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Abstract　 T h is paper p rovides severa l regu larity theo rem s fo r certa in 2n th2o rder non2
symm etric d ifferen t ia l opera to r A Κw ith param eter, from w h ich w e can illu st ra te the sta2
b ility behavio rs in bo th d irect ion s of a class of flying veh icles in their m oving p rodesses.
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　　L et A Κ be a genera l 2n th2o rder non symm etric d ifferen t ia l opera to r as fo llow s:

A Κ =
d 2n

d x 2n + ∑
2n- 1

i= 1
P i

d 2n- i

d x 2n- i + N ΚI: K < C 2n [0, 1 ]→ A Κ K < C [0, 1 ], n Ε 2, (1)

w here N Κ= Κ2+
Κ

V 0
N (x ) , N (x ) and P i= P i (x ) ( i= 1,⋯, 2n - 1)∈C [ 0, 1 ] w h ich are a lw ays

rea l funct ion s, Κ∈C , I is the iden t ity m app ing and

K =

K ( i1,⋯, in) = {y (x ) ∈C 2n [0, 1 ]ûy
( ik )
x = 0, 1 = 0, k = 1,⋯, n},

　　　　　　0 Φ i1 < i2 < ⋯ < in Φ 2n ,

C 2n
C [0, 1 ], and K 1 = K (0,⋯, n- 1) , K 2 = K (n, n+ 1,⋯, 2n- 1).

(2)

　　W e know that the regu larity po in ts of A Κ fo r the param eter Κcan illu st ra te the stab ility

behavio rs in bo th d irect ion of a class of flying veh icles[ 1 ]. T he papers [2, 3 ] have con sidered

som e specia l cases of th is opera to r fo r bo th n= 2 and 3. T h is paper dea ls w ith the regu larity

of A Κ overa ll by giving a series of linear isom o rph ism classes respect ively fo r the fo llow ing

th ree type of opera to rs:

(A K ) : A Κ: (K , ú õ ú n+ k ) → (A Κ K , ú õ ú - (n+ k) ) , k = 0, 1,⋯, n

(B K ) : A Κ: (K , ú õ ú 2n) → (A ΚK , ú õ úL 2) ,

(C K ) : A Κ: (K , ú õ úC2n ) → (A ΚK , ú õ úC ).

(3)
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w here

úy úm = (∑
m

i= 0
úy

( i) ú 2
L 2)

1
2 ,m = 0,⋯, 2n ,

úy úC2n = ∑
2n

i= 0
úy

( i) úC fo r each y ∈C 2n [0, 1 ],

and úõú - m is the dual no rm of úõúm fo r every m = 1,⋯, 2n.

T he m ain resu lts have been ob ta ined by con sidering a ll po ssib le funct iona l con struct ion s

concern ing A Κ, and a ll the ex ten sion isom o rph ism s of the opera to rs in (3) , u sing the m eth2
ods of part ia l d ifferen t ia l equa t ion s and funct iona l ana lysis. In the fo llow ing theo rem s, the

a lphabet a is a po sit ive con stan t dependen t on ly on 2n bu t no t on m = 0, 1,⋯, 2n.

Theorem 1　L et k= 0, P i∈C
n- i [0, 1 ], i= 1,⋯, n- 1. L et

∆ = [∑
n- 1

i= 1
∑
n- i

K = 0

n - i

k
õ úP

(n- K - i)
i úC + úP núC + 1 ]- 1,

Ε3
0 > Ε3

0 (Ε1,⋯, Εn- 1) = [a∑
n- 1

K = 1

( 1
∆∑

n- K

i= 1

n - i

　k
úP

(n- K - i)
i úC + úP 2n- K úC + ΕK ) + 1 ]- 1,

C 0 (Ε0, Ε1,⋯, Εn- 1) = {Κ∈C û m in
x∈[ 0, 1 ]

(- 1) n R eN Κ Ε 1
2∆∑

n

i= 1

úP n- i)
i ú c

+
1
2 ∑

2n- 1

j = n+ 1
úP iûC +

1
2

(Ε3 - 1

0 - 1) (Ε3
0 ) - (n- 1) +

1
2

Ε0},

w here Ε0, Ε1, ⋯, Εn- 1 Ε 0. T hen the (A 0) typ e op era tor A Κ in (3) is a linea r isom orp h ism f or

each Κ∈ C 0 (0,⋯, 0
n

) w hen K = K 1 and f or each Κ∈C 0 (0,⋯, 0
n

) w hen K = K 2 resp ectively.

Theorem 2　 L et 0< k < n , N (x )∈C
K [ 0, 1 ], P i∈C

n- K - i [ 0, 1 ], 1Φ iΦ n - k - 1, and K = C
2n
C

(0, 1). L et

∆ = [1 + 2∑
n- k - 1

i= 1
∑

n- K - i

j = 0

n - k - i

j
úP

(n- K - i- j )
i úC + 2úP n- K úC ]- 1,

and

Ε3
K = [a ( 2

∆ ∑
n- K - 1

j = 1
∑

n- K - i

i= 1

n - k - i

j
úP

(n- K - i- j )
i úC + 3∑

n+ K - 1

j= 1

úP 2n- j úC

+
1
∆∑

n- K

i= 1
úP

(n- K - i)
i úC +

1
∆ ) + 1 ]- 1,
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C K (Ε0, Ε1,⋯, ΕK - 1)

　 = {Κ∈C û m in
x∈[ 0, 1 ]

[ (- 1) nR eN Κ -
1
2

(a + 1)∑
K - 1

j = 1

k

j
úN

(K - j )
Κ úC -

1
2

úN
(K )
Κ úC ]

　 Ε 1
2∆∑

n- K

i= 1
úP

(n- K - i)
i úC +

1
2 ∑

n+ K - 1

j = 1
úP 2n- j úC +

a
2∑

K - 1

j = 1
Εj

　　 +
1
2

Ε0 +
1
2

(Ε3 - 1

K - 1) (Ε3
K ) - (n+ K - 1) },

w here ΕiΕ 0 ( i= 0,⋯, k - 1). T hen the (A K ) typ e op era tor A Κ in (3) is a linea r isom orp h ism f or

each Κ∈C K ( 1
2

,⋯,
1
2

k

).

Theorem 3　L et k= n and N (x )∈C
n [0, 1 ].

( i) F or K = K 1. L et

∆1 = (∑
2n- 1

i= 1
úP iúC + 1) - 1, Ε(1)

n = ( a
∆1
∑
2n- 1

j= n+ 1
úP 2n- j úC + 1) - 1,

and

C
(1)
n = {Κ∈C û m in

x∈[ 0, 1 ]
[ (- 1) nR eN Κ -

1
2∑

n- 1

j = 0

(1 + ( 1
4

) n- j )
n

j
úN

(n- j )
Κ úC ]

Ε 1
2∆1
∑

n

j = 1

( 1
4

) n- j úP 2n- j úC +
1
2

(Ε(1) - 1

n - 1) (Ε(1)
n ) - (n- 1) },

then the (A n) , (B n) and (Cn) typ e op era tors A Κ in (3) a re a ll linea r isom orp h ism s f or each Κ∈

C
(1)
n ;

( ii) F or K= K2. L et

∆2 = ∆1, Ε(2)
n = Ε(2)

n (Ε1,⋯, Ε2n- 1) = [2a∑
2n- 1

j= 1

( 1
∆2

úP 2n- j úC + Εj ) + 1 ]- 1,

C
(2)
n (Ε0, Ε1,⋯, Εn)

　 = {Κ∈C û m in
x∈[ 0, 1 ]

[ (- 1) nR eN Κ -
1
2

(a + 1)∑
n- 1

j = 1

n

j
úN

(n- j )
Κ úC ] -

1
2

úN
(n)
Κ úC ]

　 Ε ∆2

2∑
2n- 1

i= 1
úP iúC +

1
2∆2

+
1
2

(Ε(2) - 1

n - 1) - 1) (Ε(2)
n ) - (2n- 1) + Ε0},

w here Εi Ε 0, i = 0,⋯, 2n - 1.

T hen a ll op era tors A Κ f or k = n in (3) a re linea r isom orp h ism s f or each Κ∈C
(2)
n ( 1

4
,⋯,

1
4

n

,

0,⋯, 0
n

).
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带参数2n 阶非对称微分算子的一些线性同构定理

刘 颖 范
(南京航空航天大学数学系, 210016)

刘　 宏

(中国人民武警学院, 河北廊坊065000)

摘　 要

本文给出了一类带参数2n 阶非对称微分算子A Κ的一些正则性定理,籍此可刻画一类飞

行器在其运行过程中的双向平稳行为.
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