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ABSTRACT

Chiang Mai 60, SJ 5, and Doi Kham soybean varieties were grown in pots and  fertilized with 0, 20,
40 kg N/ha. It was found that these 3 soybean varieties gave higher seed yield with increasing of N fertilizer.
The harvested seeds then were analyzed for nitrogen content using nuclear technique (neutron activation) and
standard chemical analysis.

For neutron activation analysis, seeds were irradiated with fast neutron at the flux of 2.5×1011

n.cm-2.s-1 from Thai Research Reactor, TRIGA Mark 3 type,  at the Office of Atomic Energy for Peace.  The
emitted gamma rays of 0.511 MeV from 13N of nuclear reaction 14N(n,2n)13N caused by the annihilation of
positron disintegrated were measured by the semiconductor detector (HPGe). Ammonium nitrate was used as
standard and the interfering activities induced by phosphorus and potassium and from recoil proton were also
corrected.

From qualitative analysis using neutron activation, N, P, K, Mn, Mg, Ar, and Al were found in the
soybean seed.  The average nitrogen contents in soybean are 7.024% and 6.809% as determined by nuclear
technique and by chemical method, respectively. The results from these two methods of analysis were
considerably comparable.
Key words : neutron activation, nuclear technique, soybean,  nitrogen
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∫∑§—¥¬àÕ

®“°°“√∑¥≈Õß„π°√–∂“ß ‚¥¬ª≈Ÿ°∂—Ë«‡À≈◊Õß

æ—π∏ÿå‡™’¬ß„À¡à 60,  ®. 5, ·≈–¥Õ¬§” ·≈–„ÀâªÿÜ¬

‰π‚µ√‡®πÕ—µ√“ 0, 20, 40 °‘‚≈°√—¡‰π‚µ√‡®πµàÕ

‡Œ°µ“√å æ∫«à“ ∂—Ë«‡À≈◊Õß∑—Èß 3 æ—π∏ÿå„Àâº≈º≈‘µ‡¡≈Á¥

‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‰¥â√—∫ªÿÜ¬‰π‚µ√‡®π‡æ‘Ë¡¢÷Èπ À≈—ß‡°Á∫‡°’Ë¬«

‰¥â«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥∂—Ë«‡À≈◊Õß‚¥¬

‡∑§π‘§∑“ßπ‘«‡§≈’¬√å §◊Õ π‘«µ√Õπ·Õ§µ‘‡«™—π ·≈–

«‘∏’∑“ß‡§¡’

«‘∏’π‘«µ√Õπ·Õ§µ‘‡«™—π π”‡¡≈Á¥∂—Ë«‡À≈◊ÕßÕ“∫

√—ß ’ø“ µåπ‘«µ√Õπ®“°‡§√◊ËÕßªØ‘°√≥åª√¡“≥Ÿ«‘®—¬ ·∫∫

TRIGA Mark 3 ¢Õß ”π—°ß“πæ≈—ßß“πª√¡“≥Ÿ‡æ◊ËÕ

 —πµ‘ ´÷Ëß„Àâø“ µåπ‘«µ√Õπ∑’Ë¡’§à“ø≈—°´å‡∑à“°—∫ 2.5 ×

1011 π‘«µ√ÕπµàÕµ“√“ß‡´πµ‘‡¡µ√µàÕ«‘π“∑’ ·≈â««—¥

√—ß ’·°¡¡“æ≈—ßß“π 0.511 MeV ∑’Ë‡°‘¥®“°°√–∫«π

°“√·Õππ‘Œ‘‡≈™—π¢Õß‚æ´‘µ√Õπ®“° 13N ´÷Ëß‡ªìπº≈

¢ÕßªØ‘°‘√‘¬“ 14N(n,2n)13N ‚¥¬™ÿ¥À—««—¥√—ß ’·∫∫‡®Õ√å

¡“‡π’¬¡∫√‘ ÿ∑∏‘Ï Ÿß (HPGe) ·≈–„™â·Õ¡‚¡‡π’¬¡‰π‡µ

√∑‡ªìπ “√¡“µ√∞“π‡ª√’¬∫‡∑’¬∫ æ√âÕ¡∑—Èßª√—∫·°â

§«“¡§≈“¥‡§≈◊ËÕπÕ—π‡°‘¥¢÷Èπ®“°°“√√∫°«π¢Õß

‰Õ‚´‚∑ª°—¡¡—πµ√—ß ’‚æ·∑ ‡´’¬¡ ·≈–øÕ øÕ√— 

·≈–®“°°“√°√–¥Õπ°≈—∫¢Õß‚ª√µÕπ

®“°º≈°“√«‘‡§√“–Àå‡™‘ß§ÿ≥¿“æ‚¥¬π‘«µ√Õπ·Õ

§µ‘‡«™—πæ∫∏“µÿ∑’Ë‡ªìπÕß§åª√–°Õ∫„π‡¡≈Á¥∂—Ë«‡À≈◊Õß§◊Õ

‰π‚µ√‡®π øÕ øÕ√—  ‚æ·∑ ‡´’¬¡ ·¡ß°“π’ 

·¡°π’‡´’¬¡ Õ“√å°Õπ ·≈–Õ–≈Ÿ¡‘‡π’¬¡ ‡¡≈Á¥∂—Ë«‡À≈◊Õß

¡’ª√‘¡“≥‰π‚µ√‡®π‡©≈’Ë¬√âÕ¬≈– 7.024 ·≈– 6.809

‡¡◊ËÕ«‘‡§√“–Àå¥â«¬«‘∏’π‘«µ√Õπ·Õ§µ‘‡«™—π ·≈–«‘∏’‡§¡’

µ“¡≈”¥—∫ ·≈–∑—Èß Õß«‘∏’„Àâº≈„°≈â‡§’¬ß°—π

§”π”

‰π‚µ√‡®π‡ªìπ∏“µÿÕ“À“√À≈—°∑’Ëæ◊™µâÕß°“√„π

ª√‘¡“≥¡“° (macro nutrient) ‡æ◊ËÕ„™â„π°“√‡®√‘≠‡µ‘∫‚µ

‡π◊ËÕß®“°‰π‚µ√‡®π‡ªìπÕß§åª√–°Õ∫∑’Ë ”§—≠¢Õß

°√¥Õ–¡‘‚π´÷Ëß‡°’Ë¬«¢âÕß°—∫°√–∫«π°“√ √â“ß‚ª√µ’π

¥—ßπ—Èπ °“√«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π®÷ß‡ªìπ∑“ß

‡≈◊Õ°Àπ÷Ëß„π°“√«‘‡§√“–Àåª√‘¡“≥‚ª√µ’π ́ ÷Ëß‚¥¬∑—Ë«‰ª

„π°“√«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π„πæ◊™„™â«‘∏’ Kjeldahl

´÷Ëß‡ªìπ«‘∏’«‘‡§√“–Àå∑“ß‡§¡’∑’Ë„™â‡«≈“§àÕπ¢â“ß¡“° ‚¥¬

°“√¬àÕ¬ ≈“¬‡ª≈’Ë¬π‰π‚µ√‡®π„πµ—«Õ¬à“ß„ÀâÕ¬Ÿà„π

√Ÿª·Õ¡‚¡‡π’¬¡ ·≈â«∑”°“√°≈—Ëπ„Àâ·Õ¡‚¡‡π’¬¡

‡ª≈’Ë¬π‡ªìπ·°ä ·Õ¡‚¡‡π’¬ ´÷Ëß®–‡°Á∫‰«â„π√Ÿª¢Õß

·Õ¡‚¡‡π’¬¡‰Œ¥√Õ°‰´¥å ®“°π—Èπ∑”°“√‰∑‡∑√µ¥â«¬

°√¥°”¡–∂—π‡æ◊ËÕÀ“‡ªÕ√å‡´Áπµå‰π‚µ√‡®π

ªí®®ÿ∫—π ‡∑§π‘§∑“ßπ‘«‡§≈’¬√å‰¥â∂Ÿ°π”¡“„™â

„π°“√»÷°…“«‘®—¬„π “¢“µà“ß Ê ¡“°¡“¬ „π°“√

«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π°ÁÕ“®®–„™â«‘∏’ particle in-

duced X-ray emission (PIXE), photoelectron

spectroscopy (ESCA), neutron magnetic resonance

(NMR) À√◊Õπ‘«µ√Õπ·Õ§µ‘‡«™—π (neutron activation)

´÷Ëß ‡ªìπ‡∑§π‘§∑“ßπ‘«‡§≈’¬√å∑’Ë “¡“√∂ªÆ‘∫—µ‘‰¥â

√«¥‡√Á«·≈–„Àâº≈∂Ÿ°µâÕß ¥”‡π‘π°“√‰¥â‚¥¬°“√„Àâ

π‘«µ√Õπ∑’Ë¡’æ≈—ßß“π Ÿß À√◊Õø“ µåπ‘«µ√Õπ (fast neu-

tron) ®“°·À≈àß°”‡π‘¥π‘«µ√Õπ (neutron generator)

„π√“¬ß“π¢Õß Wood, 1972; Ridwan and Smith, 1976

À√◊Õ®“°‡§√◊ËÕßªØ‘°√≥åπ‘«‡§≈’¬√å ‡¢â“∑”ªØ‘°‘√‘¬“

π‘«‡§≈’¬√å°—∫‰π‚µ√‡®π„πµ—«Õ¬à“ß ø“ µåπ‘«µ√Õπ®–

‡ª≈’Ë¬π 14N „Àâ‡ªìπ 13N ́ ÷Ëß‡ªìπ‰Õ‚´‚∑ª°—¡¡—π-µ√—ß

 ’∑’Ë ≈“¬µ—«„ÀâÕπÿ¿“§‚æ´‘µ√Õπ¥â«¬§à“§√÷Ëß™’«‘µ 9.97

π“∑’ ‡√’¬°«à“‡°‘¥ªØ‘°‘√‘¬“ 14N(n, 2n)13N ®“°π—Èπ∑”°“√

«—¥√—ß ’·°¡¡“∑’Ë¡’æ≈—ßß“π 0.511 MeV ∑’Ë‡°‘¥¢÷Èπ®“°

°√–∫«π°“√·Õππ‘Œ‘‡≈™—π (annihilation) ¢ÕßÕπÿ¿“§

‚æ´‘µ√Õπ (Niemann, 1980) ¢âÕ¥’¢Õß‡∑§π‘§π’È §◊Õ

«‘‡§√“–Àå‰¥â√«¥‡√Á« „Àâº≈∂Ÿ°µâÕß ·≈–‰¡àµâÕß∑”≈“¬

µ—«Õ¬à“ß  “¡“√∂π”‡¡≈Á¥æ◊™∑’Ëºà“π°“√«‘‡§√“–Àå

·≈â«‰ª»÷°…“√“¬≈–‡Õ’¬¥Õ◊Ëπ Ê ‰¥â À√◊ÕÕ“®π”‰ª
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ª≈Ÿ°¢¬“¬æ—π∏ÿåµàÕ‰ª‰¥â (Kosta et al., 1969)

°“√∑¥≈Õßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ «‘‡§√“–Àå

ª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥∂—Ë«‡À≈◊Õß ´÷Ëß‡ªìπæ◊™

µ√–°Ÿ≈∂—Ë«´÷Ëß„Àâ‡¡≈Á¥∑’Ë¡’§ÿ≥§à“∑“ß‚¿™π“°“√ Ÿß Õ’°

∑—Èß¬—ß‡ªìπæ◊™‡»√…∞°‘®™π‘¥Àπ÷Ëß¢Õßª√–‡∑»‰∑¬ ‚¥¬

„™â‡∑§π‘§π‘«µ√Õπ·Õ§µ‘‡«™—π ‡æ◊ËÕæ—≤π“‡∑§π‘§π’È„Àâ

‡ªìπÕ’°∑“ß ‡≈◊Õ°Àπ÷Ë ß „π°“√«‘ ‡§√“–Àåª√‘¡“≥

‰π‚µ√‡®π„πæ◊™ æ√âÕ¡∑—Èß‡ª√’¬∫‡∑’¬∫º≈°—∫°“√

«‘‡§√“–Àå∑“ß‡§¡’

Õÿª°√≥å·≈–«‘∏’°“√

°“√ª≈Ÿ°∂—Ë«‡À≈◊Õß

∑”°“√∑¥≈Õß„π°√–∂“ß‚¥¬„™â·ºπ°“√∑¥≈Õß

·∫∫ 3 × 3 factorial experiment in CRD ¡’ 3 ́ È” ‚¥¬

ª≈Ÿ°∂—Ë«‡À≈◊Õß 3 æ—π∏ÿå ‰¥â·°à æ—π∏ÿå‡™’¬ß„À¡à 60,  ®. 5,

·≈–¥Õ¬§” °√–∂“ß≈– 2 µâπ ·µà≈–°√–∂“ß„ à¥‘πÀπ—°

8 °‘‚≈°√—¡ „ÀâªÿÜ¬‰π‚µ√‡®π„π√Ÿª·Õ¡‚¡‡π’¬¡

´—≈‡øµÕ—µ√“ 0, 0.41, 0.82 °√—¡µàÕ°√–∂“ß ‡∑’¬∫‡∑à“

0, 20, 40 °‘‚≈°√—¡‰π‚µ√‡®πµàÕ‡Œ°µ“√å À√◊Õ 0, 0.087,

0.174 °√—¡‰π‚µ√‡®πµàÕ°√–∂“ß ¥Ÿ·≈„ÀâπÈ” ¡Ë”‡ ¡Õ

‡°Á∫‡°’Ë¬«‡¡≈Á¥∂—Ë«‡À≈◊Õß‡¡◊ËÕÕ“¬ÿ 90 «—π ™—ËßπÈ”Àπ—°

‡¡≈Á¥∑’Ë‰¥â®“°·µà≈–°√–∂“ß ‡æ◊ËÕπ”¢âÕ¡Ÿ≈‰ª«‘‡§√“–Àå

∑“ß ∂‘µ‘ ·≈â«π”‡¡≈Á¥‰ª«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π

µàÕ‰ª

°“√«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π‚¥¬«‘∏’π‘«µ√Õπ

·Õ§µ‘‡«™—π

°“√«‘‡§√“–Àå‡™‘ß§ÿ≥¿“æ ‡æ◊ËÕµâÕß°“√∑√“∫∏“µÿ

µà“ß Ê ∑’Ë‡ªìπÕß§åª√–°Õ∫„π‡¡≈Á¥∂—Ë«‡À≈◊Õß ‰¥âπ”

‡¡≈Á¥∂—Ë«‡À≈◊Õß‰ªÕ“∫√—ß ’ø≈“ µåπ‘«µ√Õπ∑’Ë∑àÕ CA-

3 ¢Õß‡§√◊ËÕßªØ‘°√≥åª√¡“≥Ÿ«‘®—¬-1 ª√—∫ª√ÿß§√—Èß∑’Ë 1

(ªª«.-1/1) ¢Õß ”π—°ß“πæ≈—ßß“πª√¡“≥Ÿ‡æ◊ËÕ —πµ‘

÷́Ëß¡’§«“¡‡¢â¡¢Õßπ‘«µ√Õπ‡∑à“°—∫ 2.5 × 1011 π‘«µ√Õπ

µàÕµ“√“ß‡´πµ‘‡¡µ√µàÕ«‘π“∑’ π“π 10 π“∑’ ·≈â«π”

¡“«—¥√—ß ’∑—π∑’ µ√«®«—¥ ‡ª§µ√—¡√—ß ’·°¡¡“¥â«¬À—«

«—¥‡®Õ√å¡“‡π’¬¡∫√‘ ÿ∑∏‘Ï Ÿß (HPGe) ∑’ËµàÕ°—∫‡§√◊ËÕß

«‘‡§√“–Àå —≠≠“≥·∫∫À≈“¬™àÕß (multichannel

analyzer) ·≈–§Õ¡æ‘«‡µÕ√å∑”Àπâ“∑’Ë‡°Á∫¢âÕ¡Ÿ≈·≈–

«‘‡§√“–Àå —≠≠“≥ (Figure 1) ‚¥¬∑”°“√«—¥π“π 5

Figure 1 Gamma spectrometer for neutron activation analysis.
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π“∑’ ®“° ‡ª§µ√—¡æ‘®“√≥“µ”·Àπàß Ÿß ÿ¥¢Õß·µà≈–

æ’§ (peak) ∫—π∑÷°§à“æ≈—ßß“π√—ß ’·°¡¡“ ‡æ◊ËÕπ”‰ª

‡ª√’¬∫‡∑’¬∫°—∫§à“æ≈—ßß“π¢Õß‰Õ‚´‚∑ª°—¡¡—πµ√—ß ’

‡æ◊ËÕ«‘‡§√“–Àå«à“‡ªìπæ’§∑’Ë‡°‘¥®“°°“√ ≈“¬µ—«¢Õß∏“µÿ„¥

°“√«‘‡§√“–Àå‡™‘ßª√‘¡“≥ ‡æ◊ËÕµâÕß°“√∑√“∫

ª√‘¡“≥‰π‚µ√‡®π„πµ—«Õ¬à“ß ‰¥âπ”‡¡≈Á¥∂—Ë«‡À≈◊Õß

·≈–·Õ¡‚¡‡π’¬¡‰π‡µ√∑ (NH4NO3) ´÷Ëß„™â‡ªìπ “√

¡“µ√∞“π ‡¢â“Õ“∫√—ß ’π“π 10 π“∑’ ·≈–ª≈àÕ¬∑‘Èß‰«â

10 π“∑’ ‡æ◊ËÕ„Àâ‰Õ‚´‚∑ª°—¡¡—πµ√—ß ’∑’Ë¡’§√÷Ëß™’«‘µ —Èπ Ê

 ≈“¬µ—«‰ª∫â“ß ‡™àπ 30P ®“°ªØ‘°‘√‘¬“ 31P(n, 2n)30P

·≈â«π”µ—«Õ¬à“ß‰ª«—¥√—ß ’π“π 5 π“∑’ §”π«≥æ◊Èπ∑’Ë

„µâæ’§∑’Ëæ≈—ßß“π 0.511 MeV µ“¡«‘∏’¢Õß‚§‡«≈´å

(Covellûs formular of total peak area) ª√—∫·°â§à“

‡π◊ËÕß®“°°“√√∫°«π¢Õß 38K ®“°ªØ‘°‘√‘¬“ 39K(n,

2n)38K ·≈–‚ª√µÕπ°√–¥Õπ°≈—∫ (recoil proton)

®“°∂—Ë«‡À≈◊Õß·≈–‰«Õ—≈ (vial) ´÷Ëß„™â∫√√®ÿµ—«Õ¬à“ß‡¢â“

Õ“∫√—ß ’ §”π«≥ª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥∂—Ë«‡À≈◊Õß

‚¥¬‡ª√’¬∫‡∑’¬∫æ◊Èπ∑’Ë„µâæ’§ ÿ∑∏‘∑’Ëæ≈—ßß“π 0.511 MeV

®“°‡¡≈Á¥∂—Ë«‡À≈◊Õß·≈–®“° “√¡“µ√∞“π (NH4NO3)

¥—ßπ’È

ª√‘¡“≥‰π‚µ√‡®π æ◊Èπ∑’Ë ÿ∑∏‘∑’Ëæ≈—ßß“π 0.511

„π‡¡≈Á¥∂—Ë«‡À≈◊Õß  MeV ®“°‡¡≈Á¥∂—Ë«‡À≈◊Õß
=

ª√‘¡“≥‰π‚µ√‡®π æ◊Èπ∑’Ë ÿ∑∏‘∑’Ëæ≈—ßß“π 0.511

„π “√¡“µ√∞“π MeV ®“° “√¡“µ√∞“π

°“√«‘‡§√“–Àå∑“ß‡§¡’

π”µ—«Õ¬à“ß‡¡≈Á¥∂—Ë«‡À≈◊Õß∑—Èß 27 µ—«Õ¬à“ß ‰ª

«‘‡§√“–Àå∑“ß‡§¡’‡æ◊ËÕ«—¥ª√‘¡“≥‰π‚µ√‡®π ‚¥¬«‘∏’ Kjel-

dahl π”º≈∑’Ë‰¥â‡ª√’¬∫‡∑’¬∫°—∫«‘∏’π‘«µ√Õπ·Õ§µ‘‡«™—π

π”ª√‘¡“≥‰π‚µ√‡®π¢Õß‡¡≈Á¥∂—Ë«‡À≈◊Õß®“°

°“√«‘‡§√“–Àå∑“ßπ‘«‡§≈’¬√å·≈–∑“ß‡§¡’‰ª„™â§”π«≥

ª√‘¡“≥‰π‚µ√‡®π∑—ÈßÀ¡¥∑’Ë∂—Ë«‡À≈◊Õß¥Ÿ¥¢÷Èπ‰ª‰«â„π

‡¡≈Á¥ ‚¥¬§Ÿ≥°—∫πÈ”Àπ—°‡¡≈Á¥∑’Ë‡°Á∫‡°’Ë¬«‰¥â ·≈â«π”

¢âÕ¡Ÿ≈‰ª«‘‡§√“–Àå∑“ß ∂‘µ‘æ√âÕ¡°—∫‡ª√’¬∫‡∑’¬∫

§«“¡·µ°µà“ß¢Õß·µà≈–µ”√—∫∑¥≈Õß‚¥¬„™â Duncan

multiple range test

º≈·≈–«‘®“√≥å

º≈º≈‘µ∂—Ë«‡À≈◊Õß

º≈º≈‘µ∂—Ë«‡À≈◊Õß´÷Ëß«—¥®“°πÈ”Àπ—°‡¡≈Á¥∂—Ë«

‡À≈◊Õß 3 æ—π∏ÿå · ¥ß„π‡ÀÁπ«à“ ‚¥¬∑—Ë«‰ª∂—Ë«‡À≈◊Õß

µÕ∫ πÕßµàÕ°“√„™âªÿÜ¬‰π‚µ√‡®π ‚¥¬„Àâº≈º≈‘µ

√«¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‰¥â√—∫ªÿÜ¬‰π‚µ√‡®π‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬

 ”§—≠∑“ß ∂‘µ‘ „π¢≥–∑’Ë∂—Ë«‡À≈◊Õß·µà≈–æ—π∏ÿå„Àâ

º≈º≈‘µ‰¡à·µ°µà“ß°—π (Figure 2)

°“√«‘‡§√“–Àåª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥∂—Ë«

‡À≈◊Õß

°“√«‘‡§√“–Àå‡™‘ß§ÿ≥¿“æ ‡¡◊ËÕπ”‡¡≈Á¥∂—Ë«‡À≈◊Õß

∑’ËÕ“∫√—ß ’π‘«µ√Õπ·≈â«‰ª«—¥√—ß ’¥â«¬À—««—¥ HPGe

‰¥âº≈°“√«‘‡§√“–Àå —≠≠“≥√—ß ’·°¡¡“¥—ß ‡ª§µ√—¡„π

Figure 3 ®“°§à“æ≈—ßß“π¢Õß·µà≈–æ’§„π ‡ª§µ√—¡

‡ ¡◊Ë Õ ‡ ª √’ ¬∫ ‡∑’ ¬∫°— ∫æ≈— ß ß “π¢Õß ‰Õ‚´‚∑ª

°—¡¡—πµ√—ß ’®“°§Ÿà¡◊Õ√—ß ’·°¡¡“·≈â«æ∫«à“ ‡ªìπ√—ß ’

·°¡¡“∑’Ëª≈¥ª≈àÕ¬®“° 13N, 38Cl, 28Al, 27Mg, 56Mn,
41Ar, 42K ·≈– 38K ‚¥¬¡’æ≈—ßß“πµà“ß Ê ¥—ß√“¬

Figure 2 Seed weights of Chiang Mai 60 (CM

60), SJ 5, and Doi Kham (DK) soybean

varieties fertilized with N-fertilizer at

0, 0.087, 0.174 g/pot.
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Table 1 Gamma energy of the radioactive isotopes detected from soybean seed activated by fast neutron

for 10 minutes.

Gamma energy (MeV) Radioactive isotopes

0.511 13N

0.620, 1.642 38Cl

0.760, 1.268, 1.779 28Al

0.847, 1.010 27Mg

0.847, 1.810, 2.117 56Mn

1.293 41Ar

1.528 42K

2.167 38K

≈–‡Õ’¬¥„π Table 1 ∑’Ëµ”·Àπàßæ≈—ßß“π 0.511 MeV

‰¥âµ‘¥µ“¡°“√ ≈“¬µ—«·≈–«—¥§à“§√÷Ëß™’«‘µ æ∫«à“¡’§à“ 9.4

π“∑’ ´÷Ëß¡’§à“‡∑à“°—∫§√÷Ëß™’«‘µ¢Õß 13N · ¥ß«à“ √—ß ’

·°¡¡“æ≈—ßß“π 0.511 MeV ∑’Ëµ√«®«—¥‰¥âπ’È¡“®“°

°√–∫«π°“√·Õππ‘Œ‘‡≈™—π¢ÕßÕπÿ¿“§‚æ´‘µ√Õπ®“°
13N

°“√«‘‡§√“–Àå‡™‘ßª√‘¡“≥ ‡¡◊ËÕ§”π«≥æ◊Èπ∑’Ë„µâæ’§

¢Õß√—ß ’·°¡¡“æ≈—ßß“π 0.511 MeV ®“°µ—«Õ¬à“ß

‡¡≈Á¥∂—Ë«‡À≈◊Õß∑—Èß 27 µ—«Õ¬à“ß ∑’Ëºà“π°“√Õ“∫√—ß ’

ø“ µåπ‘«µ√Õπ ·≈–‰¥â·°â‰¢°“√√∫°«π‡π◊ËÕß®“°

√—ß ’·°¡¡“æ≈—ßß“π 0.511 MeV ∑’Ë‡°‘¥¢÷Èπ®“° 38K

‚ª√µÕπ°√–¥Õπ°≈—∫ ·≈–°—¡¡—πµ√—ß ’Õ◊Ëπ Ê ‡™àπ 30P

·≈â«æ∫«à“ ∂—Ë«‡À≈◊Õßæ—π∏ÿå  ®. 5 ·≈–¥Õ¬§”„Àâ

‡ªÕ√å‡´Áπµå‰π‚µ√‡®π„π‡¡≈Á¥‰¡à·µ°µà“ß°—π ·µà Ÿß

Figure 3 Gamma ray spectrum of soybean seed activated by fast neutron for 10 minutes.
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°«à“æ—π∏ÿå‡™’¬ß„À¡à 60 Õ¬à“ß¡’π—¬ ”§—≠ ·≈–Õ—µ√“ªÿÜ¬

‰π‚µ√‡®π‰¡à¡’º≈µàÕ‡ªÕ√å‡´Áπµå‰π‚µ√‡®π„π‡¡≈Á¥

(Figure 4 a)  ”À√—∫ª√‘¡“≥‰π‚µ√‡®π∑—ÈßÀ¡¥¢Õß

‡¡≈Á¥∂—Ë«‡À≈◊Õß 3 æ—π∏ÿåπ—Èπ ‰¡à·µ°µà“ß°—π ·µàÕ—µ√“

ªÿÜ¬‰π‚µ√‡®π∑’Ë ‡æ‘Ë¡¢÷Èπ∑”„Àâª√‘¡“≥‰π‚µ√‡®π

∑—ÈßÀ¡¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠ (Figure 4 b)

 ”À√—∫°“√«‘‡§√“–Àå∑“ß‡§¡’æ∫«à“ ∂—Ë«‡À≈◊Õß

æ—π∏ÿå¥Õ¬§”¡’ª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥ Ÿß°«à“  ®. 5

·≈–‡™’¬ß„À¡à 60 Õ¬à“ß¡’π—¬ ”§—≠µ“¡≈”¥—∫ ·≈–

Õ—µ√“ªÿÜ¬‰π‚µ√‡®π‰¡à¡’º≈µàÕª√‘¡“≥‰π‚µ√‡®π„π

‡¡≈Á¥ (Figure 5 a) µ√ß°—π¢â“¡°—∫ª√‘¡“≥‰π‚µ√‡®π

∑—ÈßÀ¡¥„π‡¡≈Á¥∑’Ë∂—Ë«‡À≈◊Õß∑—Èß 3 æ—π∏ÿå „Àâº≈‰¡à·µ°

µà“ß°—π ·µàÕ—µ√“ªÿÜ¬‰π‚µ√‡®π∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ∂—Ë«

‡À≈◊Õß¡’ª√‘¡“≥‰π‚µ√‡®π∑—ÈßÀ¡¥„π‡¡≈Á¥‡æ‘Ë¡¢÷Èπ

Õ¬à“ß¡’π—¬ ”§—≠ (Figure 5 b)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‰π‚µ√‡®π„π·µà≈–

µ—«Õ¬à“ß®“°°“√«‘‡§√“–Àå‚¥¬π‘«µ√Õπ·Õ§µ‘‡«™—π·≈–

«‘∏’ Kjeldahl æ∫«à“ ‡¡≈Á¥∂—Ë«‡À≈◊Õß¡’ª√‘¡“≥

‰π‚µ√‡®π‚¥¬‡©≈’Ë¬√âÕ¬≈– 7.024 ·≈– 6.809 µ“¡

≈–¥—∫ ·≈–∑—Èß Õß«‘∏’„Àâ§à“∑’Ë·µ°µà“ß°—π„π™à«ß√âÕ¬≈–

0.02-0.76 (Table 2)

 √ÿª

∂—Ë«‡À≈◊Õßæ—π∏ÿå‡™’¬ß„À¡à 60  ®. 5 ·≈–¥Õ¬§”

„Àâº≈º≈‘µ‡¡≈Á¥‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‰¥â√—∫ªÿÜ¬‰π‚µ√‡®π‡æ‘Ë¡¢÷Èπ

‚¥¬æ—π∏ÿå¥Õ¬§”„Àâª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥ Ÿß ÿ¥

·≈–æ—π∏ÿå‡™’¬ß„À¡à 60 „Àâª√‘¡“≥‰π‚µ√‡®π„π‡¡≈Á¥

Figure 4 Nitrogen content (%) determined by

neutron activation analysis (a) and total

nitrogen uptake (b) in seed of 3 soybean

varieties fertilized with 3 different rate

of nitrogen fertilizer.

Figure 5 Nitrogen content (%) determined by

Kjeldahl method (a) and total nitrogen

uptake (b) in seed of 3 soybean varieties

fertilized with 3 different rate of nitrogen

fertilizer.
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µË” ÿ¥ ´÷Ëß‡¡◊ËÕ§”π«≥ª√‘¡“≥‰π‚µ√‡®π∑—ÈßÀ¡¥„π

‡¡≈Á¥¢Õß 3 æ—π∏ÿå·≈â«‰¡à·µ°µà“ß°—π

®“°°“√«‘‡§√“–Àå‡™‘ß§ÿ≥¿“æ¢Õß‡¡≈Á¥∂—Ë«

‡À≈◊Õß‚¥¬«‘∏’π‘«µ√Õπ·Õ§µ‘‡«™—πæ∫«à“ ¡’∏“µÿ∑’Ë‡ªìπ

Õß§åª√–°Õ∫¢Õß‡¡≈Á¥∂—Ë«‡À≈◊Õß §◊Õ ‰π‚µ√‡®π

øÕ øÕ√—  ‚æ·∑ ‡´’¬¡ ·¡ß°“π’  ·¡°π’‡´’¬¡

Õ“√å°Õπ ·≈–Õ–≈Ÿ¡‘‡π’¬¡ ¥—ßπ—Èπ πÕ°®“°«‘∏’π’È®–

 “¡“√∂«—¥ª√‘¡“≥‰π‚µ√‡®π‰¥â·≈â« „π‡«≈“‡¥’¬«°—π

°ÁÕ“®®–«—¥ª√‘¡“≥∏“µÿ∑’Ë‡ªìπÕß§åª√–°Õ∫Õ◊Ëπ Ê ‰¥â

®“°°“√Õ“∫√—ß ’π‘«µ√Õπ‡æ’¬ß§√—Èß‡¥’¬« ´÷Ëß«‘∏’∑“ß‡§¡’

®”‡ªìπµâÕß„™â«‘∏’°“√·µ°µà“ß°—π„π°“√«‘‡§√“–Àå∏“µÿ

·µà≈–∏“µÿ

‡¡≈Á¥∂—Ë«‡À≈◊Õß¡’ª√‘¡“≥‰π‚µ√‡®π‚¥¬‡©≈’Ë¬√âÕ¬

≈– 7.024 ®“°º≈°“√«‘‡§√“–Àå¥â«¬«‘∏’π‘«µ√Õπ

·Õ§µ‘‡«™—π ´÷Ëß„°≈â‡§’¬ß°—∫°“√«‘∏’∑“ß‡§¡’∑’Ë„Àâ§à“√âÕ¬

≈– 6.809 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√«‘‡§√“–Àå∑—Èß 2 «‘∏’

®“°‡¡≈Á¥∂—Ë«‡À≈◊Õß®”π«π 27 µ—«Õ¬à“ßæ∫«à“¡’§à“·µ°

µà“ß°—πÕ¬Ÿà„π™à«ß√âÕ¬≈– 0.02-0.76

®“°¢âÕ¥’¢Õß«‘∏’π‘«µ√Õπ·Õ§µ‘‡«™—π°Á§◊Õ ‰¡àµâÕß

∑”≈“¬µ—«Õ¬à“ß «‘‡§√“–Àå‰¥â·¡â„πµ—«Õ¬à“ß®–¡’ª√‘¡“≥

‰π‚µ√‡®π„π√–¥—∫πâÕ¬¡“°∂÷ß‰¡‚§√°√—¡ ·≈–

‡ªìπ°“√«‘‡§√“–Àå∑’Ë„Àâº≈√«¥‡√Á« §◊Õª√–¡“≥ 2

™—Ë«‚¡ßµàÕµ—«Õ¬à“ß Õ’°∑—Èß “¡“√∂«‘‡§√“–Àå§ÿ≥¿“æ

·≈–ª√‘¡“≥¢Õß∏“µÿÕ◊Ëπ Ê ∑’Ë‡ªìπÕß§åª√–°Õ∫„π

‡¡≈Á¥∂—Ë«‡À≈◊Õß‰¥â„π‡«≈“‡¥’¬«°—π πÕ°®“°π’È ¬—ß™à«¬

≈¥ªí≠À“ ‘Ëß·«¥≈âÕ¡‡π◊ËÕß®“°°√¥∑’Ë‡À≈◊Õ®“°¬àÕ¬

µ—«Õ¬à“ßµ“¡«‘∏’∑“ß‡§¡’ ®÷ß ¡§«√ª√–¬ÿ°µå·≈–æ—≤π“

‡∑§π‘§π’È‡æ◊ËÕ„™â„πÀπà«¬ß“πµà“ß Ê µàÕ‰ª

Table 2 Comparison of the nitrogen content (%) determined by nuclear technique (neutron activation

analysis, NAA) and chemical method (Kjeldahl method).

Sample % Nitrogen Sample % Nitrogen

No. NAA Kjeldahl Difference No. NAA Kjeldahl Difference

1 6.78 6.42 +0.36 15 7.11 6.77 +0.34

2 6.00 6.76 -0.76 16 6.93 6.86 +0.07

3 6.65 6.62 +0.03 17 7.47 6.87 +0.60

4 7.14 6.45 +0.69 18 7.72 6.98 +0.74

5 7.18 6.80 +0.38 19 7.23 7.12 +0.11

6 6.91 6.65 +0.26 20 7.35 7.03 +0.32

7 7.05 6.36 +0.69 21 7.12 7.00 +0.12

8 7.02 6.34 +0.68 22 7.11 6.81 +0.30

9 6.50 6.41 +0.09 23 6.96 6.92 +0.04

10 6.96 6.63 +0.33 24 7.28 7.18 +0.10

11 7.01 6.73 +0.28 25 6.62 6.89 -0.27

12 6.91 7.03 -0.12 26 6.91 7.04 -0.13

13 7.01 6.79 +0.22 27 7.73 7.39 +0.34

14 6.98 7.00 -0.02 Mean 7.024 6.809 +0.215



342 «. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 33 ©∫—∫∑’Ë 3

‡Õ° “√Õâ“ßÕ‘ß

Kosta, I., V. Ravnik, and J. Dumanovic. 1969.

Determination of nitrogen in plant seeds by fast

neutron activation analysis, pp 161-168. In New

Approached to Breeding for Improved Plant

Protein. IAEA. Vienna.

Niemann, E.G. 1980. Nuclear techniques for the

determination of protein content in plant mate-

rial. Atomic Energy Review 18 (1) : 125-170.

Ridwan, M. and S. Smith. 1976. Determination of

total nitrogen in rice by 14-MeV neutron

activation analysis. Atom Indonesia. 1 (1-2) : 6-

17.

Wood. D.E. 1972. Protein determination by neutron

activation analysis. Isotopes and Radiation Tech-

nology 9 (3) : 351-353.

«—π√—∫‡√◊ËÕß : 23 °.æ. 42

«—π√—∫µ’æ‘¡æå : 8 °.§. 42


