JIABOPATOPHAS PABOTA Ne 1

JInneiinble HenMpepbIBHbIE OMEPATOPHI B 0aHAXOBBIX MPOCTPAHCTBAX.

Heo0xoaquMble MOHATHSI M TEOPEMbI: HOPMUPOBAHHbIE NPOCMPAHCMEA, JiU-
HEUHbIll ONepamop, 02PAHUYEHHbIL ONepamop, HenpepuleHulll ONepamop, KEUead-
JIEHMHOCMb 0CPAHUYEHHOCTU U HEeNnpepbleHOCMU, HOPMA ONepamopd, cxo0umMoChb
noc1e008amenbHOCMU ONepamopos no Hopme, CUIbHASL CXOOUMOCHb, 001acmb On-
pedeneHus onepamopa.

Jlumepamypa.: [] cmp.179-188,149-156; [] cmp.95-98; [] cmp.67-73; [] cmp.
218-220; [] emp.98-101; [] 218-253; [] cmp.105-111,113-116; [] 114-132; []
cmp.45-51.

1. I[IycTh X,Y - HOPMHUPOBAHHOE MPOCTPAHCTBO. BBISICHUTH, COBMAIAET JIU 00-
JacTh ompeneneHus D(A)= Re "|Axe  omeparopa 4 € HOPMHUPOBAaHHBIM IIPO-

ctpanctBoM X SBnsercs nu onepatop A JIMHENHBIM, HEPEPBIBHBIM OIEPATOPOM
3 D(A)B Y?



N X Y A

11| L,f0.1] L;»[0.1] ()= ‘je,zsx s )ds

1.2 [s L7 Ax:(x(2) x(4) | x(2k) )
k22,24, ’22k’)

1.3 Cl[-nn] C[-n,xn] nsin(2n+1)(s_t)

(Ax)(t)= j 2 x(s)ds(neN)

- 2sins_t

1.4 Is Ls Ax={*V H2) (k) )
L2 7227 " 287 )

1.5 | Cc?0,1] C[o,1] (Ax)(1)=|x(1)

1.6 | L,0,1] L,[0,1] (Ax)(t):%x(t)

1.7 [, [ —(e(]) X2 xX(3)  x(k)

Ax (x()’\/i’\/?’ R )
1.8 Ls(0.1] R Ax= ]x(t)|8dt
1.9 Cy R _~X(k)
Ax ; h

1.10 Ls[-1.1] Ls[-1.1] (Ax)(t)= i[(tzs+s)x(s)ds

111 | Ly/-1,1] L,/-1,1] (Ax)(t)=x(V1 )

112 | C[-3-1] C/-3,-1] (Ax)()=3/x(1)

1.13 ; 2 Ax=(x(1),2%(2), ....kx(k), ...)

1.14 L l Ax=(x(1)-x(3),x(2),x(3), ... x(k), ...)

1.15 C/-1,2] C/-1,2] (Ax) (1) = sz(s)ds

1.16 L;[0,1] L;[o,1] (4x)(1)= IJ.\/;SZX(S)dS

117 | L,/0,1] L,[0,1] (Ax)(1)=x(1)

118 | L/-11] L,[-1,1] (Ax)(1)=x(t)




1.19 | L;/0,1] L,[0,1] (Ax)(t)=x(t’)
1.20 l I, =KD +x(2) x(2)  x(k) )
L 2 22 T2k
]2] L5/2[_]’]] L5/2[_]’]] (AX)(X): ]‘(2S+S2 E(S)dS
1.22 | Ly/-LI1] L;/-1,1] (Ax)(t)=tx(3t )
123 | Lysf0.1] | Lif0.1] ()= [0 + [5)n( 3
1.24 iz ¢ Ax= ka( 2k +1)
1.25 | C[-LI] C[-1,1] (Ax)(t):tx(o)_”fx(%)dt
1.26 | Lsp[0.1] Ls[0,1] (Ax)()=x(1)
127 | Lyf01] | Lol (Ax)(1)=x €
128 | Lsf0.1] L;[0,1] (Ax) ()= x (i
\/; )
1.29 I3/ [; Ax=|(x(2) x(1) x(4) x(3)  x(2k) x(2k-1) \
U2 B k-1 e )
1.30 C, R _xx(k)
Ax ,;klnk
1.31 , ; Ax=(x(1),3x(3), ....(2k-1)x(2k-1), ...)
1.32 | C[0,2] C[0,2] Ax(1)= Zje,sx,(s )ds
1.33 Cl0.1 10,11 Ax(t)= ]tzsx'(s)ds
(1) 1
1.34 ¢l0.1] U017 Ax(t)= jsin(ts)x(s)ds
135 | L;01] L,[0,1] (Ax)(1)=x(1)
136\ Lf0.4] | Ls[0.1] ()= [ x(s s
1.37 s C

Ax=Y x(k)f




1.38 | L;/-1,1] L,/-1,1] Ax(1)=x’(1)
1.39 | L;/0,1] L,[0,1] Ax(t)=x(t’)
1.40 I, I P )+ o(2) x(2)  x(k) )
) i
1.41 [, [; Ax=(x(1)-x(3),x(2),x(3),....x(k),..)
142 | CJ-1,2] C/[-1,2] Ax()= [ (5)ds
143 | L;/0.1] L,[0,1] Ax(z)=]ﬁs2x(s)ds
1.44 [; [ Ax=(x(1)-x(3),x(2),x(3)-x(5),x(4)...)
145 | C[0,1] C/[0,1] Ax(t)=x"t)
1.46 | L;»[0,1] Ls,[0,1] Ax(t) =x(t)
1.47 I3 Iy Ax=(JJx(U|x(3))nflx2k = ))....)
148 | C[0,1] C/[0,1] Ax(t)_x( - J' x(s)
1.49 L3 C Ax=ikx(k)|3/2
130 Cl-L] CI-1.1] Ax(t)= [x(int)dt + x(0)In
1.51 | L,/01] L,[0,1] Ax(t)=|x(1)|
1.52 | Lsu[0,1] R Cix(t)t
Ax= N2 g
X Oj o
1.53 | C[0,1] R Ax:ixz(%)mz(o)
1.54 | Ls/-1,1] L,[-1,1] Ax(t) ]jrxz(s)ds
]55 ZOC Co Ax: "
1.56 Co lw Ax= ¢
2o
157 | Lo L,/0,1] (Ax)(Z) = J7x"(s)ds

0




1.58 | L,[0,1] L,[0,1] (Ax)(1) = x(7)|
159 | L01] L,/0,1] (Ax)(t) = 2(t)
1.60 | C[0,1] c/o,1] (A = ¢ 1)
1.61 C/[0,1] c”r0,1] (Ax)(t) = ¢' 1)
1.62 | Cc”ro1] C/[0,1] (Ax)(t) = x' 1)
1.63 I I A =€)+ ,x(2),x(3),..
1.64 I I, A = C(x(2),x(3)...
1.65 | Ly/-1,1] L,/-1,1] (Ax)©) = )
1.66 C/o,1] R (Ax)(?) = x' 0)+ =(0)|

1

_ 2

167 | L-11] | Lj-11] (Ax)(?) = jl = (s)ds
1.68 | L, [01] L,[0,1] (Ax)(t) = c2(0)
1.69 | C[-1,2] C/[-1,2] () (e)= x5 ds
1.70 | C[-3,-1] C/[-3,-1] Ax(t) =3xt)
1.71 | C[-1,2] C/[-1,2] Ax(t) =V

1+ ¢*(t)
1.72 | L,J0,1] R e ]x (o
1.73 | Cc?/0,1] C[0,1] (Ax)()=|x" 1)
1.74 I; C Ax=Y x(k))
1.75 Z & AXZ(M,X(Z),x(3),...}

2. Jlokazats, uto onepaTop A: X — SBIJISIETCS JUHEUHBIM OIPAHUYCHHBIM

Y HAUTHU €T0 HOPMY.




| N |

X

Y

A

I . Onepamop ymnoorcenus , oeticmsyrowuii uz3 X ¢ Y

2.1 | C[-21] C[-2,1] (Ax)(t)=(t-1)" x(1)
22 | C[-33] C/[-3,3] (Ax)()=(t-1) e'x(t)
2.3 | c/o1] C[0,1] Ax)t)=—" x(1)
1+ 2
24 | cC/o1] C[0,1] (Ax)(t)=t sint x(1)
25 | C[-L1] C/-1,1] _ (=2 )x(t),te[-10],
(A0 10 ,te(0]1].
2.6 |C[-22] C[-2,2] (2 —2t-1,t€/-20],
(4 (t)_izz “1L re(02).
2.7 | C[-2,0] C/[-2,0] l( tx(t), te[-2-1],
A)O= . , 4
.\t 21 v ;te(-10].
2.8 L3/2(-1,]) L3/2(-],1) (AX)(f):i/l_+ X(t)
29 | Lsu(1,2) | Lsu(1,2) (Ax) ()=(r-1') x(1)
2.10 |L0,1) Ls(0,1) (Ax)(t)=(1-t) x(1)
2.11 L7/2(—],]) L7/2(—],]) (AX)(f):COSTE x(t)
2.12 | Lys(0,2) Ly5(0,2) _ tfeostx(t)te 01],
4/3 4/3 (Ax)(t) 0 e {,2].
2.13 | Ls(-2,0) Ls(-2,0) [ix(t) te[-2-1],
(4%) (t)_i(ﬁ —2)x(t),te(~10].
2.14 | C[-2,0] C/[-2,0] (Ax)(t)=(F +t-1)x(1)
2.15 | C[-2,2] C/[-2,2] (Ax)(t)=te'x (1)
2,16 | L3/-1,1] Ls[-1,1] (Ax)(H)=V1- x(1)
2.17 |Ls[1,2] Ls[1,2] (Ax)(t)=(t -t )x(t)
2.18 | Cl0,1] C[0,1] (Ax)(t)= (£'-2t-1)x(t)
219 |Lsp[0,1] | Lsp[0,1] (Ax)(1)= (1t )x(1)
2.20 |L,/-11] Li[-11] (Ax)(t)= cosm x(t)
2.21 | L,s/0,2] Lys[0,2] (rsintx(t).te[0]1],
(Ax)()= 1o 1e]12].
222 | C[-1,1] C[-1,1] (Ax)(t)Zﬁ((tj 2+ )x(t)te[-10],
(" +1)x(t) ,t€]0]1].
2.23 | C[-2,0] C[-2,0] (Ax)(1)= ﬁ( txit) te[-2-1],
(1 +2t)x(t),te] —10].
224 | C[0,1] C[0,1] (AXI(E) = 12— )x(0)
225 | C[-11] C[0,1] (Axi() = 4= D)x()




2.26 | L,/0,1] L,[0,1] (Ax)(t) = 2x(t)
2.27 | L;J0.1] L,/0,1] (Ax)(t) = 1% — )x(D)
228 | Ly/-1,1] Lo[-1,1] (AXI(E) = 2x(0)
229 | Ly/-11] L,[0,1] (Ax)(2) = x(¢)
230 | Ls[0.1] L;[0,1] (Ax)(0) = 1— 2)x(t)
231 C[-1,1] C[0,1] (Ax)(t) = :12 — Px(n
232 | Ls/-1,1] Lo[-1,1] (Ax)(t) = f|x(1)
233 | cVI-11] C/[0,1] (A )(t)= inm x(t)
2.34 | L,01] L,/0,1] (Ax)(?) = [tx(?)
[ (P +0x(0),  te 10
231 CL L] (Ax) _<|\ 2 +4t+1)x(t), te 0]
236 | Clo.1] L,[0,1] (Ax)(t) = 2x(t)
(), te0,]
237 | Ly/-11] Ly[-1,1] (Ax '(t):i 0, te-10[
238 | L/-13 L/-1,3 ((t=1)x(t), te[-12),
o o (Ax)(t)= L?tz —)z )x;tj, te[[2,3]).
2.39 | Lop[1,4] Loy[1,4] (Ax)(t)= ‘(1 +4t-3)x(t), te[12.5),
L 0 te[2.54].
1l. Jluaconanvuwiti onepamop, deticmeyrowuti u3 l, 6 1,

2.1 Ly Ly Ax=(1+ }(1),...[1+;—)x(k),..:
2.2 l5/4 l5/4 Ax= x(1) x(2) x(k)
x=( > Rk yer)
2.3 |l l73 Ax=(2x(1)33x(2),.. Nk + x(k),..
24 |l Isn dxm XU X2) 3k
e i
2.5 |\ lsu L5 Ax= (0,0,0,%4),0,... (1- k )x(2k),...
26 |l [ s Ax=(cos2?nx(l),...,cosk%x(k),...)
2.7 [, [; sz(oox(3) x(4) x(k) )
0=, =5 .
2.8 |z L3 Ax=(x()N2x(2),... kx(k),..
2.9 [ / : k
6 6 sz(o,lf_ — (2. lj— - x(k)...)
2.10 |lIsp Is) Ax= x(1) 2x(2)  2x(k)
x=( T yer)




2.11 |1 [ 3
7/3 7/3 Ax= (£ (1)£ (2. k+ (k).
212 | ls Ax:(3x(1),32x2(2),m, 3kx]{k)’m)
5 5 5
2.3 | Isu s Ax=(0,x(1),%x(2),...{l - ;C-)x(k),...;
2.4 1l ly Ax=(|cos2—n x(1),...Jcos* 2% x(k),...)
2,15 | 1; [; _(Oox(l) x(2)  x(k) )
TR T
2.16 |, ls Ax=(0, x(l) x(2)  x(k)
TR T T
2.17 l7/2 l7/2 Ax:(lx(l) 2x(2) kx(k) )
1+1 142 "1+ -
2.18 Iy Iy Ax=(0,x(1),x(2),...)
2.19 [3 [3 Ax = (x(2),x(3),x(4),...)
2.20 o o Ax = (x(1),x(2),...x(n)00,...)
(x(1) x(2) x(3)
2.21 Iy Iy Ax\1’2’3’)
(g x() x(2) x(3) )
2.22 I I Ax_ko’ 207 20 22 )
(0 X(2) x(3) x(4)
2.23 A A Ax_'ko’o’ 2 3 4 )
( (1Y
2.24 L l —L(+1x(1) {1+, ¥
(1 )
2.25 ; c =V S
226 o . Ax:{l-sinix(l) ..... nsin%x(n),...}
2.27 L I Ax = (x(1)0,%(2)0,x(3)0,...)
Ax = 0 x(1),L x(2),\ x(3),... 20e
2.28 I, ) hp|< M,neN
2.29 lﬁ/z lﬁ/z x:(x(l) x(2) x(k) \.
\1+171+2" " 1+k" )
L. Onepamop 3amenvl nepemeHHOU
2.1 L;/0,1] L;/0,1] (Ax)()=tx(t")
2.2 C[0,1] C/[0,1] (Ax)()=(1-1)x(t)
2.3 L,[0,1] L,[0,1] (Ax)(t)=x(\1)
24 | L[-1,1] L;[-1.1] (Ax)(t)=x(t)
2.5 | L,01] L,f0,1] (Ax)(1)= tx(t)




26 | C[-11] C/-1,1] (Ax)(1)=(sin> = 1x(¥1)
2.7 | L3p[0,1] L;[0,1] (Ax)()=(t* = 2t)x(t)
2.8 | Lsz/0.1] Ls;3/0,1] (Ax)(t)=(t-3¢* )x(¥t)
29 | C[-1,0] C/-1,0] (Ax)(t)=1> Intx(t* )
2.10 | C[1,2] C[1,2] (Ax)()=(t* - 3t )x(t)
2.11 | L,/01] L,/0,1] (Ax)(t)=tx(t"”)
212 | L,/0,1] L,/0,1] (Ax)(t)=x(t)
2,13 | Ls/-1,1] Ls/-1,1] (Ax)(t)=x(Vt)
2.14 | L,0.1] L,[0,1] (Ax) () =tx(t"”)
2,15 | C[-1,1] C/-1,1] (Ax)(t)=sinm (V1)
216 | CJ-1,0] C/[-1,0] (Ax)(t)=tsint x(t)
217 | c/o.1] C[0,1] (Ax)(t) = 2x(7)
218 | C/-11] C[0,1] (AXNE) = (2 — )x(td)
219 | Ly[0.1] L,[0,1] (Ax)(t) = tx(V1)
2.20 | L,/0,1] L,[0,1] (Ax)(1) = x(¥1)
221 | Ly/-1,1] Ls/-1,1] (Ax)(7) = x(31)
222 | Ly/-1,1] L,[0,1] (A(0) = £2x(12)
223 | L,/-11] L,[-1,1] (AVI(0) = x(12)
2.24 | C[0.2] C10.1 (Ax)(1) = (£ — Dox(e* +1)
2.25 | L,02] L,[0,1] (Ax)(t) = tx(t + 1)
226 | L,/-1,1] L,/0,1] (AXI(E) = (i - )
227 | ¢”ro21 | c¥[0,2] (AXNE) = (2 + )
2.28 | L;p[01] L;[0,1] (Ax)(£) = (2 = )x(J1)
229 | L4f01] L,[0,1] (Ax)(t) = tx(J1)
230 | L,/-1,1] L,[0,1] (A0) = 2x(2 - )

1V. Humeepanvhuiti onepamop, oeticmeyrowuti uz3 X ¢ Y

2.1 C[0,1] c1o.1j (Ax)(1)= [sinn(t—s)x(s )dx
2.2 C[-2,1] Cl1,3] (Ax)(t) = ]e”“sx(s)ds
23 | C[-32] C[-3,1]

(Ax)(t)= -[5‘4 sgn s costs('s )ds

-3




2.4 Cl-L1] €102 (Ax)(t)= [s* In(1+1)x(s )ds
= 0.1 Cl-1.2] (Ax)(t) = lj[ ;- 1-\- cos tx('s )ds
JU2)
2.0 CL-13] C[-2.01 (Ax)(1) = [(1-1)s°x(s)ds
2.7 0.1 Cl-1.2] (Ax)(t)= 1/f(l +1—3s)x(s )ds
2.8 CL-13] CL0.5] (Ax)(t) = [(=5" +4s* +1)s°x(s)ds
2.9 Cl-1.2] CL3.51 (Ax)(t)= i[(ts+3s212)s5x(s)ds
2101 ¢l 1] C10.2] (Ax)(t)= lj(tzs—ztﬁ )s3x(s )ds
- 2
211 | L,jo1] L,J0,1] (Ax)(t) = [r*sx(s)ds
0
1
212 | Lo | Lol (Ax)(t) = [t +D)sx(Vs)ds
0
1
213 | ¢y L,/0,1] (Ax)(t) = [(t+ )x(s)ds
0
1 5 y
2.14 | L;/0,1] C/[-1,1] (Ax)(1) = [ts“x(s”3)ds
0
1 2
2,15 | Ls[0,1] Ly[-1,1] (Ax)(t) = [t~ sx(s)ds
0
1
2.16 | C[-1,1] L;[0,1] (Ax)(t) = [rsignsx(s)ds
-1
1
217 | L.f0,1] L[0,1] (Ax)(1) = [t-s]x(¥s)ds
0
2 2 2
218 | L,J0.2] L.[0,1] (Ax)(2) = [(t +1)s”x(s")ds
0
2
219 | Cro2 L.[0,1] (Ax)(2) = [sign(s — D)x(s)ds + x(0)
0

10




1

2.20 | Ly/-1,1] L,[0,1] (Ax)() = [(t+ Ds?x(s%)ds
-1
1 2 2
2.21 C/0,1] C[0,2] (Ax)(2) = [(17 + “)x(s)ds
0
V. Onepamopewi, oeticmeyrowue uz XeY
2.1 LZ[O:IJ L5/2[0:1] (Ax )(l‘) — I(I+I)S2X(S1/2)ds
2.2 L,/-1,1] Ls;/-1,2] (Ax)(t)= ]etszx(sl/3)ds
2.3 L;/-1,1] L,/0,1] (Ax)(t) = tx(t*)
2.4 Lys[-2,2] | Ls/-1,1] (Ax)(t) =1 xt)
2.5 l; I3/ _(1 1 1 )
Ax k3)5(1),32 x(2),..., 3 x(k),...)
2.6 Is; [, _( 1 1 \
Ax Ikx(l)’2x(2) ..... kx(k),...)
2.7 13 L][O,]] - X(k)tk
Ax =
(v =3
2.8 | C[-L1] l (1’ Lt
(Ax)(t) =1 ?;";tx(t)dt ..... 3—k_1[t x(k)dt,... |
29 | Ll-LI] | CLLI (AXI(0) = [e's'x(s""* )ds
210 L3[0,]] L5/2['],2] (AX )(t) — l/ftszx(s3/2)ds
2.11 L;/0,1] Ls;[0,1] (Ax)(t)= I(t+1)sx(s1/2)ds
2.12 Lyf-1,1] Ls;/[-1,2] (Ax)(1)= ]'tzszx(%/;)ds
2.13 L;/[-1,1] L,[0,1] (Ax)(t)=1tx(1)
2.14 Lus[-2,2] | L,[-1,1] (Ax)(1)= tf;"x(tl”)
2.15 I I3 (2 2? 2 )\
Ax—|\§x(1),3—2x(2) ..... 3—kx(k),...)|
2.16 5 2 _( L 1 )
Ax Kx(l),22 x(2),..., = x(k),...)

11




2.17 | Ly[-1,1] Is;» (1! 1, )
(Ax)(t) = | ?;_[tx(t Jdt,..., 37!1 x(k)dt,... )I
2.18 | L3/0,1] C/-1,1] (Ax)(t)= jtszx(%/s—z)ds
2.19 | L;/0,1] Lsp[-1,2] (Ax)(t)= jtszx(%/s—z)ds
2.20 [, I e 1&xk) 1 &x(k) )
Ax = kz:;x(k)zkzz; Y 27!; o )I
2.21 C/0,1 L3/0,1 : 1
[0.1] £0.1] (Ax)(t):j;ign(s—z-)ox(s)ds— (1)
222 | CLLI] ) Bs2l0.1] (Ax)(t)= [+ )x(s )ds+ x(0)
2.23 [, c 4 _"x(2) x(3) x(4) )
X = , s el
C2 3 4
2.24 [, l, e W) x(2) x(3) )
X = B B yeeol
L1 2 3 )
2.25 I’ co Ax= 0,x(1),x(2),...)
226 Z] lg _/w lwx(ﬂ i”x(ﬂ \
Ax—\;x(k),zkzzll TR IRt
2.27 C/0,1 L3/0,1 ! 1
[0.4] | Ls[0.1] (Ax)(t)= jiign(s—z-)ox(s)ds— «1)
2.28 C[-1,1] | Lsp[0,1] (Ax)(t)= I’t+ )x(~s )ds+ x(0)
2.29 | L;/[-1,1] L, (1! 1,
(Ax)(t) =1 ?;_l[tx(t)dt ..... 3—k.1[t x(k)dt,... |
3. Jlns 1oCHeaoBaTENbHOCTH ONEpPaTopoB (4,)c B(X,Y); X,Ye ‘ormu

Ae B(X,Y) yCTaHOBUTb:
1) cxomutcs U (A4, ) MOTOYEYHO (CUIIBHO) K oriepaTopy A,

2) cxooumcs au (A,) 1O HOpME K omepaTopy A7

E, E, A, A

3.1 [ A Ax=(x(1),...,x(n),0,0,...) 111
(4L ! )

39 L L A,x I\(l + n)x(l),..., (1+ h x(n),...} 1]1

33 Co Co A,x=(0,...,0,x(n),0,0,...) 0

12




D
34 | C0,1] 10,11 (Anx)(t)=x| -1+n| Lo
N
35 C[0,1] C[0,1] A0=(" - 23 ¢ 0
xC
3.6 | CV0,1] C[0,1] (A,,x)(t)=(n— 2 \x( 0
xC
AN d
3.7 | V03] C[1,2] (A,,x)(t)=n|L 7|\'+ -| - ?(f)J| o
7 1N i d
3.8 | ?[0,3] C[1,2] (AnX)(f):n!_ 7|\'+ -| - ?(f)J| o
3.9 | V[0,2] Cl0,1] (Ax)(0)= Z XI + —| Ax=x
k= n o\ n /
3.10 I, I, Ax=(0,....0x(n+1) x(n+2),...) 0
311 | L,0,1] L,[0,1] (Anx)(z)=(—r”\x( Ax=x
xC
3.12 | L,[0,1] L,[0,1] (Anx)(t)=(—tn\x(: L2 0.]
/ 1 ™\ Ax=x
3.3 | V0] | Lo[0,1] (A)(1)= x| ni
)
- Ax=x
3.14 C[0,1] L,[0,1] (A, )(t)—l1 X0
(AnX)(t)—
3.15 | C¢?[0,3] C[1,2] r7 1 FNT 0
=n|x|t— -| =2x(t) + x| t + —||
L \ n’/ \ }’l/_]
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