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Numerical Simulation of Ionospheric Disturbance

Effects by Chemical H2O Release
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(Institute of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101)

Abstract In order to study the perturbation effect of chemical substances in the ionosphere and

its evolution on the later stage of development, based on a dynamical model including the neutral

gas diffusion and chemical reaction, and a physical model developed to present the development of

spread-F, through the release of H2O in the ionosphere, the distribution of electron, H2O, O+ and

H2O
+ are discussed and ionospheric disturbances by chemical release in point source, multiple source

and line source are analyzed. Different release altitudes, different amounts of released substance and

different release time are also compared. Besides, the developmental differences by different amounts

of H2O are also simulated. The results show that: H2O can substantially decline electron density and

facilitate the formation of ionospheric hole; the density distribution of O+ and H2O
+ are elliptical;

H2O released in different methods, such as, point source, multiple source and moving target line

source, can cause different ionospheric disturbance effects, which confirm the possibility of artificially

affecting a certain shape and area of the ionosphere; the disturbance amplitude of election density in
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lower altitude is larger than that in higher altitude and in daytime is larger than that in nighttime

and the more H2O is released, the larger disturbance is caused; Chemical release in nighttime can

trigger spread-F in ionosphere and the more is released, the better development is caused.

Key words Chemical release, Ionospheric disturbance, Ionospheric hole, Spread-F
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P).
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'3+����(,)&� 4� (#NONW"N
%ONO&), 0'4�P�,�OM��PJQ�
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", SN'�-O/VW. !)@SP", */ 1 kg
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E�;I %5S*TQ:. U''3 9�:0
(, # H2, H2O, CO2, SF6 &, 8+*/-- �(
,)V< [15]. '�R!3���� F -, SW'
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BC� �/=�( �)4':
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H : k1" k2��(97D<JY; XY � H2, H2O,

CO2 &4�; XO+ �=�( �)4; O∗ �8+7
,E R(U. C H2O ��, K: 97D<:,
#�:

H2O+O+ → H2O
+ +O+ 1.01 eV,

k1 = 3.2× 10−9;

H2O+ e− → OH∗ +H+ 7.45 eV,

k2 = 6.5× 10−7(300/Te)
0.5.

H , k1 " k2 �97D<LF, Te ��(P). �
(,)%."�

Δne = k2 (k1 nH2O nO+ Δt)ne Δt. (7)

A , nH2O, nO+ , ne 0M�>( H2O, O+,�( e 
F,), Δt �D</�.

BD� �/X�( �)4':

XY + e− → X− + Y, k1 ≈ 10−7 cm3 · s−1;

X− +O+ → X + O∗, k2 ≈ 10−7 cm3 · s−1.

H , XY � SF6, CF3Br, Ni(CO)4 &4�.
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3�YXDXb`

*/#H� ?#-]c (32 ◦N, 118.5◦E), /
�� 2012 $ 6 ] 1 ^ 12:00LT " 00:00LT. C=�

���(,)UF#Z 2 T), ]'"^��(,
)aF#)0M� 310 " 329km.

*A (7) 8_, �(,) 29,)G97D<
LF k1 " k2, C4C=>(F,)`=, TCDD
 */#)'�`���� F �, G�(,) 
#F-.

3.1 QRST/0
C 9974� H2O��,�]'*/ 500mol,

*/#)� 310 km. H2O*/8aJ/9,AO/�
(,)29, Z 3 T)�*/ 20, 40, 60, 80, 100 s /
*/ _8 �(,)_5, �*/#)b&, �(
,)dQ%., %.'�,�� 60 s R, 60 s /N%
�(,)%Bc)e& 30%, H899:+df. *
+ 94� H2O*/83'1IaU/9 :,,

b 1 �����������g^
Fig. 1 Flow chart of ionosphere disturbance by

chemical release

b 2 _`�������ab
Fig. 2 Initial profile of ionospheric electron density
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/9 RX+/`<`) #"--, */ _F,
)F+%, 6M97D<:,+h, O/�(,)c
% c)N%. !/, *+ 9974�0G* _
I0�a%, �(,)c%c)(I0�a%. 8L
974� H2O 38629�(,) 4�, P�O
/����3 +/.

Z 4eE 3 500mol H2O*/ 60 s8 e, H2O,

b 3 500mol ������	

�����
����ab

Fig. 3 Profile of ionospheric electron density at different

time after 500mol chemical release

O+ " H2O
+ 4 2>( ��0Gci. *Z 4 8

C,/: H2O */8IaUaJ/9, 60 s /0�V
bf�/95 50 km RX1; C=�(Æ*/ 9
74�d2, +/O2`)& 50 km  �(,)c
%-, Ad�*/ _b&, �(,)c%ci+�
Qj, '�3*+ H2O �86G�()�97D<,

�e86/98R�Qj29�(,), bP+/�
(,)�3; O+ �97D<:, (Æd2, c,
e50+/#^\+ ,)d2-, H29-RXG
�(,)29-K+`.;*+97D<P�/ �
( H2O

+, HF,)+/&.^\+ 0G)E, A
d*R51a%.

3.2 WXSTYZE;[Z\<]^
974� H2O */"� 500mol,*/#)'

����� F�,0ME 290, 300, 310, 320 km,*
/ 60 s 8*/ _ �(,)_5#Z 5 T). *
Z 5 8_, 500mol 974��*!#)*/8kg
�(,)f8%., (29 6.G,)A*`!.

� 320 km #)*/8, 60 s /*/ _�(,)%
.#& 25%, Pd`!" 974�� 290km #)
*/8, H*/ _ N%c%,)/� 50%, 0f

b 4 500mol ������ 60 s 		���
Fig. 4 Particles distribution at t = 60 s after 500mol chemical release
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"���� F �, 974�*/ #)c<, H#
" ,)Rcf, c8(+�(,) 29, PVP
�+/3)!B. 0;H'�R!�+, ���3 
f)El+ 9*/4�UG� ����(97
D<mS6<, /9LF#&#) &�P9%, T

Cd 9974�� F �+<�*//, `:+#
�/9+f, e86/98, +#FF,)  99
74�97D<8VP�+/Vf ���3.

3.3 _RST`Ha;[Z�b
Z 6 eE#hH*/ 500mol H2O 60 s 8 >

b 5 500mol �����

���� 60 s 	����ab
Fig. 5 Profile of ionospheric electron density at t = 60 s after 500mol chemical release at different heights

b 6 ������

��� 60 s 	�	���
Fig. 6 Particles distribution at t = 60 s after chemical release in different positions at the same time
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(0Gci. H , Z 6(a) (b) 3� 280km (r =

0km) " 320km (r = 0km) #)8*/8 H2O

"�(F,)0Gci; Z 6(c) (d) 3� 280km

(r = 10km) " 320 km (r = −10 km) #)8*/
8 H2O "�(F,)0Gci; Z 6(e) (f) 3
� 310km (r = 10km) " 310 km (r = −10km) #)
8*/8 H2O "�(F,)0Gci. *+*/
#)"Kd *!, H2O "�( F,)0Ge/
E+Eh? 0Gci,H �(,)8*!,) 
%., E/#G974�*/Kd!- d2 _.

'+ H2O  0G, *Z 6(a) (c) 8Cn5, 974�
�#� /9J)h+<� /9J), #�*/ 
_ H2O F,)B+<�*/ _ F,), 0G
/9LF##) &�P&�8=;<�*/ _ 
�(,)29,)Vf, 0G 3.2=B  !-`'
M. *Y8CnE, �:Z"974� */Kd"
*/",8C!/���'+,)"'+K+ #"
--.

3.4 cdefST`Ha;[Z�b
IKi5g i5J)� 10 km·s−1, F,I0

b 280km 5 320km :, Fh*/ 100mol H2O,

Q 30 s 8 H2O "�(F,) 0G#Z 7(a) (c) T
), Z 7(b) (d) �i5gb −20km 5 20 km :,.

E!7I */:,8&.nP�D */:,, 3
?1HD f�6.,Ad�D*/(3:+!L 
*/;A,?3*+i5g *e"*� TJ97
4�O/ .*Z 78Cn5, #&i5;A *!,

#" +E6.(#:99. dc,I0i5/, �
<�--�(,)29+%,�(,) 29--+
/#g)!B; di5gO2i5/, 974� ,
)0GN%F8Ii5;I9o iU, �(,) 
296.>?A*�").

3.5 WXghWXijSTkdlmno
Z 8 eE#*!�" 974��]'"^�

0M*/ 50 " 100 s 8 #"6.':. 0ME 50,

100, 200, 400mol�C=�(,)aF#)b&8*

b 7 10 km·s−1 jhjpk�� 100mol H2O 	 30 s �	������lf�i (a) (c) qjm�i (b) (d)

Fig. 7 Particles distribution at t = 30 s after chemical release by a 10 km·s−1 aircraft which release 100mol H2O

per second. (a) and (c) are vertical flight, (b) and (d) are horizontal flight
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b 8 

� H2O ��������	�������ab
Fig. 8 Profile of ionospheric electron density at daytime and nighttime after different amounts of H2O release

b 9 400mol H2O �������� 100 s 	��
��g�	rab

Fig. 9 Profile of electron density changes in

the proportion at t = 100 s after 400mol H2O release

in the daytime and nighttime

/, �(,)_5#Z 8 T). 8Cn5, */4
� "c?, �(,)�!c)c%, !/H0�#
" RX(Rck. �:':<8,/, 974�*
/ 50"*/ 100 s8#" 6.A�") >s, g
H3*/"cB /l, H*!/� >?(cB,

08�G974�*/"cB,H97D<�E8k
`=. �:]'"^�*/6. ':, 8"),/
]' 29c)h%+^� �(296..

Z 9 eE 3 400mol H2O �!''^�
00:00LT "]' 12:00LT C=�(,)aF#)*
/8 60 s /�(,)T%.:� _5. #Z 9 T
), �]'*/ _�(,)%.& 30%, P�^�
nhhB+]' ci,*/ _ �(,)L%.
& 10%, GZ 8 T)!.'M, )'-f"]' �
!c):70%,0'�3!�^���� hUF
:]'ciB0?, 97D< JYm9f, d^�
 �(,)aF#):]'#,974��c#�h
/9ch, c*(+974�G�( J0D<, T
CO/ �(,)29c)*#]' (�.

3.6 pjWXSThqr-G F no
3.6.1 WXsthH<=stSTuH�b

Z 10"Z 11T)0M� 10mol" 100mol H2O

*/8 6., */#)� 255km, H Z 10(a) (b)

�*!/^*/ _ �(,)_5, Z 10(c) (d)

0M� (a) (b) �*/H/%8 6.;Z 11�*/
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b 10 

�t��il����ab. (c) (d) � (a) (b) ��	�
�
Fig. 10 Electron density profile of disturbance center at different time after chemical release.

(c) and (d) are the amplifications of (a) and (b) respectively

b 11 ������ 100 s 		�����
Fig. 11 Particles distribution at t = 100 s after chemical release
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100 s 8 H2O "�(F,) ��0G. #Z 10(a)

(b) T), kg*/ 100mol " 10mol /f*j,/
") �(,)_599, (':Z 10(c) (d) 8C
,/*/ 100mol  �!c)%+ 10mol  �!c
), Ad*/ 100 s /G 0 s `:A�")>M, �!
;]e&PF)E. *Z 11(a) 5 (d) 8_, H2O "
�(F,) ��0G� 100 s/(#974�*!
 */"P8T*!, d*/ 10mol 974�/, �
(F,)0GA�")99.

3.6.2 <=stSTuHqrlm
Z 12 3@'Z 10  =>�!8*!/� �

(,): Q0G. iZ 10T) ���)E#��
��<� =>�!, *12C= 9MT #",

� −1 × 10−3V·m−1 O2�T #5�, 100mol 9
74�T+/ �(,)29-dfmo, &�(
:p)!Bv-,>/<, ���/> F 0C7,,

( 10mol 974�*/T+/ =>�!Ae86
7,+/&�(: p)!B. 3000 s/, 100mol*
/�!7, &�(:p)!B;]moN 300km

#)b&, moJ)e& 30m·s−1; P 10mol */

8)� �!,>Q*"), =B8'eL`d`
) &�(:p)!B. �,>:, &�(:p
 _ �(,)',`'+<,e&�!<� �(
,). f"�'+C=���, 974�*/�7,
���*@+9, )�/> F,Ad*/"c?, c8
(+j)�! ,>"/> F  �/.

4�buknu

`E]c#-^�"]'M9F@,�C=��
�O2\l IK�, '974� H2O ����*
/8?2>( "<:,4?2+A*/8 #5
6.)5#0;, �:'974��*!#)"*!
4� ""*!/�*/8 >?)5:+, =B#
^�*/974�7,���/> F ,>:,.w
0:+0;, 0EC�!-.

(1)974� H2O����*/8, �n�+%
��`)/9,!/�86#GC=�(,�97D
<,gH3*/ _�6/��O/C=�(F,)
 29"c%, +/�(,)�3. O+ " H2O

+ #

b 12 ������kq��	

�t�����	 Q ��
Fig. 12 Electron density ratio Q distribution at different time after chemical release
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97D<:,)�0G99,c,e50+/#&.
^\+ 0G)E.

(2) #&HD"?D"E!7I�D?2$A 
*/+A, C=�(,)e/E?2$A 29-
-,%!#�:974�*/#"'+--"+E�
�� 8l#9.

(3) ���� F �, `!" 974� H2O �
*!#)*/8, O/ �!6.A*`!, <�h
*/Tc% �(,)c)V%. ':)), �]'
*/8 29c)h%+^� �(296.; *!
4� " 974���(,)aF#)b&*/
8, */"c?, H#" c)(Rc%.

(4)^�974� H2O����<�*/8, �
nO/C=�(,) 29,&r#�! _c,;
I0 �(,)o),8(+���/> F 7,"
,>,Ad*/ "c%,=>�!RcP�,>, c
8(+/> F +/.!/�&�(:p)!B m
o:, ,�! _c,0;+/*&/% �(,
)29-. �'+���, 974�*/8#�'2
�%7,���/> F  864Æ.

C0!-C+���O2\l"NJ 9MT
&`=IK"&.��, 9974�/9=<(v
12#op;I, AdC=UF*])=A0E, G
m! 4,(�<8'+>?,TC'+=BMZ9
<8m)'-9*. ���/> F  ,>�?2!
  $!#5,�%7,/> F#��%#"���
 nsw-, H>,"��8m)'-9*G0;.

xyz{
[1] MENDILLO M. Ionospheric holes: a review of theory and

recent experiments [J].Adv. Space. Res.,1998, 8(1): 51-62.

[2] CHOUEIRI E Y, ORAEVSKY V N, DOKUKIN V S,

et al. Observations and modeling of neutral gas relea-

ses from the APEX satellite [J]. J. Geophys. Res., 2001,

106: 25673-25681

[3] HUANG Y, SHI J M, YUAN Z C. Ionosphere electron

density depletion caused by chemical release [J]. Chin. J.

Geophys., 2011, 54(1): 1-5 (po, tÆu, pqn. v�q
�qrrxoypo|wsqsz [J]. rxq��s, 2011,

54(1): 1-5)

[4] HUANG Yong, SHI Jiaming, YUAN Zhongcai. Compar-

ison of ionosphere modification by different chemicals re-

lease [J]. Chin. J. Space Sci., 2012, 32(1): 33-39 (po, t
Æu, pqn. v�trq�qrtoypyuqtu [J]. x{

���s, 2012, 32(1): 33-39)
[5] HUANG Wengeng, GU Shifen. Ionospheric disturbances

produced by artificially chemical releases [J]. Chin. J.

Space Sci., 2005, 25(4): 254-258 (psv, wzx. q�q
rv�{�yvoyp [J]. x{���s, 2005, 25(4): 254-

258)

[6] HUANG Wengeng, GU Shifen. Artificially created air-

glow by neutral gas release [J]. Chin. J. Space Sci., 2006,

26(2): 81-85 (psv, wzx. tt�uv�{�w|�z [J].

x{���s, 2006, 26(2): 81-85)
[7] HU Yaogai, ZHAO Zhengyu, ZHANG Yuannong. Iono-

spheric disturbances produced by chemical releases at

different release altitudes [J]. Acta Phys. Sin., 2010,

59(11): 8293-8303 ({u}, vwx, yz}. |~xvq�q
rqoypv�w{sz [J]. q��s, 2010, 59(11): 8293-

8303)

[8] HU Y G, ZHAO Z Y, XIANG W, et al. Morpholo-

gical control of artificial ionospheric hole and its short-

wave propagation effects [J]. Acta Phys. Sin., 2011,

60(9): 099402 ({u}, vwx, ��, y.{�oyp|xyz
|}~t}{|}q}z [J]. q��s, 2011, 60(9): 099402)

[9] HU Yaogai, ZHAO Zhengyu, ZHANG Yuannong. Iono-

spheric disturbances produced by chemical releases and

the resultant effects on short-wave ionospheric propaga-

tion [J]. J. Geophys. Res., 2011, 116:A07307

[10] HU Y G, ZHAO Z Y, ZHANG Y N. Ionospheric distur-

bances produced by chemical releases at different release

altitudes [J]. Acta Phys. Sin., 2013, 62(20): 209401 ({u
}, vwx, yz}. trv�~sqq�qrqoypyu{
t [J]. q��s, 2013, 62(20): 209401)

[11] WANG S C, FANG H X. Numerical simulation of arti-

ficially initiating spread-F in lower and mid-1atitudes by

chemical release [J]. Chin. J. Geophys., 2013, 56(9): 2906-

2911 (|}~, ���. q�qrv�~�t�~�~ F q�
�Æ� [J]. rxq��s, 2013, 56(9): 2906-2911)

[12] SULTAN P J. Chemical Release Experiments to Induce F

Region Ionospheric Plasma Irregularities at the Magnetic

Equator [D]. Boston: Boston University, 1994

[13] BERNHARDT P A. Three-dimensional, time-dependent

modeling of neutral gas diffusion in a nonuniform, che-

mically reactive atmosphere [J]. J. Geophys. Res., 1979,

84: 793-780

[14] MENDILLO M, SEMETER J, NOTO J. Finite Element

Simulation (FES): a computer modeling technique for

studies of chemical modification of the ionosphere [J]. Adv.

Space Res., 1993, 13: 55-64

[15] KOLOMIITSEV O P, RUZHIN Y Y, EGOROV L B, et

al. Ionosphere plasma holes-modeling and diagnostic [J].

Phys. Chem. Earth, 1999, 24(4): 393-399

[16] BERNHARDT P A. A critical comparison of ionospheric

depletion chemicals [J]. J. Geophys. Res., 1987, 92: 4617-

4628



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 1.50000
  /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 1.50000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


