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≈—°…≥– ”§—≠ª√–°“√Àπ÷Ëß¢Õß ‘Ëß¡’™’«‘µ§◊Õ
§«“¡ “¡“√∂„π°“√µÕ∫ πÕßµàÕ ‘Ëß‡√â“ °“√‡§≈◊ËÕπ∑’Ë
(locomotion) ‡ªìπæƒµ‘°√√¡Àπ÷Ëß¢Õß ‘Ëß¡’™’«‘µ∑’Ë‡°‘¥
¢÷Èπ‡æ◊ËÕµÕ∫ πÕßµàÕ ‘Ëß‡√â“ ∑—Èß ‘Ëß‡√â“¿“¬πÕ°·≈–
¿“¬„π√à“ß°“¬ ∑—Èßπ’È‡æ◊ËÕª√–‚¬™πåµàÕ°“√¥”√ß™’«‘µ
„π°“√À“Õ“À“√ °“√À≈∫¿—¬ À√◊Õ°“√‡§≈◊ËÕπ∑’Ë‡æ◊ËÕ
À≈’°Àπ’ ¿“æ·«¥≈âÕ¡∑’Ë‰¡à‡À¡“– ¡ √«¡∑—Èß°“√
‡§≈◊ËÕπ∑’Ë‡æ◊ËÕ°“√ ◊∫æ—π∏ÿå ”À√—∫°“√¥”√ß‡ºà“æ—π∏ÿå
¢Õß ‘Ëß¡’™’«‘µ™π‘¥π—ÈπÊ

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õß ‘Ëß¡’™’«‘µ∫“ß™π‘¥

°“√‡§≈◊ËÕπ∑’Ë‡°‘¥®“°°“√∑”ß“π√à«¡°—π¢ÕßÕ«—¬«–„π√–∫∫µà“ßÊ ‰¥â·°à Õ«—¬«–„π√–∫∫ª√– “∑
√–∫∫µàÕ¡‰√â∑àÕ √–∫∫°≈â“¡‡π◊ÈÕ ·≈–√–∫∫‚§√ß°√–¥Ÿ° ‚§√ß √â“ß¢Õß ‘Ëß¡’™’«‘µ·µà≈–™π‘¥‡°’Ë¬«¢âÕß°—∫
§«“¡´—∫´âÕπ„π°“√§«∫§ÿ¡ —Ëß°“√·≈–ª√– “π¢ÕßÕ«—¬«–„π√–∫∫µà“ßÊ ´÷Ëß¡’º≈µàÕ√Ÿª·∫∫°“√‡§≈◊ËÕπ∑’Ë
∑’Ë·µ°µà“ß°—π

7.1 °“√‡§≈◊ËÕπ∑’Ë¢Õß ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«

°“√‡§≈◊ËÕπ∑’Ë·∫∫Õ–¡’∫“

°“√‡§≈◊ËÕπ∑’Ë·∫∫Õ–¡’∫“ (amoeboid     movement) æ∫„π ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬«®”æ«°‚æ√‚∑´—«∫“ß™π‘¥
πÕ°®“°π’È¬—ßæ∫„π‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«

°“√‡§≈◊ËÕπ∑’Ë¢Õß ‘Ëß¡’™’«‘µ7
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Compact ™’««‘∑¬“ ¡.5 ‡≈à¡ 3

2

Õ–¡’∫“‡ªìπ‚æ√‚∑´—«∑’Ë‰¡à¡’‚§√ß √â“ß ”À√—∫°“√‡§≈◊ËÕπ∑’Ë‚¥¬‡©æ“– ·µà¡’°“√ √â“ß‡∑â“‡∑’¬¡
(pseudopodium) ‚¥¬°“√‰À≈¢Õß‰´‚∑æ≈“´÷¡‡æ◊ËÕ™à«¬„π°“√‡§≈◊ËÕπ∑’Ë ‰´‚∑æ≈“´÷¡¢Õß‡´≈≈åÕ–¡’∫“ ·∫àßÕÕ°
‡ªìπ 2  à«π §◊Õ ‡ÕÁ°‚∑æ≈“´÷¡ (ectoplasm) ‡ªìπ‰´‚∑æ≈“´÷¡™—ÈππÕ° ¡’≈—°…≥–‡ªìπ “√°÷Ëß·¢Áß°÷Ëß‡À≈« ‡√’¬°«à“
‡®≈ (gel) ·≈–‡Õπ‚¥æ≈“´÷¡ (endoplasm) ‡ªìπ‰´‚∑æ≈“´÷¡™—Èπ„π ¡’≈—°…≥–§àÕπ¢â“ß‡À≈« ‡√’¬°«à“ ‚´≈ (sol)

¿“¬„π‰´‚∑æ≈“ ÷́¡¡’‡ âπ„¬‚ª√µ’π‡≈Á°Ê ‡√’¬°«à“ ‰¡‚§√øî≈“‡¡π∑å (microfilament) ́ ÷Ëß¡’‚ª√µ’π·Õ°∑‘π (actin)

‡ªìπ à«πª√–°Õ∫ °“√‡ª≈’Ë¬π·ª≈ß¢Õß·Õ°∑‘π‚¥¬°“√·¬°µ—«¢Õß·Õ°∑‘πÕÕ°‡ªìπÀπà«¬¬àÕ¬ ∑”„Àâ‰´‚∑-
æ≈“´÷¡‡ª≈’Ë¬π ¿“æ®“°‡®≈‡ªìπ‚´≈ ·µà‡¡◊ËÕ¡’°“√√«¡µ—«°—π¢Õß·Õ°∑‘π®–∑”„Àâ‰´‚∑æ≈“´÷¡‡ª≈’Ë¬π ¿“æ®“°
‚´≈‡ªìπ‡®≈‰¥â ∑”„Àâ‡°‘¥°“√‰À≈¢Õß‰´‚∑æ≈“´÷¡ ‚¥¬‰´‚∑æ≈“´÷¡∑’Ë‡À≈«°«à“®–‰À≈‰ª„π∑‘»∑“ß∑’Ë‡´≈≈å
µâÕß°“√‡§≈◊ËÕπ∑’Ë ‚¥¬¥—π„Àâ‡¬◊ËÕÀÿâ¡‡´≈≈å‚ªÉßÕÕ°‡√’¬°«à“ ‡∑â“‡∑’¬¡ ®“°π—Èπ‰´‚∑æ≈“´÷¡ à«π∑’Ë‡À≈◊Õ®–‡§≈◊ËÕπ
µ“¡„π∑‘»∑“ß‡¥’¬«°—∫‡∑â“‡∑’¬¡ ®÷ß∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë¢ÕßÕ–¡’∫“

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë·∫∫Õ–¡’∫“

°“√‡§≈◊ËÕπ∑’Ë‚¥¬„™â·ø≈‡®≈≈—¡·≈–´‘‡≈’¬

·ø≈‡®≈≈—¡ (flagellum) ‡ªìπ‚§√ß √â“ß∑’Ë„™â„π°“√‡§≈◊ËÕπ∑’Ëæ∫„π‚æ√‚∑´—«∫“ß™π‘¥ ‡™àπ trypanosoma

trichomonad ¡’≈—°…≥–‡ªìπ‡ âπ¡’§«“¡¬“«ª√–¡“≥ 100-200 ‰¡§√Õπ ¡’®”π«π‡æ’¬ß 1 À√◊Õ 2 Õ—π  à«π ´‘‡≈’¬

(cilia) æ∫„π‚æ√‚∑´—«∫“ß™π‘¥ ‡™àπ Paramecium, Vorticella, Stylonychia, Stentor ´‘‡≈’¬¡’≈—°…≥–§≈â“¬
·ø≈‡®≈≈—¡·µà¡’§«“¡¬“«‡æ’¬ß 2-10 ‰¡§√Õπ ·≈–¡’®”π«π¡“°°«à“ ∑—Èß´‘‡≈’¬·≈–·ø≈‡®≈≈—¡¡’‡ âπºà“π
»Ÿπ¬å°≈“ßª√–¡“≥ 0.5 ‰¡§√Õπ

recruitment zone ectoplasm (gel) endoplasm (sol)

hyaline cap

fountain zone
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Compact ™’««‘∑¬“ ¡.5 ‡≈à¡ 3

3

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë‚¥¬„™â·ø≈‡®≈≈—¡·≈–´‘‡≈’¬

‚§√ß √â“ß¿“¬„π·ø≈‡®≈≈—¡·≈–´‘‡≈’¬®–§È”®ÿπ¥â«¬À≈Õ¥‚ª√µ’π‰¡‚§√∑‘«∫Ÿ≈ (microtubules) ‚¥¬
‰¡‚§√∑‘«∫Ÿ≈¡’°“√®—¥‡√’¬ßµ—«‡ªìπ«ß 9 °≈ÿà¡Ê ≈– 2 À≈Õ¥ ·≈–µ√ß·°π°≈“ßÕ’° 2 À≈Õ¥ °“√®—¥‡√’¬ßµ—«¢Õß
‰¡‚§√∑‘«∫Ÿ≈≈—°…≥–‡™àππ’È‡√’¬°«à“ 9 + 2 ‰¡‚§√∑‘«∫Ÿ≈∂Ÿ°≈âÕ¡√Õ∫¥â«¬‡¬◊ËÕ∫“ßÊ ´÷Ëß‡ªìπ‡¬◊ËÕ∑’Ëµ‘¥µàÕ°—∫‡¬◊ËÕÀÿâ¡
‡´≈≈å ·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬ “¡“√∂æ—¥‚∫°À√◊Õ‚§âßßÕ‰¥â ‡π◊ËÕß®“°°“√∑”ß“π¢Õß‚ª√µ’π‰¥π’π (dynein) ∑’Ë
Õ¬Ÿà√–À«à“ß‰¡‚§√∑‘«∫Ÿ≈∑’Ë‡√’¬ß‡ªìπ«ß ‚¥¬∑”Àπâ“∑’Ë‡ªìπ‡À¡◊Õπ·¢π∑’Ë‡°“–°—∫‰¡‚§√∑‘«∫Ÿ≈®÷ß‡√’¬°«à“ ‰¥π’πÕ“√å¡

(dynein     arm) °“√æ—¥‚∫°À√◊Õ°“√‚§âßßÕ¢Õß·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈å‰¥â ·µà
Õ¬à“ß‰√°Áµ“¡ °“√∑”ß“π¢Õß·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬∂Ÿ°§«∫§ÿ¡‚¥¬‡∫´—≈∫Õ¥’ (basal     body) À√◊Õ‰§π’‚∑‚´¡

(kinetosome) ´÷Ëß‡ªìπ‚§√ß √â“ß∑’ËÕ¬Ÿà„π‡¬◊ËÕÀÿâ¡∫√‘‡«≥‚§π¢Õß·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬ ¿“¬„π‡∫´—≈∫Õ¥’¡’°“√®—¥
‡√’¬ßµ—«¢Õß‰¡‚§√∑‘«∫Ÿ≈„π≈—°…≥– 9 + 0 °≈à“«§◊Õ ‰¡‚§√∑‘«∫Ÿ≈‡√’¬ßµ—«‡ªìπ 9 °≈ÿà¡Ê ≈– 3 À≈Õ¥ ·µà‰¡à¡’
‰¡‚§√∑‘«∫Ÿ≈Õ¬Ÿàµ√ß°≈“ß ‰¥â¡’°“√∑¥≈Õßµ—¥‡Õ“‡∫´—≈∫Õ¥’ÕÕ° æ∫«à“·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬‰¡à “¡“√∂
‡§≈◊ËÕπ‰À«‰¥â

direction of swimming

direction or organismûs movement

direction of

active stroke

direction of

recovery stroke

ë motion of flagella

ë motion of cilia

cilia

ตัว
อย
่าง
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√Ÿª· ¥ß‚§√ß √â“ß¢Õß·ø≈‡®≈≈—¡

°“√‡§≈◊ËÕπ‰À«¢Õß·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬∑’Ë∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë¢Õß‡´≈≈åπ—Èπæ∫«à“ ·ø≈‡®≈≈—¡®–¡’
°“√‡§≈◊ËÕπ‰À«·∫∫§≈◊ËπÕ¬Ÿà‡ ¡Õ  à«π´‘‡≈’¬®–‡§≈◊ËÕπ‰À«·∫∫·°«àß§≈â“¬„∫æ“¬ ·µà´‘‡≈’¬„π ‘Ëß¡’™’«‘µÀ≈“¬
‡´≈≈å®–‡§≈◊ËÕπ‰À«·∫∫‚§âß≈ß·≈â«µ«—¥µ—Èßµ√ß¡’≈—°…≥–§≈â“¬§≈◊Ëπ  π—°«‘∑¬“»“ µ√å‰¥âÕ∏‘∫“¬°≈‰°°“√‡§≈◊ËÕπ
‰À«¢Õß·ø≈‡®≈≈—¡·≈–´‘‡≈’¬‰«â«à“ ‡¡◊ËÕ‡∫´—≈∫Õ¥’‰¥â√—∫°“√°√–µÿâπ®“° ‘Ëß‡√â“ ·√ß°√–µÿâπ®–∂Ÿ° àß‰ª¬—ßÀ≈Õ¥
‰¡‚§√∑‘«∫Ÿ≈µ√ß·°π°≈“ß 2 À≈Õ¥¢Õß·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬ ́ ÷Ëß®–∑”„Àâ‰¡‚§√∑‘«∫Ÿ≈¥â“π¢â“ßÀ¥µ—«Õ¬à“ß√«¥‡√Á«
¡’º≈∑”„Àâ·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬‡°‘¥°“√ –∫—¥Õ¬à“ß·√ß ‡¡◊ËÕ‡∫´—≈∫Õ¥’ àß·√ß°√–µÿâπ§√—ÈßµàÕ‰ª °“√ –∫—¥
®–≈¥§«“¡·√ß≈ß°«à“§√—Èß·√° ‡æ√“–©–π—Èπ‰¡‚§√∑‘«∫Ÿ≈®–À¥µ—«Õ¬à“ß™â“Ê ∑”„Àâ·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬ –∫—¥
°≈—∫§◊π Ÿàµ”·Àπàß‡¥‘¡Õ¬à“ß™â“Ê °“√ –∫—¥¢Õß·ø≈‡®≈≈—¡À√◊Õ´‘‡≈’¬∑’Ë‡°‘¥¢÷ÈπÕ¬à“ßµàÕ‡π◊ËÕß ∑”„Àâ‡°‘¥°“√
‡§≈◊ËÕπ∑’Ë¢Õß‚æ√∑‘ µå

microtubules

plasma membrane

basal body

ë cross section of flagellum
outer microtubule

doublet

dynein arms

central

microtubule

cross-linking

proteins inside

outer doublets

plasma
membrane

triplet

ë cross section of basal body

0.5 µm 0.1 µm

0.1 µm

radial

spoke

ตัว
อย
่าง
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√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õßæ“√“¡’‡´’¬¡‚¥¬°“√∑”ß“π¢Õß´‘‡≈’¬

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õß¬Ÿ°≈’π“‚¥¬°“√æ—¥‚∫°¢Õß·ø≈‡®≈≈—¡

7.2 °“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß

°“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß ‡°‘¥®“°°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ∑’Ë∂Ÿ°§«∫§ÿ¡‚¥¬√–∫∫ª√– “∑
¥—ßπ—Èπ °“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å®÷ß¡’ª√– ‘∑∏‘¿“æ¡“°°«à“ ‘Ëß¡’™’«‘µ‡´≈≈å‡¥’¬« √Ÿª·∫∫°“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å
·µà≈–™π‘¥®–·µ°µà“ß°—πÕÕ°‰ª

slow fast

water expulsion vesicle
(partially full)

cilia

food vacuoles

oral groove

macronucleus

micronucleus

anal pore

water expulsion
vesicle (full)

 

ตัว
อย
่าง
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°“√‡§≈◊ËÕπ∑’Ë¢Õß‰Œ¥√“

°“√‡§≈◊ËÕπ∑’Ë¢Õß‰Œ¥√“‡°‘¥®“°°“√∑”ß“π
¢Õß‡´≈≈å∫“ß‡´≈≈å„π‡π◊ÈÕ‡¬◊ËÕ™—ÈππÕ° ∑”Àπâ“∑’Ë
§≈â“¬°≈â“¡‡π◊ÈÕ °“√‡§≈◊ËÕπ∑’Ë¢Õß‰Œ¥√“®÷ß‡°‘¥®“°
°“√¬◊¥·≈–À¥¢Õß≈”µ—« √«¡∑—Èß‡°‘¥®“°°“√
‡§≈◊ËÕπ‰À«¢ÕßÀπ«¥À√◊Õ‡∑π∑“‡§‘≈¥â«¬ ‰Œ¥√“
¡’°“√‡§≈◊ËÕπ∑’ËÀ≈“¬≈—°…≥– ‡™àπ °“√‡§≈◊ËÕπ∑’Ë
‚¥¬°“√§◊∫‰ª§≈â“¬ÀπÕπ °“√µ’≈—ß°“ °“√·¢«π
µ—«Õ¬Ÿà°—∫º‘«πÈ” À√◊Õ°“√≈Õ¬µ—«

°“√‡§≈◊ËÕπ∑’Ë¢Õß·¡ß°–æ√ÿπ

·¡ß°–æ√ÿπ‡ªìπ —µ«å™—ÈπµË”Õ¬Ÿà„π°≈ÿà¡‡¥’¬«°—∫‰Œ¥√“  ·µà¡’√Ÿª√à“ß∑’Ë·µ°µà“ß°—π ®÷ß¡’«‘∏’°“√‡§≈◊ËÕπ∑’Ë
·µ°µà“ßÕÕ°‰ª ‡π◊ËÕß®“°·¡ß°–æ√ÿπ¡’√Ÿª√à“ß¢Õß≈”µ—«§≈â“¬°√–¥‘Ëß ·≈–¡’¢Õß‡À≈«∑’Ë‡√’¬°«à“ ¡’‚´‡°≈’¬

(mesoglea) ·∑√°Õ¬Ÿà °“√À¥µ—«¢Õß‡π◊ÈÕ‡¬◊ËÕ∫√‘‡«≥¢Õ∫°√–¥‘Ëß·≈–ºπ—ß∑’Ë≈”µ—« ≈—∫°—π∑”„ÀâπÈ”„π≈”µ—«æàπÕÕ°
¡“∑“ß¥â“π≈à“ß ¢≥–‡¥’¬«°—π·√ß¥—π¢ÕßπÈ”®–º≈—°µ—«·¡ß°–æ√ÿπ„Àâæÿàß‰ª„π∑‘»∑“ßµ√ß°—π¢â“¡°—∫πÈ”∑’ËæàπÕÕ°¡“
°“√À¥µ—«¢Õß¢Õ∫°√–¥‘Ëß·≈–ºπ—ß≈”µ—«¢Õß·¡ß°–æ√ÿπ®–‡ªìπ®—ßÀ«– ∑”„Àâ·¡ß°–æ√ÿπ¡’°“√‡§≈◊ËÕπ∑’Ë‡ªìπ
®—ßÀ«–‰ª¥â«¬

√Ÿª· ¥ß‚§√ß √â“ß¿“¬„π≈”µ—«·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õß·¡ß°–æ√ÿπ

medusa

mesoglea

epidermis

mouth/anus

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õß‰Œ¥√“¥â«¬«‘∏’µà“ßÊ

gastrovascular

cavity

gastrodermis

tentacle

ตัว
อย
่าง
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°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ¡÷°

À¡÷°‡ªìπ —µ«å∑’Ë¡’≈”µ—«ÕàÕππ‘Ë¡ ¡’°≈â“¡‡π◊ÈÕ≈”µ—«·≈–‰´øÕπ ∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ∑’Ë‚¥¬
°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ≈”µ—« ∑”„ÀâπÈ”¿“¬„π≈”µ—«æàπÕÕ°¡“´÷Ëß®–¥—π„Àâ≈”µ—«¢ÕßÀ¡÷°‡§≈◊ËÕπ∑’Ëæÿàß‰ª„π
∑‘»∑“ßµ√ß¢â“¡°—∫∑‘»∑“ß¢ÕßπÈ”∑’ËæàπÕÕ°¡“ ‡π◊ËÕß®“°∑àÕ‰´øÕπ “¡“√∂‡§≈◊ËÕπ‰À«‰¥â ¥—ßπ—Èπ ∑‘»∑“ß°“√
æàππÈ”ÕÕ°®“°∑àÕ‰´øÕπ®÷ß‡ª≈’Ë¬π·ª≈ß ´÷Ëß¡’º≈µàÕ°“√‡ª≈’Ë¬π∑‘»∑“ß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ¡÷°¥â«¬  ”À√—∫
§«“¡‡√Á«„π°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ¡÷°¢÷ÈπÕ¬Ÿà°—∫§«“¡·√ß„π°“√∫’∫µ—«¢Õß°≈â“¡‡π◊ÈÕ≈”µ—« πÕ°®“°π’ÈÀ¡÷°¬—ß¡’§√’∫
∑’ËÕ¬Ÿà¥â“π¢â“ß≈”µ—«™à«¬„π°“√∑√ßµ—«¢≥–¡’°“√‡§≈◊ËÕπ∑’Ë¥â«¬

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀ¡÷°

°“√‡§≈◊ËÕπ∑’Ë¢Õß¥“«∑–‡≈

¥“«∑–‡≈‡ªìπ —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß¡’º‘«¥â“ππÕ°·¢Áß·µà‰¡à‰¥â¬÷¥µ‘¥Õ¬Ÿà°—∫°≈â“¡‡π◊ÈÕ ¥“«∑–‡≈
‡§≈◊ËÕπ∑’Ë¥â«¬√–∫∫∑àÕπÈ” (water vascular system) ‚§√ß √â“ß¢Õß√–∫∫∑àÕπÈ” ª√–°Õ∫¥â«¬

- ¡“¥√’‚æ‰√µå (madreporite) ‡ªìπ™àÕßµ–·°√ßπÈ”‡¢â“ Õ¬Ÿà¥â“πÀ≈—ß¢Õß¥“«∑–‡≈
- ∑àÕπÈ”«ß·À«π (ring canal) ‡ªìπ∑àÕπÈ”∑’ËÕ¬Ÿà√Õ∫ª“° ‡™◊ËÕ¡µàÕ°—∫∑àÕ‡≈Á°Ê ∑’Ë‡√’¬°«à“ stone     canal

‡ªìπ∑àÕ∑’ËµàÕ¡“®“°¡“¥√’‚æ‰√µå
- ∑àÕπÈ”·π«√—»¡’ (radial canal) ‡ªìπ∑àÕπÈ”∑’Ë·¬°ÕÕ°®“°∑àÕπÈ”«ß·À«πµ“¡·π«√—»¡’
- ∑‘«∫åøï∑ (tube feet) ‡ªìπ‚§√ß √â“ß∑’Ë¡’≈—°…≥–‡ªìπ∑àÕ‡≈Á°Ê ¡’®”π«π¡“°Õ¬Ÿà¥â“π≈à“ß¢Õß≈”µ—« ¥â“π

∫π¢Õß∑‘«∫åøï∑¡’≈—°…≥–æÕß‡ªìπ°√–‡ª“– ‡√’¬°«à“ ·Õ¡æŸ≈≈“ (ampulla) ∑‘«∫åøï∑·µà≈–Õ—π®–¡’∑àÕ‡≈Á°Ê ‡™◊ËÕ¡
Õ¬Ÿà°—∫∑àÕπÈ”·π«√—»¡’

°≈‰°°“√‡§≈◊ËÕπ∑’Ë¢Õß¥“«∑–‡≈¥â«¬√–∫∫∑àÕπÈ” ‡°‘¥¢÷Èπ‡¡◊ËÕπÈ”‰À≈‡¢â“ Ÿà√–∫∫∑àÕπÈ”∑“ß¡“¥√’‚æ‰√µå
ºà“π∑àÕπÈ”«ß·À«π‡¢â“ Ÿà∑àÕπÈ”·π«√—»¡’·≈–·Õ¡æŸ≈≈“ ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ∫√‘‡«≥·Õ¡æŸ≈≈“À¥µ—« ®–¥—ππÈ”‡¢â“ Ÿà
∑‘«∫åøï∑∑”„Àâ∑‘«∫åøï∑¬◊¥¬“«ÕÕ°‰ª·µ–æ◊Èπ¥â“π≈à“ß ¢≥–‡¥’¬«°—π≈‘Èπ¿“¬„π·Õ¡æŸ≈≈“®–ªî¥‡æ◊ËÕªÑÕß°—π
‰¡à„ÀâπÈ”‰À≈°≈—∫ÕÕ°‰ª∑“ß∑àÕ¥â“π¢â“ß À≈—ß®“°π—Èπ°≈â“¡‡π◊ÈÕ¢Õß∑‘«∫åøï∑®–À¥µ—« ∑”„Àâ∑‘«∫åøï∑¡’¢π“¥

gonad stomach internal shell
mantle

eye

gill heart

gill

mantle cavity

ink sac
anus

siphon
radula

jaw

siphon

water

water

siphon

ตัว
อย
่าง
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 —Èπ≈ß ®÷ß¥—ππÈ”°≈—∫‡¢â“ Ÿà°√–‡ª“–·Õ¡æŸ≈≈“Õ’°§√—Èß °“√¬◊¥·≈–À¥µ—«¢Õß∑‘«∫åøï∑À≈“¬Ê Õ—π∑”„Àâ‡°‘¥·√ß¥—π
®π¥“«∑–‡≈ “¡“√∂‡§≈◊ËÕπ∑’Ë‰¥â πÕ°®“°π’È∑’Ëª≈“¬Õ’°¥â“πÀπ÷Ëß¢Õß∑‘«∫åøï∑¡’≈—°…≥–§≈â“¬·ºàπ¥Ÿ¥ (sucker)

∑”Àπâ“∑’Ë„π°“√¬÷¥‡°“–°—∫æ◊Èπº‘«¢≥–∑’Ë¡’°“√‡§≈◊ËÕπ∑’Ë ™à«¬„Àâ¥“«∑–‡≈‡§≈◊ËÕπ∑’Ë‰¥â¥’¬‘Ëß¢÷Èπ

√Ÿª· ¥ß‚§√ß √â“ß·≈–√–∫∫∑àÕπÈ”¢Õß¥“«∑–‡≈

°“√‡§≈◊ËÕπ∑’Ë¢Õßæ≈“π“‡√’¬

æ≈“π“‡√’¬‡ªìπÀπÕπµ—«·∫π∑’Ë¥”√ß™’«‘µ·∫∫Õ‘ √– ‡§≈◊ËÕπ∑’Ë‚¥¬°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ≈”µ—«
æ≈“π“‡√’¬¡’°≈â“¡‡π◊ÈÕ≈”µ—« 2 ™π‘¥ §◊Õ °≈â“¡‡π◊ÈÕ«ß (circular muscle) Õ¬Ÿà¥â“ππÕ°·≈–°≈â“¡‡π◊ÈÕµ“¡¬“«
(longitudinal muscle) ´÷Ëß¬÷¥Õ¬Ÿà√–À«à“ß à«π∫π·≈– à«π≈à“ß¢Õß≈”µ—« °“√‡§≈◊ËÕπ∑’Ë¢Õßæ≈“π“‡√’¬„π≈—°…≥–
§◊∫§≈“πÀ√◊Õ≈Õ¬‰ªµ“¡πÈ”‡°‘¥®“°°“√À¥·≈–§≈“¬µ—« ≈—∫°—π√–À«à“ß°≈â“¡‡π◊ÈÕ«ß°—∫°≈â“¡‡π◊ÈÕµ“¡¬“«
 à«π°≈â“¡‡π◊ÈÕ∫π-≈à“ß®–™à«¬„Àâ≈”µ—«¢Õßæ≈“π“‡√’¬·∫π·≈–æ√‘È«‰ªµ“¡πÈ” „π°√≥’∑’Ëæ≈“π“‡√’¬Õ¬Ÿà∫πº‘«πÈ”
æ≈“π“‡√’¬®–„™â´‘‡≈’¬∑’ËÕ¬Ÿà¥â“π≈à“ß¢Õß≈”µ—«æ—¥‚∫°‰ª¡“ ™à«¬„π°“√‡§≈◊ËÕπ∑’Ë¥â«¬

æ≈“π“‡√’¬‡ªìπ —µ«å°≈ÿà¡·√°∑’Ë¡’‡§≈◊ËÕπ∑’Ë‚¥¬°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ„π≈—°…≥–·∫∫ ¿“«–µ√ß°—π¢â“¡
(antagonism) °≈à“«§◊Õ °≈â“¡‡π◊ÈÕ«ß·≈–°≈â“¡‡π◊ÈÕµ“¡¬“«¡’°“√À¥·≈–§≈“¬µ—« ≈—∫°—π

anus

aboral (pyloric) stomach

oral (cardiac) stomach

pyloric cecum

arm tube feet

rectal cecum anus ossicles
spines coelomic lining

demal branchiae
madreporite

aboral
(pyloric)
stomach

gonad

stone canal ring
canal

mouth

ampulla

radial
canal

tube
foot

radial
nerve

ampulla

radial
canal

tube foot

animal locomotion

hemal
strand

ตัว
อย
่าง
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√Ÿª· ¥ß°≈â“¡‡π◊ÈÕ à«πµà“ßÊ ·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õßæ≈“π“‡√’¬

°“√‡§≈◊ËÕπ∑’Ë¢ÕßÀπÕπµ—«°≈¡

ÀπÕππÈ” â¡ “¬™Ÿ‡ªìπÀπÕπµ—«°≈¡∑’Ë¥”√ß™’«‘µÕ¬à“ßÕ‘ √– ‡§≈◊ËÕπ∑’Ë‚¥¬Õ“»—¬°≈â“¡‡π◊ÈÕµ“¡¬“«
¢Õß≈”µ—«‡∑à“π—Èπ ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ¡’°“√À¥·≈–§≈“¬µ—«∑”„Àâ≈”µ—«‡°‘¥°“√ à“¬‰ª¡“·≈–‡§≈◊ËÕπ∑’Ë‰ª‰¥â ·µà
‰¡à “¡“√∂∫—ß§—∫∑‘»∑“ß°“√‡§≈◊ËÕπ∑’Ë‰¥â

eyespot

intestinal diverticulum

intestine
testis

epidermis
circular muscles

intestine

longitudinal muscles

parenchymal

muscle
oviductsperm

duct

nerve

cord

protruding

pharynx
opening to

 pharynx

flame

cell

resting gliding

cilia
mucus

substratum

feedingcripping prey

approaching

food
meat

mating posture

hatching approaching

food

food

egg capsule

ตัว
อย
่าง
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°“√‡§≈◊ËÕπ∑’Ë¢Õß‰ â‡¥◊Õπ¥‘π

‰ â‡¥◊Õπ¥‘π‡ªìπ —µ«å∑’Ë¡’≈”µ—«ÕàÕππ‘Ë¡ ·≈–¡’≈—°…≥–‡ªìπª≈âÕßÊ µ≈Õ¥≈”µ—« °“√‡§≈◊ËÕπ∑’Ë¢Õß
‰ â‡¥◊Õπ¥‘πÕ“»—¬‚§√ß √â“ß¥—ßπ’È

1. °≈â“¡‡π◊ÈÕ 2 ™ÿ¥ ª√–°Õ∫¥â«¬°≈â“¡‡π◊ÈÕ«ß (circular muscle) ‡ªìπ°≈â“¡‡π◊ÈÕ∑’Ë‡√’¬ßµ—«‡ªìπ«ß√Õ∫
≈”µ—« ·≈–°≈â“¡‡π◊ÈÕµ“¡¬“« (longitudinal muscle) ∑’Ë¡’°“√®—¥‡√’¬ßµ—«µ“¡¬“«¢π“π°—∫≈”µ—« °≈â“¡‡π◊ÈÕ∑—Èß 2 ™ÿ¥
®–∑”ß“π„π·∫∫ ¿“«–µ√ß°—π¢â“¡ (antagonism)

2. ‡¥◊Õ¬ (setae) ‡ªìπ‚§√ß √â“ß‡≈Á°Ê ∑’Ë¬◊ËπÕÕ°¡“®“°ºπ—ß≈”µ—«¢Õß·µà≈–ª≈âÕß ∑”Àπâ“∑’Ë™à«¬
∫—ß§—∫∑‘»∑“ß„π°“√‡§≈◊ËÕπ∑’Ë‚¥¬‡¥◊Õ¬®–®‘°¥‘π‰«â¢≥–¡’°“√‡§≈◊ËÕπ∑’Ë

‰ â‡¥◊Õπ¥‘π‡§≈◊ËÕπ∑’Ë‚¥¬®–„™â‡¥◊Õ¬ à«π∑â“¬®‘°¥‘π‰«â ‡æ◊ËÕªÑÕß°—π‰¡à„Àâ à«π∑â“¬‡§≈◊ËÕπ∑’Ë ¢≥–‡¥’¬«°—π
°≈â“¡‡π◊ÈÕ«ß®–À¥µ—« °≈â“¡‡π◊ÈÕµ“¡¬“«§≈“¬µ—« ª≈âÕß¢Õß≈”µ—«®–¬◊¥¬“«ÕÕ° ∑”„Àâ≈”µ—«‡§≈◊ËÕπ‰ª¢â“ßÀπâ“
®“°π—Èπ‡¥◊Õ¬∑’Ëª≈âÕß à«πÀπâ“®–®‘°¥‘π‰«â °≈â“¡‡π◊ÈÕ«ß§≈“¬µ—« °≈â“¡‡π◊ÈÕµ“¡¬“«À¥µ—« ∑”„Àâª≈âÕß‚ªÉßÕÕ°
¥÷ß à«π∑â“¬¢Õß≈”µ—«„Àâ‡§≈◊ËÕπ‰ª¢â“ßÀπâ“ °“√∑”ß“π√à«¡°—π¢Õß°≈â“¡‡π◊ÈÕ«ß·≈–°≈â“¡‡π◊ÈÕµ“¡¬“«‚¥¬
°“√À¥·≈–§≈“¬µ—«µàÕ‡π◊ËÕß°—π‡ªìπ√–≈Õ°§≈◊Ëπ∑“ß¥â“πÀπâ“¡“ à«π∑â“¬¢Õß≈”µ—« ∑”„Àâ‰ â‡¥◊Õπ¥‘π “¡“√∂
‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“‰¥â

√Ÿª· ¥ß‚§√ß √â“ß¿“¬„π·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õß‰ â‡¥◊Õπ¥‘π

longitudinal muscles

circular muscles

septa

intestine
setae

longitudinal

muscle

relaxed

(extended)

circular

muscle

contracted

circular

muscle

relaxed

longitudinal

muscle

contracted

head

bristlesตัว
อย
่าง
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°“√‡§≈◊ËÕπ∑’Ë¢Õß·¡≈ß

·¡≈ß‡ªìπ —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß∑’Ë¡’‚§√ß√à“ß
·¢Áß¿“¬πÕ° (exoskeleton) ≈”µ—«¡’¢π“¥‡≈Á° ¡’≈—°…≥–
‡ªìπ¢âÕª≈âÕß ≈”µ—«‡∫“ ·¡≈ß‡§≈◊ËÕπ∑’Ë‚¥¬°“√„™â¢“
·≈–ªï°

1. °“√‡§≈◊ËÕπ∑’Ë‚¥¬Õ“»—¬¢“ ‚§√ß √â“ß¢“
¢Õß·¡≈ß¡’≈—°…≥–‡ªìπ¢âÕµàÕ ¿“¬„π¡’¡—¥°≈â“¡‡π◊ÈÕ
2 ™ÿ¥∑’Ë∑”ß“π√à«¡°—π·∫∫ ¿“«–µ√ß°—π¢â“¡ §◊Õ °≈â“¡

‡π◊ÈÕ‡ø≈Á°‡´Õ√å (flexor) ·≈–°≈â“¡‡π◊ÈÕ‡ÕÁ°‡∑π‡´Õ√å

(extensor) °≈â“¡‡π◊ÈÕ∑—Èß 2 ™π‘¥®–¬÷¥°—∫‚§√ß√à“ß
¿“¬πÕ° ‡¡◊ËÕ·¡≈ßßÕ¢“°≈â“¡‡π◊ÈÕ‡ø≈Á°‡´Õ√å®–
À¥µ—«¢≥–∑’Ë°≈â“¡‡π◊ÈÕ‡ÕÁ°‡∑π‡´Õ√å§≈“¬µ—« ·µà‡¡◊ËÕ
°≈â“¡‡π◊ÈÕ‡ÕÁ°‡∑π‡´Õ√åÀ¥µ—« °≈â“¡‡π◊ÈÕ‡ø≈Á°‡´Õ√å
§≈“¬µ—« ¢“¢Õß·¡≈ß®–‡À¬’¬¥ÕÕ°

2. °“√∫‘π¢Õß·¡≈ß ·¡≈ß¡’‚§√ß √â“ß¢Õß≈”µ—«∑’Ë‡À¡“– ¡°—∫°“√∫‘π §◊Õ ≈”µ—«‡∫“ πÈ”Àπ—°πâÕ¬
ªï°¡’¢π“¥„À≠à‡¡◊ËÕ‡∑’¬∫°—∫≈”µ—« √«¡∑—Èß°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¬°ªï°·≈–°≈â“¡‡π◊ÈÕ°¥ªï°·∫∫ ¿“«–
µ√ß°—π¢â“¡ ∑”„Àâªï°¢¬—∫µ—«Õ¬à“ßµàÕ‡π◊ËÕß∑”„Àâ·¡≈ß “¡“√∂‡§≈◊ËÕπ∑’Ë‰¥â¥â«¬°“√∫‘π

flexor muscle

extensor muscle

exoskeleton

(cuticle)

joint

√Ÿª· ¥ß‚§√ß √â“ß¢“¢Õß·¡≈ß

·¡≈ß∑’Ë¡’¢π“¥ªï°µà“ß°—π ®–¡’°“√¢¬—∫ªï°∑’Ë‡°‘¥
®“°°≈â“¡‡π◊ÈÕ§«∫§ÿ¡°“√¢¬—∫ªï°µà“ß°—π¥â«¬ °≈à“«§◊Õ
·¡≈ß∑’Ë¡’ªï°¢π“¥‡≈Á° ‡™àπ √‘Èπ º÷Èß ·¡≈ß«—π ¡’°“√¢¬—∫
ªï°¥â«¬§«“¡∂’Ë Ÿß °≈â“¡‡π◊ÈÕ∑’Ë§«∫§ÿ¡°“√¢¬—∫ªï°‰¡à‰¥â
µ‘¥µàÕ°—∫ªï°‚¥¬µ√ß·µà®–¬÷¥°—∫ºπ—ß à«πÕ° °≈â“¡
‡π◊ÈÕ∑’Ë∑”ß“π√à«¡°—π §◊Õ °≈â“¡‡π◊ÈÕ¬÷¥‡ª≈◊Õ°Àÿâ¡ à«πÕ°
‡ªìπ°≈â“¡‡π◊ÈÕµ“¡¢«“ß¬÷¥Õ¬Ÿà°—∫ºπ—ß à«πÕ°¥â“π∫π
°—∫¥â“π∑âÕß ·≈–°≈â“¡‡π◊ÈÕµ“¡¬“«∑’Ë¢π“π‰ª°—∫≈”µ—«
°≈â“¡‡π◊ÈÕ∑—Èß 2 ™ÿ¥∑”ß“π„π≈—°…≥– ¿“«–µ√ß°—π¢â“¡
‡¡◊ËÕ°≈â“¡‡π◊ÈÕ¬÷¥‡ª≈◊Õ°Àÿâ¡ à«πÕ°´÷Ëß‡ªìπ°≈â“¡‡π◊ÈÕ
¬°ªï°À¥µ—«°≈â“¡‡π◊ÈÕµ“¡¬“«§≈“¬µ—« ∑”„Àâ‡ª≈◊Õ°
Àÿâ¡ à«πÕ°‡§≈◊ËÕπ≈ß ªï°∑’Ëµ‘¥Õ¬Ÿà°—∫‡ª≈◊Õ°Àÿâ¡ à«πÕ°
¬°µ—« Ÿß¢÷Èπ ·µà‡¡◊ËÕ°≈â“¡‡π◊ÈÕµ“¡¬“«´÷Ëß‡ªìπ°≈â“¡‡π◊ÈÕ
°¥ªï°À¥µ—« °≈â“¡‡π◊ÈÕ¬÷¥‡ª≈◊Õ°Àÿâ¡ à«πÕ°§≈“¬µ—«
‡ª≈◊Õ°Àÿâ¡ à«πÕ°‡§≈◊ËÕπ¢÷Èπªï°®–∂Ÿ°°¥≈ß °“√¢¬—∫
ªï°¢÷Èπ≈ßÕ¬à“ßµàÕ‡π◊ËÕß∑”„Àâ·¡≈ß “¡“√∂‡§≈◊ËÕπ∑’Ë
¥â«¬°“√∫‘π‰¥â

longitudinal

muscles

(relaxed)

dorsoventral

muscles

(contracted)

dorsoventral

muscle

(relaxed)

ë downstroke

longitudinal

muscle (contracted)

√Ÿª· ¥ß°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¢Õß·¡≈ß
∑’Ë¡’ªï°¢π“¥‡≈Á°

ë upstroke ตัว
อย
่าง
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 ”À√—∫·¡≈ß∫“ß™π‘¥¡’°≈â“¡‡π◊ÈÕµ‘¥Õ¬Ÿà√–À«à“ß‚§πªï°°—∫ à«π∑âÕß ´÷Ëßæ∫„π·¡≈ß¢π“¥„À≠à·≈–¡’ªï°
¢π“¥„À≠à ‡™àπ º’‡ ◊ÈÕ ·¡≈ßªÕ ·¡≈ß‡À≈à“π’È®–¡’°≈â“¡‡π◊ÈÕ¬°ªï°∑’Ë¬÷¥µ‘¥Õ¬Ÿà√–À«à“ß‚§πªï°¥â“π„π°—∫
 à«π∑âÕß ·≈–°≈â“¡‡π◊ÈÕ°¥ªï°∑’Ë¬÷¥Õ¬Ÿà√–À«à“ß‚§πªï°¥â“ππÕ°°—∫ à«π∑âÕß ªï°¢Õß·¡≈ß®–∂Ÿ°¬°¢÷Èπ
‡¡◊ËÕ°≈â“¡‡π◊ÈÕ¬°ªï°À¥µ—« ·≈–°≈â“¡‡π◊ÈÕ°¥ªï°§≈“¬µ—« ·µà‡¡◊ËÕ°≈â“¡‡π◊ÈÕ¬°ªï°§≈“¬µ—« °≈â“¡‡π◊ÈÕ°¥ªï°
À¥µ—« ®–∑”„Àâªï°∂Ÿ°°¥≈ß °“√¢¬—∫ªï°¢÷Èπ≈ßÕ¬à“ßµàÕ‡π◊ËÕß∑”„Àâ·¡≈ß “¡“√∂∫‘π‰¥âπ—Ëπ‡Õß

√Ÿª· ¥ß°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¬°ªï°·≈–°≈â“¡‡π◊ÈÕ°¥ªï°¢Õß·¡≈ß¢π“¥„À≠à

°“√∫‘π¢Õß·¡≈ß πÕ°®“°®–‡°’Ë¬«¢âÕß°—∫°“√¢¬—∫ªï°¢÷Èπ≈ß·≈â« ¬—ß¢÷ÈπÕ¬Ÿà°—∫°“√¢¬—∫ªï°‰ª¥â“πÀπâ“
·≈–¥â“πÀ≈—ß °“√°√–æ◊Õªï° √Ÿª·∫∫°“√¢¬—∫ªï° ·≈–§«“¡∂’Ë¢Õß°“√¢¬—∫ªï° ‡™àπ µ—Í°·µπ¢¬—∫ªï°‡ªìπ√Ÿª«ß√’
·≈–¡’§«“¡∂’Ë„π°“√¢¬—∫ªï° 4-20 §√—Èß/«‘π“∑’ º÷Èß¡’°“√¢¬—∫ªï°‡ªìπ√Ÿª‡≈¢ 8 ·≈–¡’§«“¡∂’Ë„π°“√¢¬—∫ªï° 200

§√—Èß/«‘π“∑’

7.3 °“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å¡’°√–¥Ÿ° —πÀ≈—ß

°“√‡§≈◊ËÕπ∑’Ë¢Õßª≈“

ª≈“‡ªìπ —µ«å¡’°√–¥Ÿ° —πÀ≈—ßÕ“»—¬Õ¬Ÿà„π·À≈àßπÈ” ́ ÷Ëß‡ªìπ ¿“æ·«¥≈âÕ¡∑’Ë¡’§«“¡Àπ“·πàπ¡“°°«à“Õ“°“»
ª≈“®÷ß¡’‚§√ß √â“ß„π°“√‡§≈◊ËÕπ∑’Ë∑’Ë‡À¡“– ¡°—∫·À≈àß∑’ËÕ¬Ÿà¥—ßπ’È

1. ª≈“¡’√Ÿª√à“ß‡æ√’¬« º‘«‡√’¬∫≈◊Ëπ·≈–¡’‡¡◊Õ° ™à«¬≈¥·√ß‡ ’¬¥∑“π¢ÕßπÈ” πÕ°®“°π’Èª≈“¬—ß¡’§√’∫
∑’Ë·∫π∫“ß¬—ß™à«¬„Àâª≈“ “¡“√∂‡§≈◊ËÕπ∑’Ë„ππÈ”‰¥â∑—Èß 3 ¡‘µ‘ §◊Õ °“√‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“·≈–∂Õ¬À≈—ß À√◊Õ°“√
‡§≈◊ËÕπ∑’Ë„π≈—°…≥–‡≈’È¬«´â“¬·≈–‡≈’È¬«¢«“ √«¡∑—Èß°“√‡§≈◊ËÕπ∑’Ë¢÷Èπ≈ß„π·π«¥‘Ëß‰¥â  à«π§«“¡‡√Á«„π°“√
‡§≈◊ËÕπ∑’Ë¢Õßª≈“ æ∫«à“ª≈“∑’Ë¡’√Ÿª√à“ß·∫π‡æ√’¬«®–‡§≈◊ËÕπ∑’Ë‰¥â‡√Á«°«à“ª≈“∑’Ë¡’√Ÿª√à“ß‡æ√’¬«·∫∫°≈¡¬“«

2. ª≈“¡’§√’∫ ™à«¬„π°“√‡§≈◊ËÕπ∑’Ëª√–°Õ∫¥â«¬§√’∫§Ÿà ‰¥â·°à §√’∫Õ° (pectoral fin) ·≈–§√’∫ –‚æ°
(pelvic fin) ∑”Àπâ“∑’Ë™à«¬„π°“√æ¬ÿßµ—«ª≈“·≈–°“√‡§≈◊ËÕπ∑’Ë¢÷Èπ≈ß„π·π«¥‘Ëß  à«π§√’∫‡¥’Ë¬« ‰¥â·°à §√’∫À≈—ß
(dorsal fin) ·≈–§√’∫À“ß (caudal fin) ∑”Àπâ“∑’Ë„π°“√æ—¥‚∫°™à«¬„Àâª≈“‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“‰¥â πÕ°®“°π’È·≈â«
§√’∫µà“ßÊ ‡À≈à“π’È¬—ß™à«¬„π°“√∑√ßµ—«¢Õßª≈“ ‡æ◊ËÕªÑÕß°—π‰¡à„Àâ‡ ’¬∑‘»∑“ß„π°“√‡§≈◊ËÕπ∑’ËÕ’°¥â«¬

supracoracoideus muscle

(relaxed)

supracoracoideus muscle

(contracted)

pectoratis muscle

(relaxed)

ë downstroke

pectoratis muscle

(contracted)

ë upstroke

ตัว
อย
่าง
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√Ÿª· ¥ß√Ÿª√à“ß·≈–§√’∫µà“ßÊ ¢Õßª≈“

3. ª≈“¡’°≈â“¡‡π◊ÈÕ¬÷¥µ‘¥°—∫°√–¥Ÿ° —πÀ≈—ß °“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ„π·µà≈– à«π¢Õß≈”µ—«ª≈“
·≈–°≈â“¡‡π◊ÈÕ¬÷¥‡°“–°—∫°√–¥Ÿ°§√’∫µà“ßÊ ‰¡àæ√âÕ¡°—π ∑”„Àâª≈“‡§≈◊ËÕπ∑’Ë‰¥â

√Ÿª· ¥ß°≈â“¡‡π◊ÈÕ¬÷¥µ‘¥°—∫°√–¥Ÿ° —πÀ≈—ß¢Õßª≈“

4. ª≈“¡’°√–‡æ“–≈¡ ´÷Ëß™à«¬„π°“√≈Õ¬µ—«¢Õßª≈“∑’ËπÕ°‡Àπ◊Õ®“°·√ß≈Õ¬µ—«¢ÕßπÈ” æ∫„πª≈“
°√–¥Ÿ°·¢Áß ‡™àπ ª≈“µ–‡æ’¬π ª≈“¥ÿ° ª≈“∑Ÿ

°“√‡§≈◊ËÕπ∑’Ë¢Õßª≈“ ‡°‘¥®“°°“√∑”ß“π√à«¡°—π¢Õß‚§√ß √â“ß≈”µ—« à«πµà“ßÊ °≈à“«§◊Õ ‡¡◊ËÕ¡’°“√
‡§≈◊ËÕπ∑’Ë °≈â“¡‡π◊ÈÕ¬÷¥µ‘¥°—∫°√–¥Ÿ° —πÀ≈—ß¡’°“√À¥·≈–§≈“¬µ—« ‚¥¬°“√À¥µ—«®–‡°‘¥¢÷Èπµ√ß¢â“¡°—π
(antagonism) ¢Õß°≈â“¡‡π◊ÈÕ∑—Èß Õß¢â“ß¢Õß≈”µ—« ·≈–®–§àÕ¬Ê À¥µ—«®“° à«πÀ—«‰ª¬—ß à«πÀ“ß∑”„Àâ≈”µ—«ª≈“
¡’≈—°…≥–‚§âß‰ª¡“§≈â“¬√Ÿªµ—«‡Õ  (S) ¢≥–‡¥’¬«°—π§√’∫À“ß®–æ—¥‚∫°‰ª„π∑‘»∑“ßµ√ß¢â“¡°—∫ à«πÀ—«∑”„Àâ
ª≈“ “¡“√∂‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“‰¥â  à«π§√’∫µà“ßÊ ™à«¬„π°“√∑√ßµ—«·≈–§«∫§ÿ¡∑‘»∑“ß°“√‡§≈◊ËÕπ∑’Ë

dorsal fin

pectoral fin

pelvic fin
anal fin

caudal fin

skeletal muscle

vertebrae

zigzag muscle

ตัว
อย
่าง
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√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õßª≈“

‚≈¡“·≈–«“Ã ‡ªìπ —µ«å‡≈’È¬ß≈Ÿ°¥â«¬πÈ”π¡∑’ËÕ“»—¬Õ¬Ÿà„π∑–‡≈  —µ«å∑—Èß 2 ™π‘¥¡’≈”µ—«¢π“¥„À≠à¡“° ·µà
√Ÿª√à“ß®–‡æ√’¬«‡™àπ‡¥’¬«°—∫ª≈“ ¡’§√’∫À“ß·∫π¢π“¥„À≠à¢π“π‰ª°—∫æ◊Èπ ‚≈¡“·≈–«“Ã‡§≈◊ËÕπ∑’Ë‚¥¬°“√
µ«—¥À“ß·≈–À—«¢÷Èπ≈ß ≈—∫°—π §√’∫Àπâ“∑’Ë‡ª≈’Ë¬π·ª≈ß¡“®“°¢“Àπâ“∑”Àπâ“∑’Ë™à«¬„π°“√æ¬ÿßµ—«·≈–§«∫§ÿ¡
∑‘»∑“ß°“√‡§≈◊ËÕπ∑’Ë

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õß«“Ã

relaxed muscle

vertebrae

contracted muscle
pelvic fin

caudal fin

dorsal fin pectoral fin

contracted muscle

relaxed muscle

direction

ตัว
อย
่าง
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°“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å‡≈◊ÈÕ¬§≈“π

 —µ«å‡≈◊ÈÕ¬§≈“π®”æ«°ßŸ °‘Èß°à“ ®‘Èß®° ¡’°“√‡§≈◊ËÕπ∑’Ë„π≈—°…≥–¢Õß√Ÿªµ—«‡Õ  (S)  —µ«å‡≈◊ÈÕ¬§≈“π∑’Ë‰¡à¡’
¢“ ‡™àπ ßŸ ‡§≈◊ËÕπ∑’Ë‚¥¬Õ“»—¬°“√À¥·≈–§≈“¬µ—«¢Õß°≈â“¡‡π◊ÈÕ∑”ß“π√à«¡°—∫‚§√ß°√–¥Ÿ° ‡°‘¥°“√ßÕµ—« ≈—∫
√–À«à“ß´â“¬·≈–¢«“ ‡√’¬°°“√‡§≈◊ËÕπ∑’Ë·∫∫π’È«à“ °“√‡≈◊ÈÕ¬  à«π —µ«å‡≈◊ÈÕ¬§≈“π∑’Ë¡’¢“ ‡™àπ °‘Èß°à“ ®‘Èß®° µÿä°·°
‡§≈◊ËÕπ∑’Ë‚¥¬°“√°â“«¢“‰¡àæ√âÕ¡°—π√–À«à“ß¢“Àπâ“·≈–¢“À≈—ß ∑”„Àâ≈”µ—«‡°‘¥°“√ßÕ‚§âß‰ª¡“„π≈—°…≥–√Ÿª
µ—«‡Õ  (S) °“√ßÕ¢“·≈–°“√‡À¬’¬¥¢“‡¡◊ËÕ°â“«¢“‡¥‘π‡°‘¥®“°°“√∑”ß“π√à«¡°—π·∫∫ ¿“«–µ√ß°—π¢â“¡¢Õß
°≈â“¡‡π◊ÈÕ‡ø≈Á°‡´Õ√å·≈–°≈â“¡‡π◊ÈÕ‡ÕÁ°‡∑π‡´Õ√å∑’Ë¬÷¥µ‘¥°—∫‚§√ß°√–¥Ÿ°

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë„π≈—°…≥–√Ÿªµ—«‡Õ  (S) ¢ÕßßŸ·≈–µÿä°·°

°“√‡§≈◊ËÕπ∑’Ë¢Õß‡µà“ ∂â“‡ªìπ‡µà“∫°¡’°“√‡§≈◊ËÕπ∑’Ë‚¥¬„™â¢“ ∑’Ë¢“¡’π‘È«‡∑â“™à«¬„π°“√‡§≈◊ËÕπ∑’Ë ·µà∂â“‡ªìπ
‡µà“∑’ËÕ“»—¬Õ¬Ÿà„ππÈ” ¢“∑—ÈßÀ¡¥®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ„∫æ“¬ ‡√’¬°«à“ ø≈‘ª‡ªÕ√å (flipper) ™à«¬„π°“√«à“¬πÈ” ∑”„Àâ
‡µà“ “¡“√∂‡§≈◊ËÕπ∑’Ë„ππÈ”‰¥â

√Ÿª· ¥ß‡µà“∫°·≈–‡µà“∑’ËÕ“»—¬Õ¬Ÿà„ππÈ”

sidewinding

(desert adder)

serpentine

(king cobra)

concertina

(western diamondback)
rectilinear

(rainbow boa)

leg flipper

ตัว
อย
่าง
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°“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å –‡∑‘ππÈ” –‡∑‘π∫°

 —µ«å –‡∑‘ππÈ” –‡∑‘π∫°‡§≈◊ËÕπ∑’Ë‚¥¬Õ“»—¬°“√∑”ß“π¢Õß¢“∑—Èß 4 ¢â“ß ¡’°≈â“¡‡π◊ÈÕ§«∫§ÿ¡°“√‡À¬’¬¥¢“
·≈–ßÕ¢“∑’Ë∑”ß“π·∫∫ ¿“«–µ√ß°—π¢â“¡ (antagonism) ‡π◊ËÕß®“°°∫‡ªìπ —µ«å∑’Ë¡’°√–¥Ÿ° —πÀ≈—ß¡’√–¬–∑“ß°“√
‡§≈◊ËÕπ∑’Ë —Èπ ·µà‚§√ß √â“ß¢Õß¢“À≈—ß∑’Ë¬“«·≈–·¢Áß·√ß™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√‡§≈◊ËÕπ∑’Ë¢Õß°∫‚¥¬°“√°√–‚¥¥
·≈–°“√¬◊¥¢“À≈—ßÕÕ°‰ªÕ¬à“ß·√ß ∑”„Àâ√–¬–°“√‡§≈◊ËÕπ∑’Ë¢Õß°∫‰ª‰¥â‰°≈¡“°¢÷Èπ ·µà¢≥–∑’Ë°∫Õ“»—¬Õ¬Ÿà„ππÈ”
°“√‡§≈◊ËÕπ∑’Ë¢Õß°∫®–Õ“»—¬·ºàπÀπ—ß∑’Ë¡’≈—°…≥–∫“ßÊ (web) Õ¬Ÿà√–À«à“ßπ‘È«‡∑â“‡™àπ‡¥’¬«°—∫‡∑â“‡ªì¥ ™à«¬„π
°“√æ—¥‚∫°πÈ”‡æ◊ËÕ„Àâ≈”µ—«‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“

√Ÿª· ¥ß°≈â“¡‡π◊ÈÕ¢“°∫·≈–°“√‡§≈◊ËÕπ∑’Ë¢Õß°∫

°“√‡§≈◊ËÕπ∑’Ë¢Õßπ°

π°‡ªìπ —µ«åªï° ‡§≈◊ËÕπ∑’Ë‚¥¬°“√‡¥‘π¥â«¬¢“·≈–°“√∫‘π‰ª„πÕ“°“»¥â«¬°“√¢¬—∫ªï° °“√∫‘π¢Õßπ°
‡°‘¥®“°°“√∑”ß“π√à«¡°—π¢ÕßÕ«—¬«–µà“ßÊ ·≈–§«“¡‡À¡“– ¡¢Õß‚§√ß √â“ß√à“ß°“¬ ¥—ßπ’È

1. °≈â“¡‡π◊ÈÕ∑’Ë§«∫§ÿ¡°“√¢¬—∫ªï° ∑’Ë¬÷¥Õ¬Ÿà√–À«à“ß°√–¥Ÿ°‚§πªï° (humerus) °—∫°√–¥Ÿ°Õ° (sterum)

´÷Ëßª√–°Õ∫¥â«¬°≈â“¡‡π◊ÈÕ¬°ªï°·≈–°≈â“¡‡π◊ÈÕ°¥ªï°∑”ß“π·∫∫ ¿“«–µ√ß°—π¢â“¡ °≈à“«§◊Õ ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ
¬°ªï°À¥µ—« °≈â“¡‡π◊ÈÕ°¥ªï°§≈“¬µ—«ªï°¢Õßπ°®–¬°µ—« Ÿß¢÷Èπ ·µà‡¡◊ËÕ°≈â“¡‡π◊ÈÕ¬°ªï°§≈“¬µ—« °≈â“¡‡π◊ÈÕ°¥
ªï°À¥µ—«ªï°¢Õßπ°®–∂Ÿ°¥÷ß≈ßÀ√◊Õªï°∂Ÿ°°¥≈ß ‡¡◊ËÕ¡’°“√¢¬—∫ªï°¢÷Èπ≈ßÕ¬à“ßµàÕ‡π◊ËÕß®÷ß∑”„Àâπ° “¡“√∂∫‘π‰¥â

femur

flexor

extensor

extensor

flexor

tibia

tarsus

metatarsus

phalanges

ตัว
อย
่าง
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√Ÿª· ¥ß°≈â“¡‡π◊ÈÕ∑’Ë§«∫§ÿ¡°“√¢¬—∫ªï°¢Õßπ°

2. ªï°π° ‡ªìπÕ«—¬«–∑’Ë‚§√ß √â“ß¿“¬„π¡’≈—°…≥–§≈â“¬§≈÷ß°—∫·¢π§π ªï°π°™à«¬„Àâπ° “¡“√∂
∫‘π‰¥â ‡π◊ËÕß®“°‚§√ß √â“ß¢Õßªï°¥â“π∫π¡’§«“¡¬“«¡“°°«à“¥â“π≈à“ß‡™àπ‡¥’¬«°—∫ªï°‡§√◊ËÕß∫‘π ‡¡◊ËÕπ°≈Õ¬µ—«
Õ¬Ÿà„πÕ“°“» Õ“°“»∑’Ë‰À≈ºà“π¥â“π∫π¢Õßªï°π°®–‡§≈◊ËÕπ∑’Ë¥â«¬§«“¡‡√Á« Ÿß°«à“Õ“°“»∑’Ë‰À≈ºà“π¥â“π≈à“ß
¢Õßªï° ∑”„Àâ§«“¡¥—πÕ“°“»„µâªï° Ÿß°«à“§«“¡¥—πÕ“°“»¥â“π∫π ¥—ßπ—Èπ§«“¡¥—πÕ“°“»¥â“π≈à“ß¢Õßªï°π°
®÷ß™à«¬æ¬ÿßªï°·≈–≈”µ—«¢Õßπ°„Àâ≈Õ¬Õ¬Ÿà„πÕ“°“»‰¥â

√Ÿª· ¥ß‚§√ß √â“ß¿“¬„π¢Õßªï°π°‡ª√’¬∫‡∑’¬∫°—∫·¢π§π

ë downstroke

tendon of the

supracotacideus

humerus

scapula

foremen

triosseum

coracoid

sternum

pectoratis muscle

(contracted)

supracoracoideus

muscle

(relaxed)

ë upstroke

tendon of the

supracotacideus

humerus

scapula
foremen

triosseum

coracoid

sternum

pectoratis muscle

(contracted)

supracoracoideus

muscle

(relaxed)

bird feathers

primaries
secondaries

human arm

humerus

wing

radius
ulna

carpals

metacarpals
phalanges

tendon

ตัว
อย
่าง
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° ¢

√Ÿª ° · ¥ß°“√‡ª√’¬∫‡∑’¬∫‚§√ß √â“ß¿“¬πÕ°¢Õßªï°π°°—∫ªï°‡§√◊ËÕß∫‘π
¢ · ¥ß°“√‰À≈¢ÕßÕ“°“»·≈–§«“¡¥—πÕ“°“»∑’Ë°√–∑”µàÕªï°π°

3. ¢ππ° ¢π∑’Ëª°§≈ÿ¡º‘«≈”µ—«π° ‡ªìπ¢π·∫∫°â“πÀ√◊Õ¢π·∫∫·ºß (feather) ¡’≈—°…≥–‡∫“∫“ß™à«¬
Õÿâ¡Õ“°“»¢≥–∫‘π‰¥â‡ªìπÕ¬à“ß¥’ πÕ°®“°π’È¢ππ°¬—ßªÑÕß°—π‰¡à„ÀâÕ“°“»ºà“π‰¥â¢≥–∑’Ëπ°Àÿ∫ªï°≈ß ∑”„Àâ‡°‘¥
§«“¡¥—πÕ“°“»™à«¬¥—πµ—«π°„Àâ‡§≈◊ËÕπ∑’Ë‰ª¢â“ßÀπâ“‰¥â  ·µà‡¡◊ËÕπ°¬°ªï°¢÷Èπ¢ππ°∫√‘‡«≥ªï°‡ªî¥ÕÕ°
∑”„ÀâÕ“°“»ºà“π‰¥â®÷ß‰¡à‡°‘¥·√ßµâ“π¢≥–∑’Ëπ°∫‘π

4. ≈”µ—«¢Õßπ° π°¡’πÈ”Àπ—°‡∫“ ‡π◊ËÕß®“°‚§√ß°√–¥Ÿ°¡’≈—°…≥–‡ªìπ‚æ√ß ¡’∂ÿß≈¡∑’Ë‡®√‘≠¥’Õ¬Ÿàµ‘¥
°—∫ªÕ¥·∑√°Õ¬Ÿà„π™àÕß«à“ß¢Õß≈”µ—«·≈–„π‚æ√ß°√–¥Ÿ° √«¡∑—Èßπ°‰¡à¡’°√–‡æ“–ªí  “«– πÈ”Àπ—°µ—«®÷ßπâÕ¬
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ —¥ à«π¢Õß≈”µ—« ∑”„Àâπ°‡§≈◊ËÕπ∑’Ë¥â«¬°“√∫‘πÕ¬Ÿà„πÕ“°“»‰¥â‡ªìπÕ¬à“ß¥’ πÕ°®“°π’È∂ÿß≈¡
¬—ß™à«¬„Àâπ°‰¥â√—∫ÕÕ°´‘‡®π‡æ’¬ßæÕµàÕ‡¡·∑∫Õ≈‘´÷¡∑’Ë Ÿß¡“° ‡æ√“–°“√‡§≈◊ËÕπ∑’Ë¥â«¬°“√∫‘ππ—ÈπµâÕß„™â
æ≈—ßß“π„πª√‘¡“≥∑’Ë Ÿß¡“° ‚¥¬∂ÿß≈¡®–∑”Àπâ“∑’Ë‡°Á∫Õ“°“» ”√Õß‰«â ¢≥–À“¬„®‡¢â“Õ“°“»∑’Ëºà“πªÕ¥
 à«πÀπ÷Ëß®–‡°Á∫‰«â∑’Ë∂ÿß≈¡ ‡¡◊ËÕÕ“°“»∑’Ë„™â·≈â«ÕÕ°®“°ªÕ¥ Õ“°“»∑’Ë‡°Á∫‰«â„π∂ÿß≈¡®–‡§≈◊ËÕπ‡¢â“ ŸàªÕ¥∑—π∑’
´÷Ëß‡ªìπ°“√™à«¬„ÀâªÕ¥∑”Àπâ“∑’Ë„π°“√·≈°‡ª≈’Ë¬π·°ä ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ π°®÷ß‰¥â√—∫ÕÕ°´‘‡®π‡æ’¬ßæÕ
µàÕ‡¡·∑∫Õ≈‘´÷¡¿“¬„π‡´≈≈å

faster air

wing

slower air

air

flow

lower pressure

wing

higher pressure

ตัว
อย
่าง
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√Ÿª· ¥ß‚§√ß √â“ß¿“¬„π¢Õßπ°

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õßªï°π°¢≥–∫‘π

ulna

radius

numerus
air sac

wish bone

or furcula

coracoid

sternum

lung

bird skull

cavity

cancellous bone

or spongy bone

flight pattern

wing spread

wing close

rises and falls

wing directions

wing directions

relation of body directions

ตัว
อย
่าง
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1
2 3 4 5

0 0.1 0.2
6 7 8 9 10

0.3 0.4

√Ÿª· ¥ß°“√‡§≈◊ËÕπ∑’Ë¢Õß‡ ◊Õ™’µâ“
·≈–≈—°…≥–¢Õß°√–¥Ÿ° —πÀ≈—ß

skull

shoulder girdle
clavicle

scapula
sternum
ribs

humerus
vertebra

radius
ulna

pelvic girdle

carpals

phalanges

metacarpals

femur

petella

tibia

fibula

tarsals
metatarsals

phalanges

°“√‡§≈◊ËÕπ∑’Ë¢Õß‡ ◊Õ™’µâ“

‡ ◊Õ™’µâ“‡ªìπ —µ«å ’Ë ‡∑â“∑’Ë«‘Ëß‰¥â
‡√Á«∑’Ë ÿ¥ ¥â«¬§«“¡‡√Á«∂÷ß 110 °‘‚≈‡¡µ√/
™—Ë«‚¡ß ¡’‚§√ß √â“ß¢Õß≈”µ—«∑’Ë∑”„Àâ
‡§≈◊ËÕπ∑’Ë‰¥â‡√Á« §◊Õ ¡’°≈â“¡‡π◊ÈÕ¢“∑’Ë
·¢Áß·√ß¡“° ‚¥¬‡©æ“–°≈â“¡‡π◊ÈÕ¢Õß
¢“À≈—ß ¡’§«“¡·¢Áß·√ß‡ªìπæ‘‡»…
¡’°√–¥Ÿ° —πÀ≈—ß∑’Ë¡’§«“¡‚§âßßÕ ·≈–
¬◊¥À¬ÿàπ‰¥âÕ¬à“ß¥’ ¡’¢“·≈–™à«ß°â“«
√–À«à“ß¢“Àπâ“°—∫¢“À≈—ß¬“«

‚§√ß √â“ß∑’Ë„™â„π°“√‡§≈◊ËÕπ∑’Ë¢Õß§π

§π‡ªìπ —µ«å¡’°√–¥Ÿ° —πÀ≈—ß∑’Ë¡’‚§√ß√à“ß·¢Áß¿“¬„π≈”µ—« °“√‡§≈◊ËÕπ∑’Ë¢Õß§π®÷ß‡°‘¥®“°°“√∑”ß“π
¢Õß√–∫∫‚§√ß°√–¥Ÿ°·≈–√–∫∫°≈â“¡‡π◊ÈÕ

ë √–∫∫‚§√ß°√–¥Ÿ° ‚§√ß°√–¥Ÿ°¢Õß§π∑’Ë‡®√‘≠‡µ‘∫‚µ‡µÁ¡∑’Ë·≈â«¡’∑—Èß ‘Èπ 206 ™‘Èπ ‚¥¬·∫àß‡ªìπ
2 °≈ÿà¡„À≠à §◊Õ °√–¥Ÿ°·°π (axial skeleton) ·≈–°√–¥Ÿ°√¬“ß§å (appendicular skeleton)

√Ÿª· ¥ß√–∫∫‚§√ß°√–¥Ÿ°¢Õß§π

ball and socket joint

hinge joint

pivot jointตัว
อย
่าง
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1. °√–¥Ÿ°·°π √à“ß°“¬¢Õß§π¡’°√–¥Ÿ°·°π∑—ÈßÀ¡¥ 80 ™‘Èπ ª√–°Õ∫¥â«¬ °√–¥Ÿ°°–‚À≈°»’√…– (skull)

°√–¥Ÿ° —πÀ≈—ß (vertebrae) °√–¥Ÿ°Àπâ“Õ° (sternum) ·≈–°√–¥Ÿ°´’Ë‚§√ß (rib bone)

1.1 °√–¥Ÿ°°–‚À≈°»’√…– (skull) ‰¥â·°à °√–¥Ÿ°Àÿâ¡ ¡Õß (cranium) ·≈–°√–¥Ÿ°„∫Àπâ“¡’≈—°…≥–
‡ªìπ·ºàπ‡™◊ËÕ¡µ‘¥°—π ª√–°Õ∫¥â«¬ °√–¥Ÿ°∑â“¬∑Õ¬ °√–¥Ÿ°¢â“ß»’√…– °√–¥Ÿ°¢¡—∫ °√–¥Ÿ°Àπâ“º“° °√–¥Ÿ°Àπâ“
°√–¥Ÿ°√Ÿªº’‡ ◊ÈÕ °√–¥Ÿ°„µâ —π®¡Ÿ° °√–¥Ÿ°ÀŸ·≈–°√–¥Ÿ°‚§π≈‘Èπ √«¡∑—ÈßÀ¡¥ 29 ™‘Èπ ¿“¬„π°–‚À≈°»’√…–¡’
≈—°…≥–‡ªìπ‚æ√ß‡ªìπ∑’ËÕ¬Ÿà¢Õß ¡Õß °–‚À≈°»’√…–®÷ß∑”Àπâ“∑’ËªÑÕß°—π‰¡à„Àâ ¡Õß∑’Ë∫√√®ÿÕ¬Ÿà∂Ÿ°°√–∑∫
°√–‡∑◊ÕπÀ√◊Õ‰¥â√—∫Õ—πµ√“¬ °√–¥Ÿ°°–‚À≈°»’√…–¡’¢Õ∫°√–¥Ÿ°‰¡à‡√’¬∫∑”„Àâ°√–¥Ÿ°∑’Ë‡™◊ËÕ¡µ‘¥°—ππ—Èπ·πàπ¡“°
√Õ¬µàÕ‰¡à‡§≈◊ËÕπ∑’Ë

°√–¥Ÿ°Àÿâ¡ ¡Õß¢Õß∑“√°„π√–¬–·√°§≈Õ¥®–¬÷¥‡°“–°—π¥â«¬‡¬◊ËÕÀÿâ¡´÷Ëß‡ªìπ®ÿ¥∑’ËÕàÕππÿà¡‡√’¬°«à“
¢¡àÕ¡     (fontanelles)     ¥—ßπ—Èπ¢≥–§≈Õ¥∑”„Àâ°–‚À≈°»’√…–¢Õß∑“√° “¡“√∂∫’∫‡¢â“‰¥â‡≈Á°πâÕ¬ ‡¡◊ËÕ∑“√°Õ“¬ÿ‰¥â
18 ‡¥◊Õπ°√–¥Ÿ°®–º “π‡¢â“¥â«¬°—π·≈–‡™◊ËÕ¡µ‘¥°—π∑”„Àâ à«π¢Õß¢¡àÕ¡À“¬‰ª

°√–¥Ÿ°„∫Àπâ“‡ªìπ‚§√ß √â“ß∑’Ë∑”„Àâ‡°‘¥√Ÿª∑√ß¢Õß„∫Àπâ“ °√–¥Ÿ°®–‡™◊ËÕ¡µ‘¥°—π·πàπ ®–¡’‡æ’¬ß
°√–¥Ÿ°¢“°√√‰°√≈à“ß´÷Ëß‡ªìπ°√–¥Ÿ°™‘Èπ„À≠à∑’Ë ÿ¥¢Õß°√–¥Ÿ°„∫Àπâ“∑’Ë “¡“√∂¢¬—∫‡¢¬◊ÈÕπ‰¥â ®÷ß™à«¬„Àâ§π‡√“
 “¡“√∂‡§’È¬«Õ“À“√‰¥â

√Ÿª· ¥ß°–‚À≈°»’√…–¢Õß§π∑’Ë‡®√‘≠‡µ‘∫‚µ‡µÁ¡∑’Ë·≈â«

1.2 °√–¥Ÿ° —πÀ≈—ß (vertebrae) ∑”Àπâ“∑’Ë‡ªìπ·°π°≈“ß‡æ◊ËÕ§È”®ÿπ√à“ß°“¬ ÀàÕÀÿâ¡‰¢ —πÀ≈—ß ·≈–
¡’‡ âπª√– “∑‰¢ —πÀ≈—ßÕ¬Ÿàµ≈Õ¥·π«§«“¡¬“«¢Õß°√–¥Ÿ° —πÀ≈—ß °√–¥Ÿ° —πÀ≈—ß¡’∑—Èß ‘Èπ 26 ™‘Èπ ª√–°Õ∫¥â«¬
°√–¥Ÿ°§Õ 7 ™‘Èπ °√–¥Ÿ° —πÀ≈—ß™à«ßÕ° 12 ™‘Èπ °√–¥Ÿ° —πÀ≈—ß™à«ß‡Õ« À√◊Õ°√–¥Ÿ°∫—Èπ‡Õ« 5 ™‘Èπ °√–¥Ÿ°°√–‡∫π
‡ÀπÁ∫ 1 ™‘Èπ ·≈–°√–¥Ÿ°°âπ°∫ 1 ™‘Èπ ≈—°…≥–∑—Ë«‰ª¢Õß°√–¥Ÿ° —πÀ≈—ßª√–°Õ∫¥â«¬°√–¥Ÿ°√Ÿª√à“ß‰¡à·πàπÕπ
À√◊Õ°√–¥Ÿ°√Ÿª·ª≈°‡™◊ËÕ¡µàÕ°—π‡ªìπ¢âÕÊ ‡√‘Ë¡µ—Èß·µà∫√‘‡«≥µâπ§Õ®π∂÷ß à«π –‚æ° √–À«à“ß°√–¥Ÿ° —πÀ≈—ß
·µà≈–¢âÕ¡’·ºàπ°√–¥Ÿ°ÕàÕπ (cartilage) ´÷Ëß‡√’¬°«à“ À¡Õπ√Õß°√–¥Ÿ° (intervertebral     disc) √Õß√—∫ ·≈–‡™◊ËÕ¡
µàÕ√–À«à“ß°√–¥Ÿ° —πÀ≈—ß·µà≈–¢âÕ À¡Õπ√Õß°√–¥Ÿ°™à«¬ªÑÕß°—π°“√‡ ’¬¥ ’¢Õß°√–¥Ÿ° —πÀ≈—ß „π°√≥’∑’Ë
À¡Õπ√Õß°√–¥Ÿ°‡ ◊ËÕ¡®–∑”„Àâ‰¡à “¡“√∂∫‘¥À√◊Õ‡Õ’È¬«µ—«‰¥â πÕ°®“°π’È°√–¥Ÿ° —πÀ≈—ß·µà≈–¢âÕ¬—ß¡’™àÕß
 ”À√—∫„Àâ‰¢ —πÀ≈—ß Õ¥ºà“π ·≈–®–ßÕ¬¬◊ËπÕÕ°¡“„™â‡ªìπ∑’Ë¬÷¥‡°“–¢Õß°≈â“¡‡π◊ÈÕ·≈–‡ÕÁπ  ”À√—∫°√–¥Ÿ°
 —πÀ≈—ß™à«ßÕ°®–¡’°√–¥Ÿ°´’Ë‚§√ß‡™◊ËÕ¡µàÕ

ตัว
อย
่าง
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√Ÿª· ¥ß‚§√ß √â“ß¢Õß°√–¥Ÿ° —πÀ≈—ß

1.3 °√–¥Ÿ°Àπâ“Õ° (sternum) ¡’Õ¬Ÿà 1 ™‘Èπ µ”·Àπàß¢Õß°√–¥Ÿ°Õ¬Ÿà¥â“πÀπâ“ ¬÷¥Õ¬Ÿà°—∫°√–¥Ÿ°´’Ë‚§√ß
10 §Ÿà

1.4 °√–¥Ÿ°´’Ë‚§√ß (rib     bone) ‡ªìπ°√–¥Ÿ°øÕßπÈ”∑’Ë≈âÕ¡√Õ∫¥â«¬°√–¥Ÿ°‡π◊ÈÕ·πàπ 2 ™—Èπ ¡’≈—°…≥–
·∫π‚§âß‡√’¬ß‡ªìπ´’ËÊ ‡™◊ËÕ¡µàÕ°—∫¥â“π¢â“ß¢Õß°√–¥Ÿ° —πÀ≈—ß™à«ßÕ°°—∫°√–¥Ÿ°Àπâ“Õ° ¡’∑—ÈßÀ¡¥ 24 ™‘Èπ °√–¥Ÿ°
´’Ë‚§√ß§Ÿà∑’Ë 1-7 ‡√’¬°«à“ °√–¥Ÿ°´’Ë‚§√ß·∑â (true     ribs) °√–¥Ÿ°´’Ë‚§√ß§Ÿà∑’Ë 8-10 ‡√’¬°«à“ °√–¥Ÿ°´’Ë‚§√ß‰¡à·∑â

(false     ribs) ‡π◊ËÕß®“°°√–¥Ÿ°‰¡à‡™◊ËÕ¡µ‘¥°—∫°√–¥Ÿ°Õ°‚¥¬µ√ß·µà‡™◊ËÕ¡√«¡Õ¬Ÿà°—∫°√–¥Ÿ°´’Ë‚§√ß·∑â§Ÿà∑’Ë 7  à«π
°√–¥Ÿ°´’Ë‚§√ß§Ÿà∑’Ë 11 ·≈– 12 ®–‡ªìπ´’Ë —ÈπÊ ∑”„Àâª≈“¬¥â“πÀπâ“‰¡à‡™◊ËÕ¡µàÕ°—∫°√–¥Ÿ°Àπâ“Õ°°√–¥Ÿ°´’Ë‚§√ß
∑—Èß 2 §Ÿà ®÷ß‡√’¬°«à“ ´’Ë‚§√ß≈Õ¬ (floating     ribs)

°√–¥Ÿ°´’Ë‚§√ß∑”Àπâ“∑’ËªÑÕß°—πÕ—πµ√“¬„Àâ°—∫Õ«—¬«–¿“¬„π ‡™àπ À—«„® ªÕ¥ ·≈–∑”ß“π√à«¡°—∫
°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°´’Ë‚§√ß·∂∫πÕ°·≈–·∂∫„π‡°’Ë¬«°—∫°“√À“¬„®

7 cervical

vertebrae

12 thoracic

vertebrae

5 lumbar

vertebrae

sacrum

coccyx
cervical
vertebrae

thoracic
vertebrae

lumbar
vertebrae

spinal cord superior articular

process

transverse

process

spinous

process

intervertebral

disc
vertebral

body transverse

costal facet

intervertebral disc

ตัว
อย
่าง
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√Ÿª· ¥ß°√–¥Ÿ°Àπâ“Õ°·≈–°√–¥Ÿ°´’Ë‚§√ß

2. °√–¥Ÿ°√¬“ß§å ¡’∑—ÈßÀ¡¥ 126 ™‘Èπ ª√–°Õ∫¥â«¬°√–¥Ÿ°·¢π (arm bone) °√–¥Ÿ°¢“ (leg bone)

°√–¥Ÿ°À—«‰À≈à (shoulder girdle) ·≈–°√–¥Ÿ°‡™‘ß°√“π (pelvic gridle)

2.1 °√–¥Ÿ°·¢π (arm     bone) ¡’¢â“ß≈– 30 ™‘Èπ √«¡∑—ÈßÀ¡¥ 60 ™‘Èπ ‚¥¬°√–¥Ÿ°µâπ·¢π (humerus)

·µà≈–¢â“ß®–¬÷¥Õ¬Ÿà°—∫°√–¥Ÿ°À—«‰À≈à (shoulder girdle) ́ ÷Ëßª√–°Õ∫¥â«¬°√–¥Ÿ° –∫—° (scapula) ·≈–°√–¥Ÿ°‰Àª≈“√â“
(clavicle) °√–¥Ÿ°µâπ·¢π∑’ËÕ¬Ÿà∂—¥®“°°√–¥Ÿ°‰Àª≈“√â“‡ªìπ∑’Ë¬÷¥‡°“–¢Õß°≈â“¡‡π◊ÈÕ‰∫‡´æ (biceps) ∂—¥®“°°√–¥Ÿ°
µâπ·¢π§◊Õ °√–¥Ÿ°ª≈“¬·¢π ª√–°Õ∫¥â«¬°√–¥Ÿ°ª≈“¬·¢π∑àÕπ„π (ulna) °—∫°√–¥Ÿ°ª≈“¬·¢π∑àÕππÕ° (radius)

µàÕ¥â«¬°√–¥Ÿ°¢âÕ¡◊Õ (carpals) ¢â“ß≈– 8 ™‘Èπ °√–¥Ÿ°ΩÉ“¡◊Õ (metacarpal) ¢â“ß≈– 5 ™‘Èπ ·≈–°√–¥Ÿ°π‘È«¡◊Õ (phalanges)

¢â“ß≈– 14 ™‘Èπ √–À«à“ß°√–¥Ÿ°·µà≈–∑àÕπ‡™◊ËÕ¡µàÕ°—π¥â«¬¢âÕµàÕ (joint)

√Ÿª· ¥ß‚§√ß √â“ß¢Õß°√–¥Ÿ°·¢π

true

ribs

false

ribs

floating ribs

thoracic vertebrae

manubrium

body

xiphoid
process

ribs

costal cartilage

1

2

3

4

5

6

7

8

9

10

11
12

sternum

clavicle

scapula

humerus

ulna

radius

carpals

metacarpal

phalanges

metacerpal

carpals

phalanges

ตัว
อย
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2.2 °√–¥Ÿ°¢“ (leg     bone) ¡’¢â“ß≈– 30 ™‘Èπ ‚¥¬°√–¥Ÿ°µâπ¢“ (femur) ·µà≈–¢â“ß¬÷¥µ‘¥Õ¬Ÿà°—∫
°√–¥Ÿ°‡™‘ß°√“π (pelvic girdle) ́ ÷Ëß®–™à«¬ªÑÕß°—πÕ—πµ√“¬„Àâ°—∫Õ«—¬«–¿“¬„π ‡™àπ ≈”‰ â  ¡¥≈Ÿ° ∂—¥®“°°√–¥Ÿ°
µâπ¢“§◊Õ °√–¥Ÿ° –∫â“ (patella) ́ ÷Ëß‡™◊ËÕ¡µàÕ√–À«à“ß°√–¥Ÿ°µâπ¢“°—∫°√–¥Ÿ°Àπâ“·¢âß (tibia) ·≈–°√–¥Ÿ°πàÕß (fibula)

°√–¥Ÿ° –∫â“®–™à«¬„Àâ√à“ß°“¬‡√“ “¡“√∂ßÕ¢“ ‡¥‘π À√◊Õ«‘Ëß‰¥â ∂—¥®“°°√–¥Ÿ°Àπâ“·¢âß°—∫°√–¥Ÿ°πàÕß§◊Õ °√–¥Ÿ°
¢âÕ‡∑â“ (tarsals) ¢â“ß≈– 7 ™‘Èπ °√–¥Ÿ°ΩÉ“‡∑â“ (metatarsals) ¢â“ß≈– 5 ™‘Èπ ·≈–°√–¥Ÿ°π‘È«‡∑â“ (phalanges) ¢â“ß≈– 14

™‘Èπ °“√®—¥‡√’¬ßµ—«¢Õß°√–¥Ÿ°∑’Ë‡∑â“∑”„Àâ‡∑â“¡’‚§√ß √â“ß„π≈—°…≥–√Ÿª‚§âß ́ ÷Ëß™à«¬„π°“√∂à“¬πÈ”Àπ—°¢Õß√à“ß°“¬

√Ÿª· ¥ß‚§√ß √â“ß¢Õß°√–¥Ÿ°¢“§π

°≈à“«‚¥¬ √ÿª ‚§√ß°√–¥Ÿ°¡’§«“¡ ”§—≠„π¥â“πµà“ßÊ ¥—ßπ’È
1. ∑”Àπâ“∑’Ë‡ªìπ·°π§È”®ÿπ√à“ß°“¬
2. ‡ªìπ∑’Ë¬÷¥¢Õß°≈â“¡‡π◊ÈÕ≈“¬ ∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ∑’Ë¢Õß√à“ß°“¬
3. ªÑÕß°—πÕ—πµ√“¬ ·≈–°“√°√–∑∫°√–‡∑◊Õπ„Àâ°—∫Õ«—¬«–¿“¬„π√à“ß°“¬
4. ‡ªìπ·À≈àß – ¡·§≈‡ ’́¬¡
5. ‰¢°√–¥Ÿ°∑’ËÕ¬Ÿà„π°√–¥Ÿ°∑àÕπ¬“«∑”Àπâ“∑’Ë √â“ß‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß

pelvic girdle

femur

patella

tibia

fibula

tarsals

metatarsals

phalanges

phalanges

metatarsals

cuneiform

navicular

1
2
3

tarsals

calcaneus

cuboid

fibula

tibia
navicular

cuneiform 1

cuneiform 2

calcaneuscuboid
metatarsalsphalanges

ตัว
อย
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µ“√“ß· ¥ß°√–¥Ÿ°™π‘¥µà“ßÊ „π√–∫∫‚§√ß°√–¥Ÿ°¢Õß§π

°√–¥Ÿ°·°π °√–¥Ÿ°√¬“ß§å

1. °√–¥Ÿ°°–‚À≈°»’√…– ®”π«π 29 ™‘Èπ ª√–°Õ∫¥â«¬ 1. °√–¥Ÿ°À—«‰À≈à ®”π«π 4 ™‘Èπ ª√–°Õ∫¥â«¬
- °√–¥Ÿ°Àπâ“º“° 1 ™‘Èπ - °√–¥Ÿ° –∫—° ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°∑â“¬∑Õ¬ 1 ™‘Èπ - °√–¥Ÿ°‰Àª≈“√â“ ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°¢â“ß»’√…– 2 ™‘Èπ 2. °√–¥Ÿ°·¢π ®”π«π 60 ™‘Èπ ª√–°Õ∫¥â«¬
- °√–¥Ÿ°¢¡—∫ 2 ™‘Èπ - °√–¥Ÿ°µâπ·¢π ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°Àπâ“ 14 ™‘Èπ - °√–¥Ÿ°ª≈“¬·¢π∑àÕπ„π¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°√Ÿªº’‡ ◊ÈÕ 1 ™‘Èπ - °√–¥Ÿ°ª≈“¬·¢π∑àÕππÕ°¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°„µâ —π®¡Ÿ° 1 ™‘Èπ - °√–¥Ÿ°¢âÕ¡◊Õ ¢â“ß≈– 8 ™‘Èπ √«¡ 16 ™‘Èπ
- °√–¥Ÿ°ÀŸ 6 ™‘Èπ - °√–¥Ÿ°ΩÉ“¡◊Õ ¢â“ß≈– 5 ™‘Èπ √«¡ 10 ™‘Èπ
- °√–¥Ÿ°‚§π≈‘Èπ 1 ™‘Èπ - °√–¥Ÿ°π‘È«¡◊Õ ¢â“ß≈– 14 ™‘Èπ √«¡ 28 ™‘Èπ

2. °√–¥Ÿ° —πÀ≈—ß ®”π«π 26 ™‘Èπ ª√–°Õ∫¥â«¬ 3. °√–¥Ÿ°‡™‘ß°√“π ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°§Õ 7 ™‘Èπ 4. °√–¥Ÿ°¢“ ®”π«π 60 ™‘Èπ ª√–°Õ∫¥â«¬
- °√–¥Ÿ° —π§Õ™à«ßÕ° 12 ™‘Èπ - °√–¥Ÿ°µâπ¢“ ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ° —π§Õ™à«ß‡Õ« 5 ™‘Èπ - °√–¥Ÿ° –∫â“ ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°°√–‡∫π‡ÀπÁ∫ 1 ™‘Èπ - °√–¥Ÿ°Àπâ“·¢âß ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ
- °√–¥Ÿ°°âπ°∫ 1 ™‘Èπ - °√–¥Ÿ°πàÕß ¢â“ß≈– 1 ™‘Èπ √«¡ 2 ™‘Èπ

3. °√–¥Ÿ°Àπâ“Õ° 1 ™‘Èπ - °√–¥Ÿ°¢âÕ‡∑â“ ¢â“ß≈– 7 ™‘Èπ √«¡ 14 ™‘Èπ
4. °√–¥Ÿ°´’Ë‚§√ß 24 ™‘Èπ - °√–¥Ÿ°ΩÉ“‡∑â“ ¢â“ß≈– 5 ™‘Èπ √«¡ 10 ™‘Èπ

- °√–¥Ÿ°π‘È«‡∑â“ ¢â“ß≈– 14 ™‘Èπ √«¡ 28 ™‘Èπ

√«¡°√–¥Ÿ°·°π∑—ÈßÀ¡¥ 80 ™‘Èπ √«¡°√–¥Ÿ°√¬“ß§å∑—ÈßÀ¡¥ 126 ™‘Èπ

®“°µ“√“ß· ¥ß°√–¥Ÿ°™π‘¥µà“ßÊ ¥—ß°≈à“«¢â“ßµâπ ‡¡◊ËÕæ‘®“√≥“µ“¡≈—°…≥–√Ÿª√à“ß¢Õß°√–¥Ÿ° “¡“√∂
®”·π°°√–¥Ÿ°ÕÕ°‡ªìπª√–‡¿∑µà“ßÊ ¥—ßπ’È

1. °√–¥Ÿ°∑àÕπ¬“«     (long     bone) ‰¥â·°à °√–¥Ÿ°µâπ·¢π °√–¥Ÿ°ª≈“¬·¢π °√–¥Ÿ°µâπ¢“ °√–¥Ÿ°
Àπâ“·¢âß ·≈–°√–¥Ÿ°πàÕß

2. °√–¥Ÿ°∑àÕπ —Èπ (short     bone) ‰¥â·°à °√–¥Ÿ°¢âÕ¡◊Õ·≈–°√–¥Ÿ°¢âÕ‡∑â“
3. °√–¥Ÿ°·∫π (flat     bone) ‰¥â·°à °√–¥Ÿ°Àπâ“º“° °√–¥Ÿ°¢â“ß»’√…– °√–¥Ÿ°∑â“¬∑Õ¬ ·≈–°√–¥Ÿ°

´’Ë‚§√ß
4. °√–¥Ÿ°√Ÿª√à“ß‰¡à·πàπÕπÀ√◊Õ°√–¥Ÿ°√Ÿª·ª≈° (irregular     bone)     ‰¥â·°à °√–¥Ÿ°°√–‡∫π‡ÀπÁ∫·≈–

°√–¥Ÿ°°âπ°∫

ตัว
อย
่าง



Compact ™’««‘∑¬“ ¡.5 ‡≈à¡ 3

26

√Ÿª· ¥ß°√–¥Ÿ°√Ÿª√à“ßµà“ßÊ

‚§√ß √â“ß¢Õß°√–¥Ÿ°

°√–¥Ÿ°∑ÿ°™π‘¥¡’‚§√ß √â“ß∑’Ëª√–°Õ∫¥â«¬
1. ‡¬◊ËÕ°√–¥Ÿ° À√◊Õ‡¬◊ËÕÀÿâ¡°√–¥Ÿ° (periosteum) ∑”Àπâ“∑’Ë™à«¬„Àâ°≈â“¡‡π◊ÈÕ·≈–‡ÕÁπ¬÷¥µ‘¥°—∫°√–¥Ÿ°

¢≥–‡¥’¬«°—πÀ≈Õ¥‡≈◊Õ¥„π‡¬◊ËÕ°√–¥Ÿ°¬—ß∑”Àπâ“∑’Ë≈”‡≈’¬ßÕ“À“√·≈–ÕÕ° ‘́‡®π‰ªÀ≈àÕ‡≈’È¬ß°√–¥Ÿ° ¥â“π„π¢Õß
‡¬◊ËÕ°√–¥Ÿ°¡’‡´≈≈å∑’Ë “¡“√∂‡®√‘≠‰ª‡ªìπ‡´≈≈å°√–¥Ÿ°‰¥â πÕ°®“°π’È¬—ß¡’‡ âπª√– “∑®”π«π¡“°∑’Ë‡¬◊ËÕ°√–¥Ÿ°

2.  à«πª√–°Õ∫¿“¬„π°√–¥Ÿ° §◊Õ ‡π◊ÈÕ°√–¥Ÿ° ‰¥â·°à °√–¥Ÿ°‡π◊ÈÕ·πàπ (compact bone) ·≈–°√–¥Ÿ°
øÕßπÈ” (spongy bone) ́ ÷Ëßª√–°Õ∫‰ª¥â«¬‡´≈≈å°√–¥Ÿ° (osteocyte) ∑’Ë¡’À≈Õ¥‡≈◊Õ¥·≈–‡π◊ÈÕ‡¬◊ËÕª√– “∑ ∑”Àπâ“∑’Ë
À≈àÕ‡≈’È¬ß·≈–§«∫§ÿ¡°“√∑”ß“π¢Õß‡´≈≈å°√–¥Ÿ°  “√∑’Ë‡ªìπ à«π ”§—≠„π°√–¥Ÿ° §◊Õ ·§≈‡´’¬¡§“√å∫Õ‡πµ
(CaCO3) ·≈–·§≈‡´’¬¡øÕ ‡øµ (CaPO4) „π°√–¥Ÿ°∑àÕπ¬“«¡’‡´≈≈å‰¢°√–¥Ÿ° (bone marrow cell) ∑’Ë∑”Àπâ“∑’Ë
 √â“ß‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß·≈–‡æ≈µ‡≈µ¢≥–∑’ËÕ¬Ÿà„π«—¬‡¥Á° ·µà‡¡◊ËÕ√à“ß°“¬‡®√‘≠‡µ‘∫‚µ‡µÁ¡∑’Ë ‡´≈≈å‰¢°√–¥Ÿ°
®–‰¡à “¡“√∂ √â“ß‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß‰¥â ¬°‡«âπ‰¢°√–¥Ÿ°·¥ß∫√‘‡«≥ª≈“¬°√–¥Ÿ°‡∑à“π—Èπ∑’Ë¬—ß∑”Àπâ“∑’Ë √â“ß
‡´≈≈å‡¡Á¥‡≈◊Õ¥·¥ß

flat bone (frontal)

irregular bone

(vertebra)

long bone (femur)

short bone

(tarsal)

ตัว
อย
่าง
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√Ÿª· ¥ß‚§√ß √â“ß¿“¬„π°√–¥Ÿ°

°√–¥Ÿ°ÕàÕπ (cartilage)

°√–¥Ÿ°ÕàÕπ‡ªìπ‚§√ß √â“ß∑’Ëª√–°Õ∫¥â«¬‡´≈≈å°√–¥Ÿ°ÕàÕπ  “√√–À«à“ß‡´≈≈å·≈–‡ âπ„¬ „π°√–¥Ÿ°ÕàÕπ
‰¡à¡’À≈Õ¥‡≈◊Õ¥À≈àÕ‡≈’È¬ß °√–¥Ÿ°ÕàÕπ·∫àßÕÕ°‡ªìπ 3 ™π‘¥§◊Õ

1. °√–¥Ÿ°ÕàÕπ‰ŒÕ–≈’π (hyaline     cartilage)

‰¥â·°à °√–¥Ÿ°ÕàÕπ∑’Ëºπ—ß°—Èπ√Ÿ®¡Ÿ° ‡ªìπ°√–¥Ÿ°ÕàÕπ
∑’Ë‡ âπ„¬·∑√°Õ¬Ÿà®”π«ππâÕ¬

2. °√–¥Ÿ°ÕàÕπ‰ø‚∫√ (fibro     cartilage) ®—¥‡ªìπ
°√–¥Ÿ°ÕàÕπ∑’Ë¡’§«“¡‡Àπ’¬«·≈–·¢Áß·√ß¡“°‡π◊ËÕß®“°
¡’‡ âπ„¬§Õ≈≈“‡®π·∑√°Õ¬Ÿà®”π«π¡“° ‡™àπ °√–¥Ÿ°
ÕàÕπ∑’Ë°—Èπ√–À«à“ß¢âÕ¢Õß°√–¥Ÿ° —πÀ≈—ß

articular cartilage
spongy bone
(contains red
bone marrow)

compact bone

medulla cavity
(contains yellow bone
marrow in adult)
endosteum

periosteum

perforating fibers

nutrient artery
through nutrient foramen

articular cartilage

central canal

osteon
external

circumferential
lamellae

periosteum

cellular
layer

fibrous
layer

perforating
canals

central
canal

interstitial
lamellae

bone

cartilage

√Ÿª· ¥ß°√–¥Ÿ°ÕàÕπ¢Õß®¡Ÿ°

trabeculae of
spongy bone

ตัว
อย
่าง
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3. °√–¥Ÿ°ÕàÕπÕ‘≈“ µ‘° (elastic     cartilage)

‡ªìπ°√–¥Ÿ°ÕàÕπ∑’Ë¡’§«“¡¬◊¥À¬ÿàπ Ÿß‡π◊ËÕß®“°¡’‡ âπ„¬
Õ‘≈“ µ‘°·∑√°Õ¬Ÿà®”π«π¡“° ‡™àπ °√–¥Ÿ°ÕàÕπ∑’Ë„∫ÀŸ

√Ÿª· ¥ßµ”·Àπàß°√–¥Ÿ°ÕàÕπ∑’Ë„∫ÀŸ

¢âÕµàÕ (joint)

¢âÕµàÕ §◊Õ µ”·Àπàß∑’Ë°√–¥Ÿ°·µà≈–™‘Èπ‡™◊ËÕ¡µàÕ°—π ¡’∫∑∫“∑ ”§—≠‚¥¬∑”Àπâ“∑’Ë™à«¬„Àâ°√–¥Ÿ°·µà≈–™‘Èπ
µàÕ‡¢â“¥â«¬°—π‡æ◊ËÕª√–°Õ∫‡ªìπ√Ÿª√à“ß ·≈–∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ‰À«‚¥¬°“√∑”ß“π√à«¡°—π√–À«à“ß
°√–¥Ÿ°·≈–°≈â“¡‡π◊ÈÕ √«¡∑—Èß™à«¬ªÑÕß°—π‰¡à„Àâ‡°‘¥°“√‡ ’¬¥ ’√–À«à“ß°√–¥Ÿ°∑’Ë‡™◊ËÕ¡µàÕ°—π ¢âÕµàÕ·∫àßÕÕ°‡ªìπ
3 ª√–‡¿∑ ¥—ßπ’È

1. ¢âÕµàÕ∑’Ë‡§≈◊ËÕπ‰À«‰¡à‰¥â (immovable     joint) ‰¥â·°à ¢âÕµàÕ¢Õß°–‚À≈°»’√…– ®—¥‡ªìπ¢âÕµàÕ∑’Ë¡’
§«“¡·¢Áß·√ß¡“° ∑”Àπâ“∑’Ë‡™◊ËÕ¡µàÕ°√–¥Ÿ°°–‚À≈°»’√…–„Àâ·π∫ π‘∑

2. ¢âÕµàÕ∑’Ë‡§≈◊ËÕπ‰À«‰¥â‡≈Á°πâÕ¬ (movable     joint) ‰¥â·°à ¢âÕµàÕ¢Õß°√–¥Ÿ°´’Ë‚§√ß ¢âÕµàÕ°√–¥Ÿ°-
 —πÀ≈—ß ·≈–¢âÕµàÕ°√–¥Ÿ°‡™‘ß°√“π

3. ¢âÕµàÕ∑’Ë‡§≈◊ËÕπ‰À«‰¥â¡“° (synovial     joint) ‡ªìπ¢âÕµàÕ∑’Ë∑”„Àâ°√–¥Ÿ°∑’Ë‡™◊ËÕ¡µàÕ°—π “¡“√∂‡§≈◊ËÕπ‰À«
‰¥â„π≈—°…≥–∑’Ë·µ°µà“ß°—π ‰¥â·°à

3.1 ¢âÕµàÕ·∫∫∫“πæ—∫ (hinge     joint) ∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ‰À«„π≈—°…≥–∫“πæ—∫ª√–µŸ ∑”„Àâ
‡°‘¥°“√ßÕ‡¢â“À√◊Õ‡À¬’¬¥ÕÕ°‰¥â ‡™àπ ¢âÕµàÕ∫√‘‡«≥¢âÕ»Õ° ¢âÕµàÕ∫√‘‡«≥‡¢à“ ¢âÕµàÕ√–À«à“ß¢âÕ¡◊Õ

3.2 ¢âÕµàÕ·∫∫≈Ÿ°°≈¡„π‡∫â“°√–¥Ÿ° (ball     and     socket     joint) ‡ªìπ¢âÕµàÕ∑’Ë∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ‰À«
Õ¬à“ßÕ‘ √–À≈“¬∑‘»∑“ß ‡™àπ ¢âÕµàÕ√–À«à“ß°√–¥Ÿ°µâπ·¢π°—∫°√–¥Ÿ° –∫—° ·≈–¢âÕµàÕ√–À«à“ß°√–¥Ÿ°µâπ¢“°—∫
°√–¥Ÿ°‡™‘ß°√“π

helix

fosxa
triangularis

concha

tragus

anti-tragus

lobule

anti-helix

scapha

ตัว
อย
่าง
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3.3 ¢âÕµàÕ·∫∫ ‰≈¥å (gliding     joint) ª√–°Õ∫¥â«¬°√–¥Ÿ°·∫π 2 ™‘Èπ ‡™àπ ¢âÕµàÕ°√–¥Ÿ°¢âÕ¡◊Õ
¢âÕµàÕ°√–¥Ÿ°¢âÕ‡∑â“ ¢âÕµàÕ°√–¥Ÿ° —πÀ≈—ß

3.4 ¢âÕµàÕ·∫∫Õ“π¡â“ (saddle     joint) ‡ªìπ
¢âÕµàÕ∑’Ë∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ‰À«‰¥â∫“ß à«π ‡™àπ ¢âÕµàÕ
√–À«à“ß°√–¥Ÿ°ΩÉ“¡◊Õ°—∫°√–¥Ÿ°π‘È«À—«·¡à¡◊Õ

3.5 ¢âÕµàÕ·∫∫‡¥◊Õ¬ (pivot     joint) ®—¥‡ªìπ
¢âÕµàÕ∑’Ë∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ‰À«„π≈—°…≥–¢Õß°“√°â¡
‡ß¬ °“√∫‘¥µ—«‰ª¥â“π´â“¬À√◊Õ¥â“π¢«“ ‡™àπ ¢âÕµàÕ
√–À«à“ß°√–¥Ÿ°µâπ§Õ°—∫∞“π¢Õß°–‚À≈°»’√…–

3.6 ¢âÕµàÕ·∫∫ªÿÉ¡ (condyloid     joint) ¡’
≈—°…≥–§≈â“¬¢âÕµàÕ·∫∫≈Ÿ°°≈¡„π‡∫â“·µà‡§≈◊ËÕπ‰À«
‰¥âπâÕ¬°«à“ ‡™àπ ¢âÕµàÕ√–À«à“ß°√–¥Ÿ°ΩÉ“¡◊Õ°—∫°√–¥Ÿ°
π‘È«¡◊Õ

√Ÿª· ¥ß¢âÕµàÕ∑’Ë‡§≈◊ËÕπ‰À«‰¥â

frontal bone

zygomatic

bone

mandible

nasal bone

maxilla

√Ÿª· ¥ß¢âÕµàÕ∑’Ë‡§≈◊ËÕπ‰À«‰¡à‰¥â

dens

atlas (c1)

axis (c2)

pivot joint

atlantoaxial joint

acetabulum

head of femur

hip joint

ball and socket joint

clavicle

acromian
scapulaacromioclavicular

joint

humerus
radius

hinge joint
ulna

elbow joint

trapezium

first metacarpal

saddle joint

carpometacarpal

joint

metacarpal

proximal

phalanx

condyloid joint

metacarpophalangeal

joint

gliding joint

ตัว
อย
่าง
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∫√‘‡«≥¢âÕµàÕ∑’Ë°√–¥Ÿ°‡™◊ËÕ¡µàÕ°—ππ—Èπ¡’‚§√ß √â“ßÀ√◊Õ “√∑’Ë™à«¬≈¥·√ß‡ ’¬¥∑“π√–À«à“ß°√–¥Ÿ° ªÑÕß°—π
°“√‡ ’¬¥ ’¢Õß°√–¥Ÿ° ·≈–∑”„Àâ°√–¥Ÿ°‡§≈◊ËÕπ‰À«‰¥â –¥«°§◊Õ °√–¥Ÿ°ÕàÕπ (cartilage) Õ¬Ÿà∫√‘‡«≥ª≈“¬¢Õß
°√–¥Ÿ°„πµ”·Àπàß∑’Ë‡™◊ËÕ¡µàÕ°—π ¡’≈—°…≥–‡Àπ’¬« ·≈–¡’§«“¡¬◊¥À¬ÿàπ‡ªìπÕ¬à“ß¥’ πÕ°®“°π’È¬—ß¡’ πÈ”‰¢¢âÕ

(synovial     fluid)     ™à«¬À≈àÕ≈◊Ëπ∫√‘‡«≥¥—ß°≈à“« „πºŸâ ŸßÕ“¬ÿª√‘¡“≥πÈ”‰¢¢âÕ®–≈¥≈ß·≈–°√–¥Ÿ°ÕàÕπ∫√‘‡«≥¢âÕµàÕ
‡ ◊ËÕ¡§ÿ≥¿“æ ®÷ß¡—°æ∫«à“ºŸâ ŸßÕ“¬ÿ®–¡’Õ“°“√‡®Á∫ª«¥µ“¡¢âÕµàÕ¢Õß°√–¥Ÿ° ‡™àπ ‡¢à“  –‚æ° ¢âÕ‡∑â“ ‡¡◊ËÕ¡’
°“√‡§≈◊ËÕπ‰À«¢Õß°√–¥Ÿ°∫√‘‡«≥π—Èπ Ê

‡ÕÁπ¬÷¥¢âÕ     (ligament) ‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π∑’Ë¡’§«“¡‡Àπ’¬«·≈–∑π∑“π ∑”Àπâ“∑’Ë¬÷¥°√–¥Ÿ°„Àâ‡™◊ËÕ¡
µàÕ°—π‡ªìπ‚§√ß√à“ß§È”®ÿπ√à“ß°“¬ √«¡∑—Èß™à«¬„Àâ°√–¥Ÿ°∑”ß“πª√– “π°—π„π°“√‡§≈◊ËÕπ‰À«

√Ÿª· ¥ß∫√‘‡«≥¢âÕµàÕ¢Õß°√–¥Ÿ°

ë √–∫∫°≈â“¡‡π◊ÈÕ °“√‡§≈◊ËÕπ∑’Ë¢Õß —µ«å¡’°√–¥Ÿ° —πÀ≈—ß‡°‘¥®“°°“√∑”ß“π√à«¡°—π√–À«à“ß√–∫∫
‚§√ß°√–¥Ÿ°°—∫√–∫∫°≈â“¡‡π◊ÈÕ ‚¥¬√–∫∫°≈â“¡‡π◊ÈÕ®–‡ªìπ·À≈àß¢Õßæ≈—ßß“π∑’Ë∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ‰À«‰¥â
°≈â“¡‡π◊ÈÕ¢Õß§π¡’ 3 ™π‘¥ ¥—ßπ’È

1. °≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ° (skeletal     muscle) À√◊Õ°≈â“¡‡π◊ÈÕ≈“¬ (striated     muscle) ª√–°Õ∫
¥â«¬πÈ”√âÕ¬≈– 70-80 ‚ª√µ’π√âÕ¬≈– 20 ·≈–¬—ß¡’ “√®”æ«°‰°≈‚§‡®π·≈–‰ÕÕÕπµà“ßÊ ‡™àπ ·§≈‡´’¬¡‰ÕÕÕπ
(Ca2+) ·¡°π’‡´’¬¡‰ÕÕÕπ (Mg2+) ≈—°…≥–¢Õß°≈â“¡‡π◊ÈÕ‡ªìπ≈“¬ (striation) ‚¥¬¡’·∂∫≈“¬ ’ÕàÕπ·≈– ’‡¢â¡
 ≈—∫°—π ‡´≈≈å¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°¡’√Ÿª√à“ß≈—°…≥–‡ªìπ∑√ß°√–∫Õ°¬“« ‡¬◊ËÕÀÿâ¡‡´≈≈å‡√’¬°«à“ ´“√å‚§‡≈¡¡“

(sarcolemma) ¢Õß‡À≈«¿“¬„π‡´≈≈å‡√’¬°«à“ ´“√å‚§æ≈“´÷¡ (sarcoplasm)

¿“¬„π‡´≈≈åª√–°Õ∫¥â«¬‚ª√µ’π·Õ°∑‘π (actin) ·≈–‚ª√µ’π‰¡‚Õ´‘π (myosin)

´÷Ëß·µà≈–‡´≈≈å¢Õß‡´≈≈å°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°®–¡’π‘«‡§≈’¬ À≈“¬Õ—π °≈â“¡‡π◊ÈÕ
™π‘¥π’È®–¬÷¥‡°“–µ‘¥°—∫‚§√ß°√–¥Ÿ° ‡™àπ °≈â“¡‡π◊ÈÕ·¢π °≈â“¡‡π◊ÈÕ¢“ ·≈–
°≈â“¡‡π◊ÈÕ≈”§Õ ®÷ß‡ªìπ°≈â“¡‡π◊ÈÕ∑’Ë∑”Àπâ“∑’Ë‡°’Ë¬«¢âÕß°—∫°“√‡§≈◊ËÕπ‰À«√à«¡
°—∫√–∫∫‚§√ß°√–¥Ÿ°‚¥¬µ√ß °“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°Õ¬Ÿà¿“¬„µâ
Õ”π“®®‘µ„® ∂Ÿ°§«∫§ÿ¡‚¥¬√–∫∫ª√– “∑‚´¡“µ‘° (somatic nervous system)

°≈à“«§◊Õ √à“ß°“¬ “¡“√∂∫—ß§—∫°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ™π‘¥π’È‰¥â

patella

femur

synovial

fluid

cartilage

tibia

fibula

√Ÿª· ¥ß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°

ตัว
อย
่าง
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2. °≈â“¡‡π◊ÈÕÀ—«„® (cardiac     muscle) ‡ªìπ°≈â“¡‡π◊ÈÕ¢ÕßÀ—«„®‚¥¬‡©æ“– ¡’≈—°…≥–‡ªìπ·∂∫≈“¬
‡™àπ‡¥’¬«°—∫°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ° ‡´≈≈å°≈â“¡‡π◊ÈÕÀ—«„®¡’√Ÿª√à“ß≈—°…≥–‡ªìπ∑√ß°√–∫Õ°‚¥¬ à«πª≈“¬
¢Õß‡´≈≈å®–·µ°·¢πß‡™◊ËÕ¡‚¬ß°—∫‡´≈≈å∑’ËÕ¬Ÿà„°≈â‡§’¬ß°—π
‡π◊ËÕß®“°‡´≈≈å°≈â“¡‡π◊ÈÕÀ—«„®µâÕß°“√æ≈—ßß“πª√‘¡“≥¡“°
¿“¬„π‡´≈≈å®÷ß¡’‰¡‚∑§Õπ‡¥√’¬®”π«π¡“° °“√∑”ß“π
¢Õß°≈â“¡‡π◊ÈÕÀ—«„®Õ¬ŸàπÕ°‡Àπ◊ÕÕ”π“®®‘µ„® √à“ß°“¬
‰¡à “¡“√∂§«∫§ÿ¡‰¥â °“√À¥·≈–§≈“¬µ—«¢Õß°≈â“¡‡π◊ÈÕÀ—«„®
‡°‘¥¢÷Èπµ≈Õ¥‡«≈“ ´÷Ëß∂Ÿ°§«∫§ÿ¡‚¥¬√–∫∫ª√– “∑Õ—µ‚π«—µ‘
(autonomic nervous system)

3. °≈â“¡‡π◊ÈÕ‡√’¬∫ (smooth     muscle) ‡ªìπ°≈â“¡‡π◊ÈÕ
∑’Ë‰¡à¡’≈“¬ ´÷Ëß·µ°µà“ß®“°°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°·≈–°≈â“¡‡π◊ÈÕ
À—«„® °≈â“¡‡π◊ÈÕ‡√’¬∫ª√–°Õ∫¥â«¬‡´≈≈å∑’Ë¡’≈—°…≥–√Ÿª√à“ß

intercalated

disks

√Ÿª· ¥ß°≈â“¡‡π◊ÈÕÀ—«„®

‡ªìπ‡´≈≈å¬“«  à«πÀ—«·≈– à«π∑â“¬·À≈¡§≈â“¬√Ÿª°√– «¬
·µà≈–‡´≈≈å¡’π‘«‡§≈’¬ Õ—π‡¥’¬«Õ¬Ÿàµ√ß°≈“ß‡´≈≈å °≈â“¡‡π◊ÈÕ‡√’¬∫
æ∫Õ¬Ÿàµ“¡Õ«—¬«–¿“¬„π¢Õß√à“ß°“¬ ‡™àπ ºπ—ßÀ≈Õ¥Õ“À“√
ºπ—ß°√–‡æ“–Õ“À“√ ºπ—ß≈”‰ â ºπ—ß¡¥≈Ÿ° °≈â“¡‡π◊ÈÕÀŸ√Ÿ¥∑’Ë
¡à“πµ“ °“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ‡√’¬∫Õ¬ŸàπÕ°Õ”π“®®‘µ„® √à“ß°“¬
‰¡à “¡“√∂§«∫§ÿ¡‰¥â ´÷Ëß∂Ÿ°§«∫§ÿ¡‚¥¬√–∫∫ª√– “∑Õ—µ‚π«—µ‘

‚§√ß √â“ß·≈–°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°

‚§√ß √â“ß¿“¬„π¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°ª√–°Õ∫¥â«¬‡´≈≈å°≈â“¡‡π◊ÈÕ (muscle cell) À√◊Õ‡ âπ„¬°≈â“¡‡π◊ÈÕ
(muscle fiber) ¿“¬„π‡ âπ„¬°≈â“¡‡π◊ÈÕª√–°Õ∫¥â«¬‡ âπ„¬°≈â“¡‡π◊ÈÕ‡≈Á° ‡√’¬°«à“ ‰¡‚Õ‰ø∫√‘≈ (myofibrils)

®”π«π¡“°Õ¬Ÿà√«¡°—π‡ªìπ¡—¥ ‰¡‚Õ‰ø∫√‘≈¡’≈—°…≥–‡ªìπ√Ÿª∑√ß°√–∫Õ°¢π“¥¬“«∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ßª√–¡“≥
1-2 µm ‰¡‚Õ‰ø∫√‘≈·µà≈–‡ âπª√–°Õ∫¥â«¬‡ âπ„¬¢π“¥‡≈Á° ‡√’¬°«à“ ‰¡‚§√øî≈“‡¡π∑å (microfilament) ¡’Õ¬Ÿà
2 ™π‘¥ §◊Õ ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß (thin filament) ‡ªìπ‰¡‚§√øî≈“‡¡π∑å∑’Ëª√–°Õ∫¥â«¬‚ª√µ’π·Õ°∑‘π (actin)

·≈–‰¡‚§√øî≈“‡¡π∑å‡ âπÀπ“ (thick filament) ‡ªìπ‰¡‚§√øî≈“‡¡π∑å∑’Ëª√–°Õ∫¥â«¬‚ª√µ’π‰¡‚Õ´‘π (myosin)

∑—Èß‚ª√µ’π·Õ°∑‘π·≈–‰¡‚Õ´‘π®–‡√’¬ßµ—«°—π„π·π«¢π“π ®÷ß¡Õß‡ÀÁπ‡ âπ„¬°≈â“¡‡π◊ÈÕ¡’≈“¬ (striated pattern)

‡ªìπ·∂∫≈“¬ ’ÕàÕπ ≈—∫°—∫·∂∫≈“¬ ’‡¢â¡‚¥¬µ≈Õ¥ ·∂∫≈“¬ ’ÕàÕπ‡√’¬°«à“ I     band ‡ªìπ·∂∫≈“¬‡ âπ∫“ßÀ√◊Õ
‚ª√µ’π·Õ°∑‘π‡∑à“π—Èπ ·µà·∂∫≈“¬ ’‡¢â¡ª√–°Õ∫¥â«¬‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß·≈–‡ âπÀπ“ ‡√’¬°«à“ A     band

∫√‘‡«≥µ√ß°≈“ß¢Õß A band ‡√’¬°∫√‘‡«≥π’È«à“ H     band  à«π∫√‘‡«≥°÷Ëß°≈“ß¢Õß·∂∫≈“¬ I band ∂Ÿ°·∫àß¥â«¬
‡ âπ ’¥”∑’Ë‡√’¬°«à“ Z     line √–¬–√–À«à“ß Z line Àπ÷Ëß∂÷ßÕ’° Z line Àπ÷Ëß„π‰¡‚Õ‰ø∫√‘≈ ‡√’¬°«à“ 1 ´“√å‚§‡¡’¬√å

(sarcomere) ·µà≈–´“√å‚§‡¡’¬√å¡’§«“¡¬“«ª√–¡“≥ 2.5 µm ‡¡◊ËÕ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ßÀ√◊Õ‚ª√µ’π·Õ°∑‘π
‡≈◊ËÕπ‡¢â“À“°—π ∑”„Àâ´“√å‚§‡¡’¬√åÀ¥µ—« —Èπ‡¢â“ ‡¡◊ËÕ´“√å‚§‡¡’¬√åÀ≈“¬Ê ´“√å‚§‡¡’¬√åÀ¥µ—«¡’º≈„Àâ¡—¥°≈â“¡‡π◊ÈÕ

√Ÿª· ¥ß°≈â“¡‡π◊ÈÕ‡√’¬∫

ตัว
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่าง
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‡°‘¥°“√À¥µ—« ´“√å‚§‡¡’¬√å®÷ß‡ªìπÀπà«¬∑’Ë∑”Àπâ“∑’Ë„π°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ ‡π◊ËÕß®“°°≈â“¡‡π◊ÈÕ¬÷¥µ‘¥Õ¬Ÿà°—∫
°√–¥Ÿ° ‡¡◊ËÕ°≈â“¡‡π◊ÈÕÀ¥µ—«®÷ß∑”„Àâ°√–¥Ÿ°‡§≈◊ËÕπ‰À«‰ª¥â«¬

√Ÿª· ¥ß‚§√ß √â“ß¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°

1. ‚§√ß √â“ß¢Õß‰¡‚§√øî≈“‡¡π∑å

1.1 ‰¡‚§√øî≈“‡¡π∑å‡ âπÀπ“ (thick filament) ª√–°Õ∫¥â«¬‚ª√µ’π‰¡‚Õ´‘π‡√’¬ßµ—«°—π‡ªìπ¡—¥
¬“«∑’Ë¡’ à«πÀ—«¬◊ËπÕÕ°¡“‡ªìπ√–¬–Ê ‚¡‡≈°ÿ≈¢Õß‰¡‚Õ´‘πª√–°Õ∫¥â«¬‚ª√µ’π 2  “¬æ—π°—π‡ªìπ‡°≈’¬« ‚¥¬
ª≈“¬¢â“ßÀπ÷Ëß¢Õß “¬‚ª√µ’π∑—Èß 2  “¬·¬°ÕÕ°®“°°—π  à«πª≈“¬¢Õß·µà≈– “¬∑’Ë·¬°ÕÕ°®“°°—ππ—Èπ®–
æ—π°—π·≈â«¢¡«¥¡’√Ÿª√à“ß‡ªìπ√Ÿª°≈¡ (globular) ´÷Ëß®—¥‡ªìπÀ—«¢Õß‰¡‚Õ´‘π¡’ 2 À—« ∫√‘‡«≥¥—ß°≈à“«π’È¡’‡Õπ‰´¡å
ATPase ∑’Ë∑”Àπâ“∑’Ë„π°“√ ≈“¬ “√æ≈—ßß“π Ÿß ATP æ≈—ßß“π∑’Ë‰¥â∂Ÿ°π”¡“„™â„π°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ

√Ÿª· ¥ß‚§√ß √â“ß¢Õß‰¡‚§√øî≈“‡¡π∑å‡ âπÀπ“

I band A band

Z disk M line Z disk

1.8 µm
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muscle fibers

myofibrils nuclei capillaries
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sarcoplasmic
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I band A band

Z disk M line
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shape of a single myosin molecule
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(also know as çcrossbridgesé)
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1.2 ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß (thin filament) ª√–°Õ∫¥â«¬‚¡‡≈°ÿ≈¢Õß‚ª√µ’π·Õ°∑‘π‡√’¬ßµ—«
°—π‡ªìπ “¬¬“« 2  “¬æ—π°—π‡ªìπ‡°≈’¬« ·≈–¡’‚ª√µ’π‚∑√‚ª‰¡‚Õ´‘π (tropomyosin) ´÷Ëß‡ªìπ‚ª√µ’π “¬ —Èπ
·∑√°Õ¬Ÿà√–À«à“ß√àÕß‡°≈’¬« ∑’Ëª≈“¬¢Õß‚ª√µ’π‚∑√‚ª‰¡‚Õ´‘π¡’‚ª√µ’π‚∑√‚ªπ‘π (troponin) µ‘¥Õ¬Ÿà ‚¥¬·µà≈–
™à«ß‡°≈’¬«®–¡’‚∑√‚ª‰¡‚Õ´‘π 1 ‚¡‡≈°ÿ≈ ·≈–‚∑√‚ªπ‘π 1 ‚¡‡≈°ÿ≈

√Ÿª· ¥ß°“√‡°“–°—π√–À«à“ß‰¡‚§√øî≈“‡¡π∑å‡ âπÀπ“°—∫‡ âπ∫“ß

2. °≈‰°°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ° Œ—°´å‡≈¬å ·≈–·Œπ —π  (H.E. Huxley and Jean

Hanson) ‰¥â‡ πÕ ¡¡µ‘∞“π sliding filament hypothesis ¢÷Èπ„πªï §.». 1954 ‚¥¬°≈à“«‰«â«à“ °“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ
‡°‘¥®“°°“√‡≈◊ËÕπµ—«¢Õß·Õ°∑‘π‡¢â“À“°—π∫√‘‡«≥µ√ß°≈“ß ®“° ¡¡µ‘∞“π¥—ß°≈à“« Õ∏‘∫“¬°“√∑”ß“π¢Õß
°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°‰¥â«à“ ‡¡◊ËÕ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ßÀ√◊Õ‚ª√µ’π·Õ°∑‘π‡≈◊ËÕπµ—«‡¢â“À“°—π∫√‘‡«≥µ√ß°≈“ß
¢Õß·µà≈–´“√å‚§‡¡’¬√å ‚¥¬Õ“»—¬æ≈—ßß“π®“° “√æ≈—ßß“π Ÿß ATP ·≈–¡’·§≈‡´’¬¡‡ªìπµ—«‡√àßªØ‘°‘√‘¬“ ‡°‘¥
 “√ª√–°Õ∫‡™‘ß´âÕπ‡√’¬°«à“ ·Õ°‚∑‰¡‚Õ´‘π (actomyosin) ¡’º≈„Àâ°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°‡°‘¥°“√À¥µ—« °≈â“¡
‡π◊ÈÕ®÷ß¥÷ß°√–¥Ÿ°∑’Ë¬÷¥µ‘¥Õ¬Ÿàπ—Èπ„Àâ‡§≈◊ËÕπ‰À«‰ª¥â«¬ ‡¡◊ËÕª√‘¡“≥·§≈‡´’¬¡≈¥≈ß·µàª√‘¡“≥·¡°π’‡´’¬¡ Ÿß¢÷Èπ
‚ª√µ’π·Õ°∑‘π®–‡≈◊ËÕπÕÕ°®“°°—π∑”„Àâ°≈â“¡‡π◊ÈÕ§≈“¬µ—«

®÷ß°≈à“«‰¥â«à“°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°‡°‘¥®“°°“√‡≈◊ËÕπ‡¢â“¡“´âÕπ°—π¢Õß‰¡‚§√øî≈“‡¡π∑å
‡√’¬°«à“ sliding     filament     model °≈à“«§◊Õ ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ‡√‘Ë¡À¥µ—«‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß®–¥÷ß‡Õ“ Z line

‡¢â“ Ÿà∫√‘‡«≥µ√ß°≈“ß¢Õß´“√å‚§‡¡’¬√å  ∑”„Àâ´“√å‚§‡¡’¬√å·§∫≈ß A band §ß∑’Ë I band  ·§∫‡¢â“ ¢≥–∑’Ë H band

À“¬‰ª ´“√å‚§‡¡’¬√å®–·§∫‡¢â“‰ª¡“°¢÷Èπ‡¡◊ËÕ°≈â“¡‡π◊ÈÕÀ¥µ—«‡µÁ¡∑’Ë
°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ ¡’¢—ÈπµÕπ°“√‡°‘¥¥—ßπ’È

1. ‡¡◊ËÕ°≈â“¡‡π◊ÈÕÕ¬Ÿà„π√–¬–æ—° (resting) ‚ª√µ’π·Õ°∑‘π‰¡à‡°“–°—∫‰¡‚Õ´‘π
2.  à«πÀ—«¢Õß‰¡‚Õ´‘π‡°“–∑’Ë·Õ°∑‘π‚¥¬∑”¡ÿ¡ 90 Õß»“ °“√‡°“–°—π√–À«à“ß·Õ°∑‘π°—∫‰¡‚Õ´‘π

„π√–¬–π’È¬—ß‰¡à¡’°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ
3. ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ‡°‘¥°“√À¥µ—« ®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß‚ª√µ’π„π à«πÀ—«¢Õß‰¡‚Õ´‘π

∑”„Àâ¡ÿ¡∑’Ë‡°“–°—π√–À«à“ß·Õ°∑‘π°—∫‰¡‚Õ´‘π‡ª≈’Ë¬π‡ªìπ 45 Õß»“ ·≈–‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß∑’Ë‡°“–Õ¬Ÿà
‡≈◊ËÕπ‰ª„π∑‘»∑“ß∑’ËÀ—«¢Õß‰¡‚Õ´‘π‡Õ’¬ß π—Ëπ§◊Õ ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß‡≈◊ËÕπºà“π‡¢â“‰ª„π‰¡‚§√øî≈“‡¡π∑å
‡ âπÀπ“ ´÷Ëß®–¥÷ß Z line ‡¢â“À“°—π ∑”„Àâ√–¬–Àà“ß√–À«à“ß Z line À¥ —Èπ≈ß

troponin T
troponin C

troponin I
actin

α-tropomyosin

head

rod
cardiac β-myosin

heavy chain

myosin

light chain

thin filament

thick filament

actin troponin tropomyosin

√Ÿª· ¥ß‚§√ß √â“ß¢Õß
‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß
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4.  à«πÀ—«¢Õß‰¡‚Õ´‘π∑’Ë‡°“–Õ¬Ÿà°—∫·Õ°∑‘πÀ≈ÿ¥ÕÕ°  ‡π◊ËÕß®“° “√ ATP ‰ª‡°“–∑’Ë‰¡‚Õ´‘π·∑π∑’Ë
·Õ°∑‘π ¥—ßπ—Èπ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß®÷ß‡≈◊ËÕπ°≈—∫ Ÿà ¿“æ‡¥‘¡

√Ÿª· ¥ß¢—ÈπµÕπ°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ

3. °≈‰°°“√§«∫§ÿ¡°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ‚¥¬·§≈‡´’¬¡‰ÕÕÕπ (Ca2+) ‡π◊ËÕß®“°
‰¡‚Õ‰ø∫√‘≈∂Ÿ°≈âÕ¡√Õ∫¥â«¬√à“ß·À´“√å‚§æ≈“ ¡‘°∑’Ë¡’≈—°…≥–‡ªìπÀ≈Õ¥°≈«ß ∑”Àπâ“∑’Ë„π°“√ – ¡ Ca2+

¢≥–∑’Ë°≈â“¡‡π◊ÈÕÕ¬Ÿà„π√–¬–æ—°π—Èπ ‚ª√µ’π‚∑√‚ª‰¡‚Õ´‘π®–°—π‰¡à„Àâ‰¡‚Õ´‘π®—∫°—∫·Õ°∑‘π ·µà‡¡◊ËÕ√à“ß·À
´“√å‚§æ≈“ ¡‘°‰¥â√—∫°“√°√–µÿâπ®“°°√–· ª√– “∑ Ca2+ ®–∂Ÿ°ª≈àÕ¬ÕÕ°¡“®“°√à“ß·À´“√å‚§æ≈“ ¡‘° ®“°
π—Èπ Ca2+ ®–‰ª‡°“–°—∫‚ª√µ’π‚∑√‚ªπ‘π„π‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß ∑”„Àâ‚§√ß √â“ß¢Õß‚∑√‚ªπ‘π‡ª≈’Ë¬π‰ª
·≈–‚ª√µ’π‚∑√‚ª‰¡‚Õ´‘π¢Õß·Õ°∑‘πÀ√◊Õ‰¡‚§√øî≈“‡¡π∑å‡ âπ∫“ß‡ª≈’Ë¬πµ”·Àπàß‰ª ∑”„Àâ·Õ°∑‘π “¡“√∂
‡°“–Õ¬Ÿà°—∫‰¡‚Õ´‘π‰¥â °≈â“¡‡π◊ÈÕ®÷ß‡°‘¥°“√À¥µ—« À≈—ß®“°π—Èπ Ca2+ ®–∂Ÿ°π”‰ª‡°Á∫‰«â∑’Ë√à“ß·À´“√å‚§æ≈“ ¡‘°
‡™àπ‡¥‘¡
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√Ÿª· ¥ß√à“ß·À´“√å‚§æ≈“ ¡‘°

√Ÿª· ¥ß°“√§«∫§ÿ¡°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ‚¥¬·§≈‡´’¬¡‰ÕÕÕπ

·À≈àßæ≈—ßß“π ”À√—∫°√–∫«π°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ

°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°À√◊Õ°≈â“¡‡π◊ÈÕ≈“¬π—ÈπÕ“»—¬æ≈—ßß“π®“°°“√ ≈“¬µ—«¢Õß “√æ≈—ßß“π
 Ÿß ATP „π°≈â“¡‡π◊ÈÕ ‚¥¬‡Õπ‰´¡å ATPase ‡π◊ËÕß®“°ª√‘¡“≥¢Õß “√ ATP „π°≈â“¡‡π◊ÈÕ¡’ª√‘¡“≥µË”¡“°
°≈â“¡‡π◊ÈÕ®÷ßµâÕß„™âæ≈—ßß“π¢Õß “√æ≈—ßß“π Ÿß ATP ®“°°≈Ÿ‚§  °√¥‰¢¡—π ·≈–§’‚µπ∫Õ¥’ (ketone bodies)

„π ¿“«–∑’Ë√à“ß°“¬‰¥â√—∫·°ä ÕÕ°´‘‡®π‰¡à‡æ’¬ßæÕ®–¡’°“√π”‰°≈‚§‡®π¡“ ≈“¬‡æ◊ËÕ„Àâ‰¥â  “√ ATP „π°√≥’
‡™àππ’È ®–¡’ “√ ATP ‡°‘¥¢÷Èπª√‘¡“≥πâÕ¬ ¢≥–‡¥’¬«°—π®–¡’°√¥·≈°µ‘°‡°‘¥¢÷Èπ¥â«¬ ∂â“°√¥·≈°µ‘° – ¡„π
°≈â“¡‡π◊ÈÕ¡“°®–∑”„Àâ°≈â“¡‡π◊ÈÕ‡°‘¥Õ“°“√≈â“‰¥â

°“√‡§≈◊ËÕπ‰À«¢Õß —µ«å∑’ËÕ“»—¬°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°

°“√∑”ß“π¢Õß°≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°‡æ◊ËÕ„Àâ‡°‘¥°“√‡§≈◊ËÕπ‰À«π—Èπ °≈â“¡‡π◊ÈÕ¬÷¥°√–¥Ÿ°®–∑”ß“π‡ªìπ§Ÿà
·∫∫ ¿“«–µ√ß°—π¢â“¡ ‡√’¬°«à“ ·Õπµ“‚°π‘´÷¡ (antagonism) ¥—ßπ—Èπ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ¥â“πÀπ÷ËßÀ¥µ—« °≈â“¡‡π◊ÈÕ
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Õ’°¥â“πÀπ÷Ëß®–§≈“¬µ—« °“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ∑”„Àâ‡°‘¥·√ß¥÷ß„Àâ°√–¥Ÿ°∑—Èß∑àÕπ‡§≈◊ËÕπ‰À«‰¥â¥â«¬ ‡π◊ËÕß®“°
√–À«à“ß°≈â“¡‡π◊ÈÕ°—∫°√–¥Ÿ°¡’‡ÕÁπ¬÷¥°√–¥Ÿ° (tendon) ¬÷¥Õ¬Ÿà ‡ÕÁπ¬÷¥°√–¥Ÿ°‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π∑’Ë¡’§«“¡‡Àπ’¬«
·¢Áß·√ß·≈–∑π∑“πµàÕ·√ß¥÷ßÀ√◊Õ°“√√Õß√—∫πÈ”Àπ—°

°≈â“¡‡π◊ÈÕ∑’ËÀ¥µ—«·≈â«∑”„ÀâÕ«—¬«–ßÕ‡¢â“‡√’¬°«à“ °≈â“¡‡π◊ÈÕ‡ø≈Á°‡´Õ√å (flexor)  à«π°≈â“¡‡π◊ÈÕ∑’ËÀ¥µ—«
·≈â«∑”„ÀâÕ«—¬«–‡À¬’¬¥ÕÕ° ‡√’¬°«à“ °≈â“¡‡π◊ÈÕ‡ÕÁ°‡∑π‡´Õ√å (extensor) ‡™àπ °“√‡§≈◊ËÕπ‰À«¢Õß·¢π§π
‚§√ß √â“ß¢Õß·¢π§πª√–°Õ∫¥â«¬°≈â“¡‡π◊ÈÕ‰∫‡´æ (bicep) ·≈–°≈â“¡‡π◊ÈÕ‰µ√‡´æ (tricep) ‡¡◊ËÕ°≈â“¡‡π◊ÈÕ‰∫‡´æ
À¥µ—« °≈â“¡‡π◊ÈÕ‰µ√‡´æ§≈“¬µ—«∑”„Àâ·¢πßÕ‡¢â“ ·µà∂â“°≈â“¡‡π◊ÈÕ‰µ√‡´æÀ¥µ—« °≈â“¡‡π◊ÈÕ‰∫‡´æ§≈“¬µ—«
·¢π®–‡À¬’¬¥ÕÕ° ¥—ßπ—Èπ °≈â“¡‡π◊ÈÕ‰∫‡´æ®÷ß‡ªìπ°≈â“¡‡π◊ÈÕ‡ø≈Á°‡´Õ√å °≈â“¡‡π◊ÈÕ‰µ√‡´æ®—¥‡ªìπ°≈â“¡‡π◊ÈÕ
‡ÕÁ°‡∑π‡´Õ√å
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