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� ª« áá¨ç¥áª®© â¥®à¨¨ âà¨-âª ¥©, ®¡à §®¢ ëå á«®¥¨ï¬¨ ®¤¨ ª®¢ëå à §¬¥à®áâ¥©, ¥áâ¥-
áâ¢¥ë¬ ®¡à §®¬ ¢ë¤¥«ïîâáï á¯¥æ¨ «ìë¥ ª« ááë âª ¥© | �¥©¤¥¬¥©áâ¥à , �®¬á¥ , �®« ,
�ãä £ [1]. �¨ å à ªâ¥à¨§ãîâáï, á ®¤®© áâ®à®ë, § ¬ëª ¨¥¬ á®®â¢¥âáâ¢ãîé¨å ª®ä¨£ãà -
æ¨© R, T , B, M ,   á ¤àã£®© | â®¦¤¥áâ¢ ¬¨  áá®æ¨ â¨¢®áâ¨, ª®¬¬ãâ â¨¢®áâ¨, �®« , �ãä £
á®®â¢¥âáâ¢¥®, ¢ë¯®«ï¥¬ë¬¨ ¢ ª®®à¤¨ âëå «ã¯ å íâ¨å âª ¥©.

�¥®à¨ï âª ¥©, ®¡à §®¢ ëå ¯®¢¥àå®áâï¬¨ à §ëå à §¬¥à®áâ¥©, ¡ë«  ¯®áâà®¥  ¢ [2]. � ª
®ª § «®áì, ¥¯®áà¥¤áâ¢¥® ®¡®¡é¨âì ¯¥à¥ç¨á«¥ë¥ ª®ä¨£ãà æ¨¨ ¨ â®¦¤¥áâ¢  ¤«ï âª ¥©,
®¡à §®¢ ëå á«®¥¨ï¬¨ à §ëå à §¬¥à®áâ¥©, ¥¢®§¬®¦®, ¯®áª®«ìªã ª®®à¤¨ âë© £àã¯¯®¨¤,
®¯à¥¤¥«ï¥¬ë© â ª®© âª ìî, ¥ ï¢«ï¥âáï, ¢®®¡é¥ £®¢®àï, ª¢ §¨£àã¯¯®©. � [3], [4] ®¡®¡é¥®
¯®ïâ¨¥  áá®æ¨ â¨¢®áâ¨ ¨ ª®ä¨£ãà æ¨¨ R ¤«ï âà¨-âª ¥© W (p; q; p + q � 1), ®¡à §®¢ ëå
á«®¥¨ï¬¨ à §¬¥à®áâ¥© p, q ¨ p+ q� 1,   â ª¦¥ ¤«ï âª ¨ W (p; q; q), ®¡à §®¢ ®© á«®¥¨ï¬¨
à §¬¥à®áâ¥© p, q ¨ q.

� ¤ ®© à ¡®â¥ ¯®   «®£¨¨ á ª« áá¨ç¥áª®© â¥®à¨¥© ®¯à¥¤¥«ï¥âáï «¥¢ ï âà¨-âª ì �®« 
Bl(p; q; q), ®¡à §®¢  ï á«®¥¨ï¬¨ à §¬¥à®áâ¥© p, q ¨ q   ¤¨ää¥à¥æ¨àã¥¬®¬ ¬®£®®¡à §¨¨
à §¬¥à®áâ¨ p + q. � å®¤ïâáï ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®¢¨ï â®£®, çâ® âª ì W (p; q; q)
ï¢«ï¥âáï âª ìî Bl(p; q; q),  å®¤ïâáï áâàãªâãàë¥ ãà ¢¥¨ï âª ¨ Bl(p; q; q),   â ª¦¥ à¥è -
¥âáï ¯à®¡«¥¬  íª¢¨¢ «¥â®áâ¨ ¤«ï â ª¨å âª ¥©. � § ª«îç¥¨¥  å®¤¨âáï âà¨-âª ì Bl(2; 3; 3)
á ¬ ªá¨¬ «ì® ¯à®áâë¬ ¥ã«¥¢ë¬ â¥§®à®¬ ªà¨¢¨§ë.

1. �âàãªâãàë¥ ãà ¢¥¨ï ¯à®¨§¢®«ì®© âà¨-âª ¨ W (p; q; q)  ¨¡®«¥¥ ®¡é¥£® ¢¨¤  ¯à¨¢¥-
¤¥ë ¢ [5]:
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£¤¥ �; �; ; : : : = 1; 2; : : : ; p; u; v; w; : : : = p+ 1; p + 2; : : : ; q, ¢¥«¨ç¨ë ��u� ¨ ��� ª®á®á¨¬¬¥âà¨çë
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®¯à¥¤¥«ï¥âáï ãà ¢¥¨ï¬¨ !
1

� = 0, !
1

u = 0, á«®¥¨¥ �2 | ãà ¢¥¨ï¬¨ !
2

� = 0,   á«®¥¨¥ �3 |
ãà ¢¥¨ï¬¨ !

3

�
� !

1

� + !
2

� = 0:

�«®¦¨¬ ¯¥à¢®¥ ¨ âà¥âì¥ ãà ¢¥¨ï á¨áâ¥¬ë (1) ¨ ¯®«®¦¨¬

��
� = !�

� +
1
2
��u�!1

u + ���(�!2
 + !

3

):

56



�®£¤  ãà ¢¥¨ï (1) ¯à¨¬ãâ á¨¬¬¥âà¨çë© ¢¨¤
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2. �¨ää¥à¥æ¨àãï ¢¥è¨¬ ®¡à §®¬ ãà ¢¥¨ï (3), ¯®«ãç¨¬

(d!�
� � !


� ^ !

�
 ) ^ !3

� + d�
3

� +�
3

�
^ !�

� = 0;

(d!u
v � !w

v ^ !
u
w) ^ !1

v + (d!u
� � !v

� ^ !
u
v � !


� ^ !

u
 ) ^ (!3

�
� !

2

�) + (�
3

�
��

2

�) ^ !u
� = 0;

(d!�
� � !

� ^ !
�
 ) ^ !2

� + d�
2

� +�
2

�
^ !�

� = 0:

�âáî¤  á«¥¤ã¥â

d!�
� � !

� ^ !
�
 = b���!2


^ !

3

� + b
�

�u!2

^ !

1

u + eb��u!3

^ !

1

w;

d!u
v � !w

v ^ !
u
w = buv��!2

�
^ !

3

� + b
u

v�w!2
�
^ !

1

w + ebuv�w!3
�
^ !

1

w; (3)

d!u
� � !v

� ^ !
u
v � !

� ^ !
u
 = bu��!2

�
^ !

3

 + b
u

��v!2
�
^ !

1

v + ebu��v!3
�
^ !

1

v:

�®£« á® [2] á®¢®ªã¯®áâì ¢¥«¨ç¨ b���, b
�

�u, eb��u, buv��, b
u

v�w, ebuv�w, bu�� , b
u

��v, ebu��v ®¡à §ã¥â
â¥§®à ªà¨¢¨§ë âà¨-âª ¨ W (p; q; q).

3. �«¥¤ãï [1], ®¡®¡é¨¬ ¯®ïâ¨¥ íª¢¨¢ «¥â®áâ¨ ¤«ï âà¨-âª ¥© W (p; q; q).
�¢¥ âª ¨ W (p; q; q) ¨ fW (p; q; q), § ¤ ë¥ á®®â¢¥âáâ¢¥®   ¬®£®®¡à §¨ïå M ¨ fM à §¬¥à-

®áâ¨ p+q,  §®¢¥¬ íª¢¨¢ «¥âë¬¨, ¥á«¨ áãé¥áâ¢ã¥â «®ª «ìë© ¤¨ää¥®¬®àä¨§¬ � :M ! fM ,
¯à¨ ª®â®à®¬ á«®¥¨ï âª ¨ W (p; q; q) ¯¥à¥å®¤ïâ ¢ á«®¥¨ï âª ¨ fW (p; q; q).

�ãáâì ®â®¡à ¦¥¨¥ � : M ! fM ¯¥à¥¢®¤¨â âª ì W (p; q; q) ¢ íª¢¨¢ «¥âãî ¥© âª ì
fW (p; q; q). �â® § ç¨â, çâ® ª ¦¤®¥ ¨§ à áá«®¥¨©, ®¡à §ãîé¨å âª ìW (p; q; q), ¯¥à¥å®¤¨â ¢ á®®â-
¢¥âáâ¢ãîé¥¥ à áá«®¥¨¥ âª ¨ fW (p; q; q). �®íâ®¬ã ¡ §¨áë¥ ä®à¬ë e!
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�âàãªâãàë¥ ãà ¢¥¨ï âª ¨ fW (p; q; q) § ¯¨è¥¬ ¢ ¢¨¤¥ (3), (4), â®«ìª® ¢å®¤ïé¨¥ ¢ ¨å ä®à-
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¤«ï § ¤ ëå íª¢¨¢ «¥âëå âª ¥©W (p; q; q) ¨ fW (p; q; q). �¡¨à ï ç¥àâã ¨§ ãà ¢¥¨© (4) ¨   -
«®£¨çëå ¨¬ ¤«ï âª ¥© fW (p; q; q), ¢¨¤¨¬, çâ® á®®â¢¥âáâ¢ãîé¨¥ â¥§®àë ªà¨¢¨§ë á®¢¯ ¤ îâ.
�®ª §  

�¥®à¥¬  1. �á«¨ âª ¨ W (p; q; q) ¨ fW (p; q; q) íª¢¨¢ «¥âë, â® ¢ á®®â¢¥âáâ¢ãîé¨å à¥-

¯¥à å ¨å â¥§®àë ªàãç¥¨ï ¨ ªà¨¢¨§ë á®¢¯ ¤ îâ.

�®ª § â¥«ìáâ¢® ®¡à â®© â¥®à¥¬ë ¯à®¢®¤¨âáï â ª ¦¥, ª ª ¨ ¤®ª § â¥«ìáâ¢®   «®£¨ç®©
â¥®à¥¬ë ¤«ï ª« áá¨ç¥áª¨å âà¨-âª ¥©, ®¡à §®¢ ëå á«®¥¨ï¬¨ ®¤¨ ª®¢ëå à §¬¥à®áâ¥© [1].
�®íâ®¬ã ¯à¨¢¥¤¥¬ â®«ìª® ¥¥ ä®à¬ã«¨à®¢ªã.

�¥®à¥¬  2. �ãáâì ¤¢¥ âà¨-âª ¨ W (p; q; q) ¨ fW (p; q; q) § ¤ ë á®®â¢¥âáâ¢¥®   ¤¨ää¥-

à¥æ¨àã¥¬ëå ¬®£®®¡à §¨ïå M ¨ fM à §¬¥à®áâ¨ p+ q, ¨ áãé¥áâ¢ã¥â «®ª «ìë© ¤¨ää¥®¬®à-

ä¨§¬ � :M ! fM ,   â ª¦¥ £« ¤ª®¥ ¯®«¥ «¨¥©ëå ®â®¡à ¦¥¨© �A : RA ! R�(A), £¤¥ A 2M ,

RA ¨ R�(A) | à¥¯¥àë ¢ á®®â¢¥âáâ¢ãîé¨å â®çª å. �á«¨ ¢ á®®â¢¥âáâ¢ãîé¨å à¥¯¥à å â¥§®-

àë ªàãç¥¨ï ¨ ªà¨¢¨§ë âª ¥© W (p; q; q) ¨ fW (p; q; q) á®¢¯ ¤ îâ, â® âà¨-âª ¨ W (p; q; q) ¨
fW (p; q; q) íª¢¨¢ «¥âë.

4. � ¤ ¤¨¬ âà¨-âª ì W (p; q; q) ¢ «®ª «ìëå ª®®à¤¨ â å ãà ¢¥¨¥¬

z = f(x; y); (8)

£¤¥ z = (z�), x = (xi), y = (y�), � = 1; 2; : : : ; p; i = 1; 2; : : : ; q,   à £¨ ¬ âà¨æ
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âª ¨ W (p; q; q) ®¯à¥¤¥«ïîâáï á®®â¢¥âáâ¢¥® ãà ¢¥¨ï¬¨

x = const; y = const; z = const :
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�à ¢¥¨¥ (9) âª ¨ W (p; q; q),  §ë¢ ¥¬®¥ â ª¦¥ ¥¥ ª®®à¤¨ âë¬ £àã¯¯®¨¤®¬, à áá¬ âà¨¢ -
¥âáï ª ª ¨ ¢ ª« áá¨ç¥áª®© â¥®à¨¨ á â®ç®áâìî ¤® ¤®¯ãáâ¨¬ëå (¨§®â®¯¨ç¥áª¨å) ¯à¥®¡à §®¢ ¨©,
®¯à¥¤¥«ï¥¬ëå «®ª «ìë¬¨ ¤¨ää¥®¬®àä¨§¬ ¬¨ ¢¨¤ 

x = �(x); y = �(y); z = (z):

�ç¥¢¨¤®, âª ¨ W (p; q; q) ¨ fW (p; q; q) íª¢¨¢ «¥âë â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¨å ª®®à¤¨ â-
ë¥ £àã¯¯®¨¤ë ¨§®â®¯ë.

�ãáâì äãªæ¨ï f , ®¯à¥¤¥«ïîé ï âª ì W (p; q; q), ã¤®¢«¥â¢®àï¥â â®¦¤¥áâ¢ã

f(x1; f
�1(x2; f(x1; y))) = f(x1 � x2; y); (9)

£¤¥ (�) | ®¯¥à æ¨ï ¢ ¥ª®â®à®© ª¢ §¨£àã¯¯¥ Q, § ¤ ®©   ¡ §¥ ¯¥à¢®£® á«®¥¨ï (á¬. à¨áã®ª).

�®¦® ¯®ª § âì, çâ® â ª ï âª ì å à ªâ¥à¨§ã¥âáï § ¬ëª ¨¥¬ ª®ä¨£ãà æ¨©,   «®£¨çëå
¨§¢¥áâ®© «¥¢®© ª®ä¨£ãà æ¨¨ �®« . �®áâà®¥¨¥ íâ¨å ª®ä¨£ãà æ¨© ¯à®¢®¤¨âáï â ª ¦¥, ª ª ¨
¯®áâà®¥¨¥ ª®ä¨£ãà æ¨¨ R   âª ¨W (p; q; q) [6]. � §®¢¥¬ âà¨-âª ì W (p; q; q), ®¯à¥¤¥«ï¥¬ãî
£àã¯¯®¨¤®¬ (9) á® á¢®©áâ¢®¬ (10), «¥¢®© âª ìî �®«  ¨ ®¡®§ ç¨¬ Bl(p; q; q).

�¯¥à æ¨ï (�)   «®£¨ç  á¥à¤æ¥¢¨¥ ª« áá¨ç¥áª®© âª ¨ �®«  [7]. �¥à¤æ¥¢¨  (�) ¨¤ãæ¨àã-
¥â   ¯¥à¢®¬ á«®¥¨¨ âª ¨ Bl(p; q; q) á¨¬¬¥âà¨¨ ¢¨¤  Sx1(x2) = x1 �x2, £¤¥ á«®© x1 ä¨ªá¨à®¢ ,
  ®¡à §®¬ á«®ï x2 ¡ã¤¥â ®¡é ï âà á¢¥àá «ì (q�p)-¬¥àëå ¬®£®®¡à §¨© V (A) ¯à¨ ãá«®¢¨¨, çâ®
A ¯à®¡¥£ ¥â ¢¥àâ¨ª «ìë© á«®© x2. �ª § ë¥ á¨¬¬¥âà¨¨ § ¤ îâ   ¡ §¥ ¯¥à¢®£® á«®¥¨ï âª -
¨ Bl(p; q; q) «®ª «ì® á¨¬¬¥âà¨ç¥áªãî áâàãªâãàã,     ¬®£®®¡à §¨¨ á ¬®© âª ¨ | â®ç¥ç®¥
®â®¡à ¦¥¨¥ ', '(A) = V (A) \ (x1 � x2).

�â®¡à ¦¥¨¥ ' ¢®§¨ª ¥â ¯à¨ ä¨ªá æ¨¨ ¢¥àâ¨ª «ì®£® á«®ï x1. �®®â¢¥âáâ¢ãîé¨© «¥¢ë©
á¤¢¨£ Lx1 ¢ ª®®à¤¨ â®¬ £àã¯¯®¨¤¥ f ¢¥àâ¨ª «ìë¥ á«®¨ âª ¨ ¯¥à¥¢®¤¨â ¢ ¢¥àâ¨ª «ìë¥,  
£®à¨§®â «ìë¥ ¨  ª«®ë¥ á«®¨ âª ¨ ¬¥ï¥â ¬¥áâ ¬¨. �«¥¤®¢ â¥«ì®, ®â®¡à ¦¥¨¥ ' ï¢«ï-
¥âáï  ¢â®¬®àä¨§¬®¬ âª ¨ Bl(p; q; q). �à¨ íâ®¬, ¯®áª®«ìªã ®® ¯®à®¦¤ ¥âáï á¤¢¨£ ¬¨ ª®®à¤¨-
 â®£® £àã¯¯®¨¤ , â® ¥£® ¬®¦®  §ë¢ âì ¢ãâà¥¨¬  ¢â®¬®àä¨§¬®¬.

� ¤¨ää¥à¥æ¨ «ì®© ä®à¬¥ á¤¢¨£ Lx1 § ¤ ¥âáï ãà ¢¥¨ï¬¨
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�®áª®«ìªã íâ¨ ¯à¥®¡à §®¢ ¨ï ï¢«ïîâáï  ¢â®¬®àä¨§¬ ¬¨, â® ®¨ á®åà ïîâ ¢¨¤ áâàãªâãà-
ëå ãà ¢¥¨© (3) ¨ (4). �âáî¤  ¯®«ãç ¥¬ á«¥¤ãîé¨¥ á®®â®è¥¨ï ¤«ï ª®¬¯®¥â®¢ â¥§®à 

59



ªà¨¢¨§ë:

b��(�) = 0; buv(�) = 0; bu�(�) = 0;
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¥¨© (3) âª ¨ Bl(p; q; q) ¡ã¤¥â â ª®©:

d!�
� � !

� ^ !
�
 = b���!2


^ !

3

� + b��w(!2

� !

3

) ^ !
1

w;

d!u
v � !w

v ^ !
u
w = buv�!2


^ !

3

� + buvw(!2

� !

3

) ^ !
1

w;

d!u
� � !v

� ^ !
u
v � !

� ^ !
u
 = bu��!2


^ !

3

� + bu�w(!2

� !

3

) ^ !
1

w;

(d!�
� � !


� ^ !

�
 ) ^ !3

� + d�
3

� +�
3

�
^ !�

� = 0;

(d!�
� � !


� ^ !

�
 ) ^ !2

� + d�
2

� +�
2

�
^ !�

� = 0;

£¤¥
b��(�) = 0; buv(�) = 0; bu�(�) = 0;

¨ ®¡®§ ç¥®
b��w = b

�

�w; buv�w = b
u

v�w; bu��w = b
u

��w:

�®£« á® â¥®à¥¬¥ 2 ¯®«ãç¥ë¥ ãá«®¢¨ï ï¢«ïîâáï ¨ ¤®áâ â®çë¬¨ ¤«ï â®£®, çâ®¡ë âª ì
W (p; q; q) ï¢«ï« áì âª ìî Bl(p; q; q). �â ª, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3. �ª ì W (p; q; q)   ¬®£®®¡à §¨¨ à §¬¥à®áâ¨ p + q ï¢«ï¥âáï âª ìî �®« 

Bl(p; q; q) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ¥¥ â¥§®à ªà¨¢¨§ë ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ (11).

� ¬¥â¨¬, çâ®   «®£¨ç®¥ ¤®ª § â¥«ìáâ¢® ¯à®å®¤¨â ¨ ¤«ï ª« áá¨ç¥áª¨å âà¨-âª ¥© �®« 
W (p; p; p). �® ¯à¨æ¨¯¨ «ì® ®â«¨ç ¥âáï ®â ¤®ª § â¥«ìáâ¢  ¢ [8] ¨ § ç¨â¥«ì® ¯à®é¥ ¯®á«¥¤-
¥£®.

5. �à¨¢¥¤¥¬ ¯à¨¬¥à âà¨-âª ¨ Bl(2; 3; 3), ª®â®à ï ¨¬¥¥â ¥¤¨áâ¢¥ãî ®â«¨çãî ®â ã«ï
ª®¬¯®¥âã â¥§®à  ªà¨¢¨§ë b1223 = b = const. �âàãªâãàë¥ ãà ¢¥¨ï â ª®© âª ¨ ¯à¨¢®¤ïâáï
ª ¢¨¤ã

d!
3

1 = !
3

2
^ !1

2 +�
3

1; d!
3

2 = 0; d!
1

3 = 0;

d!
2

1 = !
2

2
^ !1

2 +�
2

1; d!
2

2 = 0;

d!1
2 = b(!

2

2
� !

3

2) ^ !
1

3;

d�
3

1 = �d!1
2 ^ !3

2; d�
2

1 = �d!1
2 ^ !2

2:

(11)

�â  á¨áâ¥¬  § ¬ªãâ  ®â®á¨â¥«ì® ¢¥è¥£® ¤¨ää¥à¥æ¨à®¢ ¨ï. �®á«¥¤®¢ â¥«ì® ¨â¥£à¨-
àãï á¨áâ¥¬ã (12),  ©¤¥¬

!
3

1 = �
1
8
b(w2)2du3 +

1
8
u3d(w2)2 + dw1;

!
1

3 = du3; !
3

2 = dw2; !
2

2 = dv2;

!
2

1 =
1
8
b(v2)2du3

�
1
8
u3d(v2)2 + dv1;

!1
2 =

1
2
bv2w2du3

�
1
2
bu3d(v2 �w2);

�
3

1 = �
1
2
b(u3dv2 � v2du3) ^ dw2;

�
2

1 =
1
2
b(u3dw2

� w2du3) ^ dv2;
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£¤¥ w1, w2, u3, v1 ¨ v2 | «®ª «ìë¥ ª®®à¤¨ âë.
� ©¤¥¬ ãà ¢¥¨ï á«®¥¨© íâ®© âª ¨. �«®¨ âà¥âì¥£® á«®¥¨ï à áá¬ âà¨¢ ¥¬®© âà¨-âª ¨

Bl(2; 3; 3) ®¯à¥¤¥«ïîâáï ãà ¢¥¨ï¬¨

!
3

1 = dw1
�
1
8
b(w2)2du3 +

1
8
u3d(w2)2 = 0; !

3

2 = dw2 = 0:

�â¥£à¨àãï ¨å, ¯®«ãç¨¬

w1
�
1
8
b(z2)2u3 = z1; w2 = z2;

£¤¥ z1, z2 | ¯¥à¢ë¥ ¨â¥£à «ë á¨áâ¥¬ë. � «®£¨ç®  ©¤¥¬ ãà ¢¥¨ï á«®¥¢ ¢â®à®£® á«®¥¨ï
âª ¨. �¨ ®¯à¥¤¥«ïîâáï ãà ¢¥¨ï¬¨

!
2

1 = dv1 +
1
8
b(v2)2du3

�
1
8
u3d(v2)2 = 0; !

2

2 = dv2 = 0:

�â¥£à¨àãï íâ¨ ãà ¢¥¨ï, ¯®«ãç¨¬

v1 +
1
8
b(y2)2u3 = y1; v2 = y2;

£¤¥ y1, y2 | ¯¥à¢ë¥ ¨â¥£à «ë á¨áâ¥¬ë. C«®¨ ¯¥à¢®£® á«®¥¨ï âà¨-âª ¨ Bl(2; 3; 3) ®¯à¥¤¥«ï-
îâáï ãà ¢¥¨ï¬¨

!
3

1
� !

2

1 = 0; !
3

2
� !

2

2 = 0; !
1

3 = 0;

¨«¨

dw1
�
1
8
b(w2)2du3 +

1
8
u3d(w2)2 � dv1 +

1
8
b(v2)2du3

�
1
8
u3d(v2)2 = 0;

dw2
� dv2 = 0; du3 = 0:

�â¥£à¨àãï ¨å, ¯®«ãç¨¬

w1
� v1 +

1
4
bx3(v2)2 = x1; w2

� v2 = x2; u3 = x3;

£¤¥ x1, x2, x3 | ¯¥à¢ë¥ ¨â¥£à «ë á¨áâ¥¬ë. �áª«îç¨¬ «®ª «ìë¥ ª®®à¤¨ âë ¨§ ¯®«ãç¥-
ëå ãà ¢¥¨© á«®¥¨© ¨ ¯à®¢¥¤¥¬ ¤®¯ãáâ¨¬ë¥ (¨§®â®¯¨ç¥áª¨¥) ¯à¥®¡à §®¢ ¨ï. � à¥§ã«ìâ â¥
¯®«ãç¨¬ ª®¥çë¥ ãà ¢¥¨ï à áá¬ âà¨¢ ¥¬®© âà¨-âª ¨ ¢ ¢¨¤¥

z1 = x1 + y1 � x3y2(x2 + y2); z2 = x2 + y2:

� ©¤¥¬ ãà ¢¥¨ï á¥à¤æ¥¢¨ë (�) íâ®© âª ¨. �®áâ ¢¨¬ à ¢¥áâ¢  (10). �¨ ï¢«ïîâáï â®¦¤¥-
áâ¢ ¬¨ ®â®á¨â¥«ì® y ¨ á¢ï§ë¢ îâ ¢¥«¨ç¨ë x1, x2 ¨ x1�x2. �à®¢¥¤ï ¥®¡å®¤¨¬ë¥ ¢ëç¨á«¥¨ï,
¯®«ãç¨¬ ¨áª®¬ë¥ ãà ¢¥¨ï ª¢ §¨£àã¯¯ë Q(�):

c1 = 2a1 � b1 � (a2 � b2)(a2(a3 � b3) + a3(a2 � b2));

c2 = 2a2 � b2; c3 = 2a3 � b3;
(12)

£¤¥ ®¡®§ ç¥® c = x1 � x2, a = x1, b = x2. �®áâà®¨¬ £« ¢ë© ¨§®â®¯ ª¢ §¨£àã¯¯ë (13) | «¥¢ãî
«ã¯ã �®«  á ¥¤¨¨æ¥© e(0; 0; 0):

w1 = u1 + v1 � u3v2(u2 + v2);

w2 = u2 + v2; w3 = u3 + v3:

� ¬¥â¨¬, çâ® ª¢ §¨£àã¯¯ , «¥¢ ï ®¡à â ï ª¢ §¨£àã¯¯¥ (13), ¨§®â®¯  áà¥¤¥© «ã¯¥ �®« , ãà ¢-
¥¨ï ª®â®à®©  ©¤¥ë ¢ à ¡®â¥ [9].

61



�¨â¥à âãà 

1. Akivis M.A., Shelekhov A.M. Algebra and geometry of multidimensional three-webs. { Dordrecht{
Boston{London: Kluwer, 1992. { 358 p.

2. �ª¨¢¨á �.�., �®«ì¤¡¥à£ �.�. � ¬®£®¬¥àëå âà¨-âª ïå, ®¡à §®¢ ëå ¯®¢¥àå®áâï¬¨ à §-

ëå à §¬¥à®áâ¥© // ��� ����. { 1972. { �. 203. { ò2. { �. 263{266.
3. �®«áâ¨å¨  �.�., �¥«¥å®¢ �.�. � âà¨-âª ïå W (p; q; p + q � 1),   ª®â®àëå § ¬ëª îâáï

®¡®¡é¥ë¥ ª®ä¨£ãà æ¨¨ �¥©¤¥¬¥©áâ¥à . { �¢¥àáª. £®á. ã-â. { M., 2001. { 46 á. { �¥¯. ¢
������. ò1868-�01.

4. �®«áâ¨å¨  �.�., �¥«¥å®¢ �.�. �¡®¡é¥ ï  áá®æ¨ â¨¢®áâì ¢ £« ¤ª¨å £àã¯¯®¨¤ å // �®ª«.
���. { 2002. { �. 383. { ò 1. { �. 32{33.

5. �®«áâ¨å¨  �.�., �¥«¥å®¢ �.�. �«®¦¥¨¥ âà¨-âª ¨, ®¯à¥¤¥«ï¥¬®© £àã¯¯®© ¯à¥®¡à §®¢ -

¨©, ¢ £àã¯¯®¢ãî âà¨-âª ì. { �¢¥àáª. £®á. ã-â. { M., 2003. { 17 á. { �¥¯. ¢ ������.
ò880-�03.

6. �®«áâ¨å¨  �.�., �¥«¥å®¢ �.�. �à¨-âª ¨, ®¯à¥¤¥«ï¥¬ë¥ £àã¯¯ ¬¨ ¯à¥®¡à §®¢ ¨© // �®ª«.
���. { 2002. { �. 385. { ò 4. { �. 1{3.

7. �¥«®ãá®¢ �.�. �á®¢ë â¥®à¨¨ ª¢ §¨£àã¯¯ ¨ «ã¯. { �.: � ãª , 1967. { 223 á.
8. �¥¤®à®¢  �.�. �¡ ãá«®¢¨¨, ®¯à¥¤¥«ïîé¥¬ ¬®£®¬¥àë¥ âà¨-âª ¨ �®«ï // �¨¡. ¬ â¥¬.

¦ãà. { 1987. { �.19. { ò4. { �. 922{926.
9. �¥¤®à®¢  �.�. �¥áâ¨¬¥àë¥ âà¨-âª ¨ �®«ï á á¨¬¬¥âà¨çë¬ â¥§®à®¬ aij // �ª ¨ ¨

ª¢ §¨£àã¯¯ë. { � «¨¨, 1981. { �. 110{123.

�¢¥àáª®© £®áã¤ àáâ¢¥ë© �®áâã¯¨« 

ã¨¢¥àá¨â¥â 04.06.2004

62


