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<� wlhc� klZlv_� hibkZgu� g_dhlhju_� ko_fhl_ogbq_kdb_� ijb_fu�� ihe_agu_� ijb� jZajZ[hld_

ijb[hjh\�gZ�[Za_�PIC-dhgljhee_jh\��G_dhlhju_�ba�gbo�dhg_qgh�fh`gh�ijbf_gylv�b�k�^jm]bfb
fbdjhdhgljhee_jZfb�� JZamf__lky�� ^ey� g_dhlhjuo� hiulguo� ki_pbZebklh\� dh_�qlh� fh`_l

ihdZaZlvky� �ijhibkgufb� bklbgZfb��� gh� ^mfZx� [hevrh_� qbkeh� gZqbgZxsbo� jZ[hlZlv� k

fbdjhdhgljhee_jZfb��magZxl�^ey�k_[y�qlh�lh�gh\h_��^Z�b�hiulguf�[m^_l��b�ihe_agh�

>_`mjguc�j_`bf

Hkgh\gh_�ij_bfms_kl\h�3,&�dhgljhee_jh\�aZdexqZ_lky�\�bo�gbadhf�ihlj_[e_gbb�ijb�\ukhdhf

[ukljh^_ckl\bb�� qlh� hq_gv� ihe_agh� \� ijb[hjZo� k� Z\lhghfguf� iblZgb_f�� ?s_� [hevr_c

wdhghfbb� wg_j]bb�fh`gh� ^hklbqv� ijb�bkihevah\Zgbb� ^_`mjgh]h� j_`bfZ��Ijb� wlhf� hkgh\gh_

\j_fy� fbdjhdhgljhee_j� gZoh^blky� \� j_`bf_� VOHHS�� ijb� dhlhjhf� ijbhklZgZ\eb\Z_lky

\uiheg_gb_�ijh]jZffu��\udexqZ_lky� lZdlh\uc� ]_g_jZlhj��gh�fh`_l�ijh^he`Zlv�k\hx�jZ[hlm

:DWFK� 'RJ� lZcf_j� b� g_dhlhju_� i_jbn_jbcgu_� mkljhckl\Z�� <uoh^� ba� wlh]h� j_`bfZ� fh`_l

ijhba\h^blvky�ih�jZaghfm��\�aZ\bkbfhklb�hl�lbiZ�dhgljhee_jZ�

GZijbf_j��fh`gh� aZijh]jZffbjh\Zlv�:DWFK� 'RJ� lZcf_j� ��kh[Zdm��� gZ� hij_^_e_gguc� i_jbh^�

ijb� kjZ[Zlu\Zgbb� dhlhjh]h� dhgljhee_j� �ijhkg_lky��� hijhkbl� k\hb� \oh^u� b�� _keb� gm`gh�

i_j_c^_l� d� ijhp_^mj_� h[jZ[hldb��?keb� gbdZdbo� ^_ckl\bc� kh\_jrblv� g_� gm`gh�� hg� \uihegbl

dhfZg^m� 6/((3�b� [m^_l�gZoh^blvky� \� wlhf� khklhygbb� ^h� ke_^mxs_]h� kjZ[Zlu\Zgby� lZcf_jZ�

Ijb� \uiheg_gbb� ijhp_^mju� h[jZ[hldb� ke_^m_l� i_jbh^bq_kdb� k[jZku\Zlv� �kh[Zdm�� ^ey

ij_^hl\jZs_gby� __� ih\lhjgh]h� kjZ[Zlu\Zgby��Bkihevamy� ih^h[gmx�f_lh^bdm��fh`gh� kljhblv

ijb[hju�� g_� lj_[mxsb_� \udexqZl_ey� iblZgby�� jZaebqgu_� kb]gZebabjmxsb_� b� dhgljhevgu_

ijb[hju�

Hq_gv�qZklh��ijb[hj�^he`_g�[ulv�\uiheg_g�\�\b^_�imevlZ��d�ijbf_jm���imevl�>M�l_e_\bahjZ��

dhlhjuc�[hevrmx�qZklv�\j_f_gb�gZoh^blky�\�\udexq_gghf�khklhygbb��Z�ijb�gZ`Zlbb�dghihd

mijZ\e_gby� ijhba\h^blv� khhl\_lkl\mxsb_� ^_ckl\by�� J_Zebah\Zlv� j_`bf� �imevl�� fh`gh

g_kdhevdbfb�kihkh[Zfb��h^bg�ba�dhlhjuo�hibkZg�\ur_��I_jbh^��kh[Zdb��\�wlhf�kemqZ_�ke_^m_l

\u[bjZlv�\�^bZiZahg_����������k_dmg^u�

>jm]b_� kihkh[u� g_� hkgh\Zgu� gZ� bkihevah\Zgbb� �kh[Zdb��� l�_�� dhgljhe_j� g_� ijhkuiZ_lky� ^ey

hijhkZ�dghihd��Z�hklZ_lky�kiZlv�^h�bo�gZ`Zlby�

<�3,&�dhgljhee_jZo�klZjh]h�k_f_ckl\Z����K�o���^ey�\uoh^Z�ba�j_`bfZ�VOHHS�gm`gh�bkihevah\Zlv

ki_pbZevgmx� ko_fhl_ogbdm� b� ijh]jZffbjh\Zgb_�� Ijb� wlhf� h[_ki_qb\Z_lky� ih^ZqZ� kb]gZeZ

�k[jhk��gZ�dhgljhee_j�ijb�gZ`Zlbb�ex[hc�dghidb��Jbkmghd���

JBK���



<�^_`mjghf�j_`bf_�\uoh^u�5%��b�5%��gZoh^ylky�\�khklhygbb������dhg^_gkZlhj�K�aZjy`_g�^h

mjh\gy������Ijb�gZ`Zlbb�ex[hc�dghidb�dhg^_gkZlhj�[ukljh�jZajy`Z_lky�q_j_a�j_abklhj�5��beb

5��� qlh� ijb\h^bl� d� ih^Zq_� kb]gZeZ� �k[jhk��� Ijb� k[jhk_�� \uoh^u� i_j_oh^yl� \

\ukhdhbfi_^Zgkgh_� khklhygb_�� b� jZajy^� dhg^_gkZlhjZ� q_j_a� 5�� �5��� ij_djZsZ_lky�� <j_fy

jZajy^Z� ^he`gh� [ulv� [hevr_� lj_[m_fh]h� ^ey� k[jhkZ� dhgljhee_jZ� �hdheh� ��fk�� gh� f_gvr_

fbgbfZevghc� ^ebl_evghklb� gZ`Zlby� gZ� dghidm� �ijbf_jgh� ������fk��� Ihke_� kgylby� kb]gZeZ

�k[jhk���aZjy^_�dhg^_gkZlhjZ�q_j_a�5���dhgljhee_j�gZqbgZ_l�\uiheg_gb_�ijh]jZffu��Ijb�wlhf

gZ�\uoh^u�5%��b�5%�������gZ�dhjhldh_��hdheh���fdk��\j_fy��aZ�dhlhjh_�dhg^_gkZlhj�g_�mki_\Z_l

jZajy^blvky�� Z� k� \oh^h\� 5%�� b� 5%�� kqblu\Z_lky� khklhygb_� dghihd�� :gZeh]bqgh� fh`gh

ih^dexqblv�fZljbpm�deZ\bZlmju��jbkmghd���
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;he__� gh\u_� 3,&�dhgljhee_ju� bf_xl� \hafh`ghklv� ]_g_jbjh\Zlv� ij_ju\Zgb_�� \u\h^ys__� ba

kiys_]h�j_`bfZ�ijb�baf_g_gbb�khklhygby�hij_^_e_gguo�\oh^h\��h[uqgh�5%��5%���Ijb� wlhf

\hafh`gh�dZd�ijbf_g_gb_�g_kdhevdbo�dghihd��lZd�b�fZljbpu�deZ\bZlmju��Jbkmghd�����<u\h^u

5%��5%�� aZijh]jZffbjh\Zgu� gZ� \\h^�� k� \dexq_ggufb� \gmlj_ggbfb� ih^ly]b\Zxsbfb

j_abklhjZfb��I_j_^� \oh^hf� \� j_`bf� VOHHS� \dexqZ_lky� ]_g_jZpby� ij_ju\Zgbc� ih� baf_g_gbx

khklhygby� �\�kemqZ_�fZljbpu� ��\uoh^u�5%��5%��mklZgZ\eb\Zxlky�\� ������Ijb�gZ`Zlbb�ex[hc

dghidb��\uau\Z_lky�ij_ju\Zgb_��\u\h^ys__�dhgljhee_j�ba�j_`bfZ� VOHHS��ihke_�q_]h�hg�fh`_l

ijbklmiblv� d� ijhp_^mjZf� ih^Z\e_gby� ^j_[_a]Z� dhglZdlh\�� � hij_^_e_gby� gZ`Zlhc� dghidb

�kdZgbjh\Zgby�fZljbpu��b�\uiheg_gbx�khhl\_lkl\mxsbo�gZ`Zlhc�dghidb�^_ckl\bc�

JZ[hlZ��ij_ju\Zgby�ih�baf_g_gbx��bf__l�k\hb�g_dhlhju_�hkh[_gghklb��\�k\yab�k�dhlhjufb�_]h

ke_^m_l�ijbf_gylv�lhevdh�^ey�\uoh^Z�ba�kiys_]h�j_`bfZ��Z�ijb�ghjfZevghc�jZ[hl_�hgh�^he`gh

[ulv�\udexq_gh�\h�ba[_`Zgb_�eh`guo�kjZ[Zlu\Zgbc�

JBK���



Wdhghfby�\u\h^h\

Q_]h� \k_]^Z� g_� o\ZlZ_l� ijb� bkihevah\Zgbb� fbdjhdhgljhee_jh\�� hkh[_ggh� \� g_[hevrbo

dhjimkZo"��QbkeZ�ihjlh\�\\h^Z�\u\h^Z��Dhg_qgh��fh`gh�ijbf_gblv�dhgljhee_j�\����\u\h^ghf

dhjimk_��gh� wlh�g_� \k_]^Z� \hafh`gh�ih� jZaebqguf� khh[jZ`_gbyf��D� kqZklvx� kms_kl\m_l� jy^

ko_fhl_ogbq_kdbo� meh\hd��iha\heyxsbo�fgh]hdjZlgh�bkihevah\Zlv� h^gb� b� l_�`_� \u\h^u� ^ey

jZaguo�p_e_c��beb�^ey�mijZ\e_gby�g_kdhevdbfb�mkljhckl\Zfb��JZkkfhljbf�g_dhlhju_�ba�gbo�

mijZ\e_gb_���fy�k\_lh^bh^Zfb�h^gbf�\uoh^hf

<�hlebqb_�hl�fbdjhdhgljhee_jh\�k_f_ckl\Z�0&6�����bf_xsbo�\uoh^u�k�hldjuluf�klhdhf�b�g_

lj_[mxsbo� i_j_dexq_gby� j_`bfZ�� \� 3,&�dhgljhe_jZo� \uoh^gu_� dZkdZ^u� Zdlb\gu_�� b� ^ey

i_j_dexq_gby�j_`bfZ�jZ[hlu� �\\h^�beb�\u\h^��kem`bl�ki_pbZevguc�j_]bklj��LZdbf�h[jZahf�

dZ`^uc� \u\h^� ex[h]h� ihjlZ� fh`_l� ijbgbfZlv� �� agZq_gby� �� ����� ���� b� �\oh^��� dhlhjuc

wd\b\Ze_gl_g� \ukhdhbfi_^Zgkghfm� ��=��� khklhygbx�� Wlh� iha\hey_l� mijZ\eylv� ^\mfy

k\_lh^bh^Zfb�ijb�ihfhsb�_^bgkl\_ggh]h�\u\h^Z��Jbkmghd���

JBK���

Ijb� jZ[hl_� ihjlZ� \� j_`bf_� \uoh^Z�� \� aZ\bkbfhklb� hl� khklhygby� ���� beb� ���� ]hjbl

khhl\_lkl\_ggh�\_jogbc�beb�gb`gbc�k\_lh^bh^��Ijb�i_j_dexq_gbb�\�j_`bf�\oh^Z��ihke_^gbc

gZoh^blky� \� =�khklhygbb�� � b� ijb� khhl\_lkl\mxs_f� \u[hj_� j_abklhjh\� lhd� q_j_a� k\_lh^bh^u

\_kvfZ�fZe�b�bo�k\_q_gb_�ihqlb�g_aZf_lgh�

mijZ\e_gb_���x�k\_lh^bh^Zfb���fy�\uoh^Zfb

?s_� [he__� bgl_j_kgh� \dexq_gb_� lj_o� iZj� \klj_qgh�iZjZee_evguo� k\_lh^bh^h\� ih� ko_f_

�a\_a^Z���jbkmghd���

JBK���

Khhl\_lkl\mxsbfb� kb]gZeZfb�fbdjhdhgljhee_jZ�fh`gh� ^h[blvky� k\_q_gby� ex[h]h� ba�r_klb

k\_lh^bh^h\�� Z� lZd`_� bo� dhf[bgZpbc��Bkihevamy� ^bgZfbq_kdmx� bg^bdZpbx��fh`gh� ihemqblv

ex[u_�dhf[bgZpbb�

<\h^�ZgZeh]h\h]h�kb]gZeZ�k�\u\h^hf�kljh[h\

<� PIC�dhgljhee_jZo� kh� \kljh_gguf� :PI�� h^gb� b� l_� `_� \u\h^u� fh]ml� bkihevah\Zlvky� dZd

ZgZeh]h\uc� \oh^�� pbnjh\hc� \oh^� beb� pbnjh\hc� \uoh^�� <hafh`gh� h^gh\j_f_ggh_

bkihevah\Zgb_� lZdbo� \u\h^h\� ^ey� jZaguo�p_e_c��<� dZq_kl\_�ijbf_jZ��gZ� jbkmgd_� ���ihdZaZgh

ih^dexq_gb_���k_]f_glguo�bg^bdZlhjh\��ijb�dhlhjhf�\uoh^u�kdZgbjh\Zgby�bkihevamxlky�dZd

ZgZeh]h\u_�\oh^u�



JBK���

<� ijhp_kk_� kdZgbjh\Zgby� bg^bdZlhjZ�� \uoh^u�� ]_g_jbjmxsb_� kljh[u� agZdhf_kl

djZldh\j_f_ggh� i_j_dexqZxlky� \� j_`bf� ZgZeh]h\h]h� \\h^Z�� G_h[oh^bfZy� jZa\yadZ

hkms_kl\ey_lky� j_abklhjZfb�� >ey� bkdexq_gby� \ebygby� ljZgabklhjguo� dexq_c�� `_eZl_evgh

ijbf_g_gb_�ihe_\uo�ljZgabklhjh\�

JZkrbj_gb_�qbkeZ�\oh^h\�\uoh^h\�

fmevlbie_dkhjZfb

Ijb�g_h[oh^bfhklb�hijhkZ�[hevrh]h�dhebq_kl\Z�pbnjh\uo�\oh^h\��_keb�iha\heyxl�\j_f_ggu_

oZjZdl_jbklbdb�� m^h[gh�bkihevah\Zlv�fmevlbie_dkhju��D� ijbf_jm�� ^ey� \\h^Z� �� kb]gZeh\� ijb

ihfhsb� ���DI�� lj_[m_lky� \k_]h� �� \u\h^Z� dhgljhee_jZ� \f_klh� ��� <� kemqZ_� bkihevah\Zgby

dhglZdlguo� ^Zlqbdh\�� ih^ly]b\Zxsbc� j_abklhj� fh`_l� [ulv� h^bg�� GZ� jbkmgd_� �� ihdZaZgh

ih^dexq_gb_� ��o�dghihd�� ��o�ihabpbhggh]h�i_j_dexqZl_ey�b�eh]bq_kdh]h�kb]gZeZ�TTL/CMOS
mjh\gy�
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k^\b]h\ufb��j_]bkljZfb

>ey� wdhghfbb� \u\h^h\�ijb� \u\h^_�fh`gh�bkihevah\Zlv� k^\b]h\u_� j_]bklju�� ^ey� mijZ\e_gby

dhlhjufb�lj_[m_lky���kb]gZeZ��^Zggu_�b�kljh[��b��ijb�g_h[oh^bfhklb��kb]gZe�aZs_edb\Zgby��GZ

jbkmgd_���^ey�ijhklhlu�ihdZaZgh�bkihevah\Zgb_�k^\b]h\h]h�j_]bkljZ����������BJ���b�aZs_ehd

����� ����LF��� ^ey� \u\h^Z� \hkvfb� jZajy^h\�� gh�� jZamf__lky�� \u]h^g__� bkihevah\Zlv� [he__

kh\j_f_ggu_�j_]bklju�k�aZs_edZfb��gZijbf_j�\_ebdhe_iguc���jZajy^guc�j_]bklj���HC595.
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Wlhl� kihkh[�� dZd� b� \\h^� q_j_a� fmevlbie_dkhj�� gbdZdhc� hkh[hc� obljhklb� g_� ij_^klZ\ey_l�

ihwlhfm�jZkkfhljbf�[he__�bgl_j_kguc�kihkh[�\u\h^Z��Bgh]^Z��dh]^Z�wdhghfby�\u\h^h\�\Z`g__

[ukljh^_ckl\by�� fh`gh� bkihevah\Zlv� H>BG� \u\h^� ^ey� ihegh]h� mijZ\e_gby� k^\b]h\uf

j_]bkljhf�� bkihevamy� rbjhlgh�bfimevkgmx� fh^meypbx�� � GZ� jbkmgd_� ��� ihdZaZg� njZ]f_gl

ko_fu�^ey�k^\b]h\h]h�j_]bkljZ���kh�k^\b]hf�b�aZs_edb\Zgb_f�ih�iheh`bl_evghfm�njhglm�
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<uoh^� fbdjhdhgljhee_jZ� ihklhyggh� gZoh^blky� \� khklhygbb� ����� � Ih^jh[gh� ijhp_kk� aZibkb

ihdZaZg� gZ� jbkmgd_� ���� >bZ]jZffZ� Z�� hlh[jZ`Z_l� kb]gZe� gZ� \uoh^_� dhgljhee_jZ�

BgnhjfZpbhgguc� ���� i_j_^Z_lky� dhjhldbf� bfimevkhf� b� ^ebgghc� iZmahc�� ���� i_j_^Z_lky

gZh[hjhl���^ebgguf�bfimevkhf�ijb�dhjhldhc�iZma_��GZ�^bZ]jZff_�b)�ihdZaZgh�gZijy`_gb_�gZ
dhg^_gkZlhj_� C2. IhklhyggZy� \j_f_gb� R2C2� \u[jZgZ� lZdbf� h[jZahf�� qlh[u� wlh� gZijy`_gb_

eh]bq_kdb�khhl\_lkl\h\Zeh�kb]gZem�^bZ]jZffu�c) gZ�\oh^_�^Zgguo. Khklhygb_�\oh^Z�^Zgguo��\
fhf_gl�k^\b]Z�hlf_q_gh�dj_klbdhf�

:gZeh]bqgh� nhjfbjm_lky� kb]gZe� aZs_edb\Zgby� �LATCH�� p_ihqdhc� R1C1 b� ^bh^hf�

mkdhjyxsbf�jZajy^�K���Khhl\_lkl\mxsb_�^bZ]jZffu�d) b�e).

JBK����

Bgl_jn_ck�k�\ukhdh\hevlgufb�kb]gZeZfb

Hq_gv� qZklh� lj_[m_lky� \\h^blv� kb]gZeu� k� gZijy`_gb_f�� fgh]hdjZlgh� ij_\urZxsbf

gZijy`_gb_�iblZgby�dhgljhee_jZ�b��khhl\_lkl\_ggh��^himklbfu_�eh]bq_kdb_�mjh\gb��Wlh�fh`_l

[ulv�\\h^�k�56�����jZkkfhlj_gguc�gb`_��beb��d�ijbf_jm��\\h^�k_l_\h]h�gZijy`_gby��k�p_evx



baf_j_gby�_]h�qZklhlu��nZau�beb�kbgojhgbaZpbb�k�gbf�� �;eZ]h^Zjy�gZebqbx�aZsblguo�^bh^h\

gZ�\k_o�\u\h^Zo�3,&�dhgljhee_jh\��wlh�g_�khklZ\ey_l�[hevrh]h�ljm^Z���Jbkmghd�����

JBK����

>ey� � kh]eZkh\Zgby� \ukhdh\hevlgh]h� gZijy`_gby� k� eh]bq_kdbf� \oh^hf� � kem`bl� j_abklhj�

h]jZgbqb\Zxsbc�lhd� �q_j_a�aZsblgu_�^bh^u�gZ�[_ahiZkghf�mjh\g_� �^ey�hkh[h�hl\_lkl\_gguo

ijbf_g_gbc� `_eZl_evgh� wlhl� j_abklhj� khklZ\blv� ba� ^\mo� ihke_^h\Zl_evguo� j_abklhjh\�� ^ey

aZsblu� fbdjhdhgljhee_jZ� \� kemqZ_� ijh[hy� j_abklhjZ��� Ijb� hp_gd_� lhqghklb� khklhygby

eh]bq_kdh]h�kb]gZeZ��\�fhf_gl�i_j_oh^Z�q_j_a�ghev��ke_^m_l�mqblu\Zlv�\oh^gmx�_fdhklv���iN�

b�khijhlb\e_gb_� aZsblgh]h�j_abklhjZ��dhlhjh_�h[uqgh�ijbgbfZ_lky� ���FHf�^ey�gZijy`_gby

���\� �ijb� wlhf� lhd� h]jZgbqb\Z_lky� gZ� mjh\g_� ijbf_jgh� ��fd:���<u\h^u� 0&/5� beb� 7�&.,

bf_xl�lhevdh�h^bg�aZsblguc�^bh^��kh_^bg_gguc�k�h[sbf�ijh\h^hf��ihwlhfm�ijb�ih^Zq_�gZ�wlb

\u\h^u� \ukhdh\hevlguo� kb]gZeh\�� djhf_� j_abklhjZ� gm`gh� \dexqblv� ^hihegbl_evguc

aZsblguc�^bh^�d�iblZgbx�

Bgl_jn_ck�k�56���&

Hkgh\gZy�aZ^ZqZ�ijb�kh_^bg_gbb�mkljhckl\Z�gZ�fbdjhdhgljhee_j_�k�dhfivxl_jhf��beb�^jm]bf

h[hjm^h\Zgb_f��q_j_a�56����aZdexqZ_lky�\�ij_h[jZah\Zgbb�mjh\gy�kb]gZeh\�77/�&026�����\�

\� [biheyjguc� kb]gZe� b� h[jZlgh�� Ijb� wlhf� hq_gv� qZklh� \� ijb[hj_� hlkmlkl\m_l� bklhqgbd

ih\ur_ggh]h� iheh`bl_evgh]h� b� hljbpZl_evgh]h� gZijy`_gbc�� J_rblv� wlm� ijh[e_fm� fh`gh

g_kdhevdbfb�kihkh[Zfb��gZb[he__�m^h[gu_�ba�dhlhjuo�hibkZgu�gb`_�

bkihevah\Zgb_�$'0���

<� gZklhys__� \j_fy� kms_kl\m_l� fgh`_kl\h� fbdjhko_f�ij_h[jZah\Zl_e_c� mjh\gy�� gh� gZb[he__

m^h[gh� ijbf_g_gb_� fbdjhko_f�� bf_xsbo� \gmljb� ij_h[jZah\Zl_ev� gZijy`_gby�� LZdbf

fbdjhko_fZf� lj_[m_lky� iblZgb_� lhevdh� ��\�� hl� dhlhjh]h� iblZ_lky� kZf� fbdjhdhgljhee_j�

G_h[oh^bfu_� ^ey� 56���� gZijy`_gby� �h[uqgh� � ���� b� ����� \ujZ[Zlu\Zxlky� _fdhklguf

ij_h[jZah\Zl_e_f�� � ^ey� q_]h� bkihevamxlky� \g_rgb_� dhg^_gkZlhju� �h[uqgh� �� dhg^_gkZlhjZ�

_fdhklvx�����beb�����fdn���LZdb_�fbdjhko_fu�\uimkdZxlky�jZaebqgufb�nbjfZfb��k�jZaebqguf

dhebq_kl\hf� \oh^h\�\uoh^h\� b� jZaguf� [ukljh^_ckl\b_f�� Lbibqguc� ij_^klZ\bl_ev� �

fbdjhko_fZ� $'0���� nbjfu� $QDORJ� 'HYLFHV� �nmgdpbhgZevguc� ZgZeh]� fbdjhko_fu� 0$;���

ijhba\h^kl\Z�0$;,0���HgZ�bf__l�ih�^\_�ebgbb�\\h^Z�\u\h^Z��Ijbf_j�bkihevah\Zgby�ihdZaZg

gZ�jbkmgd_����



JBK����

ko_fZ�gZ�ljZgabklhj_

<h� fgh]bo� kemqZyo� g_� lj_[m_lky� jZ[hlZ� gZ� [hevrbo� kdhjhklyo� b� gZ� [hevrb_� jZkklhygby�� b

^hklZlhqgh� lhevdh� kb]gZeh\� i_j_^Zqb� ^Zgguo� �7['� b� 5['��� � <� wlhf� kemqZ_� fh`gh

\hkihevah\Zlvky�ijhklhc�ko_fhc�gZ�h^ghf�ljZgabklhj_��^ey�ij_h[jZah\Zgby�mjh\gy�b�ba[Z\blvky

hl� g_h[oh^bfhklb� bf_lv� bklhqgbd� hljbpZl_evgh]h� gZijy`_gby� beb� ij_h[jZah\Zl_ev�� >ey

kb]gZeZ�����\iheg_�^hklZlhqgh�gZijy`_gby���\��Z�^ey�kb]gZeZ�����bkihevam_lky�hljbpZl_evgh_

gZijy`_gb_� k� \uoh^Z� dhfivxl_jZ�� Wlh� gZijy`_gb_� q_j_^� jZa\yau\Zxsbc� ^bh^� aZjy`Z_l

dhg^_gkZlhj��dhlhjuc�kem`bl�bklhqgbdhf�hljbpZl_evgh]h�gZijy`_gby�g_aZ\bkbfh�hl� kb]gZeZ

gZ�\u\h^_�7['�dhfivxl_jZ��>ey�\\h^Z�kb]gZeZ�\�dhgljhee_j�bkihevam_lky�gZebqb_� aZsblguo

^bh^h\�gZ�\oh^Zo�kZfh]h�dhgljhee_jZ��qlh�iha\hey_l�\\h^blv�[biheyjguc�kb]gZe�ijhklh�q_j_a

j_abklhj�� Ko_fZ� ^Zggh]h� \ZjbZglZ� khijy`_gby� ihdZaZgZ� gZ� jbkmgd_� �3�� Ijb� wdki_jbf_glZo
fh`gh� \hh[s_� hldZaZlvky� hl� ij_h[jZah\Zgby� mjh\gy� \uoh^Z�� l�d�� ihqlb� \k_� kh\j_f_ggu_

ihke_^h\Zl_evgu_�ihjlu�dhfivxl_jh\�fh]ml�\hkijbgbfZlv�h^ghiheyjguc�kb]gZe�k�77/�&026

mjh\gyfb�� gh� ijbf_gylv� wlh� \� k_jbcguo� ijb[hjZo� g_� j_dhf_g^m_lky�� lZd� dZd� wlhl� j_`bf� g_

khhl\_lkl\m_l�klZg^ZjlZf��b�fh]ml�\hagbdgmlv�ijh[e_fu�ijb�jZ[hl_�k�^jm]bf�dhfivxl_jhf�

JBK����

JZkrbj_gb_�iZfylb

Ijh]jZffghc���bkihevah\Zgb_�bgl_jij_lZlhjh\�

G_[hevrhc� jZaf_j� ijh]jZffghc� iZfylb� \f_kl_� k� g_\hafh`ghklvx� bkihevah\Zgby� \g_rg_c

iZfylb�ijh]jZff�hq_gv�qZklh� y\ey_lky�[hevrbf�h]jZgbq_gb_f� 3,&�dhgljhee_jh\�feZ^r_]h�b

kj_^g_]h�mjh\gy��g_kfhljy�gZ�^h\hevgh�dhfiZdlgu_�ijh]jZffu��hkh[_ggh��_keb�hgb�ibrmlky�gZ

Zkk_f[e_j_�� LZf�� ]^_� g_� lj_[m_lky� [hevrh_� [ukljh^_ckl\b_�� � \� ijh]jZffgmx� iZfylv

fbdjhdhgljhee_jZ�fh`gh�aZibkZlv�[Zah\u_�ih^ijh]jZffu�b�bgl_jij_lZlhj��Z�kZfm�ijh]jZffm

jZaf_klblv� \h� \g_rg_c� iZfylb� k� ihke_^h\Zl_evguf� ^hklmihf�� Wlh� fh`_l� [ulv� Nhjl�



bgl_jij_lZlhj��;_ckbd�bgl_jij_lZlhj��beb�\hh[s_�g_qlh�k\h_��GZjm`gmx�iZfylv��ijh]jZffu�

ijb� wlhf� fh`gh� gZjZsb\Zlv� \� ijbgpbi_� ^h� [_kdhg_qghklb��<hafh`gh� lZd`_� jZaf_s_gb_� \h

\g_rg_c�ihke_^h\Zl_evghc�iZfylb�jZaebqguo�lZ[ebp�^Zgguo� �jZamf__lky��wlh�\hafh`gh�b�[_a

bgl_jij_lZlhjZ��gh�k�mq_lhf�m\_ebq_ggh]h�\j_f_gb�^hklmiZ��

JZ[hq_c�

Yq_cdb�HAM��beb�j_]bklju��ih^h[gu�ijh]jZffghc�iZfylb���bo�lh`_�qZklh�g_�o\ZlZ_l��Z�bgh]^Z

lj_[m_lky�ijhklh�ojZgblv�[hevrb_�fZkkb\u�^Zgguo��Ihwlhfm�ijbf_gyxlky�jZaebqgu_�kihkh[u

j_r_gby�wlhc�ijh[e_fu��djhf_�dhg_qgh�bgh]^Z�\iheg_�kijZ\_^eb\h]h��gh�g_�jZkkfZljb\Z_fh]h

a^_kv�kihkh[Z��kf_gb�fbdjhdhgljhee_j��

JZkrbj_gb_�HAM�ihke_^h\Zl_evgufb�((3520

<� g_dhlhjuo� kemqZyo�� dh]^Z� g_� o\ZlZ_l� \gmlj_ggbo� j_]bkljh\� fbdjhdhgljhee_jZ�� \j_fy

h[jZs_gby� g_� h[yaZl_evgh� fZeh� b� aZibkv� hkms_kl\ey_lky� g_qZklh�� _klv� kfuke� bkihevah\Zlv

ihke_^h\Zl_evgu_� ((3520� k� rbghc� L�F� beb� 63,�� ^Z`_� lh]^Z�� dh]^Z� g_� lj_[m_lky� ojZgblv

^Zggu_� ijb� hlkmlkl\bb� iblZgby�� Fbdjhko_fu� k_jbc� ��&[[� b� ��&[[� hq_gv� ^hklmigu� b

hlghkbl_evgh�^_r_\u��q_]h�g_� kdZ`_rv�ijh�fbdjhko_fu�HAM� k�ihke_^h\Zl_evguf� ^hklmihf�

G_h[oh^bfh� lhevdh�bf_lv� \� \b^m��qlh� dhebq_kl\h�pbdeh\�i_j_aZibkb� ((3520�h]jZgbq_gh�� \

hklZevghf�`_�ijbf_g_gb_�ihke_^h\Zl_evguo�((3520�keh`ghkl_c�g_�\uau\Z_l��Jbkmghd�����

JBK����

AZf_qZgby�ih�jZ[hl_�k�L�F�

JZ[hlZ�k�rbghc�L�F�bf__l�g_dhlhju_�hkh[_gghklb��Ih�iheghfm�klZg^Zjlm�L�F�mijZ\e_gb_�gm`gh

hkms_kl\eylv� ^\mgZijZ\e_ggufb� \u\h^Zfb�� dhlhju_� ijb� jZ[hl_� gZ� \uoh^� bf_xl� hldjuluc

dhee_dlhj� �klhd�� k� ih^ly]b\Zxsbfb� j_abklhjZfb�� Wlh� k\yaZgh� k� \hijhkZfb� Zj[bljZ`Z� b

kbgojhgbaZpbb��Wlh�\uihegy_lky�\�k_f_ckl\_�0&6�����gh�g_�\uihegy_lky�\�3,&�dhgljhee_jZo�

\uoh^u�dhlhjuo�Zdlb\gu�dZd�\�khklhygbb� �����lZd�b�\�khklhygbb� ���� �aZ�bkdexq_gb_f�h^gh]h

\uoh^Z�� bf_xs_]h� hldjuluc� klhd��� Wlhl� \hijhk� fh`gh� j_rblv� ijbf_g_gb_f� �\bjlmZevgh]h

hldjulh]h�klhdZ���H[uqgh�\u\h^�i_j_dexqZxl�beb�gZ��\oh^�beb�gZ�\uoh^�j_]bkljhf�75,6�b�ijb

\u\h^_�ijhklh�aZibku\Zxl�����beb�����\�j_]bklj�^Zgguo��Ijb��\bjlmZevghf�hldjulhf�klhd_���\

j_]bklj_� ^Zgguo� ihklhyggh� aZibkZg� ����� kZf� \u\h^� ih^lygml� j_abklhjhf� d� iblZgbx��B� ijb

\\h^_� b� ijb� \u\h^_� ���� \u\h^� gZoh^blky� \� j_`bf_� \oh^Z�� b� i_j_dexqZ_lky� j_]bkljhf� 75,6

lhevdh�ijb�\u\h^_������Gm`gh�bf_lv�\\b^m��qlh�lZdZy�jZ[hlZ�gm`gZ�lhevdh�ijb�g_h[oh^bfhklb

kh[ex^_gby�klZg^Zjlh\�L�F��\�hkgh\ghf�\�PXOWL�PDVWHU�kj_^_�beb�k�mkljhckl\Zfb��dhlhju_�fh]ml

\uklZ\eylv� g_]hlh\ghklv� ih� ebgbb� kbgojhgbaZpbb��Ijb� h[uqghc� jZ[hl_� k� ihke_^h\Zl_evghc

iZfylvx�wlh]h��dZd�ijZ\beh��g_�lj_[m_lky�

IZjZee_evguf�HAM

JZamf__lky�� ijb� bkihevah\Zgbb� dhgljhee_jh\� k� khhl\_lkl\mxsbf� dhebq_kl\hf� \u\h^h\�

\hafh`gh�ijbf_g_gb_� h[uqguo�fbdjhko_f� klZlbq_kdhc� beb� ^bgZfbq_kdhc� iZfylb�� bfblbjmy

ihjlZfb�dhgljhee_jZ�rbgu�Z^j_kZ��^Zgguo�b�mijZ\e_gby��>bgZfbq_kdZy�iZfylv�bf__l�[hevrmx

_fdhklv�b�iha\hey_l�khdjZlblv�qbklh�\u\h^h\�dhgljhee_jZ��aZ�kq_l�fmevlbie_dkbjh\Zgby�rbgu

Z^j_kZ�b�bkihevah\Zgby���[blghc�beb���o�[blghc�rbgu��^Zgguo��gh�lj_[m_l�j_]_g_jZpbb��Hq_gv



\u]h^gh� __� bkihevah\Zgb_� \� ijb[hjZo� lbiZ� �kZfhibk_p��� ijb� mkeh\bb�� qlh� ijb� aZibkb� beb

\hkijhba\_^_gbb�bo�qZklhlZ�h[_ki_qb\Z_l�lj_[m_fuc�i_jbh^�j_]_g_jZpbb��<�j_`bf_�ojZg_gby

j_]_g_jZpbx�fh`gh� ijhba\h^blv� ohehkluf� \hkijhba\_^_gb_f� beb� bkihevah\Zlv� \gmlj_ggxx

j_]_g_jZpbx��bf_xsmxky�\h�fgh]bo�fbdjhko_fZo�^bgZfbq_kdhc�iZfylb�

�Bgl_ee_dlmZevguc�dexq�

Kms_kl\m_l� [hevrh_� dhebq_kl\h� i_j_ghkguo� ijb[hjh\�� \� dhlhjuo� ih� dZdbf�eb[h� ijbqbgZf

g_`_eZl_evgh� bf_lv� lmf[e_j� beb� dghidm� iblZgby� k� nbdkZpb_c�� M^h[g__� \dexq_gb_�

\udexq_gb_� ijhba\h^blv� beb� gZ`Zlb_f� ex[hc� dghidb� beb� ki_pbZevghc� dghidb� �<de�� �g_

nbdkbjm_fhc��� J_Zebah\Zlv� wlh� fh`gh� jZaebqgufb� kihkh[Zfb�� gZijbf_j�� k� bkihevah\Zgb_f

^_`mjgh]h�j_`bfZ��gh�hq_gv�qZklh�ih^h[gZy�ZiiZjZlmjZ�iblZ_lky�hl�h^ghc�^\mo�iZevqbdh\uo

[ZlZj_c�q_j_a�ij_h[jZah\Zl_ev��b�\�p_eyo�wdhghfbb�ohq_lky�bf_lv�bf_ggh�dexq���hldexqZxsbc

\k_�beb�ihqlb�\k_��>ey�dexq_\h]h�we_f_glZ�emqr_�\k_]h�bkihevah\Zlv�gbadh\hevlguc�ihe_\hc

ljZgabklhj�k�fZeuf�iZ^_gb_f�gZijy`_gby��gh��hgb�^hklZlhqgh�^hjh]b�b�^_nbpblgu��ihwlhfm�\

kemqZ_�iblZgby�hl���o�b�[he__�[ZlZj__d�\�dZq_kl\_�kZfh]h�dexqZ�fh`gh�bkihevah\Zlv«��^jm]hc

fbdjhdhgljhee_j��gZijbf_j�^_r_\uc���&������������beb�\hkvfbgh`dm���K������Jbkmghd����

JBK����

��Dexq_\hc��dhgljhee_j�jZ[hlZ_l�hl�\gmlj_gg_]h�]_g_jZlhjZ��beb�hl�\g_rg_c�5&�p_ihqdb��_keb

gm`gZ� �_]h�ihgb`_ggZy�lZdlh\Zy� �qZklhlZ�^ey�mf_gvr_gby�ihlj_[e_gby�b�gZoh^blky�\�kiys_f

^_`mjghf� j_`bf_�� <� dZq_kl\_� �\uoh^Z�� dexqZ� bkihevam_lky� h^bg� beb� g_kdhevdh� \uoh^h\�

kh_^bg_gguo� \f_kl_�� H^bg� \oh^� fh`gh� bkihevah\Zlv� ^ey� dghidb� �<de���� gZ� ^jm]hc� fh`gh

ih^Zlv�kb]gZe�k�hkgh\gh]h�fbdjhijhp_kkhjZ��gZijbf_j�^ey�ijh]jZffgh]h�\udexq_gby��<hh[s_

`_��_keb�m��dexq_\h]h��dhgljhee_jZ�_s_�hklZxlky�k\h[h^gu_�\u\h^u�lh�_fm�fh`gh�ihjmqblv

_s_�dZdmx�gb[m^v�jZ[hlm�\h�\dexq_gghf�khklhygbb�ijb[hjZ��gZijbf_j� ��\uihegylv�jhev�_s_

h^gh]h� :DWFK� 'RJ�� beb� ]_g_jbjh\Zlv� bfimevku� ij_ju\Zgby� gZ� hkgh\ghc� fbdjhijhp_kkhj�� <

h[s_f�� gZ� qlh� o\Zlbl� nZglZabb�� <� ijb\_^_gghc� ko_f_� \uoh^� hkgh\gh]h� dhgljhee_jZ� 5$�� k

hldjuluf� klhdhf� bkihevam_lky� ^ey� [ehdbjh\db� \dexq_ggh]h� khklhygby�� Z� \uoh^� 3�

\kihfh]Zl_evgh]h���^ey�]_g_jZpbb�ij_ju\Zgbc�

Fbdjh�ihlj_[e_gb_

<�ZiiZjZlmj_�k�[ZlZj_cguf�iblZgb_f��g_h[oh^bfh�wdhghfblv�dZ`^uc�fbeebZfi_j�qZk�[ZlZj_c�

Wlh�e_]dh�^hklb]Z_lky�[eZ]h^Zjy�gbadhfm�ihlj_[e_gbx�kZfbo�fbdjhdhgljhee_jh\��\hafh`ghklb

bkihevah\Zgby� j_`bfZ� VOHHS� b� l�^��� gh� ijb� dhgkljmbjh\Zgbb� gm`gh� mqblu\Zlv� jZaebqgu_

f_ehqb�

�LZd� ^ey� mf_gvr_gby� ihlj_[e_gby�� gm^gh� bkihevah\Zlv� fbdjhdhgljhee_ju� k� [md\hc� �/�� \

h[hagZq_gbb��gZ�dZd�fh`gh�f_gvr_c�lZdlh\hc�qZklhl_�b�ih�\hafh`ghklb�k�gbadbf�gZijy`_gb_f

iblZgby�� Ijb� gZebqbb� k\h[h^guo� \uoh^h\�� i_jbh^bq_kdb� bkihevamxsb_ky� ^hihegbl_evgu_

mkljhckl\Z� �gZijbf_j��ihke_^h\Zl_evgu_�((3520���gm`gh�aZiblu\Zlv�kb]gZehf� �����\dexqZy

_]h�lhevdh�gZ�fhf_gl�h[jZs_gby�d�mkljhckl\m��Jbkmghd����



JBK����

<k_�g_bkihevah\Zggu_�\u\h^u�ihjlh\�ke_^m_l�i_j_\_klb�\�j_`bf�\u\h^Z��\�j_`bf_�VOHHS�gm`gh

i_j_\_klb� \k_� \uoh^gu_� kb]gZeu� \� khklhygb_� k� gZbf_gvrbf� lhdhf� \� gZ]jmad_�� \udexqblv

g_bkihevam_fu_� \gmlj_ggb_� i_jbn_jbcgu_� mkljhckl\Z� �gZijbf_j�� \kljh_ggu_� :PI��� \k_

\oh^gu_� kb]gZeu� ^he`gu� gZoh^blky� \� q_ldbo� eh]bq_kdbo� mjh\gyo�� g_� ^himkdZlv� \bkysbo� \

\ha^mo_� \oh^h\� beb� ih^Zqb� gZ� pbnjh\u_� \oh^u� gZijy`_gbc� gb`_� eh]bq_kdhc� ���� beb� \ur_

eh]bq_kdh]h�������ihke_^g__�hlghkblvky�dh�\k_f�[_a�bkdexq_gby�&026�fbdjhko_fZf��g_�lhevdh

d�fbdjhdhgljhee_jZf��

G_�ke_^m_l�aZ[u\Zlv��qlh�fbdjhko_fu���&���b���/&���bf_xl�hrb[dm��\�j_amevlZl_�dhlhjhc�m

gbo�ih\ur_ggh_�ihlj_[e_gb_�\�kiys_f�j_`bf_��ihwlhfm�gm`gh�bkihevah\Zlv�lhevdh� ��)���b

��/)����m�^jm]bo�3,&�dhgljhee_jh\�wlZ�hrb[dZ�hlkmlkl\m_l�

?keb� bkihevam_lky� :DWFK� 'RJ� b� j_`bf� VOHHS�� lh� \� kiys_f� j_`bf_� fh`gh� mklZgZ\eb\Zlv

fZdkbfZevgh�^himklbfuc�\�^Zgghc�aZ^Zq_�i_jbh^��qlh�mf_gvrZ_l�kj_^gbc�ihlj_[ey_fuc�lhd�

Ijb�jZ[hl_�\�5&�j_`bf_�_klv�\hafh`ghklv�i_j_dexq_gby�lZdlh\hc�qZklhlu��\ukhdZy�gbadZy��

dZd�ihdZaZgh�gZ�jbkmgd_����

JBK����

Wlh� ihe_agh� dh]^Z� hl� fbdjhdhgljhee_jZ� g_� \k_� \j_fy� lj_[m_lky� \ukhdh_� [ukljh^_ckl\b_�

<u\h^�� h[hagZq_gguc� �,�2� SLQ�� gZoh^blky� \k_� \j_fy� \� j_`bf_� \\h^Z� �\ukhdhbfi_^Zgkgh_

khklhygb_�� b� lhevdh� gZ� hij_^_e_ggh_� \j_fy� i_j_dexqZ_lky� \� j_`bf� \u\h^Z� ����� ijb� wlhf

ihklhyggZy�\j_f_gb�5&�p_ihqdb�mf_gvrZ_lky�b�lZdlh\Zy�qZklhlZ��m\_ebqb\Z_lky�

GZihke_^hd�ijb\_^m�ihoh`__�j_r_gb_�^ey�d\Zjp_\��GZ�jbkmgd_����ihdZaZgh�ih^dexq_gb_�^\mo

d\Zjp_\� �� qZkh\h]h� ������ =p�� �LOW) b� [he__� \ukhdhqZklhlgh]h� �HIGH), dhffmlbjm_fuo
fbdjhdhgljhee_jhf�q_j_a�ZgZeh]h\uc�dexq��Ke_^m_l�aZf_lblv��qlh�kZf�y�wlm�ko_fm�g_�ijh\_jye�

gh� Z\lhju� ml\_j`^Zxl�� qlh� hgZ� m� gbo� jZ[hlZ_l�� <hafh`gh�� ihlj_[m_lky� wdki_jbf_glZevgh_

hij_^_e_gb_�khijhlb\e_gby�j_abklhjh\�b�_fdhklb�dhg^_gkZlhjh\�^ey�dhgdj_lguo�d\Zjp_\�
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    �<� dZq_kl\_� qZkh\uo� gm`gh� ijbf_gylv� klZju_� hl_q_kl\_ggu_� �jhf[bdb�� beb� bfihjlgu_
�kibqdb��� hl_q_kl\_ggu_� �kibqdb��� dZd� ijZ\beh�� hq_gv� iehoh� jZ[hlZxl� �Z� qZklh� \hh[s_� g_

jZ[hlZxl��\�]_g_jZlhjZo�PIC�dhgljhee_jh\�
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