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Abstract 
 
In this paper, an SI epidemic model with stage structure is investigated. In this model, impulsive biological 
control which release infected pest to the field at a fixed time periodically is considered, and obtained the 
sufficient conditions for the global attractivity of pest-extinction periodic solution and permanence of the 
system. We also prove that all solutions of the model are uniformly ultimately bounded. The sensitive analy-
sis on the two thresholds and to the changes of the releasing amounts of infected pest is shown by numerical 
simulations. Our results provide a reliable tactic basis for the practice of pest management. 
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1. Introduction 
 
Pests outbreak often cause serious ecological and eco-
nomic problems, and the warfare between human and 
pests has sustained for thousands of years. With the de-
velopment of society and the progress of science and 
technology, a great deal of pesticides were used to control 
pests, because they can quickly kill a significant portion of 
pest population and sometimes provide the only feasible 
method for preventing economic loss. However, pesticide 
pollution is also recognized as a major health hazard to 
human beings and beneficial insects. At present, more and 
more people are concerned about the effects of pesticide 
residues on human health and on the environment [1]. 

In natural world, there are many insects whose indi-
vidual members have a life history that takes them 
through two stages, larva and mature. Pathogens may not 
be effective against laver, that is, the disease only attacks 
the susceptible mature pest population. For example, 
saltcedar leaf beetle is such a pest. Pest control strategies 
have been attracted many experts over the past years. 
Recently, stage-structured models have received much 
attraction [2,3]. However, the epidemic models with 
stage-structure have been seldom studied. Zhang et al. [4] 
introduced the pest based on the stage-structure model 
which incorporates a discrete delay and pulses in order to 
investigate how epidemics influence the pest control 

process. An SI model with impulsive perturbations on 
diseased pest and spraying pesticides at fixed moment is 
proposed and investigated in [5], which obtained the suf-
ficient conditions of the global attractivity of pest-ex-
tinction periodic solution and permanence of the system. 

Incidence plays a very important role in research of 
epidemic models, bilinear and standard incidence rates 
have been frequently used in classical epidemic models 
[6]. Several different incidence rates have been proposed 
by researchers. Anderson et al. pointed out that standard 
incidence is more suitable than bilinear incidence [7,8]. 
Levin et al. have adopted the incidence form like 

q pS I or q pS I N  [9]. Lindstrom pointed out the crow- 
ed incidence 2( ) (1 ( ) ( ))S t aS t bS t    [10]. However 
there are seldom authors have concerned the stage- 
structured models under the simultaneous effect of dis-
ease and crowed incidence. A stage-structure model with 
the crowed incident rate is considered in [11]. According 
to the facts of pest management, we take the crowded 
effect as the incidence rate. Therefore, in this paper, a 
pest management epidemic model which with time delay 
and stage-structure is considered. 

The present paper is organized as follows. In the next 
section, we formulate the pest management model. In 
Section 3, some essential lemmas which will be used to 
prove our main results are introduced. In Section 4, 
global attractivity of the susceptible pest-eradication pe-
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riodic solution and the permanence of the model is ana-
lyzed. In the final section, we present some numerical 
simulations to illustrate the results and point out some 
future research directions.  
 

2. Model Formulation 
 
In this paper, we study the pest management epidemic 
model: 
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where all the coefficients of model (1) are nonnegative 
and ( ), ( ), ( )L t S t I t represent the larva, mature susceptible 
and infected pest population at time t, respectively. The 
model is derived from the following assumptions. 

(H1) The death rate of larva population is proportional 
to the existing larva population with proportionality con-
stant  , the death rate of mature susceptible and infected 
pest population is proportional to the existing mature 
susceptible and infected pest population with proportion-
ality constants and d , respectively. 

(H2) Only the susceptible pest population can repro-
duce. ( )B S is a birth rate function of the susceptible pest 
population for (0, )S   with ( )B S is monotonically 
decreasing, lim ( ) ( )

S
B S B


   exists and (0 )B      

( )B   , where 
1

min{ , , }
2

d   . 

(H3)  represents a constant time to maturity, the pro- 
duct term ( ( )) ( )e B S t S t     describes that immature 
pest who were laid at time t  and survive at time t . 

(H4) The incident rate is the crowded effect.  

2

( )

1 ( ) ( )

S t

aS t bS t


 

. 

(H5)   is the releasing amounts of infected pest at 
, 1, 2, ,t nT n    and T is the period of the impulsive 

effect. 
Before going into any detail, we simplify model (1) 

and restrict our attention to the following model: 
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The initial conditions for (3) are 

2
2 3( ( ), ( )) ([ ,0], ), (0)>0, 2,3.it t C C R i   

     (4) 

 
3. Some Useful Lemmas 
 
The solution of system (1), denoted by ( ) ( ( ),x t L t  

( ), ( ))TS t I t  is a piecewise continuous function 
3: ,x R R  ( )x t is continuous on ( , ( 1) ),nT n T  

n Z and ( ) lim ( )
t nT

x nT x t





 exists. Before demonstra- 

ting the main results, we need to give some lemmas 

which will be used as follows. 
Lemma 1. (see [11]). Let 1 2 3( ( ), ( ), ( )) 0t t t     for 

0.t    Then any solution of system (1) is strictly 
positive. 

Lemma 2. Let the function [ , ]m PC R R  satisfies 
the inequalities 

0( ) ( ) ( ) ( ),  , ,  1, 2, ,

( ) ( ) , ,

k

k k k k k

m t p t m t q t t t t t k

m t d m t b t t

     
    


 

where ,  [ , ]p q PC R R  and 0,kd  kb  are constants. 
Then 
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The proof of this lemma is given in [12]. 
We now show that all solutions of (1) are uniformly 

ultimately bounded. 
Lemma 3. Any solution ( ( ), ( ), ( ))L t S t I t  of system 

(1) is uniformly ultimately bounded. That is, there exists  

a constant 0
1

T

T

e
M

e





 


  


 such that ( ) ,L t M   

S( ) ,  I( )t M t M   for sufficiently large t.  

Proof. Define ( ) ( ) ( ) ( ).V t L t S t I t    By simple 
computation when ,t nT we calculate the derivative of 
V along the solution of system (1) 
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Obviously, from conditions (H1) and (H2), we are easy 
to know that there exists a constant 0  such that 
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Therefore by the definition of ( )V t , we obtain that 
each positive solution of system (1) is uniformly ulti-
mately bounded. This completes the proof. 

Lemma 4. Consider the following delay differential 
equation: 

1 2( ) ( ) ( ).x t a x t a x t              (5)  

where a1, a2 and   are all positive constants and 
( ) 0x t   for [ ,0].t    We have: 

1) If 1 2 ,a a  then lim ( ) 0 ;
x

x t


  

2) If 1 2 ,a a  then lim ( ) .
x

x t


   

The proof of this lemma is given in [13]. 

Lemma 5 (see [11]). Consider the following impul-
sive system: 

( ) ( ),           ,

( ) ( ) , , 1, 2, ,
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where ,  0.d    Then there exists a unique positive 
periodic of system (6) 
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4. Main Results 
 
In this section that follows we determine the global at-
tractivity condition of the susceptible pest-extinction 
periodic solution and the permanence of the system (3). 
 
4.1. Global Attractivity of the Susceptible  

Pest-Extinction Periodic Solution 
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Theorem 1. Let ( ( ), ( ))S t I t be any solution of system 
(3), the susceptible pest-extinction periodic solution 
(0, ( ))I t of (3) is globally attractive provided that 

* 1R  . 
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Note that ( ) ( )I t dI t   , from Lemma 2 and Lemma 
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for 1,  .t nT n k    
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Consider the following comparison differential system  
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as t  . This completes the proof. 
 
4.2. Permanence 
 
Persistence (or permanence) is an important property of 
dynamical systems, in this section, we focus on the per-

manence of system (3). 
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constant q such that each positive solution ( ( ), ( ))S t I t  
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In the following we define: 
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By the comparison theorem in impulsive differential 
equations, we know that for any sufficiently small 0  , 
there exists a 1 0( )t t    such that 

*( )I t z     ,            (14) 

for all 1t t . It follows from (12) that *( ) 0e B S      . 
Further, 
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     

  

   

 

which leads to a contradiction. Therefore ( ) mS t S  for 
all 1t t . As a consequence, (15) leads to 

*( ) ( ( ) ) 0mW t B S e S        

for 1,t t  which implies that ( )W t  as .t   
This contradicts ( ) (1 (0) ).W t M B e     The claim is 
proved. 

By the claim, we need to consider two cases. 
Case 1. *( )S t S  for all large t .  
Case 2. ( )S t  oscillates about *S  for that t  is lar- 

ge enough. Define 

*

1min , .
2

S
q q

 
  

 
 

where * ( )
1

Tq S e    . We want to show that ( )S t q  
for all large t . The conclusion is evident in the first case. 
For the second case, let * 0t   and 0   satisfy  

* * *( ) ( )S t S t S    and *( ) ,S t S  

for all * *( , )t t t   , where *t  is sufficiently large 
such that 

* *( )   for ,I t t t t      

( )S t  is uniformly continuous. The positive solutions 
of (3) are ultimately bounded and ( )S t  is not affected 
by the impulses. Hence, there is a g  ( 0 g    and g  

is dependent of the choice of *t ) such that 
*

( )
2

S
S t   for  

* *t t t g   .  
If ,g   there is nothing to prove. Let us consider 

the case .g     Since ( ) ( ) ( )S t S t      and 
* *( ) ,S t S  hence 1( )S t q  for * *t g t t     .  

If ,   it is obvious that ( )S t q  for * *[ , ].t t t    
Then proceeding exactly as the proof for the above claim, 
we see that ( )S t q  for * *[ , ],t t t     because the 
kind of interval * *[ , ]t t t    is chosen in an arbitrary 
way (we only need *t  to be large). We concluded that 

( )S t q  for all large .t  In the second case, in view of 
our above discussion, the choice of q  is independent of 
the positive solution, and we proved that any positive 
solution of (3) satisfies ( )S t q  for all sufficiently 
large t . This completes the proof. 

Theorem 3. Suppose * 1.R   Then system (1) is per- 
manent. 

Proof. Denote ( ( ), ( ), ( ))L t S t I t  be any solution of 
system (1). From the second equation of system (3) and 
Theorem 2, we have 

2

( )
( ) .

1

dI t q
I t d

dt aM bM

     
 

Let 
2

,
1

q
A

aM bM


 

  it is easy to get ( )I t   if 

,A d  so we can always obtain the positive lower 
boundary by the theorem of differential equations. Oth-
erwise, by the same argument as those in the proof of 
Theorem 1, we have liminf ( ) ,

t
I t p


  where 

( )

( )
.

1

A d T

A d T

e
p

e

 


 


 

In view of Theorem 2, the first equation of system (1) 
becomes 

       0 .
dL t

B M q MB e L t
dt

     

It is easy to obtain 

liminf ( )
t

L t 


   

where 
( ) (0)B M q MB e 

 



  . By Theorem 2 and  

the above discussion, system (1) is permanent. The proof  
of Theorem 3 is complete. 
 
5. Numerical Analysis and Discussion 
 
We have studied a delayed epidemic model with stage- 
structure and impulses, theoretically analyze the influ-
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ence of impulsive releasing for the infected pest popula-
tion, and also obtained that the pest-extinction periodic 
solution of system (1) is globally attractive if the control 
variable * 1R   given by (7), and the system is perma-
nent with * 1R   which is given by (11). We know that, 
besides the release amount of infectious pests each time, 
the period of impulsive vaccination and the effective 
contact rate play an important role in the dynamical be-
havior of the system. In the following, we will specially 
analyze the influence of the release amount of infectious 
pests to the dynamical system. We assume ( ) SB S e , 
and consider the hypothetical set of parameter values as 

0.45,    1,  0.1,a   0.01,b   0.75,   0.5,   
0.6,d   4,T   0.001  .  

By Theorem 1 and Theorem 3, we know that when 
* 0.9929 1,R =  the pest-extinction periodic solution of 

system (3) is globally attractive and the susceptible pest 
population becomes extinct (see Figure 1). When the 
release amount of infected pest reaches a certain value 

0.1= such that * 1.6681 1,R   the system (3) is per-
manent (see Figure 2). So far we have only discussed 
two cases: * 1R  and * 1R  . But for *

* 1 ,R R   the 
susceptible pest population either becomes extinct (see 
Figure 3) or coexists to the infect pest population (see 
Figure 4). According to the above numerical simulation, 
we think there exists a threshold parameter to decide the 
extinction of the susceptible pest population and the 
permanence of the system. These issues will be consid-
ered in our future research. 

From Figure 5(a), we can observe that: *R is sensitive 
to   value as   is small enough, whereas not sensi-
tive to   value as 1.5  . We can also get the similar 
phenomenon from Figure 5(b). We hope that our results 
will provide an insight to pest management practicing. 

 

 

Figure 1. Dynamical behavior of system (3) with 3.8,   
* 0.9929 1 R . 

 

Figure 2. Dynamical behavzior of system (3) with 0.1,   

* 1.6681 1 R . 

 

 

Figure 3. Dynamical behavior of system (3) with 1  , 

.* 0 1669 1 R  and * 2.2026 1 R . 
 

 

Figure 4. Dynamical behavior of system (3) with 0.2  , 

.* 0 8343 1 R  and * 9.5212 1 R . 
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(a) 

 

 
(b) 

Figure 5. The sensitive analysis of   to *R  and *R . (a) 

*  R ; (b) *  R . 

 
6. Acknowledgements 
 
The research have been supported by The Natural Sci-
ence Foundation of China (10971037), The National Key 
Technologies R & D Program of China (2008BAI68B01),  
The Postgraduate Innovation Fund of Jiangxi Province 
(YC09A124). 
 
7. References 
 
[1] R. Q. Shi and L. S. Chen, “An Impulsive Predator-Prey 

Model with Disease in the Prey for Integrated Pest 

Management,” Communications in Nonlinear Science 
and Numerical Simulation, Vol. 15, No. 2, 2010, pp. 421- 
429. 

[2] J. A. Cui and X. Y. Song, “Permanence of a Predator-Prey 
System with Stage Structure,” Discrete Continuous Dy- 
namical Systems-Series B, Vol. 4, No. 3, 2004, pp. 547- 
554. 

[3] Y. N. Xiao and L. S. Chen, “Global Stability of a Pre- 
dator-Prey System with Stage Structure for the Predator,” 
Acta Mathematica Sinica, Vol. 20, No. 1, 2004, pp. 63- 
70. 

[4] H. Zhang, L. S. Chen and J. J. Nieto, “A Delayed 
Epidemic Model with Stage-Structure and Pulses for Pest 
Management Strategy,” Nonlinear Analysis: Real World 
Applications, Vol. 9, No. 4, 2008, pp. 1714-1726. 

[5] X. Wang, Y. D. Tao and X. Y. Song, “Mathematical 
Model for the Control of a Pest Population with Im- 
pulsive Perturbations on Diseased Pest,” Applied Math- 
ematical Modelling, Vol. 33, No. 7, 2009, pp. 3099-3106. 

[6] H. W. Hethcote, “The Mathematics of Infectious Di- 
sease,” Siam Review, Vol. 42, No. 4, 2002, pp. 599-653. 

[7] R. M. Anderson, R. M. May and B. Anderson, “Infec- 
tious Diseases of Human: Dynamics and Control,” 
Oxford Science Publications, Oxford, 1991. 

[8] R. M. Anderson and R. M. May, “Population Biological 
of Infectious Diseases,” Springer Berlin-Heidelberg, New 
York, 1982. 

[9] W. M. Liu, S. A. Levin and Y, Lwasa, “Infuence of 
Nonlinear Incidence Rates upon the Behavior of SIRS 
Epidemiological Models,” Journal of Mathematical Bio- 
logy, Vol. 23, No. 2, 1986, pp. 187-204. 

[10] T. Lindstrom, “A Generalized Uniqueness Theorem for 
Limit Cycles in a Predator-Prey System,” Acta Academic 
Akoensis, Series B, Vol. 49, No. 2, 1989, pp. 1-9. 

[11] J. J. Jiao, X. Z. Meng ang L. S. Chen, “Global Attra- 
ctivity and Permanence of a Stage-Structured Pest Mana- 
gement SI Model with Time Delay and Diseased Pest 
Impulsive Transmission,” Chaos, Solitons and Fractals, 
Vol. 38, No. 3, 2008, pp. 658-668. 

[12] V. Lakshmikantham, D. D. Bainov and P. Simeonov, 
“Theory of Impulsive Differential Equations,” World 
Scientific, Singapor, 1989. 

[13] Y. Kuang, “Delay Differential Equation with Application 
in Population Dynamics,” Academic Press, New York, 
1993. 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


