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B o JERALA 1 HY Banach B H o1, o™ o/ Al o7 SR RIFRITA AT, BEE
JC, R AT RS
B a€ o, M o(a), Ind(a) BHIFR a B, FEH5.
HEME—TTR be o Wik
bab="b, ab=ba, a(l—ab) € o/, (1.1)
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MIFR b A a #Y Drazin ¥ HME—, itk b=dP. % (1.1) N
bab="b, ab=ba, a—a’*bec g™ (1.2)

MR b 4 a B X Drazin ¥ HME—, {08 b = o (W3 [10]).
Waco M peco® BRE (P =p), Wl a TR (W3 [8])

a = pap + pa(l — p) + (1 = p)ap + (1 — p)a(l — p).

ain = pap, a2 =pa(l —p), az = (1 —plap, az = (1-pa(l - p),

i
o= {( pap pa(l —p) ] _ { an a12} .

L—plap (1—p)a(l—p) » a1 Q22 »

Bae g flp=aal, N

~1
a—[%l C?QL ad_{a(l) BL aﬂ—[g 1OPL, (1.3)
Ha™ =1-p, a1 € pe/p A, as € (1 - p)/(1 — p) PFHE.

WAk, FEEWNINFZ 2 H IS IT, | GRS Aot s 2] TR AR (W [2, 4,
6,8, 11-13, 17]). 3C [1] 43k AP WdF AP M HALY Fjo HATF V) > jo, {75 core-rank A; =
core-rank A. 3C [3] #F5E T LRI TSI T, LIRS T [|((A+U)P — AP|| ksl . ¢
(4] BF5E T BT AEBOERE T A S BOEAHRIN AL A #Y Drazin @883, 3C [5]
5% Banach A& 1) X Drazin iR #RAR, HBS] T 2 x 2 PSR FRBAL 5 [12] 48
T Banach 0% [1)" X Drazin #3824 & Banach Z8[] FA R L1 X Drazin ¥ 14
). 3 [6] BB T KT AP B <1 BT A+ E fREXMEHA WTR). 2
SC[6] WA, FATHAEHIIRMT (o +u)® FHRBXFHDIF

W A€ B(X,Y) FRM X BRI Y ERAREERT, B X, Y #4 Banach 230 (%
X =Y, A€ B(X)). Ak Ae B(X)J2&)" X Draizn 3%, N A Jy (W3 [8])

L)) - ()
0 Ay |\ R(A™) R(A™) )
Hrp Ay fil Ay S RS RIS
¥ A, U,B € B(X), AJ&)" X Drazin i H B = A+ U, MXF22 a4 X = N(A™)@R(A™)
A (W3 16])
U— [ Ui Uiz Ay +Un U2 ] .
0  Us 0 Az + Uso
MRS [6], LA T2 T RIS T A RIS F/) X Drazin RS LUK [|(A+U)*— A4
GOllne

o Ay 4 Uy AR [R(A™)] ERCEATRAY.

o Ay + Uy AJIAI Uzp Ay = 0.

o Ay + Uy A3 U Ag = AgUss.

| Boaru-|
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Ay + Un AEHERAE AP |Un]l < 1 (W3 [3, 8, 14, 16]) 55, R AL [|Un] < 1 25
(A1 4 Upq) ]38 (W3 [6]).
Fraecd N aR (1.3), B, # u e o J& a BPITT, W u K
w—= [ Uiz U2 ] 7
U21 U22 p
H p =aat. 23 6] WG %, BATAFEELL N5 AFT8 Banach % 1AY) X Drazin ¥4
Zﬂ*ﬂﬁ/‘*tﬂ’ﬁﬁdﬂ:ﬁ,\f“x Drazin ¥ (a + u)? BPRETHFERX USSR T |[(a+w)? — ad|| fy LR
o a1 +uyy AJIAL agud, =0, a2 = 0.
o ay +uyy AR a3uge = 0, u3y = 0.
o ay +uyy AJIAI U%g = U3.

T2 U R 512
53 1.1 ¥ ¥ o J& Banach fU%(, v,y € o Ml p € 7°, %

la ¢ b0
x_[() b |’ y_{c a]
p 1-p
()& ac(pap),be (1 —p)d(1—p) N x,yeca?H

at U 0
:L'd[ , yd|:02/ ad:| , (1.4)
-p 1-p

=

U = Z( )T 2eb™ b + Za c(bh) T2 — qdebd.
=0 n=0
(ii) & 2 € %, a € (pe/p)®, W b e [(1—p)d/(1—p))* H = FUEN (1.4).
S 1.2 2@ % a,be o7 |7 X Drazin A3 2 ab=0, W] a + b ]~ X Drazin AJ3 H.

a+b —p7 bn n+1+ bd n+1 aa .
e 3w

5138 1.3 " ¥ a,bc o? {§15 ab=ba, M| (a +b) € /¢ ﬂ:f.ﬁm% 1+ ab € 79, it

(a+b)" =a’(1+a’b)"bb + 5™ > " (=b)"( "+1+Zbd”+1 —a)"a”.
n=0

S 14 0 3 0 — (2 Y]y, MR (o) no(e) TR T o) — o(a) Uo(o)
MTpelC, KCO ¥ ala) #0, EX
dist(\, o(a)) = inf{[[As — A : \s € o)},
MIFAA53) T 52,

B 1.5 Fauec g fb=a+u, H ola) = {\:dist(\,o(a)) < €}, MIT Ve >0,
TAE 6 > 0, 75 0(b) C oe(a), HA |lul| < 4.

2 TREERHEIH

FHE 2.1 Fabe o/ &)X Drazin A3 HiE ab®> =0 fl a2 =0, ] a +b )" X Drazin
ALY HAYY (b7 (a + b)]? FEAE. 45 07 ab € /7, [Jab|| la®|[* < 1 F1 [|(ab)?| [la?|| < 1, 1]
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() (a+b)T =352, () {b(ab)™ (ba)"a + (ab)™ (ab)" } ;

o ey tat) s (@0 b
(i) F < Ibtab) a4 @) @) + g

1(ab)?] llall
lat ][ (1 = 1I(ab)?] fla*])

B B p = {0067, U b = [(% 0 )], et by € bbeerbb? AR by € b /b7 AIUREA.
Ba=[(G a2)lp, H ab® =0 Fil a® =0, N
a1 = 07 a1 = 0, (ngbg = 0, aggbg =0. (22)

b1 @12 ]
0 by+ax p'

(Bl la1® + fla|*)

+

(el lla™ [ + llaa™ ). (2.1)

a12a922 = O7 (132 = O, a+ b= |: (23)

HEIEE 1.1, W (a+ b)¢ TFAEY HALY (age + bo)? F71E, LRV (o + b)? FFAEY4 HALY
b7 (a + b)]* FFTE.
THW® of #3E (o + b)? HRBR:
B (2.2), (2.3), W (baags)(azzbs) = (azbs)(beaz) = 0. FHHK b7ab )~ X Drazin A[3¥i, FrPA
(02252)d ﬁ?’fﬁ. (bzazz)d = bz[(a22b2)d]2a22~
5 1.3, A%
(agaba + boage)? = (agab2)® + (baaga)?. (2.4)

R by MALRER H. (as2bs + baaze)b3 = 0, HGIHE 1.2 f1 (2.4), A[15

[(022 + bg)Q]d = (a22b2 + b2a22 + b2 Z b2 a22b2 + b2a22) ]n-l—l
n=0

n+1
= ZbQ a22b2 (b2a22)d:| * . (25)

BT b™(a+b) ] X Drazin A3, T (ago +b2)? FFAEH. (a2 +b2)? = [(az2 +b2)?]% (a2 + b2).
B A4, FIE

[(a22b2)" + (b2a2) "™ = [(a2b2)"]" ™ + [(baaga)?]" .

i (baagz)? = by [(a2252)d]2 aze VAN (2.5), M

(az2 + b2)? Z b3" {[(azzb2) ]! (bz[(azzb2)d]za22)n+l}(am + b2)

n+1 > n n
— Z b2 a22b2 aso + Z bg [bg((a22b2)d)2a22] +1b2

n=0
= Z b2 a22b2 s a2 + bo [(a22b2)d] m }’
(a2 +b2)" = (a22b2)™ — Z bgnH{ [(a22b2)d]n+1 agz + by [(a22b2)d] " } (2.6)
n=0
HEIFE 1.1, A[15 1
by U

a+be (a+b)d={ : (2.7)

0 (ag +b2)? v
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13
Her
u = Z(bfl)n+2a12(b2 + ag2)"(age + b2)™ — (a2 + b2)d012bl_1
n=0
HE R

_ b_1b1 0 0 ai12 0 ai12
bl = bdb“[ " 0] {0 am] {0 0 } -
HIAAER (2.2), (2.3) S %5 n > 1, )

ar2(bzaze)™/?, # n AB%L
by)" = 2.8
a12(a22 + b2) { a12(baag) =D/ 2by,  Hm FEL (2:8)

M EEn>1, H
T n __ 0 0 0 Tp - 0 0 . n
br{ba)” = { 0 b } [ 0 (baas)" } - { 0 (byass)" L_ (baaz2)",

At (z0)02 & o FIE—F5.
B by =0b"b=0" K ab™ = a(l — b2(bd)2) =a f
rn > 1 2 W

ar2(agz + b2)" = a12(baagz)™

#on > 1 J2arE N
a12(azz + b2)" = a1z(boazs) "D ?by = bbab™ (ba) " V/26™h = b (ba) "/,

/2 = bbab” (ba)"/* = bba(ba)"* = b (ba) "2,

H (2.6) A

ar2(aga + ba)™ = a1a(1 — ba(agabs)%ass), aga(ags + )™ = (ag2be) ass,

a1252(a22 + 52)7r = a1252(a2252)7r, a22b2(a22 + 52)7r = Cl2252(a2252)7r-

# (ba)*b = b(ab)* Al (2.7),

(a+b)? Z T2a12(by + ag2)"(azz + b2)"
—(ag2 + bz) aroby ! + (agz + ba)?
_ Z(bd)2k+2(ab)7r(ab)ka+Z(bd)2k+1(ab)ﬂ(ab)k
k=0 k=0

be”bQ" [(ab)¥])" a + b[(ab)?)" 1}

= i(bd)%*l [b%(ab)™ (ab)*a + (ab)™ (ab)*]

k=0

—Zb”b2" [(ab)]" " a + b[(ab)?]" 1} (2.9)

THERHBIF (0 + ) — a?].
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H (2.9), A
(a+b)? —a” =" (b(ab)™(ab) a” + (ab)" (ab)’) (a®)> T

=0

<.

+i (b((ab)®) T + ((ab)h)7 ' a)a? a™ — a*
=0
= b(ab)™(a?)? — (ab)?(ab)a?

+> (b(ab)™(ab)ya® + (ab)™ (ab)?) (a®)? T

j=1
Jri (b((ab)")7*! + ((ab)*) T a)a* a™. (2.10)
§=0
Hi (2.10),
B0 at 099 = ) < by @] + by at)a]
37 1@b) ) (@bl a2 (18l a2 + )
j=1
37 I 1) (N a21) "]
3=0
3 @) (1) a21)” laa|
3=0
# @) a1 < 11 @by o] < 1,
a d_qd ab)™|| || (a
Mex el < abyma + favytan)] + X LER G (10 a1 + o )

(e’ -
L~ gy gy U0 el (211

iy (2.10), 11 (i) 7.
FI 2.2 HKauec gL a"u(l —a™) =0, aa™u? =0, a"a® =0 H a™u ] X Drazin
a, WIAFEAE § > 0, HXFTF V|ul| < 6, #75 b = a+u )" X Drazin A% HAY (0™ (a + u)]¢ 77
1. 4, 2 (a"aw)? T74E, N
(i) b =v4+w—vuw+ {37 v"2ua" [a"(a + u)]" } x [1 — (a + w)w];
(i) 2 [lua]| < 180 aamu)l < 1, 90 64 — o)l < 85(1+ 8yl + 2y + b, Fof
_ lla|[lla%ul]
1— [ladul| ”

= (1+a%u)ta?, 6, =

o0

w = Z(aﬂu)wu?n [aﬂu((auﬂu)d)7l+1 + ((au”u)d)"+1u”a] ,

n=0
nmwuwunnawmu|w )
&z( (@ )™,
= [laama)] laay ) 2=
o] fla%ull2(1 + la™(a + u)]52) 5182 ul
03 = la™ula ™Il + . (2.12)
T~ Jlaa] 22 Jau]
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W A p=ad®, Ma™=1-p, a a’Hy (1.3), % uRy
u= [ vt } , (2.13)

U1 U2 »
Hetr ay € pa/p W az € (1 —p)/ (1 — p) UFEE.
Ha™u(l—a™)=0,H

ur U2 a1 + up U12
Ug1 = O, u = 5 b=

0 U2 » 0 as + U2 »

A a A, W Ind(a) = 0 fl o™ = 0. HGIE 14, WFELE 6 > 0 {15 b AL, ARGk
b =07t = (1+atu)a™t, Ind(b) = 0. B (2.12) Hf w = 0, B (i) FHE # o HUFEH
T =1, a?a™u = a*u =0, a"u? = u? = 0. HH|F 2.1, W (i) K7
TH%®E a € @ H Ind(a) > 0, Bl a BEAZ A ZURFE.
M5 1.4, WIFEAHICH T4 My, My, (1% oc(a1) € My Fl oc(az) C My, Hdt e > 0.
MR 1.5, 15

(2.14)

O’((ll + ul) C ae(al), U((J,Q + UQ) C 0’6((12),

HAr 6 >0 M [jul| <6, B |lua]| <6, Juzl| < 4.

FEES (a1 +ui)No(ag+ug) = 0. HEIH L5, AIBIE o(b) = o(a1 +u1)Uo((az +uz) HE
FAE— 0 > 0, (1% a1 +wy AL, HoAft [lug || < 0. i (2.14) HAFEXMGIH 11, 7740 (0 + )
TFAE ALY (ag + ug)? FFAE, B (a7 (a + u)]? BIFAE.

TEgH (i) B9IER:

H 2
o 210 [ ]
Oa2p01p0uz Oagugp’
N asu3 = 0.

HH a"a* =0, N
s [0 0] Ta 0 0 0
= = =0
@ {o 1 0 a 0 a3 ’
P p p

S a2 =0 H af =0. BT (a™aw)? 71, W (agu2)? F7AE, HMLATRAHEH (u2a0)? FEAEE N
(UQag)d = U2[(a2u2)d]2a2.

H a™u ] X Drazin ﬂ‘;@%’ﬂfﬁfjﬁ 2.1,

(ag + up)? = z:uQu2 (azu2)®"as + us[(azus) "+ . (2.15)

HEM 1.1, Hb=a+u f)( Drazin 7], H

a_ | (a1 + up) ! T
bt = { 0 (az + ug2)? . (2.16)

,":P x = Z _0((11 + ul) (”+2)u12(a2 + UQ)n(az + 'UQ)W — (a1 + u1)71u12(02 + Ug)d.
HTIEM (1), gt N E RS
(a1 +u) '@ 0=1+a u)a; @0 = (1+a%)ta? = v, (2.17)
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[aﬂ'(a + )] =0 D (a2 + UQ) =0 D Z ugugn UQ((GQUQ)d)n+1 + ((a2u2)d)n+1a2]

n=0
= i(a”w”u% [a"u((aa™u)!)"* + ((aa™u)?)"*a] = w. (2.18)
i (2.16), A
{ 8 0 L - { i”nﬂaﬂ“[a”(a + “)]"} x [1—a™(a + ww] - vuw, (2.19)
B (1) L
(i) H (), A&
b —at = v+ w—vuw + i "2 ua™ [0 (a + u)]” x [1 — a” (a + w)w] — a®

n=0

= d

(au)"a® + w — vuw + Z V" 2ua™[a™ (a + u)]" x [1 —a"(a+u)w] — a
n=0

[M]8

3
Il
=]

I
[M]8

V" ua™[a" (a + u)]" x [1 —a™ (a4 u)w] + Z(adu)"ad +w—ovuw. (2.20)
n=0 n=1
HEREE] o(uat) U {0) = o(a%e) U {0}, BAE ual] < 1 SHTF atul < 1, B

o0

la]l [laul|
Z(adu)"ad <
2 1= %]

fh (2.17), (2.18), (2.19) Al [|(aa™u)?]| < 1, 773

=4, (2.21)

Z(awu)ﬂu%z [aﬂu((aaﬂu)d)n-i-l + ((aawu)d)n+1awa]
n=0

Jw||=
Z (a0 + ((aam ) @) S N u) e
n=0 n=0
< [ la™ ull |(aa™w) |"+1+ZH aa™u)?(|"* (a"a ||] > @ u) |
n=0 n=0
||a ull[[(aa™w) || la™al| ||(aa”u)d||> - 2
< [[(a™u)"u™
( 1—|[(aa™u 1= [[(aa™u)4|| nz::O
=4, (2.22)
|lz|| = {Zv”” Tula”™ (a + w)]"™ } x [1—a"(a+ u)w] — vuw
< la?ll lla®ul® (1+ la™ (a + u)|[2) G162 |ul
: ~Jatu] Z”“ @t Ol ey
= 4. (2.23)

i (2.20) BEERE A (2.21)(2.23), W (if) FHIE.
KA 2.2, T TLR:
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FI 2.3 Faue gL a"™u(l —a") =0, a®?a™u=0, a"u? =0 H a™u ] X Drazin
A5, WAERE 6 > 0 HXF V||ul| < 6, f#75% b = a +u ] Drazin A4 HALY [a™ (a + u)]* 77
1E, #—H, % a"au € o7, M|

(1) b = v +w —vuw + {377, 0" Pu(l = p)[(1 - p)la+u)"} x [1 - (CH'U)U)L

() % [jua]] < 1A aamu)l < 1, 0 6% — ] < 851+ B Jul) + 12 + s, 3of

[la][ llaul]

:1 d —1 d 5
(tatu)y™a’s 0= T

w="" {[a"u((aa"u)")"*! + ((aa™w)")"*'a"a] (a"a)"a*"}

5y = <||a”a|| I(aa™u) I Na™ullfi(aa™u ||II) Z” aa) |,

1 — [[(aamu)| 1—|[[(aa™u

la?|[ lla®u][*(1 + [la™ (a + u)||d2) ZHG a )| 81 8| |u

5 :
i 1 — [laul| latul

T 2.4 & auc JE a"u(l —a™) =0 H a™u? = a™u, WFEE 5 > 0 BT
Vu| < 6, 415 b= a+u ) X Drazin A4 HAV2Y [a” (a+u)]? 7. #E—#, % ga™a(1—g) = 0,
il

(D) b = (1 —a™) Y0 g(au)"a + z + a™ (¢ 302y a" +y),

(i) & [laatual|| < 1, |laa™au?|| < 1 F ||a™u(a™u)%a™a| < 1, W]

16 — a|] < 61]|1 — a™|| + 64 + J5 + b,
He oy BUEMER 2.2 —FEUK g J& o PIIRET,

v=(1+a%)"ta?, t= Z [a”u(a”u)da”a] ,

n=0
m=> (p+qt " ((1-p-q)a+u)q)[(1-p-qag”,
n=0

z= Z " 2ua” (o + u)"[1 — (a™(a + u))(a™(a + u))4] — vua™ (a” (a + u))?,

5 1
Y71 Cjamu(amu)taral’
3 =lp+al > 21— p—q)(a+uw)lll[(1 - p— g)aq)"|,
n=0
86 = [ua™|| [|a®]1?[|(a™ (@ + w))™|| < (IIadII ||a+u||)n i 51||ua“(a“(a+u))d||_
(1 — [laul])? =\ 1 aty| [laul|

B % p=aa? Fla” = 1—p, W a,a%, u ATER (213). t a"u(l —a™) = 0, N

u—{“l “12} : b—[‘”““ 2 } . (2.24)

0 U9 » 0 as + u2

A a W, RRIERE 2.2 AMHE ().
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FH%HE o € /4 il Ind(a) > 0 LK o(a) # {0}, Bl @ BEA TR RS, Kbl
2.2 (IERA, T a1 +uy € po/p IS H
(e +uw) t@0=(14a%)ta? = . (2.25)
B (2.24), (2.25), FAIBIE (a +w)? FFAEL HALY (a2 + uz)? F77E (AF [a™(a + w)]? FEFE).
THHIE ay Z3 NG a2 +ug )7 X Drazin i#if3RER:
i a™u? = a™u, W u2 = us, us € (p/p)®, Bl o(uz) C {1,0}. & q = ugud = ugug, M us A
LURNUY/7

w=| Osz 6|0 T] ) amwed e b )

X 0

XF a2 € (1—p)/(1—p), N

a1 ai . ait’  ara’ ] )
as = B oag = . 2.27
? { a21 a2 L (j 2 [ as’  ag’ ¢ ( )
AR g f1 1 —g IF
g:[g 8] , 1—92{18‘1 8] . (2.28)
q(K q') q(5% q')
H ga™a(l —g) = 0, FATAT5
! !
ag = [ a0 } (ﬁ ay = [ iz ] ) (2.29)
az1 Q22 q 0 a22 7
H (2.26)7(2.29), il
0 § / /
a2+u2:{ f11+ 4 } . a2+u2':{a“+q 12 +,x2} . (2.30)
az1 +21 az | 0 a2 o

B4 (2.30) FRPRMESLZRTFRAT, R H 2% (2.30) Bi—FEL. B ¢ € (1-p)o/ (1-p)
RIS ag TR, FTLA a11, age € (1—p) o/ (1—p) 35 AR E LU a11+q € (1-p)o/ (1-p)
A

R TSR, WIRFEAE N5

[a™u(a™u)a™ (a+u)]¢ = 0@ [a"(a +u)* =0 (¢ +a1) ' @0

=0&) ay®0=> [¢(1—p]" =t, (2.31)
n=0 n=0
00 0
[][ 7. e
0y 0], ey
Horfr
y=3 [(an+ 07" (a2 +1)(a22)",
n=0

m=> (p+q)t " ((1-p—q)a+u)g)(l—p—qaqg"

n=0
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45

B (2.31), (2.32), &

(a11 + q)_l 0

0@(a2+u2)d=0@{ 0

] =t+m.
q

B R a1 4+ ug AT, BIEE 1.1 M1 (2.24), (2.25), (2.33), HAT015%

] =(1-a") Z(adu)"ad +z4+t+m,
p n=0

a_ | (ar+ up) ! z

(a+u) 0 (a2+u2)d

Her 2 #ihA K (2.24).
FefehHt, XF (2.30) A XA R 4R
Faegm™ H q" =1, N
ad™u? = au® =0, a"a® =da% =0,
Bl a + u BYIERA R BT ag + uo AOTBEL. B (1) FHIE
(ii) %5 (1), A

bt — a?

(o)
(1—-a™) Z(adu)”ad +z4+t+m—a’
n=0

= —a"a’ + (1 —a") Z(au)"ad +z+t+m.
n=1
HH aat(a + u)aa = uy + ar A H. ||aatuald|| < 1, FTLA

S |aul| [|a”]|

(1 —a™) ) (au)a’)| < |1~ ’T||| P =01 —a"|.

n=1

i (2.31), [[a"u(a™uw)%a"al| < 1, &

o0

Z[a”u(a u)4a™a]"
n=0
HTIE (i) oL, FEA TS

S (o4 @) (1 - p— )+ wg)[(1 —p—q)aq]nH

n=0

< e+t "2 = p = g)a+ Wl I[(1 - p — q)ag]”|

n=0

1
< = 4,

t =
” H - 1—- ||a7ru(a7ru)da7ra”

[[m||=

<+l Yo = p = a)(a +w)a)| I[(1 - p — g)ag]"|| = &,

n=0

Izl = "Fua(a + )" (a" (a + )" — vua” (0" (a + u))’

||ua”|| la”]? - (IIadII la+ull\"

= (@ Jlaul 2 2 \" T~ [au] ) l(a™(a +u))]

1
+ g llua”™ (@ (@ + )| = &.

[latul]

(2.33)

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)



46 ¥ % M Pk 574
h (2.35)(2.39), FATAT7
(o)
(@ +w) = a’| = (1= a™) Y (a%w)"a® + z + t+m]|
n=1
- 1—[latu]
S(51H1—GW||+(54—|—(55+66. (240)
i (2.40), (i) 18E.
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