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Introduction 

The presence of periodically turned on 
plasma thrusters onboard a spacecraft makes 
the physical process of the spacecraft charging 
in space plasma to be more complicated be-
cause the plasma jets released by the thrusters 
participate in balance of electric currents flow-
ing through the spacecraft surface at its inter-
action with the plasma, and in balance of cur-
rents on separate segments of the surface.  

So, the plasma thruster should be included 
into mathematical model of the spacecraft tak-
ing into account its configuration and proper-
ties of materials used in the spacecraft con-
struction. Locations of the thrusters, direc-
tional diagrams of the plasma jets, data on par-
ticles concentration in the jets and other neces-
sary parameters should be defined in the 
model. The procedure of calculation of the 
electric potential distribution on the spacecraft 
surface and in the spacecraft vicinity includes 
the analysis of motion of positive ions and 
electrons released by the plasma thrusters in 
the spacecraft self electric field. The occur-

rence of additional currents due to operation of 
the plasma thrusters changes the spacecraft 
mean potential relative to the environmental 
plasma, which is determined by electric 
charges on the spacecraft, and also potential 
distribution on the spacecraft surface.  

It is necessary to note that variations of 
the spacecraft mean potential and of the poten-
tial distribution on its surface are determined 
by two physical mechanisms: by variation of 
ratio of positive ion and electron concentra-
tions in the plasma thruster jet, and by return 
of part of positive ions on the surface of the 
negatively charged spacecraft. The former one 
produces fast variations of the spacecraft mean 
potential at turning on and off the plasma 
thrusters, and the latter one makes slow varia-
tions of the spacecraft mean potential and po-
tentials on separate elements of dielectric 
spacecraft surface. 

In the present report, the procedure of 
mathematical modeling of the spacecraft charg-
ing in the case of plasma thrusters operation and 
the examples of calculation results are given.  
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Build-up of the spacecraft geometrical model  

The model of geometrically composite ob-
ject, which a spacecraft is related to, is built as 
an ensemble of various 3D figures which are 
presented as a set of base elementary surfaces: 
plane, torus, ellipsoid, elliptical cylinder, elliptic 
cone and elliptic diaphragm with a hole. It is 
necessary to note that the constructed geometri-
cal model should be set in different coordinate 
systems that is necessary, in particular, for taking 
into account orientation of the spacecraft relative 
to various external impact factors. 

For computations, discretization of the 
model surface is done, i.e. a grid is constructed 
on the surface. Local electric currents and the 
electric charge densities are computed for 
every cell of the grid. 

In fig. 1, the geosynchronous spacecraft 
geometrical model built according to the proce-
dure above is shown. The various colors on the 
model show separate constructional elements, 
and material properties are set for every element. 

Calculation of the electric potential distri-
bution on the spacecraft surface and in the 
spacecraft vicinity 

During calculation of the electric potential 
distribution on the spacecraft surface, the local 
current balance is computed, and the electric 
charge densities are determined for every cell of 
the surface. For evaluation of the primary plasma 
currents, the analytical description of the envi-
ronmental space plasma is set which is based on 
two-temperature Maxwellian distribution func-
tion of electrons and ions characterized by 4 pa-

rameters: temperatures of “cold” and “hot” com-
ponents of the plasma and concentrations of par-
ticles of both components [1-4]. In balance of 
the currents, the secondary emission currents 
from the surface determined by primary plasma 
currents, and also photoemission currents on the 
sunlit surface segments are taken into account. In 
the case of the plasma thruster operation, addi-
tional current originating due to collection of 
ions from the plasma jet is included into the bal-
ance of currents. In all cases, conductivity cur-
rents between separate elements and the space-
craft metal ground are included in balance.  

The steady state is determined for each 
charging condition by iterative procedure in 
which the local current balance equations are 
solved on every step, and the charge densities 
are determined. Using the obtained data, the 
electric field in the spacecraft vicinity is con-
structed, and local currents for the next itera-
tion step are computed taking into account this 
field. Such approach enables to obtain distri-
bution of the electric potential on the surface 
and in the spacecraft vicinity for every discrete 
time and to investigate dynamics of charging 
of any spacecraft surface segment. 

 

Fig. 1. Geometrical model of geosynchronous spacecraft 

 

Fig. 2. Equipotential curves of electric field in space-
craft vicinity in the case of differential charging in 

plasma with temperature of “hot” component 3.55 keV 
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In fig. 2, the results of calculation of struc-
ture of electric field in the spacecraft vicinity 
are shown for spacecraft charging in plasma 
with “hot” component temperature 3.55 keV. In 
this figure, numbers on equipotential curves in-
dicate the value of electric potential in kilovolts. 
Equipotential curves nearest to the spacecraft 
surface give information on potentials on the 
surface. Note that structure of equipotential 
curves is determined not only by features of the 
spacecraft surface configuration, but by peculi-
arities of the spacecraft differential charging, 
i.e. potential distribution on the surface.  

The calculation data presented in fig. 2 
were obtained for spacecraft charging in the 
Earth’s shadow when there is no photoemis-
sion from the surface, so the highest negative 
potentials arise on the surface. In usual flight 
conditions, the spacecraft is irradiated by the 
Sun on one side. In this case, the spacecraft 
mean potential reduces, and (that is even more 
essential) brightly expressed asymmetry in the 
electric structure occurs. 

In fig. 3, results of the electric field struc-
ture computations in the case of partial illumi-
nation of the spacecraft surface are presented. 

Generally, process of fast recharging of 
the spacecraft at plasma thruster turning on 

produces the fast drop of the spacecraft mean 
potential. In limiting case, the mean potential 
may be reduced up to zero value, and differen-
tial spacecraft charging can be maintained. 

The degree of difference of the spacecraft 
charging before and after plasma thruster turn-
ing on significantly depends on character of the 
potential distribution on the surface, and on 
magnitudes of potentials of various surface 
elements at before plasma thruster turning on. 
Intensity of plasma currents determined by col-
lection of ions on the surface from area of the 
plasma thruster nozzle play important role too.  

In fig. 4, the structure of electric field near 
the spacecraft which originally was charged 
differentially up to steady state in plasma with 
temperature 3.55 keV (see fig. 2) is shown for 
the case when plasma thruster were turned on. 
The case is considered when the plasma 
thruster turning on reduces the spacecraft 
mean potential up to zero value. 

Comparing fig. 2 and fig. 4, we may see 
that the plasma thruster turning on has pro-
duced significant modification of the space-
craft differential charging character and con-
sequent modification of the electric field struc-
ture in the considered case. 

 

Fig. 3. Equipotential curves of electric field in spacecraft 
vicinity in the case of illumination of the surface 

 

Fig. 4. Equipotential curves of electric field in space-
craft vicinity after plasma thruster turning on  

light 
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Calculation of trajectories of positive ions 
and electrons in the self electric field of the 
charged spacecraft  

As it was noted above, for analysis of in-
fluence of plasma thruster operation on the 
spacecraft charging processes, it is necessary 
to include into the current balance on the sur-
face components determined by collection of 
the charged particles from the thruster nozzle 
area. Computation of these additional currents 
is done on the basis of results of modeling of 
trajectories of ions and electrons in self elec-
tric field of the charged spacecraft. At model-
ing, the same spatial grid as was used for com-
putation of distribution of electrical potential 
in the spacecraft vicinity was constructed. The 
additional local currents for separate surface 
segments are determined by summing of tra-
jectories of the charged particles hitting the 
considered segments.  

In fig. 5, the trajectories of positive ions go-
ing out from the plasma thruster nozzles are 
shown in case of the spacecraft differential 
charging. It is visible, that the considerable por-
tion of ions is returned to the spacecraft  surface. 

 

Fig. 6. Trajectories of the positive ions in the electric 
field of differentially charged spacecraft before plasma 

thruster turning on  

 

Fig. 7. Trajectories of the positive ions in the electric 
field of differentially charged spacecraft after plasma 

thruster turning on  

The sharp drop of the spacecraft mean po-
tential after the plasma thruster turning on pro-
duces, as it was shown above, strong modifica-
tion of the spacecraft differential charging char-
acter. Accordingly, the trajectories of positive 
ion moving from the plasma thruster nozzle 

 

Fig. 5. Configurations of trajectories of the positive ions 
going out from four plasma thruster nozzle areas in the 

case of the spacecraft differential charging 
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area suffer essential modification. This modifi-
cation is illustrated by fig. 6 and fig. 7, on first 
of which the trajectories of ions going out from 
one of plasma thrusters nozzle area in the elec-
tric field of differentially charged spacecraft be-
fore plasma thruster turning on are shown, and 
on the second – trajectories of ions in the 
spacecraft electric field after plasma thruster 
turning on. In both cases, the trajectories of ions 
with energies 0.1–1.0 keV are shown.  

Comparing fig. 6 and fig. 7, we see that 
trajectories of ions change essentially after 
plasma thruster turning on: the notable portion 
of ions leaves the spacecraft vicinity. The fea-
ture corresponds to physical process of drop of 
the spacecraft mean potential to zero value. 

Dynamics of spacecraft charging and influ-
ence of the plasma thruster operation on the 
charging processes  

The computation procedure used enables 
to analyze the time variations of potentials on 
every spacecraft surface segments in the case 
of the spacecraft charging in space plasma 
with plasma thrusters turned off, as far as in 
the case of the thruster operation [5]. In fig. 8, 
the results of calculation for the composite 
configuration spacecraft model in the case of 
spacecraft differential charging are presented.  

The calculation starts at an initial state, 
when there are no charges on all spacecraft 
elements, and accordingly potentials of all ele-
ments relative to the environmental plasma are 
equal to zero. At the starting time, the space-
craft illuminated by the Sun on one side falls in 
hot magnetospheric plasma. The curves in fig. 8 
show dynamics of variation of the electric po-
tential on four cells on the surface (location of 
the cells is indicated in the figure caption). It is 
seen that differential charging of spacecraft oc-
curs under impact of natural external factors 
during time interval 0–750 seconds.  

At time t = 750 s, the plasma thruster is 
turned on for 50 seconds. It is seen from fig. 8 
that there is fast change of the negative poten-

tial for all four considered cells after the 
plasma thruster turning on. Accordingly, the 
spacecraft mean potential relative the envi-
ronmental plasma drops too. However, differ-
ential charging of the spacecraft surface is 
maintained during the plasma thruster opera-
tion. After thruster turning off, the process of 
the spacecraft differential charging under im-
pact of the external factors continues, and the 
process goes faster in comparison with charg-
ing before plasma thruster turning on due to 
the fact that initial state is essentially different. 

Conclusion 

1. The plasma thruster operation onboard the 
spacecraft makes significant influence on 
the spacecraft charging process. 

2. There are two physical mechanisms deter-
mining the influence: variation of ratio of 
positive ion and electron concentrations in 
the plasma thruster jet, and return of part of 
positive ions on the surface of the nega-
tively charged spacecraft. 

3. The physical and mathematical models de-
veloped enable to investigate the influence 
of plasma thruster operation on charging of 
spacecraft having complex configuration 
with nonuniform surface. 

 

Fig. 8. Time variations of potential of four various 
cells on the spacecraft model surface: 1 – sunlit cell at 

centre of solar array; 2 – sunlit cell at centre of the 
upper spacecraft panel; 3 – shielded cell at centre of 
antenna; 4 – cell on dielectric side opposite to side 

with antenna 

1

2
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4. Distributions of electric potential on the 
spacecraft surface, electric fields, positive ion 
and electron trajectories in the spacecraft vi-
cinity, dynamic characteristics of processes of 
charging of various spacecraft design ele-
ments evaluated in the paper yield quantita-
tive estimations of the plasma thruster influ-
ence on the spacecraft charging processes. 

References 

[1] Akishin A.I. , Novikov L.S. Spacecraft charging. 
Moscow, Science, 1985 (in Russian). 

[2] Krupnikov K.K., Mileev V.N. and Novikov L.S. A 
mathematical model of spacecraft charging 

("COULOMB" tool). Rad. Meas., Vol. 26, No. 3, 
pp. 513-516,1996.  

[3]  Handbook New high technologies in engineering ", 
vol. 16 " Effect of a space environment on materials 
and equipment of spacecrafts. Editors L.S. Novikov 
and M.I. Panasyuk, Moscow, 2000 (in Russian). 

[4] Mileev V.N., Novikov L.S. Physical and mathe-
matical model of spacecraft charging at geosyn-
chronous and high elliptic orbits. Investigation in 
geomagnetism, aeronomy and Solar physics, Vol. 
86, pp. 64-98, 1989 (in Russian). 

[5] Malko V.G., Plokhih A.P. and Semenov V.A.. 
Spacecraft charging simulation in Earth magne-
tosphere with artificial plasma source available 
onboard spacecraft. Cosmonautics and Rocket 
Engineering, No. 1 (30), pp. 136-147, 2003 (in 
Russian). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Emulate Acrobat 4 CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Emulate Acrobat 4)
  /AlwaysEmbed [ true
    /a_PresentumCps
    /Academy-01
    /Academy-1
    /Academy-3
    /AcademyC
    /AcademyC-Bold
    /AcademyC-Italic
    /AdverGothicC
    /AGAvalancheBoldItalic
    /AGAvalanchePlain
    /AGBengaly-Bold
    /AGBengaly-Roman
    /AGBenguiatCyr-Bold
    /AGBenguiatCyr-Book
    /AGCenturionBold
    /AGCenturionItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGForeignerBoldItalic
    /AGForeignerPlain
    /AGForeignerXPlain
    /AGFriquerBoldItalic
    /AGFriquerItalic
    /AGGalleonBold
    /AGGalleonPlain
    /AGHelveticaBoldItalic
    /AGHelveticaPlain
    /AGOpus-Roman
    /AGReverence-Oblique
    /AGReverence-Roman
    /AGZeppelin-Oblique
    /AGZeppelin-Roman
    /Aksent
    /AlaskaPlain
    /Albertus-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /AmbassadoreCPlain
    /AmericanUncialCPlain
    /AnnaC
    /AnnaC-Bold
    /AnnaLightC
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Apple-Chancery
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /ArialCyrMT
    /ArialCyrMT-Bold
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoldBoecklin
    /Astra
    /AstronC
    /Auriol
    /Auriol-Black
    /Auriol-Bold
    /Auriol-Italic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeGothicC-Book
    /AvantGardeGothicC-BookOblique
    /AvantGardeGothicC-Demi
    /AvantGardeGothicC-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BabyTeetPlain
    /Baltic-01
    /Baltic-3
    /Balzano
    /Banco
    /Banshee
    /BastionBoldItalic
    /BastionItalic
    /BastionXItalic
    /Batang
    /BauhausC-Bold
    /BauhausC-Demibold
    /BauhausC-Heavy
    /BauhausC-Light
    /BauhausC-Medium
    /Bebit
    /BeeskneesC
    /BenguiatGothicC-Bold
    /BenguiatGothicC-BoldItalic
    /BenguiatGothicC-Book
    /BenguiatGothicC-BookItalic
    /BenguiatGothicHeavyC
    /BenguiatGothicHeavyC-Bold
    /BenguiatGothicHeavyC-BoldItalic
    /BenguiatGothicHeavyC-Italic
    /BermudaLP-Dots
    /BermudaLP-Open
    /BermudaLP-Solid
    /BermudaLP-Squiggle
    /BernhardC
    /BetinaScriptC
    /BetinaScriptC-Bold
    /BetinaScriptXC
    /BinnerPlain
    /BirchC
    /BlackadderITC-Regular
    /BlackGroteskC
    /BlackGroteskC-Italic
    /Blackoak
    /BlagovestFiveDecor
    /BlagovestFiveRegular
    /BlagovestFiveRegularSerif
    /BlagovestFourNormal
    /BlagovestFourSerif
    /BlagovestOne
    /BlagovestThree
    /BlagovestTwo-Regular
    /BlueIsland
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BossaNovaMVB
    /BoyarskyPlain
    /BradleyHandITC
    /BreezeBold
    /BreezePlain
    /BroadwayCPlain
    /BrunoJB
    /BrunoJB-Bold
    /BrushType-SemiBold
    /BrushType-SemiBold-Italic
    /Bruskovaja-gazetnaja-03
    /Bruskovaja-gazetnaja-3
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /CalligraphPlain
    /Callygraph-01
    /Candid
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChancellorPlain
    /ChanceScript-Plain
    /CharlemagnePlain
    /Charme
    /Chicago
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Book
    /Clarendon-Condensed-Bold
    /ClarendonExtended-Bold
    /Clarendon-Light
    /ClassicBoldItalic
    /ClassicItalic
    /ComicSansMS
    /ComicSansMS-Bold
    /CompactC
    /CompactC-Bold
    /CompactC-BoldItalic
    /CompactC-Italic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet
    /Coronet-Regular
    /CorridaC
    /Countdown
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierC
    /CourierC-Bold
    /CourierC-BoldOblique
    /CourierC-Oblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CrashC
    /Critter
    /Crystal
    /CurlzMT
    /Cyrvetica
    /Cyrvetica-Bold
    /Cyrvetica-BoldOblique
    /CyrveticaExtra
    /CyrveticaExtra-Bold
    /CyrveticaExtra-BoldOblique
    /CyrveticaExtra-Oblique
    /CyrveticaExtraOutline
    /Cyrvetica-Narrow
    /Cyrvetica-Narrow-Bold
    /Cyrvetica-Narrow-BoldOblique
    /Cyrvetica-Narrow-Oblique
    /Cyrvetica-Oblique
    /CyrveticaOpen-Bold
    /DaggerC
    /Decor
    /DecorC
    /DidonaC
    /DoloresCyr-Black
    /DoloresCyr-Bold
    /DoloresCyr-ExtraBold
    /DoloresCyr-Light
    /DoloresCyr-Regular
    /DrunkC
    /DublonC
    /DublonC-Bold
    /DublonLightC
    /Ebonit-5
    /EdwardianScriptITC
    /Electron-Bold
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EpsilonC
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /Europe
    /Europe-Bold
    /Europe-Bold-Italic
    /EuropeDemi
    /EuropeDemi-Italic
    /EuropeExt
    /EuropeExt-Bold
    /EuropeExt-Bold-Italic
    /EuropeExt-Italic
    /Europe-Italic
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /EverestUltra
    /ExcelsiorCyr-Bold
    /ExcelsiorCyr-Inclined
    /ExcelsiorCyr-Upright
    /ExPonto-Regular
    /ExposureCMixOne
    /ExposureCMixTwo
    /ExposureCOne
    /ExposureCOneRough
    /ExposureCOutline
    /ExposureCOutlineRough
    /ExposureCThree
    /ExposureCThreeRough
    /ExposureCTwo
    /ExposureCTwoRough
    /FatFaceC
    /FelixTitlingMT
    /Feofan
    /FetteFraktur
    /FetteFraktur-Dfr
    /Fiesta
    /Fiesta-Bold
    /FixSysC
    /Flash-Plain
    /FloraC
    /FloraC-Bold
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreeSetBlackC
    /FreeSetBlackC-Italic
    /FrenchScriptMT
    /Fretta
    /FrizQuadrataC
    /FrizQuadrataC-Bold
    /FrizQuadrataC-BoldItalic
    /FrizQuadrataC-Italic
    /FuturaBookC
    /FuturaBookC-Oblique
    /FuturaDemiC
    /FuturaDemiC-Oblique
    /FuturaEugenia
    /FuturaEugeniaC
    /FuturaLightC
    /FuturaLightC-Oblique
    /FuturaMediumC
    /FuturaMediumC-Oblique
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /GaramondBookC
    /GaramondBookC-Bold
    /GaramondBookC-BoldItalic
    /GaramondBookC-Italic
    /GaramondBookNarrowC
    /GaramondBookNarrowC-Italic
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNarrowC-Bold
    /GaramondNarrowC-BoldItalic
    /GaramondNarrowC-Light
    /GaramondNarrowC-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gazett-Rubl-uzk-43
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlasnostDemiboldFWF
    /GlasnostExtraboldFWF
    /GlasnostLightFWF
    /Glasten
    /GloucesterMT-ExtraCondensed
    /Gonez-01
    /Gonez-03
    /Gonez-1
    /Gonez-3
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Grad
    /Graffiti1C
    /Graffiti2C
    /Graffiti3C
    /Graffiti4C
    /Granit-Bold
    /Haettenschweiler
    /Half_Ustav
    /Half_Ustav-Bold
    /HelvCondBold
    /HelvCondBold-Italic
    /HelvCondNormal
    /HelvCondNormal-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HermesC
    /HeroldC
    /HeroldC-Bold
    /HeroldNormal
    /Hobo
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HomePlanning2
    /Hover-Plain
    /Impact
    /ImprintMT-Shadow
    /Industria-SolidA
    /InformC
    /InformC-Bold
    /InformShadowC
    /Insignia-A
    /IrinaC
    /IzhitsaC
    /IzhitsaOS
    /JakobC
    /JakobC-Bold
    /JakobExtraC
    /Japanese-Generic1
    /Jashma-1
    /Jikharev-Italic
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Jotter
    /JotterBold
    /JotterItalic
    /Jotto
    /JournalC
    /JournalC-Bold
    /JournalC-Italic
    /JournalSansC
    /JournalSansC-Bold
    /JournalSansC-Italic
    /JournalSanSerif-01
    /JournalSanSerif-1
    /JournalSanSerif-5
    /Jurnalnaja-01
    /Jurnalnaja-1
    /Jurnalnaja-3
    /KabelC-Bold
    /KabelC-Book
    /KabelC-Demi
    /KabelC-Medium
    /KabelC-Ultra
    /Kaliakra-Plain
    /KarollaC
    /Korean-Generic1
    /KorinnaBlackC
    /KorinnaBlackC-Heavy
    /KorinnaBlackC-Kursiv
    /KorinnaBlackC-KursivHeavy
    /KremlinC
    /Kusanyan-Italic
    /LatinWideC-Plain
    /LazurAntiqDisplayC-Bold
    /LazurAntiqDisplayC-Regul
    /LazurAntiqTextC-Bold
    /LazurAntiqTextC-Regular
    /LazurskiC
    /LazurskiC-Bold
    /LazurskiC-BoldItalic
    /LazurskiC-Italic
    /LazurskiEngravedC
    /LegendeC-Bold
    /LegendeC-BoldItalic
    /LegendeC-Italic
    /LegendeC-Plain
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-BoldSlanted
    /LetterGothic-Italic
    /LetterGothic-Slanted
    /LetterGotLCY-Bold
    /LetterGotLCY-Medi
    /LiteraturnayaC
    /LiteraturnayaC-Bold
    /LiteraturnayaC-BoldItalic
    /LiteraturnayaC-Italic
    /Lithos-Bold
    /Lithos-Plain
    /Lizard
    /LizardBold
    /LizardItalic
    /LPM-Elizabet-01
    /LPM-Elizabet-1
    /LPM-Elizabet-3
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Luxor
    /MachineC
    /MachineC-Bold
    /MagistralBlackC
    /MagistralC
    /MagistralC-Bold
    /MaiandraGD-Regular
    /Malahit-5
    /Marigold
    /MartenCyr-Grotesque
    /MartenCyr-GrotesqueRough
    /MartenCyr-Regular
    /MartenCyr-Rough
    /MatterhornC
    /MaximaCyrTCY-LighComp
    /Megen
    /MicrosoftSansSerif
    /MingLiU
    /Miniature
    /Miniature-Bold
    /Miniature-BoldItalic
    /Miniature-Italic
    /MinionC-Italic
    /MinionC-Plain
    /MinionCyr-Italic
    /MinionCyr-Regular
    /Mistral-Plain
    /Mode-Plain
    /Molto
    /Monaco
    /MonaLisa-Recut
    /MonoCondensedC
    /MonoCondensedC-Bold
    /MonoCondensedC-BoldItalic
    /MonoCondensedC-Italic
    /MonotypeCorsiva
    /MontblancC
    /MontblancC-Italic
    /Motive
    /MotiveBold
    /MotiveItalic
    /MotterTekturaC-Plain
    /MSLineDrawPSMT
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MyslC
    /MyslC-Bold
    /MyslC-BoldItalic
    /MyslC-Italic
    /NewBaskervilleC-Bold
    /NewBaskervilleC-BoldItalic
    /NewBaskervilleC-Italic
    /NewBaskervilleC-Roman
    /NewBaskervilleExpOdC-Bold
    /NewBaskervilleExpOdC-BoldItalic
    /NewBaskervilleExpOdC-Italic
    /NewBaskervilleExpOdC-Roman
    /NewBaskervilleExpScC-Roman
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewStandardC
    /NewStandardC-Bold
    /NewStandardC-BoldItalic
    /NewStandardC-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /NewtonXC
    /NewYork
    /NewYorkC-Plain
    /NewZelek
    /NimbusRomDCY-Bold
    /NimbusRomDCY-BoldItal
    /NimbusRomDCY-Regu
    /NimbusRomDCY-ReguItal
    /NimbusSanLCY-Bold
    /NimbusSanLCY-BoldItal
    /NimbusSanLCY-Regu
    /NimbusSanLCY-ReguItal
    /NimbusSanNo5TCY-Medi
    /NimbusSanNo5TCY-Regu
    /NinaC
    /Nowaja-Gazetnaja-01
    /Nowaja-Gazetnaja-1
    /Nowaja-Gazetnaja-3
    /NSimSun
    /Obyknowennaja-nowaja-01
    /Obyknowennaja-nowaja-1
    /Obyknowennaja-nowaja-3
    /OCR_OneC
    /OCRAExtended
    /OdessaScriptFWF
    /OfficinaSansC-Bold
    /OfficinaSansC-BoldItalic
    /OfficinaSansC-Book
    /OfficinaSansC-BookItalic
    /OfficinaSerifC-Bold
    /OfficinaSerifC-BoldItalic
    /OfficinaSerifC-Book
    /OfficinaSerifC-BookItalic
    /OldScript-Plain
    /OldTownC-Plain
    /OlgaC
    /Oliver
    /Oliver-Bold
    /Oliver-Bold-Italic
    /Oliver-Italic
    /Ondine
    /Opium
    /Opium-Bold
    /Opium-Bold-Italic
    /Opium-Italic
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /Oxford
    /PalaceScriptMT
    /Paladin-Plain
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /ParagonC-Plain
    /ParkAvenue-Plain
    /ParsekC
    /PentaBold
    /PentaDemi
    /PentaLight
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Perspective-Plain
    /PetersburgC
    /PetersburgC-Bold
    /PetersburgC-BoldItalic
    /PetersburgC-Italic
    /Plain
    /PlainScriptC
    /PMingLiU
    /Pollock1C
    /Pollock2C
    /Pollock3C
    /Pollock4C
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
    /PragmaticaCondC
    /PragmaticaItalic
    /PragmaticaLightC
    /PragmaticaLightC-Bold
    /PragmaticaShadowC-Bold
    /PragmaticaShadowC-BoldItalic
    /Prague
    /PragueBold
    /PragueBoldItalic
    /PragueItalic
    /Present
    /Pristina-Regular
    /ProunBC
    /ProunBC-Bold
    /Proun-Bold
    /ProunC
    /ProunC-Bold
    /Proun-Plain
    /ProunX-Bold
    /ProunX-Plain
    /Pump-Plain
    /QuantAntiquaC
    /QuantAntiquaC-Bold
    /QuantAntiquaC-Italic
    /RageItalic
    /Regata
    /Repriza-Bold
    /Repriza-Plain
    /Respect
    /Respect-Bold
    /Respect-BoldItalic
    /Respect-Italic
    /RespectNarrow
    /RespectNarrow-Bold
    /RespectNarrow-BoldItalic
    /RespectNarrow-Italic
    /Ribbon-Plain
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RodchenkoC
    /RodchenkoInlineC
    /Rodeo
    /Rodeo-Bold
    /Rodeo-Bold-Italic
    /Rodeo-Italic
    /Romic-Plain
    /RonInset-Plain
    /RoslynGothic-Plain
    /Rubic
    /Ruk-Jiharev-03
    /SansBold
    /SansLightPlain
    /SansPlain
    /SansXPlain
    /Sapphir-Plain
    /SchoolBookC
    /SchoolBookC-Bold
    /SchoolBookC-BoldItalic
    /SchoolBookC-Italic
    /ScriptMTBold
    /Semaphore
    /Serpentin-Plain
    /SimHei
    /SimSun
    /Sinaloa-Plain
    /Skazka-Plain
    /Slipstream-Plain
    /StandardPosterC
    /StarC
    /Start
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sten-Plain
    /Stop-Plain
    /Story
    /StoryBold
    /StoryItalic
    /StudioScriptC
    /SvetlanaC
    /SvetlanaC-Bold
    /SvetlanaC-BoldItalic
    /SvetlanaC-Italic
    /SvobodaFWF
    /SvobodaFWF-Bold
    /SvobodaFWF-BoldOblique
    /SvobodaFWF-Oblique
    /Sylfaen
    /Symbol
    /SymbolMT
    /Taffy
    /TagirC
    /Tahoma
    /Tahoma-Bold
    /TatianaC
    /Taurus-Bold
    /Taurus-Plain
    /TaurusX-Bold
    /TaurusX-Plain
    /Taxi
    /TaxiBold
    /TaxiItalic
    /Techno28
    /Techno-Plain
    /TextBookC
    /TextBookC-Bold
    /TextBookC-Italic
    /TextBook-Italic
    /Times
    /Times-Bold
    /Times-BoldItalic
    /TimesET
    /TimesET-Bold
    /TimesET-BoldItalic
    /TimesET-Italic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-PhoneticIPA
    /Times-Roman
    /Torhok-Italic
    /Trafaret
    /Traktir
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Treffi-Plain
    /TrixieCyr-Light
    /TrixieCyr-Plain
    /TrueGritC
    /Tutanhamon-shir-03-m
    /Tutanhamon-shir-63
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypeWriter-Bold
    /TypeWriter-Plain
    /UmbrellaC-Plain
    /Univers
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-CondensedBoldOblique
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-Light
    /Univers-LightOblique
    /Univers-Medium
    /Univers-MediumItalic
    /Univers-Oblique
    /VantaBlack
    /VantaBold
    /VantaLight
    /VantaPlain
    /VantaThin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /Webdings
    /WilhelmKlingsporGotisch
    /WindC
    /WindsorC-Plain
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XeniaC
    /XeniaCondensedC
    /XeniaExtendedC
    /XeniaExtendedC-Bold
    /XeniaWesternC
    /XeniaWesternC-Italic
    /ZapfChanceryC
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZhikharevC
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [800 800]
  /PageSize [612.000 792.000]
>> setpagedevice


