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T`QT2`iB2b Q7 i?2b2 T�ii2`Mb �`2 �M�Hvx2/X �b � 7mM+@
iBQM Q7 2tT�MbBQM- bQK2 2|Q`2b+2/ 7mM+iBQMb �bvKT@
iQiB+�HHv �TT`Q�+? }t2/ TQBMib Q` HBKBi +v+H2bX JQbi
BMi2`2biBM; Bb i?2 +�b2 r?2`2 i?2 2|Q`2b+2M+2 M2p2`
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1tT�M/BM; F2`M2Hb QM � T2`BQ/B+ �``�v +�M ;2M2`�i2 #2�miB7mH
�M/ bQK2iBK2b 7�KBHB�` T�ii2`MbX

hQ pBbm�HBx2 ?Qr �M 2tT�M/BM; +B`+mH�` F2`M2H KB;?i T?vbB+�HHv
Q++m`- BK�;BM2 TQBMi bQm`+2b Q7 HB;?i i?�i 2KBi T2`72+iHv +B`@
+mH�` +QM2b i?�i 2tT�M/ rBi? /Bbi�M+2X h?Bb Bb BHHmbi`�i2/ BM
6B;m`2 RX �bbmK2 � H�`;2 MmK#2` Q7 i?2b2 HB;?i bQm`+2b �`2
bT�+2/ BM � ?2t�;QM�H ;`B/X � pB2rBM; b+`22M TH�+2/ T�`�HH2H
�M/ +HQb2 iQ i?2 �``�v Q7 HB;?ib rBHH /BbTH�v � b2i Q7 +B`+H2b �b BM
6B;m`2 kU�V #2+�mb2 i?2 +QM2b ?�p2 MQi v2i Qp2`H�TT2/X h?2`2
rBHH #2 � TQBMi r?2`2 i?2 +QM2b }`bi iQm+?X h?Bb Bb BHHmbi`�i2/
BM 6B;m`2 R r?2`2 � bBM;H2 ?2t�;QM Q7 b2p2M TQBMi 2H2K2Mib
bQm`+2b �`2 /2MQi2/ #v i?2 bK�HH +B`+H2b QM iQTX h?2 iQm+?BM;
+QM2b ?2`2 +Q``2bTQM/ iQ i?2 +HQb2Hv bT�+2/ MQMQp2`H�TTBM;

+B`+H2b BM 6B;m`2 kU#V �M/ i?2 K�tBK�HHv T�+F2/ T2MMB2b BM
6B;m`2 9X "2vQM/ i?Bb TQBMi- i?2 +B`+H2b BMi2`b2+iX h?Bb pBbm�H@
Bx�iBQM BHHmbi`�i2b i?2 /vM�KB+b BM 6B;m`2 k r?2`2 i?2 MmK#2`
Q7 T2`BQ/B+�HHv bT�+2/ HB;?i bQm`+2b QM i?2 TH�M2 Bb BM}MBi2X
h?2 7m`i?2` r2 ;Q 7`QK i?2 HB;?ib- i?2 KQ`2 +B`+H2b Qp2`H�T
�M/ i?2 KQ`2 BMi2`2biBM; �M/ #2�miB7mH T�ii2`Mb 2K2`;2XR

6B;m`2 R, AHHmbi`�iBQM Q7 i?2 2tT�M/BM; F2`M2Hb b?QrM BM
6B;m`2 kX GB;?i bQm`+2b ;Bp2 7Q`i? +QM2@b?�T2/ #2�Kb
r?B+? Qp2`H�T KQ`2 �M/ KQ`2 �b i?2 /Bbi�M+2 Bb BM@
+`2�b2/ 7`QK i?2 HB;?i bQm`+2 TH�M2X a?QrM ?2`2 Bb i?2
TQBMi r?2`2 i?2 +QM2b }`bi iQm+?X h?Bb +Q``2bTQM/b
iQ i?2 +B`+H2b BM 6B;m`2 kU#VX

6`QK � }`bi Q`/2` �TT`QtBK�iBQM- 2tT�M/BM; +B`+H2b 2K2`;2
7`QK bBM;H2 t@`�vb BM +QM2@#2�K iQKQ;`�T?v U62H/F�KT-
.�pBb- �M/ E`2bb- RN39c a+�`72- kyR3V ;2M2`�i2 i?2 2tT�M/@
BM; +B`+H2b BM 6B;m`2 RX 1tT�M/BM; T�ii2`Mb Qi?2` i?�M +QM2b
M�im`�HHv Q++m` BM 2H2+i`QK�;M2iB+bX S2`BQ/B+�HHv bT�+2/ �M@
i2MM� U6BHBTQpB+- oQH�FBb- �M/ �M/2`b2M- RNNNc Ab?BK�`m 2i �HX-
RN38c J�`FQp �M/ *?�THBM- RN3jV �M/ b2MbQ` �``�vb U:Qmb@
b2iBb- 62`2bB/Bb- �M/ o�`/�tQ;HQm- kyyec amM; 2i �HX- kyy3V
;2M2`�iBM; B/2MiB+�H 2tT�M/BM; bB;M�Hb +�M /BbTH�v /Bp2`b2 �M/
+QKTH2t T�ii2`Mb /2T2M/BM; QM bQm`+2 2t+Bi�iBQM �M/ `�M;2 Q7
Q#b2`p�iBQMX

h?2 iBH2 BM i?Bb 2tT�M/BM; +B`+H2 2t�KTH2 Bb � 2[m�HbB/2/
?2t�;QMb �b mb2/ #v #22b BM ?QM2v +QK#bX h?2 ?2t�;QM�H
iBH2 7Q` K�tBK�HHv T�+F2/ +B`+H2b Bb b?QrM BM 6B;m`2 8 r?2`2
B/2MiB+�H ?2t�;QM�H iBH2b 2�+? +QMi�BMBM; �M BMb+`B#2/ +B`+H2X
_2+i�M;H2b �M/ T�`�HH2HQ;`�Kb �`2 Qi?2` 2t�KTH2b Q7 TQbbB#H2

R�b i?2 +QM2 2tT�M/b- i?2 HB;?i rBHH ;`Qr /BKK2`X h?2 �M�HQ;v #`2�Fb
/QrM ?2`2X q2 �bbmK2 i?2 HB;?i BM i?2 TH�M2 �Hr�vb +Q``2bTQM/ iQ �
#`B;?iM2bb p�Hm2 Q7 QM2 MQ K�ii2` ?Qr 7�` r2 �`2 7`QK i?2 TQBMi bQm`+2bX
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6B;m`2 k, 1tT�M/BM; +B`+mH�` TBHH#Qt2b QM � ?2t�;QM�H
;`B/X >2�i K�T UqBFBT2/B�- kyky�V +QHQm`b /2MQi2
`2;BQMb 2[m�H iQ � +QMbi�Mi �M/ �`2 mb2/ QMHv 7Q` /B7@
72`2MiB�iBM; �KQM; i?2 /Bz2`2Mi `2;BQMb Q7 i?2 };m`2X
6B;m`2 U#V `2T`2b2Mib K�tBK�HHv T�+F2/ +B`+H2bX 6B;m`2
U+V Bb � i?`22 T2i�H T�ii2`MX aHB;?iHv KQ`2 2tT�MbBQM
rBHH `2bmHi BM i?2 i`B[m2i`� BM 6B;m`2 dX 6B;m`2 U2V Bb
i?2 ~Qr2`@Q7@HB72X U*QMiBMm2/ BM 6B;m`2 jXV
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6B;m`2 j, >2�i K�T THQib Q7 2tT�M/BM; +B`+mH�` TBHH#Qt
2|Q`2b+2Mi 7mM+iBQM #2vQM/ i?�i BM 6B;m`2 kX �b i?2
+B`+H2b 2tT�M/- i?2 T�ii2`Mb ?�p2 KQ`2 i2tim`2 #2+�mb2
?B;?2` �M/ ?B;?2` bT�iB�H 7`2[m2M+B2b �`2 BMi`Q/m+2/X
U*QMiBMm2/ 7`QK 6B;m`2 kXV



Re hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

6B;m`2 9, J�tBK�HHv T�+F2/ T2MMB2b UqBFBT2/B�-
kyky#VX AM i?Bb 2t�KTH2- i?2 F2`M2H Bb i?2 ;`2v H2p2H
K�T Q7 � bBM;H2 T2MMv �M/ i?2 T2`BQ/B+Biv Bb ?2t�;QM�HX

iBH2 b?�T2bX *B`+H2b �M/ Q+i�;QMb �`2 MQi iBH2b bBM+2 �Mv iBHBM;
�ii2KTib rBHH `2bmHi BM ;�Tb Q7 +Qp2`�;2Xk

�HH i?2 T�ii2`Mb BM 6B;m`2 k +�M #2 �+?B2p2/ rBi? B/2MiB+�HHv
b?�T2/ ?2t�;QM iBH2b +QMi�BMBM; �M �TT`QT`B�i2 T�ii2`MX

JQ`2 ;2M2`�HHv- B/2MiB+�H p2`bBQMb Q7 � irQ /BK2MbBQM�H Uk.V
7mM+iBQMj �`2 i`�MbH�i2/ BM �++Q`/�M+2 iQ � k. T2`BQ/B+ ;2QK@
2i`v bT2+B}2/ #v i?2 irQ T2`BQ/B+Biv p2+iQ`bX h?2 i`�MbH�iBQMb
�`2 �//2/ iQ 7Q`K � T2`BQ/B+ 7mM+iBQMX q2 +�HH i?2 Q`B;BM�H k.
7mM+iBQM i?2 F2`M2HX qBi? i?2 iBHBM; ;2QK2i`v F2Ti +QMbi�Mi-
2�+? Q7 i?2b2 F2`M2Hb Bb K�;MB}2/ Q`- 2[mBp�H2MiHv- 2tT�M/2/X
h?2 2tT�M/BM; F2`M2Hb rBHH bQQM Qp2`H�T QMiQ Qi?2` iBH2bX q?2M
F2`M2Hb Qp2`H�T- i?2 2tT�M/2/ F2`M2Hb �`2 �//2/X q?2M pB2r@
BM; i?2 2K2`;2Mi T�ii2`Mb �b 2tT�MbBQM +QMiBMm2b- 7�b+BM�iBM;
T�ii2`Mb +�M #2;BM iQ ~Qr2`X aBM+2 2|Q`2b+2M+2 BM 6`2M+?
K2�Mb ǳiQ ~Qr2` Qmi-Ǵ r2 `272` iQ i?2 2K2`;2M+2 �b 2|Q`2b@
+2Mi 7mM+iBQMbX LQ K�ii2` ?Qr Km+? i?2 F2`M2Hb 2tT�M/- i?2
2|Q`2b+2Mi 7mM+iBQM Bb � T2`BQ/B+ 7mM+iBQM rBi? � T2`BQ/ }t2/
#v i?2 iBH2X

�M �Hi2`M�i2 2tTH�M�iBQM Q7 2tT�M/BM; F2`M2Hb Bb BHHmbi`�i2/ BM
6B;m`2 R r?2`2 i?2 +B`+mH�` F2`M2H Bb BHHmbi`�i2/ �b �M 2tT�M/BM;
+B`+mH�` TBHH #QtX

AM/2T2M/2Mi Q7 i?2 /2;`22 Q7 F2`M2H 2tT�MbBQM- i?2 `2bmHiBM;

kh`B�M;H2b �`2 MQi +QMbB/2`2/ iBH2b BM Qm` i`2�iK2MiX hrQ B/2MiB+�H
i`B�M;H2b +�M #2 #2 +QM};m`2/ BMiQ � T�`�HH2HQ;`�K iBH2- #mi r2 r2 QMHv
+QMbB/2` iBHBM; i?�i mb2b i`�MbH�iBQMX LQ `Qi�iBQM Q` ~BTTBM; Bb �HHQr2/X
L2p2`i?2H2bb- `Qi�iBQM �M/ ~BTTBM; Q7 bQ@+�HH2/ bm#iBH2b +�M #2 mb2/ BM
/2}MBiBQM KmHiB/BK2MbBQM�H T2`BQ/B+Biv UJ�`Fb AA- kyRNVX h?Bb Bb MQi +QM@
bB/2`2/ BM Qm` i`2�iK2MiX

jBX2X � b+�H�` 7mM+iBQM Q7 irQ p�`B�#H2bX

6B;m`2 8, J�tBK�HHv T�+F2/ +B`+H2b �M/ i?2 +Q``2@
bTQM/BM; ?2t�;QM�H iBH2X

6B;m`2 e, �M 2tT�M/BM; +B`+mH�` TBHH#Qt �b � k. 7mM+@
iBQMX h?2 +B`+mH�` TBHH#Qt b?�T2 2tT�M/b iQ i?2 H�`;2`
TBHH#Qt Bb � bKQQi? +QMiBMmQmb K�MM2`X
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6B;m`2 d, �M BHHmbi`�iBQM Q7 � bT2+B}+ BMbi�M+2 Q7 2t@
T�M/2/ Qp2`H�TTBM; r?2M i?2 F2`M2H Bb �M �MMmHmb U+B`@
+mH�` `BM;V `2THB+�i2/ ?2t�;QM�HHvX G27i, h?2 i`B[m2@
i`� UqBFBT2/B�- kyky+VX _B;?i, S2`BQ/B+ `2THB+�iBQM
Q7 i?2 i`B[m2i`� `2p2�Hb 2K2`;2M+2 7`QK Qp2`H�TTBM;
`BM;bX ULQi2, h?2 bmKK�iBQM Q7 i?2 Qp2`H�Tb Bb MQi
b?QrMX PMHv i?2 `BM; Qp2`H�T Bb b?QrMXV

k. 7mM+iBQM 7Q`K2/ #v i?2 bmK Q7 TQbbB#Hv Qp2`H�TTBM; F2`M2Hb
Bb T2`BQ/B+ rBi? i?2 b�K2 ?2t�;QM�H `2THB+�iBQM ;2QK2i`vX h?2
bBM;H2 ?2t�;QM�H iBH2 b?QrM BM 6B;m`2 8+�M #2 +QTB2/ �M/- B7
vQm rBHH- mb2/ iQ iBH2 � FBi+?2M ~QQ` rBi?Qmi ;�TbX AM i?Bb b2Mb2-
� T2`BQ/B+ iBHBM; ;2QK2i`v Bb +QMb2`p2/ /m`BM; i?2 2tT�MbBQMX9

1tT�M/BM; +B`+H2b ;2M2`�i2 7�KBHB�` ~Qr2`BM; BMbi�M+2b BM+Hm/@
BM;,

Ç T�+F2/ +B`+H2b BM 6B;m`2 kU#V +�M #2 pBbm�HBx2/ #v TH�+BM;
T2MMB2b QM � i�#H2 bm`7�+2 �b +HQb2 �b TQbbB#H2X h?Bb Bb
BHHmbi`�i2/ BM 6B;m`2 9-

Ç �b b22M BM 6B;m`2 d- � i`B[m2i`�@ivT2 UqBFBT2/B�- kyky+V
i?`22 T2i�H T�ii2`M mb2/ iQ `2T`2b2Mi i?2 i`BMBiv BM 2�`Hv
*?`BbiB�MBivX h?Bb T�ii2`M Bb b22M BM 6B;m`2 kU+V- �M/

Ç i?2 ~Qr2`@Q7@HB72 UJ2H+?Bx2/2F- RNNNV BM 6B;m`2 kU2V8

S`QT2`iB2b Q7 2|Q`2b+2Mi 7mM+iBQMb +�M #2 /2`Bp2/ mbBM; irQ
/BK2MbBQM�H 6Qm`B2` b2`B2b �M�HvbBbX aQK2 2|Q`2b+2Mi 7mM+@
iBQMb �TT`Q�+? }t2/ TQBMib Q` HBKBi +v+H2b �b � 7mM+iBQM Q7
2tT�MbBQMX JQbi BMi2`2biBM; �`2 2|Q`2b+2Mi 7mM+iBQMb i?�i
M2p2` `2T2�iX .2b+`B#BM; K�i?2K�iB+b Bb HBKBi2/ iQ a2+iBQM 9
�M/ i?2 �TT2M/BtX h?2 +QMi2Mi Q7 i?2 T�T2` Bb i?2`2#v �++2b@
bB#H2 rBi?Qmi `272`2M+2 iQ i?2 /2i�BH bQm;?i #v K�i?2K�iB+B�Mb
7Q` /22T2` BMbB;?iX

96Q` � ;Bp2M `2THB+�iBQM- i?2`2 Bb KQ`2 i?�M QM2 +?QB+2 7Q` � iBH2X
>2t�;QM�H iBH2b +�M #2 mb2/ 7Q` �Mv Q7 i?2 T�ii2`Mb b?QrM BM 6B;m`2 k
#mi � T�`�HH2HQ;`�K iBH2 +�M #2 mb2/ iQ `2T`2b2Mi i?2 b�K2 T2`BQ/B+Biv
bi`m+im`2X �Hi?Qm;? iBH2b +�M /Bz2` ;2QK2i`B+�HHv- �HH pB�#H2 iBH2b rBHH ?�p2
i?2 b�K2 irQ@/BK2MbBQM�H �`2� UJ�`Fb AA- kyyNVX

8h?2 ~Qr2`@Q7@HB72 Bb 2�bBHv +QMbi`m+i2/ mbBM; QMHv � +QKT�bbX .`�r
� +B`+H2X h?2M TH�+2 i?2 TQBMi Q7 i?2 +QKT�bb �i �Mv TQBMi QM i?2 +B`+H2X
.`�r �MQi?2` +B`+H2X SH�+2 i?2 +QKT�bb TQBMi �i QM2 Q7 i?2 irQ TQBMib
r?2`2 i?2 +B`+H2b BMi2`b2+i �M/ /`�r �MQi?2` +B`+H2 rBi? i?2 b�K2 `�/BmbX
*QMiBMm2 TH�+BM; i?2 +QKT�bb TQBMi �i BMi2`b2+iBQMb Q7 +B`+H2b rBi? i?2
Q`B;BM�H +B`+H2 �M/ i?2 ~Qr2`@Q7@HB72 rBHH `2bmHiX

6B;m`2 3, G27i, h?2 ~Qr2`@Q7@HB72X _B;?i, S2`BQ/B+
`2THB+�iBQM Q7 i?2 ~Qr2`@Q7@HB72 `2p2�Hb 2K2`;2M+2 7`QK
Qp2`H�TTBM; +B`+H2bX

RXR h?2 6HQr2`@Q7@GB72 BM �`i >BbiQ`v

h?2 ~Qr2`@Q7@HB72 iBHBM; ?�b � `B+? ?BbiQ`v BM �`i �M/ �`+?B@
i2+im`2X h?2 ~Qr2`@Q7@HB72 �TT2�`b BM i?2 PbB`Bb h2KTH2 BM
�M+B2Mi 1;vTi U6HQr2`b- kyyeV �M/ �b � ~QQ` /2+Q`�iBQM 7`QK
i?2 T�H�+2 Q7 EBM; �b?m`#�MBT�HX �b?m`#�MBT�H r�b FBM; Q7
i?2 L2Q@�bbv`B�M 1KTB`2 7`QK ee3 "* iQ +X ekd "* UJ�M@
MBM2M- kyRRVX h?2 ~Qr2`@Q7@HB72 2p2M �TT2�`b BM +`QT +B`+H2b
UL�iBQM�H :2Q;`�T?B+- kyRyV X

>2`2 �`2 bQK2 Qi?2` 2t�KTH2bX

RX �b b?QrM BM 6B;m`2 Ry- i?2 ~Qr2`@Q7@HB72 �TT2�`2/ BM i?2
�`i Q7 G2QM�`/Q /� oBM+B UJB+- kyRkVX

kX 6B;m`2 Ry b?Qrb i?2 ~Qr2`@Q7@HB72 7`QK hm`F2vX

jX AM 6B;m`2 RR- r2 b22 � +mT 7`�;K2Mi 7`QK A/�HBQM- *vT`mb
i?�i /�i2b iQ +B`+� dyy iQ eyy "*X h?2 �`i b?Qrb ǳKvi?Q@
HQ;B+�H b+2M2b- � bT?BMt 7`B2x2 �M/ i?2 `2T`2b2Mi�iBQM Q7 �
FBM; p�M[mBb?BM; ?Bb 2M2KB2bX h?2 +2Mi2` +QMi�BMb � p2`@
bBQM Q7 i?2 ǵ6HQr2` Q7 HB72Ƕ ;2QK2i`B+�H T�ii2`MǴ UL;mv2M-
kyydVX

9X � #�HH ǳ?2H/ #v i?2 K�H2 AKT2`B�H :m�`/B�M GBQM �i
i?2 :�i2 Q7 amT`2K2 >�`KQMv- 6Q`#B//2M *Biv- "2BDBM;X
*?BM�Ǵ Bb +Qp2`2/ #v `2THB+�iBQMb Q7 i?2 ~Qr2`@Q7@HB72X
h?Bb Bb b?QrM BM 6B;m`2 RkX

RXk 6m`i?2` *B`+H2 1tT�MbBQM

q?�i ?�TT2Mb r?2M i?2 +B`+H2b �`2 2tT�M/2/ 7m`i?2` i?�M
b?QrM BM 6B;m`2 k\ _2bmHib Bb b?QrM BM 6B;m`2 j bi�`iBM; rBi?
i?2 ~Qr2`@Q7@HB72 BM i?2 mTT2` H27iX �bbmK2 i?2 Q`B;BM�H `�/Bmb
Q7 i?2 +B`+H2b BM i?2 ~Qr2`@Q7@HB72 Bb ! = 1X a?QrM �`2 ?2t�;Q@
M�H iBHBM;b +Q``2bTQM/BM; iQ i?2 +B`+H2 `�/Bmb2b Q7 8- Ry- k8- 8y
�M/ RyyX



R3 hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

6B;m`2 N, 6HQr2` Q7 HB72 7`QK bF2i+?2b 7`QK G2QM�`/Q
/� oBM+BX Uh?Bb Bb � 7�Bi?7mH T?QiQ;`�T?B+ `2T`Q/m+iBQM
Q7 � irQ@/BK2MbBQM�H- Tm#HB+ /QK�BM rQ`F Q7 �`i U/�
oBM+B- R9d3VXV



oQHmK2 j- Abbm2 R

RX ALh_P.l*hAPL RN

6B;m`2 Ry, 6HQr2` Q7 HB72 ǳ2T?2bQb b[m�`2Ǵ 7`QK 1T?@
2bmb- hm`F2vX UAK�;2 +`2/Bi, qBFBT2/B� *`2�iBp2
*QKKQMb �ii`B#miBQM@a?�`2 �HBF2 9Xy AMi2`M�iBQM�H
UJB`v�K- kyR8VXV



ky hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

6B;m`2 RR, �M �M+B2Mi +mT BMb+B#2/ rBi? i?2 ~Qr2`@Q7@
HB72X UAK�;2 +`2/Bi, h?Bb rQ`F Bb BM i?2 Tm#HB+ /QK�BM
BM Bib +QmMi`v Q7 Q`B;BM �M/ Qi?2` +QmMi`B2b �M/ �`2�b
r?2`2 i?2 +QTv`B;?i i2`K Bb i?2 �mi?Q`Ƕb HB72 THmb Ryy
v2�`b Q` 72r2` UL;mv2M- kyydVXV



oQHmK2 j- Abbm2 R

RX ALh_P.l*hAPL kR

6B;m`2 Rk, h?2 ~Qr2`@Q7@HB72 Bb QM � #�HH �i i?2 :�i2
Q7 amT`2K2 >�`KQMv- 6Q`#B//2M *Biv- "2BDBM;X *?BM�X
US?QiQ +`2/Bi, qBFBK2/B� *QKKQMb U�/�K�MiBQb-
kyRjVXV



kk hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

oB/2Qb Q7 #2�miB7mH 2K2`;2Mi #2?�pBQ` 7`QK `2�H@iBK2 2tT�M/@
BM; +B`+mH�` F2`M2Hb �`2 �p�BH�#H2 QMHBM2 ULv#�H- kyR9/c Lv#�H-
kyR9+VX

k Pi?2` 1tT�M/BM; E2`M2Hb

Pi?2` F2`M2Hb +�M #2 2tT�M/2/ �M/ �``�vb Qi?2` i?�M ?2t�;@
QM�H +�M #2 mb2/X �M 2tT�M/BM; +B`+mH�` +QM2 F2`M2He Bb BHHmb@
i`�i2/ BM 6B;m`2 RjX U*QKT�`2 iQ i?2 2tT�M/BM; TBHH#Qt +B`+H2
BM 6B;m`2 eXV � ?2�i K�T THQi Q7 � ?2t�;QM�H �``�v Q7 bK�HH
MQMQp2`H�TTBM; +B`+mH�` +QM2b Bb b?QrM BM 6B;m`2 R9U�VX h?2
Qp2`H�TTBM; 2tT�M/BM; F2`M2Hb �`2 i?2M b?QrM 7Q` +B`+H2 `�/BB Q7
200, 500, 1000, 1500, �M/ 1750X �b Bb i?2 +�b2 rBi? i?2 +B`+H2b-
i?2 T�ii2`Mb ;2M2`�HHv #2+QK2 KQ`2 +QKTH2t �b i?2 2tT�MbBQM
#2+QK2b H�`;2` �M/ KQ`2 �M/ KQ`2 +QM2b BMi2`b2+iX

6B;m`2 Rj, � bBM;H2 2tT�M/BM; +B`+mH�` +QM2 b?�T2/
F2`M2H �b � irQ /BK2MbBQM�H 7mM+iBQMX

j S`QT2`iB2b Q7 1tT�M/BM; E2`M2Hb Q7
o�`vBM; S2`BQ/B+Biv

jXR .2i`2M/BM; �M/ >2�i J�Tb

�b KQ`2 �M/ KQ`2 F2`M2Hb Qp2`H�T- i?2 MmK#2` Q7 F2`M2Hb BMi2`@
b2+iBM; � iBH2 ;2M2`�HHv ;2ib H�`;2` �M/ H�`;2`Xd A7 Ryyy +B`+mH�`
TBHH#Qt2b Qp2`H�T �M/ i?2 ?2B;?i Q7 � TBHH#Qt Bb QM2- i?2 p�Hm2
Q7 i?2 k. 7mM+iBQM Bb Ryyy BM i?2 �`2� Q7 Qp2`H�TX .2i`2M/@
BM; +H2�`b i?Bb iQr2` #v `2KQpBM; i?2 #mBH/mT �M/ HQQFBM; QMHv

e.Bb�K#B;m�iBQM, h?2 i2`K +QM2@F2`M2H Bb �HbQ mb2/ BM `272`2M+2 iQ
k. iBK2@7`2[m2M+v `2T`2b2Mi�iBQMb UP? �M/ J�`Fb AA- RNNkc P?- J�`Fb
AA- �M/ �iH�b- RNN9c w?�Q- �iH�b- �M/ J�`Fb AA- RNNyV �M/ Bb MQi `2H�i2/
iQ i?2 mb�;2 Q7 i?2 i2`K ?2`2X

d�M 2t+2TiBQM rQmH/ #2 � ;�mbbB�M b?�T2/ F2`M2H r?2`2 �HH iBH2b �`2
2z2+i2/ #v �HH Qi?2` iBH2b �i �HH iBK2bX h?2 +QMi`B#miBQM Q7 b?B7i2/ F2`M2Hb
7�` `2KQp2/ rBHH #2+QK2 KQ`2 �M/ KQ`2 bB;MB}+�Mi �b i?2 F2`M2H 2tT�M/bX

�i ~m+im�iBQMb QM iQT Q7 i?2 iQr2` �7i2` `2KQpBM; i?2 iQr2`
?2B;?iX

AM 6Qm`B2` b2`B2b- i?2 x2`Qi? Q`/2` 6Qm`B2` b2`B2b +Q2{+B2Mi
/2MQi2b i?2 �p2`�;2 p�Hm2 Q7 i?2 T2`BQ/B+ 7mM+iBQMX "v b2iiBM;
i?2 x2`Qi? Q`/2` +Q2{+B2Mi iQ x2`Q- i?2 iQr2` Bb `2KQp2/ �M/
QMHv i?2 ~m+im�iBQMb `2K�BMX q2 /2}M2 b2iiBM; i?2 x2`Qi?
Q`/2` 6Qm`B2` b2`B2b +Q2{+B2Mi iQ x2`Q �b /2i`2M/BM; U>BHH �M/
:�m+?- RN3yc E�Mi2H?�`/i 2i �HX- kyykVX h?2 ?2�i K�T THQib
BM 6B;m`2b k-j-R9 �M/ R8 /Q i?Bb �miQK�iB+�HHv #v THQiiBM; QMHv
rBi?BM i?2 /vM�KB+ `�M;2 Q7 i?2 ~m+im�iBQMbX

jXk amKK�`v Q7 6Qm`B2` �M�HvbBb _2bmHib

.2T2M/BM; QM i?2 F2`M2H �M/ T2`BQ/B+Biv- /BbTH�v Q7 /2i`2M/2/
T�ii2`Mb b?Qr /Bz2`2Mi #2?�pBQm`X AM a2+iBQM 9- r2 2t�KBM2
r?2i?2` +QMiBMmQmb 2tT�MbBQM Q7 F2`M2Hb �bvKTiQiB+�HHv �T@
T`Q�+?2b 2Bi?2`,

RX x2`Q 2p2`vr?2`2-
kX � }t2/ T2`BQ/B+ 7mM+iBQM Q7 i?2 !" TH�M2 i?�i /Q2b MQi

+?�M;2 rBi? `2bT2+i iQ �//BiBQM�H 2tT�MbBQM- Q`
jX Qb+BHH�iBQM BM � HBKBi +v+H2 �b 7mM+iBQM Q7 i?2 2tT�MbBQM

p�`B�#H2X AM Qi?2` rQ`/b- �b 2tT�MbBQM +QMiBMm2b- i?2 27@
~Q`2b+2Mi 7mM+iBQM /BbTH�vb � `2T2�i2/ T�ii2`MX

�b r2 ;Q /QrM i?2 HBbi- 2�+? 2Mi`v Bb b22M iQ #2 � bm#b2i Q7
i?2 Qi?2`X � p�Hm2 Q7 URV x2`Q Bb � /2;2M2`�i2 +�b2 Q7 UkV �
}t2/ T2`BQ/B+ 7mM+iBQM i?�i /Q2b MQi +?�M;2 rBi? 2tT�MbBQMX
GBF2rBb2 UkV- � }t2/ T2`BQ/B+ 7mM+iBQM- Bb � bT2+B�H bi�iB+ +�b2
Q7 UjV, Qb+BHH�iBQM QM � HBKBi +v+H2 �b � 7mM+iBQM Q7 2tT�MbBQMX

h?2 KQbi BMi2`2biBM; +�b2b- MQi QM i?2 HBbi- �`2 i?Qb2 r?2`2
i?2 2|Q`2b+2Mi 7mM+iBQM M2p2` `2T2�ib �M/ `2bmHib BM � M2p2`
`2T2�iBM; b2`B2b Q7 T�ii2`MbX h?2 2tT�M/BM; +B`+mH�` TBHH#Qt
�M/ +B`+mH�` +QM2 �`2 2t�KTH2bX

9 �M�HvbBb

h?2 K�i?2K�iB+�H �M�HvbBb Q7 2|Q`2b+2Mi 7mM+iBQMb Bb bQH2Hv
`2H2;�i2/ iQ i?Bb b2+iBQM �M/ i?2 �TT2M/BtX

lbBM; bi�M/�`/ MQi�iBQM U.m/;2QM �M/ J2`b2`2�m- RN39c
J�`Fb AA- RNNRc J�`Fb AA- kyyNV- i?2 irQ /BK2MbBQM�H 6Qm`B2`
i`�Mb7Q`K Q7 � irQ /BK2MbBQM�H 7mM+iBQM #(!" ) = #("1, "2) Bb3

$ ( !%) =
∫
!!
#(!" )&−"2# !$! !!'!" URV

3" =
√
−1X



oQHmK2 j- Abbm2 R

9X �L�GuaAa kj

6B;m`2 R9, >2�i K�T THQib Q7 i?2 2tT�M/BM; +B`+mH�`
+QM2 2|Q`2b+2Mi 7mM+iBQMX h?2 MQMQp2`H�TTBM; bK�HH
+QM2b �`2 b22M BM U�VX U*QMiBMm2/ BM 6B;m`2 R8XV



k9 hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

6B;m`2 R8, >2�i K�T THQib Q7 i?2 2tT�M/BM; +B`+m@
H�` +QM2 2|Q`2b+2Mi 7mM+iBQMX U*QMiBMm2/ 7`QK 6B;@
m`2 R9XV



oQHmK2 j- Abbm2 R

9X �L�GuaAa k8

6B;m`2 Re, G27i, � k. THQi Q7 MQMQp2`H�TTBM; `2THB@
+�i2/ +B`+mH�` +QM2bX � T2`bT2+iBp2 T`QD2+iBQM Q7 i?2
?2�i K�T Bb b?QrM QM iQTX _B;?i, � bBKBH�` THQi K�/2
�7i2` i?2 2tT�M/BM; +B`+mH�` +QM2b BMi2`b2+iX



ke hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

r?2`2 ( /2MQi2b p2+iQ` i`�MbTQbBiBQM- !" = ["1, "2]% - !% =
[%1, %2]% - '!" = '"1'"2 �M/∫

!!
=

∫
!1

∫
!2
.

h?2 bB;M�H BMi2;`�H T`QT2`iv UJ�`Fb AA- kyyNV 7QHHQrb BKK2/B@
�i2Hv 7`QK URV #v b2iiBM; !% = !0X

$ (!0) =
∫
!!
#(!" )'!". UkV

h?2 BMp2`b2 6Qm`B2` i`�Mb7Q`K Bb

#(!") =
∫
!$
$ ( !%)&"2# !$! !!' !%.

hQ bmTTHv 7QmM/�iBQM �M/ iQ 2bi�#HBb? MQi�iBQM- � +QM+Bb2 `2@
pB2r Q7 KmHiB/BK2MbBQM�H 6Qm`B2` b2`B2b Bb �TT`QT`B�i2 U.m/@
;2QM �M/ J2`b2`2�m- RN39c J�`Fb AA- RNNRc J�`Fb AA- kyyNVX
h?2 6Qm`B2` b2`B2b ?�b i?2 7QHHQrBM; T`QT2`iB2b UJ�`Fb AA-
kyyNV,

Ç *QMp2`;2M+2 Bb BM i?2 K2�M B7 � T2`BQ/ Q7 i?2 T2`BQ/B+
7mM+iBQM b�iBb}2b .B`B+?H2i +QM/BiBQMb +`Bi2`B�X

Ç *QMp2`;2M+2 Bb mMB7Q`K B7 i?2 T2`BQ/B+�HHv `2THB+�i2/ F2`@
M2H Bb +QMiBMmQmbX

Ç q?2M i?2`2 �`2 /Bb+QMiBMmBiB2b BM i?2 F2`M2H- i?2 6Qm`B2`
b2`B2b +QMp2`;2b iQ i?2 �`Bi?K2iB+ KB/TQBMi Q7 i?2 /Bb+QM@
iBMmBivX

h?2 2t�KTH2b BM i?Bb T�T2` �`2 7Q` QM2 �M/ irQ /BK2MbBQM�H
T2`BQ/B+ 7mM+iBQMb �Hi?Qm;? i?2 i?2Q`v +�M #2 /2p2HQT2/ 7Q`
�M �`#Bi`�`v /BK2MbBQMX

hrQ /BK2MbBQM�H T2`BQ/B+Biv Bb /B+i�i2/ #v � 2× 2 MQMbBM;mH�`
T2`BQ/B+Biv K�i`Bt Q ;Bp2M �b

Q = [ !)1 !)2]

r?2`2 !)1 �M/ !)2 �`2 T2`BQ/B+Biv p2+iQ`bX AM QM2 /BK2MbBQM-
i?2 T2`BQ/ Q7 � T2`BQ/B+ 7mM+iBQM Bb /2}M2/ #v � bBM;H2 b+�H�`
r?B+? +�M #2 pB2r2/ �b � 1×1 K�i`BtX h?2 b+�H�` 2Mi`v BM i?2
K�i`Bt Bb i?2 QM2 /BK2MbBQM�H T2`BQ/- ( X AM irQ /BK2MbBQMb-
� T�B` Q7 k. p2+iQ`b Bb `2[mB`2/ iQ /2}M2 T2`BQ/B+BivX AM *
/BK2MbBQMb- * T2`BQ/B+Biv p2+iQ`b �`2 `2[mB`2/X 1�+? p2+iQ` Bb
Q7 H2M;i? * U.m/;2QM �M/ J2`b2`2�m- RN39c J�`Fb AA- RNNRc
J�`Fb AA- kyyNV-

� k. 2t�KTH2 Bb b?QrM BM 6B;m`2 Rd r?2`2 K�tBK�HHv T�+F2/
+B`+H2b Q7 `�/Bmb ! ;2M2`�i2 T2`BQ/B+Biv p2+iQ`b

!)1 =


&
2

&
2
√

3


; !)2 =


−&

2

&
2
√

3


.

r?2`2 ! Bb i?2 +B`+H2Ƕb `�/BmbX h?2 +Q``2bTQM/BM; T2`BQ/B+Biv
K�i`Bt 7QHHQrb �b

Q =
!

2

[
1 −1√
3

√
3

]
. UjV

6B;m`2 Rd, >2t�;QM�H T2`BQ/B+Biv p2+iQ`b BHHmbi`�i2/ 7Q`
K�tBK�HHv T�+F2/ +B`+H2bX

� iBH2 BbQH�i2b � bBM;H2 T2`BQ/ Q7 i?2 T2`BQ/B+ 7mM+iBQM �M/-
r?2M `2THB+�i2/ �++Q`/BM; iQ i?2 T2`BQ/B+Biv K�i`Bt- }HHb i?2
bT�+2 rBi?Qmi ;�TbX 6Q` ?2t�;QM�H T2`BQ/B+Biv- � +Q``2bTQM/@
BM; ?2t�;QM�H iBH2 Bb b?QrM BM 6B;m`2 8X 6Q` � ;Bp2M T2`BQ/B+Biv
bi`m+im`2- M2Bi?2` Q Q` i?2 iBH2 b?�T2 Bb mMB[m2X h?Bb Bb BHHmb@
i`�i2/ 6B;m`2 R3 r?2`2 ?2t�;QM �M/ � T�`�HH2HQ;`�K iBH2b #Qi?
?�p2 i?2 b�K2 T2`BQ/B+Biv p2+iQ`bX

� iBH2 +2Mi2`2/ �i i?2 Q`B;BM rBHH #2 `2THB+�i2/ QM i?2 ("1, "2)
TH�M2 �i i?2 p2+iQ`b !)1 �M/ !)2X h?2 iBH2 rBHH �HbQ #2 `2THB+�i2/
�i �Mv BMi2;2` KmHiBTH2 Q7 i?2 T2`BQ/B+Biv p2+iQ`b- 7Q` 2t�KTH2
�i !)1 + !)2 �M/ 4!)1 − 3!)2X �Mv iBH2 `2THB+�iBQM QM i?2 ("1, "2)
TH�M2 +�M #2 `2T`2b2Mi2/ #v i?2 +QK#BM�iBQM +1 !)1 + +2 !)2
r?2`2 +1 �M/ +2 �`2 BMi2;2`bX � KQ`2 +QM+Bb2 2tT`2bbBQM Bb

+1 !)1 + +2 !)2 = Q !+

r?2`2 !+ Bb � irQ /BK2MbBQM�H p2+iQ` Q7 BMi2;2`bX

!+ =
[
+1
+2

]
.

h?2 ?2t�;QM�HHv b?�T2/ iBH2 BM 6B;m`2 8 ?�b �M �`2� Q7

| det Q| =
√

3 !2

2 . U9V



oQHmK2 j- Abbm2 R

9X �L�GuaAa kd

6B;m`2 R3, 6Q` � ;Bp2M b2i Q7 T2`BQ/B+Biv p2+iQ`b- i?2
+?QB+2 Q7 iBH2b Bb MQi mMB[m2X h?2 T2`BQ/B+Biv p2+iQ`b
BHHmbi`�i2/ �i i?2 #QiiQK Q7 6B;m`2 Rd +�M �HbQ /2b+`B#2
i?2 T�`�HH2HQ;`�K iBH2 b?QrM ?2`2X UPMHv irQ +QHmKMb
Q7 i?2 T�`�HH2HQ;`�K iBH2 �`2 b?QrM ?2`2XV AM #Qi?
+�b2b- i?2 �`2� Q7 i?2 iBH2- | det, |- Bb i?2 b�K2 UJ�`Fb
AA- kyyNVX

6Q` � ;Bp2M T2`BQ/B+Biv bi`m+im`2 /2}M2/ #v i?2 T2`BQ/B+Biv K�@
i`Bt Q- � T2`BQ/B+ 7mM+iBQM rBi? � F2`M2H Q7 - (!" ) +�M #2 r`Bii2M
BM � bT�+2 rBi? +QQ`/BM�i2b !" �b UJ�`Fb AA- kyyNV

.
(!" ) = ∑

!'
-

(!" − Q !+
) U8V

r?2`2 i?2 bmK Bb Qp2` i?2 b2i Q7 �HH BMi2;2` T�B`bX
∑
!'

=
∞∑

'1=−∞

∞∑
'2=−∞

.

LQi2 i?�i

Ç i?2 F2`M2H Bb MQi +QMbi`�BM2/ iQ #2 x2`Q QmibB/2 Q7 � iBH2
�M/ +�M 2p2M 2ti2M/ Qp2` i?2 2MiB`2 !" TH�M2- �M/

Ç K�Mv F2`M2Hb +�M ;2M2`�i2 i?2 b�K2 T2`BQ/B+ 7mM+iBQM-
.
(!" )X

h?2 +Q``2bTQM/BM; KmHiB/BK2MbBQM�H 6Qm`B2` b2`B2b Q7 i?2 T2@
`BQ/B+ 7mM+iBQM BM U8V Bb i?2 6Qm`B2` b2`B2b UJ�`Fb AA- kyyNc
S�TQmHBb- RNd3VN

.
(!" ) = | det P|

∑
!'
/ (P !+) exp

(
021!"% P !+

)
UeV

NhQ b22 i?2 T2`BQ/B+Biv- +QMbB/2` b?B7i Q7 UeV 7`QK (
(!! ) iQ (

(
!! − Q!)

)
r?2`2 !) Bb �M �`#Bi`�`v p2+iQ` Q7 BMi2;2`bX A7 (

(
!! − Q!)

)
= (

(!! ) 7Q` �HH bm+?
b?B7ibX (

(!! ) Bb T2`BQ/B+ rBi? T2`BQ/B+Biv K�i`Bt QX 6`QK UeV-

(
(
!! − Q!)

)
= | det P |

∑
!"
* (P !') exp

(
"2#

(
!! − Q!)

)!
P !'

)
.

r?2`2 P �M/ Q �`2 `2H�i2/ #v �M BMp2`b2 i`�MbTQb2

P = Q−% , UdV

h?2 2[mBp�H2M+2 Q7 U8V �M/ UeV bi2Kb 7`QK i?2 6Qm`B2` /m�H
Q7 i?2 SQBbbQM bmK 7Q`KmH� UJ�`Fb AA- kyyNc S�TQmHBb- RNd3c
S�TQmHBb �M/ SBHH�B- kyykVX

∑
!+
$ ( !% − P!2) = | det Q|

∑
!+
# (Q!2) &"2# !$! Q!+

9XR 1tT�M/BM; E2`M2Hb

q2 �`2 �#H2 iQ MQr /2b+`B#2 i?2 2tT�M/BM; F2`M2H T2`BQ/B+
7mM+iBQM 7Q` �`#Bi`�`v T2`BQ/B+Biv K�i`Bt Q �M/ F2`M2H - (!")X
.2}MBiBQM 9XRX h?2 2tT�M/BM; F2`M2H T2`BQ/B+ 7mM+iBQM-
#,

(!" )- ;2M2`�i2/ #v � F2`M2H - (!" ) Bb

#,
(!" ) = ∑

!'
-

( !" − Q !+
3

)
U3V

�b 3 BM+`2�b2b- i?2 F2`M2H 2tT�M/X

AM #Qi? i?2 2tT�M/BM; +B`+mH�` TBHH#Qt �M/ 2tT�M/BM; +B`+mH�`
+QM2 2t�KTH2b- 3! Bb i?2 `�/Bmb Q7 i?2 +B`+H2X

6`QK UeV- i?2 +Q``2bTQM/BM; 6Qm`B2` b2`B2b Q7 i?2 2tT�M/BM;
F2`M2H Bb

#,
(!" ) = | det P|32

∑
!'
/ (3P !+) exp

(
021!"% P !+

)
. UNV

h?2 Qp2`H�TTBM; 2tT�M/BM; F2`M2Hb +�M #2 /2i`2M/2/ #v 2p�H@
m�iBM; i?2 K2�M p�Hm2 Q7 i?2 T2`BQ/B+ 7mM+iBQMX h?2 K2�M
p�Hm2 BM � 6Qm`B2` b2`B2b 2tT�MbBQM Bb i?2 x2`Qi? Q`/2` 6Qm`B2`
b2`B2b +Q2{+B2MiX h?Bb +�M #2 2p�Hm�iBM; #v BMi2;`�iBM; Qp2`
� bBM;H2 iBH2 7QHHQr2/ #v /BpBbBQM #v i?2 �`2� Q7 i?2 iBH2X

h?2 i?2Q`2K iQ 7QHHQr mb2b i?2 �`#Bi`�`BM2bb Q7 i?2 +?QB+2 Q7
iBH2b r?2M BMi2;`�iBM;X AM QM2 /BK2MbBQM- i?2 T2`BQ/ Q7 � T2@
`BQ/B+ 7mM+iBQM- b�v ( - Bb �`#Bi`�`vX q2 +�M +?QQb2 i?2 T2`BQ/
iQ #2 QM i?2 BMi2`p�H 0 ≤ " < ( Q` −(/2 ≤ " < (/2. h?2`2 Bb �
h?2 2tTQM2MiB�H i2`K ?2`2 #2+QK2b

exp
(
-2#

(
!! − Q!)

)!
P !'

)
= exp

(
"2#!!! P !'

)
exp

(
−"2#

(
Q!)

)!
P !'

)
.

lbBM; UdV-

exp
(
−"2#

(
!)! Q! P !'

))
= exp

(
−"2#

(
!)! !'

))
= 1

bQ i?�i (
(
!! − Q!)

)
= (

(!! )X



k3 hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

bBKBH�` �`#Bi`�`BM2bb BM i?2 +?QB+2 Q7 � iBH2X hQ BHHmbi`�i2- +QM@
bB/2` � k. 7mM+iBQM rBi? ?2t�;QM�H `2THB+�iBQM �+`Qbb � TH�M2X
*?QQbBM; � iBH2 BM i?Bb 7mM+iBQM Bb HBF2 +?QQbBM; � +QQFB2 +mii2`X
�b BHHmbi`�i2/ BM 6B;m`2 R3- � ?2t�;QM�H +QQFB2 +mii2` +�M #2
mb2/X "mi � ?2t�;QM Bb MQi i?2 QMHv TQbbB#H2 iBH2X �b b?QrM BM
i?2 };m`2- � +QQFB2 +mii2` b?�T2/ HBF2 � T�`�HH2HQ;`�K +�M �HbQ
#2 mb2/ �b +�M �Mv +QQFB2 +mii2` i?�i b�iBb}2b i?2 T2`BQ/B+Biv
+QMbi`�BMibX

LQi�iBQM�HHv- BMi2;`�iBM; Qp2` �`2� C BM i?2 7QHHQrBM; i?2Q`2K
K2�Mb BMi2;`�iBQM Qp2` �Mv bBM;H2 iBH2X 6Q` �//BiBQM�H /2i�BHb-
b22 J�`Fb UJ�`Fb AA- kyyNVX

h?2Q`2K 9XkX h?2 K2�M p�Hm2 Q7 i?2 2tT�M/BM; F2`M2H 7mM+@
iBQM- #,

(!" )- Bb

〈#,〉 := 1
| det Q|

∫
!! ∈C

#,
(!" ) '!"

= 32 | det P|
∫
!!
-

(!" ) '!" URyV

= 32 | det P|/ (!0) URRV

h?2 `2;BQM C Bb �Mv `2;BQM BM i?2 !" bT�+2 +Qp2`BM; � iBH2X

�b 3 BM+`2�b2b- i?2 /2i`2M/2/ bmK Q7 i?2 2tT�M/BM; F2`M2Hb BM
i?2 !" TH�M2 �TT`Q�+?2b � rBi?Qmi �Mv BMi2`2biBM; bi`m+im`2X

S`QQ7X h?2 2tT`2bbBQM BM URyV 7Q` i?2 K2�M Q7 #,
(!" ) 7QHHQrb

7`QK i?2 !+ = !0 i2`K BM i?2 6Qm`B2` b2`B2b BM UNVX 1[m�iBQM
URRV 7QHHQrb 7`QK i?2 BMi2;`�H T`QT2`iv UkVX !

q2 +�M MQr /2}M2 i?2 /2i`2M/2/ T2`BQ/B+ 7mM+iBQMX

.2}MBiBQM 9XjX h?2 T2`BQ/B+ 2|Q`2b+2Mi 7mM+iBQM- 4,
(!" )- Bb

i?2 /2i`2M/2/ 2tT�M/BM; F2`M2H 7mM+iBQM- BX2X #,
(!" ) KBMmb Bib

K2�MX
4,

(!" ) = #, (!" ) − 〈#,〉 .

h?2 +Q``2bTQM/BM; 6Qm`B2` b2`B2b Q7 4,
(!" ) Bb bBKTHv i?2 6Qm`B2`

b2`B2b Q7 #,
(!" ) BM UNV rBi? i?2 x2`Qi? Q`/2` 6Qm`B2` b2`B2b

+Q2{+B2Mi !+ = !0 i2`K `2KQp2/XRy

4,
(!" ) = | det P|32

∑
!'≠!0

/ (3P !+) exp
(
021!"% P !+

)
. URkV

6`QK i?Bb 2tT`2bbBQM- r2 b22 i?2 6Qm`B2` b2`B2b +Q2{+B2Mib 7Q`
i?2 2|Q`2b+2Mi 7mM+iBQM �`2

5, [ !+] =
{

| det P|32/ (3P !+) ; !+ ≠ !0
0 ; !+ ≠ !0 URjV

Ry"v !0- r2 K2�M � p2+iQ` r?Qb2 QMHv 2H2K2Mib �`2 x2`QX

9Xk *QMp2`;2M+2

h?2 T2`BQ/B+ 2|Q`2b+2Mi 7mM+iBQM +�M KQbi BMi2`2biBM;Hv ;2M@
2`�i2 � M2p2` `2T2�iBM; T�ii2`M Q7 7�b+BM�iBM; b?�T2bX h?Bb
/Q2b MQi ?�TT2M r?2M- �b � 7mM+iBQM Q7 2tT�MbBQM- i?2 2|Q@
`2b+2Mi 7mM+iBQM `2�+?2b � HBKBi +v+H2 Q` }t2/ TQBMiX q2 MQr
2t�KBM2 r?2M i?Bb ?�TT2MbX

�bvKTiQiB+ *QMp2`;2M+2 Q7 i?2 1|Q`2b+2Mi 6mM+iBQM
iQ w2`Q

q2 }`bi 2bi�#HBb? r?2M i?2 2|Q`2b+2Mi 7mM+iBQM 2tT�M/BM;
F2`M2H �TT`Q�+?2b x2`QX

6B`bi /2}M2 i?2 E`QM2+F2` /2Hi� �b

6[ !+] :=
{

1 ; !+ = !0
0 ; !+ ≠ !0

h?2Q`2K 9X9X am{+B2Mi +QM/BiBQM 7Q` +QMp2`;BM; iQ i?2
K2�MX G2i * = 2XRR A7

3./ (3P !+) −→
,→∞

3./ (!0)6[ !+] UR9V

i?2M #,
(!" ) +QMp2`;2b iQ Bib K2�MX

#,
(!" ) −→

,→∞
〈#,〉 .

�b � +QMb2[m2M+2
4,

(!" ) −→
,→∞

0.

AM Qi?2` rQ`/b- �b i?2 F2`M2Hb +QMiBMm2 iQ 2tT�M/- i?2 2|Q`2b@
+2Mi 7mM+iBQM �TT`Q�+?2b i?2 p2`v mMBMi2`2biBM; `2bmHi Q7 x2`Q
Qp2` i?2 2MiB`2 ("1, "2) TH�M2X

S`QQ7X �b 3 → ∞- �HH i2`Kb 3./ (3P !+) BM UNV i2M/ iQ x2`Q
r?2M UR9V Bb i`m2 2t+2Ti r?2M !+ = !0X h?2M UNV #2+QK2b

#,
(!" ) −→

,→∞
3. | det P|/ (!0) = 〈#,〉

!

� bm{+B2Mi bKQQi?M2bb +`Bi2`BQM *QMp2`;2M+2 Q7 �M 2t@
T�M/BM; 2|Q`2b+2Mi 7mM+iBQM iQ x2`Q Bb �bbm`2/ r?2M i?2 F2`M2H
�/?2`2b iQ bKQQi?M2bb �M/ BMi2;`�#BHBiv T`QT2`iB2bX

RRh?2 i?2Q`2Kb ;Bp2M �`2 �TTHB+�#H2 BM �Mv /BK2MbBQM . X q2 ?�p2
+QM+2Mi`�i2/ QM k. bQ rBHH b2i . = 2 iQ �pQB/ +QM7mbBQMX h?Bb �HbQ
�TTHB2b iQ h?2Q`2K 9X8X



oQHmK2 j- Abbm2 R

9X �L�GuaAa kN

h?2Q`2K 9X8X *QMp2`;2M+2 iQ i?2 K2�M, h?2 7QHHQrBM;
i?2Q`2K �TTHB2b iQ * /BK2MbBQMbX 6Q` i?2 2t�KTH2b ?2`2BM-
* = 2X h?2 * /BK2MbBQM�H 7mM+iBQM- #,

(!" )- +QMp2`;2b iQ Bib
K2�M B7 Bib F2`M2H- - (!" )- Q#2vb i?2 7QHHQrBM; T`QT2`ivXRk

∫
!!

22222
(
.∏
)=1

7"#

7""#)

)
-

(!" )
22222 '!" = 8 < ∞ UR8V

r?2`2 i?2 MQMM2;�iBp2 BMi2;2`b {0) |1 ≤ 9 ≤ *} Q#2v

.∑
)=1

0) > * UReV

h?2 +?QB+2 Q7 !0 = [01 02 03 · · · 0. ]% Bb �`#Bi`�`v bQ HQM; �b
UR8V �M/ UReV �`2 b�iBb}2/X

h?2 T`QQ7 Bb ;Bp2M BM �TT2M/Bt eXRX

*Q`QHH�`v 9XeX 6Q` * = 1- h?2Q`2K 9X8 b�vb i?2 2|Q`2b+2Mi
7mM+iBQM rBHH +QMp2`;2 iQ x2`Q B7

∫
!

2222 '
2

'"2
-(")

2222 '" = 8 < ∞

1t�KTH2 9XdX *QMbB/2` i?2 irQ /BK2MbBQM�H F2`M2H

-
(!" ) = Π("1)&−!

2
2 ,

r?2`2 i?2 `2+i�M;H2 7mM+iBQM Bb

Π(") :=
{

1 ; |" | ≤ 1
2

0 ; |" | > 1
2 .

URdV

h?2M UqQH7`�K�HT?�X+QK- kykyV
∫
!!

22222
73

7"32
-

(!" )
22222 '!" =

∫ ∞

!1=−∞
Π("1)'"1

∫ ∞

!2=−∞

22222
'3

'"32
&−!

2
2

22222 '"2
=

= 4
(
1 + 4&−3/2

)
= 8 < ∞

�M/ 01 + 02 = 0 + 3 > * = 2X h?2 +`Bi2`B� BM h?2Q`2K 9X8 �`2
K2i �M/ �bvKTiQiB+ +QMp2`;2M+2 Q7 i?2 2|Q`2b+2Mi 7mM+iBQM
iQ x2`Q Bb �bbm`2/X

�bvKTiQiB+ *QMp2`;2M+2 hQ � 6Bt2/ 6mM+iBQM

�b i?2 7QHHQrBM; 2t�KTH2 b?Qrb- i?2 2|Q`2b+2Mi 7mM+iBQM +�M
+QMp2`;2 iQ � }t2/ 7mM+iBQM Q7 !" �b b+�HBM; BM+`2�b2bX

1t�KTH2 9X3X *QMbB/2` i?2 QM2 /BK2MbBQM�H F2`M2H

-(") = &−!:(") UR3V

6B;m`2 RN, lbBM; i?2 2tTQM2MiB�H /2+�v F2`M2H BM UR3V
`2bmHib BM i?2 4, (")Ƕb b?QrMX �b 3 → ∞- i?2 7mM+iBQM
�TT`Q�+?2b i?2 b�riQQi? b?QrM #v i?2 i?B+F `2/ HBM2
;Bp2M #v URNVX U6Q` i?Bb THQi- ( = 275XV

r?2`2 :(") Bb i?2 >2�pBbB/2 bi2T 7mM+iBQMXRj h?2M 4,
(!" ) +QM@

p2`;2b BM bi2�/v bi�i2 iQ i?2 bQHB/ `2/ b�riQQi? r�p27Q`K
b?QrM BM 6B;m`2 RNX

lim
,→∞

4, (") =
1
2 − "

(
; 0 < " < ( URNV

� T`QQ7 Bb ;Bp2M BM �TT2M/Bt eXkX

�bvKTiQiB+ GBKBi *v+H2 S2`BQ/B+Biv BM 3

1|Q`2b+2Mi 7mM+iBQMb +�M #2 �bvKTiQiB+�HHv T2`BQ/B+ �b � 7mM+@
iBQM Q7 i?2 2tT�MbBQM b+�HBM; p�`B�#H2 3X

h?2Q`2K 9XNX lbBM; i?2 b+�H�` T2`BQ/B+Biv K�i`Bt Q = ( - i?2
QM2 /BK2MbBQM�H F2`M2H

-(") = Π (")

`2bmHib BM � 2|Q`2b+2Mi 7mM+iBQM T2`BQ/B+ BM 3 rBi? � T2`BQ/ Q7
(, = 2( X

S`QQ7X h?2 QM2 /BK2MbBQM�H 6Qm`B2` b2`B2b 2tT`2bbBQM 7Q` i?2
Rk6Q` . = 5 �M/ !" = [4 0 1]! - 7Q` 2t�KTH2-(

$∏
#=1

/%#

/!
%#
#

)
0

(!! ) = /5

/!4
1 /!3

0
(!! ) .

Rj1[m�H iQ QM2 7Q` TQbBiBp2 �`;mK2Mi �M/ x2`Q Qi?2`rBb2X



jy hBHBM; 1|Q`2b+2M+2 Q7 1tT�M/BM; E2`M2Hb BM � 6Bt2/ S2`BQ/B+ �``�v, :2M2`�HBxBM; i?2 6HQr2`@P7@GB72

2|Q`2b+2Mi 7mM+iBQM Bb

4, (") =
3

(

∑
'≠0

sinc
(3+
(

)
&"2#'!/% . UkyV

r?2`2
sinc(%) := sin(1%)

1%

Bb i?2 QM2 /BK2MbBQM�H 6Qm`B2` i`�Mb7Q`K Q7 Π(")X 6Q` + ≠ 0-
i?2 +i? 6Qm`B2` b2`B2b +Q2{+B2Mi Bb

5, [+] = 3/
(3+
(

)
=

3

(
sinc

(3+
(

)
=

=
1
(

sin
( #',

%

)
1+

"2+�mb2 Q7 i?2 bBM i2`K- 5, [+] Bb T2`BQ/B+ rBi? `2bT2+i iQ 3
rBi? T2`BQ/ 2( X

5,+2% [+] = 5, [+]
aBM+2 �HH Q7 i?2 6Qm`B2` b2`B2b +Q2{+B2Mib BM UkyV �`2 T2`BQ/B+
rBi? T2`BQ/ 2( - r2 +QM+Hm/2 i?�i

4,+2% (") = 4, (").

�M/ i?2 2|Q`2b+2Mi 7mM+iBQM Qb+BHH�i2b �b � 7mM+iBQM Q7 3X !

h?2 T2`BQ/B+Biv Q7 4, (") Bb BHHmbi`�i2/ BM 6B;m`2 kyX h?2 7mM+@
iBQM Bb #QmM/2/ #v |4, (") | ≤ 1 �M/ Bb THQii2/ Qp2` � bBM;H2
T2`BQ/X h?2 6B;m`2 #2;BMb rBi? �M �HH x2`Q 7mM+iBQM K�`F2/
rBi? i?2 MmK#2` 0X 3 BM+`2�b2b � #BiX 6Q` i?2 7mM+iBQM K�`F2/
1- i?2`2 Bb MQr � b?Q`i TQbBiBp2 TmHb2 �M/ i?2 `2K�BM/2` Q7 i?2
7mM+iBQM Bb x2`QX aBM+2 〈4,〉 = 0- �HH Q7 i?2 7mM+iBQMb b?QrM
?�p2 x2`Q �`2�X h?2 TmHb2 �i i?2 Q`B;BM #2;BMb iQ bT`2�/ �b
3 BM+`2�b2b �b Bb b22M BM i?2 7mM+iBQMb K�`F2/ k i?`Qm;? dX
h?2M- �i 3- i?2 7mM+iBQM `2im`Mb iQ #2BM; B/2MiB+�HHv x2`QX h?2
b2+QM/ T?�b2 Bb b?QrM BM 6B;m`2 ky#X q2 #2;BM rBi? i?2 x2`Q
7mM+iBQM K�`F2/ 3 BM 6B;m`2 ky� r?B+? Bb �HbQ K�`F2/ 3 BM 6B;@
m`2 ky#X 3 BM+`2�b2b � #BiX h?2 7mM+iBQM K�`F2/ N Bb � b?Q`i
M2;�iBp2 TmHb2X �b 3 BM+`2�b2b- i?2 M2;�iBp2 TmHb2 rB/2Mb �b
Bb b22M BM i?2 7mM+iBQMb K�`F2/ N i?`Qm;? R8X 6mM+iBQM Re Bb
B/2MiB+�HHv x2`Q �M/ Bb i?2 b�K2 �b i?2 7mM+iBQM K�`F2/ y BM
6B;m`2 ky�X PM2 T2`BQ/ Bb +QKTH2i2 �M/- �b 3 BM+`2�b2b- i?2
M2ti B/2MiB+�H T2`BQ/ #2;BMbX

9Xj 1|Q`2b+2Mi 1t�KTH2b

h?2 KQbi BMi2`2biBM; Q7 2|Q`2b+2Mi 7mM+iBQMb �`2 i?Qb2 i?�i
?�p2 MQ }t2/ �bvKTiQiB+ +QMp2`;2M+2 T`QT2`iB2bX AM irQ /B@
K2MbBQMb- bm+? 2|Q`2b+2Mi 7mM+iBQMb +QMiBMm�HHv #HQQK BM �
MQM`2T2�iBM; K�MM2`X h?2 `2�/2` Bb 2M+Qm`�;2/ iQ pB2r i?2
QMHBM2 pB/2Qb ULv#�H- kyR9/c Lv#�H- kyR9+c Lv#�H- kyR9#c Lv@
#�H- kyR9�V U2bT2+B�HHv i?2 2tT�M/BM; TBHH#Qt +QM2 �M/ +B`+mH�`

U�V h?2 }`bi T�`i Q7 i?2 T2`BQ/B+Biv BM ,X

U#V h?2 b2+QM/ T�`iX

6B;m`2 ky, h?2 T2`BQ/B+Biv BM 3 Q7 4, (") 7Q` 2tT�M/BM;
`2+i�M;mH�` F2`M2Hb BM UkyVX h?2 T2`BQ/ BM 3 Bb 2( X h?2
7mM+iBQM 4, (") Bb �HbQ T2`BQ/B+ BM " rBi? T2`BQ/ ( X



oQHmK2 j- Abbm2 R

9X �L�GuaAa jR

+QM2 pB/2QbV iQ 7mHHv �TT`2+B�i2 i?Bb 2K2`;2M+2X a+`22M b?Qib
7Q` 2tT�M/BM; +B`+H2 �M/ +QM2 b?�T2/ F2`M2Hb �`2 b?QrM BM 6B;@
m`2b j- R9 �M/ R8X q2 MQr �M�Hvx2 T`QT2`iB2b Q7 i?2b2 irQ
F2`M2H ivT2bX

q2 }M/ mb27mH i?2 `�/B�H K2�bm`2b

; = ‖!"‖ �M/ < = ‖ !%‖

r?2`2
‖!"‖ =

√
"21 + "22 . UkRV
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