
∫∑§«“¡«‘®—¬

§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß (Cucurbitaceae)
7 ™π‘¥ ∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘®

¢«—≠ƒ∑—¬ ¡“√–‚¿™πå Õ—®©√‘¬“ √—ß…‘√ÿ®‘* ·≈– ∏«—™ ¥Õπ °ÿ≈

∫∑§—¥¬àÕ

°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß (Cucurbitaceae) 7 ™π‘¥ ®”π«π 10 æ—π∏ÿå ‰¥â·°à ·øß
(Benincasa hispida (Thunb.) Cogn.) πÈ”‡µâ“ (≈Ÿ°°≈¡·≈–≈Ÿ°¬“«) (Lagenaria siceraria Standl.)
(2 æ—π∏ÿå) ∫«∫°≈¡ (≈Ÿ°¬“«·≈–≈Ÿ° —Èπ) (Luffa cylindrica (L.) M. Roem.) (2 æ—π∏ÿå) ∫«∫‡À≈’Ë¬¡
(Luffa acutangula Roxb.) ∫«∫ßŸ (Trichosanthes anguina L.) ¡–√–¢’Èπ°·≈–¡–√–®’π (Momordica
charantia L.) (2 æ—π∏ÿå) ·≈–·µß‰∑¬ (Cucumis melo L.) ‚¥¬°“√‡µ√’¬¡µ—«Õ¬à“ß®“°ª≈“¬√“°∑’Ë‡æ“–
¥â«¬‡¡≈Á¥ º≈°“√»÷°…“æ∫«à“·øß¡’®”π«π‚§√‚¡‚´¡ 2n = 24 §“√‘‚Õ‰∑ªá ª√–°Õ∫¥â«¬‚§√‚¡‚´¡·∫∫
‡¡∑“‡´π∑√‘° 7 §Ÿà ´—∫‡¡∑“‡´π∑√‘° 5 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡ NF = 48 ‚¥¬æ∫·´∑‡∑≈‰≈∑å∑’Ë
‚§√‚¡‚´¡·∫∫´—∫‡¡∑“‡´π∑√‘°§Ÿà∑’Ë 4 πÈ”‡µâ“ (≈Ÿ°°≈¡·≈–≈Ÿ°¬“«) ¡’®”π«π‚§√‚¡‚´¡ 2n = 22 §“√‘‚Õ‰∑ªá
ª√–°Õ∫¥â«¬‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘° 9 §Ÿà ´—∫‡¡∑“‡´π∑√‘° 2 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡
NF = 44 ∫«∫°≈¡ (≈Ÿ°¬“«·≈–≈Ÿ° —Èπ) ¡’®”π«π‚§√‚¡‚´¡ 2n = 26 §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬‚§√‚¡‚´¡
·∫∫‡¡∑“‡´π∑√‘° 13 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡ NF = 52 ∫«∫‡À≈’Ë¬¡¡’®”π«π‚§√‚¡‚´¡ 2n = 26
§“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘° 12 §Ÿà ́ —∫‡¡∑“‡´π∑√‘° 1 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡
NF = 52 ∫«∫ßŸ ¡’®”π«π‚§√‚¡‚´¡ 2n = 22 §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘° 10 §Ÿà
·≈–´—∫‡¡∑“‡´π∑√‘° 1 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡ NF = 44 ¡–√–¢’Èπ°·≈–¡–√–®’π¡’®”π«π‚§√‚¡‚´¡
2n = 22 §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘° 11 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡ NF = 44
·µß‰∑¬¡’®”π«π‚§√‚¡‚´¡ 2n = 24 §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘° 8 §Ÿà ´—∫‡¡∑“-
‡´π∑√‘° 3 §Ÿà Õ–‚§√‡´π∑√‘° 1 §Ÿà ·≈–¡’®”π«π·¢π‚§√‚¡‚´¡ NF = 46 ‚¥¬æ∫·´∑‡∑≈‰≈∑å∑’Ë
‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘°§Ÿà∑’Ë 6

§” ”§—≠: æ◊™«ß»å·µß ‚§√‚¡‚´¡ §“√‘‚Õ‰∑ªá
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Karyotypes of 7 Species of Economic Plants in the
Family Cucurbitaceae

Kwanruthai Maraport, Achariya Rangsiruji* and Thawat Donsakul

ABSTRACT

A karyological study of 7 species (10 cultivars) of plants belong to the Family
Cucurbitaceae encompassing Benincasa hispida (Thunb.) Cogn., Lagenaria siceraria Standl.,
Luffa cylindrica (L.) M. Roem., Luffa acutangula Roxb., Trichosanthes anguina L., Momordica
charantia L. and Cucumis melo L. was carried out based on chromosome preparations from
root tips. The chromosome numbers and karyotype formulae are as follows: Benincasa hispida
(wax gourd) had diploid chromosome number (2n) = 24 with 7m + 5sm pairs and arm number
(NF) = 48. It also had a pair of satellites on the fourth submetacentric chromosomes.
Two cultivars of L. siceraria, including bottle gourd with round and long fruits had 2n = 22 with
9m + 2sm pairs and NF = 44. Two cultivars of L. cylindrica, including smooth luffas with long
and short fruits had 2n = 26 with 13m pairs and NF = 52. Luffa acutangula (angled luffa)
had 2n = 26 with 12m + 1sm pairs and NF = 52. Trichosanthes anguina (snake gourd) had
2n = 22 with 10m + 1sm pairs and NF = 44. Two cultivars of M. charantia, including bitter
gourds of the native and Chinese types had 2n = 22 with 11m pairs and NF = 44. Cucumis melo
(Thai melon) had 2n = 24 with 8m + 3sm + 1t pairs and NF = 46. It also possessed a pair of
satellites on the sixth metacentric chromosomes.
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∫∑π”
æ◊™«ß»å·µß‡ªìπæ◊™∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘® æ∫∑—Ë«‚≈°ª√–¡“≥ 800 ™π‘¥ 130  °ÿ≈ [1]

„πª√–‡∑»‰∑¬æ∫ 20  °ÿ≈ ‡™àπ Momordica, Luffa, Trichosanthes, Cucumis ·≈– Coccinea ‡ªìπµâπ
[2] æ◊™«ß»å·µß¡’°“√ª≈Ÿ°·≈–„™âª√–‚¬™πå¡“π“π ‚¥¬∑—Ë«‰ª„™âº≈„π°“√√—∫ª√–∑“π ∫“ß™π‘¥¡’ √√æ§ÿ≥
‡ªìπ¬“√—°…“‚√§ [1] ·≈–„™âª√–‚¬™πå„π¥â“πÕ◊ËπÊ ‡™àπ „™â‡ªìπ‡§√◊ËÕß¥πµ√’ ¿“™π–∫√√®ÿ¢Õß·≈–„¬¢—¥
‡ªìπµâπ

°“√»÷°…“§“√‘‚Õ‰∑ªá (karyotype) ‡ªìπ°“√»÷°…“¢âÕ¡Ÿ≈æ◊Èπ∞“π¢Õß‚§√‚¡‚´¡¢Õß ‘Ëß¡’™’«‘µ
·µà≈–™π‘¥∑’Ë‡°’Ë¬«°—∫®”π«π ¢π“¥ ·≈–™π‘¥‚§√‚¡‚´¡ ÷́Ëß¡’§«“¡®”‡æ“–„π ‘Ëß¡’™’«‘µ™π‘¥µà“ßÊ [3, 4]
‚¥¬ª°µ‘§“√‘‚Õ‰∑ªá¢Õß ‘Ëß¡’™’«‘µ·µà≈–™π‘¥®–§ß∑’Ë ·µàÕ“®¡’°“√‡ª≈’Ë¬π·ª≈ß‰¥â√–À«à“ß∑’Ë¡’«‘«—≤π“°“√ ‡™àπ
°“√æ∫ B-chromosome À√◊Õ sex chromosome ‡ªìπµâπ πÕ°®“°π’È§«“¡·ª√º—π¢Õß§“√‘‚Õ‰∑ªáÕ“®‡°‘¥
®“°§«“¡º‘¥ª°µ‘¢Õß‚§√ß √â“ß‚§√‚¡‚´¡¥â«¬ [5] °“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™∑’Ë¡’‡¡≈Á¥·µà≈–™π‘¥∑’ËÕ¬Ÿà„π
 °ÿ≈‡¥’¬«°—πæ∫«à“Õ“®¡’§«“¡§≈â“¬§≈÷ß°—πÀ√◊Õ·µ°µà“ß°—π  ”À√—∫°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß
À≈“¬™π‘¥æ∫«à“∑”‰¥â§àÕπ¢â“ß¬“°‡π◊ËÕß®“°‚§√‚¡‚´¡¡’¢π“¥‡≈Á°·≈–¡’ªí≠À“„π°“√µ‘¥ ’¬âÕ¡¢Õß‚§√‚¡‚´¡
[6-10]

°“√»÷°…“¢âÕ¡Ÿ≈¥â“π§“√‘‚Õ‰∑ªá¢Õßæ◊™ “¡“√∂™à«¬∫àß™’È “‡Àµÿ¢Õß°“√‡ª≈’Ë¬π·ª≈ß∑“ß —≥∞“π
«‘∑¬“‰¥â«à“‡°‘¥¢÷Èπ®“° ‘Ëß·«¥≈âÕ¡À√◊Õ®“°°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°’Ë¬«¢âÕß°—∫‚§√‚¡‚´¡ ∑—Èß°“√‡ª≈’Ë¬π·ª≈ß
‚§√ß √â“ß‚§√‚¡‚´¡À√◊Õ°“√‡ª≈’Ë¬π®”π«π‚§√‚¡‚´¡ πÕ°®“°π’È¬—ß„™â‡ªìπÀ≈—°∞“π„π°“√»÷°…“¥â“π§«“¡
 —¡æ—π∏å¢Õß ‘Ëß¡’™’«‘µ„π‡™‘ß«‘«—≤π“°“√‰¥â [5] ∑√—æ¬“°√æ—π∏ÿ°√√¡π’È¡’∫∑∫“∑ ”§—≠„π√–∫∫°“√º≈‘µ¿“§
°“√‡°…µ√ ‡π◊ËÕß®“°æ—π∏ÿ°√√¡ §◊Õ ®ÿ¥‡√‘Ë¡µâπ·≈–®ÿ¥À≈—°„π°√–∫«π°“√ª√—∫‡ª≈’Ë¬π Ÿà°“√ªØ‘«—µ‘√–∫∫°“√‡°…µ√
[11] ¥—ßπ—Èπ°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™ “¡“√∂„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π¥â“πæ—π∏ÿ°√√¡∑’Ë¡’§«“¡ ”§—≠µàÕ°“√
æ—≤π“¥â“π°“√‡°…µ√µàÕ‰ª ·≈–‡π◊ËÕß®“°°“√»÷°…“‡°’Ë¬«°—∫§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß„πª√–‡∑»‰∑¬¬—ß¡’
§àÕπ¢â“ßπâÕ¬ ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™„π«ß»å·µß 7 ™π‘¥ ®”π«π 10
æ—π∏ÿå∑’Ë¡’§«“¡ ”§—≠∑“ß‡»√…∞°‘®„πª√–‡∑»‰∑¬

«‘∏’°“√∑¥≈Õß
°“√‡°Á∫µ—«Õ¬à“ßæ◊™∑’Ë„™â„π°“√»÷°…“

„™â‡¡≈Á¥æ—π∏ÿå¢Õßæ◊™«ß»å·µß™π‘¥∫√√®ÿ́ Õß∑’Ë¡’«“ß®”Àπà“¬„π∑âÕßµ≈“¥ ®”π«π 7 ™π‘¥ 10 æ—π∏ÿå
‰¥â·°à ·øß πÈ”‡µâ“ (≈Ÿ°°≈¡·≈–≈Ÿ°¬“«) ∫«∫°≈¡ (≈Ÿ°¬“«·≈–≈Ÿ° —Èπ) ∫«∫‡À≈’Ë¬¡ ∫«∫ßŸ ¡–√– (¡–√–
¢’Èπ°·≈–¡–√–®’π) ·≈–·µß‰∑¬

°“√»÷°…“¥â“π‡´≈≈åæ—π∏ÿ»“ µ√å
°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß ®”π«π 7 ™π‘¥ 10 æ—π∏ÿå ‰¥â·°à ·øß πÈ”‡µâ“ (≈Ÿ°°≈¡·≈–

≈Ÿ°¬“«) ∫«∫°≈¡ (≈Ÿ°¬“«·≈–≈Ÿ° —Èπ) ∫«∫‡À≈’Ë¬¡ ∫«∫ßŸ ¡–√– (¡–√–¢’Èπ°·≈–¡–√–®’π) ·≈–·µß‰∑¬
¥—¥·ª≈ß®“°«‘∏’¢Õß∏«—™ [12] ·≈–Õ—®©√‘¬“·≈–§≥– [13] ‚¥¬‡æ“–‡¡≈Á¥„π¥‘π ®“°π—Èπ‡°Á∫µ—«Õ¬à“ß√“°
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‚¥¬≈â“ßπÈ”„Àâ –Õ“¥ µ—¥ª≈“¬√“°§«“¡¬“«ª√–¡“≥ 0.5-1.0 ‡´πµ‘‡¡µ√ „π™à«ß‡«≈“ 9.30-16.00 π. ·™à
µ—«Õ¬à“ß√“°„π “√≈–≈“¬ paradichlorobenzene Õ‘Ë¡µ—« ‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  ‡æ◊ËÕ„Àâ°“√
·∫àß‡´≈≈åÀ¬ÿ¥Õ¬Ÿà„π√–¬–‡¡∑“‡ø  ®“°π—Èπ√—°…“ ¿“æ‡´≈≈å„ππÈ”¬“§“√åπÕ¬ (ª√–°Õ∫¥â«¬‡Õ∑“πÕ≈ —¡∫Ÿ√≥å
3  à«π ·≈–°√¥πÈ” â¡ 1  à«π) ‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  π”µ—«Õ¬à“ß√“°∑’Ë‰¥â·™à„π “√≈–≈“¬
1 N HCl ‡ªìπ‡«≈“ 5-15 π“∑’ ≈â“ß¥â«¬πÈ”°≈—Ëπ π”µ—«Õ¬à“ß√“°·™à„ππÈ”¬“§“√åπÕ¬ ®“°π—Èππ”¡“ —∫¥â«¬
¡’¥ºà“µ—¥„Àâ≈–‡Õ’¬¥ ·≈â«π”„ à≈ß„πÀ≈Õ¥∑¥≈Õß‡µ‘¡πÈ”¬“§“√åπÕ¬ π”À≈Õ¥∑¥≈Õß‡¢â“‡§√◊ËÕßªíòπ‡À«’Ë¬ß
(centrifuge) §«“¡‡√Á«ª√–¡“≥ 1,000 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 10-15 π“∑’ ®“°π—Èπ„™âÀ≈Õ¥À¬¥
¥Ÿ¥µ–°ÕπÀ¬¥≈ß∫π·ºàπ ‰≈¥å –Õ“¥ µ—Èß∑‘Èß‰«â„Àâ·Àâß π‘∑®÷ß¬âÕ¡¥â«¬ ’¬âÕ¡°‘¡´“‡ªìπ‡«≈“ª√–¡“≥
20 ™—Ë«‚¡ß ≈â“ß ’ à«π‡°‘πÕÕ°¥â«¬πÈ”°≈—Ëπ ‡¡◊ËÕ·Àâß·≈â«π”¡“µ√«®¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»πå ∫—π∑÷°¿“æ‡´≈≈å
ª≈“¬√“°∑’Ë¡’‚§√‚¡‚´¡·ºà°√–®“¬¥’¥â«¬øî≈å¡¢“«¥” ‚¥¬„Àâ‰¥â‚§√‚¡‚´¡®“°°≈ÿà¡µ—«Õ¬à“ß‡´≈≈å‰¡àπâÕ¬°«à“
™π‘¥≈– 30 ‡´≈≈å

°“√«‘‡§√“–Àå‚§√‚¡‚´¡·≈–°“√®—¥§“√‘‚Õ‰∑ªá
π”¿“æ∑’Ë∂à“¬‰¥â¡“π—∫®”π«π‚§√‚¡‚´¡‚¥¬„Àâ§«“¡∂’Ë¢Õß®”π«π‚§√‚¡‚´¡∑’Ëπ—∫‰¥â Ÿß ÿ¥

(mode) ‡ªìπ®”π«π‚§√‚¡‚´¡·∫∫¥‘æ≈Õ¬¥å (2n) ¢Õßæ◊™™π‘¥π—ÈπÊ „π°“√®—¥§“√‘‚Õ‰∑ªá ‡≈◊Õ°‡´≈≈å®”π«π
5 ‡´≈≈å ¡“«—¥§«“¡¬“«·¢π‚§√‚¡‚´¡®“°µ”·Àπàß∑’ËÕ¬Ÿà¢Õß‡´π‚∑√‡¡’¬√å‰ª¬—ß·¢π∑—Èß Õß¢â“ß¢Õß‚§√‚¡‚´¡
§«“¡¬“«∑—Èß·¢πÀ√◊Õ§«“¡¬“« —¡∫Ÿ√≥å‰¥â®“°º≈∫«°¢Õß·¢π¬“«·≈–·¢π —Èπ §”π«≥Õ—µ√“ à«π√–À«à“ß
·¢π¬“«µàÕ·¢π —Èπ‡æ◊ËÕ®”·π°™π‘¥¢Õß‚§√‚¡‚´¡µ“¡«‘∏’¢Õß Levan ·≈–§≥– [14] (µ“√“ß∑’Ë 1) ®—∫§Ÿà
‚§√‚¡‚´¡‚¥¬Õ“»—¬Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π —Èπ

µ“√“ß∑’Ë 1 °“√®”·π°™π‘¥¢Õß‚§√‚¡‚´¡µ“¡«‘∏’¢Õß Levan ·≈–§≥–

Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π —Èπ ™π‘¥¢Õß‚§√‚¡‚´¡  —≠≈—°…≥å

1.0-1.7 ‡¡∑“‡´π∑√‘° (metacentric) m

1.7-3.0 —́∫‡¡∑“‡´π∑√‘° (submetacentric) sm

3.0-7.0 —́∫‡∑‚≈‡´π∑√‘° (subtelocentric) st

7.0-∞ Õ–‚§√‡´π∑√‘° (acrocentric) À√◊Õ t
‡∑‚≈‡´π∑√‘° (telocentric)
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®“°π—ÈπÀ“®”π«π·¢π‚§√‚¡‚´¡ (arm number À√◊Õ fundamental number; NF) ‚¥¬®”π«π
·¢π‚§√‚¡‚´¡·∫àß‡ªìπ 2 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë‚§√‚¡‚´¡¡’ 2 ·¢π (biarmed group) ‰¥â·°à ‚§√‚¡‚´¡·∫∫
‡¡∑“‡´π∑√‘° ·≈–·∫∫ —́∫‡¡∑“‡´π∑√‘° °—∫°≈ÿà¡∑’Ë‚§√‚¡‚´¡¡’·¢π‡¥’¬« (monoarmed group) ‰¥â·°à
‚§√‚¡‚´¡·∫∫ —́∫‡∑‚≈‡´π-∑√‘° ·≈–·∫∫Õ–‚§√‡´π∑√‘°À√◊Õ‡∑‚≈‡´π∑√‘° ·≈–À“§«“¡¬“« —¡æ—∑∏å
(relative length À√◊Õ RL) µ“¡«‘∏’«‘‡§√“–Àå¢Õß∏«—™ [12] ´÷Ëß· ¥ß‡ªìπ Ÿµ√‰¥â¥—ßπ’È

RL =
§«“¡¬“« —¡∫Ÿ√≥å¢Õß‚§√‚¡‚´¡§Ÿà‡À¡◊Õπ·µà≈–§Ÿà x 100

‚§√‚¡‚´¡§Ÿà‡À¡◊Õπ∑ÿ°§Ÿà√«¡°—π

°“√À“¢π“¥‚§√‚¡‚´¡∑”µ“¡«‘∏’¢Õß Ullerich [15] ‚¥¬·∫àß‚§√‚¡‚´¡‡ªìπ 2 ª√–‡¿∑ §◊Õ
ª√–‡¿∑∑’Ë¡’¢π“¥„À≠à·≈–ª√–‡¿∑∑’Ë¡’¢π“¥‡≈Á° ‚¥¬ª√–‡¿∑∑’Ë¡’¢π“¥„À≠à §◊Õ °≈ÿà¡∑’Ë‚§√‚¡‚´¡¬“«‡°‘π
§√÷ËßÀπ÷Ëß¢Õß‚§√‚¡‚´¡§Ÿà‡À¡◊Õπ∑’Ë¬“«∑’Ë ÿ¥  à«π∑’Ë‡À≈◊Õ®—¥‡ªìπæ«°∑’Ë¡’¢π“¥‡≈Á°

„π°“√ √â“ßÕ‘¥‘‚Õ·°√¡ §”π«≥À“§à“‡©≈’Ë¬§«“¡¬“«·¢π —Èπ¢Õß‚§√‚¡‚´¡ (short arm length
À√◊Õ S) §«“¡¬“«·¢π¬“«¢Õß‚§√‚¡‚´¡ (long arm length À√◊Õ L) Õ—µ√“ à«π√–À«à“ß·¢π¬“«µàÕ·¢π —Èπ
(L/S) ¢Õß‚§√‚¡‚´¡§Ÿà‡À¡◊Õπ¢Õß 5 °≈ÿà¡‡´≈≈å π”§à“‡©≈’Ë¬∑’Ë‰¥â¥—ß°≈à“«¡“ √â“ßÕ‘¥‘‚Õ·°√¡ ‚¥¬„™â
Õ—µ√“ à«π§«“¡¬“« 1 ‡´πµ‘‡¡µ√ µàÕ§«“¡¬“«‚§√‚¡‚´¡ 1 ‰¡‚§√‡¡µ√ ‚¥¬„Àâ·°π X ‡ªìπ§Ÿà‚§√‚¡‚´¡
·≈–·°π Y ‡ªìπ§«“¡¬“«‚§√‚¡‚´¡·∫∫ —¡∫Ÿ√≥å

º≈°“√∑¥≈Õß
°“√»÷°…“§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß®”π«π 7 ™π‘¥ 10 æ—π∏ÿå ‰¥â·°à ·øß πÈ”‡µâ“ (≈Ÿ°°≈¡·≈–

≈Ÿ°¬“«) ∫«∫°≈¡ (≈Ÿ°¬“«·≈–≈Ÿ° —Èπ) ∫«∫‡À≈’Ë¬¡ ∫«∫ßŸ ¡–√– (¡–√–¢’Èπ°·≈–¡–√–®’π) ·≈–·µß‰∑¬
®“°°“√‡µ√’¬¡‚§√‚¡‚´¡∫√‘‡«≥ª≈“¬√“°∑’Ë‡æ“–¥â«¬‡¡≈Á¥ ‰¥âº≈¥—ß· ¥ß„πµ“√“ß∑’Ë 2 ·≈– 3 ·≈–√Ÿª∑’Ë 1-10
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µ“√“ß∑’Ë 2 ®”π«π‚§√‚¡‚´¡·∫∫¥‘æ≈Õ¬¥å ™π‘¥·≈–®”π«π·¢π‚§√‚¡‚´¡¢Õßæ◊™«ß»å·µß

æ◊™«ß»å·µß 2n ™π‘¥‚§√‚¡‚´¡ (§Ÿà) ®”π«π·¢π‚§√‚¡‚´¡
m sm st t (NF)

·øß 24 7 5 - - 48

πÈ”‡µâ“ (≈Ÿ°°≈¡) 22 9 2 - - 44

πÈ”‡µâ“ (≈Ÿ°¬“«) 22 9 2 - - 44

∫«∫°≈¡ (≈Ÿ°¬“«) 26 13 - - - 52

∫«∫°≈¡ (≈Ÿ° —Èπ) 26 13 - - - 52

∫«∫‡À≈’Ë¬¡ 26 12 1 - - 52

∫«∫ßŸ 22 10 1 - - 44

¡–√–¢’Èπ° 22 11 - - - 44

¡–√–®’π 22 11 - - - 44

·µß‰∑¬ 24 8 3 - 1 46

À¡“¬‡Àµÿ: m À¡“¬∂÷ß ‚§√‚¡‚´¡·∫∫‡¡∑“‡´π∑√‘°
sm À¡“¬∂÷ß ‚§√‚¡‚´¡·∫∫´—∫‡¡∑“‡´π∑√‘°
st À¡“¬∂÷ß ‚§√‚¡‚´¡·∫∫´—∫‡∑‚≈‡´π∑√‘°
t À¡“¬∂÷ß ‚§√‚¡‚´¡·∫∫Õ–‚§√‡´π∑√‘° À√◊Õ ‡∑‚≈‡´π∑√‘°

µ“√“ß∑’Ë 3 §à“§«“¡¬“«∑—Èß·¢π §«“¡¬“« —¡æ—∑∏å ·≈–¢π“¥‚§√‚¡‚´¡¢Õßæ◊™«ß»å·µß

æ◊™«ß»å·µß §«“¡¬“«‚§√‚¡‚´¡∑—Èß·¢π §«“¡¬“« —¡æ—∑∏å ¢π“¥‚§√‚¡‚´¡
(T) µm (RL) %

‡©≈’Ë¬ ± S.D. æ‘ —¬ „À≠à (§Ÿà) ‡≈Á° (§Ÿà)

·øß 3.083 ± 0.632 6.123 - 10.989 6 6

πÈ”‡µâ“ (≈Ÿ°°≈¡) 2.252 ± 0.439 6.611 - 12.193 5 6

πÈ”‡µâ“ (≈Ÿ°¬“«) 2.134 ± 0.359 6.195 - 13.077 5 6

∫«∫°≈¡ (≈Ÿ°¬“«) 2.357 ± 0.221 5.656 - 9.955 7 6

∫«∫°≈¡ (≈Ÿ° —Èπ) 2.252 ± 0.160 6.060 - 9.958 6 7

∫«∫‡À≈’Ë¬¡ 2.485 ± 0.359 6.193 - 9.282 6 7

∫«∫ßŸ 2.819 ± 0.203 7.360 - 11.288 5 6

¡–√–¢’Èπ° 2.450 ± 0.380 6.650 - 12.060 5 6

¡–√–®’π 1.880 ± 0.083 7.292 - 11.147 5 6

·µß‰∑¬ 2.255 ± 0.127 6.927 - 10.331 6 6
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m = ‡¡∑“‡´π∑√‘° sm = —́∫‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 1 ·øß
(A) ¿“æ∂à“¬º≈·øß·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́  (2n = 24)
(B) §“√‘‚Õ‰∑ªá (≈Ÿ°»√™’È· ¥ß·´∑‡∑≈‰≈∑å)
(C) Õ‘¥‘‚Õ·°√¡ (®ÿ¥°≈¡ ’¥”· ¥ß·´∑‡∑≈‰≈∑å)

§«“¡¬“«‚§√‚¡‚´¡ (µm)
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(A)

(B)

(C)

m = ‡¡∑“‡´π∑√‘° sm = ´—∫‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 2 πÈ”‡µâ“ (≈Ÿ°°≈¡)
(A) ¿“æ∂à“¬º≈πÈ”‡µâ“ (≈Ÿ°°≈¡) ·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́ 

(2n = 22)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡

§«“¡¬“«‚§√‚¡‚´¡ (µm)

2 

1 

0 

1 

2 

1  2  3 4 5 6 7  8  9  10  11 
‚§√‚¡‚´¡§Ÿà∑’Ë



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 29 ©∫—∫∑’Ë 2 (2556) 81

§«“¡¬“«‚§√‚¡‚´¡ (µm)
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‚§√‚¡‚´¡§Ÿà∑’Ë

(A)

(B)

(C)

m = ‡¡∑“‡´π∑√‘° sm = ´—∫‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 3 πÈ”‡µâ“ (≈Ÿ°¬“«)
(A) ¿“æ∂à“¬º≈πÈ”‡µâ“ (≈Ÿ°¬“«) ·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́ 

(2n = 22)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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‚§√‚¡‚´¡§Ÿà∑’Ë

(A)

(B)

(C)

m = ‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 4 ∫«∫°≈¡ (≈Ÿ°¬“«)
(A) ¿“æ∂à“¬º≈∫«∫°≈¡ (≈Ÿ°¬“«) ·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́ 

(2n = 26)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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(A)
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(C)

m = ‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 5 ∫«∫°≈¡ (≈Ÿ° —Èπ)
(A) ¿“æ∂à“¬º≈∫«∫°≈¡ (≈Ÿ° —Èπ) ·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́ 

(2n = 26)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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‚§√‚¡‚´¡§Ÿà∑’Ë

(A)

(B)

(C)

m = ‡¡∑“‡´π∑√‘° sm = ´—∫‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 6 ∫«∫‡À≈’Ë¬¡
(A) ¿“æ∂à“¬º≈∫«∫‡À≈’Ë¬¡·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́ 

(2n= 26)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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‚§√‚¡‚´¡§Ÿà∑’Ë

(A)

(B)

(C)

m = ‡¡∑“‡´π∑√‘° sm = ´—∫‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 7 ∫«∫ßŸ
(A) ¿“æ∂à“¬º≈∫«∫ßŸ·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́  (2n = 22)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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(C)

m = ‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 8 ¡–√–¢’Èπ°
(A) ¿“æ∂à“¬º≈¡–√–¢’Èπ°·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́  (2n = 22)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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(C)

m = ‡¡∑“‡´π∑√‘°

√Ÿª∑’Ë 9 ¡–√–®’π
(A) ¿“æ∂à“¬º≈¡–√–®’π·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑ ‘́  (2n = 22)
(B) §“√‘‚Õ‰∑ªá
(C) Õ‘¥‘‚Õ·°√¡
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§«“¡¬“«‚§√‚¡‚´¡ (µm)
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m = ‡¡∑“‡´π∑√‘°  sm = ´—∫‡¡∑“‡´π∑√‘°  t = ‡∑‚≈‡´π∑√‘°

√Ÿª∑’Ë 10 ·µß‰∑¬
(A) ¿“æ∂à“¬º≈·µß‰∑¬·≈–‚§√‚¡‚´¡„π√–¬–‡¡∑“‡ø ¢Õß°“√·∫àß‡´≈≈å·∫∫‰¡‚∑´‘  (2n = 24)
(B) §“√‘‚Õ‰∑ªá (≈Ÿ°»√™’È· ¥ß·´∑‡∑≈‰≈∑å)
(C) Õ‘¥‘‚Õ·°√¡ (®ÿ¥°≈¡ ’¥”· ¥ß·´∑‡∑≈‰≈∑å)
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 √ÿª·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß
°“√»÷°…“‚§√‚¡‚´¡·≈–§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß ®”π«π 7 ™π‘¥ 10 æ—π∏ÿå æ∫«à“·øß¡’

®”π«π‚§√‚¡‚´¡ 2n = 24 (x = 12) §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 7m + 5sm §Ÿà NF = 48 ·≈–æ∫·´∑‡∑≈‰≈∑å
∑’Ë‚§√‚¡‚´¡·∫∫´—∫‡¡∑“‡´π∑√‘°§Ÿà∑’Ë 4 ́ ÷Ëß¡’®”π«π‚§√‚¡‚´¡ Õ¥§≈âÕß°—∫°“√»÷°…“„π·øß¢Õß®’π·≈–‡°“À≈’
[16, 17] πÈ”‡µâ“≈Ÿ°°≈¡·≈–≈Ÿ°¬“«¡’®”π«π‚§√‚¡‚´¡ 2n = 22 (x = 11) §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 9m +
2sm §Ÿà NF = 44 ‚¥¬¡’®”π«π‚§√‚¡‚´¡·≈–§“√‘‚Õ‰∑ªá Õ¥§≈âÕß°—∫°“√»÷°…“„ππÈ”‡µâ“¢Õß‡°“À≈’ [18]
∫«∫°≈¡≈Ÿ°¬“«·≈–≈Ÿ° —Èπ¡’®”π«π‚§√‚¡‚´¡ 2n = 26 (x = 13) §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 13m §Ÿà NF =
52 ¡’®”π«π‚§√‚¡‚´¡‡∑à“°—∫°“√»÷°…“„π∫«∫¢Õß‡°“À≈’·≈–®’π [16, 18] ∫«∫‡À≈’Ë¬¡¡’®”π«π‚§√‚¡‚´¡
2n = 26 (x = 13) §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 12m + 1sm §Ÿà NF = 52 ÷́Ëß®”π«π‚§√‚¡‚´¡ Õ¥§≈âÕß°—∫
°“√»÷°…“„π∫«∫‡À≈’Ë¬¡®“°°—≈°—µµ“ [6] ∫«∫ßŸ¡’®”π«π‚§√‚¡‚´¡ 2n = 22 (x = 11) §“√‘‚Õ‰∑ªáª√–°Õ∫
¥â«¬ 10m + 1sm §Ÿà NF = 44 ‚¥¬¡’®”π«π‚§√‚¡‚´¡‡∑à“°—∫°“√»÷°…“¢Õß Datta ·≈– Basu [19] ¡–√–
¢’Èπ°·≈–¡–√–®’π¡’®”π«π‚§√‚¡‚´¡ 2n = 22 (x = 11) §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 11m §Ÿà NF = 44 ¡’
®”π«π‚§√‚¡‚´¡‡∑à“°—∫°“√»÷°…“„π¡–√–¢Õß‡°“À≈’·≈–Õ‘π‡¥’¬ [17, 20] ·≈–·µß‰∑¬¡’®”π«π‚§√‚¡‚´¡
2n = 24 (x = 12) §“√‘‚Õ‰∑ªáª√–°Õ∫¥â«¬ 8m + 3sm + 1t §Ÿà NF = 46 ·≈–æ∫·´∑‡∑≈‰≈∑å∑’Ë‚§√‚¡‚´¡
·∫∫‡¡∑“‡´π∑√‘°§Ÿà∑’Ë 6 ‚¥¬¡’®”π«π‚§√‚¡‚´¡ Õ¥§≈âÕß°—∫°“√»÷°…“„π·µß¢Õß®’π·≈–‡°“À≈’ [10, 21]

®“°°“√»÷°…“∑’Ë‡°’Ë¬«¢âÕß°—∫§“√‘‚Õ‰∑ªá¢Õßæ◊™«ß»å·µß®–æ∫«à“·µà≈–§≥–ºŸâ«‘®—¬Õ“®‰¥âº≈∑’Ë¡’
§«“¡·µ°µà“ß°—π ”À√—∫™π‘¥¢Õß‚§√‚¡‚´¡∂÷ß·¡â«à“æ◊™™π‘¥‡¥’¬«°—π à«π„À≠à®–¡’®”π«π‚§√‚¡‚´¡‡∑à“°—π
‡™àπ ·øß∑’Ë»÷°…“„π§√—Èßπ’È°—∫°“√»÷°…“„π·øß¢Õß®’π·≈–‡°“À≈’ ®–æ∫«à“¡’®”π«π‚§√‚¡‚´¡‡∑à“°—π·µà¡’
§“√‘‚Õ‰∑ªá·µ°µà“ß°—π ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°µ—«Õ¬à“ß∑’Ëπ”¡“„™â„π°“√»÷°…“¡’∂‘Ëπ°”‡π‘¥∑’Ë·µ°µà“ß°—π
À√◊ÕÕ“®‡ªìπ§π≈–æ—π∏ÿå ª√–°Õ∫°—∫‚§√‚¡‚´¡¢Õßæ◊™«ß»å·µß¡’¢π“¥§àÕπ¢â“ß‡≈Á° µ”·Àπàß∑’ËÕ¬Ÿà¢Õß
‡´π‚∑√‡¡’¬√å∑’Ë„™â„π°“√«—¥‰ª¬—ßª≈“¬·¢π∑—Èß Õß¢â“ß¢Õß‚§√‚¡‚´¡¡Õß‡ÀÁπ‰¥â‰¡à§àÕ¬™—¥‡®π À√◊Õ Ÿµ√∑’Ë„™â
„π°“√§”π«≥À“™π‘¥¢Õß‚§√‚¡‚´¡·µ°µà“ß°—π ®÷ßÕ“®∑”„Àâ¢âÕ¡Ÿ≈∑’Ë‰¥â·µ°µà“ß°—π‰ª∫â“ß πÕ°®“°π’È®–æ∫
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