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]YS[Vn ]lSU\mYSZS[ak [S VZSna \O_K[VgS[VW N \a[\hS ˜
[VV NYVo[Vo ]S_S]KQ\N aSZ]S_Kac_k–&_V ]\O_cTS[VV
NVYXV N ]_\QcXa gK`a\aK X\YSLK[VW VUZS[oSa`o–4a\
VUZS[S[VS ]_S\L_KUcSa`o N`a_\S[[\W mYSXa_\[VX\W
]_VL\_K N X\ZK[Qc ]S_SXYngS[Vo –

&_VZS[S[VS

&_V[fV] QSW`aNVo
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�
������� Ã¾oNYoSa`o X\Z]KXa[kZ ]_VL\_\Z V Z\TSa
_KL\aKal LSU N[Sh[SO\ c`a_\W`aNK d\_ZV_\NK[Vo `VO[K ˜
YK–�`a_\S[[Ko mYSXa_\[VXK \L_KLKakNKSa `VO[KY c_\N[o
V d\_ZV_cSa `VO[KY ]S_SXYngS[Vo“ ]\`_SQ`aN\Z X\a\_\O\
Z\T[\ ]_oZ\ ]_VN\QVal N QSW`aNVS ]\QXYngS[[kS c` ˜
a_\W`aNK¼[K]_VZS_ “ KNK_VW[cn `VO[KYVUKfVn“ X\[a_\Y ˜
YS_“ [K`\` V a –] –½–

$K]_oTS[VS ]VaK[Vo `Z –N ]–w)Se[VgS`XVS QK[[kS w–

À–À $K`a_\WXK

(\`a\o[VS ]S_SXYngS[Vo �
������� Ã¾` ]YK`aVX\NkZ
X\_]c`\Z Z\T[\ X\[a_\YV_\NKal ]_V UKX_ka\W X_khXS
]\ `NSa\N\Zc V[QVXKa\_c –�KN\Q`XKo c`aK[\NXK `\\aNSa ˜
`aNcSa ]Y\a[\`aV VUZS_oSZ\O\ ]_\QcXaK � ½“Ä Ō`Z Ì–&_V
[S\Le\QVZ\`aV QKagVX Z\T[\ [K`a_\Val [K ]_\QcXa
ZS[lhSW ]Y\a[\`aV –

$K LY\XS mYSXa_\[VXV [Ke\Qoa`o `YSQcniVS V[QVXKa\_k
V ]S_SXYngKaSYV•

z (NSa\N\W V[QVXKa\_ `\`a\o[Vo ]S_SXYngS[Vo
z &S_SXYngKaSYl c`aK[\NXV gcN`aNVaSYl[\`aV
z &S_SXYngKaSYl _STVZ\N _KL\ak QYo NkL\_K `\`a\o ˜

[Vo ]S_SXYngS[Vo ¼\L_KiS[VS eK_KXaS_V`aVXV½
z ![\]XK Z\QSYV_\NK[Vo

À–Á ,_K[S[VS V a_K[`]\_aV_\NXK

&_VL\_ ]\`aKNYoSa`o N c]KX\NXS“ \LS`]SgVNKniSW SO\
UKiVac N\ N_SZo a_K[`]\_aV_\NXV –(\\aNSa`aNVS c]K ˜
X\NXV \Lkg[kZ a_K[`]\_a[kZ a_SL\NK[VoZ ]_\NS_S[\ ]\
	�� 
� ¿Á¾Å½–

*]KX\NXK ]_VL\_K N `aK[QK_a[\Z V`]\Y[S[VV `\`a\Va VU
mX\Y\OVgS`XV gV`a\O\ V ]\QQKniSO\`o ]S_S_KL\aXS XK_̃
a\[K –.cN`aNVaSYl[kW mYSZS[a Q\]\Y[VaSYl[\ UKiViS[
gSeY\Z VU��� –�Yo c]KX\NXV ]_VL\_\N N `]SfVKYl[\Z
V`]\Y[S[VV aKXTS ]_VZS[oSa`o ]S[\]\YVmaVYS[ V ]\YV ˜
maVYS[\NKo ]YS[XK“ X\a\_kS Z\T[\ caVYVUV_\NKal [K
`]SfVKYl[ke ]S_S_KLKakNKniVe ]_SQ]_VoaVoe –

)_K[`]\_aV_\NXK Q\YT[K Nk]\Y[oal`o N `\\aNSa`aNVV `
cXKUK[VoZV [K a_K[`]\_a[\W c]KX\NXS –$S`\LYnQS[VS
aKXVe cXKUK[VW Z\TSa ]_VNS`aV X ]\N_STQS[Vn ]_VL\_K–

&VaK[VS

*]KX\NXK

)_K[`]\_aV_\NXK
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&_V ]\YcgS[VV Q\`aKNYS[[\S \L\_cQ\NK[VS Q\YT[\ Lkal
[SUKZSQYVaSYl[\ ]_\NS_S[\ N \a[\hS[VV X\Z]YSXa[\`aV
V \a`ca`aNVo a_K[`]\_a[ke ]\N_STQS[VW –*`aK[\NYS[[kS
a_K[`]\_a[kS ]\N_STQS[Vo V `X_kakS [SQ\`aKaXV Q\Y ˜
T[k Lkal `\\aNSa`aNcniVZ \L_KU\Z \d\_ZYS[k –

�\ Z\[aKTK c]KX\NXV Q\YT[k e_K[Val`o N UKX_ka\Z NVQS
V ` cgSa\Z VZSniSW`o ZK_XV_\NXV `XYKQV_\NK[Vo V
e_K[S[Vo–

�`YV [Sa V[ke cXKUK[VW“ [S\Le\QVZ\ `\LYnQKal `YSQcn ˜
iVS c`Y\NVo e_K[S[Vo •

z $S e_K[Val [K \aX_ka\Z N\UQceS
z ,_K[Val N `ce\Z ZS`aS ]_V \a`ca`aNVV ]kYV
z $S ]\QNS_OKal N\UQSW`aNVn KO_S``VN[ke `_SQ
z �KiVaVal \a `\Y[Sg[ke YcgSW
z �ULSOKal ZSeK[VgS`XVe cQK_\N

z )SZ]S_Kac_K e_K[S[Vo V a_K[`]\_aV_\NXV • `Z –
w&_VY\TS[VS ˜ )Se[VgS`XVS QK[[kS ˜ %X_cTKniVS
c`Y\NVow

z %a[\`VaSYl[Ko NYKT[\`al ¿½— ÅÂ


%`Z\a_ ]\`YS a_K[` ˜
]\_aV_\NXV

,_K[S[VS

)SZ]S_Kac_K e_K[S[Vo
V a_K[`]\_aV_\NXV
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Á #\[aKT

Á–¾ %LiVS cXKUK[Vo

�
������� Ã¾Z\TSa Z\[aV_\NKal`o N YnL\Z ]\Y\TS ˜
[VV–&_V ma\Z NVL_V_cniKo NVYXK Q\YT[K [Ke\QVal`o [K
Nk`\aS TSYKSZ\W a\gXV ]S_SXYngS[Vo–

&\Y\TS[VS a\gXV ]S_SXYngS[Vo QYo NS_aVXKYl[\O\ Z\[ ˜
aKTK ]_VL\_K \L\U[KgS[\ L\X\NkZV ZSaXKZV [K NVL_V ˜
_cniSW NVYXS–�KN\Q`XKo c`aK[\NXK a\gXV ]S_SXYngS[Vo
Nk]\Y[S[K \a[\`VaSYl[\ ]Y\a[\`aV N\Qk QYo ]Y\a[\`aV
VUZS_oSZ\O\ ]_\QcXaK�� ½“Ä Ō`Z Ì ¼½–½¿ÂÄºË̄ÁÆÌ½–
�
������� Ã¾`YSQcSa Z\[aV_\NKal aKX“ ga\Lk ZSaXK
[Ke\QVYK`l [K Nk`\aS TSYKSZ\W a\gXV ]S_SXYngS[Vo –
&_V ma\Z [cT[\ cgVakNKal `ZSiS[VS a\gXV ]S_SXYngS[Vo
[K ]_\QcXaKe ` ]Y\a[\`aln “ \aYVg[\W \a ]Y\a[\`aV N\Qk
¼]Y\a[\`al N\Qk ¾Ō`Z Ì½–�Yo ]_\QcXa\N ` ]Y\a[\`aln � ½“Ä
Ō`Z Ì V � ½“Â Ō`Z Ì ]S_SXYngKaSYl ]Y\a[\`aV [S\Le\QVZ\
c`aK[\NVal [K �� ½“Â Ō`Z Ì–

(YSQcSa cgVakNKal“ ga\ QKagVX LcQSa \L[K_cTVNKal ]S[c `
]Y\a[\`aln � ½“ÁÂ¿¯»ÅÌ ¼½–½¾ÃÄºË̄ÁÆÌ½“ga\ Z\TSa
]_VNS`aV X \hVLXKZ ]_V c`aK[\NXS [K UKiVac \a `ce\O\
e\QK–

)\gXK ]S_SXYngS[Vo
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2

3

1
4

'V` –¿• �S_aVXKYl[kW Z\[aKT
¾ )\gXK ]S_SXYngS[Vo ]_VLY –¾ÀZZ
¿ )\gXK ]S_SXYngS[Vo ]_V ZS[lhSW ]Y\a[\`aV
À )\gXK ]S_SXYngS[Vo ]_V L\YlhSW ]Y\a[\`aV
Á )\gXK ]S_SXYngS[Vo ]_VLY –¿Ä ZZ

1

'V` –À• �\_VU\[aKYl[kW Z\[aKT
¾ )\gXK ]S_SXYngS[Vo

1

2

'V` –Á• �\_VU\[aKYl[kW Z\[aKT ¼_SX\ZS[QcSZ\S ]\Y\TS[VS “ \`\LS[[\ QYo
YV]XVe ]_\QcXa\N½
¾ )\gXK ]S_SXYngS[Vo
¿ %_VS[aKfVo• ]_V _SUlL\N\Z V`]\Y[S[VV ˜ ]\ ZK_XV_\NXS `NS_ec“ ]_V

dYK[fSN\Z V`]\Y[S[VV ˜ ]\ \aNS_`aVoZ [K dYK[fS
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$VTS ]\XKUK[K \_VS[aKfVo NVYXV ]\ \aNS_`aVoZ N\
dYK[fS c dYK[fSN\O\ V`]\Y[S[Vo ]_VL\_K –

'V` –Â• %_VS[aKfVo NVYXV ]_V dYK[fSN\Z V`]\Y[S[VV

�`]\YlU\NKal _SX\ZS[QcSZkW XKLSYl ¼̀Z –w&\QXYngS[VS
X V`a\g[VXc ]VaK[Vo w½V acO\ UKao[cal XKLSYl[kW NN\Q–

�Yo UKiVak c`a_\W`aNK \a ]\]KQK[Vo NYKOV _SX\ZS[ ˜
QcSa`o `\SQV[VaSYl[kW XKLSYl ]S_SQ XKLSYl[kZ NN\Q\Z
[K]_KNVal N[VU“ ga\Lk NYKOK \a Q\TQo VYV X\[QS[`KaK
Z\OYK ` [SO\ `aSXKal–�K[[kS _SX\ZS[QKfVV ]_VZS[VZk
]_V Z\[aKTS [K \aX_ka\Z N\UQceS “ N ]\ZSiS[Voe `
]\NkhS[[\W NYKT[\`aln ¼[K]_VZS_ “ aKZ“ OQS \`ciS ˜
`aNYoSa`o \gV`aXK½“K aKXTS [K SZX\`aoe ` \eYKTQS[VSZ
VYV ]\Q\O_SN\Z–

'V` –Ã• #S_k ]_\aVN ]\]KQK[Vo NYKOV

&_V ]S_SZSiS[VV �
������� Ã¾SO\ [S `YSQcSa QS_̃
TKal UK NVYXc–� ]_\aVN[\Z `YcgKS NVYXK Z\TSa Lkal
]\N_STQS[K ]\Q NS`\Z ]_VL\_K ¼\`\LS[[\ N `YcgKS

$K_cT[Ko NYKOK

)_K[`]\_aV_\NXK
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V`]\Y[S[Vo ` dYK[fSZ VYV cQYV[S[VSZ ½–&_VL\_ `
]\X_kaVSZ `YSQcSa ]S_SZSiKal ` \`\L\W \`a\_\T[\̀ aln “
V`XYngVN XK`K[Vo NVYXV–

�KiVa[kW gSe\Y `YSQcSa `[VZKal a\YlX\ [S]\`_SQ`aNS[ ˜
[\ ]S_SQ Z\[aKT\Z –

$K SZX\`aoe ` ]\[VTS[[kZ VYV VULka\g[kZ QKNYS[VSZ
`YSQcSa c]Y\a[Val ]_V`\SQV[S[VS –#KaS_VKY c]Y\a[S[Vo
Q\YTS[ Lkal `a\WXVZ X VUZS_oSZ\W `_SQS V aSZ]S_Kac_S
]_\fS``K –

#KX` –Q\]c`aVZ\S QKNYS[VS `Z–N ]–w)Se[VgS`XVS QK[[kS w
VYV [K aV]\N\Z hVYlQVXS QKagVXK–

�VL_KfV\[[kW `VO[KYVUKa\_ c_\N[o oNYoSa`o VUZS_V˜
aSYl[kZ ]_VL\_\Z V a_SLcSa `\\aNSa`aNcniSO\ \L_KiS ˜
[Vo –�`X_VNYS[VS NVL_V_cniSO\ mYSZS[aK ]_VNSQSa X
]\N_STQS[Vn ]_VL\_K –

�[VZK[VS š
�K]_SiKSa`o UKN\_KgVNKal _SUlLc “ QS_TK`l UK X\_]c`
]_VL\_K š� ]_\aVN[\Z `YcgKS Z\TSa Lkal ]\N_STQS[K
N_KiKaSYl[Ko ZSeK[VXK X\_]c`K –

�Yo UKN\_KgVNK[Vo _SUlLk `YSQcSa V`]\YlU\NKal [Ke\ ˜
QoiVW`o [KQ [SW hS`aVO_K[[VX–

Á–¿ *XKUK[Vo ]\ Z\[aKTc

�
������� Ã¾VZSSa \]_SQSYS[[\S [KgKY\ _SUlLk “
LYKO\QK_o gSZc NVYXK NNS_[ca\O\ N hacfS_�
�������
Ã¾N`SOQK \XKUkNKSa`o N \Q[\Z V a\Z TS ]\Y\TS[VV –&_V
V`]\YlU\NK[VV ]_VNK_[\O\ hacfS_K ` _K`]\Y\TS[[kZ
`]S_SQV c]Y\a[VaSYl[kZ % ˜X\Ylf\Z ` _SUlLk
�
������� Ã¾[cT[\ cQKYVal [Ke\QoiSS`o [K [SW
c]Y\a[S[VS –

)KX\W ]_VNK_[\W hacfS_ [SYlUo ]_VZS[oal QYo Z\[aKTK
]_VL\_K ` ]\X_kaVSZ –

�cQciSS ]\Y\TS[VS ]_VL\_K Z\T[\ \]_SQSYVal SiS Q\
]_VNK_VNK[Vo hacfS_K–�Yo ma\O\ [cT[\ NNS_[cal
�
������� Ã¾N ]_VNK_[\W hacfS_ Q\ c]\_K V \aZSaVal
`\\aNSa`aNcnicn ]\UVfVn hacfS_K –&S_SQ `NK_X\W VU
hacfS_K NkNS_[cal �
������� Ã¾V Nk[cal _SUV[\N\S

�KNYS[VS ¯NKXccZ

%L_KiS[VS ` ]_VL\ ˜
_\Z

&_VNK_[\W hacfS_
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X\Ylf\ –$K hacfS_S VZSSa`o ZSaXK“ X\a\_Ko ]_V ]_VNK ˜
_VNK[VV Q\YT[K `Z\a_Sal NNS_e“ K ]_V Z\[aKTS [K
a_cL\]_\N\QS ˜ ]\ [K]_KNYS[Vn aSgS[Vo –

1

'V` –Ä• #SaXK [K ]_VNK_[\Z hacfS_S
¾ #SaXK

&_V O\_VU\[aKYl[\Z Z\[aKTS [K YV]XVe V NoUXVe ]_\ ˜
QcXaKe ]\NS_e[\`aV NVYXV Q\YT[k Lkal _K`]\Y\TS[k
NS_aVXKYl[\“ ga\ ]\UN\YoSa cZS[lhVal [KX\]YS[VS ]_\ ˜
QcXaK [K NVYXS–&\Y\TS[VS NVL_V_cniSW NVYXV \L\U[K ˜
gS[\ ZSaX\W [K hS`aVO_K[[VXS c _SUlL\N\O\ V`]\Y[S[Vo
]_VL\_K –!\OQK ]_V UKN\_KgVNK[VV _SUlLk hS`aVO_K[[VX
]_VL\_K `oQSa [K c]Y\a[S[VS “ _SUlLc Z\T[\ UKao[cal SiS
[K ]\YNVaXK–4a\O\ Q\`aKa\g[\ “ ga\Lk NVYXK ]_V[oYK
[S\Le\QVZ\S ]\Y\TS[VS –

* dYK[fSN\O\ V`]\Y[S[Vo ]_VL\_K \_VS[aKfVo NVYXV
\]_SQSYoSa`o ]\ \aNS_`aVoZ N\ dYK[fS –

.a\Lk ]_\QcXa [S \`SQKY [K NVYXS ]_V O\_VU\[aKYl[\Z
Z\[aKTS [K YV]XVe V NoUXVe ]_\QcXaKe“ NVL_V_cniKo
NVYXK Q\YT[K `N\L\Q[\ Nk`ac]Kal N SZX\`al “ N `NoUV `
gSZ QYo aKXVe `YcgKSN [S _SX\ZS[QcSa`o V`]\YlU\NKal
Z\[aKT[kS ]Ka_cLXV VYV hacfS_k –

�Yo ]_SQc]_STQS[Vo \hVL\g[\W `VO[KYVUKfVV
�
������� Ã¾`YSQcSa Z\[aV_\NKal N aKX\Z ZS`aS [K
SZX\`aV“ OQS�
������� Ã¾[S LcQSa ]\]KQKal N ]\a\X
]_\QcXaK“ a–S–[S N U\[S QSW`aNVo UKO_cU\g[ke \aNS_`aVW“
ZShKY\X V a–] –

�Yo ZV[VZVUKfVV `\]_\aVNYS[Vo “ \XKUkNKSZ\O\ NVL_Ṽ
_cniSW NVYX\W�
������� Ã¾aSgS[Vn ]_\QcXaK“ ]Y\ ˜
`X\`aV NVYXV Q\YT[k _K`]\YKOKal`o ]K_KYYSYl[\
[K]_KNYS[Vn aSgS[Vo ]_\QcXaK–

"V]XVS ]_\QcXak

�aSXKniVW ]_\QcXa

)SgS[VS ]_\QcXaK
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&_V \L_KiS[VV ` QKagVX\Z “ VZSniSZ mZKYSN\S ]\X_k ˜
aVS“ `YSQcSa `\LYnQKal \`\Lcn \`a\_\T[\`al V VULSOKal
`VYl[ke cQK_\N V a\YgX\N –*QKYoal c]KX\NXc �
�������
Ã¾_SX\ZS[QcSa`o a\YlX\ [S]\`_SQ`aNS[[\ ]S_SQ Z\[aK ˜
T\Z –%`a\_\T[\ N`aKNVal �
������� Ã¾ N \aNS_`aVS
SZX\`aV“ [S XK`Ko`l \`a_ke QSaKYSW–

4ZKYSN\S ]\X_kaVS

¾Å �
������� Ã¾¹ ˜ �����

#\[aKT
¿

Æ
¿

¿
Ã̃��

˜½
Å

½
À

¾
½



Â &\QXYngS[VS X V`a\g[VXc ]VaK[Vo

Â–¾ &\QO\a\NXK X ]\QXYngS[Vn

%`[\N[kS cXKUK[Vo ]\ LSU\]K`[\`aV •

z &\QXYngKal a\YlX\ ]_V \a`ca`aNVV [K]_oTS[Vo

�Yo ]_VZS[S[Vo N\ NU_kN\\]K`[ke U\[Ke `YSQcSa cgV ˜
akNKal `\\aNSa`aNcniVS [\_Zk V a_SL\NK[Vo X QKagVXKZ
V V`a\g[VXKZ ]VaK[Vo –

&\QXYngS[VS X ]VaK[Vn \`ciS`aNYoSa`o `\OYK`[\ ]_V ˜
NSQS[[kZ [VTS `eSZKZ –&_V ma\Z `YSQcSa `\LYnQKal
\LiVS a_SL\NK[Vo X mYSXa_\]_\N\QXS –�
������� Ã¾
Q\YTS[ Lkal `\SQV[S[ ` wUSZYSWwSZX\`aV ¼�� ½VYV“ N
`YcgKS ]YK`aVX\N\W SZX\`aV“ ` LYVTKWhVZ ]\aS[fVKY\Z
wUSZYVw–�Yo ma\O\ [K X\_]c`S QKagVXK ZSTQc XKLSYl[kZV
NN\QKZV VZSSa`o XYSZZK UKUSZYS[Vo–)KX\S `\SQV[S[VS
`YcTVa QYo \aN\QK mYSXa_\`aKaVgS`XVe _KU_oQ\N–&_V
]\QXYngS[VV QKagVX\N N\ NU_kN\UKiViS[[\Z V`]\Y[S ˜
[VV [S\Le\QVZ\ `\LYnQKal `\\aNSa`aNcniVS a_SL\NK[Vo
V [\_Zk QYo NU_kN\\]K`[ke U\[ –

$K]_oTS[VS ]VaK[Vo `Z –N ]–w)Se[VgS`XVS QK[[kS w–

�
������� Ã¾]\QXYngKSa`o ` ]\Z\iln `aK[QK_a[\O\
XKLSYo X_cOY\O\ `SgS[Vo ` N[Sh[VZ QVKZSa_\ZÂ — ÆZZ
¼½–¿ — ½–ÀÂÁÆ½ “\LS`]SgVNKniVZ mddSXa c]Y\a[S[Vo
XKLSYl[\O\ NN\QK–

&_V ]\QXYngS[VV ` ]\Z\iln XKLSYo ` Q_cOVZ QVKZSa_\Z
VYV `SgS[VSZ `YSQcSa UKZS[Val c]Y\a[S[VS VYV V`]\Yl ˜
U\NKal ]\Qe\QoiVW XKLSYl[kW NN\Q–

�Yo �
������� Ã¾N\ NU_kN\\]K`[ke U\[Ke V`]\YlU\ ˜
NKal a\YlX\ _KU_ShS[[kS XKLSYl[kS NN\Qk –

�Yo ]_VZS[S[Vo N\ NU_kN\\]K`[ke U\[Ke `YSQcSa `\ ˜
LYnQKal `\\aNSa`aNcniVS [\_Zk Z\[aKTK –

Â–¿ &\_oQ\X ]\QXYngS[Vo

!_khXc ]_VL\_K N\ NU_kN\UKiViS[[\Z V`]\Y[S[VV
Z\T[\ \aX_kNKal a\YlX\ ]_V \a`ca`aNVV NU_kN\\]K`[\W
KaZ\`dS_k –

)Se[VXK LSU\]K`[\`aV

*XKUK[Vo ]\
LSU\]K`[\`aV
]_VZS[S[Vo N
U\[Ke 
 Ð

$K]_oTS[VS ]VaK[Vo

(\SQV[VaSYl[kW XK ˜
LSYl

(\SQV[VaSYl ˜
[kW XKLSYl
QYo U\[ 
 Ð

�
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&\QXYngS[VS X V`a\g[VXc ]VaK[Vo
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�k]\Y[Val `YSQcniSS •

¾ %aNV[aVal X_khXc X\_]c`K –

¿ %`YKLVal OKWXc XKLSYl[\O\ NN\QK–

À *QKYVal ]_VLY–¾½̀Z \LXYKQXV XKLSYo“ X\[fk ]_\ ˜
N\Q\N UKgV`aVal ]_VLY–[K ¾`Z –

Á �`aKNVal XKLSYl N QKagVX gS_SU XKLSYl[kW NN\Q–

Â %aX_kal X\[aKXak ` ]\Z\iln \aNS_aXV –

Ã &_\N\QK N`aKNVal N \aX_kakS X\[aKXak N `\\aNSa ˜
`aNVV `\ `eSZ\W ]\QXYngS[Vo –

Ä �KX_kal X\[aKXak ` ]\Z\iln \aNS_aXV –

Å (YSOXK ]\ao[cN UK ]_\N\QK“ ]_\NS_Val [KQST[\`al Ve
UKX_S]YS[Vo N X\[aKXaKe

Æ )cO\ UKao[cal OKWXc XKLSYl[\O\ NN\QK–*]Y\a[VaSYl ˜
[\S X\Ylf\ Q\YT[\ ]\Y[\`aln \LYSOKal XKLSYl –

¾½�KNV[aVal X_khXc X\_]c`K –

4YSXa_VgS`X\S ]\QXYngS[VS Nk]\Y[S[\ –

Â–À (eSZK ]\QXYngS[Vo ¼\Q[\XKZS_[kW
X\_]c` ½

'V`c[XV V `eSZk [VTS QSW`aNVaSYl[k QYo ]_VL\_\N LSU
NU_kN\UKiVak“ K aKXTS QYo ]_VL\_\N N V`]\Y[S[VV 
 Ð¼–

1

444

2 3

'V` –Å• %Q[\XKZS_[kW X\_]c` VU _KUYVg[ke ZKaS_VKY\N
¾ &YK`aVX¼[S QYo 

 Ð ¼½
¿ �YnZV[VW
À $S_TKNSniKo `aKYl ¼[S QYo 

 Ð ¼½
Á +VYla_ QYo Nk_KN[VNK[Vo QKNYS[Vo VYV UKOYchXK ]_V V`]\Y[S[VV

�� ÃÃ̄�� ÃÅ ¾º¹Ê ¼[S QYo 

 Ð ¼½

%LU\_ X\_]c`\N
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&\QXYngS[VS X V`a\g[VXc ]VaK[Vo
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m a x .

m i n .

S i m u l .

+ -

1 2

0,5 g / cm3

0,7 g / cm3 3

5

6

1

2
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'V` –Æ• %a`SX mYSXa_\[VXV V ]\QXYngS[Vo N \Q[\XKZS_[\Z X\_]c`S
¾ �[QVXKa\_ `\`a\o[Vo
¿ 	�� ˜]S_SXYngKaSYl QYo \L_KiS[Vo eK_KXaS_V`aVXV
À &S_SXYngKaSYl c`aK[\NXV gcN`aNVaSYl[\`aV
Á !YSZZK UKUSZYS[Vo
Â ![\]XK Z\QSYV_\NK[Vo
Ã (\SQV[VaSYl[kS XYSZZk

�Yo ]\QXYngS[Vo X _KUQSYVaSYl[\Zc c`VYVaSYn `\\aN –
����� ¼�
� Ã½ÆÁÄ˜Ẫ Ã“ 
� Â½¿¿Ä½–(Z –] –w)Se[VgS`XVS
QK[[kS w–

1 2

+

+

-

-

'V` –¾½• (eSZK ]\QXYngS[Vo ¼\Q[\XKZS_[kW X\_]c` ½

%a`SX mYSXa_\[VXV V
]\QXYngS[Vo

(eSZK ]\QXYngS[Vo

�
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Â–Á (eSZK ]\QXYngS[Vo ˜ V`]\Y[S[VS �� ÃÃ̄
�� ÃÅ“ ¾º¹Ê

+

-
1

2

'V` –¾¾• $KU[KgS[VS ]_\N\Q\N `\SQV[VaSYl[\O\ XKLSYo
¾ !\_Vg[SNkW ¼� ½V O\YcL\W¼˜½X̃ V`a\g[VXc ]VaK[Vo VYV c`a_\W`aNc

d\_ZV_\NK[Vo `VO[KYK
¿ 4X_K[

$KU[KgS[VS ]_\N\Q\N
`\SQV[VaSYl[\O\ XKLS ˜
Yo

¿¿ �
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&\QXYngS[VS X V`a\g[VXc ]VaK[Vo
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Ã &c`X N mX`]YcKaKfVn

Ã–¾ %LiVS a_SL\NK[Vo

-Vd_k N `X\LXKe `\\aNSa`aNcna \L\U[KgS[VoZV [K `YS ˜
QcniVe QKYSS _V`c[XKe–

(\`a\o[VS ]S_SXYngS[Vo mYSXa_\[VXV N ]YK`aVX\N\Z
X\_]c`S Z\T[\ X\[a_\YV_\NKal ]_V UKX_ka\W X_khXS ]\
`NSa\N\Zc V[QVXKa\_c–�KN\Q`XKo c`aK[\NXK `\\aNSa ˜
`aNcSa ]Y\a[\`aV ]_\QcXaK � ½“Ä Ō`Z Ì ¼½–½¿Âdc[a ¯QnWZÌ½–
�Yo ]_\QcXa\N ` ZS[lhSW ]Y\a[\`aln ]S_SXYngKaSYl
`YSQcSa c`aK[\NVal [K � ½“Â Ō`Z Ì ¼½–½¾Ådc[a ¯QnWZÌ½–

$K LY\XS mYSXa_\[VXV [Ke\Qoa`o `YSQcniVS V[QVXKa\_k
V ]S_SXYngKaSYV•

z �[QVXKa\_ `\`a\o[Vo ¼¾½
z 	�� ˜]S_SXYngKaSYl \L_KiS[Vo eK_KXaS_V`aVXV˜ ÅÁÆ–¯

Å¹Ð– ¼¿½
z 	�� ˜]S_SXYngKaSYl c`aK[\NXV gcN`aNVaSYl[\`aV ¼À½
z ![\]XK Z\QSYV_\NK[Vo ¼Á½

&_VZSgK[VS •
�VL_V_cnicn NVYXc �
������� Ã¾Z\T[\ ]_\NS_oal
a\YlX\ ]caSZ SS ]\O_cTS[Vo N TVQX\`al –$SYlUo ]_\ ˜
NS_oal _KL\ac �
������� Ã¾_cX\W–� ]_\aVN[\Z `YcgKS
QKagVX Z\TSa Lkal ]\N_STQS[ –

$KU[KgS[VS ¯X\[dVOc ˜
_KfVo

�
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Ã–¿ 4YSZS[ak [K`a_\WXV

1
2

1
2
3
4

'V` –¾¿• �Y\X mYSXa_\[VXV ��
 Ã½� ˜ Nke\Q �����
¾ �[QVXKa\_ `\`a\o[Vo ¼̀NSa\QV\Q½
¿ 	�� ˜]S_SXYngKaSYl QYo \L_KiS[Vo eK_KXaS_V`aVXV
À &S_SXYngKaSYl c`aK[\NXV gcN`aNVaSYl[\`aV
Á ![\]XK Z\QSYV_\NK[Vo

%Q[\fNSa[kW `NSa\N\W V[QVXKa\_ `\`a\o[Vo ]S_SXYngS ˜
[Vo

z !_K`[kW � 
 Á¿À »ÍÊÊ½ÆÌ$ ¿“¿ Å �
z $S O\_Va� � ÇÏ »ÍÊÊ½ÆÌ# ¾Å �
z !_K`[kW ¼ZVOKSa½� [SV`]_KN[\`al # ¾Å �

( ]\Z\iln ma\O\ ]S_SXYngKaSYo Z\T[\ V[NS_aV_\NKal
Nke\Q[cn eK_KXaS_V`aVXc QKagVXK–#\T[\ NkL_Kal [V ˜
`e\Qoicn eK_KXaS_V`aVXc ¼c`aK[\NXK ]S_SXYngKaSYo
Å¹Ð–½VYV N\`e\Qoicn eK_KXaS_V`aVXc ¼c`aK[\NXK ]S_S˜
XYngKaSYoÅÁÆ–½V aSZ `KZkZ ]\YcgVal TSYKSZkW a\X\NkW
Nke\Q–

'STVZk _KL\ak

z ÅÁÆ– ˜ N\`e\QoiKo eK_KXaS_V`aVXK¼
 Á¿À »ÍÊÊ½ÆÌ]_V
]\O_cTS[VV N ]_\QcXa ½

z Å¹Ð– ˜[V`e\QoiKo eK_KXaS_V`aVXK ¼� ÇÏ »ÍÊÊ½ÆÌ]_V
]\O_cTS[VV N ]_\QcXa ½

�ke\Q ����� Z\TSa Lkal ]S_SXYngS[ YVL\ [K [V`e\ ˜
Qoicn “ YVL\ [K N\`e\Qoicn eK_KXaS_V`aVXc ¼̀Z –aKXTS
w+c[XfV\[KYl[cn aKLYVfc w½–

&_V ]_VZS[S[VV `\\aN –�
� ma\a ]S_SXYngKaSYl Q\YTS[
Lkal c`aK[\NYS[ [K � ¹Ð–

�[QVXKa\_ `\`a\o[Vo
¼¾½

%L_KiS[VS eK_KXaS_V ˜
`aVXV ¼¿½
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( ]\Z\iln 	�� ˜]S_SXYngKaSYo¼À½Z\T[\ c`aK[\NVal
a\gXc ]S_SXYngS[Vo QYo ]_\QcXa\N ` ]Y\a[\`aln \a ½“Â Q\
½“Ä Ō`Z Ì–�KN\Q`XKo c`aK[\NXK `\\aNSa`aNcSa ]Y\a[\`aV
]_\QcXaK � ½“Ä Ō`Z Ì–�Yo ]_\QcXa\N ` ZS[lhSW ]Y\a[\`aln
]S_SXYngKaSYl `YSQcSa c`aK[\NVal [K � ½“Â Ō`Z Ì–&\Y\ ˜
TS[VS a\gXV ]S_SXYngS[Vo QK[\ \a[\`VaSYl[\ ]Y\a[\`aV
N\Qk ¼¾Ō`Z Ì½–�Yo ]_\QcXa\N ` V[\W ]Y\a[\`aln `YSQcSa
cgVakNKal `ZSiS[VS ]\Y\TS[Vo a\gXV ]S_SXYngS[Vo
YVL\ N `a\_\[c X\_]c`K “ YVL\ N `a\_\[c X\[fK NVYXV –

(YSQcSa cgVakNKal“ ga\ QKagVX LcQSa \L[K_cTVNKal ]S[c `
]Y\a[\`aln � ½“ÁÂ¿¯»ÅÌ ¼½–½¾ÃÄºË̄ÁÆÌ½“ga\ Z\TSa
]_VNS`aV X \hVLXKZ ]_V c`aK[\NXS [K UKiVac \a `ce\O\
e\QK–

![\]XK Z\QSYV_\NK[Vo [Ke\QVa`o [K NS_e[SW `a\_\[S
LY\XK mYSXa_\[VXV–![\]XK ca\]YS[[Ko “ V [KTVZKal SS
Z\T[\ ` ]\Z\iln ]\Qe\QoiSO\ V[`a_cZS[aK ¼\aNS_aXV“
hK_VX\N\W _cgXV V a–] –½–

&caSZ [KTKaVo [K mac X[\]Xc Z\QSYV_cSa`o \L_kN fS]V
ZSTQc QKagVX\Z V c`a_\W`aN\Z d\_ZV_\NK[Vo `VO[KYK–
�[QVXKa\_ [K QKagVXS OK`[Sa–�UZS_VaSYl[Ko `eSZK
Q\YT[K NkQKal `VO[KY [SV`]_KN[\`aV V ]S_SWaV N LSŨ
\]K`[\S `\`a\o[VS –

�\ N_SZo [KTKaVo [K X[\]Xc ]\QXYngS[[kS c`a_\W`aNK
Q\YT[k Lkal KXaVN[k “ aSZ `KZkZ Z\T[\ X\[a_\YV_\NKal
]_KNVYl[\`al _KL\ak VUZS_VaSYl[\W c`aK[\NXV –

Ã–À )KLYVfK dc[XfVW

� aKLYVfS [VTS ]_VNSQS[k `\`a\o[Vo ]S_SXYngS[Vo N
UKNV`VZ\`aV \a c`aK[\NYS[[\O\ _STVZK _KL\ak V c_\N[o –

&_VZSgK[VS •
'STVZ _KL\ak [K _KUQSYVaSYl[\Z c`VYVaSYS �����
NkLV_KSa`o aKXVZ \L_KU\Z“ ga\Lk ]S_SXYngKniVW Nke\Q
]_V `VO[KYS [SV`]_KN[\`aV ¼� # ¾Å � ½]_V[VZKY LSŨ
\]K`[\S `\`a\o[VS –

*`aK[\NXK gcN`aNV ˜
aSYl[\`aV ¼À½

![\]XK Z\QSYV_\NK ˜
[Vo ¼Á½

�
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*_\NS[l (VO[KYl[kW a\X
QKagVXK

�[QVXKa\_ `\ ˜
`a\o[Vo

$V`e\QoiKo eK ˜
_KXaS_V`aVXK
Å¹Ð –

$ ¿“¿ Å �

$V`e\QoiKo eK ˜
_KXaS_V`aVXK
Å¹Ð –

# ¾Å �

�\`e\QoiKo eK ˜
_KXaS_V`aVXKÅÁÆ–

$ ¿“¿ Å �

�\`e\QoiKo eK ˜
_KXaS_V`aVXKÅÁÆ–

# ¾Å �

$SV`]_KN[\`al "nL\W # ¾Å �

ZVOKSa

¿Ã �
������� Ã¾¹ ˜ �����

&c`X N mX`]YcKaKfVn
¿

Æ
¿

¿
Ã̃��

˜½
Å

½
À

¾
½



Ä %L`YcTVNK[VS V c`a_K[S[VS
[SV`]_KN[\`aSW

Ä–¾ %L`YcTVNK[VS

&_V [\_ZKYl[\W mX`]YcKaKfVV �
������� Ã¾[S a_SLcSa
\`\L\O\ \L`YcTVNK[Vo –

Ä–¿ *`a_K[S[VS [SV`]_KN[\`aSW

"Vf\ “ mX`]YcKaV_cniSS c`a_\W`aN\ “ Q\YT[\ ]_V[oal
`\\aNSa`aNcniVS ZS_k QYo c`a_K[S[Vo N\U[VXhVe [SV` ˜
]_KN[\`aSW–

'KL\aK �
������� Ã¾eK_KXaS_VUcSa`o Nk`\X\W [K̃
QST[\`aln –%Q[KX\ N\UZ\T[k \aXKUk “ V`a\g[VX\Z X\a\ ˜
_ke Z\TSa `aKal •

z �KagVX
z )Se[\Y\OVgS`XVW ]_\fS``
z &VaK[VS
z +\_ZV_\NK[VS `VO[KYK

([KgKYK [S\Le\QVZ\ ]_\NS_Val Nke\Q[\W `VO[KY –�\
Z[\OVe `YcgKoe ma\ ]\UN\YoSa c`aK[\NVal V c`a_K[Val
]_VgV[k [SV`]_KN[\`aSW –

&_V [S\Le\QVZ\`aV X\[`cYlaKfVW Z\T[\ \L_KaVal`o [K
`S_NV`[cn O\_ogcn YV[Vn �
�� ]\ aSY –� ÁÆ ¾Å½Â ÅÂÅÂÂ½–

�\_ogKo YV[Vo _KL\aKSa X_cOY\`ca\g[\ `SZl Q[SW N
[SQSYn–!\[`cYlaKfVV QKna`o [K K[OYVW`X\Z oUkXS –
!\[`cYlaKfVV LS`]YKa[kS ¼LSU cgSaK ]YKak UK aSYSd\[˜
[kW UN\[\X ½–

ž �
������� Ã¾`VO[KYVUV_cSa ]\O_cTS[VS N ]_\QcXa
LSU ]\O_cTS[Vo N ]_\QcXa ¼UKiVaK \a ]S_S]\Y[S[Vo ½

ž �
������� Ã¾`VO[KYVUV_cSa \L[KTS[VS ]_V ]\O_c˜
TS[VV N ]_\QcXa ¼UKiVaK \a `ce\O\ e\QK ½

z (YVhX\Z [VUX\S [K]_oTS[VS ]VaK[Vo

Æ &_\NS_Val [K]_oTS[VS ]VaK[Vo

z �SdSXa mYSXa_\[VXV

Æ &S_SQNV[cal ]S_SXYngKaSYl \L_KiS[Vo eK_KXaS̃
_V`aVXV–�`YV ]\`YS ma\O\ `\`a\o[VS ]S_SXYn ˜
gKSa`o“ K ]_V N\UN_KaS N ]_KNVYl[kW _STVZ

#S_k ]\ c`a_K[S[Vn
[SV`]_KN[\`aSW

&_VgV[k \aXKU\N

*`a_K[S[VS [SV`]_KN ˜
[\`aSW

¿Á̃ gK`\NKo `S_NV`[Ko
O\_ogKo YV[Vo

&_\NS_XK `VO[KYK ]S ˜
_SXYngS[Vo

�
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\hVLXK ]\Na\_oSa`o “ a\ NS_\oa[\ “ ga\ NVL_V_cn˜
iVW mYSZS[a ZSeK[VgS`XV ]\N_STQS[ VYV [K [SO\
[KYV] ]_\QcXa –%a]_KNVal ]_VL\_ [K _SZ\[a –

Æ &S_SQNV[cal ]S_SXYngKaSYl \L_KiS[Vo eK_KXaS̃
_V`aVXV–�`YV c`a_\W`aN\ ]_V ma\Z [S ]S_SXYn ˜
gKSa`o“ [SV`]_KN[K mYSXa_\[VXK–�KZS[Val LY\X
mYSXa_\[VXV–

z $S]\Qe\QoiSS ZS`a\ Z\[aKTK

Æ *`aK[\NVal ]_VL\_ N aKX\Z ZS`aS N SZX\`aV “ OQS [S
\L_KUcSa`o ZS_aN\W U\[k VYV N\UQch[ke ]cUk_l ˜
X\N–

z �kL_K[K [SNS_[Ko eK_KXaS_V`aVXK–

Æ ( ]\Z\iln ]S_SXYngKaSYo \L_KiS[Vo eK_KXaS_V ˜
`aVXV c`aK[\NVal ]_KNVYl[cn eK_KXaS_V`aVXc ¼UK̃
iVaK \a ]S_S]\Y[S[Vo “ UKiVaK \a `ce\O\ e\QK ½–
!KLSYl[\S `\SQV[S[VS Q\YT[\ Lkal Nk]\Y[S[\ ]\
]_V[fV]c a\XK ]\X\o

ž #VOKSa X_K`[kW V[QVXKa\_

z $SV`]_KN[\`al mYSXa_\[VXV

Æ �KZS[K LY\XK mYSXa_\[VXV

ž #VOKSa X_K`[kW V[QVXKa\_

z &_VL\_ [SV`]_KNS[

Æ �KZS[Val c`a_\W`aN\ VYV \a]_KNVal SO\ [K _SZ\[a

&\`YS c`a_K[S[Vo [SV`]_KN[\`aV “ S`YV ma\ [S\Le\QVZ\ N
`NoUV ` ]_VgV[\W [SV`]_KN[\`aV V ]_V[oakZV ZS_KZV ]\
SS c`a_K[S[Vn “ ]\Na\_[\ Nk]\Y[Val QSW`aNVo “ \]V`K[[kS
N OY–w&c`X N mX`]YcKaKfVnw–

Ä–À 'SZ\[a ]_VL\_K

&_V [S\Le\QVZ\`aV _SZ\[aK `QSYKal `YSQcniSS •

( [KhSW `a_K[Vfk N �[aS_[SaS ÏÏÏ –Î½¿¹–»ÇÅ gS_SU
ZS[n w	 ÇÏÆÄÇ¹¼Ë̃� ÇÊÅÍÄ¹Ê½ ÍÆ¼� ½ÊÌÁr Ã¹Ì½˜
� ½È¹Ê¹ÌÍÊ¾ÇÊÅÍÄ¹ÊwUKO_cUVal d\_ZcYo_ N\UN_KaK¼¿À �� ½–

�K]\Y[S[VS aKX\O\ d\_ZcYo_K ]\UN\YVa Lk`a_\ V LSU
Q\]\Y[VaSYl[ke UK]_\`\N ]_\VUNS`aV _SZ\[a –

z 'K`]SgKaKal V UK]\Y[Val LYK[X QYo XKTQ\O\ ]_VL\_K
z &_VL\_ \gV`aVal V c]KX\NKal QYo a_K[`]\_aV_\NXV

�SW`aNVo ]\`YS c`a_K ˜
[S[Vo [SV`]_KN[\`aSW

%L`YcTVNK[VS V c`a_K[S[VS [SV`]_KN[\`aSW
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z �K]\Y[S[[kW d\_ZcYo_ V VZSniVS`o QK[[kS LSU ˜
\]K`[\`aV ]_VX_S]Val `[K_cTV [K c]KX\NXc

z *U[Kal KQ_S` \a]_KNXV c [KhSO\ _SOV\[KYl[\O\ ]_SQ ˜
`aKNVaSYo–�Zo [KhSO\ ]_SQ`aKNVaSYo N �KhSZ _S ˜
OV\[S Z\T[\ [KWaV [K `KWaS ÏÏÏ –Î½¿¹–»ÇÅ N _KUQSYS•
w� ÆÌ½ÊÆ½ÀÅ½Æ˜ �
�� Ï½ÄÌÏ½ÁÌw

%L`YcTVNK[VS V c`a_K[S[VS [SV`]_KN[\`aSW
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Å �SZ\[aKT

Å–¾ &\_oQ\X QSZ\[aKTK

�[VZK[VS š
&_V [KYVgVV \]K`[ke _KL\gVe c`Y\NVW ¼SZX\`al ]\Q
QKNYS[VSZ“ Nk`\XKo aSZ]S_Kac_K“ KO_S``VN[kW VYV oQ\˜
NVakW ]_\QcXa V a–] –½QSZ\[aKT `YSQcSa Nk]\Y[oal `
`\LYnQS[VSZ `\\aNSa`aNcniVe [\_Z aSe[VXV LSU\]K`[\ ˜
`aV–

�k]\Y[Val QSW`aNVo “ \]V`K[[kS N ] –w#\[aKT wV
w&\QXYngS[VS X V`a\g[VXc ]VaK[Vo w“ N \L_Ka[\Z ]\_oQXS –

!_khXc ]_VL\_K N\ NU_kN\UKiViS[[\Z V`]\Y[S[VV
Z\T[\ \aX_kNKal a\YlX\ ]_V \a`ca`aNVV NU_kN\\]K`[\W
KaZ\`dS_k –

Å–¿ *aVYVUKfVo

*`a_\W`aN\ `\`a\Va VU ]S_S_KLKakNKSZke ZKaS_VKY\N–
!\[`a_cXfVo ]\UN\YoSa YSOX\ \aQSYVal mYSXa_\[[kW
LY\X–

�V_SXaVNK �


 ¿½½¿̄ÆÃ̄
�
�K[[\S c`a_\W`aN\ [S ]\QYSTVa QSW`aNVn �V_SXaVNk
�


 ¿½½¿̄ÆÃ̄
� V `\\aNSa`aNcniVe [KfV\[KYl[ke UK ˜
X\[\N –�Yo caVYVUKfVV c`a_\W`aN\ `YSQcSa [K]_KNYoal
]_oZ\ [K `]SfVKYVUV_\NK[[\S ]_SQ]_VoaVS “ ZV[co X\Z ˜
Zc[KYl[kS ]c[Xak `L\_K Zc`\_K “ X\a\_kS “ N `\\aNSa`aNVV
` �V_SXaVN\W �


 “ Z\Oca V`]\YlU\NKal`o a\YlX\ QYo
caVYVUKfVV ]_\QcXa\N YVg[\O\ ]\a_SLYS[Vo–

*aVYVUKfVo N `\\aNSa`aNVV ` c`aK[\NYS[[kZV a_SL\NK ˜
[VoZV V`XYngKSa [SOKaVN[kS ]\`YSQ`aNVo QYo gSY\NSXK V
\X_cTKniSW `_SQk V ]\UN\YoSa ]\Na\_[\ V`]\YlU\NKal
fS[[kS ZKaS_VKYk –

#KaS_VKYk• `Z –] –w)Se[VgS`XVS QK[[kS w

&_V [SN\UZ\T[\`aV caVYVUV_\NKal c`a_\W`aN\ `KZ\`a\o ˜
aSYl[\ “ \L_KiKWaS`l X VUO\a\NVaSYn–

�SZ\[aKT

À½ �
������� Ã¾¹ ˜ �����

¿
Æ

¿
¿

Ã̃��
˜½

Å
½

À
¾

½



Æ &_VY\TS[VS

Æ–¾ )Se[VgS`XVS QK[[kS

%LiVS QK[[kS

#KaS_VKYÀ¾Ã� `\\aNSa`aNcSa [S_TKNSniVZ `aKYoZ ¾–ÁÁ½ÁVYV¾–ÁÁÀÂ

!\[aKXaV_cniVS ` ]_\QcXa\Z ZKaS_VKYk
� 'SUlL\N\S ]_V`\SQV[S[VS À¾Ã� “ 
 ¹ËÌ½ÄÄÇÑ� Á ¼¿–ÁÃ½¿½

� +YK[fSN\S ]_V`\SQV[S[VS À¾Ã� “ À¾Ã� ` ]\X_kaVSZ 
 ¹ËÌ½ÄÄÇÑ� Á“
`aKYl mZKYV_\NK[[Ko“ À¾Ã� ` ]\X_kaVSZ

���
 “ À¾Ã� ` ]\X_kaVSZ ���

� )Se[\Y\OVgS`X\S c]Y\a[S[VS � ÄÁÆ¿½ÊËÁÄ� ˜ÁÁ½½

� �VL_V_cniKo NVYXK À¾Ã� “ 
 ¹ËÌ½ÄÄÇÑ� Á ¼¿–ÁÃ¾½½

� *QYV[VaSYl[Ko a_cLXK
: ¿¾“À ZZ ¼½–ÅÀÆÁÆ½

À¾Ã� “ 
 ¹ËÌ½ÄÄÇÑ� Á ¼¿–ÁÃ¾½½“
 ¹ËÌ½ÄÄÇÑ� Á
¼¿–ÁÃ¾½½mZKYV_\NK[[kW“ À¾Ã� ` ]\X_k ˜
aVSZ
���
 “ À¾Ã� ` ]\X_kaVSZ ���

$S X\[aKXaV_cniVS ` ]_\QcXa\Z ZKaS_VKYk
� &YK`aVX\NkW X\_]c` &YK`aVX ��� ¼]\YVm`aS_½

� �YnZV[VSNkW YVa\W X\_]c` "Va\W ]\Q QKNYS[VSZ KYnZV[VW
� Ä� Á¾½� ¿“ ]\_\hX\N\S ]\X_kaVS [K \` ˜
[\NS ]\YVm`aS_K

� !\_]c` VU [S_TKNSniSW `aK ˜
YV¼a\g[\S YValS ½

À¾Ã�

� !\_]c` VU [S_TKNSniSW `aK ˜
YV¼mYSXa_\]\YV_\NK[[kW ½

À¾Ã�

� *]Y\a[S[VS ZSTQc X\_]c`\Z V
X_khX\W X\_]c`K

��� ¼X\_]c` VU [S_T –`aKYV˜ a\g[\S
YValS½“̀VYVX\[ ¼X\_]c` VU KYnZV[Vo ¯
]YK`aVXK” [S_T –`aKYV˜ mYSXa_\]\YV_–½

� (NSa\N\Q N X_khXS X\_]c`K ���� ¼ZKX_\Y\[ ½

� !YSZZK UKUSZYS[Vo À¾Ã�

� )SZ]S_Kac_[Ko N`aKNXK¼NK̃
_VK[a½

À¾Ã�

� �KU\[S]_\[VfKSZKo NacYXK
¼NK_VK[a½

À¾Ã� ¯̀ aSXY\

�YV[K QKagVXK
� �YV[K �
������� Ã¾ (Z –] –w'KUZS_k w

� )\gXK ]S_SXYngS[Vo “ XKX c
�
������� Å¾VYVÅ¾�

� Â¾ÅÅ ¼� ¿ ÁÆ½

�S` ]_VL\_K ¼N UKNV`VZ\`aV \a
]_V`\SQV[S[Vo ½

½“Å — Á XO¼½–¾Å— Å–Å¿ ÄºË½

&_VY\TS[VS

�
������� Ã¾¹ ˜ ����� À¾

¿
Æ

¿
¿

Ã̃��
˜½

Å
½

À
¾

½



)\YiV[K ]\X_kaVo
� 4ZKYl ½“Å ZZ ¼½–½À¾ÁÆ½

� 
���
 ½“Â ZZ ¼½–½¿ÁÆ½

� ��� ½“Â ZZ ¼½–½¿ÁÆ½

.V`a\aK \L_KL\aXV ]\NS_e[\`aV
� (aK[QK_a[kW � ¹ À ŒÅ ¼¾–¾Å˜Á ÁÆ½

� �VOVS[VgS`X\S V`]\Y[S[VS
¼À� ½

� ¹ � ½“Å ŒÅ ¼À–¾Â˜Â ÁÆ½

� �VOVS[VgS`X\S V`]\Y[S[VS
¼À� ½

� ¹ � ½“À ZXZ

)V]k ]_V`\SQV[S[Vo
� )_cL[Ko _SUlLK “ fVYV[Q_VgS̃

`XKo ¼��� ¿¿Å� ¾½
� � � “ � ¾�

� �ZS_VXK[ –a_cL[Ko _SUlLK“
X\[VgS`XKo

� ��� “ ¾���

� +YK[fk 	�� \a 	� ¿Â“ ���� \a ¾w

� �VOVS[VgS`XVS aV]k ]_V`\ ˜
SQV[S[Vo

$KXVQ[Ko OKWXK	� Á½�� Á½“ � ÊÁ̃� Ä¹ÅÈ
¾w“ � ÊÁ̃� Ä¹ÅÈ ¾	w �� ¾½“ X\[c` 	� ¿Â
�� Á½“ � Í»À½ÆÀ¹¿½Æ� ¹ÊÁÎ½ÆÌ	� Â½�� ¾½

�k`\X\N\Yla[\S V`]kaK[VS ¼m̃
ZKYl½

� Â ��

�KU\[S]_\[VfKSZKo NacYXK ¼NK_VK[a½
� (aS]S[l ]_\[VfKSZ\`aV � ¾½˜Ã Åº¹Ê ǞË

� &_\g[\`al ]_V `TKaVV �� ÃÁ

� �VOVS[VgS`XVS aV]k ]_V`\ ˜
SQV[S[Vo

$KXVQ[Ko OKWXK	� Á½�� Á½“ � ÊÁ̃� Ä¹ÅÈ
¾w“ � ÊÁ̃� Ä¹ÅÈ ¾	w �� ¾½“ X\[c` 	� ¿Â
�� Á½“ � Í»À½ÆÀ¹¿½Æ� ¹ÊÁÎ½ÆÌ	� Â½�� ¾½

�ke\Q[kS NSYVgV[k

�ke\Q �Nce]_\N\Q[kW Nke\Q �����

&\a_SLYS[VS a\XK
� ,K_KXaS_V`aVXK [V`e\QoiKo $ ¿“¿ Å � [S ]\X_ka ¯# ¾Å � ]\X_ka

]_\QcXa\Z

� ,K_KXaS_V`aVXK N\`e\QoiKo # ¾Å � [S ]\X_ka ¯$ ¿“¿ Å � ]\X_ka
]_\QcXa\Z

� (VO[KY [SV`]_KN[\`aV # ¾Å �

$S\Le\QVZKo `V`aSZK d\_ZV_\ ˜
NK[Vo `VO[KYK

(V`aSZK d\_ZV_\NK[Vo `VO[KYK �����
]\ �
� Ã½ÆÁÄ˜Ẫ Ã ¼
� Â½¿¿Ǟ	�� ¾Æ¿ÀÁ½

&_VY\TS[VS
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'STVZk _KL\ak ¼Nke\Q ����� ]S_SXYngKSa`o YVL\ [K [V`e\Qoicn “ YVL\ [K
N\`e\Qoicn eK_KXaS_V`aVXc ½
� � ÁÆ– �\`e\QoiKo eK_KXaS_V`aVXK ¼
 Á¿À

»ÍÊÊ½ÆÌ]_V ]\O_cTS[VV N ]_\QcXa ½

� � ¹Ð– $V`e\QoiKo eK_KXaS_V`aVXK¼� ÇÏ
»ÍÊÊ½ÆÌ]_V ]\O_cTS[VV N ]_\QcXa ½

%]_SQSYS[VS a\g[\`aV ¼̀\\aN –	�� 
� Ã½ÄÄ½̃¾½

�`e\Q[kS c`Y\NVo V NYVoniVS NSYVgV[k ]\ 	�� 
� Ã¾¿ÆÅ˜¾
� )SZ]S_Kac_K \X_cTKniSW

`_SQk
� ¾Å— � À½s� ¼� ÃÁ— � ÅÃs� ½

� %a[\`VaSYl[Ko NYKT[\`al ÁÂ— ÄÂ


� �KNYS[VS N\UQceK ÅÃ½— ¾½Ã½Åº¹Ê ¯ÅÃ— ¾½ÃÃ� ¹
¼¾¿–Â — ¾Â–Á ÈËÁ½

� )SZ]S_Kac_K ]_\QcXaK � ¾Å— � À½s� ¼� ÃÁ— � ÅÃs� ½

� &Y\a[\`al VUZS_oSZ\O\ ]_\ ˜
QcXaK

¾Ō`Z Ì ¼½–½ÀÃÄºË̄ÁÆÌ½ ¼N\QK½

� �oUX\`al ]_\QcXaK ¾Å � ¹ Ë

� &_VY\TS[[\S QKNYS[VS ½Ã� ¹

� #\[aKT[\S ]\Y\TS[VS QKagV ˜
XK

�S_aVXKYl[\S “ `NS_ec

� &S_SXYngKaSYl ]Y\a[\`aV � ½“Ä Ō`Z Ì

)\g[\`al VUZS_S[Vo

&\O_Sh[\`al VUZS_S[Vo � ¾ÅÅ ¼½–½ÁÁÆ½

&_VY\TS[VS

�
������� Ã¾¹ ˜ ����� ÀÀ
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¿
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½



�YVo[VS aSZ]S_Kac_k ]_\fS``K [K a\gXc ]S_SXYngS[Vo

1

3

4

2

10 ( 25/64")

  8 ( 5/16")

  6 ( 15/64")

  4 ( 5/32")

  2 ( 5/64")

-2 (-5/64")

-4 (-5/32")

-6 (-15/64")

-8 (-5/16")

-10 (-25/64")

0

  0 °C
  (32 °F)

 50 °C
(122 °F)

 100 °C
(212 °F)

150 °C
(302 °F)

200 °C
(392 °F)

 250 °C
(482 °F)

'V` –¿¿• �YVo[VS aSZ]S_Kac_k ]_\fS``K [K a\gXc ]S_SXYngS[Vo
¾ (ZSiS[VS a\gXV ]S_SXYngS[Vo “ ÅÅ ¼ÁÆ½
¿ )SZ]S_Kac_K ]_\fS``K “ s� ¼s� ½
À )\gXK ]S_SXYngS[Vo ]_V V`e\Q[ke c`Y\NVoe ¼ZSaXK½
Á �VL_V_cniKo NVYXK

�YVo[VS ]Y\a[\`aV ]_\QcXaK [K a\gXc ]S_SXYngS[Vo

&_VY\TS[VS
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1

2
4

3

5

6

  1,2 
  (0,043)

  1
  (0,036)

  0,8
  (0,029)

  0,6
   (0,022)

  1,4
  (0,051)

  1,6
  (0,058)

  1,8
  (0,065)

  2
  (0,072)

  2,2
  (0,079)

  2,4
  (0,087)

10 ( 25/64")

  8 ( 5/16")

  6 ( 15/64")

  4 ( 5/32")

  2 ( 5/64")

-2 (-5/64")

-4 (-5/32")

-6 (-15/64")

-8 (-5/16")

-10 (-25/64")

0

'V` –¿À• �YVo[VS ]Y\a[\`aV ]_\QcXaK [K a\gXc ]S_SXYngS[Vo
¾ (ZSiS[VS a\gXV ]S_SXYngS[Vo “ ÅÅ ¼ÁÆ½
¿ &Y\a[\`al ]_\QcXaK “ Ō`Z Ì ¼Äº̄ÁÆÌ½
À *`aK[\NXK ]S_SXYngKaSYo½“Â Ō`Z Ì ¼½–½¾ÅÄº̄ÁÆÌ½
Á *`aK[\NXK ]S_SXYngKaSYo½“Ä Ō`Z Ì ¼½–½¿ÂÄº̄ÁÆÌ½
Â )\gXK ]S_SXYngS[Vo ]_V V`e\Q[ke c`Y\NVoe ¼ZSaXK½
Ã �VL_V_cniKo NVYXK

�YVo[VS QKNYS[Vo ]_\fS``K [K a\gXc ]S_SXYngS[Vo

&_VY\TS[VS

�
������� Ã¾¹ ˜ ����� ÀÂ
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1

2

3

4

  12 
(174,1)

 38 
(551,1)

  25 
(362,6)

  51 
(739,7)

 64 
(928,2)

10 ( 25/64")

  8 ( 5/16")

  6 ( 15/64")

  4 ( 5/32")

  2 ( 5/64")

-2 (-5/64")

-4 (-5/32")

-6 (-15/64")

-8 (-5/16")

-10 (-25/64")

0

'V` –¿Á• �YVo[VS QKNYS[Vo ]_\fS``K [K a\gXc ]S_SXYngS[Vo
¾ (ZSiS[VS a\gXV ]S_SXYngS[Vo “ ÅÅ ¼ÁÆ½
¿ �KNYS[VS ]_\fS``K “ º¹Ê ¼ÈËÁ¿½
À )\gXK ]S_SXYngS[Vo ]_V V`e\Q[ke c`Y\NVoe ¼ZSaXK½
Á �VL_V_cniKo NVYXK

&\Na\_oSZ\`al ½“¾ZZ ¼½–½½ÁÁÆ½

�V`aS_SUV` ]_VLY–¿ ZZ ¼½–½ÅÁÆ½]_V NS_aVXKYl[\Z
Z\[aKTS

�KQS_TXK ]S_SXYngS[Vo ]_VLY–Â½½Z`SX ¼NXȲNkXY½

.K`a\aK ]_VLY–¾¿½½
 Ò

%X_cTKniVS c`Y\NVo

)SZ]S_Kac_K \X_cTKniSW `_SQk
[K X\_]c`S

˜Á½— � Ä½s� ¼Á̃½— � ¾ÂÅs� ½

)SZ]S_Kac_K e_K[S[Vo V a_K[` ˜
]\_aV_\NXV

˜Á½— � Å½s� ¼Á̃½— � ¾ÄÃs� ½

'KL\gVS c`Y\NVo

�UZS_S[[\S U[KgS[VS &_SQSYl[kW c_\NS[l TVQX\`aSW

�KNYS[VS ]_\fS``K ˜¾— ÃÁº¹Ê¯˜¾½½— ÃÁ½½Ã� ¹
¼¾̃Á–Â — Æ¿ÅÈËÁ¿½N UKNV`VZ\`aV \a
]_V`\SQV[S[Vo “ [K]_VZS_ dYK[fK ¼̀Z –
`YSQcnicn QVKO_KZZc½

�
������� Ã¾“ ZKaS_VKYÀ¾Ã� ¯

 ¹ËÌ½ÄÄÇÑ� Á ¼¿–ÁÃ¾½½

˜Â½— � ¾Â½s� ¼ẪÅ— � À½¿s� ½

&_VY\TS[VS
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)SZ]S_Kac_K ]_\fS``K ¼aSZ]S_K̃
ac_K _SUlLk VYV dYK[fK½“̀ aSZ˜
]S_Kac_[\W N`aKNX\W¼NK_VK[a½
� �
������� Ã¾“ ZKaS_VKY

À¾Ã� 
̄ ¹ËÌ½ÄÄÇÑ� Á
˜Â½— � ¿Â½s� ¼ẪÅ— � ÁÅ¿s� ½

� �
������� Ã¾` ]\X_kaVSZ
mZKYln

˜Â½— � ¿½½s� ¼ẪÅ— � ÀÆ¿s� ½

� �
������� Ã¾` ]\X_kaVSZ

���


˜Â½— � ¾Â½s� ¼ẪÅ— � À½¿s� ½

� �
������� Ã¾` ]\X_kaVSZ
���

˜Â½— � ¾Â½s� ¼ẪÅ— � À½¿s� ½

200 °C
(392 °F)

250 °C
(482 °F)

-50 °C
(-58 °F)

-40 °C
(-40 °F)

  0 °C
(32 °F)

40 °C
(104 °F)

70 °C
(158 °F)

 50 °C
(122 °F)

100 °C
(212 °F)

150 °C
(302 °F)

1

2
3

'V` –¿Â• )SZ]S_Kac_K \X_cTKniSW `_SQk ˜ )SZ]S_Kac_K ]_\fS``K
¾ )SZ]S_Kac_K ]_\fS``K “ s� ¼s� ½
¿ )SZ]S_Kac_K \X_cTKniSW `_SQk “ s� ¼s� ½
À )SZ]S_Kac_[Ko U\[K ` aSZ]S_Kac_[\W N`aKNX\W

1

2-50 °C
(-58 °F)

  0 °C
(32 °F)

 50 °C
(122 °F)

 100 °C
(212 °F)

150 °C
(302 °F)

200 °C
(392 °F)

 250 °C
(482 °F)

  20  
  (290) 

  -1 (-14,5) 
 

  40  
 (580)

  64  
   (928)

'V` –¿Ã• )SZ]S_Kac_K ]_\fS``K ˜ QKNYS[VS ]_\fS``K ]_V c`aK[\NXS ]S_SXYngKaSYo ½“Ä Ō`Z Ì ¼]S_SXYngKaSYl
_STVZ\N _KL\ak ½
¾ �KNYS[VS ]_\fS``K “ º¹Ê ¼ÈËÁ¿½
¿ )SZ]S_Kac_K ]_\fS``K “ s� ¼s� ½

&_VY\TS[VS

�
������� Ã¾¹ ˜ ����� ÀÄ

¿
Æ

¿
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½



1

2
-50 °C
(-58 °F)

  0 °C
(32 °F)

 50 °C
(122 °F)

 100 °C
(212 °F)

150 °C
(302 °F)

200 °C
(392 °F)

 250 °C
(482 °F)

  20  
  (290) 

  -1 (-14,5) 
 

  40  
 (580)

  64  
   (928)

'V` –¿Ä• )SZ]S_Kac_K ]_\fS``K ˜ QKNYS[VS ]_\fS``K ]_V c`aK[\NXS ]S_SXYngKaSYo ½“Â Ō`Z Ì ¼]S_SXYngKaSYl
_STVZ\N _KL\ak ½
¾ �KNYS[VS ]_\fS``K “ º¹Ê ¼ÈËÁ¿½
¿ )SZ]S_Kac_K ]_\fS``K “ s� ¼s� ½

�V[KZVgS`XKo NoUX\`al ½“¾— ¾½–½½½Z&K `SX ¼]_V ]Y\a[\`aV ¾½

&Y\a[\`al ½“Ä — ¿“Â Ō`Z Ì” ½“Â — ¿“Â Ō`Z Ì ]\`_SQ ˜
`aN\Z ]S_SXYngS[Vo

4YSXa_\ZSeK[VgS`XVS QK[[kS ˜ V`]\Y[S[VS �� ÃÃ̄ �� ÃÄ V �� ÃÃ̄ �� ÃÅ” ½“¿ º¹Ê

!KLSYl[kW NN\Q '̄KUjSZ ¾½

� %Q[\XKZS_[kW X\_]c` z ¾ÐXKLSYl[kW NN\Q� ¿½Ð¾“Â ¼XK̃
LSYl• : Â — ÆZZ½“¾ÐUKOYchXK
� ¿½Ð¾“Â

VYV•
z ¾ÐX\Y]Kg\X 	 ��� “ ¾ÐUKOYchXK

	 ���

VYV•

z ¾Ð_KUjSZ ¼N UKNV`VZ\`aV \a V`]\Y ˜
[S[Vo ½“¾ÐUKOYchXK� ¿½Ð¾“Â

�V[a\NkS XYSZZk QYo `SgS[VS ]_\N\QK Q\ ¾“Â ZZË
¼��� ¾Ã½

¾½ � UKNV`VZ\`aV \a V`]\Y[S[Vo • � ¾¿Ð¾“ `\\aN –	�� ÁÀÃÂ½“ 
 ¹ÊÌÁÆ¿“
� ÅÈÀ½ÆÇÄ˜� Í»À½Ä“ Ǟ Åw�� –

&_VY\TS[VS

ÀÅ �
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4YSXa_\ZSeK[VgS`XVS QK[[kS ˜ V`]\Y[S[VS �� ÃÃ̄ �� ÃÅ“ ¾º¹Ê

!KLSYl[kW NN\Q
� %Q[\XKZS_[kW X\_]c` z ¾Ð�� ÃÅ̃XKLSYl[kW NN\Q� ¿½Ð¾“Â”

¾ÐUKOYchXK� ¿½Ð¾“Â

VYV•

z ¾ÐX\Y]Kg\X 	 ��� “ ¾ÐUKOYchXK
	 ���

(\SQV[VaSYl[kW XKLSYl
� !\Z]YSXa[\`al Á ]_\N\QK “ [S`ciVW a_\` “ XK]VYYo_“

mX_K[V_cniKo \]YSaXK “ d\YlOK“ \L\ ˜
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Æ–À �KiVaK ]_KN [K V[aSYYSXacKYl[cn `\L`aNS[[\`al

9(*$ SURGXFW OLQHV DUH JOREDO SURWHFWHG E\ LQGXVWULDO SURSHUW\
ULJKWV� )XUWKHU LQIRUPDWLRQ VHHKWWS���ZZZ�YHJD�FRP�
2QO\ LQ 8�6�$�� )XUWKHU LQIRUPDWLRQ VHH SDWHQW ODEHO DW WKH
VHQVRU KRXVLQJ�

9(*$ 3URGXNWIDPLOLHQ VLQG ZHOWZHLW JHVFKí W]W GXUFK
JHZHUEOLFKH 6FKXW]UHFKWH�
1 ÕKHUH ,QIRUPDWLRQHQ XQWHUKWWS���ZZZ�YHJD�FRP�

/HV OLJQHV GH SURGXLWV 9(*$ VRQW JOREDOHPHQW SURWÚJÚHV SDU
GHV GURLWV GH SURSULÚWÚLQWHOOHFWXHOOH� 3RXU SOXV G
LQIRUPDWLRQV�
RQ SRXUUD VH UÚIÚUHU DX VLWHKWWS���ZZZ�YHJD�FRP�

9(*$ OLQHDV GH SURGXFWRV HVWÒQ SURWHJLGDV SRU ORV GHUHFKRV
HQ HO FDPSR GH OD SURSLHGDG LQGXVWULDO� 3DUD PD\RU
LQIRUPDFLäQ UHYLVH OD SDJLQD ZHEKWWS���ZZZ�YHJD�FRP�

2OTOO VWUKZQ]OO [OWSb ),*' NG`O`GeYXf VU IXLSZ
SOWZ VWGIGSO TG OTYLRRLQYZGRcTZe XUHXYILTTUXYc� +GRc�
TLP_Ze OT[UWSG]Oe XSUYWOYL TG XGPYLKWWS���ZZZ�YHJD�FRP�

9(*$ • • - G ® î ‰1 • k L - É c * >
a † ë g õ } H G × _ �KWWS���ZZZ�YHJD�FRP!>

Æ–Á )\NK_[kW U[KX

�`S V`]\YlUcSZkS dV_ZS[[kS U[KXV “ K aKXTS a\_O\NkS V
dV_ZS[[kS VZS[K oNYona`o `\L`aNS[[\`aln Ve UKX\[[\O\
NYKQSYlfK̄KNa\_K–
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