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?QJFILCO? =IGJILCMCIH ;H> G?MBI> @IK G;HN@;=MNKCHA L;G?( 

;H> G?MBI> @IK G;HN@;=MNKCHA B?M?KI;MIG->IJ?> 

H;HI>C;GIH> 

 

M[Y^d_YWb @_[bZ 5 

T,,,-U 

M^[ fh[i[dj _dl[dj_ed h[bWj[i je Wd [nfbei_l[ Yecfei_j_ed WdZ W c[j^eZ \eh 

fheZkY_d] j^[ iWc[( WdZ W c[j^eZ \eh fheZkY_d] W ^[j[heWjec-Zef[Z dWdeZ_WcedZ* 

 

<WYa]hekdZ ;hj 10 

T,,,.U 

; bkc_d[iY[dj Y[dj[h _d Z_WcedZ _i W dWdei_p[Z Y^[c_YWbbo ijWXb[ \bkeh[iY[dj 

Y^hecef^eh[ WdZ Ze[i dej [n^_X_j Z[]hWZWj_ed( \WZ_d]( eh \b_Ya[h_d] _d l_le( m^_Y^ 

e\j[d eYYkh _d eh]Wd_Y \bkeh[iY[dj( WdZ j^ki _i [nf[Yj[Z Wi fheX[i \eh \bkeh[iY[dY[ 

_cW]_d]* Cd WZZ_j_ed( _d\ehcWj_ed ed if_di e\ [b[Yjhedi [nY_j[Z _d j^[ bkc_d[iY[dj 15 

Y[dj[h YWd X[ iec[j_c[i c[Wikh[Z \hec ekji_Z[( WdZ j^ki j^[ bkc_d[iY[dj Y[dj[h _i 

Wbie [nf[Yj[Z je X[ kj_b_p[Z _d efj_YWbbo Z[j[Yj[Z cW]d[j_Y h[iedWdY[ &I>GK' eh Wi W 

gkWdjkc X_j* 

T,,,/U 

M^[ L_-O Y[dj[h( m^_Y^ _i W jof[ e\ bkc_d[iY[dj Y[dj[h e\ Z_WcedZ( ^Wi W i^Whf 20 

f[Wa YWbb[Z p[he f^eded b[l[b &SJF' _d Wd [c_ii_ed if[Yjhkc &Hed-JWj[dj F_j[hWjkh[ 

-'* 

T,,,0U 

>_WcedZi Zef[Z m_j^ i_b_Yed eh Xehed Wh[ fheZkY[Z Xo =O>( \eh [nWcfb[ 

&JWj[dj >eYkc[dji - je 0'* 25 

T,,,1U 

JWj[dj >eYkc[dj 1 Z[iYh_X[i Wd [nfbei_l[ Yecfei_j_ed \eh Z_WcedZ iodj^[i_i( 

j^[ [nfbei_l[ Yecfei_j_ed YedjW_d_d] ed[ eh jme eh ceh[ ^_]^ f[h\ehcWdY[ 

[nfbei_l[i WdZ Z_WcedZ femZ[h* 

 30 

=_jWj_ed F_ij 

JWj[dj >eYkc[dj 

T,,,2U 

JWj[dj >eYkc[dj -6 DJ .,-0-1,0.10 M 

JWj[dj >eYkc[dj .6 DJ .,,0--32-/. ; 35 

JWj[dj >eYkc[dj /6 DJ .,-4-,32.-2 ; 

JWj[dj >eYkc[dj 06 DJ .,-4-,-.2-. ; 

JWj[dj >eYkc[dj 16 DJ ,.-.0-1/2 ; 
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Hed-JWj[dj F_j[hWjkh[ 

T,,,3U 

Hed-JWj[dj F_j[hWjkh[ -6 ?* H[k [j Wb* ;JJFC?> JBRLC=L F?MM?KL 54( 

.0/-,3 &.,--' 5 

 

LkccWho e\ Cdl[dj_ed 

M[Y^d_YWb JheXb[c 

T,,,4U 

;d eX`[Yj e\ j^[ fh[i[dj _dl[dj_ed _i je fhel_Z[ Wd [nfbei_l[ Yecfei_j_ed 10 

ik_jWXb[ \eh fheZkYj_ed e\ dWdeZ_WcedZi Zef[Z m_j^ W ^[j[heWjec WdZ W fheZkYj_ed 

c[j^eZ j^[h[e\( WdZ W c[j^eZ \eh fheZkY_d] W ^[j[heWjec-Zef[Z dWdeZ_WcedZ* 

 

Lebkj_ed je JheXb[c 

T,,,5U 15 

M^[ fh[i[dj _dl[dj_ed _i je fhel_Z[ Wd [nfbei_l[ Yecfei_j_ed WdZ W c[j^eZ \eh 

fheZkY_d] j^[ iWc[( WdZ W c[j^eZ \eh fheZkY_d] W ^[j[heWjec-Zef[Z dWdeZ_WcedZ( 

Z[iYh_X[Z X[bem* 

Cj[c -* ;d [nfbei_l[ Yecfei_j_ed Yecfh_i_d] Wj b[Wij ed[ [nfbei_l[ WdZ Wj 

b[Wij ed[ ^[j[heWjec YecfekdZ( j^[ ^[j[heWjec YecfekdZ Yecfh_i_d] Wj b[Wij ed[ 20 

^[j[heWjec i[b[Yj[Z \hec j^[ ]hekf Yedi_ij_d] e\ <( J( L_( L( =h( Ld( ;b( A[( F_( HW( E( 

=i( G]( =W( Lh( <W( M_( Sh( O( HX( MW( Ge( P( Gd( H_( =k( ;]( =Z( B]( AW( Cd( Mb( ;i( 

LX( <_( L[( M[( =e( Q[( @( R( WdZ bWdj^Wde_Zi* 

Cj[c .* M^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Cj[c -( m^[h[ j^[ [nfbei_l[ 

Yecfh_i[i Wj b[Wij ed[ i[b[Yj[Z \hec j^[ ]hekf Yedi_ij_d] e\ jh_d_jhejebk[d[ &MHM'( 25 

YoYbejh_c[j^ob[d[ jh_d_jhWc_d[ &^[ne][d( K>Q'( YoYbej[jhWc[j^ob[d[ j[jhWd_jhWc_d[ 

&eYje][d'( jh_d_jhef^[dob c[j^obd_jhWc_d[ &j[jhob'( f[djW[hoj^h_jeb j[jhWd_jhWj[ &J?MH'( 

j[jhWd_jhec[j^Wd[ &MHG'( jh_Wc_de-jh_d_jheX[dp[d[( ^[nWd_jheij_bX[d[( WdZ 

Z_Wc_deZ_d_jheX[dpe\khenWd* 

Cj[c /* M^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Cj[c - eh .( m^[h[ j^[ 30 

^[j[heWjec YecfekdZ _i Wd eh]Wd_Y ^[j[heWjec YecfekdZ* 

Cj[c 0* M^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wdo ed[ e\ Cj[ci - je /( 

Yecfh_i_d] \hec 4, je 55*5555 cWii$ e\ j^[ [nfbei_l[ WdZ \hec ,*,,,- je ., cWii$ 

e\ j^[ ^[j[heWjec YecfekdZ* 

Cj[c 1* M^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wdo ed[ e\ Cj[ci - je 0( m^[h[ 35 

W fWhj_Yb[ i_p[ e\ j^[ [nfbei_l[ WdZ+eh j^[ ^[j[heWjec YecfekdZ _i -, cc eh b[ii* 

Cj[c 2* ; c[j^eZ \eh fheZkY_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wdo 

ed[ e\ Cj[ci - je 1( j^[ c[j^eZ Yecfh_i_d] c_n_d] j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec 
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YecfekdZ Wi W Zho femZ[h( _d W cebj[d ijWj[( eh Xo ki_d] W iebl[dj( WdZ \ehc_d] j^[ 

c_njkh[ Xo fh[ii_d] eh YWij_d]* 

Cj[c 3* M^[ c[j^eZ \eh fheZkY_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je 

Cj[c 2( m^[h[ j^[ [nfbei_l[ Yecfei_j_ed _i fheZkY[Z Xo c_n_d] j^[ [nfbei_l[ WdZ+eh 

j^[ ^[j[heWjec YecfekdZ ^Wl_d] W fWhj_Yb[ i_p[ e\ -, cc eh b[ii Wi W Zho femZ[h eh 5 

_d W cebj[d ijWj[* 

Cj[c 4* ; c[j^eZ \eh fheZkY_d] W ^[j[heWjec-Zef[Z dWdeZ_WcedZ( j^[ c[j^eZ 

Yecfh_i_d] [nfbeZ_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wdo ed[ e\ Cj[ci - je 1 

_d W i[Wb[Z YedjW_d[h* 

 10 

;ZlWdjW][eki ?\\[Yji e\ Cdl[dj_ed 

T,,-,U 

<o ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ 

fh[i[dj _dl[dj_ed( dWdeZ_WcedZi Zef[Z m_j^ Wj b[Wij ed[ ^[j[heWjec Xo Z[jedWj_ed 

YWd X[ eXjW_d[Z* 15 

 

<h_[\ >[iYh_fj_ed e\ >hWm_d]i 

T,,--U 

@CA* -&W' _i W 3/4 dc Xh_]^jd[ii _cW]_d] e\ i_b_Yed-Zef[Z dWdeZ_WcedZi 

eXjW_d[Z Xo ki_d] jh_f^[dobi_bWdeb Wi W i_b_Yed YecfekdZ _d Wd WZZ_j_ed Wcekdj( _d 20 

j[hci e\ Wd [nj[hdWb fhefehj_ed( e\ - cWii$* @CA* -&X' _i W \bkeh[iY[dY[ c[Wikh[c[dj 

h[ikbj e\ j^[ Xh_]^jd[ii e\ @CA* -&W'* @CA* -&=' _i Wd QK> c[Wikh[c[dj h[ikbj e\ W 

iWcfb[ W\j[h c_n[Z WY_Z WdZ WbaWb_ jh[Wjc[dji* Cd @CA* -&X'( W i_Z[XWdZ &i^ekbZ[h 

f[Wa' e\ \bkeh[iY[dY[ _i fh[i[dj WhekdZ 31, dc7 ^em[l[h( j^_i i_Z[XWdZ c_]^j dej X[ 

fh[i[dj Z[f[dZ_d] ed j^[ iWcfb[* 25 

 

>[iYh_fj_ed e\ ?cXeZ_c[dji 

T,,-.U 

M^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj 

_dl[dj_ed YedjW_di Wj b[Wij ed[ [nfbei_l[ WdZ Wj b[Wij ed[ ^[j[heWjec YecfekdZ* 30 

T,,-/U 

M^[ [nfbei_l[ _i dej fWhj_YkbWhbo b_c_j[Z( WdZ ademd [nfbei_l[i YWd X[ m_Z[bo 

ki[Z* Lf[Y_\_Y [nWcfb[i j^[h[e\ _dYbkZ[ jh_d_jhejebk[d[ &MHM'( YoYbejh_c[j^ob[d[ 

jh_d_jhWc_d[ &^[ne][d( K>Q'( YoYbej[jhWc[j^ob[d[ j[jhWd_jhWc_d[ &eYje][d'( 

jh_d_jhef^[dob c[j^obd_jhWc_d[ &j[jhob'( f[djW[hoj^h_jeb j[jhWd_jhWj[ &J?MH'( 35 

j[jhWd_jhec[j^Wd[ &MHG'( jh_Wc_de-jh_d_jheX[dp[d[( ^[nWd_jheij_bX[d[( WdZ 

Z_Wc_deZ_d_jheX[dpe\khenWd* M^[i[ [nfbei_l[i YWd X[ ki[Z i_d]bo( eh _d W YecX_dWj_ed 

e\ jme eh ceh[* 
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T,,-0U 

M^[ ^[j[heWjec YecfekdZ _i W YecfekdZ YedjW_d_d] Wj b[Wij ed[ ^[j[heWjec 

&Wd Wjec ej^[h j^Wd YWhXed' WdZ cWo X[ Wd eh]Wd_Y YecfekdZ eh Wd _deh]Wd_Y 

YecfekdZ* 

T,,-1U 5 

M^[ ^[j[heWjec _i i[b[Yj[Z \hec j^[ ]hekf Yedi_ij_d] e\ <( J( L_( L( =h( Ld( ;b( 

A[( F_( HW( E( =i( G]( =W( Lh( <W( M_( Sh( O( HX( MW( Ge( P( Gd( H_( =k( ;]( =Z( B]( 

AW( Cd( Mb( ;i( LX( <_( L[( M[( =e( Q[( @( R( WdZ bWdj^Wde_Zi( fh[\[hWXbo i[b[Yj[Z \hec 

j^[ ]hekf Yedi_ij_d] e\ L_( A[( Ld( <( J( H_( M_( =e( Q[( =h( P( MW( Sh( ;]( WdZ 

bWdj^Wde_Zi( WdZ \khj^[h fh[\[hWXbo i[b[Yj[Z \hec j^[ ]hekf Yedi_ij_d] e\ L_( A[( Ld( 10 

<( J( H_( M_( =e( Q[( =h( P( MW( Sh( WdZ ;]* 

T,,-2U 

M^[ ^[j[heWjec YecfekdZi if[Y_\_YWbbo [n[cfb_\_[Z X[bem Wh[ c[h[ 

[nWcfb[i( WdZ fkXb_Ybo ademd ^[j[heWjec YecfekdZi YWd X[ m_Z[bo ki[Z* 

T,,-3U 15 

Cd j^[ YWi[ m^[h[ j^[ ^[j[heWjec _i i_b_Yed( [nWcfb[i e\ j^[ eh]Wd_Y i_b_Yed 

YecfekdZ _dYbkZ[ j^[ \ebbem_d]6 

r i_bWd[ ^Wl_d] W bem[h Wbaob ]hekf( ikY^ Wi WY[jenojh_c[j^obi_bWd[( 

Z_WY[jenoZ_c[j^obi_bWd[( jh_WY[jenoc[j^obi_bWd[( WY[jenojh_[j^obi_bWd[( 

Z_WY[jenoZ_[j^obi_bWd[( jh_WY[jeno[j^obi_bWd[( WY[jenojh_fhefobi_bWd[( 20 

c[j^enojh_c[j^obi_bWd[( Z_c[j^enoZ_c[j^obi_bWd[( jh_c[j^enoc[j^obi_bWd[( 

[j^enojh_c[j^obi_bWd[( Z_[j^enoZ_c[j^obi_bWd[( jh_[j^enoc[j^obi_bWd[( 

[j^enojh_[j^obi_bWd[( Z_[j^enoZ_[j^obi_bWd[( jh_[j^eno[j^obi_bWd[( WdZ 

jh_c[j^obf^[denoi_bWd[7 

T,,-4U 25 

r i_bWd[ ^Wl_d] W ^Wbe][d Wjec( ikY^ Wi jh_Y^behec[j^obi_bWd[( 

Z_Y^beheZ_c[j^obi_bWd[( Y^behejh_c[j^obi_bWd[( jh_Y^behe[j^obi_bWd[( 

Z_Y^beheZ_[j^obi_bWd[( Y^behejh_[j^obi_bWd[( jh_Y^behef^[dobi_bWd[( 

Z_Y^beheZ_f^[dobi_bWd[( Y^behejh_f^[dobi_bWd[( Z_Y^beheZ_f^[dobi_bWd[( 

Z_Y^behec[j^obf^[dobi_bWd[( Z_Y^behe[j^obf^[dobi_bWd[( Y^beheZ_\bkehec[j^obi_bWd[( 30 

Z_Y^behe\bkehec[j^obi_bWd[( Y^behe\bkeheZ_c[j^obi_bWd[( Y^behe[j^obZ_\bkehei_bWd[( 

Z_Y^behe[j^ob\bkehei_bWd[( Y^beheZ_\bkehefhefobi_bWd[( Z_Y^behe\bkehefhefobi_bWd[( 

jh_\bkehec[j^obi_bWd[( Z_\bkeheZ_c[j^obi_bWd[( \bkehejh_c[j^obi_bWd[( 

[j^objh_\bkehei_bWd[( Z_[j^obZ_\bkehei_bWd[( jh_[j^ob\bkehei_bWd[( jh_\bkehefhefobi_bWd[( 

\bkehejh_fhefobi_bWd[( jh_\bkehef^[dobi_bWd[( Z_\bkeheZ_f^[dobi_bWd[( 35 

\bkehejh_f^[dobi_bWd[( jh_Xhecec[j^obi_bWd[( Z_XheceZ_c[j^obi_bWd[( 

Xhecejh_c[j^obi_bWd[( Xhecejh_[j^obi_bWd[( Xhecejh_fhefobi_bWd[( 

Z_XheceZ_f^[dobi_bWd[( WdZ Xhecejh_f^[dobi_bWd[7 
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T,,-5U 

r feboi_bWd[( ikY^ Wi ^[nWc[j^obZ_i_bWd[( ^[nW[j^obZ_i_bWd[( 

^[nWfhefobZ_i_bWd[( ^[nWf^[dobZ_i_bWd[( WdZ eYjWf^[dobYoYbej[jhWi_bWd[7 

r i_bWpWd[( ikY^ Wi jh_[j^obi_bWpWd[( jh_fhefobi_bWpWd[( jh_f^[dobi_bWpWd[( 

^[nWc[j^obZ_i_bWpWd[( ^[nW[j^obZ_i_bWpWd[( ^[nWf^[dobZ_i_bWpWd[( 5 

^[nWc[j^obYoYbejh_i_bWpWd[( eYjWc[j^obYoYbej[jhWi_bWpWd[( ^[nW[j^obYoYbejh_i_bWpWd[( 

eYjW[j^obYoYbej[jhWi_bWpWd[( WdZ ^[nWf^[dobYoYbejh_i_bWpWd[7 

r WhecWj_Y i_bWd[ _d m^_Y^ W i_b_Yed Wjec _i _dYehfehWj[Z _d Wd WhecWj_Y h_d]( 

ikY^ Wi i_bWX[dp[d[ WdZ Z_i_bWX[dp[d[7 

r ^oZheno ]hekf-YedjW_d_d] i_bWd[( ikY^ Wi jh_c[j^obi_bWdeb( 10 

Z_c[j^obf^[dobi_bWdeb( jh_[j^obi_bWdeb( Z_[j^obi_bWd[Z_eb( jh_fhefobi_bWdeb( 

Z_fhefobi_bWd[Z_eb( jh_f^[dobi_bWdeb( WdZ Z_f^[dobi_bWd[Z_eb7 

T,,.,U 

r Wbaob- eh Whob-ikXij_jkj[Z i_bWd[( ikY^ Wi j[jhWc[j^obi_bWd[( 

[j^objh_c[j^obi_bWd[( jh_c[j^obfhefobi_bWd[( jh_c[j^obf^[dobi_bWd[( 15 

Z_[j^obZ_c[j^obi_bWd[( jh_[j^obc[j^obi_bWd[( c[j^objh_f^[dobi_bWd[( j[jhW[j^obi_bWd[( 

jh_[j^obf^[dobi_bWd[( Z_[j^obZ_f^[dobi_bWd[( [j^objh_f^[dobi_bWd[( WdZ 

j[jhWf^[dobi_bWd[7 

r YWhXenob ]hekf-YedjW_d_d] i_bWd[( ikY^ Wi jh_f^[dobi_bobYWhXenob_Y WY_Z( 

jh_c[j^obi_bob WY[j_Y WY_Z( jh_c[j^obi_bobfhef_ed_Y WY_Z( WdZ jh_c[j^obi_bobXkjoh_Y WY_Z7 20 

T,,.-U 

r i_benWd[( ikY^ Wi ^[nWc[j^obZ_i_benWd[( ^[nW[j^obZ_i_benWd[( 

^[nWfhefobZ_i_benWd[( WdZ ^[nWf^[dobZ_i_benWd[7 

r i_bWd[ ^Wl_d] Wd Wbaob ]hekf eh Wd Whob ]hekf WdZ W ^oZhe][d Wjec( ikY^ Wi 

c[j^obi_bWd[( Z_c[j^obi_bWd[( jh_c[j^obi_bWd[( Z_[j^obi_bWd[( jh_[j^obi_bWd[( 25 

jh_fhefobi_bWd[( Z_f^[dobi_bWd[( WdZ jh_f^[dobi_bWd[7 WdZ 

r j[jhWa_i&Y^behec[j^ob'i_bWd[( j[jhWa_i&^oZhenoc[j^ob'i_bWd[( 

j[jhWa_i&jh_c[j^obi_bob'i_bWd[( j[jhWa_i&jh_c[j^obi_bob'c[j^Wd[( 

j[jhWa_i&Z_c[j^obi_bWdebob'i_bWd[( j[jhWa_i&jh_&^oZhenoc[j^ob'i_bob'i_bWd[( WdZ 

j[jhWa_i&d_jhWj[c[j^ob'i_bWd[* 30 

T,,..U 

?nWcfb[i e\ j^[ _deh]Wd_Y i_b_Yed YecfekdZ _dYbkZ[ i_b_Yed en_Z[( i_b_Yed 

enod_jh_Z[( i_b_Yed d_jh_Z[( i_b_Yed enoYWhX_Z[( i_b_Yed d_jheYWhX_Z[( i_bWd[( WdZ YWhXed 

cWj[h_Wbi Zef[Z m_j^ i_b_Yed* ?nWcfb[i e\ j^[ YWhXed cWj[h_Wb Zef[Z m_j^ i_b_Yed 

_dYbkZ[ XbWYa b[WZ( ]hWf^_j[( WYj_l[ YWhXed( YWhXed XbWYa( a[j`[d XbWYa( Yea[( ie\j 35 

YWhXed( ^WhZ YWhXed( WY[job[d[ XbWYa( YWhXed \_X[hi( WdZ c[iefeheki YWhXed* 

T,,./U 
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?nWcfb[i e\ j^[ Xehed YecfekdZi _dYbkZ[ _deh]Wd_Y Xehed YecfekdZi WdZ 

eh]Wd_Y Xehed YecfekdZi* 

T,,.0U 

?nWcfb[i e\ j^[ _deh]Wd_Y Xehed YecfekdZ _dYbkZ[ ehj^eXeh_Y WY_Z( Z_Xehed 

Z_en_Z[( Z_Xehed jh_en_Z[( j[jhWXehed jh_en_Z[( j[jhWXehed f[djen_Z[( Xehed jh_Xhec_Z[( 5 

j[jhW\bkeheXeh_Y WY_Z( Wcced_kc XehWj[( WdZ cW]d[i_kc XehWj[* 

T,,.1U 

?nWcfb[i e\ j^[ eh]Wd_Y Xehed YecfekdZ _dYbkZ[ jh_[j^obXehWd[( 

&K'-1(1-Z_f^[dob-.-c[j^ob-/(0-fhefWde--(/(.-enWpWXeheb_Z_d[( jh__iefhefob XehWj[( 

.-_iefhefeno-0(0(1(1-j[jhWc[j^ob--(/(.-Z_enWXehebWd[( X_i&^[nob[d[ 10 

]boYebWje'Z_Xehed( 0-&0(0(1(1-j[jhWc[j^ob--(/(.-Z_enWXehebWd-.-ob'--B-fohWpeb[( 

j[hj-Xkjob-H-T0-&0(0(1(1-j[jhWc[j^ob--(.(/-Z_enWXehebWd-.-ob'f^[dobUYWhXWcWj[( 

f^[dobXehed_Y WY_Z( /-WY[jobf^[dobXehed_Y WY_Z( Xehed jh_\bkeh_Z[-WY[j_Y WY_Z 

Yecfb[n( Xehed jh_\bkeh_Z[-ikb\ebWd[ Yecfb[n( .-j^_ef^[d[Xehed_Y WY_Z( WdZ 

jh_i&jh_c[j^obi_bob' XehWj[* 15 

T,,.2U 

?nWcfb[i e\ j^[ f^eif^ehki YecfekdZi _dYbkZ[ _deh]Wd_Y f^eif^ehki 

YecfekdZi WdZ eh]Wd_Y f^eif^ehki YecfekdZi* ?nWcfb[i e\ j^[ _deh]Wd_Y 

f^eif^ehki YecfekdZ _dYbkZ[ Wcced_kc febof^eif^Wj[* 

T,,.3U 20 

?nWcfb[i e\ j^[ eh]Wd_Y f^eif^ehki YecfekdZ _dYbkZ[ f^eif^Wj[i( ikY^ Wi 

jh_c[j^ob f^eif^Wj[( jh_[j^ob f^eif^Wj[( jh_fhefob f^eif^Wj[( jh_Xkjob f^eif^Wj[( 

jh_f[djob f^eif^Wj[( jh_^[nob f^eif^Wj[( Z_c[j^ob[j^ob f^eif^Wj[( c[j^obZ_Xkjob 

f^eif^Wj[( [j^obZ_fhefob f^eif^Wj[( .-[j^ob^[nobZ_&f-jebob' f^eif^Wj[( 

X_i&.-[j^ob^[nob'f-jebob f^eif^Wj[( jh_jebobf^eif^Wj[( Z_&ZeZ[Yob'f-jebob f^eif^Wj[( 25 

jh_i&.-Xkjeno[j^ob'f^eif^Wj[( jh_YoYbe^[nob f^eif^Wj[( jh_f^[dob f^eif^Wj[( 

[j^obZ_f^[dob f^eif^Wj[( Z_Xkjobf^[dob f^eif^Wj[( f^[dobX_iZeZ[Yob f^eif^Wj[( 

Yh[iobZ_f^[dob f^eif^Wj[( jh_Yh[iob f^eif^Wj[( f-jebobX_i&.(1(1%-jh_c[j^ob^[nob' 

f^eif^Wj[( Yh[iob-.(2-nob[dob f^eif^Wj[( jh_nob[dob f^eif^Wj[( 

^oZhenof^[dobZ_f^[dob f^eif^Wj[( jh_i&j-Xkjobf^[dob' f^eif^Wj[( jh_i&_-fhefobf^[dob' 30 

f^eif^Wj[( .-[j^ob^[nobZ_f^[dob f^eif^Wj[( X_i&.-[j^ob^[nob'f^[dob f^eif^Wj[( 

jh_&dedobf^[dob' f^eif^Wj[( WdZ f^[dob X_id[ef[djob f^eif^Wj[7 

YedZ[di[Z f^eif^Wj[i( ikY^ Wi -(/-f^[dob[d[ X_i&Z_f^[dob f^eif^Wj['( 

-(0-f^[dob[d[ X_i&Z_nob[dob f^eif^Wj['( -(/-f^[dob[d[ X_i&/(1(1%-jh_c[j^ob^[nob 

f^eif^Wj['( X_if^[deb ; X_i&Z_f^[dob f^eif^Wj['( 0(0%-X_f^[dob X_i&Z_nob[dob 35 

f^eif^Wj['( WdZ -(/(1-f^[dob[d[ jh_i&Z_nob[dob f^eif^Wj['( 

f^eif^_j[i( ikY^ Wi jh_c[j^ob f^eif^_j[( jh_[j^ob f^eif^_j[( jh_f^[dob 

f^eif^_j[( WdZ jh_Yh[iob f^eif^_j[7 WdZ 
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f^eif^_j[i( ikY^ Wi -(/-f^[dob[d[ X_i&Z_f^[dob f^eif^_j['( -(/-f^[dob[d[ 

X_i&Z_nob[dob f^eif^_j['( -(0-f^[dob[d[ X_i&/(1(1%-jh_c[j^ob^[nob f^eif^_j['( 

X_if^[deb ; X_i&Z_f^[dob f^eif^_j['( 0(0%-X_f^[dob X_i&Z_nob[dob f^eif^_j['( WdZ 

-(/(1-f^[dob[d[ jh_i&Z_nob[dob f^eif^_j['* 

T,,.4U 5 

?nWcfb[i e\ j^[ ][hcWd_kc YecfekdZ _dYbkZ[ eh]Wd_Y ][hcWd_kc 

YecfekdZi( ikY^ Wi c[j^ob][hcWd[( [j^ob][hcWd[( jh_c[j^ob][hcWd_kc c[j^en_Z[( 

Z_c[j^ob][hcWd_kc Z_WY[jWj[( jh_Xkjob][hcWd_kc WY[jWj[( j[jhWc[j^eno][hcWd_kc( 

j[jhW[j^eno][hcWd_kc( _ieXkjob][hcWd[( Wbaob][hcWd_kc jh_Y^beh_Z[( WdZ 

Z_c[j^obWc_de][hcWd_kc jh_Y^beh_Z[( ][hcWd_kc Yecfb[n[i( ikY^ Wi d_jhejh_f^[deb 10 

Yecfb[n &A[.&djf'.I'( YWj[Y^eb Yecfb[n &A[&YWj'.' eh Wc_defoh[d[ Yecfb[n 

&A[.&Wf'.=b.( WdZ ][hcWd_kc Wbaen_Z[( ikY^ Wi ][hcWd_kc [j^en_Z[ WdZ ][hcWd_kc 

j[jhWXkjen_Z[* 

T,,.5U 

?nWcfb[i e\ j^[ j_d YecfekdZ _dYbkZ[ _deh]Wd_Y j_d YecfekdZi( ikY^ Wi 15 

j_d&CC' en_Z[( j_d&CO' en_Z[( j_d&CC' ikb\_Z[( j_d&CO' ikb\_Z[( j_d&CC' Y^beh_Z[( j_d&CO' 

Y^beh_Z[( j_d&CC' Xhec_Z[( j_d&CC' \bkeh_Z[( j_d WY[jWj[( WdZ j_d ikb\Wj[( Wbaob j_d 

YecfekdZi( ikY^ Wi j[jhWc[j^obj_d( cedeWbaobj_d en_Z[ YecfekdZi( ikY^ Wi 

cedeXkjobj_d en_Z[( Z_Wbaobj_d en_Z[ YecfekdZi( ikY^ Wi Z_Xkjobj_d en_Z[( Whobj_d 

YecfekdZi( ikY^ Wi j[jhWf^[dobj_d( WdZ eh]Wd_Y j_d YecfekdZi( ikY^ Wi Z_c[j^obj_d 20 

cWb[Wj[( ^oZhenoXkjobj_d en_Z[( WdZ cedeXkjobj_d jh_i&.-[j^ob^[nWdeWj['* 

T,,/,U 

?nWcfb[i e\ j^[ d_Ya[b YecfekdZ _dYbkZ[ Z_lWb[dj d_Ya[b ^Wb_Z[i( ikY^ Wi 

d_Ya[b&CC' Y^beh_Z[( d_Ya[b&CC' Xhec_Z[( WdZ d_Ya[b&CC' _eZ_Z[( _deh]Wd_Y d_Ya[b 

YecfekdZi( ikY^ Wi d_Ya[b&CC' WY[jWj[ WdZ d_Ya[b&CC' YWhXedWj[( WdZ eh]Wd_Y d_Ya[b 25 

YecfekdZi( ikY^ Wi d_Ya[b X_i&[j^ob WY[jeWY[jWj[' WdZ d_Ya[b X_i&WY[jobWY[jedWj['* 

T,,/-U 

?nWcfb[i e\ j^[ j_jWd_kc YecfekdZ _dYbkZ[ _deh]Wd_Y j_jWd_kc YecfekdZi( 

ikY^ Wi j_jWd_kc Z_en_Z[( j_jWd_kc d_jh_Z[( ijhedj_kc j_jWdWj[( XWh_kc j_jWdWj[( WdZ 

fejWii_kc j_jWdWj[7 j[jhWWbaeno j_jWd_kc( ikY^ Wi j[jhW[j^eno j_jWd_kc( j[jhW_iefhefeno 30 

j_jWd_kc( WdZ j[jhWXkjobeno j_jWd_kc7 WdZ eh]Wd_Y j_jWd_kc YecfekdZi( ikY^ Wi 

j[jhW[j^ob[d[ ]boYeb j_jWdWj[( Z_-d-Xkjob X_i&jh_[j^WdebWc_d[' j_jWdWj[( Z_-_iefhefeno 

j_jWd_kc X_i&WY[jobWY[jedWj['( _iefhefeno j_jWd_kc eYjWdeWj[( _iefhefob j_jWd_kc 

jh_c[j^WYhobWj[( _iefhefob j_jWd_kc jh_WYhobWj[( _iefhefob jh__ieij[Wheob j_jWdWj[( 

_iefhefob jh_Z[YobX[dp[d[ikb\edob j_jWdWj[( _iefhefob jh_i&Xkjobc[j^obfohef^eif^Wj[' 35 

j_jWdWj[( j[jhW_iefhefob Z_&Z_bWkhobf^eif^_j[' j_jWdWj[( Z_c[j^WYhobeno WY[jWj[ j_jWdWj[( 

Z_WYhobeno WY[jWj[ j_jWdWj[( Z_&Z_eYjobf^eif^Wj['[j^ob[d[ j_jWdWj[( _iefhefeno j_jWd_kc 

jh_&Z_eYjobf^eif^Wj['( _iefhefob jh_i&Z_eYjobfohef^eif^Wj[' j_jWdWj[( j[jhW_iefhefob 
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X_i&Z_eYjobf^eif^_j[' j_jWdWj[( j[jhWeYjob X_i&Z_jh_Z[Yobf^eif^_j[' j_jWdWj[( 

j[jhW&.(.-Z_Wbbobenoc[j^ob---Xkjob' X_i&Z_-jh_Z[Yob'f^eif^_j[ j_jWdWj[( 

X_i&Z_eYjobfohef^eif^Wj['enoWY[jWj[ j_jWdWj[( jh_i&Z_eYjobfohef^eif^Wj['[j^ob[d[ 

j_jWdWj[( _iefhefobjh_-d-ZeZ[YobX[dp[d[ ikb\edob j_jWdWj[( _iefhefobjh_eYjWdeob j_jWdWj[( 

_iefhefobZ_c[j^WYhobeob _ieij[Wheob j_jWdWj[( _iefhefob_ieij[WheobZ_WYhob j_jWdWj[( 5 

_iefhefobjh_&Z_eYjobf^eif^Wj[' j_jWdWj[( _iefhefobjh_Ykcobf^[dob j_jWdWj[( WdZ 

_iefhefobjh_&H-Wc_de[j^ob-Wc_de[j^ob' j_jWdWj[* 

T,,/.U 

?nWcfb[i e\ j^[ YeXWbj YecfekdZ _dYbkZ[ _deh]Wd_Y YeXWbj YecfekdZi( ikY^ 

Wi YeXWbj iWbji e\ _deh]Wd_Y WY_Zi( YeXWbj ^Wb_Z[i( YeXWbj en_Z[( YeXWbj ^oZhen_Z[( 10 

Z_YeXWbj eYjWYWhXedob( YeXWbj ^oZhe][d j[jhWYWhXedob( j[jhWYeXWbj ZeZ[YWYWhXedob( WdZ 

Wbaob_Zod[ jh_YeXWbj dedWYWhXedob7 YeXWbj iWbji e\ eh]Wd_Y WY_Zi &[*]*( WY[jWj[( 

fhef_edWj[( YoWd_Z[i( dWf^j^[dWj[( WdZ ij[WhWj[7 Wbaob ikb\edWj[i &[*]*( =2--4 

Wbaobikb\edWj[i'( ikY^ Wi c[j^Wd[ikb\edWj[( [j^Wd[ikb\edWj[( eYjWd[ikb\edWj[( WdZ 

ZeZ[YWd[ikb\edWj[7 Whob ikb\edWj[i j^Wj cWo X[ ikXij_jkj[Z m_j^ Wd Wbaob ]hekf &[*]*( 15 

=2--4 Wbaob-Whob ikb\edWj[i'( ikY^ Wi X[dp[d[ikb\edWj[( f-jebk[d[ikb\edWj[( dWf^j^Wb[d[ 

ikb\edWj[( Z[YobX[dp[d[ ikb\edWj[( WdZ ZeZ[YobX[dp[d[ ikb\edWj['( ikY^ Wi YeXWbj 

jh_i&WY[jobWY[jWj['( WdZ YeXWbj jh_i&WY[jobWY[jedWj['7 WdZ eh]Wd_Y YeXWbj Yecfb[n[i* 

?nWcfb[i e\ j^[ b_]WdZ Yedij_jkj_d] W Yecfb[n _dYbkZ[ ^oZheno &IB'( Wbaeno &[*]*( 

c[j^eno( [j^eno( fhefeno( WdZ Xkjeno'( WYob &[*]*( WY[job WdZ fhef_edob'( 20 

Wbaeno (YWhXedob &[*]*( c[j^eno YWhXedob WdZ [j^eno YWhXedob'( WY[jobWY[jedWj[( W 

YoYbef[djWZ_[dob ]hekf( ^Wbe][d Wjeci &[*]*( Y^beh_d[ WdZ Xhec_d['( =I( =H( Wd 

eno][d Wjec( Wgke &B.I'( f^eif^ehki YecfekdZi ikY^ Wi f^eif^_d[ &[*]*( jh_Whob 

f^eif^_d[i( ikY^ Wi jh_f^[dobf^eif^_d['( WdZ d_jhe][d-YedjW_d_d] YecfekdZi( ikY^ Wi 

Wcc_d[ &HB/'( HI( d_jhe &HI.'( d_jhWje &HI/'( [j^ob[d[Z_Wc_d[( Z_[j^ob[d[jh_Wc_d[( 25 

foh_Z_d[( WdZ f^[dWdj^heb_d[* 

T,,//U 

?nWcfb[i e\ j^[ n[ded YecfekdZ _dYbkZ[ \bkeh_Z[i ikY^ Wi Q[@.( Q[@0( Q[@2( 

Q[I@.( Q[I@0( WdZ Q[I.@0( en_Z[i ikY^ Wi Q[I/ WdZ Q[I0( n[d_Y WY_Z Q[&IB'2 WdZ 

_ji iWbj <W/Q[I2( f[hn[d_Y WY_Z B0Q[I2 WdZ _ji iWbj HW0Q[I2( Yecfb[n[i m_j^ c[jWb 30 

YWhXedob G&=I'1Q[ &G 8 =h( Ge( P'( WdZ ^oZhWj[i* 

T,,/0U 

?nWcfb[i e\ j^[ Y^hec_kc YecfekdZ _dYbkZ[ Y^hec_kc WY[jobWY[jed[ 

Yecfb[n[i( ikY^ Wi WY[jobWY[jed[ Y^hec_kc7 Y^hec_kc Wbaen_Z[( ikY^ Wi 

Y^hec_kc&CCC' _iefhefen_Z[7 eh]Wd_Y WY_Z Y^hec_kc( ikY^ Wi Y^hec_kc&CC' WY[jWj[ 35 

WdZ Y^hec_kc&CCC' WY[jWj[ ^oZhen_Z[7 eh]Wd_Y Y^hec_kc YecfekdZi( ikY^ Wi 

jh_i&Wbbob' Y^hec_kc( jh_i&c[j^Wbbob' Y^hec_kc( jh_i&Yhejob' Y^hec_kc( 

X_i&YoYbef[djWZ_[dob' Y^hec_kc &_*[* Y^heceY[d['( X_i&f[djWc[j^obYoYbef[djWZ_[dob' 
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Y^hec_kc &_*[* Z[YWc[j^obY^heceY[d['( X_i&X[dp[d[' Y^hec_kc( X_i&[j^obX[dp[d[' 

Y^hec_kc( X_i&c[i_job[d[' Y^hec_kc( X_i&f[djWZ_[dob' Y^hec_kc( 

X_i&.(0-Z_c[j^obf[djWZ_[dob' Y^hec_kc( X_i&Wbbob'jh_YWhXedob Y^hec_kc( 

&YoYbef[djWZ_[dob'&f[djWZ_[dob' Y^hec_kc( j[jhW&--dehXehdob' Y^hec_kc( 

&jh_c[j^ob[d[c[j^Wd['j[jhWYWhXedob Y^hec_kc( X_i&XkjWZ_[d['Z_YWhXedob Y^hec_kc( 5 

&XkjWZ_[d['j[jhWYWhXedob Y^hec_kc( WdZ X_i&YoYbeeYjWj[jhW[d[' Y^hec_kc* 

T,,/1U 

?nWcfb[i e\ j^[ jkd]ij[d YecfekdZ _dYbkZ[ _deh]Wd_Y jkd]ij[d YecfekdZi( 

ikY^ Wi jkd]ij[d jh_en_Z[( Wcced_kc jkd]ijWj[( WdZ ieZ_kc jkd]ijWj[7 WdZ eh]Wd_Y 

jkd]ij[d YecfekdZi( ikY^ Wi jkd]ij[d Yecfb[n[i YeehZ_dWj[Z m_j^ Xehed Wjeci( ikY^ 10 

Wi ed[ YeehZ_dWj[Z m_j^ [j^obXehob[j^ob_Z[d[ b_]WdZi7 jkd]ij[d Yecfb[n[i YeehZ_dWj[Z 

m_j^ YWhXed Wjeci( ikY^ Wi ed[ YeehZ_dWj[Z m_j^ YWhXedob b_]WdZi( YoYbef[djWZ_[dob 

b_]WdZi( Wbaob ]hekf b_]WdZi( WdZ eb[\_d-XWi[Z b_]WdZi7 jkd]ij[d Yecfb[n[i 

YeehZ_dWj[Z m_j^ d_jhe][d Wjeci( ikY^ Wi ed[ YeehZ_dWj[Z m_j^ foh_Z_d[ b_]WdZi WdZ 

WY[jed_jh_b[ b_]WdZi7 jkd]ij[d Yecfb[n[i YeehZ_dWj[Z m_j^ f^eif^ehki Wjeci( ikY^ Wi 15 

ed[ YeehZ_dWj[Z m_j^ f^eif^_d[ b_]WdZi WdZ f^eif^_j[ b_]WdZi7 WdZ jkd]ij[d 

Yecfb[n[i YeehZ_dWj[Z m_j^ ikb\kh Wjeci( ikY^ Wi ed[ YeehZ_dWj[Z m_j^ Z_[j^ob 

YWhXWceZ_j^_eWje b_]WdZi* 

T,,/2U 

?nWcfb[i e\ j^[ j^Wbb_kc YecfekdZ _dYbkZ[ _deh]Wd_Y j^Wbb_kc YecfekdZi( 20 

ikY^ Wi j^Wbb_kc d_jhWj[( j^Wbb_kc ikb\Wj[( j^Wbb_kc \bkeh_Z[( j^Wbb_kc Y^beh_Z[( j^Wbb_kc 

Xhec_Z[( WdZ j^Wbb_kc _eZ_Z[7 eh]Wd_Y j^Wbb_kc YecfekdZi( ikY^ Wi jh_Wbaob j^Wbb_kc( 

ikY^ Wi jh_c[j^ob j^Wbb_kc( jh_[j^ob j^Wbb_kc( WdZ jh__ieXkjob j^Wbb_kc7 Whob j^Wbb_kc( 

ikY^ Wi Z_Wbaob j^Wbb_kc ^Wb_Z[( Wba[dob Z_Wbaob j^Wbb_kc( Wbaodob Z_Wbaob j^Wbb_kc( 

jh_f^[dob j^Wbb_kc( WdZ jh_jebob j^Wbb_kc7 Z_Whob j^Wbb_kc ^Wb_Z[( j^Wbb_kc 25 

.-[j^ob^[nWdeWj[( j^Wbb_kc cWbedWj[( j^Wbb_kc \ehcWj[( j^Wbb_kc [j^en_Z[( WdZ 

j^Wbb_kc WY[jobWY[jedWj[* 

T,,/3U 

?nWcfb[i e\ j^[ p_hYed_kc YecfekdZ _dYbkZ[ _deh]Wd_Y p_hYed_kc 

YecfekdZi( ikY^ Wi p_hYed_kc d_jhWj[( p_hYed_kc ikb\Wj[( p_hYed_kc YWhXedWj[( 30 

p_hYed_kc ^oZhen_Z[( p_hYed_kc \bkeh_Z[( p_hYed_kc Y^beh_Z[( p_hYed_kc Xhec_Z[( WdZ 

p_hYed_kc _eZ_Z[7 WdZ eh]Wd_Y p_hYed_kc YecfekdZi( ikY^ Wi p_hYed_kc d-fhefen_Z[( 

p_hYed_kc d-Xkjen_Z[( p_hYed_kc j-Xkjen_Z[( p_hYed_kc _iefhefen_Z[( p_hYed_kc 

[j^en_Z[( p_hYedob WY[jWj[( p_hYed_kc WY[jobWY[jedWj[( p_hYed_kc 

XkjenoWY[jobWY[jedWj[( p_hYed_kc X_iWY[jobWY[jedWj[( p_hYed_kc [j^obWY[jeWY[jWj[( 35 

p_hYed_kc WY[jobWY[jedWj[ X_i[j^obWY[jeWY[jWj[( p_hYed_kc ^[nW\bkeheWY[jobWY[jedWj[( 

WdZ p_hYed_kc jh_\bkeheWY[jobWY[jedWj[* 

T,,/4U 



WO 2020/195998 A9  PCT/JP2020/011338 

 10 

?nWcfb[i e\ j^[ i_bl[h YecfekdZ _dYbkZ[ eh]Wd_Y i_bl[h YecfekdZi( ikY^ Wi 

i_bl[h WY[jWj[( i_bl[h f_lWbWj[( i_bl[h jh_\bkehec[j^Wd[ikb\edWj[( WdZ i_bl[h X[dpeWj[7 

WdZ _deh]Wd_Y i_bl[h YecfekdZi( ikY^ Wi i_bl[h d_jhWj[( i_bl[h \bkeh_Z[( i_bl[h Y^beh_Z[( 

i_bl[h Xhec_Z[( i_bl[h _eZ_Z[( i_bl[h ikb\Wj[( i_bl[h en_Z[( i_bl[h ikb\_Z[( i_bl[h 

j[jhW\bkeheXehWj[( i_bl[h ^[nW\bkehef^eif^Wj[ &;]J@2'( WdZ i_bl[h 5 

^[nW\bkeheWdj_cedWj[ &;]LX@2'* 

T,,/5U 

?nWcfb[i e\ j^[ Wbkc_dkc YecfekdZ _dYbkZ[ _deh]Wd_Y Wbkc_dkc 

YecfekdZi( ikY^ Wi Wbkc_dkc en_Z[7 Wbaeno YecfekdZi( ikY^ Wi jh_c[j^eno 

Wbkc_dkc( jh_[j^eno Wbkc_dkc( _iefhefeno Wbkc_dkc( _iefhefenoZ_[j^eno 10 

Wbkc_dkc( WdZ jh_Xkjeno Wbkc_dkc7 WYobeno YecfekdZi( ikY^ Wi jh_WY[jeno 

Wbkc_dkc( jh_ij[WhWj[ Wbkc_dkc( WdZ jh_XkjohWj[ Wbkc_dkc7 WdZ eh]Wd_Y Wbkc_dkc 

YecfekdZi( ikY^ Wi Wbkc_dkc _iefhefobWj[( Wbkc_dkc i[Y-XkjobWj[( Wbkc_dkc 

j[hj-XkjobWj[( Wbkc_dkc jh_i&[j^obWY[jeWY[jWj['( jh_i&^[nW\bkeheWY[jobWY[jedWj[' 

Wbkc_dkc( jh_i&[j^obWY[jeWY[jWj[' Wbkc_dkc( jh_i&d-fhefobWY[jeWY[jWj[' Wbkc_dkc( 15 

jh_i&_ie-fhefobWY[jeWY[jWj[' Wbkc_dkc( jh_i&d-XkjobWY[jeWY[jWj[' Wbkc_dkc( 

jh_i&iWb_YobWbZ[^oZ[' Wbkc_dkc( jh_i&.-[j^enoYWhXedobf^[debWj[' Wbkc_dkc( 

jh_i&WY[jobWY[jedWj[' Wbkc_dkc( jh_Wbaob Wbkc_dkc YecfekdZi( ikY^ Wi jh_c[j^ob 

Wbkc_dkc( jh_[j^ob Wbkc_dkc( WdZ jh__ieXkjob Wbkc_dkc( Z_Wbaob Wbkc_dkc ^Wb_Z[( 

Wba[dob Z_Wbaob Wbkc_dkc( Wbaodob Z_Wbaob Wbkc_dkc( Whob Wbkc_dkc ikY^ Wi jh_f^[dob 20 

Wbkc_dkc WdZ jh_jebob Wbkc_dkc( WdZ Z_Whob Wbkc_dkc ^Wb_Z[i* 

T,,0,U 

?nWcfb[i e\ j^[ lWdWZ_kc YecfekdZ _dYbkZ[ lWdWZ_Y WY_Z WdZ c[jWlWdWZ_Y 

WY_Z WdZ _deh]Wd_Y lWdWZ_kc YecfekdZi e\ WbaWb_ c[jWb iWbji e\ j^[i[7 Wbaen_Z[i( ikY^ 

Wi jh_[j^enolWdWZob( f[djW[j^eno lWdWZ_kc( jh_WcobenolWdWZob( WdZ 25 

jh__iefhefenolWdWZob7 WY[jedWj[i( ikY^ Wi X_iWY[jobWY[jedWj[ lWdWZob( lWdWZ_kc 

WY[jobWY[jedWj[( lWdWZob WY[jobWY[jedWj[( WdZ lWdWZ_kc enoWY[jobWY[jedWj[7 WdZ 

eh]Wd_Y lWdWZ_kc YecfekdZi( ikY^ Wi lWdWZ_kc ij[WhWj[( lWdWZ_kc f_lWbWj[( WdZ 

lWdWZ_kc WY[jWj[* 

T,,0-U 30 

?nWcfb[i e\ j^[ d_eX_kc YecfekdZ _dYbkZ[ ^Wb_Z[i ikY^ Wi d_eX_kc&O' 

Y^beh_Z[ WdZ d_eX_kc&O' \bkeh_Z[7 _deh]Wd_Y d_eX_kc YecfekdZi( ikY^ Wi d_eX_kc 

ikb\Wj[( d_eX_Y WY_Z( WdZ d_eXWj[7 WdZ eh]Wd_Y d_eX_kc YecfekdZi( ikY^ Wi d_eX_kc 

Wbaen_Z[* 

T,,0.U 35 

?nWcfb[i e\ j^[ jWdjWbkc YecfekdZ _dYbkZ[ _deh]Wd_Y jWdjWbkc YecfekdZi( 

ikY^ Wi MW=b1 WdZ MW@17 WdZ eh]Wd_Y jWdjWbkc YecfekdZi( ikY^ Wi MW&I=.B1'1( 

MW&I=B/'1( MW&I=/B3'1( MW&I=0B5'1( &=1B1'.MWB/( WdZ MW&H&=B/'.'1* 
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T,,0/U 

?nWcfb[i e\ j^[ ceboXZ[dkc YecfekdZ _dYbkZ[ _deh]Wd_Y ceboXZ[dkc 

YecfekdZi( ikY^ Wi ceboXZ[dkc jh_en_Z[( Wcced_kc ceboXZWj[( cW]d[i_kc 

ceboXZWj[( YWbY_kc ceboXZWj[( XWh_kc ceboXZWj[( ieZ_kc ceboXZWj[( fejWii_kc 

ceboXZWj[( f^eif^eceboXZ_Y WY_Z( Wcced_kc f^eif^eceboXZWj[( ieZ_kc 5 

f^eif^eceboXZWj[( i_b_YeceboXZ_Y WY_Z( ceboXZ[dkc Z_ikb\_Z[( ceboXZ[dkc 

Z_i[b[d_Z[( ceboXZ[dkc Z_j[bbkh_Z[( ceboXZ[dkc Xeh_Z[( ceboXZ[dkc Z_i_b_Y_Z[( 

ceboXZ[dkc d_jh_Z[( WdZ ceboXZ[dkc YWhX_Z[7 WdZ eh]Wd_Y ceboXZ[dkc 

YecfekdZi( ikY^ Wi ceboXZ[dkc Z_WbaobZ_j^_ef^eif^Wj[ WdZ ceboXZ[dkc 

Z_WbaobZ_j^_eYWhXWcWj[* 10 

T,,00U 

?nWcfb[i e\ j^[ cWd]Wd[i[ YecfekdZ _dYbkZ[ _deh]Wd_Y cWd]Wd[i[ 

YecfekdZi( ikY^ Wi ^oZhen_Z[i( d_jhWj[i( WY[jWj[i( ikb\Wj[i( Y^beh_Z[i( WdZ YWhXedWj[i 

e\ cWd]Wd[i[7 WdZ eh]Wd_Y cWd]Wd[i[ YecfekdZi _dYbkZ_d] cWd]Wd[i[ enWbWj[( 

WY[jobWY[jedWj[ YecfekdZi( WdZ W cWd]Wd[i[ Wbaen_Z[ ikY^ Wi c[j^en_Z[( [j^en_Z[( 15 

eh Xkjen_Z[* 

T,,01U 

?nWcfb[i e\ j^[ Yeff[h YecfekdZ _dYbkZ[ eh]Wd_Y Yeff[h YecfekdZi( ikY^ Wi 

Yeff[h enWbWj[( Yeff[h ij[WhWj[( Yeff[h \ehcWj[( Yeff[h jWhjhWj[( Yeff[h eb[Wj[( Yeff[h 

WY[jWj[( Yeff[h ]bkYedWj[( WdZ Yeff[h iWb_YobWj[7 WdZ _deh]Wd_Y Yeff[h YecfekdZi( 20 

ikY^ Wi Yeff[h YWhXedWj[( Yeff[h Y^beh_Z[( Yeff[h Xhec_Z[( Yeff[h _eZ_Z[( Yeff[h 

f^eif^Wj[( WdZ dWjkhWb c_d[hWbi ikY^ Wi ^oZhejWbY_j[( ij_Y^j_j[( WdZ foheb_j[* 

T,,02U 

?nWcfb[i e\ j^[ YWZc_kc YecfekdZ _dYbkZ[ _deh]Wd_Y YWZc_kc YecfekdZi( 

ikY^ Wi YWZc_kc \bkeh_Z[( YWZc_kc Y^beh_Z[( YWZc_kc Xhec_Z[( YWZc_kc _eZ_Z[( 25 

YWZc_kc en_Z[( WdZ YWZc_kc YWhXedWj[7 WdZ eh]Wd_Y YWZc_kc YecfekdZi ikY^ Wi 

YWZc_kc f^j^WbWj[ WdZ YWZc_kc dWf^j^WbWj[* 

T,,03U 

?nWcfb[i e\ j^[ c[hYkho YecfekdZ _dYbkZ[ _deh]Wd_Y c[hYkho YecfekdZi( 

ikY^ Wi c[hYkho&CC' Y^beh_Z[( c[hYkho ikb\Wj[( WdZ c[hYkho&CC' d_jhWj[7 WdZ eh]Wd_Y 30 

c[hYkho YecfekdZi( ikY^ Wi c[j^ob c[hYkho( c[j^obc[hYkh_Y Y^beh_Z[( [j^ob 

c[hYkho( [j^obc[hYkh_Y Y^beh_Z[( f^[dobc[hYkh_Y WY[jWj[( j^_c[heiWb( 

fWhW-Y^behec[hYkh_X[dpeWj[( WdZ \bkeh[iY[_d c[hYkh_Y WY[jWj[* 

T,,04U 

?nWcfb[i e\ j^[ ]Wbb_kc YecfekdZ _dYbkZ[ eh]Wd_Y ]Wbb_kc YecfekdZi( ikY^ 35 

Wi j[jhWf^[dob ]Wbb_kc WdZ j[jhWa_i&/(0(1-jh_\bkehef^[dob' ]Wbb_kc7 WdZ _deh]Wd_Y 

]Wbb_kc YecfekdZi( ikY^ Wi ]Wbb_kc eneWj[( ]Wbb_kc ^Wb_Z[i( ]Wbb_kc ^oZhen_Z[( WdZ 

]Wbb_kc YoWd_Z[* 
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T,,05U 

?nWcfb[i e\ j^[ _dZ_kc YecfekdZ _dYbkZ[ eh]Wd_Y _dZ_kc YecfekdZi( ikY^ 

Wi jh_[j^eno_dZ_kc( _dZ_kc .-[j^ob^[nWdeWj[( WdZ _dZ_kc WY[jobWY[jedWj[7 WdZ 

_deh]Wd_Y _dZ_kc YecfekdZi( ikY^ Wi _dZ_kc YoWd_Z[( _dZ_kc d_jhWj[( _dZ_kc ikb\Wj[( 

_dZ_kc YWhXedWj[( _dZ_kc \bkeh_Z[( _dZ_kc Y^beh_Z[( _dZ_kc Xhec_Z[( WdZ _dZ_kc 5 

_eZ_Z[* 

T,,1,U 

?nWcfb[i e\ j^[ Whi[d_Y YecfekdZ _dYbkZ[ _deh]Wd_Y Whi[d_Y YecfekdZi( ikY^ 

Wi Z_Whi[d_Y jh_en_Z[( Z_Whi[d_Y f[djen_Z[( Whi[d_Y jh_Y^beh_Z[( Whi[d_Y f[djen_Z[( WdZ 

Whi[d_eki WY_Z WdZ Whi[d_Y WY_Z WdZ iWbji j^[h[e\( _dYbkZ_d] ieZ_kc Whi[d_j[( 10 

Wcced_kc Whi[d_j[( fejWii_kc Whi[d_j[( Wcced_kc Whi[dWj[( WdZ fejWii_kc Whi[dWj[7 

WdZ eh]Wd_Y Whi[d_Y YecfekdZi( ikY^ Wi YWYeZob_Y WY_Z( f^[dobWhied_Y WY_Z( 

Z_f^[dobWhied_Y WY_Z( f-^oZhenof^[dobWhied_Y WY_Z( f-Wc_def^[dobWhied_Y WY_Z( WdZ 

iWbji j^[h[e\( _dYbkZ_d] ieZ_kc YWYeZobWj[ WdZ fejWii_kc YWYeZobWj[* 

T,,1-U 15 

?nWcfb[i e\ j^[ Wdj_cedo YecfekdZ _dYbkZ[ _deh]Wd_Y Wdj_cedo YecfekdZi( 

ikY^ Wi Wdj_cedo en_Z[( Wdj_cedo f^eif^Wj[( ELX&IB'( WdZ HB0LX@27 WdZ eh]Wd_Y 

Wdj_cedo YecfekdZi( ikY^ Wi Wdj_cedo [ij[hi e\ eh]Wd_Y WY_Zi( YoYb_Y Wbaob 

Wdj_ced_j[( WdZ jh_f^[dobWdj_cedo* 

T,,1.U 20 

?nWcfb[i e\ j^[ X_ickj^ YecfekdZ _dYbkZ[ eh]Wd_Y X_ickj^ YecfekdZi( ikY^ 

Wi jh_f^[dob X_ickj^( X_ickj^ .-[j^ob^[nWdeWj[( WdZ X_ickj^ WY[jobWY[jedWj[7 WdZ 

_deh]Wd_Y X_ickj^ YecfekdZi( ikY^ Wi X_ickj^ d_jhWj[( X_ickj^ ikb\Wj[( X_ickj^ 

WY[jWj[( X_ickj^ ^oZhen_Z[( X_ickj^ \bkeh_Z[( X_ickj^ Y^beh_Z[( X_ickj^ Xhec_Z[( WdZ 

X_ickj^ _eZ_Z[* 25 

T,,1/U 

?nWcfb[i e\ j^[ i[b[d_kc YecfekdZ _dYbkZ[ eh]Wd_Y i[b[d_kc YecfekdZi( 

ikY^ Wi i[b[dec[j^_ed_d[( i[b[deYoij[_d[( WdZ i[b[deYoij_d[7 WdZ _deh]Wd_Y i[b[d_kc 

YecfekdZi( ikY^ Wi WbaWb_ c[jWb i[b[dWj[i ikY^ Wi fejWii_kc i[b[dWj[( WdZ WbaWb_ 

c[jWb i[b[d_j[i ikY^ Wi ieZ_kc i[b[d_j[* 30 

T,,10U 

?nWcfb[i e\ j^[ j[bbkh_kc YecfekdZ _dYbkZ[ j[bbkh_Y WY_Z WdZ iWbji j^[h[e\( 

j[bbkh_kc en_Z[( j[bbkh_kc Y^beh_Z[( j[bbkh_kc Xhec_Z[( j[bbkh_kc _eZ_Z[( WdZ j[bbkh_kc 

Wbaen_Z[* 

T,,11U 35 

?nWcfb[i e\ j^[ cW]d[i_kc YecfekdZ _dYbkZ[ eh]Wd_Y cW]d[i_kc 

YecfekdZi( ikY^ Wi [j^ob WY[jeWY[jWj[ cW]d[i_kc cede_iefhefobWj[( cW]d[i_kc 

X_i&[j^obWY[jeWY[jWj['( WbaobWY[jeWY[jWj[ cW]d[i_kc cede_iefhefobWj[( WdZ 
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cW]d[i_kc X_i&WY[jobWY[jedWj['7 WdZ _deh]Wd_Y cW]d[i_kc YecfekdZi( ikY^ Wi 

cW]d[i_kc en_Z[( cW]d[i_kc ikb\Wj[( cW]d[i_kc d_jhWj[( WdZ cW]d[i_kc Y^beh_Z[* 

T,,12U 

?nWcfb[i e\ j^[ YWbY_kc YecfekdZ _dYbkZ[ eh]Wd_Y YWbY_kc YecfekdZi( ikY^ 

Wi YWbY_kc .-[j^ob^[nWdeWj[( YWbY_kc [j^en_Z[( YWbY_kc c[j^en_Z[( YWbY_kc 5 

c[j^eno[j^en_Z[( WdZ YWbY_kc WY[jobWY[jedWj[7 WdZ _deh]Wd_Y YWbY_kc YecfekdZi( 

ikY^ Wi YWbY_kc d_jhWj[( YWbY_kc ikb\Wj[( YWbY_kc YWhXedWj[( YWbY_kc f^eif^Wj[( 

YWbY_kc ^oZhen_Z[( YWbY_kc YoWd_Z[( YWbY_kc \bkeh_Z[( YWbY_kc Y^beh_Z[( YWbY_kc 

Xhec_Z[( WdZ YWbY_kc _eZ_Z[* 

T,,13U 10 

;i j^[ ^[j[heWjec YecfekdZ _d m^_Y^ j^[ ^[j[heWjec _i F_( HW( E( =i( L( Lh( 

<W( @( R( eh bWdj^Wde_Zi( W ademd eh]Wd_Y eh _deh]Wd_Y YecfekdZ YWd X[ ki[Z* 

T,,14U 

; i_d]b[ ^[j[heWjec YecfekdZ cWo X[ ki[Z Wbed[( eh jme eh ceh[ ^[j[heWjec 

YecfekdZi cWo X[ ki[Z _d YecX_dWj_ed* 15 

T,,15U 

M^[ fhefehj_ed e\ j^[ [nfbei_l[ _d j^[ [nfbei_l[ Yecfei_j_ed YedjW_d_d] Wj 

b[Wij ed[ j^[ [nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec YecfekdZ _i fh[\[hWXbo \hec 

4, je 55*5555 cWii$( ceh[ fh[\[hWXbo \hec 41 je 55*555 cWii$( [l[d ceh[ 

fh[\[hWXbo \hec 5, je 55*55 cWii$( WdZ fWhj_YkbWhbo fh[\[hWXbo \hec 51 je 55*5 20 

cWii$* M^[ fhefehj_ed e\ j^[ ^[j[heWjec YecfekdZ _i fh[\[hWXbo \hec ,*,,,- je ., 

cWii$( ceh[ fh[\[hWXbo \hec ,*,,- je -1 cWii$( [l[d ceh[ fh[\[hWXbo \hec ,*,- je 

-, cWii$( WdZ fWhj_YkbWhbo fh[\[hWXbo \hec ,*- je 1 cWii$* @khj^[hceh[( j^[ 

^[j[heWjec Yedj[dj _d j^[ [nfbei_l[ Yecfei_j_ed YedjW_d_d] j^[ [nfbei_l[ WdZ j^[ 

^[j[heWjec YecfekdZ _i fh[\[hWXbo \hec ,*,,,,,1 je -, cWii$( ceh[ fh[\[hWXbo 25 

\hec ,*,,,,- je 4 cWii$( [l[d ceh[ fh[\[hWXbo \hec ,*,,,- je 1 cWii$( fWhj_YkbWhbo 

fh[\[hWXbo \hec ,*,,- je / cWii$( WdZ ceij fh[\[hWXbo \hec ,*,- je - cWii$* 

T,,2,U 

G_n_d] e\ Wj b[Wij ed[ j^[ [nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec YecfekdZ 

cWo X[ f[h\ehc[Z Xo femZ[h c_n_d] _d j^[ YWi[ m^[h[ Xej^ Wh[ ieb_Z( Xo c[bj_d]( eh 30 

Xo c_n_d] j^hek]^ Z_iiebl_d] eh Z_if[hi_d] _d Wd Wffhefh_Wj[ iebl[dj* M^[ c_n_d] YWd 

X[ Wbie f[h\ehc[Z Xo W]_jWj_ed( X[WZ c_bb_d]( eh kbjhWied_Y mWl[i* 

T,,2-U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj( j^[ [nfbei_l[ Yecfei_j_ed YedjW_d_d] Wj b[Wij 

ed[ j^[ [nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec YecfekdZ \khj^[h YedjW_di Wj b[Wij 35 

ed[ Yeeb_d] c[Z_kc* M^[ Yeeb_d] c[Z_kc cWo X[ ieb_Z( b_gk_Z( eh ]Wi* ?nWcfb[i e\ 

j^[ c[j^eZ e\ ki_d] j^[ Yeeb_d] c[Z_kc _dYbkZ[ W c[j^eZ e\ Z[jedWj_d] j^[ [nfbei_l[ 

Yecfei_j_ed YedjW_d_d] j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec YecfekdZ _d j^[ Yeeb_d] 
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c[Z_kc* ?nWcfb[i e\ j^[ Yeeb_d] c[Z_kc _dYbkZ[ _d[hj ]Wi[i &d_jhe][d( Wh]ed( WdZ 

=I'( mWj[h( _Y[( b_gk_Z d_jhe][d( Wgk[eki iebkj_edi e\ ^[j[heWjec-YedjW_d_d] iWbji( WdZ 

YhoijWbb_d[ ^oZhWj[i* Cd j^[ YWi[ m^[h[ j^[ ^[j[heWjec _i i_b_Yed( [nWcfb[i e\ j^[ 

^[j[heWjec-YedjW_d_d] iWbji _dYbkZ[ Wcced_kc ^[nW\bkehei_b_YWj[( Wcced_kc 

i_b_YWj[( WdZ j[jhWc[j^obWcced_kc i_b_YWj[* M^[ Yeeb_d] c[Z_kc _i fh[\[hWXbo ki[Z _d 5 

Wd Wcekdj Wffhen_cWj[bo 1 j_c[i j^[ m[_]^j e\ j^[ [nfbei_l[( \eh [nWcfb[( _d j^[ YWi[ 

e\ mWj[h eh _Y[* 

T,,2.U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ [nfbei_l[ 

Yecfei_j_ed YedjW_d_d] Wj b[Wij ed[ j^[ [nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec 10 

YecfekdZ _i jhWdi\ehc[Z _dje ^[j[heWjec-Zef[Z dWdeZ_WcedZi j^hek]^ Yecfh[ii_ed 

Xo i^eYa mWl[ kdZ[h ^_]^ fh[iikh[ WdZ ^_]^ j[cf[hWjkh[ YedZ_j_edi ][d[hWj[Z Xo 

[nfbei_ed e\ j^[ [nfbei_l[ &Z[jedWj_ed'* ;j j^[ j_c[ e\ [nfbei_ed e\ j^[ [nfbei_l[( Wj 

b[Wij ed[ j^[ ^[j[heWjec _i _dYehfehWj[Z _dje j^[ Z_WcedZ bWjj_Y[* M^[ YWhXed iekhY[ 

e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi YWd X[ j^[ [nfbei_l[ WdZ j^[ eh]Wd_Y 15 

^[j[heWjec YecfekdZ7 ^em[l[h( _d j^[ YWi[ m^[h[ j^[ [nfbei_l[ Yecfei_j_ed 

YedjW_d_d] j^[ [nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec YecfekdZ \khj^[h YedjW_di W 

YWhXed cWj[h_Wb j^Wj YedjW_di de ^[j[heWjec( j^_i YWhXed cWj[h_Wb cWo X[ j^[ YWhXed 

iekhY[ e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi* 

T,,2/U 20 

M^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi fheZkY[Z ki_d] j^[ [nfbei_l[ 

Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed YedjW_di W 

^[j[heWjec-lWYWdYo &O' Y[dj[h( WdZ j^ki ^Wl[ W \bkeh[iY[dY[ [c_ii_ed f[Wa* M^[ 

mWl[b[d]j^ e\ j^[ \bkeh[iY[dY[ [c_ii_ed f[Wa _i fh[\[hWXbo \hec 3., je 33, dc( WdZ 

ceh[ fh[\[hWXbo \hec 3/, je 32, dc( _d j^[ YWi[ m^[h[ j^[ ^[j[heWjec YedjW_di 25 

i_b_Yed7 _i fh[\[hWXbo \hec 14, je 2/, dc( WdZ ceh[ fh[\[hWXbo \hec 15, je 2., dc( _d 

j^[ YWi[ m^[h[ j^[ ^[j[heWjec YedjW_di ][hcWd_kc7 WdZ _i fh[\[hWXbo \hec 15, je 21, 

dc( WdZ ceh[ fh[\[hWXbo \hec 2,, je 20, dc( _d j^[ YWi[ m^[h[ j^[ ^[j[heWjec 

YedjW_di j_d* Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ \bkeh[iY[dY[ 

[c_ii_ed f[Wa e\ j^[ dWdeZ_WcedZ _d m^_Y^ j^[ Ahekf -0 [b[c[dj _i L_ ^Wi W i^Whf 30 

f[Wa e\ Wffhen_cWj[bo 3/4 dc( m^_Y^ _i YWbb[Z p[he f^eded b[l[b &SJF'* 

T,,20U 

M^[ YedY[djhWj_ed e\ j^[ ^[j[heWjec-O Y[dj[h e\ j^[ ^[j[heWjec-Zef[Z 

dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj 

e\ j^[ fh[i[dj _dl[dj_ed _i fh[\[hWXbo - y -,-, +Yc/ eh ]h[Wj[h( WdZ ceh[ fh[\[hWXbo 35 

\hec . y -,-, je - y -,-5 +Yc/* Cj _i fh[ikc[Z j^Wj j^[ YedY[djhWj_ed e\ j^[ 

^[j[heWjec-O Y[dj[h YWd X[ Z[j[hc_d[Z ki_d]( \eh [nWcfb[( W Yed\eYWb bWi[h iYWdd_d] 

c_YheiYef[ eh W \bkeh[iY[dY[ WdZ WXiehXWdY[ if[Yjhec[j[h* Hej[ j^Wj( \eh 
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Z[j[hc_dWj_ed e\ j^[ YedY[djhWj_ed e\ ^[j[heWjec-O Y[dj[h Xo \bkeh[iY[dY[ WdZ 

WXiehXWdY[ if[Yjhec[jho( F_j[hWjkh[ &>IC -,*-,,.+fiiW*.,-1/.-30' YWd X[ ki[Z Wi W 

h[\[h[dY[* 

T,,21U 

M^[ <?M if[Y_\_Y ikh\WY[ Wh[W e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ 5 

fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj 

_dl[dj_ed _i fh[\[hWXbo \hec ., je 5,, c.+]( ceh[ fh[\[hWXbo \hec .1 je 4,, c.+]( 

[l[d ceh[ fh[\[hWXbo \hec /, je 3,, c.+]( WdZ fWhj_YkbWhbo fh[\[hWXbo \hec /1 je 2,, 

c.+]* M^[ <?M if[Y_\_Y ikh\WY[ Wh[W YWd X[ c[Wikh[Z Xo d_jhe][d WZiehfj_ed* 

?nWcfb[i e\ W c[Wikh[c[dj _dijhkc[dj \eh j^[ <?M if[Y_\_Y ikh\WY[ Wh[W _dYbkZ[ 10 

<?FLIKJ-c_d_ CC &WlW_bWXb[ \hec G_YhejhWY <?F' WdZ( \eh [nWcfb[( j^[ <?M 

if[Y_\_Y ikh\WY[ Wh[W YWd X[ c[Wikh[Z kdZ[h j^[ \ebbem_d] YedZ_j_edi* 

r G[Wikh[Z femZ[h Wcekdj6 0, c] 

r Jh[b_c_dWho Zho_d]6 jh[Wj[Z Wj -.,q= \eh / ^ekhi _d W lWYkkc* 

r G[Wikh[c[dj j[cf[hWjkh[6 --52q= &b_gk_Z d_jhe][d j[cf[hWjkh[' 15 

M^[ Wl[hW][ i_p[ e\ j^[ fh_cWho fWhj_Yb[i e\ j^[ ^[j[heWjec-Zef[Z 

dWdeZ_WcedZi fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj 

e\ j^[ fh[i[dj _dl[dj_ed _i fh[\[hWXbo \hec . je 3, dc( ceh[ fh[\[hWXbo \hec .*1 je 2, 

dc( [l[d ceh[ fh[\[hWXbo \hec / je 11 dc( WdZ fWhj_YkbWhbo fh[\[hWXbo \hec /*1 je 1, 

dc* M^[ Wl[hW][ i_p[ e\ j^[ fh_cWho fWhj_Yb[i YWd X[ Z[j[hc_d[Z Xo LY^[hh[h [gkWj_ed 20 

XWi[Z ed j^[ WdWboi_i h[ikbj e\ j^[ femZ[h Q-hWo Z_\\hWYjec[jho &QK>'* ?nWcfb[i e\ W 

c[Wikh[c[dj _dijhkc[dj e\ QK> _dYbkZ[ j^[ Gkbj_fkhfei[ Q-hWo >_\\hWYj_ed Loij[c 

m_j^ <k_bj-_d Cdj[bb_][dj Ak_ZWdY[ &WlW_bWXb[ \hec K_]Wak =ehfehWj_ed'* 

T,,22U 

M^[ YWhXed Yedj[dj e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ 25 

[nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed _i 

fh[\[hWXbo \hec 3, je 55 cWii$( ceh[ fh[\[hWXbo \hec 31 je 54 cWii$( WdZ [l[d 

ceh[ fh[\[hWXbo \hec 4, je 53 cWii$* 

T,,23U 

M^[ ^oZhe][d Yedj[dj e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] 30 

j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed _i 

fh[\[hWXbo \hec ,*- je 1 cWii$( ceh[ fh[\[hWXbo \hec ,*. je 0*1 cWii$( WdZ [l[d 

ceh[ fh[\[hWXbo \hec ,*/ je 0*, cWii$* 

T,,24U 

M^[ d_jhe][d Yedj[dj e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] 35 

j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed _i 

fh[\[hWXbo \hec ,*- je 1 cWii$( ceh[ fh[\[hWXbo \hec ,*. je 0*1 cWii$( WdZ [l[d 

ceh[ fh[\[hWXbo \hec ,*/ je 0*, cWii$* 
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T,,25U 

M^[ Yedj[dj e\ YWhXed( ^oZhe][d( WdZ d_jhe][d e\ j^[ ^[j[heWjec-Zef[Z 

dWdeZ_WcedZ YWd X[ c[Wikh[Z Xo [b[c[djWho WdWboi_i* 

T,,3,U 

M^[ ^[j[heWjec Yedj[dj e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z 5 

ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed 

_i fh[\[hWXbo \hec ,*,,,- je -,*, cWii$( ceh[ fh[\[hWXbo \hec ,*,,,- je 1*, cWii$( 

WdZ [l[d ceh[ fh[\[hWXbo \hec ,*,,,- je -*, cWii$* M^[ ^[j[heWjec Yedj[dj YWd X[ 

c[Wikh[Z Xo( \eh [nWcfb[( _dZkYj_l[bo-Yekfb[Z fbWicW [c_ii_ed if[Yjhec[jho 

&C=J-;?L( QK@( i[YedZWho _ed cWii if[Yjhec[jho &LCGL''( WdZ W\j[h WbaWb_ \ki_ed( 10 

j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi YWd X[ gkWdj_\_[Z Wi Wd WY_Z_Y iebkj_ed* 

T,,3-U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( \eh j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZi fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed 

WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( Y^WhWYj[h_ij_Y f[Wai e\ Z_WcedZ( 15 

]hWf^_j[( ikh\WY[ ^oZheno ]hekfi &IB'( WdZ ikh\WY[ YWhXedob ]hekfi &=I' YWd X[ 

_Z[dj_\_[Z _d W Y^Whj e\ KWcWd i^_\j Xo KWcWd if[YjheiYefo* M^[ Y^WhWYj[h_ij_Y f[Wa e\ 

Z_WcedZ _d W KWcWd i^_\j Y^Whj _i Wj --,, je -0,, Yc--( j^[ Y^WhWYj[h_ij_Y f[Wa e\ 

]hWf^_j[ _i Wj -01, je -3,, Yc--( j^[ Y^WhWYj[h_ij_Y f[Wa e\ ikh\WY[ ^oZheno ]hekfi 

&IB' _i Wj -1,, je -31, Yc--( WdZ j^[ Y^WhWYj[h_ij_Y f[Wa e\ ikh\WY[ YWhXedob ]hekfi 20 

&=I' _i Wj -21, je -4,, Yc--* M^[ Wh[Wi e\ Y^WhWYj[h_ij_Y f[Wai e\ Z_WcedZ( ]hWf^_j[( W 

ikh\WY[ ^oZheno ]hekf &IB'( WdZ W ikh\WY[ YWhXedob ]hekf &=I' YWd X[ Z[j[hc_d[Z 

Xo KWcWd if[Yjhec[j[h* M^[ bWi[h mWl[b[d]j^ e\ j^[ KWcWd b_]^j iekhY[ _i( \eh 

[nWcfb[( /.1 dc eh 044 dc* ;i j^[ KWcWd if[Yjhec[j[h( W Yed\eYWb c_YheiYef_Y 

KWcWd if[Yjhec[j[h &[*]*( jhWZ[ dWc[6 =ed\eYWb KWcWd G_YheiYef[ FWXK;G BK 25 

?lebkj_ed( WlW_bWXb[ \hec Beh_XW( FjZ*' YWd X[ ki[Z* 

T,,3.U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( _d j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ hWj_e &>+A' e\ j^[ f[Wa Wh[W &>' e\ 30 

Z_WcedZ je j^[ f[Wa Wh[W &A' e\ ]hWf^_j[ _i fh[\[hWXbo \hec ,*. je 5( ceh[ fh[\[hWXbo 

\hec ,*/ je 4( WdZ [l[d ceh[ fh[\[hWXbo \hec ,*1 je 3* 

T,,3/U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( _d j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] 35 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ hWj_e &B+>' e\ j^[ f[Wa Wh[W &B' e\ 

ikh\WY[ ^oZheno ]hekf &IB' je j^[ f[Wa Wh[W &>' e\ Z_WcedZ _i fh[\[hWXbo \hec ,*- je 

1( ceh[ fh[\[hWXbo \hec ,*- je 0*,( WdZ [l[d ceh[ fh[\[hWXbo \hec ,*- je /*,* 
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T,,30U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( _d j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ hWj_e &=+>' e\ j^[ f[Wa Wh[W &=' e\ 

ikh\WY[ YWhXedob ]hekf &=I' je j^[ f[Wa Wh[W &>' e\ Z_WcedZ _i fh[\[hWXbo \hec ,*,- 5 

je -*1( ceh[ fh[\[hWXbo \hec ,*,/ je -*.( WdZ [l[d ceh[ fh[\[hWXbo \hec ,*,1 je -*,* 

T,,31U 

;i j^[ KWcWd if[YjheiYefo c[j^eZ \eh j^[ dWdeZ_WcedZi( F_j[hWjkh[ &[*]*( 

OWZoc H* GeY^Wb_d [j Wb*( H;MNK? H;HIM?=BHIFIAR( 3 &.,-.' ---./( 

[if[Y_Wbbo @_]kh[ /' YWd X[ ki[Z Wi W h[\[h[dY[* 10 

T,,32U 

Cd Wdej^[h fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ ikh\WY[ e\ j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed cWo ^Wl[ Wj b[Wij ed[ eno][d \kdYj_edWb 

]hekf j[hc_dWb WdZ+eh Wj b[Wij ed[ ^oZhe][d j[hc_dWb* ?nWcfb[i e\ j^[ eno][d 15 

\kdYj_edWb ]hekf j[hc_dWb _dYbkZ[ IB( =IIB( =IHB.( =8I( WdZ =BI( WdZ IB( 

=8I( WdZ =IIB Wh[ fh[\[hh[Z* ?nWcfb[i e\ j^[ ^oZhe][d j[hc_dWb _dYbkZ[ Wbaob 

]hekfi ^Wl_d] \hec - je ., YWhXedi* 

T,,33U 

Jh[i[dY[ e\ Wj b[Wij ed[ j^[ eno][d \kdYj_edWb ]hekf j[hc_dWb ed j^[ ikh\WY[ e\ 20 

j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ _i fh[\[hh[Z X[YWki[ W]]h[]Wj_ed e\ j^[ 

dWdeZ_WcedZ fWhj_Yb[i YWd X[ ikffh[ii[Z* Jh[i[dY[ e\ Wj b[Wij ed[ j^[ ^oZhe][d 

j[hc_dWb ed j^[ ikh\WY[ e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ _i fh[\[hh[Z X[YWki[ 

j^[ p[jW fej[dj_Wb X[Yec[i fei_j_l[( WdZ ijWXb[ WdZ ^_]^ Z_if[hi_ed eYYkhi _d Wd WY_Z_Y 

Wgk[eki iebkj_ed* 25 

T,,34U 

Cd Wdej^[h fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed cWo ^Wl[ W Yeh[-i^[bb ijhkYjkh[* M^[ Yeh[ 

e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ ^Wl_d] W Yeh[-i^[bb ijhkYjkh[ _i j^[ 30 

dWdeZ_WcedZ fWhj_Yb[ Zef[Z m_j^ j^[ ^[j[heWjec* M^_i Yeh[ _i fh[\[hWXbo W Yeh[ 

^Wl_d] j^[ L_-O Y[dj[h WdZ [c_jj_d] \bkeh[iY[dY[* M^[ i^[bb _i W ded-Z_WcedZ Yel[h 

bWo[h( cWo YedjW_d W if. YWhXed( WdZ fh[\[hWXbo \khj^[h YedjW_di Wd eno][d Wjec* M^[ 

i^[bb cWo X[ W ]hWf^_j[ bWo[h* M^[ j^_Yad[ii e\ j^[ i^[bb _i fh[\[hWXbo 1 dc eh b[ii( 

ceh[ fh[\[hWXbo / dc eh b[ii( WdZ [l[d ceh[ fh[\[hWXbo - dc eh b[ii* M^[ i^[bb cWo 35 

^Wl[ W ^oZhef^_b_Y \kdYj_edWb ]hekf ed _ji ikh\WY[* 

T,,35U 
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M^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi YWd X[ fh[\[hWXbo fheZkY[Z Xo 

Z[jedWj_ed ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ 

fh[i[dj _dl[dj_ed* M^[ i^Wf[ e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ _i fh[\[hWXbo 

if^[h_YWb( [bb_fie_ZWb( eh febo^[ZhWb Ybei[ je j^[i[* 

T,,4,U 5 

Cd j^[ fh[i[dj if[Y_\_YWj_ed( j^[ Z[]h[[ e\ Y_hYkbWh_jo _i W dkc[h_YWb lWbk[ je 

h[fh[i[dj j^[ Yecfb[n_jo e\ W i^Wf[ _bbkijhWj[Z _d( \eh [nWcfb[( Wd _cW][* @eh j^[ 

Z[]h[[ e\ Y_hYkbWh_jo( j^[ dkc[h_YWb lWbk[ X[Yec[i icWbb[h Wi j^[ i^Wf[ _i ceh[ 

Yecfb[n( m^_b[ j^[ cWn_ckc lWbk[ j^[h[e\ _i -* M^[ Z[]h[[ e\ Y_hYkbWh_jo YWd X[ 

Z[j[hc_d[Z Xo( \eh [nWcfb[( WdWbop_d] W M?G _cW][ e\ j^[ i_b_Yed-Zef[Z 10 

dWdeZ_WcedZ Xo Wd _cW][ WdWboi_i ie\jmWh[ &[*]*( m_dKII@' WdZ ki_d] j^[ \ebbem_d] 

[gkWj_ed* 

Degree of circularity = 4z × (area) ÷ (circumference)^2 

 

@eh [nWcfb[( _d j^[ YWi[ e\ W f[h\[Yj Y_hYb[ ^Wl_d] W hWZ_ki e\ -,( j^[ 15 

YWbYkbWj_ed [gkWj_ed X[Yec[i #0z y &-, y -, y z' s &-, y . y z'V.#( WdZ j^[ Z[]h[[ e\ 

Y_hYkbWh_jo h[ikbji _d - &cWn_ckc lWbk['* M^Wj _i( _d j[hci e\ j^[ Z[]h[[ e\ Y_hYkbWh_jo( 

j^[ f[h\[Yj Y_hYb[ _i W i^Wf[ j^Wj _i j^[ b[Wij Yecfb[n* M^[ Z[]h[[ e\ Y_hYkbWh_jo e\ j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed _i fh[\[hWXbo ,*. eh ]h[Wj[h( ceh[ 20 

fh[\[hWXbo ,*/ eh ]h[Wj[h( WdZ [l[d ceh[ fh[\[hWXbo ,*/1 eh ]h[Wj[h* 

T,,4-U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ Y[dj[h e\ j^[ 

^[j[heWjec-Zef[Z dWdeZ_WcedZ fWhj_Yb[ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed 

WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed ^Wi W Z_WcedZ ijhkYjkh[ 25 

_dYbkZ_d] if/ YWhXedi WdZ j^[ Zef[Z ^[j[heWjeci( WdZ j^[ ikh\WY[ j^[h[e\ _i Yel[h[Z 

m_j^ Wd Wcehf^eki bWo[h \ehc[Z \hec if. YWhXedi* Cd W ceh[ fh[\[hh[Z [cXeZ_c[dj( 

j^[ ekj[h i_Z[ e\ j^[ Wcehf^eki bWo[h cWo X[ Yel[h[Z m_j^ W ]hWf^_j[ en_Z[ bWo[h* 

@khj^[hceh[( W ^oZhWj_ed bWo[h cWo X[ \ehc[Z X[jm[[d j^[ Wcehf^eki bWo[h WdZ j^[ 

]hWf^_j[ en_Z[ bWo[h* 30 

T,,4.U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ ^[j[heWjec-Zef[Z 

dWdeZ_WcedZ fheZkY[Z ki_d] j^[ [nfbei_l[ Yecfei_j_ed WYYehZ_d] je Wd [cXeZ_c[dj 

e\ j^[ fh[i[dj _dl[dj_ed ^Wi W fei_j_l[ eh d[]Wj_l[ p[jW fej[dj_Wb* M^[ p[jW fej[dj_Wb e\ 

j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ _i fh[\[hWXbo \hec -3, je 3, cO( WdZ ceh[ 35 

fh[\[hWXbo \hec -2, je /, cO* 

T,,4/U 
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M^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi YWd X[ fheZkY[Z Xo W fheZkYj_ed 

c[j^eZ _dYbkZ_d] c_n_d] e\ Wd [nfbei_l[ Yecfei_j_ed YedjW_d_d] Wj b[Wij ed[ j^[ 

[nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec YecfekdZ WdZ [nfbeZ_d] j^[ eXjW_d[Z 

[nfbei_l[ Yecfei_j_ed _d W i[Wb[Z YedjW_d[h* ?nWcfb[i e\ j^[ YedjW_d[h _dYbkZ[ c[jWb 

YedjW_d[hi WdZ iodj^[j_Y h[i_d YedjW_d[hi* M^[ [nfbei_l[ WdZ j^[ ^[j[heWjec 5 

YecfekdZ Wh[ fh[\[hWXbo \ehc[Z Xo fh[ii_d] eh YWij_d]* ?nWcfb[i e\ j^[ c[j^eZ e\ 

fheZkY_d] fWhj_Yb[i &Zho femZ[h' e\ j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec YecfekdZ 

_dYbkZ[ YhoijWbb_pWj_ed( Yhki^_d]( WdZ ifhWo \bWi^ [lWfehWj_ed* P^[d j^[ [nfbei_l[ 

Yecfei_j_ed _i \ehc[Z Xo fh[ii_d] eh YWij_d]( j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec 

YecfekdZ Wh[ c_n[Z Wi Zho femZ[h( _d W cebj[d ijWj[( eh ki_d] W iebl[dj* M^[ \ehc e\ 10 

j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec YecfekdZ Wj j^[ j_c[ e\ c_n_d] cWo X[ Wdo e\ j^[ 

\ebbem_d] \ekh YecX_dWj_edi6 

r ?nfbei_l[ &Zho femZ[h' WdZ ^[j[heWjec YecfekdZ &Zho femZ[h' 

r ?nfbei_l[ &Zho femZ[h' WdZ ^[j[heWjec YecfekdZ &cebj[d ijWj[' 

r ?nfbei_l[ &cebj[d ijWj[' WdZ ^[j[heWjec YecfekdZ &Zho femZ[h' 15 

r ?nfbei_l[ &cebj[d ijWj[' WdZ ^[j[heWjec YecfekdZ &cebj[d ijWj[' 

G_n_d] e\ j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec YecfekdZ cWo X[ f[h\ehc[Z _d 

j^[ fh[i[dY[ eh WXi[dY[ e\ W iebl[dj( WdZ \ehcWj_ed YWd X[ f[h\ehc[Z Xo fh[ii_d] eh 

YWij_d] W\j[h c_n_d]* 

T,,40U 20 

M^[ Wl[hW][ fWhj_Yb[ Z_Wc[j[hi e\ j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec YecfekdZ 

Wh[ fh[\[hWXbo -, cc eh b[ii( ceh[ fh[\[hWXbo 1 cc eh b[ii( WdZ [l[d ceh[ fh[\[hWXbo 

- cc eh b[ii* Hej[ j^Wj j^[i[ Wl[hW][ fWhj_Yb[ Z_Wc[j[hi YWd X[ c[Wikh[Z Xo bWi[h 

Z_\\hWYj_ed+iYWjj[h_d] c[j^eZi( Xo Wd efj_YWb c_YheiYef[( eh Xo KWcWd c[j^eZ* M^[ 

fheZkYj eXjW_d[Z Xo [nfbei_ed YWd X[ \khj^[h ikX`[Yj[Z je fkh_\_YWj_ed WdZ W feij 25 

jh[Wjc[dj* M^[ fkh_\_YWj_ed YWd _dYbkZ[ ed[ eh Xej^ e\ W c_n[Z WY_Z jh[Wjc[dj WdZ Wd 

WbaWb_ jh[Wjc[dj* ; fh[\[hh[Z fkh_\_YWj_ed _i W c_n[Z WY_Z jh[Wjc[dj* 

T,,41U 

P^[d j^[ [nfbei_l[ Yecfei_j_ed YedjW_d_d] Wj b[Wij ed[ j^[ [nfbei_l[ WdZ Wj 

b[Wij ed[ j^[ ^[j[heWjec YecfekdZ _i [nfbeZ[Z _d W i[Wb[Z YedjW_d[h( _d WZZ_j_ed je 30 

j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ( \eh [nWcfb[( ]hWf^_j[( c[jWb _cfkh_j_[i( 

[b[c[djWb ^[j[heWjec( WdZ ^[j[heWjec en_Z[i Wh[ ][d[hWj[Z* AhWf^_j[ WdZ c[jWb 

_cfkh_j_[i YWd X[ h[cel[Z Xo j^[ c_n[Z WY_Z jh[Wjc[dj* ?b[c[djWb ^[j[heWjec WdZ 

^[j[heWjec en_Z[i YWd X[ h[cel[Z Xo j^[ WbaWb_ jh[Wjc[dj* 

T,,42U 35 

?nWcfb[i e\ j^[ c_n[Z WY_Z _dYbkZ[ W c_n[Z WY_Z e\ YedY[djhWj[Z ikb\kh_Y WY_Z 

WdZ YedY[djhWj[Z d_jh_Y WY_Z( WdZ j^[ c_n[Z WY_Z _i fh[\[hWXbo W c_n[Z WY_Z e\ 

YedY[djhWj[Z ikb\kh_Y WY_Z6YedY[djhWj[Z d_jh_Y WY_Z 8 -6- &lebkc[ hWj_e'* M^[ 
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j[cf[hWjkh[ \eh j^[ c_n[Z WY_Z jh[Wjc[dj _i \hec 1, je .,,q=( WdZ j^[ ZkhWj_ed e\ j^[ 

c_n[Z WY_Z jh[Wjc[dj _i \hec ,*1 je .0 ^ekhi* 

T,,43U 

?nWcfb[i e\ j^[ WbaWb_ _dYbkZ[ WbaWb_ c[jWb ^oZhen_Z[i( ikY^ Wi ieZ_kc 

^oZhen_Z[ WdZ fejWii_kc ^oZhen_Z[* M^[ j[cf[hWjkh[ e\ j^[ WbaWb_ jh[Wjc[dj _i \hec 5 

/, je -1,q=( WdZ j^[ ZkhWj_ed e\ j^[ WbaWb_ jh[Wjc[dj _i \hec ,*1 je .0 ^ekhi* 

T,,44U 

M^[ feij jh[Wjc[dj YWd _dYbkZ[ Wdd[Wb_d] WdZ ]Wi-f^Wi[ en_ZWj_ed* M^[ 

^[j[heWjec j^Wj _i _dYehfehWj[Z _d j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ WdZ lWYWdYo 

Wh[ Xhek]^j _dje YedjWYj Xo j^[ Wdd[Wb_d] jh[Wjc[dj( WdZ j^ki j^[ ^[j[heWjec-O Y[dj[h 10 

YWd X[ \ehc[Z* @khj^[hceh[( Xo ]Wi-f^Wi[ en_ZWj_ed( j^[ ]hWf^_j[ bWo[h \ehc[Z ed j^[ 

ikh\WY[ e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZ YWd X[ cWZ[ j^_d eh h[cel[Z* OWYWdYo 

\ehcWj_ed cWo X[ f[h\ehc[Z X[\eh[ j^[ Wdd[Wb_d] Wbj^ek]^ ikY^ lWYWdYo \ehcWj_ed _i 

Wd efj_edWb fheY[ii* M^[ lWYWdYo \ehcWj_ed _i f[h\ehc[Z Xo _hhWZ_Wj_ed m_j^ Wd _ed 

X[Wc eh Wd [b[Yjhed X[Wc* ?l[d _d j^[ YWi[ m^[h[ de lWYWdYo \ehcWj_ed _i f[h\ehc[Z( 15 

j^[ ^[j[heWjec-O Y[dj[h _i \ehc[Z Xo Wdd[Wb_d]7 ^em[l[h( Xo Wdd[Wb_d] W\j[h j^[ 

lWYWdYo \ehcWj_ed( ceh[ ^[j[heWjec-O Y[dj[hi YWd X[ \ehc[Z* @eh j^[ Z[di_jo e\ 

lWYWdY_[i je X[ _djheZkY[Z Xo _ed X[Wc _hhWZ_Wj_ed eh [b[Yjhed X[Wc _hhWZ_Wj_ed( j^[ 

kff[h b_c_j _i b_c_j[Z Xo W YedY[djhWj_ed Wj m^_Y^ j^[ Z_WcedZ _i Xhea[d &W lWYWdYo 

YedY[djhWj_ed e\ 9 - y -,.- +Yc/'( Xkj j^[ bem[h b_c_j _i( \eh [nWcfb[( - y -,-2 +Yc/ eh 20 

^_]^[h( eh [l[d - y -,-4 +Yc/ eh ^_]^[h* M^[ _ed X[Wc _i fh[\[hWXbo Wd _ed X[Wc e\ 

^oZhe][d &B' eh ^[b_kc &B['* @eh [nWcfb[( j^[ [d[h]o e\ j^[ _ed X[Wc e\ ^oZhe][d _i 

fh[\[hWXbo \hec -, je -1,, a[O( WdZ j^[ [d[h]o e\ j^[ _ed X[Wc e\ ^[b_kc _i 

fh[\[hWXbo \hec ., je .,,, a[O* M^[ [d[h]o e\ j^[ [b[Yjhed X[Wc _i fh[\[hWXbo \hec 

1,, je 1,,, a[O* 25 

T,,45U 

M^[ j[cf[hWjkh[ e\ j^[ Wdd[Wb_d] _i fh[\[hWXbo 4,,q= eh ^_]^[h( WdZ j^[ 

Wdd[Wb_d] j_c[ _i /, c_dkj[i eh bed][h* 

T,,5,U 

M^[ ]Wi-f^Wi[ en_ZWj_ed YWd X[ f[h\ehc[Z _d Wd W_h Wjceif^[h[( j^[ ]Wi-f^Wi[ 30 

en_ZWj_ed j[cf[hWjkh[ _i fh[\[hWXbo /,,q= eh ^_]^[h( WdZ j^[ ]Wi-f^Wi[ en_ZWj_ed j_c[ 

_i . ^ekhi eh bed][h* 

T,,5-U 

Cd ed[ fh[\[hh[Z [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed( j^[ [nfbei_l[ 

Yecfei_j_ed YedjW_d_d] Wj b[Wij ed[ j^[ [nfbei_l[ WdZ Wj b[Wij ed[ j^[ ^[j[heWjec 35 

YecfekdZ _i jhWdi\ehc[Z _dje Z_WcedZi j^hek]^ Yecfh[ii_ed Xo i^eYa mWl[ kdZ[h 

^_]^ fh[iikh[ WdZ ^_]^ j[cf[hWjkh[ YedZ_j_edi ][d[hWj[Z Xo [nfbei_ed e\ j^[ 

[nfbei_l[ &Z[jedWj_ed'* ;j j^[ j_c[ e\ [nfbei_ed e\ j^[ [nfbei_l[( j^[ ^[j[heWjec _i 
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_dYehfehWj[Z _dje j^[ Z_WcedZ bWjj_Y[* M^[ YWhXed iekhY[ e\ j^[ dWdeZ_WcedZi YWd X[ 

j^[ [nfbei_l[ WdZ j^[ eh]Wd_Y ^[j[heWjec YecfekdZ7 ^em[l[h( _d j^[ YWi[ m^[h[ j^[ 

[nfbei_l[ Yecfei_j_ed YedjW_d_d] j^[ [nfbei_l[ WdZ j^[ ^[j[heWjec YecfekdZ \khj^[h 

YedjW_di W YWhXed cWj[h_Wb j^Wj YedjW_di de ^[j[heWjec( j^_i YWhXed cWj[h_Wb cWo X[ 

j^[ YWhXed iekhY[ e\ j^[ ^[j[heWjec-Zef[Z dWdeZ_WcedZi* 5 

 

?nWcfb[i 

T,,5.U 

B[h[_dW\j[h( j^[ fh[i[dj _dl[dj_ed m_bb X[ Z[iYh_X[Z ceh[ if[Y_\_YWbbo m_j^ 

h[\[h[dY[ je [nWcfb[i( Xkj j^[ fh[i[dj _dl[dj_ed _i dej b_c_j[Z Xo j^[i[ [nWcfb[i* 10 

 

?nWcfb[i - je 2 

Ni_d] MHM Wi j^[ [nfbei_l[ WdZ ki_d]( Wi j^[ YecfekdZ _d m^_Y^ j^[ 

^[j[heWjec _i i_b_Yed( j^[ ZefWdj i^emd _d MWXb[ - _d j^[ dkcX[h e\ ceb[i i^emd _d 

MWXb[ - h[bWj_l[ je - ceb e\ MHM( fheZkYj_ed e\ i_b_Yed-Zef[Z dWdeZ_WcedZi mWi 15 

f[h\ehc[Z Xo Z[jedWj_ed _d WYYehZWdY[ m_j^ Wd ehZ_dWho c[j^eZ kdZ[h YedZ_j_edi 

_dYbkZ_d] j^[ j[cf[hWjkh[ &E' WdZ j^[ fh[iikh[ &AJW' i^emd _d MWXb[ -( WdZ j^ki j^[ 

dWdeZ_WcedZi Zef[Z m_j^ i_b_Yed _d W fhefehj_ed i^emd _d MWXb[ - YWd X[ eXjW_d[Z* 

T,,5/U 

M^[ dWc[i WdZ ijhkYjkhWb \ehckbWi e\ j^[ ZefWdj ceb[Ykb[i &^[j[heWjec 20 

YecfekdZi' - je 2 ki[Z \eh Zef_d] m_j^ i_b_Yed Wh[ i^emd X[bem* 

>efWdj ceb[Ykb[ -6 L_b_d[ 

>efWdj ceb[Ykb[ .6 M[jhWc[j^obi_bWd[ &L_G[0' 

>efWdj ceb[Ykb[ /6 M[jhWa_i&d_jhWj[c[j^ob'i_bWd[ &L_J?MH' 

>efWdj ceb[Ykb[ 06 M[jhWa_i&Z_c[j^obi_bWdebob'i_bWd[ &L_&L_G[.IB'0' 25 

>efWdj ceb[Ykb[ 16 M[jhWa_i&jh_c[j^obi_bob'i_bWd[ &L_&L_G[/'0' 

>efWdj ceb[Ykb[ 26 M[jhWa_i&jh_c[j^obi_bob'c[j^Wd[ &=&L_G[/'0' 

T,,50U 

T=^[c* -U 
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T,,51U 

TMWXb[ -U 

Examples Dopant 

molecule 

Proportion of dopant 

molecule used in 

TNT288 molecule 

TEMPERATURE 

[K] 

Pressure 

[GPa] 

(Si atom/C 

atom) × 100 

(%) 

1 Siline 56/288 = 0.19 3521 33 3.2 

2 SiMe4 60/288 = 0.21 3525 34 2.3 

3 SiPETN 48/288 = 0.17 3508 29 3.1 

4 Si(SiMe2OH)4 60/288 = 0.21 3528 33 32.3 

5 Si(SiMe3)4 60/288 = 0.21 3518 31 36.0 

6 C(SiMe3)4 60/288 = 0.21 3518 30 22.7 

 5 

T,,52U 

;i _i Yb[Wh \hec MWXb[ -( _j _i WffWh[dj j^Wj dWdeZ_WcedZi je m^_Y^ W bWh][ 

Wcekdj e\ i_b_Yed Wjeci ^Wl[ X[[d _djheZkY[Z YWd X[ eXjW_d[Z WYYehZ_d] je 

[cXeZ_c[dji e\ j^[ fh[i[dj _dl[dj_ed* 

T,,53U 10 

?nWcfb[ 3 

Ni_d] Wffhen_cWj[bo 2, ] e\ Wd [nfbei_l[ Yecfei_j_ed [WY^ eXjW_d[Z Xo 

WZZ_d] -, fWhji Xo cWii( - fWhj Xo cWii( eh ,*- fWhji Xo cWii e\ jh_f^[dobi_bWdeb Wi W 

i_b_Yed YecfekdZ _dje -,, fWhji Xo cWii e\ [nfbei_l[ YedjW_d_d] jh_d_jhejebk[d[ 

&MHM' WdZ YoYbejh_c[j^ob[d[ jh_d_jhWc_d[ &K>Q'( i_b_Yed-Zef[Z dWdeZ_WcedZi m[h[ 15 

fheZkY[Z _d WYYehZWdY[ m_j^ Wd ehZ_dWho c[j^eZ e\ dWdeZ_WcedZ fheZkYj_ed* @eh j^[ 

eXjW_d[Z i_b_Yed-Zef[Z dWdeZ_WcedZi( j^[ \ebbem_d] jh[Wjc[dji m[h[ f[h\ehc[Z* Hej[ 
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j^Wj j^[ WZZ[Z Wcekdj e\ jh_f^[dobi_bWdeb _d j^[ [nfbei_l[ mWi -, cWii$( - cWii$( eh 

,*- cWii$* 

 

&_' G_n[Z WY_Z jh[Wjc[dj 

Cd .4,, ] e\ W c_n[Z WY_Z e\ YedY[djhWj[Z ikb\kh_Y WY_Z6YedY[djhWj[Z d_jh_Y WY_Z 5 

8 --6- &m[_]^j hWj_e'( -1 ] e\ j^[ dWdeZ_WcedZi eXjW_d[Z Xo j^[ Z[jedWj_ed j[ij mWi 

WZZ[Z WdZ jh[Wj[Z Wj -1,q= \eh -, ^ekhi m^_b[ X[_d] W]_jWj[Z* 

 

&__' ;baWb_ jh[Wjc[dj 

Cd -,, cF e\ Wd 4 H ieZ_kc ^oZhen_Z[ Wgk[eki iebkj_ed( - ] e\ j^[ 10 

dWdeZ_WcedZi j^Wj ^WZ X[[d jh[Wj[Z m_j^ j^[ c_n[Z WY_Z mWi WZZ[Z WdZ jh[Wj[Z Wj 

-,,q= \eh -, ^ekhi m^_b[ X[_d] W]_jWj[Z* 

 

&___' ;dd[Wb_d] 

M^[ dWdeZ_WcedZi W\j[h j^[ WbaWb_ jh[Wjc[dj m[h[ Wdd[Wb[Z Wj 4,,q= _d W 15 

lWYkkc Wjceif^[h[ \eh /, c_dkj[i* 

 

&_l' AWi-f^Wi[ en_ZWj_ed 

M^[ dWdeZ_WcedZi j^Wj ^WZ X[[d Wdd[Wb[Z mWi ikX`[Yj[Z je W ]Wi-f^Wi[ 

en_ZWj_ed jh[Wjc[dj Wj /,,q= _d Wd W_h Wjceif^[h[ \eh . ^ekhi( WdZ j^ki j^[ 20 

i_b_Yed-Zef[Z dWdeZ_WcedZi WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed 

m[h[ eXjW_d[Z* 

 

&l' @bkeh[iY[dY[ WdWboi_i 

;d Wgk[eki ikif[di_ed e\ -, m+l$ e\ j^[ i_b_Yed-Zef[Z dWdeZ_WcedZi 25 

WYYehZ_d] je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed eXjW_d[Z Xo j^[ ]Wi-f^Wi[ 

en_ZWj_ed mWi WZZ[Z Zhefm_i[ ed W ]bWii ikXijhWj[ WdZ Zh_[Z( WdZ j^ki Wd [lWbkWj_ed 

iWcfb[ mWi fh[fWh[Z* M^[ eXjW_d[Z [lWbkWj_ed iWcfb[ mWi ikX`[Yj[Z je ^_]^-if[[Z 

cWff_d] ki_d] W Yed\eYWb c_YheiYef_Y KWcWd if[Yjhec[j[h &jhWZ[ dWc[6 =ed\eYWb 

KWcWd G_YheiYef[ FWXK;G BK ?lebkj_ed( WlW_bWXb[ \hec Beh_XW( FjZ*'( WdZ 30 

Xh_]^jd[ii _cW]_d] Wj 3/4 dc mWi f[h\ehc[Z* @CA* -&W' i^emi j^[ Xh_]^jd[ii _cW][i 

Wj 3/4 dc e\ j^[ i_b_Yed-Zef[Z dWdeZ_WcedZi eXjW_d[Z ki_d] jh_f^[dobi_bWdeb Wi j^[ 

i_b_Yed YecfekdZ _d Wd WZZ_j_ed Wcekdj( _d j[hci e\ Wd [nj[hdWb fhefehj_ed( e\ - 

cWii$* @CA* -&X' i^emi W \bkeh[iY[dY[ if[Yjhkc e\ Xh_]^jd[ii e\ @CA* -&W'* M^[ p[he 

f^eded b_d[ &\bkeh[iY[dY[ f[Wa' e\ j^[ L_-O Y[dj[h YWd X[ Yed\_hc[Z* M^[ L_ Yedj[dj 35 

e\ j^[ eXjW_d[Z i_b_Yed-Zef[Z dWdeZ_WcedZi mWi /*. cWii$ m^[d j^[ WZZ[Z Wcekdj 

e\ jh_f^[dobi_bWdeb _d j^[ [nfbei_l[ mWi -, cWii$( ,*-1 cWii$ m^[d j^[ WZZ[Z 

Wcekdj mWi - cWii$( WdZ ,*,/ cWii$ m^[d j^[ WZZ[Z Wcekdj mWi ,*- cWii$* 
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Cd @CA* -&X'( _j mWi Yed\_hc[Z j^Wj j^[ i_b_Yed-Zef[Z dWdeZ_WcedZi WYYehZ_d] 

je Wd [cXeZ_c[dj e\ j^[ fh[i[dj _dl[dj_ed ^Wl[ W \bkeh[iY[dY[ Wj 3/4 dc Z[h_l[Z 

\hec j^[ LO Y[dj[h* @khj^[hceh[( j^[ Wl[hW][ i_p[ e\ j^[ fh_cWho fWhj_Yb[i c[Wikh[Z 

Xo QK> WdZ j^[ <?M if[Y_\_Y ikh\WY[ Wh[W e\ j^[ eXjW_d[Z i_b_Yed-Zef[Z 

dWdeZ_WcedZi Wh[ i^emd _d MWXb[ . X[bem* 5 

T,,54U 

TMWXb[ .U 

Added amount of 

triphenylsilanol in explosive 

BET specific 

surface area (m2/g) 

Average size of 

primary particles (nm) 

10 mass% 213 7.9 

1 mass% 232 7.2 

0.1 mass% 254 6.9 

 

T,,55U 

r G[Wikh[c[dj e\ <?M if[Y_\_Y ikh\WY[ Wh[W 10 

Cdijhkc[dj6 <?FLIKJ-c_d_ CC &WlW_bWXb[ \hec G_YhejhWY <?F' 

G[Wikh[Z femZ[h Wcekdj6 0, c] 

Jh[b_c_dWho Zho_d]6 jh[Wj[Z Wj -.,q= \eh / ^ekhi _d W lWYkkc 

G[Wikh[c[dj j[cf[hWjkh[6 --52q= &b_gk_Z d_jhe][d j[cf[hWjkh[' 

r G[Wikh[c[dj e\ Wl[hW][ i_p[ e\ fh_cWho fWhj_Yb[i &femZ[h Q-hWo 15 

Z_\\hWYjec[jho &QK>'' 

Cdijhkc[dj6 Gkbj_fkhfei[ Q-hWo >_\\hWYj_ed Loij[c m_j^ <k_bj-_d Cdj[bb_][dj 

Ak_ZWdY[ &WlW_bWXb[ \hec K_]Wak =ehfehWj_ed' 

r G[Wikh[c[dj c[j^eZ e\ L_ _djheZkYj_ed Wcekdj &QK@' 

Cdijhkc[dj6 Q-hWo @bkeh[iY[dY[ Lf[Yjhec[j[h SLQ Jh_cki CO( WlW_bWXb[ \hec 20 

K_]Wak =ehfehWj_ed 

T,-,,U 

?nWcfb[ 4 

HWdeZ_WcedZi Zef[Z m_j^ Xehed YWd X[ eXjW_d[Z _d j^[ iWc[ cWdd[h Wi _d 

?nWcfb[ 3 [nY[fj \eh ki_d] - fWhj Xo cWii e\ f^[dobXehed_Y WY_Z _d fbWY[ e\ - fWhj Xo 25 

cWii e\ jh_f^[dobi_bWdeb e\ ?nWcfb[ 3* 

T,-,-U 

?nWcfb[ 5 

HWdeZ_WcedZi Zef[Z m_j^ f^eif^ehki YWd X[ eXjW_d[Z _d j^[ iWc[ cWdd[h Wi 

_d ?nWcfb[ 3 [nY[fj \eh ki_d] - fWhj Xo cWii e\ jh_f^[dobf^eif^_d[ _d fbWY[ e\ - fWhj 30 

Xo cWii e\ jh_f^[dobi_bWdeb e\ ?nWcfb[ 3* 

T,-,.U 
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?nWcfb[ -, 

HWdeZ_WcedZi Zef[Z m_j^ d_Ya[b YWd X[ eXjW_d[Z _d j^[ iWc[ cWdd[h Wi _d 

?nWcfb[ 3 [nY[fj \eh ki_d] - fWhj Xo cWii e\ d_Ya[b X_i&WY[jobWY[jedWj[' _d fbWY[ e\ - 

fWhj Xo cWii e\ jh_f^[dobi_bWdeb e\ ?nWcfb[ 3* 

T,-,/U 5 

?nWcfb[ -- 

HWdeZ_WcedZi Zef[Z m_j^ i_b_Yed WdZ Xehed YWd X[ eXjW_d[Z _d j^[ iWc[ 

cWdd[h Wi _d ?nWcfb[ 3 [nY[fj \eh ki_d] ,*1 fWhji Xo cWii e\ jh_f^[dobi_bWdeb WdZ ,*1 

fWhji Xo cWii e\ f^[dobXehed_Y WY_Z _d fbWY[ e\ - fWhj Xo cWii e\ jh_f^[dobi_bWdeb e\ 

?nWcfb[ 3* 10 

T,-,0U 

?nWcfb[ -. 

HWdeZ_WcedZi Zef[Z m_j^ i_b_Yed WdZ f^eif^ehki YWd X[ eXjW_d[Z _d j^[ iWc[ 

cWdd[h Wi _d ?nWcfb[ 3 [nY[fj \eh ki_d] ,*1 fWhji Xo cWii e\ jh_f^[dobi_bWdeb WdZ ,*1 

fWhji Xo cWii e\ jh_f^[dobf^eif^_d[ _d fbWY[ e\ - fWhj Xo cWii e\ jh_f^[dobi_bWdeb e\ 15 

?nWcfb[ 3* 
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=bW_ci 

 

[Claim 1] 

An explosive composition comprising at least one explosive and at least one 

heteroatom compound, 

the heteroatom compound comprising at least one heteroatom selected from the 

group consisting of B, P, Si, S, Cr, Sn, Al, Ge, Li, Na, K, Cs, Mg, Ca, Sr, Ba, Ti, Zr, V, 

Nb, Ta, Mo, W, Mn, Ni, Cu, Ag, Cd, Hg, Ga, In, Tl, As, Sb, Bi, Se, Te, Co, Xe, F, Y, 

and lanthanoids. 

 

[Claim 2] 

The explosive composition according to claim 1, wherein the explosive 

comprises at least one selected from the group consisting of trinitrotoluene (TNT), 

cyclotrimethylene trinitramine (hexogen, RDX), cyclotetramethylene tetranitramine 

(octogen), trinitrophenyl methylnitramine (tetryl), pentaerythritol tetranitrate (PETN), 

tetranitromethane (TNM), triamino-trinitrobenzene, hexanitrostilbene, and 

diaminodinitrobenzofuroxan. 

 

[Claim 3] 

The explosive composition according to claim 1 or 2, wherein the heteroatom 

compound is an organic heteroatom compound. 

 

[Claim 4] 

The explosive composition according to any one of claims 1 to 3, comprising 

from 80 to 99.9999 mass% of the explosive and from 0.0001 to 20 mass% of the 

heteroatom compound. 

 

[Claim 5] 

The explosive composition according to any one of claims 1 to 4, wherein a 

particle size of the explosive and/or the heteroatom compound is 10 mm or less. 

 

[Claim 6] 

A method for producing the explosive composition according to any one of 

claims 1 to 5, the method comprising mixing the explosive and the heteroatom 

compound as a dry powder, in a molten state, or using a solvent, and forming the 

mixture by pressing or casting. 

 

[Claim 7] 
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The method for producing the explosive composition according to claim 6, 

wherein the explosive composition is produced by mixing the explosive and/or the 

heteroatom compound having a particle size of 10 mm or less as a dry powder or in a 

molten state. 

 

[Claim 8] 

A method for producing a heteroatom-doped nanodiamond, the method 

comprising exploding the explosive composition according to any one of claims 1 to 5 

in a sealed container. 

  


