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ΩMLe resistenze elettriche inserite sono tutte da  1

lastra di bakelitebox  

	QBE_HcCKG? � o b&Z � � &a���7� �r�I�r��� � ����� ���r�y�r���`���T��������������� ���&�A� �\�a�r�+����� ���I���u���t���a���&���r���I�
�G�A�L�A�����r� ��r����� &a��� ��� ���r���Y�+�Z���N�r���������

MCFXcCM\DGc^DGD6¡�c^MCF =<FHM\BE;aVt?uD`:6KLBv?A;E:pOLDG:6OLOGFChTBIM\?AMa?A;EFH_HBv?�=<FHMt��ca?]M�DGFXR�BI:<MC:~i�?]DGDGFX@s:6K
CBEOLDGKGBI�^cCBIKL:�;�¡�?A;ED`?JDG:6MCOLBIFHMC:J?A;>_N?A@ C:<_H;IB�e+0gfWhCMC:<B���cC?A;IB>;�¡¢:6;I:rDGDGKGF�CF$P:wKG:6?A;IBEd6dl?uD`F
=<FHM�c^MCF\OL@CK`? �5^B�_HK`?] ^D`:Ao
})?q_H:6FHV7:<DGKGBI?3C:6_H;EB :6;E:<DLD`KGF�CB�c^DGBI;EBId6d6?]D`BQP:xK`?A@C@^KG:6OL:6MNDZ?uDZ?\BEM 	QBI_Co � o��To/}	¡�:<;I:rDGD`KLF]n
CF ?N��RTBE:6MC:7c^DGBI;IBEd6d6?]D`F$@s:6KJ;v?$=6FHMCM^:6OGOLBIFHM^:t=6FAM ;�¡�?A;YDZ?+D`:<MCOGBEFHMC:*�	; ¡�:<;I:rDGD`KLF$^F �a�rh
BEM�RA:6=<:Ah P:w=6FHObD`BYD`cCBYD`F�a?zcCMa?z_HKLBI_H;EBv?(CB b�dU@CBI?Ad6d<FH;I:]h)CB CBEV\:<MCOGBEFHMCB[�^o d  � � �^o d
 � : CBIObDZ?AM^d6Bv?uD`:kc^Ma?8a?A;E;�¡�?A;EDGK`?T^^o £  ���hA=6FH;E;I:6_H?]D`:k?A;T@sFADG:6MCd<Bv?A;E: CB�D`:<KGK`?WDGK`?AV7BEDG:
;I?UKG:6OLBIObD`:6M^dl? ^B =l?AKLBI=<F\exoa})?z@a?AKbD`BI=<FH;v?]KG:�_H:<FHV7:<D`KLBv?�^:6;I; ¡�:<;I:rDGD`KLF$^Fz� �k=6FHM^OG:6MNDG:
CB>?lRH:<KG:�;I?JV7BIOLcCK`?xBIM\=6FHMND`:<V\@sFHKG?AMC:l?(CB�b�dX=6?AMa?A;EB4^BERH:<KGOLB�h�a?A;I;I?w��cC?A;I:5KGBI=6?lRA?]KG:
BEM&CBI=6?Ad6BEFHMCBpOLcC;I;I?�cCMCBEijFAKGV7BED]P?�:6;I:rDGDGKGBI=6?�C:6;~V\?]D`:<KGBv?];I:Ao �w;IBk:"!>:<DGDGBS?A;y=6FHMNDGFHKGMCF
C:<;[=6?AV\@sFU:<;I:<DLD`KLBI=6FXOGFHM^FU;IBEV\BYDZ?]DGB&a?A;sOGF&R�K`?*^BIV7:6MCOLBIFHMa?]V\:<M�DGF�C:<;I; ¡�:<;I:<DLD`KLF$CFX?N�
KLBIOG@s:<DLD`F7?A;�� � o
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20 cm

20 cm

3.6 cm

0.5 cm

18
 c

m

16 cm

Elettrodo  a) Elettrodo  b)

Gli elettrodi sono ottenuti utilizzando della vernice conduttiva (silver paint)
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})?q=6?AK`?uDGD`:<KGBEd6dl?]d6BIFAMC:'CB�cCM Vt?]DG:6KLBv?A;E:�BIM ijcCMCd<BIFHM^:(^:6;I;E:w=6FHM)CBId<BIFHMCB ?AVU�CBE:6MNDZ?A;EB�h
KGBE=ZmCBI:"C:~BI;a=6FAM�DGKGFH;E;IF'CBEKG:<DLD`F(C:6;E;�¡¢cCV7B�CBYD]P?�KG:<;v?]DGBER]?w:2^:6;I;I?�D`:6V7@s:6K`?uD`cCKG?^o ��cC:6ObD`F
P:/@>FHOLOGBE�CBI;E:-OGFH;I?AV7:6MND`:	OL:�BE;A=l?]V\@CBEFHMC:,a?yD`:<OLD`?AKG:	R�BI:<MC:�KG?A=6=Zm^BIcCOLF5BEMJc^Ma?5?]@C@>FAOGBED`?
=l?AV7:6KG? ?�D`:6M�c^D`? :�DG:6KGV7FHObDZ?]D`?]D`FCo } ? =6?AV\:<K`? c^DGBI;IBEd6d6?]DZ? @s:6K ;E:�V\BEOGcCKL:���cCB
KGBE@>FHKbDZ?]DG: �
	QBE_Co � o��H�rh5P:�ObDZ?]D`?�KG:6?A;IBEd6d6?]DZ?�=6FHM BI;yOLcC@C@sFHKLDGF C:<;5OL:6KLR�BEd6BIF CB5fk{R`
V\:<=6=6?AMCBI=<F C:6;E;�¡¢��9 	-9JhQ=6FAM C:<;I;E: ;v?AObD`KG:5^B~?A=6=<Bv?ABEF�: =<FHMCOL:6MND`:�CByFADGDG:6MC:<KG:$cCM
�CcCFHM�BEOGFH;I?AV\:<MND`F ^:6;-=6?AV\@^BIFHMC: KGBIOL@>:rDGDGF$?A;I; ¡�?AV �CBI:<M�DG:X:<OLDG:6KGM^FCoU��MCFH;YD`KL:Ah :<OGO`?�P:
CFAD`?]DZ?'CBscCMa?XOL:6KLBI: ^B>=<FHMCMC:rDGD`FAKGB @a?AOLO`?AMND`B h^=ZmC:5@>:<KGV7:<DLD`FHMCFX;v?xKG:6?A;IBEd6dl?]d6BIFAMC:7CB
D`c^DLD`:w;E:w=6FHMCM^:6OGBEFHMCB�:<;I:<DLD`KLBI=ZmC:x@CKL:<R�BIObD`:Ao
��;k=<FHMND`KGFA;I;IF C:<Bk@a?AKG?AV7:<D`KLBg?AVU�CBE:6MNDZ?A;EB�h)BIMNRA:6=6:]hg?&R�R�BI:<MC:tDGK`?AV7BEDG: ^cC:+OGBEOLDG:6V7B
BIM&^BI@s:6M&C:<MND`B[Z~BE;�OLBIOLDG:6V\?�C:6;Q_N?AO�=ZmC:z=<FHMND`KLFH;I;I?\;v?7RA?]KGBv?]d6BIFAMC:�CB�cCV7B�CBYD]P?^hs: �BE;
OGBEOLD`:<Vt?UDG:6KGV7FHObDZ?]DGBI=6Fz=Zm^:JM^:JObDZ?A�^BI;IBEd6d6?U;v?UD`:<V\@s:6KG?]D`cCKG?^o
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scheda di connessione elettrica per gli elettrodi

sonda igrometrica

sonda  termometrica

Alta   Tensione

circuito  gas

fori  per  la chisura ermetica del box

	QBI_Hc^K`? � o��'Z ����r� � �N�A����� �A�����+� �t���\�s� �(���a�r��� � ���r���Y�$�G���t�r�L�+�t��������� � �

a?�cCMa? @a?]KLD`:t?*�cCMC? �>FAVU�>FA;v?$: a?A;E;�¡�?A;EDGK`?$?*�c^Ma? =6FAM&Cc^DLD`cCKG?-CBgKGBI=<BI=<;IFCo$��;
�ac^OGOGF P:\FH@C@sFHKLDGcCMa?AV7:6MNDG:tKG:<_HFH;I?]D`F�?]DGDGK`?lRH:<KGOLF3cCM �ac^OGOGBEV\:rD`KLF3@>FAOLD`F�OGcC;gK`?]V\F
CB BIM^_HKG:<OGOGF CB���cC:<OLDGF =6BIKL=6cCBYD`FCo~��; KGBEOG@s:<DGDGBERAFtR]?A;IFHKL:'CB�c^V\B�CBEDuP?7KL:6;v?uD`BER]?^h ?];I;�¡¢BIM�n
DG:6KGM^F�C:<;I;I?�=l?AV7:6KG?^hNRTBE:6MC:~KLBI;I:rR]?]D`F8C?JcCMC?JOLFHM&a?wD`:<KGV7F ��BI_AKGFHV7:<DGKGBI=6?�� `�( £ ^ (A|
C:<;I;I?%`�ig}�|�{%� � � " \ ��� _ o �wc^:6OLD`? P: =<FHOLDGBEDGcCBED`? a?�cCM DGK`?AOLV\:rDGDGBED`FAKG:�CBkcCV\B n
CBYD]P?tKL:6;I?]D`BYRA?q: DG:6V7@>:<K`?]DGcCK`?t=6?A@a?A=<:3CB�=6FHMNRH:<KLDGBIKG: ;v?7R]?AKLBv?Ad<BIFHM^:X=ZmC:zOLB�RA:6KGBY a=l?
BEM�cCM�OL:6MCOLFHKG: =6?A@a?A=<BED`BYRHF�:tBIM cCM�OG:<MCOGFAKG: KG:<OGBEOLD`BYRHF�?]; 0	;v?uD`BIM^FCh�BEM�cCM�OL:6_HMC?A;I:
;EBIMC:6?AKGBEd6dl?uD`F�DGK`? � � �:^3V\{Xo���;kOG:6M^OGFHKL: =6?A@a?A=<BEDGBERHF @>:<KGV7:<DGDG:�CB�KGBI;E:<R]?AKL:tcCMa?
cCV7B�^BED]P?xKG:<;v?]DGBER]?wD`K`? £ � � £ � =<FHM cCMa? ?A=6=<cCK`?]DG:6d<dl?3C:<;����+o/})?XR]?AKGBI?Ad6BEFHMC:+CB
cCV7B�^BED]P?S;v?WOLBCFADLD`BI:<MC:kM^:6;COL:6_HcC:<MND`:~V\F�CF�Z)F��ac^OGO`?]M&CF'CBIKL:<DLDZ?AV7:6MND`:k;�¡�?Ad6FADGF�MC:<;Yn
;I?t=l?AV7:6KG?��ji�?AOL:3CB C:6=<KG:6V7:6MNDGF��rh�FH@^@CcCKG:Ui�?]=6:6M)CFH;IF �^cC�>FA;v?AKL: BIM3?A=6��ca?^h�@^KGBIV\?
=ZmC:J@a?AOLOGB ?A;E;�¡¢BIMND`:<KGMCF�C:<;I;I?U=l?AV7:6KG?���i�?AOG:'CB)?]cCV\:<MND`F�� og| c^DLDZ?lR�Bv?^haBE;[i�?]DGDGFq=ZmC:XBE;
OLBIOLDG:6V\?3CB[=<FHMND`KLFH;I;EFUMCFHM OLBv?U?AcTD`FHV\?]D`BEd6d6?]D`FU@sFHMC: C:6B ;EBIV7BEDGBCOGBI?UOGcC; KG?AMC_H: C:6;E;I:
V7BIOLcCKG:w:�![:rDGD`cC?A�CBI;EB�hTOGBv?zOLcC;I;I?q@^KG:6=<BIOLBIFHMC:wF]DGD`:<MCBI�^BI;I:]o	��MCMa?Ad<BEDGc^DGDGFChCBI;>RA?];IFHKL:w;I:<DLD`F
OLcC; CBEOG@C;I? � C:6;E;v?\OLFHM&a?\BI_HKLFHV\:rD`KLBI=l?ThaBIM =<FHM&CBEd6BEFHMCB CBIMC?AV\BE=ZmC:t� �acCOLOGF ?]@>:<KLD`FN�rh
MCFAM =6FAKGKGBEOG@sFHM&C:J?A;E;�¡¢cCV7B�CBYD]P?�^:6;I;I?z=l?AV7@CBIFAMC:�D`:<OLDZ?uD`FCh V\?7?];I;�¡¢cCV7B�CBYD]P?J@CKG:<OG:6MNDG:
?A;E;�¡¢BIMND`:<KGMCF'C:<;I;I?J=6?AV\:<K`?^o,�wc^:6OLDGFUBIM)CcC�C�CBI?AV7:6MND`:]h�BEMND`KGF�CcC=<:WcCMC?XBIM)C:<DG:6KGV7BIMC?un
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0�:<KpMCFHM BEMC=6FHKLKG:<KG:WBEM+OGBEV\BE;IBaOLBED`cC?Ad6BEFHMCB OGB-P:5@CKG:rij:6KLBED`FXi�?AKG:8^:6;I;E:WV7BIOLcCKG:SBIM+=<FHM&CB n
d6BEFHMCBQObDZ?]DGBI=ZmC: Zx=6BIFCP:Ah C:rD`:6KLV\BEMa?]D`?+cCMa?+R]?AKGBI?Ad6BEFHMC:3CBQcCV\B�CBEDuP?+?A;E;�¡¢BIMND`:<KGMCF�^:6;I;I?
=l?AV7:6KG?^hkBE; �acCOLOGF R�BE:6MC: =ZmCBIc^OGFCo ��;yR]?A;EFHKG: CB~:6��cCBE;IBE�CKGBEF�?AOGBEM�DGFAD`BE=6FChgK`?]_H_HBIc^M�DGF
CFH@sFzcCM D`:<V\@sFq?A�C�a?]OLDZ?]MCdl?q;IcCM^_HF ��MC:<;I;E:�MCFHObD`KG:wV7BIOLcCKG:WOGcC@s:6KLBIFHKL:x? � FHKL:&� C?A;
OGBEOLD`:<Vt?J=l?AV7:6KG? ��=6?AV\@^BIFHMC:]hNRTBE:6MC:W=6FHMCOLB�C:<K`?]DGFU=6FAV\:SRA?];IFHKL:2CB>cCV7B�CBYD]P?wKG:<;v?]DGBER]?
C:6;)=6?AV\@^BIFHMC:JOLDG:6OLOGF+@s:6K5��c^:6;I;I? C?]DZ?7V\BEOGcCKG?^h ?A=6=<FHV7@a?A_HMa?uD`F a?A;I;I?\?]OGOGc^MCd6BEFHMC:
=ZmC:gBI;N=6FAM�DG:6M�c^DGFW:"!>:<DLD`BYRHF ^B�?A=6��ca?+C:6;�=l?]V\@CBEFHMC:/OGBI?y@CKGFH@sFHKLd6BIFAMa?A;I:/?];I;v?pc^V\B�CBEDuP?
?AVU�CBE:6MNDZ?];I:8CB�:<��cCBI;EBI�CKLBIFCo

�1����
�� � � � ���'���

��;T=<FHMND`KLFH;I;EF CB�D`:<V\@s:6KG?]D`cCKG?^hABEMNRH:6=<:AhNc^DGBI;EBId6d6?5cCM =6BIKL=6cCBYD`F5:6;I:rDGDGKGBI=<FChH?]MC=ZmC:p��cC:<OLD`F
?A@C@sFHOGBYDZ?AV7:6MNDG:�KG:6?A;IBEd6dl?uD`FChT=ZmC:X@s:6KLV\:rDGDG:#CB�OLD`?A�CBI;EBId<dl?AKL:�;v? DG:6V7@>:<K`?]DGcCK`?q?A;E;�¡¢BIMTn
D`:<KGMCF C:<;I;v?\=l?AV7:6KG?^o���cC:6ObD`F =6BEKG=6c^BED`F�P:q?]=6=6FA@C@CBv?uD`F$?*�cCM OG:<MCOGFHKL:\KL:6OLBIOLDGBERAF�?];
0	;v?]DGBIMCF ��0	D1b�^&^N��^By=6cCBxP:$@CKGF&R�R�BIObDZ?�;v?�OGFHM)a? cTD`BI;EBId<dl?]D`? \ � � _~:  :"!>:<DLD`ca?�cCMa?
=6FHV7@a?AKG?Ad6BEFHMC:2CB>DG:6MCOLBIFHMC:]h^D`KG? R]?A;IFHKL:�OG:rDGD`?]D`Fz:�R]?A;EFHKG:SijFHKGMCBYD`F3C?A;I;I?XOGFAM&a?^h&^:rn
D`:<KGV7BIMa?AM)CF�;�¡¢:<RH:<MND`ca?A;E: ?A=6=<:6MCOLBIFHMC:�CBycCM KG:6;��:Ahg=6FH;E;I:<_N?]D`F^h�?�OGcC? RHFA;EDZ? ? CcC:
KG:<OGBIObD`:<MCd6:5?x C;IF'CBa@sFAD`:<MCdl? � £�� h�OLBEDGca?]D`:~?];I;�¡¢BIMNDG:6KGM^F#C:6;E;v?w=l?AV7:6KG?^o-}	¡¢BIMND`:<KLR]?A; n
;IF�CB�ijcCMCd<BIFHMC?AV\:<MND`F C:6; OG:<MCOGFHKL:�CB�DG:6V7@>:<K`?]DGcCK`?�P:X=<FHV\@^KG:6OLF\DGK`?Unb�:^ � (&^ e f
=6FHM cCM ¡�?A=6=<cCK`?]DG:6d<dl?5CB � ^^o b �+oW��; D`:6KLV\FAOLDZ?uD`FChsBIMNRH:<=6:]h @>:<KGV7:<DLD`:�^BQ:"!>:<DLD`ca?]KG:
cCM7=6FHMND`KLFH;I;EF'CBaD`:6V7@s:6K`?uD`cCKG?xM^:6; K`?AM^_H: b)d � d&^ e g =6FAMtcCMa?xOG:<MCOGBE�CBI;EBEDuP?�BIMND`FHKLMCF
?A;%C:<=6BIV7F CBy_HKG?*CFCo ��;y=6FHMNDGKGFH;E;IF�CB~��cC:6ObDl¡¢cC;EDGBIV7F ?&R�R�BI:<MC:$D`K`?]V\BYD`:+cCMC?�=6FAMTn
MC:6OLOGBEFHMC:zOG:<KGBI?A;I:q?*�c^M 0gf � � BEM&CF��~O6h)OGc =6c^B-_HBIKG?+BI;�@CKGFH_AK`?AV7Vt? CB-=6FAM�DGKGFH;E;IFCo
|�cTDGDZ?lR�Bv?ThgBE;�i�?]DLD`F�=ZmC:$;I?3=l?AV7:6KG?3MCFHM ?A�C�CBI?3cCM @>:<KLij:rDGD`F�BEOGFH;I?AV\:<MND`F DG:6KGV7BI=<F
@>FAMC:�C:<;I;E:�CB $7=6FH;YD]P?qMC:6;E;v?qOLDZ?]�CBI;EBId6d6?Ad6BEFHMC:'C:<;I;I:X?A;YD`:xD`:6V7@s:6K`?uD`cCKL:AoS��;�V\?AOGOLBIV7F
R]?A;IFHKL:kKG?A_H_HBEcCMC_HBE�CBI;E:	BIMz��cC:6ObD`:~=6FAM&CBId<BIFHM^B[P:pObDZ?]DGF#CB�a � ��e fWoH})?�OLD`?A�CBE;IBId<dl?Ad<BIFHM^:
CBQD`?A;I:JRA?];IFHKL:$P: i�?A=6BE;IBYDZ?]D`? a?A;QKGBIOL=l?A;�a?AV7:6MND`F C:6;E;�¡�?AVU�CBE:6MND`:X:6OLDG:6KLMCFCh ?A;Q aM^:�CB
CBIV7BIM�cCBEKG:5;v?3CBEOG@s:6KGOLBIFHM^:xDG:6KLV\BE=l? D`KG?z=l?AV7:6KG?q:x;I?A�>FAK`?]DGFHKGBEFCo



�&�
� � �)��� � ��
���+
 ��� �������+
*���� � �"��� � ��� � 
�� � � 
*������$���
 ���B��! $&��� ��� �"!�
4���

���'	"
� �+�)

� >A@B>[= E�F �'I�� ��Y  
 LNI 
 G�� U�I��IJV�IDKXWRYjL 
 ��I

��;/OGBEOLDG:6V\? CB�?A=<��c^BIOGBEd6BEFHMC:�a?]DGBSP:q=<FHOLDGBED`c^BED`F a?A;/V7F$^cC;IF  ���
�%"�� � �(d � ��i �"b�^
=<FHMND`KGFA;I;v?uD`F�C?A;>OLBIObD`:6V\?U9S�
�(`S{+��?]DLD`K`?lRA:6KGOLFqBI; OGFAi�D �k?AKL:x} ?]���BE: � \ � ��_ o	��;[V7F]n
Cc^;IF� ���)=6FHMNDGBI:6M^:kcCMz{<`xf � ?AMa?];IFH_SD`F8CBE_HBED`?A;N=6FAM�RA:6KbD`:6K`�-?7b�dW�^BED6^BT@CKL:6=<BIOGBEFHMC:
: =<FHM d � =l?]Ma?A;IB CBkBEMC_HKL:6OGOLFCo�}/¡¢BIMNDG:6KLR]?A;E;IF�CBkijcCMCd<BIFHMC?AV\:<MND`F�P:5CB �fb:b  a?A;
_HKLFHcCM& BIM3DG:6MCOLBIFHM^:7=<FHMND`BEM�cC?^h�=6FHM cCMa? @CKL:6=<BIOGBEFHMC:zV\?AOGOLBIV\?�CBBb � d £H£ �&dTo3i	OGOLF
=<B @>:<KGV7:<DLD`:8CB[:"!>:<DGDGca?AKL:wcCM ¡�?A=6��cCBEOGBId<BIFHM^:�=6FHMNDGBIM�ca?z:  ?Ac^DGFHV\?]D`BE=l?�^:6B�a?uD`B�h�;IB n
V7BED`?AM&CFz; ¡�BEM�DG:6KbRH:6MNDGF7:<OLDG:6KGM^F+?A; OLFH;IFzOL:<DLDZ?A_H_ABIF�C:<;I;I:�DG:6MCOLBIFHM^B�CB)?A;EBIV7:6MNDZ?Ad<BIFHM^:
C:<;)=6BIKL=6cCBYD`FCog})?z=6FHM^MC:6OLOGBIFAMC:�CB���cC:<OLDGFtV7F$Cc^;IFq?AB�OL:6_HMa?];IB a?qV\BEOGcCKG?AKG:]ha?lR�RTBE:rn
MC:7D`KG?AV\BYD`:z; ¡�c^DGBI;EBId6d<F CB/cCM =6?&RAF3OG=Zm^:6KGV\?]DGF C:6;/D`BE@>F�� � �&d � �:d^h ijFAKGMCBYD`F a?A;E;v?
95?]D`BEFHMa?A; ��MCOLDGKGcCV7:6MNDGO6h�:3CB�cCMa? ?A@^@>FHOLBED`?t�a?AOL:<DGD`?�CBQ=<FHMCMC:<OGOLBIFHMC:]h�F*!>KG:6M)CF ;v?
@sFHOGOLBI�CBE;IBYD]P? ^BQi�?AKG:�^:6;I;E:UV7BIOGc^KG:UBEM�=6FHMND`:<V\@sFHKG?AMC:l?Toz}	¡�?A=<��cCBIOLBId6BEFHMC:3C?]D`BQR�BE:6MC:
OL:6_HcCBYDZ?�FHM���;IBIM^:\D`KG?AV7BED`:\cCM R�B�C:<F3D`:6KLV\BEMa?A;E:��
	�BI_Co � o � �ro���;pOLBIOLDG:6V\?^h	@s:6KGV7:<DLD`:
BEMCFH;EDGKG:+CB D`K`?]OG=6KLBERA:6KG:WB/a?uD`BsOGc cCMt C;I: ^BsDG:6OLDGFz@>:<Kk;I?XOGc^=6=6:<OGOLBER]?Ui�?AOG:2CB ?AMC?A;IBEOGB�o
})?Wi�?AOL: CBa?A=<��cCBIOLBId6BEFHMC: a?]D`B[P:pOGc^=6=6:<OGOLBER]?X?.zcCMa?�OG:<KGBE: CBCFH@s:6KG?Ad6BEFHMCB�@CKG:<;IBEV\BEMa?AKGB
=ZmC:zV7BIKG?AMCF\?*�FADLD`:6M^:6KG: cCMa?+�CcCFAMa?\ijcCMCd<BIFHMC?A;IBYD]P?�C:6;�OGBIObD`:<Vt?tObD`:<OGOGF^oJ��M^Ma?AMCd<BYn
DGc^DGDGF OGB C:rRH:\=6FHMND`KLFH;I;I?AKG:q=ZmC:7;I:qD`:<MCOGBEFHMCB,a? KGBE;I:<R]?AKL:zOGBI?AMCF =6FHV7@a?]DGBI�CBE;IBQ=<FHM BE;
KG?AMC_H:7CBCijcCM^d6BIFAMa?AV7:6MND`F'C:<BsV7F�CcC;IBTBIV7@CBI:<_N?]DGB�hu@>:<K/DGc^DGD`?J;I?wOG:6KLBI:7CBaV7BIOLcCKG:y=ZmC:
OLB CF&R�K`?]MCMCF :"!>:<DLD`ca?]KG:*�>BIMCFA;ED`KL:7P: MC:<=6:6OLO`?AKLBIF+OL:<DLDZ?AKL:UB)@a?AK`?]V\:rD`KGB CB�?A=<��c^BIOGBEd6BEF]n
MC:$ObD`:6OLO`?^h�=6FHV7: BI;gD`:<V\@sF CBy?]DLD`:6OG?3D`K`?�cCMC?�;E:<DLD`cCKG?�: ��cC:<;I;I?3OGcC=<=6:6OLOGBYRA? :$;I:
=<BEijKG:XOGBE_HMCBE C=l?]DGBERH:J=6FAM�=6cCB C:<RAFHMCF :6OLOG:<KG:q?A=<��c^BIOGBYD`B)B C?]D`B oW})?t@CKLBIV\?7=<FHV7@>FHKbDZ?
; ¡�BEM�DGKGF�CcCd<BIFHMC: CBCKG:<OGBEOLD`:<MCd6:7CBa=6?AKGBE=6F#a?]b " ��h�=<FHV\:%^BIOG=<cCOGOLFX@^KG:6=<: C:<MND`:6V7:6M�n
DG:Ah[V7:6MNDGKG:UMC:<;I;I?\OG:<=6FHM)a?+OGB�:"!>:<DGDGca?tcCM�OL:<DLDZ?A_H_ABIF ^:6;QV7F�CcC;IF ��W�~OGcC;E;v?q�a?AOG:
?A;E;I:U=6?AK`?uDGD`:<KGBEOLD`BE=ZmC:3C:<;I;I?+V\BEOGcCKG?+=ZmC:qOGBQR]?$?*�:"!>:<DLD`ca?AKL:Ao���cC:<OLD`? =<FHMCOGBEOLDG:Ah)BIM
@a?]KLD`BE=6FH;I?AKwV7F$CF MC:<;g@^KGFH_HKG?AV7Vt?AKL:zBI;	M�cCV7:6KLF-CB/;I:rDGDGcCKG:\?A;	OG:<=6FHM)CF3=ZmC: C:<RA:
=<FHV\@^BI:6KL:/BI;HV7F$^cC;IFCo 0 :6K ;I:	MCFAOLD`KL:�V7BIOLcCKG:	OLBsP:gObDZ?A�^BI;IBYD`F%CBN:�![:rDGDGca?AKG:gcCMa?~;I:rDGDGcCK`?
?A; OG:<=6FHM)CFCh @s:6K5;I:J=l?AKG?]DGDG:6KGBEOGKLBI=ZmC:JD`:6M^OGBIFAMC: ��=<FHKGKL:6MND`:]h[: £ ;I:rDGD`c^KG: �uOW@s:6KW;EFtObD`cTn
CBEF�C:6;E;v?3CBE@>:<M&C:6M^dl?zD`:6V7@sFHK`?A;E: C:<;I;I?U=6FHKLKG:6MNDG:Ao �wc^:6OLD`?7OL=6:<;EDZ? P:'C:rDGDZ?uDZ?�a?A;E;v?



� ������� � � �)� � ��
 � � ��� �S$�� ��� �)�+��� �"!�
#���'� � �&�

	QBI_AcCK`? � o � Z�� �u��� �A�L��� �7� ���r� �&�'�����7���r���z���s�A�I�J��� �<�#�&�$�A�g����� �T��r� �6�)�#�[� �N�A��� �����
� �L���Z�r��� ����� �&�'����� �r�y�r� �l�r� ��&�Z�+�A� �u�A��u�`� �A�~����� �r�)�#�[�7�I�r��� ���N�A� � ��� ��� �'�T�����+�I�
�`���r��r�����	�u� �A�g�G�A�r����� � � �s���Z� &��-�����A���G���%�$� � ���	�t���a� � ���r���Y�7����� �r�)�#�[�X�r�N�s���G�A��� �



�(�
� � �)��� � ��
���+
 ��� �������+
*���� � �"��� � ��� � 
�� � � 
*������$���
 ���B��! $&��� ��� �"!�
4���

���'	"
� �+�)

@CKL:6OL:6MCd6? CB>cCM$:"!>:<DLD`F�CB�^:6KGBYR]?�C:6;E;v? =<FHKGKL:6MND`:x?. FH_HMCB>OLD`:<@ CB>DG:6MCOLBIFHMC:]hC=6FAV\:
i�?]DLD`F RA: C:<KG:xMC:<;I;v?�	QBI_^o � o � o6�wc^:6OLDGFz:"!>:<DLD`F P:W_HF&RA:6KGMC?]D`F�a? c^M :6OG@sFHMC:<MCd6BI?A;I: C:rn
=<KG:6OL=6:<M�DG:�=6FAMt=6FAOLDZ?]M�DG: CB ^:6=l?.CBIV7:6MND`F�CBa��ca?A;E=ZmC:WOL:6=6FAM&CFCh�=6FHV7:yRH:"CKG:<V\FXMC:6;
� � o � � @s:6KbDZ?AMND`F\;v?zOG=<:6;YDZ?q:"!>:<DGDGca?]D`?\@s:6KGV7:<DLD`:]hsM^:6;)@CKGBEV\Fq=6?AOGF �Dbl;E:<DLDlo �]OZ� CB)MCFHM
=<FHMCOGB�C:6KG?AKG:t��c^:6OLDGBp:"!>:<DLD`Bg:+MC:<;kOG:<=6FHM)CF�=l?AOLF CB�:<R�B�C:<MCd6BI?AKG;EB5� £ ;E:<DGD6o �uOZ�rhQMC:6;E;v?
OLcC=6=<:6OGOLBER]?7i�?]OG:'CB)?AMa?];IBIOLB a?uD`B�o
��cCBEM&CB�hNOLB)P:~@a?AOGOG?]D`B ?];I;v?5=l?A;EBI�CKG?Ad6BEFHMC: C:<;I; ¡�BEM�DG:6KLFx?A@C@a?AKG?]D`F^hAD`KG?AV\BYD`:pc^M\=<FHMND`KGFA;Yn
;EF OGc^;I;v?$@s:6KLij:rDGD`? ijcCMCd<BIFHMC?A;IBYD]P?5C:6;gOGBEOLDG:6V\?�CB�?A=6��cCBEOGBEd6BIFAMC:q:t;v? DZ?]K`?]DGcCK`? C:6;E;I:
KL:6OGBEOLDG:6MCd<:7BEV\@^BI:6_H?]D`:]oJ��;Q@CKGBEV\F\=6FHMCOLBIObD`:qMC:6;�ijFHKGMCBEKG:]h ?A;-OLBIObD`:6V\?+FH@s:6KG?]D`BYRHFCh OL:rn
_HMC?A;IB)MCFADGB)BIM BEMC@Cc^DW: =<FHM^ijKGFAM�D`?AKG;EB�=6FHM BI;)KG:<;v?]DGBERHF7FHc^DG@Cc^D �[BI;)OL:6=6FAM&CF @s:6KGV7:<DLD`:
cCMC?7ObD`BIV\? @CB`Pc @CKG:<=6BIOG? ^:6; R]?A;IFAKG:8C:<;I;E:�KG:<OGBIObD`:<MCd6:JBIMND`KLF$^FADGDG:Ah^KLBIOL@>:rDGD`F7?z��cC:6;E;v?
ijFHKLMCBED`? a?A;�=6FAOLD`KLc^DGDGFHKG:]hNBI;�=6cCB�R]?A;IFHKL:kOG?AKuP?�@sFHB�c^D`BE;IBId<dl?]DGFW@s:6K6^:<D`:<KGV7BIMa?]KG:k;I?W=6FAKbn
KL:6MND`:p=Zm^:y?]DGDGK`?lRH:<KGOG?�;v?~;v?AObD`K`?+CB��a?:9A:<;IBYD`:Ao���KGBEOGcC;YDZ?]DGB�CB�D`?A;I:�?AMa?];IBIOLB�h @CKL:6;IBEV\BEMa?AKL:
?zD`c^DLD`:w;E:x?A;EDGKG:wV7BIOGc^KG:Ah^OGFHMCF7K`?]@C@CKG:<OG:<M�D`?]D`B)BEM�	�BI_Co � o £ o

� >A@B> � 
���
�W 
�FDI��I L�Y�IfL 
 �SI

fkFHV7:�?A�C�CBI?AV\FyR�BIObD`FSMC:6;�@a?AKG?A_HKG?]ijF~@CKG:<=6: ^:6MND`:yBE;NOGBIObD`:<Vt?S95�
�(`~{+� @s:6KGV7:<DLD`:1CB
FADLD`:<MC:6KL:pB�R]?A;EFHKGB�^BTFH_AMCBTOLBIMC_AFH;v?yV7BIOGc^K`?5OLcUcCM  C;I: ^B�DG:6OLDGFCo-})?S��cC?AMND`BEDuP? C:<B$a?uD`B
KLBI;I:rR]?]D`Bs� d&^SV7BIOLcCKG: � � "pRA?];IFHKLB�CBND`:6M^OGBIFAMC: � b�d~=l?AMC?A;IBv�rh BIV7@>FAMC:/;v?~=6KG:6?Ad6BEFHMC:1CB
cCM @CKGFH_AK`?AV7Vt?%CBT?AMa?];IBIOLB�a?]DGB�hu=ZmC:y?5@C?AKLDGBIKG:1a?A;� a;E:gijFHKLMCBEDGF2C?A;'`~{+�Uh @>FHKbD`B�?A;E;v?
KG?A@C@CKL:6OG:<MNDZ?Ad<BIFHMC:q_HKG?] a=6? ^:6;I;E: KL:6;v?uD`BERA:U=6c^KLRH: +���S:" ?];I;v? C:<DG:6KLV\BEMa?Ad6BEFHMC:�C:6;
R]?A;EFHKG:#CB)KL:6OGBEOLDGBER�BEDuP?^o �BEOLD`F7=ZmC:J;�¡�?AMa?A;EBIOLBsR�BI:<MC:xi�?]DGD`?qcTD`BI;EBId<dl?AM&^FzBI; @CKLFH_HKG?AV\V\?
CBp?AMa?A;EBIOGB a?]DGB%0>{ � ��0	m?��OLBI=6O7{WMC?A; ��OGBEO � FHK 9�OLD`?]D`BEFHM � \ ��£ _ hgBI;kKL:6;I?]D`BYRHF  a;E:5CB
?AMC?A;IBEOGB OG?AKuP?7=6FHV7@>FAOLD`F a?qcCMa?7OGcC=<=6:6OLOGBEFHMC:�^B ObD`:<@ � "�{Sfpe � � h BIM =6cCB�RH:<MC_HFHM^F
C:r aMCBYD`:S;I:yFH@s:6KG?Ad6BEFHMCBa@CB`PczFJV7:6MCFJ=6FHV7@C;E:6OGOL:Ah�=ZmC:5BI;C@CKLFH_HKG?AV\V\?8C:rRH:W=<FHV7@CBI:<KG:
@s:6K~@CKLF$Cc^KGKG:xBE;[KGBEOGcC;YDZ?]DGFU aMa?A;E:Ao
})?t@CKLBIV\?7FA@>:<K`?Ad<BIFHMC:tP: ��cC:<;I;v? CB DGK`?*^cCKGKL: B�a?]D`B BIM cCM3BIObD`FH_AK`?AV7Vt?(Zk@s:6KWFA_HMCB
ObD`:6@ ^BgDG:6MCOLBIFHMC:]h-BI;�`~{+� ?A=6��cCBEOGBEOG=6:\@>:<K3d&^ : ijFHKGMC:<M&CFCh�BIM��a?AOG:+?A;/OG:<DLDZ?A_A_HBIF



� ����� � ��� �S!��S��� �)�B��
�B���'� � ���

resistenza in M Ω
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T = (22.8±0.1) oC

 ρ = ρmax/ (1 + exp((h - hc) / b )
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T = (22.8±0.1) oC

 ρ = a/ (1 + exp((h - 50) / 15 ) + ρmin
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ρ = ρ20 / 4.4(T-20) / 12

ρ20 = (19.6 ± 0.8) × 1010 Ω cm

ρ = ρ20exp(- (T-20) / τ)

ρ20 = (18.0 ± 1.0) × 1010 Ω cm

τ = (9.5 ± 0.5) oC

H.R. = 21 % ÷ 24 %

0

5

10

15

20

25

30

35

15 20 25 30 35 40 45 50

	QBI_AcCK`? � o b�d(Z �/��� ���r� �N�A���%���a�r�r���t���a���A��� �`�r�Y�A�����&� �A���Y�$�A���a���������	�&� ���r���Y� �`���r��r�����&��� ��
�������	�	�6�)�#�[� ���r���Y�\�����W�a�r�G�A�'���G� �t� �A���A��� ����� ��� ���+��� ���r����� �r�)�#�[� ���r�Q�G���W�s�)�#�[���



� �
� � �)��� � ��
���+
 ��� �������+
*���� � �"��� � ��� � 
�� � � 
*������$���
 ���B��! $&��� ��� �"!�
4���

���'	"
� �+�)


	QBE_HcCKG? � o b "Z �x���a���������	�&� ���r�����^���W�s��� ���&� ���r���&� ���s�A�I� �z����T�L�A���7��� ��� �	�6�)�#�[� ���r�
�����W��� �A�-��� �L� �A���(�6�)�#�[��\ b ��_ o
=<FHMCOGBEOLDG: BEM cCM KGBI;E:<R]?AV7:6MND`F C:6;E;v? =6?AK`?]DLD`:<KGBIObD`BE=l? D`:<V\@sF ��=<FHKGKL:6MND`:]h�?�D`:<MCOGBEFHMC:
 aOLO`?]D`?3� £ ^&^ x� hCD`K`?]V\BYD`:�;I?U;I:<DLD`cCKG?�C:6;E;v?z=l?*^c^DZ?�CB D`:<MCOGBEFHMC:J?AB =6?A@CB C:<;I;I?qKL:6OLBYn
ObD`:6M^dl?'CBC=l?]KGBI=<FCo �wc^:6OLD`?�RTBE:6MC:y:�![:rDGDGca?]DZ?wBEM�CcC:yOGBYD`ca?]d6BIFAMCB)CBYRH:<KGOG: ZQcCMC?x@^KGBIV\?
RAFH;ED`?JOLFADGDGFH@>FAMC:6M&^FX;I?x;I?AOLDGK`?x?A;E;v?WOLFH;v?x@>FA;v?AKLBId6d6?Ad6BEFHMC:�@>FHOLBEDGBER]?^hH;I?xOL:6=<FHM&a?^h�c^DGBYn
;EBId6d6?AM&CF7?AM^=ZmC:x;v?z@>FA;v?AKLBId6d6?Ad6BEFHMC:5MC:6_N?uD`BER]?^o
9S:6;y@CKLBIV7F�=l?AOLFCh�;I?�@>FH;I?AKGBEd6d6?Ad6BEFHMC:t@sFHOLBED`BYR]? RTBE:6MC:$?];ED`:<KGMa?uDZ?�=6FHM BEM�DG:6KbRA?];I;IB CB
DG:6V7@>FCh^BIM =6c^B�BI;[V\?]DG:6KGBI?A;I:UP:w;v?AOL=6Bv?uD`Fz?zKGBE@>FAOGFz:J?lRH:6MNDGB�^cCK`?]D`?zOG:6V7@CKL:wV\BEMCFHKG:]o
9S:6;I;I?�OG:6=<FHM&a?�OGBEDGca?Ad<BIFHMC: R�BI:<MC: ObD`c&^Bv?]D`?^hkBEM�RA:6=<:Ahy;v?�CBE@>:<M&C:<MCdl? ^:6;I;I?�=6cCKbRA?
DG:6V7@>F ��=6FHKLKG:6MNDG: ?�@>FA;v?AKLBED]P?3@sFHOLBED`BYR]?^h�BEM ijc^MCd6BEFHMC: C:6;E;�¡¢BIMND`:<KLR]?A;E;IF CByDG:6V7@>F BIM
=<cCB R�BI_H:x;v?U@sFH;I?AKGBEd6dl?]d6BIFAMC:WMC:<_N?]DGBER]?^o/})?�CcCK`?uDZ?�CB���cC:6ObD`B)BIMNDG:6KLR]?A;E;IBQP::Z

nt@sFH;I?AKGBEd6dAoQ@>FHOLBEDGBER]?'Z £ V7BIM �
ntM^F\@sFH;v?]KGBId<dAo Z b�^^h £ ha�Th bHhS^^o £ V\BEM��



� � ������
*�)� �X��� � �"�+����� �*�*�'��� �"!�
 � �

n\@sFH;v?]KGBId<dAo-M^:6_N?]DGBER]?'Z £ h £ h �Th ��h bHh�bHh�^^o £ V\BEM o
�2C?]D`B	OL@>:<KGBIV7:6MND`?A;IB h FADGDG:6M�c^DGB	MC:6;E;I:�CcC: CB ![:<KG:6MNDGB	V\BEOGcCKL:z:7KLBEij:<KGBEDGB-?*�cCM OGFA;IF
=l?AMC?A;I: CB5?A=6��cCBEOGBId<BIFHM^:AhyOGFAMCF�KGBE@>FAKLDZ?uD`ByMC:<;I;I:�	QBE_H_Co � o b ( � � o b �^o `w? cCMa? @CKLBIV\?
?AMa?A;EBIOLB%C:6;E;I: =<cCKLRA:�CBS@>FH;I?AKGBEd6d6?Ad6BEFHMC:$@>FAOGBEDGBER]?^hpOLBW:rRTB�C:6M^d6Bv?�=6FHV7: BE;5=<BIKG=<cCBEDGF
K`?A_A_HBIcCM^_N? OGc^�CBEDGF\cCM$KL:6_HBEV\:#CB�ObDZ?A�^BI;IBYD]P?^o
�wc^:6OLDGFq@>FADGKG:<�C�>:�i�?]Kp@>:<MCO`?]KG:Aha=<FHMND`KG?*&CBE=6:6M)CFqBIM+@a?]KLD`:wB[KGBIOLcC;ED`?]D`B \ b � _ hC=ZmC:

MCFHM =6ByOLBv?AMCF�:�![:rDGD`B7CBy@sFH;I?AKGBEd6dl?]d6BIFAMC:+MC:<;I;v?3�C?:9A:<;IBEDG:Ao }	¡�?]Ma?A;IBEOGBy?]=6=6c^K`?]D`? C:<B
a?]DGB�@s:6KLV\:rDGDG:�cCMC?W@a?AKLd6Bv?];I:/=6FHMTij:6KGV\?2^B���cC:<OLD6¡�BE@>FADG:6OLB�hHV\?5?]MC=ZmC: CB�:rRTB�C:6M^d6Bv?]KG:
:"!>:<DLD`B�CB C:<KGBYRA? C:6;E;v?7=6FHKLKG:6MNDG:Ah MC:<_H;IB BIObDZ?AMNDGB�OLcC=6=<:6OGOLBER�B/?A; =l?AV �CBIF CB�@sFH;I?AKGBYD]P?^o
}�F3d6F�FHV CBgcCMCF�OLDG:6@ CB�V\BEOGcCKG?���	QBI_Co � o��:^N� h�V7FHOLDGK`? =<FHV7:t;�¡�?AM&C?AV\:<MND`F-^:6;I;I?
D`:<MCOGBEFHMC:~?ABC=6?A@CB&^:6;I;I?�KG:<OGBIObD`:<MCdl?'CBC=6?AKGBE=6FCh�?A�^�CBv?�cCMC?'^BI@s:6M&C:<MCdl?w:<OG@sFHMC:6M^d6Bv?];I:
a?A;�D`:<V\@sFCop��M @a?AKLDGBI=<FH;v?AKL:AhaBE;  CD ^B���cC:<OLD`F3P: FADLD`:6M^BI�CBE;I:x?]DLD`K`?lRA:6KGOLF+;�¡¢c^DGBI;IBEd6d<F�CB
cCMa?UijcCMCd<BIFHM^:(^:6; D`BE@>F'Z

# � � ���  ��� ����� �   ��� ���	� � � o��N�
F&R�RA:6KLF ;v?qOGFHV7Vt? CB�CcC: :<OG@sFHMC:<MCd6BI?A;IB C:<=6KG:<OG=<:6MND`B	=<FHM3=6FAOLDZ?]M�DGB CB)D`:<V\@sF ��
U:
�� o ;5MC? OLDGBIV\? CB/��cC:<OLD`B�@a?AKG?AV\:rD`KLB/i�? RH:"C:6KL:Ah/?AM^=ZmC:+BIM ��cC:6ObD`F3ijKG?AMC_H:<M�DG:Ah-;I?
@CKG:<OG:<MCdl? CB/cCMC? =6FHV7@sFHMC:6MNDG:\RH:<;IF�=6:]hQBI;/=<cCBgR]?A;EFHKG:zR]?AKLBv? D`K`? ^^o�� O � ^^o���O+�bP:
cCMa?tObD`BEVt?7OGc3D`cTDGD`: ;I: =<cCKLRA:zKGBE;I:<R]?]DG:&� h>:3^BQcCMa?\=6FHV7@>FAMC:6MND`: V\FH;YD`F\@CB`Pc ;E:6MNDZ?Th
OLDGBIV\?A�CBI;E:5M^:6;)K`?AM^_H: � O � � ^qO<o
;5M =6FHMTijKGFHMND`F�CBEKG:rDGD`Fq=<FHM�B�KLBIOLcC;ED`?]D`B>FADGDG:6M�c^D`B C?A;I; ¡�:<OG@s:6KGBEV\:<MND`Fz=6BYDZ?]DGF \ b � _�MCFHM
_H:<DLDZ?q?A;E=6cCMa?z;EcC=6:wOLcC;I;I? ij:6MCFHV7:6M^FH;IFH_ABv? ;�P � KGBEOG=6FAM�DGK`?]D`?
{WMC=Zm^:+BIM���cC:<OLDGF�=l?AOLFChQD`cTDGDZ?lR�Bv?Th-FT=<=6FHKLKG:7D`:6M^:6KU@CKL:6OL:6MND`: =ZmC:t;I:t=<FHMC=<;IcCOLBIFHMCB�?
=6cCB~OLB5_HBEcCMC_H: ma?AM^MCF cCMC? CBE@>:<M&C:6M^dl? a?]BS;EBIV7BEDGBkOG@s:6KLBIV7:6MNDZ?];IB%C:<;5OL:<D ��cC@ ?A; n
;I:<OLD`BYD`FCot��M^i�?]DGDGB�h ;v?$=6FHV7@sFHMC:6MNDG:7RA:6;IF�=6:\@>F]D`KG:<�C�s:\i�?A=<BI;IV7:6MNDG:z:6OGOL:6KL:$?]DGDGKGBI�^cCBED`?
?A;I;E:w=l?A@C?A=6BYD]P?q@a?AK`?]OGOGBYD`:J:  ?A_H;IB�:�![:rDGDGB�^B _ABIcCMCd<BIFHM^:xDGK`?7_H;IB�:<;I:<DLD`KLF$CB�:" BE;�=l?AVzn
@CBIFAMC:Ao � =6=6FAKGKG:<�C�s:+V\BE_H;IBEFHK`?]KG:Ah���cCBEM&CB hQBI;/OL:<D ��cC@ OG@s:6KLBIV7:6MNDZ?A;E:q@>:<Kz?AMCM�cC;E;v?AKL:
F3?]DLD`:<M�cC?AKG:+OLFHOLD`?AMCd<Bv?A;EV\:<M�DG:t��cC:<OLD`B�:"!>:<DLD`B�hQ@>:<K @sFAD`:<K�CBEOG=6KLBIV7BIMa?]KG:q:<RA:6MND`ca?];IB
ij:6MCFAV\:<MCB @CB`Pc5^BIKG:rDGD`?AV\:<MND`:x?]DLD`KGBE�CcCBE�CBI;EB[?A;[Vt?]DG:6KLBv?A;E:WBIM$:<O`?AV7:Ao



���
� � �)��� � ��
���+
 ��� �������+
*���� � �"��� � ��� � 
�� � � 
*������$���
 ���B��! $&��� ��� �"!�
4���

���'	"
� �+�)


time min

vo
lt

ag
e 

V

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20 25 30 35 40

	QBE_HcCKG? � o b
('Z � ���N���t���a��� ���r���Y�+����� �r�)�#�[�U�A�y�G�r�s� ���r���Y�+�`���r��r�����	�&���A�y�G�A� ����� �����
���	�	�6�)�#�[� ���r�>�����W��� �A�	����� ����r� �6�)�#�[��� �)�U�������A� �r�Q� � �l�r� ��&���#�%�z� � �	���(�u��t�G���s�A�I�
�A������� ����r� �6�)�#�[��� �q� ���a�Z�Z�����r���&�%�r���A� � �A�^���u�Y�A� � ���&�(�6�)�#�[�-���(�r�������u� ���r�[�G���W�s�)�#�[� �A�
�Z���N�r���������



� � ������
*�)� �X��� � �"�+����� �*�*�'��� �"!�
 ���

	QBI_AcCK`? � o b �'Z�� ���N���t���a��� ���r���Y� ����� �r�)�#�[�U�A�~�G�r�s� ���r���Y�+�`���r��r�����	�&���A�y�G�A� ����� �p���
��� �	�6�)�#�[� ���r�a�����W���$�A������� �T��r� �6�)�#�[��� �)�J�������A�W�A� �A���A�r���r�%�r���A��� �A�^���u�Y�A� � ���&�(�6�)�#�[�
���r���G���W�s�)�#�[� �A�g�Z���N�r���������



���
� � �)��� � ��
���+
 ��� �������+
*���� � �"��� � ��� � 
�� � � 
*������$���
 ���B��! $&��� ��� �"!�
4���

���'	"
� �+�)


time min

vo
lt

ag
e 

V

V = a + be-t / τf + ce-t / τs

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

	QBE_HcCKG? � o �:^(Z�� �(�#� �A� �	�s� �������u� �����W�����T���u� �`���a������� �	� �r�����	�u�� �G���s�A�I�&�A�
����� ����r� �6�)�#�[���



� � ������
*�)� �X��� � �"�+����� �*�*�'��� �"!�
 ���

}�:gV7BIOLcCKG:	 aMX��cCB�KG:l?];IBId<dl?]DG:/MCFHMJ=6FHObD`BEDGcCBIOL=6FHM^F5@s:6KbDZ?AMND`F5cCMa?S=6FHMC=<;IcCOLBIFHM^:1^:< aMCB n
D`BYRA?J:  BE;>@CKLFH�C;E:6V\?XKGBEVt?]MC:W?]@>:<KLD`Fz:W@CKGFH�C?A�CBI;EV\:<MND`:~D`KGF&RA:6KuP?U=Zm^Bv?AKLBIV7:6MND`F�a?A;I;I?
=6FHV7@C;E:6V7:6MNDZ?AKLBEDuP?+C:<;I;E:pV\BEOGcCKL:�i�?]DLD`:]hNBIMU=<FHKGOLFJ:%C?Wi�?AKG:]hN?AMC=ZmC:~=<FHMzV\:rD`F�CFH;EFH_HBI:
CBERA:6KLOG:Ao



���
� � �)��� � ��
���+
 ��� �������+
*���� � �"��� � ��� � 
�� � � 
*������$���
 ���B��! $&��� ��� �"!�
4���

���'	"
� �+�)




� ��� � � � � � ��� �

��cC:6ObD`Ft;I?lRHFHKLF CB DG:6OLB DGK`?A:x;v?qOGcC?\V7FAD`BYRA?]d6BIFAMC:8a?AB)KL:6=6:<MND`B OLR�BI;EcC@C@CB�KLBI_Hca?]K a?AM�n
D`B-_A;IB-:�![:rDGD`B,^B	BIMNRH:<=6=ZmCBI?AV\:<MND`F C:6B	KLBERH:<;v?]DGFHKGBQ? _H?AOx? :<;I:rDGD`KLF$^B-@CBv?]MCBQKL:6OGBEOLDGBER�B
� e+0gfy�roa|�?A;I:w@CKLFH�C;E:6V\?qKLBERA:6OLDG:xcCMa?q@a?AKLDGBI=<FH;v?AKL:�BIV7@sFHKLD`?AMCdl?U@s:6K~; ¡�?A@^@C;IBE=l?Ad<BIFHMC:
CB>D`?A;IB OLBIOLDG:6V7B CB>KGBYRH:6;I?Ad6BEFHMC:5?AB[M�cCF&R�B�?AV �CBI:<M�DGB[?.$?A;EDGFXDZ?]OGOGF�^B[BIKLK`?A_A_HBv?AV7:6MNDGF
=ZmC:qRH:6KLK`?AM^MCF3KG:6?A;IBEd6d6?]D`B-M^:6_H;EB/?A@C@a?AKG?]D`B/OL@>:<KGBIV7:6MND`?A;IB6^:6;g})?AKG_H: �W?.CKGFHM fkFH;E;IBYn
C:6K<h>BEM @a?]KLD`BE=6FH;I?AKG:wM^:6_H;EB :<OG@s:6KLBIV7:6MND`B){	|~}�{w� : f!"3�>h/CF&RH: OLBQ?]OG@s:<DGD`?AMCFtD`?AOGOLB
CB~=6FHMNDG:6_H_HBEF ?];IV7:6MCF�cCM FHK CBEMC: CB~_HK`?AM)C:6d<dl?�V\?A_H_ABIFHKLB CB~��cC:6;E;IB~@CKL:6OG:<MND`BSBIM
:6OL@>:<KGBIV7:6MNDGB CBkRA:6=6=Zm^Bv?�_A:6MC:<K`?Ad<BIFHMC:]o }	¡�?];ED`F3D`?AOGOLF CByBIKLK`?A_H_ABv?AV7:6MND`F^hQcCMCBYD`F ?
=6FHM)CBId<BIFHMCB ?]VU�CBI:<MNDZ?A;EB �jD`:<V\@s:6KG?]D`c^K`?^h�cCV7B�CBYD]P?N�Q@a?]KLD`BE=6FH;I?AKGV7:6MNDG:S=<KGBYD`BI=Zm^:Ah�=6FHV7:
cCMa?q=l?]DLD`BYRA?�CBEOGOLBI@a?Ad<BIFHM^:#C:6;�=6?A;IFHKL:Ahama?]MCMCF7@CKGFH�C?A�CBI;EV\:<MND`:�=<FHMND`KGBE�CcCBYD`F7?AB�@CKLF]n
�C;I:<V\B KGBE;I:rRA?uD`B a?A;E;�¡¢:6OG@s:6KLBIV7:6MND`F �k{ ��{�e�?$�T}){SfWo } ?+=<FHVUcCM^BED]P? CB� aOLBI=6?+OG@s:rn
KGBEV\:<M�D`?A;I:'C:<;I;E:U?A;YD`: :<MC:6KL_HBI:X: �BEM3@a?AKbD`BI=<FH;v?]KG:x;v?t=<FHVUcCM^BED]P? C:6_A;IB�e20gfWh[mC?AMCMCF
CBy=6FAMCOG:<_HcC:6M^dl? BEMCBId<Bv?]DGF3cCMa? OG:6KLBI: CByObD`c&CBS@s:6Kq;v?�=6FAV\@CKL:6MCOLBIFHM^: ^:6B~V\:<=6=6?un
MCBIOLV\B CB	BIMNRA:6=6=Zm^Bv?AV7:6MND`F�CB-DZ?];IBQKLBERA:6;v?uD`FHKLB�oU{5;I=6c^MCB	?Ac^DGFHKGB \ b&� _/ma?AMCMCF$D`KLF&RA?uD`F
cCMa? ObD`KL:<DGD`?�=6FHKLKG:<;v?Ad<BIFHMC:$D`KG? ;v?�R]?AKGBI?Ad6BEFHMC: C:6;E;I: @^KGFH@CKLBI:rD]P? ^BI:6;E:<DLD`KGBE=ZmC:-^:6_H;EB
:6;E:<DGDGKGF�CBsKG:6OLBIObD`BER�B-��KG:<OGBEOLD`BYR�BED]P?J:w=6FHObDZ?AMNDG:#CBI:<;I:<DLD`KLBI=l?H�/:�;I?�C:<_HK`?*C?Ad6BEFHMC:8C:<;I; ¡�:rivn
 a=6BE:6MCd6? CBp=<FHMND`:6_A_HBIFCo 0�:<KzDZ?A;EB�KG?A_HBIFAMCBkOLFHMCF�OLD`?]D`:$KL:l?A;EBId6d6?]D`:t?�}):<=6=<:$?A;I=<cCMC:
V\BEOGcCKL: D`:<OG:7? =6FHV7@CKL:6M&C:<KG:qB-V7:6=<=l?AMCBEOGV7B CB	=<FHM&Cc^d6BIFAMC:�C:6;	V\?]DG:6KGBI?A;I:(CB	=<cCB
_H;IB�:6;E:<DGDGKGF�CB	OGFAMCF�=<FHV7@>FHObD`B~�j;v?AV7BIMC?]D`F+@^;v?AObD`BI=<F$BIM&Cc^OLD`KLBv?A;E:&� oz{ D`?A;I:zOL=6FH@sF BIM
��cC:6ObDZ?3D`:<OGB�P:+ObDZ?]D`? =l?]K`?]DLD`:6KLBId<dl?]D`?3;v?�KL:6OLBIOLDGBER�BEDuP?-CB�cCM =l?AV7@CBEFHMC: ^:6;p;I?AV\BEMa?un
D`F+@^;v?AObD`BI=<F+c^DGBI;IBEd6d6?]D`F7@>:<Kw;v?7=6FHObD`KGc^d6BIFAMC:�C:6_A;IB�e20gf CBQ{	|~}�{w�sh�?]DGDGK`?lRH:<KGOLF ;I?

� �



� � � � �"!�$*� � �1� �"!��

V7BIOLcCK`?�C:<;I;I:W=l?AKG?]DGDG:6KGBEOLDGBI=ZmC:x��n  oa})?7KL:6OLBIOLDGBER�BEDuP?^h^V7BIOLcCK`?uDZ?3a?A;E;v?U@s:6M&^:6MCd6? C:<;Yn
;I?U=6FHV7@>FAMC:6MND`:xFHm^V\BE=l?$��;EBIMC:6?AKG:l�1C:<;I;I?U=6cCKbRA?q��n  h P:wOLD`?]DZ?zObD`c&CBI?]DZ?zBEM+ijcCMCd6BEFHMC:
C:<;I;I?SD`:<V\@s:6KG?]D`c^K`?5: C:6;E;v?ScCV\B�CBEDuP?yKG:6;I?]D`BYR]?^huDG:6MC:<M&CFw=<FHMND`F8C:<;I;I?5OGcC?5R]?AKGBI?A�CBI;EBEDuP?
;EFT=6?A;I:]o+})?�CBE@>:<M&C:<MCdl? C:6;E;v?$KG:6OLBIObD`BER�BYD]P?5a?A;E;v?+D`:<V\@s:6KG?]D`cCKG? � � � � 1W�qP:7OLD`?]DZ?
@a?]K`?AV7:<DGKGBId<dl?]D`?+=6FHM�cCMC?�?A@^@CKGFHOLOGBEVt?Ad<BIFHM^:U:6OL@>FHM^:6MCd<Bv?A;E:Ah�=ZmC:qOGB~P:zV7FHOLDGK`?]D`?+BIM
�Cc^FHM ?A=6=<FHK CF�=<FHM ;v?�;I:6_A_H:t:<V\@CBEKGBE=l?�=<FHVUcCM^:6V7:6MND`:$?*^FADGD`?]DZ? M^:6;I;I?�=<FHVUcCMCBYD]P?
e+0gfWo 0�:<Kw;v? CBE@>:<M&C:<MCdl?�a?];I;v?7cCV7B�CBYDZ?�PKG:<;v?]DGBER]? � � � �����5MCFAM�:6OGBEOLDGFHMCF V7FH;EDGB
@CKL:6=<: C:<M�DGB BIM\;I:rDGD`:<K`?]DGcCK`?To `�Bs=6FHMCOL:6_Hc^:6MCd6?^hCOG:<_HcC:<M&CFUcCM+?A@C@CKLFT=<=6BIFJij:6MCFAV\:<MCF]n
;EFH_HBI=<FCh P:xOLD`?]DZ?qOGc^_H_H:6KLBED`?qc^Ma?7;E:6_H_A:J:<V\@^BIKGBE=l?U@s:6KyDZ?];I:#CBE@>:<M&C:6M^dl?^hs?AOLOGcCV7:6M&^F
=ZmC: ;I?�=<FHM&CcC=<BI�CBE;IBYDZ?^¡�^:6;kV\?]DG:6KGBI?A;I:qOLBv? ;E:6_N?]DGF3?A;g=6FAM�DG:6M�c^DGF�BIM ?A=<��ca?^o3��M D`?A;
=6?AOGFw;I?5D`KG?AMCOGBEd6BEFHMC: C?A;I;I?5KG:<OGBEOLD`BYR�BED]P?5Vt?AOLOGBEVt? �>?��a?AOLO`?wcCV7B�CBYD]P?N��?A;E;v?~KG:<OGBIObD`BYRTBYD]P?
V7BIMCBEVt?+� ?* ?A;YDZ?UcCV7B�CBYD]P?N� h>P:xObDZ?]D`?qKG?A@C@CKL:6OL:6MNDZ?]D`? a?qcCMa?zOL:6V7@C;IBE=6:wKG:<;v?Ad<BIFHM^:Ao
��M^ aMC:]h5P: ObDZ?]DGF�c^D`BE;IBEd6dl?uD`F3;EF3OLDG:6OGOLF�OL:<Dbn�cC@ OG@s:6KLBIV7:6MNDZ?A;E:Ah	@s:6KURA:6KGBY a=l?]KG: OG:

_H;EBp:"!>:<DLD`B7CB7C:<_HK`?*C?Ad6BEFHMC: C:6;~OL:6_HMa?];I:$V\BEOGcCKG?]D`B a?�?];I=6c^MCB~?Ac^DGFHKGB \ b ��_~BEM cCM
e+0gf CBQDG:6ObDlh ijFHOLOG:6KLF ?uDGD`KLBI�Cc^BI�CBE;IB)?*�:"!>:<DLD`B6^B-@>FA;v?AKLBId6d6?Ad6BEFHMC:X;IF�=l?A;E: :�CB-BEOLDG:rn
KL:6OGB C:6;>;v?AV7BIMa?uD`Fx@C;v?]OLD`BE=6FCoQ|�c^DLDZ?lR�Bv?^hT��cC:6ObDZ?UV7BIOGc^K`?^h��a?AOG?]DZ?UOLcC;I;I? ?AMa?];IBIOLB C:6;E;I:
=6?AK`?]DLD`:<KGBIObD`BE=ZmC:+=6FAKGKG:<MND`:rn�D`:<V\@sFCh	MCFHM @^c�PF�:6OLOG:6KL: =6FHM^OGB�^:6K`?uDZ?3=6FAMC=6;EcCOGBYRA?Th-@>:<Kbn
=Zm P:~ijFHKbD`:6V7:6MNDG:S=<FHM&CBEd6BEFHMa?]D`?8a?w:"!>:<DGDGBaOLDGKGcCV7:6MNDZ?];IB�hH?]DGDGKGBI�^cCBEDGB^OGFA@CK`?]DLD`c^DLD`FJ?A;E;v?
_HBEcCMCd<BIFHMC:�DGK`?z_H;EB[:6;E:<DLD`KGF�CB :"�BE; V\?]D`:<KGBv?];I: ^B D`:6ObDlo



� � � ��� ����� ��� �

\ b1_�� � � ��� �u���Y�N���u�L�A� �)�#�X� fBigeS9�� h �qo6{WKGM^BIOGFAMJ:" ?];�o Z 0	m?��O<o]}�:rDGDlo�� �$� � �Db � (A�N�
b�^H�)�
0	m?��O<o[}�:<DLDlo	� ����� �Jb � (H�N��� � ()�
0	m?��O<o[}�:<DLDlo	� �	��� �Jb � (&dN� � ( � o

\¢��_�� � � ��� �u���Y�N���u�L�A� �)�#�U��fBi/eS9��rh "�o �p?AM^MC:6K :  ?A;�o Z 0	m?��O<oH}�:<DLDlo
� ���4� �Db � (A�N�
� ":d^o

\ � _�	ko �W?A;Ed6:<M hT`Uo " ?AKLDGBIM�Z � �C�A� �(��� � ���s���#� �rh� � �W9 � {�}�i ��� � � 9W�>h
95:�� �gFHK 9 b � ( �

\ � _ �W� �Y�#� 
s�Z� &	�a���G�A� ��� �Z���(�6�A��m�DLD`@�Z � �A?uD`;v?]O6o �k:<� o�=<:6KLM o�=Zm �]{pD`;I?AO �]|70
\ £ _ ��
���� ��� �u���Y�N���u�L�A���)�#�ahQ{	|~}�{w� | :6=ZmCM^BI=l?];%0	KGFH@sFHO`?];gijFHK ? �x:<MC:6KG?A; 0/c^Kbn
@>FAOG:x@���@ i��^@s:6KLBIV7:6MND5?]DyD`m^:X})?AKL_H: �W?.CKGFHM fkFH;E;IB�^:6Kp?uD5fBigeS9Xh
fBi/e59��A} ��fyf � �H� � � � } �Wfyf �*0g� b £ �(b � � � � o

\ d _ iyo �p?AKG�s:6KLBIF :" ?A; oEh 
 &a�z���W�s�I���z���a���A���)�#� ��z��&a� �/� �r�5�I���A�r� � ���#� � � � �����r� h
{	|~}�{w� MCFAD`: `~{+�+�T9 � �(^H� ���Jb � � � �ro

\ "�_XeJos�T?AMND`FHMCBE=6F�� exosfp?AK a?]KG:6;E;IB�Z �U���A�r��Z���t���a� �� �~���r��r� ���A�y�s�Y�A���z���#� �a���r� �rh
95cC=<;I:6?AKy��MCOLDGKGcCV7:6MNDGOW?AM)�"�:rD`mCF�COSBIM @Cm	��OGBE=6O5KG:6OL:l?AKL=Zm ����� �Jb � ('b �

\ ( _XeJoS�T?AMND`FHMCBE=6F�� exo~fp?AK a?AKL:6;I;EB[Z 9ScC=6;E:l?AK ��M^OLD`KLcCV7:6MND`O�?AM& "�:<DGmCF�CO$BIM
@Cm	��OGBI=<O5KL:6OL:l?AKL=Zm�� ��� � �Db � ( (N�

b�^'b



� �4� � � � �1��� ��� ��� � �
\ � _�	ko ��:6;I;I? � fWo 	aK`?]MCd6BEMC:<DLD`B[Z-95cCF&RHF+fkBIV7:6MND`F � � @C?A_H_Co�bl�H� £ �"b � d'b7�Db � £ �N�

\ b�^ _ �zo 9SB�o)0�:6ObD`F&R"Z ���`���s� ���a� ��� � �/h^@a?A_H_Co " " ��" (

\ b&b1_ �zo 95B�o 0�:<OLD`F&R"Z �~���&����� �#� ���#�	�a���r���z��&�G�A��� �u� ���A��&� &^�A� ���rh[D`F �s:z@CcC�^;IBIOLmC: 
BIM 9ScC=6; oC��MCOLDGK6o "�:rD`m o {

\ b ��_ Uo.�wFH;IF&R]?]D ��c�9w: U?A;�o Z ���#�&�r�p�r�G��� �r�'� �A����� �� � �����r� &^���&�)�#�T����� ���u�A�Y���[� &a�
� � ���rh^DGF7�s:x@CcC�C;EBIOLmC: $BIM 9ScC=6; oC��MCOLDGK6o "�:rD`m oa{

\ b&� _6�zo�{5BI:6;E;IB�Z � ��� �����r�����
�r� � �A�����rhS95cC=<;I:l?]K+��MCOLDGKGcCV7:6MNDGO�?]M& "�:<DGmCF�CO BIM
@Cm	��OGBE=6OSKG:6OL:l?AKL=Zm�� � � � � �:^&^&^N� o

\ b � _�"�o-{5�C�CKL:6OG=<Bv?�:  ?A;�o Z �~���r��r�����A� ���Y�A��� � &^���7�r�r���t��� ���u�A�Y���[� &a� � � ���
	��
���#�W�^�A� ��(�#� �r�r���k�Z��� � � ���r�Q�s�Z� �A���r���)�#� � ����� ��<�a�r� ���t���a� �A�y�`�����������rhp95cC=<;�o
��MCObD`K6o ?]M&�" :<D`m[oaBIM 0	m?��O<o[e~:6O<oEh � � � � �Jb � � (N�<b � £

\ b £ _�0�o[fp?AV\?AKGKLB): �?A; o Z � � �`�G���t�r� ��� �N�s�`�����r�)�#���	����& � �
�
��� ����� � �Z�a�r�L�A��� �+���

���u�A�Y���[� &a� � � ���rh/95cC=<;�o���MCOLDGK6o/?AM& " :<D`m[o-BIM 0	m	��O6o/e~:6O6oYhg@a?A_H_CoQ�'b " ���N� �
	a:6�CKLca?AK �%b � � (To

\ b�d _ � o)exo�}�:6F�Z 
>�Z� &	�a� � �a��� � �u��� �a�r�I�G�A�7����� �p�A�r�����r�I� � &�� �r����� ���<�a�r� ���t���a���rh
�T@CKLBIMC_A:6K�� /:6KG;I?A_ �k:<KG;IBEM �5:<B�C:<;I�s:6KG_^h �Bi/e5}���9 � �Db � ( "H�ro

\ b "�_J{	|~}�{w� ��MND`:6KLMa?A; 95F]D`: "#; � 9 �T9 � �"b:b � h�b "U{5@CKGBE; b � �&dTo

\ b
( _ �XoXeS?A:<DGmC:6K Z ���I�Z�r�����#� ���u�A�Y���[� &a��� ����� �6�`�G��� ���	��� � ��� �N�#�&���rh\}�FHM&CFHM
�kc^DLD`:<K ��FHKLDGmCO6hs}�FHM&CFAM��Jb �&d � � o

\ b � _�"�o>{W�C�CKL:6OL=6Bv?(Z 
 &a� �r��� ���Y�A���)�#� ��X�Z���r��r�����A�W�s�Y�A���t� &^���7�r�r� � ��� ���u�A�Y���[� &a�
� � ���rh �Cfk�Ji/9S|y��	Q�bfk{�{Sfk| {7�)��ca?.C:6KLMCB C:6; CF]DGD`FAK`?]DGFCh�/FH; o^�G��MCK6o (^o

\¢�:^ _ �Xo �x:<MCd:Z � �����A�I���r�I�Z�r� � �#� ���r���Z�r���)�#� ��� �s� �Z���u� � �)�#�s�A� �N�#� ���#�T���r� �rhS95cC=<;�o
��MCObD`K6o ?]M&�" :<D`m[o �4��� �Jb � "A�H�rhC@a?]_H_Co (H� � �&^^o



� � � � ��� ��� ��� � � � �4�

\��b1_ �zo-��M^FHcC: :  ?A; o Z���� � &����u��� ����� �A��r� � ��� ��� �)�#� �+��� ����� �rhg95cC=<;�o-��MCObD`K<o	?AM&
"�:<DGm o BIM 0	m	��O6o>eS:<O6oYha@a?A_H_CoC� � � ��� �Jb � �&dN�

\��A��_x{ o�0 :6BIOL:6KbDlh 	ko7�^?Ac^;IB[Z �x� � � � ����� �A� � � �r�)�#�!�� ���I�Z�r� � �#� � ��� �N�#�&���
	 �
���#�W�s���Y�A� �)�#�ahCfBi/e59 ( � �(^ (^o

\��]� _ iyo �J?uDGD`B>: �?A;�o Z	9ScC=6; o^��MCObD`K6o ?]M& "�:<DGm BEM 0	m?��O<o>e~:6O<o	� � � � �Db � (N�H� h^@a?A_^o
d £ bHo

\�� � _ "�oH{5�C�CKG:<OG=<Bv?x: 7?A;�o Z �����Z�a�r� ������� ���g � � ����� �Z�#�&� ���N�#� �z� �H�'�T�`� � �u�5���u�A�Y�����
� &a� � � ���$�Z�a�r�L�A���)�#�
����~���r��r� ���A���k�Y�A��� � &^���7�r�r� �rhC9ScC=6; oC��MCOLDGK6o ?AM)�"�:rD`m
BIM 0	m	�TO<oseS:<O6oYhs@C?A_H_Co�b �"b � h H?]M�cC?AK��%b � � "To

\�� £ _(	ko C:�9SFADZ?]KGBIObD`:ri�?AMCB[Z � �#�������6�)�#�[���r�I�r��� � ���G� �[�r� �N�#�rh i	MC=6BE=6;IFA@>:"CBv? ^:6;I;E:
OG=<BI:6M^d6:x aOGBE=ZmC:Ah /FH;EcCV7:]bJ@C?A_H_CoSd (&^ �(d ( "Th^| KG:<=6=l?]MCB��Db � �:dN�ro

\�� d _xmNDGD`@ Z � �u=l?* o¢;I:]o�BEM^ijM o¢BED
\�� "�_x�J`�i	{w� �'`weyfWhamNDGDG@�Z � � � � �xo¢O CKL=Ao¢=6FHV
\�� ( _JeJo20�:<KGKLBIMCF : �?A; o Z ��� �&�Z�Z� �A�����#� �� ��&a� � ��� ����� � ���u� �(� &��Z�sh fkFABIVU�CKG?

���:^:^'b �rhTD`Fq�>:x@Cc^�C;IBEOGmC:" BEM 95cC=<;�oC��MCObD`K<o " :<D`m[oa{

\�� � _(0�o WBEDGcC;IF�Z ��� �Z�a�r�r������� �� ��&a�3����� �&�Z� � �u���������3�s� �Z�a�r� �������
�� ��&a���Z���N�r�������
���T� �<���Z�rh �^fk�Jig9S|y��	Q�bfk{�{Sfk| {7�$�wcC?*C:6KLMCB�C:6; CF]DGD`FAK`?]DGF /FH;��G�gMCK6os�

\¢�:^ _ "�osfkBER]?AK CB[ZQ|�:<OGB CB�;v?]cCKG:6?^h�;SMCBERA:6KGOLBEDuP? CB " BI;v?]MCFz?^o�?^os�:^&^:^ �H�:^&^(b

\¢�(b1_xmNDGD`@ Z � �u@>=6?]D`;I?AOZ�To¢Ma?^o¢BIMTijM o�BYD ����� � � $ � � ��
 � $ � ����
 �
	 ��� �

\¢�H��_J9Xo 	ko " FADGD � exo � o �xcCKLMC: �"Z ���I�Z�r��� �#�a��� ��� �&�Z�����&������� � �#�a��� �-� � �r���A� �rh
� �TijFAK  ;5MCBYRH:6KLOGBYD � 0	KG:6OLOU�Jb � � (H�ro

\¢�A� _x{ o�eJo �k; ��DGmC::Z �k�I�Z�r��� ���G�A�-�s���Z�a�r� ����������z���u��� �t�r� �rh~fp?AV �CKGB�C_H: ;5MCBYRH:6KLOGBYD �
0	KG:6OLOU�Jb � " �H�ro



� �S� � � � �1��� ��� ��� � �
\ � � _�0�osfkKL:<DGB[Z	| :6OGB CB[;v?AcCKL:l?
\ � £ _ �>o �Xo^{5mCM$: $?A; o Z-95cC=<;I:l?]Kk��MCObD`KGc^V\:<M�DGOS?AM& "�:rD`mCF�COyBIMt@Cm	�TOLBI=<OyKG:6OL:l?AKL=Zm

� ���/� ��� ^&^&^N� o
\ �&d _�	ko5{WM�cC;I;EB :" ?];�o Z�� �Z� &^���a���� � ���Z�r������� �� ��&a� 	5� 	S�A� �~���r��r�����A� ���Y�A���

� &^���7�r�r� �p����� �&�G�A�`� &a��� � �u�k�`���t� �A���A���)�#�ah*0	KLFT=<:6: [o]FAi^D`mC:ke20gfy�:^&^(b � FHK 9Hn
OGm^FH@ hsfkFHBEVU�CK`?$� �:^&^'b&�ro
| F7�s:x@CcC�C;EBIOLmC:  BIM 95c^=6;�o^��MCOLDGK6o "�:rD`m o { o

\ � "�_�"�o�{W�^�CKG:<OG=6BI? : +?A;�o Z �~�r� � �u���7���[�Z� ��W��&a� �/� �r� ����� �r� �A���)�#�z�s���u���u��� �a��� �u�
��&a� ��� � �Z�A� �`�r� ���r���Z�r� �u� h�95cC=<;I:l?]Kw��MCOLDGKGcCV7:6MND`O ?AM& "�:<DGmCF�COXBEM�@^m?��OLBI=6O
KG:<OG:6?AKG=Zm � � ��� ���:^&^:^N�ro

\ � ( _6�zo&{WBI:<;I;EB[Z[| :6OLB$^B�^FADGDGFHK`?]DGFCh ;5MCBYRH:6KLOGBYD]P?7CB�eSFHV\? 
 �u� �s�r� �N�A�����Ch `�:6=<:6VU�s:6K
�:^&^:^^o

\ � � _ �>o �Jo {5mCM�:"�?];�o Z 
s���W�a�r�L�A� ���`������� &	� �z�'�A����� �����a���������[�Z� ���� ��� �
�`���r��r� ���&����� � �u�J�`���r��r�����A�p�s�Y�A���z� &^���7�r�r������� ��� � hC95��"�� � � � � �:^&^&^H�ro

\ � ^ _Xexo�{5KGMa?A;�CB~:  ?A; o Z � ��� �a���[�Z����������W�a�r�L�A�'�T�`�3����� &	� �z�'�A����� �#���Z���N�r�������
�`���r��r� ���&�����uh 95��"�� � ��� ���:^&^:^N�ro

\ � b1_JmNDGDG@�Z � � � � �xo fk{<i/9Xo¢BED �
\ � ��_X9W?uD`BIFAMa?A;[��M^OLD`KLcCV7:6MND`O Z ��� � �(�u� �T���)�#�aha@CKLF$Cc^=<D~_HcCB�C:fb � � ( � �^o
\ � � _JmNDGDG@�Z � � � � �xo�OL:6V7OGcC@^@C;IBE:6O6o¢=6FAV �H��BI;ERA:6K`�:^A@a?ABEMNDlo¢m�DGV\;
\ ��� _JmNDGDG@�Z � � � � �xo ^:6;ED`?AFHmCV o¢=6FHV �uD`KG?AOGV7:<D6o�mNDGV\;
\ ��£ _JmNDGDG@�Z � �]=6FHM^OGcC;YDlo¢=6:6KLM o¢=Zm � �~KGBYD`:<cC@CO �u@a? �
\ � d _ �>o�{W;YD`BE:6KGB^: +?];�o Z�
 &a���Z���N�r��������� �u�5��&a������� � ��x��<�a�r� ���t���a� ��� � h�9ScC=6;E:l?AK

��MCObD`KGc^V\:<M�DGOW?]M& "�:<DGmCF$^O5BEM @^m?��OLBI=6OSKG:<OG:6?AKG=Zm � � ��� ���:^&^:^N�


