
406

ОГЛАВЛЕНИЕ

Ïðåäèñëîâèå ................................................................................................. 3

Ãëàâà 1

Õàðàêòåðèñòèêà ôàçîâîãî ñîñòîÿíèÿ è ñòðóêòóðû ìàòåðèàëîâ. Ýëåìåíòû
êðèñòàëëîãðàôèè

1.1. Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ ...................................................... 7
1.2. Êðèñòàëëè÷åñêàÿ ðåøåòêà è ñòðóêòóðà èäåàëüíûõ êðèñòàëëîâ ......... 9
1.3. Çàêîí ðàöèîíàëüíûõ îòíîøåíèé. Ìåòîä êðèñòàëëîãðàôè÷åñêîãî

èíäèöèðîâàíèÿ .................................................................................... 13
1.4. Ñèììåòðèÿ òâåðäûõ òåë ........................................................................ 16
1.5. Ïðèíöèï Êþðè. Êâàçèêðèñòàëëû ........................................................ 18
1.6. Êðèñòàëëîãðàôè÷åñêèå ïðîåêöèè ....................................................... 22
1.7. Ïðèìåíåíèå òåíçîðíîãî àíàëèçà ê îïèñàíèþ ôèçè÷åñêèõ ñâîéñòâ

êðèñòàëëîâ ............................................................................................ 24
1.8. Îñíîâíûå òèïû êðèñòàëëè÷åñêèõ ñòðóêòóð ........................................ 27
1.9. Äåôåêòû ñòðóêòóðû ðåàëüíûõ êðèñòàëëîâ .......................................... 33

Ãëàâà 2

Ýëåìåíòû êðèñòàëëîõèìèè

2.1. Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ ..................................................... 43
2.2. Ìîëåêóëÿðíûå êðèñòàëëû .................................................................... 45
2.3. Ìåòàëëè÷åñêèå êðèñòàëëû ................................................................... 47
2.4. Êîâàëåíòíûå êðèñòàëëû....................................................................... 49
2.5. Èîííûå êðèñòàëëû ............................................................................... 50

Ãëàâà 3

Òåðìîäèíàìè÷åñêèé ìåòîä îïèñàíèÿ ñâîéñòâ ìàòåðèàëîâ è ïðîöåññîâ
èõ ïîëó÷åíèÿ

3.1. Ïðåäìåò è çàäà÷è òåðìîäèíàìèêè. Îñíîâíûå ïîíÿòèÿ è
îïðåäåëåíèÿ .......................................................................................... 54

3.2. Ýíåðãåòè÷åñêèå õàðàêòåðèñòèêè òåðìîäèíàìè÷åñêèõ ñèñòåì .......... 59
3.2.1. Âíóòðåííÿÿ ýíåðãèÿ ............................................................... 59
3.2.2. Ôîðìû ïåðåäà÷è ýíåðãèè. Ïåðâîå íà÷àëî

òåðìîäèíàìèêè ...................................................................... 60
3.2.3. Òåïëîâûå ýôôåêòû. Ýíòàëüïèÿ. Òåïëîâîé ýôôåêò

õèìè÷åñêîé ðåàêöèè .............................................................. 63



407

3.2.4. Çàêîí ñîõðàíåíèÿ ìàññû ........................................................ 66
3.2.5. Óðàâíåíèå Ãèááñà ................................................................... 68
3.2.6. Òåïëîåìêîñòü ........................................................................... 68

3.3. Òåðìîäèíàìè÷åñêèå ïðîöåññû ............................................................ 75
3.3.1. Îáùàÿ õàðàêòåðèñòèêà òåðìîäèíàìè÷åñêèõ ïðîöåññîâ ...... 75
3.3.2. Íàïðàâëåíèå ïðîòåêàíèÿ ïðîöåññîâ. Ýíòðîïèÿ .................. 79
3.3.3. Âòîðîå íà÷àëî òåðìîäèíàìèêè .............................................. 84
3.3.4. Ýíòðîïèÿ îáðàòèìûõ è íåîáðàòèìûõ ïðîöåññîâ ................. 89
3.3.5. Óñëîâèå òåïëîâîãî ðàâíîâåñèÿ çàêðûòûõ ñèñòåì ................ 92
3.3.6. Âîçðàñòàíèå ýíòðîïèè, îáóñëîâëåííîå ïðîöåññàìè

ìàññîïåðåíîñà ........................................................................ 93
3.3.7. Âîçðàñòàíèå ýíòðîïèè, îáóñëîâëåííîå õèìè÷åñêèìè

ðåàêöèÿìè ............................................................................... 95
3.3.8. Îáúåäèíåííàÿ ôîðìà ïåðâîãî è âòîðîãî íà÷àë

òåðìîäèíàìèêè....................................................................... 97
3.4. Òåðìîäèíàìè÷åñêèå ïîòåíöèàëû ........................................................ 98

3.4.1. Õàðàêòåðèñòè÷åñêèå ôóíêöèè ............................................... 98
3.4.2. Óñëîâèÿ ñàìîïðîèçâîëüíîñòè ïðîöåññîâ

â îòêðûòûõ ñèñòåìàõ ............................................................ 103
3.4.3. Õèìè÷åñêèé ïîòåíöèàë ........................................................ 105
3.4.4. Ïàðöèàëüíûå ìîëÿðíûå âåëè÷èíû. Óðàâíåíèå Ãèááñà—

Äþãåìà .................................................................................. 106

Ãëàâà 4

Õèìè÷åñêèå ðàâíîâåñèÿ. Ìåòîäû óïðàâëåíèÿ õèìè÷åñêèìè
ïðåâðàùåíèÿìè

4.1. Îáùèå óñëîâèÿ ðàâíîâåñèÿ è íàïðàâëåíèÿ ïðîòåêàíèÿ
ïðîöåññîâ ............................................................................................ 110

4.2. Õèìè÷åñêîå ðàâíîâåñèå ..................................................................... 113
4.3. Çàêîí äåéñòâóþùèõ ìàññ. Êîíñòàíòà õèìè÷åñêîãî ðàâíîâåñèÿ ..... 114
4.4. Óðàâíåíèÿ èçîòåðìû õèìè÷åñêîé ðåàêöèè ..................................... 119
4.5. Òåìïåðàòóðíàÿ çàâèñèìîñòü êîíñòàíòû õèìè÷åñêîãî

ðàâíîâåñèÿ .......................................................................................... 122
4.6. Òåìïåðàòóðíàÿ çàâèñèìîñòü òåïëîâîãî ýôôåêòà.

Çàêîí Êèðõãîôà ................................................................................. 125
4.7. Òðåòüå íà÷àëî òåðìîäèíàìèêè. Òåìïåðàòóðíàÿ çàâèñèìîñòü

ýíòðîïèè õèìè÷åñêîé ðåàêöèè ........................................................ 129
4.8. Ðàñ÷åò èçîòåðìû õèìè÷åñêîé ðåàêöèè. Ìåòîä Òåìêèíà—

Øâàðöìàíà ......................................................................................... 132

Ãëàâà 5

Òåðìîäèíàìèêà ðàñòâîðîâ

5.1. Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ ................................................... 135
5.2. Òåðìîäèíàìè÷åñêèå ôóíêöèè èäåàëüíîãî ãàçà ............................... 137
5.3. Ëåòó÷åñòü è àêòèâíîñòü ...................................................................... 141



408

5.4. Êëàññèôèêàöèÿ ðàñòâîðîâ ................................................................. 142
5.5. Äàâëåíèå íàñûùåííîãî ïàðà ÷èñòîãî âåùåñòâà .............................. 147
5.6. Äàâëåíèå íàñûùåííîãî ïàðà íàä ðàñòâîðàìè.

Çàêîíû Ðàóëÿ è Ãåíðè ....................................................................... 149
5.7. Äàâëåíèå íàñûùåííîãî ïàðà íàä ðàñòâîðîì ëåòó÷èõ êîìïî-

íåíòîâ. Çàêîíû Êîíîâàëîâà .............................................................. 153
5.8. Ïåðåãîíêà ëåòó÷èõ æèäêèõ ñìåñåé. Ðåêòèôèêàöèÿ .......................... 158

Ãëàâà 6

Ôàçîâûå ðàâíîâåñèÿ

6.1. Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ ................................................... 164
6.2. Îáùèå óñëîâèÿ ôàçîâîãî ðàâíîâåñèÿ ............................................... 166
6.3. Ïðàâèëî ôàç Ãèááñà ........................................................................... 169
6.4. Ôàçîâûå äèàãðàììû ........................................................................... 171
6.5. Óñëîâèÿ ôàçîâîãî ðàâíîâåñèÿ â îäíîêîìïîíåíòíûõ ñèñòåìàõ.

Óðàâíåíèå Êëàóçèóñà—Êëàïåéðîíà ................................................ 172
6.6. Ôàçîâûå ïåðåõîäû ïåðâîãî è âòîðîãî ðîäà ..................................... 177
6.7. Ôàçîâûå ðàâíîâåñèÿ â äâóõêîìïîíåíòíûõ ñèñòåìàõ ...................... 182

6.7.1. Îáùèå óñëîâèÿ ðàâíîâåñèÿ áèíàðíûõ ñèñòåì.
Êîýôôèöèåíò ðàñïðåäåëåíèÿ ............................................. 182

6.7.2. Äèàãðàììû ïëàâêîñòè ñèñòåì ñ íåîãðàíè÷åííîé
âçàèìíîé ðàñòâîðèìîñòüþ êîìïîíåíòîâ â òâåðäîì
ñîñòîÿíèè .............................................................................. 186

6.7.3. Ñèñòåìû ñ ïðîñòîé ýâòåêòèêîé .......................................... 191
6.7.4. Ñèñòåìû ñ îãðàíè÷åííîé âçàèìíîé ðàñòâîðèìîñòüþ

êîìïîíåíòîâ â òâåðäîì ñîñòîÿíèè .................................... 193
6.7.5. Äèàãðàììû ñîñòîÿíèÿ áèíàðíûõ ñèñòåì ñ õèìè÷åñêèìè

ñîåäèíåíèÿìè ....................................................................... 197
6.8. Òåðìîäèíàìèêà ôàçîâûõ ðàâíîâåñèé áèíàðíûõ ñèñòåì ................. 205
6.9. Îñîáåííîñòè ôàçîâûõ äèàãðàìì ìíîãîêîìïîíåíòíûõ ñèñòåì ....... 211

Ãëàâà 7

Ïðèíöèïû êèíåòè÷åñêîãî îïèñàíèÿ è àíàëèçà
òåõíîëîãè÷åñêèõ ïðîöåññîâ

7.1. Íåêîòîðûå ïîëîæåíèÿ òåðìîäèíàìèêè íåîáðàòèìûõ
ïðîöåññîâ ............................................................................................ 217

7.1.1. Îáùèå ñâåäåíèÿ .................................................................... 217
7.1.2. Òåîðèÿ Îíçàãåðà ................................................................... 219
7.1.3. Ôëóêòóàöèè. Óñòîé÷èâîñòü çàìêíóòûõ ñèñòåì .................... 221
7.1.4. Ïðèíöèï ëîêàëüíîãî ðàâíîâåñèÿ ........................................ 225
7.1.5. Ñòàöèîíàðíûå ñîñòîÿíèÿ. Òåîðåìà Ïðèãîæèíà

î ìèíèìóìå ïðîèçâîäñòâà ýíòðîïèè ................................. 227
7.2. Êèíåòèêà õèìè÷åñêèõ ðåàêöèé ......................................................... 230

7.2.1. Îñíîâíûå ïîíÿòèÿ õèìè÷åñêîé êèíåòèêè ......................... 230
7.2.2. Ñêîðîñòü õèìè÷åñêîé ðåàêöèè ............................................ 232



409

7.2.3. Êèíåòè÷åñêîå óðàâíåíèå õèìè÷åñêîãî ïðîöåññà
è ïîðÿäîê ðåàêöèè ............................................................... 235

7.2.4. Òåìïåðàòóðíàÿ çàâèñèìîñòü ñêîðîñòè õèìè÷åñêîé
ðåàêöèè. Ýíåðãèÿ àêòèâàöèè è óðàâíåíèå Àððåíèóñà ...... 237

7.2.5. Òåîðèÿ ïåðåõîäíîãî ñîñòîÿíèÿ ........................................... 241
7.3. Êèíåòèêà è ìåõàíèçìû äèôôóçèîííûõ ïðîöåññîâ ......................... 243

7.3.1. Òåðìîäèíàìè÷åñêèé ïîäõîä ê àíàëèçó äèôôóçèîííûõ
ïðîöåññîâ. Çàêîíû Ôèêà ...................................................... 243

7.3.2. Ìåõàíèçìû äèôôóçèè .......................................................... 246
7.3.3. Íåêîòîðûå ÷àñòíûå ñëó÷àè ðåøåíèÿ âòîðîãî óðàâíåíèÿ

äèôôóçèè .............................................................................. 253
7.3.4. Äâóõñòàäèéíàÿ äèôôóçèÿ ..................................................... 258

7.4. Îñíîâíûå êèíåòè÷åñêèå õàðàêòåðèñòèêè ïðîöåññîâ.
Ïîãðàíè÷íûå ñëîè ............................................................................. 261

7.5. Îñíîâíûå ïîëîæåíèÿ êèíåòèêè ãåòåðîãåííûõ ïðîöåññîâ ............. 265
7.6. Ìåõàíèçì è êèíåòèêà ïðîöåññîâ îêèñëåíèÿ ................................... 271

7.6.1. Ìåõàíèçì è êèíåòèêà òåðìè÷åñêîãî îêèñëåíèÿ ............... 271
7.6.2. Ìåòîäû ïîëó÷åíèÿ îêñèäíûõ ïëåíîê ................................. 277

7.7. Ìåõàíèçì è êèíåòèêà ïðîöåññîâ èñïàðåíèÿ................................... 281

Ãëàâà 8

Ïîâåðõíîñòíûå ÿâëåíèÿ. Àäñîðáöèÿ

8.1. Îáùèå ñâåäåíèÿ î ïîâåðõíîñòè ........................................................ 290
8.2. Àòîìíàÿ ñòðóêòóðà ïîâåðõíîñòè. Ìåæôàçíàÿ ýíåðãèÿ .................... 293
8.3. Àäñîðáöèÿ íà ïîâåðõíîñòè òâåðäûõ òåë ........................................... 298
8.4. Òåðìîäèíàìèêà è êèíåòèêà àäñîðáöèîííûõ ïðîöåññîâ.

Èçîòåðìû àäñîðáöèè ......................................................................... 304

Ãëàâà 9

Òåðìîäèíàìèêà è êèíåòèêà ïðîöåññîâ çàðîäûøåîáðàçîâàíèÿ
è ôîðìèðîâàíèÿ íîâîé ôàçû

9.1. Äâèæóùèå ñèëû ïðîöåññîâ çàðîäûøåîáðàçîâàíèÿ ......................... 310
9.2. Òåðìîäèíàìè÷åñêàÿ ìîäåëü çàðîäûøåîáðàçîâàíèÿ ........................ 313

9.2.1. Òåðìîäèíàìè÷åñêèå õàðàêòåðèñòèêè ïðîöåññà
çàðîäûøåîáðàçîâàíèÿ .......................................................... 313

9.2.2. Ãîìîãåííîå çàðîäûøåîáðàçîâàíèå ..................................... 316
9.2.3. Ãåòåðîãåííîå çàðîäûøåîáðàçîâàíèå ................................... 321
9.2.4. Êèíåòè÷åñêèå õàðàêòåðèñòèêè ïðîöåññà

çàðîäûøåîáðàçîâàíèÿ .......................................................... 325
9.3. Êèíåòè÷åñêàÿ ìîäåëü çàðîäûøåîáðàçîâàíèÿ .................................. 328
9.4. Îñíîâíûå ñòàäèè ïðîöåññà ôîðìèðîâàíèÿ ñëîåâ íîâîé ôàçû...... 330

Ãëàâà 10

Ôèçèêî-õèìè÷åñêèå îñíîâû ýïèòàêñèàëüíûõ ïðîöåññîâ

10.1. Îñíîâíûå ïîíÿòèÿ è îïðåäåëåíèÿ .................................................. 339



410

10.2. Òåðìîäèíàìèêà è êèíåòèêà îðèåíòèðîâàííîãî
çàðîäûøåîáðàçîâàíèÿ ....................................................................... 341

10.3. Ìåòîäû ïîëó÷åíèÿ ýïèòàêñèàëüíûõ ñòðóêòóð................................ 346

Ãëàâà 11

Ïðèíöèïû òåðìîäèíàìè÷åñêîãî àíàëèçà òåõíîëîãè÷åñêèõ ïðîöåññîâ

11.1. Ïðîñòûå è ñëîæíûå ïðîöåññû ........................................................ 356
11.2. Òåðìîäèíàìè÷åñêèé àíàëèç ïðîñòûõ ïðîöåññîâ ........................... 358
11.3. Òåðìîäèíàìè÷åñêèé àíàëèç ñëîæíûõ ïðîöåññîâ .......................... 361

11.3.1. Îáùèå ñâåäåíèÿ .................................................................. 361
11.3.2. Òåðìîäèíàìè÷åñêèé àíàëèç ãîìîãåííûõ ïðîöåññîâ ....... 361
11.3.3. Òåðìîäèíàìè÷åñêèé àíàëèç ãåòåðîãåííûõ ïðîöåññîâ .... 366

Ãëàâà 12

Òåðìîäèíàìèêà è êèíåòèêà ïðîöåññîâ õèìè÷åñêîãî
îñàæäåíèÿ èç ãàçîâîé ôàçû

12.1. Îáùèå ñâåäåíèÿ ................................................................................ 372
12.2. Ðåàêöèè ðàçëîæåíèÿ ......................................................................... 374
12.3. Ðåàêöèè âîññòàíîâëåíèÿ .................................................................. 384
12.4. Ãàçîòðàíñïîðòíûå õèìè÷åñêèå ðåàêöèè ........................................ 388
12.5. Òåðìîäèíàìèêà è êèíåòèêà ïðîöåññîâ õèìè÷åñêîãî

òðàíñïîðòà .......................................................................................... 394

Çàêëþ÷åíèå ................................................................................................ 403

Ñïèñîê ëèòåðàòóðû ................................................................................... 404


	sait
	Tomilin_001_002
	Tomilin_003_410



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


