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The paper is concerned with the develop-
ment of composite structures for Russian space
launcher Proton-M shown in Fig.1

In June 2005, forty years have past since
the first launching of Russian Proton, origi-
nally developed as a two-stage rocket system.
Modern three- or four-stage Proton, being in
operation since 1967, is now the basic rocket
of the Russian State Space Program. In more
than 300 shots, Proton has launched into space
satellites Kosmos, Ekran, Raduga and Gori-
zont, probes for Moon, Mars, Venus and Hal-
ley comet exploration, space stations Salyut
and Mir, International Space Station Modules.

Though Proton efficiency is expected to
be on the proper level up to 2010, its mass and
energy characteristics are progressively im-
proved, particularly, by application of high-
performance and weight-efficient composite
structural elements. Proton-M modification of
the launcher incorporates, in addition to the
traditional carbon-epoxy sandwich fairing,
Anisogrid composite interstage structures.

Anisogrid Composite Lattice Structures

Anisogrid composite lattice structures de-
veloped at the Central Research Institute for
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Special Machinery (CRISM) about 25 years
ago [1] and consisting of unidirectional carbon-
epoxy ribs and, if necessary, of an external skin
made by filament winding demonstrate high
weight and cost efficiency in comparison with
traditional metal or composite ring-stringer
stiffened, Isogrid and sandwich structures.

Lattice structures are made by automatic
wet winding during which impregnated carbon
tows are placed into helical and circumferen-
tial grooves formed on the surface of the man-
drel with the aid of

— machining of the foam core covering the
mandrel,

— forming grooves in the rubber-type coat-
ing that is pulled out of the structure after
curing,

— forming grooves in thin metal panels
mounted on the mandrel surface.

These processes, each resulting in a spe-
cific structure, provide in addition to high load
carrying capacity and stiffness, proper damping
acoustic attenuation, insolation, sealing, etc.

In general, lattice structures are character-
ized with six design variables, i.e.,

— the shell thickness (the height of the rib
cross section),

— the angle of helical ribs with respect to the
shell meridian,

— the widths of the helical and the circum-
ferential (hoop) ribs cross-sections,

— the spacings of the helical and the hoop ribs.

The ribs are the principal load-bearing
elements of the structure, whereas the skin, the
necessity of which can be caused by design re-
quirements, is not considered as a load-bearing
element in design of lattice structures. More-
over, the skin thickness, being treated as a de-
sign variable, degenerates in the process of op-
timization because the skin contribution to the
structure mass is higher than that to strength
and stiffness of the structure. Thus, the optimal
lattice structure has no skin, and if the actual
structure needs a skin, its thickness and struc-

ture are preassigned to meet the structural and
the manufacturing requirements.

Three basic methods have been developed
to design cylindrical lattice structures for axial
compression, i.e.,

— geometric programming [2],

— minimization of safety factors [3],

— numerical optimization [4].

Designed structures are analyzed with al-
lowance for skin, doors and other structural ele-
ments by finite-element method based on dis-
crete models composed of beam-type elements

or continuum models simulating the structure
with anisotropic laminated shell-type elements.

A specific feature of lattice structures is as-
sociated with the fact they cannot be scaled or
modeled experimentally. Actual properties of the
structure elements can be found only by testing
of the full size structure and its fragments. Natu-
rally, it can happen that thus found material
properties do not coincide with the values used
for design, and the design should be refined.
Thus, testing of the actual structure is a neces-
sary step of the design process (in addition to
conventional proof tests supporting the design).

Existing and possible applications of lat-
tice structures include

— interstages, intertanks, payload adapters,
and fairings of launch vehicles,

— aircraft fuselage sections, wing boxes,
and ribs, horizontal and vertical stabilizers,

— helicopter tail beams,
— space telescope bodies,
— submarine bodies,

— masts, columns, pipes and other ele-
ments of civil engineering structures.

The following section demonstrate the
application of Anisogrid lattice structures to
Proton-M launcher.

Payload attach fitting

Payload attach fitting (adapter) is a pri-
mary structure of a commercial rocket provid-
ing the interface between a rocket and a space-
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craft. Because the diameters of attach rings of
a rocket and of a spacecraft are usually signifi-
cantly different and the distance between the
rings is relatively small, a typical adapter is a
conical shell with rather high angle between its
meridian and the rocket axis.

Existing adapters are made in the form of
stringer stiffened or sandwich aluminum or car-
bon-epoxy composite shells. Because the adapter
is covered with a rocket fairing while launching,
its can be also made in the form of a lattice struc-
ture consisting of a system of ribs [5].

Anisogrid lattice adapter for Proton-M is
shown in Fig. 2. The structure is manufactured
by continuous wet filament winding during
which carbon fiber tows impregnated with epoxy
resin are placed into the grooves formed in elas-
tic coating of the mandrel. The coating is assem-
bled of silicon rubber panels which are fixed on
the mandrel before winding and are pulled out of
the lattice structure after curing. The winding
process is shown in Fig. 3. The structure shown
in Fig.2 has the following parameters

— larger and smaller diameters 2500 mm and
1300 mm,

—  height 900 mm,

— total mass 50 kg in which the mass of the
lattice structure is 28 kg,

— design ultimate axial compressive force 2
MN,

— axial stiffness 440 KN/mm.

: |G l!
=3
-

[,
| o B

Fig.2

Fig.3

The design strength and stiffness of the
structure has been verified experimentally (the
testing is shown in Fig.4) and by the finite-
element analysis based on the discrete model
presented in Fig.5
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Designed by analytical [6] or numerical
[7] methods, lattice composite adapters dem-
onstrate more than 40% weight saving with re-
spect to aluminum prototypes. By now, eight
successful launches of Proton-M have been
undertaken with lattice adapters. One of them,
the 303-th launch of June 17, 2004, has re-
sulted in the record for Proton mass of the geo-
synchronized satellite — 5575 kg.

Proton-M Composite Fairing

The spacecraft mounted on the launcher
with he aid of the adapter discussed above is
covered with 15 m long composite fairing pre-
sented in Fig.6. The buckling mode of the fair-
ing following from finite-element analysis
based on a continuum model of the structure is
shown in Fig.7.

Fig.7

Interstage structures of the second stage

The second stage of Proton-M is 17 me-
ters long and is located between the truss (see
Fig.1) and the engine of the third stage. The
stage is going to be incorporated into the
launche with two Anisogrid composite upper
and lower interstages whose diameter is 4.1 m
and length is about 3 m each.

The winding process of the upper inter-
stage 1s shown in Fig.8, whereas its internal
(a) and external (b) views are presented in
Fig.9. The structure consists of carbon-epoxy
helical and hoop ribs and a thin aramid-
epoxy skin (Fig.9). The design ultimate axial
compressive force which is about 7.5 MN
has been verified experimentally and by
means of finite-element analysis based on a
discrete model shown in Fig.10.

Fig.8
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Fig.9 (b)

The interstage has a load-bearing trans-
portation lattice ring made by winding and
mechanically joined to the shell (Fig.9 (a)).

Fig.12

Substitution of Inisogrid composite lattice
interstages for traditional ring-stringer stiff-
ened aluminum structures results in 500 kg
mass reduction for Proton-M second stage.

Fig.10

The lower interstage has a similar struc-
ture. The winding process is shown in Fig.11,
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presented in Fig.12. The lower interstage is a

highly loaded structure — the ultimate design [1] Vasiliev V, Barynin V and Razin F. Anisogrid lat-

axial compressive force is about 14 MN. tice structures — survey of development and appli-
cation. Composite Structures, 54, pp 361-370,

At the lower cross section the interstage is 2001.

loaded with 20 axial forces transferred from [2] Bunakov V. Design of axially compressed compos-

the truss (Fig.1). To take these forces, alumi- ite cylindrical shells with lattice stiffeners. Optimal

num Stringers are incorporated into the com- Design. Editors. Vasiliev V and Gurdal Z. Tech-

nomic, pp 207-246, 1999.

[3] Vasiliev V and Razin A. Optimal design of fila-
ment-wound Anisogrid composite lattice struc-

posite lattice structure (Fig.12).



SESSION 4.2: COMPOSITE STRUCTURES

tures. Proc. of the 16-th Annual Techn. Conf. of [6] Razin A and Vasiliev V. Development of compos-

American Soc. for Composites, Blacksburg, USA, ite Anisogrid spacecraft attach fitting. Proc. of the

2001. 11-th European Conf. on Composite Materials,
[4] Totaro G, Vasiliev V and De Nicola F. Optimized Rhodos, Greece, 2004.

design of Isogrid and Anisogrid lattice structures. [7] Vasiliev V, Razin A, Totaro G and De Nicolar F.

Proc. of the 55-th Int. Astronautical Congr., Van- Anisogrid conical adapters for commercial space

couver, Canada, 2004. application. Proc. of the 13-th AIAA/CIRA Int.
[5] Vasiliev V, Grudzin A, Petrokovskii S and Razin Space Planes and Hypersonic Systems and Tech-

A. Composite lattice structure for the interface be- nologies Conf., Capua, Italy, 2005.

tween the launcher and the spacecraft. Polyot
(Flight), No. 9, pp 44-47, 1999 (in Russian).



Yu.O. Bakhvalov, V.P. Molochev, S.A. Petrokovskii, V.A. Barynin, V.V. Vasiliev, A.F. Razin. PROTON —
M COMPOSITE INTERSTAGE STRUCTURES: DESIGN, MANUFACTURING AND PERFORMANCE

ATTACHMENT

BIOGRAPHY OF PRESENTER

Name: Valery V. Vasiliev

Edication: Moscow Aviation Institute, 1962

Affiliations: Moscow Aviation Institute, Associate Professor, 1965-1972
Moscow Institute of Cilin Aircraft Engineering, Professor, 1972-1974
Moscow Institute of Aviation Technology (MATI) — Department Head, 1974-1998
Professor 1998 — present

Present position: MATI, Professor




<<
  /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


