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ÀâÕß ¡ÿ¥°√¡«‘∑¬“»“ µ√å„πÕ¥’µ‡ªìπ∑’Ë°≈à“«¢“π°—π

·≈–‡ªìπ∑’Ë√Ÿâ®—°„π«ß°“√«‘™“™’æ«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’

æ—≤π“¡“®“°ß“π„π·ºπ° (ªï 2478) ‡ªìπ°Õß (ªï 2521)

·≈– ”π—° (ªï 2545) µ“¡≈”¥—∫ ÷́ËßÕ∏‘∫¥’°√¡«‘∑¬“»“ µ√å

∑à“π·√° ¥√.µ—È« ≈æ“πÿ°√¡ „π∞“π–π—°Õà“π ·≈–π—°§âπ§«â“

∑’Ë¡’«‘ —¬∑—»πå°«â“ß‰°≈ ∑à“π¡’§«“¡ª√“√∂π“∑’Ë®–°â“«∑—π‚≈°

‚¥¬æ¬“¬“¡∑ÿ°«‘∂’∑“ß∑’Ë®–∂à“¬∑Õ¥π‘ —¬√—°°“√Õà“πÀπ—ß ◊Õ

‰ª Ÿà‡æ◊ËÕπ√à«¡ß“π·≈–ºŸâ„°≈â™‘¥ ¥â«¬°“√®—¥µ—Èß·ºπ°ÀÕ

 ¡ÿ¥«‘∑¬“»“ µ√å¢÷Èπ ·≈–¡’‡®µπ“√¡≥å®–¢¬“¬ÀÕ ¡ÿ¥

«‘∑¬“»“ µ√å„Àâ‡ªìπ çÀÕ ¡ÿ¥«‘∑¬“»“ µ√å·Ààß™“µ‘é (National

Scientific Library) ™÷Ëß®–„Àâ‡ªìπ·À≈àß – ¡µ”√“ «‘™“

§«“¡√Ÿâ ”À√—∫°“√»÷°…“§âπ§«â“„π∑“ß«‘∑¬“»“ µ√å ”À√—∫

ºŸâ π„®∑—Ë«‰ª¢Õß™“µ‘ ¥—ß§”°≈à“«¢Õß ¥√.µ—È« ≈æ“πÿ°√¡**

...ª√–‡∑»‰∑¬µâÕß∫”√ÿß«‘∑¬“»“ µ√å„Àâ¬‘Ëß°«à“∑’Ë‡ªìπÕ¬Ÿà

‡¥’Î¬«π’È ‡æ√“–„π‡«≈“π’È‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√–‡∑»Õ◊Ëπ

‡√“¬—ß≈â“À≈—ß‡¢“¡“° ‡ß‘π∑ÿ° Ê  µ“ß§å∑’Ë‰∑¬®–≈ß∑ÿπ‰ª

„π°“√∫”√ÿß«‘∑¬“»“ µ√å ‰¡à„™à∑ÿπ∑’Ë®– Ÿ≠‰ª‡ª≈à“ ∑ÿ° Ê  µ“ß§å

∑’Ë≈ß‰ªπ—Èπ®–‰¥âº≈‡ªìπ°”‰√°≈—∫§◊π‡ ¡Õ ‚¥¬ª√–‚¬™πå

∑—Èß∑“ßµ√ß·≈–∑“ßÕâÕ¡ ‰∑¬µâÕß°“√§«“¡∫”√ÿß„π∑“ß

«‘∑¬“»“ µ√å ‡æ√“– «‘∑¬“»“ µ√å §◊Õ √“°∞“π·Ààß§«“¡

¡—Ëπ§ß∂“«√¢Õßª√–‡∑»™“µ‘é

▲ ▲ ▲

∑’Ë¡“¢Õß™◊ËÕÀÕ ¡ÿ¥«‘∑¬“»“ µ√å
¥√.µ—È« ≈æ“πÿ°√¡

®“°¬ÿ§ ¡—¬ “√ π‡∑»‡øóòÕßøŸ (Information

Explored) ®π°√–∑—Ëß¬ÿ§‡∑§‚π‚≈¬’ “√ π‡∑»·≈–°“√ ◊ËÕ “√

(Information Technology & Communication) ®”π«π

ºŸâ‡¢â“„™âÀâÕß ¡ÿ¥‡æ‘Ë¡¡“°¢÷Èπºà“π‡«Á∫‰´µå„π√–∫∫‡§√◊Õ¢à“¬

Õ‘π‡∑Õ√å‡πÁµ ∫√√¬“°“»‡¥‘¡ Ê ∑’Ë‡ÀÁπºŸâ„™âÀâÕß ¡ÿ¥‡¥‘π‡¢â“

ÀâÕß ¡ÿ¥‡æ◊ËÕ»÷°…“§âπ§«â“®÷ßπâÕ¬≈ß ¥—ßπ—Èπ‡æ◊ËÕ„ÀâÀâÕß

 ¡ÿ¥¡’¿“æ≈—°…≥å‡ªìπ·À≈àß»÷°…“§âπ§«â“ ”À√—∫π—°«‘®—¬

π—°«‘∑¬“»“ µ√å ‡À¡◊Õπ¥—Ëß‡®µπ“√¡≥å¢Õß∑à“π ¥√.µ—È«

≈æ“πÿ°√¡ ‚§√ß°“√ÀâÕß ¡ÿ¥¡’™’«‘µ®÷ß‡°‘¥¢÷Èπ„π ¡—¬Õ∏‘∫¥’

ª∞¡ ·À¬¡‡°µÿ „πªï æ.». 2552 ‰¥â√—∫°“√ π—∫ πÿπ

ß∫ª√–¡“≥ª√—∫ª√ÿßæ◊Èπ∑’Ë™—Èπ 1 „Àâ¡’§«“¡∑—π ¡—¬ ·≈–

°”Àπ¥‡ªÑ“À¡“¬«à“∑”Õ¬à“ß‰√ ®Ÿß„®„Àâ¡’®”π«π§π‡¥‘π‡¢â“

‡æ‘Ë¡¡“°¢÷Èπ „πªï 2553 Õ∏‘∫¥’‡°…¡ æ‘ƒ∑∏‘Ï∫Ÿ√≥– ∑à“π‰¥â

 “πß“πµàÕ ∑’Ë®– π—∫ πÿπ·À≈àß∫√‘°“√ “√ π‡∑»π’È ®“°

°“√‡¬’Ë¬¡™¡æ◊Èπ∑’Ëª√—∫ª√ÿß™—Èπ 1 ¢ÕßÀâÕß ¡ÿ¥ ·≈–‡ÀÁπ™Õ∫

„π°“√µ—Èß™◊ËÕÀâÕß ¡ÿ¥‡ªìπ çÀÕ ¡ÿ¥«‘∑¬“»“ µ√å ¥√.µ—È«

≈æ“πÿ°√¡é ‡ªìπÕ’°™◊ËÕÀπ÷Ëß¢Õß ”π—°ÀÕ ¡ÿ¥·≈–»Ÿπ¬å

 “√ π‡∑»«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ‡æ◊ËÕ„Àâ‡ªìπ‡°’¬√µ‘

ª√–«—µ‘·°à∑à“πÕ∏‘∫¥’µ—È« ≈æ“πÿ°√¡ ºŸâ°àÕµ—ÈßÀÕ ¡ÿ¥

■■■■
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* ∫√√≥“√—°…å™”π“≠°“√æ‘‡»…  ”π—°ÀÕ ¡ÿ¥·≈–»Ÿπ¬å “√ π‡∑»«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’

** „π µ—È« ≈æ“πÿ°√¡. «‘∑¬“»“ µ√å°—∫§«“¡µâÕß°“√¢Õßª√–‡∑» ....
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¢âÕ¡Ÿ≈æ◊Èπ∞“π

Õ“§“√ÀÕ ¡ÿ¥ œ : ®”π«π 6 ™—Èπ æ◊Èπ∑’Ë 4200 µ“√“ß‡¡µ√

§√÷ËßÕ“§“√ ·≈–¡’Õ“§“√®—¥‡°Á∫∑√—æ¬“°√ “√ π‡∑»

1 À≈—ß 3 ™—Èπ

®”π«π∑√—æ¬“°√ “√ π‡∑» : 785,968 √“¬°“√ 

∫ÿ§≈“°√ : 50 §π (∫√√≥“√—°…å 12 §π π—°«‘∑¬“»“ µ√å

8 §π ‡®â“Àπâ“∑’Ë 30 §π)

ª√–‡¿∑¢Õß ‘Ëßæ‘¡æå : Àπ—ß ◊Õ «“√ “√ ®ÿ≈ “√ ‡Õ° “√

√“¬ß“π «‘∑¬“π‘æπ∏å ‡Õ° “√«‘®—¬ ‡Õ° “√ ‘∑∏‘∫—µ√

‡Õ° “√¡“µ√∞“π ‡Õ° “√°“√§â“ æ√–√“™∫—≠≠—µ‘ °Æ√–‡∫’¬∫

¢âÕ∫—ß§—∫ √“™°‘®®“πÿ‡∫°…“ √’æ√‘π∑å °ƒµ¿“§ «— ¥ÿ¬àÕ à«π

´’¥’√Õ¡

❁ æ◊Èπ∑’Ë™—Èπ 1  “¡“√∂ àß‡ ’¬ß‰¥â

✵ ¡ÿ¡¢à“« ¥

√à«¡ Update ¢à“« ¥∑—π„®∑ÿ°‡™â“ - ‡∑’Ë¬ß ·≈–

§«“¡√Ÿâ∑’Ëπà“ π„® ºà“π‚ µ∑—»π«— ¥ÿ ¥’«’¥’ ’́¥’

✵ ¡ÿ¡‡«∑’·≈°‡ª≈’Ë¬π‡√’¬π√Ÿâ

‡æ’¬ß·§à°â“«‡∑â“‰ª¬—ß®ÿ¥∑’Ëµ—Èß¢Õß™ÿ¡™π‡«∑’

·≈°‡ª≈’Ë¬π‡√’¬π√Ÿâ §«“¡ πÿ° π“π §«“¡∫—π‡∑‘ß  “√–µà“ß Ê

®–∑”„Àâ∑à“π‡æ≈‘¥‡æ≈‘π·≈–‰¥âª√– ∫°“√≥å„À¡à

✵ ¡ÿ¡§âπ§«â“

Õ¬à“æ≈“¥°“√‡√’¬π√Ÿâ∫√‘°“√§âπ‡√◊ËÕß®“°‚≈°

Õ‘π‡∑Õ√å‡πÁµ ºà“π wireless §«“¡‡√Á« Ÿß ∫√‘°“√ ◊∫§âπß“π«‘®—¬

 “¢“µà“ß Ê Õ“∑‘ «‘»«°√√¡‡§¡’ ™’««‘∑¬“  ‘Ëß·«¥≈âÕ¡ œ≈œ

ºà“π CA on Web Zone (Chemical Abstract on web

for Innovation)

✵ ¡ÿ¡∑√—æ¬“°√ “√ π‡∑»„À¡à (New Arrival)

✵ ¡ÿ¡∫√‘°“√¬◊¡ - §◊π (Circulation Zone)

■■■■
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✵ ¡ÿ¡æ—°ºàÕπ§≈“¬‡§√’¬¥ (Long Life)
‡æ◊ËÕ§«“¡ ÿ¢

❁ ∫√‘°“√¬◊¡ - §◊π (Circulation)
❁ ∫√‘°“√µ‘¥µ“¡ “√ π‡∑»∑—π ¡—¬‡©æ“–‡√◊ËÕß

‡©æ“–√“¬ (SDI : Selective Dissermination Information)
❁ ∫√‘°“√®ÕßÀπ—ß ◊Õºà“πÕÕπ‰≈πå (Reserving

via Online)
❁ ∫√‘°“√§âπ‡√◊ËÕß∑“ß«‘™“°“√ºà“π‡«Á∫ (Searching

via web)
❁ ∫√‘°“√ “√ π‡∑» π—∫ πÿπ°“√«‘®—¬ (BSTI

Research Corner)
✵  ◊∫§âπ∞“π¢âÕ¡Ÿ≈‡æ◊ËÕ°“√«‘®—¬
✵ ·π–π”°“√‡¢’¬π∫√√≥“πÿ°√¡·≈–√“¬°“√

Õâ“ßÕ‘ß
✵ °“√µ√«® Õ∫ß“π«‘®—¬ ”À√—∫°“√®¥ ‘∑∏‘∫—µ√
✵ °“√∑” Patent Mapping

❁ æ◊Èπ∑’Ë™—Èπ 2  “√π‘‡∑»¿“…“Õ—ß°ƒ…

❁ æ◊Èπ∑’Ë™—Èπ 5  “√π‘‡∑»¿“…“‰∑¬

❁ æ◊Èπ∑’Ë™—Èπ 6 ‡Õ° “√æ‘‡»…

❁ æ◊Èπ∑’Ë™—Èπ 4 »Ÿπ¬å‡∑§‚π‚≈¬’ “√ π‡∑»ÀâÕß ¡ÿ¥
 √ÿª ÀÕ ¡ÿ¥«‘∑¬“»“ µ√å
¥√.µ—È« ≈æ“πÿ°√¡ ç‡ªìπÕ’°
™◊ËÕÀπ÷Ëß¢Õß ”π—°ÀÕ ¡ÿ¥
·≈–»Ÿπ¬å “√ π‡∑»
«‘∑¬“»“ µ√å·≈–‡∑§‚π-
‚≈¬’ ‡æ◊ËÕ„Àâ‡ªìπ‡°’¬√µ‘
ª√–«—µ‘·°à∑à “πÕ∏‘∫¥’
µ—È« ≈æ“πÿ°√¡ ºŸâ°àÕµ—Èß
ÀÕ ¡ÿ¥ ·≈–‡ªìπ∑—Èß·À≈àß
∫à¡‡æ“–∑“ß«‘™“°“√·≈–
·À≈àß∫à¡‡æ“–∑“ßªí≠≠“
¢Õßª√–‡∑» ∑’Ë™“« «».

∑ÿ°§π¿Ÿ¡‘„® ·≈–√à«¡°—π “πΩíπµàÕ„Àâ∫√√≈ÿ„π°“√‡ªìπ çÀÕ ¡ÿ¥
«‘∑¬“»“ µ√å·Ààß™“µ‘é  ”À√—∫≈Ÿ°À≈“π‰∑¬„π¿“¬Àπâ“



4

‡π◊ËÕß®“°ªí®®ÿ∫—ππ’ÈÀâÕßªØ‘∫—µ‘°“√«‘‡§√“–Àå∑¥ Õ∫/

 Õ∫‡∑’¬∫ °”≈—ßµ◊Ëπµ—«·≈–¡ÿàßæ—≤π“§ÿ≥¿“æ¢ÕßÀâÕßªØ‘∫—µ‘°“√

‡¢â“ Ÿà√–∫∫§ÿ≥¿“æ¡“µ√∞“π “°≈ ISO/IEC 17025 ‚¥¬

‡√‘Ë¡®“°ÀâÕßªØ‘∫—µ‘°“√π—Èπ¡’À≈—°ªØ‘∫—µ‘∑’Ë¥’ ”À√—∫ÀâÕß

ªØ‘∫—µ‘°“√ (Good Laboratory Practice : GLP) ´÷Ëß‡ªìπ

æ◊Èπ∞“π·≈â«π”‰ª Ÿà√–∫∫§ÿ≥¿“æ¡“µ√∞“π “°≈ ISO/IEC

17025 ‡æ◊ËÕ √â“ß§«“¡¡—Ëπ„®„π§ÿ≥¿“æº≈°“√«‘‡§√“–Àå

∑¥ Õ∫/ Õ∫‡∑’¬∫ ∑”„Àâ≈Ÿ°§â“À√◊ÕºŸâ„™â∫√‘°“√¡’§«“¡¡—Ëπ„®

„π§ÿ≥¿“æ¢Õßº≈‘µ¿—≥±å ·≈– “¡“√∂π”º≈°“√«‘‡§√“–Àå

∑¥ Õ∫‰ªª√–‡¡‘π°“√·°â‰¢¢âÕ∫°æ√àÕß„π°“√º≈‘µ‰¥âµàÕ‰ª

„π∑’Ëπ’È®–¢Õ·π–π”°“√®—¥∑”ÀâÕßªØ‘∫—µ‘°“√∑“ß®ÿ≈™’««‘∑¬“

∑’Ë¥’·≈–πà“‡™◊ËÕ∂◊Õ ´÷Ëßª√–°Õ∫¥â«¬Õß§åª√–°Õ∫À≈—°µà“ß Ê

‰¥â·°à °“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß ∂“π∑’Ë·≈– ‘Ëß·«¥≈âÕ¡

°“√ÕÕ°·∫∫ÀâÕßªØ‘∫—µ‘°“√∑’Ë¥’·≈–«‘∏’°“√ªØ‘∫—µ‘‡æ◊ËÕ

§«“¡ª≈Õ¥¿—¬ °“√„™â ∫”√ÿß√—°…“ ·≈–§«∫§ÿ¡

ª√– ‘∑∏‘¿“æ‡§√◊ËÕß¡◊Õ„πß“π®ÿ≈™’««‘∑¬“ °“√§«∫§ÿ¡

§ÿ≥¿“æ¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ °“√‡°Á∫√—°…“‡™◊ÈÕ®ÿ≈‘π∑√’¬å

Õâ“ßÕ‘ß‡æ◊ËÕ„™â„π°“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß°“√∑¥ Õ∫

°“√®—¥∑”·≈–°“√§«∫§ÿ¡‡Õ° “√√–∫∫§ÿ≥¿“æ∑’Ë‡°’Ë¬«¢âÕß

‰¥â·°à ‡Õ° “√¢—ÈπµÕπ°“√ªØ‘∫—µ‘ß“π ‡Õ° “√°“√∫—π∑÷°

‡Õ° “√°“√√“¬ß“πº≈°“√«‘‡§√“–Àå∑¥ Õ∫/ Õ∫‡∑’¬∫

‡ªìπµâπ ·≈–∑’Ë ”§—≠∑’Ë‡ªìπªí®®—¬À≈—°Õ¬à“ßÀπ÷Ëß§◊Õ

§«“¡ “¡“√∂ ¢Õß∫ÿ§≈“°√∑’ËªØ‘∫—µ‘ß“π ∑’ËµâÕß¡’§«“¡√Ÿâ

§«“¡‡¢â“„® ¡’∑—°…– ·≈–ª√– ∫°“√≥å∑’Ë¥’„π°“√

ªØ‘∫—µ‘ß“π

1. °“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß ∂“π∑’Ë·≈– ‘Ëß·«¥≈âÕ¡

¢ÕßÀâÕßªØ‘∫—µ‘°“√

ÀâÕßªØ‘∫—µ‘°“√∑“ß®ÿ≈™’««‘∑¬“∑’Ë¥’·≈–∂Ÿ°µâÕßπ—Èπ

 ‘Ëß∑’ËµâÕß§”π÷ß∂÷ß„π°“√§«∫§ÿ¡§ÿ≥¿“æ¡’Õ¬Ÿà 3  à«π §◊Õ

 ∂“π∑’Ë/æ◊Èπ∑’ËªØ‘∫—µ‘ß“π Õ“°“» ·≈–πÈ”

❁  ∂“π∑’Ë/æ◊Èπ∑’ËªØ‘∫—µ‘ß“π

✵ µâÕß¡’°“√ÕÕ°·∫∫‚¥¬§”π÷ß∂÷ß§«“¡

ª≈Õ¥¿—¬¢Õß∫ÿ§≈“°√∑’Ë‡°’Ë¬«¢âÕß·≈–§«“¡ –¥«° ∫“¬

¢Õß°“√„™âæ◊Èπ∑’Ë «— ¥ÿ∑’Ë„™â°àÕ √â“ß ∂“π∑’Ë‡ªìπ«— ¥ÿ∑’Ë∑π‰ø

ºπ—ß ‡æ¥“π æ◊ÈπÀâÕß µâÕß‡ªìπæ◊Èπº‘«‡√’¬∫ ‰¡à¥Ÿ¥ ÷́¡πÈ” ∑”§«“¡

 –Õ“¥ßà“¬ æ◊Èπ‰¡à≈◊Ëπ

✵ µâÕß·¬°ÕÕ°®“°°‘®°√√¡Õ◊Ëπ Ê ·≈–¡’°“√

®”°—¥ºŸâ‡¢â“ÕÕ° ∫√‘‡«≥∑’Ë„™â„π°“√‡µ√’¬¡Õ“À“√‡≈’È¬ß‡™◊ÈÕ

·≈–°“√¶à“‡™◊ÈÕ§«√·¬°ÕÕ°®“°∫√‘‡«≥∑’Ë„™â„π°“√∑¥ Õ∫

∫√‘‡«≥‡µ√’¬¡µ—«Õ¬à“ßµâÕß¡’°“√·¬°ÕÕ°‡ªìπ —¥ à«π ¡’

∫√‘‡«≥ ”À√—∫≈â“ß‡§√◊ËÕß·°â«·≈–‡§√◊ËÕß¡◊Õ ®—¥„Àâ¡’Õà“ß

≈â“ß¡◊Õ·¬°‡ªìπ —¥ à«π

✵ µâÕß¡’°“√∑”§«“¡ –Õ“¥ÀâÕßªØ‘∫—µ‘°“√

Õ¬à“ß ¡Ë”‡ ¡Õ ‚µä–ªØ‘∫—µ‘°“√µâÕß¡’°“√¶à“‡™◊ÈÕ°àÕπ·≈–À≈—ß

„™âß“π §«“¡ –Õ“¥‡ªìπ ‘Ëß ”§—≠®÷ßµâÕß¡’°“√µ√«® Õ∫

‡™◊ÈÕ®ÿ≈‘π∑√’¬å„π ¿“æ·«¥≈âÕ¡¢Õß∫√‘‡«≥æ◊Èπ∑’Ë∑’Ë¡’º≈°√–∑∫

µàÕ°“√∑¥ Õ∫ ‚¥¬‡©æ“–æ◊Èπ∑’ËÀ√◊Õ‚µä–∑’Ë„™â„π°“√∑¥ Õ∫π—Èπ

¡’‡°≥±å¡“µ√∞“π°”Àπ¥‰«â ”À√—∫µ√«® Õ∫æ◊Èπ∑’ËªØ‘∫—µ‘ß“π

§◊Õ ®”π«π®ÿ≈‘π∑√’¬å∑’Ëµ√«®æ∫‰¥â®“°°“√µ√«® Õ∫‚¥¬«‘∏’

swab contact ‰¡à‡°‘π 100 ‚§‚≈π’/50 µ“√“ß‡´πµ‘‡¡µ√

·≈–®”π«π®ÿ≈‘π∑√’¬å∑’Ëµ√«®æ∫‰¥â®“°°“√µ√«® Õ∫‚¥¬«‘∏’

agar contact πâÕ¬°«à“ 200 ‚§‚≈π’

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»…  ”π—°æ—≤π“»—°¬¿“æπ—°«‘∑¬“»“ µ√åÀâÕßªØ‘∫—µ‘°“√

▲ ▲ ▲
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¿“æ∑’Ë 1 · ¥ß°“√·¬°æ◊Èπ∑’Ë „π°“√‡°Á∫µ—«Õ¬à“ß ”À√—∫„™â „π

°“√«‘‡§√“–Àå∑¥ Õ∫∑“ß®ÿ≈™’««‘∑¬“

¿“æ∑’Ë 2 · ¥ß°“√·¬°æ◊Èπ∑’Ë/‚µä–ªØ‘∫—µ‘°“√·≈–∫√‘‡«≥µŸâª≈Õ¥‡™◊ÈÕ

 ”À√—∫ªØ‘∫—µ‘ß“π«‘‡§√“–Àå∑¥ Õ∫∑“ß®ÿ≈™’««‘∑¬“·≈–°“√®—¥„Àâ¡’

Õà“ß≈â“ß¡◊ÕÕ¬à“ß‡ªìπ —¥ à«π

❁ Õ“°“» 

✵ ÀâÕßªØ‘∫—µ‘°“√§«√¡’√–∫∫√–∫“¬Õ“°“» ‡æ◊ËÕ

∑’Ë®–≈¥√–¥—∫¢Õß§«“¡‡ ’Ë¬ßµàÕ°“√ªπ‡ªóôÕπ¿“¬„π ·≈–§«√

‡ªìπÀâÕß∑’Ë¡’‡§√◊ËÕßª√—∫Õ“°“»‡æ◊ËÕ∑’Ë®–§«∫§ÿ¡§«“¡™◊Èπ·≈–

Õÿ≥À¿Ÿ¡‘

✵ ÀâÕßªØ‘∫—µ‘°“√µâÕßµ√«® Õ∫‡™◊ÈÕ®ÿ≈‘π∑√’¬å„π

 ¿“æ·«¥≈âÕ¡ ¡’‡°≥±å¡“µ√∞“π°”Àπ¥‰«â ”À√—∫µ√«® Õ∫

Õ“°“» §◊Õ ‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ëµ√«®æ∫„πÕ“°“»„πÀâÕßªØ‘∫—µ‘°“√

µâÕß‰¡à‡°‘π 15 ‚§‚≈π’ / 15 π“∑’ ·≈–‰¡àæ∫®ÿ≈‘π∑√’¬å / 30 π“∑’

„πÕ“°“»À¡ÿπ‡«’¬π„πµŸâª√“»®“°‡™◊ÈÕ

❁ πÈ”

✵ πÈ”∑’Ë „™â„πÀâÕßªØ‘∫—µ‘°“√®ÿ≈™’««‘∑¬“∑’Ë

‡À¡“– ¡ §◊Õ πÈ”°≈—Ëπ À√◊Õ deionised water À√◊Õ

reverse osmosis water ÷́Ëß§«√¡’°“√∑¥ Õ∫«à“‰¡à¡’ “√

æ‘…À√◊Õªπ‡ªóôÕπ®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬å

2. °“√§«∫§ÿ¡ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ„πß“π

®ÿ≈™’««‘∑¬“

‡§√◊ËÕß¡◊Õ∑’Ë„™â„πÀâÕßªØ‘∫—µ‘°“√®ÿ≈™’««‘∑¬“¡’À≈“¬™π‘¥

‡™àπ ‡§√◊ËÕß™—Ëß (Balance) ‡§√◊ËÕß«—¥§«“¡‡ªìπ°√¥-¥à“ß

(pH meter) ‡§√◊ËÕßπ÷Ëß∑”≈“¬‡™◊ÈÕ (Autoclave) µŸâÕ∫√âÕπ

(Hot air oven) µŸâÕ∫‡æ“–‡™◊ÈÕ (Incubator) ‡ªìπµâπ

´÷ËßµâÕß¡’°“√µ√«® Õ∫ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ ‚¥¬

ºŸâªØ‘∫—µ‘ß“πµâÕß∑√“∫∂÷ß«—µ∂ÿª√– ß§å¢Õß°“√„™âß“π¢Õß

‡§√◊ËÕß¡◊Õ·µà≈–™π‘¥ ‡§√◊ËÕß¡◊ÕµâÕß„™âß“π‚¥¬∫ÿ§≈“°√∑’Ë

‰¥â√—∫¡Õ∫À¡“¬ ¡’§Ÿà¡◊Õ„™âß“π §Ÿà¡◊Õ∫”√ÿß√—°…“ §Ÿà¡◊Õ∑’Ë

‡°’Ë¬«¢âÕß¢Õß‡§√◊ËÕß¡◊Õ‰«âæ√âÕ¡„™âß“π ‡§√◊ËÕß¡◊ÕµâÕß„Àâº≈

∑’Ë¡’§«“¡·¡àπ¬”„π™à«ß∑’Ë„™âß“π·≈–µâÕß‰¥â√—∫°“√ Õ∫‡∑’¬∫

µ“¡‡°≥±å∑’Ë°”Àπ¥Õ¬à“ß ¡Ë”‡ ¡Õ

3. °“√§«∫§ÿ¡§ÿ≥¿“æÕ“À“√‡≈’È¬ß‡™◊ÈÕ

ÀâÕßªØ‘∫—µ‘°“√µâÕß„Àâ§«“¡ ”§—≠µàÕ°“√‡µ√’¬¡

Õ“À“√‡≈’È¬ß‡™◊ÈÕ ‡æ◊ËÕ„Àâ‰¥âÕ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¡’ª√– ‘∑∏‘¿“æ

¡’§«“¡·¡àπ¬”„π°“√∑’Ë®–„Àâº≈°“√∑¥ Õ∫∑’Ë∂Ÿ°µâÕß ¡’

ª√–‡¥Áπ ”§—≠¥—ßπ’È

°“√‡µ√’¬¡Õ“À“√‡≈’È¬ß‡™◊ÈÕ ªí®®ÿ∫—π¡’°“√π‘¬¡„™â

Õ“À“√‡≈’È¬ß‡™◊ÈÕ ”‡√Á®√Ÿª ÷́ËßµâÕßµ√«® ¿“æ≈—°…≥–∑—Ë«‰ª

°àÕπ„™âß“π «— ¥ÿªî¥Ω“¢«¥µâÕß‰¡à¡’°“√©’°¢“¥ ·≈–µâÕß¡’

°“√ª√–°—π§ÿ≥¿“æ‚¥¬¡’„∫√—∫√Õß§ÿ≥¿“æ ‡§√◊ËÕß¡◊Õ·≈–

Õÿª°√≥åµà“ß Ê ∑’Ë„™â„π°“√‡µ√’¬¡Õ“À“√‡≈’È¬ß‡™◊ÈÕµâÕß¡’

§«“¡ –Õ“¥ °“√‡°Á∫Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë¬—ß‰¡à‰¥â‡µ√’¬¡§«√

‡°Á∫„π ¿“«–∑’ËºŸâº≈‘µ·π–π”  à«π„À≠à§«√‡°Á∫„π ¿“æ

Õ“°“»∑’Ë‡¬Áπ ∫—π∑÷°«—π ‡«≈“ ∑’ËÀ¡¥Õ“¬ÿ ∫—π∑÷°«—π ‡«≈“

∑’Ë‡ªî¥„™âß“π

Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡µ√’¬¡ ”‡√Á®·≈â« ‡°Á∫‰«â„π∑’Ë¡’

Õ“°“»‡¬Áπ ‡™àπ ‡°Á∫„πµŸâ‡¬Áπ ·≈–§«√‡°Á∫‰«â„π∑’Ë¡◊¥ ‡æ√“–

 “√ª√–°Õ∫„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ à«π„À≠à‡¡◊ËÕ∂Ÿ°· ß®–‡ª≈’Ë¬π

 ¡∫—µ‘ ¡’°“√√–∫ÿ¢âÕ¡Ÿ≈Õ¬à“ß™—¥‡®π∂÷ß ™π‘¥¢ÕßÕ“À“√

‡≈’È¬ß‡™◊ÈÕ À¡“¬‡≈¢¢Õß™ÿ¥Õ“À“√∑’Ë‡µ√’¬¡ «—π ‡«≈“∑’Ë‡µ√’¬¡

·≈–«—π ‡«≈“∑’ËÀ¡¥Õ“¬ÿ ª√‘¡“≥πÈ”Àπ—°¢ÕßÕ“À“√∑’Ë‡µ√’¬¡

ª√‘¡“µ√¢ÕßÕ“À“√ À¡“¬‡≈¢™ÿ¥¢Õß°“√¶à“‡™◊ÈÕ Õÿ≥À¿Ÿ¡‘

·≈–‡«≈“∑’Ë„™â„π°“√¶à“‡™◊ÈÕ §à“§«“¡‡ªìπ°√¥ - ¥à“ß
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°“√π”Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë‡µ√’¬¡‰«â·≈â«¡“„™âß“π

‡¡◊ËÕπ”ÕÕ°¡“®“°µŸâ‡¬Áπ§«√√Õ„ÀâÕÿ≥À¿Ÿ¡‘¢ÕßÕ“À“√Õ¬Ÿà„π

√–¥—∫‡¥’¬«°—∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ∂â“∫πæ◊Èπº‘«Àπâ“Õ“À“√

¡’À¬¥πÈ” §«√∑”„Àâ·Àâß°àÕππ”‰ª„™â

¿“æ∑’Ë 3 · ¥ß°“√®—¥‡°Á∫√—°…“Õ“À“√‡≈’È¬ß‡™◊ÈÕ ”À√—∫®—¥‡µ√’¬¡‰«â

„™â„πß“π«‘‡§√“–Àå∑¥ Õ∫∑“ß®ÿ≈™’««‘∑¬“

¿“æ∑’Ë 4 · ¥ß°“√®—¥‡°Á∫√—°…“Õ“À“√‡≈’È¬ß‡™◊ÈÕ∑’Ë®—¥‡µ√’¬¡‰«â„™â

„πß“π«‘‡§√“–Àå∑¥ Õ∫∑“ß®ÿ≈™’««‘∑¬“

°“√µ√«® Õ∫ª√– ‘∑∏‘¿“æÕ“À“√‡≈’È¬ß‡™◊ÈÕ Õ“À“√

‡≈’È¬ß‡™◊ÈÕ∑’Ë‡µ√’¬¡·µà≈–√ÿàπ µâÕß∑”°“√∑¥ Õ∫§ÿ≥¿“æ §◊Õ

§«“¡ª≈Õ¥‡™◊ÈÕ (Sterility test) §«“¡ “¡“√∂„π°“√‡®√‘≠

¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡ªÑ“À¡“¬ ·≈–°“√µÕ∫ πÕßµàÕªØ‘°‘√‘¬“

™’«‡§¡’ (Biochemical response) ‚¥¬„™â‡™◊ÈÕ®ÿ≈‘π∑√’¬å

Õâ“ßÕ‘ß„π°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ (positive-negative

control) §à“§«“¡‡ªìπ°√¥-¥à“ßÀ≈—ß®“°°“√¶à“‡™◊ÈÕ·≈â«

∑—Èßπ’ÈµâÕß∫—π∑÷°¢âÕ¡Ÿ≈°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘‡À≈à“π’È‰«â∑ÿ°§√—Èß

4. °“√‡°Á∫√—°…“‡™◊ÈÕ®ÿ≈‘π∑√’¬åÕâ“ßÕ‘ß‡æ◊ËÕ„™â„π

°“√§«∫§ÿ¡§ÿ≥¿“æ°“√∑¥ Õ∫

ÀâÕßªØ‘∫—µ‘°“√∑¥ Õ∫ “¢“®ÿ≈™’««‘∑¬“®–¡’°“√

„™âª√–‚¬™πå®“°‡™◊ÈÕ®ÿ≈‘π∑√’¬åÕâ“ßÕ‘ß (Reference cultures)

‡™◊ÈÕ®ÿ≈‘π∑√’¬åÕâ“ßÕ‘ß §◊Õ ‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë¡’§ÿ≥ ¡∫—µ‘Õ¬à“ßÀπ÷Ëß

À√◊ÕÀ≈“¬Õ¬à“ß·≈–‡æ’¬ßæÕ ”À√—∫„™âµ√«® Õ∫¥Ÿª√– ‘∑∏‘¿“æ

¢Õß√–∫∫«‘‡§√“–Àå∑¥ Õ∫ ÀâÕßªØ‘∫—µ‘°“√®ÿ≈™’««‘∑¬“®”‡ªìπ

µâÕß¡’«‘∏’°“√‡°Á∫√—°…“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¡“µ√∞“π ‡æ◊ËÕ„Àâ·πà„®

«à“‡™◊ÈÕ “¬æ—π∏ÿå¥—ß°≈à“«¡’≈—°…≥–§ß‡¥‘¡ ‰¡à‡ª≈’Ë¬π·ª≈ß

‡π◊ËÕß®“°‡°‘¥°“√ºà“‡À≈à“‰¥âßà“¬ (Mutate) ÀâÕßªØ‘∫—µ‘°“√

 “¡“√∂‡≈◊Õ°„™â«‘∏’∑’Ë‡À¡“– ¡„π°“√‡°Á∫√—°…“‡™◊ÈÕ®ÿ≈‘π∑√’¬å

Õâ“ßÕ‘ß ‰¥â·°à °“√‡°Á∫√—°…“‡™◊ÈÕ„π√–¬– —Èπ (Short term)

‡™àπ °“√∂à“¬‡™◊ÈÕ (Subculture) À√◊Õ °“√‡°Á∫‡™◊ÈÕ„π√–¬–

‡«≈“π“π ‡™àπ °“√∑”·Àâß (Drying) ·À≈àß‡™◊ÈÕ¡“µ√∞“π

∑’Ë„™â‡ªìπ‡™◊ÈÕÕâ“ßÕ‘ß®–µâÕß¡“®“°Àπà«¬ß“π√–¥—∫™“µ‘∑’Ë‡ªìπ

∑’Ë¬Õ¡√—∫ ‰¥â·°à American Type Culture Collection

(ATCC)  ∂“∫—π«‘®—¬«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß

ª√–‡∑»‰∑¬ °√¡«‘∑¬“»“ µ√å°“√·æ∑¬å »Ÿπ¬åæ—π∏ÿ

«‘»«°√√¡·Ààß™“µ‘

5. §«“¡ “¡“√∂¢Õß∫ÿ§≈“°√ - ºŸâªØ‘∫—µ‘ß“π

ÀâÕßªØ‘∫—µ‘°“√®ÿ≈™’««‘∑¬“∑’Ë¥’µâÕß¡’°“√∫√‘À“√

®—¥°“√∫ÿ§≈“°√‡ªìπª√–°“√ ”§—≠ ∫ÿ§≈“°√‡À≈à“π’ÈµâÕß¡’

§ÿ≥«ÿ≤‘§«“¡√Ÿâ§«“¡ “¡“√∂∑’Ë‡À¡“– ¡ ÀâÕßªØ‘∫—µ‘°“√

µâÕß®—¥∑”·ºπ°“√Ωñ°Õ∫√¡∫ÿ§≈“°√‡æ◊ËÕ„Àâ∫ÿ§≈“°√‰¥â√—∫

°“√æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß ·≈–¡’°“√ª√–‡¡‘π§«“¡ “¡“√∂

Õ¬à“ß ¡Ë”‡ ¡Õ √«¡∂÷ß¡’°“√®—¥∑”·≈–‡°Á∫√—°…“∫—π∑÷°

°“√Ωñ°Õ∫√¡·≈–°“√ª√–‡¡‘π§«“¡ “¡“√∂¢Õß∫ÿ§≈“°√‰«â

Õ¬à“ß‡À¡“– ¡

6. °“√§«∫§ÿ¡‡Õ° “√

ÀâÕßªØ‘∫—µ‘°“√µâÕß¡’√–∫∫°“√§«∫§ÿ¡‡Õ° “√∑’Ë

‡À¡“– ¡ ¡’°“√®—¥∑”¢—ÈπµÕπ°“√ªØ‘∫—µ‘ß“π «‘∏’°“√ªØ‘∫—µ‘ß“π

‡æ◊ËÕ„ÀâºŸâªØ‘∫—µ‘ß“π∑”ß“π‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–‡°‘¥§«“¡

µàÕ‡π◊ËÕß„π°“√ªØ‘∫—µ‘ß“π°√≥’¡’°“√‡ª≈’Ë¬πµ—«ºŸâ∑”ß“π

√«¡∂÷ß°“√¥”‡π‘πß“πµà“ß Ê µâÕß¡’°“√∫—π∑÷°∑’Ë™—¥‡®π‰«â

‡ªìπÀ≈—°∞“π

°“√¬°√–¥—∫¡“µ√∞“π¢ÕßÀâÕßªØ‘∫—µ‘°“√π—Èπ®—¥«à“

‡ªìπ°“√ª√–°—π§ÿ≥¿“æ¢Õß ‘π§â“À√◊Õº≈‘µ¿—≥±å‰¥â„π

√–¥—∫Àπ÷Ëß √«¡∑—Èß‡ªìπ°“√æ—≤π“∫ÿ§≈“°√‰ªæ√âÕ¡ Ê °—π

®“°∑’Ë°≈à“«¡“¢â“ßµâπ®–‡ÀÁπ‰¥â«à“§«“¡ “¡“√∂¢Õß∫ÿ§≈“°√
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‡ªìπ à«π ”§—≠∑’Ë∑”„ÀâÀâÕßªØ‘∫—µ‘°“√¥â“π®ÿ≈™’««‘∑¬“¡’

§ÿ≥¿“æ ÷́Ëß “¡“√∂æ—≤π“‰¥â¥â«¬°“√Ωñ°Õ∫√¡‡æ◊ËÕ‡æ‘Ë¡æŸπ

§«“¡√Ÿâ§«“¡ “¡“√∂ ∑—Èßπ’È °√¡«‘∑¬“»“ µ√å∫√‘°“√ («».)

‚¥¬ ”π—°æ—≤π“»—°¬¿“æπ—°«‘∑¬“»“ µ√åÀâÕßªØ‘∫—µ‘°“√

(æ».) ¥”‡π‘π°“√®—¥Ωñ°Õ∫√¡„Àâ§«“¡√Ÿâ∑“ß¥â“π√–∫∫

§ÿ≥¿“æÀâÕßªØ‘∫—µ‘°“√®ÿ≈™’««‘∑¬“À≈“¬À≈—° Ÿµ√·≈–

‡æ◊ËÕµÕ∫ πÕß„Àâµ√ß°—∫§«“¡µâÕß°“√¢ÕßºŸâ π„® ®÷ß‰¥â

®—¥°“√Ωñ°Õ∫√¡‡ªìπ 2 ≈—°…≥–¥â«¬°—π§◊Õ À≈—° Ÿµ√

√–¬– —Èπ ·≈– À≈—° Ÿµ√√–¬–¬“« ÷́Ëß‡ªìπÀ≈—° Ÿµ√°“√Õ∫√¡

∑’Ë¡’‡π◊ÈÕÀ“∑’Ë àß‡ √‘¡°“√®—¥°“√√–∫∫§ÿ≥¿“æÀâÕßªØ‘∫—µ‘°“√

®ÿ≈™’««‘∑¬“ ∑à“π∑’Ë π„® “¡“√∂§âπÀ“‡¢â“∂÷ß¢âÕ¡Ÿ≈∑“ß

Õ‘π‡∑Õ√å‡πÁµ‰¥â®“° http://blpd.go.th ∑—Èßπ’ÈºŸâ∑’Ëºà“π°“√

Ωñ°Õ∫√¡À≈—° Ÿµ√µà“ß Ê ¥—ß°≈à“« ®“° ”π—°æ—≤π“

»—°¬¿“æπ—°«‘∑¬“»“ µ√åÀâÕßªØ‘∫—µ‘°“√ (æ».) °√¡

«‘∑¬“»“ µ√å∫√‘°“√ («».)  “¡“√∂π”‰ª‡ªìπ·π«∑“ß

ªØ‘∫—µ‘·≈–ª√–¬ÿ°µå„™â„π°“√®—¥°“√ÀâÕßªØ‘∫—µ‘°“√∑“ß

®ÿ≈™’««‘∑¬“∑’Ë¡’ª√– ‘∑∏‘¿“æ·≈–‰¥â√—∫°“√¬Õ¡√—∫Õ¬à“ß

∑’Ëµ—Èß„®µàÕ‰ª
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∫∑π”

ªí®®ÿ∫—πª√–‡∑»‰∑¬¡’‚√ßß“πÕÿµ “À°√√¡∑—ÈßÀ¡¥

¡“°°«à“Àπ÷Ëß· π‚√ßß“π °“√§«∫§ÿ¡‚√ßß“πÕÿµ “À°√√¡

„Àâ¥”‡π‘π°“√µ“¡¢âÕ°”Àπ¥µà“ß Ê ‡ªìπ‰ª‰¥â¥â«¬§«“¡¬“°

≈”∫“° ∂÷ß·¡â®–¡’°ÆÀ¡“¬∫—ß§—∫ °Á¬—ß¡’∫“ß‚√ßß“π

‰¡àªØ‘∫—µ‘µ“¡°ÆÀ¡“¬ ¡’°“√≈—°≈Õ∫∑‘ÈßπÈ”‡ ’¬≈ß Ÿà·¡àπÈ”

≈”§≈Õß ¡≈æ‘…∑“ßπÈ”‡ªìπ “‡Àµÿ ”§—≠¢Õß°“√‡°‘¥πÈ”

‡πà“‡ ’¬·≈– ‘Ëß·«¥≈âÕ¡‡ªìπæ‘…®π™“«∫â“πµâÕß¡“ª√–∑â«ß

Õ¬à“ß¡“°¡“¬ ¥—ßπ—Èπ°“√∫”∫—¥πÈ”‡ ’¬∑’Ë‡°‘¥®“°°√–∫«π°“√

º≈‘µ∑“ßÕÿµ “À°√√¡®÷ß¡’§«“¡®”‡ªìπÕ¬à“ß¡“° ‡æ◊ËÕ

· ¥ß§«“¡√—∫º‘¥™Õ∫µàÕ —ß§¡·≈– ‘Ëß·«¥≈âÕ¡∑’Ë¥’

‰´¬“‰π¥å §◊Õ “√æ‘…µ—«Àπ÷Ëß¡’°“√ªπ‡ªóôÕπ‰¥â∑—Èß„π

Õ“°“» „ππÈ” ·≈–µ–°Õπ¥‘π ÷́Ëß¡“®“°°√–∫«π°“√º≈‘µ

„πÕÿµ “À°√√¡ °“√‡°…µ√ °“√‡æ“–‡≈’È¬ß°ÿâß ·≈– —µ«åπÈ”

‡™àπ  “√æ‘…‚´‡¥’¬¡‰´¬“‰π¥å (Sodium cyanide) ∑’Ëπ”

¡“„™â„π°“√‡µ√’¬¡∫àÕ ‡µ√’¬¡πÈ” ·≈–°”®—¥æ“À– ‰¡à«à“

®–‡ªìπªŸ ·¡≈ß ª≈“ À√◊ÕÀÕ¬∫“ß™π‘¥„π∫àÕ‡≈’È¬ß°ÿâß

 “√‚´‡¥’¬¡‰´¬“‰π¥å¡’≈—°…≥–‡ªìπº≈÷° ’¢“« ¢π“¥‡≈Á°

≈–≈“¬πÈ”·≈–·Õ≈°ÕŒÕ≈å‰¥â¥’ ‡¡◊ËÕ·Àâß®–‰¡à¡’°≈‘Ëπ ·µà

À“°‚¥π§«“¡™◊Èπ·≈–°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å ®–¡’°≈‘Ëπ©ÿπ

´÷Ëß¡’™◊ËÕ«à“ °ä“´‰Œ‚¥√‡®π‰´¬“‰π¥å (HCN) °ä“´π’È¡’§«“¡

‡ªìπæ‘… Ÿß¡“°µàÕ¡πÿ…¬å·≈– ‘Ëß¡’™’«‘µ∑ÿ°™π‘¥∑’ËÕ¬Ÿà„°≈â

√«¡∂÷ß —µ«åπÈ”  “¡“√∂∑”„Àâµ“¬‰¥â„π√–¬–‡«≈“Õ—π —Èπ

 “√ª√–‡¿∑‚´‡¥’¬¡‰´¬“‰π¥åπ’È„™â°—πÕ¬à“ß·æ√àÀ≈“¬„π

«ß°“√Õÿµ “À°√√¡ Õ“∑‘ °“√∑”æ≈“ µ‘° ∂ÿß¡◊Õ¬“ß

°“√∑”‡¡Á¥ ’ °“√∑”®‘«‡«Õ√å√’Ë ‡ªìπµâπ ·≈–¡’°“√≈—°≈Õ∫„™â

„π∫“ßª√–‡∑»·∂∫‡Õ‡´’¬µ–«—πÕÕ°‡©’¬ß„µâ„π°“√®—∫ª≈“

 «¬ß“¡µ“¡·π«ª–°“√—ß ·µà à«π¡“°¡—°∑”„Àâª≈“·≈–

ª–°“√—ß‡ ’¬™’«‘µ  “√æ‘…™π‘¥π’È‡ªìπÕ—πµ√“¬√â“¬·√ß¡“°

µàÕ√–∫∫π‘‡«»πå·≈– ‘Ëß¡’™’«‘µ„π∑–‡≈‚¥¬√«¡∑—ÈßÀ¡¥

§«“¡√ÿπ·√ß¢Õßæ‘…‰´¬“‰π¥åÀ≈—ß®“° —¡º—  ‰¡à«à“

®–¥â«¬°“√ Ÿ¥¥¡°≈‘Ëπ„π¢≥–º ¡ “√  “√°√–‡¥Áπ‡¢â“‡π◊ÈÕ‡¬◊ËÕ

 —¡º— ‚¥¬µ√ß¥â«¬¡◊Õ‡ª≈à“ À√◊ÕÀ≈ÿ¥‡¢â“‰ª„πª“°„π√à“ß°“¬

®–‡°‘¥Õ“°“√À¡¥ µ‘ ™—°°√–µÿ° ‡°√Áß„π™àÕß∑âÕß Õ“‡®’¬π

®È”‡≈◊Õ¥ÕÕ°µ“¡µ—« ªÕ¥∫«¡πÈ” À“¬„®‰¡àÕÕ° ÀÕ∫ ™ÁÕ°

·≈–µ“¬‰¥â‡æ’¬ß‰¡à°’Ëπ“∑’ ·≈–‡§¬¡’√“¬ß“π«à“‰´¬“‰π¥åπ’È

®—¥‡ªìπ “√æ‘…∑’Ë„™â„π°“√¶à“µ—«µ“¬¡“°∑’Ë ÿ¥‡ªìπÕ—π¥—∫Àπ÷Ëß

¢Õß‚≈°Õ’°¥â«¬

πÕ°®“°Õ—πµ√“¬®–‡°‘¥¢÷Èπ°—∫ºŸâ„™â “√æ‘…‰´¬“‰π¥å

‚¥¬µ√ß·≈â« ‰´¬“‰π¥å¬—ß “¡“√∂µ°§â“ßÀ√◊Õ¥Ÿ¥ —́∫„π

µ–°Õπ¥‘π ·≈–¡’°“√‡§≈◊ËÕπ¬â“¬µ—«¢Õß “√æ‘…„π ‘Ëß·«¥≈âÕ¡

¥â«¬ ¡’√“¬ß“π«à“„πµ–°Õπ¥‘π∑’Ë¡’‚≈À–Àπ—° ‚¥¬‡©æ“–¥‘π

∑’Ë¡’ π‘¡‡À≈Á° ‚§∫Õ≈≈å À√◊Õ —ß°– ’ æ∫«à“‰´¬“‰π¥å®–∂Ÿ°

¥Ÿ¥ —́∫‰«â„π¥‘πæ«°π’È‰¥â¥’¡“° ¬‘Ëß„π™à«ß∑’Ë¥‘π¡’æ’‡Õ™µË”·≈–

¡’µ–°Õπ¥‘π¡“° Ê ·µàÀ“°µ–°Õπ¢Õßº‘«Àπâ“¥‘π¡’æ’‡Õ™

¡“°°«à“ 9.2 ‰´¬“‰π¥å®–‡§≈◊ËÕπ¬â“¬µ—«‰ª°—∫πÈ”·≈–®–¬‘Ëß

‡§≈◊ËÕπµ—«‰¥â¥’‡¡◊ËÕæ’‡Õ™ Ÿß¢÷Èπ „ππÈ”¡’§«“¡°√–¥â“ß Ÿß

À√◊Õ¡’ª√‘¡“≥·§≈‡´’¬¡§“√å∫Õ‡πµ„ππÈ” Ÿß À√◊Õ„ππÈ”∑’Ë¡’

ª√–®ÿ≈∫·≈–µ–°Õπ¥‘ππâÕ¬Õ“®‡§≈◊ËÕπµ—«‰¥â‰°≈¡“°∂÷ß

10 °‘‚≈‡¡µ√ ·≈– “¡“√∂≈ß‰ªÕ¬Ÿà„ππÈ”„µâ¥‘π‰¥â¥â«¬

´÷ËßÀ“°¡’°“√ – ¡¡“°°«à“ 0.2  à«π„π 1 ≈â“π à«π

(0.2 æ’æ’‡ÕÁ¡) °Á®–∑”„ÀâπÈ”π—Èπ‰¡à “¡“√∂π”¡“¥◊Ë¡‰¥â‡≈¬

‰´¬“‰π¥å ¡’§à“§√÷Ëß™’«‘µ„π°“√ ≈“¬µ—«‚¥¬‡©≈’Ë¬ 334 «—π À√◊Õ

ª√–¡“≥ 1 ªï „π∫“ßæ◊Èπ∑’Ë¡’√“¬ß“π«à“ Õ“® Ÿß∂÷ß 3 ªï À√◊Õ

11 ªï ·≈–∑’Ë ”§—≠æ∫«à“‰´¬“‰π¥å‰¡à∂Ÿ°∑”≈“¬¥â«¬· ß·¥¥

■■■■

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√å™”π“≠°“√ ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡

** π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»… ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡
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®“°°“√§”π«≥°“√„™â‚´‡¥’¬¡‰´¬“‰π¥å¢Õß‡°…µ√°√

∫“ß√“¬ „πÕ—µ√“ à«π 5 °‘‚≈°√—¡ µàÕæ◊Èπ∑’ËπÈ” 1 ‰√à „π√–¥—∫

πÈ”≈÷° 1 ‡¡µ√ æ∫«à“®–„Àâ§«“¡‡¢â¡¢âπ¢Õß‰Œ‚¥√‡®π

‰´¬“‰π¥å‚¥¬ª√–¡“≥ §◊Õ 3.125 æ’æ’‡ÕÁ¡ ÷́Ëß®—¥«à“‡ªìπ

§«“¡‡¢â¡¢âπ∑’Ë Ÿß¡“°°«à“√–¥—∫§«“¡‡ªìπæ‘…¢Õß‰´¬“‰π¥å

„π°“√ —¡º— ∑“ßª“° (0.2-1 æ’æ’‡ÕÁ¡) ®–‡ÀÁπ«à“Õ—πµ√“¬

®“° “√æ‘…Õ“®‡°‘¥¢÷Èπ‰¥â∑ÿ°¢≥– µ—Èß·µà¢≥–º ¡‡®◊Õ®“ß

·≈– “√≈–≈“¬„ππÈ” ¢≥– —¡º— ‚¥¬µ√ß¥â«¬¡◊Õ À√◊Õ¢≥–∑’Ë

 “¥ “√≈ß‰ª„π∫àÕπÈ” §«“¡‡ªìπæ‘…¢ÕßπÈ”„π∫àÕ∑’Ë “¥ “√

æ‘…≈ß‰ªπ—Èπ “¡“√∂∑”„ÀâºŸâ„™â “√À√◊Õ§πß“πµ“¬‰¥â∑—π∑’

§«“¡‡ªìπæ‘…¢Õß‰´¬“‰π¥å

‰´¬“‰π¥å‡ªìπ “√ª√–°Õ∫∑’Ë¡’Õ¬Ÿà„πæ◊™°«à“ 1,000 ™π‘¥

∑Ì“„Àâ¡πÿ…¬å·≈– —µ«å¡’‚Õ°“ ‰¥â√—∫‰´¬“‰π¥å‰¥âßà“¬ ∑—Èß®“°

Õ“À“√ °√–∫«π°“√º≈‘µ„πÕÿµ “À°√√¡ §«—π∫ÿÀ√’Ë ·≈–

∑àÕ‰Õ‡ ’¬√∂¬πµå ÷́ËßÕ“®®–‡ªìπ∑“ß≈¡À“¬„® ∑“ßª“° À√◊Õ

°“√ —¡º—   “¡“√∂·∫àß°“√‰¥â√—∫æ‘…‡ªìπ 2 ·∫∫ ¥—ßπ’È

1. §«“¡‡ªìπæ‘…·∫∫‡©’¬∫æ≈—π

§«“¡‡ªìπæ‘…·∫∫‡©’¬∫æ≈—π ¡—°‡°‘¥°—∫ºŸâ∑’ËµâÕß

∑Ì“ß“π∑’Ë‡°’Ë¬«¢âÕß°—∫°“√„™â À√◊Õ°“√º≈‘µ “√ª√–°Õ∫

‰´¬“‰π¥å „πª√‘¡“≥§«“¡‡¢â¡¢âπ Ÿß‡ªìπ√–¬–‡«≈“ —Èπ Ê

‡ªìπÕ—πµ√“¬µàÕ√–∫∫ ¡Õß·≈–À—«„®Õ“®∂÷ßµ“¬‰¥â„π‡«≈“

‰¡à°’Ëπ“∑’ “¡“√∂‡¢â“ Ÿà√à“ß°“¬‰¥âÀ≈“¬∑“ß‰¥â·°à

1.1 ∑“ß≈¡À“¬„® 

°ä“´‰Œ‚¥√‡®π‰´¬“‰π¥å®–‡°‘¥°“√·≈°‡ª≈’Ë¬π°ä“´

∑’ËªÕ¥‡¢â“ Ÿà°√–· ‡≈◊Õ¥§«“¡√ÿπ·√ß¢Õßæ‘…¢÷ÈπÕ¬Ÿà°—∫

§«“¡‡¢â¡¢âπ¢Õß‰´¬“‰π¥å·≈–√–¬–‡«≈“„π°“√ —¡º— 

1.2 ∑“ßº‘« —¡º— 

 “√≈–≈“¬‰´¬“‰π¥å ¡’ ¿“æ‡ªìπ‡∫  Ÿß ¡’ƒ∑∏‘Ï

°—¥°√àÕπ ∂Ÿ°¥Ÿ¥ ÷́¡‡¢â“ Ÿàº‘«Àπ—ßÕ¬à“ß√«¥‡√Á« ‚¥¬‡©æ“–

∫√‘‡«≥∑’Ë¡’∫“¥·º≈ ∑Ì“„Àâ‡°‘¥º◊Ëπµ“¡º‘«Àπ—ß ‰Õ¢Õß

°ä“´‰Œ‚¥√‡®π‰´¬“‰π¥å®–∑Ì“≈“¬‡√µ‘π“·≈–ª√– “∑µ“

∑Ì“„Àâµ“∫Õ¥

1.3 ∑“ßª“° 

‰´¬“‰π¥å®–¥Ÿ¥ ÷́¡‡¢â“ Ÿàºπ—ß™—Èπ„π¢Õß°√–‡æ“–

Õ“À“√‰¥âÕ¬à“ß√«¥‡√Á« Õ—µ√“°“√¥Ÿ¥´÷¡¢÷ÈπÕ¬Ÿà°—∫æ◊Èπ∑’Ë«à“ß

„π°√–‡æ“–Õ“À“√ πÕ°®“°π’È°√¥„π°√–‡æ“–Õ“À“√¬—ß

∑Ì“„Àâ‡°‘¥°“√·µ°µ—«¢Õß “√ª√–°Õ∫‰´¬“‰π¥å‰¥â¥’¢÷Èπ

2. §«“¡‡ªìπæ‘…·∫∫‡√◊ÈÕ√—ß

§«“¡‡ªìπæ‘…·∫∫‡√◊ÈÕ√—ß¡—°‡°‘¥®“°°“√√—∫ª√–∑“π

Õ“À“√∑’Ë¡’‰´¬“‰π¥å„πª√‘¡“≥§«“¡‡¢â¡¢âπµË”·µà‰¥â√—∫

‡ªìπ√–¬–‡«≈“π“π¡—°‰¡à§àÕ¬æ∫§«“¡‡ªìπæ‘…·∫∫‡√◊ÈÕ√—ß

·≈–‰¡à∑Ì“„Àâ‡ªìπÕ—πµ√“¬∂÷ßµ“¬‰¥â ‡π◊ËÕß®“°√à“ß°“¬¡πÿ…¬å

¡’°≈‰°°“√≈¥æ‘…¢Õß‰´¬“‰π¥å ∑Ì“„Àâ‰¡à‡°‘¥°“√ – ¡

„π√à“ß°“¬ ·µà®– àßº≈µàÕ√–∫∫°“√À“¬„® À“¬„®µ‘¥¢—¥

‡®Á∫Àπâ“Õ° ª«¥»’√…– Õ“‡®’¬π µàÕ¡‰∑√Õ¬¥å‚µ ·≈–

¬—ß¡’º≈µàÕ°“√‡°‘¥‚√§µà“ß Ê ∑’Ë‡°’Ë¬«°—∫√–∫∫°“√À“¬„®

 ¡Õß ·≈–°“√¡Õß‡ÀÁπ

®“°∑’Ë°≈à“«¡“®–‡ÀÁπ‰¥â«à“ ¡’§«“¡®”‡ªìπÕ¬à“ß¡“°

∑’Ë®–µâÕß¡’°“√°”®—¥æ‘…¢Õß‰´¬“‰π¥å°àÕπª≈àÕ¬≈ß Ÿà ‘Ëß·«¥≈âÕ¡

ª√‘¡“≥¢Õß “√æ‘…‰´¬“‰π¥å à«π„À≠à‡°‘¥®“°‚√ßß“π

Õÿµ “À°√√¡ Õ—π‰¥â·°à ‚√ßß“π‡§≈◊Õ∫ ’‚≈À–¥â«¬‰øøÑ“

(Electroplating) ‚√ßß“π °—¥∑Õß§” ‚√ßß“πº≈‘µ¬“¶à“·¡≈ß

‚√ßß“πÕÿµ “À°√√¡º≈‘µ ’ œ≈œ ‚√ßß“π‡À≈à“π’È®”‡ªìπµâÕß

¡’√–∫∫∫”∫—¥‰´¬“‰π¥å„ππÈ”‡ ’¬

√–∫∫∫”∫—¥‰´¬“‰π¥å„ππÈ”‡ ’¬

√–∫∫∫”∫—¥‰´¬“‰π¥å„ππÈ”‡ ’¬∑’Ë¬Õ¡√—∫·≈–„™â‚¥¬

∑—Ë«‰ª §◊Õ alkaline chlorination ªØ‘°‘√‘¬“∑“ß‡§¡’‡°‘¥¢÷Èπ

µ“¡ ¡°“√

NaCN + Cl2 CNCl + NaCl     ................... (1)

 ¡°“√∑’Ë 1 º≈‘µ¿—≥±å∑’Ë‰¥â§◊Õ cyanogen chloride

(CNCl) ÷́Ëß¬—ß‡ªìπ·°ä æ‘… ŸßÕ¬Ÿà ¥—ßπ—Èπ®–∑”ªØ‘°‘√‘¬“„Àâ

‡ª≈’Ë¬π‡ªìπ cyanate ion (CNO-) ‡æ◊ËÕ„Àâæ‘…≈¥≈ß ¥—ß ¡°“√

CNCl + 2NaOH        NaCNO + NaCl + H2O ............. (2)

■■■■

■■■■
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 ¡°“√∑’Ë 2 ¡’°“√∑”≈“¬ “√æ‘… CNCl ·≈–∑’Ë pH 9 ®–‰¡à¡’ “√§≈Õ√’π‡À≈◊ÕÕ¬Ÿà ¥—ßπ—Èπ CNO- ®–∂Ÿ°ÕÕ° ‘́‰¥ ǻ

µàÕ¥â«¬§≈Õ√’π∑’Ë pH ‡°◊Õ∫‡ªìπ°≈“ß®–‰¥â CO2 ·≈– N2 ¥—ß ¡°“√∑’Ë 3

2 NaCNO + 4NaOH + 3Cl2 6NaCl + 2CO2 + N2 + 2H2O ................... (3)

πÕ°®“°π’È CNO- Õ“®∂Ÿ°‡ª≈’Ë¬π¥â«¬°√¥‰ª‡ªìπ NH4
+ ¥—ß ¡°“√

2 NaCNO + H2SO4 + 4 H2O            (NH4)2 SO4 + 2NaHCO3 ................... (4)

ªØ‘°‘√‘¬“‡§¡’‡æ◊ËÕ∫”∫—¥‰´¬“‰π¥å„ππÈ”‡ ’¬∑’Ë‡°‘¥¢÷Èπµ—Èß·µà ¡°“√∑’Ë (1) - (4) π’È‡√“‡√’¬°«à“ Cyanide Oxidation

· ¥ß‰«â„π¿“æ∑’Ë 1

¿“æ∑’Ë 1 · ¥ß°“√∑”ß“π¢Õß Cyanide Oxidation (Hoffland Environmental Inc., 2010)

‡¡◊ËÕ “√‰´¬“‰π¥å∂Ÿ° àß‰ª∑’Ë stage 1 µÕπ·√°®–‡µ‘¡ sodium hydroxide ‡æ◊ËÕ‡æ‘Ë¡ pH ‡ªìπ 11 ®“°π—Èπ®÷ß§àÕ¬‡µ‘¡

sodium hypochlorite ·≈–¡’°“√‡æ‘Ë¡»—°¬å‰øøÑ“ ®“° -400 mv ‡ªìπ + 450 mv · ¥ß«à“ ¢≥–π’È°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬

π’È‰¥â®∫ stage 1 ·≈â« ·≈–‰´¬“‰π¥å∑—ÈßÀ¡¥∂Ÿ°∑”≈“¬À¡¥ (µ“¡ ¡°“√ 2) ·≈–‡¡◊ËÕ¡’°“√‡æ‘Ë¡§à“»—°¬å‰øøÑ“‰ª‡ªìπ + 750

mv · ¥ß«à“¢≥–π’È°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬π’È‰¥â®∫ stage 2 ·≈â« ·≈–‰´¬“‡π∑‰ÕÕÕπ∑—ÈßÀ¡¥∂Ÿ°∑”≈“¬ (µ“¡ ¡°“√ 3)

¢—ÈπµÕππ’ÈÕ“®¡’°“√‡µ‘¡°√¥ —́≈øŸ√‘°‡æ◊ËÕ‡ª≈’Ë¬π‰´¬“‡π∑∑—ÈßÀ¡¥‡ªìπ‡°≈◊Õ·Õ¡‚¡‡π’¬¡ (µ“¡ ¡°“√ 4)

√–∫∫∫”∫—¥πÈ”‡ ’¬∑’Ë‰¥âª√–‚¬™πå Ÿß ÿ¥®√‘ß Ê ®”‡ªìπµâÕß¡’°“√√«¡√–∫∫∫”∫—¥πÈ”‡ ’¬À≈“¬ Ê ·∫∫‡¢â“¡“‰«â¥â«¬°—π

‡ªìπ√–∫∫‡¥’¬« ‡™àπ °“√√«¡√–∫∫∫”∫—¥‚§√‡¡’¬¡, ‰´¬“‰π¥å, ‚≈À–Àπ—°·≈–®”‡ªìπµâÕß¡’°“√π”°≈—∫¡“„™â„À¡à (reuse) ¥—ß¿“æ∑’Ë 2

¿“æ∑’Ë 2 · ¥ß°“√∫”∫—¥πÈ”‡ ’¬À≈“¬ Ê √–∫∫‡¢â“¥â«¬°—π‡æ◊ËÕ‡°‘¥ª√–‚¬™πå Ÿß ÿ¥ (Kurion Technologies Limited, 2010)
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‡¡◊ËÕ¡’°“√∫”∫—¥‰´¬“‰π¥å ®πÕ¬Ÿà„π√–¥—∫∑’Ëª≈Õ¥¿—¬

·≈â« ‚¥¬∑—Ë«‰ªÀ≈—ß°“√∫”∫—¥§«√¡’ª√‘¡“≥‰´¬“‰π¥å‡À≈◊Õ

Õ¬ŸàπâÕ¬°«à“ 0.2 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ °àÕπª≈àÕ¬≈ß Ÿà·¡àπÈ”

≈”§≈Õßµ“¡ª√–°“»¢Õß°√–∑√«ßÕÿµ “À°√√¡ ¥—ßπ—Èπ

°“√«‘‡§√“–Àå∑¥ Õ∫∑“ß‡§¡’ ‡æ◊ËÕ«‘‡§√“–ÀåÀ“‰´¬“‰π¥å

ª√‘¡“≥πâÕ¬ Ê „Àâ‰¥âº≈∂Ÿ°µâÕß·≈–·¡àπ¬”®÷ß¡’§«“¡®”‡ªìπ

°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥‰´¬“‰π¥å„ππÈ”‡ ’¬∑”‰¥âµ“¡¡“µ√∞“π

§◊Õ Standard Method for Examination of Water

and Wastewater, AWWA, APHA, 21st Ed, 2005.

‚¥¬¢—ÈπµÕπ·√°®–¡’°“√°≈—Ëπ‰´¬“‰π¥å®“°µ—«Õ¬à“ßπÈ”‡ ’¬

®“°π—Èππ”µ—«Õ¬à“ß‰´¬“‰π¥å∑’Ëºà“π°“√°≈—Ëπ·≈â« ÷́ËßÕ¬Ÿà„π√Ÿª

¢Õß‰´¬“‡π∑‰ÕÕÕπ (CNO-) ‡æ◊ËÕ‡ª≈’Ë¬π CNO- ‰ª‡ªìπ

CNCl ¥â«¬ Chlormine-T ∑’Ë pH < 8 ·≈–∑”ªØ‘°‘√‘¬“°—∫

‰æ√’¥’π - °√¥∫“∫‘∑ÿ√‘°‡°‘¥‡ªìπ “√≈–≈“¬ ’·¥ß π”¡“«—¥

°“√¥Ÿ¥°≈◊π§≈◊Ëπ· ß¥â«¬‡§√◊ËÕß ‡ª°‚µ√‚ø‚µ¡‘‡µÕ√å¬Ÿ«’-«‘ ‘‡∫≈

∑’Ë§«“¡¬“«§≈◊Ëπ 578 π“‚π‡¡µ√ ‡ª√’¬∫‡∑’¬∫°—∫°“√¥Ÿ¥°≈◊π

§≈◊Ëπ· ß¢Õß “√≈–≈“¬¡“µ√∞“π KCN ∑’Ë§«“¡‡¢â¡¢âπµà“ß Ê

·≈â«®÷ß§”π«≥À“§à“ª√‘¡“≥‰´¬“‰π¥å„π “√µ—«Õ¬à“ß

°≈ÿà¡ß“π ‘Ëß·«¥≈âÕ¡ ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡

°√¡«‘∑¬“»“ µ√å∫√‘°“√ „Àâ∫√‘°“√‡æ◊ËÕ«‘‡§√“–ÀåÀ“ª√‘¡“≥

‰´¬“‰π¥å„ππÈ”‡ ’¬·°à‚√ßß“πÕÿµ “À°√√¡·≈–ºŸâ π„®

‚¥¬∑—Ë«‰ª πÕ°®“°π’È¬—ß„Àâ∫√‘°“√«‘‡§√“–Àå√“¬°“√∑¥ Õ∫

Õ◊Ëπ„ππÈ”‡ ’¬/πÈ”∑‘Èß¥â«¬ ‡™àπ BOD, COD, Formaldehyde,

TKN, Phosphorus, ‚≈À–Àπ—° œ≈œ ªí®®ÿ∫—πÀâÕßªØ‘∫—µ‘°“√

¢Õß°≈ÿà¡ß“π ‘Ëß·«¥≈âÕ¡ ‰¥â√—∫°“√√—∫√Õß§«“¡ “¡“√∂

ÀâÕßªØ‘∫—µ‘°“√¥â“π°“√∑¥ Õ∫µ“¡¡“µ√∞“π ISO/IEC

17025-2005 ∑”„Àâ¡—Ëπ„®‰¥â«à“„Àâº≈°“√∑¥ Õ∫¡’§«“¡

∂Ÿ°µâÕß·≈–·¡àπ¬”

‡Õ° “√Õâ“ßÕ‘ß

American Public Health Association. Standard method for the examination of water & wastewater

including buttom sediments and sludges. by Eaton, Andrew D. 21st ed. New York, N.Y. : American

Public Health Association, 2005. 

David H.F. Liu. Environmental engineersû handbook. 2nd ed. USA : Lewis Publishers . 1997,  P.846.

Encyclopedia of environmental control technology. Vol 4. In Paul N, Cheremisinoff. Hazardous waste

containment and treatment. Houston : Gulf Publishing, 1990, P.123.

Hoffland Environmental Inc., Wastewater Treatment Systems. [online] [cite date 21 November 2010]

Available form http://www.hoffland.net/src/tks/2.xml

Kurion Technologies Limited, Wastewater Treatment Plant. [online] [cite date 21 November 2010] Available

form : http://www.kurion.co.uk/Wastewater_Treatment_2.html

Ullmannûs encyclopedia of industrial chemistry. 6th ed. Vol 10. In Matthias Bohnet. Cyano compounds.

Germany : WiLey-VCH, 2003, P.218-219. 

‡Õ°Õπ—πµå ¬ÿ«‡∫≠®æ≈, Àπ—ß ◊Õæ‘¡æå °ÿâß‰∑¬‡≈à¡ 70. [ÕÕπ‰≈πå] [Õâ“ß∂÷ß 24 æƒ»®‘°“¬π 2553] ‡¢â“∂÷ß‰¥â ®“° : http : //

www.shrimpcenter.com/shrimpoo112 htlm

■■■■
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∂ÿß¡◊Õ¬“ß∑“ß°“√·æ∑¬å·µà‡¥‘¡∑”¡“®“°πÈ”¬“ß®“°
µâπ¬“ßæ“√“ (Hevea brasiliensis) (¿“æ∑’Ë 1°) ·µà‡π◊ËÕß®“°
ªí≠À“°“√·æâ‚ª√µ’π∑’Ë≈–≈“¬πÈ”‰¥â (water extractable protein)
´÷Ëß‡ªìπÕß§åª√–°Õ∫„ππÈ”¬“ß∏√√¡™“µ‘‚¥¬‡©æ“–ºŸâ„™â´÷Ëß‡ªìπ
™“«¬ÿ‚√ª·≈–Õ‡¡√‘°“‡°‘¥Õ“°“√·æâ∂÷ß¢—Èπ‡ªìπÕ—πµ√“¬∂÷ß™’«‘µ
Õß§å°√∑“ß°“√·æ∑¬å·≈–Àπà«¬ß“π∑’Ë‡°’Ë¬«¢âÕß¢Õßª√–‡∑»π—Èπ Ê
®÷ßæ¬“¬“¡≈¥ªí≠À“‚¥¬°“√„™â∂ÿß¡◊Õ∑’Ë∑”¡“®“°¬“ß —ß‡§√“–Àå·∑π
„π∫√√¥“¬“ß —ß‡§√“–Àå∑’Ë„™â∑¥·∑π¬“ß∏√√¡™“µ‘π—Èπ πÈ”¬“ß
 —ß‡§√“–Àå™π‘¥‰π‰µ√≈å (nitrile latex) ‰¥â√—∫§«“¡π‘¬¡ Ÿß ÿ¥
‡π◊ËÕß®“°√“§“∂ÿß¡◊Õ®“°πÈ”¬“ß™π‘¥π’È Ÿß°«à“∂ÿß¡◊Õ¬“ß∏√√¡™“µ‘
‰¡à¡“°π—° ·¡â ¡∫—µ‘∑“ß¥â“π°“¬¿“æ∫“ßÕ¬à“ß ‡™àπ §«“¡µâ“π
·√ß¥÷ß·≈–§«“¡¬◊¥µ—«®–¥âÕ¬°«à“ ∂ÿß¡◊Õ¬“ß™π‘¥‰π‰µ√≈å°Á¡’
 ¡∫—µ‘‡¥àπ§◊Õ∑πµàÕ “√‡§¡’‰¥â¥’ ‡π◊ËÕß®“°ªí≠À“°“√·æâ‚ª√µ’π
„ππÈ”¬“ß·≈â« ∫“ß™à«ß√“§“πÈ”¬“ß∏√√¡™“µ‘¡’§«“¡º—πº«π¡“°
ªí®®—¬‡À≈à“π’È àßº≈„Àâ·π«‚πâ¡¢Õßµ≈“¥º≈‘µ¿—≥±å∂ÿß¡◊Õ¬“ß
™π‘¥‰π‰µ√≈å¡’¡Ÿ≈§à“ Ÿß¢÷Èπ ¡’°“√§“¥§–‡π«à“µ≈“¥∂ÿß¡◊Õ¬“ß
 —ß‡§√“–Àå™π‘¥‰π‰µ√≈å ®–‡µ‘∫‚µ¡“°°«à“√âÕ¬≈– 6 „π™à«ß
√–À«à“ßªï æ.». 2551 ∂÷ßªï æ.». 2559(1)

¿“æ∑’Ë 1 (°) µâπ¬“ßæ“√“ (Hevea brasiliensis)
(¢)  Ÿµ√‚§√ß √â“ß¢Õß cis-1,4-polyisoprene

Õß§åª√–°Õ∫À≈—°„ππÈ”¬“ß∏√√¡™“µ‘

▲ ▲ ▲

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√å™”π“≠°“√ ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡

πÈ”¬“ß∏√√¡™“µ‘ (natural latex) ·≈–πÈ”¬“ß —ß‡§√“–Àå
‰π‰µ√≈åπ—Èπ¡Õß¿“¬πÕ°®–‡ÀÁπ‡ªìπ≈—°…≥–§≈â“¬πÈ”π¡
 ’¢“«¢âπÀ√◊Õ¢“«§√’¡‡À¡◊Õπ°—π πÈ” ’¢“«¢âππ’È∑’Ë®√‘ß·≈â«§◊Õ
Õπÿ¿“§¬“ß (rubber particles) ∑√ß°≈¡¢π“¥‡≈Á° (50-1500
π“‚π‡¡µ√) °√–®“¬µ—«Õ¬Ÿà„πµ—«°≈“ß ÷́Ëß¡’Õß§åª√–°Õ∫ à«π„À≠à
‡ªìππÈ” Õπÿ¿“§¢Õß¬“ß∏√√¡™“µ‘π—Èπ √âÕ¬≈– 94 ‚¥¬πÈ”Àπ—°
‡ªìπ‚¡‡≈°ÿ≈¢ÕßæÕ≈‘‰Õ‚´æ√’π (polyisoprene) (¿“æ∑’Ë 1¢)
 à«π∑’Ë‡À≈◊Õª√–°Õ∫¥â«¬ “√ªπ‡ªóôÕπ∑“ß∏√√¡™“µ‘ ‡™àπ ‚ª√µ’π
√âÕ¬≈– 2.2 ‰≈ªî¥ (phospholipids ·≈– natural lipids)
√âÕ¬≈– 3.4 ·≈– “√Õ◊Ëπ Ê Õ’°√âÕ¬≈– 0.6 ¡’ß“π«‘®—¬(2,3) √–∫ÿ«à“
‚ª√µ’π·≈–‰≈ªî¥¡’ à«πÕ¬à“ß¡“°∑’Ë∑”„Àâº≈‘µ¿—≥±å®“°πÈ”¬“ß
∏√√¡™“µ‘¡’ ¡∫—µ‘‡©æ“–µ—« ‡™àπ ¡’§«“¡∑πµàÕ·√ß¥÷ß·≈–
§«“¡¬◊¥À¬ÿàπµ—« Ÿß ß“π«‘®—¬π’È Õ¥§≈âÕß°—∫°“√∑¥≈Õß∑’Ëπ”
∂ÿß¡◊Õ¬“ß¡“∑”°“√≈â“ß‡Õ“‚ª√µ’πÕÕ°‰ª∫“ß à«π ·≈–π”‰ª
∑¥ Õ∫§à“§«“¡∑πµàÕ·√ß¥÷ß·≈–§«“¡¬◊¥µ—« º≈°“√∑¥ Õ∫
æ∫«à“ ∂ÿß¡◊ÕÀ≈—ß°“√≈¥‚ª√µ’π¡’§«“¡·¢Áß·√ß·≈–§«“¡¬◊¥À¬ÿàπ
≈¥≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥ (¥√ÿ≥’ «—™√“‡√◊Õß«‘∑¬å, 2544) ¥—ßπ—ÈπºŸâ„™â
∑’Ë‰¡à¡’ªí≠À“°“√·æâ‚ª√µ’π®÷ßπ‘¬¡„™â∂ÿß¡◊Õ¬“ß∑’Ë∑”®“°πÈ”¬“ß
∏√√¡™“µ‘‚¥¬‡©æ“–·æ∑¬åºà“µ—¥∑’ËµâÕß°“√∂ÿß¡◊Õ∑’Ë°√–™—∫·≈–
ÕàÕππÿà¡¢≥–ªØ‘∫—µ‘ß“π

πÈ”¬“ß‰π‰µ√≈å∑”¡“®“°°“√ —ß‡§√“–ÀåæÕ≈‘‡¡Õ√å¥â«¬
«‘∏’Õ‘¡—≈™—π (emulsion polymerisation) „π√’·Õ§‡µÕ√å·∫∫
∑π§«“¡¥—π Ÿß (¿“æ∑’Ë 2 °) ‚¥¬¡’ “√µ—ÈßµâπÀ≈—°§◊Õ∫‘«µ–‰¥Õ’π
(butadiene) „πª√‘¡“≥√âÕ¬≈– 60-70 Õ–§√‘‚≈‰π‰µ√≈å
(acrylonitrile) √âÕ¬≈– 20-30 ·≈–‡¡µ“§√‘≈‘° ·Õ ‘́¥
(methacrylic acid) „πª√‘¡“≥πâÕ¬°«à“√âÕ¬≈– 10  Ÿµ√
‚§√ß √â“ß¢Õß “√µ—Èßµâπ∑—Èß “¡· ¥ß„π¿“æ∑’Ë 2 ¢

(°)
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∂ÿß¡◊Õ¬“ß∑“ß°“√·æ∑¬å‡ªìπº≈‘µ¿—≥±å®“°°“√π”πÈ”
¬“ß¡“º ¡°—∫ “√™à«¬„Àâ¬“ß‡™◊ËÕ¡ª√– “π°—π (cross-linking
agent) ·≈â«¢÷Èπ√Ÿª∫π·¡à·∫∫√Ÿª¡◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿßª√–¡“≥ 100
∂÷ß 120 Õß»“‡´≈‡´’¬   “√‡™◊ËÕ¡ª√– “π∑’Ëπ‘¬¡„™â„πº≈‘µ¿—≥±å
∂ÿß¡◊Õ¬“ß∏√√¡™“µ‘§◊Õ —́≈‡øÕ√å (sulfur)  à«π„π∂ÿß¡◊Õ¬“ß‰π‰µ√≈å
§◊Õ‚≈À–ÕäÕ°‰´¥å ‡™àπ ‘́ß§åÕäÕ°‰´¥å (ZnO) ‡¡◊ËÕπÈ”√–‡À¬ Õπÿ¿“§
¢Õß¬“ß®–‡§≈◊ËÕπ∑’Ë¡“„°≈â°—π·≈–‡™◊ËÕ¡ª√– “π°—π„π∑’Ë ÿ¥ °≈‰°
°“√‡°‘¥øî≈å¡∫π·¡à·∫∫√–À«à“ß∑’ËπÈ”‡√‘Ë¡√–‡À¬®π·Àâßπ—Èπ´—∫´âÕπ
·≈–¡’§«“¡ ”§—≠¡“°µàÕ ¡∫—µ‘µà“ß Ê ¢Õß∂ÿß¡◊Õ¬“ß „π¬“ß
∏√√¡™“µ‘ “√´—≈‡øÕ√å®–∑”Àπâ“∑’Ë‡™◊ËÕ¡ª√– “πæÕ≈‘‡¡Õ√å·µà≈–
 “¬∑’Ëæ—π∏–§Ÿà¢ÕßæÕ≈‘‰Õ‚´æ√’π∑”„Àâ‡°‘¥‚§√ß¢à“¬ (network)
∑’Ë·¢Áß·√ß ‡π◊ËÕß®“°‚§√ß √â“ß¢Õß 1,4-æÕ≈‘‰Õ‚´æ√’π‡ªìπ·∫∫
‰¡à ¡¡“µ√‡¡◊ËÕ∂Ÿ°¥÷ß¬◊¥ ‚§√ß¢à“¬¢Õß “¬‚ à́æÕ≈‘‡¡Õ√å®–¬◊¥
µ—«‰¥â¡“°‰¡à≈ÁÕ§µ—« ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¬“ß‰π‰µ√≈å°“√ √â“ß
‚§√ß¢à“¬π—Èπ·µ°µà“ß°—π¡“° „π¬“ß‰π‰µ√≈åπ—ÈπÕπÿ¿“§¢Õß ‘́ß§å
®“° ‘́ß§åÕäÕ°‰´¥å®– √â“ß‚§√ß¢à“¬·∫∫‰ÕÕÕπ‘§ (ionic cross-
linking) °—∫°≈ÿà¡§“√å∫Õ° ‘́‡≈¥ (carboxylate, RCOO-) ∑’Ëº‘«

¢ÕßÕπÿ¿“§¬“ß ‡π◊ËÕß®“°‚§√ß √â“ß¢Õß∫‘«µ–‰¥Õ’π ÷́Ëß‡ªìπ
Õß§åª√–°Õ∫ à«π„À≠à„ππÈ”¬“ß‡ªìπ·∫∫ ¡¡“µ√ ‡¡◊ËÕ∂Ÿ°
¥÷ß¬◊¥‚§√ß¢à“¬¢Õß “¬‚´àæÕ≈‘‡¡Õ√å®–≈ÁÕ§µ—«®“°°√–∫«π°“√
√’§√‘ µÕ≈‰≈‡´™—π (recrystalisation) §à“§«“¡¬◊¥¢Õß∂ÿß¡◊Õ¬“ß
‰π‰µ√≈å ®÷ßµË”°«à“¬“ß∏√√¡™“µ‘

°“√ª√—∫ª√ÿß ¡∫—µ‘¢Õßº≈‘µ¿—≥±å∂ÿß¡◊Õ¬“ß  à«π„À≠à
‚√ßß“πº≈‘µ®–‡πâπ°“√ª√—∫ª√ÿß Ÿµ√°“√º≈‘µ‡π◊ËÕß®“°ßà“¬‰¡à́ —∫´âÕπ
·≈–‡ÀÁπº≈‡√Á« ß“π«‘®—¬„π√–¥—∫‚¡‡≈°ÿ≈‡√‘Ë¡¡’°“√π”¡“„™â¡“°
„πªí®®ÿ∫—π·≈– à«π„À≠à®–‡ªìπ§«“¡√à«¡¡◊Õ√–À«à“ß‚√ßß“π
ºŸâº≈‘µ°—∫Àπà«¬ß“π∑“ß°“√»÷°…“´÷Ëß¡’§«“¡√Ÿâ·≈–∫ÿ§≈“°√
æ√âÕ¡°«à“ „π¢≥–∑’ËºŸâº≈‘µ∂ÿß¡◊Õ¬“ß∏√√¡™“µ‘µâÕß¡’µâπ∑ÿπ‡æ‘Ë¡
„π à«π∑’ËµâÕß≈¥§«“¡‡ ’Ë¬ßµàÕ°“√·æâ‚ª√µ’π„π∂ÿß¡◊Õ„ÀâºŸâ∫√‘‚¿§
‡™àπ °“√À—π‰ª„™âπÈ”¬“ß‚ª√µ’πµË” (deprotonised latex) ¡“º≈‘µ
∂ÿß¡◊Õ·∑π ºŸâº≈‘µ∂ÿß¡◊Õ¬“ß™π‘¥‰π‰µ√≈å°Á‡√àß«‘®—¬æ—≤π“‡æ◊ËÕ
ª√—∫ª√ÿß ¡∫—µ‘∫“ßª√–°“√ (‡™àπ§«“¡ÕàÕππÿà¡) „π√–¥—∫‚¡‡≈°ÿ≈
‡æ◊ËÕ‡æ‘Ë¡®ÿ¥‡¥àπ„Àâ·¢àß¢—π‰¥â°—∫∂ÿß¡◊Õ¬“ß∏√√¡™“µ‘ ·µà‡π◊ËÕß®“°
 ¿“æµ≈“¥ªí®®ÿ∫—π¬—ß¢¬“¬µ—«‰¥â Ÿß °“√·¢àß¢—π·¬àß™‘ßµ≈“¥
®÷ß¬—ß‰¡à√ÿπ·√ß¡“°π—° „πÕπ“§µÀ“°µ≈“¥Õ‘Ë¡µ—« ∂ÿß¡◊Õ¬“ß
‰π‰µ√≈å®–‡ªìπº≈‘µ¿—≥±å∑’Ëπà“®—∫µ“¡Õß„π∞“π–§Ÿà·¢àß ”§—≠
¢Õß∂ÿß¡◊Õ¬“ß∏√√¡™“µ‘´÷Ëßº≈‘µ·≈– àßÕÕ°¡“°„πª√–‡∑»‰∑¬

‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡ °≈ÿà¡ß“π‡∑§‚π‚≈¬’
º≈‘µ¿—≥±å „Àâ∫√‘°“√∑¥ Õ∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß∂ÿß¡◊Õ¬“ß
∑“ß°“√·æ∑¬åµ“¡¡“µ√∞“π ¡Õ°.1056-2548 ·≈– ISO 11193-1
´÷Ëß‡ªìπ°“√∑¥ Õ∫∑’Ë‰¥â√—∫°“√√—∫√Õß§«“¡ “¡“√∂ÀâÕßªØ‘∫—µ‘°“√
µ“¡¡“µ√∞“π ISO/IEC 17025 πÕ°®“°π’È¬—ß„Àâ∫√‘°“√«‘‡§√“–Àå
ª√‘¡“≥·ªÑßµ“¡¡“µ√∞“π ASTM D6124 ·≈–°“√«‘‡§√“–Àå
‚ª√µ’πµ“¡¡“µ√∞“π ASTM D5712 ·≈– EN 455-3 Õ’°¥â«¬
 π„®µ‘¥µàÕ∑’Ë°≈ÿà¡ß“π‡∑§‚π‚≈¬’º≈‘µ¿—≥±å ‚§√ß°“√øî ‘° å
·≈–«‘»«°√√¡ ‚∑√»—æ∑å 0 2201 7160-1

‡Õ° “√Õâ“ßÕ‘ß
Carretero-Gonzalez, J., et al. Molecular dynamics of natural rubber as revealed by dielectric spectroscopy:  The role

of natural cross-linking. Soft Matter, 2010, vol.6, no.15, p.3636-3642.
Global rubber gloves market: An analysis - Market research reports on Aarkstore enterprise. 2009. [online] [cite dated

4 November 2010] Available from internet : http://www.aarkstore.com/reports/Global-Rubber-Gloves-Market-
An-Analysis-12679.html.

Toki, S., et al. Multi-scaled microstructures in natural rubber characterized by synchrotron x-ray scattering and optical
microscopy. Journal of Applied Polymer Science B. Polymer Physic, 2008, vol.46, no.22, p.2456-2464.

■■■■

¿“æ∑’Ë 2 (¢)  “√µ—Èßµâπ„π°“√º≈‘µπÈ”¬“ß

 —ß‡§√“–Àå™π‘¥‰π‰µ√≈å

¿“æ∑’Ë 2 (°) √’·Õ§‡µÕ√å·∫∫

∑π§«“¡¥—π Ÿß„™â„π°“√ —ß‡§√“–Àå

πÈ”¬“ß‰π‰µ√≈å
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ªí®®ÿ∫—π°“√§â“‚≈°¡’°“√·¢àß¢—π¡“°¢÷Èπ πÕ°®“°¡’°“√
¢¬“¬µ—«¢Õß ‘π§â“‡æ‘Ë¡¡“°¢÷Èπ·≈â«¬—ß¡’§«“¡µâÕß°“√„π‡√◊ËÕß
¢Õß¡“µ√∞“π ‘π§â“∑’Ë Ÿß¥â«¬ ªí≠À“·≈–Õÿª √√§∑’Ë ”§—≠
„π°“√ àßÕÕ°‰ª¬—ßª√–‡∑»§Ÿà§â“ ‰¥â·°à §ÿ≥¿“æ ‘π§â“∑’Ë‰¡à‡ªìπ
‰ªµ“¡¡“µ√∞“π À√◊Õ¢âÕ°”Àπ¥¢Õßª√–‡∑»§Ÿà§â“ º≈°“√∑¥ Õ∫
‡ªìπ¢âÕ¡Ÿ≈ ”§—≠„π°“√µ—¥ ‘π§ÿ≥¿“æ ‘π§â“ °“√µ√«® Õ∫
§ÿ≥¿“æ ‘π§â“®÷ßµâÕß°“√º≈°“√∑¥ Õ∫∑’Ë ‡™◊ËÕ∂◊Õ‰¥â®“°
ÀâÕßªØ‘∫—µ‘°“√∑’Ë¡’§«“¡ “¡“√∂µ“¡¡“µ√∞“π “°≈‡ªìπ
∑’Ë¬Õ¡√—∫√–À«à“ßª√–‡∑»∑”„Àâ‡°‘¥§«“¡¡—Ëπ„®„π§ÿ≥¿“æÀ√◊Õ
¡“µ√∞“π¢Õß ‘π§â“π—Èπ °“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
‡ªìπ°“√ª√–°—π§ÿ≥¿“æ¢ÕßÀâÕßªØ‘∫—µ‘°“√∑’Ë„™â„π°“√‡ΩÑ“√–«—ß
 ¡√√∂π–·≈–· ¥ß∂÷ß§«“¡ “¡“√∂Õ¬à“ßµàÕ‡π◊ËÕß ¢Õß
ÀâÕßªØ‘∫—µ‘°“√ ∑”„Àâ‡°‘¥§«“¡‡™◊ËÕ¡—Ëπ‡ªìπ∑’Ë¬Õ¡√—∫„π§ÿ≥¿“æ
¢ÕßÀâÕßªØ‘∫—µ‘°“√ ·≈–‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥¡“µ√∞“π “°≈
ISO/IEC 17025:2005, General requirements for the
competence of testing and calibration laboratories
¥—ßπ—Èπ°“√ª√–°—π§ÿ≥¿“æ¢ÕßÀâÕßªØ‘∫—µ‘°“√‚¥¬°“√‡¢â“√à«¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√®÷ß¡’§«“¡µâÕß°“√ Ÿß¢÷Èπ
´÷Ëß®–π”‰ª Ÿà°“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß°“√º≈‘µ·≈–°“√ª√—∫ª√ÿß
§ÿ≥¿“æ ‘π§â“‰∑¬Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‡æ‘Ë¡¢’¥§«“¡ “¡“√∂
°“√·¢àß¢—π„πµ≈“¥‚≈° Àπà«¬√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘°“√
(laboratory accreditation body) ®÷ßµ√–Àπ—°·≈–°”Àπ¥„Àâ
ÀâÕßªØ‘∫—µ‘°“√µâÕß‡¢â“√à«¡·≈–· ¥ßº≈°“√∑¥ Õ∫ ¡√√∂π–
®“°‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠Õ¬à“ßµàÕ‡π◊ËÕß ‚¥¬
ÀâÕßªØ‘∫—µ‘°“√µâÕß‡¢â“√à«¡‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠
À√◊Õ°“√‡ª√’¬∫‡∑’¬∫º≈√–À«à“ßÀâÕßªØ‘∫—µ‘°“√∑’Ë‡À¡“– ¡
µ“¡¢Õ∫¢à“¬∑’Ë¢Õ°“√√—∫√Õß Õ¬à“ßπâÕ¬ 1 ‚ª√·°√¡ °àÕπ‰¥â√—∫
°“√√—∫√Õß ·≈–∑ÿ° 4 ªï À≈—ß®“°‰¥â√—∫°“√√—∫√Õß·≈â« À“°¡’
ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√„π

√“¬°“√∑¥ Õ∫π—Èπ ∑”„Àâ§«“¡µâÕß°“√„π°“√‡¢â“√à«¡°‘®°√√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√„π√“¬°“√∑¥ Õ∫
º≈‘µ¿—≥±åµà“ß Ê ¡“°¢÷Èπ ®÷ß¡’§«“¡µâÕß°“√ºŸâ®—¥‚ª√·°√¡°“√
∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ (proficiency testing
provider) ∑’Ë¡’§«“¡ “¡“√∂‡ªìπ‰ªµ“¡¡“µ√∞“π “°≈„π°“√
¥”‡π‘π°‘®°√√¡‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
´÷Ëß‡√‘Ë¡µ—Èß·µà°“√‡µ√’¬¡µ—«Õ¬à“ß·≈–·®°®à“¬µ—«Õ¬à“ß„Àâ
ÀâÕßªØ‘∫—µ‘°“√‡æ◊ËÕ∑¥ Õ∫ °“√ª√–‡¡‘π ¡√√∂π–¢ÕßºŸâ‡¢â“√à«¡
‚ª√·°√¡®“°º≈°“√∑¥ Õ∫∑’Ë àß°≈—∫ ®π∂÷ß°“√√“¬ß“πº≈
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ªí®®ÿ∫—πÕß§å°√¿Ÿ¡‘¿“§
‡Õ‡™’¬·ª ‘́øî°«à“¥â«¬°“√√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√ (Asia Pacific
Laboratory Accreditation Cooperation, APLAC) ·≈–
Õß§å°√√–À«à“ßª√–‡∑»«à“¥â«¬°“√√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√
(International Laboratory Accreditation Cooperation,
ILAC) ‰¥â„Àâ°“√ π—∫ πÿπ·≈–º≈—°¥—π‡æ◊ËÕ„Àâ‡°‘¥°“√¬Õ¡√—∫
√à«¡„πÀπà«¬√—∫√Õß§«“¡ “¡“√∂ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ∑’Ëºà“π¡“Àπà«¬√—∫√Õß¢Õß°√¡
«‘∑¬“»“ µ√å∫√‘°“√‰¥â„Àâ°“√√—∫√ÕßºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√µ“¡¡µ‘¢Õß ILAC ∑’Ë„Àâ„™â
¢âÕ°”Àπ¥¢Õß ILAC-G13:2007, ILAC Guidelines for the
requirements for the competence of providers of
proficiency testing schemes √à«¡°—∫¢âÕ°”Àπ¥ ISO/IEC
Guide 43-1:1997, Proficiency testing by interlaboratory
comparisons - Part 1: Development and operation of
proficiency testing schemes ·µà¥â«¬‡Àµÿº≈∑’Ë ISO/IEC
Guide 43-1:1997 ·≈– ILAC-G13:2007 ‡ªìπ‡Õ° “√
¢âÕ·π–π”‰¡à„™à¡“µ√∞“π ·≈– ISO/IEC Guide 43-1:1997
¡’¢âÕ¡Ÿ≈‡™‘ßªØ‘∫—µ‘∑’Ë¥’·µà¡’∫“ß à«π∑’Ë≈â“ ¡—¬ ‡™àπ æ◊Èπ∞“π
¢Õß°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ·≈–°“√„™â ∂‘µ‘

▲ ▲ ▲

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»…  ”π—°∫√‘À“√·≈–√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√
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 ”À√—∫ ILAC-G13:2007 ·¡â®–¡’°“√ª√—∫ª√ÿß¢âÕ¡Ÿ≈„Àâ∑—π
 ¡—¬·µà¥â«¬‰¡à„™à¡“µ√∞“π®÷ß‡ªìπ∑’Ë¬Õ¡√—∫‡©æ“–„π°≈ÿà¡Àπà«¬
√—∫√Õß‡∑à“π—Èπ µ“¡¡µ‘∑’Ëª√–™ÿ¡ ILAC General assembly
ªï 2005 ‰¥â‡ πÕ„Àâ§≥–∑”ß“π ISO/CASCO ∑∫∑«π
ISO/IEC Guide 43 part 1 ·≈– part 2 ·≈–®—¥∑”„Àâ‡ªìπ
¡“µ√∞“π ®π∂÷ßªí®®ÿ∫—π ISO ‰¥âÕÕ°‡ªìπ¡“µ√∞“π©∫—∫„À¡à
ISO/IEC 17043:2010, Conformity assessment - General
requirements for proficiency testing ¢âÕ°”Àπ¥∑—Ë«‰ª
 ”À√—∫°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ‡¡◊ËÕ«—π∑’Ë
1 °ÿ¡¿“æ—π∏å 2553 ‚¥¬·∑π∑’Ë·≈–¬°‡≈‘°¡“µ√∞“π‡¥‘¡
ILAC-G13:2007 ·≈– ISO/IEC Guide 43-1:1997
¡“µ√∞“π ISO/IEC 17043:2010 ‰¥âπ”¢âÕ°”Àπ¥‡¥‘¡
®“° ILAC-G13:2007 ·≈– ISO/IEC Guide 43-1:1997
¡“√«¡°—π·≈–‡æ‘Ë¡¿“§ºπ«°∑’Ë√–∫ÿ∂÷ßª√–‡¿∑¢Õß‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ °“√„™â ∂‘µ‘∑’Ë‡À¡“– ¡
·≈–„Àâ¢âÕ¡Ÿ≈„π°“√‡≈◊Õ°„™â‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√ µ“¡¡“µ√∞“π ISO/IEC Guide 43-2:1997,
Proficiency testing by inter laboratory comparisons-
Part 2: Selection and use of proficiency testing schemes
by laboratory accreditation body ‡æ◊ËÕ„Àâ§√Õ∫§≈ÿ¡
°“√∑¥ Õ∫ §«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√‚¥¬«‘∏’‡ª√’¬∫‡∑’¬∫
º≈√–À«à“ßÀâÕßªØ‘∫—µ‘°“√ (interlaboratory comparisons)
µÕ∫ πÕßµàÕ§«“¡µâÕß°“√¢ÕßÀâÕßªØ‘∫—µ‘°“√∑¥ Õ∫
ÀâÕßªØ‘∫—µ‘°“√ Õ∫‡∑’¬∫ ºŸâª√–°Õ∫°“√µ√«® Õ∫ (inspection
body) Àπà«¬√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘°“√ Àπà«¬ß“π
¥â“π¡“µ√«‘∑¬“ ·≈–Àπà«¬ß“π°”°—∫¥Ÿ·≈ ¥—ßπ—ÈπºŸâ®—¥‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ Àπà«¬√—∫√Õß√–∫∫ß“π
ÀâÕßªØ‘∫—µ‘°“√ ÀâÕßªØ‘∫—µ‘°“√∑’Ë‡¢â“√à«¡‚ª√·°√¡·≈–ºŸâ∑’Ë
‡°’Ë¬«¢âÕß ®÷ß®”‡ªìπµâÕß»÷°…“∑”§«“¡‡¢â“„®„πª√–‡¥Áπ ”§—≠
¢Õß¡“µ√∞“π∑’Ëª√—∫‡ª≈’Ë¬π„À¡à ·≈–π”‰ª„™â„Àâ∂Ÿ°µâÕßµ“¡∑’Ë
¡“µ√∞“π°”Àπ¥ ‡æ◊ËÕ„Àâ°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
¡’°“√¥”‡π‘πß“π∑’Ë∂Ÿ°µâÕß·≈–‡ªìπ‰ªµ“¡¡“µ√∞“π “°≈

‡π◊ÈÕÀ“„π¡“µ√∞“π ISO/IEC 17043:2010 ª√–°Õ∫¥â«¬
2  à«π∑’Ë ”§—≠  à«π·√°‡ªìπ¢âÕ°”Àπ¥¥â“π«‘™“°“√·≈–
¢âÕ°”Àπ¥¥â“π√–∫∫°“√∫√‘À“√ß“π ‚¥¬√«∫√«¡¢âÕ°”Àπ¥
®“° ILAC-G13:2007 ·≈– ISO/IEC Guide 43-1:1997
 à«π∑’Ë Õß‡ªìπ¿“§ºπ«°∑’Ë√–∫ÿ∂÷ßª√–‡¿∑¢Õß‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ °“√„™â ∂‘µ‘∑’Ë‡À¡“– ¡
·≈–¢âÕ¡Ÿ≈„π°“√‡≈◊Õ°„™â‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠

ÀâÕßªØ‘∫—µ‘°“√ ∑—Èßπ’È ISO/IEC 17043:2010 ‰¥âª√—∫ª√ÿß
¢âÕ°”Àπ¥‡æ‘Ë¡‡µ‘¡„Àâ™—¥‡®π„π∑“ßªØ‘∫—µ‘ ·≈–§√Õ∫§≈ÿ¡ºŸâ®—¥
‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√„π√–¥—∫µà“ß Ê
∑’Ë¥”‡π‘πß“πÕ¬Ÿà„πªí®®ÿ∫—π ‚¥¬¡’ à«π ”§—≠∑’Ë‡æ‘Ë¡‡µ‘¡·≈–
‡ª≈’Ë¬π·ª≈ß ‰¥â·°à

°“√√–∫ÿ°‘®°√√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
‡ªìπ°‘®°√√¡ Conformity assessment ¥â«¬¡’°“√¥”‡π‘π°“√
‡æ◊ËÕª√–‡¡‘π ¡√√∂π–¢ÕßÀâÕßªØ‘∫—µ‘°“√ µ“¡¡“µ√∞“π
ISO/IEC 17043:2010 ‡™àπ‡¥’¬«°—∫°‘®°√√¡°“√∑¥ Õ∫∑’Ë¡’
°“√ª√–‡¡‘π ¡∫—µ‘µà“ß Ê ¢Õßº≈‘µ¿—≥±å ·≈–°‘®°√√¡°“√ Õ∫
‡∑’¬∫∑’Ë¡’°“√ª√–‡¡‘π§«“¡ “¡“√∂„π°“√«—¥¢Õß‡§√◊ËÕß¡◊Õ
µ“¡¡“µ√∞“π ISO/IEC 17025:2005 ¥—ßπ—ÈπºŸâ®—¥‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√®÷ß®—¥‡ªìπ CAB
(conformity assessment body) ¥â«¬‡™àπ°—π  ”À√—∫√Ÿª·∫∫
¢Õß¡“µ√∞“π ISO/IEC 17043:2010 „™âµ“¡¡“µ√∞“π
ISO/IEC 17025:2005 ·µà‡√’¬ß≈”¥—∫¢âÕ°”Àπ¥¥â“π«‘™“°“√
°àÕπ¢âÕ°”Àπ¥¥â“π√–∫∫°“√∫√‘À“√ß“π ‚¥¬¢âÕ°”Àπ¥¥â“π
√–∫∫°“√∫√‘À“√ß“π‡ªìπ‰ªµ“¡ ISO/IEC 17025:2005 ·≈–
ISO/IEC 9001:2008 ·µà ISO/IEC 17043:2010 ‰¡à‰¥â‡πâπ
°“√¬Õ¡√—∫„π§«“¡ “¡“√∂¢ÕßºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ·µà‡πâπ°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√„π√Ÿª·∫∫°“√‡ª√’¬∫‡∑’¬∫º≈√–À«à“ßÀâÕßªØ‘∫—µ‘°“√
‡æ◊ËÕ„Àâ‡°‘¥ª√–‚¬™πå ”À√—∫ÀâÕßªØ‘∫—µ‘°“√∑¥ Õ∫ ÀâÕßªØ‘∫—µ‘°“√
 Õ∫‡∑’¬∫ ºŸâª√–°Õ∫°“√µ√«® Õ∫ ·≈–Õ“®π”‰ª„™âª√–‚¬™πå
‡æ◊ËÕ°“√ ÿà¡µ—«Õ¬à“ß °“√µ√«® Õ∫º≈‘µ¿—≥±å °“√∑¥ Õ∫·∫∫
‰¡à∑”≈“¬ (non-destructive testing) °“√∑¥ Õ∫°“√√—∫
§«“¡√Ÿâ ÷°(sensory testing) ·≈–°“√ª√–‡¡‘π§«“¡ “¡“√∂
¢Õß∫ÿ§≈“°√ºŸâ∑¥ Õ∫

¡“µ√∞“π ISO/IEC 17043:2010 ¡’°“√‡æ‘Ë¡‡µ‘¡
·≈–‡ª≈’Ë¬π·ª≈ß§”π‘¬“¡À≈“¬§” ®“° ILAC-G13:2007
·≈– ISO/IEC Guide 43-1:1997 ‡æ◊ËÕ„Àâ‡¢â“„®‰¥â™—¥‡®π
§√Õ∫§≈ÿ¡°‘®°√√¡µà“ß Ê °«â“ß¢«“ß¬‘Ëß¢÷Èπ ·≈–ª√—∫‡ª≈’Ë¬π
µ“¡§”π‘¬“¡¢Õß¡“µ√∞“πÕ◊Ëπ Ê ∑’ËÕÕ°„À¡à ‡™àπ§”«à“ proficiency
testing, proficiency test item, proficiency testing
provider, participant, coordinator, customer, subcontractor,
assigned value, outlier ·≈– metrological traceability 

ISO/IEC 17043:2010 °”Àπ¥°‘®°√√¡∑’Ë ”§—≠
3 °‘®°√√¡ ∑’ËºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕß
ªØ‘∫—µ‘°“√µâÕß¥”‡π‘π°“√‡Õß ‰¡à„Àâ∑”°“√®â“ß‡À¡“™à«ß ‰¥â·°à
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°“√«“ß·ºπ‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
°“√ª√–‡¡‘π ¡√√∂π–¢ÕßºŸâ‡¢â“√à«¡‚ª√·°√¡°“√∑¥ Õ∫§«“¡
™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ·≈–°“√ÕÕ°√“¬ß“πº≈°“√‡¢â“√à«¡
‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ πÕ°®“°π—Èπ
¬—ß‡æ‘Ë¡‡µ‘¡¢âÕ°”Àπ¥„π°“√®—¥°“√‡°’Ë¬«°—∫‡§√◊ËÕß¡◊Õ∑¥ Õ∫
„Àâ‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥„π ISO/IEC 17025:2005 ·≈–
‡°≥±å°”Àπ¥ ”À√—∫°“√∑¥ Õ∫§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π
(homogeneity testing) ·≈–°“√∑¥ Õ∫§«“¡§ß ¿“æ
(stability testing) ∑’Ë¡’º≈µàÕ°“√ª√–‡¡‘π ¡√√∂π–¢ÕßºŸâ‡¢â“√à«¡
‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√

¿“§ºπ«° A „Àâ¢âÕ¡Ÿ≈ª√–‡¿∑¢Õß‚ª√·°√¡°“√
∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√∑’Ë·µ°µà“ß°—π‰ª ¢÷Èπ°—∫
§«“¡µâÕß°“√„™âª√–‚¬™πå®“°°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√ ·≈–®”π«πºŸâ‡¢â“√à«¡‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ Õ“®·∫àß°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√µ“¡√Ÿª·∫∫°“√«—¥À√◊Õ°“√√“¬ß“πº≈‡ªìπ
3 °≈ÿà¡ ‰¥â·°à °“√«—¥‡™‘ßµ—«‡≈¢À√◊Õª√‘¡“≥ (quantitative)
°“√«—¥‡™‘ß§ÿ≥≈—°…≥–À√◊Õ§ÿ≥¿“æ (qualitative) ·≈–
°“√√“¬ß“π·∫∫µ’§«“¡ (interpretative) À√◊Õ™ÿ¥¢Õßµ—«‡≈¢
·≈–Õ“®·∫àß°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√µ“¡√Ÿª·∫∫
°“√¥”‡π‘πß“π‰¥âÀ≈“¬ª√–‡¿∑ ‡™àπ ‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√∑’Ë‡ª√’¬∫‡∑’¬∫°“√«—¥‚¥¬ àßµàÕ°—π
µ“¡≈”¥—∫ (sequential participation schemes) ‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√∑’Ë àßµ—«Õ¬à“ß„ÀâºŸâ‡¢â“
√à«¡‚ª√·°√¡∑ÿ°√“¬æ√âÕ¡°—π (simultaneous participation
proficiency testing schemes) ‚¥¬¡’°“√®—¥‡µ√’¬¡µ—«Õ¬à“ß
À≈“¬√Ÿª·∫∫µ“¡«—µ∂ÿª√– ß§å„π°“√‡ª√’¬∫‡∑’¬∫º≈‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√∑’ËµâÕß°“√ª√–‡¡‘π
§«“¡ “¡“√∂¢ÕßºŸâ‡¢â“√à«¡‚ª√·°√¡‡©æ“–∫“ß¢—ÈπµÕπ¢Õß
°“√«—¥ (partial-process schemes) ‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√∑’Ë„ÀâºŸâ‡¢â“√à«¡‚ª√·°√¡‡µ√’¬¡™‘Èπ
µ—«Õ¬à“ßµ“¡§ÿ≥≈—°…≥–∑’ËºŸâ®—¥‚ª√·°√¡°”Àπ¥ ·≈–‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√∑’Ë·∫àßµ—«Õ¬à“ß‡ªìπ
2  à«πÀ√◊Õ¡“°°«à“ ·≈–‡ª√’¬∫‡∑’¬∫º≈°—π ‚¥¬¡—°‡ªìπ
°“√‡ª√’¬∫‡∑’¬∫°—∫ºŸâ∑’Ë¡’√–¥—∫§«“¡ “¡“√∂„π°“√«—¥ Ÿß°«à“
πÕ°®“°π—Èπ ¿“§ºπ«° A ¬—ß„Àâ¢âÕ¡Ÿ≈∂÷ß°“√ª√–°—π§ÿ≥¿“æ
¿“¬πÕ°∑“ß°“√·æ∑¬å‚¥¬µâÕß®—¥°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√Õ¬à“ß ¡Ë”‡ ¡Õ

¿“§ºπ«° B „Àâ¢âÕ¡Ÿ≈°“√„™â ∂‘µ‘ ”À√—∫ª√–‡¡‘πº≈
°“√∑¥ Õ∫§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π·≈–°“√∑¥ Õ∫§«“¡§ß
 ¿“æ „π°“√®—¥‡µ√’¬¡µ—«Õ¬à“ß ·≈–°“√ª√–‡¡‘π ¡√√∂π–¢Õß
ºŸâ‡¢â“√à«¡‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
‚¥¬Õâ“ßÕ‘ß ISO 13528:2005, Statistical methods for use
in proficiency testing by interlaboratory comparisons
·≈– çThe International Harmonized Protocol for the
proficiency testing of analytical chemistry laboratoriesé 

¿“§ºπ«° C „Àâ¢âÕ¡Ÿ≈·°àÀâÕßªØ‘∫—µ‘°“√„π°“√‡≈◊Õ°„™â
‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ ·≈–°“√
„™âª√–‚¬™πå¢Õß‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√
 ”À√—∫ÀâÕßªØ‘∫—µ‘°“√ Àπà«¬√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘°“√
Àπà«¬°”°—∫¥Ÿ·≈ ·≈–ºŸâ∑’Ë‡°’Ë¬«¢âÕß

 ”π—°∫√‘À“√·≈–√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√ °√¡«‘∑¬“»“ µ√å
∫√‘°“√‰¥â¥”‡π‘π°“√√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘°“√∑¥ Õ∫
µ—Èß·µà ªï 2546 „π¢Õ∫¢à“¬°“√∑¥ Õ∫¥â“πøî ‘° å ‡§¡’ ·≈–
«‘∑¬“»“ µ√å™’«¿“æ ‰¥â‡≈Áß‡ÀÁπª√–‚¬™πå·≈–§«“¡®”‡ªìπ¢Õß
°“√√—∫√Õß§«“¡ “¡“√∂ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√ ∑’Ë®–‡ªìπª√–‚¬™πåµàÕ√–∫∫°“√µ√«® Õ∫√—∫√Õß
 ‘π§â“‡æ◊ËÕ√Õß√—∫§«“¡µâÕß°“√·≈–°“√·¢àß¢—π∑“ß°“√§â“
¿“¬„π·≈–√–À«à“ßª√–‡∑»  ”π—°∫√‘À“√·≈–√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√
®÷ß‰¥â¢¬“¬¢Õ∫¢à“¬°“√√—∫√Õß‰ª¬—ßºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫
§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√ „πªï 2551 ªí®®ÿ∫—π‰¥â„Àâ°“√√—∫√Õß
ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√®”π«π
3 Àπà«¬ß“π „π “¢“°“√∑¥ Õ∫ 1 Àπà«¬ß“π ·≈– “¢“
°“√∑¥ Õ∫∑“ß°“√·æ∑¬å 2 Àπà«¬ß“π

æ‘∏’¡Õ∫Àπ—ß ◊Õ√—∫√Õß§«“¡ “¡“√∂ÀâÕßªØ‘∫—µ‘°“√∑¥ Õ∫
·≈–ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√

‡¡◊ËÕ«—π∑’Ë  7 °—π¬“¬π 2553
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‡¡◊ËÕ¡“µ√∞“π ISO/IEC 17043:2010 ÕÕ°„À¡à
‡¡◊ËÕ«—π∑’Ë 1 °ÿ¡¿“æ—π∏å 2553  ”π—°∫√‘À“√·≈–√—∫√Õß
ÀâÕßªØ‘∫—µ‘°“√ ‰¥â®—¥™ÿ¥°“√Õ∫√¡ ç°“√æ—≤π“Àπà«¬ß“π
‡æ◊ËÕ°“√√—∫√ÕßºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√·≈–ºŸâº≈‘µ«— ¥ÿÕâ“ßÕ‘ßé „Àâ·°à‡®â“Àπâ“∑’Ë¢Õß
°√¡«‘∑¬“»“ µ√å∫√‘°“√ °√√¡°“√√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘°“√
Õπÿ°√√¡°“√æ‘®“√≥“√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘°“√ ºŸâª√–‡¡‘π
‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—µ‘°“√ ·≈–‡®â“Àπâ“∑’ËºŸâ®—¥‚ª√·°√¡°“√
∑¥ Õ∫§«“¡™”π“≠ √–À«à“ß«—π∑’Ë 11-26 ¡’π“§¡ 2553
‚¥¬«‘∑¬“°√ Mr. Daniel Tholen ´÷Ëß¡’ª√– ∫°“√≥å‡ªìπ
Lead Assessor ¢ÕßÀπà«¬√—∫√Õß American Association
for Laboratory Accreditation (A2LA) „π°“√√—∫√Õß
ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠·≈–ºŸâº≈‘µ«— ¥ÿÕâ“ßÕ‘ß
‡ªìπÀ—«Àπâ“§≥–∑”ß“π√à“ß¡“µ√∞“π ISO/IEC 17043:2010
·≈–‡ªìπ Chair of APLAC PT Committee °“√Õ∫√¡
ª√–°Õ∫¥â«¬ 5 À≈—° Ÿµ√‰¥â·°à

1. PT statistics and ISO 13528:2005 (Statistical
methods for use in proficiency testing by interlaboratory
comparisons)

2. ISO/IEC 17043:2010 (Conformity assessment -
General requirements for proficiency testing)

3. ISO Guide 35:2006 (Reference materials -
General and statistical principles for certification)

4. RMP Accreditation (Reference Material
Producer Accreditation) 

5. ISO Guide 34:2009 (General requirements
for the competence of reference material producers) 

°“√Õ∫√¡‡æ◊ËÕ°“√√—∫√ÕßºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫

§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√

·≈–ºŸâº≈‘µ«— ¥ÿÕâ“ßÕ‘ß √«¡ 5 À≈—° Ÿµ√ ‡¡◊ËÕ«—π∑’Ë 11-26 ¡’π“§¡ 2553

∑—Èßπ’È  ”π—°∫√‘À“√·≈–√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√°”Àπ¥
°“√¥”‡π‘πß“π°“√√—∫√Õß§«“¡ “¡“√∂ºŸâ®—¥‚ª√·°√¡
°“√∑¥ Õ∫§«“¡™”π“≠ÀâÕßªØ‘∫—µ‘°“√µ“¡¡“µ√∞“π
ISO/IEC 17043:2010 ‡√‘Ë¡µ—Èß·µà«—π∑’Ë 1  ‘ßÀ“§¡ 2553
·≈–„Àâ√–¬–‡«≈“ ”À√—∫ºŸâ®—¥‚ª√·°√¡°“√∑¥ Õ∫§«“¡™”π“≠
ÀâÕßªØ‘∫—µ‘°“√∑’Ë‰¥â√—∫°“√√—∫√Õß√–∫∫ß“πÀâÕßªØ‘∫—µ‘ß“π·≈â«
„π°“√ª√—∫‡ª≈’Ë¬π√–∫∫°“√∫√‘À“√ß“πµ“¡¡“µ√∞“π ISO/IEC
17043:2010 ‡ªìπ‡«≈“ 2 ªï π—∫®“°«—π∑’Ë 1 °ÿ¡¿“æ—π∏å 2553

‡Õ° “√Õâ“ßÕ‘ß

International Laboratory Accreditation Cooperation. ILAC guidelines for the requirements for the competence of
providers of proficiency testing schemes. ILAC-G13:2007. 2007.

International Organization for Standardization. Conformity assessment general requirements for proficiency testing.
ISO/IEC 17043. 2010,

________. Proficiency testing by interlaboratory comparisons Part1: development and operation of proficiency testing
schemes. ISO/IEC Guide 43-1. 1997.
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∫∑§—¥¬àÕ

°“√»÷°…“«‘®—¬π’È‡ªìπ°“√æ—≤π“º≈‘µ¿—≥±å‰¢àπ°°√–∑“

∫√√®ÿ∂ÿß√’∑Õ√åµ ‚¥¬»÷°…“À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√‡µ√’¬¡

«—µ∂ÿ¥‘∫ ‚¥¬‡ª√’¬∫‡∑’¬∫º≈¢Õß§«“¡‡¢â¡¢âππÈ”‡°≈◊Õ Õÿ≥À¿Ÿ¡‘

°“√µâ¡‰¢à ·≈–‡«≈“°“√µâ¡‰¢à §◊Õ ∑’Ë§«“¡‡¢â¡¢âππÈ”‡°≈◊Õ

√âÕ¬≈– 0.5 1.0 ·≈– 5.0 Õÿ≥À¿Ÿ¡‘°“√µâ¡‰¢à  80 Õß»“‡´≈‡ ’́¬ 

·≈– 100 Õß»“‡´≈‡ ’́¬  ‡«≈“°“√µâ¡‰¢à 3 π“∑’ 5 π“∑’ ·≈–

10 π“∑’  à«π°“√»÷°…“º≈¢Õß∫√√®ÿ¿—≥±å‡ª√’¬∫‡∑’¬∫º≈°“√„™â

∂ÿß√’∑Õ√åµ·∫∫∑÷∫· ß (¡’Õ–≈Ÿ¡‘‡π’¬¡øÕ¬≈å) °—∫·∫∫„  (‰¡à¡’

Õ–≈Ÿ¡‘‡π’¬¡øÕ¬≈å) ·≈–»÷°…“°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬√’∑Õ√åµ

‡ª√’¬∫‡∑’¬∫º≈¢Õß Õÿ≥À¿Ÿ¡‘·≈–‡«≈“°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å §◊Õ

∑’ËÕÿ≥À¿Ÿ¡‘ 110 Õß»“‡´≈‡ ’́¬  116 Õß»“‡´≈‡ ’́¬  ·≈–

121 Õß»“‡´≈‡ ’́¬  ∑’Ë‡«≈“ 10 π“∑’ 15 π“∑’ ·≈– 30 π“∑’

®“°°“√∑¥≈Õßæ∫«à“ ¿“«–°“√‡µ√’¬¡«—µ∂ÿ¥‘∫∑’Ë‡À¡“– ¡ §◊Õ

°“√µâ¡„ππÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ√âÕ¬≈– 1.0 ∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“

‡´≈‡ ’́¬  ‡«≈“ 3 π“∑’ ‡æ√“–¡’§«“¡ Ÿ≠‡ ’¬®“°°“√ªÕ°‡ª≈◊Õ°

‰¢àπ°°√–∑“πâÕ¬∑’Ë ÿ¥ ·≈–∂ÿß√’∑Õ√åµ∑’Ë‡À¡“– ¡ ”À√—∫„™â∫√√®ÿ

‰¢àπ°°√–∑“ §◊Õ ∂ÿß√’∑Õ√åµ·∫∫„  ‡æ√“–‰¡à∑”ªØ‘°‘√‘¬“°—∫

º≈‘µ¿—≥±å·≈–‰¡à∑”„Àâ ’¢Õß‰¢àπ°°√–∑“‡ª≈’Ë¬π·ª≈ß„π√–À«à“ß

°“√‡°Á∫ ·≈– ¿“«–°“√¶à“‡™◊ÈÕ¥â«¬√’∑Õ√åµ∑’Ë‡À¡“– ¡ §◊Õ

116 Õß»“‡´≈‡ ’́¬  ‡«≈“ 10 π“∑’

Abstract

This study was carried out to develope boiling

quail egg in retort pouch, by comparing the effect of

preheated-treatment, retort pouch material, and retort

treatment. The effect of preheated-treatment was done

by boiling quail egg in various NaCl concentration

between 0.0, 0.5, 1.0 and 5.0%. The boiling temperature

were 80 and 100 ÌC at 3, 5 and 10 minutes of each

temperature. The effect of packaging was done by

comparing retort pouch material between the used of

aluminium foil pouch and foil-free pouch. The effect of

retort treatment was done by varying retort temperature

at 110, 116, and 121 ÌC, and varied retort time at 10,

15, and 30 minutes. It was shown that an appropriate

preheated-treatment of quail egg in NaCl 1.0% at 80 ÌC

for 3 minutes, because of this condition was less

peeling loss treatment. An appropriate retort pouch

package for filling boiled quail egg is foil-free pouch,

because it was not effect on quail egg color while

storage. And the appropriate retort treatment is retort

temperature at 116 ÌC for 10 minutes.

1. ∫∑π”

°√¡«‘∑¬“»“ µ√å∫√‘°“√ ‚¥¬°≈ÿà¡«‘®—¬·≈–æ—≤π“

º≈‘µ¿—≥±åÕ“À“√  ”π—°‡∑§‚π‚≈¬’™ÿ¡™π ¥”‡π‘πß“π»÷°…“«‘®—¬

‡√◊ËÕß °“√æ—≤π“º≈‘µ¿—≥±å‰¢àπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ ‚¥¬¡’

·π«§‘¥∑’Ë«à“°“√ª√—∫ª√ÿß°√–∫«π°“√º≈‘µ ·≈–°“√‡ª≈’Ë¬π™π‘¥

¢Õß∫√√®ÿ¿—≥±å®–™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ‰¢àπ°°√–∑“„ππÈ”‡°≈◊Õ

∫√√®ÿ°√–ªÜÕß‰¥â ‡æ√“–„π°√–∫«π°“√º≈‘µ®–‰¥â‰¢àπ°°√–∑“

∑’Ë¡’µ”Àπ‘¥â«¬ ∂◊Õ‡ªìπµâπ∑ÿπ§à“„™â®à“¬∑’ËµâÕß Ÿ≠‡ª≈à“ ‚¥¬

µ”Àπ‘∑’Ë‰¢àπ°°√–∑“Õ“®‡°‘¥‰¥â®“°¢—ÈπµÕπ°“√ªÕ°‡ª≈◊Õ°

■■■■

■■■■

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√åªØ‘∫—µ‘°“√  ”π—°‡∑§‚π‚≈¬’™ÿ¡™π
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·≈–¢—ÈπµÕπ°“√„Àâ§«“¡√âÕπ„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬‡§√◊ËÕß

√’∑Õ√åµ πÕ°®“°π’ÈÀ“°æ‘®“√≥“∂÷ßµâπ∑ÿπ§à“„™â®à“¬∫√√®ÿ¿—≥±å

°√–ªÜÕßµàÕæ◊Èπ∑’Ë®—¥‡°Á∫ °“√‡ª≈’Ë¬π™π‘¥¢Õß∫√√®ÿ¿—≥±å®“°

°√–ªÜÕß‡ªìπ∂ÿß√’∑Õ√åµ§“¥«à“®–™à«¬≈¥µâπ∑ÿπ°“√º≈‘µ‰¥â à«πÀπ÷Ëß

´÷Ëßº≈ ”‡√Á®¢Õßß“π«‘®—¬ “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π«‘ “À°‘®

™ÿ¡™πÀ√◊ÕºŸâª√–°Õ∫°“√º≈‘µ·≈–·ª√√Ÿª‰¢àπ°°√–∑“‰¥â

∂ÿß√’∑Õ√åµ À√◊Õ √’∑Õ√åµ ‡æ“™å (retort pouch) ‡ªìπ

∫√√®ÿ¿—≥±å∑’Ë∑”®“°æ≈“ µ‘°À√◊Õ«— ¥ÿÕàÕπµ—« 4 ™—Èπª√–°∫°—π

‚¥¬™—ÈππÕ° ÿ¥‡ªìπ‚æ≈‘‡Õ ‡∑Õ√å (polyester) ™—Èπ∑’Ë Õß‡ªìπ

‰π≈Õπ (nylon) ™—Èπ∑’Ë “¡‡ªìπ‚æ≈‘‰«π‘≈‘¥’π§≈Õ‰√¥å (polyvinylidine

chloride) À√◊ÕÕ–≈Ÿ¡‘‡π’¬¡øÕ¬≈å (aluminium foil) ·≈–

™—Èπ„π ÿ¥‡ªìπ‚æ≈‘‚ææ’≈’π (poly-propylene) ®÷ßÕ“®®”·π°™π‘¥

¢Õß∂ÿß√’∑Õ√åµ ‰¥â‡ªìπ Õß·∫∫µ“¡™π‘¥¢Õß«— ¥ÿ∑’Ëª√–°∫°—π

‡ªìπ∂ÿß√’∑Õ√åµ §◊Õ ·∫∫∑÷∫· ß (¡’Õ–≈Ÿ¡‘‡π’¬¡øÕ¬≈å) ·≈–·∫∫„ 

(‰¡à¡’Õ–≈Ÿ¡‘‡π’¬¡øÕ¬≈å) ¢âÕ¥’¢Õß∂ÿß√’∑Õ√åµ §◊Õ ¡’§«“¡¬◊¥À¬ÿàπ

·¢Áß·√ß ‰¡à·µ°À√◊Õ©’°¢“¥ßà“¬ πÈ”Àπ—°‡∫“ „™âæ◊Èπ∑’ËπâÕ¬„π°“√‡°Á∫

·≈–∑πµàÕÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬§«“¡√âÕπ‰¥â

„π™à«ß°«â“ß µ—Èß·µà 0 ∂÷ß 121 Õß»“‡´≈‡´’¬  ‚¥¬‰¡à∑”ªØ‘°‘√‘¬“

°—∫Õ“À“√ πÕ°®“°π’ÈÕ“À“√„π∂ÿß√’∑Õ√åµ ¬—ß¡’§ÿ≥¿“æ¥â“π°≈‘Ëπ

√  ·≈– ’∑’Ë¥’ ‡æ√“–„™â‡«≈“°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å —Èπ°«à“Õ“À“√∫√√®ÿ

„π°√–ªÜÕß ∂ÿß√’∑Õ√åµ ®÷ß‡ªìπ‡∑§‚π‚≈¬’∑’Ëæ—≤π“¢÷Èπ‡æ◊ËÕ∑¥·∑π

°“√„™â∫√√®ÿ¿—≥±å°√–ªÜÕß ‚¥¬À≈—°°“√„™â∂ÿß√’∑Õ√åµ §◊Õ°“√

∫√√®ÿÕ“À“√ ≈ß„π∂ÿß√’∑Õ√åµ·≈â«‡Õ“Õ“°“»∑’Ë‡À≈◊ÕÕÕ° ªî¥ºπ÷°

ª“°∂ÿß¥â«¬§«“¡√âÕπ ·≈â«π”‰ª¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¿“¬„µâ§«“¡¥—π

‰¡à‡°‘π 30 ªÕπ¥åµàÕµ“√“ßπ‘È« ‡æ√“–∂â“„™â§«“¡¥—π¡“°°«à“π’È

®–∑”„Àâºπ÷°∂ÿßª√‘À√◊Õ∂ÿß·µ°‰¥â ( ÿ¿—µ√“, 2548)

°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬‡§√◊ËÕß√’∑Õ√åµ §◊Õ °“√¶à“‡™◊ÈÕ

®ÿ≈‘π∑√’¬å„πÕ“À“√¥â«¬§«“¡√âÕπ™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß π‘¬¡„™â°—∫

Õ“À“√∑’ËµâÕß∫√√®ÿ„π¿“™π–ªî¥ π‘∑ ‡™àπ Õ“À“√°√–ªÜÕß À√◊Õ

Õ“À“√∫√√®ÿ∂ÿß√’∑Õ√åµ ‡æ◊ËÕ„ÀâÕ“À“√ “¡“√∂‡°Á∫‰¥â‡ªìπ√–¬–

‡«≈“π“π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß °“√„™â§«“¡√âÕπ™◊Èπ À√◊Õ°“√π÷Ëß‰ÕπÈ”

§◊Õ °“√„™â‰ÕπÈ”∑’Ë¡’Õÿ≥À¿Ÿ¡‘ Ÿß°«à“Õÿ≥À¿Ÿ¡‘ πÈ”‡¥◊Õ¥ ‚¥¬§«“¡√âÕπ

®–·∑√°‡¢â“‰ª„π™‘ÈπÕ“À“√À√◊Õ™àÕß«à“ß√–À«à“ßÕ“À“√∑’ËµâÕß°“√

¶à“‡™◊ÈÕ‰¥â¥’°«à“°“√µâ¡ π‘¬¡∑”¿“¬„µâ§«“¡¥—π µ“¡À≈—°°“√

 ‡µÕ√‘‰≈ ǻ‡´™—π (Sterilization) √–¬–‡«≈“°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å

¢÷ÈπÕ¬Ÿà°—∫Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡¥—π °≈à“«§◊ÕÀ“°„™âÕÿ≥À¿Ÿ¡‘·≈–

§«“¡¥—π Ÿß√–¬–‡«≈“∑’ËµâÕß„™â„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å®– —Èπ≈ß

°“√„™â§«“¡√âÕπ„π°“√∂πÕ¡Õ“À“√ æ≈—ßß“π§«“¡√âÕπ®–∂à“¬‡∑

®“° à«π∑’Ë√âÕπ‰ª Ÿà à«π∑’Ë‡¬Áπ ‚¥¬§«“¡√âÕπ®–∂à“¬‡∑®“°º‘«πÕ°

¢ÕßÕ“À“√‡¢â“‰ª Ÿà¿“¬„π„®°≈“ß¢ÕßÕ“À“√ ¿“¬„π¿“™π–∫√√®ÿ

®÷ß¡’®ÿ¥∑’Ë√âÕπ™â“∑’Ë ÿ¥ (cold spot) ÷́Ëß¡’µ”·Àπàßµà“ß°—π ¢÷ÈπÕ¬Ÿà°—∫

«‘∏’°“√∂à“¬‡∑§«“¡√âÕπ ≈—°…≥–∑“ß°“¬¿“æ¢ÕßÕ“À“√ ≈—°…≥–

°“√∫√√®ÿÕ“À“√„π¿“™π–∫√√®ÿ °“√®—¥‡√’¬ßÕ“À“√ ·≈–«‘∏’°“√

¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å ÷́Ëß‰¢àπ°°√–∑“„ππÈ”‡°≈◊Õ∫√√®ÿ∂ÿß√’∑Õ√åµ‡ªìπ

º≈‘µ¿—≥±å∑’Ë¡’°“√∂à“¬‡∑§«“¡√âÕπ·∫∫æ“§«“¡√âÕπÕ¬à“ß√«¥‡√Á«

µ≈Õ¥√–¬–‡«≈“°“√¶à“‡™◊ÈÕ

®ÿ¥∑’Ë√âÕπ™â“∑’Ë ÿ¥ ¢ÕßÕ“À“√„π¿“™π–ªî¥ π‘∑ ‡™àπ

°√–ªÜÕß ¢«¥·°â« ·≈–∂ÿßÕàÕπµ—« ÷́Ëß§«“¡√âÕπ·∑√°µ—«®“°

ºπ—ß¢Õß∫√√®ÿ¿—≥±å‡¢â“ ŸàÕ“À“√∑’Ë∫√√®ÿÕ¬Ÿà¿“¬„π Õ“À“√„π®ÿ¥

∑’Ë√âÕπ™â“∑’Ë ÿ¥‡ªìπµ—«·∑π¢ÕßÕ“À“√∑—Èß¿“™π– À“°§«“¡√âÕπ

∑’Ë„™â„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å “¡“√∂∑”≈“¬‡™◊ÈÕ®ÿ≈‘π∑√’¬å∫√‘‡«≥

¥—ß°≈à“«„ÀâÕ¬Ÿà„π√–¥—∫∑’Ëª≈Õ¥¿—¬ ®÷ß®–¡—Ëπ„®‰¥â«à“∑ÿ° à«π¢Õß

Õ“À“√„π∫√√®ÿ¿—≥±åπ—Èπ‰¥â√—∫§«“¡√âÕπÕ¬à“ß‡æ’¬ßæÕ‡™àπ°—π

‚¥¬‡©æ“–Õ¬à“ß¬‘ËßÕ“À“√∑’Ë¡’§«“¡‡ªìπ°√¥µË” (low acid food)

‡æ√“–À“° ªÕ√å¢Õß Clostridium botulinum ‡À≈◊Õ√Õ¥®– àß

º≈µàÕ§«“¡ª≈Õ¥¿—¬¢ÕßºŸâ∫√‘‚¿§∑’Ë∫√‘‚¿§Õ“À“√π—Èπ °“√À“

®ÿ¥∑’Ë√âÕπ™â“∑’Ë ÿ¥‚¥¬ °“√‡®“–∫√√®ÿ¿—≥±å‡æ◊ËÕ‡ ’¬∫ª≈“¬¢Õß

‡∑Õ√å‚¡§—ª‡ªî≈ (thermocouple) ‰ª¬—ß∫√‘‡«≥∑’Ëµ”·Àπàß∑’Ë§“¥

«à“πà“®–‡ªìπ®ÿ¥√âÕπ™â“∑’Ë ÿ¥ 3 ®ÿ¥ ÷́ËßµâÕß«—¥√–¬–‡æ◊ËÕ°”Àπ¥

µ”·Àπàß„Àâ·πàπÕπ ®“°π—Èπ∫—π∑÷°Õÿ≥À¿Ÿ¡‘¢ÕßÕ“À“√√–À«à“ß

°“√„Àâ§«“¡√âÕπ ≥ ®ÿ¥∑’Ë‡√“∑√“∫µ”·Àπàß ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫

‡ âπ°√“ø¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë‰¥â °√≥’∑’ËÕ“À“√¡’™‘Èπ‡π◊ÈÕªπÕ¬Ÿà¥â«¬

„Àâ„™âª≈“¬‡∑Õ√å‚¡§—∫‡ªî≈‡ ’¬∫Õ¬Ÿà¿“¬„π™‘ÈπÕ“À“√ ‡™àπ

∂â“‡ªìπ·°ß‡¢’¬«À«“ππ°°√–∑“°Á‡Õ“™‘Èππ°°√–∑“‡ ’¬∫°—∫

ª≈“¬‡∑Õ√å‚¡§—ª‡ªî≈ √–«—ß‰¡à„Àâª≈“¬‚º≈àÕÕ°¡“πÕ°™‘Èπ‡π◊ÈÕ

π°°√–∑“ ‡æ√“–Õÿ≥À¿Ÿ¡‘∑’Ë«—¥®–‡ªìπÕÿ≥À¿Ÿ¡‘πÈ”·°ß‰¡à„™à

Õÿ≥À¿Ÿ¡‘®ÿ¥∑’Ë√âÕπ™â“

°“√§”π«≥°“√¶à“‡™◊ÈÕÕ“À“√¥â«¬«‘∏’∑—Ë«‰ª (General

method) ‡ªìπ«‘∏’æ◊Èπ∞“π ”§—≠„π°“√æ—≤π“°√–∫«π°“√§”π«≥§à“

Thermal death time (F) ¢Õß°√–∫«π°“√¶à“‡™◊ÈÕ ÷́Ëß‡ªìπ

µ—«™’È«—¥°“√∑”≈“¬®ÿ≈‘π∑√’¬å„Àâ≈¥≈ß∂÷ß√–¥—∫∑’ËµâÕß°“√¿“¬„µâ

Õÿ≥À¿Ÿ¡‘∑’Ë°”Àπ¥°√≥’‡ª≈’Ë¬π ¿“«–°“√ªØ‘∫—µ‘ß“π °“√¶à“‡™◊ÈÕ

∑’Ë§”π«≥‰«â‡¥‘¡‰¡à “¡“√∂π”‰ª„™â·∑π°—π‰¥â ¢âÕ¥’¢Õß«‘∏’

°“√§”π«≥¥â«¬«‘∏’∑—Ë«‰ª §◊Õ ¡’§«“¡¬◊¥À¬ÿàπµàÕ°“√ªØ‘∫—µ‘ß“π Ÿß
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Õâ“ßÕ‘ß®“°¢—ÈπµÕπ°“√À“§à“ F ∑”‰¥â‚¥¬·ª≈ß§à“Õÿ≥À¿Ÿ¡‘¢Õß

Õ“À“√°√–ªÜÕß‰ª‡ªìπ§à“ Lethal rate (L) ¥—ß· ¥ß„π ¡°“√∑’Ë 1

.....................(1)

‡¡◊ËÕ L §◊Õ Õ—µ√“°“√∑”≈“¬ À√◊Õ Lethal rate

¡’Àπà«¬‡ªìπ‡«≈“

T §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë‡«≈“„¥ Ê 

TR §◊Õ Õÿ≥À¿Ÿ¡‘Õâ“ßÕ‘ß

z §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë‡ª≈’Ë¬π‰ª ·≈â«∑Ì“„Àâ‡«≈“

∑’Ë„™â„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡ªÑ“À¡“¬

‰¥â 90% ¢Õß‡™◊ÈÕ®ÿ≈‘π∑√’¬å‡ªÑ“À¡“¬

∑—ÈßÀ¡¥ ¡’§à“‡ª≈’Ë¬π‰ª 10 ‡∑à“

°“√À“®ÿ¥∑’Ë√âÕπ™â“∑’Ë ÿ¥°àÕπ ‚¥¬‡®“–∫√√®ÿ¿—≥±å‡æ◊ËÕ

‡ ’¬∫ª≈“¬¢Õß‡∑Õ√å‚¡§—ª‡ªî≈ ‰ª¬—ß∫√‘‡«≥µ”·πàß∑’Ë§“¥«à“

πà“®–‡ªìπ®ÿ¥√âÕπ™â“∑’Ë ÿ¥ 3 ®ÿ¥ ´÷ËßµâÕß«—¥√–¬–‡æ◊ËÕ°”Àπ¥

µ”·Àπàß„Àâ·πàπÕπ ®“°π—Èπ∫—π∑÷°Õÿ≥À¿Ÿ¡‘¢ÕßÕ“À“√√–À«à“ß

°“√„Àâ§«“¡√âÕπ ≥ ®ÿ¥∑’Ë‡√“∑√“∫µ”·Àπàß ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫

‡ âπ°√“ø¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë‰¥â °√≥’∑’ËÕ“À“√¡’™‘Èπ‡π◊ÈÕªπÕ¬Ÿà¥â«¬

„Àâ„™âª≈“¬‡∑Õ√å‚¡§—∫‡ªî≈‡ ’¬∫Õ¬Ÿà¿“¬„π™‘ÈπÕ“À“√ ‡™àπ

∂â“‡ªìπ·°ß‡¢’¬«À«“ππ°°√–∑“°Á‡Õ“™‘Èππ°°√–∑“‡ ’¬∫°—∫

ª≈“¬‡∑Õ√å‚¡§—ª‡ªî≈ √–«—ß‰¡à„Àâª≈“¬‚º≈àÕÕ°¡“πÕ°™‘Èπ‡π◊ÈÕ

π°°√–∑“ ‡æ√“–Õÿ≥À¿Ÿ¡‘∑’Ë«—¥®–‡ªìπÕÿ≥À¿Ÿ¡‘πÈ”·°ß‰¡à„™à

Õÿ≥À¿Ÿ¡‘®ÿ¥∑’Ë√âÕπ™â“

‡¡◊ËÕ∑√“∫§à“ L ∑’Ë‡«≈“„¥ Ê plot §à“ Lethal rate °—∫

‡«≈“§”π«≥æ◊Èπ∑’Ë„µâ°√“ø ‰¥â§à“ F ÷́Ëß§«“¡ —¡æ—π∏å√–À«à“ß

§à“ F °—∫§à“ L · ¥ß„π ¡°“√∑’Ë 2

.....................(2)

°“√À“æ◊Èπ∑’Ë„µâ°√“ø¥â«¬«‘∏’¢Õß´‘¡ªá —π ¥—ß· ¥ß„π

 ¡°“√∑’Ë 3

..............(3)

®“° ¡°“√∑’Ë 3 ‰¥â‡«≈“∑’Ë‡æ’¬ßæÕµàÕ°“√¶à“‡™◊ÈÕ (F0)

¥—ß· ¥ß„π ¡°“√∑’Ë 4

............(4)

2. «— ¥ÿ Õÿª°√≥å·≈– “√‡§¡’

1) ‰¢àπ°°√–∑“µâ¡ ÿ° ®“°«‘ “À°‘®™ÿ¡™π°≈ÿà¡‡°…µ√°√

ºŸâ‡≈’È¬ßπ°°√–∑“·≈–·ª√√Ÿª ‘π§â“‡°…µ√°√ ®—ßÀ«—¥Õà“ß∑Õß*

2) ‰¢àπ°°√–∑“¥‘∫ ®“°µ≈“¥ ¥«—¥°≈“ß °√ÿß‡∑æœ

3) ‡°≈◊Õ∫√‘ ÿ∑∏‘Ï

4) °√¥ ‘́µ√‘°

5) ∂ÿß√’∑Õ√åµ·∫∫∑÷∫· ß ·≈–∂ÿß√’∑Õ√åµ·∫∫„  ¢π“¥

12 Ó 18 ‡´πµ‘‡¡µ√

6) ‡§√◊ËÕß√’∑Õ√åµ™π‘¥©’¥æàπ‰ÕπÈ”√âÕπ (hot water

spray retort) ∫√‘…—∑ ‡∫∑‡µÕ√å·æ§ ®”°—¥ °√ÿß‡∑æœ

*‡π◊ËÕß®“°¡’ªí≠À“°“√‡°Á∫√—°…“ ·≈–°“√π”‰¢àπ°°√–∑“

®“°°≈ÿà¡‡°…µ√°√ºŸâ‡≈’È¬ßπ°°√–∑“·≈–·ª√√Ÿª ‘π§â“‡°…µ√°√

®—ßÀ«—¥Õà“ß∑Õß¡“„™â„π°“√∑¥≈Õß §◊Õ ‰¢àπ°°√–∑“‡ ’¬ ¿“æ

À≈—ß°“√‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘µŸâ‡¬Áπ ∑—Èßπ’È‡æ√“–°“√‡°Á∫‰¢à‰«â∑’Ë

Õÿ≥À¿Ÿ¡‘µŸâ‡¬Áπ®–‡°‘¥°“√·¬°™—Èπ¢Õß‚ª√µ’π‰¢à¢“«ÕÕ°®“°‰¢à

π°°√–∑“ À√◊Õ‡√’¬°«à“ °“√‡°‘¥´‘π‡πÕ√å√’´’  (syneresis)

(Berkowitz, 1984) ∑”„Àâ‰¢àπ°°√–∑“‡À’Ë¬«®÷ß®”‡ªìπµâÕß„™â‰¢à

π°°√–∑“¥‘∫∑’Ë´◊ÈÕ®“°µ≈“¥„π‡¢µ°√ÿß‡∑æœ

3. «‘∏’°“√∑¥≈Õß

1)  ¿“«–°“√‡µ√’¬¡«—µ∂ÿ¥‘∫

»÷°…“º≈ ¿“«–°“√‡µ√’¬¡«—µ∂ÿ¥‘∫‡ª√’¬∫‡∑’¬∫º≈¢Õß

§«“¡‡¢â¡¢âππÈ”‡°≈◊Õ Õÿ≥À¿Ÿ¡‘°“√µâ¡‰¢à ·≈–‡«≈“°“√µâ¡‰¢à

§◊Õ∑’Ë§«“¡‡¢â¡¢âππÈ”‡°≈◊Õ√âÕ¬≈– 0, 0.5, 1.0, ·≈– 5.0

Õÿ≥À¿Ÿ¡‘°“√µâ¡‰¢à 80 Õß»“‡´≈‡ ’́¬  ·≈– 100 Õß»“‡´≈‡ ’́¬ 

√–¬–‡«≈“°“√µâ¡‰¢àπ°°√–∑“ 3 π“∑’, 5 π“∑’ ·≈– 10 π“∑’

µ√«®π—∫°“√ Ÿ≠‡ ’¬®“°°“√ªÕ°‡ª≈◊Õ°‰¢àπ°°√–∑“ (% loss)

∑¥ Õ∫≈—°…≥–∑“ß°“¬¿“æ ( ’ °≈‘Ëπ ·≈–‡π◊ÈÕ —¡º— ) ·≈–

∑¥ Õ∫≈—°…≥–∑“ßª√– “∑ —¡º— ‚¥¬°“√∑¥ Õ∫™‘¡
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2) ™π‘¥¢Õß∫√√®ÿ¿—≥±å

‰¢àπ°°√–∑“µâ¡ ÿ°‰¡à¡’µ”Àπ‘®“°°“√ªÕ°‡ª≈◊Õ° ∫√√®ÿ≈ß„π∂ÿß√’∑Õ√åµ∑—Èß 2 ·∫∫ ®”π«π∂ÿß≈– 10 øÕß πÈ”Àπ—°ª√–¡“≥

100 °√—¡ ‡µ‘¡πÈ”‡°≈◊Õ‡¢â¡¢âπ√âÕ¬≈– 0.1 ª√‘¡“µ√ 150 ¡‘≈≈‘≈‘µ√ ‰≈àÕ“°“» ªî¥ºπ÷°ª“°∂ÿß¥â«¬§«“¡√âÕπ ∑¥ Õ∫≈—°…≥–

∑“ß°“¬¿“æ ( ’ °≈‘Ëπ √ ·≈–‡π◊ÈÕ —¡º— ) ¢Õß‰¢àπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ∑’Ë‡°Á∫‰«â 90 «—π

3)  ¿“«–°“√¶à“‡™◊ÈÕ¥â«¬√’∑Õ√åµ

»÷°…“°“√¶à“‡™◊ÈÕ¥â«¬√’∑Õ√åµ‡ª√’¬∫‡∑’¬∫º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–‡«≈“°“√¶à“‡™◊ÈÕ §◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 110 Õß»“‡´≈‡´’¬ 

116 Õß»“‡´≈‡ ’́¬  ·≈– 121 Õß»“‡´≈‡´’¬  ∑’Ë‡«≈“ 10 π“∑’ 15 π“∑’ ·≈– 30 π“∑’ ∑¥ Õ∫≈—°…≥–∑“ß°“¬¿“æ ( ’ °≈‘Ëπ √ 

·≈–‡π◊ÈÕ —¡º— ) ·≈–∑¥ Õ∫≈—°…≥–∑“ßª√– “∑ —¡º—  (9-point hedonic scale) ‡ªìπ°“√ª√–‡¡‘π§«“¡™Õ∫∑’Ë¡’µàÕº≈‘µ¿—≥±å

¥â“π ’ °≈‘Ëπ √ ·≈–‡π◊ÈÕ —¡º—  ®“°°“√„Àâ§–·ππ 1-9 ‚¥¬ 1 §◊Õ ™Õ∫πâÕ¬∑’Ë ÿ¥ ·≈– 9 §◊Õ ™Õ∫¡“°∑’Ë ÿ¥ °“√∑¥ Õ∫

„™âºŸâ∑¥ Õ∫™‘¡®”π«π 10 §π °√–∫«π°“√º≈‘µ‰¢àπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ‚¥¬ —ß‡¢ª ¥—ß· ¥ß„π¿“æ∑’Ë 1

¿“æ∑’Ë 1 a. ≈â“ß∑”§«“¡ –Õ“¥‰¢àπ°°√–∑“ f. ‡√’¬ß‰¢àπ°°√–∑“‡¢â“‡§√◊ËÕß√’∑Õ√åµ

b. µâ¡‰¢àπ°°√–∑“„ππÈ”‡°≈◊Õ g. ªî¥Ω“‡§√◊ËÕß√’∑Õ√åµ µ√«®‡™Á§Õÿª°√≥å

c. æ—°„Àâ‡¬Áπ„ππÈ”‡¬Áπ ªÕ°‡ª≈◊Õ°‰¢à h. µ√«®‡™Á§‚ª√·°√¡°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å

≈â“ß¥â«¬πÈ”‡°≈◊Õ‡µ‘¡πÈ”‡°≈◊Õª√—∫ pH i. §√∫‡«≈“°“√¶à“‡™◊ÈÕ π”‰¢àπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ‰ªæ—°∑‘Èß‰«â

d. ‰≈àÕ“°“» ªî¥ºπ÷°¥â«¬§«“¡√âÕπ „ππÈ”‡¬Áπ ‡™Á¥„Àâ·Àâß ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

e. µ‘¥µ—ÈßÀ—««—¥Õÿ≥À¿Ÿ¡‘ j. ‡§√◊ËÕß√’∑Õ√åµ·∫∫©’¥æàπ‰ÕπÈ”√âÕπ æ√âÕ¡Õÿª°√≥å

4. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1)  ¿“«–°“√‡µ√’¬¡«—µ∂ÿ¥‘∫

®“°º≈°“√∑¥≈Õß°“√µâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  ‡«≈“ 3 π“∑’, 5 π“∑’ ·≈– 10 π“∑’ æ∫«à“ % loss ®“°

°“√ªÕ°‡ª≈◊Õ°‰¢àπ°°√–∑“√âÕ¬≈– 83.0, 83.5 ·≈– 84.0 µ“¡≈”¥—∫ ®“°°“√∑¥ Õ∫™‘¡ æ∫«à“‡«≈“∑’Ë„™âµâ¡‰¢àπ°°√–∑“∑’Ë‡«≈“µà“ß°—π

‰¡à¡’º≈µàÕ§«“¡™Õ∫¥â“π‡π◊ÈÕ —¡º— ·≈– ’¢Õß‰¢à¢“« æ∫µ”Àπ‘πÕ°®“°°“√ªÕ°‡ª≈◊Õ° §◊Õ æ∫ ’‡¢’¬«§≈È”∑’Ë‰¢à·¥ß ·≈–æ∫®ÿ¥‡≈◊Õ¥

‚¥¬°“√µâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  ‡«≈“ 10 π“∑’ ‡°‘¥ ’‡¢’¬«§≈È”√Õ∫‰¢à·¥ß¡“°°«à“°“√µâ¡ ∑’Ë‡«≈“ 3 π“∑’ ·≈–

5 π“∑’ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1
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µ“√“ß∑’Ë 1 ‡ª√’¬∫‡∑’¬∫º≈¢Õß‡«≈“°“√µâ¡‰¢àπ°°√–∑“∑’Ë 3 π“∑’ 5 π“∑’ ·≈– 10 π“∑’ §«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 100 Õß»“‡´≈‡ ’́¬ 

‡¡◊ËÕ a, b ‡ªìπ —≠≈—°…≥å∫Õ°§«“¡·µ°µà“ß„π§Õ≈—¡πå‡¥’¬«°—π §◊Õ „π§Õ≈—¡πå‡¥’¬«°—πµ—«Õ—°…√‡À¡◊Õπ°—π· ¥ß«à“‰¡à¡’§«“¡·µ°µà“ß

· ¥ß«à“√–¬–‡«≈“°“√µâ¡¡’º≈µàÕ°“√‡°‘¥µ”Àπ‘ ’‡¢’¬«§≈È”√Õ∫‰¢à·¥ß ‚¥¬°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘°“√µâ¡‰¢à∑’Ë 100 Õß»“‡´≈‡ ’́¬ 

‡ªìπ‡«≈“ 3 π“∑’ ®–¡’ % loss ®“°°“√ªÕ°‡ª≈◊Õ°πâÕ¬∑’Ë ÿ¥ ·≈–‡°‘¥ ’‡¢’¬«§≈È”√Õ∫‰¢à·¥ßπâÕ¬∑’Ë ÿ¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√µâ¡‰¢à∑’Ë

100 Õß»“‡´≈‡ ’́¬  ∑’Ë‡«≈“ 5 π“∑’ ·≈– 10 π“∑’ ·≈–°“√≈¥‡«≈“°“√µâ¡‰¢à‰¡à∑”„Àâ°“√‡°‘¥®ÿ¥‡≈◊Õ¥≈¥≈ß ÷́Ëß®ÿ¥‡≈◊Õ¥‡ªìπµ”Àπ‘

∑’ËÕ“®‡°‘¥¢÷Èπ‰¥â®“°À≈“¬ªí®®—¬ ‡™àπ ‡°‘¥®“°°“√‡§≈◊ËÕπ∑’Ë¢Õß‰¢àÕàÕπ„π√–À«à“ß°“√µ°‰¢à ‡™◊ÈÕ Salmonella æ—π∏ÿ°√√¡ ·≈–

 ¿“æ¿Ÿ¡‘Õ“°“» ‡ªìπµâπ · ¥ß«à“°“√‡°‘¥®ÿ¥‡≈◊Õ¥‰¡à‰¥â¡’ “‡ÀµÿÀ≈—°¡“®“°°√–∫«π°“√‡µ√’¬¡«—µ∂ÿ¥‘∫ À√◊Õ°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å

¥â«¬√’∑Õ√åµ  “¡“√∂≈¥°“√‡°‘¥®ÿ¥‡≈◊Õ¥∑’Ë¡’ “‡Àµÿ¡“®“°‡™◊ÈÕ Salmonella ‰¥â‚¥¬°“√≈â“ßπÈ”°àÕππ”‰ª„™â ·≈–°“√§—¥‡≈◊Õ°‰¢à

∑’Ë¬—ß‰¡à·µ°‰ªµâ¡ πÕ°®“°π’È¬—ßæ∫«à“ —́≈‡øÕ√å„π‰¢à¢“« ®–∑”ªØ‘°‘√‘¬“°—∫∏“µÿ‡À≈Á°„π‰¢à·¥ß‡°‘¥‡ªìπ‡øÕ√å√‘° —́≈‰ø¥å (feric sulfide)

∑”„Àâ‡°‘¥ ’‡¢’¬«§≈È”∑’Ë‰¢à·¥ß (Patel, 1998)

®“°°“√∑¥≈Õß‡æ◊ËÕ»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√µâ¡‰¢àπ°°√–∑“ æ∫«à“°“√µâ¡‰¢àπ°°√–∑“„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬ 

·≈– 100 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’ ¡’ % loss ®“°°“√ªÕ°‡ª≈◊Õ°„°≈â‡§’¬ß°—π§◊Õ√âÕ¬≈– 80.2 ·≈– 83.7 µ“¡≈”¥—∫ ·≈–

®“°°“√∑¥ Õ∫™‘¡ æ∫«à“‡«≈“∑’Ë„™âµâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘µà“ß°—π‰¡à¡’º≈µàÕ§«“¡™Õ∫¥â“π ’¢Õß‰¢à¢“« ·µà®–¡’º≈µàÕ§«“¡™Õ∫¥â“π‡π◊ÈÕ

 —¡º— ·≈– ’‰¢à·¥ß §◊Õ ºŸâ∑¥ Õ∫™‘¡™Õ∫‡π◊ÈÕ —¡º— ·≈– ’¢Õß‰¢à·¥ßµâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’ ¡“°°«à“°“√µâ¡

∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’ ¥—ß· ¥ß„πµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2 ‡ª√’¬∫‡∑’¬∫º≈¢Õß°“√µâ¡‰¢àπ°°√–∑“Õÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ·≈– 100 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’  

‡¡◊ËÕ a, b ‡ªìπ —≠≈—°…≥å∫Õ°§«“¡·µ°µà“ß„π§Õ≈—¡πå‡¥’¬«°—π §◊Õ „π§Õ≈—¡πå‡¥’¬«°—πµ—«Õ—°…√‡À¡◊Õπ°—π· ¥ß«à“‰¡à¡’§«“¡·µ°µà“ß
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· ¥ß«à“Õÿ≥À¿Ÿ¡‘°“√µâ¡‰¢à¡’º≈µàÕ‡π◊ÈÕ —¡º— ·≈– ’¢Õß‰¢à·¥ß ‚¥¬°“√§«∫§ÿ¡‡«≈“°“√µâ¡‰¢à∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“

3 π“∑’ ®–‰¥â‡π◊ÈÕ —¡º— ¢Õß‰¢àπ°°√–∑“·≈– ’‰¢à·¥ß¥’°«à“°“√µâ¡‰¢à∑’Ë 100 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’ ·≈–°“√‡≈◊Õ°„™â

‰¢àπ°°√–∑“„À¡à °“√≈â“ß∑”§«“¡ –Õ“¥°àÕππ”‰ªµâ¡ ·≈–°“√≈¥Õÿ≥À¿Ÿ¡‘°“√µâ¡‰¢àπ°°√–∑“™à«¬≈¥°“√‡°‘¥®ÿ¥‡≈◊Õ¥‰¥â ·≈–°“√ª√—∫

§«“¡‡ªìπ°√¥®–™à«¬¬—∫¬—Èß°“√‡°‘¥‡øÕ√å√‘° —́≈‰ø¥å (feric sulfide) ®÷ß¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥ ’‡¢’¬«§≈È”∑’Ë‰¢à·¥ß‰¥â (Berkowitz, 1984)

®“°°“√∑¥≈Õß‡æ◊ËÕ»÷°…“º≈§«“¡‡¢â¡¢âπ¢ÕßπÈ”‡°≈◊ÕµàÕ°“√µâ¡‰¢àπ°°√–∑“ æ∫«à“°“√µâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬ 

‡ªìπ‡«≈“ 3 π“∑’ ∑’Ë§«“¡‡¢â¡¢âπ¢ÕßπÈ”‡°≈◊Õ√âÕ¬≈– 0.0, 0.5, 1.0 ·≈– 5.0 ¡’ % loss ®“°°“√ªÕ°‡ª≈◊Õ° 76.7, 53.3 40.4

·≈– 46.7 µ“¡≈”¥—∫ ·≈–®“°°“√∑¥ Õ∫™‘¡ æ∫«à“°“√µâ¡‰¢àπ°°√–∑“„ππÈ”‡°≈◊Õ §«“¡‡¢â¡¢âπµà“ß°—π‰¡à¡’º≈µàÕ§«“¡™Õ∫¥â“π ’

¢Õß‰¢à¢“«·≈– ’¢Õß‰¢à·¥ß ¥—ß· ¥ß„πµ“√“ß∑’Ë 3

µ“√“ß∑’Ë 3 ‡ª√’¬∫‡∑’¬∫º≈¢Õß°“√µâ¡„ππÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.0, 0.5, 1.0 ·≈– 5.0 µâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬ 

‡«≈“ 3 π“∑’

‡¡◊ËÕ a, b ‡ªìπ —≠≈—°…≥å∫Õ°§«“¡·µ°µà“ß„π§Õ≈—¡πå‡¥’¬«°—π §◊Õ „π§Õ≈—¡πå‡¥’¬«°—πµ—«Õ—°…√‡À¡◊Õπ°—π· ¥ß«à“‰¡à¡’§«“¡·µ°µà“ß

· ¥ß«à“§«“¡‡¢â¡¢âπ¢ÕßπÈ”‡°≈◊Õ¡’º≈µàÕ°“√ªÕ°‡ª≈◊Õ°‰¢àπ°°√–∑“ ‚¥¬°“√§«∫§ÿ¡°“√µâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘

80 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’ „ππÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ√âÕ¬≈– 1.0 ®–¡’ % loss ®“°°“√ªÕ°‡ª≈◊Õ°πâÕ¬∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫°“√µâ¡‰¢àπ°°√–∑“∑’ËÕÿ≥À¿Ÿ¡‘·≈–‡«≈“‡¥’¬«°—π„ππÈ”‡°≈◊Õ§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.0, 0.5 ·≈– 5.0 ∑—Èßπ’È‡π◊ËÕß®“°πÈ”‡°≈◊Õ¡’º≈µàÕ

°“√¥÷ß§«“¡™◊ÈπÕÕ°®“°‰¢à·¥ß·≈–‡°≈◊Õ·æ√à‡¢â“·∑π∑’Ë (Chi, 1998) Õ“À“√∑’Ë¡’°√¥Õ–¡‘‚π —́≈‡øÕ√å À√◊Õ‡ªª‰∑¥å „π√Ÿª “√≈–≈“¬

°√¥Õ–¡‘‚π´—≈‡øÕ√å (sulfur amino acid) ‡ªìπÕß§åª√–°Õ∫®–º≈‘µ —́≈‰ø¥å (sulfide) ∑’Ë√–‡À¬‰¥â‡¡◊ËÕ‰¥â√—∫§«“¡√âÕπÀ√◊Õ‡¡◊ËÕ‡°Á∫º≈‘µ¿—≥±å

‰«â‡ªìπ‡«≈“π“π ¥—ßπ—Èπ‰¢àπ°°√–∑“∑’Ëµâ¡ À√◊Õ¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬√’∑Õ√åµÀ√◊Õ‡°Á∫‰«â‡ªìπ‡«≈“π“π®–¡’́ —≈‡øÕ√å‡°‘¥¢÷Èπ ÷́Ëß®–¡’º≈µàÕ‰¢à·¥ß

∑”„Àâº‘«¢Õß‰¢à·¥ß¡’ ’‡¢’¬«§≈È” «‘∏’°“√·°â‰¢ §◊Õ‡¡◊ËÕµâ¡‰¢à„Àâ≈â“ß¥â«¬πÈ”‡°≈◊ÕÕ—µ√“ à«π‡°≈◊Õ:πÈ” (2:138) ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß

°àÕππ”‰ª∫√√®ÿ∂ÿß√’∑Õ√åµ °“√‡°‘¥ “√ª√–°Õ∫ —́≈‰ø¥å ‡™àπ ‰Œ‚¥√‡®π —́≈‰ø¥å (hydrogen sulfide) À√◊Õ ‡Õ∏∑‘≈‡¡Õ√å·§ª·∑π

(ethyl mercaptan) ®–∂Ÿ°¬—∫¬—Èß (Hayashibara, 2008)

¥—ßπ—Èπ√–¬–‡«≈“°“√≈â“ß¥â«¬πÈ”‡°≈◊Õ À√◊Õµâ¡„ππÈ”‡°≈◊Õ§«√„™â‡«≈“‰¡àπ“π‡°‘π‰ª‡æ◊ËÕ‰¡à„Àâ‡π◊ÈÕ —¡º— ¢Õß‰¢àπ°°√–∑“·¢Áß ·µà®–

™à«¬≈¥ % loss ®“°°“√ªÕ°‡ª≈◊Õ°‰¥â‡π◊ÈÕ —¡º— ‰¢à¢“«∑’Ë·¢Áßµ—«‡æ‘Ë¡¢÷Èπ ¡’º≈„Àâ‡ª≈◊Õ°‰¢àπ°°√–∑“≈àÕπ·≈–ªÕ°‰¥âßà“¬¢÷Èπ πÕ°®“°π’È

°“√„Àâ·√ß°«π‰¢àπ°°√–∑“„π√–À«à“ß°“√µâ¡®–¡’º≈µàÕµ”·Àπàß¢Õß‰¢à·¥ß ∑”„Àâ‰¢à·¥ß‰¡à™‘¥¢Õ∫‡ª≈◊Õ°¥â“π„¥¥â“πÀπ÷Ëß¡“°‡°‘π‰ª

®÷ß∑”„ÀâªÕ°‡ª≈◊Õ°‰¥âßà“¬ µ”Àπ‘®“°°“√ªÕ°‡ª≈◊Õ°‰¢à≈¥≈ß
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2) ™π‘¥¢Õß∫√√®ÿ¿—≥±å

®“°°“√µ√«® Õ∫≈—°…≥–∑“ß°“¬¿“æ¢Õß‰¢àπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ‡ª√’¬∫‡∑’¬∫°“√„™â∂ÿß√’∑Õ√åµ·∫∫∑÷∫· ß ·≈–·∫∫„ 

∑’Ë√–¬–‡«≈“°“√‡°Á∫ 90 «—π æ∫«à“‰¢àπ°°√–∑“∑’Ë∫√√®ÿ∂ÿß√’∑Õ√åµ·∫∫∑÷∫· ß ‰¢à¢“«·≈–‰¢à·¥ß¡’ ’§≈È”¢÷Èπ¡“° ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫

‰¢àπ°°√–∑“∑’Ë∫√√®ÿ„π∂ÿß√’∑Õ√åµ·∫∫„  ÷́Ëß‰¢à¢“«·≈–‰¢à·¥ß¡’ ’ª°µ‘

3)  ¿“«–°“√¶à“‡™◊ÈÕ¥â«¬√’∑Õ√åµ

»÷°…“Õÿ≥À¿Ÿ¡‘°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬√’∑Õ√åµ∑’ËÕÿ≥À¿Ÿ¡‘ 110 Õß»“‡´≈‡´’¬  ‡«≈“ 10 π“∑’ 15 π“∑’ ·≈– 30 π“∑’ æ∫«à“

¡’§à“ F0 πâÕ¬°«à“ 3.0 ÷́ËßÕ“®‰¡à‡æ’¬ßæÕ„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å  à«π∑’ËÕÿ≥À¿Ÿ¡‘ 121 Õß»“‡´≈‡ ’́¬  ‡«≈“ 10 π“∑’ 15 π“∑’·≈–

30 π“∑’ ¡“°‡°‘πæÕ„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å ·µà®–¡’º≈°√–∑∫µàÕ‡π◊ÈÕ —¡º— ·≈– ’¢Õß‰¢à·¥ß  à«π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’ËÕÿ≥À¿Ÿ¡‘ 116

Õß»“‡´≈‡ ’́¬  ‡«≈“ 10 π“∑’ ®–‰¥â§à“ F0 ‡∑à“°—∫ 4.7 (operation limit) ·≈–°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’ËÕÿ≥À¿Ÿ¡‘ 116 Õß»“‡´≈‡ ’́¬ 

‡«≈“ 15 π“∑’ F0 ‡∑à“°—∫ 6.8 (optimal limit)  à«π∑’Ë‡«≈“ 30 π“∑’ ¡“°‡°‘πæÕ„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å ·≈–¡’ ’‡¢’¬«§≈È”√Õ∫‰¢à·¥ß

µ“√“ß∑’Ë 4 ‡ª√’¬∫‡∑’¬∫º≈¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬‡§√◊ËÕß√’∑Õ√åµ∑’ËÕÿ≥À¿Ÿ¡‘ 110 Õß»“‡´≈‡ ’́¬  116 Õß»“‡´≈‡ ’́¬ 

·≈– 121 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 10 π“∑’ 15 π“∑’ ·≈– 30 π“∑’

‡¡◊ËÕ a, b ‡ªìπ —≠≈—°…≥å∫Õ°§«“¡·µ°µà“ß„π§Õ≈—¡πå‡¥’¬«°—π §◊Õ „π§Õ≈—¡πå‡¥’¬«°—πµ—«Õ—°…√‡À¡◊Õπ°—π· ¥ß«à“‰¡à¡’§«“¡·µ°µà“ß

· ¥ß«à“Õÿ≥À¿Ÿ¡‘·≈–‡«≈“°“√¶à“‡™◊ÈÕ¥â«¬√’∑Õ√åµ¡’º≈µàÕ°“√‡°‘¥ ’‡¢’¬«§≈È”∑’Ë‰¢à·¥ß (Hayashibara, 2008) ¢Õß‰¢àπ°°√–∑“

πÕ°®“°π’È°“√µâ¡‰¢à·≈–ª√—∫ pH ‡ªìπ 5.16-6.8 ®–™à«¬„Àâ ’ °≈‘Ëπ ·≈–‡π◊ÈÕ —¡º— ¢Õß‰¢àµâ¡‡À¡◊Õπ°—∫ ’ ·≈–‡π◊ÈÕ —¡º— „°≈â‡§’¬ß°—∫‰¢à

∑’Ë‡æ‘Ëßµâ¡ ÿ°„À¡à Ê (Trelease, 1952) 

®“°°“√∑¥≈Õß‡°Á∫√—°…“Õ“À“√∑’Ë‰¡à„™àÕ“À“√·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¢Õß Chairman, (1997) ‚¥¬°“√∫√√®ÿ„π¿“™π–ªî¥ π‘∑ ·≈–

„™â§«“¡√âÕπ Ÿß„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å ”À√—∫Õ“À“√∑’Ë¡’§«“¡‡ªìπ°√¥µË” µâÕß„™â§«“¡√âÕπ∑’Ë„Àâ§à“ F0 ‰¡àπâÕ¬°«à“ 3.0 (121.1 Õß»“‡´≈‡ ’́¬ 

‡ªìπ‡«≈“ 3 π“∑’) ‡æ◊ËÕ∑”≈“¬‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑π√âÕπ (Clostridium botulinum) ·≈– ªÕ√å¢Õß‡™◊ÈÕ·∫§∑’‡√’¬°àÕ‚√§

4) °“√π”º≈ß“π«‘®—¬‰ª„™âª√–‚¬™πå

ª√–‚¬™πå∑’Ë‰¥â®“°ß“π«‘®—¬ §◊Õ  “¡“√∂π”º≈ß“π«‘®—¬∑’Ë∑” ”‡√Á®·≈â«‰ª∂à“¬∑Õ¥‡∑§‚π‚≈¬’ ·≈–π”‰ª„™âª√–‚¬™πå‰¥â ‚¥¬

°≈ÿà¡‡ªÑ“À¡“¬ §◊Õ «‘ “À°‘®™ÿ¡™π°≈ÿà¡‡°…µ√°√ºŸâ‡≈’È¬ßπ°°√–∑“·≈–·ª√√Ÿª ‘π§â“‡°…µ√°√ µ.ª“°ß‘È« Õ.‡¡◊Õß ®.Õà“ß∑Õß

√“¬ß“πº≈°“√«‘®—¬ ‡√◊ËÕß °“√«‘®—¬·≈–æ—≤π“º≈‘µ¿—≥±å®“°‰¢àπ°°√–∑“ æ√âÕ¡∂à“¬∑Õ¥‡∑§‚π‚≈¬’ Ωñ°Õ∫√¡‡™‘ßªØ‘∫—µ‘°“√À≈—° Ÿµ√

‡∑§‚π‚≈¬’°“√º≈‘µº≈‘µ¿—≥±åπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ °“√«‘®—¬·≈–æ—≤π“º≈‘µ¿—≥±å®“°‰¢àπ°°√–∑“ ≥ «‘ “À°‘®™ÿ¡™π°≈ÿà¡‡°…µ√°√

ºŸâ‡≈’È¬ßπ°°√–∑“·≈–·ª√√Ÿª ‘π§â“‡°…µ√°√ µ.ª“°ß‘È« Õ.‡¡◊Õß ®.Õà“ß∑Õß „π«—π∑’Ë 2-3 °—π¬“¬π 2553 ®”π«πºŸâ‡¢â“Õ∫√¡ 22 §π

·ª√√Ÿª‰¢àπ°°√–∑“„ππÈ”‡°≈◊Õ∫√√®ÿ∂ÿß√’∑Õ√åµ æ–‚≈â‰¢àπ°°√–∑“ π°°√–∑“∑Õ¥°√–‡∑’¬¡æ√‘°‰∑¬ ·≈–¢π¡®’ππÈ”¬“®“°‰¢àπ°°√–∑“

¥—ß· ¥ß„π¿“æ∑’Ë 2
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¿“æ∑’Ë 2 °“√Õ∫√¡∂à“¬∑Õ¥‡∑§‚π‚≈¬’®“°ß“π«‘®—¬ ‡√◊ËÕß °“√«‘®—¬·≈–æ—≤π“º≈‘µ¿—≥±å®“°‰¢àπ°°√–∑“ ≥ «‘ “À°‘®™ÿ¡™π°≈ÿà¡‡°…µ√°√ºŸâ‡≈’È¬ß

π°°√–∑“·≈–·ª√√Ÿª ‘π§â“‡°…µ√°√ ®—ßÀ«—¥Õà“ß∑Õß

5.  √ÿª
®“°º≈°“√∑¥≈Õß “¡“√∂ √ÿª‰¥â ¥—ßπ’È
1)  ¿“«–°“√‡µ√’¬¡«—µ∂ÿ¥‘∫∑’Ë‡À¡“– ¡ §◊Õ °“√µâ¡‰¢à„ππÈ”‡°≈◊Õ∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 3 π“∑’
2)  “¡“√∂„™â∂ÿß√’∑Õ√åµ  ·∫∫„ ‡ªìπ∫√√®ÿ¿—≥±å ”À√—∫‰¢àπ°°√–∑“∫√√®ÿ∂ÿß√’∑Õ√åµ‰¥â  ‡æ√“–‰¡à∑”ªØ‘°‘√‘¬“°—∫‰¢àπ°°√–∑“
3)  ¿“«–°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å¥â«¬√’∑Õ√åµ∑’Ë‡À¡“– ¡ §◊Õ 116 Õß»“‡´≈‡ ’́¬  ‡«≈“ 10 π“∑’ ‡æ√“–‡ªìπÕÿ≥À¿Ÿ¡‘·≈–‡«≈“

°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë‡æ’¬ßæÕ„π°“√¶à“‡™◊ÈÕ®ÿ≈‘π∑√’¬å (F0 = 4.7)

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ π“¬§™»—°¥‘Ï «ß…å ßà“ ·≈– π“ßÕ√Õπß§å Àÿàπ©“¬»√’ ·≈–π—°«‘∑¬“»“ µ√å„π°≈ÿà¡ß“π«‘®—¬·≈–æ—≤π“‡∑§‚π‚≈¬’
Õ“À“√ ∑’Ë„Àâ§«“¡√à«¡¡◊Õ‡ªìπÕ¬à“ß¥’„π°“√∑”«‘®—¬§√—Èßπ’È ¢Õ¢Õ∫§ÿ≥‡Õπ°  ’‡¢’¬« ¥ ª√–∏“π«‘ “À°‘®™ÿ¡™π°≈ÿà¡‡°…µ√°√ºŸâ‡≈’È¬ß
π°°√–∑“·≈–·ª√√Ÿª ‘π§â“‡°…µ√°√ ®—ßÀ«—¥Õà“ß∑Õß ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå«—µ∂ÿ¥‘∫ ‡ πÕÀ—«¢âÕ«‘®—¬ ·≈–π”‡∑§‚π‚≈¬’‰ª„™âª√–‚¬™πå

‡Õ° “√Õâ“ßÕ‘ß
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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”
‡§≈◊Õ∫‡´√“¡‘° §◊Õ ™—Èπ·°â«∫“ß Ê ∑’Ë©“∫∫π‡π◊ÈÕ¥‘π

‡´√“¡‘° ¡’‡æ◊ËÕ‡æ‘Ë¡§«“¡ «¬ß“¡·°àº≈‘µ¿—≥±å ∑”„Àâº≈‘µ¿—≥±å
¡’§«“¡§ß∑π¡“°¢÷Èπ œ≈œ  ¡∫—µ‘¢Õß‡§≈◊Õ∫‡´√“¡‘°∑’ËºŸâº≈‘µ
¡—°„™â„π°“√æ—≤π“ Ÿµ√‡§≈◊Õ∫À√◊Õ§«∫§ÿ¡°√–∫«π°“√º≈‘µ
‰¥â·°à °“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ §«“¡Àπ◊¥  ’ ·≈–√Ÿª≈—°…≥–‡ªìπÀ≈—°

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»…  ”π—°‡∑§‚π‚≈¬’™ÿ¡™π

** π—°«‘∑¬“»“ µ√å™”π“≠°“√  ”π—°∫√‘À“√·≈–√—∫√ÕßÀâÕßªØ‘∫—µ‘°“√

■■■■

■■■■
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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∫‡§¡’´—∫ ấÕπ 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

‡Õ° “√Õâ“ßÕ‘ß

Boakes, W.R. Using your PC. for reformulation, Ceramics Engineering Science Proceeding, March, 1995, vol.16,

no.3, p 9-14.

English, S.; and Turner, W.E. S. Relation between chemical composition and the thermal expansion of glasses, Journal

of American Ceramics Society., March, 1930, vol.13, no.3, p. 182.

Villa, C.E,et al. A Spreadsheet program to predict glazecomposition I, Interceram, May, 1997, vol.46 no.5, p 303-308.

_______. A Spreadsheet program to predict glaze composition II, Interceram, June, 1997, vol. 46, no.6, p. 425-429. 
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∫∑§—¥¬àÕ

°“√»÷°…“ ¡∫—µ‘¢Õß¥‘π¢“«π√“∏‘«“  ¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕπ”¢âÕ¡Ÿ≈‰ª„™â„π°“√æ—≤π“‡π◊ÈÕ¥‘π ”À√—∫°≈ÿà¡‡§√◊ËÕßªíôπ
¥‘π‡º“ ‚§√ß°“√À¡Ÿà∫â“π‡»√…∞°‘®æÕ‡æ’¬ß ·≈–ø“√å¡µ—«Õ¬à“ß
∫â“π√Õµ—π∫“µŸ ®—ßÀ«—¥π√“∏‘«“  ‚¥¬‰¥â∑”°“√»÷°…“Õß§åª√–°Õ∫
‡§¡’  à«πª√–°Õ∫∑“ß·√à«‘∑¬“ °“√°√–®“¬¢π“¥¢ÕßÕπÿ¿“§
°“°§â“ßµ–·°√ß ‚¥¬«‘∏’«‘‡§√“–Àå∑“ß‡§¡’·∫∫‡ªï¬° «‘∏’„™â
‡Õ° ǻ‡√¬å¥‘ø·ø√°‚µ¡‘‡µÕ√å ‡Õ° ǻ‡√¬å‡´¥‘°√“ø ·≈–µ–·°√ß√àÕπ
µ“¡≈”¥—∫ ·≈– ¡∫—µ‘°“¬¿“æÀ≈—ß‡º“ ®“°°“√»÷°…“æ∫«à“
¥‘π¢“«µ”∫≈ª“≈ÿ√Ÿ Õ”‡¿Õ ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“  ‡ªìπ¥‘π
∑’Ë¡’∑√“¬ªπ¡“° ¡’§«“¡≈–‡Õ’¬¥ Ÿß¡’ ¡∫—µ‘∑“ß°“¬¿“æÀ≈—ß
‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 1300 Õß»“‡´≈‡ ’́¬  ¥—ßπ’È §◊Õ ¡’ ’¢“« °“√À¥µ—«
√âÕ¬≈– 11 °“√¥Ÿ¥ ÷́¡πÈ” √âÕ¬≈– 17 ·≈–§«“¡Àπ“·πàπ∫—≈§å
1.79 °√—¡µàÕ≈∫.´¡.

Abstract

This study was carried out to understand
Narathivas Kaolin to develop a body for pottery group
under sufficiency economy village project and model
farm at Ban Rotanbatu Narathivas province. The sample
was characterized the chemical composition, mineral
composition, particle size distribution and residue on
sieves by wet chemical analysis, X-ray diffractometer,
X-ray sedigraph and sieve analysis. The physical properties
were also measured. The results showed that the
sample contained a lot of sand and very fine particles.
The physical properties of the clay fired at 1300 degree
celcius had white color, firing shrinkage 11%, water
absorption 17% and bulk density 1.79 g/cc.

1. ∫∑π”
°≈ÿà¡‡§√◊ËÕßªíôπ¥‘π‡º“ À¡Ÿà∫â“π‡»√…∞°‘®æÕ‡æ’¬ß ·≈–

‚§√ß°“√ø“√å¡µ—«Õ¬à“ß∫â“π√Õµ—π∫“µŸ ®—ßÀ«—¥π√“∏‘«“  ‡ªìπ
°≈ÿà¡‡§√◊ËÕßªíôπ¥‘π‡º“∑’Ëµ—Èß¢÷Èπ„À¡à ‚¥¬¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ„Àâ
 ¡“™‘°¡’√“¬‰¥â‡ √‘¡®“°°“√∑”‡°…µ√°√√¡ ªí®®ÿ∫—π„™â‡π◊ÈÕ¥‘π
 ”‡√Á®√Ÿª„π°“√º≈‘µ‡§√◊ËÕßªíôπ¥‘π‡º“ ∑“ß°≈ÿà¡œ ¡’§«“¡µâÕß°“√
π”«—µ∂ÿ¥‘∫„π∑âÕß∂‘Ëπ¡“æ—≤π“‡ªìπ Ÿµ√‡π◊ÈÕ¥‘π ‡π◊ËÕß®“°¡’·À≈àß
¥‘π¢“«Õ¬Ÿà„πæ◊Èπ∑’Ëµ”∫≈ª–≈ÿ√Ÿ Õ”‡¿Õ ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“ 
‡ªìπ®”π«π¡“° ÷́Ëß¬—ß‰¡à¡’ °“√π”‰ª„™âª√–‚¬™πå °√¡«‘∑¬“»“ µ√å
∫√‘°“√‡ªìπÀπà«¬ß“π∑’Ë„Àâ °“√ π—∫ πÿπ‡∑§‚π‚≈¬’°“√º≈‘µ «— ¥ÿ
Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õµà“ß Ê ·°à»Ÿπ¬å»‘≈ª“™’æ‡§√◊ËÕßªíôπ¥‘π‡º“
µ“¡¿“§µà“ß Ê ®÷ß‰¥â∑”°“√»÷°…“ ¡∫—µ‘¢Õß¥‘π¢“«„πæ◊Èπ∑’Ë¥—ß°≈à“«
‡æ◊ËÕπ”¢âÕ¡Ÿ≈‰ª„™â „π°“√æ—≤π“ Ÿµ√‡π◊ÈÕ¥‘π„™â‡Õß ™à«¬≈¥µâπ∑ÿπ
„π°“√º≈‘µ ·≈–‡ªìπ°“√π”∑√—æ¬“°√∑’Ë¡’Õ¬Ÿà„π∑âÕß∂‘Ëπ¡“„™â„Àâ
‡°‘¥ª√–‚¬™πå

2. «—µ∂ÿª√– ß§å
‡æ◊ËÕµâÕß°“√∑√“∫ ¡∫—µ‘¢Õß¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥

π√“∏‘«“  „™â‡ªìπ·π«∑“ß„π°“√æ—≤π“ Ÿµ√‡π◊ÈÕ¥‘π ”À√—∫„™â∑”
º≈‘µ¿—≥±å‡´√“¡‘°„Àâ·°à°≈ÿà¡‡§√◊ËÕßªíôπ¥‘π‡º“∫â“π√Õµ—π∫“µŸ
®—ßÀ«—¥π√“∏‘«“ 

3. «‘∏’¥”‡π‘π°“√
π”µ—«Õ¬à“ß¥‘π¢“«µ”∫≈ª–≈ÿ√Ÿ Õ”‡¿Õ ÿ‰Àßª“¥’

®—ßÀ«—¥π√“∏‘«“  ÷́Ëß¢ÿ¥∑’Ë§«“¡≈÷° 50 ‡´πµ‘‡¡µ√ ¡“«‘‡§√“–Àå
∑¥ Õ∫ ¡∫—µ‘µà“ß Ê ¥—ßµàÕ‰ªπ’È §◊Õ

3.1 °“°§â“ßµ–·°√ß „™âµ–·°√ß√àÕπ ‡∫Õ√å 100
200 ·≈– 325 ‡¡™ ‚¥¬„™â¥‘π¥‘∫ ∑’Ë‰¡à‰¥â≈â“ß 100 °√—¡ ·≈–
„™âπÈ”™–„Àâ¥‘πºà“πµ–·°√ß·µà≈–‡∫Õ√å ®ππÈ”„  ®“°π—Èππ”µ–·°√ß
·µà≈–‡∫Õ√å‰ªÕ∫·Àâß ™—ËßπÈ”Àπ—°¥‘π∑’Ë§â“ß∫πµ–·°√ß ·≈â«
§”π«≥À“°“°§â“ßµ–·°√ß

■■■■

■■■■

_______________________________________________________________________________________________________
* π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»…  ”π—°‡∑§‚π‚≈¬’™ÿ¡™π
** π—°«‘∑¬“»“ µ√å™”π“≠°“√  ”π—°‡∑§‚π‚≈¬’™ÿ¡™π
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3.2 °“√°√–®“¬¢π“¥¢ÕßÕπÿ¿“§ „™â‡§√◊ËÕß X-ray sedigraph (Micromeritics SediGraph √ÿàπ 5100) ‚¥¬„™â¥‘π∑’Ëºà“π
°“√√àÕπºà“πµ–·°√ß 100 ‡¡™

3.3 «‘‡§√“–Àå à«πª√–°Õ∫∑“ß·√à«‘∑¬“ „™â‡§√◊ËÕß X-ray diffractometer (Bruker √ÿàπ D8-Advance) ¡’ Cu ‡ªìπµ—«°”‡π‘¥√—ß ’
·≈– Ni ‡ªìπ filter ‚¥¬¡’§à“ 2θ µ—Èß·µà 5 ∂÷ß 80 Õß»“ „™âµ—«Õ¬à“ß¥‘π¥‘∫ ‰¡àºà“π°“√≈â“ß

3.4. «‘‡§√“–ÀåÕß§åª√–°Õ∫‡§¡’ ‚¥¬«‘∏’ wet chemical analysis „™âµ—«Õ¬à“ß¥‘π¥‘∫‰¡àºà“π°“√≈â“ß «‘‡§√“–Àå‚¥¬°≈ÿà¡«— ¥ÿ·≈–
º≈‘µ¿—≥±å‡´√“¡‘° ‚§√ß°“√‡§¡’ °√¡«‘∑¬“»“ µ√å∫√‘°“√

3.5  ¡∫—µ‘°“¬¿“æÀ≈—ß‡º“ ‰¥â·°à  ’ °“√À¥µ—«À≈—ß‡º“ µ“¡¡“µ√∞“π ASTM C326-82 (1997) °“√¥Ÿ¥ ÷́¡πÈ” ·≈–§«“¡Àπ“·πàπ
µ“¡¡“µ√∞“π ASTM C373-88 (2006)

°“√‡µ√’¬¡™‘Èπ∑¥ Õ∫  ”À√—∫À“ ¡∫—µ‘°“¬¿“æÀ≈—ß‡º“ ∫¥¥‘π„πÀ¡âÕ∫¥ (pot mill) „™â«‘∏’∫¥‡ªï¬° „Àâ≈–‡Õ’¬¥ºà“πµ–·°√ß
100 ‡¡™ ‡°√Õ–„πÕà“ßªŸπª≈“ ‡µÕ√å ‡¡◊ËÕ¥‘πÀ¡“¥ „Àâπ”¡“π«¥®π¥‘π‰¡à¡’øÕßÕ“°“» ·≈â«Õ—¥≈ß∫π·∫∫æ‘¡æå‚≈À– ¢π“¥ 30Ó60Ó12
¡‘≈≈‘‡¡µ√ ‡¡◊ËÕπ”™‘Èπ∑¥ Õ∫ÕÕ°®“°·∫∫æ‘¡æå·≈â« „Àâ„™â„∫¡’¥∑’Ë¡’§«“¡¬“« 50 ¡‘≈≈‘‡¡µ√ °¥≈ß∫π™‘Èπ∑¥ Õ∫„Àâ‡ªìπ√Õ¬ ‡æ◊ËÕ· ¥ß
§«“¡¬“«°àÕπ‡º“™‘Èπß“π ª≈àÕ¬„Àâ·Àâß ·≈â«π”‡¢â“‡º“„π‡µ“‰øøÑ“ ∑’ËÕÿ≥À¿Ÿ¡‘ 1200 1250 ·≈– 1300 Õß»“‡´≈‡´’¬  ‚¥¬„™âÕ—µ√“‡√àß
150 Õß»“‡´≈‡ ’́¬ µàÕ™—Ë«‚¡ß ¬◊π‰ø∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 30 π“∑’

4. º≈°“√∑¥ Õ∫ ¡∫—µ‘¢Õß¥‘π¢“« ÿ‰Àßª“¥’
4.1 °“°§â“ßµ–·°√ß ®“°º≈°“√∑¥ Õ∫À“ª√‘¡“≥°“°§â“ßµ–·°√ß æ∫«à“ ¡’ª√‘¡“≥°“°§â“ßµ–·°√ß 100 ·≈– 200 ‡¡™

Õ¬Ÿà‡ªìπ®”π«π¡“° ‚¥¬ª°µ‘¥‘π®–¡’§«“¡≈–‡Õ’¬¥ Ÿß¡“°  “¡“√∂ºà“πµ–·°√ß 325 ‡¡™‰¥âÀ¡¥ ¥—ßπ—Èπ °“°∑’Ë§â“ß∫πµ–·°√ß
100 200 ·≈– 325 ‡¡™ ®÷ß‡ªìπ¡≈∑‘π∑’Ëªπ¡“°—∫¥‘π ‡π◊ËÕß®“°¥‘π¥—ß°≈à“«¬—ß‰¡à‰¥âºà“π°√–∫«π°“√≈â“ß ‚¥¬∑—Ë«‰ª·≈â«„π·À≈àß
·√à¥‘π¢“«¡—°¡’´‘≈‘°“‡ªìπ¡≈∑‘πªπ¡“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¥‘ππ√“µ—π (Naraton) ÷́Ëß‡ªìπ¥‘π¢“«¢ÕßÕ”‡¿Õ®–π– ®—ßÀ«—¥π√“∏‘«“  ·≈–
¥‘π‡´Õ√“ø“  (CeraFast) ÷́Ëß‡ªìπ¥‘π¢“«¢Õß®—ßÀ«—¥√–πÕß∑’Ë¡’®”Àπà“¬„π∑âÕßµ≈“¥¢Õß∫√‘…—∑Õ‘π¥— ‡µ√’¬ ¡‘π‡πÕ√—≈ ®”°—¥ (IMD) æ∫«à“
¥‘π∑—Èß Õß¡’ª√‘¡“≥°“°§â“ßµ–·°√ß 100 ·≈– 200 ‡¡™ πâÕ¬¡“° ‡π◊ËÕß®“°¥‘π¢“«∑—Èß Õßºà“π°√–∫«π°“√≈â“ß·≈â« ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 ª√‘¡“≥°“°§â“ßµ–·°√ß¢Õß¥‘π ÿ‰Àßª“¥’ ¥‘ππ√“µ—π ·≈–¥‘π‡´Õ√“ø“ 

4.2 °“√°√–®“¬¢π“¥¢ÕßÕπÿ¿“§ ®“°º≈°“√∑¥ Õ∫æ∫«à“ µ—«Õ¬à“ß¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“  (∑’Ëºà“πµ–·°√ß
100 ‡¡™) ‡ªìπ¥‘π∑’Ë¡’§«“¡≈–‡Õ’¬¥ Ÿß¡“° ¡’§«“¡≈–‡Õ’¬¥‡≈Á°°«à“ 1 ‰¡§√Õπ (µm)  Ÿß∂÷ß √âÕ¬≈– 61.6 „π¢≥–∑’Ë¥‘ππ√“µ—π
¡’‡æ’¬ß√âÕ¬≈– 34  à«π¥‘π‡´Õ√“ø“  ¡’√âÕ¬≈–19.1

µ“√“ß∑’Ë 2 √âÕ¬≈–°“√°√–®“¬§«“¡≈–‡Õ’¬¥¢Õßµ—«Õ¬à“ß¥‘π¢“« ÿ‰Àßª“¥’ ¥‘ππ√“µ—π ·≈–¥‘π‡´Õ√“ø“ 
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4.3 °“√«‘‡§√“–Àå à«πª√–°Õ∫∑“ß·√à«‘∑¬“ ®“°º≈°“√«‘‡§√“–Àå ‚¥¬‡§√◊ËÕß‡Õ° ǻ‡√¬å¥‘ø·ø√°‚µ¡‘‡µÕ√å · ¥ß„π¿“æ∑’Ë 1
æ∫«à“µ—«Õ¬à“ß¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“  ¡’·√à‡§‚Õ≈‘π‰πµå ·≈–§«Õµ ǻ ( ‘́≈‘°“) ‡ªìπÕß§åª√–°Õ∫À≈—°  Õ¥§≈âÕß°—∫º≈
°“√∑¥ Õ∫°“°§â“ßµ–·°√ß ÷́Ëßæ∫«à“µ—«Õ¬à“ß¡’´‘≈‘°“ªπ„πª√‘¡“≥¡“°

4.4 °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫‡§¡’ º≈«‘‡§√“–ÀåÕß§åª√–°Õ∫‡§¡’· ¥ß„πµ“√“ß∑’Ë 3 æ∫«à“ ¡’´‘≈‘°“ (SiO2)  Ÿß¡“° ‚¥¬
´‘≈‘°“ à«πÀπ÷Ëß¡“®“°∑√“¬∑’Ëªπ¡“ ·≈–¡’ª√‘¡“≥Õ–≈Ÿ¡‘π“µË” ‡ª√’¬∫‡∑’¬∫°—∫¥‘π¢“«π√“µ—π¢ÕßÕ”‡¿Õ®–π– π√“∏‘«“  (®”Àπà“¬
„π∑âÕßµ≈“¥) ®–¡’ª√‘¡“≥ SiO2 Õ¬Ÿà√–À«à“ß√âÕ¬≈– 45.5-48.5 ·≈–¡’ Al2O3 √âÕ¬≈– 36.5-38.5 ‡π◊ËÕß®“° µ—«Õ¬à“ß¥‘π¢“« ÿ‰Àßª“¥’
¬—ß‰¡à‰¥âºà“π°√–∫«π°“√≈â“ß ‡æ◊ËÕ‡Õ“∑√“¬ÕÕ° ®÷ß¡’ª√‘¡“≥¥‘ππâÕ¬ ‡ªìπº≈„Àâ¡’ª√‘¡“≥ Al2O3 µË”

¿“æ∑’Ë 1  à«πª√–°Õ∫∑“ß·√à«‘∑¬“¢Õßµ—«Õ¬à“ß¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“ 

µ“√“ß∑’Ë 3 º≈«‘‡§√“–ÀåÕß§åª√–°Õ∫‡§¡’¢Õß¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“  ‡ªìπ√âÕ¬≈–

4.5  ¡∫—µ‘°“¬¿“æÀ≈—ß‡º“ º≈°“√∑¥ Õ∫· ¥ß¥—ßµ“√“ß∑’Ë 4 æ∫«à“ ¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“  À≈—ß‡º“¡’ ’¢“«
‡π◊ËÕß®“°¡’ª√‘¡“≥‡À≈Á° (Fe2O3) µË” §◊Õ ¡’‡À≈Á°ª√‘¡“≥√âÕ¬≈– 0.65 ‡¡◊ËÕ‡∑’¬∫°—∫¥‘π¢“«√–πÕß∑’Ë®”Àπà“¬„π∑âÕßµ≈“¥¡’ª√‘¡“≥
‡À≈Á°Õ¬Ÿàª√–¡“≥ √âÕ¬≈– 1.0 ∑”„Àâ¥‘π¢“« ÿ‰Àßª“¥’¡’ ’¢“«°«à“¥‘π¢“«√–πÕß ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡º“ Ÿß¢÷Èπ ¡’°“√À¥µ—«À≈—ß‡º“‡æ‘Ë¡¢÷Èπ
°“√¥Ÿ¥´÷¡πÈ”≈¥≈ß ·≈–§«“¡Àπ“·πàπ∫—≈§å‡æ‘Ë¡¢÷Èπ ‚¥¬¡’§à“°“√À¥µ—«À≈—ß‡º“Õ¬Ÿà√–À«à“ß√âÕ¬≈– 8.43-11.31 °“√¥Ÿ¥´÷¡πÈ”Õ¬Ÿà
√–À«à“ß√âÕ¬≈– 16.65-28.12 ·≈–§«“¡Àπ“·πàπ∫—≈§åÕ¬Ÿà√–À«à“ß 1.51-1.79 °√—¡µàÕ≈∫.´¡. „π™à«ßÕÿ≥À¿Ÿ¡‘°“√‡º“√–À«à“ß
1200-1300 Õß»“‡´≈‡ ’́¬  ÷́Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¥‘π¢“«‡´Õ√“ø“  (cera Fast) æ∫«à“ ¥‘π¢“« ÿ‰Àßª“¥’ ¡’°“√À¥µ—«πâÕ¬°«à“
°“√¥Ÿ¥ ÷́¡πÈ” Ÿß°«à“ ·≈–§«“¡Àπ“·πàπµË”°«à“ ‚¥¬¥‘π¢“«√–πÕß¡’§à“°“√À¥µ—«Õ¬Ÿà√–À«à“ß√âÕ¬≈– 15.05-17.65 °“√¥Ÿ¥ ÷́¡πÈ”Õ¬Ÿà
√–À«à“ß√âÕ¬≈– 10.74 - 22.35 §«“¡Àπ“·πàπÕ¬Ÿà√–À«à“ß 1.65-2.00 °√—¡µàÕ≈∫.´¡. Õ¬à“ß‰√°Áµ“¡∑’ËÕÿ≥À¿Ÿ¡‘ 1300 Õß»“‡´≈‡ ’́¬ 
¥‘π¥—ß°≈à“«¬—ß‰¡à “¡“√∂ ÿ°µ—«  —ß‡°µ‰¥â®“°§à“°“√¥Ÿ¥ ÷́¡πÈ”∑’Ë¡’§à“ Ÿß¡“° ·≈–§à“§«“¡Àπ“·πàπ∑’Ë¬—ß¡’§à“µË”¡“° ‡π◊ËÕß®“°µ—«Õ¬à“ß
¥‘π¡’ª√‘¡“≥¥à“ß (Na2O, K2O, CaO ·≈– MgO) ªπ¡“πâÕ¬
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µ“√“ß∑’Ë 4  ¡∫—µ‘À≈—ß‡º“¢Õßµ—«Õ¬à“ß¥‘π¢“« ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“ 

5.  √ÿªº≈°“√∑¥≈Õß
¥‘π¢“«µ”∫≈ª–≈ÿ√Ÿ Õ”‡¿Õ ÿ‰Àßª“¥’ ®—ßÀ«—¥π√“∏‘«“  ‡ªìπ¥‘π‡§‚Õ≈‘π‰πµå∑’Ë¡’∑√“¬ªπ¡“° ¡’‡À≈Á°ªπ¡“„πª√‘¡“≥µË” ¡’ ’¢“«

À≈—ß‡º“ ‡¡◊ËÕºà“πµ–·°√ß¢π“¥ 100 ‡¡™ ¥‘π¡’¢π“¥Õπÿ¿“§∑’Ë‡≈Á°°«à“ 1 ‰¡§√Õπ √âÕ¬≈– 61.6 ¡’§à“°“√¥Ÿ¥´÷¡πÈ”∑’ËÕÿ≥À¿Ÿ¡‘
1300 Õß»“‡´≈‡ ’́¬  Ÿß∂÷ß√âÕ¬≈– 17 ¥—ßπ—ÈπÀ“°π”¡“„™â‡ªìπ«—µ∂ÿ¥‘∫„π°“√∑”‡§√◊ËÕßªíôπ¥‘π‡º“ §«√„ à·√àøíπ¡â“‡æ◊ËÕ™à«¬≈¥®ÿ¥ ÿ°µ—«
·≈–¥‘π¥” ™à«¬‡æ‘Ë¡§«“¡‡Àπ’¬«„Àâ°—∫‡π◊ÈÕ¥‘π ÷́Ëß®–∑”„Àâ°“√¢÷Èπ√Ÿª·≈–°“√µ°·µàß™‘Èπß“πÀ≈—ß¢÷Èπ√Ÿª∑”‰¥âßà“¬

‡Õ° “√Õâ“ßÕ‘ß

Norton, Frederick Harwood. Fine ceramics : technology and applications. New York: McGraw-Hill, 1970, 507 p.
Reed, James S. Introduction to the principles of ceramic processing. New York: Wiley, 1988,486 p.
Singer, Felix and Singer, Sonja S. Industrial Ceramics. London: Chapman & Hall, 1963, 1455 p.
ª√–™‘µ §ß√—µπå ‰«¡‘ß ‡®ä–¡–π– ·≈–‡°…¡ ∑‘æ¬¥πµ√’. °“√À“≈—°…≥– —≥∞“π«‘∑¬“¢Õß¥‘π¢“«π√“∏‘«“  ‚¥¬„™â‡∑§π‘§°“√‡√◊Õß· ß√—ß

 ’‡Õ°´å°“√‡≈’È¬«‡∫π√—ß ’‡Õ°´å °≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ·≈–‡∑§π‘§ ‡ª°µ√“Õ‘πø√“‡√¥ [ÕÕπ‰≈πå].
[Õâ“ß∂÷ß«—π∑’Ë 10 ∏—π«“§¡ 2553]: ‡¢â“∂÷ß®“°Õ‘π‡∑Õ√å‡πÁµ : http://www.pt.tsu.ac.th/ rdi/ConAll/POSTER19/P3.pdf
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∫∑§—¥¬àÕ

 ’ —π∑’Ë ¥„ „π¢Õß‡≈àπ à«π„À≠à¡—°¡“®“° ’¬âÕ¡‡Õ‚´

À“°‡¥Á°‡Õ“¢Õß‡≈àπ∑’Ë¡’ ’‡Õ‚´‰ªÕ¡ À√◊Õ‡Õ“‡¢â“ª“° °ÁÕ“®‡ªìπ

Õ—πµ√“¬µàÕ ÿ¢¿“æ‰¥â ‡π◊ËÕß®“° ’¬âÕ¡‡Õ‚´∫“ß™π‘¥  “¡“√∂

·µ°µ—«‰ª‡ªìπ “√Õ–‚√¡“µ‘°‡Õ¡’π∑’Ë‡ªìπÕ—πµ√“¬µàÕ√à“ß°“¬

‚¥¬°àÕ„Àâ‡°‘¥¡–‡√Áß  À¿“æ¬ÿ‚√ª®÷ß‰¥âª√—∫ª√ÿß√–‡∫’¬∫§«“¡

ª≈Õ¥¿—¬¢Õß‡≈àπ (Toy Safety Directive) „Àâ∑—π ¡—¬·≈– Õ¥√—∫

°—∫¢âÕ¡Ÿ≈§«“¡ª≈Õ¥¿—¬¡“°¢÷Èπ ‚¥¬¡’¢âÕ°”Àπ¥°“√Àâ“¡„™â ’

ª√–‡¿∑‡Õ‚´ ∑’Ë·µ°µ—«·≈â«‡°‘¥‡ªìπ “√Õ–‚√¡“µ‘°‡Õ¡’π ™π‘¥„¥

™π‘¥Àπ÷Ëß„π 22 ™π‘¥ ‚¥¬„πªí®®ÿ∫—π¡’«‘∏’∑¥ Õ∫¡“µ√∞“π  ”À√—∫

°“√∑¥ Õ∫Õ–‚√¡“µ‘°‡Õ¡’π∑’Ë¡“®“° ’¬âÕ¡‡Õ‚´„π¢Õß‡≈àπ 3 «‘∏’

‰¥â·°à (1) CEN ISO/TS 17234 : 2003  ”À√—∫°“√∑¥ Õ∫„π

¢Õß‡≈àπ∑’Ë∑”¥â«¬Àπ—ß (2) EN 14362-1  ”À√—∫°“√∑¥ Õ∫„π

¢Õß‡≈àπ∑’Ë∑”¥â«¬ ‘Ëß∑Õ®“°‡ âπ„¬∏√√¡™“µ‘ ·≈– (3) EN 14362-2

 ”À√—∫°“√∑¥ Õ∫„π¢Õß‡≈àπ∑’Ë∑”¥â«¬ ‘Ëß∑Õ®“°„¬ —ß‡§√“–Àå

‡æ◊ËÕ„Àâ‡°‘¥§«“¡ª≈Õ¥¿—¬·°à‡¥Á°‰∑¬ ·≈–‡ªìπ°“√ àß‡ √‘¡

Õÿµ “À°√√¡¢Õß‡≈àπ ‡æ◊ËÕ°“√ àßÕÕ°„Àâ‡ªìπ‰ªµ“¡°Æ√–‡∫’¬∫®”°—¥

 “√Õ—πµ√“¬ (REACH) °√¡«‘∑¬“»“ µ√å∫√‘°“√ ‚¥¬‚§√ß°“√‡§¡’

®÷ß‰¥â®—¥∑”‚§√ß°“√æ—≤π“»Ÿπ¬å∑¥ Õ∫§«“¡ª≈Õ¥¿—¬∑“ß‡§¡’„π

º≈‘µ¿—≥±å¢Õß‡≈àπ‡æ◊ËÕ°“√ àßÕÕ°·≈–‡æ◊ËÕ°“√§ÿâ¡§√ÕßºŸâ∫√‘‚¿§

´÷Ëß„π‚§√ß°“√π’È¡’°“√∑¥ Õ∫¢Õß ’¬âÕ¡µâÕßÀâ“¡„πº≈‘µ¿—≥±å¢Õß‡≈àπ

µ“¡«‘∏’∑¥ Õ∫¡“µ√∞“πµà“ß Ê ¥—ß∑’Ë°≈à“«¢â“ßµâπ¥â«¬

Abstract

Most of vivid colors in toys come from azo dyes.

If children put toys containing azo dyes into their

mounts, this may have a negative impact on the safety

and health of the children because some azo dyes can

break down into toxic aromatic amines which can

cause cancer to human. Therefore, the European Union

(EU) has revised a toy safety directive to update with new

chemical safety findings. The new EU regulation relating

to toys prohibits the use of azo dyes which can break

down to any compound from the list of 22 aromatic

amines. Currently, there are 3 standard test methods

which can be used to analyze banned aromatic amines

originating from azo dyes in toys. The standard methods

include (1) CEN ISO/TS 17234:2003 for toys made from

leather, (2) EN 14362-1 for toys made from natural

fibers and (3) EN 14362-2 for toys made from synthetic

fibers. To protect Thai children from chemical hazard in

toys and also to promote the export of 

Thai toy products which can comply to REACH

regulation, Department of Science Service has set up

a project on developing a center for chemical safety testing

in toy products for export and consumer protection.

The project also includes a testing of banned azo dyes in toy

products according to the afore-mentioned standard methods.

1. ∫∑π”

·¡â«à“„πªí®®ÿ∫—π‡¥Á° Ê ®–¡’¢Õß‡≈àπ∑’Ëª≈Õ¥¿—¬¡“°¢÷Èπ°«à“

„πÕ¥’µ ·µà°Á¬—ß¡’¢Õß‡≈àπÕ’°®”π«π‰¡àπâÕ¬∑’Ë¡’Õ—πµ√“¬ «“ß

®”Àπà“¬Õ¬Ÿà„π∑âÕßµ≈“¥ ∑—Èß∑’Ëº≈‘µ¢÷Èπ‡Õß„πª√–‡∑» À√◊Õ

‡ªìπ¢Õß‡≈àπ∑’Ë —Ëßπ”‡¢â“¡“®”Àπà“¬„πª√–‡∑» ¢Õß‡≈àπ∑’Ë¡’

 “√‡§¡’‡®◊Õªπ  à«π„À≠à¡—°‡ªìπ¢Õß‡≈àπ∑’Ë¡’ ’ —π „π∫“ß§√—Èß

_______________________________________________________________________________________________________

* π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»… ‚§√ß°“√‡§¡’

** π—°«‘∑¬“»“ µ√å™”π“≠°“√ ‚§√ß°“√‡§¡’

■■■■

■■■■

■■■■
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æ∫«à“„™â ’„π°“√º≈‘µ∑’Ë‰¡à‰¥â¡“µ√∞“π ÷́ËßÀ“°‡¥Á°‡Õ“¢Õß‡≈àπ‡À≈à“π’È‰ªÕ¡ À√◊Õ‡Õ“‡¢â“ª“°°ÁÕ“®‡ªìπÕ—πµ√“¬µàÕ√à“ß°“¬‰¥â ∫∑§«“¡π’È

°≈à“«∂÷ßÕ—πµ√“¬®“° ’„π¢Õß‡≈àπ ·≈–«‘∏’∑¥ Õ∫ ’µâÕßÀâ“„πº≈‘µ¿—≥±å¢Õß‡≈àπ„Àâ‡ªìπ‰ªµ“¡°Ø√–‡∫’¬∫®”°—¥ “√Õ—πµ√“¬ (Restriction

of Hazardous Substances) ÷́Ëß‡√’¬°¬àÕ Ê «à“ REACH

2. Õ—πµ√“¬®“° ’„π¢Õß‡≈àπ

 ’ —π∑’Ë‡√“‡ÀÁππ—ÈπÕ“®¡“®“°ºß ’ (pigment) À√◊Õ ’¬âÕ¡ (dye) ÷́Ëß‚¥¬∑—Ë«‰ª‡ªìπ “√ —ß‡§√“–Àå ºß ’¡’ ¡∫—µ‘µà“ß®“° ’¬âÕ¡

‚¥¬∑’Ëºß ’‰¡à “¡“√∂≈–≈“¬‰¥â„πµ—«°≈“ß (medium) „π¢≥–∑’Ë¬âÕ¡™‘Èπß“π  ’¬âÕ¡∑’Ë∂Ÿ°π”¡“„™âß“πÕ¬à“ß°«â“ß¢«“ß„πÕÿµ “À°√√¡¢Õß‡≈àπ §◊Õ

 ’¬âÕ¡‡Õ‚´ (azo dyes) ÷́Ëß¡’À¡Ÿà‡Õ‚´ (azo group) Õ¬à“ßπâÕ¬ 1 °≈ÿà¡„π‚¡‡≈°ÿ≈ ·≈– ’¬âÕ¡·Õπ∑√“§«‘‚ππ (anthraquinone dyes) ÷́Ëß¡’

À¡Ÿà§“√å‚∫π‘≈®”π«π 2 °≈ÿà¡„π‚¡‡≈°ÿ≈ ¥—ß· ¥ß„π¿“æ∑’Ë 1  ’¬âÕ¡‡Õ‚´∂◊Õ‡ªìπª√–‡¿∑¢Õß ’¬âÕ¡∑’Ë¡’§«“¡ ”§—≠·≈–„™âÕ¬à“ß·æ√àÀ≈“¬¡“°∑’Ë ÿ¥

‚¥¬¡’°“√º≈‘µ¡“°°«à“√âÕ¬≈– 50 ¢Õß “√∑’Ë„Àâ ’ (dyestuff) ∑—ÈßÀ¡¥ À√◊Õª√–¡“≥ √âÕ¬≈– 60-80 ¢Õß “√Õ‘π∑√’¬å∑’Ë„Àâ ’∑—ÈßÀ¡¥ ‡π◊ËÕß®“°

√“§“∂Ÿ° „Àâ‡©¥ ’∑’ËÀ≈“°À≈“¬ ·≈–¡’ ¡∫—µ‘Õ◊ËπÊ ¥â“π ’∑’Ë¥’  à«π¢Õß‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß ’¬âÕ¡∑’Ë∑”„Àâ‡°‘¥ ’ ª√–°Õ∫¥â«¬ 3  à«π §◊Õ

(1)  à«π∑’Ë‡ªìπ√–∫∫æ—π∏–§Ÿà∑’ËµàÕ‡π◊ËÕß°—π (conjugated double bond system) ‰¥â·°à  à«π∑’Ë‡ªìπ‡∫π ’́π (benzene) «ß‡∫π´’π∑’Ë‡™◊ËÕ¡µàÕ°—π

(fused benzene ring) À√◊Õ«ß (ring) ∑’Ë‡™◊ËÕ¡µàÕ°—∫ à«π∑’Ë (2) ‡√’¬°«à“ ‚§√¡ÕøÕ√å (chromophores) ÷́Ëß‡ªìπ à«π¢Õß‚¡‡≈°ÿ≈∑’Ë∑”„Àâ‡°‘¥ ’ ‰¥â·°à

-N=N- (azo group), -NO2 (nitro group), C=O (carbonyl group) ·≈–  à«π∑’Ë (3) ‡√’¬°«à“ ÕäÕ°‚´‚§√¡ (auxochromes) ‰¥â·°à -NH2 (amino

group), -OH (hydroxyl group) ´÷Ëß‡ªìπ à«π∑’Ë‰ª‡ª≈’Ë¬π·ª≈ß§«“¡ “¡“√∂¢Õß‚§√¡ÕøÕ√å„π¥â“π°“√¥Ÿ¥°≈◊π· ß ‰¥â·°à °“√∑”„Àâ ’‡¢â¡¢÷Èπ

(1) Disperse Orange 3 (2) Disperse Red 11

¿“æ∑’Ë 1 µ—«Õ¬à“ß¢Õß ’¬âÕ¡‡Õ‚´ (1) ·≈–  ’¬âÕ¡·Õπ∑√“§«‘‚ππ (2)

 ’¬âÕ¡‡Õ‚´‰¥â∂Ÿ°π”¡“ª√–¬ÿ°µå„™â„πÀ≈“¬º≈‘µ¿—≥±å ‰¥â·°à  ’¬âÕ¡º¡ (hair dyes) Õ“À“√ °√–¥“… ºâ“ Àπ—ß ·≈– ’∑’Ë„™â —°µ“¡

√à“ß°“¬ (tattoo dyes)  ”À√—∫„πÕÿµ “À°√√¡ ‘Ëß∑Õ æ∫«à“¡’°“√„™â ’¬âÕ¡∑’Ë¡’À¡Ÿàøíß°å™—π‡Õ‚´ „π ’¬âÕ¡ª√–‡¿∑µà“ß Ê ´÷Ëß·∫àßµ“¡«‘∏’°“√¬âÕ¡

‰¥â·°à (1)  ’¥‘ ‡æ‘√å  (disperse dye) ÷́Ëßπ‘¬¡„™â°—∫‡ âπ„¬‚æ≈’‡Õ ‡µÕ√å (polyester) ‚æ≈’‡Õ‰¡¥å (polyamide) ·≈– Õ–§√‘≈‘§ (acrylic)

(2)  ’‰¥‡√Á°µå (direct dyes) ´÷Ëßπ‘¬¡„™â°—∫‡ âπ„¬™π‘¥ºâ“ΩÑ“¬ (cotton) ‡√¬Õß (rayon) ‚æ≈’‡Õ‰¡¥å ·≈– Õ–§√‘≈‘§ (3)  ’‡Õ ‘́¥ (acid dyes)

´÷Ëßπ‘¬¡„™â°—∫„¬®“°¢π —µ«å (wool) ·≈–‚æ≈’‡Õ‰¡¥å ·≈– (4)  ’√’·Õ°∑’ø (reactive dyes) ÷́Ëßπ‘¬¡„™â°—∫„¬®“°¢π —µ«å ºâ“ΩÑ“¬

‚æ≈’‡Õ ‡µÕ√å ·≈–‚æ≈’‡Õ‰¡¥å  ’∑’Ë„™â„π¢Õß‡≈àπ à«π„À≠à ¡—°‡ªìπ ’¥‘ ‡æ‘√å  (disperse dye) ´÷Ëß‡ªìπ ’∑’Ë ¥„  ‚¥¬‡©æ“–  ’·¥ß  ’ â¡ ·≈–

 ’‡À≈◊Õß ‚¥¬ ’‡À≈à“π’È®–∂Ÿ°„™â‡ªìπ ’¬âÕ¡ µ—«Õ¬à“ß‡™àπ Disperse Orange 1 ‡ªìπµâπ ¡’§ÿ≥ ¡∫—µ‘‰¡à≈–≈“¬πÈ” ¥Ÿ¥ ÷́¡µ‘¥‡ âπ„¬À√◊Õ™‘Èπß“π

∑’Ë‰¡à™Õ∫πÈ”‡∑à“π—Èπ  ’‡Õ‚´‡À≈à“π’È‡¡◊ËÕ∂Ÿ°∑”„Àâ·µ°µ—«ÕÕ°¡“ Õ“®‰¥â “√·Õ‚√¡“µ‘°‡Õ¡’π (aromatic amines) ∑’Ë‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æ

¥—ßµ“√“ß∑’Ë 1 (Garrigos, MC., et. al., 2002) ‚¥¬ ’¬âÕ¡∑’Ë¡’À¡Ÿàøíß°å™—Ëπ‡Õ‚´ (azo group)  “¡“√∂∂Ÿ°√’¥‘« ǻ‚¥¬‡ÕÁπ‰´¡å ‡Õ‚´√’¥—°‡µ 

(azoreductases) ÷́Ëß¡’Õ¬Ÿà„π‡´≈≈åµ—∫ ‡´≈≈å‰µ º‘«Àπ—ß ·≈–·∫§∑’‡√’¬„π≈”‰ â‡≈Á° ‰¥â‡ªìπ “√Õ–‚√¡“µ‘°‡Õ¡’π ‚¥¬ “√Õ–‚√¡“µ‘°‡Õ¡’ππ’È

®–∑”ªÆ‘°‘√‘¬“°—∫‡´≈≈åπ”‰ª Ÿà°“√‡√‘Ë¡µâπ¢Õß°“√°àÕ„Àâ‡°‘¥‡ªìπ‡´≈≈å¡–‡√Áß (Kriek, E., 2002)  “√ª√–‡¿∑‡À≈à“π’È®”π«πÀ≈“¬™π‘¥ ∂Ÿ°¢÷Èπ∫—≠™’

√“¬™◊ËÕ “√∑’ËÕ“®°àÕ„Àâ‡°‘¥¡–‡√Áß„π¡πÿ…¬å·≈– —µ«å ÷́ËßÀ“°‡¥Á°‡Õ“¢Õß‡≈àπ∑’Ë¡’ ’‰ªÕ¡ À√◊Õ‡Õ“‡¢â“ª“° °ÁÕ“®‡°‘¥Õ—πµ√“¬µàÕ√à“ß°“¬‰¥â

‡π◊ËÕß®“° “√Õ‘π∑√’¬å„π°≈ÿà¡ ’‡Õ‚´ (azo dyes) ∫“ß™π‘¥  “¡“√∂·µ°µ—«‰¥â “√Õ–‚√¡“µ‘°‡Õ¡’π∑’Ë‡ªìπÕ—πµ√“¬‚¥¬‡ªìπ “√°àÕ¡–‡√Áß

®”π«π 24 ™π‘¥ ¥—ß°≈à“«¢â“ßµâπ ¥â«¬‡Àµÿπ’È À¿“æ¬ÿ‚√ª À√◊Õ EU ®÷ß‰¥âª√—∫ª√ÿß√–‡∫’¬∫§«“¡ª≈Õ¥¿—¬¢Õß‡≈àπ (Toy Safety Directive)

„Àâ∑—π ¡—¬·≈– Õ¥√—∫°—∫¢âÕ¡Ÿ≈§«“¡ª≈Õ¥¿—¬¡“°¢÷Èπ √–‡∫’¬∫„À¡àπ’È‡πâπ°“√‡æ‘Ë¡√–¥—∫§«“¡ª≈Õ¥¿—¬„π¢Õß‡≈àπ‡¥Á°

■■■■
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µ“√“ß∑’Ë 1 √“¬°“√ “√Õ–‚√¡“µ‘°‡Õ¡’πµâÕßÀâ“¡ ®”π«π 22 ™π‘¥ (™π‘¥∑’Ë 1 - 22) µ“¡ EU Directive 2002/61/EC ª√–°“»¢Õß

 À¿“æ¬ÿ‚√ª ·≈–‡æ‘Ë¡‡µ‘¡Õ’° 2 ™π‘¥ (™π‘¥∑’Ë 23 - 24) µ“¡ Oeko-Tex Standard 100

À¡“¬‡Àµÿ : * ™π‘¥∑’Ë 5 ·≈– 6 «‘‡§√“–Àå‚¥¬°“√∑”ªØ‘°‘√‘¬“√’¥—°™—π„Àâ‡ªìπ “√™π‘¥∑’Ë 18 ·≈– 19 µ“¡≈”¥—∫ ·≈â«®÷ß∑”°“√«‘‡§√“–Àå
À“ª√‘¡“≥ “√™π‘¥∑’Ë 18 ·≈– 19 ·∑π (CEN ISO/TS 17234, EN 14362-1:2003 ·≈– EN 14362-2:2003)

‚¥¬‡©æ“–°“√„™â “√‡§¡’®–µâÕß‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥¢Õß REACH ÷́Ëß‡ªìπ°Æ√–‡∫’¬∫„À¡à¢Õßª√–™“§¡¬ÿ‚√ª«à“¥â«¬ “√‡§¡’
·≈–°“√„™âª√–‚¬™πå “√‡§¡’Õ¬à“ßª≈Õ¥¿—¬ °Æ√–‡∫’¬∫π’È‡°’Ë¬«¢âÕß°—∫ °√–∫«π°“√®¥∑–‡∫’¬π (Registration)  “√‡§¡’ °√–∫«π°“√
µ√«® Õ∫·≈–ª√–‡¡‘π (Evaluation) Õ—πµ√“¬·≈–§«“¡‡ ’Ë¬ß„π°“√º≈‘µ·≈–„™â “√‡§¡’ °√–∫«π°“√¢ÕÕπÿ≠“µ (Authorization)
º≈‘µÀ√◊Õ„™â “√‡§¡’∑’Ë‡ªìπÕ—πµ√“¬¡“°‚¥¬¡’‡ß◊ËÕπ‰¢ ·≈–°√–∫«π°“√®”°—¥ (Restriction) °“√º≈‘µ °“√®”Àπà“¬À√◊Õ„™â “√‡§¡’∑’Ë
¡’Õ—πµ√“¬¡“° ∑—Èßπ’È°Æ√–‡∫’¬∫ REACH ¡’º≈∫—ß§—∫„™âµ—Èß·µà«—π∑’Ë 1 ¡‘∂ÿπ“¬π 2550
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°Æ√–‡∫’¬∫¢Õß REACH ∑’Ë‡°’Ë¬«°—∫§«“¡ª≈Õ¥¿—¬„π

¢Õß‡≈àππ’È®–‡πâπ„π‡√◊ËÕß “√°àÕ¡–‡√Áß∑”„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå

·≈–‡ªìπæ‘…µàÕ°“√ ◊∫æ—π∏ÿå (Carcinogenic, Mutagenic, Toxic

to Reproducibility ; CMR) ‚¥¬®–Àâ“¡¢Õß‡≈àπ À√◊Õ™‘Èπ à«π

¢Õß‡≈àπ∑’Ë¡’ à«πº ¡¢Õß “√„π°≈ÿà¡ CMR ‡°‘π 0.1% ‚¥¬¡’

¢âÕ¬°‡«âπ°√≥’∑’Ë‡ªìπ à«π ÷́Ëß‡¥Á°‰¡à “¡“√∂ —¡º— ‰¥â

3. «‘∏’∑¥ Õ∫ ’µâÕßÀâ“¡„π¢Õß‡≈àπ

«‘∏’°“√∑¥ Õ∫À“ª√‘¡“≥ “√Õ–‚√¡“µ‘°‡Õ¡’π ∑’Ë‡°‘¥

®“°°“√·µ°µ—«¢Õß ’¬âÕ¡‡Õ‚´„π¢Õß‡≈àπ ∑’Ë∑”¥â«¬Àπ—ß À√◊Õ

¡’Àπ—ß‡ªìπ à«πª√–°Õ∫ ®–∑¥ Õ∫µ“¡«‘∏’ CEN ISO/TS

17234:2003 ¡’À≈—°°“√ §◊Õ  ’¬âÕ¡ª√–‡¿∑‡Õ‚´ ¡’‚§√ß √â“ß

∑“ß‡§¡’‡ªìπ A-N=N-B ÷́Ëß “¡“√∂·µ°µ—«‡ªìπ A-NH2 ·≈–

B-NH2 ‰¥âßà“¬ ‡¡◊ËÕ∑”ªØ‘°‘√‘¬“°—∫ “√∑’Ë¡’§ÿ≥ ¡∫—µ‘„π°“√

√’¥‘« ǻ ‡™àπ ‚´‡¥’¬¡‰¥‰∑‚Õ‰π∑å (Sodium dithionite,

Na2S2O4) ¿“¬„µâ ¿“«–∑’Ë¡’§à“æ’‡Õ™ (pH) ‡∑à“°—∫ 6 ·≈–

Õÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡ ’́¬  ¥—ß ¡°“√ 1 ‚¥¬ A ·≈– B

„π “√ª√–°Õ∫ Azo dye ‡ªìπ “√ª√–°Õ∫‡Õ‚´‡ªìπ “√„π

°≈ÿà¡Õ–‚√¡“µ‘° ´÷Ëß‡ªìπµ—«∑’Ë∑”„Àâ‡°‘¥‡ªìπ ’µà“ß Ê ‚¥¬ “√∑’Ë

·µ°µ—«ÕÕ°¡“π’È®–‡ªìπ “√Õ–‚√¡“µ‘°‡Õ¡’π ∑’Ë “¡“√∂µ√«®

«‘‡§√“–ÀåÀ“ª√‘¡“≥‰¥â

¥â«¬«‘∏’‰Œ‡æÕ√åøÕ√å·¡π ǻ≈‘§«‘¥‚§√¡“‚∑°√“øï (High

Performance Liquid Chromatograph, HPLC) ‚¥¬„™â

µ—«µ√«®«—¥™π‘¥Õ—≈µ√“‰«‚Õ‡≈µ-«‘ ‘‡∫‘≈ «—¥°“√¥Ÿ¥°≈◊π· ß

„π™à«ßÕ—≈µ√“‰«‚Õ‡≈µ «‘∏’π’È¡’§«“¡ “¡“√∂„π°“√µ√«®æ∫

Õ–‚√¡“µ‘°‡Õ¡’π ‰¥âµË” ÿ¥ 30 æ’æ’‡ÕÁ¡ (30  à«π„π≈â“π

 à«πÀ√◊Õ 30 ¡‘≈≈‘°√—¡/°‘‚≈°√—¡) ·≈–®“°°Ø√–‡∫’¬∫∑’Ë

‡°’Ë¬«¢âÕß°—∫°“√Àâ“¡„™â ’ª√–‡¿∑‡Õ‚´ ∑’Ë·µ°µ—«·≈â«‡°‘¥‡ªìπ

 “√Õ–‚√¡“µ‘°‡Õ¡’π™π‘¥„¥™π‘¥Àπ÷Ëß „π 24 ™π‘¥ ∑’Ë∂Ÿ°°”Àπ¥

‰«â·≈â«π—Èπ¡’¢âÕ°”Àπ¥‰«â«à“ ‡¡◊ËÕπ”µ—«Õ¬à“ß¡“∑¥ Õ∫µ“¡«‘∏’

CEN ISO/TS 17234:2003 ·≈â«®–µâÕß‰¡àæ∫ “√Õ–‚√¡“µ‘°

‡Õ¡’π ∑—Èß 24 ™π‘¥π’È ·≈–ÀâÕßªØ‘∫—µ‘°“√®–µâÕß “¡“√∂

µ√«®«—¥ “√Õ–‚√¡“µ‘°‡Õ¡’π‰¥âµË”∂÷ß 30 æ’æ’‡ÕÁ¡

 ”À√—∫¢Õß‡≈àπ∑’Ë∑”¥â«¬ ‘Ëß∑Õ (textiles) ®“°‡ âπ„¬

∏√√¡™“µ‘ (natural fiber) ®–„™â«‘∏’∑¥ Õ∫µ“¡ EN 14362-1

´÷Ëß¡’¢—ÈπµÕπ‡µ√’¬¡µ—«Õ¬à“ß§≈â“¬§≈÷ß°—∫°“√«‘‡§√“–ÀåÕ–‚√¡“µ‘°

‡Õ¡’π®“° ’¬âÕ¡‡Õ‚´„πµ—«Õ¬à“ßÀπ—ß∑’Ë°≈à“«¢â“ßµâπ ·≈â«π”¡“

«‘‡§√“–ÀåÀ“ª√‘¡“≥‚¥¬«‘∏’ HPLC, Gas chromatography/Mass

spectrometry (GC/MS) À√◊Õ HPLC/MS  à«π°“√∑¥ Õ∫

Õ–‚√¡“µ‘°®“° ’¬âÕ¡‡Õ‚´„π ‘Ëß∑Õ®“°„¬ —ß‡§√“–Àå (synthetic

fiber) ®–„™â«‘∏’∑¥ Õ∫µ“¡ EN 14362-2 ´÷Ëß¡’¢—ÈπµÕπ

°“√ °—¥ “√Õ‘π∑√’¬å¥â«¬µ—«∑”≈–≈“¬Õ‘π∑√’¬å§≈Õ‚√‡∫π ’́π

(chlorobenzene) °àÕπ ·≈â«®÷ß¡’¢—ÈπµÕπ°“√∑¥ Õ∫µàÕ‰ª

‡™àπ‡¥’¬«°—π°—∫µ—«Õ¬à“ß ‘Ëß∑Õ∑’Ë‡ªìπ‡ âπ„¬∏√√¡™“µ‘¥—ß°≈à“«¢â“ßµâπ

4.  √ÿª

ºŸâº≈‘µ«—µ∂ÿ¥‘∫À√◊Õ™‘Èπ à«π„π “¬‚´à°“√º≈‘µ ®”‡ªìπ

µâÕßµ√–Àπ—°∂÷ß °Ø√–‡∫’¬∫∑’Ë‡°’Ë¬«¢âÕß°—∫ “√‡§¡’„π ‘π§â“

∑’Ëµπº≈‘µ ·≈–‚¥¬∑’Ë EU ¡—°®–‡ªìπºŸâ∑’Ë√‘‡√‘Ë¡„π°“√ÕÕ°

°Æ√–‡∫’¬∫µà“ß Ê ∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡ª≈Õ¥¿—¬„π ‘π§â“∑’Ë¡’º≈

µàÕ ÿ¢¿“æÕπ“¡—¬¢Õß‡¥Á° ‡™àπ ¢Õß‡≈àπ º≈‘µ¿—≥±å∑’Ë‡°’Ë¬«¢âÕß

°—∫‡¥Á° ®÷ß¡’·π«‚πâ¡∑’Ëª√–‡∑»Õ◊Ëπ Ê ®–π”°Æ√–‡∫’¬∫¢Õß EU

¡“‡ªìπ°√Õ∫·π«∑“ß„π°“√∫—ß§—∫„™â°—∫ ‘π§â“∑’Ëπ”‡¢â“‰ª„π

ª√–‡∑»¢Õßµπ¥â«¬ ¥—ßπ—Èπ ºŸâº≈‘µ ‘π§â“À√◊ÕºŸâ∑’Ë‡°’Ë¬«¢âÕß°—∫

°“√º≈‘µ ‘π§â“¢Õß‡≈àπ∑’Ë®– àßÕÕ° ®÷ßµâÕßº≈‘µ ‘π§â“„Àâ¡’

§ÿ≥¿“æµ“¡¡“µ√∞“π§«“¡ª≈Õ¥¿—¬ ¢Õß‡≈àπ¿“¬„µâ°ÆÀ¡“¬

¢Õß À¿“æ¬ÿ‚√ª

¢≥–π’È°√¡«‘∑¬“»“ µ√å∫√‘°“√ ‚¥¬°≈ÿà¡ “√Õ‘π∑√’¬å

·≈–‡§√◊ËÕß¡◊Õæ‘‡»… ‚§√ß°“√‡§¡’°”≈—ß®—¥∑”‚§√ß°“√æ—≤π“

»Ÿπ¬å∑¥ Õ∫§«“¡ª≈Õ¥¿—¬∑“ß‡§¡’„πº≈‘µ¿—≥±å¢Õß‡≈àπ ‡æ◊ËÕ

°“√ àßÕÕ°·≈–‡æ◊ËÕ°“√§ÿâ¡§√ÕßºŸâ∫√‘‚¿§ ÷́Ëß„π‚§√ß°“√π’È

¡’°“√∑¥ Õ∫¢Õß ’¬âÕ¡µâÕßÀâ“¡„πº≈‘µ¿—≥±å¢Õß‡≈àπµ“¡

«‘∏’∑¥ Õ∫¡“µ√∞“πµà“ß Ê ¥—ß∑’Ë°≈à“«¢â“ßµâπ¥â«¬ ∑—Èßπ’È ‡æ◊ËÕ„Àâ

‡°‘¥§«“¡ª≈Õ¥¿—¬·°à‡¥Á°·≈–‡ªìπ°“√ àß‡ √‘¡Õÿµ “À°√√¡

¢Õß‡≈àπ‡æ◊ËÕ°“√ àßÕÕ°¢ÕßºŸâª√–°Õ∫°“√„Àâ‡ªìπ‰ªµ“¡°Æ

√–‡∫’¬∫ REACH

■■■■

■■■■
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∫∑§—¥¬àÕ

®“°§«“¡µâÕß°“√¢Õ√—∫∫√‘°“√ Õ∫‡∑’¬∫¥â“π·√ß∑’Ë

¡“°¢÷Èπ ‚¥¬‡©æ“–‡§√◊ËÕß Universal Testing Machine ¢≥–∑’Ë

∫ÿ§≈“°√ ·≈–‡§√◊ËÕß¡◊Õ Õ∫‡∑’¬∫¡’®”°—¥ ∑”„ÀâµâÕß¡’°“√æ—≤π“

™ÿ¥ Õ∫‡∑’¬∫¡“µ√∞“π¥â“π·√ß ‚¥¬°“√æ—≤π“‰¥â¥”‡π‘π°“√

2  à«π  à«π·√°§◊Õ°“√ √â“ß·≈–æ—≤π“´Õø·«√å∑’Ë Õ¥§≈âÕß

°—∫¡“µ√∞“π BS EN ISO 7500-1 JIS B7721 ·≈– ASTM E4

´÷Ëß‡ªìπ¡“µ√∞“π∑’Ë„™â Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing

Machine ∑”„Àâ‡æ‘Ë¡§«“¡ –¥«° √«¥‡√Á«¢÷Èπ ≈¥§«“¡º‘¥æ≈“¥

‡π◊ËÕß®“°°“√∂à“¬‚Õπ¢âÕ¡Ÿ≈ ·≈– “¡“√∂ÕÕ°√“¬ß“πº≈‰¥â

∑—π∑’∑’Ë∑”°“√ Õ∫‡∑’¬∫·≈â«‡ √Á®  ”À√—∫ à«π∑’Ë Õß‡ªìπ°“√ √â“ß

·≈–æ—≤π“Œ“√å¥·«√å §◊Õ¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å

24 ∫‘µ ·≈–‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ«—¥∑’Ë √â“ß

·≈–æ—≤π“¢÷Èπ ®÷ß‰¥â¥”‡π‘π°“√∑¥ Õ∫°“√∑”ß“π‡ª√’¬∫‡∑’¬∫

°—∫¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å√ÿàπ SY047 ¢Õß∫√‘…—∑

Synectic Design Ltd. ª√–‡∑»Õ—ß°ƒ… ·≈–‚À≈¥‡´≈≈å

Õ‘π¥‘‡§‡µÕ√å√ÿàπ SCOUT55 ¢Õß∫√‘…—∑ HBM ª√–‡∑»

 À√—∞Õ‡¡√‘°“ ‚¥¬‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¥â«¬ 4 µ—«·ª√

‰¥â·°à §«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥ °“√∑«π´È”¢Õß°“√«—¥

§«“¡‡ ∂’¬√¢Õß°“√«—¥ ·≈–º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß

°“√«—¥‡©æ“– Type A º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ ¥‘®‘µÕ≈

‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å∑’Ë √â“ß¢÷Èπ ¡’ª√– ‘∑∏‘¿“æ¥’°«à“

¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å√ÿàπ SY047 ·µà¥âÕ¬°«à“

‚À≈¥‡´≈≈åÕ‘π¥‘‡§‡µÕ√å√ÿàπ SCOUT55 Õ¬à“ß‰√°Áµ“¡Õÿª°√≥å

Õà“π·√ß∑’Ë √â“ß¢÷Èπ  “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ‰¥âÕ’°„πÕπ“§µ

Abstract

In present, needs of a force calibration service

are increasing, especially the calibration of Universal

Testing Machines. However, calibration officers and

equipments are limited. With this reason, the propose

research was motivated to develop a calibration set of

a standard force. The development of this calibration

set was separated into two parts. The first part of

development was to create and to develop a computer

software, which was corresponding to standard documents,

i.e., BS EN ISO 7500-1, JIS B7721 and ASTM E4

in which calibration methods are generally used. The

developed computer software could create more

convenient and faster calibrations, and reduce errors

in terms of the data transferring and the production

of calibration report immediately. The second part of

the development was to create and to develop an

electronic hardware, which was a 24 bit digital load

cell amplifier. To investigate the performance of this

developed equipment, an experiment was carried out.

The developed equipment was compared with a 24 bit

digital load cell amplifier, model SY047, Synectic Design

Ltd ,UK and with a load cell indicator, model SCOUT55

HBM, USA. The performance comparisons were done in

terms of the measurement errors, the measurement

■■■■ ■■■■

_______________________________________________________________________________________________________
* π—°«‘∑¬“»“ µ√å™”π“≠°“√ ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡

** π“¬™à“ß‡§√◊ËÕß°≈™”π“≠ß“π ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡
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repeatability, the measurement stability and the combined

measurement uncertainty of type A. The experiment

results clearly proved that the developed digital load

cell amplifier had a better performance than that of the

model SY047 but a less performance than the load cell

indicator of model of SCOUT55. However, the performance

of the developed equipment can be enhanced in future

by the laboratories of the calibration group.

1. ∫∑π”

‡§√◊ËÕß Universal Testing Machine ‡ªìπ‡§√◊ËÕß¡◊Õ
∑’Ëπ‘¬¡„™âÕ¬à“ß·æ√àÀ≈“¬ „π«ß°“√Õÿµ “À°√√¡ ‡™àπ ¬“ß
æ≈“ µ‘° ≈«¥ ‡À≈Á°‡ âπ §Õπ°√’µ ‡π◊ËÕß®“°‡ªìπ‡§√◊ËÕß¡◊Õ
∑’Ë„™â«—¥§ÿ≥ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ ‰¥â·°à ¬—ß°å‚¡¥Ÿ≈—  ·√ß§√“°
§«“¡‡§âπ §«“¡‡§√’¬¥ °“√∑πµàÕ·√ß°¥·≈–·√ß¥÷ß ‡ªìπµâπ
‡æ◊ËÕ„Àâ ‘π§â“‡À≈à“π’È‰¥â√—∫°“√¬Õ¡√—∫®“°∑—Èß„π ·≈–µà“ßª√–‡∑»
‡§√◊ËÕß Universal Testing Machine ®”‡ªìπµâÕß‰¥â√—∫°“√
 Õ∫‡∑’¬∫µ“¡À≈—°°“√¢Õß√–∫∫¡“µ√«‘∑¬“ Õ¬à“ß‰√°Áµ“¡
°√¡«‘∑¬“»“ µ√å∫√‘°“√¡’™ÿ¥ Õ∫‡∑’¬∫¡“µ√∞“π¥â“π·√ßÕ¬à“ß
®”°—¥ ‡π◊ËÕß®“°¡’√“§“·æß ∑”„Àâ°≈ÿà¡ Õ∫‡∑’¬∫‡§√◊ËÕß¡◊Õ«—¥
«‘‡§√“–Àå∑¥ Õ∫ ‚§√ß°“√øî ‘° å·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å
∫√‘°“√ ‰¥â √â“ß·≈–æ—≤π“™ÿ¥ Õ∫‡∑’¬∫π’È¢÷Èπ ‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ
°“√ªØ‘∫—µ‘ß“π ·≈– “¡“√∂∑¥·∑πÀ“°‡§√◊ËÕß¡◊Õ∑’Ë„™âÕ¬Ÿà‡°‘¥
°“√™”√ÿ¥ À√◊ÕÀ¡¥ ¿“æ

™ÿ¥ Õ∫‡∑’¬∫¥â“π·√ß∑’Ë √â“ß·≈–æ—≤π“¢÷Èπ  ”À√—∫
 Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing Machine ª√–°Õ∫¥â«¬
‚À≈¥‡´≈≈å ¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å ·≈–§Õ¡æ‘«‡µÕ√å
‡™◊ËÕ¡µàÕ°—π ¥—ß¿“æ∑’Ë 1

¿“æ∑’Ë 1 : °“√‡™◊ËÕ¡µàÕ¢Õß™ÿ¥ Õ∫‡∑’¬∫¥â“π·√ß

®“°¿“æ∑’Ë 1 ‡¡◊ËÕ¡’·√ß¥÷ßÀ√◊Õ°¥ ®“°‡§√◊ËÕß
Universal Testing Machine °√–∑”°—∫‚À≈¥‡´≈≈å √–¥—∫
 —≠≠“≥‰øøÑ“∑’ËÕÕ°®“°‚À≈¥‡´≈≈å ®–¡’°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ
 —¥ à«π°—∫·√ß∑’Ë°√–∑” ·µà‡π◊ËÕß®“° —≠≠“≥‰øøÑ“¡’√–¥—∫µË”¡“°
®÷ßµâÕß¡’°“√¢¬“¬ —≠≠“≥‚¥¬¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å
√–¥—∫ —≠≠“≥∑’Ë¢¬“¬·≈â«®–∂Ÿ°‡ª≈’Ë¬π„ÀâÕ¬Ÿà„π√Ÿª¢Õß —≠≠“≥
¥‘®‘µÕ≈ ‚¥¬§Õ¡æ‘«‡µÕ√å®–√—∫ —≠≠“≥π’È·≈â«ª√–¡«≈º≈
ºà“π∑“ß´Õøµå·«√å§Õ¡æ‘«‡µÕ√å

„π à«π´Õø·«√å∑’Ë √â“ß¢÷Èπ ‰¥âæ—≤π“®“°‚ª√·°√¡
Microsoft visual basic 2005 ‚¥¬¡’®ÿ¥¡ÿàßÀ¡“¬‡æ◊ËÕ„Àâ°“√
 Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing Machine µ“¡¡“µ√∞“π
BS EN ISO 7500-1 JIS B7721 ·≈– ASTM E4 ¡’§«“¡
 –¥«° √«¥‡√Á«¢÷Èπ ≈¥§«“¡º‘¥æ≈“¥‡π◊ËÕß®“°°“√∂à“¬‚Õπ¢âÕ¡Ÿ≈
·≈– “¡“√∂ÕÕ°√“¬ß“πº≈‰¥â∑—π∑’∑’Ë∑”°“√ Õ∫‡∑’¬∫·≈â«‡ √Á®
‚ª√·°√¡´Õøµå·«√å∑’Ë √â“ß·≈–æ—≤π“¢÷Èπ ¡’‚§√ß √â“ßµ“¡¿“æ∑’Ë 2

¿“æ∑’Ë 2 : ‚§√ß √â“ß¢Õß‚ª√·°√¡´Õøµå·«√å

®“°¿“æ∑’Ë 2 ´Õøµå·«√åπ’È ª√–°Õ∫¥â«¬‚¡¥Ÿ≈À≈—°∑’Ë
™à«¬„π°“√∑”ß“π 3 ‚¡¥Ÿ≈ ‰¥â·°à ‚¡¥Ÿ≈®—¥°“√∞“π¢âÕ¡Ÿ≈
‚¡¥Ÿ≈ Interface °—∫Õÿª°√≥åÕà“π·√ß ·≈–‚¡¥Ÿ≈√“¬ß“π

‚¡¥Ÿ≈®—¥°“√∞“π¢âÕ¡Ÿ≈ ‡ªìπ°√–∫«π°“√®—¥‡°Á∫¢âÕ¡Ÿ≈
∑’Ë ”§—≠ ”À√—∫°“√ Õ∫‡∑’¬∫ ·≈–°“√ÕÕ°√“¬ß“πº≈ ‰¥â·°à
¢âÕ¡Ÿ≈‡®â“Àπâ“∑’ËªØ‘∫—µ‘ß“π ¢âÕ¡Ÿ≈‚À≈¥‡´≈≈å∑’Ë„™â„π°“√ Õ∫
‡∑’¬∫ √«¡∑—Èß¢âÕ¡Ÿ≈§à“§«“¡‰¡à·πàπÕπ™π‘¥µà“ß Ê ‡æ◊ËÕπ”‰ª„™â
„π°“√ª√–¡«≈º≈ ¢âÕ¡Ÿ≈≈Ÿ°§â“∑’Ë¢Õ√—∫∫√‘°“√ ¢âÕ¡Ÿ≈º≈ Õ∫‡∑’¬∫

■■■■
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¢âÕ¡Ÿ≈‡§√◊ËÕß Universal Testing Machine ∑’Ë Õ∫‡∑’¬∫
·≈–¢âÕ¡Ÿ≈°√–∫«π°“√ Õ∫‡∑’¬∫

‚¡¥Ÿ≈ Interface °—∫Õÿª°√≥åÕà“π§à“·√ß ‡ªìπ
°√–∫«π°“√∑’Ë§Õ¡æ‘«‡µÕ√åµ‘¥µàÕ√—∫¢âÕ¡Ÿ≈®“°Õÿª°√≥åÕà“π·√ß
‡™àπ ¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å À√◊Õ‚À≈¥‡´≈≈åÕ‘π¥‘‡§‡µÕ√å
·≈â«π”¡“ª√–¡«≈º≈ ÷́Ëß “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 2 ‚¡¥Ÿ≈¬àÕ¬
‰¥â·°à ‚¡¥Ÿ≈µ√«®«—¥§à“·√ß ·≈–‚¡¥Ÿ≈°“√ Õ∫‡∑’¬∫‡§√◊ËÕß
Universal Testing Machine ‚¥¬‚¡¥Ÿ≈µ√«®«—¥§à“·√ß ‡ªìπ
°√–∫«π°“√Õà“π§à“·√ß∑’Ë«—¥ ·≈â«· ¥ßº≈¥â«¬°√“ø √«¡∑—Èß
 “¡“√∂®—¥‡°Á∫¢âÕ¡Ÿ≈‡™àπ‡¥’¬«°—∫ Data logger ‚¥¬‚¡¥Ÿ≈π’È
 “¡“√∂«—¥§à“·√ß®“°‚À≈¥‡´≈≈å‰¥âæ√âÕ¡°—π 2 ‚À≈¥‡´≈≈å ∑”„Àâ
 “¡“√∂π”¡“„™â‡æ◊ËÕ Õ∫‡∑’¬∫‚À≈¥‡´≈≈å¡“µ√∞“π‰¥â  à«π‚¡¥Ÿ≈
°“√ Õ∫‡∑’¬∫‡§√◊ËÕß Universal Testing Machine ‡ªìπ°√–∫«π°“√
 Õ∫‡∑’¬∫ ·≈–ª√–¡«≈º≈ √«¡∑—Èß®—¥√–¥—∫ (class) ¢Õß‡§√◊ËÕß
µ“¡¡“µ√∞“π BS EN ISO 7500-1 JIS B7721 ·≈– ASTM E4 

 ”À√—∫‚¡¥Ÿ≈ ÿ¥∑â“¬¢Õß´Õøµå·«√å §◊Õ ‚¡¥Ÿ≈√“¬ß“π
´÷Ëßª√–°Õ∫¥â«¬ 2 ‚¡¥Ÿ≈¬àÕ¬ §◊Õ ‚¡¥Ÿ≈ÕÕ°·∫∫√“¬ß“π ·≈–
‚¡¥Ÿ≈√“¬ß“πº≈°“√ Õ∫‡∑’¬∫ ‚¡¥Ÿ≈ÕÕ°·∫∫√“¬ß“π‡ªìπ
°√–∫«π°“√ÕÕ°·∫∫√“¬ß“π‡æ◊ËÕ‡™◊ËÕ¡µàÕ¢âÕ¡Ÿ≈°—∫‰ø≈å
Microsoft word ·≈–‰ø≈å‡«‘√å§™’µ Microsoft Excel ‚¥¬„™â‰ø≈å
√“¬ß“πµ“¡√Ÿª·∫∫¢Õß°√¡«‘∑¬“»“ µ√å∫√‘°“√‡ªìπµâπ·∫∫
∑”„Àâ “¡“√∂√Õß√—∫°“√‡ª≈’Ë¬π·ª≈ß√Ÿª·∫∫„πÕπ“§µ‰¥â  ”À√—∫
‚¡¥Ÿ≈√“¬ß“πº≈°“√ Õ∫‡∑’¬∫‡ªìπ°√–∫«π°“√π”¢âÕ¡Ÿ≈®“°
∞“π¢âÕ¡Ÿ≈∑’Ë Õ∫‡∑’¬∫¡“ÕÕ°√“¬ß“πµ“¡∑’Ë‰¥âÕÕ°·∫∫‰«â

πÕ°‡Àπ◊Õ®“°°“√æ—≤π“´Õøµå·«√å °≈ÿà¡ Õ∫‡∑’¬∫¬—ß
‰¥âæ—≤π“¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å¢÷Èπ‡Õß ´÷Ëß‡ªìπ·∫∫
24 ∫‘µ ‡™àπ‡¥’¬«°—∫¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å∑’Ë́ ◊ÈÕ®“°
∫√‘…—∑ Synectic Design Ltd. ª√–‡∑»Õ—ß°ƒ… „π¢≥–∑’Ë‚À≈¥
‡´≈≈åÕ‘π¥‘‡§‡µÕ√å∑’Ë„™âß“π„πªí®®ÿ∫—π ¡’§«“¡ “¡“√∂‡æ’¬ß
20 ∫‘µ ÷́ËßÀ¡“¬∂÷ßÕÿª°√≥å∑’Ë √â“ß¢÷Èπ¡’§«“¡≈–‡Õ’¬¥¡“°°«à“
∂÷ß 16 ‡∑à“ Õ¬à“ß‰√°Áµ“¡ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ«—¥‰¡à‡æ’¬ß
·µà¢÷ÈπÕ¬Ÿà°—∫§«“¡≈–‡Õ’¬¥¢Õß°“√Õà“π ·µà¬—ß¢÷Èπ°—∫§«“¡‡ ∂’¬√
¢Õß°“√«—¥ °“√∑«π´È” (Repeatability) §«“¡∂Ÿ°µâÕß¢Õß°“√«—¥
(Accuracy) §«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥ (Error) ‡ªìπµâπ

2. «‘∏’¥”‡π‘π°“√

‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ«—¥∑’Ë √â“ß
·≈–æ—≤π“¢÷Èπ ®÷ß‰¥â¥”‡π‘π°“√∑¥ Õ∫°“√∑”ß“π‡ª√’¬∫‡∑’¬∫

°—∫¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å√ÿàπ SY047 ¢Õß∫√‘…—∑
Synectic Design Ltd. ª√–‡∑»Õ—ß°ƒ… ·≈–‚À≈¥‡´≈≈åÕ‘π¥‘‡§‡µÕ√å
√ÿàπ SCOUT55 ¢Õß∫√‘…—∑ HBM ª√–‡∑» À√—∞Õ‡¡√‘°“ ‚¥¬‡§√◊ËÕß¡◊Õ
∑—Èß 3 ™π‘¥‰¥â· ¥ß‰«â„π¿“æ∑’Ë 3 ∑—Èßπ’È¥‘®‘µÕ≈‚À≈¥‡´≈≈å
·Õ¡ª≈‘‰ø‡ÕÕ√å∑’Ëæ—≤π“¢÷Èπ °”Àπ¥√ÿàπ‡ªìπ DSS LCA1

¿“æ∑’Ë 3 : Õÿª°√≥åÕà“π§à“·√ß °) DSS LCA1 ¢) SY047 §) SCOUT55

¢—ÈπµÕπ°“√∑¥≈Õß ®–‡√‘Ë¡®“°°“√‡™◊ËÕ¡µàÕÕÿª°√≥å
µ“¡¿“æ∑’Ë 1 ·≈–„™âµÿâ¡πÈ”Àπ—° 10 °‘‚≈°√—¡ ®”π«π 4 µÿâ¡ ‡æ◊ËÕ
 √â“ß·√ß°¥„Àâ°—∫‚À≈¥‡´≈≈å ‚¥¬¥”‡π‘π°“√∑¥ Õ∫∑’ËπÈ”Àπ—°
10 20 30 ·≈– 40 °‘‚≈°√—¡µ“¡≈”¥—∫ °“√∑¥ Õ∫∑”‚¥¬°“√
«—¥ È́” 3 §√—Èß ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥
(Error) ·≈–°“√∑«π È́” (Repeatability)  ”À√—∫°“√µ√«® Õ∫
§«“¡‡ ∂’¬√¢Õß°“√«—¥ ®–æ‘®“√≥“®“°§«“¡·µ°µà“ß¢Õß§à“ Ÿß ÿ¥
·≈–§à“µË” ÿ¥¢Õß°“√«—¥πÈ”Àπ—° 20 °‘‚≈°√—¡„π™à«ß√–¬–‡«≈“
30 π“∑’ ‚¥¬°“√«—¥·√ß∑’Ë°¥¢Õß‡§√◊ËÕß¡◊Õ∑—Èß 3 ™π‘¥‰¥â„™â‚¡¥Ÿ≈
µ√«®«—¥§à“·√ß¢Õß´Õøµå·«√å∑’Ëæ—≤π“¢÷Èπ µ“¡¿“æ∑’Ë 4

¿“æ∑’Ë 4 : °“√«—¥·√ß°¥¥â«¬‚À≈¥‡´≈≈å ·≈–Õÿª°√≥åÕà“π§à“·√ß

°) DSS LCA1 ¢) SY047 §) SCOUT55

3. º≈°“√∑¥≈Õß

º≈¢Õß°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß
Õÿª°√≥åÕà“π§à“·√ß ‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 1-4 ‚¥¬µ“√“ß∑’Ë 1
‡ªìπº≈‡ª√’¬∫‡∑’¬∫§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥ µ“√“ß∑’Ë 2
‡ªìπº≈‡ª√’¬∫‡∑’¬∫°“√∑«π È́” (Repeatability) ¢Õß°“√«—¥
µ“√“ß∑’Ë 3 ‡ªìπº≈‡ª√’¬∫‡∑’¬∫§«“¡‡ ∂’¬√ (Stability) ¢Õß
°“√«—¥ ·≈– µ“√“ß ÿ¥∑â“¬‡ªìπº≈‡ª√’¬∫‡∑’¬∫º≈√«¡§à“§«“¡
‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A ÷́Ëßµ“√“ß ÿ¥∑â“¬‡ªìπ
º≈√«¡„π≈—°…≥– root sum square µ“¡ ¡°“√

■■■■
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º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A = √ (°“√∑«π È́”)2+(§«“¡‡ ∂’¬√)2/3

µ“√“ß∑’Ë 1 : º≈§«“¡§≈“¥‡§≈◊ËÕπ¢Õß°“√«—¥„πÀπà«¬°‘‚≈°√—¡

µ“√“ß∑’Ë 2 : º≈°“√∑«π È́” (Repeatability) „πÀπà«¬°‘‚≈°√—¡

µ“√“ß∑’Ë 3 : º≈°“√«—¥§«“¡‡ ∂’¬√„πÀπà«¬°‘‚≈°√—¡

µ“√“ß∑’Ë 4 : º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A „πÀπà«¬°‘‚≈°√—¡

4.  √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß

µ“√“ß· ¥ßº≈§«“¡§≈“¥‡§≈◊ËÕπ SY047 · ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥ ¬°‡«âπ∑’Ë¡«≈πÈ”Àπ—° 10 °‘‚≈°√—¡ ‡π◊ËÕß®“°
≈—°…≥–‡©æ“–¢Õß SY047 ∑’Ë„Àâº≈°“√«—¥ÕÕ°¡“‡ªìπ Count ∑”„ÀâµâÕß¡’°“√ª√—∫§«“¡‰« (Sensitivity) ¢Õß°“√Õà“π ¥â«¬µÿâ¡πÈ”Àπ—°
∑’Ë„™â∑¥ Õ∫ ‚¥¬‰¡àµâÕß„™â§«“¡‰«¢Õß‚À≈¥‡´≈≈å‡¢â“¡“‡°’Ë¬«¢âÕß ´÷Ëß´Õøµå·«√å¡’‚¡¥Ÿ≈π’ÈÕ¬Ÿà·≈â« „π¢≥–∑’Ë DSS LCA1 ·≈– SCOUT55
„™â§«“¡‰«¢Õß‚À≈¥‡´≈≈å∑’Ë¡“°—∫‚√ßß“π∑’Ëº≈‘µ ª√—∫§«“¡‰« (Sensitivity) ¢Õß°“√Õà“π ∑”„Àâ§«“¡§≈“¥‡§≈◊ËÕπ¡’¡“° ¥—ßπ—Èπ∂â“„™â
§«“¡‰«¢Õß‚À≈¥‡´≈≈å∑’Ë‰¥â®“°°“√ Õ∫‡∑’¬∫ ‡æ◊ËÕª√—∫§«“¡‰«¢Õß°“√Õà“π ®–∑”„Àâº≈§«“¡§≈“¥‡§≈◊ËÕπ¥’¢÷Èπ°«à“∑’Ë· ¥ß„πµ“√“ß

µ“√“ß· ¥ßº≈°“√∑«π È́” (Repeatability) SY047 · ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥ ¬°‡«âπ∑’Ë¡«≈πÈ”Àπ—° 40 °‘‚≈°√—¡
·µà‡¡◊ËÕæ‘®“√≥“®“°º≈°“√«—¥§«“¡‡ ∂’¬√ ÷́Ëß· ¥ß‰«â„πµ“√“ß∑’Ë 3 SY047 °≈—∫· ¥ß„Àâ‡ÀÁπ∂÷ßª√– ‘∑∏‘¿“æ∑’Ë¥âÕ¬ ÿ¥ „π¢≥–∑’Ë
SCOUT55 ¡’ª√– ‘∑∏‘¿“æ¥’∑’Ë ÿ¥ §«“¡‡ ∂’¬√¢Õß°“√«—¥∑’Ë‰¥â¥”‡π‘π°“√«—¥·≈–‡°Á∫¢âÕ¡Ÿ≈Õ¬à“ßµàÕ‡π◊ËÕß 30 π“∑’ ‰¥â· ¥ß„Àâ‡ÀÁπ∂÷ß

■■■■
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°“√·ª√ª√«π¢Õß¢âÕ¡Ÿ≈°“√«—¥ ÷́Ëß¡’ “‡ÀµÿÀ≈—°¡“®“° —≠≠“≥
√∫°«π ‡π◊ËÕß®“° SCOUT55 ¡’«ß®√øî≈‡µÕ√å·∫∫ Butterworth
·≈– Bessel ‡æ◊ËÕ°√Õß —≠≠“≥√∫°«π √«¡∑—Èß¡’°“√ Shield
 —≠≠“≥√∫°«π ¥â«¬°≈àÕß‚≈À–¿“¬πÕ° ¢≥–∑’Ë SY047 ¡’°“√
°√Õß —≠≠“≥√∫°«π¥â«¬«ß®√øî≈‡µÕ√å RC ∏√√¡¥“·∫∫ 1
Order ·≈–¡’°“√ Shield  —≠≠“≥√∫°«π ¥â«¬°≈àÕß‚≈À–
¿“¬πÕ°‡™àπ°—π ·µà DSS LCA1 ‰¡à¡’°“√ Shield  —≠≠“≥
√∫°«π¿“¬πÕ° ‚¥¬¡’«ß®√øî≈‡µÕ√å·∫∫ Butterworth 2
Order ·≈– Ferrite chip bread  ”À√—∫°√Õß§«“¡∂’Ë Ÿß ∑”„Àâ
§«“¡‡ ∂’¬√¢Õß°“√«—¥¥’°«à“ SY047

º≈√«¡§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥‡©æ“– Type A ÷́Ëß
‡ªìπº≈√«¡·∫∫ Root sum square ¢Õßº≈°“√∑«π È́” ·≈–

§«“¡‡ ∂’¬√‰¥â· ¥ß„Àâ‡ÀÁπ«à“ SCOUT55 ¡’ª√– ‘∑∏‘¿“æ¢Õß°“√«—¥
¥’∑’Ë ÿ¥ ·≈– DSS LCA1 ¡’ª√– ‘∑∏‘¿“æ¢Õß°“√«—¥¥’°«à“ SY047

°≈ÿà¡ Õ∫‡∑’¬∫‡§√◊ËÕß¡◊Õ«—¥«‘‡§√“–Àå∑¥ Õ∫ ‚§√ß°“√
øî ‘° å·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å∫√‘°“√ ª√– ∫§«“¡ ”‡√Á®
„π°“√ √â“ß·≈–æ—≤π“´Õøµå·«√å ”À√—∫ Õ∫‡∑’¬∫‡§√◊ËÕß Universal
Testing Machine ´÷Ëß “¡“√∂√Õß√—∫Õÿª°√≥åÕà“π§à“·√ß®“°
‚À≈¥‡´≈≈å‰¥âÀ≈“¬™π‘¥ ∑”„Àâ “¡“√∂≈¥§«“¡º‘¥æ≈“¥¢Õß
°“√«—¥ °“√∂à“¬‚Õπ¢âÕ¡Ÿ≈ ·≈–°“√ª√–¡«≈º≈°“√ Õ∫‡∑’¬∫
√«¡∑—Èß‡æ‘Ë¡§«“¡√«¥‡√Á«„π°“√„Àâ∫√‘°“√ Õ∫‡∑’¬∫ Õ’°∑—Èß¬—ß¡’
√“§“∂Ÿ°°«à“∑’Ë´◊ÈÕ®“°µà“ßª√–‡∑»ª√–¡“≥ 7 ‡∑à“ πÕ°®“°π’È‰¥â
¡’°“√ √â“ß·≈–æ—≤π“¥‘®‘µÕ≈‚À≈¥‡´≈≈å·Õ¡ª≈‘‰ø‡ÕÕ√å ∑’Ë¡’
ª√– ‘∑∏‘¿“æ‰¡à¥âÕ¬°«à“∑’Ë´◊ÈÕ®“°µà“ßª√–‡∑»

‡Õ° “√Õâ“ßÕ‘ß

American Society for Testing and Materials. Standard practices for force verification of testing machines, E4 - 2008.
In Annual book of ASTM standard section 3 Metals test methods and analytical procedures.
Vol.03.01; metals mechanical testing ; elevated and low-temperature tests; metallography.
West Conshohocken, PA, 2009

Hottinger Baldwin Messtechnik. Operating manual: measurement amplifier in desktop housing, Scout 55,
B 31. SC55T1.21 e. Damstadi: HBM, n.d.

International Organization for Standardization. Metallic materials verification of static uniaxial testing machines
tension/compression testing machines Verification and calibration of the force-measuring system.
BS EN ISO 7500-1:2004.

Japanese Standards Association. Tension/compression testing machines Verification and calibration of the force-measuring
system. JSA JIS B 7721, 2009.
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∫∑§—¥¬àÕ

„π°“√»÷°…“ª√‘¡“≥∫‘ øïπÕ≈‡Õ∑’Ë·æ√àÕÕ°®“°¢«¥π¡
æ≈“ µ‘°™π‘¥æÕ≈‘§“√å∫Õ‡πµ‚¥¬ LC-MS/MS MRM-negative
polarity mode  “¡“√∂µ√«®¬◊π¬—π‡Õ°≈—°…≥å‡™‘ß§ÿ≥¿“æ
¥â«¬¡«≈‚¡‡≈°ÿ≈∑’Ë Ÿ≠‡ ’¬‚ª√µÕπ m/z 227 ·≈–productions
∑’Ë m/z 212 ·≈– 133 §«“¡ —¡æ—π∏å‡™‘ß‡ âπ¢Õß∫‘ øïπÕ≈‡Õ
m/z 227/212 °—∫∫‘ øïπÕ≈‡Õø m/z 199/93 „π™à«ß
§«“¡‡¢â¡¢âπ 5-200 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ ¡’§à“ correlation
coefficient (R2) 0.999 §à“µË” ÿ¥∑’Ë “¡“√∂µ√«®«—¥ (Limit of
Detection, LOD) 0.2 ‰¡‚§√°√—¡µàÕ≈‘µ√ º≈°“√∑¥ Õ∫¢«¥
π¡æ≈“ µ‘°™π‘¥æÕ≈‘§“√å∫Õ‡πµ„À¡à·≈–‡°à“∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
®”π«π 10 ¬’ËÀâÕ ¢π“¥§«“¡®ÿ 30-250 ¡‘≈≈‘≈‘µ√ æ∫«à“
°“√∑¥ Õ∫¢«¥π¡„À¡à 8 ¬’ËÀâÕ ¥â«¬πÈ”°≈—Ëπµâ¡∑’ËÕÿ≥À¿Ÿ¡‘
70 Õß»“‡´≈‡ ’́¬  π“π 2 ™—Ë«‚¡ß ‰¡àæ∫∫‘ øïπÕ≈‡Õ®π∂÷ß
πâÕ¬°«à“ 0.5 ‰¡‚§√°√—¡µàÕ≈‘µ√ º≈°“√∑¥ Õ∫¢«¥π¡„À¡à
2 ¬’ËÀâÕ¥â«¬πÈ”°≈—Ëπ∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡ ’́¬ π“π 10 «—π
¬’ËÀâÕ‡¥’¬«°—π™ÿ¥·√° 7 ¢«¥æ∫ 72.6-84.5 ‰¡‚§√°√—¡µàÕ≈‘µ√
·≈–™ÿ¥∑’Ë 2 ®”π«π 13 ¢«¥æ∫ 100.9- 208.6 ‰¡‚§√°√—¡
µàÕ≈‘µ√ °“√∑¥ Õ∫¥â«¬πÈ”°√Õßµâ¡∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß 24 ™—Ë«‚¡ß
10 ¢«¥ æ∫ 0.6-5.4 ‰¡‚§√°√—¡µàÕ≈‘µ√ ·≈–æ∫«à“∑’Ë 80
Õß»“‡´≈‡ ’́¬ „π™à«ß‡«≈“ 30 π“∑’ ∫‘ øïπÕ≈‡Õ Ÿß¢÷Èπ∂÷ß
9 ‰¡‚§√°√—¡µàÕ≈‘µ√ º≈∑¥ Õ∫¥â«¬πÈ”ª√–ª“µâ¡ 10 ¢«¥
∑’Ë 80 Õß»“‡´≈‡ ’́¬  π“π 30 ·≈– 60 π“∑’ æ∫ 15.6-30.2
·≈– 32.8-54.6 ‰¡‚§√°√—¡µàÕ≈‘µ√µ“¡≈”¥—∫ „π°“√∑¥ Õ∫
¢«¥π¡‡°à“∑’Ë„™âß“π 1-2 ªï 5 ¢«¥ ¥â«¬πÈ”°√Õßµâ¡∑’Ë 80 Õß»“
‡´≈‡ ’́¬  π“π 30 π“∑’ æ∫∫‘ øïπÕ≈‡Õ 5.9-11.8 ‰¡‚§√°√—¡
µàÕ≈‘µ√

®“°º≈°“√∑¥ Õ∫¢â“ßµâπ· ¥ß«à“°“√‡µ‘¡πÈ”√âÕπ≈ß„π
¢«¥π¡æ≈“ µ‘°™π‘¥æÕ≈‘§“√å∫Õ‡πµ·≈–·™à‰«â®–¡’ª√‘¡“≥
∫‘ øïπÕ≈‡Õ‡æ‘Ë¡¢÷Èπµ“¡√–¬–‡«≈“ ‡¡◊ËÕ„™âπÈ”ª√–ª“µâ¡πÈ”æ∫
∫‘ øïπÕ≈‡Õ Ÿß°«à“πÈ”°√Õß·≈–πÈ”°≈—Ëπ ¥—ßπ—Èπ„π°“√„™â¢«¥π¡
®÷ßµâÕßÀ≈’°‡≈’Ë¬ß°“√„™âπÈ”∑’Ë√âÕπ®—¥‡∑„ à¢«¥‚¥¬µ√ß ‰¡à„™â¢«¥‡°à“
·≈–‰¡à§«√·™àπÈ”·≈–ÕÿàππÈ”π¡‰«â„π¢«¥‡ªìπ‡«≈“π“π

Abstract

The release of Bisphenol A (BPA) from
polycarbonate (PC) baby bottles has been measured
based on Liquid Chromatograph Tandem Mass
Spectrometry (LC-MS/MS) with MRM-negative polarity
mode, the qualitative confirmation of BPA identity used
mass of the deprotonated molecule m/z 227 and major
products ion at m/z 212,133. Linearity plot with ion
abundance ratio of m/z 227/212 to internal standard
Bisphenol F (BPF) m/z 199/93 versus 5-200 ng/mL
BPA concentrations was observed and the correlation
coefficient (r2 ) value was 0.999 and limit of detection
(LOD) was 0.2 µg/L. Ten brands of PC baby bottles
produced and sold in retail market places and superstores
in Thailand were testing by the method. All new and
used bottles, 30-250 mL capacity, released BPA as
followed: eight brands with distilled water at 70 ÌC for
2 hours were between not detectable and less than
0.5 µg/L, two brands with distilled water at 60 ÌC for

■■■■

■■■■
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* π—°«‘∑¬“»“ µ√å™”π“≠°“√æ‘‡»… ‚§√ß°“√«‘∑¬“»“ µ√å™’«¿“æ
** π—°«‘∑¬“»“ µ√å™”π“≠°“√ ‚§√ß°“√«‘∑¬“»“ µ√å™’«¿“æ
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10 days, seven bottles of 1st brand and thirteen bottles
of 2nd brand were 72.6-84.5 µg/L and 100.9-208.6 µg/L,
respectively. Ten bottles with boiled filtered water at room
temperature for 24 hours were 0.6-5.4 µg/L, new bottles
with boiled filtered water at 80 ÌC for 30 min. rose to
9 µg/L. ten bottles with boiled tap water at 80 ÌC for 30
and 60 min. were 15.6-30.2 µg/L and 32.8-54.6 µg/L
respectively, and 5 used bottles (1-2 years) with boiled
filtered water at 80 ÌC for 30 min were 5.9-11.8 µg/L

According to the results above shows that by
filling hot tap water (>80 ÌC) into bottles causes a release
of BPA greater than filtered and distilled water. Therefore,
in order to reduce this release we should avoid using the
scratched bottles, water and the prepared milk should not
be kept in PC bottles for a long time.

1. ∫∑π”

„π°“√‡≈’È¬ß¥Ÿ∑“√°·√°‡°‘¥ ‡¥Á°‡≈Á° „Àâ¡’°“√‡µ‘∫‚µ
·≈–¡’æ—≤π“°“√Õ¬à“ß‡À¡“– ¡ „π™à«ß¢«∫ªï·√°®π∂÷ß “¡¢«∫
‡ªìπ√–¬–‡«≈“ ”§—≠¢Õß™à«ß™’«‘µ∑’ËæàÕ·¡à‰¥â„Àâ§«“¡‡Õ“„®„ à„π
√“¬≈–‡Õ’¬¥¢Õß«‘∏’°“√¥Ÿ·≈√«¡∂÷ß¢—ÈπµÕπ°“√ªÑÕππÈ”π¡·≈–Õ“À“√
ªí®®ÿ∫—πÕÿª°√≥å∑’Ë„™â„ àπÈ”π¡‡æ◊ËÕªÑÕπ·°à‡¥Á°∑’Ëπ‘¬¡„™â∑—Ë«‚≈°§◊Õ
¢«¥æ≈“ µ‘°™π‘¥æÕ≈‘§“√å∫Õ‡πµ´÷Ëß¡’≈—°…≥–„  ∑π§«“¡√âÕπ
‰¥â¥’·≈– “¡“√∂π”¡“„™â´È”‰¥âÀ≈“¬§√—Èß ‰¡à·µ°ßà“¬ §«“¡‰¥â
‡ª√’¬∫¢Õß«— ¥ÿæ≈“ µ‘°‡¡◊ËÕ‡∑’¬∫°—∫¢«¥·°â« ®÷ß‡ªìπ∑“ß‡≈◊Õ°
∑’ËºŸâ∫√‘‚¿§„Àâ§«“¡π‘¬¡ Ÿß ·µàÕ¬à“ß‰√°Áµ“¡º≈°√–∑∫∑’Ë‡°‘¥®“°
°“√„™âæ≈“ µ‘°™π‘¥æÕ≈‘§“√å∫Õ‡πµÕ“®®–¡’ “√ª√–°Õ∫∫“ß™π‘¥
À≈ÿ¥ªπ‡ªóôÕπ≈ß ŸàÕ“À“√·≈–Õ“®‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æ

æ≈“ µ‘°æÕ≈‘§“√å∫Õ‡πµ
·≈–∫‘ øïπÕ≈‡Õ

„πªï 1905 ‚∑¡—  ‘́ß‡° (Thomas Zincke) ·Ààß
¡À“«‘∑¬“≈—¬ Marburg  Àæ—π∏√—∞‡¬Õ√¡π’ §âπæ∫ “√∫‘ øïπÕ≈‡Õ
(Bisphenol A, BPA) (¿“æ∑’Ë 1) ‚¥¬ —ß‡§√“–Àå®“°øïπÕ≈·≈–
Õ– ’́‚µπ À≈—ß®“°π—Èπ√“« 50 ªï ‡ŒÕ√å·¡π ™‡π≈ ·Ààß∫√‘…—∑
‰∫‡ÕÕ√å  Àæ—π∏√—∞‡¬Õ√¡π’ ·≈– ·¥π øÕ° ǻ ·Ààß∫√‘…—∑
‡®π‡πÕ√“≈Õ‘‡≈Á§∑√‘°  À√—∞Õ‡¡√‘°“ ‰¥âæ—≤π“°√–∫«π°“√
æÕ≈‘§“√å∫Õ‡πµ®“°∫‘ øïπÕ≈‡Õ„π√–¥—∫Õÿµ “À°√√¡ ”‡√Á®„π

ªï 1953 ¥â«¬§ÿ≥ ¡∫—µ‘∑’Ë¡’≈—°…≥–„ ‡À¡◊Õπ·°â«∑π§«“¡√âÕπ
‰¥â¥’ ®÷ß “¡“√∂„™â·∑π«— ¥ÿ‡¥‘¡‡™àπ·°â«À√◊Õ‰¡â ·≈–π”¡“º≈‘µ
¢Õß„™â„π™’«‘µª√–®”«—ππ“π“™π‘¥·≈–∫√√®ÿ¿—≥±å  À√—∞Õ¡√‘°“
‡ªìπºŸâº≈‘µ “√æÕ≈‘§“√å∫Õ‡πµ√“¬„À≠à ª√‘¡“≥∑’Ëº≈‘µ‰¥â„π
ªï 2006 1 æ—π≈â“π°‘‚≈°√—¡ „πªï 2007 ∑—Ë«‚≈°º≈‘µ‰¥â∂÷ß
4 æ—π≈â“π°‘‚≈°√—¡ ª√–‡∑»∑’Ëº≈‘µæÕ≈‘§“√å∫Õ‡πµ·≈–„™âª√‘¡“≥
 Ÿß ÿ¥„π À¿“æ¬ÿ‚√ª§◊Õ  Àæ—π∏√—∞‡¬Õ√¡—π §‘¥‡ªìπ√âÕ¬≈– 37
√Õß≈ß¡“§◊Õ ‡ªπ ‡∫≈‡¬’¬¡·≈–‡π‡∏Õ√å·≈π¥å º≈‘µª√–¡“≥
√âÕ¬≈– 22 ª√–‡∑»Ω√—Ëß‡»  Õ—ß°ƒ…·≈–Õ‘µ“≈’ ·≈– ‡ªπ π”‰ª
„™â§‘¥‡ªìπ√âÕ¬≈– 10-13 ¥—ß· ¥ß„π¿“æ∑’Ë 2 ·≈– 3

¿“æ∑’Ë 1 Bisphenol A (BPA) À√◊Õ 2,2-bis (4 hydroxyphenyl)

propane.

∑’Ë¡“ http://en.wikipedia.org/wiki/Bisphenol_A

¿“æ∑’Ë 2 European Production and consumption of polycarbonate

by countries 

¿“æ∑’Ë 3 European consumption of polycarbonate by sectors

∑’Ë¡“ Jasmine Bird, http://www.bisphenol-a-europe.org/

uploads/Lay_Socioeconomic%20contribution_ 09092009.pdf

§ÿ≥ ¡∫—µ‘¢ÕßæÕ≈‘§“√å∫Õ‡πµ

æÕ≈‘§“√å∫Õ‡πµ‡ªìπ«— ¥ÿ„ §≈â“¬·°â«∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß∂÷ß 150
Õß»“‡´≈‡ ’́¬  ®—¥‡ªìπ‡∑Õ√å‚¡æ≈“ µ‘°∑’Ë¡’§«“¡·¢Áß·√ß
‡Àπ’¬« ∑π∑“π „   “¡“√∂π”‰ª¢÷Èπ√Ÿª‡ªìπ ‘π§â“π“π“™π‘¥
√«¡∂÷ß‡ªìπ«— ¥ÿµ°·µàß¿“¬„π∫â“π Õ“§“√ ·≈–√∂¬πµå °“√∑’Ë

■■■■

■■■■
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‚§√ß √â“ß‚¡‡≈°ÿ≈¢ÕßæÕ≈‘§“√å∫Õ‡πµ (¿“æ∑’Ë 4) ‡ªìπæÕ≈‘‡Õ ‡µÕ√å
¢Õß°√¥§“√å∫Õπ‘°·≈–‰¥‰Œ¥√‘°øïπÕ≈ (dihydricphenol) ‡™àπ
∫‘ øïπÕ≈ ÷́Ëß‚¡‡≈°ÿ≈¢ÕßπÈ”À“¬‰ª ®÷ß‡ªìπº≈„Àâ‚§√ß √â“ß
‰¡à‡ ∂’¬√¡“°π—°·≈– “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ‘  (hydrolysis)
º≈°“√»÷°…“§«“¡‡ ∂’¬√∑’Ë§«“¡™◊Èπ —¡æ—∑∏å 100 ·≈–Õÿ≥À¿Ÿ¡‘
65 Õß»“‡´≈‡ ’́¬  æ∫«à“æÕ≈‘§“√å∫Õ‡πµ commercial grade
 Ÿ≠‡ ’¬§ÿ≥ ¡∫—µ‘·≈–‡À≈◊Õ‡æ’¬ß√âÕ¬≈– 65 ¿“¬À≈—ß®“°º≈‘µ
4  —ª¥“Àå ¥—ßπ—Èπ®÷ß‰¡à§«√„™âæÕ≈‘§“√å∫Õ‡πµ„π ¿“«–∑’Ë¡’
§«“¡™◊Èπ·≈–§«“¡√âÕπ Ÿß(1)

¿“æ∑’Ë 4 ‚§√ß √â“ß‚¡‡≈°ÿ≈¢Õß polycarbonate

∑’Ë¡“ http://en.wikipedia.org/wiki/Polycarbonate

‡°≥±å°”Àπ¥µ“¡°Æ√–‡∫’¬∫
¢Õß À¿“æ¬ÿ‚√ª

∫‘ øïπÕ≈‡Õ‡ªìπ “√√∫°«π°“√§«∫§ÿ¡√–¥—∫ŒÕ√å‚¡π
„π ‘Ëß¡’™’«‘µ Scientific Committee on Toxicity, Ecotoxicity
and Environment (CSTEE)(2) ®—¥Õ¬Ÿà„π°≈ÿà¡ “√°àÕ¡–‡√Áß
®÷ß‡ªìπ “‡Àµÿ„Àâ “∏“√≥™π„Àâ§«“¡ π„®·≈–°—ß«≈µàÕ§«“¡
ª≈Õ¥¿—¬¢Õß¢«¥π¡‡¥Á°∑’Ë„™â°—πÕ¬Ÿà„πªí®®ÿ∫—π µ“¡ Directive
2004/19/EC §à“ Specific Migration Limit (SML(T))„π
Õ“À“√À√◊Õ„π “√≈–≈“¬µ—«·∑πÕ“À“√ (food simulant) ¢Õß
∫‘ øïπÕ≈‡Õ §◊Õ 0.6 ¡‘≈≈‘°√—¡µàÕÕ“À“√ 1 °‘‚≈°√—¡ ·≈–°“√
∑¥ Õ∫µ“¡ CEN EN 14350-2:2004 Child use and care
articles  ”À√—∫ Drinking equipment °”Àπ¥°“√‡§≈◊ËÕπ¬â“¬
¢Õß∫‘ øïπÕ≈‡Õ µâÕßπâÕ¬°«à“ 0.03 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√(3)

(∑¥ Õ∫¥â«¬ aqueous simulant 100 ¡‘≈≈‘≈‘µ√ ∑’Ë 40 Õß»“
‡´≈‡ ’́¬  ‡«≈“ 24 ™—Ë«‚¡ß)

¡“µ√∞“π¢«¥π¡¢Õßª√–‡∑»‰∑¬

ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 117 (2532) ‡√◊ËÕß
¢«¥π¡ ·≈–¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡ ¢«¥π¡æ≈“ µ‘°
(¡Õ°.1181-2536) °”Àπ¥¢«¥π¡æ≈“ µ‘°µâÕß‡ªìπ™π‘¥
‚æ≈‘§“√å∫Õ‡πµ

º≈°√–∑∫·≈– ∂“π°“√≥å
¢Õß∫‘ øïπÕ≈‡Õ

√—∞∫“≈·§π“¥“‰¥âª√–°“»‡¡◊ËÕ«—π∑’Ë 17 µÿ≈“§¡ 2551
„Àâ “√∫‘ øïπÕ≈‡Õ ‡ªìπ “√‡§¡’Õ—πµ√“¬µâÕßÀâ“¡ ‡π◊ËÕß®“°
Àπà«¬ß“π¥â“π “∏“√≥ ÿ¢·≈–¥â“π ‘Ëß·«¥≈âÕ¡¢Õß·§π“¥“
µ√«®æ∫«à“ ∫‘ øïπÕ≈‡Õ·¡â„πª√‘¡“≥∑’ËµË”‡ªìπÕ—πµ√“¬µàÕª≈“
·≈– ‘Ëß¡’™’«‘µ„π∏√√¡™“µ‘ ‡ªìπ “‡Àµÿ¢Õß‚√§¡–‡√Áß ‚√§À—«„®
‡∫“À«“π ·≈–‚√§µ—∫ ‰¥â¡’ª√–°“»‡¡◊ËÕ«—π∑’Ë 19 ‡¡…“¬π 2551
Àâ“¡®”Àπà“¬¢«¥π¡‡¥Á°∑’Ë¡’ “√∫‘ øïπÕ≈‡Õ „π À√—∞Õ‡¡√‘°“
°“√ª√–‡¡‘π„πªï 2553 ¢Õß USFDA æ∫«à“¡’°“√ªπ‡ªóôÕπ
¢Õß∫‘ øïπÕ≈‡Õ„πÕ“À“√®“°°“√„™â«— ¥ÿ —¡º— Õ“À“√ ∑’Ë 2.42
·≈– 0.185 ‰¡‚§√°√—¡µàÕπÈ”Àπ—°µ—«„π‡¥Á°∑“√°·≈–‡¥Á°‡≈Á°
µ“¡≈”¥—∫ ®÷ß π—∫ πÿπ„ÀâÕÿµ “À°√√¡¬°‡≈‘°°“√º≈‘µ¢«¥π¡
∑’Ë¡’∫‘ øïπÕ≈‡Õ(4) ‡¡◊ËÕ‡¥◊Õπæƒ»®‘°“¬π 2553  À¿“æ¬ÿ‚√ª
‰¥âª√–°“»Àâ“¡„™â¢«¥π¡∑’Ëªπ‡ªóôÕπ∫‘ øïπÕ≈‡Õ ‚¥¬Àâ“¡®”Àπà“¬
·≈–π”‡¢â“¢«¥π¡ ÷́Ëß®–¡’º≈∫—ß§—∫µ—Èß·µà 1 ¡‘∂ÿπ“¬π 2554
‡ªìπµâπ‰ª

2. º≈°“√»÷°…“«‘®—¬

°“√«‘®—¬¢Õß Brede et al. ‡¡◊ËÕªï 2003 æ∫«à“°“√
ªπ‡ªóôÕπ¢Õß∫‘ øïπÕ≈‡Õ®“°¢«¥æÕ≈‘§“√å∫Õ‡πµ„À¡à „ππÈ”√âÕπ
∑’Ë 0.2 ‰¡‚§√°√—¡µàÕ≈‘µ√ ·≈–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡ªìπ 6-8 ‰¡‚§√°√—¡
µàÕ≈‘µ√‡¡◊ËÕ¡’°“√≈â“ß È́” Ê ·≈– Ÿß∂÷ß 16 ‰¡‚§√°√—¡µàÕ≈‘µ√
„πªï 2006 European Food Safety Authority (EFSA)
‰¥â √ÿª«à“∫‘ øïπÕ≈‡Õ¡’§«“¡‡ªìπæ‘…µàÕ√–∫∫ ◊∫æ—π∏ÿå·≈–°“√
æ—≤π“°“√¢Õß‡¥Á° ·≈–°”Àπ¥§à“ Tolerable Daily Intake (TDI)
∑’Ë 0.05 ¡‘≈≈‘°√—¡µàÕ°‘‚≈°√—¡πÈ”Àπ—°µ—«µàÕ«—π µ“¡ Directive
2004/19/EC °”Àπ¥∑’Ë 0.6 ¡‘≈≈‘°√—¡µàÕÕ“À“√ 1 °‘‚≈°√—¡(5)

´÷Ëß ”À√—∫‡¥Á°‡≈Á°∑’Ë¥◊Ë¡π¡ª√–¡“≥«—π≈– 800 ¡‘≈≈‘≈‘µ√ πÈ”Àπ—°µ—«
4 °‘‚≈°√—¡ ®–‰¥â√—∫∫‘ øïπÕ≈‡Õª√–¡“≥ 250 ‰¡‚§√°√—¡µàÕ≈‘µ√(6)

3.  ¿“«–°“√∑¥ Õ∫

1. ‡§√◊ËÕß¡◊Õ
LC-MS, Agilent Technologies √ÿàπ 6410 Multiple reaction
monitoring (MRM)- Negative polarity full scan ¢Õß ESI

■■■■

■■■■

■■■■

■■■■

■■■■
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Bisphenol A ∑’Ë m/z 227/212, 227/133 ·≈– Bisphenol F
∑’Ë m/z 199/93
MSQQQ: Aquistition Bisphenol A- Dwell 100, Fragment
130, Collision Energy 11 ·≈– 21
Bisphenol F- Dwell 100, Fragment 130, Collision Energy 17
§Õ≈—¡πå Zorbax Eclipse XDB-C18 ¢π“¥ 4.6 mm x 50
mm, 1.8 micron ·≈– guard column Zorbax Eclipse AAA
¢π“¥ 4.6 mm x 12.5 mm 5 micron Õÿ≥À¿Ÿ¡‘ 35 ÌC
2. Mobile phase: Methanol (A)+ 2 mM Ammonium
acetate solution (B) (60+40), 0.3 mL/min ‡«≈“ 15 π“∑’
·≈– Injection volume 10 µL Gradient : 0 min-40% B,
3 min-5% B, 8 min-5% B, 8.20 min-40% B, 15 min-40% B
3.  “√‡§¡’ ∫‘ øïπÕ≈‡Õ (bisphenol A, BPA C15H16O2)
§«“¡∫√‘ ÿ∑∏‘Ï 99% §«“¡‡¢â¡¢âπ 1000 10 ·≈– 2 ¡‘≈≈‘°√—¡
µàÕ≈‘µ√ ·≈–§«“¡‡¢â¡¢âπ 5 10 20 50 100 ·≈– 200 π“‚π°√—¡
µàÕ¡‘≈≈‘≈‘µ√  “√¡“µ√∞“π¿“¬„π∫‘ øïπÕ≈‡Õø (bisphenol F
À√◊Õ Bis(4-hydroxyphenyl)-methane, BPF C13H12O2)
§«“¡∫√‘ ÿ∑∏‘Ï 98% §«“¡‡¢â¡¢âπ 1000 ·≈– 50 ¡‘≈≈‘°√—¡µàÕ≈‘µ√
4. °“√‡µ√’¬¡µ—«Õ¬à“ß µâ¡πÈ”°≈—Ëπ πÈ”°√Õß·≈–πÈ”ª√–ª“„Àâ‡¥◊Õ¥
„ à„π¢«¥π¡∑’Ë≈â“ß –Õ“¥¢≥–√âÕπ·≈–µ—Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘µ“¡ ¿“«–
°“√∑¥ Õ∫ √–‡À¬µ—«Õ¬à“ßπÈ”∑’Ë °—¥‰¥â„π ¿“«– ÿ≠≠“°“»
∂à“¬„ à¢«¥«—¥ª√‘¡“µ√ ‡µ‘¡ “√¡“µ√∞“π∫‘ øïπÕ≈‡Õø ·≈–ª√—∫
ª√‘¡“µ√¥â«¬ Mobile phase

4.  √ÿªº≈°“√»÷°…“«‘®—¬

„π‚§√¡“‚∑·°√¡¢Õß∫‘ øïπÕ≈‡Õ·≈–∫‘ øïπÕ≈‡Õø
(¿“æ∑’Ë 5) ‡«≈“ (retention time) §◊Õ 4.4 ·≈– 6.2 π“∑’
µ“¡≈”¥—∫ °√“ø§«“¡ —¡æ—π∏å‡™‘ß‡ âπ¢ÕßÕ—µ√“ à«π¢Õß∫‘ øïπÕ≈‡Õ
(m/z 227/ 212) °—∫∫‘ øïπÕ≈‡Õø (m/z 119-93) ™à«ß§«“¡
‡¢â¡¢âπ 5-200 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√ ¡’§à“ r2 0.999 (¿“æ∑’Ë
6) §à“µË” ÿ¥∑’Ë “¡“√∂µ√«®«—¥ (Limit of Detection,    LOD)
§◊Õ 0.2 ‰¡‚§√°√—¡µàÕ≈‘µ√

¿“æ∑’Ë 5 Chromatogram ¢Õß∫‘ øïπÕ≈‡Õ ·≈–∫‘ øïπÕ≈‡Õø§«“¡
‡¢â¡¢âπ 50 π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√

¿“æ∑’Ë 6 Calibration curve ¢Õß∫‘ øïπÕ≈‡Õ §«“¡‡¢â¡¢âπ 5-200
π“‚π°√—¡µàÕ¡‘≈≈‘≈‘µ√

º≈°“√«—¥§à“§«“¡‡ªìπ°√¥-‡∫ ∑’ËÕÿ≥À¿Ÿ¡‘ 23-25
Õß»“‡´≈‡ ’́¬  æ∫«à“πÈ”ª√–ª“°àÕππ”‰ªµâ¡¡’§à“Õ¬Ÿà„π™à«ß
7.51-7.78 ·≈–‡æ‘Ë¡¢÷Èπ¿“¬À≈—ß°“√µâ¡πÈ”„Àâ‡¥◊Õ¥ (8.32-
9.02) §à“§«“¡‡ªìπ°√¥-‡∫ ¢ÕßπÈ”°√Õß°àÕππ”‰ªµâ¡ Õ¬Ÿà„π™à«ß
7.05-7.20 ·≈–¿“¬À≈—ß°“√µâ¡πÈ”„Àâ‡¥◊Õ¥§à“§«“¡‡ªìπ°√¥-‡∫ 
8.24-8.82 ÷́Ëß§à“∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ‡ªìπ‡æ√“–°“√µâ¡‡¥◊Õ¥∑”„Àâ
·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å√–‡À¬ÕÕ°‰ª πÈ”√âÕπ®÷ß¡’ ¿“æ‡ªìπ
‡∫ ¡“°¢÷Èπ (¿“æ∑’Ë 7 ·≈– 8)

¿“æ∑’Ë 7 §à“§«“¡‡ªìπ°√¥-‡∫  ¢ÕßπÈ”°√Õß πÈ”ª√–ª“ °àÕπ·≈–

À≈—ßµâ¡‡¥◊Õ¥ ‡°Á∫®“°Õ“§“√µ—È«œ ™—Èπ∑’Ë 4

¿“æ∑’Ë 8 §à“§«“¡‡ªìπ°√¥-‡∫  ¢ÕßπÈ”°√Õß πÈ”ª√–ª“ °àÕπ·≈–

À≈—ßµâ¡‡¥◊Õ¥ ‡°Á∫®“°‡¢µ∫“ß ◊́ËÕ

■■■■
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¿“æ∑’Ë 9 º≈‡ª√’¬∫‡∑’¬∫ª√‘¡“≥∫‘ øïπÕ≈‡Õ∑’Ëæ∫„π¢«¥π¡¢Õß

πÈ”°√Õß∑’ËÕÿ≥À¿Ÿ¡‘µà“ß Ê „π‡«≈“ 5 π“∑’

¿“æ∑’Ë 10 º≈°“√∑¥ Õ∫∫‘ øïπÕ≈‡Õ¢Õß πÈ”°√Õßµâ¡∑’ËÕÿ≥À¿Ÿ¡‘

80 Õß»“‡´≈‡ ’́¬  „π™à«ß‡«≈“ 30 π“∑’

¿“æ∑’Ë 11 º≈°“√∑¥ Õ∫∫‘ øïπÕ≈‡Õ¢ÕßπÈ”ª√–ª“µâ¡∑’ËÕÿ≥À¿Ÿ¡‘

80 Õß»“‡´≈‡ ’́¬  „π™à«ß‡«≈“ 24 π“∑’

°“√∑¥ Õ∫∫‘ øïπÕ≈‡Õ∑’Ë·æ√àÕÕ°®“°¢«¥π¡‡¥Á°
∑”®“°æ≈“ µ‘°™π‘¥æÕ≈‘§“√å∫Õ‡πµ ∑’Ëº≈‘µ·≈–®”Àπà“¬„π
ª√–‡∑»‰∑¬ 10 ¬’ËÀâÕ¢π“¥ 30-250 ¡‘≈≈‘≈‘µ√ ·≈–®”Àπà“¬
„πµ≈“¥∑—Ë«‰ª·≈– ÿ́ª‡ªÕ√å¡“‡°µ æ∫«à“ ¢«¥π¡„À¡à¡’°“√·æ√à
¢Õß∫‘ øïπÕ≈‡Õ∑ÿ°¢«¥ º≈°“√∑¥ Õ∫πÈ”°√Õß·≈–πÈ”°√Õß
µâ¡∑’Ë 50 55 65 75 85 ·≈– 95 Õß»“‡´≈‡ ’́¬  „π™à«ß‡«≈“
5 π“∑’ æ∫‰¡à‡°‘π 1.4 ‰¡‚§√°√—¡µàÕ≈‘µ√ ·µàπÈ”°√Õßµâ¡
¡’·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ ÷́Ëß∑’Ë 95 Õß»“‡´≈‡´’¬ 
æ∫ª√–¡“≥ 10 ‰¡‚§√°√—¡µàÕ≈‘µ√ (¿“æ∑’Ë 9) °“√∑¥ Õ∫πÈ”
°√Õßµâ¡∑’Ë 80 Õß»“‡´≈‡ ’́¬  „π™à«ß 6 12 18 ·≈– 30 π“∑’

æ∫«à“¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ·™à‰«âπ“π∂÷ß§√÷Ëß™—Ë«‚¡ß (¿“æ∑’Ë 10)
·≈–º≈∑¥ Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡«≈“ 24 ™—Ë«‚¡ßæ∫∫‘ øïπÕ≈‡Õ
0.6 -5.4 ‰¡‚§√°√—¡µàÕ≈‘µ√  ”À√—∫°“√∑¥ Õ∫¥â«¬πÈ”ª√–ª“
µâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  „π™à«ß‡«≈“ 6 12 18
·≈– 24 π“∑’ æ∫∫‘ øïπÕ≈‡Õ 3.4-27.5 ‰¡‚§√°√—¡µàÕ≈‘µ√
(¿“æ∑’Ë 11) ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  „π™à«ß‡«≈“
30 ·≈– 60 π“∑’ ®”π«π 10 ¢«¥ (‚§√¡“‚∑·°√¡· ¥ß„π
¿“æ∑’Ë 12) æ∫∫‘ øïπÕ≈‡Õ 15.6-30.2 ‰¡‚§√°√—¡µàÕ≈‘µ√
·≈– 32.8-54.6 ‰¡‚§√°√—¡µàÕ≈‘µ√ µ“¡≈”¥—∫

¿“æ∑’Ë 12 ‚§√¡“‚∑·°√¡¢Õß∫‘ øïπÕ≈‡Õ„ππÈ”°√Õßµâ¡¢Õß¢«¥π¡

‡¥Á°∑’Ë 80 Õß»“‡´≈‡ ’́¬  30 π“∑’

¿“æ∑’Ë 13 ‚§√¡“‚∑·°√¡¢Õß∫‘ øïπÕ≈‡Õ„ππÈ”°≈—Ëπµâ¡¢Õß¢«¥π¡

‡¥Á°√À—  48 ∑’Ë 60 Õß»“‡´≈‡ ’́¬  10 «—π

„π°√≥’∑’Ë„™âπÈ”°≈—Ëπµâ¡·≈–∑¥ Õ∫¢«¥∑ÿ°¢π“¥®”π«π 21 ¢«¥
∑’Ë 70 Õß»“‡´≈‡ ’́¬  π“π 2 ™—Ë«‚¡ß æ∫«à“∑ÿ°¢«¥„Àâº≈
„°≈â‡§’¬ß°—π√–¥—∫µË”°≈à“«§◊Õ ‰¡àæ∫®π∂÷ßπâÕ¬°«à“ 0.5 ‰¡‚§√°√—¡
µàÕ≈‘µ√ °“√∑¥≈Õß„π‡ß◊ËÕπ‰¢∑’Ë·¬à∑’Ë ÿ¥ (worst case) ‚¥¬„™â
πÈ”°≈—Ëπµâ¡·™à„π¢«¥π¡„À¡à 20 ¢«¥ ∑’Ë 60 Õß»“‡´≈‡ ’́¬ 
π“π 10 «—π (‚§√¡“‚∑·°√¡· ¥ß„π¿“æ∑’Ë 13) æ∫«à“
¢«¥π¡¬’ËÀâÕ‡¥’¬«°—π 7 ¢«¥„Àâº≈„°≈â‡§’¬ß°—π 72.6-84.5
‰¡‚§√°√—¡µàÕ≈‘µ√ ·≈–¢«¥π¡¬’ËÀâÕ‡¥’¬«°—π 13 ¢«¥ ¡’§à“
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 Ÿß°«à“ 100.9-208.6 ‰¡‚§√°√—¡µàÕ≈‘µ√ ·µàÕ¬à“ß‰√°Áµ“¡
„π∑“ßªØ‘∫—µ‘πÈ”°≈—Ëπ‰¡à‡À¡“–∑’Ë®–π”¡“∫√‘‚¿§  ¿“«–π’È®÷ß
‰¡à –∑âÕπ¿“æ∑’Ë„™âß“π®√‘ß  ”À√—∫¢«¥π¡‡°à“∑’Ë„™âß“π‰¡àµË”°«à“
1-2 ªï æ∫«à“ πÈ”°√Õßµâ¡∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß 80 Õß»“‡´≈‡ ’́¬ 
‡«≈“ 30 π“∑’ æ∫ 5.9-11.8 ‰¡‚§√°√—¡µàÕ≈‘µ√ ÷́Ëß· ¥ß„Àâ
‡ÀÁπ«à“æ∫„°≈â‡§’¬ß°—∫¢«¥„À¡à

º≈°“√»÷°…“ª√‘¡“≥∫‘ øïπÕ≈‡Õ„π¢«¥π¡π’È ∂÷ß·¡â«à“
æ∫∫‘ øïπÕ≈‡Õ·æ√à ŸàπÈ”„π√–¥—∫∑’Ë‰¡à‡°‘π‡°≥±å°”Àπ¥µ“¡
°Æ√–‡∫’¬∫¢Õß À¿“æ¬ÿ‚√ª ·µàÕ“® àßº≈µàÕ ÿ¢¿“æ·≈–
°“√‡®√‘≠‡µ‘∫‚µ¢Õß∑“√°·≈–‡¥Á°‡≈Á° ¥—ßπ—Èπ°“√„™â¢«¥π¡
æ≈“ µ‘°‚æ≈’§“√å∫Õ‡πµ®÷ß¡’¢âÕ®”°—¥  ‘Ëßæ÷ßªØ‘∫—µ‘·≈–¢âÕ§«√√–«—ß

‡™àπ ‰¡à‡µ‘¡πÈ”‡¥◊Õ¥≈ß„π¢«¥π¡ ‰¡à§«√·™àπÈ”π¡‰«â„π¢«¥·≈–
Õÿàπ‰«âµ≈Õ¥‡«≈“ Àâ“¡µâ¡πÈ”„Àâ‡¥◊Õ¥„π¢«¥π¡æ≈“ µ‘°‚¥¬
‰¡‚§√‡«ø ‰¡à‡°Á∫πÈ”µâ¡·≈â«„π¢«¥À√◊Õ‡À¬◊Õ°∑’Ë‡ªìπæ≈“ µ‘°
æÕ≈‘§“√å∫Õ‡πµ ‰¡à„™â¢«¥π¡∑’Ë¡’√Õ¬¢’¥¢à«π ‡ªìπµâπ(7) Õ“®
„™â¢«¥·°â«À√◊Õ¢«¥æÕ≈‘‚æ√æ‘≈’πÀ√◊Õ∂ÿß™π‘¥„™â·≈â«∑‘Èß∑’Ë‰¡à¡’
∫‘ øïπÕ≈‡Õ(4) ∑“ß‡≈◊Õ°∑’Ë¥’∑’Ë ÿ¥ ”À√—∫æàÕ·¡à §◊Õ°“√‡≈’È¬ß≈Ÿ°
¥â«¬π¡·¡à ´÷ËßπÕ°®“°®–≈¥§«“¡‡ ’Ë¬ß®“°°“√‰¥â√—∫ “√
ªπ‡ªóôÕπ·≈â« ∑“√°·≈–‡¥Á°®–‰¥â√—∫ “√Õ“À“√∑’Ë¥’∑’Ë ÿ¥ ™à«¬
 √â“ß‡ √‘¡ ÿ¢¿“æ‡¥Á°„Àâ·¢Áß·√ß ‡®√‘≠‡µ‘∫‚µ¥â«¬§«“¡√—°
§«“¡‡Õ◊ÈÕÕ“∑√·≈–‡ªìπ·∫∫Õ¬à“ß∑’Ë¥’„π —ß§¡ªí®®ÿ∫—π
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