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ABSTRACT

This study aims to describe the causal relationship between ground-level ozone and
other variables including photochemical reaction factors, meteorological factors, air pollution
factors, and Volatile Organic Compound (VOCs) factors using causal analysis by partial least
squares path modeling (PLS-PM). The data were collected during January 2008 to August 2019
from Pollution Control Department, Ministry of Natural Resources and Environment, Thailand.
The results show that VOCs factors have the direct positive impact on air pollution factor and
have indirect positive impact on ground-level ozone concentration with impact values of 0.2384
and 0.1777, respectively. In contrast, meteorological factors have direct negative impact on air
pollution factors and VOCs factors with impact values of -0.7312 and -0.5824, respectively.
Furthermore, air pollution factors and photochemical reaction factors have direct positive impact
on ground-level ozone concentration with impact value of 0.7453 and 0.1423, respectively.
However, the total impacts show that the main factor affects the increase on ground-level ozone
concentration is air pollution factors whereas the factor affects the decrease on ground-level
ozone concentration is meteorological factors.
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∫∑π”
‚Õ‚´π√–¥—∫æ◊Èπ¥‘π (Ground-Level Ozone) ‡°‘¥¢÷Èπ„π∫√√¬“°“»™—Èπ‚∑√‚æ ‡øï¬√å (Troposphere)

‡ªìπ°ä“´∑’Ëª√–°Õ∫¥â«¬ÕÕ°´‘‡®π “¡Õ–μÕ¡ (O3) ‚¥¬∑—Ë«‰ª·≈â«‚Õ‚´π‡°‘¥®“°°“√·μ°μ—«¢Õß‚¡‡≈°ÿ≈
¢ÕßÕÕ°´‘‡®π (O2) ‡ªìπÕ–μÕ¡¢ÕßÕÕ°´‘‡®π (O) ‚¥¬·À≈àß°”‡π‘¥À≈—°¢ÕßÕ–μÕ¡¢ÕßÕÕ°´‘‡®π·≈–
‰π‚μ√‡®π¡ÕπÕ°‰´¥å (Nitrogen Monoxide: NO) ¡“®“°°“√·μ°μ—«¢Õß‰π‚μ√‡®π‰¥ÕÕ°‰´¥å (Nitrogen
Dioxide: NO2) ‚¥¬¡’· ßÕ“∑‘μ¬å‡ªìπμ—«‡√àßªØ‘°‘√‘¬“ ®“°π—ÈπÕ–μÕ¡¢ÕßÕÕ° ‘́‡®π®–√«¡μ—«°—∫‚¡‡≈°ÿ≈
¢ÕßÕÕ°´‘‡®π°≈“¬‡ªìπ‚Õ‚´π [1-3]

‚Õ‚´π√–¥—∫æ◊Èπ¥‘π‰¡à‰¥â∂Ÿ°ª≈àÕ¬ ŸàÕ“°“»‚¥¬μ√ß ·μà‡°‘¥®“°ªØ‘°‘√‘¬“‚ø‚μ‡§¡’ (Photochemical
Reaction) ÷́Ëß¡’ “√μ—Èßμâπ‡ªìπÕÕ°‰´¥å¢Õß‰π‚μ√‡®π (Oxide of Nitrogen: NOX) ·≈– “√ª√–°Õ∫
Õ‘π∑√’¬å√–‡À¬ßà“¬ (Volatile Organic Compound: VOCs) ∑—Èßπ’È NOX ·≈– VOCs  à«π„À≠à¡’·À≈àß
°”‡π‘¥¡“®“°¬“πæ“Àπ– ‚√ß‰øøÑ“ ‚√ßß“πÕÿμ “À°√√¡ §≈—ßπÈ”¡—π  ∂“π’„Àâ∫√‘°“√πÈ”¡—π ‚√ßß“π‡§¡’ ·≈–
Õ◊Ëπ Ê √«¡∂÷ß°“√√–‡À¬®“°´“°æ◊™´“° —μ«åμ“¡∏√√¡™“μ‘·≈–°“√‡º“‰À¡âªÉ“‰¡â [4-5] °“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡
‡¢â¡¢âπ¢Õß‚Õ‚´π„π√–¥—∫æ◊Èπ¥‘π®÷ß∑”„Àâ‡°‘¥ª√“°Ø°“√≥åÀ¡Õ°§«—π (Photochemical Smog) ÷́Ëß¡’
≈—°…≥–‡ªìπÀ¡Õ°Àπ“ ’¢“«ª°§≈ÿ¡æ◊Èπ∑’Ë °àÕ„Àâ‡°‘¥¡≈æ‘…∑“ßÕ“°“»·≈–‡ªìπÕ—πμ√“¬μàÕ ‘Ëß·«¥≈âÕ¡ ·≈–
 ÿ¢¿“æ¢Õß¡πÿ…¬å‚¥¬‡©æ“–√–∫∫∑“ß‡¥‘πÀ“¬„® ‡π◊ËÕß®“°‚Õ‚´π¡’ƒ∑∏‘Ï°—¥°√àÕπ ·≈–∑”≈“¬‡¬◊ËÕ∫ÿμà“ßÊ
[1, 5-6]

°“√‡ª≈’Ë¬π·ª≈ß√–¥—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π∂Ÿ°§«∫§ÿ¡¥â«¬°√–∫«π°“√∑’ËÀ≈“°À≈“¬√«¡∂÷ß
°“√‡ª≈’Ë¬π·ª≈ß ¿“æÕ“°“»·≈–§ÿ≥¿“æÕ“°“» ‚¥¬Õÿ≥À¿Ÿ¡‘‡ªìπªí®®—¬∑’Ë ”§—≠∑’Ë ÿ¥∑’Ë àßº≈μàÕ§«“¡
‡¢â¡¢âπ¢Õß‚Õ‚´π [7-13] ´÷ËßÕÿ≥À¿Ÿ¡‘ [7-8, 13] §«“¡™◊Èπ —¡æ—∑∏å [13] √—ß ’Õ—≈μ√“‰«‚Õ‡≈μ∫’ (UVB)
·≈–√—ß ’· ßÕ“∑‘μ¬å [8-9, 12] ¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π πÕ°®“°π’È°“√
‡ª≈’Ë¬π·ª≈ß¢Õß°“√º ¡º “π√–À«à“ßÕÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ ·≈– ª√‘¡“≥πÈ”ΩπÕ“® àßº≈°√–∑∫μàÕ§«“¡
‡¢â¡¢âπ¢Õß‚Õ‚´π  à«π§«“¡‡√Á«≈¡¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π ÷́Ëß§«“¡‡¢â¡¢âπ¢Õß
‚Õ‚´π®–≈¥≈ß‡¡◊ËÕ§«“¡‡√Á«≈¡‡æ‘Ë¡¢÷Èπ [11, 13-14] „π¢≥–∑’Ë∑‘»∑“ß≈¡¡’Õ‘∑∏‘æ≈¡“°∑’Ë ÿ¥„π°“√
‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π [8, 14] ‡π◊ËÕß®“°À“°∑‘»∑“ß≈¡§àÕπ¢â“ß§ß∑’Ë®–æ∫√–¥—∫¡≈æ‘…
 ŸßÕ¬à“ßμàÕ‡π◊ËÕß‡¡◊ËÕ‡∑’¬∫°—∫∫√‘‡«≥æ◊Èπ∑’Ë‡¥’¬«°—π„π¢≥–∑’Ë≈¡¡’∑‘»∑“ß‡§≈◊ËÕπ∑’Ë [15]  ”À√—∫ªí®®—¬¡≈æ‘…
∑“ßÕ“°“» æ∫«à“ ΩÿÉπ≈–ÕÕß¢π“¥‰¡à‡°‘π 2.5 ‰¡§√Õπ (PM2.5) ¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫§«“¡‡¢â¡¢âπ
¢Õß‚Õ‚´π„πƒ¥Ÿ√âÕπ·≈–‡™‘ß≈∫„π™à«ßƒ¥ŸÀπ“« [16] πÕ°®“°π’È§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π¬—ß¡’§«“¡ —¡æ—π∏å
‡™‘ß≈∫°—∫ NOX NO ·≈– NO2 [9, 12, 14, 17] „π∑“ßμ√ß°—π¢â“¡§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π¬—ß¡’§«“¡
 —¡æ—π∏å‡™‘ß∫«°°—∫§«“¡‡¢â¡¢âπ¢Õß VOCs [9] ÷́Ëß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π°—∫μ—«·ª√
∑“ßÕÿμÿπ‘¬¡«‘∑¬“ ¡≈æ‘…∑“ßÕ“°“» ·≈– VOCs · ¥ß‰«â„π√Ÿª∑’Ë 1

¥—ßπ—Èπ‡æ◊ËÕ§«∫§ÿ¡§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π‰¡à„Àâ¡’¡“°®π‡ªìπÕ—πμ√“¬μàÕ ‘Ëß·«¥≈âÕ¡
·≈– ÿ¢¿“æ¢Õß¡πÿ…¬å®÷ß‡ªìπ‡√◊ËÕß ”§—≠Õ¬à“ß¬‘Ëß∑’Ë®–ª√–‡¡‘π§«“¡·μ°μà“ß¢Õßμ—«·ª√À√◊Õªí®®—¬∑’Ë¡’º≈μàÕ
§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ·≈–π”‰ª Ÿà°“√„™â¡“μ√°“√∑’Ë‡À¡“– ¡‡æ◊ËÕªÑÕß°—π “‡Àμÿ·≈–º≈
°√–∑∫∑’Ë‡°‘¥®“°§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π °“√»÷°…“π’È®÷ß„™â°“√«‘‡§√“–Àå‡™‘ß “‡Àμÿ¥â«¬°“√ √â“ß
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μ—«·∫∫‡ âπ∑“ß°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥∫“ß à«π (Partial Least Squares Modeling: PLS-PM) ‡æ◊ËÕÕ∏‘∫“¬
§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π·≈–μ—«·ª√Õ◊ËπÊ ∑—Èßπ’È°“√ √â“ßμ—«·∫∫
·≈–°“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õßμ—«·∫∫¥”‡π‘π°“√‚¥¬„™â·æ§‡°® PLS predict†„π‚ª√·°√¡´Õø·«√å
R (https://github.com/ISS-Analytics/pls-predict) [18]

√Ÿª∑’Ë 1 §«“¡ —¡æ—π∏å√–À«à“ß‚Õ‚´π°—∫μ—«·ª√∑“ßÕÿμÿπ‘¬¡«‘∑¬“ ¡≈æ‘…∑“ßÕ“°“» ·≈– VOCs

«‘∏’¥”‡π‘π°“√«‘®—¬
°“√»÷°…“§√—Èßπ’È∑”°“√«‘‡§√“–Àå‡™‘ß “‡Àμÿ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π·≈–μ—«·ª√μà“ßÊ „π‡¢μ

§«∫§ÿ¡¡≈æ‘…¡“∫μ“æÿ¥ ®—ßÀ«—¥√–¬Õß ‚¥¬¡’√“¬≈–‡Õ’¬¥æ◊Èπ∑’Ë»÷°…“·≈–°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈ √«¡∂÷ß
∑ƒ…Æ’μ—«·∫∫‡ âπ∑“ß°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥∫“ß à«π∑’Ë„™â„π°“√«‘‡§√“–Àå ·≈–°“√μ√«® Õ∫§«“¡‡À¡“– ¡
¢Õßμ—«·∫∫‡ âπ∑“ß°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥∫“ß à«π¥â«¬ ∂‘μ‘∑¥ Õ∫∑’·≈–§à“ —¡ª√– ‘∑∏‘Ï°“√μ—¥ ‘π„® ¥—ßπ’È

æ◊Èπ∑’Ë»÷°…“·≈–°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈
®—ßÀ«—¥√–¬Õßμ—ÈßÕ¬Ÿà∑“ß∑‘»μ–«—πÕÕ°¢Õßª√–‡∑»‰∑¬ ÷́Ëß‡ªìπ‡¢μ§«∫§ÿ¡¡≈æ‘… ‚¥¬‡∑»∫“≈

‡¡◊Õß¡“∫μ“æÿ¥‡ªìπæ◊Èπ∑’Ë‚§√ß°“√æ—≤π“™“¬Ωíòß∑–‡≈μ–«—πÕÕ°·≈–‡ªìπ‡¢μÕÿμ “À°√√¡ ªí®®ÿ∫—ππ‘§¡
Õÿμ “À°√√¡¡“∫μ“æÿ¥‡ªìπ∞“π°“√º≈‘μ∑’Ë ”§—≠¢Õßª√–‡∑»‰∑¬ ‡™àπ ªî‚μ√‡§¡’ ‡§¡’¿—≥±å ‡À≈Á°·≈–‚≈À–
·≈–‚√ß°≈—ËππÈ”¡—π °“√√«¡°≈ÿà¡Õÿμ “À°√√¡„πæ◊Èπ∑’Ëπ’È®÷ß∑”„Àâ‡°‘¥ªí≠À“¢Õß VOCs ¥—ßπ—Èπ∫√‘‡«≥π’È®÷ß¡’
ªí≠À“¡≈æ‘…∑“ßÕ“°“» ®“°°“√√«∫√«¡¢âÕ¡Ÿ≈§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√“¬™—Ë«‚¡ß„πæ◊Èπ∑’Ë»÷°…“ ™à«ß‡¥◊Õπ
¡°√“§¡ ªï æ.». 2551 ∂÷ß ‘ßÀ“§¡ ªï æ.». 2562 · ¥ß„π√Ÿª∑’Ë 2 æ∫«à“ §à“§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π Ÿß ÿ¥
√“¬™—Ë«‚¡ß¢Õß·μà≈–ªï Ÿß‡°‘π§à“¡“μ√∞“π (100 ppb) °”Àπ¥‚¥¬§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß™“μ‘
 Õ¥§≈âÕßμ“¡∑’Ë√–∫ÿ„πÀπ—ß ◊Õ ∂“π°“√≥å¡≈æ‘…¢Õßª√–‡∑»‰∑¬ [19]
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√Ÿª∑’Ë 2 §«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π√“¬™—Ë«‚¡ß √–À«à“ßªï æ.». 2551-2562

√Ÿª∑’Ë 3 §«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π‡©≈’Ë¬√“¬‡¥◊Õπ„π™à«ß √–À«à“ßªï æ.». 2551-2562

¢âÕ¡Ÿ≈∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È§◊Õ¢âÕ¡Ÿ≈√“¬™—Ë«‚¡ß ‰¥â·°à ¢âÕ¡Ÿ≈Õÿμÿπ‘¬¡«‘∑¬“ ¢âÕ¡Ÿ≈ “√¡≈æ‘…
∑“ßÕ“°“» §«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π (O3) ¢âÕ¡Ÿ≈√—ß ’¥«ßÕ“∑‘μ¬å ·≈– ¢âÕ¡Ÿ≈√“¬‡¥◊Õπ¢Õß VOCs
¢Õß ∂“π’μ√«®«—¥‚√ßæ¬“∫“≈ àß‡ √‘¡ ÿ¢¿“æ¡“∫μ“æÿ¥ (29t) ‚¥¬°√¡§«∫§ÿ¡¡≈æ‘… „π™à«ß‡¥◊Õπ¡°√“§¡
ªï æ.». 2551 ∂÷ß ‘ßÀ“§¡ ªï æ.». 2562 ®“°„π√Ÿª∑’Ë 3 æ∫«à“§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π„π‡¢μπ‘§¡
Õÿμ “À°√√¡¡“∫μ“æÿ¥¡’§à“ Ÿß„π™à«ßƒ¥ŸÀπ“« (æƒ»®‘°“¬π-°ÿ¡¿“æ—π∏å) ·≈–μË” ÿ¥„π™à«ßƒ¥ŸΩπ (°√°Æ“§¡-
 ‘ßÀ“§¡) ‚¥¬§à“‡©≈’Ë¬‚Õ‚´π√Õ∫ªï®–¡’§à“ Ÿß ÿ¥„π™à«ßƒ¥ŸÀπ“«·≈–§àÕ¬Ê ≈¥≈ß„πƒ¥Ÿ√âÕπ ·≈â«≈¥≈ßμË”
 ÿ¥„π™à«ßƒ¥ŸΩπ [20] ‡π◊ËÕß®“°ª√‘¡“≥πÈ”Ωπ·≈–§«“¡™◊Èπ —¡æ—∑∏å¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫°—∫§«“¡‡¢â¡¢âπ
¢Õß‚Õ‚´π ·≈–√—ß ’¥«ßÕ“∑‘μ¬å¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π [21]

μ—«·∫∫ ¡°“√‚§√ß √â“ß (Structural Equation Modeling : SEM)
μ—«·∫∫ ¡°“√‚§√ß √â“ß (Structural Equation Modeling: SEM) æ—≤π“‚¥¬ Charles

Spearman „πªï §.». 1904 μàÕ¡“ Sewall Wright ‰¥â‡ πÕ«‘∏’°“√«‘‡§√“–Àå‡ âπ∑“ß ”À√—∫°“√ª√–‡¡‘π
§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ßμ—«·ª√„πªï §.». 1934 SEM ‡ªìπ‡∑§π‘§∑’Ë„™â ”À√—∫°“√∑¥ Õ∫·≈–
ª√–‡¡‘π§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ∫πæ◊Èπ∞“π¢Õß°“√«‘‡§√“–ÀåÀ≈“¬μ—«·ª√‚¥¬√«∫√«¡À≈“¬‡∑§π‘§‡¢â“¥â«¬°—π
‡æ◊ËÕ«‘‡§√“–Àå¢âÕ¡Ÿ≈ ‡™àπ °“√«‘‡§√“–Àåªí®®—¬ (Factor Analysis) °“√«‘‡§√“–Àå‡ âπ∑“ß (Path Analysis)
·≈–°“√«‘‡§√“–Àå°“√∂¥∂Õ¬æÀÿ§Ÿ≥ (Multiple Regression Analysis)
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SEM ª√–°Õ∫¥â«¬ 2 Õß§åª√–°Õ∫ §◊Õ μ—«·∫∫°“√«—¥ (Measurement Model) ·≈–
μ—«·∫∫‚§√ß √â“ß (Structural Model) ‚¥¬μ—«·∫∫°“√«—¥®–√–∫ÿ§«“¡ —¡æ—π∏å‡™‘ß‡ âπ¢Õßμ—«·ª√·Ωß
(Latent Variables : ξ) °—∫μ—«·ª√ —ß‡°μ (Observed Variables: x) ‚¥¬∑’Ëμ—«·ª√·Ωß§◊Õμ—«·ª√∑’Ë· ¥ß
∂÷ß·π«§‘¥ ¢≥–∑’Ëμ—«·ª√ —ß‡°μ§◊Õμ—«·ª√∑’Ë‡°Á∫§à“‰¥â‚¥¬μ√ß μ—«·∫∫‚§√ß √â“ß®–√–∫ÿ§«“¡ —¡æ—π∏å‡™‘ß
 “‡Àμÿ√–À«à“ßμ—«·ª√·Ωß Õßμ—«´÷Ëß¡’§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß∑’Ë· ¥ß°“√‡™◊ËÕ¡‚¬ß [22] ¥—ß√Ÿª∑’Ë 4

√Ÿª∑’Ë 4 μ—«·∫∫æ◊Èπ∞“π¢Õß°“√«‘‡§√“–Àå¥â«¬μ—«·∫∫ ¡°“√‚§√ß √â“ß

°“√ª√–¡“≥§à“æ“√“¡‘‡μÕ√å„π SEM ¡’ Õß«‘∏’ ‰¥â·°à «‘∏’„™â§«“¡·ª√ª√«π√à«¡‡ªìπ∞“π
(Covariance-Based SEM: CB-SEM) ·≈– «‘∏’„™â§«“¡·ª√ª√«π‡ªìπ∞“π (Variance-Based SEM:
VB-SEM)  ”À√—∫°√–∫«π°“√¢Õß CB-SEM ®–„™â«‘∏’¿“«–πà“®–‡ªìπ Ÿß ÿ¥ (Maximum Likelihood: ML)
„π°“√ª√–¡“≥§à“æ“√“¡‘‡μÕ√å β ¢≥–∑’Ë°√–∫«π°“√¢Õß VB-SEM ®–„™â«‘∏’°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥ (Ordinary
Least Square: OLS) „π°“√ª√–¡“≥§à“æ“√“¡‘‡μÕ√å β ·≈–«‘‡§√“–Àå§à“ ∂‘μ‘§√“«≈–Àπ÷Ëß à«π VB-SEM
‡√’¬°Õ’°Õ¬à“ß«à“ μ—«·∫∫‡ âπ∑“ß°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥∫“ß à«π (PLS-PM) [23] Õ¬à“ß‰√°Áμ“¡ CB-SEM
‡À¡“– ”À√—∫¢âÕ¡Ÿ≈∑’Ë¡’°“√·®°·®ßª°μ‘À≈“¬μ—«·ª√·≈–®”‡ªìπμâÕß„™âμ—«Õ¬à“ß¢π“¥„À≠à‡π◊ËÕß®“°„™â«‘∏’
ML „π°“√ª√–¡“≥æ“√“¡‘‡μÕ√å ¢≥–∑’Ë PLS-PM  “¡“√∂„™âμ—«Õ¬à“ß¢π“¥‡≈Á°‰¥â ·≈–¡’°”≈—ß∑“ß ∂‘μ‘
(Statistical Power) ∑’Ë Ÿß [22]

μ—«·∫∫‡ âπ∑“ß°”≈—ß ÕßπâÕ¬∑’Ë ÿ¥∫“ß à«π (PLS-PM)
PLS-PM ª√–°Õ∫¥â«¬Õß§åª√–°Õ∫À≈—° 2 Õß§åª√–°Õ∫‡™àπ‡¥’¬«°—∫„π√Ÿª∑’Ë 4 À“°·μà„π

PLS-PM ‡√’¬°μ—«·∫∫°“√«—¥«à“ μ—«·∫∫¿“¬πÕ° (Outer Model) ·≈–μ—«·∫∫‚§√ß √â“ß«à“ μ—«·∫∫¿“¬„π
(Inner Model) ‚¥¬μ—«·∫∫¿“¬πÕ°„™â√–∫ÿ§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ßμ—«·ª√·Ωß·≈–μ—«·ª√ —ß‡°μ
¢≥–∑’Ëμ—«·∫∫¿“¬„π„™â√–∫ÿ§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ßμ—«·ª√·Ωß Õßμ—« μ—«·∫∫°“√«—¥„π PLS-PM
¡’ 2 ª√–‡¿∑ ‰¥â·°à ª√–‡¿∑¡“μ√«—¥™’ÈÕÕ° (Reflective Indicator) ·≈–ª√–‡¿∑¡“μ√«—¥™’È‡¢â“ (Formative
Indicator) ‚¥¬¡“μ√«—¥™’ÈÕÕ°‡ªìπ°“√ –∑âÕπ°“√‡ª≈’Ë¬π·ª≈ß¢Õßμ—«·ª√·Ωß „π¢≥–∑’Ë¡“μ√«—¥™’È‡¢â“
‡ªìπ ∂“π°“√≥å∑’Ëμ—«·ª√·Ωß‡°‘¥¢÷Èπ®“°°“√√«¡°—π¢Õßμ—«·ª√ —ß‡°μμ“¡·π«§‘¥¢Õß ¡°“√°“√∂¥∂Õ¬
æÀÿ§Ÿ≥´÷Ëß∂◊Õ«à“„™âμ—«·ª√Õ‘ √–„π°“√Õ∏‘∫“¬μ—«·ª√μ“¡
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‚¥¬∑—Ë«‰ª·≈â«°“√ √â“ß PLS-PM μâÕß¡’°“√ÕÕ°·∫∫μ—«·∫∫·π«§‘¥‡∫◊ÈÕßμâπ¡“°àÕπ ‡æ◊ËÕ
· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßªí®®—¬μà“ßÊ ∑’Ë¡’Õ‘∑∏‘æ≈μàÕ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ®“°§«“¡ —¡æ—π∏å
¥—ß√Ÿª∑’Ë 1 °”Àπ¥„Àâªí®®—¬∑“ßªØ‘°‘√‘¬“‚ø‚μ‡§¡’ (Photochemical: PC) ªí®®—¬∑“ßÕÿμÿπ‘¬¡«‘∑¬“ (Meteo-
rological: MT) ªí®®—¬∑“ß¡≈æ‘…∑“ßÕ“°“» (Air Pollutions: AP) ·≈–ªí®®—¬ “√Õ‘π∑√’¬å√–‡À¬ßà“¬ (Volatile
Organic Compound: VOCs) ‡ªìπ¡“μ√«—¥™’È‡¢â“  à«πªí®®—¬‚Õ‚´π√–¥—∫æ◊Èπ¥‘π‡ªìπ¡“μ√«—¥™’ÈÕÕ°
´÷Ëßμ—«·ª√∑—ÈßÀ¡¥„π·μà≈–ªí®®—¬∑’Ë· ¥ß‰«â„πμ“√“ß∑’Ë 1 ·≈–®–π”‰ª„™â„π°“√«‘‡§√“–Àå‡™‘ß “‡Àμÿ¢Õß§«“¡
‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π Õ¬à“ß‰√°Áμ“¡¢âÕ¡Ÿ≈∑’Ë‡°Á∫√«∫√«¡¡“¡’§à“ Ÿ≠À“¬ „π°“√»÷°…“§√—Èßπ’È®÷ß∑”°“√
ª√–¡“≥§à“ Ÿ≠À“¬¢Õß¢âÕ¡Ÿ≈∑“ßÕÿμÿπ‘¬¡«‘∑¬“ ¢âÕ¡Ÿ≈¡≈æ‘…∑“ßÕ“°“» ·≈–¢âÕ¡Ÿ≈‚Õ‚´π ÷́Ëß‡ªìπ¢âÕ¡Ÿ≈
√“¬™—Ë«‚¡ß∑”°“√·∑π∑’Ë¥â«¬§à“‡©≈’Ë¬¢Õß¢âÕ¡Ÿ≈∑’Ë¡’„π™—Ë«‚¡ß «—π ·≈–‡¥◊Õπ‡¥’¬«°—π¢ÕßªïÕ◊ËπÊ ®“°π—Èπ
§”π«≥§à“‡©≈’Ë¬√“¬‡¥◊Õπ  ”À√—∫¢âÕ¡Ÿ≈ VOCs ÷́Ëß‡ªìπ¢âÕ¡Ÿ≈√“¬‡¥◊Õπ §à“∑’Ë Ÿ≠À“¬®–∂Ÿ°ª√–¡“≥‚¥¬§à“
‡©≈’Ë¬¢Õß VOCs ∑’Ë¡’„π‡¥◊Õπ‡¥’¬«°—π¢ÕßªïÕ◊ËπÊ ∑—Èßπ’Èμ—«·ª√∑’Ë¡’®”π«π¢âÕ¡Ÿ≈ Ÿ≠À“¬¡“°∑’Ë ÿ¥§◊Õ μ—«·ª√
√—ß ’‚≈° §‘¥‡ªìπ√âÕ¬≈– 19.4  à«πμ—«·ª√Õ◊ËπÊ ®”π«π¢âÕ¡Ÿ≈ Ÿ≠À“¬®–Õ¬Ÿà„π™à«ß√âÕ¬≈– 5›14 °“√»÷°…“
§√—Èßπ’È„™â°“√ª√–¡“≥§à“ Ÿ≠À“¬¥â«¬«‘∏’°“√·∑π∑’Ë¥â«¬§à“‡©≈’Ë¬´÷Ëß‡À¡“– ”À√—∫¢âÕ¡Ÿ≈Õπÿ°√¡‡«≈“ ‚¥¬
‡©æ“–Õ¬à“ß¬‘Ëß„π°√≥’∑’Ë¢âÕ¡Ÿ≈ Ÿ≠À“¬‡ªìπ™à«ß°«â“ß ∑—Èßπ’È„π à«π¢Õß VOCs ‰¥âμ—¥μ—«·ª√ 1,4-Dioxane
(x4-7) ·≈– Acetaldehyde (x4-8) ‡π◊ËÕß®“°¡’§à“ Ÿ≠À“¬¡“°‡°‘π‰ª ÷́Ëß 1,4-Dioxane ·≈– Acetaldehyde
 Ÿ≠À“¬§‘¥‡ªìπ√âÕ¬≈– 59.29 ·≈– 68.57 μ“¡≈”¥—∫  ”À√—∫μ—«·∫∫·π«§‘¥¢Õßªí≠À“π’È· ¥ß¥—ß√Ÿª∑’Ë 5
‚¥¬¡’μ—«·ª√·Ωß∑’Ë‡ªìπμ—«·ª√Õ‘ √– ª√–°Õ∫¥â«¬ ªí®®—¬∑“ßªØ‘°‘√‘¬“‚ø‚μ‡§¡’ (ξ

1
) ªí®®—¬∑“ßÕÿμÿπ‘¬¡«‘∑¬“

(ξ
2
) ªí®®—¬¡≈æ‘…∑“ßÕ“°“» (ξ

3
) ·≈–ªí®®—¬ VOCs (ξ

4
) ¢≥–∑’Ëμ—«·ª√μ“¡§◊Õªí®®—¬‚Õ‚´π√–¥—∫æ◊Èπ¥‘π

(ξ
5
) ‚¥¬∑’Ë√Ÿª«ß√’„™â· ¥ßμ—«·ª√·Ωß ·≈–√Ÿª ’Ë‡À≈’Ë¬¡· ¥ßμ—«·ª√ —ß‡°μ ¢≥–∑’Ë≈Ÿ°»√· ¥ß∑‘»∑“ß·≈–

 “‡Àμÿ¢Õßμ—«·ª√
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μ“√“ß∑’Ë 1 √“¬≈–‡Õ’¬¥¢Õßμ—«·ª√∑’Ë»÷°…“

ªí®®—¬ μ—«·ª√·Ωß §”Õ∏‘∫“¬ μ—«·ª√ —ß‡°μ

ªí®®—¬∑“ßªØ‘°‘√‘¬“‚ø‚μ‡§¡’ (PC) ξ
1

√—ß ’·Ààß‚≈° (Global Radiation) (w/m2) x1_1

ªí®®—¬∑“ßÕÿμÿπ‘¬¡«‘∑¬“ (MT) ξ
2

Õÿ≥À¿Ÿ¡‘ (Temperature) (°C) x2_1

§«“¡™◊Èπ —¡æ—π∏å (Relative Humidity) (%RH) x2_2

ª√‘¡“≥πÈ”Ωπ (Rain) (mm) x2_3

§«“¡°¥Õ“°“» (Air Pressure) (mm/Hg) x2_4

§«“¡‡√Á«≈¡ (Wind Speed) (m/s) x2_5

∑‘»∑“ß≈¡ (Wind Direction) (Deg.M) x2_6

ªí®®—¬∑“ß¡≈æ‘…∑“ßÕ“°“» (AP) ξ
3

§“√å∫Õπ¡ÕπÕ°‰´¥å (CO) (ppm) x3_1

‰π‚μ√‡®π¡ÕπÕ°‰´¥å (NO) (ppb) x3_2

‰π‚μ√‡®π‰¥ÕÕ°‰´¥å (NO2) (ppb) x3_3

ÕÕ°‰´¥å¢Õß‰π‚μ√‡®π (NOx) (ppb) x3_4

´—≈‡øÕ√å‰¥ÕÕ°‰´¥å (SO2) (ppb) x3_5

ΩÿÉπ≈–ÕÕß¢π“¥‡≈Á°°«à“ 10 ‰¡§√Õπ (PM10) (μg/m3) x3_6

ªí®®—¬ “√Õ‘π∑√’¬å√–‡À¬ßà“¬ (VOCs) ξ
4

1,1,2,2-Tetrachloroethan (μg/m3) x4_1

1,2-Dibromoethane (μg/m3) x4_2

1,2-Dichloroethane (μg/m3) x4_3

1,2-Dichloropropane (μg/m3) x4-4

1,3-Butadiene (μg/m3) x4_5

1,4-Dichlorobenzene (μg/m3) x4_6

1,4-Dioxane (μg/m3) x4_7

Acetaldehyde (μg/m3) x4_8

Acrylonitrile (μg/m3) x4_9

Benzene (μg/m3) x4_10

Benzyl Chloride (μg/m3) x4_11

Carbon Tetrachloride (μg/m3) x4_12

Chloroform (μg/m3) x4_13

Dichloromethane (μg/m3) x4_14

Tetrachloroethylene (μg/m3) x4_15

Trichloroethylene (μg/m3) x4_16

Vinyl Chloride (μg/m3) x4_17

ªí®®—¬‚Õ‚´π√–¥—∫æ◊Èπ¥‘π (Ozone) ξ
5

§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π (O3) (ppb) x5_1



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 36 ©∫—∫∑’Ë 2 ∏—π«“§¡ (2563) 29

√Ÿª∑’Ë 5 μ—«·∫∫·π«§‘¥· ¥ß§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ßμ—«·ª√
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«—μ∂ÿª√– ß§åÀ≈—°¢Õß PLS-PM §◊Õ °“√ª√–‡¡‘π∑—Èßμ—«·∫∫°“√¿“¬πÕ°·≈–μ—«·∫∫¿“¬„π
„πμ—«·∫∫¿“¬„π®–ª√–¡“≥§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß (Path Coefficient: β) ‡æ◊ËÕ· ¥ß§«“¡ —¡æ—π∏å‡™‘ß
 “‡Àμÿ√–À«à“ßμ—«·ª√·Ωß∑—Èß Õßμ—« °√–∫«π°“√«‘‡§√“–Àå PLS-PM · ¥ß„π√Ÿª∑’Ë 6

√Ÿª∑’Ë 6 °√–∫«π°“√«‘‡§√“–Àå PLS-PM

´÷Ëß¢—ÈπμÕπ«‘∏’ “¡“√∂·∫àßÕÕ°‡ªìπ Õß¢—ÈπμÕπÀ≈—° ‰¥â·°à ¢—ÈπμÕπ°“√§”π«≥§–·ππμ—«·ª√·Ωß
·≈–¢—ÈπμÕπ°“√ª√–¡“≥§à“∂à«ßªí®®—¬ ‚¥¬¡’√“¬≈–‡Õ’¬¥·μà≈–¢—ÈπμÕπ¥—ßπ’È

¢—ÈπμÕπ∑’Ë 1 °“√§”π«≥§–·ππμ—«·ª√·Ωß 

1.1 ª√—∫μ—«·ª√ —ß‡°μ∑—ÈßÀ¡¥„ÀâÕ¬Ÿà„π√Ÿª§à“¡“μ√∞“π ·≈–°”Àπ¥πÈ”Àπ—°‡√‘Ë¡μâπ (w
i,j
) „Àâ‡∑à“°—∫

1 ·≈–ª√–¡“≥μ—«·ª√·Ωß¿“¬πÕ°μ“¡ ¡°“√ (1)

(1)

‡¡◊ËÕ §◊Õ μ—«ª√–¡“≥μ—«·ª√·Ωß¿“¬πÕ°∑’Ë j

§◊Õ §à“¢Õßμ—«·ª√∑’Ë —ß‡°μ‰¥â∑—ÈßÀ¡¥ ·≈–
§◊Õ πÈ”Àπ—°¢Õßμ—«·ª√∑’Ë —ß‡°μ‰¥â

1.2 ª√–¡“≥πÈ”Àπ—°¿“¬„π  μ“¡§«“¡ —¡æ—π∏åÀ«à“ßμ—«·ª√·Ωß ¥—ß ¡°“√ (2) ÷́Ëß
°√–∫«π°“√π’È¿“¬À≈—ß®–∂Ÿ°·∑π∑’Ë¥â«¬πÈ”Àπ—° ”À√—∫‡ âπ∑“ß (β) „π¢—ÈπμÕπ∑’Ë 2

¡’‡ âπ∑“ß‡™◊ËÕ¡‚¬ß°—π

Õ◊ËπÊ
(2)

1.3 ª√–¡“≥§à“¿“¬„π¢Õßμ—«·ª√·Ωß ( ) ‚¥¬„™â™ÿ¥º≈√«¡‡™‘ß‡ âπ¢ÕßπÈ”Àπ—°¿“¬„π (e
jh
)
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°—∫μ—«·ª√·Ωß¿“¬πÕ°®“°¢—Èπ∑’Ë 1.1

(3)
1.4 ª√–¡“≥πÈ”Àπ—°¿“¬πÕ°„À¡à (w

i_j
) ‚¥¬ª√—∫πÈ”Àπ—°‡√‘Ë¡μâπ„π¢—Èπ∑’Ë 1.1 „Àâμ√ßμ“¡

¡“μ√«—¥∑’Ë„™â„πμ—«·∫∫¥—ß ¡°“√ (4)
 (¡“μ√«—¥™’ÈÕÕ°) (4)

 (¡“μ√«—¥™’È‡¢â“)

‡¡◊ËÕ  §◊Õ μ—«ª√–¡“≥μ—«·ª√·Ωß¿“¬„π∑’Ë j

ci_j 
·≈– cj §◊Õ §à“§ß∑’Ë¢Õßμ—«·∫∫∂¥∂Õ¬

εi_j ·≈– εj §◊Õ §à“§«“¡§≈“¥‡§≈◊ËÕπ¢Õßμ—«·∫∫°“√∂¥∂Õ¬

1.5 ª√–¡“≥§à“¿“¬πÕ°¢Õßμ—«·ª√·Ωß   ‚¥¬„™â ¡°“√ (1) ·≈–„™âπÈ”Àπ—° (w
i_j

) ∑’Ë

‰¥â®“°¢—Èπ∑’Ë 1.4
1.6 μ√«® Õ∫‡ß◊ËÕπ‰¢°“√∑”´È”´÷Ëß‡ªìπ°“√μ√«® Õ∫∑—Èßμ—«·∫∫¿“¬„π·≈–¿“¬πÕ°«à“§à“º≈

√«¡¢Õß¢π“¥º≈μà“ß√–À«à“ßπÈ”Àπ—°√Õ∫ ÿ¥∑â“¬·≈–πÈ”Àπ—°√Õ∫°àÕπÀπâ“ (d
k
) ¥—ß ¡°“√ (5) ¡’§à“πâÕ¬°«à“

10-5 [22] À“° d
k
 ¡’§à“¡“°°«à“ 10-5 ®–∑”´È”μ—Èß·μà¢—Èπ∑’Ë 1.2›1.5 ®π°«à“ d

k
 ®–¡’§à“πâÕ¬°«à“ 10-5

(5)

‡¡◊ËÕ k §◊Õ √Õ∫ ÿ¥∑â“¬∑’Ë„™âª√–¡“≥πÈ”Àπ—°
¢—ÈπμÕπ∑’Ë 2 ‡ªìπ°“√ª√–¡“≥§à“∂à«ßªí®®—¬ (Factor Loading: π, λ) ¢Õßμ—«·∫∫¿“¬πÕ°¥—ß

 ¡°“√ (6) ·≈–§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß (β) ¢Õßμ—«·∫∫¿“¬„π¥—ß ¡°“√ (7) ‚¥¬„™â§–·ππμ—«·ª√·Ωß
®“°¢—ÈπμÕπ·√° ¥â«¬«‘∏’ OLS ·≈–°”Àπ¥„Àâ  = 

(¡“μ√«—¥™’ÈÕÕ°) (6)
(¡“μ√«—¥™’È‡¢â“)

‡¡◊ËÕ  §◊Õ §à“∂à«ßªí®®—¬
 §◊Õ §–·ππμ—«·ª√·Ωß∑’Ë j

(7)

‡¡◊ËÕ β
hj
 §◊Õ  —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß¢Õßμ—«·∫∫ ·≈–

 §◊Õ §–·ππμ—«·ª√·Ωß∑’Ë h ∑’Ë àßº≈μàÕ 
 §◊Õ §à“§«“¡§≈“¥‡§≈◊ËÕπ¢Õßμ—«·∫∫°“√∂¥∂Õ¬

¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È “¡“√∂‡¢’¬π ¡°“√‡æ◊ËÕª√–¡“≥§à“∂à«ßªí®®—¬ (π) ‰¥â¥—ß ¡°“√ (8-11)
·≈–§à“∂à«ßªí®®—¬ (λ) ‰¥â¥—ß ¡°“√ (12)

(8)
(9)

(10)
             

(11)

(12)
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 à«π ¡°“√‡æ◊ËÕª√–¡“≥§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß¢Õßμ—«·∫∫¿“¬„π· ¥ß‰¥â¥—ß ¡°“√ (13 › 17)
(13)
(14)
(15)
(16)
(17)

°“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õßμ—«·∫∫ PLS-PM
¿“¬À≈—ß®“°°“√ √â“ßμ—«·∫∫·≈â«®–∑”°“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õßμ—«·∫∫ PLS-PM

‚¥¬ª√–‡¡‘πμ—«·∫∫¿“¬πÕ° ·≈–ª√–‡¡‘πμ—«·∫∫¿“¬„π
¢—Èπ∑’Ë 1 ª√–‡¡‘πμ—«·∫∫¿“¬πÕ° ‡ªìπ°“√ª√–‡¡‘π§«“¡‡∑’Ë¬ßμ√ß‡™‘ß‡ ¡◊Õπ (Convergent

Validity) ‚¥¬æ‘®“√≥“®“°§à“∂à«ßªí®®—¬¢Õß¡“μ√«—¥™’ÈÕÕ°‡∑à“π—Èπ ‚¥¬μ—«·∫∫¿“¬πÕ°∑’Ë¡’§«“¡‡∑’Ë¬ßμ√ß
§à“∂à«ßªí®®—¬§«√¡’§à“¡“°°«à“ 0.5 [22] ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È‰¡àæ‘®“√≥“§à“∂à«ßªí®®—¬¢Õßªí®®—¬ PC ªí®®—¬
MT ªí®®—¬ AP ·≈–ªí®®—¬ VOCs ‡π◊ËÕß®“°‡ªìπ¡“μ√«—¥™’È‡¢â“

¢—Èπ∑’Ë 2 ª√–‡¡‘πμ—«·∫∫¿“¬„π „π¢—ÈπμÕππ’È®–∑”°“√ª√–‡¡‘π 3  à«π ¥—ßπ’È
2.1 °“√ª√–‡¡‘π§«“¡‡∑’Ë¬ßμ√ß¢Õßμ—«·∫∫ ‚¥¬æ‘®“√≥“®“°§à“ —¡ª√– ‘∑∏‘Ï°“√μ—¥ ‘π„®

(Coefficient of Determination: R2) ¥—ß ¡°“√∑’Ë (18)

(18)

‡¡◊ËÕ §◊Õ §–·ππμ—«·ª√·Ωß∑’Ë j ∑’Ë‰¥â®“° ¡°“√∑’Ë 6
§◊Õ §à“ª√–¡“≥¢Õß§–·ππμ—«·ª√·Ωß∑’Ë j ∑’Ë‰¥â®“° ¡°“√∑’Ë 7

‚¥¬μ—«·∫∫¿“¬πÕ°∑’Ë¡’§«“¡πà“‡™◊ËÕ∂◊Õ “¡“√∂™à«¬ª√–‡¡‘π§«“¡‡À¡“– ¡¢Õßμ—«·∫∫¿“¬„π‰¥â
´÷Ëßª√–‡¡‘π‰¥â®“°§à“ R2 ¢Õßμ—«·ª√·Ωß¿“¬πÕ° ‚¥¬∑’Ë§à“ R2 ∑’Ë·π–π” ”À√—∫„™âÕ∏‘∫“¬μ—«·ª√·ΩßÕ◊ËπÊ
∑’Ë¡’º≈μàÕμ—«·ª√·Ωß¿“¬πÕ°§«√¡’§à“‰¡àπâÕ¬°«à“ 0.19 [24] §à“ R2 μ—Èß·μà 0.19 · ¥ß«à“μ—«·ª√·Ωßπ—Èπ
 “¡“√∂Õ∏‘∫“¬μ—«·ª√·Ωß¿“¬πÕ°‰¥â 19% ∑’Ë‡À≈◊ÕÕ’° 81% Õ“®®–‡°‘¥®“°Õ‘∑∏‘æ≈Õ◊Ëπ ·≈–À“°§”π«≥
§à“ —¡ª√– ‘∑∏‘Ï —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (r) ®“° R2 ‡∑à“°—∫ 0.19 ®–‰¥â§à“ |r| ¡’§à“ª√–¡“≥ 0.44 ÷́Ëß· ¥ß
«à“μ—«·ª√·ºßπ—Èπ¡’§«“¡ —¡æ—π∏å°—∫μ—«·ª√¿“¬πÕ°§àÕπ¢â“ß¡“°·≈–¡’π—¬ ”§—≠∑“ß ∂‘μ‘ πÕ°®“°π’È
 “¡“√∂·∫àß√–¥—∫¢Õß R2 ÕÕ°‡ªìπ 3 √–¥—∫ ‰¥â·°à R2 πâÕ¬°«à“ 0.33 Õ¬Ÿà„π√–¥—∫ÕàÕπ R2 πâÕ¬°«à“ 0.67
Õ¬Ÿà„π√–¥—∫ª“π°≈“ß ·≈– R2 ¡“°°«à“À√◊Õ‡∑à“°—∫ 0.67 Õ¬Ÿà„π√–¥—∫¥’¡“° [24]

2.2 °“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õß —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß ‚¥¬„™â ∂‘μ‘∑¥ Õ∫∑’ (t test)
¥—ß ¡°“√∑’Ë (19) ¥â«¬ ¡¡μ‘∞“π  (‡ âπ∑“ß®“°ªí®®—¬ h ∂÷ßªí®®—¬ j ‰¡à§«√Õ¬Ÿà„πμ—«·∫∫)

(19)

‡¡◊ËÕ §◊Õ  ∂‘μ‘∑¥ Õ∫∑’¢Õß‡ âπ∑“ß®“°ªí®®—¬ h ∂÷ßªí®®—¬ j ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 ®–ªØ‘‡ ∏ ¡¡μ‘∞“π
H0 ‡¡◊ËÕ§à“ p-value ¡’§à“πâÕ¬°«à“ 0.05
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2.3 °“√μ√«® Õ∫§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√·Ωß ‚¥¬°“√ª√–‡¡‘πº≈°√–∑∫∑“ßÕâÕ¡·≈–
º≈°√–∑∫√«¡¢Õßμ—«·ª√·ΩßμàÕμ—«·ª√·Ωß ‚¥¬º≈°√–∑∫∑“ßÕâÕ¡ “¡“√∂§”π«≥¥â«¬º≈√«¡¢Õß°“√
§Ÿ≥¢Õß —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß¢Õß‡ âπ∑“ßÕâÕ¡∑—ÈßÀ¡¥ ‡™àπ º≈°√–∑∫∑“ßÕâÕ¡¢Õß‡ âπ∑“ß®“°ªí®®—¬ MT
‰ª¬—ßªí®®—¬ Ozone  “¡“√∂§”π«≥‰¥â¥—ß ¡°“√∑’Ë (20)

º≈°√–∑∫∑“ßÕâÕ¡ (20)
·≈–º≈°√–∑∫√«¡ “¡“√∂§”π«≥‰¥â®“° ¡°“√∑’Ë (21)

º≈°√–∑∫√«¡ =  + º≈°√–∑∫∑“ßÕâÕ¡ (21)
∑—Èßπ’Èº≈°√–∑∫∑“ßμ√ß ∑“ßÕâÕ¡ ·≈–º≈°√–∑∫√«¡ ¢Õß‡ âπ∑“ßμà“ßÊ ¢Õßμ—«·∫∫¡’§à“Õ¬Ÿà

√–À«à“ß -1 ∂÷ß 1 π—Ëπ§◊Õ À“°º≈°√–∑∫¢Õß‡ âπ∑“ß®“°ªí®®—¬ h ∂÷ßªí®®—¬ j ¡’§à“πâÕ¬ (º≈°√–∑∫hj < 0)
À¡“¬§«“¡«à“ªí®®—¬ h ™à«¬≈¥ªí®®—¬ j ¢≥–∑’ËÀ“°º≈°√–∑∫¢Õß‡ âπ∑“ß®“°ªí®®—¬ h ∂÷ßªí®®—¬ j ¡’§à“¡“°
(º≈°√–∑∫hj > 0) π—ËπÀ¡“¬§«“¡«à“ªí®®—¬ h ‡ªìπªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈∑”„Àâªí®®—¬ j ‡æ‘Ë¡¢÷Èπ

º≈°“√«‘®—¬
º≈°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ßμ—«·ª√·Ωß ‰¥â·°à ªí®®—¬ PC, MT, AP ·≈–

VOCs ·≈–§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ®–∂Ÿ°·∫àßÕÕ°‡ªìπ 3  à«π ‰¥â·°à  à«π∑’Ë 1 °“√«‘‡§√“–Àå
μ—«·∫∫¿“¬πÕ°  à«π∑’Ë 2 °“√«‘‡§√“–Àåμ—«·∫∫¿“¬„π ·≈– à«π∑’Ë 3 °“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õß
μ—«·∫∫

°“√«‘‡§√“–Àåμ—«·∫∫¿“¬πÕ°
°“√«‘‡§√“–Àåμ—«·∫∫¿“¬πÕ°¡’«—μ∂ÿª√– ß§å ‡æ◊ËÕ§—¥‡≈◊Õ°μ—«·ª√ —ß‡°μ‡¢â“°≈ÿà¡μ—«·ª√·Ωß

‚¥¬„™â§à“Õß§åª√–°Õ∫§«“¡·ª√ª√«π (Variance Inflation Factor: VIF) „π°“√ª√–‡¡‘π§«“¡ —¡æ—π∏å
 ”À√—∫μ—«·ª√ —ß‡°μ¡“°°«à“ Õßμ—«·ª√æ√âÕ¡°—π À“° VIF ¡’§à“¡“°°«à“ 10 · ¥ß«à“‡°‘¥§«“¡ —¡æ—π∏å
‡™‘ß‡ âπæÀÿ (Multicollinearity) À√◊Õ‡°‘¥§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ßμ—«·ª√ —ß‡°μ [25]

®“°μ“√“ß∑’Ë 2 æ∫«à“ ‡°‘¥ªí≠À“§«“¡ —¡æ—π∏å‡™‘ß‡ âπæÀÿ„πªí®®—¬ AP ·≈– VOCs ‡π◊ËÕß®“°
§à“ VIF ¢Õßμ—«·ª√ NO (x3-2) NO2 (x3-3) NOx(x3-4) 1,1,2,2-Tetrachloroethane (x4-1) ·≈–
1,2-Dibromoethane (x4-2) ¡’§à“¡“°°«à“ 10 ‡¡◊ËÕμ—¥μ—«·ª√ NOx (x3-4) ·≈– 1,1,2,2-Tetrachloroethane
(x4-1) ‡π◊ËÕß®“°¡’§à“ VIF  Ÿß∑’Ë ÿ¥¿“¬„π°≈ÿà¡ÕÕ°®“°°≈ÿà¡ ·≈â«ª√–‡¡‘π§«“¡ —¡æ—π∏å„À¡à æ∫«à“‰¡à‡°‘¥
ªí≠À“§«“¡ —¡æ—π∏å‡™‘ß‡ âπæÀÿ
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μ“√“ß∑’Ë 2 §à“ VIF ¢Õß·μà≈–μ—«·ª√®”·π°μ“¡ªí®®—¬

ªí®®—¬ μ—«·ª√ §”Õ∏‘∫“¬ VIF

PC (ªí®®—¬°“√‡°‘¥ªØ‘°‘√‘¬“‚ø‚μ‡§¡’) x1-1
√—ß ’·Ààß‚≈° -

MT (ªí®®—¬∑“ßÕÿμÿπ‘¬¡«‘∑¬“) x2-1
Õÿ≥À¿Ÿ¡‘ 1.535

x2-2
§«“¡™◊Èπ —¡æ—π∏å 1.468

x2-3
ª√‘¡“≥πÈ”Ωπ 1.385

x2-4
§«“¡°¥Õ“°“» 1.251

x2-5
§«“¡‡√Á«≈¡ 1.801

x2-6
∑‘»∑“ß≈¡ 1.410

AP (ªí®®—¬¡≈æ‘…∑“ßÕ“°“») x3-1
CO 3.699

x3-2
NO 164.771

x3-3
NO2 331.250

x3-4
NOx 410.197

x3-5
SO2 1.681

x3-6
PM10 2.738

VOCs (ªí®®—¬ “√ª√–°Õ∫Õ‘π∑√’¬å√–‡À¬ßà“¬) x4-1
1,1,2,2-Tetrachloroethan 24.629

x4-2
1,2-Dibromoethane 23.984

x4-3
1,2-Dichloroethane 2.078

x4-4
1,2-Dichloropropane 1.467

x4-5
1,3-Butadiene 2.203

x4-6
1,4-Dichlorobenzene 3.517

x4-9
Acrylonitrile 2.258

x4-10 Benzene 1.562
x4-11 Benzyl Chloride 1.604
x4-12 Carbon Tetrachloride 1.339
x4-13 Chloroform 1.373
x4-14 Dichloromethane 1.712
x4-15 Tetrachloroethylene 3.202
x4-16 Trichloroethylene 1.801
x4-17 Vinyl Chloride 2.102



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 36 ©∫—∫∑’Ë 2 ∏—π«“§¡ (2563) 35

°“√«‘‡§√“–Àåμ—«·∫∫¿“¬„π
°“√«‘‡§√“–Àåμ—«·∫∫¿“¬„π¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ßμ—«·ª√

·Ωß°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ‚¥¬æ‘®“√≥“®“°§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß ®“°º≈≈—æ∏å· ¥ß„π
√Ÿª∑’Ë 7 ´÷Ëß· ¥ß§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß (β) ‰¥â¥—ßπ’È ªí®®—¬ MT ¡’§«“¡ —¡æ—π∏å‡™‘ß≈∫°—∫ªí®®—¬ AP ·≈–
ªí®®—¬ VOCs ‚¥¬¡’§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß‡∑à“°—∫ -0.7312 ·≈– -0.5824 μ“¡≈”¥—∫ Õ¬à“ß‰√°Áμ“¡ªí®®—¬
VOCs ¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°°—∫ªí®®—¬ AP ‚¥¬¡’§à“ —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß‡∑à“°—∫ 0.2384 ∑—Èßπ’Èªí®®—¬ PC
·≈– ªí®®—¬ AP ¡’§«“¡ —¡æ—π∏å‡™‘ß∫«°‚¥¬μ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ‚¥¬¡’§à“
 —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß‡∑à“°—∫ 0.1423 ·≈– 0.7453 μ“¡≈”¥—∫ ‡¡◊ËÕæ‘®“√≥“∂÷ßº≈°√–∑∫∑—Èß∑“ßμ√ß·≈–∑“ß
ÕâÕ¡ ®“°μ“√“ß∑’Ë 3 æ∫«à“ ªí®®—¬ MT  àßº≈°√–∑∫∑“ßÕâÕ¡‡™‘ß≈∫μàÕªí®®—¬ AP ‚¥¬¡’§à“º≈°√–∑∫‡∑à“°—∫
-0.1389  àßº≈„Àâªí®®—¬ MT ¡’º≈μàÕ°“√≈¥≈ß¢Õßªí®®—¬ AP ‚¥¬¡’§à“º≈°√–∑∫√«¡‡∑à“°—∫ -0.8701 πÕ°®“°
π’Èªí®®—¬ MT ¬—ß¡’º≈μàÕ°“√≈¥≈ß¢Õß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π∑“ßÕâÕ¡ ÷́Ëß¡’§à“º≈°√–∑∫∑“ß
ÕâÕ¡‡∑à“°—∫ -0.6485 ¢≥–∑’Ëªí®®—¬ VOCs ¡’º≈μàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π∑“ß
ÕâÕ¡ ‚¥¬¡’§à“º≈°√–∑∫‡∑à“°—∫ 0.1777 ·μàªí®®—¬ VOCs  àßº≈°√–∑∫∑“ßμ√ßμàÕªí®®—¬ AP ∑”„Àâªí®®—¬
AP ¡’º≈μàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π¡“°∑’Ë ÿ¥ ¢≥–∑’Ëªí®®—¬ MT ¡’º≈μàÕ°“√≈¥
≈ß¢Õß§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π¡“°∑’Ë ÿ¥

μ“√“ß∑’Ë 3 º≈°√–∑∫√–À«à“ßªí®®—¬μà“ßÊ ·≈–º≈°√–∑∫¢Õßªí®®—¬∑’Ë¡’º≈μàÕ‚Õ‚´π√–¥—∫æ◊Èπ¥‘π

ªí®®—¬μâπ∑“ß
ªí®®—¬‡ªÑ“À¡“¬ R2 º≈°√–∑∫ PC MT AP VOCs

AP 0.7946 ∑“ßμ√ß -0.7312 0.2384
∑“ßÕâÕ¡ -0.1389 0.0000

√«¡ -0.8701 0.2384

VOCs 0.3392 ∑“ßμ√ß -0.5824
∑“ßÕâÕ¡ 0.0000

√«¡ -0.5824

Ozone 0.5693 ∑“ßμ√ß 0.1423 0.0000 0.7453 0.0000
∑“ßÕâÕ¡ 0.0000 -0.6485 0.0000 0.1777

√«¡ 0.1423 -0.6485 0.7453 0.1777
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°“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õßμ—«·∫∫
°“√μ√«® Õ∫§«“¡‡À¡“– ¡¢Õßμ—«·∫∫ PLS-PM ®–æ‘®“√≥“§à“ R2 ¢Õß ¡°“√∑’Ë 15-17  ”À√—∫

· ¥ß§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ßμ—«·ª√·Ωß¿“¬πÕ°∑—Èß 3 μ—«·ª√ §◊Õ ªí®®—¬ AP ªí®®—¬ VOCs ·≈–
ªí®®—¬ Ozone °—∫μ—«·ª√·ΩßÕ◊Ëπ ‚¥¬ R2 ¢Õßªí®®—¬ AP ¥—ß ¡°“√ (15) ‰¥â§à“‡∑à“°—∫ 0.7946  à«π R2 ¢Õß
ªí®®—¬ VOCs  ¡°“√ (16) ¡’§à“‡∑à“°—∫ 0.3392 ·≈–§à“ R2 ¢Õßªí®®—¬ Ozone ¥—ß ¡°“√ (17) ‡∑à“°—∫
0.5693 ®–‡ÀÁπ«à“§à“ R2 ¡’§à“ Ÿß°«à“ 0.19 [24] °≈à“«§◊Õ ªí®®—¬ MT ·≈– VOCs  “¡“√∂Õ∏‘∫“¬ªí®®—¬ AP
‰¥â√âÕ¬≈– 79.46 ÷́Ëß‡ªìπ√–¥—∫¥’¡“° ¢≥–∑’Ëªí®®—¬ MT  “¡“√∂Õ∏‘∫“¬ªí®®—¬ VOCs ‰¥â√âÕ¬≈– 33.92
·≈–ªí®®—¬ PC AP MT ·≈– VOCs  “¡“√∂Õ∏‘∫“¬ªí®®—¬ Ozone ‰¥â√âÕ¬≈– 56.93 ´÷Ëß‡ªìπ√–¥—∫ª“π°≈“ß

√Ÿª∑’Ë 7 §à“ª√–¡“≥πÈ”Àπ—°ªí®®—¬ ·≈– —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß¢Õßμ—«·∫∫ PLS-PM
À¡“¬‡Àμÿ μ—«‡≈¢„π«ß‡≈Á∫À¡“¬∂÷ß§à“ p-value ¢Õß°“√∑¥ Õ∫§«“¡‡À¡“– ¡¢Õß —¡ª√– ‘∑∏‘Ï‡ âπ∑“ß
‚¥¬„™â ∂‘μ‘∑¥ Õ∫∑’
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°“√Õ¿‘ª√“¬º≈
°“√»÷°…“§√—Èßπ’È‰¥â∑”°“√ª√–‡¡‘πº≈°√–∑∫¢Õßæ“√“¡‘‡μÕ√å∑“ßÕÿμÿπ‘¬¡«‘∑¬“ ¡≈æ‘…∑“ßÕ“°“»

ªí®®—¬°“√‡°‘¥ªØ‘°‘√‘¬“‚ø‚μ‡§¡’·≈– “√Õ‘π∑√’¬å√–‡À¬μàÕ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π (O3) ‡æ◊ËÕ
‡ªìπª√–‚¬™πå„π°“√«“ß·ºπ§«∫§ÿ¡μ—«·ª√Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢âÕß°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π„π‡¢μ
π‘§¡Õÿμ “À°√√¡¡“∫μ“æÿ¥ ®—ßÀ«—¥√–¬Õß º≈°“√«‘®—¬„π§√—Èßπ’È„Àâº≈≈—æ∏å∑’Ë Õ¥§≈âÕß°—∫ß“π«‘®—¬∑’Ë»÷°…“
§«“¡ —¡æ—π∏å√–À«à“ß “√μ—Èßμâπ°—∫‚Õ‚´π√–¥—∫æ◊Èπ¥‘π∑’Ë‡¡◊Õß°—≈øáæÕ√åμ ¡≈√—∞¡‘ ´‘ ´‘ªªïô ª√–‡∑» À√—∞Õ‡¡√‘°“
[25] ‚¥¬æ∫«à“ªí®®—¬ªØ‘°‘√‘¬“‚ø‚μ‡§¡’ ¡’º≈°√–∑∫‚¥¬μ√ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘μàÕ§«“¡‡¢â¡¢âπ
¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ªí®®—¬¡≈æ‘…∑“ßÕ“°“»¡’º≈°√–∑∫‡™‘ß∫«° ·≈–ªí®®—¬∑“ßÕÿμÿπ‘¬¡«‘∑¬“¡’º≈
°√–∑∫‡™‘ß≈∫μàÕ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π πÕ°®“°π’Èº≈°“√«‘®—¬§√—Èßπ’Èæ∫«à“ ªí®®—¬ “√ª√–°Õ∫
Õ‘π∑√’¬å√–‡À¬ßà“¬ (VOCs) ‰¡à‰¥â àßº≈μàÕ‚Õ‚´π√–¥—∫æ◊Èπ¥‘π‚¥¬μ√ßμ“¡ ¡¡μ‘∞“π·μàæ∫«à“ VOCs  àßº≈
∑“ßÕâÕ¡μàÕ‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ÷́Ëß VOCs  àßº≈‚¥¬μ√ßμàÕªí®®—¬¡≈æ‘…∑“ßÕ“°“» Õ“®· ¥ß„Àâ‡ÀÁπ«à“
∂÷ß·¡â«à“„π‡¢μπ‘§¡Õÿμ “À°√√¡®–‡ªìπ∫√‘‡«≥∑’Ë¡’ VOCs  Ÿß·μàª√‘¡“≥°ä“´¡≈æ‘…μà“ßÊ Õ“®¡’§à“ Ÿß¥â«¬®÷ß
°≈“¬‡ªìπªí®®—¬À≈—°∑’Ë àßº≈μàÕ‚Õ‚´π√–¥—∫æ◊Èπ¥‘π¡“°∑’Ë ÿ¥ ´÷Ëß‰¡à Õ¥§≈âÕß°—∫º≈«‘®—¬„π [25] ∑’Ëæ∫«à“
ªí®®—¬ªØ‘°‘√‘¬“‚ø‚μ‡§¡’ ¡’º≈°√–∑∫μàÕ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π¡“°∑’Ë ÿ¥ Õ¬à“ß‰√°Áμ“¡º≈°“√«‘‡§√“–Àå
§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π¬—ß¢÷ÈπÕ¬Ÿà°—∫√—ß ’Õ—≈μ√“‰«‚Õ‡≈μ∫’ (UVB) ¥â«¬ ·μà‰¡à‰¥â∑”°“√»÷°…“
„π§√—Èßπ’È‡π◊ËÕß®“°‰¡à¡’°“√®—¥‡°Á∫¢âÕ¡Ÿ≈‰«â πÕ°®“°π’Èß“π«‘®—¬§√—Èßπ’È¡’¢âÕ®”°—¥¥â“π¢âÕ¡Ÿ≈‡™àπ μ—«·ª√ VOCs
∑’Ë¡’°“√®—¥‡°Á∫¢âÕ¡Ÿ≈·∫∫√“¬‡¥◊Õπ ·μ°μà“ß®“°¢âÕ¡Ÿ≈Õ◊ËπÊ ∑’Ë¡’°“√®—¥‡°Á∫¢âÕ¡Ÿ≈·∫∫√“¬™—Ë«‚¡ß

 √ÿªº≈°“√«‘®—¬
°“√»÷°…“§√—Èßπ’È«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡™‘ß “‡Àμÿ√–À«à“ß “√μ—Èßμâπ·≈–ªí®®—¬Õ◊ËπÊ ∑’Ë‡°’Ë¬«¢Õß

°—∫§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π´÷Ëß‡ªìπ°ä“´∑’Ë¡’æ‘…μàÕ√à“ß°“¬‚¥¬„™â°“√«‘‡§√“–Àå PLS-PM º≈°“√
«‘‡§√“–Àå· ¥ß„π Õßª√–‡¥Áπ ª√–‡¥Áπ·√°‡ªìπ°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ßμ—«·ª√·Ωß‚¥¬æ‘®“√≥“
º≈°√–∑∫√«¡ ´÷Ëßæ∫«à“ ªí®®—¬À≈—°∑’Ë¡’º≈μàÕ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π §◊Õ ¡≈æ‘…∑“ßÕ“°“»
√Õß≈ß¡“‡ªìπªí®®—¬ “√Õ‘π∑√’¬å√–‡À¬ßà“¬ ª√–‡¥Áπ∑’Ë Õß‡ªìπ°“√«‘‡§√“–Àåº≈°√–∑∫∑“ßμ√ß·≈–∑“ßÕâÕ¡
¢Õßªí®®—¬μà“ßÊ æ∫«à“ªí®®—¬ªØ‘°‘√‘¬“‚ø‚μ‡§¡’·≈–ªí®®—¬¡≈æ‘…∑“ßÕ“°“»¡’º≈°√–∑∫‚¥¬μ√ßμàÕ§«“¡‡¢â¡¢âπ
¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π ªí®®—¬ “√Õ‘π∑√’¬å√–‡À¬ßà“¬¡’º≈°√–∑∫‚¥¬μ√ßμàÕ¡≈æ‘…∑“ßÕ“°“»·≈–¡’º≈∑“ß
ÕâÕ¡μàÕ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π√–¥—∫æ◊Èπ¥‘π πÕ°®“°π’Èæ∫«à“ªí®®—¬Õÿμÿπ‘¬¡«‘∑¬“ ¡’º≈°√–∑∫∑“ßμ√ßμàÕ
ªí®®—¬¡≈æ‘…·≈–ªí®®—¬ “√Õ‘π∑√’¬å√–‡À¬ßà“¬ ¥—ßπ—Èπ§«√¡’°“√§«∫§ÿ¡∑—Èßªí®®—¬ “√Õ‘π∑√’¬å√–‡À¬ßà“¬·≈–
ªí®®—¬¡≈æ‘…∑“ßÕ“°“» „π™à«ßƒ¥ŸÀπ“«∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥‚Õ‚´π√–¥—∫æ◊Èπ¥‘π Ÿß„πæ◊Èπ∑’Ë∑’Ë»÷°…“

°‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ®“°§≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ·≈–¢Õ¢Õ∫§ÿ≥°√¡

§«∫§ÿ¡¡≈æ‘… °√–∑√«ß∑√—æ¬“°√∏√√¡™“μ‘·≈– ‘Ëß·«¥≈âÕ¡ ª√–‡∑»‰∑¬ ∑’ËÕπÿ‡§√“–Àå¢âÕ¡Ÿ≈ ”À√—∫°“√
∑”«‘®—¬„π§√—Èßπ’È
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