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∫∑§—¥¬àÕ

1 π—°»÷°…“√–¥—∫∫—≥±‘µ»÷°…“  “¬«‘™“‡∑§‚π‚≈¬’™’«‡§¡’ §≥–∑√—æ¬“°√™’«¿“æ·≈–‡∑§‚π‚≈¬’
2 √Õß»“ µ√“®“√¬å  “¬«‘™“‡∑§‚π‚≈¬’™’«‡§¡’ §≥–∑√—æ¬“°√™’«¿“æ·≈–‡∑§‚π‚≈¬’

 ÿ¿—∑√“ ≈âÕ¡ ÿ®√‘µ1  πƒ¡≈ ®’¬‚™§2  ·≈–  §≥‘µ °ƒ…≥—ß°Ÿ√2

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ∫“ß¡¥ ∑ÿàß§√ÿ °√ÿß‡∑æœ 10140

∫∑§«“¡π’È‰¥â‡ πÕ«‘∏’§”π«≥À“§à“§«“¡°«â“ßæ’§ (peak width, w
R
) ¢Õß “√‰¥â®“°§«“¡ —¡æ—π∏å‡™‘ß‡ âπ

µ√ß√–À«à“ß§à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§«“¡°«â“ßæ’§ (ln p´) ·≈–®”π«π§“√å∫Õπ (n) ¥—ß ¡°“√  ln p´

= a˝ + b˝ n ‚¥¬∑’Ë a´ ·≈– b˝ §◊Õ§à“®ÿ¥µ—¥·°π y ·≈– §à“§«“¡™—π µ“¡≈”¥—∫ ®“°º≈°“√∑¥≈Õßæ∫«à“§«“¡

 —¡æ—π∏å¥—ß°≈à“«¢Õß “√πÕ√å¡—≈Õ—≈‡§π °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å ·≈– ‰¢¡—π·Õ≈°ÕŒÕ≈å ¡’§à“§«“¡·ª√ª√«π (linear

regression squared, r2) ‡∑à“°—∫ 0.9999, 0.9996 ·≈– 0.9997 µ“¡≈”¥—∫ °“√æ∫§«“¡ —¡æ—π∏å¥—ß°≈à“«π’È

 “¡“√∂π”‰ª„™â∑”π“¬À“§à“§«“¡°«â“ßæ’§¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π∑’Ë®”π«π§“√å∫Õπµà“ßÊ ‰¥â πÕ°®“°π’È‰¥â∑”°“√

»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“ ln p´ °—∫§à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß (ln k´) ¢Õß “√πÕ√å¡—≈Õ—≈‡§π

æ∫«à“‰¥â§«“¡ —¡æ—π∏å¥—ß ¡°“√ ln p´= ln k´+C ‚¥¬¡’§à“ r2 ¡“°°«à“ 0.9990

§” ”§—≠ : §«“¡°«â“ßæ’§¢Õß “√ / µ—«ª√–°Õ∫§«“¡°«â“ßæ’§ / µ—«ª√–°Õ∫§ß§â“ß / ·°ä ‚§√¡“‚µ°√“øï

°“√§”π«≥À“§à“§«“¡°«â“ßæ’§¢Õß “√„π·°ä ‚§√¡“‚µ°√“øï
∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë

√—∫‡¡◊ËÕ 28 æƒ…¿“§¡ 2545   µÕ∫√—∫‡¡◊ËÕ 16 °√°Æ“§¡ 2546
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The relationship between natural logarithm of width factor (ln p´) and carbon number (n) can be
described by ln p´ = a˝ + b˝ n where a˝ and b˝ are constants. The linear regression squared (r2) for n-alkanes,
fatty acid methyl esters and fatty alcohols are 0.9999, 0.9996 and 0.9997, respectively. This relationship would
provide a convenient method for forecasting the gas chromatographic peak widths of organic compounds in the
same homologous series with known identities at various iso-temperatures GC. In addition, the relationship
between ln p´ and natural logarithm of retention factor (ln k´) can be described by ln p´ = ln k´+C where C is
constant. The r2 for n-alkanes is higher than 0.9990.

Keywords : Peak Width / Width Factor / Retention  Factor / Gas Chromatography
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1. ∫∑π”

°“√°√–®“¬‚´π¢Õß “√„π‚§√¡“‚µ°√“øï “¡“√∂·æ√à°√–®“¬‰¥âÕ‘ √–∑”„Àâæ’§¢Õß “√∑’Ë‰¥â¡’≈—°…≥–°«â“ß

·≈–¡’º≈‡ ’¬µàÕ°“√·¬° “√‡ªìπÕ¬à“ß¡“° ¥—ßµ—«Õ¬à“ß„π√Ÿª∑’Ë 1  “√ A ·≈– B ®–∂Ÿ°™–ÕÕ°®“°§Õ≈—¡πå„π‡«≈“∑’Ë

‡∑à“°—π∑—Èß “¡ ¿“«– „π√Ÿª 1° æ’§∑’Ë‰¥â¡’§«“¡°«â“ß¡“°  “√∑—Èß Õß®÷ß·¬°ÕÕ°®“°°—π‡æ’¬ß∫“ß à«π „π√Ÿª 1¢ æ’§

¡’§«“¡°«â“ßª“π°≈“ß  “√∑—Èß Õß®÷ß·¬°ÕÕ°®“°°—πæÕ¥’  à«π„π√Ÿª 1§ æ’§∑’Ë‰¥â·§∫¡“°  “√ A ·≈– B ®÷ß·¬°

ÕÕ°®“°°—π‰¥â¥’¡“°Ê [1] ªí®®—¬ ”§—≠∑’Ë®–∑”„Àâ‚´π·ºà¢¬“¬ÕÕ°π—Èπ Õ“®·¬°ÕÕ°‰¥â‡ªìπ 3 ™π‘¥§◊Õ

1. °“√·æ√à°√–®“¬·∫∫∏√√¡¥“ (ordinary diffusion) ‡°‘¥®“°°“√‡§≈◊ËÕπ∑’Ë¢Õß‚¡‡≈°ÿ≈„π≈—°…≥–‰¡à¡’

√–‡∫’¬∫ (random) ‡§≈◊ËÕπ∑’Ë®“°∑’ËÊ ¡’§«“¡‡¢â¡¢âπ Ÿß°«à“‰ª¬—ß∑’ËÊ ¡’§«“¡‡¢â¡¢âπµË”°«à“

2. °“√·æ√à°√–®“¬·∫∫«π (eddy diffusion) ‡°‘¥®“°°“√‡§≈◊ËÕπ∑’Ë¢Õß “√‰ª Ÿà®ÿ¥À¡“¬ª≈“¬∑“ß∑’Ë‰¡à

‡∑à“°—π„π§Õ≈—¡πå À√◊Õ∫π°√–¥“…°√Õß

3. °“√·æ√à°√–®“¬∑’Ë‡°‘¥®“°§«“¡‰¡à ¡¥ÿ≈‡©æ“–®ÿ¥ (local non-equilibrium) ∫“ß·Ààß„™â°“√·æ√à°√–®“¬

∑’Ë‡°‘¥®“°·√ßµâ“π°“√∂à“¬‡∑¡«≈ (resistant to mass transfer) ∂â“π”‡Õ“§«“¡‡¢â¡¢âπ¢Õß “√ ≥ ®ÿ¥µà“ßÊ „π‚´π

Àπ÷ËßÊ ¡“‡¢’¬π°√“ø®–‰¥â°√“ø√Ÿª√–¶—ß (gaussian curve) ¥—ß√Ÿª∑’Ë 2 ∑’Ë®ÿ¥°÷Ëß°≈“ß‚´π®–¡’§«“¡‡¢â¡¢âπ “√ Ÿß ÿ¥

·≈–≈¥πâÕ¬≈ßµ“¡≈”¥—∫ ∑—Èß∫√‘‡«≥¥â“πÀπâ“·≈–¥â“πÀ≈—ß¢Õß‚´π À“°æ‘®“√≥“¥â“πÀπâ“¢Õß‚´π´÷Ëß¡’§«“¡‡¢â¡

¢âππâÕ¬°«à“µ√ß°≈“ß‚´π «—Ø¿“§‡§≈◊ËÕπ∑’Ë®–æ“ “√∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß°«à“‰ª¬—ß∫√‘‡«≥∑’Ë¡’§«“¡‡¢â¡¢âπµË”°«à“  “√

®–∂Ÿ°∂à“¬‡∑®“°«—Ø¿“§‡§≈◊ËÕπ∑’Ë‡¢â“ Ÿà«—Ø¿“§π‘ËßÕ¬à“ß√«¥‡√Á« ∂â“„Àâ«—Ø¿“§‡§≈◊ËÕπ∑’ËÀ¬ÿ¥‰À≈™—Ë«¢≥– °“√‡√’¬ßµ—«

¢Õß “√√–À«à“ß«—Ø¿“§∑—Èß Õß®–∂÷ß®ÿ¥ ¡¥ÿ≈ ·µà°“√∑”‚§√¡“‚µ°√“øïπ—Èπ «—Ø¿“§‡§≈◊ËÕπ∑’Ë®–‰À≈Õ¬à“ß√«¥‡√Á«

µ≈Õ¥‡«≈“ ¥—ßπ—Èπ°“√‡√’¬ßµ—«¢Õß “√√–À«à“ß«—Ø¿“§∑—Èß Õß¬—ß‰¡à∑—π∂÷ß®ÿ¥ ¡¥ÿ≈∑’Ë·∑â®√‘ß À“°Õ—µ√“‰À≈¢Õß«—Ø¿“§

‡§≈◊ËÕπ∑’Ë¬‘Ëß Ÿß °“√‡√’¬ßµ—«¢Õß‚¡‡≈°ÿ≈√–À«à“ß«—Ø¿“§π‘Ëß·≈–«—Ø¿“§‡§≈◊ËÕπ∑’Ë®–Àà“ß‰°≈®“° ¿“«– ¡¥ÿ≈¡“°¢÷Èπ ‡¡◊ËÕ

æ‘®“√≥“¥â“πÀ≈—ß¢Õß‚´πæ∫«à“°“√‡√’¬ßµ—«¢Õß “√√–À«à“ß«—Ø¿“§∑—Èß Õß¬—ß‰¡à∑—π∂÷ß®ÿ¥ ¡¥ÿ≈∑’Ë·∑â®√‘ß‡™àπ‡¥’¬«°—π

√Ÿª∑’Ë 1  ¿“æ®”≈Õß°“√·¬° “√ · ¥ß∂÷ß§«“¡°«â“ß¢Õßæ’§∑’Ë®– àßº≈µàÕ°“√·¬° “√
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ª√“°Ø°“√≥å§«“¡‰¡à ¡¥ÿ≈‡©æ“–®ÿ¥π’È®–‡°‘¥æ√âÕ¡Ê °—∫°“√·æ√à°√–®“¬·∫∫∏√√¡¥“·≈–·∫∫«π

ª√“°Ø°“√≥å∑—Èß “¡π’È‡ªìπª√“°Ø°“√≥å∑’Ë‰¡àª√“√∂π“ ¥—ßπ—Èπ°“√∑”‚§√¡“‚µ°√“øï∑—Ë«‰ª®–µâÕßæ¬“¬“¡≈¥°“√·æ√à

°√–®“¬∑—Èß “¡≈ß„Àâ‡À≈◊ÕπâÕ¬∑’Ë ÿ¥

´÷Ëß‚¥¬∑—Ë«‰ª§à“°“√·æ√à°√–®“¬‚´π¢Õß “√  “¡“√∂«—¥‰¥â®“°§à“§«“¡°«â“ßæ’§¢Õß “√ (peak width, w
R
)

À√◊Õ§à“§«“¡·ª√ª√«π¢Õßæ’§√Ÿª√–¶—ß (peak variance, σ2) ´÷Ëß§à“ σ ‡ªìπøíß°å™—π°—∫§à“§«“¡°«â“ßæ’§¡’§à“‡∑à“°—∫

    ‚¥¬ w
R
 ‡ªìπ°“√«—¥®“°°“√≈“°‡ âπ —¡º— ®“°¥â“π∑—Èß Õß¢Õßæ’§‰ªµ—¥°—∫‡ âπ∞“π À√◊Õ°≈à“«‰¥â«à“§à“ w

R
 ¡’

§«“¡ ”§—≠µàÕ°“√ª√–‡¡‘πª√– ‘∑∏‘¿“æ¢Õß√–∫∫ ·≈–Õ”π“®°“√·¬° “√ÕÕ°®“°°—π ´÷Ëß “¡“√∂· ¥ß§«“¡

 —¡æ—π∏å‡™‘ß ¡°“√‰¥â¥—ßπ’È

1) ª√– ‘∑∏‘¿“æ¢Õß√–∫∫

ß“π«‘®—¬∑’Ëºà“π¡“π‘¬¡„™â§à“§«“¡ Ÿß‡∑’¬∫‡∑à“Àπ÷Ëß‡æ≈∑∑ƒ…Æ’ (height equivalent to a theoretical plate,

H) [3]-[7] À√◊Õ §à“®”π«π‡æ≈∑∑ƒ…Æ’ (theoretical plate, N) ‡ªìπµ—««—¥ª√– ‘∑∏‘¿“æ¢Õß√–∫∫ GC ¥—ß ¡°“√∑’Ë 1

·≈– 2 µ“¡≈”¥—∫

√Ÿª∑’Ë 2  §«“¡‡¢â¡¢âπ¢Õß “√„π«—Ø¿“§‡§≈◊ËÕπ∑’Ë„π ¿“«– ¡¥ÿ≈·≈– ¿“«–∑’Ë·∑â®√‘ß [2]

‚¥¬ L §◊Õ §«“¡¬“«§Õ≈—¡πå ∑—Èß§à“ σ2 ·≈– L ®–Õ¬Ÿà„πÀπà«¬§«“¡¬“« ‡¡◊ËÕÀ“√¥â«¬§«“¡‡√Á«¢Õß

«—Ø¿“§‡§≈◊ËÕπ∑’Ë®–‡ª≈’Ë¬π¡“Õ¬Ÿà„πÀπà«¬¢Õß‡«≈“ (§«“¡‡√Á« = √–¬–∑“ß / ‡«≈“) ‡¢’¬π ¡°“√„À¡à‰¥â¥—ßπ’È

(1)

(2)

H
L
σ2

H ==

=

H
L

σ2
L

2

w
R

4



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2546 417

2) Õ”π“®°“√·¬° “√ (resolution, Rs) π‘¬“¡‰¥âµ“¡ ¡°“√

‚¥¬ tR(1) §◊Õ §à“‡«≈“§ß§â“ß‰¡àª√—∫·°â¢Õß “√µ—«Õ¬à“ß∑’Ë 1

tR(2) §◊Õ §à“‡«≈“§ß§â“ß‰¡àª√—∫·°â¢Õß “√µ—«Õ¬à“ß∑’Ë 2

wR(1) §◊Õ §à“§«“¡°«â“ßæ’§‰¡àª√—∫·°â¢Õß “√µ—«Õ¬à“ß∑’Ë 1

wR(2) §◊Õ §à“§«“¡°«â“ßæ’§‰¡àª√—∫·°â¢Õß “√µ—«Õ¬à“ß∑’Ë 2

®“°§«“¡ ”§—≠¢Õß§à“ wR ®÷ß¡’ºŸâ π„®∑”°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“ wR °—∫æ“√“¡‘‡µÕ√åµà“ßÊ

¥—ß‡™àπ Kaiser [8] ‰¥â‡ πÕ§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß§à“§«“¡°«â“ßæ’§ ∑’Ë§√÷Ëß§«“¡ Ÿß (width at half height,

wh) °—∫§à“µ—«ª√–°Õ∫§ß§â“ß (retention factor, k´) ¥—ß ¡°“√ (6) ·≈– (7)

‚¥¬ tM §◊Õ §à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß

(3)

(4)

(5)

(6)

‚¥¬ e ·≈– f §◊Õ§à“§ß∑’Ë Õ¬à“ß‰√°Áµ“¡ wh ·≈– k´ ¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß‡æ’¬ß∫“ß°√≥’‡∑à“π—Èπ [4]

µàÕ¡“ Smuts ·≈–§≥– [5][6] ‰¥â‡ πÕ§«“¡ —¡æ—π∏å√–À«à“ß§à“ σ2 °—∫§à“ (1+k´)2 ´÷Ëß„Àâ§«“¡ —¡æ—π∏å∑’Ë‡ªìπ

 ¡°“√‡ âπµ√ß¡“°°«à“ πÕ°®“°π’È Fritz ·≈– Scott [9]  ‰¥â‡ πÕ§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß√–À«à“ß§à“ σ2 °—∫§à“ k´

(1+k´) ·≈– Shen ·≈– Lee [10] ‰¥â‡ πÕ§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß√–À«à“ß§à“ wR °—∫ tR ¢Õß “√πÕ√å¡—≈Õ—≈‡§π

∑’Ë¡’®”π«π§“√å∫Õπµ—Èß·µà 8-16 Õ–µÕ¡ ́ ÷Ëß®–‡ÀÁπ«à“®“°ß“π«‘®—¬∑’Ëºà“π¡“‡ªìπ°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“ wR

°—∫ tR ¢Õß “√‡∑à“π—Èπ ¬—ß‰¡à¡’ß“π«‘®—¬„¥∑’Ë»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“ wR °—∫®”π«π§“√å∫Õπ (n) ¢Õß “√¥—ßπ—Èπ

„π∫∑§«“¡π’È‰¥â‡ πÕ§«“¡ —¡æ—π∏å„À¡à√–À«à“ß§à“ wR °—∫ n ¢Õß “√ ·≈–‡ πÕ§«“¡ —¡æ—π∏å√–À«à“ß§à“ wR ·≈–

tR ¢Õß “√„π√Ÿª§«“¡ —¡æ—π∏å√–À«à“ß§à“ ln p´ (p´ = width factor) °—∫§à“ ln k´ ´÷Ëß„Àâ§«“¡ —¡æ—π∏å∑’Ë‡ªìπ

 ¡°“√‡ âπµ√ß¡“°°«à“ß“π«‘®—¬∑’Ëºà“π¡“

(7)wh e+fk'=

H

H =

=
L.wR

16tR

wR

16tR

RS 2
tR(2)

-tR(1)

wR(2)
+wR(1)

=

k'
tR

tM

-tM=
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2. ∑ƒ…Æ’

 ¡°“√ (4) · ¥ß§à“ N (®”π«π‡æ≈∑∑ƒ…Æ’‰¡àª√—∫·°â) ́ ÷Ëß‡ªìπ°“√«—¥®”π«π‡æ≈∑∑ƒ…Æ’¢Õß√–∫∫ µàÕ¡“

Purnell [11] ‰¥â‡ πÕ§à“ N effective (Neff) ¥—ß ¡°“√ (8)

(8)

‡¡◊ËÕ‡¢’¬π°√“ø√–À«à“ß®”π«π‡æ≈∑∑ƒ…Æ’ µ“¡ ¡°“√ (4) ·≈– ¡°“√ (8) °—∫§à“ k´ ®–‰¥â°√“ø√Ÿª∑’Ë 3

π—Ëπ§◊Õ∑’Ë k´ ¡’§à“¡“°Ê N ·≈– Neff ®–¡’§à“„°≈â‡§’¬ß°—π „π¢≥–∑’Ë k´ ¡’§à“µË” Ê N ®–¡’§à“ Ÿß ·µà Neff ®–

¡’§à“µË” ‡π◊ËÕß®“°µâÕßÀ—°§à“ tM ÕÕ°‰ª ¥—ßπ—Èπ „πªï §.». 2001 [12] ‡√“‰¥â‡ πÕ ¡°“√ (9)

√Ÿª∑’Ë 3 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“®”π«π‡æ≈∑∑ƒ…Æ’°—∫§à“ k´

(9)

‚¥¬ N´ = §à“®”π«π‡æ≈∑∑ƒ…Æ’ª√—∫·°â (adjusted plate number)

      wM = §à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ßÀ√◊ÕÕ“°“»À√◊Õ·°ä π’ÕÕπ (hold up width)

π”§à“         §Ÿ≥ ¡°“√ (9) ®–‰¥â

(10)

(11)

N' =
tR tM
wR wM

16

N' =
tR tMwM wM

tM tMwMwR

16

N' =
k'wM

tM p'
16À√◊Õ

wM

tM

N

Neff

wR

Neff

tR tM=
16
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‚¥¬  p´ §◊Õ µ—«ª√–°Õ∫§ß§â“ß¢Õß§«“¡°«â“ßæ’§¢Õß “√ (width factor) ¡’§à“‡∑à“°—∫

„ à§à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘ (natural logarithm) „π ¡°“√ (11) ®–‰¥â§«“¡ —¡æ—π∏å√–À«à“ß§à“ ln p´ ·≈– ln k´

¥—ß ¡°“√ (12)

·≈–®“°§«“¡ —¡æ—π∏å√–À«à“ß§à“µ—«ª√–°Õ∫§ß§â“ß (k´) °—∫ ®”π«π§“√å∫Õπ (n) ·≈–Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå (T) ‡ªìπ

‰ªµ“¡ ¡°“√¢Õß Krisnangkura ·≈–§≥– [13] ¥—ßπ’È

(12)

(13)

R §◊Õ §à“§ßµ—«¢Õß°ä“´ (universal gas constant)

β §◊Õ Õ—µ√“ à«πª√‘¡“µ√«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕ«—Ø¿“§π‘Ëß

∆H
0 §◊Õ §à“‡Õπ∑—≈ªï¡“µ√∞“π¢Õß°“√≈–≈“¬ (standard enthalpy)

∆S
0 §◊Õ §à“‡Õπ‚∑√ªï¡“µ√∞“π¢Õß°“√≈–≈“¬ (standard entropy)

δH §◊Õ §à“‡Õπ∑—≈ªï∑’Ë‡ª≈’Ë¬π‰ªµàÕÀπ÷ËßÀπà«¬‡¡∑‘≈’π (enthalpy per methylene unit)

δS §◊Õ §à“‡Õπ‚∑√ªï∑’Ë‡ª≈’Ë¬π‰ªµàÕÀπ÷ËßÀπà«¬‡¡∑‘≈’π (entropy per methylene unit)

(14)

∑’ËÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå (T) §ß∑’Ë  ¡°“√ (15)  ≈¥√Ÿª≈ß‡À≈◊Õ

(15)

·∑π§à“ k´ ®“° ¡°“√ (14) ≈ß„π ¡°“√ (13) ®–‰¥â

‚¥¬ a˝ ·≈– b˝ §◊Õ §à“§ß∑’Ë (constant) À“‰¥â®“°°“√‡¢’¬π°√“ø√–À«à“ß§à“ ln p´ °—∫ n ®–‰¥â§à“

§«“¡™—π‡ªìπ b˝ ·≈–®ÿ¥µ—¥·°π y ‡ªìπ a˝ §”π«≥‚¥¬„™â Microsoft Excel version 8.0

π—Ëπ§◊Õ ln p´ ·≈– n ¡’§«“¡ —¡æ—π∏å‡ªìπ‡™‘ß‡ âπµ√ß

(16)

wM

wM

wR

In p' a"+b"n=

In p' In k' + In=

In p' In k' + Inγ=

γ =

4tM
N1/2 .wM

4tM
N1/2 .wM

À√◊Õ

‚¥¬

In k' a+bn+
c
T

dn
T

In β, b ,c ·≈– d =

=

a = = =∆S0

R

∆H0

R

δS

R

δH

R
‚¥¬

+

In p' A+bn+ +=
c
T

dn
T

A =‚¥¬ a+Inγ
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3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

3.1  “√µ—«Õ¬à“ß

 “√µ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥≈Õß ‰¥â·°à °√¥‰¢¡—π‡¡∑‘≈‡Õ ‡∑Õ√å (fatty acid methyl esters, FAMEs)

‰¢¡—π·Õ≈°ÕŒÕ≈å ·≈–πÕ√å¡—≈·Õ≈·§π ‡ªìπ “√¡“µ√∞“π®“°∫√‘…—∑´‘°¡“‡§¡‘§Õ≈ (‡´πÀ≈ÿ¬ å  À√—∞Õ‡¡√‘°“) §Õ≈—¡πå

HT-5 ·∫∫·§æ‘≈≈“√’ (¢π“¥ 25 ‡¡µ√ x ‡ âπºà“π»Ÿπ¬å°≈“ß 0.32 ¡¡.) ∫√‘…—∑ ́ ÿ‡æ≈‚° (‡æπ ‘́≈«“‡π’¬  À√—∞Õ‡¡√‘°“)

3.2 ·°ä ‚§√¡“‚µ°√“øï

‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“ø√ÿàπ Shimadzu 14A ¡’µ—«µ√«®«—¥·∫∫π”§«“¡√âÕπ (thermal conductiv-

ity detector, TCD) ·≈–·∫∫‡ø≈¡‰ÕÕÕ‡´™—π (flame ionization detector, FID) µàÕæà«ß°—∫‡§√◊ËÕßª√–¡«≈º≈ C-

R4A (∑—ÈßÀ¡¥¢Õß∫√‘…—∑™‘¡—¥´÷ ª√–‡∑»≠’ËªÿÉπ) °“√·¬°«‘‡§√“–Àå “√∑”‚¥¬§Õ≈—¡πå·∫∫·§æ‘≈≈“√’ Õ—µ√“°“√‰À≈

¢Õß·°ä Œ’‡≈’Ë¬¡ (·°ä µ—«æ“) 0.85-1.15 ¡‘≈≈‘‡¡µ√/π“∑’ ·≈–‡µ‘¡·°ä µ—«æ“ºà“π‡¢â“‡´≈≈åÕâ“ßÕ‘ß·≈–‡´≈≈åµ—«Õ¬à“ß

„π‡§√◊ËÕßµ√«®«—¥·∫∫ TCD „Àâ¡’Õ—µ√“°“√‰À≈ 25 ¡‘≈≈‘‡¡µ√/π“∑’ „™âª√‘¡“≥°√–· ‰øøÑ“ 100 ¡‘≈≈‘·Õ¡·ª√å Õÿ≥À¿Ÿ¡‘

∫√‘‡«≥‡§√◊ËÕß©’¥ “√·≈–‡§√◊ËÕßµ√«®«—¥ 230 Ì´

4. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈

4.1 §«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡°«â“ßæ’§¢Õß “√ (peak width, wR) °—∫®”π«π§“√å∫Õπ (n)

µ“√“ß∑’Ë 1 · ¥ß§à“ ln p´ ¢Õß “√πÕ√å¡—≈Õ—≈‡§π∑’Ë¡’®”π«π§“√å∫Õπ 8-12 Õ–µÕ¡ ∫π§Õ≈—¡πå HT-

5 ¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ TCD ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµ—Èß·µà 80-100 Ì´ „π°“√∑¥≈Õßπ’È«—¥§à“§«“¡°«â“ßæ’§¢Õß

 “√‰¡à§ß§â“ß (hold up width, wM) ®“°æ’§¢Õß·°ä π’ÕÕπ (wO) ∑—Èßπ’È‡π◊ËÕß®“°·°ä π’ÕÕπ„Àâ§à“‡«≈“§ß§â“ß¢Õß

 “√πâÕ¬∑’Ë ÿ¥·≈–π‘¬¡„™â‡ªìπµ—««—¥§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß (hold up time, tM) [14][15]

µ“√“ß∑’Ë 1  ln p´ ¢Õß “√πÕ√å¡—≈Õ—≈‡§π∫π§Õ≈—¡πå HT-5 ∑’ËÕÿ≥À¿Ÿ¡‘ 80-100 Ì´ ¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ TCD

* §◊Õ§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°§à“§«“¡°«â“ßæ’§¢Õß·°ä π’ÕÕπ

®”π«π

§“√å∫Õπ

8

9

10

11

12

wO* («‘π“∑’)

Intercept

slope

r2

 §à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§«“¡°«â“ßæ’§ ((((( ln     p´)))))
80 Ì́

-0.886

-0.195

0.543

1.247

1.961

3.400

-6.602

0.714

0.9999

85 Ì́

-1.117

-0.463

0.194

0.868

1.534

3.450

-6.431

0.663

0.99997

90 Ì́

-1.444

-0.761

-0.054

0.615

1.240

3.529

-6.825

0.674

0.9997

95 Ì́

-1.523

-0.879

-0.083

0.573

1.243

3.573

-7.116

0.698

0.9989

100 Ì´

-1.598

-0.982

-0.451

0.164

0.731

3.552

-6.231

0.580

0.9996
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º≈°“√∑¥≈Õß®“°µ“√“ß∑’Ë 1 æ∫«à“§«“¡ —¡æ—π∏å√–À«à“ß§à“ In p´ ·≈– n ¢Õß “√πÕ√å¡—≈Õ—≈‡§π

‡ªìπ°√“ø‡ âπµ√ß∑’Ë∑ÿ°Õÿ≥À¿Ÿ¡‘ æ‘®“√≥“®“°§à“ r2 ∑’Ë¡’§à“¡“°°«à“ 0.9989 ¥—ßπ—Èπ “¡“√∂ √ÿª‰¥â«à“§«“¡ —¡æ—π∏å

√–À«à“ß§à“ In p´ ·≈– n ‡ªìπ ¡°“√‡ âπµ√ßµ“¡ ¡°“√ (16) §à“§«“¡™—π·≈–®ÿ¥µ—¥·°π y ¢Õß “√·µà≈–

Õπÿ°√¡øíß°å™—π‰¥â· ¥ß„πµ“√“ß‡¥’¬«°—π

®“° ¡°“√ (16)  “¡“√∂∑”π“¬§à“ wR ¢Õß “√∑’Ë¡’®”π«π§“√å∫Õπ (n) µà“ß Ê „πÕπÿ°√¡øíß°å™—π

‡¥’¬«°—π‰¥â ‡¡◊ËÕ∑√“∫§à“§ß∑’Ë a˝ ·≈– b˝ ¥—ßπ—Èπ§«“¡ —¡æ—π∏åπ’ÈÀ“°π”‰ª„™â√à«¡°—∫ ¡°“√¢Õß James ·≈– Martin

[16] ´÷Ëß “¡“√∂∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√ (tR) ‰¥â¥—ß ¡°“√ (17)

°Á®– “¡“√∂∑”π“¬§à“Õ”π“®°“√·¬° (resolution, RS) ¢Õß “√ 2 µ—«∑’ËÕ¬Ÿà„°≈â°—π‰¥â ´÷Ëß∑”„Àâ∑√“∫«à“

 “√∑—Èß Õßπ—Èπ®– “¡“√∂·¬°ÕÕ°®“°°—π‰¥â®π∂÷ß‡ âπ∞“π (base line) À√◊Õ‰¡à µ“¡ ¿“«–∑’Ë°”Àπ¥‰«â‚¥¬‰¡àµâÕß

‡ ’¬‡«≈“∑”°“√∑¥≈Õß¥â«¬ GC

Õ¬à“ß‰√°Áµ“¡ °“√∑”π“¬§à“ wR ¢Õß “√®“° ¡°“√ (16) π’È„™â‰¥â∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’ËÀπ÷ËßÊ ‡∑à“π—Èπ

‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘°“√∑¥≈Õß°Á®–µâÕß∑”°“√À“§«“¡ —¡æ—π∏å√–À«à“ß§à“ In p´ °—∫ n ¢Õß “√„À¡à ¥—ß

π—Èπ®÷ß¡’¢âÕ‡ πÕ·π–«à“∂â“∑”°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“ In p´ ·≈–Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå (T) ·≈â«π”‰ª

ª√–¬ÿ°µå√à«¡°—∫ ¡°“√ (16) °Áπà“®–π”¡“„™â∑”π“¬§à“ wR ¢Õß “√∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ëµà“ßÊ ‰¥â ·≈– “¡“√∂¢¬“¬

ß“π«‘®—¬‰ª¬—ß ¿“«–‚ª√·°√¡Õÿ≥À¿Ÿ¡‘‰¥âÕ’°¥â«¬

∂÷ß·¡â«à“·°ä π’ÕÕπ®–‡ªìπ “√∑’Ëπ‘¬¡Õ¬à“ß°«â“ß¢«“ß ”À√—∫«—¥À“§à“ tM ·µà°Á¡’¢âÕ¥âÕ¬ §◊Õ ·°ä 

π’ÕÕπ‰¡à “¡“√∂µ√«®«—¥‰¥â¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ FID ´÷Ëß‡ªìπ‡§√◊ËÕßµ√«®«—¥∑’Ëπ‘¬¡„™âÕ¬à“ß°«â“ß¢«“ß ¬‘Ëß°«à“

π—Èπ°“√«‘‡§√“–Àå  “√∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå ŸßÊ æ∫«à“ ·°ä π’ÕÕπ‰¡à “¡“√∂·¬°ÕÕ°®“°æ’§¢Õß “√µ—«Õ¬à“ß

À√◊Õ·¬°ÕÕ°‰¥â‡æ’¬ß∫“ß à«π (co-eluted) ‡∑à“π—Èπ ´÷Ëß®–∑”„Àâ‡°‘¥§«“¡¬ÿàß¬“°‡ªìπÕ¬à“ß¡“°µàÕ°“√«—¥§«“¡°«â“ß

æ’§¢Õß “√ „π°√≥’¢Õß§à“‡«≈“§ß§â“ß¡’°“√»÷°…“À“«‘∏’°“√§”π«≥∑“ß§≥‘µ»“ µ√åÕ¬ŸàÀ≈“¬«‘∏’‡æ◊ËÕ„™â ”À√—∫

∑”π“¬À“§à“ tM [17]-[21] ®“°°“√»÷°…“¢Õß Wainright ·≈– Haken [18] æ∫«à“ °“√∑”π“¬§à“ tM ¥â«¬«‘∏’°“√

∑”∑«π´È” (iterative method) ¢Õß Guardino ·≈–§≥– [17]  “¡“√∂§”π«≥§à“ tM ‰¥â∂Ÿ°µâÕß·≈–·¡àπ¬” ¥—ß

π—Èπ„π°“√∑¥≈ÕßµÕπ∑’Ë 2 ®–»÷°…“À“«‘∏’°“√§”π«≥§à“ wM ‚¥¬°“√¥—¥·ª≈ß¡“®“°«‘∏’¢Õß Guardino ·≈–§≥–

4.2 °“√§”π«≥§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß (hold up width, wM)

®“° ¡°“√ (16) π”¡“ª√–¬ÿ°µå√à«¡°—∫À≈—°°“√∑”∑«π´È”¢Õß Guardino ·≈–§≥– [17] π”¡“

¥—¥·ª≈ß ”À√—∫§”π«≥À“§à“ wM ¥â«¬ Microsoft Excel (Version 8) ‰¥âµ“¡√Ÿª∑’Ë 4 ·≈–¢—ÈπµÕπµàÕ‰ªπ’È

°. „ à®”π«π§“√å∫Õπ (n) ¢Õß “√µ—«Õ¬à“ß„π™àÕß C2 ∂÷ß H2

¢. „ à§à“§«“¡°«â“ßæ’§¢Õß “√ (wR) ∑’Ë‰¥â®“°‚§√¡“‚µ·°√¡„π™àÕß C5 ∂÷ß H5

§.  ¡¡ÿµ‘·∑π§à“ wM ≈ß„π™àÕß B7 ·≈–∑”°“√‡æ‘Ë¡§à“ wM §√—Èß≈– 0.001«‘π“∑’„π™àÕß B8 ®π∂÷ß

™àÕß ÿ¥∑â“¬

(17) In k´ = a´ + b´ n
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ß. §”π«≥§à“§«“¡°«â“ßæ’§¢Õß “√ (™àÕß C5 ∂÷ß H5) „ÀâÕ¬Ÿà„π√Ÿª

‚¥¬· ¥ß§à“ r ‰«â„π™àÕß l ‡æ◊ËÕ„™â ”À√—∫‡≈◊Õ°§à“ wM ∑’Ë·∑π„π ¡°“√·≈â«„Àâ§à“ r  Ÿß ÿ¥ („°≈â‡§’¬ß 1

¡“°∑’Ë ÿ¥) ‡π◊ËÕß®“°§à“ r ∑’Ë§”π«≥‰¥â¡’®ÿ¥∑»π‘¬¡À≈“¬µ”·Àπàß¬“°µàÕ°“√æ‘®“√≥“ ¥—ßπ—Èπ®÷ßæ‘®“√≥“®“°§à“º≈

µà“ß¢Õß§à“ r (∆r) „π§Õ≈—¡πå J ∑’Ë‰¥â®“°°“√·∑π§à“ wM ·≈– wM+0.001 ·≈â«„Àâ§à“º≈µà“ßµË”∑’Ë ÿ¥

(16)

√Ÿª∑’Ë 4 °“√§”π«≥§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß

In p' a"+b"n=

À√◊Õ In p´ ¥—ß· ¥ß§à“„π™àÕß C7 ∂÷ß H7 ‚¥¬„™â§à“ wM ∑’Ë‰¥â®“°°“√ ¡¡ÿµ‘„π™àÕß B7 ·≈–∑”°“√

§”π«≥À“§à“ In p´ ¢Õß “√ ‡™àπ‡¥’¬«°—ππ’È·µà‡ª≈’Ë¬π‡©æ“–§à“ wM  „π·∂«∑’Ë 8 ‰ª®π∂÷ß·∂« ÿ¥∑â“¬

®. æ‘®“√≥“§à“ à«π‡∫’Ë¬ß‡∫π (r) ®“°§«“¡ —¡æ—π∏å√–À«à“ß§à“ In p´ °—∫ n  µ“¡ ¡°“√ (16)

In
wM

wM

wR
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º≈°“√∑¥≈Õß®“°µ“√“ß∑’Ë 2 æ∫«à“§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°·°ä π’ÕÕπ (wo) ·≈–∑’Ë‰¥â

®“°°“√§”π«≥ (wM) ¡’§à“„°≈â‡§’¬ß°—π¡“° ‚¥¬¡’§à“§«“¡·µ°µà“ß Ÿß ÿ¥‡æ’¬ß 0.014 «‘π“∑’ ¥—ßπ—Èπ«‘∏’°“√π’È

 “¡“√∂§”π«≥À“§à“ wM ‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–·¡àπ¬”  “¡“√∂¢¬“¬º≈°“√∑¥≈Õß‚¥¬„™â§à“ wM ∑’Ë‰¥â®“°°“√§”π«≥

‰ª„™â∑”π“¬À“§à“ wR ¢Õß “√ ¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ FID ¥—ßº≈°“√∑¥≈Õß„πµ“√“ß∑’Ë 3 ´÷Ëß· ¥ß§à“ In p´

¢Õß “√πÕ√å¡—≈Õ—≈‡§π FAMEs ·≈–‰¢¡—π·Õ≈°ŒÕ≈å ∫π§Õ≈—¡πå HT-5 ¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ FID ∑’Ë ¿“«–

Õÿ≥À¿Ÿ¡‘§ß∑’Ëµà“ßÊ ‚¥¬„™â§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°°“√§”π«≥

µ“√“ß∑’Ë 2  ‡ª√’¬∫‡∑’¬∫§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°·°ä π’ÕÕπ·≈–°“√§”π«≥

‚¥¬„™â “√πÕ√å¡—≈Õ—≈‡§π ∫π§Õ≈—¡πå HT-5 ¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ TCD

Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå

(Õß»“‡´≈‡´’¬ )

§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß («‘π“∑’)

·°ä π’ÕÕπ (((((wo))))) °“√§”π«≥ (((((wM))))) ∆w*

3.442

3.450

3.529

3.573

3.552

3.452

3.460

3.515

3.572

3.549

-0.010

-0.010

0.014

0.001

0.003

80

85

90

95

100

* §à“§«“¡·µ°µà“ß√–À«à“ß§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°·°ä π’ÕÕπ(wo)·≈–°“√§”π«π (wM)

  µ“√“ß∑’Ë 3 §à“ In p´ ¢Õß “√πÕ√å¡—≈Õ—≈‡§π FAMEs ·≈–‰¢¡—π·Õ≈°ÕŒÕ≈å ∫π§Õ≈—¡πå HT-5

¥â«¬‡§√◊ËÕßµ√«®«—¥·∫∫ FID

πÕ√å¡—≈

Õ—≈‡§π

C16

C17

C18

C19

C20

C21

C22

wM* («‘π“∑’)

Intercept

slope

r2

170 Ì´

In     p´

0.196

0.636

1.065

1.534

1.960

2.395

2.843

6.690

-6.863

0.441

0.9999

FAMEs

C16

C17

C18

C19

C20

C22

wM* («‘π“∑’)

Intercept

slope

r2

200 Ì´

In     p´

0.342

0.708

1.085

1.414

1.760

2.513

8.092

-5.400

0.359

0.9996

200 Ì´

In     p´

-0.720

0.020

0.723

1.411

2.182

3.697

-5.033

0.360

0.9997

‰¢¡—π

·Õ≈°ÕŒÕ≈ å

C12

C14

C16

C18

C20

wM* («‘π“∑’)

Intercept

slope

r2

* §◊Õ§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß∑’Ë‰¥â®“°°“√§”π«≥
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º≈°“√∑¥≈Õß®“°µ“√“ß∑’Ë 3 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ In p´ ·≈– n ¢Õß “√πÕ√å¡—≈Õ—≈‡§π

FAMEs ·≈– ‰¢¡—π·Õ≈°ÕŒÕ≈å ∑’Ë„™â§à“§«“¡°«â“ßæ’§¢Õß “√‰¡à§ß§â“ß®“°°“√§”π«≥ æ∫«à“„Àâ§«“¡ —¡æ—π∏å

 Õ¥§≈âÕßµ“¡ ¡°“√ (16) ‚¥¬¡’§à“ r2 ¢Õß “√∑—Èß 3 À¡Ÿàøíß°å™—π ¡“°°«à“ 0.9996

4.3 §«“¡ —¡æ—π∏å√–À«à“ß§à“ In     p´ ·≈– In     k´      ¢Õß “√

®“° ¡°“√ (13) · ¥ß§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß√–À«à“ß§à“ In p´ ·≈– In k´ ´÷Ëß‡ªìπÕ’°√Ÿª·∫∫

Àπ÷Ëß∑’Ë„™â· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“ wR ·≈– tR ¢Õß “√‰¥â ¥—ßπ—Èπ„π°“√∑¥≈ÕßµÕπ∑’Ë 3 ‰¥â∑”°“√»÷°…“§«“¡

 —¡æ—π∏å√–À«à“ß§à“ In p´ °—∫ In k´ ¢ÕßπÕ√å¡—≈Õ—≈‡§π∑’Ë¡’®”π«π§“√å∫Õπ 8-12 Õ–µÕ¡ ∫π§Õ≈—¡πå HT-5 ¥â«¬

‡§√◊ËÕßµ√«®«—¥·∫∫ TCD ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë µ—Èß·µà 80-100 Ì´ ¥—ß· ¥ß¢âÕ¡Ÿ≈‰«â„πµ“√“ß∑’Ë 4

µ“√“ß∑’Ë 4  ¡°“√‡™‘ß‡ âπµ√ß√–À«à“ß§à“ In p´ ·≈– In k´ ¢Õß “√πÕ√å¡—≈Õ—≈‡§π ∫π§Õ≈—¡πå HT-5

∑’ËÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå 80-100 Ì´ ¥â«¬‡§√◊ËÕßµ√«®«—¥ TCD

®“°º≈°“√∑¥≈Õßæ∫«à“§«“¡ —¡æ—π∏å√–À«à“ß§à“ In p´ ·≈– In k´ ‡ªìπ°√“ø‡ âπµ√ß∑’Ë∑ÿ°Õÿ≥À¿Ÿ¡‘

‚¥¬¡’§à“ r2 ¡“°°«à“ 0.99904 ¥—ßπ—Èπ “¡“√∂ √ÿª‰¥â«à“§«“¡ —¡æ—π∏å¥—ß°≈à“«‡ªìπ ¡°“√‡ âπµ√ß¥—ß ¡°“√ (13) ´÷Ëß

 ¡°“√π’È “¡“√∂∑”π“¬§à“ wR ¢Õß “√®“°§à“ tR µà“ßÊ ¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π‰¥â ‡¡◊ËÕ∑√“∫§à“§ßµ—«¢Õß ¡°“√

·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß¢Õß ¡°“√ (13) °—∫ß“π«‘®—¬∑’Ëºà“π¡“ æ∫«à“ ¡°“√ (13) „Àâ§«“¡

 —¡æ—π∏å∑’Ë‡ªìπ ¡°“√‡ âπµ√ß¡“°°«à“ß“π«‘®—¬∑’Ëºà“π¡“ ¥—ß· ¥ß¢âÕ¡Ÿ≈‡ª√’¬∫‡∑’¬∫„πµ“√“ß∑’Ë 5

Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå ( Ì´)

80

85

90

95

100

 ¡°“√ (10)

In p´ = 0.953 In k´ + 0.477 ; r2 = 0.99996

In p´ = 0.914 In k´ + 0.350 ; r2 = 0.99999

In p´ = 0.923 In k´ + 0.284 ; r2 = 0.99977

In p´ = 1.001 In k´ + 0.413 ; r2 = 0.99904

In p´ = 0.852 In k´ + 0.173 ; r2 = 0.99957
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‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß®“°µ“√“ß∑’Ë 4 ·≈– 5 ®–‡ÀÁπ«à“§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß¢Õß ¡°“√ (13) „Àâ

§à“ r2 ¡“°°«à“ ¡°“√®“°ß“π«‘®—¬∑’Ëºà“π¡“ ∑’Ë∑ÿ°Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå πÕ°®“°π’È¬—ßæ∫«à“ ¡°“√¢Õß Kaiser [8] ¡’

§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß‡æ’¬ß∫“ß°√≥’‡∑à“π—Èπ [4] ‡™àπ‡¥’¬«°—∫º≈∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È æ∫«à“ ¡°“√¢Õß Kaiser

[8] ·≈–  ¡°“√¢Õß Shen ·≈– Lee [10] „Àâ§à“ r2 ≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå Ÿß¢÷Èπ À√◊Õ°≈à“«‰¥â«à“‡¡◊ËÕ “√§ß§â“ß

Õ¬Ÿà„π§Õ≈—¡πåπâÕ¬≈ß (tR  —ÈπÊ) §«“¡‡ªìπ‡ âπµ√ß¢Õß ¡°“√®–≈¥≈ß ¥—ßπ—Èπ§«“¡ —¡æ—π∏å¢Õß∑—Èß Õß ¡°“√π’È®–¡’

ªí≠À“À“°π”‰ª„™â°—∫ GC Õ¬à“ß√«¥‡√Á« ´÷Ëß “√®–„™â‡«≈“§ß§â“ß„π§Õ≈—¡πå‡æ’¬ß‰¡à°’Ë«‘π“∑’‡∑à“π—Èπ

5.  √ÿª

ß“π«‘®—¬π’È‰¥âæ∫§«“¡ —¡æ—π∏å„À¡à√–À«à“ß§à“ In p´ °—∫ n ·≈– “¡“√∂π”‰ª„™â∑”π“¬À“§à“§«“¡°«â“ß

æ’§¢Õß “√„πÕπÿ°√¡‡¥’¬«°—π∑’Ë®”π«π§“√å∫Õπµà“ßÊ ‰¥â πÕ°®“°π’È¬—ßæ∫§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß§à“ In p´ °—∫

§à“ In k´ ¢Õß “√‰¥â‡ªìπ°√“ø‡ âπµ√ß

6. °‘µµ‘°√√¡ª√–‡∑»

ºŸâ«‘®—¬¢Õ· ¥ß§«“¡¢Õ∫§ÿ≥  ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬ (The Thailand Research Fund) ∑’Ë

„Àâ°“√ π—∫ πÿπ∑ÿπ«‘®—¬

µ“√“ß∑’Ë 5   ¡°“√‡™‘ß‡ âπµ√ßµà“ß Ê ®“°ß“π«‘®—¬∑’Ëºà“π¡“√–À«à“ß§à“ wR ·≈– tR („π√Ÿª·∫∫µà“ßÊ)

¢Õß “√πÕ√å¡—≈Õ—≈‡§π ∫π§Õ≈—¡πå HT-5 ∑’ËÕÿ≥À¿Ÿ¡‘§Õ≈—¡πå 80-100 Ì´ ¥â«¬‡§√◊ËÕßµ√«®«—¥ TCD

Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå

( Ì´)

80

85

90

95

100

 ¡°“√‡™‘ß‡ âπµ√ßµà“ßÊ ®“°ß“π«‘®—¬∑’Ëºà“π¡“

wR = = = = =a+bk´ [8] [8] [8] [8] [8]

y = 4.7096x + 2.1793;

r2 = 0.99870

y = 3.7525x + 2.5506;

r2 = 0.99748

y = 3.4119x + 2.7586;

r2 = 0.99656

y = 4.3006x + 2.6252;

r2 = 0.99267

y = 2.5877x + 3.1017;

r2 = 0.99275

wR = = = = =a+btR [10] [10] [10] [10] [10]

y = 3.8356x - 2.5308;

r2 = 0.99870

y = 3.0052x - 1.1991;

r2 = 0.99749

y = 2.7174x - 0.6549;

r2 = 0.99655

y = 3.4064x - 1.6725;

r2 = 0.99273

y = 2.1253x + 0.5128;

r2 = 0.99275

σσσσσ22222
 vs (1+ vs (1+ vs (1+ vs (1+ vs (1+k´)))))

22222
 [5] [5] [5] [5] [5]

y = 1.1989x - 1.7674;

r2 = 0.99773

y = 0.802x - 0.6803;

r2 = 0.99773

y = 0.687x - 0.3371;

r2 = 0.99784

y = 0.9917x - 0.8343;

r2 = 0.99246

y = 0.4700x + 0.1292;

r2 = 0.99681
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