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Abstract. We characterize the stabilization for some coupled infinite dimen
sional systems The proof of the main result uses the methodology introduced
in Ammari and Tucsnak [2], where the exponential stability for the closed loop
problem is reduced to an observability estimate for the corresponding uncontrolled
system combined to a boundedness property of the transfer function of the asso
ciated open loop system and a result in [11]

1. Introduction and main results

Let H be a Hilbert space equipped with the norm ||.||;, and let A; : D(A4;)
— H, i=1,2, be a self adjoint, positive and boundedly invertible operator
We introduce the scale of Hilbert spaces H; o, @ € R, i = 1,2, as follows: for
every a = 0, H; o = D(Af), i = 1,2, with the norm [|z|; , = [|Af2[|5, i =1,2
The space H; _,, 1 = 1,2 is defined by duality with respect to the pivot space
H as follows: H; o =H/,, 1 =1,2, for a >0 The operator 4;, 1 =1,2
can be extended (or restricted) to each H; o, i = 1,2, such that it becomes a
bounded operator

(1 1) A; H@a — Hijaq-1 i=1,2, VaelR.
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2 K AMMARI and M MEHRENBERGER

The second ingredient needed for our construction is a bounded linear oper
ator By : U — Hl,f% and a bounded linear operator C': H — H, where U

is another Hilbert space which will be identified with its dual
The systems we consider are described by

(12)
wl(t) + Alwl(t) + Blewl(t) + CU)Q =0, Qﬁg(t) + AQU)Q(t) — C’wl = O,

(13) wi(0) = wf, wi(0) = wi, w(0) = wy, ws(0) = wy,

where t € [0,00) is the time The equation (1 2) is understood as an equa
tion in H; 1, ie, all the terms are in H; 1 Most of the coupled linear
T 72

equations modelling the damped vibrations of elastic structures (see [9]) can
be written in the form (1 2), where (w1, ws2) stands for the displacement field
and the term BjBjwi(t), represents a viscous feedback damping The sys
tem (12) (13) is well posed More precisely, the following classical result
(see, for instance, Weiss and Tucsnak [13]), holds:

Suppose that (w?,w%,wg, w%) € Hl,% x H x HQ% x H Then the problem

(12) (13) admits a unique solution
(w1, ws) € C’([O,oo);Hl’% x HQ’%) N C([0,00); H x H)

such that Bjwi(-) € HY(0,T;U) Moreover (wy,ws) satisfies, for all ¢+ = 0,
the energy estimate

(1 4) H(w%w%?w&w%)‘ﬁ{ 1 XHxH, 1 xH
1,3 2,4

t
— [ (wn(®), tn (£), wa(t), da(t)) HHHHH =2 / | Biin(s)]|;; ds.

In this paper we characterize the stabilization for some coupled infinite
dimensional systems, see [1], [9] and [6] The proof of the main result uses
the methodology introduced in Ammari and Tucsnak [2] (see also [5] for the
bounded case), where the exponential stability for the closed loop problem
is reduced to an observability estimate for the corresponding uncontrolled
system combined to a boundedness property of the transfer function of the
associated open loop system and a result in [11]

Consider now the initial and boundary value problem
(15) w(t) + Ajw(t) =0,

(16) w(0) =w’, w(0) =w!
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and the unbounded linear operator

(L7)
0 I 0 0
A, —-BB* 0 —C
Ad:D(Ad)—>HL%><H><H27%><H7 Ay = 01 6 ¥ 0 1l
0 C —Ay 0

where

D(Aq) = {(m,uQ,vl,w) €H 1 xHxHy1 xH,
Ajuq +BlBikU2 + Cuvy € H, us € HL%’ V9 € HQ’%}.

The main results of this paper are:

THEOREM 1 1 Assume that Ay, As, C satisfy the following conditions:

e Ay and Ay have compact resolvent,

o (' is compact,

e A, has a pseudo basis* of generalized eigenvectors whose eigenvalues
are of finite type (see [11], for definition)

e for any v > 0 we have

. -1
(18) sup [|ABY (NI + A1) Bi p ) < 0o
Re A=y
The system described by (1 2) (1 3) is exponentially stable in L C Hl,% x H
X Hy1 x H=L®M, where M 1is finite dimensional, if there exists T > 0
2
such that the solution w of (15) (1 6) satisfies

T
(19) /OHBfw(t)HZUdtxH(wo,wl)quléxH, V() € L,

where Ly is a finite codimensional subspace of H, 1 x H
’2

REMARK 1 2 We can have the same result for the weak stability (poly
nomial stability for example)
The paper is organized as follows In the second section we give some

results in the regularity for some infinite dimensional systems needed of the
proof of the main result Some application is given in Section 3

*(fk)kgl is a pseudo basis if Vect {f;} is dense in Hl,% X H x Hy 1 x H and if, for every

1
3
bounded sequence (zy) such that zj, € Vect {f; : j = k}, we have zj, — 0
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2. Stabilizability and regularity of some coupled systems

We consider the initial and boundary value problems

(210)  G1(t) + A1r(t) + Ca(t) =0, a(t) + Asha(t) — Chy(t) =0,

(211) ¢1(0) = w), $1(0) =wi, ¢2(0) = wh, $2(0) = w;
and

(212) ¢+ A1p+CY+ Big(t) =0, ¢+ Ay —Co =0,
(213) $(0) =0, ¢(0)=0, ©(0)=0, (0)=0.

PROPOSITION 2 1 Let g € L*(0,T;U) and assume that the property (1 8)
is satisfied Then (2 12) (2 13) admits a unique solution

(2 14) (¢, b,0,9)) € C(0,T; Hy 1 x H x Hyy x H).
Moreover Bikcb € L?(0,T;U) and there exists a constant C > 0 such that

(2 15) H BTQSH L2(0,T;U) é C”g”LQ(O,T,U)7 Vg € LQ(OaTa U)

For proving Proposition 2 1, we should study the conservative system
(without dissipation) associated to problem (1 2) (1 3) We have the follow
ing result

LEMMA 2 2 For all (w?,w%,wg,w%) € H, 1 xHxH,1 x H the system
] ]

(2 10) (2 11) admits a unique solution (qbl,q.bl,gbg,d)g) € C’(O,T; Hl,% x H x
HQ,% X H) Moreover, if we assume that the property (1 8) is satisfied then
Bi¢y € L*(0,T;U) and there exists a constant C > 0 such that

(2 16) ‘}Bréll‘iQ(O,T;U) = CH(“’?’“’%’W%W%) Hi{l | XHxH, 1 xH’
3 3

Y (w,wi, wy,wy) € H 1 x H x Hy1 x H.
’2 ’2

PROOF By the classical semi group theory, see [12], we prove that for all
(wf, wi, vy, wi) € Hl,% x H x Hz,% x H the system (2 10) (2 11) admits a

unique solution (¢1,q.51,q52,q.52) € C(O,T; Hy 1 xHxH,1 X H)
2 2
Let ¢1 = p1 + p2, where p; satisfies the following problem:

(217) p1+ Aip1 =0,
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STABILIZATION OF COUPLED SYSTEMS 5
(218) p1(0) = w?, p1(0) = wi,
and where po satisfies
(219) P2+ Apr+ Cdy =0, o+ Asdpy — Chy =0,
(2 20) p2(0) =0, P2(0) =0, 2(0) = wi(x,y), &2(0) = wy.

For T'> 0 we have, according to [2|, that there exist constants C1,Cy >0
such that

’2

HBTlei?(O,T;U) < Cﬁ”(w?,w%) HZI xH V(w?,w%) €H 1 xH,
2

. 2
HBIPQHiz(O’T;U) § CQH (w?vwivwgaw%) HHl,%XHXHQ,l < H

thus,
H Blei?(o,T;U) = 2(“pr1“312(0,T;U) + HBIﬁQHiQ(O,T;U))

<2(C1 + CQ)H (w?,w%,’wg,w%) Hi{l 1 XHxH, 1 xH’
' 2

Y (w, wi, wy, wy) € H 1 x H x Hy1 x H,
’2 ’2

which implies the inequality (2 16) O

PROOF OF PROPOSITION 2 1 For the proof of (2 14) it suffices to use
the transposition method (see Theorem 3 1 in [4, p 173], [10] and [9])

Now we will prove the trace regularity (2 15) Let ¢ = ¢1 + @2 where ¢
satisfies the following problem:

(221) ¢1+ A1 + Big =0,
(2 22) ©1(0) =0, ¢1(0) =0,

and (o satisfies:

(2 23) G+ A1pa + Cip = 0,
(2 24) Y+ Asp —Ch=0, Qx(0,400),
(2 25) ©2(0) =0, ¢2(0) =0,
(2 26) P(0) =0, (0)=0.
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6 K AMMARI and M MEHRENBERGER

For T'> 0 we have, according to |2|, that there exist constants C1,Cy > 0
such that

H Big H f‘ﬂ(o,T;U) s CIHQH%Q(O,T;U)'

The energy method implies that

| By | 2L2(0,T;U) = ZHBIQSHZ(O,T;U) + CQHQHiQ(O,T;U)
thus

1161l 200 < 20 Bl a0 + 1 Bié2l 220 )
1 .
g 2<Cl + C2)H9H%?(O,T;U) + 5“ BT¢H i%O,T;U)’ Vge L2(07T§ U)7

which implies the inequality (2 15) O

Assume that the assumption (1 8) is satisfied Then according to Propo
sition 2 1, Lemma 2 2 the solution (¢1, ¢2) of (2 10) (2 11) and the solution
(¢,7) of (212) (2 13) satisfy respectively (2 16) and (2 15) which implies
according to [2| that the transfer function of the corresponding system is
bounded in ReA =~ for all v >0 More precisely we have the following
result

COROLLARY 2 3 Assume that the assumption (1 8) is satisfied Then we
have for any v >0

1 -1

c

(2 27) sup [[ABI[I+A2(A1 + A) " C(NT + As)~
Re A=~y

SN+ A By |2y < oo

Proor orF THEOREM 1 1 The results below generalize the results in
|2] and in [5] and show that, under a certain regularity assumption, the ex
ponential and polynomial stability of (1 2) (1 3) is a consequence of some
observability inequalities for (2 10) (2 11) According to Corollary 2 3

HBl‘/hHLQ(o,T;U) = || Buan | L2(0,TU)

Now the proof is a simple adaptation of the proof of |2, Theorem 2 2]

LEMMA 2 4 Assume that for any v > 0 we have condition (18) The
system described by (12) (13) is exponentially stable in Hy 1 x H x Hy 1
’2 ’2

x H if and only if there exist T,C > 0 such that

T .
(2 28) /(; HBT(ﬁl(t)HQUdtZCH(w%w%aw&“’%)”fﬁfl%xHle%xH
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STABILIZATION OF COUPLED SYSTEMS 7

V (w), wi, w3, w3) € Hy x H1,% x Hy x Hz’%.

Assume that Ay, As, C satisfy the following conditions:

e Ay and As have compact resolvent,

e (' is compact,

e A, has a pseudo basis of generalized eigenvectors whose eigenvalues are
of finite type and condition (1 8) holds

The system described by (1 2) (1 3) is exponentially stable in L C HL%

x Hx H,1 x H=L®M,where M is finite dimensional, if there exist T, C' >
)
0 such that the solution w of (15) (1 6) satisfies

T
(2 29) /0 HB’fu')(t)H;dtxH(wo,wl)HiIL%X[{, ¥ (w®,wt) € Ly,

where L is a finite codimensional subspace of H, 1 x H Then according to
72
|11, Theorem 2 6] there exist 7, C' > 0 such that

T .
(2 30) /O HBikgbl(t)H?Jdt2CH(W?aw%vwgaw%)ui]l)%XHXHZ%XH?

0 1 0 1
V(wl,wl,UJQ,wQ) e L.

Which, according to Lemma 2 4, implies the first assertion of Theorem 1 1
O

3. Application to stabilization for some coupled system

Let © C RN be a bounded open subset of boundary I' We consider the
following system:

(3 31)
iy (t, ) — Aug(t, ) — a(A) Mgt 2) + a(z)iy (t,2) = 0, (t,x) € R x Q,
Gig(t, ) + A2uy(t, ) + a(A) M (t,2) =0, (t,2) € R x Q,
ui(t,x) =0, (t,x) e R x T,
ug(t,x) = Aug(t,x) =0, (t,x) € R x T,
u; (0, 2) = uio(x),u;(0,x) = ui(x), €, 1 =i < 2.
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8 K AMMARI and M MEHRENBERGER

and the homogeneous counterpart system

iy (t, x) — Auy(t, @) + a(A) Mgt 2) =0, (t,2) e R x Q,

i (t, ) + A%us(t,z) — a(A) My (t, ) = 0, (t,z) € R x €,
(3 32) ui(t,x) =0, (t,z) e R x T,

ug(t,z) = Aug(t,z) =0, (t,z) e R x T,

u; (0, 2) = uio(x),u;(0,x) = ujn(x), € Q, 1 <1< 2,

where a € L®(Q), a 20, (A) ™' : H1(Q) — HL(Q)
We can verify by standard methods that, if (u10,us1) € H}(2) x L*(Q),

and (u20,u21) € H}(Q) x H~(2), then (3 32) has a unique weak solution
u = (u1,u2) which satisfies:

u € C(R,Hy(Q) NCHR,L*(Q)), wus € C(R,Hi(Q) NC(R,H Q).
Let Ey be the initial energy of the solution defined by

1 2 2 2 2
Ey = §(HUwHHg(Q) +llunllz2 () + luzollz o) + luzillz-1())-

L%(Q) and H} () are endowed with the norm:

ol = [ Jofde, ol = [ Voo

and H~1(Q) is endowed with the dual norm of H}(2) Denote by H the
underlying Hilbert space

H := H}(Q) x L*(2) x H}(Q) x H ().

Let I be an interval of R We look for the internal observability estimates
(3 33) 1By < // i |* da dt < oy,
I Jsuppa

PROPOSITION 3 1 Suppose that (3 33) holds for every solution (u1,us2)
satisfying (3 32) with « =0 Then, given any other choice of o, for all initial
data belonging to H, (3 33) holds for a solution u satisfying (3 32) with this
particular choice of «, this initial data, and interval J instead of I, J con
taining the closure of I in its interior As a consequence, the system (3 31)
is exponentially stable
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STABILIZATION OF COUPLED SYSTEMS 9

PROOF We rewrite the problem (332) in the form ¢ = (A+ B)y,
y(0) = yo with y = (u1,%71,u2,%2) and A corresponding to the case o =0
B then is a compact perturbation of A and A is a skew adjoint operator
having a compact resolvent and it generates a group

Let z; be an orthonormal basis in L?(9), satisfying —Azp = 7225 in ©,

2zt =0onI' Since Zj, := {8z, 3 € C?} is stable by A+ B, we obtain a
Riesz basis of subspaces generated by generalized eigenvectors for A + B and
thus we can apply the abstract theorem in [11] with

p1(x) = H le L2(suppa)’

and verify that M = {0} (see [11] and [7] for more details) O

COROLLARY 3 2 Fora € C*™(Q), the system (3 31) is exponentially sta
ble in the enerqy space if suppa satisfies the geometrical control condition

(G CC)
PROOF The system (3 31) is exponentially stable in the energy space if
the system (3 31) with o = 0 is exponentially stable in the energy space and

according to [8] if and only if supp a satisfies the geometrical control condition
(G C Q) (see [3]) O

References

[1] F Alabau, Observabilité frontiére de systémes faiblement couplés, C R Acad Sci
Paris Sér I, 333 (2001), 645 650
[2] K Ammari and M Tucsnak, Stabilization of second order evolution equations by a
class of unbounded feedbacks, ESAIM COCV , 6 (2001), 361 386
[3] C Bardos, G Lebeau and J Rauch, Sharp sufficient conditions for the observation,
control and stabilization of waves from the boundary, STAM J Control Optim ,
30 (1992), 1024 1065
[4] A Bensoussan, G Da Prato, M Delfour and S Mitter, Representation and Control
of Infinite Dimensional Systems, vol 1, Birkhduser (Boston, 1992)
[5] A Haraux, Une remarque sur la stabilisation de certains systémes du deuxiéme ordre
en temps, Port Math , 46 (1989), 245 258
[6] V Komornik and P Loreti, Fourier series in control theory, Springer Monographs in
Mathematics (New York, 2005)
[7] V Komornik and P Loreti, Observability of compactly perturbed systems, J Math
Anal Appl, 243 (2000), 409 428
[8] G Lebeau, Equation des ondes amorties, Boutet de Monvel, Anne (ed ) et al, in:
Algebraic and Geometric Methods in Mathematical Physics, Kluwer Academic
Publishers Math Phys Stud, 19 (1996), pp 73 109
[9] J L Lions, Contrélabilité exacte des systémes distribués, Masson (Paris, 1998)
[10] J L Lions and E Magenes, Problémes auz limites non homogénes et applications,
Dunod (Paris, 1968)
[11] M Mehrenberger, Observability of coupled systems, Acta Math Hungar , 4 (2004),
321 348

Acta Mathematica Hungarica 123, 2009



10 K AMMARI and M MEHRENBERGER: STABILIZATION OF COUPLED SYSTEMS

[12] A Pazy, Semigroups of Linear Operators and Application to Partial Differential Equa
tions, Springer Verlag (New York, 1983)

[13] M Tucsnak and G Weiss, How to get a conservative well posed linear system out
of thin air I Well posedness and energy balance, ESAIM COCV , 9 (2003),
247 274

Acta Mathematica Hungarica 128, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


