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� à ¡®â¥ ¨áá«¥¤ã¥âáï à á¯à¥¤¥«¥­¨¥ m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ = (m < n� 1), ¢«®¦¥­-
­®¥ ¢ ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®¥ ¯à®áâà ­áâ¢® Kn á  ¡á®«îâ®¬ Qn�1. �®ª § ­®, çâ® ¢ ¤¨ää¥à¥­æ¨-
 «ì­®© ®ªà¥áâ­®áâ¨ ¯¥à¢®£® ¯®àï¤ª  à á¯à¥¤¥«¥­¨¥ = ¯®à®¦¤ ¥â ¨­¢ à¨ ­â­® ¯à¨á®¥¤¨­¥­­®¥
ª ­¥¬ã £¨¯¥à¯®«®á­®¥ à á¯à¥¤¥«¥­¨¥ m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ H [1], ¤«ï ª®â®à®£® ¤ ­-
­®¥ à á¯à¥¤¥«¥­¨¥ ¨ ï¢«ï¥âáï ¡ §¨á­ë¬. �§ãç ¥âáï m-¬¥à­ ï ¯®¢¥àå­®áâì Vm (m < n � 1),
â¥ªãé ï â®çª  ª®â®à®© ­¥ ¯à¨­ ¤«¥¦¨â  ¡á®«îâã Qn�1 ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢ 
Kn. �®ª § ­®, çâ® ¢® ¢â®à®© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ â¥ªãé¥© â®çª¨ ¯®¢¥àå­®áâ¨ Vm
¨­¤ãæ¨àã¥âáï  áá®æ¨¨à®¢ ­­ ï á ­¥© £¨¯¥à¯®«®á  H(Vm). �®ª § ­®, çâ® äã­¤ ¬¥­â «ì­ë© £¥®-
¬¥âà¨ç¥áª¨© ®¡ê¥ªâ ¯ïâ®£® ¯®àï¤ª  ¯®¢¥àå­®áâ¨ Vm � Kn ï¢«ï¥âáï ¯®«­ë¬.

�­¤¥ªáë ¯à¨­¨¬ îâ á«¥¤ãîé¨¥ §­ ç¥­¨ï:

I;K;L = 0; n; I;K;L; P;Q = 1; n;

i; j; k; p; q; s; l; t = 1;m; u; v; w; z; y = m+ 1; n� 1; �; �; 
 = m+ 1;m:

�¯¥à æ¨ï ¢­¥è­¥£® ¤¨ää¥à¥­æ¨à®¢ ­¨ï ®¡®§­ ç¥­  ¡ãª¢®© D, ¢­¥è­¥£® ã¬­®¦¥­¨ï | á¨¬-
¢®«®¬ ^; !I

K
¨ 
I

K
| ¤¨ää¥à¥­æ¨ «ì­ë¥ ä®à¬ë �ä ää , å à ªâ¥à¨§ãîé¨¥ ¨­ä¨­¨â¥§¨¬ «ì-

­ë¥ ¯¥à¥¬¥é¥­¨ï ¯®¤¢¨¦­®£® à¥¯¥à . �¯¥à â®à r ¤¥©áâ¢ã¥â ¯® á«¥¤ãîé¥¬ã § ª®­ã:

rK�
in = dK�

in �K�
tn!

t
i �K�

in!
n
n +K�

in!
�
� ;

¯à¨ ä¨ªá¨à®¢ ­­ëå £« ¢­ëå ¯ à ¬¥âà å íâ®â ®¯¥à â®à ®¡®§­ ç ¥âáï ç¥à¥§ r�, ä®à¬ë !I

K
|

ç¥à¥§ �I
K
. �¯¥à â®à er ¤¥©áâ¢ã¥â ¯® § ª®­ã

erT �
in = dT �

in � T �
tn


t
i � T �

in

n
n + T �

in

�
� :

�® ¨­¤¥ªá ¬, § ª«îç¥­­ë¬ ¢ ªàã£«ë¥ áª®¡ª¨, ¯à®¨§¢®¤¨âáï ®¯¥à æ¨ï æ¨ª«¨à®¢ ­¨ï:

a(ij) = aij + aji:

1. � áá¬®âà¨¬ n-¬¥à­®¥ ¯à®¥ªâ¨¢­®¥ ¯à®áâà ­áâ¢® Pn, ®â­¥á¥­­®¥ ª ¯®¤¢¨¦­®¬ã à¥¯¥àã R0 =
fBKg; ¤¥à¨¢ æ¨®­­ë¥ ä®à¬ã«ë à¥¯¥à  R0 ¨ ãà ¢­¥­¨¥ áâàãªâãàë ¯à®¥ªâ¨¢­®£® ¯à®áâà ­áâ¢ 
¨¬¥îâ á®®â¢¥âáâ¢¥­­® ¢¨¤ [2]:

dBI = 
L

I
BL; (1a)

D
I

K
= 
L

K
^ 
I

L
; 
L

L
= 0: (1b)

�§¢¥áâ­® [3], [4], çâ® ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª¨¬ ¯à®áâà ­áâ¢®¬ Kn ­ §ë¢ ¥âáï ¯à®áâà ­áâ¢®
Pn, ¢ ª®â®à®¬ § ¤ ­  ­¥¯®¤¢¨¦­ ï £¨¯¥àª¢ ¤à¨ª  Qn�1 ( ¡á®«îâ):

GI Ky
IyK = 0; GI K = GK I ; (2)

3



£¤¥ yI | ª®®à¤¨­ âë â®ç¥ª M 0 2 Qn�1. �®£« á­® à ¡®â¥ [5] ãá«®¢¨¥¬ ­¥¯®¤¢¨¦­®áâ¨ £¨¯¥àª¢ -
¤à¨ª¨ (2) ï¢«ï¥âáï ¢ë¯®«­¥­¨¥ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

dGI K �GI L

L

K
�GLK


L

I
= 
GI K ; (3)

£¤¥ 
 | ­¥ª®â®à ï ä®à¬  �ä ää .
�§¢¥áâ­® [4], çâ® ¯à¨ B0 =2 Qn�1 §  áç¥â ®¯à¥¤¥«¥­­®© ­®à¬¨à®¢ª¨ ¢¥àè¨­ à¥¯¥à  R0 áâ ­®-

¢ïâáï £« ¢­ë¬¨ ä®à¬ë


0
0 = �

G0L

G00


L
0 : (4)

� á¨«ã á®®â­®è¥­¨ï (4) ¨ §  áç¥â ­®à¬¨à®¢ª¨ ª®íää¨æ¨¥­â®¢ GI K £¨¯¥àª¢ ¤à¨ª¨ ¬®¦­® ãà ¢-
­¥­¨¥ (2)  ¡á®«îâ  Qn�1 ¨ ãá«®¢¨¥ ¥£® ­¥¯®¤¢¨¦­®áâ¨ (3) § ¯¨á âì á®®â¢¥âáâ¢¥­­® ¢ ¢¨¤¥

cIKy
IyK +

1
G
(GI0y

I +Gy0)2 = 0;

dcIK � cIL

L
K � cLK


L
I = �

1
G
(cILGK0 + cKLGI0)


L
0 ; (5a)

dGI0 �GL0

L
I �G
0

I = cIL

L
0 ; (5b)

£¤¥

cIK = GIK �
GI0GK0

G
; cIK = cKI ; G = G00 = const 6= 0:

� á¨«ã ¢ëà ¦¥­¨ï (4) ¤¥à¨¢ æ¨®­­ë¥ ãà ¢­¥­¨ï (1a) ¢ ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥
Kn § ¯¨èãâáï ¢ ¢¨¤¥

dB0 =
�
�
G0L

G
B0 +BL

�

L

0 ; dBI = 
L
I BL:

�à ¢­¥­¨ï áâàãªâãàë (1b) ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn ¯à¨¬ãâ ¢¨¤

D
I
0 = �

G0L

G

L

0 ^ 

I
0 +
L

0 ^ 

I
L; D
0

I = 
L
I ^ 


0
L �

G0L

G

0
I ^ 


L
0 ; (6a)

D
0
0 = 
L

0 ^ 

0
L; D
I

K = 
0
K ^ 


I
0 +
L

K ^ 

I
L; 
L

L =
G0L

G

L

0 : (6b)

2. � ª ¨ ¢ ¯à®áâà ­áâ¢¥ ¯à®¥ªâ¨¢­®© á¢ï§­®áâ¨, ãà ¢­¥­¨ï à á¯à¥¤¥«¥­¨ï m-¬¥à­ëå «¨-
­¥©­ëå í«¥¬¥­â®¢ = ¢ ¯à®¥ªâ¨¢­®¬-¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥ Kn ¢ à¥¯¥à¥ ­ã«¥¢®£® ¯®àï¤ª 
R0 = fBKg (â®çª  B0 =2 Qn�1 á®¢¯ ¤ ¥â á æ¥­âà®¬ à á¯à¥¤¥«¥­¨ï =,   â®çª¨ Bi ¯à¨­ ¤«¥¦ â
â¥ªãé¥© ¯«®áª®áâ¨ �m(B0) à á¯à¥¤¥«¥­¨ï =) § ¯¨áë¢ îâáï ¢ ¢¨¤¥ [6]:


�
i =M�

iK

K
0 : (7)

�à®¤®«¦ ï ãà ¢­¥­¨ï (7), á ãç¥â®¬ á®®â­®è¥­¨ï (4) ¨¬¥¥¬

erM�
ij =M�

ijK

K
0 ; (8)

erM�
i� �M�

ik

k
� � ���


0
i =M�

i�K

K
0 ;

£¤¥

M�
i[jk] =M�

i�M
�

[jk] +
1
G
M�

i[jGk]0; M�
ik� �M�

i�k =M�
i
M



k� +

2
G
M�

i[kG�]0:

�®¢®ªã¯­®áâì äã­ªæ¨© fM�
ijg ®¡à §ã¥â â¥­§®à ¯¥à¢®£® ¯®àï¤ª  (¢®®¡é¥ £®¢®àï, ­¥á¨¬¬¥âà¨ç-

­ë©).
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� ãç¥â®¬ ãà ¢­¥­¨© (7) ãá«®¢¨ï (5) ­¥¯®¤¢¨¦­®áâ¨  ¡á®«îâ  Qn�1 § ¯¨èãâáï ¢ ¢¨¤¥

dGi0 �Gj0

j
i �G
0

i = (ciK +G�0M
�
iK)


K
0 ; (9a)

dG�0 �G�0

�
� �Gj0


j
� �G
0

� = c�K

K
0 ; (9b)

ercij =
�
c�(iM

�
j)K �

1
G
cK(iGj)0

�

K

0 ; (9c)

erci� � cis
s
� =

�
c��M

�
iK �

1
G
cK(iG�)0

�

K

0 ; (9d)

erc�� � cs(�
s
�) = �

1
G
cK(�G�)0
K

0 : (9e)

�®¢®ªã¯­®áâì äã­ªæ¨© fcijg ®¡à §ã¥â á¨¬¬¥âà¨ç­ë© â¥­§®à; ¯à¥¤¯®« £ ï ¥£® ­¥¢ëà®¦¤¥­­ë¬,
â. ¥. c = jcij j 6= 0, ¨¬¥¥¬ ¯®«¥ ¢§ ¨¬­®£® â¥­§®à  cij :

cikckj = �ij ;
ercij = cisctj

�
1
G
G0(tcs)K � c�(sM

�
t)K

�

K

0 : (10)

� áá¬®âà¨¬ ®å¢ âë

A��
def= c�� � cijci�cj�; A[��] = 0; (11)

b�
def= cijM�

ij ; b�
def= A��b

�; (12)

¨å ª®¬¯®­¥­âë ¢ á¨«ã (8), (9d;e), (10) ã¤®¢«¥â¢®àïîâ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨ï¬

erA�� = A��K
K
0 ; erb� = b�K


K
0 ; erb� = b�K
K

0 ;erb�K � ��Kb�

0
� � b�M

�
iK


i
� = b�KL
L

0 :
(13)

�«¥¤®¢ â¥«ì­®, ¢á¥ âà¨ ®å¢ â  (11), (12) ®¡à §ãîâ â¥­§®à; ¢ ç áâ­®áâ¨ b� ¨ b� áãâì â¥­§®àë
¯¥à¢®£® ¯®àï¤ª .

�à¥¤¯®«®¦¨¬, çâ® m < n� 1, â. ¥. à á¯à¥¤¥«¥­¨¥ m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ = ­¥ ï¢«ï-
¥âáï à á¯à¥¤¥«¥­¨¥¬ £¨¯¥à¯«®áª®áâ­ëå í«¥¬¥­â®¢. �­¢ à¨ ­â­ ï £¨¯¥à¯«®áª®áâì �0, ãà ¢­¥­¨¥
ª®â®à®© ¢ à¥¯¥à¥ ­ã«¥¢®£® ¯®àï¤ª  ¨¬¥¥â ¢¨¤ b�y� = 0, á®¤¥à¦¨â â¥ªãé¨© m-¬¥à­ë© «¨­¥©­ë©
í«¥¬¥­â �m à á¯à¥¤¥«¥­¨ï=. �«¥¤®¢ â¥«ì­®, à á¯à¥¤¥«¥­¨¥m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ = ¢
¯¥à¢®© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¢­ãâà¥­­¨¬ ®¡à §®¬ ¯®à®¦¤ ¥â ¨­¢ à¨ ­â­® ¯à¨á®¥¤¨-
­¥­­®¥ ª ­¥¬ã £¨¯¥à¯®«®á­®¥ à á¯à¥¤¥«¥­¨¥m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ H [7], ¤«ï ª®â®à®£®
¤ ­­®¥ à á¯à¥¤¥«¥­¨¥ ï¢«ï¥âáï ¡ §¨á­ë¬.

�à¥¤¯®«®¦¨¬, Bn =2 �0, çâ® à ¢­®á¨«ì­® ãá«®¢¨î bn 6= 0. �ç¥¢¨¤­®, â®çª¨ Au = Bu �
bu
bn
Bn

­ å®¤ïâáï ¢ ®¡é¥¬ ¯®«®¦¥­¨¨ ¨ «¥¦ â ¢ £¨¯¥à¯«®áª®áâ¨ �0, â. ¥. �0 = [B0; Bi; Au].
�­ä¨­¨â¥§¨¬ «ì­ë¥ ¯¥à¥¬¥é¥­¨ï à¥¯¥à  R = fAKg ¯¥à¢®£® ¯®àï¤ª  (A0 = B0, Ai = Bi,

Au = Bu �
bu
bn
Bn, An = Bn) ®¯à¥¤¥«ïîâáï ãà ¢­¥­¨ï¬¨

dAI = !L

I
AL: (14)

�à ¢­¨¢ ï (1a) ¨ (14), á ¨á¯®«ì§®¢ ­¨¥¬ ãà ¢­¥­¨© (7), (13) ­ å®¤¨¬

!0
0 = 
0

0; !i
0 = 
i

0; !u
0 = 
u

0 ; !n
0 = 
n

0 �
bu
bn

u

0 ;

!0
j = 
0

j ; !i
j = 
i

j ; !u
j = 
u

j ; !n
j =

1
bn
b�
�

j ;

!0
u = 
0

u �
bu
bn

0
n; !i

u = 
i
u �

bu
bn

i
n; !v

u = 
v
u �

bu
bn

v
n; (15)
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!n
u =

1
(bn)2

(bubnK � bnbuK)

K
0 ;

!0
n = 
0

n; !i
n = 
i

n; !u
n = 
u

n; !n
n = 
n

n +
bu
bn

u
n:

�à ¢­¥­¨ï áâàãªâãàë ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢ Kn ¢ à¥¯¥à¥R = fAKg ¯¥à¢®£®
¯®àï¤ª  ¨¬¥îâ ¢¨¤

D!I

K
= !L

K
^ !I

L
; !L

L
= 0:

�§¢¥áâ­® [7], çâ® ®â­®á¨â¥«ì­® à¥¯¥à  R = fAKg ãà ¢­¥­¨ï £¨¯¥à¯®«®á­®£® à á¯à¥¤¥«¥­¨ï
m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ H,  áá®æ¨¨à®¢ ­­®£® á à á¯à¥¤¥«¥­¨¥¬ =, § ¯¨èãâáï ¢ ¢¨¤¥

!n
i = �n

iK!
K
0 ; !v

i = �v
iK!

K
0 ;

!n
u = An

uK!
K
0 :

(16)

�§ á®®â­®è¥­¨© (7), (15), (16) ­ å®¤¨¬

�n
iK =

1
bn
b�M

�
iK ; �u

iK =Mu
iK ; An

uK =
1

(bn)2
(bubnK � bnbuK): (17)

�à®¤®«¦ ï ãà ¢­¥­¨ï (16), ¢ ç áâ­®áâ¨, ¨¬¥¥¬

rAn
uj +An

uj!
0
0 � �n

sj!
s
u = An

ujK!
K
0 ; (18a)

r�n
ij +�n

ij!
0
0 = �n

ijK!
K
0 : (18b)

�â¬¥â¨¬, çâ® ¢ á¨«ã á®®â­®è¥­¨© (17) äã­ªæ¨¨ �n
iK , �

v
iK ®â­®áïâáï ª ¯¥à¢®© ¤¨ää¥à¥­-

æ¨ «ì­®© ®ªà¥áâ­®áâ¨,   äã­ªæ¨¨ An
uK | ª® ¢â®à®© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ â¥ªãé¥£®

í«¥¬¥­â  à á¯à¥¤¥«¥­¨ï =.
�à¨ ãá«®¢¨¨ ­¥¢ëà®¦¤¥­­®áâ¨ â¥­§®à  �n

ij (á¬. (18b)) � = j�n
ij j 6= 0, ¢ á¨«ã ãà ¢­¥­¨© (18a)

á®£« á­® «¥¬¬¥ �.�.�áâ¨ ­ã [8] ¢®§¬®¦­  ç áâ¨ç­ ï ª ­®­¨§ æ¨ï à¥¯¥à  R = fAKg, ¯à¨ ª®â®-
à®© äã­ªæ¨¨ An

uj ¬®¦­® ¯à¨¢¥áâ¨ ª ­ã«î, ¯à¨ íâ®¬ áâ ­®¢ïâáï £« ¢­ë¬¨ ä®à¬ë !i
u = N i

uK!
K
0 .

� ¯®«ãç¥­­®¬ à¥¯¥à¥ ¢â®à®£® ¯®àï¤ª  ãà ¢­¥­¨ï £¨¯¥à¯®«®á­®£® à á¯à¥¤¥«¥­¨ï m-¬¥à­ëå «¨-
­¥©­ëå í«¥¬¥­â®¢ H,  áá®æ¨¨à®¢ ­­®£® á à á¯à¥¤¥«¥­¨¥¬ =, § ¯¨èãâáï ¢ ¢¨¤¥

!n
i = �n

iK!
K
0 ; !v

i = �v
iK!

K
0 ; !n

u = An
u�!

�
0 ; !i

u = N i
uK!

K
0 : (19)

�¤¥áì äã­ªæ¨¨ �n
iK , �

v
iK ®â­®áïâáï ª ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¯¥à¢®£® ¯®àï¤ª , äã­ªæ¨¨

An
u� | ª ®ªà¥áâ­®áâ¨ ¢â®à®£® ¯®àï¤ª ,   äã­ªæ¨¨ N i

vj | ª ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨
âà¥âì¥£® ¯®àï¤ª  â¥ªãé¥£® í«¥¬¥­â  à á¯à¥¤¥«¥­¨ï m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ =.

�à®¢¥¤¥­­ ï á¯¥æ¨ «¨§ æ¨ï à¥¯¥à  R = fAKg ¨¬¥¥â á«¥¤ãîéãî £¥®¬¥âà¨ç¥áªãî å à ªâ¥-
à¨áâ¨ªã [7]:

� = j�n
ij j 6= 0 , �m \�� � A0;

£¤¥ �� | å à ªâ¥à¨áâ¨ª  £¨¯¥à¯«®áª®áâ¨ �0 � �n�1 ¯à¨ á¬¥é¥­¨ïå æ¥­âà  A0 ¢¤®«ì ªà¨¢ëå l,
¯à¨­ ¤«¥¦ é¨å [6] ¡ §¨á­®¬ã à á¯à¥¤¥«¥­¨î, ¯à¨ç¥¬ Au 2 ��, â. ¥. � = n�m� 1.

�â ª, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  1. � á¯à¥¤¥«¥­¨¥ m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ = (m < n � 1) ¢ ¤¨ää¥à¥­æ¨-

 «ì­®© ®ªà¥áâ­®áâ¨ ¯¥à¢®£® ¯®àï¤ª  ¯®à®¦¤ ¥â ¨­¢ à¨ ­â­® ¯à¨á®¥¤¨­¥­­®¥ ª ­¥¬ã £¨¯¥à-

¯®«®á­®¥ à á¯à¥¤¥«¥­¨¥ m-¬¥à­ëå «¨­¥©­ëå í«¥¬¥­â®¢ H, ¤«ï ª®â®à®£® ¤ ­­®¥ à á¯à¥¤¥«¥­¨¥

= ï¢«ï¥âáï ¡ §¨á­ë¬. � á¯à¥¤¥«¥­¨¥ H à¥£ã«ïà­® â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  ­¥¢ëà®¦¤¥­

â¥­§®à b�M
�
ij ¯¥à¢®£® ¯®àï¤ª . �à ¢­¥­¨ï à¥£ã«ïà­®£® £¨¯¥à¯®«®á­®£® à á¯à¥¤¥«¥­¨ï H ¢ à¥¯¥à¥

¢â®à®£® ¯®àï¤ª  R = fAKg ¨¬¥îâ ¢¨¤ (19).

6



3. �¥à­¥¬áï ª ¯®¤¢¨¦­®¬ã à¥¯¥àã R0 = fBKg. �¥à¨¢ æ¨®­­ë¥ ä®à¬ã«ë à¥¯¥à  R0 ¨ ãà ¢-
­¥­¨ï áâàãªâãàë ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn ¢ à¥¯¥à¥ R0 ¨¬¥îâ á®®â¢¥âáâ¢¥­­®
¢¨¤ (6).

� áá¬®âà¨¬ m-¬¥à­ãî ¯®¢¥àå­®áâì Vm ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn, â¥ªãé ï
â®çª  B0 ª®â®à®© ­¥ ¯à¨­ ¤«¥¦¨â  ¡á®«îâã Qn�1 (á¬. (5)). � ª ¨ ¢ ¯à®¥ªâ¨¢­®¬ ¯à®áâà ­áâ¢¥
Pn, ¢ à¥¯¥à¥ R0 = fBKg ¯¥à¢®£® ¯®àï¤ª  (B0 2 Vm, Bi 2 Tm(B0)) ãà ¢­¥­¨ï ¯®¢¥àå­®áâ¨ Vm ¢
Kn § ¯¨áë¢ îâáï ¢ ¢¨¤¥ [9]


�
0 = 0: (20)

�à¥åªà â­®¥ ¯à®¤®«¦¥­¨¥ ãà ¢­¥­¨© (20) á ãç¥â®¬ á®®â­®è¥­¨ï (4) ¯à¨¢®¤¨â ª á«¥¤ãîé¨¬
¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨ï¬ ª®¬¯®­¥­â ¯®«¥© äã­¤ ¬¥­â «ì­ëå ®¡ê¥ªâ®¢ ¢â®à®£® fM�

ijg ¨
âà¥âì¥£® fM�

ij ;M
�
ijkg ¯®àï¤ª®¢ Vm � Kn:


�
i =M�

ij

j
0; M�

[ij] = 0;

erM�
ij =M�

ijk

k
0 ; M�

i[jk] =
1
G
M�

i[jGk]0; M�
[ij]k = 0;

erM�
ijk +M�

k(i

0
j) �M�

(ijM
�
k)s


s
� =M�

ijkl

l
0; M�

ij[kl] =
1
G
M�

ij[kGl]0: (21)

�®¢®ªã¯­®áâì äã­ªæ¨© fM�
ijg ®¡à §ã¥â á¨¬¬¥âà¨ç­ë© â¥­§®à ¢â®à®£® ¯®àï¤ª , fM�

ij ;M
�
ijkg |

äã­¤ ¬¥­â «ì­ë© £¥®¬¥âà¨ç¥áª¨© ®¡ê¥ªâ âà¥âì¥£® ¯®àï¤ª  ¯®¢¥àå­®áâ¨ Vm.
�§ ãà ¢­¥­¨© (21) á«¥¤ã¥â, çâ® ¢ ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ â®çª¨ B0 2 Vm ­¨¦¥ âà¥-

âì¥£® ¯®àï¤ª  ­¥¢®§¬®¦­® ¯®áâà®¨âì ¢­ãâà¥­­îî ¨­¢ à¨ ­â­ãî ­®à¬ «¨§ æ¨î ¯®¢¥àå­®áâ¨
Vm � Kn. �¨¦¥ ¡ã¤¥â ¯®ª § ­®, çâ® â ªãî ­®à¬ «¨§ æ¨î ¢®§¬®¦­® ¯®áâà®¨âì ¢ âà¥âì¥© ¤¨ä-
ä¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨.

�â¬¥â¨¬, çâ® á®£« á­® à ¡®â¥ �áâ¨ ­ã [10] ¨¬¥¥â ¬¥áâ®  ­ «®£¨ï ¬¥¦¤ã £¥®¬¥âà¨¥© m-¬¥à-
­®© ¯®¢¥àå­®áâ¨ ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢ Kn ¨ £¥®¬¥âà¨¥© à á¯à¥¤¥«¥­¨ïm-¬¥à-
­ëå «¨­¥©­ëå í«¥¬¥­â®¢ (á¬. ¯. 2) ¯à®áâà ­áâ¢  Kn ¢ â®© ç áâ¨, ª®â®à ï ®¯à¥¤¥«ï¥âáï ¯®á«¥-
¤®¢ â¥«ì­®áâìî ¯®«¥© äã­¤ ¬¥­â «ì­ëå ¯®¤®¡ê¥ªâ®¢ fM�

ijg; fM
�
ij ;M

�
ijk1

g; : : : ; fM�
ij ;M

�
ijk1

; : : : ,
M�

ijk1:::ks
g à á¯à¥¤¥«¥­¨ï =.

� á¨«ã ¯®á«¥¤­¥£® ãâ¢¥à¦¤¥­¨ï ãà ¢­¥­¨ï ­¥¯®¤¢¨¦­®áâ¨  ¡á®«îâ  Qn�1 (á¬. (5)) ¨ ãà ¢-
­¥­¨ï â¥­§®à®¢ cij , A��, b�, b� ¢ à¥¯¥à¥ R0 = fBKg ¯¥à¢®£® ¯®àï¤ª  ¡ã¤ãâ ¨¬¥âì ¢¨¤ (9), (10),
(13) á®®â¢¥âáâ¢¥­­®, á â®© «¨èì à §­¨æ¥©, çâ® ¤«ï ¯®¢¥àå­®áâ¨ Vm � Kn ¤®¯®«­¨â¥«ì­® ¢ë-
¯®«­ïîâáï ¥é¥ ¨ ãà ¢­¥­¨ï (20). �â¬¥â¨¬, çâ® ­  ¯®¢¥àå­®áâ¨ Vm � Kn (m < n � 1) b� ¨ b�

ï¢«ïîâáï â¥­§®à ¬¨ ¢â®à®£® ¯®àï¤ª .
�ãáâì m < n � 1, â. ¥. ¯®¢¥àå­®áâì Vm ¢ Kn ®â«¨ç­  ®â £¨¯¥à¯®¢¥àå­®áâ¨. �­¢ à¨ ­â­ ï

£¨¯¥à¯«®áª®áâì �0, ãà ¢­¥­¨¥ ª®â®à®© ¢ à¥¯¥à¥ R0 = fBKg ¯¥à¢®£® ¯®àï¤ª  ¨¬¥¥â ¢¨¤ b�y
� = 0,

¢ ª ¦¤®© â®çª¥ B0 2 Vm á®¤¥à¦¨â ª á â¥«ì­ãî ¯«®áª®áâì Tm(B0) ¯®¢¥àå­®áâ¨ Vm. �«¥¤®¢ -
â¥«ì­®, m-¬¥à­ ï ¯®¢¥àå­®áâì Vm � Kn ¢® ¢â®à®© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¢­ãâà¥­­¨¬
®¡à §®¬ ¯®à®¦¤ ¥â ¨­¢ à¨ ­â­® ¯à¨á®¥¤¨­¥­­ãî ª ­¥© £¨¯¥à¯®«®áãH(Vm), ¤«ï ª®â®à®© ¤ ­­ ï
¯®¢¥àå­®áâì ï¢«ï¥âáï ¡ §¨á­®© [11].

�­ «®£¨ç­® ¯. 2 ¯à¥¤¯®«®¦¨¬, çâ® Bn =2 �0; ¯®á«¥¤­¥¥ à ¢­®á¨«ì­® â®¬ã, çâ® bn 6= 0. �ç¥-
¢¨¤­®, â®çª¨ Au = Bu �

bu
bn
Bn ­ å®¤ïâáï ¢ ®¡é¥¬ ¯®«®¦¥­¨¨ ¨ «¥¦ â ¢ £¨¯¥à¯«®áª®áâ¨ �0, £¤¥

�0 = [B0; Bi; Au].
�­ä¨­¨â¥§¨¬ «ì­ë¥ ¯¥à¥¬¥é¥­¨ï à¥¯¥à  R = fAKg (á¬. ¯. 2) ¢â®à®£® ¯®àï¤ª  (A0 = B0,

Ai = Bi, Au = Bu �
bu
bn
Bn, An = Bn) ®¯à¥¤¥«ïîâáï ãà ¢­¥­¨ï¬¨ (14).

�¢ï§ì ¬¥¦¤ã ä®à¬ ¬¨ 
K

I
¨ !K

I
¨¬¥¥â ¢¨¤ (15). �¤¥áì á«¥¤ã¥â ãç¥áâì, çâ® ¤«ï ¯®¢¥àå­®áâ¨

Vm � Kn á¯à ¢¥¤«¨¢ë ãà ¢­¥­¨ï (20).
�§¢¥áâ­® [1], [12], çâ® ®â­®á¨â¥«ì­® à¥¯¥à  R = fAKg ¢â®à®£® ¯®àï¤ª  ãà ¢­¥­¨ï £¨¯¥à¯®-

«®áë H(Vm),  áá®æ¨¨à®¢ ­­®© á ¯®¢¥àå­®áâìî Vm, § ¯¨èãâáï ¢ ¢¨¤¥

!�
0 = 0; !n

i = �n
ij!

j
0; !v

i = �v
ij!

j
0; !n

u = �n
uj!

j
0:
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�­ «®£¨ç­® ¯. 2 ¢ ¯à¥¤¯®«®¦¥­¨¨ � = j�n
ij j 6= 0 ¢®§¬®¦­  ç áâ¨ç­ ï ª ­®­¨§ æ¨ï à¥¯¥à 

R = fAKg, ¨¬¥îé ï á«¥¤ãîéãî £¥®¬¥âà¨ç¥áªãî å à ªâ¥à¨áâ¨ªã [1]: ¢¥àè¨­ë A� ¢ë¡à ­ë
â ª¨¬ ®¡à §®¬, çâ®¡ë (n � m)-¬¥à­ ï ¯«®áª®áâì [A0; A�] ¯¥à¥á¥ª «  £¨¯¥à¯«®áª®áâì �0 ¯® ¥¥
å à ªâ¥à¨áâ¨ª¥ �n�m�1(A0), â. ¥. Av 2 �n�m�1(A0). � ¯®«ãç¥­­®¬ à¥¯¥à¥ âà¥âì¥£® ¯®àï¤ª  R =
fAKg ãà ¢­¥­¨ï £¨¯¥à¯®«®áë H(VM ),  áá®æ¨¨à®¢ ­­®© á ¯®¢¥àå­®áâìî Vm, ¯à¨¬ãâ ¢¨¤ [1], [13]

!�
0 = !n

v = 0; !n
i = �n

ij!
j
0; !v

i = �v
ij!

j
0;

!i
u = N i

uj!
j
0; �n

[ij] = �u
[ij] = 0; �n

s[iN
s
jvjj] = 0;

(22)

£¤¥

�n
ij =

1
bn
b�M

�
ij ; �u

ij =Mu
ij ; �n

us =
1

(bn)2
(bubns � bnbus):

�¤¥áì äã­ªæ¨¨ �n
ij , �

v
ij ®â­®áïâáï ª ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¢â®à®£® ¯®àï¤ª ,   äã­ªæ¨¨

N i
vj | ª ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ç¥â¢¥àâ®£® ¯®àï¤ª  â¥ªãé¥© â®çª¨ ¯®¢¥àå­®áâ¨ Vm.

�¥®à¥¬  2. �®¢¥àå­®áâì Vm � Kn (m < n� 1) ¢ ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¢â®à®£®

¯®àï¤ª  ¯®à®¦¤ ¥â ¨­¢ à¨ ­â­® ¯à¨á®¥¤¨­¥­­ãî ª ­¥© £¨¯¥à¯®«®áã H(Vm), ¤«ï ª®â®à®© ¤ ­­ ï
¯®¢¥àå­®áâì ï¢«ï¥âáï ¡ §¨á­®©. �¨¯¥à¯®«®á  H(Vm) à¥£ã«ïà­  â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 

­¥¢ëà®¦¤¥­ â¥­§®à b�M
�
ij ¢â®à®£® ¯®àï¤ª . �à ¢­¥­¨ï à¥£ã«ïà­®© £¨¯¥à¯®«®áë H(Vm) ¢ à¥¯¥à¥

âà¥âì¥£® ¯®àï¤ª  R = fAKg ¨¬¥îâ ¢¨¤ (22).

�à ¢­¥­¨ï (9) ­¥¯®¤¢¨¦­®áâ¨  ¡á®«îâ  Qn�1 ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn á
ãç¥â®¬ á®®â­®è¥­¨© (15) ¨ ãà ¢­¥­¨© (20), (22) ¯¥à¥¯¨èãâáï, ¢ ç áâ­®áâ¨, ¢ ¢¨¤¥

dGi0 �Gj0!
j
i �G!0

i = (: : : )is!s
0;

rciu � ciw

�
bu
bn

�
!w
n � cis

�
bu
bn

�
!s
n � cin
n

u = (: : : )ius!s
0; (23)

rcin �

�
ciw � cin

�
bw
bn

��
!w
n � cis!

s
n = (: : : )ins!s

0:

�â¬¥â¨¬, çâ® ¢ëà ¦¥­¨¥ (4) á ¨á¯®«ì§®¢ ­¨¥¬ (15), (20) § ¯¨è¥âáï ¢ ¢¨¤¥

!0
0 = �

G0s

G
!s
0: (24)

�à®¤®«¦ ï ãà ¢­¥­¨ï (22), á ãç¥â®¬ ¢ëà ¦¥­¨© (24) ¨¬¥¥¬

r�n
ij = �n

ijk!
k
0 ; �n

i[jk] =
1
G
�n
i[jGk]0; (25)

r�u
ij +�n

ij!
u
n = �u

ijk!
k
0 ; �u

i[jk] =
1
G
�u
i[jGk]0; (26)

rN i
uj � �ij!

0
u = N i

ujk!
k
0 ; N i

u[jk] =
1
G
N i

u[jGk]0; (27)

r�n
ijk +�n

k(i!
0
j) � �n

(ij�
n
k)s!

s
n = �n

ijks!
s
0; (28)

�n
ij[ks] = �n

il�
w
j[kN

l
jwjs] +�n

jl�
w
i[kN

l
jwjs] �

2
G
�n
ij[kGs]0:

� á¨«ã ­¥¢ëà®¦¤¥­­®áâ¨ â¥­§®à  �n
ij : � = j�n

ij j 6= 0 ¬®¦­® ¢¢¥áâ¨ ®¡à é¥­­ë© â¥­§®à �ij
n

¢â®à®£® ¯®àï¤ª :

�ik
n �

n
kj = �ij ; r�ij

n = ��is
n�

tj
n �

n
stl!

l
0: (29)

�ã­ªæ¨ï � ¥áâì ®â­®á¨â¥«ì­ë© ¨­¢ à¨ ­â ¢â®à®£® ¯®àï¤ª  £¨¯¥à¯®«®áë H(Vm):

d ln�� 2!k
k +m!n

n = �l!
l
0; �l = �ji

n�
n
ijl:
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�à®¤®«¦ ï ¯®á«¥¤­¥¥ ãà ¢­¥­¨¥, ¨¬¥¥¬

r�i + 2!0
i � (m+ 2)�n

ij!
j
n = �ij!

j
0; �[ij] = 2�u

s[iN
s
jujj] +

1
G
�[iGj]0: (30)

� ¤¨ää¥à¥­æ¨ «ì­ëå ®ªà¥áâ­®áâïå ¢â®à®£® ¨ ç¥â¢¥àâ®£® ¯®àï¤ª®¢ áâà®¨¬ ¯®«ï ª¢ §¨â¥­§®-
à®¢ aun ¨ au:

aun =
1
m
�u
ij�

ij
n ; au =

1
m
N i

ui;

ª®¬¯®­¥­âë ª®â®àëå ¢ á¨«ã (25){(27), (29) ã¤®¢«¥â¢®àïîâ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨ï¬

raun + !u
n = auns!

s
0; rau � !0

u = eaus!s
0: (31)

�à ¢­¥­¨ï (10) ¢ á¨«ã (15), (20), (22) ¯¥à¥¯¨èãâáï ¢ ¢¨¤¥

rcij = (: : : )ijs !
s
0: (32)

�á¯®«ì§ãï ãà ¢­¥­¨ï (13), á ãç¥â®¬ (15), (20), (22) ¨¬¥¥¬

d

�
bu
bn

�
�

�
bw
bn

�
!w
u +

�
bu
bn

�
!n
n �

�
bubw
(bn)2

�
!w
n � 
n

u = (: : : )nus!
s
0: (33)

4. �¥£ã«ïà­ ï £¨¯¥à¯®«®á  H(Vm) ­ §ë¢ ¥âáï ®á­ é¥­­®© ¢ á¬ëá«¥ �®à¤¥­ {� ª¬ §ï­  [3],
[14], ¥á«¨ § ¤ ­ë ¤¢  ¯®«ï ª¢ §¨â¥­§®à®¢ [7]:

r�in + !i
n = �inj!

j
0; r�i + !0

i = �ij!
j
0; (34)

®¯à¥¤¥«ïîé¨å á®®â¢¥âáâ¢¥­­® ¯®«ï ­®à¬ «¥© ¯¥à¢®£® ¨ ¢â®à®£® à®¤®¢ ­  ¤ ­­®¬ ¯®¤¬­®£®®¡à -
§¨¨.

�®£« á­® ãà ¢­¥­¨ï¬ (23), (25), (29){(33) ¢ âà¥âì¥© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¢­ãâà¥­-
­¨¬ ®¡à §®¬ ®¯à¥¤¥«ïîâáï ¯®«ï ­®à¬ «¥© ¯¥à¢®£® ¨ ¢â®à®£® à®¤®¢ £¨¯¥à¯®«®áë H(Vm):

P i
n

def= �
1

m+ 2
�ik
n

�
�k +

2Gk0

G

�
; (35a)

Pi
def=

1
2

�
�i � (m+ 2)�n

ijc
jk

�
ckn +

�
ckw � ckn

�
bw
bn

��
awn

��
: (35b)

�â ª, á¯à ¢¥¤«¨¢ 

�¥®à¥¬  3. �­ãâà¥­­¨¬ ®¡à §®¬ ®¯à¥¤¥«¥­­ ï ¨­¢ à¨ ­â­ ï ­®à¬ «¨§ æ¨ï £¨¯¥à¯®«®áë

H(Vm),   §­ ç¨â, ¨ ¢­ãâà¥­­ïï ¨­¢ à¨ ­â­ ï ­®à¬ «¨§ æ¨ï ¥¥ ¡ §¨á­®© ¯®¢¥àå­®áâ¨ Vm � Kn

(m < n� 1) ®¯à¥¤¥«ïîâáï ¢ âà¥âì¥© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ â¥ªãé¥© â®çª¨ A0 2 Vm
¯®«ï¬¨ ª¢ §¨â¥­§®à®¢ (35).

5. �®¢®àïâ, çâ® £¨¯¥à¯®«®á  H(Vm) ®á­ é¥­  ¢ á¬ëá«¥ �.� àâ ­  [15], ¥á«¨ ¢ ª ¦¤®©
â®çª¥ A0, ¯à¨­ ¤«¥¦ é¥© ¥¥ ¡ §¨á­®© ¯®¢¥àå­®áâ¨ Vm, ¯®áâ ¢«¥­  ¢ á®®â¢¥âáâ¢¨¥ ¯«®áª®áâì
Nn�m�1(A0) à §¬¥à­®áâ¨ (n�m�1), ­¥ ¨¬¥îé ï ®¡é¨å â®ç¥ª á ª á â¥«ì­®© ¯«®áª®áâìî Tm(A0)
ª ¯®¢¥àå­®áâ¨ Vm. �«®áª®áâì Nn�m�1(A0) ¢ ª ¦¤®© â®çª¥ A0 2 Vm ¬®¦­® § ¤ âì â®çª ¬¨

Mu = �uA0 +Au; Mn = �nA0 + �inAi + �unAu:

�ã­ªæ¨¨, ¢å®¤ïé¨¥ ¢ ¯®á«¥¤­¨¥ á®®â­®è¥­¨ï, ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬ [1], [7]

r�u + !0
u = �uj!

j
0; r�n + �in!

0
i + �un!

0
u + !0

n = �nj!
j
0;

r�un + !u
n = �unj!

j
0; r�in + !i

n = �inj!
j
0:

�â ª, ®á­ é¥­¨¥ ¢ á¬ëá«¥ �.� àâ ­  £¨¯¥à¯®«®áë H(Vm) à ¢­®á¨«ì­® § ¤ ­¨î ¯®«¥© £¥®-
¬¥âà¨ç¥áª¨å ®¡ê¥ªâ®¢ f�ing, f�

i
n; �

u
n ; �ng, f�ug, f�

u
ng.
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�§ ãà ¢­¥­¨© (25){(28) á«¥¤ã¥â, çâ® ¢­ãâà¥­­¥¥ ¨­¢ à¨ ­â­®¥ ®á­ é¥­¨¥ ¢ á¬ëá«¥ �.� àâ ­ 
£¨¯¥à¯®«®áë H(VM ) ¢ Kn (m < n�1),   á«¥¤®¢ â¥«ì­®, ¨ ¥¥ ¡ §¨á­®© ¯®¢¥àå­®áâ¨ Vm ­¥¢®§¬®¦-
­® ¯®áâà®¨âì ¢ ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ¯®àï¤ª  ­¨¦¥ ç¥â¢¥àâ®£®. �®ª ¦¥¬, çâ® â ª®¥
®á­ é¥­¨¥ ¢­ãâà¥­­¨¬ ®¡à §®¬ ¢®§¬®¦­® ¯®áâà®¨âì ¢ ç¥â¢¥àâ®© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®-
áâ¨ â®çª¨ A0 2 Vm.

�à®¤®«¦ ï ãà ¢­¥­¨ï (34), á ãç¥â®¬ (24) ¨¬¥¥¬

r��
i
nj +�n

kj�
(k
n �

i)
n � �ij(�

k
n�

0
k + �0

n)�N i
uj�

u
n = 0:

� ª ç¥áâ¢¥ ®á­ é îé¨å ¯®«¥© £¥®¬¥âà¨ç¥áª¨å ®¡ê¥ªâ®¢ f�ing, f�
u
ng, f�

i
n; �

u
n ; �ng, f�ug ¯®  ­ -

«®£¨¨ á [1], [7] ¡¥à¥¬

�un
def= aun; �u

def= � au; �n
def=

1
m
(�jnj � �n

kj�
k
n�

j
n)� aunau; (36)

  ¢ ª ç¥áâ¢¥ äã­ªæ¨© f�ing | ª¢ §¨â¥­§®à P i
n âà¥âì¥£® ¯®àï¤ª  (35a).

� ª¨¬ ®¡à §®¬, ¨¬¥¥â ¬¥áâ®

�¥®à¥¬  4. �­ãâà¥­­¥¥ ¨­¢ à¨ ­â­®¥ ®á­ é¥­¨¥ ¢ á¬ëá«¥ �.� àâ ­  £¨¯¥à¯®«®áë H(Vm)
¢ Kn (  §­ ç¨â, ¨ ¥¥ ¡ §¨á­®© ¯®¢¥àå­®áâ¨ Vm � Kn (m > n � 1)) áâà®¨âáï ¢ ç¥â¢¥àâ®©

¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ â¥ªãé¥© â®çª¨ A0 ¯®¢¥àå­®áâ¨ Vm ¯®«ï¬¨ ®¡ê¥ªâ®¢ (36), £¤¥
�in = P i

n.

�§ â¥®à¥¬ 3 ¨ 4 ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â

�¥®à¥¬  5. �ã­¤ ¬¥­â «ì­ë© £¥®¬¥âà¨ç¥áª¨© ®¡ê¥ªâ ­¥ ­¨¦¥ ¯ïâ®£® ¯®àï¤ª  ¯®¢¥àå­®-

áâ¨ Vm, ­¥ ¯à¨­ ¤«¥¦ é¥©  ¡á®«îâã ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn (n < m�1),
ï¢«ï¥âáï ¯®«­ë¬.

6. �§¢¥áâ­® [1], [12], çâ® ¯®àï¤®ª ¯®«­®£® ¢­ãâà¥­­¥£® äã­¤ ¬¥­â «ì­®£® ®¡ê¥ªâ  ¯®¢¥àå-
­®áâ¨ Vm ¯à®¥ªâ¨¢­®£® ¯à®áâà ­áâ¢  Pn (2 < m < n � 1) ­¥ ¯à¥¢®áå®¤¨â è¥áâ¨. � [1], [12] ¯à¨
¤®ª § â¥«ìáâ¢¥ ¤ ­­®£® ãâ¢¥à¦¤¥­¨ï ¨¬¥¥âáï ¢ ¢¨¤ã, çâ® £« ¢­ë© äã­¤ ¬¥­â «ì­ë© â¥­§®à �n

ij

£¨¯¥à¯®«®áë H(Vm),  áá®æ¨¨à®¢ ­­®© á ¯®¢¥àå­®áâìî Vm � Pn (2 < m < n � 1), ®¯à¥¤¥«ï¥âáï
¢ âà¥âì¥© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ â¥ªãé¥© â®çª¨ A0 2 Vm; ¨§ [16] á«¥¤ã¥â, çâ® ¯®àï¤®ª
íâ®£® £¥®¬¥âà¨ç¥áª®£® ®¡ê¥ªâ  ­¥ ­¨¦¥ ¯ïâ¨.

�â¬¥â¨¬, çâ® ¢ á«ãç ¥ ¯®¢¥àå­®áâ¨ ç áâ­®£® ª« áá ,   ¨¬¥­­®, ¯®¢¥àå­®áâ¨ � àâ ­  Vm �
P2m, m > 2, ¤®ª § ­® [17], çâ® ¥¥ äã­¤ ¬¥­â «ì­ë© £¥®¬¥âà¨ç¥áª¨© ®¡ê¥ªâ ¯ïâ®£® ¯®àï¤ª 
ï¢«ï¥âáï ¯®«­ë¬.

� ª ª ª ¤«ï £¨¯¥à¯®«®áë H(Vm),  áá®æ¨¨à®¢ ­­®© á ¯®¢¥àå­®áâìî Vm � Kn (m < n � 1),
¥¥ £« ¢­ë© äã­¤ ¬¥­â «ì­ë© â¥­§®à �n

ij ®â­®á¨âáï ª® ¢â®à®© ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨
â®çª¨ A0 2 Vm (á¬. (28)), â®, á«¥¤ãï áå¥¬¥ ¤®ª § â¥«ìáâ¢  ¯®«­®âë äã­¤ ¬¥­â «ì­®£® £¥®¬¥âà¨-
ç¥áª®£® ®¡ê¥ªâ  à¥£ã«ïà­®© £¨¯¥à¯®«®áë (¤®ª § â¥«ìáâ¢® ¯à¨¢¥¤¥­®, ­ ¯à., ¢ [1]), § ª«îç ¥¬,
çâ® á¯à ¢¥¤«¨¢ 

�¥®à¥¬  6. �®àï¤®ª ¯®«­®£® ¢­ãâà¥­­¥£® äã­¤ ¬¥­â «ì­®£® ®¡ê¥ªâ  ¯®¢¥àå­®áâ¨ Vm, ­¥
¯à¨­ ¤«¥¦ é¥©  ¡á®«îâã ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn (n < m� 1), ­¥ ¯à¥¢®á-
å®¤¨â ¯ïâ¨.

� á¨«ã â¥®à¥¬ 5 ¨ 6 á¯à ¢¥¤«¨¢ 

�¥®à¥¬  7. �®àï¤®ª ¯®«­®£® ¢­ãâà¥­­¥£® äã­¤ ¬¥­â «ì­®£® ®¡ê¥ªâ  ¯®¢¥àå­®áâ¨ Vm, ­¥
¯à¨­ ¤«¥¦ é¥©  ¡á®«îâã ¯à®¥ªâ¨¢­®-¬¥âà¨ç¥áª®£® ¯à®áâà ­áâ¢  Kn (n < m� 1), à ¢¥­ ¯ï-

â¨.

� á«ãç ¥ à¥£ã«ïà­®áâ¨ £¨¯¥à¯®«®áë H(Vm) ¢ Kn,  áá®æ¨¨à®¢ ­­®© á ¯®¢¥àå­®áâìî Vm �
Kn (m < n � 1), á¯à ¢¥¤«¨¢ë à¥§ã«ìâ âë, ¯®«ãç¥­­ë¥ ¢ [1] ¤«ï £¨¯¥à¯®«®áë, ¯®£àã¦¥­­®©
¢ ¯à®¥ªâ¨¢­®¥ ¯à®áâà ­áâ¢® Pn. �¥à¥ç¨á«¨¬ ®á­®¢­ë¥ ¨§ ­¨å (¯à¨¬¥­¨â¥«ì­® ª ¯®¢¥àå­®áâ¨
Vm � Kn).
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1. �­¢ à¨ ­â­®¥ ¯à¨á®¥¤¨­¥­¨¥ à¥£ã«ïà­®© £¨¯¥à¯®«®áë H(Vm) ª ¯®¢¥àå­®áâ¨ Vm � Kn

¯®§¢®«ï¥â ¯®áâà®¨âì ¤¢®©áâ¢¥­­ãî â¥®à¨î [1] ¬­®£®®¡à §¨ï Vm.
2. � ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ç¥â¢¥àâ®£® ¯®àï¤ª  ¢ ª ¦¤®© â®çª¥ A0 ¯®¢¥àå­®áâ¨

Vm � Kn ¨¬¥¥¬ ª ­®­¨ç¥áª¨© ¯ãç®ª ¨­¢ à¨ ­â­ëå ­®à¬ «¥© ¯¥à¢®£® à®¤ . �§ íâ®£® ¯ãçª 
¢ë¤¥«ïîâáï, ¢ ç áâ­®áâ¨, ­®à¬ «ì �ã¡¨­¨, ¤¨à¥ªâà¨á  �¨«ìç¨­áª®£® ¨ â. ¤.

�á¯®«ì§ãï ¤¢®©áâ¢¥­­ãî â¥®à¨î £¨¯¥à¯®«®áë, ­¥âàã¤­® ¯®«ãç¨âì ¯®«¥ ¯ãçª  ­®à¬ «¥© ¢â®-
à®£® à®¤  ¯®¢¥àå­®áâ¨ Vm � Kn.

3. � ¤¨ää¥à¥­æ¨ «ì­®© ®ªà¥áâ­®áâ¨ ç¥â¢¥àâ®£® ¯®àï¤ª  â®çª¨ A0 2 Vm ¨¬¥¥¬ ¯®«¥ ¨­-
¢ à¨ ­â­ëå á®¯à¨ª á îé¨åáï £¨¯¥àª¢ ¤à¨ª Q2

n�1 £¨¯¥à¯®«®áë H(Vm) (  á«¥¤®¢ â¥«ì­®, ¨ ¥¥
¡ §¨á­®© ¯®¢¥àå­®áâ¨ Vm), ®â­®á¨â¥«ì­® ª®â®àëå ª á â¥«ì­ ï ¯«®áª®áâì Tm(A0) ¨ å à ªâ¥à¨-
áâ¨ª  �n�m�1(A0) ¯®«ïà­® á®¯àï¦¥­ë.

�á¯®«ì§ãï ¨­¢ à¨ ­â­®¥ ãá«®¢¨¥ ª¢ ¤à â¨ç­®áâ¨ £¨¯¥à¯®«®áë H(Vm) ¢ Pn (m < n� 1) (á¬.
[1], [18]), ­¥âàã¤­® ­ ©â¨ ªà¨â¥à¨© ¯à¨­ ¤«¥¦­®áâ¨ ¯®¢¥àå­®áâ¨ Vm ­¥¯®¤¢¨¦­®© £¨¯¥àª¢ ¤à¨-
ª¥ Q2

n�1.
4. �­¢ à¨ ­â­®¥ ¯à¨á®¥¤¨­¥­¨¥ à¥£ã«ïà­®© £¨¯¥à¯®«®áë H(Vm) ª Vm � Kn ¯®§¢®«ï¥â ¨§-

ãç âì ­  ¯®¢¥àå­®áâ¨ Vm:

 ) ¤¢¥ ¤¢®©áâ¢¥­­ë¥  ää¨­­ë¥ á¢ï§­®áâ¨ ¡¥§ ªàãç¥­¨ï, ¨­¤ãæ¨àã¥¬ë¥ ­®à¬ «¨§ æ¨¥© Hm

¢ á¬ëá«¥ �®à¤¥­ {� ª¬ §ï­ ,   â ª¦¥ ¨­¤ãæ¨àã¥¬ë¥ ¯à¨ íâ®¬ ¤¢®©áâ¢¥­­ë¥ ­®à¬ «ì-

­ë¥ á¢ï§­®áâ¨
1

D ¨
2

D ¨ ¨å ¯®¤á¢ï§­®áâ¨, â ª¦¥ ¤¢®©áâ¢¥­­ë¥ ¬¥¦¤ã á®¡®© (á¬. [1]);
¡) ¤¢¥ ¤¢®©áâ¢¥­­ë¥ ¯à®¥ªâ¨¢­ë¥ á¢ï§­®áâ¨ ¡¥§ ªàãç¥­¨ï, ¨­¤ãæ¨àã¥¬ë¥ [1] ®á­ é¥­¨¥¬

¯®¢¥àå­®áâ¨ ¢ á¬ëá«¥ � àâ ­ .
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