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Cursul Circuite electronice digitale� VH� DGUHVHD] � VWXGHQ LORU� GLQ� DQLL� ,,,� DL�
IDFXOW LORU� GH� (OHFWURWHKQLF � úL� (OHFWURPHFDQLF �� GDU� SRDWH� IL� XWLO� úL� VWXGHQ LORU� D�
F URU� LQVWUXLUH� VH� GHVI úRDU � vQ� FDGUXO� VHF LLORU� )DFXOW LL� GH� $XWRPDWLF ��
&DOFXODWRDUH� úL�(OHFWURQLF ��SUHFXP�úL� LQJLQHULORU�FDUH�GRUHVF�V -úL�FRPSOHWH]H�VDX�
DFWXDOL]H]H�FXQRúWLQ HOH�GH�VSHFLDOLWDWH� 

([SHULHQ D�DFXPXODW �vQ�FHL�SHVWH����DQL�GH�DFWLYLWDWH�vQ�Gomeniu, a condus la 
DFWXDOD� VWUXFWXUDUH� D� OXFU ULL�� FDUH� DFRSHU � GRPHQLXO� Electronicii digitale de la 
DOJHEUD� ERROHHDQ � úL� SkQ � OD� microprocesor�� DFRUGkQG� DWHQ LD� FXYHQLW � WXWXURU�
IDPLOLLORU�GH�FLUFXLWH�ORJLFH�HOHPHQWDUH�SUHFXP�úL�SULQFLSDOHORU�FDWHJRULL�Ge circuite 
ORJLFH�FRPELQD LRQDOH�úL�VHFYHQ LDOH� 

'HúL� DSDUHQW� LQRSRUWXQ� vQWU-o astfel de lucrare, 5HJLPXO� GH� FRPXWD LH� DO�

dispozitivelor semiconductoare�SHUPLWH�WUDQVIHUXO�GLUHFW�vQ�SODQ�WHKQLF�DO�QR LXQLORU�
introduse de DOJHEUD� ERROHHDQ , constituind un lLDQW� LPSRUWDQW� vQWUH� DFHDVWD� úL�
FDSLWROHOH�XUP WRDUH�DOH�FXUVXOXL� 

&HOH� GRX � DQH[H� GH� OD� ILQDOXO� OXFU ULL�� FRQ LQkQG� circuitele cu transfer de 
VDUFLQ �úL�microprocesoarele��UHSUH]LQW �GRPHQLL�PRGHUQH��FX�DSOLFD LL�QXPHURDVH�úL�
GLYHUVH��FDUH�YLQ�V �vQWUHJHDVF �SUREOHPDWLFD�WUDWDW �GH�SUH]HQWXO�FXUV� 

'HVLJXU��DSDUL LD�DFHVWHL�OXFU UL�QX�DU�IL� IRVW�SRVLELO �I U �XQ�XULDú�YROXP�GH�
PXQF � úL�� PDL� DOHV�� I U � DMXWRUXO� QHSUHFXSH LW� DO� YDORURDVHORU� FDGUH� GLGDFWLFH� GLQ�
)DFXOWDWHD�GH�$XWRPDWLF ��&DOFXODWRDUH�úL�(OHFWURQLF � 

$VWIHO��GRUHVF�V �DGUHVH]�FHOH�PDL�F OGXURDVH�PXO XPLUL�GRPQXOXL�SURI��XQLY��
GU�� LQJ�� 0LUFHD� ,Y QHVFX�� UHFWRUXO� 8QLYHUVLW LL� GLQ� &UDLRYD�� FDUH�� vQ� FDOLWDWH� GH�
GHVFKL] WRU�GH�GUXPXUL�vQ�DFHVW�GRPHQLX�vQ�IDFXOWDWHD�QRDVWU ��D�DFFHSWDW�V �OHFWXUH]H�
manXVFULVXO�OXFU ULL�úL�V �IRUPXOH]H�XQHOH�REVHUYD LL�ELQHYHQLWH�� 

$FHOHDúL�F OGXURDVH�PXO XPLUL�OH�GDWRUH]�GRPQXOXL�SURI��XQLY��GU��LQJ��' QLO �
&HUEXOHVFX�� úHIXO� &DWHGUHL� GH� (OHFWURQLF � úL� 0 VXU UL� D� )DFXOW LL� GH� $XWRPDWLF ��
&DOFXODWRDUH� úL�(OHFWURQLF � úL� Gomnului conf. univ. dr. ing. Mircea Mihaiu, pentru 
VXJHVWLLOH�XWLOH�úL�U EGDUHD�FX�FDUH�DX�UHFHQ]DW�PDQXVFULVXO� 
 8Q� URO� LPSRUWDQW� vQ� FHHDFH� SULYHúWH� SDUWHD� JUDILF � D� OXFU ULL� O-a avut studentul 
3DXO� *ORJRJHDQX�� DQXO� 9�� VHF LD� (OHFWURQLF � $SOLFDW �� F UXLD� i se cuvin cele mai 
frumoase aprecieri. 
 ÌQ�ILQDO��GDU�QX�vQ�XOWLPXO�UkQG��GRUHVF�V �PXO XPHVF�vQWUHJLL�PHOH�IDPLOLL�SHQWUX�
PRGXO�vQ�FDUH�D�úWLXW�V �DFFHSWH�IUXVWU ULOH�SH�FDUH�OH�LPSOLF �HODERUDUHD�XQHL�DVWIHO�GH�
OXFU UL�� 
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ANEXA  1 

 
 

&LUFXLWH�FX�WUDQVIHU�GH�VDUFLQ  
 
 

&LUFXLWHOH�FX�WUDQVIHU�GH�VDUFLQ ��FXQRVFXWH�úL�VXE�GHQXPLULOH�GH�circuite cu 
FXSODM�SULQ�VDUFLQ  sau CCD (Charge Coupled Devices = dispozitive cu cuplaj prin 
VDUFLQ ��� VXQW� XWLOL]DWH� vQ� VSHFLDO� vQ� WHKQRORJLD� /6,� �/DUJe Scale Integration = 
LQWHJUDUH� SH� VFDU � ODUJ �� úL� QX� DX� QLFL� XQ� HFKLYDOHQW� vQ� YDULDQWH� FX� FRPSRQHQWH�
discrete. 

CCD-XULOH� VXQW� FRQVWUXLWH� VXE� IRUPD� XQHL� PDWULFH� GH� FDSDFLW L� 026� FX� n 
LQWU UL�� GH-D� OXQJXO� F UHLD� VXQW� WUDQVIHUDWH� VDUFLQL� HOHFWULFH� FX� DMXWRUul câmpurilor 
JHQHUDWH�GH�WUHL�WHQVLXQL�QHJDWLYH�DOH�F URU�PRGXOH�VH�DIO �vQ�UHOD LD��93>V2>V1. 

3ULQFLSLXO� WUDQVIHUXOXL� GH� VDUFLQL� vQWUH� GRX � ORFD LL� YHFLQH� DOH� PDWULFHL�� HVWH�
ilustrat în fig. A1.1.  
 
 
 
 
 
 

    a) Fixarea sarcinilor           b) Transferul sarcinilor 
 

Fig. A1.1. Ilustrarea principiului transferului de sarcini 
 

$VWIHO�� SRWHQ LDOXO� –V2� JHQHUHD] � vQ� VXEVWUDWXO� VHPLFRQGXFWRU� GH� WLS� n un 
FkPS�HOHFWULF�FDUH�UHVSLQJH�SXUW WRULL�GH�VDUFLQ �PDMRULWDUL� �HOHFWURQLL��GLQ�]RQD�GH�
sub stratul de oxid, fi[kQG� SXUW WRULL� GH� VDUFLQ � SR]LWLYL� FDUH� DX� IRVW� LQMHFWD L� vQ�
substrat printr-XQ� PLMORF� RDUHFDUH� �MRQF LXQH� SQ�� WUDQ]LVWRU� LQWHJUDW� vQ� DFHODúL�
substrat, prin iluminare), fig. A1.1 a. 

$SOLFkQG�XQ�SRWHQ LDO�–V3, cu |V3| > |V2|, electrodului învecinat, fig. A1.1 b, 
SXUW WRULL� GH� VDUFLQ � PRELOL� VXQW� WUDQVIHUD L� vQ� ORFD LD� YHFLQ �SH� FDUH� QX�R� PDL�SRW�
S U VL� DWkWD� WLPS� FkW� SH� HOHFWURGXO� FRUHVSXQ] WRU� H[LVW � XQ� SRWHQ LDO� PDL� PDUH� �vQ�
YDORDUH�DEVROXW ��GHFkW�DO�ORFD LLORU�YHFLQH� 

5HYHQLQG� OD�PDWULFHD�FX�FDSDFLW L�MOS din care am prezentat în fig. A1.2 
una din cele n�F L��REVHUY P�FRPSRUWDPHQWXO�GH�UHJLVWUX�GH�GHSODVDUH�DO�DFHVWHLD� 
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$VWIHO��DSOLFkQG�VWUXFWXULL�GLQ�ILJ��$����VHFYHQ HOH�GH�SRWHQ LDOH�SUH]HQWDWH�vQ�
WDE��$�����UHDOL] P�WUDQVIHUXO�VXFFHVLY�DO�VDUFLQLORU�GH�OD�ORFD LLOH������OD�ORFD LLOH����
���ú�D�P�G� 
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E��7UDQVIHUXO�VDUFLQLORU�OD�ORFD LD�� 
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7DE��$�����([SOLFDWLY�SHQWUX�IXQF LRQDUHD�VWUXFWXULL�GLQ�ILJ��$��� 
 

Zona Fig. 
1 2 3 4 5 6 7 8 9 

a V2 V1 V1 V2 V1 V1 V2 V1 V1 

b V2 V3 V1 V2 V3 V1 V2 V3 V1 

c V1 V2 V1 V1 V2 V1 V1 V2 V1 

- V1 V2 V3 V1 V2 V3 V1 V2 V3 

- V1 V1 V2 V1 V1 V2 V1 V1 V2 

- V3 V1 V2 V3 V1 V2 V3 V1 V2 

- V2 V1 V1 V2 V1 V1 V2 V1 V1 

          
 
 
 
 
 
 
 
2EVHUY P�F �WUDQVIHUXO�GH�VDUFLQL�F WUH�R�ORFD LH�YHFLQ �VH�IDFH�SULQ�DSOLFDUHD�

XQXL�SRWHQ LDO� _93| > |V2_�SH�HOHFWURGXO�DFHVWHLD�GLQ�XUP ��Y�� ILJ��$����E��GXS �FDUH�
VDUFLQD�HVWH�IL[DW �OD�ORFD LD�UHVSHFWLY �SULQWU-XQ�SRWHQ LDO�–V2, mai mare în valoare 
DEVROXW �GHFkW�SRWHQ LDOXO�–V1 al zonelor vecine, fig. A1.2 c. 

$FHDVW � HWDS � LQWHUPHGLDU � FUHHD] � SRVLELOLWDWHD� XWLOL] ULL� SRWHQ LDOXOXL� –V3 
pentru transferul GH�VDUFLQL�F WUH�ORFD LD�XUP WRDUH� 

'LQ�WDE��$����VH�UHPDUF �FX�XúXULQ �FLFOLFLWDWHD�IXQF LRQ ULL�UHJLVWUXOXL�&&'��
SUHFXP�úL�]RQHOH�vQ�FDUH�VH�DIO �VDUFLQLOH�vQ�ILHFDUH�PRPHQW��]RQHOH�KDúXUDWH�� 

9LWH]D�GH�WUDQVIHU�D�VDUFLQLORU�SHUPLWH�IXQF LRQDUHD�SkQ �OD cca. 20 MHz, la 
un consum de 5 µW / bit. 

Registrele CCD sunt utilizate pentru transferul reliefului de sarcini de pe 
VXSUDIH HOH�IRWRVHQVLELOH�DOH�FDPHUHORU�GH�OXDW�YHGHUL�PRGHUQH� 

7HKQRORJLD� &&'� HVWH� XWLOL]DW � úL� SHQWUX� UHDOL]DUHD� XQRU� IXQF LL� ORJLFH�
elePHQWDUH�FXP�DU�IL�ù,-NU, SAU-NU, SAU-EXCLUSIV, sau a unor circuite logice 
de tipul sumatoarelor, multiplicatoarelor,memoriilor RAM, etc. 

 
 
 
 
 
 



 

 

 

ÌQ�ILJ��$����DP�SUH]HQWDW�VWUXFWXUD�XQRU�SRU L�ORJLFH�ù,�úL�6$8�vQ�WHKQRORJLH�
CCD. 

 
 
 
 
 
  

 
 
 
 

D��ù,�– CCD       b) SAU - CCD 
 

)LJ��$�����3RU L�ORJLFH�HOHPHQWDUH�vQ�WHKQRORJLH�&&' 
 
 ÌQ� FD]XO� vQ� FDUH� VXUVD� GH� SXUW WRUL� GH� VDUFLQ � �GH� H[HPSOX�� R� MRQF LXQH� GLUHFW�
SRODUL]DW ��HVWH�H[FLWDW ��VDUFLQLOH�QX�SRW�DMXQJH�vQ�capcana�&�GHFkW�GDF �HOHFWUR]LL�
GH�FRPDQG �$�ù, B, respectiv A SAU B SAU� DPELL�� VXQW� DVWIHO�SRODUL]D L� vQFkW� V �
SHUPLW �WUDQVIHUXO�GH�VDUFLQL� 
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ANEXA  2 

 
 

0LFURSURFHVRDUH�úL�PLFURFDOFXODWRDUH 
 
 

A 2.1. Microprocesorul 
 
0LFURSURFHVRUXO� HVWH� XQ� VLVWHP� LQWHJUDW� SH� XQ� VLQJXU� ÄFKLS´�� FRQ LQkQG cel 

SX LQ�vQWUHDJD�JDP �GH�FLUFXLWH�DULWPHWLFH��SUHFXP�úL�ORJLFD�GH�FRQWURO�úL�FRPDQG �D�
unui sistem universal de tratare a datelor, sau a unui sistem de calcul, sau a ambelor.  

0DMRULWDWHD�PLFURSRFHVRDUHORU�PRGHUQH�FRQ LQ�úL�R�PLF �PHPRULH�úL�FKLDU�XQ�
ceas propriu.  

$FHDVW �FRPELQD LH�GH�FLUFXLWH��VXEVLVWHPH��IRUPHD] �XQLWDWHD�FHQWUDO ��8&��
a sistemului.  

6WUXFWXUD�LQWHUQ �WLSLF �D�XQXL�PLFURSURFHVRU�HVWH�UHSUH]HQWDW �vQ�ILJXUD�$����
úL�FRQ LQH�SULQFLSDOHOH�VXEVLVWHPH�LQFRUSRUDWH� 
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Fig. A2.1. StUXFWXUD�LQWHUQ �D�XQXL�PLFURSURFHVRU 

 

      /XQJLPHD�FXYkQWXOXL� OD�SURFHVRDUHOH�RIHULWH�SH�SLD � HVWH�GH������� ��� úL� ���
EL L�� 

'HúL�VH�FRQVWUXLHVF�vQ�DSURDSH�WRDWH�WHKQRORJLLOH�H[LVWHQWH��PLFURSURFHVRDUHOH�
cele mai recente sunt realizate în tehnologiile MO6�FX�SRU L�GH�SRO\VLOLFLX�GH���µm, 
1026�úL�&026� 

8Q�H[HPSOX�vQ�DFHVW�VHQV�vO�FRQVWLWXLH�SURFHVRUXO�&026�SH����EL L�Motorola 
MC 68020��DYkQG�R�GLPHQVLXQH�GH�DSUR[LPDWLY�����PP�[�����PP�úL�FRQ LQkQG�SHVWH�
200.000 tranzistoare. „Chipul” semiconductor al microSURFHVRUXOXL� FRPSRUW � XQ�
PDUH�QXP U�GH�VHF LXQL��520��3/$��XQLWDWH�DULWPHWLF ��HWF���FRQVWLWXLWH�GLQ�FLUFXLWH�
LQWHJUDWH�SH�VFDU �IRDUWH�ODUJ � 

7HKQRORJLD� ELSRODU �� FXP� DU� IL� FHD� D� IDPLOLHL� 77/� GH� PLF � SXWHUH�� FX� XQ�
H[FHOHQW�IDFWRU�GH�FDOLWDWH�úL�R�IRDUWH�EXQ �YLWH] �GH�OXFUX��HVWH�úL�HD�XWLOL]DW �� 

 

 A 2.2. Microcalculatorul 
 

3HQWUX� D� H[HFXWD� WRDWH� VDUFLQLOH� FHUXWH� XQXL� FDOFXODWRU�� HVWH� QHFHVDU �
DG XJDUHD�XQHL�PHPRULL��D�XQRU�GLVSR]LWLYH�GH�FRQWURO�úL�FRPDQG �úL�D�XQRU�DGDSWRUL�
GH�LQWHUID DUH�SHQWUX�HFKLSDPHQWHOH�GH�LQWUDUH�úL�GH�LHúLUH��,�2��DOH�XQLW LL�FHQWUDOH��
ÌQ� ILJXUD� $���� HVWH� SUH]HQWDW � VFKHPD� IXQF LRQDO � HOHPHQWDU � D� XQXL� DVHPHQHD�
sistem.  
 

 

 

 

 

 

 

 

 

 

)LJ��$����6FKHPD�IXQF LRQDO �D�XQXL�PLFURFDOFXODWRU 
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&DOFXODWRDUHOH� ÄVSHFLDOL]DWH´�� DGLF � DFHOHD� care sunt construite pentru a 
H[HFXWD� XQ� DQVDPEOX� DQXPH� GH� VDUFLQL�� FXP� DU� IL� FD]XO� VLVWHPHORU� GH� LQMHF LH�
HOHFWURQLF �D�EHQ]LQHL��QHFHVLW �520–XUL�FX�UHPDQHQ �SHQWUX�VWRFDUHD�SURJUDPHORU�
úL�WDEHOHORU��'DF �SURJUDPXO�QX�HVWH�FRPSOHW�IL[DW��SRW�IL�XWLOL]DWe PROM-uri,  
EPROM-uri sau E2PROM-uri. Memoriile intermediare sunt rezidente pe chip în 
5$0�� 3HQWUX� PHPRULLOH� PDUL�� VH� XWLOL]HD] � GLVFXUL� PDJQHWLFH� GXUH� �+''��� VDX�
flexibile (dischete), sau ambele. Echipamentul de intrare-LHúLUH� FRQ LQH� WDVWDWXUL��
display-XUL� úL� LPSULPDQWH�� 6LVWHPHOH� GH� WHOHFRPXQLFD LL�� GH� FRQWURO� úL� FRPDQG �
ED]DWH� SH� PLFURSURFHVRDUH�� FRPSRUW � DGHVHD� WUDQVGXFWRDUH�� FRQYHUWRDUH� DQDORJ-
QXPHULFH�úL�QXPHULF-DQDORJLFH�FDUH�FRQYHUWHVF�P ULPLOH�IL]LFH�vQ�VHPQDOH�QXPHULFH�
úL�LQYHUV� 

Diverse alte suEVLVWHPH� GH� FRPDQG �� FRQWURO� úL� SUHOXFUDUH� �QHSUH]HQWDWH� vQ�
ILJXUD�$�����VXQW�FRQFHSXWH�SHQWUX�D�IXQF LRQD�FX�8&��FRSURFHVRDUHOH�úL�FKLS-urile 
de memorie. Coprocesoarele, cum ar fi Motorola MC 6881, constituite pentru a 
IXQF LRQD� vPSUHXQ �FX�0&��������H[WLQG�FDSDFLWDWHD�GH�FDOFXO� vQ�YLUJXO �PRELO �D�
UC.  

Accesul direct la memorie, asigurat de modul de gestionare a acesteia, 
SHUPLWH�XQ�WUDQVIHU�SHUIRUPDQW�GH�LQIRUPD LH�GH�OD�GLVFXULOH�PDJQHWLFH�OD�5$0�VDX�
LQYHUV�� 1XP UXO� GH� FKLS-uri care pot înconjura microprocesorul poate atinge 100. 
Toate chip-XULOH�VXQW�PRQWDWH�SH�R�SODF �GH�FDEODM�LPSULPDW��DGHVHRUL�LQIHULRDU �XQXL�
IRUPDW� $��� 1XP UXO� HFKLYDOHQW� GH� WUDQ]LVWRDUH� FRQ LQXW� GH� R� DVWIHO� GH� SODFD�
GHS úHúWH�DGHVHRUL����������� 
 
 

A 2.3. Microcalculatorul pe un singur chip 
 

,QWHJUDUHD� FLUFXLWHORU� GH� VLQFURQL]DUH� úL� FRPDQG �� D� PHPRULHL� �520� úL�
RAM), a acceselor de intrare-LHúLUH� úL� D� FLUFXLWHORU� SHULIHULFH� FX� 8&�� G � XQ�
microcalculator pe un singur chip.  

Un exemplu în acest sens îl constituie microcalculatorul Motorola 
MC68HC11�FDUH�FRQ LQH�SHVWH���������WUDQ]LVWRDUH�SH�R�VXSUDID �GH�����PP�[�����
PP��R�8&��XQ�FHDV�SURSULX��R�LQWHUID D�,�2��R�PHPRULH��5$0��520��(23520��úL�
un convertor analog-numeric.  

Microcalculatorul pe un singur chip poate fi extins cu alte chip-uri pentru a-i 
FUHúWH� FDSDFLWDWHD� GH� PHPRULH� úL� D� SHUPLWH� LQWHUID DUHD� FX� R� PDUH� YDULHWDWH� GH�
HFKLSDPHQWH�,�2�úL�GH�WHOHFRPXQLFD LL� 

 
 

  
 
 
 
 



 

 

 

 
$������$SOLFD LL� 
 

'LVFXWDUHD� GHWDOLDW � D� DSOLFD LLORU� PLFURSURFHVRDUHORU� GHS úHúWH� FX� PXOW�
FDGUXO�DFHVWHL�OXFU UL�  

'LQ� DFHVW� PRWLY�� FRQVLGHU P� XWLO � R� VLPSO � OLVW � FDUH� HQXPHU � DSOLFD LLOH�
care presupun microprocesoare: 
 
 
 

(OHFWURQLF �

pentru marele 
public 

(OHFWURQLF �

FRPHUFLDO �úL�

LQGXVWULDO  

,QVWUXPHQWD LH %LURWLF �SHQWUX�

afaceri 

* Calculatoare; 
* Ceasuri numerice; 
* Jocuri video sau     
telejocuri; 
* Comanda 
aparatelor electrice; 
* Sisteme casnice 
recreative; 
* Sisteme de 
securitate casnice; 
* Stocarea energiei 
casnice; 

�&RPDQGD�PDúLQLORU� 
úL�SURFHVHORU�
industriale; 
* Dirijarea 
QDYLJD LHL� 
* Sisteme de 
aterizare auWRPDW �D�
aeronavelor; 
�,QMHF LD�HOHFWURQLF �
a benzinei; 
* Controlul 
WUDQVPLVLHL�GH�PDV � 
* Sisteme 
antipoluare; 
* Transmisiuni de 
GDWH��WHOHPDWLF � 

* Echipament de 
autoetalonare; 
* Echipament de 
supraveghere a 
UDGLD LLORU� 
�6LVWHPH�GH�DQDOL] �
în laborator;  
* Înregistrarea pe 
EDQG �PDJQHWLF � 
* Echipamente de 
GLDJQR] � 
* Aparate medicale; 
* Echipamente de 
DYHUWL]DUH�LQFHQGLX�úL�
VHFXULWDWH�D�FO GLULORU�
úL�X]LQHORU� 

* Terminale ale 
UH HOHORU�GH�
calculatoare; 
* Echipamente de 
automatizare a 
RSHUD LLORU�EDQFDre; 
* Terminale în 
punctele de vânzare; 
* Gestionarea 
stocurilor; 
* Fotocopiatoare. 

  
0LFURSURFHVRDUHOH� WUDWHD] � VHPQDOHOH� QXPHULFH�� 3URFHVRDUHOH� GH� VHPQDO�

programabile pe un singur chip, cum ar fi Texas Instruments TMS 32010�� H[HFXW �
IXQF LL� GH� DQDOL]D� VSHFWUXOXL� vQ� WLPS� UHDO�� ILOWUDM� QXPHULF�� FRPSUHVLD� YRUELULL� úL�
PRGHPXUL�GH�DQDOL] �PX]LFDO � 

$FHVWH� DSOLFD LL� GLYHUVH� DUDW � F � PLFURSURFHVRUXO� D� GHYHQLW� R� FRPSRQHQW �
LPSRUWDQW �D�VLVWHPHORU�HOHFWURQLFH�� 

)LLQG� SURJUDPDELO�� HO� SRDWH� vQGHSOLQL� GLYHUVH� IXQF Luni utilizând DFHHDúL�

VWUXFWXU �IL]LF �� 
*DPD� VD� GH� DSOLFD LL� QX� DUH� DOW � OLPLW � GHFkW� DFHHD� D� LQJHQLR]LW LL� úL�

LPDJLQD LHL�LQJLQHULORU�FDUH-O�XWLOL]HD] � 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 


