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�¥å © E { ¥«i¯â¨ç­  ªà¨¢ , ¢¨§­ ç¥­  ­ ¤ ¯®«¥¬  «£¥¡à¨ç­¨å äã­ªæi© ¢i¤ ®¤­iõù
§¬i­­®ù § ª¢ §iáªi­ç¥­­¨¬ ¯®«¥¬ ª®­áâ ­â k . �¥å © n { ­ âãà «ì­¥ ç¨á«®,
(n, chark) = 1 . �®¤i £àã¯  �¥«ì¬¥à  Sn(E/K) õ áªi­ç¥­­®î.

�¥å © E { ¥«i¯â¨ç­  ªà¨¢ , ¢¨§­ ç¥­  ­ ¤ ¯®«¥¬ K i ­¥å © n { ­ âãà «ì­¥
ç¨á«®, ¢§ õ¬­® ¯à®áâ¥ § å à ªâ¥à¨áâ¨ª®î ¯®«ï K .

�®¢¥¤¥¬® áªi­ç¥­­iáâì £àã¯¨ �¥«ì¬¥à  Sn(E/K) ¤«ï ­¥¢¨à®¤¦¥­®ù ¥«i¯-
â¨ç­®ù ªà¨¢®ù E ­ ¤ ¯®«¥¬  «£¥¡à¨ç­¨å äã­ªæi© § ª¢ §iáªi­ç¥­­¨¬ [8] ¯®«¥¬
ª®­áâ ­â (â®¡â® ¤®áª®­ «¨¬ ¯®«¥¬, ïª¥ ¤«ï ª®¦­®£® n ∈ N ¬ õ õ¤¨­¥ § â®ç­iáâî
¤® i§®¬®àäi§¬ã à®§è¨à¥­­ï áâ¥¯¥­ï n ).

�®¢¥¤¥­­ï ®¤¥à¦ãõ¬® §  ¤®¯®¬®£®î ¬®¤¨äiª æiù ¬¥â®¤i¢, ¢¨ª®à¨áâ ­¨å
�i«­®¬ [7] ¤«ï ¤®¢¥¤¥­­ï áªi­ç¥­­®áâi £àã¯¨ �¥«ì¬¥à  ¥«i¯â¨ç­®ù ªà¨¢®ù, ¢¨§­ -
ç¥­®ù ­ ¤ ç¨á«®¢¨¬ ¯®«¥¬.

�¢i¤á¨, §®ªà¥¬ , ®âà¨¬ãõ¬® áªi­ç¥­­iáâì ä ªâ®à£àã¯¨ E(K)/nE(K) , â®¡â®
á« ¡ã â¥®à¥¬ã �®à¤¥««  { �¥©«ï ¤«ï ¥«i¯â¨ç­¨å ªà¨¢¨å ­ ¤ ¯®«ï¬¨  «£¥¡à¨ç­¨å
äã­ªæi© § ª¢ §iáªi­ç¥­­¨¬¨ ¯®«ï¬¨ ª®­áâ ­â.

�ªi­ç¥­­iáâì £àã¯¨ �¥«ì¬¥à  ã ª« á¨ç­®¬ã ¢¨¯ ¤ªã ¥«i¯â¨ç­¨å ªà¨¢¨å, ¢¨-
§­ ç¥­¨å ­ ¤ ç¨á«®¢¨¬¨ ¯®«ï¬¨, õ ª«îç®¢¨¬ ä ªâ®¬ ¤«ï ¤®¢¥¤¥­­ï â¥®à¥¬¨
�®à¤¥««  { �¥©«ï, ïª  áâ¢¥à¤¦ãõ, é® ¤«ï ª®¦­®ù ¥«i¯â¨ç­®ù ªà¨¢®ù E ­ ¤
ç¨á«®¢¨¬ ¯®«¥¬ K £àã¯  E(K) õ áªi­ç¥­­® ¯®à®¤¦¥­®î. �ï â¥®à¥¬  ¡ã« 
¤®¢¥¤¥­  �®à¤¥««®¬ ã 1922 à. ã ¢¨¯ ¤ªã K = Q ,   ã ¢¨¯ ¤ªã ¤®¢i«ì­®£® ç¨á-
«®¢®£® ¯®«ï { �¥©«¥¬ ã 1928 à. � ­iï¬  ã 1954 à. ¤®¢i¢  ­ «®£iç­ã â¥®à¥¬ã ¤«ï
 ¡¥«¥¢¨å ¬­®£®¢¨¤i¢ ­ ¤ ç¨á«®¢¨¬¨ ¯®«ï¬¨.

�®¢¥¤¥­­ï â¥®à¥¬¨ �®à¤¥««  { �¥©«ï ®âà¨¬ãõ¬® §i á« ¡®ù â¥®à¥¬¨
�®à¤¥««  { �¥©«ï §  ¤®¯®¬®£®î ¬¥â®¤ã á¯ãáªã.

� £ ¤ õ¬® ®§­ ç¥­­ï £àã¯¨ �¥«ì¬¥à  (¤¥â «i ¬®¦­  §­ ©â¨ ¢ [2]). �¥å ©
Gal(Ksep/K) { £àã¯  � «ã  á¥¯ à ¡¥«ì­®£® § ¬¨ª ­­ï ¯®«ï K . �«ï ¥«i¯â¨ç­®ù
ªà¨¢®ù E , ¢¨§­ ç¥­®ù ­ ¤ ¯®«¥¬ K , E(K) ®§­ ç õ £àã¯ã ùù K -à æi®­ «ì­¨å
â®ç®ª,   £àã¯¨ ®¤­®¢¨¬ià­¨å ª®£®¬®«®£i© � «ã  H1(Gal(Ksep/K), E(Ksep)) â 
H1(Gal(Ksep/K), E(Ksep)n) ¤ «i áª®à®ç¥­® ¯®§­ ç â¨¬¥¬® H1(K, E) â 
H1(K, En) .

�¥å © v { ¤¨áªà¥â­¥ ­®à¬ã¢ ­­ï ¯®«ï K ; Kv { ¯®¯®¢­¥­­ï ¯®«ï K ¢i¤-
­®á­® æì®£® ­®à¬ã¢ ­­ï. �®§£«ï­¥¬® £àã¯¨ H1(Kv, E) â  H1(Kv, En) . öá­ãîâì
¯à¨à®¤­÷ £®¬®¬®àäi§¬¨ H1(K,E) → H1(Kv, E) , H1(K, En) → H1(Kv, En) â 
H1(K, En) → H1(Kv, E).

�àã¯®î �¥«ì¬¥à  S(n)(E/K) ¥«i¯â¨ç­®ù ªà¨¢®ù E ­ ¤ ¯®«¥¬ K ­ §¨¢ îâì
¬­®¦¨­ã â ª¨å ¥«¥¬¥­âi¢ γ ∈ H1(K, En) , é® ¤«ï ª®¦­®£® ¤¨áªà¥â­®£® ­®à-
¬ã¢ ­­ï v ¯®«ï K ®¡à § γv ∈ H1(Kv, En) ¥«¥¬¥­â  γ õ ®¡à §®¬ ¤¥ïª®£®
¥«¥¬¥­â  § E(Kv) .

I­ ªè¥ ª ¦ãç¨, S(n)(E/K) = Ker(H1(K,En) → ∏
v H1(Kv, E)).

�¥ ®¤­  ¢ ¦«¨¢  £àã¯ , §¢'ï§ ­  § ªà¨¢®î E , { æ¥ £àã¯  �¥©â  { � ä -
à¥¢¨ç 

�(E/K) = Ker(H1(K, E) → ⊕vH1(Kv, E)).

�¡¨¤¢i £àã¯¨ S(n)(E/K) â  �(E/K) õ £àã¯ ¬¨ ªàãç¥­­ï. � áâã¯­  â®ç­ 
¯®á«i¤®¢­iáâì §¢'ï§ãõ æi £àã¯¨.
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�¥®à¥¬  1 [2]. Iá­ãõ â®ç­  ¯®á«i¤®¢­iáâì

0 → E(K)/nE(K) → S(n)(E/K) → �(E/K)n → 0.

�¥®à¥¬  2. �«ï ª®¦­®ù ¥«i¯â¨ç­®ù ªà¨¢®ù E ­ ¤ áªi­ç¥­­¨¬ à®§è¨à¥­-
­ï¬ ¯®«ï k(x) à æi®­ «ì­¨å äã­ªæi© ­ ¤ ª¢ §iáªi­ç¥­­¨¬ ¯®«¥¬ k i ¤«ï ª®¦-
­®£® æi«®£® ¤®¤ â­®£® ç¨á«  n, (n, chark) = 1 , £àã¯  �¥«ì¬¥à  S(n)(E/L) õ áªi­-
ç¥­­®î.

�«ï ¤®¢¥¤¥­­ï æiõù â¥®à¥¬¨ ¯®âài¡­i ¤¥ªi«ìª  «¥¬.

�¥¬  1. �¥å © K { ¯®«¥, ¯®¢­¥ ¢i¤­®á­® ¤¨áªà¥â­®£® ­®à¬ã¢ ­­ï v . �¥-
å © E { ¥«i¯â¨ç­  ªà¨¢  ­ ¤ K § ¤®¡à®î à¥¤ãªæiõî i n ∈ N ­¥ ¤i«¨âìáï ­ 
å à ªâ¥à¨áâ¨ªã ¯®«ï «¨èªi¢ k ¯®«ï K . �®¤i £®¬®¬®àäi§¬ à¥¤ãªæiù φ : E(K) →
→ E(k) õ áîà'õªâ¨¢­¨¬ i nE(K) = φ−1(nE(k)) .

� ® ¢ ¥ ¤ ¥ ­ ­ ï. �i¤®¡à ¦¥­­ï à¥¤ãªæiù õ áîà'õªâ¨¢­¨¬ §£i¤­® § â¥®à¥¬®î 3
§ [9, á. 189]. �  æiõî ¦ â¥®à¥¬®î ï¤à® £®¬®¬®àäi§¬ã à¥¤ãªæiù E1(K) ®¤­®§­ ç­®
¯®¤i«ì­¥ ­  ­ âãà «ì­i ç¨á«  n , ¢§ õ¬­® ¯à®áâi § å à ªâ¥à¨áâ¨ª®î ¯®«ï k .
�®¬ã, ïªé® A′ = nB′ ¢ E(k) i A ∈ φ−1(A′), B ∈ φ−1(B′) , â® A − nB ∈
∈ E1(K) = nC ¤«ï ¤¥ïª®ù â®çª¨ C ∈ E1(K) . �¢i¤á¨ ®¤¥à¦ãõ¬® A = n(B + C) ,
â®¡â® nE(K) ⊃ φ−1(nE(k)) . �¡¥à­¥­¥ ¢ª«îç¥­­ï ®ç¥¢¨¤­¥. ♦

�¥å © L/K { áªi­ç¥­­¥ à®§è¨à¥­­ï ¤¨áªà¥â­® ­®à¬®¢ ­®£® ¯®«ï K ; OK ,
OL { ªi«ìæï ­®à¬ã¢ ­ì ¯®«i¢ K i L ¢i¤¯®¢i¤­®; MK i ML { ¬ ªá¨¬ «ì­i
i¤¥ «¨ ªi«¥æì OK i OL , ¯à¨ç®¬ã OK = OL∩K i MK = ML∩OK . � £ ¤ õ¬®,
é® ¢ æì®¬ã ¢¨¯ ¤ªã ¯®«¥ L ­ §¨¢ õâìáï ­¥à®§£ «ã¦¥­¨¬ à®§è¨à¥­­ï¬ ¯®«ï
K , ïªé® [L : K] = [OL/ML : OK/MK ] i à®§è¨à¥­­ï OL/ML

/OK/MK õ
á¥¯ à ¡¥«ì­¨¬.

� áâã¯­¨© ª« á¨ç­¨© à¥§ã«ìâ â ¬®¦­  §­ ©â¨, §®ªà¥¬ , ¢ [1].

�¥¬  2. �¥å © K { ¯®«¥, ¯®¢­¥ ¢i¤­®á­® ¤¨áªà¥â­®£® ­®à¬ã¢ ­­ï v , k {
¯®«¥ «¨èªi¢ ¯®«ï K . �®¤i ¤«ï ª®¦­®£® áªi­ç¥­­®£® à®§è¨à¥­­ï l ¯®«ï k iá­ãõ
­¥à®§£ «ã¦¥­¥ à®§è¨à¥­­ï L ¯®«ï K § ¯®«¥¬ «¨èªi¢ l , ã ïª®¬ã æi«¥ § ¬¨-
ª ­­ï ªi«ìæï ­®à¬ã¢ ­­ï ¯®«ï K õ ªi«ìæ¥¬ ­®à¬ã¢ ­­ï ¯®«ï L .

�¥å © A { ¤¥¤¥ªi­¤®¢¥ ªi«ìæ¥ § ¯®«¥¬ ¤à®¡i¢ K ; p { ¯à®áâ¨© i¤¥ « ªi«ìæï
A i vp { ¢i¤¯®¢i¤­¥ ¤¨áªà¥â­¥ ­®à¬ã¢ ­­ï.

�¢¥à¤¦¥­­ï 1. �¥å © E { ¥«i¯â¨ç­  ªà¨¢  § ¤¨áªà¨¬÷­ ­â®¬ ∆ ­ ¤
¯®«¥¬ K , T { áªi­ç¥­­  ¬­®¦¨­  ¯à®áâ¨å i¤¥ «i¢, ïª¨¬ ­ «¥¦¨âì ¥«¥¬¥­â
2n∆ . �®¤i ¤«ï ª®¦­®£® γ ∈ S(n)(E/K) i ª®¦­®£® p 6∈ T iá­ãõ áªi­ç¥­­¥ ­¥à®§-
£ «ã¦¥­¥ à®§è¨à¥­­ï Lvp ¯®¯®¢­¥­­ï Kvp ¯®«ï K ¢i¤­®á­® ­®à¬ã¢ ­­ï vp ,
¤«ï ïª®£® γ ¢i¤®¡à ¦ õâìáï ã ­ã«ì ¢ H1(Lvp , En) .

� ® ¢ ¥ ¤ ¥ ­ ­ ï. � ®§­ ç¥­­ï £àã¯¨ �¥«ì¬¥à  ¢¨¯«¨¢ õ, é® iá­ãõ â®çª  X ∈
∈ E(Kvp), ïª  ¢i¤®¡à ¦ õâìáï ¢ γp ∈ H1(Kvp , En). �áªi«ìª¨ p ­¥ ¤i«¨âì 2n∆ ,
E ¬ õ ¤®¡àã à¥¤ãªæiî ¢i¤­®á­® vp . � «¥¬ 1 i 2 ¢¨¯«¨¢ õ iá­ã¢ ­­ï ­¥à®§£ «ã-
¦¥­®£® à®§è¨à¥­­ï Lvp ¯®«ï Kvp , ¤«ï ïª®£® X ∈ nE(Lvp). �ª i ã ¢¨¯ ¤ªã
ç¨á«®¢®£® ®á­®¢­®£® ¯®«ï [7], § ª®¬ãâ â¨¢­®ù ¤i £à ¬¨

E(K) n−→ E(K) −→ H1(K,En)
↓ ↓ ↓

E(Kvp) n−→ E(Kvp) −→ H1(Kvp , En)
↓ ↓ ↓

E(Lvp) n−→ E(Lvp) −→ H1(Lvp , En)

¢¨¯«¨¢ õ, é® γ ¢i¤®¡à ¦ õâìáï ã ­ã«ì ¢ H1(Lvp , En). ♦
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� áâã¯­  «¥¬  §¢®¤¨âì ¢« áâ¨¢iáâì áªi­ç¥­­®áâi £àã¯¨ �¥«ì¬¥à  ¥«i¯â¨ç­®ù
ªà¨¢®ù E ­ ¤ ¯®«¥¬ K ¤® ¢« áâ¨¢®áâi áªi­ç¥­­®áâi £àã¯¨ �¥«ì¬¥à  ¥«i¯â¨ç­®ù
ªà¨¢®ù E , à®§£«ï­ãâ®ù ­ ¤ áªi­ç¥­­¨¬ à®§è¨à¥­­ï¬ ¯®«ï K .

�¥¬  3. �«ï ª®¦­®£® áªi­ç¥­­®£® à®§è¨à¥­­ï � «ã  L ¯®«ï K ®¡à §
S(n)(E/K) ¯à¨ ¯à¨à®¤­®¬ã £®¬®¬®àäi§¬i § H1(K, En) ¢ H1(L,En) ¬iáâ¨âìáï
¢ S(n)(E/L) i ï¤à® æì®£® £®¬®¬®àäi§¬ã õ áªi­ç¥­­¨¬.

� ® ¢ ¥ ¤ ¥ ­ ­ ï. �¥, é® ®¡à § £àã¯¨ S(n)(E/K) ¬iáâ¨âìáï ¢ S(n)(E/L) ,
¡¥§¯®á¥à¥¤­ì® ¢¨¯«¨¢ õ § ®§­ ç¥­ì. �®¬ã ¤®á¨âì ¤®¢¥áâ¨, é® ï¤à® £®¬®¬®àäi§-
¬ã H1(K, En) → H1(L,En) õ áªi­ç¥­­¨¬. �«¥ æ¥ ï¤à® õ áªi­ç¥­­®î £àã¯®î
H1(Gal(L/K), En(L)), ®áªi«ìª¨ Gal(L/K) ÷ En(L) { áªi­ç¥­­i £àã¯¨. ♦

�¥å © A { ¤¥¤¥ªi­¤®¢¥ ªi«ìæ¥ § ¯®«¥¬ ¤à®¡i¢ K i ­¥å © L { áªi­ç¥­­¥
à®§è¨à¥­­ï � «ã  ¯®«ï K , ïª¥ ¬iáâ¨âì En(Ksep) i £àã¯ã µn(Ksep) ª®à¥­i¢
n -£® áâ¥¯¥­ï § 1 ¢ Ksep . �®§­ ç¨¬® ç¥à¥§ B æi«¥ § ¬¨ª ­­ï A ¢ L ,   ç¥à¥§
U(B) i C(B) { ¢i¤¯®¢i¤­® £àã¯ã ®¤¨­¨æì i £àã¯ã ª« ái¢ i¤¥ «i¢ ªi«ìæï B .

� ¤ «i ¤«ï £àã¯¨ C(B) ç¥à¥§ Cn(B) ¯®§­ ç â¨¬¥¬® ¯i¤£àã¯ã {a ∈ Cn(B) :
na = 0} .

�¥¬  4. �ªé® £àã¯¨ U(B)/Un(B) i Cn(B) õ áªi­ç¥­­¨¬¨, â® © £àã¯ 
S(n)(E/K) õ áªi­ç¥­­®î.

� ® ¢ ¥ ¤ ¥ ­ ­ ï. �£i¤­® § «¥¬®î 3 ¬®¦­  ¢¢ ¦ â¨, é® ã ¯®«i K ¬iáâïâìáï
¢ái ª®à¥­i n -£® áâ¥¯¥­ï § 1 â  â®çª¨ n -£® ¯®àï¤ªã ªà¨¢®ù E . �¥å © L/K { áªi­-
ç¥­­¥ à®§è¨à¥­­ï � «ã  â ª¥, é® ¤«ï ª®¦­®£® p /∈ T ¥«¥¬¥­â¨ £àã¯¨ �¥«ì¬¥à 
S(n)(E/K) ¢i¤®¡à ¦ îâìáï ã ­ã«ì ã £àã¯i H1(Lvp , En) . �®§è¨à¥­­ï L/K iá­ãõ
§  â¢¥à¤¦¥­­ï¬ 1. �®¤i § ¤i £à ¬¨

H1(K, En) ∼= (K∗/K∗n)2

↓ ↓
H1(Lvp , En) ∼= (L∗vp

/L∗nvp
)2

®âà¨¬ãõ¬®, é® £àã¯  �¥«ì¬¥à  S(n)(E/K) ¬iáâ¨âìáï ¢ ï¤ài £®¬®¬®àäi§¬ã
(K∗/K∗n)2 → ⊕vp(L∗vp

/L∗nvp
)2 , ®â¦¥, ¢ ï¤ài £®¬®¬®àäi§¬ã

(L∗/L∗n)2 → ⊕vp(L∗vp
/L∗nvp

)2
a 7→⊕vp (ordp mod n)−→ (Z/nZ)2.

�¥å © UT { £àã¯  T -®¤¨­¨æì ¯®«ï L . �®§£«ï­¥¬® â®ç­ã ¯®á«i¤®¢­iáâì [7]

0 → UT → L∗
a 7→(ordp(a))−→ ⊕p/∈TZ→ CT → 0. (1)

� ¯®¯¥à¥¤­iå ¬iàªã¢ ­ì ¢¨¯«¨¢ õ, é® £àã¯  S(n)(E/K) ¬iáâ¨âìáï ¢ ï¤ài N
£®¬®¬®àäi§¬ã

L/L∗n −→ ⊕p/∈TZ/nZ, a 7→ ordp(a) mod n.

� i­è®£® ¡®ªã, £àã¯  N ¢ª« ¤ õâìáï ¢ â®ç­ã ¯®á«i¤®¢­iáâì

0 → UT /Un
T → N → (CT )n. (2)

�¯à ¢¤i, ­¥å © CT { £àã¯  § â®ç­®ù ¯®á«i¤®¢­®áâi (1) i ­¥å © a ∈ N . �®¤i
n|ordp(a) ¤«ï ¢áiå p /∈ T . �®áâ ¢¨¢è¨ ã ¢i¤¯®¢i¤­iáâì ¥«¥¬¥­âã a ∈ N ª« á
¥«¥¬¥­â 

(
ordp(a)

n

)
¢ CT , ®¤¥à¦ãõ¬® ª®à¥ªâ­® ¢¨§­ ç¥­¥ ¢i¤®¡à ¦¥­­ï N →

→ (CT )n § ï¤à®¬ UT /Un
T .

� â®ç­®ù ¯®á«i¤®¢­®áâi (2) ¢¨¯«¨¢ õ â¢¥à¤¦¥­­ï «¥¬¨ 4. ♦
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�«ï ¤®¢¥¤¥­­ï â¥®à¥¬¨ 2 § «¨è õâìáï ¤®¢¥áâ¨ áªi­ç¥­­iáâì £àã¯ UT /Un
T i

(CT )n ¤«ï æi«®£® § ¬¨ª ­­ï ªi«ìæï k[x] ¬­®£®ç«¥­i¢ ­ ¤ ª¢ §iáªi­ç¥­­¨¬ ¯®«¥¬
k ã áªi­ç¥­­®¬ã à®§è¨à¥­­i L ¯®«ï k(x) . � à¥§ã«ìâ âi¢ [3, à®§¤. 2, §7] ¢¨¯«¨-
¢ õ, é® £àã¯  UT /k∗ õ áªi­ç¥­­® ¯®à®¤¦¥­®î. �®¤i áªi­ç¥­­iáâì £àã¯¨ UT /Un

T

¢¨¯«¨¢ õ § â ª®ù «¥¬¨.
�¥¬  5. �¥å © k { ª¢ §iáªi­ç¥­­¥ ¯®«¥. �®¤i £àã¯  k∗/k∗n õ áªi­ç¥­­®î

¤«ï ¢áiå n ∈ N .
� ® ¢ ¥ ¤ ¥ ­ ­ ï. |k∗/k∗n| = |H1(G,µn)| = |H0(G,µn)| = |µn(k)| §£i¤­® §

«¥¬®î 3 [5, á. 322]. ♦
�®¢¥¤¥¬® â¥¯¥à áªi­ç¥­­iáâì £àã¯¨ (CT )n .
�®§£«ï­¥¬® ¤«ï æì®£® ­ áâã¯­ã ª®¬ãâ â¨¢­ã ¤i £à ¬ã § â®ç­¨¬¨ àï¤ª ¬¨

[6, c. 297]:

(1) −→ k∗ −→ k(X)∗ −→ Div0(X) cl−→ Pic0(X) −→ (0)
↓ ‖ ↓ res ↓ ϕ

(1) −→ U(B) −→ k(X)∗ −→ Div(B) −→ C(B) −→ (1),
(3)

¤¥ X { ­¥®á®¡«¨¢  ¯®¢­  ªà¨¢ , ¢i¤¯®¢i¤­  ¯®«î L ; Div0(X) { ¯i¤£àã¯  ¢i«ì­®ù
 ¡¥«¥¢®ù £àã¯¨ ­ ¤ ¬­®¦¨­®î ­®à¬ã¢ ­ì, é® áª« ¤ õâìáï § ¥«¥¬¥­âi¢ câ¥¯¥­ï 0 ;
Div(B) { ¢i«ì­   ¡¥«¥¢  £àã¯  ­ ¤ ¬­®¦¨­®î ­®à¬ã¢ ­ì, ªi«ìæï ïª¨å ¬iáâïâì
B ; Pic0(X) { ïª®¡i ­ ªà¨¢®ù X ; cl { ä ªâ®à-¢i¤®¡à ¦¥­­ï, res { ¢i¤®¡à ¦¥­­ï
®¡¬¥¦¥­­ï.

�i¤®¬®, é® ª®ï¤à® £®¬®¬®àäi§¬ã ϕ õ áªi­ç¥­­¨¬ (¤¨¢. [6, VIII, Prop. 9.2]).
� ¤i £à ¬¨ (3) ®âà¨¬ãõ¬® ­ áâã¯­ã ª®¬ãâ â¨¢­ã ¤i £à ¬ã § â®ç­¨¬¨ àï¤ª ¬¨:

(1) −→ Pic0(X)/Ker(ϕ) −→ C(B) −→ Coker(ϕ) −→ (0)
↓ θ1 ↓ θ2 ↓ θ3

(1) −→ Pic0(X)/Ker(ϕ) −→ C(B) −→ Coker(ϕ) −→ (0),
(4)

¤¥ ¢¥àâ¨ª «ì­i áâài«ª¨ õ ¬­®¦¥­­ï¬¨ ­  n .
� ¤i £à ¬¨ (4) §  «¥¬®î ¯à® §¬iî ®âà¨¬ãõ¬® ­ áâã¯­ã â®ç­ã ¯®á«i¤®¢­icâì:

(0) → (Pic0(X)/Ker(ϕ))n → Cn(B) → Ker(θ3).

�¢i¤á¨ ¢¨¯«¨¢ õ, é® ¤«ï ¤®¢¥¤¥­­ï áªi­ç¥­­®áâi £àã¯¨ Cn(B) ¤®á¨âì ¤®¢¥áâ¨
áªi­ç¥­­iáâì £àã¯¨ (Pic0(X)/Ker(ϕ))n . �®§£«ï­¥¬® é¥ ®¤­ã ª®¬ãâ â¨¢­ã ¤i £à -
¬ã § â®ç­¨¬¨ àï¤ª ¬¨:

(1) −→ Ker(ϕ) −→ Pic0(X) −→ Pic0(X)/Ker(ϕ) −→ (0)
↓ σ1 ↓ σ2 ↓ σ3

(1) −→ Ker(ϕ) −→ Pic0(X) −→ Pic0(X)/Ker(ϕ) −→ (0),

¤¥ §­®¢ã ¢¥àâ¨ª «ì­i áâài«ª¨ õ ¬­®¦¥­­ï¬¨ ­  n .
�  «¥¬®î ¯à® §¬iî §¢i¤á¨ ®¤¥à¦ãõ¬® â®ç­ã ¯®á«i¤®¢­iáâì

(Pic0(X))n −→ (Pic0(X)/Ker(ϕ))n −→ Coker(σ1).

�i«ìªiáâì ¥«¥¬¥­âi¢ £àã¯¨ (Pic0(X))n õ áªi­ç¥­­®î i § «¥¦¨âì ¢i¤ à®¤ã ªà¨¢®ù
[4],   áªi­ç¥­­iáâì £àã¯¨ Coker(σ1) ¢¨¯«¨¢ õ §i áªi­ç¥­­®ù ¯®à®¤¦¥­®áâi £àã¯¨
Ker(ϕ) . �®¬ã © £àã¯  (Pic0(X)/Ker(ϕ))n õ áªi­ç¥­­®î, é® § ¢¥àèãõ ¤®¢¥¤¥­­ï
áªi­ç¥­­®áâi £àã¯¨ Cn = Cn(B) . �¥¯¥à, §­®¢ã § áâ®á®¢ãîç¨ «¥¬ã ¯à® §¬iî ¤®
â®ç­®ù ¯®á«i¤®¢­®áâi

⊕p∈TZ→ C(B) → CT (B) → 0

(¤¨¢. [3, §7]), ®¤¥à¦ãõ¬® áªi­ç¥­­iáâì £àã¯¨ (CT )n ,   â®¬ã © áªi­ç¥­­iáâì £àã¯¨
�¥«ì¬¥à  S(n)(E/k(X)) . ♦
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� ������ �������� ������������� ������

�ãáâì E { í««¨¯â¨ç¥áª ï ªà¨¢ ï, ®¯à¥¤¥«¥­­ ï ­ ¤ ¯®«¥¬  «£¥¡à ¨ç¥áª¨å äã­ªæ¨©
®â ®¤­®© ¯¥à¥¬¥­­®© á ª¢ §¨ª®­¥ç­ë¬ ¯®«¥¬ ª®­áâ ­â k . �ãáâì n { ­ âãà «ì­®¥
ç¨á«®, (n, chark) = 1 . �®£¤  £àã¯¯  �¥«ì¬¥à  Sn(E/K) ª®­¥ç­ .

ON THE SELMER GROUP OF ELLIPTIC CURVE

Let E be an elliptic curve de�ned over an algebraic function �eld in one variable over
quasi�nite constant �eld k . Let n be a positive integer, (n, chark) = 1 . Then the Selmer
group Sn(E/K) is �nite.

�ì¢÷¢. ­ æ. ã­-â ÷¬. ö¢ ­  �à ­ª , �ì¢÷¢ �¤¥à¦ ­®
09.09.03
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