
‡¡◊ËÕ√à“ß°“¬‰¥â√—∫Õ—πµ√“¬ √–∫∫ —≠≠“≥‡µ◊Õπ¿—¬„Àâ√à“ß°“¬√—∫√Ÿâ§◊Õ

§«“¡√Ÿâ ÷°‡®Á∫ª«¥ ´÷Ëß§«“¡√Ÿâ ÷°‡®Á∫ª«¥π’È¡’≈—°…≥–‡ªìππ“¡∏√√¡   ¢÷ÈπÕ¬Ÿà

°—∫§«“¡√ÿπ·√ß¢Õß‚√§ ·≈–ª√– ∫°“√≥å¢ÕßºŸâªÉ«¬∑’Ë‡§¬‰¥â√—∫§«“¡‡®Á∫ª«¥π—Èπ

πÕ°®“°π’È¬—ß¢÷Èπ°—∫ ¿“«°“√≥å·≈–Õ“√¡≥å¢ÕßºŸâªÉ«¬Õ’°¥â«¬  ¥—ßπ—Èπ°“√„™â

°√–· ‰øøÑ“°√–µÿâπ‡æ◊ËÕ°“√≈¥ª«¥π—Èπ    ®÷ß‡ªìπ‡æ’¬ß°“√√–ß—∫Õ“°“√ª«¥

‡∑à“π—Èπ

1. §«“¡√Ÿâ ÷°‡®Á∫ª«¥∂à“¬∑Õ¥‰ª Ÿà ¡Õß‰¥âÕ¬à“ß‰√? (1-3)

√–∫∫°“√√—∫§«“¡√Ÿâ ÷°‡®Á∫ª«¥¢Õß√à“ß°“¬   ‡√‘Ë¡µâπ®“°µ—«√—∫§«“¡

√Ÿâ ÷° (receptor) ´÷Ëß√—∫ —≠≠“≥ª√– “∑‡¢â“ Ÿà‰¢ —πÀ≈—ß‰ª¬—ß°â“π ¡Õß‡æ◊ËÕ

 àßµàÕ‰ª¬—ß∏“≈“¡—  ·≈– ¡Õß™—Èπ ŸßµàÕ‰ª µ—«√—∫§«“¡√Ÿâ ÷°∑’Ë∑”Àπâ“∑’Ë√—∫

°“√√–ß—∫ª«¥¥â«¬°√–· ‰øøÑ“§«“¡∂’ËµË”
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§«“¡√Ÿâ ÷°‡®Á∫ª«¥π—Èπ ‰¡à¡’√Ÿª√à“ßæ‘‡»… ‡ªìπ‡æ’¬ßª≈“¬ª√– “∑‡ª≈à“‡ª≈◊Õ¬ (free

nerve ending)   ·∫∫ nonencapsulated   ÷́Ëß®–·µ°·¢πßÕ¬Ÿà„µâº‘«Àπ—ß™—Èπ

epidermis,  ‡¬◊ËÕ∫ÿº‘«°≈â“¡‡π◊ÈÕ·≈–æ—ßº◊¥∫√‘‡«≥Õ«—¬«–¿“¬„π  µ—«√—∫§«“¡

√Ÿâ ÷°‡®Á∫ª«¥·∫àßÕÕ°‡ªìπ   2   ™π‘¥   ™π‘¥·√°§◊Õ unimodal nociceptor

÷́Ëß√—∫§«“¡√Ÿâ ÷°‡®Á∫ª«¥®“°µ—«°√–µÿâπ™π‘¥æ≈—ßß“π°≈ ·≈–‡§¡’   à«πÕ’°™π‘¥§◊Õ

polymodal  nociceptor  ´÷Ëß®–µÕ∫ πÕß∑—Èßµ—«°√–µÿâπ™π‘¥∑’Ë∑”„Àâ√Ÿâ ÷°

‡®Á∫ª«¥ ·≈–µ—«°√–µÿâπ∑—Ë«‰ª

§«“¡√Ÿâ ÷°‡®Á∫ª«¥π—Èπ “¡“√∂·¬°‰¥â‡ªìπ  2  ™π‘¥§◊Õ  §«“¡√Ÿâ ÷°‡®Á∫

·ª≈∫‡À¡◊Õπ‡¢Á¡∑‘Ë¡ (sharp pain)  ´÷Ëß‡ªìπ§«“¡√Ÿâ ÷°‡®Á∫ª«¥∑’Ë‡°‘¥¢÷Èπ‡√Á«

·µà§ßÕ¬Ÿà‰¥â‰¡àπ“π  “¡“√∂∫Õ°µ”·Àπàß‰¥â  ´÷Ëß®–π”‚¥¬„¬ª√– “∑™π‘¥∑’Ë¡’

ª≈Õ°‰¡Õ’≈‘πÀÿâ¡  ( myelated fibre)   ®—¥Õ¬Ÿà„πæ«°‡Õ‡¥≈µ“ (Aδ)   ´÷Ëß

¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ßª√–¡“≥ 1-5 ‰¡‚§√‡¡µ√    §«“¡‡√Á«„π°“√π”°√–· 

µ“√“ß∑’Ë 10.1 · ¥ß¢π“¥·≈–§«“¡‡√Á«¢Õß„¬ª√– “∑™π‘¥µà“ß Ê (¥—¥·ª≈ß®“°:

Robinson AJ. Physiology of muscle and nerve. In: Mackler LS, Robinson AJ eds.

Clinical electrophysiology. Baltimore; Williams and Wilkins 1989:68.)



187°“√√–ß—∫ª«¥¥â«¬°√–· ‰øøÑ“§«“¡∂’ËµË”

ª√– “∑ª√–¡“≥  6-30   ‡¡µ√µàÕ«‘π“∑’ √à“ß°“¬®–µÕ∫ πÕßµàÕ§«“¡√Ÿâ ÷°

‡®Á∫ª«¥™π‘¥π’È¥â«¬°“√¥÷ß  À√◊Õ™—°Àπ’Õ«—¬«– à«π∑’Ë‰¥â√—∫§«“¡‡®Á∫ª«¥π—Èπ

°≈—∫∑—π∑’   πÕ°®“°π—Èπ„¬ª√– “∑™π‘¥π’Èπ”§«“¡√Ÿâ ÷°‡°’Ë¬«°—∫Õÿ≥À¿Ÿ¡‘·≈–

°“√ —¡º— ·∫∫À¬“∫ (gross touch) Õ’°¥â«¬   à«π§«“¡√Ÿâ ÷°‡®Á∫ª«¥Õ’°

™π‘¥Àπ÷Ëß§◊Õ §«“¡√Ÿâ ÷°ª«¥µ◊ÈÕ Ê (dull  pain)  ´÷Ëß®–‡°‘¥¢÷Èπ™â“°«à“§«“¡

√Ÿâ ÷°‡®Á∫ª«¥™π‘¥·√°·µà§ßÕ¬Ÿà‰¥âπ“π°«à“  ·≈–‰¡à “¡“√∂∫Õ°µ”·Àπàß‰¥â

·πàπÕπ   π”‚¥¬„¬ª√– “∑™π‘¥∑’Ë‰¡à¡’ª≈Õ°‰¡Õ’≈‘πÀÿâ¡ (nonmyelated fibre)

®—¥Õ¬Ÿà„π°≈ÿà¡„¬ª√– “∑™π‘¥ ´’ (C)  ´÷Ëß¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 0.2-1.3

‰¡‚§√‡¡µ√   §«“¡‡√Á«„π°“√π”°√–· ª√– “∑ª√–¡“≥ 0.5-3  ‡¡µ√µàÕ

«‘π“∑’  (µ“√“ß∑’Ë 10.1) §«“¡‡®Á∫ª«¥™π‘¥π’È¡—°¡’º≈‡°’Ë¬«¢âÕß°—∫®‘µ„® ·≈–

Õ“√¡≥å¥â«¬

∑’Ë‰¢ —πÀ≈—ß∫√‘‡«≥ dorsal  horn  cell  ¡’°“√·∫àß°≈ÿà¡‡´≈≈åª√– “∑

∑’Ë‡°’Ë¬«¢âÕß°—∫°“√π” —≠≠“≥ª√– “∑™π‘¥‡®Á∫ª«¥ ‰ª Ÿà ¡ÕßÕÕ°‡ªìπ 3 °≈ÿà¡

°≈ÿà¡·√°®–Õ¬Ÿà∫√‘‡«≥ ventrallaminae ∑’Ë 1, 5 (√Ÿª∑’Ë 10.1, 10.2)  ‡´≈≈å

 à«π„À≠à®–∑”Àπâ“∑’Ë√—∫ —≠≠“≥¢Õßµ—«°√–µÿâπ‡°’Ë¬«°—∫°“√∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ

√Ÿª∑’Ë 10.1 · ¥ß°≈ÿà¡‡´≈≈åª√– “∑„π gray matter of C8   (¥—¥·ª≈ß®“°:

¡’™—¬ »√’„ .ª√– “∑°“¬«‘¿“§»“ µ√å. °√ÿß‡∑æ; A.A Press, 2524: 84.)
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·≈–¡—°®–¡’  threshold   ŸßµàÕµ—«°√–µÿâπ™π‘¥æ≈—ßß“π°≈ °≈ÿà¡‡À≈à“π’È®–√—∫

 —≠≠“≥ª√– “∑ ®“°„¬ª√– “∑™π‘¥‡Õ‡¥≈µ“·≈–´’ ‡∑à“π—Èπ  °≈ÿà¡ ÿ¥∑â“¬

Õ¬Ÿà∫√‘‡«≥™—Èπ≈÷°¢Õß™—Èπ∑’Ë  5  ·≈–™—Èπ∑’Ë 4, 6    ´÷Ëß‡´≈≈åª√– “∑™π‘¥π’È ®–

µÕ∫ πÕßµàÕµ—«°√–µÿâπ∑’Ë·√ß ‡™àπ  µ—«°√–µÿâπ™π‘¥æ≈—ßß“π°≈   ‡´≈≈å°≈ÿà¡π’È

‰¡à‡æ’¬ß·µà√—∫ —≠≠“≥ª√– “∑ ®“°„¬ª√– “∑™π‘¥‡Õ‡¥≈µ“ ·≈–´’  ‡∑à“π—Èπ

¬—ß√—∫ —≠≠“≥ª√– “∑®“°„¬ª√– “∑¢π“¥„À≠à™π‘¥‡Õ·Õ≈ø“Õ’°¥â«¬

‡´≈≈åª√– “∑„π™—Èπ¢Õß substantia  gelatinosa  (™—Èπ∑’Ë 2)   ®–µÕ∫

 πÕßµàÕ —≠≠“≥∑’Ë‡°’Ë¬«¢âÕß°—∫Õÿ≥À¿Ÿ¡‘·≈–§«“¡‡®Á∫ª«¥™π‘¥æ≈—ßß“π°≈

®“°„¬ª√– “∑‡Õ‡¥≈µ“·≈–´’    ·≈â« àßµàÕ‰ª¬—ß ∑“ß‡¥‘πª√– “∑π”¢÷Èπ‰ª

 Ÿà ¡Õß

¥—ßπ—ÈπÀ≈—ß®“°‡´≈≈åª√– “∑µ—«∑’Ë 1  (1o neurone)  „π√–∫∫

ª√– “∑·≈–ª¡ª√– “∑‰¢ —πÀ≈—ß  (spinal  ganglion)   àß‡ âπ„¬ª√– “∑

‡¢â“ Ÿà‰¢ —πÀ≈—ß∑“ß dorsal root ·≈â«∑Õ¥¢÷Èπ≈ßÀπ÷Ëß√–¥—∫  ·≈–‡°‘¥‡ªìπ∑“ß

‡¥‘πª√– “∑ (Lissaureûs tract)  ́ ÷Ëß¡—°‡°’Ë¬«¢âÕß°—∫√’‡ø≈Á° ǻ‰¢ —πÀ≈—ß  (√Ÿª∑’Ë

√Ÿª∑’Ë 10.2 · ¥ß laminae of Raxed in gray matter of C8 (¥—¥·ª≈ß®“°:

¡’™—¬ »√’„ .ª√– “∑°“¬«‘¿“§»“ µ√å. °√ÿß‡∑æ; A.A Press, 2524: 84.)
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10.3 ·≈– 10.4)   „¬ª√– “∑ à«πÀπ÷Ëß ®–¡’´‘·πª å°—∫‡´≈≈åª√– “∑„π

substantia  gelatinosa   „π™—Èπ¢Õß laminae ∑’Ë 2 ·≈–®–∑Õ¥¢â“¡

·π«°≈“ßµ—«‡©’¬ßÊ∑’Ë anterior white commissure ¢Õß‰¢ —πÀ≈—ß·≈–

‰ª√«¡‡ªìπ lateral  spinothalamic  tract  „π à«π≈à“ß¢Õß lateral funiculus

®“°π—Èπ®–ºà“π¢÷Èπ‰ª¬—ß°â“π ¡Õß√–¥—∫‡¡¥—≈≈“, æÕπ å  ·≈– ¡Õß à«π°≈“ß

√«¡°—∫  ventral spinothalamic  tract   ‡√’¬°«à“ spinolemniscus

µ”·Àπàß∑’Ë ‘Èπ ÿ¥¢Õß spinothalamic tract  π’È   „πªí®®ÿ∫—π ¬—ß∂°‡∂’¬ß°—π

Õ¬Ÿà·µà‡™◊ËÕ«à“ spinothalamic  tract   ‘Èπ ÿ¥∑’Ë  3   ·Ààß§◊Õ   ventral posterior

lateralis (VPL),  posterior  complex  ·≈– intralaminar thalamic nuclei

(„π nucleus  centralis  lateralis)   „¬ª√– “∑®“° VPL  √«¡‡ªìπ  sensory

area (brodmannûs area  3,1,2)  „π parietal lobe  ¢Õß ¡Õß„À≠à´÷Ëß¡—°

√Ÿª∑’Ë 10.3 · ¥ß∑“ß‡¥‘π¢Õß‡ âπª√– “∑·≈–·¢πß„π‰¢ —πÀ≈—ß
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‡°’Ë¬«¢âÕß°—∫§«“¡√Ÿâ ÷°‡®Á∫ª«¥∑’Ë∫Õ°§«“¡√ÿπ·√ß·≈–µ”·Àπàß‰¥â

2. °≈‰°®“°√–∫∫ª√– “∑°≈“ß∑’Ë™à«¬ª√—∫·≈–¬—∫¬—Èß§«“¡‡®Á∫ª«¥ (1)

µ“¡∏√√¡™“µ‘§«“¡√Ÿâ ÷°‡®Á∫ª«¥∑’Ë√à“ß°“¬‰¥â√—∫®“°°“√°√–µÿâπµ—«√—∫

§«“¡√Ÿâ ÷° (receptor) ·≈–∂Ÿ° àß¢÷Èπ‰ª¬—ß ¡Õßπ—Èπ “¡“√∂¬—∫¬—Èß‰¥â  ‚¥¬

 ¡Õß®– àß —≠≠“≥ª√– “∑≈ß¡“¬—∫¬—Èß°“√π”§«“¡√Ÿâ ÷°‡®Á∫ª«¥ ∑’Ë∫√‘‡«≥

‰¢ —πÀ≈—ß   ‡™◊ËÕ«à“¡’°“√À≈—Ëß “√‡§¡’∑’Ë¡’ƒ∑∏‘Ï§≈â“¬¡Õ√åøïπ   ®“°°“√»÷°…“

∑¥≈Õß„π√–¬–À≈—ß Ê   æ∫«à“¡’‡´≈≈åª√– “∑„π ¡Õß´÷Ëß “¡“√∂ √â“ß “√

§≈â“¬Ωîòπæ«° endogenous opiated substance  ‡™àπ enkephalin  ·≈–

endorphin   ´÷Ëß‡°’Ë¬«¢âÕß°—∫  °“√§«∫§ÿ¡°“√≈¥§«“¡‡®Á∫ª«¥„π∑“ß‡¥‘π

ª√– “∑  paleo-spinothalamic,  reticular  formation   ·≈– thalamus

√Ÿª∑’Ë 10.4 · ¥ß°≈ÿà¡ª√– “∑π”¢÷Èπ ¢Õß§«“¡√Ÿâ ÷°‡®Á∫ª«¥·≈–Õÿ≥À¿Ÿ¡‘ (¥—¥·ª≈ß

®“°: Chusid JG. Sensation, chapter 10. Correlative neuroanatomy and functional

neurology, 17th edition. Singapore: Huntsmen, 1979: 197.)
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πÕ°®“°π—Èπ ¬—ßæ∫∑’Ë amygdala, corpus striatum ·≈– hypothalamus

´÷Ëß‡ªìπ à«π¢Õß  limbic  system  ∑”Àπâ“∑’Ë§«∫§ÿ¡¥â“πÕ“√¡≥å   ¡Õß

 à«ππ’È® ÷ß‡°’ Ë¬«¢âÕß°—∫°“√· ¥ßÕÕ° (affective component) ¢Õß

§«“¡‡®Á∫ª«¥ ∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡‚°√∏‡°√’È¬«°√“¥ ·≈–Õ“°“√´÷¡‡»√â“

 ¡Õß  à«π∑ ’ Ëµ ‘¥µ àÕ° —∫  hypothalamus Õ“®‡° ’ Ë¬«¢âÕß° —∫ °“√

‡ª≈’Ë¬π·ª≈ß¢Õß√–∫∫ª√– “∑Õ—µ‚π¡—µ‘  (ANS)   ‡¡◊ËÕ‡°‘¥§«“¡‡®Á∫ª«¥ ‡™àπ

‡Àß◊ËÕÕÕ° Àπâ“´’¥ ·≈–§«“¡¥—π‚≈À‘µ‡ª≈’Ë¬π·ª≈ß  πÕ°®“°π—Èπ opiated

receptors  ¬—ßæ∫∑’Ë∫√‘‡«≥‡´≈≈å substantia gelatinosa (SG) ¢Õß  dorsal

horn ¢Õß‰¢ —πÀ≈—ß‚¥¬  enkephalin  ®–°√–µÿâπ  inhibitory interneurone

„π dorsal horn  ´÷Ëß∑”Àπâ“∑’Ë¬—∫¬—Èß  ùT-cellû  ∑’Ë‰¢ —πÀ≈—ß  §«“¡‡®Á∫ª«¥

∑’Ëπ”‚¥¬„¬ª√– “∑™π‘¥‡Õ‡¥≈µ“ ·≈– ́ ’  ∂Ÿ°°√–µÿâπ∑”„Àâ‡°‘¥°“√À≈—Ëß “√  P

( “√∑’Ë„Àâ‡°‘¥§«“¡‡®Á∫ª«¥) ∫√‘‡«≥ laminae ∑’Ë 1  ·≈–∫√‘‡«≥  enkephalin

receptors ´÷ Ëß°√–®“¬Õ¬Ÿà∫√‘‡«≥  substantia  gelatinosa (SG)

√Ÿª∑’Ë 10.5 · ¥ßµ”·Àπàß opiate receptor ∑’Ë∫√‘‡«≥‰¢ —πÀ≈—ß

(¥—¥·ª≈ß®“°: Yiannikas C, Shahani BT. Painful sequelae of injuries

to peripheral nerves, special review. Am J Phys Med 1984; 63(2): 64.)
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√à“ß°“¬®–æ¬“¬“¡¬—∫¬—Èß§«“¡‡®Á∫ª«¥π’È ‚¥¬ ¡Õß®– —Ëß„ÀâÀ≈—Ëß “√ ®”æ«°

enkephalin ÕÕ°¡“ ‡æ◊ËÕ¬—∫¬—Èß°“√ª≈àÕ¬ “√ P ®“°ª≈“¬ª√– “∑™π‘¥  ‡Õ

‡¥≈µ“ ·≈–  ´’  (√Ÿª∑’Ë 10.5)

3. ∑ƒ…Æ’∑’ËÕ∏‘∫“¬‡°’Ë¬«°—∫°“√≈¥§«“¡‡®Á∫ª«¥

∑ƒ…Æ’∑’ËÕ∏‘∫“¬‡°’Ë¬«°—∫°“√§«“¡‡®Á∫ª«¥„πªí®®ÿ∫—π ¬—ß‰¡à “¡“√∂

 √ÿª‰¥â«à“∑ƒ…Æ’„¥∂Ÿ°µâÕß∑’Ë ÿ¥ Õ¬à“ß‰√°Áµ“¡ ∑ƒ…Æ’∑’Ë¡’ºŸâÕâ“ßÕ‘ß‡ ¡ÕÊ æÕ

 √ÿª‰¥â¥—ßπ’È

3.1 ∑ƒ…Æ’‡°’Ë¬«°—∫ “√Ωîòπ„π√à“ß°“¬ (Opiate control theory) (4)

¥—ß‰¥â°≈à“«¡“·≈â«   °≈‰°°“√§«∫§ÿ¡®“° ¡Õß ‡æ◊ËÕ°“√¬—∫¬—Èß§«“¡

√Ÿª∑’Ë 10.6 · ¥ß°“√‡°‘¥ presynaptic inhibition „π substaintia gelatinosa ∑’Ë‰¢ —πÀ≈—ß
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‡®Á∫ª«¥∑’Ë√–∫∫ª√– “∑√Õ∫πÕ°π—Èπ‡°’Ë¬«¢âÕß°—∫ “√Ωîòπ„π√à“ß°“¬ ®“°º≈

°“√»÷°…“„πªí®®ÿ∫—π  “¡“√∂µ√«®æ∫ “√Ωîòπæ«°  enkephalin   ∑’Ë∫√‘‡«≥

substantia  gelatinosa  “√™π‘¥π’È∑”Àπâ“∑’Ë¬—∫¬—Èß°“√∑”ß“π ¢Õß T-cell

´÷Ëß‡ªìπ‡´≈≈åª√– “∑µ—«∑’Ë 2   (2o neurone) „π°“√π” —≠≠“≥ª√– “∑‰ª

¬—ß ¡Õß  Opiate control theory  °≈à“««à“  ∂â“¡’°“√°√–µÿâπ∑’Ë„¬ª√– “∑

¢π“¥„À≠à¥â«¬°√–· ‰øøÑ“ À√◊Õµ—«°√–µÿâπÕ◊Ëπ ‡™àπ °“√°¥®ÿ¥ (acupres-

sure) °“√‡§≈◊ËÕπ‰À« (mobilization) ·≈–°“√Ωíß‡¢Á¡ (acupuncture)

®–¡’º≈‰ª°√–µÿâπ°“√À≈—Ëß “√Ωîòπæ«°  enkephalin  ∑’Ë∫√‘‡«≥  substantia

gelatinosa   ·≈â« “√ enkephalin  ∑’Ë∂Ÿ°ª≈àÕ¬ÕÕ°¡“π’È  ®–‰ª√«¡µ—«°—∫

µ—«√—∫  (opiated  receptors) ∑’Ëº‘«¢Õß„¬ª√– “∑¢π“¥‡≈Á° ∫√‘‡«≥ presynaptic

junction  ∑”„Àâ‡°‘¥»—°¬å‰øøÑ“ excitatory postsynaptic  potential (EPSP)

∑’Ë®ÿ¥π’È°àÕπ  ¥—ßπ—Èπ ∑’Ë®ÿ¥´‘·πª å¢Õß„¬ª√– “∑¢π“¥‡≈Á°  ́ ÷Ëß¡’°“√À≈—Ëß “√  P

®–‡°‘¥»—°¬å‰øøÑ“‰¡à‡æ’¬ßæÕ∑’Ë®–‡°‘¥depolarization  „π‡´≈≈åÕ◊ËπÊµàÕ‰ª‰¥â

 —≠≠“≥ª√– “∑∑’Ëπ”§«“¡√Ÿâ ÷°‡®Á∫ª«¥®÷ß∂Ÿ°Àâ“¡‰«â ‰¡à∂Ÿ° àß‰ª¬—ß ¡Õß∑’Ë®ÿ¥π’È

(√Ÿª∑’Ë 10.6)

ªï §.». 1980  °“√»÷°…“º≈¢Õß°“√Ωíß‡¢Á¡√à«¡°—∫°“√°√–µÿâπ¥â«¬

‰øøÑ“ (electroacupuncture  stimulation) „π°≈â“¡‡π◊ÈÕ‚¥¬ Cheng

∑”„Àâ‡¢“‡™◊ËÕ«à“ °√–·  ÷́Ëß¡’§«“¡∂’ËµË”  4 ‡Œ‘√µ´å     “¡“√∂°√–µÿâπ„Àâ‡°‘¥

°“√À≈—Ëß endorphin „π‰¢ —πÀ≈—ß „π¡‘¥‡∫√π  „π  hypothalamus  ·≈–µàÕ¡

pituitary ·≈–∂â“„™â‰ø´÷Ëß¡’§«“¡∂’Ë 200 ‡Œ‘√µ´å ®–°√–µÿâπ„Àâ‡°‘¥°“√À≈—Ëß “√

serotonin ́ ÷Ëß∑”„Àâ√à“ß°“¬ ∫“¬§≈“¬§«“¡‡®Á∫ª«¥‰¥â °“√»÷°…“¢Õß Cheng

π’È ‡ªìπÀ≈—°∞“π ”§—≠∑’Ë π—∫ πÿπ∑ƒ…Æ’ “√Ωîòπ   „π°“√Õ∏‘∫“¬°≈‰°°“√≈¥

ª«¥¥â«¬°√–· ‰øøÑ“
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3.2 Gate control theory (4)

ªï §.». 1965 Melzach  ·≈–  Wall   ‰¥â‡ πÕ∑ƒ…Æ’‡æ◊ËÕÕ∏‘∫“¬

°≈‰°¢Õß°“√≈¥ª«¥§◊Õ ùGate control theoryû ∑ƒ…Æ’π’È°≈à“«∂÷ß °“√

§«∫§ÿ¡§«“¡‡®Á∫ª«¥‚¥¬ª√–µŸ (gate)  ÷́Ëß∑”Àπâ“∑’Ëª√—∫ —≠≠“≥ª√– “∑

§«“¡√Ÿâ ÷°‡®Á∫ª«¥∑’Ë∂Ÿ° àß¡“®“°µ—«√—∫§«“¡√Ÿâ ÷°  (receptor)   ∑’Ë√–¥—∫‰¢

 —πÀ≈—ß  °àÕπ®– àß¢÷Èπ‰ª¬—ß ¡Õß ∑ƒ…Æ’π’È°≈à“««à“ ‡´≈≈å¢Õß substantia

gelatinosa (SG)  ∫√‘‡«≥ laminae 2 ·≈– 3 ®–∑”Àπâ“∑’Ë‡ ¡◊Õπ°≈‰°

§«∫§ÿ¡ª√–µŸ„π°“√ª√—∫ —≠≠“≥π”‡¢â“°àÕπ àß‰ª¬—ß T-cell (2o neurone)

√Ÿª∑’Ë 10.7 · ¥ß°“√∑”ß“π¢Õß√–∫∫√—∫§«“¡√Ÿâ ÷°‡®Á∫ª«¥∑’Ë∫√‘‡«≥

‰¢ —πÀ≈âß µ“¡ gate control theory (°), ·≈–º—ß· ¥ß°“√¬—È∫¬—Èß°“√

π” —≠≠“≥ª√– “∑∑’Ë T-cell (¢, §)
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´÷Ëß T-cell  π’È ®–∑”Àπâ“∑’Ë àß —≠≠“≥ª√– “∑®“°‰¢ —πÀ≈—ß∫√‘‡«≥ dorsal

horn ‰ª¬—ß ¡Õß „¬ª√– “∑∑’Ëπ” —≠≠“≥®“°√–∫∫ª√– “∑√Õ∫πÕ° ¡’∑—Èß

„¬ª√– “∑¢π“¥„À≠à (Aα)  ·≈–„¬ª√– “∑¢π“¥‡≈Á°  (Aδ, C)  ´÷Ëßµà“ß

°Á àß —≠≠“≥ª√– “∑¡“¬—ß ùT-cellû ·≈–¡’·¢πß‰ª¬—ß SG ‚¥¬∑’Ë„¬ª√– “∑

¢π“¥„À≠à∑”Àπâ“∑’Ë°√–µÿâπ  à«π„¬ª√– “∑¢π“¥‡≈Á° ∑”Àπâ“∑’Ë¬—∫¬—Èß°“√

∑”ß“π¢Õß SG ́ ÷Ëß¡’º≈‰ª¬—∫¬—Èß°“√∑”ß“π¢Õß  T-cell (√Ÿª∑’Ë 10.7°) ¥—ßπ—Èπ

∂â“‡°‘¥°“√°√–µÿâπ∑’Ë„¬ª√– “∑„À≠à°Á®–¡’º≈∑”„Àâ‡´≈≈å∫√‘‡«≥ SG ∂Ÿ°

°√–µÿâπ¥â«¬  ´÷Ëß®– àßº≈„Àâ‡°‘¥°“√¬—∫¬—Èß T-cell „π°“√ àß —≠≠“≥ª√– “∑

‰ª¬—ß ¡Õß (ª√–µŸ∂Ÿ°ªî¥)  „π∑”πÕß‡¥’¬«°—π ∂â“À“°¡’°“√°√–µÿâπ∑“ß„¬

ª√– “∑¢π“¥‡≈Á° (√Ÿª∑’Ë 10.7¢) ∑”„Àâ‡°‘¥°“√¬—∫¬—Èß‡´≈≈å ∫√‘‡«≥ SG ÷́Ëß

 àßº≈„Àâ‰ª¬—∫¬—Èß °“√¬—∫¬—Èß∑’Ë T-cell (ª√–µŸ∂Ÿ°‡ªî¥)  —≠≠“≥ª√– “∑

§«“¡√Ÿâ ÷°‡®Á∫ª«¥ “¡“√∂ºà“π‰ª¬—ß ¡Õß ®÷ß√Ÿâ ÷°‡®Á∫ª«¥   ·µà‡¡◊ËÕ¡’°“√

°√–µÿâπ Õ“®‡ªìπµ—«°√–µÿâπ‰øøÑ“ À√◊Õµ—«°√–µÿâπ™π‘¥æ≈—ßß“π°≈ ‡™àπ  °“√

°√–µÿâπ¥â«¬‰øøÑ“À√◊Õ°“√°¥®ÿ¥∑’Ë∫√‘‡«≥„¬ª√– “∑ ¢π“¥„À≠à   —≠≠“≥

ª√– “∑®–∂Ÿ° àß‰¥â‡√Á«°«à“ ‡æ◊ËÕ‰ª¬—∫¬—Èß°“√π” —≠≠“≥ ª√– “∑∑’Ë T-cell

∑”„Àâ —≠≠“≥ª√– “∑§«“¡√Ÿâ ÷°‡®Á∫ª«¥∑’Ë∂Ÿ° àß¡“µ“¡„¬ª√– “∑¢π“¥‡≈Á°

®–∂Ÿ°¬—∫¬—Èß (¥—ß√Ÿª∑’Ë 10.7§) ¥â«¬‡Àµÿπ’È ®÷ß¡—°æ∫«à“   Õ“°“√ª«¥®“°°“√

∂Ÿ°™πÀ√◊Õ°√–·∑√° ®–∑ÿ‡≈“≈ß¥â«¬°“√°¥·√ßÊ∫√‘‡«≥¥—ß°≈à“«

·∫∫®”≈Õß¢Õß Gate control theory (√Ÿª∑’Ë 10.8°) ¬—ß‰¡à “¡“√∂

Õ∏‘∫“¬°≈‰°¢Õß°“√≈¥ª«¥‰¥âÕ¬à“ß°√–®à“ßπ—°    ª√–°Õ∫°—∫‰¥â¡’À≈—°∞“π

„À¡àÊ ∑“ßª√– “∑ √’√«‘∑¬“‡æ‘Ë¡¢÷Èπ  °≈à“«§◊Õ‡´≈≈å∑’Ë  substantia  gelationsa

 “¡“√∂∑”Àπâ“∑’Ë‰¥â∑—Èßµ—«°√–µÿâπ  ·≈–µ—«¬—∫¬—Èß T-cell ‰¥â   à«π‡´≈≈å∑’Ë∑”

Àπâ“∑’Ë¬—∫¬—Èßπ—Èπ  Õ“®®–‡ªìπ‰¥â∑—Èß°“√¬—∫¬—Èß∑’Ë presynaptic ·≈–  postsynaptic
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À√◊Õ∑—Èß ÕßÕ¬à“ß√à«¡°—π  πÕ°®“°π—Èπ °“√¬—∫¬—ÈßÕ“®‡°‘¥®“°°“√  projection

¢Õß ¡Õß à«π°â“π ¡Õß‰¥â√—∫ —≠≠“≥ª√– “∑∫“ß à«π  (´÷Ëß “¡“√∂ºà“π

Gate ‰ª‰¥â)  ·≈â« àß°≈—∫≈ß¡“¬—∫¬—Èß∑’Ë®ÿ¥¥—ß°≈à“«  ¥—ßπ—Èπ „πªï §.». 1982

Melzack  ·≈– Wall ®÷ß‰¥â‡ πÕ·∫∫®”≈Õß¢Õß Gate control theory „À¡à

(¥—ß√Ÿª∑’Ë 10.8¢)

°“√¬—∫¬—Èß§«“¡‡®Á∫ª«¥ ´÷ËßÕ∏‘∫“¬µ“¡  Gate  control theory Õ“®

°≈à“«‰¥â¥—ßπ’È §◊Õ µ—«°√–µÿâπ ‡™àπ  °√–· ‰øøÑ“®–‰ª°√–µÿâπ‡ âπª√– “∑

¢π“¥„À≠à´÷Ëßπ” —≠≠“≥ª√– “∑‰¥â‡√Á«°«à“„πª√– “∑¢π“¥‡≈Á°    ∑”„Àâ

‡°‘¥°“√ªî¥ª√–µŸ„π°“√π” —≠≠“≥§«“¡‡®Á∫ª«¥¢Õß„¬ª√– “∑¢π“¥‡≈Á°

 Ÿà ¡Õß  ·µà°≈‰°π’È°Á¬—ß‰¡à “¡“√∂Õ∏‘∫“¬∂÷ßº≈¢Õß°“√≈¥ª«¥∑’ËÕ¬ŸàÀà“ß‰°≈

®“°µ—«°√–µÿâπ ·≈–√–¬–‡«≈“¢Õß°“√≈¥ª«¥‚¥¬‡©æ“–„π√“¬∑’Ë¡’Õ“°“√ª«¥

‡√◊ÈÕ√—ß

3.3 ∑ƒ…Æ’‡°’Ë¬«°—∫°“√ª√—∫µ—«¢Õß√–∫∫ª√– “∑Õ—µ‚π¡—µ‘ (4)

(Somato-Sympathetic reflex theory)

√Ÿª∑’Ë 10.8 · ¥ß·∫∫®”≈Õß gate control theory (°) ªï §.». 1965 ·≈– (¢) ªï

§.». 1982 (¥—¥·ª≈ß®“°:  Wong JY, Rapson LW. How does TENS work?.

TENS. Canada, 1983: 34.)
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 ‘Ëß‡√â“∑“ßøî ‘° å  ‡™àπ  §«“¡√âÕπ  · ß  ‡ ’¬ß   ‚¥¬‡©æ“–‰øøÑ“π—Èπ

¡’ à«π∑”„Àâ‡°‘¥°“√µÕ∫ πÕß¢Õß√–∫∫ª√– “∑ ·≈–°≈â“¡‡π◊ÈÕ  ‚¥¬‡©æ“–

Õ¬à“ß¬‘ËßµàÕ√–∫∫ª√– “∑Õ—µ‚π¡—µ‘ ‡™àπ °“√¢¬“¬µ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥ ‡ªìπµâπ

∑ƒ…Æ’π’È°≈à“««à“ §«“¡‡®Á∫ª«¥∑’Ë‡°‘¥¢÷Èπ„π°≈â“¡‡π◊ÈÕπ—Èπ ‡π◊ËÕß®“°¡’°“√

§—Ëß§â“ß¢Õß “√æ«°  kinnin „π°≈â“¡‡π◊ÈÕ®“°°“√‡°√Áß§â“ß  (muscle spasm)

π“π Ê   °“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“¡’º≈∑”„Àâ‡°‘¥°“√¢¬“¬µ—«¢Õß‡ âπ‡≈◊Õ¥

‡æ‘Ë¡°“√‰À≈‡«’¬π∫√‘‡«≥π—Èπ¡“°¢÷Èπ ¢Õß‡ ’¬∫√‘‡«≥¥—ß°≈à“«®–∂Ÿ°¢®—¥‰ª

Õ¬à“ß√«¥‡√Á« ·≈–‡ªìπ°“√‡æ‘Ë¡Õ—µ√“‡¡·∑∫Õ≈‘´÷¡ ∑’Ë∫√‘‡«≥π’ÈÕ’°¥â«¬ ∑”„Àâ

§«“¡‡®Á∫ª«¥≈¥≈ß πÕ°®“°π—Èπ ¬—ß‡™◊ ËÕ«à“‡°‘¥®“°º≈§«“¡æ÷ßæÕ„®

‡π◊ËÕß®“°‰¥â√—∫°“√¥Ÿ·≈ (placebo effect) Õ’°¥â«¬

4. °“√√—°…“§«“¡‡®Á∫ª«¥∑“ß°“√·æ∑¬å (1)

°“√√—°…“§«“¡‡®Á∫ª«¥¢÷Èπ°—∫™π‘¥·≈–§«“¡√ÿπ·√ß¢Õß§«“¡‡®Á∫ª«¥

°≈à“« §◊Õ „π√“¬∑’Ë¡’Õ“°“√ª«¥√ÿπ·√ß¡“°®πºŸâªÉ«¬∑π‰¡à‰À« À√◊Õ„π°√≥’∑’Ë

¡’Õ“°“√ª«¥√à«¡°—∫§«“¡º‘¥ª°µ‘Õ◊ËπÊ §«√®–µâÕßæ‘®“√≥“√—°…“µ“¡Õ“°“√

ºŸâªÉ«¬∑’Ë¡’§«“¡‡®Á∫ª«¥´÷Ëß√Ÿâ “‡Àµÿ·πàπÕπ ‡™àπ √“¬∑’Ë¡’°“√‡®Á∫ª«¥®“°  neu-

roma  À√◊Õ‡°‘¥°“√¬÷¥√—Èß¢Õß·º≈‡ªìπÕ“®µâÕß∑”°“√ºà“µ—¥·°â‰¢§«“¡º‘¥

ª°µ‘π—Èπ Ê  ®÷ß “¡“√∂¢®—¥§«“¡‡®Á∫ª«¥‰¥â     «‘∏’°“√√—°…“§«“¡‡®Á∫ª«¥

„π√–¬–À≈—ßπ’È‰¥â¡’°“√æ—≤π“‰ª¡“° ‰¡à«à“®–‡ªìπ„π¥â“πÕ“¬ÿ√°√√¡,   »—≈¬°√√¡

·≈–∑“ß°“¬¿“æ∫”∫—¥ (√Ÿª∑’Ë 10.9)

4.1 ∑“ßÕ“¬ÿ√°√√¡

°“√√—°…“§«“¡‡®Á∫ª«¥∑“ßÕ“¬ÿ√°√√¡¡—°®–‡πâπ∑“ß¥â“π°“√„Àâ¬“√–ß—∫
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√ Ÿª∑’ Ë  10.9 · ¥ßº—ß°“√∫”∫—¥§«“¡‡®Á∫ª«¥∑“ß°“√·æ∑¬å

(¥—¥·ª≈ß®“°: Yiannikas C, Shahani BT. Painful sequelae of injuries

to peripheral nerves, special review. Am J Phys Med 1984; 63(2): 72.)
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ª«¥ ´÷Ëß¬“√–ß—∫ª«¥Õ“®®–‡ªìπ°≈ÿà¡∑’Ë‰¡à‡°‘¥°“√‡ æµ‘¥  ‡™àπ  aspirin   pa-

racetamal À√◊Õ°≈ÿà¡∑’Ë∑”„Àâ‡°‘¥°“√‡ æµ‘¥ ‡™àπ  morphine  °Á‰¥â   πÕ°®“°π—Èπ

¬“°≈àÕ¡ª√– “∑∫“ß™π‘¥°Á¡’º≈∑”„Àâ®‘µ„®ºàÕπ§≈“¬ “¡“√∂≈¥ª«¥‰¥â‡™àπ°—π

4.2 ∑“ß»—≈¬°√√¡

„π°√≥’∑’Ë§«“¡‡®Á∫ª«¥π—Èπ¡’§«“¡√ÿπ·√ß¡“°·≈–§ßÕ¬Ÿàπ“π   ·æ∑¬å

Õ“®„™â«‘∏’√—°…“¥â«¬°“√∑”ºà“µ—¥ ‡™àπ sympathectomy, tractomy,  tha-

lamotomy  ‡æ◊ ËÕµ—¥∑“ß‡¥‘π¢Õß√–∫∫§«“¡‡®Á∫ª«¥∑’Ë®–π”§«“¡√Ÿâ ÷°

‡®Á∫ª«¥¢÷Èπ Ÿà ¡Õß

4.3 °“√Ωíß‡¢Á¡

°“√Ωíß‡¢Á¡ „πªí®®ÿ∫—ππ’È∂◊Õ‡ªìπ‡«™°√√¡·¢πßÀπ÷Ëß∑’Ë ”§—≠·≈–®–µâÕß

Õ¬Ÿà¿“¬„µâ°“√¥Ÿ·≈¢Õß·æ∑¬å‡∑à“π—Èπ   °“√√—°…“¥â«¬«‘∏’°“√Ωíß‡¢Á¡π—Èπ  ‡™◊ËÕ«à“

®–‰ª°√–µÿâπ„Àâ√à“ß°“¬À≈—Ëß “√Ωîòπ‡æ◊ËÕ≈¥§«“¡‡®Á∫ª«¥

4.4 «‘∏’°“√∑“ß°“¬¿“æ∫”∫—¥

«‘∏’°“√∑“ß°“¬¿“æ∫”∫—¥π—Èπ Õ“®®–°√–∑”‰¥â‚¥¬°“√π«¥  °“√¥—¥¥÷ß

°“√ª√–§∫¥â«¬§«“¡√âÕπ ́ ÷Ëß‡ªìπ«‘∏’∑’Ë„™â°—π¡“µ—Èß·µà ¡—¬¬ÿ§À‘πÀ√◊ÕÕ“®„™â√—ß ’

À√◊Õ§≈◊Ëπ§«“¡√âÕπ (infrared)  §≈◊Ëπ‡Àπ◊Õ‡ ’¬ß (ultrasonic) §≈◊Ëπ

·¡à‡À≈Á°‰øøÑ“ (short wave diathermy, microwave diathermy)

·≈–§≈◊Ëπ· ß‡≈‡´Õ√å    πÕ°®“°π—Èπ ¬—ß “¡“√∂„™â‡§√◊ËÕß°√–µÿâπ‰øøÑ“  ´÷Ëß„Àâ

°√–· ‰øøÑ“™π‘¥µà“ßÊ „π°“√∫”∫—¥√—°…“§«“¡‡®Á∫ª«¥ ´÷Ëß®–°≈à“«µàÕ‰ª
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5. °“√°√–µÿâπ¥â«¬°√–· ‰øøÑ“‡æ◊ËÕ°“√≈¥ª«¥ (5)

°“√„™â°√–· ‰øøÑ“§«“¡∂’ËµË”‡æ◊ËÕ°“√≈¥ª«¥π—Èπ‰¥â°√–∑”°—π¡“µ—Èß·µà

 ¡—¬°√’°‚∫√“≥ (600 ªï°àÕπ§√‘ µå»—°√“™) Scribonius Largus ‰¥âπ”‡Õ“

°√–· ‰øøÑ“®“°ª≈“‰À≈‰øøÑ“ ·≈–ª≈“∫“ß™π‘¥ (torpedo)  ´÷Ëß “¡“√∂„Àâ

°√–· ‰øøÑ“¡“°√–µÿâπºà“πº‘«Àπ—ß„π°“√√—°…“‚√§‡°ä“∑å   µàÕ¡“ Galvani

‰¥â∑¥≈Õß„™â°√–· ‰øµ√ß°√–µÿâπ√–∫∫ª√– “∑ ·≈–„π∑»«√√…∑’Ë 1830 Fara-

day  “¡“√∂º≈‘µ°√–· ‰øøÑ“ ‡æ◊ËÕ∑¥·∑π°√–· ‰øøÑ“®“°∏√√¡™“µ‘‰¥â ”‡√Á®

®÷ß‰¥â¡’°“√æ—≤π“°√–· ‰øøÑ“‡æ◊ËÕ°“√√—°…“µàÕ Ê ¡“µ“¡≈”¥—∫

„πªí®®ÿ∫—π°√–· ‰øøÑ“∑’Ëπ‘¬¡„™â≈¥ª«¥´÷Ëß‡ªìπ∑’Ë√Ÿâ®—°°—π¥’°Á§◊Õ °√–· 

Transcutaneous Eletrical Nerve Stimulation (TENS) ´÷Ëß¡’°“√

ª√–¬ÿ°µå„™â°—πÕ¬à“ß°«â“ß¢«“ß∑—Èß∑“ß»—≈¬·æ∑¬å  ∑—πµ·æ∑¬å   Ÿµ‘π√’·æ∑¬å

·≈–«‘ —≠≠’·æ∑¬å „π§«“¡‡ªìπ®√‘ß·≈â«°√–·  TENS ‰¡à‰¥â¡’§«“¡·µ°µà“ß

®“°°√–·  §«“¡∂’ËµË”™π‘¥°√–· ‰øµ√ß™π‘¥‡ªìπ™à«ßÊ ∑’Ë„™â∑“ß°“¬¿“æ∫”∫—¥

‡æ’¬ß·µà°√–· ™π‘¥π’È∂Ÿ°¥—¥·ª≈ß„Àâ¡’™à«ß°“√°√–µÿâπ —Èπ (πâÕ¬°«à“ 0.5

¡‘≈≈‘«‘π“∑’) ‡æ◊ËÕÀ«—ßº≈„π°“√≈¥ª«¥  °√–· §«“¡∂’ËµË”∑“ß°“¬¿“æ∫”∫—¥

™π‘¥Õ◊Ëπ Ê  °Á “¡“√∂„™â≈¥ª«¥‰¥â ‡™àπ §ÿ≥ ¡∫—µ‘¢—È«°√–µÿâπ∫«°¢Õß°√–· 

·°≈·«π‘° (¥Ÿ ∫∑∑’Ë 4)  À√◊Õ°√–·   IDC    ·≈– °√–· ‰øø“√“¥‘° ∂â“

ª√—∫™à«ß°“√°√–µÿâπ·≈–§«“¡∂’Ë„Àâ‡À¡“– ¡°Á “¡“√∂≈¥ª«¥‰¥â‡™àπ°—π

°√–· ‰¥Õ–‰¥π“¡‘° å °Á‡ªìπÕ’°™π‘¥Àπ÷Ëß´÷Ëß„™â≈¥§«“¡‡®Á∫ª«¥   πÕ°®“°

π—Èπ¬—ß‰¥â¡’°“√π”‡Õ“°√–·   ≈—∫¡“ª√–¬ÿ°µå„™â„π°“√°√–µÿâπ°≈â“¡‡π◊ÈÕ ·≈–

≈¥ª«¥ ÷́Ëß¡’™◊ËÕ ‡√’¬°«à“  °√–·  Õ‘π‡µÕ√å‡øÕ‡√π‡™’¬≈ (interferencial current)

°√–· ‰øµ√ß»—°¬å Ÿß   (high voltage  current)  ‡ªìπ°√–· ∑’Ëæ—≤π“®“°

°√–·  TENS  „™â≈¥ª«¥ ·≈–°√–µÿâπ°≈â“¡‡π◊ÈÕ´÷ËßÕ¬Ÿà≈÷°Ê ‰¥â  °√–· ™π‘¥π’È
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¬—ß‡ªìπ°√–· ∑’Ë§àÕπ¢â“ß„À¡à ”À√—∫ª√–‡∑»‡√“ ®÷ß¬—ß‰¡à§àÕ¬·æ√àÀ≈“¬π—°

5.1 ¢âÕ∫àß™’È·≈–¢âÕ§«√√–«—ß„π°“√„™â°√–· ‰øøÑ“„π°“√≈¥ª«¥ (5)

°“√≈¥ª«¥¥â«¬°√–· ‰øøÑ“π—Èπ ‡À¡“–∑’Ë®–≈¥ª«¥∑—Èß  „π√“¬∑’Ë¡’Õ“°“√

ª«¥™π‘¥‡©’¬∫æ≈—π ·≈–ª«¥‡√◊ÈÕ√—ß ‡™àπ „π√“¬∑’Ë¡’°“√∫“¥‡®Á∫ ®“°°“√‡≈àπ

°’Ã“  ¢âÕ·æ≈ß ª«¥√â“«µ“¡‡ âπª√– “∑ (neuralgia)  ºŸâªÉ«¬¿“¬À≈—ßºà“µ—¥

Õ“°“√ª«¥‡√◊ÈÕ√—ß ÷́Ëß¡’ “‡Àµÿ¡“®“°°√–¥Ÿ° ·≈–°≈â“¡‡π◊ÈÕ  °“√ª«¥»’√…– ‡ªìπµâπ

ªí®®—¬∑’Ë∑”„Àâº≈°“√√—°…“¥â«¬°√–· ‰øøÑ“‰¥âº≈¥’π—Èπ  ¡‘„™à¢÷Èπ°—∫°“√‡≈◊Õ°¢π“¥

™π‘¥¢Õß°√–· ‰ø ·≈–µ”·Àπàß°“√«“ß¢—È«°√–µÿâπ‡∑à“π—Èπ  ·µà¬—ß¢÷Èπ°—∫°“√

ª√–‡¡‘πº≈  °“√«‘π‘®©—¬ ·≈–°“√À“ “‡Àµÿ¢Õß‚√§∑’Ë∂Ÿ°µâÕßÕ’°¥â«¬

¢âÕ§«√√–«—ß„π°“√„™â°√–· ‰øøÑ“‡æ◊ËÕ°“√≈¥ª«¥π—Èπ    °Á§≈â“¬°—∫

¢âÕ§«√√–«—ß„πºŸâªÉ«¬∑’Ë„™â°√–· §«“¡∂’ËµË”∑—Ë«‰ª ‡™àπ „πºŸâªÉ«¬‚√§À—«„®∑’Ë„ à

‡§√◊ËÕß§«∫§ÿ¡®—ßÀ«–°“√‡µâπ¢ÕßÀ—«„® (pace makers)  Õ“®®–µâÕß¡’°“√

«—¥§≈◊Ëπ‰øøÑ“À—«„®√à«¡¢≥–∑”°“√°√–µÿâπ  πÕ°®“°π—Èπ °“√‡≈◊Õ°„™â°√–· ‰ø

·≈–‡∑§π‘§°√–µÿâπ°Á‡ªìπ ‘Ëß∑’Ë§«√§”π÷ß∂÷ß ‡™àπ  °√≥’∑’Ë„™â≈¥ª«¥¥â«¬°√–· 

‰¥Õ–‰¥π“¡‘°  §«√§”π÷ß∂÷ßªØ‘°‘√‘¬“‡§¡’„µâ¢—È«  ´÷Ëß¡—°∑”„Àâ‡°‘¥°“√√–§“¬

µàÕº‘«Àπ—ß  °“√„™â°√–·   TENS  Õ“®®–∑”„Àâ‡°‘¥§«“¡¥—π≈¥≈ßÕ¬à“ß

√«¥‡√Á«„π°√≥’∑’Ë¢—È«°√–µÿâπ‰ª°√–µÿâπ∂Ÿ°∫√‘‡«≥ carotid sinus  À√◊Õ„π°√≥’

¢Õß°“√„™â°√–· ‰øµ√ß»—°¬å ŸßÕ“®®–µâÕß§”π÷ß∂÷ßª√‘¡“≥°√–· ∑’Ë„™â°√–µÿâπ

‡ªìπµâπ

5.2 À≈—°°“√«“ß¢—È«‰øøÑ“‡æ◊ËÕ°√–µÿâπ°“√≈¥ª«¥

°“√≈¥ª«¥¥â«¬°√–· ‰øøÑ“π—Èπ   ¡’¢âÕ‰¥â‡ª√’¬∫°«à“«‘∏’°“√≈¥ª«¥
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™π‘¥Õ◊Ëπ Ê ‡π◊ ËÕß®“° ‡ªìπ™π‘¥∑’Ë„™â¿“¬πÕ° (noninvasive)  ·≈–

°√–∫«π°“√°Á‰¡à´—∫´âÕπ   ´÷Ëß “¡“√∂„™â‰¥â∑—Èß °“√≈¥ª«¥·∫∫‡©’¬∫æ≈—π

·≈–·∫∫‡√◊ÈÕ√—ß  À≈—°°“√‡≈◊Õ°µ”·Àπàß¢Õß°“√«“ß¢—È«‰øøÑ“π—Èπ  §«√µ—ÈßÕ¬Ÿà

∫π√“°∞“π∑“ß°“¬«‘¿“§»“ µ√å·≈–∑“ß √’√«‘∑¬“ πÕ°®“°π—Èπ §«√®–µâÕß

µ√–Àπ—°∂÷ß “‡Àµÿ¢Õß‚√§, Õ«—¬«–∑’Ë‡°‘¥‚√§ ·≈–≈—°…≥–¢Õß§«“¡‡®Á∫ª«¥

¥—ß∑’Ë∑√“∫°—π·≈â««à“  §«“¡‡®Á∫ª«¥∫“ß™π‘¥Õ“®®–√Ÿâ ÷°‡©æ“–∫√‘‡«≥∑’Ë¡’

§«“¡º‘¥ª°µ‘  À√◊ÕÕ“®®–‡ªìπ°“√ª«¥√â“« ª«¥Õâ“ß À√◊Õª«¥µŸà (refered

pain)   ´÷Ëß¡’ “‡Àµÿ¡“®“°Õ«—¬«– ¿“¬„π À√◊ÕÕ“®®–‡ªìπº≈®“°Õ«—¬«– à«π

∑’ËÕ¬Ÿà‰°≈ÕÕ°‰ª¡“°Ê ´÷Ëß¡—°®–æ∫‰¥â∫àÕ¬Ê „πºŸâªÉ«¬∑’Ë¡’°“√°¥∑—∫√“°

ª√– “∑∫√‘‡«≥§Õ  À√◊Õ‚√§À—«„®·≈â«¡’°“√ª«¥√â“«≈ß¡“∑’Ë·¢π ‡ªìπµâπ ‚¥¬

∑—Ë«‰ª·≈â«µ”·Àπàß¢Õß°“√«“ß¢—È«°√–µÿâπ‰øøÑ“‡æ◊ËÕ°“√≈¥ª«¥ ́ ÷Ëß Mannhe-

imer(6) ‰¥â √ÿª‰«ââ¥—ßπ’È

√Ÿª∑’Ë 10.10 · ¥ß°“√«“ß¢—È«°√–µÿâπ∫√‘‡«≥∑’Ë¡’Õ“°“√‡®Á∫ª«¥
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5.2.1 «“ß∑’Ë∫√‘‡«≥∑’Ë¡’Õ“°“√‡®Á∫ª«¥ (painful region)

«‘∏’°“√π’È‡ªìπ°“√«“ß¢—È«°√–µÿâπ‰øøÑ“≈ß∫√‘‡«≥∑’Ë¡’®ÿ¥‡®Á∫ À√◊Õ∫√‘‡«≥∑’Ë

¡’Õ“°“√‡®Á∫ ·≈–∑’Ë„°≈â‡§’¬ß  ´÷Ëß∫√‘‡«≥∑’Ë«“ß¢—È«·≈–√Õ∫Êπ—Èπ  Õ“®‰¡à¡’§«“¡

 —¡æ—π∏å°—∫‚√§À√◊Õ≈—°…≥–§«“¡‡®Á∫ª«¥π—ÈπÊ‡≈¬   µ—«Õ¬à“ß‡™àπ °“√≈¥

ª«¥¥â«¬°√–·  TENS „πºŸâªÉ«¬À≈—ßºà“µ—¥®–°√–∑”‚¥¬°“√«“ß¢—È«°√–µÿâπ

‰øøÑ“ (sterile electrode) √Õ∫Ê·º≈ºà“µ—¥ ‡ªìπµâπ (√Ÿª∑’Ë 10.10)

5.2.2 «“ß∑’Ë®ÿ¥‡©æ“– (specific points)

®ÿ¥‡©æ“–¢Õß°“√«“ß¢—È«π’ÈÕ“®®–‡ªìπ®ÿ¥∑’Ë„™âΩíß‡¢Á¡   ®ÿ¥¡Õ‡µÕ√åÀ√◊Õ

®ÿ¥°¥‡®Á∫ ®“°°“√»÷°…“„πªí®®ÿ∫—π Õ“®°≈à“«‰¥â«à“®ÿ¥µà“ßÊ ‡À≈à“π’È¡—°‡ªìπ

®ÿ¥‡¥’¬«°—π À√◊Õ„°≈â‡§’¬ß°—π ‡™àπ ®ÿ¥¡Õ‡µÕ√å Õ“®®–‡ªìπ®ÿ¥‡¥’¬«°—π°—∫®ÿ¥

√Ÿª∑’Ë 10.11 · ¥ß°“√«“ß¢—È«°√–µÿâπ∫√‘‡«≥®ÿ¥‡©æ“– (¥—¥·ª≈ß®“°:  Wong

JY, Rapson LW. How does TENS work?. TENS. Canada, 1983: 98-9.)
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°¥‡®Á∫¢Õß myotome ¢ÕßÀ≈—ß à«π≈à“ß ́ ÷Ëß°Á¡—°®–‡ªìπ®ÿ¥‡¥’¬«°—π°—∫®ÿ¥Ωíß‡¢Á¡

·≈–®ÿ¥Ωíß‡¢Á¡À≈“¬®ÿ¥°Á¡—°®–‡ªìπ®ÿ¥·¬° “¢“¢Õß‡ âπª√– “∑√Õ∫πÕ°∑’Ë

Õ¬Ÿàµ◊ÈπÊ  ´÷Ëß°Á§◊Õ®ÿ¥¡Õ‡µÕ√å¢Õß‡ âπª√– “∑π—Ëπ‡Õß  Õ¬à“ß‰√°Áµ“¡  æ∫«à“

∂â“«“ß¢—È«‰øøÑ“∫π∫√‘‡«≥®ÿ¥´÷ËßÕ¬Ÿàµ◊Èπ‡À≈à“π’È ®–¡’§«“¡µâ“π∑“π‰øøÑ“µË”°«à“

√Ÿª∑’Ë 10.12 · ¥ß°“√«“ß¢—È«°√–µÿâπ∫√‘‡«≥ dermatome(¥—¥·ª≈ß ®“°:

Wong JY, Rapson LW. How does TENS work?. TENS. Canada, 1983: 67.)
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∑”„Àâ‰¥âº≈°“√≈¥ª«¥¥’°«à“ (√Ÿª∑’Ë 10.11)

5.2.3 «“ß∑’Ë dermatome

dermatome   §◊Õ ∫√‘‡«≥º‘«Àπ—ß∑’Ë‡≈’È¬ß‚¥¬‡ âπª√– “∑‰¢ —πÀ≈—ß

∑’Ë¡“®“°√–¥—∫‡¥’¬«°—π °“√°√–µÿâπ‡æ◊ËÕ≈¥§«“¡‡®Á∫ª«¥∫√‘‡«≥„¥   Õ“®∑”‰¥â‚¥¬

«“ß¢—È«‰øøÑ“∑’Ë∫√‘‡«≥ dermatome ‡¥’¬«°—∫∑’Ë‡®Á∫ª«¥ (√Ÿª∑’Ë 10.12)

5.2.4 «“ß∑’Ë√–¥—∫‰¢ —πÀ≈—ß (spinal segmental approach)

∑’Ë‰¢ —πÀ≈—ß√–¥—∫µà“ß Ê  ¡’‡ âπª√– “∑∑’Ëπ” —≠≠“≥§«“¡‡®Á∫ª«¥

‡¢â“ Ÿà√–∫∫ª√– “∑°≈“ß  ¥—ßπ—Èπ ®÷ß‡ªìπ®ÿ¥ ”§—≠∑’Ë„™â«“ß¢—È«°√–µÿâπ ‡™àπ ∑’Ë

∫√‘‡«≥ Õß¢â“ß¢Õß spinous process ¢Õß°√–¥Ÿ° —πÀ≈—ß „π√“¬∑’Ë¡’°“√ª«¥

·≈– “¡“√∂∫Õ°µ”·Àπàß∑’Ë·πàπÕπ‰¥â  ¢—È«‰øøÑ“¢—È«Àπ÷ËßÕ“®®–«“ß∑’Ë√–¥—∫‰¢

 —πÀ≈—ß  ·≈–Õ’°¢—È«Àπ÷ËßÕ“®®–«“ß∫π dermatome ‡¥’¬«°—π À√◊Õ«“ß≈ß∫π

®ÿ¥Ωíß‡¢Á¡ ®ÿ¥°¥‡®Á∫  À√◊Õ«“ß∫π®ÿ¥®”‡æ“– ́ ÷Ëßæ∫«à“¡—°®–≈¥ª«¥‰¥â¥’ (√Ÿª∑’Ë

√Ÿª∑’Ë 10.13 · ¥ß°“√«“ß¢—È«°√–µÿâπ∫√‘‡«≥‰¢ —πÀ≈—ß (¥—¥·ª≈ß®“°:  Wong

JY, Rapson LW. How does TENS work?. TENS. Canada, 1983: 104.)
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10.13) Õ¬à“ß‰√°Áµ“¡ „πªí®®ÿ∫—π¡—°„™â‡∑§π‘§°“√«“ß¢—È«°√–µÿâπÀ≈“¬ Ê ™ÿ¥

Õ“®«“ß„π≈—°…≥–√Ÿª∑’Ë 10.14

5.3 ¢—È«°√–µÿâπ‰øøÑ“ ”À√—∫°√–µÿâπ‡æ◊ËÕ√–ß—∫ª«¥ (7)

°“√°√–µÿâπ‡æ◊ËÕ√–ß—∫ª«¥ ¡—°„™â°√–· ∑’Ë¡’™à«ß°√–µÿâπ·§∫  ·≈–¡—°

µâÕß„™â‡«≈“°√–µÿâππ“π (30 π“∑’ - 5 «—π) ¥—ßπ—Èπ ¢—È«°√–µÿâπ‡∑’Ë„™â®÷ß¡—°„™â·∫∫

™π‘¥„™â§√—Èß‡¥’¬« (¥Ÿ∫∑∑’Ë 3) À√◊Õ™π‘¥ sterile µ—«Õ¬à“ß‡™àπ  °√≥’∑’ËµâÕß°“√

°√–µÿâπ‡æ◊ËÕ√–ß—∫ª«¥„πºŸâªÉ«¬À≈—ßºà“µ—¥ ‡ªìπµâπ ·µà„π°√≥’∑’Ë„™â‡«≈“°√–µÿâπ

‰¡àπ“ππ—° °ÁÕ“®„™â™π‘¥·ºàπ¬“ß —ß‡§√“–Àåº ¡ºß‚≈À– Õ¬à“ß‰√°Áµ“¡ °“√

‡≈◊Õ°™π‘¥¢—È«°√–µÿâπ‡æ◊ËÕ≈¥ª«¥§«√§”π÷ß∂÷ßªí®®—¬¥—ßµàÕ‰ªπ’È

1. ∫√‘‡«≥∑’Ë°√–µÿâπ À“°∫√‘‡«≥∑’Ëà°√–µÿâπ‡ªìπ·º≈ºà“µ—¥°Á§«√„™â¢—È«°√–µÿâπ

™π‘¥ sterile ·≈–¡’¢π“¥§àÕπ¢â“ß„À≠à  À√◊Õ∂â“„™â°√–µÿâπ∑’Ë∫√‘‡«≥®ÿ¥

Ωíß‡¢Á¡°ÁÕ“®„™â¢—È«°√–µÿâπ∑’Ë¡’¢π“¥‡≈Á°

√Ÿª∑’Ë 10.14 · ¥ß°“√«“ß¢—È«°√–µÿâπ¡“°°«à“Àπ÷Ëß™ÿ¥
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2. §«“¡æÕ„®¢ÕßºŸâªÉ«¬ ´÷Ëß§«√æ‘®“√≥“∂÷ß‡√◊ËÕß√“§“, °“√ “¡“√∂

π”¡“„™â„À¡à ´÷ËßºŸâªÉ«¬ “¡“√∂®—¥À“‰¥â

3. º‘«Àπ—ß¢ÕßºŸâªÉ«¬ „πºŸâªÉ«¬∫“ß√“¬¡’Õ“°“√·æâ¢—È«Õ¬à“ß¡“°¡—°‡°‘¥

º◊Ëπ À√◊Õ§—π ‚¥¬‡©æ“–∂â“„™â·∫∫·∂«°“«∑’Ë¬÷¥µ‘¥ ´÷Ëß„π°√≥’π’È Õ“®„™â‡ªìπ

·∫∫·ºàπ¬“ß —ß‡§√“–Àå·∑π ‡ªìπµâπ

4. √–¬–‡«≈“∑’Ë„™â  À“°ºŸâªÉ«¬π—ÈπµâÕß„™â√–¬–‡«≈“°√–µÿâπ‡ªìπ‡«≈“π“π

µ‘¥µàÕ°—π‡ªìπ«—π Ê §«√§”π÷ß∂÷ß°“√π”‰øøÑ“ ·≈–°“√¬÷¥µ‘¥¢Õß¢—È«∑’Ë„™â«à“

®–¡’§ÿ≥ ¡∫—µ‘‡À¡◊Õπ‡¥‘¡À√◊Õ‰¡à

6. °“√ª√–‡¡‘πº≈§«“¡‡®Á∫ª«¥(8)

§«“¡√Ÿâ ÷°‡®Á∫ª«¥‡ªìππ“¡∏√√¡  ¢÷Èπ°—∫ª√– ∫°“√≥å¢Õß°“√√—∫√Ÿâ

Õ“√¡≥å ·≈–æ¬“∏‘ ¿“æ¢Õß √à“ß°“¬∑’Ë‰¥â√—∫∫“¥‡®Á∫π—Èπ   ´÷Ëß°“√ª√–‡¡‘πº≈

·≈–∫—π∑÷°º≈§«“¡‡®Á∫ª«¥∑“ß§≈‘π‘°‡ªìπªí≠À“Àπ÷Ëß  „πªí®®ÿ∫—π¡—°„™â pain

questionnaires, pain drawings, verbral ration scales, visual analog

scales ·≈– °“√«—¥‚¥¬µ√ß ‡™àπ °“√„Àâ∑” activity µà“ß Ê   Õ¬à“ß‰√°Áµ“¡

°“√ª√–‡¡‘πº≈§«“¡‡®Á∫ª«¥∑“ß§≈‘π‘° “¡“√∂·∫àß‰¥â‡ªìπ 2 ™π‘¥„À≠à ¥—ßπ’È

6.1.  °“√ª√–‡¡‘π·∫∫π“¡∏√√¡ (subjective method)

6.1.1  pain drawing

°“√„™â pain drawing  ®–„ÀâºŸâªÉ«¬‡¢’¬π√Ÿª‡§√◊ËÕßÀ¡“¬ (¥—ß√Ÿª∑’Ë 10.15)

µà“ß Ê  ‡æ◊ËÕ · ¥ß≈—°…≥–§«“¡‡®Á∫ª«¥≈ß‰ª„π·ºπ¿“æ∑’Ë°”Àπ¥„Àâ  ´÷Ëß

Õ“®„ÀâºŸâ√—°…“‡ªìπºŸâ∫—π∑÷°°Á‰¥â À√◊Õ∫—π∑÷°√à«¡°—π ´÷Ëß¡ÿ¡¡Õß§«“¡‡®Á∫ª«¥
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¢ÕßºŸâ√—°…“·≈–ºŸâ„Àâ°“√√—°…“Õ“®·µ°µà“ß°—π‰¥â

6.1.2  visual analog scales (VAS)

visual analog scales ‡ªìπ≈—°…≥– ‡°≈·∫àß√–¥—∫§«“¡‡®Á∫ª«¥‡ªìπ

™àÕß Ê (¥—ß√Ÿª∑’Ë 10.16)   ·µà≈–™àÕß®–‡ªìπ √–¥—∫§–·ππ∑’Ë„Àâ°—∫§«“¡√Ÿâ ÷°

‡®Á∫ª«¥ ‡™àπ ‡≈¢ 0 (»Ÿπ¬å)   À¡“¬∂÷ß ‰¡à¡’§«“¡√Ÿâ ÷°‡®Á∫ª«¥  à«π‡≈¢ 10

À¡“¬∂÷ß‡®Á∫¡“°∑’Ë ÿ¥ ‡ªìπµâπ ´÷Ëß°“√∫—π∑÷°π’ÈÕ“®„ÀâºŸâªÉ«¬‡ªìπºŸâ∫—π∑÷°

√Ÿª∑’Ë 10.15 · ¥ßº—ß∫—π∑÷°§«“¡‡®Á∫ª«¥ (pain drawing chart) (¥—¥

·ª≈ß®“°: Makler LS. Electrical stimulation for pain modulation. In:

Mackler LS, Robinson AJ eds. Clinical electrophysiology. Baltimore;

Williams and Wilkins 1989: 206.)
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‡ª√’¬∫‡∑’¬∫°—∫°“√√—°…“§√— Èß°àÕπ Ê À√◊ÕºŸâ√—°…“‡ªìπºŸâ∫—π∑÷°‚¥¬°“√

 Õ∫∂“¡§«“¡√Ÿâ ÷°‡ªìπ√–¬– Ê   ´÷ËßÀ“°‡ªìπ°√≥’À≈—ß·≈â«·ºàπ∫—π∑÷°π’ÈÕ“®

‡√’¬° verbal rating scales (VRS)

·∫∫ Õ∫∂“¡™π‘¥ visual analog scales  ∑’Ë√Ÿâ®—°°—π¥’§◊Õ  Mc Gill

pain questionnaire ´÷Ëß “¡“√∂„™âª√–‡¡‘π™π‘¥¢Õß§«“¡√Ÿâ ÷°‡®Á∫ª«¥

√–¥—∫§«“¡‡®Á∫ª«¥‚¥¬°“√√«¡ pain drawing ·≈– pain visual analog

scals √à«¡°—π

6.2.°“√ª√–‡¡‘π·∫∫√Ÿª∏√√¡ (objective methods)

°“√ª√–‡¡‘π§«“¡√Ÿâ ÷°‡®Á∫ª«¥π’È‡ªìπ√Ÿª∏√√¡ „πªí®®ÿ∫—π¡—°°ª√–‡¡‘π

®“°§«“¡ “¡“√∂„π°“√∑”°‘®«—µ√ª√–®”«—π¢ÕßºŸâªÉ«¬ ‚¥¬®“° ¡¡µ‘∞“π∑’Ë«à“

√Ÿª∑’ Ë 10.16 · ¥ß ‡°≈∫—π∑÷°§«“¡‡®Á∫ª«¥ (visual analog

scales)(¥—¥·ª≈ß®“°: Makler LS. Electrical stimulation for pain

modulation. In: Mackler LS, Robinson AJ eds. Clinical electrophysiol-

ogy. Baltimore; Williams and Wilkins 1989: 207.)
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À“°ºŸâªÉ«¬‰¡à¡’§«“¡√Ÿâ ÷°‡®Á∫ª«¥ ®– “¡“√∂‡§≈◊ËÕπ‰À« À√◊Õ∑”°‘®«—µ√ª√–®”

«—π‰¥âª°µ‘‚¥¬‰¡à¡’§«“¡√Ÿâ ÷°‡®Á∫ª«¥   ´÷Ëß°“√ª√–‡¡‘π≈—°…≥–π’È°Á§◊Õ °“√

ª√–‡¡‘π§«“¡‡®Á∫ª«¥ ®“°°“√∑” activity π—Ëπ‡Õß  ‡™àπ ºŸâªÉ«¬‡¥‘π‰¥â‰°≈

‡∑à“‰√ ·≈—«®÷ßª«¥À≈—ß À√◊Õ¢—∫√∂π“π‡∑à“‰√ ·≈â«®÷ßª«¥§Õ ‡ªìπµâπ

°“√ª√–‡¡‘π§«“¡‡®Á∫ª«¥„πºŸâªÉ«¬π—Èπ¡’§«“¡ ”§—≠¡“° §«√®–¡’°“√

µ√«®ª√–‡¡‘π·≈–∫—π∑÷°º≈ Õ¬à“ß ¡Ë”‡ ¡Õ  ∑—Èß°àÕπ„Àâ°“√√—°…“ ¢≥–

∑”°“√√—°…“ ·≈–À≈—ß°“√√—°…“  ‡æ◊ËÕ°“√ª√—∫ª√ÿß«‘∏’°“√√—°…“ ª√–‡¡‘π·≈–

æ¬“°√≥åÕ“°“√¢Õß‚√§ ‡ªìπµâπ

ªØ‘∫—µ‘°“√∑’Ë 10  °“√√–ß—∫ª«¥¥â«¬°√–· §«“¡∂’ËµË”

«—µ∂ÿª√– ß§å

À≈—ß®“°ªØ‘∫—µ‘°“√§√—Èßπ’È·≈â«π—°»÷°…“ “¡“√∂

1.Õ∏‘∫“¬À≈—°°“√√–ß—∫ª«¥¥â«¬°√–· §«“¡∂’ËµË”™π‘¥µà“ß Ê

2.· ¥ß«‘∏’°“√√–ß—∫ª«¥¥â«¬°√–· §«“¡∂’ËµË”™π‘¥µà“ß Ê

3.Õ∏‘∫“¬°≈‰°°“√√–ß—∫ª«¥¥â«¬°√–· ‰øøÑ“§«“¡∂’ËµË”

4.Õ∏‘∫“¬¢âÕ∫àß™’È·≈–¢âÕ§«√√–«—ß¢≥–„™â°√–· ‰øøÑ“‡æ◊ËÕ√–ß—∫ª«¥

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

1. ‡§√◊ËÕß°√–µÿâπ‰øøÑ“§«“¡∂’ËµË”

2. ·ºàπ¢—È«°√–µÿâπ‰øøÑ“, ·ºàπ‚≈À–π”‰øøÑ“, ·≈– “¬‰ø æ√âÕ¡Õÿª°√≥å

3.  ”≈’ øÕßπÈ” ºâ“ ·≈–·Õ≈°ÕŒÕ≈å

4. «“ ≈’π
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5.·°â«πÈ”

6.¬“ß√—¥

«‘∏’ªØ‘∫—µ‘°“√

µÕπ∑’Ë 1 °“√°√–µÿâπ‡æ◊ËÕ√–ß—∫ª«¥¥â«¬°√–· §«“¡∂’ËµË”

1. „™â ”≈’™ÿ∫·Õ≈°ÕŒÕ≈å‡™Á¥∫√‘‡«≥∑’Ë®–«“ß¢—È«°√–µÿâπ

2.«“ß¢—È«°√–µÿâπ·ºàπ‚≈À–∫π·ºàπøÕßπÈ”Àπ“ ∑’Ë¡’¢π“¥‡∑à“°—π ´÷Ëß

™ÿ∫πÈ”®π‡ªï¬°

3. «“ß¢—È«°√–µÿâπ∑—Èß Õß∫πµâπ·¢πÀà“ß°—πæÕ§«√ (∂â“º‘«Àπ—ß∫√‘‡«≥

π—Èπ¡’√Õ¬∂≈Õ°À√◊Õ‡ªìπµÿà¡§«√∑“¥â«¬«“ ≈’π) ·≈â«√—¥¥â«¬ “¬¬“ß„Àâ·πàπæÕ¥’

µ“√“ß∑’Ë10.1∫—π∑÷°º≈°“√√–ß—∫ª«¥¥â«¬°√–· ‰øøÑ“
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4.ª√—∫ªÿÉ¡‡≈◊Õ°™π‘¥°√–· ‰ø∑’Ë®–°√–µÿâπ‰«â∑’Ë°√–· ·°≈·«π‘°

5.§àÕ¬Ê‡æ‘Ë¡§«“¡‡¢â¡°√–· ®π°√–∑—ËßºŸâ∂Ÿ°°√–µÿâπ‡√‘Ë¡√Ÿâ ÷°‚¥¬‰¡à¡’

°“√À¥µ—«¢Õß°≈â“¡‡π◊ÈÕ ·≈â«§ß∑’Ë‰«âª√–¡“≥ 20 π“∑’  —ß‡°µÕ“°“√·≈â«

∫—π∑÷°º≈ „πµ“√“ß∑’Ë 10.1 ‡ªìπ√–¬– Ê

6. §àÕ¬Ê≈¥§«“¡‡¢â¡°√–· ¡“∑’Ëµ”·Àπàß»Ÿπ¬å

7.‡ª≈’Ë¬π¢—È«°√–µÿâπ‡ªìπ∫√‘‡«≥Õ◊Ëπ

8.ª√—∫ªÿÉ¡‡≈◊Õ°™π‘¥°√–· ‡ªìπ‰øø“√“¥‘° ‚¥¬ª√—∫™à«ßª≈àÕ¬‰ø·≈–

™à«ßæ—° ™à«ß≈– 5 «‘π“∑’ ·≈â«∑”µ“¡¢âÕ 5-6

9.ª√—∫ªÿÉ¡‡≈◊Õ°™π‘¥°√–· ‡ªìπ‰øµ√ß·∫∫‡ªìπ™à«ß Ê (·∫∫ “¡‡À≈à’

¬¡À√◊Õ ’Ë‡À≈’Ë¬¡)  ‚¥¬¡’™à«ßæ—° 200 ms ·≈–™à«ß°√–µÿâπ 0.5 ms ·≈â«∑”

µ“¡¢âÕ 5-6

µÕπ∑’Ë 2 °“√√–ß—∫ª«¥¥â«¬°√–· §«“¡∂’ËµË”

1. ®—¥∑à“„ÀâºŸâ∂Ÿ°°√–µÿâπÕ¬Ÿà„π∑à“∑’ËºàÕπ§≈“¬

2.«“ß¢—È«°√–µÿâπ∑—Èß Õß∑’Ë∫√‘‡«≥°≈â“¡‡π◊ÈÕµâπ§Õ¥â“πÀ≈—ß

3.ª√—∫ªÿÉ¡‡≈◊Õ°™π‘¥°√–· ‡ªìπ‰ø IDC  à‡À≈’¬¡ ‚¥¬¡’™à«ß°√–µÿâπ

µ“√“ß∑’Ë10.2 ∫—π∑÷°º≈°“√√–ß—∫ª«¥¥â«¬°√–·  IDC
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πâÕ¬∑’Ë ÿ¥ ·≈–™à«ßæ—°ª√–¡“≥ 100 ms

4.§àÕ¬ Ê ‡æ◊Ë¡§«“¡‡¢â¡°√–· ®πºŸâ∂Ÿ°°√–µÿâπ√Ÿâ ÷° ∫“¬

5. Õ∫∂“¡Õ“°“√ ·≈–∫—π∑÷°º≈ „πµ“√“ß∑’Ë 10.2 ‡ªìπ√–¬– Ê ‡ªìπ‡«≈“

30 π“∑’

6.§àÕ¬Ê≈¥§«“¡‡¢â¡°√–·  ¡“∑’Ëµ”·Àπàß»Ÿπ¬å

§”∂“¡∑â“¬∫∑

1. °√–· §«“¡∂’ËµË”™π‘¥„¥∫â“ß∑’Ë “¡“√∂„™â√–ß—∫ª«¥ ·≈–°≈‰°∑’ËÕ∏‘∫“¬

º≈°“√≈¥ª«¥¢Õß°√–· ·µà≈–™π‘¥ ‡À¡◊Õπ°—πÀ√◊Õµà“ß°—πÕ¬à“ß‰√ ?

2. §«“¡‡¢â¡°√–· ∑’Ë„™â√–ß—∫ª«¥§«√¡’≈—°…≥–‡ªìπ‡™àπ‰√ ?

3.√–¬–‡«≈“∑’Ë„™â°√–µÿâπ‡æ◊ËÕ°“√√–ß—∫ª«¥§«√‡ªìπ‡∑à“‰√ ?
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