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ÏÈÑÜÌÀ Â ÐÅÄÀÊÖÈÞ

Â ëèòåðàòóðíûõ èñòî÷íèêàõ óêàçàíî íà ñóùå-
ñòâîâàíèå ÷åðíîãî “ìàëüòèéñêîãî êðåñòà” â êîíîñ-
êîïè÷åñêèõ êàðòèíàõ ïðè ñêðåùåííûõ ïîëÿðèçàòî-
ðå è àíàëèçàòîðå è ñâåòëîãî “ìàëüòèéñêîãî êðåñòà”
ïðè ïàðàëëåëüíûõ ïîëÿðèçàòîðå è àíàëèçàòîðå
[1–4]. Îïèñàíèå âèäà “ìàëüòèéñêîãî êðåñòà” ïðè
ïðîèçâîëüíûõ óãëàõ ìåæäó îñÿìè ïðîïóñêàíèÿ ïî-
ëÿðèçàòîðà è àíàëèçàòîðà íå ïðîâîäèëîñü.

Íèæå, èñïîëüçóÿ ñèñòåìó êîìïüþòåðíîé ìàòåìà-
òèêè Maple 6, ïî ôîðìóëàì äëÿ èíòåíñèâíîñòè èç-
ëó÷åíèÿ, ïðîøåäøåãî ÷åðåç ïîëÿðèçàòîð – êðèñòàë-
ëè÷åñêóþ ïëàñòèíêó – àíàëèçàòîð [5, 6], àâòîðû
ðàññ÷èòàëè è ïîñòðîèëè êîíîñêîïè÷åñêèå êàðòèíû
äëÿ ðàçëè÷íîãî âçàèìíîãî ïîëîæåíèÿ îñåé ïðîïóñ-
êàíèÿ ïîëÿðèçàòîðà è àíàëèçàòîðà.

Ðàñ÷åò ïðîâåäåí äëÿ äâóõ ñëó÷àåâ: äëÿ êðèñòàë-
ëè÷åñêîé ïëàñòèíêè òîëùèíîé d = 10 ìì, èçãîòîâ-
ëåííîé èç îïòè÷åñêè íåàêòèâíîãî êðèñòàëëà íèî-
áàòà ëèòèÿ (LiNbO3) (ðèñ. 1), è êðèñòàëëè÷åñêîé
ïëàñòèíêè òîëùèíîé d = 1 ìì, èçãîòîâëåííîé èç
îïòè÷åñêè àêòèâíîãî êðèñòàëëà ïàðàòåëëóðèòà
(ÒåÎ2) (ðèñ. 2). Îïòè÷åñêàÿ îñü êðèñòàëëà â òîì è
äðóãîì ñëó÷àÿõ ïåðïåíäèêóëÿðíà ïëîñêîñòè ïëà-
ñòèíêè.

Àíàëèç èçìåíåíèé èíòåíñèâíîñòè èçëó÷åíèÿ íà
êîëüöàõ-èçîõðîìàõ êîíîñêîïè÷åñêîé êàðòèíû ïðè
ðàçëè÷íûõ ïîëîæåíèÿõ îñåé ïðîïóñêàíèÿ ïîëÿ-
ðèçàòîðà è àíàëèçàòîðà â ñîîòâåòñòâèè ñ âûðàæå-
íèåì [1, 2]

2 2
0 (cos sin2 sin2( )sin /2),I I= χ − ϕ ϕ− χ Δ       (1)

ãäå ϕ – òåêóùèé àçèìóòàëüíûé óãîë, χ – óãîë ìåæäó
îñÿìè ïðîïóñêàíèÿ ïîëÿðèçàòîðà è àíàëèçàòîðà, Δ –

ðàçíîñòü ôàç ìåæäó îáûêíîâåííûì è íåîáûêíîâåí-
íûì ëó÷àìè, ïîêàçàë, ÷òî ñóùåñòâóþò àçèìóòàëü-
íûå óãëû ϕ, äëÿ êîòîðûõ èçîõðîìû ñ ðàçëè÷íûìè
ôàçîâûìè ñäâèãàìè Δ èìåþò îäèíàêîâóþ èíòåíñèâ-
íîñòü. Â öåëîì ýòè íàïðàâëåíèÿ è ñîçäàþò ôðàãìåí-
òû “ìàëüòèéñêîãî êðåñòà”.

Ïðè ïàðàëëåëüíûõ ïîëÿðèçàòîðå è àíàëèçàòîðå
(χ = 0°) òàêèõ ðàäèàëüíûõ íàïðàâëåíèé ÷åòûðå è
ðàñïîëàãàþòñÿ îíè ÷åðåç 90° (ðèñ. 1). Èíòåíñèâ-
íîñòü âñåõ èçîõðîì ïðè ïåðåñå÷åíèè ñ ýòèìè íà-
ïðàâëåíèÿìè ðàâíà I0, ò. å. ñôîðìèðîâàí ñâåòëûé
“ìàëüòèéñêèé êðåñò” (ðèñ. 1à).

Ïðè ñêðåùåííûõ ïîëÿðèçàòîðå è àíàëèçàòîðå
(χ = 90°) òàêèõ ðàäèàëüíûõ íàïðàâëåíèé òàêæå ÷å-
òûðå è ðàñïîëàãàþòñÿ îíè òàêæå ÷åðåç 90°, íî èí-
òåíñèâíîñòü èçîõðîì â ýòèõ íàïðàâëåíèÿõ ðàâíà
íóëþ, ò. å. íàáëþäàåòñÿ ÷åðíûé “ìàëüòèéñêèé êðåñò”
(ðèñ. 1ä).

Ïðè ïðîèçâîëüíî ðàñïîëîæåííûõ îñÿõ ïðîïóñ-
êàíèÿ ïîëÿðèçàòîðà è àíàëèçàòîðà òàêèõ ðàäèàëü-
íûõ íàïðàâëåíèé óæå âîñåìü, èíòåíñèâíîñòü èçîõ-
ðîì â ýòèõ íàïðàâëåíèÿõ îäèíàêîâà. Íàïðèìåð, ïðè
óãëå χ = 45° ìåæäó îñÿìè ïðîïóñêàíèÿ ïîëÿðèçàòî-
ðà è àíàëèçàòîðà èíòåíñèâíîñòü ðàäèàëüíûõ íà-
ïðàâëåíèé ñîñòàâëÿåò I = 0,5I0 (ðèñ. 1â).

Ïðè óãëå χ = 60° ìåæäó îñÿìè ïðîïóñêàíèÿ ïî-
ëÿðèçàòîðà è àíàëèçàòîðà èíòåíñèâíîñòü ðàäèàëü-
íûõ íàïðàâëåíèé ñîñòàâëÿåò I = 0,25I0 (ðèñ. 1ã). Ïðè
äàëüíåéøåì óâåëè÷åíèè óãëà ìåæäó îñÿìè ïðîïóñ-
êàíèÿ ïîëÿðèçàòîðà è àíàëèçàòîðà ìàêñèìóìû è
ìèíèìóìû ìåíÿþòñÿ ìåñòàìè. Âî âñåõ ñëó÷àÿõ ïðè
ýòîì èìåþòñÿ ÷åòûðå çàôèêñèðîâàííûõ ðàäèàëüíûõ
íàïðàâëåíèÿ ϕ: 0°, 90°, 180° è 270°, ôîðìèðóþùèõ
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0,4

Ðèñ. 1. Êîíîñêîïè÷åñêèå êàðòèíû îïòè÷åñêè íåàêòèâíîãî êðèñòàëëà íèîáàòà ëèòèÿ (LiNbO3) òîëùèíîé 10 ìì,
ðàññ÷èòàííûå â Maple 6 ïðè ñîîòâåòñòâóþùèõ óãëàõ χ ìåæäó îñÿìè ïðîïóñêàíèÿ ïîëÿðèçàòîðà è àíàëèçàòîðà.
Ñ ïðàâîé ñòîðîíû – çàâèñèìîñòü èíòåíñèâíîñòè èçëó÷åíèÿ, ïðîøåäøåãî ïîëÿðèçàòîð – êðèñòàëëè÷åñêóþ ïëàñ-
òèíêó – àíàëèçàòîð, îò óãëà ϕ. Çíà÷åíèÿ ðàçíîñòè ôàç Δ, ãðàä. 1 – 0, 2 – 45, 3 – 60, 4 – 90, 5 – 135, 6 – 180.
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îäèí íåïîäâèæíûé “ìàëüòèéñêèé êðåñò” ñ ïîñòå-
ïåííî ìåíÿþùåéñÿ èíòåíñèâíîñòüþ. Îñòàëüíûå
÷åòûðå ðàäèàëüíûõ íàïðàâëåíèÿ ôîðìèðóþò âòîðîé
“ìàëüòèéñêèé êðåñò”, êîòîðûé ïîâîðà÷èâàåòñÿ âîê-
ðóã íåïîäâèæíîãî êðåñòà íà óãîë, ñîîòâåòñòâóþùèé
óãëó ïîâîðîòà àíàëèçàòîðà. Ïðè èçìåíåíèè óãëà
ìåæäó îñÿìè ïðîïóñêàíèÿ ïîëÿðèçàòîðà è àíàëè-
çàòîðà χ îò 0° äî 90° èíòåíñèâíîñòü îáîèõ êðåñòîâ
ìåíÿåòñÿ îäèíàêîâî â èíòåðâàëå îò I0 äî íóëÿ.

Ýêñïåðèìåíò òàêæå ïîäòâåðæäàåò, ÷òî ïðè ïî-
âîðîòå àíàëèçàòîðà èç ñêðåùåííîãî ñ ïîëÿðèçàòî-
ðîì ïîëîæåíèÿ òåìíûé “ìàëüòèéñêèé êðåñò” ïîñòå-
ïåííî ðàñïàäàåòñÿ íà äâà “ìàëüòèéñêèõ êðåñòà”.
Ïðè ýòîì îäèí “ìàëüòèéñêèé êðåñò” îñòàåòñÿ íå-
ïîäâèæíûì, âòîðîé “ìàëüòèéñêèé êðåñò” ïîâîðà-
÷èâàåòñÿ íà óãîë, ñîîòâåòñòâóþùèé óãëó ïîâîðîòà
àíàëèçàòîðà. Ïðè ñîâïàäåíèè îñåé ïðîïóñêàíèÿ ïî-
ëÿðèçàòîðà è àíàëèçàòîðà îáà êðåñòà ñëèâàþòñÿ â
îäèí ñâåòëûé êðåñò, ïðè îðòîãîíàëüíîì ïîëîæåíèè
îñåé ïðîïóñêàíèÿ – â îäèí òåìíûé êðåñò.

Èíòåíñèâíîñòü îáîèõ êðåñòîâ îäèíàêîâà è ñèí-
õðîííî ìåíÿåòñÿ îò ìèíèìàëüíîé (ïðè “ñêðåùåí-
íûõ” ïîëÿðèçàòîðå è àíàëèçàòîðå) äî ìàêñèìàëüíîé
(ïðè “ïàðàëëåëüíûõ” ïîëÿðèçàòîðå è àíàëèçàòîðå).
Èíòåíñèâíîñòü â öåíòðå êîíîñêîïè÷åñêîé êàðòèíû
ñîîòâåòñòâóåò èíòåíñèâíîñòè êðåñòîâ.

Òàêèå æå èçìåíåíèÿ, òîëüêî â îáðàòíîì ïîðÿä-
êå, ïðîèñõîäÿò ïðè âðàùåíèè àíàëèçàòîðà èç ïîëî-
æåíèÿ, ïðè êîòîðîì îñè ïðîïóñêàíèÿ ïîëÿðèçàòîðà
è àíàëèçàòîðà ïàðàëëåëüíû.

Äëÿ êðèñòàëëè÷åñêîé ïëàñòèíêè, âûðåçàííîé èç
êðèñòàëëà ïàðàòåëëóðèòà (îäíîîñíûé ãèðîòðîïíûé
êðèñòàëë), òàêîå èçìåíåíèå êîíîñêîïè÷åñêîé ôèãó-
ðû ïðè âðàùåíèè àíàëèçàòîðà çàìåòíî íåñêîëüêî
õóæå. Ïðè÷èíîé ýòîãî ÿâëÿåòñÿ îòñóòñòâèå “ìàëü-
òèéñêîãî êðåñòà” â öåíòðå êàðòèíû çà ñ÷åò âëèÿíèÿ
îïòè÷åñêîé àêòèâíîñòè (ðèñ. 2).

Îòìåòèì, ÷òî íà ðèñ. 1 äëÿ èëëþñòðàöèè ïðè-
âåäåíû ãðàôèêè èçìåíåíèÿ èíòåíñèâíîñòè èçëó÷å-
íèÿ, ïðîøåäøåãî ÷åðåç ñèñòåìó ïîëÿðèçàòîð–êðèñ-
òàëëè÷åñêàÿ ïëàñòèíêà–àíàëèçàòîð â çàâèñèìîñòè
îò àçèìóòàëüíîãî óãëà ϕ. Êðèâûå 1–6 ñîîòâåòñòâó-
þò îïðåäåëåííîé ðàçíîñòè ôàç Δ ìåæäó îáûêíîâåí-
íûì è íåîáûêíîâåííûì ëó÷àìè (îò 0 äî π). Íà êî-
íîñêîïè÷åñêèõ êàðòèíàõ ðàçíîñòü ôàç Δ, ðàâíàÿ 0,
2π, 4π è òàê äàëåå, ñîîòâåòñòâóåò îêðóæíîñòÿì-èçî-
õðîìàì ñ ìèíèìàëüíîé èëè ìàêñèìàëüíîé èíòåí-
ñèâíîñòüþ.

ËÈÒÅÐÀÒÓÐÀ
11. Áîðí Ì., Âîëüô Ý. Îñíîâû îïòèêè. Ì.: Íàóêà, 1970.

855 ñ.

12. Êîíñòàíòèíîâà À.Ô., Ãðå÷óøíèêîâ Á.È., Áîêóòü Á.Â.,

(à)

(á)

(â)

(ã)

(ä)

χ = 0°

χ = 30°

χ = 45°

χ = 60°

χ = 90°

Ðèñ. 2. Äâîéíîé “ìàëüòèéñêèé êðåñò” â êîíîñêî-
ïè÷åñêèõ êàðòèíàõ îïòè÷åñê2è àêòèâíîãî êðèñòàë-
ëà ïàðàòåëëóðèòà (ÒåÎ2).



87“Îïòè÷åñêèé æóðíàë”, òîì 75, ¹ 7, 2008

Âàëÿøêî Å.Ã. Îïòè÷åñêèå ñâîéñòâà êðèñòàëëîâ. Ìèíñê:
Íàóêà è òåõíèêà, 1995. 302 ñ.

13. Ìåëàíõîëèí Í.Ì. Ìåòîäû èññëåäîâàíèÿ îïòè÷åñêèõ
ñâîéñòâ êðèñòàëëîâ. Ì.: Íàóêà, 1970. 155 ñ.

14. Ñèðîòèí Þ.È., Øàñêîëüñêàÿ Ì.Ï. Îñíîâû êðèñòàë-
ëîôèçèêè. Ì.: Íàóêà, 1979. 640 ñ.

15. Ðóäîé Ê.À., Íàáàòîâ Á.Â., Ñòðîãàíîâ Â.È. è äð. Êî-
íîñêîïè÷åñêèå êàðòèíû â îïòè÷åñêè àêòèâíûõ îäíî-
îñíûõ êðèñòàëëàõ // Êðèñòàëëîãðàôèÿ. 2003. Ò. 48.
¹ 2. Ñ. 334–339.

16. Ðóäîé Ê.À. Àâòîðåô. äèññ. êàíä. ôèç.-ìàò. íàóê. Õàáà-
ðîâñê, 2003. 16 ñ.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


