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�¥çì ¨¤¥â ®¡ ãà ¢­¥­¨¨

uxy + aux + buy + cu = f (1)

¨ ¥£® ¯à®áâà ­áâ¢¥­­ëå  ­ «®£ å, ¢áâà¥ç îé¨åáï ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¯à®æ¥áá®¢ ¢¨¡à æ¨¨ ¨ ¨£à -
îé¨å áãé¥áâ¢¥­­ãî à®«ì ¢ â¥®à¨ïå  ¯¯à®ªá¨¬ æ¨¨ ¨ ®â®¡à ¦¥­¨© ([1], áá. 63, 109). �¥§ã«ìâ âë,
¨§«®¦¥­­ë¥ ­¨¦¥, ®á­®¢ ­ë ­  ¡®«¥¥ âé â¥«ì­®¬, ç¥¬ à ­¥¥, ¨§ãç¥­¨¨ ¢®§¬®¦­®áâ¥© ¬¥â®¤ 
ª áª ¤­®£® ¨­â¥£à¨à®¢ ­¨ï. �ë¤¥«ï¥¬ë¥ á«ãç ¨ á¢ï§ ­ë á® áâàãªâãà­ë¬¨ ¯à¥¤áâ ¢«¥­¨ï¬¨
ª®íää¨æ¨¥­â®¢ à áá¬ âà¨¢ ¥¬ëå ãà ¢­¥­¨©. �¥è¥­¨ï ãà ¢­¥­¨© ®âëáª¨¢ îâáï ¢ C(1;:::;1), £¤¥
C(k1;:::;km) | ª« áá äã­ªæ¨©, ¨¬¥îé¨å ­¥¯à¥àë¢­ë¥ ¯à®¨§¢®¤­ë¥ @r1+���+rm

@xr1 ���@xrm
¤«ï ¢á¥å rs 6 ks

(s = 1; : : : ;m).

1. �à®æ¥áá ¯®áâà®¥­¨ï ª áª ¤  ¤«ï ãà ¢­¥­¨ï (1) ¯à¨ f(x) � 0 ¨§«®¦¥­ ¢ ([2], á. 177{181).
� ááã¦¤¥­¨ï ¨§ [2] ¯à®å®¤ïâ ¨ ¤«ï f 6� 0, â®«ìª® ­¥áª®«ìª® ãá«®¦­ïîâáï ä®à¬ã«ë. �à¨¢¥¤¥¬
§¤¥áì íâ¨ ä®à¬ã«ë (®­¨ ­ã¦­ë ¢ ¤ «ì­¥©è¥¬),   â ª¦¥ ãª ¦¥¬ ­¥ª®â®àë¥ ­®¢ë¥ ãá«®¢¨ï
à §à¥è¨¬®áâ¨ (1) ¢ ï¢­®¬ ¢¨¤¥.

�á«¨ h = ax + ab� c � 0, â® ®¡é¥¥ ¯à¥¤áâ ¢«¥­¨¥ à¥è¥­¨© (1) § ¤ ¥âáï ä®à¬ã«®©
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�­ «®£¨ç­® ¯à¨ k = by + ab� c � 0
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d� d�: (3)

�ª«îç¥­¨¥ u 2 C(1;1) ®¡¥á¯¥ç¨¢ ¥âáï ãá«®¢¨ï¬¨ a 2 C(1;0), b 2 C(0;1); c; f 2 C(0;0). �à¨ íâ®¬
P;M 2 C1; Q;N 2 C | ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨. � ª ç¥áâ¢¥ (x0; y0) ¬®¦­® ¢§ïâì «î¡ãî â®çªã
à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨. �á«¨ h 6= 0, â®, § ¯¨áë¢ ï (1) ¢ ¢¨¤¥ á¨áâ¥¬ë

u1 = uy + au; u1x + bu1 � f = hu; (4)

  § â¥¬ ¨áª«îç ï ¨§ ­¥¥ u, ®¯ïâì ¯à¨¤¥¬ ª ãà ¢­¥­¨î ¢¨¤  (1):

u1xy + a1u1x + b1u1y + c1u1 = f1; (5)

£¤¥ a1 = a � (lnh)y, b1 = b, c1 = c � ax + by � b(lnh)y, f1 = [a � (lnh)y]f � fy. �®«ì h, k ¤«ï (5)
¨£à îâ

h1 = 2h� k � (lnh)xy; k1 = h: (6)
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�ç¥¢¨¤­®, ¯à¨ íâ®¬ ®â ª®íää¨æ¨¥­â®¢ a, b, c, f âà¥¡ã¥âáï ¤®¯®«­¨â¥«ì­ ï £« ¤ª®áâì: a 2 C(2;1);
b; c 2 C(1;1); f 2 C(0;1). � á«ãç ¥ k 6= 0 ¢¬¥áâ® (4) á«¥¤ã¥â ¢§ïâì á¨áâ¥¬ã

u�1 = ux + bu; u�1y + au�1 � f = ku; (7)

  ¤«ï u�1 ¯®«ãç¨âáï ãà ¢­¥­¨¥

u�1xy + a�1u�1x + b�1u�1y + c�1u�1 = f�1; (8)

a�1 = a, b�1 = b� (lnk)x, c�1 = c� by + ax � a(ln k)x, f�1 = [b� (ln k)x]f � fx. � à®«¨ h, k ¤«ï (8)
¡ã¤ãâ

h�1 = k; k�1 = 2k � h� (lnk)xy: (9)

�à¨ íâ®¬ b 2 C(1;2); a; c 2 C(1;1); f 2 C(1;0).
�®®â­®è¥­¨ï (6) ¨ (9) ¯®§¢®«ïîâ ¢ë¢¥áâ¨ ãá«®¢¨ï áâàãªâãà­®£® å à ªâ¥à  ­  ª®íää¨æ¨¥­-

âë ãà ¢­¥­¨ï (1), ®¡¥á¯¥ç¨¢ îé¨¥ à §à¥è¨¬®áâì íâ®£® ãà ¢­¥­¨ï ¢ ª¢ ¤à âãà å. �â¨ ãá«®¢¨ï
ã¤®¡­® ä®à¬ã«¨à®¢ âì ¢ â¥à¬¨­ å ®¡®§­ ç¥­¨©

�(x; y) =
Z x
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Z y
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(2at � b� + ab� c)d� dt;
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Z x
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Z y
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(10)

¨ â®¦¤¥áâ¢

max � by + (m� 1)(ab � c) = 0; (11)

mby � ax + (m� 1)(ab � c) = 0: (12)

� (10) a, b, c § ¢¨áïâ ®â t, � ,   ¢ (11), (12) | ®â x, y; ¢ ª ç¥áâ¢¥m ¬®¦¥â á«ã¦¨âì «î¡ ï äã­ªæ¨ï
¨§ C1, § ¢¨áïé ï «¨¡® «¨èì ®â x, «¨¡® «¨èì ®â y. �à®¬¥ â®£®, ¯à¥¤¯®« £ ¥âáï, çâ® m 6= 2.

�¥®à¥¬ . �¡é¥¥ ¯à¥¤áâ ¢«¥­¨¥ à¥è¥­¨© ãà ¢­¥­¨ï (1) ¬®¦¥â ¡ëâì § ¯¨á ­® ¢ ª¢ ¤à âã-

à å, ¥á«¨ ¢ë¯®«­ï¥âáï «î¡®© ¨§ á«¥¤ãîé¨å ç¥âëà¥å ¢ à¨ ­â®¢ ãá«®¢¨©:

a) h ¨¬¥¥â áâàãªâãàã

h = '(x) (y) exp �(x; y); ' 6= 0; ';  2 C1;

b) k ¨¬¥¥â â®â ¦¥ ¢¨¤, çâ® ¨ h ¢ ¯à¥¤ë¤ãé¥© ä®à¬ã«¥, ­® á § ¬¥­®© �(x; y) ­  �(x; y) ¨§
(10);

c) h § ¯¨áë¢ ¥âáï ¢ ä®à¬¥

h =
2'0(x) 0(y)

(2�m)['(x) +  (y)]2
; ' 2 C2;  2 C1; '0 0 6= 0; '+  6= 0; (13)

¨ ¢ë¯®«­ï¥âáï â®¦¤¥áâ¢® (11);
d) k â ª¦¥ § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ (13), ­® ¢¬¥áâ® (11) ¢ë¯®«­ï¥âáï â®¦¤¥áâ¢® (12), ¯à¨

íâ®¬ ' 2 C1,  2 C2, ¨, ª ª ¢ (13), '0 0 6= 0, '+  6= 0.

�¤¥áì ',  | «î¡ë¥ äã­ªæ¨¨ ¨§ ãª § ­­®£® ª« áá .

�«ï ¯®¤â¢¥à¦¤¥­¨ï ¯¥à¢®£® ¢ à¨ ­â  íâ®© â¥®à¥¬ë ¤®áâ â®ç­® § ¬¥â¨âì, çâ® ¨§ áâàãªâã-
àë h ¢ ãá«®¢¨¨ a) ¨ ¯¥à¢®© ä®à¬ã«ë ¨§ (10) á«¥¤ã¥â (lnh)xy = �xy = 2ax� by+ab� c. �®á«¥¤­¥¥
¦¥ ¢ëà ¦¥­¨¥ à ¢­® 2h� k (¯à®¢¥àï¥âáï ­¥¯®áà¥¤áâ¢¥­­®). �®íâ®¬ã (á¬. (6)) h1 � 0, çâ® ®¡¥á-
¯¥ç¨¢ ¥â à §à¥è¨¬®áâì (5) ¢ ª¢ ¤à âãà å ¯® ä®à¬ã«¥ (2), £¤¥ ­ã¦­® â®«ìª® § ¬¥­¨âì a; f á®®â-
¢¥âáâ¢¥­­® ­  a1, f1. �®¤áâ ¢«ïï § â¥¬ u1 ¢® ¢â®àãî ä®à¬ã«ã (4), ­ ©¤¥¬ (h 6= 0) ¯à¥¤áâ ¢«¥­¨¥
¢á¥å à¥è¥­¨© ãà ¢­¥­¨ï (1). �®¤®¡­ë¬ ¦¥ ®¡à §®¬ ãáâ ­ ¢«¨¢ ¥âáï ¤®áâ â®ç­®áâì ãá«®¢¨ï b)
¤«ï à §à¥è¨¬®áâ¨ (1) ¢ ª¢ ¤à âãà å, ¯à¨ íâ®¬ à®«ì (4){(6) ¨£à îâ (7){(9). � ãá«®¢¨ïå ¢ à¨-
 ­â  c) ¨§ (13) á«¥¤ã¥â ([3], á. 321{322, ä®à¬ã«ë (159), (164)), çâ® h0 = (2 �m)h ã¤®¢«¥â¢®àï¥â
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ãà ¢­¥­¨î (lnh0)xy = h0. � ª ª ª (lnh0)xy � (lnh)xy, â® ¨¬¥¥¬ (lnh)xy � (2 �m)h. �®áª®«ìªã
(11) íª¢¨¢ «¥­â­® â®¦¤¥áâ¢ã mh � k (¢­®¢ì ­¥¯®áà¥¤áâ¢¥­­ ï ¯à®¢¥àª ), â® (lnh)xy � 2h � k.
�«¥¤®¢ â¥«ì­® (á¬. (6)), h1 � 0. � ª¨¬ ®¡à §®¬, ¨ ¢ íâ®¬ á«ãç ¥ ãà ¢­¥­¨¥ (5),   §­ ç¨â, ¨ (1),
à¥è ¥âáï ¢ ª¢ ¤à âãà å. �­ «®£¨ç­®¥ à ááã¦¤¥­¨¥ ¨¬¥¥â ¬¥áâ® ¨ ¤«ï ¢ à¨ ­â  d). �« ¤ª®áâì ',
 , ãª § ­­ ï ¢ a){d), á«¥¤ã¥â ¨§ ãá«®¢¨©, ­ «®¦¥­­ëå à ­¥¥ ­  ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï (1)
¤«ï ®¡¥á¯¥ç¥­¨ï ¯à¨­ ¤«¥¦­®áâ¨ à¥è¥­¨ï ª« ááã C(1;1). �

�ãáâì â¥¯¥àì �, �, � | ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨, ª ¦¤ ï ¨§ ª®â®àëå § ¢¨á¨â «¨¡® «¨èì ®â
x, «¨¡® «¨èì ®â y. �¥¯®áà¥¤áâ¢¥­­®© ¯®¤áâ ­®¢ª®© ¢ ¢ à¨ ­âë a){d) á ãç¥â®¬ ä®à¬ã« (10){(12)
­¥âàã¤­® ã¡¥¤¨âìáï, çâ® ãá«®¢¨ï â¥®à¥¬ë ¡ã¤ãâ ¢ë¯®«­¥­ë, ¥á«¨ ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï
¨¬¥îâ ®¤¨­ ¨§ á«¥¤ãîé¨å ¢®áì¬¨ ­ ¡®à®¢ áâàãªâãà­ëå ¯à¥¤áâ ¢«¥­¨©:

a = �(y); b = �(x)�(y); c = �(y)�(x)�(y)� �(x)� 0(y);

� 0� 6= 0; � 2 C; � 2 C1; � 2 C2;
(14)

a = �(x)�(y); b = �(x); c = 2�0(x)�(y) + �(x)�(x)�(y);

�0� 6= 0; � 2 C; � 2 C2; � 2 C1;
(15)

a = �(x)�(y); b = �(x); c = �(x)�(y)�(x)� �(y)�0(x);

�0� 6= 0; � 2 C2; � 2 C1; � 2 C;
(16)

a = �(y); b = �(y)�(x); c = 2�0(y)�(x) + �(y)�(y)�(x);

�0� 6= 0; � 2 C; � 2 C2; � 2 C1;
(17)

a = �(y); b = �0(x)

�(x)+�(y)
; c = �(y)�0(x)

�(x)+�(y)
� �0(x)�0(y)

[�(x)+�(y)]2
;

�0� 0 6= 0; �+ � 6= 0; � 2 C; � 2 C2; � 2 C1;
(18)

a = �0(y)
�(x)+�(y)

; b = �(x); c = �(x)�0(x)
�(x)+�(y)

� �0(x)�0(y)
[�(x)+�(y)]2

;

�0� 0 6= 0; �+ � 6= 0; � 2 C; � 2 C1; � 2 C2;
(19)

a = �0(y)
�(x)+�(y)

; b = �(x)�0(x)
�(x)+�(y)

; c = [2�(x) � 4] �0(x)�0(y)
[�(x)+�(y)]2

;

� 6= 3; �0� 0 6= 0; �+ � 6= 0; �; � 2 C1; � 2 C2;
(20)

a = �(y)�0(y)
�(x)+�(y)

; b = �0(x)
�(x)+�(y)

; c = [2�(y) � 4] �0(x)�0(y)
[�(x)+�(y)]2

;

� 6= 3; �0� 0 6= 0; �+ � 6= 0; �; � 2 C1; � 2 C2:
(21)

�à¨ íâ®¬ ¤«ï (14){(17) á«¥¤ã¥â ¯à®¢¥àïâì ¢ à¨ ­âë a) ¨ b),   ¤«ï (18){(21) | c) ¨ d). � á«ãç ïå
(18), (19) m � 0,   ¢ (20) ¨ (21) m = 4�2�

3��
á � = �(x) ¨ � = �(y) á®®â¢¥âáâ¢¥­­®.

�«¥¤áâ¢¨¥. �«ï à §à¥è¨¬®áâ¨ ãà ¢­¥­¨© (1) ¢ ª¢ ¤à âãà å ¤®áâ â®ç­® ¢ë¯®«­¥­¨ï «î¡®£®
­ ¡®à  ¨§ ¯à¥¤áâ ¢«¥­¨© (14){(21).

2. �¡à â¨¬áï ª ãà ¢­¥­¨î

uxyz + auxy + buyz + cuxz + dux + euy + fuz + gu = F; (22)

a 2 C(1;1;0), b 2 C(0;1;1), c 2 C(1;0;1), d 2 C(1;0;0), e 2 C(0;1;0), f 2 C(0;0;1), g, F 2 C(0;0;0), ª®â®à®¥ à ­¥¥
¨áá«¥¤®¢ «®áì, ¢ ®á­®¢­®¬, ¬¥â®¤®¬ �¨¬ ­  [4]{[7].
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�­ «®£ ¬¨ ª®­áâàãªæ¨© h, k §¤¥áì ï¢«ïîâáï ([8], á. 35)

h1 = ax + ab� e; h2 = ay + ac� d; h3 = by + bc� f;

h4 = bz + ab� e; h5 = cx + bc� f; h6 = cz + ac� d;

h7 = dx + bd� g; h8 = ey + ce� g; h9 = fz + af � g:

�¢¥¤¥¬ äã­ªæ¨¨

v1 = uyz + auy + cuz + du; v2 = uxz + aux + buz + eu;

v3 = uxy + cux + buy + fu:
(23)

� ¨å ¯®¬®éìî ãà ¢­¥­¨¥ (22) ¬®¦­® § ¯¨á âì á«¥¤ãîé¨¬ ®¡à §®¬:

v1x + bv1 = h1uy + h5uz + h7u+ F;

v2y + cv2 = h2ux + h3uz + h8u+ F; (24)

v3z + av3 = h4uy + h6ux + h9u+ F:

�â¨ ä®à¬ã«ë ¬®¦­® ¯à®¢¥à¨âì ­¥¯®áà¥¤áâ¢¥­­ë¬ ¢ëç¨á«¥­¨¥¬. � ¯à¨¬¥à, ¤«ï ¯®«ãç¥­¨ï ¯¥à-
¢®© ¨§ ­¨å ¤®áâ â®ç­® § ¯¨á âì «¥¢ãî ç áâì ãà ¢­¥­¨ï (22) ¢ ¢¨¤¥

@

@x
(uyz + auy + cuz + du) + (e� ax)uy + (f � cx)uz + (g � dx)u+ buyz;

ãç¥áâì, çâ® ¯¥à¢®¥ á« £ ¥¬®¥ §¤¥áì ¥áâì @v1=@x, ¨ § ¬¥­¨âì ¢ ¯®á«¥¤­¥¬ á« £ ¥¬®¬ ¯à®¨§¢®¤­ãî
uyz ¥¥ §­ ç¥­¨¥¬ ¨§ ¯¥à¢®£® à ¢¥­áâ¢  (23). �­ «®£¨ç­® ¯®«ãç îâáï ®áâ ¢è¨¥áï ¤¢¥ ä®à¬ã«ë
(24).

� ¬¥â¨¬, çâ® á®®â­®è¥­¨ï (23), (24) ¡ë«¨  ­®­á¨à®¢ ­ë ¢ [9].
�§ (23), (24) ­¥¯®áà¥¤áâ¢¥­­® ãá¬ âà¨¢ ¥âáï, çâ® ¥á«¨ ¢ë¯®«­¥­  å®âï ¡ë ®¤­  ¨§ âà¥å £àã¯¯

â®¦¤¥áâ¢

h1 � h5 � h7 � 0; h2 � h3 � h8 � 0; h4 � h6 � h9 � 0; (25)

â® ¯®àï¤®ª ãà ¢­¥­¨ï (22) ¬®¦¥â ¡ëâì ¯®­¨¦¥­ ­  ¥¤¨­¨æã. �¥©áâ¢¨â¥«ì­®, ¢ íâ¨å á«ãç ïå
ãà ¢­¥­¨ï (24) à¥è îâáï ®â­®á¨â¥«ì­® å®âï ¡ë ®¤­®© ¨§ äã­ªæ¨© vk, k = 1; 2; 3. � ¯à¨¬¥à, ¯à¨
¯¥à¢®© £àã¯¯¥ â®¦¤¥áâ¢ (25) ¨¬¥¥¬

v1 = !(y; z) exp
Z x0

x

b(�; y; z)d� +
Z x

x0

�
exp

Z �

x

b(�1; y; z)d�1

�
F (�; y; z)d�;

£¤¥ !(y; z) | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¨§ C(1;1).
�à ¢­¥­¨ï (23) á ¨áª®¬®© äã­ªæ¨¥© u ®â­®áïâáï ª ¢¨¤ã (1). �®íâ®¬ã, ª®¬¡¨­¨àãï ¯à¥¤áâ -

¢«¥­¨ï â¨¯  (14){(21) á (25), ¬®¦¥¬ ®¯à¥¤¥«¨âì ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ à §à¥è¨¬®áâì (22)
¢ ª¢ ¤à âãà å. �à®¨§¢®«ì­ë¥ äã­ªæ¨¨, ¨£à îé¨¥ à®«ì �, �, �, ¡ã¤ãâ § ¢¨á¥âì ã¦¥ ®â ¤¢ãå
¯¥à¥¬¥­­ëå. �á«¨ á®åà ­¨âì ¤«ï ¨å ®¡®§­ ç¥­¨ï â¥ ¦¥ ¡ãª¢ë, â®, à áá¬ âà¨¢ ï, ­ ¯à¨¬¥à,
ª®¬¡¨­ æ¨î ¨§ (14) ¨ ¯¥à¢ëå â®¦¤¥áâ¢ (25), ¯à¨¤¥¬ ª á«¥¤ãîé¥¬ã à¥§ã«ìâ âã. �ãáâì a, c, d
¨¬¥îâ ¢¨¤

a = �(x; z); c = �(x; y)�(x; z); d = �(x; z)�(x; y)�(x; z) � �(x; y)�z(x; z): (26)

�á«¨ ¯à¨ íâ®¬ �z� 6= 0,   e, f , g § ¯¨áë¢ îâáï ç¥à¥§ �, �, � ¨ b(x; y; z) ¯® ä®à¬ã« ¬

e = �x + b�; f = (��)x + b��; g = (���)x � (��z)x + b(��� � ��z); (27)

â® ãà ¢­¥­¨¥ (22) à¥è ¥âáï ¢ ª¢ ¤à âãà å. �®­ïâ­®, çâ® ãª § ­­ë¬ á¯®á®¡®¬ ¬®¦­® ¯®«ãç¨âì
¥é¥ 23 ­ ¡®à  á®®â­®è¥­¨©, ¨£à îé¨å à®«ì (26), (27). � á¢ï§¨ á ãá«®¢¨ï¬¨ £« ¤ª®áâ¨ ¨§ (14){
(21) ¢ ª ¦¤®¬ ¨§ 24-å ãª § ­­ëå á«ãç ¥¢ ¯®ï¢ïâáï á®®â¢¥âáâ¢ãîé¨¥ âà¥¡®¢ ­¨ï £« ¤ª®áâ¨ ­ 
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�, �, �. �¥ ¢¤ ¢ ïáì ¢ ¤¥â «¨, ®â¬¥â¨¬: ¤«ï à¥ «¨§ æ¨¨ ¢á¥å ª®¬¡¨­ æ¨© ¤®áâ â®ç­® áç¨â âì,
çâ® ª ¦¤ ï ¨§ �, �, � ¯à¨­ ¤«¥¦¨â ¯® á¢®¨¬  à£ã¬¥­â ¬ ª« ááã C(2;2).

3. � ª®­¥æ, ®áâ ­®¢¨¬áï ¥é¥ ­  ç¥âëà¥å¬¥à­®¬ ãà ¢­¥­¨¨ ([8], á. 46; [10], [11])

uxyzt + auxyz + buxyt + cuxzt + duyzt + euxy + fuxz + guxt +

+ huyz + kuyt + suzt +mux + nuy + puz + qut + ru = G; (28)

a 2 C(1;1;1;0), b 2 C(1;1;0;1), c 2 C(1;0;1;1), d 2 C(0;1;1;1), e 2 C(1;1;0;0), f 2 C(1;0;1;0), g 2 C(1;0;0;1),
h 2 C(0;1;1;0), k 2 C(0;1;0;1), s 2 C(0;0;1;1), m 2 C(1;0;0;0), n 2 C(0;1;0;0), p 2 C(0;0;1;0), q 2 C(0;0;0;1),
r;G 2 C(0;0;0;0). �®«ì h1; : : : , h9 §¤¥áì ¨£à îâ

�1 = az + ab� e; �2 = bt + ab� e; �3 = ay + ac� f;

�4 = ct + ac� f; �5 = ax + ad� h; �6 = dt + ad� h;

�7 = by + bc� g; �8 = cz + bc� g; �9 = bx + bd� k;

�10 = dz + bd� k; �11 = cx + cd� s; �12 = dy + cd� s;

�13 = ex + de� n; �14 = hz + bh� n; �15 = kt + ak � n;

�16 = ey + ce�m; �17 = gt + ag �m; �18 = fz + bf �m;

�19 = fx + df � p; �20 = hy + ch� p; �21 = st + as� p;

�22 = gx + dg � q; �23 = ky + ck � q; �24 = sz + bs� q;

�25 = ny + cn� r; �26 = mx + dm� r; �27 = pz + bp� r;

�28 = qt + aq � r:

�á«¨ ®¡®§­ ç¨âì

w1 = uyzt + auyz + buyt + cuzt + gut + euy + fuz +mu;

w2 = uxzt + auxz + buxt + duzt + kut + eux + huz + nu;

w3 = uxyt + auxy + cuxt + duyt + fux + huy + sut + pu;

w4 = uxyz + buxy + cuxz + duyz + gux + kuy + suz + qu;

(29)

â® ãà ¢­¥­¨¥ (28) ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ä®à¬ å

w1x + dw1 = �5uyz + �9uyt + �11uzt + �13uy + �19uz + �22ut + �26u+G;

w2y + cw2 = �3uxz + �7uxt + �12uzt + �16ux + �20uz + �23ut + �25u+G;

w3z + bw3 = �1uxy + �8uxt + �10uyt + �14uy + �18ux + �24ut + �27u+G;

w4t + aw4 = �2uxy + �4uxz + �6uyz + �15uy + �17ux + �21uz + �28u+G:

(30)

�®¤®¡­® (24), ä®à¬ã«ë (30) ¬®¦­® ¯®¤â¢¥à¤¨âì ­¥¯®áà¥¤áâ¢¥­­ë¬ ¢ëç¨á«¥­¨¥¬. �ç¥¢¨¤­®, (29)
¯à¨ ¨§¢¥áâ­ëå wk áãâì ãà ¢­¥­¨ï ¢¨¤  (22). �®íâ®¬ã ¨§ (30) ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â, çâ® ¥á«¨
¢ë¯®«­¥­  å®âï ¡ë ®¤­  ¨§ ç¥âëà¥å £àã¯¯ â®¦¤¥áâ¢

�5 � �9 � �11 � �13 � �19 � �22 � �26 � 0;

�3 � �7 � �12 � �16 � �20 � �23 � �25 � 0;

�1 � �8 � �10 � �14 � �18 � �24 � �27 � 0;

�2 � �4 � �6 � �15 � �17 � �21 � �28 � 0;

(31)

â® ãà ¢­¥­¨¥ (28) à¥¤ãæ¨àã¥âáï ª ¢¨¤ã (22).
�®¬¡¨­¨àãï ª ¦¤ë© ¨§ 24-å ­ ¡®à®¢ ä®à¬ã«, ã¯®¬ï­ãâëå ¢ ¯. 2, á ª ¦¤®© £àã¯¯®© â®-

¦¤¥áâ¢ (31), ¬®¦¥¬ ¯®«ãç¨âì 96 ¢ à¨ ­â®¢ ãá«®¢¨© à §à¥è¨¬®áâ¨ ãà ¢­¥­¨ï (28) ¢ ª¢ ¤à âã-
à å. �à®¨§¢®«ì­ë¥ äã­ªæ¨¨ �, �, � §¤¥áì ¡ã¤ãâ § ¢¨á¥âì ®â âà¥å  à£ã¬¥­â®¢. �«ï à¥ «¨§ æ¨¨
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¢á¥å ª®¬¡¨­ æ¨© ¤®áâ â®ç­® ¯®âà¥¡®¢ âì, çâ®¡ë ª ¦¤ ï ¨§ íâ¨å äã­ªæ¨© ¯® á¢®¨¬  à£ã¬¥­â ¬
¯à¨­ ¤«¥¦ «  ª« ááã C(2;2;2).

� ¯¨è¥¬ ¤«ï ¯à¨¬¥à  ¢ à¨ ­â, á¢ï§ ­­ë© á á®®â­®è¥­¨ï¬¨ â¨¯  (26), (27) ¨ ¯®á«¥¤­¥©
áâà®ª®© ¢ (31). �ãáâì b, c, g ¨¬¥îâ ¢¨¤

b = �(x; z; t); c = �(x; y; t)�(x; z; t);

g = �(x; z; t)�(x; y; t)�(x; z; t) � �(x; y; t)�z(x; z; t):

�á«¨ ¯à¨ íâ®¬ �(x; y; t)�z(x; z; t) 6= 0,  

e = �t + a�; f = (��)t + a��; h = dt + ad;

k = �x + d�; m = (���)t � (��z)t + a(��� � ��z);

n = �xt + (d�)t + a(�x + d�); s = (��)x + d��;

p = (��)xt + (d��)t + a[(��)x + d��]; q = (��� � ��z)x + d(��� � ��z);

r = [(���)t � (��z)t + a(��� � ��z)]x + d[(���)t � (��z)t + a(��� � ��z)];

â® ãà ¢­¥­¨¥ (28) à §à¥è¨¬® ¢ ª¢ ¤à âãà å.

�¨â¥à âãà 
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