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Purpose of the RF generation and distribution system

Ensuring synchronization between
different accelerator subsystems (e.g.
accelerating structures, diagnostics,
etc..)

Challanges:

* Strict RF jitter requirements

e Strict long-term stability
requirements

* Big distances between different RF
stations

* Different frequencies to be
generated

*  Environmental conditions
fluctuations
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Project background and motivation

* BINP has experience in development, production, study and
maintenance of large accelerator facilities

* A new 4t generation synchrotron light source i.e. SKIF
accelerator complex is being built in Novosibirsk

Storage Ring

3 GeV

A -
Circumference 476 m \ Linac 02 cev
Beam current 400 mA max.

Booster

1Hz
0.2-3 GeV
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Project background and motivation

BINP has experience in development, production, study and * I-Tech has experience in design, development and production
maintenance of large accelerator facilities of electronic devices for the accelerator machines:
*  BPM electronics and BLM systems
A new 4th generation synchrotron light source i.e. SKIF - Digital LLRF systems
accelerator complex is being built in Novosibirsk « RFand Current Digitizers

| Storage Ring

3 GeV

Circumference 476 m \ Linac 02 Gev
Beam current 400 mAmax. / -

P _—

Reference master oscillators
Distribution amplifiers for RF signals
RF reference transfer systems, etc.

Product example: Libera SYNC is an optical reference transfer
system developed for the SwissFEL, in collaboration with PSI

Goal: Design and develop a system for the RF generation and distribution
that meets the SKIF project requirements
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The SKIF project requirements

The main components of the system:

* Reference Master Oscillator (RMO)
at 178.5 MHz

* Distribution Amplifiers (DA),
supporting also generation of

higher harmonics of the RF signal

* Low drift and jitter optical RF signal
transfer systems (Libera SYNC)

 Low drift RF cables
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The SKIF project requirements

The main components of the system:

* Reference Master Oscillator (RMO)
at 178.5 MHz

* Distribution Amplifiers (DA),
supporting also generation of

higher harmonics of the RF signal

* Low drift and jitter optical RF signal
transfer systems (Libera SYNC)

 Low drift RF cables

~a1%4 INSTRUMENTATION

Cavity1| [Cavity2
357MHz 357MHz

Cavity3| |Cavity4| |Cavity5
333333 357MHz 357MHz

Ampl.1 Ampl.2
SAL 357MHz 357MHz

Ampl.3 Ampl.4 Ampl.5
357MHz 357MHz

333333

RF LLRF LLRF
T ]

Cavity1

5 6-16

Cavity1 Cavity2 Cavity3
071MHz 1071MHz 1071MHz

Ampl.1| | Ampl.2 | | Ampl.3
11111111111111 1071MHz

LLRF LLRF LLRF
RFcables 2-7 m, | |
stability < 1 ps

||DM 1= 2 3 4-18'
DA4 addi

(]
357 MHz|
// LLRF
- / o7 Wit apies
%ﬁ Booster RF

Service Area
SARF

DA3 additional outputs: outputs!
-35 4-14 - 1071 MHz
“ ol SYNC500 15, 16 - 178.5 MHz
RX
ervice Area Straight Service Area
AS7.RK3 (2nd floor) SAS9.RK3
m, jitter < 1 p§ ————178.5 MHz —— | | ~178.5 MHz— """ "+
178.5 MHz
RK5 LLRF3 (KL3)
855 MHz
Sasi i e s e
LLRF1 (KL 535 MHz
KHz . 2855 MHz

Linac

Klystron Gallery

Linac Tunnel

‘ RG1
D e @

Pt

Iwor

'

| output
Powor

ir l_%?tl

. L] . | » <
Section 5 4 Sectiond

L

G.l.Budker Institute of Nuclear Physics

Section 3 Section 2

irectional

couplers

~%i% TECHNOLOGIES

SB RAS



RMO performance parameters and features

* RF output:

e 178.5t1 MHz will be used in the SKIF case
from ~50 MHz to 1600 MHz (optionally up to 3200 MHz), remotely configurable

e 15dBm, 50Q

* integrated phase noise (jitter) from 10 Hz to 10 MHz: <90 fs RMS
e Based on DDS concept (Digital Direct Synthesis)
e PLL (external reference locking) and free running mode

e Reference input: 10 MHz, 0-10 dBm, 50 O

* Frequency sweep functionality

Ethernet (Telnet) interface, EPICS 10C available
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RMO functional block scheme

Ethernet & EPICS

;

Microcontroller

Low noise
OCXO

10 MHz
ref. input

PLL RF Output

[50 — 1600MHz]

Used in PLL mode

DN
o0
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RMO frequency sweep
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RMO prototype under test
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RMO prototype test results @178.5+1 MHz
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RMO prototype test results @100-3200 MHz

Frequency Jitter with | Jitter without Frequency
[MHz] spurs [fs] spurs [fs] [MHz]
100 71 63

1800

200 49 44 2000 39
400 45 39 2200 41
500 46 40 2400 41
600 45 39 2600 43
800 42 36 2800 42
1000 45 40 3000 45
1200 45 39 3200 39
1400 45 39

1600 41 35
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Distribution Amplifier parameters and features

* RFinput:
e 178.5 MHz
e 15dBmor 10 dBm
e 500

* RF outputs:
* Modular arhitecture supports up to 24 RF outputs at different harmonics of the input frequency:
x1=>178.5 MHz, x2 => 357 MHz, x3 => 535 MHz, x6 => 1071 MHz, x16 => 2856 MHz
Other multiplication and/or division factors are also possible.
e 15-18 dBm
e 50Q

* Integrated added jitted from 10 Hz to 10 MHz: <5 fs RMS
* Temperature stabilized device

* Form factor: 2U, 19
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Distribution Amplifier modular arhitecture
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Distribution Amplifier temperature stabilization

Internal temperatures
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Distribution Amplifier PCBs for SKIF

e coflle r— e .

x16 = 2856 MHz
18 dBm

x6 => 1071 MHz
15 dBm

x3 => 535 MHz
' 15 dBm
1785MHz ~ =T} IR

15 dBm

x1=>178.5 MHz
15 dBm
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RF signal transfer system
performance parameters and features

RF input

178.5+0.02 MHz, 15+1 dBm, 50 Q

RF outputs

15+1 dBm, monitor output -10+3 dBm, 50 Q

Integrated added jitted from 10 Hz to 10 MHz

<300 fs RMS

Long-term phase stability in 24 hours

<700 fs peak-to-peak

Phase drift compensation capability 500 ps
Maximal optical link length 1500 m
Calibration and tuning mode Automatic
Form factor of transmitter and receiver 2U, 19“
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Optical RF signal transfer system Libera Sync

Existing Libera Sync at 3 GHz
is being adapted to the RF of
178.5 MHz |

Control System LAN

Libera Sync block scheme

Ethernet port Ethernet port
Tx_IP: 192.168.10.100 Rx_IP: 192.168.10.101
Rem_|P: 192.168.10.101 _ Rem_|P: 192.168.10.100
Libera Sync Define OLL parameter Libera sync
Transmitter (Optical Link Length) Receiver
Low drift OLL=1..1500m Low drift RF Output 1 +15dBm [} Device 1
Optical Output Optical Input 3
— RF_Input _ ) RF Output 2 _)1 e Device 2
+15dBm Low noise Low noise -10dBm
Optical Output Optical Intput RF Monitor peeseass,
'<p{ Ctrl Syst

=== optical signal === RFsignal ===+ RF monitoring signal === control signal
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Adaptation to 178.5 MHz — Testing of phase shifters

Agilent E50528 Signal Source Analyzer

Resize

004de ) Fef -100,0d8.c/Hz
499994 MHz -0.1213 dBrmn

.,ll 1 .
! |'|I
el |
'll'lj L |

r..,||} ‘

h
i }hll

Generator jitter: 23.39 fs RMS

Gen. & DUT jitter: 26.27 fs RMS
DUT added jitter: 11.95 fs RMS

Freq Band [3301-1.56Hz]




Adaptation to 178.5 MHz — Testing of variable attenuators

Agilent E5052B Signal Source Analyze

Generator jitter: 22.76 fs RMS
Gen. & DUT jitter: 23.7 fs RMS
DUT addded jitter: 6.62 fs RMS

”nll.lllllllwl-ﬁ I‘Il ‘ 1
iy l,a,lwwu,w,l i Jﬂ L M \ h \ The main two components that
u] X _‘| l

A il could deteriorate the jitter
performance were tested OK!

Iy i r||I||'
““I'l'ﬂ‘r"'[f.-._‘-llh. |‘ (
Ir,




The PCBs have been adapted and are in production

Transmitter Receiver
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Conclusions

* The SKIF RF distribution system consists of RMO, several DA and Libera SYNC,
defined over several online meetings in the second part of year 2020.

* The development started in April 2021, with first deliveries in January 2022

* The Libera RMO, DA and Libera SYNC are being developed in parallel

* We have regular project meetings with BINP to communicate the progress,
preliminary results and taking decisions

* Overall, we are in line with the project timeline and happy on the
collaborative approach from both teams!
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Thank you for
your attention!

INSTRUMENTATION G.l.Budker Institute of Nuclear Physics

LIBERA

TECHNOLOGIES SB RAS




<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /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
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


