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ß“π«‘®—¬π’È»÷°…“‡°’Ë¬«°—∫Õ‘∑∏‘æ≈¢Õß§«“¡™◊Èπ·≈–Õÿ≥À¿Ÿ¡‘∑’Ë¡’º≈μàÕ§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ∑’Ë„™â‡ªìπ
Õß§åª√–°Õ∫¢Õß«— ¥ÿ´’‡¡πμå ‰¥â·°à ªŸπ ’́‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈–ª√–‡¿∑∑’Ë 3 ¡«≈√«¡ (∑√“¬·≈–À‘π) ·≈–
 “√º ¡‡æ‘Ë¡ (‡∂â“≈Õ¬ ´‘≈‘°“øŸ¡  “√≈¥πÈ”æ‘‡»… ·≈– “√°—°°√–®“¬øÕßÕ“°“») √«¡∂÷ß»÷°…“§«“¡º—π·ª√¢Õß§à“
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°„π«— ¥ÿ´’‡¡πμå ‰¥â·°à ’́‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ ‡æ◊ËÕ„™â‡ªìπ∞“π¢âÕ¡Ÿ≈„π°“√∫à¡¥â«¬
æ≈—ßß“π‰¡‚§√‡«ø ·≈–»÷°…“À“§«“¡ —¡æ—π∏å¢Õß§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° √–À«à“ß´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ °—∫
§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ∑’Ë„™â‡ªìπÕß§åª√–°Õ∫¢Õß«— ¥ÿ´’‡¡πμå ´÷Ëß°“√«—¥§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ®–„™â‡§√◊ËÕß
Network analyzer √à«¡°—∫‡∑§π‘§ Opened-ended coaxial probe

®“°º≈°“√∑¥ Õ∫ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ∑’Ë„™â‡ªìπÕß§åª√–°Õ∫¢Õß«— ¥ÿ´’‡¡πμå æ∫«à“ Õÿ≥À¿Ÿ¡‘‰¡à¡’º≈μàÕ
§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ∑’Ë‡ªìπ¢Õß·¢Áß ·μà®–¡’Õ‘∑∏‘æ≈‡≈Á°πâÕ¬°—∫«— ¥ÿ∑’Ë‡ªìπ¢Õß‡À≈«  ”À√—∫°“√∑¥ Õ∫ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ´’‡¡πμå æ∫«à“§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õßμ—«Õ¬à“ß∑ÿ°™ÿ¥¡’§à“ Ÿß„π™à«ß·√° (0 ∂÷ß 3 ™—Ë«‚¡ß) ·≈–
≈¥≈ßÕ¬à“ß√«¥‡√Á«„π™à«ßμàÕ¡“ (3-18 ™—Ë«‚¡ß) ®π¡’§à“„°≈â‡§’¬ß°—π‡¡◊ËÕ√–¬–‡«≈“À≈—ßº ¡‡∑à“°—∫ 24 ™—Ë«‚¡ß ‚¥¬
μ—«Õ¬à“ß∑’Ë¡’Õ—μ√“ à«π√–À«à“ßπÈ”μàÕªŸπ ’́‡¡πμå Ÿß®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿßμ“¡‰ª¥â«¬  ”À√—∫μ—«Õ¬à“ß«— ¥ÿ´’‡¡πμå∑’Ë„™â
ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 3 ®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß°«à“«— ¥ÿ́ ’‡¡πμå∑’Ë„™âªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈–
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß™π‘¥¢Õß “√º ¡‡æ‘Ë¡æ∫«à“ «— ¥ÿ´’‡¡πμå∑’Ë„™â‡∂â“≈Õ¬‡ªìπ “√º ¡‡æ‘Ë¡®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
 Ÿß∑’Ë ÿ¥ √Õß≈ß¡“‰¥â·°à «— ¥ÿ´’‡¡πμå∑’Ë„™â´‘≈‘°“øŸ¡  à«π«— ¥ÿ´’‡¡πμå∑’Ë ‰¡à „™â “√º ¡‡æ‘Ë¡®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
πâÕ¬∑’Ë ÿ¥

§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ´’‡¡πμå
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Dielectric Properties of Cement-based Materials

 The objective of this research was to study the influence of moisture and temperature on the

dielectric properties of cementitious materials (cement paste, mortar and concrete). The mix proportions

including Portland cement Types 1 and 3, sand, coarse aggregate and admixtures (fly ash, silica fume,

superplasticizer and air-entraining agent) were studied to investigate the dielectric properties. The results

of this study were used as the data base of curing cementitious materials with microwave energy. The

Network analyzer was used for measuring of the dielectric properties with opened ended coaxial probe

technique.

From the tested results of the dielectric properties of cementitious material, it was found that

temperature did not affect the dielectric properties of solid proportions but it had an effect on the dielectric

properties of liquid proportions. In the case of  the dielectric properties of cementitious materials,  it was

observed that the dielectric properties of all specimens  showed the highest values in initial period after

mixing (0-3 hours) but these values were rapidly decreased in next period (3-18 hours), and at 24 hours

after mixing the dielectric properties yield comparable values. The dielectric properties of cementing

materials increased with increasing the water-to-binder ratios. For cementitious materials with Portland

cement Type 3, it was found that the dielectric properties were higher than that of Portland cement Type 1.

In case of the admixtures, it was observed that the cementitious materials with fly ash showed the highest

dielectric properties and the dielectric properties of the cementitious materials with silica fume were less

than that mixed with fly ash. The cementitious materials without admixtures showed the lowest dielectric

properties.

Abstract
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1. ∫∑π”
 ◊∫‡π◊ËÕß®“°ß“π«‘®—¬ ”À√—∫°√–∫«π°“√∑”§«“¡√âÕπ

∑’Ëºà“π¡“ à«π„À≠à®–‡πâπº≈°“√«‘‡§√“–Àå„π‡™‘ß°“√
§”π«≥‡ªìπÀ≈—° ‰¥â·°à ß“π«‘®—¬°“√»÷°…“‚§√ß √â“ß∑“ß
®ÿ≈¿“§¢Õß«— ¥ÿ´’‡¡πμå [1] °“√»÷°…“°“√μ√«® Õ∫ ¿“æ
°“√π”‰øøÑ“¢Õß«— ¥ÿ´’‡¡πμå‚¥¬„™â‡∑§π‘§ impedance
spectroscopy [2] °“√»÷°…“§ÿ≥ ¡∫—μ‘°“√ –∑âÕπ·≈–
°“√ àßºà“π§«“¡‡ªìπ‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ´’‡¡πμå [3] ¡’
 à«ππâÕ¬∑’Ë∑”∑—Èß°“√∑¥≈Õß·≈–°“√∑”π“¬®“°·∫∫
®”≈Õß∑“ß§≥‘μ»“ μ√å πÕ°®“°π’È¬—ß‰¡à‡§¬¡’°“√»÷°…“
Õ¬à“ß‡ªìπ√–∫∫„π à«π∑’Ë‡°’Ë¬«¢âÕß°—∫§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
Õ’°∑—Èßß“π«‘®—¬∑’Ë¡’°“√«‘‡§√“–Àå∑—Èßº≈°“√∑¥≈Õß·≈–·∫∫
®”≈Õß∑“ß§≥‘μ»“ μ√å°Á»÷°…“‡æ’¬ß«— ¥ÿ®”≈Õß∑’Ëßà“¬μàÕ
°“√§«∫§ÿ¡μ—«·ª√ ‡æ√“–°“√∫à¡¥â«¬‰¡‚§√‡«ø‡ªìπ‡«≈“
π“πÊ §ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ∑¥ Õ∫®–¡’°“√
‡ª≈’Ë¬π·ª≈ßμ≈Õ¥™à«ß√–¬–‡«≈“°“√Õ∫ ‚¥¬§ÿ≥ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ∑¥ Õ∫®–¡’Õ‘∑∏‘æ≈μàÕÕÿ≥À¿Ÿ¡‘·≈–
§«“¡™◊Èπ„πμ—««— ¥ÿ‡Õß

 ”À√—∫°√√¡«‘∏’°“√Õ∫·Àâß (À√◊Õ°“√∫à¡§Õπ°√’μ) „π
ªí®®ÿ∫—π®–Õ“»—¬À≈—°°“√∑’Ëº≈μà“ß¢ÕßÕÿ≥À¿Ÿ¡‘¡’º≈
‚¥¬μ√ßμàÕ§«“¡ “¡“√∂„π°“√‰≈à§«“¡™◊Èπ∑’Ëº‘«Àπâ“¢Õß«— ¥ÿ
·μà«‘∏’°“√¥—ß°≈à“«¡’¢âÕ‡ ’¬ °≈à“«§◊Õ „™â√–¬–‡«≈“π“π
ª√– ‘∑∏‘¿“æ∑“ß§«“¡√âÕπ®–≈¥≈ß‡√◊ËÕ¬Ê ‡¡◊ËÕ√–¬–
‡«≈“‡ª≈’Ë¬π‰ªªí≠À“‡√◊ËÕß§ÿ≥¿“æ¢Õß«— ¥ÿ‡π◊ËÕß®“°„™â
√–¬–‡«≈“π“π ·≈–§«“¡‰¡à ¡Ë”‡ ¡Õ¢ÕßÕÿ≥À¿Ÿ¡‘„π
«— ¥ÿ∑’Ë¡’§«“¡Àπ“¡“°Ê ‡™àπ §Õπ°√’μ [4]  Õ¬à“ß‰√°Áμ“¡
«— ¥ÿ‰¥Õ‘‡≈Á°μ√‘°‡ªìπ«— ¥ÿ∑’Ë¡’§ÿ≥ ¡∫—μ‘Õ¬Ÿà√–À«à“ßμ—«π”
·≈–©π«π‰øøÑ“ ·≈–®—¥Õ¬Ÿà„πª√–‡¿∑¢Õß«— ¥ÿ‰¥Õ‘‡≈Á°
μ√‘°∑’Ë¡’°“√ Ÿ≠‡ ’¬¢Õß§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ ¥—ßπ—Èπ«— ¥ÿ°≈ÿà¡
π’È®÷ß “¡“√∂¥Ÿ¥°≈◊π§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“·≈–·ª≈ß‡ªìπ
æ≈—ßß“π§«“¡√âÕπ‰¥â μ—«Õ¬à“ß«— ¥ÿ‰¥Õ‘‡≈Á°μ√‘°‰¥â·°à πÈ”
πÈ”¡—π ‰¡â ·≈–Õ“À“√∑’Ë¡’§«“¡™◊Èπ ‡ªìπμâπ ‚¥¬¬°
μ—«Õ¬à “ßÀ≈—°°“√‡°‘¥§«“¡√âÕπ¢ÕßπÈ”¿“¬„π‡μ“
‰¡‚§√‡«ø∑’Ë„™â¿“¬„π§√—«‡√◊Õπ °≈à“«§◊Õ‡π◊ËÕß®“°‚¡‡≈°ÿ≈
¢ÕßπÈ”´÷Ëß¡’°“√°√–®“¬μ—«¢Õßª√–®ÿ·∫∫‰¡à ¡¡“μ√∑”„Àâ
‡°‘¥‚æ≈“‰√‡´™—π·∫∫∂“«√¢÷Èπ ‡°‘¥°≈—∫μ—«‰ª¡“μ“¡§«“¡∂’Ë
¢Õß§≈◊Ëπ‰¡‚§√‡«ø∑’Ë„™â 2.45 GHz ‡ªìπ®”π«π 2,450
≈â“π√Õ∫μàÕ«‘π“∑’„πÀπ÷Ëß√Õ∫§≈◊Ëπ ‚¥¬®–ª√–°Õ∫‰ª¥â«¬

§≈◊Ëπ™à«ß∫«°·≈–§≈◊Ëπ™à«ß≈∫¢Õß π“¡‰øøÑ“ ¥—ßπ—Èπ
‚¡‡≈°ÿ≈®–À—π¢—È«∫«°‰ª∑“ß¢—È«≈∫¢Õß π“¡‰øøÑ“ 2,450
≈â“π§√—ÈßμàÕ«‘π“∑’ ·≈–À—π¢—È«≈∫‰ª∑“ß¢—È«∫«°¢Õß π“¡
‰øøÑ“Õ’° 2,450 ≈â“π§√—ÈßμàÕ«‘π“∑’ √«¡·≈â«‚¡‡≈°ÿ≈μâÕß
°≈—∫μ—«∂÷ß 4,900 ≈â“π§√—ÈßμàÕ«‘π“∑’ ∑”„Àâ‡°‘¥°“√™π·≈–
‡ ’¬¥ ’°—π®π‡°‘¥‡ªìπ§«“¡√âÕπ¿“¬„π∑”„ÀâÕÿ≥À¿Ÿ¡‘¢Õß
πÈ” Ÿß¢÷Èπ„π∑’Ë ÿ¥

πÕ°®“°π’È§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“∑—Èß„π™à«ß¬à“π§«“¡∂’Ë
‰¡‚§√‡«ø·≈–™à«ß‰¥Õ‘‡≈Á°μ√‘°‰¡à „™à§≈◊Ëπæ≈—ßß“π§«“¡
√âÕπ ·μà§≈◊Ëπ‡À≈à“π’È “¡“√∂‡ª≈’Ë¬π‡ªìπ§«“¡√âÕπ‰¥â‡¡◊ËÕ
‡°‘¥Õ—πμ√°‘√‘¬“°—∫«— ¥ÿ ´÷Ëß®–‡ÀÁπ‰¥â®“°°“√‡°‘¥§«“¡√âÕπ
¢÷Èπ¿“¬„π‡π◊ÈÕ«— ¥ÿ‡Õß [5] ‚¥¬¡’°≈‰°„π°“√·ª≈ß
æ≈—ßß“π Õß°≈‰°‰¥â·°à °≈‰°™π‘¥°“√‡Àπ’Ë¬«π”‡™‘ß‰ÕÕÕπ
·≈–°≈‰°™π‘¥°“√À¡ÿπ¢Õß∑—Èß Õß¢—È« ·≈–®“°‡Àμÿº≈∑’Ë
«à“§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ‚¥¬∑—Ë«‰ª®–∂Ÿ°æ‘®“√≥“
„Àâ·ª√‡ª≈’Ë¬πμ“¡Õÿ≥À¿Ÿ¡‘‡æ’¬ßÕ¬à“ß‡¥’¬« ∂â“À“°
‡ªìπ„π°√≥’¢Õß°“√∑”§«“¡√âÕπ¥â«¬‰¡‚§√‡«ø °“√
À≈Õ¡≈–≈“¬¥â«¬‰¡‚§√‡«ø °“√·ª√‡ª≈’Ë¬πμ“¡Õÿ≥À¿Ÿ¡‘
·≈–§«“¡™◊Èπ„π°√≥’°“√Õ∫·Àâß¥â«¬‰¡‚§√‡«øπ—Èπ §ÿ≥
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿμà“ßÊ ∑’Ë·ª√‡ª≈’Ë¬π “¡“√∂À“
‰¥â¥â«¬‡∑§π‘§°“√«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿª√–‡¿∑
μà“ßÊ [5] ·≈– ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ‰¥Õ‘‡≈Á°μ√‘°∑’Ë
 àßº≈μàÕ°“√°”‡π‘¥§«“¡√âÕπ‡™‘ßª√‘¡“μ√„π«— ¥ÿ‚¥¬
ªí®®—¬∑’Ë¡’º≈μàÕ√Ÿª·∫∫¢Õß π“¡‰¡‚§√‡«ø§◊Õ§à“§«“¡
∑–≈ÿ∑–≈«ß´÷Ëß‡ªìπ§à“∑’Ë∫àß∫Õ°∂÷ß√Ÿª·∫∫°“√°√–®“¬
 π“¡‰øøÑ“„π«— ¥ÿ√«¡‰ª∂÷ß π“¡Õÿ≥À¿Ÿ¡‘ ´÷Ëß§à“§«“¡≈÷°
∑–≈ÿ∑–≈«ßπ’È‡ªìπ√–¬–∑’Ë§«“¡‡¢â¡¢âπ¢Õßæ≈—ßß“π„π«— ¥ÿ
¡’§à“‡À≈◊Õ√âÕ¬≈– 37 ®“°æ≈—ßß“π∑’Ëº‘«Àπâ“«— ¥ÿ [6]

¥—ßπ—Èπ„πß“π«‘®—¬π’È‡ªìπ°“√»÷°…“§à“§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°
μ√‘°¢Õß«— ¥ÿ´’‡¡πμå ‡æ◊ËÕ∑’Ë®–π”‰ªæ—≤π“‡∑§‚π‚≈¬’°“√
∫à¡§Õπ°√’μ¥â«¬æ≈—ßß“π‰¡‚§√‡«øμàÕ‰ª

2. «—μ∂ÿª√– ß§å
1) ‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’º≈μàÕ ¡∫—μ‘

‰¥Õ‘‡≈Á°μ√‘°´÷Ëßª√–°Õ∫¥â«¬§à“§ß∑’Ë ‰¥Õ‘‡≈Á°μ√‘° —¡æ—∑∏å
(ε′r) ·≈–§à“≈Õ ·∑π‡®π∑å (tan δ ) ¢Õß«— ¥ÿ∑’Ë„™â‡ªìπ
 à«πº ¡¢Õß§Õπ°√’μ ´÷Ëß‰¥â·°à ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 1 ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 3 ¡«≈√«¡
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(∑√“¬·≈–À‘π) ·≈–«— ¥ÿªÕ´‚´≈“π ‰¥â·°à ‡∂â“≈Õ¬ ·≈–
´‘≈‘°“øŸ¡

2) ‡æ◊ËÕ»÷°…“ªí®®—¬∑’Ë¡’º≈μàÕ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß
´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ ‚¥¬ªí®®—¬¥—ß°≈à“«‰¥â·°à
Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå ™π‘¥¢ÕßªŸπ´’‡¡πμå ™π‘¥«— ¥ÿ
ªÕ´‚´≈“π ·≈–™π‘¥¢Õß¡«≈√«¡

3) ‡æ◊ËÕ»÷°…“·≈–‡ª√’¬∫‡∑’¬∫ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß
´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ

3. °“√∑¥ Õ∫
3.1 «— ¥ÿ∑’Ë„™â„π°“√»÷°…“

«— ¥ÿ∑’Ë„™â„π°“√»÷°…“ª√–°Õ∫‰ª¥â«¬
1. ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈– ª√–‡¿∑

∑’Ë 3
2. πÈ”ª√–ª“∑’Ë¡’§à“§«“¡‡ªìπ°√¥¥à“ß (pH) „π™à«ß

7.0 ∂÷ß 7.5
3. ¡«≈√«¡ ª√–°Õ∫¥â«¬ ∑√“¬·¡àπÈ”·≈–À‘π∑’Ë¡’

¢π“¥‚μ ÿ¥ 19.0 ¡¡. ¡’§ÿ≥ ¡∫—μ‘‡ªìπ‰ª¡“μ√∞“π ASTM
C 33

4.  “√‡§¡’º ¡‡æ‘Ë¡ ‰¥â·°à  “√≈¥πÈ”æ‘‡»…
(Superplasticizer) μ“¡¡“μ√∞“π ASTM C 494 [7]

5. «— ¥ÿªÕ´‚´≈“π ª√–°Õ∫¥â«¬ ‡∂â“≈Õ¬ ·≈–
´‘≈‘°“øŸ¡

3.2 «‘∏’°“√‡μ√’¬¡«— ¥ÿ °“√º ¡ ·≈–°“√∑”μ—«Õ¬à“ß
∑¥ Õ∫
1. Õ—μ√“ à«ππÈ”μàÕ«— ¥ÿºß ‡∑à“°—∫ 0.38, 0.45, 0.55

·≈– 0.70 ‚¥¬πÈ”Àπ—°
2. Õ—μ√“ à«π∑√“¬μàÕªŸπ ’́‡¡πμå (S/C) ( ”À√—∫

¡Õ√åμâ“√å) ‡∑à“°—∫ 2.75
3. Õ—μ√“ à«π¡«≈√«¡≈–‡Õ’¬¥μàÕ¡«≈√«¡ (S/A)

( ”À√—∫§Õπ°√’μ) ‡∑à“°—∫ 0.44 „π ¿“«–∑’Ë¡«≈√«¡
Õ∫·Àâß¥â«¬‡μ“Õ∫·≈–Õ—¥·πàπ‡æ◊ËÕ∑”„Àâ‡°‘¥™àÕß«à“ßμË” ÿ¥
‚¥¬¡«≈√«¡À¬“∫ (À‘πªŸπ) ¡’¢π“¥‚μ ÿ¥ 19.0 ¡¡.

4.  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°∑’Ë»÷°…“ ª√–°Õ∫¥â«¬ §à“§ß∑’Ë
‰¥Õ‘‡≈Á°μ√‘° —¡æ—π∏å (ε′r) ·≈– §à“≈Õ  ·ø§‡μÕ√å —¡æ—∑∏å
(ε″r) À√◊ÕÕ’°π—¬Àπ÷Ëß §◊Õ §à“≈Õ ·∑π‡®π∑å (tan δ )
´÷Ëß¡’§à“‡∑à“°—∫ Õ—μ√“ à«π¢Õß§à“≈Õ ·ø§‡μÕ√å —¡æ—∑∏å

°—∫§à“§ß∑’Ë‰¥Õ‘‡≈Á°μ√‘° —¡æ—∑∏å (tan δ = ε″r /ε′r)
5. √–¬–‡«≈“„π°“√«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß

´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ‡√‘Ë¡μ—Èß·μàÀ≈—ßº ¡
‡ √Á®∑—π∑’®π∂÷ß∑’ËÕ“¬ÿ 1 «—π ‚¥¬∑”°“√«—¥∑ÿ°Ê 3 ™—Ë«‚¡ß

6. Õÿ≥À¿Ÿ¡‘¢Õß«— ¥ÿ∑’Ë „™â ‡ªìπ à«πº ¡¢Õß
´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ∑’Ë„™â„π°“√»÷°…“
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° ¡’§à“ Ÿß ÿ¥‰¡à‡°‘π 80 Õß»“‡´≈‡´’¬ 

3.3 «‘∏’°“√∑¥ Õ∫
3.3.1 °“√‡μ√’¬¡«—μ∂ÿ¥‘∫

°àÕπ°“√«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° «—μ∂ÿ¥‘∫
·μà≈–™π‘¥¡’¢—ÈπμÕπ°“√‡μ√’¬¡ ¥—ßπ’È

1. ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
‡∑ªŸπ´’‡¡πμå≈ß„π·∫∫À≈àÕÕ–§√‘≈‘° ¢π“¥

5x5x5 ´¡. ∑’Ë«“ß∫π‚μä– —Ëπ ‚¥¬·∫àß‡∑∑’≈–™—Èπ ®”π«π 3
™—Èπ ·μà≈–™—Èπ„™â‡«≈“„π°“√ —Ëπ –‡∑◊Õπ 30 «‘π“∑’ ‡æ◊ËÕ„Àâ
ªŸπ´’‡¡πμåÕ—¥μ—«°—π·πàπ

2. πÈ”
‡∑≈ß„π·∫∫À≈àÕÕ–§√‘≈‘° ¢π“¥ 5x5x5 ´¡.

3.  “√≈¥πÈ”æ‘‡»… (Superplasticizer)
‡∑≈ß„π·∫∫À≈àÕÕ–§√‘≈‘° ¢π“¥ 5x5x5 ´¡.

4. ‡∂â“≈Õ¬·≈–´‘≈‘°“øŸ¡
‡μ√’¬¡‡™àπ‡¥’¬«°—∫ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å

5. ¡«≈√«¡
‡μ√’¬¡‡™àπ‡¥’¬«°—∫ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å

®“°π—Èπ®÷ßπ”«—μ∂ÿ¥‘∫·μà≈–™π‘¥‰ª«—¥§à“ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘° ¥—ß· ¥ß√“¬≈–‡Õ’¬¥„πÀ—«¢âÕμàÕ‰ªπ’È

3.3.2 °“√«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«—μ∂ÿ¥‘∫∑’Ë
Õÿ≥À¿Ÿ¡‘μà“ßÊ

«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«—μ∂ÿ¥‘∫„π√Ÿª¢Õß
§à“§ß∑’Ë ‰¥Õ‘‡≈Á°μ√‘° —¡æ—∑∏å (ε′r) ·≈–‰¥Õ‘‡≈Á°μ√‘°
≈Õ ·ø§‡μÕ√å —¡æ—∑∏å (ε″r) ‚¥¬„™â‡∑§π‘§‚§‡Õ°‡´’¬≈‚æ√∫
(Coaxial Probe) ·≈–ª√–¡«≈º≈ºà“π‡§√◊ËÕß‡πÁμ‡«‘√å°
Õπ“‰≈‡´Õ√å (Network Analyzer) (√Ÿª∑’Ë 1) ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
·≈â«π”«—μ∂ÿ¥‘∫∑—ÈßÀ¡¥‰ªÕ∫„Àâ√âÕπ®π°«à“Õÿ≥À¿Ÿ¡‘®–§ß∑’Ë
®“°π—Èππ”¡“«—¥§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°Õ’° ‚¥¬∑”°“√«—¥§à“
Õ¬à“ßμàÕ‡π◊ËÕß„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘≈¥≈ß‡√◊ËÕ¬Ê ‚¥¬«—¥‰ª
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®π°√–∑—ËßÕÿ≥À¿Ÿ¡‘‡√‘Ë¡‡¢â“„°≈â ŸàÕÿ≥À¿Ÿ¡‘ÀâÕß

3.3.3 °“√ÕÕ°·∫∫ à«πº ¡
°“√ÕÕ°·∫∫ à«πº ¡¢Õß´’‡¡πμå‡æ μå

¡Õ√åμâ“√å ·≈–§Õπ°√’μ ‚¥¬«‘∏’°“√ÕÕ°·∫∫ à«πº ¡
§Õπ°√’μμ“¡¡“μ√∞“π ∂“∫—π§Õπ°√’μ À√—∞Õ‡¡√‘°“ ¥—ß
· ¥ß„πμ“√“ß∑’Ë 1

3.3.4 °“√«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß´’‡¡πμå‡æ μå
¡Õ√åμâ“√å ·≈–§Õπ°√’μ

‡¡◊ËÕ‡∑´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ

√Ÿª∑’Ë 1 ™ÿ¥Õÿª°√≥å‚§‡Õ°‡ ’́¬≈‚æ√∫·≈–‡πÁμ‡«‘√å°Õπ“‰≈‡´Õ√å

≈ß„π·∫∫À≈àÕÕ–§√‘≈‘° ¢π“¥ 5x5x5 ´¡. ·≈â«∑”°“√«—¥
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° (ε′r ·≈– ε″r) ¢Õßμ—«Õ¬à“ß∑—π∑’ (√–¬–
‡«≈“À≈—ßº ¡‡∑à“°—∫ 0) ‚¥¬„™â‡∑§π‘§‚§‡Õ°‡´’¬≈‚æ√∫
·≈–ª√–¡«≈º≈¥â«¬Õÿª°√≥å‡πÁμ‡«‘√å°Õπ“‰≈‡´Õ√å ‚¥¬
·∫∫À≈àÕÕ–§√‘≈‘°®–∂Ÿ°∫√√®ÿ‰«â„π°≈àÕß‚ø¡Õ’° 1 ™—Èπ ‡æ◊ËÕ
ªÑÕß°—π°“√ Ÿ≠‡ ’¬§«“¡√âÕπ·≈–§«“¡™◊Èπ ®“°π—Èπ®÷ß°≈—∫
¡“«—¥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°Õ’°Õ¬à“ßμàÕ‡π◊ËÕß ∑ÿ°Ê 3 ™—Ë«‚¡ß
®π∂÷ß 24 ™—Ë«‚¡ß

‡¡◊ËÕ«—¥ ε′r ·≈– ε″r ¢Õß®’‚Õ‚æ≈‘‡¡Õ√å
¡Õ√åμâ“√å∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ ·≈â« ®÷ß∑”°“√
§”π«≥À“§à“ tan δ (tan δ = ε″r / ε′r)

Software

(a)
Microwave Reflectometer

Female Calibration Coaxial

Coaxial Cavity

Sample

CableStandards

(b)

Coaxial

Cable
RS232

Cavity

Reflectometer

PC



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 2 ‡¡…“¬π - ¡‘∂ÿπ“¬π 2553168

μ“
√“

ß∑
’Ë 1

  
—¥ 

à«π
º 

¡¢
Õß

’́‡¡
πμ

å‡æ
 μ

å ¡
Õ√

åμâ“
√å 

·≈
–§

Õπ
°√

’μ 
∑’Ë „

™â„
π°

“√
∑¥

 Õ
∫



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 2 ‡¡…“¬π - ¡‘∂ÿπ“¬π 2553 169

4. º≈°“√∑¥ Õ∫
4.1  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«—μ∂ÿ¥‘∫∑’Ë„™â„π°“√‡μ√’¬¡
μ—«Õ¬à“ß´’‡¡πμå‡æ μå  ¡Õ√åμâ“√å ·≈–§Õπ°√’μ
√Ÿª∑’Ë 1- 9 · ¥ß∂÷ß ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° (§à“§ß∑’Ë

‰¥Õ‘‡≈Á°μ√‘° —¡æ—∑∏å (ε′r) ·≈– §à“≈Õ ·ø§‡μÕ√å —¡æ—∑∏å
(tan δ = ε″r / ε′r) ¢Õß à«πª√–°Õ∫¢Õß§Õπ°√’μ (ªŸπ
´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 3  ´‘≈‘°“øŸ¡ ‡∂â“≈Õ¬ πÈ”  “√≈¥πÈ”æ‘‡»…  “√
°—°°√–®“¬øÕßÕ“°“» ∑√“¬ ·≈–À‘π) „π√Ÿªøíß°å™—Ëπ
¢ÕßÕÿ≥À¿Ÿ¡‘ §à“ Ÿß ÿ¥ §à“μË” ÿ¥ ·≈–§à“‡©≈’Ë¬¢Õß ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘°¢Õß à«πª√–°Õ∫· ¥ß„πμ“√“ß∑’Ë 1 ·≈– 2
´÷Ëß “¡“√∂·¬°«—μ∂ÿ¥‘∫ÕÕ°‡ªìπ 3 °≈ÿà¡¥â«¬°—π§◊Õ

1. «—μ∂ÿ¥‘∫∑’Ë‡ªìπºßª√–°Õ∫‰ª¥â«¬ªŸπ ’́‡¡πμåªÕ√åμ
·≈π¥åª√–‡¿∑∑’Ë 1 ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 3 ́ ‘≈‘°“
øŸ¡·≈–‡∂â“≈Õ¬ ®–‡ÀÁπ«à“§à“§ß∑’Ë‰¥Õ‘‡≈Á°μ√‘° —¡æ—∑∏å·≈–
§à“≈Õ ·∑π‡®π∑å ‰¡àμà“ß°—π¡“°·≈–Õ¬Ÿà„π·π«‡¥’¬«°—π
μ≈Õ¥™à«ßÕÿ≥À¿Ÿ¡‘ 25 - 80 Õß»“‡´≈‡´’¬  ‚¥¬ªŸπ
´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 3 ¡’§à“‚¥¬‡©≈’Ë¬ Ÿß∑’Ë ÿ¥ √Õß
≈ß¡“§◊Õ ‡∂â“≈Õ¬ μàÕ¡“§◊Õ ªŸπ ’́‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë
1 ·≈–μË”∑’Ë ÿ¥§◊Õ ´‘≈‘°“øŸ¡ ‡¡◊ËÕæ‘®“√≥“®“°Õÿ≥À¿Ÿ¡‘®–
‡ÀÁπ«à“Õÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π‰ª‰¡à¡’º≈°—∫§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
¢Õß«—μ∂ÿ¥‘∫ºß¡“°π—° ‡π◊ËÕß®“°«—μ∂ÿ¥‘∫ºß¡’πÈ”‡ªìπÕß§å
ª√–°Õ∫πâÕ¬¡“°∑”„Àâ‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘°Á‰¡à
∑”„Àâ§«“¡Àπ“·πàπ‡ª≈’Ë¬π·ª≈ß §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
®÷ß‰¡à‡ª≈’Ë¬π·ª≈ß‡™àπ°—π [5]

2. °≈ÿà¡¢Õß«—μ∂ÿ¥‘∫∑’Ë‡ªìπ “√≈–≈“¬ (Solution-based
materials) ª√–°Õ∫‰ª¥â«¬ πÈ”  “√≈¥πÈ”æ‘‡»…
(Polycarboxylic water-based) ·≈– “√°—°°√–®“¬
øÕßÕ“°“» ®–‡ÀÁπ«à“§ÿ≥ ¡∫—μ‘∑—Èß Õßμà“ß°—π·≈–‰¡àÕ¬Ÿà
„π·π«‡¥’¬«°—π ‚¥¬πÈ”¡’§à“‡©≈’Ë¬ Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ πÈ”¬“
°—°°√–®“¬øÕßÕ“°“» ·≈–μË”∑’Ë ÿ¥§◊Õ  “√≈¥πÈ”æ‘‡»… ∑—Èßπ’È

‡°‘¥®“°πÈ”´÷Ëß‡ªìπ«—μ∂ÿ¥‘∫‰¥Õ‘‡≈Á°μ√‘°∑’Ë¡’§à“ ε′r ·≈–
tan δ = ε″r / ε′r  Ÿß°«à“ à«πª√–°Õ∫Õ◊ËπÊ ¡“° ·≈–
®–‡ÀÁπ‰¥â™—¥‡®π„π à«π¢Õß “√º ¡‡§¡’∑’Ë¡’πÈ”·≈–
‚æ≈’‡¡Õ√å‡ªìπ à«πª√–°Õ∫ ¥—ß¢âÕ¡Ÿ≈®“°ºŸâº≈‘μ®÷ß°”Àπ¥
 à«πª√–°Õ∫¢Õß·¢Áß§◊Õ  “√≈¥πÈ”æ‘‡»… ·≈– “√°—°
°√–®“¬øÕßÕ“°“» ‡ªìπ√âÕ¬≈– 40 ·≈– 30 ‚¥¬πÈ”Àπ—°
μ“¡≈”¥—∫ π—Ëπ§◊Õ  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß à«πº ¡®–¢÷Èπ
Õ¬Ÿà°—∫ à«πª√–°Õ∫¢ÕßπÈ”∑’ËÕ¬Ÿà¿“¬„π ‚¥¬‡¡◊ËÕæ‘®“√≥“
®“°Õÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π¡’º≈°—∫§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß
«—μ∂ÿ¥‘∫∑’Ë‡ªìπ “√≈–≈“¬¡“° ‡π◊ËÕß®“°«—μ∂ÿ¥‘∫∑’Ë‡ªìπ “√
≈–≈“¬¡’πÈ”‡ªìπÕß§åª√–°Õ∫¡“°‡¡◊ËÕ¡’°“√‡ª≈’Ë¬π·ª≈ß
Õÿ≥À¿Ÿ¡‘§«“¡Àπ“·πàπ¢Õß “√≈–≈“¬®÷ß‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°®÷ß‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
¥â«¬ ·μà·π«‚πâ¡„π°“√‡ª≈’Ë¬π·ª≈ß¡’≈—°…≥–∑’Ë´—∫´âÕπ
‚¥¬Õ“®‡æ‘Ë¡¢÷ÈπÀ√◊Õ≈¥≈ßμ“¡Õÿ≥À¿Ÿ¡‘°Á‰¥â [5]

3. °≈ÿà¡∑’Ë‡ªìπ«— ¥ÿ¡«≈√«¡‰¥â·°à ∑√“¬·¡àπÈ”·≈–À‘π
®–‡ÀÁπ«à“™à«ß¢Õß ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°‰¡àμà“ß°—π¡“°·≈–Õ¬Ÿà
„π·π«‡¥’¬«°—π ‚¥¬∑√“¬·¡àπÈ”®–¡’§à“‚¥¬‡©≈’Ë¬∑’Ë Ÿß°«à“
À‘π ‡π◊ËÕß®“°‡ªìπ°≈ÿà¡¢Õß«—μ∂ÿ¥‘∫ ∂◊Õ‰¥â«à“¡’πÈ”‡ªìπ à«π
ª√–°Õ∫πâÕ¬À√◊Õ«à“·∑∫®–‰¡à¡’‡≈¬ §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
∑’Ë«—¥‰¥â®÷ß¡’°“√°√–®“¬μ—«‰¡à¡“°π—° ·≈–‡¡◊ËÕæ‘®“√≥“
Õÿ≥À¿Ÿ¡‘°—∫ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°°Á¡’≈—°…≥–‡™àπ‡¥’¬«°—∫
«—μ∂ÿ¥‘∫ºß

4. ®“°°“√∑¥ Õ∫æ∫«à“Õÿ≥À¿Ÿ¡‘¡’Õ‘∑∏‘æ≈μàÕ§à“
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ´’‡¡πμåπâÕ¬¡“° ‚¥¬®“°°“√
æ‘®“√≥“®“°°√“ø°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈√Ÿª∑’Ë 2-10 π—Èπ
 “¡“√∂«‘‡§√“–Àå§à“ R square ¢Õß·μà≈–°√“ø‰¥â ‚¥¬§à“
R square ∑’Ë‰¥â®“°°“√«‘‡§√“–Àå¢Õß·μà≈–°√“øπ—Èπ¡’§à“
πâÕ¬¡“° π—Ëπ§◊Õ„πß“π«‘®—¬π’È ‰¡à “¡“√∂√–∫ÿ‰¥â«à“Õÿ≥À¿Ÿ¡‘
¡’§«“¡ —¡æ—π∏åÕ¬à“ß‰√μàÕ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° À√◊Õ
Õÿ≥À¿Ÿ¡‘¡’§«“¡ —¡æ—π∏å°—∫ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°πâÕ¬¡“°
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√Ÿª∑’Ë 2 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1

√Ÿª∑’Ë 3 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 3

√Ÿª∑’Ë 4 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß´‘≈‘°“øŸ¡
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√Ÿª∑’Ë 5 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß‡∂â“≈Õ¬

√Ÿª∑’Ë 6 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢ÕßπÈ”

√Ÿª∑’Ë 7 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß “√≈¥πÈ”æ‘‡»… ™π‘¥  ADVA CAST 207
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√Ÿª∑’Ë 8 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß “√°—°°√–®“¬øÕßÕ“°“» ™π‘¥ DARAX AEA

√Ÿª∑’Ë 9 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß∑√“¬·¡àπÈ”

√Ÿª∑’Ë 10 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢ÕßÀ‘π
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μ“√“ß∑’Ë 2 §à“μË” ÿ¥  Ÿß ÿ¥  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«—μ∂ÿ¥‘∫∑’Ë„™â„π°“√º ¡ ´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ
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μ“√“ß∑’Ë 3 §à“‡©≈’Ë¬ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«—μ∂ÿ¥‘∫∑’Ë„™â„π°“√º ¡ ´’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ
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4.2  ¡∫—μ‘‰¥Õ‘ ‡≈Á°μ√‘°¢Õß´’‡¡πμå‡æ μå·≈–
§Õπ°√’μ‚¥¬æ‘®“√≥“Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå

®“°√Ÿª∑’Ë 11 ·≈– 12 æ∫«à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° (§à“§ß
∑’Ë ‰¥Õ‘‡≈Á°μ√‘°·≈–≈Õ ·∑π‡®π∑å) ¢Õßμ—«Õ¬à“ß ’́‡¡πμå
‡æ μå·≈–§Õπ°√’μ¢ÕßªŸπ´’‡¡πμåª√–‡¿∑∑’Ë 1 ∑ÿ°™ÿ¥
μ—«Õ¬à“ß¡’·π«‚πâ¡‰ª„π∑‘»∑“ß‡¥’¬«°—π §◊Õ ¡’§à“ Ÿß„π
™à«ßμâπ (0 ∂÷ß 3 ™¡. À≈—ß®“°º ¡) ·≈–≈¥≈ßÕ¬à“ß
μàÕ‡π◊ËÕß ®π‡¡◊ËÕ‡«≈“ºà“π‰ª 18 ™¡. §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°
μ√‘°¢Õß∑ÿ°μ—«Õ¬à“ß¡’§à“„°≈â‡§’¬ß°—π ·≈–§àÕ¬Ê ≈¥≈ß ®π
¡’§à“πâÕ¬ ÿ¥„π™à«ß 24 ™¡. À≈—ßº ¡ ‡π◊ËÕß®“°™à«ß·√°
μ—«Õ¬à“ß ’́‡¡πμå‡æ μå¡’ª√‘¡“≥πÈ”Õ‘ √– (Free water)  Ÿß
®÷ß∑”„Àâ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¡’§à“ Ÿß‡π◊ËÕß®“°πÈ”‡ªìπ  “√
À√◊Õ«— ¥ÿ∑’Ë¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫æ≈—ßß“π‰¡‚§√‡«ø Ÿß
[5] πÕ°®“°π’È‡¡◊ËÕæ‘®“√≥“™à«ß√–¬–‡«≈“μ—Èß·μà 3 ∂÷ß 12
™¡. æ∫«à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¡’Õ—μ√“°“√≈¥≈ß Ÿßμ“¡
°“√≈¥≈ß¢Õßª√‘¡“≥πÈ”Õ‘ √–  ”À√—∫™à«ß√–¬–‡«≈“μ—Èß·μà
12 ∂÷ß 24 ™¡. æ∫«à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¡’Õ—μ√“°“√≈¥≈ß
μË” ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°™à«ß√–¬–‡«≈“ 3 ∂÷ß 12 ™—Ë«‚¡ß
À≈—ßº ¡∂◊Õ«à“‡ªìπ√–¬–‡√àß (Acceleration period) ÷́Ëß

√–¬–π’ÈªØ‘°‘√‘¬“‰Œ‡¥√™—π¡’°“√æ—≤π“‡æ‘Ë¡¢÷Èπ‚¥¬°“√‡°‘¥
·≈–°“√æ—≤π“¢Õß‚§√ß √â“ßº≈‘μ¿—≥±å ‰Œ‡¥√™—π   ”À√—∫
™à«ßÀ≈—ß 12 ™¡.  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¡’Õ—μ√“°“√≈¥≈ßμË”
‡π◊ËÕß®“°√–¬–π’È‡ªìπ√–¬–À≈—ß°“√‡√àß (Post-Acceleration
period) ´÷ËßÕ—μ√“°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—π®–≈¥≈ßμ“¡
ª√‘¡“≥¢Õß “√μ—Èßμâπ¢ÕßªØ‘°‘√‘¬“∑’Ë≈¥≈ß ‚¥¬Õ—μ√“°“√
‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—π®–≈¥≈ß‡¡◊ËÕ‡«≈“ºà“π‰ª®π°√–∑—Ëß
‡¡◊ËÕ∂÷ß®ÿ¥Ê Àπ÷ËßªØ‘°‘√‘¬“®– ‘Èπ ÿ¥‚¥¬ ¡∫Ÿ√≥å [8] „π
∑”πÕß‡¥’¬«°—π‡¡◊ËÕæ‘®“√≥“Õ—μ√“ à«π√–À«à“ßπÈ”μàÕ
ªŸπ ’́‡¡πμå (w/c ratio) æ∫«à“´’‡¡πμå‡æ μå∑’Ë¡’Õ—μ√“ à«π
√–À«à“ßπÈ”μàÕªŸπ´’‡¡πμå Ÿß®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß
¥â«¬ ∑—Èßπ’È‡π◊ËÕß®“°ªŸπ´’‡¡πμå‡ªìπ«— ¥ÿ∑’Ë¡’§«“¡ “¡“√∂
„π°“√¥Ÿ¥ —́∫æ≈—ßß“π‰¡‚§√‡«ø‰¥âμË” ¢≥–∑’ËπÈ”‡ªìπ  “√
∑’Ë¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫æ≈—ßß“π‰¡‚§√‡«ø‰¥â Ÿß°«à“
¥—ßπ—ÈπÀ“°´’‡¡πμå‡æ μå¡’§à“Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå∑’Ë Ÿß
π—Ëπ¬àÕ¡À¡“¬§«“¡«à“®–¡’πÈ” à«π‡°‘π∑’Ë‡À≈◊Õ®“°°“√∑”
ªØ‘°‘√‘¬“‰Œ‡¥√™—π‡æ‘Ë¡¡“°¢÷Èπ ´÷Ëß°Á®– àßº≈∑”„Àâ§«“¡
‡ªìπ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° (§à“§ß∑’Ë‰¥Õ‘‡≈Á°μ√‘°·≈–≈Õ ·∑π
‡®π∑å) ¢Õß ’́‡¡πμå‡æ μå¡’§à“ Ÿß¢÷Èπμ“¡‰ª¥â«¬

√Ÿª∑’Ë 11 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß´’‡¡πμå‡æ μå∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ
 ”À√—∫Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμåμà“ß°—π

(a) Dielectric constant  (b) Loss tangent



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 2 ‡¡…“¬π - ¡‘∂ÿπ“¬π 2553176

 ”À√—∫°“√‡ª√’¬∫‡∑’¬∫§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°√–À«à“ß
´’‡¡πμå‡æ μå·≈–§Õπ°√’μ¢ÕßªŸπ ’́‡¡πμåª√–‡¿∑∑’Ë 1 æ∫
«à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß§Õπ°√’μ¡’§à“ Ÿß°«à“ ’́‡¡πμå‡æ μå
„π∑ÿ°™à«ß‡«≈“À≈—ß°“√º ¡ ‡π◊ËÕß®“°§Õπ°√’μ¡’«— ¥ÿÕ◊Ëπ∑’Ë
‡ªìπ à«πº ¡πÕ°‡Àπ◊Õ®“°ªŸπ´’‡¡πμå·≈–πÈ”„π ’́‡¡πμå
‡æ μå ´÷Ëß«— ¥ÿ¥—ß°≈à“« ‰¥â·°à ∑√“¬ ·≈–À‘π ‚¥¬«— ¥ÿ∑—Èß

 Õß™π‘¥π’È¡’§ÿ≥ ¡∫—μ‘§«“¡‡ªìπ‰¥Õ‘‡≈Á°μ√‘°§à“Àπ÷Ëß ¥—ß
· ¥ß„πμ“√“ß∑’Ë 2 ·≈– 3 ‡¡◊ËÕªŸπ´’‡¡πμå °—∫ πÈ” ( ’́‡¡πμå
‡æ μå) º ¡√«¡°—∫À‘π·≈–∑√“¬ ‡°‘¥‡ªìπ§Õπ°√’μ´÷Ëß
®–∑”„Àâ¡’ ¡∫—μ‘§«“¡‡ªìπ‰¥Õ‘‡≈Á°μ√‘°¡“°¢÷Èπ ‡π◊ËÕß®“°
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿº ¡®–¡’§à“√–À«à“ß ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘°¢Õß·μà≈–Õß§åª√–°Õ∫ [5]

√Ÿª∑’Ë 12 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß§Õπ°√’μ∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ
 ”À√—∫Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμåμà“ß°—π

(a) Dielectric constant  (b) Loss tangent

4.3  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß ’́‡¡πμå‡æ ·≈–¡Õ√åμâ“√å
‚¥¬æ‘®“√≥“™π‘¥¢ÕßªŸπ´’‡¡πμå

®“°√Ÿª∑’Ë 13 ·≈– 14 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫™π‘¥¢Õß
ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å∑’Ë„™â‡ªìπ à«πº ¡¢Õß´’‡¡πμå‡æ μå
·≈–¡Õ√åμâ“√å æ∫«à“§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õßμ—«Õ¬à“ß
´’‡¡πμå‡æ μå·≈–¡Õ√åμâ“√å ¢ÕßªŸπ ’́‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 3 ¡’§à“ Ÿß°«à“μ—«Õ¬à“ß¢ÕßªŸπ ’́‡¡πμåªÕ√åμ
·≈π¥åª√–‡¿∑∑’Ë 1 ∑—Èßπ’È‡π◊ËÕß®“°ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 3 ¡’§«“¡≈–‡Õ’¬¥ Ÿß°«à“ªŸπ´’‡¡πμåªÕ√åμ
·≈π¥åª√–‡¿∑∑’Ë 1 ÷́Ëß§«“¡≈–‡Õ’¬¥π’È‡ªìπªí®®—¬∑’Ë¡’
Õ‘∑∏‘æ≈μàÕ°“√ªØ‘°‘√‘¬“‰Œ‡¥√™—π´÷Ëß°“√∑’ËªŸπ´’‡¡πμå¡’§à“
§«“¡≈–‡Õ’¬¥¡“°°«à“ π—ËπÀ¡“¬§«“¡«à“ªŸπ´’‡¡πμåπ—Èπ®–

¡’æ◊Èπ∑’Ëº‘«¡“°°«à“¬àÕ¡ àßº≈∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—π‰¥â
‡√Á«°«à“√«¡∑—Èß¡’√–¬–‡«≈“°“√°àÕμ—«·≈–·¢Áßμ—«‰¥â‡√Á«
°«à“¥â«¬®÷ß∑”„Àâ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¡’§à“ Ÿßμ“¡‰ª¥â«¬
     ·≈–‡¡◊ËÕæ‘®“√≥“√–¬–‡«≈“À≈—ßº ¡ æ∫«à“ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘°¢Õßμ—«Õ¬à“ß´’‡¡πμå‡æ μå·≈–¡Õ√åμâ“√å¢Õß
ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ·≈– 3 ¡’§à“ Ÿß„π™à«ß
μâπ (0 ∂÷ß 3 ™¡. À≈—ß®“°º ¡) ·≈–≈¥≈ßÕ¬à“ßμàÕ‡π◊ËÕß
®π‡¡◊ËÕ‡«≈“ºà“π‰ª 15 ™¡.  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß∑ÿ°
μ—«Õ¬à“ß¡’§à“„°≈â‡§’¬ß°—π ·≈–§àÕ¬Ê ≈¥≈ß ®π¡’§à“πâÕ¬
 ÿ¥„π™à«ß 24 ™¡. À≈—ßº ¡ ‡™àπ‡¥’¬«°—∫μ—«Õ¬à“ß´’‡¡πμå
‡æ μå·≈–§Õπ°√’μ¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
´÷Ëß “¡“√∂Õ∏‘∫“¬‰¥â„π∑”πÕß‡¥’¬«°—π°—∫¢âÕ 4.2
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√Ÿª∑’Ë 13 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß´’‡¡πμå‡æ μå∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ
 ”À√—∫ª√–‡¿∑¢ÕßªŸπ´’‡¡πμåμà“ß°—π

(a) Dielectric constant  (b) Loss tangent

√Ÿª∑’Ë 14 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß¡Õ√åμâ“√å∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ
 ”À√—∫ª√–‡¿∑¢ÕßªŸπ´’‡¡πμåμà“ß°—π

(a) Dielectric constant  (b) Loss tangent
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4.4  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß´’‡¡πμå‡æ μå·≈–¡Õ√åμâ“√å
‚¥¬æ‘®“√≥“™π‘¥¢Õß«— ¥ÿ·≈– “√º ¡‡æ‘Ë¡

®“°√Ÿª∑’Ë 15 ‡¡◊ËÕæ‘®“√≥“Õ‘∑∏‘æ≈¢Õß “√º ¡‡æ‘Ë¡
ª√–‡¿∑ “√ªÕ´‚´≈“π ‰¥â·°à ‡∂â“≈Õ¬·≈–´‘≈‘°“øŸ¡
„πªŸπ´’‡¡πμå∑’Ë¡’μàÕ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß ’́‡¡πμå‡æ μå
æ∫«à“´’‡¡πμå‡æ μåªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ÷́Ëß
„™â‡∂â“≈Õ¬‡ªìπ “√º ¡‡æ‘Ë¡¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß∑’Ë ÿ¥
√Õß≈ß¡“ §◊Õ ´’‡¡πμå‡æ μåªŸπ ’́‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑
∑’Ë 1 ´÷Ëß„™â´‘≈‘°“øŸ¡‡ªìπ “√º ¡‡æ‘Ë¡ ·≈– ’́‡¡πμå‡æ μåªŸπ
´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ∑’Ë‰¡à„™â “√º ¡‡æ‘Ë¡®–¡’
§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°μË”∑’Ë ÿ¥ ∑—Èßπ’È‡π◊ËÕß®“°‡∂â“≈Õ¬¡’§à“
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß°«à“ ‘́≈‘°“øŸ¡ ¥—ß· ¥ß„πμ“√“ß∑’Ë 2
·≈–μ“√“ß∑’Ë 3 ¥—ßπ—Èπ´’‡¡πμå‡æ μå∑’Ë¡’‡∂â“≈Õ¬‡ªìπ à«πº ¡

®÷ß¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß°«à“´’‡¡πμå‡æ μå∑’Ë¡’´‘≈‘°“øŸ¡
‡ªìπ à«πº ¡

·≈–‡¡◊ËÕæ‘®“√≥“¡Õ√åμâ“√å¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 1 ·≈– 3 ¥—ß· ¥ß„π√Ÿª∑’Ë 16 æ∫«à“ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘°¢Õßμ—«Õ¬à“ß¡Õ√åμâ“√å¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 3 ¡’§à“ Ÿß°«à“ ¡Õ√åμâ“√å¢ÕßªŸπ´’‡¡πμåªÕ√åμ
·≈π¥åª√–‡¿∑∑’Ë 1 ¥—ßÕ∏‘∫“¬‰ª·≈â«„πÀ—«¢âÕ 4.3 ‚¥¬
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß¡Õ√åμâ“√å∑’Ëº ¡ “√≈¥πÈ”æ‘‡»…®–¡’
§à“ Ÿß°«à“¡Õ√åμâ“√å∑’Ë‰¡àº ¡ “√≈¥πÈ”æ‘‡»… ∑—Èßπ’È‡π◊ËÕß®“°
 “√≈¥πÈ”æ‘‡»…‡ªìπ “√‡§¡’º ¡‡æ‘Ë¡™π‘¥Àπ÷Ëß∑’Ë¡’ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘° ¥—ßπ—Èπ‡¡◊ËÕ‡μ‘¡ “√≈¥πÈ”æ‘‡»…„π¡Õ√åμâ“√å
®÷ß∑”„Àâ¡Õ√åμâ“√åπ—Èπ¡’ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß°«à“¡Õ√åμâ“√å
∑’Ë‰¡à‡μ‘¡ “√≈¥πÈ”æ‘‡»…

√Ÿª∑’Ë 15 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß ’́‡¡πμå‡æ μå∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ
 ”À√—∫™π‘¥¢Õß«— ¥ÿº ¡‡æ‘Ë¡μà“ß°—π

(a) Dielectric constant  (b) Loss tangent
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√Ÿª∑’Ë 16 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß¡Õ√åμâ“√å∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ
 ”À√—∫°“√„™â “√º ¡‡æ‘Ë¡μà“ß°—π

(a) Dielectric constant  (b) Loss tangent

4.5  ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß´’‡¡πμå‡æ μå ¡Õ√åμâ“√å
·≈–§Õπ°√’μ ‚¥¬æ‘®“√≥“™π‘¥¢Õß¡«≈√«¡

‡¡◊ËÕæ‘®“√≥“√Ÿª∑’Ë 17 æ∫«à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°„π∑ÿ°
™à«ß√–¬–‡«≈“À≈—ßº ¡¢Õß§Õπ°√’μ¡’§à“ Ÿß∑’Ë ÿ¥ √Õß≈ß¡“
§◊Õ ´’‡¡πμå‡æ μå ·≈–¡Õ√åμâ“√å¡’§à“‰¥Õ‘‡≈Á°μ√‘°μË”∑’Ë ÿ¥ ∑’Ë
‡ªìπ‡™àππ’È‡π◊ËÕß®“°§Õπ°√’μ ÷́Ëßª√–°Õ∫‰ª¥â«¬ ªŸπ ’́‡¡πμå
ªÕ√åμ·≈π¥å ¡«≈√«¡À¬“∫ ¡«≈√«¡≈–‡Õ’¬¥ ·≈– πÈ”
‡ªìπ à«πª√–°Õ∫ ‚¥¬∑’Ë«— ¥ÿ¥—ß°≈à“«·μà≈–™π‘¥μà“ß°Á¡’
§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°§à“Àπ÷Ëß ®÷ß∑”„Àâ§Õπ°√’μ¡’§à“ ¡∫—μ‘
‰¥Õ‘‡≈Á°μ√‘° Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ´’‡¡πμå‡æ μå ∑’Ë¡’ªŸπ
´’‡¡πμåªÕ√åμ·≈π¥å ·≈– πÈ” ‡ªìπ à«πª√–°Õ∫ ·≈– ÿ¥∑â“¬

§◊Õ¡Õ√åμâ“√å ´÷Ëß¡’ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å ¡«≈√«¡≈–‡Õ’¬¥
·≈– πÈ” ‡ªìπ à«πª√–°Õ∫ ®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°πâÕ¬
∑’Ë ÿ¥‡π◊ËÕß®“° ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿº ¡®–¡’§à“
√–À«à“ß ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß·μà≈–Õß§åª√–°Õ∫ [5]
 ”À√—∫„π°√≥’¢Õß´’‡¡πμå‡æ μå∑’Ë¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
 Ÿß°«à“¡Õ√åμâ“√åπ—Èπ °Á‡π◊ËÕß¡“®“°Õ‘∑∏‘æ≈¢Õß§«“¡Àπ“·πàπ
π—Ëπ§◊Õ¡Õ√åμâ“√å®–¡’§«“¡Àπ“·πàππâÕ¬°«à“´’‡¡πμå‡æ μå
®÷ß¡’º≈∑”„Àâ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°μË”°«à“ ‡æ√“–‚¥¬ª°μ‘
§à“§ß∑’Ë‰¥Õ‘‡≈Á°μ√‘°„π«— ¥ÿ®–¡’§à“≈¥≈ß‡¡◊ËÕ§«“¡Àπ“·πàπ
¢Õß«— ¥ÿ≈¥≈ß´÷Ëß®–¡’º≈μàÕ°“√‡ª≈’Ë¬π§«“¡√âÕπ∑’Ë≈¥≈ß
μ“¡‰ª¥â«¬ [5]

√Ÿª∑’Ë 17 §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß ’́‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–§Õπ°√’μ ∑’Ë√–¬–‡«≈“À≈—ßº ¡μà“ßÊ

(a) Dielectric constant  (b) Loss tangent
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5. ∫∑ √ÿª
®“° ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß ́ ’‡¡πμå‡æ μå ¡Õ√åμâ“√å ·≈–

§Õπ°√’μ  “¡“√∂ √ÿª‰¥â¥—ßπ’È
1. μ≈Õ¥™à«ßÕÿ≥À¿Ÿ¡‘ 25-80 Õß»“‡´≈‡ ’́¬ ¢Õß°≈ÿà¡

«—μ∂ÿ¥‘∫ºß §à“§ß∑’Ë‰¥Õ‘‡≈Á°μ√‘°·≈–§à“≈Õ ·∑π‡®π∑å ‰¡à
μà“ß°—π¡“°·≈–Õ¬Ÿà„π·π«‡¥’¬«°—π  à«π°≈ÿà¡«—μ∂ÿ¥‘∫∑’Ë‡ªìπ
 “√≈–≈“¬ §à“§ß∑’Ë‰¥Õ‘‡≈Á°μ√‘°·≈–§à“≈Õ ·∑π‡®π∑å ∑—Èß
 Õßμà“ß°—π·≈–‰¡àÕ¬Ÿà„π·π«‡¥’¬«°—π ·μà‡¡◊ËÕæ‘®“√≥“®“°
§à“ R square π—Èπæ∫«à“ §à“ R square ¢Õß·μà≈–°√“ø
¡’§à“πâÕ¬¡“° Õÿ≥À¿Ÿ¡‘®÷ß¡’º≈μàÕ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°πâÕ¬

2. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫Õ—μ√“ à«ππÈ”μàÕªŸπ ’́‡¡πμå ´÷Ëß¡’º≈
μàÕ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° æ∫«à“∑—Èß´’‡¡πμå‡æ μå·≈–
§Õπ°√’μ∑’Ë¡’Õ—μ√“ à«ππÈ”μàÕªŸπ ’́‡¡πμå∑’Ë Ÿß°«à“°Á®–¡’§à“
 ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß°«à“´’‡¡πμå‡æ μå·≈–§Õπ°√’μ∑’Ë¡’
Õ—μ√“ à«ππÈ”μàÕªŸπ ’́‡¡πμå∑’ËμË”°«à“

3. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫™π‘¥¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥å∑’Ë
‡ªìπ à«πº ¡ ́ ÷Ëß¡’º≈μàÕ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° æ∫«à“ ́ ’‡¡πμå
‡æ μå·≈–¡Õ√åμâ“√å∑’Ë¡’ à«πº ¡¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 3 ®–¡’§à“‰¥Õ‘‡≈Á°μ√‘° Ÿß°«à“´’‡¡πμå‡æ μå·≈–
¡Õ√åμâ“√å∑’Ë¡’ à«πº ¡¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1

4. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß “√º ¡‡æ‘Ë¡ª√–‡¿∑ “√
ªÕ´‚´≈“π„πªŸπ´’‡¡πμå ´÷Ëß¡’º≈μàÕ§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°
æ∫«à“ ´’‡¡πμå‡æ μå·≈–¡Õ√åμâ“√å∑’Ë¡’‡∂â“≈Õ¬‡ªìπ à«πº ¡
®–¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ´’‡¡πμå
‡æ μå·≈–¡Õ√åμâ“√å∑’Ë¡’́ ‘≈‘°“øŸ¡‡ªìπ à«πº ¡ ·≈– ÿ¥∑â“¬§◊Õ
´’‡¡πμå‡æ μå·≈–¡Õ√åμâ“√å∑’Ë‰¡à¡’ “√º ¡‡æ‘Ë¡„¥Ê ‡≈¬ ®–
¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°μË”∑’Ë ÿ¥

5. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß™π‘¥¢Õß¡«≈√«¡∑’Ë·μ°μà“ß
°—π ´÷Ëß¡’º≈°—∫§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° æ∫«à“§Õπ°√’μ®–¡’
§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘° Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ ’́‡¡πμå‡æ μå ·≈–
 ÿ¥∑â“¬§◊Õ¡Õ√åμâ“√å´÷Ëß¡’§à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°μË”∑’Ë ÿ¥

6. ‡¡◊ËÕæ‘®“√≥“√–¬–‡«≈“À≈—ßº ¡¢Õß´’‡¡πμå‡æ μå
¡Õ√åμâ“√å ·≈–§Õπ°√’μæ∫«à“ §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß
∑ÿ°™ÿ¥μ—«Õ¬à“ß¡’∑‘»∑“ß‡À¡◊Õπ°—π§◊Õ ¡’§à“ Ÿß„π™à«ßμâπ
(0 ∂÷ß 3 ™¡. À≈—ß®“°º ¡) ·≈–≈¥≈ßÕ¬à“ßμàÕ‡π◊ËÕß
®π‡¡◊ËÕ‡«≈“ºà“π‰ª 18 ™¡. §à“ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß
∑ÿ°μ—«Õ¬à“ß¡’§à“„°≈â‡§’¬ß°—π ·≈–§àÕ¬Ê ≈¥≈ß ®π¡’§à“
πâÕ¬ ÿ¥„π™à«ß 24 ™¡. À≈—ßº ¡

6. °‘μμ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥ §ÿ≥«à“π ∫—«‡∑» ∑’Ë™à«¬¥”‡π‘π°“√

∑¥ Õ∫„πÀâÕßªØ‘∫—μ‘°“√ ∫√‘…—∑¥—∫∫√‘« Õ“√å ‡°√´
ª√–‡∑»‰∑¬ ®”°—¥ ∑’Ë‰¥âÕπÿ‡§√“–Àå “√≈¥πÈ”·∫∫æ‘‡»…
πÈ”¬“°—°°√–®“¬øÕßÕ“°“» ·≈– ‘́≈‘°“øŸ¡ ·≈–∫√‘…—∑
ª∑ÿ¡∏“π’§Õπ°√’μ ∑’Ë‰¥âÕπÿ‡§√“–Àå‡∂â“≈Õ¬
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