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S`QQ7X
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1t�KTH2
CPM : (CM+1 − {0})/ ∼ �M/ r2 ?�p2

CP0 ⊂ CP1 ⊂ · · ·CPM−1 ⊂ CPM ⊂ · · · ⊂ CP∞.

JQ`2Qp2`-

CPM − CPM−1 = {[x0, . . . , xM] | xM ̸= 0}
≃ CM ≃ 22M.

h?mb CPM ?�b QM2 +2HH BM 2p2`v 2p2M /BK2MbBQM 7`QK y iQ 2M rBi?
+?�`�+i2`BbiB+ K�T

Φ2M : .2M −−−→ CPM

(x0, . . . , xM) .→
[
x0, . . . , xM−1,

√
1− ΣM−1

B−0 |xB|2
]
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bm#bT�+2 s′ ⊂ s rBi? � +2HH /2+QKTQbBiBQM E ′ ⊂ E X q2 rBHH Dmbi
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r`Bi2 s′ = |E ′|X
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21 ∈ E ′, 22 ∈ E , 2̄1 ∩ 22 ̸= ∅ 4⇒ 22 ∈ E ′.
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q2 b�v .M ∐
7 s Bb Q#i�BM2/ #v �ii�+?BM; �M M@+2HH iQ sX

Φ7 Bb +�HH2/ i?2 +?�`�+i2`BbiB+ K�T Q7 i?2 �ii�+?2/ M@+2HHX

7(aM−1)

←−
.M

s
,ࢶ �ii�+?BM; � +2HH
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S`QQ7X
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M@+2HH- i?2M Bi Bb 2�bv iQ b2T�`�i2 t 7`QK vX Pi?2`rBb2- H2i
t, v ∈ s �M/ i�F2 i?2B` QT2M M2B;?#Qm`?QQ/b l,o BM s i?�i
b2T�`�i2 i?2KX *QMb/2` �ii�+?BM; i?2 M@+2HHb pB� i?2 Tmb?@Qmi,
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α

.M

∐
α
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!! u

h?2M ;−1
α (l), ;−1

α (o) �`2 QT2M BM aM−1X h�F2 i?2B` QT2M
M2B;?#Qm`?QQ/b lα,oα BM .M- BX2X

lα ∩ aM−1 = ;−1
α (l), oα ∩ aM−1 = ;−1

α (o)
bm+? i?�i lα ∩ oα = ∅X h?2M l ∪ (

⋃
α lα) �M/ o ∪ (

⋃
α oα)

�`2 b2T�`�i2/ M2B;?#Qm`?QQ/ Q7 t, vX
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S`QQ7X
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sM−1 → sM

Bb � +Q}#`�iBQMX h?2 T`QTQbBiBQM 7QHHQrb bBM+2 +QKTQbBiBQM Q7
+Q}#`�iBQMb Bb � +Q}#`�iBQMX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`Q/m+i Q7 *q +QKTH2t2b

G2i (s, E), (u, Ẽ) #2 irQ *q +QKTH2t2bX q2 +�M /2}M2 � +2HHmH�`
bi`m+im`2 QM s× u rBi? M@bF2H2iQM

(s× u)M = {2F
α × 2̃H

β |0 ≤ F + H ≤ M, 2F
α ∈ E , 2̃H

β ∈ Ẽ}

�M/ +?�`�+i2`BbiB+ K�Tb

ΦF,H
α,β = (ΦH

α,Φ
H
β) : .F+H

α,β → s× u.

>2`2 r2 mb2 i?2 7�+i i?�i .F+H
α,β ≡ .F

α × .H
β iQTQHQ;B+�HHvX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

1t�KTH2
*2HHmH�` /2+QKTQbBiBQM 7Q` a1 × a1X

•

•

•

=
• •

• •

= •

,ࢶ *2HHmH�` /2+QKTQbBiBQM 7Q` a1 × a1
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

h?Bb M�im`�H +2HHmH�` bi`m+im`2 Bb +HQbm`2 }MBi2X >Qr2p2`- i?2
T`Q/m+i iQTQHQ;v QM s× u K�v MQi #2 i?2 b�K2 �b i?2 r2�F
iQTQHQ;v- bQ i?2 iQTQHQ;B+�H T`Q/m+i K�v MQi #2 � *q +QKTH2tX
P#b2`p2 i?�i s,u �`2 +QKT�+iHv ;2M2`�i2/ r2�F >�mb/Q`z- �M/
r2 +�M i�F2 i?2B` +�i2;Q`B+�H T`Q/m+i BM i?2 +�i2;Q`v T X h?2M i?Bb
+QKT�+iHv ;2M2`�i2/ T`Q/m+i rBHH ?�p2 i?2 r2�F iQTQHQ;v- �M/
#2+QK2b � *q +QKTH2tX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

S`QTQbBiBQM
�bbmK2 s Bb +QKT�+iHv ;2M2`�i2/ �M/ u Bb HQ+�HHv +QKT�+i
>�mb/Q`z- i?2M i?2 +�i2;Q`B+�H T`Q/m+i Q7 s �M/ u BM T Bb i?2
b�K2 �b i?2 +�i2;Q`B+�H T`Q/m+i BM hQT UBX2X i?2 iQTQHQ;B+�H
T`Q/m+iVX

�b � +QMb2[m2M+2- r2 ?�p2

h?2Q`2K
G2i s.u #2 *q +QKTH2t2b �M/ u #2 HQ+�HHv +QKT�+iX h?2M i?2
iQTQHQ;B+�H T`Q/m+i s× u Bb � *q +QKTH2tX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

1t�KTH2
A7 s Bb � *q +QKTH2t- i?2M s× A Bb � *q +QKTH2tX
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�H;2#`�B+ hQTQHQ;v kyky aT`BM;! aG

.2}MBiBQM
� *q +QKTH2t s Bb +�HH2/ HQ+�HHv }MBi2 B7 2�+? TQBMi BM s ?�b �M
QT2M M2B;?#Q`?QQ/ i?�i BMi2`b2+ib QMHv }MBi2 K�Mv +2HHbX

GQ+�HHv }MBi2 *q +QKTH2t2b �`2 HQ+�HHv +QKT�+i >�mb/Q`zX

*Q`QHH�`v
G2i s.u #2 *q +QKTH2t2b �M/ u #2 HQ+�HHv }MBi2X h?2M i?2
iQTQHQ;B+�H T`Q/m+i s× u Bb � *q +QKTH2tX


