�vwz{��swkitnv{vwr�zk�pq�zwz{ikt�n{���	=
			�WRo%uwt���xw-
mntqk�vi��
���xwt|�qu�swtq�nz{kw�sqtwsitwyqr�vi�uwt� ��fvnylq��wmq�
viyvwr�zk�pq�̂=̂�zwz{ikt�n{�k�zynmvnu���	�WRo%uwt���mkwrvwr�zk�pq�
�̂̂ =�		�WRo%uwt���wmqviyvwr�zk�pq�̂=[ =��	�WRo%uwt���mkwrvwr�
zk�pq�̂�[=��	�WRo%uwt���wmqviyvwr�zk�pq�̂=N =�		�WRo%uwt���mkwr�
vwr�zk�pq�̂�N =��	�WRo%uwt���\yq��{wu��vnylq��ziuwr�xyw�vwr�zk�pq��
zxwzwjvwr�yiz�nxt�{�z��vn}nyunv{i{qkvw�xyq�Xjqwtwlq�nzsq~<�{nuxnyi�
{|yi~��	=	9̂, vn�xynk��in{�	�WRo%uwt��
P�zwsi��z{ijqt�vwz{��zk�pq��{wlw�{qxi�wpvi�in{�xyis{q�nzsq�vnwjyi�

{qu�r�~iyis{ny�xyqzwnmqvnvq��{wszqsiv{i�s�z{y|s{|yn-uq�nvq��\yqun�
yiuq�kn�nz{k��wjyip|��q~�z�jqwuwtns|tiuq�xwmwjv|��zk�p����kt��{z��
~[̂ ��kpiquwmnrz{k|�{�z�znyqvwu��k~wm��qu�k�z{y|s{|y|�is{qkvwlw��nv�
{yi�i�n{qt~wtqv�z{nyip� ��qxyq{���kpiquwmnrz{k|�{�z�x|yqvwk�uq�wzvw�
kivq�uq�v|stnqvwk�~�sqztw{ ��i�{ison��nt�r�y�m�my|lq~�yizxywz{yivnv�
v�~�{wszqsiv{wk��un{qtjywuqm��un{qt~twyqm���{qtnvwszqm�q�my� ��Pztnm�
z{kqn�xyw�vwz{q�wjyipwkik�nrz��zk�pq��yipy|�nvqn�swuxtnszi�{wszqsiv{-
jqwuq�nv��kwpuwovw�{wt�sw�z�xwuw����zxn�qit�v�~��Pwzxwtvnvqn�zw�
mnyoivq��xwkynomnvvwr�{wszqsiv{wu�jqwtwlq�nzswr�z{y|s{|y��kwpuwovw�
{ison�pi�z�n{�zqv{npi�nnde novo. 
"<<>26;.D6<;;.M�?0M5J=�{w�swkitnv{vi��zk�p���k�sw{wywr�wjwj�nz{�

ktnvvw��xiy|��tns{ywvwk�xynmwz{ikt�n{�{wt�sw�wmqv�qp�|�iz{k|��q~�k�
zk�pq�i{wuwk��[mqv�qp�i{wuwk��kt�n{z��mwvwywu��i�my|lwr�is�nx{wywu�
�tns{ywvvwr�xiy���xw�{wu|��{|�zk�p��vip�ki�{�{ison�mwvwyvw-
is�nx{wyvwr��Ns�nx{wyiuq��iz{w��kt��{z��si{qwv��un{ittwk��qtq�i{wu��
xnyn~wmv�~�un{ittwk��(/���5���- ��k~wm��q~�k�zwz{ik�uwtns|t���_isqu�
wjyipwu��k��iz{vwz{q��wszqm�|ltnywmi�kpiquwmnrz{k|n{�z�ontnpwu�lnuwltw�
jqvi��z�wjyipwkivqn�siyjwszqlnuwltwjqvi��
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-938@><?@.@6E3?863�05.6:<237?@06M�Ziqjwtnn��iz{w��tns{ywz{i{q�
�nzsqn�zk�pq�kwpvqsi�{�unom|�qwviuq��Wywun�{wlw��wvq�uwl|{�z|�nz{kw�
ki{��q�unom|�qwvwu�q�mqxwtnu�qtq�unom|�mk|u��mqxwt�uq��Pzn�wvq�wjyi�
p|�{z��pi�z�n{��qz{w��tns{ywz{i{q�nzsq~�zqt��̂k�pq��wjyipwkivv�n��tns�
{ywz{i{q�nzsquq�zqtiuq��qlyi�{�kiov|��ywt��xyq�kpiquwmnrz{kqq�kn�
�nz{k�z�unujyivv�uq�z{y|s{|yiuq��xyq�ynis�qq�z|jz{yi{wk�z�}nyunv{i�
uq��{�s��k�mivvwu�zt|�in�|�iz{k|�{�zqt��z�jwt��qu�yimq|zwu�mnrz{kq��
(xyq{�onvqn�i{wuwk�xywqz~wmq{�vi�jwt��wu�yizz{w�vqq). 
.KJJ=\�N?\DY��fvnylq��qwvvwr�zk�pq�zwz{ikt�n{�8��	�WRo%uwt���Sn�

xyw�vwz{��|unv��in{z��wjyi{vw�xywxwy�qwvit�vw�skimyi{|�yizz{w�vq��
unom|�yipvwqunvv�uq�piy�miuq��Vwvvi��zk�p��vn�qunn{�z{ywlwr�vixyik�
tnvvwz{q�k�xywz{yivz{kn�=k�kwmvwu�yiz{kwyn�qwv�uwon{�mkqli{�z��xw�{q�
zkwjwmvw�k�xwtn�mnrz{kq��zkwnlw�xyw{qkwqwvi��Piovwr�wzwjnvvwz{���
�tns{ywz{i{q�nzswlw�kpiquwmnrz{kq���kt�n{z��tnlswz{��wjunvi�qwvwk��P�
jqwtwlq�nzsq~�zynmi~�kztnmz{kqn�qwvvwlw�wjunvi�xywmwtoq{nt�vwz{��z|�
�nz{kwkivq��{isq~�zk�pnr�uwon{�zwz{ikt�{��
	]�z��[mvisw��tns{ywz{i{q�
�nzsi��zk�p��unom|�kn�nz{kwu�q�yn�nx{wywu�uwon{�z|�nz{kwki{��mtq�
{nt�vwn�kynu���wzwjnvvw�nztq�yizz{w�vqn�unom|�vquq�zxwzwjz{k|n{�wjyi�
pwkivq��kwmwywmv�~�q�kiv-mny-kiit�zwk�~�zk�pnr�
.KJ-AELKHYJ=\�N?\DY��Yvwlqn�vnqwvqpqywkivv�n�kn�nz{ki�qun�{�w�nv��

jwt��qn�mqxwt�v�n�uwunv{���_isqn�uwtns|t��uwl|{�xyq{�lqki{�z��qwvi�
uq�q�wjyipwk�ki{��z�vquq�zk�p���lqmyi{qywkivqn�qwvwk�k�kwmvwu�yiz{kw�
yn ��Vwv-mqxwt�v�n�zk�pq�ztijnn�qwvvwr�zk�pq��
|̂�nz{k|�{�{ison�w{vwzq{nt�vw�ztij�n�AELKHW-AELKHYJXB�N?\DE ��vny�

lq��sw{wy�~�wjyi{vw�xywxwy�qwvit�vi�{yn{�nr�z{nxnvq�yizz{w�vq��unom|�
kpiquwmnrz{k|��quq��iz{q�iuq�
+=J-ABM-?==HYNK?X�N?\DE(NEHX) uwl|{�kwpvqsi{��{wt�sw�k�{n~�zt|�i�~��

swlmi�lnwun{yq��mk|~�uwtns|t�min{�kwpuwovwz{��mk|u�i{wuiu��zxwzwjv�u�
s�wjyipwkivq��zk�pq��kwpvqsvwknvqn�kynunvv�~��wz�qttqy|��q~�mqxw�
tnr�pi�z�n{�swtnji{nt�v�~�mkqonvqr�i{wuwk�k�uwtns|tn ��xwmwr{q�my|l�s�
my|l|�vi�mwz{i{w�vw�jtqpswn�yizz{w�vqn��\yqunywu�{isq~�zk�pnr�uwon{�
zt|oq{��kpiquwmnrz{kqn�unom|�iv{qlnvwu�q�iv{q{ntwu��sw{wywn�xywqz~w�
mq{�pi�z�n{�zqt�z�uit�u�yimq|zwu�mnrz{kq���{�n��kiv-mny-kiit�zwk�~�q�kw�
mwywmv�~�zk�pnr�
\yw�vwz{��kiv-mny-kiit�zwk�~�zk�pnr�uwon{�zwz{ikt�{���	�WRo%uwt��

fvnylq��wjyip|��nrz��zk�pq�uiti��wmvisw�wvi�z|�nz{knvvw�kwpyiz{in{�
xyq�|kntq�nvqq��qzti�|�iz{swk�swv{is{i�unom|�kpiquwmnrz{k|��quq�
uwtns|tiuq��̂w�z{wywv��{wszqsiv{i��{w�uwl|{�j�{��iywui{q�nzsqn��ln{n�
yw�qstq�nzsqn��itsqt�v�n�yimqsit���zw�z{wywv��yn�nx{wyi=vnxwt�y�
v�n�|�iz{sq�uwtns|t�iuqvwsqztw{��tnr�qv��kitqv��itivqv��xywtqv�q�my� ��
Pstim�siomwr�=̂Z2=ly|xx��itsqt�vwr��nxq�kw�kpiquwmnrz{kqn�w�nvqki�
n{z��k��=4 Wmo%uwt���\yq�{nzvwu�swv{is{n�jwt��q~�vnxwt�yv�~�uwtns|t�
�vnylq��zk�pq uwon{mwz{q���w�nv��jwt��q~�kntq�qv��\w�{wu|xyq�
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wjyipwkivqq�swuxtnszi�{wszqsiv{-jqwuq�nv��zqt��Piv-mny-Piit�zi�uw�
l|{�wjnzxn�qki{��w�nv��xyw�v|��}qszi�q��sznvwjqw{qsi��Rnrz{k|��i��
zqti��w{kn{z{knvvi��pi�}wyuqywkivqn�zk�pq��wjyi{vw�xywxwy�qwvit�vi�
znm�uwr�z{nxnvq�yizz{w�vq��unom|�kpiquwmnrz{k|��quq�uwtns|tiuq��
\w�{wu|�wvi�vn�uwon{�wjnzxn�q{��xyq{�onvqn�uwtns|t�{wszqsiv{i��zkw�
jwmvw��qys|tqy|��q~�k�jqwzynmi~��s�yn�nx{wy|��P��{wu�xyw�nzzn�xnykw�
z{nxnvv|��ywt��qlyi�{�zqt���tns{ywz{i{q�nzswlw�kpiquwmnrz{kq���[mvi�
sw�xwztn�{wlw�sis�swv{is{�unom|�{wszqsiv{wu�q�yn�nx{wywu�wz|�nz{kqtz��
zqt��Piv-mny-Piit�zi�wjnzxn�qki�{�nlw�wyqnv{i�q��q�xtw{v|��}qszi�
�q��
�<2<><2;.M?0M5J"�{w�zk�p���wjyipwkivvi��unom|�i{wuwu�kwmwywmi�q�

�tns{yww{yq�i{nt�v�u�i{wuwu�my|lwlw��tnunv{i��k�wzvwkvwu�unom|�[��=�
q�F) �iz{q�vw�pi�z�n{��tns{ywz{i{q�nzswlw�xyq{�onvq����iz{q�vw�=xw�mw�
vwyvw-is�nx{wyvwu|�un~ivqpu|��_isi��zk�p��wjyip|�{z��tq���xyq�vnpvi�
�q{nt�vwr�|mitnvvwz{q�my|l�w{�my|li�kpiquwmnrz{k|��q~�i{wuwk�q�z{ywlw�
wyqnv{qywkivi�k�xywz{yivz{kn��Pwmwywmvi��zk�p��wjtimin{�k�zwswr�qpjq�
yi{nt�vwz{���q�vixyiktnvvwz{�����{w�kiovw�xyq�zk�p�kivqq�kn�nz{ki�z�
yn�nx{wywu��Pwmwywmv�n�zk�pq�qlyi�{�wzvwkv|��ywt��k�z{ijqtqpi�qq�
swv}wyui�qr�uwtns|t�jntswk�q�v|stnqvwk�~�sqztw{�
Pwmwywmv�n�zk�pq�uwl|{�wjyipwk�ki{�z��kv|{yq�uwtns|t���kv|{yquw�

tns|t�yv�n �qtq�unom|�uwtns|tiuq��unouwtns|t�yv�n ��fvnylq��kwmw�
ywmvwr�zk�pq�zwz{ikt�n{�
�=�	�WRo%uwt���k�
�=�	�yip�ztijnn�swkitnv{vwr �
q�pikqzq{�w{��tns{yww{yq�i{nt�vwz{q�q�yipunyi�i{wui-xiy{vnyi���nu�
jwt��n��tns{yww{yq�i{nt�vwz{��q�unv��n�yipuny���{wlw�i{wui��{nu�xyw��
vnn�kwmwywmvi��zk�p���f{q�zk�pq�tnlsw�yipy�ki�{z��xyq�vilynkivqq��
P�zwz{ik�uwtns|t�sznvwjqw{qswk{ison�k~wm�{�ly|xx���zxwzwjv�n�|�i�

z{kwki{��k�wjyipwkivqq�kwmwywmv�~�zk�pnr��Sztq��{q�ly|xx���b=Z ��kt��
�{z��z{y|s{|yv�uq��tnunv{iuq�Xis{qkvwlw<yimqsiti�{wszqsiv{i��{w�wvq�
|�iz{k|�{�k�wjyipwkivqq�ztwovwr�zk�pq�kn�nz{ki�z�uwtns|twr-uq�nv����
\wzswt�s|�kwmwywmv�n�zk�pq��kt��{z��xw�z|{q��tns{ywz{i{q�nzsquq��q~�
zqti�wztijnkin{�k�xyqz|{z{kqq�kn�nz{k��wjtimi��q~�zkwrz{kiuq�mq�tns�
{yqswk�
�62><B</;<3�05.6:<237?@063�Qqmyw}wjv�n�zk�pq�}wyuqy|�{z��k�

kwmvwr�zynmn��swlmi�uwtns|t��kpiquwmnrz{k|��q~�kn�nz{k�swv{is{qy|�{�
my|l�z�my|lwu�vnxwt�yv�uq��lqmyw}wjv�uq �|�iz{siuq��P�w{tq�qq�w{�
kpiquwmnrz{kq��kiv-mny-kiit�zi�q�mwvwyvw-is�nx{wyvwlw�kpiquwmnrz{kq���
sw{wy�n�{ison�}wyuqy|�{z��xyq�kpiquwmnrz{kqq�vnxwt�yv�~�ly|xx��wjyi�
pwkivqn�lqmyw}wjv�~�zk�pnr�wj|ztwktnvw�zkwrz{kiuq�kwm���jnp�|�iz{q��sw�
{wywr�kpiquwmnrz{kqn�xywqz~wmq{��vn�uwon{��P�zww{kn{z{kqq�z�{nwyqnr��
uwtns|t��kwm��zk�piv��my|l�z�my|lwu�kwmwywmv�uq�zk�p�uq��wjyip|��{yn~�
unyv|��z{y|s{|y|��stiz{ny ��vixwuqvi��|��z{y|s{|y|�t�mi��Zi�lyivq�n�
xwkny~vwz{q��yipmnt���nr�vnxwt�yv|��uwtns|t|�q�uwtns|t��kwm���wjyi�
pwkivqn�{iswr�z{y|s{|y��pi{y|mv�n{z��\yq�swv{is{nmk|~�vnxwt�yv�~�
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uwtns|t��yiz{kwynvv�~�k�kwmn��wj�i��xtw�im��xwkny~vwz{q��yipmnt���nr�
kwm|�q��{q�uwtns|t��|unv��in{z���Pztnmz{kqn��{wlw��uwjqtqp|n{z���iz{��
uwtns|t�kwm���wylivqpwkivv�~�k�stiz{ny��P�xyw{qkwxwtwovwz{��kznu�my|�
lqu�~quq�nzsqu�zk�p�u�q�kpiquwmnrz{kq�u�lqmyw}wjvi��zk�p���{isqu�wj�
yipwu��wj|ztwktnvi�xynwjyipwkivqnu�yiz{kwyq{nt���kwm� ��i�vn�yiz{kwynv�
v�~�kpiquwmnrz{k|��q~�kn�nz{k��
Qqmyw}wjv�n�zk�pq�qun�{�jwt��wn�pvi�nvqn�xyq�kpiquwmnrz{kqq�vn�

xwt�yv�~�uwtns|t�sznvwjqw{qswk�z�stn{w�v�uq�q�kv|{yqstn{w�v�uq�
unujyiviuq��mt��wjyipwkivq��q~�swuxtnszwk�z�jntsiuq��xyq��{wu�kwpuwo�
vw�viy|�nvqn�swv}wyui�qq�uisywuwtns|t��
P�xyw�nzzn�kpiquwmnrz{kq��vqpswuwtns|t�yvwlw�kn�nz{ki�z�jqwuq�n�

v��xyis{q�nzsq�kznlmi�}wyuqy|n{z��vnzswt�sw�{qxwk�zk�pnr��xwzswt�s|�
uwtns|ti�{wszqsiv{i��sis�xyikqtw��kst��in{�xwt�yv�r��qvwlmi�mion�qwvq�
pqywkivv�r ��q�vnxwt�yv�r�}yilunv{��
Vwvv�n�zk�pq��pi�z�n{�sw{wy�~�wz|�nz{kt�n{z��xyq{�onvqn�uwtns|t��s�

jqwuq�nvq��uitw�zxn�q}q�v���ivitwlq�vw�qwv-mqxwt�vwu|�q�mqxwt�-
mqxwt�vwu|�kpiquwmnrz{kq� ��Ppiquwmnrz{kqn�unom|�vnxwt�yv�uq�ly|x�
xiuq�{ison�vnzxn�q}q�vw��[mvisw��nztq�k�z{y|s{|yn�uq�nvq��vixyquny��
yn�nx{wyn�mt���vmwlnvv�~�jqwynl|t�{wywk �xwt�yv�n�q�vnxwt�yv�n�ly|x�
x��xywz{yivz{knvvw�wylivqpwkiv���unom|��{quq�|�iz{siuq�q�wzwj�uq�
|�iz{siuq�uwtns|t��{wszqsiv{i�wjyip|�{z��zxn�q}q�v�n�zk�pq��wj|ztwk�
tnvv�n�xywz{yivz{knvvwr�wylivqpi�qnr�uwtns|t��{wszqsiv{i��_iswn�
kpiquwmnrz{kqn�uwovw�zyikvq{��z�wyqnv{i�qnr�viuilvq�nv�~�z{yntws�k�
uilvq{vwu�xwtn��\wztn�wyqnv{i�qq�uwtns|t��z�xwuw����qwvvwlw��mq�
xwt�-mqxwt�vwlw �kpiquwmnrz{kq��unom|�vnr�q�yn�nx{wywu�}wyuqy|n{z��
{nzv�r�swv{is{��q�wjyip|�{z��zk�pq�pi�z�n{�kwmwywmv�~�zqt�q�zqt�kiv-mny-
kiit�zi��[jyip|��qrz��swuxtnsz�{nu�jwtnn�xyw�nv���nu�jwtnn�swuxtnunv�
{iyvi�uwtns|ti�{wszqsiv{i�yn�nx{wy|�

3.��4OGOMC?�GMLGF?UGG �IMLPQ?LQ?�G�PQDNDL[�GMLGF?UGG�

\yw�nzz��qwvqpi�qq�kn�nz{k�k�pvi�q{nt�vwr�z{nxnvq�wxynmnt��{�jqw�
twlq�nzs|��is{qkvwz{���|onywmv�~�zwnmqvnvqr��Vwv��q�vnpiy�onvv�n�
uwtns|t��yiptq�i�{z��xw�zkwqu�}qpqsw-~quq�nzsqu�zkwrz{kiu��kz{|xi�{�
k�yipv�n�~quq�nzsqn�ynis�qq��xw-yipvwu|�xywvqsi�{��nynp�unujyiv��q�
xw-yipvwu|�imzwyjqy|�{z��vi�yiptq�v�~�xwkny~vwz{�~�q�{�m��
Owt��qvz{kw�jqwtwlq�nzsq�is{qkv�~�kn�nz{k�xynmz{ikt��{�zwjwr�sq�

ztw{���wzvwkivq��q�zwtq�q��ztnmwki{nt�vw���kt��{z���tns{ywtq{iuq��Pzn�
�tns{ywtq{��xwvqoi�{�{nuxnyi{|y|�piunypivq��kwm��k�pvi�q{nt�vw�
jwt��nr�z{nxnvq���nu�uwovw�j�tw�j��woqmi{��qz~wm��qp�q~�uwt�yvwr�
swv�nv{yi�qq��f{w�xwzt|oqtw�wzvwkivqnu�mt��zwpmivq��Nyynvq|zwu�
{nwyqq�qwvqpi�qq��tns{ywtq{wk��P�kwmvwu�yiz{kwyn�z|t�}i{i�vi{yq��xw�
vqonvqn{nuxnyi{|y��piunypivq��kwm��wsipitwz�k�{yq�yipi�jwt��n�
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woqminuwlw��f{w�wj°�zv�n{z��{nu���{w�xyq�yiz{kwynvqq�Na2S[4 wmvi�uw�
tns|ti�min{�{yq�qwvi��mki�si{qwvi�vi{yq��q�wmqv�ivqwv�z|t�}i{i�
Wis�xyikqtw��zwtq�k�yipjiktnvv�~�yiz{kwyi~�xwtvwz{���qwvqpqywkiv���

Ziqjwtnn�qpknz{v�n�qzst��nvq���litwlnvqm��y{|{q��simuq���zkqv�i��
Pztnmz{kqn�xwtvwr�qwvqpi�qq�zwtnr�q~�jqwtwlq�nzsqn�zkwrz{ki��ntqswu�
wxynmnt��{z��zkwrz{kiuq�zwz{ikt���q~�q~�qwvwk��_is��}qpqwtwlq�nzswn�
mnrz{kqn�~twyqmi�sit��q��wxynmnt�n{z��mnrz{kqnu��zkwrz{knvv�u�qwviu�
sit��q��q�qwviu�~twyi��Pwwj�n�QEDEKHK@ETBNGKB�ABFNO?EB�LKHJKNOY[�EK�
JEDEMP[VBFN\�NKHE�JB�IKCBO�>XOY�IBJYUB�EHE�>KHYUB�NPIIX�ABFNO?E\�
BB�EKJK?. [mvisw, nztqzwt��wjyipwkivi�ztijwr�sqztw{wr�qtq�ztij�u�wz�
vwkivqnu��{wk�ynp|t�{i{n�lqmywtqpi�xywqz~wmq{�k�zkwjwomnvqn�vnsw{w�
ywlw�swtq�nz{ki�vnpiy�onvv�~��iz{q���wjyipwkivqn�uwtns|t�ztij�~��tns�
{ywtq{wk ��jqwtwlq�nzswn�mnrz{kqn�sw{wy�~�z|uuqy|n{z��z��}}ns{iuq��
k�pkivv�uq�qwviuq��̂qt�v�n�sqztw{���vixyquny��zwt�vi� �q�zqt�v�n�
wzvwkivq���vixyquny��lqmywszqm�vi{yq� �xwtvwz{���qwvqpqywkiv��xyq�
pvi�nvq�~�yZ�w{�	�mw�
��̂tij�n�sqztw{��q�wzvwkivq��k��{q~�xynmnti~�yZ�
qun�{�yipv|��z{nxnv��qwvqpi�qq��
]nit�vw�z{nxnv��qwvqpi�qq�k�yiz{kwyn�wxynmnt�n{z��{wt�sw�mk|u��

}is{wyiuq��yZ�yiz{kwyi�q�yWisqztw{��qtq�wzvwkivq���yWi��swvz{iv{i�
sqztw{vwz{q��qtq�swvz{iv{i�qwvqpi�qq ��kt�n{z��xwz{w�vvwr�kntq�qvwr�
mt��siomwr�sqztw{��qtq�wzvwkivq���\w�{wu|�xyq�wxynmntnvvwr�kntq�qvn�
yZ�z{nxnv��qwvqpi�qq�pikqzq{�{wt�sw�w{�xyqywm��sqztw{���qtq�wzvwki�
vq� ��xyq��{wu�vn�kiovw��j�tq�wvq�vnr{yitqpwkiv��qtq�vn{�
Rt��wxqzivq��zwz{w�vq��qwvvwlw�yikvwknzq��Nyynvq|z�xyqunvqtpi�

swv�mnrz{k|��q~�uizz��_is��|sz|zvi��sqztw{i��̂Z3 [̂[Z �=�{w�ztiji��
sqztw{i��qwvqpqy|��i�z��k�kwmn�zwjyipwkivqnu�vnsw{wywlw�swtq�nz{ki�
qwvwk�kwmwywmi��Z+ �q�i�n{i{-qwvwk��̂Z3 [̂[

]):

Ẑ3 [̂[Z�F�Z
+ ��̂Z3 [̂[

]

ŵw{vw�nvqn�xywqpknmnvq���{q~�qwvwk�)Z+*)̂Z3 [̂[
=*�s�swv-

�nv{yi�qq�vnqwvqpqywkivv�~�uwtns|t�)̂Z3 [̂[Z*�kznlmi��kt�n{z��xw�
z{w�vvwr�kntq�qvwr�q�wxynmnt�n{�swvz{iv{|�sqztw{vwz{q�Wiqtq�xywz{w�
swvz{iv{|�qwvqpi�qq�mivvwr�sqztw{��

Pntq�qvi�Wi|sz|zvwr�sqztw{��xyq�{nuxnyi{|yn����9̂�zwz{ikt�n{�
��?10-5.
ŵz{w�vqn�qwvqpi�qq�ztij�~�wzvwkivqr�{ison�uwon{�j�{��w~iyis{n�

yqpwkivw�swvz{iv{iuq�sqztw{vwz{q��Zixyquny��iuuqis�=ztijwn�wzvwki�
vqn��sw{wywn�uwon{�xyqzwnmqvq{��qwv��kwmwywmi�z�wjyipwkivqnu�qwvwk�
iuuwvq���P�{iswu�zt|�in�qwv�NH4

+ uwovw�yizzui{yqki{��sis�ztij|��sq�
ztw{|�qwvqpqywkivv|� k�kwmnviqwv� kwmwywmi�Z+ �q�uwtns|t��
iuuqisi��NH3): NH4

+ F�Z+ + NH3 .
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_wlmi�swvz{iv{i�qwvqpi�qq�uwon{�j�{��pixqzivi�k�{iswu�kqmn�

Uvi�nvqn�swvz{iv{��qwvqpi�qq�k��{wu�zt|�in�yikvw����?10-10 �xyq�{nu�
xnyi{|yn���9̂ ��̀yikvnvq��xwsip�ki�{���{w�sqztw{i�w{�nxt�n{�qwv��kw�
mwywmi��i�wzvwkivqn�uwovw�~iyis{nyqpwki{��swtq�nz{knvvw�zywmz{kwu�s�
qwv|�kwmwywmi��f{w�xwpkwt�n{�xyqunvq{��swvz{iv{��sqztw{vwz{q�mt��wxq�
zivq��xyw�nzzi�qwvqpi�qq�sis�mt��sqztw{��{is�q�mt��wzvwkivqr�
_is�sis��kntq�qv��swvz{iv{�qwvqpi�qq�ztq�swu�uit���xyq�yiz�n{i~�

qzxwt�p|�{�q~�w{yq�i{nt�v�n�twliyq}u��

yKa==lgKa (yH==lgH)

_wlmixyq�{nuxnyi{|yn��9̂�kntq�qvi�yWi|sz|zvwr�sqztw{��j|mn{�
yikvi������i�iuuqisi�= 9,26.dnu�zqt�vnn�sqztw{i��{nu�vqon�nn�yWi��nu�
zqt�vnn�wzvwkivqn��{nu�k��n�nlw�yWi). 
P�viz{w��nn�kynu��pvi�nvq��yWi|z{ivwktnv��mt��uvwlq~�zwnmqvnvqr��

Zixyquny��kntq�qvi�yWi��jtqpsi��s����{qxq�vi�mt��jwt��qvz{ki�uwvwsiy�
jwvwk�~�sqztw{�sis�itq}i{q�nzsq~��{is�q�iywui{q�nzsq~��Wqztw{���yWi
sw{wy�~�k��n����xyis{q�nzsq�vn�qpunv��{��kn{i�vnr{yit�vwr�qvmqsi-
{wyvwrj|uilq��i�k��n�
	�=vn�qun�{�mion�sqztwlwks|zi�
Rt��wzvwkivqr�~iyis{nyv� ztnm|��qn�piswvwunyvwz{q��Pntq�qvi�

yWi

��sis��vixyquny��|��{qtiuqvi �{qxq�vi�mt��itq}i{q�nzsq~�wzvwki�
vqr��i�yWi5 =mt��iywui{q�nzsq~��sw{wy�n�ztijnn�xnyk�~��Yvwlqn�itsi�
twqm��q�my|lqnjqwtwlq�nzsq�is{qkv�n�wzvwkivq�qun�{�pvi�nvq��
yWiwswtw����[zvwkivq���yWisw{wy�~�vqon����xyis{q�nzsq�vn�qpunv��{�
�kn{i�vnr{yit�vwr�qvmqsi{wyvwr�j|uilq�
Pknmnvqn�k�uwtns|t|��tns{ywvmwvwyv�~�ly|xx��vixyquny��=̂Z3 �|kn�

tq�qkin{�nn�wzvwkvwz{��q�|unv��in{�sqztw{vwz{���i�xw�ktnvqn�k�nn�zwz{i�
kn��tns{ywvis�nx{wyv�~�ly|xx��vixyquny��=NH2 �wztijt�n{�wzvwkvwz{��q�
|zqtqkin{�sqztw{vwz{��

{̂nxnv��qwvqpi�qq�t�jwlw�kn�nz{ki�uwovw�yizz�q{i{��xyq�qpknz{v�~�
kntq�qvi~�yZ�yiz{kwyi�q�yWiz�xwuw���k�yionvqr�
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Vp�mivv�~�|yikvnvqr�ztnm|n{���{wpikqzquwz{��z{nxnvq�qwvqpi�qq�w{�
yZ�vn��kt�n{z��tqvnrvwr��i�k�yioin{z��zqluwqmvwr�syqkwr��yqz|vws3). 

1

2

3

4

5

6

7

8

9

10

11

12

13

pH

AB5?5ZL�8>Z870F88

0 10 20 30 40 50 60 70 80 90 100

]qz|vws�3"Uikqzquwz{�z{nxnvq qwvqpi�qq�uwtns|t��sznvwjqw{qsi�
w{�yZzynm�

Nvitqp��{wr�syqkwr�xwsip�kin{���{w�vnjwt��wn�qpunvnvqn�yZ�k�wxyn�
mntnvvwr�wjtiz{q�uwon{�k�p�ki{��zqt�v�n�qpunvnvq��qwvqpi�qq��wzw�
jnvvw�nztq�pvi�nvqn�yZ�yiz{kwyi�jtqpsw�s�kntq�qvn�yWiqzztnm|nuwlw�
kn�nz{ki�
Uvi�nvqn�yZ��xyq�sw{wywu�sqztw{i�qtq�wzvwkivqn�qwvqpqywkiv��vixw�

twkqv|���skqkitnv{vw�q~�yWi��Sztq�yZ�vi�wmv|�nmqvq�|�vqon���nu�yWi��{w�
sqztw{i�qwvqpqywkivi�vi������i�wzvwkivqn�=vi��
���

3.	�5?FJGVĜ�A�GMLGF?UGG �M@DPNDVGA?]XGD�GF@GO?QDJ[LMPQ[

Ppikqzquwz{q�w{�z{nxnvq�qwvqpi�qq�sznvwjqw{qsq�wjtimi�{�yiptq��
vwr�jqwtwlq�nzswr�is{qkvwz{���q�q~�uwovw�yipmntq{��vi�{yq�jwt��qn�
ly|xx��

1) sznvwjqw{qsq��wjtimi��qn�jwt��nr�jqwtwlq�nzswr�is{qkvwz{���k�
qwvqpqywkivvwu�zwz{w�vqq�

2) sznvwjqw{qsq��jwtnn�is{qkv�n�k�vnqwvqpqywkivvwu�zwz{w�vqq�
3) sznvwjqw{qsq��xyw�kt���qn�jqwtwlq�nzswn�mnrz{kqn�k�kqmn�qwvwk�

q�vnqwvqpqywkivv�~�uwtns|t�
�3G3?@0. �</9.2.LG63�/<9JF37�/6<9<16E3?8<7�.8@60;<?@JL�0�6<�

;656><0.;;<:�?<?@<M;66�P�vi�itn�XX k��j�tw�wjviy|onvw���{w�uvwlqn�
wylivq�nzsqn�si{qwv��wjtimi�{�iv{qjis{nyqit�vwr�is{qkvwz{����_is�
itq}i{q�nzsqn�iuqv���z|�nz{k|��qn�xyq�yZ���ltikv�u�wjyipwu�k�kqmn�
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si{qwvwk��xyw�kt��{�jis{nyq�qmvwn�mnrz{kqn�k�w{tq�qn�w{�iywui{q�nzsq~�
iuqvwk��sw{wy�n�z|�nz{k|�{�xyq�yZ���k�wzvwkvwu�k�kqmn�vnqw-
vqpqywkivv�~�uwtns|t�q�{isqu�mnrz{kqnu�vn�wjtimi�{��
_wlmi�iv{qjis{nyqit�vi��is{qkvwz{��xwmwjv�~�iv{qznx{qswk�wj°�z�

v�tiz���ntw�vwz{���q~�kwmv�~�yiz{kwywk��[mvisw�xyq��{wu�vn�|�q{�ki�
twz��{w�wjz{w�{nt�z{kw���{w�{n�on�wzvwkivq���vi~wm��qnz��k�pij|}nynv�
vwu�yiz{kwyn��{ison�wjtimi�{�jis{nyq�qmv�uq�zkwrz{kiuq��P��	-~�lwmi~�
XX k��j�tw�k�zsipivw�xynmxwtwonvqn�w�{wu���{w�iv{qjis{nyqit�vi��is�
{qkvwz{��{yq}nvqtun{ivwk�~�syizq{ntnr�wj°�zv�n{z��kpiquwmnrz{kqnu�
si{qwvi�syizq{ntnr�z�wxynmntnvv�uq�ivqwvv�uq�ly|xxiuq�vi�xw-
kny~vwz{�~�jis{nyqr��O�tw�mwsipivw���{w�xyq�xwk��nvqq�yZ�zynm��iv{q�
jis{nyqit�vwn�mnrz{kqn�|zqtqkin{z��pi�z�n{�xwk��nvq��z{nxnvq�qwvqpi�
�qq��ivqwvvwr �yn�nx{wywk�jis{nyqr��
\wpmvnn�k��zvqtwz����{w�wmqv�qp�iuqvwisyqmqvwk��iv{qjis{nyqit�v�n�

zynmz{ki �]�xyw}tikqv��qtq����-mqiuqvwisyqmqv�{wszq�nv�xw�w{vw�nvq��s�
�qywswu|�y�m|�lyiuxwtwoq{nt�v�~�q�lyiuw{yq�i{nt�v�~�jis{nyqr��vw�
jnpkynmnv�mt��{sivnr��ntwknsi�Vzztnmwkivq��znyqq�iuqvwisyqmqvwk��xyw�
knmnvv�n�Nt�jny{wu�z�zw{y|mvqsiuq�k�
�
�l���xwsipitq���{w�z|�nz{k|n{�
swtq�nz{knvvi��zk�p��unom|�q~�iv{qjis{nyqit�v�u�mnrz{kqnu�q�z{nxnv���
qwvqpi�qq�xw�si{qwvvwu|�{qx|��\wpmvnn��{i�swyynt��q��j�ti�xwm{kny�
omnvi�vi�xyqunyn�uvwlq~�my|lq~�zwnmqvnvqr�
"?3;</6<@686 �/<933�.8@60;I3�0�;36<;656><0.;;<@�?<?@<M;66�

Znqwvqpqywkivv�n�kn�nz{ki�uwl|{�wjtimi{��w�nv��zqt�v�u�}qpqwtwlq�n�
zsqu�mnrz{kqnu���}qy��~twyw}wyu�q�my� ��\yquny��qvlqjqywkivq��mntnvq��
stn{ws��q��qltwswoq~�zitq�qtwkwr�sqztw{wr��yqz|vws�4).

?>Q02;5Z85
8>Z870F88

-3

-2

-1

0

1

5 6 7 8
pH

]qz|vws�4 =Ptq�vqn yZ�viswv�nv{yi�q��zitq�qtwkwr�sqztw{��
�yWi=��	 ��vnwj~wmqu|��mt��xwmiktnvq��mntnvq��stn{ws��q��uwyzswlw�noi
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P�
��
�l��Pnyuz{�wjviy|oqt���{w�uvwlqn�ztij�n�sqztw{��viqjwtnn�
xwtvw�xyw�kt��{�}qpqwtwlq�nzs|��is{qkvwz{��k�viqunvnn�qwvqpqywkiv�
vwu�zwz{w�vqq�Vzztnmwkivq��xywkwmqtqz��k�qv{nykitn�yZ�w{���mw����̂{n-
xnv���swtq�nz{kw �qwvqpqywkivv�~�uwtns|t�yiz{n{�k�vixyiktnvqq�|kntq�
�nvq��yZ��[sipitwz����{w�sqztw{i�viqjwtnn�is{qkvi�xyq�yZ����P��{wu�
zt|�in�swtq�nz{kw�vnqwvqpqywkivvwr�zitq�qtwkwr�sqztw{���yWi��	 �zw�
z{ikt�n{�	��������{w�pvi�q{nt�vw�jwt��n���nu�xyq�wz{it�v�~�qzztnm|n�
u�~�pvi�nvq�~�yZ��̂iuwn�xywz{wn�wj°�zvnvqn�pist��in{z�k�{wu���{w�
vnr{yit�v�n�uwtns|t���i�vn�ivqwv���zitq�qtwkwr�sqztw{��qvlqjqy|�{�
mntnvqn�stn{ws�
\yq�qp|�nvqq�mnrz{kq��ztij�~�sqztw{�vi�jqwtwlq�nzsqn�wj°ns{��mwsi�

pivw���{w�swtq�nz{kw�kn�nz{ki��vnwj~wmquwn�mt��mwz{qonvq���}}ns{i��wz�
{in{z��xwz{w�vv�u�vnpikqzquw�w{�yZ�zynm��xyq�|ztwkqq���{w�yZ�xw�unv��
�nr�unyn�vi�wmv|�nmqvq�|�vqon���nu�yWi��k��{wu�zt|�in�vn�xywqz~wmq{�qw�
vqpi�qq�{wszq�nzswlw�ilnv{i(yqz|vws5).

1

2

0 1 2 4 6
0

0,04

0,08

0,12

pH

]qz|vws�5=Ptq�vqn�yZ�vi�swv�nv{yi�qq�}nvwti��yWi9,9) (1)q�|sz|z�
vwrsqztw{���yWi4,8) (2)��vnwj~wmqu�n�mt���qvlqjqywkivq��ywz{ixtnzvn�
k�~�lyqjwk

P�my|lq~�wx�{i~�j�tw�{ison�mwsipivw���{w��}}ns{qkvwz{��ztij�~�wz�
vwkivqr�kwpyiz{in{�z�xwk��nvqnu�yZ��{��n��xywxwy�qwvit�vw�zvqonvq��q~�
qwvqpi�qq���}}ns{qkvwz{��ztij�~�sqztw{�xwk��in{z��xyq�|unv��nvqq�
yZ���{w�{ison�zk�pivw�z�|unv��nvqnu�qwvqpi�qq��
"?3;</6<@686 �=><M09MLG63�/6<9<16E3?8<3�237?@063�0�0623�6<;<0�6�

;36<;656><0.;;IC�:<938A9�Yvwlqn�kn�nz{ki��wzwjnvvw�zw�pvi�nvq�uq�
yWik�xynmnti~�w{���mw����xywvqsv|k�k�stn{sq�k�kqmn�vnqwvqpqywkivv�~�
uwtns|t��xyw�kt��{�zkwn�jqwtwlq�nzswn�mnrz{kqn�sis�qwv���Zixyquny��
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mwsipivw���{w�xwz{|xtnvqn�jnvpwrvwr�sqztw{��k�stn{sq�mywoonr�wjyi{vw�
xywxwy�qwvit�vw�z{nxnvq�qwvqpi�qq�
]�m�ipw{zwmnyoi�q~�ln{nyw�qstwk��qwvqpqy|��q~z��z�wjyipwkivqnu�

ivqwvi��zqt�vw�qvlqjqy|�{�ynis�q�bqtti�xyq�}w{wzqv{npn��[mvisw�j��
tw�wjviy|onvw���{w�xyq�ztq�swu�k�zwswr�z{nxnvq�qwvqpi�qq�is{qkvwz{��
�{q~�zwnmqvnvqr�{ny�n{z��xwtvwz{����f{w��ktnvqn�wj°�zv�n{z��xywvqsvw�
knvqnu�qvlqjq{wywk��nynp�unujyiv|�k�kqmn�vnqwvqpqywkivv�~�uwtns|t��i�
pi{nu�mnrz{kqnu�q~�sis�ivqwvwk��_iswr�un~ivqpu�~iyis{nynv�mt��vnsw{w�
y�~�lnyjq�qmwk�
\wmwjv�n�ynp|t�{i{��j�tq�xwt|�nv��q�mt��wzvwkivqr��_is��{yqun{q�

tiuqv��~twyqmqv ��qun��qr�yWi�����t|��n�xwltw�in{z��stn{siuq�qp�mwz�
{i{w�vw��ntw�v�~�yiz{kwywk��lmn�wv�vi~wmq{z��k�kqmn�vnqwvqpqywkivv�~�
uwtns|t��[mvisw�qvlqjqywkivqn�st��nkwlw�}nyunv{i��mqlqmyw}wti{yn�
m|s{ipi ��vi~wm��nlwz��kv|{yq�stn{sq��wz|�nz{kt��{�{wt�sw�si{qwv��
{̂nxnv�� qwvqpi�qq� �wjyipwkivqn� ivqwvwk � uvwlq~� xyw{q-

kwkwzxitq{nt�v�~�zynmz{k�xwtwoq{nt�vw�swyyntqy|n{�z�q~�jqwtwlq�nzsqu�
mnrz{kqnu��nztq�qwvqpi�qq�xwmknyli�{z��vn�kzn�uwtns|t��q�q~�tqxw}qt��
vwz{q�mwz{i{w�vw�mt��mwz{qonvq��unz{i�mnrz{kq�.
Owt��qvz{kw�itsitwqmwk�qun�{�yWiwswtw����xw�{wu|�xyq�yZ�����xyq�

unyvw�
�����{q~�zwnmqvnvqr�wz{i�{z��vnqwvqpqywkivv�uq��[vq�xywvq�
si�{�k�stn{sq�k�kqmn�vnqwvqpqywkivv�~�uwtns|t��i�jqwtwlq�nzswn�mnrz{�
kqn�wz|�nz{kt��{�k�kqmn�si{qwvwk�
Vpknz{vw�uvwlw�sznvwjqw{qswk��jqwtwlq�nzsi��is{qkvwz{��sw{wy�~�wx�

ynmnt�n{z��mnrz{kqnu�vnqwvqpqywkivv�~�uwtns|t�q�qwvqpqywkivvwr��iz�
{q�kn�nz{ki�
[jviy|onvw���{w�|�jwt��qvz{ki�kn�nz{k��viqjwtnn�is{qkv�~�k�vnqwvq�

pqywkivvwu�zwz{w�vqq��qwv���{nu�vn�unvnn��wjtimi�{�vnsw{wywr�is{qkvw�
z{���� \yqunywu� uwon{� zt|oq{�� }|vlq�qmvwn� mnrz{kqn� ��-
mqvq{yw}nvwti��yWi�	 �vi�lyqj��Trichoderma viride xyq�yiptq�v�~�pvi�
�nvq�~�yZ�
\yq�qp|�nvqq�jqwtwlq�nzswr�is{qkvwz{q�ztijwr�sqztw{�wj��vw�wsi�

p�kin{z����{w�mt��xwt|�nvq��z{ivmiy{vwr�ynis�qq�vnwj~wmquw�wmqviswkwn�
swtq�nz{kw�sznvwjqw{qsi�xyq�t�j�~�pvi�nvq�~�yZ��sw{wy�n�vi�nmqvq�|�q�
jwtnn�vqon�pvi�nvq��yWi��P��{q~�|ztwkq�~�sqztw{i�ztijw�qwvqpqywkivi�q�
nn�jqwtwlq�nzsi��is{qkvwz{��wxynmnt�n{z��xynomn�kznlw�qwvqpqywkivv��
uq�uwtns|tiuq�yqz|vws�� . 
_isqu�wjyipwu��zynmq�xwztnmvnr�ly|xx��sznvwjqw{qswk�ztnm|n{�yiptq�

�i{��kn�nz{ki��xyw�kt���qn�jqwtwlq�nzs|��is{qkvwz{��k�kqmn�qwvwk�q�
vnqwvqpqywkivv�~�uwtns|t��q�kn�nz{ki��xyw~wm��qn��nynp�unujyiv|�k�
vnqwvqpqywkivvwu�zwz{w�vqq�q�k�p�ki��qn�jqwtwlq�nzsqr��}}ns{�kv|{�
yq�stn{w�vwlw�swuxiy{unv{i�k�kqmn�qwvwk�
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pH

1

0

-1

-2

-3
2 3 4 5 6 7

]qz|vws�6 =Ptq�vqn�yZ�vi�swv�nv{yi�q��jnvpwrvwr�sqztw{���vnwj�
~wmqu|��mt��qvlqjqywkivq��ywz{i�lyqji�1ENKr. Pny~v���syqki��w{vwzq{z��
sw�kznu|�xynxiyi{|�k��ntwu��qwv����vnqwvqpqywkivv�n�uwtns|t� ��vqo�
v���=s�vnqwvqpqywkivv�u�uwtns|tiu

Zi�kpiquwmnrz{kqn�sznvwjqw{qswk�z�unujyivwr�wsip�kin{�ktq�vqn�q�
qwvqpi�q��unz{�zk�p�kivq���Wi{qwvv�n�xynxiyi{��zk�p�ki�{z��z�ivq�
wvv�uq��nv{yiuq��sw{wy�n�uwl|{�qun{��pvi�nvq��yWiw{���mw����xyq�vi�
tq�qq�}wz}i{v�~�ly|xx ��w{���mw����xyq�vitq�qq�siyjwszqt�v�~�ly|xx �
qtq�
	��k�xyqz|{z{kqq�wz{i{swk�{qywpqvi��xqyquqmqvi���qz{nqvi ��Wi{q�
wvv�n��nv{y��mwtov��qun{�pvi�nvq��yWi��imnvqv �����lqz{qmqv ��

	��tqpqv ��
���iylqvqv).
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�
�_qx��unujyivw{ywxvwz{q�sznvwjqw{qswk
���Wwv�nx�q��yn�nx{wywk��xyqv�qx�fytq~i
���Ptq�vqn�sznvwjqw{qswk�vi�}qpqsw-~quq�nzsqn�zkwrz{ki��q{wxtip�

u��q�{yivzxwy{v�n�}|vs�qq�unujyiv�

4.17GNZ�KDK@O?LMQOMNLMPQG�IPDLM@GMQGIMA

Pzn�xyw�nzz���xywqz~wm��qn�k�stn{sn��wj|ztwktnv��zkwrz{kiuq�nn�
zxn�q}q�nzsq~�unujyivv�~�z{y|s{|y��swuxiy{unv{wk �sw{wy�nqlyi�{�
xnykwz{nxnvv|��ywt��k�wjunvn�kn�nz{k�sis�unom|�stn{swr�q�zynmwr��{is�q�
kv|{yq�uiuwr�stn{sq��dnynp�kvn�vqn�xtipui{q�nzsqn�unujyiv��wz|�nz{�
kt�n{z��k�kwm�kzn~�xywm|s{wk�yizximi��i�{ison�kwpmnrz{kqn�yiptq�v�~��s�
pw-q��vmwlnvv�~�}is{wywk��k�{wu��qztn�sznvwjqw{qswk�
\nykq�vwr�uq�nv��kpiquwmnrz{kq��~quq�nzswlw�ilnv{i�z�stn{swr�

�kt�n{z��xtipui{q�nzsi��unujyivi��xw�{wu|�mt��~iyis{nyqz{qsq��{wlw�
kpiquwmnrz{kq��kknmnvwxwv�{qn�IBI>M=JKOMKLJKNOE�unujyivw{ywxvwlw�
�}}ns{i �Qwkwy��w�IBI>M=JKOMKLJKI�ABFNO?EE�unujyivw{ywxvwu��}�
}ns{n �siswlw-tqjw�kn�nz{ki��qun�{�k�kqm|�xy�u|��qtq�swzknvv|���wxw�
zynmwkivv|� �uwmq}qsi�q��unujyivv�~�z{y|s{|y��k�p�kinu|��zw-
w{kn{z{k|��quq�zwnmqvnvq�uq��q�viz{|xi��qn�k�ynp|t�{i{n��{wlw�qpun�
vnvq��zkwrz{k�jqwtwlq�nzswr�unujyiv���xynomn�kznlw�nn�{yivzxwy{v�~�
~iyis{nyqz{qs�
Wywun��{wlw�vnwj~wmquw�w{un{q{�ztnm|��nn�
=�iz{w�xyq�wjz|omnvqq�jqwtwlq�nzswr�is{qkvwz{q�~quq�nzsq~�zw�

nmqvnvqr�qzxwt�p|n{z��{nyuqv�Xzxn�q}q�nzswn<�qtq�Xvnzxn�q}q�nzswn<�
mnrz{kqn;
=zwnmqvnvq���k�p�ki��qn�qpunvnvqn�sisq~-tqjw�~iyis{nyqz{qs�

jqwtwlq�nzsq~�unujyiv��uwovw�yipmntq{��vi�?BVBNO?=�LM\IK@K�IBI>M=�
JKOMKLJK@K�ABFNO?E\q�=@BJOX �ABFNO?P[VEB�KLKNMBAK?=JJK�nynp�kun�
�i{nt�z{kw�k��q{wxtipui{q�nzsqr�un{ijwtqpu�qtq�qv�u�swzknvv�u�x|�
{nu��[mvisw�w�nv���iz{w�ynlqz{yqy|nu�r�unujyivw{ywxv�r��}}ns{�wsi�
p�kin{z��ynp|t�{i{wu�q�xy�uwlw��q�swzknvvwlw�mnrz{kq��~quq�nzswlw�
ilnv{i�vi�unujyiv|��
={wt�sw�vnuvwlqn�zwnmqvnvq��mnrz{k|�{�z{ywlw�qpjqyi{nt�vw�tq���

vi�wmqv�X�|kz{kq{nt�v�r<��nv{y�zk�p�kivq���vw�mion�nztq��{w�q�qunn{�
unz{w��{w�viz{|xi��i��pi��{qu�ynis�q��unujyiv��xw�{q�kznlmi�vwzq{�
ztwov�r�~iyis{ny;
=ktq�vqn�ilnv{i�vi�unujyiv|�ynmsw�wlyivq�qkin{z��qpunvnvqnu�sisw�

lw-{w�wmvwlw�z{y|s{|yvwlw��tnunv{i��}|vs�qq�qtq�wmvwr�ynlqz{yqy|nuwr�
~iyis{nyqz{qsq��Zixyquny��z{nxnv��mnz{y|s�qq�unujyiv��xwm�mnrz{kqnu�
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mn{nylnv{i�uwon{�j�{��w~iyis{nyqpwkivi�swtq�nz{kwu�uwtns|t�mn{nylnv{i��
zk�pivv�~�nmqvq�nr�xwkny~vwz{q�unujyiv���zmkqlwu�wzuw{q�nzsq~�w{vw�
�nvqr�k�zqz{nun�stn{si�=viy|ovi��zynmi��qpunvnvq�uq��tns{yq�nzsq~�xi�
yiun{ywk�unujyiv��q�{�m�
P�mnt��{�ztnm|��qn�{qx��unujyivw{ywxvwz{q�sznvwjqw{qswk�
1) IBI>M=JJ=\�MBSBLSE\�(xy�uwr�unujyivw{ywxvwz{� . [vi�z�q{i{z��

mwsipivvwr��nztq�|z{ivwktnvw���{w:
i �kn�nz{kw�vn�xywvqsin{�kv|{y��stn{sq��i�qpjqyi{nt�vw�visixtqkin{z��

k�unujyivi~�qtq�zxn�q}q�nzsq�zk�p�kin{z���
j �}}ns{��w{z|{z{k|�{�k�jnzstn{w�v�~�zqz{nui~���sw{wy�n�vn�zwmny�

oi{�unujyivvwr�}yis�qq;
2) NOEIPH\SE\�EHE�P@JBOBJEB�>EKNEJOBOETBNGER�LMKSBNNK? �LMKOB�

G=[VER��?��IBI>M=J=R���\wm���{qu��xwmyip|unkin{z��qpunvnvqn��xnykq�vwn�
qtq�wxwzynmwkivvwn �is{qkvwz{q�unujyivv�~�}nyunv{wk��zswywz{q�zqv{n�
pi�unujyivv�~�jntswk��tqxqmwk�q�{�m��

3) EDIBJBJE\�>=MYBMJK-OM=JNLKMOJXR�N?KFNO?�IBI>M=JX��Ynujyivw�
{ywxvwz{��uwon{�j�{��xy�uwr�q�wxwzynmwkivvwr���

4) QPJGSEKJ=HYJKB�?D=EIKABFNO?EB�N�?BVBNO?=IE �ABFNO?EB�GKOKMXR�
J=�PMK?JB�IBI>M=J�IKCJK�NTEO=OY�PNO=JK?HBJJXI��
\yq�yizzuw{ynvqq�kz�swlw��spwlnvvwlw�ktq�vq��sznvwjqw{qsi�vi�jqw�

twlq�nzsqr�wj°ns{�xynmxwtilin{z����{w�uwtns|t���}}ns{wyi�zvi�iti�zk��
p�ki�{z��z�vnsquq��nv{yiuq�zywmz{ki�vi�unujyivn��qvq�qqy|��{nu�ziu�u�
wxynmntnvv|��ynis�q��stn{sq��wylivqpui ��Nvitqp�{wlw�xyw�nzzi�uwovw�
yipmntq{��vi�{yq��iz{q�

1) |z{ivwktnvqn�~iyis{nyi�q�twsitqpi�q���nv{ywk�zk�p�kivq��
2) w�nvsi�zywmz{ki�s�vqu��}}ns{wyi�
3) qzztnmwkivqn�yipkq{q��ynis�qq�wj°ns{i�vi�wjyipwkivqn�swuxtnszwk�

�nv{ywk�zk�p�kivq��z�uwtns|tiuq��}}ns{wyi��

4.2/MLUDNUĜ�ODUDNQMOMA,NOGLUGN�>OJGT?

Oqwtwlq�nzsq�is{qkv�n�zwnmqvnvq��wj��vw�xwmyipmnt��{�vi�=@KJENOX�
"?BVBNO?= �N?\DX?=[VEBN\�N�MBSBLOKM=IE�E�EJAPSEMP[VEB�>EKHK@ETB�
NGEF�KO?BO��q�=JO=@KJENOX�"NKBAEJBJE\ �LMBL\ONO?P[VEB�?D=EIKABFNO�
?E[�=@KJENO=�E�JB�?XDX?=[VEB�>EKHK@ETBNGKF�MB=GSEE��KNH=>H\[VEB�BB�. 
Wznvwjqw{qs�sis��|onywmvwn�wylivqpu|�kn�nz{kw��i�n�kznlw�xywz{w�
kpiquwmnrz{k|n{�z�unz{iuq�zk�p�kivq��vi�unujyivn�qtq�k�xwtv�n{�ywt��
iv{ilwvqz{i�
fytq~�vi�y|jnon�XIX=XX kk��z}wyu|tqywkit�pviunvq{�r�xyqv�qx��

?BVBNO?=�JB�ABFNO?P[O �JB�>PAPTE�N?\D=JJXIE.
Rit�vnr�nn�yipkq{qn�{nwyq��yn�nx{wywk�xwt|�qti�xyq�qp|�nvqq�mnr�

z{kq��yiptq�v�~�lwyuwvwk��O�tw�k�mkqv|{i�lqxw{npi���{w�lwyuwv��zk�p��
ki�{z��z�yizxwtwonvv�uq�vi�xwkny~vwz{q�zxn�qit�v�uq�z{y|s{|yiuq�=
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yn�nx{wyiuq��{�n��uwtns|tiuq��zxwzwjv�uq�X|pviki{�<�lwyuwv��kpiquw�
mnrz{kwki{��z�vqu�q�xnynmiki{��qv}wyui�q��w�nlw�xyqz|{z{kqq��
Ri{�{w�vw�wxynmntq{��xwv�{q�Xyn�nx{wy<�{y|mvw��Rt��z{ywlwlw�mwsi�

pi{nt�z{ki�vitq�q��yn�nx{wywk�vi�unujyivn��ntnzwwjyipvw�k�mntq{���{w{�
swuxwvnv{��w�qz{q{���pi{nu�kz{ywq{��k�qzs|zz{knvv|��jqztwrv|��tqxqm�
v|��unujyiv|�qtq�tqxwzwu|�q�xwsipi{����{w�wv�zw~yiv�n{�jqwtwlq�nzs|��
is{qkvwz{��P�mntnvv�n yn�nx{wy� wsipitqz��ltqswxyw{nqviuq�qtq�
ltqswtqxqmiuq��
Ywtns|ti�t�jwlw�yn�nx{wyi�zwz{wq{�vn�unv��n��nuqp�mk|~��iz{nr��

[mvi�qp�vq~��viy|ovi���zt|oq{�mt��zk�p�kivq��kn�nz{ki��lwyuwvi ��[zvwk�
v|��ywt��k��{wu�qlyi�{�xwtqzi~iyqmv�n��nxq�uwtns|t��yn�nx{wyi��P{w�
yi���unvnn�xwt�yvi���iz{��uwtns|t��yn�nx{wyi�zt|oq{�mt��nn�pisynxtnvq��
k�tqxqmvwu�jqztwn�q�xnynmi�qxyqv�{wlw�zqlviti�kv|{y��stn{sq��Ppiquw�
mnrz{kqn�unom|�zk�p�ki��quq�q�xnynmi��quq�|�iz{siuq�wz|�nz{kt�n{z��
jtilwmiy��swv}wyui�qwvv�u�xnynz{ywrsiu��xywqz~wm��qu�k�ynp|t�{i{n�
Xxwzimsq<��}}ns{wyi��ilwvqz{i �vi�zk�p�ki��qr�|�iz{ws�yn�nx{wyi.
P�wzvwkn�xnynmi�qqv}wyui�qq�w�xywqz�nm�q~�qpunvnvq�~�k�swv}wy�

ui�qq�yn�nx{wyi�k�y�mn�zt|�ink�tnoi{�is{qki�q��q�qvis{qki�q��}nyunv{i�
imnvqti{�qstip���Nc ��yizxwtwonvvwlw�k�unujyivn�q��w{kn�i��nr�pi�zqv�
{np�v|stnw{qmi��qstwimnvwpqvuwvw}wz}i{i���NY~ �yqz|vws�7). 

]qz|vws7=Nmnvqti{v�rx|{�ynl|t��qq�kv|{yqstn{w�v�~�xyw�nzzwk�

P�vwyuit�vwu�zwz{w�vqq�is{qkvwz{��imnvqti{�qstip��xwmiktnvi��\yq�
kpiquwmnrz{kqq�ilwvqz{i�z�yn�nx{wywu�]�vi�xwkny~vwz{q�unujyiv��imn�
vqti{�qstipi�is{qkqy|n{z���|zqtqkin{z��zqv{np�q�|kntq�qkin{z��swv�nv�
{yi�q���NY~�kv|{yq�stn{sq��is{qkqy|�{z��wmqv�qtq�vnzswt�sw�kv|{yq�
stn{w�v�~�}nyunv{wk��
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P�mivvwu�zt|�in�xnykq�v�u�xwz�t�v�u��kt�n{z���}}ns{wy��lwyuwv��
unmqi{wy ��k{wyq�v�n�xwzynmvqsq��G-jntws��imnvqti{�qstipi �vn�{wt�sw�
zxwzwjz{k|�{�xnynkwm|�kvn�vnlw�zqlviti�kw�kv|{yqstn{w�v�r��vw�q�wjnz�
xn�qki�{�nlw�pvi�q{nt�vwn�|zqtnvqn�k�
	7=108 yip��_isqu�wjyipwu��vn�
zswt�sw�zqlvit�v�~�uwtns|t�lwyuwvi�qtq�unmqi{wyi�uwl|{�qpunv�{��}|vs�
�qwvit�v|��qtq�un{ijwtq�nzs|��is{qkvwz{��kznr�stn{sq�
[mvisw�xwz{w�vvi��is{qki�q��Nc�vn�{wt�sw�vn�v|ovi��vw�q�vnjnpwxizvi�

mt��stn{sq��_n�nvqn�{iswlw�{�ontwlw�qv}ns�qwvvwlw�pijwtnkivq���sis�~wtn�
yi��zk�pivw�z�vnwjyi{quwr�is{qki�qnr�Nc�
cqstq�nzsqr�NY~�ynl|tqy|n{�kv|{yqstn{w�v�n�ynis�qq�kzn~�qp|�nv�

v�~�xywsiyqw{q�nzsq~�q��|siyqw{q�nzsq~�stn{ws��Rnrz{kqn�nlw�wzvwkivw�vi�
is{qki�qq�zxn�q}q�nzsq~�}nyunv{wk��NY~-pikqzqu�~�xyw{nqvsqvip��sw�
{wy�n�}wyuqy|�{�uvwlqn�jntsq��k��iz{vwz{q�jntsq�yqjwzwu��y�m�}nyunv�
{wk��{yivzxwy{v�n�unujyivv�n�jntsq�q�my��~wz}wyqtqywkivqn�jntswk�=�{w�
q~�is{qki�q���P�vnis{qkqywkivvwn�zwz{w�vqn�wvq�kwpkyi�i�{z��x|{nu�mn�
}wz}wyqtqywkivq��z�xwuw����}wz}wxyw{nqv}wz}i{ip���~\~ �
Qwyuwv��q�unmqi{wy��uwl|{�xyw�kt�{��zkwn�mnrz{kqn�vn�{wt�sw��nynp�

zqv{np��NY~��vw�q�z�|�iz{qnu�my|lq~�kv|{yqstn{w�v�~�xwzynmvqswk��vi�
xyquny��QY~��\yqpvivv�uq�k{wyq�v�uq�unzznvmonyiuq��kt��{z��qwv��
sit��q��k�swujqvi�qq�z�mk|u��my|lquq�k{wyq�v�uq�xwzynmvqsiuq�=qvw�
pq{wt{yq}wz}i{wu��V~3 �q�mqi�qtltq�nywtwu��RNQ �
Zi�xwkny~vwz{q�xtipui{q�nzsq~�unujyiv�yipv�~�stn{ws��qztw�yn�nx{w�

ywk�kiy�qy|n{z���_is��vi�xwkny~vwz{q�wmvwr�stn{sq�xn�nvq�qunn{z����				�
yn�nx{wywk�qvz|tqvi��{wlmi�sis�vi�xwkny~vwz{q�stn{ws��q{wkqmvwr�ontnp��
q~��qztw�vn�xynk��in{��		��diz{��yn�nx{wywk�uwon{�Xxtiki{�<�k�xtwzswz{q�
unujyiv���vw�wzvwkvwn�q~�swtq�nz{kw�}qszqy|n{z��zqz{nuwr�uqsyw}qti�
unv{wk�q�uqsyw{y|jw�ns�
W�wzvwkv�u�syq{nyq�u��xw�sw{wy�u�uwovw�z|mq{��w�vitq�qq�yn�nx{w�

ywk��w{vwz�{�ztnm|��qn�
1) k�zwswn�zywmz{kw��~iyis{nyqp|��nnz��{nu���{w�ilnv{�mnrz{k|n{�xyq�

vqpswr�swv�nv{yi�qq��
	-9Y�q�vqon �
2) k�~wm�vi�xti{w�syqkwr��wxqz�ki��nr�pikqzquwz{��xyw�nzzi�kpiquw�

mnrz{kq���}}ns{wyi�z�unz{iuq�zk�p�kivq��vi�unujyivn�w{�swv�nv{yi�qq��
xwzswt�s|�swtq�nz{kw�yn�nx{wywk��unz{�zk�p�kivq� �wlyivq�nvw��

3) yiptq�vi��jqwtwlq�nzsi��is{qkvwz{��xiy�wx{q�nzsq~�qpwunywk��z{n�
ynwzxn�q}q�vwz{� ��{is��vixyquny��xyikw- q�tnkwkyi�i��qnz��}wyu��
i{ywxqvi��uwy}qvi�q�imynvitqvi�zqt�vw�w{tq�i�{z��my|l�w{�my|li�xw�jqw�
twlq�nzswr�is{qkvwz{q �

4) {sivnki��zxn�q}q�vwz{��jqwtwlq�nzswlw�mnrz{kq��kn�nz{k��vixyq�
uny��imynvitqv�wsip�kin{�uw�vwn�kwpmnrz{kqn�vi�znymn�v|��u���|��vw�
w�nv��ztijw�ktq�n{�vi�xwxnyn�vwxwtwzi{�n�u���� �
Ppiquwmnrz{kqn��}}ns{wy-yn�nx{wy�kwpuwovw�{wt�sw�xyq�z{ywlwu�zww{�

kn{z{kqq�xywz{yivz{knvv�~�q�piy�mwk�~�lnwun{yqr��zk�p�kivqn��}}ns{wyi�
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z�yn�nx{wywu�mwtovw�j�{��wjyi{qu�u��[mvi�q�{i�on�~quq�nzsi��ly|xxi�k�
pikqzquwz{q�w{�zkwnlw�~quq�nzswlw�wsy|onvq��uwon{�wj|ztwktqki{��mnrz{�
kqn�sis�ilwvqz{i��{is�q�iv{ilwvqz{i��P�si�nz{kn�xyqunyi�uwovw�xyqknz{q�
i�n{qt~wtqv�q�{|jws|yiyqv��f{q�zwnmqvnvq��kwpmnrz{k|�{�vi�wmqv�q�{w{�on�
yn�nx{wy��vw�unv��i��xw�yipuny|�uwtns|ti�i�n{qt~wtqvi�{w�vw�zww{kn{z{�
k|n{�|�iz{s|�zk�p�kivq��q�is{qkqy|n{�yn�nx{wy��i�jwt��i��uwtns|ti�{|jw�
s|yiyqvi�xnynsy�kin{�yn�nx{wy�q�wsip�kin{�jtwsqy|��nn�mnrz{kqn�
P�mit�vnr�nu�{nyuqv�Xyn�nx{wy<�k�w{vw�nvqq�unujyivv�~�z{y|s{|y�

j|mn{�xyqunv�{�z��|ztwkvw��kw�kzn~�zt|�i�~�yn���j|mn{�qm{q�w�{n~��nv{yi~�
zk�p�kivq���kpiquwmnrz{kqn�sw{wy�~�z�uwtns|tiuq�sznvwjqw{qsi�qvq�qq�
y|n{�wxynmntnvv|��ynis�q��stn{w�vwr�unujyiv��

4.3 )JĜLGD�IPDLM@GMQGIMA�L?�SGFGIM-TGKGVDPIGD�PAMHPQA?�UGQM�
NJ?FKZ�G�QO?LPNMOQLZD�SRLIUGG�KDK@O?LZ

~qpqsw-~quq�nzsqn�qpunvnvq��k��q{wxtipun��kt��{z��knm|�quq�k�
xyw�nzzi~�oqpvnmn�{nt�vwz{q�stn{sq�
�M58<?@J�P�pswz{��=zkwrz{kw��xyqz|�nn�oqmswz{�u��wjtimi��qu�

kv|{ynvvnr�z{y|s{|ywr��P�}qpqsn�k�pswz{��oqmswz{q�wxynmnt��{�sis�zw�
xyw{qktnvqn�xnynmkqonvq��wmvwlw�nn�ztw��w{vwzq{nt�vw�my|lwlw��\w�{wu|�
k�pswz{���iz{w�vip�ki�{�kv|{ynvvqu�{ynvqnu�
[zvwkvwn�kn�nz{kw��q{wxtipu��=�q{wpwt��zwmnyoq{�zqz{nu|�uqsyw�

}qtiunv{wk��Wy|xv�n�uwtns|t��=jntsq�q�]ZW�=wjyip|�{�swttwqmv�r�
yiz{kwy��sw{wy�r�uwon{�j�{��pwtnu��vnk�psqu qtq�lntnu��k�psqu ��
Ppiquwmnrz{kqn�lqmyi{qywkivv�~�qwvwk�sznvwjqw{qswk�z�piy�onvv�uq�

jntswk�uq�uwtns|tiuq��q{wxtipu��uwon{�k�p�ki{��xnyn~wm��pwt��k�lnt��
q�wjyi{vw��Wi{qwv���qun��qn�xwtqkitnv{v�r�piy�m��zqt�vnn�xyq{�lqki�{�
z��s�piy�onvvwr�swttwqmvwr��iz{q�n�xw�zyikvnvq��z�wmvwkitnv{v�uq��\w�
�{wu|�k�xnykwu�zt|�in�uwtns|ti�swttwqmvwr��iz{q���{ny�n{��iz{��lqmyi{�
vwr�kwm��q��q{wxtipui�xynkyi�in{z��k�k�ps|��lntnwjyipv|��uizz|��Pw�
k{wywu�zt|�in�qp-pi�ztijwlw�xyq{�onvq��lqmyi{v�n�wjwtw�sq�jntsi�q�qwvi�
ztqki�{z��q��q{wxtipui�wkwmv�n{z���xynkyi�i�z��k�oqmsqr�yiz{kwy�=pwt��
Wwtq�nz{knvvw�k�pswz{��k�yioi�{�zqtwr��vi�nmqvq�|�xwkny~vwz{q�mk|~�

ztwnk ��sw{wyi��mwz{i{w�vi�mt��xwmmnyoivq��wxynmntnvvwr�zswywz{q�xnyn-
un�nvq��wmvwlw�ztw��w{vwzq{nt�vw�my|lwlw��P�pswz{��kwm�xyq���9̂�yikvi�
8,9 A10=4 \i?z��Vzxwt�pwkivqn�piswvi�̂{wszi�xwpkwt�n{�yizz�q{i{��ijzw�
t�{v|��k�pswz{��

lmn�r =yimq|z�ximi��nlw�{nti��D "xtw{vwz{��ximi��nlw�{nti��'=k�p�
swz{���d =xtw{vwz{��oqmswz{q��V =zswywz{��ximnvq���g "|zswynvqn�zqt�
{�onz{q�
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\wzswt�s|�zkwjwmvwn�ximnvqn�lyiv|t�k�stn{sn�vijt�min{z��{wt�sw�xyq�
vqpswr�k�pswz{q��q{wxtipu���{w�piunvqu�g �nv{ywjnovwr�zqtwr���nv{yq�
}|lqywkivqn �

lmn�J=kntq�qvi�|zswynvq���zwwj�inui���nv{yq}|lwr�
Pntq�qvi��{wlw�|zswynvq��pikqzq{�w{��qzti�wjwyw{wk��nv{yq}|lq�q�

yizz{w�vq��w{�wzq�kyi�nvq��q�wxynmnt�n{z��k�yionvqnu:

lmn�L�=�qztw�wjwyw{wk��nv{yq}|lq�k�zns|vmi~��L=yizz{w�vqn�w{��nv{yq�
}|lqy|nuwlw�wj°ns{i�mw�wzq��nv{yq}|lq�

|̂�nz{k|�{�my|lqn�un{wm��wxynmntnvq��k�pswz{q�xyw{wxtipu���vi�
xyquny�un{wm�ynlqz{yi�qq�x|{q��iz{q���xyq�jyw|vwkzswu�uwtns|t�yvwu�
mkqonvqq��xtipuwtq{q�nzsqr�un{wm�wxynmntnvq��k�pswz{q�q�{�m�
fszxnyqunv{it�v�n�mivv�n�zkqmn{nt�z{k|�{�w��qywswu�mqixipwvn�

kntq�qv�z{y|s{|yvwr�k�pswz{q��[vi�zt|oq{�~wyw�qu�xwsipi{ntnu�}qpqw�
twlq�nzswlwzwz{w�vq��stn{ws��|ywkv��q~�oqpvnmn�{nt�vwz{q��P�z{y|s{|y�
vwr�k�pswz{q�vi~wmq{�w{yionvqn�ynis�q��oqk�~�wylivqpuwk�vi�qpunvnvqn�
kvn�vq~�|ztwkqr��{nuxnyi{|yi��wzkn�nvqn�q�my� �q��swvn�vw��vi�~quq�n�
zsqn�ilnv{��
 0643;63�D6@<=9.5:I. ŝwywz{��mkqonvq���q{wxtipu���̂Rc �kiy��

qy|n{z��w{�vnzswt�sq~�uqsywun{ywk�k�zns|vm|�mw�mnz�{swk�q�pikqzq{�w{�
|ztwkqr�wsy|oi��nr�zynm���zkn{��{nuxnyi{|y��yZ �q�w{�xyqz|{z{kq��szn�
vwjqw{qswk�
Vvm|�qy|nuwn�~quq�nzsquq�ilnv{iuq�mkqonvqn��q{wxtipu��xwt|�qtw�

vipkivqn�RBIKAEJBD=��Uiun{vwn�ktq�vqn�vi�̂Rc�wsip�ki�{�sznvwjqw{qsq��
xwmikt���qn�wjunv�kn�nz{k�|�oqk�~�wylivqpuwk�
!5<K938@>6E3?8.M�@<E8.�D6@<=9.5:I�Vf_ ��Pzn�iu}wtq{��zxwzwj�

v��xyw�kt�{��zkwrz{ki�q�sqztw{�q�wzvwkivqr��{�n��zxwzwjv��wjyipwk�ki{��
q�xwtwoq{nt�v�n�q�w{yq�i{nt�v�n�qwv���P�oqk�~�wylivqpui~�kiovnr�q�
uq�iu}wtq{iuq��kt��{z��iuqvwsqztw{���xwtqxnx{qm���jntsq��{�s��wvq�
qun�{�ly|xx��=NH2 q�=̂[[Z��Wqzt�n�ly|xx��k��ntw�vwr�zynmn�{ny���
xyw{wv��z{ivwk�{z��w{yq�i{nt�vw�piy�onvv�uq�(=̂[[=+ Z+ ��i�wzvwkvi��
ly|xxi��k�sqztwr�zynmn�xyqzwnmqv���xyw{wv��z{ivwkq{z��xwtwoq{nt�vw�pi�
y�onvvwr��NH2��Z

+E NH3
+). 

Vwvv�n�ly|xx��wxynmnt��{��tns{yq�nzsqn�zkwrz{ki�jntswk�~�uwtn�
s|t��Uiy�m�jntswkwr�uwtns|t� yiknv�z|uun�piy�mwk�qwvv�~�ly|xx��
\yq�wxynmntnvvwupvi�nvqq�yZ��swlmi�wjyip|n{z�wmqviswkwn�swtq�n�
z{kw�xwtwoq{nt�v�~�qw{yq�i{nt�v�~�piy�mwk��{�n��z|uui�q~�yikvi�	��
jntws�z{ivwkq{z��vnr{yit�v�u��Uvi�nvqn�yZ��xyq�sw{wywu�jntws�qunn{�
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uqvquit�v�r��tns{yq�nzsqr�piy�m��xyqv�{w�vip�ki{��Vf_��P�yiz{kwyn�z�
yZ��yikvwu�Vf_��jntws�vn�mkqon{z��vq�s�wmvwu|�qp�xwt�zwk��{wlmi�sis�k�
sqztwr�zynmn�wv�xnynun�in{z��s�si{wm|��i�k��ntw�vwr�=s�ivwm|��f{w{�xyq�
nu��vip�kinu�r��tns{yw}wynpwu���qywsw�qzxwt�p|n{z��mt��yipmntnvq��
jntswk��
Wiom�r�jntws�qunn{�z{ywlw�wxynmntnvv|��kntq�qv|�Vf_�k�pikqzquw�

z{q�w{�xynwjtimivq��mqiuqvw-qtq�uwvwiuqvwsiyjwvwk�~�sqztw{��_is��kn�
tq�qvi�yZ�qpw�tns{yq�nzswr�{w�sq�z�kwyw{w�vwlw�it�j|uqvi�zwz{ikt�n{�
4,6=����z�kwyw{w�vwlw�ltwj|tqvi�=����xyw{iuqvi�=10=12.
P�Vf_�jntws�qunn{�uqvquit�vwn�pvi�nvqn�k�pswz{q��yiz{kwyquwz{q��

z{nxnvq�lqmyi{i�qq��wzuw{q�nzswlw�miktnvq��q��tns{ywxywkwmvwz{q�
]iptq�v�n�sznvwjqw{qsq��qun��qn�sqztw{v�n�qtq��ntw�v�n�zkwrz{�

ki��zxwzwjv��zmkqli{��kntq�qv|�yZ�k�{|�qtq�qv|��z{wywv|�q�{nu�ziu�u�
qpunv�{��Vf_��q{wxtipu���
&9.5:.@6E3?863�:3:/>.;I. ŵmnyoquwn�stn{sq�w{lyivq�nvw�w{�ws�

y|oi��nr�zynm��xtipui{q�nzswr�unujyivwr��Otilwmiy���{wu|�xwmmnyoq�
ki�{z��|ztwkq���xwpkwt���qn�z{y|s{|yv�u��tnunv{iu�stn{sq�k�xwtv�{��
xyqz|�qn�qu�}|vs�qq��̂�my|lwr�z{wywv���nynp�xtipui{q�nzs|��unujyiv|�
wz|�nz{kt�n{z��vnxyny�kv�r�{yivzxwy{�yiptq�v�~�uwtns|t���nu�q�wjnz�
xn�qkin{z��wjunv�kn�nz{kwu�unom|�zynmwr�q�stn{swr��Zixyquny�xtipui�
{q�nzsi��unujyivi�xn�nvw�vwr�stn{sq�qunn{�xtw�im��wswtw��			�usu2. 
_isi��jwt��i��xtw�im��swv{is{i�z�wsy|oi��nr�zynmwr�xwtvwz{���wjnz�
xn�qkin{�wjunv�kn�nz{k�stn{sq��_wt�qvi�xtipui{q�nzswr�unujyiv��zw�
z{ikt�n{�wswtw�
	�vu��Ziswvn��k�unujyivn�twsitqp|�{z��jntswk�n�z{y|s�
{|y���}wyuqy|��qn�qwvv�n�sivit���yn�nx{wy��mt��}qpqwtwlq�nzsq�is�
{qkv�~�kn�nz{k��wjnzxn�qki��qn�kwzxyq�{qn�zqlvitwk��ynl|tqy|��q~�
jqwtwlq�nzs|��is{qkvwz{��stn{sq�
P�unujyiv|�kz{ywnv��jntswk�n�uwtns|t���sw{wy�n��iz{w�xywvqp�ki�{�

kz��nn�{wt�|��tqjw�xwly|oi�{z��vi�yiptq�v|��lt|jqv|��twsitqp|�z��vi�
kvn�vnr�qtq�kv|{ynvvnr�z{wywvn��̀ltnkwmv�r�swuxwvnv{�stn{w�vwr�unu�
jyiv��xynmz{iktnv�ltikv�u�wjyipwultqswxyw{nqviuq��[vq�yizxwtili�{�
z��vi�kvn�vnr�xwkny~vwz{q�unujyiv���Ynujyiv��yiptq�v�~�stn{ws�z|�n�
z{knvvw�yiptq�i�{z��xw�zkwnu|�z{ywnvq��q�}|vs�q�u��P�stn{w�vwr�unu�
jyivn�xn�nvq�wjviy|oqkin{z��wswtw��	��vpquwk��Vpunvnvqn�zkwrz{kxtip�
ui{q�nzsq~�unujyivk�w{kn{�vi�z{qu|t��kt��{z��kiovnr�qu�pknvwu��nxq�
jqwtwlq�nzsq~�xyw�nzzwk��tnoi�q~�k�wzvwkn�}wyuqywkivq��ynis�qq�wyli�
vqpui�vi�kvn�vqn�q�kv|{ynvvqn�yipmyioq{ntq��
\tipui{q�nzsqn�unujyiv���vnzuw{y��vi�xynqu|�nz{knvvw�tqxqmv�r�

zwz{ik��zxwzwjv��xywx|zsi{��vqpswuwtns|t�yv�n�kwmwyiz{kwyqu�n�kn�n�
z{ki��{is�sis�zwmnyoi{�xwy��zw�zynmvqu�mqiun{ywu�	���=
�	�vu��\wtili�{��
�{w�xwy���pixwtvnvv�n�kwmwr��z}wyuqywkiv��jntswk�uq�uwtns|tiuq��
[j°nu�kwm���zwmnyoi�nrz��k�unujyivi~��zwz{ikt�n{�w{��	�mw��	��w{�wj�
�nlw�q~�wj°�ui��Yiszquit�vi��uwtns|t�yvi��uizzi�kwmwyiz{kwyquwlw�
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kn�nz{ki��zxwzwjvwlw�xywvqsi{���nynp�xtipui{q�nzsqn�unujyiv���=wswtw�
�		�mit�{wv��
Wtn{w�v�n�unujyiv���ynpk��irvw�mqviuq�v�r��tnunv{��V~�z{ywnvqn�

qpunv�n{z��k�zww{kn{z{kqq�z�|ztwkq�uq�wsy|oi��nr�zynm��q�xw{ynjvw�
z{�uq�stn{sq��̀kntq�nvqn�xtw�imq�xwkny~vwz{q�yiz{|�nr�stn{sq�wz|�n�
z{kt�n{z��pi�z�n{�ztq�vq��stn{w�vwr�unujyiv��z�zqv{npqy|nu�uq�k��q{w�
xtipun��ixxiyi{�Qwt�moq �uqsywknpqs|tiuq��
Vpknz{nv�q�xyw{qkwxwtwov�r�xyw�nzz�=xwz{|xtnvq��vnwj~wmqu�~�

kn�nz{k�qp�wsy|oi��nr�zynm��k�stn{s|��x|{nu�pi~ki{i�}yilunv{wu�stn�
{w�vwr�unujyiv��z|jz{yi{i��xwly|onvqnu�nlw�k��q{wxtipu|�q�w{�v|ywk��
kivq��w{�wz{it�vwr�unujyiv���̂tq�vqn�unujyiv��z�knpqs|tiuq�q�q~�w{�
�v|ywk�kivqn�wjnzxn�qki�{�mqviuq�vwz{��n��zwz{iki��
Piov�uq�zkwrz{kiuq�stn{w�vwr�unujyiv���kt�n{z��nn�tns{yq�nzsqr�

piy�m�q��tns{yq�nzsi��xywkwmquwz{���Ziy|ovi��z{wywvi�unujyiv��stn{ws�
k�zwz{w�vqq�xwsw��piy�onvi�xwtwoq{nt�vw��\wt�yvwz{��unujyiv��wxynmn�
t�n{z��w{�iz{q�izquun{yq�vwz{���tqxqmv�~�ztwnk��w{�iz{q�vitq�qnu�k�nn
zwz{ikn�jntswk�~�uwtns|t�q�ltqswxyw{nqvwk��[zwjwn�pvi�nvqn�qunn{�lyi�
mqnv{�swv�nv{yi�qq�qwvwk�xw�wjn�z{wywv��unujyiv���xwmmnyoqkinu�r�
jtilwmiy���vnylwpi{yi{v�u�xyw�nzziu��_isqu�wjyipwu�zkwrz{ki�unujyiv��
q�wjunv�kn�nz{k�k�stn{sn�{nzvw�zk�piv���Pn�nz{ki��kun�qki��qnz��k�wj�
unv�tqxqmwk��z|�nz{knvvw�ktq��{�vi�zkwrz{ki�jqwtwlq�nzsq~�unujyiv��
,6@<=9.5:.@6E3?863�:3:/>.;I�Pv|{yq�stn{ws�qun�{z��uvwlw�qz�

tnvv�n�unujyivv�n�z{y|s{|y���wjyip|��qn��vmwxtipui{q�nzsqr�yn{qs|�
t|u��unujyiv|��myi�stn{sq��uq{w~wvmyqq��ixxiyi{�Qwt�moq��tqpwzwu���
f{q�z{y|s{|y��wjyipwkiv��mk|u��ztw�uq�jqwtwlq�nzswr�unujyiv�.
cq{wxtipui{q�nzsqn�unujyiv��zt|oi{�wylivqp|��qu�z|jz{yi{wu�mt��

wj°nmqvnvqn�k�nmqv�r�swuxtnsz�y�mi��vpqui{q�nzsq~�zqz{nu��Zixyquny��
unujyiv��uq{w~wvmyqr�xynmz{ikt��{�zwjwr�ztwov|��uwpiqs|�kpiquwmnr�
z{k|��q~��vpqui{q�nzsq~�ly|xx��P�si�nz{kn�ui{yqszi�mt���vpquwk�k�z{|�
xi�{�q�my|lqn�unujyivv�n�z{y|s{|y���ltimsqr�q��nyw~wki{�r��vmwxtip�
ui{q�nzsqr�yn{qs|t|u��ixxiyi{�Qwt�moq��f{q�z{y|s{|y��|�iz{k|�{�k�wj�
unvn�kn�nz{k��_is��vi�yqjwzwui~��twsitqp|��q~z��vi�unujyivi~��nyw~w�
ki{wlw�yn{qs|t|ui��wz|�nz{kt�n{z��zqv{np�jntsi���vpqu��ltimswlw��vmw�
xtipui{q�nzswlw�yn{qs|t|ui�=kiovnr�qr��tnunv{�un{ijwtqpui�sznvw�
jqw{qswk��ixxiyi{�Qwt�tmoq�=wzvwkvi��znsyn{wyvi��z{y|s{|yi�stn{sq��
_wszq�nzswn�mnrz{kqn�uvwlq~�kn�nz{k�zwxy�onvw�z�q~�ktq�vqnu�vi�zw�

z{w�vqn�unujyivv�~�z{y|s{|y��[vw�uwon{�j�{��xy�u�u�q�wxwzynmwkiv�
v�u��Ziqjwtnn�knyw�{v�uq�un~ivqpuiuq�wxwzynmwkivvwlwxwkynomnvq��
jqwtwlq�nzsq~�unujyiv�xyq�qv{wszqsi�q�~��kt��{z��1) is{qki�q��xnyn�
sqzvwlw�wsqztnvq��tqxqmwk��2)is{qki�q��}wz}wtqxipvwr�is{qkvwz{q��
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��
�Nmzwyj�q�
����Uikqzquwz{��mwpi=�}}ns{
5.3 \yw�nzz��zk�p�kivq��uwtns|t�sznvwjqw{qsi�z�unujyivv�uq��nv�

{yiuq�
5.4 ]ipkq{qn�jqwtwlq�nzswlw�w{kn{i

5.1 'CPMO@UĜ

x̂ns{y�xyw�ktnvqr�{wszq�nzswlw�xyw�nzzi��wxynmnt��{z��z{ywnvqnu�
sznvwjqw{qsi��[mvisw�k�yionvvwz{��yipkqki��nlwz���}}ns{i��kt�n{z��
}|vs�qnr�swtq�nz{ki�mnrz{k|��nlw�ilnv{i�Rt��wjwpvi�nvq��swtq�nz{ki�
kn�nz{ki��mnrz{k|��nlw�vi�jqwtwlq�nzsqr�wj°ns{��qzxwt�p|�{�xwv�{qn�
Xmwpi<��Zixyquny��kknmnvqn�k�ont|mws�sy�zn�knzwu���	�l�q�sywtqs|�knzwu�
�			�l�{wszqsiv{i�k�swtq�nz{kn��		�ul��wpvi�in{���{w�oqkw{v�u�kknmnv��
mwp��yikv�n�zww{kn{z{knvvw���q�	����ul%sl��
Uikqzquwz{��Xmwpi-�}}ns{<uwon{�j�{��xywztnonvi�vi�kzn~�|ywkv�~�

wylivqpi�qq�oqkwr�ui{nyqq��w{�uwtns|t�yvwlw�mw�xwx|t��qwvvwlw��\yq�
�{wu�k�xwmikt���nu�jwt��qvz{kn�zt|�ink�j|mn{�ynlqz{yqywki{�z��wj�i��
piswvwunyvwz{���z�|kntq�nvqnu�mwp��=|kntq�qkin{z��z{nxnv��xwkynomn�
vq��zqz{nu���k�xyw�nzzkwktnsin{z��kzn�jwt��nn��qztw�zwz{ikt���q~�n��
�tnunv{wk��̂iu�u�xywz{�u�wj°ns{wu��vnwj~wmqu�u�mt��ynlqz{yi�qq�jqw�
twlq�nzswlw�mnrz{kq��sznvwjqw{qsi���kt�n{z��stn{si�
Yvwlqn�sznvwjqw{qsq�mnrz{k|�{�vnxwzynmz{knvvw��imzwyjqy|�z��vi�

stn{w�vwr�xwkny~vwz{q��unujyivn ��Nmzwyjqy|��i��xwkny~vwz{��k�stn{sn�
uwon{�vi�vnzswt�sw�xwy�mswk�xynk��i{��wj°nu��Ontsq�q�sy|xv�n�uwtns|t��
k�yiz{kwyn�vi~wm�{z��k�swttwqmvwu�zwz{w�vqq�q�wjnzxn�qki�{�wlywuv|��
xwkny~vwz{��mt��imzwyj�qq��Zixyquny��xtw�im��xwkny~vwz{q�jntswk��zw�
mnyoi�q~z��k
�zu3 z�kwyw{sq�sywkq��ntwknsi��zwz{ikt�n{�
		�u2. 
]izzui{yqki���ktnvqn�imzwyj�qq��ztnm|n{�|�q{�ki{��
1)�{w�}qpqsw-~quq�nzsqn�~iyis{nyqz{qsq�kn�nz{k�xwztn�q~�imzwyj�qq�

w{tq�i�{z��w{�q~�zkwrz{k�k�yiz{kwyn�
2)kn�nz{kw�uwon{�wjyi{quw�imzwyjqywki{�z�vi�xwkny~vwz{q�stn{sq;
3)imzwyj�q��wxynmnt�n{z��z|uuwr�kzn~�~quq�nzsq~�zk�pnr��wjyip|��

�q~z��unom|�uwtns|tiuq�qtq�uwtns|tiuq�q�xwkny~vwz{���
4)xyw�nzz�imzwyj�qq�wj|ztwktnv�{nuq�on�{qxiuq�zk�pnr��k�wzwjnvvw�

z{q�kiv-mny-kiit�zwk�uq��kwmwywmv�uq�q�qwvv�uq ���{w�q�~quq�nzsqn�yn�
is�qq��xywqz~wm��qn�kw�kznu�wj°nun�kn�nz{ki;

5)wzwjnvvwz{q��wxynmnt���qn�swtq�nz{knvv�n�yiptq�q��unom|�ynis�
�q�uq��xyw{nsi��quq�vi�xwkny~vwz{q�q�k�yiz{kwyn��
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i vi�xwkny~vwz{q�zwpmin{z��z{wxyw�nv{vi��swv�nv{yi�q��kn�nz{ki��
\wzswt�s|�imzwyjqy|nuwn�kn�nz{kw�wjtimin{�vq�{wovwr�yiz{kwyquwz{����
{w�xyq�{iswr�nlw�swv�nv{yi�qq�knyw�{vwz{��~quq�nzswlw�kpiquwmnrz{kq��
pvi�q{nt�vw�kwpyiz{in{��
j xwkny~vwz{��~iyis{nyqp|n{z��vitq�qnu�vnviz��nvv�~�kitnv{vw�

z{nr��sw{wy�n�k�{knymwu�kn�nz{kn�pi{yi�qki�{z��vi�zk�p�kivqn�my|l�z�
my|lwu�zwz{ikt���q~�nlw�i{wuwk���dnu�unt��n�qz{wt�nv�s|zw�ns�|lt���{nu�
jwt��n�k�vnu�wz{i{w�v�~�kitnv{vwz{nr�q�{nu�jwtnn�is{qkv�u�imzwyjnv{wu�
wv�wsion{z�;

6) vi�uwtns|t|��sw{wyi��imzwyjqy|n{z��qp�yiz{kwyi�vi�xwkny~vwz{q��
mnrz{k|�{�zqt���z{ynu��qnz��kwpkyi{q{�nn�k�yiz{kwy��1BMKF�NLKNK>JKNOE�
?BVBNO?=�?KD?M=V=OYN\�?�NMBAP �O�B��AB=ANKM>EMK?=OYN\ �\?H\BON\�B@K�
M=NO?KMEIKNOY�
Nmzwyj�q��xwmyipmnt��{�vi�vnzxn�q}q�nzs|��q�zxn�q}q�nzs|��
2BNLBSEQETBNG=\�=ANKM>SE\�~iyis{nyvi�mt��kn�nz{k�iu}q}qt�vwr�

xyqywm���qun��q~�swv�nk|��lqmyw}qt�v|��ly|xx|��zk�pivv|��z�w{vwzq�
{nt�vw�jwt��qu�lqmyw}wjv�u�wz{i{swu��_isqn�kn�nz{ki�pivqui�{�t�j|��
mwz{|xv|��qu�xwkny~vwz{��vnpikqzquw�w{�~quq�nzswr�xyqywm��q�}qpq�n�
zsq~�zkwrz{k��P�zwz|mn��zwmnyoi�nu�u�t�v�r�yiz{kwy��u�tw�visixtqkin{�
z��vi�xwkny~vwz{�~�yipmnti�kwpm|~=kwmi�q�z{nstw=kwmi��i�{is�on�wvw�im�
zwyjqy|n{z��vi�t�j�~�xynmun{i~��xwly|onvv�~�k�u�t�v�r�yiz{kwy��
6LBSEQETBNG=\�=ANKM>SE\zkwrz{knvvi�lqmyw}wjv�u�kn�nz{kiu��sw{w�

y�n�z{ynu�{z��yipunz{q{�z��vi�xwkny~vwz{q��qun��nr�~quq�nzsq�swuxtn�
unv{iyv�r�~iyis{ny��

5.��,?AGPGKMPQ[�CMF?#\SSDIQ��

Sztq�xyq�imzwyj�qq�vi�xwkny~vwz{q�stn{sq�vn�xywqz~wmq{�wjyipwkivq�
swkitnv{v�~�zk�pnr��{w�xyw�nzz��kt�n{z��wjyi{qu�u�q�xwtwonvqn�yikvw�
knzq��imzwyj�qq�|z{iviktqkin{z��k�zww{kn{z{kqq�z�piswvwu�mnrz{k|��q~�
uizz��P�
�
��l��X�vlu�y�k�knt�qp��{wlw�piswvi�|yikvnvqn��xwpkwt���nn�
xwt|�q{��swtq�nz{knvv�n�~iyis{nyqz{qsq�imzwyj�qq�
Xnvlu�ywu�j�tq�zmntiv��ztnm|��qn�xynmxwtwonvq��
=�vnylq��imzwyj�qq�xwz{w�vvi�q�vn�pikqzq{�w{�z{nxnvq�pixwtvnvq��

xwkny~vwz{q�
=imzwyj�q��xywqz~wmq{�vi�twsit�v�~��nv{yi~��q�imzwyjqywkivv�n�

uwtns|t��unom|�zwjwr�vn�kpiquwmnrz{k|�{�
=uiszquit�vi��kwpuwovi��imzwyj�q��zww{kn{z{k|n{�xwtvwu|�pixwt�

vnvq��uwvwztw��
dqztw�uwtnr�kn�nz{ki�,��imzwyjqywkivvwlw�vi�xwkny~vwz{q��k�yioin{�

z��k�kqmn�}|vs�qqyikvwknzvwr�swv�nv{yi�qq�kn�nz{ki�6k�yiz{kwyn�
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lmn�/NA=swvz{iv{i�zwyj�qq=mnzwyj�qq��,m=R=�qztw�uwtnr�yiz{kwynv�
vwlw�kn�nz{ki��imzwyjqywkivvwlw�vi�xwkny~vwz{q�imzwyjnv{i�z�wjyipw�
kivqnu�xwtvwz{���pixwtvnvvwlw�uwvwztw���6=swv�nv{yi�q��sznvwjqw�
{qsik�yiz{kwyn�
Vpw{nyu|�X�vlu�yi�uwovw�xynmz{ikq{��k�tqvnrvwu�kqmn�

Vpw{nyui�imzwyj�qq�lyi}q�nzsq�xynmz{ikt�n{�zwjwr�lqxnyjwt|��Vp�
knz{vw�vnzswt�sw�{qxwk�syqk�~��~iyis{nyqp|��q~�xyw�nzz�imzwyj�qq��_yq�
qp�vq~�xynmz{iktnv��vi�yqz|vsn8.

1
2
3

]qz|vws�8=Vpw{nyui�imzwyj�qq�X�vlu�yi

1) 2-GME?XB���� �Zi�it�v�n��pvi�nvq��swv�nv{yi�qr�imzwyjqywkivvwlw�
kn�nz{ki�w�nv��kntqsq��=ANKM>SE\�IESBHH �EKJK? �EIB[VER�?XNKGP[�NOB�
LBJY�NMKANO?=�E�NLKNK>JXR�K>IBJE?=OYN\�N�EKJ=IE ��K>H=A=[VEIE�I=HKF�
NOBLBJY[�NMKANO?=;

2) L-GME?XB����, vwyuit�v�n�qpw{nyu��X�vlu�yi��imzwyj�q��uwtns|t��
wyqnv{qywkivv�~�vi�xwkny~vwz{q�lwyqpwv{it�vw ��;BI�>KHYUB�?BVBNO?=�
=ANKM>EMK?=JK �OBI�>KHBB�D=OMPAJBJ=�B@K�A=HYJBFU=\�=ANKM>SE\;

3) S-GME?XB��	� �swwxnyi{qkv�r�}}ns{��imzwyj�q��uwtns|t�kny{q�
sit�vwr�wyqnv{i�qq�w{vwzq{nt�vw�xwkny~vwz{q �2=�J=T=HYJKI�ZO=LB �TBI�
>KHYUB�?BVBNO?=�PCB�=ANKM>EMK?=JK �OBI�HB@TB�LMKENRKAEO�A=HYJBFU=\�
=ANKM>SE\�#�GKKLBM=O?JXF�ZQQBGO.
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P�mnt��{�6-GME?XB�mt��zt|�ik��swlmi�?BVBNO?K�LMKJEG=BO�?�=ANKM�
>BJO�HB@TB �TBI�M=NO?KMEOBHY��
Vpw{nyu��Xnvlu�yi�xwsip�ki�{���{w�imzwyjnv{�viz��in{z��xyq�k�zw�

sq~�pvi�nvq�~�̂��{�n��xyq�wjyipwkivqq�uwvwztw���4ME�ZOKI�T=NOK�J=>H[�
A=BON\�\?HBJEB �GK@A=�>EKHK@ETBNGEF�ZQQBGO�KO�G=CAK@K�LKNHBAP[VB@K�
PA?KBJE\�NO=JK?EON\�?NB�IBJBB�KVPOEIXI��

5.	�4OMUDPPZ�PÂFZA?LĜ�KMJDIRJ�IPDLM@GMQGI?�P�KDK@O?LLZKG�
UDLQO?KG�

]n�nx{wyvi��swv�nx�q��mnrz{kq��sznvwjqw{qswkvi�stn{s|�qtq�wyliv�
xynmxwtilin{���{w�k�nlw�wzvwkn�tnoq{�ynis�q��kn�nz{ki�zyn�nx{wywu��
\yqv�{w�k�mnt�{��mkn�{wszqswun{yq�nzsqn�~iyis{nyqz{qsq�sznvwjqw{qsi�
i}}qvvwz{��q��}}ns{qkvwz{���)QEJJKNOYw{yioin{�z{nxnv��zywmz{ki�{ws�
zqsiv{i�s�yn�nx{wy|�mivvwlw�{qxi. <QQBGOE?JKNOY~iyis{nyqp|n{�zxwzwj�
vwz{��kn�nz{k�k�p�ki{��wxynmntnvv�r��}}ns{�xwztn�kpiquwmnrz{kq��z�yn�
�nx{wywu�
]ipkq{qn�ynis�qq�jqwtwlq�nzswlw�w{kn{i�vi�~quq�nzsqr�yipmyioq{nt��

wj��vw�yizzui{yqkin{z��sis�vnsw{wyi��}|vs�q��swtq�nz{ki�wjyipwkivv�~�
swuxtnszwk�
\yq�yizzuw{ynvqq�kpiquwmnrz{kq��sznvwjqw{qsi�z�jqwtwlq�nzsquq�

unujyiviuq�kiov�u�}is{wywu��kt�n{z��mwz{|xvwz{��unujyivwis{qkv�~�
�nv{ywk�mt���}}ns{wyi�yqz|vws�9)��[j��vw�mt��ivitqpi�sqvn{q�nzsq~�pi�
kqzquwz{nr�qzxwt�p|�{z��zww{vw�nvq���zww{kn{z{k|��qn�zt|�i��w{z|{�
z{kq��mq}}|pqwvv�~�wlyivq�nvqr��{�n��xyw�nzz��mq}}|pqq�wz|�nz{kt��
�{z�j�z{ynn�k�zyikvnvqq�z�yipkq{qnu�ynis�qq�

Z/Q

C, <>;L

1

2

]qz|vws�9 =Wwv�nv{yi�qwvvi��pikqzquwz{��zk�p�kivq���}}ns{wyi�z�
unujyivis{qkv�u��nv{ywu�(1) q�mqzzw�qi�q��swuxtnszi�xyq�|mitnvqq�
�}}ns{wyi��� �̂{yntswr�|sipiv�uwunv{�|mitnvq��tqlivmi
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1) '3D3=@<>I�9<8.965<0.;I�=>M:<�;.�=<03>C;<?@6�:3:/>.;I��xyw�
z{nr�qr�zt|�ir . \ynmxwtilin{z����{w�wjyipwkivqn�swuxtnszi�tqlivm��szn�
vwjqw{qs �=unujyivwis{qkv�r��nv{y�xywqz~wmq{�xyq�w{z|{z{kqq�mq}}|�
pqwvv�~�wlyivq�nvqr�zw�z{n~qwun{yqnr�
�
�q�vnpikqzquwz{q�unz{�zk�p��
kivq��my|l�w{�my|li��]nis�q��zk�p�kivq��tqlivmi�N�z�unz{wu�zk�p�kivq��
�yn�nx{wywu �Rpixq�n{z��k�kqmn

lmn�k, k' =swvz{iv{��zswywz{nr�xy�uwr�q�wjyi{vwr�ynis�qr�zw-
w{kn{z{knvvw�

[{vw�nvqn�swvz{iv{�k' / k = /�vip�kin{z��GKJNO=JOKF�M=?JK?BNE\�GKI�
LHBGN=��[vi�yikvi�swv�nv{yi�qq��}}ns{wyi��k�p�ki��nr�xwtwkqvvwn�vi�
z��nvqn�unz{�zk�p�kivq�:

lmn�Q =wj�i��swv�nv{yi�q��unz{�zk�p�kiv��Z =zswywz{��qpunvnvq��swv�
�nv{yi�qq�swuxtnszwk�tqlivm=yn�nx{wy��

ŝwywz{��wjyipwkivq��swuxtnszwk�kw�kynunvq�j|mn{�{nu�jwt��nr���nu�
k��n�swv�nv{yi�q���}}ns{wyi��̂swywz{�on�yizximi�w{�vnn�vn�pikqzq{��

2) '3D3=@<>I�>.?=<9.1.L@?M�0;A@>6:3:/>.;I. Wyqki��yipkq{q��
xyw�nzzi�wjyipwkivq��swuxtnszi��}}ns{wy=yn�nx{wy�qunn{�S-wjyipv|��
}wyu|��yqz|vws�10).

Z/Q

C, <>;L

]qz|vws�10 =Wwv�nv{yi�qwvvi��pikqzquwz{��zk�p�kivq���}}ns{wyi�z�
unujyivis{qkv�uq��nv{yiuq
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Rt��qv{nyxyn{i�qq�yizzui{yqkinu�~pikqzquwz{nr�qzxwt�p|n{z��y�m�
xwm~wmwk��[mqv�qp�vq~�=�{w�wxqzivqn�vi�jipn�jitivzwk�~�|yikvnvqr�
�{is��sis��{w�xyqv�{w�k�}iyuiswtwlqq�q�{wszqswtwlqq ��Pkwmq{z��xwv�{qn�
>EKQ=DX�=swuxiy{unv{i��zwmnyoi�nlw�yn�nx{wy��q�vi~wm��nlwz��k�swv�
{is{n�zw�zynmwr.
P�xywz{nr�nu�zt|�in��yizzuw{ynvvwu�]�S��~|y~lw{{wu��jqw}ipi�vi~w�

mq{z��k�vnxwzynmz{knvvwu�swv{is{n�z�swuxiy{unv{wu���kt���quz��qz{w��
vqswu��}}ns{wyi��yqz|vws�
1).
]n�nvq��y�mi�|yikvnvqr�z�yiptq�v�uq�xyqjtqonvq�uq�xyqkwm�{�s�

wxqzivq�u�syqk�~��~iyis{nyqp|��q~z��vitq�qnu�til-}ip���

,5F5?B>@K�Q

k1

k2

k3

k1
�

k2
�

B

c

B8>D070

]qz|vws�
1 = ~̂nui�xyw�nzzi�kpiquwmnrz{kq���}}ns{wyi�z�yn�nx{wy�
v�uq�z{y|s{|yiuq��uwmnt��jqw}ip� 

Rwx|zsin{z��z|�nz{kwkivqn�swuxtnszwk�tqlivm=yn�nx{wy�z�t�j�uq�
z{n~qwun{yq�nzsquq�sw�}}q�qnv{iuq��Ywl|{��vixyquny��z|�nz{kwki{��
uvwlwkitnv{v�n�unz{i�zk�p�kivq���yn�nx{wy� ��wjyip|��qn�swuxtnsz��
RAnx|{nu�xwztnmwki{nt�vwlw�xyqzwnmqvnvq��tqlivmwk�
Sztq�xyqzwnmqvnvqn�siomwr�xwztnm|��nr�uwtns|t��tqlivmi�pikqzq{�

w{�swtq�nz{ki�yivnn�zk�pivv�~�z�is{qkv�u��nv{ywu��yn�nx{wywu �uwtns|t��
{wqun�{�unz{w�swwxnyi{qkv�n��}}ns{���vixyquny��zk�p�kivqn�siom�u�
yn�nx{wywu�mk|~�uwtns|t ��Wwwxnyi{qkvwz{��j�kin{�
=w{yq�i{nt�vwr��nztq�xyqzwnmqvnvqn�siomwr�xwztnm|��nr�uwtns|t��

pi{y|mv�n{z��kztnmz{kqn�Xxwzimsq<�xynm�m|�nr��yqz|vws�
2);
=xwtwoq{nt�vwr��nztq�xyqzwnmqvnvqn�siomwr�xwztnm|��nr�uwtns|�

t��wjtnl�in{z��kztnmz{kqn�Xxwzimsq<�xynm�m|�nr�
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Z/Q

C, <>;L

1

2

]qz|vws�
2 = ŝ�{�iymwkzsqn� lyi}qsq�zk�p�kivq���}}ns{wyi�z�
unujyivis{qkv�uq��nv{yiuq��xwtwoq{nt�vi��(1) q�w{yq�i{nt�vi��(2)
swwxnyi{qkvwz{�

\yquny�xwtwoq{nt�vwrswwxnyi{qkvwz{q��siomi��qp�z|j°nmqvq��uwtn�
s|t��lnuwltwjqvi��zwz{wq{�qp��n{�yn~�z|j°nmqvq���mk|~�B- q�mk|~�e-
�nxnr ��uwon{�zk�p�ki{��wmv|�uwtns|t|�sqztwywmi, xyq��{wu�zywmz{kw�s�
sqztwywm|�w{mnt�vwlw��nv{yi�zk�p�kivq���lnui �{nu�k��n���nu�jwt��n�
my|lq~��nv{ywk�zk�p�kivq��|on�piv�{w�uwtns|tiuq�sqztwywmi�

5.
�5?FAGQGD�@GMJMBGVDPIMBM�MQADQ?

îui��xnyki��qp�xynmtwonvv�~�{nwyqr�xyqvimtnoiti�Wtiys|��
��� ��
sw{wy�r�xynmxwtwoqt���{w�k�yionvvwz{��vijt�minuwlw��}}ns{i�zk�pivi�z�
swtq�nz{kwu�yn�nx{wywk��wss|xqywkivv�~�{wszqsiv{wu:

K= f(Z).

di�n�kznlw��{i�pikqzquwz{��z�q{in{z��tqvnrvwr��{�n��ynis�q��xywxwy�
�qwvit�vi�swtq�nz{k|�piv�{�~�yn�nx{wywk��zxyiknmtqkw�k�zt|�in�uit�~�
swv�nv{yi�qr��}}ns{wyi ��Rt��jwt��qvz{ki�xyw�nzzwk�pikqzquwz{�((Z) 
xynmz{ikt�n{z��k�x|stwr�syqkwr��kzn�unvnn�kwpyiz{i��nr�z�|kntq�nvqnu�
Zq�k�~wm��nr�k�swv�n�swv�wk�vi�xti{w�
\ynmz{iktnvqn�sqvn{qsq�jqwtwlq�nzswr�ynis�qq�k�kqmn

(= f[Z(c,t)]

xynmxwtilin{���{w�jqwtwlq�nzsi��ynis�q���kt�n{z��}|vs�qnr��qzti�wjyi�
pwkik�q~z��swuxtnszwk�q�knyvi�{wt�sw�k�{n~�zt|�i�~��swlmi�kynu��
xyw{nsivq��xyw�nzzwk��yipkqki��q~z��xwztn�wjyipwkivq��swuxtnszwk�
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yn�nx{wy=�}}ns{wy��z|�nz{knvvw�unv��n�kynunvq�mwz{qonvq��yikvw�
knzvwlw�pvi�nvq��Z.
\w�{wu|��xynmz{iktnvqn�ynis�qq�sis�pikqzquwz{q�f(Z) uwon{�j�{��wx�

yikmivw�kw�uvwlq~�zt|�i�~�xyq�w�nv��uit�~�kntq�qvi~�mnrz{k|��q~�swv�
�nv{yi�qr�
P�zww{kn{z{kqq�z�yizzui{yqkinuwr�{nwyqnr�{wszqsiv{�uwon{�j�{��tqjw�

ilwvqz{wu��tqjw�iv{ilwvqz{wu��[mvisw�ynp|t�{i{��uvwlw�qztnvv�~�qz�
ztnmwkivqr�|sip�ki�{�vi�{w���{w�xwmwjvi��stizzq}qsi�q��kn�nz{k�wsip��
kin{z��vnmwz{i{w�vwr�mt��wxqzivq��vijt�minu�~��}}ns{wk��_is�|z{ivwk�
tnvw���{w�uiszquit�v�r��}}ns{��k�p�kinu�r�yiptq�v�uq�ilwvqz{iuq��
mnrz{k|��quq�vi�wmv|�q�{|on�yn�nx{wyv|��zqz{nu|��vn�wmqviswk�Rt��
xynwmwtnvq���{wlw�xyw{qkwyn�q��̂{n}nvzwvwu��
��� �j�tq�xynmtwonv��
{yq�mwx|�nvq��
=uiszquit�v�r��}}ns{�uwon{�j�{��k�pkiv�ilwvqz{wu�mion�k�{wu�zt|�

�in��nztq�wss|xqywkivi�tq���vnpvi�q{nt�vi���iz{��yn�nx{wywk�
=yipkqki��qrz���}}ns{�vn�tqvnrvw�zk�piv�z�swtq�nz{kwu�wss|xqyw�

kivv�~�yn�nx{wywk�
={wszqsiv{��wjtimi�{�vnwmqviswkwr��}}ns{qkvwz{����w{vwzq{nt�vwr�

kwpj|omi��nr�is{qkvwz{�� ��{�n��zxwzwjvwz{���k�p�ki{���}}ns{��kpiquw�
mnrz{k|��z�yn�nx{wywu��
Pxyqknmnvv�~�uwmnt�~�xynmxwtilin{z��z|�nz{kwkivqn�vnkn{k��nrz��

xwztnmwki{nt�vwz{q�ynis�qr��xnyki��qp�sw{wy�~�qvm|�qy|n{z��wjyipwki�
vqnu�swuxtnszi�yn�nx{wy=�}}ns{wy��
P�mnrz{kq{nt�vwz{q�on�siomwn�pknvw�yipkq{q��qvm|�qywkivvwlw�xyw�

�nzzi�uwon{�zt|oq{��qz{w�vqswu�z{qu|ti�mt��vnzswt�sq~��tnunv{wk��P�
ynp|t�{i{n�vijt�mi��pi�yipkq{qnu�ynis�qq��u��ynlqz{yqy|nu�xyq�uit�~�
swv�nv{yi�q�~�tq���zqlvit��yizxywz{yiv���qrz���nynp�viqjwtnn��|kz{�
kq{nt�v�r�sivit��zk�p�ki��qr��tnunv{��6q�(�yqz|vws�
3 ��\w�unyn�|kn�
tq�nvq��xyqunvnvvwr�swv�nv{yi�qq�xyw�kt��{z���}}ns{��qv�~�sivitwk�
zk�pq��zqlvit��sw{wy�~��w�nkqmvw��uwl|{�w{tq�i{�z��xw�pvis|��kstim�w{�
mnt�v�~�zqlvitwk�uwon{�j�{��sis�xwtwoq{nt�v�u��z{qu|tqy|��qu�ynis�
�q� ��{is�q�w{yq�i{nt�v�u��|lvn{i��qu �
Umnz��uwovw�yizzuw{yn{��mki�zt|�i���
 �tqlivm�kpiquwmnrz{k|n{�z�unu�

jyivis{qkv�uq��nv{yiuq�wmvwlw�{qxi��i�mq}}nynv�qi�q��~iyis{nyi�mnrz{�
kq��xywqz~wmq{�vi�sisq~-{w�ztnm|��q~�z{imq�~��� �tqlivm�kpiquwmnrz{k|n{�
z��nv{yiuq�yipv�~�{qxwk��siom�r�qp�sw{wy�~�qvq�qqy|n{�xyw�nzz��yiptq�
�i��qrz��xw�swvn�vwu|��}}ns{|�k�w{vw�nvqq�ynlqz{yqy|nuwr�ynis�qq�
P�xnykwu�zt|�in�zxyiknmtqkw�xynmz{ikq{��ynis�q��k�kqmn�(= f(Z).
P{wywr�zt|�ir�=kpiquwmnrz{kqn�kn�nz{ki�z�vnzswt�squq�{qxiuq�yn�

�nx{wywk��kpiquwmnrz{kqn�uwon{�xywqz~wmq{��vn�{wt�sw�zw�zxn�q}q-
�nzsquq�yn�nx{wyiuq��vw�q�z�my|lquq��nv{yiuq�zk�p�kivq� ��Vpknz{vw��
vixyquny���{w�vnsw{wy�n�jqwtwlq�nzsq�is{qkv�n�xnx{qm��|on�k�mw�
kwt�vw�vqpsq~�swv�nv{yi�q�~�zxwzwjv��mnrz{kwki{��vnzxn�q}q�nzsq��{�n��
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xwuquw�yn�nx{wywk�uwmq}q�qywki{��zkwrz{ki�stn{w�v�~�unujyiv��f{w�
vnzwuvnvvw�mwtovw�w{yipq{�z��q�vi�yipkq{qq�ynlqz{yqy|nuwr�ynis�qq�

q1

q2

q3

C p

]qz|vws�
3 = ~̂nui}wyuqywkivq� ynis�qqMxwm�ktq�vqnu��}�
}ns{wyi�̂��yizxywz{yiv���nlwz��xw�vnzswt�squ�x|{�u��Wivit��qt uwl|{�
~iyis{nyqpwki{�z��z|�nz{knvvw�yiptq�i��quqz��swvz{iv{iuq�zywmz{ki�s�
�}}ns{wy|
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0DIUĜ 6
3PLMALZD�OD?IUGG�@GMQO?LPSMOK?UGG�IPDLM@GMQGIMA

6.1 biyis{nyqz{qsi�}nyunv{wk��si{itqpqy|��q~�un{ijwtqpu�sznvwjqw�
{qswk�

6.2 [zvwkv�n�ynis�qq�un{ijwtqpui�sznvwjqw{qswk
6.3~is{wy���ktq���qn�vi�un{ijwtqpu�sznvwjqw{qswk�

6.��:?O?IQDOGPQGI? SDOKDLQMA �I?Q?JGFGOR]XGT�KDQ?@MJGFK�IPD�
LM@GMQGIMA�

Yn{ijwtqpu�sznvwjqw{qswk�k�wylivqpun�qvwlmi�vip�ki�{�ABOKGNEG=�
SEBF. [mvisw��xynkyi�nvq��vnsw{wy�~�sznvwjqw{qswk�zwxywkwomi�{z��
wjyipwkivqnu�n�n�jwtnn�{wszq�v�~�kn�nz{k��\w�{wu|�k�w{vw�nvqq�{isq~�
xynkyi�nvqr�jwtnn�xyikqtnv�{nyuqv�Xjqw{yivz}wyui�q�<�
]nis�qq�jqw{yivz}wyui�qq�sznvwjqw{qswk�vixwuqvi�{�xyw�nzz���

xywqz~wm��qn�z��vmwlnvv�uq�zwnmqvnvq�uq��q�si{itqpqy|�{z��zww{kn{-
z{k|��quq�}nyunv{iuq��[j�qn�zkwrz{ki�}nyunv{wk�
=kzn�}nyunv{��qun�{jntswk|��uisywuwtns|t�yv|��xyqywm|;
=vi�xwkny~vwz{q�uwtns|t�jntswk-}nyunv{wk�yizxwtili�{z��is{qkv�n�

q�ynl|t�{wyv�n��nv{y�;
=jtilwmiy��wzwjnvvwz{�u�z{y|s{|yvwr�q�xywz{yivz{knvvwr�wylivqpi�

�qq�uwtns|t�}nyunv{��wjtimi�{�k�zwswr�zxn�q}q�vwz{���s�xynkyi�in-
u�ukn�nz{kiu-z|jz{yi{iu;
=ynis�q��vi�qvin{z��xwztn�{wlw��sis�wjyip|n{z��}nyunv{-z|jz{yi{v�r�

swuxtnsz��mt���nlw�vnwj~wmquw�z{ywlwn�lnwun{yq�nzswn�zww{kn{z{kqn�q~�
}wyu��xywz{yivz{knvv�~�q�piy�mwk�~�lnwun{yqr ��
P�zwsi��zxn�q}q�vwz{��}nyunv{wk�=wmvw�qp�ltikv�~�|ztwkqr�z{ywlwr�

|xwy�mw�nvvwz{q�~quq�nzsq~�xynkyi�nvqr�
\yq�kpiquwmnrz{kqq�kn�nz{k�ltikv�r�wlyivq�q{nt��zswywz{q�~quq�n�

zswlw�xyw�nzzi�=�vnyln{q�nzsqr�jiy�ny��Rnrz{kqn�}nyunv{i�zkwmq{z��s�
zvqonvq���vnyln{q�nzswlw�jiy�nyi�pi�z�n{�wjyipwkivq��}nyunv{-
z|jz{yi{vwlw�swuxtnszi��\yq�wjyipwkivqq�{iswlw�swuxtnszi�vi�is{qkv�~�
�nv{yi~�}nyunv{iuwon{�
=yiz{�v|{�z��q�wztijq{�z��~quq�nzsi��zk�p��unom|�i{wuiuq�z|jz{yi{i��
=kwpvqsv|{��{isi��xywz{yivz{knvvi��swv}ql|yi�q��z|jz{yi{i��sw{wyi��

wjtnl�q{�xnyn~wm�s�vwkwu|�kn�nz{k|��
=xywqpwr{q�zjtqonvq��ynilqy|��q~�uwtns|t�z|jz{yi{i�q�xyqv�{qn�

quq�v|ovwr�wyqnv{i�qq��
P�ynl|t�{wyv�~��nv{yi~�}nyunv{wk�vn�xywqz~wm�{�si{itq{q�nzsqn�

xynkyi�nvq���f{q��nv{y��piunmt��{�qtq�|zswy��{�~wm�xyw�nzzi��P�zi�
uwu�xywz{wu�zt|�in�xywm|s{�xyq�qpj�{sn�xyqzwnmqv�n{z��s�is{qkv�u�
�nv{yiu�q�xynmw{kyi�in{�zqv{np�vwk�~�xywm|s{wk��Wwlmi�xywm|s{i�uitw��
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ynl|t�{wyv�n��nv{y��k�zkwjwomi�{z��q�xnynz{i�{�{wyuwpq{��yijw{|�is�
{qkv�~��nv{ywk�
[zwj|��ly|xx|�sznvwjqw{qswk�xynmz{ikt��{�ziuwyizximi��qnz��zw�

nmqvnvq���wzvwkvwn�unz{w�pmnz��pivqui�{�tnsiyz{knvv�n�xynxiyi{� ��
zxwv{ivvw�yipy|�i��qnz��k�wylivqpun�z�wjyipwkivqnu�xywm|s{wk��vn�
wjtimi��q~�jqwtwlq�nzswr� is{qkvwz{���k�mivv�~�swv�nv{yi�q�~��
]izxim�{isq~�zwnmqvnvqr�vn�pikqzq{�w{�vitq�q��}nyunv{wk���{w�kiovw�k�
{n~�zt|�i�~��swlmi�vijt�mi�{z��viy|�nvq��}|vs�qr�w{mnt�v�~�wylivwk�
�xn�nvq��xw�ns ��{�n��swlmi�k�wylivqpun�w{un�in{z��vn~ki{si�}nyunv{wk�
un{ijwtqpui�
P�stn{si~�k�z�q~�wylivqpuwk�viqjwtnn�is{qkvwr�zqz{nuwr�k�un{ijwtq�

�nzsq~�xynkyi�nvq�~�xwz{wywvvq~�zwnmqvnvqr��kt��{z��uqsywzwuv�n�
}yis�qq��~nyunv{��zwnmqv��{z��k�unujyivv|��zqz{nu|��vip�kinu|��
ltimsqu��vmwxtipui{q�nzsqu�yn{qs|t|uwu��f] ��\yq�yipy|�nvqq�stn{ws�
�{i�wzwji��unujyivvi��zqz{nui�yizximin{z��vi�jwtnn�untsqn�x|p�y�sq��vi�
p�kinu�n�uqsywzwuiuq. 1EGMKNKIX=�{w�vn�qz{qvvw�stn{w�v�r�swuxw�
vnv{��i�iy{n}is{�xynxiyi{qkvwr�xyw�nm|y��
Ziqjwtnn��qywsw�k�oqk�~�wylivqpui~�xynmz{iktnv��}nyunv{��q�}ny�

unv{i{qkv�n�zqz{nu���si{itqpqy|��qn�xyw�nzz��wsqztnvq���kwzz{ivwk�
tnvq���lqmywtqpi�sznvwjqw{qswk�q�zqv{npi�un{ijwtq{wk��zwmnyoi�q~��vmw�
lnvv�n�zwnmqvnvq���
ŷnmq�}nyunv{wk��si{itqpqy|��q~�wsqztnvqn�sznvwjqw{qswk��wzwjwn�

unz{w�xyqvimtnoq{�uqsywzwuv�u�uwvwwszqlnvipiu��[szqlnvip��si{itq�
pqy|�{�viqjwt��nn��qztw�jqw~quq�nzsq~�xynkyi�nvqr�sznvwjqw{qswk��
zk�pivv�~�z�kvnmynvqnu�k�q~�uwtns|t|�is{qkqywkivvwlw�sqztwywmi��
[szqlnvipi��uwvwwszqlnvipi �=�{w�}nyunv{��si{itqpqy|��qr�ynis�q��

�tnunv{iyvwlw�sqztwywmi�z�z|jz{yi{wu�
RH��ZNR~Z���Z+��[2E�ROH��ZNR~+��Z2[�

ZNR~-Z��vqsw{qviuqmimnvqvmqv|stnw{qm}wz}i{��kwzz{ivwktnvvi��
}wyui �mnrz{k|n{�sis�mwvwy�kwmwywmi�
P�si�nz{kn�wzvwkvwlw�swuxwvnv{i�uwvwwszqlnvipv�n�zqz{nu���is{qk�

v�r��nv{y �zwmnyoi{�{nyuqvit�v|��wszqmip|�=�q{w~ywu�]-�	��w{vw-
z��qrz��s�lnuwxyw{nqmiu��[zvwkvi��}|vs�q���q{w~ywui�]-�	�k�wylivqp�
un�=wjnpkynoqkivqn��vmwlnvv�~�z|jz{yi{wk�k�ynp|t�{i{n�uwvwwszqlnvip�
vwrynis�qq�]iptq�i�{�uqsywzwuit�v|���uq{w~wvmyqit�v|��q�jis{n-
yqit�v|��uwvwwszqlnvipv�n�zqz{nu���q{w~ywui�]-450.
\yw�nzz�kwzz{ivwktnvq��iywui{q�nzsq~�vq{ywzwnmqvnvqr�mw�zww{kn{�

z{k|��q~�iuqvwk��si{itqpqy|n{z��vq{ywynm|s{ipiuq��twsitqpwkivv�uq�k�
uqsywzwuit�vwr�q�yiz{kwyquwr�}yis�q�~�stn{sq��Zq{ywynm|s{ip��uitw�
zxn�q}q�v��s�z|jz{yi{iu�q�kwzz{iviktqki�{�vq{ywly|xx��xyis{q�nzsq�
kzn~�iywui{q�nzsq~�vq{ywzwnmqvnvqr�Nywui{q�nzsqn�vq{ywzwnmqvnvq��
kwzz{iviktqki�{z��{ison�}nyunv{iuq�ztqpqz{wr�wjwtw�sq�sq�n�vqsi�q�
nlw�uqsyw}twywr��
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t̂wov�n��|onywmv�n�kn�nz{ki�uwl|{�lqmywtqpwki{�z��y�mwu�lqmywtq�
{q�nzsq~�}nyunv{wk��lqmywtip ��vi~wm��q~z��k�xn�nvq�q�xtipun�sywkq��P�
pikqzquwz{q�w{�z|jz{yi{vwr�zxn�q}q�vwz{q�}nyunv{���si{itqpqy|��qn�
mivv�n�xyw�nzz���w{vwz�{z��s�yiptq�v�u�ly|xxiu�
ŷnmq�lqmywtq{q�nzsq~�}nyunv{wk��|�iz{k|��q~�k�un{ijwtqpun�szn�

vwjqw{qswk��wzwjwn�unz{w�pivqui�{�]-lt�s|ywvqmipi�q�z|t�}i{ipi��\ny�
ki��si{itqpqy|n{�yiz�nxtnvqn��}qyv�~�q�ztwovw�}qyv�~�zk�pnr�lt�s|�
ywvqmwk�q�k�vnpvi�q{nt�vwr�z{nxnvq�=�}qyv�~�zk�pnr�znyvwr�sqztw{���
~nyunv{�wjviy|onv�k�uqsywzwui~�q�tqpwzwui~�xn�nvq��xw�si~��zntnpnv�
sn��xq�nkiyq{nt�vwu�{yis{n�q�xwtwk�~�ontnpi~�oqkw{v�~��̂|t�}i{ipi��
lqmywtqpqy|��i���}qyz|t�}i{��vi~wmq{z��k�uqsywzwui~�xn�nvq��ntwkn�
si�q�oqkw{v�~.
]nis�qq�swv°�li�qq�si{itqpqy|�{z��}nyunv{iuq�{yivz}nyipiuq��xn�

ynvwz��quq�piunz{q{nt��k�my|lwn�zwnmqvnvqn�

6.���3PLMALZD�OD?IUGG�KDQ?@MJGFK?�IPDLM@GMQGIMA

]�m�lqmyw}qt�v�~�sznvwjqw{qswk�k�kwmq{z��qp�wylivqpui��ntwknsi�k�
vnqpunvvwu�kqmn��vw�jwt��i��q~��iz{��k�mnt�n{z��{wt�sw�xwztn�un{ijwtq�
�nzsq~�xynkyi�nvqr��[zvwkv�n{nvmnv�qqun{ijwtq�nzsq~�xyw�nzzwk�k�
wylivqpui~�k�z�q~�oqkw{v�~:
=zvqonvqnztwovwz{q�uwtns|t�;
=kknmnvqnk�uwtns|t|xyq�vnwj~wmquwz{q�xwt�yv�~�piunz{q{ntnr;
=xwk��nvqnyiz{kwyquwz{q�sznvwjqw{qsi�q%qtq�nlw�un{ijwtq{i�kkwmn�

xwzynmz{kwu�zwxy�onvq���swv°�lqywkivq� �n�n�mw�k�kwmi�qp�wylivqpui�z�
xwztnm|��nr�znsyn�qnr�
[j�i��siy{qvi�xynkyi�nvq��sznvwjqw{qswk�k�k�z�q~�wylivqpui~�

xynmz{ikt�n{z��ztnm|��nr�

AENNEIEH\SE\ NEJOBD
sznvwjqw{qs�������������������������xywm|s{��wsqztnvq��������������������� swv��li{�

�LMBGKJY[@=- kwzz{ivwktnvq�q%qtq�������ynis�qq
SEKJJXB� lqmywtqpi���������������������������swv��li�qq 
MB=GSEE�

[sqztq{nt�v�n��kwzz{ivwkq{nt�v�n�q�lqmywtq{q�nzsqn�xyw�nzz��vi�
p�ki�{�}|vs�qwvit�v�uq�qtq�LMBGKJW[@=SEKJJXIE�MB=GSE\IE��i�xyw�nz�
z��zqv{npi�=GKJW[@=SEKJJXIE.
[j�nr�{nvmnv�qnr��kt�n{z��xynkyi�nvqn��spwlnvvwlw�kn�nz{ki�k�jwtnn�

xwt�yv|��}wyu|�q�xwztnm|��nn�zk�p�kivqn�wjyipwkik�nlwz��xywqpkwm�
vwlw�z�k�zwswxwt�yv�u�}yilunv{wu��sw{wy�r�wjtnl�in{�k�mntnvqn�vn�
v|ov�~�wylivqpu|�kn�nz{k�xwzynmz{kwu�qun��q~z��|�vnlw�zww{kn{z{�
k|��q~�}|vs�qr�
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]iz{nvq��vn�qun�{�zqz{nu��k�mntnvq���zyikvquwr�z�zqz{nuwr�k�mntn�
vq��oqkw{v�~��vw�q~�pi�q{v�r�un~ivqpu�uwon{�kst��i{��zk�p�kivqn�xw�
z{wywvvq~�kn�nz{k�vnsw{wy�uq�uwtns|tiuq�|ltnkwmwk�q�viswxtnvqn�q~�k�
unz{i~��tq�nvv�~�un{ijwtq�nzswr�is{qkvwz{q, vixyquny��k�kis|wt�~��
Yqsywwylivqpu��zxwzwjv��yiptili{��uvwlqn�ztwov�n�wylivq�nzsqn�zw�
nmqvnvq��vi�mqwszqm�|ltnywmi�q�kwm|�
]nis�qq��|�iz{k|��qn�k�jqw{yivz}wyui�qq��|onywmv�~�kn�nz{k��sis�

xyikqtw��yipmnt��{�vi��stizzi��ynis�qq�wsqztnvq�, kwzz{ivwktnvq�, lqm�
ywtqpiqswv°�li�qq��
'3.8D66�<86?93;6M:
1)KGENHBJEB�NLEMOK?�E�=HYAB@EAK?;
2) KGENHBJEB�=IEJK?. Zixyquny�ynis�q��mq�{qtiuqvi�z�vq{yq{wu�k�

sqztwr�zynmn�ont|msi��k�ynp|t�{i{n�sw{wywr�wjyip|n{z��siv�nywlnv�=
mq�{qtvq{ywpiuqv�

Ry|lwr�xyquny�=ynis�q��wsqztnvq��zquipqvi�z�wjyipwkivqnu�siv�nyw�
lnvvwlw�xywm|s{i�

Zq{yq{�vi{yq��yivnn��qywsw�qzxwt�pwkitz��k�si�nz{kn�swvznykqy|��
�nr�mwjiksq�s�xq�nk�u�xywm|s{iu;

3) KGENHBJEB�=MKI=OETBNGER�=IEJK?��f{q�kn�nz{ki�xwmknyli�{z��N-
lqmywszqtqywkivq����{w�uwon{�xyqkwmq{��s�xw�ktnvq��siv�nywlnvv�~�
xywm|s{wk�

4)KGENHBJEB�=MKI=OETBNGER�=HGEHD=IBVBJJXR�NKBAEJBJEF��[vq�wj��vw�
yiz�nxt��{z��unom|�i{wuiuq�C
�q�̂��jwswkwr��nxq�z�wjyipwkivqnu�zww{�
kn{z{k|��nr�iywui{q�nzswr�sqztw{�:
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f{q�ynis�qq�xywqz~wm�{�z�|�iz{qnu�uqsywwylivqpuwk��i�{ison�k�yiz�
{nvq�~��̀�yiptq�v�~�kqmwk�uqsywwylivqpuwk�|mitwz��|z{ivwkq{��uvwlw�
�qztnvv�n�ynis�qq�yipy�ki�jnvpwt�vwlw�swt��i��[j��vw�{isqn�xyw�nzz��
knz�ui�qpjqyi{nt�v���xw�{wu|�|vqknyzit�vwz{��xw�knvvwr��swzqz{nu��k�
xynkyi�nvq�~�yiptq�v�~�stizzwk�zwnmqvnvqr�wxynmnt�n{z��yipvwwjyi-
pqnu�xwx|t��qr�uqsywwylivqpuwk�k�xw�kn;

5) @EAMKGNEHEMK?=JEB�GKHYSB?XR�NENOBI��Ntq�qstq�nzsqn�swt��nk�n�
z{y|s{|y��lqmywszqtqy|�{z��tnl�n���nu�iywui{q�nzsqn��f{w�wmvi�qp�xyq�
�qv�k�zwswr�{wszq�vwz{q�jnvpwti��xwzswt�s|�wv�{�ontw�wsqzt�n{z��mw�
}nvwti��Owt��wn�pvi�nvqn�qunn{�xwtwonvqn�k�iywui{q�nzswu�swt��n�vn�
|ltnywmvwlw�piunz{q{nt���
Nywui{q�nzswn�lqmywszqtqywkivqn�

Ntq}i{q�nzswn�lqmywszqtqywkivqn��RCH3%�RCH2OH;
6) =MKI=OED=SE\�=HESEGHETBNGER�NKBAEJBJEF�xywqz~wmq{�k�zt|�in�wsqz�

tnvq���qstwlnszivsiyjwvwk�~�sqztw{�z��n{v�u��qztwu�̂Z2-ly|xx�k�jwsw�
kwr��nxq �z�|�iz{qnu�uq{w~wvmyqr��Wwvn�v�r�xywm|s{�=jnvpwrvi��sqztw{i�

7) MB=GSE\�ZLKGNEA=SEE. \yq�MB=GSE\R�KGENHBJE\�N�PT=NOEBI�QBMIBJO=�
ZLKGNEA=DX�wjyip|n{z���xwszqmvwn�swt��w�

[O]

R1CH=CHR2 E���#1CH             CHR2

O

Zixyquny��k�ynp|t�{i{n�wsqztnvq����xwszqmi�qq �xnz{q�qmi�it�myqvi�
xwt|�in{z��{wszq�nzsqr��xwszqm�mqt�myqv��fxwszqm��k�zwsw{wszq�v��q�
wjtimi�{�u|{ilnvv�uq�q�siv�nywlnvv�uq�zkwrz{kiuq��fxwszqmi�qq�
xwmknyli�{z��uvwlqn�iywui{q�nzsqn�zwnmqvnvq�;

8) KGENHBJEB�EHE�KGENHEOBHYJKB�D=IBVBJEB�KM@=JETBNGKF�NBMX��Qn{n�
yw�qstq�nzsi��znyi�wj��vw�wsqzt�n{z��k�z|t�}wszqm��qtq�mqz|t�}wv���
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n̂yi�k�itq}i{q�nzsq~�swujqvi�q�~�qtq�iywui{q�nzsq~�jwswk�~��nx�~�
qvwlmi�piun�in{z��sqztwywmwu��Zixyquny��qvzns{q�qm�xiyi{qwv��{qw�
}wz �un{ijwtqpqy|n{z��uqsywzwuit�v�uq�}nyunv{iuq��i�{ison�k�xw�kn �
k�xiyiwszwv��sw{wy�r�{ison�wjtimin{�qvzns{q�qmv�uq�zkwrz{kiuq�q�xw��
{q�kmkwn�jwtnn�{wszq�nv�mt��utnswxq{i��q~���nu�xiyi{qwv�

(RO)3P=S E�(RO)3P=O
xiyi{qwv xiyiwszwv
({qw}wz)

\ynkyi�nvqn�zk�pq�]�S k�zk�p��]�[�xyqkwmq{�s�xwk��nvq��{wszq�vw�
z{q�xywm|s{wk;

9) KGENHEOBHYJKB�ABD=HGEHEMK?=JEB�3- E�N-=OKIK?��Ziqjwtnn��iz{w�mn�
pitsqtqywkivq��xwmknyli�{z��sznvwjqw{qsq�ztnm|��q~�stizzwk��mqvq{�
ywivqtqv���lnyjq�qm��{yq}t|yiuqv��mqvq{yiuqv�q�my� ��}nvqtuw�nkqv��
�lnyjq�qm��~twywsz|ywv��mq|ywv��uwv|ywv��}t|wun{|ywv��tqv|ywv�q�my� ��
zquun{yq�v�n�{yqipqv���}wz}wywylivq�nzsqn�zwnmqvnvq���itsqtiuqv��q�
my��f{q�ynis�qq�wz|�nz{kt��{z��wszqlnvipiuq�uqsywwylivqpuwk��i�{ison�
stn{siuq�xn�nvq�
\yq�wsqztq{nt�vwr�jqw{yivz}wyui�qq�sznvwjqw{qswk�vnynmsw�wjyip|�

�{z��jwtnn�{wszq�v�n�qtq�siv�nywlnvv�n�zwnmqvnvq���Wywun�w{un�nvv�~�
k��n�zt|�ink���{w�uwon{�qun{��unz{w�xyq�wsqztnvqq�mqjnvpiv{yi�nvi�k�
wylivqpun�ly�p|vwk��wjyip|�{z��siv�nywlnv� �qtq�xyq�mnlyimi�qq�vnsw�
{wy�~�ipw{zwmnyoi�q~�xnz{q�qmwk��sw{wy�n�tnlsw�xynkyi�i�{z��k�k�zw�
swu|{ilnvv�n�q�siv�nywlnvv�n�zwnmqvnvq�. _is��lnyjq�qm�zquipqv�wsqz�
t�n{z��k�wxizv�r�siv�nywlnv�
'3.8D66�0<??@.;<093;6M:
1) ?KNNO=JK?HBJEB�JBGKOKMXR�=HYAB@EAK?�E�GBOKJK?�?�NLEMOX�xwm�mnr�

z{kqnu�itswlwt�mnlqmywlnvip��[mvisw�i�n{wv�uwon{�xy�uw�k~wmq{��k��qst�
i�ywjvwlw�un{ijwtqpui��nynp�i�n{wi�n{i{�q�i�n{qt-WwN;

2)?KNNO=JK?HBJEB�JEOMK-E�=DK@MPLL��cnt�r�y�m�iywui{q�nzsq~�vq{yw�
zwnmqvnvqr��vixyquny�vq{ywjnvpwt��xiyivq{ywjnvpwrvi��sqztw{i�q�~tw�
yiu}nvqswt��kwzz{iviktqki�{z��k�zww{kn{z{k|��qn�iuqv��vq{ywynm|s{i�
pwr��vq{ywynm|s{ipiuq �
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Pwpuwovw�wjyipwkivqn�xywm|s{wk��zwmnyoi�q~�lqmywszqiuqvw- qtq�
vq{ywpwly|xx���[jyipwkivqn�vq{ywpwzwnmqvnvqr�xynmz{ikt�n{�jwt��|�
wxizvwz{��mt��jqwz}ny���{is�sis�xyq��{wu�uwon{�wjyipwk�ki{�z��kn�nz{�
kw��wjtimi��nn�zqt�v�u�u|{ilnvv�u�q%qtq�siv�nywlnvv�u�mnrz{kqnu�
Zixyquny��xyq�jqw{yivz}wyui�qq�lnyjq�qmi�{yq}t|yitqvi�xywqz~wmq{�
wjyipwkivqn�vq{ywpwzwnmqvnvq���wjtimi��nlw�siv�nywlnvv�umnrz{kqnu;

3)?KNNO=JK?HBJEB�N-KGNEAK?��\yw�nzz�si{itqpqy|n{z��N-OKzqmw-
ynm|s{ipiuq��sw{wy�n�wjviy|onv��k�uqsywzwuit�vwr�q�yiz{kwyquwr�
}yis�q�~�stn{ws��i�{ison�k�uq{w~wvmyq�~;

4) ?KNNO=JK?HBJEB�AENPHYQEAK? (R=S=S=R1). [vq�yiz�nxt��{z��z�
wjyipwkivqnu�{qwtwk�

5) ?KNNO=JK?HBJEB�A?KFJXR�N?\DBF��Rkwrv�n�zk�pq�vnsw{wy�~�itq}i{q�
�nzsq~�qtq�itq�qstq�nzsq~�zwnmqvnvqr�uwl|{�z{ivwkq{�z��viz��nvv�uq�
�vixyquny��|��qstwlnszivi ��\ywz{nr�qn�itsnv��q�itsqv���iz{w��szsyn{q�
y|�{z��jnp�qpunvnvqr�q~z{y|s{|y�;

6)AB@EAMKGNEHEMK?=JEB;
7) ?KNNO=JK?HBJEB�=MKI=OETBNGERSEGHK?�ivi�ywjv�uq�uqsyw�

wylivqpuiuq�
'3.8D66�162><965.:
1) @EAMKHED�ZQEMK?�G=M>KJK?XR�GENHKO�si{itqpqy|�{��z{nyip���f}qy��

siyjwvwk�~�sqztw{�lqmywtqp|�{z��k�wylivqpun�sis�oqkw{v�~��{is�q��ntw�
knsi��Qqmywtqp��}qyvwr�zk�pq�=vi�it�v�r��{ix�uqsywjqwtwlq�nzswr�mn�
lyimi�qq�uvwlq~�xnz{q�qmwk;

2) @EAMKHED�=IEAK? �@EAM=DEAK?�E�JEOMEHK?��f{q�ynis�qq�xywqz~wm�{�k�
mwxwtvnvqn�s�my|lqu�ynis�q�u�jqw{yivz}wyui�qq�Qqmywtqp�iuqmvwr�
zk�pq�wxqziv�xyq�qp|�nvqq�uqsywjqwtwlq�nzswr�mnlyimi�qq�}nvqtiuqm�
v�~�xnz{q�qmwk�q�xywqz~wmq{�z�|�iz{qnu�iuqmip�

3) @EAMKHED�QKNQKMKM@=JETBNGER�?BVBNO?��P��{wu�xyw�nzzn�|�iz{k|�{�
}nyunv{���i{is|��qn �}qyv�nzk�pq�qtq�mnrz{k|��qn�vi�ivlqmyqm��
sqztw{��]nis�q��lqmywtqpi��}qyi�}wz}wyvwr�sqztw{��xyw~wmq{�xw�ztn�
m|��nr�z~nun�



66

'3.8D66�8<;HL1.D66. W�swv°�li�qwvv�u�w{vwz�{z��xyw�nzz��jqwzqv�
{npi��k�ynp|t�{i{n�sw{wy�~�qp�sznvwjqw{qswk�qtq�q~�un{ijwtq{wk�q��vmw�
lnvv�~�xywm|s{wk��lt�s|ywvwkwr�sqztw{���i�n{qtz|t�}i{i��ltq�qvi�q�my� �
wjyip|�{z�ztwov�n�kn�nz{ki������������������������������������������������

}nyunv{
RX���vmwlnvvwn�zwnmqvnvqn swv��li{

[jyipwkivqn�swv°�li{wk�=�{w��vnylwpikqzqu�n�xyw�nzz���xwmyipmn�
t���qnz��vi�mkn�ly|xx��k�pikqzquwz{q�w{�xyqywm��is{qkv�~�xywuno|-
{w�v�~�xywm|s{wk�ynis�qr�
=xyw�nzz���k�ynp|t�{i{n�sw{wy�~�wjyip|�{z��is{qkqywkivv�n�swv°��

lqy|��qn�ilnv{���ynis�qq�un{qtqywkivq���i�n{qtqywkivq���wjyipwkivq��
lt�s|ywvqmwk��ltqswpqmwk�q�z|t�}i{wk;
=xyw�nzz���mt��sw{wy�~�~iyis{nyvw�wjyipwkivqn�is{qkqywkivvwlw�z|j�

z{yi{i��vixyquny��iuqvwsqztw{vi��swv°�li�q��
P�wxynmntnvv�~�zq{|i�q�~�ynis�qq�swv°�li�qq�z�q{i�{z��k�zwsw�}�

}ns{qkv�uq�x|{�uq�zvqonvq��{wszq�vwz{q�vnsw{wy�~sznvwjqw{qswk�
Ziqjwtnn�qp|�nv��ztnm|��qn�ynis�qq�swv°�li�qq��

1) GKJW[@=SE\�=SBO=O=�xyq�|�iz{qq�i�n{qt-WwN�z�vnsw{wy�uq�iywui�
{q�nzsquq�iuqviuq�q�z|t�}wviuqmiuq��

2) GKJW[@=SE\�@HESEJ=�z�jnvpwrvwr�sqztw{wr��wxqzivvi��Wnttnywu�k�

���l���=wmvi�qp�xnyk�~�qp|�nvv�~�ynis�qr�jqw{yivz}wyui�qq�
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3) GKJW[@=SE\�OMELBLOEA=�@HPO=OEKJ=��Qt|{i{qwv�=�}}ns{qkv�r�
swv°�lqy|��qr�ilnv{�mt��swvmnvzqywkivq��swt��nk�~�zqz{nu�> vi}{i�
tqvi��iv{yi�nvi��}nviv{ynvi��
Qt|{i{qwv�xyqvquin{�|�iz{qn�k�ynis�q�~�jqw{yivz}wyui�qq�{isq~�|z�

{wr�qk�~�sznvwjqw{qswk��sis�vi}{itqv�

Yvwlqn�sznvwjqw{qsq�k�mnt��{z��k�uw�|�k�kqmn�unysix{|ywk�~�sq�
ztw{��_isqn�swv°�li{��wjyip|�{z��k�ynp|t�{i{n�kpiquwmnrz{kq��sznvwjqw�
{qswk�z�lt|{i{qwvwu;

4) IBOEKJEJ�E�ZOEKJEJ�|�iz{k|�{�k�ynis�q�~�itsqtqywkivq��_isqu�
wjyipwu�un{qtqy|n{z��xqyqmqv��xqywlittwt��z|t�}q{���zntnvq{���{ntt|�
yq{��xwmknyli�{z��jqwtwlq�nzswu|�un{qtqywkivq��q�xynkyi�i�{z��k�tn�
{|�qn�mqun{qt�v�n�xywqpkwmv�n;

5) KMJEOEJ�qzxwt�p|n{z��xyq�mn{wszqsi�qq�jnvpwrvwr�sqztw{��k�wy�
livqpun�ynx{qtqr�q�x{q���i�iylqvqv�=k�wylivqpun�tnvqz{wvwlq~;

6) @HPO=IEJ|�xyqui{wk�qzxwt�p|n{z��mt��swv°�li�qq�}nvqt|sz|zvwr�
sqztw{��q�vnsw{wy�~�nn�ln{nyw�qstq�nzsq~�ivitwlwk;

7) ME>KD=�E�@H[GKD=��iz{w�qzxwt�p|�{z��mt��swv°�li�qq��swv°�li{��
lt�swp��wzwjnvvw��qywsw�xynmz{iktnv�k�yiz{nvq�~��|�uwtt�zswk�q�vizn�
swu�~��̂xwzwjvwz{��yiz{nvqr�ltqswtqpqywki{��sznvwjqw{qsq�j�ti�w{sy��
{i�k�
����l��R��Yqttnywu�Qtqswpqywkivqn��kt�n{z��wzvwkv�u�x|{nu�mn�
{wszqsi�qq�yiz{nvq�uq��|onywmv�~�}nvwtwk;

8) GKJW[@=SE\�GNBJK>EKOEGK?�N�@H[GPMKJK?KF�GENHKOKF��wjyipwkivqn�
lt�s|ywvqmwk �=viqjwtnn�kiov�r�un~ivqpu�mn{wszqsi�qq�sznvwjqw{q�
swk��P�ynis�qq�|�iz{k|n{�is{qkvi��}wyui�lt�s|ywvwkwr�sqztw{��=|yq�
mqvmq}wz}wlt�s|ywvwki��sqztw{i��̀R~Q ��Wi{itqpqy|n{�xyw�nzz�|yq�
mqvmq}wz}i{lt�s|ywvwpqt{yivz}nyipi��̀R~Q_ ��twsitqpwkivvi��k�unu�
jyivi~�f]�lnxi{w�q{wk��tnlsq~��swoq��sq�n�vqsi��xw�ns�
Qt�s|ywvwki��sqztw{i�qzxwt�p|n{z��mt��swv°�li�qq�z�sznvwjqw{qsiuq�

|�jwt��qvz{ki�xwpkwvw�v�~�q�kzn~�utnswxq{i��q~��[vi�qunn{�xynqu|�
�nz{kw�xnynm�lt�swpwr�sis�mn{wszq�qy|��qrilnv{�xwzswt�s|�zwmnyoq{�
qwvqpqy|nu|��ly|xx|��Wwv°�li�qq�xwmknyli�{z��zxqy{���}nvwt���siyjw�
sqztw{���iuqv���lqmywszqtiuqv���siyjiuqm���z|t�}wviuqm��q�{qwt�;

9) GKJY[@=SE\�N�HE@JEJKI. �̂tqlvqvwuuwl|{�swkitnv{vw�zk�p�ki{�z��
uwtns|t��xnz{q�qmwk���-R��mq~twy}nvwszq|sz|zvi��sqztw{i ��xnv{i�
~twy}nvwti�i�{ison���-mq~twyivqtqvi;
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10) NPHYQ=OJ=\�GKJW[@=SE\��NPHYQ=OEMK?=JEB��=�kwt��qwvvw�wmqv�
qp�mynkvq~�kqmwk�jqw{yivz}wyui�qq��P�vnn�kz{|xi��}nvwt���zxqy{���
iywui{q�nzsqn�iuqv���lqmywszqtiuqv���vnsw{wy�n�z{nywqm���\ywqz~w�
mq{�z�|�iz{qnu�z|t�}i{imnvqt{yivz}nyip���imnvqtz|t�}i{sqvip���q�my��
}nyunv{wk��Pvnsw{wy�~ zt|�i�~�z|t�}i{vi�swv°�li�q��xyqkwmq{�s�
xw�ktnvq��siv�nywlnvvwlw�kn�nz{ki��kpiquwmnrz{k|��nlw�z�v|stnqvw�
k�uq�sqztw{iuq��
[xqziv��{ison�q�my|lqn�kqm��swv°�li�qq��vixyquny��}wz}i{vi��

swv°�li�q���ynis�q��sznvwjqw{qswk�z�ltq�qv{i|yqvwu�q�}wyuqtwu ��
 31.9<13;6><0.;63�W�~twyzwmnyoi�qu�sznvwjqw{qsiu�w{vwz�{z��uvw�

lqn�xnyzqz{nv{v�n�xwtt�{iv{���k�{wu��qztn�xnz{q�qm���i�{ison�y�m�xyq-
ywmv�~�un{ijwtq{wk�vqp�q~�yiz{nvqr.
Ywovw�k�mntq{��ztnm|��qn�kqm��ynis�qr�mnlitwlnvqywkivq���
1) @EAMKHEOETBNGKB�AB@=HK@BJEMK?=JEB�(~twyqywkivv�~�itq}i{q�n�

zsq~�sqztw{��xyq�mnlyimi�qq iywui{q�nzsq~�xnz{q�qmwk ��Zixyquny��
lnyjq�qm�2,4-R�mnlyimqy|n{z��xw�knvv�uq�jis{nyq�uq�z�|�iz{qnu�yn�
is�qq��{wlw�{qxi; 

2) ?KNNO=JK?EOBHYJKB�AB@=HK@BJEMK?=JEB�#��{w�ynis�q��piun�nvq��
i{wui�litwqmi�vi�kwmwywm��Yvwlqn�jis{nyqq��lyqj���kwmwywztq�{isqu�wj�
yipwu�{yivz}wyuqy|�{�RR_�k�RRR��Ywl|{�wjyipwki{�z��qv{nyunmqi{���
{wszq�v�n�mt��stn{ws�

3) 3GENHEOBHYJKB�AB@=HK@BJEMK?=JEB��]nis�qq��{wlw�{qxi�xwmyipmn�
t��{z��vi��mnlqmywlitwlnvqywkivqn��xyq�un{ijwtqpun�RR_ ��wsqztq{nt�vwn�
mnlitwlnvqywkivqn�z�wjyipwkivqnu�mkwrvwr�zk�pq��mnlitwlnvqywkivqn�=
lqmywszqtqywkivqn�z�|�iz{qnu�uwtns|t�yvwlw�sqztwywmi�

6.39?IQMOZ AJĜ]XGD�L?�KDQ?@MJGFK�IPDLM@GMQGIMA

f{q�}is{wy��uwl|{�j�{��
=@BJBOETBNGEIE"w{vwz�{z��kqmwk�n�yiptq�q��q�yiptq�q��kv|{yq�wm�

vwlw�kqmi�
=QEDEKHK@ETBNGEIE sw{wy�n�ktq��{�vi�un{ijwtqpu�]�w{vwz�{z��kwp�

yiz{��xwt��zwz{w�vqn�xq{ivq���pijwtnkivq��q{�m�
=Q=GOKMXKGMPC=[VBF�NMBAX�z{ynzz�qp-pi�vnjtilwxyq�{v�~�|ztw�

kqr��wjt|�nvqn�qwvqpqy|��nr�yimqi�qnr��wsqztq{nt�vw-kwzz{ivwkq-
{nt�v�r�xw{nv�qit��[P\ ��vitq�qn�my|lq~�sznvwjqw{qswk��
=LMEMKA=��NOMPGOPM=�sznvwjqw{qswk�
_is�vnjtilwxyq�{v�n�kvn�vqn�|ztwkq��xyqkwm�{�s�|kntq�nvq��uqsyw�

zwuit�vwlw�wsqztnvq���i�qwvqpqy|��i��yimqi�q�k�p�kin{�|lvn{nvqn�lqm�
ywszqtqywkivq��z{nywqmwk��bwyw�w�qpknz{vw�is{qkqywkivqn�un{ijwtqpui�
�|onywmv�~�zwnmqvnvqr�kknmnvqnu�my|lq~�sznvwjqw{qswk�=unmqsiunv{wk��
xnz{q�qmwk�q�xwtq�qstq�nzsq~�|ltnkwmwywmwk���ktnvqn�tnsiyz{knvvwlw�zq�
vnylqpui�q�{wtnyiv{vwz{q��qvm|s�q��}nyunv{wk�q�siv�nywlnvnp| ��
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Wznvwjqw{qsq�wsip�ki�{�z{qu|tqy|��qr��}}ns{�x|{nu�|kntq�nvq��
swtq�nz{ki�uqsywzwuit�v�~�}nyunv{wk��k�{wu��qztn��q{w~ywui�]-�	�q�
ZNR~-Z-�q{w~ywu-z-ynm|s{ip��f{w�uwon{�xywqz~wmq{��kztnmz{kqn�|kn�
tq�nvq��xwkny~vwz{q�unujyiv���zswywz{q�zqv{npi�}nyunv{wk�q�|unv��n�
vq��zswywz{q�q~�yizximi�
Vpknz{nv�y�m�tnsiyz{knvv�~�xynxiyi{wk��sw{wy�n�xwmikt��{�uqsywzw�

uit�v�r�un{ijwtqpu�sznvwjqw{qswk��xywmtnki��{nu�ziu�u�mnrz{kqnuvw�
lq~�tnsiyz{k�
Vunn{z��uvwlw�mivv�~�xw�pikqzquwz{q�zswywz{q�un{ijwtq�nzsq~�xyn�

kyi�nvqr�w{�xyqywm��kn�nz{ki��Yvwlqn�qp�iywui{q�nzsq~�|ltnkwmwywmwk�
zwmnyoi{z��k�z�ywr�vn}{q�q�siunvvwu�mnl{n��vnsw{wy�n�qpknz{v��sis�siv�
�nywlnv���[zvwkvi��ynis�q��k�q~�un{ijwtq�nzsq~�xynkyi�nvq�~�=�{w�yn�
is�q��lqmywszqtqywkivq���zwxywkwominn{z��kknmnvqnu�uwtns|t��kwm���wj�
yip|�{z��mqlqmywt� ��Rion�mt��y�mi�jtqpsq~�xw�z{y|s{|yn�uvwlw�mnyv�~�
|ltnkwmwywmwk�zswywz{��un{ijwtqpui�qpunv�n{z��jwtnn��nu�k�mkim�i{��yip��
�̀vnsw{wy�~�zwnmqvnvqr��vixyquny��
�
-mq~twy�{iv��
�
-mq~twyxywxiv�

q�
�
��-{yq~twyxywxiv �mn~twyqywkivqn�xyw{nsin{�w�nv��tnlsw��{wlmi�sis�
my|lqn�kn�nz{ki�w�nv��|z{wr�qk��s��{wu|�xynkyi�nvq���̂swywz{��ynis�
�qq�mn~twyqywkivq��xwk��in{z���nztq�~twyqywkivv�r�i{wu�zk�piv�z�wm�
vqu�i{wuwu�kwmwywmi��
fszxnyqunv{it�v�n�mivv�n�xwsip�ki�{���{w�ywmz{knvv�n�kn�nz{ki�

un{ijwtqpqy|�{z��wszqmipwr�uqsywzwu�xn�nvq�sy�z��wjtimi��nr�zun�
�ivvwr�}|vs�qnr��z�yipvwr�zswywz{���_isqn�qpunvnvq��is{qkvwz{q�wj|�
ztwktnv��wlyivq�nvvwr�mwz{|xvwz{���is{qkv�~�unz{�vi�xwkny~vwz{q�
}nyunv{i�q�z{nyqw~quq�nzsquq�zkwrz{kiuq�z|jz{yi{i��
Zi�zswywz{��ynis�qq�uwl|{�ktq�{��qpunvnvq��xtw{vwz{q��tns{ywvwk�k�

uwtns|tn�z|jz{yi{i��k�p�kinu�n�yiptq�v�uq�piunz{q{nt�uq��
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0DIUĜ��
3PM@DLLMPQG�KDQ?@MJGFK? IPDLM@GMQGIMA R O?FJGVLZT�

MOB?LGFKMA

7�
�[zwjnvvwz{qun{ijwtqpuisznvwjqw{qswk�uqsywwylivqpuiuq
7.2[zwjnvvwz{q�un{ijwtqpui�sznvwjqw{qswkyiz{nvq�uq
7.3Yn~ivqpu��mn{wszqsi�qq�sznvwjqw{qswk�

7���3PM@DLLMPQG�KDQ?@MJGFK?�IPDLM@GMQGIMA�KGIOMMOB?LGFK?KG��

]iptq�q��unom|�wylivqpuiuq�k�q~�ynis�q�~�vi�kwpmnrz{kqn�sznvwjqw�
{qswk�wj|ztwktnv��yipvwr�zxwzwjvwz{���un{ijwtqpqywki{���{q�kn�nz{ki�q�
uwl|{�j�{��w�nv��z|�nz{knvv�uq��Zixyquny��k�xyw�nzzn�mnun{qtqywkivq��
iv{qxqynvi�xynxiyi{�xn�nvq�~wu�si�xw�{q�k��		�yip�is{qkvnn�xynxiyi{i�
xn�nvq�syiji��Owtnn�vqpsi��is{qkvwz{���xw-kqmquwu|��~iyis{nyvi�mt��kzn~�
kwmv�~�wylivqpuwk���{w�~wyw�w�zwltiz|n{z��z�q~�zxwzwjvwz{���iss|u|tq�
ywki{��kn�nz{ki�qp�zynm��wjq{ivq��
P�xynmnti~�wmvwlw�kqmi�|ywknv��uqsywzwuit�vwr�is{qkvwz{q�pikqzq{�

w{�xwti�wylivqpui�q�z{imqq�nlw�yipkq{q���P�yipv�~�wylivi~�=xn�nvq��sq�
�n�vqsn��tnlsq~�q�{�m��=is{qkvwz{��{ison�yiptq�vi�
Ritnn�ztnm|n{�w{un{q{����{w�k�xyqywmn�w�nv��yizxywz{yivnv��xyw�nzz��

}nyunv{i{qkvwr�uwmq}qsi�qq�uqsywwylivqpuiuq�yiptq�v�~�xw�~quq�n�
zswu|�z{ywnvq��q�}qpqsw-~quq�nzsqu�zkwrz{kiu�sznvwjqw{qswk��Yqsyw�
wylivqpu��wj��vw�zwmnyoi{�jwt��wn��qztw�}nyunv{wk��|�iz{k|��q~�k�
xyw�nzzi~�{yivz}wyui�qq�sznvwjqw{qswk�
Ynom|�uqsywwylivqpuiuq��wjq{i��quq�kw�kvn�vnr�zynmn�q�oqk|�q�

uq�kv|{yq�wylivqpui��z|�nz{k|�{�pvi�q{nt�v�n�yiptq�q��k�un{ijwtqpun�
sznvwjqw{qswk��_is��uvwlqn�uqsywwylivqpu��kvn�vnr�zynm���k�w{tq�qn�w{�
sq�n�vwr�uqsyw}twy���zxwzwjv��s�jwtnn�lt|jwswr�mnlyimi�qq��yipy�k|�
iywui{q�nzsq~��mny�q�ln{nyw�qstq�nzsq~�swtn� sznvwjqw{qswk��\ywm|s�
{��yiz�nxtnvq��zt|oi{�mt��uqsywwylivqpuwk�nmqvz{knvv�u�qz{w�vqswu�
|ltnywmi��Vz{w�vqswu�zny��mt��vq~�{ison�uwl|{�j�{��xywm|s{��{yivz�
}wyui�qq�vnsw{wy�~�sznvwjqw{qswk�
_qxq�v�n�ynis�qq�un{ijwtqpui�sznvwjqw{qswk�k�uqsywwylivqpui~�vi�

xwuqvi�{�{iswk�n�|�oqkw{v�~�wylivqpuwk��[mvisw�nz{��q�zxn�q}q�nzsqn�
un~ivqpu��{yivz}wyui�qq��|onywmv�~�zwnmqvnvqr�uqsywwylivqpuiuq��P�
uqsywjqwtwlq�nzswr�{yivz}wyui�qq�sznvwjqw{qswk�yiptq�i�{z��xyw�nz�
z��un{ijwtqpui�q�swun{ijwtqpui�
\wm�un{ijwtqpuwu�xwvqui�{�xynkyi�nvqn�zwnmqvnvq��mw�swvn�vwlw�

xywm|s{i�ynis�qq��sw{wy�r�vn�|�iz{k|n{�k�{yivz}wyui�qq��/KIBO=>KHEDI
=�{w�qpunvnvqn�z{y|s{|y��uwtns|t��sznvwjqw{qsi��si{itqpqy|nuwn�}ny�
unv{iuq uqsywwylivqpuwk�sw{wy�n�k�ywztq vi�z|jz{yi{i~�qtq�q~�
un{ijwtq{i~��̂ |jz{yi{��wsip�ki�{�qvm|�qy|��nn�mnrz{kqn�vi�{isqn�
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}nyunv{��̂ |�nz{k|n{�q�my|lwn�wxynmntnvqn�swun{ijwtqpui�sis�{yivz-
}wyui�qwvvwlw�xyw�nzzi��k�sw{wywu�wj�pi{nt�vw�mwtov��|�iz{kwki{��ywz�
{wk�n�z|jz{yi{��wxynmntnvvwlw�~quq�nzswlw�zwz{iki�
Yvwlqn�sznvwjqw{qsq��vixyquny��RR_�q�vnsw{wy�n�my|lqn�xnz{q�qm� �

uwl|{�yiptili{�z��y�mwu�uqsywwylivqpuwk�{wt�sw�k�|ztwkq�~�swun{ijwtqp�
ui��{�n��xyq�wjnzxn�nvvwz{q�zww{kn{z{k|��quq�swz|jz{yi{iuq��sw}is{wyi�
uq�q�{�m��_is��k��szxnyqunv{it�v�~�|ztwkq�~�un{ijwtqpu�vnsw{wy�~�xnz{q�
�qmwk�pvi�q{nt�vw�z{qu|tqywkitz��mwjiksiuq��{ivwti��lt�swp��q�my�
Pw�uvwlq~�zt|�i�~�k�un{ijwtqpu�ztwov�~�wylivq�nzsq~�kn�nz{k�kwktn�

sin{z��vn�wmvi��i�vnzswt�sw�}nyunv{i{qkv�~�zqz{nu�uqsywwylivqpuwk��\w�
ivitwlqq�z�oqkw{v�uq�mivv�r�xyw�nzz�vip�kin{z��xwtq{yivz}wyui�qnr�

ŷnmq�uqsywwylivqpuwk��i�n�kznlw�kz{yn�i�{z���{iuu���wz|�nz{k�
t���qn�vnxwtv|��mnlyimi�q��sznvwjqw{qswk��\w�{wu|�xwtvwn�yipy|�n�
vqn��vixyquny��xnz{q�qmwk�{ynj|n{��sis�xyikqtw��zwkunz{vwlw�mnrz{kq��vn�
zswt�sq~�wylivqpuwk�q�ijqw{q�nzsq~�}is{wywk�
[�nv��kionv�{w{�}is{���{w�lnvn{q�nzsi��zxwzwjvwz{��vnsw{wy�~��{iu�

uwk�jis{nyqr�yipy|�i{��{w{�qtq�qvwr�sznvwjqw{qs�pikqzq{�w{�vitq�q��k�
stn{si~�xtipuqm��[jviy|onvw�wswtw�xwt|{wyi�mnz�{swk�xtipuqm��xyqmi��
�q~�jis{nyq�u�zxwzwjvwz{��yipy|�i{��wylivq�nzsqn�kn�nz{ki�
O�tw wjviy|onvw���{w�wmqv�qp��{iuuwk xw�knvvwr�jis{nyqq�

Alcaliqeues paradoxus zwmnyoq{�xtipuqm|��xyqmi��|��uqsywwylivqpu|�
zxwzwjvwz{��yipy|�i{���qywsw�yizxywz{yivnvv�r�lnyjq�qm���-R��mq�
~twy}nvwszq|sz|zvi��sqztw{i ��\wsipivw���{w��{i�xtipuqmi�vi~wmq{z��q�|�
my|lwlw�kqmi�jis{nyqr�(A. eutrophus); wvi�w{vwzq{z��s�ly|xxn�xtipuqm�z�
�qywsqu�zxns{ywu�~wp�nk�
Pnyw�{vw��z�xwuw����lnvvwr�qvonvnyqq�q�swvz{y|qywkivq�xtipuqm��

wj°nmqv���q~�lnv���w{kn{z{knvv�n�pi�w{mnt�v�n�xwztnmwki{nt�v�n�z{i�
mqq�yipy|�nvq��|z{wr�qk�~�xnz{q�qmwk��uwovw�j|mn{�xyqmi{��jis{nyq�u�
zxwzwjvwz{��yipy|�i{��y�m�sznvwjqw{qswk��Pwpuwovw���{w�xwtnpv�u�wsi�
on{z��stwvqywkivqn��wxnyi�q���xyqkwm��i��s�viswxtnvq��jwt��wlw��qzti�
swxqr�wxynmntnvvwlw�|�iz{si�RZW �lnvwk�ynpqz{nv{v�~�viznswu�~��w{kn{�
z{knvv�~�pi�mn{wszqsi�q��xnz{q�qmwk�
P�un{ijwtqpun�vnsw{wy�~�sznvwjqw{qswk�jis{nyq�uq�mnrz{k|�{�wsqz�

tq{nt�v�n�}nyunv{��=mqwszqlnvip���P�w{tq�qn�w{�uwvwwszqlnvip�mqwszq�
lnvip��kvnmy��{�k�z|jz{yi{�mki�i{wui�sqztwywmi�

����3PM@DLLMPQG�KDQ?@MJGFK?�IPDLM@GMQGIMA�O?PQDLĜKG

P�k�z�q~�vipnuv�~�q�kwmv�~�yiz{nvq�~�}|vs�qq�is{qki{wywk�sqztw�
ywmi q nlw�kwzz{ivwktnvq��wz|�nz{kt��{xnywszqmip���si{itipi�q�
xwtq}nvwtwszqmip��
]iz{nvq��zxwzwjv��s�un{ijwtq�nzswu|�xynkyi�nvq��sznvwjqw{qswk��

~w{���k�w{tq�qn�w{ oqkw{v�~��vnqun�{�wylivi�qtq�zxn�qit�vwr�{sivq��
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w{kn{z{knvv�~�pi�q~�un{ijwtqpu��]iptq�v�n��iz{q�yiz{nvqr�zwmnyoi{�
}nyunv{���si{itqpqy|��qn�xynkyi�nvqn�sznvwjqw{qswk��_is�sis�wmqv�q�
{w{�on�wylivqpu�qunn{�|�iz{sq�yiptq�vwlw�kwpyiz{i��{w�q~�is{qkvwz{�vn�
wmqviswki��Yqsywzwuit�vi��zqz{nui��|�iz{k|��i��k�xyw�nzzi~�jqw-
{yivz}wyui�qq��yizxywz{yivnvi�k�yipv�~�yiz{q{nt�v�~�wylivi~�q�{siv�~��
swyv�~��swyvnxtwmi~��swyvnkq�i~��tqz{��~�q�pynt�~�xtwmi~�
Zitq�qn�zqz{nu��jqw{yivz}wyui�qq��|onywmv�~�zwnmqvnvqr�|�yiz{n�

vqr�|mitwz��k��kq{��k�ynp|t�{i{n�wx�{wk�z�un�nvv�uq�kn�nz{kiuq��]iz�
{nvq��uwl|{�pixizi{��{wszqv��k�zkwq~�stn{si~�k�vn{wszq�vwr�zk�pivvwr�
}wyun��vixyquny��HCNzk�p�kin{z��k��qivqz{�r�ltqswpqm �
Ziqjwtnn�qp|�nvi�|�yiz{nvqr��sis�q�|�my|lq~�wylivqpuwk��{yivz}wyui�

�q��wylivq�nzsq~�sznvwjqw{qswk�
_yivz}wyui�q��sznvwjqw{qswk�|�yiz{nvqr�xywqz~wmq{��sis�q�|�oqkw{�

v�~��pi�z�n{�ynis�qr�wsqztnvq���kwzz{ivwktnvq���lqmywtqpi�q�xwztnm|��
�nr�swv°�li�qq��f{q�xyw�nzz��zt|oi{�qvis{qki�qq�sznvwjqw{qsi�q�xnyn�
kwm|�nlw�k�yiz{kwyquwn�zwz{w�vqn���{w�xwpkwt�n{�tqjw�qpwtqywki{��nlw�k�
stn{w�v�~�kis|wt�~��tqjw���{w�j�kin{�ynmsw �k�knz{q��nynp�swyvnk|��zqz�
{nu|�q�tqz{���
Rt��yiz{nvqr�~iyis{nyvi�swv°�li�q��z�lt�swpwr��qvwlmi�xywqz~wmq{�

swv°�li�q��sznvwjqw{qsi�z�iuqvwsqztw{wr�qtq�jntsiuq�P�xwztnmvqn�
lwm��|z{ivwktnvi�swv°�li�q��z�tqlvqvwu��d|onywmv�n�kn�nz{ki��zw�
mnyoi�qn�}nvwt�v�n�qtq�ipw{qz{�n�ly|xxqywksq��jqw{yivz}wyuqy|�{�
z��xy�u�u�x|{nu�z�wjyipwkivqnu�lt�swpqmi��[mvisw�k�zt|�in�w{z|{z{�
kq��|�{wszq�nzsq~�kn�nz{k�{isq~�}|vs�qwvit�v�~�ly|xxqywkws�k�xyn�
swv°-�li�qwvvwu xyw�nzzn�mwtovw�xywqz~wmq{��q~�kknmnvqn�k�z{y|s-
{|y|uwtns|t��
_isqu�wjyipwu��st��nk�u�xyw�nzzwu�k�{yivz}wyui�qq�wylivq�nzsq~�

kn�nz{k�yiz{nvqnu��kt�n{z��wjyipwkivqn�lt�swpqmi��sw{wywn�xyw{nsin{�z�
|�iz{qnu�}nyunv{i�ltqswpqt{yivz}nyip��k�xyqz|{z{kqq�k�si�nz{kn�sw}is�
{wyi�|yqmqvmq}wz}i{lt�swp���P�w{tq�qn�w{��{wlw�mt��oqkw{v�~�jwtnn�~i�
yis{nyvw�wjyipwkivqn�lt�sw|ywvqmi�qtq��{nyq}q�qywkivvwlw�z|t�}i{i�

7.3 1DT?LGFKZ�CDQMIPGI?UGG�IPDLM@GMQGIMA�

P�viqjwtnn�{qxq�vwu�kiyqiv{n�zqz{nui�pi�q{��w{�ziu�~�yipv�~�szn�
vwjqw{qswk�xynmz{iktnvi�{yn~�{ixv�u�xyw�nzzwu��kst��i��qu�}ip��1)
is{qki�qq�sznvwjqw{qswk, 2) vnr{yitqpi�qq�sznvwjqw{qswk, 3) k�knmnvqn�
sznvwjqw{qswkqp�wylivqpui��Oqw{yivz}iyui�q��sznvwjqw{qswk�qlyin{�
st��nk|��ywt��k�un~ivqpui~�imix{i�qq�wylivqpui�s�}is{wyiu�kvn�vnr�
zynm���[vi�kst��in{�{yq�xwztnmwki{nt�v�n�q�}|vs�qwvit�vw�zwxy�onv�
v�n�}ip���sw{wy�n�wz|�nz{kt��{z��pi�z�n{�is{qkvwz{q�jwtnn��		�yiptq��
v�~�}nyunv{wk. Wiomwu|�qvmqkqm||u|�zkwrz{knvvi�|vqsit�vi��swv}ql|�
yi�q��lnvwk��w{kn{z{knvv�~�pi�zqv{np�}nyunv{wk�zqz{nu��jqw{yivz}wyui�
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�qq��q��zww{kn{z{knvvw��|vqsit�v|��ynis�q��siomwlw��ntwknsi�vi�xwkyn�
omi��qn�mnrz{kqn��sis }is{wywk�kvn�vnr�zynm���{is�q��vmwlnvv�~�
}is{wywk��\yq�qvwr�}nvw{qxq�nzsq~�yiptq�qr��kt�n{z��xwtquwy}qpu�zw�
w{kn{z{k|��q~�lnvwk�

v̂i�iti�xwz{|xi��qn�k�wylivqpu��|onywmv�n�zwnmqvnvq���siv�nyw�
lnv���tnsiyz{ki��xywu��tnvv����m��q�xy� �is{qkqy|�{z��z�xwuw����
}nyunv{wk�znunrz{ki��q{w~ywuwk�]�	qtq�uqsywzwuit�v�~��xwszqm-
lqmywtip��.�?!' ��wjyip|��swyw{swoqk|�qn�xywuno|{w�v�n��tns{yw�
}qt�v�n�un{ijwtq{���sw{wy�n�wjtimi�{�lnvw{wszq�nzsquq�zkwrz{kiuq��
P�xyw�nzzn�xnykwr�}ip���vnynmsw�xywqz~wmq{�is{qki�q��lqmyw}wjv�~�
sznvwjqw{qswk�z�wjyipwkivqnu�is{qkv�~�xywuno|{w�v�~��tns{yw}qt��
v�~�un{ijwtq{wk���kt���q~z��wzvwkv�u�z|jz{yi{wu�mn{wszqsi�qq�zqz�
{nu��}nyunv{wk�k{wywr�}ip�. 
Qtikv�u�vipvi�nvqnu�k{wywr�}ip���kt�n{z��vnr{yitqpi�q��mnpis{qki�

�q���mn{wszqsi�q��lqmyw}qt�v�~�q�pi�iz{|��{wszq�v�~�xywm|s{wk�xnykwr�
}ip���xyq�xwuw�q�yiptq�v�~�lqmywtipq�{yivz}nyip��\ywuno|{w�v�n�un�
{ijwtq{�z�xwuw����}nyunv{wk�znunrz{k�lt|{i{qwv{yivz}nyip����A%� , 
R̀~-lt�s|ywvz|t�}w{yivz}nyip��&�� , N-i�n{qt{yivz}nyip��=�% xyn�
kyi�i�{z��k�kwmwyiz{kwyqu�n�vn{wszq�nzsqn�xywm|s{��q�k�kwm�{z��qp�wy�
livqpui�~nyunv{��k{wywr}ip�xyqz|{z{k|�{�kw�kzn~�stn{si~��{�n��}|vs�
�qwvqy|�{�xyq�t�j�~�x|{�~�xwz{|xtnvq��sznvwjqw{qswk��wz|�nz{kt��{�
qtq�pikny�i�{�mn{wszqsi�q���i�qvwlmi�qzxyikt��{�w�qjsq�xnykwr�}ip���
Owt��qvz{kw��{q~�}nyunv{wk�vi~wm�{z��k�lqitwxtipun���iz{��qp�vq~�twsi�
tqpwkivi�k�unujyivi~��vmwxtipui{q�nzswlw�yn{qs|t|ui�q�uq{w~wvmyqr��
Ziqjwtnn��}}ns{qkvw�zqz{nui�mn{wszqsi�qq�}|vs�qwvqy|n{�xyq�zw�

xy�onvvwu��liyuwvq�vwu�mnrz{kqq�}nyunv{wk�xnykwr�q�k{wywr�}ip�. Rn�
zqv~ywvqpi�q���{q~�xyw�nzzwk�knmn{�s�j�z{ywu|�w{yiktnvq��wylivqpui�k�
ynp|t�{i{n�viswxtnvq��xywm|s{wk�xnynsqzvwlw�wsqztnvq���yiptq�v�~�siv�
�nywlnvwk��u|{ilnvwk�q�{nyi{wlnvwk��
P�{yn{�nr�}ipn�jqw{yiz}wyui�qq�xywqz~wmq{�k�knmnvqn�qp�wylivqpui�

xywm|s{wk�mn{wszqsi�qq��nynp�tnlsqn��xw�sq��sq�n�vqs��Piovi��ywt��k�
�{q~�xyw�nzzi~�xyqvimtnoq{�jnts|�xtipu��sywkq�=it�j|uqv|��sw{wy�r�
zk�p�kin{�q�{yivzxwy{qy|n{�un{ijwtq{���spwlnvv�~�q��vmwlnvv�~�z|j�
z{yi{wk��k�{wu��qztn�xywm|s{��xnykwr�q�k{wywr�}ip�mn{wszqsi�qq�
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�bquqpu�~nti{wwjyipwkivq��
����Yn~ivqpu��jqwtwlq�nzswlw�mnrz{kq��~ntis{qy|��q~�ilnv{wk�
����[zvwkv�n�xyqv�qx��zwpmivq��vwk�~�~nti{qy|��q~�ilnv{wk��xny�

zxns{qk��q~�xyqunvnvq�

���:GKGFK�TDJ?QMM@O?FMA?LĜ�

Vpknz{vw�uvwlw�kn�nz{k��tqlivmwk ��zxwzwjv�~�zk�p�ki{�z��z�un{itti�
uq��[vq�iz{w�wjyip|�{�z�vquq�~nti{v�n�zwnmqvnvq���Sztq�un{itt�wsip��
kin{z��pist��nvv�u�k�tqlivmn�unom|�{isquq��tnunv{iuq��sis�N��[�qtq�S, 
{w�wjyip|n{z��~nti{vwn�swt��w�
\wv�{qn�Xtqlivm<�w{vwzq{z��vn�sw�kznu�vi~wm��quz��k�zqz{nun�uwtn�

s|tiu�wylivq�nzswlw�zwnmqvnvq���i�{wt�sw�s�q~��iz{q��vi~wm��nrz��k�zw�
w{kn{z{k|��nr�}wyun��sw{wyi��uwon{�zk�p�ki{��si{qwv�un{itti�
P�pikqzquwz{q�w{�swtq�nz{ki�kz{|xqk�q~�kw�kpiquwmnrz{kqn�i{wuwk�

un{ittwk�q�tqlivmwk�uwl|{�wjyipwk�ki{�z��swuxtnsz��
�
��
���q�my��
%/>.5<0.;63�8<:=938?<0�0�?@3C6<:3@>6E3?8<:�?<<@;<F3;66����. 

_yq�wzvwkv�~�{qxi�tqlivmwk��wjyip|��q~�wmvw�swt��w�k�swuxtnszn�
�
�
�jqmnv{i{v�n�tqlivm� ��

{̂yntsq�k�swt��n�xwsip�ki�{�vixyiktnvqn�zun�nvq��vnxwmntnvvwr�k�
vwyun�xiy���tns{ywvwk�w{�i{wuwk�[��=�qtq�Ss�un{itt|�
i �nztqtqlivm�zwmnyoq{�mkn��tns{ywvmwvwyv�n�ly|xx����{qtnvmqi�

uqv ��{w�piy�m�si{qwvi�un{itti�xyq�wjyipwkivqq�~nti{vwlw�zwnmqvnvq��
vn�unv�n{z���
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j �nztq�tqlivm�zwmnyoq{�wmv|��tns{ywvwmwvwyv|��q�wmv|�ivqwvv|��
ly|xx|��ltq�qv ��{w�piy�m�un{itti�|unv��in{z��vi�nmqvq�|��
k �nztq��tqlivm�zwmnyoq{�mkn�ivqwvv�n�ly|xx����ikntnki��sqztw{i ��{w�

piy�m�un{itti�|unv��in{z��vi�mkn�nmqvq����
bnti{v�n�zk�pq�z�i{wuiuq�sqztwywmi�q�ipw{i�kwpvqsi�{��wj��vw��k�

zt|�in�wjyipwkivq��x�{q- q��nz{q�tnvv�~��qstwk��{isqn��qst��pvi�q�
{nt�vw�z{ijqt�vnn ��[mvisw�xyq�wjyipwkivqq�~nti{v�~�zk�pnr��nynp�zny|�
kwpvqsi�{�|z{wr�qk�n��n{�yn~�tnvv�n��qst��
%/>.5<0.;63�8<:=938?<0�0�?@3C6<:3@>6E3?8<:�?<<@;<F3;66������

_isqn�swuxtnsz��uwl|{�wjyipwk�ki{�z��k�xyqz|{z{kqq�qpj�{si�tqlivmwk��
[jyipwkivqn�swuxtnszwk���
�wj|ztwktnvw�{nu���{w:
=swuxtnsz���ikntnkwr�sqztw{��
�
�uwl|{�zwnmqv�{�z��k�mit�vnr�nu�

z�swuxtnszwu��{qtnvmqiuqvwkwlw�{qxi��wjyip|��zun�ivv�n�swuxtnsz���
=swuxtnsz��
�
�ltq�qvwkwlw�{qxi�zxwzwjv��zwnmqv�{�z��z�my|lquq�

tqlivmiuq��{wlw�{qxi��
=swuxtnsz�
�
��wjyipwkivv�r�tqlivmiuq��xwmwjv�uq��{qtnvmqiuqv|��

uwon{�zwnmqv�{�z��z�t�j�u�qp�{yn~�{qxwk�tqlivmwk��wjyip|��q~�swu�
xtnsz��
�
�
Rt��w�nvsq�xyw�vwz{q�zk�pnr�xyqunv��{�swvz{iv{��|z{wr�qkwz{q��~i�

yis{nyqp|��qn�yikvwknzqn�unom|�wmvqu�qtq�vnzswt�squq�tqlivmiuq�q�
wmvqu�qwvwu�un{itti��xwm�qv���nnz��piswv|�mnrz{kq��uizz��_is��mt��
swuxtnszi�k�zww{vw�nvqq�
�
�swvz{iv{i�|z{wr�qkwz{q��I �yizz�q{�kin{z��
xw�}wyu|tn�

[MeX]
�========= .

[Me] [X]

P�xyqknmnvvwu|yikvnvqq�k��qztq{ntn�vi~wmq{z��pvi�nvqn�swv�nv{yi�
�qqswuxtnszi��i�k�pviunvi{ntn�=pvi�nvqnswv�nv{yi�qrwjyip|��q~�nlw�
swuxwvnv{wk�
+.8@<>I �096MLG63�;.�C39.@<</>.5<0.;63�
1) M=AEPN�EKJ=��Yn{itt��xw�zkwnu|�zywmz{k|�s�jwt��qvz{k|�~nti{q�

y|��q~�ilnv{wk�yizxwtili�{z��k�ztnm|��nu�xwy�msn��w{�viqjwt��nlw�
zywmz{ki�s�viqunv��nu| ���Fe3+, Hg2+, Cu2+, Al3+, Ni2+, Pb2+, Co2+, Zn2+, Fe2+, 
Cd2+, Mn2+, Mg2+, Ca2+, Li+, Na+, K+.
P�y�m|�un{ittwk���kt���quz��xnyk�u�y�mwu�xnyn~wmv�~��tnunv{wk��

25Yn, 26Fe, 27 ŵ��28Ni, 29 û, 30Zn zywmz{kw�s�~nti{qy|��qu�ilnv{iu�xwztn�
mwki{nt�vw�|kntq�qkin{z���mwz{qli��uiszqu|ui�|�unmq��̂u2+ ��\wk��nvqn�
zywmz{ki�s�~nti{qy|��qu�ilnv{iu��kt�n{z��ztnmz{kqnu�|unv��nvq��qwv�
vwlw�yimq|zi��
�̂|kntq�nvqnu�piy�mi�si{qwvi�un{itti�xywqz~wmq{�|unv��nvqn�nlw�yi�

mq|zi��xw�{wu|�Fe3+ qunn{�jwt��nn�zywmz{kw���nu�Fe2+ �qwv��{yn~kitnv{�
v�~�un{ittwk�yizxwtili�{z��k�vi�itn�y�mi��i�wmvwkitnv{v�~�=k�swv�n ��
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2) NOBLBJY�EKJED=SEE�RBH=OKK>M=DPJUUR�=@BJOK?��Pn�nz{kw��wjti�
mi��nn�unv��qu�zywmz{kwu�s�un{itt|��uwon{�xyqzwnmqvq{��jwt��nn�sw�
tq�nz{kw�si{qwvwk�un{itti���nu�kn�nz{ki��|�sw{wy�~��{w�zywmz{kw�jwt��n��
f{w�wj°�zv�n{z��{nu���{w�mt��~nti{wwjyipwkivq��vnwj~wmquw�vn�{wt�sw�
vitq�qn�zywmz{ki�unom|�tqlivmwu�q�un{ittwu��vw�{ison�j�z{ywn�wjyipw�
kivqn�ivqwvwk�tqlivmi�qp�ilnv{i��qtq�uwtns|t�tqlivmi ��{�n��pikqzq{�w{�
pvi�nvq��swvz{iv{��qwvqpi�qq�

3) REIETBNG=\�LMEMKA=�HE@=JA=��Owt��qvz{kw�un{ittwk�tnl�n�zwnmqv��
�{z��z�tqlivmiuq��zwmnyoi�quq�sqztwywm��i�vn�zny|��[mvisw�Cu+, Ag+, 
Hg2+, As+ q�Sb3+ w{mi�{�xynmxw�{nvqn�znyn��|�Cu2+, Ni2+ q�̂w2+ zywmz{kw�s�
znyn�vnzswt�sw�k��n���nu�s�sqztwywm|��nztq�znyi�vi~wmq{z��k�vnqwvqpqyw�
kivvwu�zwz{w�vqq��sis��vixyquny��k�wylivq�nzsq~�z|t�}qmi~�

4) EDIBJBJEB�KGENHEOBHYJK-?KNNO=JK?EOBHYJK@K�LKOBJSE=H=�IBO=HH=, 
k�pkivvwn�wjyipwkivqnu�~nti{v�~�zwnmqvnvqr�z�un{ittiuq��qun��quq�
xnynunvv|��kitnv{vwz{���vixyquny��̂u, Fe, Co��Yn��Yw��V ��Pztnmz{kqn�
~nti{wwjyipwkivq��{isqn�un{itt��uwl|{�mion�qpunv�{��xnykwvi�it�v|��
kitnv{vwz{��
Yn{itt�uwon{�qpunv�{��qpjqyi{nt�vwz{��wylivq�nzswlw�tqlivmi�
=ktq���vi�yizxynmntnvqn��tns{ywvwk�k�tqlivmn�
=xwk��i��ynis�qwvv|��zxwzwjvwz{��is{qkvwlw��nv{yi�tqlivmi�
=k�p�ki��qpunvnvqn�swv}wyui�qq�tqlivmi�
=wjnzxn�qki��kwpuwovwz{��xyqzwnmqvnvq��qtq�w{y�ki��tns{ywvi�
=|kntq�qki��tqxw}qt�vwz{��tqlivmi�q��ztnmwki{nt�vw��nlw�zxwzwj�

vwz{��xywvqsi{��k�oqk|��stn{s|�

���1DT?LGFKZ�@GMJMBGVDPIMBM�CDHPQAĜ�TDJ?IQGOR]XGT�?BDLQMA�

Zitq�qn�mk|~}ipvwr�ynis�qq�wylivqpui�vi�un{itt��zkqmn{nt�z{k|n{�w�
z|�nz{kwkivqq�mk|~�yipv�~�un~ivqpuwk�mnrz{kq��~nti{qy|��nlw�ilnv{i�k�
jqwtwlq�nzsq~�zqz{nui~��
 �|mitnvqn�un{ittwk�qp�stn{sq�qtq�Xuizsqywk�
si<�q~�k�stn{sn��k�kqmn�swuxtnszwk ��� �viswxtnvqn�k�stn{sn�un{ittwk�k�
jwt��nu�swtq�nz{kn���nu�k�wj��v�~�|ztwkq�~��Rit�vnr�nn�xwmyipmntnvqn�
pikqzq{�w{�{wlw���kt��{z��tq�qzztnm|nu�n�un{itt��oqpvnvvw�kiov�uq�
qtq�{wszq�v�uq�mt��wylivqpui�
#.?86><08.. Owt��qvz{kw�~nti{qy|��q~�ilnv{wk��jqwtwlq�nzswn�mnr�

z{kqn�sw{wy�~�wz|�nz{kt�n{z���nynp� I=NGEMK?GP!qtq�|mitnvqnqp�wyli�
vqpui�{wszq�v�~�un{ittwk��xw�xnykwu|�un~ivqpu| ��zt|�irvw�xwxik�q~�k�
wylivqpu��xwt|�qtq�yizxywz{yivnvqn�k�si�nz{kn�iv{qmw{wk��
)JOEAKOX�#�ZOK�RBH=OEMP[VEB�?BVBNO?= �PIBJYU=[VEB�OKGNETB�

NGKB�ABFNO?EB�TPCBMKAJK@K�AH\�KM@=JEDI=�NKBAEJBJE\.
\nyk�r�iv{qmw{�=mqunysixywt�j�t�zqv{npqywkiv�k�
�	�l��k�si�nz{kn�

iv{qmw{i�xyq�w{yiktnvq�~�jwnk�u�w{yikt���qu�kn�nz{kwu��zwmnyoi�qu�
u����s��P�viz{w��nn�kynu��nlw��iz{w�xyqunv��{�mt��tn�nvq��w{yiktnvqr�
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zwnmqvnvq�uq�pwtw{i��y{|{q��k�kqmn�vnwylivq�nzsq~�q�wylivq�nzsq~�zw�
nmqvnvqr ��z|y�u��q�u����si�
\w�z|{q��t�jwr�iv{qmw{�=~quq�nzswn�kn�nz{kw��xynmvipvi�nvvwn�mt��

kknmnvq��mw��k�uwunv{�qtq�xwztn�xwz{|xtnvq��{wszqsiv{i�k�wylivqpu��{w�
nz{��swnylqz{��wj�pi{nt�v�u�zkwrz{kwu�sw{wywlw�mwtonv�j�{��iv{ilwvqpu�
s��m|��Nv{ilwvqpu�vqswlmi�vn�j�kin{�ijzwt�{v�uq�nlw�k�yionvvwz{��z|�
�nz{knvv�u�wjyipwu�pikqzq{�w{�xwztnmwki{nt�vwz{q�kknmnvq��kn�nz{k��q~�
mwp��kynunvq�unom|�kknmnvq�uq��[�nv���iz{w�iv{ilwvqpu�vwzq{�wmvwz{w�
ywvvqr�~iyis{ny��wmvw�qp�zwnmqvnvqr�wztijt�n{�mnrz{kqn�vi�wylivqpu�my|�
lwlw��vw�vn�viwjwyw{��
Nv{qmw{���qywsw�qzxwt�p|n{z��xyq�xyw}nzzqwvit�v�~�q�j�{wk�~�w{�

yiktnvq�~��~ywvq�nzsq~�qv{wszqsi�q�~�un{ittiuq��k�pkivv�~�xnynmwpq�
ywksiuq�tnsiyz{knvv�~�xynxiyi{wk��mt��|zswynvq��k�knmnvq��qp�wylivqp�
ui�yimqv|stqmwk��
[j��vw�k�mnt��{�ztnm|��qn�un~ivqpu��iv{ilwvqz{q�nzsq~�w{vw�n�

vqr�mk|~�~quq�nzsq~�kn�nz{k��~quq�nzsqr��jqw~quq�nzsqr��}qpqwtwlq�n�
zsqr��wzvwkivv�r�vi�uwmq}qsi�qq�xyw�nzzwk�un{ijwtqpui�sznvwjqw{qsi��
Nv{qmw{��z�REIETBNGEI�=JO=@KJEDIKIvnxwzynmz{knvvw�zk�p�ki�{z��z�

{wszqsiv{iuq��\yq��{wu�wz|�nz{kt�n{z��vnr{yitqpi�q��zkwjwmvw��qys|�
tqy|��nlw��mi��*EKREIETBNGEB�=JO=@KJENOXk�{nzv��{�{wszqsiv{�qp�nlw�
zk�pq�z�jqwuwtns|tiuq-uq�nv�uq�q�kwzz{iviktqki�{�vwyuit�vwn�{n�nvqn�
jqw~quq�nzsq~�xyw�nzzwk�k�wylivqpun��9EDEKHK@ETBNGEB�=JOEAKOX sis�
xyikqtw��vwyuitqp|�{�xywknmnvqn�vnykv�~�qux|t�zwk�k�zqvixzi~��xwm�
knyl�q~z��i{isn�{wszqsiv{wk��1KAEQEG=OKMX�IBO=>KHEDI=xynx�{z{k|�{�
xynkyi�nvq��sznvwjqw{qsi�k�k�zwsw{wszq�v�n�un{ijwtq{���tqjw��|zsw�
y��{�jqwmn{wszqsi�q��kn�nz{ki��
_ynjwkivq���xynm°�kt�nu�n�s�iv{qmw{iu�
=wvq�mwtov���qys|tqywki{��k�sywkq��vn�k�p�ki��|unv��nvq��swv�

�nv{yi�qq�oqpvnvvw�kiov�~�{�ont�~�un{ittwk��
=mt��{wlw��{wj��iv{qmw{�zuwl�xywvqsi{��k�stn{s|�k�vnjwt��q~�swtq�

�nz{ki~�q�j�z{yw�k�kwmq{�z��qp�wylivqpui��nlw�uwtns|t��mwtov��zwmny�
oi{� xwt�yv�n �onti{nt�vw�tnlsw�qwvqpqy|��qnz� �ly|xx���vixyquny, 
=[Z��=̂[[Z��=SH, =NH2��f{q�ly|xx��mwtov��xyqz|{z{kwki{��k�qpj�{sn��
=onti{nt�vw���{wj��~nti{v�n�swuxtnsz��iv{qmw{i�vn�uwltq�xywvq�

si{��k�stn{sq�qp�sywkw{wsi��
=~nti{v�n�swuxtnsz��iv{qmw{i�mwtov��tnlsw�k�kwmqtqz��xw�siuq�
2B@=OE?JKB�ABFNO?EB� I=NGEMK?GE!�P�ynmsq~�zt|�i�~�ziu�ilnv{��zk��

p�ki��qr�un{itt��wsip�kin{z��{wszq�v�u�mt��wylivqpui��\wkynomi��nn�
mnrz{kqn�Xuizsqywksq<�viqjwtnn�qp|�nvw�vi�zqt�vwr�sqztw{n��̂qvqt�vi��
sqztw{i�zk�p�kin{�zkwjwmv�n�kitnv{vwz{q�ontnpi�k��q{w~ywuwszqmipn��vn�
pi{yilqki��zk�pnr�z�xwy}qyqvwk�u��mywu��P�ynp|t�{i{n�}nyunv{�tq�in{z��
kwpuwovwz{q�zwnmqv�{�z��zw�zkwqu�z|jz{yi{wu�q�m�~ivqn�xynsyi�in{z���̀�
uvwlq~�kqmwk��{w�xyqkwmq{�s�vnunmtnvvwr�lqjntq�wylivqpui�
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$.8<=93;63. Ziswxtnvqn�wj|ztwktnvw�{isquq��ktnvq�uq��sis�
 �xnyn�
kwm�kn�nz{ki�qp�wmvwr�}wyu��k�my|l|����{w�wjtnl�in{�xwz{|xtnvqn�sznvw�
jqw{qsi�k�wylivqpu��� �swwxnyi{qkv�r��}}ns{��� ��}}ns{�yizxynmntnvq��

1)4BMB?KA�?BVBNO?=�ED�KAJKF�QKMIX�?�AMP@P[.
4MEIBM��. Vzxwt�pwkivqn�~nti{wwjyipwkivq��mt��xwmswyusq�mnynk�nk�

ontnpwu��Owt��i���iz{��ontnpi��zwmnyoi�nlwz��k�xw�kn��vnmwz{|xvi�mt��
yiz{nvqr��P�mwz{|xv|��}wyu|�ontnpw�xnynkwm�{�zww{kn{z{k|��qn�xw��
knvv�n�jis{nyqq��sw{wy�n�yiz{kwy��{�nlw�z�xwuw����lqmywsziui{zqmn�
yw}wywk��_isqn�ontnpwwylivq�nzsqn�swuxtnsz�visixtqki�{z��k�xw�ki~�
q�qzxwt�p|�{z��mt��xq{ivq��yiz{nvq�uq��[{z|{z{kqn�xwtnpv�~�jis{nyqr�
uwovw�swuxnvzqywki{��wxy�zsqkivqnu�xw�k���{qtnvmqiuqv{n{yi|sz|z�
vwr�sqztw{wr��fR_N ���sz{yilqy|��nr�ontnpw�x|{nu�wjyipwkivq��swu�
xtnszi�ontnpw�=fR_N��sw{wy�r�xwltw�in{z��swyv�uq�yiz{nvqr��P�xyw-
�nzzn�un{ijwtqpui�wylivq�nzsi���iz{��swuxtnszi�yipy|�in{z���i�vnwyli�
vq�nzsi���ontnpw �=wz{in{z��q�qzxwt�p|n{z��yiz{nvqnu�
_isqn�xyqywmv�n�ilwvqz{��utnswxq{i��q~��sis�{qywszqv��vwyimynvi�

tqv�q�lqz{iuqv��{ison�zxwzwjv��zk�p�ki{��un{itt��
4MEIBM��. Vzxwt�pwkivqn�lt�swvi{i�sit��q��mt��kknmnvq��jwt�v�u��

z{yimi��qu�vnmwz{i{swu�sit��q���Wwuxtnsz�sit��q��z�lt�swvwkwr�sq�
ztw{wr�unmtnvvw�yipy|�in{z��k�wylivqpun�z�k�mntnvqnu�qwvwk�sit��q���

2) /KKLBM=OE?JXF�ZQQBGO�=�ktnvqn�kwpyiz{ivq��~quq�nzswr�is{qk�
vwz{q�sznvwjqw{qsi�kztnmz{kqn�~nti{wwjyipwkivq���Wwwxnyi{qkv�r��}�
}ns{��i�n�kznlw�xyw�kt�n{z��k�{n~�zt|�i�~��swlmi�xyqjikt�n{z��vnmwz{i�
{w�vwn�swtq�nz{kw�swuxtnszwwjyip|��nlw�ilnv{i��{�n��wjyip|n{z��vnvi�
z��nvv�r�swuxtnsz�
4MEIBM���Pwpyiz{ivqn�si{itipvwr�q�xnywszqmipvwr�is{qkvwz{q�ontnpi�

xyq�xnynkwmn�nlw�qp�vnwylivq�nzsq~�zwtnr�k�xwy}qyqvwkwn��myw��zk�piv�
vwn�zw�zxn�q}q�v�u�jntswu��
4MEIBM���Yvwlwsyi{vwn�|zqtnvqn�si{itq{q�nzswlw�mnrz{kq��unmq�

�qwv��unmq�si{itqpqy|�{�wsqztnvqn�izswyjqvwkwrsqztw{��vi�kwpm|~n �
xyq�kst��nvqq�nn�k�izswyjqvwszqmip|�
\yq�mwjiktnvqq�swuxtnszwwjyip|��nlw�zwnmqvnvq��z��nt���mnpis{q�

ki�qq�un{itti�uwon{�vijt�mi{�z��|zqtnvqn�{wszq�nzswlw�mnrz{kq���|zq�
tnvqn�si{itq{q�nzswr�is{qkvwz{q ��_iswr��}}ns{�~iyis{nynv�mt��un{it�
twk�z�xnynunvvwr�kitnv{vwz{����wzwjnvvw�mt��unmq�q�ontnpi��

3) <QQBGO�M=NLMBABHBJE\��Wtn{w�v�n�unujyiv��{w�vw�ynl|tqy|�{�
xwltw�nvqn�si{qwvwk�{�ont�~�un{ittwk��[mvisw�swuxtnsz���vn�qun��
�qn�piy�mi��oqywyiz{kwyqu��q�xw�{wu|�zxwzwjv��tnlsw�xywvqsi{��k�
stn{s|��nynp�stn{w�v�n�unujyiv���_isqn�swuxtnsz��uwl|{�visixtqki{��
z��k�yipv�~�wylivi~�q�{siv�~�
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\wkwmwu�mt��zwpmivq���}}ns{qkvwlw�xyw{qkw�mq���kt�n{z��tqjw�zt|�
�irvwn�wjviy|onvqn�}is{i�iv{ilwvqpui�kn�nz{k��tqjw��ntnvixyiktnvvwn�q�
lt|jwswn�qp|�nvqn�un~ivqpuwk�mnrz{kq��{wszqsiv{i��wzwjnvvwz{nr�nlw�
{wszqswsqvn{qsq�q�|z{ivwktnvqn�vi��{wr�wzvwkn�kwpuwovwz{q�~quq�nzswr�
uwmq}qsi�qq�{wszq�vwz{q��P�t�jwu�zt|�in��xwsi�vn�virmnv�w{vwzq{nt�vw�
is{qkv�r�iv{ilwvqz{��xyw�nzz�yipyijw{sq�iv{qmw{wk�qmn{�ztwovw��
\wztn�k��ktnvq��iv{ilwvqz{i�vi�qvin{z��xtivqywkivqn�q�xywknmnvqn�

�ntnvixyiktnvv�~��xwywr�mtq{nt�v�~�qzztnmwkivqr�xw�k�jwy|�qp�jwt��w�
lw��qzti�ivitwlwk�qz~wmvwlw�kn�nz{ki�{isq~�zynmz{k��sw{wy�n�k�viqjwt��
�nr�z{nxnvq�zww{kn{z{k|�{�{ynjwkivq�u��
=k�zwsi���}}ns{qkvwz{�;
=~wyw�i��xnynvwzquwz{�;
=mn�nkqpvi��
[�nvsi��}}ns{qkvwz{q�zynmz{k��yizzui{yqkinu�~�sis�xw{nv�qit�v�n�

iv{qmw{���uwon{�j�{��xywknmnvi�k��szxnyqunv{i~�in vitroq�in vivo. 
\yq�zwpmivqq�vwk�~�~nti{qy|��q~�ilnv{wk�y|swkwmz{k|�{z��ztnm|��

�quq�xyqv�qxiuq�
1) ztnm|n{�|�q{�ki{��jqwtwlq�nzs|��is{qkvwz{���{q~�zwnmqvnvqr��
2) vnwj~wmquw�xynmxwtili{��unz{w�q~�jqwtwlq�nzswlw�mnrz{kq���vi�

xyquny��kv|{yq��qtq�zviy|oq�stn{sq��Sztq�uwtns|ti�mwtovi�xywvqsv|{��k�
stn{s|��{w�vnwj~wmquw�kknz{q�tqxw}qt�v�n�ly|xx���Rt���{wr��ntq�qz�
xwt�p|�{�i{wu��|ltnywmi��litwlnvwk��kwmwywmi�q�zny���N{wu��ipw{i�q�sq�
ztwywmi�xyqmi�{�uwtns|tiu�lqmyw}qt�v�n�zkwrz{ki��

3) vnwj~wmquw�|�q{�ki{��{w���{w�w�nv��vnjwt��qn�qpunvnvq��k�~quq�
�nzswr�z{y|s{|yn�uwtns|t��sznvwjqw{qswk�uwl|{�k�p�ki{��pvi�q{nt�v�n�
zmkqlq�k�kntq�qvi~�sw�}}q�qnv{wk�yizxynmntnvq��

4) uwovw�|kntq�q{��zxwzwjvwz{��kn�nz{ki�xywvqsi{��k�stn{sq�x|{nu�
xwk��nvq��sw�}}q�qnv{i�yizxynmntnvq��q�qzxwt�p|��tqlivm���z~wmv�n�z�
xyqywmv�uq�z|jz{yi{iuq��vixyquny�iuqvwsqztw{���|ltnkwmwywm��

ŵkynunvv�r�xwqzs�~nti{qy|��q~�zynmz{k�vixyiktnv�vi:
1) yn�nvqn�kwxywzwk�mn{wszqsi�qq�q�wjnpkynoqkivq��{sivnr��xwkyno�

mnvv�~�~quq�nzsq�{wszq�v�uq�qtq�yimqwis{qkv�uq�un{ittiuq
2) xynm|xynomnvqn~nti{wwjyipwkivq���sis�vixyquny��k�zt|�in�si-

yqnzi�p|jwk��xynomnkynunvvwlw�z{iynvq��qp-pi�xw{ny��sit��q��qp�swz{vwr�
{sivq�q�{�m�
W�viz{w��nu|�kynunvq�qp|�nv��~iyis{nyqz{qsq�mnz�{swk�{�z���sznvw�

jqw{qswk��_wszqswtwliuq�xwz{w�vvw�Xw{ztnoqkin{z�<ywt��~quq�nzsq~�
kn�nz{k��sis�xyq�qv�wz{y�~�qv{wszqsi�qr�zynmq�vizntnvq���Ziswxtnvv�n�
mivv�n�xwpkwt��{�}wyu|tqywki{��xywlvwp��w{vwzq{nt�vw�xnyzxns{qk�yip�
yijw{sq�vwk�~�xyw{qkw�mqr��
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\yw{qkw�mq��uwl|{�j�{�yipyijw{iv��tq���mt��wlyivq�nvvwlw�swtq�n�
z{ki�sznvwjqw{qswk��
Pw-xnyk�~��uitwknyw�{vi�yipyijw{si�tn�njv�~�iv{qmw{wk�k�w{vw�nvqq�

{wszqsiv{wk��k�wzvwkn�un~ivqpui�mnrz{kq��sw{wy�~�tnoq{�it�{nyi�q��jqw�
twlq�nzsq~�zqz{nu��vixyquny��mnvi{|yi�q��uisywuwtns|t��yipy|�nvqn�
jqwtwlq�nzsq~�unujyiv �q�wjyipwkivqn�xyw�v�~�swkitnv{v�~�zk�pnr�z�
jqwuwtns|tiuq��vixyquny��mnrz{kqn�itsqtqy|��q~�ilnv{wk�vi�jntsq�q�
v|stnqvwk�n�sqztw{� ��̂ywsq��k�{n�nvqn�sw{wy�~�iv{ilwvqz{��xwmwjv�~�
kn�nz{k�wsip�ki�{z���}}ns{qkv�uq��syirvn�vnxywmwtoq{nt�v��q�wlyi�
vq�nv��kynunvnu��vnwj~wmqu�u�mt��kpiquwmnrz{kq��{wszqsiv{i�z�uwtns|�
tiuq-uq�nv�uq��uqv|{� ��
Pw-k{wy�~��iv{qmw{��s�uitw{wszq�v�u��vw�xwywr�knz�ui�wxizv�u �

{wszqsiv{iu�ynmsw�wsip�ki�{z��mwz{i{w�vw��}}ns{qkv�uq��̀z{ivwktnvw��
�{w��nu�unvnn�{wszq�vw�kn�nz{kw��{nu�unvnn�zxn�q}q�vw�nlw�mnrz{kqn��{nu�
jwt��n�un~ivqpuwk��xwzynmz{kwu�sw{wy�~�wvw�qvq�qqy|n{�yipkq{qn�{ws�
zq�nzswlw�xyw�nzzi��
\yw{qkw�mq��ztnm|n{yipyiji{�ki{��tq���mt��wlyivq�nvvwlw�swtq�n�

z{ki�sznvwjqw{qswk�q�kxwtvn�swvsyn{v�u�|ztwkq�u�wsipivq��xwuw�q��
Vpknz{vw�jwtnn�
	�uqttqwvwk�~quq�nzsq~�zwnmqvnvqr��jwt��i���iz{��

sw{wy�~�{nwyn{q�nzsq�uwon{�z{i{��xyq�qvwr�wz{y�~�w{yiktnvqr��̀on�wm�
vw�swtq�nz{kw�xw{nv�qit�v�~�{wszqsiv{wk�xwsip�kin{��vizswt�sw�vnyni�
tqz{q�vwr��kt�n{z��xwz{ivwksi�pimi�q�vi�yipyijw{s|�iv{qmw{wk�s�t�jwu|�
qp�vq~��
Punz{n�z�{nu��iv{qmw{�{ynj|n{z��kznlmi��swlmi�xwuw���mwtovi�j�{��

wsipivi�j�z{yw�q�jwt��wu|�swtq�nz{k|�xwz{yimik�q~��Wyq{nyq�uq��xw�
pkwt���quq�wxynmntq{��kn�nz{ki��yipyijw{si�iv{qmw{wk�s�sw{wy�u�qunn{�
zu�zt�k�zwkynunvv�~�|ztwkq�~��uwl|{�j�{���
=xw{nv�qit�vi��kwpuwovwz{��xyqunvnvq��{wszqsiv{i�z�kwnvv�uq�q�

xwtq�nrzsquq��nt�uq��
=jwt��qn�uiz�{ij��xywqpkwmz{ki�q�k�zwsi��knyw�{vwz{��}wyuqywki�

vq��uizzwk�~�xwyionvqr�t�mnr�xyq�ikiyq�~�q�si{iz{yw}i~��
=k�zwsi��{wszq�vwz{��sznvwjqw{qsi��k�zw�n{ivqq�z�wjyi{quwz{���mnr�

z{kq��vi�zqz{nu�-uq�nvq��
=|z{ivwktnvv�n�un~ivqpu��{wszq�nzswlw�mnrz{kq���xwpkwt���qn�

xynmxwtili{��kwpuwovwz{��yipyijw{sq�xyw{qkw�mq���
=vitq�qn�mivv�~�w�z|�nz{kwkivqq�kn�nz{k-iv{ilwvqz{wk�
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��
�Ww�}}q�qnv{�viswxtnvq��
����[mvw- q uvwlwswuxiy{unv{v�n�zqz{nu���wmvwsyi{vwn�q�uvwlw�

syi{vwn�mwpqywkivqn�
9.3 ~is{wy���ktq���qn�viiss|u|tqywkivqn�sznvwjqw{qswk�wylivqpuiuq�

�����/M\SSGUGDLQ�L?IMNJDLĜ

[ylivqpu���wjq{i��qn�k�wsy|oi��nr�zynmn��zwmnyoi�nr�w{vwzq{nt��
vw�vqps|��swv�nv{yi�q��siswlw-tqjw�kn�nz{ki��uwl|{�visixtqki{��nlw�k�
zkwq~�{siv�~�mw�swv�nv{yi�qr��vi�vnzswt�sw�xwy�mswk�jwt��q~���nu�k�
zynmn�wjq{ivq��
x̂wzwjvwz{��oqk�~�wylivqpuwk�visixtqki{��yiptq�v�n��tnunv{��mion�

xyq�w�nv��vqpswu�q~�zwmnyoivqq�k�zynmn�vip�kin{z��/6<.88A:A96><0.-
;63:�̂xwzwjvwz{��wylivqpuwk�s�viswxtnvq��kn�nz{k�~iyis{nyqp|n{z��sw�
�}}q�qnv{�viswxtnvq�(N):

zwmnyoivqn��swv�nv{yi�q� �kn�nz{ki�k�wylivqpun
N = =====================================================.

zwmnyoivqn��swv�nv{yi�q� �kn�nz{ki�k�wsy|oi��nr�zynmn

hktnvqn�jqwiss|u|t��qq�sznvwjqw{qswk�j�tw�wjviy|onvw�xyq�qp|�n�
vqq�viswxtnvq��xnz{q�qmwk��k��iz{vwz{q�~twyzwmnyoi�q~�|ltnkwmwywmwk��
_is��kwmvwr�qp��swzqz{nu�wpnyiYq�qliv��̂eN �j�ti�k��ktnvi�jqwswv�
�nv{yi�q��RR_�k�ztnm|��nu�y�m|��
	�	
�ul%sl��xyq�yiz�n{n�vi�z�y|��uizz| �=k�mwvvwu�qtn��
	�
�ul%sl�=k�yiswwjyipv�~��xq{i��q~z��vi�mvn��
3=��ul%sl�=k�y�ji~��jnt�m�lwk�n���p���ntn� ��
��			�ul%sl�=k�oqywkwr�{sivq��ins��xq{i��q~z��y�jwr�
P�jwt��q~�swtq�nz{ki~�qmn{�viswxtnvqn�wylivqpuiuq�\bO��xwtq~twy�

jq}nvqt� ��[jtimi��vqpswr�zswywz{���yiptwonvq��k�wsy|oi��nr�zynmn�
�xnyqwm�xwt|yizximi�wswtw���tn{ ��\bO�xwz{|xi�{�k�xq�nk�n��nxq�q�k�
pvi�q{nt�v�~�swtq�nz{ki~�iss|u|tqy|�{z��k�oqk�~�wylivqpui~��Zixyq�
uny��k�|ly�~��k�twktnvv�~�qp�kwm��z�zwmnyoivqnu�xwtq~twyjq}nvqti�	�
�
usl%t��swv�nv{yi�q���{wlw�kn�nz{ki�zwz{ikqti�����ul%sl��{�n��sw�}}q�qnv{�
viswxtnvq��\bO�j�t�yiknv�wswtw��	000.
Pst��nvqn�\bO�k�{yw}q�nzsqn��nxq�{qxi�?KAKMKNHE��LH=JGOKJ��=M=�

GKK>M=DJXB�=MX>X�=TBHK?BG�uwon{�xyqknz{q�s�xwz{|xtnvq��k�wylivqpu�
�ntwknsi�z�xywm|s{iuq�xq{ivq��jwt��q~�swtq�nz{k��{q~�{wszqsiv{wk��\w�
z{|xtnvqn\bO�k�wylivqpu�ynjnvsi�z�ui{nyqvzsqu�uwtwswu�uwon{�mwz{q�
li{����usl%sl�uizz��k�z|{sq�
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Pntqsi�viswxq{nt�vi��zxwzwjvwz{��q�|�yiz{nvqr��wzwjnvvw�kwmv�~��
Ziqjwtnn�qpknz{v�r�q��ysqr�xyquny�=�{w�viswxtnvqn�rwmi�kwmwywzt���
tiuqviyqnr��̂wmnyoivqn�rwmi�k�tiuqviyqq�mwz{qlin{�	�����xyq�swv�nv�
{yi�qq�nlw�k�uwyzswr�kwmn�0,0001 %. S�n�k�xnykwr�xwtwkqvn�vi�nlw�z{wtn�
{q��jwt��wn�swtq�nz{kw�rwmi�mwj�kitwz��qp�pwt��tiuqviyqq��Ui{nu�j�tq�
yipyijw{iv��jwtnn�k�lwmv�n�k�{n~vq�nzswu�w{vw�nvqq�zxwzwj��nlw�mwj��
�q�vi�jipn�uqvnyit�vwlw�z�y����Ziswxq{nt�v�nzkwrz{ki�yiz{nvqr�qzxwt��
p|�{z�mt��

1) mt��xwqzsi�xwtnpv�~�qzswxinu�~��{is�vip�kinu�n�}q{wlnw~quq�n�
zsqn�un{wm� ;

2) k�mntnvq��jqwlnw~quq�nzsq~�xywkqv�qr�vi�wzvwkivqq�ivitqpipwt��
yiz{nvqr-swv�nv{yi{wywk;

3) swv{ywt��yimqwis{qkvwz{q�kwm�Yqywkwlw�wsnivi��yimqwit�lwtwlq�n�
zsqr�ivitqp).

����3CLM- G�KLMBMIMKN?OQKDLQLZD�PGPQDKZ MCLMIO?QLMD�G�
KLMBMIO?QLMD�CMFGOMA?LGD

Pknmnvqn�k�wylivqpu�M=DK?KF�AKDXkn�nz{ki�xyqkwmq{�s�xw�ktnvq��wx�
ynmntnvvwlw�swtq�nz{ki��{wlw�kn�nz{ki�k�{siv�~��P�xyw�nzzi~�un{ijwtqpui�
q��szsyn�qq��{w�kn�nz{kw�k�kwmq{z��qp�wylivqpui�z�wxynmntnvvwr�zswyw�
z{����Zixyquny��swv�nv{yi�qwvvi��pikqzquwz{��RR_�w{�kynunvq�k�oqyw�
kwr�{sivq��ntwknsi�xyq�wmvwsyi{vwu�mwpqywkivqq�qunn{��szxwvnv�qit��
v�r�~iyis{ny��yqz|vws�
4i �P��{wu�zt|�in�pikqzquwz{���xynmz{iktnvvi��k�
xwt|twliyq}uq�nzsq~�swwymqvi{i~��k�yioin{z��xy�uwr�tqvqnr��vistwv�
sw{wywr�wxynmnt�n{�swvz{iv{|�zswywz{q�ynis�qq�yqz|vws�
4 j). \nyqwm�
xwt|k�knmnvq��zwz{ikqt�����lwmi�

&@5<M�?>A;5�?@85<0 �3>QK
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]qz|vws�
��=Wwv�nv{yi�q��RR_�k oqywkwr�{sivq��ntwknsi�xyq�
wmvwyipwkwu�nlw�xyqnun



83

1JK@KGM=OJKB�AKDEMK?=JEB��P�xyqywmn�kwpmnrz{kqn�kn�nz{ki�vi�wyli�
vqpu�ynmsw�wlyivq�qkin{z��yipwkwr�mwpwr�Sztq�k�wsy|oi��nr�zynmn�kn�
�nz{kw�yizxynmntnvw�xwkznunz{vw��wylivqpu�xwmknylin{z��nlw�kwpmnrz{�
kq��vnxyny�kvw��
\ynmxwtwoqu��wylivqpu�nonmvnkvw�xwt|�in{�mwp|�k�
�l�kn�nz{ki, xnyq�

wm�xwt|k�knmnvq��kn�nz{ki�k�wylivqpun�zwz{ikt�n{����, wylivqpu�xwltw�
�in{�kzn�kn�nz{kw, mwpi�kkwmq{z��pi�swyw{sqr�xywuno|{ws�kynunvq�
P�vi�it�v�r�uwunv{��xnyk�r�mnv� �kn�nz{kw�k�wylivqpun�w{z|{z{k|n{��

\wztn�kknmnvq��mwp��zwmnyoivqn�kn�nz{ki�k�wylivqpun�zwz{ikt�n{�
�l��Zi�
k{wywr�mnv���zx|z{������xwztn�xyqnui�xnykwr�mwp���wylivqpu�zwmnyoq{�
tq���	���l�kn�nz{ki��Pknmnvqn�n�n�
�l�kn�nz{ki�xwk��in{�wj�nn�nlw�zw�
mnyoivqn�mw�
���l��Zi�{yn{qr�mnv��xnynm�kknmnvqnu�kn�nz{ki�nlw�zwmnyoi�
vqn�kvwk��zvqoin{z��vixwtwkqv|��mw�	����l��i�xwztn�kknmnvq��vwkwr�xwy�qq�
zwz{ikq{�
����l�q�{�m�
ŵ�kynunvnu�zwmnyoivqn�kn�nz{ki�k�wylivqpun�mwz{qlin{�vnsw{wywlw�

xynmnt�vwlw�uiszquit�vwlw�pvi�nvq���{is�sis�xyq�xwk��nvqq�swv�nv�
{yi�qq�k�{siv�~�nonmvnkvwn�nlw�k�knmnvqn�xwk��in{z��q�z{ivwkq{z��
yikv�u�mwpn��kkwmquwr�nonmvnkvw��\yq�|kntq�nvqq�xnykwvi�it�vwr�
kkwmquwr�mwp��xwk��in{z��swtq�nz{kw�k�kwmquwlw�kn�nz{ki�q�nlw�zw�
mnyoivqn�k�wylivqpun��{�n��|z{iviktqkin{z��vwkwn�yikvwknzqn�
Yiszquit�vwn�zwmnyoivqn�kn�nz{ki��N�zy �uwovw�yizz�q{i{��xw�}wyu|tn�

l,44 t1/2 Qof
Nzy= ==============

a

lmn t1/2 =xnyqwmwu�xwt|k�knmnvq��kn�nz{ki��Qo =uizzwr�nonmvnkvwr�mw�
p����f =�iz{���{wr�mwp���sw{wyi��xwltw�in{z��wylivqpuwu��a�=qv{nykit�
unom|�kknmnvqnu�mwp�
\yq�t1/2�������a��������Qo��
�q�f��
�uiszquit�vi��zynmv���vily|psi�vi

wylivqpu�zwz{ikt�n{�
��l��f{w�zynmv���kntq�qvi�unom|�uiszquit�v�u�q�
uqvquit�v�u�zwmnyoivqnu�kn�nz{ki�k�mivv�r�mnv��
Yiszquit�vi��swv�nv{yi�q��kn�nz{ki�k�{siv�~�pikqzq{��w{�yipunyi�mw�

p���xwk��in{z��xyq�nn�|kntq�nvqq �q�w{�xnyqwmi�xwt|k�knmnvq��qtq�zsw�
ywz{q�k�knmnvq���Pn�nz{ki�z�jwt��qu�xnyqwmwu�xwt|k�knmnvq��zww{kn{�
z{knvvw�visixtqki�{z��k�jwt��q~�swv�nv{yi�q�~��Ry|lqu�kiov�u�}is{w�
ywu��kt�n{z��kynu���vnwj~wmquwn�mt��mwz{qonvq��zwz{w�vq��yikvwknzq��
#;<1<8<:=.>@:3;@;I3�?6?@3:I��:;<1<ME36?@I3���Wiomi��{siv��

oqkw{vwlw�={siv��xw�ns��xn�nvq��znym�i��uwpli��oqywk�n�w{twonvq��=
yizzui{yqkin{z��sis���nrsi��\wztn�{wlw�sis�kn�nz{kw�xwximin{�k�wylivqpu��
wvw�vi�qvin{�xnynun�i{�z��z�{wswu�sywkq��Wiomi����nrsi�~iyis{nyqp|n{z��
zkwqu�yipunywu��zwmnyoivqnu�oqyi��zswywz{���{wsi�sywkq��sw�}}q�qnv�
{wu�yizxynmntnvq���wxynmnt���qu�zxwzwjvwz{��kn�nz{ki�xnynun�i{�z��qp�
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sywkq�k�{siv���[xynmntqk�zswywz{��xwltw�nvq��q�zswywz{��k�knmnvq��
�wj��vw�kst��i��|��zswywz{��un{ijwtqpui�k�xn�nvq �kn�nz{ki��i�{ison�
xwmwjyik�zww{kn{z{k|��qnui{nui{q�nzsqn�zww{vw�nvq���uwovw�z�xwuw�
����fPY�zwpmi{��uwmntq�uvwlw��nn�vwr�zqz{nu���yqz|vws�
5).

+5G5ZL

-5@QF5 �;53:85 
:@C?ZK5�0@B5@88�8
25ZK

?>3;>I5Z85

'@C385
B:0Z8

)KHFK (8@ )>73 Gl +>G:8 2KQ5;5Z85

A�<>G>9

<5B01>;87<

S +@>A25B
:8H5GZ8:0

?>3;>I5Z85

D5:0;LZK5
2KQ5;5Z8M

]qz|vws�
5 =̂ ~nui{q�nzswn�qpwjyionvqn�{wsi�sywkq�q�yizxynmntnvq��
kn�nz{ki�k�{siv�~�wylivqpui�sis�uvwlw��nn�vwr�zqz{nu�

ŵw{kn{z{kqn�{isq~�uwmntnr�ynit�v�u�zqz{nuiu�vnwj~wmquw�xwm�
{knyomi{���szxnyqunv{it�v�uq�mivv�uq��P�yiusi~�yipyijw{ivvwr�uw�
mntq�uwovw�xywknz{q�ivitqp�kpiquvwlw�ktq�vq��yiptq�v�~�xnynunv�
v�~�q�xywlvwpqywki{��{n�zq{|i�qq��sw{wy�n�vnkwpuwovw�kwzxywqpknz{q�
�szxnyqunv{it�vw�

9.3 9?IQMOZ �AJĜ]XGD�L?�?IIRKRJGOMA?LGD IPDLM@GMQGIMA�
MOB?LGFK?KG�

*?@<7E60<?@J8?3;</6<@68.��Rt��{wlw��{wj��sznvwjqw{qs�uwl�visi�
xtqki{�z��k�wylivqpun��nlw�kwpmnrz{kqn�mwtovw�j�{��mwz{i{w�vw�mtq{nt��
v�u��wzwjnvvw�swlmi�wvw�wz|�nz{kt�n{z���nynp��nx��xq{ivq���Wis�xyikqtw��
sznvwjqw{qsq��sw{wy�n�|z{wr�qk��k�wsy|oi��nr�zynmn��k�jwt��qvz{kn�wy�
livqpuwk�qun�{�w{vwzq{nt�vw�xywmwtoq{nt�v�nxnyqwm��xwt|k�knmnvq��q�
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xyq�k�zwswr�swv�nv{yi�qq�q~�k�wsy|oi��nr�zynmn�zxwzwjv��visixtq�
ki{�z��k�zyikvq{nt�vw�jwt��q~�swtq�nz{ki~�
&9<G.2J�=<03>C;<?@6. Sztq�xyw�nzz�iss|u|tqywkivq���|onywmvwlw�

kn�nz{ki�kst��in{�}qpq�nzsqn�z{imqq��imzwyj�q���mq}}|pq� ��z{nxnv��nlw�
viswxtnvq��k�jwt��nr�unyn�pikqzq{�w{�xtw�imq�xwkny~vwz{q�swv{is{i�wy�
livqpui�z�wsy|oi��nr�zynmwr��\yquny��imzwyj�q��yiz{nvq�uq�xnz{q�qmi�
qp�kwpm|~i�xwztn�wxy�zsqkivq��qtq�imzwyj�q��wylivqpuiuq�\bO��xwtq�
~twyjq}nvqt� �k�kwmvwr�zynmn�
Rwz{|xvi��mt��kn�nz{ki�xwkny~vwz{��w{vwzq{z��s�tquq{qy|��qu�

}is{wyiu��wzwjnvvw� swlmi�imzwyj�q��kt�n{z�wxynmnt���qu xyw�
�nzzwu�k�viswxtnvqq��
Pntq�qvi�xwkny~vwz{q�vi�nmqvq�|�uizz��qtq�wj°nui�xwk��in{z��xyq�

|unv��nvqq�yipunyi��iz{q����̂tnmwki{nt�vw��nztq�imzwyj�q��k�xyw�nzzn�
iss|u|tqywkivq��qlyin{�pvi�q{nt�v|��ywt���{w�uwovw�woqmi{����{w�jwtnn�
untsqn�wylivqpu��j|m|{�visixtqki{��k�nmqvq�n�wj°nui�jwt��nn�swtq�n�
z{kw�kn�nz{ki���nu�jwtnn�sy|xv�n��
'.?=>32393;63. Owt��qvz{kw�wylivqpuwk�zwmnyoq{�pvi�q{nt�v�n�oq�

ywk�n�w{twonvq���̂{nxnv��iss|u|tqywkivq��kn�nz{ki�pikqzq{�w{�nlw�zxw�
zwjvwz{q�yizxynmnt�{�z��k�oqywk�~�mnxw��P��{q~�{siv�~�visixtqki�{z��
sznvwjqw{qsq�z�jwt��quq�pvi�nvq�uq�sw�}}q�qnv{i�yizxynmntnvq���

x̂wzwjvwz{��mivvwlw�sznvwjqw{qsi�yizxynmnt�{�z��k�oqywk�~�mnxw�
wylivqpui�uwon{�{ison�ktq�{��vi�xnyqwm�nlw�xwt|k�knmnvq���Tqywk�n�
{sivq�=vn�ziu�n�is{qkv�n�k�xyw�nzzi~�un{ijwtq�nzswlw�xynwjyipwkivq���
(>32.�</6@.;6M. ŷnmi�wjq{ivq��wylivqpui�uwon{�z|�nz{knvvw�ktq�

�{��vi�nlw�zxwzwjvwz{��iss|u|tqywki{��sznvwjqw{qsq��̀z{wr�qk�n�k�ws�
y|oi��nr�zynmn�sznvwjqw{qsq�w�nv��xtw~w�yiz{kwy��{z��k�kwmn��[yli-
vqpu���wjq{i��qn�k�mwvv�~�w{twonvq�~��xwmknyli�{z��kwpmnrz{kq��jw�
tnn�k�zwsq~�swv�nv{yi�qr�sznvwjqw{qsi���nu�vi~wm��qnz��k�kny~vq~�ztw�
�~�{wlw�on�ziuwlw�|�iz{si�kwmwnui�
'.5:3>�E.?@6D, xywlti{�kinu�~�wylivqpuiuq��\wzswt�s|�vi�jwtnn�

untsqn��iz{q���k�jwt��nu�swtq�nz{kn�imzwyjqy|�{�vi�zkwnr�xwkny~vwz{q�
�|onywmvwn�kn�nz{kw���nu�sy|xv�n��{w�wylivqpu���xywlti{�ki��qn�{isqn�
�iz{q����j|m|{�xwmknyli{�z��kwpmnrz{kq��jwtnn�k�zwswlw�zwmnyoivq��
sznvwjqw{qsi�
"<96E3?@0<�=<@>3/9M3:<7�=6G6. [ylivqpu���v|omi��qnz��k�w{vw�

zq{nt�vw�jwt��wu�swtq�nz{kn�xq�q��uwl|{�iss|u|tqywki{���|onywmvwn�
kn�nz{kw�qp�wsy|oi��nrzynm�k�jwt��nr�z{nxnvq��nztq�xyw�nzz�visw�
xtnvq��sznvwjqw{qsivn�swuxnvzqy|n{z��jwtnnis{qkv�u�xyw�nzzwu�
nlw�k�knmnvq��
,3=J�=6@.;6M. |̂uuiyvwn�swtq�nz{kw�sznvwjqw{qswk��xwz{|xi��q~�k�

wylivqpu��k�pvi�q{nt�vwr�z{nxnvq�wxynmnt�n{z��qv{nvzqkvwz{���q~�yip�
y|�nvq��xwm�mnrz{kqnu�}qpqsw-~quq�nzsq~�}is{wywk�zynm���zkn{��kwmi��
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{nxtw�q�my� ��zswywz{���q~�mnz{y|s�qq�k�xynm�nz{k|��q~��tnunv{i~�{yw�
}q�nzsq~��nxnr�q�piswvwunyvwz{�uq�jqwswv�nv{yi�qq�
[ylivqpu��=swuxwvnv{���swzqz{nu�=xwmyipmnt��{z��vi�xywqpkwmq�

{ntnr��xywm|�nv{wk ��xw{ynjq{ntnr��swvz|unv{wk �q�yipy|�q{ntnr��ynm|�
�nv{wk ��yiptili��q~�ztwov�n�wylivq�nzsqn�zwnmqvnvq��uny{k�~�wz{i{�
swk��\w�unyn�mkqonvq��sznvwjqw{qsi�xw�xq�nkwr��nxq�s�ztnm|��nu|�
swvz|unv{|��k�wylivqpun�sw{wywlw�wv�un{ijwtqpqy|n{z��k�vnpvi�q{nt�vwr�
z{nxnvq��xywqz~wmq{�z|�nz{knvvwn�|kntq�nvqn�swv�nv{yi�qq��|onywmvw�
lw�kn�nz{ki�
\yq�yizzuw{ynvqq�yizxynmntnvq��t�jwlw�sznvwjqw{qsi�k��swzqz{nun�

vnwj~wmquw�|�q{�ki{��jqwtwlq�nzsqn�izxns{���qun{��wxynmntnvv�n�zkn�
mnvq��wj�w{vwzq{nt�vwu�xwtwonvqq�yiptq�v�~�kqmwk�k��nxq�xq{ivq���i�
{ison�qv}wyui�q��w�xtw{vwz{q�xwx|t��qr�yiptq�v�~�wylivqpuwk�q�zsw�
ywz{�~�xwltw�nvq��quq�mivvwlw�kn�nz{ki�
Nss|u|tqywkivqn�sznvwjqw{qsi�k��nxq�xq{ivq��wxynmnt�n{z��nlw�xn�

ynun�nvqnu�xw��{wr��nxq��i�{ison�{nu�wjz{w�{nt�z{kwu���{w�unvnn��	���
kznr�uizz��kn�nz{ki�xynwjyip|n{z��k�{sivq�wylivqpui�vi�ztnm|��nu��jw�
tnn�k�zwswu�|ywkvn�
\yw�nzz�qtt�z{yqy|n{z��z~nuwr��yqz|vws�
6 ��lmn�xwsipiv��{ison�

kwpuwov�n�xw{nyq�sznvwjqw{qsi�x|{nu��szsyn�qq�vi�yiptq�v�~�|ywkv�~�
�nxq�xq{ivq���\ywknmnvv�r�ivitqp�xwsip�kin{���{w�swv�nv{yi�q���|on�
ywmvwlw�kn�nz{ki�k��nxq�xq{ivq��xwz{nxnvvw�xwk��in{z��
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{yi�qq�kn�nz{ki�k�wylivqpui~�xw�unyn�xwk��nvq��{yw}q�nzswlw�|ywkv�
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P�|ztwkq�~�xwz{|xtnvq��k�wylivqpu��|onywmv�~�~quq�nzsq~�kn�nz{k��
sw{wy�n�vn�uwl|{�j�z{yw�un{ijwtqpqywki{�z��q�xwtvwz{����szsyn{qywki{��
z��kw�kvn�v���zynm|��vi�qvin{z��viswxtnvqn��{q~�kn�nz{k�xw�~wm|�xq�n�
kwr��nxq��\yq��{wu�\wzswt�s|�wylivqpu�-xw{ynjq{ntq��z{w��qn�vi�jwtnn�
k�zwsq~�|ywkv�~��swtwlq�nzswr�xqyiuqm���wjtimi�{�unv��nr�z|uuiyvwr�
jqwuizzwr�xw�zyikvnvq��z�wylivqpuiuq�xynm�m|�nlw�|ywkv���xywqz~wmq{�
xwztnmwki{nt�vi��jqwswv�nv{yi�q��{wszqsiv{wk��mwz{qli��i��uiszquit��
v�~pvi�nvqr�|�swvn�v�~swvz|unv{wk��sw{wy�uq�uwl|{��kt�{�z��t�mq�
Ziswxtnvqn�{wszq�nzsq~��tnunv{wk�k�swuxwvnv{i~��swzqz{nu�uwon{�

k�p�ki{��yipvwwjyipv�n�vnli{qkv�n��}}ns{���xyqkwm��s�viy|�nvq��|z�
{wr�qkwz{q��swzqz{nu�q�vnjtilwxyq�{vwu|�ktq�vq��vi�wylivqpu��ntwknsi��
_is��kztnmz{kqn�mtq{nt�vwlw�q�pvi�q{nt�vwlw�viswxtnvq��RR_�q�my|lq~�
~quqsi{wk�k�kwmwnui~�q�xywu��tnvv�~�z{wsi~�k�
����l��j�ti�pixyn�nvi�
xywmioi�y�j��qp�lwywmzsq~�kwmwnuwk�vizntnvq��Uiximvwlw�Onytqvi�
P�ynp|t�{i{n�xnynmi�q��nynp�xw�k|�yiz{nvq�uq�znt�zsw~wp�rz{knvv�u�

oqkw{v�u�zkqv�i��k~wm��nlw�k�zwz{ik��{qtqywkivvwlw�jnvpqvi��kwpuwovw�
xwz{|xtnvqn��{wlw�{wszqsiv{i�k�wylivqpu��ntwknsi�

�̂�ktnvq�uq�jqwswv�nv{yi�qq�zk�piv��q�simuqnk�n�si{iz{yw}���xyw�
qpw�nm�qn�k��	-n�lwm��k�~]Q�q�hxwvqq��_�z��q��xwvzsq~�lyiomiv�xitq�
ony{kwr�jwtnpvq�Xq{ir-q{ir<�kztnmz{kqn�|xw{ynjtnvq��piyionvv�~�sim�
uqnu�xq{�nkwr�kwm��q�wkw�nr�k�ynp|t�{i{n�k�jywzwk�k�wsy|oi��|��zyn�
m|�w{~wmwk�vn}{nswujqvi{wk.
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0DIUĜ 10  
1DT?LGFKZ�GF@GO?QDJ[LMBM�CDHPQAĜ� IPDLM@GMQGIMA

10.1 Vpjqyi{nt�vi��{wszq�vwz{��sznvwjqw{qswk
10.2 Vpjqyi{nt�vwz{��mnrz{kq���wj|ztwktnvvi��xynqu|�nz{knvv�u�

viswxtnvqnu�q�yizxynmntnvqnu
10.3 Vpjqyi{nt�vwz{���wj|ztwktnvvi��jqw~quq�nzsquq�yiptq�q�u
10.4 cq{wtwlq�nzsqn�yiptq�q��sis�wzvwki�qpjqyi{nt�vwlw�mnrz{kq��
10.5 Ptq�vqn�ziuwlw�sznvwjqw{qsi�vi�qpjqyi{nt�v|��{wszq�vwz{�

�����-F@GO?QDJ[L?̂�QMIPGVLMPQ[�IPDLM@GMQGIMA�

Vpjqyi{nt�v�u�mnrz{kqnu�wjtimi�{�uvwlqn�kn�nz{ki��jwt��qvz{kw�
tnsiyz{knvv�~�zynmz{k��xyqunv�nu�~�k�unmq�qvn�qtq�kn{nyqviyqq��i�
{ison�kzn�}|vlq�qm���qvzns{q�qm��q�lnyjq�qm���qzxwt�p|nu�n�k�znt��
zswu�~wp�rz{kn�
!5/6>.@39J;<?@J�03G3?@0.=�{w�nlw�zxwzwjvwz{��kwpmnrz{kwki{��

vi�stn{sq��{sivq��wylivqpu��{wt�sw�wmvwlw�wxynmntnvvwlw�{qxi�q�vn�
ktq�{��vi�my|lqn��mion�vi~wm��qnz��k�swv{is{n�z�xnyk�uq��

|̂�nz{k|n{�{yq�wzvwkv�~�}is{wyi��un~ivqpui �wxynmnt���qn�qp�
jqyi{nt�vwz{��mnrz{kq��kn�nz{ki��
 �yiptq�q��k�yizxynmntnvqq��zwnmq�
vnvqn�uwon{�qpjqyi{nt�vw�visixtqki{�z��k�yiptq�v�~�stn{si~��wylivi~�
q�{�m ; � �jqw~quq�nzsqn�}is{wy���kun�qki{�z��k�jqw~quq�nzsqn�xyw�
�nzz���xywqz~wm��qn�k�oqk�~�wylivqpui~ ; � ��q{wtwlq�nzsqn��zwnmq�
vnvqn�uwon{�kpiquwmnrz{kwki{��z��q{wtwlq�nzsquq�z{y|s{|yiuq��z|�n�
z{k|��quq�{wt�sw�k�wxynmntnvv�~�kqmi~�stn{ws�q�wylivqpui~ �

10.2 -F@GO?QDJ[LMPQ[�CDHPQAĜ �M@RPJMAJDLL?̂�NODGKRXDPQADL�
LZK�L?IMNJDLGDK�G�O?PNODCDJDLGDK

Vpjqyi{nt�vwz{��mnrz{kq���wj|ztwktnvvi��xynqu|�nz{knvv�u�vi�
swxtnvqnu�q�yizxynmntnvqnukn�nz{ki��uwon{�j�{��k�pkivi�uwy}wtw�
lq�nzsquq�wzwjnvvwz{�uq��Zixyquny��zqt�vi��wx|�nvvwz{��zwyv�swk�
xw�zyikvnvq��z�s|t�{|yv�uq�ptisiuq�qtq�w{vwzq{nt�vw�jwt��i���k�
yiz�n{n�vi�nmqvq�|�knzi�qtq�wj°nui �|�pkqui��xwkny~vwz{��{nti�vizn�
swu�~�xw�zyikvnvq��z�utnswxq{i��quq�xyqkwmq{�s�jwt��wr�xtw�imq�
swv{is{i�yizx�t�nuwlw�ilnv{i�z�kynmv�u�kqmwu�
f{w{�{qx�qpjqyi{nt�vwz{q�wzvwk�kin{z��vi�yiptq�qq�k�yizxynmntn�

vqq�q�viswxtnvqq��Nlnv{��{wszq�v�r�sis�mt��xwtnpv�~��{is�q�mt��kynm�
v�~�stn{ws��visixtqkin{z��{wt�sw�k�xwztnmvq~��Vvwlmi�xwtnpv�n�q�
kynmv�n�stn{sq�vi~wm�{z��k�wylivqpui~�yipv�~�kqmwk��
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4MEIBM1. wjyijw{si�xwznkwk�x�nvq���
	%-vwuyiz{kwywu�znyvwr�
sqztw{��qp�yiz�n{i�
�			�t%li�|jqkin{�zwyv�sq��vn�xwkynomi��yiz{nvqr�
x�nvq����Xqz{���x�nvq���qun�{�ltims|��q�zswt�ps|��xwkny~vwz{���i�|�
mk|mwt�v�~�zwyv�swk�wvi�ly|ji��q�uwy�qvqz{i���xw�{wu|�znyvi��sqztw{i�
zsi{�kin{z��z�xwjnlwk�x�nvq���q�pimnyoqkin{z��vi�zwyv�si~��Wywun�{wlw��
vnov�n�uwtwm�n�ywz{sq�~tnjv�~�ptiswk�pi�q�nv��tqz{w�siuq�q�vi~w�
m�{z��|�wzvwkivq��yiz{nvq���{wlmi�sis�{w�si�ywz{i�mk|mwt�v�~�=vi�kny�
~|�si~�xwjnlwk��lmn�wvq�wsip�ki�{z��jwtnn�|�pkqu�uq.
4MEIBM����_n{yi�qstqv���xyqunv�nui��mt��tn�nvq��jis{nyqit�v�~�

qv}ns�qr�|�utnswxq{i��q~��visixtqki�{z��xynqu|�nz{knvvw�k�stn{�
si~�jis{nyqr.
4MEIBM�	��Vwm�qpjqyi{nt�vwvisixtqkin{z��k��q{wkqmvwr�ontnpn��

P�pikqzquwz{q�w{�mwp��rwm�uwon{�xwvqoi{��xwk��nvv�r�|ywknv��un{i�
jwtqpui�k�ontnpn�qtq�xwkynomi{��nn��k�p�ki��kwpvqsvwknvqn�wx|~wtq.
4MEIBM�
�Qyqpnwk|t�}qv�visixtqkin{z��|��ntwknsi�{wt�sw�k�wywlw�

knk�q~�stn{si~�=�xqmnyuqzn��kwtwzi~�q�vwl{�~��\w�{wu|�wv�xyqunv�n{z��
xyq�tn�nvqq�lyqjswk�~�xwyionvqr��{q~�{sivnr��xwzswt�s|�|�lyqjwk�lyq�
pnw}|t�kqv�jtwsqy|n{�uq{wp�

t̂nm|n{�xwuvq{����{w�yizxynmntnvqn�sznvwjqw{qswk��tnsiyz{knvv�n�
xynxiyi{���lnyjq�qm��q�{�m� �zk�pivw�z�sw�}}q�qnv{wu�yizxynmntnvq��
P�y�mn�zt|�ink�z{iyi�{z��xwt|�q{��kn�nz{ki��tnsiyz{knvv�n�xynxiyi�

{� ��wjtimi��qn�zxwzwjvwz{���visixtqki{�z��kjtqpq�v|ov�~�stn{ws-
uq�nvnr��yn�qxqnv{wk ��
1BOKAX �LKD?KH\[VER�NKDA=OY�?XNKGP[�GKJSBJOM=SE[�ABFNO?P[VB�

@K�?BVBNO?=�?�JPCJKI�IBNOB:
1) s|zw�ns�zxn�qit�vwlw�xtiz{qsi��xywxq{ivvwlw�tnsiyz{knvv�u�kn�

�nz{kwu��xyqsynxt��{�s�|�iz{s|�{nti��lmn��{w�kn�nz{kw�mwtovw�xyw�kq{��
zkwn�mnrz{kqn;

2) mkn�qpyiqt�zsqn�}qyu��yipyijw{itq�jnpqv°ns�qwvv�r�un{wm�tn�n�
vq��zi~iyvwlw�mqijn{i�xnykwlw�{qxi��jwt�vwu|�vi�pix�z{�n�xyqsynxt�n{z��
l|j�i{�r�xtiz{�y���qp�sw{wywlw�qvz|tqv�vnxyny�kvw�xwz{|xin{��nynp�sw�
o|�k�sywk�vwny|ztw;

3) mt��xynmw{kyi�nvq��piyiz{ivq��mvq�i�swyijtnr�uwyzsquq�yis|��
siuq�nlw�xwsy�ki�{�ynpqvwk�uq�xwtwzsiuq��xywxq{ivv�uq�wylivq-
�nzsquq�zwnmqvnvq�uq�wtwki�

���	�-F@GO?QDJ[LMPQ[ �M@RPJMAJDLL?̂�@GMTGKGVDPIGKG�O?FJGVĜKG

Yvwlqn�jqw~quq�nzsqn�xyw�nzz��|�kzn~�oqk�~�z|�nz{k��wmqviswkw�
xyw{nsi�{�kw�kzn~�stn{si~�si{ijwtq�nzsqn�xyw�nzz���i�{ison�xyw�nzz��
ltqswtqpi��imnvwpqv{yq}wz}i{�zt|oq{�|vqknyzit�vwr�Xkit�{wr<�k��vny�
ln{q�nzswu��wjunvn��[mvisw�mion�k�yipv�~�{siv�~�wmvwlw�wylivqpui�jqw�
~quq�nzsqn�xyw�nzz��xyw{nsi�{�vnwmqviswkw�
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:6<C6:6E3?863�>.596E6M�8.E3?@03;;<1<�C.>.8@3>.
Vpjqyi{nt�vwz{��mnrz{kq��sznvwjqw{qsi�
=wxynmnt�n{z��yiptq�q�uq�k�xyw�nzzi~�nlw�jqw{yivz}wyui�qq;
=pikqzq{�w{�nlw�ktq�vq��vi�{w{�qtq�qvwr�jqw~quq�nzsqr�xyw�nzz��sw�

{wy�r�qunn{�unz{w�|��|kz{kq{nt�vwlw�wylivqpui��vw�w{z|{z{k|n{�|�wyli�
vqpui�|z{wr�qkwlw��qtq�vn�z{wt���|kz{kq{nt�vwlw�s�mivvwu|�kn�nz{k| �
P�zk�pq�z�|zxn~iuq�jqw~quqq�k�viz{w��nn�kynu��|z{ivwktnv��nt�r�

y�m�zwnmqvnvqr��mnrz{kqn�sw{wy�~�wxynmnt�n{z��xyw{nsivqnu�un{ijwtq�
�nzsq~�xyw�nzzwk�k�stn{sn�q�wylivqpun�k��ntwu�
_is��qpknz{v��kn�nz{ki:
1) qvlqjqy|��qn�vi�it�v�n�z{imqq�zqv{npi�RZW��
2) kpiquwmnrz{k|��qn�z�RZW��qvlqjq{wy���wz{iviktqki��qn�sis�nn�

ynxtqsi�q���{is�q�{yivzsyqx�q� ��
3) yipy|�i��qn�RZW;
4) qvlqjq{wy��zqv{npi�]ZW��jntswk��}nyunv{wk��
5) qvlqjq{wy��yiptq�v�~�x|{nr�si{ijwtqpui��un{ijwtqpu�ipw{i�q�

}wz}wyi ��un{ijwtqpui�|ltnkwmwk��tqxqmwk���qsti�{yqsiyjwvwk�~�sqztw{��
{yivzxwy{i��tns{ywvwk�q�{�m��
4MEIBMX�ED>EM=OBHYJKNOE �KNJK?=JJXB�J=�>EKREIETBNGKI�ABFNO?EE�

GNBJK>EKOEGK?�
4MEIBM�. |̂t�}ivqtiuqm��wjtimi�{�iv{qjis{nyqit�v�u�mnrz{kqnu��

�{w�wj|ztwktnvw�viy|�nvqnu�quq�zqv{npi�RZW��nynp�qvlqjqywkivqn�zqv�
{npi�mnlqmyw}wtqnki��sqztw{��=xynm�nz{knvvqsi�sw}nyunv{i��vnwj~w�
mquwlw�mt��jqwzqv{npi�{quqvi�q�kzn~�x|yqvwk�~�wzvwkivqr��\yq�qvi�qp�
jqyi{nt�vwlw�mnrz{kq���|�utnswxq{i��q~�w{z|{z{k|n{�}nyunv{��zqv{npq�
y|��qr�mnlqmyw}wtqnk|��sqztw{|��xw�{wu|�wvq�{wtnyiv{v��s�z|t�}ivq�
tiuqmiu��i�|�xi{wlnvv�~�jis{nyqr�w{z|{z{k|�{�unujyivv�n�jntsq��z�xw�
uw����sw{wy�~�mnlqmyw}wtqnki��sqztw{i�xwximin{�k�stn{sq�utnswxq�
{i��q~�qp�xq�q�
4MEIBM���Yn~ivqpu�qvzns{q�qmvwlw�mnrz{kq��RR_�zk�piv�z�nlw�zxw�

zwjvwz{���jtwsqywki{��qwvv�n�sivit��|�~wtwmvwsywkv�~�oqkw{v�~��Vp�
jqyi{nt�vwz{��mnrz{kq��RR_�wj|ztwktnvi�{nu���{w�xyq�{nuxnyi{|yn�{nti�
{nxtwsywkv�~��vn�wjyip|n{z��mwvwyvw-is�nx{wyvwr�zk�pq�unom|�jnvpwt��
v�uq�swt��iuq�xynxiyi{i�q�xyw{qkwxwtwovw�piy�onvvwr�xwkny~vwz{���
unujyiv��wswtw�|z{���qwvvwlw�siviti�

�̀x{q��xwm�kwpmnrz{kqnu�RR_�viy|�in{z��sit��qnk�r�wjunv��kztnm�
z{kqn��nlw��q�vi��zswyt|xi�wsip�kin{z��jwtnn�{wvswr��_isqn��r�i�xyq�vi�
zqoqkivqq�yipmiktqki�{z���q�x{q���vn�k�kwm�{�x{nv�wk�
RR_�xwmikt�n{�}w{wzqv{np�|�kwmwywztnr�
4MEIBM�>EKREIETBNGKF�ED>EM=OBHYJKNOE �N?\D=JJXF�N�LMKSBNNKI�

>EKOM=JNQKMI=SEE��swlmi�|z{wr�qk�r�wylivqpu�zxwzwjnv�yipy|�i{��szn�
vwjqw{qs�mw�vn{wszq�v�~�zwnmqvnvqr��i��|kz{kq{nt�v�r�=vn�zxwzwjnv��



91

yiz{nvq��s|s|y|p��wjnpkynoqki�{�lnyjq�qm�zquipqv��lqmywtqp|��k�nlw�
uwtns|tn�~twy�mw�lqmywszqly|xx���
Sztq�sznvwjqw{qs�vn�wjtimin{�{wszq�vwz{���q�xynkyi�in{z��k�{wszq�

�nzswn�zwnmqvnvqn�|on�k�ziuq~�wylivqpui~��xwztn��nlw|jqkin{�q~��{w�k�
{isq~�zq{|i�q�~�t�jwr�wylivqpu��vn�zxwzwjv�r�wz|�nz{kt�{���{w�xyn�
kyi�nvqn��j|mn{�|z{wr�qk�s�mivvwu|�kn�nz{k|��_is��un~ivqpu�qpjqyi�
{nt�vwlw�mnrz{kq��jwt��qvz{ki�ziu�~��}}ns{qkv�~�}wz}wywylivq�nzsq~�
qvzns{q�qmwk�wzvwkiv�vi�un{ijwtq�nzsq~�xynkyi�nvq�~��P�xyw�nzzn�jqw�
{yivz}wyui�qq��sw{wyi��xywqz~wmq{�|�viznswu�~���{q�zwnmqvnvq��z{ivw�
k�{z��jwtnn�{wszq�v�uq��{wlmi�sis�k�wylivqpui~�utnswxq{i��q~��{q�qv�
zns{q�qm��xynkyi�i�{z��k�unvnn�{wszq�v�n�xywqpkwmv�n�
[zwj�r�qv{nynz�xynmz{ikt��{�zt|�iq�qpjqyi{nt�vw�xyw{nsi��q~�un�

{ijwtq�nzsq~�ynis�qr��w{tq�i��q~��ntwknsi�w{�jwt��qvz{ki�my|lq~�utn�
swxq{i��q~��vw�qunvvw�k��{q~�yiptq�q�~�syw�{z��wxizvwz{q�vn|mi��xyq�
xnyn~wmn�w{�wx�{wk�vi�tijwyi{wyv�~�oqkw{v�~�s�tn�nvq��t�mnr�
!5/6>.@39J;<?@J�237?@06M�8?3;</6<@68<0 �</A?9<093;;.M�8<96E3�

?@03;;I:6�>.596E6M:6�0�:3@./<96E3?86C�=><D3??.C�
Rion�k�{n~�zt|�i�~��swlmi�|�mk|~�kqmwk�qzxwt�p|�{z��wmqviswk�n�un�

{ijwtq�nzsqn�x|{q��unom|�vquq�uwl|{�z|�nz{kwki{��swtq�nz{knvv�n�yip�
tq�q���vixyquny�k�zxwzwjvwz{q�s�viswxtnvq��qtq�un{ijwtqpu|��dntwkns��
vixyquny��k�
��yip�jwtnn��|kz{kq{ntnv�s�mnrz{kq��i{ywxqvi���nu�sywtqs��
[mvisw�mt��vnlw�jnpkynmvi�mwpi�z{yq~vqvi��|jqki��i��z{wt�sw�sywtqswk��
�{w�q~�wj�qr�knz�xynkwz~wmq{�knz��ntwknsi��̂qvqt�vi��sqztw{i�k�jnpw�
xizvwr�mt���ntwknsi�swv�nv{yi�qq�ulvwknvvw�|jqkin{�zwjis|�
]iptq�q��uwovw�wjviy|oq{��q�|�wmvwr�wzwjq��Zixyquny��lt|{iuqv�

zqv{n{ipi�xw�ns�sy�z��k�
	�yip�j�z{ynn�xnynyiji{�kin{�zkwr�z|jz{yi{��
�nu�}nyunv{-ivitwl�qp�nn�u������P�wx|~wtnk�~��yiswk�~ �stn{si~�stn�
{w�v�r��qst�xyw{nsin{�j�z{ynn���nu�k�pmwywk�~��xw�{wu|�wvq�jwtnn��|k�
z{kq{nt�v��s�mnrz{kq��tnsiyz{knvv�~�xynxiyi{wk��kun�qki��q~z��k�
zqv{np�v|stnw{qmwk�

10.4 ;GQMJMBGVDPIGD�O?FJGVĜ�I?I�MPLMA?�GF@GO?QDJ[LMBM�CDHPQAĜ�

Vpknz{vw���{w�z{ywnvqn�stn{ws�|�oqkw{v�~�q�yiz{nvqr�yiptq�vw��̀�
yiz{nvqr�vn{�vnykvwr�zqz{nu��q�u��n�v�~�stn{ws��\w�{wu|�}wz}wywyli�
vq�nzsqn�zwnmqvnvq���jtwsqy|��xywknmnvqn�vnykvwlw�qux|t�zi��xwyioi�{�
viznswu�~��vw�vn�xyqvwz�{�piun{vwlw�kynmi�yiz{nvq�u��Zi��{wu�wzvwkivi�
knz�ui�zqz{nui�~quq�nzswr�pi�q{��yiz{nvqr�w{�viznswu�~�

�̀yiz{nvqr��k�w{tq�qn�w{�oqkw{v�~��qun�{z��stn{w�vi��z{nvsi��~tw�
ywxtiz{��q�un~ivqpu���wz|�nz{kt���qn�}w{wzqv{np��]ipyijw{iv��uvw�
lw�qztnvv�n�lnyjq�qm���qpjqyi{nt�vw�viy|�i��qn�xyw�nzz�}w{wzqv{npi�
vi�z{imqq�ynis�qq�bqtti�q��ztnmwki{nt�vw��zwkny�nvvw�jnpkynmv�n�mt��
utnswxq{i��q~��W �qywsw yizxywz{yivnvv�u�lnyjq�qmiu��mnrz{kqn�
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sw{wy�~�wzvwkivw�vi�qvlqjqywkivqq�ynis�qq�bqtti��w{vwz�{z��}nvqt�uw�
�nkqv���{yqipqv���|yi�qt��q�my��

�̀yiz{nvq���lyqj���jis{nyqq�stn{w�vi��z{nvsi�pvi�q{nt�vw�w{tq�in{z��
xw�~quq�nzswu|zwz{ik|��Wtn{w�v�n�z{nvsq�uvwlwstn{w�v�~�yiz{nvqr�zw�
z{w�{�qp�uqsyw}qjyqtt��ntt�twp��yiptq�vwr�mtqv���kst��nvv�~�k�iu�
}w{nyv�r�ui{yqsz�qp��ntt�twp��q�xns{qvwk�
Wtn{w�vi��z{nvsi�lyqjwk�xynmz{ikt�n{�zwjwr�uwpiqs|�qp�yiptq�v�~�

|ltnkwmwk�z�w{mnt�v�uq�kst��nvq�uq�tqxqmwk�q�jntswk�
�̀mywoonr�stn{w�v�n�z{nvsq�zwz{w�{�qp�lt�sivi��xwtqivlqmyqm�lt��

swp� �q�uivvivxyw{nqvwkwlw�swuxtnszi��swuxwvnv{��sw{wywlw�zwnmqvnv��
unom|�zwjwr�mqz|t�}qmv�uq�zk�p�uq�

{̂nvsi�lyiuxwtwoq{nt�v�~�jis{nyqr�xyqunyvw�vixwtwkqv|�zwz{wq{�
qp�u|ynqvi��wz{it�vi��nn��iz{��xynmz{iktnvi�{nr~wnkwr�sqztw{wr��̂{nvsi�
lyiuw{yq�i{nt�v�~�jis{nyqr�|z{ywnvi�ztwovnn�]�u|ynqv�z�viy|ovwr�z{w�
ywv��xwsy�{�unujyivwr��zwz{w��nr�qp�tqxwxyw{nqmwk�q�uwvwxwtqzi~w�
yqmwk��k�z{nvsi~�w{z|{z{k|n{�{nr~wnki��sqztw{i�
Rnrz{kqn�vnsw{wy�~�iv{qjqw{qswk�wj|ztwktnvw�viy|�nvqnu�yiptq��

v�~�z{imqr�jqwzqv{npi�stn{w�vwr�z{nvsq�jis{nyqr��_is��un~ivqpu�xyw{q�
kwuqsywjvwlw�mnrz{kq��jnvpqtxnvq�qttqvi�pist��in{z��k�wjyipwkivqq�
swkitnv{vwr�zk�pq�z�}nyunv{wu��k�vwyun�wjyip|��qu�xwxnyn�v�n�z�qksq�
k�u|ynqvn�vi�xwztnmvnr�z{imqq�jqwzqv{npi��P�ynp|t�{i{n��{wlw�yiz{|�i��
jis{nyq��{ny�n{�zxwzwjvwz{��z{ywq{��vwk|��z{nvs|�q�xwlqjin{�
]iptq�qn�}|vs�qr�wylivqpui�z|�nz{k|n{�q�kv|{yq�stn{ws�jtilwmiy��

vitq�q��swuxiy{unv{wk��w{mntnvv�~�my|l�w{�my|li�qpjqyi{nt�vw�xywvq�
�inu�uq�unujyiviuq��k�sw{wy�~�wmvwkynunvvw�xyw{nsi�{�yiptq�v�n�
kpiquwswvs|yqy|��qn�ynis�qq�Yn{ijwtq�nzsqn�ynis�qq��xyw{nsi��qn�k�
wxynmntnvvwu�xwy�msn�xyq�|�iz{qq�}nyunv{wk�k�w{mnt�v�~�swuxiy{unv{i~�
vi�xwkny~vwz{q�yipmnti�}ip�q�vi�unujyivi~�wylivntt��uwl|{xwmikt�{�z��
yiptq�v�uq�sznvwjqw{qsiuq�

�����)JĜLGD�P?KMBM�IPDLM@GMQGI?�L?�GF@GO?QDJ[LR]�QMIPGVLMPQ[

k̂wrz{ki�ziuwlw�sznvwjqw{qsi, k��iz{vwz{q�z{nxnv��qwvqpi�qq��wsip��
ki�{�jwt��wn�ktq�vqn�vi�qpjqyi{nt�vwz{��nlw�mnrz{kq���Vwv��vn�wjyip|�
�{�z�unz{iuq�zk�p�kivq��swkitnv{v�~�zk�pnr��i�ztnmwki{nt�vw��uwl|{�tnl�
sw�w{y�ki{�z���\w�{wu|�mt��xwmmnyoivq��is{qkvwlw��nv{yi�k�viz��nvvwu�
zwz{w�vqq�vnwj~wmquw���{wj��k�yiz{kwyn��wsy|oi��nu�unz{w�zk�p�kivq��
�yn�nx{wy ��xwz{w�vvw�xyqz|{z{kwkit�qpj�{ws�mivv�~�qwvwk�

k̂wrz{ki, w{tq�i��qnqwv��w{�vnqwvqpqywkivv�~�uwtns|t��sw{wy�n�
wxynmnt��{�qpjqyi{nt�vwz{��mnrz{kq���i �swkitnv{v|��ynis�qwvv|��zxw�
zwjvwz{��wjyipwkivqnqyipy�k�swkitnv{v�~�zk�pnr ��j �imzwyj�q��vi�
xwkny~vwz{q�q�k �xywvqsvwknvqn��{yivzxwy{ ��nynp�unujyiv�.
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]ipy�k�swkitnv{v�~�zk�pnr�}nyunv{iuq�zqt�vw�ktq�n{�vi�qpjqyi{nt��
vwz{��mnrz{kq��ilnv{wk��{is�sis�xyq��{wu�wvq�uwl|{�xynkyi�i{�z��k�jwtnn�
is{qkv�n�qtq��viwjwyw{��qvny{v�n�kn�nz{ki��
\yq�vnzxn�q}q�nzswr�imzwyj�qq�vnr{yit�v�n�uwtns|t��imzwyjqy|�

�{z��zqt�vnn���nu�qwv���f{w�xywqz~wmq{�xw{wu|���{w�qwv�lqmywtqp|n{z��
zqt�vnn���nu�zww{kn{z{k|��qn�vnqwvqpqywkivv�n�uwtns|t���sw{wy�n�k�
�{wu�zt|�in�tnl�n�k�{nzv��{z��qp�kwm��

x̂n�q}q�nzsi��imzwyj�q��zkwrz{knvvi�lqmyw}qt�v�u�kn�nz{kiu��
_is��k�ynp|t�{i{nxyq{�onvq��s�xyw{qkwxwtwovw piy�onvv�u|�iz{�
siu�xwkny~vwz{q�qwv�j|mn{�imzwyjqywki{�z�zqt�vnn���nuvnqwvqpq�
ywkivvi��uwtns|ti�
\ywvqsvwknvqn�sznvwjqw{qswk�k�stn{s|�pikqzq{�w{�{qxi�unujyiv���\yq�

�qv��pi{y|mvnvq��xyw~womnvq��qwvi��nynp�tqxwxyw{nqmv|��unujyiv|��

 �qwv� qun�{�w{vwzq{nt�vw jwt��|� kntq�qv| kztnmz{kqn�

lqmyi{i�qq��
2) piy�m�qwvwk�zwkximin{�xw�pvis|�z�{wr��iz{���jntswkwr�xwkny~vwz{q��

s�sw{wywr�wv�xyqjtqoin{z�,�{w�xyqkwmq{�s�w{{itsqkivq�;
� �piy�m�qwvi�xyw{qkwxwtwonv�xw�pvis|�z�jntswkwr�xwkny~vwz{������{w�

xyqkwmq{�s�}qszi�qq��
Znpiy�onvv�n�uwtns|t��z�uitwr�uwtns|t�yvwr�uizzwr�wj��vw�tnlsw�

xywvqsi�{��nynp�unujyiv��Vwv��uwl|{�{ison�~wyw�w�xywvqsi{��k�stn{�
sq�xyq�vitq�qq�k�unujyivi~�qwvv�~�sivitwk��zqz{nu�is{qkvwlw�{yivzxwy�
{i��N_~ip �qmy��
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0DIUĜ 11  
4MADCDLGD�IPDLM@GMQGIMA�A�\IMPGPQDK?T �GT�\IMJMBGVDPI?̂�

MN?PLMPQ[



�
�̂|m�ji�sznvwjqw{qswk�k�jqwlnw�nvwpi~�


���Ppiquwmnrz{kqn�jqw{q�nzsq~�q�ijqw{q�nzsq~�}is{wywk�xyq�xyn�

kyi�nvq�~�sznvwjqw{qswk�k�jqwz}nyn�
11���̀ z{wr�qk�n��vnyiptili��qnz��xwtt�{iv{��q��swtwlq�nzsi��

wxizvwz{�jqwyipy|�inu�~xwtt�{iv{wk�q wz{i{swk�vnyiptwoqk�q~z��
xwtt�{iv{wk

�����6RC[@?�IPDLM@GMQGIMA�A�@GMBDMUDLMF?T

Piovwn�pvi�nvqn�qun�{�zswywz{q�xynkyi�nvqr�sznvwjqw{qswk�k��sw�
zqz{nun��P�zwsi��zswywz{��xynkyi�nvq��wj��vw�xyqkwmq{�s�qz�npvwkn�
vq��kn�nz{ki�q��ztnmwki{nt�vw��s�qz�npvwknvq��xywjtnu���zk�pivvwr�z�
pily�pvnvqnu�wsy|oi��nr�zynm���xyq�unmtnvvwu�yipy|�nvqq�kn�nz{kw�
zw~yiv�n{z��mtq{nt�vwn�kynu����{w�uwon{�xyqkwmq{��s�nlw�swv�nv{yqyw�
kivq��
Wznvwjqw{qsq��xwximi��qn�k��swzqz{nu���uwl|{�xyn{nyxnki{��ztn�

m|��qn�wzvwkv�n��{ix��mit�vnr�nr�{yivz}wyui�qq�
1) ynis�qq�xynkyi�nvq���yizxim�sznvwjqw{qswk��wsqztq{nt�vw-

kwzz{ivwkq{nt�v�n�q�lqmywtq{q�nzsqn�ynis�qq��ynis�qq�swv°�li�qq�
2) imzwyj�q��vi�iz{q�i~�jqwtwlq�nzswlw�q�ijqw{q�nzswlw�xywqz�

~womnvq��
3) xnyn~wm�qp�wmvwr�zynm��k�my|l|��
|̂m�ji�sznvwjqw{qsi�k��swzqz{nun�pikqzq{�w{��ntwlw�y�mi�}is{wywk�q�

q~�kpiquwmnrz{kq���Zixyquny��yizxim��mnlyimi�q� �sznvwjqw{qswk�uwon{�
wz|�nz{kt�{�z��xwm�mnrz{kqnu }nyunv{wk��i�{ison��qz{w�}qpqsw-
~quq�nzsqu�x|{nu�=kztnmz{kqn�}w{wtqpi��mnrz{kq��zkn{i �qtq�lqmywtqpi�
�kpiquwmnrz{kq��z�kwmwr �

�����)F?GKMCDHPQAGD�@GMQGVDPIGT�G�?@GMQGVDPIGT�S?IQMOMA�NOG�
NODAO?XDLĜT�IPDLM@GMQGIMA�A�@GMPSDOD

+<@<C6:6E3?863�=>30>.G3;6M. ŵtvn�vi��yimqi�q��~wyw�w�xwltw�
�in{z��vnsw{wy�uq�uwtns|tiuq�q�kw�uvwlq~�zt|�i�~�zxwzwjvi�qvm|�qyw�
ki{��qpunvnvq��k�uwtns|tn��Vwvqpqy|��nn�qpt|�nvqn��{ison�xyqz|{z{�
k|��nnk�wsy|oi��nr�zynmn��vw�wvw�unvnn�swv�nv{yqyqkivvwn�q�vn�uw�
on{�k�pki{��piun{v�r��}}ns{��fvnylq��qv}yisyizvwlw�qpt|�nvq��mwz{i�
{w�vi�tq���mt��xywm|�qywkivq��uqvquit�v�~�uwtns|t�yv�~qpunvnvqr��
vw�vn�mt��xwtvwlw�xynkyi�nvq��uwtns|t��̀t�{yi}qwtn{wkwnqpt|�nvqn�
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{ison�xwltw�in{z��uwtns|tiuq�vnsw{wy�~�sznvwjqw{qswk��~w{w~quq�n�
zsqn�xynkyi�nvq��xyw~wm�{�k�{yq�z{imqq�

1) xwltw�nvqn�qpt|�nvq��wxynmntnvvwr�mtqv��kwtv��q�xnyn~wm�uwtn�
s|t��sznvwjqw{qsi�k�kwpj|omnvvwn�zwz{w�vqn�

2) xynwjyipwkitqn��tns{ywvvw-kwpj|omnvvwlw�zwz{w�vq��q�xnyn~wm�uw�
tns|t��k�vnkwpj|omnvvwn�zwz{w�vqn��LBM?ETJXF�QKOKREIETBNGEF�LMKSBNN�;

3) wjyipwkivq��yiptq�v�~�kn�nz{k�k�ynp|t�{i{n�xnykq�vwlw�}w{w~q�
uq�nzswlw�xyw�nzzi(?OKMETJXB��qtq� OBIJK?XB!�MB=GSEE).
\yq��{wu�is{qkv�n��iz{q����wjyip|��qnz��k�xnykq�v�~�}w{w~quq�n�

zsq~�xyw�nzzi~��xynomn�kznlw�zkwjwmv�n�yimqsit���uwl|{�ynilqywki{��z�
my|lquq�uwtns|tiuq�k�zkwnu�vnxwzynmz{knvvwu�wsy|onvqq��vixyquny�z�
uwtns|tiuq�sqztwywmi�qtq�kwm���Pwpj|omnvv�n�uwtns|t��uwl|{�xnynmi�
ki{��xwltw�nvv|���vnylq��uwtns|tiu�my|lwlw�sznvwjqw{qsi��sw{wy�r�pi�
{nu�yipy|�in{z���

{̂nxnv��mnz{y|s�qq�sznvwjqw{qsi�k�}w{w~quq�nzsq~�xyw�nzzi~�
pikqzq{�w{:

 �nlw�zxwzwjvwz{q�xnynun�i{�z��k�i{uwz}nyn�qtq�wz{iki{�z��vi�xw�

kny~vwz{q��Wznvwjqw{qsq��tnlsw�xywvqsi��qn�k�lt|j��xw�k���vn�mwz{|x�
v��mt��}w{w~quq�nzswlw�yipy|�nvq�;
� �w{�zkwrz{k�ziuwlw�sznvwjqw{qsi��Pn�nz{kw�mwtovw�xwltw�i{���tns�

{ywuilvq{vwn�qpt|�nvqn�k�mwz{|xvwu�qv{nykitn�mtqv�kwtv�q��sywun�{wlw��
wjtimi{��xw{nv�qit�vwr�zxwzwjvwz{���s�~quq�nzswu|�qpunvnvq���{�n��
qun{��zk�pq��ynilqy|��qn�vi�kwpmnrz{kqn�qpt|�nvq���sw{wy�n�xyq�zww{�
kn{z{k|��q~�|ywkv�~��vnylqq�uwl|{�xnynz{yiqki{�z��qtq�yipy�ki{�z��
%86?96@39J;<-0<??@.;<06@39J;I3�=>30>.G3;6M� [sqztq{nt�vw-

kwzz{ivwkq{nt�v�nxyw�nzz��qun�{�kiovwn�pvi�nvqn��{is�sis�
=wsqztnvv�n�q�kwzz{ivwktnvv�n�}wyu��mivvwlw�sznvwjqw{qsi�uwl|{�

z|�nz{knvvw�yiptq�i{�z��xw�jqwtwlq�nzsquq��swtwlq�nzsqu�zkwrz{kiu�
=pvi�q{nt�vi��kiyqi�q��wsqztq{nt�v�~�qtq�kwzz{ivwkq{nt�v�~�|z�

twkqr�k�wsy|oi��nr�zynmn�ktq�n{�vi�{yivz}wyui�q��sznvwjqw{qswk��
[sqztq{nt�vw-kwzz{ivwkq{nt�vi��zxwzwjvwz{��wsy|oi��nr�zynm��~i�

yis{nyqp|n{z��kntq�qvwr�M%��xwpkwt���nr�|z{ivwkq{���k�siswr�}wyun�k�
mivvwr�zynmn�uwon{�z|�nz{kwki{��sznvwjqw{qs�

pC���-lg [e=]

lmn�M%=xwsipi{nt��is{qkvwz{q��tns{ywvi��|sip�ki��qr�vi�zxwzwjvwz{��
zynm��w{miki{��qtq�xyqvqui{���tns{ywv���
Ywovw�xywknz{q�ivitwlq��unom|�yZ�sis�xwsipi{ntnu�is{qkvwz{q�xyw�

{wvi�q�M%sis�xwsipi{ntnu�is{qkvwz{q��tns{ywvi�
=k�zwswn�pvi�nvqn�M%zww{kn{z{k|n{�vqpswr�is{qkvwz{q��tns{ywvwk��

zwnmqvnvqn�vi~wmq{z��k�Xwjnmvnvvwr<��tns{ywviuq�qtq�wsqztnvvwr�}wyun��



96

=vqpswn�pvi�nvqn�M%zww{kn{z{k|n{�k�zwswr�is{qkvwz{q��tns{ywvwk:
zwnmqvnvqn�Xwjwli�nvw<��tns{ywviuq�qtq�kwzz{ivwktnvw�
Pntq�qvi�M%k�z{|xin{�wmvqu�qp�ynl|tqy|��q~�}is{wywk��wxynmn�

t���q~�xwknmnvqn�sznvwjqw{qswk�k�wsy|oi��nr�zynmn��
4MEIBM��. ]{|{��uwon{�z|�nz{kwki{��k�kqmn�mk|~piy�mvwlw�si{qwvi��

zxwzwjvwlw�k�ximi{��k�wzimws�xyq�kpiquwmnrz{kqq�z�y�mwu�ivqwvwk�qtq�
xynkyi�i{�z��wylivqpuiuq�k�xywqpkwmv�n�un{qty{|{q��]{|{���kwzz{ivwk�
tnvvi��mw��tnunv{iyvwr�}wyu���wjtimin{�zwkny�nvvw�my|lquq�ynis�qwv�
v�uq�zkwrz{kiuq�qz{ivwkq{z��mwkwt�vw�tn{|�nr��
4MEIBM��. Npw{��k�pikqzquwz{q�w{�wsqztq{nt�vw-kwzz{ivwkq{nt�vwr�

zxwzwjvwz{q��xyqz|�nr�xyqywmv�u�kwmiu �uwon{�z|�nz{kwki{��k�yiptq��
vwr�z{nxnvq�wsqztnvq���̀ywknv��zwmnyoivq��vq{yi{wk�k�vnsw{wy�~�xw�
kny~vwz{v�~�kwmi~��xwz{|xi��q~�qp�znt�zsw~wp�rz{knvv�~�|lwmqr�qtq�
oqkw{vwkwm�nzsq~�}nyu��uwon{�zwpmi{��zny�npv|���swtwlq�nzs|��xywjtn�
u|��Zq{yi{��zwmnyoi{�ipw{�k�ziuwr�k�zwswr�z{nxnvq�wsqztnvq��q�wjyip|�
�{z��xyq�k�zwsq~�pvi�nvq�~�M%��O|m|�q�ziuq�xw�znjn�{wszq�v�uq��k�xyw�
uno|{w�vwr�wjtiz{q�pvi�nvqr�M%vq{yi{��k�y�mn�zt|�ink�zxwzwjv��kwzz{i�
viktqki{�z��mw�vq{yq{wk�\yqz|{z{kqn�xwztnmvq~�wxizvw�mt��pmwywk���t��
mnr�kztnmz{kqn�q~�zxn�q}q�nzswlw�zywmz{ki�s�lnuwltwjqv|��S�n�jwtnn�
wxizvi�zxwzwjvwz{��vq{yq{wk�wjyipwk�ki{��vq{ywpiuqv���sw{wy�n��kt��{�
z��siv�nywlnviuq��Zq{yq{��mitnn�uwl|{�kwzz{iviktqki{�z��mw�iuuqisi��sw�
{wy�r�xyq�vqpsq~�pvi�nvq�~�M%z|�nz{k|n{�k�kqmn�qwvwk�iuuwvq��
[sqztnvqn�sznvwjqw{qswk�uwon{�xywqz~wmq{��k�kwmvwr�zynmn�pi�z�n{��

yiz{kwynvvwlw�k�kwmn�sqztwywmi��wjyip|��nlwz��qp�xnywszqmi�kwmwywmi��
sw{wy�r�k�mnt�n{z��k�kwm|�vnsw{wy�uq�lqmywjqwv{iuq��q�z�|�iz{qnu�zkw�
jwmv�~�yimqsitwk�
_wszq�vwz{��xywm|s{wk�wsqztnvq��y�mi�sznvwjqw{qswk��xnz{q�qmwk��

vixyquny��lnx{i~twyi��it�myqvi��}wz}wiuqmi �k��n���nu�{wszq�vwz{��qz�
~wmv�~�kn�nz{k�
�62><965. ]nis�qq�lqmywtqpi�wj|ztwktnv��zxwzwjvwz{���kn�nz{ki�

kz{|xi{��k�ynis�qq�z�kwmwr��Qqmywtqp�pikqzq{�w{�yizxynmntnvq��piy�mwk�k�
kn�nz{kn�q�w{�yZ�zynm���
Pwmwywmv�n�qwv��q�my|lqn�ly|xx��z�mn}q�q{wu��tns{ywvwk�vip�ki�

�{z���tns{yw}qt�v�uq��ftns{yw}qt�v�n�ly|xx��wzwjnvvw�zqt�vw�xyq{��
lqki�{z��s�i{wu|�z�vnjwt��qu�w{yq�i{nt�v�u�piy�mwu�s�vnxwmntnvvwr�
�tns{ywvvwr�xiyn�qtq��tns{ywviu�mkwrvwr�zk�pq��Pn�nz{ki�z�qpj�{swu�
vnzk�p�ki��q~z���tns{ywvwk��kt��{z��v|stnw}qtiuq��Zixyquny���}qy��
uwl|{�lqmywtqpwki{�z��x|{nu�si{itqpi�sqztw{wr�qtq�wzvwkivqnu�tqjw�k�
ynp|t�{i{n�vnxwzynmz{knvvwlw�kpiquwmnrz{kq��uwtns|t��kwm��z��}qywu�k�
vnr{yit�vwr�zynmn�
Qqmywtqp|�xwmknyonv��uvwlqn�zwnmqvnvq���vixyquny��}qy��q�iuqm��

siyjwvwk�~�sqztw{��siyjwvi{���}wz}wywylivq�nzsqn�zwnmqvnvq��q�my��
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\yq�lqmywtqpn�iuqmwk�wjyip|�{z��siyjwvwki��sqztw{i�q�iuqv��Yvwlqn�
litwlnvpiun�nvv�n�zwnmqvnvq��{ison��|kz{kq{nt�v��s�lqmywtqp|�
�2?<>/D6M�8?3;</6<@68<0�;.�E.?@6D.C�Rwz{|xvwz{��sznvwjqw{qsi�

mt��}nyunv{wk�q��ztnmwki{nt�vw��kwpuwovwz{��nlw�mnlyimi�qq�zvqoi�{z��
k�ynp|t�{i{n�zwyj�qq�nlw�uwtns|t�vi��iz{q�i~�jqwtwlq�nzswlw�qtq�ijqw�
{q�nzswlw�xywqz~womnvq���\yw�nzz��zwyj�qq-mnzwyj�qq�sznvwjqw{qswk�
kpiquwzk�piv��z�xnynvwzwu��{q~�zwnmqvnvqr�k�jqwz}nyn�vi�jwt��qn�yiz�
z{w�vq��
Zixyquny��uvwlqn�wjyip|��qnz��k�xw�kn�xywm|s{��lqmywtqpi�xnz{q�

�qmwk�imzwyjqy|�{z��vi��iz{q�i~�xw�k��q�zk�p�ki�{z��z�l|u|zwu��P�im�
zwyjqywkivvwu�zwz{w�vqq�wvq�vn�yiptili�{z��}w{w~quq�nzsq�q�vn�lqmyw�
tqp|�{z��kwmwr��{�n��|z{wr�qkwz{��q~�xwk��in{z���\w�unyn�yipy|�nvq��
l|u|zi�lyqjiuq���{w��kt�n{z��}nyunv{i{qkv�u�xyw�nzzwu �yivnn�zk�piv�
v�n�xywm|s{��lqmywtqpi�xnz{q�qmi�k�zkwjwomi�{z��q�uwl|{�xyw�kt�{��
zkwn�{wszq�nzswn�mnrz{kqn�vi�wylivqpu��mivvwr��swzqz{nu���
"<;HL1.D6Msznvwjqw{qsi�z�yiptq�v�uq�wylivq�nzsquq�uwtns|tiuq�
Wznvwjqw{qs�k�}wyun�swv°�li{i��wjyipwkik�nlwz��kv|{yq�oqkwlw�wy�

livqpui��xwximin{�k�xw�k|�qtq�k�kwm|�q�xywmwtoin{��qys|tqywki{��k�jqw�
lnw�nvwpn��\ywm|s{��swvmnvzi�qq�vnsw{wy�~�xnz{q�qmwk��qtq�q~�un-
{ijwtq{wk �z�kn�nz{kiuq�yiz{nvqr�yiptili�{z��unmtnvvnn���nu�qz~wmv�n�
kn�nz{ki��}wz}wywylivq�nzsqr�xnz{q�qm�kqv}wz �
[mvqu�qp�{qxwk�swv°�li�qq�sznvwjqw{qswk�z�q{in{z��itsqtqywkivqn��

\yq�itsqtqywkivqq�uwon{�z|�nz{knvvw�qpunv�{�z��kwmw- q�oqywyiz{kw�
yquwz{���tqxw}qt�vwz{� �mivvwlw�zwnmqvnvq���i�xwztnmvnn�zkwrz{kw�kn�
�nz{ki�wxynmnt�n{�nlw�xnyn~wm��qp�lqmyw}qt�vwr�zynm��k�lqmyw}wjv|��
q�wjyi{vw�
f{q�xnyn~wm��wxynmnt��{xyw~womnvqn�sznvwjqw{qsi��nynp�lqmyw�

}wjv�r�ztwr�unujyiv��wsy|oi��qr�oqk�n�stn{sq��q�xwztnm|��qn�nlw�
kwpmnrz{kq���Wywun�{wlw��qunvvw�lqmyw}wjvwz{��y�mi�sznvwjqw{qswk��k�
{wu��qztn�uvwlq~�~twywylivq�nzsq~�zwnmqvnvqr �wj|ztwktqkin{�q~�xw�
k��nvv|��zxwzwjvwz{��s�jqwiss|u|tqywkivq��
Piovwz{��xnyn~wmi�sznvwjqw{qswk�qp�lqmyw}qt�vwr�zynm��k�lqmyw�

}wjv|���q�wjyi{vw �pist��in{z��q�k�{wu���{w�xyq��{wu�qpunv�n{z��mwz�
{|xvwz{��uwtns|t��mt��}nyunv{wk��\wmikt���nn�jwt��qvz{kw�}nyunv�
{wk�mnrz{k|n{�k�kwmvwr�zynmn��\nyn~wm�uwtns|t��sznvwjqw{qsi�qp�kwmvwr�
zynm��k�lqmyw}wjv|��wpvi�in{�|unv��nvqn�nlw�mwz{|xvwz{q�mt��}nyunv�
{wk��i��{w�k�zkw��w�nynm��zvqoin{�knyw�{vwz{��nlw�jqw{yivz}wyui�qq�q�
mn{wszqsi�qq�
&3>3C<2I�03G3?@0�65�<2;<7�?>32I�0�2>A1AL��_iswk��xnyn~wm��sznvw�

jqw{qswk�qp�kwm��k�kwpm|~�q�wjyi{vw��qp�wylivqpuwk�k�kwm|�q�wjyi{vw��qp�
xw�k��k�kwm|�q�{�m��Zixyquny��tn{|�nz{��y�mi�xnz{q�qmwk��wzwjnvvw�~tw�
ywylivq�nzsq~ �=xnyn~wm�k�ynp|t�{i{n�qzxiynvq��qp�xw�k��qtq�kwm��k�
kwpm|~�=wj|ztwktqkin{�q~�mit�vnr�qr�xnynvwz�vi�jwt��qn�yizz{w�vq��
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Wznvwjqw{qsq�xnynvwz�{z��kwpm|�v�uq�uizziuq�q�k�pvi�q{nt�v�~�
swtq�nz{ki~�k�ximi�{�k�kqmn�x�tq�q�z�i{uwz}nyv�uq�wzimsiuq��_is��szn�
vwjqw{qs�uwon{�xnynvwzq{�z��qp��ovwlw�xwt|�iyq��k�znknyvwn�q�pily�p�
v�{��zynm|�mion�k�{n~�ynlqwvi~��lmn�nlw�xyqunvnvqnxwtvwz{���pixyn�n�
vw�
\wmz�q{ivw��vixyquny���{w�k�vnsw{wy�~�ynlqwvi~�vi�pnut��nonunz���

vw�k�ximin{��=��	�l�RR_�vi�
�su2��\yq��{wu�qpknz{vw���{w�qp�N}yqsq�k�
Nunyqs|�xnynun�in{z��
		=		�utv.{�x�tq�k�lwm��xyq�nu�x�t��mwz{qlin{�
govwr�Nunyqsq�kznlw�tq���pi�=��z|{ws��V{is��k�zwsi��zxwzwjvwz{��
sznvwjqw{qswk�q�q~�un{ijwtq{wk�xnyn~wmq{��qp�wmvwlw�jtwsi��swzqz{nu��
�xw�k��qtq�kwm� �k�my|lqn��kwpm|~��jqw{i �xwywomin{�zny�npv�n��swtwlq�
�nzsqn�xywjtnu���
\w�vnsw{wy�u�mivv�u��RR_�qz�npin{�qp�xw�k��pi�xnyqwm�mw��	�tn{�

it�myqv�q�~twymiv�=
��tn{��mq�t�myqv�=���tn{��lnx{i~twy�=
�tn{�q�{�m�
Zn�unvnn�zny�npv�n�xywjtnu��kwpvqsi�{�q�kztnmz{kqn�pi{y|mvnvvwz{q�

xnyn~wmi�xwmwjvwlw�{qxi��Zixyquny��xnyn~wm�y{|{q�qp�xw�k��k�kwm|�xyw�
qz~wmq{�w�nv��unmtnvvw��xnyqwm�xwt|k�knmnvq��qp�xw�k��k�xwkny~vwz{�
v�n�kwm��zwz{ikt�n{���	�tn{ ��\wxik�i��k�kwmwnu��y{|{��un{qtqy|n{z��q�
visixtqkin{z��k�lqmywjqwv{i~��P�ynp|t�{i{n�kwpvqsin{�wlywuvwn�pixipm��
kivqn�k�uqlyi�qq�y{|{q�k�jqwz}nyn���{w�pi{y|mv�n{�jwy�j|�z�y{|{v�u�pi�
ly�pvnvqnu��Rion�nztq�j�znlwmv��|mitwz��xwtvwz{���xynsyi{q{��iv{yw-
xwlnvvwn�pily�pvnvqn�jqwz}ny���k��iz{vwz{q��xw�k� �y{|{����{w�kzn�yikvw�
n�n�zw{vq�tn{�j|mn{�xywmwtoi{�z��nn�k�u�kivqn�qp�xw�k��k�kwmwnu��

11.3 8PQMHVGAZD �LDO?FJ?B?]XGDP̂�NMJJ]Q?LQZ�G�\IMJMBGVDPI?̂�
MN?PLMPQ[@GMO?FORW?DKZT�NMJJ]Q?LQMA�G�MPQ?QIMA�LDO?FJMEGAWGTP̂�
NMJJ]Q?LQMA

P�zk�pq�z�vnzxwzwjvwz{����swzqz{nu�s�xwtvwr�jqwmnlyimi�qq�sznvw�
jqw{qswk�zwpmin{z���swtwlq�nzsi��wxizvwz{���wj|ztwktnvvi��vitq�qnu�k�
jqwz}nyn�sis�|z{wr�qk�~��xnyzqz{nv{v�~ �qtq�kwwj�n�vnyiptili��q~z��
k�wsy|oi��nr�zynmn�sznvwjqw{qswk��{is�q�xwmknyli��q~z��jqwmnlyi-
mi�qq��P��{wr�zk�pq�kwpvqsin{�vnzswt�sw�kwpuwov�~�zq{|i�qr�
=viy|�nvqn�}|vs�qwvqywkivq���swzqz{nu��wj|ztwktnvvwn�vitq�qnu�

|z{wr�qk�~��vnyiptili��q~z��qtq�yiptili��q~z��syirvn�unmtnvvw�szn�
vwjqw{qswk��P�swvn�vwu�q{wln�sznvwjqw{qsq��xwz{w�vvw�visixtqki�z���
j|m|{�wsip�ki{��vnli{qkvwn�kwpmnrz{kqn�vi��swzqz{nu��
=viy|�nvqn�vwyuit�vwlw�}|vs�qwvqywkivq���swzqz{nu��zk�pivvwn�z�

vitq�qnu�jqwyipy|�inu�~�sznvwjqw{qswk��\yq�qv��{iswlw�viy|�nvq�: 
xyqywmi�xynkyi�nvqr�q�iss|u|t��qq�sznvwjqw{qswk��wxizvwz{���kwp-
mnrz{kq��jwt��q~�mwp��kwpmnrz{kqnu�uit�~��z|jtn{it�v�~ �swv�nv{yi�qr�
4MEMKA=�LMB?M=VBJEF�E�=GGPIPH\SE\�GNBJK>EKOEGK?��̂ xwzwjvwz{��

sznvwjqw{qswk�yizxywz{yiv�{�z��k�wsy|oi��nr�zynmn�zwpmin{�xywjtnu���
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zk�pivv�n�z�mtq{nt�vwz{���q~�zw~yivnvq��k�xyqywmv�~�|ztwkq�~��Xnlsw�
yipy|�inu�n�zwnmqvnvq��jwt��nr��iz{���vn�z�q{i�{z��xw{nv�qit�vw�
wxizv�uq�mt��wsy|oi��nr�zynm���_nu�vn�unvnn�vnwj~wmquw�xywkwmq{��
zyikvq{nt�v�r�ivitqp�q�pvi{��zxwzwjvwz{��yiptq�v�~�wylivqpuwk�yipy|�
�i{��{w�qtq�qvwn�kn�nz{kw��Wwvsyn{v�r�sznvwjqw{qs�uwon{�tnlsw�yipy|�
�i{�z��k�wmvwr�zynmn��vw�uwon{�j�{��|z{wr�qk�u�k�my|lq~�|ztwkq�~�
Ziy�m|�z�wxynmntnvqnu�zswywz{q�yipy|�nvq��kn�nz{ki�w�nv��kiovw�

{ison�qp|�q{���sisqn�{qx��kn�nz{k�wjyip|�{z��k�xyw�nzzn�{iswlw�yipy|�
�nvq���Sztq�wylivq�nzswn�kn�nz{kw�yipy|�in{z��xwtvwz{���z�wjyipwki�
vqnu�|ltnywmi�q�kwm���sis��{w�xywqz~wmq{�kw�uvwlq~�uqsywjv�~�zqz{n�
ui~��{iswlw�kwxywzi�vn�kwpvqsin{�
RR_�wsip�kin{�w�nv��jwt��wn�ktq�vqn�vi�xyqywmv|��zynm|��wv�w�nv��

|z{wr�qk�s�un{ijwtq�nzswu|�yipy|�nvq���ztijw�yiz{kwy�n{z��k�kwmn��tq�
xw}qtnv��[mvisw�zwltizvw�|z{ivwktnvvwr�xwztnmwki{nt�vwz{q�ynis�qr�
RR_�kzn�on�yizximin{z��vi�y�m�xywqpkwmv�~��_is��vixyquny��xyq�|mitn�
vqq�qp�uwtns|t��RR_�i{wui�~twyi�wjyip|n{z��RRR��i�xyq�w{�nxtnvqq�
Ẑ 
�=vnviz��nvvwn�zwnmqvnvqn�RRf��[sip�kin{z���RRf�=n�n�jwtnn�
wxizvwn�mt��wsy|oi��nr�zynm��kn�nz{kw���nu�RR_��xwzswt�s|�wvw�n�n�
unmtnvvnn�un{ijwtqpqy|n{z��q�yipy|�in{z��
\ynkyi�nvqn�RR_�k�RRf�=wzvwkvi��xyq�qvi�kwpvqsvwknvq���swtwlq�

�nzswr�xywjtnu���Sztq�RR_�xynkyi�in{z��k�RRR��{w�xwztnmvqr�j�z{yw�
yipy|�in{z���wmvisw��i�n�RR_�xynkyi�in{z��k�RRS�=zwnmqvnvqn�qzst��
�q{nt�vw�|z{wr�qkwn��q�qunvvw��{w{�un{ijwtq{�wj��vw�wjviy|oqkin{z��k�
wsy|oi��nr�zynmn��
P�vnsw{wy�~�uqsywjqwtwlq�nzsq~�zqz{nui~�xyq�yipy|�nvqq�RR_�wj�

yip|�{z��mqwszqm�|ltnywmi�q�kwmi��wmvisw�xwztnmwki{nt�vwz{��xyw{nsi��
�q~�xyq��{wu�ynis�qr�vn�|z{ivwktnvi�
\yq�w�nvsn��swtwlq�nzswr�wxizvwz{q�vnwj~wmquw�|�q{�ki{��xyqywm|�

q�xyw�nzz��un{ijwtq�nzsq~�xynkyi�nvqr��Piovw�xwuvq{�: xw�{qt�jwr�
wylivq�nzsqr�sznvwjqw{qs�uwon{�un{ijwtqpqywki{�z��k�siswu-tqjw�wyli�
vqpun��q��iz{w�k�ynp|t�{i{n�mwkwt�vw�ztwov�~�xwztnmwki{nt�vwz{nr�ynis�
�qr�wjyip|�{z��uvwlw�qztnvv�n�un{ijwtq{���̂{nxnv��viswxtnvq��un{i�
jwtq{wk�k�wylivqpun�pikqzq{�w{�w{vwzq{nt�v�~�zswywz{nr�q~�wjyipwkivq��
q�xwztnm|��nlw�un{ijwtqpqywkivq��q��qtq �k�kwmi�qp�wylivqpui��Yn{i�
jwtq{�visixtqkin{z��k�wylivqpun��nztq�wv�k�yiji{�kin{z��z�w{vwzq{nt�vw�
k�zwswr�zswywz{����{wlmi�sis�xwztnm|��qn�un{ijwtq�nzsqn�ynis�qq�qm|{�
z�unv��nr�zswywz{���qtq�zswywz{��k�knmnvq��un{ijwtq{i�qp�wylivqpui�
uiti�xw�zyikvnvq��zw�zswywz{���nlw�wjyipwkivq��
\yqywm|�un{ijwtq�nzsq~�xynkyi�nvqr�ztnm|n{�|�q{�ki{��xyq�yipyi�

jw{sn�ivitq{q�nzsq~�un{wmwk��Zixyquny��xyq�wxynmntnvqq�wz{i{swk���-R�
�mq~twy}nvwszq|sz|zvwr�sqztw{� �k�wjyijw{ivv�~��{qu�lnyjq�qmwu�yiz�
{nvq�~�v|ovw�|�q{�ki{��ztnm|��nn��Pn�nz{kw uwovw��sz{yilqywki{��k�
kqmn�zwtq�kkwmvwu yiz{kwyn��pi{nu�vnwj~wmquw�zvqpq{��yZ���{wj��
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xnynknz{q�sqztw{|�k�vnqwvqpqywkivv|��}wyu|��P�{iswr�}wyun�wvw��sz{yi�
lqy|n{z��vnxwt�yv�uyiz{kwyq{ntnu��pi{nu�w�q�in{z��q�ivitqpqy|n{z���
P�yiz{nvq�~�wj��vw�xyw{nsi�{�ynis�qq�swv°�lqywkivq���q���-R�uwon{�
j�{��zk�piv�z�wz{i{siuq�vnsw{wy�~�|ltnkwmwk��[jyipwkivvwn�zwnmqvnvqn�
wjtimin{�pvi�q{nt�vwr�xwt�yvwz{����xw�{wu|�xwztn��sz{yilqywkivq��q�
xwmsqztnvq��qpktn���nlw�vnxwt�yv�u�yiz{kwyq{ntnu�wsip�kin{z��vnkwp�
uwov�u��
<GKHK@ETBNG=\�KL=NJKNOY�>KHYUER�AKD�>EKM=DMPU=BIXR�GNB-

JK>EKOEGK?�E�KNO=OGK?�JBM=DHKCE?UERN\�GNBJK>EKOEGK?�zk�pivi�z�kwp�
uwovwz{���viy|�nvq��xyis{q�nzsq�kzn~��tnunv{wk�z{y|s{|y��q�}|vs�
�qwvqywkivq���swzqz{nu��kst��i��kqmwkwn�jwli{z{kw�q�yipvwwjyipqn�kq�
mwk��z{y|s{|y|�xwx|t��qr��z{ijqt�vwz{��q�xywm|s{qkvwz{���swzqz{nu��
Owt��qn�mwp��sznvwjqw{qswk�uwl|{�vnz{q�wlywuv|���swtwlq�nzs|��wxiz�
vwz{���kw-xnyk�~��xwzswt�s|�wvq�w{yikt��{�wylivqpu��yiv��n���nu�{n�|z�
xnki�{�q~�un{ijwtqpqywki{���q��kw-k{wy�~��k�zk�pq�z�viswxtnvqnu��{q~�
kn�nz{k�wylivqpuiuq��P�ynp|t�{i{n�jqwswv�nv{yi�qq�uwon{�|zqtqki{�z��
{wszq�nzswn�kwpmnrz{kqn�sznvwjqw{qswk�q�|~|m�i{�z��si�nz{kw�swyuwkwr�
jip��mt��wylivqpuwk�k��nz{w��q~�{yw}q�nzsq~�|ywkvnr�
3L=NJKNOY�NP>HBO=HWJXR��O=HXR��GKJSBJOM=SEF��AKD��wj|ztwktnvi�

ztnm|��quq�}is{wyiuq�
1)uwon{�xywqz~wmq{��~ywvq�nzswn�w{yiktnvqn�wylivqpuwk��knm|�nn�s�

ximnvq��ynxywm|s{qkvwr�zxwzwjvwz{q��Zixyquny�w{yiktnvqn�\bO�q�xnz�
{q�qmiuq�zxwzwjz{kwkitw�yipkq{q�jnzxtwmq��k�xwx|t��qq�{�tnv��k�Oit�
{qrzswu�uwyn��P�swvn�vwu�q{wln��{w�uwon{�xyqkwmq{��s�k�uqyivq��xw�
x|t��qq�qp-pi�zvqonvq��ywominuwz{q�

2)uwon{�viy|�i{�z��{wvsi��ynl|t��q��unokqmwk�~�q�kv|{yqkqmwk�~�
kpiquwmnrz{kqr��sw{wyi��wxwzynmwkivi�yiptq�v�uq�~nuwunmqi{wyiuq�q�
~nuwynl|t�{wyiuq�

3)z|jtn{it�v�n�swv�nv{yi�qq��wsip�ki��vnwmqviswkwn�ktq�vqn�vi�
swvs|ynv{v�n�kqm��wmvwlw�{yw}q�nzswlw�|ywkv��uwl|{�viy|�i{��nz{nz{�
knvv�r��swtwlq�nzsqr�jitivz�k��swzqz{nui~�

4) uit�n�mwp��y�mi�xnz{q�qmwk�uwl|{�mion�z{qu|tqywki{��kwzxywqp�
kwmz{kw�xwx|t��qr�vnsw{wy�~�syirvnvnonti{nt�v�~�kqmwk��vivwz��q~�
�swvwuq�nzsqr�|�nyjk�ilyw�swzqz{nui~��_is��k�wmvwr�qp�znyqq�wx�{wk�
z|jtn{it�v�n�mwp��RR_��mq�t�myqvi�q�xiyi{qwvi�|kntq�qkitqw{twonvqn�
�q��swtwyimzsqu�o|swu�vi��	����q������zww{kn{z{knvvw�
V{is��qp|�nvqn�x|{nr�jqw{yivz}wyui�qq�sznvwjqw{qswk�k��swzqz{nui~�

q�k~wm��q~�k�q~�zwz{ik�wylivqpui~�xwsip�kin{���{w��swtwlq�nzsi��wxiz�
vwz{��sznvwjqw{qswk-xwtt�{iv{wk�wxynmnt�n{z��vn�{wt�sw�q~�vnxwzynmz{�
knvvwr�{wszq�vwz{����vw�q{wszq�vwz{���q�xnyzqz{nv{vwz{���xywm|s{wk�
q~�jqw{yivz}wyui�qq��i�{ison�zxwzwjvwz{���sznvwjqw{qswk�q�xywm|s{wk�
q~�jqw{yivz}wyui�qq�ktq�{��vi�jqw~quq�nzsqn�q�}qpqsw-~quq�nzsqn�
xyw�nzz��k��swzqz{nui~�



101

\yqv�qxqit�vwn�pvi�nvqn�qunn{�zww{vw�nvqn�unom|�zswywz{���xw�
z{|xtnvq�sznvwjqw{qswk kswvsyn{v�n �swzqz{nu��q�zswywz{���q~�
mnlyimi�qq�
\|{qzvqonvq��vnonti{nt�v�~�xwztnmz{kqr�pily�pvnvq��jqwz}ny�
=yipyijw{si��xywqpkwmz{kw�q�xyqunvnvqn�jqwyipy|�i��q~z��zwnmq�

vnvqr��{�n��ui{nyqitwk�q�kn�nz{k��w{vwzq{nt�vw�j�z{yw�yiptilinu�~�k�
�swzqz{nui~�jnp�wjyipwkivq��{wszq�v�~�qtq�xnyzqz{nv{v�~�xywm|s{wk�
yizximi;
=qzxwt�pwkivqn�xyqywmv�~�kn�nz{k�mt��ynl|t��qq�yiptq�v�~�}qpqw�

twlq�nzsq~�xyw�nzzwk�q�zwpmivq��qv{nlyqywkivvwr�zqz{nu��pi�q{��yiz�
{nvqr��
~̂nui�mnrz{kq��sznvwjqw{qswk�k��swzqz{nui~�xynmz{iktnvi�vi�yqz|vsn�
7.

+@>FCQ5ZB�
8AB>GZ8: &Z5HZMM�A@5Q0 *@30Z87<�

>1J5:B
2>7Q59AB28M

+@>QCF8@>20Z85
�A8ZB57� 

2KA2>1>SQ5Z85

.@>D8G5A:0M�F5?L B8>B@0ZA�
D>@<0F8M

/8<8G5A:85�8
18>E8<8G5A:85
@50:F88�2>
2Z5HZ59�A@5Q5

]qz|vws�
7=[j�i��z~nuimnrz{kq���swtwlq�nzsq~�sznvwjqw{qswk

Zi�wzvwkivqq�qptwonvvwlw�k��n�ui{nyqiti�uwovw�zmnti{��ztnm|��nn�
pist��nvqn:
=sznvwjqw{qsq�kst��i�{�uvwlqn�stizz��kn�nz{k��wvq�zxwzwjv��uql�

yqywki{��xw�kznr�jqwz}nyn�q�xnyn~wmq{��qpwmvwr�zynm��k�my|l|��
=jqwtwlq�nzswn�ktq�vqn�uvwlq~�sznvwjqw{qswk��mnrz{k|��q~�zw�

kunz{vw��|zqtqkin{z�;
=xywm|s{�un{ijwtqpui�uvwlq~�sznvwjqw{qswk�wsip�ki�{z��jwtnn�
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{wszq�v�uq�q�siv�nywlnvv�uq���nu�qz~wmv�n�zwnmqvnvq��
=mnrz{kq�� sznvwjqw{qswk� xwmknyli�{z�� {isqn� z{y|s{|yvw-

}|vs�qwvit�v�n�zqz{nu��stn{sq��sis�lnvn{q�nzsqrixxiyi{��jqwunujyi�
v���jntsq��
={yivz}wyui�q��sznvwjqw{qswk�k�wj°ns{i~�wsy|oi��nrzynm��uw�

on{�xyqkwmq{��s�xw�ktnvq��jwtnn�xnyzqz{nv{v�~�zwnmqvnvqr�qwz{i{swk�
vnyiptwoqk�q~z��{wszqsiv{wk��
=uvwlqn�sznvwjqw{qsq��vixyquny��lqmyw}wjv�n�xnz{q�qm��vnsw{w�

y�n�un{itt��q�q~�zwnmqvnvq� �zxwzwjv��iss|u|tqywki{�z��k�oqk�~�wyli�
vqpui~�k�jwtnn�k�zwsq~�swv�nv{yi�q�~���nu�k�wsy|oi��nr�zynmn��
=�swtwlq�nzs|��wxizvwz{��xynmz{ikt��{�mion�vqpsqn��z|jtn{it�v�n�

swv�nv{yi�qq�sznvwjqw{qswk��sw{wy�n��wzwjnvvw�xyq�mtq{nt�vwu�kwpmnr�
z{kqq �uwl|{�k�{n�nvqn�y�mi�xwswtnvqr�zvqoi{��kwzxywqpkwmz{kw�k�xwx|�
t��q�~�q�{nu�ziu�u�xyqkwmq{��s�q~�k�uqyivq��
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��
�[j�qn�xynmz{iktnvq��w�uwvq{wyqvln�q�zsyqvqvln�

����P�jwy�{nz{-wj°ns{wk�q�{nz{-ynis�qr�mt��qvmqsi�qq�~quq�nzswlw�

pily�pvnvq��wsy|oi��nr�zynm��

����\yqv�qx��zwpmivq��ik{wui{qpqywkivvwr�zqz{nu��zsyqvqvli�szn�

vwjqw{qswk

���]ipyijw{si�wzvwk�xywu��tnvvwlw��znt�zsw~wp�rz{knvvwlw�q��sw�

twlq�nzswlw�uwvq{wyqvli�vi�wzvwkn�{n~vqsq�qzx�{ivq��jqwtwlq�nzswr�is�
{qkvwz{q�sznvwjqw{qswk

�����3@XGD�NODCPQ?AJDLĜ�M�KMLGQMOGLBD�G�PIOGLGLBD

P�xyis{qs|�mwtov��kkwmq{�z��{wt�sw�{n�zwnmqvnvq���sw{wy�n�xwmknyl�
tqz��jqwtwlq�nzsqu�qzx�{ivq�u��Znwj~wmquw�zwpmivqn�xywqpkwmq{nt�vwr�
zqz{nu��qzx�{ivqr�sznvwjqw{qswk�vi�yipv�n�kqm��jqwtwlq�nzswr�is{qk�
vwz{q��Zipvi�nvqn�zqz{nu��qzx�{ivqr�=}wyuqywkivqn�qv}wyui�qwvvwlw�
uizzqki�}|vmiunv{it�v�~�vi|�v�~�pvivqr�w�jqwtwlq�nzswr�is{qkvwz{q�q�
xizxwy{qpi�q��siomwlw�qp�sznvwjqw{qswk�xw�kqmiu�is{qkvwz{q�
\yis{qsi�xwsip�kin{���{w�xyqunv�nuwn�kn�nz{kw��iz{w�wjviy|oqkin{�

vwk�n��knz�ui�vnwoqmivv�n�zkwrz{ki��sis�xwtnpv�n��{is�q�kynmv�n��\w�
�{wu|�xyq�xwqzsn�kn�nz{k�z�swvsyn{v�uq�kqmiuq�jqwtwlq�nzswr�is{qkvw�
z{q�vnwj~wmquw�uiszquit�vw�xwtvw�wxynmntq{��knz��zxns{y�jqwtwlq�n�
zswr�is{qkvwz{q��{q~�kn�nz{k�
\ywknysi�jwt��wlw�uizzqki�sznvwjqw{qswk�vi�wmqv�qtq�vnzswt�sw�kq�

mwk�jqwtwlq�nzswr�is{qkvwz{q�xwt|�qti�vipkivqn�NGMEJEJ@=.
Vmn��zsyqvqvli�kwpvqsti�mikvw�=k�xnyqwm�z{ivwktnvq��~quq�nzswr�

qvm|z{yqq�wvi�|on�xyw�vw�pikwnkiti�znjn�unz{w�k�|ui~�}iyuiswtwlwk��_w�
{it�vi��xywknysi�jwt��wlw�uizzqki�~quq�nzsq~�zwnmqvnvqr�qtq�xyqywm�
v�~�wj°ns{wk��vixyiktnvvi��vi�k��ktnvqn�xw{nv�qit�v�~�tnsiyz{k��xwt|�
�qti�k�XX k��zkwn�yipkq{qn�sis�wmqv�qp�wzvwkv�~�un{wmwk�xwqzsi�vwk�~�
tnsiyz{k��q�~quq�nzsq~�zwnmqvnvqr�kwwj�n �z�pimivv�u�{qxwu�jqwtw-
lq�nzswr�is{qkvwz{q��P�
�
	�l��wmvi�qp�vnun�sq~�}qyu�qzx�{iti�wswtw�

�		�xywqpkwmv�~�isyqmqvi��Zi�Xzq{n<�wsipitqz��{yq�xynxiyi{i��{yq}tw�
kqv��xyw{qkwxiyi-pq{q�nzsqr ��yqkivwt��iv{qznx{qs �q�isyq~qv��xyw{qkw�
uit�yqrv�r ��P�xwqzsi~�piunvq{nt��~qvqvi�k��	-n�lwm��XXk��j�tw�qzztn�
mwkivw�
��			�zwnmqvnvqr��xyqvimtnoi�q~�s�yiptq�v�u�ly|xxiu��̂ynmq�
vq~���
�-u�xw�z�n{|�wsipitz��~twyw~qv��i�
�����-u�=xyq{i~qv�
P�
����l��k�̂eN�k�xwqzsi~�xyw{qkwwx|~wtnk�~�xynxiyi{wk�qzx�{�kit�

wz��wswtw�

�			�zwnmqvnvqr��qp�sw{wy�~�j�tw�w{wjyivw�
��xw{nv�qit��
v�~�tnsiyz{k��vw�vq�wmvw�qp�vq~�vn�z{itw�mwz{i{w�vw�k�mi��quz��k�zkwnu�
stizzn�}iyuiswtwlq�nzsq~�xynxiyi{wk�
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����l��k�̂^̂ ]�vi�xyw{�onvqq�
	�tn{�k�xwqzsi~�itsitwqmwk�xwm�y|�
swkwmz{kwu�N��\��[yn~wki�qzztnmwkivw��		�yiz{nvqr��zynmq�sw{wy�~�qzsw�
u�uq�wsipitqz��kznlw��	��P�ztnm|��qn�
	�tn{�k�ynp|t�{i{n�qzztnmwkivq��
�		�yiz{nvqr�s��{wu|�zxqzs|�mwjikqtwz��n�n��	�itsitwqmwk�

q̂z{nuvwn�wxynmntnvqn�jqwtwlq�nzswr�is{qkvwz{q�kznlw�uizzqki�zw�
nmqvnvqr�uwon{�j�{��wz|�nz{ktnvw�x|{nu�zwpmivq��k�zwswxywqpkwmq�
{nt�vwr�zqz{nu��q~�stizzq}qsi�qq�xw�kqmiu�jqwtwlq�nzsqr�is{qkvwz{q��
Wiom�r�sznvwjqw{qs�wjtimin{�wxynmntnvv�uq�kqmiuq�q�z{nxnv���jqwtw�
lq�nzswr�is{qkvwz{q��Znwj~wmquw�k��kq{���{q�zkwrz{ki�q�xynmzsipi{��
kwpuwovwz{��xyis{q�nzswlw�qzxwt�pwkivq��mivvwlw�zwnmqvnvq��qtq�nlw�
kwpuwov|��ywt��k�wsy|oi��nr�zynmn�

�����)Z@MO�QDPQ-M@YDIQMA�G�QDPQ-OD?IUGH�CĴ�GLCGI?UGG�TGKGVD�
PIMBM�F?BÔFLDLĜ�MIORE?]XDH�PODCZ

q̂z{nui�{nz{qywkivq��sznvwjqw{qswk�xw�kqmiu�jqwtwlq�nzswr�is{qk�
vwz{q�uwon{�kst��i{��A?=�?D=EIKN?\D=JJXR�LKARKA=��\nyk�r�xwm~wm�=qz�
ztnmwkivqn��ntnkwlw�wj°ns{i�qzx�{ivqr���ntwkns��oqkw{vwn��yiz{nvqn��
jqwlnw�nvwp ��vi�sw{wy�r�mwtovw�j�{��vixyiktnvw�mnrz{kqn�qzswuwlw�
sznvwjqw{qsi�qz~wm��qp��ntnr�xwqzsi��tnsiyz{kw��kn{nyqviyvwn�zynmz{kw��
lnyjq�qm�q�{�m� ��k{wywr�=qp|�nvqn�zwkws|xvwz{q�{nz{-wj°ns{wk�jwtnn�
xyquq{qkvwr�wylivqpi�qq���nu��ntnkwr��Vzxwt�pwkivqn�k{wywlw�xwm~wmi�
wxyikmivvw�k�{n~�zt|�i�~��swlmi�xnyk�r�vn�wjnzxn�qkin{�mwz{i{w�vwr�xyw�
qpkwmq{nt�vwz{q�q�{�x�
_yimq�qwvv�r�x|{��xwqzsi��z�xyqunvnvqnu�}iyuiswtwlq�nzsq~�{nz{wk�

wylivqpunvvwlw�|ywkv��wxynmnt��{�jqwtwlq�nzs|��is{qkvwz{��y�mi��|�
onywmv�~�zwnmqvnvqr��pi{nu�|t|��i�{�q~�zkwrz{ki�x|{nu�~quq�nzswr�
uwmq}qsi�qq�k�zww{kn{z{k|��q~�y�mi~�zwnmqvnvqr��\wztn��{wlw�xywkwm�{�
vwk�n�qzx�{ivq��uwmq}q�qywkivv�~�kn�nz{k��zvwki�q~�|t|��i�{�q�{�m��
f{w�mntin{z��mw�{n~�xwy��xwsi�|sipivvi��xyw�nm|yi�vn�xyqknmn{�s�zwpmi-
vq��viqjwtnn��}}ns{qkvwlw�k�mivvwu�y�m|�zwnmqvnvq���_iswr�xwm~wm�w~�
ki{�kin{�tq���wmqv�qtq�vnzswt�sw�kqmwk�jqwtwlq�nzswr�is{qkvwz{q�q�
zyikvq{nt�vw�uit|��k�jwys|�sznvwjqw{qswk�
[jz{w�{nt�z{ki��pi{y|mv���qnqvm|z{yqitqpi�q��xyw�nzzi�jqwtwlq�

�nzswlw�qzx�{ivq��zwnmqvnvqr�vi�wylivqpunvvwu�|ywkvn�(k��iz{vwz{q�vi�
oqkw{v�~):
=vnwj~wmquwz{��jwt��wlw��qzti�oqkw{v�~�k�si�nz{kn�{nz{-wj°ns{wk�
=pi{yi{��jwt��wlw�swtq�nz{ki�qzztnm|nuwlw�~quq�nzswlw�zwnmqvnvq��

(vi�xnyk�~�xwyi~�zqv{npqy|�{z��tq���mnz�{sq=zw{vq�uqttqlyiuuwk�kn�
�nz{ki);
=wlyivq�nvvwz{��ik{wui{qpi�qq�xyw�nzzi�
=jwt��qn�kynunvv�n�pi{yi{��k�zk�pq�z�{nu���{w�nmqvq�v�r�is{�qzx��

{ivq��~quq�nzswlw�zwnmqvnvq��vi�oqkw{v�~�uitw�|xyikt�nu�kw�kynunvq�
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]ijw{i��zw�zyikvq{nt�vw�vnjwt��quq�uizzqkiuq��|onywmv�~�zwnmq�
vnvqr�q�wxynmnt���zyikvq{nt�vw�vnuvwlw�kqmwk�is{qkvwz{q�uwovw�qz�
xwt�pwki{��oqkw{v�~�sis�wzvwkvwr�{nz{-wj°ns{��[mvisw�qvm|z{yqit�v�n�
uiz�{ij��qzx�{ivqr�q�q~�xywu��tnvvi��wylivqpi�q��{ynj|�{�|kntq�n�
vq��vi�xwy�msq�xywqpkwmq{nt�vwz{q�zqz{nu��q�wjnzxn�nvq��kwpuwovwz{��
yijw{��z�uit�u�swtq�nz{kwu�qzx�{|nuwlw�kn�nz{ki�
\w�{wu|�kwpvqsti�vnwj~wmquwz{��wjyi{q{�z��s�qzztnmwkivq�u�vi�{si�

vnkwu��stn{w�vwu��uwtns|t�yvwu�|ywkv�~��Umnz��kz{|xin{�k�xyikw�qzxwt��
pwkivqn�xyqv�qxi�si�nz{knvvwlw�xwmwjq��=�xquwy}qpui{nz{-wj°ns{i�q�
�ntnkwlw�wj°ns{i�k�w{vw�nvqq�wxynmntnvvwlw�jqwtwlq�nzswlw�zkwrz{ki�
sznvwjqw{qsi�
\yqv�qx�ZLEIKMQEDI==�{w�xyqv�qx�swvz{y|s{wyi��qp�vnjwt��wlw�

�qzti�mn{itnr�xwz{ywq{��sis�uwovw�jwt��n�}ql|y��Pwpuwovwz{q�xyqv�q�
xi��xquwy}qpui�kntqsq��xwzswt�s|�wzvwkv�n�uwtns|t�yv�n�z{y|s{|y��q�
z|jstn{w�v�n�wjyipwkivq��k�jwt��nr�z{nxnvq�nmqvwwjyipv��|�ziu�~�yip�
vwwjyipv�~�oqk�~�wj°ns{wk�
Qtikv�n�un{wmwtwlq�nzsqn�{y|mvwz{q�xyq�qzxwt�pwkivqq��xquwy}v�~�

uwmntnr�zk�piv��z�wxynmntnvqnu�wx{quit�vwlw�|ywkv��mn{itqpi�qq�uwmn�
tq�xw�w{vw�nvq��s��ntwz{vwu|�wylivqpu|��f{wlw�uwovw�mwz{q���qz~wm��
qp�{wlw���{w�k�zqz{nun�{nz{-wj°ns{wk�vi�stn{w�vwu�|ywkvn�wylivqpi�qq�
xynmz{ikt��{z��kzn��iyz{ki�oqkwlw�q�wzvwkv�n�{qx��{sivnr�wylivqpui��n-
twknsi��i�{ison�qp�{wlw���{w�|�{nz{-wj°ns{wk�k�zwkws|xvwz{q�wxynmnt��{z��
kzn�wzvwkv�n�ynis�qq��lqjnt���xwkynomnvqn��imix{i�q���xywvq�inuwz{���
un{ijwtqpu�sznvwjqw{qswk��zqv{np�jntsi�q�RZW��kwpj|mquwz{��q�{�m� �
Wwlmi�lwkwy�{�w�jqwtwlq�nzswr�is{qkvwz{q�sznvwjqw{qswk��{w�mt��nn�

wxynmntnvq��vnwj~wmqu��OBNO-K>WBGOX �|�sw{wy�~�ynlqz{yqy|�{z��wx�
ynmntnvv�n�kqm��jqwtwlq�nzsq~�ynis�qr��lqjnt���qpunvnvqn�ywz{i��qpun�
vnvqn�yiptq�v�~�un{ijwtq�nzsq~�ynis�qr�q�{�m� �xyq�q~�mnrz{kqq��vip��
kinu�n�OBNO-MB=GSE\IE��P��{wr�zk�pq�yipyijw{iv��xyqv�qx��w{jwyi�q�
z{ivmiy{qpi�qq�{nz{-wj°ns{wk�xyq�stizzq}qsi�qq�sznvwjqw{qswk�xw�kq�
miu�jqwtwlq�nzswr�is{qkvwz{q�

ŵkws|xvwz{��vijwyi�{nz{-wj°ns{wk�stn{w�vw-{sivnkwlw�|ywkv��mwtovi�
|mwktn{kwy�{��ltikvwu|�xyqv�qx|�zqz{nu��=xynmz{ikq{nt�vwz{q�k�jyiv�
v�~�jqwtwlq�nzsq~�{nz{-wj°ns{wk��O_[ �xw�w{vw�nvq��s�uwmnt�u�jqw�
z}ny��q�wylivqpu|��ntwknsi�z�zww{kn{z{k|��qu�vijwywu�~iyis{nyqz{qs�
�{nz{-ynis�qr).
\ynmtilin{z��xwmjqyi{��{nz{-wj°ns{��xw�ztnm|��qu�syq{nyq�u��z~wm�

z{kw�uwtns|t�yv�~�yn�nx{wywk���kt���q~z��uq�nv�uq�mt��kn�nz{k�z�
mivv�uq�kqmiuq�is{qkvwz{q��xyqv�qx�vimuwtns|t�yvwr�wylivqpi�qq�q�
uwtns|t�yv�r�zwz{ik��jtqpwz{��xw�z{y|s{|yn ��}|vs�qwvit�vwn�z~wmz{kw��
wylivvwn�qtq�{sivnkwn�xywqz~womnvqn��qmnv{q�vwz{��xi{wtwlq�nzswlw�zw�
z{w�vq��{nz{-wj°ns{i�{iswkwu|�ynit�vwlw�wj°ns{i�



106

\nyk�r�syq{nyqr��kt�n{z��ziu�u�vimnov�u��Zixyquny��vi��{wu�syq�
{nyqq�wzvwkiv�k�jwy�livltqnk�xy|mwkqsi�sis�uwmntq�vnrywvwk�lwtwkvwlw�
uwpli�k�w{vw�nvqq�unmqi{wyv�~�q�iv{qunmqi{wyv�~�kqmwk�jqwtwlq�nzswr�
is{qkvwz{q��P�zwsi��lwuwtwlq��qtq�mion�{womnz{kw�yn�nx{wywk�mt��un�
mqi{wywk�|�uwtt�zswk�q�xwpkwvw�v�~�zt|oq{�wzvwkivqnu�mt��vimnovwz{q�
xywlvwpi��{q~�is{qkvwz{nr�vi��ntnkwr�{nz{-wj°ns{�
P{wywr��jtqpwz{��xw�z{y|s{|yn �q�{yn{qr��jtqpwz{��xw�}|vs�qq �syq{n�

yqq�qzxwt�p|�{z��xyq�k�jwyn�uwmntnr�mt��w�nvsq�ktq�vq��vi�xwmkqo�
vwz{���zxnyui{wpwqm���{n{yi~qunvi ��vi�m�~ivqn�q�ltqswtqp��xn�nv���
�yq{yw�q{���stn{sq�wx|~wtnr ��vi�}w{wzqv{np��kwmwywzt��Nitella), vi�~q�
uq�nzsqr�lwunwz{ip��xn�nv��>uwvwwszqlnvipvi��zqz{nui �
\yq�qzxwt�pwkivqq�kzn~�{yn~�syq{nyqnk�wz{in{z��vnwxynmntnvvwz{��

xywlvwpi��wj|ztwktnvvi�vnwj~wmquwz{���xnynvwzq{��ynp|t�{i{��w{kn{wk�
in vitrovi�zqz{nu|�in vivo, i�qunvvw�{nu���{w�in vitrovn�|�q{�kin{z��mwz{|x�
vwz{��wj°ns{i-uq�nvq��un{ijwtqpui�sznvwjqw{qsi�q�z{ywnvq��ynit�vwlw�
wj°ns{i��Qqjnt��stn{sq�vn�wpvi�in{�lqjntq�wylivqpui��
Owt��i��z{nxnv��vnwxynmntnvvwz{q�z|�nz{k|n{�k�w{vw�nvqq�{n~�kqmwk�

is{qkvwz{q��sw{wy�u�xyqz|�q�zqz{nuv�n��}}ns{��vi�|ywkvn�{sivq��wylivi�
qtq�wylivqpui��P��{wu�zt|�in�xwmjwy�jqwtwlq�nzsq~�{nz{-wj°ns{wk�xw�syq-
{nyq��wylivvwlw�xywqz~womnvq��min{�pvi�q{nt�v|��liyiv{q��xywlvwpi��
Wtizzq}qsi�q��sznvwjqw{qswk�xw�kqmiu�jqwtwlq�nzswr�is{qkvwz{q�xw-

vwkwu|�z{ikq{�kwxywz�w�xwmjwyn�q�z{ivmiy{qpi�qq�{nz{-wj°ns{wk��̂{nxnv��
kwzxywqpkwmquwz{q��z{ivmiy{vwz{��vijwyi�{nz{-wj°ns{wk�vnxwzynmz{knvvw�
wxynmnt��{�vimnovwz{��xyqvquinu�~�yn�nvqr�q�z{nxnv��ik{wui{qpi�qq�
zqz{nu���̂�uwtns|t�yv�uq�{nz{-wj°ns{iuq��{w�zmnti{��xyw�n��
Wiom�r�{nz{-wj°ns{�qvmqkqm|itnv���{w�xyqkwmq{�s��ntwu|�y�m|�pi�

{y|mvnvqr�xyq�ynlqz{yi�qq�nlw�~iyis{nyqz{qs��qv{nyxyn{i�qq�mivv�~��
k��ktnvqq�q~�zww{kn{z{kq��xwz{iktnvv�u�nt�u�q�{�m�̂ |�nz{k|n{�y�m�
un{wmq�nzsq~�xwm~wmwk�mt��z{ivmiy{qpi�qq��xwmjwyi��xyqlw{wktnvq��{nz{-
wj°ns{wk��vixyquny��
=z{ivmiy{qpi�q��|ztwkqr�zwmnyoivq��oqkw{v�~��
=qzxwt�pwkivqn�swv{ywt�v�~�siy{��w{jyiswksi�oqkw{v�~��mt��sw{w�

y�~�w{stwvnvq���zwltizvw�siy{n��xynk��i�{�wxynmntnvv|��kntq�qv| �
=k�jwy�viqjwtnn��im��q~�|ztwkqr�k�mntnvq��q�qvs|ji�qq��
=qzxwt�pwkivqn�mwxwtvq{nt�v�~�kwpmnrz{kqr��xnynkwm��q~�{nz{-

wj°ns{�k�pimivvwn�zwz{w�vqn��
=vwyuqywkivqn�ynlqz{yqy|nu�~�xiyiun{ywk��xyqknmnvqn�s�vwyun �
= k�jwy�{nz{-ynis�qr��uqvquit�vw�pikqz��q~�w{�qvmqkqm|it�vwz{q�

{nz{-wj°ns{wk�q�{�m�
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�̂�nt���qvm|z{yqitqpi�qq�xyw�nzzi�{nz{qywkivq��jqwtwlq�nzswr�is�
{qkvwz{q�sznvwjqw{qswk�vnwj~wmquw�qun{��ik{wui{qpqywkivv|��zqz{nu|�
qzx�{ivqr��̂~nui�qzx�{ivqr�wj�nlw�xw{wsi�zwnmqvnvqr�vi�t�j�n�kqm��
jqwtwlq�nzswr�is{qkvwz{q�mwtovi�kst��i{��q�zqz{nu|�q~�xynmkiyq{nt��
vwr�}qt�{yi�qq��Wisqn�xwm~wm��uwl|{�j�{��xwtwonv��k�zqz{nu|�xynmki�
yq{nt�vwr�}qt�{yi�qq�wj�nlw�xw{wsi�sznvwjqw{qswk�
\wximi��k�wylivqpu��~quq�nzswn�kn�nz{kw�xywvqsin{�k�wxynmntnvv�n�

{sivq��k�{siv�~�wvw�kpiquwmnrz{k|n{�z�wxynmntnvv�uq�stn{siuq��k�stn{�
si~�=z�wxynmntnvv�uq�z|jstn{w�v�uq�z{y|s{|yiuq��i�k�xynmnti~��{q~�
z{y|s{|y�=z�jqwxwtqunyiuq�qtq�vqpswuwtns|t�yv�uq�zwnmqvnvq�uq�
stn{sq��P�wjyi{vwu�xwy�msn�yipkqkin{z��ynis�q���ntwz{vwlw�wylivqpui�=
w{�uwtns|t�-uq�nvq�mw�wylivqpui�
]np|t�{i{��kwpmnrz{kq��sznvwjqw{qswk�pikqz�{�kxnyk|��w�nynm��w{�

~quq�nzswr�z{y|s{|y��ziuwlw�kn�nz{ki��nlw�}qpqsw-~quq�nzsq~�zkwrz{k��
sw{wy�n�wxynmnt��{�{ywxvwz{��kn�nz{ki�s�wxynmntnvv�u�{siv�u��stn{siu�
q�~iyis{ny�kpiquwmnrz{kq��z�uwtns|t�yv�uq�uq�nv�uq��i�{ison�pikqz�{�
w{�z{y|s{|y��uq�nvq�q�nlw�}|vs�qwvit�vwr�ywtq�
Pz��zwkws|xvwz{��wxnyi�qr�xw�stizzq}qsi�qq�sznvwjqw{qswk�uwovw�

xynmz{ikq{��ztnm|��qu�wjyipwu�
=stizzq}qsi�q��xw�kqmiu�jqwtwlq�nzswr�is{qkvwz{q�vi�wzvwkivqq�

~quq�nzsq~��}qpq�nzsq~�q�}qpqsw-~quq�nzsq~�zkwrz{k�xyq�w{z|{z{kqq�
jqwtwlq�nzswlw�{nz{-wj°ns{i�x|{nu�yiz�n{i�z{y|s{|y��zwnmqvnvqr�q��sz�
xnyqunv{it�vwlw�wxynmntnvq��q~�}qpqsw-~quq�nzsq~�zkwrz{k�
=stizzq}qsi�q��xw�ynp|t�{i{iu�kpiquwmnrz{kq��zwnmqvnvqr�z�uwmn�

t�uq�stn{sq��wylivqpui��jqwz}ny���kst��i��i��xwztnmwki{nt�v�n�qnyiy�
~q�nzsqn�|ywkvq�wylivqpi�qq�jqwtwlq�nzswr�ui{nyqq.
Ywmntqy|nu�n�wj°ns{���stn{sq��wylivqpu��jqwz}nyi �xynmz{i�{�k�zqz�

{nun�k�kqmn�xynmz{ikq{nt�v�~�vijwywk�{nz{-wj°ns{wk��wjtimi��q~�wzvwk�
v�uq��tnunv{iyv�uq�}|vs�q�uq��xyqz|�quq��ntnk�u�wj°ns{iu�
P�xyqv�qxn��uwmntq�stn{sq�q�wylivqpui�uwl|{�j�{��vwyuit�v�uq�q�

xi{wtwlq�nzsquq�
Rt��wylivqpui�mn{itqpi�q��kqmwk�jqwtwlq�nzswr�is{qkvwz{q�ztnm|n{�

z{ywq{��xw�{sivnkwr�{ywxvwz{q�mnrz{kq���wxqyi�z��vi��qz{w�lnvn{q�nzs|��
stizzq}qsi�q��{qxwk�{sivnr��w{yioi��|��~wm�wv{wlnvnpi��\ynmz{iktn�
vqn�jqwz}ny��k�zqz{nun�stizzq}qsi�qq�mwtovw�wzvwk�ki{�z��vi�{iszwvw�
uq�nzswr�stizzq}qsi�qq�wylivqpuwk��w{yioi��nr�xyw�nzz��kwt��qq�
[j�qr LMEJSEL�KM@=JED=SEE�>EKHK@ETBNGER�ENLXO=JEF�TPCBMKA�

JXR�NKBAEJBJEF=�{w�uvwlw|ywkvnk�r�vijwy�{nz{wkz�xwk��i��nrz��
vi�siomwu�|ywkvn�ztwovwz{���jqwtwlq�nzswlw�{nz{-wj°ns{i��uwmntq �q�
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zww{kn{z{knvvw�yiz{|�nr�mn{itqpi�qnr�q�vimnovwz{���xywlvwpi�kqmi�jqw�
twlq�nzswr�is{qkvwz{q�
4BM?XF�PMK?BJY�=jipwk�r���nynp�vnlw�xyw~wm�{�kzn�zwnmqvnvq���sw{w�

y�n�k�zww{kn{z{kqq�z�ynp|t�{i{iuq�vixyikt��{z��pi{nu�s�zxn�qitqpqyw�
kivv�u�{nz{iu�
Oipwk�r�|ywknv��zwz{wq{�qp�{yn~�xwm|ywkvnr��Zi�xnykwu�xwm|ywkvn�

zknmnvq��w�z{y|s{|yn�q�vnsw{wy�~�zkwrz{ki~�zwnmqvnvqr�kkwm�{z��k�swu�
x��{ny��sw{wy�r�xywqpkwmq{�xnykq�v�r�ivitqp�xyqvimtnovwz{q�zwn-
mqvnvq��mivvwr�z{y|s{|y��s�wxynmntnvv�u�|on�qpknz{v�u�stizziu�jqw�
twlq�nzswr�is{qkvwz{q�
Zi�k{wywu�xwm|ywkvn��{i�stizzq}qsi�q��xywqpkwmq{z��vi�wzvwkivqq�

�szxnyqunv{it�vwlw�wxynmntnvq��mwxwtvq{nt�v�~�}qpqsw-~quq�nzsq~�~i�
yis{nyqz{qs�kn�nz{k�
Zi�{yn{�nu�xwm|ywkvn�k�zqz{nu|�kkwm�{z��{nz{-wj°ns{���[zvwkv�u�

{nz{-wj°ns{wu��{wlw�xwm|ywkv���kt�n{z��qpwtqywkivvi��stn{si��Zi��{wu�
xwm|ywkvn�ynlqz{yqy|n{z��zxwzwjvwz{���|onywmv�~�~quq�nzsqr�zwnmqvn�
vqr�ktq�{��vi�wzvwkv�n�zkwrz{ki�oqkwr�stn{sq(ywz{��m�~ivqn���vnyln-
{qsi��jqwzqv{np��zxwzwjvwz{��s�lnvn{q�nzsqu�qpunvnvq�u�q�{�m).Oipi�xyw�
x|zsin{�knz��uizzqk�qzx�{|nu�~�sznvwjqw{qswk��k�miki��mt��siomwlw�qp�
vq~�nmqvwwjyipv�r�vijwy�~iyis{nyqz{qs�=wzvwkvwr�jqwtwlq�nzsqr�Xxiz�
xwy{<�
X\izxwy{<�mwtonv�zwmnyoi{��zknmnvq��w�z{y|s{|yn�kn�nz{ki��qz{w��

vqsn�nlw�xywqz~womnvq���ynp|t�{i{��nlw�{nwyn{q�nzswlw�q��szxnyqunv�
{it�vwlw�qp|�nvq���kst��i��xnykq�v|��w�nvs|�jnpwxizvwz{q��
+OKMKF�PMK?BJY �unv��qr�xw�xywx|zsvwr�zxwzwjvwz{q��=vimz{ywrsi��

Zimz{ywrsi�xynqu|�nz{knvvw�wyqnv{qywkivi�vi�xnyk�n�mkn��ntq��vi~wo�
mnvqn��|onywmvwlw�zwnmqvnvq���wjtimi��nlwxwtnpv�uq�mt���ntwkn�n�
zswlw�wylivqpui�zkwrz{kiuq��q�wjviy|onvqn�kynmv�~�mt���ntwkn�nzswlw�
wylivqpui�jqwtwlq�nzsq~�is{qkvwz{nr�qzx�{|nu�~�sznvwjqw{qswk�
Zimz{ywrsi�xynomn�kznlw�zt|oq{��nt�u��zk�pivv�u�z�wylivqpuwu��n�

twknsi��\w�{wu|�stn{sq�q�wylivqpu��ntwknsi�k��ntwu�jny|{z��pi�wzvwk|�
xyq�xywns{qywkivqq�vimz{ywrsq��
Vzx�{ivq��sznvwjqw{qswk�vi�vitq�qn�yiptq�v�~�kqmwk�jqwtwlq�n�

zswr�is{qkvwz{q�mwtovi�xynm�nz{kwki{��wxnyi�q��xynmkiyq{nt�vwr�q~�
zwy{qywksq�vi�uwmnt�~��mwx|zsi��q~�zwpmivqn�qzx�{i{nt�v�~�zqz{nu�
k�zwswr�xywqpkwmq{nt�vwz{q��Zi�xynmkiyq{nt�vwu��{ixn�vi�|xyw�nvv�~�
�uwmnt�v�~ �zqz{nui~�vnwj~wmquw�xynmzsipi{��kqm�jqwtwlq�nzswr�is{qk�
vwz{q�q�wxynmntq{��sznvwjqw{qsq��sw{wy�n��xw�knyw�{v�u�w�nvsiu��vn�wj�
timi�{�wxynmntnvv�uq�kqmiuq�is{qkvwz{q��ynp|z �qtq��kt��{z��{wszq��
v�uq��qzst��i�{z��qp�zqz{nu��qzx�{ivqr ��P �{wu�zt|�in�xyq�wxynmn�
tnvqq�viqjwtnn�kiov�~�kqmwkjqwtwlq�nzswr�is{qkvwz{q�q�xnynvnzn�
vqq�piswvwunyvwz{nr�nn�xyw�ktnvq��vi��ntwz{v�r�wylivqpu�xwmjqyin{z��
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zwkws|xvwz{��imnski{v�~�uwmntnr�vi�wzvwkn�xyqv�qxi�jqwtwlq�nzswlw�
�xquwy}qpui�
4MKSBAPM=�KM@=JED=SEE�>EKHK@ETBNGER�ENLXO=JEF�GNBJK>EKOEGK?, wyq�

nv{qywkivvi��vi�xwqzs�tnsiyz{knvv�~�xynxiyi{wk�q�w�nvs|�q~�jnpwxizvw�
z{q��k�wj�nu�kqmn�zkwmq{z��s�z~nun��qpwjyionvvwr�vi�yqz|vsn�
8.
Pvi�itn�qzztnm|�{z��mki�uizzqki�sznvwjqw{qswk��vwk�n�q�qpknz{v�n��

f{w�zk�pivw�z�{nu���{w�zynmq�qpknz{v�~�zwnmqvnvqr��vn�qzx�{�kik�q~z��
yivnn�vi�jqwtwlq�nzs|��is{qkvwz{���uwl|{�j�{��wjviy|onv��qzswu�n�tn�
siyz{ki��Wywun�{wlw��mt��qpknz{v�~�{nz{qy|nu�~�sznvwjqw{qswk�uwl|{�
j�{��k��ktnv��vwk�n�kqm��jqwtwlq�nzswr�is{qkvwz{q��

�̂|�n{wu�}iyuiswtwlq�nzswr�is{qkvwz{q��k��ktnvvwr�vi�jwtnn�xyw�
z{�~�uwmnt�~��xwztnm|��i��xywknysi�sznvwjqw{qswk�xywkwmq{z��vi�oq�
kw{v�~��Wznvwjqw{qsq��|�sw{wy�~�wjviy|onvi�v|ovi��mt��xyis{q�nzsq~�
�ntnr�is{qkvwz{���xyw~wm�{�qzx�{ivq��xw�xwtvwr�xywlyiuun��kst��i��{nz-
{qywkivqn�vi�wzvwkv�n�q�xwjw�v�n�kqm��is{qkvwz{q��w�nvs|�wz{y�~��~yw�
vq�nzsq~�q�w{mitnvv�~�}wyu�xyw�ktnvq��jqwtwlq�nzsq~�is{qkvwz{nr�

]qz|vws�
��= z~nui wylivqpi�qq�jqwtwlq�nzsq~� qzx�{ivqr�
sznvwjqw{qswk
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����=����z�

5 Wwy{n�~��fswtwlq�nzi��~quq��%�~��Wwy{n�[q�my�]. =Y���Yqy��
����=
����z�

6 _ntq{�nvsw��Y�Y��Pknmnvqn�k�xywjtnu��jqw~quq�nzswr�swtwlqq�%�
Y�Y��_ntq{�nvsw��̂�N��[z{yw|uwk��=Y���Zi|si��
��	�=����z�

7 \iys��R��Oqw~quq���|onywmv�~�zwnmqvnvqr�%�R��\iys��=Y���
Ynmq�qvi��
����=����z�

8 ~nttnvjnyl��Q��Uily�pvnvqn�xyqywmvwr�zynm���Pknmnvqn�k�
�swtwlq�nzs|��~quq��%�Q��~nttnvjnyl��=Y���Yqy��
����=����z�

9 gyqv��P�Y��]nl|t��q�}|vs�qr unujyiv yiz{q{nt�v�~stn{ws�%�
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