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�®¬®â®¯¨ç¥áª¨¥ ª« ááë ®â®¡à ¦¥­¨© ¯à®áâà ­áâ¢  X ¢ ®ªàã¦­®áâì T ®¡à §ãîâ
 ¡¥«¥¢ã £àã¯¯ã B(X) (£àã¯¯  �àãè«¨­áª®£®). �â®¡à ¦¥­¨¥ f : B(X) → C, £¤¥
C |  ¡¥«¥¢  £àã¯¯ , ¨¬¥¥â ¯®àï¤®ª ­¥ ¢ëè¥ r, ¥á«¨ ¤«ï ­¥¯à¥àë¢­®£® ®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.
�®ª §ë¢ ¥âáï, çâ® ¯®àï¤®ª ®â®¡à ¦¥­¨ï f à ¢¥­ ¥£®  «£¥¡à ¨ç¥áª®© áâ¥¯¥­¨.
(�â®¡à ¦¥­¨¥ ¬¥¦¤ã  ¡¥«¥¢ë¬¨ £àã¯¯ ¬¨ ¨¬¥¥â áâ¥¯¥­ì ­¥ ¢ëè¥ r, ¥á«¨ à ¢-
­ë ­ã«î ¥£® ª®­¥ç­ë¥ à §­®áâ¨ ¯®àï¤ª  r + 1.)

§1. �¢¥¤¥­¨¥
�ãáâì ¤ ­ë â®¯®«®£¨ç¥áª¨¥ ¯à®áâà ­áâ¢  X, Y . �ãáâì Y (X) | ¬­®¦¥áâ¢®

­¥¯à¥àë¢­ëå ®â®¡à ¦¥­¨© X → Y , [X, Y ] | ¬­®¦¥áâ¢® ¨å £®¬®â®¯¨ç¥áª¨å
ª« áá®¢. �«ï a ∈ Y (X) ¯ãáâì [a] ∈ [X, Y ] | ¥£® £®¬®â®¯¨ç¥áª¨© ª« áá. �«ï r ∈
N (= {0, 1, . . . }) ¨ a ∈ Y (X) ¯ãáâì Ir(a) : (X × Y )r → Z | å à ªâ¥à¨áâ¨ç¥áª ï
äã­ªæ¨ï ¬­®¦¥áâ¢  �r

a, £¤¥ �a ⊂ X × Y | £à ä¨ª ®â®¡à ¦¥­¨ï a. �ãáâì Dr

| ¯®¤£àã¯¯  £àã¯¯ë äã­ªæ¨© (X × Y )r → Z, ¯®à®¦¤ñ­­ ï äã­ªæ¨ï¬¨ Ir(a),
a ∈ Y (X).

�ãáâì ¤ ­ë  ¡¥«¥¢  £àã¯¯  C ¨ ®â®¡à ¦¥­¨¥ f : [X,Y ] → C. �ãáâì ord f ∈ N̂
(= N ∪ {∞}) | ¨­ä¨¬ã¬ â¥å r ∈ N, ¤«ï ª®â®àëå áãé¥áâ¢ã¥â â ª®© £®¬®¬®à-
ä¨§¬ h : Dr → C, çâ® f([a]) = h(Ir(a)) ¤«ï ¢á¥å a ∈ Y (X).

�ãáâì T = { z ∈ C : |z| = 1 }. �¥«ì à ¡®âë | ­ ©â¨ ord f ¤«ï ¯à®¨§¢®«ì­®£®
f ¯à¨ Y = T .

�®â®ç¥ç­®¥ ã¬­®¦¥­¨¥ ®â®¡à ¦¥­¨© ¤¥« ¥â ¬­®¦¥áâ¢® B(X) = [X, T ]  ¡¥-
«¥¢®© £àã¯¯®© (£àã¯¯  �àãè«¨­áª®£®). �­  ª ­®­¨ç¥áª¨ ¨§®¬®àä­  £àã¯¯¥
H1(X;Z) (¥á«¨ X | ª«¥â®ç­®¥ ¯à®áâà ­áâ¢®).

�«ï ®â®¡à ¦¥­¨ï g : E → F ¬¥¦¤ã  ¡¥«¥¢ë¬¨ £àã¯¯ ¬¨ ¯ãáâì deg g ∈ N̂ |
¨­ä¨¬ã¬ â¥å r ∈ N, ¤«ï ª®â®àëå

∑
q0,...,qr=0,1

(−1)q0+...+qrg(q0d0 + . . . + qrdr) = 0

¯à¨ «î¡ëå d0, . . . , dr ∈ E.
1.1. �¥®à¥¬ . �ãáâì ¤ ­ë â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢® X,  ¡¥«¥¢  £àã¯¯ 
C ¨ ®â®¡à ¦¥­¨¥ f : B(X) → C. �®£¤  ord f = deg f .

�®«¥¥ á« ¡ë¥ à¥§ã«ìâ âë ¯®«ãç¥­ë ¢ [1, 2].
�à¨¬¥à. �ãáâì q : B(X) → π1

s (X) | ®â®¡à ¦¥­¨¥ áâ ¡¨«¨§ æ¨¨. �á«¨ X =
Tn, n 6 4, â® deg q = n. �® â¥®à¥¬¥ 1.1, â®£¤  ord q = n.

Typeset by AMS-TEX
1



§2. �à¥¤¢ à¨â¥«ì­ë© ¬ â¥à¨ «
�¨¬¬¥âà¨ç¥áª¨¥ áâ¥¯¥­¨. �«ï  ¡¥«¥¢®© £àã¯¯ë E ¯ãáâì E(r) (r ∈ N) | ¥ñ
r-ï á¨¬¬¥âà¨ç¥áª ï áâ¥¯¥­ì, â. ¥. ä ªâ®à£àã¯¯  £àã¯¯ë E⊗r ¯® ¯¥à¥áâ ­®¢ª ¬.
�«ï £®¬®¬®àä¨§¬  h : E → F ¬¥¦¤ã  ¡¥«¥¢ë¬¨ £àã¯¯ ¬¨ ¯ãáâì h(r) : E(r) →
F (r) | ¨­¤ãæ¨à®¢ ­­ë© £®¬®¬®àä¨§¬. �¬¥¥¬ E(0) = Z, E(1) = E.

⊕

r∈N
E(r)

| ª®¬¬ãâ â¨¢­®¥ ª®«ìæ®.

�¢®¡®¤­ë¥  ¡¥«¥¢ë £àã¯¯ë. �«ï ¬­®¦¥áâ¢  C  ¡¥«¥¢  £àã¯¯  〈C〉 á¢®-
¡®¤­® ¯®à®¦¤¥­  í«¥¬¥­â ¬¨ `c', c ∈ C. �«ï í«¥¬¥­â  (­ ¡®à ) X ∈ 〈C〉 ¯ãáâì
Xc ∈ Z, c ∈ C, | ¥£® ª®íää¨æ¨¥­âë (¢¥á ). �¬¥¥¬ ¯®¤£àã¯¯ã 〈C〉M ⊂ 〈C〉,
®¡à §®¢ ­­ãî ­ ¡®à ¬¨ á ­ã«¥¢®© áã¬¬®© ¢¥á®¢. �«ï ®â®¡à ¦¥­¨ï g : C → D
¬¥¦¤ã ¬­®¦¥áâ¢ ¬¨ ¯ãáâì 〈g〉 : 〈C〉 → 〈D〉 | ¨­¤ãæ¨à®¢ ­­ë© £®¬®¬®àä¨§¬.
�«ï ®â®¡à ¦¥­¨ï f : C → E, £¤¥ E |  ¡¥«¥¢  £àã¯¯ , § ¤ ¤¨¬ £®¬®¬®àä¨§¬
f+ : 〈C〉 → E ¯à ¢¨«®¬ f+(`c') = f(c), c ∈ C. �á«¨ C |  ¡¥«¥¢  £àã¯¯ , â® 〈C〉
| ª®¬¬ãâ â¨¢­®¥ ª®«ìæ®.

�«ï U ∈ 〈Y (X)〉, £¤¥ X, Y | â®¯®«®£¨ç¥áª¨¥ ¯à®áâà ­áâ¢ , ¯ãáâì [U ] ∈
〈[X, Y ]〉 | ®¡à § ­ ¡®à  U ¯à¨ £®¬®¬®àä¨§¬¥, ¨­¤ãæ¨à®¢ ­­®¬ ®â®¡à ¦¥­¨¥¬
Y (X) → [X,Y ], a 7→ [a]. �«ï P ⊂ X  ­ «®£¨ç­® ®¯à¥¤¥«ï¥âáï ­ ¡®à U |P ∈
〈Y (P )〉.
�¨¬¯«¨æ¨ «ì­ë© á«ãç ©. �«ï á¨¬¯«¨æ¨ «ì­®£® ¬­®¦¥áâ¢  F ¯ãáâì 〈F 〉
| á¨¬¯«¨æ¨ «ì­ ï  ¡¥«¥¢  £àã¯¯  á 〈F 〉n = 〈Fn〉, n ∈ N, ¨ ®ç¥¢¨¤­ë¬¨ áâàãª-
âãà­ë¬¨ £®¬®¬®àä¨§¬ ¬¨. �áâì á¨¬¯«¨æ¨ «ì­ ï ¯®¤£àã¯¯  〈F 〉M ⊂ 〈F 〉. �«ï
á¨¬¯«¨æ¨ «ì­®£® ®â®¡à ¦¥­¨ï k : F → G ¬¥¦¤ã á¨¬¯«¨æ¨ «ì­ë¬¨ ¬­®¦¥-
áâ¢ ¬¨ ¯ãáâì 〈k〉 : 〈F 〉 → 〈G〉 | ¨­¤ãæ¨à®¢ ­­ë© á¨¬¯«¨æ¨ «ì­ë© £®¬®¬®à-
ä¨§¬. � ¤ ¤¨¬ á¨¬¯«¨æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥ eF : F → 〈F 〉 ¯à ¢¨«®¬ eF

n (x) =
`x', x ∈ Fn, n ∈ N.

�®¬¯«¥ªáë. �®¬¯«¥ªá K | ª®­¥ç­®¥ ¬­®¦¥áâ¢® £¥®¬¥âà¨ç¥áª¨å á¨¬¯«¥ª-
á®¢ ¢ R∞, ª ¦¤ë© á­ ¡¦ñ­ «¨­¥©­ë¬ ¯®àï¤ª®¬ ­  ¬­®¦¥áâ¢¥ á¢®¨å ¢¥àè¨­,
®¡ëç­ë¥ ãá«®¢¨ï: á®¤¥à¦¨â ¢á¥ £à ­¨ á¢®¨å á¨¬¯«¥ªá®¢ ¨ â. ¤. �¥«® |K| ª®¬-
¯«¥ªá  K | ®¡ê¥¤¨­¥­¨¥ ¥£® á¨¬¯«¥ªá®¢. �®«¨í¤à Q | â¥«® ª ª®£®-­¨¡ã¤ì
ª®¬¯«¥ªá ; íâ®â ª®¬¯«¥ªá ­ §ë¢ ¥¬ âà¨ ­£ã«ïæ¨¥© ¯®«¨í¤à  Q. �¨¬¯«¥ªá
z ∈ K ¯®à®¦¤ ¥â ¯®¤ª®¬¯«¥ªá z ⊂ K, ª®â®àë© â®¦¥ ¬®¦­® ­ §¢ âì á¨¬¯«¥ª-
á®¬; ¨¬¥¥¬ |z| = z. �¢¥§¤  ¨ «¨­ª: st z, lk z ⊂ K. �«ï ¯®¤ª®¬¯«¥ªá  L ⊂ K
¯ãáâì O(L) = { z ∈ K : z ∩ L 6= ∅ }. K \ O(L) | ¯®¤ª®¬¯«¥ªá. �«ï ¯®¤ª®¬-
¯«¥ªá®¢ E1, . . . , Er ⊂ K (r ∈ N) ¯ãáâì E∗ ⊂ K | ¨å ®¡ê¥¤¨­¥­¨¥.

�®¬¯«¥ªá K ¯®à®¦¤ ¥â á¨¬¯«¨æ¨ «ì­®¥ ¬­®¦¥áâ¢®, ª®â®à®¥ â®¦¥ ®¡®§­ -
ç ¥âáï K. �«ï á¨¬¯«¨æ¨ «ì­®£® ¬­®¦¥áâ¢  F ¯ãáâì F (K) | ¬­®¦¥áâ¢® á¨¬-
¯«¨æ¨ «ì­ëå ®â®¡à ¦¥­¨© K → F . �«ï ®â®¡à ¦¥­¨ï a ∈ F (K) ¯ãáâì |a| ∈
|F |(|K|) | ¥£® £¥®¬¥âà¨ç¥áª ï à¥ «¨§ æ¨ï. �«ï ­ ¡®à  U ∈ 〈F (K)〉 ¨ ¯®¤-
ª®¬¯«¥ªá  L ⊂ K ¯ãáâì U |L ∈ 〈F (L)〉 | ®¡à § ­ ¡®à  U ¯à¨ £®¬®¬®àä¨§¬¥,
¨­¤ãæ¨à®¢ ­­®¬ ®â®¡à ¦¥­¨¥¬ F (K) → F (L), a 7→ a|L. �­ «®£¨ç­® ®¯à¥¤¥-
«ï¥âáï ­ ¡®à |U | ∈ 〈|F |(|K|)〉.

�ãáâì ¤ ­  á¨¬¯«¨æ¨ «ì­ ï  ¡¥«¥¢  £àã¯¯  G. G(K) |  ¡¥«¥¢  £àã¯¯ .
�«ï a ∈ G(K) ¯ãáâì S(a) = {z ∈ K : a|z 6= 0 }. K \ S(a) | ¯®¤ª®¬¯«¥ªá. �«ï
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­ ¡®à  U ∈ 〈G(K)〉 ¯ãáâì

S(U) =
⋃

a∈G(K):Ua 6=0
S(a).

�®¤à §¤¥«¥­¨ï. �ãáâì ¤ ­ ª®¬¯«¥ªá K.
�ãáâì δK | ¡ à¨æ¥­âà¨ç¥áª®¥ ¯®¤à §¤¥«¥­¨¥ ª®¬¯«¥ªá  K, á­ ¡¦ñ­­®¥

â ª¨¬ ¯®àï¤ª®¬: ç¥¬ ¡®«ìè¥ à §¬¥à­®áâì á¨¬¯«¥ªá , â¥¬ áâ àè¥ ¥£® ¡ à¨-
æ¥­âà. �ãáâì φK : δK → K | á¨¬¯«¨æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥, ¯®áë« îé¥¥
¡ à¨æ¥­âà á¨¬¯«¥ªá  ¢ ¥£® áâ àèãî ¢¥àè¨­ã. �ãáâì δ′K | ¡ à¨æ¥­âà¨ç¥áª®¥
¯®¤à §¤¥«¥­¨¥ ª®¬¯«¥ªá  K, á­ ¡¦ñ­­®¥ ¯à®â¨¢®¯®«®¦­ë¬ ¯®àï¤ª®¬. �ãáâì
φ′K : δ′K → K | á¨¬¯«¨æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥, ¯®áë« îé¥¥ ¡ à¨æ¥­âà á¨¬-
¯«¥ªá  ¢ ¥£® ¬« ¤èãî ¢¥àè¨­ã.

�ãáâì �K = δ′δK, �K = φK ◦ φ′δK : �K → K. �à¨ ®â®¡à ¦¥­¨¨ �K ®¡à §
§¢¥§¤ë «î¡®© ¢¥àè¨­ë ¥áâì á¨¬¯«¥ªá. �â® ®â®¡à ¦¥­¨¥ ¯à®áâ®¥, â. ¥. ¤«ï
«î¡®£® ¯®¤ª®¬¯«¥ªá  L ⊂ K ¥£® á®ªà é¥­¨¥ �−1

K (L) → L | £®¬®â®¯¨ç¥áª ï
íª¢¨¢ «¥­â­®áâì. �â®¡à ¦¥­¨¥ |�K | : |K| = |�K| → |K| £®¬®â®¯­® â®¦¤¥-
áâ¢¥­­®¬ã.

�ãáâì �i
K = �K ◦ . . . ◦ ��i−1K : �iK → K.

�­¤ãæ¨à®¢ ­­ë¥ ®â®¡à ¦¥­¨ï. �¥¯à¥àë¢­®¥ ®â®¡à ¦¥­¨¥ g : X → Y ¬¥¦-
¤ã â®¯®«®£¨ç¥áª¨¬¨ ¯à®áâà ­áâ¢ ¬¨ ¨­¤ãæ¨àã¥â £®¬®¬®àä¨§¬ B(g) : B(Y ) →
B(X). �«ï â®¯®«®£¨ç¥áª®£® ¯à®áâà ­áâ¢  Z ¨¬¥¥¬ ®â®¡à ¦¥­¨ï ª®¬¯®§¨æ¨¨
gZ

# : X(Z) → Y (Z) ¨ g#
Z : Z(Y ) → Z(X). �â® ®¡®§­ ç¥­¨¥ ¨á¯®«ì§ã¥¬ ¨ ¢ á¨¬-

¯«¨æ¨ «ì­®¬ á«ãç ¥.

§3. r-áª« ¤­ë¥ ­ ¡®àë
�®¯®«®£¨ç¥áª¨© á«ãç ©. �ãáâì ¤ ­ë â®¯®«®£¨ç¥áª¨¥ ¯à®áâà ­áâ¢  X, Y .
� ¡®à U ∈ 〈Y (X)〉 r-áª« ¤¥­ (r ∈ Z), ¥á«¨ U |P = 0 ¤«ï «î¡®£® P ⊂ X á #P 6 r.
(�á«¨ r < 0, â® «î¡®© ­ ¡®à r-áª« ¤¥­; ­ ¡®à 0-áª« ¤¥­, ¥á«¨ áã¬¬  ¥£® ¢¥á®¢
à ¢­  ­ã«î.)
3.1. �¥¬¬ . �ãáâì ¤ ­ë  ¡¥«¥¢  £àã¯¯  C ¨ ®â®¡à ¦¥­¨¥ f : [X, Y ] → C.
�®£¤  ­¥à ¢¥­áâ¢® ord f 6 r (r ∈ N) à ¢­®á¨«ì­® â®¬ã, çâ® f+([U ]) = 0 ¤«ï
¢á¥å r-áª« ¤­ëå ­ ¡®à®¢ U ∈ 〈Y (X)〉.
�®ª § â¥«ìáâ¢®. �ãáâì Dr ª ª ¢ §1. � ¤ ¤¨¬ £®¬®¬®àä¨§¬ R : 〈Y (X)〉 → Dr

¯à ¢¨«®¬ R(`a') = Ir(a), a ∈ Y (X). R | í¯¨¬®àä¨§¬. � ¡®à U ∈ 〈Y (X)〉 r-
áª« ¤¥­, ¥á«¨ ¨ â®«ìª® ¥á«¨ R(U) = 0. �¢¥¤ñ¬ £®¬®¬®àä¨§¬ F : 〈Y (X)〉 → C,
F (U) = f+([U ]). �¥à ¢¥­áâ¢® ord f 6 r §­ ç¨â, çâ® áãé¥áâ¢ã¥â â ª®© £®¬®¬®à-
ä¨§¬ h : Dr → C, çâ® f([a]) = h(Ir(a)) ¤«ï ¢á¥å a ∈ Y (X), â. ¥. F = h◦R. � ª®©
£®¬®¬®àä¨§¬ h áãé¥áâ¢ã¥â, ¥á«¨ ¨ â®«ìª® ¥á«¨ ker R ⊂ ker F , â. ¥. f+([U ]) = 0
¤«ï ¢á¥å r-áª« ¤­ëå ­ ¡®à®¢ U ∈ 〈Y (X)〉. ¤
3.2. �¥¬¬ . �ãáâì ¤ ­ë â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢® Z ¨ r-áª« ¤­ë© (r ∈
Z) ­ ¡®à U ∈ 〈Y (X)〉. �®£¤ :  ) ¤«ï ­¥¯à¥àë¢­®£® ®â®¡à ¦¥­¨ï g : Y → Z
­ ¡®à 〈gX

# 〉(U) ∈ 〈Z(X)〉 r-áª« ¤¥­; ¡) ¤«ï ­¥¯à¥àë¢­®£® ®â®¡à ¦¥­¨ï g : Z →
X ­ ¡®à 〈g#

Y 〉(U) ∈ 〈Y (Z)〉 r-áª« ¤¥­. ¤
�¨¬¯«¨æ¨ «ì­ë© á«ãç ©. �ãáâì ¤ ­ë ª®¬¯«¥ªá K ¨ á¨¬¯«¨æ¨ «ì­®¥ ¬­®-
¦¥áâ¢® F . � ¡®à U ∈ 〈F (K)〉 r-áª« ¤¥­ (r ∈ Z), ¥á«¨ U |Z = 0 ¤«ï «î¡®£®
¯®¤ª®¬¯«¥ªá  Z ⊂ K, ¯®à®¦¤ñ­­®£® ­¥ ¡®«¥¥ ç¥¬ r á¨¬¯«¥ªá ¬¨.
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3.3. �¥¬¬ . �ãáâì ¤ ­ r-áª« ¤­ë© (r ∈ Z) ­ ¡®à U ∈ 〈F (K)〉. �®£¤  ­ ¡®à
|U | ∈ 〈|F |(|K|)〉 â®¦¥ r-áª« ¤¥­. ¤

�ãáâì ¤ ­® ¯®ªàëâ¨¥ E ª®¬¯«¥ªá  K ¯®¤ª®¬¯«¥ªá ¬¨. � ¡®à U ∈ 〈F (K)〉
(E , r)-áª« ¤¥­ (r ∈ Z), ¥á«¨ U |Z = 0 ¤«ï «î¡®£® ®¡ê¥¤¨­¥­¨ï Z ⊂ K ­¥ ¡®«¥¥
ç¥¬ r í«¥¬¥­â®¢ ¯®ªàëâ¨ï E . (E , r)-áª« ¤­®áâì á¨«ì­¥¥ r-áª« ¤­®áâ¨.

§4. �®¬®¬®àä¨§¬ jr

�ãáâì ¤ ­ë ª®¬¯«¥ªá K ¨ á¨¬¯«¨æ¨ «ì­®¥ ¬­®¦¥áâ¢® F . �ãáâì e = eF : F →
〈F 〉. �«ï r ∈ N § ¤ ¤¨¬ £®¬®¬®àä¨§¬ jr : 〈F (K)〉 → 〈F 〉(K)(r) ¯à ¢¨«®¬
jr(`a') = (e ◦ a)r, a ∈ F (K).
4.1. �¥¬¬ . � ¡®à U ∈ 〈F (K)〉 r-áª« ¤¥­ (r ∈ N), ¥á«¨ ¨ â®«ìª® ¥á«¨ jr(U) =
0.
�®ª § â¥«ìáâ¢®. �«ï ª®¬¯«¥ªá  L § ¤ ¤¨¬ £®¬®¬®àä¨§¬ JL : 〈F (L)〉 → 〈F 〉(L)⊗r

¯à ¢¨«®¬ JL(`a') = (e ◦ a)⊗r, a ∈ F (L).
�¬¥¥¬ ker jr = ker JK . �â® á«¥¤ã¥â ¨§ à ¢¥­áâ¢ jr = p ◦ JK , q ◦ jr = r!JK ,

£¤¥ p : 〈F 〉(K)⊗r → 〈F 〉(K)(r) | ¯à®¥ªæ¨ï,   £®¬®¬®àä¨§¬ q : 〈F 〉(K)(r) →
〈F 〉(K)⊗r § ¤ ­ ¯à ¢¨«®¬

q(u1 . . . ur) =
∑

g∈�r

ug(1) ⊗ . . .⊗ ug(r), u1, . . . , ur ∈ 〈F 〉(K).

�«ï ª®¬¯«¥ªá  L ¢¢¥¤ñ¬ ¬®­®¬®àä¨§¬

iL : 〈F 〉(L) →
⊕

z∈L

〈F 〉(z), iL(u) = (u|z)z∈L,

¨ ª®¬¯®§¨æ¨î

PL : 〈F (L)〉 JL−−−−→ 〈F 〉(L)⊗r
i⊗r
L−−−−→ (⊕

z∈L〈F 〉(z)
)⊗r c−−−−→ ⊕

z1,...,zr∈L

⊗r
s=1〈F 〉(zs),

£¤¥ c | ¨§®¬®àä¨§¬ ¤¨áâà¨¡ãâ¨¢­®áâ¨. �ãáâì PL z1...zr , z1, . . . , zr ∈ L, |
ª®¬¯®­¥­âë £®¬®¬®àä¨§¬  PL. �¬¥¥¬

PL z1...zr (`b') =
r⊗

s=1
(e ◦ b|zs), b ∈ F (L).

�¬¥¥¬ ker JL = ker PL. �®íâ®¬ã ¤®áâ â®ç­® ¯®ª § âì, çâ® PK(U) = 0, ¥á«¨
¨ â®«ìª® ¥á«¨ ­ ¡®à U r-áª« ¤¥­.

�®§ì¬ñ¬ á¨¬¯«¥ªáë z1, . . . , zr ∈ K. �ãáâì Z ⊂ K | ¯®à®¦¤ñ­­ë© ¨¬¨ ¯®¤-
ª®¬¯«¥ªá. �®áâ â®ç­® ¯®ª § âì, çâ® PK z1...zr (U) = 0, ¥á«¨ ¨ â®«ìª® ¥á«¨ U |Z =
0. � á¨«ã ¥áâ¥áâ¢¥­­®áâ¨ £®¬®¬®àä¨§¬  PL ®â­®á¨â¥«ì­® L, PK z1...zr (U) =
PZ z1...zr (U |Z). �â® ¤ ñâ ¨¬¯«¨ª æ¨î \¥á«¨". �â®¡ë ¤®ª § âì ¨¬¯«¨ª æ¨î
\â®«ìª® ¥á«¨", ¤®áâ â®ç­® ¯®ª § âì, çâ® PZ z1...zr | ¬®­®¬®àä¨§¬.

�¢¥¤ñ¬ ¨­ê¥ªâ¨¢­®¥ ®â®¡à ¦¥­¨¥

k : F (Z) →
r∏

s=1
F (zs), k(b) = (b|zs)r

s=1.
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�«ï z ∈ K § ¤ ¤¨¬ £®¬®¬®àä¨§¬ hz : 〈F (z)〉 → 〈F 〉(z) ¯à ¢¨«®¬ hz(`b') = e ◦ b,
b ∈ F (K). �â® ¨§®¬®àä¨§¬. �¢¥¤ñ¬ ª®¬¯®§¨æ¨î

m : 〈F (Z)〉 〈k〉−−−−→ 〈∏r
s=1 F (zs)

〉 l−−−−→ ⊗r
s=1〈F (zs)〉

⊗r
s=1 hzs−−−−−−→ ⊗r

s=1〈F 〉(zs),

£¤¥ l | áâ ­¤ àâ­ë© ¨§®¬®àä¨§¬: l(`(b1, . . . , br)') = `b1'⊗ . . .⊗ `br', bs ∈ F (zs),
s = 1, . . . , r. m | ¬®­®¬®àä¨§¬. �¬¥¥¬

m(`b') =
r⊗

s=1
(e ◦ b|zs

), b ∈ F (L),

â. ¥. m = PZ z1...zr
. � ª¨¬ ®¡à §®¬, PZ z1...zr

| ¬®­®¬®àä¨§¬. ¤
�ãáâì ¤ ­  á¨¬¯«¨æ¨ «ì­ ï  ¡¥«¥¢  £àã¯¯  G. �ãáâì e = eG ¨ jr : 〈G(K)〉 →

〈G〉(K)(r) | á®®â¢¥âáâ¢ãîé¨© £®¬®¬®àä¨§¬.
4.2. �¥¬¬ . �ãáâì ¤ ­ë ­ ¡®àë X, Y ∈ 〈G(K)〉. �à¥¤¯®«®¦¨¬, çâ® ­ ¡®à
X (r− 1)-áª« ¤¥­, ­ ¡®à Y (s− 1)-áª« ¤¥­ (r, s ∈ N) ¨ S(X)∩S(Y ) = ∅. �®£¤ 
­ ¡®à XY (r + s− 1)-áª« ¤¥­ ¨

jr+s(XY ) = (r + s)!
r!s! jr(X)js(Y ).

�®ª § â¥«ìáâ¢®. �ãáâì P = { a ∈ G(K) : S(a) ⊂ S(X) }, Q = { b ∈ G(K) :
S(b) ⊂ S(Y ) }. �¬¥¥¬

X =
∑

a∈P

Xa`a', Y =
∑

b∈Q

Yb`b', XY =
∑

a∈P, b∈Q

XaYb`a + b'.

� ª ª ª S(X)∩S(Y ) = ∅, â® ¤«ï a ∈ P , b ∈ Q ¨¬¥¥¬ e◦(a+b) = e◦a+e◦b−e◦0.
�«ï t ∈ N ¨¬¥¥¬

jt(XY ) =
∑

a∈P, b∈Q

XaYb(e ◦ (a + b))t =
∑

a∈P, b∈Q

XaYb(e ◦ a + e ◦ b− e ◦ 0)t =

=
∑

u,v,w∈N:u+v+w=t

t!
u!v!w!

(∑

a∈P

Xa(e ◦ a)u
)(∑

b∈Q

Yb(e ◦ b)v
)
(−e ◦ 0)w =

=
∑

u,v,w∈N:u+v+w=t

t!
u!v!w!ju(X)jv(Y )(−e ◦ 0)w.

�® «¥¬¬¥ 4.1, ju(X) = 0 ¯à¨ u < r ¨ jv(Y ) = 0 ¯à¨ v < s. �®íâ®¬ã jt(XY ) = 0
¯à¨ t < r + s ¨

jr+s(XY ) = (r + s)!
r!s! jr(X)js(Y ).

�® «¥¬¬¥ 4.1, ­ ¡®à XY (r + s− 1)-áª« ¤¥­. ¤
4.3. �«¥¤áâ¢¨¥. �ãáâì ¤ ­ë ­ ¡®àë X1, . . . , Xp ∈ 〈G(K)〉 (p ∈ N). �à¥¤¯®«®-
¦¨¬, çâ® ¯à¨ ª ¦¤®¬ q ­ ¡®à Xq (rq−1)-áª« ¤¥­ (rq ∈ N) ¨ S(Xq)∩S(Xq′) =
∅ ¤«ï «î¡ëå à §«¨ç­ëå q, q′. �ãáâì X = X1 . . . Xp, r = r1 + . . . + rp. �®£¤ 
­ ¡®à X (r − 1)-áª« ¤¥­ ¨

jr(X) = r!
r1! . . . rp!jr1(X1) . . . jrp(Xp).

¤
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§5. �¨¬¯«¨æ¨ «ì­ë¥ £àã¯¯ë M , P , ~M
� â¥à¨ « íâ®£® ¯ à £à ä  á«¥¤ã¥â ¨§ á®®â¢¥âáâ¢¨ï �®«ì¤  | � ­  ¨ â¥®-

à¥¬ë �®«ì¤  | �®¬ .
�ãáâì ¤ ­ ª®¬¯«¥ªá K. �ãáâì Q = |K|.
�ãáâì M | ª« áá¨ä¨æ¨àãîé¥¥ ¯à®áâà ­áâ¢® £àã¯¯ë Z. M | á¨¬¯«¨æ¨-

 «ì­ ï  ¡¥«¥¢  £àã¯¯ . �â®¡à ¦¥­¨¥ a ∈ M(K) | â® ¦¥, çâ® 1-ª®æ¨ª« ­  K
á® §­ ç¥­¨ï¬¨ ¢ Z.

�ãáâì η : |M | → T | £®¬®â®¯¨ç¥áª ï íª¢¨¢ «¥­â­®áâì. �«ï a ∈ M(K) ¯ãáâì
[[a]] = [η ◦ |a|] ∈ B(Q). �«ï ­ ¡®à  U ∈ 〈M(K)〉 ¯ãáâì [[U ]] ∈ 〈B(Q)〉 | ¥£® ®¡à §
¯à¨ ¨­¤ãæ¨à®¢ ­­®¬ ª®«ìæ¥¢®¬ £®¬®¬®àä¨§¬¥.

�¬¥¥¬ á¨¬¯«¨æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥ e = eM : M → 〈M〉.
� ¤ ¤¨¬ á¨¬¯«¨æ¨ «ì­ë© £®¬®¬®àä¨§¬ f : 〈M〉 → Z×M ¯à ¢¨«®¬ fn(`m') =

(1,m), m ∈ Mn, n ∈ N. �ãáâì P = ker f , k : P → 〈M〉 | ¢ª«îç¥­¨¥. �àã¯¯ 
P áâï£¨¢ ¥¬ . �àã¯¯  〈M〉 à áé¥¯«ï¥âáï: ¥áâì á¨¬¯«¨æ¨ «ì­ë¥ £®¬®¬®àä¨§-
¬ë g : Z × M → 〈M〉 á f ◦ g = idZ×M ¨ l : 〈M〉 → P á l ◦ k = idP , ¯à¨çñ¬
k ◦ l + g ◦ f = id〈M〉.

�áâì â ª¨¥ ®â®¡à ¦¥­¨ï hz : P (z) → P (K), z ∈ K, çâ® ¤«ï «î¡®£® t ∈ P (K)

t =
∑

z∈K

hz(t|z)

¨ S(hz(u)) ⊂ st z ¤«ï «î¡®£® u ∈ P (z), z ∈ K.
�ãáâì q : ~M → M | ã­¨¢¥àá «ì­®¥ ­ ªàëâ¨¥. ~M | â®¦¥ á¨¬¯«¨æ¨ «ì­ ï

 ¡¥«¥¢  £àã¯¯ ; q | á¨¬¯«¨æ¨ «ì­ë© £®¬®¬®àä¨§¬. �àã¯¯  ~M áâï£¨¢ ¥¬ .
�â®¡à ¦¥­¨¥ a ∈ ~M(K) | â® ¦¥, çâ® 0-ª®æ¥¯ì ­  K á® §­ ç¥­¨ï¬¨ ¢ Z.

�¬¥¥¬ á¨¬¯«¨æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥ ~e = e
~M : ~M → 〈 ~M〉. �¬¥¥¬ e◦q = 〈q〉◦~e.

�áâì á¨¬¯«¨æ¨ «ì­ë© £®¬®¬®àä¨§¬ ~k : P → 〈 ~M〉 á 〈q〉 ◦ ~k = k.

§6. �®¤êñ¬ ¢¤®«ì j1

�ãáâì ¤ ­ ª®¬¯«¥ªá K. �ãáâì K∗ = K ∪ {∅}, ∅ = ∅. �«ï x, y ∈ K∗ ¨¬¥¥¬
x∩y ∈ K∗. �«ï z ∈ K∗ ¯ãáâì cz = 1−χ(lk z), £¤¥ χ | í©«¥à®¢  å à ªâ¥à¨áâ¨ª 
¨ lk∅ = K.
6.1. �¥¬¬ . �«ï x, y ∈ K∗ ¨¬¥¥¬

∑

z∈K∗:z∩x=y

cz =
{ 1 ¯à¨ x = y,

0 ¨­ ç¥.

¤
�«ï ª®¬¯«¥ªá  L ¢¢¥¤ñ¬ £®¬®¬®àä¨§¬ pL = (~eL

#)+ : 〈 ~M(L)〉 → 〈 ~M〉(L).

6.2. �¥¬¬ . �ãáâì ¤ ­ë ¯®¤ª®¬¯«¥ªá D ⊂ K ¨ ®â®¡à ¦¥­¨¥ u ∈ 〈 ~M〉M(L) ⊂
〈 ~M〉(L) á S(u) ⊂ D. �®£¤  áãé¥áâ¢ã¥â â ª®© ­ ¡®à U ∈ 〈 ~M(K)〉M, çâ®
pK(U) = u ¨ S(U) ⊂ O(D).

�®ª § â¥«ìáâ¢®. �«ï z ∈ K∗ § ¤ ¤¨¬ £®¬®¬®àä¨§¬ Ez : ~M(z) → ~M(K) ãá«®-
¢¨ï¬¨ Ez(v)|z = v ¨ S(Ez(v)) ⊂ O(z) (\¯à®¤®«¦¥­¨¥ ­ã«ñ¬"). �«ï x, z ∈
K∗ ¨¬¥¥¬ Ez(v)|x = Ez∩x(v|z∩x)|x, v ∈ ~M(z), ¨, á«¥¤®¢ â¥«ì­®, 〈Ez〉(V )|x =
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〈Ez∩x〉(V |z∩x)|x, V ∈ 〈 ~M(z)〉. �«ï z ∈ K pz | ¨§®¬®àä¨§¬. �«ï z ∈ K∗

¢¢¥¤ñ¬ £®¬®¬®àä¨§¬ Rz : 〈 ~M〉(z) → 〈 ~M(z)〉, ¯®« £ ï Rz = p−1
z ¯à¨ z ∈ K ¨

R∅ = 0. �«ï x, z ∈ K∗ ¨¬¥¥¬ Rz(v)|z∩x = Rz∩x(v|z∩x), v ∈ 〈 ~M〉M(z). �®«®¦¨¬

U =
∑

z∈K∗
cz〈Ez〉(Rz(u|z)).

�¬¥¥¬ S(U) ⊂ O(D). �®ª ¦¥¬, çâ® pK(U) = u. �®§ì¬ñ¬ x ∈ K. �®áâ â®ç­®
¯®ª § âì, çâ® pK(U)|x = u|x. �¬¥¥¬

U |x =
∑

z∈K∗
cz〈Ez〉(Rz(u|z))|x =

∑

z∈K∗
cz〈Ez∩x〉(Rz∩x(u|z∩x))|x =

=
∑

y∈K∗

( ∑

z∈K∗:z∩x=y

cz

)〈Ey〉(Ry(u|y))|x = 〈Ex〉(Rx(u|x))|x = Rx(u|x),

¯® «¥¬¬¥ 6.1. �¬¥¥¬ pK(U)|x = px(U |x) = px(Rx(u|x)) = u|x. ¤
�ãáâì M(K)0 = { a ∈ M(K) : [[a]] = 0 }. �¬¥¥¬ 〈M(K)0〉 ⊂ 〈M(K)〉.

6.3. �¥¬¬ . �ãáâì ¤ ­ë ¯®¤ª®¬¯«¥ªá D ⊂ K ¨ ®â®¡à ¦¥­¨¥ t ∈ P (K) á
S(t) ⊂ D. �®£¤  áãé¥áâ¢ã¥â â ª®© 0-áª« ¤­ë© ­ ¡®à X ∈ 〈M(K)0〉, çâ®
j1(X) = k ◦ t ¨ S(X) ⊂ O(D).

�®ª § â¥«ìáâ¢®. �® «¥¬¬¥ 6.2, ¥áâì â ª®© ­ ¡®à U ∈ 〈 ~M(K)〉M, çâ® pK(U) =
~k ◦ t ¨ S(U) ⊂ O(D). �®«®¦¨¬ X = 〈qK

# 〉(U). �¬¥¥¬ S(X) ⊂ O(D) ¨
j1(X) = (eK

#)+(X) = (eK
#)+(〈qK

# 〉(U)) = ((e ◦ q)K
#)+(U) = ((〈q〉 ◦ ~e)K

#)+(U) =
〈q〉 ◦ (~eK

#)+(U) = 〈q〉 ◦ pK(U) = 〈q〉 ◦ ~k ◦ t = k ◦ t. ¤

§7. �®áâà®¥­¨¥ r-áª« ¤­®£® ­ ¡®à 
7.1. �â¢¥à¦¤¥­¨¥. �ãáâì ¤ ­ë ¯®«¨í¤à Q ¨ í«¥¬¥­âë d0, . . . , dr ∈ B(Q)
(r ∈ Z, r > −1). �®£¤  áãé¥áâ¢ãîâ âà¨ ­£ã«ïæ¨ï K ¯®«¨í¤à  Q ¨ r-áª« ¤­ë©
­ ¡®à U ∈ 〈M(K)〉 á [[U ]] = (1− `d0') . . . (1− `dr').
�®ª § â¥«ìáâ¢®. �«ãç © r = −1 âà¨¢¨ «¥­. �ãáâì r > 0 ¨ ¯®áâà®¥­ë âà¨-
 ­£ã«ïæ¨ï L ¯®«¨í¤à  Q ¨ (r − 1)-áª« ¤­ë© ­ ¡®à V ∈ 〈M(K)〉 á [[V ]] =
(1− `d0') . . . (1− `dr−1').

�®«®¦¨¬ K = �3L. �ãáâì

E = { (�3
L)−1(x) | x ∈ L }, F = { (�2

�L)−1(y) | y ∈ �L }.

�â® ¯®ªàëâ¨ï ª®¬¯«¥ªá  K áâï£¨¢ ¥¬ë¬¨ ¯®¤ª®¬¯«¥ªá ¬¨. �«¥¤ãîé¨¥ ä ª-
âë á«¥¤ãîâ ¨§ á¢®©áâ¢  ®¯¥à æ¨¨ �.

�«ï «î¡®£® z ∈ K áãé¥áâ¢ã¥â F ∈ F á O(st z) ⊂ F .
�«ï «î¡®£® F ∈ F áãé¥áâ¢ã¥â E ∈ E á O(F ) ⊂ E.
�«ï «î¡ëå F, F ′ ∈ F á F ∩ F ′ 6= ∅ áãé¥áâ¢ã¥â E ∈ E á F ∪ F ′ ⊂ E.

�ãáâì ~V = 〈(�3
L)#

M 〉(V ) ∈ 〈M(K)〉. � ¡®à ~V (E , r − 1)-áª« ¤¥­. �¬¥¥¬
[[ ~V ]] = (1− `d0') . . . (1− `dr−1').

�ë¡¥à¥¬ ®â®¡à ¦¥­¨¥ a∗ ∈ M(K) á [[a∗]] = dr. �ãáâì Û = ~V (1− `a∗'). � ¡®à
Û (E , r − 1)-áª« ¤¥­. �¬¥¥¬ [[Û ]] = (1− `d0') . . . (1− `dr').
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�¢¥¤ñ¬ ¯®¤£àã¯¯ã D = { jr(Z) | Z ∈ 〈M(K)〉 : [[Z]] = 0 } ⊂ 〈M〉(K)(r).
�®áâ â®ç­® ¯®ª § âì, çâ® jr(Û) ∈ D. �¥©áâ¢¨â¥«ì­®, â®£¤  ¥áâì Z ∈ 〈M(K)〉
á jr(Z) = jr(Û) ¨ [[Z]] = 0. �®«®¦¨¢ U = Û − Z, ¯®«ãç¨¬ jr(U) = 0 ¨ [[U ]] =
(1 − `d0') . . . (1 − `dr'). �® «¥¬¬¥ 4.1, ­ ¡®à U ¡ã¤¥â r-áª« ¤¥­, ¨ ãâ¢¥à¦¤¥­¨¥
¤®ª § ­®.

�ãáâì c : K → Z × M | á¨¬¯«¨æ¨ «ì­®¥ ®â®¡à ¦¥­¨¥, ¯®áë« îé¥¥ ¢áñ ¢
¢¥àè¨­ã (1, 0), i : M → Z×M | ª ­®­¨ç¥áª®¥ ¢«®¦¥­¨¥. �«ï a ∈ M(K) ¨¬¥¥¬
f ◦ e ◦ a = c + i ◦ a, ¨, á«¥¤®¢ â¥«ì­®, f ◦ e ◦ (a + a∗) = f ◦ e ◦ a + i ◦ a∗. � £àã¯¯¥
(Z×M)(K)(r) ¨¬¥¥¬

∑

a∈M(K)
Ûa(f ◦ e ◦ a)r =

∑

a∈M(K)

~Va((f ◦ e ◦ a)r − (f ◦ e ◦ (a + a∗))r) =

= −
r−1∑
s=0

(r

s

) ∑

a∈M(K)

~Va(f ◦ e ◦ a)s(i ◦ a∗)r−s =

= −
r−1∑
s=0

(r

s

)
(fK

# )(s)( ∑

a∈M(K)

~Va(e ◦ a)s
)
(i ◦ a∗)r−s =

= −
r−1∑
s=0

(r

s

)
(fK

# )(s)(js( ~V ))(i ◦ a∗)r−s = 0,

â ª ª ª js( ~V ) = 0 ¯à¨ s < r, ¯® «¥¬¬¥ 4.1.
� ª ª ª id〈M〉−k◦l = g◦f , â® ¤«ï a ∈ M(K) ¨¬¥¥¬ e◦a−k◦l◦e◦a = g◦f ◦e◦a.

�®§¢®¤ï ¢ áâ¥¯¥­ì r ¨ áã¬¬¨àãï ¯® a ∈ M(K), ¢ £àã¯¯¥ 〈M〉(K)(r) ¯®«ãç ¥¬

r∑
s=0

(−1)s
(r

s

) ∑

a∈M(K)
Ûa(e ◦ a)r−s(k ◦ l ◦ e ◦ a)s =

=
∑

a∈M(K)
Ûa(g ◦ f ◦ e ◦ a)r = (gK

# )(r)( ∑

a∈M(K)
Ûa(f ◦ e ◦ a)r

)
= 0.

�­ ç¨â,

jr(Û) =
∑

a∈M(K)
Ûa(e ◦ a)r =

r∑
s=1

(−1)s−1
(r

s

) ∑

a∈M(K)
Ûa(e ◦ a)r−s(k ◦ l ◦ e ◦ a)s.

�«ï a ∈ M(K) ¨¬¥¥¬

k ◦ l ◦ e ◦ a =
∑

z∈K

k ◦ hz(l ◦ e ◦ a|z).

�¢¥¤ñ¬ ­  ¬­®¦¥áâ¢¥ K ª ª®©-­¨¡ã¤ì «¨­¥©­ë© ¯®àï¤®ª. �«ï z1, . . . , zs ∈ K
(s ∈ N) ¯ãáâì mz1...zs | ç¨á«® ­ ¡®à®¢, ¯®«ãç îé¨åáï ¯¥à¥áâ ­®¢ª ¬¨ í«¥¬¥­-
â®¢ ¨§ ­ ¡®à  (z1, . . . , zs), ¨

Rz1...zs = mz1...zs

(r

s

) ∑

a∈M(K)
Ûa(e ◦ a)r−s

s∏
t=1

(k ◦ hzt(l ◦ e ◦ a|zt)) ∈ 〈M〉(K)(r).
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�¬¥¥¬
jr(Û) =

r∑
s=1

(−1)s−1
∑

z1,...,zs∈K:z16...6zs

Rz1...zs
.

�®§ì¬ñ¬ s = 1, . . . , r ¨ z1, . . . , zs ∈ K. �®áâ â®ç­® ¯®ª § âì, çâ® Rz1...zs
∈ D.

�®§¬®¦­ë ¤¢  á«ãç ï.
�«ãç ©, ª®£¤  zt, zt′ ∈ E ¤«ï ­¥ª®â®àëå à §«¨ç­ëå t, t′ ¨ ­¥ª®â®à®£® E ∈ E

(­ ¯à¨¬¥à, ª®£¤  zt = zt′ ¤«ï ­¥ª®â®àëå à §«¨ç­ëå t, t′). �®ª ¦¥¬, çâ® â®£¤ 
Rz1...zs

= 0. �áâì â ª¨¥ E1, . . . , Es−1 ∈ E , çâ® z1, . . . , zs ∈ E∗. �«ï b ∈ M(E∗)
¯ãáâì

R(b) = mz1...zs

(r

s

) ∑

a∈M(K):a|E∗=b

Ûa(e ◦ a)r−s
s∏

t=1
(k ◦ hzt

(l ◦ e ◦ b|zt
)) ∈ 〈M〉(K)(r).

�¬¥¥¬
Rz1...zs =

∑

b∈M(E∗)
R(b).

�®§ì¬ñ¬ b ∈ M(E∗). �®áâ â®ç­® ¯®ª § âì, çâ® R(b) = 0.
�®ª ¦¥¬, çâ® ­ ¡®à

W =
∑

a∈M(K):a|E∗=b

Ûa`a'

(E , r−s)-áª« ¤¥­. �®§ì¬ñ¬ E′
1, . . . , E

′
r−s ∈ E . � ¤ ¤¨¬ £®¬®¬®àä¨§¬ p : 〈M(E∗∪

E′
∗)〉 → 〈M(E′

∗)〉, ¤«ï a ∈ M(E∗ ∪ E′
∗) ¯®« £ ï p(`a') = `a|E′∗ ' ¯à¨ a|E∗ = b ¨

p(`a') = 0 ¨­ ç¥. �¬¥¥¬ W |E′∗ = p(Û |E∗∪E′∗). �® Û |E∗∪E′∗ = 0, â ª ª ª ­ ¡®à Û
(E , r − 1)-áª« ¤¥­. � ª¨¬ ®¡à §®¬, W |E′∗ = 0, çâ® ¨ âà¥¡ã¥âáï.

�¬¥¥¬

R(b) = mz1...zs

(r

s

)
jr−s(W )

s∏
t=1

(k ◦ hzt(l ◦ e ◦ b|zt)) = 0,

â ª ª ª jr−s(W ) = 0, ¯® «¥¬¬¥ 4.1.
�à®â¨¢­ë© á«ãç ©. � íâ®¬ á«ãç ¥ á¨¬¯«¥ªáë z1, . . . , zs à §«¨ç­ë, ¨ mz1,...,zs =

s!. �«ï ª ¦¤®£® t = 1, . . . , s ¢ë¡¥à¥¬ Ft ∈ F á O(st zt) ⊂ Ft ¨ Et ∈ E á
O(Ft) ⊂ Et. �¢¥¤ñ¬ ¯®¤ª®¬¯«¥ªá C = K \ O(F∗). �¬¥¥¬ E∗ ∪ C = K ¨
F∗ ∩ C = ∅. �®¤ª®¬¯«¥ªáë F1, . . . , Fs ¯®¯ à­® ­¥ ¯¥à¥á¥ª îâáï. �¥©áâ¢¨-
â¥«ì­®, ¯ãáâì Ft ∩ Ft′ 6= ∅ ¤«ï ª ª¨å-â® à §«¨ç­ëå t, t′. �®£¤  ¥áâì E ∈ E á
Ft, Ft′ ⊂ E. �®£¤  zt, zt′ ∈ E, çâ® ­¥¢®§¬®¦­® ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥.

�«ï b ∈ M(E∗) ¯ãáâì

R(b) = r!
(r − s)!

∑

a∈M(K):a|E∗=b

Ûa(e ◦ a)r−s
s∏

t=1
(k ◦ hzt(l ◦ e ◦ b|zt)) ∈ 〈M〉(K)(r).

�¬¥¥¬
Rz1...zs =

∑

b∈M(E∗)
R(b).

�®§ì¬ñ¬ b ∈ M(E∗). �®áâ â®ç­® ¯®ª § âì, çâ® R(b) ∈ D.
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�®ª ¦¥¬, çâ® ­ ¡®à
W =

∑

a∈M(K):a|E∗=b

Ûa`a'

(E , r − s − 1)-áª« ¤¥­. �®§ì¬ñ¬ E′
1, . . . , E

′
r−s−1 ∈ E . � ááã¦¤ ï ª ª ¢ ¯¥à¢®¬

á«ãç ¥, ¯®«ãç ¥¬ W |E′∗ = 0, çâ® ¨ âà¥¡ã¥âáï.
� ª ª ª ¯®¤ª®¬¯«¥ªáë F1, . . . , Fs áâï£¨¢ ¥¬ë ¨ ­¥ ¯¥à¥á¥ª îâáï ¤àã£ á ¤àã-

£®¬ ¨ á C, â® ¥áâì â ª®¥ ®â®¡à ¦¥­¨¥ b◦ ∈ M(E∗), çâ® b◦|F∗ = 0 ¨ b◦|E∗∩C =
b|E∗∩C . �¢¥¤ñ¬ ®¡®§­ ç¥­¨¥: ¤«ï ¯®¤ª®¬¯«¥ªá  H ⊂ K á E∗ ⊂ H ¨ ®â®¡à -
¦¥­¨ï a ∈ M(H) á a|E∗ = b ¯ãáâì a◦ ∈ M(H) | ®â®¡à ¦¥­¨¥ á a◦|E∗ = b◦ ¨
a◦|H∩C = a|H∩C .

�®ª ¦¥¬, çâ® ­ ¡®à
W ◦ =

∑

a∈M(K):a|E∗=b

Ûa`a◦'

(E , r − s − 1)-áª« ¤¥­. �®§ì¬ñ¬ E′
1, . . . , E

′
r−s−1 ∈ E . � ¤ ¤¨¬ £®¬®¬®àä¨§¬

p◦ : 〈M(E∗ ∪E′
∗)〉 → 〈M(E′

∗)〉, ¤«ï a ∈ M(E∗ ∪E′
∗) ¯®« £ ï p◦(`a') = `a◦|E′∗ ' ¯à¨

a|E∗ = b ¨ p◦(`a') = 0 ¨­ ç¥. �¬¥¥¬ W ◦|E′∗ = p◦(Û |E∗∪E′∗). �® Û |E∗∪E′∗ = 0, â ª
ª ª ­ ¡®à Û (E , r − 1)-áª« ¤¥­. � ª¨¬ ®¡à §®¬, W ◦|E′∗ = 0, çâ® ¨ âà¥¡ã¥âáï.

�®ª ¦¥¬, çâ® jr−s(W ) = jr−s(W ◦). �®§ì¬ñ¬ ¯®¤ª®¬¯«¥ªá Z ⊂ K, ¯®à®-
¦¤ñ­­ë© ­¥ ¡®«¥¥ ç¥¬ r − s á¨¬¯«¥ªá ¬¨. �¢¨¤ã «¥¬¬ë 4.1, ¤®áâ â®ç­® ¯®ª -
§ âì, çâ® W |Z = W ◦|Z . �á«¨ Z ⊂ C, â® íâ® á«¥¤ã¥â ¨§ â®£®, çâ® a|C = a◦|C ¤«ï
¢á¥å a ∈ M(K). �­ ç¥ Z = z∪Z ′, £¤¥ z ∈ E∗ | á¨¬¯«¥ªá,   Z ′ ⊂ K | ¯®¤ª®¬-
¯«¥ªá, ¯®à®¦¤ñ­­ë© ­¥ ¡®«¥¥ ç¥¬ r − s− 1 á¨¬¯«¥ªá ¬¨. �®ª ¦¥¬, çâ® â®£¤ 
W |Z = 0. � ª ª ª ¢á¥ ®â®¡à ¦¥­¨ï, ¢å®¤ïé¨¥ ¢ ­ ¡®à W , ­  z á®¢¯ ¤ îâ á b,
â® ¤®áâ â®ç­® ¯®ª § âì, çâ® W |Z′ = 0. �® íâ® á«¥¤ã¥â ¨§ (r−s−1)-áª« ¤­®áâ¨
­ ¡®à  W . �­ «®£¨ç­®, W ◦|Z = 0.

�® «¥¬¬¥ 6.3, ¤«ï ª ¦¤®£® t = 1, . . . , s ¥áâì 0-áª« ¤­ë© ­ ¡®à Xt ∈ 〈M(K)0〉
á j1(Xt) = k ◦ hzt(l ◦ e ◦ b|zt) ¨ S(Xt) ⊂ Ft. �¬¥¥¬

R(b) = r!
(r − s)!jr−s(W )

s∏
t=1

j1(Xt) = r!
(r − s)!jr−s(W ◦)

s∏
t=1

j1(Xt) = jr(W ◦X1 . . . Xs),

¯® á«¥¤áâ¢¨î 4.3. � ª ª ª ­ ¡®à X1 0-áª« ¤¥­ ¨ ¯à¨­ ¤«¥¦¨â ¯®¤ª®«ìæã
〈M(K)0〉, â® [[X1]] = 0. �­ ç¨â, [[W ◦X1 . . . Xs]] = 0. � ª¨¬ ®¡à §®¬, R(b) ∈
D. ¤

§8. �®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.1
�® [1, â¥®à¥¬  4], ord f 6 deg f . �ãáâì ord f 6 r (r ∈ N). �®ª ¦¥¬,

çâ® deg f 6 r. �®§ì¬ñ¬ d0, . . . , dr ∈ B(X). �ãáâì Q | ¯®«¨í¤à, £®¬¥®-
¬®àä­ë© â®àã T r+1, p0, . . . , pr : Q → T | ¯à®¥ªæ¨¨. �áâì â ª®¥ ­¥¯à¥àë¢-
­®¥ ®â®¡à ¦¥­¨¥ g : X → Q, çâ® [ps ◦ g] = ds, s = 0, . . . , r. �® ãâ¢¥à¦¤¥-
­¨î 7.1, ¥áâì âà¨ ­£ã«ïæ¨ï K ¯®«¨í¤à  Q ¨ r-áª« ¤­ë© ­ ¡®à U ∈ 〈M(K)〉 á
[[U ]] = (1−`[p0]') . . . (1−`[pr]'). �ãáâì V = 〈g#

T ◦ηQ
#〉(|U |) ∈ 〈T (X)〉. �® «¥¬¬ ¬ 3.3

¨ 3.2, ­ ¡®à V r-áª« ¤¥­. �¬¥¥¬ [V ] = [〈g#
T ◦ ηQ

#〉(|U |)] = 〈B(g)〉([〈ηQ
#〉(|U |)]) =

〈B(g)〉([[U ]]) = (1− `d0') . . . (1− `dr'). �¥¯¥àì
∑

q0...,qr=0,1
(−1)q0+...+qrf(q0d0+. . .+qrdr) = f+((1−`d0') . . . (1−`dr')) = f+([V ]) = 0,

¯® «¥¬¬¥ 3.1, çâ® ¨ âà¥¡ã¥âáï. ¤
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