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Abstract

In this research, Monte Carlo simulation of the Explosive Detection System (EDS) using Thermal

Neutron Activation (TNA) technique was performed. MCNP-4C Monte Carlo program was used for

the simulation and the prototype of the EDS is a luggage inspection system using TNA technique with
252Cf as neutron source. Six vertical arrayed-gamma ray detectors were used to detect gamma ray fluxes

resulted from thermal neutron activation of nuclei of the interrogated materials. Gamma ray fluxes of

the six arrayed-gamma ray detectors are calculated for comparison. Polyethylene is used as the

neutron moderator and shielding. Samples used in the simulation include silk, wool, nylon and

explosive(C-4) which were put in the luggage both separately and mixed together. The simulation

results show that the EDS using TNA technique is able to indicate the existence and positions of

explosive.

Keywords: Monte Carlo simulation, MCNP program, explosive detection system, thermal neutron

activation techniqu

∫∑§—¥¬àÕ

„π°“√«‘®—¬§√—Èßπ’È‰¥â∑”°“√®”≈Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡∑§π‘§°“√°√–µÿâπ¥â«¬π‘«µ√Õπ‚¥¬°“√„™â

‚ª√·°√¡¡Õπµ‘§“√å‚≈ ‚ª√·°√¡¡Õπµ‘§“√å‚≈∑’Ë„™â ”À√—∫°“√®”≈Õß§√—Èßπ’È§◊Õ ‚ª√·°√¡ MCNP-4C

·≈–µâπ·∫∫¢Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â§◊Õ √–∫∫µ√«®°√–‡ªÜ“‡¥‘π∑“ß∑’Ë„™â‡∑§π‘§°“√°√–µÿâπ¥â«¬

π‘«µ√Õπ‚¥¬¡’·À≈àß°”‡π‘¥π‘«µ√Õπ‡ªìπ
252

Cf ™ÿ¥¢ÕßÀ—««—¥√—ß ’·°¡¡“®”π«π 6 À—««—¥´÷Ëß«“ß ấÕπ°—π

„π·π«¥‘Ëß ∂Ÿ°π”¡“„™â‡æ◊ËÕ«—¥ø≈—°´å¢Õß√—ß ’·°¡¡“∑’Ë‡°‘¥¢÷Èπ®“°°“√Õ—πµ√°‘√‘¬“¢Õß°“√°√–µÿâπ¥â«¬

π‘«µ√ÕπÕÿ≥À¿“æ„ππ‘«‡§≈’¬ ¢Õß«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫ §à“ø≈—°´å¢Õß√—ß ’·°¡¡“√–À«à“ßÀ—««—¥√—ß ’∑—Èß
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∫∑π”

À≈—ß®“°‡Àµÿ°“√≥å°“√≈Õ∫«“ß√–‡∫‘¥‡§√◊ËÕß∫‘π¢Õß

 “¬°“√∫‘π·Õ√åÕ‘π‡¥’¬∑’Ëª√–‡∑»·§π“¥“ ‡¡◊ËÕªï

æ.». 2528 ·≈–‡§√◊ËÕß∫‘π¢Õß “¬°“√∫‘π·æπ ·Õ¡

∑’Ëª√–‡∑» °äÕµ·≈π¥å ‡¡◊ËÕªï æ.». 2531 ∑”„Àâ√Ÿâ«à“

√–∫∫µ√«®°√–‡ªÜ“‡¥‘π∑“ß∑’Ë¡’Õ¬Ÿà„π¢≥–π—Èπ‰¡à

 “¡“√∂µ√«®«—µ∂ÿ√–‡∫‘¥∫“ß™π‘¥‰¥â ¥—ßπ—Èπ®÷ß‰¥â¡’

°“√»÷°…“‡æ◊ËÕÀ“‡∑§π‘§„À¡à Ê ∑’Ë®– “¡“√∂µ√«®

«—µ∂ÿ√–‡∫‘¥‰¥â∑ÿ°™π‘¥ ‡∑§π‘§∑’Ë‰¥â√—∫§«“¡ π„®

„π¢≥–π—Èπ°Á§◊Õ ‡∑§π‘§°“√°√–µÿâπ¥â«¬π‘«µ√Õπ

Õÿ≥À¿“æ ´÷Ëß‡√’¬°™◊ËÕ«à“ çThermal Neutron

Activation (TNA)é „π‡∑§π‘§ TNA (Gozani et al.,

1992) π’È ®–„™âÕπÿ¿“§π‘«µ√Õπ‡ªìπ ◊ËÕ„π°“√µ√«®

‚¥¬¡’À≈—°°“√«à“‡¡◊ËÕ¬‘ßπ‘«µ√ÕπÕÿ≥À¿“æ ÷́Ëß¡’

æ≈—ßß“πµË” (0.025 eV) ‰ª°√–∑∫°—∫π‘«‡§≈’¬ ¢Õß

«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫π‘«µ√ÕπÕ“®∂Ÿ°¥Ÿ¥°≈◊π‚¥¬

π‘«‡§≈’¬ π—Èπ ·≈â«°≈“¬‡ªìππ‘«‡§≈’¬ ∑’Ë∂Ÿ°°√–µÿâπ

‡π◊ËÕß®“°π‘«‡§≈’¬ ∑’Ë∂Ÿ°°√–µÿâπ®–‰¡à¡’‡ ∂’¬√¿“æ

®÷ßæ¬“¬“¡°≈—∫ Ÿà ∂“π–æ◊Èπ‚¥¬°“√ª≈¥ª≈àÕ¬√—ß ’

·°¡¡“∑’Ë¡’æ≈—ßß“π‡©æ“–ÕÕ°¡“ æ≈—ßß“π¥—ß°≈à“«

®–¡’§à“·µ°µà“ß°—π ”À√—∫π‘«‡§≈’¬ µà“ß™π‘¥°—π

¥—ßπ—Èπ‡√“®÷ß “¡“√∂„™â¢âÕ¡Ÿ≈¢Õßæ≈—ßß“π¢Õß√—ß ’

·°¡¡“∑’Ë‡°‘¥¢÷Èπ‡ªìπ¢âÕ¡Ÿ≈„π°“√«‘π‘®©—¬™π‘¥¢Õß

«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫‰¥â

∫√‘…—∑ Science Application International

Corporation (SAIC) ´÷Ëß‡ªìπ∫√‘…—∑„πª√–‡∑»

 À√—∞Õ‡¡√‘°“ ‡ªìπ∫√‘…—∑·√°∑’Ë∑”°“√«‘®—¬·≈–

æ—≤π“√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡∑§π‘§ TNA ÷́Ëß

 “¡“√∂∑”ß“π‰¥â‡ªìπ∑’Ëπà“æÕ„® (Michael and

Hoopengardner, 1992) Õ¬à“ß‰√°Áµ“¡√–∫∫¥—ß°≈à“«

¡’√“§“ Ÿß·≈–πÈ”Àπ—°¡“°‡°‘π‰ª µàÕ¡“ Bartko and

6 À—««—¥‰¥â√—∫°“√§”π«≥‡æ◊ËÕ°“√‡ª√’¬∫‡∑’¬∫ «— ¥ÿ≈¥∑Õπæ≈—ßß“π·≈–«— ¥ÿ°”∫—ß√—ß ’¢Õßπ‘«µ√Õπ∑’Ë„™â

„π°“√®”≈Õß§◊Õ ‚æ≈‘‡Õ∑‘≈’π  “√µ—«Õ¬à“ß∑’Ë„™â„π°“√®”≈Õßª√–°Õ∫¥â«¬ ºâ“‰À¡ ºâ“¢π —µ«å ºâ“‰π≈Õπ ·≈–

«—µ∂ÿ√–‡∫‘¥ (C-4) ‚¥¬°“√∫√√®ÿ “√µ—«Õ¬à“ß‡À≈à“π’È„π°√–‡ªÜ“‡¥‘π∑“ß¡’∑—Èß∫√√®ÿ‡©æ“–Õ¬à“ß·≈–∫√√®ÿ

À≈“¬Õ¬à“ß‰«â√à«¡°—π º≈°“√®”≈Õß· ¥ß„Àâ‡ÀÁπ«à“√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡∑§π‘§°“√°√–µÿâπ¥â«¬

π‘«µ√Õπ “¡“√∂µ√«®À“«—µ∂ÿ√–‡∫‘¥·≈–µ”·Àπàß¢Õß«—µ∂ÿ√–‡∫‘¥‰¥â

Ruddy ®“° Westinghouse Science & Technology

Center (Bartko and Ruddy, 1996) ‰¥â∑”°“√∑¥≈Õß

‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥

∑’Ë„™â‡∑§π‘§ TNA π’È ·≈–‰¥âº≈≈—æ∏å‡ªìπ∑’Ëπà“

æÕ„® ®π„π‡«≈“µàÕ¡“Õß§å°“√°“√∫‘πæ≈‡√◊Õπ

¢Õß À√—∞Õ‡¡√‘°“ (The U.S. Federal Aviation

Administration) ‰¥â π—∫ πÿπ°“√ √â“ß‡§√◊ËÕßµâπ·∫∫

¢Õß‡∑§π‘§ TNA ¢÷Èπ¡“·≈–π”‰ª∑¥ Õ∫„π

 π“¡∫‘π¢Õß‡¡◊Õß™‘§“‚°·≈–øî≈≈“‡¥≈‡øï¬ º≈

°“√∑¥ Õ∫æ∫«à“√–∫∫¥—ß°≈à“« “¡“√∂µ√«®«—µ∂ÿ

√–‡∫‘¥‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ ‚¥¬¡’§à“Õ—µ√“°“√

µ√«®æ∫ (detection rate)  Ÿß∂÷ß 99.2 ‡ªÕ√å‡ Á́πµå

·≈–Õ—µ√“°“√µ√«®º‘¥æ≈“¥ (false alarm rate) µË”

°«à“ 5 ‡ªÕ√å‡ Á́πµå

„π°“√«‘®—¬§√—Èßπ’È‰¥â∑”°“√®”≈Õß°“√∑”ß“π

¢Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡∑§π‘§ TNA ‚¥¬

„™â‚ª√·°√¡¡Õπµ‘§“√å‚≈ MCNP ÷́Ëß¬àÕ¡“®“°

§”«à“ çA General Monte Carlo N-Particle

Transport Codeé ‚ª√·°√¡π’È‡ªìπ‚ª√·°√¡∑’Ë„™â

„π°“√®”≈Õß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕπÿ¿“§ºà“π  “√

´÷Ëß‡√‘Ë¡µâπæ—≤π“¢÷Èπ¡“ ¡—¬ ß§√“¡‚≈°§√—Èß∑’Ë 2

∑’ËÀâÕß∑¥≈Õß·Ààß™“µ‘¢Õß À√—∞Õ‡¡√‘°“∑’Ë‡¡◊Õß

≈Õ Õ≈“¡Õ  ‚ª√·°√¡¥—ß°≈à“«‰¥â√—∫°“√æ—≤π“

¡“À≈“¬√ÿàπ·≈â«·≈–√ÿàπ∑’Ë„™â„π°“√®”≈Õß§√—Èßπ’È§◊Õ

√ÿàπ MCNP-4C (Radiation Shielding Information

Center, 1993) ‚¥¬„™â¢âÕ¡Ÿ≈¢Õß cross section

 ”À√—∫Õ—πµ√°‘√‘¬“√–À«à“ßπ‘«µ√Õπ·≈–√—ß ’·°¡¡“

°—∫  “√®“° çThe Evaluated Nuclear data File

B-VIé ‡π◊ËÕß®“°‚ª√·°√¡ MCNP ‡ªìπ∑’Ë√Ÿâ®—°·≈–

„™â°—πÕ¬à“ß·æ√àÀ≈“¬ ºŸâ‡¢’¬π®÷ß‰¡à‰¥âÕ∏‘∫“¬∂÷ß
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«‘∏’°“√„™â‚ª√·°√¡„π§√—Èßπ’È Õ¬à“ß‰√°Áµ“¡ºŸâÕà“π∑’Ë

‰¡à§ÿâπ‡§¬Õ“®»÷°…“∂÷ß«‘∏’°“√„™â‚ª√·°√¡‰¥â®“°

‡Õ° “√Õâ“ßÕ‘ß¢â“ßµâπ

√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥µâπ·∫∫ ”À√—∫

°“√®”≈Õß

√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡ªìπµâπ·∫∫¢Õß°“√

®”≈Õß„π§√—Èßπ’È §◊Õ√–∫∫µ√«®°√–‡ªÜ“‡¥‘π∑“ß∑’Ë„™â

‡∑§π‘§ TNA ÷́Ëß¡’≈—°…≥–§≈â“¬°—∫√–∫∫µ√«®

°√–‡ªÜ“‡¥‘π∑“ß∑’Ë„™â„π°“√∑¥≈Õß¢Õß Bartko and

Ruddy (1996) √–∫∫µâπ·∫∫¥—ß°≈à“«¡’≈—°…≥–

·≈–¢π“¥¥—ß√Ÿª∑’Ë 1 ‚¥¬√Ÿª∑’Ë 1(a) · ¥ß¿“æ “¡

¡‘µ‘¢Õß√–∫∫œ  à«π√Ÿª∑’Ë 1(b) 1(c) ·≈– 1(d) · ¥ß

√Ÿª¢Õß¿“§µ—¥¢«“ß¢Õß√–∫∫œ ‡¡◊ËÕ¡Õß∑“ß¥â“πÀπâ“

¥â“π∫π ·≈–¥â“π¢â“ßµ“¡≈”¥—∫

À≈—°°“√∑”ß“π¢Õß√–∫∫®–‡√‘Ë¡µâπ∑’Ë°√–‡ªÜ“

‡¥‘π∑“ß‡§≈◊ËÕπºà“π√–∫∫‰ª∫π “¬æ“π „π√–À«à“ß

∑’Ë°√–‡ªÜ“‡§≈◊ËÕπºà“πÕÿ‚¡ß§å¢Õß°“√µ√«®π—Èπ «— ¥ÿ

∑’ËÕ¬Ÿà¿“¬„π°√–‡ªÜ“®–∂Ÿ°Õ“∫¥â«¬Õπÿ¿“§π‘«µ√Õπ

®“°·À≈àß°”‡π‘¥π‘«µ√Õπ∑’ËÕ¬Ÿà¥â“π≈à“ß¢ÕßÕÿ‚¡ß§å

„µâ “¬æ“π Õπÿ¿“§π‘«µ√Õπ∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“

®“°·À≈àß°”‡π‘¥π‘«µ√Õππ—Èπ®–‡ªìππ‘«µ√Õπ

æ≈—ßß“π Ÿß ·µà®–≈¥æ≈—ßß“π≈ß‡¡◊ËÕ™π°—∫«— ¥ÿ

≈¥∑Õπæ≈—ßß“π®π°≈“¬‡ªìππ‘«µ√ÕπÕÿ≥À¿“æ

÷́Ëß¡’‚Õ°“  –∑âÕπ°≈—∫‡¢â“¡“ Ÿà∫√‘‡«≥¢ÕßÕÿ‚¡ß§å

¥—ßπ—Èπ¿“¬„πÕÿ‚¡ß§å®–‡µÁ¡‰ª¥â«¬π‘«µ√ÕπÕÿ≥À¿“æ

∂â“∏“µÿÕß§åª√–°Õ∫¢Õß«— ¥ÿ¿“¬„π°√–‡ªÜ“‡¥‘π∑“ß

¥Ÿ¥°≈◊πÕπÿ¿“§π‘«µ√ÕπÕÿ≥À¿“æ®–∑”„Àâ‡°‘¥√—ß ’

·°¡¡“∑’Ë¡’æ≈—ßß“π‡©æ“–¢÷Èπ¡“ √—ß ’·°¡¡“∑’Ë‡°‘¥

¢÷Èππ’È®–∂Ÿ°µ√«®®—∫‚¥¬À—««—¥√—ß ’·°¡¡“´÷ËßΩíßÕ¬Ÿà

°—∫ºπ—ß¥â“π¢â“ß¢ÕßÕÿ‚¡ß§å∑’Ë°√–‡ªÜ“‡§≈◊ËÕπºà“π

¢âÕ¡Ÿ≈¢Õß®”π«π·≈–æ≈—ßß“π¢Õß√—ß ’·°¡¡“∑’Ë

‡°‘¥¢÷Èππ’È®–∂Ÿ°π”‰ª„™â„π°“√«‘π‘®©—¬™π‘¥¢Õß«— ¥ÿ

∑’Ëπ”¡“µ√«® Õ∫ ∂â“√—ß ’·°¡¡“∑’Ëµ√«®æ∫‡ªìπ

√—ß ’∑’Ë‡°‘¥®“°‰π‚µ√‡®π´÷Ëß¡’æ≈—ßß“π 10.83 MeV

Figure 1. TNA luggage inspection system used in the simulation
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· ¥ß«à“«— ¥ÿ∑’Ë∫√√®ÿ„π°√–‡ªÜ“Õ“®‡ªìπ«—µ∂ÿ√–‡∫‘¥

·µà‡π◊ËÕß®“° ‘Ëß¢ÕßÕ◊Ëπ Ê (‡™àπ ºâ“‰À¡ ºâ“¢π —µ«å

·≈–ºâ“‰π≈Õπ) °Á¡’‰π‚µ√‡®π‡ªìπÕß§åª√–°Õ∫

‡™àπ°—π ¥—ßπ—Èπ°“√µ√«®æ∫√—ß ’·°¡¡“¥—ß°≈à“«

‰¡à„™àÀ≈—°ª√–°—π«à“ ‘Ëß∑’Ë∫√√®ÿ„π°√–‡ªÜ“π—Èπ

‡ªìπ«—µ∂ÿ√–‡∫‘¥ ¥—ßπ—Èπ®÷ßµâÕß„™â¢âÕ¡Ÿ≈¢Õß§«“¡

Àπ“·πàπ¢Õß«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫‡æ◊ËÕ™à«¬„π°“√

«‘π‘®©—¬ ·µà«—µ∂ÿ√–‡∫‘¥®–¡’§à“§«“¡Àπ“·πàπ¢Õß

‰π‚µ√‡®π Ÿß°«à“§à“„π ‘Ëß¢ÕßÕ◊Ëπ Ê ∑’Ë¡—°®–

ª√“°Ø„π°√–‡ªÜ“‡¥‘π∑“ß ¥—ßπ—Èπ∂â“µ√«®æ∫«à“¡’

√—ß ’·°¡¡“æ≈—ßß“π 10.83 MeV  ‡ªìπ®”π«π¡“°

¬àÕ¡· ¥ß«à“„π°√–‡ªÜ“‡¥‘π∑“ß¡’ ‘Ëß∑’Ëª√–°Õ∫¥â«¬

‰π‚µ√‡®π‡ªìπ®”π«π¡“°∫√√®ÿÕ¬Ÿà®÷ß¡’·π«‚πâ¡

∑’Ë®–‡ªìπ«—µ∂ÿ√–‡∫‘¥

Õß§åª√–°Õ∫¢Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥

µâπ·∫∫ ”À√—∫°“√®”≈Õß

Õß§åª√–°Õ∫¢Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥µâπ·∫∫

 ”À√—∫°“√®”≈Õß¡’¥—ßµàÕ‰ªπ’È

·À≈àß°”‡π‘¥π‘«µ√Õπ

„π°“√∑¥≈Õß¢Õß Bartko and Ruddy (1996)

π—Èπ¡’ 252Cf ‡ªìπ·À≈àß°”‡π‘¥π‘«µ√Õπ ∑”Àπâ“∑’Ë

ª≈¥ª≈àÕ¬π‘«µ√Õπæ≈—ßß“π Ÿß∑’Ë¡’æ≈—ßß“π‡©≈’Ë¬

ª√–¡“≥ 2.35 MeV π‘«µ√Õπ‡À≈à“π’È®–∂Ÿ°

≈¥æ≈—ßß“π≈ß‡ªìπ≈”¥—∫®π°√–∑—Ë ß°≈“¬‡ªìπ

π‘«µ√ÕπÕÿ≥À¿“æ‡¡◊ËÕ™π°—∫«— ¥ÿ≈¥∑Õπæ≈—ßß“π

·≈–«— ¥ÿ°”∫—ß√—ß ’‚¥¬ª°µ‘·≈â«°√–∫«π°“√¢Õß

°“√≈¥æ≈—ßß“π¢Õßπ‘«µ√Õπæ≈—ßß“π Ÿß ‡ªìπ

π‘«µ√ÕπÕÿ≥À¿“æπ—Èπ ®–„™â‡«≈“„π°“√§”π«≥

¢Õß√–∫∫ª√–¡«≈º≈°≈“ß ¢Õß§Õ¡æ‘«‡µÕ√å

§àÕπ¢â“ßπ“π ¥—ßπ—Èπ‡æ◊ËÕ‡ªìπ°“√≈¥‡«≈“„π°“√

§”π«≥¢Õß√–∫∫ª√–¡«≈º≈°≈“ß¢Õß§Õ¡æ‘«‡µÕ√å

„π°“√®”≈Õß§√—Èßπ’È ‡√“‰¥â ¡¡µ‘„ÀâÕπÿ¿“§π‘«µ√Õπ

æ≈—ßß“π‡©≈’Ë¬ 2.35 MeV ∑’Ëª≈¥ª≈àÕ¬®“°·À≈àß

°”‡π‘¥π‘«µ√Õπ 252Cf ‰¥â∂Ÿ°≈¥∑Õπæ≈—ßß“π≈ß®π

°≈“¬‡ªìππ‘«µ√ÕπÕÿ≥À¿“æ∑’Ë¡’æ≈—ßß“π 0.025 eV

·≈â « ‡¡◊Ë Õ ‡¢â “ Ÿà Õÿ ‚¡ß§å ·≈–∑”Õ—πµ√°‘ √‘ ¬ “°—∫

π‘«‡§≈’¬ ¢Õß«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫ ·À≈àß°”‡π‘¥

π‘«µ√Õπ¥—ß°≈à“«¡’≈—°…≥–‡ªìπ·ºàπ«ß°≈¡·∫π

‡ âπºà“»Ÿπ¬å°≈“ß 1.3 ‡´πµ‘‡¡µ√ «“ßÕ¬Ÿà¥â“π≈à“ß

¢ÕßÕÿ‚¡ß§å„µâ “¬æ“π∑’Ë„™â≈”‡≈’¬ß°√–‡ªÜ“ ·≈–

∂Ÿ°≈âÕ¡√Õ∫¥â«¬«— ¥ÿ°”∫—ß√—ß ’ ·µà¡’™àÕß‡ªî¥

¥â“π∫π‡æ◊ËÕ„Àâπ‘«µ√Õπ‡§≈◊ËÕπ∑’Ëºà“π¢÷Èπ¡“°√–∑∫

°—∫°√–‡ªÜ“ ∑‘»∑“ß¢Õßπ‘«µ√Õπ∑’Ë‡§≈◊ËÕπ∑’ËÕÕ°¡“

®“°·À≈àß°”‡π‘¥π‘«µ√Õππ—Èπ‰¡à®”°—¥«à“µâÕßæÿàßµ√ß

ÕÕ°¡“„π·π«·°π¥‘Ëß (·°π z) ‡∑à“π—Èπ ·µà “¡“√∂

æÿàß‰ª‰¥â∑ÿ°∑‘»∑“ß (¬°‡«âπ¥â“π≈à“ß) À√◊Õ “¡“√∂

¡’°“√°√–®“¬‡™‘ß¡ÿ¡ (angular distribution) µ—Èß·µà

+90 ∂÷ß -90 „π≈—°…≥–‡™àππ’È®–‡ªìπÀ≈—°ª√–°—π

‰¥â«à“∑ÿ° Ê  à«π¢Õß°√–‡ªÜ“‡¥‘π∑“ß®–¡’‚Õ°“ ∑’Ë

®–∂Ÿ°Õ“∫¥â«¬π‘«µ√Õπ

À—««—¥√—ß ’·°¡¡“

„π°“√®”≈Õß§√—Èßπ’È‡√“„™âÀ—««—¥√—ß ’·°¡¡“

®”π«π 6 À—««—¥«“ß´âÕπ°—π„π·π«¥‘Ëß‚¥¬ΩíßÕ¬Ÿà

„πºπ—ß¥â“π¢â“ß¢ÕßÕÿ‚¡ß§å‡æ◊ËÕ∑”°“√«—¥√—ß ’·°¡¡“

∑’Ë‡°‘¥¢÷Èπ®“°Õ—πµ√°‘√‘¬“π‘«‡§≈’¬√å√–À«à“ßπ‘«µ√Õπ

°—∫π‘«‡§≈’¬ ¢Õß«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫ À—««—¥

∑’Ë 1 Õ¬Ÿà¥â“π≈à“ß ÿ¥¢ÕßÕÿ‚¡ß§å·≈–À—««—¥∑’Ë 2 - 6

®–‡√’¬ß ấÕπ°—π¢÷Èπ‰ªµ“¡≈”¥—∫„π·π«¥‘Ëß ‡π◊ËÕß®“°

‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßÀ—««—¥‡À≈à“π’È§◊Õ 5 ‡´πµ‘‡¡µ√

·≈–°√–‡ªÜ“∑’Ë„™â„π°“√®”≈Õß Ÿß 35 ‡´πµ‘‡¡µ√

¥—ßπ—ÈπÀ—««—¥∑’Ë 6 ®–Õ¬Ÿà„π·π«‡¥’¬«°—∫¢Õ∫°√–‡ªÜ“

¥â“π∫πæÕ¥’ „π°“√®”≈Õß°“√∑”ß“π¢Õß√–∫∫π—Èπ

‡√“µâÕß∑”°“√µ√«®∑ÿ° Ê  à«π¢Õß°√–‡ªÜ“´÷Ëß “¡“√∂

°√–∑”‰¥â‚¥¬°“√‡§≈◊ËÕπ°√–‡ªÜ“ºà“π·π«¢Õß

·À≈àß°”‡π‘¥π‘«µ√Õπ·≈–À—««—¥´÷Ëß¬÷¥µ‘¥°—π·≈–¬÷¥

µ√÷ßÕ¬Ÿà°—∫∑’Ë ‡π◊ËÕß®“°§«“¡¬“«¢Õß°√–‡ªÜ“§◊Õ

45 ‡´πµ‘‡¡µ√·≈–‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßÀ—««—¥§◊Õ

5 ‡´πµ‘‡¡µ√ ¥—ßπ—Èπ‡¡◊ËÕµâÕß°“√µ√«®„Àâ§√Õ∫§≈ÿ¡

µ≈Õ¥§«“¡¬“«¢Õß°√–‡ªÜ“æÕ¥’®–µâÕß∑”°“√‡≈◊ËÕπ

°√–‡ªÜ“‰ª 9 §√—Èß Ê ≈– 5 ‡´πµ‘‡¡µ√ √Ÿª∑’Ë 2 · ¥ß

µ”·Àπàß¢Õß√–∫∫À—««—¥√—ß ’·°¡¡“ 9 µ”·Àπàß

‡¡◊ËÕ‡≈◊ËÕπ°√–‡ªÜ“‰ª 9 §√—Èß ́ ÷Ëß§√Õ∫§≈ÿ¡Àπâ“µ—¥¢Õß
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°√–‡ªÜ“‰¥âæÕ¥’

«— ¥ÿ≈¥∑Õπæ≈—ßß“ππ‘«µ√Õπ·≈–«— ¥ÿ°”∫—ß√—ß ’

„π°“√®”≈Õß§√—Èßπ’È‡√“„™â‚æ≈‘‡Õ∑‘≈’π‡ªìπ∑—Èß

«— ¥ÿ≈¥∑Õπæ≈—ßß“π·≈–«— ¥ÿ°”∫—ß√—ß ’ ·µà

‡π◊ËÕß®“°‡√“ ¡¡µ‘„Àâπ‘«µ√Õπ∑’Ëºà“π‡¢â“ ŸàÕÿ‚¡ß§å

¢Õß°“√µ√«®π—Èπ‰¥â°≈“¬‡ªìππ‘«µ√ÕπÕÿ≥À¿“æ

‡∑à“π—Èπ ¥—ßπ—Èπ‚æ≈‘‡Õ∑‘≈’π´÷Ëß≈âÕ¡√Õ∫Õÿ‚¡ß§å¢Õß

√–∫∫Õ¬Ÿàπ—Èπ®÷ß∑”Àπâ“∑’Ë‡ªìπ‡æ’¬ß«— ¥ÿ°”∫—ß√—ß ’

ªÑÕß°—π°“√√—Ë«‰À≈¢Õßπ‘«µ√ÕπÕÿ≥À¿“æÕÕ°®“°

Õÿ‚¡ß§å·≈– –∑âÕππ‘«µ√Õπ¥—ß°≈à“«°≈—∫ ŸàÕÿ‚¡ß§å

„π√Ÿª∑’Ë 1(a) ®–‡ÀÁπ«à“«— ¥ÿ°”∫—ß√—ß ’¡’≈—°…≥–

‡ªìπ°≈àÕß ’Ë‡À≈’Ë¬¡¡’§«“¡Àπ“ 15 ‡´πµ‘‡¡µ√„π

·µà≈–¥â“π ‚¥¬Õÿ‚¡ß§å´÷ËßÕ¬Ÿàµ√ß°≈“ß¡’§«“¡°«â“ß

40 ‡´πµ‘‡¡µ√ ·≈– Ÿß 60 ‡´πµ‘‡¡µ√ „π∫√‘‡«≥

¿“¬„πÕÿ‚¡ß§åπ’È®–‡µÁ¡‰ª¥â«¬π‘«µ√ÕπÕÿ≥À¿“æ

„π¢≥–∑’Ë√–∫∫∑”ß“π „π°“√®”≈Õß§√—Èßπ’È‡π◊ËÕß®“°

‡ªìπ°“√»÷°…“∂÷ß§«“¡‡ªìπ‰ª‰¥â‡∫◊ÈÕßµâπ¢Õß°“√

„™â‡∑§π‘§ TNA «à“®– “¡“√∂µ√«®æ∫√—ß ’·°¡¡“

æ≈—ßß“π 10.83 MeV À√◊Õ‰¡à ‡√“®÷ß‰¡à‰¥â§”π÷ß∂÷ß

°“√ªÑÕß°—π°“√√—Ë«‰À≈¢Õß√—ß ’·°¡¡“ÕÕ°®“°√–∫∫

¥—ßπ—Èπ®÷ß‰¡à¡’°“√„™âµ–°—Ë«‡æ◊ËÕ‡ªìπ«— ¥ÿ°”∫—ß√—ß ’

·°¡¡“¢Õß√–∫∫

°“√∫√√®ÿ “√µ—«Õ¬à“ß„π°√–‡ªÜ“‡¥‘π∑“ß

 “√µ—«Õ¬à“ß∑’Ë∫√√®ÿ„π°√–‡ªÜ“‡¥‘π∑“ß¡’∑—Èß “√∑’Ë¡’

Õß§åª√–°Õ∫‡À¡◊Õπ¢Õß„™âª√–®”«—π·≈–«—µ∂ÿ√–‡∫‘¥

„π°√≥’¢Õß “√∑’Ë¡’Õß§åª√–°Õ∫‡À¡◊Õπ¢Õß„™â

ª√–®”«—ππ—Èπ¡’ 3 ™π‘¥ §◊Õ ºâ“‰À¡ (C3H11O6N3)

ºâ“¢π —µ«å (C4.0H6.69N1.11O1.65S0.104) ·≈–ºâ“‰π≈Õπ

(C11H26O4N2)  à«π«—µ∂ÿ√–‡∫‘¥§◊Õ C-4 (C4H6O6N6)

´÷Ëß¡’ 2 ¢π“¥ §◊Õ ¢π“¥„À≠à (10 x 15 x 15

≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ Àπ—° 4,117.5 °√—¡) ·≈–¢π“¥

‡≈Á° (3 x 5 x 8 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ Àπ—° 219.6 °√—¡)

«—µ∂ÿ√–‡∫‘¥‡À≈à“π’È¡’§«“¡Àπ“·πàπ 1.83 °√—¡

µàÕ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ≈—°…≥–¢Õß°“√∫√√®ÿ “√

µ—«Õ¬à“ß‡À≈à“π’È¡’∑—Èß°“√∫√√®ÿ “√µ—«Õ¬à“ß‡æ’¬ß™π‘¥‡¥’¬«

·≈–À≈“¬™π‘¥√à«¡°—π ‚¥¬¡’ 5 ≈—°…≥– §◊Õ

1. ∫√√®ÿºâ“‰À¡ ºâ“¢π —µ«å ·≈–ºâ“‰π≈Õπ

„π°√–‡ªÜ“‡¥‘π∑“ß ¥—ß· ¥ß„π√Ÿª∑’Ë 3(a)

2. ∫√√®ÿ«—µ∂ÿ√–‡∫‘¥¢π“¥„À≠à∑’Ëµ”·Àπàß

≈à“ß´â“¬ ·≈–ºâ“‰À¡„π à«π∑’Ë‡À≈◊Õ¢Õß

°√–‡ªÜ“

3.  ∫√√®ÿ‡©æ“–«—µ∂ÿ√–‡∫‘¥¢π“¥‡≈Á°∑’Ëµ”·Àπàß

¢Õ∫≈à“ß´â“¬¢Õß°√–‡ªÜ“

4.  ∫√√®ÿ‡©æ“–«—µ∂ÿ√–‡∫‘¥¢π“¥‡≈Á°∑’Ëµ”·Àπàß

°÷Ëß°≈“ß¢Õß°√–‡ªÜ“

5.  ∫√√®ÿ‡©æ“–«—µ∂ÿ√–‡∫‘¥¢π“¥‡≈Á°∑’Ëµ”·Àπàß

¢Õ∫¢«“∫π¢Õß°√–‡ªÜ“

√Ÿª∑’Ë 3(b) · ¥ßµ”·Àπàß¢Õß°“√∫√√®ÿ«—µ∂ÿ

√–‡∫‘¥„π°√–‡ªÜ“‡¥‘π∑“ß ‚¥¬À¡“¬‡≈¢ (1) §◊Õ

µ”·Àπàß¢Õ∫≈à“ß´â“¬¢Õß°√–‡ªÜ“ À¡“¬‡≈¢ (2) §◊Õ

µ”·Àπàß°÷Ëß°≈“ß¢Õß°√–‡ªÜ“ ·≈–À¡“¬‡≈¢ (3) §◊Õ

µ”·Àπàß¢Õ∫¢«“∫π¢Õß°√–‡ªÜ“

¢âÕ¡Ÿ ≈º≈≈—æ∏å ® “°°“√®”≈Õß¥â «¬

‚ª√·°√¡ MCNP

‡π◊ËÕß®“°„π°“√®”≈Õß§√—Èßπ’È¡’ “√µ—«Õ¬à“ßÀ≈“¬™π‘¥

∫“ß™π‘¥°Á¡’À≈“¬¢π“¥·≈–µ”·Àπàß¢Õß°“√∫√√®ÿ

¢Õß·µà≈–¢π“¥·µ°µà“ß°—π ¥—ßπ—Èπ®÷ß¡’¢âÕ¡Ÿ≈

Figure 2. Positions of six arrayed-gamma ray

detectors at 9 different sections  of

the inspected luggage
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º≈≈—æ∏å‡ªìπ®”π«π¡“° ÷́Ëß‰¡à “¡“√∂· ¥ß„Àâ¥Ÿ

‰¥â∑—ÈßÀ¡¥·µà‰¥â‡≈◊Õ°· ¥ß‡æ’¬ß°√≥’‡¥’¬«‡∑à“π—Èπ

§◊Õ°√≥’∑’Ë∫√√®ÿºâ“‰À¡ ºâ“¢π —µ«å ·≈–ºâ“‰π≈Õπ

„π°√–‡ªÜ“‡¥‘π∑“ß µ“√“ß∑’Ë 1 ‡ªìπ¢âÕ¡Ÿ≈º≈≈—æ∏å

®“°°“√®”≈Õß„π°√≥’¥—ß°≈à“« ‚¥¬¢âÕ¡Ÿ≈„π

µ“√“ßπ’È§◊Õ§à“ø≈—°´å¢Õß√—ß ’·°¡¡“ æ≈—ßß“π

10.83 MeV ∑’Ë«—¥‰¥âµ≈Õ¥∑—Èßª√‘¡“µ√¢ÕßÀ—««—¥

(volume flux) ¢âÕ¡Ÿ≈º≈≈—æ∏å„π∫√√∑—¥∑’Ë 1 °Á§◊Õ

§à“ø≈—°´å¢Õß√—ß ’·°¡¡“¥—ß°≈à“«∑’Ë«—¥‰¥â‚¥¬À—««—¥

(Detector) À¡“¬‡≈¢ 6 ‡¡◊ËÕ«“ßÕ¬Ÿà„πµ”·Àπàß¢Õß

µÕπ (Section) ∑’Ë 1 - 9  à«π¢âÕ¡Ÿ≈º≈≈—æ∏å„π∫√√∑—¥

∑’Ë 2 - 6 §◊Õ§à“ø≈—°´å¢Õß√—ß ’·°¡¡“∑’Ë«—¥‰¥â‚¥¬

À—««—¥À¡“¬‡≈¢ 5 - 1 ‡¡◊ËÕ«“ßÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ

∑’Ë 1 - 9 §à“ø≈—°´å„π·µà≈–À—««—¥‡À≈à“π’È§◊Õ§à“ø≈—°´å

¢Õß√—ß ’·°¡¡“∑’Ë‡°‘¥¢÷ÈπµàÕ°“√®”≈Õß¥â«¬π‘«µ√Õπ

Õÿ≥À¿“æ 1 Õπÿ¿“§ ‚¥¬∑’Ë®”π«πÕπÿ¿“§π‘«µ√Õπ

∑—ÈßÀ¡¥∑’Ë„™â„π°“√®”≈Õß§◊Õ 100 ≈â“πÕπÿ¿“§

‡«≈“∑’Ë„™â„π°“√®”≈Õß„π·µà≈–°√≥’Õ¬Ÿà√–À«à“ß

12-15 ™—Ë«‚¡ß ¥â«¬§Õ¡æ‘«‡µÕ√å∫ÿ§§≈∑’Ë¡’Àπà«¬

ª√–¡«≈º≈°≈“ß (central processing unit) ‡ªìπ

Pentium III ÷́Ëß¡’§«“¡‡√Á« 866 ‡¡°–‡Œ‘√µ´å

·≈– ¡’Àπà«¬§«“¡®” (RAM) ¢π“¥ 512 ‡¡°–‰∫µå

§à“§«“¡§≈“¥‡§≈◊ËÕπ¢Õßº≈≈—æ∏å®“°°“√®”≈Õß

„π∑ÿ°°√≥’µË”°«à“ 5 ‡ªÕ√å‡´Áπµå ́ ÷Ëß∂◊Õ«à“Õ¬Ÿà„π‡°≥±å

∑’Ë‡™◊ËÕ∂◊Õ‰¥â

°“√«‘‡§√“–Àå·≈–°“√Õ¿‘ª√“¬º≈°“√

®”≈Õß

°√≥’∑’Ë∫√√®ÿºâ“‰À¡ ºâ“¢π —µ«å ·≈–ºâ“

        ‰π≈Õπ‰«â„π°√–‡ªÜ“‡¥‘π∑“ß

®“°µ“√“ß∑’Ë 1 ‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫§à“ø≈—°´å

À√◊Õ®”π«π¢Õß√—ß ’·°¡¡“∑’Ë«—¥‰¥â‚¥¬À—««—¥·µà≈–

À—««—¥°—∫§à“„πÀ—««—¥∑’Ë¡’§à“µË” ÿ¥ (À“√¥â«¬§à“µË” ÿ¥)

®–‰¥â§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫¢Õß

·µà≈–À—««—¥¥—ß· ¥ß„πµ“√“ß∑’Ë 2 ·≈–∂â“∑”°“√

‡¢’¬π°√“ø√–À«à“ß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“

‡ª√’¬∫‡∑’¬∫¢Õß·µà≈–À—««—¥°—∫µ”·Àπàß¢ÕßÀ—««—¥

„πµÕπµà“ß Ê ®–‰¥â¥—ß√Ÿª∑’Ë 4 ®–‡ÀÁπ‰¥â«à“

 ”À√—∫À—««—¥‡¥’¬«°—π (‡™àπ À—««—¥∑’Ë 1) §à“ø≈—°´å

¢Õß√—ß ’·°¡¡“∑’Ë«—¥‰¥â‡¡◊ËÕÀ—««—¥‡À≈à“π—ÈπÕ¬Ÿà„π

µ”·Àπàß¢ÕßµÕπµà“ß Ê ‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬

 ”§—≠ ¬°‡«âπ§à“„πµ”·Àπàß¢ÕßµÕπ∑’Ë 1 ·≈– 9 ́ ÷Ëß

Õ¬Ÿà∑’Ë¢Õ∫¢Õß°√–‡ªÜ“ §à“ø≈—°´å¢Õß√—ß ’·°¡¡“„π

µ”·Àπàß∑—Èß Õßπ’È®–µË”°«à“§à“„πµ”·Àπàß¢ÕßµÕπ

∑’ËÕ¬Ÿà∫√‘‡«≥°≈“ß°√–‡ªÜ“ª√–¡“≥ 20 ‡ªÕ√å‡´Áπµå

·µà∂â“æ‘®“√≥“§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫

„πÀ—««—¥∑’Ë 1 - 6 ́ ÷ËßÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ‡¥’¬«°—π

®–‡ÀÁπ«à“¡’§à“·µ°µà“ß°—π‚¥¬®–¡’§à“≈¥≈ßÕ¬à“ß

 ¡Ë”‡ ¡Õ®“°À—««—¥∑’Ë 1

Figure 3. Positions of samples in the inspected luggage

(a) positions of silk, wool and nylon

(b) Positions of explosive (1: bottom left  2: middle  3: top right)

30 cm

45 cm
(1)

(2)

(a)
(b)

(3)

z

ºâ“‰À¡ ºâ“¢π —µ«å ºâ“‰π≈Õπ
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°“√∑’Ë§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫

¡’≈—°…≥–‡ªìπ‡™àππ’È ‡æ√“–§«“¡Àπ“·πàπ¢Õß

‰π‚µ√‡®π„πºâ“‰À¡ ºâ“¢π —µ«å ·≈–ºâ“‰π≈Õπ

¡’§à“„°≈â‡§’¬ß°—π ∑”„Àâ®”π«ππ‘«‡§≈’¬ ¢Õß∏“µÿ

‰π‚µ√‡®π∑’Ë¡’‚Õ°“ ‡°‘¥Õ—πµ√°‘√‘¬“π‘«‡§≈’¬√å°—∫

π‘«µ√ÕπÕÿ≥À¿“æ¡’®”π«π„°≈â‡§’¬ß°—π ®÷ß‡°‘¥

√—ß ’·°¡¡“„π®”π«π∑’Ë„°≈â ‡§’¬ß°—π·≈–∑”„Àâ

§à“ø≈—°´å¢Õß√—ß ’·°¡¡“∑’Ë«—¥‰¥â„πÀ—««—¥µà“ß Ê

¡’§à“„°≈â‡§’¬ß°—π °“√∑’Ë§à“ø≈—°´å¢Õß√—ß ’·°¡¡“

‡ª√’¬∫‡∑’¬∫„πÀ—««—¥µà“ß Ê ¢ÕßµÕπ∑’Ë 1 ·≈– 9

πâÕ¬°«à“§à“„πµÕπÕ◊Ëπ Ê π—Èπ ‡ªìπ‡æ√“–µ”·Àπàß

¢ÕßµÕπ∑—Èß ÕßÕ¬Ÿà∑’Ë¢Õ∫¢Õß°√–‡ªÜ“ ÷́Ëß∑”„Àâ

À—««—¥¡Õß‡ÀÁπ√—ß ’·°¡¡“∑’Ë¡“®“°¥â“π¢â“ß¢Õß

À—««—¥‡æ’¬ß¢â“ß‡¥’¬«  à«π§à“ø≈—°´å∑’Ë≈¥≈ßÕ¬à“ß

 ¡Ë”‡ ¡Õ®“°À—««—¥∑’Ë 1 - 6 π—Èπ ‡ªìπ‡æ√“–®”π«π

π‘«µ√ÕπÕÿ≥À¿“æ¡’§à“ Ÿß ÿ¥„π∫√‘‡«≥∑’ËÕ¬Ÿà„°≈â

Table 1. Gamma ray fluxes (per 1 neutron) resulted from the simulation when silk, wool and nylon

were put in the luggage

Table 2. Relative gamma ray fluxes resulted from the simulation when silk, wool and nylon were put

in the luggage

Section
Detector

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 37 53 57 57 55 56 57 52 42

5 50 67 67 71 67 65 68 66 56

4 62 78 83 88 86 83 83 85 72

3 69 86 88 91 94 94 92 88 75

2 83 98 114 116 112 110 107 104 87

1 90 110 111 118 117 118 113 114 87

Table 3. Relative gamma ray fluxes resulted from the simulation when large explosive was put in the

bottom left of the luggage and silk at the remaining of the luggage

Section
Detector

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 1.12E-08 1.52E-08 1.88E-08 1.78E-08 1.74E-08 1.75E-08 9.10E-09 8.25E-09 6.63E-09

5 1.52E-08 2.13E-08 2.15E-08 2.23E-08 2.29E-08 2.34E-08 1.28E-08 1.23E-08 8.81E-09

4 2.21E-08 2.73E-08 2.50E-08 2.84E-08 2.64E-08 3.12E-08 1.81E-08 1.52E-08 1.02E-08

3 2.84E-08 3.25E-08 3.27E-08 3.10E-08 3.10E-08 3.06E-08 2.04E-08 1.61E-08 1.04E-08

2 2.77E-08 3.48E-08 3.50E-08 3.86E-08 3.77E-08 3.72E-08 2.29E-08 1.92E-08 1.56E-08

1 3.07E-08 3.59E-08 3.69E-08 3.99E-08 3.82E-08 3.63E-08 1.97E-08 1.80E-08 1.35E-08

Section
Detector

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 84 107 99 69 49 47 45 43 42

5 131 159 138 84 65 62 61 60 56

4 179 208 184 111 93 89 86 83 72

3 202 231 221 139 101 98 96 95 75

2 225 271 252 160 116 111 105 99 87

1 235 268 246 160 124 115 111 111 87
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°—∫µ”·Àπàß¢Õß·À≈àß°”‡π‘¥π‘«µ√Õπ (¥â“π≈à“ß

¢ÕßÕÿ‚¡ß§å) ·≈–≈¥≈ßÕ¬à“ß ¡Ë”‡ ¡Õ‡¡◊ËÕÕ¬ŸàÀà“ß

®“°µ”·Àπàß¢Õß·À≈àß°”‡π‘¥π‘«µ√Õπ¡“°¢÷Èπ

°“√°√–®“¬¢Õß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“„π≈—°…≥–

π’È™’È„Àâ‡ÀÁπ«à“«— ¥ÿ∑’ËÕ¬Ÿà„π°√–‡ªÜ“‡¥‘π∑“ßπ—Èπ‰¡à„™à

«—µ∂ÿ√–‡∫‘¥

°√≥’∑’Ë∫√√®ÿ«—µ∂ÿ√–‡∫‘¥¢π“¥„À≠à·≈–ºâ“‰À¡

„π°√–‡ªÜ“‡¥‘π∑“ß

°√≥’π’È ‡ªìπ°√≥’¢Õß°“√∫√√®ÿ«—µ∂ÿ√–‡∫‘¥

¢π“¥„À≠à‰«â∑’Ë¢Õ∫´â“¬≈à“ß ·≈–∫√√®ÿºâ“‰À¡„π à«π

∑’Ë‡À≈◊Õ¢Õß°√–‡ªÜ“‡¥‘π∑“ß µ“√“ß∑’Ë 3 ·≈–√Ÿª∑’Ë 5

· ¥ß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫ ”À√—∫

°√≥’π’È´÷Ëß®– —ß‡°µ‡ÀÁπ«à“§à“ø≈—° ǻ¢Õß√—ß ’·°¡¡“

∑’Ë«—¥‰¥â‚¥¬À—««—¥∑’Ë 1 - 3 ‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢Õß

µÕπ∑’Ë 1 - 3 ¡’§à“ Ÿß°«à“ø≈—° ǻ„πÀ—««—¥‡¥’¬«°—π‡¡◊ËÕ

Õ¬Ÿà„πµÕπÕ◊Ëπ Ê Õ¬à“ß‡ÀÁπ‰¥â™—¥ ∑—Èßπ’È‡æ√“–‡Àµÿ«à“

«—µ∂ÿ√–‡∫‘¥«“ßÕ¬Ÿà„πµ”·Àπàß¢Õ∫≈à“ß ấ“¬¢Õß

°√–‡ªÜ“´÷Ëßµ√ß°—∫µ”·Àπàß¢ÕßÀ—««—¥∑’Ë 1 - 3

(«—µ∂ÿ√–‡∫‘¥¡’§«“¡¬“«‡∑à“°—∫√–¬–√–À«à“ß¢Õß

À—««—¥®“°µÕπ∑’Ë 1 - 3) ¥—ßπ—Èπ„πµ”·Àπàß¢Õß

µÕπ∑’Ë 1 - 3 ´÷Ëß¡’§«“¡Àπ“·πàπ¢Õß‰π‚µ√‡®π

 Ÿß°«à“µ”·ÀπàßÕ◊Ëπ Ê ®÷ß∑”„Àâ‡°‘¥√—ß ’·°¡¡“

¡“°°«à“µ”·ÀπàßÕ◊Ëπ Ê ·µà∂â“æ‘®“√≥“§à“ø≈—° ǻ¢Õß

√—ß ’·°¡¡“„πÀ—««—¥∑’Ë 4 - 6 ‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß

¢ÕßµÕπ∑’Ë 1 - 3 ®–æ∫«à“¡’§à“πâÕ¬°«à“§à“ø≈—°´å

¢Õß√—ß ’·°¡¡“„πÀ—««—¥∑’Ë 1 - 3 ‡¡◊ËÕÕ¬Ÿà„π

µ”·Àπàß¢ÕßµÕπ‡¥’¬«°—π ∑—Èßπ’È‡æ√“–À—««—¥∑’Ë 4 - 6

Õ¬ŸàÀà“ß®“°µ”·Àπàß¢Õß«—µ∂ÿ√–‡∫‘¥¡“°°«à“À—««—¥

∑’Ë 1 - 3  à«π‡¡◊ËÕ∑”°“√æ‘®“√≥“§à“°“√°√–®“¬ ¢Õß

ø≈—°´å„π·π«¥‘Ëß®–æ∫«à“§à“ø≈—°´å¢Õß√—ß ’·°¡¡“

„πÀ—««—¥∑’Ë 1 ¢Õß·µà≈–µÕπ®–¡’§à“ Ÿß ÿ¥·≈–≈¥≈ß

Õ¬à“ß ¡Ë”‡ ¡Õ„πÀ—««—¥∑’Ë 2 - 6 ∑—Èßπ’È‡æ√“–

®”π«ππ‘«µ√ÕπÕÿ≥À¿“æ¡’§à“ Ÿß ÿ¥„π¥â“π≈à“ß¢Õß

Õÿ‚¡ß§å·≈–≈¥≈ßÕ¬à“ß ¡Ë”‡ ¡Õ‡¡◊ËÕÕ¬ŸàÀà“ß®“°

¥â“π≈à“ß¢ÕßÕÿ‚¡ß§å¡“°¢÷Èπ ≈—°…≥–¢Õß§à“ø≈—° ǻ

‡ª√’¬∫‡∑’¬∫‡™àππ’È ™’È„Àâ‡ÀÁπ«à“√–∫∫ “¡“√∂«‘π‘®©—¬

‰¥â«à“¡’«— ¥ÿ∑’Ëπà“®–‡ªìπ«—µ∂ÿ√–‡∫‘¥Õ¬Ÿà®√‘ß ·≈–

 “¡“√∂∫Õ°µ”·Àπàß¢Õß«— ¥ÿπ—Èπ‰¥â ∂÷ß·¡â®–∫√√®ÿ

 ‘Ëß¢ÕßÕ◊Ëπ Ê ‰«â√à«¡°—∫«—µ∂ÿ√–‡∫‘¥„π°√–‡ªÜ“‡¥‘π∑“ß

°√≥’∑’Ë∫√√®ÿ‡©æ“–«—µ∂ÿ√–‡∫‘¥„π°√–‡ªÜ“‡¥‘π∑“ß

„π°√≥’∑’Ë∫√√®ÿ‡©æ“–«—µ∂ÿ√–‡∫‘¥‰«â„π°√–‡ªÜ“

‡¥‘π∑“ßπ—Èπ‡√“‰¥â∑”°“√∫√√®ÿ«—µ∂ÿ√–‡∫‘¥¢π“¥‡≈Á°

‰«â„πµ”·Àπàßµà“ß Ê ¢Õß°√–‡ªÜ“ ‡¥‘π∑“ß

3 µ”·Àπàß §◊Õ 1) µ”·Àπàß¢Õ∫≈à“ß´â“¬°√–‡ªÜ“

2) µ”·Àπàß°÷Ëß°≈“ß°√–‡ªÜ“ ·≈– 3) µ”·Àπàß

¢Õ∫¢«“∫π°√–‡ªÜ“

µ“√“ß∑’Ë 4 ·≈–√Ÿª∑’Ë 6 · ¥ß§à“ø≈—°´å¢Õß

√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫∑’Ë«—¥‰¥â‚¥¬À—««—¥√—ß ’∑’Ë 1 - 6

„π°√≥’∑’Ë∫√√®ÿ«—µ∂ÿ√–‡∫‘¥Õ¬Ÿà„πµ”·Àπàß¢Õ∫≈à“ß

´â“¬¢Õß°√–‡ªÜ“‡¥‘π∑“ß ®–‡ÀÁπ‰¥â«à“§à“ø≈—° ǻ¢Õß

Figure 4. Relative gamma ray fluxes resulted

from the simulation when silk, wool

                and nylon were put in the luggage
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Figure 5. Relative gamma ray fluxes resulted

from the simulation when large

explosive was put in the bottom left

of the luggage and silk at the re

maining  of the luggage

Detector 6
Detector 5
Detector 4
Detector 3
Detector 2
Detector 1

140

120

100

80

60

40

20

0

    1        2        3       4       5        6       7       8       9     1       2        3       4       5        6       7       8       9

300

250

200

150

100

50

0



140 °“√®”≈Õß√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡∑§π‘§°“√°√–µÿâπ¥â«¬π‘«µ√ÕπÕÿ≥À¿“æ¥â«¬‚ª√·°√¡¡Õπµ‘§“√å‚≈

√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫„π∑ÿ°À—««—¥®–¡’§à“ Ÿß ÿ¥

‡¡◊ËÕÀ—««—¥Õ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ∑’Ë 1 ·≈– 2 ∑—Èßπ’È

‡æ√“–«à“µ”·Àπàß¢ÕßÀ—««—¥·≈–·À≈àß°”‡π‘¥π‘«µ√Õπ

Õ¬Ÿà„°≈â°—∫µ”·Àπàß¢Õß«—µ∂ÿ√–‡∫‘¥¡“°∑’Ë ÿ¥ πÕ°

®“°π’È¬—ßæ∫«à“‡¡◊ËÕÀ—««—¥Õ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ

∑—Èß Õßπ’È§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫„π

À—««—¥∑’Ë 1 ·≈– 2 ®–¡’§à“ Ÿß°«à“§à“„πÀ—««—¥∑’Ë 3 - 6

Õ¬à“ß‡ÀÁπ‰¥â™—¥ ∑—Èßπ’È‡æ√“–«à“µ”·Àπàß¢ÕßÀ—««—¥∑’Ë

3 - 6 Õ¬ŸàÀà“ß®“°µ”·Àπàß¢Õß·À≈àß°”‡π‘¥

π‘«µ√Õπ¡“°°«à“À—««—¥∑’Ë 1 ·≈– 2 ®÷ß¡’π‘«µ√Õπ

Õÿ≥À¿“æ∑’Ë®–∑”„Àâ‡°‘¥√—ß ’·°¡¡“πâÕ¬°«à“  à«π

§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫¢ÕßÀ—««—¥µà“ß Ê

‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ∑’Ë 3 - 9 π—Èπ®–¡’§à“

„°≈â‡§’¬ß°—π·≈–πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫§à“„πÀ—««—¥

‡¥’¬«°—π‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ∑’Ë 1 ·≈– 2 ∑—Èßπ’È

‡æ√“–µ”·Àπàß¢ÕßÀ—««—¥∑ÿ°À—««—¥ ‡¡◊ËÕÕ¬Ÿà „π

µ”·Àπàß¢ÕßµÕπ∑’Ë 3 - 9 π—ÈπÕ¬Ÿà‰°≈®“°µ”·Àπàß

¢Õß«—µ∂ÿ√–‡∫‘¥¡“°°«à“ ‡ªìπ∑’Ëπà“ —ß‡°µ«à“§à“ø≈—°´å

¢Õß√—ß ’·°¡¡“ „πÀ—««—¥µà“ß Ê ‡¡◊ËÕÕ¬Ÿà„π

µ”·Àπàß¢ÕßµÕπ∑’Ë 2 ®–µË”°«à“§à“„πÀ—««—¥

‡¥’¬«°—π‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ∑’Ë 1 ∑—Èßπ’È‡ªìπ

‡æ√“–«à“«—µ∂ÿ√–‡∫‘¥¢π“¥‡≈Á°´÷Ëß¡’§«“¡¬“« 8

‡´πµ‘‡¡µ√ À√◊Õ¬“«‡∑à“°—∫ª√–¡“≥ 1.5 ‡∑à“¢Õß

‡ âπºà“»Ÿπ¬å°≈“ß¢ÕßÀ—««—¥®–∑Õ¥¬“«‡µÁ¡µ”·Àπàß

¢ÕßµÕπ∑’Ë 1 ·≈– ‘Èπ ÿ¥∑’Ëµ”·Àπàß°÷Ëß°≈“ß

¢ÕßµÕπ∑’Ë 2 ¥—ßπ—Èπª√‘¡“≥¢Õß«—µ∂ÿ√–‡∫‘¥

®– Ÿß°«à“„πµ”·Àπàß¢ÕßµÕπ∑’Ë 1 ‡¡◊ËÕ‡∑’¬∫°—∫§à“

„πµ”·Àπàß¢ÕßµÕπ∑’Ë 2 §à“ø≈—°´å¢Õß√—ß ’·°¡¡“

∑’Ë«—¥‰¥â‚¥¬À—««—¥µà“ß Ê ‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢Õß

µÕπ∑’Ë 2 ®÷ßπâÕ¬°«à“§à“„πµ”·Àπàß¢ÕßµÕπ∑’Ë 1

„π°√≥’∑’Ë∫√√®ÿ«—µ∂ÿ√–‡∫‘¥¢π“¥‡≈Á°‰«â∑’Ë

µ”·Àπàß°÷Ëß°≈“ß·≈–¢Õ∫¢«“∫π¢Õß°√–‡ªÜ“®–

æ∫«à“§à“ø≈—° ǻ¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫„π

À—««—¥µà“ß Ê ®–¡’≈—°…≥–§≈â“¬°—∫°√≥’∑’Ë∫√√®ÿ

«—µ∂ÿ√–‡∫‘¥‰«â∑’Ëµ”·Àπàß¢Õ∫≈à“ß´â“¬¢Õß°√–‡ªÜ“

µ“√“ß∑’Ë 5 ·≈–√Ÿª∑’Ë 7 · ¥ß§à“ø≈—°´å¢Õß√—ß ’

·°¡¡“‡ª√’¬∫‡∑’¬∫„π°√≥’∑’Ë∫√√®ÿ«—µ∂ÿ√–‡∫‘¥‰«â∑’Ë

µ”·Àπàß°÷Ëß°≈“ß°√–‡ªÜ“  à«πµ“√“ß∑’Ë 6 ·≈–√Ÿª∑’Ë

8 · ¥ß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫„π

°√≥’∑’Ë∫√√®ÿ«—µ∂ÿ√–‡∫‘¥‰«â∑’Ëµ”·Àπàß¢Õ∫¢«“∫π

¢Õß°√–‡ªÜ“ „πµ“√“ß∑’Ë 5 ·≈–√Ÿª∑’Ë 7 ®–æ∫«à“

§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫®–¡’§à“ Ÿß ÿ¥

„πÀ—««—¥∑’Ë 3 ·≈– 4 ‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ∑’Ë

5 ·≈– 6  à«π„πµ“√“ß∑’Ë 6 ·≈–√Ÿª∑’Ë 8 π—Èπ®–æ∫

«à“§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫¡’§à“ Ÿß ÿ¥
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Figure 6. Relative gamma ray fluxes resulted

from the simulation when small

explosive was put at the bottom left

of the luggage.

Figure 7. Relative gamma ray fluxes resulted

from the simulation when small

explosive was put in the middle of

the luggage.
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Figure 8. Relative gamma ray fluxes resulted

from the simulation when small

explosive was put at the top right of

the luggage
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„πÀ—««—¥∑’Ë 5 ·≈– 6 ‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπ

∑’Ë 8 ·≈– 9

≈—°…≥–°“√°√–®“¬¢Õßø≈—° ǻ¢Õß√—ß ’·°¡¡“

¥—ßª√“°Ø„πµ“√“ß∑’Ë 4 - 6 ·≈–√Ÿª∑’Ë 4 - 8 π’È· ¥ß

„Àâ‡ÀÁπ«à“√–∫∫ “¡“√∂µ√«®À“«— ¥ÿ∑’ËÕ“®‡ªìπ«—µ∂ÿ

√–‡∫‘¥·≈–µ”·Àπàß¢Õß«— ¥ÿπ—ÈπÕ¬à“ß‡ÀÁπ‰¥â™—¥

Table 4. Relative gamma ray fluxes resulted from the simulation when small explosive was put at the

bottom left of the luggage

Table 5. Relative gamma ray fluxes resulted from the simulation when small explosive was put at the

middle of the luggage

∫∑ √ÿª

®“°≈—°…≥–¢Õß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫

‡∑’¬∫µ“¡µ“√“ß∑’Ë 2 - 6 ·≈–√Ÿª∑’Ë 4 - 8 π—Èπ ‡√“

 “¡“√∂ √ÿª‰¥â«à“√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥∑’Ë„™â‡∑§π‘§

TNA  “¡“√∂µ√«®À“«— ¥ÿ∑’ËÕ“®‡ªìπ«—µ∂ÿ√–‡∫‘¥

Table 6. Relative gamma ray fluxes resulted from the simulation when small explosive was put at the

top of the luggage

Section
Detector

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 34 23 1 1 1 1 2 2 2

5 44 30 2 2 2 2 2 2 2

4 53 38 2 2 2 2 2 2 2

3 56 35 2 2 2 2 2 2 2

2 62 41 3 3 3 3 3 3 3

1 60 39 3 3 4 4 4 4 4

Section
Detector

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 2 1 1 2 2 1 2 59 89

5 2 2 2 2 2 2 2 46 77

4 2 2 2 2 2 2 2 45 68

3 2 2 2 2 2 2 2 34 52

2 3 3 3 3 3 3 3 26 42

1 3 3 3 3 4 4 4 22 37

Section
Detector

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9

6 2 1 1 1 46 32 2 2 2

5 2 2 2 2 67 39 2 2 2

4 2 2 2 2 78 47 2 2 2

3 2 2 2 2 82 61 2 2 2

2 3 3 3 3 66 56 3 3 3

1 3 3 3 3 53 38 4 4 4
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·≈–∫Õ°µ”·Àπàß¢Õß«— ¥ÿπ—Èπ„π°√–‡ªÜ“‡¥‘π∑“ß‰¥â

®–‡ÀÁπ‰¥â«à“‡¡◊ËÕ∫√√®ÿ‡©æ“–ºâ“‰À¡ ºâ“¢π —µ«å

·≈–ºâ“‰π≈Õπ‚¥¬‰¡à¡’«—µ∂ÿ√–‡∫‘¥„π°√–‡ªÜ“‡¥‘π

∑“ß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫¢Õß·µà≈–

À—««—¥‡¡◊ËÕÕ¬Ÿà„πµ”·Àπàß¢ÕßµÕπµà“ß Ê ®–‰¡à·µ°

µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ ∑—Èßπ’È‡æ√“–§«“¡Àπ“·πàπ

¢Õß‰π‚µ√‡®π¢Õß«— ¥ÿ¥—ß°≈à“«¡’§à“„°≈â‡§’¬ß°—π

Õ¬à“ß‰√°Áµ“¡√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥‰¥â· ¥ß„Àâ

‡ÀÁπ«à“§à“ø≈—°´å¢Õß√—ß ’·°¡¡“„πÀ—««—¥∑’Ë 1 - 6

¢Õß·µà≈–µÕπ®–≈¥≈ßÕ¬à“ß ¡Ë”‡ ¡Õ ´÷Ëß‡ªìπ°“√

 –∑âÕπ«à“®”π«ππ‘«µ√ÕπÕÿ≥À¿“æ„πµ”·Àπàß

µà“ß Ê ¢Õß°√–‡ªÜ“‡¥‘π∑“ß„π·π«¥‘Ëß¡’§à“≈¥≈ß

Õ¬à“ß ¡Ë”‡ ¡Õ®“°¥â“π≈à“ß „π°√≥’∑’Ë∫√√®ÿ«—µ∂ÿ

√–‡∫‘¥√à«¡°—∫ºâ“‰À¡„π°√–‡ªÜ“‡¥‘π∑“ß≈—°…≥–

¢Õß§à“ø≈—°´å¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫®–¡’

§à“ Ÿß ÿ¥‡¡◊ËÕÀ—««—¥Õ¬Ÿà„°≈â°—∫µ”·Àπàß¢Õß«—µ∂ÿ

√–‡∫‘¥  à«π∑’Ëµ”·ÀπàßÕ◊Ëπ Ê ®–¡’§à“πâÕ¬°«à“Õ¬à“ß

‡ÀÁπ‰¥â™—¥  à«π°√≥’∑’Ë∫√√®ÿ‡©æ“–«—µ∂ÿ√–‡∫‘¥‰«â„π

°√–‡ªÜ“‡¥‘π∑“ß≈—°…≥–¢Õß§à“ø≈—°´å¢Õß√—ß ’

·°¡¡“‡ª√’¬∫‡∑’¬∫¬‘Ëß· ¥ß„Àâ‡ÀÁπÕ¬à“ß™—¥‡®π«à“‡¡◊ËÕ

À—««—¥Õ¬Ÿà„°≈â°—∫µ”·Àπàß¢Õß«—µ∂ÿ√–‡∫‘¥§à“ø≈—° ǻ

¢Õß√—ß ’·°¡¡“‡ª√’¬∫‡∑’¬∫®–·µ°µà“ß®“°§à“

„πµ”·ÀπàßÕ◊Ëπ Ê Õ¬à“ß¡“°

Õ¬à“ß‰√°Áµ“¡„π°“√®”≈Õß§√—È ßπ’È ‡√“„™â

 ¡¡µ‘∞“π∑’Ë·µ°µà“ß®“°°“√∑¥≈Õß¢Õß Bartko

and Ruddy 2 ¢âÕ§◊Õ

  1) ‡√“ ¡¡µ‘„ÀâÕπÿ¿“§π‘«µ√Õπæ≈—ßß“π

‡©≈’Ë¬ 2.35 MeV ∑’Ëª≈¥ª≈àÕ¬®“°·À≈àß

°” ‡π‘ ¥π‘ «µ√Õπ 252Cf ‰¥â∂Ÿ°≈¥∑Õπ

æ≈—ßß“π≈ß®π°≈“¬‡ªìππ‘«µ√ÕπÕÿ≥À¿“æ

∑’Ë¡’æ≈—ßß“π 0.025 eV ·≈â«‡¡◊ËÕ‡¢â“ Ÿà

Õÿ‚¡ß§å·≈–∑”Õ—πµ√°‘√‘¬“°—∫π‘«‡§≈’¬ ¢Õß

«— ¥ÿ∑’Ëπ”¡“µ√«® Õ∫ ¢≥–∑’Ë „π°“√

∑¥≈Õß¢Õß Bartko and Ruddy π—Èπ„™â

 ‡ª°µ√—¡¢Õßπ‘«µ√Õπ∑’Ë¡’æ≈—ßß“π‡©≈’Ë¬

2.35 MeV °“√„™â ¡¡µ‘∞“π¥—ß°≈à“«°Á‡æ◊ËÕ

≈¥‡«≈“¢Õß°“√®”≈Õß¥â«¬§Õ¡æ‘«‡µÕ√å≈ß

„ÀâÕ¬Ÿà „π√–¥—∫∑’Ë ‰¡à„™â ‡«≈“π“π‡°‘π‰ª

‡Àµÿº≈Õ’°ª√–°“√Àπ÷Ëß¢Õß°“√„™â ¡¡µ‘∞“π

π’È§◊Õ‡π◊ËÕß®“°°“√®”≈Õß§√—Èßπ’È ‡ªìπ‡æ’¬ß

°“√»÷°…“§«“¡‡ªìπ‰ª‰¥â‡∫◊ÈÕßµâπ¢Õß√–∫∫

µ√«®«—µ∂ÿ√–∫∫∑’Ë„™â‡∑§π‘§ TNA ‚¥¬¬—ß‰¡à

‡°’Ë¬«¢âÕß°—∫°“√ÕÕ°·∫∫√–∫∫µ√«®«—µ∂ÿ√–‡∫‘¥

  2) ‡√“‰¡à‰¥â√–∫ÿ™π‘¥¢ÕßÀ—««—¥√—ß ’·°¡¡“

∑’Ë„™â„π°“√®”≈Õß„π¢≥–∑’Ë Bartko and

Ruddy ´÷ËßµâÕß°“√§«“¡√«¥‡√Á«¢ÕßÀ—««—¥

 “¡“√∂¥—¥·ª≈ß√Ÿª∑√ß‰¥âßà “¬ ·≈–

√“§“∂Ÿ°®÷ß„™âÀ—««—¥æ≈“ µ‘° ∑—Èßπ’È‡æ√“–

‡√“ π„®‡æ’¬ß°“√À“§à“ø≈—°´å¢Õß√—ß ’

·°¡¡“‡ª√’¬∫‡∑’¬∫‡∑à“π—Èπ ·≈–§à“¥—ß°≈à“«

‰¡à¢÷Èπ°—∫™π‘¥¢ÕßÀ—««—¥√—ß ’

¥—ßπ—Èπ®÷ßÕ“®‡ªìπª√–‚¬™πå∂â“®–∑”°“√

®”≈Õß‚¥¬„™âπ‘«µ√Õπæ≈—ßß“π‡©≈’Ë¬ 2.35 MeV ®“°

·À≈àß°”‡π‘¥π‘«µ√Õπ 252Cf ·≈–°”Àπ¥™π‘¥¢Õß

À—««—¥√—ß ’·°¡¡“ ‡™àπ NaI(Tl) À√◊Õ BGO „π‚Õ°“ 

µàÕ‰ª
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