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>mK�M H�M;m�;2 +�M #2 bim/B2/ #QiiQK@mT U+Q`Tmb HBM;mBbiB+b- M2m`QHBM;mBbiB+bV �M/
iQT@/QrM UpB� +QMb+BQmb /�i� +`2�iBQM �M/ BMi`QbT2+iBQM �b iQ ;`�KK�iB+�HBivVX *`2@
�iBpBiv BM H�M;m�;2 ?BM;2b QM #Qi? H�r �M/ HB#2`iv- QM i?2 7`22/QK Q7 i?2 rBHH �M/
+QMbi`�BMib i?2`2Q7X h?Bb T�T2` 7Q+mb2b QM i?2 `QH2 Q7 �;2M+v BM H�M;m�;2- �M/ ?Qr Qm`
�#BHBiv iQ H2�`M �M/ mM/2`bi�M/ H�M;m�;2 Bb #�b2/ MQi T`BK�`BHv QM b?�`2/ K2+?�MB+b
#mi `�i?2` �;2M+v@Q`B2Mi2/ +QM+2Tib i?�i r2 +�MMQi MQi FMQrX

R AMi`Q/m+iBQM
6B7iv Q` bBtiv v2�`b �;Q i?2`2 �+im�HHv r2`2 HBM;mBbib r?Q i`B2/ iQ T`2/B+i i?2 T`Q#@
�#BHBiv Q7 r?�i rQmH/ +QK2 M2ti BM � r`Bii2M Q` `2+Q`/2/ i2ti #�b2/ QM r?�i ?�/
;QM2 #27Q`2X G�M;m�;2 ?�b Bib `2Q++m``BM; �M/ T`2/B+i�#H2 T�ii2`Mb #mi- Q7 +Qm`b2-
QM2 /2�Hb ?2`2 rBi? T`Q#�#BHBiB2b- MQi �#bQHmi2bX h�F2 �Mv b2Mi2M+2 U7`QK ?2`2 Q` 2Hb2@
r?2`2V �M/ /Q � b2�`+? QM i?2 AMi2`M2iX A T`2/B+i vQm rBHH MQi }M/ �M 2t�+i /mTHB+�i2
2p2M BM i?�i p�bi b2�X

G2QM�`/ "HQQK}2H/- 722HBM; i?2 #2?�pBQ`BbK Q7 "X 6X aFBMM2`- T`2bB/2/ Qp2` �
KB/@ir2MiB2i? +2Mim`v �K2`B+�M HBM;mBbiB+b i?�i b�r �Mv `272`2M+2 iQ K2�MBM; �b mM@
b+B2MiB}+ U"HQQK}2H/- RNjjVX LQ�K *?QKbFv 7�KQmbHv iQQF aFBMM2` iQ i�bF U*?QK@
bFv- RN8NV- #mi M2p2`i?2H2bb T2`b2p2`2/ BM i?2 2zQ`i iQ /2b+`B#2 ;`�KK�` rBi?Qmi
`272`2M+2 iQ K2�MBM; Q` 7mM+iBQMX

>Qr i?2M b?QmH/ r2 #mBH/ � i?2Q`v Q7 ;`�KK�`\ 6`QK i?2 #QiiQK mT #�b2/ QM
i?2 bi`m+im`2 Q7 r?�i Bb �+im�HHv b�B/\ P` 7`QK i?2 iQT /QrM /2/m+2/ 7`QK r?�i r2
FMQr r2 K2�Mi\ q?v MQi #Qi? r�vb\

RNN



kyy GBM;mBbiB+b, :`�KK�iB+�H _2H�iBQMb

�M/ i?Bb Bb 2t�+iHv r?�i i?2 ;2M2`�iBpBbib Q7 i?2 aBtiB2b �M/ a2p2MiB2b /B/ě
#mi MQi rBi?Qmi T�BM �M/ `�M+Q` U>�``Bb- RNNjc L2rK2v2`- RNNec G2pBM2 �M/ SQbi�H-
kyy9VX h?2 ;2M2`�iBpBbib �i JAh- �b A b�B/- 2t+Hm/2/ K2�MBM; �M/ 7mM+iBQM 7`QK
i?2B` �M�Hvb2b- #mi � `2#2H ;2M2`�iBp2 b2K�MiB+b K�/2 b2K�MiB+b +2Mi`�HX h?2`2 �HbQ
2K2`;2/ � ivTQHQ;B+�Hf7mM+iBQM�H b+?QQH BMbTB`2/ #v _QK�M C�FQ#bQM- CQb2T? :`22M@
#2`;- �M/ Qi?2`bX h?2 `2#2Hb Tm#HBb?2/ BM 2/Bi2/ #QQFb bm#p2`iBM; i?2 T22` `2pB2r Q7
i?2 DQm`M�HbX R JQbi �Hi2`M�iBp2b iQ i?2 bi`m+im`�HBbK Q7 JAh MQr +QM72bb �b T`�+iB@
iBQM2`b Q7 ǳ+Q;MBiBp2 HBM;mBbiB+bǴ U*`Q7i �M/ *`mb2- kyy9c 1p�Mb �M/ :`22M- kyyeV- �M/
r?�i i?Bb b22Kb iQ #2 Bb � [m2bi iQ T`Qp2 i?�i i?2 KBM/ 2[m�Hb i?2 #`�BM UG�FQz �M/
CQ?MbQM- RNNNVX "mi HQ+�iBM; ?mK�M H�M;m�;2 �KB/ i?2 M2m`QMb ?�b MQi T`Q;`2bb2/
�b T`QKBb2/ USBMF2`- RNN9c 1p�Mb- kyR9VX hQ/�vǶb �iiBim/2 Bb #2;BMMBM; iQ K2b? rBi?
i?2 KmHiB+mHim`�H /B+imK i?�i i?2 QMHv i?BM; r2 b?�`2 Bb i?�i r2 /Bz2`X

h?2 ;2M2`�iBpBbib #2;�M rBi? T?`�b2 bi`m+im`2 `mH2b #�b2/ QM rQ`/ +H�bb2b UMQmM-
p2`#- 2i+XV �M/ rQ`/ Q`/2`X a22KBM;Hv `2H�i2/ +QMbi`m+iBQMb Ubm+? �b �+iBp2 �M/
T�bbBp2 +H�mb2b BM 1M;HBb?V r2`2 `2H�i2/ #v i`�Mb7Q`K�iBQMbX Ai r�b bQQM b22M i?�i MQ
i`�Mb7Q`K�iBQM r�b K2�MBM;H2bb Q` 7mM+iBQMH2bbX �M/ i?2 T?`�b2 bi`m+im`2 `mH2b r2`2
MQi T`2/B+iBp2 Q7 H�M;m�;2b i?�i H�+F2/ T?`�b2 bi`m+im`2X am+? H�M;m�;2b r2`2 +�HH2/
ǳMQM@+QM};m`�iBQM�HǴ U>�H2- RN3kVX

A7 MQr i?2 [m2bi 7Q` bi`m+im`�H mMBp2`b�Hb Bb #2BM; [m2biBQM2/- r?�i �#Qmi i?Qb2
`QQi2/ BM K2�MBM; �M/ 7mM+iBQM\ h?2 HBi2`�im`2 ?2`2 Bb p�bi �M/ i?2 2Mi2`T`Bb2 bm+@
+2bb7mH- #mi ?�`/Hv ?2�`/ Q7 �KQM; i?2 2/m+�i2/ Tm#HB+X aQ H2iǶb T22F BM QM bQK2 Q7
i?2 2t+Bi2K2MiX G2i mb +QMbB/2` ;`�KK�iB+�H `2H�iBQMb Ubm#D2+i- Q#D2+i- 2i+XVX 6`QK
� bi`m+im`�H b2Mb2- i?2 1M;HBb? bm#D2+i Bb /2}M2/ �b i?2 LS ULQmM S?`�b2V /B`2+iHv
/QKBM�i2/ #v a- BX2X- /2`Bp2/ 7`QK i?2 T?`�b2 bi`m+im`2 `mH2 a→ LS+oS- rBi? oS
7Q` o2`# S?`�b2X AiǶb i?2 QH/ `mH2 i?�i � b2Mi2M+2 +QMbBbib Q7 � bm#D2+i �M/ � T`2/B+�i2X
Ab bm+? � +QM+2Ti Q7 bm#D2+i mMBp2`b�H\ AM HB;?i Q7 "�b[m2 Q` :2Q`;B�M UQ` 1bFBKQ
Q` L2x S2`+2 Q` amK2`B�MV- QM2 ?�b iQ b�v- MQX aQ H2iǶb HQQF � HBiiH2 /22T2` 7`QK i?2
bi�M/TQBMi Q7 b2K�MiB+bX

k o2`#�H o�H2M+2
�HH H�M;m�;2b ?�p2 +H�mb2b i?�i +Q``2bTQM/ iQ i?2 T`QTQbBiBQM BM HQ;B+ �M/ i?2 7mM+iBQM
BM K�i?2K�iB+bX h?2 p2`# M�K2b i?2 T`QTQbBiBQM U2p2Mi Q` bi�i2V �M/ T�`i Q7 Bib
K2�MBM; BMpQHp2b i?2 MmK#2` Q7 ǳ�`;mK2MibǴ UT�`iB+BT�MibV BKTHB2/ #v i?�i 2p2Mi
Q` bi�i2ěBiǶb +�HH2/ p�H2M+2 QM �M�HQ;v rBi? +?2KBbi`vX q2 Qr2 i?2 +QM+2Ti iQ i?2
6`2M+? HBM;mBbi Gm+B2M h2bMBĕ`2 Uh2bMBĕ`2- kyR8VX

�M BMi`�MbBiBp2 p2`# UbBi- 2tBbi- `mM- /B2ĘV BKTHB2b QM2 �`;mK2Mic � bBKTH2 i`�M@

Rh?2 KQp2K2Mi FB+F2/ Qz rBi? i?2 pQHmK2 2/Bi2/ #v *?�`H2b LX GB- am#D2+i �M/ hQTB+ URNdeVc
�M/ i?2 7Qm` pQHmK2b 2/Bi2/ #v CQb2T? :`22M#2`;- *?�`H2b 62`;mbQM- � 1/Bi? JQ`�p+bBF- lMBp2`b�Hb
Q7 >mK�M G�M;m�;2 URNd3VX hX :BpƦM 7QmM/2/ i?2 b2`B2b hvTQHQ;B+�H aim/B2b BM G�M;m�;2 �i CQ?M
"2MD�KBMb Sm#HBb?BM; *QKT�MvX



a2K�MiB+ _QH2b kyR

bBiBp2 p2`# U`2�/- b22- `2+2Bp2- FBHHĘV irQ �`;mK2Mibc �M/ � /Bi`�MbBiBp2 p2`# U;Bp2-
b?Qr- i2�+?- i2HHĘV i?`22 �`;mK2MibX G�M;m�;2b /Q MQi ?�p2 p2`#b rBi? p�H2M+2 �#Qp2
i?`22- r?B+? 2pB/2MiHv ?�b bQK2i?BM; iQ /Q rBi? ?Qr r2 T`Q+2bb BM7Q`K�iBQM- HBKBi2/
+?mMF #v HBKBi2/ +?mMF U�b �HbQ iQ i?2 MmK#2` Q7 T`BK�`v b2K�MiB+ `QH2b- b22 #2HQrVX

h?2 +QKK2`+B�H 2p2Mi BMpQHp2b 7Qm` T�`iB2b- #mi r2 `272` iQ Bi 7`QK /Bz2`2Mi
T2`bT2+iBp2b rBi? p2`#b i?�i BKTHv MQ KQ`2 i?�M irQ Q` i?`22 Q7 i?2K U#mv- b2HH- T�v-
+QbiĘV- �M/ B7 r2 rBb? iQ K2MiBQM �HH 7Qm` T�`iB2b BM � bBM;H2 +H�mb2 r2 i�+F QM Q#HB[m2
T`2TQbBiBQM�H T?`�b2b,

Ç >2M`v #Qm;?i ?Bb rB72 � `BM; U7Q` $1000VX
Ç >2M`v T�B/ $1000 U7Q` � `BM;V U7Q` ?Bb rB72VX
Ç h?2v bQH/ i?2 `BM; U7Q` $1000V UiQ >2M`vV U7Q` ?Bb rB72VX

h2bMBĕ`2 /BbiBM;mBb?2/ #2ir22M i?2 �`;mK2Mib +2Mi`�H iQ � p2`#Ƕb K2�MBM; U�+@
i�MibV �M/ i?Qb2 T2`BT?2`�H iQ Bi U+B`+QMbi�MibV i?�i KB;?i #2 �//2/ iQ � +H�mb2X h?2
MmK#2` Q7 �`;mK2Mib +2Mi`�H iQ � p2`#Ƕb K2�MBM; +QMbiBimi2b Bib p�H2M+2X 1M;HBb?
bT2�FBM; HBM;mBbib MQr `272` h2bMBĕ`2Ƕb �+i�Mib �b ǳ+Q`2Ǵ �`;mK2Mib �M/ ?Bb +B`+QM@
bi�Mib �b ǳQ#HB[m2Ǵ �`;mK2MibX hBK2- TH�+2- �M/ K�MM2` +�M #2 i�+F2/ QM iQ Dmbi
�#Qmi �Mv T`QTQbBiBQMX

Ç A �``Bp2/ UBM i?2 KQ`MBM;V U�i �#Qmi 8,yyVX
Ç h?2v BKKB;`�i2/ UiQ �MQi?2` H�M/V UrBi? bQK2 i`2TB/�iBQMVX

� K2i2Q`QHQ;B+�H 2p2Mi +�M #2 +QMbi`m2/ �b ?�pBM; � x2`Q p�H2M+2- i?Qm;? KQbi
H�M;m�;2b rBHH Tmi i?2 p2`# BM i?2 i?B`/ T2`bQM Q`ě�b BM 1M;HBb?ěmb2 � /mKKv
bm#D2+i Bi, ǳAi Bb biQ`KBM;ǴX 1M;HBb? �HHQrb +Q;M�i2 Q#D2+ib 7Q` QM2 TH�+2 T`2/B+�i2b
Up2`#b Q7 � bBM;H2 p�H2M+2VX

Ç >2 `�M i?2 `�+2X
Ç a?2 b�M; i?2 bQM;X
Ç >2 /B2/ i?2 /2�i? Q7 � i?Qmb�M/ +Qr�`/bX

j a2K�MiB+ _QH2b

Cmbi �b i?2 p�`B�#H2b (x, y, z) Q7 � K�i?2K�iB+�H 7mM+iBQM #2�` T�`iB+mH�` `2H�iBQMb?BTb
iQ i?2 7mM+iBQM (+,−, / . . . )- i?2 b�K2 Bb i`m2 Q7 i?2 �`;mK2Mib Q7 � p2`#X

"mi BM ?mK�M H�M;m�;2 i?2b2 `2H�iBQMb?BTb #QBH /QrM iQ i?`22 T`BK�`v b2K�MiB+
`QH2b, �;2M+v- *QMb+BQmbM2bb- �M/ L2Bi?2` Q7 i?2 �#Qp2X q2 +QKKQMHv +�HH i?2b2
�;2Mi- .�iBp2- �M/ S�iB2Mi Ub22 6B;m`2 RRXRVXk h?2b2 �`2 i?2 `2H�iBQMb?BTb i?�i 2tBbi

kh?2 i2`KBMQHQ;v p�`B2b bQK2 �KQM; HBM;mBbibX 6Q` i?2 i2`Kb ?2`2- b22 h�HKv :BpƦM- avMi�t Uk
pQHmK2b- kyyRVX



kyk GBM;mBbiB+b, :`�KK�iB+�H _2H�iBQMb

6B;m`2 RRXR, a2K�MiB+ _QH2b

�;2Mi �M �MBK�i2 BMbiB;�iQ` Q7 �M 2p2MiX
.�iBp2 �M �`;mK2Mi r?Qb2 +QMb+BQmbM2bb

Bb `2H2p�Mi iQ � T`QTQbBiBQMX
S�iB2Mi L2Bi?2` Q7 i?2 �#Qp2X

#2ir22M i?2 T�`iB+BT�Mib BM �M 2p2Mi Q` bi�i2Xj .�pB/ JX S2`HKmii2` �M/ S�mH JX
SQbi�H K�/2 i?2b2 i?2 T`BKBiBp2b Q7 i?2B` ?B;?Hv ?2m`BbiB+ KQ/2H- _2H�iBQM�H :`�KK�`-
�M/ +�HH2/ i?2K 1- 3- �M/ 2 US2`HKmii2`- RN3jc S2`HKmii2` �M/ _Qb2M- RN39c SQbi�H
�M/ CQb2T?- RNNyVX
h?2 bBM;H2 �`;mK2Mi Q7 �M BMi`�MbBiBp2 p2`# KB;?i #2 �Mv Q7 i?2b2 b2K�MiB+ `QH2b,

Ç >2 +`Qm+?2/X U�;2MiV
Ç a?2 #Hmb?2/X U.�iBp2V
Ç >2 /B2/X US�iB2MiV

h?2 irQ �`;mK2Mib Q7 � mMB@i`�MbBiBp2 p2`# KB;?i #2 �b 7QHHQrb,

Ç a?2 2K#�``�bb2/ K2X U�;2Mi- .�iBp2V
Ç >2 FBHH2/ i?2 ;QQb2X U�;2Mi- S�iB2MiV
Ç A b22 � `�BM#QrX U.�iBp2- S�iB2MiV

h?2 irQ �`;mK2Mib BM �M 2[m�iBp2 +H�mb2 �`2 S�iB2Mib,

Ç >B;;BMb r�b � /Q+iQ`X US�iB2Mi- S�iB2MiV
Ç h?2 #QQF +Qbi $20.00X US�iB2Mi- S�iB2MiV

AM � /Bi`�MbBiBp2 +H�mb2 �HH i?`22 b2K�MiB+ `QH2b Q++m`, �;2Mi- .�iBp2- �M/ S�iB2Mi,

Ç a?2 ;�p2 i?2 +?2+F iQ K2X U�;2Mi- S�iB2Mi- .�iBp2V
Ç A rBHH b?Qr vQm i?2b2 QH/ TB+im`2bX U�;2Mi- .�iBp2- S�iB2MiV
Ç >2 i�m;?i i?2K HBM;mBbiB+bX U�;2Mi- .�iBp2- S�iB2MiV

AM �M 1M;HBb? /Bi`�MbBiBp2 +H�mb2- i?2 .�iBp2 �`;mK2Mi +�M #2 2tT`2bb2/ �b �M
BM/B`2+i Q#D2+i rBi? T`2TQbBiBQM ǳiQǴ- Q` pB� ǳ.�iBp2@a?B7iǴ Bi KB;?i Bib2H7 #2 i?2 /B`2+i
Q#D2+iX

Ç >2 ;�p2 bQK2 KQM2v iQ i?2 H�M/HQ`/X
Ç >2 ;�p2 i?2 H�M/HQ`/ bQK2 KQM2vX
jAi r�b i?2 S`�;m2 HBM;mBbiB+ +B`+H2- Q` S`�;m2 b+?QQH- i?�i #2;�M /BbiBM;mBb?BM; b2K�MiB+ `QH2b

7`QK ;`�KK�iB+�H +�b2 UMQKBM�iBp2- �++mb�iBp2- 2i+XVX h?2 MQiBQM ;�BM2/ i`�+iBQM BM i?2 lMBi2/
ai�i2b i?`Qm;? C2z2`v :`m#2`Ƕb aim/B2b BM G2tB+�H _2H�iBQMb URNe8V- �M/ *?�`H2b 6BHHKQ`2- ǳh?2
*�b2 7Q` *�b2Ǵ URNe3VX



avMi�+iB+ S`BKBiBp2b kyj

.�iBp2 b?B7i QMHv rQ`Fb r?2M i?2 BM/B`2+i Q#D2+i Bb +QMb+BQmb- BX2X- � b2K�MiB+
.�iBp2X h?2 b2+QM/ b2Mi2M+2 #2HQr Bb Q// #2+�mb2 ǳi?2 iQT Q7 JiX 1p2`2biǴ Bb MQi
+QMb+BQmbX

Ç h?2v b2Mi �M 2tT2/BiBQM iQ i?2 iQT Q7 JiX 1p2`2biX
Ç h?2v b2Mi i?2 iQT Q7 JiX 1p2`2bi �M 2tT2/BiBQMX

h?2b2 b2K�MiB+ `QH2b �`2 mMBp2`b�HX >Qr /Q r2 FMQr\ aQ``v- #mi r2 Dmbi FMQrX
>Qr2p2` i?2v /Q T`2/B+i ;`�KK�` �+`Qbb KmHiBim/2b Q7 H�M;m�;2bX P`/BM�`v T2QTH2
+�M `2�/BHv B/2MiB7v i?2KX A ?�p2 ?�M/2/ Qmi TB2+2b Q7 r`Bii2M /Bb+Qm`b2 rBi? MQmMb
�M/ T`QMQmMb mM/2`HBM2/ bQ i?�i bim/2Mib KB;?i H�#2H i?2B` b2K�MiB+ `QH2bX "2ii2`
i?�M �HKQbi �Mvi?BM;- i?2v ;2i Bi `B;?i- 7`QK i?2 /mHH2bi iQ i?2 #`B;?i2biX PM2 bmbT2+ib
i?�i ?B;?Hv 2/m+�i2/ BMi2HH2+im�Hb rQmH/ ?�p2 KQ`2 i`Qm#H2X

9 avMi�+iB+ S`BKBiBp2b
o2`#b rBi? � p�H2M+2 Q7 R rBHH ?�p2 QM2 �`;mK2Mi BM � +H�mb2c H2i mb H�#2H i?Bb aX h?2M
p2`#b rBi? � p�H2M+2 Q7 k rBHH ?�p2 irQ �`;mK2Mib BM � +H�mb2c H2i mb H�#2H i?2K �
�M/ P U.BtQM- RNN9VX >Qr KB;?i r2 /BbiBM;mBb? � 7`QK P\ h?2v �`2 /BbiBM;mBb?2/
#v i?2 7QHHQrBM; �++2bbB#BHBiv ?B2`�`+?v UE22M�M �M/ *QK`B2- RNddV,

�;2Mi ⊂ .�iBp2 ⊂ S�iB2Mi

h?2 �`;mK2Mi r?Qb2 b2K�MiB+ `QH2 Bb ?B;?2` QM i?2 ?B2`�`+?v r2 H�#2H � �M/ i?2
QM2 HQr2` r2 H�#2H PX h?mb ǳ2�iǴ ?�b bvMi�+iB+ T`BKBiBp2b � U�;2MiV �M/ P US�iB2MiVc
ǳb22Ǵ ?�b bvMi�+iB+ T`BKBiBp2b � U.�iBp2V �M/ P US�iB2MiVc ǳBMbmHiǴ ?�b bvMi�+iB+
T`BKBiBp2b � U�;2MiV �M/ P U.�iBp2VX am#D2+i �M/ Q#D2+i �`2 i?2 � �M/ P BM 2�+? Q7
i?2 7QHHQrBM; 1M;HBb? +H�mb2bX h?2v /Bz2` BM i?2B` b2K�MiB+ `QH2bX

Ç h?2 Q;`2 �i2 i?2 TB+FH2X
Ç h?2 K�M b�r i?2 KQmMi�BMX
Ç h?2 rQK�M BMbmHi2/ i?2 bi`�M;2`X

h?2 /Bz2`2M+2 #2ir22M ǳb22Ǵ �M/ ǳHQQFǴ Bb i?�i i?2 bm#D2+i Q7 ǳb22Ǵ Bb � b2K�MiB+
.�iBp2 r?2`2�b i?2 bm#D2+i Q7 ǳHQQFǴ Bb �M �;2MiX uQm +�M HQQF #mi MQi b22 #mi vQm
+�MMQi b22 �M/ MQi 2tT2`B2M+2X h?2`2 Bb QM2 KQ`2 bvMi�+iB+ T`BKBiBp2ěi?2 .�iBp2
�`;mK2Mi BM � /Bi`�MbBiBp2 +H�mb2X G2i mb +�HH Bi .X h?mb ǳ;Bp2Ǵ ?�b bvMi�+iB+ T`BKBiBp2b
�- P- �M/ .X �M 1M;HBb? /Bi`�MbBiBp2 +H�mb2 2tT`2bb2/ rBi? i?2 H2�bi KQ`T?QHQ;vě
rBi?Qmi � T`2TQbBiBQM ǳiQǴěrBHH ?�p2 � rQ`/ Q`/2` � + o U7Q` p2`#V + . + P- rBi?
b2K�MiB+ `QH2b BM i?2 b�K2 Q`/2` �b BM i?2 �++2bbB#BHBiv ?B2`�`+?v ;Bp2M �#Qp2X

Ç "BHH ;�p2 amb�M KQM2vX



ky9 GBM;mBbiB+b, :`�KK�iB+�H _2H�iBQMb

6B;m`2 RRXk, avMi�+iB+ S`BKBiBp2b

� *Q`2 �`;mK2Mi Q7 i`�MbBiBp2 p2`#
?B;?2bi QM �++2bbB#BHBiv ?B2`�`+?vX

P *Q`2 �`;mK2Mi Q7 i`�MbBiBp2 p2`#
HQr2bi QM �++2bbB#BHBiv ?B2`�`+?v

a *Q`2 �`;mK2Mi Q7 �M BMi`�MbBiBp2
p2`#

. *Q`2 �`;mK2Mi Q7 /Bi`�MbBiBp2
p2`# rBi? `2H2p�Mi +QMb+BQmbM2bb

8 �HB;MK2Mi
LQr 7Q` i?2 7mM T�`iX G�M;m�;2b /Bz2` BM ?Qr i?2v K2/B�i2 #2ir22M bvMi�+iB+ T`BK@
BiBp2b �M/ b2K�MiB+ `QH2bX h?Bb Bb +�HH2/ �HB;MK2MiX 1M;HBb?- 7Q` 2t�KTH2- #Hm`b i?2
/BbiBM+iBQM #2ir22M � �M/ a �M/ i`2�ib P BM � bT2+B�H r�vX h?2 T`QMQmMb ǵAǶ �M/ ǵ?2Ƕ
b2`p2 7Q` #Qi? a �M/ �- �M/ ǵ?BKǶ �M/ ǵK2Ƕ b2`p2 7Q` PX h?2 bm#D2+i BM 1M;HBb? HBMFb
a �M/ � �M/ i?2 /B`2+i Q#D2+i +Q/2b 7Q` PX

A `�MX A b�r ?BKX
>2 `�MX >2 b�r K2X

"�b[m2- QM i?2 Qi?2` ?�M/- #Hm`b i?2 /BbiBM+iBQM #2ir22M a �M/ P �M/ i`2�ib �
BM � bT2+B�H r�vX "�b[m2 MB +Q``2bTQM/b iQ 1M;HBb? ǵAǶ BM �M BMi`�MbBiBp2 +H�mb2 �M/
ǵK2Ƕ BM � i`�MbBiBp2 +H�mb2X "�b[m2 MBF ǵAǶ b2`p2b 7Q` i?2 � BM � i`�MbBiBp2 +H�mb2X

Ç LB 2iQ``B M�Bx ǵA ?�p2 +QK2Ƕ
Ç LB BFmbB xB/�M ǵ?2 ?�b b22M K2Ƕ
Ç LBF BFmbB /mi ǵA ?�p2 b22M ?BKǶ

6B;m`2 RRXj, 6B`bi S2`bQM aBM;mH�` S`QMQmMb BM 1M;HBb? �M/
"�b[m2

� a P
1M;HBb? A K2
"�b[m2 MBF MB

G2i mb 7m`i?2` BHHmbi`�i2 rBi? 2t�KTH2b 7`QK KQ/2`M >2#`2r �M/ �M+B2Mi amK2@
`B�MX AM i?2 >2#`2r +H�mb2b #2HQr- a �M/ � �`2 i`2�i2/ i?2 b�K2 Uהמלך ?�@KûH2t
ǵi?2 FBM;ǶV �M/ P Uהבית את 2i ?�@#�vBi ǵi?2 ?Qmb2ǶV Bb /BbiBM;mBb?2/ #v i?2 T`2TQbBiBQM
2iX AM i?2 amK2`B�M 2t�KTH2b- a U� Hm;�H ǵFBM;Ƕ BM i?2 }`bi 2t�KTH2V �M/ P U�
ǵ?Qmb2Ƕ BM i?2 b2+QM/V ?�p2 MQ +�b2 K�`F2`- r?2`2�b � U�� Hm;�H@2 ǵFBM;Ƕ BM i?2



�HB;MK2Mi ky8

M2ti 2t�KTH2V /Q2bX h?2 >2#`2r T`2TQbBiBQM את 2i@ Bb �M �++mb�iBp2 +�b2 K�`F2` �M/
i?2 amK2`B�M TQbiTQbBiBQM � @2 Bb �M 2`;�iBp2 +�b2 K�`F2`X

>2#`2r amK2`B�M
הלך המלך ���
?�@KûH2t ?�H�t Hm;�H #�@ĸ2M
ǵi?2 FBM; r2MiǶ ǵi?2 FBM; r2MiǶ

הבית את בנה המלך ������
?�@KûH2t #�M� 2i ?�@#�vBi Hm;�H@2 û Km@mM@/ɍ
ǵi?2 FBM; #mBHi i?2 ?Qmb2Ƕ ǵi?2 FBM; #mBHi i?2 ?Qmb2Ƕ

L2x S2`+2 Bb QM2 Q7 i?2 p2`v 72r H�M;m�;2b i?�i i`2�i a- �- �M/ P /BbiBM+iHvX

6B;m`2 RRX9, L2x S2`+2 *Q`2 *�b2b

ǵ+?B27Ƕ ǵ?Qmb2Ƕ
�#bQHmi2 KBvƦQt÷�i �BMőBi
1`;�iBp2 KBvƦQt÷�iQK �BMőBMK

�++mb�iBp2 KBvƦQt÷�iQM� �BMőBM2

Ç ?BFȹv2 KBvƦQt÷�i ǵi?2 +?B27 r2MiǶ
Ç ?BKû2[�Bb ?őBr2b �BMőBi ǵi?2 ?Qmb2 Bb #B;Ƕ
Ç KBvƦQt÷�iQK T��MBv� �BMőBM2 ǵi?2 +?B27 #mBHi i?2 ?Qmb2Ƕ
Ç �2?ûtM2 KBvƦQt÷�iQM� ǵA b�r i?2 +?B27Ƕ

"�b[m2 HBMFb a �M/ P �M/ i`2�ib � b2T�`�i2HvX q2 +�HH i?2 a �M/ P +�b2 i?2
�#bQHmiBp2 �M/ i?2 � +�b2 i?2 2`;�iBp2X >2#`2r- 1M;HBb? �M/ KQbi 1m`QT2�M H�M;m�;2b
#Hm` i?2 /BbiBM+iBQM #2ir22M � �M/ aX h?Bb Bb +�HH2/ i?2 MQKBM�iBp2 +�b2X h?2 P +�b2
Bb i?2 �++mb�iBp2 +�b2X

6B;m`2 RRX8, *Q`2 LQmM *�b2b

� a P .
LQKBM�iBp2 ! !

�#bQHmiBp2 ! !

�++mb�iBp2 !

1`;�iBp2 !

�#bQHmi2 !

.�iBp2 !



kye GBM;mBbiB+b, :`�KK�iB+�H _2H�iBQMb

aQK2 H�M;m�;2b ?�p2 ǳ/�iBp2 bm#D2+iǴ +QMbi`m+iBQMb- i?mb i?2 �`+?�B+ K2 i?BMFb
Q` i?2 :2`K�M KB` Bbi F�Hi �M/ _mbbB�M ɦɧе хɨɥɨдɧɨ ǵA �K +QH/Ƕ �M/ i?2 aT�MBb? K2
;mbi�ĘǵA HBF2ĘǶX h?2`2 Bb �HbQ �M �+iBp2@bi�iBp2 ivTQHQ;v r?2`2 BMi`�MbBiBp2 bm#D2+ib
Q++m` BM /Bz2`2Mi MQmM +�b2b /2T2M/BM; QM i?2B` b2K�MiB+ `QH2bX hQTB+ K�`FBM; BM
S?BHBTTBM2 H�M;m�;2b �M/ Q#pB�iBQM Q7 +2`i�BM �K2`BM/B�M H�M;m�;2b T`QpB/2 BMi2`@
2biBM; +�b2 bim/B2b U.BtQM- RNN9c EHBKQp- RNd9c a+?�+?i2`- RNdec JQ`;�M- RNNRVX

�Hi?Qm;? ;`�KK�iB+�H `2H�iBQMb �b i?2v Q++m` BM 1M;HBb? Ubm#D2+i- Q#D2+i- 2i+XV
�`2 MQi mMBp2`b�H +QM+2Tib- i?2v +�M #2 /2}M2/ rBi? `272`2M+2 iQ mMBp2`b�Hb Q7 p�H2M+2-
b2K�MiB+ `QH2b �M/ bvMi�+iB+ T`BKBiBp2bX h?Bb r�v ;`�KK�iB+�H `2H�iBQMb K�F2 b2Mb2
+`Qbb HBM;mBbiB+�HHvX9

6B;m`2 RRXe, aQK2 o�`B�iBQMb BM avMi�+iB+ �HB;MK2Mi

Active−

S

A O

S S S S

A A AO O O
Intransitive

Transitive

Accusative
Nominative−

Absolutive
Ergative−

Accusative
Ergative−

Absolutive−

Stative

:`�KK�` HQQF2/ �i i?Bb r�v Bb MQi � KBMBK�HBbi T`Q;`�KX �i � /22T H2p2H
Bi BMpQHp2b b2K�MiB+běi?BM;b i?�i- i?Qm;? r2 +�M /2Mv i?2K- r2 +�MMQi ?2HT #mi
FMQr i?2KX �M/ Bi BMpQHp2b bi`m+im`2X o2`# p�H2M+2 Bb b2K�MiB+ bi`m+im`2 i?�i Bb
BMbi�MiB�i2/ bvMi�+iB+�HHv �b a- �- �M/ PX h?2b2 �`2 bi`m+im`�H 2MiBiB2b- �M/ i?Qm;?
� �M/ P ?�p2 b2K�MiB+ `QH2b ?B;?2` �M/ HQr2` QM i?2 �++2bbB#BHBiv ?B2`�`+?v- i?2v
�`2 MQi i?2Kb2Hp2b bT2+B}+�HHv �;2Mi �M/ S�iB2MiX � bvMi�+iB+ � Bb MQi M2+2bb�`BHv �
b2K�MiB+ �;2Mi- �M/ � bvMi�+iB+ P Bb MQi M2+2bb�`BHv � b2K�MiB+ S�iB2MiX �HB;MK2Mi-
�HQM; rBi? i?2 K2�MBM; Q7 � p2`#- bT2+B}2b i?2 b2K�MiB+ `QH2b BM � +H�mb2X

e hQTB+�HBiv
h?`22 H2p2Hb Q7 iQTB+�HBiv �`2 Q#b2`p�#H2 �+`Qbb H�M;m�;2b, T`BK�`v iQTB+- b2+QM/�`v
iQTB+- �M/ MQM@iQTB+X h?Qb2 r?Q bB;M 7Q` i?2 /2�7 i2HH K2 i?�i i?2b2 �`2 `2T`2@
b2Mi2/ #v i?`22 bT�iB�H TQbBiBQMb M2�` i?2 bB;M2` r?2`2 � `272`2Mi Dmbi bB;M2/ +�M
#2 TH�+2/ �M/ `2+Qp2`2/ H�i2`X A rBHH MQi 2H�#Q`�i2 ?2`2 2t+2Ti iQ b�v i?�i pQB+BM;
K2+?�MBbKb U�+iBp2- T�bbBp2- �MiBT�bbBp2- /B`2+i- BMp2`b2- �TTHB+�iBp2- /B`2+iBp2ĘV- /27@
BMBi2M2bb K�`FBM;- �M/ p�`vBM; Qi?2` KQ/2b Q7 iQTB+�HBx�iBQM �`2 �HH BMpQHp2/ BM i?B`/
T2`bQM `272`2Mi i`�+FBM; UBX2X- BM i?2 r�v r2 F22T i`�+F Q7 r?�i r2 �`2 i�HFBM; �#QmiVX
:`�KK�`b K2/B�i2 #2ir22M b2K�MiB+ +�b2 `QH2b �M/ iQTB+�HBiv- Q` 2Hb2 r2 rQmH/MǶi

9h?2 qBFBT2/B� �`iB+H2 Bb T`2iiv ;QQ/, ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBf1`;�iBp2



*Q/BM; kyd

FMQr +�mb2 7`QK 2z2+i Q` K�BMi�BM +Q?2`2M+2 Ur?B+? K�v#2 AǶK MQi K�BMi�BMBM; p2`v
r2HH `B;?i MQr- +QK2 iQ i?BMF Q7 BiVX

d *Q/BM;
:`�KK�` +Q/2b BM irQ K�BM �`2�b,

RX :`�KK�iB+�H `2H�iBQMb r?B+? K2/B�i2 #2ir22M b2K�MiB+ `QH2b U�;2M+v- +QM@
b+BQmbM2bbV �M/ T`BM+BTH2b Q7 +Q?2`2M+2c

kX h2Mb2@�bT2+i@KQ/�HBiv Uh�JV- r?B+? Bb +QM+2`M2/ rBi? iBK2- b2[m2M+BM;- TQb@
bB#BHBiv- T`2/B+i�#BHBiv- M2+2bbBiv- Q#HB;�iBQM- 2i+X

G�M;m�;2 Bb � +Q/2X �M/ HBF2 �HH +Q/2b- H�M;m�;2 +Q/2b BM7Q`K�iBQMX aTQF2M
H�M;m�;2 2tTHQBib i?`22 �bT2+ib Q7 i?2 bi`2�K Q7 bQmM/,

RX qQ`/ Q`/2`

kX �{t�iBQM � T2`BT?`�bBb UT`2}t2b- bm{t2b- T`2TQbBiBQMb- �mtBHB�`B2bĘV

jX S`QbQ/v UBMiQM�iBQM- M�b�HBx�iBQM- +`2�Fv pQB+2- #`2�i?v pQB+2ĘV

A7 `2�HBiv Bb ǳBi 7`QK #BiǴ Uq?22H2`- RNNyV- H�M;m�;2 Bb i?2 H�ii2`- i?Qm;? Bi KQbiHv
+Q/2b 7Q` bQK2i?BM; 2Hb2X h?2 K�DQ` i?BM; i?�i H�M;m�;2 +Q/2b- �M/ i?�i r?B+? Bb
i?mb BKT`BMi2/ QM i?2 ;`�KK�`b Q7 �HH M�im`�H H�M;m�;2b- Bb KBM/X q?�i T2QTH2 �`2
KQbi +QM+2`M2/ rBi? Bb �;2M+v �M/ +QMb+BQmbM2bbX J�i?2K�iB+b Bb ?mK�M H�M;m�;2
7Q`K�HBx2/ #mi KBMmb i?2b2 irQX

h?2 [m2bi 7Q` mMBp2`b�Hb ?�b MQi #22M � 7�BHm`2X h?2`2 Bb Km+? i?�i �HH H�M;m�;2b
b?�`2- i?Bb /2bTBi2 r?�i r2 ?2�` bQ Q7i2M iQ/�vX S2QTH2 �`2 MQi `Q#QibX �M/ bQ i?2`2
�`2 �Hr�vb mMT`2/B+i�#H2 72�im`2b Q7 i?2 H�M;m�;2 i?2v mb2ěBM i?2 +Q/2 i?2v ?�p2
BM?2`Bi2/ �M/ BM i?2B` T2`bQM�H mb�;2ěi?mb 1/r�`/ a�TB`Ƕb +2H2#`�i2/ bi�i2K2Mi,

q2`2 � H�M;m�;2 2p2` +QKTH2i2Hv ǵ;`�KK�iB+�HǶ Bi rQmH/ #2 � T2`72+i 2M@
;BM2 Q7 +QM+2Tim�H 2tT`2bbBQMX lM7Q`imM�i2Hv- Q` Hm+FBHv- MQ H�M;m�;2 Bb
iv`�MMB+�HHv +QMbBbi2MiX �HH ;`�KK�`b H2�FX
Ua�TB`- RNkRV

h?2`2 Bb MQi?BM; M2r i?�i A ?�p2 b�B/ ?2`2c i?2 HBi2`�im`2- �b A b�B/ 2�`HB2`- Bb
p�biX L2p2`i?2H2bb- Bi b22K2/ ;QQ/ iQ 2tTH�BM i?Bb iQ i?2 2/m+�i2/ MQM@HBM;mBbi r?Q
FMQrb MQM2 Q7 i?Bb �M/ KB;?i #2 i2KTi2/ iQ /Qm#i i?�i ?2 Bb +QMb+BQmb �M/ � 7`22
KQ`�H �;2MiX



ky3 GBM;mBbiB+b, :`�KK�iB+�H _2H�iBQMb

_272`2M+2b
"HQQK}2H/- GX RNjjX G�M;m�;2X >2M`v >QHi- L2r uQ`FX

*?QKbFv- LX RN8NX � `2pB2r Q7 "X 6X aFBMM2`Ƕb o2`#�H "2?�pBQ`X G�M;m�;2 j8URV,keĜ
83X

*`Q7i- qX �M/ *`mb2- .X�X kyy9X *Q;MBiBp2 GBM;mBbiB+bX *�K#`B/;2 lMBp2`bBiv S`2bbX

.BtQM- _XJX RNN9X 1`;�iBpBiv- pQHmK2 eN Q7 *�K#`B/;2 aim/B2b BM GBM;mBbiB+bX *�K@
#`B/;2 lMBp2`bBiv S`2bbX

1p�Mb- oX kyR9X h?2 G�M;m�;2 Jvi?, q?v G�M;m�;2 Bb LQi �M AMbiBM+iX *�K#`B/;2
lMBp2`bBiv S`2bbX

1p�Mb- oX �M/ :`22M- JX kyyeX *Q;MBiBp2 GBM;mBbiB+b, �M AMi`Q/m+iBQMX 1/BM#m`;?
lMBp2`bBiv S`2bb- 1/BM#m`;?X

6BHHKQ`2- *X RNe3X h?2 +�b2 7Q` +�b2X AM 1X "�+? �M/ _XhX >�`Kb U2/BiQ`bV- lMBp2`b�Hb
BM GBM;mBbiB+ h?2Q`v- TTX RĜ33- >QHi- _BM2?�`i �M/ qBMbiQM- L2r uQ`FX

:BpƦM- hX kyyRX avMi�tX CQ?M "2MD�KBMb Sm#HBb?BM; *QKT�Mv- �Kbi2`/�K- `2pBb2/
2/BiBQMX

:`22M#2`;- CX- 62`;mbQM- *X- �M/ JQ`�p+bBF- 1X RNd3X lMBp2`b�Hb Q7 >mK�M G�M;m�;2X
ai�M7Q`/ lMBp2`bBiv S`2bbX

:`m#2`- CX RNe8X aim/B2b BM G2tB+�H _2H�iBQMbX JAh- T?X.X .Bbb2`i�iBQMX

>�H2- EX RN3kX S`2HBKBM�`v `2K�`Fb QM +QM};m`�iBQM�HBivX S`Q+22/BM;b Q7 i?2 LQ`i?
1�bi2`M GBM;mBbiB+ aQ+B2iv Rk,3eĜNeX

>�``Bb- _X�X RNNjX h?2 GBM;mBbiB+ q�`bX Pt7Q`/ lMBp2`bBiv S`2bbX

E22M�M- 1XGX �M/ *QK`B2- "X RNddX LQmM T?`�b2 �++2bbB#BHBiv �M/ mMBp2`b�H ;`�KK�`X
GBM;mBbiB+ AM[mB`v 3URV,ejĜdNX

EHBKQp- :X�X RNd9X PM i?2 +?�`�+i2` Q7 H�M;m�;2b Q7 �+iBp2 ivTQHQ;vX GBM;mBbiB+b
RjR,RRĜk8X

G�FQz- :X �M/ CQ?MbQM- JX RNNNX S?BHQbQT?v BM i?2 6H2b?, i?2 1K#Q/B2/ JBM/ �M/
Bib *?�HH2M;2 iQ q2bi2`M h?Qm;?iX "�bB+ "QQFb- L2r uQ`FX

G2pBM2- _X.X �M/ SQbi�H- SXJX kyy9X � *Q``mTi2/ GBM;mBbiB+bX *Q``mTi2/ GBM;mBbiB+b-
a�M 6`�M+Bb+QX

GB- *XLX RNdeX am#D2+i �M/ hQTB+X �+�/2KB+ S`2bb- L2r uQ`FX



_272`2M+2b kyN

JQ`;�M- GX RNNRX � .2b+`BTiBQM Q7 i?2 Emi2M�B G�M;m�;2X lMBp2`bBiv Q7 *�HB7Q`MB�-
"2`F2H2v- T?. /Bbb2`i�iBQMX

L2rK2v2`- 6XCX RNNeX :2M2`�iBp2 GBM;mBbiB+b, � >BbiQ`B+�H S2`bT2+iBp2X _QmiH2/;2-
GQM/QMX

S2`HKmii2`- .XJX RN3jX aim/B2b BM _2H�iBQM�H :`�KK�` RX lMBp2`bBiv Q7 *?B+�;Q S`2bbX

S2`HKmii2`- .XJX �M/ _Qb2M- *X:X RN39X aim/B2b BM _2H�iBQM�H :`�KK�` kX lMBp2`bBiv
Q7 *?B+�;Q S`2bbX

SBMF2`- aX RNN9X h?2 G�M;m�;2 AMbiBM+i, >Qr i?2 JBM/ *`2�i2b G�M;m�;2X qBHHB�K
JQ``Qr �M/ *QKT�Mv- L2r uQ`FX

SQbi�H- SXJX �M/ CQb2T?- "X.X RNNyX aim/B2b BM _2H�iBQM�H :`�KK�` jX lMBp2`bBiv Q7
*?B+�;Q S`2bbX

a�TB`- 1X RNkRX G�M;m�;2, �M BMi`Q/m+iBQM iQ i?2 aim/v Q7 aT22+?X >�`+Qm`i- "`�+2
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