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∫∑§—¥¬àÕ

 ¡∫—µ‘°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡ªìπ ¡∫—µ‘∑’Ë¡’§«“¡ ”§—≠
µàÕ°“√æ—≤π“ Ÿµ√‡§≈◊Õ∫‡´√“¡‘°À√◊Õ°“√§«∫§ÿ¡§ÿ≥¿“æ
‡§≈◊Õ∫„π°“√º≈‘µ ‡π◊ËÕß®“°‡ªìπ ¡∫—µ‘∑’Ë¡’º≈µàÕ§«“¡·¢Áß·√ß
·≈–§«“¡∑πµàÕ°“√√“π¢Õß‡§≈◊Õ∫ °“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√
¢¬“¬µ—«‡¡◊ËÕ√âÕπ “¡“√∂∑”‚¥¬°“√∑¥ Õ∫¥â«¬ Dilatometer
À√◊Õ°“√§”π«≥®“° à«πª√–°Õ∫¢Õß‡§≈◊Õ∫ „πß“π«‘®—¬π’È‰¥â
 √â“ßµ—«·∫∫∑“ß§≥‘µ»“ µ√å‡æ◊ËÕ· ¥ß§«“¡ —¡æ—π∏å¢Õß
 —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ¢Õß‡§≈◊Õ∫∑¥≈Õß ·°â«
ø√‘µ ·≈–‡§≈◊Õ∫ ”‡√Á®√Ÿª ‚¥¬„™â Dilatometer °—∫‚ª√·°√¡
§”π«≥·°â« 2 ‚ª√·°√¡ (‚ª√·°√¡ A ·≈– B) ¥â«¬°“√«‘‡§√“–Àå
°“√∂¥∂Õ¬ æ∫«à“ ‡¡◊ËÕ yA ·≈– yB ‡∑à“°—∫ 1/ —¡ª√– ‘∑∏‘Ï
°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡ A ·≈– B
°“√„™â‚ª√·°√¡ A ·≈– B „π°“√§”π«≥ ¡∫—µ‘·°â«∑’Ë¡’ à«πº ¡
¢Õß‚´‡¥’¬¡ÕÕ°‰´¥å·≈–´‘≈‘°“„Àâ§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß‚¥¬
¡’ ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yA = 0.1729-0.0073x ¡’§à“ R2

‡∑à“°—∫ 0.9733 ·≈– yB = 0.18-0.0077x  ¡’§à“ R2 ‡∑à“°—∫
0.9734 „°≈â‡§’¬ß°—π  à«π°“√§”π«≥ ¡∫—µ‘ø√‘µ·≈–‡§≈◊Õ∫
∑’Ë¡’ à«πº ¡¢ÕßÕÕ°‰´¥å∑’ËÀ≈“°À≈“¬ æ∫«à“ “¡“√∂Õ∏‘∫“¬
§«“¡º—π·ª√¢Õß°“√§”π«≥¥â«¬‚ª√·°√¡ B ‰¥â¥’°«à“°“√„™â
‚ª√·°√¡ A ¡’ ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yB = 0.2252-
0.0113x ·≈–§à“ R2 ‡∑à“°—∫ 0.8922

Abstract

Thermal expansion is a ceramic glaze property
normally used to develop new glaze or control glaze
quality. This is because the thermal expansion can
affect on the strength and the craze resistance of the
glaze. The thermal expansion of the glaze can be evaluated

by Dilatometer or composition calculation. In this study,
mathematic model was used to study the relationship
between the coefficient of linear thermal expansions
of glazes and glasses, together with, ready to used frits
and glazes from Dilatometer and two glass calculation
programs (Program A and B). The relationship between
the two methods was determined by regression analysis
and coefficient of determination (R2). YA and YB were 1/ the
coefficient of linear thermal expansions from calculation
by Program A and 1/ the coefficient of linear thermal
expansions from calculation by Program B consecutively.
For glasses composed of simple oxides as sodium oxide
and silica, the simple linear regression analysis results
of both programs were similar yA = 0.1729-0.0073x,
R2= 0.973 and yB = 0.18-0.0077x, R2 = 0.973. However,
for frits and glazes which composed of more complex
oxides, the simple linear regression analysis results of
both programs were significantly different. It was
concluded that the linear thermal expansion coefficient
from Dilatometer could be calculated by using Program B
better than by using Program A with the simple linear
regression as yB= 0.2252 - 0.0113x, and R2= 0.892 

1. ∫∑π”
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´÷Ëß°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫µâÕß‡À¡“– ¡°—∫‡π◊ÈÕ¥‘π ‡ªìπ ¡∫—µ‘∑’Ë¡’º≈µàÕ§«“¡·¢Áß·√ß·≈–§«“¡∑πµàÕ°“√√“π¢Õß‡§≈◊Õ∫ ‡™àπ
°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫¡“°°«à“‡π◊ÈÕ¥‘π ‡§≈◊Õ∫Õ“®‡°‘¥°“√√“π‰¥â ·≈–‡¡◊ËÕ°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫πâÕ¬°«à“‡π◊ÈÕ¥‘π
‡§≈◊Õ∫®–Õ¬Ÿà¿“¬„µâ·√ßÕ—¥ ¡’§«“¡·¢Áß·√ß¥’ °“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫ “¡“√∂∑¥ Õ∫¥â«¬‡§√◊ËÕß¡◊Õ«‘∑¬“»“ µ√å Dilatometer
´÷Ëß¡’√“§“ Ÿß „πªí®®ÿ∫—π¡’‚ª√·°√¡°“√§”π«≥ ¡∫—µ‘·°â« ∑’Ë “¡“√∂„™â„π°“√∑”π“¬ ¡∫—µ‘·°â«‰¥â ‡™àπ °“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ ·µà°“√
∑¥≈Õß∑’Ë· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßº≈®“°°“√§”π«≥ ¡∫—µ‘·°â«°—∫º≈°“√∑¥ Õ∫ ¡∫—µ‘‡§≈◊Õ∫‰¡à·æ√àÀ≈“¬ ‚¥¬‡©æ“–„π‡§≈◊Õ∫‰øµË”
√–¥—∫ 1000 Õß»“‡´≈‡ ’́¬  ÷́Ëß‡ªìπ‡§≈◊Õ∫∑’Ë “¡“√∂™à«¬≈¥æ≈—ßß“π„π°“√‡º“·≈–‡ªìπ°√–· ∑’ËºŸâº≈‘µ„Àâ§«“¡ π„®„πªí®®ÿ∫—π

 —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ∑’Ë‰¥â®“°°“√∑¥ Õ∫¥â«¬ Dilatometer ‡ªìπ°“√«—¥¢π“¥∑’Ë‡ª≈’Ë¬πÀ√◊Õ‡æ‘Ë¡¢÷Èπ‡∑’¬∫°—∫Àπà«¬
¢Õß¢π“¥µ—«Õ¬à“ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ 1 Õß»“ ¡’ Ÿµ√

‚¥¬ §◊Õ¢π“¥∑’Ë‡ª≈’Ë¬π·ª≈ß
§◊Õ¢π“¥µ—Èßµâπ
§◊Õ™à«ßÕÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π·ª≈ß

 à«π°“√§”π«≥ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπµâÕßÕ“»—¬ ¡∫—µ‘‡©æ“–¢ÕßÕÕ°‰´¥å·µà≈–µ—« ¡’ Ÿµ√

‚¥¬ §◊Õ√âÕ¬≈–πÈ”Àπ—°¢ÕßÕÕ°‰´¥å·µà≈–™π‘¥
§◊Õ§à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢ÕßÕÕ°‰´¥å·µà≈–™π‘¥

°“√»÷°…“‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘‡§≈◊Õ∫‚¥¬«‘∏’§”π«≥°—∫«‘∏’∑¥ Õ∫∑“ß°“¬¿“æ ®–∑”„Àâ∑√“∫¢âÕ®”°—¥¢Õß°“√„™â‚ª√·°√¡
§”π«≥ À√◊Õ∑”„Àâ “¡“√∂À“§«“¡ —¡æ—π∏å¥—ß°≈à“« ·≈– “¡“√∂∑”π“¬ ¡∫—µ‘‡§≈◊Õ∫°àÕπ≈ß¡◊Õ∑¥≈Õß®√‘ß„πÀâÕßªØ‘∫—µ‘°“√‰¥â
™à«¬≈¥¢—ÈπµÕπÀ√◊Õ‡«≈“„π°“√æ—≤π“ Ÿµ√‡§≈◊Õ∫ ‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√æ—≤π“º≈‘µ¿—≥±å ™à«¬ºŸâº≈‘µ„π°“√≈¥‡«≈“·≈–
§à“„™â®à“¬„π°“√æ—≤π“ Ÿµ√‡§≈◊Õ∫„À¡àÊ µàÕ‰ª

2. «—µ∂ÿ¥‘∫·≈–«‘∏’°“√∑¥≈Õß
2.1 «—µ∂ÿ¥‘∫
«—µ∂ÿ¥‘∫∑’Ë„™â„π°“√∑¥≈Õßª√–°Õ∫¥â«¬ «—µ∂ÿ¥‘∫∑’Ë„™â„π°“√‡µ√’¬¡‡§≈◊Õ∫·≈–·°â« √«¡∂÷ß°“√„™âø√‘µ·≈–‡§≈◊Õ∫ ”‡√Á®√Ÿª∑’Ë¡’

„π∑âÕßµ≈“¥ ¡’√“¬≈–‡Õ’¬¥¥—ßπ’È
- ø√‘µ#1 ø√‘µ#2 ø√‘µ#3 ø√‘µ#4 ¢Õß ∫√‘…—∑  ¬“¡ø√‘µ ®”°—¥
- ø√‘µµ–°—Ë«´‘≈‘‡°µ(FT995) ·≈–‡§≈◊Õ∫ ”‡√Á®√Ÿª CG466 ¢Õß ∫√‘…—∑ Õ—¡√‘π∑√å ®”°—¥
- ø√‘µ 54026 ¢Õß ∫√‘…—∑ ª–°“√—ß ‡´√“¡‘§ ´—ææ≈“¬ ®”°—¥
- ‡§≈◊Õ∫ ”‡√Á®√Ÿª CRU103 ¢Õß ∫√‘…—∑ ‡´√“¡‘§ å Õ“√å Õ—  ®”°—¥
- ·√àøíπ¡â“ (IMD#2) ¥‘π¢“« (√–πÕß) ·≈–§«Õµ ǻ ¢Õß ∫√‘…—∑ Õ‘π¥— ‡µ√’¬≈ ¡‘π‡πÕ√—≈ ¥‘«‘≈Õª‡¡π∑å ®”°—¥
- ≈‘‡∏’¬¡§“√å∫Õ‡πµ (Li2CO3) À‘πªŸπ ´‘ß§åÕÕ°‰´¥å (ZnO) ·≈–‚§≈’¡“‰πµå (Colemanite) ¢Õß ∫√‘…—∑‡´Õ√åπ‘§ ®”°—¥

Õß§åª√–°Õ∫‡§¡’¢Õß«—µ∂ÿ¥‘∫∑’Ë„™â„π°“√‡µ√’¬¡‡§≈◊Õ∫· ¥ß¥—ßµ“√“ß∑’Ë 1  Ÿµ√‡§≈◊Õ∫∑¥≈Õß‰¥â®“° ç‚§√ß°“√°“√æ—≤π“
‡§≈◊Õ∫‰øµË”·≈–°“√»÷°…“ ¡∫—µ‘¢Õß‡§≈◊Õ∫‚¥¬«‘∏’§”π«≥·≈–«‘∏’∑¥ Õ∫ ¡∫—µ‘∑“ß°“¬¿“æé ¢Õß°√¡«‘∑¬“»“ µ√å∫√‘°“√ · ¥ß
¥—ßµ“√“ß∑’Ë 2 Õß§åª√–°Õ∫‡§¡’¢Õßø√‘µ‡§≈◊Õ∫ ”‡√Á®√Ÿª ·≈–·°â« · ¥ß¥—ßµ“√“ß∑’Ë 3
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µ“√“ß∑’Ë 1 · ¥ßÕß§åª√–°Õ∫‡§¡’¢Õß«—µ∂ÿ¥‘∫∑’Ë„™â„π°“√‡µ√’¬¡‡§≈◊Õ∫

µ“√“ß∑’Ë 2 · ¥ß Ÿµ√‡§≈◊Õ∫∑¥≈Õß

µ“√“ß∑’Ë 3 Õß§åª√–°Õ∫‡§¡’¢Õß ø√‘µ ‡§≈◊Õ∫ ”‡√Á®√Ÿª ·≈–·°â« ∑’Ë„™â„π°“√∑¥≈Õß*
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µ“√“ß∑’Ë 3 Õß§åª√–°Õ∫‡§¡’¢Õß ø√‘µ ‡§≈◊Õ∫ ”‡√Á®√Ÿª ·≈–·°â« ∑’Ë„™â„π°“√∑¥≈Õß* (µàÕ)

2.2 «‘∏’°“√∑¥≈Õß
«‘∏’°“√∑¥≈Õßª√–°Õ∫¥â«¬°“√∑¥ Õ∫À“ —¡ª√– ‘∑∏‘Ï

°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ¢Õßµ—«Õ¬à“ß¥â«¬ Dilatometer
(UNITHERMTM Model 1161) ·≈–°“√§”π«≥ —¡ª√– ‘∑∏‘Ï
°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ‚¥¬„™â‚ª√·°√¡§”π«≥·°â«∑’Ë¡’„π
∑âÕßµ≈“¥ 2 ‚ª√·°√¡ (‚ª√·°√¡ A ·≈– ‚ª√·°√¡ B)
µ—«Õ¬à“ß∑’Ë„™â‰¥â·°à ‡§≈◊Õ∫∑¥≈Õß ø√‘µ ‡§≈◊Õ∫ ”‡√Á®√Ÿª ·≈–
·°â«¥—ßµ“√“ß∑’Ë 2 ·≈– 3 π”§à“∑’Ë‰¥â¡“∑¥ Õ∫°“√·®°·®ß
·∫∫ª°µ‘¢Õßª√–™“°√¥â«¬ ∂‘µ‘ Shapiro-Wilk test µ√«® Õ∫
‡ß◊ËÕπ‰¢°“√«‘‡§√“–Àå°“√∂¥∂Õ¬ À“§«“¡ —¡æ—π∏å√–À«à“ß
§à“∑¥ Õ∫·≈–§à“§”π«≥¥â«¬ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å‡æ’¬√å —π
(pearson correlation test, r)  √â“ßµ—«·∫∫∑“ß§≥‘µ»“ µ√å
¥â«¬°“√«‘‡§√“–Àå°“√∂¥∂Õ¬ (Regression analysis) ·≈–
À“§à“ —¡ª√– ‘∑∏‘Ï¢Õß°“√µ—¥ ‘π„® (The coefficient of
determination, R2) 

°“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫°“√∑¥ Õ∫¥â«¬‡§√◊ËÕß
Dilatometer ∑”‚¥¬°“√π”µ—«Õ¬à“ß¡“À≈Õ¡„π‡∫â“Õ–≈Ÿ¡‘π“
∑’ËÕÿ≥À¿Ÿ¡‘ 1600 ÌC ‡∑‡ªìπ‡ âπ ·≈â«®÷ßπ”¡“µ—¥„Àâ¡’¢π“¥
5 Ó 5 Ó 50 ¡‘≈≈‘‡¡µ√ ∑¥ Õ∫ ¡∫—µ‘°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ
„π™à«ßÕÿ≥À¿Ÿ¡‘ 25 - 1000 Õß»“‡´≈‡ ’́¬  „™âÕ—µ√“°“√‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘ 3 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’

3. º≈·≈–«‘®“√≥å°“√∑¥≈Õß
º≈°“√∑¥ Õ∫ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ

¥â«¬ Dilatometer ·≈– °“√§”π«≥¥â«¬‚ª√·°√¡ A ·≈– B
· ¥ß¥—ßµ“√“ß∑’Ë 4 æ∫«à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ
¥â«¬ Dilatometer ¢Õß‡§≈◊Õ∫Õ¬Ÿà„π™à«ß 5.93-9.19 x 10-6 ÌC-1

¢Õßø√‘µÕ¬Ÿà„π™à«ß 6.20-9.68 x 10-6 ÌC-1 ¢Õß‡§≈◊Õ∫ ”‡√Á®√Ÿª
Õ¬Ÿà„π™à«ß 7.32 - 7.57 x 10-6 ÌC-1 ·≈–¢Õß·°â«Õ¬Ÿà„π™à«ß
8.40-14.30 x 10-6 ÌC-1 ®“°°“√∑¥ Õ∫°“√·®°·®ß·∫∫ª°µ‘
¢Õßª√–™“°√¥â«¬ ∂‘µ‘ Shapiro-Wilk test æ∫«à“ª√–™“°√
¢Õß¢âÕ¡Ÿ≈®“° Dilatometer ‚ª√·°√¡ A ·≈– ‚ª√·°√¡ B ¡’§à“
P-value 0.0005 0.0037 0.006 µ“¡≈”¥—∫ ÷́ËßπâÕ¬°«à“ 0.05
· ¥ß«à“ª√–™“°√¢Õß¢âÕ¡Ÿ≈¡’°“√·®°·®ß‰¡à‡ªìπª°µ‘ ‰¥â
¥”‡π‘π°“√·ª≈ß¢âÕ¡Ÿ≈‚¥¬„™â 1/ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ
¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡ A ·≈– 1/ —¡ª√– ‘∑∏‘Ï
°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡ B æ∫«à“
¡’§à“ P-value 0.328 ·≈– 0.054 µ“¡≈”¥—∫ ´÷Ëß¡“°°«à“ 0.05
· ¥ß«à“ª√–™“°√¢Õß¢âÕ¡Ÿ≈∑’Ë·ª≈ß‰¥â¡’°“√·®°·®ß·∫∫ª°µ‘
´÷Ëß‡¡◊ËÕµ√«® Õ∫‡ß◊ËÕπ‰¢°“√«‘‡§√“–Àå°“√∂¥∂Õ¬ æ∫«à“§à“‡©≈’Ë¬
¢Õß§à“§«“¡§≈“¥‡§≈◊ËÕπ‡∑à“°—∫»Ÿπ¬å §à“§«“¡·ª√ª√«π¢Õß
§«“¡§≈“¥‡§≈◊ËÕπ¡’§à“§ß∑’Ë∑ÿ°§à“¢Õß x §à“§«“¡§≈“¥‡§≈◊ËÕπ
‡ªìπÕ‘ √–°—π ·≈–§à“§«“¡§≈“¥‡§≈◊ËÕπ¡’°“√·®°·®ß·∫∫ª°µ‘
 “¡“√∂ √â“ßµ—«·∫∫∑“ß§≥‘µ»“ µ√å¥â«¬°“√«‘‡§√“–Àå°“√∂¥∂Õ¬
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µ“√“ß∑’Ë 4 · ¥ß ¡∫—µ‘ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ¢Õß‡§≈◊Õ∫ ‚¥¬ Dilatometer ·≈–°“√§”π«≥‚¥¬‚ª√·°√¡ A ·≈– B

°“√ √â“ßµ—«·∫∫∑“ß§≥‘µ»“ µ√å‡æ◊ËÕ„™â ”À√—∫æ¬“°√≥å¥â«¬°“√«‘‡§√“–Àå°“√∂¥∂Õ¬ ¢Õß ¡∫—µ‘ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«
‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ¢Õß·°â«´÷Ëßª√–°Õ∫¥â«¬‚´‡¥’¬¡ÕÕ°‰´¥å·≈– ‘́≈‘°“ ®“°°“√∑¥ Õ∫¥â«¬ Dilatometer ·≈–§”π«≥¥â«¬‚ª√·°√¡ A
·≈– B · ¥ß¥—ß¿“æ∑’Ë 1 æ∫ r = -0.987 ¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß‰¥â ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yA = 0.1729-0.0073x
¡’§à“ R2 ‡∑à“°—∫ 0.973  ”À√—∫°“√§”π«≥¥â«¬‚ª√·°√¡ A ·≈– ‰¥â r = -0.987  ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yB = 0.1800-
0.0077x ¡’§à“ R2 ‡∑à“°—∫ 0.973  ”À√—∫°“√§”π«≥¥â«¬‚ª√·°√¡ B · ¥ß«à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß·°â«®“°
°“√∑¥ Õ∫¥â«¬ Dilatometer  “¡“√∂π”‰ªÕ∏‘∫“¬§«“¡º—π·ª√¢Õß —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡
A ·≈– B ‰¥â —¡ª√– ‘∑∏å¢Õß°“√µ—¥ ‘π„®„°≈â‡§’¬ß°—π§◊Õ √âÕ¬≈– 97.3 ‡¡◊ËÕ yA ·≈– yB ‡∑à“°—∫ 1/ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ
¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡ A ·≈– B

 ”À√—∫°“√ √â“ßµ—«·∫∫∑“ß§≥‘µ»“ µ√å√–À«à“ß ¡∫—µ‘ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ¢Õß ‡§≈◊Õ∫∑¥≈Õß ø√‘µ
‡§≈◊Õ∫ ”‡√Á®√Ÿª ·°â« ÷́Ëßª√–°Õ∫¥â«¬ÕÕ°‰´¥å∑’ËÀ≈“°À≈“¬ ®“°°“√∑¥ Õ∫‚¥¬ Dilatometer ·≈–§”π«≥¥â«¬‚ª√·°√¡ A ·≈– B
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· ¥ß¥—ß¿“æ∑’Ë 2 æ∫ r = -0.8601 ¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß‰¥â ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yA = 0.255-0.0138x ¡’§à“ R2 = 0.740
 ”À√—∫°“√§”π«≥¥â«¬‚ª√·°√¡ A ·≈–‰¥â r = -0.9446 ¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß‰¥â ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yB = 0.2252-
0.0113x ¡’§à“ R2 = 0.8922  ”À√—∫°“√§”π«≥¥â«¬‚ª√·°√¡ B µ“¡≈”¥—∫ ‡¡◊ËÕ yA ·≈– yB ‡∑à“°—∫ 1/ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«
‡¡◊ËÕ√âÕπ ¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡ A ·≈– B · ¥ß«à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ‡™‘ß‡ âπ®“°°“√∑¥ Õ∫ Dilatometer
 “¡“√∂π”‰ªÕ∏‘∫“¬§«“¡º—π·ª√¢Õß —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¥â«¬°“√§”π«≥‚¥¬„™â‚ª√·°√¡ B ‰¥â√âÕ¬≈– 89.2 ¡“°°«à“
°“√„™â‚ª√·°√¡ A ÷́ËßÕ∏‘∫“¬‰¥â√âÕ¬≈– 74.0

¿“æ∑’Ë 1 · ¥ß§«“¡ —¡æ—π∏å¢Õß ¡∫—µ‘ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß·°â«∑’Ëª√–°Õ∫¥â«¬‚´‡¥’¬¡ÕÕ°‰´¥å·≈– ‘́≈‘°“ ®“°°“√∑¥ Õ∫ Dilatometer

°—∫°“√§”π«≥‚¥¬‚ª√·°√¡ A ·≈– B

¿“æ∑’Ë 2 · ¥ß§«“¡ —¡æ—π∏å¢Õß ¡∫—µ‘ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫∑¥≈Õß ·°â« ø√‘µ ‡§≈◊Õ∫ ”‡√Á®√Ÿª

®“°°“√∑¥ Õ∫ Dilatometer °—∫°“√§”π«≥‚¥¬‚ª√·°√¡ A ·≈– B

4.  √ÿª
º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫·≈–·°â«¥â«¬ Dilatometer ·≈–°“√§”π«≥¥â«¬‚ª√·°√¡

§”π«≥·°â«¡’§«“¡ —¡æ—π∏å°—π Ÿß ‡¡◊ËÕ à«πº ¡‰¡à́ —∫ ấÕπ§◊Õª√–°Õ∫¥â«¬‚´‡¥’¬¡ÕÕ°‰´¥å·≈– ‘́≈‘°“æ∫«à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ
¢Õß‡§≈◊Õ∫·≈–·°â«¥â«¬ Dilatometer  “¡“√∂π”‰ªÕ∏‘∫“¬§«“¡º—π·ª√¢Õß —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¥â«¬°“√§”π«≥‚¥¬„™â
‚ª√·°√¡ A À√◊Õ B ‰¥â„°≈â‡§’¬ß°—π §◊Õ√âÕ¬≈– 97.33 ¥â«¬ ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yA = 0.1729-0.0073x ·≈–¡’§à“ R2 ‡∑à“°—∫
0.973  ”À√—∫°“√§”π«≥¥â«¬‚ª√·°√¡ A ·≈–‰¥â ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬ yB = 0.1800-0.0077x  ”À√—∫°“√§”π«≥¥â«¬
‚ª√·°√¡ B ·µà‡¡◊ËÕÕß§åª√–°Õ∫‡§¡’́ —∫´âÕπ æ∫«à“§à“ —¡ª√– ‘∑∏‘Ï¢Õß°“√µ—¥ ‘π„®„π°“√„™â‚ª√·°√¡§”π«≥ B ¡’§à“√âÕ¬≈– 0.8922
 Ÿß°«à“°“√„™â‚ª√·°√¡ A ÷́Ëß¡’§à“√âÕ¬≈– 0.7398 ‚¥¬¡’ ¡°“√∂¥∂Õ¬‡™‘ß‡ âπÕ¬à“ßßà“¬¥â«¬‚ª√·°√¡ B yB = 0.2252-0.0113x
º≈°“√«‘®—¬π’È· ¥ß„Àâ‡ÀÁπ«à“ “¡“√∂„™â‚ª√·°√¡§”π«≥·°â«„π°“√∑”π“¬ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ¢Õß‡§≈◊Õ∫‡´√“¡‘° ´÷Ëß®–
™à«¬ª√–À¬—¥‡«≈“·≈–≈¥§à“„™â®à“¬„π°“√æ—≤π“ Ÿµ√‡§≈◊Õ∫„À¡àÊ ‰¥â
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5. °‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥»Ÿπ¬å‡™’Ë¬«™“≠¥â“π·°â« ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å∫√‘°“√ ∑’Ë„Àâ§«“¡√à«¡¡◊Õ„π°“√

∑¥ Õ∫ XRF Õπÿ‡§√“–Àå‚ª√·°√¡§”π«≥·°â« ·≈–√à«¡«‘‡§√“–Àåº≈ ¥√.æ‘™≠å√—µπå Õ‘π∑√å‡Õ◊ÈÕ ∑’Ë‰¥âÕπÿ‡§√“–Àå‚ª√·°√¡§”π«≥·°â«

·≈–¢Õ¢Õ∫§ÿ≥»Ÿπ¬å‡∑§‚π‚≈¬’‚≈À–·≈–«— ¥ÿ·Ààß™“µ‘  ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ ∑’Ë„Àâ°“√ π—∫ πÿπ‡ß‘π∑ÿπ

„π°“√«‘®—¬¢Õß‚§√ß°“√π’È
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