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≈”ª“ß μ—Èß·μàªï §.». 2007 ∂÷ßªï §.». 2014 ‚¥¬„™âμ—«·ª√§à“§«“¡√âÕπ Ÿß‡ªìπ‡°≥±å„π°“√·∫àß°≈ÿà¡
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°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå æ∫«à“‡ªÕ√å‡´Áπμå§«“¡∂Ÿ°μâÕß„π°“√®”·π°¢Õß‡¡∑√‘°´å Confusion ¡’§à“
‡∑à“°—∫ 92.81% ·≈– 95.45% ‡¡◊ËÕ‡ªìπ™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√ √â“ßμ—«·∫∫·≈–™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√
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Classification and Identification of Lignite Quality
Characteristics of Mae Moh Mine with

Multivariate Analysis
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ABSTRACT

The purpose of this research is to classify and identify the lignite quality characteristics
of Mae Moh Mine by collecting data of chemical lignite composition from Mae Moh power
plant, Lampang since 2007 to 2014. The High Heating Value (HHV) was utilized as the
criterion to divide the lignite qualities into 2 groups, standard and desirable groups, and then
built the model to predict the quality groups of lignite with discriminant analysis. The results of
research indicated that factor analysis was able to combine the correlated variables influenced
to lignite quality with 6 factors, slag, heat, moisture, K2O, TiO2 and MnO2. For model evaluation
to predict the group of lignite quality, the correction percentage in classification of Confusion
matrix were 92.81 and 95.45 in the training and validation sets, respectively.
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∫∑π”
μâπ°”‡π‘¥æ≈—ßß“π∑’Ë¡πÿ…¬åπ”¡“„™âª√–‚¬™πå‡ªìπ√–¬–‡«≈“π“π¡“·≈â«μ—Èß·μàÕ¥’μ®π∂÷ßªí®®ÿ∫—π§◊Õ

‡™◊ÈÕ‡æ≈‘ß®“°∏√√¡™“μ‘ ‡™◊ÈÕ‡æ≈‘ß®“°∏√√¡™“μ‘À¡“¬∂÷ß ‡™◊ÈÕ‡æ≈‘ß∑’Ë‡°‘¥¢÷Èπ‡Õßμ“¡∏√√¡™“μ‘ ®“°°“√∑—∫∂¡
¢Õß´“°æ◊™ À√◊Õ´“° —μ«å‡ªìπ‡«≈“π—∫À≈“¬≈â“πªï ‡™àπ À‘ππÈ”¡—π ∂à“πÀ‘π À√◊Õ°ä“´∏√√¡™“μ‘ ‡ªìπμâπ ·μà
‡π◊ËÕß®“°∑√—æ¬“°√ ÷́Ëß¡’Õ¬Ÿàμ“¡∏√√¡™“μ‘∑’Ë®–∂Ÿ°π”¡“‡ª≈’Ë¬π‡ªìπæ≈—ßß“ππ—Èπ¡’Õ¬ŸàπâÕ¬·≈–®”°—¥ ®÷ß®”‡ªìπ
μâÕß¡’°“√§âπÀ“·À≈àßæ≈—ßß“π‡æ‘Ë¡‡μ‘¡Õ¬Ÿàμ≈Õ¥‡«≈“‡æ◊ËÕ„Àâ‡æ’¬ßæÕμàÕ°“√π”¡“º≈‘μ‰øøÑ“„π°“√¥”‡π‘π
™’«‘μª√–®”«—π¢Õß¡πÿ…¬å ´÷Ëß„πªí®®ÿ∫—ππ’È¡’ª√‘¡“≥§«“¡μâÕß°“√„™â‰øøÑ“‡æ‘Ë¡ Ÿß¢÷Èπ¡“°ª√–°Õ∫°—∫ “¡“√∂
º≈‘μ‰øøÑ“‰¥â®“°·À≈àßæ≈—ßß“π„πÀ≈“¬√Ÿª·∫∫ ‡™àπ °ä“´∏√√¡™“μ‘ æ≈—ßß“π∑¥·∑π æ≈—ßß“ππ‘«‡§≈’¬√å
·≈–∂à“πÀ‘π ‡ªìπμâπ Õ¬à“ß‰√°Áμ“¡æ≈—ßß“π∑’Ë„™âº≈‘μ‰øøÑ“·μà≈–√Ÿª·∫∫¡’¢âÕ¥’·≈–¢âÕ®”°—¥∑’Ë·μ°μà“ß°—π‰ª
°≈à“«§◊Õ°ä“´∏√√¡™“μ‘‡ªìπæ≈—ßß“π∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß „™âß“πßà“¬ ·≈– “¡“√∂º≈‘μ‰¥â‡Õß„πª√–‡∑» ´÷Ëß
°ä“´∏√√¡™“μ‘‡ªìπ·À≈àßæ≈—ßß“π∑’Ë„™âº≈‘μ‰øøÑ“ à«π„À≠à„πªí®®ÿ∫—π∂÷ß√âÕ¬≈– 70 ·μà·À≈àß ”√Õß°ä“´
∏√√¡™“μ‘„πª√–‡∑»‰∑¬¡’Õ¬ŸàÕ¬à“ß®”°—¥ ‚¥¬§“¥°“√≥å«à“ “¡“√∂ ”√Õß„™â‰¥âμàÕ‰ªÕ’°‡æ’¬ß‰¡à°’Ë ‘∫ªï  à«π
æ≈—ßß“π∑¥·∑π ‰¥â·°à æ≈—ßß“ππÈ” æ≈—ßß“π≈¡ ·≈–æ≈—ßß“π· ßÕ“∑‘μ¬å‡ªìπæ≈—ßß“π®“° ‘Ëß·«¥≈âÕ¡∑’Ë¡’Õ¬Ÿà
μ“¡∏√√¡™“μ‘®÷ß‡ªìπæ≈—ßß“π –Õ“¥ ª≈àÕ¬¡≈æ‘…§àÕπ¢â“ßμË”·≈–„™â‰¥âÕ¬à“ß¬—Ëß¬◊π ·μàμâπ∑ÿπ„π°“√º≈‘μ Ÿß
·≈–‰¡à¡’‡ ∂’¬√¿“æ„π¥â“π°“√º≈‘μ·≈–√“§“ „π¢≥–∑’Ëæ≈—ßß“ππ‘«‡§≈’¬√å‡ªìπæ≈—ßß“π∑’Ë “¡“√∂º≈‘μ‰øøÑ“
∑’Ë¡’°”≈—ß‰øøÑ“¡À“»“≈ ¡’§«“¡¡—Ëπ§ß„π°√–∫«π°“√º≈‘μ‰øøÑ“ „™â‡™◊ÈÕ‡æ≈‘ßπâÕ¬ ¡’‡ ∂’¬√¿“æ„π°“√®—¥À“
‡™◊ÈÕ‡æ≈‘ß ‰¡à°àÕ„Àâ‡°‘¥ªí≠À“‡√◊Õπ°√–®° ·μà¡’¢âÕ®”°—¥§◊Õ ·À≈àßæ≈—ßß“π¡’πâÕ¬·≈–μâÕß°“√‡∑§‚π‚≈¬’
¢—Èπ Ÿß„π°“√æ—≤π“‚§√ß°“√‡æ◊ËÕ √â“ß‚√ß‰øøÑ“π‘«‡§≈’¬√å ®÷ßμâÕß„™â√–¬–‡«≈“π“π πÕ°®“°π’È¬—ßμâÕß§”π÷ß∂÷ß
°“√°”®—¥°“°¢Õß‡ ’¬°—¡¡—πμ√—ß ’∑’Ë‡°‘¥¢÷Èπ

¥—ßπ—Èπ∂à“πÀ‘π®÷ß‡ªìπæ≈—ßß“πÕ’°∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ëπ”¡“„™â„π°“√º≈‘μ‰øøÑ“‡π◊ËÕß®“°‡ªìπ·À≈àß
æ≈—ßß“π∑’Ë¡’Õ¬Ÿà‡ªìπª√‘¡“≥¡“° “¡“√∂„™â‰¥âÕ’°¡“°°«à“ 200 ªï [1] ‡ªìπ·À≈àßæ≈—ßß“π∑’ËÀ“‰¥âßà“¬ ¡’
‡ ∂’¬√¿“æ„π¥â“π√“§“ ÷́Ëß‰¡à°àÕ„Àâ‡°‘¥ªí≠À“°“√¢“¥·§≈π∂à“πÀ‘π Õ’°∑—Èß¬—ß “¡“√∂‡≈◊Õ°§ÿ≥¿“æ∂à“πÀ‘π
‰¥âμ“¡μâÕß°“√ πÕ°®“°π’È¬—ß¡’§«“¡ª≈Õ¥¿—¬„π°“√¢π àß·≈–®—¥‡°Á∫ßà“¬ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°ä“´∏√√¡™“μ‘
·μà°“√„™â∂à“πÀ‘π°Á¬—ß¡’¢âÕ®”°—¥§◊Õ ∂à“πÀ‘π‡ªìπ‡™◊ÈÕ‡æ≈‘ß∑’Ëª≈àÕ¬°ä“´‰π‚μ√‡®π‰¥ÕÕ°‰´¥å·≈–°”¡–∂—π„π
ª√‘¡“≥∑’Ë Ÿß¡“°‡¡◊ËÕ‡∑’¬∫°—∫‡™◊ÈÕ‡æ≈‘ßª√–‡¿∑Õ◊Ëπ ∂÷ß·¡â«à“°“√„™â∂à“πÀ‘π‡ªìπ‡™◊ÈÕ‡æ≈‘ß„π°“√º≈‘μ‰øøÑ“®–¡’
§«“¡ –Õ“¥πâÕ¬°«à“‡™◊ÈÕ‡æ≈‘ß™π‘¥Õ◊Ëπ Õ’°∑—Èß¬—ß àßº≈„Àâ‡°‘¥¡≈¿“«– ·μà„πªí®®ÿ∫—ππ’È‰¥â¡’°“√æ—≤π“
‡∑§‚π‚≈¬’∂à“πÀ‘π –Õ“¥ (Clean coal technology) ¡“„™â‡æ◊ËÕ°”®—¥ “√¡≈æ‘…∑’Ëª≈àÕ¬ÕÕ°¡“„π
°√–∫«π°“√º≈‘μ·≈–°“√„™â∂à“πÀ‘π´÷Ëß‡∑§‚π‚≈¬’¥—ß°≈à“«∂Ÿ°ÕÕ°·∫∫¡“‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√∑”
‡À¡◊Õß∂à“πÀ‘π·≈–®—¥°“√∂à“πÀ‘π°àÕππ”¡“„™â √«¡∂÷ß°“√‡º“‰À¡â∂à“πÀ‘π‡æ◊ËÕ≈¥º≈°√–∑∫∑’Ë‡°‘¥®“°ΩÿÉπ
≈–ÕÕß·≈–¢Õß‡ ’¬®“°°“√‡º“‰À¡â ‡™àπ ‡∑§‚π‚≈¬’∂à“πÀ‘π –Õ“¥°àÕπ°“√‡º“‰À¡â (Pre-Combustion)
‡∑§‚π‚≈¬’∂à“πÀ‘π –Õ“¥¢≥–°“√‡º“‰À¡â (Combustion) ‡∑§‚π‚≈¬’∂à“πÀ‘π –Õ“¥À≈—ß°“√‡º“‰À¡â
(Post-Combustion) ·≈–‡∑§‚π‚≈¬’∂à“πÀ‘π –Õ“¥ ¥â«¬°“√·ª√ ¿“æ∂à“πÀ‘π (Coal conversion) ¥—ßπ—Èπ
°“√ π—∫ πÿππ‚¬∫“¬‡°’Ë¬«°—∫‡∑§‚π‚≈¬’‡À≈à“π’È ®÷ß‡ªìπ°“√ √â“ß§«“¡¡—Ëπ§ß„π¥â“πæ≈—ßß“π ·≈– √â“ß§«“¡
¡—Ëπ„®·≈–∑—»π§μ‘∑’Ë¥’‡°’Ë¬«°—∫‚√ß‰øøÑ“∂à“πÀ‘π„Àâ°—∫ª√–™“™π„π™ÿ¡™π ®÷ß¡’°“√ ”√«®·À≈àß∂à“πÀ‘π‡æ‘Ë¡
‡μ‘¡æ√âÕ¡∑—Èß∑”°“√ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß∂à“πÀ‘π„Àâ¥’¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß ÷́Ëß°“√«‘‡§√“–Àå§ÿ≥ ¡∫—μ‘¢Õß∂à“πÀ‘π
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‚¥¬°“√»÷°…“®“°Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π®–∑”„Àâ∑√“∫∂÷ßª√–‡¿∑·≈–§ÿ≥¿“æ¢Õß∂à“πÀ‘π
´÷Ëß‡ªìπ°“√π”∂à“πÀ‘π‰ª„™â„Àâ‡°‘¥ª√–‚¬™πå‰¥â Ÿß ÿ¥ ·≈–¬—ß “¡“√∂„™â‡ªìπ·π«∑“ß„π°“√ªÑÕß°—πªí≠À“∑’Ë®–
 àßº≈°√–∑∫μàÕ ‘Ëß·«¥≈âÕ¡·≈–ªí≠À“„π¥â“π ÿ¢¿“æμàÕª√–™“™π„π™ÿ¡™πÕ’°¥â«¬ ß“π«‘®—¬∑’Ë»÷°…“Õß§å
ª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π∑—Èß„πª√–‡∑»·≈–μà“ßª√–‡∑»·∫àßÕÕ°‰¥â‡ªìπ 3 ¥â“π ¥—ßπ’È

1. ß“π«‘®—¬∑’Ë„™â«‘∏’°“√∑“ß‡§¡’ ‡™àπ °‘μ‘π—πμå · ß¡≥’ ·≈–§≥– [2] „™â«‘∏’°“√ àÕßºà“π¥â«¬
√—ß ’·°¡¡“ Õ√«√√≥ ™—¬≈¿“°ÿ≈ [3] „™â«‘∏’°“√«‘‡§√“–Àå‚¥¬ª√–¡“≥ (Proximate analysis) °“√«‘‡§√“–Àå
‚¥¬≈–‡Õ’¬¥ (Ultimate analysis) ·≈–«‘‡§√“–Àå‡∂â“∂à“πÀ‘π¥â«¬‡∑§π‘§°“√«—¥°“√¥Ÿ¥°≈◊π· ß¢ÕßÕ–μÕ¡
(Atomic absorption Spectrophotometry) °“√μ√«®«—¥ª√‘¡“≥· ß„π™à«ß√—ß ’¬Ÿ«’·≈–™à«ß√—ß ’¢“« (UV-Vis
Absorption Spectrophotometry) ·≈–°“√‡Õä°´‡√¬åø≈ŸÕÕ‡√ ‡´πμå (X-ray Fluorescence Spectrometry)

2. ß“π«‘®—¬∑’Ë„™â«‘∏’°“√‡™‘ß ∂‘μ‘‡æ◊ËÕ √â“ßμ—«·∫∫„π°“√®”·π°°≈ÿà¡¢Õß∂à“πÀ‘π·≈â«μ√«® Õ∫
§«“¡∂Ÿ°μâÕß„π°“√æ¬“°√≥å ‡™àπ ∏ß™—¬ ·°â«Õÿ¥ [4] „™â‡∑§π‘§μâπ‰¡â ”À√—∫°“√μ—¥ ‘π„® (Decision tree)
°“√«‘‡§√“–Àå°“√®”·π° (Discriminant analysis) ·≈–¢à“¬ß“π√–∫∫ª√– “∑‡∑’¬¡ (Artificial Neuron
Network: ANN) Chao et al. [5] „™â«‘∏’°“√®”·π°‡∫ å‡™’¬π (Bayesian discriminant analysis) ·≈–
¢à“¬ß“π√–∫∫ª√– “∑ (Neural network) ¥â«¬«‘∏’°“√·æ√à¬âÕπ°≈—∫ (Back Propagation: BP) ·≈– Eskanazy
et al. [6] „™â«‘∏’°“√«‘‡§√“–Àå°“√®—¥°≈ÿà¡ (Cluster analysis)

3. ß“π«‘®—¬∑’Ë„™â«‘∏’°“√∑“ß‡§¡’§«∫§Ÿà°—∫«‘∏’°“√‡™‘ß ∂‘μ‘ ‡™àπ Ogala, Akaegbobi, Omo-Irabor
and Finkelman [7] „™â°“√«‘‡§√“–Àå à«πª√–°Õ∫À≈—° (Principal Component Analysis: PCA) §«∫§Ÿà
°—∫‡∑§π‘§ ICP-OES (Inductively Coupled Plasma Optical Emission Mass Spectrometry)
·≈– Smolinski [8] „™â°“√®—¥°≈ÿà¡μ“¡≈”¥—∫¢—Èπ (Hierarchical Cluster Analysis: HCA) §«∫§Ÿà°—∫°“√
„™â·ºπ¿“æ ’ (Colour data map)

¥â«¬‡Àμÿº≈¥—ß°≈à“«¢â“ßμâπºŸâ«‘®—¬‡ÀÁπ«à“°“√»÷°…“À“ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√°”Àπ¥≈—°…≥–
§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–π—Èπ¡’μ—«·ª√∑’Ë‡°’Ë¬«¢âÕßÕ¬Ÿà‡ªìπ®”π«π¡“° ºŸâ«‘®—¬®÷ß‰¥â
ª√–¬ÿ°μå°“√«‘‡§√“–ÀåÀ≈“¬μ—«·ª√ (Multivariate analysis) ‚¥¬„™â°“√«‘‡§√“–Àåªí®®—¬ (Factor analysis)
´÷Ëß¡’°“√∂Õ¥ªí®®—¬ (Factor extraction) ¥â«¬°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫À≈—° (Principal Component
Analysis: PCA) ‡æ◊ËÕÀ“ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π ®“°π—Èπ®÷ßπ”ªí®®—¬
‡À≈à“π’È ‰ª„™â„π°“√ √â“ßμ—«·∫∫‡æ◊ËÕ∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¥â«¬°“√
«‘‡§√“–Àå°“√®”·π° (Discriminant analysis) ´÷Ëßμ—«·∫∫„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß
∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–∑’Ë‰¥âπ’È®–‡ªìπª√–‚¬™πåÕ¬à“ß¡“° ”À√—∫„™â‡ªìπ·π«∑“ß„π°“√°”Àπ¥
§ÿ≥¿“æ¢Õß∂à“πÀ‘π®“°°“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“¢Õß∂à“πÀ‘π ‡æ◊ËÕ‡ªìπ°“√ªÑÕß°—π·≈–·°â‰¢
ªí≠À“¡≈¿“«–μàÕ ‘Ëß·«¥≈âÕ¡·≈–ªí≠À“„π¥â“π ÿ¢¿“æ¢Õßª√–™“™π„π™ÿ¡™πÀ“°μâÕß¡’°“√„™â∂à“πÀ‘π‡ªìπ
‡™◊ÈÕ‡æ≈‘ß πÕ°®“°π’È¬—ß‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß°√–∫«π°“√º≈‘μ‰øøÑ“®“°∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß
·¡à‡¡“–Õ’°¥â«¬
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«‘∏’¥”‡π‘π°“√«‘®—¬
°“√«‘®—¬§√—Èßπ’È‡ªìπ°“√®”·π°·≈–°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–

‚¥¬√«∫√«¡¢âÕ¡Ÿ≈®“°‚√ß‰øøÑ“·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß ·≈–¡’«‘∏’¥”‡π‘π°“√«‘®—¬¥—ßπ’È

1. °“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈
ºŸâ«‘®—¬√«∫√«¡¢âÕ¡Ÿ≈‡°’Ë¬«°—∫Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π¢Õß‚√ß‰øøÑ“·¡à‡¡“– ‡§√◊ËÕß∑’Ë

4-13 μ—Èß·μàªï §.». 2007 ∂÷ßªï §.». 2014 ®“°·ºπ°‡§¡’°“√º≈‘μ °Õß°“√º≈‘μ 1 ‚√ß‰øøÑ“·¡à‡¡“– ®—ßÀ«—¥
≈”ª“ß ´÷Ëß¢âÕ¡Ÿ≈∑’Ë‡°Á∫√«∫√«¡‡À≈à“π’ÈÕ¬Ÿà„π√Ÿªª√‘¡“≥À√◊Õ§à“§«“¡‡¢â¡¢âπ¢Õßμ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫
∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π∑—ÈßÀ¡¥®”π«π 16 μ—« ‰¥â·°à ‡∂â“ (Ash) §«“¡™◊Èπ (Moisture)  “√√–‡À¬ (Volatile)
§à“§“√å∫Õπ§ß∑’Ë (Fixed Carbon) §à“§«“¡√âÕπ Ÿß (High Heating Value: HHV) ‚´‡¥’¬¡‰¥ÕÕ°‰´¥å
(Na2O) ·¡°π’‡´’¬¡ÕÕ°‰´¥å (MgO) Õ≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (Al2O3) ´‘≈‘°Õπ‰¥ÕÕ°‰´¥å (SiO2) øÕ øÕ√— 
‡æπÕÕ°‰´¥å (P2O5) —́≈‡øÕ√å‰μ√ÕÕ°‰´¥å (SO3) ‚æ·∑ ‡ ’́¬¡‰¥ÕÕ°‰´¥å (K2O) ‰∑∑“‡π’¬¡ÕÕ°‰´¥å
(TiO2) ·¡ß°“π’ ‰¥ÕÕ°‰´¥å (MnO2) ‰ÕÕÕπÕÕ°‰´¥å (Fe2O3) ·≈–·§≈‡ ’́¬¡Õ‘ √– (CaO free SO3)

2. °“√®—¥°“√¢âÕ¡Ÿ≈
ß“π«‘®—¬π’È„™âμ—«·ª√§à“§«“¡√âÕπ Ÿß‡ªìπ‡°≥±å„π°“√·∫àß¢âÕ¡Ÿ≈ÕÕ°‡ªìπ 2 ™ÿ¥‰¥â·°à ™ÿ¥¢Õß

¢âÕ¡Ÿ≈∑’Ë„™â„π°“√ √â“ßμ—«·∫∫ (Training data set) ‡ªìπ¢âÕ¡Ÿ≈„πªï §.». 2007 ∂÷ßªï §.». 2012 ·≈–™ÿ¥
¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫ (Validation data set) ‡ªìπ¢âÕ¡Ÿ≈„πªï §.». 2013
·≈–ªï §.». 2014

3. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àå¥â«¬‚ª√·°√¡ ”‡√Á®√Ÿª¡‘π‘·∑∫ (Minitab) ‚¥¬¡’¢—ÈπμÕπ°“√«‘‡§√“–Àå

¥—ßπ’È
1. »÷°…“≈—°…≥–∑—Ë«‰ª¢Õßμ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π´÷Ëß„™â®”·π°

ª√–‡¿∑¢Õß∂à“πÀ‘π·≈–„™â‡ªìπ‡°≥±å„π°“√°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π ¥â«¬ ∂‘μ‘æ√√≥π“ ‰¥â·°à §à“‡©≈’Ë¬
(Mean) ·≈–  à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π (Standard Deviation: S.D.)

2. À“ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå‚¥¬
2.1 »÷°…“§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π¥â«¬

°“√∑¥ Õ∫ À —¡æ—π∏å¢Õß‡æ’¬√å —π (Pearson correlation)
2.2 „™â°“√«‘‡§√“–Àåªí®®—¬ (Factor analysis) ´÷Ëß¡’°“√∂Õ¥ªí®®—¬ (Factor extraction)

¥â«¬«‘∏’°“√«‘‡§√“–Àå à«πª√–°Õ∫À≈—° (Principal Component Analysis: PCA) ‡æ◊ËÕ√«¡μ—«·ª√∑’Ë‡ªìπ
Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡ —¡æ—π∏å°—π‡¢â“‰«â‡ªìπªí®®—¬‡¥’¬«°—π·≈â«π”¡“ √â“ß‡ªìπμ—«·ª√
„À¡à„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμåμàÕ‰ª

3.  √â“ßμ—«·∫∫„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå ¥â«¬°“√
«‘‡§√“–Àå°“√®”·π° (Discriminant analysis) ¥—ßπ’È
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3.1  √â“ß ¡°“√®”·π°°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå®“°™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√ √â“ß
μ—«·∫∫

3.2 μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫∑’Ë„™â∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß
∂à“πÀ‘π≈‘°‰πμå¥â«¬™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫ ‚¥¬°“√π”μ—«·ª√„À¡à∑’Ë‰¥â
®“°°“√√«¡ªí®®—¬®“°¢—ÈπμÕπ∑’Ë 2.2 ¡“·∑π§à“≈ß„π ¡°“√®”·π°°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π®“°¢—ÈπμÕπ
∑’Ë 3.1

º≈°“√«‘®—¬
„π°“√®”·π°·≈–°“√°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–¥â«¬

°“√«‘‡§√“–ÀåÀ≈“¬μ—«·ª√¡’º≈°“√∑¥≈Õß ¥—ßπ’È

1. °“√»÷°…“≈—°…≥–∑—Ë«‰ª¢Õßμ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π
‡¡◊ËÕ„™â ∂‘μ‘æ√√≥π“§◊Õ §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“μ√∞“πμ√«® Õ∫≈—°…≥–∑—Ë«‰ª¢Õßμ—«·ª√

∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“– æ∫«à“ ‡ªÕ√å‡´Áπμå¢Õß‡∂â“¡’§à“‡©≈’Ë¬
39.5080 ± 3.4660 ‡ªÕ√å‡´Áπμå¢Õß§«“¡™◊Èπ¡’§à“‡©≈’Ë¬ 13.09000 ± 3.2940 ‡ªÕ√å‡´Áπμå¢Õß “√√–‡À¬¡’
§à“‡©≈’Ë¬ 37.1480 ± 2.1100 ‡ªÕ√å‡´Áπμå¢Õß§“√å∫Õπ§ß∑’Ë¡’§à“‡©≈’Ë¬ 16.1720 ± 1.8770 ·≈–§à“§«“¡√âÕπ
 Ÿß¡’§à“‡©≈’Ë¬ 3,937.2000 ± 265.0000 (KCal/Kg)

‡¡◊ËÕæ‘®“√≥“§ÿ≥≈—°…≥–¢Õß∂à“πÀ‘πμ“¡À≈—°‡°≥±å°“√®”·π°ª√–‡¿∑¢Õß∂à“πÀ‘π¢Õß
¡“μ√∞“π√–∫∫√–À«à“ßª√–‡∑» [9] ·≈–‡°≥±å°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‚√ß‰øøÑ“·¡à‡¡“– [10]
·≈â«æ∫«à“¡’‡æ’¬ß§à“‡©≈’Ë¬¢Õß§à“§«“¡√âÕπ Ÿß∑’ËÕ¬Ÿà„π™à«ß‡°≥±å°“√®”·π°ª√–‡¿∑¢Õß∂à“πÀ‘πμ“¡¡“μ√∞“π
√–∫∫√–À«à“ßª√–‡∑»·≈–‡°≥±å°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‚√ß‰øøÑ“·¡à‡¡“– ºŸâ«‘®—¬®÷ß„™â§à“
§«“¡√âÕπ Ÿß‡ªìπ‡°≥±å„π°“√·∫àß°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘πÕÕ°‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æ
μ“¡¡“μ√∞“π ‡ªìπ∂à“πÀ‘π∑’Ë¡’§à“§«“¡√âÕπ ŸßÕ¬Ÿà„π™à«ß 2,200-4,000 KCal/Kg ·≈–°≈ÿà¡∂à“πÀ‘π∑’Ë¡’
§ÿ≥¿“æ¥’ ‡ªìπ∂à“πÀ‘π∑’Ë¡’§à“§«“¡√âÕπ Ÿß¡“°°«à“ 4,000 KCal/Kg

2. °“√À“ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå
º≈°“√À“ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå‡ªìπ¥—ßπ’È

2.1 p-value ¢Õß°“√∑¥ Õ∫ À —¡æ—π∏å¢Õß‡æ’¬√å —π√–À«à“ßμ—«·ª√√“¬§Ÿà∑’Ë‡ªìπÕß§å
ª√–°Õ∫¢Õß‡∂â“∂à“πÀ‘π∑—Èß 16 μ—«¡’§à“πâÕ¬¡“°Ê (≈ 0) ´÷ËßÀ¡“¬§«“¡«à“μ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’
¢Õß‡∂â“∂à“πÀ‘π  à«π„À≠à¡’§«“¡ —¡æ—π∏å°—π ¬°‡«âπμ—«·ª√ 3 §Ÿà∑’Ë¡’ p-value ¢Õß°“√∑¥ Õ∫ À —¡æ—π∏å
¢Õß‡æ’¬√å —π¡“° ‰¥â·°à (1) §«“¡™◊Èπ·≈–‚æ·∑ ‡ ’́¬¡ÕÕ°‰´¥å¡’ p-value = 0.523 (2) ‚´‡¥’¬¡‰¥-
ÕÕ°‰´¥å·≈–·¡ß°“π’ ‰¥ÕÕ°‰´¥å¡’ p-value = 0.053 (3) ‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å·≈–·¡ß°“π’ ‰¥ÕÕ°‰´¥å
¡’ p-value = 0.076 ¥—ßπ—Èπ°“√ª√–¬ÿ°μå°“√«‘‡§√“–ÀåÀ≈“¬μ—«·ª√‡æ◊ËÕ®”·π°·≈–°”Àπ¥≈—°…≥–§ÿ≥¿“æ
¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–®÷ß¡’§«“¡‡À¡“– ¡ ‡π◊ËÕß®“°™à«¬≈¥®”π«πμ—«·ª√∑’Ë‡ªìπÕß§å
ª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡ —¡æ—π∏å°—π·≈–¡’Õ¬Ÿà‡ªìπ®”π«π¡“°≈ß‰¥â
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2.2 ‡¡◊ËÕ„™â°“√«‘‡§√“–Àåªí®®—¬´÷Ëß¡’°“√∂Õ¥ªí®®—¬¥â«¬°“√«‘‡§√“–Àå à«πª√–°Õ∫À≈—° æ∫
«à“§à“‡©æ“– (Eigenvalue) ¢Õß à«πª√–°Õ∫À≈—°∑’Ë 1 ∂÷ß à«πª√–°Õ∫À≈—°∑’Ë 6 (PC1-PC6) ´÷Ëß· ¥ß
„πμ“√“ß∑’Ë 1 ¡’§à“¡“°°«à“À√◊Õ„°≈â‡§’¬ß°—∫ 1 ¥—ßπ—Èπ®÷ß‡≈◊Õ°„™â à«πª√–°Õ∫À≈—°®”π«π 6  à«πª√–°Õ∫
´÷Ëß à«πª√–°Õ∫À≈—°∑—Èß 6  à«πª√–°Õ∫π’È “¡“√∂Õ∏‘∫“¬§«“¡º—π·ª√¢Õß¢âÕ¡Ÿ≈‰¥â∂÷ß 79.90%

μ“√“ß∑’Ë 1 §à“‡©æ“–  —¥ à«π§«“¡·ª√º—π ·≈– —¥ à«π§«“¡·ª√º—π – ¡¢Õß·μà≈– à«πª√–°Õ∫À≈—°

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

§à“‡©æ“– 5.9626 2.6416 1.3182 1.0278 0.9270 0.9020 0.7293 0.7155

 —¥ à«π§«“¡·ª√º—π 0.3730 0.1650 0.0820 0.0640 0.0580 0.0560 0.0460 0.0450

 —¥ à«π§«“¡·ª√º—π – ¡ 0.3730 0.5380 0.6200 0.6840 0.7420 0.7990 0.8440 0.8890

PC9 PC10 PC11 PC12 PC13 PC14 PC15 PC16

§à“‡©æ“– 0.5329 0.3708 0.3192 0.2978 0.1591 0.0552 0.0281 0.0130

 —¥ à«π§«“¡·ª√º—π 0.0330 0.0230 0.0200 0.0190 0.0100 0.0030 0.0020 0.0010

 —¥ à«π§«“¡·ª√º—π – ¡ 0.9220 0.9450 0.9650 0.9840 0.9940 0.9970 0.9990 1.0000

‡¡◊ËÕ∑”°“√∂Õ¥ªí®®—¬¥â«¬«‘∏’°“√«‘‡§√“–Àå à«πª√–°Õ∫À≈—°®–¡’°“√≈¥®”π«πμ—«·ª√∑’Ë‡ªìπÕß§å
ª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π®“° 16 μ—«„Àâ‡À≈◊Õ‡æ’¬ß·§à 6 μ—«·≈â« μàÕ®“°π—Èπ®–∑”°“√À¡ÿπªí®®—¬
(Factor rotation) ¥â«¬«‘∏’·«√‘·¡°´å (Varimax) ‡æ◊ËÕ√«¡°≈ÿà¡¢Õßμ—«·ª√Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“π
À‘π‡ªìπ 6 ªí®®—¬ ‚¥¬æ‘®“√≥“®“°§à“∂à«ßªí®®—¬ (Factor loading) ¢Õß¢âÕ¡Ÿ≈´÷Ëß· ¥ßº≈¥—ßμ“√“ß∑’Ë 2

μ“√“ß∑’Ë 2  “¡“√∂Õ∏‘∫“¬§«“¡À¡“¬¢Õßªí®®—¬∑—Èß 6 ªí®®—¬∑’Ë‡ªìπμ—«·ª√μ—«„À¡à‰¥â¥—ßπ’È
ªí®®—¬∑’Ë 1 ‡ªìπ°≈ÿà¡ÕÕ°‰´¥å∑’Ë∑”„Àâ‡°‘¥μ–°√—π (Slag)
ªí®®—¬∑’Ë 2 ‡ªìπ°≈ÿà¡§à“§«“¡√âÕπ (Heat)
ªí®®—¬∑’Ë 3 ‡ªìπ°≈ÿà¡§«“¡™◊Èπ (Moisture)
ªí®®—¬∑’Ë 4 ‡ªìπ°≈ÿà¡‚æ·∑ ‡´’¬¡ÕÕ°‰´¥å (K2O)
ªí®®—¬∑’Ë 5 ‡ªìπ°≈ÿà¡‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å (TiO2)
ªí®®—¬∑’Ë 6 ‡ªìπ°≈ÿà¡·¡ß°“π’ ‰¥ÕÕ°‰´¥å (MnO2)
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μ“√“ß∑’Ë 2 §à“∂à«ßªí®®—¬À≈—ß®“°À¡ÿπªí®®—¬¥â«¬«‘∏’·«√‘·¡°´å

ªí®®—¬ μ—«·ª√ §à“°“√„ÀâπÈ”Àπ—° °≈ÿà¡μ—«·ª√„À¡à

Al2O3 - 0.844

ªí®®—¬∑’Ë 1 SiO2 - 0.884 ÕÕ°‰´¥å∑’Ë∑”„Àâ‡°‘¥μ–°√—π (Slag)

SO3 0.805

ªí®®—¬∑’Ë 2
Fixed Carbon 0.830

§à“§«“¡√âÕπ (Heat)
HHV 0.934

ªí®®—¬∑’Ë 3 Moisture 0.815 §«“¡™◊Èπ (Moisture)

ªí®®—¬∑’Ë 4 K2O - 0.841 ‚æ·∑ ‡ ’́¬¡ÕÕ°‰´¥å (K2O)

ªí®®—¬∑’Ë 5 TiO2 0.973 ‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å (TiO2)

ªí®®—¬∑’Ë 6 MnO2 - 0.952 ·¡ß°“π’ ‰¥ÕÕ°‰´¥å (MnO2)

3. °“√ √â“ßμ—«·∫∫„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå
‡¡◊ËÕ„™â°“√«‘‡§√“–Àå°“√®”·π°¥â«¬°“√®”·π°‡™‘ß‡ âπ (Linear Discrimination) ‡æ◊ËÕ √â“ßμ—«

·∫∫„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå®“°ªí®®—¬ 6 ªí®®—¬´÷Ëß¡’Õ‘∑∏‘æ≈μàÕ°“√
°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π∑’Ë‰¥â®“°¢—ÈπμÕπ∑’Ë 2.2 ®–‰¥â ¡°“√®”·π°°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π¥—ßπ’È

°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æμ“¡¡“μ√∞“π

Ŷ0 = -0.4281 - 0.5454Slag - 1.3263Heat - 0.0331Moisture - 0.0055K2O + 0.0286TiO2 + 0.0350MnO2

°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æ¥’

Ŷ1 = -1.1145 + 0.4990Slag + 2.2855Heat - 0.5517K2O - 0.0990TiO2 - 0.0247MnO2

‚¥¬∑’Ë Ŷ0 ‡ªìπ§à“∑”π“¬À√◊Õ§à“æ¬“°√≥å¢Õß§–·ππ®”·π°°≈ÿà¡ ”À√—∫°≈ÿà¡∂à“πÀ‘π∑’Ë¡’
§ÿ≥¿“æμ“¡¡“μ√∞“π

Ŷ1 ‡ªìπ§à“∑”π“¬À√◊Õ§à“æ¬“°√≥å¢Õß§–·ππ®”·π°°≈ÿà¡ ”À√—∫°≈ÿà¡∂à“πÀ‘π∑’Ë¡’
§ÿ≥¿“æ¥’

Heat ‡ªìπ§à“§«“¡√âÕπ
Moisture ‡ªìπ§«“¡™◊Èπ
K2O ‡ªìπ‚æ·∑ ‡ ’́¬¡ÕÕ°‰´¥å
TiO2 ‡ªìπ‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å
MnO2 ‡ªìπ·¡ß°“π’ ‰¥ÕÕ°‰´¥å
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 ”À√—∫°“√ª√–‡¡‘π§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫∑’Ë‰¥â ‡æ◊ËÕ„™â∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ
¢Õß∂à“πÀ‘π≈‘°‰πμåæ‘®“√≥“‰¥â®“°‡ªÕ√å‡´Áπμå§«“¡∂Ÿ°μâÕß„π°“√®”·π°¢Õß‡¡∑√‘°´å Confusion ∑—Èß®“°™ÿ¥
¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√ √â“ßμ—«·∫∫·≈–™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫ ´÷Ëß· ¥ß
º≈‰¥â¥—ßμ“√“ß∑’Ë 3

μ“√“ß∑’Ë 3 ‡ªÕ√å‡´Áπμå§«“¡∂Ÿ°μâÕß„π°“√®”·π°¢Õß‡¡∑√‘°´å Confusion

™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π ™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π

°“√ √â“ßμ—«·∫∫ °“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫

(Training set) (Validation set)

∂à“πÀ‘π °≈ÿà¡∂à“πÀ‘π∑’Ë¡’ °≈ÿà¡∂à“πÀ‘π∑’Ë °≈ÿà¡∂à“πÀ‘π∑’Ë¡’ °≈ÿà¡∂à“πÀ‘π∑’Ë

∂Ÿ°®—¥„ÀâÕ¬Ÿà„π°≈ÿà¡ §ÿ≥¿“æμ“¡¡“μ√∞“π ¡’§ÿ≥¿“æ¥’ §ÿ≥¿“æμ“¡¡“μ√∞“π ¡’§ÿ≥¿“æ¥’

°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æ
μ“¡¡“μ√∞“π 2,144 93 834 32

°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æ¥’ 204 1,688 24 341

®”π«π¢âÕ¡Ÿ≈∂à“πÀ‘π

∑—ÈßÀ¡¥ 2,348 1,781 858 373

 —¥ à«π¢Õß°“√®—¥°≈ÿà¡

∂Ÿ°μâÕß 0.9131 0.9478 0.9720 0.9142

 —¥ à«π§«“¡∂Ÿ°μâÕß¢Õß

μ—«·∫∫ 0.9281 0.9545

®“°μ“√“ß∑’Ë 3 æ∫«à“‡ªÕ√å‡´Áπμå§«“¡∂Ÿ°μâÕß„π°“√®”·π°¢Õß‡¡∑√‘°´å Confusion ¢Õß
μ—«·∫∫∑’Ë‰¥â ‡¡◊ËÕ∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå‡ªìπ 92.81%  ”À√—∫™ÿ¥¢Õß¢âÕ¡Ÿ≈
∑’Ë„™â„π°“√ √â“ßμ—«·∫∫ ·≈– 95.45%  ”À√—∫™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫

 √ÿª·≈–«‘®“√≥åº≈°“√«‘®—¬
ß“π«‘®—¬π’È‡ªìπ°“√®”·π°·≈–°”Àπ¥≈—°…≥–§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–

‚¥¬æ‘®“√≥“®“°μ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“¢Õß∂à“πÀ‘π∑—ÈßÀ¡¥®”π«π 16 μ—« ‰¥â·°à ‡∂â“
(Ash) §«“¡™◊Èπ (Moisture)  “√√–‡À¬ (Volatile) §à“§“√å∫Õπ§ß∑’Ë (Fixed Carbon) §à“§«“¡√âÕπ Ÿß
(High Heating Value: HHV) ‚´‡¥’¬¡‰¥ÕÕ°‰´¥å (Na2O) ·¡°π’‡´’¬¡ÕÕ°‰´¥å (MgO) Õ≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å
(Al2O3) ́ ‘≈‘°Õπ‰¥ÕÕ°‰´¥å (SiO2) øÕ øÕ√— ‡æπÕÕ°‰´¥å (P2O5) ́ —≈‡øÕ√å‰μ√ÕÕ°‰´¥å (SO3) ‚æ·∑ ‡ ’́¬¡
‰¥ÕÕ°‰´¥å (K2O) ‰∑∑“‡π’¬¡ÕÕ°‰´¥å (TiO2) ·¡ß°“π’ ‰¥ÕÕ°‰´¥å (MnO2) ‰ÕÕÕπÕÕ°‰´¥å (Fe2O3)
·≈–·§≈‡ ’́¬¡Õ‘ √– (CaO free SO3) ÷́Ëß‡¡◊ËÕæ‘®“√≥“§ÿ≥≈—°…≥–¢Õß∂à“πÀ‘πμ“¡À≈—°‡°≥±å°“√®”·π°
ª√–‡¿∑¢Õß∂à“πÀ‘π¢Õß¡“μ√∞“π√–∫∫√–À«à“ßª√–‡∑»·≈–‡°≥±å°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß
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‚√ß‰øøÑ“·¡à‡¡“– æ∫«à“¡’‡æ’¬ß§à“‡©≈’Ë¬¢Õß§à“§«“¡√âÕπ Ÿß∑’ËÕ¬Ÿà„π™à«ß‡°≥±å°“√®”·π°ª√–‡¿∑¢Õß∂à“πÀ‘π
μ“¡¡“μ√∞“π√–∫∫√–À«à“ßª√–‡∑»·≈–‡°≥±å°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß‚√ß‰øøÑ“·¡à‡¡“–
´÷Ëß„Àâº≈ Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß ‡ ° √√ · ß¥“« ·≈–∞‘μ‘»—°¥‘Ï ∫ÿ≠ª√“‚¡∑¬å [11] ∑’Ë¡’§à“§«“¡√âÕπ Ÿß
Õ¬Ÿà„π™à«ß 2,100-6,000 KCal/Kg ¥—ßπ—Èπ§à“§«“¡√âÕπ Ÿß®÷ß∂Ÿ°„™â°”Àπ¥‡ªìπ‡°≥±å„π°“√·∫àß°≈ÿà¡§ÿ≥¿“æ
¢Õß∂à“πÀ‘π≈‘°‰πμåÕÕ°‡ªìπ 2 °≈ÿà¡‰¥â·°à °≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æμ“¡¡“μ√∞“π ‡ªìπ∂à“πÀ‘π∑’Ë¡’§à“
§«“¡√âÕπ ŸßÕ¬Ÿà„π™à«ß 2,200-4,000 KCal/Kg ·≈–°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æ¥’ ‡ªìπ∂à“πÀ‘π∑’Ë¡’§à“§«“¡√âÕπ
 Ÿß¡“°°«à“ 4,000 KCal/Kg

‡¡◊ËÕ„™â°“√«‘‡§√“–Àåªí®®—¬´÷Ëß¡’°“√∂Õ¥ªí®®—¬¥â«¬«‘∏’°“√«‘‡§√“–Àå à«πª√–°Õ∫À≈—° æ∫«à“
 “¡“√∂≈¥®”π«πμ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π®“° 16 μ—« „Àâ‡À≈◊Õ‡æ’¬ß·§à 6 μ—«
μàÕ®“°π—Èπ®–∑”°“√À¡ÿπªí®®—¬¥â«¬«‘∏’·«√‘·¡°´å ‡æ◊ËÕ√«¡°≈ÿà¡¢Õßμ—«·ª√∑’Ë‡ªìπÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß
‡∂â“¢Õß∂à“πÀ‘π‡ªìπ 6 ªí®®—¬ ‚¥¬æ‘®“√≥“®“°§à“∂à«ßªí®®—¬ ´÷Ëß “¡“√∂Õ∏‘∫“¬§«“¡À¡“¬¢Õß°≈ÿà¡μ—«·ª√
„À¡à‰¥â¥—ßπ’È

ªí®®—¬∑’Ë 1 ‡ªìπ°≈ÿà¡ÕÕ°‰´¥å∑’Ë∑”„Àâ‡°‘¥μ–°√—π (Slag)
ªí®®—¬∑’Ë 2 ‡ªìπ°≈ÿà¡§à“§«“¡√âÕπ (Heat)
ªí®®—¬∑’Ë 3 ‡ªìπ°≈ÿà¡§«“¡™◊Èπ (Moisture)
ªí®®—¬∑’Ë 4 ‡ªìπ°≈ÿà¡‚æ·∑ ‡´’¬¡ÕÕ°‰´¥å (K2O)
ªí®®—¬∑’Ë 5 ‡ªìπ°≈ÿà¡‰∑∑“‡π’¬¡‰¥ÕÕ°‰´¥å (TiO2)
ªí®®—¬∑’Ë 6 ‡ªìπ°≈ÿà¡·¡ß°“π’ ‰¥ÕÕ°‰´¥å (MnO2)

‡¡◊ËÕ∑√“∫ªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√°”Àπ¥≈—°…≥–°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π·≈â« ®÷ßπ”μ—«·ª√
¥—ß°≈à“«¡“ √â“ßμ—«·∫∫„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¥â«¬°“√«‘‡§√“–Àå°“√
®”·π° ´÷Ëß®–‰¥â ¡°“√®”·π°°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π¥—ßπ’È

°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æμ“¡¡“μ√∞“π

Ŷ0 = -0.4281 - 0.5454Slag - 1.3263Heat - 0.0331Moisture - 0.0055K2O + 0.0286TiO2 + 0.0350MnO2

°≈ÿà¡∂à“πÀ‘π∑’Ë¡’§ÿ≥¿“æ¥’

Ŷ1 = -1.1145 + 0.4990Slag + 2.2855Heat - 0.0584Moisture  - 0.5517K2O - 0.0990TiO2 - 0.0247MnO2

 ”À√—∫°“√ª√–‡¡‘π§«“¡∂Ÿ°μâÕß„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå
∑’Ë‰¥âπ’Èæ∫«à“ ”À√—∫™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√ √â“ßμ—«·∫∫¡’‡ªÕ√å‡´Áπμå§«“¡∂Ÿ°μâÕß„π°“√®”·π°°≈ÿà¡§ÿ≥¿“æ
¢Õß∂à“πÀ‘π‡ªìπ 92.81% ·≈– ”À√—∫™ÿ¥¢Õß¢âÕ¡Ÿ≈∑’Ë„™â„π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õßμ—«·∫∫¡’‡ªÕ√å‡´Áπμå
§«“¡∂Ÿ°μâÕß„π°“√®”·π°°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π‡ªìπ 95.45%

¥—ßπ—Èπ®÷ß “¡“√∂„™âμ—«·∫∫„π°“√∑”π“¬§à“À√◊Õæ¬“°√≥å°≈ÿà¡§ÿ≥¿“æ¢Õß∂à“πÀ‘π≈‘°‰πμå¢Õß
‡À¡◊Õß·¡à‡¡“–π’È‡ªìπ‡§√◊ËÕß¡◊Õ„π°“√°”Àπ¥§ÿ≥¿“æ¢Õß∂à“πÀ‘π‰¥â ‡π◊ËÕß®“°„Àâº≈°“√»÷°…“∑’Ë Õ¥§≈âÕß°—π
°—∫°“√μ√«® Õ∫¥â«¬«‘∏’°“√∑“ß‡§¡’¢Õß ∏ß™—¬ ·°â«Õÿ¥ [4] ·≈–¬—ß™à«¬ª√–À¬—¥‡«≈“·≈–§à“„™â®à“¬„π°“√
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¥”‡π‘π°“√»÷°…“„πÀâÕßªÆ‘∫—μ‘°“√ Õ’°∑—Èß¬—ß„™â‡ªìπ·π«∑“ß„π°“√ªÑÕß°—π·≈–·°â‰¢ªí≠À“¡≈¿“«–μàÕ
 ‘Ëß·«¥≈âÕ¡·≈–ªí≠À“„π¥â“π ÿ¢¿“æ¢Õßª√–™“™π„π™ÿ¡™π·≈–‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß°√–∫«π°“√
º≈‘μ‰øøÑ“®“°∂à“πÀ‘π≈‘°‰πμå¢Õß‡À¡◊Õß·¡à‡¡“–Õ’°¥â«¬

°‘μμ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ ºŸâ™à«¬ºŸâ«à“°“√º≈‘μ‰øøÑ“ 2 ·≈–π“¬‡©≈‘¡æ≈ ¥«ß·¢ À—«Àπâ“·ºπ°‡§¡’°“√

º≈‘μ °Õß°“√º≈‘μ 1 ‚√ß‰øøÑ“·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß ‡ªìπÕ¬à“ß Ÿß∑’ËÕπÿ‡§√“–Àå„Àâ¢âÕ¡Ÿ≈‡°’Ë¬«°—∫Õß§å
ª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“∂à“πÀ‘π

‡Õ° “√Õâ“ßÕ‘ß
1.  —π∑—¥ »‘√‘Õπ—πμå‰æ∫Ÿ≈¬å, ≥—Ø∞≥‘™“ μ√–°“√®‘π¥“π—π∑å ·≈– ‡ªïò¬¡»—°¥‘Ï ‡¡π–‡»«μ. 2555. ∂à“πÀ‘π

°—∫°“√º≈‘μ‰øøÑ“„πª√–‡∑»‰∑¬. «“√ “√√“™∫—≥±‘μ¬ ∂“π. 37(4): 22-40.
2. °‘μ‘π—πμå · ß¡≥’, ®‘μæ—π∏ÿå Õ‘π∑√å‡Õ’¬¥, »»‘æ—π∏ÿå §–«’√—μπå, «‘‡™’¬√ √μπ∏ß™—¬, «—π™—¬ ∏√√¡«“π‘™ ·≈–

 ¡æ√ ®Õß§” 2544. °“√«‘‡§√“–Àå∂à“πÀ‘π‚¥¬«‘∏’°“√ àÕßºà“π¥â«¬√—ß ’·°¡¡“. °“√ª√–™ÿ¡
«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’π‘«‡§≈’¬√å§√—Èß∑’Ë 8. 20-21 ¡‘∂ÿπ“¬π 2544 ≥  ”π—°ß“πª√¡“≥Ÿ‡æ◊ËÕ —πμ‘.
°√ÿß‡∑æ¡À“π§√. Àπâ“ 745-754.

3. Õ√«√√≥ ™—¬≈¿“°ÿ≈. 2529. °“√«‘‡§√“–Àå∂à“πÀ‘π®“°·À≈àßμà“ßÊ „πª√–‡∑»‰∑¬. «‘∑¬“π‘æπ∏åª√‘≠≠“‚∑,
®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬.

4. ∏ß™—¬ ·°â«Õÿ¥. 2553. °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õß¢’È‡∂â“∂à“πÀ‘π∑’Ë¡’§«“¡ —¡æ—π∏å°—∫·§≈‡ ’́¬¡ÕÕ°
‰´μå „π ∂à“πÀ‘π≈‘°‰πμå®“°‡À¡◊Õß·¡à‡¡“–‚¥¬„™â‡∑§π‘§‡À¡◊Õß¢âÕ¡Ÿ≈. «‘∑¬“π‘æπ∏åª√‘≠≠“‚∑,
¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à.

5. Chao, W.A.N.G., Enyuan, W.A.N.G., Jiankun, X.U., Xiaofei, L.I.U., and Li, L.I.N.G.
2010. Bayesian discriminant analysis for prediction of coal and gas outbursts and application.
Mining Science and Technology (China). 20(4): 520-523.

6. Eskanazy, G., Finkelman, R. B., and Chattarjee, S. 2010. Some considerations concerning
the use of correlation coefficients and cluster analysis in interpreting coal geochemistry
data. International Journal of Coal Geology. 83(4): 491-493.

7. Ogala, J.E., Akaegbobi, I., Omo-Irabor, O.O., and Finkelman, R. B. 2009. Statistical
analysis of geochemical distribution of major and trace elements of the maastrichtian coal
measures in the Anambra Basin, Nigeria. Petroleum and coal. 54(4): 261-270.

8. Smolinski, A. 2014. Analysis of the impact of physicochemical parameters characterizing
coal mine waste on the initialization of self-ignition process with application of Cluster
Analysis. Journal of Sustainable Mining. 13(3): 36-40.



SWU Sci. J. Vol. 32 No. 1 (2016)82

9.  ∂“∫—π°“√ Õπ«‘∑¬“»“ μ√å·≈– àß‡ √‘¡‡∑§‚π‚≈¬’. 2555. ·À≈àß‡√’¬π√Ÿâ‡À¡◊Õß∂à“πÀ‘π·¡à‡¡“–.
‰¥â®“° http://fieldtrip.ipst.ac.th/intro_sub_content.php?content_id=2&content_folder_id=5.
24 ¡‘∂ÿπ“¬π 2558.

10. ‚√ß‰øøÑ“·¡à‡¡“–. 2558. ª√–«—μ‘§«“¡‡ªìπ¡“‚√ß‰øøÑ“·¡à‡¡“–. ‰¥â®“° http://maemoh.egat.com/
index_maemoh/index.php?content=history. 24 ¡‘∂ÿπ“¬π 2558.

11. ‡ ° √√ · ß¥“« ·≈–∞‘μ‘»—°¥‘Ï ∫ÿ≠ª√“‚¡∑¬å. (2556). §ÿ≥¿“æ∂à“πÀ‘π ”À√—∫‚√ß‰øøÑ“¿“¬„μâ
‡ß◊ËÕπ‰¢¡“μ√∞“πÕ“°“». «“√ “√«‘®—¬æ≈—ßß“π. 10(3): 29-42.

‰¥â√—∫∫∑§«“¡«—π∑’Ë 5 °ÿ¡¿“æ—π∏å 2559
¬Õ¡√—∫μ’æ‘¡æå«—π∑’Ë 28 ¡’π“§¡ 2559



<<
  /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


