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1.1 �NhX��Z�(� 

ˬΠ×ˈ¥º¥Оƪ¢ûɊ�͙Ȅv�l}ªËç°î̒ЮƱ͹Ę�рʉʽ¢щh}`ƭ͈̞ʱ

Ū���˹Ķǂŧkͣ�Ёh�Ɯң���_ªËç°î̒ЮƱ͹Ęj�ɽβƅώƱ͹Ę����g

�рʉx�jkĉҧŉё�Кң�ЕСt���g���}`ĄѧṴ̄ΨʂŒѪŝ̜�Ǝp}ƪ҆͝

�ŲЛĠŚkˠΞt�_2015ȟʄɶt�}ÏæŲǤ¢Ǎ˧�_ƊƪkŊĠ͝�ͣˣķ¢ʇq�_t

�u��œѩ�ɯϰѵ͙�͹Ęǥϸ�Ɓ�Ϋ£�f�[1]̀ ˈų¥º¥Оƪ��_§ëÈË¹¥�

2030ȟ���BAU˷GHGʂŒѪ¢ˆĔ�v�29%ҺˆĔďl�41%ŝ̜һ_Ûèî¹¥�2030ȟ

���ǵGDP GHGʂŒѪźŴĜ¢ˆĔ�v� 35%ҺˆĔďl�45%ŝ̜һ_À§�2030ȟ���

BAU˷GHGʂŒѪ¢ˆĔ�v� 20%ҺˆĔďl� 25%ŝ̜һ_ÖÇÉÝ� 2030ȟ���BAU˷

GHGʂŒѪ¢ˆĔ�v�8%ҺˆĔďl�25%ŝ̜һ���t��f�[2]̀  

ø͓�ĉƃœȖ�_ƨ1.1kͷx�g�_ĄѧṴ̄ΨʂŒѪåë¯ë²ôĜ�ûƪ×ˬΠОƪ�

ĉƃ�ċȿ̜Ǽv_͙ȄѐôƪkǆnƏ���¥º¥�¥Óæ­�şƋkǆn¢Ŷ���g���

°�kĂ̟t��`ˈų¥º¥ϧʰƭ�ƪa�{�ðѣ�e�_ĉƃƾţ_ѤȕŪ_ά̚ɣѲk

͟aіϯx��υh���}�_ªËç°î̒ЮѪ�ƾǈkɢɐt�� Ìnternational Energy Agency

ҺIEAһ�ЛˏƷƒ[3]����_ˈų¥º¥�ªËç°îҒϿĂ̟�if�_̼�_о���ßÑ

æÅ¦�ú£�_ǩȬ��Őɧĥ͍���ªËç°î̒ЮѪ�ƾţkɢɐt��f� ÌEA �БΚ

��_ˈų¥º¥�ü�ĞǞ�ĥ͍t��ª¥µëƆʘ�ά̚ɣѲ�Ě��̪ƾv_2018ȟ��℃

4000òƆ�e�}��k2040ȟ���℃3ľ5000òƆ���Ёёv~`ґ˹̒ЮѪ�ʉΚx��_

℃ 80 TWh j� 330 TWh� 4 Ĵе�ƾţ���_ТѱkҴ�t��f�`ŐɧĨǛ¢ɱh�k��

Ǧō�̸͝ɏѠɓ¢͵į�l�ĞǞ�ѵ͙íʭŽkɋϿ�e�  ̀



 
2 

 

1.2 JlÇÆ����Êã 

ÏÃ¹ÔÆö§ë�_ȯΞ͝ɫ̇���_ǅѣ͊ƽ�Ѡɍv�k�Ϙ̶ªËç°î¢Ř͍íŚ

ɄvǦō͊ƽ¢�n�ЎЊ¥ÕéîÂ[4]�e�_ȯ̻�ͧªËç°î�̸͝ɏѠɓ¢ùΐx�υh

ʟ�e�`ʰ̸͊ƽ�if��ÏÃ¹Ô±îæë²ɯϰk͍f���`ʣˁ¢Ħ�x��_ʣǷ̸

�Īņ¢˞šʂҀv}gh�ёҨ¢ƨ�_Ϙ̶ªËç°î¢ĥ��̞ȩ¢õq�̔ɧťˍ¢̿g°

�kźŜ�t��`ü�_ǜΜǂŪ�e�̞αƭƲ�ʹΊt��l}k_ˈų¥º¥¢ǵЧ�v}

ÏÃ¹Ô±îæë²ɫ̇�ʹΊ�ъȟ͡£����f�`ʣǷѡϪ���ţh�_Ǧ̞k͞ϕϴҖ

̞ȩъn��ћx�°��͆vn�f°�ƭƲ��_Ϙ̶Ҩ¢͋jxёҨ×ʉ˹�ɫ̇kѨϿ~�

υh���`�}_ȟѶ¢ёv�ұ̞ǆ̡�˹Ķ�e�}�_̞αƭƲ�ϯ�¡��f�ǃǜ�Ő

ɧʽѶ¢ͳμx�¥ÕéîÂ���n_ðʣ�û��Őɧĥ͍Ѫ¢ĝ̜x�°�k˼����  ̀

ˈų¥º¥ϧʰƭ�ѤȕĞǞ�Ϙ̶ёҨíʉ˹���ÏÃ¹Ô±îæë²ɯϰ¢Ѡ͍v�g�

x�҆�_ȂĞφ�ΎѵѴϯŧ�ö͵jtkð��Кң�e�`Ǧō�̸̞͊ƽ�Ύ�ѵѴ̾̅�

���ǈlnȸҙ¢Ƃp�k_ĞǞ�ip�ΎѵѴϯŧ�ȂĞφ����Ϳ͝�ҞƲ�e�_ɫт

�_e�f�̴ɚС͝�ѵѴ̾̅¢ǂŪ�l�`ÏÃ¹Ô±îæë²�ЎЊɚƨ¢ȂĞφkϘy�

͉Јv�_ѠŔ�ΎѵѴϯŧ¢ǥʠx�°��ƦҎ~�ɑ¡��`{�}�_ĞǞЎЊφ×ĞǞ¢

ħήx�φ�_ȂĞφ����Ϙ̶�ΎѵѴϯŧk���g���j͉Јv_ЎЊɚƨ��Ѷ�°

àÃÕke�°�¢əǤv�_ѠŔ�ΎѵѴʟ̇�{����ťˍ¢ȂĞφ�Йʧx�ɋϿke�

 

ƨ1.1� ø͓ĉƃĂ  ̟
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~ g`vjv�k�_ˈų¥º¥ϧʰƭ�ȂĞφk_͇̾���g�ΎѵѴϯŧ¢v�f�j�

�f��_Łœ�ʹΊk̲t��f�f  ̀

 

1.3 ²/&�@����Êã 

Bay �Һ2006һkь�}�g�_ϧʰƭ�ip�ȯ̻�ɏѠɓϿĔ�_̞ʱƭ×ǮŐƭ��ǈl

n͗��[5]̀ ̞ʱƭ��ʣǷªËç°î¢Ř͍x�k_ϧʰƭ��ʣǷ¢ѡϪvʣҁ¢�n�°�

kǈŔ�e�`ǮŐƭ��Ҩ¢ѡ�°�kɋϿ~k_ϧʰƭ��ёҨíʉ˹k��˼����`v

jv_ɂˇ�Ύ�ʹΊ�ü�ǮŐƭ×̞ʱƭ¢ǵЧ�ϯ¡��l}`ȯ̻ōѣj�ǅѣ��̸ʌǌ

�ѵƃѣ���şƋkǈlf}�_ǮŐƭ��ɏѠɓ¢͵įx�}��Ύ�˹Ǭɓ×ʝ̸ɓ��¢

ұ��ɯϰѵ͙kѨ����l}`�}_ȯ̻�ұȆŪ×Ύ�ǈƱŪ�ĚgχҨƫ��Ͽ˼×_Ѥ

ȕŪ�ȸҙ�ɑ¡��Ѻ–ɓ×ѡҘɓ����Ͽ˼¢Ƃp�_ʄŃ×ͬʻ�˧ώ¢ʸv��ȯ̻ō

ǅ¢Ǔġ�҅��j�fg̱�ΎʹΊ�сз�πj��l}`żυ���ʣˁ·Ã¹ŲĘkǤ��

f�Ύ�ɓώАĩҜͣ¢Ё��_χҨƫ_˺Ǭɓ_˹Ǭɓ_Ѻ̮ɓ_Îæ¥Óæî_Ѻ–ɓ_ʝ̸

ɓ_ѡҘɓ_Ѻғɓ_ѡ̸ɓ� 10 Ҝͣ�e�`ʣˁ��ұ̞ǆ̡�ǃǜke���ѷ¡�y_10

Ҝͣû 9Ҝͣ�ѵƃѣ¢bѴw�cɯϰ�e�_˲�� 1Ҝͣ�ёϯ�Řīɓ�ѷx�ɯϰ�e�`

ðϜ�_ʱɧʽѶ�e�ƭƲ�if��_ʱɧʽѶ�ɏѠɓ�ͧªËç°î¢υɠv�ѵƃѣ��

̸ʌǌ¢ɱh�ȯ̻ЎЊk̲t��k_ǃǜ�if�Ύ¢ѵʓx�°�¢Şʈ�v}ЎЊk�t�

�°��΅�e�}�_ѵƃѣ¢Ѵw}��Őɧ¢ĥ͍x�°�kǤͮv�l�v���f�  ̀

ʱɧʽѶ��fϧʰƭ�if�_ȯ̻�ɏѠɓϿĔ�v�ёҨíʉ˹kѨϿ�e����_Ύ

¢ѵʓx�°�¢Şʈ�v}Ύ�Ƭ�ʟke��öɑУ���f`p���_ϧʰƭ�Ѡv}Ύ�

ѵlʟ�ѷx�ʹΊ�_°�����£�̲t��f�f  ̀

 

1.4 �¯°�­¬ 

ĞǞ��ŐɧªËç°î̒ЮѪ�ŝ̜k˼����ˈų¥º¥ϧʰƭ�if�_˹Ķ̼ɓ¢л

�h}ȵƭčˡ�ÏÃ¹Ô±îæë²ɤ͕�v��ʸťΘ�_ĎƭƲ�ʹΊѵ͙t��l}ʣǷѡ

Ϫ���ɯϰ�ţh�_bёҨíʉ˹�Ř͍ĭіc���b1 ʣ�û��ŐɧªËç°î̒ЮѪ¢

ŝ̜cx�°��e��υh���`°�ɤ͕¢ɣŢtz�}���_ѵƃѣ¢Εҟ�ĞǞЎЊ�

�ÏÃ¹Ô±îæë²ɯϰ�Ѡ͍�_ȂĞφ���ѠŔ�ΎѵѴϯŧ�ǥʠköƅ˪�e�`vj

v_ұ̞ǆ̡�͊ƽõ��ѵʓ¢Şʈ�x�Ύ�Ƭ�ʟ��f��°���ʹΊt��f�f`{

°�_ˁʹΊ�_ˈų¥º¥ϧʰƭ�ѤȕĞǞ��ÏÃ¹Ô±îæë²ɯϰʭŽ�ǫ÷x�}�_
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ȵƭ�ip�Ϙ̶ёҨ�Ř͍ǥɝ�{�ʸťɓ¢ʧ�j�x�°�_Ž�_ͧªËç°î�̸͝ɏ

Ѡɓ¢ƌʬ�̢зtz�ΎÆö§ë�ʟƎɓ¢υǱx�°�¢ͣ͝�x�`�}_ˁʹΊ�_ъf

Ǹˇ�ĞǞƁɃ×ª¥µëвņ�ûɊ͝ǛƬ����əǤt��͇Ƭ�ĝûɨɃφȆ¢ǵЧ�v_

°�Ȇ�Ǝp�ȯЎíħήt��ѤȕĞǞ��ͲЁʈħ¢ͣˣ�v�f�`ˁʹΊ�ɣˍ�_ċȿ

�t���ʹΊ����Ǻj���e gƌĞǞ�ÏÃ¹Ô±îæë²ɤ͕×ͣˣЎǤ�ǵv�_

ƴͶ͝ȹş¢ˍ}x���e�`đõ�_ˁʹΊ�Нʛˠɣ��f�Йʧx�Һƨ1.2ż̷һ  ̀

�y_2Α��_ʢȻʹΊЛˏ���ʧ͵�v}ˁʹΊ�Ɓ�ɭgŊĠ͝�Кң��f�Йʧx

�`°°�� 3��І̱j�ʢȻʹΊ¢Лˏv}`Δð�_̸̞͉͋ǝ�І̱�e�_ÐÇ�ʰ̸

ǵɍſɍ��f�̸αȂĞφ�̞αȂĞφ�Ѷ����g�ќfke�j¢͵Еv}`ΔĄ�_ˈ

ų¥º¥ϧʰƭ¢ǵЧ�v}ÏÃ¹Ô±îæë²ɫ̇�І̱�e�_˹Ķ̼ɓ¢л�h����g

�ɫ̇kʸť�ʀh���f��j¢͵Еv}`Δó�І̱�_ȂĞφ�ΎѵѴϯŧi��ΎÆö

§ë��f��e�`±îæë²ťˍ�ȸҙx�Ύ�ѷv�_͇Ƭ������g�ͲЁkɃ��

�f��j¢͵Еv}`°���έˍ¢л�h_3 Αi�� 4 Α�if�_ˈų¥º¥ϧʰƭ�Ѥ

ȕĞǞ�ip�Ϙ̶ёҨ�Ř͍ǥɝ�{�ʸťɓ¢ʧ�j�x�}��_̸αȂĞφ�͉̼͋͝ɓ

�ѠɍϯŧÏÀîë� 2Җj�˜Џ¢ϯ�}`t��_βn 5Α�if�_ͧªËç°î�̸͝ɏ

Ѡɓ¢ƌʬ�̢зtz�ΎÆö§ë�ʟƎɓ¢υǱx�}��_³î»»ÀÆ¦¢ǥʠv}  ̀

3Α��_Ûèî¹¥�ǥʠv}ʰ̸͙˾��f��ϷҰφǥҰ¢Ʒƒx�`͇ƭ�ðϜ͝�Ѥ

ȕĞǞ¢Ŏ͇v}ǥǈǥҰĞǞ¢ĥ͍v_ϷҰφ¢ðǤʽѶĞ�¡z�ǥҰ¢ϯ�}`̸αȂĞφ

¢ǵЧ�_ǥ҆�Ϙ̶ʉ˹ßîÈj�ҕǤȚ�Ğ͊ƽ�if�_y˹̏ђȩ���̻͉͊ƽҜͣ_

z͙˾Ѫ×Ġ̞���ĉѶ͉͋Ҝͣ_^̸͝üІ͐ƒíǒ����¥ë³îÇЛˏҜͣ_��f�

̟Ǥv}`̸αȂĞφk͙˾ϧ͙���Ġ̞ЛΜ�Ŀ��f�°�¢ǥ͊ƽ�ъf̾̅�if�͵

Еx�����_Ⱥ��˹̏�ѷx�ɜЄ��f��œˊv}  ̀

4Α��_§ëÈË¹¥i��Ûèî¹¥�ǥʠv}ȂĞφ�ΎѵѴϯŧ�ѷx�ȣƲЛˏ¢Ʒ

ƒx�`˹̞�ȟуȓkǻtf˹Ķ̼ɓ¢л�h_ˁʹΊ�� 1ʣ�û��ϯŧÏÀîë�̵̱k

ȵ���}`Лˏͻ¢͍f}§ëÀÑâîЛˏ�Ƀ��}ÆîÀ¢ÆîÀÛ§Êë²ɫ̇��œˊ

v_ΎѵѴ_Őɧĥ͍_ɪҨ˧ĥ͍��f�ŋƱ͝�ϯŧÏÀîë¢ɸŒv}`ˈų¥º¥ϧʰƭ

�ѤȕȂĞφ�ΎѵѴϯŧÏÀîë¢ʧ�j�v_{�ϯŧ��˹̞đǅ�ϿƤ¢Ƃp�ǆˡɓk

e�°�¢ʧ�j�v}`�}_ǆѨéº»Å¦Ã±ƣșœˊ���ϿƤ�œˊ¢ϯf_Ύѵpϯ

ŧ�ѻǨϿƤ¢̼Ǥv}`ţh�_͇̾�Őɧĥ͍̾̅¢���љȩ�Őɧĥ͍¢ѺoÚ§ëÇ�

�f�υǱv}  ̀

5Α��_Ϙ̶ёҨ×ʉ˹¢Ř͍x�ÏÃ¹Ô±îæë²ťˍ¢ʶѠŪx�ΎÆö§ë��f�

�³î»»ÀÆ¦¢Ʒƒx�`°°��_2 Җѵƃ�ŴǦ΋Ѷ��±é»ÖëÂèî¹äë¢Şʈ

�v�_̏ņĹѵƃ�ΎѵѴȶȰ_ѵlЇȩ_ѵƃλ˥˷¢˷у˜Ћv}`Ǧō˹̏kȂĞφ�͙

˾ϧ͙¢ťˍ͝�ĭіx��g�ȪĜ×ΐĜ�ôŰмkĜπx�ұt�if�_̏ņҨkҨђ�̜

ϵ�n˺Ȟ�˹̏œȖx�°�¢Аĩƴ̤�v}`ŴΦŪv}Ϙ̶ʉ˹΋ѶßÆç�v�§ëÈË
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¹¥�ǥҰʠЎ¢ĥ͍v_{°�Ƀ��}ǥ̟ÆîÀ¢ƴ�ЈˊßÆçkģɣt�}`ёҨ¹Üâ

èî¹äë���ÏåÞÇæÃ±»ÀÆ¦kǥʠt�_Ϙ̶ёҨ�Ѡv}ΎÆö§ë�ĒЙkǺj

�}  ̀

6Α��_ˁʹΊ�Ƀ��}έˍ¢ƴ�_Ϙ̶ёҨ×ʉ˹¢Ř͍x�ÏÃ¹Ô±îæë²ɫ̇�

ǔȵɓ��f�_Ž�_ͧªËç°î�̸͝ɏѠɓ¢ƌʬ�̢зtz�ΎÆö§ë�ʟƎɓ��f

�υǱx�`t��_ˈų¥º¥ϧʰƭ��ÏÃ¹Ô±îæë²�ɋϿ�bёҨíʉ˹�Ř͍ĭіc

���b1 ʣ�û��ŐɧªËç°î̒ЮѪ¢ŝ̜c¢ʆіx�ô��_ċȿ�Кң��f�ϥφ

�υh¢ь��  ̀

7Α�ˁʹΊ�ɣˍ¢����  ̀
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2   

�z¯° 

2.1 50��¡�ß��K�·�\~ 

2.1.1 �¡§g
�¨¦¬\~  

̸αȂĞφ�̞αȂĞφ�_ʰ̸͊ƽ��͉͋͝ſɍ�ќfke�°�kʧ�j�t��f�`

ˁҜ��_�yŉёx�ÐÇ�Ġ̞γɽſɍ��f�Йʧv_˫�ùφ�ќf¢Йʧx�  ̀

ÐÇ�_ʰ̸͊ƽõ��Ġ̞¢ˮȚ�γɽx�}��2·ҧ�ʟ̇�̸¢ƓƧ�ʓʗx� 1̀�

�_͞ϕϴҖ̞ȩ�ƓƧ��̞ȩȓ¢Ř͍v}ҕϧ͙ɓ̸ʓʗ�e�_ǵ̏íʓǷíęǺ����

Ġǅ�̸¢юkx`�gҾ��_͞ϕϴҖ�˾kϧ͙x�҆�˹Ū̸kǐ¡��°�¢Ř͍v}ϧ

͙ɓ̸ʓʗ�e�[6]̀ }~v_ÐÇ�Ġ̞γɽ�ƌʬ�Ġō�˺œѪ�ϮûƼœ̫ȩ¢γɽx�ɋ

Ͽke�}�_͙˾¢Ěgϧ͙ɓ̸ʓʗ���ҕϧ͙ɓ̸ʓʗkĿłt��[7]̀  

ƨ 2.1�_͊ƽ̞�̸ʓʗ_̸͌͋_̖ѣĠ̞�ѷĬ¢ϴv}���e�[6]̀ ʰn�Ǯn��f

̸̞͝ûɓƲj�ɀa�͊ƽ̞kôʥx�ƸƋ¢Ħ�x��_ÐÇkʰt¢ɜwǖ��Άȩ�ʰ̸

ШϢ�if��ҕϧ͙ɓ̸ʓʗ���̖ѣĠ̞kðǤ�į}��`°��lĠō��Ϯ̓œȖkµ

ëÇéîçt�_ōϖ�Ϯ̏Ѫk̜Ǽv�ĠϴҖъn�Ϯ̏Ѫkƾţx�°��_͞ϕϴҖ̞ȩk

ұn��̸ʓʗkv×xn��[6]̀ t��͊ƽ̞kôʥx��ϧ͙ɓ̸ʓʗkѵǖt�_��Ňм

�œȖx�ª±æëϔj�͙˾kǖ��`ʶŕ�ҕϧʗɓ̸ʓʗ�Ŷ��şƋkǆfk_ʰ̸ШϢ

kұ������ϧ͙ɓ̸ʓʗ�Ŷ��şƋkƾv�fn`{v�_͊ƽ̞k͞ϕ̞ъn���ћ

x��ҕϧ͙ɓ̸ʓʗk�l�n��_℃35 xđô�͊ƽ��͙˾kƛð�Ġ̞ЛΜʟ̇���[6, 

8, 9]̀  
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2.1.2 ®��¡æY  

ÐÇ�ʰ̸үŪ��_ͳʽүŪ�ѲʽүŪ� 2 �ke�`ͳʽүŪ�ðљɓ����e�_ƌ

wʰ̸èÖç�e���ŏǜ��ǃǜ�ʟkљ±v×xf_e�f�_̞αȂĞφk̸αƭƲ�Ѳ

ʽ̥Ƭv�f�ʰt�ɟ��_�f�}ǂŪk°��ȵ����`ͳʽүŪkд°��͙˾ώšk

ôk�_ϧ͙v×xfϝf˾¢ǆnjn�g���`ŊĠ͝��_y͙˾ѵǖ�ѸķĠ̞kĝõv

�ʤfÀ§Üë²j�˾¢jlǖ��_z˾ϔ�͙˾ђȩi��ʶǈ͙˾Ѫkƾţx�_^˾�Ƽ

œ̫ȩkұf�͞ϕô�ϧ͙v�nfk_Ƽœ̫ȩ�ĝf·å·å�v}˾¢jn�g���[6-8]̀

°��g�ͳʽүŪ���͉͋͝ǂŪ�_ʰ̸͊ƽõ�͋̍x�°�����℃ 2ѕѶ�ǡɣx�

[10]k_ʰ̸͊ƽj�ϑx��℃3ѕѶ�̒ǌx�[11]̀  

2.1.3 ¡trJ»�¥|����Ö��¡æY  

ѲʽүŪ�ͳʽүŪ�χѲηô�e�����n_ɣƤk͗��`°��̸α�̞α�˹Ķ̼

ɓ_ŷ�_ʰ̸kєβ͝ҺȚ�ʰfһjſɅ͝ҺǜΜǂŪ¢ο�ыxһj�ќf�����~�υ

h���[7]̀ ѲʽүŪ�_͋ȿҿȟŰ��¢ʰ̸͊ƽõ�љ±x°����̓Ƀt��[9]}�_̸

αƭƲ�ĉ·�e���̞α×Ǯα�ȡǼʽ¢љ±v}ƸƋ��̓Ƀt��f  ̀

 
ƨ2.1� ͊ƽ̞�̸ʓʗ_̸͌͋_̖ѣĠ̞�ѷĬ 
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ѲʽүŪ�͙˾ώš�ұ��k_ͳʽүŪ��˒ˁ͝�ќf�_Ġō�˺œ×Ƽœ�ʌǌ¢ʶ

ǻѾ�̚�z�}��͙˾đǅ�Ġ̞ЛΜώš¢ұ��f�̱~�Љh�[7]̀ ̸αȂĞφ�_̞α

ȂĞφ�˷��ƴͶĐРѪkĝn_ʂ̸v�p�����f̸Ѫk{�{�Ǽ�f`͘zƱ�ɫз

kѲfĠƱ�_ĠΉe}��ĠϴҖΉ¢ǈlnv�f�[12]̀ ˀ˗ѣ�Ϯ̏Ѫkǆn_͞ϕϴҖ̞

ȩkұ��e�[13]̀ °���̼Ɉ���_͞ϕϴҖj�ƓƧ��̞ȩȓ¢Ř͍v}̸ʓʗkťˍ

͝�ϯ¡��`{v�_͙˾ѵǖ�ѸķĠ̞kұf[14]}�_̞αȂĞφ���ͳʽүŪ¢Ƀ�ǈ

Ѫ�˾¢jlǖ��f��g�ƸҖ��_̸αȂĞφ�˾kŒy̔vq�Ёh��fg�g�°�

kд°�  ̀

��Żvfʰ̸͊ƽõ��_ѲʽүŪ���͙˾ώš�ťͅŪkЁ���`ώŧ˾ϔ�Ǭȩk

ұn_œȖ�ĠȠ�Ǽ�nƢϋ�ǆn���f�[15]̀ Ƽœ̫ȩ�ĝf [˾16]�ĠϴҖ�ϫnȣk�

×xn_�}_͞ϕϴҖ̞ȩkұf��ϧ͙kђ×j�д°�`°�°��_˾kϧ͙�ly�˺

̦���͞ϕ�����˾ϔ�ϩ¢v�v��}�_̦�Ϥ��v��}��fg̴ť͙˾¢Ѻo

[17]̀ t��_ȴ̳�ʰt�ǵx�ʶǈ͙˾ώš�ұf`ϴ2.1�_ѲʽүŪφ�͉̼͋͝ɓ¢��

��  ̀

 

 

ϴ2.1� Ѳʽʰ̸үŪ�ͳʽʰ̸үŪ 
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2.2 �Z�(�¿�d�4-'7!B<@"�� 

ˈų¥º¥ϧʰƭ�ęί͝�ĞǞȯΞ�Ħ¢ƨ 2.3�ͷx`§ëÈË¹¥�­æÛëÀëȌ�Ё

���ęίȯΞ�e�`°�Ħ���Ѿ�y_°�ƭƲ�ˡa�ęίĞǞ�ʾ×Γ�ѓ��}��

kǆj�}`ǈȃ˒_ұȥ���̼Ɉkŉёv�Ё��_ȂǦ�ƿ�Ǽ�n_̖fпõ�ʣҁ¢ё

љv}̔vfϘ̶Ҩ¢Ǧō�ёxȑǊkЁ��}  ̀

 

ðʟ_ʾѓj�èë®ѓkü̏����đѽ�ęί͝ȯΞ�if��_Ϙ̶Ҩ¢Ř͍v}±î

æë²�ȑǊkƷƒt��f� T̀oe �Һ2015һkǥ̟v}Ûèî¹¥�¹äÃÕÍæ»ƱĞǞ�

�_{�̼Ɉ�e�ûȬ�ǛƬkǇѶ�Ő˹¢Ϩh_ǇѶʉ˹ťˍ¢ұ��f�°�kͷt�}

[18]̀ �}_Alfata �Һ2016һkǥ̟v}§ëÈË¹¥�µéÊ¥çˡȰ�ȯ̻�_ǅƿ×ōƿ�Ό

}�}ʉ˹ƃ¢Čx�Ϙ̶ʉ˹k±îæë²ťˍ¢�}�v�f�°�kʧ�j�t�}[19]̀  

͇Đ�ðϜ͝�ѤȕĞǞ�if��_ǇѶʉ˹���нĠŐŸk_ұ̞ǆ̡˹Ķ��ұ̸Ѫ�

ȯ̻�if�ťˍ͝�e�°�kʧ�j�t��f�[20-23]̀  ǇѶʉ˹�_ʉ˹¢ĥ͍v�ǇѶ�

ȯ̻�нĠ¢ŐŸx�°�����˧ώx�k_{�ťˍ�ȯ̻�̸ǪѪ�ĨǛx�`°�ɤ͕�_

ǅ˹̞kұxm�ʣû�Ύ¢Ѵ�_ǅ˹̞kĝfǇѶ�Ύ¢ѵp��fg 2��Õé½»����

ϯ¡��`ǇѶʉ˹�_˹̞�ʣуȓkǈln_ǇѶ�˹̞kɏѠ¿îë��ĝfƭƲ�ťˍ͝�

e�`ýį͎�Һ2009һ�Ûèî¹¥�ºäØîçÎç�if�ǇѶʉ˹�ťˍ��f�ǥ̟¢ϯ

 

ƨ2.2� Communal house of Dadoq Kenyah in Kalimantan Island  
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f_ұ̞ǆ̡�°�ƭƲ�if��ǇѶʉ˹�ʂ̸�нĠŐŸ����ʣû�̸͝ɏѠɓ¢Ǝôt

z�ťˍke�°�¢ʧ�j�v}[20]̀  

 

2.3 §gV}Â¹����² 

2.3.1  rJ»�²Ø×ÀX�¢¦§gÃb 

Ϙ̶Ҩ¢Ř͍x�ÏÃ¹Ô±îæë²ɫ̇�_ǥ҆��ĳa�ȂĞφ���ΎѵѴʐģ�ĨǛ

x�}�_ÏÃ¹Ô±îæë²¢Şʈ�ЎЊt�}ȯ̻�e���ȂĞφkѠŔ�ѵѴʐģ¢ϯ¡

�p��ťˍ�Ƀ���f`{�}�_ȂĞφ�ΎѵѴϯŧ�ȸҙ¢÷h�ƅώɓ�e�ϿƤ¢̼

Ǥx�°�kѨϿ�e�`ǆn�ʹΊφ�_ΎѵѴϯŧk_ϽҌ�ʟ̇�ͥąģ͍x�t�u��

ϿƤ�ȸҙ¢Ƃp��üȳv�l}`Ħh�_Fabi �Һ2012һ�_υh���ϿƤk̻͉͝_ʛϐ

͝_Ɋ͉͝_͉͋ǝ͝_͹Ę͝ϿƤ�œҧt���έНďp}[24]̀ vjv_°����ʹΊ�ǆ

n�_ȂĞφ�ΎѵѴϯŧ��üϿ�ȸҙϿƤ�v�˹̞×ĄѧṴ̄Ψ̫ȩ���̻͉͝�͊ƽǂ

ʘ��kυɠt��l}  ̀

Yao �Һ2017һ×_Stazi �Һ2017һ��ǆn�ʹΊέˍj�_̻͉͝ϿƤ�û�_ȃǅ�ȃō�

˹̞�_ðϜ͝�ΎѵѴϯŧ�ʶ�ȸҙ¢÷h�ϿƤ~�Љh�[25-28]̀ t��_Barthelmes �

Һ2017һ�ʹΊ��_Ǧō�ĄѧṴ̄Ψ̫ȩkѨϿ�ϿƤ�v�̼Ǥt�}[29-30]̀ Rijal�Һ2007һ

�§°æ»��Лˏ¢ŀ�_ȂĞφ�Ύѵpϯŧkʶ�ǆf��ǃ�_ʶ�Ǽ�f��ŏ�e��

Ʒƒv}`ȂĞφ�_Ǧō�ȃǅ�˹̞kұf�l�Ύ¢ѵp�ĻƎke�_˹̞kĝf�l�Ύ

¢Ѵ��ĻƎke��έНďp��}`Ⱥ��ʣˁ�ȉѹͨ�ѷˈƭʟ��Лˏ¢ϯf_Ϙ̶ʉ˹

ƱȯΞ�Ύkѵp���͵ͅ�ȞƮ˹̞�ǂŪ�Ěf_ǃ�Ǝj��ɀa�ƾţv_ǃđѽ�̜Ǽ

x�°�¢ʧ�j�v}`éº»Å¦Ã±ƣșœˊ�έˍ_Ⱥ��_ΎѵѴϯŧkǦō�}�ȃǅ

�˹̞�ƴ�f�Ă̟ƅώ�e�°�¢ͷv}[31-34]̀   

2.3.2 rJ»�²Ø×ÀX�
�G�Ãb  

Fabi �küȳv}�g�_ˡa�ÏåÞîÀkȂĞφ�ΎѵѴϯŧ�ȸҙ¢÷h�ƅώɓke

�  ̀Cali �Һ2016һ�_È§Äųѣ�ҋƋĞǞ� 4 ȟѶ�̝�_Ǧō�̸̞͊ƽ�ΎѵѴ�ǂŪ¢

ІǱv}`éº»Å¦Ã±ƣșœˊ�έˍ�_Ύѵpϯŧ�ȸҙ¢÷h�ϿƤ�ʬś�ĄѧṴ̄Ψ

̫ȩ�e�_ΎѴ�ϯŧ�ȸҙ¢÷h�ϿƤ� 1 ʣ�ȞƮǅ˹̞�ʬś�e�}[35]̀ Ѡɍϯŧ�

ϿƤ�ѷx�ʢȻʹΊ¢èÑâîv} Stazis �Һ2017һ�_ĞǞ�ΎѵѴϯŧ�Ǧō�ȃǅ�˹̞
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�ĄѧṴ̄Ψ̫ȩ�ȸҙ¢Ƃp_ü�ȂĞφ�Ǧō̍ŧ�ѷĬv�f��ɾʎv}[36]̀  Andersen

�Һ2009һ�_ÆëÛî±��ĞǞЛˏj�_ðѣ�ȂĞφk˹̞�ѷĬ�n˶ʣ 10 œѶΎ¢ѵ

p}°�¢Ʒƒv}`°�ăǥ�_ΎѵѴϯŧ�ȸҙ¢÷h�ϿƤ�̸͝ˆĔ~p��n_ʛŪ͝

ϿƤ×ʣȚ͋̍���Ď�ϿƤ�e�Ƀ�°�¢ɚƔv}[37]̀  Brager�Һ1998һ�_΋Лt�}ȯ

̻�Ϙ̶ʉ˹t�}ȯ̻�Ѷ�_ȂĞφ�̸͝ɏѠɓ�ɍΗ�ќfke�°�¢͙Ёv}`°��_

ȯ̻�̾̅�ќfk_̸͊ƽ�ѷx�ȂĞφ�ʽȽ�ǈlnȸҙx�}�~[38]̀  

Schweiker �Һ2020һ�Л [ˏ39]����_ʛϐ͝ϿƤ��_ʬś�}�șǞҽŒ [͙29, 40-45]_ͤ

Ş�ѵѴ̾ɝ[40]_ƭ͉͝Ĝπ[46-47]_ʉ˹ȶȰ[40 47-48]_ȯ̻ǅ͞�̼ɓ�ʄ͍¹»ÅÝ[45, 49]_

Ó¤·îÈ�ʟЇ[50]_Èè»µîÈ[51]_ǜΜ×ҐѪi��͹Ęά̚͝ƭĜ[52]_Ŷʸ [ͅ53]kƏ�

�}`̼�_ĞǞ��_ΎѵѴ�τɟ�ʬѶ�ĨǛx�����n_̍ŧ�ĨǛx��υǱt�}

[27]̀ Ďʟ_Jeong �Һ2016һ�_ȂĞφ�ΎѵѴϯŧ�_ͯͪ_ʜ͉_ʁҀ���̍ŧ�}��ʬ

Ѷ�ĨǛx�°�¢͵Еv}[54]̀ t��_Shi �Һ2019һ�_ƌw͊ƽˆĔõ�e���ĞȂk͗

���ΎѵѴϯŧ�͗���üȳv}[55]̀ °�ĞȂèÖç�ǆˡɓ�_ĳĉ×øα�ȅɓ�дƤ

x�ƅώɓke�`}~v_ĳĉ×øα�ȅɓkĞǞ��ΎѵѴϯŧ�Ž�xȸҙ��f��œˊ

�_�~��£�ʹΊt��f�f  ̀

2.3.3 �Z�(�¿�d�²Ø×ÀX  

ъȟ_ȂĞφ�ϯŧ�ѷx�fn�j�èÑâîНʛk͙ϴt��f�[24, 36, 39, 56-60]k_̸α

ƭƲ��ȂĞφϯŧ�ѷx�ʹΊk��£�t��f�f°�kɾʎt��f�`Ħh�_

Schweiker �Һ2020һ�_x���Лˏ�ʱɧ�Őɧ�ǜΜkСŗƅώ�ƭƲ�ϯ¡��i�_̸α

i��ć̸α��Лˏkϯ¡��f�j�}�Ʒƒv}[39]̀  �}_Du �Һ2020һ�_°����

ʹΊ���£��˹Ķα¢­Îîv�f����_ұ̞ǆ̡α��f��Ѿ��}ÆîÀvjŘ͍

�l�f�έНďp}[60]̀  

ˈų¥º¥ϧʰƭ�ǆn�Ѥȕ��_ѽ˺Ѫ�Ҩ�̾̅¢Ҁf�_˹̞��̸̞ˆĔ�ǜΜǂ

Ū���£�Ё���f`Ħh�_§ëÈË¹¥�ºà­çÀ��ʷȞƮ˹̞k 2xđō�ǂŧ�

ƀ��`{�}�_°�ƭƲ�ȂĞφ�ΎѵѴϯŧ�_ȟѶ¢ёv�Ʈð�e�ƅώɓke�`Љ

fʉh��_Һ1һʬś×ĞȂÀ§Õ���ʛϐ͝ϿƤ_Һ2һĳĉҽøαȅɓ���͹Ę͝ϿƤ_

Һ3һĳĉ͝Ɵǒ���Ɋ͉͝ϿƤ_��̸̞ˆĔđǅ�ǂʘk_°�ƭƲ����ΎѵѴϯŧ�

ȸҙx�ƅώɓke�  ̀

ýį͎�Һ2009һ�_Ûèî¹¥��Лˏ¢ёw�_ȂĞφ� 80ҹъnkёȚ_ʣû�ůŞ 10

ʬj�ůȿ 6 ʬ��Ύ¢ѵp}k_Ǉ�Ύ¢ѵp}�� 10ҹ�љm�f°�¢Ʒƒv}[20]̀

Arethusa �Һ2014һ���ʹΊέˍ��ƌˡ�_§ëÈË¹¥�ҋƋĞǞ��_ȂĞφ� 80d90ҹ

kʣûҺůŞ 6 ʬj�ůȿӃʬ��һΎ¢ѵp_30d50ҹkǇѶҺůȿӃʬj�σůŞ 6 ʬ��һ
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�Ύ¢Ѵ��°�kƷƒt�}[61]̀  Őɧĥ͍�ѷv��_ǟѩ�Һ2003һ�ʹΊ�if�_§ë

ÈË¹¥���£��ȂĞφk_ǇѶ�ůȿ 9ʬj�σůŞ 6ʬ��_ʣû�ůȿ 1ʬj� 3ʬ�

�ĥ͍x��ƣΗv}[62]̀  Ekasiwi �Һ2013һ���ʹΊέˍ�_§ëÈË¹¥�Ûèî¹¥�ð

ѣ�ȂĞφ�_Őɧĥ͍û�e���ƌʬ�Ύ¢ѵp�f�°�¢ͷv}[63]̀  

ˈų¥º¥ϧʰƭ�ǥʠt�}°���ʹΊ�_ȂĞφ�ϯŧ�͇Ƭ�ȞƮ͝�̾ɝ¢ʧ�j

�v�f�`ȂĞφ�_˟�ʣû�Ύ¢ѵʓv�ǇѶ�Ύ¢Ѵ��f�`}~v_°� 1ʣ�Ѷ�

ΎѵѴϯŧÏÀîëk̸̞ˆĔ¢ϿƤ�v_{�ʕ�ȂĞφѶ�ðˡ�����j_e�f�_ĳ

ĉ×øα�ȅɓ��Ď�ϿƤ����ȂĞφѶ�ǆˡɓ�e�����j�_ʧ�j�t��f�

f  ̀

2.3.4 ²/&�@�oR��Ts�D��yà  

ѵƃѣɓ̾�ёҨɓώ×Ǧō˹̏��ѷĬ�ѷx�ʹΊ�_ˡa�ˆĔ×ʟ̇���ϯ¡��

f�`Karava �Һ2011һ�_ѵƃѣ�ǈlt×ĜπѷĬkǦō�˹̏œȖ�÷h�ȸҙ��f�Ҩ

̌ǥҰ¢ϯ�}[64]̀ έˍj�_2��ѵƃѣkǵҖx�ƿ�Ўp��_ѵƃĜπkұɨ�}�ûѶ

ұt�e�_ѵƃҖΉk̏ņĹ��̏ŒĹ�ǈlf³î»�if�_ǦōҨђk��ȴn��°�

kʧ�j�t�}`Heiselberg �Һ2001һ�_ǥҰǦō�ȃōǅ΋Ѷ¢Ŏ͇v_ȃōǅ�̞ȩȓˆĔ

¢fn�jЎǤv�_Ύ�ѵѴȶȰkǦō˹̏œȖ�÷h�ȸҙ¢Л�}[65]̀ έˍ�_̞ȩȓk

ǻtfǃǜ��ǅĵvΎ���ǅѵlΎkʸť�e�°�¢ͷv}`Gao �Һ2011һ�_ҭ̠�ŋ

Ʊ͝�ĞǞãÊÃÇ¢ǵЧ�_CFDЈˊ����ѵƃѣ�ѷx�ˡa�ˆĔ¢ǂŪtz}ÏåÞÇ

æÃ±»ÀÆ¦¢ǥʠv_ȞƮ΋˹Ҷ����Ϙ̶ʉ˹ɓώ¢Аĩv}[66]̀ °�ʹΊ��È¥�

Ĝπ_Ͻʘ�ѣȃ¢ɽ�ĞǞãÊÃÇ_ȯ̻�ʟЇ���ǥ҆�ĞǞЎЊʬ�ͤҖx�ŊĠɓ¢υ

ɠv�f�̱�̼Ɉ͝~`}~v_Ύ�ѵѴȶȰ�͇ƭ�ðϜ͝�ǅѵlΎ�ѾǤt�}`έˍ�_

Ϙ̶ʉ˹ɓώ�ʶ�ȸҙ¢÷h���Ɗѣȃ�ǵx�Ύ�Ĝπ�e�_˫�ȯ̻�ʟЇ_È¥�Ĝ

π�ҝ�e�}`ˢȇ�Һ2005һ�_Ҩ̌ǥҰ�CFDЈˊ����_ǈƱѵƃ¢ɽ�ŴǦ΋Ѷ�i

p�Ϙ̶ёҨˆĔõ��ѵƃˆĔ�ʉ˹ɓώ��ѷĬ¢œˊv}[67]̀ 2��ѵƃѣkûɊсô�Ĝ

πx�ƸƋ_ҨõĹѵƃҖΉkҨôĹѵƃ��ǻtfˆĔ��_ҨõĹѵƃҖΉkǈlf��ёҨ

Ѫkǆn��k_ҨõĹѵƃҖΉkҨôĹѵƃ��ǈlfˆĔ��_ҨõĹѵƃҖΉ�ѷĬ�nё

ҨѪk��ðǤ���°�kʧ�j���}`Yin �Һ2010һ����ûƪ�ȯ̻¢ǵЧ�ϯ¡�

}ʘķЈˊ��_ǵҖx�ƿ�ѵƃѣ�_����ûѶ�ұt�ѥπx�°��ұfʉ˹ɓώíё

ҨɓώkɃ���°�kͷt��f�[68]̀  

°��g�_ѵƃѣ�ʘ×Ĝπ��ĞǞŇĠ�ЎЊ�ѷ¡�ϿΨ¢ûɊ�_ѵƃѣɓ̾�ʉ˹

Ѫ�ѷĬ��f��ĞǞЎЊ�ǫ÷x�ŊĠ͝�ͲЁkɃ���f�`vjv_ΎŴĠ�Æö§ë
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�ѷv��_ʉ˹ɓώ�ʹΊ�fn�jϯ¡��f�k[69-71]k_̸αƭƲ��ʹΊ�Ǽ�n_˹

̏���±îæë²ťˍ�÷h�ȸҙ��f��öʧ�e�  ̀

ǻȏ����_ÐÇ�̸̞ɓ͙˾�if��_Ҥ_Ҡѣ_Şύѣ_όѣ_ϒѣ���ôŰм�

͙˾Ѫkǆf[8]̀ ɂ��_Ϙ̶Ҩ¢Ř͍v�ȂĞφ�͙˾ϧ͙¢ĭx}���_ȃǅҨ¢Ǧō�̼

�ôŰм�ұtƲ�ƕ�ш�°�kʸť~�υh���`Ħh�_¥Þæ­ʱɧŐő΋ЛǝĘ

ҺAmerican Society of Heating, Refrigerating and Air-Conditioning Engineers ; ASHRAEһkͷxASHRAE Standard 55

��_ϓѣ�ұt�ҟѣ�ұt¢˚ȪĜʬ�{�|�0.6 m�1.1 m_ΐĜʬ�1.1 m�1.7 m�Ǥ�

�i�[72]_ðϜ�_ȥô0.6ӌ1.7 m�ΝƧ¢ȂĞèÖç�v�̸͝ɏѠɓ�Аĩ¢ϯg°�kǆf`

���_Ϙ̶ёҨ���ÏÃ¹²±îæë²ťˍ¢ұ��}���_Ǧō�˹̏œȖ¢ѮͤʟƎ�

µëÇéîçx�Ѓ̱kѨϿ�e�_Ǧō�ðǤұt�˺ȞʟƎ�Ҩ¢ёx°���l�ѵƃѣɓ

̾¢ʧ�j�x�°�kʸ͟�e��υh���  ̀

 

2.4 ³��� 

ˁʹΊ¢і���e}�_ 3��І̱j�ʢȻʹΊ¢Лˏv}`đõ�έˍ¢����  ̀

• ̸̞͉͋ǝœѩ��ʹΊ���_ÐÇkʰ̸͊ƽõ�˾¢jn��x�͉͋͝ſɍ�_̞

αȂĞφ�̸αȂĞφ�Ѷ�ȓke�°�kʧ�j�t��f}`ðϜ�̸αȂĞφ�Ѳ

ʽʰ̸үŪ¢̓Ƀv�i�_Ġō�˺œ×Ƽœ¢ʂŒx�ϧ͙ɓ̸ʓʗk��ť͝ͅ�ϯ

¡���g�̼ɓke�`̸αȂĞφ���ұ̞�͊ƽ��͙˾zy�ʂ̸�l_͙˾ѵ

ǖȿ���Ǽ�f͙˾Ѫ�ʂ̸�l_t��ʶǈ͙˾ώš�ұf`vjv_ü�̞αƭƲ

�ʹΊíѵ͙t��l}̸͝ɏѠɓ�Аĩʟ̇��_°��g�̸αȂĞφ�͉̼͋͝ɓ

kˮ͵�ſʩt���f�f`�}_̸̞͉͋�ϷҰφǥҰ�ĉȑ˹ĶǦ�ǥʠt�}�

�k��£��e�}�_ǥ҆�Ğ͊ƽ¢əǤv}˹̏�e�ˆĔõ�̸αȂĞφ¢ǵЧ

�ϷҰφǥҰ¢ϯf_{�͉̼͋͝ɓ¢͵Еx�ɋϿke����υh���  ̀

• ˈų¥º¥ϧʰƭ¢ǵЧ�v}ÏÃ¹Ô±îæë²ʹΊ�ъȟ͙̍Ūv�i�_̸ǪѪ�

ǻtfęίȯΞ�ip�Ϙ̶ёҨ×ʉ˹ťˍ�˜Џk̲t��f}`ðʟ_͇Đ�̸ǪѪ

�ǈlfȯ̻�if��Ϙ̶ёҨ×ʉ˹�ʸťɓkƷƒt��f}`�}_ðȟûұ̞ǆ

̡�˹Ķ�e�}�_ȟѶ�ip�Ϙ̶ʉ˹ßîÈʽѶ�ɻǈ�fgЃ̱���n_ʫǇ

�ǅ˹̞уȓ¢Ř͍x�±îæë²ťˍ�̵̱kȵ����f}`vjv�k�_ѤȕĞ

Ǟ�±îæë²ɫ̇�ʶѠЈ�Ǥ���i�y_t���ʹΊk˼����f�  ̀
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• ±îæë²ťˍ�ȸҙ¢÷h�ȂĞφ�ΎѵѴϯŧ�ѷv�_̞αƭƲ��{�ϿƤ��

f�ǆn�ʹΊkt��l}`˹̞���̻͉͝ϿƤkü�̵̱�t�_ǜΜǂŪ��Ȟ

Ʈ˹̞ôʥ�ĚfΎ¢ѵp�͵ͅkұ��°���kʧ�j�t��f}`{�ðʟ�_

ΎѵѴϯŧ��ʛϐ͝íɊ͉͝��ǆҖ͝�ϿƤkϽҌ�ȸҙv�f�°��ɾʎt��

i�_ƌˡ�˹ĶˆĔõ��ĞȂѶ�ΎѵѴϯŧk͗��°�kƷƒt��f}`ˈų¥

º¥ϧʰƭ�if��_ðʣ�ΎѵѴϯŧÏÀîë��f�ȞƮ͝�ʣû�Ύkѵʓt�

�f��Ʒƒt��f}k_{�ГΩ×ϿƤ��f��ʧ�j�t��f�j�}`�}_

ΎÆö§ë�Ǧō˹̏œȖ�ѷv��_ü�ʉ˹Ѫ��f�ʹΊt��l}`vjv_Ϙ

̶ёҨ���ÏÃ¹Ô±îæë²ťˍ¢ұ��ͣ͝�if�_Ύ�Ĝπ×ȶ̾Ζ��f�

�Јʧt��f�j�}  ̀

 

đô¢л�h_ˁʹΊ��_ˈų¥º¥ϧʰƭ�ѤȕĞǞ�ip�Ϙ̶ёҨ�Ř͍ǥɝ�{�

ʸťɓ¢ʧ�j�x�}��_̸αȂĞφ�͉̼͋͝ɓ�ѠɍϯŧÏÀîë�2Җj�˜Џx�°

��v_3 Αi�� 4 Α�{�ōǪ¢Ʒƒx�`{�ȿ_ͧªËç°î�̸͝ɏѠɓ¢ƌʬ�̢з

tz�ΎÆö§ë�ʟƎɓ¢υǱx�}��³î»»ÀÆ¦¢ǥʠv} 5̀ Α�{�ōǪ¢Ʒƒx

�  ̀
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3   

nçé¡trJ»��¡¨¦£�  

Ûèî¹¥�ǥǈ»³îçǥҰĞǞ�ʰ̸͙˾��f��ϷҰφǥҰ¢ϯ�}`ˁΑ��_�

y_ǥҰʟ̇��f�Ќx`˫�_̻͉͊ƽҜͣ�ĉĠ͉͋Ҝͣ�έˍj�_͙˾Ѫ���ќfk

e��t��Ѳʽʰ̸үŪφ�̼ɓ¢͵Еx�`t��_¥ë³îÇҜͣέˍj�_̸αȂĞφ�

̸̞ɜЄ��f�œˊx�  ̀

 

3.1 ni)#B=nçJl 

̸αȂĞφ�̞αȂĞφ¢˷уv}ʰ̸͙˾�ѷx�°����ʹΊ�if�_̸αȂĞφ�

��Ǽ�f͙˾Ѫ×��ұf͞ϕϴҖ̞ȩ¢ͷv_Ǽ�f˺œʌǌѪ�ť͝ͅ�Ġ̞ЛΜ¢ϯ��

f�°�kʧ�j�t�}`{���ĉȑ˹ĶǦō��ϷҰφǥҰ������e�_˹̏k��

�fˆĔ�ʰ̸ШϢ¢Ƃp�°����_Ġō��Ϯ̏Ѫ�ǂŪ×ª±æëϔ�͙˾̍ŧ���͋

͉͝ſɍ¢Л�����e�}[73-76]̀ {�}�_ˈų¥º¥ϧʰƭ�ǥ҆�Ğ͊ƽ�if�_̸

αȂĞφ�ǵv�Ǧō˹̏���ͤʅϧ͙Őɧkʸť�e�j�gj�ö͵ǥ�e�`ɂ��_ˁ

ʹΊ��_ȵƭƲ�Ϙ̶ʉ˹ƱĞǞ�if�ϷҰφǥҰ¢ǥʠv_{�ʸťɓ�˜Џ¢ϯ�}  ̀

ǥҰ��_Ûèî¹¥ȑ΀ǈǝҺUTMһ¯àëÏ»ō�ȯЎt�}ǥǈ»³îçǥҰĞǞk͍

f��}`°�ĞǞ�_Ûèî¹¥�ȣnʭŽv�f�ѤȕĞǞ�e�Åå»Íæ»¢Ŏ͇x�}

��_͇ƭ�ÆÖéÃÏî¢ЍƜx���v�ƀҋv} 219 Ĕ�ƨҖ�ƴ�f�ЎЊt�}`ǅ

ІíʚƭҖΉíѣȃ�ѥπΖ�І̱j�Õåëkœҧt�_ˣ̤͝�Åå»Íæ»¢ˤv�ȯЎt

�}`{�}�_°�ǥҰĞǞ�ʢǛѤȕĞǞ¢�nĐϴv�f����fh�Һƨ 3.1dƨ 3.2һ`

ƊãÊÃÇ�ҖΉ�127ï�_ˠѓ�RC�ÓèîÝ�èë®ƿ¢͍f�f�`ƽ͓ƿ�Źt�225 

mm �_{�Ď�ƿ� 150 mm �e�`ёȚ�Åå»Íæ»�ȒƈʟƎ�ʘŮɦkєβv}Ѳȃȶ

̾�ȯ̻�e�k_°�ǥҰĞǞ�{�g�� 2Ğɦ¢Ŏ͇v�i�_҉ǩkʅv�f��y�Ȓ

ƈ�Ĺƿ��ǅʝ̸kʠt�}`ƊüǰǦǅƿíǻȃϹí҄˳Øîçôѣ��ʂ˹Ó¤ëkЎπt
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��f�`üΎ�ôõi��ōƿ�ðѣ��»æÃÇΎkƁ�ďp�e�`æÑë²çîÝ_¯Ã

Âë_ƊüǰǦ��ǉĆɪkƁ�ďp���i�_1d5˳҄�ƣрђȩ¢ǂh�°��l�  ̀

 

 

ƨ3.1� ǥҰĞǞ�ǅІ�üǰǦōІ 

 

ƨ3.2� ǥҰĞǞ�ȞҖƨ�ʝҖƨ 
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ƨ3.2� ǥҰĞǞ�ȞҖƨ�ʝҖƨҺβlһ 

 

ϴ3.1� ЛˏҜ  ͣ

 

 

ϴ3.2� ̻͉͊ƽǥ̟�ĥ͍˧ơ 
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3.2 n�AË�á­ 

ЛˏҜͣ�_ϴ 3.1�ͷxё�_ȃōǅ�̻͉͊ƽ_ĉѶ͉͋_̸͝üІ͐ƒíǒ�� 3Ҝͣj

�ɣ�  ̀

3.2.1 ¢¦§gá­ 

ƨ 3.3�ǥҰĞǞ�ȃō̻͉͊ƽǥ̟Õåë¢ͷx`üǰǦûǋ�˹̞í̡ȩ½ë·î�²éî

Ô̞ȩЊҺȥô 1.1 mһ_ưͤœȖ̞ȩЊҺȥô 0.1m_0.6 m_1.1 m_1.7 m_2.3 m_2.9 mһ¢_üǰ

Ǧûǋ�Ύďъ� 2ìɨ�Ҩђ½ë·î¢_ˈϾųū�ƿҖ�ȥҖ� 5ìɨ�ƿϴҖ̞ȩЊ¢Ўπ

v}`ƨ 3.3 �Ď�_1 ҄æÑë²ûǋ��̞ȩí̡ȩ½ë·î¢Ўπv}`ȃǅ˹Ч�_˹̞í

ͥǵ̡ȩíҨђíҨƎí˹ƫΖ¢ǥ̟v}`̟ǤѶ҅�x�� 1 œѶ҅�v}`ĥ͍˧ơ¢ϴ 3.2

�_ˁʹΊ�ĥ͍v}̻͉Ѫ�ΚŒʟ̇¢ϴ3.3�Ќx  ̀

 

 
ƨ3.3� ̻͉͊ƽǥ̟Õåëi��ǥ̟½ë·îЎπ�ˡǚ 
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ϴ3.3� ̻͉Ѫ�ΚŒʟ  ̇

 

 

ϴ3.4� ĉѶ͉͋ǥ̟�ĥ͍˧ơ 

 

 

ϴ3.5� ͉͋Ѫ�ЊΚȰ 
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3.2.2 EÙ¨¦á­ 

ĉѶ͉͋Ҝͣ�v�_̖ѣĠ̞_͞ϕϴҖ̞ȩ_͙˾Ѫ_Ϯƫ_Ɋɹʘ_Cloķ¢̟Ǥv}`̖

ѣĠ̞_͞ϕϴҖ̞ȩ_Ϯƫ_Ɋɹʘ�ϷҰφˁĉk̟Ǥ¢v}��¢Ќѯv}`͙˾Ѫ�ĠѨ̟

Ǥʟ��ΚŒv_Clo ķ�ϟ͎����ЊΚȰ[77-79]¢͍f�˼�}`ĥ͍˧ơ¢ϴ 3.4 �_͉͋Ѫ

�ЊΚȰ¢ϴ3.5�Ќx  ̀

3.2.3 �@#B0Ë�á­ 

ϷҰφ�¥ë³îÇ¢ƣΗv���g°��̸͝üІ͐ƒíǒ�¢Лˏv}`¥ë³îÇ� 2

·ҧe�_ϷҰφ� 1ȩ��Ηh���gƴˁɘƷ¥ë³îÇ�_˶ƣ�ǥҰ½Ã¹äë�ƣΗv

���gÞ§ë¥ë³îÇ�ke�`ƴˁɘƷ¥ë³îÇ��_ϷҰφ�̸̞͊ƽ�ǵx�ɚС×

̼Ɉ¢Лˏx�}�_Ϸ˜φ�Œ͋ʬí3 ˱Ņ��í͇Ƭ� 3 ��ʽѶ��f�ȂĞƭ×ĞǞ�͊

ƽ����f�ǹ��f�`Þ§ë¥ë³îÇ��ǥ̟ʬ�̸͝üІ¢ü�ǹ��f�`̍ŧѪí

ͮϳѪí̸͝üІ͐ƒ�ǿȩ� ASHRAE �ƴ�lģɣt�}`ϴ 3.6 �¥ë³îÇōǪ_ϴ 3.7 �

̸͝üІ͐ƒíǒ��ǿȩ¢ͷx  ̀

ϴ3.6� ¥ë³îÇōǪ 

 

ϴ3.7� ̸͝üІ͐ƒíǒ��ǿȩ 
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3.2.4 §gÇm���n��â 

ˁǥҰ�_ˈų¥º¥ϧʰķ�ѤȕĞǞ�ip�̸αȂĞφ�ʰ̸�ǵx�͉͋ſɍ¢͵Еx

�°�kͣ͝�e�`{°�_ʲ�vʟi��Ѡɍϯŧ�Ϙ͏ȩ¢ǥ҆�͋̍͊ƽ�ъďp�}�

�_Ûèî¹¥�ˣ̤͝�Åå»Íæ»¢Ɏǥ�ˤv}ǥҰĞǞ�Ϸ˜φ�ǥ҆�͋̍¢v���

f_{�û�ðѕѶ� 10 ƣΆȩ�ǥ̟½Ã¹äë¢ǥʠv}`ǥҰĞǞ�͋̍x�Ѷ_ª¥µë

Ζ�΋Л˧ơ�ĥ͍zy_Ύ�ѵѴi��ǉĆɪ�ĥ͍�ƅώ�v}  ̀

ϷҰφkǥ̟½Ã¹äë¢ϯgʬѶα�_yʼ8ʬd10ʬ�Ѷ_zʫ12ʬd14ʬ�Ѷ_^Ǉ20

ʬd22 ʬ�Ѷ_�fy�j�v}`Ҿƣ�½Ã¹äë�_i�{ 50d60 œ¢Ͽv}`½Ã¹äë

�̏�¢ƨ3.4�ͷx  ̀

½Ã¹äë� 3 ˳҄�ˠɣt��f�`ʶŕ�_ϷҰφϘ�ĠѨíϮƫΖ�͉͋Ѫ¢̟Ǥx�`

˫�_ϷҰφ�͞ϕ̞½ë·î¢ϸͮv_20 œѶđô¢˚ǚ�Ȫ�}��ǠҔ�љ±v�k�¥

ë³îÇƣΗ¢ϯg`̻͉͊ƽҜͣ_ĉѶ͉͋Ҝͣ_¥ë³îÇҜͣ�ͥѷ¢Ё�}��_ϷҰφ

�üǰǦûǋ�̡̞ȩ×Ҩђ½ë·î�ъn�Ўπt�}˚ǚ�Ȫ�_̸̞üІ͐ƒ¢ƣΗv}`

ʶȿ�_͞ϕ̞½ë·î¢ǅv�_Ŏ�͉͋Ѫ¢̟Ǥx�  ̀

ǥ҆�͋̍ˆĔ�ъďp�ɚƨj�_½Ã¹äëͤŞ�ǠҔʬѶ�ЎǤzy_ʺϸ�Ϙ͏�v

}`Met ķ� clo ķ�ΚŒ�}�_ϷҰφ�ͤŞ�ϯŧi��Ҫҩ�ʸ̴×ōǪ�_ͮϳ�ГΩ�

�f�¥ë³îÇͻ�Ќѯv}`½Ã¹äëŞȿ�ĠѨ̟Ǥ��_ɋyƌð�ͮϳk̟Ǥt�}`

�}_ĠѨ̟Ǥʟ����˼��͙˾Ѫ�Иȓ¢�nx}�_½Ã¹äëû�Ҫҩ�ʂ̆�ͼ˭t

�}  ̀

 

ƨ3.4� ǥ̟½Ã¹äë�ɫҝ 
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3.3 Áç» 

Ûèî¹¥ȑ΀ǈǝ�͑Ǒǝ͋¢ϷҰφ�v}`ϴ 3.8�ϷҰφ˟Ͽ¢ͷx`ĠϴҖΉ�ÆâÙ

¥Ȱ�ЊΚv}`ǥҰĞǞ��ǰǦk 4 ѣȃe�_ƊǰǦ�ǵv 1 ĉ�ϷҰφ¢Ğ�¡z} 1̀ Î

ÃÂû�ʶǈ4ĉ�ǥ̟¢úϯv}`ˁʹΊ��͑Ǒ˷¢��ƮΖ�ǥʠ�l}k_ȟҶk18d30

˱�ϠȟȆ�Ѿ��}`ʢȻʹΊ����_ʰ̸»Çè»�ǵx�Ġ̞ЛΜſɍ�ţҶ�ĚfȲ�

��t��`̖ѣĠ̞�ʸѧΨјŧώškƌΖ�e��ұҶφ�Ϡȟφ�Ѷ�ʸɚȓk�fk_͙

˾ώš�ĝõx�[80-82]̀ {�}�_ˁʹΊ�̸αȂĞφ�̞αȂĞφ�ͥќ¢͵Еx����e

�k_̸αȂĞφ�û�if��͙˾ώš�δ�e�°�¢͔ɚx�ɋϿke�  ̀

 

3.4 �W%@8= 

3.4.1 nç�Ù�+-':@� 

ǥҰʽѶ�_ŞŰk2018ȟ�1ʷj�5ʷ�_ȿŰk2018ȟ�9ʷj�12ʷ�ǥʠt�}`Ƌ

Њ�_ϷҰφ� 43ĉҺǑɓ22ĉ_͑ɓ 21ĉһ_½Ã¹äëʘ� 1102�e�}Һϴ 3.9һ`ŇĠ�

12 ÎÃÂkǥʠt�}û�_Batch 1d4 ��үŪʽѶ¢Ўp�j�}k_Batch 5 đѽ��ϷҰφk

ǥҰĞǞ�͋̍¢ѵǖv�j�ŕƣ½Ã¹äëǥʠ���4ʣѶđô�үŪʽѶ¢Ўp}  ̀

3.4.2 æY�Ù�yà 

ҝŪʽѶ¢Ўp�j�}Batci 1d4�Ўp}Batch 5d12��_ǥ̟ÆîÀ¢ίƋv�ϝfj�g

jŖʝx�}��_ùʽѶ�έˍ� t ˜Ǥ¢ǥʠv_ҝŪʽѶkϷҰφ�÷h}ȸҙ��f�υǱ

v}`ϴ3.10�ͷxё�_ҝŪʽѶ�ʸ̴�ϷҰφ�ĉѶ͉͋�ȸҙ¢÷h}°�kœj�}`ɂ

��_ˁʹΊ��ҝŪʽѶ¢Ўp}ǥ̟ÆîÀ��¢_ŷ�Batch5d12�ǥ̟ÆîÀ¢ʄ͍x�°

��v}  ̀
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e 

 

 

 

ϴ3.8� ϷҰφ˟Ͽ 

 
 

ϴ3.9� ǥҰʽѶ�½Ã¹äëʘ 
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3.5 µ�Aºp 

3.5.1 ¢¦§gá­ 

ƨ 3.5�_2018ȟ 3ʷ 1ʣ0:00j�2018ȟ 3ʷ 4ʣ12:00�ȃǅ˹̞íͥǵ̡ȩ�ʆ΄¢ͷx`

ǥҰĞǞɨƬƭ�ºäØîçÎç� 1ȟ¢ёv�ұ̞ǆ̡˹Ķ�e�`ǅ˹̞�ůŞ8ʬқj�ô

ʥvǖ�_12 ʬd15 ʬ�Òî±¢щh�`ʣ́j�ʼʟ���˹̞kõk�`ͥǵ̡ȩ�˟�˹

̞�я�ʆ΄¢ͷv_ʣû�℃60%��~k_18ʬқj�σʼ���100%�ъn��  ̀

ƨ 3.6 �_ƌʽѶ�Ǧō˹̞íͥǵ̡ȩ�ʆ΄¢_4 ѣȃe�üǰǦ�g�� 1 ѣȃ¢Đϴv�

ͷx`�}_ȃǅ�Ɗ·ǰǦ�˹̞�ͥǵ̡ȩ�œȖ¢ƨ 3.7 �ͷx`¢Ǧō˹̞íͥǵ̡ȩ�ʆ

΄�ł�ь�}ȃǅ˹Ч�ȸҙ¢Ƃp_ъfˡǚ¢ͷx`vjv_Ǧō�ʶұķ�ʶĝķ�δ�ȃ

ǅ�{��˷уx��ǻtn_�}_ȞƮǦō˹̞�ȞƮȃǅ˹̞��ұj�}`°��ýį͎�

[20, 83]kь���g�_°�ƭƲ�ȂĞφ�ȞƮ͝�ʣûʉ˹�ΎѵѴϯŧÏÀîë¢Ɓ�}�_

ˁǥҰ�if��ϷҰφ���Ύkʣûѵʓt��̸ǪѪ�ǈlfèë®ѓǥҰĞǞkϨ̸t�_

ǇѶ�Ǧ̞kұn��}���υh���`ǥ̟½Ã¹äëʬ�üǰǦ�̸̞̾̅�ȞƮ�_Ǧ

̞ӄȞƮ�2')�x_ͥǵ̡ȩӄȞƮ0.'.� _²éîÔ̞ȩӄȞƮ�2'*�x_˹̏ђȩӄȞƮ*'��A(d_

H:I�ӄȞƮ�0'0�x�e�}Һƨ,'1һ  ̀

ϴ3.10� үŪʽѶ�ʸ̴��f�� t˜Ǥέ  ̱
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ƨ3.5� ȃǅ�˹̞íͥǵ̡ȩ 

 

 

ƨ3.6� Ǧō�˹̞íͥǵ̡ȩ 

 

 

 

ƨ3.7� ȃǅ�Ɗ·ǰǦ�˹̞íͥǵ̡ȩ�œȖ 
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3.5.2 EÙ¨¦á­ 

ĉѶ͉͋Ҝͣ�̟Ǥέˍ¢ƨ 3.9 �ͷx`ȞƮķ�_̖ѣĠ̞ӄ36.3 x_ȞƮ͞ϕϴҖ̞ȩӄ

32.5 x_ζ͙˾Ѫӄ1.11 g/min_ʸť͙˾Ѫӄ1.13 g/min_ƀμʽϮƫӄ109 mmHg_ɻȳʽϮƫӄ72 

mmHg_Ɋɹʘӄ85.3ƣ/min_Cloķӄ0.66 clo�e�}`½Ã¹äëʬ�ϷҰφ�ʺϸ¢ϴ 3.10 �ͷ

x`Ű϶T¹àÄ�¹äîÄ�fgΫ�Ƌ¡zkʶ�ǆn_Űʘъn¢Ŷ�}`˫�ǆj�}ʺϸ

�Ű϶T¹àÄ�ϫɫ�Ѳ¼Ùë�e�}`{�Ď�Ϋ�Ƌ¡z�û��¹àÄ×Ôåæ»�Ѩ�

ͮkǆnƏ��}`»æÃÏ�͍ͮk℃ 2şe�_§»åÝʖɁ�Ǒɓkҟ¢ЀgÐºàÔ�͍ͮ

 

ƨ3.8� ǥ̟½Ã¹äëʬ�Ǧō̸̞̾̅�œȖ 
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�Ё��}`�}_ϴ 3.12 �½Ã¹äëͤŞ�ϷҰφ�ϯŧ¢ͷx`ͯͪҺ18.7ҹһ_ǠҔ�Ȫ�

 

 

ƨ3.9� ĉĠ͉͋Ҝͣ�̟Ǥέ  ̱
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Һ17.3ҹһ_ҩăҺ15.8ҹһ_ʫǰҺ9.6ҹһ_˰ϯҺ9.0ҹһ�ҝ�ǆj�}  ̀

͙˾Ѫ��f�̞αȂĞφ�έˍ�˷уx�`ʣˁĉ¢ǵЧ�ϷҰφǥҰ¢ϯ�}ų�Һ2008һ

�ʹΊ����_˹̞35 x_MRT 35x_˹̏ђȩ0.1 m/s_ĐРѪ2 met_ͮϳѪ0.5 clo�̾ɝ�_˺

œ̜ǼѪ�i�{ 2.6 g/mind5.8 g/min �e�}[84]̀ ѤΞҺ1998һ����_˹̞ 31 x_ͥǵ̡ȩ

ϴ3.11� ½Ã¹äëʬ�ϷҰφ�ʺϸ 

 
 

ϴ3.12� ½Ã¹äëͤŞ�ϷҰφ�ϯŧ 
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50 %_˹̏ђȩ 0.2 m/s đõ�ˆĔ�_Ňм͙˾Ѫ�ȞƮ� 60 g/m2 ӆ 3.2 g/min �e�}[85]̀ ͚Ĳ

Һ1981һ����_Úæª»ÅçεʚȖƥ�ēϗv_͊ƽ̞ 33 x_̡ȩ 45%�̾ɝ�_2ʬѶe}

� 200.8m53.5g = 1.67m0.45 g/min �e�}[86]̀ ˁǥҰ��_ζ͙˾Ѫ 1.11 g/min �Ǽ�f°�kœj

�`°�έˍ�_Şьv}̸αȂĞφ�͉̼͋͝ɓ�Ƌϙv}  ̀

ðʟ_ˁǥҰέˍ�if�ʸť͙˾Ѫkζ͙˾Ѫ¢ôƣ��i�ʸť͙˾ͅk100 %¢еh}°

���f�υǱx�`ʸť͙˾Ѫ�ͮϳ̾ɝ��ĠѨ¢½Ã¹äë�Şȿ�Њ̟v}ȓ�e�_ζ

͙˾Ѫ�ϼĠ��ĠѨȓ�e�}`ʸť͙˾ͅk 100 %¢еh}��_½Ã¹äëû�ϳҧѨѪ�

̜Ǽkдl}°�¢ɚƔx�`υh���͉͏�v��_½Ã¹äëѵǖʬ̱�ʢ�ϷҰφk͙˾

v�f�ϳҧ�ǆn�˺œkƏ���i�_½Ã¹äëû�{�˺œkϧ͙v}j_̴ť͙˾��

��̏�Ϥ�}ƸƋ�e�`ƨ 3.10 �_FangerҺ1970һkͷv}̸͝ûΐʬ�ĐРѪ�͞ϕϴҖ̞

ȩ�ѷĬ¢���ģɣv}[87]̀ ˁǥҰ�ϷҰφk̞Őɜ¢bûΐc�ƣΗv}½Ã¹äë� 251

ƣe�_{���Ѿ�}ȞƮ͞ϕϴҖ̞ȩ�ȞƮ�32.7 x�e�}`°��℃1.7 Met�̍ŧ¢ϷҰ

φkϯ��f}°��ͥȵx�`ˁǥҰ��½Ã¹äëû�ȪĜ�ǠҔ�љ±v�¥ë³îÇƣΗ

¢x��gϷҰφ�ɾͷv_ĐРѪ¢ 1.2 Met �əǤv�f}k_ǥ҆��ϷҰφ�½Ã¹äëͤ

Ş��ёȚ�͋̍ϯŧ¢v�љ±v�f}°��ĐРѪkұn_͙˾�v�f}�υh���  ̀

t��_ȞƮ͞ϕϴҖ̞ȩ��f��_Ň½Ã¹äë�ȞƮk 32.5 x�ʢǛ�ʹΊέˍ�˷у

v�ĝj�}`Hori�Һ1986һ�ǥҰ����_˹̞30 x_ͥǵ̡ȩ70 %�if�34.9 x�e�}

[74]̀ Lee�Һ2010һ����_˹̞ 28 x_ͥǵ̡ȩ 50 %�if� 33.9 x�e�}[88]̀ Wakabayashi

�Һ2011һ�ǥҰ��_˹̞ 32 x_ͥǵ̡ȩ 70 %�͊ƽõ�_ǠҔʬ�℃ 33.5 x_јŧû�℃

35.5 x��ôʥv}[89]̀ °���ʹΊ�ǥҰǦō�ϯ¡��i�Ҩђ�ǻtf��ǵv�_ˁǥ

Ұ��͋̍͊ƽ¢Ŏ͇v}û��Њ̟�e�_ü�ǉĆɪ�ĥ͍���ȸҙ�˹̏ђȩkȞƮ 1.2 

 
ƨ3.10� ̸͝ûΐʬ�ĐРѪ�ȞƮ͞ϕϴҖ̞ȩ�ѷĬ 
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m/s �ұj�}`{�}�_͞ϕϴҖ��͙˾ϧ͙kȚ�ĭіt�}°��˹Ū̸kǐ¡�_͞ϕ

ϴҖ̞ȩ�ĝõkдl}�υh���  ̀

3.5.3 �@#B0Ë�á­ 

̸͝üІ͐ƒ�ҋЊέˍ¢ƨ 3.11 �ͷx`̞Őɜ�ȞƮ -0.23 �_4 şъn�ϷҰφkbǼv̔

vfc�}�b̔vfc�ƣΗv}`̡ȩɜ�ȞƮ0.20�_Űʘđô�ϷҰφkbûΐc�ƣΗv

�f�k_̡��f���͐ƒ�ʟkāf�f���͐ƒ���Ϡȝǆj�}`͞ϕ�̬�ɜ�Ȟ

Ʈ 0.08�_Űʘđô�ϷҰφkbûΐc�ƣΗv}`˹̏ɜ�ȞƮ 0.63�_℃6ş�ϷҰφkbǼ

v˹̏kȴfc�}�bȴfc�͐ƒv}  ̀

̞Őɜ�̞Őɜ�ǒ��ѷĬ¢Ё��_bûΐc�ƣΗv}ϷҰφ���£�kb{����

ϝfc�v_bʱjfc�ƣΗv}ϷҰφ�ǆnkb��̔vfc͊ƽ¢ǒ£~k_b̔vfc�

ƣΗv}ϷҰφ�ǒ��b��ʱjfc�b��̔vfck̗Ƭx�έˍ���}Һƨ 3.12һ`̸

͝ɏѠɓ�̞Őɜ�ǒ��ѷĬҺƨ 3.13һ��_ɏѠȩ¢ĝnƣΗv}ϷҰφ��b��̔vfc

͊ƽ¢ǒ£~`�}_˹̏ɜ�˹̏ɜ�ǒ��ѷĬҺƨ 3.14һ��_˹̏ɜkbȴfc�ƣΗv}

ϷҰφ�ǆnkb{����ϝfc�v}ðʟ�_bȲfc�ƣΗv}ƣΗφ�ǆnkb��ȴfc

˹̏¢ǒ£~`Şь�ё�_ˁǥҰ��ȞƮ1.2 m/s_ˣ̤ĸȓ 0.6 m/s�˹̏ђȩke�}k_ȴf

˹̏¢˼��ϷҰφ�ĻƎkʧ�j���}  ̀

 
ƨ3.11� ̞Őɜ_̡ȩɜ_͞ϕ�̬�ɜ_˹̏ɜ�üІ͐ƒέ  ̱
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ƨ3.12� ̞Őɜ�̞Őɜ�ǒ� 

� � �  

ƨ3.13� ̸͝ɏѠɓ�̞Őɜ�ǒ� 

 

ƨ3.14� ˹̏ɜ�˹̏ɜ�ǒ� 
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3.5.4 ���Ú	�ºp 

ASHRAE ɾˣ��_˹̞k 25 xđô�ˆĔõ�if�_Ҩђ�ôʥ�Ěfûΐ̞ȩ¢ȱlôq

�°�k�l��ͷt��f�`Ҩђk0.3 m/sđô_0.6 m/sđôi��0.9 m/sđô�_{�|�û

ΐ̞ȩ�1.3 x_1.8 xi��2.2 xôʥƅώ�e�`ˁǥҰÆîÀ��°�¢˜Ћv}`ƨ3.15�έ

ˍ¢ͷx`˹̏ђȩk0.3d0.6 m/s�e�}½Ã¹äë�ǥ̟ÆîÀ¢͍f�ģ͍̞ȩj�Ă̟t�

}ûΐ̞ȩ� 29.93 x�e�}`ƌˡ�_0.6d0.9 m/s��ûΐ̞ȩ� 29.84 x_0.9d1.2 m/s��ûΐ

̞ȩ� 29.39 x�e�}`ASHRAE ����÷h���f�Ҩђ���ûΐ̞ȩ��ÙîÉ»�_

ˁǥҰÆîÀ��Ƌϙv�j�}  ̀

 
ƨ3.15� ˹̏ђȩèÖçŗ�ûΐ̞ȩ 
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˫�_̞Őɜ͐ƒ�˹̏ђȩ�ѷĬ¢ƨ 3.16 �ͷx`ƨû�ɴ�η�ûǋķ¢ͷv�f�`°

�¢Ё��_Ǧō͊ƽ¢̔vf�ɜw}³î»��_˹̏ђȩkђj�}°�kʧ�j�e�  ̀

ˁǥҰ��_˹̏ђȩk̸͝ɏѠɓ�÷h�ȸҙ��f�ûΐ̞ȩ���ǤѪ͝�ͷx°�k

�l�j�}k_ϷҰφ�ɚС�if��˹̏ђȩk̞Őɜ�ȸҙ¢÷h�f�°�kͷt�}  ̀

 

 

 

 
ƨ3.15� ˹̏ђȩèÖçŗ�ûΐ̞ȩҺβlһ 

 

ƨ3.16� ̞Őɜ�˹̏ђȩ 
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3.6 ³��� 

Ûèî¹¥�ºäØîçÎç�ȯЎv}ǥҰĞǞ¢͍f�ϷҰφǥҰ¢ϯ�}`Ѳʽʰ̸үŪ

¢̓Ƀv�f�̸αȂĞφ¢ǵЧ�v�_ǥ҆�ѤȕĞǞ�ъf̾̅�if�̸̞̻͉͊ƽíĉĠ

͉͋í̸͝üІ�ÆîÀ¢ƀҋv_œˊ¢ϯ�}`ü�đõ��f�ʧ�j���}  ̀

• Ǧō�˹̞i��ͥǵ̡ȩ�_ȃǅ�˹̞i��ͥǵ̡ȩ�˷уv�_ʶұķ�ʶĝķ�

èëº�̀n_ȞƮķ�ұj�}`°��_ʣû�Ύѵʓ���нĠ�Ϩ̸���ȸҙ~

�υh��}`�}_ϷҰφ�ǥҰĞǞ�͋̍x�û�_Ύѵp�ǉĆɪ�ĥ͍¢�nϯ

��f}`Ǧō�˹̏ђȩ�ȞƮ1.2 m/s�e�}  ̀

• ˁǥҰ�ip�ϷҰφ�͙˾Ѫ�ȞƮ 1.11 g/min �e�}`đŞ�ʹΊ�ip�̞αȂĞφ

�͙˾Ѫ���Ǽ�n_Ѳʽʰ̸үŪ���͉̼͋͝ɓk͵Еt�}  ̀

• ˁǥҰ��ǥ҆�ѤȕĞǞ�ъf̾̅¢Ŏ͇v}̱�_ĉȑ˹ĶǦ�ϯ¡�}đŞ�ʹΊ

�͗��έˍkɃ��}`ϷҰφ�ǥ̟ͤŞ��ёȚ�͋̍ϯŧҺǩă¢x�_΄ŧx�_

��һ¢ϯh}°��_ǉĆɪ¢Έļtz�ȞƮ 1.2 m/s �˹̏¢Ƃpβp�f}°���

�_ʸť͙˾ͅk 102 %����_ȞƮ͞ϕϴҖ̞ȩk 32.5x�ĝõv}`̸α�if�˹

̏���±îæë²ťˍ�ǥťɓ�ұtkͷt�}  ̀

• ˹̏ɜ͐ƒ�˹̏ɜ�ǒ��ѷĬj�_ϷҰφ���ȴf˹̏¢ʻ�ĻƎkʧ�j���

}`˹̏kȴf�ɜw}ϷҰφ�ǆnk˹̏�γɽ¢ȗʻv_˹̏kȲf�ɜw}ϷҰφ

�ǆnk˹̏�ƾţ¢ʽȽv}`�}_̞Őɜ�˹̏ђȩ�ѷĬj�_ϷҰφk̔vf�

ɜw�f�ƸƋ��˹̏kȴj�}`vjv_˹̏ђȩkûΐ̞ȩ�÷h�ȸҙ��f�

�ˁǥҰÆîÀ��ͷt��j�}`˹̏ђȩ0.3-0.6 m/s��29.93x_0.6-0.9 m/s��29.84x_

0.9-1.2 m/s��29.93x�e�}  ̀

 

ˁǥҰ��_ǥ҆�Ğ͊ƽ¢əǤv}ǥҰˆĔ�v_ǥҰĞǞ�if�ͤŞ�ǠҔʬѶ¢Ўp

y�ϷҰφǥҰ¢ǥʠv}`{�}�_Ϙ̶ʉ˹ßîÈȯ̻��ҕǤȚ��̸αȂĞφ�ʰ̸ǵɍ

��f�_˹̏���ť͝ͅ�͙˾�̸ʓʗ¢͵Еx�°�k�l}`°����_̸̞͉͋�І

̱j�Ϙ̶ёҨ¢Ř͍x�ÏÃ¹Ô±îæë²ɫ̇�̸αȂĞφ�ǵv�ʸť~�υh���`v

jv_ðʟ�_˹̏ђȩkûΐ̞ȩ�÷h�ȸҙ��f�Ϲďp�ÆîÀ�Ƀ���j�}`ċȿ

�Кң�v�_˹ĶǦ��ϷҰφǥҰ���ǤȚ��˹̏ђȩi��ĐРѪ�ʰ̸ǵɍ�ѷĬɓ¢

œˊx�°��_��΢ȩ�ұfǥ̟ÆîÀ¢͍f�_̸αȂĞφ��ͤʅŐŸ�Ѡv}Ğ͊ƽ�

ɋϿ�Ǧō˹̏ђȩ¢˜Џv�fn°�kʽȽt��  ̀
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4   

Ë�é²Ø×ÀX4,B@�Ãb 

§ëÈË¹¥i��Ûèî¹¥�if�_ѤȕȂĞφ�ΎѵѴíŐɧĥ͍íɪҨ˧ĥ͍��f

��ǈЂˤЛˏ¢ǥʠv}`ˁΑ��_�y_Лˏíœˊʟ̇��f�Йʧx�`έˍ�υǱ��_

ʶŕ�_ΎѵѴíŐɧĥ͍íɪҨ˧ĥ͍�ŋƱ͝� 1ʣ�ȂĞφϯŧÏÀîë�ɸŒέˍ¢ͷx`

˫�_{��Ѡɍϯŧ�ͥą�ѷє��f�Йʧv_βf�_ϯŧÏÀîë��ʛϐ͝ϿƤ��f

�Йʧx�  ̀

4.1 Ë��� 

ðϜ�_ȯ̻�ȂĞφ¢Лˏx�ͣ͝�ȂĞφѷє�ÆîÀ¢ƀҋx���_͇Ƹ_ǥҰǦ_

ǈЂˤЛˏ� 3 ��üϿ�¥ÕéîÂke�[90]̀  °����ʹΊ�ʶ�ðϜ͝�ĥ͍t�}¥Õ

éîÂ�e�͇ƸЛˏ�_ʣȚ͊ƽҺϊƸ_ǩȬ_ǝː��һ�ȂĞφ¢ІǱx�°�¢Ə�_ё

Ț_ÆîÀƀҋʽѶkѲfҺʘѕѶ�}�ʘȟһÞæÃÇke�k_·ëÕçʘkǵЧ�ȯ̻�Ϙ

͙͝�żţφ�ʘ�ŚѾt��°�kǆfÆÞæÃÇke�`O’Brien ��_˵ҋƥ�e�ȂĞφ

�ǆˡɓ¢ІǱx�}���·ëÕçʘkҕȚ�ѨϿ�e�°�¢ͷv}`°����ʹΊ���

£�k͍f}ȂĞφ·ëÕçʘ� 10d15 �e�k_ʘ͜�ȂĞφ·ëÕçk��ѠŔ�e��ͷ

ƚv}[56, 90-91]̀ ɂ��_ˁʹΊ�ǈЂˤЛˏ¢ʄ͍v_ǆʘ�·ëÕçҺN = 1570һ¢ĥ͍v}

ÆîÀÛ§Êë²¥ÕéîÂ¢ёw�_ŋƱ͝�ΎѵѴϯŧÏÀîë�ip�øαȅɓ�ќf¢œ

ˊx�°��v}  ̀ÆîÀÛ§Êë²ɯϰ�_ǈЂˤ�ÆîÀ½ÃÇj�҈t�}ÏÀîë�Ͳ

С¢ɸŒx�}��ȴš�ʟ̇�e�_ȂĞφ�ϯŧßÆç�ѵ͙��Ѡ͍t��f�[92-94]̀ t

�u��ÆîÀÛ§Êë²ɫ̇�û�_̀Ǥʾ_Ö§º¥ëËÃÇêî±_±å»Àîœˊ_¥ü

¹ªî¹äëœˊk_ȂĞφϯŧÏÀîë�ЕС�Ă̟�ðϜ͝�ĥ͍t��  ̀Ħh�_D’Oca�

�_±å»Àîœˊ¢ĥ͍v�ĳŗ�ÆîÀ½ÃÇ�ƴ�f�ΎѵѴϯŧÏÀîë¢ƁɃv_˫�
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¥ü¹ªî¹äëœˊ¢ǥϯv�ƌʬ�ǛƬx�ҡξ�ÏÀîë¢͙Ёv}[95]̀ ˁʹΊ�±å»

Àîœˊ¢ʄ͍v}  ̀

4.2 qÏJl 

4.2.1 Ë�d 

Лˏ�_2004 ȟj� 2016 ȟ�jp�_Ûèî¹¥�ºäØîçÎç�_§ëÈË¹¥�»åÎ

ái��ÎëÈë�ǥʠt�}`ºäØîçÎç�Ûèî¹¥Δ 2 �Ѥȕ�_ūκ 1 ȩ 27 œ_ˈ

ά 103ȩ 45œ�Ĝπv_ȟѶȞƮ˹̞� 27.9lC_ȟѶѽ˺Ѫ� 2174 mm�e�`»åÎá�§ë

ÈË¹¥Δ2�Ѥȕ�_ųκ7ȩ 16œ_ˈά 112ȩ 44œ�Ĝπv_ȟѶȞƮ˹̞� 27.7lC_ȟѶ

ѽ˺Ѫ� 2677 mm �e�`ÎëÈë�§ëÈË¹¥Δ 3 �Ѥȕ�_ųκ 6ȩ 54œ_ˈά 107ȩ 36

œ�Ĝπv_ȟѶȞƮ˹̞� 23.7x_ȟѶѽ˺Ѫ� 2141 mm �e�`ÎëÈë�̑ɵ 768 m �ˣұ

kұn_Ď� 2 Ѥȕ��͗��˷у̔͝vf˹Ķ�e�`ƨ 4.1 �_ЛˏʽѶû�°�� 3 ��Ѥ

ȕ�ʷȞƮʶұ˹̞�ʶĝ˹̞i��ѽ˺Ѫ¢ͷv�f�`ҏǜ�āǜke�k_ȟѶ¢ёv�˹

̞kұn_ʷȞƮ˹̞�ȟ˓ȓ�{�|� 26.8d28.7x_27.0d28.8x_23.3d24.1x�ҕȚ�ǻtf`

 

ƨ4.1� Лˏƭ�˹Ķ 
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ðʟ_ʣʶұ˹̞�ʣʶĝ˹̞�ȓ�ƨ 4.1 kͷx�i� 8xŞȿe�`˹̞�ȟ˓ȓ���ʣу

ȓ�ʟkǈlf°��_ðϜ͝�̸αˈų¥º¥�˹Ķ�̼Ɉ�e�  ̀

ˁЛˏ��_ĞǞœѩ�ŐɧªËç°î̒ЮѪƾţ�üĉň����ͣt��ĉakʲ�x_

ü�ĝûɨɃφȆƎp�ʭŽv�f�ѤȕĞǞ¢ǵЧ�v}`đõ�_ЛˏĞǞ�̼Ɉ¢Йʧx�  ̀

4.2.2 �@12'��ÑÐeQaÞ_Jl 

§ëÈË¹¥ʔȨ�_ĝûɨɃφ��ĞǞħή¢ĭіx�}��_ҋƋĞǞȯЎ�ǵx�ϻŤ

ѫʔΘ¢ǥʠv�l�f�`°���_ňƞĞǞ�e�ЯЭƱ�ё΃ç»Éê�ƕ������_

˸Ѷĕ˝kȯЎx�œФƱ�ё΃ç»ÉÜ�ke�`ЯЭƱňƞҋƋĞǞ�ç»Éê¢ƨ 4.2 �ͷ

x`ðϜ͝� 3d5 ҄ȯ��Ϙ̶ʉ˹Ʊ�ȯ̻�e�`ƊĞɦ�ѶƁ��_ȟĐ���¹ë²çç

îÝÀ§Õ� 2ÖÃÈçîÝÀ§Õ�ќfke�k_ŉё̱�v�ǅ�ÎçµÊîkЎp���i

�_̻ȝv»×î»�v�Ř͍t��°�kǆf`ȃ˒�п�Œk̖n_ΎȤ�Ўπt��i�_

ÎçµÊî�ǛƬ�Ƌ¡z�ʣǷѡϪ�ȑǊkЁ���`ƊĞɦ�ÎçµÊîĹ�ȭõĹ� 2Җ�

ѵƃѣ¢ɽ�_{�|��Ύ�È¥ke�`ѵѴ�l�Ύ�Ň�΍lŒvΎ�e�`ţh�_ùĹ

�ѵƃѣ�ôѣ��ʉ˹Ύkďp���f�ҺʣˁȯΞ�˩Ѷ�ȵ}�Ĝπ�˥ʟƎ�єβ͝�Ў

πt��i�_2 ��ƩǤ®å»ˉ�Ѷ�ɔý͝�»æÃÇkѵf�f�}�Ǧō�Țʬʉ˹t�

�һ`Ğɦ�ŉ͍ȭõ�ùĹ�ѥπt��f�k_ŉ͍ȭõ�ùΒѣ�ƿҖ�ѵʓt��i�_Ň

Ġ͝�Ҩёv�ϝfЎЊ����f�  ̀

4.2.3 �@12'��TÎe�ÙÞ_Jl 

ƨ 4.3�œФƱ˸ѶҋƋĞǞ�ç»ÉÜ�_ðϜ͝�ұȆĞǞ�e�`Ğɦ�ѶƁ���¹ë²

ççîÝÀ§Õ_2 ÖÃÈçîÝÀ§Õ��Ȣ�j�·ҧke�k_ѵƃѣ�ЎЊ�ŉёv�f�`

ȭõĹѵƃ�̈́ѷÈ¥���e�_Ύ×ôѣʉ˹Ύ�Ўπt��f�f`ȃǅĹ��Ύ�È¥ke

�k_ôѣʉ˹Ύ��f`ɂ��_ƊĞɦ�ȃǅĹ~p�̹Ĺʉ˹�e�`ѵѴ�l�Ύ�Ň�΍

lŒvΎ�e�`ЯЭƱҋƋĞǞ�˷��ÎçµÊî�ǻtn_ü�ª¥µëǦǅ˧¢πn}�~

p�ĥ¡��f�`ĞɦǅƿҖ�ΟΨ�ÓåÃÇ�Æö§ë�e�_ǰǦ�Ύ�ʣǷkͤʅ̉f�

v�g`ŇĠ͝�_Ϙ̶ʉ˹×ʣǷѡϪ���ȑǊ�ЁƂp��y_ȂĞφkª¥µë¢вņíЎ

πx�°�¢Şʈ�v}ĞǞЎЊ����f�  ̀ 
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ƨ4.2� §ëÈË¹¥�ЯЭƱňƞҋƋĞǞ 

 

 
 

ƨ4.3� §ëÈË¹¥�œФƱ˸ѶҋƋĞǞ 
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4.2.4 9>B'��.;)3�) 

Ûèî¹¥��_§ëÈË¹¥�Ё����g�ňƞҋƋĞǞ×˸ѶҋƋĞǞ�ţh�_Åå

»Íæ»�ƕ���ѲȃƱĞǞҺƨ 4.4һ��Лˏ¢ǥʠv}`Åå»Íæ»�Ûèî¹¥�ʶ�

ðϜ͝�ѤȕƱĞǞ�e�`ҋƋĞǞ�˷��Ǧʘkǆn�ȥҖΉ�ȣfk_ƊĞɦ� 1҄� 2҄

�ϴϹùҖ�Ύke�_ȂĞφ�°���Ύ¢ѵp�°��Ǫʨ�Ǧō�Ϙ̶ёҨ¢Ƀ�°�kƅ

ώ�e�`ѵѴ�l�Ύ��_ǅѵlΎ�΍lŒvΎkĥ¡��f�`�}_Ύǅ�п�Œ�e�_

ʣǷǵΘ�t��f�  ̀

 

ƨ4.4� Ûèî¹¥�Åå»Íæ» 
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4.3 Ë��Ù�%@8=8?6��= 

Лˏ�_2004ȟ9ʷj�10ʷ�2006ȟ4ʷj�6ʷ�ºäØîçÎç�_2013ȟ�2016ȟ�9

ʷj� 10 ʷ�»åÎá�_2014 ȟ 9 ʷ�ÎëÈë�{�|�ǥʠt�}`»åÎá�ҋƋĞǞj

� 612 øα_ÎëÈë�ҋƋĞǞj� 299 øα_ºäØîçÎç�ҋƋĞǞj� 303 øα_ºäØ

îçÎç�Åå»Íæ»j�356øα¢Ə�_ƋЊ1570øαkʸť·ëÕç�v�ƀҋt�}  ̀

ƊЛˏ�·ëÕçÕéÓ¤§ç¢ϴ 4.1�ͷx`Şь��g�_ÎëÈë�ˣұkұf}�_ȟ

ѶȞƮ˹̞�Ď�Ѥȕ���℃ 4°C ĝn���f�`ȞƮøαĉʘ�»åÎá� 3.4d3.6 ĉ_Îë

Èë�1.9ĉ_ºäØîçÎç�4.6d5.4ĉ_ŇĠ��3.8ĉ�e�}  ̀ƣΗφ�ȟҶ�ʶ�ǆj�

}��_ÎëÈë�� 30 ˱đõ_»åÎá�ºäØîçÎç�� 30d40 Đ�e�}`øαƀņ�

�f��_ƊЛˏѶ�˷у¢x�}��_ƊЛˏȟ�ЛˏƪёЪ� 2011 ȟ�ΠÈç�ǵx�ȞƮ

̲ʵèîÇ�ʉΚv_t��ǵʘǂʉv}ķ�ϴv�f�`ȞƮøαƀņèÖçkʶ�ұj�}�

�ºäØîçÎç�8.8d9.4_βf�ÎëÈëk8.3d9.0_»åÎákʶ�ĝn�7.6d7.9�e�}`

ϴ4.1� ƣΗφÕéÓ¤§ç 
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ª¥µëɨʸͅ�»åÎá� 0d10.7ҹ_ÎëÈë� 34.8ҹ_ºäØîçÎç� 35.3d65.0ҹ�e�

}`ª¥µëɨʸͅ�øαƀņèÖç�Ѷ��ˮ�ͥѷѷĬkЁ��}  ̀

ˁʹΊ��_»åÎá�ÎëÈë�Лˏέˍ¢ұ̞ǆ̡Ѥȕ�œˊ�ĥ͍v_ƌw̸αˈų¥

º¥�e���˹̞�˷у̔͝vfÎëÈë�Лˏέˍ�˷уx�°��_̼Ɉ�υǱ�̍jx°

��v}`ùЛˏ���ƣΗφȟҶkϠȟȆ�ǆn_ª¥µëɨʸͅ� 3şŞȿ�e�°���k

ðϙv�i�_ùφ�øαƀņ� t ˜Ǥέˍj�ʸɚȓ�Ё���j�}Һt = -1077_df  = 607.7_

n.s.һ  ̀

 

4.4 Ë�á­ 

ЛˏƘkƊøα¢ЍƜv_Лˏͻ¢ĥ͍v�k�ȂĞφ�§ëÀÑâî¢ǥʠv}`x���

Лˏ�āǜ�ǥʠt�_ƣΗφ� 1ʣ�Ɗøα�ёȚ�ѠɍϯŧÏÀîë��f�бƜt�}`̼

�_æÑë²�ǰǦ�Ύ×È¥�ѵѴ̾ɝ�_Őɧ�ɪҨ˧�Έļ̾̅��f��_24ʬѶ¢1ʬ

ѶѶ҅�ƣΗx�°�k˼���}`ѵѴƅώ�Ύ�È¥��kυɠt�_æÑë²�}�ǰǦ�

1 �đô�Ύ×È¥kѵp���f�ƸƋ�_Ύѵʓ�Ё�t�}`Ȟʣ�ėʣ�Ŭŗt�_{�

|���f�ƣΗt�}`{�Ď�_øαȅɓ�ѷx�ƴͶɘƷҺøαĉʘ_ȟҶ_øαƀņ_ґ

˹ʜѫһ_ĞɦȅɓҺĞǞÀ§Õ_ȯΞȟ_ȂĞ҄_ȥҖΉһ_Ǧō�̞Őɜ×̸ɏѠɜ_Ύ¢ѵ

p�f͉͏��f�бƜt�}`t��_2016ȟ�»åÎá��Лˏ��_ΎѵѴϯŧϿƤ��f

��υǱ¢̖��}��_ѣȃi��ʬś¢Ŭŗv}ô�Ύ¢Ѵ��͉͏��f��бƜt�}`

�}_fn�j�Ğɦ��̻͉͊ƽǥ̟�̸̞üІ͐ƒЛˏ¢ǥʠv}  ̀

4.5 rJ»Ô~ÀX�4,B@T� 

4.5.1 T��� 

ÆîÀÛ§Êë²¥ÕéîÂ¢ʄ͍v�_ƌˡ�˹ĶˆĔõ��ȂĞφѠɍϯŧ�҈t�}ŋ

Ʊ͝�ʣȚÏÀîë¢ɸŒv}  ̀1570 øα�Ň·ëÕç�_Ѡɍϯŧ¢ГΩ�œˊx�Ş�_�

y˹Ķ���� 2��²çîÕ�œҧt�}`ұ̞ǆ̡�ѤȕҺ»åÎá�ºäØîçÎçһ�˷

у̔͝vfѤȕҺÎëÈëһ�e�`˫�_ΎѵѴíŐɧĥ͍íɪҨ˧ĥ͍� 1ʬѶ±��̾ɝÆ

îÀҺ¬îÕëҽ±éî¼_�}�_¬ëҽ¬Ó� 2ķÆîÀһ�ƴ�f�҄Ȇ͝±å»Àîœˊ

Һãî±æÃÈĄÿиҍ_æ«îÈ̇һ¢ǥʠv_·ëÕç¢ƌˡ�ÏÀîë¢ɽ�fn�j�·

Ô²çîÕ��œҧv}`̾ɝÆîÀ�Ȟʣ 5ʣ�ėʣ 2ʣ�ţѨȞƮ�v}`±å»Àîœˊ�
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�_24ʬѶœ�͋�̾ɝÆîÀ�Đ¡��üɣœķkʄ͍t�}  ̀2��ȅɓ²çîÕ�{�|�

��f�_ŋƱ͝�ϯŧÏÀîë¢ϴx��ťˍ͝�±å»Àî�ʘk_±å»Àîœˊ�έˍj

�Ѣɶt�}`°�·Ô²çîÕ��œҧģ˝¢_�y_ΎѵѴíŐɧĥ͍íɪҨ˧ĥ͍�{�|

���f�ǥʠv}`˫�_{�� 3Ҝͣ�̾ɝÆîÀŇ�¢±å»Àîœˊ�ɲņv�·Ô²ç

îÕ�œҧv}  ̀ 

4.5.2 ²Ø×ÀX4,B@ 

ȂĞφ�ŋƱ͝�1ʣ�ΎѵѴϯŧÏÀîë�œҧέˍ¢ϴ4.2�ƨ4.5�ͷx`Şь��g�_

x���·ëÕç�_˹Ķ�ƴ�f� 2��ȅɓ²çîÕ�œşt�}ȿ_҄Ȇ͝±å»Àîœˊ

����{�|�fn�j�·Ô²çîÕ�œҧt�}`ƨ 4.5 �ɴ�η²åÓ�_1 ʣ�Ѷ�Ύ

ѵpͅ�ʆ΄¢ϴv�i�_{�·Ô²çîÕ�ΎѵѴϯŧÏÀîë¢ͷv�f�`ұ̞ǆ̡Ѥȕ

�øα�_bAll-dayc_bDaytime & eveningc_bDaytimec_bNeverc� 4��·Ô²çîÕ�œҧ

t�}`Љfʉh��_ұ̞ǆ̡Ѥȕ��ȂĞφ�ΎѵѴϯŧ��_°�� 4��ŋƱ͝ÏÀîë

kǛƬv}`ʶ�ҡȩ�ұf²çîÕ�bDaytime & eveningcҺ34.1ҹһ�_ȂĞφ�ʼ 5 ʬj� 8

ʬ�Ѷ�Ύ¢ѵp_Ǉ 20 ʬj�σůŞ 1ʬ�Ѷ�Ύ¢Ѵ��`ʣû�Ǆʟ�Ύ¢ѵp}���_1

ʣ�ΎѵʓʬѶ�ȞƮ 14.5 ʬѶ�e�}  ̀2 ͖ͣ�ҡȩ�ұf²çîÕ�bDaytimecҺ25.3ҹһ�_

Ş�²çîÕ�ƌwnʼ5ʬj�8ʬ�Ѷ�Ύ¢ѵp�k_Ǆʟ18ʬj�20ʬ�Ѷ�Ύ¢Ѵ��`

1ʣ�ΎѵʓʬѶ�ȞƮ 11.5ʬѶ�e�}  ̀3͖ͣ�²çîÕbAll-daycҺ23.5ҹһ�_Ύ¢ðʣû

ѵp}���_1 ʣ�ΎѵʓʬѶ�ȞƮ 23.2 ʬѶ�e�}`bNeverc²çîÕҺ17.2ҹһ�_��

ʬѶα�Ύ¢ѵp�fĻƎke�_1ʣ�ΎѵpʬѶ�ȞƮ6.1ҹ�e�}`ұ̞ǆ̡Ѥȕ�œҧέ

ˍ¢ŇĠ͝�Ё��_bNeverc¢Ҁn 3 ²çîÕҺ82.8ҹһkʣû�Ύ¢ѵp}���v_bAll-

dayc¢Ҁn 3 ²çîÕҺ76.5ҹһkǇѶ�Ύ¢Ѵw}���v�ņ�  ̀đŞ�ʹΊ[19, 60]�Ʒƒt

��f}�g�_̸α�Ϙ̶ʉ˹ƱĞǞ�ȂĞφ�ΎѵѴϯŧ�ʣûʉ˹k̸ü̏�e�°�kˁ

Лˏ��͵Еt�}`t��_ċƣ�έˍ�_ƌˡ�ұ̞ǆ̡˹Ķõ��_Ǽ�n�� 4��ŋƱ

͝�ΎѵѴϯŧÏÀîë¢ɸŒ�l�°�¢ͷv�i�_˹ĶˆĔđǅ�ϿƤkΎѵѴϯŧÏÀî

ë�ȸҙv�f�°�¢ͷv�f� 1̀ ʣ�ȞƮΎѵʓʬѶ� 15.4 ʬѶ�e�_Ħh�_җƪ�ҕ

ʱɧʽѶ�ЛˏέˍҺ1.8ʬѶ/ʣһ�����j�Ѳf[54]̀  

�}_˷у̔͝vfѤȕ�ȂĞφ�ΎѵѴϯŧÏÀîë�_ұ̞ǆ̡Ѥȕ�{���ǈln͗

��}Һƨ4.5(b) һ`bSunrise & sunsetc�bSunrisec�2��ϯŧÏÀîëkɸŒt�}k_��£

�Ň��øα�_Ύ�1ʣ1d2ƣ�±nͳʬѶ�vjѵp���f�f`ʼ5ʬj�7ʬ�Ѷ�Ύ

¢ѵp�bSunrise 1c�bSunrise 2c�²çîÕ�31.8ҹ�26.6ҹ¢Ŷ�}`ðʟ_bSunrise & sunsetc

�²çîÕ�ʼ5ʬj�7ʬ�Ѷ�Ǆʟ16ʬj�18ʬ�Ѷ�1ʣ2ƣΎ¢ѵp_41.6ҹ¢Ŷ�}  ̀

1ʣ�ȞƮΎѵʓʬѶ�3.0ʬѶ�_ұ̞ǆ̡Ѥȕ���ǈδ�ͳj�}  ̀
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ƨ 4.5(c) �_œҧt�} 4 ��ұ̞ǆ̡Ѥȕ�ΎѵѴϯŧÏÀîë�ˠɣ˷¢_ĞǞÀ§Õŗ

ҺňƞҋƋĞǞ_˸ѶҋƋĞǞ_Åå»Íæ»һ�ͷv�f�  ̀3��ĞǞÀ§Õ�Ѷ��ǈl�

ќfke�_°�°��_ȯ̻�̼ɈkΎѵѴϯŧ�ȸҙ¢÷h�ϿƤ� 1��e�°�¢ͷv�

f�  ̀

ϴ4.2� ΎѵѴϯŧÏÀîë���œҧt�}·Ô²çîÕ 

 

 

 

ƨ4.5� Ɗ·Ô²çîÕ�1ʣ�ΎѵѴÏÀîë 
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4.5.3 S�L©4,B@ 

ϴ 4.3 �ƨ 4.6 �_ȂĞφ�ȞƮ͝� 1 ʣ�Őɧĥ͍ÏÀîë�œҧέˍ¢ͷx`ª¥µë¢ɨ

ʸv�f�øα�ɨʸv�f�føα�ùʟk°�œˊ�Ə���f�`Őɧĥ͍ÏÀîë�_ұ

̞ǆ̡Ѥȕ�˷у̔͝vfѤȕ�Ѷ�ǈδ�͗��}`ұ̞ǆ̡Ѥȕ��_Őɧĥ͍ÏÀîë�_

ͯͪʬ�Őɧ¢ĥ͍x�bNight-timecҺ11.5ҹһ�_ͯͪʬѶû~p��nǄʟ��Őɧ¢ĥ͍x

�bEvening & night-timecҺ6.8ҹһ�œҧt�}`ù²çîÕ���1ʣ�ȞƮŐɧĥ͍ʬѶ�7.5ʬ

Ѷ�e�}`ˁЛˏ�if��_ª¥µë�ü�Ǆʟ�ǇѶ�ĥ͍t��°�k͵Еt�}`

bNeverc²çîÕ�_ª¥µëҕɨʸøαk��x��Һ94.2ҹһ¢Ŷ��f�  ̀ª¥µëɨʸø

α���£�k_˸ѶҋƋĞǞ�Åå»Íæ»�ȂĞφ�e�}  ̀

ǵ̷͝�_˷у̔͝vfѤȕ��_ůȿ�Ǆʟ���Őɧkĥ͍t��f�°�k¡j�}  ̀

Őɧĥ͍ͅkǄʟ 16 ʬj� 20 ʬ�Òî±���bEarly eveningc²çîÕk 15.9ҹ¢Ŷ�_Őɧĥ

͍ͅkǄʟ 20 ʬj�Ǉ 24 ʬ�Òî±���bEveningc²çîÕk 12.5%�βf}`3 ͖ͣ�

bAfternoonc²çîÕ�_Őɧĥ͍ͅkʫ� 11 ʬj� 15 ʬ�Òî±�ћv_5.4ҹ¢Ŷ�}  ̀1 ʣ

�ȞƮŐɧĥ͍ʬѶ�_bEarly eveningc�4.7ʬѶ_bEveningc�5.9ʬѶ_bAfternoonc�6.3ʬѶ

�e�}  ̀²çîÕbNeverc�_ª¥µëҕɨʸøα���ˠɣt�}`fy��·Ô²çîÕ

�ǇѶǾǰû�Őɧ¢ĥ͍v�i�y_ұ̞ǆ̡Ѥȕ�˷у̔͝vfѤȕ�Ѷ�Őɧĥ͍ÏÀîë

�ʧ�j�ќfke�}  ̀

4.5.4 �å�L©4,B@ 

ϴ 4.4 �ƨ 4.7 �_ȂĞφ�ȞƮ͝� 1 ʣ�ɪҨ˧ĥ͍ÏÀîë�œҧέˍ¢ͷv�f�`ұ̞

ǆ̡Ѥȕ�ȂĞφ�_ɪҨ˧ĥ͍ÏÀîë���� 5��·Ô²çîÕ�Ωœt�}`̼�ǈl�

¹ç¥¢ɽ�ʑѥ͝�²çîÕ��j�}`ʶ�ǆj�}²çîÕ�bAfternoon & night-timec

Һ23.6ҹһ�_˫�bAll-daycҺ23.1ҹһ_bEvening & night-timecҺ22.3ҹһ_bDaytime & eveningc

Һ16.2ҹһ_{v�bNevercҺ14.9ҹһkβf}  ̀bAfternoon & night-timec�bEvening & night-timec

²çîÕ��_ǇѶ�ɪҨ˧ĥ͍ͅk℃ 80ҹđô�ұn_Ҿʣ�ȞƮɪҨ˧ĥ͍ʬѶ�{�|�

14.2ʬѶ� 11.7ʬѶ�e�}`bDaytime & eveningc²çîÕ��_ɪҨ˧�ʼ 8ʬ���¬ë��

�Ǉ 22ʬđѽ�¬Ó�t�_ȞƮĥ͍ʬѶ� 12.8ʬѶ�e�}  ̀bNeverc²çîÕ��ǆn�ɪ

Ҩ˧ҕɨʸøαҺ43.9ҹһkƏ���k_ұ̞ǆ̡Ѥȕ�ɪҨ˧ɨʸøα� 8.3ҹ���£�ĥ͍v

�f�j�}`t��_ƨ 4.7(c) �ͷx�g�_ɪҨ˧ĥ͍ÏÀîë�ĞǞÀ§Õ�ȸҙkЁƂp

��_˸ѶҋƋĞǞ�ȂĞφ�Ď�ȂĞφ���ɪҨ˧ĥ͍kǼ�fĻƎke�}  ̀ 

ðʟ_˷у̔͝vfѤȕ��ɪҨ˧kĥ͍t��°����}��f}�_ҕɨʸφ� 94.1ҹ

¢Ə�x���øαkbNevercҺ100ҹһ�œҧt�}  ̀°�έˍ�_ұ̞ǆ̡Ѥȕ�˷у̔͝v
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fѤȕ�Ѷ�ɪҨ˧ĥ͍ÏÀîë�ʧ͵�ќfke�°�¢ͷv�f�  ̀ɪҨ˧ĥ͍�_ұ̞ǆ

̡Ѥȕ���Ё���  ̀

 

ϴ4.3� Őɧĥ͍ÏÀîë���œҧt�}·Ô²çîÕ 

 

 

 

ƨ4.6� Ɗ·Ô²çîÕ�1ʣ�Őɧĥ͍ÏÀîë 
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ϴ4.4� ɪҨ˧ĥ͍ÏÀîë���œҧt�}·Ô²çîÕ 

 

 

ƨ4.7� Ɗ·Ô²çîÕ�1ʣ�ɪҨ˧ĥ͍ÏÀîë 



 

 
49 

4.5.5 ²Ø×AS�A�å��¶_���4,B@Tä 

°�½±¹äë��_3 ��ѠɍϯŧҺΎѵѴíŐɧĥ͍íɪҨ˧ĥ͍һŇ�� 24 ʬѶ�̾ɝ

ÆîÀ¢ĥ͍v�ǥϯv}_҄Ȇ͝±å»Àîœˊέˍ¢υǱx�`ƨ4.8�ϴ4.5�Ё����g

�_ұ̞ǆ̡Ѥȕ�x���øα�5��·Ô²çîÕ�œҧt�}  ̀ü�_²çîÕA1dA2�

�ª¥µëɨʸøαkœҧt�_²çîÕA3dA5��ª¥µëҕɨʸøαkœҧt�}  ̀

²çîÕ A1 � A2 �ќf�ü�Őɧĥ͍ÏÀîë�ќf�e�_���²çîÕbNight-timec

�bEvening & night-timec�ќf�����~Һƨ4.6¢ż̷һ  ̀ðʟ_²çîÕA3dA5�_ΎѵѴ

ŧģÏÀîë�ќf¢ͷv�f�  ̀²çîÕ A4 �_ª¥µëҕɨʸøα�û�ʶ�¹ç¥�ǈl

�²çîÕҺ49.3ҹһ�e�_ʣû�Ύkѵʓt��`²çîÕ A3Һ18.7ҹһ�øα��ðʣûΎ

kѵʓt�_²çîÕA5Һ13.8ҹһ�øα����ʬѶα��Ύke��ѵp���f  ̀²çîÕ

A1dA2 �²çîÕ A3dA5 ¢˷уx��_Şφ��ʣû���ǇѶ�ɪҨ˧ĥ͍ͅkĝn_ȿφ

��я�ʣû���ǇѶ�ɪҨ˧ĥ͍ͅkұn���f�  ̀°�°�j�_ª¥µë�̴føα

Һ²çîÕA3dA5һ��_ǇѶ�ɪҨ˧k�nĥ͍t��f��Љh�  ̀

ϴ 4.6�_ȂĞφ�Ѡɍϯŧ�ü}�ÏÀîë¢���}���e�`ұ̞ǆ̡Ѥȕ��_ǈǆ

ʘ�øαkª¥µë�ɨʸҽҕɨʸ�ѷĬ�n_ʣû�Ύ¢ѵʓx�`ǇѶ�ª¥µëɨʸøα�

e��Őɧ¢ĥ͍v_ҕɨʸøα�ɪҨ˧¢ĥ͍x�`˷у̔͝vfѤȕ��_��£��øαk

ʼ�Ǆʟ�±nͳʬѶ���Ύ¢ѵʓx�`Őɧĥ͍�ůȿj�Ǆʟ�jp����e�`ȂĞφ

�ѠɍϯŧÏÀîë�_ʶŕ�ұ̞ǆ̡i��˷у̔͝vf˹Ķ���˹ĶˆĔ�ɍw�͗���

έНďp�°�k�l�`vjv�k�_ƨ 4.8 kͷx�g�_̼�ұ̞ǆ̡�Ѥȕ�if��ƌ

ˡ�˹ĶˆĔ�e���ˡa�ѠɍϯŧÏÀîëkǛƬx�  ̀

 

 

ϴ4.5� ΎѵѴíŐɧĥ͍íɪҨ˧ĥ͍ÏÀîë���œҧt�}·Ô²çîÕ 
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ƨ4.8� Ɗ·Ô²çîÕ�1ʣ�Őɧĥ͍íΎѵѴíɪҨ˧ĥ͍ÏÀîë 
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4.6 Ãb�ºp 

4.6.1 ²�Ø���¦ª 

ƨ4.9�_ȂĞφkϽʘѢɶƣΗȶȰ�ƣΗv}Ύ¢ѵp�f͉͏¢ͷv�f�  ̀ұ̞ǆ̡Ѥȕ

��_ª¥µëҕɨʸøα�bϭcҺ36.0ҹһ_b½¯âæÅ¦cҺ28.6ҹһ_bÕå§Î¹îc

Һ30.7ҹһ�ƣΗkǆj�}  ̀ª¥µëɨʸøα��_bϭcҺ33.2ҹһ_bҏcҺ26.6ҹһ_b½

¯âæÅ¦cҺ24.1ҹһ�ҝ�ǆj�}`Şь��g�_ΎѵѴϯŧÏÀîë�_ª¥µë�ɨʸ

ҽҕɨʸ�ѷ¡�y_ǆn�øα�ʣû�Ύ¢ѵp�ǇѶ�Ύ¢Ѵ��`ɂ��_°���͉͏�_

ü�ǇѶ�Ύ¢ѵp�f͉͏�e��υh���  ̀

˷у̔͝vfѤȕ��_ǇѶ~p��nʣû�Ύ¢ѵp�øα���£��j�}Һƨ4.8¢ż

̷һ  ̀ƨ 4.9 �ͷx�g�_ȂĞφ�b½¯âæÅ¦cҺ71.6ҹһ_bÕå§Î¹îcҺ65.9ҹһ_

bҏcҺ62.2ҹһ_bϭcҺ54.5ҹһ���ѷɊ¢ɽ��f�`°���4��͉͏�ұ̞ǆ̡Ѥȕ

��ƌˡ�Ѣɶt��f}k_ǇѶ�Ύ¢ѵp�f͉͏~�υh��}`˷у̔͝vfѤȕ�ʣû

�Ύ¢ѵp�f͉͏�°���͉͏���n_˹ĶˆĔ_���˷у̔͝vf˹Ķ�дƤx��υ

h��kǔȵ�e�  ̀

 

ϴ4.6� ȂĞφ�Ѡɍϯŧ�üϿÏÀîë 
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ƨ4.9� Ύ¢ѵp�f͉  ͏

 

 

ƨ4.10 � Ύ¢Ѵ��͉  ͏
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4.6.2 ²�×��¦ª 

2016 ȟ�»åÎáҺұ̞ǆ̡Ѥȕһ�Лˏ��_��ГΩ�§ëÀÑâîkϯ¡�}`°°�

�_ª¥µëҕɨʸøα�Ύ¢Ѵ��͉͏k_ʬѶαҺʼíǄʟíǇѶһ�ѣȃҺæÑë²íǰǦһ

¢Ŭŗv�ǹ���}`ƨ 4.8 �ͷv}�g�_ұ̞ǆ̡Ѥȕ�ª¥µëҕɨʸøα�ϯŧÏÀî

ë�_A3dA5 � 3 ��²çîÕ�œҧt�}`°���_Ϊʣʉ˹²çîÕҺA3һ_ʣûʉ˹²

çîÕҺA4һ_̴ʉ˹²çîÕҺA5һ�e�`ɂ��_ƨ4.10 (a) �ü�²çîÕA5kʣû�Ύ¢

Ѵ��͉͏¢Йʧv�i�_ƨ 4.10 (b)d(e) �_²çîÕ A4kǇѶ�Ύ¢Ѵ��͉͏¢Йʧv�f

�`ƨ4.10 (b)d(c) �ͷx�g�_Ǆʟ�Ύ¢Ѵ��͉͏�ʶ�ǆf��_æÑë²�ǰǦ�ùʟ�

if�bϭcҺ72.6ҹ� 86.5ҹһ�e�}  ̀bϭc�ǇѶ�if��ùѣȃ�Ύ¢Ѵ��ü�͉͏

�e�}`ðʟ_b͠Ҏc�bЃηc�̼�ȂѶ�Ύ¢Ѵ��͉͏�v�ǆnɿq��}Һƨ 4.10 

(d)d(e) һ  ̀

Şь�ё�_ǇѶʉ˹�_ϧʰƭ�if��ȃō�̸͝ɏѠɓ¢ǥ͇x�}��ťˍ͝�ÏÃ

¹Ô±îæë²ɯϰ� 1 ��e�[20-23]̀  }~v_°°�ͷv}�g�_ұ̞ǆ̡Ѥȕ�ǆn�ø

α�_ª¥µë¢ɨʸv�f�n��ǇѶ�Ύ¢ѵp�f�f  ̀ǇѶʉ˹���̸͝ɏѠɓ�ͧ

ªËťˍ¢͵įx���_͇Ƭ�ΎѵѴϯŧÏÀîë¢Ŏ˜Ћx�ɋϿke�  ̀ǇѶ�Ύ¢ѵp

�҆�҇Ǩ����f�bϭc_b͠Ҏc_bЃηc��ɢɐ¢ʂҀx�°�k_ѵƃѣ×Ύ¢Ў

Њx�҆�Ɓ�Ϋ�ɋϿ�e�ѨϿ�Кң~�υh���  ̀ 

4.6.3 ²Ø×ÀX4,B@�q	�G�h�� -*� 

ϴ 4.7 �_4 ��œҧt�}ΎѵѴϯŧÏÀîë¢ɂȅǂʘ�v�_Лˏt�}Ɗǂʘ�éº»

Å¦Ã±ƣșœˊҺ¬Ã¼˷� 95ҹİҢŬѶһ�έˍ¢ͷv�f�`{�έˍ�ƴ�f�_{�

|��ΎѵѴϯŧÏÀîë�ȸҙ¢÷h�øαȅɓi��ȯ̻�̼Ɉ¢̼Ǥx�°�k�l�  ̀

ʶŕ�_øαĉʘkѨϿ�ϿΨ�e�°�k¡j�`øαЂˤkǈlf��bDaytimec�}�

bDaytime & eveningc�ΎѵѴϯŧÏÀîë¢ɽ�ƅώɓkұn_øαЂˤkǻtf��bNeverc

�}�bAll-daycÏÀîë¢ɽ�ĻƎke�`°��_[27, 54]�Йʧt��f��g�_ǈЂˤø

α�ΎѵѴϯŧÏÀîëk_ǻЂˤøα���ʜ͉_ʁҀ_ͯͪ���͋̍ϯŧ�ȸҙ¢Ƃp�f

�}��υh���`ƣΗφȟҶ�_bDaytimec�bDaytime & eveningc¢ǆǼŬŗv�f�`Ϡf

øα�i{�nǇ�ѲfʬѶ¢љ±v_Ύ¢ѵp�f�ʬѶkѲn���υh�����_͉Ј�

l�`đŞ�fn�j�ʹΊ��_ȟҶkѨϿ�ϿƤ�v�Ʒƒt�}[96]̀ øαƀņ�_ϛƔ̖

f°��_ΎѵѴϯŧÏÀîë�ȴnȸҙx�`¬Ã¼˷�bNevercҺOR: 1.70һ�ʶ�ұn_˫

�bDaytimecҺ1.21һ_bDaytime & eveningcҺ0.94һ_bAll-daycҺ0.61һkβn`°�ΎѵѴϯŧ

ÏÀîë�ҝȦ�_1 ʣ�ΎѵʓʬѶ�ҝȦ�ǵɍx�Һϴ 4.2 ¢ż̷һ`���_øαƀņkұ
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p��ұf��_1 ʣ�ΎѵʓʬѶkͳn��`°��i{�nѶʅ͝�ª¥µëɨʸͅ�ѷєv

�f�`ϴ 4.7 �ͷx�g�_bNevercøα�ª¥µëĥ͍ʬѶkѲfĻƎke�_bAll-daycø

α�ĥ͍ʬѶkͳfĻƎke�`t��_bDaytimecøα�_bAll-daycøα���ǆn�ª¥µ

ë¢ɨʸx�ĻƎke�`ɂ��_ґ˹ʜѫ�_·Ô²çîÕbAll-dayc�ΎѵѴϯŧ��ѷєv

�i�_bAll-daycøα�_��Ǽ�fґš¢ĥ͍x�ĻƎke�`ΎѵѴϯŧ�ª¥µëĥ͍Ѫ

��ѷє�_Yun ����đŞ�fn�j�ʹΊ�УНt�}k[97]_øαƀņkΎѵѴϯŧ�ȸ

ҙ¢÷h�ϿƤ�e�°�¢ʧ�j�v}ʹΊ�°����j�}  ̀

ΔĄ�_Şь��g�_ĞǞÀ§Õkȸҙš�e�ϿƤ�e�°�k¡j�  ̀°°��_˫�

�g�ƍͣǂʘkĞǞÀ§Õ�ĥ͍t�} 1̀=ňƞҋƋĞǞ_ 2 =˸ ѶҋƋĞǞ_3 =Åå»Íæ»  ̀

{�έˍ_Åå»Íæ»�bDaytimecΎѵѴϯŧÏÀîë�ƅώɓkұf��ǵv_ňƞҋƋĞ

Ǟ�bAll-daycÏÀîë�e�ĻƎkЁ��}  ̀Johnson��đŞ�ʹΊ��_ĞǞ�·ҧkȸҙš

�e�ϿƤ�e��Ʒƒt��f}k[98]_ˁЛˏ��t��_Åå»Íæ»�ňƞҋƋĞǞ�ќ

fkǇѶ�ΎѵѴϯŧ�Ё���°�¢ʧ�j�v}`°�ќf�_ѣœ͝�ȂĞ҄�дƤv�f

��υh���  ̀ϴ 4.7kͷx�g�_ĝȆ҄�Ğ�øα�bDaytimecÏÀîë���ĻƎke�_

ôʟ҄�Ğ�øα�ǇѶ��Ύ¢ѵʓv�bAll-daycÏÀîë���ĻƎke�  ̀ 

Δó�_Şь��g�_ª¥µëɨʸøα�bDaytimecÏÀîë�e�ƅώɓkұn_bAll-

daycÏÀîë�e�ƅώɓ�ĝn��`°��_ª¥µë�ɨʸk_Ǆʟ�ǇѶ�Ύѵʓ�ѻǨ

ϿƤ�e�°�¢ɚƔx�  ̀°��ü�_đŞ�ʹΊ[20, 22, 62-63]�Ʒƒt��f��g�_̸α

ƭƲ�ª¥µëɨʸφkü�ǰǦ�Ǆʟ�ǇѶ�Őɧ¢ĥ͍v_Ύ¢Ѵ��f�}�~`ɂ��_

æÑë²�ª¥µëkЎπt��f�j�gj�_ˁЛˏ��ΎѵѴϯŧÏÀîë��ѷĬkЁ�

��f`ðʟ�_ɪҨ˧�ɨʸφ�bDaytimecÏÀîë�e�ƅώɓkұn��  ̀t��_ƬǞ

ʬѶ�Ѳt�ȸҙš�e�ϿƤ�e�°�k¡j�`ƬǞʬѶkͳføα�bNevercÏÀîë�

ĻƎke�_ƬǞʬѶkѲføα�bAll-daycÏÀîë�ĻƎke�  ̀

ΔƢ�_̞Őɜ�ΎѵѴϯŧÏÀîë��Ѷ�ʸɚ�ѷєɓk�f°��̉ɚx�ɋϿke�`

°�έˍ�_̸α�ip�ȞƮ͝� 1ʣ�ΎѵѴϯŧÏÀîëkü�̸͝ϿƤđǅ����̀Ǥt

���fgȵŕ�ĒǤ¢Ϲďp�f�`ðʟ_˹̏ɜ�ΎѵѴϯŧÏÀîë��Ѷ��ѨϿ�ѷє

ɓkЁ���`Ҩ¢��ɜw�f�øα�_Ύ¢��ѵp�ĻƎke�bAll-daycÏÀîë���  ̀

ʶȿ�_Ύ¢ѵp�f͉͏��f��_ϭk˹���øα�bDaytimecÏÀîëkǆn_

bNeverc�bAll-daycÏÀîëkǼ�fĻƎke�`°��_ϭ�Īņkʣû���nǄʟ�ǇѶ

�ɢɐt��f�°�¢ɚƔx�`t��_½¯âæÅ¦¢ɢɐv�f�øα�_bAll-daycÏÀ

îë�ƅώɓkұn��`°��ͱͦv}έˍ~k_ȂĞ҄�ѷєv�f�ƅώɓkυh���`

bAll-daycÏÀîë�øα�_Şь��g�ôʟ҄�Ğ£�f�ĻƎke�`�}_ҏ_Õå§Î

¹î_ª¥µë�_fn�j�ΎѵѴϯŧÏÀîë�ѷєv�f�°�k¡j�  ̀

ŇĠ�v�_øαĉʘ_ƣΗφȟҶ_øαƀņ_ϭ��ɢɐ�_3�đô�ΎѵѴϯŧÏÀîë

�ȸҙ¢÷h�f�}�_ˁЛˏ�if�ʶ�ȸҙš�e�ϿƤ~�Љh�  ̀t��_ĞǞÀ§



 

 
55 

Õ_ȂĞ҄_ª¥µëɨʸ�_{�|�bDaytimeci��bAll-daycÏÀîë�ȸҙ¢Ž�v�f

�}�_°���ϿƤ�_Ѷʅ͝Ǆʟ�ǇѶ�ΎѵѴϯŧ�ѨϿ�̀ǤϿƤ����Ƀ�  ̼̀�_

ϭ��ɢɐ_½¯âæÅ¦��ɢɐ_ҏ��ɢɐ�_ȂĞφ�ǇѶ�ΎѵѴ¢ĭx}��υɠkɋ

�ϿΨ~�υh���  ̀

 

ϴ4.7� œҧt�}ΎѵѴϯŧÏÀîë�ǵx�Лˏǂʘ�Лʙ¬Ã¼˷�95%İҢŬѶ 
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4.6.4 ��$@^��Ç¹f� 

ұ̞ǆ̡Ѥȕ�ª¥µëɨʸøα���Őɧĥ͍ÆîÀ¢ĥ͍v�_҄Ȇ͝±å»Àîœˊ¢

ǥʠv}Һϴ 4.8 i��ƨ 4.11һ  ̀ʢ�Йʧv}ё�_ª¥µëҕɨʸøα¢Ə�ŇøαÆîÀ¢

ĥ͍v�œˊv}έˍ�_ұ̞ǆ̡Ѥȕ��Őɧĥ͍�_Ǆʟ�ǇѶ~p�e�}Һƨ 4.6 (a) ¢ż

̷һ  ̀}~v_ª¥µëҕɨʸøα¢œˊj�Ҁǅx��_ʞ}�Őɧĥ͍ÏÀîë¢ɽ�

bAfternoon & eveningc²çîÕkɸŒt�}`°�²çîÕ�ʫ� 12 ʬқj�Ǉ 24 ʬқ��Őɧ

¢ĥ͍v_1ʣ�ȞƮŐɧĥ͍ʬѶ�12.7ʬѶ�_ŇĠȞƮ�7.8ʬѶ���ǈδ�Ѳj�}  ̀

ƨ 4.12 (a) �_ǇѶ�Őɧ¢ĥ͍x�²çîÕbNight-time 1c�bNight-time 2c�_ůȿ�Ǆʟ�

Őɧ¢ĥ͍x�²çîÕbAfternoon & eveningc¢˷уv�_ª¥µëЎπƸɨ¢ϴv�f�`Ò¥

ϴ4.8� Őɧĥ͍ÏÀîë���œҧt�}·Ô²çîÕҺª¥µëɨʸøα��һ 

 

 

 

ƨ4.11� Ɗ·Ô²çîÕ�1ʣ�Őɧĥ͍ÏÀîëҺª¥µëɨʸøα��һ 



 

 
57 

üë�­§2ÿ˜Ǥ�έˍ_2��²çîÕѶ�ʸɚȓkЁ�j�}Һv2= 14.825_df = 2_p <0.01һ  ̀

Şφ�℃ 70ҹ�ǰǦ���ª¥µë¢Ўπv�f���ǵv_ȿφ�æÑë²�ª¥µë¢Ўπ

x�ĻƎke�}Һ℃ 58 ҹһ`���_æÑë²�ª¥µë�e�øα�_ůȿʤnj�Őɧ¢

ĥ͍v�f�`ƨ4.12 (b) �_ǰǦ���ª¥µëke�øα�_æÑë²��_e�f�æÑë²

�ǰǦ�ùʟ�ª¥µëke�øα�¢˷уv�_ª¥µëƆʘ¢ϴv�f�Һv2= 71.479_df = 3_

p <0.001һ `Şφ� 55ҹđôkª¥µë¢ 1Ɔvjɨʸv�f�f��ǵv_ȿφ�℃ 74ҹ� 2Ɔ

đô�ª¥µë¢ɨʸv�f}`°��_ȂĞφ�ʶŕ�ǰǦ�ª¥µë¢Ўπv_{�ȿæÑë

²�ª¥µë¢эţx�ĻƎke�°�¢ɚƔx�  ̀

͇Ƭ_ª¥µëɨʸøα�g��℃87.3ҹkǰǦ�ǇѶ��Őɧ¢ĥ͍v�i�Һ1ʣ7.1ʬѶһ_

˲�� 12.7ҹkůȿj�Ǉ��ѲʽѶҺ12.5 ʬѶһĥ͍v�f�  ̀ˁЛˏ�έˍ�_øαƀņ�ƾ

ţ�Ěfċȿ�ª¥µë�ʭŽkіϯvβp��_Őɧªæ¥�ǰǦ~p��næÑë²��ɻǈ

v_Őɧĥ͍ʬѶ�Š͝�ƾţx�°�¢ͷƚv�f�  ̀

 

4.7 �@12'��ÑÐeÞ_Jl�nÜ�oR�¡§g 

§ëÈË¹¥_»åÎá�� 2016 ȟЛˏ��_ȂĞφ��Ѡɍϯŧ�ѷx�§ëÀÑâîЛˏ

�úϯv�_ȕō6ƭ̱�ҋƋĞǞ�Ɗ2d4øα�æÑë²i��ǰǦ�Њ̟˧ơ¢Ўπv_1ø

α��l 3ʣѶŞȿ�̸̞ǥ̟¢ϯ�}`ǵЧĞɦ�ЯЭƱňƞҋƋĞǞ�e�_Ϙ̶ʉ˹�_ª

¥µëɨʸøα��j�}  ̀

ǅ˹̞�ƊҋƋĞǞ�Ǧō˹̞�Λ�qƨ¢ƨ 4.13 �ͷx`ǅ˹̞�ʶǈķ � 32.3°C_ʶǻķ

� 23.2°C_ȞƮ� 27.0°C�e�}`ʣûҺ6 ʬd18 ʬһ�ȞƮǅ˹  ̞� 30.0°C_ǇѶҺ18 ʬdσ6 ʬһ

 

ƨ4.12� ª¥µëЎπƸɨ�ɨʸƆʘ 
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�ȞƮǅ˹̞� 27.3°C �e�}`Ǧō˹̞�ŇĞɦ�ҋЊ�ʶǈķk 34.8°C_ʶǻķ� 26.0°C_Ȟ

Ʈ�30.3°C�e�} 6̀ ƭ̱�ҋƋĞǞ{�|��ȞƮǦō˹̞� 30°C ± 1°C�e�_ќf�Ё��

�j�}`ǅ˹̞�˷��Ǧō˹̞kұf  ̀ 

Ǧǅ̡ȩ�ƊҋƋĞǞ�̡ȩ�Λ�qƨ¢ƨ4.14�ͷx`ȃǅȞƮ̡ȩ� 82.7%�e�_ǦōȞ

Ʈ̡ȩ� 60%d75%�ҋƋĞǞ±��δke�}k_ŇĠ��ǦōȞƮ̡ȩ� 69.1%���_Ǧǅ

̡ȩ�˷��ĝf���k_ұfķ¢ͷv}  ̀ 

æÑë²i��ǰǦ�ûǋďъ�ȥô 1.1 m �Њ̟v}ǦōҨђ�_ʶǈķk 0.41 m/s_ȞƮk 

0.06 m/s �e�}`ȃǅ�ȞƮҨђk 0.81 m/s e�_Ύ�ѵʓͅ�ұj�}��ſv�_ǥ҆�Ƀ�

�}ǦōҨђ�ҕȚ�ĝj�}`°�ϿƤ�_ѵƃѣƓч�Ř͍̾̅kȸҙv�f����υh�

��`ĥ͍t��f�Ύ�_ȃǅĹíȭõĹ���ϒΎ·§¼�_ұtk1 mΆȩe�Łœ�ǈl

���~k_΍lŒvΎ�ȂĞφkǥ҆�Ύ¢ѵnЇȩ�10d30lΆȩ�e�`�}_ÎçµÊî

k̻ȝv»×î»�v�ĥ¡��°�j�_ǈѪ�ϳҧ��kΎ�xoǅĹ�ʃp���f�ƸҖ

kǆnЁ��}`t���_Ύ¢ѵp�f�k��Źɫ�­îÅëΖ�ѵƃҖ¢Ѐ��f�ăĦk

ҡξ�Ё��}`§ëÀÑâîЛˏ�͉͏¢ǹ���_ȃǅĹ�Ύ��ͫvtҺͤǷ��nɻʗŃһ

¢Ѻo}��_ȭõĹ�Ύ��ǅѣj��Ѓη¢ѡ�}��fgƣΗkǆj�}  ̀
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ƨ4.13� ǅ˹̞�ƊҋƋĞǞ�Ǧō˹  ̞

 

 
ƨ4.14� ȃǅ̡ȩ�ƊҋƋĞǞ�Ǧō̡ȩ 

 

 

ƨ4.15� Ύ�¡��̾  ̅
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4.8 ³��� 

Ûèî¹¥�§ëÈË¹¥��ѤȕĞǞȂĞφ¢ǵЧ�v}Ѡɍϯŧ�ѷx�ǈЂˤЛˏ��

�_ü�đõ��f�ʧ�j���}  ̀

• ȂĞφ�ΎѵѴ_Őɧĥ͍_ɪҨ˧ĥ͍�ŋƱ͝� * ʣ�ϯŧÏÀîëk_{�|�ɸŒ

t�}`ΎѵѴϯŧÏÀîë�_ұ̞ǆ̡Ѥȕ�˷у̔͝vfѤȕ��ǈln͗��_˹

ĶˆĔ�ȸҙ¢Ƃp�f�°�kʧ�j�e�}`{���jj¡�y_ƌwұ̞ǆ̡�

˹Ķõ�e���ˡa�ϯŧÏÀîëkǛƬv}`°�έˍ�_̞ȩǂŪđǅ�ΎѵѴϯ

ŧ�ȸҙ¢÷h�ϿƤke�°�¢ͷƚv}`ˁЛˏ��_̞Őɜ�ΎѵѴϯŧÏÀîë

��Ѷ�ʸɚ�ѷє��j�} �̀

• øαĉʘ_ƣΗφȟҶ_øαƀņ_ϭ��ɢɐk_ΎѵѴϯŧÏÀîë�ʶ�ȸҙ¢÷h

�ϿƤ�e�°�k¡j�}`t��_ĞǞÀ§Õ_ȂĞ҄_ª¥µëɨʸ�_{�|�_

Ǆʟ×ǇѶ�ΎѵѴϯŧ�ȸҙ¢÷h�f}`ϭ_½¯âæÅ¦_ҏ��ɢɐ�_ǇѶ�

Ύѵʓ�ѻǨϿƤ�v�ѷєďp��} �̀

• Őɧĥ͍ÏÀîëi��ɪҨ˧ĥ͍ÏÀîë�_ұ̞ǆ̡Ѥȕ�˷у̔͝vfѤȕ�Ѷ�

ǈln͗���f}`Şφ��_ª¥µëɨʸøα���£�kǇѶ�Őɧ¢ĥ͍v_ҕ

ɨʸøα�Đ¡��ɪҨ˧¢ĥ͍v�f}`ȿφ��_ɪҨ˧�ĥ͍t�y_Őɧ�Ǆʟ

�ĥ͍t��f} �̀

• ұ̞ǆ̡Ѥȕ�ª¥µëҕɨʸøα�ǆnk_ʣû���Ύ¢ѵʓv}`Ǆʟ�}�ǇѶ

�Ύ¢Ѵ��͉͏��_æÑë²çîÝ�ǰǦ�ùʟ�if�bϭckǆnɿk�}`Ǉ

Ѷ�æÑë²çîÝ�Ύ¢Ѵ��͉͏�v�b͠Ҏc�bЃηc�ǆnƣΗt�}`°�

έˍ�_ǇѶʉ˹���нĠŐŸ¢ĭіx�}��_°���҇Ǩ¢Ɓ�ҀnɋϿke�

°�¢ͷƚv} �̀

• ұ̞ǆ̡Ѥȕ��_ª¥µë�ʶŕ�ǰǦ�Ўπt�_{�ȿæÑë²çîÝ�эţt�

�ĻƎk¡j�}`�}_æÑë²çîÝ�ª¥µëke�øα��ůȿʤfʬѶj�Ѳ

ʬѶŐɧĥ͍v�f�°�k¡j�}`ċȿt���ª¥µëʭŽ���_΋Ѷ͝��ʬ

Ѷ͝��Őɧĥ͍ΝƧkɻǈv_øαȵ}��ªËç°î̒ЮѪkt��ƾţx�°�k

ͷƚt�} �̀

• §ëÈË¹¥�ňƞĞǞ��̸̞ǥ̟έˍ�_Ǧōkұ̞ǆ̡�͇̾�_Ύѵpkt��

f��ǦōҨђkҕȚ�Ȳf͇̾¢ͷv}`Ύ�¡��ǈѪ�̭̻̊kȝt�}�_ѡŃ



 

 61 

�Љμ҇±����Γnδ�ά�ƿn¢� y�i¡˦ǞnЌǵw¢�aȆġό�ѼƆѪ

Ɨю�ś͒ʤ̌�`ØèªÑ¼ñ���Ѿ¤¡ѼƆѪДАҝ��СҪnͼƞw¢�a�

 

Ĕ÷�β˒m�`ˆ͹Ώ�Ãñ·ÆÊ�h¡ˍŶæ½æϭʵƱ�ĠþɭɈόȊ�͌̓�ѧɒϵ

ŪÒÃñî�`ʨþ�ΓѼʘ��¡Ϟ̻јүś͒�ǹy�ǌŬ͢�Əϟy�l `Ϟ̻јү¥ś͒

{¡ÒÆ¼×´ñéîµɰ̌�Ȇġό�ƅǮw¢Ɉ¡���ϋk�¢¡aŦk�`Ȇġό�ѧɒϵ

ŪÒÃñî��Ǌ˦ɘnǟư{¡u�m�`Ȇġό�ƒ±�´ñéîµŨ˒¥ʻѧŭ{¡ϵŪÒÃ

ñî¥ʬͼ`ʋǓ{¡u��ÒÆ¼×´ñéîµ�ǩŨɘ¥Ҹ�¡u��ѯЅ�h¡a±¢��`

ʨþ�ΓѼʘy�i¡ûȝnǊi��Ѿ¤�|ǪŐ�–͢ɔѧɘnùűŖ�h¡u��`ǋѽ�Γ

Ѽʘy�i¡ûȝnȀ�iu��СҪ�h¡aōģ͢��`Ѩņ�ЉμѨʢ¥ϋɥy�ѼƆѪДА`

јү¥Ǚt�iʤ̌��̀ȢyÍñ¿��ǹɒ`ǋѽ�ΓѼʘ�҂ǬЅƨ�h¡ϳ�À²åéÈç

����ɧɕ�Ў̗�� `ÒÆ¼×´ñéîµɩ͚�źy�ѧɒϵŪ¥Ȇġόnǩϵy�{q�

¡�h£ja�

ˆТ˔β˒¥т�k`ɩ͚͢�ġǢДАʤѳ�y�ѪŖœɬ�ϋkʤnѧŗ���im�ϋk

¡aʧɀ͹Ώ� `ˍŶæ½æϭʵƱ�li��ǋѽʎ˾��¡фģœŻŨ˒n˂ɂw¢�l `

ˆТ˔β˒�ј `ûȝȺ� �­æöîƉʝnǂk¡�œɬĨ͒¼ñînʀǌw¢¡ľƒnh¡a

~u�`éÔîµêñà��Ϟ̻јү�ǋѽʎ˾¥İѝ{¡u��ʨþ�–͢ɔѧɘ¥ƒ÷w}`

óʤ�`ǴǪ���­æöîĨ͒¥҅Ǩ{¡u��Ѡχ�œɬĨ͒¥ɶk¡ɩ͚�h¡au�ʤ̌

�͌̓�Ȇġό�ѧɒϵŪÒÃñî�Əϟ{¡aȺ̻�n�`œɬ­Îê³ñ̗еѱ¥ƈϔ�҅ 

Š̡{¡���`ΓǉѪ��űŖ�ʨǻѨϰ�œɬΐѽ�ʢ–¥ʉ͒{¡ɐЅnh¡a�

�

�

�

�

�

�

�

�

�

xˆΖ�`Ĕø��ŋѼy�ŐǮ¥Ƹ�ϊЕy����h¡a�

˞ŸƊ`ĀĲ͓Ɏ !̀'�'C'�6BeRcjRAR̀ H'C'C'�:?RdZhZc6BR]jdZd�CW�LZBUCh	DaVBZBX�EReeVcBd�RBU�

6Zc�8CBUZeZCBZBX�JdRXV�CW�JcSRB�GVdZUVBTVd�ZB�IcCaZTR]�HCfeYVRde�6dZR'deHfdeRZBRSZ]ZejfΙ*�

ș�-ƌ C̀C'*)/.)̀ Bf]eZUZdTZa]ZBRcj�9ZXZeR]�EfS]ZdYZBX�!BdeZefeV̀ �)�)Ȥ*� �̓

�
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5   

#B)),/�é ²/&�@���¾ ÓåU©

W��`C 

°���Йʧv�l}ё�_̸αȂĞφ�͙˾ϧ͙���ʰ̸ǵɍώš�Ŀ��i�_˹̏�

ǛƬkѨϿ�e�`�}_Ûèî¹¥�§ëÈË¹¥�ұ̞ǆ̡Ѥȕ�Ğ˸�ǆnkʣûʉ˹Ʊ�

ΎѵѴϯŧÏÀîë�͋̍v�i�_Ϙ̶ёҨ���ÏÃ¹Ô±îæë²¢ʢ�ǥкv�f��Љ

h�`vjv_ª¥µë¢ϽʘƆɨʸx�øα��ǇѶǾǰû����yʣû�æÑë²��Őɧ

ĥ͍x�ĻƎke�_Őɧ͍ªËç°îŝ̜�̸͝ɏѠɓ�І̱j�ÏÃ¹Ô±îæë²ťˍ�Ǝ

ôkɋϿ�e�`ȃǅ�Ϙ̶Ҩ¢Ǧō�f�ȂĞφ��ťˍ͝�Ǻl_ȂĞφ�͞ϕϴҖ�͙˾ϧ

͙k̴͉�nϯ¡���g�ĞǞЎЊk˼����  ̀

Ϙ̶ʉ˹t�}ĞǞ�if�_Ǧō˹̏œȖ�_ȃǅ˹ЧˆĔ����yȯ̻ɓ̾×ѵƃѣɓ

̾�ǈlnĨǛx�`ȃǅ˹ЧˆĔ¢ŚɄx�°��Ҏvfk_ĞǞЎЊʬ�ѵƃѣɓ̾¢ȑǊx

�°�����Ǧō˹̏œȖ¢µëÇéîçx�°��˷у͝Ǫʨ�e�`{°�_ˁʹΊ��_

ѵƃĜπíѵƃǴ̇íΎ�ѵѴʟȰ���ѵƃѣɓ̾�ͮͣv_Ǧō˹̏œȖ�І̱j�ˈų¥º

¥ϧʰƭ�Ϙ̶ʉ˹ĞǞ�Ѡv}ΎÆö§ë¢˜Ћv}  ̀   

5.1 nç�� 

ˁʹΊ��_Ύkѵʓt�}̾ɝ��ΎÆö§ë�Ǧō˹̏œȖ�ѷĬ¢ʧ�j�x�}��_

ҨôĹ�ҨõĹ�ǵҖx� 2��ѵƃ¢ɽ�ʶ�¹ëÕç�ȂǦ¢əǤv}`ʶŕ�_§ëÈË¹

¥�e�ǥ̻ǈ�ǥҰʠЎ��Ҩ͊ƽ¢ǥ̟v_{�ÆîÀ¢͍f� CFD ЈˊßÆç�΢ȩ˜Џ

¢ϯf_ĥ͍x�ЈˊßÆç¢̀Ǥv}`˫�_CFDЈˊ���_Ύ�ѵѴȶȰ_ѵlЇȩ_ΎǴ

̇�λ˥˷� 3 ϿΨ��f�ÏåÞÇæÃ±»ÀÆ¦¢ϯ�}`ѵƃѣûɊұtҺȥô 1500 mmһ
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��ǦōҨђœȖ��¢˷уv_Ǧō�ȂĞèÖç�Ҩђ¢ôq�}��ʶѠ�ΎÆö§ë¢˜Ћ

v}`�}_Ǧō�΋˹ҶœȖ��f��͵Еv}  ̀

5.1.1 n¢inç�Ç 

§ëÈË¹¥ŉƗƪÎëÅëȐ�Àë´åëͨ�ΐƭx� YKK AP R&D ½ëÀîō�ǥҰ˘¢

ǵЧ�v�_CFDЈˊßÆç�΢ȩ˜Џ�͍f�}��ǥ̟¢ϯ�}`°�ǥҰ˘�ºàêȌūϾ

ѣ�ҬѤºà­çÀj�℃ 20 kmϾʟ�ųκ 6ȩ 11 œ_ˈά 106ȩ 38œ�Ĝπv_̸αßë»î

ë˹Ķõ�e�`ҏǜ�āǜke�kȟѶ¢ёv�ұ̞ǆ̡�e�_ʷȞƮ˹̞� 25x¢еh�`

11 ʷӌ3 ʷқ�jp��ҏǜ���ʣû�ѽ˺Ѫkǆn��`ƨ 3.1 �ǵЧȯ̻�˟Ͽ¢ͷx`ǥ

Ұ˘ōѣ�ƌðȶ̾� 2ѣȃ�ˠɣt��i�_ùѣȃ¢˷уǥ̟�l��g�ˈϾҖ�ǅƿ��

ǅʝ̸kʠt��f�`Ɗѣȃ�ȥҖΉ� 25.6ï_ǉĆұ� 3 m�e�`Ɗѣȃ�ūҖҺˮҖһ�

ųҖҺόҖһ�ǅƿ��λ 5.0 mn˥ 2.4 m�ƅǂÏËçkЎπt�_Ύ·Ã¹~p��nѵƃĜπ

×ѵƃǴ̇�ǂʳ�Ǫʨ�ˠѓ����f�`ˁǥ̟��Room A�Room Bŉё�ūҖҺɔȚҨ�

̏ņĹһѵƃǴ̇¢1.2 mn1.2 m_ųҖҺ̏ŒĹһѵƃǴ̇¢1.7 mn0.85 m�v}`ȥҖΉ�ǵx�

ѵƃѣ�ѵƃͅ�_ùǦ��℃ 10%���}`{v�_Room A �ūҖ���ΎҺƨ 3.2ӄ˥сƣр

Ύһ¢Ɓ�ďp_{�Ď�Ύ¢Ɓ�ďp�fŴΦѵƃ�v�ǥ̟¢ϯ�}  ̀

5.1.2 n�á­ 

2019ȟ 11ʷ 9ʣj� 2020ȟ 1ʷ 22ʣ�Ѷ�ǥ̟¢ϯ�}`ˁǥ̟ʽѶ�ҏǜ�Ə���k_

ʮǉʣ¢Ѣ£�ÆîÀ¢ƀҋv}`ǥҰʠЎke�ƭƲ��_ҏǜíāǜ���y�ʮǉʣ�ʣû

�ūj��̑Ҩkűжx�`{°�_ˁǥ̟��_̼�ūҨkƑn̾̅õ��ǦōҨђœȖ¢ùǦ

�̟Ǥv_˷уv}`ƨ 3.3 �Ǧō�Њ̟Ĝπ�Њ̟Ҝͣ¢ͷx`Ɗѣȃ� 5 ̱�if�_˹̞�

Ҩђ�ѮͤœȖ¢Њ̟v}ҺKanomax 6332D with Probe 0965-3һ`�}_ȃǅ�üҨƎ�Җv}ūҖѵ

ƃѣ�Şѣ�2˫ŀеҘ̈ҨђЊҺYoung CYG-86000һ¢Ўπv_ҨƎíҨђ¢Њ̟v}`ȃōǅ�

ҨђЊ�̟ǤѶ҅�5΁�v}`t��_ǥҰĞǞj�10 mҍ�}ƭ̱�˹Ч»Åî¹äëҺHobo 

RX 3000һ¢Ўπv_ȃǅ˹Ч¢І̟v}`ҨђíҨƎ�̟Ǥұt�ƭϴҖj� 10 m �e�_̟Ǥ

Ѷ҅�1œ�v}  ̀
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ƨ5.1� ǥҰʠЎГΩƨ 

 

 

ƨ5.2� Room ȀņĹΎ 

(b) north elevation(a) photograph
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(c) floor plan
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5.1.3 �OÅ��� 

˽͍ʘķ̏ĠЈˊüÓÇSTREAM ver.14ҺüÓÇæç¥±è§Èçһ¢ĥ͍v�ʘķЈˊ¢ϯ�

}`͊ƽíЎĺЎЊ¹Üâèî¹äë�͍f��� CFD üÓÇæç¥��_ǥŨèÖçj�ʹΊ

èÖç���Êî¼�Ƌ¡z}ˡa���kǛƬx�k_1984 ȟ�Ыǀѵǖt�} STREAM �ˠ

ѓ˓ǚ¢ʄ͍x�ó˫ŀ˽͍̏ĠЈˊüÓÇæç¥�_ȯΞ΋Лœѩ�ұfŒϢǥν¢ʸx�[99]̀

ʣǷ˧ώ×΋Л˧ßÆç_ϧ͙Ž�έғЈˊ˧ώ_΋˹Ҷ���ʉ˹ťͅɾˣ_˛˔ɷɳ��_ȯ

Ξ΋Лœѩ�̼Ūv}˧ώkŁǥv�f� S̀TREAM�_ЈˊǵЧßÆç�ЎЊ×ЈˊˆĔ��¢

ņšx�Õæ_Õæ�½ÃÇ¥ÃÕt�}ЈˊßÆç�ЊΚ¢ǥϯx�üçÎî_üçÎî�ЊΚ

t�}Јˊέˍ�Œš�Аĩ¢ϯgÚ»Ç� 3 ��Õé²åÝ�ˠɣt��`ƨ 3.4 �°���Õ

é²åÝ�ǥϯɫҝ¢ͷx  ̀

ϴ5.1�CFD�ЈˊˆĔ¢ͷx`ЈˊüÓÇSTREAM ver.14¢ĥ͍v_Ζ̞ˆĔõ�ǤȚЈˊ¢

ϯ�}`΄̏Ҝȓœ»¯îÝ�v��_đõ�ГvnЌxё�_2 ·ҧ�ȓœ»¯îÝ̇¢˷уv

΢ȩ˜Џ¢ϯf_ð˫΢ȩҨôȓœ̇¢Ѣɶv}`ҕƫμɓ̏�ЊΚ¥ç¶æ¼Ý�v� SIMPLE

̇�v}`ЈˊҞƲ�_ǭ˻���� AIJ ®§Èå§ë�Ŝv�[100]_ЈˊǵЧ̻�ʶǈѲt¢ L

�v}ƸƋ�̏ņҖĹ¢ 2L_̏ŒҖĹ¢ 10L_ĹҖĹ¢ 5L �v_ЈˊǵЧ̻�ȸҙkŽ��f�
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gŁœ�ȣt¢͵įv}`°����_̏ŒĹ��̏�kƮð���°�¢͵Еv�f�`t��_

ЈˊҞƲō�ЈˊǵЧȯ̻Ɠч� Block ¢Ўπv� 2 ��ÔéÃ±�œşv}`{�|��ÞÃ¹

âʘ�ϴ��i��_ƋЊϿΨʘ� 6,436,328 �e�`̏ņƽ͓ˆĔ��_̇ηʟƎ�ƴ̤ұt 10 

Ӌ_ƴ̤Ҩђ 3.0 m/s ¢÷h}`ƴ̤Ҩђ�_̏ņĹѵƃǅĹ�Ҩђǥ̟ķ¢żυ�ЎǤv}Һ0.1 

m/s đô�ķ�ip�ȞƮķ�ъfķһ`ǥ̟¢ϯ�}ЈˊǵЧ�x�ǥҰʠЎ�ȣf¬îÕë»

×î»�ȯ����i�_{�Ɠч�ȯ̻�ĝȆ�e�}`t��_ҨôĹ℃ 50 m �΋ƭ�e�

}}�_ҨђѮͤÕéÓ¤§ç��lÿŜҺs= 0.2һ�ɂg���v}`�lÿŜ��Ā̏ƽ͓Ȇ

�̏ђœȖȰ�°��_ƽ͓Ȇʰt¢t_ü̏ђȩ¢U 0 �x��_̏ђ u�œȖ�đõ�Ȱ�÷

h���  ̀

�}_̏Œƽ͓ˆĔ�v�ϴҖƫšP = 0¢÷h}`ƿƽ͓ˆĔ�_ƭϴҖđǅ�ƿҖ¢Óæî

»æÃÕ_ƭϴҖ¢Ìî»æÃÕ�v}`Ǧō˹̏�ȸҙ¢Ž�xĀ̏ßÆç�ѷv��_đѽ�

ͷxё�_Бϯƅώ�4·ҧ�ұè§Ìç¼ʘƱ�k-ußÆç¢˷уv}ô�΢ȩ˜Џ¢ϯ�}  ̀

 

 

 

 

ƨ5.4� üÓÇæç¥STREAMЈˊǥϯɫҝ 
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5.1.4 ´u�È 

CFD ¹Üâèî¹äëßÆç�ѷx�΢ȩ˜Џ�ȯΞœѩ�if��ǆn�ʹΊk�t��f

�[101-105]̀ ʟ̇�v��_Ҩ̌ǥҰ×_ǥǈ»³îç�ȯ̻��ǥЏǥҰ��˷уke�_ǵЧ

̻�v��_˷у̀͝fȂĞ΋Ѷ¢ǵЧj�_Ͻʘ�ҋƋĞǞkú�ϱŬèÖç��ˡa�e�`

ˁʹΊ��_Şьv}ǥǈ»³îçǥҰ˘��ǥ̟ÆîÀ¢ĥ͍v�_ßÆç�΢ȩ˜Џ¢ϯ�}`

ǥ̟ʽѶ�2020ȟ1ʷ21ʣj�22ʣ�2ʣѶ�e�}`°�ʽѶ�g�_ҺҾһ˷у͝ҨƎíҨ

ђkǠǤv�f} 8:00 j� 20:00 �ÆîÀ_ҺҿһΎҖŞʟ� 2 ˫ŀеҘ̈ҨђЊ�Ўπ̱�if

�ūҨҺ0°m22.5°һ¢ͷxÆîÀ_ҺӀһΎҖŞҖ�Ǧō�žʟ�if�Ҩђķk 0.1 m/s đô�Æ

îÀ_� 3ˆĔ¢̢}xÆîÀ��¢ɵΡv�_ƩǤҨђ���ǤȚЈˊ�ßÆç΢ȩ˜Џ¢ϯ�

}  ̀

Ā̏�ЊΚʟ̇��ǈln_ͤʅʘķЊΚӄDNS_è§Ìç¼ȞƮßÆçӄRANS_åîºªÆ

¦î¹Üâèî¹äëӄLES� 3�ke�[106]̀ °�g�RANS�ʶ��nĥ¡��Ā̏�ЊΚʟ

̇�e�_ҕǤȚ͇Ч¢ʀh�fĐ¡��_ЊΚЂˤ¢ǈδ�õq�°�k�l�`ˁʹΊ��_

ǅѣ͊ƽ�ǂŪ_̼�Ҩђ�ǂŪkǦō�˹̏œȖ�÷h�ȸҙ¢Јˊx�°��ͣ͝�zy_ð

ϴ5.1� ʘķЈˊЊΚˆĔ 

 

CFD Code STREAM
Discretization Scheme 
for advection term First order upwind scheme

Algorithm SIMPLE

Domain volume (m) Root; 132�152.6�68.7 (m)
Block; 12.4�9.7�8.7 (m)

Standard length (mm) Root; 225 (mm)
Block; 60 (mm)

Mesh elements
Root; 71�68�44=212,432
Block; 233�168�159=6,223,896
Total 6,436,328 elements

Reynolds number 1.67�106

Boundary condition

Inlet 
Velocity : 3.0 m/s
Reference height : 10 m
Exponent α=0.2

Outlet Fixed static pressure

Walls Wall : No slip
Symmetry : Free slip

Turbulence model Modified LK k-εmodel
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Ǥ�ǅѣҨ¢̏ņˆĔ�v�ЎǤv_ƌwˆĔõ�ѵƃѣɓ̾¢ǂŪtz_Ǧō�˹̏œȖ�÷h

�ȸҙ¢��ǆn�³î»�Јˊx�°�kͣ͝�e�}�_RANS ¢Ѣɶv} R̀ANS ��ǆn

�ßÆçkѵ͙t��f�k_ȯΞœѩ�Ř͍t��°��ǆfұè§Ìç¼ƱßÆç�ûj�_

üÓÇæç¥�ĥ͍ƅώ� 4·ҧ¢˷у˜Ћv}`°°�˜Ћv}Ā̏ßÆç�_ˣ̤ k-u_RNG 

k-u_ʒϝ LK k-u_MP k-u�e�`�}_΄̏»¯îÝ��fn�jʟ̇ke�k_ȯΞǦō΋

Ѷ�Јˊ��n͍f���f��k QUICK ̇�ð˫Ҩôȓœ̇�e�[99, 107]̀ {�}�_΄̏»

¯îÝ��f��°�2·ҧ¢˷у˜Ћv}  ̀

ϴ 5.2 �_Ǧō 3 ΙɨҺN2_C2_S2һ�ǥ̟ķ�¹Üâèî¹äëЈˊķ��ͥѷĬʘҺRһi

��RMSEҺȞƮȞʟ 2ÿИȓһ¢ͷx`΄̏»¯îÝ 2·ҧ�Ā̏ßÆç 4·ҧ¢˷уv_Ŏ͇

ɓ�І̱j�_ˁʹΊ��ðʬҨôȓœ̇�ʒϝLK k-ußÆç¢ʄ͍v}  ̀

ϴ5.2� Ɗȓœ»¯îÝi��Ā̏ßÆç���Јˊķ�ǥ̟ķ�ͥѷĬʘ�RMSE 
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5.2 nç#B) 

ϴ 5.3�ͷx�g�_̏ņĹѵƃѣ�Ύ¢ǵЧ�ѵѴʟȰíѵlЇȩíλ˥˷�3ϿΨ¢˷уv

}`̏ŒĹѵƃѣ�ŴΦѵƃ�ƩǤv}`Ύ�ѵѴƱȰ��ҕȚ�ǆn�·ҧkǛƬx�k_ˁʹ

Ί��ѵѴƣрс�ƎlҺưͤj˺Ȟjһ�{�ĜπҺѵƃ�Βѣjûǋjһ�̉ͣv� 4·ҧ¢

Ѣɶv_°���®å»�ǛƬv�fŴΦѵƃ¢ţh} 5·ҧ¢˜ЋǵЧ�v}`x�¡�_ŴΦ

ѵƃҺSimpleһ_ǅѵlΎҺCasementһ_λсƣрΎҺVertical pivotһ_˥сƣрΎҺHorizontal pivotһ_

΍lŒvΎҺTop-hungһ� 5 ·ҧ�e�`сƣр���ѵѴx�Ď�Ύ·�_°���fy�j�

̎͋jΫ�Ƌ¡z�ʀh�°�k�l�`�}_сƣрʟȰ�Ύ·����ʭŽv�f����v

�ȱќfΎ×ôqõqΎ��ke�k_°���»å§Æ¦ë²ʟȰ�Ύ·�ѵʬ�҇ǚ×®å»

�΍Œk̴f}�ŴΦѵƃ�έˍj�ʆ̟�l��υh}Һϴ 5.4һ`ŴΦѵƃđǅ�Ύ��f�

�Ҽ45l� 90l� 2 ё��ѵlЇȩ�œˊ¢ϯ�}`Ύ�λ˥˷k 1ӄ1 �ƸƋ_΍lŒvΎ��

g�ðчkƩǤt��f�Ύ·��_Їȩk 90lj� 45l�õk��̏ѪĬʘk℃ 8 ş���_

15l��℃ 5ş���ĝõx�°�j�_Їȩ 45lʿ̢��ёҨɓώkϥvnɗŪx��Ă̟t�

�}�˜Ћv�f`�}_̏ņĹѵƃҖΉ¢℃ 1.44 ï�ƩǤv_λ˥˷ 1ӄ4Һ600n2400һ_1ӄ2

Һ850n1700һ_1ӄ1Һ1200n1200һ_2ӄ1Һ1700n850һ_4ӄ1Һ2400n600һ�5·ҧ¢˜Ћv}  ̀
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5.3 nçµ� 

5.3.1 ²�Ø×xv�Ø�Äu�D��yà 

ƨ 5.5�_Ύ�λ˥˷k 1ӄ1�_ѵlЇȩk 45°�ƸƋ�ΎѵѴȶȰŗ�ǦōҨђœȖ¢_ѵƃ

ѣûɊсô�ѮͤʝҖ�˺ȞʝҖ�ͷx`ѮͤʝҖƨj�_ŴΦѵƃ_ǅѵlΎ_λсƣрΎ��

ѵƃѣĜπ�ȞƮ℃ 1.5ӌ1.6  m/s Άȩ�̏ņҨk××õƎl�Ƒlш�°�kœj�`°��_ǅ

ѣҨkǅƿûǋďъ¢ûɊ�ʓǷη̾�œʗv}έˍ_ѵƃѣďъ�ʅъ̏�ǅƿ�̄��××õ

Ǝl�̏��}��e�`ǅѵlΎ�λсƣрΎ�̏ņҨ�řћиҍ�ŴΦѵƃ���ͳfk_Ŵ

Φѵƃ�ƌˡ�Ǧō�Ɇ͊Ҩ¢ȶɣv_ȂĞèÖç�Ҩђ�ҕȚ�Ȳn_ǉĆďъ�Ҩђkұn�

�`ðʟ_˥сƣрΎ�_҇ǚ�҅���}ѵƃѣ�ôѣ�õѣ�{�|��Ҩk҇ǚ�̄��×

×ôƎl�̏ņx�`ǉĆďъ�Ҩђkȴn_ȥďъ�Ҩђ�Ȳn��`�}_΍lŒvΎ�_õ

Ǝl�̏ņҨ�ȸҙ¢Ƃp�nf}�Ҩ���ͩ�ͤo�̏ņv_ȂĞèÖç�Ȳf̏ņҨk{�

��Ƒlш�`ƌˡ�_˺ȞʝҖƨ¢Ё�fn�_ŇĠ͝���ΎѵѴȶȰ�ѵƃѣďъ�ҨƎl

k××ƈƎl�̏��f�k_°��ǵЧ�x�ǥҰǦҺRoom Aһ�ѵƃѣkȯ̻ƿҖ�ûɊ�

��ƈɫ�Ĝπx�}��e�`ŴΦѵƃ�ǅѵlΎ�_ѵƃѣûɊұtҺx�¡�ȂĞèÖçһ

�Ǧûǋďъ��Ҩђkȴf`ðʟ_λсƣрΎ�_45l�ѵp��}҇ǚ�̄����ƈǫ��

Ҩk̏ņv�v�f_Ǧûǋ¢Ҩkё��f`�}˥сƣрΎ�_ȂĞèÖç�ȴfҨђkɃ��

���ѵƃѣďъ���e�  ̀

ϴ5.4� ü�Ύ·�œҧ�ˁʹΊ��˜ЋΎ· 
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βf�_ƨ 5.6 �_Ύ�λ˥˷� 1ӄ1 �_ѵlЇȩ¢ 90l�ƸƋ�ǦōҨђœȖ¢ͷx`Ѯͤ

ʝҖƨ¢Ё��_�yŇĠ͝�_ѵlЇȩ 45l�ƸƋ���̏ņҨ�řћиҍkѲn���i�_

Ǧō���ȣΝƧ�ȂĞèÖç�ȴfҨђ¢Ƀ�°�k�l�`ƊΎ¢˷уx��_ǅѵlΎ�λ

сƣрΎ�_45l�ƸƋ���̏ņҨkõƎl�Ƒlш£�i�_Ǧōȿʟ��ȂĞèÖç���

ĝfĜπ¢Ҩkё��v�g`ðʟ_˥сƣрΎ�΍lŒvΎ�_̏ņҨkͩ�ͤo�Ƒlш£�

i�_˥сƣрΎ�ʟkǦōȿʟ��ȂĞèÖç�ұfҨђ¢γɽv�f�`ѵƃҖ�ȞƮ̏ņҨ

ђ���£�ȓkЁ���j�}k_ΎûɊĜπ�Ҩђ��ȓke�_΍lŒvΎ 1.77 m/s �ǵv_

˥сƣрΎ�℃1.3Ĵ�2.28 m/s�e�}`°�°�j�_ùφ�ёҨѪ�ƌΖ�e�k_˥сƣр

Ύ�ʟkΩnђf̏ņҨ¢ёx°�k¡j�`�}_ѵƃѣ�ǅĹ�̉ͣx��_ǅѵlΎ�ʶ�

ҥϥ�e�k_ǅĹ�ѵf}҇ǚ�ϴҖ�̄��Ҩђkȴ���i�Һʶǈ�℃ 2.4 m/sһ_҇ǚk

ȯ̻ʅъ̏¢Ɓ�ш�æ¦ëÈ¯àÃÂàî�ļl¢v�f�°�k¡j�`ǅѵlΎ�ŴΦѵƃ

��ѵƃҖ�ȞƮ̏ņҨђ���£�ȓ�Ё���fkҺ0.1 m/s Άȩһ_ǅѵlΎ�ʟkǦōûǋ

ďъ��˷у͝ȴfҨђkγɽt��f�  ̀

ƨ 5.7 �_Ύ�λ˥˷ 1ӄ1_ѵlЇȩ 45l� 90l�ƸƋ�_ѵƃҖҺѵƃѣǦōĹѮͤҖһi

��ѵƃѣûɊұtҺȥô 1.5 m �Ǧō˺ȞҖһ�ҨђœȖ¢ͷx`ѵƃҖ�ȞƮҨђkŴΦѵƃ

Һ℃ 1.62 m/sһ���ђfΎ�_ѵlЇȩ 90l�ǅѵlΎ�˥сƣрΎҺ℃ 1.70 m/sһ�e�}`°

���Ύ�_ŴΦѵƃ���ǆnҨ¢Ɓ�ш�°�k�l��Љh�`�i_ǅѵlΎ�ѵlЇȩ

45l�e���ŴΦѵƃ�ƌΖ�e�}`{v�_ȥô 1.5 m �ǦōȞƮҨђkʶ�ұj�}��_

ѵlЇȩ 90l�˺ȞƣрсΎ�e�}`vjv_ðʟ�_ˈų¥º¥ϧʰƭ�ѤȕĞǞ�͇̾ʶ

�ðϜ͝�΍lŒvΎ�_ǥ҆�͋̍¹îë�if�ѵlЇȩ� 45l¢õƣ��υh���k_

45l��ѵp}ƸƋ��_ѵƃҖȞƮҨђ�ȥô 1.5 m ǦōȞƮҨђ���ŴΦѵƃ��ĝfέˍ

���}  ̀
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5.3.2 Ø]�¸���D��yà 

ѵlЇȩ 90l�ƸƋ�_ѵƃλ˥˷¢ 1ӄ4_1ӄ2_1ӄ1_2ӄ1_4ӄ1 �ǂŪtz}έˍ¢_Ɗ

Ύ·��f�ƨ5.8_ƨ5.9_ƨ5.10_ƨ5.11_ƨ5.12�{�|�ͷx`̏ņҨ�Ƒlш�Ǝl�_λ

Ѳ�e���˥Ѳ�e���ƌˡ�_ŴΦѵƃ_ǅѵlΎ_λсƣрΎ�õƎl���`ðʟ_˥

сƣрΎ�΍lŒvΎ�ͩ�ͤo�̏ņx�k_˥сƣрΎ�Ǧōȿʟ��řћx���ǵv�΍

lŒvΎ�xo�̜ϵx�`°�˹̏�řћиҍ�ќf�_λ˥˷k˥Ѳ 4ӄ1 �ƸƋ�ʶ�ҥϥ

�e�Һƨ5.11 (a) ż̷һ`Ö±Ççƨj��_˥сƣрΎ��ƿҖʅъ̏¢҇ǚ�ôõj�Ǧō�

ȱlш�_ôõҖ�҇ǚ�ʅx�ѣœ�ȴf˹̏���_̏ŒĹѵƃ��ͤіv�f�°�kkΏ

h�  ̀

 

ƨ5.7� ѵƃҖi��ȥô1.5 m�ҨђœȖ 
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˫�_ѵƃҖȞƮҨђ�ȥô1.5 mǦōȞƮҨђ¢ƨ5.13�ͷx`ѵlЇȩ45l�ƸƋ�_ѵѴ

ȶȰ����ѵƃҖ�ȞƮҨђ�ќfke�k_ѵlЇȩ 90l�ƸƋ�_˜Ћv}Ň��ѵѴȶ

Ȱ�℃1.6ӌ1.7 m/s���_λ˥˷�ǂŪ���ȓ�ǻtj�}Һ0.1 m/sʿ̢һ`ŷ�_ѵƃ�λ˥

˷�Ǧō�ʉ˹Ѫ��{���ȸҙv�f°�kœj�`�}_ҕȚ�ϛƔ̖f°��_ȥô 1.5 

mǦōȞƮҨђ�έˍ�_˥сƣрΎ¢˥Ѳ�ǂŪtz}³î»k΍Œv�ϝfķ���}`λ˥

˷4ӄ1�³î»�_ȥô1.5 mǦōȞƮҨђҺ℃0.85 m/sһ�ѵƃҖȞƮҨђ�℃50%¢γɽv�f

�`°��_90l�ѵp��}˥сƣрΎ�˺Ȟ�҇ǚkµ¥ëÁťˍ����Ɠч�˹̏¢Ɓ�

ш�_҇ǚďъ�Ҩђkȴ����}�~�υh���`˥сƣрΎ�_ƌˡ�Ňѵʬ�҇ǚk˺

Ȟ���΍lŒvΎ�˷��_°�µ¥ëÁťˍk҇ǚ�ùҖ�͙͋x�`�}_ˁʹΊ�Аĩƴ

̤�v}ȥô 1.5 m ұtk_˥сƣрΎ�҇ǚĜπ���g�ðϙv}}�_µ¥ëÁťˍ���

Ҩђƾţ�ťˍkҥϥ�͇�}�υh���  ̀

 

ƨ5.13� ΎѵlЇȩ45li��90l�ƸƋ�ѵƃҖi��ȥôұt1.5 m�ȞƮҨђ 
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˥Ѳ�˥сƣрΎ¢ 90lѵp�ƸƋkťˍ͝�e�°�k¡j�}k_t��_ʶϝ�λ˥˷

¢̼Ǥx�}��_λ˥˷¢ 7ӄ1 ��ǂŪtz�эţ˜Ћ¢ϯ�}`ƨ 5.14 �έˍ¢ͷx`λ˥

˷k4ӄ1đô��_ȥô 1.5 mǦōȞƮҨђ�ƾţşƋkǻtn��`°��_ѵƃѣ�ǂȶ��

�ȶ̾ɷɳkƾţv�̏ņҨђk̜ϵv_µ¥ëÁťˍ���Ҩђƾǈœ¢ͥ˴v}}�~�υh

���  ̀

5.3.3 Ø��ÝkI¹AÖ��D��yà 

ŞҜ���˜Ћ�_ǦōȂĞèÖç�ʶ�ұfҨђ¢Ɓ�ш�}ѵlЇȩ 90l�˥сƣрΎ¢

ǵЧ�v�_t��ťˍ¢ұ��}��Ňѵʬ�҇ǚ�Ĝπ�Ѳt��f�œˊv}`Ĝπ��f

��_҇ǚkx��ǦǅĹ�e�ƸƋҺOutsideһ_x��ǦōĹ�e�ƸƋҺInsideһ_ōǅ�ƮΖ

�Ѳt�ȳ�Œv}ƸƋҺHalf + halfһ� 3 ё�¢˷уv}`Ѳt��f��_°°��ǥ҆�Ύ�

ѵѴ˧ˠ¢̴Ѓv�_ѵƃǴ̇¢ƩǤv}���_҇ǚ�ѲtҺѴʬ�λǴ̇�e}�Ѳtһ¢

150 mmj�1200 mm���8ё�¢˷уv}Һϴ5.5_ƨ5.15һ  ̀

ƨ5.16�ѵƃҖȞƮҨђ�ȥô1.5 mǦōȞƮҨђ¢ͷx`έˍj�_҇ǚ�Ĝπ�OutsidekĎ

� 2����ѵƃҖȞƮђȩkȴnҺ℃ 1.6ӌ1.8 m/sһ_��ǆn�Ҩ¢Ǧō�Ɓ�ш��°�k¡

j�}`Outside�_҇ǚ�Ѳtk450 mmđô�ѵƃҖȞƮђȩkɇƾv}`ȥô1.5 mǦōȞƮҨ

ђ�_҇ǚѲt150 mm��Ĝπ Insidekϝn_300d600 mm��Half + halfkϝn_750 mmđô��

Outside�Half + halfkƌΖ�ϝfέˍ���}`}~v_Ѳt450 mmđô��ȥô1.5 mȞƮҨђ�

��£�ǂŪk�j�}  ̀

ƨ5.17�_ŴΦѵƃ�˥сƣрΎҺλ˥˷4ӄ1_Їȩ90l_҇ǚѲt600 mmһ�_̏ņĹѵƃ

j�̏ŒĹѵƃ���ѵƃѣûɊсô�ҨђœȖ¢ͷx`ŴΦѵƃ�_̏ņȿ�Ҩђ�̜ϵkɒ�

 

ƨ5.14� ˥сƣрΎҺѵlЇȩ90lһ�ip�λ˥˷�ȥôұt1.5 mȞƮҨђ 
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e�_Ǧûǋ��ɫŞ�˹̏¢ɜw���fèÖç��ĝõx�`ðʟ_˥сƣрΎ�_̏ņʬ�

ҨђkŴΦѵƃ���ұnҺ℃ 2.2 m/sһ_̏ņȿ�Ҩђ�̜ϵ�ι×j�_̏ŒĹ��e�Άȩ�

Ҩђkγɽt��`҇ǚ�Ĝπ�ͮͣx��_Inside� Half + half �ǦōĹ�҇ǚkȳ�Œv}ѣœ

�Ҩђkȴ��k_̏ŒĹѵƃ���ŇĠ¢Ё��Outside�ʟkҨђ¢į�°�k¡j�  ̀

ɂ��_҇ǚѲtkΖvfƸƋ_҇ǚ�Ĝπ� Outside kʶѠ~�υh���`̏ņҨ¢ƾţt

z_̏ņȿǦō��ͤіɓ¢ұ�_Ǧō�ȂĞèÖç�Ҩђ¢į�}��ёҨx�°��Ѡx�  ̀
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ƨ5.17� ҇ǚѲt600 mm�˥сƣрΎҺѵlЇȩ90lһ� 
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5.4 ±�è������½ÉM 

5.4.1 ÉM�� 

ŞΜ���˜Ћv}ѵƃѣȶ̾kʉ˹ɓώ�÷h�ȸҙ��f�_Аĩƴ̤�΋˹Ҷ¢͍f�

œˊv}  ̀

Đϴ͝�ʉ˹ͅАĩɾˣ�v�_ʉ˹Ѫ×{�¢ǦōǪΉ�Ҁv}ʉ˹ƣʘkɿq���`°

���ɾˣ�_ʣˁ�if��ȯ̻�ĥ͍͍ѐ×ĥ͍ĉʘ������ɋϿ�ķ¢˼��ʟ̇k͵

ΐt��i�_ҡξ�ĥ͍t��f�[108]̀ ȯΞƴ̤̇��_Ϙ̶ʉ˹���ƸƋ_ȂǦ�ɋϿ�

t��ʉ˹ôʸť�ѵƃҖΉ�ȂǦȥҖΉ�1/20đô�Ǥ����f�`ðʟ�_Ħh�_̸α�

§ëÈË¹¥��Ϙ̶ʉ˹�ƴ̤�ѵƃѣ�Ĝπ×ʟЇ�Ǥ����i�_ЯЭƱňƞҋƋĞǞ�

if��t��ʣˁƌˡ�ȥҖΉ 5% đô�ѵƃҖΉ�fgƴ̤ke�[108]̀ �}_ʉ˹Ѫ�_Ǧ

ǪѪ�ǵx�ѵƃҖΉj�e�Άȩɰʊƅώ�_Şь��g�ʧ͵�ƴ̤ke�°�kǆf}�ʉ

˹ɓώАĩɾˣ�v�ǆnĥ͍t��f�  ̀

Ǧō�ip�˿ˎб�ɻʗɓ̾¢Аĩx�ʉ˹ťͅɾˣҺScale for Ventilation Efficiencyһ��_˅

ô�[110]����ʈ˕t�} SVE1ӌSVE3 ×_ǻˋ�[111]����ʈ˕t�} SVE4ӌSVE6 ��k

e� S̀VE1 �e�˿ˎ̣�ǵɍv�Ƀ���ǦōȞƮ̫ȩ¢Ͱʬðˡɻʗ̫ȩ�ƴ̤Ūv�Ǥς

t�}ǦōȞƮ̫ȩ�{�œȖ¢ϴxɾˣ S̀VE2 �e�˿ˎ̣�ǵɍx�̫ȩœȖ� 2 ˫ßîÞ

ëÇ¢ǦōȞƮ̫ȩ�ƴ̤Ūv_{�Ȟʟ˒�Ǥςt�}˿ˎб�ȞƮɻʗŰȼ�{�œȖ¢ϴx

ɾˣ S̀VE3 �ƑlŒv΋˹k{�̱�řћx����ʬѶkѲf��˿ˎ�͵ΐkôʥx��f

gəǤ�ƴ�l_ƑlŒv΋˹�ȞƮřћʬѶ¢ϴxɾˣ�e� S̀VE4 �_{�ƑlŒv˹̏Ϙ

м�Ǧō̫ȩœȖ�Ǥςt��_ƑlŒvƃ�͊ƽȶɣǫ÷ͅɾˣ S̀VE5 �{�Ɛfш�ƃ¢ά

�Ǧǅ�ʂŒt��΋˹�Ǧō��œȖɓ̾¢ͷx_Ɛfш�ƃ�͊ƽȶɣǫ÷ͅɾˣ S̀VE6 �

{�̱¢ёљv}΋˹kʂŒt�����ȞƮʬѶœȖҺ΋˹ĢƖœȖһ¢ͷxɾˣ�e�`΋˹

Ҷ_΋˹ĢƖ_̥ƬʬѶ�ѷx�˟ɐ¢ƨ5.18�ͷx[112]̀  

ʉ˹Ѫ���Аĩ�Ǧō�΋˹¢ǡŇ̗Ƌ̾ɝ���vȞƮ͝�ʉ˹ťͅ¢̟�ɾˣ�e�`

ðʟ�_΋˹Ҷ�Ǧō�öƮð�˹̏œȖ¢Аĩx�°��΋˹����Ʋ×ȁɨɆ͊Ʋ¢Аĩx

�°�kƅώ�e�_Ǧō�˿ˎбœȖ×ʉ˹ťͅœȖ¢υɠv_Ǧō΋˹͊ƽ�ȁɨŚɄ¢ͣ͝

�x�ƸƋ�ʸť�Аĩʟ̇�e��fh�`ˁʹΊ��_ѵƃѣȶ̾�ÏåÞîÀ¢ǂŪtz_

Ǧō΋˹ҶœȖ�ɜȩœˊ¢ϯg°�����̏ņҨkǦō����g�řћx�j¢Аĩv}  ̀

ƨ5.19�Ǧō�΋˹ҶœȖ¢Јˊx�}��Ǧō�œşʟ̇¢ͷx`ǉĆұ3m�Ǧō¢ưͤʟ

Ǝ� 3��ұt�œşҺLow_Middle_Highһv_ȥҖΉ℃ 5 n 5 = 25ï�Ǧō¢ˈj�Ͼ�ҺҨô
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j�Ǝj��Ȓj�ƈ�һC1ӌC5 �œşv_ūj�ų�ҺҨôj�Ҩõ�һR1ӌR5 �œşv}`

ƋЊ5 n 5 n 3 = 75jɨ�΋Ѷ¢Ǥ�_5 cmѶ҅�΋˹Ҷ¢ΚŒv}  ̀

 

ƨ5.19 � ΋˹ҶАĩ�}��Ǧōœşʟ  ̇

 

ƨ5.18� ΋˹�ȟҶ 
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5.4.2 ²�Ø×xv�D��yà 

ƨ 5.20�_˜Ћv}5·ҧ�ΎѵѴȶȰ��f�_λ˥˷k1ӄ1�ѵlЇȩk45l�ƸƋ�Ǧ

ō΋˹ҶœȖ¢_ѵƃѣûɊсô�˺ȞʝҖ�ѮͤʝҖ�ͷx`˺ȞʝҖ�˷уx��_fy��

ˈǫ��Ļf�̏ņҨkƑlш�ȸҙ�_ˈĹ�΋˹ҶkϾĹ�˷��ұn��`ǅѵlΎ�_Ǧ

ōŇĠ�΋˹Ҷk℃ 1.0 Άȩ�Ď�˷��ǻtn_ƮΖ�œȖv�f�`λсƣрΎ_˥сƣрΎ_

΍lŒvΎ�Ǧō�ˈĹ�ȣfΝƧ�΋˹Ҷkұn��`̼�_˥сƣрΎ�΍lŒvΎ��Ǧō

���ȣfΝƧ�΋˹Ҷk 2.0 đô�ķkǈln��`ѮͤʝҖ�˷уx��_ŴΦѵƃ�ǅѵl

Ύ�΋˹Ҷ�Ď�˷��ǻtn_ŴΦѵƃ����ұt�΋˹Ҷ�ķk℃ 1.0 Άȩ�ƮΖ�œȖv_

ǅѵlΎ��ȥďъk℃1.4�××ұf`λсƣрΎ�ŇĠ͝�΋˹Ҷk℃2.0Άȩ�ұf`˥сƣ

рΎ�̏ņҨkôƎl�Ƒlш�}�Ɇ͊v_ǉĆďъ�ȥďъ�΋˹Ҷkͥǵ͝�ĝn��`΍

lŒvΎ�̏ņҨk˟�ͩ�xo�Ƒlш�k_ǉĆďъ��℃2.0Άȩ�ұf  ̀

ƨ 5.21 �ˈϾœşi��ųūœş��΋˹ҶœȖ¢{�|�ͷx`ˈϾœş�˷уx��_µ

ëÀîƨ��Ё��}ё�_x���ΎѵѴȶȰ�Ǧō�ˈĹkϾĹ�˷��΋˹Ҷ�ķkұf`

û��_΍lŒvΎ_λсƣрΎ_˥сƣрΎkɗn_��ұtèÖç�if��ˈĹ�Ҩřћ�

ʬѶ¢Ͽv�f�`ųūœş�˷уx��_΍lŒvΎ�ŇĠ͝�΋˹Ҷkұf`λсƣрΎ�̏

ņĹѵƃďъ�΋˹Ҷkұf`˥сƣрΎ�ȥô 1d2 m �̏ŒĹ�΋˹Ҷkұn_ǉĆďъ��

ÎåÄ¯kǈlf  ̀
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� (a) ̍ Ͼœş 

 

ƨ5.21� ѵƃλ˥˷1ӄ1_ΎѵlЇȩ45lƸƋ�Ǧō΋˹ҶœȖ 
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� (b) ųūœş 

 

ƨ5.21� ѵƃλ˥˷1ӄ1_ΎѵlЇȩ45lƸƋ�Ǧō΋˹ҶœȖҺβlһ 
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ƨ 5.22 �_λ˥˷k 1ӄ1_ѵlЇȩk 90l�ƸƋ�΋˹ҶœȖ¢_ΎѵѴȶȰŗ�_ѵƃѣû

Ɋсô�˺ȞʝҖ�ѮͤʝҖ�ͷx`˺ȞʝҖ�˷уx��_ǅѵlΎ_˥сƣрΎ_΍lŒvΎ

��ѵlЇȩ 45l�ƸƋ�ƌˡ�ǦōˈĹkϾĹ�˷��΋˹Ҷ�ұ��e�k_ѵlЇȩ 45l

�ƸƋ���ŇĠ͝��ĝn���f�`λсƣрΎ�_̏ņĹѵƃ�ùϏ�΋Ѷ�΋˹Ҷķk℃

1.4ӌ1.8 �ұf`˫�ѮͤʝҖ�˷уx��_×��Ň��Ύ·�ѵlЇȩ 45l�ƸƋ���ŇĠ

͝�΋˹Ҷkĝf`ŴΦѵƃ�ǅѵlΎ��̏ņҨkõƎl�Ƒlш�k_℃ 1.0 Άȩ�΋˹Ҷķ

kǦō�˟�ƮΖ�œȖv�f�`°��Ǧō�ȥďъj�ǉĆʟƎ�΋˹kɆ͊x�}��e�`

�}_̏ņҨkͩ�xoƑlш�˥сƣрΎ�΍lŒvΎ��ǦōŇĠ�℃ 1.0ӌ1.2 �΋˹Ҷķk

ƮΖ�œȖx�k_˥сƣрΎ��ȥďъ�_΍lŒvΎ��̏ņĹǉĆďъ�΋˹Ҷ�××ұf

ªæ¥k�l�  ̀

ƨ 5.23 �_ˈϾœşi��ųūœş��΋˹ҶœȖ¢{�|�ͷx`ˈϾœş�˷уx��_

ŴΦѵƃ�˥сƣрΎ�_ǦōˈϾ�ȓ�e����_ÎåÄ¯kǼ�nǠǤv�ĝf΋˹Ҷ�e

�`ǅѵlΎ� LowdMiddle ұtèÖç�΍lŒvΎ� MiddledHigh �_ˈĹ�΋˹Ҷkұfķ�

e�`˫�ųūœş�˷уx��_λсƣрΎ�΍lŒvΎ��̏ŒĹѵƃ�ъf��΋˹Ҷkұ

n��`˥сƣрΎ�ŴΦѵƃ�_ķ�ÎåÄ¯kǼ�nŇĠ͝�΋˹Ҷkĝf`Љfʉh��_

Ǧō���Ƹɨ��ʞҳ�˹̏¢Ƀ��×xf��_˥сƣрΎ�ŴΦѵƃ~�υh���  ̀
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� (a) ̍ Ͼœş 

 

ƨ5.23� ѵƃλ˥˷1ӄ1_ΎѵlЇȩ90lƸƋ�Ǧō΋˹ҶœȖ 
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� (b) ųūœş 

 

ƨ5.23� ѵƃλ˥˷1ӄ1_ΎѵlЇȩ90lƸƋ�Ǧō΋˹ҶœȖҺβlһ 
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5.4.3 Ø]�¸���D��yà 

ΎѵlЇȩ 45l_ѵƃλ˥˷¢λѲ�1ӄ4�v}ƸƋ�ΎѵѴȶȰŗ�Ǧō΋˹ҶœȖ�έˍ

¢_ѵƃѣûɊсô�˺ȞʝҖ�ѮͤʝҖ�ƨ 5.24�ͷx`ѵƃλ˥˷¢ 1ӄ1j� 1ӄ4�ǂŪt

z}ƸƋҺƨ5.20ż̷һ_ŴΦѵƃ��ǈl�ȓ�Ё���f`ǅѵlΎ��_ѮͤʝҖ�ȥďъ

�΋˹Ҷk××ұn��}`λсƣрΎ��_΋˹Ҷ�ұfгϞ�ƹ��}ªæ¥kǈδ�ɻǈv

}`я�_˥сƣрΎ��_ˈĹŰœ�̏ŒĹ�ûѶұt�ȣfΝƧ�΋˹Ҷk××ĝn��}`

΍lŒvΎ��}_ˈĹŰœ�ǉĆďъ�ȣΝƧ�΋˹Ҷkĝn��}`λѲѵƃ�ƸƋ_ƣрс

kλ�e�ǅѵlΎ�λсƣрΎ¢Űѵv}̾ɝ��_Ǧō����Ʋk͋w�v�gέˍ���

}  ̀

˫�_ΎѵlЇȩ45l_ѵƃλ˥˷¢˥Ѳ� 4ӄ1�v}ƸƋ�ΎѵѴȶȰŗ�Ǧō΋˹ҶœȖ

�έˍ¢_ƨ 5.25�ͷx`ѵƃλ˥˷¢1ӄ1j� 4ӄ1�ǂŪtz}ƸƋҺƨ 5.20ż̷һ_ŴΦѵ

ƃ��ͣΐ�}ќf�ЁƂp���f`ǅѵlΎ_λсƣрΎ_΍lŒvΎ�΋˹Ҷ�ұj�}Ι

ɨkѣœ͝�ʒƝt��`ǅѵlΎ��ȥďъk℃ 1.4 j�××õk�`λсƣрΎ��ˈĹ�ȣ

ΝƧk℃ 1.8 j�℃ 1.3 ��õk�`΍lŒvΎ��ˈĹ�̏ņĹǫ�� 2.0 đôj�℃ 1.4d1.5 �

õk�`ðʟ_˥сƣрΎ��΋˹Ҷk2.0đô�ªæ¥kɻǈv}  ̀

βf�_ΎѵlЇȩ 90l_ѵƃλ˥˷¢λѲ� 1ӄ4�v}ƸƋ�ΎѵѴȶȰŗ�Ǧō΋˹Ҷœ

Ȗ�έˍ¢ƨ 5.26�ͷx`ѵƃλ˥˷¢1ӄ1j� 1ӄ4�ǂŪtz}ƸƋҺƨ 5.22ż̷һ_��Ύ

·�if��ǈδ�ʒƝ�}�ɗŪ��j�}`ǅѵlΎ�΍lŒvΎ��_΋˹Ҷ�ұfªæ¥

kϠȝ̜Ǽv}`ðʟ_ŴΦѵƃ_λсƣрΎ_˥сƣрΎ��_΋˹Ҷ�ұfªæ¥kɇƾv}  ̀

ΎѵlЇȩ 90l_ѵƃλ˥˷¢˥Ѳ�4ӄ1�v}ƸƋ�ΎѵѴȶȰŗ�Ǧō΋˹ҶœȖ�έˍ

¢_ƨ 5.27�ͷx`ѵƃλ˥˷¢1ӄ1j� 4ӄ1�ǂŪtz}ƸƋҺƨ 5.22ż̷һ_λсƣрΎ�

�_̏ņĹѵƃ�ùϏ»×î»�΋˹Ҷkұj�}��kʒƝt�}k_ˈĹƿďъ�΋˹Ҷ 2.0

�ªæ¥k�l}`ŴΦѵƃ_ǅѵlΎ_˥сƣрΎ_΍lŒvΎ��ǈl�ȓ��j�}  ̀
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5.5 ³��� 

Ǧō�ȂĞèÖç�ť͝ͅ�Ϙ̶Ҩ¢Ɓ�ш���Ѡv}ѵƃѣɓ̾¢̀Ǥx�}�_ CFD Ј

ˊ����ΎѵѴȶȰ 5·ҧ_ѵlЇȩ 2·ҧ_ѵƃλ˥˷ 5·ҧ¢˜Ћv_Ǧō�˹̏œȖ�΋

˹ҶœȖ���Аĩ¢ϯ�}`Ƀ��}ͲЁ�đõ�ё��e�  ̀

• ΎѵѴȶȰ�ѵlЇȩ�_ΎҖŇĠ�ȞƮҨђi��ȥô*'.�AΆȩ�ȂĞèÖç�ҨђœȖ

�ǈlnȸҙ¢÷h}`ȯ̻ʅъ̏k××õƎl���ˁʹΊ�ˆĔ��_ǅѵlΎ�λс

ƣрΎ�Ύ�ѵlЇȩ�ɺ�y�̏ņҨkõƎl�Ƒlш�}�_ȂĞèÖç�Ҩђ�̜ϵ

v}`˥сƣрΎ�҇ǚҖ�̄��̏ņҨkƑlш�}�_ѵlЇȩ -.l��ôƎl���

ȂĞèÖç�Ҩђ�̜ϵv}k_ѵlЇȩ 2)l��˺Ȟ�Ƒlш£�ȂĞèÖç�ȞƮҨђ

kŴΦѵƃ���ƾţv}`ƌˡ�_΍lŒvΎ�ѵlЇȩ 2)l��ȂĞèÖç�ȞƮҨђ

kŴΦѵƃ���ƾţv}`x�¡�_˥сƣрΎ�΍lŒvΎ¢ 2)lѵp�ƸƋ�_̏ņ

Ҩ¢ȂĞèÖç�˷у̜͝ϵtzy�ёx°�k�l}`ţh�_°���³î»��ΎҖȞ

ƮҨђkŴΦѵƃ��ƾţv�i�_ǦŇĠ�ʉ˹Ѫ�ƾţ�ʽȽt�� �̀

• ѵƃλ˥˷k˹̏œȖ�÷h�ȸҙ�ðȾ���j�}`ŴΦѵƃ×ǅѵlΎ��_ѵƃλ

˥˷k*ӄ-×-ӄ*��g�ǈln���ȶ̾ɷɳkƾǈv�̏ņҨђkĝõv}`°�}�_

ѵƃλ˥˷-ӄ*�˥ѲΎ�e���_ѵƃλ˥˷*ӄҾ�˷уv}ȂĞèÖç�ȞƮҨђ�ƾ

ţşƋ�ǻtj�}`vjv_˥сƣрΎ�ѵlЇȩ 2)l��_Ď�ƸƋ��͗��_ѵƃ

λ˥˷-ӄ*�˥ѲΎ�ȂĞèÖçȞƮҨђkƾţv_Ҩђ,�A �ˆĔ�if�ŴΦѵƃ�℃

*'. Ĵ���}`°��_˺Ȟ�ѵp��}҇ǚ�ôõҖ�͋w�µ¥ëÁťˍ���˹̏ĭ

іťˍi��˹̏¢˺ȞʟƎ�ʙh�ťˍk_ȶ̾ɷɳ���̜ϵťˍ¢ôƣ�}}��υ

h���`λ˥˷¢t��˥Ѳ�ǂŪtz��_λ˥˷*ӄ*j�-ӄ*���ǦōҨђkɒ̪

�ƾǈv}k_-ӄ*j� 0ӄ*���ɇƾ�e�}`x�¡�_ċƣ˜Ћv}³î»�û��_

˥сƣрΎ_ѵlЇȩ2)l_λ˥˷-ӄ*đô�˥Ѳ�ΎÆö§ëkȥô*'.�AΆȩ�ȂĞè

Öç�ȴfҨђ�˹̏¢ёx��ʶ�Ѡv�f��Љh� �̀

• ˥сƣрΎ�ѵlЇȩ 2)l�ƸƋ��f�_Ňѵʬ�҇ǚ�Ĝπ�ǎϯʟƎ�Ǵ̇��f�

эţ˜Ћ¢ǥʠv}`҇ǚǎϯǴ̇kǈlf��ǦōҨђkȴ��}`҇ǚĜπ�_҇ǚŇ

Ġ�}�ŰœkȃǅĹ�΍Œx�ƸƋ�ʟk_ǦōĹ���΍Œx�ƸƋ���ʸť�e�

}`°��_ȃǅ�΍Œv}҇ǚkæ¦ëÈ¯àÃÂàî�ȹş¢ˍ}v_ȯ̻ʅъ̏¢�

�ǆnǦō�ЖǺx�}�~�υh���`vjv_҇ǚĜπ�ǎϯǴ̇�ťˍ�_Şь�

ΎѵѴȶȰ_ѵlЇȩ_ѵƃλ˥˷�ȸҙ�˷���ǻtj�} �̀
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• ΎѵѴȶȰ_ѵlЇȩ_ѵƃλ˥˷�_Ǧō�΋˹ҶœȖ�ȸҙ¢÷h}`ˁʹΊ��××

ˈ���̏ņҨkõƎl�Ƒlш�ˆĔ�e�}k_ŴΦѵƃ��̏ŒĹˈĹ�΋˹�̕�

Ʋk�l}`ǅѵlΎ�λсƣрΎ_i��_λѲ�ѵƃȶ̾�̏ņҨ�˺ȞʟƎ�Ļlk

ϻˮt��f}�_ǦōˈĹ��΋˹�̕�Ʋk͋w}`΍lŒvΎ�˥сƣрΎ_i��_

˥Ѳ�ѵƃȶ̾�̏ņҨ�ưͤʟƎ�Ļlkϻˮt��f}�_Ǧōôѣ�̕�Ʋk͋w}`

vjv_˥сƣрΎ_ѵlЇȩ2)l_λ˥˷ -ӄ*˥ѲΎ��_δȣfѵƃҖj�˺Ȟ�̏ņ

ҨkƑlш�}��ǦōŇĠ�΋˹ҶkǻtnƮΖ�œȖv}`ˁʹΊέˍ�ip�ʶѠ˕

�΋˹ҶœȖ�І̱��˷у͝ϝǒ�e��Љh� �̀

�

³î»»ÀÆ¦���_Ϙ̶ёҨ���ÏÃ¹Ô±îæë²�Ѡv}ΎÆö§ë�ʟƎɓ�Ē

Й¢Ƀ��}`°�έˍ�_͇̾�ǵЧĞǞ� 100ҹъf¹ç¥�ĥ͍t��f�΍lŒvΎ�˷

�_ǦōȂĞèÖç�ȞƮҨђ¢ǈlnƎô�l��υh���`ċȿ�_ǥ͊ƽ��ǥ̟˜Џk

ɋϿ�e�  ̀

�}_ˁʹΊ�_2Җѵƃ���±é»ÖëÂèî¹äë¢Şʈ�v�i�_ǤȚҨ�Јˊ¢ϯ

�}`ǥ҆�ĞǞ�Ҩ͊ƽ�ǆˡ�e�_1 Җѵƃ� 2 Җѵƃ{�|���ʶѠЈ�ʹΊ×_ҨƎ_

Ҩђ¢ǂŪtz��œˊ���΢ȩ¢ôq�fn°�kʽȽt��  ̀

�

�

�  
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6   

PKºp 

6.1 ¾ Óå���4-'7!B<@"�jw� 

3Α�Ʒƒv}ё�_ˈų¥º¥ϧʰƭ�ѤȕĞǞ¢əǤv}Ûèî¹¥��ϷҰφǥҰ�έˍ

j�_̸αȂĞφ�̸̞͉̼͋͝ɓ�e�ť͝ͅ�͙˾ϧ͙˧ώ���_Ϙ̶ʉ˹ßîÈ�̸ʓʗ

k»Ýî¼�ϯ¡��f�ˡǚk͵Еt�}`ǥ̟³î»¢ȞƮv}Ǧō͊ƽ�_˹̞ 29.0x_ͥ

ǵ̡ȩ 75.5ҹ_˹̏ђȩ 1.2 m/s �e�_SET*� 27.7x�e�}`ϷҰφ¢ȞƮv}̖ѣĠ̞Һψōһ

� 36.3x_ȞƮ͞ϕϴҖ̞ȩ� 32.5x�e�_ʢȻʹΊj�ʆ̟t��̸αȂĞφ�˚ǚȪǠҔʬ

�Ġ̞���ǈδ�ĝj�}`°��_ϷҰφkȞƮ�i�{ 1.7 Met �ĐРѪ�͋̍ϯŧ¢��

�f}ͤȿ�ȞƮ1.2 m/s�˹̏¢αβ͝�Ƃp}°��ϧ͙ɓ̸ʓʗkĭіt�_Ġ̞kĝõv}

�υh���`ζ͙˾Ѫ� 1.11 g/min �_̞αȂĞφ¢ǵЧ�v}ʢȻʹΊέˍ�˷��Ǽ�n_

̸αȂĞφ�͙˾ťͅ�ұtkͷt�}`̞Őɜ͐ƒ�ȞƮ� -0.23�_℃ 4ş�ϷҰφkb-2ӄ̔

vfc�}�b-1ӄǼv̔vfc�ƣΗv}`˹̏ɜ�ѷx�͐ƒ��_˹̏kbȴfcbǼvȴ

fc�ƣΗv}ϷҰφ���£�kb{����ϝfc�ɜw}ðʟ�_bȲfcbǼvȲfc�

ƣΗv}ϷҰφ���£�kb��ȴfc˹̏¢ǒ£~`°�ϷҰφǥҰ���_Ϙ̶ёҨ���

ÏÃ¹Ô±îæë²ɫ̇�_ˈų¥º¥�̸αȂĞφ�ǵv�̸̞͉͋͝�ǔȵɓke��υh�

��  ̀

4Α�Ʒƒv}ΎѵѴϯŧ�ǈЂˤЛˏ�œˊj��_ȂĞφ�ðʣ�̸̞ѠɍϯŧÏÀîëk

ʧ�j���}`ұ̞ǆ̡�Ѥȕ��_ª¥µë�ɨʸҽҕɨʸ�ѷ¡�y_8 şđô�øαkʣ

û��Ύ¢ѵʓx�ϯŧÏÀîë�e�} 2̀ şȲ�˲��øα�ðʣûΎ¢ѵp�fϯŧÏÀî

ë�e�}k_{�ȸҙϿƤ�v�_øαЂˤ�ǻtt_ƣΗφȟҶ�Ϡt_øαƀņ�ұt_ª

¥µëĥ͍ʬѶ�Ѳt_ƬǞʬѶ�ͳt_ϭ��ɢɐ_ҏ��ɢɐ_kѷєďp��}`°�g�_

ª¥µëĥ͍�_ϭi��ҏ��ɢɐ��f��ĞǞЎЊô�Кң�e�`̸͝ɏѠɓ�Ǝô×_

ϭĪņi��ҏƑlш��ɢɐ¢ɬɼx�°����_ȂĞφ�ΎѵѴϯŧ�ƂǪɓ¢t��ұ�
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�°��ƅώ~�υh���`͇Ƭ�ѠɍϯŧÏÀîë¢л�h�_Ϙ̶ёҨ���ÏÃ¹Ô±î

æë²ɫ̇�_ˈų¥º¥ϧʰƭ�ѤȕĞǞ�ȂĞφ�ǵv�ǔȵɓke��υh���  ̀

 

6.2 ¾ Óå���4-'7!B<@"�²/&�@ 

5Α�Ʒƒv}³î»»ÀÆ¦�έˍj�_Ǧō�ȂĞƲұt��ťˍ͝�ёҨ¢Ƀ���Ѡv

}ΎÆö§ë��f��ͲЁkɃ��}`˥сƣрΎ¢ 90lŇѵv}ƸƋ�_Ǧō˹̏�ʶ�˺

Ȟ�Ҩђ¢̜ϵzy�̏�}`°��_ѵƃѣûǋ�e�˺ȞҖҺx�¡�Ňѵ̾ɝ�҇ǚһ�ô

õ¢ёљx�˹̏k˺Ȟ�ʟƎďp���}��_j�_ȃǅĹ�΍Œv}˺ȞҖkæ¦ëÈ¯à

ÃÂàî�ȹş¢x�}�~�υh��}`�i_Ňѵʬ�҇ǚĜπ�_ǦōĹ�΍Œx�ƸƋ�

��ōǅ��}k�ƸƋ×ȃǅĹ�΍Œx�ƸƋ�ʟk_Ǧōȿʟ��Ҩђkγɽt��f}`ѵ

ƃǴ̇�λ˥˷�˥Ѳ 4ӄ1 ���˥Ѳ�����ťˍ͝�_{�đôɩȞ�v��ťˍ�e��

ȓk�j�}`�}_ѵƃǴ̇¢ǂhy�Ňѵʬ�҇ǚ�ǈlt��¢ǂŪtz}ƸƋ��_҇ǚ

kǈlf��ťˍ͝�e�}k_Ύ·×ѵƃλ˥˷���ϿΨ�˷��ȸҙ�ǻtj�}  ̀

ðʟ�_4Α�ʧ�j���}�g�_ȂĞφ�ΎѵѴϯŧÏÀîë��øαѶ�ǆˡɓke�_

Ͻʘ�ŋƱÏÀîëkǛƬv}`˹̞�ôʥx�ʣû�Ϙ̶ёҨ���±îæë²ťˍ¢˜Ћx�

ƸƋ_ʣû�Ύѵpϯŧ�ѻǨϿƤ¢ʂҀx�ɋϿke�`ˁʹΊ��_øαЂˤ�ǻtt×øα

ƀņ�ұt���øαȅɓ��j_ϭ×ҏ��ɢɐkȸҙv�f}  ̀

t��_ðϜ͝�˼����Ύ�ϿĔ�v�_Ύ¢ѵp}҆�҇ǚk΍Œx�°��ǠŇɓ_

ѵѴʐģ�Ǫʨɓ_рϤѺ˭×Ѻ–�І̱��ѵƃǴ̇�ŚѾ_���ɿq���  ̀

đô¢л�h�_Ϙ̶ёҨ���ÏÃ¹Ô±îæë²�Ѡv}ΎÆö§ë¢˜Ћx��_5Α�

Ɓ�ôq}˺ȞƣрсΎ�Ṟ̌¢̍jv��_҇ǚ¢ȃǅĹ���΍Œx�ѵѴʟ̇Һ˥x��Œ

vΎһ�v_ōĹ�δɦ¢Ўπx�°���kυh���Һƨ 6.1 (b) һ`e�f�_҇ǚ¢ʘˌ�

œşv}çîÎîΎ�x�˕Һƨ 6.1 (c) һ×_Ύ�ѵѴʟ̇¢δɦʐģöϿ�ôqõqΎΖ�v�_

Ύ�ǅĹ�˺ȞҖ¢ŗѣ˄�Ўπx�˕Һƨ 6.1 (d) һ���υh���`°���ΎÆö§ë�_

§ëÈË¹¥×Ûèî¹¥�ĞǞ�ƫĵ͝�ʭŽͅ¢Ŷ��f�΍lŒvΎ���ťˍ͝�e��

Ă̟�l�k_ċȿ�ǥ̟˜Џi��ȂĞφ�ßÊÀæë²˜Џ��kɋϿ�e�  ̀

 

6.3 �Z�(�¿�d�Ô��¾ Óå�U©�²�c�� 

4Α�͵Еt�}ȂĞφ�ϯŧÏÀîë�ü̏�_ʣû�Ύ¢ѵʓv�ǇѶ�Ύ¢ѴѰx���

�e�}`Őɧĥ͍̾̅�_͇Ƭ�ª¥µëɨʸφ���£�kǰǦ�ǇѶ���ĥ͍v�f�k_
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ċȿt���ª¥µëʭŽ���ʣû��ʬѶ͝ɻǈ�æÑë²çîÝ��΋Ѷ͝ɻǈkͷƚt�

}`ðʟ�_ʢȻʹΊ��ˈų¥º¥ϧʰƭ�if��ұǪѪ�ȯ̻�if��ǇѶʉ˹ŐŸťˍ

kʽȽ�l��Ʒƒt��f�`{�}�_ʣû�Ϙ̶ёҨŘ͍�ǇѶ�Ϙ̶ʉ˹Ř͍���±î

æë²ťˍ¢ʶǈŪx�°��_̸͝ɏѠɓ¢͵į�l�fʶǻѾΝƧ�Őɧĥ͍¢͔��°�k

ѠŔ~�υh���  ̀

ƨ6.1� Ϙ̶ёҨ�Ѡv}ΎÆö§ë�  ̞

 

 

ƨ6.2� ϧʰƭ�ѣœŐɧĞǞ�ip�Ύ�υhʟ 

 



 
112 

ʣû�Ϙ̶ёҨŘ͍�ǵv��_Şьv}�g�ΎÆö§ëkʸť~�ɑ¡��k_ѣœŐɧ

�ĞǞ�if��Őɧ΋Ѷ�Ϙ̶ʉ˹΋Ѷ��͗��µë½ÕÇ�Ύk˼����`Љ¡�_bѴ

w�Ύ�ѵnΎc�e�Һƨ 6.2һ`�}_ƌð΋Ѷ�if�ʣû�ёҨ_ǇѶ�ʉ˹�ʶѠŪ¢

ͣɾx}���_Ύ¢ĥfœp�µë½ÕÇk��ѠŔj�v��f`°���_bʫ�Ύ�Ǉ�

Ύc�e�`°���_ΎŴĠ�ɯϰѵ͙�ü�ǮŐƭ×̞ʱƭ�і����l}άκke�_ʝ

̸ɓώ����g�ôɫ�Ѵw�ɯϰ�͙Ȅv�l}`vjv_ϧʰƭ�if��ѵnɯϰ�ɋϿ

�e�_°�Ѓ̱��Ύɯϰ�͙Ȅ�̞ʱŪx�ø͓�if�ȯΞЎЊ�Ѣɶϋ¢ȣq����e

�`{�ʕ�_Ύ�ѵlʟ��f�t���ʹΊk˼����  ̀

ţh�_4Α�ͷt�}�g�_ĞǞ�ΎѵѴʐģ�ȂĞφϯŧ�Ǘ����i�_ˡa�ϿƤ

����ѵѴÏÀîëk͗���kǥɘ�e�`ÏÃ¹Ô±îæë²¢ʭŽtz�}���_ͧª

Ëç°îj�̸͝ɏѠɓ¢ǥ͇x�ϯŧÏÀîë¢_ĞǞЎЊφ×ĞǞħήφkȂĞφ�¡j�×

xnͷv�ʖǺx�ɋϿke�`ˁʹΊ��_ȂĞφkΎ¢ѵp�k��ȃǅ�ͫvt×Ѓηѡʝ

�}��Ȗ�Ѐ��f}�_}nt£�̭̻̊¢ȝv�f}��fgΎ�ĥ͍ǥɝkІǱt�}`

ĞǞЎЊφ���_̸͝ɏѠɓ×ͧªËç°î�͔���fǆҖ͝�ѥɠkÏÃ¹Ô±îæë²ť

ˍ¢ǥ͇x�}��˼����f�`ЎЊ�ʤʽ˳҄�¹Üâèî¹äëАĩΖ���ȯ̻ĳa�

ʶѠЈkЁŒt�}ȿ�_Ƕѳǩ�ȂĞφkµÜâÊ³î¹äë¢���k�Ǻņ�ǥк¢x�°

�kѨϿ�e�  ̀

 

6.4 �¯°�Û«�F{�Êã 

ˁʹΊ�Ѿ͓��f�Ќx`ˁʹΊ�_ѤȕĞǞȂĞφ�û��_̼�_ъfǸˇ�ȯЎt�

�ĞǞ�Þ§ëÀî´ÃÇ�e�_ά̚ɣѲ���͋̍èÖç�ôʥj�ŐɧªËç°î̒ЮѪƾ

ţ�üȹ����υh���ĝûɨɃφȆ�Ó«î­»v�i�_°�Ȇ�if�ʭŽv�f�ҋ

ƋĞǞ�Åå»Íæ»¢ǥҰi��Лˏ�ǵЧ�v}`ʢ�ŐɧʭŽkі£�v���f�ûɨɃ

φȆ×ұɨɃφȆƎpĞǞ�if��_ĎƭƲ�ɂˇі����f��g�Ύ¢Ə�}ȯ̻ǅ͞�

�ѡ̸�ɉȧ×_ʝ̸Ū���ŐɧťͅƎô¢ƨ�°�kł̀~�ɑ¡��`}~v_ȂĞφ�ǵ

x�ŐɧªËç°î̒ЮѪŝ̜�ѷx�ɘƷʈħ�_ƌˡ�ѨϿ�e�  ̀

˫�_ˁʹΊ�ΎÆö§ë�³î»»ÀÆ¦¢ǥʠv}k_{�ŞʈˆĔ�ѾǤ͝�e�`̏

ņĹѵƃѣɓ̾�Ó«î­»v_Ǧō˹̏œȖ�÷h�ȸҙ��f�ź͉͝�ͲЁ¢Ƀ�}��_

űжҨkǠǤv�Ҿ��ʟЇj�Ƒn̾̅��ǥ̟ÆîÀ¢ƴ�ЈˊßÆç¢ģɣv_ёҨЈˊ¢

ϯ�}`�}_ѵƃѣѥπ��f��_ͥǵx� 2��ƿҖ�ѵƃѣ¢Ўp}±é»ÖëÂèî¹

äë¢Şʈ�v�f�`ѤȕĞǞ�û�°��g�Õåëkʄ͍�l�³î»�ѾǤt��f�_

ƓƧ�ȯ̻�Ǭȩ×_ұȆ҄�e�j�gjΖ�����ˁʹΊέˍ¢Ѡ͍�l�fƸƋke�`
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1 Җѵƃ� 2 Җѵƃ�{�|��if�ʶѠ�ѵƃѣЎЊʟѬkͷt���l�e�_ˁʹΊ�³

î»»ÀÆ¦�{�ðΒ�e�`�}_ȃǅҨ�ҨƎ�Ҩђkǒ�vn�fƸƋ��_ȯ̻ѥπ�

ȑǊ×æ¦ëÈÓ¦ëЎπΖ�̏ņҨѪ�ƾţ×Лʙ¢ƨ�°�×_ǉĆɪ¢Ĥ͍v�ʶĝѾɋϿ

�Ǧō˹̏¢͵įx�°���k˜Ћt���l~�υh���`ˈų¥º¥ϧʰƭ��Ϙ̶ёҨ

���ÏÃ¹Ô±îæë²¢ɚƨv}ΎÆö§ë�_t���ʹΊkɋϿ�e�`˫��Кң�v

��_ˁʹΊ�¹Üâèî¹äë���ͷt�}ΎÆö§ë�ťˍ��f�ǥ̟˜ЏkɋϿ�e�`

{v�_1 Җѵƃ×͗��ȃǅҨƎ�if���ˆĔ�ƸƋœp¢ϯf_��ǥ͍͝�ʶѠЈ¢ͷ

x°�kʽȽt��  ̀
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7   

µÌ 

ˁʹΊ��_ˈų¥º¥ϧʰƭ�ѤȕĞǞ��ÏÃ¹Ô±îæë²ɯϰʭŽ�ǫ÷x�}��_

�y_̸αȂĞφ�͉̼͋͝ɓ�ѠɍϯŧÏÀîë� 2Җj�˜Џ¢ϯ�}`˫�_³î»»ÀÆ

¦���ͧªËç°î�̸͝ɏѠɓ¢ƌʬ�̢зtz�ΎÆö§ë�ʟƎɓ¢υǱv}`ü�ɣˍ

¢đõ�Ќx  ̀

• ̸̞͉͋�І̱j�_ˈų¥º¥ϧʰƭ��Ϙ̶ёҨ���ÏÃ¹Ô±îæë²�ǔȵɓ

¢˜Џv}`ʢȻʹΊ�if��_̸αȂĞφk̞αȂĞφ×ǮαȂĞφ���͙˾ϧ͙

ώš�Ŀ��f�°�kü�ĉȑ˹ĶǦ��ϷҰφǥҰ���ʧ�j�t��f}`ˁʹ

Ί��_ǥ҆�ŋƱ͝�ѤȕĞǞ¢əǤv}Ûèî¹¥�ǥҰĞǞ��ϷҰφǥҰ���_

ǉĆɪ�e�Ϙ̶ʉ˹΋ѶҺȞƮҨђ*'��A(dһ�if�_̸αȂĞφ�Ǽ�f͙˾ѪҺȞ

Ʈ *'**�X(AZBһ�ϧ͙ɓ̸ʓʗ¢ϯf_ĝfȞƮ͞ϕϴҖ̞ȩҺȞƮ ,�'.xһ�̖ѣĠ̞

ҺȞƮ ,/',xһ¢ͷv}`°����_̸αȂĞφk͙˾ϧ͙���Ġ̞ЛΜ�Ŀ��f

�°�¢ǥ͊ƽ�ъf̾̅�if�͵Еx�°�k�l}`�}_ϷҰφ�˹̏ɜ͐ƒέ

ˍ����ȴfҨђ¢ʽȽx�ĻƎke�_˹̏���͙˾ϧ͙�ǵv��ɜЄҖ��Ƃ

Ǫɓ¢͵Е�l}`ðʟ�_ˁʹΊ�ÆîÀj��˹̏ђȩkûΐ̞ȩ�÷h�ȸҙkͷ

t��j�}`ċȿ�Кң�v�_˹ĶǦ��ϷҰφǥҰ���ǤȚ��˹̏ђȩi��

ĐРѪ�ʰ̸ǵɍ�ѷĬɓ¢œˊx�°��_��΢ȩ�ұfǥ̟ÆîÀ���_̸αȂ

Ğφ��ͤʅŐŸ�Ѡv}Ğ͊ƽ�ɋϿ�Ǧō˹̏ђȩ¢˜Џv�fn°�kʽȽt�� �̀

• ѠɍϯŧÏÀîë�І̱j�_ˈų¥º¥ϧʰƭ��Ϙ̶ёҨ���ÏÃ¹Ô±îæë²

�ǔȵɓ¢˜Џv}`ʢȻʹΊ�if��_ȂĞφ�ȞƮ͝�ϯŧÏÀîë�v�ʣû�

Ύѵʓ�ǇѶ�ΎѴѰ_ǇѶ�ª¥µëĥ͍kƷƒt��f}`ˁʹΊ��_ǈЂˤЛˏ

�ÆîÀÛ§Êë²ɫ̇���ÏÀîëɸŒ���_ұ̞ǆ̡�ƌwѤȕ�e���ŋƱ

͝�ΎѵѴϯŧÏÀîëkϽʘǛƬx�°�¢ʧ�j�v}`°��_ΎѵѴϯŧ�˹Ķ
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đǅ�ϿƤkȸҙv�f�°�¢Ϲďp}`ȂĞφ�͇̾�ѠɍϯŧÏÀîë�_ǈũ�

v��ʣû�Ϙ̶ёҨ¢Ř͍x�ÏÃ¹Ô±îæë²ɫ̇�Ƌϙx����e�}`vj

v_ʣû�ёҨŘ͍�ǇѶʉ˹�ǥťɓ¢ұ��}��Кң�ɸŒt�}`ǆѨéº»Å

¦Ã±ƣșœˊ�έˍ�_øαĉʘ_ƣΗφȟҶ_øαƀņ_ϭ��ɢɐkϯŧÏÀîë

�ќf�ʶ�ȸҙv�f�°�¢ͷv}`ǇѶ�ΎѵpѻǨϿƤ�ϭ_½¯âæÅ¦_ҏ

��ɢɐke�°�kʧ�j���}`�}_͇̾�Őɧĥ͍̾̅�œˊj�_іϯx�

ª¥µëʭŽ�ǵv�љȩ�Őɧĥ͍¢Ѻo}���_Őɧĥ͍¢ǰǦǇѶ�ѾǤx�ѣ

œŐɧ�υhʟkʸť�e�ƅώɓkͷƚt�} �̀

• Ϙ̶ёҨ���ÏÃ¹Ô±îæë²ťˍ¢ʶǈŪx�ΎÆö§ë�ʟƎɓ¢_ёҨЈˊ�

��ÏåÞÇæÃ±»ÀÆ¦��υǱv}`ʢȻʹΊ��_ѵƃѣѥπ���ȯ̻ŇĠ�

ёҨάй��ȸҙ×_ΎŴĠ�ЎЊkȂǦ�ʉ˹Ѫ�÷h�ȸҙ��f�ͲЁkǆnɃ�

��f}`ˁʹΊ��_� Җѵƃ�ŴǦ΋Ѷ��±é»ÖëÂèî¹äë¢Şʈ�v�_

ǦōȂĞƲұt�Ҩђ�̜ϵ�n˺Ȟ�Ҩ¢ёx°�¢ͣˣ�v}ƸƋ�ʶѠ�ѵƃѣɓ

̾¢̼Ǥv}`˥Ѳȶ̾Һ˷ͅ-ӄ*đôһ�˥сƣрΎ¢2)lŇѵv}ƸƋ�ʶ�ťˍk

ұn_ȃǅҨђ,�A(d�ˆĔ�ѵƃûɊұt�ǦōȞƮҨђ�ѵƃҖȞƮҨђ�.)ҹ¢γ

ɽv}`°�έˍ�_ѵƃҖ�ûɊďъ�ȃǅĹ�҇ǚk˺Ȟ�΍Œx�°����_ƿ
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=1,271 (100%)
Average: 14.4h

------ Window-Opening

N=299 (23.5%)
Average: 23.2h

N=218 (17.2%)
Average: 6.1h

N=972 (76.5%)
Average: 11.6h

Window-Opening Patterns (Hot-Humid Cities)

N=754 (59.3%)
Average: 13.2h

N=433 (34.1%)
Average: 14.5h

N=321 (25.3%)
Average: 11.5h

N=304 (23.9%)
Average: 15.4h

N=129 (10.1%)
Average: 12.3h

N=205 (16.1%)
Average: 12.4h

N=116 (9.1%)
Average: 9.9h
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ Window-Opening

Window-Opening Patterns (Relatively Cool City)

N=299 (100%)
Average: 3.8h

N=168 (56.2%)
Average: 2.5h

N=298 (99.7%)
Average: 3.7h

N=287 (96.0%)
Average: 3.5h

N=1 (0.3%)
Average: 22.0h

N=11 (3.7%)
Average: 10.8h

N=119 (39.8%)
Average: 4.8h

N=1 (0.3%)
Average: 9.0h

N=167 (55.9%)
Average: 2.5h

N=91 (30.4%)
Average: 2.9h

N=76 (25.4%)
Average: 1.9h
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Classification Results of Cluster Analyses Using Window-Opening Variables

Climate N Share
(%)

Hours with high performed rate (>50%) Window-
opening 
(hour)6:00 12:00 18:00 24:00

Hot-
Humid

299 23.5 23.2 
433 34.1 14.5 
321 25.3 11.5 
218 17.2 6.1

Total 1,271 100.0 15.4

Relatively
Cool

119     41.6 4.8
91 31.8 2.9
76   26.6 1.9

Total 286 100.0 3.4

Profile of the Groups

6

Classification Results of Cluster Analyses Using Window-Opening Variables

Households in 
Hot-Humid Cities

Households in 
Relatively Cool City

All-day Daytime 
& Evening Daytime Never Sunrise 

& Sunset Sunrise

23.5% 34.1% 25.3%N=1,271

41.6% 31.8%N=286

26.6%

Window-Opening Patterns

17.2%
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=1,271 (100%)
Average: 2.2h

------ AC Usage

N=966 (76.0%)
Average: 0.2h

AC Usage Patterns (Hot-Humid Cities)

N=261 (20.5%)
Average: 8.1h

N=218 (17.2%)
Average: 7.5h

N=1,227 (96.5%)
Average: 1.9h

N=44 (3.5%)
Average: 12.1h

N=137 (10.8%)
Average: 7.5h

N=81 (6.5%)
Average: 7.5h

N=43 (3.4%)
Average: 11.1h

N=14 (1.1%)
Average: 13.2h

N=30 (2.4%)
Average: 11.7h
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ AC Usage

AC Usage Patterns (Relatively Cool City)

N=299 (100%)
Average: 1.9h

N=104 (34.8%)
Average: 5.5h

N=195 (65.2%)
Average: 0.0h

N=63 (21.1%)
Average: 5.1h

N=41 (13.7%)
Average: 6.2h

N=4 (1.3%)
Average: 9.0h

N=37 (12.4%)
Average: 5.9h

N=47 (15.7%)
Average: 4.7h

N=16 (5.4%)
Average: 6.3h

N=3 (1.0%)
Average: 6.7h

N=1 (0.3%)
Average: 16.0h
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Classification Results of Cluster Analyses Using Air Conditioner Usage Variables

Climate N Share
(%)

Hours with high performed rate (>50%) AC Usage
(hour)

AC 
Ownership

(%)6:00 12:00 18:00 24:00

Hot-
Humid

137 11.5 7.5 100.0
81 6.8 7.5 100.0

966 81.6 0.2 5.8
Total 1,184 100.0 1.5 23.1

Relatively
Cool

16     5.4 6.3 100.0
37 12.5 5.9 100.0
47 15.9 4.7 100.0

195   66.1 0.0 0.0
Total 295 100.0 1.8 33.9

Profile of the Groups

12

Classification Results of Cluster Analyses Using Air Conditioner Usage Variables

Nighttime Evening
& Nighttime Early Evening Evening

11.5% 6.8%

66.1%15.9%

Air Conditioner Usage Patterns

Households in 
Hot-Humid Cities

Households in 
Relatively Cool City

N=1,184

N=295

81.6%

Afternoon Never

12.5% 5.4%
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples

Result of Hierarchical Cluster Analysis 
(squared Euclid's distance, Ward's method)

N=361 (100%)
Average: 7.8h

------ AC Usage

N=43 (11.9%)
Average: 10.9h

AC Usage Patterns (Households with ACs in Hot-Humid Cities)

N=272 (75.3%)
Average: 6.5h

N=315 (87.3%)
Average: 7.1h

N=46 (12.7%)
Average: 12.5h

N=104 (28.8%)
Average: 3.7h

N=168 (46.5%)
Average: 8.3h

N=13 (3.6%)
Average: 14.4h

N=108 (29.9%)
Average: 7.8h

N=33 (9.1%)
Average: 11.7h

N=60 (16.6%)
Average: 9.4h
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ Fan Usage

Fan Usage Patterns (Hot-Humid Cities)

N=1,271 (100%)
Average: 14.0h

N=293 (23.1%)
Average: 23.2h

N=876 (68.9%)
Average:16.4h

N=395 (31.1%)
Average: 8.6h

N=283 (22.3%)
Average:11.7h

N=593 (46.7%)
Average:18.6h

N=300 (23.6%)
Average: 14.2h

N=206 (16.2%)
Average: 13.8h

N=189 (14.9%)
Average: 2.9h

N=143 (11.3%)
Average: 11.0h

N=157 (12.4%)
Average: 17.1h
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

------ Fan Usage

Fan Usage Patterns (Relatively Cool City)

N=299 (100%)
Average: 0.5h

N=298 (99.7%)
Average: 0.4h

N=293 (98.0%)
Average: 0.4h

N=285 (95.3%)
Average: 0.3h

N=272 (91.0%)
Average: 0.1h

N=13 (4.3%)
Average:3.8

N=8 (2.7%)
Average: 4.3h

N=5 (1.7%)
Average: 4.8h

N=1 (0.3%)
Average: 2.6h

N=10 (3.3%)
Average: 4.2h

N=3 (1.0%)
Average: 2.7h
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Classification Results of Cluster Analyses Using Fan Usage Variables

Profile of the Groups

Climate N Share
(%)

Hours with high performed rate (>50%) Fan Usage
(hour)

Fan 
Ownership 

(%)6:00 12:0
0

18:0
0

24:0
0

Hot-
Humid

293 23.1 23.2 98.0        
300 23.6 14.2 96.3
283 22.3 11.7 96.8
206 16.2 13.8 99.5
189 14.9 2.9 56.1

Total 1,271 100.0 14.0 91.3
Relatively

Cool 272     100.0 0.1 5.9

Total 272 100.0 0.1 5.9

20

Classification Results of Cluster Analyses Using Fan Usage Variables

All-day Nighttime
& Afternoon Nighttime Daytime 

& Evening

23.1% 23.6%

100.0%

Window-Opening Patterns

16.2% 14.9%

Households in 
Hot-Humid Cities

Households in 
Relatively Cool City

N=1,271

N=272

22.3%

Never
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=1,271 (100%)
Average: 14.4h, 14.0h, 2.2h

------ Window-Opening
------ Fan Usage
------ AC Usage

N=1,001 (78.8%)
Average: 14.9h, 14.5h, 0.4h

N=1,226 (96.5%)
Average: 14.4h, 14.0h, 1.9h

Adaptive Behavioral Patterns (Hot-Humid Cities)

N=45 (3.5%)
Average: 14.4h, 14.0h, 12.2h

N=225 (17.7%)
Average: 12.3h, 11.8h, 8.3h

N=833 (65.5%)
Average: 16.6h, 15.1h, 0.3h

N=168 (13.2%)
Average: 6.8h, 11.9h, 1.2h

Average: 10.7h, 11.7h, 8.2h

N=76 (6.0%)

N=149 (11.7%)

Average: 11.7h, 11.8h, 8.3h

N=229 (18.0%)
Average: 22.7h, 12.7h, 0.1h

Average: 14.2h, 14.3h, 0.3h

N=604 (47.5%)
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6 clusters 5 clusters 4 clusters 3 clusters 2 clusters All Samples
Result of Hierarchical Cluster Analysis (squared Euclid's distance, Ward's method)

N=299 (100%)
Average: 3.8h, 0.5h, 1.9h

------ Window-Opening
------ Fan Usage
------ AC Usage

N=297 (99.3%)
Average: 3.7h, 0.4h, 1.9h

Adaptive Behavioral Patterns (Relatively Cool City)

N=2 (0.7%)
Average: 12.4h, 3.4h, 0.0h

N=1 (0.3%)
Average: 2.7h, 2.6h, 0.0h

N=1 (0.3%)
Average: 22.0h, 4.3h, 0.0h

N=294 (98.3%)
Average: 3.7h, 0.4h, 2.0h

N=3 (1.0%)
Average: 6.3h, 3.9h, 0.0h

N=9 (3.0%)
Average: 2.6h, 4.1h, 0.9h

N=285 (95.3%)
Average: 3.8h, 0.3h, 2.0h

N=283 (94.6%)
Average: 3.8h, 0.3h, 1.9h

N=2 (0.7%)
Average: 3.1h, 0.0h, 12.0h



Window-Opening Fan UsageAC Usage
Group A1

Group A2

------ Window-Opening
------ Fan Usage
------ AC Usage

Adaptive Behavioral Patterns (Hot-Humid Cities)

Group A5

Group A3

Group A4

N=168 (13.2%)
Average: 6.8h, 11.9h, 1.2h

N=76 (6.0%)
Average: 10.7h, 11.7h, 8.2h

N=149 (11.7%)
Average: 11.7h, 11.8h, 8.3h

N=229 (18.0%)
Average: 22.7h, 12.7h, 0.1h

N=604 (47.5%)
Average: 14.2h, 14.3h, 0.3h

Window-Opening Fan UsageAC Usage
Group B

------ Window-Opening
------ Fan Usage
------ AC Usage

N=297 (99.3%)
Average: 3.7h, 0.4h, 1.9h

Adaptive Behavioral Patterns (Relatively Cool City)
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Classification Results of Cluster Analyses Using Three Adaptive Behavioral Variables

Climate Group N Share
(%)

AC Usage 
(hour)

Window-
opening 
(hour)

Fan Usage 
(hour)

AC
Ownership 

(%)

Fan
Ownership 

(%)

Hot-Humid

A1 149 12.2 8.3 11.7 11.8 100.0 84.6 

A2 76 6.2   8.2 10.7 11.7 100.0 89.5 

A3 229 18.7 0.1 22.7 12.7 1.7 94.3

A4 604 49.3 0.3 14.2 14.3 8.8 93.4 

A5 168 13.8 1.2 6.8 11.9 20.2 87.5

Total 1,226 100.0 1.8 14.2 13.2 25.8 91.4 

Relatively Cool
B 297 100.0 1.9 3.7 0.4 35.0 13.8

Total 297 100.0 1.9 3.7 0.4 35.0 13.8 

Profile of the Groups






