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REVIEWER COMMENTS

Reviewer #1 (Remarks to the Author):

Comments: 

Pedro P. Ferreira et al performed a comprehensive, detailed study of the phase diagram of 

the Lu–N–H system, looking for superconducting phases. They identified 52 viable 

candidates for conventional superconductivity, but none were compatible with the room-

temperature superconductivity reported by Dasenbrock et al, which confirms that no 

conventional mechanism can explain the reported high Tc in Lu–N–H. The results of this 

works are attractive. Therefore, it is recommended to be published after made the following 

revisions. 

1.On page3, the sentence “two metastable binaries (B3-Fm3 ̅m-LuH2, B5-P63/mmc-LuH3)” 

is inaccurate. B3-Fm3 ̅m-LuH2 is on the convex hull at 0 GPa and in the caption of Fig. 1, blue 

circles indicate the thermodynamically stable phases. By the way, we did not see where B5-

P63/mmc-LuH3 is in Fig. 1, are P63/mmc-LuH3 and P63-LuH3 the same structure? 

2.The pseudopotential of lutetium should be tested and compared with the known 

experimental results for example LuN, LuH, LuH2, LuH3. In addition, in general, d or f 

electrons have strong correlation. Did the authors consider DFT+U? 

3.Crystal structures of the best candidates for SC in Lu–N–H ternary system are shown in 

Figure 2. In T3, T6, T8, there are some atomic H in the structure, is that true? ELFs should be 

given. 

4.Some calculated critical temperatures seems much smaller than the values previously 

reported in Table IV of SM. Any explanation/justification? The authors should carefully 

check the data given in the table. 

5.There are some minor English expression errors (typos and format). For example: 

• “NH3–Lu3” 

• The table title should be written at the top of the Table IV in SM. 



• The format of the space group contained in Figure.3 on page 6 needs to be modified. In 

addition, similar ones in SM also need to be changed. 

6.The page numbers for many references are missing, for example, 8, 9, 19, 22, 23 and so 

on. By the way, is reference 11 still in press? Please check it. 

7.Did the authors test the effect of different q-grids and k-grids? If so, please list the tested 

results 

8.Is the el-ph calculations still reasonable with so large and many imaginary frequencies for 

B4-LuH3? 

Reviewer #2 (Remarks to the Author):

Recent report of room temperature superconductivity ina lutetium hydride at 1 GPa took 

the scientific community by surprise and excited unprecedented activity by other groups, all 

of which hurried to prove that report wrong. I agree with that conclusion, but in my opinion, 

more important than proving an obviously wrong paper, is to learn new insights about 

where to look for me superconductors and where not. 

Present paper gives a compelling computational proof that LuH2-LuH3 cannot be a room Tc 

superconductor and explains why. 

I recommend publishing this work. 

Artem R. Oganov 



Reviewer #3 (Remarks to the Author):

Hydrides have become the most promising candidates for room-temperature 

superconductivity. However, their superconducting transformation pressures are extremely 

high (usually above 200 GPa), which is unfavorable for real-word applications. Therefore, 

achieving the superconductivity of hydrides under low pressure has become the focus of 

academic attention. Recently, Dasenbrock et al. reported that N-doped lutetium hydride has 

shown a room-temperature superconductivity at near-ambient pressure. Then, a large 

number of theoretical and experimental scientists are attempting to confirm this discovery. 

In this work, the authors have explored over 200,000 candidate structures. None of them 

has room-temperature superconductivity. This study precludes the conventional 

superconducting mechanism of Lu-N-H. Overall, the adopted theoretical methods are 

appropriate, and the calculated results are reliable and significant for the research of 

hydrides. But there are some issues needed to be addressed. 

1. The hydrogen content in hydrides has a great influence on superconductivity. The author 

should justify the rationality of selecting stoichiometry. 

2. There have been many theoretical calculations supporting Lu-N-H system with the lower 

superconducting transition temperatures, but their research perspectives and methods are 

different. It is recommended that the authors summarize these studies appropriately. 

3. Could the authors discuss more the similarities between Lu2NH3, TMD, and MgB2?



I[Zhe I, ?[hh[_hW [j Wb f[h\ehc[Z W Yecfh[^[di_l[* Z[jW_b[Z ijkZo e\ j^[ f^Wi[ Z_W]hWc e\ j^[ EkqGqA ioij[c*
beea_d] \eh ikf[hYedZkYj_d] f^Wi[i, M^[o _Z[dj_"[Z 30 l_WXb[ YWdZ_ZWj[i \eh Yedl[dj_edWb ikf[hYedZkYj_l_jo* Xkj
ded[ m[h[ YecfWj_Xb[ m_j^ j^[ heec+j[cf[hWjkh[ ikf[hYedZkYj_l_jo h[fehj[Z Xo =Wi[dXheYa [j Wb* m^_Y^ Yed"hci
j^Wj de Yedl[dj_edWb c[Y^Wd_ic YWd [nfbW_d j^[ h[fehj[Z ^_]^ MY _d EkqGqA, M^[ h[ikbji e\ j^_i mehai Wh[ WjjhWYj_l[,
M^[h[\eh[* _j _i h[Yecc[dZ[Z je X[ fkXb_i^[Z W\j[h cWZ[ j^[ \ebbem_d] h[l_i_edi,
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85 P[ h[f^hWi[Z j^[ %jme c[jWijWXb[ X_dWh_[i% i[dj[dY[ je %Bd WZZ_j_ed je c[jWijWXb[* c[jWbb_Y j[hdWho f^Wi[i*
MWX,/ WdZ ?_],0 YedjW_d "l[ X_dWho f^Wi[i ';/+' $#/+EkA* ;0+' /#/+EkA* ;1+' /#/+EkA#* ;2+' /#/+
EkA$* ;3+( &$%//++EkA$(* Wi m[bb Wi ed[ WZZ_j_edWb j[hdWho f^Wi[ 'M/+( $#/+EkGA(* m^_Y^ ^Wl[ X[[d
_dYbkZ[Z X[YWki[* Wbj^ek]^ ^_]^bo c[jWijWXb[ '[nY[fj \eh ;1+' /#/+EkA#* m^_Y^ _i i_jkWj[Z Wj j^[ Yedl[n ^kbb
Wj . @IW(* j^[o Wh[ YecfWj_Xb[ m_j^ j^[ c[Wikh[Z QK= if[YjhW WdZ ^Wl[ X[[d ik]][ij[Z Xo Z_![h[dj Wkj^ehi
Wi l_WXb[ YWdZ_ZWj[i je [nfbW_d =Wi[dXheYa+@Wcced Q` MX+&i [nf[h_c[dji T/V%,

Hd j^[ EkA$ f^Wi[i* ( &#%//++EkA$ WdZ (&#+EkA$ Wh[ _dZ[[Z Z_![h[dj f^Wi[i m_j^ Z_![h[dj YhoijWbbe]hWf^_Y
ifWY[ ]hekfi WdZ \ehcWj_ed [d[h]_[i, P[ Zed&j i[[ ;3+( &#%//++EkA$ _d ?_], / X[YWki[ j^_i f^Wi[ _i i_jkWj[Z
/. c[O-Wjec WXel[ j^[ Yedl[n ^kbb* m^_b[ ( &#+EkA$ _i j^[ ed[ beYWj[Z ed j^[ Yedl[n ^kbb,

0, HSP [^P`OZ[Z_PY_TLW ZQ W`_P_T`X ^SZ`WO MP _P^_PO LYO NZX[L]PO bT_S _SP VYZbY Pc[P]TXPY_LW ]P^`W_^
QZ] PcLX[WP A`C( A`?( A`?.( A`?/* @Y LOOT_TZY( TY RPYP]LW( O Z] Q PWPN_]ZY^ SLaP ^_]ZYR NZ]]PWL_TZY*
;TO _SP L`_SZ]^ NZY^TOP] ;=H'I7

85 P[ ^Wl[ ki[Z j^[ L@/3 Hfj_c_p[Z Gehc+<edi[hl_d] OWdZ[hX_bj 'HG<O( fi[kZefej[dj_Wbi T0* 1V* m^_Y^
Wh[ m_Z[bo j[ij[Z WdZ Wffb_[Z ikYY[ii\kbbo _d cWdo Z_![h[dj Wffb_YWj_edi, Hkh XWdZ ijhkYjkh[i* f^ededi* WdZ
[b[Yjhed+f^eded fhef[hj_[i eXjW_d[Z Xo ki_d] j^[ L@/3 ZWjWXWi[ Wh[ Wbb Yedi_ij[dj m_j^ j^[ \ebbem+kf mehai
h[b[Wi[Z YedYec_jWdjbo-W\j[h ekhi* m^_Y^* _d j^[i[ YWi[i* [cfbeo Z_![h[dj YeZ[i WdZ fi[kZei,

P[ ^Wl[ Wbie dej Yedi_Z[h[Z j^[ =?M)N Wffhen_cWj_ed _d ekh YWbYkbWj_edi, BdZ[[Z* m[ jekY^[Z kfed j^[ _iik[
e\ Z[iYh_X_d] j^[ - +ijWj[i e\ Ek _d j^[ bWij fWhW]hWf^ e\ j^[ AQ`T[P_ i[Yj_ed, Bd Wbb YecfekdZi _dl[ij_]Wj[Z* j^[
2- ehX_jWbi ]_l[ h_i[ je ^_]^bo beYWb_p[Z* ded+Z_if[hi_l[ XWdZi X[bem +2 [O m_j^ l_hjkWbbo p[he Yedjh_Xkj_ed _d j^[
Ybei[ l_Y_d_jo e\ j^[ ?[hc_ b[l[b* m^_Y^ _dZ_YWj[i W dkbb Y^Wh][ jhWdi\[h \hec j^[ 2- cWd_\ebZ je j^[ A+1* G+0* eh

/



Ek+, i^[bbi, M^_i _i Wd [ii[dj_Wb _dZ_YWj_ed j^Wj j^[ ed+i_j[ <ekbecX _dj[hWYj_edi e\ j^[ - [b[Yjhedi Ze dej fbWo
Wdo YhkY_Wb heb[ _d L< eh ijWX_b_jo, :i ^_]^b_]^j[Z Xo j^[ K[\[h[[* i[l[hWb \ebbem+kf ijkZ_[i _dl[ij_]Wj_d] ijhed]
Yehh[bWj_ed [![Yji ed EkA#* WdZ EkA$ ^Wl[ Wff[Wh[Z Zkh_d] j^[ h[l_i_ed f^Wi[ e\ ekh cWdkiYh_fj T/* 2* 3V, P[
W]h[[ j^Wj j^[i[ h[ikbji Z[i[hl[ je X[ Z_iYkii[Z _d ekh cWdkiYh_fj,

M^[h[\eh[* m[ ^Wl[ WZZ[Z j^[ \ebbem_d] fWhW]hWf^ je j^[ Z_iYkii_ed e\ j^[ h[ikbji8 %?[cQbQ^) U` U_ cQXX WZ[cZ
`TM`7 .' `TQ ^QXM`UbQ NMZP \[_U`U[Z_ UZ `TQ @<9(H M\\^[dUYM`U[Z PQ\QZP _QZ_UNXe [Z `TQ OT[_QZ bMXaQ [R * 8
..' bMXaQ_ [R * O[Y\a`QP QbQZ UZ `TQ Y[_` MOOa^M`Q O[Z_`^MUZQP*^MZP[Y*\TM_Q M\\^[dUYM`U[Z R[^ `TQ _MYQ
O[Y\[aZP YMe #aO`aM`Q PQ\QZPUZS [Z `TQ PQ`MUX_ [R `TQ \^[VQO`U[Z,P[cZR[XPUZS \^[OQPa^Q K3L8 UZ RMO`) Ia
Q` MX+ K2L TMbQ _T[cZ) Ne TeN^UP RaZO`U[ZMX OMXOaXM`U[Z_) `TM` PU!Q^QZ` \TM_Q_ ^Q]aU^Q PU!Q^QZ` ?aNNM^P \[`QZ`UMX_
`[ PQ_O^UNQ `TQ - QXQO`^[Z_ O[^^QO`Xe+ =bQZ Y[^Q O^aOUMX R[^ `TQ O[ZOXa_U[Z_ [R `TQ \^Q_QZ` c[^W) T[cQbQ^) U_ `TQ
RMO` `TM`7 ...' UZOXaPUZS "ZU`Q*NMZPcUP`T O[^^QO`U[Z_ UZ `TQ =XUM_TNQ^S `TQ[^e R[^ O[ZbQZ`U[ZMX _a\Q^O[ZPaO`UbU`e
cM_TQ_ [a` `TQ Q!QO` [R _TM^\ \QMW_ UZ `TQ <CF K4) 5L MZP .2' M_ _T[cZ UZ >US+ 1) QbQZ `^U\XUZS `TQ [b+f^
O[a\XUZS O[Z_`MZ` [R MZe [R `TQ \^QPUO`QP @a*B*? \TM_Q_ c[aXP Z[` NQ _a$OUQZ` `[ N^UZS `TQ _e_`QY QbQZ OX[_Q
`[ ^[[Y*`QY\Q^M`a^Q _a\Q^O[ZPaO`UbU`e cU`T[a` M _UYaX`MZQ[a_ UZO^QM_Q [R `TQ \T[Z[Z R^Q]aQZOe Ne MZ [^PQ^
[R YMSZU`aPQ+%

1, :]d^_LW ^_]`N_`]P^ ZQ _SP MP^_ NLYOTOL_P^ QZ] G: TY A`fCf? _P]YL]d ^d^_PX L]P ^SZbY TY =TR`]P .* @Y
H/( H2( H3( _SP]P L]P ^ZXP L_ZXTN ? TY _SP ^_]`N_`]P( T^ _SL_ _]`P7 <A=^ ^SZ`WO MP RTaPY*

85 M^[h[ _i de Wjec_Y A _d M1* M4* WdZ M6, M^[ A+A "hij+d[_]^Xeh Z_ijWdY[ _i 0,/1 $: \eh M1* 0,// $: \eh M4*
WdZ 0,/6 $: \eh M6, M^[ >E?i \eh j^[ ijhkYjkh[i i^emd _d ?_]kh[ 0 e\ j^[ cW_d cWdkiYh_fj Wh[ dem i^emd _d
j^[ LF* Wi Wia[Z Xo j^[ h[\[h[[,

2, GZXP NLWN`WL_PO N]T_TNLW _PX[P]L_`]P^ ^PPX^ X`NS ^XLWWP] _SLY _SP aLW`P^ []PaTZ`^Wd ]P[Z]_PO TY
HLMWP @J ZQ GB* 8Yd Pc[WLYL_TZY+U`^_T"NL_TZY7 HSP L`_SZ]^ ^SZ`WO NL]PQ`WWd NSPNV _SP OL_L RTaPY TY
_SP _LMWP*

85 Me cWa[ j^[ YecfWh_ied m_j^ ekh ZWjW Yedi_ij[dj* j^[ lWbk[i h[fehj[Z _d MWXb[ BO e\ LF m[h[ h[Yecfkj[Z
Xo [cfbeo_d] j^[ FYF_bbWd+:bb[d+=od[i \ehckbW m_j^ "" ( !$" ki_d] j^[ #'(& WdZ ! Yebb[Yj[Z _d j^[ b_j[hWjkh[*
Wi Y_j[Z _d MWXb[ BO, Aem[l[h* Wi m[bb ademd* j^[ FYF_bbWd+:bb[d+=od[i \ehckbW kdZ[h[ij_cWj[i j^[ Yh_j_YWb
j[cf[hWjkh[ YecfWh[Z je j^[ \kbb iebkj_ed e\ j^[ >b_Wi^X[h] [gkWj_edi, P[ h[f^hWi[Z j^[ YWfj_ed e\ MWXb[
BO je cWa[ j^_i fe_dj Yb[Wh[h, M^[ YWfj_ed dem h[WZi8 %Fa\Q^O[ZPaO`UZS \^[\Q^`UQ_ [R _QXQO`QP TeP^UPQ_ R^[Y
XU`Q^M`a^Q+ G[ YMWQ `TQ O[Y\M^U_[Z cU`T [a^ PM`M O[Z_U_`QZ`) `TQ _a\Q^O[ZPaO`UZS O^U`UOMX `QY\Q^M`a^Q_ &) !"

# '
^Q\[^`QP UZ `TU_ `MNXQ cQ^Q ^Q*O[Y\a`QP Ne QY\X[eUZS `TQ _QYU*QY\U^UOMX AOAUXXMZ*9XXQZ*<eZQ_ R[^YaXM cU`T
"" ( !$" a_UZS `TQ #'(& MZP ! O[XXQO`QP UZ `TQ XU`Q^M`a^Q) M_ OU`QP UZ `TQ %EQR% O[XaYZ+%

3, HSP]P L]P ^ZXP XTYZ] <YRWT^S Pc[]P^^TZY P]]Z]^ %_d[Z^ LYO QZ]XL_&* =Z] PcLX[WP5 %T& C?/fA`/6 %TT&
HSP _LMWP _T_WP ^SZ`WO MP b]T__PY L_ _SP _Z[ ZQ _SP HLMWP @J TY GB6 %TTT& HSP QZ]XL_ ZQ _SP ^[LNP
R]Z`[ NZY_LTYPO TY =TR`]P*/ ZY [LRP 2 YPPO^ _Z MP XZOT"PO* @Y LOOT_TZY( ^TXTWL] ZYP^ TY GB LW^Z
YPPO _Z MP NSLYRPO*

85 P[ j^Wda j^[ K[\[h[[ \eh ikY^ YWh[\kb h[WZ_d], P[ Yehh[Yj[Z Wbb jofei WdZ \ehcWj _iik[i fe_dj[Z ekj WXel[
WdZ Wbie cWZ[ W YWh[\kb* j^ehek]^ h[WZ_d] j^hek]^ j^[ m^eb[ j[nj* i[WhY^_d] \eh WZZ_j_edWb j[nj-\ehcWjj_d]
_iik[i,

4, HSP [LRP Y`XMP]^ QZ] XLYd ]PQP]PYNP^ L]P XT^^TYR( QZ] PcLX[WP( 3( 4( -4( ..( ./ LYO ^Z ZY* 9d _SP
bLd( T^ ]PQP]PYNP -- ^_TWW TY []P^^7 EWPL^P NSPNV T_*

85 P[ j^Wda j^[ K[\[h[[ \eh fe_dj_d] j^_i ekj, P[ h[l_i[Z Wbb h[\[h[dY[i WdZ Yehh[Yj[Z Wbb _iik[i hW_i[Z WXel[,

5, ;TO _SP L`_SZ]^ _P^_ _SP P!PN_ ZQ OT!P]PY_ \)R]TO^ LYO V)R]TO^7 @Q ^Z( [WPL^P WT^_ _SP _P^_PO ]P^`W_^

85 P[ ^Wl[ [cfbeo[Z W 6"6"6 !+]h_Z iWcfb_d] el[h j^[ ;S \eh Wbb YWbYkbWj_edi je Yecfkj[ j^[ =?M Y^Wh][ Z[d+
i_jo, >b[Yjhed+f^eded fhef[hj_[i m[h[ Yecfkj[Z ed /4"/4"/4 !+]h_Z WdZ 0"0"0 "+]h_Z ed W ^_]^+j^hek]^fkj
b[l[b, ?eh ijhkYjkh[i m_j^ )! ^_]^[h j^Wd /. D* m[ h[+Yecfkj[Z j^[ ZodWc_YWb cWjh_Y[i ed W 4"4"4 "+]h_Z WdZ
j^[ QX*\T fhef[hj_[i ed 1."1."1. !+]h_Z,

Bd Wdej^[h h[Y[dj meha TLW^W Q` MX+* I^oi, K[l, FWj[h_Wbi 5* .326.4 '0.01(V iec[ e\ ki ^Wl[ Yecf_b[Z
W ZWjWXWi[ e\ el[h ceh[ j^Wd /.. ikf[h^oZh_Z[i* \eh m^_Y^ m[ ^Wl[ f[h\ehc[Z [nj[di_l[ Yedl[h][dY[ j[iji,

0



;Wi[Z ed j^_i [nf[h_[dY[ WdZ _d W]h[[c[dj m_j^ ej^[h mehai _d j^[ b_j[hWjkh[ ed Ek+A+G 'i[[* \eh [nWcfb[*
A_bb[a[ [j Wb, T7V WdZ Ake [j Wb, T/.V(* j^[ Y^ei[d a+ WdZ g+]h_Zi Wh[ [dek]^ je ]kWhWdj[[ W Yedl[h][dY[ bem[h
j^Wd /. c[O-Wjec,

Feh[el[h* m[ _dYbkZ[Z j^[ h[ikbji e\ Yedl[h][dY[ j[iji \eh EkA$ _d j^[ LF,

6, @^ _SP PW)[S NLWN`WL_TZY^ ^_TWW ]PL^ZYLMWP bT_S ^Z WL]RP LYO XLYd TXLRTYL]d Q]P\`PYNTP^ QZ] 90)A`?$7

85 M^[ )! e\ ;2+EkA$ mWi eXjW_d[Z Xo _dj[]hWj_d] j^[ >b_Wi^X[h] \kdYj_ed edbo ed h[Wb \h[gk[dY_[i* j^ki
eXjW_d_d] ! ( "$&% WdZ #'(& ( "'$& -+** h[ikbj_d] _d )! 9 03,2 D* Wi h[fehj[Z _d j^[ cW_d cWdkiYh_fj,
M^[h[\eh[* j^_i _i W hek]^ [ij_cWj_ed WdZ i[hl[i Wi _dZ_YWj_ed e\ j^[ j[dZ[dYo e\ j^[ cWj[h_Wb je Yedl[dj_edWb
L<, Lec[ e\ j^[ fh[i[dj Wkj^ehi f[h\ehc[Z W \khj^[h ijkZo ki_d] ceh[ [bWXehWj[ c[j^eZi je [lWbkWj[ gkWdjkc
Wd^Whced_Y [![Yji ed j^[ ijWX_b_jo WdZ )# e\ j^[ ;2+EkA$ f^Wi[ q K[\, T27V, Bd j^Wj meha _j _i Z[cedijhWj[Z
j^Wj ' /#/+EkA$ _i ijWX_b_p[Z Wj d[Wh WcX_[dj fh[iikh[i \eh j[cf[hWjkh[i WXel[ 0.. D m^[d _dYbkZ_d] gkWdjkc
Wd^Whced_Y bWjj_Y[ [![Yji, ;o _dYh[Wi_d] j^[ fh[iikh[ kf je 4 @IW* j^[ h[gk_h[Z j[cf[hWjkh[ \eh ijWX_b_jo _i
h[ZkY[Z je ) & 6. D, Aem[l[h* [l[d _dYbkZ_d] gkWdjkc bWjj_Y[ [![Yji j^[ YWbYkbWj[Z )# h[cW_di m[bb X[bem
heec j[cf[hWjkh[ ')# ( %! ! &! D(,

FPaTPbP] .

K[Y[dj h[fehj e\ heec j[cf[hWjkh[ ikf[hYedZkYj_l_jo _d W bkj[j_kc ^oZh_Z[ Wj / @IW jeea j^[ iY_[dj_"Y Yecckd_jo
Xo ikhfh_i[ WdZ [nY_j[Z kdfh[Y[Z[dj[Z WYj_l_jo Xo ej^[h ]hekfi* Wbb e\ m^_Y^ ^khh_[Z je fhel[ j^Wj h[fehj mhed], B
W]h[[ m_j^ j^Wj YedYbki_ed* Xkj _d co ef_d_ed* ceh[ _cfehjWdj j^Wd fhel_d] Wd eXl_ekibo mhed] fWf[h* _i je b[Whd d[m
_di_]^ji WXekj m^[h[ je beea \eh c[ ikf[hYedZkYjehi WdZ m^[h[ dej, Ih[i[dj fWf[h ]_l[i W Yecf[bb_d] YecfkjWj_edWb
fhee\ j^Wj EkA#+EkA$ YWddej X[ W heec MY ikf[hYedZkYjeh WdZ [nfbW_di m^o,

B h[Yecc[dZ fkXb_i^_d] j^_i meha,

:hj[c K, H]Wdel

85 P[ j^Wda Ihe\, :hj[c K, H]Wdel \eh ikY^ YWh[\kb h[WZ_d] WdZ \eh [nfh[ii_d] Wffh[Y_Wj_ed e\ ekh meha,

FPaTPbP] /

AoZh_Z[i ^Wl[ X[Yec[ j^[ ceij fhec_i_d] YWdZ_ZWj[i \eh heec+j[cf[hWjkh[ ikf[hYedZkYj_l_jo, Aem[l[h* j^[_h ikf[h+
YedZkYj_d] jhWdi\ehcWj_ed fh[iikh[i Wh[ [njh[c[bo ^_]^ 'kikWbbo WXel[ 0.. @IW(* m^_Y^ _i kd\WlehWXb[ \eh h[Wb+mehZ
Wffb_YWj_edi, M^[h[\eh[* WY^_[l_d] j^[ ikf[hYedZkYj_l_jo e\ ^oZh_Z[i kdZ[h bem fh[iikh[ ^Wi X[Yec[ j^[ \eYki e\ WYW+
Z[c_Y Wjj[dj_ed, K[Y[djbo* =Wi[dXheYa [j Wb, h[fehj[Z j^Wj G+Zef[Z bkj[j_kc ^oZh_Z[ ^Wi i^emd W heec+j[cf[hWjkh[
ikf[hYedZkYj_l_jo Wj d[Wh+WcX_[dj fh[iikh[, M^[d* W bWh][ dkcX[h e\ j^[eh[j_YWb WdZ [nf[h_c[djWb iY_[dj_iji Wh[ Wj+
j[cfj_d] je Yed"hc j^_i Z_iYel[ho, Bd j^_i meha* j^[ Wkj^ehi ^Wl[ [nfbeh[Z el[h 0..*... YWdZ_ZWj[ ijhkYjkh[i, Ged[
e\ j^[c ^Wi heec+j[cf[hWjkh[ ikf[hYedZkYj_l_jo, M^_i ijkZo fh[YbkZ[i j^[ Yedl[dj_edWb ikf[hYedZkYj_d] c[Y^Wd_ic
e\ EkqGqA, Hl[hWbb* j^[ WZefj[Z j^[eh[j_YWb c[j^eZi Wh[ Wffhefh_Wj[* WdZ j^[ YWbYkbWj[Z h[ikbji Wh[ h[b_WXb[ WdZ
i_]d_"YWdj \eh j^[ h[i[WhY^ e\ ^oZh_Z[i, ;kj j^[h[ Wh[ iec[ _iik[i d[[Z[Z je X[ WZZh[ii[Z,

/, HSP SdO]ZRPY NZY_PY_ TY SdO]TOP^ SL^ L R]PL_ TY#`PYNP ZY ^`[P]NZYO`N_TaT_d* HSP L`_SZ] ^SZ`WO
U`^_TQd _SP ]L_TZYLWT_d ZQ ^PWPN_TYR ^_ZTNSTZXP_]d*

85 :i Z_iYkii[Z _d j^[ cW_d cWdkiYh_fj* m[ ^Wl[ f[h\ehc[Z W ^_]^+j^hek]^fkj iYh[[d_d] ed EkqGqA j[hdWho
ioij[c, Hkj e\ Wbb ije_Y^_ec[jh_[i iWcfb[Z* m[ i[b[Yj[Z j^[ j^[hceZodWc_YWbbo ijWXb[ ed[i, M^[ h[bWj_l[bo bem
A Yedj[dj YecfWh[Z je A fh[iikh[ ^oZh_Z[i b_a[ EWA"! _i dej ikhfh_i_d]* ]_l[d j^[ ckY^ bem[h fh[iikh[i,

0, HSP]P SLaP MPPY XLYd _SPZ]P_TNLW NLWN`WL_TZY^ ^`[[Z]_TYR A`fCf? ^d^_PX bT_S _SP WZbP] ^`[P])
NZYO`N_TYR _]LY^T_TZY _PX[P]L_`]P^( M`_ _SPT] ]P^PL]NS [P]^[PN_TaP^ LYO XP_SZO^ L]P OT!P]PY_* @_ T^
]PNZXXPYOPO _SL_ _SP L`_SZ]^ ^`XXL]TeP _SP^P ^_`OTP^ L[[]Z[]TL_PWd*

85 P[ j^Wda j^[ h[\[h[[ \eh ^_i-^[h Yecc[dj, BdZ[[Z* _d j^[ h[l_i[Z l[hi_ed e\ j^[ cWdkiYh_fj* m[ ^Wl[
Z_iYkii[Z j^[ h[ikbji e\ j^[ d[m[ij fh[+fh_dji-Whj_Yb[i WlW_bWXb[ _d j^[ b_j[hWjkh[* fe_dj_d] ekj j^[ cW_d c[j^eZ+
ebe]_YWb Z_![h[dY[i WdZ YecfWh_d] j^[ YedYbki_edi,

1



1, :Z`WO _SP L`_SZ]^ OT^N`^^ XZ]P _SP ^TXTWL]T_TP^ MP_bPPY A`#C?$( HB;( LYO BR9#7

85 :i h[gk_h[Z Xo j^[ K[\[h[[* m[ ^Wl[ dem _dYbkZ[Z W bed][h Z_iYkii_ed e\ j^[ cW_d i_c_bWh_j_[i X[jm[[d
Ek#GA$* MF=* WdZ F];#,

FPQP]PYNP^

T/V G, =Wi[dXheYa+@Wcced* >, Ld_Z[h* K, FY;h_Z[* A, IWiWd* =, =kha[[* G, D^WblWi^_+Lkjj[h* L, FkdWi_d]^[*
L, >, =_iiWdWoWa[* D, O, EWmb[h* :, LWbWcWj* Q` MX+* U>l_Z[dY[ e\ d[Wh+WcX_[dj ikf[hYedZkYj_l_jo _d W d+Zef[Z
bkj[j_kc ^oZh_Z[*% BM`a^Q* leb, 4/3* de, 573/* ff, 022q03.* 0.01,

T0V =, K, AWcWdd* UHfj_c_p[Z dehc+Yedi[hl_d] lWdZ[hX_bj fi[kZefej[dj_Wbi*% DTe_+ EQb+ :* leb, 66* f, .63//5*
:k] 0./1,

T1V F, LY^b_f\ WdZ ?, @o]_* UHfj_c_pWj_ed Wb]eh_j^c \eh j^[ ][d[hWj_ed e\ edYl fi[kZefej[dj_Wbi*% ;[Y\a`Q^ DTe_UO_
;[YYaZUOM`U[Z_* leb, /74* ff, 14q22* 0./3,

T2V G, L, IWlbel* B, K, L^[_d* D, L, I[hlWael* O, F, IkZWbel* WdZ B, :, G[ahWiel* U:dWjeco e\ j^[ XWdZ ijhkYjkh[
e\ j^[ d[m[ij WffWh[dj d[Wh+WcX_[dj ikf[hYedZkYjeh bk^$!$d$*% M^JUb \^Q\^UZ` M^JUb7/0-3+-6535* 0.01,

T3V P, Pk* S, S[d]* WdZ Q, PWd]* UBdl[ij_]Wj_edi e\ fh[iikh_p[Z bk+d^ cWj[h_Wbi Xo ki_d] j^[ ^oXh_Z \kdYj_edWb*%
M^JUb \^Q\^UZ` M^JUb7/0-3+..2..* 0.01,

T4V ?, :hoWi[j_WmWd* F, BcWZW* :, @[eh][i* @, Dejb_Wh* L, ;_[hcWdd* WdZ :, B, E_Y^j[dij[_d* U?h[gk[dYo+Z[f[dZ[dj
beYWb _dj[hWYj_edi WdZ bem+[d[h]o [![Yj_l[ ceZ[bi \hec [b[Yjhed_Y ijhkYjkh[ YWbYkbWj_edi*% DTe_+ EQb+ :* leb, 5.*
f, /73/.2* Gel 0..2,

T5V P, LWde* M, Deh[jikd[* M, MWZWde* K, :aWi^_* WdZ K, :h_jW* U>![Yj e\ lWd ^el[ i_d]kbWh_j_[i ed ^_]^+)%

ikf[hYedZkYj_l_jo _d ,$)*% DTe_+ EQb+ :* leb, 71* f, .72303* FWh 0./4,

T6V A, E[[* L, IedY#[* D, ;ki^_Ya* L, AW`_dWpWh* C, EW\k[dj[+;Whjebec[* C, E[l[_bb[[* <, E_Wd* ?, FWY^[ZW*
A, IWkZoWb* P, A, L_e* Q` MX+* U>b[Yjhed+f^eded f^oi_Yi \hec "hij fh_dY_fb[i ki_d] j^[ [fm YeZ[*% M^JUb \^Q\^UZ`
M^JUb7/0-/+-5-52* 0.01,

T7V D, I, A_bb[a[* Q, PWd]* =, Eke* G, @[d]* ;, PWd]* WdZ >, Skh[a* ULjhkYjkh[* ijWX_b_jo WdZ ikf[hYedZkYj_l_jo
e\ d+Zef[Z bkj[j_kc ^oZh_Z[i Wj aXWh fh[iikh[i*% M^JUb \^Q\^UZ` M^JUb7/0-0+.23//* 0.01,

T/.V S, Ake* =, =kWd* M, FW* J, C_Wd]* S, S^Wd]* =, :d* ?, M_Wd* WdZ M, <k_* U?_hij+fh_dY_fb[i ijkZo ed j^[
ikf[hYedZkYj_l_jo e\ d+Zef[Z \YY+bk^$*% M^JUb \^Q\^UZ` M^JUb7/0-0+./242* 0.01,
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