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Three-phase AC systems interfaced by current source matrix
converter with Space Vector Modulation

Abstract. The paper deals with three-phase AC systems interfaced by frequency converter without DC storage. As an interface between AC
systems the current source matrix converter (CSMC) with space vector modulation is used. First the averaged state space models are formulated.
Furthermore simulation and experimental test results of ca 1 kVA laboratory model are presented to confirm of the discussed circuit properties.

Streszczenie. W artykule przedstawiono sprzezone tréjfazowe systemy pradu przemiennego z przemiennikiem czestotliwo$ci bez magazynu energii
elektrycznej typu DC. Jako sprzeg pomigdzy systemami zostat zastosowany przeksztattnik matrycowy pradu o modulacji wektorowej. Przedstawiono
model u$rednionych zmiennych stanu uktadu. Ponadto, w artykule przedstawiono wyniki badan symulacyjnych oraz eksperymentalnych modelu
laboratoryjnego o mocy ok. 1kVA potwierdzajgce wiasciwosci omawianego uktfadu. (Tréjfazowe systemy pradu przemiennego sprzezone za

pomocaq przeksztaftnika matrycowego pradu o modulacji wektorowej)

Keywords: AC/AC transmission systems; AC frequency converter; current source matrix converter.
Stowa kluczowe: system przesytowy AC/AC, przemienniki czestotliwosci, przeksztaltnik matrycowy pradu.

Introduction

The AC/AC frequency converters (FCs) without large
DC storage elements can be treated as a competitor to the
commonly used pulse width-modulated voltage-source
inverter (PWM-VSI) [1]-{14]. In general, the FCs comprises
direct and indirect matrix converters (MCs) [1]-[3], [9], [10],
hybrid MC [11], [13] and matrix-reactance frequency
converters (MRFCs) [12], [14]. For application in the
industrial drive field the maximum available magnitude of
the output voltage should be even a little greater than the
amplitude of the input voltage. For an induction motor, a
reduction of the supply voltage by 10% means 20% loss of
torque capability, which cannot be accepted in most
applications. Among of the FCs, the direct and indirect
voltage source MCs have voltage gain lesser or equal near
1 whereas the direct current source matrix converter
(CSMC) [1], [2], hybrid MCs and MRFCs have a voltage
gain greater than 1. For the direct current source MC with
LF transfer matrix control strategy [2], the voltage transfer
ratio can be much greater than one, though voltage gain
and input power factor cannot be controlled independently,
but they can be controlled by properly selected control
parameters.

In this paper, implementation of three-phase AC
systems interfaced by the current source matrix converter
(CSMC) with space vector modulation (SVM) is presented.
Obtained results confirm possibility to independent control
of the output voltage and input power factor of the CSMC,
what is very important in FACTS or drive systems
applications.

Circuit description

The schematic diagram of the analysis circuit is shown
in Fig. 1. The structure and allowed switch configurations of
the CSMC are similar to voltage source MC (VSMC) [1]. In
discussed circuit for switch state function (1), the switch
configuration constrains are expressed by (2) whereas the
current and voltage relations are described by (3) and (4).
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where: T, T — transform matrix and transposed transfer
matrix respectively.
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Fig. 1. AC systems interfaced by CSMC

In presented CSMC (Fig. 1) 27 configurations are
allowed. From these configurations 3 zero and 18 active
switch configurations are used for SVM [3]. The space
vector representation of the phase output currents (5) and
line to line input voltages (6) are collected in Table 1.

(5) E.O = %(ia +C_llb +22i6): lo(t)e/ﬁ()(t) ,

2 )
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The vector representations of the iy and u;; presented in
Table 1 are dual with reference to ones in circuit with VSMC

[6].
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Table 1. Allowed configurations of the CSMC and vector
representations of the phase output currents and line to line

voltages
Nr| A |B|C]J lig[A] |Bolrad] | [ugl|, [V] | ay [rad]
1 ala]|a 0 - 0 -
2| bbb 0 - 0 -
3 |lclc]|c 0 - 0 -
4 alc|c iAZ/«/E -1/6 um2/\/§ 5n/6
5 blclcl|i2nB | w2 | w243 /6
6 |b|alali2ns | -506 | u,2i3 | 516
7 | clala iAZ/\/E 5n/6 uCHZ/ﬁ -1/6
8 [c|b|b|i2ns | m2 | w243 | 506
9 la|b|bl|i2n3 | w6 | w23 | -n6
10| c|a]c iBZ/\/E -m/6 uCHZ/ﬁ /6
| c|bl|c| i | w2 | w243 | -506
12| a|b|a z‘32/\/§ -5m/6 uabZ/‘E /6
13| a|cl|ali2n| 506 | w243 | -506
14|b|c|bl| s | w2 | w243 /6
15|/ b|al|b| 2 | w6 | u,24B | -506
16| c|clali2n3 | w6 | w243 | -2
17 clec|b| 2z | w2 | w243 2
18 a|al|b| 2B | 506 | u,2i 3 | -n2
19|alalc|i2n3s | 506 | w23 /2
200 b |b|c| 23 | w2 | w23 | -2
20 b |blal|i2iBB | w6 | w23 | w2

Using averaged state space method we can obtain
averaged state space equations which in general form are
expressed by (7). Detailed analysis of (7) with two
frequencies DQ transformation like in [15] is treated in this
paper as a distinct issue.

Control and commutation strategies

The functional diagram of the control circuit is shown in
Fig. 2. At the beginning the source voltage vector position is
defined based upon the source current vector position. At
the same time the load currents space vector ip, with
desired amplitude and frequency f;, is set. In the next step
according to Fig. 3 sector numbers S, S; and the phase
angels a’y, p’; are identify. The phase angels a’y, f’; are
defined with respect to the bisecting line of suitable sector
and limited according to (8).
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Subsequently four on-time ratios according to (9)-(12)
are calculated. Four active and one zero switch
configurations (SC) are selected according to Table 2
and 3. The switched-on times for selected SC are
calculated from (9)-(12) and expressed by (13), (14).
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Fig. 2. Functional diagram of the control circuit

Fig. 3. Space vector representations, a) source phase voltages
(145 Upns Ucy), b) phase load currents

where: djx — instantaneous pulse duty factor of switch control signals of the switches Sk according to control strategy.
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Table 2. Colection of the active configurations assigned to sectors
and on time ratios

Si=1ud) N (S=1u4) | 19 | 16 | 21 | 18 | 7 4

(Si=205N(S=1u4) | 17 | 20 | 19 | 16 | 5

(S=3u6)nS=1ud) |21 18] 1720 9 [ 6 | 5] 8

(Si=1ud)n(©S,=205) | 13 10] 15121916 |21 18

S;i=205N(S,=2V5) | 11 | 14 | 13 [ 10 | 17 | 20 | 19 | 16

(S;i=3u6)N(S,=2U5) | 15 | 12 | 11 | 14 | 21 | 18 | 17 | 20

(Si=10u4) N (S,=306) | 7 4 9 6 | 13 (10| 15| 12

(S;i=205)N(S=3u6) | 5 | 8 | 7 |4 |11 ]14]|13]10

S;=306)nS=3u6) | 9 |6 | 5[ 8 |15]12]|11]14

0;>010,<0{0,>0|0,<0|05>0|0;<0|,~0]0,<0

Table 3. Collection of the zero configurations assigned to sectors
and on time ratios

S=1uU4 S,=2U5 S,=3U6
Si=1u4 2 1 2 1 2 1
S;=2U5 1 3 1 3 1 3
5,=3U6b 3 2 3 2 3 2
520 | 0,<0 |60 6,<0 |20 9,0

Selected SC (vectors) are turned on according to the
sequence described by (15), where for example J; means
that SC selected according to above described principles
and assigned in Table 2 to J; must be switched on as the
first one for the time #. In Fig. 4 there are the geometrical
interpretation examples how vector representations of the
phase input voltage u;, and the phase load current are
formed. Furthermore in Fig. 4a it is shown how the control
of ¢; (input power factor) is achieved by controlling of «;.

(15)

03 >0, >0, >0, =9

7
Fig. 4. Example of vector representation formation, a) the phase
input voltage vector position, b) the phase output current vector
position

Furthermore in control circuit of the discussed CSMC a
four step commutation strategy is used (Fig. 5).
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Fig. 5. Four step commutation strategy, a) simplified schematic
diagram, b) commutation description; ¢, — duration time of the
commutation step

Simulation and experimental test results

A simulation study was carried out using the Matlab
Simulink simulation package whereas operation of the
discussed system with CSMC have been validated using
modified laboratory model which have a 1 kVA full-load
capability [14]. The electrical circuit scheme is shown in
Fig. 1 whereas view of the experimental setup is shown in
Fig. 6. Relevant simulation and experimental circuit
parameters are collected in Table 4.

Fig. 6. Experimental setup of the laboratory model; 1 — Source
inductance; 2 — AC-DC supplier; 3 — FPGA card (ZL9PLD); 4 —
Optical transmitters; 5 — Input current measurement circuit; 6 —
Optical receiver and gate driver circuits; 7 — Over-voltage protection
circuit; 8 — Load resistors; 9 — Radiator and mine circuit transistors,
10 — DSP card (ALS-G3-2368P); 11 — AD-DA converters card
(ALS-G3-ACA1812-1); 12 — PC; 13 — Output capacitances and load
inductances
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Table 4. Simulation and laboratory model parameters

Values
Parameter Symbol g Ulation | Experiment
fSource voltage/ Us/f 230 V/S0Hz | 40V /50 Hz
requency
If_oad voltage/ U, /f adjustment adjustment
requency
Switching
sequence period Tieq 0.2 ms
time
Resistance Rs Ry 0.5Q
Inductance Ly L, 10 mH; 1 mH
Capacitance Cr 10 puF

The simulation test results for passive load (U, = 0) are
shown in Fig.7. As seen, for different values of setting
frequency of the load current very close unity displacement
power factor (UDPF) exist for source side of the system (AC
system ). The transition from lower to higher frequency at
load side (AC system Il) is almost without any effect on the
amplitude of load voltage.

%
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Fig. 7. Simulation the source and the load voltage and current time
waveforms at different values of setting frequency of the load
current, a) frequency sweep, b) the source phase voltage and
current, c) the phase source and load voltage

In Fig. 8 there are example of simulation time
waveforms of the voltages and currents of presented
systems for different setting frequency of the load current.
In this figure is also visible that phase load voltages are a
little greater than supplying voltages. Investigated CSMC
gives possibility to setting of the load voltage phase shifting
what is shown in Fig. 9. The load voltage phase shifting
influence on voltage gain (Fig. 10a) but gives favourable
possibility to active power flow control what is shown in Fig.
10b. Experimental time waveforms are shown in Fig. 11 and
Fig. 12. From Fig. 11 is visible that, for different values of
setting frequency of the load current, very close unity
displacement power factor (UDPF) is possible for source
side of the system I|. In Fig. 12 are shown exemplary
experimental time waveforms of the source and load
voltages and currents for different settings of the voltages
frequency for ¢ = 0.866 and unity displacement power
factor. The source current is maintained sinusoidal and in
phase with source voltage.

a)

iy

[
I i |

Mn‘l | | i

IH\“ LA
L IV LAY

,,,,, i TR
IO

1 1
0.02 0.03 0.04 0.05 t[s]
Fig. 8. Simulation voltage and current time waveforms at current
gain ¢ = 0.8, a) for the load frequency f; = 75 Hz, b) for the load
frequency 1, =25 Hz
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Fig. 9. Simulation phase load voltage shifting demonstration for
f1= 50 Hz, a) phase lead, b) phase lag
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Fig. 10. Influence of the load voltage phase shifting, a) on phase
voltage gain, b) on load active power

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 1/2011 43



Ji[Hz, [T 751,
S0 Hz | 25

Hz

>

AN AW WA A )

B A VAR AT e

20 ms 56 ¥ 320 ms 1.BBA 420ms 1.0BH

Fig. 11. Experimental source and load voltage and current time
waveforms at different values of setting frequency of the load
current, a)frequency sweep, b)the source phase voltage and
current, c) the phase source and load voltage

1 - source phase voltage us, 2 — load phase voltage u,, 3 — source
current iy, 4 — load current iy,
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Fig. 12. Experimental voltage and current time waveforms at
current gain ¢ = 0.866, a) for the load frequency f; = 25 Hz, b) for
load frequency f; = 50 Hz, c) for load frequency f; = 75 Hz

1 — the source phase voltage us;, 2 — the load phase voltage u,, 3 —
the source current iy, 4 — the load current iy,

Conclusions

Implementation of three-phase AC systems interfaced
by the current source matrix converter (CSMC) with space
vector modulation (SVM) has been presented. In general,

the simulation and experimental test results, obtained for
open loop control, confirm that proposed solution can be
used to control power flow between AC systems. Detailed
theoretical analysis in steady and transient states and
closed loop control of the presented system solution will be
the subject of investigation in the near future.

REFERENCES

[1] Venturini M., Alesina A.: The generalized transformer: a
new bi-directional sinusoidal waveform frequency converter
with continuously adjustable input power factor, IEEE Power
Electronics Specialists Conference Record, PESC’80, (1980)
242-252

[2] Kwon W.H., Cho G.H., Analyses of static and dynamic
characteristics of practical step-up nine-switch conventor, IEE
Proc.-B, 140 (1993), n.2, 139-146

[3] Huber L., Borojevic D., Space vector modulated three-
phase to three phase matrix converter with input power factor
correction, IEEE Trans. on Ind. Appl., 31 (1995), n.6, 1234—
1246

[4] Zinoviev G.S., Obuchov A.Y., Otchenasch W.A.,
Popov W.I., Transformerless PWM AC boost and buck-boost
converters (In Russian), Technicznaja Elektrodinamika, 2
(2000), 36-39

[5] Wheeler P.W., Rodriguez J., Clare J.C.,
Empringham L., Weinstejn A., Matrix converters:
A technology review, IEEE Trans. on Ind. Electronics, 49
(2002), n.2, 276-288

[6] Casadei D., Serra G., Tanti A., Zaroi L., Matrix
converter modulation strategies: a New general approach
based on space-vector representation of switch state, IEEE
Trans. on Ind. Electronics, 49 (2002), n.2, 370-381

[71 Apap M., Clare J.C., Wheeler P.W., Bradley K.J.,
Analysis and comparison of AC-AC Matrix converter control
strategies, Proc. of PESC’ 2003, Cairns, (2003), 1287-1292

[8] Helle L., Larsen K.B., Jorgensen A.H., Munk-
Nielsen S., Blaabjerg F., Evaluation of modulation
schemes for three-phase to three-phase matrix converters,
IEEE Trans. on Ind. Electronics, 51 (2004), n.1, 158-170

[9] Kolar J.W., Schafmeister F., Round S.D., Ertl H.,
Novel three-phase AC-AC sparse matrix converter, IEEE
Trans. on Power Electronics, 22 (2007), n.5, 1649-1661

[10]Kolar J.W., Friedl T., Krismer F., Round S.D., The
essence of three-phase AC/AC converter system, Proc. of the
13th EPE-PEMC 2008, Poznan, (2008), 27-42

[11]Klumpner C., Pitic C.: Hybrid matrix converter topologies:
an exploration of benefits, IEEE PESC’08, Rhodes, (2008), 2-8.

[12]Fedyczak Z., Szczes$niak P., Korotyeyev |I.,
Generation of matrix-reactance frequency converters based on
unipolar PWM AC matrix-reactance choppers, IEEE PESC’08,
Rhodes, (2008), 1821-1827

[13]Wijekoon T., Klumpner C., Zanchetta P., Wheeler
P.W., Implementation of a hybrid AC/AC direct power
converter with unity voltage transfer, IEEE Trans. on Power
Electronics, 23 (2008), n.4, 1918-1926

[14]Fedyczak Z., Szczes$niak P., Kaniewski J., Tadra
G., Implementation of three-phase frequency converters based
on PWM AC matrix-reactance chopper with buck-boost
topology, Proc. of EPE 2009, Barcelona, (2009), CD-ROM, P1-
P10

[15]Korotyeyev |., Fedyczak Z., Steady and transient state
analysis of a matrix-reactance frequency converter with buck-
boost topology, COMPEL, 28 (2009), n.3, 626-638

Authors: dr hab. inz. Zbigniew Fedyczak, prof. UZ, mgr inz.
Grzegorz Tadra, dr inz. Pawet Szcze$niak, Uniwersytet
Zielonogérski, Instytut Inzynierii Elektrycznej, ul. Podgérna 50, 65-
246  Zielona  Gora, E-mail:  Z.Fedyczak@iee.uz.zgora.pl,
G.Tadra@iee.uz.zgora.pl, P.Szczesniak@iee.uz.zgora.pl

44 PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 1/2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


