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°“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß®ÿ≈¿“§·∫∫πŸâæ·≈–·∫∫«‘°‡°Õ√å 
∫πº‘«‡§≈◊Õ∫øíπ

∫∑§—¥¬àÕ
°“√»÷°…“π’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß®ÿ≈¿“§

¢Õß‡§≈◊Õ∫øíπ¥â«¬«‘∏’πŸâæ·≈–«‘°‡°Õ√å  ¿“¬„µâ·√ß°¥¢π“¥µà“ß Ê ‚¥¬«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß
§«“¡·¢Áß®ÿ≈¿“§·∫∫πŸâæ·≈–«‘°‡°Õ√å ¢Õßøíπ°√“¡®”π«π 10 ́ ’Ë ¥â«¬·√ß°¥ 100 200 ·≈–
300 °√—¡ π”™‘Èπ∑¥ Õ∫‰ª«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥´È”Õ’°§√—Èß¥â«¬°≈âÕß®ÿ≈-
∑√√»πå«—¥§«“¡¬“«‡æ◊ËÕ¬◊π¬—πº≈°“√«—¥ ‡ª√’¬∫‡∑’¬∫§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥∑’Ë
«—¥¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§·≈–°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«‚¥¬°“√∑¥ Õ∫∑’ ”À√—∫
°≈ÿà¡µ—«Õ¬à“ß Õß°≈ÿà¡∑’Ë —¡æ—π∏å°—π  º≈°“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß‡§≈◊Õ∫øíπ·∫∫
«‘°‡°Õ√å ·≈–πŸâæ ¡’§à“‡©≈’Ë¬Õ¬Ÿà„π™à«ß 23.9-41.6 µm ·≈– 65.6-120.4 µm µ“¡≈”¥—∫ ‚¥¬
æ∫«à“§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß·∫∫πŸâæ∑’Ë‰¥â®“°°“√«—¥√–¬–¥â«¬‡§√◊ËÕß«—¥
§«“¡·¢Áß®ÿ≈¿“§·≈–°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“« ¡’§à“µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
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∫∑π”

°“√∑¥ Õ∫§«“¡·¢Áß®ÿ≈¿“§‡ªìπ«‘∏’°“√∑’Ë„™âÕ¬à“ß·æ√àÀ≈“¬„π°“√∑¥ Õ∫°“√
‡ª≈’Ë¬π·ª≈ß§«“¡·¢Áß¢Õß‡§≈◊Õ∫øíπ ∑”„Àâ∑√“∫§ÿ≥ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ°“√‡ª≈’Ë¬π
√Ÿª√à“ß·≈–§«“¡µâ“π∑“πµàÕ°“√·µ°À—°1 «‘∏’°“√§◊Õ „™âÀ—«°¥´÷Ëß∑”®“°‡æ™√ °¥≈ß∫π
º‘«‡§≈◊Õ∫øíπ™—Ë«√–¬–‡«≈“Àπ÷Ëß „Àâ‡°‘¥‡ªìπ√Õ¬°¥√Ÿª ’Ë‡À≈’Ë¬¡µ“¡√Ÿª√à“ß¢ÕßÀ—«°¥ «—¥§«“¡-
¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥π—Èπ ‡æ◊ËÕ„™â§”π«≥§à“§«“¡·¢Áßµ“¡ ¡°“√∑’Ë°”Àπ¥ °“√
∑¥ Õ∫§«“¡·¢Áß®ÿ≈¿“§∑’Ëπ‘¬¡„™â„π°“√∑¥ Õ∫§«“¡·¢Áßøíπ¡’ 2 ·∫∫ §◊Õ πŸâæ·≈–«‘°-
‡°Õ√å  ́ ÷Ëß√Ÿª√à“ß¢ÕßÀ—«°¥¡’≈—°…≥–µà“ß°—π·≈– Ÿµ√°“√§”π«≥§«“¡·¢Áß°Áµà“ß°—π ‚¥¬∑’Ë

Vickers hardness number (HV) = 1.854 x (F/d2)
Knoop hardness number (HK) = 14.230 x (F/d2)
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‡¡◊ËÕ F §◊Õ ·√ß°¥ (°‘‚≈°√—¡) d §◊Õ§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡
‡©≈’Ë¬ (¡‘≈≈‘‡¡µ√) ¢Õß√Õ¬°¥·∫∫«‘°‡°Õ√å  À√◊Õ§«“¡¬“«‡ âπ
∑·¬ß¡ÿ¡¥â“π¬“« ÿ¥ (¡‘≈≈‘‡¡µ√) ¢Õß√Õ¬°¥·∫∫πŸâæ  à«π 1.854
·≈– 14.230 §◊Õ§à“§ß∑’Ë®“°°“√§”π«≥§«“¡ —¡æ—π∏å√–À«à“ß¡ÿ¡
¢ÕßÀ—«°¥°—∫°“√°¥µ—Èß©“°∫πº‘««— ¥ÿ¢ÕßÀ—«°¥·∫∫«‘°‡°Õ√å 
·≈–·∫∫πŸâæ µ“¡≈”¥—∫

√“¬ß“π«‘®—¬‡°’Ë¬«°—∫°“√∑¥ Õ∫§«“¡·¢Áß¢Õß‡§≈◊Õ∫øíπ„π
™à«ß 30 ªï∑’Ëºà“π¡“ √–À«à“ßªï æ.».2510 ∂÷ß æ.».2511 ®“°°“√ ◊∫§âπ
√“¬™◊ËÕ∫∑§«“¡«‘®—¬„π∞“π¢âÕ¡Ÿ≈æ—∫‡¡¥ (Pubmed:www. pubmed.
gov) ¥â«¬§”§âπ çenamel and Knoopé ·≈– çenamel and Vickersé
·≈–®“°°“√Õà“π∫∑§—¥¬àÕ¢Õß√“¬™◊ËÕ∫∑§«“¡∑’Ëª√“°Ø∑—ÈßÀ¡¥
æ∫«à“¡’°“√„™â°“√∑¥ Õ∫·∫∫πŸâæ 77 ‡√◊ËÕß ·≈–·∫∫«‘°‡°Õ√å  54
‡√◊ËÕß „π°“√«—¥§«“¡·¢Áß‡§≈◊Õ∫øíπ §‘¥‡ªìπ√âÕ¬≈– 60 ·≈–√âÕ¬≈–
40 µ“¡≈”¥—∫ ¢≥–∑’Ë∑—Ë«‚≈°¡’°“√„™â°“√∑¥ Õ∫·∫∫«‘°‡°Õ√å 
ª√–¡“≥√âÕ¬≈– 601 ‡æ◊ËÕ«—¥§«“¡·¢Áß¢Õß‡´√“¡‘°  à«πß“π«‘®—¬
§«“¡·¢Áß®ÿ≈¿“§¢Õß«— ¥ÿ æ∫«à“ª√–‡∑»„π°≈ÿà¡¬ÿ‚√ª à«π„À≠à
„™â°“√∑¥ Õ∫·∫∫«‘°‡°Õ√å  ·µàª√–‡∑» À√—∞Õ‡¡√‘°“„™â°“√∑¥
 Õ∫·∫∫πŸâæ2 ´÷ËßÕ“®‡π◊ËÕß®“°Õ‡¡√‘°“‡ªìπºŸâ°”Àπ¥¡“µ√∞“π
°“√∑¥ Õ∫§«“¡·¢Áß·∫∫πŸâæ (ASTM standard C730 for glass and
glass ceramic ·≈– C849 for ceramic whiteware)1

°“√∑¥ Õ∫§«“¡·¢Áß¢Õß‡§≈◊Õ∫øíπ‰¡à‰¥â¡’°“√°”Àπ¥‰«â‡ªìπ
¡“µ√∞“π«à“µâÕß„™âÀ—«°¥™π‘¥„¥ ¥—ßπ—Èπ®÷ß “¡“√∂‡≈◊Õ°„™â°“√∑¥-
 Õ∫·∫∫πŸâæÀ√◊Õ·∫∫«‘°‡°Õ√å °Á‰¥â ·µà°“√∑’Ë√Ÿª√à“ß¢ÕßÀ—«°¥ ¢π“¥
§«“¡≈÷°¢Õß√Õ¬°¥ ·≈– Ÿµ√°“√§”π«≥§à“§«“¡·¢Áß∑’Ë¡’§«“¡
·µ°µà“ß°—π √«¡∑—Èß¡’¢âÕ∫àß™’È§«“¡‡À¡“– ¡„π°“√„™â°—∫«— ¥ÿ∫“ß
ª√–°“√∑’Ë·µ°µà“ß°—π  ®÷ßÕ“®‡ªìπªí≠À“ ”À√—∫π—°«‘®—¬„π°“√‡≈◊Õ°
„™â√Ÿª·∫∫°“√∑¥ Õ∫ ´÷Ëß‰¡à«à“®–‡≈◊Õ°„™â«‘∏’«—¥·∫∫„¥  ‘Ëß ”§—≠
∑’Ë ÿ¥§◊Õ§«“¡∂Ÿ°µâÕß·≈–·¡àπ¬”¢Õß°“√«—¥¢π“¥√Õ¬°¥ ´÷Ëß¢÷Èπ
°—∫≈—°…≥–æ◊Èπº‘«¢Õß‡§≈◊Õ∫øíπ·≈–√Õ¬°¥∑’Ë¡’§«“¡§¡™—¥‡æ’¬ß
æÕ °“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§«“¡∂Ÿ°µâÕß·≈–
·¡àπ¬”¢Õß°“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß‡§≈◊Õ∫øíπ·∫∫πŸâæ
À√◊Õ«‘°‡°Õ√å ¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§ ·≈–¬◊π¬—πº≈‚¥¬
°“√«—¥´È”¥â«¬°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«  ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈„ÀâºŸâµâÕß-
°“√„™â‡§√◊ËÕß¡◊Õ™π‘¥π’È  “¡“√∂‡≈◊Õ°„™âÀ—«°¥∑¥ Õ∫‰¥âÕ¬à“ß
‡À¡“– ¡°—∫≈—°…≥–ß“π

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

„™âøíπ°√“¡„À≠à´’Ë∑’Ë “¡ ®”π«π 10 ´’Ë ≈â“ß∑”§«“¡ –Õ“¥
Ωíß„π‡√´‘πÕ–§√‘≈‘°‡æ◊ËÕ‡ªìπµ—«®—∫¬÷¥ ¢—¥„Àâº‘«‡§≈◊Õ∫øíπ¥â“π·°â¡

‡ªî¥‡ªìπæ◊Èπ∑’Ëª√–¡“≥ 3x3 µ“√“ß¡‘≈≈‘‡¡µ√ ¥â«¬°√–¥“…∑√“¬
‡∫Õ√å 240, 320, 600 ·≈– 1200 µ“¡≈”¥—∫ π”øíπ·µà≈–´’Ë‰ª«—¥
‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß®ÿ≈¿“§·∫∫πŸâæ·≈–«‘°‡°Õ√å  (Buehler,
Micromet II, Buehler Ltd, USA) ∫πº‘«‡§≈◊Õ∫øíπ∑’Ë‡ªî¥‰«â¥â«¬·√ß
°¥ 100  200 ·≈– 300 °√—¡ °“√°¥·µà≈–§√—Èß„™â‡«≈“ 20 «‘π“∑’
∑” È́” 3 §√—Èß ∑ÿ°·√ß°¥∑’Ë„™â ‡æ◊ËÕÀ“§à“§«“¡·¢Áß‡©≈’Ë¬„πøíπ·µà≈– ’́Ë
√Õ¬°¥·µà≈–√Õ¬¡’√–¬–Àà“ß‰¡àπâÕ¬°«à“ 4 ‡∑à“¢Õß§«“¡¬“«‡ âπ
∑·¬ß¡ÿ¡√Õ¬°¥ ‡æ◊ËÕªÑÕß°—π°“√‡æ‘Ë¡¢Õß§«“¡‡§âπ√Õ∫√Õ¬°¥
(stress concentration) ∑’Ë®– àßº≈∂÷ß§«“¡·¢Áß∫√‘‡«≥„°≈â‡§’¬ß

À≈—ß°“√°¥ «—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥¥â«¬
°”≈—ß¢¬“¬ 400 ‡∑à“ ºà“π‡≈π åµ“ ‡æ◊ËÕ„Àâ‡§√◊ËÕß∑¥ Õ∫§”π«≥§à“
§«“¡·¢Áß®ÿ≈¿“§ ·≈–π”™‘Èπ∑¥ Õ∫‰ª«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡
¢Õß√Õ¬°¥´È”¥â«¬°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“« (Measuring micros-
cope, Nikon, MM-400, Nikon Coporation, Japan) ∑’Ë°”≈—ß¢¬“¬ 500
‡∑à“ºà“π®Õ¡Õπ‘‡µÕ√å ‡æ◊ËÕ¬◊π¬—πº≈‡ª√’¬∫‡∑’¬∫°—∫‡§√◊ËÕß«—¥§«“¡-
·¢Áß®ÿ≈¿“§ ®“°π—Èπ∑”°“√‡ª√’¬∫‡∑’¬∫§à“§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡
‚¥¬°“√∑¥ Õ∫∑’ ”À√—∫°≈ÿà¡µ—«Õ¬à“ß Õß°≈ÿà¡∑’Ë —¡æ—π∏å°—π  (Paired
t-test) «à“¡’§«“¡·µ°µà“ßÀ√◊Õ‰¡à

º≈

µ“√“ß∑’Ë 1 · ¥ß„Àâ‡ÀÁπ§à“§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡·∫∫πŸâæ
·≈–·∫∫«‘°‡°Õ√å ∑’Ë«—¥¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß√–¥—∫®ÿ≈¿“§ (MH)
‡ª√’¬∫‡∑’¬∫°—∫°“√«—¥¥â«¬°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“« (MM) °“√
„™â·√ß°¥πâÕ¬∑”„Àâ«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡‰¥â —Èπ°«à“‡¡◊ËÕ„™â
·√ß°¥¡“°

§à“§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡·∫∫«‘°‡°Õ√å ∑’Ë‰¥â®“°°“√«—¥¥â«¬
°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«  ¡’§à“‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫°“√«—¥¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§  à«π§à“§«“¡
¬“«‡ âπ∑·¬ß¡ÿ¡·∫∫πŸâæ∑’Ë‰¥â®“°°“√«—¥¥â«¬°≈âÕß®ÿ≈∑√√»πå«—¥
§«“¡¬“«¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

√Ÿª∑’Ë 1 · ¥ß√Õ¬°¥·∫∫πŸâæ·≈–«‘°‡°Õ√å ∑’Ë°”≈—ß¢¬“¬ 400
‡∑à“ ‚¥¬°“√∂à“¬ºà“π‡≈π åµ“¢Õß‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§¥â«¬
°≈âÕß¥‘®‘∑—≈ (Sony, Cyber-shot DSC-P150, Sony Corporation, Ja-
pan) ·≈–√Ÿª∑’Ë 2 · ¥ß√Õ¬°¥·∫∫πŸâæ·≈–«‘°‡°Õ√å  ∑’Ë∂à“¬¥â«¬¥â«¬
°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«∑’Ë°”≈—ß¢¬“¬ 500 ‡∑à“ (¿“æ∂à“¬∑—Èß
6 ¿“æ ‡ªìπ¢π“¥¬àÕ à«π√âÕ¬≈– 25 ®“°¢π“¥¿“æ®√‘ß∑’Ë∫—π∑÷°ºà“π
®Õ§Õ¡æ‘«‡µÕ√å)
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Mean (s.d.) p - value Mean (s.d.) p - value Mean (s.d.) p - value

Vickers

Diagonal (µm)

MH 24.4 (1.4) 34.4 (1.4) 41.6 (1.1)

.156 .421 .481

MM 23.9 (1.8) 33.9 (2.2) 41.2 (1.7)

Knoop

Diagonal (µm)

MH 65.6 (4.1) 94.7 (5.0) 115.6 (3.1)

.046* .026* .002*

MM 69.4 (4.0) 98.6 (3.6) 120.4 (3.5)

* Statistically significant difference at p < .05

100 g                              200 g                                              300 g

µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬ (§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π) ·≈–°“√∑¥ Õ∫‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬‡ âπ∑·¬ß¡ÿ¡√Õ¬°¥·∫∫«‘°‡°Õ√å ·≈–·∫∫πŸâæ ∑’Ë«—¥¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß-
®ÿ≈¿“§ (MH) ·≈–°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“« (MM)

Table 1  Mean (s.d.) and Paired t-tests of Vickers and Knoop indentation diagonal length measured by using a microhardness tester  (MH) and a

              measuring microscope (MM)

Knoop indentation - 300 g load Vickers indentation - 300 g load

√Ÿª∑’Ë 1  √Õ¬°¥·∫∫πŸâæ·≈–«‘°‡°Õ√å  ∑’Ë¡Õß‡ÀÁπºà“π‡≈π åµ“¢Õß‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§∑’Ë°”≈—ß¢¬“¬ 400 ‡∑à“
Fig. 1  Knoop and Vickers indentation which see through the eyepiece microscope with 400x magnification of microhardness tester
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∫∑«‘®“√≥å

°“√«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥¥â«¬‡§√◊ËÕß«—¥§«“¡
·¢Áß®ÿ≈¿“§„π°“√»÷°…“§√—Èßπ’È  µâÕß„™â‡≈π å¢¬“¬¿“æ‡π◊ËÕß®“°√Õ¬-
°¥¡’¢π“¥‡≈Á°¡“° ·≈–µâÕß«—¥¢π“¥‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥ºà“π
‡≈π åµ“ ·¡â«à“ªí®®ÿ∫—π®–¡’°“√ àß¿“æºà“π√–∫∫§Õ¡æ‘«‡µÕ√å
·≈–«—¥¢π“¥‡ âπ∑·¬ß¡ÿ¡ºà“π®Õ¡Õπ‘‡µÕ√å‰¥â ·µà‡§√◊ËÕß«—¥§«“¡
·¢Áß®ÿ≈¿“§∑’ËµâÕß«—¥‡ âπ∑·¬ß¡ÿ¡ºà“π‡≈π åµ“°Á¬—ß¡’°“√„™âß“πÕ¬Ÿà
‚¥¬∑—Ë«‰ª ·≈–‚¥¬∑’Ë§«“¡∂Ÿ°µâÕß¢Õß°“√«—¥¢÷Èπ°—∫≈—°…≥–æ◊Èπº‘«
™‘Èπß“π §«“¡§¡™—¥¢Õß√Õ¬°¥ ·≈–ºŸâ∑¥ Õ∫ ¥—ßπ—Èπ∂â“º‘«™‘Èπß“π
‰¡à‡√’¬∫ √Õ¬°¥‰¡à§¡™—¥ ·≈–ºŸâ∑¥ Õ∫¢“¥ª√– ∫°“√≥å·≈–
§«“¡™”π“≠  ‰¡à«à“®–«—¥ºà“π‡≈π åµ“À√◊Õ®Õ¡Õπ‘‡µÕ√å  Õ“®∑”„Àâ
‡°‘¥§«“¡º‘¥æ≈“¥„π°“√«—¥‰¥â

°“√»÷°…“§√—Èßπ’Èπ”°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«¡“„™â‡æ◊ËÕ¬◊π-
¬—πº≈°“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß¢Õß‡§≈◊Õ∫øíπ¥â«¬‡§√◊ËÕß
«—¥§«“¡·¢Áß®ÿ≈¿“§ºà“π‡≈π åµ“ °≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«„™â
À≈—°°“√«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡√Õ¬°¥‡™àπ‡¥’¬«°—∫‡§√◊ËÕß«—¥
§«“¡·¢Áß®ÿ≈¿“§ ·µà¡’°“√ àß¿“æºà“π√–∫∫°≈âÕß«‘¥’‚Õ‡¢â“ Ÿà®Õ
§Õ¡æ‘«‡µÕ√å ·≈– “¡“√∂ª√—∫§«“¡§¡™—¥¢Õß¿“æ‰¥â ∑”„Àâ«—¥
§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡‰¥âßà“¬°«à“°“√«—¥¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß
®ÿ≈¿“§∑’Ë«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡ºà“π‰¡‚§√¡‘‡µÕ√å∑’Ëµ‘¥µ—ÈßÕ¬Ÿà
°—∫‡≈π åµ“ ́ ÷Ëß¿“æ∑’Ë¡Õß‡ÀÁπ¡’¢π“¥‡≈Á° ∑”„Àâ‡°‘¥§«“¡º‘¥æ≈“¥
„π°“√«—¥‰¥âßà“¬ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√«—¥√–À«à“ß‡§√◊ËÕß«—¥
§«“¡·¢Áß®ÿ≈¿“§·≈–°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«  æ∫«à“‡§√◊ËÕß¡◊Õ
∑—Èß Õß™π‘¥«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥·∫∫«‘°‡°Õ√å 
‰¥â‰¡àµà“ß°—π ·µà«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥·∫∫πŸâæ‰¥â
µà“ß°—π

Knoop indentation - 100 g load

Knoop indentation - 200 g load

Knoop indentation - 300 g load Vickers indentation - 300 g load

Vickers indentation - 200 g load

Vickers indentation - 100 g load

√Ÿª∑’Ë 2  √Õ¬°¥·∫∫πŸâæ·≈–«‘°‡°Õ√å  ∑’Ë·√ß°¥ 100 200 ·≈– 300 °√—¡ ∂à“¬¥â«¬°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«∑’Ë°”≈—ß¢¬“¬ 500 ‡∑à“
Fig. 2  Knoop and Vickers indentation under 100  200 and 300 g loads images using a measuring microscope with 500 x magnification
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§«“¡·µ°µà“ß°—π¢Õß§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡·∫∫πŸâæ ‡¡◊ËÕ
«—¥¥â«¬‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§·≈–°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«
·≈–°“√¡’§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π Ÿß°«à“°“√«—¥·∫∫«‘°‡°Õ√å ∑ÿ°
¢π“¥·√ß°¥∑’Ë„™â ∑—Èß∑’Ë√Õ¬°¥·∫∫πŸâæ¡’§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡
¡“°°«à“  ·≈–πà“®–¡’§«“¡º‘¥æ≈“¥„π°“√«—¥πâÕ¬°«à“·∫∫«‘°‡°Õ√å 
· ¥ß„Àâ‡ÀÁπ«à“√Ÿª√à“ß¢Õß√Õ¬°¥πà“®–‡ªìπµ—«·ª√ ”§—≠¢Õß§«“¡
·¡àπ¬”„π°“√«—¥  §à“§«“¡·¢Áß·∫∫πŸâæ´÷Ëß„™â§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡
¥â“π¬“«‡æ’¬ß¥â“π‡¥’¬«„π°“√§”π«≥π—Èπ °“√°”Àπ¥ª≈“¬¡ÿ¡®“°
°“√∫√√®∫°—π¢Õß‡ âπ·¢π¢Õß¡ÿ¡ 2 ‡ âπ ∑”‰¥â¬“° ‡π◊ËÕß®“°‡ âπ
∑—Èß Õß∑”¡ÿ¡·§∫¡“°‡æ’¬ß 14 Õß»“‡∑à“π—Èπ ª≈“¬¡ÿ¡¢Õß√Õ¬°¥
·∫∫πŸâæ®÷ß¡Õß‡ÀÁπ‡ªìπ·π«‡ âπµ√ß¡“°°«à“®–‡ÀÁπ‡ªìπ√Ÿª¡ÿ¡∑’Ë
™—¥‡®π (√Ÿª∑’Ë 1 ·≈– 2) πÕ°®“°π’È≈—°…≥–æ◊Èπº‘«°Á‡ªìπÕ’°ªí®®—¬Àπ÷Ëß
¢Õß§«“¡·¡àπ¬”„π°“√«—¥ ∂â“¡ÿ¡¢Õß√Õ¬°¥·∫∫πŸâæ´âÕπÕ¬Ÿà„π
√Õ¬¢’¥¢à«πÀ√◊Õ¢√ÿ¢√–¢Õßº‘« ºŸâ«—¥®–‰¡à “¡“√∂°”Àπ¥ª≈“¬¡ÿ¡
√Õ¬°¥‰¥â·πàπÕπ ́ ÷Ëß∑”„Àâ°“√«—¥¡’§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π Ÿß‰¥â

·¡â«‘∏’«—¥§«“¡·¢Áß®ÿ≈¿“§®–‰¡à¬ÿàß¬“° —́∫ ấÕπ ·µà¡’¢âÕ§«√
√–«—ß¡“°¡“¬À≈“¬ª√–°“√  ‚¥¬‡©æ“–¢âÕ®”°—¥‡√◊ËÕß§«“¡≈–‡Õ’¬¥
(resolution) ¢Õß¿“æ ·≈–°“√¡Õß‡ÀÁπ√Õ¬°¥¢ÕßºŸâ∑¥ Õ∫3 ·≈–µâÕß
„™â°“√§”π«≥æ‘‡»… À“°‡ âπ¢Õ∫¢Õß√Õ¬°¥‰¡à„™à‡ âπµ√ß4 °“√
»÷°…“§√—Èßπ’Èæ∫«à“°“√«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡¢Õß√Õ¬°¥·∫∫πŸâæ
∫πº‘«‡§≈◊Õ∫øíπ ∑”‰¥â¬“°°«à“√Õ¬°¥·∫∫«‘°‡°Õ√å ¡“° ´÷Ëß·¡â®–
„™â°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«´÷Ëß¡Õß‡ÀÁπ¿“æ√Õ¬°¥‰¥â™—¥‡®π
°«à“ ¬—ßæ∫ªí≠À“·∫∫‡¥’¬«°—π ∑”„Àâ§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡
·∫∫πŸâæ ∑’Ë«—¥¥â«¬°≈âÕß®ÿ≈∑√√»πå«—¥§«“¡¬“«¡’§à“‡∫’Ë¬ß‡∫π
¡“µ√∞“π Ÿß‡™àπ°—π ·≈–¡’§à“µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

°“√«—¥§«“¡·¢Áß®ÿ≈¿“§·∫∫«‘°‡°Õ√å ·≈–·∫∫πŸâæ ¡’¢âÕ∫àß-
™’È°“√„™âß“π∫“ßª√–°“√∑’Ë·µ°µà“ß°—π °“√«—¥·∫∫«‘°‡°Õ√å ‰¡à‡À¡“–
 ”À√—∫™‘Èπß“π∫“ß ‡™àπ øî≈å¡ À√◊Õ«— ¥ÿ∑’Ë¡’§«“¡‡ª√“–¡“° ‡π◊ËÕß®“°
√Õ¬°¥∑’Ë≈÷°°«à“°“√«—¥·∫∫πŸâæ Õ“®∑–≈ÿ™‘Èπß“πÀ√◊Õ∑”„Àâ™‘Èπß“π
‡°‘¥√Õ¬√â“«µàÕ‡π◊ËÕß®“°√Õ¬°¥5  à«π°“√«—¥·∫∫πŸâæ‡ªìπ«‘∏’∑’Ë
¥—¥·ª≈ß®“°°“√«—¥·∫∫«‘°‡°Õ√å   ‚¥¬ª√—∫√Ÿª√à“ßÀ—«°¥„Àâ —Èπ°«à“
·∫∫«‘°‡°Õ√å ‡æ◊ËÕ„Àâ “¡“√∂∑¥ Õ∫™‘Èπß“π∑’Ë∫“ß·≈–‡ª√“–‰¥â¥’
¡’°“√„™âÀ—«°¥∑—Èß Õß™π‘¥„πß“π«‘®—¬°“√«—¥§«“¡·¢Áß¢Õßøíπ6-15 °“√
‡≈◊Õ°„™âÀ—«°¥πŸâæÕ“®‡ªìπ‡æ√“–‡ÀÁπ«à“°“√«—¥§«“¡‡ âπ∑·¬ß¡ÿ¡
¥â“π¬“«‡æ’¬ß¥â“π‡¥’¬« πà“®–«—¥‰¥âßà“¬°«à“·≈–√«¥‡√Á«°«à“ À√◊Õ„™â
µ“¡¢âÕ∫àß™’È°“√„™âß“π∑’Ë‡ÀÁπ«à“º‘«‡§≈◊Õ∫øíπ¡’≈—°…≥–·¢Áß‡ª√“–
·∫∫‡´√“¡‘°

°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“À“°µâÕß«—¥§«“¡¬“«‡ âπ
∑·¬ß¡ÿ¡ºà“π‡≈π åµ“·≈â« °“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß·∫∫
«‘°‡°Õ√å πà“®–‡À¡“– ¡ ”À√—∫°“√«—¥‡ âπ∑·¬ß¡ÿ¡¢Õß§«“¡·¢Áß

¢Õß‡§≈◊Õ∫øíπ¡“°°«à“·∫∫πŸâæ ‡π◊ËÕß®“°√Õ¬°¥∑’Ë‡°‘¥¢÷Èπ¡Õß‡ÀÁπ
‰¥â™—¥‡®π°«à“√Õ¬°¥·∫∫πŸâæ ·≈–°“√«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡ 2
‡ âπ ®–™à«¬≈¥§«“¡º‘¥æ≈“¥„π°“√°”Àπ¥√–¬–§«“¡¬“«‡ âπ
∑·¬ß¡ÿ¡‰¥â¡“°°«à“ ‡™àπ‡¥’¬«°—∫∑’Ë Gutiérrez-Salazar ·≈– Reyes-
Gasga16 „Àâ§«“¡‡ÀÁπ„π°“√‡≈◊Õ°«—¥§«“¡·¢Áßøíπ·∫∫«‘°‡°Õ√å 
«à“‡ªìπ‡æ√“–√Õ¬°¥√Ÿª ’Ë‡À≈’Ë¬¡®—µÿ√— ‡ÀÁπ‰¥â™—¥°«à“ ·¡â«à“√Ÿª√à“ß
 ’Ë‡À≈’Ë¬¡®µÿ√— ¢Õß√Õ¬°¥·∫∫«‘°‡°Õ√å ∫πº‘«‡§≈◊Õ∫øíπÕ“®‡°‘¥
≈—°…≥–‚§âß‡«â“ (sink-in) ‡≈Á°πâÕ¬ ®“°°“√∑’Ë‡§≈◊Õ∫øíπ¡’°“√§◊π
µ—«°≈—∫ (recovery) À≈—ß®“°§≈“¬·√ß°¥4 ·µà “¡“√∂¡Õß‡ÀÁπª≈“¬
‡ âπ∑·¬ß¡ÿ¡‰¥â™—¥‡®π¥’ °“√«—¥§«“¡·¢Áß®ÿ≈¿“§·∫∫πŸâæÕ“®‰¡à
‡À¡“– ¡ ”À√—∫øíπ∑’Ë‰¡à “¡“√∂‡µ√’¬¡æ◊Èπº‘«„Àâ‡√’¬∫¡“°‰¥â ‡™àπ
øíπºÿ À√◊Õøíπ ÷°°√àÕπ∑’Ë¡’æ◊Èπº‘«¢√ÿ¢√– ‡æ√“–°”Àπ¥®ÿ¥ª≈“¬¢Õß
‡ âπ∑·¬ß¡ÿ¡‰¥â¬“°   àßº≈„Àâ«—¥§«“¡¬“«‡ âπ∑·¬ß¡ÿ¡º‘¥æ≈“¥‰¥â
ßà“¬ °“√¢—¥º‘«‡§≈◊Õ∫øíπ®π‰¥âº‘«∑’Ë‡√’¬∫¡—πª√“»®“°√Õ¬¢—¥‡≈¬π—Èπ
Õ“®™à«¬∑”„Àâ°“√«—¥‡ âπ∑·¬ß¡ÿ¡·∫∫πŸâæßà“¬¢÷Èπ  ·µàß“π«‘®—¬ à«π-
„À≠à»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§«“¡·¢Áß¢Õßøíπ°àÕπ·≈–À≈—ß°“√
∑¥≈Õß º‘«øíπ∑’Ëºà“π°“√∑¥≈Õß®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ¿“æº‘«
‡™àπ ºÿ  ÷°°√àÕπ À√◊Õ¡’√Õ¬¢—¥∂Ÿ ‡¡◊ËÕπ”¡“«—¥§«“¡·¢Áß·∫∫πŸâæ°Á
®–«—¥‡ âπ∑·¬ß¡ÿ¡‰¥â¬“°‡™àπ°—π „π°“√«‘®—¬§√—ÈßµàÕ‰ª ®÷ß§«√„Àâ
ºŸâ‡™’Ë¬«™“≠„π°“√„™â‡§√◊ËÕß¡◊Õ∑—Èß Õß·∫∫À≈“¬ Ê §π «—¥‡ª√’¬∫
‡∑’¬∫°—π ‡æ◊ËÕ°”®—¥¢âÕ∫°æ√àÕß ÷́ËßÕ“®‡°‘¥®“°°“√„™âºŸâ«‘®—¬ 1 §π
„π°“√»÷°…“π’È

∫∑ √ÿª

°“√»÷°…“§√—Èßπ’Èæ∫«à“ ¿“¬„µâ¢âÕ®”°—¥¢Õß°“√«‘®—¬π’È À“°
„™â‡§√◊ËÕß«—¥§«“¡·¢Áß®ÿ≈¿“§·∫∫«—¥ºà“π‡≈π åµ“ °“√«—¥§«“¡·¢Áß
®ÿ≈¿“§∫πº‘«‡§≈◊Õ∫øíπ¥â«¬À—«°¥·∫∫«‘°‡°Õ√å  ®–¡Õß‡ÀÁπ
¢Õ∫‡¢µ·≈–°”Àπ¥ª≈“¬‡ âπ∑·¬ß¡ÿ¡ ¥’°«à“√Õ¬°¥·∫∫πŸâæ

°‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥°Õß∑ÿπ‡©≈‘¡æ√–‡°’¬√µ‘ 100 ªï  ¡‡¥Á®¬à“
§≥–∑—πµ·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ∑’Ë„Àâ∑ÿπ
 π—∫ πÿπ°“√∑”«‘®—¬§√—Èßπ’È
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Original Article

Abstract
The objective of this study was to compare the diagonal of hardness measure-

ment of tooth enamel by using Knoop and Vickers microhardness methods. Ten molar
teeth were measured for diagonal of hardness using a microhardness tester with Knoop
and Vickers indenters under 100, 200 and 300 g test loads. Repeated measurement of
the diagonal lengths of all indentations were obtained by using a measuring microscope.
The diagonal lengths using a microhardness tester and a measuring microscope were
statistically analysed using the paired t-test. Knoop and Vickers diagonal of hardness

measurements were 23.9-41.6 µm and 65.6-120.47 µm, respectively. However, the paired

t-test of the diagonal of hardness values obtained from using a microhardness tester and
a measuring microscope indicated that the Knoop diagonals were statistically different
(p < .05). In contrast, Vickers, diagonal of hardness values showed no statistically differ-
ent (p > .05). According to the limitation of this study, the Vickers microhardness test had
less errors in measuring diagonal of hardness for enamel than the Knoop test.

Key words: enamel, Knoop, microhardness, Vickers
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