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The residents conduct the various occupants’ behaviours for adaptive thermal comfort depended on variation of 
indoor and outdoor thermal environment. There are many studies about occupant behaviour around the world 
which showed the relationship between occupant behaviour and thermal environment as occupants’ behaviour 
stochastic model. 
 
Occupants’ behaviour stochastic model in the previous studies is calculated by each behaviour. However, all of the 
occupants’ behaviours may be related to each other. For example in Japanese dwellings, we often close the window 
when turn on air-conditioner. In addition, occupants’ behaviour model in previous study did not include the 
residents’ thermal comfort. It is important to consider the thermal comfort in occupants’ behaviour model to clarify 
the comfortable thermal environment and energy saving. Improvement of occupants’ behaviour model is also useful 
for understanding the realistic occupants behaviour. This may lead to higher accuracy of prediction in building 
thermal simulation. 
 
The objectives of this study are as follows. 
1) To develop the occupants’ behaviour stochastic model considering with residents’ thermal comfort and 
relationship of each occupants’ behaviour. 
2) To clarify the residents’ occupants behaviours in the dwellings of Kanto area. 
3) To simulate the occupants’ behaviour in Japanese dwellings based on outdoor air temperature using developed 
occupants’ behaviour models. 
 
This field surveys were conducted in 120 dwellings during a for-year periods in Japanese dwellings of Kanto 
region. From this survey, 36,114 responses were collected. 
 
The window open/closed, air conditioner and fan use stochastic model were integrated in one model explained by 
outdoor air temperature. This integrated model showed the amount of opportunities for each behaviour by relative 
proportion. When the outdoor air temperature is 23.6°C, the proportion of window open is 0.52 as maximum value. 
When the outdoor air temperature is 28.9°C, the proportions of window open and cooling use is same. When the 
outdoor air temperature decreased from 28.9°C, the proportion of window open is higher than cooling use, and vice 
versa. The proportion of single fan use is lower than the combined fan use with window open or cooling use, and 
thus the residents in Kanto region often use fan as combination with window open or cooling use. 
 
We have also analysed about seasonal transition pattern of occupants behaviours for considering the models. The 
proportion of cooling use in autumn is higher than in spring, and the proportion of heating use in spring is higher 
than in autumn. The relationship between each proportion of window open, fan, cooling and heating use and 
monthly mean outdoor air temperature during the voting. There is larger difference of proportion of window open 
and cooling use between when the outdoor air temperature increasing or decreasing. The cooling use model was 
calculated for the periods when the outdoor air temperature increases or decreases. 
 



The cooling and heating use model were calculated considering with the residents’ thermal sensation vote. These 
models showed that the proportion of excessive cooling use reach about 0.04 in summer. 
 
The window open/closed and cooling use behaviour for one hour interval is simulated using developed model and 
measured outdoor air temperature in the meteorological station. The behaviour change was found in nighttime, and 
thus the time-wise control might be important for the realistic behaviour simulation. 
 
From this study, the occupants behaviour stochastic model was developed to clarify the residents’ behaviours in 
Japanese dwellings, and we have tested the occupant’ behaviours simulation using developed model based on 
hourly outdoor air temperature. 
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1.1 <1@: 
͍��čб�ʆa�̣ˬ�ü�̌Ɂϡ̲|�xp�Ɂϡ̲�bǫʖ˲ʗc¥ɂy�m�

̣ˬ¥ά���h¡`Ƌa�Ʈƶ�˝Ĳ̖ȼ�|Ʈ̠�Ņϸ�ƮϹ�ĺn|Ȝ�Ȝ�

Ç����ˤǢv¢|~¢mǜͦǅū�x�͍���̣ˬ�в¤��p¡`~�Ǌn�ǜ

ͦǅū�ü�kh��|ča�~�ǜͦǅū�ȶy�ȸИȼ¥ȱ�Дux�h¡`t¢¥

bИȶ (Adaptation)c�xp�bИȶ̲ȸИ (Adaptive comfort)c�Ƙ�`���}|Ǌ

n�ǜͦǅū�ȶy�Иȶ̲ȸИȼ¥ȱ¡t�m�n¡�l`~�Εʔ��b3 ��Иȶc

mļp���τ¤¢�h¡`t¢�ḅ̡̲Иȶcbȴ̡̲Иȶcbάū̲Иȶc�g¡` 
t� 3 ��Иȶ��h�|ňĠĦ¥ɠ±¡`̡̣̲Иȶ��ΫͥƄΆîɛȥ��¡čĠ

ʦ͞Р�ɵ̐Ч�ϝɹ�̱ˡ�Çmɠ±�¢¡`čбṃn�hpõ�ȵι�t�|Ħj

�ȴΗ�Ç�ŊΗ�ɐϲ¥ūlz��®Íç´ïĥ̥z¡m~�ʒ�̣Ɋ̐�ɥ̐z¡ȵ

ιmg¡`t�ɥ̐�ЍȜ¥� Ѝpάi��̱ˡ�ʟ̥�g¡`ȴ̡̲Иȶ��Ϳ�і

Ъ�Ç�ĥ̥mɠ±�¢¡�£i`~x�|άū̲Иȶ��čaΘ϶�bάūc�x�ά

iИȶ�g¡`t¢��|ƽɎ͑ū�–ΰϝɹ�h����l�͙ϝˎơ�ĥ̥�hi�

i�|ˉa�ɐ˗mɠ±�¢¡` 
̢ǀϝɹάū˫Ф )��ðķш�g¡b͙ϝˎơc��h�|͙ϝˎơ�ГϸŪ̝�Гϸȼ

Ζ�Ƒõ�ƅ ͷ¦�n�`~�ðʂ�|ʓƁ̝�õʉ�ȶy�̸®Íç´ïƞѓ�ͦͯ

ρ̊�Ç|͙ ϝˎơ�ĥhʂ�Ϝѓ�̟¢�n� ~̀�t�¥ϵ�j|ƪŊǇ¥Ɠ��ˉa

�Ʈƶ�̢ǀϝɹάū�’͘mά¤¢�n�`t¢��’͘�ð��|ǤŊǇ˝˺�Ç�

˺̢̐ǀ̡̕ĳ¥ϙʋǅɸ�x�|̢ ǀϝɹάū�ёȜî̘Ƀ��ǰȶвī¥ɸȡ�αz|

̢ǀϝɹάūáÈçmɠ±�¢¡` 
t¢���̢ǀϝɹάūáÈç�’͘�|Ƌa�̢ǀϝɹάūu��ͤœ¥v¢�h¡`

xlx|b®¨¸ëŏʗɍĥ̥ʒ��|ГϸŪ̝�ρ̊l�͛�ЯЬz¡ct�mðΜ̲�

 

˫Ф )�b̢ǀc�hiτΦ�ˉa�ƽш�ĥ̥v¢�k |ǱЮŔЦ����̯�¡ɁƗ¥Џɀz¡t�mΎj�¢¡`

b̢ǀc�hiŸϖ¥Ͽʛ�ϝ�¡�|ː��i�χІmɖͪ�n�` 

� ɻ̜[1]Ѯ�q Ƨ�Ųƶ`ƢƧ�Ǉ̬`ƖƧ�Ą̕`̖�|čб���̣̕¥� �n|~¢�̶Ćģ̥¥Ɓ�xƌ

i���x�λ�Ǉ̬`Θ̢̲̎ǀ�͆ę̢̲ǀmg¡`ɻ̜[2]Ѯčб�� �p|Θ̎î͆ęîǦȝ�̘Ƀ`�¤ `

ɻ̜[3]Ѯ�¤ ¥ƅ ȋpƖƧ�̘Ƀ�ù̬`čбg¡h�̣̕¥ƅ Ƨ�|̶Ć�вīxg��|̵ɩîбɩ�σъ

¥øj¡Ǉ̬`ɻ̜[4]Ѯƅ Ƨ¦�h¡Ɩ �ù̬`čб�̣̕�ƖƧ�g��|Ɂϡ�άū�ш�~¢��ġ�l�

̶Ćģ̥¥Ɓ�xƌi��`��|~�Ǉ̬�̘Ƀ`Θ̢̎ǀ�đ�͆ę̲|ɻŰ̲�̢ǀ�g¡`ƖƧ�ǀ̬`�¤

 ` 

� ��|ʧǝ̢ǀȿƼǝ’͘͏�kh��|Ƞ̢ͨǀ�r��pΘ̢̎ǀîčб̢ǀî͆ę̢ǀ…�hi�i�ˉa�

ν̊l�b̢ǀc¥’͘x�k |ϚΏ����ɀĽz¡b̢ǀc�̯�¡ƇΖȼmg¡` 

� ~t�ʧ’͘��|bǻğΏ�϶Ġ�ƖЀc¥b̢ǀc�Ǣx|~¢��̡̢̕ǀ¥ϝɹz¡άū�t�¥b̢ǀ

ϝɹάūc�Ǣz¡`Ħj�|͛аЯ�®¨¸ëŏʗɍîɏіˎ�ĥ̥�r��p|–ΰϝɹ�̢ǀϝɹάū��¡  ̀
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g¡`t¢��� |ǻğΏ�̢ǀϝɹάū�ЛɗîŘʀ�Ćh�σъxgi|�� ̶

Ćвīmg¡t�¥ɁƗz¡`��|t¢���̢ǀϝɹάūáÈç�~�ʒ�άū̘Ƀ

��¥α̟x�h¡m|~�̢ǀϝɹάū¥ǣʃx�õ��ǻğΏΘ϶�ȸИȼ¥α̟x

�h�h`ǣʃv¢�̢ǀϝɹάū�ǰz¡̲̐ȸИȼ�α̟¥z¡t�m�n¢�|ǻ

ğΏ��mÇ¢p�hõɐ�̣ˬ¥x�h¡�lѯ���σʋ�n¡t�mλЂ�¢¡` 
Ĕõ�t�l�|̢ǀϝɹάūáÈç�α̟ʂ˩¥а̱z¡t��|� ̣ˬǣɃ�Ż

x�áÈç¥ͤœx� |Ȱʭ��˄φ�n�l��ʁ��́λ¥σʋ�n¡t�mλЂ

�¢¡`��|ŀά’͘��̢ǀϝɹάūáÈç¥Ƞͨ̐ϧ»Þãèï»äë�kr¡

ǻğΏάūωǢ�ǴŃz¡t��|ǤŊ˝˺�®Íç´ïĥ̥Ч�ă˻ͫȜ�Ƒõ¥ώ�

¡ĄĦmɠ±�¢¡`~t�|šІ�а̱v¢�̢ǀϝɹάū¥Ƞͨ̐ϧ»Þãèï»

äë�ǴŃz¡t��|ŀά’͘� �ă˻ͫȜ�џh»Þãèï»äë¥άh|Иŕ�

̢ǀϝɹάūǣʃ����́λmȱ�¢¡t�mλЂ�¢¡` 
 
������ Ć�ØVÍØ�Ć¡8Ó�ý´óx:R,T�

� ̲̐ȸИȼ�ɞˊ�ð��x� Fanger � PMVѦă˻ȔưȸИɂ̨ƕѧmg¡ t̀¢�|

g¡͙б�̀ƭz¡�ĕǢx�čб�̲̐ȸИȼmÇi�g¡�lѯ¥˺̢̐ǀ 6 ιͲl

�υͤȡ�ˠ�¡̲̐ȸИȼáÈç�����g¡`~�̢ǀ�̲̐ȸИȼύĩ¥άiʒ

��pĥ¤¢¡ɞˊ�g |˺̡̐̕ĳ��¡υͤ��¥̥h����g¡` 
� ~�ðʂ�|Ƌa�Ʈƶ�ǜͦu��ȸИ�ɂy¡˺Ȝ�̯�¡t�mτ¤¢�h¡`

t¢¥ϙʋx�’͘�ð�m|Humphreys �[5][6]mɭƝx�ИȶáÈç�g¡`Иȶá

Èç��ƋƮƶ�ü͜˺Ȝ�Ǉ˝˺¥×éÅÉz¡�|~�Ǉ˝˺ĳ�ȶy�ü͜˺Ȝ�

̯���h�|�hi���g¡`ИȶáÈç�̟ƭ��ƪŊǇ�’͘m�v¢�k |

ASHRAE Standard 55 [7]� CEN[8]|CIBSE Guide[9]�Ç�Ƞͨ˺̢̐ǀƸ˿�ɨ̥�

�Ι��h¡` 
� ���}|ƋƮƶ�˝Ĳǅū�ȶy�|̲̐ȸИȼ�̯�¡�lѯt¢�ǰx|šІ�

Humphreys �ḅ̡̲Иȶcbȴ̡̲Иȶcbάū̲Иȶc� 3 ��Иȶmļp���g¡

�І��h¡[10]`̡̣̲Иȶ��ΫͥƄΆîɛȥ��¡Ϋ˭Ч�ϝɹ�̱ˡ�Çmɠ±�

¢¡`̡̣̲Иȶ�϶ĠŊ�ƃȶ�g¡��|̌Ɂϡ�i��Иȶx�h¡t�mðΜ̲

�g¡ b̀ȴ̡̲Иȶc��˃̕�іЪ�Ç¥ωΉx|ȴ̡̲�ȸИ��¡ɐ˗�g¡`~

x�bάū̲Иȶc��|–ΰϝɹ�͛аЯ|͙ϝˎơ�ĥ̥�Ç|ǻğΏΘ϶�Θ̱̲

�άū����˺̢̐ǀ¥ϝɹx�i�z¡Иȶɐ˗�g¡`Humphreys[10]�|üʵ͊

ͭ¥ЌДz¡ΘȮŜȲИȶ»½Çß�ðР�x�̡̣̲îάū̲Иȶ�Ç���Õ©ï

ÊÐÅµçï×�ˈɊv¢¡t�¥І��h¡`ɼΩ�[11]�|ÒÉ�ƖЀ̢ǀl��̲̐

ŝ̄�čĠŊ��ȿƼĚЖ×é¿½��h�����k |̡̣̲k��ȴ̡̲îάū̲

�Иȶm~¢�¢Џ�¡t�¥ϙʋx�h¡` 
� t¢� 3 ��Иȶ��|Ƌa�ƮƶȊmg¡t�mΎj�¢¡`Ħj�|Ё̦�[12]�в
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θ�Ǌǝ�ɎǾz¡˥΄œ϶�ǝ̣¥|˥΄�ȏ̸z¡šȯ�˚ϻx��t£|ȏ̸ȯ�

ˡЧ�ʂmǈp|ˡЧg� �ƿŔ̅Ȝ�˸Ƕx�h�t�mŔl��`ʯʧ�[13]�ʆʧ

č�Âªč�̱ˡĺƑm̯�¡t�¥ǣў�ʋ�l�x�h¡`v�� Gautam �[14]�
ȑαh˝ĲȎ¥ɝ�ÍÑïçƪŊ��ϝʸ�kh�|ƏyǤŊ¶éïÖ˺Ȝ�g���ĉ

̐ȎƮƶ�Δ��̟Ʈğ˜� ǫȎl�ĉ̐Ȏ�͑ğx�n�ğ˜�ʂm̱ˡ¥ɂy¡ˎ

ęmǈht�¥ʋ�l�x�h¡`ȴ̡̲Иȶ��h��|îĩĳρ�Ĩǚz¡�£i`Ħ

j�іЪ�щΞ�ǰx�ȸИ�ɂy¡l|i¡vpɂy¡lÇil�Ʈƶu��̯�¡t

�mΎj�¢¡`άū̲Иȶ��h��|ƋƮƶ�˝Ĳ̖ȼ�r��pɻŰ�˶ȼ��

вīz¡�£i` 
� Ĕõ�t�¥ϵ�j¡�|ča�Иȶ̲�̲̐ȸИȼ�̢ǀϝɹάū�Ƌa�Ʈƶu�

�’͘z¡t�mХι�g¡�Ύj�¢¡` 
 
����	� Ó�ý´óx;ÞĐ8·¾:-.B�¥�

� ̢ǀϝɹάū��|фŦ�Ç�®Íç´ï¥Г̥ʒ�ĥ̥z¡άū�|Г̥ʒ�Θ̎®

Íç´ï�Ś̥�Ƹ�pάū�Ŕѕ�n¡`̢ǀϝɹάū�˕Ɖ¥Ѓ¡�|šΏîȯΏ�

Ç���ǚƭx�h�`ǵž�[15]�̢ǀϝɹάū�͙ϝωĹ�˕Ɖ��h�|ː��i�

͵ďx�h¡`žǔʒē��ǌй�̇l�ʗ¥ƅ��h�m|ͯ 2000 ȕšl��±å±å

Ǌ˯ƽ�ʗɍγΉ��i�|͙ϝγΉ�Ś̥��¡̢ǀϝɹmƅ Ń¢�¢�h¡[15]`�

�|θʘ 1500 ȕь��ɮ˝����è°ËçÊîÃîì©ëÄm˞Ϸ¥ūŦ�x�ɏіˎ

¥Ύʼx� |ªëÊ��ǋĈl�Ǝ¡v¢�Ǌɏ¥ūlzbÑë±ѦPunkaѧcmχЫ�

˖��h¡[15]`v��ŏɍ��h��|Ǽʺδ�˟�ƾ¥ωΉxƥɏ�ŏ˝¥Ј¡ɐ˩�

ąХǂ�б�у¥ɺnϏ�¡ɐ˩mg��m|ϛ��ǣʃ�n¡ɐ˩���l��[15]` 
� t¢�ʗîŏ�Ŀ¥Ѓ¡�|̈ ¥̥h�ɐ˩�ʤʩ�̉�Ç�Ƈ̑̕¥Ś̥z¡ɐ˩�|

~¢ĔǇ�ɐ˩�Θ̎®Íç´ï¥Ś̥x�ɐ˩mǈh`t¢��ðʂ�|̟ē��ɏі

ˎ�®¨ï¸ëÈ©»äËïîф˝ÒïÂï�Ç|фŦ¥ĥ̥x�Гϸv|¡͙ϝωĹ�

ǈp�Ʈƶ�ĥ̥v¢�h¡` 
� ʆʧ�̟ē�ğǞ�kh��ˉa�̢ǀϝɹάūmǣʃ�n¡`–ΰϝɹ�ča���

�ʝ�϶Є�Хι�̢ǀϝɹάū�ð��g¡m|~�đ��|®¨¸ë��¡ŏʗɍ�

ɏіˎ|t��|ÒïÂïîșʗɍ�Ç|ˉa�˺̢̐ǀϝɹǦфmg¡` 
� tt�|ƀΎɻ̜[16]� ȱ�¢�ðΜǦȝ�kr¡®¨¸ë�ʓƁ̝¥ Figure 1.2 �|

100 ùȎg� �ĭʟƈɸ¥ Figure 1.2 ����� ʓ̀Ɓ̝¥�¡� 1980 ȕ��ńƪ̲�

� 50%xl®¨¸ë�ʓƁx�h�l��m|2003 ȕь¥̴ő�ńƪ̲�ʓƁ̝� 90%�

Жx�h¡t�l�|®¨¸ë�ʆʧ���¦Ç�ğǞ�ʓƁx�t�m¤l¡`��|

100 ùȎg� �ĭʟ̝¥���ʋ�l��i�|1990 ȕȜ��ʅ� 100 ƈ¥ϱj�k |

1997 ȕ�� 1 ùȎg�  2 ƈ¥Ɏʟx�h�ĺƑm��¢�`ùȎĭʟƈɸ� 2003 ȕȜ

��õʉĺƑ¥ͅx|k�~ 2012 ȕȜ�� 1 ùȎg� ͯ 3 ƈ¥Ɏʟz¡ĺƑ�g��`
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ː�ɏіˎ¥̈́ϕz¡�|ŀά’͘[17]�� 1979ȕ�ʅ� 95%Ĕõ�ʓƁ̝�Жx�k |

®¨¸ë� �ʇpʓƁx�h¡t�m¤l¡`Ĕõ�t�l�|̢ǀϝɹάū�Ǧф�

x��®¨¸ë�ɏіˎm�pʓƁx�k |ʆʧ�kr¡ýι�άūЛɗΓ�x�Ύj

�¢¡t�m¤l¡` 
� t¢��˺̢̐ǀϝɹǦфmʓƁz¡ðʂ�|®Íç´ïĥ̥Ч¥Š˸z¡ȵιȼmg

¡t�l�|®¨¸ëĥ̥��¡®Íç´ïĥ̥¥Š˸x�i�z¡ƅ ͷ��ά¤¢�

h¡`ʆʧ�kh��̢ǀ̸mɭƝz¡bµïçÓ¾c[18]k��b¬¯ïßÓ¾c[19]m
ɠ±�¢¡`µïçÓ¾��|–ΰϝɹ�Ç�h��Г̥ʒ�®Íç´ï¥ĥ̥x�hȈ

Ǎ¥͗ˆ̲�ƅ Ń¢¡t��|®¨¸ëŏɍĥ̥��¡®Íç´ïĥ̥Ч¥˸�~i�

z¡ƅ ͷ��g¡`~¢�ŧj�Ŏǜ�®¨¸ëʗɍĥ̥ʒ��–ΰϝɹ�Ç�ēʜz

¡ƅ ͷ�m¬¯ïßÓ¾�g¡`t¢��ƅ ͷ��kh��®¨¸ëŏɍĥ̥ʒ�Ǥ

˺m 28v|ʗɍĥ̥ʒ�� 20v�hiƸ˿ĳmωǢv¢�h¡[18][19]`~¢¥ǣ̟z¡

���µïçÓ¾�kh��|–ΰ�ϺγŰ�̸®Í®¨¸ë��Ϫʜj|θʆ�r�Ö

åªëÊ|ʆǲ¥Й¡¶æïë±ïÇë�Ç�ȈǍ�ɠ±�¢�h¡`–ΰ�ϺγŰ��

h�|ʆʧ�ğǞŊ��Ǉœŀ�˚ϻx�ΰʠЛɗ�ϊǧͧƧmαh�Ύj�¢¡ðʂ�|

°Õ©½͙б�Ç��–ΰmͻð̲�v¢¡ĺƑmg��`~���|̢ǀ̸��µïç

Ó¾�ƅ ͷ�ʒ�ʠγƸ˿¥ͅx�k |ÎïÍµÂª�Ŷβ»âÆ�Ç¥–̥x�Ʒ

Ŭz¡t�¥ƇΖ�x�h¡[20]` 
�  

 

Figure 1.1 Spread of air-conditioner in Japanese houses. 
 



͟ 1 ͝� ȚϞ 

 
 

6 

 

Figure 1.2 Number of air-conditioner in Japanese houses. 
 
����
� Ó�ý´óxuoy8móÜß�

� ̢ǀϝɹάū�вz¡’͘�ˉaɠ±�¢¡m~�ð��|˺̢̐ǀ¥ϙʋǅɸ�x�

̢ǀϝɹάū�ёȜ�̘Ƀ��ǰȶвī¥ɸȡ�α̟z¡|̢ǀϝɹάūáÈçmg¡`

̢ǀϝɹάūáÈç�’͘�t¢����ù̬ü�ɸǈpά¤¢�h¡ ὰ 1-1 �̢ǀϝɹ

άūáÈç�ŀά’͘¥����`ŀά’͘��pƅ ɒ¤¢�h¡����͛аЯ�®

¨¸ëŏʗɍĥ̥|–ΰЧmɠ±�¢¡` 
� ̢ǀϝɹάū¥˝˺ǅūl�ϙʋx�i�x�’͘�ŀќ̲ĄĦ�x��|Humphreys
��¡Ρƪ�ȍƥ�ʲɸ�ǬǤ˺Ȝ�вīȼ[21][22]mɠ±�¢¡`t�’͘��ǬǤ˺Ȝ

mõʉz¡͓|ȍƥ�ʲɸm˸Ƕx�hpđ|˛ȍ�ʂmΌȍƥ� � 3 ıĔõ�ʲɸ¥

lr�h¡t��|ǬǤ˺Ȝm 21vĔõ��Όȍƥ�ĥ̥v¢�l��t��Ç|ǬǤ�

kr¡ǻğΏάū¥ǢЧ̲�σʋx�h¡`ǈp�ŀά’͘��|ð��Ϟɻ�ǰx�–

ΰЧ��|͛аЯ��|®¨¸ëĥ̥���hi�i�|Ÿð�άū���̍̊¥ȧ��

’͘¥Б��h¡ĄĦmg¡ðʂ�|Raja �[23]� Kim �[24]|Takasu � [25]|KC �[26]

��i�|ð��ϝʸ�ηɸ͕ѕ�̢ǀϝɹάū�áÈçŰ�ƅ ͷ¦�ŀά’͘�ɠ±

�¢¡`ǈp�Ʈƶ�kh�|ηɸ�̢ǀϝɹάūmЛɗΓ�x�ɠ±�¢¡t�¥Ύj

¡�|ηɸ�̢ǀϝɹάū¥Əʒ�σʋz¡t��Хι�g¡�Ύj�¢¡` 
� ʆʧ�kr¡ŗʣ�̢ǀϝɹάūáÈç�’͘Ħ�|̃ Ʈ�[27]�ğǞ�kr¡®¨¸ë

ŏʗɍĥ̥mɠ±�¢¡`t�’͘��|®¨¸ëŏɍ�®¨¸ëʗɍ�ŧj�t���

ĥ̥̣ϰ̝¥|ϙʋǅɸ�Ǥ˺¥̥h�ðːвɸ�áÈçŰx�h¡`đ��|̻Ȅ�[28]
�|ċС�ğǞ�kr¡͛аɵάū¥|ğǞš�Еϳȑu��ͤœx�h¡` 
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α 1-1� ̢ǀϝɹάūáÈç�ŀά’͘Ħ 
ĄÓ� ÿ�� vmz�m^p½č� ģ��

 (-�Ĺÿz�  
/.-�� ïĲfČ¢fçĒð� 3XXURWP��4NJ]RWP���TX]J]?A� ÖÁ×û�

 (/���z 
//-�� ÑÐċ� 3XXURWP���CRWMXC� ÖÁ×û�

 )&�!RLXU�N]�JU�� 
///�� #JTR?]JW� FRWMXC��OJW��4NJ]N[��WAVKN[�XO�

PJ[VNW]?���LUX]4RWP�RW?AUJ]RXW�

"OORLN�

 ()�AJSJ�N]�JU�� (&&
�� "aOX[M���1KN[MNNW� 4XX[��CRWMXC��OJW��KURWM�LA[]JRW�

��URP4]?�

"OORLN�

 )
�ĂÞz�  (&&)�� �Ĕ� 3UX]4RWP�RW?AUJ]RXW� ���

 )(��H))I�´z�  (&&�� ÷Ç� 3XXURWP���4NJ]RWP� ¡��

 )�ă·z (&&,�� îöfrlvf�Ġ� 3UX]4RWP�RW?AUJ]RXW� "OORLN�

 )��4N3J[UR�N]�JU�� (&&-�� BRWPJ<X[N���9WMXWN?RJ� 3UX]4RWP�RW?AUJ]RXW� "OORLN���[N?RMNW]RJU�

KARUMRWP�

 (.�æċz�  (&&-�� ¢ĉ� FRWMXC� ×û�

 ),�ARSJU�N]�JU�� (&&.�� "aOX[M��1KN[MNNW� FRWMXC� "OORLN�

 )-�8JUMR���AXKRW?XW� (&&/�� �JA?JWWN� BCR]cN[UJWM�� FRWMXC� "OORLN�

 ).�ýīfęċ�  (&&/�� Ĥ�ĉË±� 3XXURWP� ×û�

 )/�BL4CNRTN[�N]�JU�� (&&/�� CXTbX� 3XXURWP���8NJ]RWP� 4X[VR]X[b�[XXV�

 &�ARSJU�N]�JU�� (&

�� 5D��#JTR?]JW� FRWMXC� ��

 
�BL4CNRTN[�N]�JU�� (&
(�� CXTbX��BCR]cN[UJWM� FRWMXC� 2ARUMRWP�

 (�1WMN[?NW�N]�JU�� (&
)�� 4NWVJ[T� FRWMXC� 1<J[]VNW]��8XA?N�

 )�ARSJU�N]�JU�� (&
)�� 7ROA� :J<JW�� FRWMXC� �RBRWP�[XXV�

 �¿éz (&
��� �ČÿĨ� FRWMXC���OJW� "OORLN�

 ��BL4JTRK�5TKJ]JW�N]�JU�� (&
��� 6[JWTOA[]� 7N[VJWb�� FRWMXC� "OORLN�

 ,�!JV�N]�JU�� (&
��� �X[NJ� 3UX]4RWP�RW?AUJ]RXW� #[N?L4XXU�

 -��R�N]�JU�� (&
��� 34XWP=RWP� 34RWJ�� FRWMXC� "OORLN�

 .�ARSJU�N]�JU�� (&
��� �JW]X� FRWMXC���OJW� �RBRWP��2NM�

 /�BRWP4�N]�JU�� (&
-�� CNc<A[���B4RUUXWP�

 !X[]4�5J?]�9WMRJ��

3UX]4RWP�RW?AUJ]RXW��CRWMXC��OJW� "OORLN�

 �&�B]JcR�N]�JU�� (&
-�� 9]JUb� FRWMXC� 3UJ??[XXV�

 (��RV�N]�JU�� (&
-�� 1A?][JURJ� FRWMXC��LXXURWP��4NJ]RWP���OJW� ��

 �
�:RJX�N]�JU�� (&
-�� B4JWP4JR� 3UX]4RWP�RW?AUJ]RXW� 5UMN[Ub�LJ[N�LNW]N[�

 (��CJTJ?A�N]�JU�� (&
-�� CXTbX���JWJPJCJ� FRWMXC��LXXURWP��4NJ]RWP���

LUX]4RWP�RW?AUJ]RXW�

"OORLN�

 �(�#JW�N]�JU�� (&
.�� 34RWJ� FRWMXC� "OORLN�

 �)��RA�N]�JU�� (&
.�� 34JWP?4J� 34RWJ�� 3UX]4RWP�RW?AUJ]RXW� "OORLN�
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ğ 
�
� ók�

ĄÓ� ÿ�� vmz�m^p½č� ģ��

 ��GA�N]�JU�� (&
.�� !JWSRWP� 3UX]4RWP�RW?AUJ]RXW���4NJ]RWP��4X]�

CJ]N[�KX]]UN� �

C[JMR]RXWJU�MCNUURWP�

 (,��3�N]�JU�� (&
.�� CXTbX� FRWMXC��LXXURWP��4NJ]RWP��OJW���

LUX]4RWP�RW?AUJ]RXW�

85 B�

3XWMXVRWRAV�

 ���ARSJU� (&
.�� !N<JU� 3UX]4RWP�RW?AUJ]RXW� C[JMR]RXWJU�MCNUURWP�

 �,��AVJ[�N]�JU�� (&
/�� 9WMRJ� 3UX]4RWP�RW?AUJ]RXW��OJW� 8X?]NU�KARUMRWP�

 �-�äýz�  (&
/�� Č¢fçĒð� 3UX]4RWP�RW?AUJ]RXW� "OORLN�

 �.�ARSJU�N]�JU�� (&
/�� :J<JW� 3UX]4RWP�RW?AUJ]RXW��LXXURWP���

4NJ]RWP�

"OORLN�

 �/�7JA]JV�N]�JU�� (&
/�� !N<JU� 3UX]4RWP�RW?AUJ]RXW� C[JMR]RXWJU�MCNUURWP�

 ,&�!JTJPJCJ�N]�JU�� (&(&�� !JPJWX� 3UX]4RWP�RW?AUJ]RXW� 3UJ??[XXV�RW�4RP4�

?L4XXU�

 ,
�4A�N]�JU�� (&(&�� 34XWP=RWP� 34RWJ�� FRWMXC� 8RP4�[R?N�KARUMRWP?�

OX[�[N?RMNW]?�

�

����(� Ó�ý´óxuoy;Üß×�¡�

� ̢ǀϝɹάū�ŀά’͘¥λ��¡�|ðР�͛аɵáÈç¥иh�|~�ń�mƋa

�̢ǀϝɹάū���áÈçŰx�h¡`��|t¢���̢ǀϝɹάū�άūΘĠ�̘

Ƀ¥áÈçŰx�h¡m|~�ʒ�ǻğΏ�ȸИȼ��h����ΎɆm�n�h�h` 
� ̢ǀϝɹάū��h�|ηɸ�ЛɗΓmɠ±�¢¡ʆʧ�ğǞ�kh��|ðʂ�̢ǀ

ϝɹάūЛɗmđʂ�̢ǀϝɹάūЛɗ�σъ¥øj¡ƇΖȼmΎj�¢¡`Ħj�|®

¨¸ë�ГϸŪ̝�Хι�ιͲ�����ǤŊ�˝Ǫȼmɠ±�¢¡`џ˝Ǫ�z¡t�

�®¨¸ë����ϝɹv¢�͙˝¥Ƞ̕Ǉ�Љv�h�i�z¡m|t¢�ɥ̐¥Ĭz

͛аɵ��̶ƃx�h¡`~���|ðΜ̲�ğǞ�kh��®¨¸ëŏʗɍĥ̥ʒ��

͛�ЯЬz¡t�mǈh`t¢��� ®¨¸ëŏʗɍĥ̥̘Ƀm͛аЯ̘Ƀ�Лɗ�σ

ъ¥øj�h¡t�¥ɁƗz¡`t��i�̶Ćвīȼ¥̥h�|Rijal �[43]�ŀά’͘

��i�͛аɵ�ёȜ¥Ǉ˝˺k��ǤŊ˝˺¥ϙʋǅɸ�x�áÈç�ͤœ�kh�|

®¨¸ëŏʗɍ÷ĥ̥ʒ(FR áïÊ�Ƙ¦�h¡)��¥ǰϤ�x�ͤœx�ĄĦmɠ±�

¢¡`xlx|t��i�̶Ćвī¥ƃʍx�̢ǀϝɹάūáÈç�ŀά’͘Ħ�đ�λ

ȧ���h` 
� ��|ʆʧ�ğǞ�kr¡̢ǀϝɹάū�ɏіˎ�ÒïÂï�ĥ̥|–ΰϝɹ�Ç�ɠ

±�¢¡m|t¢��̢ǀϝɹάū�Лɗȼ�~�đ�̢ǀϝɹάū̘Ƀl�σъ¥Ɔr

¡t��ŴŔΎj�¢¡`Ħj�|ɏіˎ�áïÂï�ūŦ¥̥h�ǤŊ͙˝�ǰ˭¥Ȧ

�¡ˎơ�g¡m|t¢�͛аɵʒ��i�˝Ǫȼ�Ğömě¤�h��|®¨¸ëŏɍ
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�Ĥ̥�n¡͙ϝωĹ�g¡`ŀά’͘¥�����|Ħj�Ʋ̦�[62]�вʮ�ȁʿ�ğ

Ǟ�kr¡ǆǜ�b˲�� ʂc�ёȜ�Ťƌ¥Ǉ˝˺ 2vu��ͤœ¥x�h¡m|®¨

¸ë�ɏіˎ|͛аɵ�Ÿ̙�ǣʃz¡·ï½�r��pĤ̥z¡·ï½�Ɠ��ͤœx

�h¡`xlx|t�ŀά’͘�ƣȏȡ��¡̢ǀϝɹάūáÈç�ͤœ���Ι��h

�h` 
� Ĕõ¥ΎɆz¡�|̢ǀϝɹάūáÈçl�ǣɃ¥� ʋ̈́�σʋz¡����|̢ǀ

ϝɹάūu��ͤœz¡�r��p|Ƌa�̢ǀϝɹάū�Лɗ�kr¡̶Ćвīȼ¥Ύ

Ɇx�ͤœ¥άit�mХι�g¡�Ύj�¢¡`t¢�|ˉa�̢ǀϝɹάū¥Лɗ�

n¡ʆʧ�ğǞ�’͘�kh�|ȕбǅū¥ǰϤ�z¡ƽƌ�Ɠʟz�nХι�ιͲ�Ύ

j�¢¡` 
� ��|Ȱʭ�̢ǀϝɹάūáÈç�|̢ǀϝɹάū�̘Ƀ�˺̢̐ǀ̡̕ĳ�ǰȶвī

¥~���˄φx�h¡��|άū̘Ƀ¥α̟x�h¡�Дo�h`~���|̢ǀϝɹ

άū�ǣʃ�ʳ�x��ȸî÷ȸ����α̟z¡�Ι��h�h`Ħj�ôΤфˎÓ

çÇµÎ¹ïÓ½�ææï½[63]��¡�|°Õ©½�ũ�¡ 20~60 ē�̩Ǒ 1000 č¥ǰ

Ϥ�x�ϝʸ�kh�|Ǒȼ� 60%k��̩ȼ� 36.2%�°Õ©½�ŏɍωǢ˺Ȝ¥ǫh

�ɂy�h¡ʳmȱ�¢�h¡ t̀¢�ηɸ�ƷŬΏmƏy͙б¥Ňʟz¡b°Õ©½c

�kr¡İčȊ��¡Ϝѓ�g¡m|̢ǀϝɹάū�õɐ�Г̥x�h�̲̐÷ȸ�Мr

�¢�ht�m¤l¡`��|ğǞ�kr¡Õ©ïçÊϝʸ�ŀά’͘ [64]-[66]l�̲̐

ȸИȼ̨ƕ�ʳ¥���¡�|®¨¸ëŏɍĥ̥ʒ�g¡��ll¤�{ǫh�̨ƕx

�h¡·ï½m��¢�`ğǞ�İč�ǒ��ȶy�ʠγ�ωǢ˺ȜЛɗ�Θ̧Ȝmџh

�Ύj�¢¡��в¤�{|°Õ©½�Əˉ�®¨¸ëŏɍ��¡ǫv¥ɂy¡·ï½m

g��t�mʋ�l�g¡`t¢�|˺̢̐ǀ�Ǌnp~x��l�ȕбǅū�ü�|

ǻğΏ���ˉa�̢ǀϝɹάū¥ŕ ʜj�|ȸИ�˺̢̐ǀ�ˈͨ¥x�i�x�h

¡m|ȵιĔõ�ǣʃ����|ȵ{x�ȸИ�g¡��ж��l��t�mΎj�¢¡`

t¢�¥ΎɆz¡�|Ȱʭ�̢ǀϝɹάūáÈç��άūǣɃ¥σʋx�h���ǰx�|

̢ǀϝɹάūáÈç�̲̐ȸИȼ¥ǰȶ�r¡t��|̢ǀϝɹάū�õɐ�ĥ̥�÷И

ŕ�ĥ̥�ǢЧŰ���Ι¡t�m�n¡�Ύj�¢¡`t��i�|̲̐ȸИȼ�ȶy

�̢ǀϝɹάūáÈç¥ͤœz¡t�m�n¢�|� Иŕ�ǻğΏάū�σʋ�ȫ͜�

t�mΎj�¢¡` 
� Ĕõ�t�l�|̢ǀϝɹάūáÈç�’͘�Ȱʭɐ˩�r��p|̢ǀϝɹάūЛɗ

�̶Ćвīȼ�̲̐ȸИȼ�ΎɆx�̢ǀϝɹάūáÈç¥а̱z¡t��|ˉa�̢ǀ

ϝɹάū�ЛɗΓmg¡ʆʧ�ğǞ�ǻğǣɃ¥� ϒʹ�σʋ�n¡�i��¡�Ύj

�¢¡`̖�šІ�µïçÓ¾�Ç��|®¨¸ëĥ̥ĔǇ�̢ǀϝɹάū�õɐ�Ĥ̥

z¡t��|ĶȞ�ȸИȼ¥ɱ�¤{�̸®Íç´ï�ƅ ͷ�ȵιmg¡��|ηɸ�

̢ǀϝɹάū�Лɗȼ�̲̐ȸИȼ¥ΎɆx�̢ǀϝɹάūáÈç�|ğ�hʂ�˺̢̐

ǀˈͨ�ɞЩ����Хι�Ϭɾ�� i¡�Ύj�¢¡` 
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����)� Ó�ý´óxuoy;uÔ�¥8�gïóxú�;ÑÎ�

� ̢ǀϝɹάūáÈç�|ǻğΏ�άūɅ̖ȼ¥σʋz¡���ȫ͜�`Ħj�̃Ʈ� 
[27]�|ǤŊ˺̢̐ǀ�ˤǢιƤ��h�|Ǉ̬˝Ĳǅū�Ƞ̖ͨ̐ȼ�r��pǻğΏ�

άū̲ιƤ�ŧƗz¡t��|� ǣɃ�Żx�ǤŊ˝Ĳ�Ɋ ͜�¥ϢϞ�n¡�І�

�h¡`��|фŦħͺ¥ȿƼɓέ¥̥h�̡ͥz¡½ÝïÉ¶æÅÊ��|фŦĥ̥Ώ

�фŦхι¥ă˻z¡t��|Ū̝�pфŦ¥ħͺz¡t�¥̴ɞx�h¡`t�фŦх

ι�ă˻�kh�|Ǉ˝˺�Ƹ�p̢ǀϝɹάūáÈç¥ƀΎ�z¡t��|ǼǇ˝Ĳǅ

ū�Ƹ�h�фŦхι�ɪ˻m�n¡�£i` 
� v��|̢ǀϝɹάūáÈç�ǻğΏάū�ωǢϬɾ�x��ȫ͜�`Ħj�|Ƞ̕�

ǼǇ˝Ĳ�ǅū¥ωǢz¡t��ǤŊ˺Ȝ�®Íç´ïĥ̥Ч�Ç¥ɪǢz¡Ƞͨ̐ϧ

»Þãèï»äë�’͘��̢ǀωĹ�ŜȲωǢ�Ś̥v¢�h¡`t¢���Ƞͨ�k

h�Хι�̢ǀωĹ�g¡͛�Ê¨�аЯ�®¨¸ëĥ̥��h�|Ȱʭ��ʒŞǅū�

ȶy�͛�аЯ¥ωǢz¡b½·¼ãïçc�ɐ˩mƅ�¢¡t��g��`Ħj�|џ

̦��ˣɌ̪Ǽɺ�Ƞͨ˺̢̐ǀ¥»Þãèï»äëx�ȧʒ�˺̢̐ǀ�́λ¥̟ē�

НĿz¡ώ�[67]mg |tt��ȧʒ�˕ƉϬɾ�èÓãï¥Ќx�ȱ�¢�ǻğΏ̣ˬ

Ʌ½·¼ãïç¥»Þãèï»äëωǢ�Ś̥[68]x�h¡`ðʂ�|̲̐ȸИȼ�вz

¡̢ǀϝɹάū��h��|ǤŊǇ�˺̡̢̐̕ǀĳ�̲̐ȸИȼ�ȶy�ǅʚv¢¡�

�|ȵ{x�½·¼ãïçЌ �ǅʚz¡��ж��h` 
� ~t�|˺̢̐ǀ̡̕ɸ¥ϙʋǅɸ�x�̢ǀϝɹάūáÈç¥̐ϧ»Þãèï»ä

ë�ǻğΏάūωǢ�x�Ś̥z¡t��|� ̟ǣ̲�άūωǢ��»Þãèï»äë

m�n¡t�mΎj�¢�h¡`t�̢ǀϝɹάūáÈç�Ś̥ƇΖȼ��h��|hp

�l�ŀά’͘�kh��І��¢�h¡`Ħj�|DeCarli �[35]�|ȕб¥Ќx�ū̲

�Ƞͨ»Þãèï»äë�Ś̥mðΜ̲��¡��¢�|–ΰЧωǢ�ðǢĳ���p|

ǜͦ�ȶy�–ΰǅŰ¥»ÞãèïÉz¡ˊ˿̲ɐ˩mȵι��¡t�¥І��h¡`

Andersen �[42]�̢ǀϝɹάū�ǢЧŰ��¡ȠͨωĹŜȲ�»Þãèï»äëʳ�Ǔ

ȧȼ¥Ƒõ�n¡�І��h¡`Kim �[24]�ȠͨȼΖ»Þãèï»äë�˒ȧȼ�Ƒõ

����ǻğΏ�Ƞ̕�̶ĆвīmХι�g |°ï½Éåæ¨�ğǞ�kr¡̢ǀϝɹ

άū��h�ʒŞ�r��pǇ˝˺ǅū��ǰȶвī��h��Ŕʰx�h¡`Rijal � 
[69]�͛аЯɅ�̟ǣ̲�ÈïÂ�ǤŊ˺̢̐ǀ»Þãèï»äë�ɴƟ¥Ũr¡t�

¥І��h¡`��|ǣм�̢ǀϝɹάūáÈç¥Ƞͨ̐ϧ»Þãèï»äë�ǴŃx

�ĄĦmhp�lɠ±�¢¡`Ħj�šІ� Rijal ��’͘[36][40]��|Ρƪ�Ñ³½Â

ë�°Õ©½Óç¥ǰϤ�x�|¶éïÖ˺Ȝk��Ǉ˝˺¥ϙʋǅɸ�x�͛аЯáÈ

ç¥Ƞͨ̐ϧ»Þãèï»äë�ĥ̥x�Ħmɠ±�¢¡`��|Όž�[32]�|ʒŞ�

r��p˝˺ǅū�ΎɆx�̢ǀϝɹάūáÈç¥Ś̥x�|ǤŊ˺Ȝ�ŏɍ��¡®Í

ç´ïĥ̥¥»Þãèï»äëx�h¡ ϣ̀ʧ�℃Ȅ[38]�ʆʧ�ğǞ�kr¡ǆʆ�Ǥ˺

¥ŏɍĥ̥áÈç¥̥h�»Þãèï»äëx�h¡`Schweiker & Shukuya[70]�|ǻ
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ğΏάūáÈç¥̥h�ŏʗɍĥ̥ʒ�®µ¿ç´ï˱ϫÑÂïë¥»Þãèï»äëx

�h¡`ǵ̞�[71]�Ƞͨ̐ϧ»Þãèï»äëÁÕÉ¬¨ ESP-r ��|ĘɁ�Ǉ˝

˺ĳ¥гĳ�x�|͛аЯάū¥ŜȲz¡ĄĦ¥͵ďx�`t¢��t�l�|̢ǀϝɹ

άū�̘Ƀ¥˺̢̐ǀl�ϙʋz¡̢ǀϝɹάūáÈç�’͘�|Ƞͨ̐ϧ»Þãèï

»äë�άūωǢ����Хι�Ϭɾ�g¡t�m¤l¡` 
� ðʂ�|t¢��ŀά’͘��Ƌa�άū{��áÈçŰv¢�Ȱʭʂȡ�̢ǀϝɹá

Èç¥ǴŃz¡ĄĦm��¢¡��|~�đ�̢ǀϝɹάū��̶Ćвī̲�Лɗȼ�Ŵ

Ŕ�ΎɆx�h¡��hj�h`~���|̶Ćвī¥ΎɆx�̢ǀϝɹάūáÈç¥а

̱x|Ƞͨ̐ϧ»Þãèï»äë�ǴŃz¡t�m�n¢�� ǣɃ�Єh»Þãèï

»äë¥|ȕб¥Ќx�άj¡ƇΖȼmg¡`��|ǻğΏ�Иȶ̲�̣ˬ¥»Þãèï

»äëz¡ƽƌ�|ηɸ�̢ǀϝɹάū¥ŕ ʜj�άūŜȲz¡ȵιmg¡�£i`~

t�|Ƌa�̢ǀϝɹάū�̶Ćвīȼ¥ΎɆx�Ǉ˝˺Øï½�̢ǀϝɹάūáÈç¥

Ƞͨ̐ϧ»Þãèï»äë�άūωǢ�ǴŃz¡t��|ηɸ�̢ǀϝɹάū¥ŕ ʜ

j¡�i�Иȶ̲�̣ˬ����ğǞ̢ǀ¥σʋz¡��ȫ͜��£i`v��|Ȱʭ�

̢ǀϝɹάūáÈç�άūǣάʒ�̲̐ȸИȼ¥ΎɆ�n�h�h`~���|̲̐ȸИ

ȼ¥ΎɆx�̢ǀϝɹάūáÈç�Ƞͨ̐ϧ»Þãèï»äë�ǴŃz¡t�m�n¢

�|ʚ�¡̸®Íç´ï�ƇΖȼ¥ǢЧ̲�ͤœ�n|̸®Íç´ï�ĶȞîȸИȼ�ú

͜x�ǤŊ͙бˈͨ�Ϩ̜�n¡»Þãèï»äëmǣά�n¡ƇΖȼmg¡` 
� t¢���i�Ƞͨ̐ϧ»Þãèï»äë�|Building Information Modeling (BIM)
�ðķш�x�Ś̥v¢¡ǣɃmg¡`BIM ��Ȱʭ�ƨш�ͱ�Ϭɾ�ē¤¡|ÑÁ¸

ëõ�Ƞͨ�ɁűîˈЎîωĹ¥ȷǣ�ō̟x�áÈç�t�[72]�g |Ƞͨ�вz¡ω

υ�’͘|ɷΔ�Ç�αpŚ̥v¢�h¡` 
� v��ʝЄ��|˺̢̐ǀ̡̕˻Ǣĳ¥ǣм�Ƞ͙ͨϝωĹ�ŜȲ�Ś̥z¡Ħ�λ�

¢¡`Ħj�|ʹȡę͆ LIXIL ��ǤŊ�˺˼Ȝ�ǤǇ�˺̢̐ǀîǋĲîΟͩîPM2.5
¥æ¨çÂªß˻Ǣx�|͙ϝ�͛¥ΘūŜȲz¡»½Çß¥ʧ͆Óç�ωΉx|̸®Í

�ȸИȼ|̲̣̤́ȼ¥Їˠx�ƷŬ͙б�ˈͨ¥̴ɞx�h¡[73]`��|ÒãïæÅµ

ʹȡę͆�ʮċС�°Õ©½Óç��ǤŊǇ˝˺�áÌÂæë¶¥άh|Ŏǜ�kh�Ǥ

Ŋ˝˺� �Ǉ˝˺�ʂmĞhƽƌ��üǎ̐˾¥ĵˑv|�Ǉ˝˺ƅ Ń¢¡�i�Ŝ

Ȳz¡t��|̸ ®Íç´ï¥ƨ��h¡[74] t̀¢���i�|ǣм�͙ϝωĹ�Г̥�|

ǤŊǇ�˺̢̐ǀ�ȶy�ŜȲ¥ƅ Ń¢¡ĄĦmg¡t�l�|˺̢̐ǀǅū�ȶy�

̢ǀŜȲm|̸®Íç´ï�ĶȞîȸИȼ�úρ̊l�˫̴v¢�k |̢ǀϝɹάūá

Èç�’͘�t¢��͙ϝŜȲ»½Çß�Ϩ̜�n¡t�mΎj�¢¡`~�����|

ʁ��а̱x�̢ǀϝɹάūáÈç¥Ƞͨ̐ϧ»Þãèï»äë�Ç��i�ǴŃz¡

�l¥˄φz¡ȵιmg¡` 
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��	� ¾Üß;ÙØ�

� Ĕõ¥��j�|ʧ’͘��̢ǀϝɹάūáÈç��h�|Ȱʭ���hʁxhɐ˩¥

а̱z¡t��|ǻğǣɃ�� Єh̢ǀϝɹάū�σʋ¥άi`̢ǀϝɹάūáÈç�

а̱��h��|Ƌa�̢ǀϝɹάū�̶Ćвīȼ¥ΎɆx�άūáÈç�̲̐ȸИȼ¥

ǰȶ�r�άūáÈç�а̱�̍̊¥ȧ�¡` 
� ��|ʧ’͘�ȱ�¢�̢ǀϝɹάūáÈç¥̥h�ǻğΏάū¥ō̟x|Ƞͨ̐ϧ

»Þãèï»äë�άūωǢ�x�ǴŃz¡t�����|»Þãèï»äëͫȜ�Ƒõ

�ʁxh́λmȱ�¢¡l|~�ƇΖȼ��h��˄ό¥άi` 
� ʧ’͘�άi̢ǀϝɹάūáÈç�а̱�|ǻğΏάū̡σ�α̟�Ϭz¡Ϝѓ�g |

Ƞͨ̐ϧ»Þãèï»äë�άūωǢ�ͫȜƑõ�ǩøm�n¢�|̸®Íç´ïȼ�

ȸИȼ�úʂ�Ϩ̜�n¡�i�͙бˈɊîǻğ¨ÊÐª½�ɭħ¥Ќx�|͆ęϨ̜�

��m¡�Ύj�¢¡` 
 
��
� ¾þµ;Å§�

͟ ) ͝��|ʧ’͘�вz¡Εʔ�̴̲¥І��`Ϟɻ�ˈɊ�ϙʋx�`�

͟  ͝��|ʧ’͘�kr¡’͘ʂ˩¥ϙʋz¡`Õ©ïçÊϝʸ�ʂ˩|ͻυσʰʂ

˩|̢ǀϝɹάū�ō̟�вz¡˄φɐ˩��h�ϙʋz¡`�

͟ � ͝��|̢ǀϝɹάūáÈç�ͻƌ¥άi`ʆʧ�ğǞ�ðΜ̲�g¡͛аЯάū

�®¨¸ëŏʗɍĥ̥|ɏіˎĥ̥�–̴x�áÈçͻƌ¥άi`��|®¨¸ëŏʗɍ

�ωǢ˺Ȝ�–ΰЧ��h��|áÈçͻƌ�ƇΖȼ¥˄όz¡`�

͟ , ͝��|ǜͦК͑¥ΎɆx�̢ǀϝɹάūáÈç�а̱��h�˄φ¥άi`�

͟ - ͝��|ǻğΏ�̲̐ȸИȼ¥ƃʍx�̢ǀϝɹάūáÈç�а̱¥άi`фŦ¥

ĥ̥x�Гϸz¡®¨¸ëŏʗɍ�ȵιĔõ�ĥ̥x�x�it��|̸®Íç´ï�ρ

̊l�ǒ�xp�h`ʧ͝��|®¨¸ëŏʗɍĥ̥áÈç�ǻğΏ�̲̐ȸИȼ¥ƃʍ

v|¡t��|̢ǀϝɹάūáÈç¥̥h�̸®Íç´ïύĩ�ƇΖȼ¥˄φz¡`�

͟ . ͝��|t¢���ȱ�¢�Ŕʰ¥|Ƞͨ̐ϧ»Þãèï»äë�ǻğΏάūω

Ǣ��ƃʍɐ˩¥˄φx|Ƞͨ̐ϧ»Þãèï»äë’͘�ƇΖȼ¥˄όz¡`�

͟ / ͝��|ʧ’͘�ȱ�¢�Ɋʳ|ƞѓ̊|Ďȯ�ǽʢ��h����|;ɜ¥άi`�
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	�� ¾á;Äõ�

ʧ͝��|ʧ’͘�kr¡’͘ʂ˩¥ϙʋz¡` 
2.2 ��|ʧ’͘�kr¡’͘ńĠ�˭¢¥ϙʋz¡` 
2.3 ��|ͻυσʰ�̥h�ÈïÂ¥Ƅпx�|Õ©ïçÊϝʸ�ˇι¥ϙʋz¡` 
2.4 ��|šІ�Õ©ïçÊϝʸl�ȱ�¢�ÈïÂ�ˈɊ�ͻυσʰɐ˩���h�ϙ

ʋz¡` 
2.5 ��|ʧ’͘�ƅ ɒiȠͨ̐ϧ»Þãèï»äë��h�ϙʋ¥z¡` 
2.6 ��|Õ©ïçÊϝʸ�ȱ�¢�ÈïÂ¥̥h�|ǤŊǇ˺̢̐ǀ�̲̐ȸИȼ̨ƕ

�Ŕȍ¥ͅx|ϝʸǰϤÈïÂ�ˇι¥̈́ϕz¡` 
 
	�	�¾Üß;Äõ�

ʧ’͘�|ğǞ�kr¡Õ©ïçÊϝʸ�˻Ǣį̂ƕÈïÂ¥̥h�ͻυσʰ�¸ëÔ

ãïÂÁÕÉ¬¨¥̥h�Ƞͨ̐ϧ»Þãèï»äë� 2 ½ÇÅ×�Ŕr�¢¡`ƨ

2.1 �ʧ’͘�×é¿½¥ͅz` 
Õ©ïçÊϝʸ�×åëÌë¶��|̨ƕϝʸ�̥h¡¨ë·ïÉ̥ͱ�ωυ�˻Ǣэ

̴�υ̫k��˿Ĺ¥άi ϝ̀ʸ¥ǣʃȯ�|˻ ǢÈïÂk��̨ƕÈïÂ� PC õ�ƅ 

Ń¢|ÈïÂɹ̡¥ά��õ�|ͻυσʰ¥ά��` 
 

 

Fig. 2.1 Process of this research 

�

	�
�VbaySýÁ;Äõ�

ʧͦ��|ʧ’͘�ͻυσʰ�̥h¡ÈïÂ¥Ƅпx�Õ©ïçÊϝʸ��h�ϙʋz

¡`ʧϝʸ��˺̢̐ǀ˻ǢƁ�Əʒ�ǣʃv¢�̢ǀϝɹάū̘Ƀî̲̐ȸИȼ̨ƕϝ

ʸl�ȱ�¢�ÈïÂ¥̥h�Ŕʰ¥ά��`Ĕö�~�ϒʹ¥ͅz` 
�8 � ýÁ��8ýÁ�Āg��

ʧϝʸ�вʮƮƶ(ʮċѨ͊ǏȇѨŵΦѨƹ̞)� 120 ùȎ�ğǞ�ά¤¢�`α 2.1 �ý

�21����.1���.��������

�
�
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	�
�.��.�
� 
1
���.�

��
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.��
�2������
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��
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�Ʈƶ�kr¡ϝʸǰϤğǞ�ɸ¥ͅz`Ƌa�ϝʸ� 1 ȕ�Ɓ�Эʣ̲ϝʸ�g¡`ʀ

̐ȼ�˝Ǫȼ¥ΎɆx�ǰϤğǞ�ЛǢ�ά¤�l��m|t¢��upʓЌ���¢¡

ʆʧ�kr¡Ȕư̲�Ƞ̕��Ύj�¢¡`ϝʸƮƶ�g¡ʮċ�Ǉ˝˺�̶ǰ˼Ȝ�ĺ

Ƒ�ƨ 2.2 �ͅx� Ȕ̀ưǇ˝˺�Ŏǜ��ͯ 5v��Ğöz¡��ǰx|ǆǜ��ͯ 28v
��õʉ¥x�k |ȑαh˝Ĳǅū¥ɝ�Ʈƶ�g¡t�m¤l¡`��|ù̬ƋƮ�

Ǉ˝˺¥˚ϻx���¥ƨ 2.3 �����m|ʆʧ�ʖ̐ʣ�ǫŏʣ�úʂ�˝Ĳ¥ɝ�Ʈ

ƶ�g¡t�m̈́ϕ�n¡`t��i�Ʈƶ��|˺lpz¡���άū�˲xpz¡�

��άū�úʂ¥ŕ ʜj�ǣάz¡ȵιmg¡��|̢ǀϝɹάū�’͘mǊĄ�g¡

t�mΎj�¢¡` 
ϝʸ͙б�æÓë¶�ǬǤ�g¡`ϝʸʣб� 2010 ȕ 6 ʞ 7 ʆѰ2014 ȕ 8 ʞ 9 ʆ�б

� 5 ƣ�Ŕr�¢|~�Ŋ� 4 ƣ�ͯ 1 ȕб|̟  � 1 ƣ�ǆǜ�ðlʞ��ǣʃv¢�`

α 2.2 �Ƌϝʸ�ý�ˇι¥ͅz ʧ̀ϝʸ�̥h�˻Ǣˎơ�̨ƕ̥ͱ�Ōǘ�ѨϝʸǰϤ

ğǞ�ēαΏ 1 Ɛ�|Ɔrƅ l�ωΉѨƣƄѨЅż��¥Ĩђx�`x�m��|ϝʸ

ǣʃΏmϝʸǰϤğǞ�ψƞz¡t���p|3 ��ϝʸ��ğǞÂª×�ȿƼ¥ƞ¤�h

·ï½���¢�` 
��|ǴŃv¢�h¡®¨¸ë͙ϝ��h�|İřωΉƳîńњ͙ϝ�Ŕř�ϝʸx�

h�h`xlx|ńњ͙ϝ»½Çß�°Õ©½Óç�Ç�ǴŃv¢�h¡ðʂ�|ðΜ̲

�ğǞ��İřωΉƳ�®¨¸ë�ʂmǈh�ɀǢv¢¡`~���|ńњ͙ϝmǴŃv

¢�h¡°Õ©½Óç���¢¡�i�ðȮ�ΘūŜȲƳ�͙ϝ���p|ǻğΏΘ�m

½ªÅÄ�æá¸ë¥ĥ̥x�ωǢ¥ŕ ʜj�h¡t�¥ɀǢz¡` 
Table 2.1 The number of investigated houses in each meteorological station 

�

�

Nerima Tokyo Haneda Funabashi Yokoshibahikari Yokohama Ebina Tsujido Miura

1 0 3 0 0 0 7 0 0 1 11
2 2 0 3 2 1 38 3 6 2 57*
3 0 2 0 0 0 8 0 0 0 10
4 0 3 0 0 0 25 0 2 0 30
5 0 1 0 1 0 7 0 1 0 10

2 9 3 3 1 85 3 9 3

*2 houses have no measured data.

Total 118
14 4 100

Survey
Tokyo Chiba Kanagawa

Total
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Figure 2.2 Variation of the monthly mean outdoor air temperature and relative humidity in 

Tokyo meteorological station (2010-2014). The monthly mean value was calculated using 

daily values. 

(a) Variation of outdoor temperature 

 
(b) Detail of each meteorological station   

 
Figure 2.3 Monthly variation of outdoor temperature in each city. Monthly outdoor 

temperature during July 2010 to August 2014 have collected from Japan meteorological 

Agency website [75]. 
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 Table 2.2 The detail of field surveys 

 

 
�9 � Ì�¶Ê�

ƋРǼ� 1 ƈ{�˺˼Ȝυ¥ωΉxѨ10 Ŕбл�͙˝˺˼Ȝ¥˻ǢχЫx�(ƨ 2.4)`¿

ë¹ï�̵ǲʆŁ�ȧ���hșõͯ 110cm �џv�ωΉx���i�iǻğΏ�Ĩђx

�`˻Ǣˎơ�˻ǢͧƧ� 0~55v�Ѩ˻ǢͫȜ�l0.3vѨŔσΖ� 0.1v�g¡`Ǉ˝˺

�˝Ϥȗ�ÚïßÙï¼�Ņαv¢�h¡ʝ�Єh˝Ϥƈ� 10 Ŕ˙�ÈïÂ[75]¥̥h�`

ϑȧ˝Ϥƈ�~¢�ǰȶz¡ϝʸùȎɸ¥α 2.3 �ͅz ʧ̀’͘��ѨЭʣ̲�Õ©ïçÊ

ϝʸ�ü�ĥ̥�n¡˻Ǣˎơmж�¢¡��Ѩča�̲̐�ǢЧ̲ǸȜ�x�ʝ�ēα

̲�̡̕Ч�Ⱥ¤¢¡˝˺Ɓ�̶ǰ˼Ȝ¥˻Ǣx�`��ѨðР�ϝʸ�æÓë¶��¶

éïÖ˺Ȝ�˻Ǣx�` 

 

Figure 2.4 An instrument used for measuring air temperature and humidity 

 
Table 2.3� The instruments used and their accuracy 

Trade name �  Measured parameters Range �  Accuracy 

TR-74Ui 
 

Air temperature �  0-55°C �  ±0.5°C 

�  Relative humidity �  10-95% �  ±5% 

RTR-53A  Air temperature �  0-55°C �  ±0.3°C 
 Relative humidity �  10-95% �  ±5% 

TR-52i + SIBATA 080340-75 �  Globe temperature �  -60 to 155°C ±0.3°C 

�  7.5cm diameter black-painted globe  

Start date End date Total Building type Male Female Total Living room Bedroom
1 06-7-2010 18-7-2011 11 Not asked 16 14 30 3,300 2,558

2 05-8-2011 06-9-2011 59 40 houses (wooden: 33, RC: 1, steel frame: 5, anonymous:1 )
& 19 condminiums (wooden: 1, RC: 16, steel frame: 2) 52 57 109 2,861         -

3 21-7-2011 08-5-2012 10 Not asked 11 12 23 463 984
4 25-7-2012 24-6-2013 30 Not asked 26 28 54 13,083 7,061
5 10-8-2013 09-8-2014 10 5: wooden houses, 1: RC condominium, 4: anonymous 14 14 28 2,679 3,125
Total 120 119 125 244 22,386 13,728

Survey 
Survey period Dwellings Number of subjects Number of votes
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�� � Õ�ýÁ8¶Ê�

̨ƕǰϤčɸ� 120 ùȎ� 244 č(̩ȼѮ119 čѨǑȼѮ125 č)�g��`̨ƕx�ǻğ

Ώ�ȕѤ� 13~74 ˔�g Ѩʳ�x�ȑαhȕѤǿ�ǻğΏ�ƣ͢x�����h¡`

ϝʸŷŦΏ� 1 ʆ� 4~6 ƣ��(æÓë¶̥)Ɓ�ǷǬšȯ� 2 ƣ(ǬǤ̥Ѩ��xüЋξУ

ʒ�̨ƕx�h)̨ƕm�n¡̨ƕ̥ͱ¥ͯ 2 íʞŔѨŌǘ�xѨƋİču��Тȍ¥ά�

�`�kѨ̨ƕ̥ͱ�Ōǘ�ͯ 2 íʞu��ʁxhŌǘ�Ċɮ¥x�`̨ƕz¡ǻğΏ�

ϧɚ¥Ϻ˸z¡đѨǻğΏΘ϶�ʆь�̣ˬæ¾ß�ƇΖ�ж Є�r¡��Ѩ̨ƕ�Ȧ

Ŝ��¡t���h�i�ѨƋǻğΏİč�ĘɁ�ÂªÞë¶�ƣ͢¥x�����`�

�ѨǬǤ��̨ƕƇΖ�ĘɁ�ʆ�ѨǬșǇ�g¡bǷǬš�ȍƥ�Ń¡̵šc�bϰș

ȯ�ȍƥl�œ�̵ȯc� 2 ƣ�̨ƕx�����`�� Ѩ̨ƕm�hʆ�ǚƭxѨæ

Óë¶�kh��Ƌʆ�̨ƕƣɸ�ˉa�g¡`��ѨƏǻx�h¡Ǧʄ��̨ƕ�Âª

Þë¶mХ�¡��ж��h` 
¨ë·ïĘ́ƕ�|ǻğΏ�ȸИȼ�вz¡э̴�̢ǀϝɹάū�̘Ƀ�вz¡э̴m

g¡`�k|ǬǤ�ϝʸ��̼̾�Ϯ�ǷǬʒŞîϰșʒŞ�χŃэ̴�g¡`ʧ’͘�

͟ 4 ͝î͟ 5 ͝�kh�|̲̐ȸИȼǸȜ�x�̥h�bǫʖɂc¥α 2.4 �ͅz`ǫʖ

ɂ�ʖǫα̟¥̥h� 7 ˗к�ͅv¢¡`ʧϝʸ��t��i�˗кǸȜl�|̨ƕʒ�

̘Ƀ�ʝ�ЄhɸǙ¥̨ƕx�����` 
͛аЯ�®¨¸ëŏɍîʗɍ�ĥ̥�h{¢�b0ѮЯѨ1Ѯаc�b0Ѯoff, 1Ѯonc�

�i�ąΏɗðʂȡ�̨ƕx�����(ƨ 2.5)`̢ǀϝɹάū�̘Ƀ�Ѩ̲̐ȸИɂϝʸ

�э̴�x�ĘɁ�ÂªÞë¶�ƣ͢x�������Ѩ̢ǀϝɹάū�̨ƕ�bάụ̄

ϰ(άūаǔîͶĂ)c¥αx�h¡��ж��h`��xѨǬǤ�ϝʸ��ǷǬšȯ�̘Ƀ

l�®¨¸ëŏʗɍ� on/off ÂªÝïωǢ�ʟ̌¥ɪ˻z¡t��ƇΖ�g¡mѨʧ’͘

��̨ƕʒ�ĥ̥÷ĥ̥îаЯ�̘Ƀl�̝̈́áÈç¥Ŕʰx�h��Ѩt¢��Зh�

Ďȯ�ŔʰϜѓ�z¡`–ΰЧ�̨ƕ�|ªå½ÉǸȜ[76]¥̥h¡ɐ˩�̨ƕʒ�–ΰ�

͕ѕ¥Ÿƚ��ƣ͢z¡|υ 2 ��ɐ˩mǣʃv¢�`ȱ�¢�̨ƕɸ� 36,154 İ�g�

�` 
Table 2.4 Scale of thermal sensation 

 

���51 �����31�6�5��17���4�7 
� ��������1� ���5� 
� ����(�5� 
� 		�����5423�5 ���5� 

�
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�������������� 
�1����5 

� 		������5423�5 �3�� 
	 ����)�� 
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Figure 2.5 Questionnaire for the living room (extracted from the full questionnaire and 

translated from Japanese to English), and an example of voting for a summer day. In this 

example, the resident voted three times in a day. When resident voted at 9:40, the internal 

door is open and fan is on. When resident voted at 16:30 and 22:00 the internal door is 

closed and AC-cooling and fan are on. The preset temperature of AC-cooling is 26°C for 

2nd and 3rd voting. 

�

	�(�oal´Ò8êø÷¿�

Õ©ïçÊϝʸ�ȱ�¢�ÈïÂ�ÈïÂɹ̡ʂ˩�ͻυσʰ�ʂ˩��h�ϙʋz¡`

ƨ 2.6 �ȱ�¢�ÈïÂ�ɹ̡×é¿½�g¡ ʧ̀ϝʸl��ǻğΏl��̨ƕÈïÂ�Ǥ

Ŋ˺̢̐ǀ˻ǢÈïÂ�ŧj�|˝ϤȗmÚïßÙï¼õ�Ņаx�h¡ǼǇ˝Ĳ�˻Ǣ

ĳ�̥h¡` 
ʧϝʸ�kh�|ǻğΏ̨ƕ�ͱǖĠ�g¡¨ë·ïÉ̥ͱ�͠χ̥ň�χŃx���

iʂȡ�g¡`t¢��̨ƕ¥ Excel õ�ɐŃŦx�`ǫʖɂîИ˺ɂ¥�y��x�ǻ

ğΏ�ȸИȼ̨ƕ�ǸȜ�ɸǙ¥ŃŦx�`̢ǀϝɹάū�вx�|͛аЯ�®¨¸ëŏ

ʗɍĥ̥|ɏіˎĥ̥��h��|Ƌa�э̴¥ωr�~�̘Ƀ¥ 01 �ŃŦx|–ΰЧ�

®¨¸ëŏʗɍ�ωǢ˺Ȝ�~�ɸĳ¥ŃŦx�` 
ǤŊ˺̢̐ǀ�˻Ǣĳ�|Ƌa�˻ǢˎơŊ�χЫĳmĭɝv¢�h¡��|ÈïÂɹ

̡z¡ PC �Ç³½ÉÕ§ªç�ƅ Ђ¦� ~̀�ȯ�ƋРǼu��|Ə˻ǢʒŞ�ÈïÂ

mƏyά��¡�i�x�|Ƌa�˻ǢÈïÂ¥û��h��`t�ʒ|Ƌ˻ǢÈïÂu

��|ǰȶz¡˻Ǣʆʒ�χŃx�` 
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~�ȯ|ɹ̡v¢�ǤŊ˺̢̐ǀ˻ǢĳÈïÂ¿ÅÉ�|Əy˻Ǣʆʒ��¡ǼǇ˝Ĳ

ɀǢĳ¥ǰȶ�r¡t��|ǤŊǇ�˺̢̐ǀ˻Ǣ�ÈïÂ¿ÅÉ¥ģɊx�`v��|

ƋǻğΏ̨ƕ�̨ƕʆʒmƏy��¡˺̢̐ǀ˻ǢÈïÂ¥|ǻğΏ̨ƕÈïÂ¿ÅÉ�

ǰȶĒr¡t��|ʧ’͘�ĥ̥z¡ͻυσʰ̥�ÈïÂ¿ÅÉ¥ǠɊv|�`�k|Ƌ

ÈïÂ�ǰȶ�r�� Excel õ� LOOKUP вɸ¥ĥ̥x�` 
ǠɊx�ÈïÂ¿ÅÉ�|ͻυσʰÑÅ·ï¼ SPSS k�� Excel ¥̥h�Ŕʰ¥ά�

�` 
 

 

Figure 2.6 Process of data entry 

 

	�)�¾Üß:-.BÓ�ý´óxuoy;�í8ĆÔå��

�8 �Ó�ý´óxuoy;�í�

ʧ’͘�kh��|̢ǀϝɹάūŤƌ¥̴̲ǅɸ|˝˺¥ϙʋǅɸ�x|~�вīȼ¥

ɸȡ�αx���¥b̢ǀϝɹάūáÈçc�Ǣz¡`̖�|ʧ’͘��ИȶáÈç�

Əˉ�Ǉ˝˺ǅū�ǰx�|bИȶ̲ȸИȼc�̍̊¥ȧ��’͘¥άi`~���|ϙʋ

ǅɸ��Ǉ˝˺¥ý�ωǢz¡` 
̢ǀϝɹάū�Лɗ��|ǻğΏ̖ȼ�Ƞ̖̕ȼ�вīx�p¡t�mΎj�¢¡`̖

�|Ƞ̖̕ȼ��ʀ̐ȼ�Ç�Ɠ�¢|ǻğΏάū��Ǌnpв¤¡`��|ϝʸǰϤ͙

б�ηɸčmƏʒ̀ƭz¡ƽƌ|̨ƕΏ���ɁȺˤǢ�ǣʃx�h�ht��Ύj�¢

¡`~�ðʂ�|ʧ’͘��i�ǣм�ğǞ�kr¡Õ©ïçÊϝʸ��|ϝʸƣ͢ŷŦ

Ώ¥пiρ̊l�|Ʀт�g¡`ʧ’͘��̖Ǣ�Ƞ̕ȼΖ�ğǞ�̍̊¥ȧ�¡���

�p|bвʮƮƶ�ğǞǻğΏ�ĺƑc�x�|̢ǀϝɹάū�’͘¥Б�¡` 

����1!1� ��1� "�10�
�C��� !�"�1�! 

��!������1�!���
�C��"1 !�������1

��!��1�!�C &����!�!���

�C �����0�!��
�!�� ����"!1 ���!1�#��
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�1��#��"� 
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�1� "�10����� ����"!1���!1�#���
A�������1�����1�!10������!�1�

������1!1����������� !�!���

��A����0������
���A1� �!1
�� �#1��� 1%�1�
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�9 �^MNnbmfč³ 
̢ǀϝɹάūáÈç�ͤœ��ˉa�вɸ¥̥h¡m|ʧ’͘��é¼½Ç©Åµвɸ

¥àªë�ĥ̥z¡`̢ǀϝɹάū�˝˺�вīȼ¥αzé¼½Ç©Åµвɸ�Ĕö�g

¡` 
logit(P ) = ln !

"#!=a+bT        (2.1) 
�k|ȡ(1)�ː��i�ǅȨ�n¡` 

P = $%&	()*+,)
"*$%&	()*+,)         (2.2) 

PѮ̢ǀϝɹάūŤƌѨaѮŕ̓ѨbѮƣȏīɸѨTѮ˝˺[v]�g¡`̢ǀϝɹάūŤƌ

�|̢ǀϝɹάū�ǣʃёȜ¥Ťƌ�α̟x�k |0~1 �ͧƧ¥�¡`Ħj�|b®¨¸

ëŏɍĥ̥Ťƌm 0.30c�hi��|®¨¸ëŏɍ¥ĥ̥x�h¡ёȜm 0.30 (=30%)�g

¡�Əʒ�®¨¸ëŏɍ¥ĥ̥x�h�hёȜm 0.70 (=70%)�hit�¥ɁƗz¡ �̀k|

͛аɵŤƌ��h��|͛аɵȑ���p͛аɵёȜ¥αx�h¡`ʧ’͘�ϝʸ��|

͛¥аɵx�h¢�Ѧаɵȑ¥ƞ¤{ѧ̨ƕ¥b1(аɵ)c�̨ƕx�����h¡��|

͛аɵáÈç��h��аɵȑ�ƞ¤�h����¡` 
ȡ(2.1)k��ȡ(2.2)� T �õʉ�xp�öе�ȶy�ѨP �ж �p 0 �Єhĳl�

�l�õʉx�hnѨж �p 1 �Єh�ĳ��l�Ƅʫz¡̖ȳ¥ɝ� t̀�̖ȳ�Ѩ

Ǉ˝˺�ǰȶx�̱̟z¡άūˎę�Ťƌ¥α̟z¡���h��Ѩǈp�ʅȬ’͘�ά

ūáÈç¥α̟z¡���вɸȡ(Ħj� [24] [25] [40] [48] [28] [47] [45] [50] [52]�Ç…)
�x�̥h�¢�h¡` 
��|ǈp�ŀά’͘�kh��̢ǀϝɹάūáÈç�ϙʋǅɸ��Ǉ˝˺�ǤŊ˝˺

mĥ̥v¢�k |̶ǰ˼Ȝ�Ç�~�đ�˺̡̢̐̕ǀĳ�g� ĥ̥v¢�h�h`

Ħj� Stazi ��’͘[77]��|͛аɵ/ЯЬáÈç�ϙʋǅɸ� CO2̅Ȝ� �Ǉ˝˺¥

ωǢx�ʂmˤǢīɸmџp���h¡`t�t�l��|̢ǀϝɹάūáÈç�ϙʋǅ

ɸ�x�Ǉ˝˺�ʟ̥�g¡t�mΎj�¢|ʧ’͘�kh��Ǉ˝˺¥ϙʋǅɸ�x�

̥h¡t��z¡` 
 

	���æÍāòitY]aiZ_>;Ó�ý´óxuoy;�n:č2B¢��

ʧ’͘��|¸ëÔãïÂ¥̥h�Ƞͨ̐ϧ»Þãèï»äë�ĥ̥¥ɀǢx�Ŕʰ

¥άi`ĥ̥¥ɀǢz¡��� ESP-r [78]�x�`t¢�|1970 ȕēȯŶl�а̱m�v

¢�k |̟ƭ��ª´æ½� University of Strathclyde �ɎǾz¡ Energy System 
Research Unit ¥�y��x�¶çï×mа̱¥Б��h¡|°ï×ëÁï½�×é¶åß

�g¡ Ƞ̀ͨ»Þãèï»äëÁÕÉ¬¨� EnergyPlus [79]� The BEST Program [80]
�Ç�ðΜ̲�ĥ̥v¢�h¡`ðʂ|ESP-r ¥̥h�ŀά’͘�kh�|͛аЯάūá

Èç�Ç¥ǻğΏάū�ǴŃx�ĄĦ[36][40][71]mg¡t�l�|ʧ’͘��ĥ̥¥ɀǢ

z¡t��x�`��x|̢ǀϝɹάūáÈç��h�Ə͡�ǴŃʂ˩��¢�|~�đ
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�Ƞͨ»Þãèï»äë��ȶ̥�ƇΖ�g£i` 
�

	���s¿oal;l~�

ʧϝʸ�ȱ�¢�ǤŊǇ�˺̢̐ǀ˻Ǣĳ�̢ǀϝɹάū�ǣɃ¥ͅz`�k|ʧ’͘

�kh��|ƋÈïÂ¥~�ʒ�®¨¸ëŏʗɍĥ̥̘˧�ȶy�|ː ��i�Ǣz¡`

®¨¸ëŏʗɍ÷ĥ̥ʒ¥bFR áïÊ(Free running mode)c|®¨¸ëŏɍĥ̥ʒ¥bCL
áïÊ(Cooling mode)c|®¨¸ëʗɍĥ̥ʒ¥bHT áïÊ(Heating mode)c�x|t¢

� 3 ÑÂïë¥ŔŤ|{�����·ï½¥bMX áïÊ(Mixed mode)c�Ǣz¡` 
(a) ǤŊǇ˺̢̐ǀ 
ƨ 2.7 �Ƌʞ�kr¡̨ƕʒ�Ǉ˝˺�ǤŊ˝˺�Ȕưĳ¥ͅz Ǉ̀˝˺�ǅū¥�¡�|

1 ʞ�ʝĞȔư� 4.8°C ���Ğöz¡ðʂ|8 ʞ�� 28.0°C ���õʉx�k |~�

Ȋ� 23.2°C �g¡ Ə̀ˉ�ǤŊ˝˺�����¡�|2 ʞ�� 11.9°C ��Ğöz¡��ǰ

x�|8 ʞ�� 28.4°C ��õʉx�k |~�Ȋ� 16.5°C �g¡ Ǥ̀Ŋ˝˺�ʂmǇ˝˺

� �ȕб�ǅūȑmαhm|t¢�Ƞ̕ȼΖ�͛ЯЬ��¡ʀ̐mά¤¢¡���g¡

�Ύj�¢¡`��|ǆǜ�˚ϻx�Ŏǜ�ʂmǤŊ˝˺�ȊmǊnh`t¢��h�|

ʎǜ�ǆǜ|͎ǜ��͛аɵ�ǣʃ����ǤŊ�˝ǪȼmĞöz¡ðʂ�|Ŏǜ��͛

аɵ¥ά¤�ht��˝ǪȼĞö�ˎęmǶ�ht�mΎj�¢¡` 
h{¢�x£ʧ’͘�kr¡ǤŊ˝˺�ȕбǅūȑ�ͯ 16.5°C �Ǌnh��|ğǞŊ�

kh��̢ǀϝɹάū¥ǣʃx�|ǻğΏΘ϶�̲̐ȸИȼ�ĭ�ȵιmg¡t�mʋ�

l�g¡` 
ƨ 2.8 �̨ƕʒ�ǤŊ˝˺�Ǉ˝˺�вī¥ƋáïÊ�ͅx�h¡ �̀k|ƨü�̊�

ǤŊ˝˺�Ǉ˝˺�ĳmƏy��¡ǰς�g¡`ƣȏȡ�ǰz¡ˤǢīɸ¥�¡�|FR
áïÊ�� 0.79 �g¡��ǰx�|CL áïÊ�� 0.07|HT áïÊ�� 0.10 �g |˚

ϻ̲Ğhĳ�g¡`t�̡̧�®¨¸ëŏʗɍĥ̥ʒ����|Ǉ˝˺ǅū���{ωǢ

˺Ȝ¥Ƹ˿�ǤŊ˝˺mŜȲv¢¡���g¡`��|FR áïÊ�ń��ǜͦ�ÈïÂm

Ɠ�¢¡��ǰx�|CL áïÊ� HT áïÊ��̖Ǣ�ǜͦ��ǰϤ�� |Ǉ˝˺�ǰ

ϤͧƧm̚ht��̡̧�Ύj�¢¡` 
®¨¸ëŏʗɍĥ̥ʒ�ǤŊ˝˺ΘĠ¥ωǢ˺Ȝĳ�ŜȲx�h¡t�l�|ǤŊ˝˺

¥ϙʋǅɸ�z¡��|~�άụ̄ϰl�Ç¢p�hДx�ʒ�ǤŊ˝˺�g¡�l|

ɸĳő̡¥άiȵιmg¡`ŀά’͘[81]��˺̢̐ǀ˻Ǣĳ�ǰx� 10 ŔȯĔŊ�®¨

¸ëŏɍĥ̥î÷ĥ̥�͛аЯ�άụ̄ϰ�Ťƌ¥ͤœz¡áÈçŰ�’͘mɠ±�¢¡`

ðʂ|ʧ’͘�ƅ ɒi̢ǀϝɹάū�ÈïÂ�άụ̄ϰ���p|̲̐ýρ̨ƕʒ�̢

ǀϝɹάū�̘Ƀ¥χЫx����g¡��|άụ̄ϰȯl�Ç¢p�h�ʒбm��

h¡�l|÷ʋ�g¡`x�m��|®¨¸ëŏʗɍ��i�ǤŊ˝˺¥̴ˊĳ�ŜȲz

¡̴̲�̢ǀϝɹάū��h�|ʧ’͘��ǤŊ˝˺¥ĥ̥z¡t���˫Ɂmȵι�g

¡t�mΎj�¢�` 
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��|FR áïÊ¥̈́ϕz¡�|Ǉ˝˺� �ǤŊ˝˺�ʂmџp�¡ĺƑmg¡`t�

ǤŊǇ˝˺�Ȋ��h�|Ǉ˝˺ 30°C Ĕö��Ŏǜ�ĞhǇ˝˺Ȏ��Ğöz¡��¢�

ǤŊǇ˝˺�ȊmǊnp���h¡`t¢�|͛ЯЬmǈp�¡Ŏǜ��|ğǞ�˝Ǫȼ

ΖmǤŊ˝˺�øj¡σъmǊnp�¡t��|ğǞu��ȨɊv¢¡ǤŊ˝˺�Ȋ̯m

̟¢����Ύj�¢¡` 
ƨ 2.9 �|æÓë¶�ǬǤu��ǤŊ˝˺îǇ˝˺�ʒͭŖǅū¥ͅx�h¡`�k|Ƌ

ʒŞ�üȴ̊mðʒбu��Ȕư˝˺�g |~¢�ǰz¡l2S.E.(Standard Error)ͧƧ

¥®åïÐï�ͅx�h¡`��x|ᾳmv¢�h�hʒŞȎ��|ÈïÂɸm 30 ʥ˽

�Ƕ�l����ͤœx�l��` 
Ǉ˝˺¥�¡�|Ç�ǜͦ��ʐ�ʒбȎ�ʝџĳ�Жx�k |1 ʆ�kr¡ǅūȑ�

ͯ 5°C �g¡`��|ƏyʒбȎ�g���Ƌǜͦ�б��ͯ 5°C �Ȋm��¢|ͻυ̲

��ʟɁ�Ȋ�g¡`ǤŊ˝˺��|Ǉ˝˺� �ǅūȑm̚h`ǤŊ˝˺�kh��|

ǬǤ� 4 ʒ¥иp�|ƏʒŞȎ�ȔưǤŊ˝˺�Ƌǜͦб�ʟɁ�Ȋmg¡`t¢�|Ǥ

Ŋ˝˺�ǜͦȊ� 1 ʆ�kr¡ʒͭŖ�ȶy�ǅūȑ� �αh�Ύj�¢¡`ʧ’͘�

kh��|ȕб�ÈïÂ¥̥h�Ŕʰ¥άim|ǤŊǇ˝˺ĺƑ�ǜͦȊmʟɁ�g¡t

��|ʧ’͘�kr¡̢ǀϝɹάūáÈç�ͤœ�kh�Хι�g¡`Ĕõ�t�l�|

ǤŊǇ˝˺�ǜͦǅū� 1 ʆ�ʒͭŖǅū� �Ǌnh�Ύj�¢�`t¢�� |ǜͦ

ǅū�–̴z¡ʧ’͘�̢ǀϝɹάūáÈç�а̱�kh��|ǤŊǇ˝˺�ʒͭŖu�

�Ȋ̯¥̌ν�n¡t��z¡` 

 

Figure 2.7 Mean outdoor and indoor air temperature measured during the voting (Mean ±2 

S.E.) 
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Figure 2.8 Relationship between the indoor and outdoor air temperature in each mode during 

the voting time. (Ti is the indoor air temperature [°C], n is the number of data, R2 is the 

coefficient of determination, S.E. is the standard error of regression coefficient [°C]. The 

significant probability (p) of all regression coefficient is less than 0.001. The dotted diagonal 

line shows the equal outdoor and indoor air temperature.) 

 

 

Figure 2.9 Time-wise mean outdoor and indoor air temperature during voting in each season 

(Mean ± 2 S.E.). 
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(b) ̢ǀϝɹάū 
ː�|ϝʸ�ȱ�¢�̢ǀϝɹάū�ÈïÂ�ĺƑ¥ɔɯz¡` 
ƨ 2.10 �|Ƌʞ�̨ƕʒ�kr¡®¨¸ëŏɍ|®¨¸ëʗɍ|ɏіˎ�ĥ̥k��͛

аɵ�Ťƌ¥ͅz`Ŏǜ��ʗɍĥ̥Ťƌmџh`ʎǜ�͑¡�ʗɍĥ̥Ťƌm˸Ƕx|

͛аɵŤƌmõʉxǔ�¡`ǆǜ�͑¡�|͛аɵŤƌ�õʉmˑ�¡��Əʒ�|®¨

¸ëŏɍĥ̥Ťƌ�ɏіˎĥ̥Ťƌ�úʂ�õʉz¡ĺƑ�g¡`͎ǜ�͑¡�®¨¸ë

ŏɍĥ̥Ťƌ�ɏіˎĥ̥Ťƌm˸Ƕz¡��Əʒ�|͛аɵŤƌ��l�˸Ƕ¥x�

h�`t���|®¨¸ëŏɍ�ɏіˎ�ĥ̥Ťƌ�� 1 íʞВ¢�͛аɵŤƌ� 0 �Є

p�¡ĺƑ�g��`͎ǜ�Ͷ¤ ь|͛аɵ�ёȜm˸Ƕz¡��Ń¢ʜ¤¡�i�|

®¨¸ëʗɍ�ĥ̥Ťƌmǁŧxǔ�|Ŏǜ��ʗɍĥ̥ŤƌmʝǊ����`t¢�̢

ǀϝɹάūŤƌmȕб�Ǌnpǅūx�h¡t�l�|ǻğΏ�ȕб¥Ќx�ǤŊ�˺̐

̢ǀ¥ϝɹx�h¡t�mʋ�l����`��|ńњ͙ϝ�°Õ©½Óç�Ç�ēαv

¢¡ðȮ�͙ϝŜȲ��|ʆĒ��¡ʣб¥ˤ��ŏɍîʗɍ�ĥ̥ʣб¥ðȮ�ωǢz

¡·ï½���¢¡m|ʧ’͘�ǻğΏ�ωǢʣб�ǰx�ðȮ�Гϸz¡����p|

ǻğΏΘ϶mĥ̥�ŕ ʜj¥ά���h¡t�m|ƨ 2.10 l��Ύj�¢�` 
šͦ�kr¡ƨ 2.8 ��|ǆǜ̶ȧ�Ǉ˝˺Ȏ�kh�|FR áïÊ�ǤŊǇ˝˺�Ȋm

ǵvht�ʋ�l�g¡`ƨ 2.10 �kh��|ǆǜ�ͯ 45%�͛аɵm�v¢�h¡ĺƑ

�g¡t�l��|͛ аɵ��¡ǤŊ�˝ǪȼĞömвīx�h¡�Ύj�¢� �̀� |

ǤŊ˝˺�ĺƑ�͛аɵάū�вīȼmg¡t�¥ͅx�h¡` 
��|®¨¸ëŏɍ�ɏіˎ�ĥ̥Ťƌ�Ç���|8 ʞ�kh�ʝǊŤƌ����k |

Ĝ�ĺƑ�ɢj�¢¡`xlx|ɏіˎĥ̥Ťƌ�ʂmŏɍĥ̥Ťƌ� �|ĥ̥аǔʒ

ʣmͯ 1 ʞʇhĺƑ�g¡`t¢�¥τhɮj¡�|ʎǜͶ̳fǆǜȚ̳��|Θ̎ɮ˝

�ŴŔ�g����|ǻğΏ�͛аɵ��¡Θ̎ɮ˝¥ʝŗ�ǣʃx�h�m|ǤŊ˝˺

�Ǉ˝˺mv��õʉxǔ�¡�ǻğΏmʖv��¡÷ȸ¥ɂyǔ�����|®¨¸ë

ŏɍ¥̥h�ǤŊ˝˺�ŜȲ¥ǣʃx�t�mΎj�¢�` 
ƨ 2.10 �Ɠ��|t¢��t�l�ʎǜl�ǆǜ�kr¡ɨ˲άū�К͑��h�|ː

��i� 3 ½ÇÅ×mΎj�¢¡` 
1. ͛аɵ��¡|�l�ǤŊǰ˭�̱̣` 
2. ɏіˎĥ̥��¡|ǤŊǰ˭ЍȜ�ǁŧ` 
3. ®¨¸ëŏɍĥ̥��¡|ǤŊ˝˺�ŜȲ` 

��x|t¢�� 3 ½ÇÅ×�ü�kh��|~¢�¢�ɨ˲άūmƏʒǣʃv¢¡t

��Ύj�¢¡`šІ�Ќ |ʆʧ�ğǞ�kh��®¨¸ëŏɍĥ̥�͛аɵ�Əʒǣ

ʃv¢�hĺƑ�g¡m|ɏіˎĥ̥��h��͛аɵ�®¨¸ëŏɍĥ̥�ƏʒǣʃѦĤ

̥ѧv¢¡ƇΖȼ�g¡`t¢�̢ǀϝɹάūáÈç¥bǻğǣɃ¥� ˒̈́�α̟z¡

Ϭɾc�x�ɒiƽƌ�|Ɠʟz�nĄ̧�Ύj¡`t¢��Ĥ̥ƇΖȼ��h��|͟ 3
͝�̢ǀϝɹάūáÈç�ͻƌ�kh�|Ǉ˝˺¥ϙʋǅɸ�x�˄φ¥άi�z¡` 
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Figure 2.10 Mean proportion of the window opening and cooling, heating and fan use in each 

month (Mean ± 2S.E.). 
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ʧ͝��|ʆʧ�ğǞ�kr¡Хι�̢ǀϝɹάū�g¡b͛аЯc�b®¨¸ëŏʗ

ɍĥ̥cbɏіˎĥ̥c��h�̢ǀϝɹάūáÈç¥ͤœx|����ͻƌáÈç�x�

α̟¥άi`t¢�� |~¢�¢�άūёȜ¥̶ǰ̲ɸĳ�α̟¥άit��|ʆʧ�

ğǞ�kr¡̢ǀϝɹάūǣʃ�ðȕ¥Ќx�ǅū¥σʋz¡`ŧj�|®¨¸ëŏʗɍ

�ωǢ˺Ȝ�–ΰЧ��h��̢ǀϝɹάū�áÈçŰ¥˄φx|áÈçͻƌ�ƇΖȼ�

�h��˄φz¡`v��|t¢��˄φl�ȱ�¢�ʳl�|ʆʧ�ğǞ�kr¡̢

ǀϝɹάū�ёȜ¥|ȕб¥Ќx�͑ ǅ¤ ¥|˚ϻ̲�σʋz¡` 
3.2 ��|ͻƌv¢�̢ǀϝɹάūáÈç�ˇȹ¥І�¡` 
3.3 ��|͛ аЯάū�®¨¸ëŏʗɍĥ̥/÷ĥ̥��h�|����ƨü�α̟�n¡

ͻƌáÈç�ͤœ¥άi` 
3.4 ��|šͦ�ȱ�¢�͛аЯ/®¨¸ëŏʗɍ�ͻƌáÈç�|ɏіˎĥ̥άū�áÈ

çͻƌ¥άi` 
3.5 ��|–ΰЧƁ�®¨¸ëŏʗɍ�ωǢ˺Ȝ��h�|ǤŊǇ˝˺ǅū��ǰȶвī

¥Ŕʰx|šͦ���ȱ�¢�͛аЯ/®¨¸ëŏʗɍ/ɏіˎ�ͻƌáÈç��ͻƌƇΖȼ

¥˄όz¡` 
3.6 ��|šͦ���ȱ�¢�ͻƌáÈç�–ΰЧî®¨¸ëωǢ˺Ȝ�Ŕʰʳ¥Ƹ�|

ʆʧ�ğǞ�kr¡̢ǀϝɹάū�ȕбǅū¥Ύǭz¡` 
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̢ǀϝɹάū¥ǰϤ�ˉa�Ʈƶ�’͘v¢�h¡`t¢�ǈp�ŀά’͘�ŇЌιͲ�

x�|bƋa�̢ǀϝɹάūu��áÈç¥ͤœz¡ct�mǈh̊mɠ±�¢¡` 
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ū�~�đ�̢ǀϝɹάū��̶Ćвīȼmg¡t�mΎj�¢¡` 
� t��i�̢ǀϝɹάū�̶Ćвī�|̢ǀϝɹάūáÈç�ǈp�ŀά’͘�kh�
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��h¡��|ηɸ�̢ǀϝɹάū¥ĥhŔr¡вʮ�ǻğΏ�άūǣɃ¥σʋz¡��|

̢ǀϝɹάū�̶Ćвīȼ�ΎɆz¡t��Хι�Ɂ¥ɝ��Ύj�¢¡` 
� ~t�͟ 3 ͝��|вʮƮƶ�ğǞ�ǣʃv¢¡ðΜ̲�̢ǀϝɹάū�Лɗ�kr¡

̶Ćвīȼ¥ʋ�l�x|̶Ćвīȼmƃʍv¢�ͻƌ̲�̢ǀϝɹάūáÈç¥а̱z

¡`��|а̱v¢�ͻƌ̲�̢ǀϝɹάūáÈç¥̥h�|вʮ�ǻğΏάūǣɃ�Ǣ

Ч̲�σʋ¥άi` 
 

�
� àċĊóx8daK_qº¨iÔ;uoy;ê}�

šͦ�І��ͻƌ�ˇȹ¥Ƹ�x�|̢ǀϝɹάūáÈç�ͻƌ¥άi`�y��|͛

аЯάū�®¨¸ëŏɍĥ̥|®¨¸ëʗɍĥ̥�áÈç�ͻƌ¥ώ�¡` 
�


�
��� ê};Ä  
ʧ’͘�kr¡̢ǀϝɹάūáÈç�ͻƌ�ˇȹ¥�y��І�¡`ʧ’͘�n�lr

�|b͛аɵáÈç�ͤœcl�ǔ���`͟ 2 ͝��І��Ќ |Єȕ�̢ǀϝɹάūá

Èç�é¼½Ç©Åµвɸ¥̥h�ͤœv¢¡·ï½mǈh`t¢�|ϙʋǅɸ��¡˺

̢̐ǀ̡̕Ʈ�õʉ�xp�öе�ǰx�|ʒ̴̲ǅɸ��¡̢ǀϝɹάūŤƌ�ж �

p 0 �Єhĳl�ж �p 1 �Єhĳ�К͑z¡ĺƑ¥ɝ��h¡`Ħj�Ǉ˝˺�õʉ

�ǰx�®¨¸ëʗɍĥ̥�ёȜ�˸Ƕx�hn|®¨¸ëŏɍ�ɏіˎĥ̥�ёȜ�õ

ʉx�hp`t¢�Ƌa�̢ǀϝɹάū�ёȜ�ǁ˸¥̝̲̈́�ͤœz¡���|ðːв

ɸ� �é¼½Ç©Åµвɸ��i�ƄʫĺƑ¥ɝ�вɸ¥̥h�ʂmСƌmhh��g

¡` 
~�ðʂ�|͛аɵάū��h��b˲xpz¡���άūc�g¡��ll¤�{|

®¨¸ëŏɍĥ̥�Əʒǣʃv¢�h̖ȼ¥ɝ�`~���|˝˺õʉ�ǰz¡͛аɵё

Ȝ�ǈp�¡m|ŏɍĥ̥��Лɗ�ŕʜ����ёȜm˸ǶĺƑ�ŕ ʜ¤¡̖ȼ¥ɝ

��Ύj�¢¡`®¨¸ëŏɍˎmŴŔ�ʓƁx�h�hƮƶ�ʒē�g¢�͛аɵáÈ
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Robinson [37]�é¼½Ç©Åµвɸ�ðːвɸ¥ąːвɸfƢːвɸ�Ήnɮj¡

bPolynomial logitc¥̥h¡t��|Ǉ˝˺õʉ�ǰx�͛аɵŤƌ�õʉ�öе�úʂ

¥ǣ̟x�`Kim � [24]�é¼½Ç©Åµвɸ�ąːвɸ¥Ś̥z¡t��|͛аɵŤƌ
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е¥ǣ̟x�h¡`��|͍�ʅƼ�Ɠ��hp�l�ŀά’͘��|®¨¸ëŏʗɍ÷

ĥ̥ʒѦFR áïÊ�Ƙ�ѧ�ÈïÂ��əœx�͛аɵάūáÈç¥ͤœz¡·ï½��

�¢�`t¢�®¨¸ë÷ĥ̥ʒ�g���ɨ˲άū�ȵι�g¡t�l�|®¨¸ë÷

ĥ̥ʒ��͛аɵёȜmǁŧz¡�Ύj�¢¡t��|é¼½Ç©Åµвɸ¥͛аɵáÈ

ç�Иȶ�n¡���g¡`͍Θ϶�Ĕš�t�ɐ˩�͛аɵáÈç¥ͤœx�h�` 
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�g¡t�l�|b1.00 l�®¨¸ëĥ̥Ťƌ¥ȊxȢh�ĳc�b®¨¸ë÷ĥ̥ʒŤƌc

��  FR áïÊ�Ťƌ�Ύj�¢¡ t̀�t�¥ΎɆz¡�|®¨¸ëĥ̥Ťƌ¥̥h�

ͤœv¢� FR áïÊŤƌ� FR áïÊʒ�͛аɵŤƌ¥ɧrƌ¤|¡t��|Ǉ˝˺õʉ

�ȶy�͛аɵŤƌ�˸ǶĺƑ¥®¨¸ëŏɍĥ̥ёȜ�õʉňƌ�ȶy�ͤœ�n¡ɐ

˩�ƇΖȼ�śЖx�` 
t�ͤœД͓��h�|ªàï¼¥̥h�νξ̲�αx���mƨ 3.1 �g¡`̋ ˺mџ

hʒʣ�kh�|®¨¸ëŏɍĥ̥áÈç�ƣȏ� FR áïÊʒ�͛аɵáÈç�ʝǊŤ

ƌ 1.00 ��ǰȶвīmg¡t�����|®¨¸ëŏɍĥ̥�ǁŧ�ȶy�͛аɵáÈç
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Figure. 3.1� The process of calculation for window open model in MX mode.  
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Figure. 3.2� The model concept of the opportunity of air conditioner use and window 
open/closed behaviours explained by outdoor air temperature. 
 

�
�	� øãªÊ 
Ĕö��|͛аЯî®¨¸ëŏʗɍĥ̥�ͻƌáÈç�Ŕʰɐ˩��h�ϙʋz¡`�

�|͛аɵáÈç�ĺƑ¥˚ϻz¡���̥h�²¬½вɸ� Polynomial logit ��h�

�ϙʋ¥z¡` 
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tt��|šͦ�͛аЯî®¨¸ëŏʗɍĥ̥�̶Ćвī¥Ƹ�|ʧ’͘�ʁ��а̱

x�i�z¡̢ǀϝɹάūáÈç�ͤœʂ˩��h�І�¡`ʧɐ˩��|ȡ(2.1)�é¼

½Ç©Åµвɸ¥̥h�|̢ǀϝɹάūŤƌ P �ʗɍĥ̥Ťƌ PHT �ŏɍĥ̥Ťƌ PCL|
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�|t¢� 3͕ѕ�ȡ¥Ĕö�вīȡ�ēŃx�|MX áïÊ�͛аɵŤƌPW¥ͤœz¡` 
PW = PFR×PWFR = {1 – (PHT + PCL)}×PWFR      (3.1) 
PWѮMX áïÊ�͛аɵŤƌѨPFRѮFR áïÊ�Ťƌ�g¡`t�вīȡ¥̥h¡t�

�|1 ��ƨü� MX áïÊ�͛аɵŤƌ�ŏʗɍĥ̥Ťƌ¥̶ǰ̲�ͅ|¡`�� |˻

ǢÈïÂ�Ǉ˝˺ͧƧ�kh�ƨü��Ĕö�вīȡ�Ɋ͜z¡�ĕǢ�n¡` 
PHT + PCL + PW + PWCFR = 1       (3.2) 
PWCFRѮMX áïÊ¥ŔʰǰϤ�x�ʒ�®¨¸ëŏʗɍ÷ĥ̥ʒ�͛ЯЬŤƌ�g¡`

t�ȡ(3.2)�ƨ 3.2 �΅ϹńĠ�ˈɊŤƌ¥αx�h¡` 
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õʉĺƑ��¥ͅz`�� |t�ɐ˩��͛аɵ�ƣȏ�Ȩ̘¥ŏɍĥ̥�ǈv�ȶ

y�Иŕ�Θū�ωǢz¡t���¡ t̀��i�|͛ аɵáÈç�ƣȏĺƑ��h�|

Ǉ˝˺�õʉ�ȶy�öеĺƑ�ʟ̌�úʂ¥ͅ|¡̊�ŀά’͘�g¡²¬½вɸ��

ɝ��h̖ȳ��g¡` 
(b) ²¬½вɸ [25] [82] 
ː�|͛аɵáÈç¥ͤœz¡���̥h�²¬½вɸ��h�ϙʋz¡`²¬½вɸ

�Ĕö�ȡ�αv¢¡` 
PW=AeY              (3.3) 
Y=-{(To-µ)}2/(2σ2 )             (3.4) 
AѮƣȏmͅzʝǊ͛аɵŤƌ|qѮʝǊ͛аɵŤƌ��¡ʒ�˝˺[v]|rѮÔïµ

ȑ�ŜȲĳ�g¡`r�ƣȏ�αm ¥αx|ĳmǊnh�Ç�l�αm �g¡ƣ

ȏ��¡` 
(c)� Polynomial logit [24] [37] 

Polynomial logit �|ȡ(2.1)�ϙʋx�é¼½Ç©Åµвɸ�ƊЀ a+bTo¥ąːвɸƁ�

~¢� џː�вɸ�ˈɊx�вɸ�g |Ĕö��i�αv¢¡` 
logit(PW) = a +∑ (h0120)3

04"           (3.5) 
aѮǢɸ|iѮвɸ�ːɸ|nѮвɸ�ʝǊːɸ|hiѮƣȏīɸ�g¡`ʅȬ’͘��Øç

±ïÖ�ƣȏȡ��¡�i�ąːвɸ[24]�Ƣːвɸ[37]¥̥h�Ŕʰ¥ά��h¡`~�

��|ʧ’͘��Əˉ�ąːg¡h�Ƣːвɸ¥̥h�ͤœz¡` 
(d)� ƋвɸáÈç�̖ȳ 

(a)~(c)�ɭͅx�͛аɵáÈç�ͤœʂ˩�̖ȳ¥α 3.1 �ͅz ƣ̀ȏȡ�ͤœ�ȵι�

̢ǀϝɹάūÈïÂ�͕ѕ�²¬½вɸ� Polynomial logit ��͛аЯ���g¡m|ɭ

ʼɐ˩(a)��ŏʗɍĥ̥ÈïÂ�Ŕʰ�ȵι�z¡`ðʂ�|ɭʼɐ˩��é¼½Ç©Å

µƣȏȡ¥ͷ�ƌ¤|�͛аɵ�áÈç¥ͤœx�k |ͤœД͓�ŏʗɍĥ̥ŤƌmΎ

Ɇv¢�h¡`x�m��͛аЯ�ŏʗɍĥ̥�̶Ćвīȼ¥̶ǰ̲Ťƌ�ͤœ�n|ð

��ƨü�α̟z¡t�m�n¡` 
ƣȏ�̖ȳ��h��|²¬½вɸ��ĺn�ȉƊǰ͐ȼmȵ̲̎�ωǢv¢¡`x

�m��|Ǉ˝˺�õʉ�ǰz¡͛аɵŤƌ�õʉîöе�ĺɿmƏy��¡��|õʉî

öе�ĺƑmĆh�ȓ˷xgi̖ȳmg¡`ðʂ|ʧ’͘�ɭʼx�ɐ˩� Polynomial 
logit ��ȉƊǰ͐ȼmȵ̎���pѨ͛аɵŤƌ�õʉĺƑ�öеĺƑ�Зh¥α̟xȱ

¡�Ύj�¢¡`̖�͛аɵŤƌmõʉîöеĺƑ��¡џhǇ˝˺Ȏ�kh��Ѩ~¢

�¢��h�̙͜�ĺn¥ωǢ�n|ǣɃ�ЄháÈçmͤœ�ʟ̥��¡ƇΖȼmg¡`

ƣȏīɸ�вz¡̖ȼ��h�|Polynomial logit ��ȡ(3.5)�ːɸ i mџp�¡�Çƣȏ

īɸ�kr¡ʟŪɸǙ�ȵιʻɸmǈp�¡ĺƑmg¡`Polynlmial logit ��ƣȏīɸ�

ǟʌ�ƢɣćŃ��¡ƣȏ�ǅȨ�� |Ŕʰʳl�lrс¢�ƣȏáÈç��¡æ

½µmџp�¡��|ƣȏīɸ�ʟŪʻɸ¥ɄХ�˄φz¡ȵιȼmg¡` 
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Table 3.1� The characteristics of regression lines in each analysed methods. 

 
 

�
�
� àċĊ`daK_qº¨iÔ;ê}uoy;ãr 
(a)� é¼½Ç©Åµвɸ��¡Ƌ̢ǀϝɹάūáÈç�ͤœ 

͛аЯî®¨¸ëŏʗɍĥ̥�ͻƌáÈç¥ͤœz¡���|ʧ’͘�kr¡é¼½Ç

©ÅµƣȏŔʰ¥̥h�ŏɍĥ̥Ɓ�ʗɍĥ̥îFR áïÊ�͛аɵ�Ťƌ�Ǉ˝˺�вī

¥ͅz` 
logit(PCL)=0.277To-8.090   (n=34,681, S.E.= 0.004, R2=0.26, p<0.001)   (3.6) 
logit(PHT)=-0.233To+0.755  (n=30,568, S.E.=0.005, R2=0.26, p<0.001)   (3.7) 
logit(PWFR)=0.241To-5.561  (n=25,212, S.E.=0.003, R2=0.35, p<0.001)   (3.8) 
t¢��ȡ¥Ƹ�̢ǀϝɹάū�Ǉ˝˺�вī¥ƨͅx���mƨ 3.3 �g¡ Ǉ̀˝˺m

4vĔö��ʗɍ�ρ˻Ťƌ�×éÅÉm 0.4Ѱ0.5 �ͧƧ�ѐɑ�ĺƑ�� |ƣȏ��

Āсm��¢¡`t¢�Ǉ˝˺m 29vĔõ�ƽƌ�ŏɍî͛аɵ�Əˉ�g¡`~�̡̧

�x��̸®ÍɁϡ��¡–ΰϝɹ�ɏіˎ�h��~�đ�άū�Ĥ̥mɠ±�¢¡`

ȡ(2.1)�ͅx�ðΜ̲�é¼½Ç©Åµвɸ��|0 �ж �pЄhĳk�� 1 �ж �p

Єhĳ�Ƅʫz¡ĺƑ¥ɝ���|~�đ�άū�Ĥ̥��¡ʝǊŏɍĥ̥Ťƌ�˸Ƕ�

ǰx�|ȵ{x�ͫȜ�pƣȏz¡��ж��h̖ȳ����g¡`ʧͦ��͛аЯ�®

¨¸ëŏʗɍ��¥ȕбǅū�ü�̶ǰ̲��¡t�m̴̲�g¡��|~�đ�άū�

ΎɆ��h��ːͦĔе�Ϝѓ�z¡` 
ƣȏ¥�¡�|Ǉ˝˺õʉ�ȶy�ʗɍĥ̥Ťƌ�Ğöx�hpm|ŏɍĥ̥� FR á

ïÊ�͛аɵ�Ťƌ�õʉx�hpt�mŔl¡`��x|ʝǊʗɍĥ̥Ťƌ�ŏɍ�ƽ

ƌ�˚ϻx�ǵvhŤƌ�ɪ͑x�h¡`t¢��h�|ǫhǜͦ��ʗɍĥ̥ĔǇ��

–ΰϝɹ�h��~�đ�̢ǀϝɹάū�άit��|Ƕ�hʗɍĥ̥�g���~�̢

ǀ�Иȶ�n�h¡ǻğΏmǚƭz¡���Ύj�¢¡`��|ǬǤ�g¢�ȍƥ�ϝͦ

��¡ǬșŊ̢ǀ�ɴƟ�άit��|ǬșǇ�g¡ǬǤŊ˝˺mĞp��̼̾¥�n¡

�i�x�h¡����hl�Ύj�¢¡`t��i�æÓë¶�ǬǤ��̢ǀϝɹάū

�ЛɗΓm̯�¡t��Ύj�¢¡��|̀ƭƽɎ�ʒбȎ�Зh¥ΎɆx�’͘�άi

ȵι�g¡` 
 

(a) Suggestion of this research Window, Cooling & Heating Yes Yes
(b) Gaussian function No
(c) Polynomial logit Yes No

Yes
Window No

Analysis methods Data collection of building
controls for calculation

Asynmmetrical
slope

Relative
proportion

Simplicity of
the coefficient
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Figure 3.3� The stochastic models of each occupants’ behaviours explained by outdoor air 
temperature. 

 
(b)� MX áïÊ�͛аɵáÈçk��ʅǚɐ˩��˚ϻ 
ː�|šͦ�ˠ�� 3 ��é¼½Ç©Åµƣȏȡ¥̥h�|MX áïÊ�͛аɵŤƌ¥ͤ

œz¡`ͤœʂ˩�ȡ(3.1)�ͅx�вīȡ¥̥h�`t¢����ͤœx� MX áïÊ�

FR áïÊ�͛аɵŤƌ�Ǉ˝˺�вī¥ƨ 3.4 �ͅz`FR áïÊ��͛аɵŤƌmõʉ

ĺƑ�������ǰx�|MX áïÊ�� 26.0v�ʝџ͛аɵŤƌ 0.47 �� |t�Ǉ

˝˺� õʉx��Ğöx��͛аɵŤƌ�Ğöz¡` 
α 3.2 �ɭʼɐ˩�kr¡͛аɵŤƌ�ƣȏ�ȉƊчǰ͐ȼ¥˄όx����g¡ �̀

xƣȏmȉƊǰ͐�g¢�|ʝǊ͛аɵŤƌ�g¡ 26.0vl� X Ϲõ�l�úʂƑ�͡

бл�Б¦�hp�Əy͛аɵŤƌ��¡m|ȉƊчǰ͐�g¢�ƏyŤƌ�����h`

~¢mÇ¢͓�g¡l¥̈́ϕz¡���|26.0vl�+ʂƑ� 33.0v(�� -ʂƑ� 19.0v)
��|1.0K u��͡бл�͛аɵŤƌ�Ȋ DPw¥Ĕö�ȡ¥̥h�ˠ��h��` 

DPw = P26-n – P26+n  (n=1, 2, 3, … ,7)       (3.9) 
P26lnѮ26lnv�ʒ�͛аɵŤƌ�g¡`α 3.2 ¥̈́ϕz¡�|ʝǊ͛аɵŤƌ�ы̊

l�с¢¡�Ç DPwmǊnp�¡��|чǰ͐ȼ�ǣ̟x�h¡m|n=6 �� 0.011 �Ȋ

xl�ht�mŔl��`t¢�|Ǉ˝˺ 20v�ƽƌ� 32v�ƽƌ�˚�� 1.1%xl͛

аɵŤƌmџp�ht�¥ɁƗz¡`t�Ȋ�чȐ�ǵvp|ϘȊͧƧŊ�Ύj¡t��

�n¡`t¢��t�l�|ɭʼɐ˩��¡͛аɵŤƌ�ƣȏ�ȉƊчǰ͐m̈́l�ǣ

̟v¢�h¡m|ʧ’͘�·ï½��ȵ{x�ȵι�ʬė���ht�m̈́ϕ�n�` 
��|ʧͦ��ѨʅȬ’͘�ά¤¢�h�ʅǚ�ɐ˩�ƣȏ�ĺƑmÇ��i�̯�

¡�l¥́¡���|²¬½вɸƁ� Polynomial logit ��¡ƣȏŔʰ¥ά��`�k|t

¢��вɸ��¡ƣȏŔʰ��Ǉ˝˺ 1vu��Ȕư͛аɵŤƌ PWO¥ͤœx|ÈïÂɸ n

�Ƹ�pХ�Ērƣȏ¥ά��(α 3.3)`��x|Polynomial logit �� PWO¥ logit(PWO)�ǅ
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ɮx�l�ƣȏŔʰ¥ά��`²¬½вɸƁ� Polynomial logit ¥̥h�ȱ�¢�|MX á

ïÊ�͛аɵáÈç�ƣȏȡ¥Ĕö�ͅz` 

ecNč³�

Pw=0.473eY            (3.10) 

Y = −	(,8#9:.<)
=

9×:.?=              (3.11) 

2C#*%C$"8#�#C!"E��3F8�'8E"� �

logit(PW)=-2.386×10-3To2+0.254To-5.407          (3.12) 

2C#*%C$"8#�#C!"E��3F8'E"� �

logit(PW)= 2.0496×10-5To4-2.2459×10-3To3 

+7.289×10-2To2-0.6418To-2.592           (3.13) 

t¢��вīȡ¥α 3.3 � PWO�Ň�ƨͅx���mƨ 3.5 �g¡`��|Ƌɐ˩��¡

ʝǊ͛аɵŤƌ�~�ʒ�Ǉ˝˺�α 3.4 �ͅz`��x|ƣȏ¥λ��¡�ąːвɸ¥

̥h� Polynomial logit ��Ǉ˝˺õʉ�ǰx�͛аɵŤƌ�õʉz¡ĺƑ������h

¡`t¢�α 3.3 �ͅx�ρ˻v¢¡͛аɵ�̟Ϥ(PWO)�ĺƑ�̯�¡ƣȏ�g¡��

˚ϻǰϤǇ�z¡` 

ρ˻ĳ¥�¡�|Ǉ˝˺õʉ�ȶy�͛аɵŤƌ�õʉx�ȯ��l�˸Ƕ�ϸy�

h¡`t�õʉöеĺƑ�ͦ 3.1.1 �І��b®¨¸ëŏɍĥ̥��̶Ćвīȼc��¡�

��Ύj�¢¡`��|ρ˻ĳõ�� 27vĒЄ�ϣ��¡�i�ǵv�õʉ˸ǶĺƑmg

¡�i��j¡mѨǇ˝˺ 27v���̱̟z¡�i�̖ř�άū�̡̧���l��h`

x�m��|25vĒЄl�ńĠ̲��l�˸Ƕ�ɢj�ʂm̡�l���h¡�Ύj�

¢¡`25vĔе�˸Ƕm�l��¡̡̧�|šͦ�Əˉ�~�đ�̢ǀϝɹάū�Ĥ̥

�ǻğΏ�̣ˬɅ�Зh�Ç��¡���ɪ˻�n¡` 

ƋáÈç�ƣȏȡ¥λ��¡�ѨPolynomial logit ��ƣȏīɸ�ʟŪɸǙmʝǊ 5 ʻ�g

 |ͦ 3.3.2(d)�І��Ќ Ѩ~�đ�ɐ˩¥˚ϻx�ǈht�mŔl��`ʝǊ͛аɵŤ

ƌ�0.47~0.48�g ѨÇ¢�Єhĳ�g¡ðʂ|ʝǊ͛аɵŤƌ�ʒ�Ǉ˝˺�26.0~26.9v

�� Ѩ0.9K �Ȋmg��(α 3.4)`t� 0.9K �Ȋ�|Ǉ˝˺�ȕбǅūȑ�˚ϻz¢�ǵ

vh�Ύj�¢¡` 

ƣȏńĠ�˚ϻz¡�|²¬½вɸ¥̥h�ƣȏŔʰʳmʧ’͘�ɭʼɐ˩�ʝ�

ЄĜx�h¡m|Ǉ˝˺mͯ 26vĔõ�öеĺƑ��ɭʼɐ˩�ʂmʝǊ 0.06(33.0v)Ğl

�� t̀¢�|²¬½вɸ�ɝ�ȉƊǰ͐ȼ�� |ͯ 26vĔõ�öеĺƑmǇ˝˺ 18~25v

ĒЄ�ƣȏ�ĺn�σъv¢�k |Ȋmα¢��Ύj�¢¡`��|ʧʭ�чǰ͐ȼ

mǣ̟�n¡ɭʼɐ˩�ʂmρ˻ĳ�Õ©ÅÉx��xhm|̨ ƕ�ǈh 27~28v�ρ˻Ť

ƌ�Ȣn{�¢����|ɭʼɐ˩�˸ǶĺƑ�ŮТmȻ�����Ύj�¢�` 

� xlx|h{¢�ɐ˩��ȕб�Ǉ˝˺ǅū�ǰx�Əˉ�͛аɵŤƌ�ǅūĺƑ¥α

x�k |~¢¥ǈp�ŀά’͘�Ś̥v¢�h¡bðːвɸ�ǰȶv|�é¼½Ç©Å
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µвɸc�ͷ�ƌ¤|����|®¨¸ëŏɍĥ̥ёȜ�ȶy�͛аɵŤƌ�ζ˒m�n

¡ʧ’͘�ɭʼɐ˩�|ƅ ɒhʌhʁ��ɐ˩� 1 ��Ύj�¢¡` 

 
Figure 3.4� The stochastic models of window open in FR and MX mode explained by 
outdoor air temperature. 
 
Table 3.2� The values for verification of asymmetry of MX mode regression curve. 

 
 

Table 3.3� The number (n) and proportion of observed window open in each outdoor 
air temperature rounded at 1K interval. 

      
 

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

0 5 10 15 20 25 30 35

Pr
op

or
tio

n 
of

 w
in

do
w

 o
pe

n

Outdoor air temp. [�]

FR mode

MX mode

To DPw

26 -
26±1 1×10-4

26±2 0.001
26±3 0.002
26±4 0.005
26±5 0.008
26±6 0.011
26±7 0.014

All Open
1 320 4 0.013
2 439 9 0.021
3 696 18 0.026
4 768 20 0.026
5 762 12 0.016
6 844 17 0.020
7 944 18 0.019
8 907 15 0.017
9 790 10 0.013

10 863 14 0.016
11 781 22 0.028
12 861 23 0.027
13 877 34 0.039
14 1003 45 0.045
15 893 85 0.095
16 983 111 0.113
17 1057 146 0.138

To  [�]
n

PWO All Open
18 1012 217 0.214
19 1006 217 0.216
20 1221 360 0.295
21 1245 491 0.394
22 938 423 0.451
23 958 479 0.500
24 1224 610 0.498
25 1302 641 0.492
26 2355 1081 0.459
27 3245 1315 0.405
28 2400 1025 0.427
29 1639 732 0.447
30 1052 462 0.439
31 841 370 0.440
32 656 255 0.389
33 369 142 0.385

Total 35251 9423 -

To [�]
n

PWO



͟ 3 ͝� ̶Ćвīȼ�Ƹ�h�ͻƌ̢̲ǀϝɹάūáÈç�а̱ 

 
 

38 

 
Fig. 3.5� The window open models in each methods. 

 
Table 3.4� The maximum proportion of window open in each models, and the outdoor air 

temperatures when Pw is max. 
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Figure 3.6 The stochastic model as relative proporiton of each behaviours explained by 

outdoor air temperature. 
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Figure 3.7 A hypothetical model for single and combined fan uses to be explained by 
outdoor air temperature 
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Figure 3.8 Observed proportion of single or combined fan use for the ranges of 1°C bin of 
outdoor air temperature (Mean ± 2 S.E.) 
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Ǉ˝˺ 18~19°C �¤{l�õʉx|20°C Ĕõ��ͯ 0.05 �Ŕȍz¡ĺƑ�g��`ɏі
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�ͯ 0.05 �� |0 l� 0.05 �hiŤƌĳ�б����l�К͑�ȵ{x�ȵι���h

t�mΎj�¢¡`t�t�l�|ʧ’͘�kh�ɏіˎŸ̙ĥ̥�áÈçŰ��é¼½
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For To<ToTransit,  P=PStepA      (3.16) 
For ToTransit≤To,  P=PStepB      (3.17) 
tt�|PStepA� PStepB ��|ĘɁ�̢ǀϝɹάūŤƌmωǢv¢¡`t¢�ĘɁ�Ťƌ�

ͻυ̲�ˤǢv¢¡`��x|PStepA � PStepB �Ç��lðʂm 0 �ƽƌ�|�iðʂ� 0
����h`��|̢ǀϝɹάūŤƌ�x�ͤœz¡��|PStepA� PStepB �Ç��� 0 �
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For To<20, PSF=0       (3.18) 
For 20≤To, PSF=0.046      (3.19) 
ɏіˎŸ̙ĥ̥Ѧé¼½Ç©Åµвɸѧ 
PFW=0.064PaFW        (3.20) 
logit(PaFW)=0.292To-6.3       (3.21) 
ɏіˎ�͛аɵ�Ĥ̥ 
PFW=0.256PaFW        (3.22) 
logit(PaFW)=0.389To-9.7       (3.23) 
ɏіˎ�®¨¸ëŏɍ�Ĥ̥ 
PFC=0.157PaFC        (3.24) 
logit(PaFC)=0.396To-10.7       (3.25) 
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PSF� 0.046|PFW� 0.212|PFC � 0.102 �ǅŰz¡`~¢�¢�ɏіˎĤ̥Ťƌ�Ÿ̙ĥ
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̦��ŀά’͘[62]�kh��Əˉ�|ɏіˎ�Ÿ̙ĥ̥� �Ĥ̥mǈht�mʋ�l�
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¸ëŏɍĤ̥� �ɏіˎŸ̙ĥ̥�Ťƌ�ʂmџp���h¡`t�̡̧�x��|ͦ

2.7 �ƨ 2.10 ��ͅx�Ќ |®¨¸ëŏɍm̱̟xǔ�¡ʒʣm͛аɵ�ɏіˎ� �

Вh��|ʎǜî͎ǜ�Ύj�¢¡Ǉ˝˺Ȏͯ 20~24°C ��®¨¸ëŏɍ��Ĥ̥Ťƌ�

Ƕ�ht�mΎj�¢�` 
� Ĕõ�t�l�ʧͦ��|ɏіˎ�Ÿ̙ĥ̥Ɓ�͛аɵ�®¨¸ë��Ĥ̥� 3 ÑÂï

ë��h�|Ǉ˝˺¥ϙʋǅɸ�x�̢ǀϝɹάūáÈç�ͤœ¥ά���`ðʂ�|ǻ

ğΏ�άūĺƑ¥ŴŔ�σʋz¡����|ɏіˎĔǇ�Ÿ̙ĥ̥�˚ϻǰϤ�Ɠ��Ύ

ǭz¡ȵιmg¡`~t�ː�ͦ��|ʧͦ�ȱ�¢�ɏіˎŸ̙ĥ̥îĤ̥áÈç¥|

͛аɵî®¨¸ëŏʗɍĤ̥áÈç��ͻƌ¥˄φz¡` 

 

Figure 3.9 The regression models of single or combined fan use explained by outdoor 
air temperature  
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çͻƌ��|šІ�ȡ(3.14)�ȡ(3.15)¥̥h�ͤœ¥άit��|ɏіˎŸ̙ĥ̥áÈç

�ͻƌ¥ƇΖ�z¡` 
� FR áïÊ�͛аɵ�®¨¸ëŏʗɍĥ̥�áÈç¥ͤœx�kx��t£|ː�ƣȏȡ

mȱ�¢�` 
PWFR=0.785PaWFR        (3.26) 
logit(PaWFR)=0.330To-6.3       (3.27) 
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PCL=0.520PaCL        (3.28) 
logit(PaCL)=0.397To-9.9       (3.29) 
PHT=0.481PaHT        (3.30) 
logit(PaHT)=-0.379To+3.6       (3.31) 
� tt�|PaWFR � FR áïÊ�kr¡͛аɵ�ϝɹŤƌ|PaCL�®¨¸ëŏɍĥ̥�ϝɹ

Ťƌ|PaHT �®¨¸ëʗɍĥ̥�ϝɹŤƌ�g¡`��|ƨ 3.10 ��Ƌ̢ǀϝɹάū�ρ

˻Ťƌ�ȱ�¢�ƣȏ¥~¢�¢ͅz ƣ̀ȏ¥�¡�|ƨ 3.6 �ȱ�¢�ƣȏáÈç�

 �Õ©ÅÉx�h¡t�m̈́ϕ�n¡`t�t�l�|Ďƣʁ��ͤœx�t¢��ƣ

ȏȡ¥̥h�|͛аЯ/®¨¸ëŏʗɍĥ̥�ͻƌáÈç�ͤœ¥άi`ƨ 3.11 �ͻƌv¢

�͛аЯ/®¨¸ëŏʗɍĥ̥áÈç¥ͅz`t�ͻƌáÈçl��|вʮƮƶ�ğǞ�ǻ

ğΏ���|͛аЯ�®¨¸ëŏʗɍĥ̥¥ȕб¥Ќx�ŕ ʜj�̣ˬ¥Ј��h¡t

�m̈́ϕ�n�`ƨ 3.11 �ͻƌáÈçõ�kr¡̖ȳ̲�Ǉ˝˺¥α 3.5 �����`Ħ

j�|Ǉ˝˺m 17.3°C �ʒ�®¨¸ëŏɍĥ̥�®¨¸ëʗɍ�ĥ̥ŤƌmƏy�� |

t¢� ĞhǇ˝˺��¡�®¨¸ëʗɍ�ʂm|ƃǰ�џhǇ˝˺��¡�®¨¸ëŏ

ɍ�ʂmĥ̥ёȜmǈp�¡t�m¤l��`��|Ǉ˝˺m 17.2°C �ʒ��®¨¸ëŏ

ʗɍ÷ĥ̥ʒ�͛ЯЬŤƌmʝ�Ǌnp���`��x|Ǉ˝˺m 17.3°C �ʒ��͛аɵ

Ťƌ�ʝǊ���p|Ǉ˝˺m 23.6°C ��õʉz¡�ʝǊ͛аɵŤƌ� 0.52 ����`

t¢��� |23.6°C šȯ�ǜͦК͑ʣ�kh��ͯŶɸ�·ï½�͛аɵ¥ǣʃx�h

¡t�¥ɁƗz¡`v��|Ǉ˝˺m 28.9°C ��õʉz¡�|͛аɵŤƌ�®¨¸ëŏɍ

ĥ̥Ťƌm��� 0.43 ��¡`t�͛аɵ�®¨¸ëŏɍ�вīȼ��h�|Ǉ˝˺m

28.9°C � �џp�¡�®¨¸ëŏɍŤƌ�ʂmџp� |ƃǰ� 28.9°C � �Ğp�¡

�͛аɵŤƌ�ʂmџp���h�` 
� Ĕõ�ʳ¥���¡�|ǻğΏЖ�ː��i�ǜͦ�ȶy�̢ǀϝɹάū�ŕ ʜj

¥ά���h��Ύj�¢¡` 
1) Ŏǜ��ʗɍ¥ĥ̥ 
2) ǜͦК͑ʣ��͛ЯЬ¥άim|®¨¸ë�ĥ̥x�h 
3) ǜͦК͑ʣ�Ŋ|Ǉ˝˺m˚ϻ̲џhʒʣ�®¨¸ëŏɍ���p͛аɵ¥ǣʃ 
4) ʖ̐ʣ��͛¥ЯЬx�®¨¸ëŏɍ¥ĥ̥z¡ˎęmǁŧ 

��x|t¢�¥���ʋ�l��i�|ɏіˎĥ̥��h����áÈçͻƌmЖɊx

�h�h��|ɏіˎ�ĥ̥ʒʣ¥̡σz¡t���n�h`x�m��ːͦ��|ʅ�

ˠ��g¡ɏіˎŸ̙ĥ̥/Ĥ̥áÈç¥̥h�áÈçͻƌ¥άh|͛аЯ�®¨¸ëŏʗ

ɍĥ̥|ɏіˎĥ̥�άū¥˚ϻz¡` 
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Figure 3.10 The stochastic models of each occupants’ behaviours explained by outdoor air 
temperature using modified logistic function. 

 

 

Figure 3.11 Integrated window open, cooling use and heating use model 
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Table 3.5 The distinctive points of the window/AC integrated model 

To [°C]  Proportion 

13.1  PWCFRmax*=0.81 
17.2  PFRmax=0.95 
17.3  PHT=PCL=0.02 
23.6  PWmax=0.52 
28.9  PW=PCL=0.43 

*The maximum proportion of 
window closed excepted with 
AC use 
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� ǜͦǅū�ȶy�|ǻğΏ�άūÑÂïë¥̶ǰ̲�σʋz¡���|ɏіˎĥ̥άū

¥šІ�ͻƌáÈç��ͻƌ¥ώ�¡`ƨ 3.12 �|͛аЯ/®¨¸ëŏʗɍ�ͻƌáÈç�

�ɏіˎĥ̥áÈç�ͻƌ�×é¿½¥ͅz`  
� ʝŗ�|ɏіˎŸ̙ĥ̥��h�|áÈçͻƌ¥άi`ɏіˎŸ̙ĥ̥�áÈç�ʅ�

ȡ(3.18)|ȡ(3.19)�ͤœx�Ќ �g¡`t�ȡ¥bFR áïÊ�kr¡͛ЯЬŤƌc�x

�ͻƌ¥άi ɏ̀іˎŸ̙Ťƌ� FR áïÊ�kr¡͛ЯЬʒ�ɏіˎ÷ĥ̥Ťƌ¥˚ϻz

¡�|чȐ�Ƕ�h`xlx|Ǉ˝˺mџp�¡��¢�|ɏіˎŸ̙ĥ̥� FR áïÊ�

kr¡͛ЯЬʒ�ɏіˎ÷ĥ̥Ťƌ�Ə͡����hp`t�Ǉ˝˺õʉ�ȶy�bFR á

ïÊ�kr¡͛ЯЬʒ�ɏіˎ÷ĥ̥Ťƌc�˸Ƕ�|ǆǜ�kr¡ɨ˲άūmǻğΏ�

���ȵι�g¡t�¥ɁƗz¡` 
� ː�|ȡ(3.22)(3.23)�ͅx�ɏіˎĥ̥&͛аɵ�áÈç¥ͻƌz¡`ͻƌx�ʳ|
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ū�ʆʧ�ğǞ�kh�Хι�g¡t��вīz¡` 
� ʝȯ�ȡ(3.24)(3.25)�ͅx�ɏіˎ&®¨¸ëŏɍĤ̥áÈç¥ͻƌz¡`ͻƌx�

ʳ|Ç�Ǉ˝˺Ȏ�kh��ɏіˎ&®¨¸ëŏɍĤ̥Ťƌ�®¨¸ëŏɍŸ̙ĥ̥Ťƌ�

 �Ƕ�ht�m¤l��`��|t¢��ŤƌȊ�Ǉ˝˺mõʉz¡�ÇǊnp�¡ĺ
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¡ЛɗΓ�g¡t�l�|®¨¸ëŏɍĥ̥ʒ�ɏіˎ¥Ĥ̥z¡t��Ƕ�ht��ɪ

˻v¢¡` 
� t¢� 3 ½ÇÅ×�ͻƌ×é¿½¥Ќx�|ɏіˎĥ̥¥͛аЯ/®¨¸ëŏʗɍͻƌá

Èç�ͻƌz¡t�m�n�`~���|t¢��Ƌ̢ǀϝɹάū�ёȜ�Зh¥˚ϻz

¡t�m�n¡�i����` 
� šͦ¥�¡�|Ǉ˝˺�õʉ�ǰx�|͛аɵŤƌ� 23.6°C ���õʉĺƑ¥ͅx|

23.6°C Ĕõ��¡�˸ǶĺƑ�ϸy¡t�m¤l��h¡(α 3.5)`xlx|ɏіˎĥ̥&
͛аɵĤ̥Ťƌ��õʉĺƑ��¥ͅx�h�`t¢��|ǻğΏЖ�̲̐��ʖp�¡

ǆǜ��Θ̎ɮ˝ʒ�kh��іЍ�џhǤŊǰ˭�ȵι�x�h�t�¥ɁƗz¡`͛

аɵʒ�kh��іЍ�џhǤŊǰ˭¥ȱ¡����|ɏіˎ¥ĥ̥z¡t��ʟŪ�ɐ

˗�ð��g¡`t¢��̢ǀϝɹάūÑÂïë�kh�|bɏіˎŸ̙ĥ̥ck��b͛

аɵ��cb͛аɵ&ɏіˎĤ̥c� 3 ÑÂïë��h��bǰ˭�ȦŰ��¡ɨ˲άūc

�Ύj¡t�m�n|t¢�ƨ 3.12 � Step4 �̻¦ü�̊� Ĕö�®æ¨�x�α̟

v¢¡`z¡�|Ǉ˝˺m 23.6°C � џp�¡�bǰ˭�ȦŰ��¡ɨ˲άūc�Ťƌ�

˸Ƕz¡t�m¤l¡`͛аɵŤƌ�²¬½вɸ��i�ĺƑ��¡��ǰx�|ɏіˎ

Ÿ̙ĥ̥Ťƌ�Ɠ��bǰ˭�ȦŰ��¡ɨ˲άūc�Ύj¡�|Ǉ˝˺õʉ�ǰx�ǁ

ŧĺƑ¥ͅz�Ύj�¢�m|ǣм��ɏіˎŸ̙ĥ̥Ťƌm½ÇÅ×вɸ��i�ðǢ

ĺƑ�g����|Əˉ�²¬½вɸ��i�ĺƑ����`t¢��� |ǆǜ��i

�ʖ̐ʣ�Є�p��¢�|®¨¸ëŏɍĥ̥��i�͙˝˺ȜΘĠ�ϝɹz¡̢ǀϝɹ

άū�Хιȼ�õm¡t�¥ɁƗz¡�Ύj�¢¡` 
� tt�|Ďƣȱ�¢�ͻƌáÈç(ƨ 3.12)�ɏіˎáÈç�|~�đ�άū¥ΎɆx�h

ðΜ̲�ɏіˎáÈç¥˚ϻx�h`ƏypƣȏŔʰ¥̥h�ȱ�¢�ðΜ̲�ɏіˎĥ

̥áÈç¥Ŕʰx��t£|Ĕö�ȡmȱ�¢�` 
PF=0.430PaF        (3.32) 
logit(PaF)=0.322To-7.3       (3.33) 
��|ȱ�¢�ɏіˎĥ̥áÈç¥ƨ 3.13 �ͅz`ƨ 3.13 ¥���ʋ�l�Ќ |ðΜ̲

�ɏіˎáÈç��Ǉ˝˺õʉ�ȶy�ɏіˎĥ̥Ťƌ�ǁŧĺƑ¥ͅz���g¡`ð

ʂ�|ƨ 3.9 �ɏіˎŸ̙ĥ̥áÈç��ĥ̥Ťƌ�ǁŧĺƑ���¦Ç�p|Ÿ̙ĥ̥Ť

ƌ� �Ĥ̥Ťƌ�ʂmǈl��`t¢��� |вʮ�ǻğΏ�kh�ɏіˎ�đ�ά

ū�Ĥ̥z¡t�mǈp|Ĥ̥ƇΖȼ¥ΎɆx�ɏіˎ�’͘¥άiȵιȼmg¡t�¥

ͅx�h¡�Ⱥ¤¢¡` 
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Figure 3.12 Development of integrated behaviour model. (a) is the previous method 

(Figure 3.11), three steps from (b) to (d) represent the developing process of the model 
incorporated with fan use, and (e) is integrated occupant behaviour model. 
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Figure 3.13 Relationship between the proportion of fan use and outdoor air 

temperature (Mean l 2 S.E.) 
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Figure 3.14 Relationship between the proportions of behavioural patterns and outdoor 
air temperature 
 

 

Figure 3.15 Comparison of relative cooling behaviour with previous study [62]. Each of 
the ranges, denoted by dashed lines represents the respective proportion of cooling 
behaviour, W+F, W, CL+F and CL in this study. Coloured areas shows the results of 
previous study in summer. 
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� Ŏǜ��®¨¸ëʗɍĥ̥�ĥ̥î÷ĥ̥mЛɗz¡t�mǈhm|Ǉ˝˺mõʉxǔ

�¡ 3 ʞu£l��®¨¸ëʗɍĥ̥Ťƌm˸Ƕz¡ē¤ �͛аɵŤƌmǁŧz¡ĺƑ

�g¡ 5̀ ʞl��®¨¸ëĥ̥mаǔv¢|ɏіˎ�Ÿ̙ĥ̥�͛аɵ��Ĥ̥� 5 ʞü

ьl�ðǢŤƌ�ĥ̥v¢¡ĺƑ�g¡ðʂ�|ɏіˎ�®¨¸ëŏɍ�Ĥ̥� 7 ʞl�

�ĥ̥v¢¡ĺƑ�g¡ 7̀ ʞl� 9 ʞŗʈ�����¦Ç�ǻğΏmġlx��ɨ˲άū

¥ǣʃx�h¡ 9̀ ʞ��®¨¸ëŏɍĥ̥Ťƌ�˸ǶĺƑ�g¡m|͛ аɵ�ɏіˎŸ̙

ĥ̥�h��ǰ˭�˲xp�¡ɨ˲άū�ðǢĺƑ�ĥ̥m�v¢�h¡`~x�|10 ʞ

öʈ��h¡�t¢��ǰ˭��¡ɨ˲άū�ĥ̥ёȜmȻ̄�˸Ƕx�h¡m|t¢�

Ǉ˝˺ǅū�ĺnmȻ̄�g�����Ύj�¢¡`~x�|11 ʞl�®¨¸ëʗɍ�ĥ

̥ёȜmõʉx�hp` 
� ńĠ̲�ĺƑ¥���¡�|Ǉ˝˺mџh 7~9 ʞ��чȐ�ǈp�̢ǀϝɹάū¥ǻğ

Ώ���ǣʃx�h�t�m¤l¡`��|®¨¸ëŏʗɍĥ̥����|Ƌʞu��Ť

ƌmǅūz¡ĺƑ�g¡��ǰx�|͛аɵ�ɏіˎŸ̙ĥ̥�h��ǰ˭��¡ɨ˲ά

ū�|5 ʞüʈl� 10 ʞŗʈ�lr�ƅ ͷ�ǻğΏmðǢŤƌ�ĺƑ�ǚƭz¡t�m

¤l��` 
� ��|t�ͦl��|̢ǀϝɹάū�ͻƌáÈç�ǣм�Ǉ˝˺˻Ǣĳ¥И̥z¡t�

�|ǣʃv¢¡̢ǀϝɹάū�ǻğΏg� �Ťƌ¥ɪ˻�n¡t�mʋ�l����`

̢ǀϝɹάūáÈç¥ǣм�Ǉ˝˺ǅūĳ�ǰȶ�r¡t��|ǻğΏάū¥»Þãèï

»äë�n|®Íç´ïĥ̥ƇΖȼ�ă˻�Ç�Ś̥�n¡t��Ύj�¢¡` 

 
Figure 3.16 proportion of occupants’ behaviour calculated for each day. The proportions 
of occupant behaviour were calculated using integrated model (Figure 3.12) and outdoor 
air temperature variation of each day in Yokohama [75] 
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�)� P;e;Ó�ý´óxõè;l~;«°�

� ƨ 3.12 ��|͛аЯ�®¨¸ëŏʗɍ|ɏіˎĥ̥�υ 4 ͕�̢ǀωĹ�ĥ̥̘˧¥ͻ

ƌ̲�ɸ̡áÈç�x�ͤœx�`xlx|ʆʧ�ğǞ�kh��|–ΰ�ϝɹ��¡̐
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�Єh̢ǀϝɹάū�ɐ˗�g¡��|ğǞ�ǣɃσʋ�Хι�ιͲ�g¡` 
� ��|ƨ 3.12 ��®¨¸ëŏʗɍ�ĥ̥ёȜ�ɸ̡áÈçŰx�h¡m|ĥ̥ʒ�ωǢ

˺Ȝ��h��τƁmv¢�h�h`�x|Ǉ˝˺ǅū�ȶy�®¨¸ëŏʗɍωǢ˺Ȝ

�ǅʚv¢�h¡��g¡���|t¢�ƨ 3.12 �ͻƌáÈç�ͻƌ�n¡ιͲ�Ύj�

¢¡` 
� Ĕõ¥ϵ�j�|ʧͦ��–ΰЧk��®¨¸ëŏɍîʗɍ�ωǢ˺Ȝ��h�|˝˺

ǅū��ǰȶвī¥ʋ�l�x|ƨ 3.12 �ͻƌáÈç��ͻƌƇΖȼ¥˄φz¡` 
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̧�|ϝɹƇΖ�–ΰЧ�öж�Жx|8 ʞ��~�đ�ϝɹɐ˩mŧ¤¡���Ύj�¢
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Figure3.17 Ƌʞ�Ȕư–ΰЧ 
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ÈçŰ��˝˺¥ϙʋǅɸ�z¡t�¥ɀǢz¡`ƨ 3.18 �–ΰЧ�ǤŊǇ˝˺�вī¥

ͅz`Ĕö��|ǤŊǇ˝˺¥ǵɸ̊͟ðĝ�ƢɣćŃx|1K u��Ȕư–ΰЧ� 95%Į

ђŲб¥ͤœx�ĳ¥ͅz`��|ƋȔưĳ�ǰȶz¡ÈïÂɸm 30 ʥ˽�ƽƌ�Ŕʰǰ

ϤǇ�z¡` 
� ǤŊǇ˝˺�Ç��¥ĥ̥x�ƽƌ��|˝˺mџp�¡�Ψ–�� |ƃǰ�˝˺m

џp�¡�Ž–��¡ĺƑ¥ͅz`��x|Ç�ǤŊǇ˝˺Ȏ��ðˉ�õʉîöе�ĺ

Ƒ��¡¤r���p|ͦ 3.1 �Əˉ�–ΰЧ�öжĳ���¢¡ĺƑmg�� Ǥ̀ŊǇ˝

˺�úΏ���ͯ 25vĔõ��|̩ȼmͯ 0.28clo|Ǒȼmͯ 0.35clo �ðǢĺƑ�g |

t¢�mkk�~�öжĳ�Ύj�¢¡ t̀�öжĳ�ĺƑ�ͦ 3.1 �ͅx� 7 ʞѰ9 ʞ�

Ə͡�ĺƑ�g¡`Ŏǜ��h��Əˉ�̈́ϕ¥x��t£|ͯ 10vĔö�Ǉ˝˺�–ΰ
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ǤŊ˝˺�ǰx��Ĕõ�Əˉ�̈́ϕ¥άi�|̩ȼ�� 19v� �Ğp�¡�–ΰЧ�

õʉĺƑ�k��p`��x|17vʥ˽��–ΰЧ�ǅŰmλ�¢�m|t¢¥ϙʋ�n

¡̩ȼ�̖ʟ�Ύj�¢¡�i�̡̧�λ�l��l��`Ǒȼ�� 18vʥ˽�ǰȶz¡

–ΰЧ�ʟɁȊm�p� |öжĳ�Ι¡ǤŊ˝˺�̩ȼ� �ǶxĞl��`��|Ǥ

Ŋ˝˺�·ï½��|Ǉ˝˺�·ï½�˚ϻz¡�|ǜͦ�К͑ʣ�̶ȧz¡ 22Ѱ24v�|

–ΰЧ�ȼřȊmǵvp�¡ĺƑ�g��` 
� ®åïÐï�ͧƧ¥̈́ϕz¡�|Ç���ȼř��|џǇ˝˺Ȏ�ʂmͧƧm̚p|Ğ

Ǉ˝˺Ȏ��¡��¢�αp���hp`t¢�|ǫhʒʣ��Ž–�͕ѕ�Ȝƌh�İ

čȊm̟¢¡���Ύj�¢¡`t�ĺƑ�|̩Ǒ�Ç����̟¢�h¡t�l�|Ŏ

�ǫhʒʣ��ȼȊĔǇ�ǻğΏ�ǒ��Ç�̖ȼ����–ΰЧ����nm̟¢¡�

Ύj�¢¡` 
 
     (a) Outdoor                              (b) Indoor 

   
Figure 3.18 Ȕư–ΰЧ�ǤŊǇ˝˺�вī 
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¥Ќx�Ǌnpǅūx�h¡`ǅūȑ�̩ȼ�ͯ 0.55clo|Ǒȼ�ͯ 0.64clo �g |t¢

�ƨ 3.17 �ͅx�áïÊŔrx�h·ï½�Ə͡�ǅūȑ�g¡`FR áïÊ�͛аЯ�

�¡–ΰЧ�Ȋ�ǵvhm|̩ȼ� 5 ʞ� 10 ʞ|Ǒȼ� 5 ʞ� 9 ʞ|10 ʞ��͛аɵʒ

�ʂm–ΰЧmʟɁ�ĞhĺƑ�g��`͛аɵ�ɮ˝��¡ǤŊ̱̣�̐�ɥœ�čĠ

Єĸ�˝˭Ѝ�õʉ�h��ɨ˲ɐ˗�Ύj�¢¡��|͛ЯЬʒ� �–ΰЧmџp�

¡�ăɀx�m|Њ�ĺƑ����`��x|͛аЯ��¡–ΰЧ�ʟɁ�Ȋm̟¢��

�|̻ǆ�̶ȧz¡ 8 ʞ���p|ǜͦК͑ʣ�g��`ǜͦК͑ʣ�ʖv�͓Ȝmǅū

x�zhʒʣ�Ύj�¢¡��|ʖh�n��–ΰЧ�˸Ƕ�͛аɵ�úʂmƏʒ�ά¤

¢�k |~��i�Ʌ�ʳ�x�|ƨ 3.19 mͅz�i�͛аɵʒ�ʂm–ΰЧmĞ
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     (a) Male                                 (b) Female 

   
Figure 3.19 áïÊu��Ƌʞ�Ȕư–ΰЧ 
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ĺƑ�� |Ǒȼ�kh��®åïÐï�ͧƧ¥ΎɆz¡�õʉĺƑ���¢�h`ĞǇ

˝˺Ȏ¥̈́ϕz¡�Ǒȼ��®åïÐï�ͧƧmͯ 0.2clo �g |̩ȼ� �αhĺƑ�

g¡m|t¢�ǻğΏ̖ȼ�İč�ǒ��Ȋmвīx��Ύj�¢¡` 
ʗɍ�ŏɍ�ĥ̥ʒ��|®åïÐï�ͧƧ¥ΎɆz¡�Ç���ȼř��Ȋ�ǵvhm|

®åïÐï�ͧƧ�ŏɍĥ̥ʒ�ʂmʗɍĥ̥ʒ� �̚h`t�t�l�|ŏɍĥ̥ʒ

�–ΰЧmðǢĺƑ�g |ʗɍĥ̥ʒ��İčȊm̟¢�h¡�Ύj�¢¡` 
� ǤŊ˝˺�·ï½Ѧƨ 3.21ѧ��|đ�ͦ�Əˉ� FR áïÊ��|ǆǜ�Ŏǜ�õö
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� ��|ǜͦК͑ʣ��Ə͡�ǤŊ˝˺�� FR áïÊ�ŏʗɍĥ̥ʒ�–ΰЧ�ʟɁȊm
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–ΰЧmǊnpǅūz¡��Ύj�¢|čĠ��ϧmǊnhl�x¢�h`�x|ǜͦ

К͑ʣ�–ΰЧ¥ŏʗɍĥ̥ʒ� FR áïÊʒ�ЄĜ�n¡͙ϝ»½Çßmg¢�|ŏʗɍ

ĥ̥ʣl�÷ĥ̥ʣ�͑άx�zp�¡�Ύj�¢¡` 
     (a) Male                                 (b) Female 

    
Figure 3.20 ƋáïÊ�Ȕư–ΰЧ�Ǉ˝˺�вī 

  

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2

0 5 10 15 20 25 30 35

C
lo

th
in

g
 i

ns
ul

at
io

n 
[c

lo
]

Outdoor air temperature [°C]
*Only living room & Male (without "Floor Heating = 1")

HT mode

FR mode
(Window closed)

FR mode
(Window open)

CL mode

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2

0 5 10 15 20 25 30 35

C
lo

th
in

g
 i

ns
ul

at
io

n 
[c

lo
]

Outdoor air temperature [°C]
*Only living room & Female (without "Floor Heating = 1")

FR mode
(Window closed)

HT mode

FR mode
(Window open)

CL mode



͟ 3 ͝� ̶Ćвīȼ�Ƹ�h�ͻƌ̢̲ǀϝɹάūáÈç�а̱ 

 
 

57 

     (a) Male                                  (b) Female 

    
Figure 3.21 ƋáïÊ�Ȕư–ΰЧ�ǤŊ˝˺�вī 

 

�)�	� daK_qº¨;ú�Ë�;Ć�ØĈ¬¡;Âû�

� ͦ 3.2 �Ç�ͅx�Ќ |ǻğΏΘ϶�ȕб¥Ќx�ˉa�̢ǀϝɹάū¥ŕ ʜj�И

ȶ̲�̣ˬ¥x�h¡`~���|®¨¸ë�ωǢ˺Ȝ�Ǉ˝˺ǅū�ȶy�ǅʚmv¢

¡t��Ύj�¢¡`�x|®¨¸ë�ωǢ˺Ȝ�џĞmǜͦǅū�ȶy�ǅʚv¢¡�

z¢�|ǜͦ�ȶy�®¨¸ëĥ̥��¡̢ǀȨɊmά¤¢¡t���¡��|t¢�И

ȶȸИȼ�ůƓv¢¡�nt���Ύj�¢¡` 
� ~�ðʂ�|ωǢ˺Ȝ�˝˺��̶ввīmg¡lƒl�÷ʋ�g |~�вīȼ¥ϙ

ʋx�ɸ̡áÈç�͠Ώ�́¡ж ��λȧ���l��`��|ͬĈȇ�’͘[85]��¡

�|ŏɍ�bɪǐǤŊ˺Ȝc�x�ϕ́v¢�h¡ 28v[18]�b̻ǆʆc�v¢¡ 30v�

h��˺Ȝ¥λΑnz¡t��� |ǻğΏ�®¨¸ë˺ȜωǢ�~��i�ɸĳͧƧ�

Ĵ¡ƇΖȼ¥І��h¡`��|ŏɍ� On/Off �˝˺ǅū�ȶy�ǁ˸z¡m|ωǢ˺Ȝ

����ТɆv¢�k�{|h���ðǢ�®¨¸ë˺ȜωǢĳ�z¡ǻğΏmǚƭz¡

t��Ύj�¢¡`t¢��t�l�|̢ǀϝɹάūͻƌáÈç�ǻğΏάū�ǣɃ¥σ

ʋz¡õ��|ωǢ˺Ȝ�Ǉ˝˺�̶ввī�ʟ̌�˄φz¡ȵιmg¡` 
� Ȱʭ�Ƞͨ̐ϧ»Þãèï»äë��|g¡ǤŊ˝˺�̴ˊĳ¥ 1 �ωǢx�Г̥z

¡ɐ˩¥�¡t�mg¡`ðʂ�|ǜͦǅū�ȶy�ǅŰz¡Ǉ˝˺�Əˉ�®¨¸ëω

Ǣ˺Ȝ�ǅŰz¡��g¡���|ǤŊωǢ˺Ȝ�ǅŰx�ǻğΏωǢ¥άit��|�

 ̟ǣ̲�άūωǢ¥άit�m�n¡`x�m��|̢ǀϝɹάū�ͻƌáÈç¥ģɊ

z¡õ�|®¨¸ë�ωǢ˺Ȝ�ĺƑ�ΎɆz¡t��Хι�g¡` 
� ~t�|ʧͦ��®¨¸ëωǢ˺Ȝ�ЛɗĺƑ��h�|Ǉ˝˺ǅū�ǰȶвī¥üȴ

�σʋ¥άh|ωǢ˺Ȝ�áÈçͻƌƇΖȼ¥˄φz¡` 
 
�8 � ú�Ë�;s��

� �y��|Ç��i�ωǢ˺ȜmЛɗv¢�h¡�l¥́¡ȵιmg¡`ƨ 3.22 �̨ƕ

ʒ�®¨¸ë�ωǢ˺Ȝ�Ŕȍ¥ͅz`ŏɍωǢ˺Ȝ� 26Ѱ28°C mǈhĺƑ�g��`ʝ

�ǈh�� 26°C �g |Ȕưĳ� 26.4°C ����`ðʂ|ʗɍ�� 20°C � 24°C � 2 �
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�с¢�ĳm͚œx�ǈh 2̀0°C �Лɗmǈh��|̢ ǀ̸��¡ʗɍʒǤ˺ 20°C ωǢ�

hiåªÕ½ÂªçɪБ[18]mσъx�h¡���Ⱥ¤¢¡`ʗɍωǢ˺Ȝ� 20°C ¥üȴ

�x�˒μŔȍ�����h�hm|t¢�|ʓ˗Лɗz¡ωǢ˺Ȝm 20°C �ǻğΏ�

24°C �ǻğΏ���Ǥ˺�ǒ��Зhmg¡��l�x¢�h�Ύj�¢¡` 

 
Figure 3.22� ®¨¸ë�ωǢ˺Ȝ�Ŕȍ 

 

�9 � q¨ú�Ë�8�ÉË;čj�

� ː�|®¨¸ëωǢ˺Ȝ�ýι�ˤǢιƤmǇ˝˺ǅū�g¡l¥̈́ϕz¡���|ƨ

3.23 �ŏɍ�ʗɍ�ωǢ˺Ȝ�Ǉ˝˺�вī¥ͅz ȱ̀�¢�ƣȏȡ�Ĕö�Ќ �g¡` 

TPCL=0.126To+22.8 (n=6041, S.E.=0.007, R2=0.046, p<0.001)   (3.34) 

TPCLѮŏɍ�ωǢ˺Ȝ[°C]|nѮȜɸ|S.E.Ѯƣȏīɸ�ǰz¡ˊ˿ϘȊ[°C]|pѮʟɁ̝̈́�

g¡`�k|ʗɍ��ʟɁ�ƣȏȡmȱ�¢�l��` 

� ƣȏ¥�¡�Ǉ˝˺õʉ�ȶy�ŏɍωǢ˺Ȝ�õʉz¡ĺƑ¥ͅx�h¡m|ωǢ

˺Ȝ�Ŕȍȑ�l� αh`ˤǢīɸ�ĳmĞh��~����g¡`ŧj�|ŏɍʒ̨

ƕńĠ� 71%�̶ȧz¡ωǢ˺Ȝ 26~28°C �˫̴z¡�|Ǉ˝˺m 26~29°C �ͧƧ�пü

x�k |Ǉ˝˺õʉ�ȶy�ωǢ˺Ȝ�õʉx�h¡�i���j�h` 

� ʗɍ��Ç�Ǉ˝˺Ȏ��ωǢ˺Ȝ�ðˉ�Ŕȍx�k |Ǉ˝˺ǅū��̶в���

¢�l��` 

� Ĕõ�t�l�|®¨¸ëωǢ˺Ȝ�Ǉ˝˺ǅū�ȶy�ǅʚx�h¡��hj�h`

t¢�|b˝˺ĔǇ�~�đ�ιƤ�ʂmǊnpǩøx�h¡c|�xp�bŏɍωǢ˺Ȝ

�ǅʚ�вȴm�p|h��ƏyωǢ˺Ȝ�ĥ̥x�h¡ǻğΏmǚƭz¡ct�¥ͅƜ

x�h¡�Ύj�¢¡` 
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Figure 3.23� ®¨¸ë�ωǢ˺Ȝ�Ǉ˝˺�вī 

 
�� �.1 ú�Ë�;l~:AB�gï;gyar_g�

� šͦ�(b)��|®¨¸ëωǢ˺Ȝ�Ǉ˝˺ǅū�ȶy�ǅʚ�v¢�h�l��`t�

̡̧�x�|~�đ�ιƤ��¡ǅʚ�r��p|~�~�ðǢ�ĥ̥x�h¡ǻğΏm

h¡ƇΖȼmΎj�¢�`~t�|ƋǻğΏu��̨ƕx�®¨¸ëŏɍ�ωǢ˺Ȝ¥̈́

ϕx|bωǢ˺Ȝ¥�pǅʚz¡ǻğΏc�bg� ǅʚx�hǻğΏc�Ŕѕx�õ�|

Ǉ˝˺ǅū��ǰȶвī¥̈́ϕz¡t��x�`~����|ωǢ˺ȜĺƑ�ȶy�ǻğ

Ώ�¶çïÔë¶¥ʧͦ(c)�άi` 
� �y��|̨ƕv¢�ŏɍωǢ˺Ȝ�ЛɗĺƑ¥ϝ�|̖ȳ̲�ЛɗĺƑ�g¡ǻğΏ

¥əœz¡`~t�ǻğΏu��ŏɍωǢ˺Ȝ�Ŕȍ¥ϝ��`ϝʸǰϤ 244 č�Ŋ|ŏ

ɍωǢ˺Ȝ��h�|ͻυ̲�Įђȼm̈́ĭv¢¡�Ύj�¢¡ 30 ƣĔõ�̨ƕ¥ά��

ǻğΏ� 58 čmŔʰǰϤ�x�əœv¢�`t¢��ωǢ˺ȜŔȍ¥̈́ϕz¡�|yg¡

ðɁ�ωǢĳ¥чȐ��p̨ƕx�h�ǻğΏ�|zhp�l�ωǢĳ¥ƏyёȜ�̨ƕ

x�h�ǻğΏ|ʚ�^Ç����τhŕ¢�hǻğΏ�υ 3 ��¶çï×�ŔŤ�n�`

t¢��ǰx�|y¶çï×�h��ƏyωǢ˺Ȝ¥ĥ̥xͼr�h��Ύj�¢¡��

bƩǢƳc(12 č)|z¶çï×�ηɸ�ωǢ˺Ȝ¥ǅʚx�ŏɍГ̥x�h��Ύj�¢¡

t�l�bǅʚƳc(13 č)�¶çï×Ɛ¥Ēr|ŔʰǰϤ�x�`�k|Ĕе�Ŕʰ�kh

�|^¶çï×�ŔʰǰϤl�иǇx�` 
 
�� �.1 ú�Ë�;s�8w}�

� šͦ�Ŕѕx�ǻğΏ¶çï×u��ŏɍωǢ˺Ȝ����n¥ʋ�l�z¡���|

ƨ 3.24 �ƋǻğΏ¶çï×�ŏɍωǢ˺Ȝ�Ŕȍ¥ͅz`ŔȍͧƧ��Ç���ȑαhω

Ǣ˺ȜmЛɗv¢|ȔưωǢ˺Ȝ�Ə͡�g¡`xlxŔȍ¥�¡�ƩǢƳ� 26℃�̨ƕ

mĴ¡��ǰx�|ǅʚƳ��ƩǢƳ�Ç�̨ƕ�Ĵ mǊnp�h` 

� t¢��Ŕȍ�Ĵ ¥Ťƌĳ�α̟x���¥ƨ 3.25 �ͅz`ƨ 3.25 �̈́ϕz¡�|Ʃ

ǢƳ�ωǢ˺Ȝ̨ƕ� 26℃mͯ 45%�ǈp¥ź��k |2 ̴̮�ǈh 24℃�ͯ 15%�˚
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ϻx��̖�ǈht�mŔl¡`ðʂ|ǅʚƳ��ʝ�ǈh 27℃ωǢmͯ 25%�g |2

̴̮�ǈh 28℃��g� ǅ¤��h`��x|ƩǢƳ��̨ƕƣɸmǈhǻğΏ�ωǢ

˺Ȝ�Ĵ¡t��Ύj�¢¡`~���|ƩǢƳ�ƋǻğΏ 12 čmʝ�ǈp̨ƕx�h�

ωǢ˺Ȝ¥ϝ�|~�ωǢ˺Ȝ�Ťƌ¥ƨ 3.26 �ͅz`tt�� 26℃�ωǢ˺Ȝmʝ�ǈ

l��`�� |̖Ǣ�ǻğΏ�̨ƕmǈh����p|ωǢ˺Ȝ 26℃¥ƩǢ̲�Лɗx

�ǻğΏ�ź�¡ŤƌmǊnht�mŔl¡` 

t¢�¥ΎɆz¡�|ƩǢƳ�˚ϻx�ǅʚƳ�ʂmωǢ˺Ȝ�Ĵ mǶ�h��|Ǉ˝

˺�ȶy�ˉa�ωǢ˺Ȝ�ǅʚx�h¡ƇΖȼmg¡�Ύj�¢¡` 

 

Figure 3.24� ƋǻğΏ�ЛɗĺƑ�ȶy�®¨¸ëŏɍωǢ˺Ȝ�Ŕȍ 
 

  
Figure 3.25� ®¨¸ëŏɍ�ωǢ˺Ȝ�̨ƕŤƌ 

 

  
Figure 3.26� ƋƩǢƳǻğΏ�ʝёŏɍωǢ˺Ȝ�Ťƌ 
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�� .1 ú�Ë�8�ÉË;čj�

� šͦ��|ǅʚƳ�ǻğΏ�ωǢ˺Ȝ�Ǉ˝˺б�̶ввīmg¡�Ύj�¢�`ǅʚ

ƳîƩǢƳu��|ωǢ˺Ȝ�Ǉ˝˺�б�Ȧh̶ввīmg¢�|ɀǢz¡ǻğΏ�ȶ

y�ωǢ˺Ȝ¥ˤǢz¡t�m�n¡ƇΖȼmg¡`t¢¥ʋ�l�z¡���|ƨ 3.27

�ŏɍωǢ˺Ȝ�~�ʒ�Ǉ˝˺�вī¥ƩǢƳîǅʚƳu��ͅz` 

� Ŕȍ¥�¡�|Ç���ǻğΏÂª×� 25~30℃�Ǉ˝˺ͧƧ�̨ƕmǈp|ĺƑ¥Ϛ�

ƅ¡��тxh`~t�|ƣȏŔʰ¥ά���t£|ƩǢƳ��ʟɁ�ƣȏȡmȱ�¢�

��ǰx�|ǅʚƳ��ʟɁ�ƣȏȡmȱ�¢�l��`t¢�ăɀx�h�ʳ��ƃ

ǰ�g¡`t¢��h�|g¡˺ȜȎ�ÈïÂmпüz¡t��i�pƣȏŔʰmάj�

l��ƇΖȼ�g¡`~t�|Ǉ˝˺ 1K u��ŏɍωǢ˺Ȝ�Ȕưĳ� 2 ˊ˿ϘȊ�ͧƧ

¥ƨ 3.28 �ͅz`ƨ¥�¡�|ǅʚƳ�kr¡Ǉ˝˺ǅū�ǰȶx�õʉîöе�ĺƑ�

��¢�l��` 

� t¢��t�l�|ǅʚƳǻğΏ�ŏɍωǢ˺Ȝ�ǅʚ�Ǉ˝˺ǅū��ǰȶx�h�

ht�mʋ�l����`�� |Ǉ˝˺ĔǇ�ιƤmвīz¡�Ύj�¢¡` 

 

Figure 3.27� ŏɍωǢ˺Ȝ�Ǉ˝˺�вī 
 

 
Figure 3.28� ƋǇ˝˺Ȏ�ȔưŏɍωǢ˺Ȝ 

��� ���

Tpre=0.07To+24.1
(n=1090, R2=0.10, S.E.=0.02, p<0.001)

Tpre=-0.01To+26.8
(n=1238, R2<0.01, S.E.=0.02, p<0.506)
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�  �|Ą;�� .1ú�Ë��

� xlx|ǅʚƳ�ǻğΏ�ŏɍωǢ˺Ȝ¥ǜͦǅū�ȶy�ǅʚx�l���l`~¢

¥̈́l�¡�p|ƋА�ȔưŏɍωǢ˺Ȝ�Ǉ˝˺¥ƨ 3.29 �ͅz`�k|̨ƕʒ�ʆĒ

� Excel � WEEKNUM вɸ¥̥h�ƋА¥Ǣx�`ƨ¥�¡� 8 ʞȯŶ�g¡ 35 А̴

Ĕе��ǅʚƳ�ȔưωǢ˺Ȝ�џhĺƑ�g��`t�ʒʣ�Ǉ˝˺mĞöxǔ�¡ʒ

ʣ�g |ǅʚƳ�ǻğΏ�˲xhʒʣ�Ń¡�ωǢ˺ȜĺƑmǅŰz¡l�x¢�h�

Ύj�¢¡` 

 
Figure 3.29� ƋА�ȔưŏɍωǢ˺Ȝ�Ǉ˝˺ 

 

�)�
� Ûôĉ-A=daK_ú�Ë�;uoyê}{ð¡;Âù�

� ͦ 3.6 ¥Ќx�|–ΰЧ�®¨¸ëωǢ˺Ȝ��h�|͛аЯî®¨¸ëŏʗɍîɏіˎ

ĥ̥ͻƌáÈç�ƓʟƇΖ�ιͲ�əœ¥άi` 
� –ΰЧ��h��|®¨¸ëŏɍĥ̥ʒ��Ç�Ǉ˝˺Ȏ�g���ͯ 0.3clo �ðǢĺ

ƑmȦh��|ͻƌƇΖ�Ⱥ¤¢¡`��x|ƨ 3.21 �ͅzЌ |ǤŊ˝˺m 29vĔõ�

�̩ȼ��–ΰЧmv��Ğöx|0.2clo �Жz¡ĺƑmg¡t�l�|®¨¸ëŏɍĥ̥

ʒ��ǤŊ˝˺�ƀ̏x�m�–ΰЧ��ǰȶвī¥χІz¡ȵιȼmΎj�¢�`®¨

¸ë÷ĥ̥ʒ�–ΰЧ�Ǉ˝˺ǅū�ȶy�ǅʚv¢¡ĺƑmʎǜî͎ǜ���¢�m|

͛�аЯ̘Ƀ��¡–ΰЧ�Зh�̩ȼ��̈́ϕv¢�`��x|ǤŊ˝˺ǅū�̈́ϕz

¡�|͛аЯ�ȶy�–ΰЧ�Ȋ�ͯ 17vĒЄ�̩ǑŇ���¢�`t¢��t�l�|

®¨¸ë÷ĥ̥ʒ�–ΰЧ�|Ǉ˝˺ǅū� �ǤŊ˝˺ǅū¥ƀ̏x�m�χІz¡ʂ

mʢ�xh�Ύj�¢�`®¨¸ëʗɍĥ̥ʒ��h��|®¨¸ëŏɍĥ̥ʒ� �®

åïÐï�ͧƧmαht�l�|–ΰЧ�İču�����ÐåÐå�g¡t�mΎj�

¢¡`t�t�l�|®¨¸ëʗɍĥ̥ʒ��h��|ǤŊǇ˝˺ĔǇ�˺̢̐ǀĳ�ǻ

ğΏ̖ȼ�Ç¥ƀ̏x�m�χІz�n�Ύj�¢¡` 
� ®¨¸ëωǢ˺Ȝ��h��ŏɍωǢ˺Ȝ�� 26~28vm|ʗɍωǢ˺Ȝ�� 20v�

24vmǈpωǢv¢�k |ωǢ˺Ȝĳ�ȑαpЛɗv¢�h�l��`Ǉ˝˺ǅū��
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ǰȶвī¥ƣȏŔʰx�m|Ȧh̶ввī�ȱ�¢�l��`®¨¸ëωǢ˺Ȝ�ĺƑl

�|ðǢĳ¥�pωǢz¡ǻğΏѦƩǢƳѧmǚƭz¡t�mʋ�l����`��|ω

Ǣ˺Ȝ¥�pǅʚx�ǻğΏѦǅʚƳѧ�ŏɍωǢ˺Ȝ�Ǉ˝˺�вīȼ�ƣȏŔʰ¥ά

���m|ʟɁ�ƣȏmȱ�¢�l��`t¢��t�l�|®¨¸ëωǢ˺Ȝ��h�

�áÈçͻƌ¥άiʒ��|ŏɍʒ� 26~28v�hi�i�ǺɎ̲�ωǢͧƧ�ɭͅmƇ

Ζ�g¡m|� ʋȸ�ˤǢιƤ¥Ś̥z¡��Ǉ˝˺ĔǇ�ÑåàïÂ¥�y��z¡

~�đ�ιƤ�ƀ̏x�ωǢz¡ȵιȼmΎj�¢�`t�ιƤ�x�Ύj�¢¡���|

ǤŊ˺̢̐ǀ�̲̐ȸИȼ�Ç�ǅūιƤ�r��p|ȕѤǿ�ȼřîĠϮ(ʖm îǫm

 )î®¨¸ë�ǒnǗh�Ç�ǻğΏ̖ȼ�ɠ±�¢¡`��|İču��ǒ��̣ˬ½

Âªç�h��|İčèØç��ωǢ˺ȜĺƑ�Ȋ̯�Ύj�¢|t�ƽƌ��t¢��

�̣ˬ̢ǀ�σъ�Ύj�¢¡`h{¢�x£|t¢���i�Ǉ˝˺ǅūĔǇ�ιƤ�

�–̴x�®¨¸ëωǢ˺Ȝ�ĺƑ¥σʋz¡t��|ǻğΏάū�σʋ�Ϭz¡�£i  ̀
� Ĕõ¥���¡�|–ΰЧ��h��®¨¸ë÷ĥ̥ʒ�͛аЯʒ�ŏɍĥ̥ʒ�–ΰ

Ч�áÈçͻƌ�ƇΖȼm��¢�`®¨¸ëωǢ˺Ȝ��h��Ǉ˝˺ǅū�ȶy�ǅ

ʚv¢�k�{|26~28vk�� 20v|24v�hi�i�ЛɗĲζ¥ά��ͻƌz¡��

Ç���` 
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� ͟ 3 ͝��|ʆʧ�ǻğΏ����϶Є�g¡̢ǀϝɹάū�áÈçͻƌ¥άh|̶Ć

вīȼ¥ΎɆx�ǻğΏάūɅ�ǣĠσʋ¥ώ�� ʧ̀ͦ��|Ĕö�Ϟmȱ�¢�` 
1) b®¨¸ëĥ̥ʒ�͛¥ЯЬcz¡̶Ćвīȼ¥Ƹ�|͛аЯ�®¨¸ëŏʗɍĥ̥

�áÈç¥ͻƌz¡t�m�n�` 
2) ɏіˎ�Ÿ̙ĥ̥� �͛аɵ�®¨¸ëŏɍ�Ĥ̥z¡ʂmǈht�mʋ�l��

��`v��|ɏіˎ�Ÿ̙ĥ̥îĤ̥u��áÈçͤœ¥ά��t��|ɏіˎ�

Ĥ̥ƇΖȼ¥ǢЧ̲�ύĩ�n� v̀��ȱ�¢�áÈç�ͻƌz¡t��|͛ аЯî

®¨¸ëŏʗɍîɏіˎĥ̥�ёȜ¥̶ǰ̲�ͤœ�n¡ͻƌáÈç�а̱�Ι��`

t�áÈçl�|ɨ˲άūŤƌ�Ǉ˝˺ 19.9v� 0.50 �� |28.5v��õʉz¡�

0.90 ���Жz¡t�mʋ�l����` 
3) –ΰЧ��h��šІ�άūáÈç�ͻƌƇΖȼ¥˄φx�`Ȕư–ΰЧ�®¨¸ë

ŏɍĥ̥ʒ�Ç�Ǉ˝˺Ȏ��ͯ 0.3clo ��¡ĺƑ�g��m|ǤŊ˝˺m 29vĔõ

��̩ȼ�ͯ 0.2clo ��öm¡ĺƑmg��`ŏɍĥ̥ʒ��Ǉ˝˺�r��pǤŊ

˝˺�ƀ̏x�–ΰЧ¥χІz¡ȵιmΎj�¢�`��|®¨¸ë÷ĥ̥ʒ��Ǉ

˝˺Ğö�ȶy�–ΰЧ�õʉĺƑ��¡m|͛аɵ¥x��n�ʂm̩ȼ�–ΰЧ

�ĞhĺƑmͅv¢�`͛аЯŜȲ��ǰȶвī�ΎɆz¡ȵιȼmΎj�¢�`ʗ

ɍĥ̥ʒ�–ΰЧ�˚ϻ̲���nmǊnl����|ǻğΏ�đ�˺̡̢̐̕ǀĳ

�İč�ǒ��Ç�~�đ�σъιͲ¥ΎɆz¡ȵιȼmͅƜv¢�` 
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4) ®¨¸ëωǢ˺Ȝ�Ŕʰx��t£|Ǉ˝˺ǅū�ȶy�ωǢ˺Ȝ�ǅʚv¢�h�

l��`ωǢ˺Ȝ�ŔȍĺƑl�|ωǢ˺Ȝ¥ηɸǅʚz¡bǅʚƳc�ðǢĳ��

pĥ̥z¡bƩǢƳcǻğΏ�¶çïÔë¶m�n�`xlx|ǅʚƳ�ǻğΏ�È

ïÂ�®¨¸ëŏɍωǢ˺Ȝ�Ǉ˝˺�вīȼ¥���t£ʟɁ�ƣȏȡmȱ�¢�

l����|®¨¸ëŏɍωǢ˺Ȝ�Ǉ˝˺ĔǇ�ǅʚιƤmg¡t�mͅƜv¢�  ̀
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(��� ¾á;Äõ�

ʧ͝��|Ƣǜ¥ɝ�ʆʧ�kh�|ʎǜ�͎ǜ�Зh¥ΎɆx�̢ǀϝɹάūáÈç

�а̱�ȵιȼ��h�Ύǭz¡`Ɩʣ̲�ǜͦǅū¥ɝ�ǈp�Ʈƶ��|џ˺ʣ�Ğ

˺ʣ�б�g¡ǜͦК͑ʣmg¡`ʆʧ�kh��Ƣǜ�hiƖʣ̲ǜͦǅū¥ɝ��k

 |ǫhŎl�ʖhǆ�˝˺õʉx�hpб�bʎǜc|~x�ʖhǆl�ǫhŎ�˝˺Ğ

öx�hpб�b͎ǜcmƓ�¢¡ t̀¢�ʎǜ�͎ǜ�Ə͡�Ǉ˝˺Ȏ�Ύj�¢¡m|

Ǉ˝˺�ǅūʂƑm̯���h¡`Ǉ˝˺¥ϙʋǅɸ�x�̢ǀϝɹάūáÈç��|t

�Ǉ˝˺ǅū�ʂƑ�Ȋ̯�ΎɆv¢�k�{|ʎǜ�͎ǜ�Əðĳ�x�ɒit�mǈ

h�m̟̘�g¡` 
4.2 ��|ǜͦǅū¥ΎɆx�̢ǀϝɹάūáÈç�ˇȹ¥І�¡` 
4.3 ��|Ƌǜͦu��̢ǀϝɹάūáÈç�ͤœ¥άi` 
4.4 ��|Ƌʞ�̢ǀϝɹάūŤƌ�Ȕư–ΰЧ�ͤœ¥άh|ǤŊǇ˝˺��ǰȶвī

¥˄φz¡` 
4.5 ��|ǜͦǅū�ΎɆmȵι�άū�–̴x�|ǜͦК͑¥ΎɆx�̢ǀϝɹάūá

Èç¥ͤœz¡`˝˺õʉʣîöеʣu��áÈçŰ¥άi` 
4.6 ��|šͦ���ȱ�¢�ʳ¥Ƹ�|ǜͦК͑�σъ��h�̢ǀϝɹάūáÈç

�ƃʍz¡ȵιȼ�ʟ̌¥˄φz¡` 
4.7 ��|ʧ͝����¥χz¡` 

 
(�	� �ä�xCî¦0QÓ�ý´óxuoy;Ä �

� ͟ 3 ͝��ȕб¥Ќx�ÈïÂ¥̥h�|̢ǀϝɹάūáÈç�ͻƌ¥ά���`t�

ʒ�ͤœv¢�ƨ 3.6 ��h�|15~20v�Ǉ˝˺Ȏ¥���¡�®¨¸ë�ʗɍ�ŏɍ�

ĥ̥ŤƌmŇ�Ƕ�hŤƌ�g ���|ĥ̥v¢�h¡t�m¤l¡`xlx|̢ǀϝ

ɹάū�͑ ǅ¤ �|®¨¸ëʗɍ�ŏɍ�б��®¨¸ë÷ĥ̥ʒmg¡�{�g¡`

xlm��|15f20v�ͧƧ�®¨¸ëŏʗɍ�úʂmĥ̥v¢�h¡t��ч̟ǣ̲�

g¡�ȧŗ�Ύj�¢�`xlx|t¢��Ǉ˝˺Ȏ�ƏyǇ˝˺ĳ�g���|ʎǜ�

͎ǜ�ǻğΏ�̢ǀϝɹάūm̯���h¡��|šІ��i�®¨¸ëŏɍ�ʗɍ�Ç

���ĥ̥v¢¡ĺƑ¥ͅx�t�mΎj�¢�`t�̡̧�x�|ʎ��bǫhŎl�

�˝˺õʉc��¡m|͎��bʖhǆl��˝˺Ğöc��¡���g |t¢��Ȁ

˕¥ΎɆz¡�|ƏyǇ˝˺��čб�ɂyʂ�̯�¡t��|~¢�ȶy�ȨɊv¢¡

ǤŊ̢ǀ�̯���h�t�mΎj�¢¡ ŧ̀j�|ǆ�bÇ¢�rʖv¥ƣМ�n¡lc|

Ŏ�bÇ¢�rǫv¥ƣМ�n¡lc����ȸИȼmˤ�¡m|Ƌǜͦ�ǀ̴m��n

 �ˤ��¢�hʆʧ�˝Ĳ��|͎��ǆ�|ʎ��Ŏ�ȸИȼ�Ύjʂ¥Ȣn{¡t

��Ύj�¢¡`Ĕõ�t�l�|ðȕб�̢ǀϝɹάū�Ǉ˝˺�вī�áÈç¥Ŕʰ

z¡ʒ�|ʎ�͎�Х�¡Ǉ˝˺Ȏ�kr¡̢ǀϝɹάū�Лɗ�ǜͦȊ¥ΎɆz¡ȵι

�g¡t�mΎj�¢�` 
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� ~t�͟ 4 ͝��|ʎǜ�͎ǜ�Зh��h�|̢ǀϝɹάū�r��p̲̐ȸИȼ�

ǰϤ�x�Ŕʰx|Ǉ˝˺¥ϙʋǅɸ�z¡̢ǀϝɹάūáÈç�ǜͦК͑ʣ�Ȋ̯¥ƃ

ʍz�n�g¡l¥˄όz¡` 

� �x|ǜͦК͑ʣ�Ȋ̯¥Иȶ̲ȸИȼ�ƃʍz�n�g¡�x�ƽƌ�|ŔʰáÈç

�ˇȹ¥|ИȶáÈç�–ΰЧ¥Ħ�ƨ 4.1 �ͅx�h¡`ǻğΏ�̲̐ȸИȼmʎǜî͎

ǜ�̯�¡ƽƌ�|(a)�̊��i�Ǉ˝˺�õʉʣîöеʣ�ȶy�ȸИ˺Ȝm̯��

�p¡t�mΎj�¢¡`t¢�(b)�–ΰЧáÈç��Əˉ�g |ж̬–ΰЧ�g¡

0.3clo �Ç��Ȋmǵvhm|–ΰЧmǊnpǅŰz¡ʎǜ�͎ǜ��|ʎǜî͎ǜ�–ΰ

Ч�Ȋm˚ϻ̲Ǌnp�¡t�mΎj�¢¡`t¢���i�̵̲��pŋȨ¥ɬp�

i�̢ǀϝɹάūáÈç�ȵιȼ��h�|˄φ¥άi` 

    (a) Adaptive model                          (b) Clothing insulation 

      
Figure 4.1 Concept of adaptive model and clothing adjustment model 

 
(�
� |�äL8;Ó�ý´óxuoy;ãr�

�y��|͛аЯî®¨¸ëŏʗɍ�ͻƌáÈç¥Ƌǜͦu��ͤœx�|ʎǜ�͎ǜ

�˚ϻ¥άi`α 4.1 �ȱ�¢�é¼½Ç©Åµƣȏȡ¥ͅz`��x|ǆ�ʗɍĥ̥Ɓ�

Ŏ�ŏɍĥ̥�ά¤¢�l����ȡ¥̸̭x�đ|Ŏ�͛аɵ�ǰz¡ƣȏȡ�ʟɁ�

��l��`��|Ƌǜͦ�Ǉ˝˺ͧƧ�|Ǉ˝˺¥ǵɸ̊͟ 1 ĝ�ƢɣćŃx�ĳ�ɴ

��Ȝɸ¥ɹ̡x|ƋǜͦŊ�kr¡ϑȧŤƌm 0.5%Ĕõ�Ǉ˝˺(To Range)¥ŔʰǰϤ�

x�` 

ȱ�¢�̢ǀϝɹάūáÈç�ɞɰ¥ȡ(3.2)�ȧ���¡t��|Ƌǜͦ�͛аЯî®¨

¸ëŏʗɍĥ̥áÈç�ͤœ¥ά���`t¢����ȱ�¢�ʎǜ�͎ǜ�̢ǀϝɹά

ū�Ǉ˝˺�вī¥ƨ 4.2 �ͅz`��|ʎǜ�͎ǜ�̢ǀϝɹάūŤƌ�Ȋ¥ƨ 4.3 �ͅ

z`��x|Ǉ˝˺ͧƧ�ʎ͎�Ç����ϑȧz¡ 7Ѱ25v����h¡`ƨ 4.3 �kh

��|0<P �ƽƌ�ʎǜ�ʂmџp|P<0 �ƽƌ�͎ǜ�ʂmџht�¥ͅz` 
ʗɍĥ̥�Ç���|Ǉ˝˺�Ğö�ȶy�ǁŧz¡ĺƑmg¡`~�Ťƌ�ʎǜ�ʂ

mǶxџhm|~�Ȋ� 0.05 ʥ˽�ǵvh` 
ŏɍĥ̥�͎ǜ�˚��ʎǜ���¦Çĥ̥ĺƑm�h`~���|ʎǜ�͎ǜ�ŏɍ
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ĥ̥Ťƌ�Ǉ˝˺mџh�Ç~�ȊmǊnp� |25v�� 0.24 �Ȋmg¡`��|~¢

�σъx�͛аɵŤƌ�|͎ǜ��ǆƏˉ�Ǉ˝˺õʉ�ȶy�õʉx�ȯ�Ğöz¡ĺ

Ƒmͅv¢¡m|ʎǜ��õʉĺƑ���g��`t�t�l�Ə͡�Ǉ˝˺��|ʎǜ

��͛аɵ��mЛɗv¢�zh��ǰx�|͎ǜ��͛аɵ�r��pŏɍĥ̥�Лɗ

v¢¡ĺƑmg¡t�mŔl¡`ðʂ�|b˲xpx�hάūc�g¡͛аɵ�ŏɍĥ̥�

Ťƌ¥ƌͤz¡�͎ǜ�ʂm˲xpx�h̢ǀϝɹάū�Лɗmǈp|Ǉ˝˺mџh�Ç

~�ȊmǊnp� |25v� 0.26 �Ȋ����` 
Ĕõ�t�l�|˲xpx�hάū�͎ǜ�ʂm|®¨¸ëʗɍĥ̥�ʎǜ�ʂmĥ̥

ёȜmǈp|ƏyǇ˝˺Ȏ�g���ǜͦК͑ʣ�̢ǀϝɹάūёȜ�ʎǜ�͎ǜ�̯�

¡ĺƑ�g¡t�m¤l��` 
 

α 4.1  ̢ǀϝɹάū�Ǉ˝˺�вī 

 
  

Season P logit (P) n R² S.E. To  Range
PW 0.241T o -5.561 25212 0.348 0.003

PCL 0.277T o -8.090 34681 0.255 0.004

PHT -0.233T o+0.755 30568 0.199 0.004

PW 0.294T o -6.936 5063 0.143 0.013

PCL 0.223T o -9.318 5690 0.004 0.053

PHT -0.204T o+0.508 5607 0.097 0.009

PW 0.146T o -2.956 8254 0.051 0.007

PCL 0.184T o -5.515 13030 0.068 0.007
Pw 0.258T o -5.986 8517 0.278 0.006

PCL 0.315T o -8.887 10379 0.233 0.008

PHT -0.295T o+1.263 9591 0.069 0.014
Pw 0.023T o -3.357 3378 0.000 0.024

PHT -0.081T o+0.044 5471 0.017 0.009
��/#%���/E��%�����/�"�%. �').!�
�	�����&

$�����$��+�*�����-,	

0�T o�14

All

Spring

Summer

Autumn

Winter

1�T o�33

3�T o�25

7�T o�32

19�T o�34
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(b) ʎǜ�͎ǜ�˚ϻ 

 

 
ƨ 4.2  ʎǜ�͎ǜ�̢ǀϝɹάū�Ǉ˝˺�вī 

 

 
ƨ 4.3  Ƌǜͦ�̢ǀϝɹάū�Ťƌ 
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Ƌʞ�Ȕưl2S.E ¥̥h�˚ϻ¥άi �̀y��|̨ ƕʒ�ʆ͑ūȔưǇ˝˺�ǤŊ˝˺|

–ΰЧ�Ƌʞ�Ȕưĳ¥ƨ 4.4 �ͅz`�k|ʆ͑ūȔưǇ˝˺�ʅȬ’͘[86]¥ƀΎ�x

�Ĕö�ȡ¥̥h�ͤœx�` 
Trm =αTrm -1 + (1-α) Tod -1      (4.1) 
TrmѮʆ͑ūȔưǇ˝˺[°C]ѨTrm-1Ѯšʆ�ʆ͑ūȔưǇ˝˺[°C]ѨTod-1Ѯšʆ�ʆȔư

Ǉ˝˺[°C]�g¡`ʧ’͘��p=0.8 �x|ŗʆ�� Trm� Tod-1�Əĳ�ĕǢx�` 
ǤŊǇ�˝˺�ǅū�ȶy�–ΰЧ�ǅūx�h¡t�m̈́ϕ�n¡`ŔʰÈïÂ�k

r¡ʆ͑ūȔưǇ˝˺l�|ʝĞĳ� 1 ʞ(5.6°C)�ʝџĳ� 8 ʞ(27.5°C)�б¥õʉîö

еz¡ĺƑ�g��`t�t�l�ʧ’͘��|1 ʞl� 8 ʞ���Ǉ˝˺õʉʣб¥bõ

ʉʣc|8 ʞl� 1 ʞ���Ǉ˝˺öеʣ¥böеʣc�Ǣz¡`��x|t�Ǣ��

ðΜ̲�ǆg¡h�Ŏ�͐v¢¡ʒʣ�Ɠ�¢¡` 

 
Figure 4.4 Variation of temperature and clothing insulation 

 
(�)�04 uaS:-.B|¼;�¹¤8�oÉË;čj�

ǻğΏ�̲̐ȸИȼ�Ə˝˺Ȏ��õʉʣ�öеʣ��̯�¡�hiĕϙ�˒Ϙ¥̈́ϕ

z¡��|Ƌʞ�ǫʖɂѦ7 ˗кѧ�ǤŊ˝˺�ǰȶвī¥ƨ 4.5 �ͅz`�y��®¨¸

ë÷ĥ̥ʒ�g¡ FR áïÊ��¥ǰϤ�x��¡ ń̀Ġ̲��¡�õʉʣ�ʂmöеʣ�

 �ʖhķ�Ĵ��h¡t�mŔl¡`t¢�|čб�̲̐ȸИȼ�ŘʀƸ˿�š�ʒʣ

�˺̢̐ǀ�σъ¥Ɔr�h¡���Ύj�¢¡ ð̀ʂ|t�õʉʣ�öеʣ�Зh�|b̢

ǀϝɹάū��¡Иȶc�ƇΖȼ�Ύj�¢¡`~t�|FR áïÊʒ�ēα̲�άū�g

¡–ΰЧϝɹ��h�Ŕʰ¥ά���` 
–ΰЧϝɹ�Ȁ˕�вī�ʟ̌¥˄φz¡��|ƨ 4.6 �Ƌʞ�–ΰЧ�ʆ͑ūȔưǇ˝

˺�вī¥ͅz`12 ʞ�kh�–ΰЧm˚ϻ̲Ƕ�p���h¡���|ńĠ̲��õʉ

ʣ�ʂmöеʣ� �–ΰЧmǶ�p���h¡`��x 4 ʞ� 11 ʞ�Ə͡�Ǉ˝˺Ȏ�

Ə͡�–ΰЧ����h¡`x�m��|Ç�ʞ��ȵ{|õʉʣ�ʂm–ΰЧmǶ�p

�¡��ж��h�τj¡` 
õʉʣ�ʂmǫʖɂmʖhķ�Ĵ¡��|–ΰϝɹ�ϰƤz¡�l|~¢��čбķ�
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Řʀ��Ȁ˕�σъ��l¥˄φz¡��|ƨ 4.5 �ƨ 4.6 �úʂ¥˚ϻx�|~¢�¢�

ǰȶвī¥Ŕʰz¡ 6̀ ʞ� 9 ʞ�Ə͡�ǫʖɂ�m|öеʣ�ʂmǤŊ˝˺�џp|–ΰ

Ч�Ƕ�h`t¢�|ǤŊ˝˺�ȶy�–ΰϝɹ¥ά����|Ə͡�ǫʖɂ�����

Ύj�¢¡`5 ʞ� 10 ʞ�ǤŊ˝˺�–ΰЧ�Ç���Ə͡�m|ǫʖɂ�öеʣ� 10
ʞ�ʂmǶ�h`t¢�|4 ʞ� 11 ʞ��Əˉ�ĺƑ�g¡`�� |Ə͡�ǤŊ˝˺î

–ΰЧ�g¡mõʉʣ� 4Ѱ5 ʞ�ʂmʖhķ�|öеʣ� 10Ѱ11 ʞ�ʂmǫhķ�̨ƕ

mĴ��h¡�hj¡` 
Ĕõ�ʳl�|Ə͡�˝˺̢ǀ��˝˺�К͑��¡Ȁ˕�σъ����|Ŏl�ː

͟�˝˺mõʉx�p¡bõʉʣc��ʖp|ǆl�ː͟�˝˺mĞöx�p¡böеʣc

��ǫpɂy�zp���h¡t�¥ͅƜx�h¡�Ύj�¢�` 
 

 
Figure 4.5 Relationship between thermal sensation and indoor air temperature 

 

 
Figure 4.6 Relationship between clothing insulation and daily running mean outdoor 

air temperature 
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ɂyʂm̯�¡�Ύj�¢¡ t̀¢�|ƨ 4.1 �ͅx�Ȁ˕ȼ�g¡ИȶáÈç��¡ƇΖ

ȼ¥ͅƜx�h¡`~t�|ИȶáÈç�Əˉ�ǰȶвī��¡ȸИ˺Ȝ�ʆ͑ūȔưǇ

˝˺�вī¥Ƌʞ�����Ŕʰ¥άit��z¡`�k|ȸИ˺Ȝ��ǻğΏΘ϶mȸ

И�ɂy¡�g£i˺Ȝ�ɪǢĳ�g |ʧ’͘��Ĕö�ͅzǫʖɂǸȜ�ǤŊ˺Ȝ¥

ēŃz¡ Griffiths ˩[48][58][59][64][65][86][87]¥̥h�ͤœ¥άi`Griffiths ˩�ȡ�

Ĕö�g¡` 
Tc = Ti - (4 – TSV ) / a       (4.2) 
tt�|TcѮȸИ˺Ȝ[v]|TSVѮǫʖɂ̨ƕ|aѮƣȏīɸ�g¡`�k|a �ŀά’

͘[86]¥Ƹ� 0.5 �z¡`t¢�|ǫʖɂǸȜ� 1 ǸȜбȧ� � 2v�ȸИ˺Ȝ�ζ˒¥

άit�¥ɁƗz¡` 
ͤœv¢�ȸИ˺Ȝ¥̥h�|FR áïÊ�kr¡æÓë¶�ȸИ˺Ȝ�͑ūʆȔưǇ˝

˺�вīȼ¥ƨ 4.7 �ͅz Ƌ̀ʞ¥¦�l�|Ǉ˝˺�ȸИ˺Ȝ�б��˒�̶вmg

¡t�mŔl¡`ðʂ|ƨ 4.5 �ƨ 4.6 � �õʉʣ�öеʣ�Ȋ�ǵvh`t¢��t�

¥���¡�|ȸИ˺Ȝ�ǅū�ǤŊ̢ǀ�r��pǜͦǅū��ǰȶвī�g¡m|ʎ

ǜ�͎ǜ�Ȋ���ǵvl�� ƨ̀ 4.6 �–ΰЧ��вЏv|�Ύj¡�|ʧ’͘�ϝʸǰ

Ϥ�ǻğΏ��ʎǜî͎ǜ�kr¡Ȁ˕�Ȋ̯�ИȶáÈç�ǴŃz¡ȵιȼ��hm|

–ΰЧáÈç��ǴŃz¡��h�Ύj�¢�`t¢�|ʎ͎�Ȁ˕�Зh¥Ɠ��–ΰ

ϝɹ¥ά��h���|ȸИ˺Ȝ��Ȁ˕�Ȋ̯�̟¢�l��t�mΎj�¢¡` 
 

 
Figure. 4.7 Relationship between comfort temperature and daily running mean 

outdoor air temperature 
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ʚx�h¡t�m¤l¡ x̀lx|~¢�¢�̢ǀϝɹάū�ЛɗĺƑ�̯���h¡`

~t�|ŗ��Ƌa�̢ǀϝɹάū�ĺƑ¥~¢�¢λ�hp` 

͛аɵŤƌ� 5 ʞl�õʉx�hn|6 ʞ��ʝџŤƌ��¡`ðʂ�|6 ʞl� 8

ʞ�lr�Ǉ˝˺�õʉz¡���|͛аɵŤƌ�˸Ƕz¡ĺƑ�g |8 ʞ�� 0.45

��¡`~�ȯ|9 ʞl��Ǉ˝˺ĞöĺƑ�ǰx�|͛аɵŤƌ�˸Ƕx�hp`ʆ

ʧ�ðΜ̲�ğǞ�kh�|®¨¸ëŏɍĥ̥ʒ��ГϸŪ̝Ğö¥̡̧�͛�ЯЬz

¡ĺƑmg¡`x�m��|6 ʞ� � 8 ʞ�ʂm͛аɵŤƌmĞh̡̧�|®¨¸ë

ĥ̥ёȜ�ǁŧmвīx�h¡�Ύj�¢¡ ~̀���|͛ аɵ�®¨¸ëŏɍĥ̥�

вīȼ�̈́ϕz¡ȵιmg¡` 

ɏіˎĥ̥Ťƌ��h��Əˉ�|Ǉ˝˺õʉ�ǰx�ĥ̥Ťƌ�ǁŧz¡ĺƑ�g

¡`7 ʞ� 9 ʞ��ɏіˎĥ̥ŤƌmƏ͡�g¡m|̨ƕʒ�ȔưǇ˝˺��ľĝ�v

mg¡`̨ ƕʒŞ�ϘȊ�Ç�ΎɆz¡�t¢��Ǉ˝˺�Ȋ�ǵvht��Ύj�¢

¡m|Ǉ˝˺õʉʣ�öеʣ��Ȋ�ð��Ύj�¢¡`��|5 ʞ� 10 ʞ��Ə͡

�Ǉ˝˺ĺƑ�ǰx�ɏіˎĥ̥Ťƌ�ʟɁ�Ȋm�p|t¢��ʞ��Ǉ˝˺õʉ

ʣîöеʣ�Ȋ��ht�mΎj�¢¡` 

®¨¸ëŏɍĥ̥��h��|Ǉ˝˺õʉʣ�öеʣ�Ȋm�p̟¢�h¡���ð

��g¡`®¨¸ëŏɍĥ̥Ťƌ� 8 ʞ�ʝǊŤƌ�Жz¡`~x�|Ǉ˝˺öеʣ(8

ʞl� 10 ʞ)�ʂmǇ˝˺õʉʣ(5 ʞl� 8 ʞ)� �|ŏɍĥ̥Ťƌmџl��`̖

� 5 ʞ� 10 ʞ��h��|ƏyǇ˝˺Ȏ�g¡��ll¤�{|Ǉ˝˺öеʣ�g¡

10 ʞ�ʂm®¨¸ëŏɍĥ̥Ťƌmџl��` 

®¨¸ëʗɍĥ̥��h�|2 ʞ�ʂm 12 ʞ� �Ǉ˝˺mĞhm|ʗɍĥ̥Ťƌ

�ͻυ̲�ʟɁ�Ȋ��h`��|11 ʞ� 4 ʞ�kh��|11 ʞ�ʂmǇ˝˺�ľĝ

�Ğhmʗɍĥ̥Ťƌ�ʟɁ�Ȋ��l��` 

ː�|ńĠ̲�ĺƑ¥Ŕʰz¡ Ǉ̀˝˺mʝĞ��¡ 1 ʞ�kh�®¨¸ëʗɍĥ̥

Ťƌ�ʝџĳ��¡��ǰx�|Ǉ˝˺mʝџ��¡ 8 ʞ��®¨¸ëŏɍĥ̥�ɏі

ˎĥ̥�ŤƌmʝǊ���� ~̀¢��ðʂ�|͛ аɵŤƌ��h�� 6 ʞ�kh�ʝ

ǊŤƌ�� |t¢�ʝџǇ˝˺��¡ 8 ʞ���l��t�l�|~�đ�̢ǀϝɹ

άū��̯�¡ĺƑ�g�� t̀¢��h�|®¨¸ëŏɍĥ̥�� 7 ʞl� 9 ʞ�ʂ

m 6 ʞ� �Ťƌmџp|͛ аɵ�®¨¸ëŏɍĥ̥�͑ ǅ¤ �ǰȶвīmg¡�

Ύj�¢�`�k|10 ʞl� 5 ʞ�lr��͛аɵ�®¨¸ëŏɍĥ̥�Ç���Ť

ƌ�Ğl����|ǻğΏ�t¢��ɨ˲άū¥ǣʃx�l��t�m¤l¡ t̀¢�

�вīȼl�ƏyǇ˝˺Ȏ�g���|Ǉ˝˺õʉʣ�͛аɵ��¡Θ̎ǰ˭¥̥h�

ɨ˲άū¥ǣʃz¡t�mǈh��ǰx�|Ǉ˝˺öеʣ��®¨¸ëŏɍ��i�ˎ

ˀ͙ϝ¥ǣʃz¡t�mǈp|ǜͦǅūèØç��Ǉ˝˺õʉîöеĺƑ����ǻğ

ΏΘ϶mǣʃz¡άū�̯���h�t�mΎj�¢�`  

t¢��Зh��h�|ǻğΏΘ϶mʆa�ü�̣ˬz¡õ�ȱ�¢�ǜͦèØç�
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̲̐Ȁ˕mвīx�h¡t�mΎj�¢� ǻ̀ğΏ���|Ǉ˝˺õʉʣ��͛аɵ�

�¡Θ̎ɮ˝¥�pǣʃx|Ǉ˝˺öеʣ��͛¥ЯЬx�®¨¸ëŏɍ¥ĥ̥z¡t

��|ɨ˲άū¥ά���h� Ǉ̀˝˺öеʣ��®¨¸ëŏɍĥ̥Ťƌ�ʂmџh̡

̧��h�|ǻğΏΘ϶mѦǤŊǇ¥ƞ¤{ѧ˝˺mĞöx�h¡t�¥˝�h�h�

ht�mвīx�hi����hlѯ�ăɀx�`��|8 ʞ�®¨¸ëŏɍ¥�pĥ

̥x�h�t��|9 ʞь���Ǉ˝˺möеx��b͛аɵmɨ˲άū�x�ʟŪc

�ЛɗΓ�ð��g¡t��˝�h�h�ht��Ύj�¢¡` 

t¢��t�l�|Ǉ˝˺�õʉʣ�öеʣ�ȶy�̢ǀϝɹάū�̯�¡t�m¤

l |̖ �͛аɵ�®¨¸ëŏɍĥ̥��h��ǜͦǅū�ȶy�ЛɗĺƑm̯�¡t

�m¤l��` 

     (a) Window open                         (b) Fan use 

      
                

     (c) AC cooling use                        (d) AC heating use 

      
Figure 4.8 Relationship between proportion of occupant behaviours and outdoor air 

temperature 
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ʟɁ�Ȋmg¡`Ħj�|5 ʞ� 10 ʞ��ȔưǤŊ˝˺�ʟɁ�Ȋm�hm|Ȕưǫ

ʖɂ��ʎǜ�g¡ 5 ʞ�ʂmџh`t�ĺƑ� 11 ʞ� 3 ʞ|4 ʞ�kh��Əˉ�

λ�¢� �̀�|6 ʞ� 9 ʞ��Ȕưǫʖɂ�ʟɁ�Ȋ��hm|ȔưǤŊ˝˺�ͯ 2°C 

̯�¡ĺƑ�g�� t̀¢��ĺƑ�Ǉ˝˺��Əˉ¥��¢¡ t̀¢��̡̧�x�

Ύj�¢¡��|̐ ̲ȸИȼ�̵š�ȸИȼȀ˕�˚ϻx�x�h¡t��g¡ š̀І

� 5 ʞ� 10 ʞ�Ħ�hj�|3~4 ʞ�Ğh˺Ȝ�ў�˚ϻx� 5 ʞ��ʗlpɂy|

ðʂ� 8~9 ʞ�џh˺Ȝ¥ўx� 10 ʞ��˲xpɂy�h¡t�mΎj�¢¡`t

�˺Ȝǅū�̲̐ȸИȼ�вīȼ�|þЦ�mɭʼx�˺ŏɂáÈçѦąːĿ˺ŏɂá

Èçѧ[88]�Ύjʂ��ǰȶx�h¡` 

Ĕõ�ʳl�|ǻğΏ���ǤŊ˝˺k��Ǉ˝˺�õʉʣ�öеʣ�Зh���

�|̲̐ȸИȼ�ɂyʂ�̯���h¡t�mʋ�l����`  

  (a) Indoor air temperature                  (b) Outdoor air temperature 

    
Figure 4.9 Relationship between monthly mean thermal sensation vote and air 

temperature 
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�ͤœ��g¡͓Ȝ����n¥ͅzͧƧ(ÐëÊ)�ͅz�mðΜ̲�g |t�ǜͦК͑

ʣ�Ȋ�ͧƧŊ�Ƅ�¡�Ύj�¢¡���g¡` 
�}|ИȶáÈç��Ǉ˝˺õʉʣîöеʣ�Ȋ¥ΎɆz¡ȵιm�l���l`~

�̡̧�x�Ύj�¢¡t��|ǜͦǅū�ȶy�̢ǀϝɹάū�ǅʚx�h����

lΎj�¢¡`ƨ 4.9 ��ǫʖɂmǇ˝˺õʉʣîöеʣ�ȶy�̯�¡ĺƑ�g¡t

�¥ͅx�m|~¢�ȶy�̢ǀϝɹάū�ǅʚx�(ƨ 4.8)��|ȸИ�ɂy¡˺Ȝ

ΘĠ�Ǌn�Ȋ�̟¢�l����|�ăɀv¢¡` 

 

      (a) Monthly mean                              (b) Raw data 

        
Figure 4.10 Relationship between comfort temperature and outdoor air temperature 
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� ƨ 4.11(b)¥�¡�|Ǉ˝˺öеʣ�ʂmõʉʣ� �®¨¸ëŏɍĥ̥ŤƌmџhĺƑ

m|ƣȏŔʰ�ʳ��ƃʍv¢�h¡`Ħj�|Ǉ˝˺m 27.1°C �ʒ�®¨¸ëŏɍĥ

̥Ťƌ�|Ǉ˝˺öеʣ� 0.398 �g |t¢�õʉʣ� � 0.05 џhŤƌ�g¡`t¢

�|ƏyǇ˝˺�g���Ǉ˝˺öеʣѦ͎ǜѧ�ʂm®¨¸ëŏɍ¥ĥ̥z¡·ï½m

5%ǈht�¥ɁƗz¡`�� |ʎǜ� �͎ǜ�ʂm®¨¸ëĥ̥z¡ǻğΏmǶxǈ

hĺƑ�g¡t�¥ɁƗz¡`t¢���i�̢ǀϝɹάūáÈç�а̱�kh�|ƨ

4.11(b)�ͅz�i�Ǉ˝˺ǅū�ǅūʂƑ�Зh�ƣȏŔʰz¡t��|ǜͦèØç��

̲̐Ȁ˕¥ΎɆz¡õ�Хι�ιͲ�ð��Ύj�¢¡`Ďȯ|Ç��i�x�̢ǀϝɹ

άūáÈç�ǜͦǅū�Ȋ¥ƃʍv|¡�nl|v��ϢϞmȵι�Ύj¡` 
(a) Definition of group and legend          (b) AC cooling use model 

 
Figure 4.11 (a) Definition of two groups for increasing and decreasing outdoor air 

temperature, and (b) AC cooling use stochastic models for increasing and decreasing 

outdoor air temperature. 
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� ͟ 4 ͝��|ƏyǇ˝˺Ȏ¥ɝ�ʎǜ�͎ǜ��bŎǜl�˝˺õʉx�n�ʎǜc�

bǆǜl�˝˺Ğöx�n�͎ǜc��̲̐ȸИȼm̯�¡t��|̢ǀϝɹάū�̯�

¡ƇΖȼ¥Ƹ�|ǜͦК͑ʣ�kr¡˝˺ǅūʂƑ�Ȋ̯¥̢ǀϝɹάūáÈç��Íª

z¡ȵιȼ¥˄φx�`ʧͦ��|Ĕö�Ϟmȱ�¢�` 
1) Ƌǜͦu��̢ǀϝɹάūáÈç¥ͤœx��t£|ƏyǇ˝˺Ȏ�g���®

¨¸ëʗɍĥ̥�ʎǜ�ʂm|®¨¸ëŏɍĥ̥�͎ǜ�ʂmǈht�mʋ�l

����` 
2) Ƌʞ�άūŤƌ¥ͤœx�ʳ|®¨¸ë÷ĥ̥ʒ�–ΰЧ�͛аɵŤƌ|®¨

¸ëŏɍĥ̥��h�|ƏyǇ˝˺Ȏ��̯�¡ĺƑ�g��`t¢��̢ǀϝ

ɹάū��h��|áÈçŰ¥άiʒ�ʎǜ�Ɩʣ¥Ŕřx�áÈçŰz¡t�

�|� ǻğǣɃ�ЄhάūáÈçmȱ�¢¡�Ύj�¢¡` 
3) ̨ƕϝʸ�ȱ�¢�ǫʖɂ̨ƕ�̥h�Ƌʞ�Ȕưĳ¥̈́ϕx��t£|Əˉ�

ʎǜ�͎ǜ��ƏyǇ˝˺Ȏ�g���ʎǜ�ʂmʖhķ�Ŕȍx�h�`ðʂ

�|FR áïÊ�ȸИ˺Ȝ�Ǉ˝˺�вīȼ�g¡ИȶáÈç�kh��|ʎǜ�
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͎ǜ�Ȋm�h�Ύj�¢�`t�̡̧�x�|ʎǜ�͎ǜ�̲̐ȸИȼ�̯�

¡m|~¢�ȶy�̢ǀϝɹάū�ǅʚx�h�t��|ȸИ�ɂy¡˺Ȝ�Ȋ

��h�͡xht�mΎj�¢�` 
4) Ǉ˝˺õʉʣ�öеʣu��ÈïÂ¥ŔŤz¡t��|˝˺ǅū�ȶy�ŏɍĥ

̥áÈç¥|é¼½Ç©Åµвɸ¥̥h�ͤœx�`ȱ�¢�ƣȏȡl�|Ǉ˝

˺öеʣ�ʂmõʉʣ� �ͯ 0.05 ŤƌmџhĺƑmȱ�¢�` 
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)��� ¾á;Äõ�

ʧ͝��|̢ǀϝɹάū�̨ƕ�Əʒ�ȱ�¢�̲̐ýρ̨ƕ�̥h�|ĥ̥ʒ�̲̐

ýρ�ƃʍx�̢ǀϝɹάūáÈç¥а̱z¡` 
5.2 ��|̲̐ýρ̨ƕ¥ΎɆx�̢ǀϝɹάūáÈç�ˇȹ�~�υͤɐ˩��h�ϙ

ʋz¡` 
5.3 ��|ǫʖɂ(TSV)�И˺ɂ(TP)¥̥h�|®¨¸ëŏʗɍĥ̥άū�̢ǀϝɹάū

áÈç¥ͤœz¡` 
5.4 ��|šͦ�ȱ�¢�̢ǀϝɹάūáÈç¥̥h�|ĺƑ¥ɔɯz¡` 
5.5 ��|ʧ͝����¥χz¡` 
 

)�	� ÍØ�Ć¡C��f.QÓ�ý´óxuoy;ċ×;£í�

� ̢ǀϝɹάū��|ǻğΏΘ϶�ȸИȼ¥ͽɝz¡���άūɅ�g¡m|̢ǀϝɹ

άū�̱̟��b÷ȸ�̢ǀ¥÷ȸ��h�i�z¡̋�άicƽƌ�|b(~�̿б�)÷
ȸ���hm|Ďȯ�÷ȸ�̢ǀ�̱̣¥λЂ¦�|ϝɹάū¥g�ly�Лɗz¡cƽ

ƌ�ÇmΎj�¢¡`�� |ϝɹάū¥̱̟x�h�÷ȸ��¡t�l�ϝɹάū¥ά

i|�hit���h�Ύj�h¡t���¡` 
� ~�ðʂ�|ДȜ�̢ǀϝɹάū�÷ȸ¥̣�œzt�mΎj�¢¡`tt�hiДȜ

�̢ǀϝɹάū��|ǆʣ�ǫpɂy¡�Ç�ŏɍĥ̥�|Ŏʣ�ʖpɂy¡�Ç�ʗɍ

ĥ̥�Çmɠ±�¢¡`t¢��ĄĦ�|ηɸ�İčmƏǤz¡°Õ©½�kh�|ĠϮ

�İčȊ�Ç����̱̣z¡t�mΎj�¢¡m|İč�ƭǤ�kh��|ȵ{x�̱

̣x�h��Ύj�¢�h`~�~�|čб�Ȑ�̲̐ȸИȼ�вz¡t���¥ȺΎî

Ɂϡx�h¡¤r���p|ДȜ�ĥ̥��¡̲̐÷ȸ�̱̣¥λЉzt��ŴŔΎj�

¢¡`��|̼̾ʒ��͙ϝˎơ�ωǢ¥ǅʚ�n�ht�l�|ǷǬš�õɐ�ωǢx

�kl�h�|ϰșʒ�ДȜ�ĥ̥��¡ǤŊ̢ǀmȨɊv¢�h¡t��ŴŔ�Ύj�

¢¡`ŀά’͘¥�¡�|t¢���i�ДȜ�̢ǀϝɹάū�вz¡’͘�͠Ώ��́

¡ж ��λȧ���h`̲̐ȸИȼ¥ǰȶĒr�̢ǀϝɹάūáÈç¥а̱z¡�|И

ŕ�̢ǀϝɹάū�Г̥�̸®Íç´ïƇΖȼ�вz¡́λ�x�ˬ̥�n¡ƇΖȼmg

¡��|t��i�áÈç¥а̱z¡t��Ɂmg¡�Ύj�¢¡`Ħj�|ğǞ�k

r¡ŏɍ͙ϝ�®Íç´ïĥ̥�»Þãèï»äë����ð́λ�x�|Ϩ̜�n¡�

Ύj�¢¡ ŏ̀ɍ�ĥ̥Ťƌ�Ŋ|ДȜ�ĥ̥Ťƌ�̶ȧz¡Ťƌ¥ͤœz¡t��� |

Ç¢p�h�Ťƌ�Š˸z¡ĢƮmg |ĥ̥фŦ�Ç�ɸĳ�ǅɮz¡t��|Š˸�

n¡ĥ̥фŦĳ¥ɪǢz¡t�m�n¡�Ⱥ¤¢¡` 
� ~t�|͟ 5 ͝����̨ƕϝʸ�ȱ�¢�̲̐ýρ̨ƕ�ŏɍĥ̥/÷ĥ̥�ÈïÂ¥

̥h�|ДȜ�̢ǀϝɹάūmÇ¢p�hά¤¢�h¡�l¥ʋ�l�z¡ ʧ̀’͘��|

̸®Íç´ïϜѓ�x�̖�˫̴mv¢�h¡®¨¸ëĥ̥��h�|̲̐ȸИȼ¥ǰȶ

Ēr�áÈç�а̱¥άi` 
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)�
� ą�VdaK_q¨iÔuoy;ãr�

�8 � q¨iÔ¸;�¹¤;s��

�y��|®¨¸ëŏɍĥ̥ʒ�̲̐ȸИȼ¥̈́ϕz¡`ƨ 5.1 � CL áïÊʒ�ǫʖɂ

�Ŕȍ¥ͅz b̀4. Ç�����hcmʝ�ǈp|Ȕưǫʖɂ 4.2 l��~�ĺƑ¥̈́ϕ�

n¡ ð̀ʂ�|TSVw3 �ǫhķ�̨ƕ�ńʟŪƣ͢ɸ� 8.0%�g¡ 550 ̨ƕmǚƭz¡`

t¢�|k�~ 13 ƣ� 1 ƣ�ǫhķ�ɂy�h¡�Ύj�¢¡`x�m��|ǫpɂy¡

š�ŏɍĥ̥¥ĵˑz¡t�m�n¢�|ͯ 8.0%�ˎę�®Íç´ïĥ̥�Š˸Ūʳ�Ģ

Ʈmg��t�mͅƜv¢�h¡` 

 
ƨ 5.1� CL áïÊʒ�ǫʖɂ�Ŕȍ 

 
�9 � .1 uaS¸; 657+
 Õ�w}8�ÉË;čj�

ː�|ŏɍĥ̥ʒ�ǫhķ�̨ƕ�ŤƌmÇ��i�ǅūz¡�l¥|®¨¸ëŏɍĥ

̥áÈç�ȡ(3.6)�вЏĒr�α̟z¡���|Ǉ˝˺¥̙͜ǅɸ�x�ʒ� CL áïÊʒ

� TSVw3 ̨ƕ̱̟Ťƌ��вī¥ƣȏ�ͅzt�¥ώ��` 
�{|ƨ 5.2 �×éÅÉ�ͅx�ƋǇ˝˺�ǫhķ̨ƕ�Ťƌ¥̈́ϕz¡�|ńĠ̲�

0.05~0.15 �ͧƧ�ü�|Ǉ˝˺mõʉz¡�ǫhķ�̨ƕm˸Ƕx�hpĺƑmg¡t�

m̈́ϕ�n¡ t̀�t�l�|ʧ’͘�kh�� CL áïÊ�kr¡ǫhķ�̨ƕŤƌ�Ǉ

˝˺�вī�|ąːвɸ�Ç¥̥h¡ȵιm�p|ðːвɸ¥̥h�é¼½Ç©Åµƣȏ

Ŕʰ�Ç¥̥h�ͅz�mИŕ�g¡`ˠ��ƣȏȡ¥Ĕö�ͅz` 
logit(PVc)=-0.077 To -0.333      (5.1) 
(n=6,798, R2=0.003, S.D.=0.016, p<0.001) 
PVcѮCL áïÊʒ�kr¡ǫhķ̨ƕ�Ťƌ�g¡` 
ƨ 5.2 �ƣȏ�|t�ȡ(5.1)¥ƨͅx����g¡`ȱ�¢�ƣȏȡl�|Ħj�Ǉ˝

˺m 24v�ʒ� PVcm 0.10 ��¡m|t¢�Ǉ˝˺m 24v�ʒ�ŏɍĥ̥¥z¡� 10 ƣ

ü 1 ƣ�ǫh�ɂy�h�t�¥ͅz`��|Ǉ˝˺m 30v�g��� PVc � 0.066 ��

 |k�~ 7%�ˎę�ǫh�ɂy�ŏɍĥ̥����h¡` 
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ƨ 5.2�  CL áïÊʒ� TSVw3 ̱̣Ťƌ�Ǉ˝˺�вī 

 
(c)� Ǉ˝˺�Ƹ�p|ǫv¥ɂy¡ʒ�ŏɍĥ̥Ťƌ 
ʧͦ��|ƨ 3.3 �ͅx�ŏɍĥ̥Ťƌ�Ǉ˝˺�вī�|ƨ 5.2 ǫhķ¥̨ƕx�h¡

ʒ�ŏɍĥ̥�̱̟Ťƌ�ŧj�ƨͅ¥άi`t¢��h��Ĕö�вīȡ¥̥h�ͤœ

z¡` 
PVcMX=PCL×(1-PVc)       (5.2) 
PVcMXѮMX áïÊ�kr¡ TSVw3 �ʒ�ŏɍĥ̥Ťƌ�g¡`t�вīȡ¥̥h�ͤ

œx|ƨͅx���mƨ5.3�g¡ ǣ̀mŏɍĥ̥Ťƌ¥|̊ mǫh�ɂy�h�h(TSV
x4)ʒ�ŏɍĥ̥Ťƌ¥ͅz�Ύj�¢|ǣ�̊�б�®æ¨m TSVw3 �ʒ�ŏɍĥ

̥Ťƌ¥ͅx�h¡`��|TSVw3 � TSVx4 �ƽƌ� MX áïÊʒ�ƣȏmͅzŏ

ɍĥ̥Ťƌ¥α 5.1 �Ǉ˝˺ 1vu��ͅz` 
šͦ�ͅx��i�|CL áïÊʒ� TSVw3 ̨ƕ�Ťƌ�Ǉ˝˺õʉ�ȶy�˸Ƕz¡

ĺƑ�g��`xlx|ŏɍĥ̥Ťƌmǁŧz¡��|ʆȐ̲�Ǉ˝˺�ͧƧŊ�kr¡

ńĠ̲���ǫpɂy¡ʒ�ŏɍĥ̥Ťƌ�|Ǉ˝˺�õʉ�ȶy�ǁŧĺƑ�g¡t�

mŔl��` 
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ƨ 5.3� TSV �ȶy�ŏɍĥ̥Ťƌ�Ǉ˝˺�вī 

 
α 5.1�  TSV �ȶy�ƋǇ˝˺�ŏɍĥ̥Ťƌ 
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~¢��ȡ¥̥h�|ƣȏ�ƨͅx���¥ƨ 5.4 �ͅz` 
TSVw3 �ŏɍĥ̥Ťƌ¥�¡�|ǬǤ�ʂm¤{l�ǊnhĺƑmg¡t�mΎj�¢

¡`ǬǤ��h��|ǷǬšȯ�ϝʸ¥ά��h¡��|ŏɍĥ̥�Ɂϡ̲�ɲģ¥Эʒ

бάit�mтxhϰșȯ�ÈïÂmƓ�¢�h¡ǬǤ��|ǫhʒ�ŏɍĥ̥�̱̣m
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α 5.2�  æÓë¶�ǬǤ�kr¡ƣȏȡ 

 
 

      
ƨ 5.4� ƋРǼ� TSV �ȶy�ŏɍĥ̥Ťƌ�Ǉ˝˺�вī 

 
)�(� ą�VdaK_º¨iÔuoy;ãr�

5.4.1� ʗɍĥ̥ʒ�ǫʖɂ�Ŕȍ 
ː�®¨¸ëʗɍĥ̥áÈç��h��̲̐ȸИȼ¥ǰȶ�r�|ДȜ�®¨¸ëʗɍ

ĥ̥Ťƌ�ͤœ¥ώ�¡`ƨ 5.5(a)� HT áïÊʒ�ǫʖɂ�Ŕȍ¥ͅz b̀4. Ç����

�hcmʝ�ǈp|HT áïÊ� 62.8%(2005 ̨ƕ)¥ź�¡`ðʂ�|TSVx5 �ʖhķ�

̨ƕ� 2.7%(88 ̨ƕ)�g |b7.чȐ�ʖhc�̨ƕv¢�l��`ͦ 3.2(d)�ͅx�ДȜ

�ŏɍĥ̥�g¡ 8.0%�˚ϻz¡�|2.7%�ͯ 1/3 �g |ʗɍĥ̥��ʚ�Ƕ�ht�

mŔl��`t¢��t�l�|ДȜ�ʗɍĥ̥ˎę¥˸�zt�����ȱ�¢¡®Í

ç´ïĥ̥�Š˸Ūʳ�|̟ʒ̊��g� ʣȭ�n�h�Ύj�¢�`��x|ʗɍ�

ŏɍ�˚��®Íç´ïĥ̥Ч�ðΜ�l� Ǌnp|ùȎȧ� �ȕб�®Íç´ï˱

ϫЧ�ʗɍ�ʂmџh[16]t�l��|ĥ̥î÷ĥ̥�ёȜ���˚ϻ�n�ht��˫Ɂ

z¡ȵιmg¡` 
ː�|ƨ 5.5(b)�ǫʖɂ�Ǉ˝˺�вī¥ͅz`ДȜ�ʗɍĥ̥�|ʗɍĥ̥÷ĥ̥�Ř

ʀmтxhʎ�͎�h��Д˹ʣ�ά¤¢¡�Ύj���|ͯ 15~20v�Ǉ˝˺Ȏ���

ά¤¢¡�ăɀx�`xlx|ƨ 5.5(b)¥�¡�|ͯ 0~18v�ͧƧ�ȑαhǇ˝˺Ȏ�ʖ

hķ�̨ƕm�v¢�h¡t�mŔl��`t�t�l�|ДȜ�ʗɍĥ̥�ʎ͎�ж�

{|Ŏ�kh��ά¤¢�h¡t�mŔl¡` 
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ƨ 5.5� ̨ƕv¢�ǫʖɂ, (a)ǫʖɂ�Ŕȍ, (b)Ǉ˝˺��вī 

 
)�(�	� ą�Vº¨iÔ8�ÉË;čj;ãr�

ː�ʧͦ��|ДȜ�ʗɍĥ̥�Ťƌ¥ͅz̢ǀϝɹάū�áÈç�ͤœ¥ώ�¡`t

t��ДȜ�®¨¸ëŏɍĥ̥áÈç�Əyͤœɐ˩¥̥h�|®¨¸ëŏʗɍ�Ç��

�ʂmДȜ�ĥ̥mǈhl|˚ϻz¡` 
(a)� ʗɍĥ̥ʒ� TSVx5 ̨ƕŤƌ�Ǉ˝˺�вī 
ʗɍĥ̥ʒ�ʖhķ̨ƕ�ǅū¥ʋ�l�z¡̋�|ƨ 5.6 � 1vu��ʖhķ̨ƕŤƌ

¥×éÅÉ�ͅx|ȱ�¢�ƣȏȡ�Ƹ�pʙ¥ͅz` 
×éÅÉ¥̈́ϕz¡�|0~14v�ʖhķ̨ƕ�ͯ 0.05 ʥ˽�ͧƧ��l�õʉĺƑ�

g |15~17v�ĺnmǊnp�¡ĺƑmg¡`t¢��t�l�|ðːвɸ���pĺn

mǅŰz¡ƣȏ�ʂmИŕ�Ύj�¢�` 
~t�ʧ’͘��é¼½Ç©Åµƣȏȡ�²¬½вɸ¥̥h�ͤœ¥ώ��`Ĕö�ȡ

¥ͅz` 
Logistic regression 
logit(PVh)=0.093To -4.285      (5.3) 
(n=3187, R2=0.004, S.E.=0.024, p<0.001) 
Gaussian function 
PVh=8530.32eY        (5.4) 
Y=-(To-319.997)2/7719.3947      (5.5) 
(n=3187, R2=0.004) 
PVhѮʗɍĥ̥ʒ�kr¡ʖhķ̨ƕ�Ťƌ�g¡`�k|Ǉ˝˺�ͧƧ�Ň� 0wTow

17 �g��` 
ʧŔʰ��|15~17v�kr¡Ťƌ�õʉ��n¡�rÕ©ÅÉv|¡���|ðːвɸ

ĔǇ�вɸ¥Лɗx�m|ǣм�ƣȏŔʰ¥άi�|Ťƌm~t��õʉx�h�h`t

¢�|ƣȏŔʰ�ͤœ��ƨ�ͅx�×éÅÉ���p|ĥ̥/÷ĥ̥¥ͅz 01 �ÐªËæ
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ÈïÂ¥̥h�Ŕʰ¥ά��k |͞�ÈïÂ��¡�ÇÈïÂɸmǶ�p�¡ĺƑ��

 |ÈïÂɸ�Ƕ�hǇ˝˺Ȏ�ǰz¡Х�mǵvp�¡���g¡` 
~t�|ʧ’͘��|џǇ˝˺Ȏ�ʖhķ̨ƕŤƌm×éÅÉ�Əˉ�¤{l�џp|

ƣȏȡ�īɸ�»ë×ç�g¡é¼½Ç©Åµƣȏȡ�ʂ¥|ʧ’͘�kr¡Ŕʰʳ�

x�ɨ̥x�` 
ˠ��¢�ƣȏ�ͯ 0.02~0.06 �ͧƧ¥��p õʉz¡ĺƑ�g��`ʅƼ 5)�ͅ

x�|ŏɍĥ̥ü�ǫhķ̨ƕŤƌ��|Ǉ˝˺˸Ƕ�ȶy�џp���k |ʧ’͘�

ДȜ�ʗɍĥ̥Ťƌ��ƃǰ�ĺƑ¥ͅx�h¡`t¢�¥���¡�|ŏʗɍ�Ç��

�·ï½�kh��|ʎ͎�h��Д˹ʣ�Ǉ˝˺�Є�p�Ťƌmǁŧz¡ĺƑmg¡

t�mŔl��` 
 

 
ƨ 5.6�  ʗɍĥ̥ʒ� TSVx5 ̱̣Ťƌ�Ǉ˝˺�вī 

 
(b)� Ǉ˝˺�Ƹ�pʖv¥ɂy¡ʒ�ʗɍĥ̥Ťƌ 
ʧͦ��|ȡ(3.7)�ȡ(5.3)¥̥h�|ʗɍĥ̥Ťƌ�Ǉ˝˺�вī�ʖhķ¥̨ƕx�

h¡ʒ�ʗɍĥ̥�̱̟Ťƌ�ŧj�ƨͅ¥άi`ДȜ�ʗɍĥ̥�Ťƌ�|Ĕö�вī

ȡ¥̥h�ͤœz¡` 
PVhMX=PHT × PVh       (5.6) 
PVhMXѮДȜ�ʗɍĥ̥�Ťƌ�g¡ t̀�вīȡ¥̥h�ͤœx|ƨͅx���mƨ 5.7

�g¡`ǣmʗɍĥ̥Ťƌ¥|̊mʖh�ɂy�h�h(TSVw4)ʒ�ʗɍĥ̥Ťƌ

(1-PVhMX)¥ͅz�Ύj�¢|ǣ�̊�б�®æ¨mTSVx5�ʒ�ʗɍĥ̥ŤƌPVhMX

¥ͅx�h¡`��|α 5.3 �ˠ��ƣȏȡ�ʗɍĥ̥Ťƌ¥Ǉ˝˺ 1vu��ͅz` 
ƣȏl��ʋ�l��i�|Ç���ƣȏ���ƏyĺƑ¥ͅx�k |��Х�

��h¡�i�λj¡`α 5.3 �ňĠ̲�ĳ¥λ¡�|ʖhķ̨ƕ(TSVx5)��ʝǊ��

0.009 �g |Ǉ˝˺mõʉz¡��¢�˸Ƕz¡��|Ç�Ǉ˝˺Ȏ��ДȜ�ʗɍĥ̥

mчȐ�ǵvht�m¤l¡`šͦ�ͅx�ДȜ�ŏɍĥ̥Ťƌ��|ʝǊ� 0.040 ��

õʉx�k |ДȜ�ʗɍĥ̥�ͯ 4 ı�ˎęmg¡t�m¤l�� t̀¢��t�l�|
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ДȜ�ʗɍĥ̥��¡®Íç´ïĥ̥�Š˸ĢƮ����ht�mͅƜv¢�` 
 

 
ƨ 5.7� TSV �ȶy�ʗɍĥ̥Ťƌ�Ǉ˝˺�вī 

 
α 5.3�  TSV �ȶy�ƋǇ˝˺�ʗɍĥ̥Ťƌ 

 
 

�� � [T_g8��;ÈĂ�

šͦ�ʳ��|ДȜ�ʗɍĥ̥m���hĺƑmʋ�l����m|æÓë¶�ǬǤ

��i�Ÿ̙�Ŕʰ¥άiƽƌ�|Ç��lðʂ��ДȜ�ʗɍĥ̥mǈpg¡l�x¢

�h�Ύj�¢�t�l�|ŔʰǰϤ¥æÓë¶�ǬǤ�ŔŤx�ƣȏȡ¥ͤœx�`ˠ

��ƣȏȡ¥α 5.4 �ƨ 5.8 �ͅz`��x|ǬǤ� PVh ͤœʒ�kh�|ϑȧÈïÂ�

878 ̨ƕü|3 ̨ƕxlʖhķ�̨ƕm�p|ƣȏȡ�ʟɁ���l����|̸̭z¡`

t�̡̧�x�|ʧϝʸ�ÈïÂ�ȍƥ�Ǉ�ÈïÂ�g |ȍƥ�–ΰ�ϝɹ����

ǬșŊ�˺̢̐ǀ¥̈́ĭ�n¡��|ǬșǇ�ǬǤŊ�˺̢̐ǀ�g� ΎɆx�h�h
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����hl�Ύj�¢¡ ʗ̀ɍĥ̥Ťƌ�|æÓë¶�ʂmǬǤ� �ǈhĺƑmg¡`

~���|ДȜ�ʗɍĥ̥Ťƌ�ʝǊĳm 1.4%�|α 5.3 �ͅzńĠ�·ï½� �¤{

l�ǈhĺƑ�g��` 
� Ĕõ¥ϵ�j�|Ļl�̱̣x�h¡ДȜ�ʗɍĥ̥�|ý�æÓë¶�ά¤¢�h

¡t�mŔl��` 
 

α 5.4�  ˠ��¢�ƋРǼ�ƣȏȡ 

 
 

   
ƨ 5.8� ƋРǼ� TSV �ȶy�ʗɍĥ̥Ťƌ�Ǉ˝˺�вī 

�

)�)� ?8@�

� ͟ 5 ͝��|b̲̐ȸИȼ¥ǰȶ�r�̢ǀϝɹάūáÈç�̱ǽƇΖȼc¥ȹѐ�|Д

Ȝ�®¨¸ëŏʗɍĥ̥áÈç�а̱¥ά���`ʧͦ��|Ĕö�Ϟmȱ�¢�` 
1) ̢ǀϝɹάų̄ƕ�Əʒ�ƣ͢v¢�ǫʖɂ̨ƕ¥̥h�|bŏɍĥ̥ʒ�ǫpɂy

�h¡c·ï½¥ДȜ�ŏɍĥ̥|bʗɍĥ̥ʒ�ʖpɂy�h¡c·ï½¥ДȜ�

ʗɍĥ̥�Ǣx|Ǉ˝˺¥ϙʋǅɸ�x�άūáÈç¥а̱x�` 
2) ŏɍĥ̥ʒ�ǫpɂy¡̨ƕ�Ǉ˝˺mĞhʂmǈp�¡m|ŏɍĥ̥ёȜ�Ǉ˝

˺mџp�¡�Çǈp�¡t�l�|ДȜ�ŏɍĥ̥Ťƌ�Ǉ˝˺mõʉz¡��

h¢�ǁj¡ĺƑ�g��`ʗɍĥ̥��h��Əˉ�ʖpɂy¡Ťƌ�Ǉ˝˺m

џhʂmǈp�¡m|ДȜ�ʗɍĥ̥Ťƌ�Ǉ˝˺mĞöz¡��¢�ǁŧz¡ĺ

Ƒ¥ͅx�` 
3) ��|æÓë¶�ǬǤ�ÈïÂŔŤ¥άit��|ДȜ�®¨¸ëĥ̥áÈç�ͤ

œ�ά���` 
4) ДȜ�®¨¸ëĥ̥Ťƌ¥̈́ϕz¡�|ДȜ�®¨¸ëŏɍĥ̥Ťƌ� 38vĔõ�

�� �	
 n R² S.E. p
logit (PHT)=-0.268T o+1.570 17849 0.266 0.005 <0.001
logit (PVh)=0.088T o -3.965 2309 0.005 0.026 0.001

�� logit (PHT)=-0.220T o -0.095 12719 0.130 0.007 <0.001

����
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3%Ĕõ�Жz¡ðʂ�|ДȜ�®¨¸ëʗɍĥ̥Ťƌ�Ç�Ǉ˝˺Ȏ�g��� 1%
ʥ˽�g |ДȜ�ŏɍĥ̥�ёȜ� �Ƕ�t�mʋ�l����` 
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��� <1@:�

ʧ͝��|t¢���͝�ȱ�¢�Ŕʰʳ¥̥h�|Ƞͨ̐ϧ»Þãèï»äë�

čбάūωǢ��ǴŃʂ˩¥˄φz¡|»Þãèï»äë��ǴŃƇΖȼ¥˄όz¡` 
6.2 ��|ESP-r �kr¡̢ǀϝɹάūáÈç�ǴŃɐ˩¥̈́ϕz¡` 
6.3 ��|͛аЯî®¨¸ëŏʗɍͻƌáÈç¥̥h�|ƋάūŤƌ�Ǌǵвīl�άū

ŕ ʜj��¡Ǉ˝˺�гĳ¥���¡` 
6.4 ��|͛аЯî®¨¸ëŏʗɍͻƌáÈç¥̥h�|Ƌάū�ʝǊŤƌ¥Ƹ˿�x�

Ǉ˝˺�гĳ¥���¡` 
6.5 ��|ͦ 6.3 �ȱ�¢�Ǉ˝˺гĳ¥ǣм�Ǉ˝˺ʒͭŖÈïÂ�И̥x|ǻğΏά

ūmÇ��i�ŕ ʜ¤¡�l¥»Þãèï»äëz¡`��|»Þãèï»äëʳ�

ǣм�Õ©ïçÊϝʸÈïÂ�ĺƑ¥˚ϻx�|»Þãèï»äëͫȜ¥˄όz¡` 
6.6 ��|ʧ͝����¥χz¡` 

 
�	� /52�' �n;Q@;ªÊ;Âù�

� šͦ���а̱v¢�̢ǀϝɹάūáÈç¥|Ƞͨ̐ϧ»Þãèï»äë�Ç��i

�ǴŃz¡l¥˄φz¡`�k|ʧ’͘��Ś̥¥ɀǢz¡ÁÕÉ¬¨�|ŀά’͘[36] 
[40]�kh�͛аЯáÈç¥ǴŃv¢�ǣ·�g¡ ESP-r �x�` 
� ESP-r ��|͛аɵ�r��p®¨¸ë�̏ʋ� On/Off �Ç�Ƞ̢ͨǀωĹ�ŜȲ¥ 2
͕ѕ�ωǢʂ˩mg¡[71]` 

yƋʒбȎ�Ƞ̢ͨǀωĹ�̘Ƀ¥Ƌa�ωǢ�n¡Ѧ½·¼ãïç�Ƙ�¢¡ѧ 
zгĳ��¡˺Ȝĳ�̟ƭ�˺Ȝ¥˚ϻx�|Ƌa�̢ǀϝɹωĹ�̘Ƀ¥ǅʚz¡ 

�k|y��h�|ESP-r ��Ȕʆ�Аʦ|͉ʆu��½·¼ãïçωǢ¥ģɊz¡t�

m�n¡` 
� ʧ’͘�а̱v¢�̢ǀϝɹάūáÈç��|Ƌa�άū̘Ƀ�ǰx�Ǉ˝˺ǅū¥ǰ

ȶĒr�h¡`~���|ɐ˩z��i�Ǉ˺Ȝ�гĳ¥ωǢx�|̢ǀϝɹάū�ŜȲ

¥άiɐ˩�|áÈçǴŃmƇΖ�Ⱥ¤¢¡` 
� ~t�|ȱ�¢�̢ǀϝɹάūáÈç¥̥h�|Ƌa�̢ǀϝɹάū�ŜȲ����Ǉ

˝˺�гĳ¥ˤǢx�|ESP-r �ǻğΏάūωǢ��ǴŃƇΖȼ¥˄φz¡` 
 
�
� Ó�ý´óxw};��čjCÔ,QàċĊ8daK_q¨;v�:č2B�

ÉËĎk;ú��

� ː�|а̱v¢�̢ǀϝɹάūáÈç¥̥h�|̢ǀϝɹάū�ŜȲ����Ǉ˝˺г

ĳ�ͤœ¥άi`ʧ’͘��Ƞͨ̐ϧ»Þãèï»äë�ͤœэ̴�ð��g¡ǤŊ˝

˺��σъmǊnh�Ύj�¢¡|͛аЯ�®¨¸ëĥ̥�˫̴x�˄φ¥άi`~��

�|Ǉ˝˺гĳ�˄φ��͛аЯî®¨¸ëŏʗɍĥ̥�ͻƌáÈçѦƨ 3.11ѧ¥ĥ̥z

¡` 
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� ͛аЯî®¨¸ëŏʗɍĥ̥�ͻƌáÈç�|ð��áÈçü�kh�͛аЯ�®¨¸

ëĥ̥�ёȜ¥̶ǰ̲Ťƌ�ͤœ�n¡áÈç�g¡��|~¢�¢�Ǉ˝˺�kr¡̢

ǀϝɹάū�ёȜ¥юĝĒrz¡t�m�n¡`t¢��̢ǀϝɹάūŤƌ�Ǌǵвī¥

̥h¡t��|ƋaǇ˝˺��̢ǀϝɹάū�ľŀĺƑ¥ɔɯ�n¡�Ύj�¢¡` 
� ~t�|Ǉ˝˺ĳu�̢ǀϝɹάūŤƌ¥˚ϻx�|̢ǀϝɹάūmŕ ʜ¤¡Ǉ˝˺

гĳ�ͤœ¥ώ�¡`ƨ 6.1 �|͛аЯî®¨¸ëŏʗɍĥ̥�ͻƌáÈçü�ͤœv¢�

Ǉ˝˺гĳ¥����`͛ аɵ�®¨¸ëŏɍĥ̥��h��α 3.5 �ͅx�Ќ Ǉ˝˺m

28.9v�ʒ�ƏŤƌ�� |28.9v� �Ğp�¡�͛аɵ�ʂmǈp|ƃǰ�џp�¡�

®¨¸ëŏɍĥ̥�ʂmǈp�¡t�mʋ�l����h¡ t̀�ĳ¥Ś̥z¡�|28.9v
Ĕõ��®¨¸ëŏɍĥ̥mά¤¢¡�i�Ǉ˝˺гĳ¥ωǢ�n¡�Ύj�¢¡` 
� ː�͛аЯ�ŜȲωǢ¥˄φz¡`͛аɵŤƌ PW �®¨¸ë÷ĥ̥ʒ�͛ЯЬŤƌ

PWCFR ¥˚ϻz¡�|Ǉ˝˺m 20.8v�ƏŤƌ�� |20.8v� �џp�¡�͛аɵŤ

ƌ�ʂmџht�mʋ�l���� t̀�t�l�|͛ аɵ�®¨¸ëŏɍĥ̥�Əˉ�|

20.8v¥Ǉ˝˺гĳ�x�͛аЯ¥ŜȲz¡ωǢmΎj�¢¡` 
� ː�|ʗɍĥ̥�ωǢ¥˄φz¡`xlx|ʗɍĥ̥Ťƌ�®¨¸ë÷ĥ̥ʒ�͛ЯЬ

Ťƌ¥˚ϻx��t£|ʗɍĥ̥Ťƌ�ʂmџp�¡Ǉ˝˺Ȏ�λȧ���l��`t¢

�|ʗɍĥ̥áÈçl��¤l¡�i�|ʗɍĥ̥Ťƌm 0.5 Ĕõ����l��t�mι

Ƥ�Ύj�¢¡`t��i�|Ƌa�̢ǀϝɹάūŤƌmŴŔ�õʉx�hƽƌ��|̢

ǀϝɹάūŤƌ�Ǌǵвī¥Ś̥x�̢ǀϝɹάū�ŜȲ¥ωǢ�n�hƇΖȼmg¡t

�mʋ�l����` 
� Ĕõ�Ŕʰʳl�|Ƌ̢ǀϝɹάū�ŜȲ�ǰȶz¡Ǉ˝˺ͧƧ¥α 6.1 �����`

Ǉ˝˺m 20.8vʥ˽��®¨¸ë�ĥ̥v¢{�͛�ЯЬ��¡m|20.8f28.8v��͛

¥аɵx|28.9vĔõ��͛¥ЯЬx�®¨¸ëŏɍ¥ĥ̥z¡ωǢmȱ�¢�` 

 
ƨ 6.1� ͛аЯî®¨¸ëŏʗɍ�ͻƌáÈç�̢ǀϝɹάūŤƌ�Ǌǵвīl�ͤœv¢

�Ǉ˝˺гĳk��ͧƧ 
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α 6.1 ͤœv¢�Ǉ˝˺ͧƧ�~¢�ǰȶz¡͛аЯî®¨¸ëŏɍĥ̥ 

 
 

�(� »�Ó�ý´óxw}CuÔ0QàċĊ8daK_qº¨;v�:č2B�É

ËĎk;ú��

� šͦ��|̢ǀϝɹάūŤƌ�Ǌǵвīl�άūĥ̥�Ƹ˿��¡Ǉ˝˺гĳ�ωǢ¥

˄φx�m|ĥ̥ŤƌmŴŔ�õʉx�l��ʗɍĥ̥��h��Ǉ˝˺гĳmωǢ�n

�l��`t¢¥σˤz¡��|̢ǀϝɹάūŤƌmŴŔ�õʉx�h·ï½��ĥ̥ω

Ǣ�n¡�i�Ǉ˝˺гĳ�ͤœɐ˩mȵι�g¡` 
� Ƌa�̢ǀϝɹάūáÈç¥�¡�|~¢�¢�άū�ǰx�ʝǊŤƌ¥ɝ��h¡t

�m¤l¡`~t�|ʝǊ̢ǀϝɹάūŤƌ�ǰz¡ƋǇ˝˺Ȏ�άūŤƌ�˚̝¥̥h

�άūĥ̥�ωǢ¥άit��ƇΖ�g¡�Ύj�¢�`~t�|ʝǊ̢ǀϝɹάūŤƌ

�ǰz¡άūŤƌm 50%��¡Ǉ˝˺¥ͤœx�|50%Ĕõ��¡Ǉ˝˺�άūǣά�z

¡ŜȲ���Ǉ˝˺гĳ�ͤœ¥ά���`Ǉ˝˺гĳ�ͤœ����|Ǉ˝˺ 0.1K u�

�ː�ȡ�υͤ¥ά���` 
PPercent = P / Pmax        (6.1) 
PPercentѮʝǊ̢ǀϝɹάūŤƌ�ǰz¡άūŤƌ�˚̝|PѮ̢ǀϝɹάūŤƌ|PmaxѮʝ

Ǌ̢ǀϝɹάūŤƌ�g¡` 
� õχ�ͤœД͓l�ȱ�¢�Ƌ̢ǀϝɹάū�Ǉ˝˺гĳ¥|ƨ 6.2 ����� ®̀¨¸

ëʗɍĥ̥áÈç��Ǉ˝˺Ğö�ȶy�Ťƌ�õʉz¡ĺƑmg¡t�l�|áÈçõ

��ʝĞǇ˝˺�g¡ 1v�ʒ�Ťƌ 0.463 mʝǊĳ��¡ t̀�ʝǊŤƌ�ǰx�ͯ 50%
�Ťƌ��¡��Ǉ˝˺ 9.7v�ʒ� 0.231 �g��`t�t�l�|Ǉ˝˺ 9.7vĔö�

�ʗɍmĥ̥v¢¡�i�ŜȲωǢmΎj�¢�` 
� ː�®¨¸ëŏɍ�͛аЯ��h��|®¨¸ëʗɍ�Əˉ�ͤœ¥ά���`®¨¸

ëĥ̥áÈç�|Ǉ˝˺mõʉz¡��¢�Ťƌ�õʉz¡t�l�|áÈçõ��ʝџ

Ǉ˝˺�g¡ 33v�ʝǊŤƌ 0.500 ����`t�ʝǊŤƌ�ͯ 50%�̶ȧz¡Ťƌ�|

24.7v�ʒ� 0.248 �g��`͛ аɵáÈç�®¨¸ëĥ̥�̯� |23.7v�ʒ�ʝǊа

ɵŤƌ 0.516 ��¡`t�ʝǊŤƌ�ͯ 50%�̶ȧz¡Ťƌ� 17.1v�ʒ� 0.255 �g�

�`t¢��t�l�|Ǉ˝˺m 17.1vĔõ��͛аɵ¥ǣʃx|24.7vĔõ��®¨¸

ëŏɍ¥ĥ̥z¡�i�άūŜȲmΎj�¢�` 
� Ĕõ�Ŕʰʳ¥Ƹ�|̢ǀϝɹάūáÈç�ĥ̥̘˧�~¢�ǰȶz¡Ǉ˝˺ͧƧ¥

α 6.2 ����� Ǉ̀˝˺m 9.7vĔö��®¨¸ëʗɍĥ̥mǣʃv¢|9.8f17.0v��

®¨¸ë�ĥ̥v¢{͛�ЯЬ��¡`Ǉ˝˺m 17.1vĔõ��͛mаɵv¢|24.7vĔ

�09������. � �11"�09! ��(��0#��"�
B���	 ��92�$�18� �2� ��
���	B�	�' ��92�$����9
�	�'B )��" �

'F(C*+���
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õ��®¨¸ëŏɍmĥ̥v¢¡Ǉ˝˺ͧƧ����` 
� ��x|ʝǊ̢ǀϝɹάūŤƌ¥̥h�ͤœx�t�ɐ˩��|Ƌa�̢ǀϝɹάūá

Èçu��άūŜȲ¥ωǢx�h¡��|Ƌa�̢ǀϝɹάū�ľŀĺƑ�ɔɯ�n�h`

~���|bġ�άūx�h�h̘ɃѦ~�Ťƌ� PWCFR �α̟ѧcl��άụ̄ϰ��h

��Ƌa�ͤœ�n¡m|͛аЯ�®¨¸ëŏɍĥ̥�вīȼ�h��̢ǀϝɹάūƏǃ

�ŕʜ��h��ŴŔ�α̟m�n�h`t¢¥łʠz¡ɐ˗�x��|®¨¸ëŏɍ�

Ǉ˝˺гĳ�g¡ 24.7v¥Ƹ˿�͛аɵ�®¨¸ëŏɍ¥ŕ ʜj¡ʂ˩�Ύj�¢¡`

xlx|ƨ 6.1 ��ͅz�i�͛аɵ�®¨¸ëŏɍ�ĥ̥Ťƌ�ǊǵвīmЊϸz¡Ǉ˝

˺m 28.9v�g |t¢� 24.7v� � 4.2K ĞhǇ˝˺гĳ�g¡`t�t�l�|t

�ɐ˩¥̥h¡ƽƌ��|ɨ˲άū�g¡͛аɵ�®¨¸ëŏɍĥ̥�Лɗŕ ʜj��

h�|v��˄φ¥Б�¡ȵιmg¡t�m¤l��` 

 
ƨ 6.2� ͛аЯî®¨¸ëŏʗɍ�ͻƌáÈç�̢ǀϝɹάūŤƌ�õʉňƌl�ͤœv¢

�Ǉ˝˺гĳk��ͧƧ 
 

α 6.2 ͤœv¢�Ǉ˝˺ͧƧ�~¢�ǰȶz¡͛аЯî®¨¸ëŏʗɍĥ̥ 

        
 

�)� �ÉË�x:�2BàċĊ8daK_q¨;v�éÀ�

� šͦ��Ƌ̢ǀϝɹάū�ǰȶz¡Ǉ˝˺�гĳ¥ωǢx|͛аЯ�®¨¸ëĥ̥�Ŝ

ȲωǢ¥͜��`xlx|t¢��ŜȲωǢ¥ǣм�̥h¡�ǻğΏάū�Ç��i�Ŝ

Ȳv¢¡�l�ʋ�l��h`̖�|ǆǜ�ɨ˲άū�͛аɵ�®¨¸ëŏɍ� 2 ��Л

ɗΓmg |t¢�mÇ��i�ŕ ʜ¤¡�lσʋz¡t��|ǆǜ�ǤŊ˺̢̐ǀ�

̸®Íç´ïȼ�в¤¡Хι�Ϝѓ�g¡` 

�2�7�����0 � .��$ 2�#"��)��2B9�$!
'(�' �0�$"�
(�''�'�� 19�4�C����"�4� ���
�'��' 19�4�C�� ��
�	�'' ��$"�

FH*(,-���
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� ~t�ʧͦ��|ǣм�Ǉ˝˺˻Ǣĳ�ʒͭŖÈïÂ�šͦ�ȱ�¢�̢ǀϝɹάū�

ŜȲωǢ¥ǣм�И̥x�|̢ǀϝɹάūmÇ��i�Г̥v¢¡�l¥»Þãèï»ä

ëx�`ǣм�˻Ǣv¢�Ǉ˝˺�ʒͭŖÈïÂ�|˝Ϥȗ�ÚïßÙï¼l�ƅȱ¥ά

��� �̀k|ʧ’͘�ƅȱx�ÈïÂ�|Õ©ïçÊϝʸʆ͓�kk�~Х�¡ 2013/6/1
f2013/10/31 � 1 ʒб˙�ˌˮ�Ǉ˝˺�x�`~���|͛аЯ�®¨¸ëŏɍĥ̥î

÷ĥ̥�ŜȲ� 1 ʒб˙�ͤœ¥ά���`t�Ǉ˝˺ʒͭŖǅū�͛аɵî®¨¸ëŏ

ɍ�ŜȲʳ¥ƨ 6.3 �ͅz`�k|ƨ 6.3 ��|ѢɕmǇ˝˺¥ͅx|Ϳ̊m͛аɵ|

ц̊m®¨¸ëŏɍĥ̥¥x�ÂªÞë¶¥ͅx�h¡` 
� 5 ʞ�kh�|ŗʈ��͛аɵ�g� ά¤�l��m|öʈ� 5/21 Ĕе��¡�͛а

ɵm�pά¤¢�`ː� 6 ʞ¥�¡�|6/18 �бˏ̲�ŏɍĥ̥¥иh�|ɨ˲άū�x

�͛аɵ��¥Лɗz¡ĺƑ�g�� 7̀ ʞüʈ��͛аɵ�r��p®¨¸ëŏɍĥ̥�

ǣʃv¢¡�i�� |Ǉ˝˺m˚ϻ̲џhʆü��®¨¸ëŏɍĥ̥¥|˚ϻ̲Ğhǉ

б��͛аɵmǣʃv¢�h¡ĺƑ���� t̀�ĺƑ� 8 ʞ����¢¡ 9̀ ʞ�Ń¡�

®¨¸ëŏɍ�ĥ̥ёȜ�˸Ƕx|9 ʞöʈ��͛аЯ�ŜȲmüȴ����h¡`10 ʞ

�͛аЯmüȴ�ŜȲ�� |10/4 � 10/5 ��i�Ǉ˝˺m̖�Ğp�¡t��͛аɵm

ǣʃv¢�hʆ�̟¢�`10 ʞöʈ��¡�͛аɵ�ά¤¢�hĺƑ����` 
� ̖� 8 ʞ��h�˫̴z¡�|Ǉ˝˺mʝ�џhĺƑ��¡ 8/10f8/12 ��|ǉб�ð

Р�ʒбȎ��͛аɵ¥άh|~¢ĔǇ�ŏɍ¥ĥ̥xͼr¡ŜȲ����h¡ t̀t�|

ƨ 6.4 � 2013/8/11 �kr¡ 1 ʒбu��Ǉ˝˺˻Ǣĳ�ȱ�¢�͛аЯî®¨¸ëŏɍĥ

̥�ŜȲʳ¥ͅz`ǉб�ʆü� �Ǉ˝˺mĞp�¡��|®¨¸ëĥ̥l�͛аɵ

�ŕ ʜ¤¡ʳm̱̣x�h¡m|ǉб�̼̾ü��ÂªÝï��¡®¨¸ëĵˑ�g

���͛аЯ�ǻğΏΘ϶��¡Ζū̲�ǅʚ�̟ǣ̲���h�Ύj�¢¡`ǻğΏ�

����˳ǉȎ�̼̾x�ht��Ύj�¢¡m|NHK �ƪ˜̣ˬʒбϝʸ[89]��|1:00
f5:00 �ʒбȎ�kh�|Ç�ȕѤǿ�g��� 75%Ĕõ�̼̾¥x�h¡�����¢

�h¡`ʧ͝��bǉВp��ϰn�h¡ǻğΏc�–̴x�k�{|bвʮ�̢ǀϝɹά

ū¥ðΜŰx�áÈçc��¡ǻğΏάū�ō̟�˄φ�g¡t�l�|ǈp�ǻğΏm

̼̾¥z¡˳ǉȎ�͛аЯ¥͗ˆ̲�άi�i�»Þãèï»äëʳ�|ŴŔ���h`

x�m��|ǉб�͛аЯ�®¨¸ëŏɍĥ̥�ʀͼ̲�ŕ ʜjm̱̣�Ϝѓ̊�g¡`

t¢��h�|˝˺�r��pʒŞ�ȶy�ŜȲωǢ�Ĥ̥z¡đ|ʒŞ�РǼu��ȶ

y�̢ǀϝɹάūáÈç¥ͤœz¡ȵιȼmΎj�¢�` 
� »Þãèï»äëx�ȱ�¢�͛аɵ�®¨¸ëŏɍ�ŜȲʳm|ǣм�ǻğΏάū

�Ç¢p�hÕ©ÅÉx�h��l¥̈́ϕz¡���|ƨ 6.5 �»Þãèï»äëʳ��

¡̢ǀϝɹάū�ǣм�Õ©ïçÊϝʸÈïÂ�kr¡̢ǀϝɹάū�Ťƌ¥Ƌʞu��

����`͛аɵάū¥�¡�|ǣм�͛аɵŤƌ� �»Þãèï»äëʳ��¡Ť

ƌ�ʂmџht�m¤l��`t¢�|»Þãèï»äëʳ�ʂm͛аɵёȜmǈl�

�t�¥ɁƗz¡`ðʂ|Ƌʞ�ɪ͑¥���¡�|»Þãèï»äëʳ�� 8 ʞ�͛
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аɵŤƌmĞöz¡���|9 ʞl� 10 ʞ�lr�Ťƌm˚ϻ̲ǊnpĞöz¡t�l�|

Ƌʞu��͛аɵŤƌ�ɪ͑ĺƑ�Ĝ�h¡�Ύj�¢¡` 
� ː�®¨¸ëŏɍ¥�¡�|t����»Þãèï»äëʳ��¡Ťƌ� �ǣм�

Õ©ïçÊϝʸ�ÈïÂ��¡Ťƌ�ʂmџhĺƑ�g��`Ƌʞu��Ťƌ�ɪ͑ĺƑ

¥�¡�|6 ʞl� 8 ʞ�lr�õʉx|8 ʞl� 10 ʞ�lr�Ğöz¡ĺƑ�»Þãè

ï»äëʳ�Õ©ïçÊϝʸ�ÈïÂ��Ç������¢� �̀�x|9 ʞ�®¨¸ë

ŏɍŤƌ�˫̴z¡�|Õ©ïçÊϝʸ�ÈïÂ�� 0.37 ���®¨¸ëŏɍ�ĥ̥ĺƑ

mg¡��ǰx�|»Þãèï»äëʳ�� 0.09 ���ĥ̥ĺƑmǵvl��` 
� Ĕõ¥���¡�|6 ʞl� 10 ʞ�lr�Ǉ˝˺ǅū¥Ƹ�͛аɵ�®¨¸ëŏɍĥ̥

ŜȲ�»Þãèï»äë¥ώ��ʳ|Ƌa�άūŤƌ�ɪ͑ĺƑ�Ĝ�h����|͛

аɵ��»Þãèï»äëʳ�ʂm|®¨¸ëŏɍĥ̥��ǣм�Õ©ïçÊϝʸÈï

Â�ʂmŤƌmџhĺƑmȱ�¢�`̖�|9 ʞ�®¨¸ëŏɍĥ̥��h�|ǣм��ĥ

̥v¢¡ʣб�g¡���|»Þãèï»äëʳ��g� ĥ̥v¢�h�l��` 
� t¢��Ȋ̯�̡̧�x��ː� 2 ̊mΎj�¢� 1̀ ���šІ�Ќ |ǉб�͛аɵ

�Ǣ�g¡`ʧ͝�ά���άū»Þãèï»äë�Ǉ˝˺ǅū���Ĩǚx���|

ʒŞ�ȶy�ǻğΏάūωǢ¥Ĥ̥z¡ȵιȼmɠ±�¢�`��|ŀά’͘[90]��|д

̗�ѝщ|Ϊ�ĪŃ�Ç�̡̧l�͛¥ЯЬz¡�Ύj¡ǻğΏmh¡t�¥ʋ�l�x

�k |͛ аɵ�ǻğΏ�ǒ��вīz¡�£i ƨ̀ 6.5 �kr¡»Þãèï»äëʳ�

ǣм�άūŤƌ�Ȋ�t¢��ιƤmǊnpвīx�h¡�Ύj�¢¡`t�t�l�͛

аɵ�®¨¸ëŏɍĥ̥�»Þãèï»äë��|ː� 2 ̊�ΎɆz¡ȵιȼmg¡` 
1.� ǷǬü�ǻğΏΘ϶mΖū̲�̢ǀϝɹάū¥ǅʚ�n�ht�l�|͛а

Я�ŕʜ�ёΈ�ά¤¢�h` 
2.� д̗�ǤǇ̢ǀ�ρ̊l�|ǷǬü��͛¥ЯЬx�ǷǬz¡ǻğΏmh¡  ̀

� 2 ���Ύj�¢¡t��|͟ 4 ͝��І��b̢ǀϝɹάū�ʎî͎�Ȋ̯c�g¡`

͟ 4 ͝��ƏyǇ˝˺Ȏ�g���˝˺mõʉz¡ʎǜ�öеz¡͎ǜ�̲̐ȸИȼ�̢

ǀϝɹάūm̯�¡t�¥ʋ�l�x�m|ʧͦ�ǣάx�̢ǀϝɹάūωǢѦα 6.1ѧ�|

ȕб�ÈïÂńĠ�ͤœx�άūáÈç¥ƀΎ�x�Ǉ˝˺гĳ¥ωǢx���|˝˺�

õʉʣîöеʣ�Зh�ΎɆv¢�h�h`ƨ 4.2 ��ʋ�l�x�Ќ |ƏyǇ˝˺Ȏ�

g���ʎǜ� �͎ǜ�ʂmŏɍĥ̥�ǈht�¥ʋ�l�x�h¡t�l�|Õ©ï

çÊϝʸÈïÂ�ͤœŤƌ�Əˉ� 9 ʞ�ŏɍĥ̥�Ƕ�p�ht�mΎj�¢¡`t¢

�¥ΎɆz¡�|ȕб¥Ќx�»Þãèï»äë�ǰx�̢ǀϝɹάūáÈç¥Ś̥z¡

ʒ��|˝˺�õʉîöеĺƑѦʎǜî͎ǜѧ¥ΎɆx�̢ǀϝɹάūáÈç¥ģ¡t�

m|� ǣɃ�Єh̢ǀϝɹάūŜȲ¥άiõ�Ǌŕ�g¡t�mʋ�l����` 
� Ĕõ¥���¡�|̢ǀϝɹάūáÈç¥Ƹ�x�ǻğΏάūŜȲ�ωǢ��|Ǉ˝˺

ǅū�r��pʒŞ�ȶy�ωǢ�ǻğΏΘ϶�ǒ��ƃʍz¡t�mХι�g¡�ͅƜ
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v¢�`��|ʎǜî͎ǜ�h��˝˺�õʉîöеĺƑ¥Ŕřx�̢ǀϝɹάūáÈç

¥ωǢz¡t�m|ȕб¥Ќx�̢ǀϝɹάūωǢ�kh�ȵι�g¡�ͅƜv¢�` 
(a)5 ʞ 

 

 
(b)6 ʞ 

 

 
(c)7 ʞ 
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(d)8 ʞ 

 

 
(e)9 ʞ 

 

 
(f)10 ʞ 

 

 
ƨ 6.3  ˻Ǣv¢�Ǉ˝˺�ǅū�ͤœv¢�͛аЯî®¨¸ëŏɍĥ̥�ŜȲʳ` 
Ѧõƨ�Ѣ��Ǉ˝˺`öƨ�Ǉ˝˺� ȱ�¢�ŜȲʳ�g |цÝï±ï�®¨

¸ëŏɍĥ̥ʒ|ͿÝï±ï�͛аɵʒ�g¡ ѧ̀ 
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ƨ 6.4  2013/8/11 �Ǉ˝˺ǅū�͛аЯî®¨¸ëŏɍĥ̥�ŜȲʳ 
Ѧõƨ�Ѣ��Ǉ˝˺`öƨ�Ǉ˝˺� ȱ�¢�ŜȲʳ�g |цÝï±ï�®¨

¸ëŏɍĥ̥ʒ|ͿÝï±ï�͛аɵʒ�g¡ ѧ̀ 

 
ƨ 6.5� Õ©ïçÊϝʸÈïÂ�kr¡̢ǀϝɹάūŤƌѦƨ 2.10ѧ�»Þãèï»äë
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�� ?8@�

� ͟ 6 ͝��|͟ 3 ͝�ȱ�¢�͛аЯî®¨¸ëŏʗɍĥ̥áÈç¥̥h�|ǻğΏά

ū�ΘūŜȲʂ˩¥˄φx|ǣм�˻Ǣv¢� 1 ʒб˙�Ǉ˝˺ʒͭŖÈïÂ�Иȶz¡

t��|ǻğΏάūmÇ��i�ŜȲv¢¡�l¥Ŕʰx�t��|Ƞͨ̐ϧ»Þãè

ï»äë��ȶ̥ƇΖȼ¥˄όx�`ʧͦ��|Ĕö�Ϟmȱ�¢�` 
1) ͻƌv¢�͛аЯî®¨¸ëŏʗɍĥ̥áÈç�kr¡|̢ǀϝɹάūŤƌ�Ǌǵв

ī¥̥h�ωǢ¥˄φx�`20.8~28.8v��͛аɵ¥|28.9vĔõ��͛ЯЬ¥x�

®¨¸ëŏɍĥ̥¥άi�i�|Ǉ˝˺гĳ¥̥h�ωǢ¥ģɊz¡t�m�n�`

��x|ʗɍĥ̥�ǰz¡Ǉ˝˺гĳ�ͤœ�n�l��`t�ʂ˩��ŤƌmŴŔ

�õʉx�h̢ǀϝɹάū�ǰx��|ĥ̥����Ǉ˝˺гĳ¥ωǢ�n�ht�

mʋ�l����`t¢��Ǉ˝˺гĳ¥̢ǀϝɹάū�̣ϰ¥Ǣx����¡t

��|ǻğΏάūŜȲ�ωǢ¥ģɊx�` 
2) ȱ�¢�ǻğΏάūŜȲωǢ¥̥h�|2013 ȕ� 5 ʞ 1 ʆf10 ʞ 31 ʆ�kr¡ǣм

�Ǉ˝˺� 1 ʒбu��ʒͭŖÈïÂ�И̥x��t£|͛аЯ�®¨¸ëŏɍĥ̥

¥ŕ ʜj¡ǻğΏάū¥»Þãèï»äë�n�`xlx|8 ʞ 11 ʆ�Ç�λ�¢

¡�i�|ǉб�ðΜ̲�ǷǬʒб�kh�͛аЯ�®¨¸ëŏɍĥ̥�ʀͼ̲�ŕ

 ʜjm̱̣x�k |ǻğΏάū�ō̟¥̴̲�x�ʧ’͘��Ϝѓ̊�x�ɠ±

�¢�`t¢��h��|˝˺�r��pʒŞ�ȶy�ŜȲωǢ�Ĥ̥z¡đ|ʒŞ

�РǼu��ȶy�̢ǀϝɹάūáÈç¥ͤœz¡ȵιȼmΎj�¢�` 
3) ȱ�¢�»Þãèï»äëʳ¥̈́ϕx��t£|Ƌʞ�Ťƌ�ɪ͑ĺƑ�Õ©ïç

Êϝʸl�ȱ�¢�ÈïÂ�Əˉ�ĺƑ¥ͅx�m|άūŤƌĳ�Ȋmg�� �̀�|

9 ʞ�ŏɍĥ̥Ťƌ�ǣм� �»Þãèï»äëʳ�ʂmĞl�� t̀¢��ʳ

l�|̢ǀϝɹάū�ʒбȎ�İč�ǒ��ȶy�̢ǀϝɹάū�ωǢ�|ʎǜî͎

ǜu��̢ǀȗϝɹάūáÈç�ͤœz¡t��|� ǣɃ�Єh̢ǀϝɹάūŜȲ

�ωǢmάj¡t�mХι�g¡�Ύj�¢�` 
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���� ¾Üß;éþ�

ʧ’͘�вʮ�ğǞ�ά¤¢�Õ©ïçÊϝʸ�ÈïÂ¥̥h�|Ȱʭ��hʁxh̢

ǀϝɹάūáÈç�а̱¥άh|Ȱʭ��ȱ�¢�l��́λ¥ʋ�l�x�`��|t

¢��̢ǀϝɹάūáÈç¥|Ƞͨ̐ϧ»Þãèï»äë�ǻğΏωǢ�ǴŃ¥ά��`

~¢�¢�͝�ȱ�¢�ý�ʳ¥����` 
 
͟ 1 ͝��|̢ǀϝɹάū�вz¡t¢���’͘Εʔ¥І��`Иȶ̲�̲̐ȸИȼ

¥ƅȱz¡õ�|̢ǀϝɹάū�ǣʃ�Хι�g¡`~�’͘ɐ˩�ð��b̢ǀϝɹά

ūáÈçcmɠ±�¢¡m|Ȱʭ�ͤœɐ˩��Ƌa�άū�̶ĆвīȼmΎɆv¢�k

�{|��|̲̐ȸИȼ�ȶy�άū̘Ƀ�Ǣmά¤¢�h�l��`~t�|t¢�

�σъιͲ¥ΎɆx�̢ǀϝɹάūáÈç¥ʁ��а̱z¡t��|ǻğΏάū�σʋ�

ǩøz¡t�¥̴̲�x�`��ʁ��а̱v¢�̢ǀϝɹάūáÈç¥Ƞͨ̐ϧ»Þ

ãèï»äë�ǴŃz¡t��|»Þãèï»äëͫȜ�ƑõmλЂ�¢¡l|˄ό¥ά

i` 
 
͟ 2 ͝��|’͘ʂ˩¥����`ʧ’͘�̥h¡ÈïÂ� 2010 ȕl� 2014 ȕ�вʮ

�ğǞ 120 ùȎ�ǣʃv¢�Õ©ïçÊϝʸ�ÈïÂ¥̥h�`ʧϝʸ��|̢ǀϝɹά

ū�̲̐ȸИȼ¥ƣ͢z¡¨ë·ïĘ́ƕϝʸ�˺˼Ȝ¥ 10Ŕu��χЫz¡˻Ǣϝʸ¥

Əʒǣʃx�`ȱ�¢�ÈïÂɸ� 36154 ·ï½�g¡` 
 

� ͟ 3 ͝��|ʆʧ�ǻğΏ����϶Є�g¡̢ǀϝɹάū�áÈçͻƌ¥άh|̶Ć

вīȼ¥ΎɆx�ǻğΏάūɅ�ǣĠσʋ¥ώ��`͛аЯ�®¨¸ëŏʗɍĥ̥�ŧ

j�|ɏіˎĤ̥áÈç�ͻƌz¡t��|͛аЯî®¨¸ëŏʗɍîɏіˎĥ̥�ёȜ

¥̶ǰ̲�ͤœ�n¡ͻƌáÈç�а̱�Ι��`ɏіˎ�Ÿ̙ĥ̥� �͛аɵ�®¨

¸ëŏɍ�Ĥ̥z¡ʂmǈht�mʋ�l����`ɨ˲άūŤƌ�Ǉ˝˺ 19.9v� 0.50
�� |28.5v��õʉz¡� 0.90 ���Жz¡t�mʋ�l����` 
� –ΰЧ��h��®¨¸ëŏɍĥ̥ʒ�Ç�Ǉ˝˺Ȏ��ͯ 0.3clo ��¡ĺƑmȦp|

®¨¸ë÷ĥ̥ʒ��Ǉ˝˺Ğö�ȶy�–ΰЧ�õʉĺƑ��¡`��x|͛аɵ¥x

��n�ʂm̩ȼ�–ΰЧ�ĞhĺƑmͅv¢�` 
®¨¸ëωǢ˺Ȝ�Ŕʰx��t£|Ǉ˝˺ǅū�ȶy�ωǢ˺Ȝ�ǅʚv¢�h�l

��`®¨¸ëŏɍωǢ˺Ȝ�Ǉ˝˺ĔǇ�ǅʚιƤmg¡t�mͅƜv¢�` 
 

� ͟ 4 ͝��|ƏyǇ˝˺Ȏ¥ɝ�ʎǜ�͎ǜ��bŎǜl�˝˺õʉx�n�ʎǜc�

bǆǜl�˝˺Ğöx�n�͎ǜc��̲̐ȸИȼm̯�¡t��|̢ǀϝɹάū�̯�

¡ƇΖȼ¥Ƹ�|ǜͦК͑ʣ�kr¡˝˺ǅūʂƑ�Ȋ̯¥̢ǀϝɹάūáÈç��Íª

z¡ȵιȼ¥˄φx�` 
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� Ƌǜͦu��̢ǀϝɹάūáÈç¥ͤœx��t£|ƏyǇ˝˺Ȏ�g���®¨¸ë

ʗɍĥ̥�ʎǜ�ʂm|®¨¸ëŏɍĥ̥�͎ǜ�ʂmǈht�mʋ�l����`� Ƌ

ʞ�άūŤƌ¥ͤœx�ʳ|®¨¸ë÷ĥ̥ʒ�–ΰЧ�͛аɵŤƌ|®¨¸ëŏɍĥ

̥��h�|ƏyǇ˝˺Ȏ��̯�¡ĺƑ�g��` 
� ̨ƕϝʸ�ȱ�¢�ǫʖɂ̨ƕ�̥h�Ƌʞ�Ȕưĳ¥̈́ϕx��t£|Əˉ�ʎǜ�

͎ǜ��ƏyǇ˝˺Ȏ�g���ʎǜ�ʂmʖhķ�Ŕȍx�h�`ðʂ�|FR áïÊ�

ȸИ˺Ȝ�Ǉ˝˺�вīȼ�g¡ИȶáÈç�kh��|ʎǜ�͎ǜ�Ȋm�h�Ύj�

¢�`t�̡̧�x�|ʎǜ�͎ǜ�̲̐ȸИȼ�̯�¡m|~¢�ȶy�̢ǀϝɹάū

�ǅʚx�h�t��|ȸИ�ɂy¡˺Ȝ�Ȋ��h�͡xht�mΎj�¢�`Ǉ˝˺

õʉʣ�öеʣu��ÈïÂ¥ŔŤz¡t��|˝˺ǅū�ȶy�ŏɍĥ̥áÈç¥é¼

½Ç©Åµвɸ¥̥h�ͤœx�` 
 

͟ 5 ͝��|b̲̐ȸИȼ¥ǰȶ�r�̢ǀϝɹάūáÈç�̱ǽƇΖȼc¥ȹѐ�|ДȜ

�®¨¸ëŏʗɍĥ̥áÈç�а̱¥ά���`̢ǀϝɹάų̄ƕ�Əʒ�ƣ͢v¢�ǫ

ʖɂ̨ƕ¥̥h�|bŏɍĥ̥ʒ�ǫpɂy�h¡c·ï½¥ДȜ�ŏɍĥ̥|bʗɍĥ̥

ʒ�ʖpɂy�h¡c·ï½¥ДȜ�ʗɍĥ̥�Ǣx|Ǉ˝˺¥ϙʋǅɸ�x�άūá

Èç¥а̱x�`ДȜ�ŏɍĥ̥Ťƌ�Ǉ˝˺mõʉz¡��¢�ǁj¡ĺƑ�g��`

ðʂ|ДȜ�ʗɍĥ̥Ťƌ�Ǉ˝˺mĞöz¡��¢�ǁŧz¡ĺƑ¥ͅx�` 
ДȜ�®¨¸ëĥ̥Ťƌ¥̈́ϕz¡�|ДȜ�®¨¸ëŏɍĥ̥Ťƌ� 38vĔõ� 3%

Ĕõ�Жz¡ðʂ�|ДȜ�®¨¸ëʗɍĥ̥Ťƌ�Ç�Ǉ˝˺Ȏ�g��� 1%ʥ˽�g

 |ДȜ�ŏɍĥ̥�ёȜ� �Ƕ�t�mʋ�l���� 
 

� ͟ 6 ͝��|͟ 3 ͝�ȱ�¢�͛аЯî®¨¸ëŏʗɍĥ̥áÈç¥̥h�|ǻğΏά

ū�ΘūŜȲʂ˩¥˄φx|ǣм�˻Ǣv¢� 1 ʒб˙�Ǉ˝˺ʒͭŖÈïÂ�Иȶz¡

t��|ǻğΏάūmÇ��i�ŜȲv¢¡�l¥Ŕʰx�`20.8~28.8v��͛аɵ¥|

28.9vĔõ��͛ЯЬ¥x�®¨¸ëŏɍĥ̥¥άi�i�|Ǉ˝˺гĳ¥̥h�ωǢ¥ģ

Ɋz¡t�m�n�`ttl�ȱ�¢�ǻğΏάūŜȲωǢ¥ǣм�Ǉ˝˺�ʒͭŖÈï

Â�И̥x��t£|͛аЯ�®¨¸ëŏɍĥ̥¥ŕ ʜj¡ǻğΏάū¥»Þãèï»

äë�n�`ȱ�¢�»Þãèï»äëʳ¥̈́ϕx��t£|Ƌʞ�Ťƌ�ɪ͑ĺƑ�

Õ©ïçÊϝʸl�ȱ�¢�ÈïÂ�Əˉ�ĺƑ¥ͅx�m|άūŤƌĳ�Ȋmg��`

��|9 ʞ�ŏɍĥ̥Ťƌ�ǣм� �»Þãèï»äëʳ�ʂmĞl�� t̀¢��

ʳl�|̢ǀϝɹάū�ʒбȎ�İč�ǒ��ȶy�̢ǀϝɹάū�ωǢ�|ʎǜî͎ǜ

u��̢ǀȗϝɹάūáÈç�ͤœz¡t��|� ǣɃ�Єh̢ǀϝɹάūŜȲ�ωǢ

mάj¡t�mХι�g¡�Ύj�¢�` 
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� ʧ’͘�а̱v¢�̢ǀϝɹάūáÈç�Ǉ˝˺¥Øï½�x�|̢ǀϝɹάūЛɗ�

̶Ćвīȼ�ǜͦК͑|̲̐ȸИȼ�ρ̊l�̱ǽv|�ʁxháÈç�g¡`~�ðʂ

�|ʧ’͘��ŴŔ�ƃʍ�n�l��Ϝѓ̊�ɠ±�¢¡` 
� ʧ’͘��Ǉ˝˺¥ϙʋǅɸ�ωǢx�h¡m|̢ǀϝɹάū�ǣʃ�Řʀ�Ǉ˝˺Ĕ

Ǉ�ˉa�ιͲ�вīx�h¡t�mΎj�¢�`̖�|®¨¸ëωǢ˺Ȝ��Ǉ˝˺ǅ

ū����ˤǢz¡t�m�n{|ǤŊ˺̢̐ǀ�̲̐ȸИȼîǻğΏ̖ȼ�Ç��вī

ȼ�̈́ϕz¡ȵιmΎj�¢�` 
� ��|ʧ’͘�kr¡̢ǀϝɹάūáÈç�|вʮ�ğǞ�ĺƑ¥αx�h¡m|ȕѤ

�ȼř|ĠϮ|®¨¸ë�ǒ��h��ǻğΏ̖ȼ�ȶy�áÈçͤœ��Ι��h�h`

��|ğǞ�͜ƮƖЀ̢ǀ�ğǞȼΖ�ȶy��|̢ǀϝɹάūЛɗ�Ȋ̯m̟¢�p¡

t��ɪ˻m�n¡�£i`ʧ’͘��|̢ǀϝɹάūáÈç�ͤœʂ˩�а̱¥Хȴ�

Ήh�k |t¢��ǻğΏ̖ȼ�ǻğ̢ǀ�ȶy�̢ǀϝɹάūáÈç�ͤœ�άj�

h�h`��|ʧϝʸ��ğǞȼΖ�͜Ʈ̢ǀ�вz¡ÈïÂ�ƄпmŴŔ�άj�h�

ht��ŧj�|ηɸčm̀ƭz¡æÓë¶͙б��ϛm͙ϝˎơωǢ�ˤǢˋ¥ɝ��

h��l�ÈïÂ¥Ƅпx�h�l��`x�m��|t¢��ǻğ̢ǀ�͙ϝˎơωǢ

�ˤǢˋ�вz¡ÈïÂƄпk��ǻğΏ̖ȼ�ȶy�̢ǀϝɹάūáÈç�ͤœ�|Ď

ȯ�’͘ĢƮ�x�˖¡t�����` 
� v��|2021 ȕ̟ƭ��ɂʶ̰ƞѓmù̬̲�˭άx�k |~��i�̘˧�kh�

bɮ˝c�Хιȼmɠ±�¢�h¡`ğǞ�kh�b͛аɵc�ɮ˝ɐ˗�ð��g¡t

�l�|b͛аɵ¥ǣʃx�m�®¨¸ë�ĥ̥z¡c�i�̘˧�ǁj�n�h¡`t¢

�|͟ 3 ͝�ƅ ͷ¦�͛аЯî®¨¸ëŏʗɍĥ̥�̶ĆвīȼmȤp�¡t�¥ɁƗ

z¡`ʧ’͘�аǔʒ��b͛аɵ�®¨¸ëĥ̥�Əʒǣʃc¥ŴŔ�ΎɆ�n�h�

h x̀�m��|ɂʶ̰ǰͣ¥�y��x�ɮ˝�͆ę̲Хιȼ¥Ďȯ�ɔɯz¡t��|

͛аЯ�®¨¸ëŏʗɍĥ̥�̶Ćвīȼ¥ō̈́ϕx|а̱áÈç¥ʚʁx�hpȵιm

g¡` 
 
��
� d�;�½�

� ʧ’͘�а̱v¢�̢ǀϝɹάūáÈç�|Ƞͨωυʒ�ǻğΏάū�ɔɯ�Ƞͨ̐ϧ

»Þãèï»äë�άūωǢ��ĥ̥�n¡λЂ�mg¡`t¢��|ǻğΏάū�σ

ʋ�̢ǀωυʒ�ƀΎϬɾ�x�ĥ̥��l|®Íç´ïхι�ă˻��Ϩ̜����m

¡t�mΎj�¢¡` 
� v��|Єȕ�� IoT (Internet of Things)�ʓƁ����|ˉa�̡̕ĳ¥˻Ǣ�n¡

�i����`v��|½ÝïÉÕ¯ë�чȐ�ǈp�čamɎʟx�h¡t�¥Ύj¡

�|HEMS (Home Energy Management System)��¡̸®Íȼ�ȸИȼ¥ú͜x�̣ˬ

¥¹ÜïÉ�n¡t�mΎj�¢¡`ƨ 7.1 �ΧΏmɀǢz¡ HEMS »½Çß�ðĦ�g
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¡`t�»½Çß��ǻğΏάū̘Ƀ�ǤŊǇ˺̢̐ǀ�ŧj�|̲̐ȸИȼ�ÈïÂƄ

пz¡t��|½ÝïÉÕ¯ëõ�ǻğΏάū�¨ÊÐª½¥ɭħz¡Đͷ�¥ɝ��h

¡`Ȉǝ̲�Ύj¡�|͙ϝ�ǠńΘūŜȲ»½Çß�Ύj�¢¡m|~i���p�|

gp��ǻğΏΘ϶mάụ̄ϰ�ʝͶŘʀ¥άh|~¢¥¹ÜïÉz¡ HEMS »½Çßm

ʢ�xh�Ⱥ¤¢¡`t��i� HEMS »½Çß�|ʧ’͘�́λmϨ̜�n¢�|Ȗh

�g¡` 

 
Figure 7.1 ΧΏmɀǢz¡ HEMS ¨×æ·ï»äë�ȿƼĚЖ×é¿½�ǳʭĽ 
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)� ʁʪœ"�ѮαϿΠ� ͟ò̔Ѩȃ˪ʛț��C&.-Ѩ()0�

� λƱϥͮîШ̦ðċŨîШ̦ðʎȩîʷ̦˓îȌȇǛîї̦Νɻ"�ѮǊn�ˬǙ�

ô̸ƺƪϖϿʛ�͟ņ̔ѨC&/-Ѩ�((0�

�� ǊϿ˨� ͟ą̔� õȋ� gïzѨǵǝњѨC&00)Ѩ()�

,� ʯʪʋ"�ѮǊϿʱ� ͟ô̔Ѩô̸ƺѨC&--Ѩ((.�

-� AYSXQU?�5&��e]CXbUic��:UbWec�!&�BYSB?2�IATUbcdQATYAW�dXU�QTQCdYfU�QCCbBQSX�dB�

dXUb]Q?�SB]VBbd��5G�F59�HbQAcQSdYBAc��JB?&)(,��CC&11)�)((,&)110�

.� �QY?�G&�6bQWUb��FYSXQbT�!&�TU8UQb2�HXUb]Q?�QTQCdQdYBA�YA�dXU�ReY?d�UAfYbBA]UAd2�

Q�?YdUbQdebU�bUfYUg��9AUbWi�QAT�6eY?TYAW��JB?&/��CC&0��1.��)110&�

/� 5G�F59�GdQATQbT�--2�HXUb]Q?�UAfYbBA]UAd�SBATYdYBAc�VBb�Xe]QA�BSSeCQASi��5d?QAdQ��

�UBWYQ��5]UbYSQ�GBSYUdi�BV��UQdYAW�FUVbYWUbQdYBA�QAT�5Yb�SBATYdYBAYAW�9AWYAUUbc��

((,�

0� 7B]YdUt�9ebBCUtUA�TU�BBb]Q?YcQdYBA�"79B���9B�)--)2�=ATBBb�9AfYbBA]UAdQ?�=ACed�

DQbQ]UdUbc�VBb�8UcYWA�QAT�5ccUcc]UAd�BV�9AUbWi�DUbVBb]QASU�BV�6eY?TYAWc�

5TTbUccYAW�=ATBBb�5Yb�EeQ?Ydi��HXUb]Q?�9AfYbBA]UAd��#YWXdYAW�QAT�5SBecdYSc&�

6beccU?c2�79B��((/�

1� 7=6G9&�9AfYbBA]UAdQ?�SbYdUbYQ�VBb�TUcYWA&�TUcYWA�eYTU�52�9AfYbBA]UAdQ?7=6G9&�

CC&)�)/��((.�

)(� æ¼âç �&6&îʽǥŉǘϋѮИȶ¥ΎɆx�̲̐ȸИȼ�ž̡�"A&5��e]CXbUic�Ѩ͙

˝ϝƙîί̣Ȉǝ��JB?&0���BB&.��CC&/�)���((1&.�

))� ɼΩоāîЁžıμȩѮÒÉ�ɀĽ˺Ȝ�ǜͦɂ�̖ȼ� ~� )� ɀĽ˺Ȝ�ǜͦɂѨ

ʆʧȠͨǝęǊęǝέϟ́ʾˇпѨCC&-�.Ѩ,)))�Ѩ()1&1&�

)� Ё̦Ͱôî̦üĮнîѣϗîɦ˵χѮ˥΄��ǆǜȏ̸m˥΄� ʧƬ�͑ğx�Ò

É�ΐ̐ȼ�ΐ̐ȼk��ǺɎΐǫȼ�Ɓ�zσъ��h��ʆʧ̐Ȏųǝęрϔ��

JB?&.ѨBB&)ѨCC&)�0Ѩ)1/0�

)�� ʯʧǛʡîǵƯŁ̩îΣǼ̂ǄѮ̐Ȏʖ̢̐ǀ��ИȶѨʆʧ̣˝Ϥǝęϔ��JB?&�.Ѩ

BB&ѨCC&.-�.1Ѩ)111�
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