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ABSTRACT 
 

The Hydrogen Analyzer AV-1 equipped with the high resolution registration system has been used to 
measure the kinetics of hydrogen extraction and thus to distinguish the different states of hydrogen in 
metals. The hydrogen distribution between the various energetic states as measured in the pipe line 
ferrite-pearlite steels being in service for different time has been shown to depend on conditions and on 
time of exploitation. Results of such measurements may be used for assessing the life time of industrial 
installations.  
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INTRODUCTION 

 
 
     Hydrogen content in metals has been generally measured at its desorption from 
specimens heated in vacuum (vacuum extraction) or in nitrogen flux (Leco method). In 
both cases the total content of hydrogen in the metal has been mostly evaluated. The 
specially designed Hydrogen Analyzer AV-1® equipped with the high-sensitive 
magnetic mass spectrometer tuned to record hydrogen and with the digital recording 
and processing systems allows the precise measurement of hydrogen escaping from the 
samples and thus to record the kinetic of hydrogen extraction. The minimum recordable 
hydrogen flux (8x10-9 m3Pa/s) corresponds to sensitivity of measurements less than 
0.01ppm of hydrogen with the error under 3% [1].  
The recorded hydrogen extraction curves reveal several maxima (Fig. 1). Each 
maximum corresponds to the escaped portion of hydrogen bound in metal with different 
binding energy (different trapping efficiency). Under some conditions, not only the 
amount of hydrogen bound with specific traps but also the binding energy with those 
traps can be calculated [2, 3].  
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Fig. 1. Example of kinetic 
hydrogen extraction curve 

(amount of escaped 
hydrogen vs. time of heating 

at constant temperature) 
recorded in AV-1 analyzer for 

steel heated  
at 5300 C for 30 min 

 

      
     The absorption of hydrogen evolving in corrosion of ferrite-pearlite steels of the oil 
and gas pipe lines leads to the change of the steels structure [4]. As a result, in the 
course of exploitation, the hydrogen trapping efficiency of steel and thus, the hydrogen 
distribution between the different traps have been modified [5 - 7]. Since the state of 
hydrogen in metal (diffusible, bound to traps of various binding energy) affects the 
plasticity loss, the knowledge of hydrogen distribution may be used for evaluation the 
level of the steel degradation. In the case of fatigue tested Al specimen and thermo-
mechanical cycled Ti tube the metal cracking has been shown to be proceeded by the 
hydrogen redistribution between the traps: the hydrogen occupancy of the low energy 
sites close to the crack was much higher than that in the metal apart from the crack [2, 
3].  
     In present work the hydrogen distribution between the various energetic states in 
ferrite-pearlite steels exploited in different pipelines as measured by the kinetic vacuum 
extraction, has been evaluated and discussed.  
 
 
 

MATERIALS AND EXPERIMENTAL PROCEEDURE 
 
 
     The ferrite-pearlite steel (0.1%C, 1-2%Cr, 1%Mn type) from two pipes (A and B) 
exploited for different time and as received steel A were studied. In the case of both 
pipes the deposited sour water caused the corrosion of the inside bottom surface (site 2, 
Fig. 2). 
The sites of the specimens cutting from pipes is shown in Fig. 2. In order to evaluate the 
differently bound hydrogen more precisely, the following procedure was applied to each 
sample:  

- fast (several seconds) heating to 5300 C and keeping for about 1600 s;  
- second fast heating to 7500 C without opening the apparatus C for about 3000 s;  
- third fast heating to 8500 C without opening the apparatus for about 3000 s.  

     During each step, the amount of escaped hydrogen was recorded. For comparison, 
the hydrogen extraction was also done at 6000 C in apparatus where escaped hydrogen 
has been permeated through the Pd filter (static extraction). The obtained results of 
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extraction were compared with the evaluated and described elsewhere [5-8] state of the 
material degradation of studied pipes. 
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Fig. 2. Scheme  
of the sites  

of the specimens cutting 
from the pipes 

 

 
RESULTS AND DISCUSSION 

 
 
     The examples of the hydrogen desorption spectra recorded at different temperature 
for the same specimen, are shown in Fig. 3.The areas under the peaks correspond to the 
amount of hydrogen desorbed at given temperature. It is seen that some amount of 
hydrogen has been escaped from the material at its heating to higher temperature.  
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Fig. 3. Hydrogen desorption from one specimen: (a) 

5300 C; (b) 7500 C; (c) 8500C 
, 
 

 
     The areas of deconvoluted peaks for specimens 1 and 2 of pipe B are presented in 
Fig. 4. From specimen B-2 the much higher amount of hydrogen escaped at longer 
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heating than from specimen B-1, revealing that the higher amount of hydrogen has been 
accumulated in deep traps in specimen B-2 than in specimen B-1 [2, 3]. 
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Fig. 4. The amount of hydrogen 
escaped from specimens 1 and 2 (Fig. 

2) of pipe B  
during the measurements at 530oC 

 
 

   
Fig. 5. shows the amount of hydrogen escaped at different temperature from specimens 
A and A-2. From as received material almost all hydrogen escaped at 5300; amount of 
hydrogen desorbed at 7500 C was small (Figs. 5a and 5c). From material being in 
service (A-2), the hydrogen mostly escaped at heating to 7500 C and only small amount 
escaped at 5300C (Figs 5b and 5d). Hydrogen content desorbed at 8500 C was negligible 
for all specimens (Fig. 6). 
 

0 400 800 1200 1600
0,0

0,1

0,2

0,3

0,4

 

Q
, p

pm

t, s

 A, 5300C

a 

0 400 800 1200 1600
0,0

0,1

0,2

0,3

0,4

 

Q
, p

pm

t, s 

A-2; 5300C

b 

0 600 1200 1800 2400 3000
0,0

0,5

1,0

1,5

 

Q
, p

pm

t, s 

A; 7500C

 
c 

0 600 1200 1800 2400 3000
0,0

0,5

1,0

1,5

 

Q
, p

pm

t, s

A-2, 7500C

 
d 

Fig. 5. The amount of hydrogen escaped from steel A during the measurements at different temperature; 
(a), (c) – as received material A, (b) (d) - specimen A-2; (a) (b) - 5300 C; (c) (d) - 7500 C 
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Fig. 6. The amount of hydrogen escaped at 
different temperature in the case of kinetic 

desorption  
and during the measurements  

at constant temperature (6000 C) 
 

 
     As seen in Fig. 6, the total hydrogen amount recorded at kinetic measurements is 
quite similar to that measured at static extraction at 6000 C. However, in the first case 
not only the total hydrogen content but also its distribution between the traps can be 
evaluated  
     From presented results it follows that in the course of the pipe line exploitation, the 
ratio of deeply trapped hydrogen to the total hydrogen content increased (Figs. 5, 6). 
This might be associated with the stated earlier change of the ferrite lattice parameters 
[5, 6] and increase in the hydrogen trapping efficiency [6, 7] of the exploited material in 
comparison with as received one. The hydrogen distribution has been found also to 
depend on exploitation conditions (Fig. 4): the higher ratio of deeply trapped hydrogen 
occurred in exposed to the aggressive medium material of site 2 (Fig. 2). It should be 
noted that during exploitation of pipeline steels their mechanical properties decreased 
[5, 6] and susceptibility to hydrogen induced blistering increased [7]. Especially 
pronounced degradation revealed material of site 2 [5-8]. Therefore, the hydrogen 
accumulation in deep traps presumably assisted the material deterioration during the 
pipe exploitation. By kinetic hydrogen extraction the level of material degradation may 
be evaluated.  
     The above results seem to contradict the data [2, 3] showing the high hydrogen 
occupancy of the low energy sites, close to the cracks. However in present studies, the 
hydrogen distribution has been measured in the steel not subjected to straining. At the 
active straining (including the mechanical and thermo-mechanical tests) deeply trapped 
hydrogen present in the metal might be liberated and assisted the metal cracking. The 
studies of the effect of straining on the hydrogen distribution between the traps and 
being in progress may deliver the information for deeper understanding of hydrogen 
assisted cracking.  
 
 
 

CONCLUSIONS 
 
 

1. Kinetic measurements of hydrogen extraction by Hydrogen Analyzer AV-1 
allow evaluation the hydrogen distribution between the various energetic states 
in metal.  

2. Hydrogen distribution among the traps in the pipe line ferrite-pearlite steels 
depend on the conditions and time of exploitation. Increased ratio of deeply 
trapped hydrogen corresponds to the decrease in mechanical properties of 
material in service.  
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3. The kinetic measurements may be used for prediction of the installations life 
time.  

 
 
 

REFERENCES 
 
 

1. Hydrogen Analyzer AV-1, Engineering Specification # 0214, “RDC Electron & 
Beam Technology” LtD, St.Peterburg, Russia. 

2. Polyanskiy A.M., Polanskiy V.A., Popov-Diumin D.B.: “The use of the analyzer 
AV-1 for studyin g dynamics of hifg-temperature vacuum extraction of 
hydrogen from metallic probes. Materialovedenie, 98 (2005) 51-54. 

3. Polyanskiy A.M., Polyanskiy V.A., Kozlov E.A.: “Konversija zaselennych 
energeticheskich sostojanij vodoroda v konstrukcionnych materialach pri 
termomechanioczeskom nagruzenii i razrusheni”. Proc. III Rus. Conf. 
„Fiziczeskie problemy wodorodnoj energetyki”, St.Petrerburg, Joffe Phys- 
technical Institute (2006) 110-113. 

4. Zagórski A., Spychalski W., Matysiak H., Majdan W., Słobodyan Z., Łunarska 
E.,Nykyforchyn H., Kurzydłowski K. J.: „Degradacja materiałów rurociągów 
ropy naftowej spowodowana korozją i nawodorowaniem”, Proc.VII Conf. 
„Zarządzanie ryzykiem w eksploatacji rurociągów”, Centrum Diagnostyki 
Rurociągów, Płock (2004) 135-141. 

5. Slobodyan. D, Lunarska E., Petrushchak O., Nykyforchyn H.: “Pecularities of 
corrosion fracture inner side surface of oil pipeline” Phys. Mechanics of 
Materials, 38 (2002) 783-785. 

6. Nykyforchyn H., Slobodyan D., Petrushchak O., Łunarska E.: “Rola wodoru w 
korozyjnym niszczeniu wewnętrznych powierzchni rurociągu naftowego”, 
Ochrona przed Korozją, 45 (2002) 445-459.  

7. Lunarska E., Nikiforow K., Nykyforchyn H.: “Study of the metal degradation by 
hydrogen permeation method” Proc. 2nd Intern Conf. Environmental 
Degradation of Engineering Materials, EDEM-2003, 264 Event of EFC, 
Bordeaux, 2003, CD PH2. 

8. Lunarska E., Nykyforczyn H.: unpublished results (2002 – 2006).  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CityBlueprint
    /Cmex10
    /Cmmi10
    /Cmr10
    /Cmsy10
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EuroRoman
    /EuroRomanOblique
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GDT
    /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
    /GothicE
    /GothicG
    /GothicI
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GreekC
    /GreekS
    /Haettenschweiler
    /Impact
    /ImprintMT-Shadow
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCPEUR
    /ISOCPEURItalic
    /ISOCT
    /ISOCT2
    /ISOCT3
    /ISOCTEUR
    /ISOCTEURItalic
    /Italic
    /ItalicC
    /ItalicT
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /MicrosoftSansSerif
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Condensed
    /MyriadWebPro-CondensedItalic
    /MyriadWebPro-Italic
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PanRoman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /ScriptC
    /ScriptMTBold
    /ScriptS
    /Shruti
    /Simplex
    /StylusBT
    /SuperFrench
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolMT
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /Technic
    /TechnicBold
    /TechnicLite
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Txt
    /UniversalMath1BT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinetaBT-Regular
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


