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ABSTRACT

214Pb and 214Bi concentrations in the Don Muang Tollway atmosphere were measured using gamma

spectrometer. Air particles were collected on glass fiber filters by using a high volume jet air sampler for 3 hours.

The 540 air samples from six different locations in the Don Muang Tollway 2 times each for 3 months (7 Dec

1998-26 Feb 1999 and 1 Mar-21 May 1999) were monitored for gamma activities using a Hyper Pure Germanium

(HPGe) detector. The average concentrations of 214Pb and 214Bi were (2.283 ± 0.015) × 10-11 µg/m3 and (2.683

± 0.036) × 10-11 µg/m3, respectively. The concentration of 222Rn in secular equilibrium condition was also

calculated from the concentration of 214Pb, giving an average value (4.867 ± 0.032) × 10-9 µg/m3. which are

lower than the maximum values of the safety standards (1 × 10-8 µg/m3 for 214Pb and 214Bi, 2 × 10-7 µg/ m3

for 222Rn). The result of this study showed that 214Pb and 214Bi concentrations after building the Don Muang

Tollway were about 10 times higher than the former condition in 1990. This also corresponds with the properties

of the Earth atmosphere.
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∫∑§—¥¬àÕ

®“°°“√»÷°…“·°¡¡“ ‡ª§‚µ√‡¡µ√’¢ÕßΩÿÉπ≈–ÕÕß

„π∫√√¬“°“»∫√‘‡«≥∑“ß¬°√–¥—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

æ∫«à“ µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ¡’ª√‘¡“≥ Ÿß ‚¥¬

‡°Á∫µ—«Õ¬à“ßÕ“°“»¥â«¬‡§√◊ËÕß¥Ÿ¥Õ“°“»§«“¡‡√Á« Ÿßºà“π

·ºàπ°√ÕßÕ“°“»™π‘¥„¬·°â« π“π§√—Èß≈– 3 ™—Ë«‚¡ß

‡°Á∫µ—«Õ¬à“ßÕ“°“»®“° ∂“π∑’Ëµà“ßÊ 6 ·Ààß ∫√‘‡«≥∑“ß

¬°√–¥—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å „π‡«≈“ 6 ‡¥◊Õπ §◊Õ ƒ¥Ÿ

Àπ“« 3 ‡¥◊Õπ (7 ∏.§. 41 - 26 °.æ. 42) ·≈–ƒ¥Ÿ√âÕπ 3

‡¥◊Õπ (1 ¡’.§. 42 - 21 æ.§. 42) ‰¥âµ—«Õ¬à“ßÕ“°“»∑—ÈßÀ¡¥

540 µ—«Õ¬à“ß «—¥ ‡ª§µ√—¡¢Õß√—ß ’·°¡¡“®“°µ—«Õ¬à“ß



Õ“°“»¥â«¬À—««—¥√—ß ’™π‘¥ HPGe (Hyper Pure Germa-

nium detector) ®“°°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈¥—ß°≈à“«æ∫

ª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ‰¥â§à“‡©≈’Ë¬ (2.283

± 0.015) × 10-11 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ ·≈–

(2.683 ± 0.036) × 10-11 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√

µ“¡≈”¥—∫ ‡¡◊ËÕπ”º≈‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥‡√¥Õπ -222

®“°§ÿ≥ ¡∫—µ‘ ¿“«– ¡¥ÿ≈°—¡¡—πµ√—ß ’‰¥â§à“‡©≈’Ë¬ (4.867

± 0.032) × 10-9 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ ́ ÷ËßµË”°«à“

§à“¡“µ√∞“πª≈Õ¥¿—¬°”Àπ¥‰«â«à“ ª√‘¡“≥µ–°—Ë« -214

À√◊Õ ∫‘ ¡—∑ -214 „π∫√√¬“°“»µâÕß‰¡à‡°‘π 1 × 10-8

‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ ·≈–ª√‘¡“≥‡√¥Õπ -222

µâÕß‰¡à‡°‘π 2 × 10-7 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ º≈

°“√«‘®—¬π’È· ¥ß„Àâ‡ÀÁπ«à“ º≈°√–∑∫¢Õß¥Õπ‡¡◊Õß

‚∑≈≈å‡«¬åµàÕª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 „π

∫√√¬“°“»∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ∑”„Àâ

·µà≈–ª√‘¡“≥¡’§à“‡æ‘Ë¡¢÷Èπ‡ªìπ 10 ‡∑à“¢Õßª√‘¡“≥‡¥‘¡

°àÕπ∑’Ë®–¡’°“√ √â“ß∑“ß¬°√–¥—∫¢Õß¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

·≈–º≈∑’Ë‰¥âπ’È¬—ß Õ¥§≈âÕß°—∫§ÿ≥ ¡∫—µ‘¢Õß∫√√¬“°“»

‚≈°¥â«¬

§”π”

∏“µÿ°—¡¡—πµ√—ß ’∏√√¡™“µ‘„π∫√√¬“°“»∑’Ë¡’º≈µàÕ

√–∫∫À“¬„® à«π≈÷° ‰¥â·°à µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214

´÷Ëß‡ªìπ∏“µÿ°—¡¡—πµ√—ß ’∏√√¡™“µ‘„πÕπÿ°√¡¬Ÿ‡√‡π’¬¡

‚¥¬‡√¥Õπ -222 ´÷ËßÕ¬Ÿà„π ¿“æ°ä“´‡©◊ËÕ¬®– ≈“¬µ—«„Àâ

µ–°—Ë« -214 ·≈–µ–°—Ë« -214  ≈“¬µ—«„Àâ∫‘ ¡—∑ -214

‡«≈“§√÷Ëß™’«‘µ¢Õß∏“µÿ∑—Èß “¡‡∑à“°—∫ 3.825 «—π, 26.8 π“∑’

·≈– 19.7 π“∑’ µ“¡≈”¥—∫ º≈¢Õß√—ß ’®“°∏“µÿ∑—Èß Õß

∑’Ë∑”Õ—πµ√“¬µàÕªÕ¥‡ªìπ 500 ‡∑à“¢Õßº≈¢Õß√—ß ’®“°

∏“µÿ°—¡¡—πµ√—ß ’∏√√¡™“µ‘™π‘¥Õ◊Ëπ Ê „π∫√√¬“°“» (Mirril,

1972) ∑—Èßπ’È‡æ√“–µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ®–Õ¬Ÿà

„π√Ÿª¢ÕßÕπÿ¿“§∑’Ë¡’ª√–®ÿ‰øøÑ“  “¡“√∂‡°“–µ‘¥°—∫

ΩÿÉπ≈–ÕÕß„π∫√√¬“°“»∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ßπâÕ¬°«à“

0.035 ‰¡§√Õπ‰¥â ‡¡◊ËÕ§π‡√“À“¬„®‡¢â“°Á®–¡’ à«π¢Õß

µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ‡¢â“‰ª¥â«¬ ·≈–‡°“–µ“¡

 à«πµà“ß Ê ¢ÕßÕ«—¬«–√–∫∫∑“ß‡¥‘πÀ“¬„®‚¥¬¢÷ÈπÕ¬Ÿà

°—∫¢π“¥¢ÕßΩÿÉπ≈–ÕÕß∑’Ë‡°“–Õ¬Ÿà ª°µ‘ΩÿÉπ≈–ÕÕß¢π“¥

„À≠à°«à“ 5 ‰¡§√Õπ∂÷ß‡≈Á°°«à“ 10 ‰¡§√Õπ ®–∂Ÿ°°—°

‰«â∑’Ë∫√‘‡«≥‚æ√ß®¡Ÿ°·≈–∑“ß‡¥‘πÀ“¬„® à«π∫π (head

airways region, Figure 1) ´÷Ëß√à“ß°“¬®–¡’°≈‰°∑“ß

 √’√–™à«¬°√Õß·≈–¢—∫ΩÿÉπæ«°π’ÈÕÕ°¡“∑“ß‡ ¡À–

 ”À√—∫ΩÿÉπ≈–ÕÕß∑’Ë¡’¢π“¥‡≈Á°°«à“ 3 ‰¡§√Õπ ®–

µ°§â“ßÕ¬Ÿà„π∑“ß‡¥‘πÀ“¬„® à«π≈÷°‡√‘Ë¡µ—Èß·µà‡¬◊ËÕ∫ÿ à«π

∫π¢ÕßªÕ¥‡√◊ËÕ¬‰ª®π∂÷ßºπ—ß¥â“π„π¢Õß∂ÿß≈¡ (gas ex-

change region, Figure 1) ∑”„ÀâÕ«—¬«– à«ππ—Èπ‰¥â√—∫

Õ—πµ√“¬®“°√—ß ’∑’Ë‡°‘¥®“°°“√ ≈“¬µ—«¢Õßµ–°—Ë« -214

·≈–∫‘ ¡—∑ -214 ®“°√“¬ß“π«‘®—¬¢Õß ∂“∫—π National

Academy of Sciences (Mirril, 1972) ™’È™—¥«à“ “√

°—¡¡—πµ√—ß ’∑’Ëµ°§â“ß„πªÕ¥‡ªìπ “‡ÀµÿÀπ÷Ëß∑’Ë∑”„Àâ‡°‘¥

‚√§¡–‡√ÁßªÕ¥‰¥â µ“¡‡°≥±å∑’Ëª≈Õ¥¿—¬°”Àπ¥‰«â«à“

ª√‘¡“≥¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 „π

∫√√¬“°“»µâÕß‰¡à‡°‘π 1 × 10-8 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å

‡¡µ√ (IAEA, 1998)

Figure 1 The manner in which the inhaled dust is

deposited in the various parts of the res-

piratory tract (Mirril, 1972).
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®“°º≈°“√«‘®—¬‡√◊ËÕß√–¥—∫§«“¡‡¢â¡¢âπ¢Õßµ–°—Ë«

-214 ·≈–∫‘ ¡—∑ -214 „π∫√√¬“°“»∫√‘ ‡«≥

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å (√—™π’, 2535) „πªï 2533

´÷Ëß‡°Á∫¢âÕ¡Ÿ≈ (µ—«Õ¬à“ß·ºàπ°√ÕßÕ“°“») „π™à«ß 3 ‡¥◊Õπ

(∏.§. 32 - °.æ. 33) ‰¥âµ—«Õ¬à“ßÕ“°“» 270 µ—«Õ¬à“ß æ∫«à“

ª√‘¡“≥¢Õß∏“µÿµ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ‰¥â§à“‡©≈’Ë¬

(5.79 ± 0.62) × 10-12 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ ·≈–

(1.61 ± 0.31) × 10-12 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ µ“¡

≈”¥—∫ ´÷ËßµË”°«à“§à“¡“µ√∞“πª≈Õ¥¿—¬∑’Ë°”Àπ¥‰«â ·≈–

‡ªìπ —¥ à«π‚¥¬µ√ß°—∫ª√‘¡“≥¢ÕßΩÿÉπ≈–ÕÕß„π

∫√√¬“°“» πÕ°®“°π’Èª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß¬—ß¢÷Èπ°—∫

 ¿“æ¢Õß∫√√¬“°“» °≈à“«§◊Õ ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß

„π‡«≈“°≈“ß«—π®–πâÕ¬°«à“„π‡«≈“‡™â“¡◊¥ À√◊Õ„π‡«≈“‡¬Áπ

´÷Ëß¢÷Èπ°—∫°“√øÿÑß°√–®“¬¢Õß∫√√¬“°“»·≈–§ÿ≥ ¡∫—µ‘

¢Õß∫√√¬“°“»‚≈°

‡π◊ËÕß®“°¢≥–π’È ¿“æ°“√®√“®√∫√‘‡«≥√Õ∫Ê

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å‰¥â‡ª≈’Ë¬π‰ª¡“° ‚¥¬¡’∑“ß

¬°√–¥—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å‡°‘¥¢÷Èπ ∑”„Àâ ¿“æÕ“°“»

∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å‡ª≈’Ë¬π‰ª °≈à“«§◊Õ

‡°‘¥ª√‘¡“≥¢ÕßΩÿÉπ≈–ÕÕß®”π«π¡“°®“°√∂¬πµå∑’Ë·≈àπ

ºà“π‰ª¡“¡“°¢÷Èπ ∑”„Àâª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß„π

∫√√¬“°“»¡“°¢÷Èπµ“¡‰ª¥â«¬ ®÷ß ¡§«√∑’Ë∑”°“√»÷°…“

«‘®—¬‡√◊ËÕßπ’È‡æ◊ËÕÀ“ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß„π∫√√¬“°“»

«à“¡’º≈°√–∑∫¡“®“°∑“ß¬°√–¥—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

¡“°À√◊ÕπâÕ¬‡æ’¬ß„¥ ·≈–ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß¬—ßÕ¬Ÿà

„π‡°≥±å∑’Ëª≈Õ¥¿—¬À√◊Õ‰¡à ‚¥¬®–∑”°“√‡°Á∫µ—«Õ¬à“ß

Õ“°“»„π™à«ß‡«≈“ 6 ‡¥◊Õπ §◊Õ ™à«ßƒ¥Ÿ√âÕπ (3 ‡¥◊Õπ)

·≈–™à«ßƒ¥ŸÀπ“« (3 ‡¥◊Õπ) ‡æ◊ËÕ„Àâ‰¥â¢âÕ √ÿª∑’Ë™—¥‡®π

«à“ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß¢÷Èπ §ÿ≥ ¡∫—µ‘¢Õß∫√√¬“°“»

‚≈°Õ¬à“ß‰√

Õÿª°√≥å·≈–«‘∏’°“√

1. ∑”°“√∑¥≈ÕßÀ“§à“ª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß

«—¥√—ß ’ (Multichannel Analyzer) À—««—¥™π‘¥ Hyper Pure

Germanium Detector (HPGe) ‚¥¬„™âµâπ°”‡π‘¥√—ß ’

¡“µ√∞“π Multi-Gamma ray Standard ∑’Ëª√–°Õ∫¥â«¬

∏“µÿ°—¡¡—πµ√—ß ’¬Ÿ‚√‡æ’¬¡ (Europium) 3 ‰Õ‚´‚∑ª §◊Õ

Eu -152, Eu -154 ·≈– Eu -155 ·≈–®—¥«“ß„ÀâÕ¬Ÿà„π

≈—°…≥–‡¥’¬«°—∫µ—«Õ¬à“ßÕ“°“»∑’Ë®–‡¢â“‡§√◊ËÕß«—¥ æ√âÕ¡

∑—Èß„™â‚ª√·°√¡ Oxford Gamma Trac «‘‡§√“–Àå

§”π«≥À“ª√– ‘∑∏‘¿“æ¢ÕßÀ—««—¥ HPGe ∑’Ë√–¥—∫

æ≈—ßß“π¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 µ“¡≈”¥—∫

2. ‡°Á∫µ—«Õ¬à“ßÕ“°“»‚¥¬„™â‡§√◊ËÕß¥Ÿ¥Õ“°“»

§«“¡‡√Á« Ÿß ¥Ÿ¥Õ“°“»‡ªìπ‡«≈“π“π§√—Èß≈– 3 ™—Ë«‚¡ß

ºà“π·ºàπ°√ÕßÕ“°“»∑’Ë∑”¥â«¬„¬·°â« (glass fiber filter)

™π‘¥ 934 AH ´÷Ëß “¡“√∂°√ÕßΩÿÉπ≈–ÕÕß„π

∫√√¬“°“»‰¥â∂÷ß 99 %

3. ‡°Á∫µ—«Õ¬à“ßÕ“°“»µ“¡ ∂“π∑’Ëµà“ßÊ 6

µ”·Àπàß ∑’Ë√–¥—∫§«“¡ Ÿßæ◊Èπ¥‘πª√–¡“≥ 1 ‡¡µ√®“°

æ◊Èπ∂ππ ·≈–Õ¬Ÿà„π·π«µ—Èß©“°°—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

‡ªìπ√–¬–∑“ßµà“ßÊ µ“¡·ºπ∑’Ë Figure 2 ¥—ßπ’È

3.1 µ”·Àπàß∑’Ë 1 ∫√‘ ‡«≥ª√–µŸ‡¢â“ÕÕ°

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å¥â“πµ‘¥°—∫∂ππ«‘¿“«¥’ Àà“ß

®“°¥Õπ‡¡◊Õß‚∑≈≈å‡«¬åª√–¡“≥ 20 ‡¡µ√ ‡°Á∫µ—«Õ¬à“ß

Õ“°“»„π∂ππ«‘¿“«¥’ ‚¥¬À—πÀπâ“‡§√◊ËÕß¥Ÿ¥Õ“°“»ÕÕ°

 Ÿà∂ππ«‘¿“«¥’

3.2 µ”·Àπàß∑’Ë 2 ∫√‘‡«≥¥â“πÀπâ“¢ÕßÕ“§“√

»Ÿπ¬å “√π‘‡∑» 50 ªï ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å Àà“ß

®“°¥Õπ‡¡◊Õß‚∑≈≈å‡«¬åª√–¡“≥ 300 ‡¡µ√ ‡°Á∫µ—«

Õ¬à“ßÕ“°“»∫√‘‡«≥¥â“πÀπâ“µ√ß∫—π‰¥¢÷Èπ≈ß∫√‘‡«≥™—Èπ

≈à“ß¢ÕßÕ“§“√»Ÿπ¬å “√π‘‡∑»

3.3 µ”·Àπàß∑’Ë 3 ∫√‘‡«≥‚√ßÕ“À“√°≈“ß

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å Àà“ß®“°¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

ª√–¡“≥ 150 ‡¡µ√ ‡°Á∫µ—«Õ¬à“ßÕ“°“»∫√‘‡«≥∑’Ëπ—Ëß

√—∫ª√–∑“πÕ“À“√ ‚¥¬À—πÀπâ“‡§√◊ËÕß¥Ÿ¥Õ“°“»ÕÕ° Ÿà

Àπâ“µà“ßµ√ß∂ππ¥â“πÀπâ“¢Õß‚√ßÕ“À“√°≈“ß

3.4 µ”·Àπàß∑’Ë 4 ∫√‘‡«≥ ”π—°ß“πæ≈—ßß“π

ª√¡“≥Ÿ‡æ◊ËÕ —πµ‘ ¥â“πµ‘¥°—∫∂ππ«‘¿“«¥’Àà“ß®“°¥Õπ

‡¡◊Õß‚∑≈≈å‡«¬åª√–¡“≥ 30 ‡¡µ√ ·≈–Àà“ß®“°µ”·Àπàß∑’Ë

1 ª√–¡“≥ 500 ‡¡µ√ ‡°Á∫µ—«Õ¬à“ßÕ“°“»„π∂ππ«‘¿“«¥’

3.5 µ”·Àπàß∑’Ë  5 ∫√‘ ‡«≥≈“π®Õ¥√∂

‚√ßæ¬“∫“≈«‘¿“«¥’ ¥â“πµ‘¥°—∫∂ππ«‘¿“«¥’Àà“ß®“°¥Õπ

‡¡◊Õß‚∑≈≈å‡«¬åª√–¡“≥ 50 ‡¡µ√ ·≈–Àà“ß®“°µ”·Àπàß∑’Ë
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1 ª√–¡“≥ 500 ‡¡µ√ ‡°Á∫µ—«Õ¬à“ßÕ“°“»„π∂ππ«‘¿“«¥’

3.6 µ”·Àπàß∑’Ë 6 ª√–µŸ‡¢â“ÕÕ°¡À“«‘∑¬“≈—¬

‡°…µ√»“ µ√å¥â“πµ‘¥°—∫∂ππß“¡«ß»å«“πÀà“ß®“°¥Õπ

‡¡◊Õß‚∑≈≈å‡«¬åª√–¡“≥ 150 ‡¡µ√ ‡°Á∫µ—«Õ¬à“ßÕ“°“»

„π∂ππß“¡«ß»å«“π

‡°Á∫µ—«Õ¬à“ßÕ“°“»‡ªìπ‡«≈“ 6 ‡¥◊Õπ „π™à«ßƒ¥Ÿ

Àπ“« 3 ‡¥◊Õπµ—Èß·µà 7 ∏—π«“§¡ 2541 - 26 °ÿ¡¿“æ—π∏å

2542 ·≈–„π™à«ßƒ¥Ÿ√âÕπ 3 ‡¥◊Õπ µ—Èß·µà 1 ¡’π“§¡ 2542

- 21 æƒ…¿“§¡ 2542 „π·µà≈–‡¥◊Õπ (30 «—π) ‡°Á∫µ—«

Õ¬à“ßÕ“°“»®“° ∂“π∑’Ë 6 µ”·Àπàß¥—ß°≈à“«·Ààß≈– 5 «—π

µ‘¥µàÕ°—π ·≈–„π·µà≈–«—π‡°Á∫µ—«Õ¬à“ßÕ“°“» 3 µ—«Õ¬à“ß

‚¥¬‡°Á∫„π™à«ß‡™â“ (06.30 - 09.30 π.) ™à«ß°≈“ß«—π (9.30

- 12.30 π.) ·≈–™à«ß‡¬Áπ (12.30 - 15.30 π.) ¥—ßπ—Èπ„π

‡«≈“ 6 ‡¥◊Õπ®–‰¥âµ—«Õ¬à“ßÕ“°“»®“° ∂“π∑’Ë·µà≈–·Ààß

90 µ—«Õ¬à“ß √«¡µ—«Õ¬à“ßÕ“°“»∑—ÈßÀ¡¥®“°∂“π∑’Ë 6 ·Ààß

540 µ—«Õ¬à“ß

4. π”µ— «Õ¬à “ ßÕ“°“»∑’Ë ‰¥â ·µà ≈–µ— «Õ¬à “ ß

‡¢â“‡§√◊ËÕß«—¥√—ß ’ „™âÀ—««—¥™π‘¥ HPGe µàÕ‡¢â“°—∫

§Õ¡æ‘«‡µÕ√å´÷Ëß¡’‚ª√·°√¡ ¡°“√°“√ ≈“¬µ—«‡ªìπ

Õπÿ°√¡¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 (Irving, 1963)

‡æ◊ËÕ„™â«‘‡§√“–Àå ·≈–§”π«≥À“ª√‘¡“≥µ–°—Ë« -214

·≈–∫‘ ¡—∑ -214 ¥—ßπ’È

N0 = 
D

V
( e )ts0

0

11 − − −λ (1)

‡¡◊ËÕ N0 §◊Õ ®”π«πÕ–µÕ¡¢Õßµ–°—Ë« -214 À√◊Õ

∫‘ ¡—∑ -214 „π∫√√¬“°“»µàÕÀπ÷ËßÀπà«¬

≈Ÿ°∫“»°å‡¡µ√

V0 §◊Õ ª√‘¡“µ√‡©≈’Ë¬¢ÕßÕ“°“»∑’Ë∂Ÿ°¥Ÿ¥ºà“π

‡§√◊ËÕß¥Ÿ¥Õ“°“»µàÕÀπà«¬‡«≈“ ¢≥–∑’Ë

‡°Á∫µ—«Õ¬à“ßÕ“°“»·µà≈–§√—Èß

λ §◊Õ §à“§ß∑’Ë¢Õß°“√ ≈“¬µ—«¢Õßµ–°—Ë« -214

À√◊Õ∫‘ ¡—∑ -214

ts §◊Õ ™à«ß‡«≈“∑’Ë ‡°Á∫µ—«Õ¬à“ßÕ“°“»·µà≈–

µ—«Õ¬à“ß (3 ™—Ë«‚¡ß)

D0 §◊Õ §à“‡©≈’Ë¬¢Õß°—¡¡—πµ¿“æ¢Õßµ–°—Ë« -214

À√◊Õ∫‘ ¡—∑ -214 ∫π·ºàπ°√ÕßÕ“°“» ≥

‡«≈“ªî¥‡§√◊ËÕß¥Ÿ¥Õ“°“» ´÷Ëß§”π«≥‰¥â®“°

 ¡°“√ (2) ·≈– ¡°“√ (3) µ“¡≈”¥—∫¥—ßπ’È

Figure 2 Show 6 sampling locations.



«. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 33 ©∫—∫∑’Ë 4658

µ–°—Ë« -214 : D0 = D  et t
1

1λ (2)

‡¡◊ËÕ D1
t §◊Õ °—¡¡—πµ¿“æ¢Õßµ–°—Ë« -214 ¢≥–∑’Ë¡’

™à«ß‡«≈“°“√ ≈“¬µ—« t π—∫®“°‡«≈“ªî¥‡§√◊ËÕß

¥Ÿ¥Õ“°“» §”π«≥‰¥â®“° ¡°“√ D1
t = Õ—µ√“

°“√π—∫/{(ª√– ‘∑∏‘¿“æ¢ÕßÀ—««—¥) × ( à«π

∑’Ëµ–°—Ë«-214 „Àâ√—ß ’·°¡¡“∑’Ë√–¥—∫

æ≈—ßß“πµà“ß Ê)}

λ1 §◊Õ §à“§ß∑’Ë¢Õß°“√ ≈“¬µ—«¢Õßµ–°—Ë« -214

∫‘ ¡—∑ -214 :

D0 = (D  e ) D et t t2 1
2 1

0 ( )λ λ λ2 λ
λ λ

2

2 1
−

−






−( )− 1 (3)

‡¡◊ËÕ D2
t §◊Õ °—¡¡—πµ¿“æ¢Õß∫‘ ¡—∑ -214 ¢≥–∑’Ë¡’

™à«ß‡«≈“°“√ ≈“¬µ—« t π—∫®“°‡«≈“ªî¥‡§√◊ËÕß

¥Ÿ¥Õ“°“» §”π«≥‰¥â®“° ¡°“√ D2
t = Õ—µ√“

°“√π—∫/{(ª√– ‘∑∏‘¿“æ¢ÕßÀ—««—¥) × ( à«π

∑’Ë∫‘ ¡—∑ -214„Àâ√—ß ’·°¡¡“∑’Ë√–¥—∫æ≈—ßß“π

µà“ß Ê)}

D1
0 §◊Õ °—¡¡—πµ¿“æ¢Õßµ–°—Ë« -214 ≥ ‡«≈“ªî¥

‡§√◊ËÕß¥Ÿ¥Õ“°“» (§”π«≥®“° ¡°“√ 2)

λ1 ·≈– λ2 §◊Õ §à“§ß∑’Ë¢Õß°“√ ≈“¬µ—«¢Õßµ–°—Ë« -214

·≈–∫‘ ¡—∑ -214 µ“¡≈”¥—∫

πÕ°®“°π’È¬—ß “¡“√∂‡ª≈’Ë¬πª√‘¡“≥µ–°—Ë« -214

·≈–∫‘ ¡—∑ -214 „πÀπà«¬¢Õß®”π«πÕ–µÕ¡µàÕ

≈Ÿ°∫“»°å‡¡µ√ (N0) „Àâ‡ªìπ¡«≈„πÀπà«¬¢Õß‰¡‚§√°√—¡

µàÕ≈Ÿ°∫“»°å‡¡µ√ (M) ‰¥â®“° ¡°“√ ¥—ßπ’È

M = 
N0

6

23
214 10

6 02 10

× ×
×.

(4)

5. ‡¡◊ËÕπ”µ—«Õ¬à“ßÕ“°“»·µà≈–µ—«Õ¬à“ß∑’Ë‡°Á∫®“°

 ∂“π∑’Ëµà“ßÊµ“¡¢âÕ 3 ‡¢â“‡§√◊ËÕß«—¥√—ß ’ ´÷Ëß¡’™à«ß‡«≈“

°“√π—∫°—¡¡—πµ¿“æ√—ß ’µ“¡·ºπ¿“æ Figure 3 ®“°

¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√π—∫·µà≈–§√—Èß  “¡“√∂§”π«≥‚¥¬„™â

 ¡°“√ (2) À“°—¡¡—πµ¿“æ¢Õßµ–°—Ë« -214 ∫π·ºàπ

°√ÕßÕ“°“» ≥ ‡«≈“ªî¥‡§√◊ËÕß¥Ÿ¥Õ“°“» (D0) ‰¥â 2 §à“

§◊Õ ∑’Ë√–¥—∫æ≈—ßß“π 351.920 keV (A) ·≈–∑’Ë√–¥—∫

æ≈—ßß“π 295.220 keV (B) ·≈–„™â ¡°“√ (3) À“

°—¡¡—πµ¿“æ¢Õß∫‘ ¡—∑ -214 ∫π·ºàπ°√ÕßÕ“°“» ≥

‡«≈“ªî¥‡§√◊ËÕß¥Ÿ¥Õ“°“» (D0) ‰¥â 2 §à“ §◊Õ ∑’Ë√–¥—∫

æ≈—ßß“π 609.310 keV(C) ·≈–∑’Ë√–¥—∫æ≈—ßß“π 1120.280

keV (D) ´÷Ëß “¡“√∂π”¡“À“§à“‡©≈’Ë¬‚¥¬πÈ”Àπ—°µ“¡

 ¡°“√¥—ßπ’È

§à“‡©≈’Ë¬‚¥¬πÈ”Àπ—°¢Õßµ–°—Ë« -214

= 
( . ) ( . )

.

A B× + ×36 60 19 20

55 80
(5)

§à“‡©≈’Ë¬‚¥¬πÈ”Àπ—°¢Õß∫‘ ¡—∑ -214

= 
( . ) ( . )

.

C D× + ×44 80 14 94

59 74
(6)

®“°·ºπ¿“æ Figure 3 ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√π—∫

 ”À√—∫µ—«Õ¬à“ß·µà≈–µ—«Õ¬à“ß¡’∑—ÈßÀ¡¥ 2 §√—Èß  “¡“√∂

§”π«≥À“§à“‡©≈’Ë¬‚¥¬πÈ”Àπ—°¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑

-214 ‰¥âÕ¬à“ß≈– 2 §à“ ´÷Ëß‡¡◊ËÕπ”¡“À“§à“‡©≈’Ë¬‚¥¬«‘∏’

°“√∑—Ë«‰ª ®–‰¥â‡ªìπ§à“‡©≈’Ë¬¢Õß°—¡¡—πµ¿“æ¢Õßµ–°—Ë«

-214 ( D0 ) ·≈–§à“‡©≈’Ë¬¢Õß°—¡¡—πµ¿“æ¢Õß∫‘ ¡—∑

-214 ( D0 ) ∫π·ºàπ°√ÕßÕ“°“» ≥ ‡«≈“ªî¥‡§√◊ËÕß¥Ÿ¥

Õ“°“» ÷́Ëß “¡“√∂π”‰ª§”π«≥À“ª√‘¡“≥¢Õßµ–°—Ë« -214

·≈–∫‘ ¡—∑-214 „πÀπà«¬¢Õß‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å

‡¡µ√‰¥â®“° ¡°“√ (1) ·≈– (4) µ“¡≈”¥—∫ Õ¬à“ß≈– 1 §à“

 ”À√—∫µ—«Õ¬à“ßÕ“°“»·µà≈–µ—«Õ¬à“ß

6. ®“°µ—«Õ¬à“ßÕ“°“»∑’Ë‡°Á∫‰¥â®“° ∂“π∑’Ë 6

·Ààß√«¡ 540 µ—«Õ¬à“ß ®–‰¥âª√‘¡“≥µ–°—Ë« -214 ®”π«π

time for shut off a high volume jet air sampler

decay time not excess 26.8 min

st

 data counted at 000 sec

decay time 0 min

2
nd

 data counted at 000 sec

Figure 3 Diagram for counting radioactivity from

an air sample by using multichannel

analyzer.
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540 §à“ ·≈–ª√‘¡“≥∫‘ ¡—∑ -214 ®”π«π 540 §à“ „π«—π

·≈–‡«≈“∑’Ëµà“ß°—π π”§à“µà“ßÊ ‡À≈à“π’È¡“§”π«≥À“§à“

‡©≈’Ë¬¢Õßª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 „π

∫√√¬“°“»∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ·≈–π”§à“

µà“ßÊ‡À≈à“π’È¡“‡ª√’¬∫‡∑’¬∫°—π‚¥¬°“√‡¢’¬π°√“ø· ¥ß

§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥‡©≈’Ë¬¢Õßµ–°—Ë« -214 ·≈–

∫‘ ¡—∑ -214 „π·µà≈–µ”·Àπàß¢Õß ∂“π∑’Ë 6 µ”·Àπàß

·≈–‡¢’¬π°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥µ–°—Ë«

-214 ·≈–∫‘ ¡—∑-214 °—∫™à«ß‡«≈“¢Õß°“√‡°Á∫µ—«Õ¬à“ß

Õ“°“»∑’Ëµ‘¥µàÕ°—π„π·µà≈–«—π¢Õß ∂“π∑’Ë 6 µ”·Àπàß

„π‡«≈“ 5 «—πµ‘¥µàÕ°—π

º≈·≈–«‘®“√≥å

1. ®“°‚ª√·°√¡ Oxford Gamma Trac

 “¡“√∂«‘‡§√“–Àå§”π«≥À“ª√– ‘∑∏‘¿“æ¢ÕßÀ—««—¥

HPGe ∑’Ë√–¥—∫æ≈—ßß“π¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214

(Table 1)

2. °“√«‘‡§√“–Àå‚¥¬‚ª√·°√¡ Oxford Gamma

Trac ®–·ª≈ß§à“°—¡¡—πµ¿“æ¢Õßµ–°—Ë«-214 ·≈–∫‘ ¡—∑

-214 ∑’Ë¡’Àπà«¬‡ªìπ®”π«ππ—∫µàÕ«‘π“∑’ (count per

second, cps) ‡ª≈’Ë¬π‡ªìππ‘«‡§≈’¬ µàÕ«‘π“∑’ À√◊Õ‡√’¬°«à“

‡∫§‡§Õ‡√≈ (becquerel, Bq) ́ ÷Ëß°Á§◊Õ§à“ D1
t ·≈– D2

t µ“¡

≈”¥—∫ ®“°π—Èπ®–ºà“π‰ª¬—ß ¡°“√ 2 ·≈– ¡°“√ 3

‡æ◊ËÕÀ“§à“ D0 ¢Õßµ–°—Ë« -214 ·≈–§à“ D0 ¢Õß∫‘ ¡—∑ -214

·≈–π”‰ªÀ“§à“ D0  ¢Õßµ–°—Ë« -214 ·≈–§à“ D0  ¢Õß

∫‘ ¡—∑ -214 ‚¥¬„™â ¡°“√ (5) ·≈– (6) µ“¡≈”¥—∫

æ√âÕ¡∑—ÈßÀ“§à“‡©≈’Ë¬¥â«¬«‘∏’°“√∑—Ë«‰ª·≈–ºà“π‡¢â“ ¡°“√

(1) °Á®–‰¥â®”π«πÕ–µÕ¡¢Õßµ–°—Ë« -214 ·≈– ∫‘ ¡—∑

-214 „π∫√√¬“°“»µàÕÀπ÷ËßÀπà«¬≈Ÿ°∫“»°å‡¡µ√ (N0) ®“°

π—Èπ‡ª≈’Ë¬π®”π«πÕ–µÕ¡¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑

-214 „ÀâÕ¬Ÿà„π√Ÿª¢Õß¡«≈‚¥¬„™â ¡°“√ (4) ®–‰¥âª√‘¡“≥

¢Õßµ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 „π∫√√¬“°“»∫√‘‡«≥

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å„πÀπà«¬¢Õß‰¡‚§√°√—¡µàÕ

≈Ÿ°∫“»°å‡¡µ√

3. ®“°°“√«‘ ‡§√“–Àå·≈–§”π«≥‡ÀÁπ‰¥â«à“

µ—«Õ¬à“ßÕ“°“»·µà≈–µ—«Õ¬à“ß “¡“√∂§”π«≥ ª√‘¡“≥µ–°—Ë«

-214 ·≈–∫‘ ¡—∑ -214 ‰¥âª√‘¡“≥≈– 1 §à“ ¥—ßµ—«Õ¬à“ß¢Õß

 ∂“π∑’Ëµ”·Àπàß∑’Ë 1 „π°“√‡°Á∫µ—«Õ¬à“ßÕ“°“» 5 «—π

µ‘¥µàÕ°—π (Table 2) ¥—ßπ—Èπ®“°µ—«Õ¬à“ßÕ“°“» 90

µ—«Õ¬à“ß¢Õß ∂“π∑’Ë·µà≈–µ”·Àπàß®–‰¥âª√‘¡“≥µ–°—Ë«

-214 ·≈–∫‘ ¡—∑ -214 Õ¬à“ß≈– 90 §à“ ́ ÷Ëßπ”¡“À“§à“‡©≈’Ë¬

¢Õßª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ¢Õß ∂“π∑’Ë

·µà≈–µ”·Àπàß (Table 3)

4. ®“° Table 2 ‡¡◊ËÕπ”¡“‡¢’¬π°√“ø· ¥ß

§«“¡ —¡æ—π∏å√–À«à“ß§à“‡©≈’Ë¬¢Õßª√‘¡“≥µ–°—Ë« -214

·≈–∫‘ ¡—∑ -214 „π·µà≈–µ”·Àπàß®–‰¥âµ“¡ Figure 4

·≈–‡¡◊ËÕπ”ª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ¡“

‡¢’¬π°√“ø· ¥ß§«“¡ —¡æ—π∏å°—∫™à«ß‡«≈“°“√‡°Á∫µ—«

Õ¬à“ßÕ“°“»∑’Ëµ‘¥µàÕ°—π¢Õß ∂“π∑’Ë 6 µ”·Àπàß„π‡«≈“ 5

«—π µ‘¥µàÕ°—π®–‰¥âµ“¡ Figure 5

5. ®“° Figure 4 ‡ÀÁπ‰¥â«à“µ”·Àπàß∑’Ë 1 Õ¬Ÿà

„°≈â°—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å¡“°∑’Ë ÿ¥ ·≈–¡’√∂¬πµå«‘Ëß‡¢â“

ÕÕ°Õ¬Ÿàµ≈Õ¥‡«≈“ ∑”„Àâ‡°‘¥ΩÿÉπ≈–ÕÕß„π∫√√¬“°“»

¡“°®÷ß¡’ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß Ÿß ÿ¥  à«πµ”·Àπàß∑’Ë 3

‡ªìπ∫√‘‡«≥∑’Ëπ—Ëß√—∫ª√–∑“πÕ“À“√‡ªìπÀâÕß‚∂ß„À≠à´÷Ëß

Table 1 Efficiency of HPGe detector at energy level of Pb-214 and Bi -214.

Isotope Half-life Energy Intensity Efficiency value error

name (min) (keV) (%) (count per second/Bq) (%)

Pb-214 26.8 351.920 36.60 2.14 × 10-2 9.8

295.220 19.20 2.49 × 10-2 9.9

Bi-214 19.7 609.310 44.80 1.35 × 10-2 9.4

1120.280 14.94 8.07 × 10-3 7.3



«. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 33 ©∫—∫∑’Ë 4660

Table 2 214Pb and 214Bi concentrations in atmosphere at position 1.

(Winter season, 11-15, 1, 1999)

Date Time Pb –214 (µg/m3) Bi –214 (µg/m3)

11/1/99 06.30-09.30 (4.431 ± 0.219)×10-11 (5.562 ± 0.596)×10-11

11/1/99 09.30-12.30 (3.378 ± 0.175)×10-11 (3.855 ± 0.384)×10-11

11/1/99 12.30-15.30 (3.357 ± 0.176)×10-11 (3.621 ± 0.435)×10-11

12/1/99 06.30-09.30 (4.357 ± 0.227)×10-11 (4.990 ± 0.506)×10-11

12/1/99 09.30-12.30 (4.063 ± 0.210)×10-11 (4.982 ± 0.424)×10-11

12/1/99 12.30-15.30 (4.874 ± 0.254)×10-11 (5.146 ± 0.626)×10-11

13/1/99 06.30-09.30 (5.906 ± 0.305)×10-11 (6.855 ± 0.677)×10-11

13/1/99 09.30-12.30 (5.853 ± 0.303)×10-11 (7.112 ± 0.647)×10-11

13/1/99 12.30-15.30 (5.460 ± 0.282)×10-11 (5.608 ± 0.665)×10-11

14/1/99 06.30-09.30 (5.591 ± 0.289)×10-11 (6.461 ± 0.670)×10-11

14/1/99 09.30-12.30 (5.355 ± 0.277)×10-11 (6.325 ± 0.588)×10-11

14/1/99 12.30-15.30 (5.158 ± 0.267)×10-11 (6.189 ± 0.608)×10-11

15/1/99 06.30-09.30 (4.580 ± 0.238)×10-11 (5.282 ± 0.564)×10-11

15/1/99 09.30-12.30 (2.756 ± 0.144)×10-11 (3.240 ± 0.291)×10-11

(raining)

15/1/99 12.30-15.30 (2.354 ± 0.125)×10-11 (2.329 ± 0.285)×10-11

Table 3 Average concentration of 214Pb and 214Bi in the atmosphere of 6 positions.

Position Pb-214 (µg/m3) Bi-214 (µg/m3)

1  (4.498 ± 0.062)×10-11  (5.170 ± 0.141)×10-11

2  (3.183 ± 0.045)×10-11  (3.648 ± 0.107)×10-11

3  (0.909 ± 0.016)×10-11  (1.122 ± 0.042)×10-11

4  (2.120 ± 0.032)×10-11  (2.566 ± 0.071)×10-11

5 (1.708 ± 0.026)×10-11 (2.013 ± 0.063)×10-11

6 (1.281 ± 0.025)×10-11 (1.578 ± 0.064)×10-11

‡ªìπ∫√‘‡«≥ªî¥ ¡’∫√‘‡«≥ΩÿÉπ≈–ÕÕßπâÕ¬®÷ß¡’ª√‘¡“≥¢Õß

∏“µÿ∑—Èß ÕßµË” ÿ¥  ”À√—∫µ”·Àπàß∑’Ë 2 ¥â“πÀπâ“¢Õß

Õ“§“√»Ÿπ¬å “√π‘‡∑» 50 ªï Àà“ß®“°¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

¡“°∑’Ë ÿ¥ ·µà¡’ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß Ÿß‡ªìπÕ—π¥—∫ 2

∑—Èßπ’È‡æ√“–¡’≈¡æ—¥·√ß¡“®“°∂ππ«‘¿“«¥’ ·≈–¥â“πÀπâ“

Õ“§“√‡ªìπ∑’Ë‚≈àß ∂â“«—π„¥‡ªî¥πÈ”æÿ¥â“πÀπâ“Õ“§“√®–

∑”„Àâª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß≈¥≈ß‡À≈◊Õ‡ªìπ§√÷ËßÀπ÷Ëß

¢Õß«—πª°µ‘ ∑—Èßπ’È‡æ√“–πÈ”æÿ®–∑”„Àâª√‘¡“≥ΩÿÉπ≈–ÕÕß
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Figure 5 214Pb and 214Bi concentrations vs. sampling times at different 6 locations continued for 5 days.

Figure 4 214Pb and 214Bi average concentrations in reference to each sample location.
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„π∫√√¬“°“»≈¥≈ß  à«πµ”·Àπàß∑’Ë 4, 5 ·≈– 6 ¡’

 ¿“æ¿Ÿ¡‘ª√–‡∑»„°≈â‡§’¬ß°—π ¡’ΩÿÉπ≈–ÕÕß∑’Ë‡°‘¥®“°

√∂¬πµå∑’Ë·≈àπ∫π∑“ß¬°√–¥—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

‚¥¬µ√ß‰¡à¡’ªí®®—¬Õ◊Ëπ¡“‡°’Ë¬«¢âÕß¡“°π—° ®÷ß¡’ª√‘¡“≥

¢Õß∏“µÿ∑—Èß Õß„°≈â‡§’¬ß°—π

6. ®“° Figure 5 ‡ÀÁπ‰¥â«à“ „π«—π∑’Ë¡’ ¿“æ

Õ“°“»ª°µ‘ ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß∑’Ë‰¥â®“°µ—«Õ¬à“ß

Õ“°“»´÷Ëß∑”°“√‡°Á∫„π™à«ß‡«≈“ 06.30-09.30 π. ¡’§à“

¡“°°«à“„π™à«ß‡«≈“ 09.30-12.30 π. ·≈– 12.30-15.30 π.

º≈∑’Ë‰¥âπ’È Õ¥≈âÕß°—∫§ÿ≥ ¡∫—µ‘¢Õß∫√√¬“°“»‚≈°

∑—Èßπ’È‡æ√“–„π‡«≈“°≈“ß«—π (10.00-16.00 π.) æ◊Èπ‚≈°

‰¥â√—∫§«“¡√âÕπ®“°¥«ßÕ“∑‘µ¬å ∑”„ÀâÕ“°“»∑’Ë„°≈âæ◊Èπ

‚≈°√âÕπ°«à“Õ“°“»∑’ËÕ¬Ÿà Ÿß¢÷Èπ‰ª ≈—°…≥–‚ª√‰ø≈å¢Õß

Õÿ≥À¿Ÿ¡‘ (temperature profile) ®–‡ªìπ·∫∫

´Ÿª‡ªÕ√åÕ–‡¥’¬‡∫µ‘° (Superadiabatic) °≈à“«§◊Õ

Õÿ≥À¿Ÿ¡‘¢Õß∫√√¬“°“»‚≈°®–≈¥≈ß¥â«¬Õ—µ√“¡“°°«à“ 1

Õß»“‡´≈‡´’¬ µàÕ§«“¡ Ÿß‡Àπ◊Õæ◊Èπ‚≈° 100 ‡¡µ√ ®÷ß

‡ªìπº≈∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕ“°“»µ“¡·π«¥‘Ëß

Õ¬à“ßÕ≈«π (turbulent motion) ΩÿÉπ≈–ÕÕß„π

∫√√¬“°“»¡’°“√∂à“¬‡∑ÕÕ°‰ª æÕµ°‡«≈“°≈“ß§◊π (18.30-

07.30 π.) æ◊Èπ‚≈°§“¬§«“¡√âÕπ‰¥â‡√Á«°«à“Õ“°“»∑’ËÕ¬Ÿà

‡Àπ◊Õæ◊Èπ‚≈°¢÷Èπ‰ª ≈—°…≥–‚ª√‰ø≈å¢ÕßÕÿ≥À¿Ÿ¡‘®–

Õ¬Ÿà„π ¿“æº—π°≈—∫ (inversions) °≈à“«§◊Õ Õ“°“»√âÕπ

≈Õ¬Õ¬Ÿà‡Àπ◊ÕÕ“°“»‡¬Áπ  ¿“«–∫√√¬“°“»Õ¬Ÿà„π ¿“æ

 ¡¥ÿ≈‰¥â ‡°‘¥°“√øÿÑß°√–®“¬¢ÕßΩÿÉπ≈–ÕÕßπâÕ¬°«à“

∑”„ÀâΩÿÉπ≈–ÕÕß‰¡à¡’°“√∂à“¬‡∑ÕÕ°‰ª ª√‘¡“≥¢Õß∏“µÿ

∑—Èß Õß∑’Ë‡°“–µ‘¥°—∫ΩÿÉπ≈–ÕÕß„π∫√√¬“°“»„π‡«≈“

°≈“ß§◊π®÷ß¡“°°«à“„π‡«≈“°≈“ß«—π

7. ƒ¥Ÿ°“≈¡’º≈µàÕª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß„π

∫√√¬“°“» ∑—Èßπ’È‡æ√“–„πƒ¥Ÿ√âÕπÕ“°“»™◊Èπ°«à“ „πƒ¥Ÿ

Àπ“«´÷ËßÕ“°“»·Àâß °“√øÿÑß°√–®“¬¢ÕßΩÿÉπ≈–ÕÕß®–

πâÕ¬°«à“ ¥—ßπ—Èπ„π«—π∑’Ë°√–· ≈¡·√ß‡∑à“°—π  ”À√—∫

µ—«Õ¬à“ßÕ“°“»∑’Ë‡°Á∫®“° ∂“π∑’Ëµ”·Àπàß‡¥’¬«°—π·≈–

„π™à«ß‡«≈“‡¥’¬«°—π ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß„πƒ¥Ÿ√âÕπ

®–¡“°°«à“„πƒ¥ŸÀπ“«

8. ∏“µÿµ–°—Ë« -214 ‡°‘¥®“°°“√ ≈“¬µ—«¢Õß‡√¥Õπ

-222 ´÷Ëß¡’‡«≈“§√÷Ëß™’«‘µ 3.825 «—π ·≈–Õ¬Ÿà„π ¿“æ°ä“´

‡©◊ËÕ¬ ≈äÕ§Œ“∑ (Lockhart, Mirril 1972) ‰¥â· ¥ß«à“

Õ—µ√“°“√ ≈“¬µ—«¢Õßµ–°—Ë« -214 ‡∑à“°—∫Õ—µ√“ ≈“¬µ—«

¢Õß‡√¥Õπ -222 ́ ÷Ëß‡√’¬°«à“Õ¬Ÿà„π ¿“«– ¡¥ÿ≈°—¡¡—πµ√—ß ’

¥—ßπ—Èπ‡¡◊ËÕ∑√“∫ª√‘¡“≥µ–°—Ë« -214 „π∫√√¬“°“»

∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å °Á “¡“√∂§”π«≥À“

ª√‘¡“≥‡√¥Õπ -222 ‰¥â ‚¥¬„™â§ÿ≥ ¡∫—µ‘ ¿“«– ¡¥ÿ≈

°—¡¡—πµ√—ß ’§”π«≥À“ª√‘¡“≥‡√¥Õπ -222 „π

∫√√¬“°“»∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å‰¥â§à“‡©≈’Ë¬

‡ªìπ (4.867 ± 0.032)×10-9 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å ́ ÷ËßµË”

°«à“§à“¡“µ√∞“πª≈Õ¥¿—¬∑’Ë°”Àπ¥‰«â«à“ ª√‘¡“≥‡√¥Õπ-

222 „π∫√√¬“°“»µâÕß‰¡à‡°‘π 2 × 10-7 ‰¡‚§√°√—¡µàÕ

≈Ÿ°∫“»°å‡¡µ√

 √ÿª

1. ®“° Figure 4 π”¡“§”π«≥À“ª√‘¡“≥µ–°—Ë«

-214 ·≈–∫‘ ¡—∑ -214 „π∫√√¬“°“»∫√‘ ‡«≥

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ‰¥â§à“‡©≈’Ë¬‡ªìπ (2.283 ± 0.015)

× 10-11 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ ·≈– (2.683 ± 0.036)

× 10-11 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ µ“¡≈”¥—∫ ´÷ËßµË”

°«à“§à“¡“µ√∞“πª≈Õ¥¿—¬°”Àπ¥‰«â«à“ª√‘¡“≥µ–°—Ë« -214

·≈–∫‘ ¡—∑ -214 „π∫√√¬“°“»µâÕß‰¡à‡°‘π 1 × 10-8

‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√

2. ‡¡◊ËÕπ”ª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214

„π¢âÕ 1 ¡“‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥µ–°—Ë« -214 ·≈–

∫‘ ¡—∑ -214 „π∫√√¬“°“»∫√‘‡«≥¡À“«‘∑¬“≈—¬

‡°…µ√»“ µ√å‡¡◊ËÕªï æ.». 2533 ´÷Ëß‰¥â§à“‡©≈’Ë¬ (5.79 ±

0.62) × 10-12 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ ·≈– (1.61 ±

0.31) × 10-12 ‰¡‚§√°√—¡µàÕ≈Ÿ°∫“»°å‡¡µ√ µ“¡≈”¥—∫

æ∫«à“¡’‡æ‘Ë¡¢÷Èπ‡ªìπ 10 ‡∑à“ ®÷ß°≈à“«‰¥â«à“º≈°√–∑∫

¢Õß¥Õπ‡¡◊Õß‚∑≈≈å‡«¬åµàÕª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑

-214 „π∫√√¬“°“»∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å

∑”„Àâ·µà≈–ª√‘¡“≥¡’§à“‡æ‘Ë¡¢÷Èπ‡ªìπ 10 ‡∑à“¢Õßª√‘¡“≥

‡¥‘¡°àÕπ∑’Ë®–¡’°“√ √â“ß∑“ß¬°√–¥—∫¥Õπ‡¡◊Õß‚∑≈≈å‡«¬å

3. ª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 „π

∫√√¬“°“»¢Õß ∂“π∑’Ë·µà≈–µ”·Àπàß‡ªìπ —¥ à«πµàÕ°—π

‚¥¬ª√–¡“≥ 1 µàÕ 1
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4. ª√‘¡“≥µ–°—Ë« -214 ·≈–∫‘ ¡—∑ -214 ‡ªìπ

 —¥ à«π‚¥¬µ√ß°—∫ª√‘¡“≥¢ÕßΩÿÉπ≈–ÕÕß„π∫√√¬“°“»

·≈–ª√‘¡“≥¢Õß∏“µÿ∑—Èß Õß„π‡«≈“°≈“ß«—ππâÕ¬°«à“„π

‡«≈“‡™â“¡◊¥·≈–‡«≈“‡¬Áπ πÕ°®“°π’Èª√‘¡“≥¢Õß∏“µÿ∑—Èß

 Õß¬—ß¢÷ÈπÕ¬Ÿà°—∫ƒ¥Ÿ°“≈ °≈à“«§◊Õ „πƒ¥Ÿ√âÕπ®–¡“°°«à“

„πƒ¥ŸÀπ“«

5. º≈°“√«‘®—¬π’È Õ¥§≈âÕß°—∫§ÿ≥ ¡∫—µ‘¢Õß

∫√√¬“°“»‚≈° ·≈– “¡“√∂π”¡“À“ª√‘¡“≥‡√¥Õπ -222

„π∫√√¬“°“»∫√‘‡«≥¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ‰¥â§à“

µË”°«à“§à“¡“µ√∞“πª≈Õ¥¿—¬∑’Ë°”Àπ¥‰«â

§”¢Õ∫§ÿ≥

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“° ∂“∫—π«‘®—¬·≈–

æ—≤π“¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ·≈–¢Õ¢Õ∫§ÿ≥°Õß

øî ‘° å ÿ¢¿“æ  ”π—°ß“πæ≈—ßß“πª√¡“≥Ÿ‡æ◊ËÕ —πµ‘ ∑’Ë

„Àâ§«“¡Õπÿ‡§√“–Àå‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√ «‘®—¬π’È

‡Õ° “√Õâ“ßÕ‘ß
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