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� ¡®â  ¯®á¢ïé¥  ®¡®¡é¥¨î ª« áá¨ç¥áª®© â¥®à¨¨ ä®à¬ «ìëå ï§ëª®¢ [1]

  ï§ëª¨ ¯à®¨§¢®«ìëå á«®¢ (á®¤¥à¦ é¨¥ ª ª ª®¥çë¥, â ª ¨ ¡¥áª®¥çë¥

¢ «î¡ãî áâ®à®ã á«®¢ ).

� áá¬®âà¨¬ ª®¥çë©  «ä ¢¨â A. �ãáâì Wfin(A) { ¬®¦¥áâ¢® ¢á¥å ª®¥ç-
ëå á«®¢, W→(A) { ¬®¦¥áâ¢® ¢á¥å ¡¥áª®¥çëå ¢¯à ¢® á«®¢, W←(A) { ¬®-
¦¥áâ¢® ¢á¥å ¡¥áª®¥çëå ¢«¥¢® á«®¢, W↔(A) { ¬®¦¥áâ¢® ¢á¥å ¡¥áª®¥çëå ¢
®¡¥ áâ®à®ë á«®¢ ¨ W (A) = Wfin(A)∪W→(A)∪W←(A)∪W↔(A) { ¬®¦¥áâ¢®
¢á¥å á«®¢  ¤  «ä ¢¨â®¬ A. �®¤¬®¦¥áâ¢  W (A)  §ë¢ îâáï ï§ëª ¬¨  ¤

 «ä ¢¨â®¬ A.
� à ¡®â¥ [2] á ¯®¬®éìî ¬¥â®¤®¢ ¥áâ ¤ àâ®£®   «¨§  [3] ®¯¨á ë ¢á¥

ï§ëª¨ L ⊂ W (A), ª®â®àë¥ à á¯®§ îâáï  ¢â®¬ â ¬¨ �ãè¨.
�á®, çâ® ¬®¦¥áâ¢® ¢á¥å á«®¢ W (A) ¬®¦® à áá¬ âà¨¢ âì ª ª ç¥âëà¥å-

®á®¢ãî  «£¥¡àã W (A) = (Wfin(A), W
←(A), W→(A), W↔(A)) á ª ®¨ç¥áª¨

®¯à¥¤¥«¥ë¬¨ ¢ ¥© ç¥âëàì¬ï ®¯¥à æ¨ï¬¨ ª®ª â¥ æ¨¨ ¯®¤å®¤ïé¨å á«®¢

¨ ¤¢ã¬ï ã àë¬¨ ®¯¥à æ¨ï¬¨  ¤ ª®¥çë¬¨ á«®¢ ¬¨ u ∈ Wfin, ª®â®àë¥
®¯à¥¤¥«ïîâáï ¯® ä®à¬ã« ¬: u+ω = uu :, u−ω =: uu. �à¨ íâ®¬ ¤«ï «î¡ëå

x, y, z ∈ Wfin(A), u ∈ W←(A), v ∈ W→(A) ¨  âãà «ì®£® ç¨á«  n ¢ë-

¯®«ïîâáï á¢®©áâ¢ : (xy)z = x(yz), u(xy) = (ux)y, (xy)v = x(yv),
(ux)v = u(xv), x(yx)+ω = (xy)+ω , (xn)+ω = x+ω, (yx)−ωy = (xy)−ω ,
(xn)−ω = x−ω. �¤®¢«¥â¢®àïîé¨¥ â ª¨¬ á¢®©áâ¢ ¬ ç¥âëà¥å®á®¢ë¥  «£¥¡àë

 §ë¢ îâáï  «£¥¡à ¬¨ �¨«ª¨.

� à ¡®â¥ [4] á ¯®¬®éìî ¬¥â®¤®¢ ¥áâ ¤ àâ®£®   «¨§  ¯®áâà®¥ äãª-

â®à, ª®â®àë© ª ¦¤®© ª®¥ç®© ¯®«ã£àã¯¯¥ S áâ ¢¨â ¢ á®®â¢¥âáâ¢¨¥ ª®¥çãî

 «£¥¡àã �¨«ª¨ S = (S, S←, S→, S↔), â ª çâ® ¤«ï «î¡®£® ®â®¡à ¦¥¨ï ϕ  «-

ä ¢¨â  A ¢ ¯®«ã£àã¯¯ã S áãé¥áâ¢ã¥â ®¤®§ ç® ®¯à¥¤¥«¥ë© £®¬®¬®àä¨§¬

ϕ  «£¥¡àë á«®¢ W (A) ¢  «£¥¡àã S, ®£à ¨ç¥¨¥ ª®â®à®£®   ¬®¦¥áâ¢¥ A á®-

¢¯ ¤ ¥â á ®â®¡à ¦¥¨¥¬ ϕ. �ã¤¥¬ £®¢®à¨âì, çâ® ï§ëª L ⊂ W (A) à á¯®§ ¥âáï

¯®«ã£àã¯¯®© S, ¥á«¨ L =
−1
ϕ (P ) ¤«ï ¥ª®â®à®£® ¯®¤¬®¦¥áâ¢  P ⊂ S.

������� 1. � ¦¤ë© à á¯®§ ¢ ¥¬ë©  ¢â®¬ â®¬ �ãè¨ ï§ëª L ⊂ W (A)
à á¯®§ ¢ ¥¬ ¯®«ã£àã¯¯®©.

������� 2. �§ëª L ⊂ W (A) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥ à á¯®§ ¢ ¥¬

¯®«ã£àã¯¯®©, ¥á«¨ ® ï¢«ï¥âáï ª®¥çë¬ ®¡ê¥¤¨¥¨¥¬ ï§ëª®¢ ¢¨¤  X−ωY,
XY +ω, X−ωY Z+ω , £¤¥ X, Y, Z { à æ¨® «ìë¥ ï§ëª¨ [1] ¨ X+ω = {u1u2 . . . :

u1, u2, · · · ∈ X}, X−ω = { . . . u−2u−1 : u−1, u−2, · · · ∈ X}.
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� ª ª ª ¯à¨ à á¯®§ ¢ ¨¨ ï§ëª®¢ ¯à®¨§¢®«ìëå á«®¢  ¢â®¬ âë �ãè¨ ¥

ï¢«ïîâáï  «£¥¡à ¨ç¥áª¨¬¨ íª¢¨¢ «¥â ¬¨ ª®¥çëå ¯®«ã£àã¯¯, â® à áá¬ -

âà¨¢ îâáï â ª¦¥ ®¡®¡é¥ë¥  ¢â®¬ âë �î««¥à  [1], ª®â®àë¥ ¯à¥¤áâ ¢«ïîâ-

áï ¢ ¢¨¤¥  «£¥¡à ¨ç¥áª¨å á¨áâ¥¬ A = (Q, A, E, c, F, I,F ,T ), £¤¥:
(1) (Q, A, E) {  ¢â®¬ â [1] á ¬®¦¥áâ¢®¬ á®áâ®ï¨© Q, ¢å®¤ë¬  «ä ¢¨â®¬

A ¨ ¬®¦¥áâ¢®¬ ¯¥à¥å®¤®¢ E ⊂ Q × A × Q,
(2) c { í«¥¬¥â ¬®¦¥áâ¢  Q,  §ë¢ ¥¬ë© æ¥âà «ìë¬ á®áâ®ï¨¥¬,

(3) F { ¯®¤¬®¦¥áâ¢® ¬®¦¥áâ¢  Q,  §ë¢ ¥¬®¥ ¬®¦¥áâ¢®¬ § ª«îç¨-

â¥«ìëå á®áâ®ï¨©,

(4) I ¨ F { ¯®¤¬®¦¥áâ¢  ¬®¦¥áâ¢  Q,  §ë¢ ¥¬ë¥ á®®â¢¥âáâ¢¥® «¥¢®©
¨ ¯à ¢®© â ¡«¨æ ¬¨ á®áâ®ï¨©,

(5) T { ¬®¦¥áâ¢® ã¯®àï¤®ç¥ëå ¯ à ¯®¤¬®¦¥áâ¢ ¬®¦¥áâ¢  Q,  §ë-
¢ ¥¬®¥ â ¡«¨æ¥© á®áâ®ï¨©.

�«ï â ª®£®  ¢â®¬ â  A ®¡ëçë¬ ®¡à §®¬ ¢¢®¤ïâáï ¯®ïâ¨ï ¯ãâ¨ (ª ª ª®¥ç-

®© ¨«¨ ¡¥áª®¥ç®© ¢ «î¡ãî áâ®à®ã ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯®á«¥¤®¢ â¥«ìëå

¯¥à¥å®¤®¢  ¢â®¬ â ), ¬¥âª¨ ¯ãâ¨,  ç «  ¨ ª®æ  ¯ãâ¨. �á«¨ p { ¡¥áª®¥çë©
¯ãâì ¢  ¢â®¬ â¥ A, ¯à®å®¤ïé¨© ç¥à¥§ æ¥âà «ì®¥ á®áâ®ï¨¥ c, â® Q−∞(p)
(á®®â¢¥âáâ¢¥®, Q+∞(p)) ®¡®§ ç ¥â ¬®¦¥áâ¢® á®áâ®ï¨©, ª®â®àë¥ ¯ãâì p
¯®á¥é ¥â ¡¥áª®¥ç® ¬®£® à § ¤® (á®®â¢¥âáâ¢¥®, ¯®á«¥) ¯®á¥é¥¨ï á®áâ®-

ï¨ï c. �ãâì p ¢  ¢â®¬ â¥ A  §ë¢ ¥âáï ãá¯¥èë¬, ¥á«¨ ® ¯à®å®¤¨â ç¥à¥§

æ¥âà «ì®¥ á®áâ®ï¨¥ c ¨ ã¤®¢«¥â¢®àï¥â ®¤®¬ã ¨§ á«¥¤ãîé¨å ãá«®¢¨©:

(1) p ¥áâì ª®¥çë© ¯ãâì á  ç «®¬ c ¨ ª®æ®¬ ¢ F,
(2) p ¥áâì â ª®© ¡¥áª®¥çë© ¢«¥¢® (á®®â¢¥âáâ¢¥®, ¢¯à ¢®) ¯ãâì, çâ®

¬®¦¥áâ¢® Q−∞(p) (á®®â¢¥âáâ¢¥®, Q+∞(p)) ¯à¨ ¤«¥¦¨â â ¡«¨æ¥ I
(á®®â¢¥âáâ¢¥®, â ¡«¨æ¥ F),

(3) p ¥áâì â ª®© ¡¥áª®¥çë© ¢ ®¡¥ áâ®à®ë ¯ãâì, çâ® ã¯®àï¤®ç¥ ï ¯ à 

¬®¦¥áâ¢ (Q−∞(p), Q+∞(p)) ¯à¨ ¤«¥¦¨â â ¡«¨æ¥ T .

�®¦¥áâ¢® ¬¥â®ª ¢á¥å ãá¯¥èëå ¯ãâ¥© ¢  ¢â®¬ â¥ A ®¡®§ ç ¥âáï á¨¬¢®«®¬

L(A). �ã¤¥¬ £®¢®à¨âì, çâ® ï§ëª L ⊂ W (A) à á¯®§ ¥âáï  ¢â®¬ â®¬ �î««¥à ,

¥á«¨ L = L(A) ¤«ï ¥ª®â®à®£® ®¡®¡é¥®£®  ¢â®¬ â  �î««¥à  A.

������� 3. �§ëª L ⊂ W (A) ¢ â®¬ ¨ â®«ìª® â®¬ á«ãç ¥ à á¯®§ ¥âáï

¯®«ã£àã¯¯®©, ¥á«¨ ® à á¯®§ ¥âáï  ¢â®¬ â®¬ �î««¥à .
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