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* PHUONG TRINH TOAN TU PHAN GIAO HOAN VOI POI HQOP
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Tém tit:

Trong bai bao nay chung t6i sé trinh bay cach giai phwong trinh voi mot toan tir D, no khong giao hodan

voi mot toan tir déi hop S cap N nhung théa man quan hé

SD=¢DS, ¢ day ¢ =e"""
D duoc goi la mét todn tir chuyén vi néu N=2, khi dé ta ¢6 SD+ DS =0 va ta néi D la phdn giao hodn

voi S.

Tir khéa: Todn tir dai s6, phwong trinh ham véi doi s6 bién doi.

1. D3t van dé

Ly thuyét toan tir dwoc xay dung va phat trién
manh mé& trong nhitng nim dau thé ky 20. Cac két
quéa gan v6i tén tudi nhiéu nha toan hoc ndi tiéng
nhu A Pazy, T.Kato, D. Przeworska, Rolewicz,...
Cung song hanh va tiép ngay sau do 1a sy ra doi
ctia hang loat cac 1y thuyét toan tir trong khong
gian tuyén tinh tong quat gan véi ly thuyét cac
phuong trinh ham. Trong [7] D.Przeworska va
Rolewicz da trinh bay cach st dung toan tir dai $6
trong phuong trinh vi tich phan. Trong [4] T. Kato
da sir dung cac toan tir xay dung 1y thuyét nhiéu
dé giai cac phuong trinh vi phan phi tuyén, nira
tuyén tinh trong khong gian Banach. Trong [6] A.
Pazy da st dung toan tir xay dung hoan thién ly
thuyét nira nhoém va tng dung vao giai phwong
trinh dao ham riéng.

Tai Viét Nam, tir cubi thé ky 20 di c6 nhiéu
nha khoa hoc quan tdm dén linh vuc nay, mot )
4n pham khoa hoc tiéu biéu rat hitu ich trong viéc
hoc tap, nghién ciru vé toan tir-phwong trinh ham
6 thé ké dén [1,2,3,5]. Néu nhu trong [3] tac gia
da xay dung mot hé théng 1y thuyét chat ché, tuin
tu, tong quat lién quan dén toan tr va khong gian
tuyén tinh thi trong [5] tac gia lai tip trung xdy
dung khai thac cac tinh chit va img dung cua cac
phﬁn tir dai sb, toan tir ddi hop, toan tr chuyén vi
dé giai cac bai toan vé phuong trinh ham.

Trong bai viét nay, chiing toi sir dung mot sd
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tinh chat co ban cta toan tur dai sé va toan tir ddi
hop dé giai mot sé dang phuong trinh toan tir ddc
biét.

2. Phwong trinh toan tir phdn giao hoan véi
dbi hop
Pinh nghia 2.1: ([4]) Cho X la mét khong gian
tuyén tinh (trén truong sb phirc). Mot toan tir dai
s6 S 1a d6i hop cdp N (N>2) néu da thirc dic
trung cla né c6 dang P(f)=t" -1 , tic 1a néu
S¥ =7 trén X. Trong truong hop N=2, S dugc goi
don gian 1a d6i hop.

Gia st S 1a mot d6i hop cap N trén khong

gian X. Cac nghiém ddc trung cua toan tir S la cac
can bac N cua don vi:

27il N 2
c=e"" g%, ...

el eV =1.
Gia st S 1a mot ddi hop trén X, tac 1a S* =1 .

Cho
Pt :l(I+S),P’ :l(l—S).
2 2

Céc toan tir P* va P~ 1a cac phép chiéu rdi nhau
cho mdt phan hoach cua don vi:

PP =PP =0,(P)=P,(P)Y=P,PP+P =1
Cac gia tri riéng cua toan tr S 1a 1 va -1 va cac
khoéng gian riéng tuwong Gng la X" =P'X va
X =PX, thc 1a, néu ta viét

x"=Ptx,x =P x dbivoibitky xe X ,taco
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Sxt=x",8x"=x.

Khéng gian X 1a tong truc tiép cua cac khong
gian X* va X . Ddi véi toan tir dbi hop S trong
khong gian X, gia st D 1a mot toan tir tuyén tinh
tdc dong trong X va phan giao hoan véi S. Khi d6
toan tr D’ 1a giao hoan voi S.

Tinh chat 2.2: (/4]) Néu S*=1 va
SD+DS =0 trén mét khong gian tuyén tinh X,
hi P"D=DP ,P D=DP".
Chung minh: That vay, do SD=-DS, tacod
1 1 1 1
P*D:E(I+S)D:E(D+SD):5(D—DS):ED(I—S):DP’,

P’D:%([—S)D:%(D—SD):%(D+SD):%D(I+S):DP*

.0
Tir tinh chét trén suy ra rang

Dx"=(Dx) e X",Dx =(Dx)" e X"
That vay,

Dx" =DP"x=P Dx=(Dx),
Dx™ =DP x=P'Dx=(Dx)"

Céc tinh chit ddc biét cua toan tir phan giao
hoan 1a phan biét véi 16p cac toan tur chuyén vi.
Gia str trong khong gian tuyén tinh X ta ¢6 toan tir
A= (a,] +b,S)+(a,l +bS)D, ¢ day S 1a mot ddi
hop trong X, D 1a mét toan tir tuyén tinh trong X
va phéan giao hoan véi S va q,b,,a,,b, 1a cic vo
huéng. Dé giai phuong trinh Ax = wyeXx,
trong bai bao nay chung ti s& xét mot sd truong
hop dic biet. Cu thé, ta s& gia su
a, —b, #0;a> —b> %0 va D khong 1a mot ddi
hop.

Ménh dé 2.3: ([4])

Cho

B=(ay -b,S)—(al+bS)D;
R,=—(a’-b’)"'B

Khi d6
AR, =R,A=D"-Al, (1)
Trong do,
2 _ 42 2
/1=‘;°2_Z°2 £0. @
1 1
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Ménh dé 24: ([4) Z,c z,  (wong
ZRA - 203 7/11) ’
Pinh ly 2.5: ([4]) Ta co

Z, . :{zeX:z:z] +8z,,2,,2, EZD-JZ}'
Chirng minh: Gia su rang z=z+8z,, trong do
Z,,2, EZuﬂﬁz .
Khi do,
(D* = Az =(D* = Az, +(D* — A)Sz,
=(D* = AD)z, +S(D* - Al)z,

=(D+NAND-AD) 2+ S(D+\AIYD -1z,
=0

vi D’S=SD?. Vaynén z e Z

D*-ir”’

. .s 5 M r 5 1
Nguoc lai, gia st rang z sz_u .Toantw 1 ,

N

1a mot d6i hop trén khong gian Z, That vay,

do A #0,taco ddivoibatky ;e z,  taco
l 2
(ﬁD] z—z=0,
1 2
[_DJ =] trén ZD%u'

N

Diéu nay din dén sy phan tich thanh tong truc

tac la

tiép ciia Z

D*-aI’
202 ar ZD—ﬁI ® ZD+ﬁ1 :
Vay nén z=z+z,", trong do

\  aA 1A I .
z€l, Gk €Z,, O la doc 1ap tuyén tinh. Ta c6

Do

thé chiraring z ,'=Sz,, trongdd z, e Z,, 5

z,' ezmﬁl’ taco Dzz'=—\ﬁzz .
Vay nén,
\/ﬂ_,Szz '= S(\/zzz ') =-8Dz,'=DSz,",

didu ndy suy ra (D-JADSz,'=0 va

5,=82,'€Z, . Nhung  z,'=$°z'=8(8z,") =5z,
suy ra diéu phai chimg minh. O

Ménh d@é 2.6: ([4]) Néu x la nghiém ciia
phwong trinh (D* —A1)x =y, thi x=Rx la
nghiém cia phwong trinh Ax=y.
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Dinh ly 2.7:([4]) Ta c6

Z, ={zeX:z=[(ao —alﬁ)l—(bo +b1\/Z)S:|zl}
va

Zy, :{zeX:z=|:(a0+a1\/Z)I+(b0 +b1\/I)S:|ZI}
trong 46 z, € Z R

Cudbi cing, ta thu dugc dinh 1y sau két ndi vai
dang tong quat cua nghiém cua phuong trinh
Ax=yva Ru=y.

Pinh Iy 2.8:

Xeét toan tr A= (a,l +b,S)+(al+bS)D,
trong d6 S*=1 va SD+DS=0 trén khéng gian
tuyén tinh X va hon nita D khéng ld mét doi hop
va a-b #0#a’ -b’.

Gia s x* la mot nghiém cua phuong trinh
(D> —ADx" =y, y e X . Khi dé6 moi nghiém
cua  phuwong

x=RAx*+[(a0—alx/z)l—(bo—b]«/z)S}zl, trong dé

=, lC‘l mét

trinh  Ax=y la o dang

nghiém cua phuong trinh
(D—\/I[)Z =0, dong thoi nghi¢m cua phwong

trinh Ru=y la co dang

Tai liéu tham khao

u= Ax+|:(a0 —alﬁ)l+(b0 —blﬁ)S]zl .
Trong d6: 4 va R, 12 dugc xac dinh nhu trong (1)
va (2).

Chung minh. Ta xét

Ax:A[RAx*+{(ao—a1\//_l)l—(b0—blx/z)S}zl ]
szARAx*+A[(a0 —alﬁ)l—(bo—blﬁ)S}zl

Do d6, theo Ménh d& 2.6 va Dinh 1y 2.7 ta suy ra
dugc Ax = y . Tuong tu ta cling c6 duoc két qua

nghiém cua phuong trinh R u = y 1a c6 dang

u= Ax+|:(a0 —aI\/Z)I +(b0 —blﬁ)S]zl.
3. Két luan:

Trong bai b4do nay ching t6i da s dung tinh
chit ciia toan tir d6i hop S va toan tir chuyén vi
D khong 1a d6i hop dé ap dung gidi phuong trinh
ham véi toan tir dugc xay dung boi

A=(a,l +b,S)+(al+bS)D,
trong d6 cac hing sé thoéa man mot sé didu kién
ré’mg budc cu thé.

[1]. PX. Anh, T.D.Long. Gido trinh Ham thuc va Gidi tich ham. NXB DPHQG HA NOI, 2001.
[2]1 N.V. Mau. Ly thuyét toan tir va phwong trinh tich phan ky di , NXB PHQG HA NOI, 2006.
[3]. H. Tuy. Gido trinh Ham thuc va Gidi tich ham. NXB PHQG HA NOI , 2002.

Publishers, Hanoi, 2005.

[4] T. Kato. Perturbation Theory for Linear Operators. Springer-Verlag, 1976.

[5] N.V. Mau. Algebraic Elements and Boundary Value Problems. Vietnam Nation University

[6] A. Pazy. Semigroups of Linear Operators anh Application to Partial Differential Equations.

Springer, New York, 1983.

[7] D.Przeworska, Rolewicz. Algebraic Analysis. PWN-Polish Scientific Publishers, D.Reidel

Publ. Co, 1988.

THE EQUATION OF NON-COMMUTATIVE OPERATOR WITH INVOLUTION OPERATOR

Abstract:

In this paper we will show how to solve an equation with a D operator, which is non-commutative with a

involution operator S order N but satisfies the relationship

SD = £DS, where ¢ =¢&*™'V .

D is called a transpose operator if N = 2, then we have SD+DS=0 and we say D is non-commutative with S.

Keywords: Algebra operators, the function equation of variable arguments.
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