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

2005 ���������� ò 3 (514)

��� 512.647+512.817

�.�.��������

�������� ���������������
���� �������{����� � ����{����

� ¤ ®© áâ âì¥ à áá¬ âà¨¢ îâáï âà¨ ª« áá  ä®à¬: � àâ  {�¨âá , � æ {�ã¤¨ ¨ ¨å ®¡-
®¡é¥¨¥. �§ãç ¥âáï ¯®«®¦¨â¥«ì ï ®¯à¥¤¥«¥®áâì   ¢á¥¬ ¯à®áâà áâ¢¥ ¨   ¥£® ¤¨ £® «¨.

�®à¬ë ¨ £à äë. �®à¬  � àâ  {�¨âá  | íâ® ª¢ ¤à â¨ç ï ä®à¬  B(x) =
P
bijxixj c

ª®íää¨æ¨¥â ¬¨ bij = � cos(�=mij), £¤¥ mij = mji 2 N = f1; 2; : : : ;1g, ¯à¨ç¥¬ mij = 1, i = j.
�®à¬  � æ {�ã¤¨ | íâ® ª¢ ¤à â¨ç ï ä®à¬  B(x) =

P
bijxixj á ª®íää¨æ¨¥â ¬¨ bij , £¤¥

bii = 2; bij = 0, bji = 0; bij | ¥¯®«®¦¨â¥«ìë¥ æ¥«ë¥ ç¨á«  ¯à¨ i 6= j.
�¡®¡é îé¥© ä®à¬®©  §®¢¥¬ ª¢ ¤à â¨çãî ä®à¬ã B(x) =

P
bijxixj á ª®íää¨æ¨¥â ¬¨ bij ,

£¤¥ bii > 0; bij = 0 , bji = 0; bij + bji � �bii ¯à¨ i 6= j ¨ bij + bji 6= 0 (íâ¨ ãá«®¢¨ï ®¡®¡é îâ
ãá«®¢¨ï � àâ  {�¨âá  ¨ � æ {�ã¤¨).

�à äë. �® ¢áïª®© ª¢ ¤à â¨ç®© ä®à¬®© ¬®¦® á¢ï§ âì £à ä, á¨¬¢®«¨§¨àãîé¨©  «¨ç¨¥
¢ ¥© ç«¥®¢ ¢¨¤  �xij . �â  ¤¨áªà¥â ï å à ªâ¥à¨áâ¨ª , ¢®®¡é¥ £®¢®àï, ¬ «®¨ä®à¬ â¨¢ .
�¤ ª® íâ® ¥ â ª ¤«ï ä®à¬ � àâ  {�¨âá , � æ {�ã¤¨ ¨ ®¡®¡é îé¨å. � íâ¨å á«ãç ïå £à ä
¥á¥â áãé¥áâ¢¥ãî,   ¨®£¤  ¨ ¯®«ãî ¨ä®à¬ æ¨î ® ¥ª®â®àëå £¥®¬¥âà¨ç¥áª¨å ¨«¨  «£¥¡à -
¨ç¥áª¨å á¢®©áâ¢ å.

�à®¨§¢®«ì®© ª¢ ¤à â¨ç®© ä®à¬¥ B(x) =
nP

i;j=1
bijxixj ¯®áâ ¢¨¬ ¢ á®®â¢¥âáâ¢¨¥ £à ä GB

á«¥¤ãîé¨¬ ®¡à §®¬: ¢¥àè¨ë GB | íâ® í«¥¬¥âë ¬®¦¥áâ¢  f1; 2; : : : ; ng, ¯à¨ç¥¬ i ¨ j á¬¥¦ë
(®¡®§ ç ¥âáï i ad j), ¥á«¨ ¨ â®«ìª® ¥á«¨ bij+bji 6= 0. �®à¬  B ¥à §«®¦¨¬  â®£¤  ¨ â®«ìª® â®£¤ ,
ª®£¤  £à ä GB á¢ï§¥ (ª¢ ¤à â¨ç ï ä®à¬   §ë¢ ¥âáï ¥à §«®¦¨¬®©, ¥á«¨ ¥¥ ¬ âà¨æã ¥«ì§ï
¯¥à¥áâ ®¢ª®© áâà®ª ¨ â ª®© ¦¥ ¯¥à¥áâ ®¢ª®© áâ®«¡æ®¢ ¯à¨¢¥áâ¨ ª ¡«®ç®-¤¨ £® «ì®¬ã ¢¨¤ã
á ª¢ ¤à âë¬¨ ¡«®ª ¬¨   ¤¨ £® «¨).

�à ä �®ªáâ¥à , á®®â¢¥âáâ¢ãîé¨© ä®à¬¥ � àâ  {�¨âá  B, | íâ® ¯ à  (GB; pB), £¤¥ pB
| ®â®¡à ¦¥¨¥, ®¯à¥¤¥«¥®¥   ¬®¦¥áâ¢¥ à¥¡¥à £à ä  GB á«¥¤ãîé¨¬ ®¡à §®¬: à¥¡àã ij
áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ mij (¯®àï¤®ª à¥¡à ). �á«¨ ¯®àï¤ª¨ ¢á¥å à¥¡¥à à ¢ë 3, â® (GB; pB)
¯à¨ïâ® ®â®¦¤¥áâ¢«ïâì á GB.

�à¨¬¥à. B(x) = (x21 + � � �+ x2n)� (x1 + x2)x3 � (x3x4 + x4x5 + � � �+ xn�1xn), £¤¥ n � 4. �à ä
�®ªáâ¥à  (GB; pB) = GB | íâ® £à ä �ëª¨  Dn (®¯à¥¤¥«¥¨¥ ¯à®áâëå ¨  ää¨ëå £à ä®¢
�ëª¨  á¬. ¢ ([1], £«. VI, x 4). �á«¨ «î¡ë¥ ¥ã«¥¢ë¥ ª®íää¨æ¨¥âë íâ®© ä®à¬ë § ¬¥¨âì
«î¡ë¬¨ ¥ã«¥¢ë¬¨, â® ¤«ï ¯®«ãç¥®© ä®à¬ë B0 ¨¬¥¥¬ GB0 = Dn.

�¥á®¢ë¬ £à ä®¬, á®®â¢¥âáâ¢ãîé¨¬ ä®à¬¥ � æ {�ã¤¨ B,  §®¢¥¬ ¯ àã (GB; �B), £¤¥ �B
| ®â®¡à ¦¥¨¥, ®¯à¥¤¥«¥®¥   ¬®¦¥áâ¢¥ à¥¡¥à £à ä  GB á«¥¤ãîé¨¬ ®¡à §®¬: à¥¡àã ij
áâ ¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ jbij + bjij (¢¥á à¥¡à ). �á«¨ ¢¥á  ¢á¥å à¥¡¥à à ¢ë 2, â® (GB; �B) ¡ã¤¥¬
®â®¦¤¥áâ¢«ïâì á GB.

� ¯®«®¦¨â¥«ì®áâ¨. �¥®âà¨æ â¥«ìë¥ ¥¢ëà®¦¤¥ë¥ (â. ¥. ¯®«®¦¨â¥«ìë¥) ¨ ¥®âà¨-
æ â¥«ìë¥ ¢ëà®¦¤¥ë¥ ä®à¬ë � àâ  {�¨âá  ¨ � æ {�ã¤¨ ¯®«®áâìî ®¯¨á ë ( ¯à., [1],
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£«. VI, x 4; [2], £«. 4). �¡®¡é¥¨¥ ¡ë«® ¡ë ¨â¥à¥á® á ¤¢ãå â®ç¥ª §à¥¨ï. �®-¯¥à¢ëå, á æ¥«ìî
 ©â¨ ¥¤¨ë© ¨áâ®ç¨ª ¤¢ãå à¥§ã«ìâ â®¢. �®-¢â®àëå, ¢¢¥¤¥®¥  ¢â®à®¬ ¯®ïâ¨¥ ®¡®¡é îé¨å
ä®à¬ ¨ ¨å ®¯â¨¬¨§ æ¨ï ¯à¥¤áâ ¢«ïîâ ¨â¥à¥á [3] á â®çª¨ §à¥¨ï ª¢ ¤à â¨ç®£® ¯à®£à ¬¬¨à®-
¢ ¨ï, £¤¥ á«ãç © ¯®«®¦¨â¥«ì®áâ¨ ¢á¥£¤  ï¢«ï¥âáï  ¨¡®«¥¥ ¯à®¤¢¨ãâë¬.

�à¨  å®¦¤¥¨¨ ¥®¡å®¤¨¬ëå ãá«®¢¨© ¯®«®¦¨â¥«ì®áâ¨ ä®à¬ � àâ  {�¨âá  ¨ � æ {
�ã¤¨ áãé¥áâ¢¥® ¨á¯®«ì§ãîâ á¢®©áâ¢® \¬®®¤¨ £® «ì®áâ¨" (ª®íää¨æ¨¥âë ¯à¨ x2i ¥ § -
¢¨áïâ ®â i). � ¦¤®¬ã à¥¡àã l = ij £à ä  GB á®®â¢¥âáâ¢ã¥â ¥ã¯®àï¤®ç¥ ï ¯ à  ç¨á¥«
Pl = (bii; bjj). �®à¬ã  §®¢¥¬ ¬®®£¥®©, ¥á«¨ Pl ¥ § ¢¨á¨â ®â l. �®®¤¨ £® «ì®áâì | ç áâ-
ë© á«ãç © ¬®®£¥®áâ¨.

�¥®à¥¬  1. �á«¨ ¥à §«®¦¨¬ ï ®¡®¡é îé ï ¬®®£¥ ï ä®à¬  ¯®«®¦¨â¥«ì , â® ¥¥

£à ä | ®¤¨ ¨§ á«¥¤ãîé¨å : An, Dn, E6, E7, E8 (£à äë �ëª¨ ).

�®ª § â¥«ìáâ¢®. �®àä¨§¬®¬ ¯à®¨§¢®«ìëå ª¢ ¤à â¨çëå ä®à¬ f : B ! B0  §®¢¥¬ ¨ê-
¥ªæ¨î f : V (GB)! V (GB0) â ªãî, çâ® buv + bvu � b0f(u)f(v) + b0f(v)f(u). �á«¨ ¬®àä¨§¬ áãé¥áâ¢ã¥â,
â® ¡ã¤¥¬ ¯¨á âì B � B0. � á«ãç ¥ ®¡®¡é îé¨å ä®à¬ ¨§ íâ®£® á«¥¤ã¥â, çâ® GB | ¯®¤£à ä £à ä 
GB0 .

�¢ ¤à â¨çãî ä®à¬ã B(x) =
P
bijxixj  §®¢¥¬ ¤®¬¨ â®©, ¥á«¨ ¢ë¯®«¥ë á«¥¤ãîé¨¥

à ¢®á¨«ìë¥ ãá«®¢¨ï:
1) ¯®á«¥ ¯à¨¢¥¤¥¨ï ¯®¤®¡ëå ®ª §ë¢ ¥âáï, çâ® ¢á¥ ª®íää¨æ¨¥âë ¯à¨ á¬¥è ëå ç«¥ å

¬¥ìè¥ ¨«¨ à ¢ë ã«î;
2) B(x) � B(jxj) ¤«ï «î¡®£® x (§¤¥áì jxj ®§ ç ¥â ¢¥ªâ®à, ¯®«ãç îé¨©áï ¨§ x § ¬¥®© ¢á¥å

ª®®à¤¨ â ¨å ¬®¤ã«ï¬¨).
�«ï ¤®¬¨ âëå ä®à¬ ¨§ B � B0 � 0 (B � B0 > 0) á«¥¤ã¥â B � 0 (á®®â¢¥âáâ¢¥® B > 0).
�¥©áâ¢¨â¥«ì®, ¤«ï ¤®¬¨ âëå ä®à¬ ¨¬¥¥¬: ¥á«¨ B(x) � 0 (> 0) ¤«ï ¢á¥å x á ¥®âà¨æ -

â¥«ìë¬¨ ª®®à¤¨ â ¬¨, â® B � 0 (á®®â¢¥âáâ¢¥® B > 0). �ãáâì f | ¬®àä¨§¬ ¯à®¨§¢®«ìëå
ä®à¬, f | á®®â¢¥âáâ¢ãîé¥¥ ¢«®¦¥¨¥ ¯à®áâà áâ¢,   ª®â®àëå íâ¨ ä®à¬ë ®¯à¥¤¥«¥ë (â. ¥.
f ¯à¨¯¨áë¢ ¥â ¢¥ªâ®àã ¥é¥ ¥áª®«ìª® ª®®à¤¨ â, ª®â®àë¥ ¢á¥ à ¢ë ã«î ¨ á®®â¢¥âáâ¢ãîâ
¢¥àè¨ ¬, ¥ ¯à¨ ¤«¥¦ é¨¬ ®¡à §ã ®â®¡à ¦¥¨ï f). �á«¨ ¢á¥ ª®®à¤¨ âë ¢¥ªâ®à  x ¥®âà¨-
æ â¥«ìë, â® B(x) � B0(f(x)). �á«¨ ä®à¬ë ¤®¬¨ âë, â® B(x) � B(jxj) � B0(f jxj),   ¯®á«¥¤¥¥
¢ëà ¦¥¨¥ ¥®âà¨æ â¥«ì® (á®®â¢¥âáâ¢¥® ¯®«®¦¨â¥«ì®).

�«ï ä®à¬ë B ¯®«®¦¨¬ b = max bii. �á«¨ H | £à ä �®ªáâ¥à , ¢á¥ ¯®àï¤ª¨ à¥¡¥à ª®â®-
à®£® à ¢ë 3 (¬®¦® áª § âì ¯à®áâ® \£à ä", ¥á«¨ ãç¥áâì ®â®¦¤¥áâ¢«¥¨¥, ¯à¨ïâ®¥ ¢  ç «¥
áâ âì¨), â® ç¥à¥§ KH ®¡®§ ç¨¬ ä®à¬ã � àâ  {�¨âá , ª®â®à®© ® á®®â¢¥âáâ¢ã¥â. �á«¨ B |
ä®à¬ , ã¤®¢«¥â¢®àïîé ï ãá«®¢¨ï¬ â¥®à¥¬ë, ¨ H | ¯®¤£à ä £à ä  GB, â® bKH � B. �®íâ®¬ã
¢ GB ¥â ¯®¤£à ä®¢ bA, bD, bE (¢¥¤ì ä®à¬ë, á®®â¢¥âáâ¢ãîé¨¥  ää¨ë¬ £à ä ¬ �ëª¨ , ¥¯®-
«®¦¨â¥«ìë). �¥à¢®¥ (¢¬¥áâ¥ á ¥à §«®¦¨¬®áâìî ä®à¬ë) ®§ ç ¥â, çâ® GB | ¤¥à¥¢®, ¢â®à®¥
| çâ® íâ® ¤¥à¥¢® «¨¡® An, «¨¡® âà¨«¨áâ¨ª (â. ¥. ¤¥à¥¢®, ã ª®â®à®£® à®¢® ®¤  ¢¥àè¨  áâ¥¯¥¨
3 ¨ ®â ¥¥ ®âå®¤ïâ âà¨ ¯à®áâëå æ¥¯¨ ¤«¨ p � q � r á®®â¢¥âáâ¢¥®). �®áª®«ìªã bE6 ®âáãâáâ¢ã¥â
áà¥¤¨ ¯®¤£à ä®¢ ¢ íâ®¬ âà¨«¨áâ¨ª¥, â® p = 1. �âáãâáâ¢¨¥ bE7 ¢«¥ç¥â §  á®¡®© q � 2. �á«¨ q = 1,
â® GB = Dn. �á«¨ q = 2, â® ®âáãâáâ¢¨¥ bE8 ®§ ç ¥â r � 4, â. ¥. GB = Ei (i = 6; 7; 8).

�®«®¦¨â¥«ì®áâì   ¤¨ £® «¨ ¯à®áâà áâ¢ . � â¥®à¨¨ ¯à¥¤áâ ¢«¥¨© ª®«ç ®¢ § -
ç¨â¥«ìë© ¨â¥à¥á ([4]) ¯à¥¤áâ ¢«ïîâ §®ë B+ ¨ B� § ª®¯®áâ®ïáâ¢  ¨ ã«¥¢®© ª®ãá B0

ä®à¬ë � àâ  {�¨âá  B. �  áâ®ïé¥¥ ¢à¥¬ï ¯®çâ¨ ¨ç¥£® ¥ ¨§¢¥áâ® ® à á¯®«®¦¥¨¨ íâ¨å
§® ¢ ¯à®áâà áâ¢¥. � [5]  ©¤¥ë ä®à¬ã«ë, ¢ëà ¦ îé¨¥ ¢¥«¨ç¨ã \®âª«®¥¨ï" ª®ãá  B0

®â ¤¨ £® «¨ ¯à®áâà áâ¢ , ® â®«ìª® ¢ á«ãç ¥, ª®£¤  áã¦¥¨¥ ä®à¬ë B   ¤¨ £® «ì ¯®-
«®¦¨â¥«ì® ¨ ¯®àï¤ª¨ ¢á¥å à¥¡¥à à ¢ë âà¥¬. �¥©ç á ¬ë ¯®«®áâìî ®¯¨è¥¬ ¥à §«®¦¨¬ë¥
ä®à¬ë � àâ  {�¨âá  ¨ � æ {�ã¤¨, ¯®«®¦¨â¥«ìë¥   ¤¨ £® «¨ ¯à®áâà áâ¢ . �ë¤¥«¥¨¥
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â ª¨å ä®à¬ ¨â¥à¥á® ¥é¥ ¨ â¥¬, çâ® ¤«ï «î¡®£® ¬®¦¥áâ¢  M ¢ Mn áãé¥áâ¢ã¥â ¢á¥£® âà¨
ª ®¨ç¥áª¨å1 ¯®¤¬®¦¥áâ¢ : ¯ãáâ®¥ ¬®¦¥áâ¢®, ¤¨ £® «ì ¨ á ¬® Mn.

�¥®à¥¬  2. 1) �ãáâì B | ¥à §«®¦¨¬ ï ä®à¬  � àâ  {�¨âá . �¥ áã¦¥¨¥   ¤¨ -

£® «ì ï¢«ï¥âáï ¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥®© ä®à¬®© â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  á®®â¢¥â-

áâ¢ãîé¨© £à ä �®ªáâ¥à  ï¢«ï¥âáï ¤¥à¥¢®¬, ã ª®â®à®£® «¨¡® ®¤® à¥¡à® ¯®àï¤ª  m 6= 1,  

®áâ «ìë¥ à¥¡à  | ¯®àï¤ª  3, «¨¡® ¤¢  à¥¡à  ¯®àï¤ª  4,   ®áâ «ìë¥ | ¯®àï¤ª  3.
2) �ãáâì B | ¥à §«®¦¨¬ ï ä®à¬  � æ {�ã¤¨. �¥ áã¦¥¨¥   ¤¨ £® «ì ï¢«ï¥âáï

¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥®© ä®à¬®© â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  á®®â¢¥âáâ¢ãîé¨© ¢¥á®¢®©

£à ä ï¢«ï¥âáï ¤¥à¥¢®¬, ã ª®â®à®£® ¢¥á  ¢á¥å à¥¡¥à à ¢ë 2, §  ¨áª«îç¥¨¥¬, ¡ëâì ¬®¦¥â,

®¤®£®, à ¢®£® 3.
3) �ãáâì B | ¥à §«®¦¨¬ ï ®¡®¡é îé ï ä®à¬ . �á«¨ ¥¥ áã¦¥¨¥   ¤¨ £® «ì ï¢«ï¥âáï

¯®«®¦¨â¥«ì®-®¯à¥¤¥«¥®© ä®à¬®©, â® £à ä GB ï¢«ï¥âáï ¤¥à¥¢®¬.

�®ª § â¥«ìáâ¢®. �ãáâì � | í©«¥à®¢  å à ªâ¥à¨áâ¨ª  £à ä  GB ([6], £«. VI, x 6).
1) �¡®§ ç¨¬ ç¥à¥§ ri ª®«¨ç¥áâ¢® à¥¡¥à £à ä  �®ªáâ¥à  (GB; pB), ¨¬¥îé¨å ¯®àï¤®ª i. �®-

«®¦¨¬ ci = 2 cos �

i
� 1 ¨ e = (1; : : : ; 1). �®£¤ 

B(e) = jV (GB)j �
X

2 cos
�

p(l)
= ��

X
ciri:

�â¬¥â¨¬ âà¨ ¢ ¦ëå á¢®©áâ¢  ª®íää¨æ¨¥â®¢ ci:

0 = c3 < c4 < � � � < c+1 = 1; (1)

c4 + c5 = (
p
2� 1) + (

p
5� 1)=2 > 1; (2)

3c4 > 1 > 2c4; 2ci > 1 ¯à¨ i � 5: (3)

�«ï á¢ï§®£® £à ä  � � 1. �ç¨âë¢ ï íâ® ¨ á¢®©áâ¢® (1), ¯®«ãç ¥¬ B(e) > 0 â®£¤  ¨ â®«ìª®
â®£¤ , ª®£¤  � = 1 ¨

P
ciri < 1. � ¤«ï á¢ï§®£® £à ä  � = 1, ¥á«¨ ¨ â®«ìª® ¥á«¨ íâ®â £à ä

ï¢«ï¥âáï ¤¥à¥¢®¬.
�¥è¨¬ ¥à ¢¥áâ¢®

P
ciri < 1. �§ (1) á«¥¤ã¥â, çâ® r3 ¯à®¨§¢®«ì®,   r+1 = 0. �«ï ®áâ «ìëå

ri ¨§ (1) ¨ (2) á«¥¤ã¥â, çâ® ¢á¥ ®¨ à ¢ë ã«î, ªà®¬¥, ¡ëâì ¬®¦¥â, ®¤®£®. �âáî¤  ¨ ¨§ (3)
¢ëâ¥ª ¥â, çâ® r4 2 f0; 1; 2g ¨ ri 2 f0; 1g ¯à¨ 4 < i < +1. �â ª, ¨§ à áá¬ âà¨¢ ¥¬®£® ¥à ¢¥áâ¢ 
á«¥¤ã¥â á®¢®ªã¯®áâì "

r4 � 2; (r5; : : : ) = (0; : : : ; 0; 0; 0; : : : ); r1 = 0;

r4 = 0; (r5; : : : ) = (0; : : : ; 0; 1; 0; : : : ); r1 = 0:

�¡à â®¥ á«¥¤áâ¢¨¥ âà¨¢¨ «ì®.
2) �ãáâì (GB; �B) ¨¬¥¥â r à¥¡¥à. �å ¬ ááë á®®â¢¥âáâ¢¥® à ¢ë m1; : : : ;mr. �®£¤  B(e) =

2��
rP

i=1
(mi � 2). �®íâ®¬ã � > 0, â. ¥. � = 1,   áã¬¬  à ¢  0 ¨«¨ 1.

1�¥ä®à¬ «ì® ¯®ïâ¨¥ ª ®¨ç¥áª®£® ¯®¤¬®¦¥áâ¢  ¬®¦® ¯®ïá¨âì   ï§ëª¥ ¯¥à¥¤ ç¨ ¨ä®à¬ -

æ¨¨. �à¥¤¯®«®¦¨¬, ®¯¨á ¨¥ ¥ª®â®à®£® ¬®¦¥áâ¢  M ¬ë ¯®á« «¨ ¯®«ãç â¥«î, ¨ ¨¬ ®®  ¤¥ª¢ â®

¢®á¯à¨ïâ®. �®¦¥â, ®¤ ª®, á«ãç¨âìáï â ª, çâ® ®â¤¥«ìë¥ í«¥¬¥âë ¬®¦¥áâ¢  ¢®á¯à¨ïâë ¥ ¤¥ª¢ â-
® ¨§-§  á¬ëá«®¢®© ¨«¨ ¯®¬¥å®¢®© ä«ãªâã æ¨¨. �â® ¯®¢«¥ç¥â ¥¯à ¢¨«ì®¥ ¯®¨¬ ¨¥ ¨ ¡®«ìè¨áâ¢ 

¯®¤¬®¦¥áâ¢ Mn, §  ¨áª«îç¥¨¥¬ âà¥å ª ®¨ç¥áª¨å ¯®¤¬®¦¥áâ¢. �¥¯¥àì áä®à¬ã«¨àã¥¬ íâ® ä®à-

¬ «ì®. �áïª®¥ ®â®¡à ¦¥¨¥ f : M ! M ¨§¢¥áâë¬ ®¡à §®¬ ¨¤ãæ¨àã¥â ®â®¡à ¦¥¨¥ f�n : Mn ! Mn.
�®¤¬®¦¥áâ¢® K �Mn  §®¢¥¬ ª ®¨ç¥áª¨¬, ¥á«¨ ¤«ï «î¡®© ¡¨¥ªæ¨¨ � :M !M ¨¬¥¥¬ ��n(K) = K.
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3) �¬¥¥¬

B(e) =
X

bij =
X

bii +
X
i ad j

(bij + bji) �
X

bii �
X
i ad j

bii + bjj
2

=

=
X

bii +
X

bii
deg i
2

=
X

bii
2� deg i

2
� min bii

X 2� deg i
2

= �min bii:

�âáî¤  � > 0, â. ¥. � = 1.

�¨â¥à âãà 
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