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*QM+m``2M+v pbX LQM/2i2`KBMBbK, �miQK�i� UAAV

�Hi?Qm;? BM i?2 �#Qp2 �miQK�iQM 2�+? H�#2H2/ i`�MbBiBQM 7`QK 2�+?
bi�i2 H2�/b iQ � bBM;H2 M2ti bi�i2- i?2 �miQK�iQM Bb MQM/2i2`KBMBbiB+
BM i?2 b2Mb2 i?�i i?2 �miQK�iQMǶb +QKTmi�iBQMb �`2 MQi +QM~m2Mi-
�M/ i?2`27Q`2 +QKTH2i2Hv /Bz2`2Mi Qmi+QK2b �`2 TQbbB#H2X

6Q` 2t�KTH2- 7`QK i?2 `2�/v bi�i2 i?2 i`�MbBiBQMb 7�mHi �M/ R H2�/
iQ +QKTH2i2Hv /Bz2`2Mi bi�i2b i?�i +�M M2p2` #2 `2+QM+BH2/ BM �
+QKKQM bm#b2[m2Mi bi�i2X

N



*QM+m``2M+v pbX LQM/2i2`KBMBbK, �miQK�i� UAAAV

aQ- i?2 �miQK�iQM Bb BM i?Bb b2Mb2 MQM/2i2`KBMBbBi+- v2i Bi Bb bi`B+iHv
b2[m2MiB�H- BM i?2 b2Mb2 i?�i- �Hi?Qm;? �i 2�+? bi�i2 i?2 �miQK�iQM
K�v #2 �#H2 iQ i�F2 b2p2`�H i`�MbBiBQMb- Bi +�M QMHv i�F2 QM2
i`�MbBiBQM �i � iBK2X

aBM+2 i?2 BMimBiBp2 MQiBQM Q7 +QM+m``2M+v Bb i?�i b2p2`�H i`�MbBiBQMb
+�M ?�TT2M bBKmHi�M2QmbHv- r2 +�M +QM+Hm/2 #v b�vBM; i?2 Qm`
�miQK�iQM- �Hi?Qm;? Bi 2t?B#Bib � 7Q`K Q7 MQM/2i2`KBMBbK- ?�b MQ
+QM+m``2M+v r?�ibQ2p2`X
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�miQK�i� �b _2r`Bi2 h?2Q`B2b

q2 +�M bT2+B7v bm+? �M �miQK�iQM �b � bvbi2K KQ/mH2-

KQ/ *�L.u@�lhPJ�hPL Bb
bQ`i ai�i2 X
QTb 0 `2�/v #`QF2M M2biH2 K�K [ , @= ai�i2 X
`H (BM) , 0 4= `2�/v X
`H (+�M+2H) , `2�/v 4= 0 X
`H (R) , `2�/v 4= M2biH2 X
`H (k) , `2�/v 4= K�K X
`H (7�mHi) , `2�/v 4= #`QF2M X
`H (+?M;) , M2biH2 4= [ X
`H (+?M;) , K�K 4= [ X

2M/K
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_2rBi2 _mH2b �b h`�MbBiBQMb

LQi2 i?�i `2r`Bi2 `mH2b /Q MQi ?�p2 �M 2[m�iBQM�H BMi2`T`2i�iBQMX
h?2v �`2 MQi mM/2`biQQ/ �b 2[m�iBQMb- #mi �b i`�MbBiBQMb- i?�i BM
;2M2`�H +�MMQi #2 `2p2`b2/X

h?Bb Bb r?v- BM � `2rBi2 i?2Q`v (Σ, E,R) i?2 2[m�iBQMb BM E �`2
iQi�HHv /Bz2`2Mi 7`QK i?2 `mH2b R- bBM+2 2[m�iBQMb �M/ `mH2b ?�p2 �
iQi�HHv /Bz2`2Mi b2K�MiB+bX

>Qr2p2`- QT2`�iBQM�HHv J�m/2 rBHH �bbmK2 i?�i i?2 2[m�iBQMb BM E

�`2 +QM~m2Mi- i2`KBM�iBM;- �M/ bQ`i /2+`2�bBM; KQ/mHQ �tBQKb B-
�M/ rBHH +QKTmi2 rBi? bm+? 2[m�iBQMb �M/ �HbQ rBi? i?2 `mH2b BM R

#v `2r`BiBM;- v2i /BbiBM;mBb?BM; 2[m�iBQM bBKTHB}+�iBQM Ui?2 `2/m+2
+QKK�M/V 7`QK `2r`BiBM; rBi? `mH2b Ui?2 `2r`Bi2 +QKK�M/VX

Rk



h?2 `2r`Bi2 *QKK�M/

J�m/2 +�M 2t2+mi2 `2r`Bi2 i?2Q`B2b rBi? i?2 `2r`Bi2 +QKK�M/
U+�M #2 �##`2pB�i2/ iQ `2rVX 6Q` 2t�KTH2-

J�m/2= `2r 0 X
`2r`Bi2 BM *�L.u@�lhPJ�hPL , 0 X
`2r`Bi2b, 8 BM yKb +Tm UyKb `2�HV U� `2r`Bi2bfb2+QM/V
`2bmHi ai�i2, [

h?2 `2r`Bi2 +QKK�M/ �TTHB2b i?2 `mH2b BM � 7�B` r�v U�HH `mH2b �`2
;Bp2M � +?�M+2V ?QT27mHHv mMiBH i2`KBM�iBQM- �M/- B7 Bi i2`KBM�i2b-
;Bp2b QM2 `2bmHiX

Rj



h?2 `2r`Bi2 *QKK�M/ UAAV

AM i?Bb 2t�KTH2- 7�B`M2bb b�p2b mb 7`QK MQMi2`KBM�iBQM- #mi BM
;2M2`�H r2 +�M 2bBHv ?�p2 MQMi2`KBM�iBM; +QKTmi�iBQMbX

6Q` i?Bb `2�bQM i?2 `2r`Bi2 +QKK�M/ +�M #2 ;Bp2M � MmK2`B+
�`;mK2Mi bi�iBM; i?2 K�tBKmK MmK#2` Q7 `2r`Bi2 bi2TbX
6m`i?2`KQ`2- mbBM; J�m/2Ƕb i?2 i`�+2 +QKK�M/ r2 +�M Q#b2`p2
bm+? bi2TbX 6Q` 2t�KTH2-
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h?2 `2r`Bi2 *QKK�M/ UAAAV

J�m/2= b2i i`�+2 QM X
J�m/2= `2r (j) 0 X
`2r`Bi2 (j) BM *�L.u@�lhPJ�hPL , 0 X
           `mH2
`H (BM), 0 4= `2�/v X
2KTiv bm#biBimiBQM
0 @@@= `2�/v
           `mH2
`H (+�M+2H), `2�/v 4= 0 X
2KTiv bm#biBimiBQM
`2�/v @@@= 0
           `mH2
`H (BM), 0 4= `2�/v X
2KTiv bm#biBimiBQM
0 @@@= `2�/v
`2r`Bi2b, j BM yKb +Tm UyKb `2�HV U� `2r`Bi2bfb2+QM/V
`2bmHi ai�i2, `2�/v
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h?2 b2�`+? *QKK�M/

P7 +Qm`b2- bBM+2 r2 �`2 BM � MQM/2i2`KBMBbiB+ bBim�iBQM- i?2
`2r`Bi2 +QKK�M/ ;Bp2b mb QM2 TQbbB#H2 #2?�pBQ` �KQM; K�MvX

hQ bvbi2K�iB+�HHv 2tTHQ`2 �HH #2?�pBQ`b 7`QK �M BMBiB�H bi�i2 r2 +�M
mb2 i?2 b2�`+? +QKK�M/- r?B+? i�F2b irQ i2`Kb, � ;`QmM/ i2`K
r?B+? Bb Qm` BMBiB�H bi�i2- �M/ � i2`K- TQbbB#Hv rBi? p�`B�#H2b- r?B+?
/2b+`B#2b Qm` /2bB`2/ i�`;2i bi�i2X

J�m/2 i?2M /Q2b � #`2�/i? }`bi b2�`+? iQ i`v iQ `2�+? i?2 /2bB`2/
i�`;2i bi�i2X 6Q` 2t�KTH2- iQ }M/ i?2 i2`KBM�iBM; bi�i2b 7`QK i?2 0
bi�i2 r2 +�M ;Bp2 i?2 +QKK�M/ Ur?2`2 i?2 ǳ5Ǵ BM 4=5 bT2+B}2b
i?�i i?2 i�`;2i bi�i2 Kmbi #2 � i2`KBM�iBM; bi�i2V-

Re



h?2 b2�`+? *QKK�M/ UAAV

J�m/2= b2�`+? 0 4=5 s,ai�i2 X
b2�`+? BM *�L.u@�lhPJ�hPL , 0 4=5 s,ai�i2 X

aQHmiBQM R Ubi�i2 9V
bi�i2b, e BM yKb +Tm UyKb `2�HV
s,ai�i2 @@= #`QF2M

aQHmiBQM k Ubi�i2 8V
bi�i2b, e BM yKb +Tm UyKb `2�HV
s,ai�i2 @@= [

q2 +�M i?2M BMbT2+i i?2 b2�`+? ;`�T? #v ;BpBM; i?2 +QKK�M/-

Rd



h?2 b2�`+? *QKK�M/ UAAAV
J�m/2= b?Qr b2�`+? ;`�T? X
bi�i2 y- ai�i2, 0
�`+ y 444= bi�i2 R U`H (BM), 0 4= `2�/v XV

bi�i2 R- ai�i2, `2�/v
�`+ y 444= bi�i2 y U`H (+�M+2H), `2�/v 4= 0 XV
�`+ R 444= bi�i2 k U`H (R), `2�/v 4= M2biH2 XV
�`+ k 444= bi�i2 j U`H (k), `2�/v 4= K�K XV
�`+ j 444= bi�i2 9 U`H (7�mHi), `2�/v 4= #`QF2M XV

bi�i2 k- ai�i2, M2biH2
�`+ y 444= bi�i2 8 U`H (+?M;), M2biH2 4= [ XV

bi�i2 j- ai�i2, K�K
�`+ y 444= bi�i2 8 U`H (+?M;), K�K 4= [ XV

bi�i2 9- ai�i2, #`QF2M
bi�i2 8- ai�i2, [
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h?2 b2�`+? *QKK�M/ UAoV

q2 +�M i?2M �bF 7Q` i?2 b?Q`i2bi T�i? iQ �Mv bi�i2 BM i?2 bi�i2
;`�T? U7Q` 2t�KTH2- bi�i2 8V #v ;BpBM; i?2 +QKK�M/-

J�m/2= b?Qr T�i? 8 X
bi�i2 y- ai�i2, 0
444( `H (BM), 0 4= `2�/v X )444=
bi�i2 R- ai�i2, `2�/v
444( `H (R), `2�/v 4= M2biH2 X )444=
bi�i2 k- ai�i2, M2biH2
444( `H (+?M;), M2biH2 4= [ X )444=
bi�i2 8- ai�i2, [

RN



h?2 b2�`+? *QKK�M/ UoV

aBKBH�`Hv- r2 +�M b2�`+? 7Q` i�`;2i i2`Kb `2�+?�#H2 #v QM2 Q` KQ`2
`2r`Bi2 bi2Tb- Q` x2`Q Q` KQ`2 bi2Tb #v ivTBM; U`2bT2+iBp2HvV,

Ç b2�`+? t 4=Y t′ X

Ç b2�`+? t 4= t′ X

ky



h?2 b2�`+? *QKK�M/ UoAV

6m`i?2`KQ`2- r2 +�M `2bi`B+i �Mv Q7 i?Qb2 b2�`+?2b #v ;BpBM; �M
2[m�iBQM�H +QM/BiBQM QM i?2 i�`;2i i2`KX 6Q` 2t�KTH2- �HH
i2`KBM�iBM; bi�i2b `2�+?�#H2 7`QK 0 Qi?2` i?�M #`QF2M +�M #2
7QmM/ #v i?2 +QKK�M/-

J�m/2= b2�`+? 0 4=5 s,ai�i2 bm+? i?�i s,ai�i2 4f4 #`QF2M X
b2�`+? BM *�L.u@�lhPJ�hPL , 0 4=5 s,ai�i2
bm+? i?�i s,ai�i2 4f4 #`QF2M 4 i`m2 X

aQHmiBQM R Ubi�i2 8V
bi�i2b, e BM yKb +Tm UyKb `2�HV
s,ai�i2 @@= [
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h?2 b2�`+? *QKK�M/ UoAAV

P7 +Qm`b2- BM ;2M2`�H i?2`2 +�M #2 �M BM}MBi2 MmK#2` Q7 bQHmiBQMb iQ
� ;Bp2M b2�`+?X h?2`27Q`2- � b2�`+? +�M #2 7m`i?2` `2bi`B+i2/ #v
;BpBM; �b �M 2ti`� T�`�K2i2` BM #`�+F2ib i?2 MmK#2` Q7 bQHmiBQMb
UBX2X- i�`;2i i2`Kb i?�i �`2 BMbi�M+2b Q7 i?2 T�ii2`M �M/ b�iBb7v i?2
+QM/BiBQMV r2 r�Mi,

b2�`+? (R) BM *�L.u@�lhPJ�hPL , 0 4=5 s,ai�i2 X

aQHmiBQM R Ubi�i2 9V
bi�i2b, e BM yKb +Tm UyKb `2�HV
s,ai�i2 @@= #`QF2M

kk



h?2 b2�`+? *QKK�M/ UoAAAV

AM Qm` *�L.u@�lhPJ�hPL 2t�KTH2 i?2 MmK#2` Q7 bi�i2b Bb }MBi2-
#mi 7Q` � ;2M2`�H `2r`Bi2 i?2Q`v i?2 MmK#2` Q7 bi�i2b `2�+?�#H2
7`QK �M BMBiB�H bi�i2 +�M #2 BM}MBi2X aQ- 2p2M B7 r2 b2�`+? 7Q` �
bBM;H2 bQHmiBQM- i?2 b2�`+? T`Q+2bb K�v MQi i2`KBM�i2- #2+�mb2 MQ
bm+? bQHmiBQM 2tBbibX hQ K�F2 b2�`+? i2`KBM�iBM;- �i H2�bi 7Q`
mM+QM/BiBQM�H `2r`Bi2 `mH2b- r2 +�M �// � b2+QM/ T�`�K2i2`-
M�K2Hv- � #QmM/ QM i?2 H2M;i? Q7 i?2 T�i?b b2�`+?2/ 7`QK i?2
BMBiB�H bi�i2X

b2�`+? (R- R) BM *�L.u@�lhPJ�hPL , 0 4=5 s,ai�i2 X

LQ bQHmiBQMX
bi�i2b, k `2r`Bi2b, k BM yKb +Tm UjeKb `2�HV U� `2r`Bi2bfb2+QM/V

kj



G�#2HH2/ h`�MbBiBQM avbi2Kb

Pm` *�L.u@�lhPJ�hPL 2t�KTH2 Bb Dmbi � bT2+B�H BMbi�M+2 Q7 �
;2M2`�H +QM+2Ti- M�K2Hv- i?�i Q7 �miQK�iQM- �HbQ +�HH2/ � H�#2H2/
i`�MbBiBQM bvbi2K UGhaV #v r?B+? r2 K2�M � i`BTH2, A = (A,L, T )

rBi?,

Ç A Bb � b2i- +�HH2/ i?2 b2i Q7 bi�i2b-

Ç L Bb � b2i +�HH2/ i?2 b2i Q7 H�#2Hb- �M/

Ç T ⊆ A× L×A Bb +�HH2/ i?2 b2i Q7 H�#2H2/ i`�MbBiBQMbX
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GhaǶb �b _2r`Bi2 h?2Q`B2b

LQi2 i?�i r2 ?�p2 �bbQ+B�i2/ iQ Qm` +�M/v �miQK�iQM � `2r`Bi2
i?2Q`v Ubvbi2K KQ/mH2V *�L.u@�lhPJ�hPLX

h?Bb Bb Q7 +Qm`b2 Dmbi �M BMbi�M+2 Q7 � ;2M2`�H i`�Mb7Q`K�iBQM- i?�i
�bbB;M iQ � Gha A � `2r`Bi2 i?2Q`v R(A) rBi? � bBM;H2 bQ`i A-
+QMbi�Mib x ∈ A- �M/ 7Q` 2�+? (x, l, y) ∈ T � `2r`Bi2 `mH2 l : x −→ yX

k8


