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æƲƖËųƔËāã�ª�A� ǩŏ÷� ąŊĮ¾ƫËųYƹƱǌŘ� ƻǌĮ¾ƫËųYƶňĒȓ� ƻŒëŇwh
āã�¦A�iYǞŰŅhǕųǟcţǟkèųtyocfv_aY	 ŅhǕųǟhpkèųtyclfǓl
aYţǟhŲƥfǞĪeǑ´kĉzyoc}YǧƖeļĄ�A�ccsfǯwjfrory=�
� ñǆY2:0 ǠŵàőhǏƯccsfYōȀĕhwzalyvxsiyjfƏǻeŅhǕųǟkƴŠƢfƎ
ģrYţǟhĜ}łxÐfyxYţǟhĜhƢfǄxĚ~zxrafyockǯwjfe_alory=w
gryǕųǟy^iYwh 	 Ņ 	 ŅkţǟfƑraŲƥ}ƉūtyĐ½}ķ_afyxYǙĆðtÏƂ>ė
¶��§�jwţǟ}ŃyĐ½}ķ_afyxrot=rjrYǞŰhǕųǟkţǟcèųtyşĘf¹k
ßoyhjf`faiYƝĂkǔšfċwzafory=�
� ǪāãbiYţǟhĜjwƘȅTzy 	( ŅȏhŪðClho>jkȏahwz[zf`faY	 Ņznţ
ǟfŶŅryşĘcY
 Ņ}ƀpĘ|vaŶŅryşĘC,- ƧxabYţǟhŲƥkdhvgfǢ|yjY
ǥÍƭfǘºrory=whü½Y	 ŅznhşĘfţǟhŲƥ}ƖlmƉūtyð} 
 ŅƀpĘ|vyş
Ęfą@hĐ½kƃĩTzarog°ǦY	 Ņznzceoxţǟf�¤�hĐ½}sywTefð} 
 Ņ
ƀpĘ|vyşĘfYţǟhŲƥkƖlmƉūTzyşĘkeyoc}ǏĂrory=�
� ohŲ½iYb�A���¤��Azn}Ōry���A�A¡kǖursêf|nbiefcoc}ĹŽ
Ãhƞ·èųùfifaļśryshbYųǟŅdgrhƀpĘ|vfv_aƖlmǢ¸tyųǟÝǇf`
faYŎǽeĲư}ǹhyshbt=ěčYţǟfèųtyǕųǟhƀpĘ|v}gomÎjryķƍ»Ǉ
õhǈȎî}ŷúrafmŝbYŨye¼Ëƭ��¨A�}ƪ«f`ekycÜƓTzot=�
� ǪŲ½iY
�
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� ţǟiYƞ·bǻ@eǕųǟc×|xĘf}ķ_afot=	 `hũȎtƅĆYǎhƢbe_asYŰŸŅ
jwŰǬŅhĠðC���¥�aȏtŪðCjk>lhoaȏkųƊrafycŮƩTzYţǟhĜhǗǰt
ţǟƀŤhƢbYţǟcǮŶf×|xĘf}ķ_afot=ƾfŪðȏiYƴŠƢfðı}Ƥxŕwvyoc
bYƏǻeǴÌ}½ytockblYţǟfƠſt¥ªcf_yǾǠ}ǵƇryxYƴŠƢhǶÝǟ}ţǟf
ȃǼrttfvgǢÓryxYǙĆðjwǨĎryxYÏƂtė¶��§�fƑtyţǟhƒű}ėryxY
cYţǟcǮŶf×|_afot=�

ţǟcŪðȏhèųùf×raiY) µǆ¬ŝŻjwȆŝţǟcèųty�A���¢¤AðĜðtY��
¼> �¼cf_yňǲcèųtyÅųðĜðC ���swh°Ņaed}ŁeƑŜcraāãkūrwz
alory=rjrYƖȌ 2:0 ǋȑǠŵƆƟ}ǼfyñǆhāãjwYðĜð¬ÅfsYţǟhĜĀǀfƏ
ǻeŪðȏkèųrCbǀųðctbƴŠðccƄŚTzykYwhžǺioz`jrafefaY¹wjhǴ
Ì}ƙ_afyockǯwjfe_alory=�

ĹŽųƔùbezYǈîųƔùbezYǳÅÔé·bǕųǟȏcžm×|x}syefţǟhųÎiƎģr
ƽov~=rjrYăǕìt 2:0 ǠŵƆƟ}Ĭ_ycrasY°ƳfƏŰhǕųǟŅ}ƑŜctyāãkǁ
rfocsexYƞ·Ǖųǟcţǟhèųùf×tyŬȏhƝĺiYozǔšfċwzafot=ƾfYǞŰ
hǕųǟŅkţǟfèųryĢf¹kßoyhjYcfgưf`faiY°ǒƘŔe 
 ŅhǕųǟcţǟh×
ôűf×tyāãbThYïraċƩƭeƝĂrjƽwzafov~=�

	 '%/9�1!�

� Ǫāã�¨����biYţǟhĜjwƘȅTzy 	( ŅhŪðȏCbǀųðctbƴŠðca}ǼfY	 Ņz
nţǟfŶŅryşĘcY
 Ņ}ƀpĘ|vaŶŅryşĘbYţǟkĸtǑ´}ǓÊrory=	 ŅbŶŅ
ryşĘfţǟhŲƥ}ƖlmƉūtyðkƎģtyşĘYwgryƘƿŶŅbĐ½}ǏÛtyð} 
 Ņƀp
Ę|vzjYţǟhŲƥkTwfƖlmƉūTzy»ǇűkexotCƃŞĐ½a=°ǦbYwgryƘƿŶ
ŅbĐ½}ǏÛtyðdgrbe_asY
 Ņ}ƀpĘ|vyşĘfiYĐ½kǍzarogjYţǟf �
��h²í}ánrarogjsrzov~CƃĩĐ½a=�

� 	 ŅhǕųǟhpkţǟcèųty���¡iYũȎtƅĆcf_yĹŽųƔùbe_asYǎhvgeǈ
îųƔùbe_asĉļƭbiexov~=ǞŰŅhǕųǟkƎģryşĘfY	 ŅznƎģtyşĘcǓÊ
raYdhvgfţǟfǹhy²íkǢ|_amyhjǯwjftyyrY°ǒƘŔeȐbey 
 ŅhƀpĘ
|v}Ǳǿƭf� ��C14A55I&A�4APA�8A4��PE48I4IDI5afŶŅtyļĄ}Ėfory=
 ŅznciĊhY
whƀpĘ|vi ,- ƧxexYĘúb 
���� ČƐ¬ŝh� ��}Ĭ_yų¯ļĄcexory=�

� ð} 	 ŅznŶŅryşĘY	( Ņhg^ǐŰmdkǔŶŅhşĘfǓlaY� ��fƑraǯȋeŲƥ
ƉūĐ½}ĸrory=yzYwgryǯȋeŲƥƉūĐ½}s`ðdgr}ƀpĘ|va� ��fŶŅr
yşĘYwz[z} 	 Ņzn� ��fŶŅryşĘfǓlaYƖǝfŲƥƉūĐ½kŗTme_arofo
ryCƃĩĐ½a=�

wh°ǦbYƘƿŶŅbimc~d� ��fƑtyĐ½kpwzej_yð} 
 ŅƀpĘ|vaŶŅry
clfYdhð}ƘƿŶŅrasƽwzefvgeƖleŲƥƉūĐ½}ĸtockexoryCƃŞĐ½a=
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ogryƃŞĐ½iYļĄ}Ė_y ,- ƧxhƀpĘ|vhg^YŰƧxbÉǅtyockblory=�
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� ǕųǟhƀpĘ|v}ǱǿƭfǘºtyěÁhāãfv_aYbèųĿkǞŰfyşĘhĐ½iY	 Ņrj
èųĿkfefşĘhƝĂznbiǸƌblefhkǛƧcYcfgockǯwjfexory=ōȀYţǟ
fc_aǶǼeǕųǟ}ÄǏtyĢfiY	Ņzn}ţǟfŶŅtyļĄ}ƧsaǘºkĖ|zalorykY
wgryÄǏŹȈbiY
 Ņ¬ŝkƎģtyŢþCĹŽųƔùbsǈîųƔùbsǛǣƭeŢþa·bŎǽe
ÝǇ}ǏÛtyǕųǟ}ĂȂcrarogockYǪāãbĸĝTzory=�A���¤��Azn}Ōr
y���A�A¡kǖursêf|nbiemYǉńTiemcsƊhe_y��Árbėf���A ª�
}ĸt�A¡seybrug=whvgeYb�A¡crahǕųǟy^h���A ª�c}ĞƖ¸tyy
rh¼Ëƭ��¨A�kYěčŎǽfe_amybrug=�
� ogryÕưbYųǟŅdgrh×ôű}b���©A�ccraƋhYwh���©A�Ĕƈ}Ȕȕty
ocbYĞƮeǕųǟŅhƀpĘ|v}ŷútyĳp}ǪāãĻbūrafot=ozobhāãŲ½f`l
oraiY·ÞYb#<��2+'%1!�}pīřmzTf=�
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ǪāãiY¬·hĵòh³Ŗ}ņnaĖ|zory=�
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� ţǟhĜiYǂØbĠmĂhyǜǠbe_as 
���µM����
�MM � mdhƦökexYƴŠƢhĠjfȖÖ
fǄxĚqǇȍiwzmdėmef=wzfƑraŪðhðıiYƦökŰµM cïraĠmYƴŠƢhĠj
fȖÖjwůtǾǠ}âŉrYƤxŕwTzyðı}ƧsaţǟfǾǠ}ǵƇtyockbly=ůtǾǠh
çä¬ÅfsYǙĆǕųǟjwhǤďtYÇŅhÔé��§�fƑtyƒűǚǹcf_yĐ½}ţǟfƑra
ĸtŪðȏkƝwzafy=rjrYeoxfŪðȏhŅŰkǧƖeyrYwgryƞ·èųùbpwzyĉ
Ŝhpm°ǜrjYŬȏiozȄÀrafef=ĽŪiYæƲƖËųƔËāã�ª�AǚñhũȎbğłTz
yƴŠ�ª�¦jwYţǟĜCǭƻƩacƴŠƛȉ}łxŐraĨ²rysh=ţǟĜjwŦkyðıkƴŠ
ƛȉfȁp`fafyǻ}Õħbly=�
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� 	( ŅhŪð}ƘƿŶŅryşĘYivkY
 Ņ}ƀpĘ|vyşĘfpwzyY� ��fƑtyŲƥƉū
Đ½=Ɯk � vxsƖlfmdYǔŶŅhşĘfǓlaY� ��hŲƥkÂżrafyoc}ĸt=ƘƿŶ
Ņb� ��fƑtyăƣeŲƥƉūĐ½kpwzy 
 ŅCŴťcơťhða}ƀpĘ|vaŶŅryşĘY
ƘƿŶŅhşĘvxsƖǝfŲƥƉūĐ½kƨ·ty=°ǦYƘƿŶŅbiĐ½hŀj_yð} 
 ŅƀpĘ|
vyşĘtYƘƿŶŅhĐ½kêfðcŀfð}ƀpĘ|vyşĘfiYǔšfêfŲƥƉūĐ½kÕħTz
yocke_y=�

�'%.��� ���
� ǪāãiYǧƖeŰhƀpĘ|vļĄ}Ė_aįraŲȇtyshbYƗ°ƣĿhƖË±ųhƞƼeĳp
erfiŲȇrƽov~bry=óȒhǫfƽwzy�A�}scfYbŅcŅhƀpĘ|vfv_aųsy
Đ½cie~z{gccĕħ}ŎgafmĤîiYǔšfĭûƭbry=ƬŋfĤîfphasYohvgf
ǧƖe�A�}ƽyocbrjńfǄzwzef¼ËhƴƕkeyhzcÒsot=�
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bţǟcĜfèųtyŪðk`mxztǞĪeb���©A�cĔƈ}Àǯc�
� HSSP/��999�K:OSO�T�A&�JP�JA�4E5EA4&H�4E5EA4&H#4E5T/S5�
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 http://www.kyoto-u.ac.jp/ja/research/research_results/2015/151024_1.html�

b��èųǕųǟbķƍ»ǇeǈîųƔù}ŷúty� _ǕųǟƁhÝǇ}ĞƖ¸tyŨye¼ËƭŹȈ}
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 http://www.kyoto-u.ac.jp/ja/research/research_results/2018/180501_2.html�
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 http://www.kyoto-u.ac.jp/ja/research/research_results/2018/180623_1.html�

bţǟƐǀhèųðľ¿}ƺjtƢŧÈ� dǈîfinyǕųǟȃǼhŨyeŹȈdc�
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bǕųǟhųƔù}ŷútyÚÑàő}ÄǏ� _ųƔù§�¦hÝǇ}ǈî>®Ȋ>ēîf_c�
� HSSP5/��999�K:OSO�T�A&�JP�JA�4E5EA4&H�NE95�
�
�����
��

�

�=8�����3.��
���¦? :NE4*I5SI&�AND�OFF5ES�EFFE&S5�OF�FTN*A/�5PE&IE5�&OMBINASION5�ON�P/ANS�PE4FO4MAN&ECŪðhƀ
pĘ|vkţǟfsywtƃŞĐ½cƃĩĐ½a�
ƣ� � Ŀ?"O5HIE�5O4I��5I4OAKI�4TJISA��8EI�5I4TMA��8A;THIKO�:A4I5A9A�AND�5I4OKA;T�!OJT�
ø� ġ� Ĵ?44ONSIE45�IN�9I&4OBIO/O*:� 2�6?�	��((-.�FMI&B�
�
	�,	(	-��


