
∫∑§«“¡«‘®—¬

‡∑§π‘§°“√«—¥§«“¡Àπ◊¥‚¥¬Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡:
∫∑∫“∑¢ÕßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥

À∑—¬™π° ‡æÁ™√¡“µ»√’ ∏—≠πæ π‘≈°”®√ ·≈–  ÿæ‘™≠ ·¢¡¡≥’*

∫∑§—¥¬àÕ

„πß“π«‘®—¬π’È ‰¥âπ”À≈—°°“√¢Õß§«“¡‰¡à·πàπÕπ„π°“√«—¥¡“„™âÕ¬à“ß‡§√àß§√—¥ ‡æ◊ËÕæ‘®“√≥“°“√
∑¥≈Õß°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡„π¢Õß‡À≈«™π‘¥π‘«‚∑‡π’¬π´÷Ëß∫√√®ÿÕ¬Ÿà„πÀ≈Õ¥√Ÿª∑√ß°√–∫Õ° „π°“√∑¥≈Õßπ’È
‰¥â„™â«—µ∂ÿ∑√ß°≈¡·≈–À≈Õ¥√Ÿª∑√ß°√–∫Õ°À≈“¬Ê ¢π“¥ ‡æ◊ËÕ„Àâ “¡“√∂ª√–‡¡‘πªí®®—¬¢ÕßÕ‘∑∏‘æ≈¢Õß
ºπ—ßÀ≈Õ¥‰¥â ¢Õß‡À≈«∑’Ë„™â„π°“√∑¥≈Õß‡ªìπ¢Õß‡À≈«∑’Ëª√–¥‘…∞å¢÷Èπ‡Õß‡æ◊ËÕ„Àâ¡’§«“¡Àπ◊¥∑’Ë‡À¡“– ¡
 ”À√—∫°“√ —ß‡°µ°“√‡ª≈’Ë¬π·ª≈ßµ”·Àπàß¢Õß«—µ∂ÿ∑√ß°≈¡∑’Ë°”≈—ß‡§≈◊ËÕπ∑’Ë¥â«¬ “¬µ“¡πÿ…¬å‰¥â‚¥¬ßà“¬
´÷Ëß‡ªìπº≈„Àâ “¡“√∂„™âπ“Ãî°“®—∫‡«≈“∑’Ë§«∫§ÿ¡‚¥¬¡πÿ…¬å‡æ◊ËÕ®—∫‡«≈“∑’Ë«—µ∂ÿ„™â„π°“√‡§≈◊ËÕπ∑’Ë„π™à«ßÀπ÷ËßÊ
‰¥â ‚¥¬¡’§«“¡‰¡à·πàπÕπ„π°“√«—¥Õ¬Ÿà„π‡°≥±å∑’Ë¬Õ¡√—∫‰¥â πÕ°®“°π’È ®–„™â¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ
(∫√ÿ§øî≈¥å)  ”À√—∫«—¥§à“§«“¡Àπ◊¥¢Õß¢Õß‡À≈«∑’Ë‰¡à¡’Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ ·≈–µ√«® Õ∫§«“¡‡ªìπ
π‘«‚∑‡π’¬π¢Õß¢Õß‡À≈« ∑’Ë§«“¡∂’Ë¢Õß°“√À¡ÿπ∂÷ß 20 √Õ∫µàÕπ“∑’ ®“°°“√∑¥≈Õßæ∫«à“ ªí®®—¬¢Õß
Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥¡’§«“¡ Õ¥§≈âÕß°—∫∑ƒ…Æ’∑’Ë‡ πÕ‚¥¬ Œ“‡∫Õ√å·¡π·≈–‡´√’ ´÷Ëßªí®®—¬¥—ß°≈à“«‡ªìπ
øíß°å™—π¢ÕßÕ—µ√“ à«π¢Õß‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß«—µ∂ÿ∑√ß°≈¡µàÕ‡ âπºà“π»Ÿπ¬å°≈“ß¢ÕßÀ≈Õ¥√Ÿª∑√ß°√–∫Õ°
‡ªìπÕ¬à“ß¥’ ¬°‡«âπ∑’Ë∫“ßÕ—µ√“ à«π¢Õß°“√∑¥≈Õß

ª√–‚¬™πåÀπ÷Ëß¢ÕßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ §◊Õ∑”„Àâ “¡“√∂«—¥§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π‰¥â¥â«¬
°“√∑¥≈Õß°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡π’È ´÷Ëßª°µ‘«—µ∂ÿ®–‡§≈◊ËÕπ∑’Ë≈ß‡√Á«¡“°À“°‰¡à¡’Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥
Õ—π‡ªìπº≈„Àâ‡°‘¥§«“¡‰¡à·πàπÕπ„π°“√«—¥ ŸßÀ“°„™â “¬µ“¡πÿ…¬å„π°“√∑¥≈Õß ‡¡◊ËÕ∑”°“√‡≈◊Õ°‡ âπºà“π
»Ÿπ¬å°≈“ß¢Õß«—µ∂ÿ∑√ß°≈¡‡ªìπ 4 ¡‘≈≈‘‡¡µ√ ·≈–‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π¢ÕßÀ≈Õ¥√Ÿª∑√ß°√–∫Õ°‡ªìπ
4.48 ¡‘≈≈‘‡¡µ√ §«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π “¡“√∂§”π«≥‰¥â‚¥¬Õ“»—¬ªí®®—¬¢ÕßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥∑’Ë‰¥â
®“°°“√∑¥≈Õß‡ªìπ 782 ± 49 cps ∑’ËÕÿ≥À¿Ÿ¡‘ 24°C ´÷Ëß‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠°—∫§«“¡Àπ◊¥∑’Ë«—¥‰¥â
®“°¡“µ√«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å §◊Õ 722.3 ± 6.0 cps ∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π Õ¬à“ß‰√°Á¥’ ‡ÀÁπ‰¥â™—¥«à“§«“¡
‰¡à·πàπÕπ„π°“√«—¥¢Õß°“√∑¥≈Õß∑’ËÕ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡ „π°√≥’π’È®–¡’§à“ª√–¡“≥ 8 ‡∑à“ ¢Õß
§à“∑’Ë‰¥â®“°¡“µ√«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å

§” ”§—≠: ¢Õß‡À≈«™π‘¥π‘«‚∑‡π’¬π §«“¡Àπ◊¥ ¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ ∫√ÿ§øî≈¥å Õ‘∑∏‘æ≈¢Õßºπ—ß
À≈Õ¥ °≈’‡´Õ√’π §«“¡‰¡à·πàπÕπ„π°“√«—¥ °“√‡§≈◊ËÕπ∑’Ë≈ß¢Õß«—µ∂ÿ∑√ß°≈¡
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The Technique of Viscosity Measurement by
Falling Sphere: Role of Wall Effect

Hataichanok Phetmatsri, Tunyanop Nilkamjon and Supitch Khemmani*

ABSTRACT

In this thesis, the principle of uncertainty in measurement is used rigorously to
investigate the experiment of falling spheres in Newtonian fluids containing in cylindrical tubes.
The experiment is done by using various sizes of sphere and cylindrical tube so that the wall
effect factor can be determined. In this experiment, our invented fluid with appropriate viscosity
is used so that any space variation of falling sphere is easily captured by human eyes. As a result,
a stop clock controlled by a human can be used to detect any time duration of the sphere moving
within an interval with acceptable uncertainty in measurement. Moreover, the rotational
viscometer (Brookfield) is used here to measure the viscosity of the fluid without wall effect and
also used to verify the Newtonian behavior of our fluid up to 20 rpm of the rotational frequency.
The experimental result of the wall effect factors are in good agreement with the theory proposed
by Haberman and Sayre, where the factor is the function of the ratio of sphere diameter to
cylindrical tube diameter, except some of our ratio settings.

One of advantages of the wall effect is that it allows us to measure the viscosity of
glycerin by this simple falling sphere experiment. Without the wall effect, the sphere falls too
fast so that human eyes capture leads to a huge uncertainty in measurement. By choosing the
sphere diameter of about 4 mm and the (inner) cylindrical tube diameter of about 4.48 mm, the
known wall effect factor from our experiment can then be used to calculate the viscosity of
glycerin which is 782 ± 49 cps at 24°C. This result does not differ significantly from the one
obtained by Brookfield viscometer, i.e. 722.3 ± 6.0 cps at the same temperature. However, it is
clear in this case that the uncertainty associated with falling sphere technique is about 8 times of
the one associated with Brookfield viscometer.

Keywords: Newtonian fluids, viscosity, rotational viscometer, Brookfield, wall effect, glycerin,
uncertainty in measurement, falling sphere
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∫∑π”
¢Õß‡À≈«‡ªìπ ‘Ëß∑’Ë¡’§«“¡ ”§—≠µàÕ™’«‘µª√–®”«—π¢Õß¡πÿ…¬å π—∫µ—Èß·µà°“√„™âÕÿª‚¿§·≈–∫√‘‚¿§

µ≈Õ¥®π∂÷ß°“√„™âß“π„π‡§√◊ËÕß¡◊ÕÀ√◊Õ‡§√◊ËÕß®—°√ª√–‡¿∑µà“ßÊ §ÿ≥ ¡∫—µ‘Àπ÷Ëß∑’Ë ”§—≠¢Õß¢Õß‡À≈“«§◊Õ
ç§«“¡Àπ◊¥¢Õß¢Õß‡À≈«é §«“¡Àπ◊¥‡ªìπ§ÿ≥ ¡∫—µ‘¢Õß¢Õß‡À≈«´÷Ëß„™âµâ“π∑“π·√ß‡©◊Õπ√–À«à“ß™—Èπ¢Õß
¢Õß‡À≈« ‚¥¬§«“¡µâ“π∑“π·√ß‡©◊Õπ®–¢÷ÈπÕ¬Ÿà°—∫·√ß¬÷¥‡Àπ’Ë¬«·≈–Õ—µ√“°“√∂à“¬‡∑‚¡‡≈°ÿ≈¢Õß¢Õß‡À≈«π—Èπ
[1] ‚¥¬∑—Ë«‰ª§à“§«“¡Àπ◊¥®–¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘¢Õß¢Õß‡À≈« „π°√≥’∑’Ë§«“¡Àπ◊¥¡’§à“§ß∑’Ë∑’ËÕÿ≥À¿Ÿ¡‘Àπ÷ËßÊ
‡√’¬°¢Õß‡À≈«™π‘¥π’È«à“ π‘«‚∑‡π’¬π (Newtonian) ·µàÀ“°¡’§à“§«“¡Àπ◊¥‰¡à§ß∑’Ë·µà¢÷Èπ°—∫Õ—µ√“‡©◊Õπ
®–‡√’¬°¢Õß‡À≈«™π‘¥π’È«à“ πÕππ‘«‚∑‡π’¬π (Non newtonian) ¢Õß‡À≈«™π‘¥πÕππ‘«‚∑‡π’¬ππ’ÈÕ“®¡Õßßà“¬Ê
«à“‡ªìπ¢Õß‡À≈«´÷Ëß‡¡◊ËÕ‡Õ“¡“°«π„Àâ¡“°æÕ·≈â«®–¡’§«“¡Àπ◊¥‡ª≈’Ë¬π‰ª

„πªí®®ÿ∫—πÕÿª°√≥å∑’Ë„™â«—¥§«“¡Àπ◊¥¢Õß¢Õß‡À≈«¡’Õ¬ŸàÀ≈“¬™π‘¥¥â«¬°—π ·µà„πß“π«‘®—¬π’È®–„™â
Õÿª°√≥å«—¥Õ¬Ÿà Õß·∫∫ §◊Õ ¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ·≈–‡§√◊ËÕß¡◊Õ«—¥§«“¡Àπ◊¥™π‘¥Õ“»—¬°“√µ°¢Õß
«—µ∂ÿ∑√ß°≈¡  ”À√—∫¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ¡’¢âÕ¥’À≈“¬ª√–°“√ Õ“∑‘ „™â‰¥â°—∫∑—Èß¢Õß‡À≈«∑’Ë¡’§«“¡
Àπ◊¥πâÕ¬Ê ·≈–¡“°Ê „™â‰¥â°—∫∑—Èß¢Õß‡À≈«™π‘¥π‘«‚∑‡π’¬π·≈–πÕππ‘«‚∑‡π’¬π ¡’§«“¡·¡àπ¬”„π°“√«—¥
·≈– –¥«°„π°“√„™âß“π ·µàÕ¬à“ß‰√°Á¥’‡§√◊ËÕßπ’È¡’√“§“§àÕπ¢â“ß Ÿß·≈–Õ“®µâÕß„™â¢Õß‡À≈«∑’Ë∑”°“√∑¥≈Õß
„πª√‘¡“≥∑’Ë¡“°æÕ ¡§«√ ®÷ß‰¡à‡À¡“– ¡°—∫¢Õß‡À≈«∑’Ë¡’√“§“§àÕπ¢â“ß ŸßÀ√◊ÕÀ“¬“°  ”À√—∫¡“µ√«—¥
§«“¡Àπ◊¥™π‘¥Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡ ÷́Ëß‡ªìπ∑’Ëπ‘¬¡„™â°—π„πÀâÕßªØ‘∫—µ‘°“√æ◊Èπ∞“π ”À√—∫°“√‡√’¬π
°“√ Õππ—Èπ ª√–°Õ∫¥â«¬¿“™π–∑’Ë„ à¢Õß‡À≈« (¡—°π‘¬¡‡ªìπ∑√ß°√–∫Õ°„  ·≈–«—µ∂ÿ∑√ß°≈¡ (¡—°π‘¬¡
‡ªìπ≈Ÿ°‡À≈Á°∑√ß°≈¡) ‚¥¬‡¡◊ËÕ∑”°“√ª≈àÕ¬«—µ∂ÿ∑√ß°≈¡≈ß‰ª„π¢Õß‡À≈« „π·π«¥‘Ëß·≈â«®—∫‡«≈“∑’Ë«—µ∂ÿ
∑√ß°≈¡‡§≈◊ËÕπ∑’Ëºà“π™à«ß„¥™à«ßÀπ÷Ëß∑’Ë‡À¡“– ¡®–∑”„Àâ§”π«≥À“§à“§«“¡Àπ◊¥¢Õß¢Õß‡À≈«‰¥â ¢âÕ‡ ’¬
¢Õß‡§√◊ËÕß¡◊Õ«—¥§«“¡Àπ◊¥ª√–‡¿∑π’È¡’Õ¬ŸàÀ≈“¬ª√–°“√ Õ¬à“ß‡™àπ §«“¡‰¡à·¡àπ¬”„π°“√«—¥¢ÕßºŸâ«—¥ ‚¥¬
‡©æ“–‡¡◊ËÕ¢Õß‡À≈«¡’§«“¡Àπ◊¥µË”´÷Ëß®–∑”„Àâ«—µ∂ÿ∑√ß°≈¡µ°≈ß‡√Á«‡°‘π‰ª®π∑”„Àâ°“√®—∫‡«≈“‚¥¬„™â “¬µ“
§≈“¥‡§≈◊ËÕπ ‰¡à “¡“√∂„™â‰¥â°—∫¢Õß‡À≈«∑’Ë∑÷∫· ß‡æ√“–®–∑”„Àâ¡Õß‡ÀÁπ«—µ∂ÿ∑√ß°≈¡‰¥â¬“° Õ“®µâÕß„™â
¢Õß‡À≈«„πª√‘¡“≥¡“°‡π◊ËÕß®“°¿“™π–∑’Ë„™â„ à¢Õß‡À≈«µâÕß„À≠à°«à“«—µ∂ÿ∑√ß°≈¡æÕ ¡§«√ ∑—Èß„π¥â“π
·π«πÕπ·≈–·π«¥‘Ëß ‚¥¬‡©æ“–„π·π«¥‘Ëß∑’Ë´÷Ëß«—µ∂ÿ∑√ß°≈¡µâÕß°“√√–¬–„π°“√‡§≈◊ËÕπ∑’Ë≈ß

„πß“π«‘®—¬π’È®–∑”°“√ª√—∫ª√ÿß¡“µ√«—¥§«“¡Àπ◊¥™π‘¥Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡ „Àâ¡’¢âÕ
‡ ’¬πâÕ¬≈ß·≈–„™âß“π‰¥â°«â“ß¢«“ß¡“°¢÷Èπ ‚¥¬Õ“»—¬Õ‘∑∏‘æ≈¢Õßºπ—ß¿“™π–∑’Ë∫√√®ÿ¢Õß‡À≈« ‚¥¬ª°µ‘·≈â«
¿“™π–∫√√®ÿ¢Õß‡À≈« ´÷Ëß„π∑’Ëπ’È®–°”Àπ¥„Àâ‡ªìπÀ≈Õ¥∑√ß°√–∫Õ°„  ®–π‘¬¡‡≈◊Õ°„Àâ¡’‡ âπºà“π»Ÿπ¬å°≈“ß
„À≠à°«à“‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß«—µ∂ÿ∑√ß°≈¡¡“°Ê ‡æ◊ËÕÀ≈’°‡≈’Ë¬ßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ ´÷Ëß®–∑”„Àâ ¡°“√
„π°“√§”π«≥¡’§«“¡¬ÿàß¬“°¡“°¢÷Èπ ·µà„π∑“ß°≈—∫°—πÀ“°≈¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß∑√ß°√–∫Õ°≈ß„Àâ„°≈â
‡§’¬ß°—∫‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß«—µ∂ÿ∑√ß°≈¡ ·¡â«à“ ¡°“√∑’Ë„™â„π°“√§”π«≥®–¬ÿàß¬“°¢÷Èπ ·µàÕ‘∑∏‘æ≈¢Õß
ºπ—ßÀ≈Õ¥®–∑”„Àâ«—µ∂ÿ∑√ß°≈¡µ°™â“≈ß¡“° ÷́Ëß‡ªìπº≈¥’µàÕ°“√®—∫‡«≈“¥â«¬ “¬µ“·¡â«à“¢Õß‡À≈«®–¡’
§«“¡Àπ◊¥§àÕπ¢â“ßµË” ·≈–º≈æ≈Õ¬‰¥âÕ’°ª√–°“√°Á§◊Õ‡¡◊ËÕ‡ âπºà“π»Ÿπ¬å°≈“ß¢ÕßÀ≈Õ¥¡’§à“πâÕ¬ª√‘¡“µ√
¢Õß¢Õß‡À≈«∑’Ë®–π”¡“„ à„πÀ≈Õ¥°ÁπâÕ¬≈ß‰ª¥â«¬ ß“π«‘®—¬π’È¡ÿàßÀ¡“¬∑’Ë®– √â“ß¡“µ√«—¥§«“¡Àπ◊¥™π‘¥
Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡ ´÷Ëß„™âµâπ∑ÿπµË”‚¥¬Õ“»—¬À≈—°°“√¢ÕßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥∑’Ë‰¥â°≈à“«¡“π’È
‡æ◊ËÕª√—∫ª√ÿß„Àâ “¡“√∂„™âß“π‰¥â„°≈â‡§’¬ß°—∫¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ ”À√—∫¢Õß‡À≈«™π‘¥π‘«‚∑‡π’¬π
´÷Ëß¡’√“§“§àÕπ¢â“ß Ÿß
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‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ „Àâ‡√‘Ë¡æ‘®“√≥“°“√‡§≈◊ËÕπ∑’Ë≈ß¢Õß«—µ∂ÿ∑√ß°≈¡„π¢Õß‡À≈«
´÷Ëß∫√√®ÿÕ¬Ÿà„π¿“™π–∑’Ë ¡¡µ‘«à“¡’¢π“¥„À≠à‡ªìπÕπ—πµå°àÕπ¥—ßπ’È ‡¡◊ËÕ«—µ∂ÿ∑√ß°≈¡µ°Õ¬à“ßÕ‘ √–„π¢Õß‡À≈«
«—µ∂ÿ∑√ß°≈¡π’È®–§àÕ¬Ê ‡§≈◊ËÕπ∑’Ë≈ß„π¢Õß‡À≈« ‚¥¬¢Õß‡À≈«∑’ËÕ¬Ÿà¥â“πÀπâ“¢Õß«—µ∂ÿ∑√ß°≈¡®–‰À≈‡¢â“
·∑π∑’Ë™àÕß«à“ß∑’Ë«—µ∂ÿ∑√ß°≈¡«‘Ëßºà“π ‚¥¬∑’Ë¢Õß‡À≈«π—Èπ‰¡à¡’°“√À¡ÿπ«π ·√ß‚πâ¡∂à«ß®–∑”„Àâ«—µ∂ÿ∑√ß°≈¡
µ°≈ß¡“„π∑‘»æÿàß≈ß ‚¥¬¡’·√ß Õß·√ß §◊Õ·√ß≈Õ¬µ—« (Buoyant force, FB) ·≈–·√ßµâ“π‡π◊ËÕß®“°§«“¡
Àπ◊¥ (Viscous drag force, Fv) ´÷Ëß¡’§à“¢÷Èπ°—∫Õ—µ√“‡√Á« v ¢Õß«—µ∂ÿ∑√ß°≈¡ °√–∑”µàÕ«—µ∂ÿ∑√ß°≈¡„π
∑‘»∑“ßæÿàß¢÷Èπ ¥—ß√Ÿª∑’Ë 1

° ¢

√Ÿª∑’Ë 1 °. · ¥ß·√ß∑—ÈßÀ¡¥∑’Ë°√–∑”µàÕ∑√ß°≈¡¢≥–µ°≈ß„π¢Õß‡À≈«´÷Ëß∫√√®ÿÕ¬Ÿà„π¿“™π–∑’Ë¡’¢π“¥
„À≠à‡ªìπÕπ—πµå

¢. · ¥ß·√ß∑—ÈßÀ¡¥∑’Ë°√–∑”µàÕ∑√ß°≈¡¢≥–‡§≈◊ËÕπ∑’Ë≈ß„π¢Õß‡À≈« ÷́Ëß∫√√®ÿÕ¬Ÿà„π¿“™π–√Ÿª∑√ß
°√–∫Õ°∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π‰¡à¡“°°«à“‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß«—µ∂ÿ∑√ß°≈¡¡“°π—°
(µ—«¬° (W) ∫π·√ß F(W)

v  À¡“¬∂÷ß·√ß°√–∑”∑’Ëæ‘®“√≥“º≈®“°Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ (wall
effect) √à«¡¥â«¬)

®“°°Æ°“√‡§≈◊ËÕπ∑’Ë¢Õßπ‘«µ—π  ¡°“√°“√‡§≈◊ËÕπ∑’Ë¢Õß«—µ∂ÿ∑√ß°≈¡§◊Õ

(1)

‡¡◊ËÕ m §◊Õ ¡«≈¢Õß«—µ∂ÿ∑√ß°≈¡
a §◊Õ §«“¡‡√àß¢Õß«—µ∂ÿ∑√ß°≈¡„π¢Õß‡À≈«
g §◊Õ §«“¡‡√àß‚πâ¡∂à«ß¢Õß‚≈°

®“° °Æ¢Õß ‚µ° å (Stoke) ·√ßµâ“π‡π◊ËÕß®“°§«“¡Àπ◊¥®–·ª√º—πµ√ß°—∫Õ—µ√“‡√Á« ´÷Ëß°√≥’∑’Ë«—µ∂ÿ¡’√Ÿª√à“ß
‡ªìπ∑√ß°≈¡ Fv ®–¡’√Ÿª·∫∫¥—ß ¡°“√ (2)

(2)

vF

BF

mg

a

W

vF

BF

a

mg
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‡¡◊ËÕ r §◊Õ √—»¡’¢Õß«—µ∂ÿ∑√ß°≈¡
v §◊Õ Õ—µ√“‡√Á«¢Õß«—µ∂ÿ∑’Ë‡«≈“„¥Ê
µ §◊Õ §«“¡Àπ◊¥¢Õß¢Õß‡À≈«

 ”À√—∫·√ß≈Õ¬µ—« FB ®“°°Æ¢ÕßÕ“√å§‘¡‘¥‘  (Archimedes) ·√ß≈Õ¬µ—«®–¡’§à“‡∑à“°—∫πÈ”Àπ—°¢Õß
¢Õß‡À≈«∑’Ë¡’ª√‘¡“µ√‡∑à“°—∫«—µ∂ÿ∑√ß°≈¡ ‡π◊ËÕß®“°„π°√≥’∑’Ë‡√“ π„®π’È«—µ∂ÿ∑√ß°≈¡®¡Õ¬Ÿà„π¢Õß‡À≈«∑—ÈßÀ¡¥
π—Ëπ§◊Õ

(3)

‡¡◊ËÕ ρ′ §◊Õ §«“¡Àπ“·πàπ¢Õß¢Õß‡À≈«
V §◊Õ ª√‘¡“µ√¢Õß«—µ∂ÿ∑√ß°≈¡

„π¢≥–∑’Ë«—µ∂ÿ∑√ß°≈¡‡§≈◊ËÕπ∑’Ë≈ß¡“¥â«¬Õ—µ√“‡√àß ·√ßµâ“π®“°§«“¡Àπ◊¥´÷Ëß‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ‡¡◊ËÕ
Õ—µ√“‡√Á«¢Õß«—µ∂ÿ∑√ß°≈¡‡æ‘Ë¡¢÷Èπ ·≈–·√ß≈Õ¬µ—« ®–Àπà«ß„Àâ«—µ∂ÿ‡§≈◊ËÕπ∑’Ë¥â«¬Õ—µ√“‡√àß∑’Ë≈¥≈ß‡√◊ËÕ¬Ê ®π
°√–∑—Ëß‰¡à¡’Õ—µ√“‡√àß À√◊Õ «—µ∂ÿ∑√ß°≈¡‡§≈◊ËÕπ∑’Ë¥â«¬Õ—µ√“‡√Á«§ß∑’Ë ́ ÷Ëß‡√’¬°«à“Õ—µ√“‡√Á«ª≈“¬ (Terminal speed)
‡¢’¬π·∑π¥â«¬ —≠≈—°…≥å vt ®“° ¡°“√ (1) ‡¡◊ËÕÕ—µ√“‡√àß‡ªìπ»Ÿπ¬å ®–‡¢’¬π‰¥â‡ªìπ

·∑π§à“ FB ·≈– Fv µ“¡ ¡°“√ (2) ·≈– (3) ®–‰¥â

(4)

‡¡◊ËÕ ρ §◊Õ §«“¡Àπ“·πàπ¢Õß«—µ∂ÿ∑√ß°≈¡
vt §◊Õ Õ—µ√“‡√Á«ª≈“¬¢Õß«—µ∂ÿ∑√ß°≈¡ (Terminal speed)

§«“¡Àπ◊¥µ“¡ ¡°“√ (4) π’ÈπÕ°®“°®–„™â‰¥â°—∫°√≥’∑’Ë¿“™π–∫√√®ÿ¢Õß‡À≈«¡’¢π“¥‡ªìπÕπ—πµå·≈â« ¬—ß¡’¢âÕ
®”°—¥Õ’°¥—ßπ’È (1) «—µ∂ÿ∑√ß°≈¡®–µâÕß¡’§«“¡‡√Á«πâÕ¬æÕ∑’Ë∑”„Àâ¢Õß‡À≈«‰À≈ºà“π«—µ∂ÿ∑√ß°≈¡·∫∫√“∫‡√’¬∫
´÷ËßÕ“®∑”‰¥â„π∑“ßªØ‘∫—µ‘‚¥¬‡≈◊Õ°«—µ∂ÿ∑√ß°≈¡„Àâ¡’πÈ”Àπ—°‡∫“¡“°æÕ (2) º‘« —¡º— ¢Õß¢Õß‡À≈«°—∫«—µ∂ÿ
∑√ß°≈¡µâÕß‰¡à¡’°“√≈◊Ëπ‰∂≈ ·≈– (3) ¢Õß‰À≈µâÕß¡’æƒµ‘°√√¡°“√‰À≈‡ªìπ·∫∫π‘«‚∑‡π’¬π ·≈–‡ªìπ
¢Õß‰À≈·∫∫‰¡à “¡“√∂∫’∫Õ—¥‰¥â (Incompressible fluid)
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„π°√≥’∑’Ë¿“™π–‰¡à‰¥â¡’¢π“¥‡ªìπÕπ—πµå ‡™àπ ¿“™π–√Ÿª∑√ß°√–∫Õ°∑’Ë„™â„πß“¬«‘®—¬π’È (¥Ÿ√Ÿª∑’Ë 1¢)
º≈¢Õß°“√¡’ºπ—ßÀ≈Õ¥®–∑”„Àâ‡°‘¥·√ßµàÕ«—µ∂ÿ∑√ß°≈¡„π∑‘» «π∑“ß°—∫°“√‡§≈◊ËÕπ∑’Ë ´÷Ëß®–‡ªìπ‡Àµÿ„Àâ«—µ∂ÿ
∑√ß°≈¡µ°¥â«¬Õ—µ√“‡√Á«∑’ËπâÕ¬≈ß ®“°°“√»÷°…“¢ÕßŒ“‡∫Õ√å·¡π·≈–‡´√’ (Haberman and Sayre) [2] æ∫
«à“·√ß‡π◊ËÕß®“°ºπ—ßÀ≈Õ¥π’È “¡“√∂‡¢’¬π‰ª√«¡„π‡∑Õ¡¢Õß·√ßµâ“π‡π◊ËÕß®“°§«“¡Àπ◊¥‰¥â ‚¥¬§‘¥‡ ¡◊Õπ
«à“ºπ—ßÀ≈Õ¥‰¡à¡’ ·µà¢Õß‡À≈«¡’§«“¡Àπ◊¥‡æ‘Ë¡‡ªìπ k ‡∑à“ ´÷Ëß‡√“‡√’¬°§«“¡Àπ◊¥π’È«à“ §«“¡Àπ◊¥¬—ßº≈
(effective viscosity) ‡¢’¬π·∑π —≠≈—°…≥å  ®“° ¡°“√ (2) ·√ßµâ“π‡π◊ËÕß®“°§«“¡Àπ◊¥¬—ßº≈ 
 “¡“√∂‡¢’¬π‰¥â‡ªìπ

 ‡¡◊ËÕ (5)

‚¥¬ k = k( ) §◊Õ æ®πå∑’Ë· ¥ß∂÷ßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥´÷Ëß¢÷ÈπÕ¬Ÿà°—∫Õ—µ√“ à«π
„π√Ÿª

(6)

‡¡◊ËÕ r(d) §◊Õ √—»¡’ (‡ âπºà“π»Ÿπ¬å°≈“ß) ¢Õß«—µ∂ÿ∑√ß°≈¡
R(D) §◊Õ √—»¡’ (‡ âπºà“π»Ÿπ¬å°≈“ß) ¢ÕßÀ≈Õ¥√Ÿª∑√ß°√–∫Õ°

®“°À≈—°°“√¢Õß·√ßµâ“π‡π◊ËÕß®“°§«“¡Àπ◊¥¬—ßº≈  π’È ‡¡◊ËÕ«—µ∂ÿ∑√ß°≈¡µ°≈ß„π¢Õß‡À≈«µ“¡√Ÿª∑’Ë 1¢
®π°√–∑—Ëß∂÷ßÕ—µ√“‡√Á«ª≈“¬·≈â« §«“¡Àπ◊¥¬—ßº≈π’È “¡“√∂À“‰¥â„π∑”πÕß‡¥’¬«°—∫ ¡°“√ (4) §◊Õ

 ‚¥¬∑’Ë (7)

 ”À√—∫°“√∑¥≈Õß‡√“®–„™â ¡°“√ (7) „π°“√À“  ‚¥¬º≈¢ÕßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥®–ª√“°Øºà“π
Õ—µ√“‡√Á«ª≈“¬ vt ∑’Ë§”π«≥‰¥â®“°°“√∑¥≈Õß ·≈–§à“§«“¡Àπ◊¥®√‘ßÊ À“‰¥â‚¥¬§«“¡ —¡æ—π∏å  =  / k
‡¡◊ËÕ§à“ k À“‰¥â®“° Ÿµ√µ“¡ ¡°“√ (6) À√◊ÕÀ“‰¥â‚¥¬µ√ß®“°°“√∑¥≈Õß°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡„π
¢Õß‡À≈«∑’Ë∑√“∫§«“¡Àπ◊¥Õ¬Ÿà·≈â«
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Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
«— ¥ÿ

«— ¥ÿ∑’Ë„™â„πß“π«‘®—¬π’Èª√–°Õ∫¥â«¬ (¥Ÿ√Ÿª∑’Ë 2 ·≈– 3)
- ¢Õß‡À≈«∑’Ëº ¡¢÷Èπ‡Õß
- °≈’‡´Õ√’π
- ≈Ÿ°‡À≈Á°¢π“¥µà“ßÊ
- À≈Õ¥∑¥≈Õß∑√ß°√–∫Õ°¢π“¥µà“ßÊ
- π“Ãî°“®—∫‡«≈“
- ‡«Õ√å‡π’¬√å§“≈‘ª‡ªÕ√å
- ™ÿ¥¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ·∫∫¥‘®‘µÕ≈ (∫√ÿ§øî≈¥å)
- Õ◊ËπÊ

√Ÿª∑’Ë 2 · ¥ß™ÿ¥Õÿª°√≥å∑’Ë„™â„π°“√∑¥≈Õß

√Ÿª∑’Ë 3 · ¥ß¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ·∫∫¥‘®‘µÕ≈ (∫√ÿ§øî≈¥å) ∑’Ëæ√âÕ¡„™âß“π·≈–À—««—¥·µà≈–¢π“¥
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„πß“π«‘®—¬π’È ‡√“‰¥â‡≈◊Õ°«—µ∂ÿ∑√ß°≈¡ (≈Ÿ°‡À≈Á°) ·≈–À≈Õ¥∑¥≈Õß¢π“¥µà“ßÊ ÷́Ëß∑”„Àâ‰¥â§à“Õ—µ√“ à«π
√–À«à“ß√—»¡’≈Ÿ°‡À≈Á°µàÕ√—»¡’¿“¬„π¢ÕßÀ≈Õ¥∑¥≈Õß ‡ªìπ 0.1, 0.20, 0.31, 0.41, 0.52, 0.66, 0.70,
0.80, 0.83, 0.89, 0.90 ·≈– 0.92 ¥—ßµ“√“ß∑’Ë 1

µ“√“ß∑’Ë 1 · ¥ß¢π“¥¢Õß«—µ∂ÿ∑√ß°≈¡·≈–À≈Õ¥∑¥≈Õß∑’Ë∑”„Àâ‰¥â§à“Õ—µ√“ à«π λ = dD µà“ßÊ °—π

d(2r) D(2R) d(2r) D(2R)
λ (¡‘≈≈‘‡¡µ√) (¡‘≈≈‘‡¡µ√) λ (¡‘≈≈‘‡¡µ√) (¡‘≈≈‘‡¡µ√)

0.10 2.00 19.86 0.70 5.01 7.12

0.20 3.99 19.86 0.80 2.00 2.50

0.31 3.00 9.64 0.83 5.01 6.06

0.41 3.99 9.64 0.89 3.99 4.48

0.52 5.01 9.64 0.90 3.00 3.33

0.66 3.99 6.06 0.92 3.00 3.26
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¢—ÈπµÕπ°“√∑¥≈Õß
¢—ÈπµÕπ¢Õß°“√∑¥≈Õß∑—ÈßÀ¡¥ “¡“√∂π”¡“‡¢’¬π‡ªìπ·ºπº—ß (flow chart) ‰¥â¥—ßπ’È

‡≈◊Õ°À—««—¥·≈–§«“¡‡√Á«√Õ∫∑’Ë„Àâ§«“¡‰¡à·πàπÕπ„π°“√«—¥µË”∑’Ë ÿ¥
·≈–∑”°“√∑¥≈Õß È́” 12 §√—Èß ‡æ◊ËÕÀ“§«“¡Àπ◊¥¢Õß¢Õß‡À≈«  

æ√âÕ¡§«“¡‰¡à·πàπÕπ„π°“√«—¥∑’ËÀ—««—¥·≈–§«“¡‡√Á«√Õ∫π’È

«‘‡§√“–Àå«à“‡ªìπ¢Õß‰À≈™π‘¥
π‘«‚∑‡π’¬πÀ√◊Õ‰¡à

‡¢’¬π°√“ø∑’Ë‰¥â®“°°“√∑¥≈Õß«—¥§«“¡Àπ◊¥√–À«à“ß§«“¡‡√Á«√Õ∫µàÕπ“∑’
(Revolutions per minute, rpm) °—∫ §à“§«“¡Àπ◊¥∑’ËÕà“π‰¥â®“°‡§√◊ËÕß

«—¥§«“¡Àπ◊¥¥â«¬¡“µ√«—¥§«“¡Àπ◊¥·∫∫¥‘®‘µÕ≈ (∫√ÿ§øî≈¥å)
(Brookfield Digital Viscometer: Model DV-II)

‡µ√’¬¡ “√µ—«Õ¬à“ß

«—¥§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π¥â«¬ ¡“µ√«—¥§«“¡Àπ◊¥·∫∫¥‘®‘µÕ≈ (∫√ÿ§øî≈¥å)

æ‘®“√≥“§à“§«“¡Àπ◊¥∑’ËÕà“π‰¥â®“°¡“µ√«—¥ ∑’Ë§«“¡‡√Á«√Õ∫µàÕπ“∑’
(Revolutions per minute, rpm) µà“ßÊ ·≈– À—««—¥¢π“¥µà“ßÊ

‡≈◊Õ°À—««—¥·≈–§«“¡‡√Á«√Õ∫∑’Ë„Àâ§«“¡‰¡à·πàπÕπ„π°“√«—¥µË”∑’Ë ÿ¥ ·≈–∑”°“√∑¥≈Õß´È” 12 §√—Èß
‡æ◊ËÕÀ“§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π    æ√âÕ¡§«“¡‰¡à·πàπÕπ„π°“√«—¥∑’ËÀ—««—¥·≈–§«“¡‡√Á«√Õ∫π’È

æ‘®“√≥“«à“§à“§«“¡Àπ◊¥∑’Ë‰¥â®“°∑—Èß Õß«‘∏’ Õ¥§≈âÕß°—πÀ√◊Õ‰¡à

«—¥§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π‚¥¬Õ“»—¬ ¡°“√ (7) ·≈–§à“ k(  ) ∑’Ë‡≈◊Õ°¡“¢â“ßµâπ

‡≈◊Õ°¢π“¥¢Õß≈Ÿ°‡À≈Á°·≈–À≈Õ¥∑¥≈Õß∑’Ë„Àâ§à“ k(  ) ∑’Ë‡À¡“– ¡ ”À√—∫°“√∑¥≈Õß«—¥§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π

 √ÿªº≈°“√∑¥≈Õß«à“¡’§«“¡ Õ¥§≈âÕß°—∫∑ƒ…Æ’¢ÕßŒ“‡∫Õ√å·¡π·≈–‡´√’À√◊Õ‰¡à

π”§à“ k ∑’Ë    µà“ßÊ ∑’Ë‰¥â‰ª„ à≈ß„π°√“ø√–À«à“ß k °—∫    ∑’Ë‰¥â®“°∑ƒ…Æ’¢Õß
 Œ“‡∫Õ√å·¡π·≈–‡´√’ ´÷Ëß»÷°…“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ k(  ) ∑’Ë¡’º≈µàÕ°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡

µ

∑”°“√∑¥≈Õß‚¥¬ª≈àÕ¬≈Ÿ°‡À≈Á°¢π“¥µà“ßÊ ≈ß„πÀ≈Õ¥∑¥≈Õß¢π“¥µà“ßÊ
(µ“¡µ“√“ß 1) ·≈–§”π«≥§à“ k(  ) æ√âÕ¡¥â«¬§«“¡‰¡à·πàπÕπ„π°“√«—¥‚¥¬Õ“»—¬ ¡°“√ (7)

·≈–§à“    ®“°‡§√◊ËÕß«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥åµ
λ

λ

λ

λ

λ
λ

µ
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º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√«—¥§«“¡Àπ◊¥¢Õß¢Õß‡À≈«‚¥¬„™â¡“µ√«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ·∫∫¥‘®‘µÕ≈ (∫√ÿ§øî≈¥å)

‡¡◊ËÕπ”¢Õß‡À≈«∑’Ëº ¡¢÷Èπ ¡“«—¥§«“¡Àπ◊¥¥â«¬¡“µ√«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å ∑’ËÀ—««—¥ (spindle)
·≈–√Õ∫¢Õß°“√À¡ÿπµà“ßÊ ®–‰¥âº≈¥—ßµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2 · ¥ß¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß«—¥§«“¡Àπ◊¥ ¥â«¬‡§√◊ËÕß∫√ÿ§øî≈¥å

À¡“¬‡Àµÿ: Error/non-measurable zone À¡“¬∂÷ß ∫√‘‡«≥∑’Ë‡§√◊ËÕß‰¡à “¡“√∂«—¥‰¥â

High Uncertainly zone À¡“¬∂÷ß ∫√‘‡«≥∑’Ë¡’§«“¡‰¡à·πàπÕπ„π°“√«—¥ Ÿß

‡¡◊ËÕπ”¢âÕ¡Ÿ≈®“°µ“√“ß∑’Ë 2 ¡“§—¥‡Õ“‡©æ“–§à“§«“¡Àπ◊¥®“°À—««—¥∑’Ë„Àâ§à“§«“¡‰¡à·πàπÕπ„π°“√«—¥µË”∑’Ë ÿ¥
 ”À√—∫∑’Ë·µà≈–§«“¡‡√Á«√Õ∫ ®–‰¥âº≈¥—ßµ“√“ß∑’Ë 3 ÷́Ëß‡¡◊ËÕπ”¡“‡¢’¬π°√“ø√–À«à“ß§«“¡‡√Á«√Õ∫µàÕπ“∑’°—∫
§à“§«“¡Àπ◊¥®–‰¥âº≈¥—ß√Ÿª∑’Ë 4

µ“√“ß∑’Ë 3 · ¥ß¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß«—¥§«“¡Àπ◊¥ ∑’ËÕÿ≥À¿Ÿ¡‘ 22.7°C

√Õ∫µàÕπ“∑’ (rpm) §«“¡Àπ◊¥ (CPS) §«“¡‰¡à·πàπÕπ„π°“√«—¥ (CPS)

0.5 5,060 200

1 4,870 100

2.5 5,000 160

5 4,920 80

10 5,050 100

20 4,820 50

50 4,500 80

100 4,210 100

0.5 5,060 25.4 200 800 2,000 4,000 8,000 20,000

1 4,870 48.7 100 400 1,000 2,000 4,000 10,000

2.5 40 5,000 31.2 160 400 800 1,600 4,000

5 20 4,920 61.5 80 200 2,000

10 10 5,050 50.5 100 4,700 23.7 200 400 1,000

20 5 4,820 96.4 50 4,650 46.5 100 4,680 23.2 200 500 

50 2

40

20

8 20 40 4,500 56.2 80 4,660 23.3 200

100 1 4 10 20 40 4,210 42.1 100

High Uncertainty
zone

High Uncertainty
zone

High Uncertainty
zone

Error/non-
measurable

zone

Error/non-
measurable

zone

400 800

High
Uncertainty

zone

Error/non-measurable
zone

High
Uncertainty

zone

Spindle no. 

1

Spindle no. 

2 

Spindle no. 

3 

Spindle no. 

4 

Spindle no. 

5 

Spindle no. 

6 

Shear
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(rpm) (CPS) % 

Uncertainty
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(CPS) % 

Uncertainty
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√Ÿª∑’Ë 4 · ¥ß°√“ø√–À«à“ß§à“§«“¡Àπ◊¥ (CPS) °—∫§«“¡‡√Á«√Õ∫µàÕπ“∑’ (rpm) æ√âÕ¡√–∫ÿ§à“§«“¡
‰¡à·πàπÕπ„π°“√«—¥ ∑’ËÕÿ≥À¿Ÿ¡‘ 22.7°C

µ“¡√Ÿª∑’Ë 4 · ¥ß„Àâ‡ÀÁπ«à“§à“§«“¡Àπ◊¥¢Õß¢Õß‡À≈«∑’Ë§«“¡‡√Á«√Õ∫µà“ßÊ ‰¡à·µ°µà“ß°—πÕ¬à“ß
¡’π—¬ ”§—≠ π—Ëπ§◊Õ¢Õß‡À≈«∑’Ëº ¡¢÷Èπ¡“π’È¡’æƒµ‘°√√¡‡ªìπ¢Õß‡À≈«™π‘¥π‘«‚∑‡π’¬π  —ß‡°µ«à“À—««—¥∑’Ë 3 ∑’Ë
§«“¡‡√Á«√Õ∫ 20 rpm ®–¡’§«“¡‰¡à·πàπÕπ„π°“√«—¥µË”∑’Ë ÿ¥§◊Õ 50 cps ¥—ßπ—Èπ‡¡◊ËÕ∑”°“√∑¥≈Õß∑’ËÀ—««—¥
·≈–§«“¡‡√Á«√Õ∫π’È́ È”Õ’° 12 §√—Èß ®–‰¥â§à“§«“¡Àπ◊¥‡ªìπ (BF)µ  = 4457 ± 16 cps (∑’ËÕÿ≥À¿Ÿ¡‘ 24°C) „π∑’Ëπ’È
µ—«¬° (BF) ¬àÕ¡“®“° Brookfield

„π∑”πÕß‡¥’¬«°—πÀ“°∑”°“√∑¥≈Õßπ’È´È”Õ’°∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π ”À√—∫°≈’‡´Õ√’π ®–‰¥â§«“¡
Àπ◊¥‡ªìπ BF

gµ  = 722.3 ± 6.0 cps (µ—«ÀâÕ¬ g À¡“¬∂÷ß glycerine)

∫∑∫“∑¢ÕßÕ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥∑’Ë¡’µàÕ°“√«—¥§«“¡Àπ◊¥¢Õß¢Õß‡À≈«´÷ËßÕ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡
‡æ◊ËÕ«—¥§à“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ k ∑’Ë¡’µàÕ°“√µ°¢Õß≈Ÿ°‡À≈Á°∑√ß°≈¡ ‡√“‡√‘Ë¡°“√∑¥≈Õß®“°

°“√ª≈àÕ¬≈Ÿ°‡À≈Á°¢π“¥µà“ßÊ ≈ß„πÀ≈Õ¥∑√ß°√–∫Õ°´÷Ëß∫√√®ÿ¢Õß‡À≈«Õ¬Ÿà¢π“¥µà“ßÊ (µ“¡µ“√“ß∑’Ë 1) ·≈â«
∑”°“√«—¥‡«≈“∑’Ë≈Ÿ°‡À≈Á°„™â„π°“√‡§≈◊ËÕπ∑’Ëºà“π™à«ß∑’Ë‡À¡“– ¡‡æ◊ËÕ§”π«≥À“Õ—µ√“‡√Á«ª≈“¬ vt ‡æ◊ËÕ∑’Ë®–„Àâ
·πà„®«à“≈Ÿ°‡À≈Á°‰¥â‡¢â“ ŸàÕ—µ√“‡√Á«ª≈“¬·≈â« ‡√“‰¥â·∫àß™à«ß¢Õß°“√µ°‡ªìπ Õß™à«ß∑’Ëµ‘¥°—π·≈â«§”π«≥À“
Õ—µ√“‡√Á«‡©≈’Ë¬„π·µà≈–™à«ßæ√âÕ¡§«“¡‰¡à·πàπÕπ„π°“√«—¥ ·≈–À“°Õ—µ√“‡√Á«∑—Èß Õß™à«ßπ’È‰¡à·µ°µà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠ °Á· ¥ß«à“≈Ÿ°‡À≈Á°‰¥â‡¢â“ ŸàÕ—µ√“‡√Á«ª≈“¬·≈â« ´÷Ëß‡√“ “¡“√∂‡≈◊Õ°‡Õ“Õ—µ√“‡√Á«„π™à«ß‰Àπ
¡“„™â°Á‰¥â (¥Ÿ√Ÿª∑’Ë 5  ”À√—∫°√≥’¢Õß≈Ÿ°‡À≈Á°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß d = 5 ¡‘≈≈‘‡¡µ√ ·≈–À≈Õ¥¢π“¥
‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π D = 9.40 ¡‘≈≈‘‡¡µ√)
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√Ÿª∑’Ë 5 · ¥ß°√“ø§à“Õ—µ√“‡√Á«‡©≈’Ë¬∑’Ë≈Ÿ°‡À≈Á°„™â„π°“√‡§≈◊ËÕπ∑’Ë„π™à«ß·√°·≈–™à«ß∑’Ë Õßµ“¡≈”¥—∫

„π∑’Ëπ’È™à«ß·√°·≈–™à«ß∑’Ë Õß°«â“ß™à«ß≈–ª√–¡“≥ 1 ‡´πµ‘‡¡µ√ ·≈–™à«ß·√° ‡√‘Ë¡Àà“ß®“°ª“°
À≈Õ¥ª√–¡“≥ 10 ‡´πµ‘‡¡µ√ ®“°¿“æ· ¥ß„Àâ‡ÀÁπ«à“Õ—µ√“‡√Á«‡©≈’Ë¬„π™à«ß∑—Èß Õß‰¡à·µ°µà“ß°—πÕ¬à“ß¡’
π—¬ ”§—≠ ´÷ËßÀ¡“¬§«“¡«à“≈Ÿ°‡À≈Á°‰¥â‡¢â“ ŸàÕ—µ√“‡√Á«ª≈“¬·≈â« ·≈–„π∑’Ëπ’È‡√“®–‡≈◊Õ°™à«ß∑’Ë Õß´÷Ëß‡ªìπ™à«ß∑’Ë
Õ¬ŸàµË”°«à“‰ª„™â§”π«≥µàÕ‰ª

®“°Õ—µ√“‡√Á«ª≈“¬∑’Ë‰¥â ”À√—∫·µà≈–°√≥’¢Õß≈Ÿ°‡À≈Á°·≈–À≈Õ¥∫√√®ÿ¢Õß‡À≈« ‡¡◊ËÕ·∑π§à“
Õ—µ√“‡√Á«ª≈“¬¥—ß°≈à“«·≈–§à“µ—«·ª√Õ◊ËπÊ §◊Õ §«“¡Àπ“·πàπ¢Õß≈Ÿ°‡À≈Á° (ρ = 7685.82 ± 16.60 kg/m3)
§«“¡Àπ“·πàπ¢Õß¢Õß‡À≈« (ρ′ = 1023.02 ± 17.92 kg/m3) ‡ âπºà“π»Ÿπ¬å°≈“ß¢π“¥µà“ßÊ (µ“¡µ“√“ß∑’Ë
1) ·≈–§à“§«“¡‡√àß‡π◊ËÕß®“°·√ß‚πâ¡∂à«ß¢Õß‚≈° ®– “¡“√∂§”π«≥§«“¡Àπ◊¥¬—ßº≈  ‰¥âµ“¡ ¡°“√ (7)

·≈–§à“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥‰¥â®“°  ‚¥¬ (BF)µ  = 722.3 ± 6.0 cps ÷́Ëß‰¥âÀ“‡Õ“‰«â·≈â«®“°

À—«¢âÕ°àÕπÀπâ“π’È º≈∑’Ë‰¥â ”À√—∫·µà≈–  µà“ßÊ · ¥ß‰«â¥—ßµ“√“ß∑’Ë 4
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µ“√“ß∑’Ë 4 · ¥ß§à“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ k ·≈–§«“¡‰¡à·πàπÕπ„π°“√«—¥ U(k) ∑’Ë§«“¡‡™◊ËÕ¡—Ëπ 95%

λ(d / D) k U(k)

0.10 1.321177 0.164362

0.20 1.635731 0.094631

0.31 1.937548 0.11171

0.41 12.49378 0.722794

0.52 6.202503 0.267148

0.66 12.23557 0.713476

0.70 22.4707 0.967834

0.80 42.88222 5.334789

0.83 47.62218 2.051131

0.89 130.6154 7.556402

0.90 63.24856 3.64661

0.92 147.73 8.517405
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µ“√“ß∑’Ë 5 · ¥ß§à“ U( ) „π·µà≈–Õ—µ√“ à«π°“√∑¥≈Õß

λ = d / D U(λ)

0.10 0.000982283

0.20 0.001886635

0.31 0.002143569

0.41 0.002807982

0.52 0.003482314

0.66 0.015754708

0.70 0.008160765

0.80 0.026959186

0.83 0.019732862

0.89 0.018303858

0.90 0.035339033

0.92 0.028276887

À“°π”¢âÕ¡Ÿ≈µ“¡µ“√“ß∑’Ë 4 ·≈– 5 ¡“‡¢’¬π°√“ø√à«¡°—∫°√“ø®“°∑ƒ…Æ’¢ÕßŒ“‡∫Õ√å·¡π
·≈–‡´√’ (®“° ¡°“√ 6) ®–‰¥âº≈µ“¡√Ÿª∑’Ë 6

 —ß‡°µ«à“„π√Ÿª∑’Ë 6 ¡’§«“¡‰¡à·πàπÕπµ“¡·π«·°π  ¥â«¬ Õ—π‡π◊ËÕß¡“®“°§à“ D ‡æ√“–µÕπ
∑”°“√∑¥≈ÕßÀ“  ∑’Ë  Àπ÷ËßÊ ¬—ß‰¡à‰¥â§”π÷ß∂÷ß§«“¡‰¡à·πàπÕπ„π°“√«—¥ D ¥—ßπ—Èπ§à“ D ®√‘ßÊ À√◊Õ
°Á§◊Õ§à“  ®√‘ßÊ ®–Õ¬Ÿà„π™à«ß  ± U( ) ∑’Ë§«“¡‡™◊ËÕ¡—Ëπ 95% (¥Ÿµ“√“ß∑’Ë 5)

®“°√Ÿª∑’Ë 6 ‡ÀÁπ‰¥â™—¥«à“ º≈°“√∑¥≈Õß °—∫∑ƒ…Æ’  Õ¥§≈âÕß°—π¥’¡“°∑’Ë  = 0.10, 0.20,
0.52, 0.70, 0.92 ·≈–¥’æÕ ¡§«√∑’Ë  = 0.31, 0.66, 0.80, 0.83, 0.89 ‚¥¬®– Õ¥§≈âÕß°—∫∑ƒ…Æ’
¡“°¢÷ÈπÀ“°‡æ‘Ë¡§«“¡‡™◊ËÕ¡—Ëπ®“° 95% ‰ª‡æ’¬ß‡≈Á°πâÕ¬  ”À√—∫  = 0.41 ·≈– 0.90 º≈®“°°“√∑¥≈Õß
§àÕπ¢â“ßÀà“ß®“°∑ƒ…Æ’¡“° ÷́ËßºŸâ∑¥≈Õß‰¥â≈Õß∑”°“√∑¥≈Õß„À¡à ‚¥¬‡ª≈’Ë¬π¢π“¥¢Õß≈Ÿ°‡À≈Á°·≈–
À≈Õ¥∑¥≈Õß (·µà¬—ß¡’  „°≈â‡§’¬ß‡¥‘¡) ·≈â« ·µà°Á¬—ß‰¥âº≈‡™àπ‡¥‘¡ §«“¡‰¡à Õ¥§≈âÕß°—ππ’Èπà“®–¡“®“°
ª√–‡¥Áπ∑’Ë°“√∑¥≈Õß„π∫“ß‡ß◊ËÕπ‰¢∑”„Àâ‡°‘¥¢âÕ¢—¥·¬âß°—∫ ¡¡ÿµ‘∞“π∑’Ë„™â„π∑ƒ…Æ’¢ÕßŒ“‡∫Õ√å·¡π·≈–‡´√’
‡™àπ °“√µ°Õ“®‰¡à‰¥âÕ¬Ÿà„π·π«¥‘ËßæÕ¥’µ“¡·π«‡ âπ ¡¡“µ√¢Õß∑√ß°√–∫Õ° Õ“®‡°‘¥°“√‰À≈·∫∫ªíòπªÉ«π
·≈–≈Ÿ°‡À≈Á°Õ“®∂Ÿ°√∫°«π®“°§≈◊Ëπ∑’Ë –∑âÕπ¡“®“°¥â“π≈à“ß¢Õß∑àÕ∑√ß°√–∫Õ°‡ªìπµâπ Õ¬à“ß‰√°Á¥’ ºŸâ«‘®—¬
¬—ß‰¡à “¡“√∂ √ÿª∂÷ß “‡Àµÿ∑’Ë·πà™—¥¢Õß§«“¡‰¡à Õ¥§≈âÕß°—ππ’È‰¥â



«“√ “√«‘∑¬“»“ µ√å ¡»« ªï∑’Ë 29 ©∫—∫∑’Ë 2 (2556) 145

√Ÿª∑’Ë 6 · ¥ß°“√‡ª√’¬∫‡∑’¬∫§à“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ (k) ®“°°“√∑¥≈Õß°—∫§à“®“°∑ƒ…Æ’¢ÕßŒ“‡∫Õ√å·¡π
·≈–‡´√’ µ“¡ ¡°“√ (6) (¿“æ¢¬“¬  = 0.1›0.7 · ¥ß„π°√Õ∫¥â“π„π)

°“√À“§à“§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π‚¥¬Õ“»—¬Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥
‡æ◊ËÕ∑’Ë®–∑”°“√«—¥§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π´÷Ëß¡’§à“§àÕπ¢â“ßπâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫¢Õß‡À≈«∑’Ëº ¡¢÷Èπ‡Õß

®÷ß‡≈◊Õ°À≈Õ¥∑¥≈Õß´÷Ëß¡’‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π (D) 4.48 mm ·≈–≈Ÿ°‡À≈Á°¢π“¥ (d) 4 mm À√◊Õ°Á
§◊Õ∑’Ë  = 0.89 ́ ÷Ëß¡’§à“Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥®“°°“√∑¥≈Õß (k) ª√–¡“≥ 130 Õ—π®–‡ªìπº≈∑”„Àâ≈Ÿ°‡À≈Á°
µ°™â“≈ß®π “¡“√∂®—∫‡«≈“‚¥¬Õ“»—¬ “¬µ“‰¥â –¥«° ‡¡◊ËÕ∑”°“√∑¥≈Õßª≈àÕ¬≈Ÿ°‡À≈Á°¢π“¥¥—ß°≈à“«≈ß„π
À≈Õ¥∑¥≈Õß∑’Ë∫√√®ÿ°≈’‡´Õ√’π‰«â ·≈â«∑”°“√∑¥≈Õßµ“¡¢—ÈπµÕπµà“ßÊ ‡™àπ‡¥’¬«°—∫„πÀ—«¢âÕ∑’Ë·≈â« ®–‰¥â
§«“¡Àπ◊¥¬—ßº≈  = 102139 ± 26114 cps ·≈– “¡“√∂À“§«“¡Àπ◊¥‰¥â®“° FS

g = k  ‡¡◊ËÕ·∑π§à“

k = 130.62 ± 3.86 (§à“§«“¡‰¡à·πàπÕπ„π°“√«—¥ 3.86 π’È ‡ªìπ§à“°àÕπ∑’Ë®–∂Ÿ°§Ÿ≥‡æ◊ËÕ„Àâ‰¥â§à“§«“¡
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‰¡à·πàπÕπ„π°“√«—¥ U(k) ∑’Ë§«“¡‡™◊ËÕ¡—Ëπ 95%) ≈ß‰ª®–‰¥â FS
g  = 782 ± 49 cps (µ—«¬° (FS) ¬àÕ¡“®“°

Falling Sphere) À“°π” FS
g  π’È‰ª‡ª√’¬∫‡∑’¬∫°—∫ (BF)

g  ∑’Ë‰¥â∑¥≈Õß‰«â„πµÕπµâπ ®–‰¥âº≈¥—ß√Ÿª∑’Ë 7

√Ÿª∑’Ë 7 · ¥ß°“√‡ª√’¬∫‡∑’¬∫§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π ( (FS,BF)
g ) ´÷ËßÀ“®“°«‘∏’°“√ª≈àÕ¬≈Ÿ°‡À≈Á°∑√ß°≈¡

(FS) °—∫«‘∏’«—¥‚¥¬„™â‡§√◊ËÕß«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å (BF)

®“°√Ÿª∑’Ë 7 ‡ÀÁπ‰¥â™—¥«à“§à“§«“¡Àπ◊¥‡¡◊ËÕ√«¡§«“¡‰¡à·πàπÕπ„π°“√«—¥·≈â«®“°∑—Èß Õß«‘∏’ ‰¡à¡’
§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ Õ¬à“ß‰√°Á¥’  —ß‡°µ«à“ §«“¡‰¡à·πàπÕπ„π°“√«—¥ ”À√—∫°“√«—¥¥â«¬‡§√◊ËÕß
∫√ÿ§øî≈¥å¡’§à“πâÕ¬°«à“§«“¡‰¡à·πàπÕπ„π°“√«—¥ ”À√—∫°“√«—¥‚¥¬Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡‚¥¬§à“®“°
°“√∑¥≈Õß‚¥¬Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡‡ªìπª√–¡“≥ 8 ‡∑à“ ¢Õß§à“®“°‡§√◊ËÕß∫√ÿ§øî≈¥å ´÷Ëß
À¡“¬§«“¡«à“ ‡∑§π‘§°“√«—¥¥â«¬‡§√◊ËÕß∫√ÿ§øî≈¥å¡’§«“¡‡∑’Ë¬ßµ√ß¡“°°«à“ ‚¥¬§«“¡‡∑’Ë¬ßµ√ß¡“°°«à“π’È
‡ªìπº≈¡“®“°‚§√ß √â“ß¢Õß¡“µ√«—¥‚¥¬µ√ß ‡æ√“–°“√«—¥∑—Èß Õß«‘∏’π’Èºà“π°“√«‘‡§√“–Àå‡™‘ß ∂‘µ‘„π≈—°…≥–
‡¥’¬«°—π
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 √ÿªº≈°“√∑¥≈Õß
‚¥¬Õ“»—¬‡§√◊ËÕß«—¥§«“¡Àπ◊¥™π‘¥À¡ÿπ·∫∫¥‘®‘µÕ≈ (∫√ÿ§øî≈¥å) ‡√“ “¡“√∂∑¥ Õ∫§«“¡‡ªìπ

¢Õß‡À≈«™π‘¥π‘«‚∑‡π’¬π¢Õß¢Õß‡À≈«∑’Ë„™â„πß“π«‘®—¬π’È‰¥â æ√âÕ¡∑—Èß “¡“√∂µ√«® Õ∫§«“¡ Õ¥§≈âÕß¢Õß
Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥√–À«à“ß§à“∑’Ë‰¥â®“°°“√∑¥≈Õß‚¥¬Õ“»—¬°“√µ°¢Õß«—µ∂ÿ∑√ß°≈¡ (≈Ÿ°‡À≈Á°∑√ß°≈¡)
·≈–§à“∑’Ë‰¥â®“°∑ƒ…Æ’¢ÕßŒ“‡∫Õ√å·¡π·≈–‡´√’ °“√∑¥≈Õß¥—ß°≈à“«∑”„Àâ “¡“√∂‡≈◊Õ°≈Ÿ°‡À≈Á°∑√ß°≈¡
·≈–À≈Õ¥∑¥≈Õß∑√ß°√–∫Õ°∑’Ë‡À¡“– ¡‡æ◊ËÕ∑”°“√∑¥≈Õß«—¥§à“§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π‚¥¬Õ“»—¬
Õ‘∑∏‘æ≈¢Õßºπ—ßÀ≈Õ¥ (∑’Ë§à“ª√–¡“≥ 130) ´÷Ëß∑”„Àâ≈Ÿ°‡À≈Á°µ°™â“≈ß¡“°®π “¡“√∂®—∫‡«≈“¢Õß°“√µ°
‚¥¬Õ“»—¬ “¬µ“‰¥âÕ¬à“ß·¡àπ¬” ·≈–§à“§«“¡Àπ◊¥¢Õß°≈’‡´Õ√’π∑’Ë‰¥â§◊Õ 782 ± 49 cps ∑’ËÕÿ≥À¿Ÿ¡‘ 24°C
´÷Ëß‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠°—∫§«“¡Àπ◊¥∑’Ë«—¥‰¥â®“°¡“µ√«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å §◊Õ 722.3 ± 6.0 cps
∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π Õ¬à“ß‰√°Á¥’ ‡ÀÁπ‰¥â™—¥«à“§«“¡‰¡à·πàπÕπ„π°“√«—¥¢Õß°“√∑¥≈Õß∑’ËÕ“»—¬°“√µ°¢Õß«—µ∂ÿ
∑√ß°≈¡„π°√≥’π’È ®–¡’§à“ª√–¡“≥ 8 ‡∑à“ ¢Õß§à“∑’Ë‰¥â®“°¡“µ√«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å

®“°ß“π«‘®—¬π’È §≥–ºŸâ«‘®—¬‰¥âæ∫ªí≠À“¢Õß°“√∑”°“√∑¥≈Õß ·≈–·π«∑“ßª√—∫ª√ÿß„Àâ¥’¢÷Èπ ¥—ßπ’È
§◊Õ (1) §à“§«“¡Àπ◊¥¢Õß¢Õß‡À≈«∑’ËºŸâ«‘®—¬º ¡¢÷Èπ„π°“√∑¥≈Õßπ’È ¡’§à“·ª√‡ª≈’Ë¬π‰ªµ“¡Õÿ≥À¿Ÿ¡‘¡“°
§◊Õ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷ÈπÀ√◊Õ≈¥≈ß„π™à«ßª√–¡“≥ 1 Õß»“‡´≈‡´’¬  ®–∑”„Àâ§à“§«“¡Àπ◊¥‡ª≈’Ë¬π‰ª§àÕπ
¢â“ß¡“° ¥—ßπ—Èπ „π°“√«‘®—¬§√—ÈßµàÕ‰ªµâÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢Õß¢Õß‡À≈«∑’Ëº ¡¢÷Èπ„Àâ‰¥â À√◊Õ‰¡à°Á§«√‡ª≈’Ë¬π
™π‘¥¢Õß¢Õß‡À≈«∑’Ë‰¡à‰«µàÕÕÿ≥À¿Ÿ¡‘¡“°π—° ·≈– (2) ‡¡◊ËÕÀ¬àÕπ≈Ÿ°‡À≈Á°≈ß„πÀ≈Õ¥∑¥≈Õß√Ÿª∑√ß
°√–∫Õ° ÷́Ëßµ“¡∑ƒ…Æ’·≈â« ®”‡ªìπ®–µâÕß„Àâ≈Ÿ°‡À≈Á°µ°≈ß„π·π«¥‘Ëßµ“¡·π«·°π ¡¡“µ√¢ÕßÀ≈Õ¥
∑¥≈Õß´÷Ëß„π°“√∑¥≈Õß∑”‰¥â¬“°‚¥¬‡©æ“–°√≥’∑’Ë‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß≈Ÿ°‡À≈Á°„°≈â°—∫‡ âπºà“π
»Ÿπ¬å°≈“ß¿“¬„π¢ÕßÀ≈Õ¥∑¥≈Õß ®÷ß§«√æ—≤π“‡∑§π‘§∑’Ë‡À¡“– ¡‡æ◊ËÕ„Àâ≈Ÿ°‡À≈Á°µ°≈ß„π·π«¥‘Ëßµ“¡
·π«·°π ¡¡“µ√¢ÕßÀ≈Õ¥∑¥≈Õß„Àâ‰¥â¡“°∑’Ë ÿ¥ ·≈–§«√§”π÷ß∂÷ß§«“¡‰¡à·πàπÕπ„π°“√«—¥Õ—π‡π◊ËÕß¡“®“°
°“√µ°‰¡àµ√ßµ“¡·π«¥‘Ëß¥—ß°≈à“«¥â«¬

°‘µµ‘°√√¡ª√–°“»
§≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ ¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å ∑’Ë‡Õ◊ÈÕ‡øóôÕÀâÕß∑¥≈Õß«‘®—¬ §≥–

‡∑§‚π‚≈¬’·≈–π«—µ°√√¡º≈‘µ¿—≥±å°“√‡°…µ√ ∑’Ë‡Õ◊ÈÕ‡øóôÕ‡§√◊ËÕß«—¥§«“¡Àπ◊¥∫√ÿ§øî≈¥å ·≈–Õ“®“√¬å ¡»—°¥‘Ï
¡≥’√—µπ–°Ÿ≈ ∑’Ë„Àâ§”·π–π”∑’Ë‡ªìπª√–‚¬™πåµàÕß“π«‘®—¬ §≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥∑ÿπ π—∫ πÿπ°“√∑”ª√‘≠≠“
π‘æπ∏å ”À√—∫π‘ ‘µ„π√–¥—∫∫—≥±‘µ»÷°…“ ®“°ß∫ª√–¡“≥‡ß‘π√“¬‰¥â§≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬
»√’π§√‘π∑√«‘‚√≤ ª√–®”ªï 2555
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