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Sawtooth is a Repetitive Oscillation Consisting of a Slow

Ramp Followed by a Rapid Crash: First Observed in T,

 Conventional picture: q, drops during the ramp from current diffusion
= |deal stability continually degrades

e Degrading ideal stability overcomes non-ideal stabilizing effects

— Sawtooth crash I Internal kink
believed 1o be ! instability

friggered b - Ramp phase
n=g]gm=] Y ATe_ g decreasing / d0<1 >

internal kink B - 1
mode [ 0°
_I 1 1 1 1 1 1 | | L1 I I | | 1 1 1Z1 | 1 1 1 1 | L 1 1 I/
Time
* DIII-D experiments with Bean and Oval cross ,{,Lh"yzf’,,”,j;sﬁigj", 4
sections produced very different sawtooth 055701 (2007) '
characteristics

First time sawteeth were followed through multiple cycles with complete
equilibrium profile data and analyzed with an MHD stability code
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Despite Similar Discharge Conditions Bean and Oval

had Different Transport which Produced Different Profiles

* Profile change is largely due to large change in .
— Oval had very poor electron confinement inside g=1

= Discharges had very different stability and different sawteeth

«  Equilibrium diagnostics enabled #118164 118162

highly accurate q profile 6.01

reconstruction and fluctuations I

— T, T, ng N, Zg, field line pitch a
4.0+

 Both discharges had q, <1 Before crash: Before crash:
immediately before the crash | 2875 ms 2895 ms

— gy~ 0.95 for the Oval and
qy ~ 0.85 for the Bean 2.0

[ p=0.95

e thenreturned to near one
after each crash

04 06 08 1.0
P
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Experiments in Bean and Oval Cross Sections Showed

Very Different Sawtooth Behavior

Bean Crash 13 '*'l""l"'w'jzzj_
e Distinct reconnection event I e ]
B |
observed 10 P
B, crash time ~ T, crash time AT, |
(KeV) |
Oval Crash 0.5:
* No distinct reconnection _
event observed 00l i W
* B, crash time >> T, crash time 10 T
Both discharges exhibited MHD AT,

of ms after the crash
— Similar characteristics to the Oval
sawtooth crash

(KeV) I
relaxation events (REs) a few tens 05 /’7

L
I I |

0.0 | | 11 1 11 1 1 Hl 11
2800 2850 2900 2950 3000 3050 3100
Time (ms)

High quality equilibrium reconstructions enabled a detailed and
systematic stability analysis through multiple cycles
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Theme: Detailed Analysis of the Experiments Leads

o a New View of the Sawtooth

* Quasi-inferchange may provide alternative explanation for different
crash characteristics

e Time development of equilibrium quantities show several key
features of the conventional wisdom are not valid

— |ldeal stability for Bean improves through the ramp

Crash trigger is Quasi interchange in Oval and internal kink in Bean

MHD relaxation events look like mini sawtooth crashes
— Underlying unstable quasi-interchange as in Oval sawtooth crash

Conjecture: Crash type is determined by underlying linear ideal
mode siructure

Mechanism

— Linear mode determines the nonlinear mode
— Nonlinear flow pattern is a key element to the reconnection rate

* Model proposed for quasi-interchange sawtooth when q, < 1
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Ideal n=1 Quasi-infterchange Proposed as Alternative

Sawtooth Model 1985 to Explain Giant Sawteeth in JET

Internal kink radial displacement g is a Top-hat structure
Quasi-Interchange (Wesson 1985) decays smoothly

Normal “radial” component: &, =&-Vy/|Vy)

|
o= : - Quasi-
o ;?¢ Internal Kink o Ew Inferchange
B qo <1
_ m=1 —
0.5 0.5 o> 1
B (no g=1)
0.0 L 0.0
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Ideal n=1 Quasi-infterchange Proposed as Alternative

Sawtooth Model 1985 to Explain Giant Sawteeth in JET

e Poloidal displacement component shows distinct difference

2
B pol

Poloidal component: & =& (Vyx V¢)/

|
q=1 B Quasi-

o> 1
(no g=1)
0.0 L
Outflow >0 uutflow

| I | | | | | | | I I I I I I I I |

= Internal Kink =
10l 1.0 g Interchange
B P
— Qo<1 (I E:e
: m=1 — B Return flow
0.5 Ee 0.5 m=1
B Return flow B

|

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
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Conventional Internal Kink Return Flow Concentrated

at g=1 But Quasi-Interchange Shows Broad Return Flow

Conventional Internal Kink (g < 1) Quasi-Interchange (q > 1)

E % Return flqw
- >0

pd

Outflow

lllllllll

Ty T T T TTTTTTT

e Conventional internal kink moves as a rigid shift of the core to the
q=1 surface with a return flow along the g=1 surface

* Quasi-interchange is a Rayleigh Taylor-like convection cell
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Wesson Conjecture: Linear Mode is Reflected in

Nonlinear Behavior and Results in Very Different Crash

Conventional Internal Kink Quasi-Interchange

Return Flow

Reconnection

Hot Core

Expelled

Cold Plasma
Moves in

e Cold plasma moves in to core on

* Hot core slams in fo =1 ideal time scale

« Reconnection at =1 > Fast T, collapse
] o e
redistributes plasma * Slow current diffusion during
= Fast T, collapse and fast By subsequent ramp resets g

change to reset g=1 = Slower B, change
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Equilibria Reconsiructed for 20-30 Times per Cycle

Through Several Successive Cycles in Both Discharges

* Expected decaying trend found in q, and q,,;, through each
sawtooth cycle for both discharges
— But g, and q,,, return to near one after the crash in both discharges

— Off-axis minimum in g after the crash for the Bean as well as the Oval
1_1 lllllllll Jllllllllllllllllllll 1_1||||||| |||||

% ) O
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 Ideal n=1 stability analysis was then performed for each equilibrium
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Conventional Picture where Ideal Stability Continually

Degrades During Ramp Does not Always Hold
* Growth rate decreases with

e Growth rate increases with

dropping q dropping q,

0020 = T T Haimamy ] Q0T i
[ D | After crash | : // Before crash ]
2 | | | h : A N ]
Y7o . | \\P/ 0.03} e _:
) | \nt? N b 5
0.010] i 1Y gy 5
l Marginally ] : : I I [
I . Unstable | ] 0.02F I I l v
| ZEEE
0.000/ : ! 01 q iCrash |Crash |Crash i

I Crash Crash [ i i i
0.00F. . .l b

2800 2850 2900 2950 3000 3050 3100 2800 2850 2900 2950 3000 3050 3100
t (msec) t (msec)

 Bean is at most marginal for the last two thirds of the ramp

Oval is unstable to ideal quasi-interchange and Bean is unstable
to ideal internal kink at the respective crash times
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Difference in Ideal Stability Between Bean and Oval

Provides A Clue to the Differences in B, Crash Rates

* Bean crash in By is rapid (<500 us )
Oval B, crash (~5 ms) is much slower than both Oval T, crash
and the Bean case B, and T, crash
- For the oval the rise in g tfakes 5 to 10 ms after the crash in T,

* Two different crash types with different underlying linear modes
- Quasi-interchange in Oval
- Conventional internal kink in the Bean

Quasi-interchange is the key to the crash in the Oval

But what does it mean when q, < 1
Both the Bean and Oval discharges have g, < 1 at the time of the crash

Quasi-interchange should be defined by poloidal flow pattern and not
whether q, is above or below one

This is what is important for the ultimate consequences
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Underlying Ideal Mode for Oval Discharge Just Before

Crash Time Deviates from Conventional Internal Kink

* Mode in Oval case has parabolic normal displacement g, expected
for quasi-interchange: For Bean it is a Top-Hat rigid shift

=l N7 F 1]
LD L LD

—

(=)
IIIIIIIIIT"IWI
“a

0.5 0.5
2885 msec B 2875 msec
m=2 —
0.0 :%FF; 0.0 _
B I I I I I I I I I B I I I | | I I I I
00 02 04 0 06 08 1.0 00 02 04 0 06 08 1.0

Radial mode structure §, is not always a good indicator of a quasi-interchange
=  Flow pattern is a much better discriminator
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Expanded Views of Flow Pattern in Poloidal Plane Show

Rigid Shift in Bean And Convective Flow Pattern in Oval

e For q, < 1 structure is confined largely in and around core
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Expanded Views of Flow Pattern in Poloidal Plane Show

Rigid Shift in Bean and Convective Flow Pattern in Oval

* Oval has the broad return flow expected of a quasi-interchange
— Centered around but not confined to g=1

[N \ = ‘-Z"’f/’ T z & ‘
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Conventional Internal Kink and Quasi-Interchange are

Most Easily Identified by Poloidal Displacement

* Finite width A and sign reversal of £, implies convective cell in Oval
— All return flow in Bean is at g=1

* Use this to distinguish quasi-interchange from internal kink

| | | |
I
i | Il - A v
1.0 Return flow 1.0 —1 ||Return flow
— B ~
. P T O
05 0.5
- 2885 msec 2875 msec
: /:t\ oA
0.0 A L 0.0
L Outflow
| | | | | | | | | | | | | | | | | |
0.0 0.2 0.4 p 0.6 0.8 1.0 0.0 0.2 0.4 p 0.6 0.8 1.0
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Bean Also Unstable to Quasi-interchange Just After

Sawtooth Crash and Through Relaxation Events

* Relaxation event bursts last ~1-5 ms
No observable reconnection just as in the Oval sawtooth crash

0.020 ———

-

 Bean case transitions
from quasi-
!\/ | interchange mode to
: marginal internal kink
_' after MHD relaxation
“ event

+—— Relaxation
Event

-——— e e

IK

T I S ————

e Oval case is a quasi-
| I inferchange mode at
Cresh - each time including

‘ during the MHD
relaxation events

0.000¢

2800 2850 2900 2950 3000 3050 3100
Time (ms)

AD Turnbull/APS/Nov2009 .z. CENERAL ATOMICS




Mode Structure is Quasi-Interchange from the Crash

Through the MHD Relaxation Event in Both Discharges

Quasi-interchange at Quasi-interchange at
beginning of Bean ramp beginning of Oval ramp
0.5 | 2820
e, [ S b )
0 |
. 0.5
0.0} RS u
_\‘“ ':u ”'I:III -
— \ :a L . 0-0
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= 2915 RE / R
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Mode Structure is Quasi-Interchange from the Crash

Through the MHD Relaxation Event in Both Discharges

RE

E"'/ -05 " .":

o | “296? 205p 3000 3030 “‘I" | | | 800, 2850 2900
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Quasi-interchange through Quasi-interchange at
Bean relaxation event beginning of Oval ramp
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Mode Structure is Quasi-Interchange from the Crash

Through the MHD Relaxation Event in Both Discharges

Transition to localized return flow at Quasi-interchange at
q=1 after Bean relaxation event beginning of Oval ramp
= 2940 o
- A\ 1.0 -
o5  {ili 2930 2820
N & Y
0 H =
B 0.5
0.0 | —
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Mode Structure is Quasi-Interchange from the Crash

Through the MHD Relaxation Event in Both Discharges

Localized return flow at g=1 remains Quasi-interchange at
through the end of the Bean ramp beginning of Oval ramp
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Mode Structure is Quasi-Interchange from the Crash

Through the MHD Relaxation Event in Both Discharges

Localized return flow at g=1 remains Quasi-interchange remains
through the end of the Bean ramp throughout Oval ramp
2940 D — 2850
! 1.0 -
ir="--2970 | 2830 ™
i— 2990 o
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Different Crash Types in Bean and Oval Result from

Different Underlying Linear Modes

* |ldeal quasi-interchange underlies the Oval sawtooth crash
and both the MHD relaxation events

Internal Kink: (Kadomtsev) Quasi-interchange: (Wesson)
Reconnection at g=1 Crash in T, is not associated
with reconnection
— Crash in T, when hot core — Fast crash in T, due to idedl
is expelled motion of cold bubble
= Fast reconnection with B, moving in
and T, crashes fied — Slow B, crash and resetting

of g through next ramp

Reconnection width & from phase from resistive diffusion

balance of incoming flow, A ~ r, = width of return flow
reconnection rate, and return flow A >SS

implicitly assumes return layer

width A =6
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B, Crash for Quasi-Interchange Model due to Resistive

Diffusion: Crash for Internal Kink from Reconnection

e B, crash rates are controlled by different physics in the two cases

Reconnection Resistive diffusion
A
to~(/mo o~( | n<ss Ty~ (o /m) % A~

Return Flow
Layer width

}\‘ — 6 Return Flow
Layer width

A

Reconnection
Layer width

0

Wesson model with A ~ r, would yield a fime for the B, crash of t,, ~ 1 second
The Quasi-interchange mode in our case also has a g=1 surface!
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Conjecture: Quasi-interchange Crash Determined by

Hybrid of Return Flow Width A and Reconnection Layer

 For gq,<1 ahybrid time is physically expected
— Core moves in with local reconnection at g=1 surface
— Resistive diffusion and possibly additional reconnection also occur
across the layer A

Propose: Return Flow

> 6 (l—a) )LOC Layer width
T, ~(u/m)d” d~

Reconnection
Layer width

— Fast crash in T still due to cold
bubble moving in rapidly

0
— By crash faster than resistive
diffusion but slower than T, crash
Kadomtisev: reconnection
a=0: T =1,
Wesson: resistive diffusion Hybrid: reconnection and diffusion

a=1: © =1, For a=1: %K~(7%2) ~20-100




Additional Evidence that the Quasi-interchange

Underlies Sawtooth Crashes in Experiments

 Evidence of smoothly varying radial component in Oval discharge
—  With no distinct reconnection event observed
— Lazarus, ef al., Phys. Plasmas 14, 0565701 (2007)

 In DIII-D fast ion diagnostic in the Bean and Oval discharges found

the bean crash redistributes fast ions more extensively than the oval
— Consistent with the flow pattern in the Oval coinciding with a quasi-
interchange and in the Bean with an internal kink

— Faster reconnection in the Bean leads to higher fast energy transport
See Poster JP8.00108 by Chris Muscatello

 In JET SXR reconstructions (~1986) showed quasi-interchange flows
— Edwards, ef al., Phys. Rev. Lett. 57, 210, (1986)

— Butreported g, ~ 0.9 so the linear mode should be the conventional
internal kink (Camplbell et al., Phys. Rev. Lett. 60, 2148, 1988)

— Inconsistent with quasi-inferchange unstable for g, ~ 1 and very flat or
nonmonotonic g (Wesson et al., Phys. Rev. Lett. 79, 5018, 1997)
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Conclusion: Sawtooth Crash does not Necessarily

Follow Conventional Picture of Internal Kink Trigger

 |Ideal growth rates do not uniformly increase through ramp phase
— ldeal stability actually improves through the ramp phase in the bean
Cross section

 Underlying ideal mode in oval at sawtooth crash is a quasi-

inferchange but is an internal kink in the bean

— Underlying modes up to and through relaxation events are quasi-
interchange in both

— Underlying mode transitions to internal kink in the bean after the
relaxation event

e Crashrate depends on the underlying mode structure:

—  Fast reconnection in conventional internal kink case and slow current
diffusion in the quasi-inferchange case

e A hybrid model for reconnection is needed to fully explain crash

for the quasi-interchange with q, <1

— Reconnection fime is determined partly by the width of the return flow

— Potential to explain quantitatively the difference in B, crash times
between Bean and Oval
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Mode Structure is Quasi-Interchange from the Crash

Through the MHD Relaxation Event in Both Discharges

Localized return flow at g=1 remains Quasi-interchange remains
through the end of the Bean ramp throughout Oval ramp
— 2850 ...
: 1.0 -
; | 2830
0.5 i, —282\? A
E rge -
0 ! - 1
i 0.5
0.0 bt i

-0.5

) ) 1 1 i i vV 1
2900 2950 3000 3050 800, 2850 900
N R N N N I A | P800, 2830 2

0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 08 1.0
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Observed Differences in Fast-lon Transport at Crash

Consistent with Different Sawtooth Reconnection

* Faster reconnection in Bean
leads to higher-energy
fast-ion transport - ' ' ' - —

200 ;_ & precrash /~§
jEi s> e Measurable fransport ] H“ E
° TanSpOI’f cut-off C:GS 100 - Jym HH/H’ ’ i H» :
determined where o ™ Guiutiit A
i § 46

crash signals are é % * 2! b
statistically A | | | _
significant = 150 ;B Measurable

fransport Hf :

100 — T f
S0 P s H HP

A signal = uncertainty

= A

36 28 21 15
Poster JP8.00108 by Chris Muscatello Energy (keV)

AD Turnbull/APS/Nov2009 .z. CENERAL ATOMICS





<<
  /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


