
� «ìæ¥¢áª¨¥ çâ¥¨ï�®¢®á¨¡¨àáª (2005)�¥§¨áë ¤®ª« ¤®¢ �®áâà®¥¨¥ £àã¯¯ � âì¥ M11 ¨ M12�. �. �¨¬®®¢�®ïâ¨¥ ¯®çâ¨®¡« áâ¨ ¡ë«® ¢¢¥¤¥® ¢ 1960-å £®¤ å �. � à§¥«®¬ [1] ª ª  «-£¥¡à ¨ç¥áª®© á¨áâ¥¬ë á ¤¢ã¬ï ¡¨ àë¬¨ ®¯¥à æ¨ï¬¨ (B, ·,+, 1, 0), ¢ ª®â®à®©á¯à ¢¥¤«¨¢ë  ªá¨®¬ë:1. (B,+) | «ã¯  á ¥©âà «ìë¬ í«¥¬¥â®¬ 0;2. a+ b = 0 ⇒ b+ a = 0;3. (B0, ·) | £àã¯¯  á ¥©âà «ìë¬ í«¥¬¥â®¬ 1, £¤¥ B0 = B \ {0};4. (∀x ∈ B) x · 0 = 0;5. (∀x, y, z ∈ B) (x+ y) · z = x · z + y · z;6. (∀a, b ∈ B)(∃ ra,b ∈ B0) (x+ a) + b = x · ra,b + (a+ b) ¤«ï «î¡®£® x ∈ B.�®¥çë¥ ¯®çâ¨®¡« áâ¨ ï¢«ïîâáï ¯®çâ¨¯®«ï¬¨. �á«¨   ¬ã«ìâ¨¯«¨ª -â¨¢®© £àã¯¯¥ B\{0} ¯®çâ¨®¡« áâ¨ B ¤¥©áâ¢ã¥â  ¢â®¬®àä¨§¬ σ, ã¤®¢«¥â¢®àï-îé¨© â®¦¤¥áâ¢ã 1−σ(1−x) = σ(1−σ(x)), â®£¤    ¬®¦¥áâ¢¥B′ = B∪{∞} ¯à¨¯®¬®é¨ σ ¬®¦® ¯®áâà®¨âì ��-¯®«¥ (B′, ·, σ,+, 1, 0,∞) [2]. �à¨ íâ®¬ ¤¥©áâ¢¨¥ ¢â®¬®àä¨§¬  ¥®¡å®¤¨¬® à áè¨à¨âì   ¢á¥ ¬®¦¥áâ¢® B′: σ(0) =∞, σ(∞) =0. � ¤ ¯®çâ¨®¡« áâìî ¬®¦® ¯®áâà®¨âì â®ç® ¤¢ ¦¤ë âà §¨â¨¢ãî £àã¯¯ã
G2 ¯à¥®¡à §®¢ ¨ï ¬®¦¥áâ¢  B,    ¤ ��-¯®«¥¬ â®ç® âà¨¦¤ë âà §¨â¨¢-ãî £àã¯¯ã G3 ¯à¥®¡à §®¢ ¨ï ¬®¦¥áâ¢  B′.�¢â®à®¬ à áá¬ âà¨¢ « áì  «£¥¡à ¨ç¥áª ï á¨áâ¥¬  (B#, ·, −1, ϕ, e1, e2) á ç -áâ¨ç®© ¡¨ à®© ®¯¥à æ¨¥© (·) : B# ∪ {e1, e2} × B1 → B# ∪ {e1, e2}, £¤¥
B1 = B# ∪ {e1}. �«¥¬¥â e2 ¤«ï ¤ ®© ç áâ¨ç®© ¡¨ à®© ®¯¥à æ¨¨ ï¢«ï-¥âáï «¥¢ë¬ ã«¥¬. �«£¥¡à ¨ç¥áª ï á¨áâ¥¬  (B1, ·, −1, e1) ï¢«ï¥âáï £àã¯¯®©.�¯¥à æ¨ï ϕ ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ã

ϕ
(

ϕ(x)ϕ(y)) = ϕ
(

xϕ(y−1))y,£¤¥ x ∈ B# ∪ {e1, e2}, y ∈ B#, á ãá«®¢¨¥¬ ϕ(e1) = e2, ϕ(e2) = e1. �®ª § ®, çâ®¤  ï  «£¥¡à ¨ç¥áª ï á¨áâ¥¬ï ï¢«ï¥âáï ®¡®¡é¥¨¥¬ ¯®çâ¨®¡« áâ¨. �àã¯¯ã
G2 ¬®¦® ¯®áâà®¨âì ¯à¨ ¯®¬®é¨ ¯®¤£àã¯¯ë G1 < G2 â ª®©, çâ® (∀ra ∈ G1)
x · ra = xa ∈ B1 ¨ ®¯¥à æ¨¨ ϕ ∈ G2. �à®¨§¢®«ì ï ¯ à  (a, b) ¨§ ¥à ¢ëåí«¥¬¥â®¢ ¬®¦¥áâ¢  B ®¤®§ ç® ®¯à¥¤¥«ï¥â í«¥¬¥â £àã¯¯ë G2 ¢ ¢¨¤¥(a, b) = rϕ(ab−1)ϕrb, ¯à¨ b 6= e2 ¨ (a, e2) = ra ¢ ¯à®â¨¢®¬ á«ãç ¥.�¡®£ é ï à áá¬ âà¨¢ ¥¬ãî  «£¥¡à ¨ç¥áªãî á¨áâ¥¬ã ¥ª®â®à®© £àã¯¯®© ¢â®¬®àä¨§¬®¢ £àã¯¯ë (B1, ·, −1, e1), ¯®   «®£¨¨ á ¯¥à¥å®¤®¬ ®â ¯®çâ¨®¡« áâ¨ª ��-¯®«î, ¯¥à¥©¤¥¬ ª à áá¬®âà¥¨î  «£¥¡à ¨ç¥áª®© á¨áâ¥¬ë (B#, ·, −1, ϕ,11 ®ï¡àï 2005



2 �. �. �������
σ1, . . . , σn−2, e1, e2, . . . , en) á ®¤®© ¡¨ à®© ®¯¥à æ¨¥©, n ã àë¬¨ ®¯¥à æ¨ï-¬¨ ¨ n ã«ì àë¬¨ ®¯¥à æ¨ï¬¨. �ã«ìâ¨¯«¨ª â¨¢ ï ®¯¥à æ¨ï ®¯à¥¤¥«¥  ¥â®«ìª®   ¬®¦¥áâ¢¥B1, ® ¨ ç áâ¨ç®   ¬®¦¥áâ¢¥B = B#∪{e1, e2, . . . , en}¢ ¢¨¤¥ (·) : B × B1 → B â ª, çâ® eix = ei ¤«ï i ∈ {2, 3, . . . , n}.�  £àã¯¯¥ B1 ¤¥©áâ¢ã¥â £àã¯¯   ¢â®¬®àä¨§¬®¢Aut(B1),   ®¯¥à æ¨¨ σ1, . . . , σn−2¯®à®¦¤ îâ ¢ ¥© ¯®¤£àã¯¯ã Autσ(B1) ≤ Aut(B1). �  ï ¯®¤£àã¯¯  ¨§®¬®àä-  á¨¬¬¥âà¨ç¥áª®© £àã¯¯¥ Autσ(B1) ≃ Sn−1. �«ï ã àëå ®¯¥à æ¨© á¯à ¢¥¤-«¨¢ë â®¦¤¥áâ¢ :1. ϕ(ei) = 



e2, i = 1
e1, i = 2
ei, i 6= 1, 2 ,2. σj(ei) = 







e1, i = 1
e2, i = j + 2

ej+2 i = 2
ei, i 6= 1, 2, j + 2 ,3. σiϕσi = ϕσiϕ,4. σiσi = id, σiσjσi = σjσiσj ,5. ϕ

(

ϕ(x)ϕ(y)) = ϕ
(

xϕ(y−1))y, x ∈ B, y ∈ B#.
n{�à §¨â¨¢ ï £àã¯¯  Gn ¯à¥®¡à §®¢ ¨ï ¬®¦¥áâ¢  B áâà®¨âáï ¯à¨¯®¬®é¨ ®¯¥à æ¨© ϕi+1 = σiϕσi. �¢¥¤¥¬ ®¡®§ ç¥¨ï:

a
(1)
i = ϕ(aia

−1
n ), . . . , a

(k)
i = ϕk

(

a
(k−1)
i (a(k−1)n+1−k)−1),£¤¥ i ≤ n−k, 1 < k < n. �à®¨§¢®«ìë¥ n{ã¯®àï¤®ç¥ëå í«¥¬¥â®¢ (a1, a2, . . . , an)¨§ ¬®¦¥áâ¢  B, ¯®¯ à® ¥à ¢ë¥, ®¤®§ ç® ®¯à¥¤¥«ïîâ í«¥¬¥â ¨§ ¬®-¦¥áâ¢  Gn â ª, çâ® (a1, a2, . . . , an) = r

a
(n−1)1 ϕn−1ra

(n−2)2 ϕn−2 . . . ϕra
n

∈ Gn, ¢á«ãç ¥, ¥á«¨ ai /∈ {e2, e3, . . . , en}, ¢ ¯à®â¨¢®¬ á«ãç ¥ (a1, a2, . . . , an) ∈ Gk,
k < n.� á«ãç ¥ ª®¥çëå ¬®¦¥áâ¢ ¤ ®¥ ¯®áâà®¥¨¥ á®¢¯ ¤ ¥â á ¯®çâ¨¯®«¥¬¨ ��{¯®«¥¬ ¤«ï ¤¢ ¦¤ë ¨ âà¨¦¤ë âà §¨â¨¢ëå £àã¯¯ ¯à¥®¡à §®¢ ¨© á®-®â¢¥âáâ¢ãîé¨å ¬®¦¥áâ¢. � ¤ ®¬ ¯®¤å®¤¥ ¬®¦® à áá¬®âà¥âì ¨ ç¥âëà¥-¦¤ë âà §¨â¨¢ë¥ £àã¯¯ë ¯à¥®¡à §®¢ ¨©, ª®â®àë¥ ¢®§¨ª îâ, ª®£¤  £àã¯¯ 
B1 ¡ã¤¥â: âà¨¢¨ «ì®© {e1}, ¨§ ¤¢ãå í«¥¬¥â®¢ {e1, a}, ¨§ âà¥å í«¥¬¥â®¢
{e1, a, a2} ¨«¨ ª¢ â¥à¨®®© £àã¯¯®© K. � ¯¥à¢ëå ¤¢ãå á«ãç ïå ¯®«ãç îâáïá¨¬¬¥âà¨ç¥áª¨¥ £àã¯¯ë S4 ¨ S5, ¢ âà¥âì¥¬ á«ãç ¥ § ª®¯¥à¥¬¥ ï £àã¯¯  A6¨ ¢ ¯®á«¥¤¥¬ á«ãç ¥ £àã¯¯  � âì¥ M11. �  â¥å ¦¥ £àã¯¯ å ¬®¦® ¯®áâà®-¨âì ¨ ¯ïâ¨ âà §¨â¨¢ë¥ £àã¯¯ë: S5, S6, A7, M12 ¯à¥®¡à §®¢ ¨ï ¬®¦¥áâ¢ 
B# ∪ {e1, e2, e3, e4, e5}.�á«¨ à áá¬ âà¨¢ âì ®¯¥à æ¨¨ ϕ, −1, σi   ¬®¦¥áâ¢¥ B#, â® ¤«ï ¯¥à¢ëåâà¥å £àã¯¯ ®¨ á®¢¯ ¤ îâ. �«ï £àã¯¯ëK ®¯¥à æ¨î ϕ   ¬®¦¥áâ¢¥B# ¬®¦®§ ¤ âì ¯¥à¥áâ ®¢ª®© (i,−j)(−i, k)(j,−k), ®áâ «ìë¥ ®¯¥à æ¨¨   ¬®¦¥áâ¢¥
B# ¬®¦® § ¯¨á âì ¢ ¢¨¤¥: σ1 = (i, k)(j,−j)(−i,−k), σ2 = (i, j)(−i,−j)(−k, k),
σ3 = (i,−i)(j, k)(−j,−k).� ë© ¯®¤å®¤ ¢ ¯à¨¬¥¥¨¨ ª «®ª «ìë¬ £àã¯¯ ¬ �¨ ¤ ¥â íª¢¨¢ «¥â-®¥ ®¯¨á ¨¥ ¤¢ã¬¥âà¨ç¥áª¨å ä¨§¨ç¥áª¨å áâàãªâãà (¤ «¥¥ ��) à £  (2, n)¨§ à ¡®âë �. �. �¨å ©«¨ç¥ª® [3]. �«£¥¡à ¨ç¥áª ï ª« áá¨ä¨ª æ¨ï �� à -£  (2, n)  ¤ R [4] áâà®¨âáï   ¤¢ãå, á â®ç®áâìî ¤® «®ª «ì®£® ¨§®¬®àä¨§-¬ , £àã¯¯ å: G1(x1x2, y1y2) = (x1y1, x2y2), G2(x1x2, y1y2) = (x1y1, x1y2 + x2).



���������� ����� ����� M11 � M12 3�«ï â®£®, çâ®¡ë ¢ëà ¦¥¨¥ ¤«ï äãªæ¨¨ ϕ ¡ë«® ¯à®é¥, ¡ã¤¥¬ ¨á¯®«ì§®-¢ âì § ¯¨áì «®ª «ì® ¨§®¬®àä®© £àã¯¯ë ¤«ï £àã¯¯ë G1 ≃ G′1(x1x2, y1y2) =(x1y1 + εx2y2, x1y2 + x2y1), £¤¥ ¯ à ¬¥âà ε ¬®¦¥â ¯à¨¨¬ âì ¤¢  § ç¥¨ï 0¨«¨ −1, a xi, yi ∈ R.�«ï �� à £  (2, 3) áãé¥áâ¢ã¥â ¯ïâì ¥íª¢¨¢ «¥âëå à¥è¥¨©:1.) G1, ϕ(x1, x2) = (1− x1, 1− x2),2.) G′1, ϕ(x1, x2) = (1− x1,−x2),3.) G2, ϕ(x1, x2) = (x2, x1),4.) G2, n ∈ Z, n 6= 1, ϕ(x1, x2) = ((1− x
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,5.) G2, ϕ(x1, x2) = ( x1
x1−1 , x2−ln |x1|(x1−1)2 + ln |x1−1

x1 |).�«ï �� à £  (2, 4) áãé¥áâ¢ã¥â ç¥âëà¥ ¥íª¢¨¢ «¥âëå à¥è¥¨ï:1.a.) G1, ϕ(x1, x2) = (1− x1, 1− x2), σ1(x1, x2) = (x−11 , x2x−11 ),1.b.) G1, ϕ(x1, x2) = (1− x1, 1− x2), σ1(x1, x2) = (x−11 , x−12 ),2.) G′1, ϕ(x1, x2) = (1− x1,−x2), σ1(x1, x2) = ( x1
x21−εx22 , −x2

x21−εx22 ),3.) G2, ϕ(x1, x2) = (x2, x1), σ1(x1, x2) = (x1, 1− x1 − x2).�«ï �� à £  (2, 5) ®áâ ¥âáï â®«ìª® ®¤® ¥íª¢¨¢ «¥â®¥ à¥è¥¨¥:
G1, ϕ(x1, x2) = (1−x1, 1−x2), σ1(x1, x2) = (x−11 , x2x−11 ), σ2(x1, x2) = (x1x−12 , x−12 ).�¯¨á®ª «¨â¥à âãàë[1] Karzel H. Inzidenzgruppen I. Lecture Notes by Pieper, I. and Sorensen, K., University ofHamburg, 1965, 123{135.[2] Heinz W. Theorie der Fastk�orper, Thales verlag, 1987, 215{248.[3] �.�. �¨å ©«¨ç¥ª®. �àã¯¯®¢ ï á¨¬¬¥âà¨ï ä¨§¨ç¥áª¨å áâàãªâãà. � à ã«, ����, 2003,96{123.[4] �.�. �¨¬®®¢. �à¨«®¦¥¨¥ 2 ¢ ª¨£¥�.�. �ã« ª®¢. �¥®à¨ï ä¨§¨ç¥áª¨å áâàãªâãà. �®-áª¢ , 2004, 673{707.E-mail : dozor@rinet.su


