
������� ������� �� ������ ������������
���������� ��������

�. �. �®¤ª®àëâ®¢

�®¬®â®¯¨ç¥áª¨¥ ª« ááë ®â®¡à ¦¥­¨© ª®¬¯ ªâ­®£® ¯®«¨í¤à  X ¢ ®ªàã¦­®áâì T
®¡à §ãîâ  ¡¥«¥¢ã £àã¯¯ã B(X), ­ §ë¢ ¥¬ãî £àã¯¯®© �àãè«¨­áª®£® ¨ ª ­®­¨ç¥-
áª¨ ¨§®¬®àä­ãî £àã¯¯¥ H1(X;Z). �ã­ªæ¨ï f : B(X) → L, £¤¥ L |  ¡¥«¥¢  £àã¯-
¯ , ¨¬¥¥â ¯®àï¤®ª ­¥ ¢ëè¥ r, ¥á«¨ ¤«ï ®â®¡à ¦¥­¨ï a : X → T ¢¥«¨ç¨­  f([a])
Z-«¨­¥©­® ¢ëà ¦ ¥âáï ç¥à¥§ å à ªâ¥à¨áâ¨ç¥áªãî äã­ªæ¨î Ir(a) : (X×T )r → Z
r-© ¤¥ª àâ®¢®© áâ¥¯¥­¨ £à ä¨ª  ®â®¡à ¦¥­¨ï a. �¨¯®â¥§ : ¯®àï¤®ª äã­ªæ¨¨ f
à ¢¥­ ¥ñ  «£¥¡à ¨ç¥áª®© áâ¥¯¥­¨. (�ã­ªæ¨ï ¨¬¥¥â áâ¥¯¥­ì ­¥ ¢ëè¥ r, ¥á«¨ à ¢-
­ë ­ã«î ¥ñ ª®­¥ç­ë¥ à §­®áâ¨ ¯®àï¤ª  r + 1.) �ë ¤®ª §ë¢ ¥¬ íâã £¨¯®â¥§ã ¢
á«ãç ¥ dim X 6 2.

§1. �¢¥¤¥­¨¥
�ãáâì X | ª®¬¯ ªâ­ë© ¯®«¨í¤à.

�àã¯¯  �àãè«¨­áª®£®. �®¬®â®¯¨ç¥áª¨¥ ª« ááë ®â®¡à ¦¥­¨© ¯®«¨í¤à  X ¢ ®ªàã¦-
­®áâì T = { t ∈ C : |t| = 1 } ®¡à §ãîâ  ¡¥«¥¢ã £àã¯¯ã ®â­®á¨â¥«ì­® ®¯¥à æ¨¨,
®¯à¥¤¥«ï¥¬®© ¯®â®ç¥ç­ë¬ ã¬­®¦¥­¨¥¬ ®â®¡à ¦¥­¨©. �â  £àã¯¯  ­ §ë¢ ¥âáï
£àã¯¯®© �àãè«¨­áª®£® ¯®«¨í¤à  X ¨ ®¡®§­ ç ¥âáï B(X). �­  ª ­®­¨ç¥áª¨
¨§®¬®àä­  £àã¯¯¥ H1(X;Z). �­®¦¥áâ¢® ­¥¯à¥àë¢­ëå ®â®¡à ¦¥­¨© X → T
®¡®§­ ç ¥¬ T (X). �«ï ®â®¡à ¦¥­¨ï a ∈ T (X) ¯ãáâì [a] ∈ B(X) | ¥£® £®¬®â®-
¯¨ç¥áª¨© ª« áá.
�®àï¤®ª äã­ªæ¨¨ ­  £àã¯¯¥ �àãè«¨­áª®£®. �¬¥¥¬ N = {0, 1, . . . }, N̂ = N∪{∞}.
�«ï ®â®¡à ¦¥­¨ï a ∈ T (X) ¯ãáâì �a ⊂ X×T | ¥£® £à ä¨ª, Ir(a) : (X×T )r → Z
(r ∈ N) | å à ªâ¥à¨áâ¨ç¥áª ï äã­ªæ¨ï ¬­®¦¥áâ¢  �r

a ⊂ (X × T )r. �ãáâì Er

| £àã¯¯  äã­ªæ¨© (X × T )r → Z, ¯®à®¦¤ñ­­ ï äã­ªæ¨ï¬¨ Ir(a), a ∈ T (X).
�ãáâì L |  ¡¥«¥¢  £àã¯¯ . �®àï¤ª®¬ äã­ªæ¨¨ f : B(X) → L ­ §ë¢ ¥¬

¨­ä¨¬ã¬ â¥å r ∈ N, ¤«ï ª®â®àëå áãé¥áâ¢ã¥â â ª®© £®¬®¬®àä¨§¬ h : Er → L,
çâ® f([a]) = h(Ir(a)) ¤«ï ¢á¥å a ∈ T (X). �¡®§­ ç¥­¨¥: ord f . �¬¥¥¬ ord f ∈ N̂.
�¨¦¥ ãâ¢¥à¦¤¥­¨¥ 3.1 ¯®ª §ë¢ ¥â, çâ® íâ® ®¯à¥¤¥«¥­¨¥ ¯®àï¤ª  à ¢­®á¨«ì­®
¤ ­­®¬ã ¢ [1].
�â¥¯¥­ì äã­ªæ¨¨ ­   ¡¥«¥¢®© £àã¯¯¥. �ãáâì K, L |  ¡¥«¥¢ë £àã¯¯ë. �â¥-
¯¥­ìî äã­ªæ¨¨ f : K → L ­ §ë¢ ¥âáï ¨­ä¨¬ã¬ â ª¨å r ∈ N, çâ®

∑

i0,...,ir=0,1
(−1)i0+...+irf(i0c0 + . . . + ircr) = 0

¤«ï «î¡ëå c0, . . . , cr ∈ K. �¡®§­ ç¥­¨¥: deg f . �¬¥¥¬ deg f ∈ N̂.

�« £®¤ àî �. �. �ã¦¨­  ¨ �. �. �®£à ä  §  ª®­áã«ìâ æ¨¨.
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�®àï¤®ª ¨ áâ¥¯¥­ì. �ãáâì L |  ¡¥«¥¢  £àã¯¯ , f : B(X) → L | äã­ªæ¨ï.
�¨¯®â¥§ : ord f = deg f . �ï¤ ¡®«¥¥ á« ¡ëå ãâ¢¥à¦¤¥­¨© ¯®«ãç¥­ ¢ [1]. �¥«ì
à ¡®âë | ¤®ª § âì á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥.
(1.1) �ãáâì dim X 6 2. �®£¤  ord f = deg f .

§2. �­®£®ç«¥­ U

�¨á«® í«¥¬¥­â®¢ ª®­¥ç­®£® ¬­®¦¥áâ¢  S ®¡®§­ ç ¥¬ #S. �®«ìæ® ¬­®£®ç«¥-
­®¢ ®â í«¥¬¥­â®¢ ª®­¥ç­®£® ¬­®¦¥áâ¢  E á ª®íää¨æ¨¥­â ¬¨ ¢ Z ®¡®§­ ç ¥¬
Z[E]. �«ï F ⊂ E ¯ãáâì �(F ) ∈ Z[E] | ¯à®¨§¢¥¤¥­¨¥ í«¥¬¥­â®¢ ¬­®¦¥áâ¢  F .

�ãáâì (P, K) | ¯®«­ë© £à ä (â® ¥áâì P | ª®­¥ç­®¥ ¬­®¦¥áâ¢®, K =
{ {p, q} | p, q ∈ P : p 6= q }). �®ªà é¥­¨¥: pq = {p, q}. �«ï L ⊂ K ¯ãáâì
[L] ⊂ P | ¬­®¦¥áâ¢® ª®­æ®¢ àñ¡¥à ¨§ L.

�¢¥¤ñ¬ ¬­®£®ç«¥­ U ∈ Z[P tK],

U =
∑

Q⊂P,L⊂K:Q∩[L]=∅
(−1)#Q+#L�(Q t L).

�¢¥¤ñ¬ ª®«ìæ¥¢®© £®¬®¬®àä¨§¬ η : Z[P tK] → Z[P ], η(p) = p, p ∈ P , η(k) =
0, k ∈ K.
(2.1) �¬¥¥¬

η(U) =
∏

p∈P

(1− p).

¤
�«ï L ⊂ K ¯ãáâì ~L = { (p, q) | p, q ∈ P : pq ∈ L }. (� ª çâ® (P, ~K) |

¯®«­ë© ®à¨¥­â¨à®¢ ­­ë© £à ä.) �®ªà é¥­¨¥: −→pq = (p, q). �«ï S ⊂ ~K ¯ãáâì
�S = { pq | p, q ∈ P : −→pq ∈ S }.

�¨ªá¨àã¥¬ ¬­®¦¥áâ¢  M ⊂ K ¨ N ⊂ M . �¢¥¤ñ¬ ª®«ìæ¥¢®© £®¬®¬®àä¨§¬
θ : Z[P tK] → Z[ ~M tN ],

θ(p) =
∏

q∈P :pq∈M

−→pq, p ∈ P,

θ(k) = 0, k ∈ K \M , θ(k) = (1−−→pq)(1−−→qp), k = pq ∈ M \N , θ(k) = k, k ∈ N .
(2.2) �ãáâì #M + #N < #P . �®£¤  θ(U) = 0.
�®ª § â¥«ìáâ¢®. �ç¥¢¨¤­®,

θ(U) =
∑

S⊂ ~M,F⊂N : �S∩F=∅

cSF �(S t F ),

£¤¥ cSF ∈ Z | ª ª¨¥-â® ç¨á« . �­¤ãªæ¨¥© ¯® #S + #F ¯®ª ¦¥¬, çâ® cSF = 0.
�¢¥¤ñ¬ ª®«ìæ¥¢®© £®¬®¬®àä¨§¬ ω : Z[ ~M t N ] → Z, ¤«ï e ∈ ~M t N ¯®« £ ï
ω(e) = 1, ¥á«¨ e ∈ S tF , ¨ ω(e) = 0 ¨­ ç¥. �ãáâì φ = ω ◦ θ. �¢¨¤ã ¯à¥¤¯®«®¦¥-
­¨ï ¨­¤ãªæ¨¨, cSF = φ(U). �¥£ª® ¢¨¤¥âì, çâ® φ(p pq) = 0 ¤«ï pq ∈ K. �­ ç¨â,
φ(�(Q t L)) = 0 ¤«ï â ª¨å Q ⊂ P , L ⊂ K, çâ® Q ∩ [L] 6= ∅. �®íâ®¬ã

φ(U) =
∑

Q⊂P,L⊂K

(−1)#Q+#Lφ(�(Q t L)) =
( ∏

p∈P

(1− φ(p))
)( ∏

k∈K

(1− φ(k))
)
.
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�¥à¢ë© á®¬­®¦¨â¥«ì à ¢¥­ ­ã«î, ¥á«¨ áãé¥áâ¢ã¥â â ª ï ¢¥àè¨­  p ∈ P (¨á-
â®ç­¨ª), çâ® −→pq ∈ S ¤«ï ¢á¥å pq ∈ M . �â®à®© á®¬­®¦¨â¥«ì à ¢¥­ ­ã«î, ¥á«¨
�S ∪ N 6= M ¨«¨ F 6= ∅. � ª ª ª #M + #N < #P , â® ã £à ä  (P,M) ç¨á«®
ª®¬¯®­¥­â-¤¥à¥¢ì¥¢ ¡®«ìè¥ #N . �®íâ®¬ã ¥áâì ª®¬¯®­¥­â -¤¥à¥¢®, ­¥ á®¤¥à-
¦ é ï àñ¡¥à ¨§ N . �ãáâì ¢á¥ ¥ñ àñ¡à  ¯à¨­ ¤«¥¦ â ¬­®¦¥áâ¢ã �S | ¨­ ç¥
�S ∪N 6= M . �¥£ª® ¯®­ïâì, çâ® â®£¤  ®­  á®¤¥à¦¨â ¨áâ®ç­¨ª. ¤

§3. �®à¬ «ì­ë¥ áã¬¬ë ®â®¡à ¦¥­¨©
� ª ¦¤ë¬ ¬­®¦¥áâ¢®¬ Q á¢ï§ ­   ¡¥«¥¢  £àã¯¯  Z〈Q〉, á¢®¡®¤­® ¯®à®¦¤ñ­-

­ ï í«¥¬¥­â ¬¨ 〈q〉, q ∈ Q. �«ï äã­ªæ¨¨ f : Q → L, £¤¥ L |  ¡¥«¥¢  £àã¯¯ ,
¢¢®¤¨¬ £®¬®¬®àä¨§¬ f+ : Z〈Q〉 → L, f+(〈q〉) = f(q), q ∈ Q.

�«ï í«¥¬¥­â  A ∈ Z〈T (X)〉 ¯ãáâì [A] ∈ Z〈B(X)〉 | ¥£® ®¡à § ¯à¨ £®¬®¬®à-
ä¨§¬¥, ¨­¤ãæ¨à®¢ ­­®¬ ®â®¡à ¦¥­¨¥¬ T (X) → B(X), a 7→ [a]. �«ï ª®­¥ç­®£®
¬­®¦¥áâ¢  S ⊂ X ¯ãáâì A|S ∈ Z〈T (S)〉 | ®¡à § í«¥¬¥­â  A ¯à¨ £®¬®¬®àä¨§¬¥,
¨­¤ãæ¨à®¢ ­­®¬ ®â®¡à ¦¥­¨¥¬ T (X) → T (S), a 7→ a|S . �®« £ ¥¬

ord A = inf{#S | ª®­¥ç­®¥ S ⊂ X : A|S 6= 0 } ∈ N̂.

�ãáâì L |  ¡¥«¥¢  £àã¯¯ , f : B(X) → L | äã­ªæ¨ï.

(3.1) �¥à ¢¥­áâ¢® ord f 6 r (r ∈ N) à ¢­®á¨«ì­® â®¬ã, çâ® f+([A]) = 0 ¤«ï
¢á¥å A ∈ Z〈T (X)〉 á ord A > r.
�®ª § â¥«ìáâ¢®. �ãáâì Er | £àã¯¯  äã­ªæ¨© (X × T )r → Z, ¯®à®¦¤ñ­­ ï
äã­ªæ¨ï¬¨ Ir(a), a ∈ T (X). �¬¥¥¬ äã­ªæ¨î Ir : T (X) → Er ¨ í¯¨¬®à-
ä¨§¬ I+

r : Z〈T (X)〉 → Er. �¢¥¤ñ¬ £®¬®¬®àä¨§¬ g : Z〈T (X)〉 → L, g(A) =
f+([A]). �¥à ¢¥­áâ¢® ord f 6 r à ¢­®á¨«ì­® áãé¥áâ¢®¢ ­¨î â ª®£® £®¬®¬®à-
ä¨§¬  h : Er → L, çâ® f([a]) = h(Ir(a)) ¤«ï ¢á¥å a ∈ T (X), â® ¥áâì g = h ◦ I+

r .
�ãé¥áâ¢®¢ ­¨¥ â ª®£® h à ¢­®á¨«ì­® ¢ª«îç¥­¨î ker I+

r ⊂ ker g. �¥£ª® ¯à®-
¢¥à¨âì, çâ® ker I+

r = {A ∈ Z〈T (X)〉 : ord A > r }. �ç¥¢¨¤­®, ker g = {A ∈
Z〈T (X)〉 : f+([A]) = 0 }. ¤

�«ï ­¥¯à¥àë¢­®£® ®â®¡à ¦¥­¨ï g : X → Y , £¤¥ Y | ª®¬¯ ªâ­ë© ¯®«¨í¤à,
¯ãáâì g∗ : Z〈B(Y )〉 → Z〈B(X)〉 ¨ g# : Z〈T (Y )〉 → Z〈T (X)〉 | £®¬®¬®àä¨§¬ë,
¨­¤ãæ¨à®¢ ­­ë¥ ®â®¡à ¦¥­¨ï¬¨ [b] 7→ [b ◦ g] ¨ b 7→ b ◦ g, á®®â¢¥âáâ¢¥­­®.

� ª ª ª B(X) ¨ T (X) |  ¡¥«¥¢ë £àã¯¯ë, â® Z〈B(X)〉 ¨ Z〈T (X)〉 | ª®¬¬ã-
â â¨¢­ë¥ ª®«ìæ . �¢¥¤ñ­­ë¥ ¢ëè¥ £®¬®¬®àä¨§¬ë A 7→ [A], A 7→ A|S , g∗ ¨ g#

ª®«ìæ¥¢ë¥.

§4. � ¡®çª 
�¨ªá¨àã¥¬ ¬ «®¥ ε (¬®¦­® ¯®«®¦¨âì ε = 1/20). �ãáâì λ : R → R | äã­ª-

æ¨ï, £à ä¨ª ª®â®à®© ¯®ª § ­ ­  à¨á. 1. �«ï ¯àï¬®ã£®«ì­¨ª  P = [a, b]×[c, d] ⊂
R2 ¢¢¥¤ñ¬ äã­ªæ¨î µP : R2 → R,

µP (x, y) = min(λ(x− a), λ(b− x), λ(y − c), λ(d− y)).

�¢¥¤ñ¬ äã­ªæ¨¨ v1, . . . , v6 : R2 → R,

v1 = −µABGH, v2 = µCDEF−µABCL, v3 = µKDEJ, v4 = −µIFGH, v5 = 0, v6 = µKLIJ
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(à¨á. 2).

−ε ε

1

0 1/2 1

1/2

1

A B

C D

EF

GH

IJ

K L

�«ï x ∈ R ¯ãáâì x◦ = exp(2πix) ∈ T . �¢¥¤ñ¬ ®â®¡à ¦¥­¨ï e ∈ T (T ) ¨
f1, . . . , f6 ∈ T (T 2), ¯®« £ ï e(x◦) = λ(x−1/2)◦, x ∈ [0, 1], ¨ fs(x◦, y◦) = vs(x, y)◦,
x, y ∈ [0, 1], s = 1, . . . , 6. �®«®¦¨¬

F =
6∑

s=1
(−1)s〈fs〉 ∈ Z〈T (T 2)〉.

(4.1) �â®¡à ¦¥­¨¥ e : T → T £®¬®â®¯­® â®¦¤¥áâ¢¥­­®¬ã. ¤
(4.2) � £àã¯¯¥ Z〈B(T 2)〉 ¨¬¥¥¬ [F ] = 0. ¤

�¬¥¥¬ sk1 T 2 = T × 1 ∪ 1× T ⊂ T 2.
(4.3) �â®¡à ¦¥­¨ï f1, . . . , f6 à ¢­ë 1 ­  sk1 T 2. ¤
(4.4) �ãáâì r1, r2 : T 2 → T | ¯à®¥ªæ¨¨,

D = F − r#
1 (1− 〈e〉)r#

2 (1− 〈e〉) ∈ Z〈T (T 2)〉.
�®£¤  ord D > 1. ¤

§5. �®¤áâ ­®¢ª 
�ãáâì (P, K) | ¯®«­ë© £à ä á «¨­¥©­ë¬ ¯®àï¤ª®¬ ­  P . �ãáâì U ∈ Z[PtK]

ª ª ¢ §2. �ãáâì V ⊂ TP | ¬­®¦¥áâ¢® â®ç¥ª, ã ª®â®àëå ­¥ ¡®«¥¥ 2 ª®®à¤¨­ â
®â«¨ç­ë ®â 1. �ãáâì lp : V → T , p ∈ P , | áã¦¥­¨ï ¯à®¥ªæ¨©. �«ï k =
pq ∈ K, p < q, ¯ãáâì mk = lp × lq : V → T 2. �¢¥¤ñ¬ ª®«ìæ¥¢®© £®¬®¬®àä¨§¬
γ : Z[P t K] → Z〈T (V )〉, γ(p) = 〈e ◦ lp〉, p ∈ P , γ(k) = m#

k (F ), £¤¥ e ∈ T (T ) ¨
F ∈ Z〈T (T 2)〉 ª ª ¢ §4.
(5.1) � ª®«ìæ¥ Z〈B(V )〉 ¨¬¥¥¬

[γ(U)] =
∏

p∈P

(1− 〈[lp]〉).

�®ª § â¥«ìáâ¢®. �¢¥¤ñ¬ ª®«ìæ¥¢®© £®¬®¬®àä¨§¬ κ : Z[P ] → Z〈B(V )〉, κ(p) =
〈[lp]〉, p ∈ P . �®ª ¦¥¬, çâ® ¤¨ £à ¬¬ 

Z[P tK] γ−−−−→ Z〈T (V )〉
η

y
y[ · ]

Z[P ] κ−−−−→ Z〈B(V )〉,
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£¤¥ η ª ª ¢ §2, ª®¬¬ãâ â¨¢­ . �«ï p ∈ P , ¢¢¨¤ã 4.1, ¨¬¥¥¬ κ(η(p)) = κ(p) =
〈[lp]〉 = 〈[e ◦ lp]〉 = [γ(p)]. �«ï k ∈ K, ¢¢¨¤ã 4.2, ¨¬¥¥¬ κ(η(k)) = 0 = [m#

k (F )] =
[γ(k)]. �¨ £à ¬¬  ª®¬¬ãâ â¨¢­ . �¥¯¥àì âà¥¡ã¥¬®¥ à ¢¥­áâ¢® á«¥¤ã¥â ¨§ 2.1.
¤

(5.2) ord γ(U) > #P .

�®ª § â¥«ìáâ¢®. �ãáâì S ⊂ V | ª®­¥ç­®¥ ¬­®¦¥áâ¢® á #S < #P . �ë¡¥à¥¬
â ª®¥ ®â®¡à ¦¥­¨¥ τ : S → K, çâ® vp = 1 ¤«ï v ∈ S, p /∈ τ(v). �ãáâì M = τ(S),
N = { k ∈ K : #τ−1(k) > 1 }. �¬¥¥¬ #M + #N 6 #S.

�«ï −→pq ∈ ~K ¢¢¥¤ñ¬ ®â®¡à ¦¥­¨¥ bpq ∈ T (S), ¤«ï v ∈ S ¯®« £ ï bpq(v) =
e(vp), ¥á«¨ τ(v) = pq, ¨ bpq(v) = 1 ¨­ ç¥. �«ï p ∈ P ¨¬¥¥¬

∏

q∈P :pq∈M

bpq = e ◦ lp|S .

�¢¥¤ñ¬ ª®«ìæ¥¢®© £®¬®¬®àä¨§¬ ξ : Z[ ~M tN ] → Z〈T (S)〉, ξ(−→pq) = 〈bpq〉, −→pq ∈
~M , ξ(k) = m#

k (F )|S , k ∈ N . �®ª ¦¥¬, çâ® ¤¨ £à ¬¬ 

Z[P tK] γ−−−−→ Z〈T (V )〉
θ

y
y · |S

Z[ ~M tN ] ξ−−−−→ Z〈T (S)〉,

£¤¥ θ ª ª ¢ §2, ª®¬¬ãâ â¨¢­ .
�«ï p ∈ P ¨¬¥¥¬

ξ(θ(p)) =
∏

q∈P :pq∈M

ξ(−→pq) =
∏

q∈P :pq∈M

〈bpq〉 = 〈e ◦ lp|S〉 = γ(p)|S .

�ãáâì k = pq ∈ M \ N . �¬¥¥¬ τ−1(k) = {v} ¤«ï ª ª®©-â® â®çª¨ v ∈ S.
�®ª ¦¥¬, çâ® ξ(θ(k)) = γ(k)|S . � ª ª ª ξ(θ(k)) = ξ((1 − −→pq)(1 − −→qp)) = (1 −
〈bpq〉)(1− 〈bqp〉),   γ(k)|S = m#

k (F )|S , â® ­ ¤® ¯à®¢¥à¨âì à ¢¥­áâ¢®

(1− 〈bpq〉)(1− 〈bqp〉) = m#
k (F )|S .

�á¥ ®â®¡à ¦¥­¨ï, ¢å®¤ïé¨¥ ¢ ä®à¬ «ì­ë¥ áã¬¬ë ¢ ¥£® «¥¢®© ¨ ¯à ¢®© ç áâïå,
à ¢­ë 1 ¢­¥ v. �«ï «¥¢®© ç áâ¨ íâ® ®ç¥¢¨¤­®. �«ï ¯à ¢®© íâ® á«¥¤ã¥â ¨§ â®£®,
çâ® mk(S \ {v}) ⊂ sk1 T 2, ¨ 4.3. �®íâ®¬ã ¤®áâ â®ç­® ¯à®¢¥à¨âì íâ® à ¢¥­áâ¢®
¢ â®çª¥ v. �ãáâì r1, r2 : T 2 → T | ¯à®¥ªæ¨¨. �¬¥¥¬

m#
k (F )|{v}− ((1−〈bpq〉)(1−〈bqp〉))|{v} = m#

k (F − r#
1 (1−〈e〉)r#

2 (1−〈e〉))|{v} = 0,

¢¢¨¤ã 4.4. � ¢¥­áâ¢® ¯à®¢¥à¥­®.
�«ï k ∈ N ¨¬¥¥¬ ξ(θ(k)) = ξ(k) = m#

k (F )|S = γ(k)|S . �¨ £à ¬¬  ª®¬¬ãâ -
â¨¢­ .

�® 2.2, θ(U) = 0. �­ ç¨â, γ(U)|S = 0. ¤
5



�®ª § â¥«ìáâ¢® ãâ¢¥à¦¤¥­¨ï 1.1. �® [1, â¥®à¥¬  4], ord f 6 deg f . �ãáâì
ord f 6 r (r ∈ N). �®ª ¦¥¬, çâ® deg f 6 r. �ãáâì c0, . . . , cr ∈ B(X). �®áâ -
â®ç­® ­ ©â¨ í«¥¬¥­â A ∈ Z〈T (X)〉 á [A] = (1 − 〈c0〉) . . . (1 − 〈cr〉) ¨ ord A > r.
�¥©áâ¢¨â¥«ì­®, â®£¤ 

∑

i0,...,ir=0,1
(−1)i0+...+irf(i0c0+. . .+ircr) = f+((1−〈c0〉) . . . (1−〈cr〉)) = f+([A]) = 0,

¢¢¨¤ã 3.1.
�®§ì¬ñ¬ ¯®«­ë© £à ä (P, K) á P = {0, . . . , r}. �ãáâì U ∈ Z[P tK], V ⊂ TP

¨ â. ¤. ª ª ¢ëè¥. � ª ª ª dim X 6 2,   V = sk2 TP , â® ¥áâì â ª®¥ ­¥¯à¥àë¢­®¥
®â®¡à ¦¥­¨¥ g : X → V , çâ® [lp ◦g] = cp, p ∈ P . �®«®¦¨¬ A = g#(γ(U)). �¢¨¤ã
5.1, ¨¬¥¥¬ [A] = g#([γ(U)]) = g#((1−〈l0〉) . . . (1−〈lr〉)) = (1−〈c0〉) . . . (1−〈cr〉).
�¥£ª® ¯®­ïâì, çâ® ord A > ord γ(U). �® 5.2, ord γ(U) > r+1. �­ ç¨â, ord A > r.
¤
1. �. �. �®¤ª®àëâ®¢, �®àï¤®ª äã­ªæ¨¨ ­  £àã¯¯¥ �àãè«¨­áª®£®, � ¯¨áª¨ ­ ãç­. á¥¬¨­.

���� 261 (1999), 222 | 228.
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