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Abstract 
The objective of this research is to construct the most proper time series 

modeling for the Pneumonia rate of patients in Lampang province with additive 
decomposition, additive simple seasonal exponential smoothing, Box-Jenkins and 
combined forecasting. The secondary monthly data of this study obtained from the 
website of Bureau of Epidemiology Department of Disease Control and National 
Health Security Office (NHSO) during January 2006 to December 2017 with having 144 
values are used and divided into two clusters. During January 2006 to December 
2014, the first cluster with 180 values of the training data is used for the mentioned 
time series modeling. The second cluster with 36 values of the checking data 
between January 2015 and December 2017 is used to check the accuracy of the 
forecasting models with the criterion of lowest mean absolute percentage error 
(MAPE). From results of analysis of this research, the combined forecasting model is 
the most reasonable forecasting time series model with the lowest MAPE of 6.5752.  
Keywords : Pneumonia rate of patients, additive decomposition, additive simple 
seasonal exponential, Box-Jenkins, combined forecasting 
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ěŅĔŏĺŖĭœĞĨƢĕŀĚĽŜŅĬńĔĶŃĭŅħĺŇĪĵŅȮĔĶĴėĺĭėŋĴőĶėȮĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮŐĸŃěŜŅĬĺĬĮĶŃĝŅĔĶŒĬ
ěńĚľĺńħĸŜŅĮŅĚœħƟĴŅěŅĔŏĺŖĭœĞĨƢĽŜŅĬńĔĚŅĬľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇȮŏıŊŗŀľŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭ

ŒĬěńĚľĺńħĸŜŅĮŅĚȮ&ĨƞŀĮĶŃĝŅĔĶȮ100,000 ėĬ'ȮĦȮŏħŊŀĬĪňŗȮt ŒħȮŕȮ(Yt)ȮőħĵȮὣ
ěŜŅĬĺĬįŌƟĮƙĺĵ

ěŜŅĬĺĬĮĶŃĝŅĔĶ
ρππȟπππȮįŌƟĺŇěńĵœħƟŐĭƞĚĕƟŀĴŌĸŀŀĔŏĮƦĬȮ2 ĝŋħȮėŊŀȮĕƟŀĴŌĸĝŋħĪňŗȮ1 ŏĮƦĬĝŋħİƗĔĽŀĬȮĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮ
ı,Ļ,Ȯ2549 ĩŉĚŏħŊŀĬīńĬĺŅėĴȮı,Ļ,Ȯ2557 ěŜŅĬĺĬȮ108 ėƞŅȮŏıŊŗŀĽĶƟŅĚĨńĺŐĭĭĔŅĶıĵŅĔĶĦƢħƟĺĵĺŇīňĔŅĶĪŅĚ
ĽĩŇĨŇȮ4 ĺŇīňȮėŊŀȮĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭȮĔŅĶĮĶńĭŒľƟŏĶňĵĭȮĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮŐĸŃĔŅĶıĵŅĔĶĦƢĶĺĴȮ
ĕƟŀĴŌĸĝŋħĪňŗȮ2 ŏĮƦĬĝŋħĨĶĺěĽŀĭȮĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮı,Ļ,Ȯ2558 ĩŉĚŏħŊŀĬīńĬĺŅėĴȮı,Ļ,Ȯ2560 ěŜŅĬĺĬȮ
36 ėƞŅȮȮŏıŊŗŀĨĶĺěĽŀĭėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢħƟĺĵŏĔĦĤƢėƞŅŏĜĸňŗĵŏĮŀĶƢŏĞŖĬĨƢėĺŅĴėĸŅħŏėĸŊŗŀĬ
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĽńĴĭŌĶĦƢĨŗŜŅĽŋħȮ&Mean Absolute Percentage Error : MAPE'ȮőħĵĴňĶŅĵĸŃŏŀňĵħĕńŘĬĨŀĬĺŇīňħŜŅŏĬŇĬĔŅĶ
ĺŇěńĵħńĚĬňŘ 
 
1. ĔŅĶıŇěŅĶĦŅĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅ 

ıŇěŅĶĦŅĕƟŀĴŌĸĝŋħİƗĔĽŀĬőħĵĨĶĺěĽŀĭėƞŅĬŀĔŏĔĦĤƢ (Outlier) ħƟĺĵŐįĬĳŅıĔĸƞŀĚȮŏĴŊŗŀıĭėƞŅ
ĬŀĔŏĔĦĤƢĪŜŅĔŅĶŐĪĬĪňŗėƞŅĬŀĔŏĔĦĤƢĬńŘĬħƟĺĵėƞŅŏĜĸňŗĵĕŀĚĕƟŀĴŌĸȮ0ȮėƞŅȮĪňŗŀĵŌƞľńĺŐĸŃĪƟŅĵĪňŗĨŇħĔńĭėƞŅĬŀĔ
ŏĔĦĤƢĬńŘĬȮŏĴŊŗŀŐĭƞĚĕƟŀĴŌĸĝŋħİƗĔĽŀĬŀŀĔŏĮƦĬȮ9 ĝŋħȮĝŋħĸŃȮ12 ėƞŅȮŐĸŃĨĶĺěĽŀĭėĺŅĴŐĮĶĮĶĺĬĕŀĚ
ŀĬŋĔĶĴŏĺĸŅőħĵŒĝƟĽĩŇĨŇĪħĽŀĭĕŀĚŏĸĺňĬȮ&JctclcŲqȮRcqr'ȮŏıŊŗŀŏĸŊŀĔĨńĺŐĭĭıĵŅĔĶĦƢĺƞŅŏĮƦĬĨńĺŐĭĭŏĝŇĚ
ĭĺĔȮ&Additive model'ȮľĶŊŀĨńĺŐĭĭŏĝŇĚėŌĦȮ&Multiplicative model'ȮěŅĔĬńŘĬěŉĚĪŜŅĔŅĶĪħĽŀĭ
ŀĚėƢĮĶŃĔŀĭĕŀĚŀĬŋĔĶĴŏĺĸŅőħĵŒĝƟĺŇīƠĔŜŅĸńĚĽŀĚĬƟŀĵĪňŗĽŋħĞŉŗĚŏĮƦĬĔŅĶĪħĽŀĭőħĵŒĝƟľĸńĔĔŅĶĺŇŏėĶŅŃľƢ
ĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬȮȮ&Multiple linear regression'Ȯ   ŏĴŊŗŀĔŜŅľĬħŒľƟȮĨńĺŐĮĶŀŇĽĶŃĕŀĚķħŌĔŅĸȮXitȮ
ŏĮƦĬĨńĺŐĮĶľŋƞĬȮ&Dummy variable'ȮĪňŗĴňėƞŅȮ0 ŐĸŃȮ1ȮőħĵĪňŗȮXit ĴňėƞŅŏĪƞŅĔńĭȮ1 ŏĴŊŗŀėƞŅĽńĚŏĔĨȮYt ŀĵŌƞŒĬ
ķħŌĔŅĸĪňŗȮi ŐĸŃȮŏĪƞŅĔńĭȮ0 ŏĴŊŗŀėƞŅĽńĚŏĔĨȮYt œĴƞŀĵŌƞŒĬķħŌĔŅĸĪňŗȮiȮěŅĔĬńŘĬěŉĚĔŜŅľĬħĨńĺŐĭĭĔŅĶĺŇŏėĶŅŃľƢ
ĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬŏıŊŗŀıŇěŅĶĦŅĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴħńĚĽĴĔŅĶĪňŗȮ1 
ħƟĺĵĽĩŇĨŇĪħĽŀĭĪňĭŅĚĽƞĺĬ (partial tȮ- test) ŐĸŃıŇěŅĶĦŅĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅŏĬŊŗŀĚěŅĔ
ŀŇĪīŇıĸĕŀĚķħŌĔŅĸħńĚĽĴĔŅĶĪňŗȮ2 ħƟĺĵĽĩŇĨŇĪħĽŀĭŏŀĲȮ(F - test)ȮŐĸŃıŇěŅĶĦŅĔŅĶŏėĸŊŗŀĬœľĺĕŀĚ
ŀĬŋĔĶĴŏĺĸŅŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴŐĸƟĺĴňŀŇĪīŇıĸĕŀĚķħŌĔŅĸħńĚĽĴĔŅĶĪňŗȮ1 ħƟĺĵĽĩŇĨŇĪħĽŀĭŏŀĲ (FȮ-Ȯtest) 

9 ‍ ‍ὸ‍ὢ ‍ὢ Ễ ‍ ὢ ‐         (1) 

9 ‍ ‍ὢ ‍ὢ Ễ ‍ ὢ ‐             (2) 
 
2. ĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭĕŀĚŀĬŋĔĶĴŏĺĸŅȮ&Decomposition 

Method' 
ĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭĕŀĚŀĬŋĔĶĴŏĺĸŅȮŏĮƦĬĔŅĶľŅėƞŅıĵŅĔĶĦƢŒĬŀĬŅėĨĪňŗœħƟěŅĔĔŅĶ

ĶĺĴėƞŅĽƞĺĬĮĶŃĔŀĭĕŀĚŀĬŋĔĶĴȮœħƟŐĔƞȮėƞŅŐĬĺőĬƟĴȮ&Trend index: T'ȮėƞŅĺńħŀŇĪīŇıĸĕŀĚķħŌĔŅĸȮ
&Seasonal index: S'ȮėƞŅĺńĢěńĔĶȮ&Cyclical index: C'ȮŐĸŃėƞŅĺńħŏľĨŋĔŅĶĦƢĪňŗįŇħĮĔĨŇȮ&Irregular 
index: I'Ȯ&ĪĶĚĻŇĶŇȮŐĨƟĽĴĭńĨŇ, 0317'ȮĞŉŗĚĔŅĶĻŉĔļŅėĶńŘĚĬňŘěŃĺŇŏėĶŅŃľƢŏıňĵĚȮ2 ĽƞĺĬȮœħƟŐĔƞȮėƞŅŐĬĺőĬƟĴȮ
ŐĸŃėƞŅĺńħŀŇĪīŇıĸĕŀĚķħŌĔŅĸȮŏĴŊŗŀıŇěŅĶĦŅĕƟŀĴŌĸĝŋħİƗĔĽŀĬŏıŊŗŀľŅėƞŅħńĝĬňķħŌĔŅĸőħĵĺŇīňĔŅĶĺŇŏėĶŅŃľƢ
ĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬȮŏĴŊŗŀĔŜŅľĬħŒľƟĨńĺŐĮĶŀŇĽĶŃĕŀĚķħŌĔŅĸŏĮƦĬĨńĺŐĮĶľŋƞĬŏĝƞĬŏħňĵĺĔńĭĔŅĶ
ĪħĽŀĭŀĚėƢĮĶŃĔŀĭĕŀĚŀĬŋĔĶĴŏĺĸŅȮŏĴŊŗŀĨńĺŐĭĭıĵŅĔĶĦƢŏĮƦĬĨńĺŐĭĭŏĝŇĚĭĺĔěŃĔŜŅľĬħĨńĺŐĭĭĔŅĶ
ĺŇŏėĶŅŃľƢĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬĽŜŅľĶńĭıŇěŅĶĦŅĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅŏĬŊŗŀĚěŅĔŀŇĪīŇıĸ
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ĕŀĚķħŌĔŅĸħńĚĽĴĔŅĶĪňŗȮ2 ěŅĔĬńŘĬěŉĚĪŜŅĔŅĶŐĮĸĚĽĴĔŅĶĪňŗȮ0ȮŒľƟŀĵŌƞŒĬĶŌĮĽĴĔŅĶķħŌĔŅĸŒľĴƞħńĚĽĴĔŅĶ
ĪňŗȮ3ȮŐĸŃœħƟĨńĺŐĭĭıĵŅĔĶĦƢħńĚĽĴĔŅĶĪňŗȮ4 ŐĸƟĺěŉĚĪŜŅĔŅĶĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴŐĸŃėĺŅĴŐĴƞĬĵŜŅ
ĕŀĚĨńĺŐĭĭĔŅĶıĵŅĔĶĦƢĨƞŀœĮ 

9 ὦᶻ ὦᶻὢ ὦᶻὢ Ễ ὦᶻὢ ὦᶻὢ          (3) 

ŏĴŊŗŀ ὦᶻ ὦ ὦ ŐĸŃȮὦᶻ ὦ ὦȮ, ὦ
Ễ

  

őħĵĪňŗ Вὦᶻ π 

őħĵĪňŗȮ ὦᶻ ŐĪĬėƞŅĽńĴĮĶŃĽŇĪīŇśĮĶńĭŐĸƟĺȮĦȮķħŌĔŅĸĪňŗȮi ŏĴŊŗŀȮi ĴňėƞŅĨńŘĚŐĨƞȮ0 ĩŉĚȮ12 

9 ὦᶻ Ὓᶻ                 (4) 

ŏĴŊŗŀ Ὓᶻ ὦᶻȟὦᶻȟȣȟὦᶻ ĨŅĴĸŜŅħńĭ 
ĔĶĦňĪňŗĨńĺŐĭĭıĵŅĔĶĦƢœĴƞĴňėĺŅĴŏľĴŅŃĽĴŏĬŊŗŀĚěŅĔėƞŅĽƞĺĬŏľĸŊŀĴňĔŅĶŏėĸŊŗŀĬœľĺĪňŗœĴƞŏĮƦĬ

ŀŇĽĶŃȮľĶŊŀŏĔŇħĔĶĦňŀńĨĨĽľĽńĴıńĬīƢŒĬĨńĺȮ(Autocorrelation) ěŃĪŜŅĔŅĶľŅŐĬĺőĬƟĴȮőħĵĬŜŅŀĬŋĔĶĴ

ŏĺĸŅĴŅĔŜŅěńħŀŇĪīŇıĸĕŀĚķħŌĔŅĸŀŀĔȮ&Ὕ ὣ Ὓᶻ'ȮŐĸŃĽĶƟŅĚĽĴĔŅĶŐĬĺőĬƟĴĪňŗŏľĴŅŃĽĴőħĵ
ĪŜŅĔŅĶŐĮĸĚĨńĺŐĮĶħƟĺĵĺŇīňĕŀĚėŀĔŐėĶĬŐĸŃŀŀĶƢėńĨȮ&Transformed Varibles By Cochrane ů 
OrcuttȮProcedure' (Chatterjee and Hadi, 2006, 202) &ıŇļĦŋȮŏěňĵĺėŋĦ, 2550, 215'ȮħńĚĽĴĔŅĶ
ĪňŗȮ5 ěŅĔĬńŘĬěŉĚĽĶƟŅĚĨńĺŐĭĭıĵŅĔĶĦƢħńĚĽĴĔŅĶĪňŗȮ6 ŐĸƟĺĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴŐĸŃėĺŅĴŐĴƞĬĵŜŅ
ĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĨƞŀœĮ 

4 ‍ ‐  ŐĸŃ ”
В

В
Ȯ 

Ὕᶻ ‍ᶻ            (5) 

ŏĴŊŗŀ Ὕᶻ Ὕ ”Ὕ  

9 Ὕᶻ Ὓᶻ        
           (6) 
3. ĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔ 
(Simple Seasonal Exponential Smoothing Method: SSES) 

ĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭħƟĺĵħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔŏĮƦĬĔŅĶĽĶƟŅĚĽĴĔŅĶ

ıĵŅĔĶĦƢĪňŗŒĝƟėƞŅĮĶńĭŒľƟŏĶňĵĭȮ2 ėƞŅȮœħƟŐĔƞȮa ŐĸŃȮgȮĪňŗĴňėƞŅŀĵŌƞĶŃľĺƞŅĚȮ0 ĩŉĚȮ1 ĽŜŅľĶńĭėƞŅėĚĪňŗŐĸŃėƞŅ
ĺńħŀŇĪīŇıĸĕŀĚķħŌĔŅĸĨŅĴĸŜŅħńĭȮőħĵĪŜŅĔŅĶĽĶƟŅĚĨńĺŐĭĭıĵŅĔĶĦƢħńĚĽĴĔŅĶĪňŗȮ7 ŐĸƟĺěŉĚĨĶĺěĽŀĭ
ėĺŅĴŏľĴŅŃĽĴŐĸŃėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢ 

ὣ ȿ ὰ Ὓ                 (7) 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ŏĴŊŗŀ ὣ ȿ ŐĪĬėƞŅıĵŅĔĶĦƢȮĦȮŏĺĸŅȮt+h őħĵĪňŗȮh ŐĪĬěŜŅĬĺĬĝƞĺĚŏĺĸŅĪňŗĨƟŀĚĔŅĶıĵŅĔĶĦƢ
œĮĕƟŅĚľĬƟŅ 

ὰȮŐĸŃȮὛ ȮŐĪĬėƞŅĮĶŃĴŅĦȮĦȮŏĺĸŅȮt ĕŀĚȮa ŐĸŃȮgȮĨŅĴĸŜŅħńĭȮőħĵĪňŗ 

ὰ ‌ὣ Ὓ ρ ‌ὰ ȟ  Ὓ ‎ὣ ὰ

ρ ‎Ὓ  
a ŐĸŃȮgȮŐĪĬėƞŅĔŅĶĮĶńĭŒľƟŏĶňĵĭȮőħĵĪňŗȮ0 < a < 1 ŐĸŃȮ0 < g < 1 
t ŐĪĬĝƞĺĚŏĺĸŅȮĞŉŗĚĴňėƞŅĨńŘĚŐĨƞȮ1 ĩŉĚȮn őħĵĪňŗȮn ŐĪĬěŜŅĬĺĬĕƟŀĴŌĸŒĬŀĬŋĔĶĴŏĺĸŅĝŋħİƗĔĽŀĬ 

Ὓ ėŊŀȮėƞŅĮĶŃĴŅĦķħŌĔŅĸȮĦȮŏĺĸŅȮtȮŐĸŃĴňėƞŅŏĶŇŗĴĨƟĬȮŏĮƦĬ  

Ὕ  ὣ
В
ȟ  Ὓ  ὣ ὰ  

Ὓ  ὣ ὰȟȣȟὛ  ὣ ὰ ŏĴŊŗŀȮm = 12 
4. ĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮ&Box and Jenkins Method' 

ĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢěŃıŇěŅĶĦŅĳŅĵŒĨƟŀĬŋĔĶĴŏĺĸŅŐĭĭėĚĪňŗȮ&Stationary time series'Ȯ
ľĶŊŀŀĬŋĔĶĴŏĺĸŅĪňŗĴňėƞŅŏĜĸňŗĵŐĸŃėĺŅĴŐĮĶĮĶĺĬėĚĪňŗȮ&ĪĶĚĻŇĶŇȮŐĨƟĽĴĭńĨŇ,Ȯ2539'ȮőħĵŀĬŋĔĶĴŏĺĸŅŐĭĭ
œĴƞėĚĪňŗȮNon-stationary time series'ȮěŃĴňĨńĺŐĭĭıĵŅĔĶĦƢőħĵĪńŗĺœĮȮ(General model) ĕŀĚĺŇīň

ĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢėŊŀȮARIMA (p, d, q) ³ SARIMA (P, D, Q)L ŐĽħĚħńĚĽĴĔŅĶĪňŗȮ8 

▬ꜚ║ ╟║
╛ ║▀ ║╛╓╨◄

 Ᵽ▲║ ╠║
╛Ⱡ◄(8) 

ŏĴŊŗŀ ╨◄ ŐĪĬŀĬŋĔĶĴŏĺĸŅȮĦȮŏĺĸŅȮt ĞŉŗĚ t ĴňėƞŅĨńŘĚŐĨƞȮ1 ĩŉĚȮn őħĵĪňŗȮnȮŐĪĬěŜŅĬĺĬĕƟŀĴŌĸŒĬ
ŀĬŋĔĶĴŏĺĸŅĝŋħİƗĔĽŀĬ 

Ⱡ◄ ŐĪĬŀĬŋĔĶĴŏĺĸŅĕŀĚėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĪňŗĴňĔŅĶŐěĔŐěĚĮĶĔĨŇŐĸŃŏĮƦĬŀŇĽĶŃĔńĬȮħƟĺĵ
ėƞŅŏĜĸňŗĵŏĪƞŅĔńĭĻŌĬĵƢȮŐĸŃĴňėĺŅĴŐĮĶĮĶĺĬėĚĪňŗĪŋĔĝƞĺĚŏĺĸŅ tȮ 

d ŐĪĬěŜŅĬĺĬėĶńŘĚĪňŗľŅįĸĨƞŅĚĕŀĚŐĬĺőĬƟĴ 
D ŐĪĬěŜŅĬĺĬėĶńŘĚĪňŗľŅįĸĨƞŅĚĕŀĚķħŌĔŅĸȮŐĸŃȮL ŐĪĬěŜŅĬĺĬķħŌĔŅĸĨƞŀĮƖ 
p ŐĪĬŀńĬħńĭĕŀĚ autoregressive (AR) ŐĸŃȮq ŐĪĬŀńĬħńĭĕŀĚȮmoving average (MA) 
P ŐĪĬŀńĬħńĭĕŀĚ seasonal autoregressive (SAR) ŐĸŃȮQ ŐĪĬŀńĬħńĭĕŀĚȮseasonal 

moving average (SMA) 
B ŐĪĬĨńĺħŜŅŏĬŇĬĔŅĶĵƟŀĬľĸńĚȮ&Backward Operator' 
ěŅĔĽĴĔŅĶĪňŗȮ6ȮŏĴŊŗŀĔŜŅľĬħŒľƟȮd = 0, D = 0ȮĨńĺŐĭĭĪńŗĺœĮĕŀĚĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢĕŀĚ

ŀĬŋĔĶĴŏĺĸŅŐĭĭėĚĪňŗėŊŀȮȮARMA (p, q) ³ SARMA (P, Q)LȮħńĚĽĴĔŅĶĪňŗȮ9 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

▬ꜚ║ ╟║
╛╨◄  Ᵽ▲║ ╠║

╛Ⱡ◄             (9) 

▬ꜚ║ ꜚ║ ꜚ║ Ễ ▬ꜚ║
╛ ŐĪĬĨńĺħŜŅŏĬŇĬĔŅĶŀńĨ

ĽľĽńĴıńĬīƢŐĭĭœĴƞĴňķħŌĔŅĸŀńĬħńĭĪňŗȮp (Non ů Seasonal Autoregressive Operator of Order pȮ: 
AR(p)) 

╟║
╛ ║╛ ║ ╛ Ễ ╟║

╟╛ ŐĪĬĨńĺ
ħŜŅŏĬŇĬĔŅĶŀńĨĽľĽńĴıńĬīƢŐĭĭĴňķħŌĔŅĸŀńĬħńĭĪňŗȮP (Seasonal Autoregressive Operator of Order 
P: SAR(P)) 

Ᵽ▲║ Ᵽ║ Ᵽ║ Ễ Ᵽ▲║
╛ ŐĪĬĨńĺħŜŅŏĬŇĬĔŅĶŀńĨ

ĽľĽńĴıńĬīƢŐĭĭœĴƞĴňķħŌĔŅĸŀńĬħńĭĪňŗȮp (Non ů Seasonal Moving Average Operator of Order 
q: MA(q)) 

╠║
╛

╠ ║
╛

╠ ║
╛ Ễ ╠║

╟╛ ŐĪĬĨńĺ

ħŜŅŏĬŇĬĔŅĶŀńĨĽľĽńĴıńĬīƢŐĭĭĴňķħŌĔŅĸŀńĬħńĭĪňŗȮP (Seasonal Moving Average of Order Q: 
SMA(Q)) 

ĕńŘĬĨŀĬĔŅĶĽĶƟŅĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢĴňħńĚĬňŘėŊŀȮĨĶĺěĽŀĭėĺŅĴ
ŐĮĶĮĶĺĬĕŀĚŀĬŋĔĶĴŏĺĸŅȮľŅĔėĺŅĴŐĮĶĮĶĺĬœĴƞėĚĪňŗěŃĪŜŅĔŅĶŐĮĸĚŀĬŋĔĶĴŏĺĸŅŏħŇĴŒľƟŏĮƦĬŀĬŋĔĶĴ

ŏĺĸŅŒľĴƞħƟĺĵĸŀĔŅĶŇĪŉĴīĶĶĴĝŅĨŇȮ&Natural LogarithmȮ: ἧἼ ἴἶ ἧ) ŐĸŃĪŜŅĔŅĶĪħĽŀĭ
ŀĚėƢĮĶŃĔŀĭĕŀĚŀĬŋĔĶĴŏĺĸŅŒľĴƞŀňĔėĶńŘĚȮľŅĔŀĬŋĔĶĴŏĺĸŅŒľĴƞĴňŀĚėƢĮĶŃĔŀĭĕŀĚŐĬĺőĬƟĴŐĸŃŀŇĪīŇıĸ
ĕŀĚķħŌĔŅĸȮŒľƟĪŜŅĔŅĶĔŜŅěńħŀĚėƢĮĶŃĔŀĭĬńŘĬŀŀĔŏıŊŗŀĪŜŅŒľƟŏĮƦĬŀĬŋĔĶĴŏĺĸŅėĚĪňŗȮŐĸŃĔŜŅľĬħĨńĺŐĭĭ

ıĵŅĔĶĦƢŒľƟŏĮƦĬȮARMA (p, q) ³ SARMA (P, Q)12Ȯ ŏĴŊŗŀȮL =12 ěŅĔĬńŘĬěŉĚĪŜŅĔŅĶŐĮĸĚĨńĺŐĭĭ
ıĵŅĔĶĦƢŀĬŋĔĶĴŏĺĸŅŒľĴƞĔĸńĭŒľƟŀĵŌƞŒĬĶŌĮĨńĺŐĭĭıĵŅĔĶĦƢŀĬŋĔĶĴŏĺĸŅŏħŇĴȮŐĸƟĺěŉĚĨĶĺěĽŀĭėĺŅĴ
ŏľĴŅŃĽĴŐĸŃĺńħėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭĔŅĶıĵŅĔĶĦƢ 
5. ĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴȮ&Combined Forecasting Method' 

ĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴȮŏĮƦĬĔŅĶľŅėƞŅıĵŅĔĶĦƢŒĬŀĬŅėĨĪňŗœħƟěŅĔĲƤĚĔƢĝńĬıĵŅĔĶĦƢőħĵŒľƟ
ĬŘŜŅľĬńĔȮ&Weight'ȮĔńĭĲƤĚĔƢĝńĬıĵŅĔĶĦƢĨƞŅĚŕȮŒĬĶŌĮŐĭĭĲƤĚĔƢĝńĬŏĝŇĚŏĽƟĬȮ(Linear function)ȮĞŉŗĚ
ĔŜŅľĬħŒľƟėƞŅĬŘŜŅľĬńĔŏĮƦĬıŅĶŅĴŇŏĨŀĶƢĕŀĚĨńĺŐĭĭőħĵŒĝƟĔŅĶĩħĩŀĵŐĭĭĔŜŅĸńĚĽŀĚĬƟŀĵĪňŗĽŋħȮ
&Ordinary Least Square: OLS'ȮŐĸŃĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴŏĮƦĬħńĚĬňŘ (Raviv, 2016, 3) 

ὣ ὥ В ὦὪ                 (10) 
ěŅĔĽĴĔŅĶĪňŗȮ/.ȮĽŅĴŅĶĩŏĕňĵĬĽĴĔŅĶıĵŅĔĶĦƢĕŀĚĚŅĬĺŇěńĵĬňŘœħƟħńĚĬňŘėŊŀ 

ὣ ὥ ὦὪ ὦὪ ὦὪ                (11) 

ŏĴŊŗŀȮ ὣ ŐĪĬėƞŅıĵŅĔĶĦƢĶĺĴȮĦȮŏĺĸŅȮt 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 ὪȟὪ ŐĸŃȮὪ  ŐĪĬėƞŅıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺȮĦȮŏĺĸŅȮt ěŅĔĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭȮĺŇīň
ĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮŐĸŃĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮĨŅĴĸŜŅħńĭ 

 ὦȟὦ ŐĸŃȮὦȮŐĪĬėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĩħĩŀĵěŅĔĺŇīňĔŜŅĸńĚĽŀĚĬƟŀĵĪňŗĽŋħĕŀĚĺŇīňĔŅĶŐĵĔ
ĽƞĺĬĮĶŃĔŀĭȮĺŇīňĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮŐĸŃĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮ
ĨŅĴĸŜŅħńĭȮŏĴŊŗŀĔŜŅľĬħŒľƟėƞŅıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺěŅĔĪńŘĚȮ3 ĺŇīňŏĮƦĬĨńĺŐĮĶŀŇĽĶŃȮŐĸŃŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħ
ŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚŏĮƦĬĨńĺŐĮĶĨŅĴȮĞŉŗĚėƞŅȮb1,Ȯb2 ŐĸŃȮb3 ěŃėŜŅĬĺĦěŅĔěŜŅĬĺĬĕƟŀĴŌĸıĵŅĔĶĦƢ
ŒĬŀĬŋĔĶĴŏĺĸŅĝŋħİƗĔĽŀĬĪňŗĴňěŜŅĬĺĬȮ95 ėƞŅȮŏĬŊŗŀĚěŅĔĴňĔŅĶŐĮĸĚĕƟŀĴŌĸħƟĺĵįĸĨƞŅĚŐĬĺőĬƟĴĸŜŅħńĭĪňŗȮ/Ȯ
ŐĸŃįĸĨƞŅĚķħŌĔŅĸĸŜŅħńĭĪňŗȮ1 ĕŀĚĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮěŉĚĪŜŅŒľƟœĴƞĴňĕƟŀĴŌĸȮ13 ėƞŅŐĶĔȮőħĵĪňŗĕńŘĬĨŀĬ
ĔŅĶĽĶƟŅĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴĴňħńĚĬňŘėŊŀȮŏĨĶňĵĴėƞŅıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺěŅĔĪńŘĚȮ3 ĺŇīňȮ
ĽĶƟŅĚĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴŏĪňĵĭĔńĭĕƟŀĴŌĸĝŋħİƗĔĽŀĬȮěŅĔĬńŘĬěŉĚĪŜŅĔŅĶĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴŐĸŃ
ėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢħƟĺĵĕƟŀĴŌĸĝŋħĨĶĺěĽŀĭ 
6. ĔŅĶĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢ 

ĔŅĶıŇěŅĶĦŅėĺŅĴŏľĴŅŃĽĴĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĬńŘĬȮěŃĪŜŅĔŅĶĨĶĺěĽŀĭėƞŅĽƞĺĬŏľĸŊŀ 
(Residual) ĪňŗœħƟěŅĔįĸĨƞŅĚĶŃľĺƞŅĚėƞŅěĶŇĚĕŀĚĕƟŀĴŌĸŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĝŋħİƗĔĽŀĬȮőħĵĪŜŅĔŅĶ
ĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚıŅĶŅĴŇŏĨŀĶƢĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢħƟĺĵĽĩŇĨŇĪħĽŀĭĪňȮĔĶĦňĕŀĚĺŇīňĔŅĶ
ŐĵĔĽƞĺĬĮĶŃĔŀĭŐĸŃĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮěŃĪŜŅĔŅĶĨĶĺěĽŀĭėŋĦĸńĔļĦŃĕŀĚėƞŅĽƞĺĬŏľĸŊŀőħĵ
ĪħĽŀĭĔŅĶŐěĔŐěĚĮĶĔĨŇħƟĺĵĽĩŇĨŇĪħĽŀĭĕŀĚėŀĸőĴőĔĶŀĲȮů ĽĴňĶƢĬŀĲȮĪħĽŀĭėĺŅĴŐĮĶĮĶĺĬ
ėĚĪňŗħƟĺĵĽĩŇĨŇĪħĽŀĭĕŀĚŏĸĺňĬȮĪħĽŀĭėƞŅŏĜĸňŗĵŏĪƞŅĔńĭĻŌĬĵƢħƟĺĵĽĩŇĨŇĪħĽŀĭĪňȮĪħĽŀĭėĺŅĴŏĮƦĬŀŇĽĶŃ
ĔńĬĕŀĚėƞŅĽƞĺĬŏľĸŊŀħƟĺĵĔŅĶĪħĽŀĭĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢŒĬĨńĺőħĵŒĝƟĔġľńĺŐĴƞĴŊŀȮ
&Autocorrelation Function'ȮŐĸŃĔŅĶĪħĽŀĭŐĭĭĺŇŗĚȮ&Run test'ȮŐĸŃĔŅĶĪħĽŀĭĽľĽńĴıńĬīƢŒĬĨńĺ
ĕŀĚȮBox ů LjungȮĽŜŅľĶńĭĔŅĶıĵŅĔĶĦƢħƟĺĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮ 
7.ȮĔŅĶıŇěŅĶĦŅĨńĺŐĭĭıĵŅĔĶĦƢĪňŗŏľĴŅŃĽĴĪňŗĽŋħĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬ
ěńĚľĺńħĸŜŅĮŅĚ 

ĔŅĶĺŇěńĵėĶńŘĚĬňŘœħƟĺńħėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĕŀĚĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭȮĔŅĶĮĶńĭ
ŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮŐĸŃĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴȮ
őħĵŒĝƟĕƟŀĴŌĸĝŋħĨĶĺěĽŀĭĪňŗŏĮƦĬŀĬŋĔĶĴŏĺĸŅĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮı,Ļ,Ȯ2558 ĩŉĚŏħŊŀĬīńĬĺŅėĴȮı,Ļ,Ȯ
2560 ěŜŅĬĺĬȮ36 ėƞŅȮŏıŊŗŀėŜŅĬĺĦėƞŅ MAPE ħńĚĽĴĔŅĶĪňŗȮ10ȮőħĵĺŇīňĔŅĶıĵŅĔĶĦƢŒħĪňŗĴňėƞŅȮMAPE ĨŗŜŅ
ĪňŗĽŋħěŃľĴŅĵĩŉĚȮĺŇīňĪňŗĴňėĺŅĴŐĴƞĬĵŜŅŒĬĔŅĶıĵŅĔĶĦƢĴŅĔĪňŗĽŋħ 

╜═╟╔
▪
В
▄◄

╨◄
        Ȯ        (12) 

ŏĴŊŗŀ ▄◄ ╨◄ ╨◄  ŐĪĬėƞŅėĸŅħŏėĸŊŗŀĬěŅĔĔŅĶıĵŅĔĶĦƢȮĦȮŏĺĸŅ t 
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 ╨◄ȟ╨◄ ŐĪĬŀĬŋĔĶĴŏĺĸŅȮŐĸŃėƞŅıĵŅĔĶĦƢȮĦȮŏĺĸŅ tȮĨŅĴĸŜŅħńĭ 
 t ŐĪĬĝƞĺĚŏĺĸŅĪňŗŏĮƦĬŏħŊŀĬȮĞŉŗĚĴňėƞŅĨńŘĚŐĨƞȮ1 ĩŉĚȮn2 őħĵĪňŗȮn2 ŐĪĬěŜŅĬĺĬĕƟŀĴŌĸĕŀĚŀĬŋĔĶĴ
ŏĺĸŅĝŋħĨĶĺěĽŀĭ 
 
įĸĔŅĶĺŇěńĵ 
1. įĸĔŅĶıŇěŅĶĦŅĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅ 

ěŅĔĔŅĶıŇěŅĶĦŅĸńĔļĦŃĔŅĶĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅĝŋħİƗĔĽŀĬĕŀĚŀńĨĶŅįŌƟĮƙĺĵőĶė
ĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚȮĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮı,Ļ,Ȯ2549 ĩŉĚŏħŊŀĬīńĬĺŅėĴȮı,Ļ,Ȯ2557 ȮěŜŅĬĺĬȮ
108 ėƞŅȮıĭĺƞŅȮŀĬŋĔĶĴŏĺĸŅĬňŘœĴƞĴňėƞŅĬŀĔ-ŏĔĦĤƢȮ(Outlier) ħńĚĳŅıĪňŗȮ/ 

 
ĳŅıĪňŗȮ/ȮŐįĬĳŅıĔĸƞŀĚĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚ 
ŏĴŊŗŀĪŜŅĔŅĶĪħĽŀĭėĺŅĴŐĮĶĮĶĺĬŐĸŃĪħĽŀĭĔŅĶŏėĸŊŗŀĬœľĺŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴŐĸŃŀŇĪīŇıĸ

ĕŀĚķħŌĔŅĸħƟĺĵľĸńĔĔŅĶĺŇŏėĶŅŃľƢĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬıĭĺƞŅȮĪňŗĶŃħńĭĬńĵĽŜŅėńĠȮ0.05 ŀĬŋĔĶĴ
ŏĺĸŅĬňŘĴňėĺŅĴŐĮĶĮĶĺĬėĚĪňŗȮěŉĚĔŜŅľĬħĨńĺŐĭĭıĵŅĔĶĦƢŏĮƦĬĨńĺŐĭĭŏĝŇĚĭĺĔȮŐĸŃœĴƞĴňĔŅĶŏėĸŊŗŀĬœľĺ
ŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴŐĨƞĴňŀŇĪīŇıĸĕŀĚķħŌĔŅĸȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ/ȮħńĚĬňŘ 

 
ĨŅĶŅĚĪňŗȮ/ȮėƞŅĽĩŇĨŇĪħĽŀĭŐĸŃėƞŅȮP-value ĕŀĚĔŅĶĪħĽŀĭėĺŅĴŐĮĶĮĶĺĬėĚĪňŗȮĔŅĶŏėĸŊŗŀĬœľĺĕŀĚ
ŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴŐĸŃŀŇĪīŇıĸĕŀĚķħŌĔŅĸĪňŗ
ĶŃħńĭĬńĵĽŜŅėńĠȮ0.05 

ĔŅĶĪħĽŀĭ ėƞŅĽĩŇĨŇĪħĽŀĭ P - value 
ėĺŅĴŐĮĶĮĶĺĬėĚĪňŗ F = 1.0674 0.3921 
ŀĬŋĔĶĴŏĺĸŅĴňĔŅĶŏėĸŊŗŀĬœľĺŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴ t = 1.3549 0.1787 

ŀĬŋĔĶĴŏĺĸŅĴňĔŅĶŏėĸŊŗŀĬœľĺŏĬŊŗŀĚěŅĔŀŇĪīŇıĸĕŀĚķħŌĔŅĸ F = 5.1485 2.6398³10-6 
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2. įĸĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭ 
ěŅĔĔŅĶėŜŅĬĺĦľŅėƞŅħńĝĬňķħŌĔŅĸőħĵĔŅĶĺŇŏėĶŅŃľƢĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬȮœħƟėƞŅħńĝĬň

ķħŌĔŅĸħńĚĨŅĶŅĚĪňŗȮ0 ŐĸŃĳŅıĪňŗȮ0 őħĵıĭĺƞŅȮħńĝĬňķħŌĔŅĸĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭ
ŒĬěńĚľĺńħĸŜŅĮŅĚĽŌĚĪňŗĽŋħŒĬŏħŊŀĬĔńĬĵŅĵĬȮ4,6437ȮĶŀĚĸĚĴŅėŊŀȮŏħŊŀĬĴňĬŅėĴȮ3,71/0ȮŐĸŃĨŗŜŅĪňŗĽŋħŒĬ
ŏħŊŀĬıķļĳŅėĴȮ-6,5226 

 
ĨŅĶŅĚĪňŗȮ0ȮħńĝĬňķħŌĔŅĸĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚ 

ŏħŊŀĬ 
ħńĝĬň
ķħŌĔŅĸ 

ŏħŊŀĬ 
ħńĝĬň
ķħŌĔŅĸ 

ŏħŊŀĬ 
ħńĝĬň
ķħŌĔŅĸ 

ŏħŊŀĬ 
ħńĝĬň
ķħŌĔŅĸ 

ĴĔĶŅėĴ 4.3596 ŏĴļŅĵĬ -3.7402 ĔĶĔġŅėĴ -7.0859 ĨŋĸŅėĴ 6.0569 
ĔŋĴĳŅıńĬīƢ 4.4243 ıķļĳŅėĴ -8.7448 ĽŇĚľŅėĴ -1.3980 ıķĻěŇĔŅĵĬ 1.6909 
ĴňĬŅėĴ 5.9312 ĴŇĩŋĬŅĵĬ -7.2434 ĔńĬĵŅĵĬ 6.8659 īńĬĺŅėĴ -1.1165 

 
ĳŅıĪňŗȮ0ȮĶŌĮŐĭĭĕŀĚħńĝĬňķħŌĔŅĸĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭ 

 
ĳŅıĪňŗȮ1ȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭ 
ěŅĔĳŅıĪňŗȮ1Ȯ&A'ȮŐĽħĚŒľƟŏľŖĬĺƞŅȮĨńĺŐĭĭŐĬĺőĬƟĴĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭŀĬŋĔĶĴŏĺĸŅŀńĨĶŅ

įŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚėŊŀȮĨńĺŐĭĭŐĬĺőĬƟĴĪňŗĪŜŅĔŅĶŐĮĸĚĕƟŀĴŌĸħƟĺĵĺŇīňėŀĔŐėĶĬ

ŐĸŃŀŀĶƢėńĨȮŏĴŊŗŀȮ” πȢχτπτ œħƟĨńĺŐĭĭıĵŅĔĶĦƢŏĝŇĚĭĺĔħńĚĬňŘėŊŀ 

ὣ χȢπφωτπȢχτπτὝ Ὓᶻ ȟÉ ρȟςȟȣȟρς  (13) 
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őħĵĪňŗȮὛᶻȮėŊŀėƞŅĮĶŃĴŅĦĕŀĚħńĝĬňķħŌĔŅĸĪňŗȮiȮĦȮŏĺĸŅȮt ħńĚĨŅĶŅĚĪňŗȮ0ȮŐĸŃėƞŅȮMAPE ĕŀĚĨńĺŐĭĭ
ıĵŅĔĶĦƢŏĪƞŅĔńĭȮ14.1807ȮĞŉŗĚŐĽħĚœħƟħńĚĳŅıĪňŗȮ1 &B' 

ěŅĔĽĴĔŅĶĪňŗȮ/1ȮŏĴŊŗŀĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚıŅĶŅĴŇŏĨŀĶƢȮb0 ĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢ

őħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭıĭĺƞŅȮėƞŅĮĶŃĴŅĦıŅĶŅĴŇŏĨŀĶƢȮb0 ŏĪƞŅĔńĭȮ7.0694 ĴňėĺŅĴŏľĴŅŃĽĴȮ(t 

= 15.9791, P ů value = 5.4215 ³ 10-30) ŐĸŃŏĴŊŗŀĨĶĺěĽŀĭėŋĦĸńĔļĦŃĕŀĚėƞŅĽƞĺĬŏľĸŊŀıĭĺƞŅȮ
ėƞŅĽƞĺĬŏľĸŊŀĴňĔŅĶŐěĔŐěĚĮĔĨŇȮ&Kolmogorov ů Smirnov Z = 0.0719, P ů value = 0.6373'ȮȮĴň
ėĺŅĴŐĮĶĮĶĺĬėĚĪňŗĪŋĔĝƞĺĚŏĺĸŅȮ&F = 0.5366, P ů value = 0.8264'ȮĴňėƞŅŏĜĸňŗĵŏĪƞŅĔńĭĻŌĬĵƢȮ&t =  

1.8723 ³ 10-16, P ů value = 1'ȮŐĸŃŏĮƦĬŀŇĽĶŃĔńĬȮ&ěŅĔĳŅıĪňŗȮ2ȮıĭĺƞŅėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢ
ŒĬĨńĺĕŀĚėƞŅĽƞĺĬŏľĸŊŀĽƞĺĬŒľĠƞĨĔŀĵŌƞŒĬĕŀĭŏĕĨėĺŅĴŏĝŊŗŀĴńŗĬĶƟŀĵĸŃȮ95 ŐĸŃĔŅĶĪħĽŀĭŐĭĭĺŇŗĚȮZ = 
-1.1711, P ů value = 0.2415) ħńĚĬńŘĬĨńĺŐĭĭıĵŅĔĶĦƢĪňŗœħƟěŉĚĴňėĺŅĴŏľĴŅŃĽĴȮħńĚĽĴĔŅĶĪňŗȮ11ȮŐĸŃȮ

3ᶻȮŐĪĬėƞŅħńĝĬňķħŌĔŅĸĪňŗȮiȮĦȮŏĺĸŅȮtȮŒħȮŕȮħńĚĨŅĶŅĚĪňŗȮ0ȮŏĴŊŗŀĬŜŅĕƟŀĴŌĸĝŋħĨĶĺěĽŀĭœĮĺńħėĺŅĴ
ŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢȮěŃŒľƟėƞŅMAPEȮŏĪƞŅĔńĭ 12.6996ȮŐĽħĚħńĚĳŅıĪňŗȮ5 

 
 

 

ĳŅıĪňŗȮ2ȮȮȮȮȮAutocorrelation ĕŀĚėƞŅĽƞĺĬ
ŏľĸŊŀĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĔŅĶŐĵĔ

ĽƞĺĬĮĶŃĔŀĭ 

ĳŅıĪňŗȮ5 ŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĝŋħ
ĨĶĺěĽŀĭőħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭ 

 
3. įĸĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔ 

ĔŅĶĽĶƟŅĚĨńĺŐĭĭıĵŅĔĶĦƢĽŜŅľĶńĭŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚ

ħƟĺĵĕƟŀĴŌĸĝŋħİƗĔĽŀĬȮőħĵĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔıĭĺƞŅȮėƞŅȮaȮ= 

0.7847 ŐĸŃȮg = 0.0569 ħńĚĳŅıĪňŗȮ4 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıĪňŗȮ4ȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚ

ĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔ 
ŏĴŊŗŀĨĶĺěĽŀĭėŋĦĸńĔļĦŃĕŀĚėƞŅĽƞĺĬŏľĸŊŀıĭĺƞŅȮėƞŅĽƞĺĬŏľĸŊŀĴňĔŅĶŐěĔŐěĚĮĔĨŇȮ

&Kolmogorov ů Smirnov Z = 0.0978, P ů value = 0.2526'ȮĴňėĺŅĴŐĮĶĮĶĺĬėĚĪňŗĪŋĔĝƞĺĚŏĺĸŅȮ
tȮ&F = 0.9578, P ů value = 0.4670'ȮĴňėƞŅŏĜĸňŗĵŏĪƞŅĔńĭĻŌĬĵƢȮ&t = -0.13409, P ů value = 0.8936'Ȯ
ŐĸŃĴňĔŅĶŏėĸŊŗŀĬœľĺĪňŗŏĮƦĬŀŇĽĶŃĔńĬȮ&ěŅĔĳŅıĪňŗȮ5ȮıĭĺƞŅȮėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢŒĬĨńĺĕŀĚėƞŅĽƞĺĬ
ŏľĸŊŀĽƞĺĬŒľĠƞĨĔŀĵŌƞŒĬĕŀĭŏĕĨėĺŅĴŏĝŊŗŀĴńŗĬĶƟŀĵĸŃȮ95ȮŐĸŃěŅĔĔŅĶĪħĽŀĭĺŇŗĚıĭĺƞŅȮZ = -1.8469, 
P ů value = 0.0648) ħńĚĬńŘĬĨńĺŐĭĭıĵŅĔĶĦƢĪňŗœħƟěŉĚĴňėĺŅĴŏľĴŅŃĽĴȮŐĽħĚħńĚĽĴĔŅĶĪňŗȮ/2ȮħńĚĬňŘ 

Ȯὣ σςȢπρπσὛ      ȮȮȮȮȮȮȮȮ(14) 

ŏĴŊŗŀȮ9 ȮŐĪĬėƞŅıĵŅĔĶĦƢȮĦȮŏĺĸŅȮt + h őħĵĪňŗȮh = 1 ĩŉĚȮ12 &ŏħŊŀĬĪňŗȮ1 ĩŉĚŏħŊŀĬĪňŗȮ12 

ěŜŅĬĺĬȮ12 ėƞŅ'ȮŐĸŃȮ3 ȮŐĪĬħńĝĬňķħŌĔŅĸȮĦȮŏĺĸŅȮÈ  ŏĴŊŗŀȮÈ È

ρ ÍÏÄ ρς ρ ħńĚĨŅĶŅĚĪňŗȮ1 
 

ĨŅĶŅĚĪňŗȮ1ȮėƞŅĮĶŃĴŅĦŀŇĪīŇıĸĕŀĚķħŌĔŅĸȮĦȮŏĺĸŅȮὬ ĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭ
ŒĬěńĚľĺńħĸŜŅĮŅĚ 

▐  ╢▐  ▐  ╢▐  ▐  ╢▐  ▐  ╢▐  

1 4.3409 4 -4.8674 7 -7.8857 10 -1.8970 
2 5.3720 5 -11.0803 8 2.0341 11 7.3709 
3 7.6562 6 -9.6194 9 10.6623 12 7.3588 

ŏĴŊŗŀĬŜŅĕƟŀĴŌĸŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚĕŀĚĝŋħĨĶĺěĽŀĭœĮ
ėŜŅĬĺĦėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĪňŗœħƟěŅĔĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚ
ĭĺĔıĭĺƞŅȮėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢȮMAPEȮŏĪƞŅĔńĭ 16.6420 ŐĽħĚœħƟħńĚĳŅıĪňŗȮ6 
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ĳŅıĪňŗȮ5ȮȮȮAutocorrelation ĕŀĚėƞŅ
ĽƞĺĬŏľĸŊŀĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵ
ĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚ

ĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔ 

ĳŅıĪňŗȮ6ȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĝŋħĨĶĺěĽŀĭ
őħĵĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔ 

 
4. įĸĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢ 

ěŅĔĔŅĶıŇěŅĶĦŅĸńĔļĦŃĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅĝŋħİƗĔĽŀĬħńĚĔĸƞŅĺĕƟŅĚĨƟĬıĭĺƞŅȮĪňŗ
ĶŃħńĭĬńĵĽŜŅėńĠȮ0.05 ŀĬŋĔĶĴŏĺĸŅĝŋħĬňŘĴňėĺŅĴŐĮĶĮĶĺĬėĚĪňŗȮŐĸŃœĴƞĴňĔŅĶŏėĸŊŗŀĬœľĺĕŀĚŐĬĺőĬƟĴŐĨƞĴň
ŀŇĪīŇıĸĕŀĚķħŌĔŅĸȮěŉĚĪŜŅĔŅĶĔŜŅěńħŀŇĪīŇıĸĕŀĚķħŌĔŅĸŀŀĔȮĪńŘĚĬňŘŏĴŊŗŀĔŜŅěńħŀŇĪīŇıĸĕŀĚķħŌĔŅĸŀŀĔŀĵƞŅĚ

ŏħňĵĺȮĕƟŀĴŌĸěŃĮĶŅĔĢŐĬĺőĬƟĴŀňĔȮįŌƟĺŇěńĵěŉĚœħƟĔŜŅěńħŐĬĺőĬƟĴŐĸŃķħŌĔŅĸŀŀĔěŅĔŀĬŋĔĶĴŏĺĸŅŏħŇĴȮὣȮ

ěŃœħƟŀĬŋĔĶĴŏĺĸŅŒľĴƞȮὤȮĦȮŏĺĸŅȮt ĪňŗŏĮƦĬŀĬŋĔĶĴŏĺĸŅėĚĪňŗėŊŀȮὤ ὣ ὣ

ὣ ὣ  ȮħńĚĳŅıĪňŗȮ7ȮŐĸŃŏĴŊŗŀĪŜŅĔŅĶĪħĽŀĭĔŅĶŏėĸŊŗŀĬœľĺŏĬŊŗŀĚěŅĔŐĬĺőĬƟĴŐĸŃ

ŀŇĪīŇıĸĕŀĚķħŌĔŅĸŀňĔėĶńŘĚıĭĺƞŅȮĕƟŀĴŌĸŀĬŋĔĶĴŏĺĸŅŒľĴƞȮ:ȮŏĮƦĬŀĬŋĔĶĴŏĺĸŅėĚĪňŗȮŏĬŊŗŀĚěŅĔœĴƞĴňĔŅĶ
ŏėĸŊŗŀĬœľĺĕŀĚŐĬĺőĬƟĴȮ&t = -0.3275,ȮP ů value = 0.7441'ȮŐĸŃœĴƞĴňŀŇĪīŇıĸĕŀĚķħŌĔŅĸȮ&t = 
0.1474,ȮP ů value = 0.9993'Ȯ 

 
ĳŅıĪňŗȮ7ȮŀĬŋĔĶĴŏĺĸŅėĚĪňŗĕŀĚŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚĕŀĚĝŋħİƗĔĽŀĬ 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ěŅĔĔĶŅĲȮACF ŐĸŃȮPACF ĕŀĚŀĬŋĔĶĴŏĺĸŅĝŋħİƗĔĽŀĬħńĚĳŅıĪňŗȮ/.Ȯ(A) ŐĸŃ10Ȯ(B) 

ĨŅĴĸŜŅħńĭȮěŉĚĔŜŅľĬħĨńĺŐĭĭıĵŅĔĶĦƢĪňŗŏĮƦĬœĮœħƟĕŀĚĕŀĚŀĬŋĔĶĴŏĺĸŅŒľĴƞȮ:ȮȮĞŉŗĚŏĮƦĬŀĬŋĔĶĴŏĺĸŅ
ėĚĪňŗȮŐĸŃĮĶŃĴŅĦėƞŅıŅĶŅĴŇŏĨŀĶƢĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢȮħńĚĨŅĶŅĚĪňŗȮ2ȮőħĵĨńĺŐĭĭıĵŅĔĶĦƢĪňŗœħƟȮėŊŀȮ

ARMA (2, 0) ³SARMA (1, 0)12ȮȮŐĸŃĴňėƞŅȮMAPE ŏĪƞŅĔńĭȮ18.4498 ĞŉŗĚĽŅĴŅĶĩĺŅħĔĶŅĲĔŅĶ
ŏėĸŊŗŀĬœľĺĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚĕŀĚĝŋħİƗĔĽŀĬħƟĺĵĺŇīňĔŅĶĭŀĔĞƢ
ŐĸŃŏěĬĔŇĬĽƢȮħńĚĳŅıĪňŗȮ//ȮŐĸŃĽŅĴŅĶĩŏĕňĵĬĨńĺŐĭĭıĵŅĔĶĦƢœħƟħńĚĬňŘ 

ρ ‰ὄ ‰ὄ ρ  ὄ ὤ     
 ‐ 

ὤ ‰ὤ ‰ὤ  ὤ ‰ ὤ ‰ ὤ  
   ‐ 

ὤ   ‰ὤ ‰ὤ  ὤ ‰ ὤ
‰ ὤ  ‐ 

ŏĬŊŗŀĚěŅĔȮ: ὣ ὣ ὣ ὣ  ħńĚĬńŘĬěŃœħƟ 

ὣ ὣ ὣ ὣ   ‰ὤ ‰ὤ
 ὤ ‰ ὤ ‰ ὤ  ‐ 

ὣ   ‰ὤ ‰ὤ  ὤ ‰ ὤ
‰ ὤ  ‐ ὣ ὣ ὣ  
ŏĴŊŗŀŐĪĬėƞŅĮĶŃĴŅĦıŅĶŅĴŇŏĨŀĶƢěŅĔĨŅĶŅĚĪňŗȮ2 ěŃœħƟĨńĺŐĭĭıĵŅĔĶĦƢħńĚĽĴĔŅĶĪňŗȮ/3ȮħńĚĬňŘ 

ὣ   πȢςρτσ ὤ πȢσφτσὤ  πȢυπχωὤ
πȢρπψψὤ πȢρψυπὤ  ‐ ὣ ὣ ὣ
                (15) 

ŏĴŊŗŀȮrȮ;Ȯ/.7*Ȯ//.*ȮźȮŐĸŃěŃĕĵńĭĝƞĺĚŏĺĸŅĪňĸŃȮ1 ĝƞĺĚŏĺĸŅȮŏıŊŗŀŐĪĬėƞŅŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶė
ĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚĪňŗœħƟěŅĔĔŅĶıĵŅĔĶĦƢĔƞŀĬľĬƟŅ 

 
ĳŅıĪňŗȮ/.ȮAutocorrelation ŐĸŃ Partial Autocorrelation ĕŀĚŀĬŋĔĶĴŏĺĸŅŒľĴƞ ZtȮĕŀĚĝŋħİƗĔĽŀĬ 
ĨŅĶŅĚĪňŗȮ2ȮėƞŅĮĶŃĴŅĦıŅĶŅĴŇŏĨŀĶƢȮėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĴŅĨĶģŅĬȮėƞŅĽĩŇĨŇȮt ŐĸŃėƞŅȮP-value ĕŀĚĨńĺ
ŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢ 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ıŅĶŅĴŇŏĨŀĶƢ ėƞŅĽńĴĮĶŃĽŇĪīŇś ėƞŅėĺŅĴėĸŅħŏėĸŊŗŀĬĴŅĨĶģŅĬ ėƞŅĽĩŇĨŇȮt P ů value 

f1 -0.2143 0.0969 -2.2101 0.0271 

f2 -0.3643 0.0966 -3.7703 0.0002 

F1 -0.5079 0.0910 -5.5828 2.37³10-8 

 
ĳŅıĪňŗȮ//ȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢ 

ŏĴŊŗŀĪŜŅĔŅĶĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚıŅĶŅĴŇŏĨŀĶƢĪńŘĚȮ1ȮėƞŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīň
ĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢıĭĺƞŅȮĴňėĺŅĴŏľĴŅŃĽĴȮħńĚĨŅĶŅĚĪňŗȮ2ȮŐĸŃŏĴŊŗŀĨĶĺěĽŀĭėŋĦĸńĔļĦŃĕŀĚėƞŅĽƞĺĬ
ŏľĸŊŀıĭĺƞŅȮėƞŅĽƞĺĬŏľĸŊŀĴňĔŅĶŐěĔŐěĚĮĶĔĨŇȮ&Kolmogorov ů Smirnov Z = 0.0618, P ů value 
= 0.8392'ȮĴňėĺŅĴŐĮĶĮĶĺĬėĚĪňŗĪŋĔĝƞĺĚŏĺĸŅȮ&F = 0.2885, P ů value = 0.9568'ȮĴňėƞŅŏĜĸňŗĵŏĪƞŅĔńĭ
ĻŌĬĵƢȮ&t = -0.45529, P ů value = 0.6499'ȮĴňĔŅĶŏėĸŊŗŀĬœľĺĪňŗŏĮƦĬŀŇĽĶŃĔńĬȮ&ěŅĔĳŅıĪňŗȮ/0ȮıĭĺƞŅȮ
ėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢŒĬĨńĺĕŀĚėƞŅĽƞĺĬŏľĸŊŀĨĔŀĵŌƞŒĬĕŀĭŏĕĨėĺŅĴŏĝŊŗŀĴńŗĬĶƟŀĵĸŃȮ95 ĔŅĶĪħĽŀĭ
ŐĭĭĺŇŗĚȮZ = -0.8296, P ů value = 0.4068) ŐĸŃėƞŅĽƞĺĬŏľĸŊŀĴňĔŅĶŏėĸŊŗŀĬœľĺȮĦȮĝƞĺĚŏĺĸŅľƞŅĚĔńĬȮ
/0, 02, 14ȮŐĸŃȮ26ȮĝƞĺĚŏĺĸŅŏĮƦĬŀŇĽĶŃĔńĬȮħńĚ 

ĨŅĶŅĚĪňŗȮ3ȮĞŉŗĚŏĮƦĬĔŅĶĪħĽŀĭėƞŅĽńĴĮĶŃĽŇĪīŇśĽľĽńĴıńĬīƢŒĬĨńĺĕŀĚȮBox ů LjungȮŐĸŃŏĴŊŗŀ
ėŜŅĬĺĦėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢıĭĺƞŅȮėƞŅȮMAPEȮŏĪƞŅĔńĭ 14.8540Ȯ
ħńĚĳŅıĪňŗȮ/1 
 
ĨŅĶŅĚĪňŗȮ3ȮėƞŅĽĩŇĨŇŐĸŃėƞŅȮp-value ĕŀĚĔŅĶĪħĽŀĭėĺŅĴŏĮƦĬŀŇĽĶŃĕŀĚėƞŅĽƞĺĬŏľĸŊŀŒĬĝƞĺĚŏĺĸŅľƞŅĚ
ĔńĬȮ/0, 02, 14ȮŐĸŃȮ26ȮĝƞĺĚŏĺĸŅěŅĔĨńĺŐĭĭıĵŅĔĶĦƢħƟĺĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢőħĵŒĝƟĽľĽńĴıńĬīƢŒĬ
ĨńĺĕŀĚĺŇīňȮBox - Ljung 

Lag df ėƞŅĽĩŇĨŇ P - value 
12 9 10.2787 0.3284 
24 21 27.8238 0.1452 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

36 33 44.6146 0.0854 
48 45 60.8556 0.0575 

 

 

ĳŅıĪňŗȮ/0ȮȮAutocorrelation ĕŀĚėƞŅĽƞĺĬ
ŏľĸŊŀĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢőħĵĺŇīňĔŅĶĭŀĔĞƢ

ŐĸŃŏěĬĔŇĬĽƢ 

ĳŅıĪňŗȮ/1ȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĝŋħĨĶĺěĽŀĭ
őħĵĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢ 

 
5. įĸĔŅĶĺŇŏėĶŅŃľƢŀĬŋĔĶĴŏĺĸŅőħĵĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴ 

ěŅĔĔŅĶĮĶŃĴŅĦėƞŅĽńĴĮĶŃĽŇĪīŇśĔŅĶĩħĩŀĵĕŀĚĺŇīňıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺħƟĺĵĺŇīňĔŜŅĸńĚĽŀĚĬƟŀĵ
ĪňŗĽŋħȮ&Ordinary Least SquareȮ: OLS)ȮĕŀĚĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭȮĺŇīňĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕ
ĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮŐĸŃĺŇīňĔŅĶĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮıĭĺƞŅȮb0 &ėƞŅėĚĪňŗ'ȮŏĪƞŅĔńĭȮ-.,4647,Ȯb1 = 
0.2267, b2 = 0.3200 ŐĸŃȮb3 = 0.4734 ĨŅĴĸŜŅħńĭȮŐĽħĚœħƟħńĚĳŅıĪňŗȮ/2ȮŐĸŃěŅĔĽĴĔŅĶĪňŗȮ//Ȯ
ĽŅĴŅĶĩŏĕňĵĬĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴœħƟħńĚĬňŘ 

╨◄ Ȣ Ȣ █ Ȣ █ Ȣ █
            (16) 

ŏĴŊŗŀ ὣ ŐĪĬėƞŅıĵŅĔĶĦƢĶĺĴȮĦȮŏĺĸŅȮt ŐĸŃȮ 

 Ὢ, Ὢ ŐĸŃȮὪ ŐĪĬėƞŅıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺȮĦȮŏĺĸŅȮt őħĵĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭȮĺŇīňĮĶńĭ
ŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮŐĸŃĺŇīňĔŅĶĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮĨŅĴĸŜŅħńĭ 

 
ĳŅıĪňŗȮ/2ȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴ 
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ŏĴŊŗŀĪŜŅĔŅĶĨĶĺěĽŀĭėĺŅĴŏľĴŅŃĽĴĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴőħĵėƞŅĽƞĺĬŏľĸŊŀıĭĺƞŅȮėƞŅĽƞĺĬ
ŏľĸŊŀĴňĔŅĶŐěĔŐěĚĮĶĔĨŇȮ&Kolmogorov ů Smirnov Z = 0.0736, P ů value = 0.6549'ȮĴňėĺŅĴ
ŐĮĶĮĶĺĬėĚĪňŗĪŋĔĝƞĺĚŏĺĸŅȮ&F = 0.3899, P ů value = 0.9060'ȮĴňėƞŅŏĜĸňŗĵŏĪƞŅĔńĭĻŌĬĵƢȮ&t = 5.2760 

³ 10-14, P ů value = 1'ȮĴňĔŅĶŏėĸŊŗŀĬœľĺĪňŗŏĮƦĬŀŇĽĶŃĔńĬȮ&ěŅĔĳŅıĪňŗȮ/3ȮıĭĺƞŅȮėƞŅĽńĴĮĶŃĽŇĪīŇś
ĽľĽńĴıńĬīƢŒĬĨńĺĕŀĚėƞŅĽƞĺĬŏľĸŊŀĽƞĺĬŒľĠƞĨĔŀĵŌƞŒĬĕŀĭŏĕĨėĺŅĴŏĝŊŗŀĴńŗĬĶƟŀĵĸŃȮ95 ŐĸŃěŅĔĔŅĶ
ĪħĽŀĭŐĭĭĺŇŗĚȮZ = 0, P ů value = 1)ȮŐĸŃŏĴŊŗŀėŜŅĬĺĦėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴ
ıĭĺƞŅȮĴňėƞŅȮMAPEȮŏĪƞŅĔńĭ 6.6235ȮħńĚĳŅıĪňŗȮ/4 

  

ĳŅıĪňŗȮ/3Ȯ    Autocorrelation   ĕŀĚėƞŅĽƞĺĬ
ŏľĸŊŀĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴ 

ĳŅıĪňŗȮ/4ȮȮȮȮŀĬŋĔĶĴŏĺĸŅŐĸŃėƞŅıĵŅĔĶĦƢĕŀĚĝŋħ
ĨĶĺěĽŀĭőħĵĺŇīňıĵŅĔĶĦƢĶĺĴ 

 
6.ȮĨńĺŐĭĭıĵŅĔĶĦƢĪňŗŏľĴŅŃĽĴĪňŗĽŋħĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚ 

ĔŅĶıŇěŅĶĦŅĨńĺŐĭĭıĵŅĔĶĦƢĪňŗŏľĴŅŃĽĴĪňŗĽŋħĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬ
ěńĚľĺńħĸŜŅĮŅĚħƟĺĵŏĔĦĤƢȮMAPE ĪňŗĨŗŜŅĽŋħĕŀĚĺŇīňĔŅĶıĵŅĔĶĦƢŐĵĔĽƞĺĬĮĶŃĔŀĭŏĝŇĚĭĺĔȮĺŇīňĔŅĶĮĶńĭŒľƟ
ŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮŐĸŃĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴȮıĭĺƞŅȮĨńĺ
ŐĭĭıĵŅĔĶĦƢĪňŗŏľĴŅŃĽĴĪňŗĽŋħėŊŀȮĨńĺŐĭĭőħĵĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴĪňŗŒľƟėƞŅĕŀĚĔŅĶĺńħėĺŅĴŐĴƞĬĵŜŅĨŗŜŅ
ĪňŗĽŋħĪňŗĴňėƞŅȮMAPEȮŏĪƞŅĔńĭȮ6.5752ȮħńĚĨŅĶŅĚĪňŗȮ4  
ĨŅĶŅĚĪňŗȮ4ȮĔŅĶŏĮĶňĵĭŏĪňĵĭėƞŅȮMAPE ĕŀĚĨńĺŐĭĭıĵŅĔĶĦƢŐĸŃėĺŅĴŐĴƞĬĵŜŅĕŀĚĺŇīňĔŅĶıĵŅĔĶĦƢ
ĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭĕŀĚěńĚľĺńħĸŜŅĮŅĚ 

ĺŇīňĔŅĶıĵŅĔĶĦƢ ĨńĺŐĭĭ MAPEȮĨńĺŐĭĭ 
MAPEȮėĺŅĴ
ŐĴƞĬĵŜŅ 

ŐĵĔĽƞĺĬĮĶŃĔŀĭŏĝŇĚĭĺĔ ĽĴĔŅĶĪňŗȮ13 14.1561 12.6996 
ĮĶńĭŒľƟŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚķħŌĔŅĸ

ŏĝŇĚĭĺĔ 
ĽĴĔŅĶĪňŗȮ14 16.9674 16.6420 

ĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢ ĽĴĔŅĶĪňŗȮ15 18.4498 14.8540 
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ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ıĵŅĔĶĦƢĶĺĴ ĽĴĔŅĶĪňŗȮ16 4.6471 6.5752* 

 
ĽĶŋĮŐĸŃŀĳŇĮĶŅĵįĸ 
 ĔŅĶĺŇěńĵėĶńŘĚĬňŘœħƟĬŜŅŏĽĬŀĺŇīňĔŅĶľŅĨńĺŐĭĭıĵŅĔĶĦƢĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵ
őĶėĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚȮőħĵŒĝƟĕƟŀĴŌĸĶŅĵŏħŊŀĬĕŀĚěŜŅĬĺĬįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŐĸŃěŜŅĬĺĬ
ĮĶŃĝŅĔĶĕŀĚěńĚľĺńħĸŜŅĮŅĚěŅĔŏĺŖĭœĞĨƢĽŜŅĬńĔĶŃĭŅħĺŇĪĵŅȮĔĶĴėĺĭėŋĴőĶėȮĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮŐĸŃ
ŏĺŖĭœĞĨƢĽŜŅĬńĔĚŅĬľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇȮĨŅĴĸŜŅħńĭȮĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮĮƖȮı,Ļ,Ȯ2549 ĩŉĚŏħŊŀĬ
īńĬĺŅėĴȮı,Ļ,Ȯ2560 ŏıŊŗŀĬŜŅĕƟŀĴŌĸħńĚĔĸƞŅĺĴŅėŜŅĬĺĦŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭĕŀĚěńĚľĺńħĸŜŅĮŅĚĨƞŀ
ŐĽĬėĬȮįŌƟĺŇěńĵœħƟŐĭƞĚĕƟŀĴŌĸŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŀŀĔŏĮƦĬȮ2 ĝŋħȮėŊŀȮĝŋħİƗĔĽŀĬȮĨńŘĚŐĨƞŏħŊŀĬ
ĴĔĶŅėĴȮı,Ļ,ȮȮ2549 ĩŉĚŏħŊŀĬīńĬĺŅėĴȮı,Ļ,Ȯ2557 ěŜŅĬĺĬȮ108 ėƞŅȮŏıŊŗŀĬŜŅĴŅĽĶƟŅĚĨńĺŐĭĭĔŅĶıĵŅĔĶĦƢ
ħƟĺĵĺŇīňĔŅĶĪŅĚĽĩŇĨŇȮ4 ĺŇīňȮėŊŀȮĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭŏĝŇĚĭĺĔȮĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚ
ĕŀĚķħŌĔŅĸŏĝŇĚĭĺĔȮĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮŐĸŃĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴȮĝŋħĨĶĺěĽŀĭȮĨńŘĚŐĨƞŏħŊŀĬĴĔĶŅėĴȮ
ı,Ļ,Ȯ2558 ĩŉĚŏħŊŀĬīńĬĺŅėĴȮı,Ļ,Ȯ2560 ěŜŅĬĺĬȮ36 ėƞŅȮŏıŊŗŀĬŜŅĕƟŀĴŌĸħńĚĔĸƞŅĺĴŅĺńħėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺ
ŐĭĭıĵŅĔĶĦƢħƟĺĵŏĔĦĤƢėƞŅŏĜĸňŗĵŏĮŀĶƢŏĞŖĬĨƢėĺŅĴėĸŅħŏėĸŊŗŀĬĽńĴĭŌĶĦƢȮ(MAPE) ĨŗŜŅĪňŗĽŋħȮěŅĔĔŅĶ
ŏĮĶňĵĭŏĪňĵĭėƞŅȮMAPE ĕŀĚėĺŅĴŐĴƞĬĵŜŅĕŀĚĺŇīňĔŅĶıĵŅĔĶĦƢħńĚĔĸƞŅĺıĭĺƞŅȮĺŇīňĔŅĶıĵŅĔĶĦƢĶĺĴŏĮƦĬĺŇīň
ĪňŗĴňėĺŅĴŐĴƞĬĵŜŅŒĬĔŅĶıĵŅĔĶĦƢĨŗŜŅĪňŗĽŋħħƟĺĵėƞŅȮMAPE ŏĪƞŅĔńĭȮ4,3530ȮħńĚĬńŘĬěŉĚĽĶŋĮœħƟĺƞŅȮĨńĺŐĭĭ
ıĵŅĔĶĦƢĶĺĴĪňŗœħƟěŅĔĔŅĶĻŉĔļŅėĶńŘĚĬňŘĴňėĺŅĴŏľĴŅŃĽĴĔńĭĔŅĶıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺŒĬĶŃĵŃŏĺĸŅıĵŅĔĶĦƢ
ŐĭĭĶŃĵŃĽńŘĬȮ(short term)ȮĞŉŗĚŏĮƦĬĝƞĺĚŏĺĸŅĶŃľĺƞŅĚľĬŉŗĚĩŉĚĽŅĴŏħŊŀĬȮĕŀĚŀĬŋĔĶĴŏĺĸŅŀńĨĶŅįŌƟĮƙĺĵőĶė
ĮŀħŀńĔŏĽĭŒĬěńĚľĺńħĸŜŅĮŅĚȮőħĵĨńĺŐĭĭıĵŅĔĶĦƢĶĺĴŐĽħĚœħƟħńĚĬňŘ 

╨◄ Ȣ Ȣ █ ◄ Ȣ █ ◄ Ȣ █ ◄ 
ŏĴŊŗŀȮὣ ŐĪĬėƞŅıĵŅĔĶĦƢĶĺĴȮĦȮŏĺĸŅȮt ŐĸŃȮὪ , Ὢ  ŐĸŃȮὪ  ŐĪĬėƞŅıĵŅĔĶĦƢŏĝŇĚŏħňŗĵĺȮĦȮ
ŏĺĸŅȮt ŒħȮŕȮěŅĔĺŇīňĔŅĶŐĵĔĽƞĺĬĮĶŃĔŀĭŏĝŇĚĭĺĔȮĺŇīňĔŅĶĮĶńĭŒľƟŏĶňĵĭħƟĺĵŏĽƟĬőėƟĚŏĸĕĝňŘĔŜŅĸńĚĕŀĚ
ķħŌĔŅĸŏĝŇĚĭĺĔȮŐĸŃĺŇīňĭŀĔĞƢŐĸŃŏěĬĔŇĬĽƢȮĨŅĴĸŜŅħńĭ 
 įĸĔŅĶĺŇěńĵŒĬėĶńŘĚĬňŘěŉĚĴňėĺŅĴĽŀħėĸƟŀĚĔńĭĚŅĬĺŇěńĵĕŀĚĺĶŅĚėĦŅȮĔňĶĨŇĺŇĭŌĸĵƢȮ&2559'ȮŏĶŊŗŀĚĨńĺ
ŐĭĭĔŅĶıĵŅĔĶĦƢěŜŅĬĺĬįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬĮĶŃŏĪĻœĪĵĪňŗĔĸƞŅĺƞŅȮĔŅĶıĵŅĔĶĦƢĶĺĴŏĮƦĬĺŇīňĔŅĶĪňŗ
ĴňėĺŅĴŐĴƞĬĵŜŅĴŅĔĪňŗĽŋħȮŀĵƞŅĚœĶĔŖĨŅĴȮĔŅĶŏĮĸňŗĵĬŐĮĸĚĕƟŀĴŌĸŀńĨĶŅįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŐĨƞĸŃŏħŊŀĬ
ěŃĕŉŘĬŀĵŌƞĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚěŜŅĬĺĬįŌƟĮƙĺĵŐĸŃěŜŅĬĺĬĮĶŃĝŅĔĶĕŀĚěńĚľĺńħĸŜŅĮŅĚŒĬŐĨƞĸŃŏħŊŀĬȮ
ħńĚĬńŘĬįŌƟĺŇěńĵěŉĚėĺĶĬŜŅĕƟŀĴŌĸĮƤěěŋĭńĬĸƞŅĽŋħĴŅĮĶńĭĮĶŋĚĨńĺŐĭĭıĵŅĔĶĦƢĔƞŀĬĪŜŅĔŅĶıĵŅĔĶĦƢŏıŊŗŀŒľƟœħƟ
ĨńĺŐĭĭĔŅĶıĵŅĔĶĦƢĪňŗĴňėĺŅĴŏľĴŅŃĽĴĽŜŅľĶńĭĔŅĶıĵŅĔĶĦƢŒĬŀĬŅėĨĨƞŀœĮ 
ĕƟŀŏĽĬŀŐĬŃ 



 
 358 ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 

ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 ėĺĶĴňĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĮƤěěńĵĪňŗĽŜŅėńĠĪňŗĔƞŀŒľƟŏĔŇħőĶėĮŀħŀńĔŏĽĭőħĵĺŇīňĔŅĶĪŅĚĽĩŇĨŇȮŏĝƞĬȮ
ĺŇīňĔŅĶĩħĩŀĵıľŋėŌĦŏĝŇĚŏĽƟĬȮ&Multiple Linear Regression'ȮŐĸŃĺŇīňĔŅĶĺŇŏėĶŅŃľƢŏĽƟĬĪŅĚȮ&Path 
Analysis'ȮŏĮƦĬĨƟĬ 
 
ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
 ĔŅĶĻŉĔļŅėĶńŘĚĬňŘĽŜŅŏĶŖěĽĴĭŌĶĦƢœħƟħƟĺĵħňȮŏĬŊŗŀĚěŅĔœħƟĶńĭėĺŅĴĔĶŋĦŅŐĸŃėĺŅĴŀĬŋŏėĶŅŃľƢěŅĔ
ėĦŅěŅĶĵƢȮŐĸŃŏěƟŅľĬƟŅĪňŗĕŀĚĳŅėĺŇĝŅĽĩŇĨŇȮėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞȮŐĸŃĕŀĕŀĭėŋĦȮ
įŌƟĝƞĺĵĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĺģŅȮĴŇĬŏĽĬȮĪňŗŒľƟĔĶŋĦŅŒľƟėŜŅĮĶŉĔļŅȮėŜŅŐĬŃĬŜŅŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘ 
 
ŏŀĔĽŅĶŀƟŅĚŀŇĚ 
Samprit Chatterjee and Ali S. Hadi. (2006). Regression Analysis By Example. 4. The 

United States of America. 
ĪĶĚĻŇĶŇȮŐĨƟĽĴĭńĨŇ,Ȯ&0317',ȮŏĪėĬŇėĔŅĶıĵŅĔĶĦƢŏĝŇĚĮĶŇĴŅĦ,ȮĔĶŋĚŏĪıł8ȮĲƕĽŇĔĽƢŏĞŖĬŏĨŀĶƢ,Ȯ 
ıŇļĦŋȮȮŏěňĵĺėŋĦ,Ȯ&2550',ȮĔŅĶĺŇŏėĶŅŃľƢĔŅĶĩħĩŀĵȮ(Regression Analysis),ȮıŇĴıƢėĶńŘĚĪňŗȮ1. 

ŏĝňĵĚŒľĴƞȮ: ĽĩŅĬĭĶŇĔŅĶĺŇĪĵŅĻŅĽĨĶƢŐĸŃŏĪėőĬőĸĵňȮĴľŅĺŇĪĵŅĸńĵŏĝňĵĚŒľĴƞ 
ĺĶŅĚėĦŅȮĔňĶĨŇĺŇĭŌĸĵƢ,Ȯ&0337',ȮĨńĺŐĭĭĔŅĶıĵŅĔĶĦƢěŜŅĬĺĬįŌƟĮƙĺĵőĶėĮŀħŀńĔŏĽĭŒĬĮĶŃŏĪĻœĪĵ,Ȯ

ĺŅĶĽŅĶĽŅīŅĶĦĽŋĕĴľŅĺŇĪĵŅĸńĵĭŌĶıŅ, 11(1), 29 -38. 
ĺńĝĶňȮȮŐĔƟĺĬŀĔŏĕŅ,Ȯ(2555). őĶėĮŀħŀńĔŏĽĭȮĮĶŃŏĪĻœĪĵȮĮƖȮı,Ļ,Ȯ2548 ů 2553,ȮĶŅĵĚŅĬĔŅĶŏİƚŅ

ĶŃĺńĚĪŅĚĶŃĭŅħĺŇĪĵŅĮĶŃěŜŅĽńĮħŅľƢȮĮƖĪňŗȮ43 &ĜĭńĭıŇŏĻļ', 90 ů 98. 
ĽŜŅĬńĔĚŅĬĮĸńħĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕȮĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕ,Ȯ&2559).ȮĽĶŋĮĽĩŇĨŇĪňŗĽŜŅėńĠȮı,Ļ,Ȯ2559. 

ĬĬĪĭŋĶňȮ8ȮĔĶŃĪĶĺĚĽŅīŅĶĦĽŋĕ. 
ĽŜŅĬńĔĚŅĬĶŅĝĭńĦĤŇĨŇĵĽĳŅ,Ȯ(2558). ıěĬŅĬŋĔĶĴĻńıĪƢĽĩŇĨŇĻŅĽĨĶƢȮĜĭńĭĶŅĝĭńĦĤŇĨĵĽĳŅ. ĔĶŋĚŏĪıȮ

: ĽŜŅĬńĔĚŅĬ. 
ĽŜŅĬńĔĚŅĬľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇ,Ȯ(034.',ȮĶŅĵĚŅĬěŜŅĬĺĬĮĶŃĝŅĔĶȮěŜŅŐĬĔĨŅĴıŊŘĬĪňŗ,Ȯ

ĽŜŅĬńĔĚŅĬľĸńĔĮĶŃĔńĬĽŋĕĳŅıŐľƞĚĝŅĨŇ,Ȯhttps://www.nhso.go.th/FrontEnd/page-
contentdetail.aspx?CatID=MTA3NQ== (ĽŊĭėƟĬŏĴŊŗŀȮ02ȮıķĻěŇĔŅĵĬȮ034.', 

ĽŜŅĬńĔĶŃĭŅħĺŇĪĵŅ,Ȯ&034.',ȮPneumonia. ĔĶĴėĺĭėŋĴőĶėȮĔĶŃĪĶĺĚĽŅīŅĶĦŅĽŋĕ,Ȯ 
 http://www.boe.moph.go.th/boedb/surdata/disease.php?ds=1/&ĽŊĭėƟĬŏĴŊŗŀȮ//Ȯ

ıķĻěŇĔŅĵĬȮ034.', 
ĽŜŅĬńĔĶŃĭŅħĺŇĪĵŅ,Ȯ(2549). őĶėĮŀħŀńĔŏĽĭ,ȮĔĶĴėĺĭėŋĴőĶėȮĔĶŃĪĶĺĚĽŅīŅĶĦŅĽŋĕ,Ȯ

http://www.boe.moph.go.th/fact/Pneumonia.htm (ĽŊĭėƟĬŏĴŊŗŀȮ20ȮıķĻěŇĔŅĵĬȮ2560', 



 
 359 ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 

ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
 

 

ŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵ 
Animation of Thai Folk Play 

ŀŋĪŋĴıĶȮȮĻĶňőĵĴ&Utumporn  Sriyom'1*ȮȮıĶĻŇĸĮƝȮȮĭńĺĚŅĴ&Pornsin  Buangam'2ȮȮŐĸŃıŇĝƣŋĥĴƢȮȮ
ŏıŖĠĴŅĻ&Pitchayut  Penmas'1 

1,2 ĽŅĕŅĺŇĝŅėŀĴıŇĺŏĨŀĶƢīŋĶĔŇěȮėĦŃĺŇĪĵŅĔŅĶěńħĔŅĶȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĬėĶĻĶňīĶĶĴĶŅĝ 
3ȮĽŅĕŅĺŇĝŅĔŅĶěńħĔŅĶȮėĦŃĺŇĪĵŅĔŅĶěńħĔŅĶȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĬėĶĻĶňīĶĶĴĶŅĝ 

*Corresponding author. E-mail: utumporn_sri@nstru.ac.th 

 
ĭĪėńħĵƞŀ 
 ĚŅĬĺŇěńĵĜĭńĭĬňŘĴňĺńĨĩŋĮĶŃĽĚėƢŏıŊŗŀŀŀĔŐĭĭŐĸŃıńĥĬŅŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚ
œĪĵȮŐĸŃŏıŊŗŀĽƞĚŏĽĶŇĴŀĬŋĶńĔļƢĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵŒĬŐĨƞĸŃĳŅėȮĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬŏĮƦĬ
ĔŅĶĸŃŏĸƞĬĪňŗŐĽħĚĩŉĚŏŀĔĸńĔļĦƢĕŀĚĪƟŀĚĩŇŗĬĬńŘĬŕȮĽŅĴŅĶĩŐĭƞĚĔŅĶĸŃŏĸƞĬȮ2ȮĳŅėȮœħƟħńĚĬňŘȮ/'ȮĳŅėĔĸŅĚȮ
0'ȮĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀľĶŊŀĳŅėŀňĽŅĬȮ1'ȮĳŅėŏľĬŊŀȮŐĸŃ 2'ȮĳŅėŒĨƟȮŏĴŊŗŀĬŜŅŐŀĬŇŏĴĝńĬœĮŒľƟĔĸŋƞĴ
ĨńĺŀĵƞŅĚŐĭĭŏěŅŃěĚȮěŜŅĬĺĬȮ3.ȮėĬȮıĭĺƞŅĔĸŋƞĴĨńĺŀĵƞŅĚŒľƟėĺŅĴĽĬŒěĽŊŗŀŏĮƦĬŀĵƞŅĚĴŅĔŐĸŃœħƟ
ĮĶŃŏĴŇĬėĺŅĴıŉĚıŀŒěĪŋĔĶŅĵĔŅĶŀĵŌƞŒĬĶŃħńĭĴŅĔĪňŗĽŋħȮœħƟĶŌƟěńĔĔŅĶĸŃŏĸƞĬĕŀĚœĪĵȮ&X = 2,6., SD = 
0.42' ėŋĦĳŅıħƟŅĬŏĪėĬŇėĔŅĶĬŜŅŏĽĬŀȮ&X = 2,6., SD = 0.40' ĽŊŗŀŐŀĬŇŏĴĝńĬĴňĮĶŃőĵĝĬƢ &X = 2,6., 
SD = 0.50' ŐĸŃĬŜŅœĮĮĶŃŏĴŇĬőħĵįŌƟŏĝňŗĵĺĝŅĠȮěŜŅĬĺĬȮ3ȮėĬĮĶŃŏĴŇĬȮıĭĺƞŅėĺŅĴĩŌĔĨƟŀĚėĶĭĩƟĺĬ
ĕŀĚŏĬŊŘŀľŅĔŅĶĸŃŏĸƞĬŀĵŌƞŒĬĶŃħńĭėŋĦĳŅıĴŅĔĪňŗĽŋħȮ&X;Ȯ3,.., SD = 0.00'ȮŐĸŃįĸĔŅĶĮĶŃŏĴŇĬ
ėŋĦĳŅıĕŀĚĳŅıŐĸŃŏĽňĵĚȮŐĸŃėĺŅĴĬƞŅĽĬŒěĕŀĚĽŊŗŀŐŀĬŇŏĴĝńĬȮŀĵŌƞŒĬĶŃħńĭėŋĦĳŅıĴŅĔĪňŗĽŋħȮ&XȮ;Ȯ
2,3., SD = 0.58'ȮěŉĚĪŜŅŒľƟĪĶŅĭĺƞŅĽŊŗŀŐŀĬŇŏĴĝńĬȮŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵĴňėŋĦĳŅıŒĬĔŅĶ
ĬŜŅŏĽĬŀŏĬŊŘŀľŅŐĸŃĺŇīňĔŅĶŏĸƞĬĕŀĚĔŅĶĸŃŏĸƞĬŒĬŐĨƞĸŃĳŌĴŇĳŅėĴňĮĶŃĽŇĪīŇĳŅı 
ėŜŅĽŜŅėńĠ: ĔŅĶĸŃŏĸƞĬĕŀĚœĪĵ  ĔŅĶƢĨŌĬ  ŐŀĬŇŏĴĝńĬ   
 
Abstract 
 The main purpose of this research was to design and develop an animation 
2D of Thai Folk Play and preservation and promotion of Thai folk play. Thai folk play 
showcase local or regional identity. They were divided into 4 regionȮof ThailandȮas 
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follows: 1) Central Region 2) northeastern region 3) north region and 4) south region.Ȯ
The size of sample group for this research formed through purposive sampling in 3., 
It was found that the samples were very interested in the animation and evaluated 
the satisfaction of all items at the highest level: were satisfied that theȮgetting to 
know Thai Folk Play &X = 2,6., SD = 0.42', technical presentation qualityȮ&X = 2,6., SD 
= 0.40'*Ȯgood quality animation &X = 2,6., SD = 0.50' and with additional involvement 
of 5Ȯexperts,ȮRfcȮ pcqsjrqȮ ucpcȮ _qȮ dmjjmuq8Ȯ rfcȮ pcqnmlbclrqŲȮ mnglgmlqȮ mlȮ rfcȮ
evaluated the satisfaction of all items at the highest level: were the accuracy of Thai 
folk play content &X;Ȯ3,.., SD = 0.00) and picture and sound quality and interest of 
animation &XȮ;Ȯ2,3., SD = 0.58). It is known that the animation Thai folk play have 
the quality to present the content and how to play the folk in each region. 
Keywords: Thai play, cartoon, animation  
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ĮĶŃőĵĝĬƢȮĶĺĴĪńŘĚŏĮƦĬĔŇěĔĶĶĴĬńĬĪĬŅĔŅĶĶŌĮŐĭĭŏħňĵĺĔńĭŏĔĴȮĪňŗĝƞĺĵĽƞĚŏĽĶŇĴıńĥĬŅĔŅĶĕŀĚŏħŖĔŕȮŒĬ
ħƟŅĬŀŅĶĴĦƢȮėĺŅĴėŇħȮėĺŅĴĽĬŋĔĽĬŅĬȮĞŉŗĚŏĮƦĬĔŇěĔĶĶĴĪňŗĵŀĴĶńĭĶƞĺĴĔńĬŒĬĽńĚėĴĺƞŅŏĮƦĬĳŌĴŇĮƤĠĠŅ
ĪƟŀĚĩŇŗĬȮĪňŗĴňĔŅĶĩƞŅĵĪŀħěŅĔėĬĶŋƞĬľĬŉŗĚœĮĵńĚėĬŀňĔĶŋƞĬľĬŉŗĚȮĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵĬńŘĬœĴƞŏĬƟĬĔŅĶ
ŐĕƞĚĕńĬĪňŗĴňŐıƟľĶŊŀĝĬŃȮŐĨƞěŃĴňėŋĦėƞŅŐĸŃĴňėĺŅĴĽŜŅėńĠŒĬĔŅĶľĸƞŀľĸŀĴıķĨŇĔĶĶĴĕŀĚŏħŖĔȮŕȮĽĶƟŅĚ
ĮĶŃĽĭĔŅĶĦƢĪŅĚĽńĚėĴŒľƟŏħŖĔŕȮĔĸƟŅėŇħȮĔĸƟŅŐĽħĚŀŀĔȮĶŌƟěńĔĮĶńĭĨńĺŒľƟĽŅĴŅĶĩŀĵŌƞĶƞĺĴĔńĭįŌƟŀŊŗĬœħƟŀĵƞŅĚ
ĴňėĺŅĴĽŋĕȮĶŌƟěńĔėŋĦėƞŅĕŀĚĨńĺŏŀĚȮĶŌƟěńĔĔŅĶŐĭƞĚĮƤĬȮŏŀŊŘŀŏĲƘƨŀŏįŊŗŀŐįƞĞŉŗĚĔńĬŐĸŃĔńĬȮŐĨƞŒĬĮƤěěŋĭńĬ
ĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵĬńŘĬȮŏĶŇŗĴœħƟĶńĭėĺŅĴĬŇĵĴĬƟŀĵĸĚ ŏıĶŅŃĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚŏĪėőĬőĸĵňĪňŗ
ŏĕƟŅĴŅŀĵƞŅĚĶĺħŏĶŖĺȮĪŜŅŒľƟŏħŖĔȮŕȮĽƞĺĬŒľĠƞœĴƞĽĬŒěŐĸŃœĴƞĶŌƟěńĔĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬȮĨĶĚĔńĬĕƟŅĴĔĸńĭ
ĽĬŒěŏĔĴĪňŗŀĵŌƞŒĬőĸĔŀŀĬœĸĬƢȮĪňŗĽŅĴŅĶĩıŌħėŋĵŐĸĔŏĮĸňŗĵĬľĶŊŀŏĸƞĬĶƞĺĴĔńĬœħƟěŅĔĪŋĔĪňŗįƞŅĬŏėĶŊŀĕƞŅĵ
ŀŇĬŏĪŀĶƢŏĬŖĨȮŐĸŃħƟĺĵŏĔĴĪňŗĴňŀĵŌƞŒĬĮƤěěŋĭńĬȮĴňĪńŘĚĳŅıȮŏĽňĵĚȮŐĸŃŏĪėĬŇėĔŅĶŏĸƞĬĪňŗĬƞŅĽĬŒěȮįĬĺĔĔńĭ
ĶŅėŅĕŀĚŀŋĮĔĶĦƢĪňŗŒĝƟĽŜŅľĶńĭĔŅĶŏĸƞĬŏĔĴĬńŘĬȮĴňĶŅėŅĩŌĔĸĚěŅĔŏħŇĴĴŅĔȮěŉĚĪŜŅŒľƟŏħŖĔȮŕȮĽƞĺĬŒľĠƞ
ĴŀĚĕƟŅĴĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵȮŐĨƞľĴĔĴŋƞĬĔńĭĔŅĶŏĸƞĬŏĔĴĭĬőĸĔŀŀĬœĸĬƢŐĪĬȮőħĵĪŜŅŒľƟ
ĔŅĶĸŃŏĸƞĬĕŀĚœĪĵėƞŀĵȮŕȮŏĸŊŀĬľŅĵœĮőħĵĪňŗŏħŖĔŒĬĵŋėĮƤěěŋĭńĬœĴƞĴňĔŅĶĶńĭĶŌƟĩŉĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬŒĬ
ĽĴńĵĔƞŀĬ 
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įŌƟĺŇěńĵěŉĚĴňŐĬĺėŇħŒĬĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅȮŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵĕŉŘĬȮ
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ŒĬŐĨƞĸŃĳŅėȮĶĺĴœĮĩŉĚŏĮƦĬĔŅĶŀĬŋĶńĔļƢĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬŒĬŐĨƞĸŃĳŅėŒľƟŏħŖĔŒĬĮƤěěŋĭńĬœħƟĶŌƟěńĔŐĸŃ
ŏĶňĵĬĶŌƟŏıŊŗŀœĴƞŒľƟĔŅĶĸŃŏĸƞĬĕŀĚœĪĵľŅĵœĮěŅĔĽńĚėĴȮŀňĔĪńŘĚĔŅĶıńĥĬŅŐŀĬŇŏĴĝńĬĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĬńŘĬȮ
ěŃĝƞĺĵŒľƟŏħŖĔȮŕȮŏĕƟŅŒěĚƞŅĵĕŉŘĬħƟĺĵĔŅĶĩƞŅĵĪŀħŀŀĔĴŅŒĬĶŌĮŐĭĭĕŀĚĨńĺĸŃėĶŒĬĸńĔļĦŃĔŅĶƢĨŌĬȮŐĸŃ
ĽŅĴŅĶĩĬŜŅœĮĩƞŅĵĪŀħŒľƟĔńĭŏħŖĔȮŕȮėĬŀŊŗĬĨƞŀœĮœħƟ  
 
ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

1. ŏıŊŗŀŀŀĔŐĭĭŐĸŃıńĥĬŅŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵȮ 
2. ŏıŊŗŀĽŜŅĶĺěėĺŅĴıŉĚıŀŒěĕŀĚĔĸŋƞĴĨńĺŀĵƞŅĚ 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
1. ĮĶŃĝŅĔĶŐĸŃĔĸŋƞĴĨńĺŀĵƞŅĚȮĔŅĶĺŇěńĵŒĬėĶńŘĚĬňŘŏĮƦĬŏĔŖĭĔŅĶĶĺĭĶĺĴĕƟŀĴŌĸŐĭĭŏěŅŃěĚ

ěŅĔĔĸŋƞĴĨńĺŀĵƞŅĚĪňŗœħƟŒĝƟĚŅĬĽŊŗŀŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵȮŏĮƦĬŏħŖĔȮŀŅĵŋĶŃľĺƞŅĚȮ//-
/1ȮĮƖȮěŜŅĬĺĬȮ3.ȮėĬȮŐĸŃěŜŅĬĺĬįŌƟŏĝňŗĵĺĝŅĠĪŅĚħƟŅĬĔŅĶĸŃŏĸƞĬŒĬŐĨƞĸŃĳŅėȮŐĸŃįŌƟŏĝňŗĵĺĝŅĠ
ĪŅĚħƟŅĬĽŊŗŀŐŀĬŇŏĴĝńĬȮěŜŅĬĺĬȮ3ȮėĬ 

2. ĔŅĶĮĶŃŏĴŇĬȮĔŅĶĮĶŃŏĴŇĬįĸĔŅĶŒĝƟĚŅĬĽŊŗŀŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵȮ
őħĵŒĝƟĽĩŇĨŇĕńŘĬıŊŘĬģŅĬȮœħƟŐĔƞȮėƞŅŏĜĸňŗĵŐĸŃĽƞĺĬŏĭňŗĵĚŏĭĬĴŅĨĶģŅĬȮőħĵĴňŏĔĦĤƢĔŅĶŒľƟėŃŐĬĬȮ3ȮĶŃħńĭȮ
ħńĚĬňŘȮ 

ėƞŅŏĜĸňŗĵȮ2,3/ȮůȮ3,..ȮľĴŅĵėĺŅĴĺƞŅȮĴŅĔĪňŗĽŋħ 
ėƞŅŏĜĸňŗĵȮ1,3/ȮůȮ2,3.ȮľĴŅĵėĺŅĴĺƞŅȮĴŅĔ 
ėƞŅŏĜĸňŗĵȮ0,3/ȮůȮ1,3.ȮľĴŅĵėĺŅĴĺƞŅȮĮŅĬĔĸŅĚ 
ėƞŅŏĜĸňŗĵȮ/,3/ȮůȮ0,3.ȮľĴŅĵėĺŅĴĺƞŅȮĬƟŀĵ 
ėƞŅŏĜĸňŗĵȮ/,./ȮůȮ/,3.ȮľĴŅĵėĺŅĴĺƞŅȮĬƟŀĵĪňŗĽŋħ 

3. ĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬ 
3.1 ĕńŘĬĨŀĬĪňŗȮ/ȮĻŉĔļŅŐĸŃĶĺĭĶĺĴŏĬŊŘŀľŅȮįŌƟĺŇěńĵĪŜŅĔŅĶĻŉĔļŅĕƟŀĴŌĸŏĔňŗĵĺĔńĭ

ĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵŒĬŐĨƞĸŃĳŅėȮĞŉŗĚĴňŏĬŊŘŀľŅĮĶŃĔŀĭħƟĺĵȮ1ȮĽƞĺĬȮėŊŀȮ/'ȮĔŅĶĸŃŏĸƞĬĕŀĚœĪĵ
ŒĬŐĨƞĸŃĳŅėȮĳŅėĸŃȮ0ȮĔŅĶĸŃŏĸƞĬȮ0'ȮĺŇīňĔŅĶŏĸƞĬȮŐĸŃȮ1'ȮŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶĸŃŏĸƞĬ 

3.2 ĕńŘĬĨŀĬĪňŗȮ0ȮŏĕňĵĬĽĨŀĶňŗĭŀĶƢħȮ&Story board'ȮŏĴŊŗŀœħƟĕƟŀĴŌĸėĶĭĩƟĺĬŐĸƟĺȮěŉĚĬŜŅ
ĕƟŀĴŌĸĪňŗœħƟĴŅŀŀĔŐĭĭŏĬŊŘŀľŅȮőħĵĔŅĶĺŅħĶŌĮĔŅĶƢĨŌĬĸĚŒĬĔĶŃħŅļȮŏıŊŗŀŒľƟŏľŖĬĩŉĚĸŜŅħńĭĕŀĚŏĬŊŘŀŏĶŊŗŀĚĪňŗ
ěŃĬŜŅĴŅıńĥĬŅŐŀĬŇŏĴĝńĬ ŐĽħĚħńĚĳŅıȮ/ȮŐĸŃĳŅıȮ0 
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ĳŅıȮ/ȮĽĨŀĶňŗĭŀĶƢħľĬƟŅŐĶĔĕŀĚĽŊŗŀ 

 

ȮȮȮȮ  
ĳŅıȮ0ȮĽĨŀĶňŗĭŀĶƢħŏĸŊŀĔĔŅĶĸŃŏĸƞĬ 

 
3.3 ĕńŘĬĨŀĬĪňŗȮ1ȮŀŀĔŐĭĭŐĸŃıńĥĬŅŐŀĬŇŏĴĝńĬȮľĸńĚěŅĔĻŉĔļŅėƟĬėĺƟŅľŅĕƟŀĴŌĸŐĸŃ

ėńħŏĸŊŀĔĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵŒĬŐĨƞĸŃĳŅėȮŐĸŃĔŅĶŀŀĔŐĭĭŏĬŊŘŀľŅĸĚŒĬĽĨŀĶňŗĭŀĶƢħŐĸƟĺȮěŉĚĪŜŅ
ĔŅĶŀŀĔŐĭĭŐĸŃıńĥĬŅŐŀĬŇŏĴĝńĬŏĶŊŗŀĚĔŅĶĸŃŏĸƞĬıŊŘĬĭƟŅĬĕŀĚœĪĵħƟĺĵőĮĶŐĔĶĴėŀĴıŇĺŏĨŀĶƢȮŏıŊŗŀ
ĽĶƟŅĚĔŅĶĨńĺĸŃėĶŐĸŃĜŅĔĨƞŅĚȮŕȮŒľƟĴňĔŅĶŏėĸŊŗŀĬœľĺŐĸŃŒĽƞŏĽňĵĚŒĬĔŅĶĭĶĶĵŅĵŏĮƦĬœĮĨŅĴĪňŗŀŀĔŐĭĭ
œĺƟȮőħĵŏĬŊŘŀľŅĕŀĚŐŀĬŇŏĴĝńĬĪŜŅĔŅĶŐĭƞĚŏĬŊŘŀľŅŀŀĔŏĮƦĬȮ2ȮĳŅėȮŒĬŐĨƞĸŃĳŅėĴňĔŅĶĸŃŏĸƞĬȮ0Ȯ
ĔŅĶĸŃŏĸƞĬȮĞŉŗĚŒĬŐŀĬŇŏĴĝńĬĪňŗıńĥĬŅĬńŘĬȮŏĶŇŗĴĨƟĬĔŅĶŀŀĔŐĭĭħƟĺĵľĬƟŅŐĶĔĕŀĚĽŊŗŀȮįŌƟŒĝƟĽŅĴŅĶĩŏĸŊŀĔĝĴ
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ĔŅĶĸŃŏĸƞĬŒĬĳŅėŒħĔƞŀĬĔŖœħƟȮœĴƞěŜŅŏĮƦĬěŃĨƟŀĚŏĶňĵĚĨŅĴŀńĬħńĭȮħńĚĬńŘĬěŉĚĴňĔŅĶıńĥĬŅĽŊŗŀŐŀĬŇŏĴĝńĬ
ŐĽħĚħńĚĬňŘ  
 
 

 
ĳŅıȮ1ȮľĬƟŅŐĶĔĕŀĚŐŀĬŇŏĴĝńĬ 

 

 
ĳŅıȮ2ȮĮŋƙĴŏĸŊŀĔĔŅĶĸŃŏĸƞĬĕŀĚŐĨƞĸŃĳŅė 

3.3.1 ĳŅėŏľĬŊŀȮĔŅĶĸŃŏĸƞĬĳŅėŏľĬŊŀĮĶŃĔŀĭħƟĺĵĔŅĶĸŃŏĸƞĬĺŇŗĚĕŅ ȮŏĩĔȮıĶƟŀĴ
ĪńŘĚŐĽħĚŀŋĮĔĶĦƢĔŅĶŏĸƞĬȮŐĽħĚħńĚĳŅıȮ3ȮŐĸŃĳŅıȮ4ȮŐĸŃĔŅĶĸŃŏĸƞĬőıĚıŅĚȮŐĽħĚħńĚĳŅı 5 ŐĸŃ
ĳŅıȮ6 

 



 
 364 ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 

ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıȮ3ȮĔŅĶĸŃŏĸƞĬĺŇŗĚĕŅőĩĔŏĩĔ 

 
 
 
 
 
 
 
 
 

ĳŅıȮ4ȮŀŋĮĔĶĦƢĔŅĶĸŃŏĸƞĬĺŇŗĚĕŅőĩĔŏĩĔ 
 

 



 
 365 ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 

ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

ĳŅıȮ5ȮĔŅĶĸŃŏĸƞĬőıĚıŅĚ 
 

 
ĳŅıȮ6ȮŀŋĮĔĶĦƢĔŅĶĸŃŏĸƞĬőıĚıŅĚ 

 
3.3.2 ĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀȮĔŅĶĸŃŏĸƞĬĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀ

ĮĶŃĔŀĭħƟĺĵĔŅĶĸŃŏĸƞĬĴƟŅĔƟŅĬĔĸƟĺĵıĶƟŀĴĪńŘĚŐĽħĚŀŋĮĔĶĦƢĔŅĶŏĸƞĬȮŐĽħĚħńĚĳŅıȮ7ȮŐĸŃĳŅıȮ/.Ȯ
ŐĸŃĔŅĶĸŃŏĸƞĬĶňĶňĕƟŅĺĽŅĶȮŐĽħĚħńĚĳŅı 1/ 

 

 
ĳŅıȮ7ȮĔŅĶĸŃŏĸƞĬĴƟŅĔƟŅĬĔĸƟĺĵ 



 
 366 ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 

ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıȮ/.ȮŀŋĮĔĶĦƢĔŅĶĸŃŏĸƞĬőıĚıŅĚ 

 

 
ĳŅıȮ//ȮĔŅĶĸŃŏĸƞĬĶňĶňĕƟŅĺĽŅĶ 

3.1.1 ĳŅėĔĸŅĚ ĔŅĶĸŃŏĸƞĬĳŅėĔĸŅĚĮĶŃĔŀĭħƟĺĵĔŅĶĸŃŏĸƞĬĔŅĶŏħŇĬĔŃĸŅıĶƟŀĴ
ĪńŘĚŐĽħĚŀŋĮĔĶĦƢĔŅĶŏĸƞĬȮħńĚĳŅıȮ/0ȮŐĸŃĳŅıȮ/1ȮĔŅĶĸŃŏĸƞĬĪňŗĽŀĚŏĮƦĬ
ĔŅĶĸŃŏĸƞĬĴŀĠĞƞŀĬįƟŅȮħńĚĳŅıȮ/2ȮŐĸŃĳŅıȮ/3 



 
 367 ĔŅĶĮĶŃĝŋĴĺŇĝŅĔŅĶĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵĶŃħńĭĝŅĨŇ 

ŏėĶŊŀĕƞŅĵĭńĦĤŇĨĻŉĔļŅȮĴľŅĺŇĪĵŅĸńĵĶŅĝĳńĢĳŅėŏľĬŊŀȮėĶńŘĚĪňŗȮ18 ŐĸŃĸŜŅĮŅĚĺŇěńĵȮėĶńŘĚĪňŗȮ4 

 
ĳŅıȮ/0ȮĔŅĶĸŃŏĸƞĬŏħŇĬĔŃĸŅ 

 

 
ĳŅıȮ/1ȮŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶĸŃŏĸƞĬŏħŇĬĔŃĸŅ 

 

 


