
2
0
2
0

2020

https：//www.fb.com/tagen.tohoku.ac.jp/

https：//twitter.com/team_tagen

https：//www.youtube.com/channel/UCgiZBMLdNLnJp1Dkky09fgA

http：//www2.tagen.tohoku.ac.jp/information/mailmagazine.html

Facebook

Twitter

YouTube チャンネル

メールマガジン

研究所長　寺内  正己
〒980-8577 仙台市青葉区片平2丁目1番1号
TEL：022-217-5204　FAX：022-217-5211
URL：http：//www2.tagen.tohoku.ac.jp/

Director： Professor Masami Terauchi
Address： 2-1-1, Katahira, Aoba-ku, Sendai 980-8577, JAPAN

The Observation of Topologically Protected Magnetic Quasiparticles.

Calculated model dispersions with the fictitious magnetic field shown by the arrows.
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ত࿨��೥ �݄ ௘ྩୈ���߸ʢ੍׭ʣʹΑΓબ߭੡࿉ڀݚॴઃஔ
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ฏ੒��೥ �݄ ܭॴͱՊֶڀݚֶ޻ࡐઃஔ๏ͷվਖ਼ʹΑΓૉߍֶཱࠃ
ଌڀݚॴͱ൓ԠԽֶڀݚॴΛ࠶ฤ౷߹͠ɺଟݩ෺࣭Պ
ॴઃஔڀݚֶ
ʢଟݩઃڀݚܭ෦໳ɺଟڀݚޚ੍ݩ෦໳ɺଟݩղੳݚ
ڀݚੜ࠶ɾ׵มݯࢿ෦໳ɺڀݚ෦໳ɺ༥߹γεςϜڀ
ηϯλʔɺ௒ݦඍܭଌޫֶڀݚηϯλʔɺଟݩφϊࡐ
ྉڀݚηϯλʔʣ

ฏ੒��೥ �݄ ৽ۀ࢈૑଄෺࣭ج൫ٕज़ڀݚηϯλʔɺઌಋ݁থԽֶ
ٕज़دෟڀݚ෦໳ʢʙฏ����ʣઃஔ
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�݄ʣ
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ฏ੒ ��೥ �݄ ௒ݦඍܭଌޫֶڀݚηϯλʔΛഇ͠ࢭɺઌ୺ܭଌ։ൃ
ηϯλʔΛઃஔ
ϙετγϦίϯ෺࣭ɾσόΠε૑੡ج൫ٕज़ΞϥΠΞ
ϯεઃஔʢʙ����೥ �݄ʣ
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ฏ੒��೥ �݄ ଟݩઃڀݚܭ෦໳ɺଟڀݚޚ੍ݩ෦໳ɺଟݩղੳڀݚ
෦໳ɺ༥߹γεςϜڀݚ෦໳Λഇ͠ࢭɺ༗ػɾੜ໋Պ
޻෦໳ɺϓϩηεγεςϜڀݚྉࡐػ෦໳ɺແڀݚֶ
෦໳Λઃஔڀݚଌܭ෦໳ɺڀݚֶ
ηϯڀݚྉࡐφϊݩηϯλʔɺଟڀݚੜ࠶ɾ׵มݯࢿ
λʔɺ৽ۀ࢈૑଄෺࣭ج൫ٕज़ڀݚηϯλʔΛഇ͠ࢭɺ
αεςφϒϧཧڀݚֶ޻ηϯλʔߴɺ ෼ࢠɾϋΠϒϦο
τࡐྉڀݚηϯλʔΛઃஔ
෺࣭ɾσόΠεྖҬڞܕಉڌڀݚ఺ʢωοτϫʔΫܕʣ
ൃ଍
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ηϯλʔΛઃஔڀݚࡧ෺࣭୳ػೳແػɺ৽͠ࢭ
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ฏ੒��೥ �݄ ඦੜྔࢠϏʔϜҐ૬ΠϝʔδϯάϓϩδΣΫτ։࢝

ฏ੒��೥ �݄ ෺࣭ɾσόΠεྖҬڞܕಉڌڀݚ఺ 	ୈ̎ظ 
ൃ଍

ฏ੒��೥ �݄ αεςφϒϧཧڀݚֶ޻ηϯλʔΛഇ͠ࢭɺۚଐݯࢿ
ϓϩηεڀݚηϯλʔΛઃஔ
ඇమۚଐ੡࿉ڥ؀Պֶڀݚ෦໳Λઃஔ

ྩ࿨		ݩ೥ ��݄ ෦໳ΛઃஔڀݚܞଌՊֶ࿈ܭ୅ੈ࣍ޫࣹ์

ྩ࿨�೥	 � ݄ ੡మϓϩηεઌ୺ղੳٕज़ڞಉڀݚ෦໳Λઃஔ
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	MaSDI 3FTFaSDI	 InTUJUVUF	 of	MJnFSaM	DSFTTJnH	 and	
MFUaMMVSHZ
	
ToIoLV	INQFSJaM	6nJWFSTJUZ	XaT	foVndFd�

����
	JanVaSZ 3FTFaSDI	InTUJUVUF	foS	SDJFnUJpD	MFaTVSFNFnUT
	
ToIoLV	INQFSJaM	6nJWFSTJUZ	XaT	foVndFd�

����
	JanVaSZ CIFNJDaM	3FTFaSDI	InTUJUVUF	of	Non	ʖ	ARVFoVT	
SoMVUJon
	 ToIoLV	 INQFSJaM	 6nJWFSTJUZ	 XaT	
foVndFd�

����
	MaZ TIFTF	 UISFF	 InTUJUVUFT	 XFSF	 SFoSHanJ[Fd	
aT	 SFTFaSDI	 JnTUJUVUFT	 affJMJaUFd	 Uo	 ToIoLV	
6nJWFSTJUZ�

����
	AQSJM CIFNJDaM	3FTFaSDI	InTUJUVUF	of	Non	ʖ	ARVFoVT	
SoMVUJon	 XaT	 SFoSHanJ[Fd	 aT	 InTUJUVUF	 foS	
CIFNJDaM	3FaDUJon	SDJFnDF�

����
	AQSJM 3FTFaSDI	 InTUJUVUF	 of	MJnFSaM	DSFTTJnH	 and	
MFUaMMVSHZ	XaT	 SFoSHanJ[Fd	 aT	 InTUJUVUF	 foS	
AdWanDFd	MaUFSJaMT	PSoDFTTJnH�

����
	AQSJM 3FTFaSDI	InTUJUVUF	foS	SDJFnUJpD	MFaTVSFNFnUT
	
InTUJUVUF	 foS	CIFNJDaM	3FaDUJon	SDJFnDF
	and	
InTUJUVUF	 foS	AdWanDFd	MaUFSJaMT	PSoDFTTJnH	
XFSF	SFTUSVDUVSFd	and	DonToMJdaUFd	aT	InTUJUVUF	
of	MVMUJdJTDJQMJnaSZ	 3FTFaSDI	 foS	 AdWanDFd	
MaUFSJaMT		IM3AM
�

����
	AQSJM IM3AM	TUaSUFd	UIF	aDUJWJUZ	aT	a	NFNCFS	of	UIF	
NFUXoSL	 JoJnU	3FTFaSDI	CFnUFS	 foS	MaUFSJaMT	
and	DFWJDFT�

����
	MaSDI 3FTFaSDI	CFnUFS	 foS	 SVTUaJnaCMF	SDJFnDF	�	
EnHJnFFSJnH	XaT	DMoTFd�

����
	AQSJM CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	
MFUaMMVSHZ	and	EnWJSonNFnUaM	SDJFnDF	and	UIF	
CFnUFS	 foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ	
XFSF	TUaSUFd�

����
	NoWFNCFS CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	
SZnDISoUSon	3adJaUJon	MFUSoHZ	TUaSUFd�

����
	MaZ CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	
AnaMZTJT	of	 ISon	and	SUFFMNaLJnH	PSoDFTTFT	
XaT	TUaSUFd�
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ॴ௕ѫࡰ	ʗ	DJSFDUoS�T	MFTTaHF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

֓ɹཁ	ʗ	OVUMJnF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

ओͳڀݚ੒Ռ	ʗ	3FTFaSDI	3FTVMUT�	����೥౓ͷϓϨεϦϦʔεΑΓɺओͳදজɾड৆	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

	ADUJWJUJFT	EYDIanHF	InUFSnaUJonaM	ʗ	ಈ׆ҭڭɾڀݚಉڞࡍࠃ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ֶੜɾࢧڀݚԉ	ʗ	SVQQoSUT	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

		CoMMaCoSaUJon	IndVTUoSZ�ADadFNJa	ʗ	ಈ׆ܞɾ஍Ҭ࿈ܞ࿈ֶ࢈ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ओཁͳϓϩδΣΫτ	ʗ	3FTTFaSDI	PSoKFDUT		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

૊৫ਤ	ʗ	OSHanJ[aUJon	CIaSU		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ		CFnUFST	and	DJWJTJonT	3FTFaSDI	ʗ	ηϯλʔڀݚ෦໳ɾڀݚ 	��

ඇమۚଐਫ਼࿉ڥ؀Պֶڀݚ෦໳	ʗ	CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	and	EnWJSonNFnUaM	SDJFnDF	 ʜ 	��

ʜʜ	MFUSoMoHZ	3adJaUJon	SZnDISoUSon	AdWanDFd	of	DJWJTJon	3FTFaSDI	CoMMaCoSaUJWF	ʗ	෦໳ڀݚܞଌՊֶ࿈ܭ୅ੈ࣍ޫࣹ์ 	��

੡మϓϩηεઌ୺ղੳٕज़ڞಉڀݚ෦໳ 	J'E ενʔϧ 
	ʗ	
CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	AnaMZTJT	of	ISon	and	SUFFMNaLJnH	PSoDFTTFTʢJ'E	TUFFM	CoSQoSaUJon
	ʜʜʜʜʜʜʜʜ 	��

༗ػɾੜ໋Պֶڀݚ෦໳	ʗ	DJWJTJon	of	OSHanJD�	and	#Jo�NaUFSJaMT	3FTFaSDI	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ແࡐػྉڀݚ෦໳	ʗ	DJWJTJon	of	InoSHanJD	MaUFSJaM	3FTFaSDI	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ϓϩηεγεςϜڀݚֶ޻෦໳	ʗ	DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	MFaTVSFNFnUT	of	DJWJTJon	ʗ	෦໳ڀݚଌܭ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ۚଐݯࢿϓϩηεڀݚηϯλʔ	ʗ	CFnUFS	foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ઌ୺ܭଌ։ൃηϯλʔ	ʗ	CFnUFS	foS	AdWanDFd	MJDSoTDoQZ	and	SQFDUSoTDoQZ		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	CFnUFS	3FTFaSDI	MaUFSJaMT	)ZCSJd	u	PoMZNFS	ʗ	ηϯλʔڀݚྉࡐɾϋΠϒϦουࢠ෼ߴ ʜʜʜʜʜʜʜʜʜʜʜ 	��

৽ػೳແػ෺࣭୳ڀݚࡧηϯλʔ	ʗ	CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT	ʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	SFDUJon	SVQQoSU	ʗ	ԉ૊৫ࢧڀݚ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ٕज़ࣨ	ʗ	TFDInJDaM	SFSWJDF	SFDUJon	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ଟݩCA'	ʗ	TA(EN	CFnUSaM	AnaMZUJDaM	'aDJMJUZ	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	DJSFDUJonT	and	MaQT	ʗ	෺Ҋ಺ਤɾΞΫηεݐ 	��
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ྉڀݚηϯλʔʣ
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ٕज़دෟڀݚ෦໳ʢʙฏ����ʣઃஔ
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�݄ʣ
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ηϯλʔΛઃஔ
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ฏ੒��೥ �݄ ଟݩઃڀݚܭ෦໳ɺଟڀݚޚ੍ݩ෦໳ɺଟݩղੳڀݚ
෦໳ɺ༥߹γεςϜڀݚ෦໳Λഇ͠ࢭɺ༗ػɾੜ໋Պ
޻෦໳ɺϓϩηεγεςϜڀݚྉࡐػ෦໳ɺແڀݚֶ
෦໳Λઃஔڀݚଌܭ෦໳ɺڀݚֶ
ηϯڀݚྉࡐφϊݩηϯλʔɺଟڀݚੜ࠶ɾ׵มݯࢿ
λʔɺ৽ۀ࢈૑଄෺࣭ج൫ٕज़ڀݚηϯλʔΛഇ͠ࢭɺ
αεςφϒϧཧڀݚֶ޻ηϯλʔߴɺ ෼ࢠɾϋΠϒϦο
τࡐྉڀݚηϯλʔΛઃஔ
෺࣭ɾσόΠεྖҬڞܕಉڌڀݚ఺ʢωοτϫʔΫܕʣ
ൃ଍

ฏ੒��೥ �݄ ஠Խ෺φϊɾΤϨΫτϩχΫεࡐྉڀݚηϯλʔΛഇ
ηϯλʔΛઃஔڀݚࡧ෺࣭୳ػೳແػɺ৽͠ࢭ
఺ൃ଍ʢʙ����೥ڌ཰நग़ٕज़ޮߴૉݩগر �݄ʣ

ฏ੒��೥ �݄ φϊྲྀମΤϯδχΞϦϯάڞಉڀݚ෦໳ઃஔʢʙ
����೥ �݄ʣ

ฏ੒��೥ �݄ ඦੜྔࢠϏʔϜҐ૬ΠϝʔδϯάϓϩδΣΫτ։࢝

ฏ੒��೥ �݄ ෺࣭ɾσόΠεྖҬڞܕಉڌڀݚ఺ 	ୈ̎ظ 
ൃ଍

ฏ੒��೥ �݄ αεςφϒϧཧڀݚֶ޻ηϯλʔΛഇ͠ࢭɺۚଐݯࢿ
ϓϩηεڀݚηϯλʔΛઃஔ
ඇమۚଐ੡࿉ڥ؀Պֶڀݚ෦໳Λઃஔ

ྩ࿨		ݩ೥ ��݄ ෦໳ΛઃஔڀݚܞଌՊֶ࿈ܭ୅ੈ࣍ޫࣹ์

ྩ࿨�೥	 � ݄ ੡మϓϩηεઌ୺ղੳٕज़ڞಉڀݚ෦໳Λઃஔ

����
	MaSDI 3FTFaSDI	 InTUJUVUF	 of	MJnFSaM	DSFTTJnH	 and	
MFUaMMVSHZ
	
ToIoLV	INQFSJaM	6nJWFSTJUZ	XaT	foVndFd�

����
	JanVaSZ 3FTFaSDI	InTUJUVUF	foS	SDJFnUJpD	MFaTVSFNFnUT
	
ToIoLV	INQFSJaM	6nJWFSTJUZ	XaT	foVndFd�

����
	JanVaSZ CIFNJDaM	3FTFaSDI	InTUJUVUF	of	Non	ʖ	ARVFoVT	
SoMVUJon
	 ToIoLV	 INQFSJaM	 6nJWFSTJUZ	 XaT	
foVndFd�

����
	MaZ TIFTF	 UISFF	 InTUJUVUFT	 XFSF	 SFoSHanJ[Fd	
aT	 SFTFaSDI	 JnTUJUVUFT	 affJMJaUFd	 Uo	 ToIoLV	
6nJWFSTJUZ�

����
	AQSJM CIFNJDaM	3FTFaSDI	InTUJUVUF	of	Non	ʖ	ARVFoVT	
SoMVUJon	 XaT	 SFoSHanJ[Fd	 aT	 InTUJUVUF	 foS	
CIFNJDaM	3FaDUJon	SDJFnDF�

����
	AQSJM 3FTFaSDI	 InTUJUVUF	 of	MJnFSaM	DSFTTJnH	 and	
MFUaMMVSHZ	XaT	 SFoSHanJ[Fd	 aT	 InTUJUVUF	 foS	
AdWanDFd	MaUFSJaMT	PSoDFTTJnH�

����
	AQSJM 3FTFaSDI	InTUJUVUF	foS	SDJFnUJpD	MFaTVSFNFnUT
	
InTUJUVUF	 foS	CIFNJDaM	3FaDUJon	SDJFnDF
	and	
InTUJUVUF	 foS	AdWanDFd	MaUFSJaMT	PSoDFTTJnH	
XFSF	SFTUSVDUVSFd	and	DonToMJdaUFd	aT	InTUJUVUF	
of	MVMUJdJTDJQMJnaSZ	 3FTFaSDI	 foS	 AdWanDFd	
MaUFSJaMT		IM3AM
�

����
	AQSJM IM3AM	TUaSUFd	UIF	aDUJWJUZ	aT	a	NFNCFS	of	UIF	
NFUXoSL	 JoJnU	3FTFaSDI	CFnUFS	 foS	MaUFSJaMT	
and	DFWJDFT�

����
	MaSDI 3FTFaSDI	CFnUFS	 foS	 SVTUaJnaCMF	SDJFnDF	�	
EnHJnFFSJnH	XaT	DMoTFd�

����
	AQSJM CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	
MFUaMMVSHZ	and	EnWJSonNFnUaM	SDJFnDF	and	UIF	
CFnUFS	 foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ	
XFSF	TUaSUFd�

����
	NoWFNCFS CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	
SZnDISoUSon	3adJaUJon	MFUSoHZ	TUaSUFd�

����
	MaZ CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	
AnaMZTJT	of	 ISon	and	SUFFMNaLJnH	PSoDFTTFT	
XaT	TUaSUFd�
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໨　࣍

ॴ௕ѫࡰ	ʗ	DJSFDUoS�T	MFTTaHF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

֓ɹཁ	ʗ	OVUMJnF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

ओͳڀݚ੒Ռ	ʗ	3FTFaSDI	3FTVMUT�	����೥౓ͷϓϨεϦϦʔεΑΓɺओͳදজɾड৆	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

	ADUJWJUJFT	EYDIanHF	InUFSnaUJonaM	ʗ	ಈ׆ҭڭɾڀݚಉڞࡍࠃ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ֶੜɾࢧڀݚԉ	ʗ	SVQQoSUT	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

		CoMMaCoSaUJon	IndVTUoSZ�ADadFNJa	ʗ	ಈ׆ܞɾ஍Ҭ࿈ܞ࿈ֶ࢈ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ओཁͳϓϩδΣΫτ	ʗ	3FTTFaSDI	PSoKFDUT		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

૊৫ਤ	ʗ	OSHanJ[aUJon	CIaSU		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ		CFnUFST	and	DJWJTJonT	3FTFaSDI	ʗ	ηϯλʔڀݚ෦໳ɾڀݚ 	��

ඇమۚଐਫ਼࿉ڥ؀Պֶڀݚ෦໳	ʗ	CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	and	EnWJSonNFnUaM	SDJFnDF	 ʜ 	��

ʜʜ	MFUSoMoHZ	3adJaUJon	SZnDISoUSon	AdWanDFd	of	DJWJTJon	3FTFaSDI	CoMMaCoSaUJWF	ʗ	෦໳ڀݚܞଌՊֶ࿈ܭ୅ੈ࣍ޫࣹ์ 	��

੡మϓϩηεઌ୺ղੳٕज़ڞಉڀݚ෦໳ 	J'E ενʔϧ 
	ʗ	
CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	AnaMZTJT	of	ISon	and	SUFFMNaLJnH	PSoDFTTFTʢJ'E	TUFFM	CoSQoSaUJon
	ʜʜʜʜʜʜʜʜ 	��

༗ػɾੜ໋Պֶڀݚ෦໳	ʗ	DJWJTJon	of	OSHanJD�	and	#Jo�NaUFSJaMT	3FTFaSDI	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ແࡐػྉڀݚ෦໳	ʗ	DJWJTJon	of	InoSHanJD	MaUFSJaM	3FTFaSDI	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ϓϩηεγεςϜڀݚֶ޻෦໳	ʗ	DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	MFaTVSFNFnUT	of	DJWJTJon	ʗ	෦໳ڀݚଌܭ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ۚଐݯࢿϓϩηεڀݚηϯλʔ	ʗ	CFnUFS	foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ઌ୺ܭଌ։ൃηϯλʔ	ʗ	CFnUFS	foS	AdWanDFd	MJDSoTDoQZ	and	SQFDUSoTDoQZ		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	CFnUFS	3FTFaSDI	MaUFSJaMT	)ZCSJd	u	PoMZNFS	ʗ	ηϯλʔڀݚྉࡐɾϋΠϒϦουࢠ෼ߴ ʜʜʜʜʜʜʜʜʜʜʜ 	��

৽ػೳແػ෺࣭୳ڀݚࡧηϯλʔ	ʗ	CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT	ʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	SFDUJon	SVQQoSU	ʗ	ԉ૊৫ࢧڀݚ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ٕज़ࣨ	ʗ	TFDInJDaM	SFSWJDF	SFDUJon	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ଟݩCA'	ʗ	TA(EN	CFnUSaM	AnaMZUJDaM	'aDJMJUZ	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	DJSFDUJonT	and	MaQT	ʗ	෺Ҋ಺ਤɾΞΫηεݐ 	��

C0/T&/T4
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͍͋ͭ͞

ɹଟݩ෺࣭ՊֶڀݚॴʢҎԼɺଟݚݩʣ૑ཱ͔Β��೥͕ա͗·

ͨ͠ɻैདྷͷ۠ผ΍࿮ʹͱΒΘΕͳ͍ɺ෺࣭ɺࡐྉ͚ͩͰͳ͘ɺ

ͦΕΛੜΈग़͢ϓϩηε΍ධՁٕज़·ͰΛ΋ؚΉɺ͋ΒΏΔʠ΋

ͷʡΛଟݩతʹ͢ڀݚΔɺಛ௃͋Δڀݚॴͱͯ͠ ���� ೥ �݄

ʹ஀ੜ͠·ͨ͠ɻͦͯ͠ʮଟݩ෺࣭Պֶʯ͸Ұൠࣾձʹ΋ਁಁ͠

ͭͭ͋Γ·͢ɻͦͷૅ͸ɺ૑ཱ ���� ೥Ҏདྷड͚͕ܧΕ͖ͯͨ

ଟݚݩͷલ਎Ͱ͋Δɺબ߭੡࿉ڀݚॴʢૉڀݚֶ޻ࡐॴʣɺՊֶ

ॴʣͷεϐϦοڀݚॴʢ൓ԠԽֶڀݚॴɺඇਫ༹ӷԽֶڀݚଌܭ

τͰ͋Γ·͢ɻ΋͏͙͢��೥Λܴ͑Α͏ͱ͢Δ఻౷ͷྗΛɺͻ

͠ͻ͠ͱ͡ײ·͢ɻઌਓ͕ͨͪ੾Γ୓͍͖ͯͨଟ͘ͷڀݚ෼໺

ͱɺً͔͍͠ڀݚ੒Ռ͕ɺ࿙ΕΔ͜ͱͳ͘ɺଟݚݩʹҾ͖͕ܧΕ

͓ͯΓɺա͔ڈΒະདྷ΁ͷ࣠ؒ࣌ͷதͰɺڀݚॴͷ͋ͪΒͪ͜Β

Ͱɺۭ࣌Λ௒͑ͯ༥߹͍ͯ࢟͘͠ΛݟΔ͜ͱ͕Ͱ͖·͢ɻ����

೥ �݄ �೔ʹ͸ɺͦ Ε͕৽ͨ ʮʹۚଐݯࢿϓϩηεڀݚηϯλʔʯ

ͱͳ࣮ͬͯݱʹ஀ੜ͢Δ͜ͱͱͳΓ·ͨ͠ɻ͜Εͦ͜఻౷ͷྗͦ

ͷ΋ͷͰ͢ɻ

ɹ͜͏ͯ͠ଟݚݩͰ͸ɺ͔ݯࢿΒ࠷ઌ୺ૉࡐ·Ͱͷϓϩηε࣠ɺ

ແػɾ༗ػɾόΠΦͳͲ͋ΒΏΔ෺࣭ΛؚΉ෺࣭࣠ɺͦͯ͠ɺφ

ϊ͔ΒϚΫϩ·ͰͷධՁܭଌ࣠ΛɺϋΠϒϦουʹΧόʔͨ͠ɺ

ಠ૑తͰ࢐৽ͳ͕ڀݚ਺ଟ͘ߦΘΕ͍ͯ·͢ɻͦ͏ͨ͠ڀݚͷҰ

୺Λɺຊʮଟ֓ݚݩཁʯͰ঺հ͍ͯ͠·͢ɻύϥύϥͱϖʔδΛ

Ί͘Γͳ͕ΒɺଟݚݩͰ͸ɺʠ΋ͷʡɺʠਓʡɺʠٕʡ͕ϋΠϒϦο

υͱͳͬͯɺ෺࣭ࡐྉ͍ͯ͠ࣄैʹڀݚΔ͜ͱ͕͝ཡ͍͚ͨͩΔ

ɻ͢·͍ࢥͱࣄ

ɹ����೥͔Β࢝·ͬͨɺઌۦతͳωοτϫʔΫڞܕಉར༻ɾڞ

ಉڌڀݚ఺Ͱ͋Δʮ෺࣭ɾσόΠεྖҬڞಉڌڀݚ఺ʯʢଟݚݩ

ͷଞɺ๺ւಓେֶిࢠՊֶڀݚॴɺ౦ۀ޻ژେֶԽֶੜ໋Պֶݚ

ॴͱڀݚॴɺ۝भେֶઌಋ෺࣭ԽֶڀݚՊֶۀ࢈େֶࡕॴɺେڀ

ͷ࿈ۀࣄܞʣͰ͸ɺڌ఺ར༻ऀͱڞʹͨ͘͞Μͷڀݚ੒Ռ͕ग़͞

Ε͓ͯΓ·͢ɻ����೥౓͔Β͸ଟڌ͕ݚݩ఺ຊ෦ͱͳΓਪਐ͠

͓ͯΓ·͢ɻ͞Βʹɺ͜ͷ׆ಈΛ͑ࢧΔ �ෟஔڀݚॴ͸ɺh ਓɾ

ͱ෺࣭Λͭͳ͙Πϊϕʔγϣϯ૑ग़μΠφϛοΫɾΞϥΠΞڥ؀

ϯεʱۀࣄʹΑΓɺޮ཰త͔ͭઌਐతʹ࿈׆ܞಈΛ͓ͯͬߦΓ·

͢ɻ

ɹҰํͰɺଟݚݩ͸ੈ࣍୅ͷΠϊϕʔγϣϯ૑ग़ʹॏཁͳًߴ౓

ೈ 9ઢޫݯͰ͋Δੈ࣍୅์ࣹޫࢪઃܭըਪਐͷװج෦ہͱͯ͠ɺ

����೥౓͔Βੵۃతʹ಺֎ʹͦͷॏཁੑΛप஌͠ɺେֶɾٶ৓

೥ࡢಈ͖ͯ͠·ͨ͠ɻ׆ମ࿈߹ձͱͱ΋ʹɺஂࡁܦ౦๺ͯͦ͠ݝ

�݄຤ʹ͸ɺ౦๺େֶ੨༿ࢁ৽ΩϟϯύεͰݐઃ͕ࣄ޻ελʔτ

͠·ͨ͠ɻ

ɹͯ͞ɺ����೥ �݄ͷ౦೔ຊେ਒͔ࡂΒ�೥͕ܦա͠·ͨ͠ɻ

ଟݚݩ͸෺࣭ࡐྉڀݚʹΑΔ౦๺෮ڵ΁ͷݙߩͱɺ౦๺େֶͦ͠

ͯ೔ຊͷະདྷΛഎෛ͏৽ਐؾӶͷ༏लͳऀڀݚͷഐग़Λɺޙࠓ΋

ͳΓ·͕ͨ͠ɺօ༷ํͷӹʑͷʹޙ࠷తʹ୲͍͖ͬͯ·͢ɻۃੵ

݈͝উͱ͝ൃలΛ৺ΑΓ্فਃ্͛͠Δͱͱ΋ʹɺޙࠓͱ΋ɺม

ΘΒ͵͝ࢧԉΛࣀΓ·͢Α͏͓͍ٓ͘͠ئਃ্͛͠·͢ɻ

౦๺େֶ
ଟݩ෺࣭Պֶڀݚॴ

ॴ௕ڀݚ

寺಺　ਖ਼ݾ
InTUJUVUF of MVMUJdJTDJQMJnaSZ 3FTFaSDI
foS AdWanDFd MaUFSJaMT
ToIoLV 6nJWFSTJUZ

DJSFDUoS
MaTaNJ TE3A6C)I

����೥ �݄ɹڀݚॴ௕ɹࣉ಺ਖ਼ݾ
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ɹOVS	 JnTUJUVUF
	 InTUJUVUF	of	MVMUJdJTDJQMJnaSZ	3FTFaSDI	 foS	

AdWanDFd	MaUFSJaMT
	 IM3AM
	 JT	 DaMMFd	 TA(EN�,EN	 Jn	

JaQanFTF�	��	ZFaST	IaWF	QaTTFd	 fSoN	 JUT	 foVndaUJon
	AQSJM	

�����	NoXadaZT
	 UIF	XoSd	TA(EN	 JT	XJdFMZ	LnoXn
	TJnDF	

UIF	 SFTFaSDI	 Jn	 oVS	 JnTUJUVUF	 IaT	 CFFn	 DaSSJFd	 oVU	 oWFS	

�MVMUJdJTDJQMJnaSZ�	 fJFMdT	of	 TDJFnDF	and	FnHJnFFSJnH	 foS	

XJdF	WaSJFUZ	of	NaUFSJaMT�	OVS	CaTJT	 JT
	VnfaJMJnHMZ
	 Jn	 UIF	
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ʠ%ynamiD assemCMy oG protein EisuMpEe isomerase in DataMysis oG oYiEative GoMEinHʡ
MaTaLJ OLVNVSa
 ,FnUaSo NoJ
 SIJnHo ,anFNVSa
 MJTaLJ ,JnoTIJUa
 ToNoIJdF SaJo
 YV�JDIJ InoVF
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ʠ4truDturaM Casis oG sarDo�enEopMasmiD retiDuMum Ca���"T1ase �C reHuMation via transmemCrane 
heMiY interpMayʡ
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ʠTripMon CanE spMittinH anE topoMoHiDaMMy proteDteE eEHe states in the 
Eimeri[eE antiGerromaHnetʡ
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ʠ3eaM�time oCservation oG 9�ray�inEuDeE intramoMeDuMar anE interatomiD eMeDtroniD EeDay in C)�*�ʡ
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 EdXJn ,VLL
 ,oKJ MoUoNVSa
 SIJn�JDIJ 8ada
 ,JZonoCV NaHaZa
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ʠ%eveMopment oG pink�Ceam �% phase CT Gor in�situ oCservation oG poMymers unEer 
inGrareE Maser irraEiationʡ
,aSoM 7FHTo
 YanMJn 8V
 )JdFLa[V TaLano
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ʠ2uantiGiDation oG the Ruantum eGGiDienDy oG raEiation oG a GreestanEinH (a/ DrystaM 
pMaDeE outsiEe an inteHratinH sphereʡ
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֯ਲ਼͸ SS) ໛ܕʹ͓͚ΔԾ૝࣓৔
Λද͍ͯ͠Δɻ
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���������� φϊͷ޸Λ΋ͭεϙϯδΛར༻ͨ͠ ࣗવྫྷഔͰಈ͢࡞Δޮߴ཰ώʔτϙϯϓΛఏҊ　ʔφϊۭؒͷมܗʹΑΔؾӷ૬సҠΛར༻ʔ

໺ଜܒଠɺࢁຊխೲɺզ෦ಞɺ西ݪ༸஌ɺژ୩ོ

ʠ'orDe�Eriven reversiCMe MiRuiErHas phase transition meEiateE Cy eMastiD nanosponHesʡ
,FJUa NoNVSa
 )JSoUoNo NJTIJIaSa
 MaTanoSJ YaNaNoUo
 AUTVTIJ (aCF
 MaTaTIJ IUo
 MaTanoCV 6DIJNVSa
 YVUa NJTIJna
 )JdFLJ TanaLa
 MJnoSV T�
MJZaIaSa � TaLaTIJ ,ZoUanJ
NaUVSF CoNNVnJDaUJonT ��
 ASUJDMF nVNCFS� ���� 	����

DOI� ��������T�����������������

���������� %/" ͷಛघߏ଄બ୒తͳԽֶम০ʹ੒ޭ　
ʔ൓Ԡੑ 0''�0/ Λ։ൃʔࡎΞϧΩϧԽࢎ֩ܕ

Ӭ࢙࣍ɺَ௩࿨ޫ

ʠ3eaDtive 0''�0/ type aMkyMatinH aHents Gor hiHher�orEereE struDtures oG nuDMeiD aDiEsʡ
,a[VNJUTV OnJ[VLa
 MadoLa E� )a[FNJ
 NoSJIJSo SaUo
 (Fn�JDIJSo TTVKJ
 SIVnZa ITIJLaXa

MaNJLo O[aXa
 ,oVTVLF Tanno
 ,Fn YaNada
 'VNJ NaHaUTVHJ
NVDMFJD ADJdT 3FTFaSDI
DOI� ��������naS�HL[���

���������� ͕Μ཈੍λϯύΫ࣭ p�� ͷఱવมੑྖҬΛඪతͱͨ͠ ϖϓνυͷਓ޻ઃܭ　ʔఱવมੑλϯύΫ࣭ͷ૑ༀʹظ଴ʔ

ਗ਼ਓܗח

ʠ3ationaM EesiHn usinH seRuenDe inGormation onMy proEuDes a peptiEe that CinEs to the intrinsiDaMMy EisorEereE reHion oG p��ʡ
,JZoUo ,aNaHaUa
 ESJLo Mano
 YVKJ IUoI
 TaLVSo 8aLaNoUo
 3Zo ,JUaIaSa
 SaoSJ ,anCaZaTIJ
 )JSoUo TaLaIaTIJ
 AHaUo MVSaUa
 and ToNoTIJ
,aNFda
SDJFnUJpD 3FQoSUT
DOI� ��������T�����������������

���������� ྲྀಈதͷ࣓ؾεΩϧϛΦϯ֨ࢠͷมڍܗಈ؍ଌʹ੒ޭ
Ԟࢁେีɺࠤ౻୎

ʠ%eGormation oG the movinH maHnetiD skyrmion MattiDe in .n4i unEer eMeDtriD Durrent qoXʡ
D� OLVZaNa
 M� #MFVFM
 J� S� 8IJUF
 2� YF
 J� ,S[ZXon
 (� NaHZ
 ;� 2� IN
 I� ;JWLoWJD
 M� #aSULoXJaL
 )� M� 3onnoX
 S� )oTIJno
 J� IXaTaLJ
 N�
NaHaoTa
 A� ,JLLaXa
 Y� TaHVDIJ
 Y� ToLVSa
 D� )JHaTIJ
 J� D� 3FJN
 Y� NaNCV
 and T� J� SaUo
CoNNVnJDaUJonT PIZTJDT�
 ASUJDMF nVNCFS� �� 	����

DOI� ��������T���������������[

���������� ଠཅి஑ͷࡐྉ͸Α͘ޫΔ⽐　ʵϖϩϒεΧΠτ൒ಋମͷൃޫྔޮࢠ཰ܭଌʵ

খౡҰ৴ɺட෕ॏӳ

ʠ*nternaM Ruantum e⒏DienDy oG raEiation in a CuMk C)�/)�1C#r� perovskite DrystaM RuantipeE 
Cy usinH the omniEireDtionaM photoMuminesDenDe speDtrosDopyʡ
,a[VnoCV ,oKJNa
 ,Fn�JDIJSo ILFNVSa
 ,oVIFJ MaUTVNoSJ
 YaTVIJSo YaNada
 YoTIJIJLo ,anFNJUTV

and SIJHFfVTa '� CIJDIJCV
AP- NaUFSJaMT
 �
 ������ 	����

DOI� �����������������
AP- MaUFSJaMT
 EdJUoSʟT PJDL

���������� ̭ઢΠϝʔδϯάͱߏ଄ղੳͷ༥߹ʹ੒ޭ　ʔ֤ըૉͰ nm Φʔμʔͷ定ྔతߏ଄ղੳ͕Մೳʹʔ

໼୅ߤ

ʠ1roCinH 4urGaDe .orphoMoHy usinH 9�ray (ratinH *nterGerometryʡ
8aUaSV YaTIJSo
 SVTVNV ILFda
 YaTVo 8ada
 ,FnUaSo ToUTV
 YoTIJo
SV[VLJ
 and ALJIJTa TaLFVDIJ
SDJFnUJpD 3FQoSUT
 �
 ASUJDMF nVNCFS������	����

DOI� ��������T�����������������

���������� ଴ʵظྉ΁ͷࡐࢠ଎ޫεΠονϯάσόΠεૉߴ੒ޭ　ʔ௒ʹڧಛੑͷ૿ֶޫܗϋΠϒϦουφϊബບͷඇઢࢠ෼ߴ໾ڞ

খ໺寺߃৴ɺٴ川ӳढ़

ʠThirE�0rEer /onMinear 0ptiDaM 1roperties oG -ayereE 
Type )yCriEi[eE Thin 'iMms ConsisteE oG 0rienteE 
1oMyEiaDetyMene /anopCers anE 4iMver /anopartiDMesʡ
,� 8ada
 T� OnodFSa
 )� ,aTaJ
 3� SaUo
 Y� TaLFda
 and )�
OJLaXa
TIF JoVSnaM of PIZTJDaM CIFNJTUSZ
 PaSU C 	SFDUJon C

DOI� ��������aDT�KQDD��C�����

���������� ௒ߴԹϞγϒνοΫ߹ۚͷݻڽաఔΛղ໌
ʔࠇମ์ࣹΛར༻ͨ͠৽ن௒ߴԹ೤෼ੳ૷ஔͷ։ൃͱු༡๏ʹΑΔݻڽաఔͷͦͷ৔࡯؍ख๏ͷཱ֬ʔ

෱ࢁത೭ɺେ௩੣

ʠ4tuEy oG soMiEipDation pathXay oG a .o4i#TiC aMMoy Cy optiDaM thermaM anaMysis anE in�
situ oCservation Xith eMeDtromaHnetiD Mevitationʡ
)JSoZVLJ 'VLVZaNa
 3ZoHo SaXada
 )aSVLJ NaLaTIJNa
 MaLoUo OIUTVLa
 and ,ZoTVLF
YoTIJNJ
SDJFnUJpD 3FQoSUT
 �
 ASUJDMF nVNCFS������	����
�
DOI� ��������T����������������[

൓Ԡੑ O''�ON ࢎ֩ܕ
ΞϧΩϧԽࡎͷ֓೦ਤ

఺ঢ়ʹྭ͞ىΕͨ݁থ͕ൃޫ͢Δ༷ࢠΛࡱӨͨ͠ਤɻ

9 ઢճં֨ׯࢠব๏ʹΑΓࡱӨ͞ΕͨαΫϥϯϘͷ౤Ө૾ɻ
	a
 
C	ऩ૾ɺٵ ඍ෼Ґ૬૾ɺ	D
 ϏδϏϦςΟίϯτϥετ૾

ϙϦδΞηνϨϯφϊϑΝΠόʔͷ഑ࢠ෼ߴ໾ڞ
੒͞ΕΔαߏͷଯੵബບ͔Βࢠബບͱۜφϊཻ޲
ϯυΠονܕʮϋΠϒϦουφϊബບʯͷߏ੒ਤɻ

ి࣓ු༡༹ͨ͠༥ϞγϒνοΫ߹ۚͷݻڽաఔͷͦͷ৔؍
ʣɻ࡯؍ʢ߹্ۚ෦͔Β࡯
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���������� ۙ੺֎ޫͷࢄཚߏػΛφϊిࢠઢ෼ޫ๏Λ༻͍ͯղ໌
ʔ৽ͨͳ೤ઢःณϑΟϧλʔࡐͷ։ൃʹ༗༻ʔ

ݾ༱ฏɺ寺಺ਖ਼౻ࠤ

ʠ"nisotropiD pMasmons Eue to Darrier eMeDtrons in Cs�EopeE heYaHonaM 80� stuEieE Cy momentum transGer 
resoMveE eMeDtron enerHy�Moss speDtrosDopyʡ
YoIFJ ,� SaUo
 MaTaNJ TFSaVDIJ
 and ,FnKJ AdaDIJ
JoVSnaM of AQQMJFd PIZTJDT ���
 ������ 	����

DOI� �����������������

���������� ௒୹ύϧεೈ̭ઢϨʔβʔಛ༗ͷද໘Ճ޻ϝΧχζϜΛղ໌　ʔφϊεέʔϧͷ௒ਫ਼ີɾ௚઀Ճ͕޻Մೳʹʂʔ

Ӌଟ໺஧

ʠControMMeE stronH eYDitation oG siMiDon as a step toXarEs proDessinH materiaMs at suC�nanometer preDisionʡ
TIanI�)VnH DJnI
 NJLJUa MFdWFdFW
 MaTaIJLo ITIJno
 ToTIJZVLJ ,JUaNVSa
 NoCoSV )aTFHaXa
 ToNoIJUo OUoCF
 TaLFTIJ )JHaTIJHVDIJ
 ,a[VZVLJ
SaLaVF
 MaTaLa[V 8aTIJo
 TadaTIJ )aUano
 ALJSa ,on
 YVZa ,VCoUa
 YVJDIJ InVCVTIJ
 SIJHFLJ OXada
 TaUTVnoSJ SIJCVZa
 #FaUa ;JaKa �
MaTaIaSV NJTIJLJno
CoNNVnJDaUJonT PIZTJDT�
 ��� 	����

DOI� ��������T����������������

���������� ҰԯݸʹҰͭͷෆ७෺΋ݟಀ͞ͳ͍ʂ　ʔ஠ԽΨϦ΢Ϝ݁থதͷ୸ૉෆ७෺Λײߴ౓ɾඇഁյɾඇ઀৮ݕग़ʔ

খౡҰ৴ɺட෕ॏӳ

ʠ3oMes oG DarCon impurities anE intrinsiD nonraEiative reDomCination Denters on the Darrier reDomCination proDesses oG (a/ DrystaMsʡ
,a[VnoCV ,oKJNa
 'VNJNaTa )oSJLJSJ
 YoTIJnoCV NaSJUa
 TaLFIJSo YoTIJda
 )aKJNF 'VKJLVSa
 and SIJHFfVTa '� CIJDIJCV
AQQMJFd PIZTJDT EYQSFTT
 ��
 ������	����

DOI� ������������������aC�adD

���������� άϥϑΣϯͷ৽͍͠߹੒๏　ʔѥྟքਫ೤ిղʹΑΔάϥϑΣϯͱਫૉͷಉ࣌ੜ੒ʔ

ᝋ໌ߴډɺຊؒ֨ɺத҆༞ଠ 

ʠ#ottom�up synthesis oG Hraphene via hyErothermaM DathoEiD 
reEuDtionʡ
TaLaaLJ ToNaJ
 YVUa NaLaZaTV
 YVTVLF OLaNVSa
 SIVnJDIJ ITIJHVSo

NaoLJ TaNVSa
 SIVTVLF ,aUaIJSa
 IUaSV )onNa
CaSCon
 ���
 �	����

 �������
DOI� ��������K�DaSCon������������

���������� ϚϧνϏʔϜ 9 ઢλΠίάϥϑΟΛ࣮ূ　ʔ์ࣹޫΛޮ͍ߴ཰Ͱར༻͠ࢹ࡯؍໺Λ広͛Δʔ

ੜ޾ڮߴ

ʠ.uMtiCeam ptyDhoHraphy Xith synDhrotron harE 9�raysʡ
MaLoUo )JSoTF
 TaLaZa )JHaTIJno
 No[oNV ITIJHVSo and YVLJo TaLaIaTIJ
OQUJDT EYQSFTT
DOI� ��������OE�������

���������� ͕Μ཈੍λϯύΫ࣭ p�� ͷӷణܗ੒ݱ৅ͷൃݟ　ʔ͕Μ཈੍ߏػͷղ໌ʹظ଴ʔ

࢙࣍ɺӬ૱ڮ∁ਗ਼ਓɺܗח

ʠ-iRuiE�Mike EropMet Gormation Cy tumor suppressor p�� inEuDeE Cy muMtivaMent 
eMeDtrostatiD interaDtions CetXeen tXo EisorEereE Eomainsʡ
,JZoUo ,aNaHaUa
 SaoSJ ,anCaZaTIJ
 MaTaZa )onda
 YVKJ IUoI�
 )JSoUo TaLaIaTIJ
 ToNoTIJ
,aNFda
 'VNJ NaHaUTVHJ
 and SaUoTIJ TaLaIaTIJ
SDJFnUJpD 3FQoSUT ��
 ��� 	����

DOI� ��������T����������������X

���������� ̭ઢʹΑΓ͞ߗΛߴղ૾౓ͰՄࢹԽ
໼୅ߤ

ʠ9�ray eMastoHraphy Cy visuaMi[inH propaHatinH shear Xavesʡ
CIJLa ,aNF[aXa
 ToNoLa[V NVNano
 YoTIJIJLo ,aXaCaUa
 )JSoZaTV ,anFUaLa
 MaJLo 'VSVZa
 ,oUonF
YoLoUa
 )JdFNJ ,aUo
 ALJo YonFZaNa
 ,a[VZVLJ )Zodo
 and 8aUaSV YaTIJSo
AQQMJFd PIZTJDT EYQSFTT
DOI� �������������������aC�F��

���������� 9 ઢ૾ࡱૉࢠͷϐΫηϧαΠζΛैདྷͷ ������ ҎԼʹ͢Δ௒ղ૾ݱ৅ͷൃݟ
ౡৎ༤ߐ

ʠ%emonstration oG stimuMateE emission EepMetion phenomenon in MuminesDenDe oG soMiE�state sDintiMMator eYDiteE Cy soGt 9�raysʡ
TaLFo EKJNa
 ToTIJUaLa 8aLaZaNa
 NaUTVNJ SIJno[aLJ
 MJTaLJ SIoKJ
 (FnUa )aUaZaNa � TaLFTIJ )JHaTIJHVDIJ
SDJFnUJpD 3FQoSUT 	naUVSF SFTFaSDI

DOI� ��������T�����������������

CT����8O� ݁থߏ଄

നۚӄۃΛ෴͏ਫ೤ిղ๏ʹΑΓ߹੒͞Εͨάϥ
ϑΣϯͷ SEMʢ૸ࠪݦࢠిܕඍڸʣ૾ʢάϥϑΣϯ
ͱനۚͷ೤๲ு܎਺ͷࠩʹ༝དྷ͢Δʮ͠Θ 	XSJnLMF
ʯ
Δʣ͑ݟ͕

'JH� ඍ෼ׯবݦඍڸΛ༻͍ͯɺQ�� ͷӷణঢ়ͷձ߹ମΛ
ஶ࿦จͷਤݪʢ࡯؍ � ΑΓసࡌʣ

̭ઢΠϝʔδϯάʹΑΓٻΊΒΕͨࢼྉʢϙϦ
ΞΫϦϧΞϛυήϧʣ಺ͷਫฏํ޲ͷมҐϚο
ϓͷྫʢࢼྉ಺ͷۉ΅΄͕͞ߗҰͳ৔߹ͱɺΘ
Ҭ͕಺แ͞Ε͍ͯΔ৔߹ʣɻྖ͍ߗʹ͔ͣ
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� ݄ ྩ࿨ݩ೥य़ͷ๙ষ	ࢵद๙ষ Ѩ৲ɹխจɹڭɹत

ྩ࿨ݩ೥य़ͷঀ܄	ਸ਼ๅதदষ ૣҴాՅ෉ɹ໊༪ڭत

Έ΍͗ۀ࢈Պֶৼۚجڵ	ڀݚ঑ྭ৆ খᖒɹ༞ࢢɹ।ڭत

� ݄ ౦๺େֶσΟεςΟϯάΠογϡτϓϩϑΣοαʔ Ѩ৲ɹխจɹڭɹत

InUFSnaUJonaM	SZNQoTJVN	on	PoMZNFS	AnaMZTJT	and	CIaSaDUFSJ[aUJon
	#FTU	PaQFS	AXaSd ڭɹஐऺɹॿɹాٶ

I8JT����	InUFSnaUJonaM	8oSLTIoQ	on	JVnDUJon	TFDInoMoHZ
ɹ#FTU	PaQFS	AXaSd ౢɹɹߛฏɹॿɹڭ

খౡɹҰ৴ɹॿɹڭ

ட෕ɹॏӳɹڭɹत

৽Խֶٕज़ਪਐڠձʮ��ճάϦʔϯɾαεςΠφϒϧ	έϛετϦʔʢ̨̜̘ʣ৆঑ྭ৆ʯ ຊؒɹɹ֨ɹڭɹत

υΠπɾΠϊϕʔγϣϯɾΞϫʔυʮΰοτϑϦʔυɾϫάωϧ৆����ŉ ੢ݪɹ༸஌ɹ।ڭत

TIF	����	#FTU	PaQFS	AXaSd
	JACE3AS	JoVSnaM	of	ATJan	CFSaNJD	SoDJFUJFT
 ே૔ɹ༟հɹॿɹڭ

ᓵɹγϡ΢ɹڭɹत

� ݄ ຊଟه೦ձ	ڀݚాݪ঑ྭ৆ ઒੢ɹ࡙ࢠɹॿɹڭ

OVUTUandJnH	ConUSJCVUJon	AXaSd
	TIF	�UI	 InUFSnaUJonaM	SZNQoTJVN	on	MJDSoTDoQZ	
and	MJDSoanaMZTJT	of	MaUFSJaMT

ᓵɹγϡ΢ɹڭɹत

ΞϝϦΧ୸ૉֶձʮS(-	CaSCon	AXaSd	����ʯ ɹतڭ୩ɹɹོɹژ

� ݄ JAISIS����ϙελʔ৆ 
	AnaMZUJDaM	CIFNJTUSZ
	EnWJSonNFnUaM	AQQMJDaUJonT MoUU	DFSSJDL	MJDIaFM	ॿɹڭ

TIF	�UI	MFFUJnH	of	InUFSnaUJonaM	SoDJFUZ	foS	;JnD	#JoMoHZɹϙελʔ৆ ఱ֋ɹ༎ଠɹॿɹڭ

೔ຊόΠΦΠϝʔδϯάֶձ	঑ྭ৆ খ࿨ాढ़ߦɹॿɹڭ

�� ݄ தرࠃ౔ྨֶձ	ر౔ྨ݁থ෦໳ʮ����೥ֶज़৆ʯ ᓵɹγϡ΢ɹڭɹत

೔ຊಔֶձ	ୈ ��ճ࿦จ৆ େ୩ɹത࢘ɹڭɹत

ӿ໦ɹউಙɹॿɹڭ

����	InUFSnaUJonaM	ConfFSFnDF	on	NanoTQaDF	MaUFSJaMT	PSFTFnUaUJon	AXaSd ே૔ɹ༟հɹॿɹڭ

೔ຊֶज़ৼڵձڀݚྗڠֶ࢈ҕһձ	ޫి૬ޓม׵ୈ���ҕһձ	঑ྭ৆ খౡɹҰ৴ɹॿɹڭ

TIF	�UI	InUFSnaUJonaM	ConfFSFnDF	on	9�SaZ	and	NFVUSon	PIaTF	INaHJnH	XJUI	(SaUJnHT	
	9NPI(����
ɹPoTUFS	AXaSd

໼୅ɹɹߤɹ।ڭत

�� ݄ ྩ࿨ݩ೥ळͷঀ܄	ਸ਼ๅதदষ Ѩ্࠲஛࢛ɹ໊༪ڭत

ୈ ��ճ	೔ຊதੑࢠՊֶձ	঑ྭ৆ ಹ೾ɹ࿨޺ɹॿɹڭ

�� ݄ ྩ࿨ݩ೥౓ʢୈ��ճʣ༗ػ߹੒Խֶڠձاڀݚը৆ɹίχΧϛϊϧλ	اڀݚը৆ َ௩ɹ࿨ޫɹ।ڭत

ྩ࿨ݩ೥౓ʢୈ��ճʣ༗ػ߹੒Խֶڠձاڀݚը৆ɹADE,Aاڀݚը৆ খ࿨ాढ़ߦɹॿɹڭ

೔ຊޫֶձ	����೥౓ޫֶ࿦จ৆ খᖒɹ༞ࢢɹ।ڭत

ྩ࿨ݩ೥౓φΠτϥΠυۚج	ڀݚ঑ྭ৆ খౡɹҰ৴ɹॿɹڭ

� ݄ ೔ຊԽֶձ	ୈ ��ճֶज़৆ʢ����೥౓ʣ և઒ɹஐߦɹڭɹत

Տ๺จԽஂۀࣄ	ୈ ��ճʢྩ࿨ݩ೥౓ʣՏ๺จԽ৆ ૣҴాՅ෉ɹ໊༪ڭत

� ݄ ೔ຊమ߯ڠձ	ඨ࿦จ৆ ՆҪɹढ़ޛɹॿɹڭ

೔ຊమ߯ڠձ	ᖒଜ࿦จ৆ ైɹɹ఻໌ɹॿɹڭ

ڭɹɹɹѴɹॿɹߴ

২ాɹɹ࣎ɹ।ڭत

๺ଜɹ৴໵ɹڭɹत

೔ຊమ߯ڠձ	మٕ߯ೳޭ੷৆ େڮɹɹ་ɹٕज़ઐ໳৬һ
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ओͳڀݚ੒Ռʢ���� ೥౓ͷड৆ɾදজΑΓʣ

� ݄ ྩ࿨ݩ೥य़ͷ๙ষ	ࢵद๙ষ Ѩ৲ɹխจɹڭɹत

ྩ࿨ݩ೥य़ͷঀ܄	ਸ਼ๅதदষ ૣҴాՅ෉ɹ໊༪ڭत

Έ΍͗ۀ࢈Պֶৼۚجڵ	ڀݚ঑ྭ৆ খᖒɹ༞ࢢɹ।ڭत

� ݄ ౦๺େֶσΟεςΟϯάΠογϡτϓϩϑΣοαʔ Ѩ৲ɹխจɹڭɹत

InUFSnaUJonaM	SZNQoTJVN	on	PoMZNFS	AnaMZTJT	and	CIaSaDUFSJ[aUJon
	#FTU	PaQFS	AXaSd ڭɹஐऺɹॿɹాٶ

I8JT����	InUFSnaUJonaM	8oSLTIoQ	on	JVnDUJon	TFDInoMoHZ
ɹ#FTU	PaQFS	AXaSd ౢɹɹߛฏɹॿɹڭ

খౡɹҰ৴ɹॿɹڭ

ட෕ɹॏӳɹڭɹत

৽Խֶٕज़ਪਐڠձʮ��ճάϦʔϯɾαεςΠφϒϧ	έϛετϦʔʢ̨̜̘ʣ৆঑ྭ৆ʯ ຊؒɹɹ֨ɹڭɹत

υΠπɾΠϊϕʔγϣϯɾΞϫʔυʮΰοτϑϦʔυɾϫάωϧ৆����ŉ ੢ݪɹ༸஌ɹ।ڭत

TIF	����	#FTU	PaQFS	AXaSd
	JACE3AS	JoVSnaM	of	ATJan	CFSaNJD	SoDJFUJFT
 ே૔ɹ༟հɹॿɹڭ

ᓵɹγϡ΢ɹڭɹत

� ݄ ຊଟه೦ձ	ڀݚాݪ঑ྭ৆ ઒੢ɹ࡙ࢠɹॿɹڭ

OVUTUandJnH	ConUSJCVUJon	AXaSd
	TIF	�UI	 InUFSnaUJonaM	SZNQoTJVN	on	MJDSoTDoQZ	
and	MJDSoanaMZTJT	of	MaUFSJaMT

ᓵɹγϡ΢ɹڭɹत

ΞϝϦΧ୸ૉֶձʮS(-	CaSCon	AXaSd	����ʯ ɹतڭ୩ɹɹོɹژ

� ݄ JAISIS����ϙελʔ৆ 
	AnaMZUJDaM	CIFNJTUSZ
	EnWJSonNFnUaM	AQQMJDaUJonT MoUU	DFSSJDL	MJDIaFM	ॿɹڭ

TIF	�UI	MFFUJnH	of	InUFSnaUJonaM	SoDJFUZ	foS	;JnD	#JoMoHZɹϙελʔ৆ ఱ֋ɹ༎ଠɹॿɹڭ

೔ຊόΠΦΠϝʔδϯάֶձ	঑ྭ৆ খ࿨ాढ़ߦɹॿɹڭ

�� ݄ தرࠃ౔ྨֶձ	ر౔ྨ݁থ෦໳ʮ����೥ֶज़৆ʯ ᓵɹγϡ΢ɹڭɹत

೔ຊಔֶձ	ୈ ��ճ࿦จ৆ େ୩ɹത࢘ɹڭɹत

ӿ໦ɹউಙɹॿɹڭ

����	InUFSnaUJonaM	ConfFSFnDF	on	NanoTQaDF	MaUFSJaMT	PSFTFnUaUJon	AXaSd ே૔ɹ༟հɹॿɹڭ

೔ຊֶज़ৼڵձڀݚྗڠֶ࢈ҕһձ	ޫి૬ޓม׵ୈ���ҕһձ	঑ྭ৆ খౡɹҰ৴ɹॿɹڭ

TIF	�UI	InUFSnaUJonaM	ConfFSFnDF	on	9�SaZ	and	NFVUSon	PIaTF	INaHJnH	XJUI	(SaUJnHT	
	9NPI(����
ɹPoTUFS	AXaSd

໼୅ɹɹߤɹ।ڭत

�� ݄ ྩ࿨ݩ೥ळͷঀ܄	ਸ਼ๅதदষ Ѩ্࠲஛࢛ɹ໊༪ڭत

ୈ ��ճ	೔ຊதੑࢠՊֶձ	঑ྭ৆ ಹ೾ɹ࿨޺ɹॿɹڭ

�� ݄ ྩ࿨ݩ೥౓ʢୈ��ճʣ༗ػ߹੒Խֶڠձاڀݚը৆ɹίχΧϛϊϧλ	اڀݚը৆ َ௩ɹ࿨ޫɹ।ڭत

ྩ࿨ݩ೥౓ʢୈ��ճʣ༗ػ߹੒Խֶڠձاڀݚը৆ɹADE,Aاڀݚը৆ খ࿨ాढ़ߦɹॿɹڭ

೔ຊޫֶձ	����೥౓ޫֶ࿦จ৆ খᖒɹ༞ࢢɹ।ڭत

ྩ࿨ݩ೥౓φΠτϥΠυۚج	ڀݚ঑ྭ৆ খౡɹҰ৴ɹॿɹڭ

� ݄ ೔ຊԽֶձ	ୈ ��ճֶज़৆ʢ����೥౓ʣ և઒ɹஐߦɹڭɹत

Տ๺จԽஂۀࣄ	ୈ ��ճʢྩ࿨ݩ೥౓ʣՏ๺จԽ৆ ૣҴాՅ෉ɹ໊༪ڭत

� ݄ ೔ຊమ߯ڠձ	ඨ࿦จ৆ ՆҪɹढ़ޛɹॿɹڭ

೔ຊమ߯ڠձ	ᖒଜ࿦จ৆ ైɹɹ఻໌ɹॿɹڭ

ڭɹɹɹѴɹॿɹߴ

২ాɹɹ࣎ɹ।ڭत

๺ଜɹ৴໵ɹڭɹत

೔ຊమ߯ڠձ	మٕ߯ೳޭ੷৆ େڮɹɹ་ɹٕज़ઐ໳৬һ
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ಈ׆ҭڭɾڀݚಉڞࡍࠃ

ଟݩ෺࣭ՊֶڀݚॴͰ͸ɺւ֎ͷେֶ΍ؔػڀݚͱֶज़ަྲྀڠఆΛ݁ͼɺ૊৫త͔ͭܧଓతʹڞಉͰࡍࠃϫʔΫγϣοϓΛ։͠࠵ɺݚ

ͳͲΛਪਐ͍ͯ͠·͢ɻڀݚಉڠɺ͍ߦͷଅਐΛྲྀަऀڀݚʹతۃਪਐΛ໨తͱͨ͠๚໰ஂΛड͚ೖΕΔͳͲɺੵྗڠڀ

ओͳࡍࠃϫʔΫγϣοϓ౳ʢ���� ೥౓࣮੷ʣ  
⿏		๺ژՊٕେֶࡐྉՊֶ༩޻ఔֶӃʢதࠃʣɿ�݄ɺࡍࠃϫʔΫγϣοϓ ʡT6�6ST#	JoJnU	SZNQoTJVNʡΛ։࠵ɻߨԋձɺֶੜɾେֶ

ӃੜʹΑΔϙελʔηογϣϯΛͨͬߦɻ�݄ʙ ��݄ɺଟݚݩͷڭत�໊͕ɺ๺ژՊٕେʹ͓͍ͯത࢜՝ఔର৅ͷग़ுಛผٛߨΛ

ɻࢪ࣮

⿏		έʔε΢ΣελϯϦβʔϒେֶʢถࠃʣɿ�݄ɺ৘ใՊֶɺੜ໋ՊֶɺࡐྉՊֶʹؔ͢Δࡍࠃγϯϙδ΢ϜΛ։ͨ͠࠵ɻ

⿏		ϝϧϘϧϯେ ʢֶ߽ʣɿ��݄ɺࡍࠃϫʔΫγϣοϓʡToIoLV�MFMCoVSnF	JoJnU	8oSLTIoQ	�	MaUFSJaMT	SDJFnDFʡΛ։࠵ɻߨԋձɺϙελʔ

ηογϣϯͷଞɺػೳੑηϥϛοΫεɺคମϓϩηεɺݯࢿϓϩηγϯά෼໺ʹ͓͚Δڞಉ͓ڀݚΑͼएखऀڀݚͷ೿ݣ౳ʹ͍ͭͯ

ٞ࿦͠ɺͦͷޙͷֶज़ަྲྀͷਪਐʹ͍ͯ͠ݙߩΔɻ

ओͳ๚໰ஂड͚ೖΕʢ���� ೥౓࣮੷ʣ  
⿏ϊϧ΢ΣʔՊֶٕज़େֶ

⿏๺ژՊٕେֶࡐྉՊֶ༩޻ఔֶӃ

ֶज़ަྲྀڠ定  
	 � େֶؒڠఆక݁ߍ	AHSFFNFnU	on	UIF	6nJWFSTJUZ	-aWFM

஍Ҭ ࠃ ໊ؔػ క݁೥

ΞδΞ
ATJa

தࠃ
CIJna

๺ژେֶφϊՊֶٕज़ڀݚηϯλʔ	
CFnUFS	foS	NanoTDaMF	SDJFnDF	and	TFDInoMoHZ	PFLJnH	6nJWFSTJUZ

�����

๺ژେֶ	�	PFLJnH	6nJWFSTJUZ �����

தࠃՊֶӃ௕य़ޫֶਫ਼ີػց෺ཧڀݚॴ	
CIanHDIVn	InTUJUVUF	of	OQUJDT
	'JnF	MFDIanJDT	and	PIZTJDT

����

՚ڛେֶࡐྉՊֶ޻ఔֶӃ	�	CoMMFHF	of	MaUFSJaM	SDJFnDF	and	EnHJnFFSJnH
	)VaRJao	6nJWFSTJUZ ����

ॏܚେֶ	�	CIanHRJnH	6nJWFSTJUZ �����

జभେֶࡐྉ޻ఔֶӃ	�	CoMMFHF	of	MaUFSJaMT	EnHJnFFSJnH
	;IFnH[IoV	6nJWFSTJUZ ����

འभେֶ	�	-an[IoV	6nJWFSTJUZ �����

๺ژՊٕେֶ	�	6nJWFSTJUZ	of	SDJFnDF	and	TFDInoMoHZ	#FJKJnH �����

༲भେֶ	�	YanH[IoV	6nJWFSTJUZ �����

๺ۀ޻ژେֶ	�	#FJKJnH	6nJWFSTJUZ	of	TFDInoMoHZ �����

੢ೆେֶ	�	SoVUI	XFTU	6nJWFSTJUZ �����

୆࿷
TaJXan

୆࿷ٕۀ޻ज़Ӄೆ෼Ӄ	�	IT3I	SoVUI
	IndVTUSJaM	TFDInoMoHZ	3FTFaSDI	InTUJUVUF ����


6nJWFSTJUZ	)Va	TTJnH	NaUJonaM	�	ਗ਼՚େֶཱࠃ	)TJnDIV �����

TFDInJLoHZ	of	6nJWFSTJUZ	TaJQFJ	NaUJonaM	EnHJnFFSJnH	of	CoMMFHF	�	ఔֶӃ޻୆๺Պٕେֶཱࠃ �����

ࠃؖ
,oSFa

શ๺େֶߍ	�	CIonCVL	NaUJonaM	6nJWFSTJUZ �����

6nJWFSTJUZ	NaUJonaM	ZVnHQooL,	�	ߍ๺େֶܚ �����

ؖೆେֶϋΠϒϦοτࡐྉڀݚॴ	
InTUJUVUF	of	)ZCSJd	MaUFSJaMT	foS	InfoSNaUJon	and	#JoUFDInoMoHZ
	)annaN	6nJWFSTJUZ

����

੒ؗۉେֶ৘ใ௨৴༻৽ػೳੑૉٴࡐͼ޻ఔڀݚηϯλʔ	
AdWanDFd	MaUFSJaMT	�	PSoDFTT	3FTFaSDI	CFnUFS	foS	IT
	SVnHLZVnLXan	6nJWFSTJUZ

�����

ι΢ϧେֶߍ	�	SFoVM	NaUJonaM	6nJWFSTJUZ �����

ே઱େֶߍ	�	CIoTVn	6nJWFSTJUZ �����

ެभཱࠃେֶߍ	�	,onHKV	NaUJonaM	6nJWFSTJUZ �����

λΠ
TIaJMand

νΣϯϚΠେֶ	�	CIJanH	MaJ	6nJWFSTJUZ �����

νϡϥϩϯίʔϯେֶ	�	CIV	Ma	MonH	LoSn	6nJWFSTJUZ �����

Ϥʔϩού
EVSoQF

ϧʔϚχΞ
3oNanJa

ϨʔβʔɾϓϥζϚɾ์ࣹ෺ཧڀݚཱࠃॴ ����

ϑϥϯε
'SanDF

ΞϧϏ߭ࢁେֶ	�	EDoMF	dFT	MJnFT	d�AMCJ�CaSNaVY �����

ϘϧυʔୈҰେֶ	�	6nJWFSTJUZ	of	#oSdFaVY	� �����

-SO-EI	SZnDISoUSon	�	ઃιϨΠϢࢪޫࣹ์ ����

φϯτେֶࡐྉڀݚॴ	�	InTUJUVUF	of	MaUFSJaMT	JFan	3oVYFM
6nJWFSTJUZ	of	NanUFT ����
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஍Ҭ ࠃ ໊ؔػ క݁೥

Ϥʔϩού
EVSoQF

ϋϯΨϦʔ
)VnHaSZ

ϛγϡίϧπେֶࡐྉՊֶڀݚֶ޻Պ	
'aDVMUZ	of	MaUFSJaMT	SDJFnDF	and	EnHJnFFSJnH
6nJWFSTJUZ	of	MJTLoMD

����

υΠπ
(FSNanZ

ϕϧϦϯࣗ༝େֶ෺ཧֶՊ	�	DFQaSUNFnU	of	PIZTJDT
'SFF	6nJWFSTJUZ	of	#FSMJn ����

υΠπ
(FSNanZ

υϧτϜϯτ޻Պେֶ	�	T6	DoSUNVnd	6nJWFSTJUZ �����

ΠΤφɾϑϦʔυϦοώɾγϥʔେֶݻମ෺ཧڀݚॴ	
InTUJUVUF	fVS	'FTULoSQFSQITJL
	'SFJdSJDI�SDIJMMFS�6nJWFSTJUaU	JFna

����

μϧϜγϡλοτ޻Պେֶ	�	DaSNTUadU	6nJWFSTJUZ	of	TFDInoMoHZ �����

ϚοΫεϓϥϯΫ֩෺ཧڀݚॴ	�	MPI,
	MaY�PManDL�InTUJUVU	fVS	,FSnQIZTJL ����

ΧʔϧεϧʔΤ޻Պେֶ	�	,aSMTSVIF	InTUJUVUF	of	TFDInoMoHZ �����

ϋΠσϧϕϧΫେֶ	�	3VQSFDIU�,aSMT�6nJWFSTJUZ	)FJdFMCFSH �����

εϖΠϯ
SQaJn

άϥφμେֶ	�	6nJWFSTJUZ	of	(Sanada �����

ϚυϦʔυɾΞ΢τϊϚେֶԽֶ෦	�	CIFNJTUSZ	DFQaSUNFnU	of	UIF	6nJWFSTJdad	AVUonoNa	dF	MadSJd ����

ΞϦΧϯςେֶࡐྉڀݚॴ	�	MaUFSJaMT	InTUJUVUF	of	6nJWFSTJdad	dF	AMJDanUF ����

ΠλϦΞ
IUaMZ

τϦΤες์ࣹޫڀݚॴ	�	SJnDSoUSonF	TSJFTUF
S�C�Q�A ����

φϙϦେֶ	�	6nJWFSTJUZ	of	NaQMFT	'FdFSJDo ᶘ �����

ΠΪϦε
6nJUFd	,JnHdoN

ӳࠃϦαʔνΧ΢ϯγϧதԝߏػڀݚμʔεϕϦڀݚॴ	
DaSFTCVSZ	-aCoSaUoSZ
CoVnDJM	foS	UIF	CFnUSaM	-aCoSaUoSZ	of	UIF	3FTFaSDI	CoVnDJMT

����

தۙ౦
MJddMF	and	NFaS	EaTU

Ϋ΢Σʔτ
,VXaJU

Ϋ΢ΣʔτՊֶڀݚॴ	�	,VXaJU	InTUJUVUF	foS	SDJFnUJpD	3FTFaSDI ����

ΦηΞχΞ
ODFanJa

ΦʔετϥϦΞ
AVTUSaMJa

ϝϧϘϧϯେֶ	�	TIF	6nJWFSTJUZ	of	MFMCoVSnF �����

๺ถ
NoSUI	ANFSJDa

Χφμ
Canada

ϚΪϧେֶۚଐϓϩηεڀݚηϯλʔ	�	MD(JMM	MFUaM	PSoDFTTJnH	CFnUFS
MD(JMM	6nJWFSTJUZ ����

τϩϯτେֶۚଐɾࡐྉՊֶՊ	
DFQaSUNFnU	of	MFUaMMVSHZ	and	MaUFSJaMT	SDJFnDF
6nJWFSTJUZ	of	ToSonUo

����

΢Υʔλʔϧʔେֶ	�	6nJWFSTJUZ	of	8aUFSMoo �����

ΞϝϦΧ
6SA

ίϩϯϏΞେֶԽֶՊ	�	DFQaSUNFnU	of	CIFNJTUSZ
CoMVNCJa	6nJWFSTJUZ ����

ίϩϯϏΞେֶཧֶ޻෦஍ٿɾֶ޻ڥ؀Պ	
DFQaSUNFnU	of	EaSUI	and	EnWJSonNFnUaM	EnHJnFFSJnH
'V	'oVndaUJon	SDIooM	of	EnHJnFFSJHand	AQQMJFd	
SDJFnDF
CoMVNCJa	6nJWFSTJUZ

����

Ϣλେֶۚଐֶ޻Պ	�	DFQaSUNFnU	of	MFUaMMVSHJDaM	EnHJnFFSJnH
6nJWFSTJUZ	of	�6UaI ����

ΧϦϑΥϧχΞେֶόʔΫϨʔߍ	�	6nJWFSTJUZ	of	CaMJfoSnJa
	#FSLFMFZ �����

Ϛανϡʔηοπ޻Պେֶిڀݚֶ޻ࢠՊٴͼϚΠΫϩγεςϜٕज़ڀݚॴ
3FTFaSDI	 -aCoSaUoSZ	 of	 EMFDUSonJDTʢ3-Eʣand	 MJDSoTZTUFNT	 TFDInoMoHZ	 -aCoSaUoS JFT	
ʢMT-ʣ
MaTTaDIVTFUUT	InTUJUVUF	of	TFDInoMoHZʢMITʣ

����

NIS

ϩγΞ
3VTTJa

ϩγΞՊֶΞΧσϛʔݻମ෺ཧֶڀݚॴ	
P�N�-FCFdFW	PIZTJDT	InTUJUVUF	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

τϜεΫ޻Պେֶ֩ࢠݪ෺ཧڀݚॴ	�	NVDMFaS	PIZTJDT	InTUJUVUF
ToNTL	PoMZUFDInJD	6nJWFSTJUZ ����

ϩγΞՊֶΞΧσϛʔϨϕσϑ෺ཧڀݚॴ	
P�	N�	-FCFdFW	PIZTJDT	InTUJUVUF	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

ϩγΞՊֶΞΧσϛʔۃ౦ࢧ෦ࣗಈ੍ޚϓϩηεڀݚॴ	
InTUJUVUF	of	AVUoNaUJon	and	ConUSoM	PSoDFTTFT
	'aS	EaTUFSn	#SanDI	of	UIF	3VTTJanADadFNZ	of	SDJFnDFT

�����

ϩγΞՊֶΞΧσϛʔ஍ٿՊֶɾ෼ੳՊֶڀݚॴ	
7FSnadTLZ	InTUJUVUF	of	(FoDIFNJTUSZ	and	AnaMZUJDaM	CIFNJTUSZ	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

ϞεΫϫཱࠃେֶԽֶ෦	�	DFQaSUNFnU	of	CIFNJTUSZ
	-oNonoToW	MoTDoX	SUaUF	6nJWFSTJUZ ����

΢ΫϥΠφ
6LSaJnF

΢ΫϥΠφۀ޻ཱࠃେֶ	�	NaUJonaM	TFDInJDaM	6nJWFSTJUZ	of	6LSaJnF �����

	ॴڀݚཱࠃૅجྉՊֶࡐ
InTUJUVUF	foS	PSoCMFNT	of	MaUFSJaMT	SDJFnDF
	NaUJonaM	ADadFNZ	of	SDJFnDF	of	6LSaJnF

����
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஍Ҭ ࠃ ໊ؔػ క݁೥

ΞδΞ
ATJa

தࠃ
CIJna

๺ژେֶφϊՊֶٕज़ڀݚηϯλʔ	
CFnUFS	foS	NanoTDaMF	SDJFnDF	and	TFDInoMoHZ	PFLJnH	6nJWFSTJUZ

�����

๺ژେֶ	�	PFLJnH	6nJWFSTJUZ �����

தࠃՊֶӃ௕य़ޫֶਫ਼ີػց෺ཧڀݚॴ	
CIanHDIVn	InTUJUVUF	of	OQUJDT
	'JnF	MFDIanJDT	and	PIZTJDT

����

՚ڛେֶࡐྉՊֶ޻ఔֶӃ	�	CoMMFHF	of	MaUFSJaM	SDJFnDF	and	EnHJnFFSJnH
	)VaRJao	6nJWFSTJUZ ����

ॏܚେֶ	�	CIanHRJnH	6nJWFSTJUZ �����

జभେֶࡐྉ޻ఔֶӃ	�	CoMMFHF	of	MaUFSJaMT	EnHJnFFSJnH
	;IFnH[IoV	6nJWFSTJUZ ����

འभେֶ	�	-an[IoV	6nJWFSTJUZ �����

๺ژՊٕେֶ	�	6nJWFSTJUZ	of	SDJFnDF	and	TFDInoMoHZ	#FJKJnH �����

༲भେֶ	�	YanH[IoV	6nJWFSTJUZ �����

๺ۀ޻ژେֶ	�	#FJKJnH	6nJWFSTJUZ	of	TFDInoMoHZ �����

੢ೆେֶ	�	SoVUI	XFTU	6nJWFSTJUZ �����

୆࿷
TaJXan

୆࿷ٕۀ޻ज़Ӄೆ෼Ӄ	�	IT3I	SoVUI
	IndVTUSJaM	TFDInoMoHZ	3FTFaSDI	InTUJUVUF ����


6nJWFSTJUZ	)Va	TTJnH	NaUJonaM	�	ਗ਼՚େֶཱࠃ	)TJnDIV �����

TFDInJLoHZ	of	6nJWFSTJUZ	TaJQFJ	NaUJonaM	EnHJnFFSJnH	of	CoMMFHF	�	ఔֶӃ޻୆๺Պٕେֶཱࠃ �����

ࠃؖ
,oSFa

શ๺େֶߍ	�	CIonCVL	NaUJonaM	6nJWFSTJUZ �����

6nJWFSTJUZ	NaUJonaM	ZVnHQooL,	�	ߍ๺େֶܚ �����

ؖೆେֶϋΠϒϦοτࡐྉڀݚॴ	
InTUJUVUF	of	)ZCSJd	MaUFSJaMT	foS	InfoSNaUJon	and	#JoUFDInoMoHZ
	)annaN	6nJWFSTJUZ

����

੒ؗۉେֶ৘ใ௨৴༻৽ػೳੑૉٴࡐͼ޻ఔڀݚηϯλʔ	
AdWanDFd	MaUFSJaMT	�	PSoDFTT	3FTFaSDI	CFnUFS	foS	IT
	SVnHLZVnLXan	6nJWFSTJUZ

�����

ι΢ϧେֶߍ	�	SFoVM	NaUJonaM	6nJWFSTJUZ �����

ே઱େֶߍ	�	CIoTVn	6nJWFSTJUZ �����

ެभཱࠃେֶߍ	�	,onHKV	NaUJonaM	6nJWFSTJUZ �����

λΠ
TIaJMand

νΣϯϚΠେֶ	�	CIJanH	MaJ	6nJWFSTJUZ �����

νϡϥϩϯίʔϯେֶ	�	CIV	Ma	MonH	LoSn	6nJWFSTJUZ �����

Ϥʔϩού
EVSoQF

ϧʔϚχΞ
3oNanJa

ϨʔβʔɾϓϥζϚɾ์ࣹ෺ཧڀݚཱࠃॴ ����

ϑϥϯε
'SanDF

ΞϧϏ߭ࢁେֶ	�	EDoMF	dFT	MJnFT	d�AMCJ�CaSNaVY �����

ϘϧυʔୈҰେֶ	�	6nJWFSTJUZ	of	#oSdFaVY	� �����

-SO-EI	SZnDISoUSon	�	ઃιϨΠϢࢪޫࣹ์ ����

φϯτେֶࡐྉڀݚॴ	�	InTUJUVUF	of	MaUFSJaMT	JFan	3oVYFM
6nJWFSTJUZ	of	NanUFT ����
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஍Ҭ ࠃ ໊ؔػ క݁೥

Ϥʔϩού
EVSoQF

ϋϯΨϦʔ
)VnHaSZ

ϛγϡίϧπେֶࡐྉՊֶڀݚֶ޻Պ	
'aDVMUZ	of	MaUFSJaMT	SDJFnDF	and	EnHJnFFSJnH
6nJWFSTJUZ	of	MJTLoMD

����

υΠπ
(FSNanZ

ϕϧϦϯࣗ༝େֶ෺ཧֶՊ	�	DFQaSUNFnU	of	PIZTJDT
'SFF	6nJWFSTJUZ	of	#FSMJn ����

υΠπ
(FSNanZ

υϧτϜϯτ޻Պେֶ	�	T6	DoSUNVnd	6nJWFSTJUZ �����

ΠΤφɾϑϦʔυϦοώɾγϥʔେֶݻମ෺ཧڀݚॴ	
InTUJUVUF	fVS	'FTULoSQFSQITJL
	'SFJdSJDI�SDIJMMFS�6nJWFSTJUaU	JFna

����

μϧϜγϡλοτ޻Պେֶ	�	DaSNTUadU	6nJWFSTJUZ	of	TFDInoMoHZ �����

ϚοΫεϓϥϯΫ֩෺ཧڀݚॴ	�	MPI,
	MaY�PManDL�InTUJUVU	fVS	,FSnQIZTJL ����

ΧʔϧεϧʔΤ޻Պେֶ	�	,aSMTSVIF	InTUJUVUF	of	TFDInoMoHZ �����

ϋΠσϧϕϧΫେֶ	�	3VQSFDIU�,aSMT�6nJWFSTJUZ	)FJdFMCFSH �����

εϖΠϯ
SQaJn

άϥφμେֶ	�	6nJWFSTJUZ	of	(Sanada �����

ϚυϦʔυɾΞ΢τϊϚେֶԽֶ෦	�	CIFNJTUSZ	DFQaSUNFnU	of	UIF	6nJWFSTJdad	AVUonoNa	dF	MadSJd ����

ΞϦΧϯςେֶࡐྉڀݚॴ	�	MaUFSJaMT	InTUJUVUF	of	6nJWFSTJdad	dF	AMJDanUF ����

ΠλϦΞ
IUaMZ

τϦΤες์ࣹޫڀݚॴ	�	SJnDSoUSonF	TSJFTUF
S�C�Q�A ����

φϙϦେֶ	�	6nJWFSTJUZ	of	NaQMFT	'FdFSJDo ᶘ �����

ΠΪϦε
6nJUFd	,JnHdoN

ӳࠃϦαʔνΧ΢ϯγϧதԝߏػڀݚμʔεϕϦڀݚॴ	
DaSFTCVSZ	-aCoSaUoSZ
CoVnDJM	foS	UIF	CFnUSaM	-aCoSaUoSZ	of	UIF	3FTFaSDI	CoVnDJMT

����

தۙ౦
MJddMF	and	NFaS	EaTU

Ϋ΢Σʔτ
,VXaJU

Ϋ΢ΣʔτՊֶڀݚॴ	�	,VXaJU	InTUJUVUF	foS	SDJFnUJpD	3FTFaSDI ����

ΦηΞχΞ
ODFanJa

ΦʔετϥϦΞ
AVTUSaMJa

ϝϧϘϧϯେֶ	�	TIF	6nJWFSTJUZ	of	MFMCoVSnF �����

๺ถ
NoSUI	ANFSJDa

Χφμ
Canada

ϚΪϧେֶۚଐϓϩηεڀݚηϯλʔ	�	MD(JMM	MFUaM	PSoDFTTJnH	CFnUFS
MD(JMM	6nJWFSTJUZ ����

τϩϯτେֶۚଐɾࡐྉՊֶՊ	
DFQaSUNFnU	of	MFUaMMVSHZ	and	MaUFSJaMT	SDJFnDF
6nJWFSTJUZ	of	ToSonUo

����

΢Υʔλʔϧʔେֶ	�	6nJWFSTJUZ	of	8aUFSMoo �����

ΞϝϦΧ
6SA

ίϩϯϏΞେֶԽֶՊ	�	DFQaSUNFnU	of	CIFNJTUSZ
CoMVNCJa	6nJWFSTJUZ ����

ίϩϯϏΞେֶཧֶ޻෦஍ٿɾֶ޻ڥ؀Պ	
DFQaSUNFnU	of	EaSUI	and	EnWJSonNFnUaM	EnHJnFFSJnH
'V	'oVndaUJon	SDIooM	of	EnHJnFFSJHand	AQQMJFd	
SDJFnDF
CoMVNCJa	6nJWFSTJUZ

����

Ϣλେֶۚଐֶ޻Պ	�	DFQaSUNFnU	of	MFUaMMVSHJDaM	EnHJnFFSJnH
6nJWFSTJUZ	of	�6UaI ����

ΧϦϑΥϧχΞେֶόʔΫϨʔߍ	�	6nJWFSTJUZ	of	CaMJfoSnJa
	#FSLFMFZ �����

Ϛανϡʔηοπ޻Պେֶిڀݚֶ޻ࢠՊٴͼϚΠΫϩγεςϜٕज़ڀݚॴ
3FTFaSDI	 -aCoSaUoSZ	 of	 EMFDUSonJDTʢ3-Eʣand	 MJDSoTZTUFNT	 TFDInoMoHZ	 -aCoSaUoS JFT	
ʢMT-ʣ
MaTTaDIVTFUUT	InTUJUVUF	of	TFDInoMoHZʢMITʣ

����

NIS

ϩγΞ
3VTTJa

ϩγΞՊֶΞΧσϛʔݻମ෺ཧֶڀݚॴ	
P�N�-FCFdFW	PIZTJDT	InTUJUVUF	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

τϜεΫ޻Պେֶ֩ࢠݪ෺ཧڀݚॴ	�	NVDMFaS	PIZTJDT	InTUJUVUF
ToNTL	PoMZUFDInJD	6nJWFSTJUZ ����

ϩγΞՊֶΞΧσϛʔϨϕσϑ෺ཧڀݚॴ	
P�	N�	-FCFdFW	PIZTJDT	InTUJUVUF	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

ϩγΞՊֶΞΧσϛʔۃ౦ࢧ෦ࣗಈ੍ޚϓϩηεڀݚॴ	
InTUJUVUF	of	AVUoNaUJon	and	ConUSoM	PSoDFTTFT
	'aS	EaTUFSn	#SanDI	of	UIF	3VTTJanADadFNZ	of	SDJFnDFT

�����

ϩγΞՊֶΞΧσϛʔ஍ٿՊֶɾ෼ੳՊֶڀݚॴ	
7FSnadTLZ	InTUJUVUF	of	(FoDIFNJTUSZ	and	AnaMZUJDaM	CIFNJTUSZ	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

ϞεΫϫཱࠃେֶԽֶ෦	�	DFQaSUNFnU	of	CIFNJTUSZ
	-oNonoToW	MoTDoX	SUaUF	6nJWFSTJUZ ����

΢ΫϥΠφ
6LSaJnF

΢ΫϥΠφۀ޻ཱࠃେֶ	�	NaUJonaM	TFDInJDaM	6nJWFSTJUZ	of	6LSaJnF �����

	ॴڀݚཱࠃૅجྉՊֶࡐ
InTUJUVUF	foS	PSoCMFNT	of	MaUFSJaMT	SDJFnDF
	NaUJonaM	ADadFNZ	of	SDJFnDF	of	6LSaJnF

����
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ʦដ໺঑ֶۚجʧଟݩ෺࣭Պֶڀݚ঑ྭ৆ɺʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵ৆ɾଟݩ෺࣭Պֶ঑ྭ৆ɺଟݩ෺࣭Պֶڀݚॴ
ॴ௕৆Λઃ͚ɺຖ೥։͢࠵Δʮଟݩ෺࣭ՊֶڀݚॴൃڀݚදձʯͷձظதʹදজࣜΛ͍ͯͬߦ·͢ɻ

ʦដ໺঑ֶۚجʧଟݩ෺࣭Պֶڀݚ঑ྭ৆ɿ
ʮដ໺঑ֶۚجʯʹ͖ͮجɺଟݩ෺࣭Պֶʹؔ࿈͢Δڀݚ෼໺Ͱ༏Εͨڀݚ੒ՌΛ͛ڍɺকདྷͷൃల͕ظ଴Ͱ͖Δଟݚݩͷएखऀڀݚ
౳ʢେֶӃੜ΋ؚΉʣΛର৅ͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵ৆ɾଟݩ෺࣭Պֶ঑ྭ৆ɿ
ʮՊֶܭଌৼۚجڵʯʹ͖ͮجɺ༷ʑͳ෺࣭ɾࡐྉʢੜମΛؚΉʣʹର͢ΔʮՊֶܭଌʯٕज़ͷڀݚɾ։ൃʹ͓͍ͯ୎ӽͨ͠ڀݚ੒Ռ
Λͨ͛ڍ౦๺େֶͷएखͷڭһɺͳΒͼʹʮଟݩ෺࣭Պֶʯʹؔ࿈͠༏Εͨڀݚ੒ՌΛͨ͛ڍେֶӃੜ౳Λ঑ྭ͠ɺֶज़ɾڀݚ౳ͷ੒
Ռͷීدʹٴ༩͢Δ͜ͱΛ໨తͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ଟݩ෺࣭Պֶڀݚॴॴ௕৆ɿ
ଟݩ෺࣭Պֶڀݚॴൃڀݚදձʹ͓͍ͯɺֶੜ·ͨ͸ڞಉڌڀݚ఺ɾΞϥΠΞϯεੈ࣍୅एखڀݚ PI ʹΑΔ༏लͳϙελʔൃදʹत
༩͍ͯ͠·͢ɻ

⿏ଟݚݩϓϩδΣΫτ
ɹଟݚݩͷߋͳΔਐలΛ໨ͯ͠ࢦɺଟڭݚݩһΛର৅ʹຖ೥ʮҰൠςʔϚʯͱʮಛఆςʔϚʯͷ�ͭͷςʔϚʹΑΓϓϩδΣΫτڀݚ
Λެื͠ɺڀݚඅΛࢧԉ͍ͯ͠·͢ɻ

⿏ΩϟϦΞࢧԉ
ɹଟݩ෺࣭ՊֶڀݚॴͰ͸ɺֶੜΛର৅ͱͨ͠ʮΩϟϦΞࢧԉަྲྀձʯΛܧଓతʹ։͠࠵ɺΩϟϦΞࢧԉʹৄ͍͠ڭ৬һ΍ɺΠϯλʔ
ϯγοϓ΍ब৬׆ಈΛͨ͠ݧܦO#ʹΑΔߨԋ΍ɺۀاͱͷϛΩαʔΛ͍ͯͬߦ·͢ɻ����೥౓ʹ։ͨ͠࠵ʮୈ�ճଟݚݩΩϟϦΞ
Ճ͠·ͨ͠ɻࢀ΍ஂମ͕ग़లɺେֶӃੜ΍ֶੜΛؚΊɺ໿���໊͕ۀاԉަྲྀձʯʹ͸ɺ��ͷࢧ
ɹಉ೔։͞࠵Εͨஉঁڞಉࢀըηϛφʔ	ʡͯͬऀڀݚͳʹʁʙۀاब৬ฤʙʠ	Ͱ͸ɺۀاͰ׆༂͠ͳ͕ΒΫϩεΞϙΠϯτϝϯτ੍
౓ʮଟֶ࢈ݚݩ࿈ܞ	ʠࡩ	ʵ SA,63Aʡ	ϓϩδΣΫτʯʹΑΓଟݚݩͷڭһͱͯ͠΋׆༂͢Δɺ�໊ͷঁੑ͕ऀڀݚύωϦετͱͯ͠
ొஃ͠·ͨ͠ɻେֶӃʹਐֶ͖͔͚ͨͬ͠΍ɺͲͷΑ͏ʹब৬ઌΛܾΊ͔ͨɺڀݚͷਐΊํʹ͓͚Δେֶͱͷҧ͍΍ɺࢠҭͯʹؔ͢Δ
ɻͨ͠·͍ߦΛ׵Ճֶͨ͠ੜ΍େֶӃੜΒͱ৘ใަࢀԉ౳ʹ͍ͭͯɺࢧ

����೥౓ʦដ໺঑ֶۚجʧଟݩ෺࣭Պֶڀݚ঑ྭ৆ड৆ࣜ

ͱͷϛΩαʔۀا

����೥౓ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵ৆ड৆ࣜ
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⿏
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ֶੜɾࢧڀݚԉ

ʦដ໺঑ֶۚجʧଟݩ෺࣭Պֶڀݚ঑ྭ৆ɺʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵ৆ɾଟݩ෺࣭Պֶ঑ྭ৆ɺଟݩ෺࣭Պֶڀݚॴ
ॴ௕৆Λઃ͚ɺຖ೥։͢࠵Δʮଟݩ෺࣭ՊֶڀݚॴൃڀݚදձʯͷձظதʹදজࣜΛ͍ͯͬߦ·͢ɻ

ʦដ໺঑ֶۚجʧଟݩ෺࣭Պֶڀݚ঑ྭ৆ɿ
ʮដ໺঑ֶۚجʯʹ͖ͮجɺଟݩ෺࣭Պֶʹؔ࿈͢Δڀݚ෼໺Ͱ༏Εͨڀݚ੒ՌΛ͛ڍɺকདྷͷൃల͕ظ଴Ͱ͖Δଟݚݩͷएखऀڀݚ
౳ʢେֶӃੜ΋ؚΉʣΛର৅ͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵ৆ɾଟݩ෺࣭Պֶ঑ྭ৆ɿ
ʮՊֶܭଌৼۚجڵʯʹ͖ͮجɺ༷ʑͳ෺࣭ɾࡐྉʢੜମΛؚΉʣʹର͢ΔʮՊֶܭଌʯٕज़ͷڀݚɾ։ൃʹ͓͍ͯ୎ӽͨ͠ڀݚ੒Ռ
Λͨ͛ڍ౦๺େֶͷएखͷڭһɺͳΒͼʹʮଟݩ෺࣭Պֶʯʹؔ࿈͠༏Εͨڀݚ੒ՌΛͨ͛ڍେֶӃੜ౳Λ঑ྭ͠ɺֶज़ɾڀݚ౳ͷ੒
Ռͷීدʹٴ༩͢Δ͜ͱΛ໨తͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ଟݩ෺࣭Պֶڀݚॴॴ௕৆ɿ
ଟݩ෺࣭Պֶڀݚॴൃڀݚදձʹ͓͍ͯɺֶੜ·ͨ͸ڞಉڌڀݚ఺ɾΞϥΠΞϯεੈ࣍୅एखڀݚ PI ʹΑΔ༏लͳϙελʔൃදʹत
༩͍ͯ͠·͢ɻ

⿏ଟݚݩϓϩδΣΫτ
ɹଟݚݩͷߋͳΔਐలΛ໨ͯ͠ࢦɺଟڭݚݩһΛର৅ʹຖ೥ʮҰൠςʔϚʯͱʮಛఆςʔϚʯͷ�ͭͷςʔϚʹΑΓϓϩδΣΫτڀݚ
Λެื͠ɺڀݚඅΛࢧԉ͍ͯ͠·͢ɻ

⿏ΩϟϦΞࢧԉ
ɹଟݩ෺࣭ՊֶڀݚॴͰ͸ɺֶੜΛର৅ͱͨ͠ʮΩϟϦΞࢧԉަྲྀձʯΛܧଓతʹ։͠࠵ɺΩϟϦΞࢧԉʹৄ͍͠ڭ৬һ΍ɺΠϯλʔ
ϯγοϓ΍ब৬׆ಈΛͨ͠ݧܦO#ʹΑΔߨԋ΍ɺۀاͱͷϛΩαʔΛ͍ͯͬߦ·͢ɻ����೥౓ʹ։ͨ͠࠵ʮୈ�ճଟݚݩΩϟϦΞ
Ճ͠·ͨ͠ɻࢀ΍ஂମ͕ग़లɺେֶӃੜ΍ֶੜΛؚΊɺ໿���໊͕ۀاԉަྲྀձʯʹ͸ɺ��ͷࢧ
ɹಉ೔։͞࠵Εͨஉঁڞಉࢀըηϛφʔ	ʡͯͬऀڀݚͳʹʁʙۀاब৬ฤʙʠ	Ͱ͸ɺۀاͰ׆༂͠ͳ͕ΒΫϩεΞϙΠϯτϝϯτ੍
౓ʮଟֶ࢈ݚݩ࿈ܞ	ʠࡩ	ʵ SA,63Aʡ	ϓϩδΣΫτʯʹΑΓଟݚݩͷڭһͱͯ͠΋׆༂͢Δɺ�໊ͷঁੑ͕ऀڀݚύωϦετͱͯ͠
ొஃ͠·ͨ͠ɻେֶӃʹਐֶ͖͔͚ͨͬ͠΍ɺͲͷΑ͏ʹब৬ઌΛܾΊ͔ͨɺڀݚͷਐΊํʹ͓͚Δେֶͱͷҧ͍΍ɺࢠҭͯʹؔ͢Δ
ɻͨ͠·͍ߦΛ׵Ճֶͨ͠ੜ΍େֶӃੜΒͱ৘ใަࢀԉ౳ʹ͍ͭͯɺࢧ

����೥౓ʦដ໺঑ֶۚجʧଟݩ෺࣭Պֶڀݚ঑ྭ৆ड৆ࣜ

ͱͷϛΩαʔۀا

����೥౓ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵ৆ड৆ࣜ
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⿏ΠϊϕʔγϣϯɾΤΫενΣϯδͷ։࠵
ɹ౦๺େֶଟݩ෺࣭Պֶڀݚॴͷ࠷ઌ୺ڀݚγʔζͱ஍ۀاݩͱͷग़ձ͍ͷ৔Λઃ͚ɺࣾձʹ։͔Εɺ਌͠Έ΍͍͢Պֶɾٕज़ͷަྲྀ

ͷ৔ͷఏڙͱɺଟݚݩͷڀݚ΁ͷཧղৢ੒Λ໨తͱֶͨ͠࢈࿈ܞΠϕϯτʮଟݩ෺࣭ՊֶڀݚॴΠϊϕʔγϣϯɾΤΫενΣϯδʯΛ

ฏ੒ ��೥ΑΓܧଓతʹ։͠࠵ɺࡐྉʢφϊࡐྉͳͲʣΛ͸͡Ίͱͨ͠ɺ΋ͷͮ͘Γʹؔ͢Δ৘ใަ׵Λ࣮͍ͯ͠ࢪ·͢ɻ���� ೥

��݄ʹ͸ɺʮະདྷΛরΒ͢ޫʯΛςʔϚʹ։͠࠵ɺ͔ࣾ��ۀاΒ ��໊ɺެ׭ிɾஂࡒ౳ɺஂମ๏ਓ ��Օॴ͔Β ��໊ɺ౦๺େֶ

ऀ܎ؔ ��໊ɺ߹ܭͰ ɺϙελʔࠂମʹΑΔऔ૊ʹؔ͢Δใ࣏ԋɺࣗߨΑΔʹۀاԋձ΍ߨௐجΔؔ͢ʹܞ࿈ֶ࢈Ճ͠ɺࢀ໊͕���

ަྲྀձΛ࣮͠ࢪ·ͨ͠ɻϙελʔަྲྀձʹ͸ɺ��ͷۀاͱ��ͷڀݚ෼໺౳͕ग़లɺ��໊͕ࢀՃ͠ɺۀا΍ஂମ๏ਓͷ୲౰ऀͱ౦๺

େֶͷڭ৬һ͕ަྲྀ͠ɺۀࣄ಺༰΍ڀݚ෼໺Λ௒͑ͯൃ׆ʹ৘ใަ׵Λ͍ߦ·ͨ͠ɻ

⿏ .a4Cɺ#*1 ͷ׆༻
ɹ౦๺େֶֶ࢈࿈ܞઌ୺ࡐྉڀݚ։ൃηϯλʔʢMaSCʣ͕։͢࠵Δٕज़ަྲྀձ΁ͷࢀը΍ɺ౦๺େֶۀࣄΠϊϕʔγϣϯηϯλʔ͕

Λਪਐ͍ͯ͠·͢ɻܞ࿈ֶ࢈ΔͳͲɺ͢༺׆ʹతۃʮϏδωεΠϯΩϡϕʔγϣϯϓϩάϥϜʢ#IPʣʯΛੵۀࣄԉࢧΔ͢ࢪ࣮

ɹ׆ڀݚಈΛ௨ͯ͡ڀݚ੒ՌΛࣾ͘޿ձ΁ؐ͢ݩΔ͚ͩͰͳ͘ɺۀا΍੓෎ؔػ౳ʹ͓͚Δ໾৬Λ຿ΊΔ͜ͱͰɺऀڀݚίϛϡχςΟʔ

Λ͍ͯ͠·͢ɻݙߩʹ

ɹ·ͨɺ஍Ҭࣾձͱͷ࿈ܞ΍ަྲྀͷଅਐΛ໨తͱͯ͠ɺ༷ʑͳ׆ಈΛ࣮͍ͯ͠ࢪ·͢ɻֶ౎ʮઋ୆ɾٶ৓ʯαΠΤϯεσΠ΍ٶ৓ݝຽ

େֶ։์࠲ߨɺՆٳΈେֶ୳ݕ౳ͷڭҭΠϕϯτʹܧଓతʹࢀը͠ɺֶ౎ઋ୆ίϯιʔγΞϜαςϥΠτΩϟϯύεެ։࠲ߨͰͷߨԋ

΍ग़લतۀͳͲ΋ੵۃతʹ࣮͍ͯ͠ࢪ·͢ɻٕज़ࣨػց޻৔Ͱ͸ɺઋ୆ڭࢢҭҕһձ͕ʮࣗ෼ͮ͘ΓڭҭʯͷҰ؀ͱͯ͠ਪਐ͢Δ৬৔

ମ׆ݧಈΛܧଓͯ͠ड͚ೖΕ͍ͯ·͢ɻ
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෺࣭ɾσόΠεྖҬڞಉڌڀݚ఺ʹΑΔ
̑ෟஔڀݚॴؒωοτϫʔΫڞܕಉۀࣄڀݚͷਪਐ
PSoNoUJon	of	nFUXoSL�UZQF	DooQFSaUJWF	SFTFaSDI	aNonH	�	SFTFaSDI	JnTUJUVUFT	CaTFd	VQon	UIF	
JoJnU	3FTFaSDI	CFnUFS	of	MaUFSJaMT	and	DFWJDFT

ɹʮ෺࣭ɾσόΠεྖҬڞಉڌڀݚ఺ʯ͸ɺ๺ւಓେֶిࢠՊ

ॴʢ౦๺ڀݚ෺࣭Պֶݩʣɺ౦๺େֶଟݚࢠॴʢ๺େిڀݚֶ

େଟݚݩʣɺ౦ۀ޻ژେֶԽֶੜ໋Պֶڀݚॴʢ౦޻େԽੜݚʣɺ

େࡕେֶۀ࢈Պֶڀݚॴʢࡕେݚ࢈ʣɺ۝भେֶઌಋ෺࣭Խֶ

����ը͠ɺࢀʣ͕ݚॴʢ۝େઌಋڀݚ ೥౓ʢฏ੒ ��೥౓ʣ

ʹൃ଍ͨ͠ઌۦతͳωοτϫʔΫڞܕಉڌڀݚ఺ͷͻͱͭͰ

͢ɻϘτϜΞοϓܕҰൠڞಉڀݚɺτοϓμ΢ϯܕಛఆڞಉݚ

ʹۀا΍ؔػڀݚཱࠃେֶɺཱࢲɺཱެࠃͷࠃΛத৺ʹɺશڀ

ॴଐ͢Δ͔ऀڀݚΒɺ��೥ؒͰ໿ �
���݅ͷڞಉڀݚΛਪਐ

͠·ͨ͠ɻ͜ͷؒɺཱࠃେֶͷػೳڧԽ΁ͷد༩΋࠲ࢹʹೖΕɺ

ҭ੒ɺάϩʔόϧࡐԽɺΠϊϕʔγϣϯ૑ग़ɺएखਓڧྗڀݚ

Խʹ΋ੵۃతʹऔ૊Έɺ����೥౓ʢฏ੒ ��೥౓ʣͷจ෦Պ

ֶলʹΑΔظ຤ධՁͰ͸ωοτϫʔΫڌܕ఺ͱͯ͠།ҰʠSʡ

ධՁΛ֫ಘ͠·ͨ͠ɻ·ͨୈظ� �೥ؒ͸ࡕେݚ࢈Λຊ෦ͱ͠

ಈ͖ͯ͠·͕ͨ͠ɺ����೥౓ʢฏ੒׆ͯ ��೥౓ʣ͔Βͷୈ

ຊ෦Λ຿Ίɺ����೥౓ʢฏ੒��೥౓ʣ͕ݚݩ͸౦๺େֶଟظ�

ͷதؒධՁʹ͓͍ͯ΋ʠSʡධՁΛಘ͓ͯΓ·͢ɻ

ɹڞಉڌڀݚ఺ͷجຊతͳςʔϚ͸ɺʮڀݚͷωοτϫʔΫͮ

͘Γ͸ɺਓͷωοτϫʔΫͮ͘ΓʯͰ͢ɻຊڞಉڌڀݚ఺ൃ଍

ʹઌཱͪ ���� ೥౓ʢฏ੒ �� ೥ʣʹ͸ɺࡕେݚ࢈ͱ౦๺େ

ଟ͕ݚݩɺେֶͷ࿮Λ௒͑ͨ৽ۀ࢈૑଄෺࣭ج൫ٕज़ڀݚηϯ

λʔʢMSTFCʣΛઃཱɾӡӦ͠ɺ��೥Ҏ্ͷ௕͖ʹΘͨΓڠ

ಇؔ܎ͷߏஙʹ౒ྗ͖ͯ͠·ͨ͠ɻਓͷͭͳ͕Γ͕ࡏݱͷ̑ͭ

ͷڀݚॴʹ͕޿ΔૅʹͳΓ·ͨ͠ɻຊڞಉڌڀݚ఺Ͱ͸ɺڀݚ

ऀಉࠃ͕࢜಺ɾւ֎ͷͲ͔͜Ͱձͬͯ΋͙͢ʹ࿩͕Ͱ͖ΔΑ͏

ͳɺإͷ͑ݟΔ faDF Uo faDF ͷؔͮ͘܎Γ͕ॏཁͱ͍ͯ͑ߟ·
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Λڞ༗͠ɺڀݚγʔζ΍ઐ໳஌ࣝΛҎͯۀاͷ՝୊ղܾΛࢧԉ

ͨ͠Γɺͦ ͷաఔͰ৽ͨͳֶज़ڀݚςʔϚΛ։୓ͨ͠Γग़དྷΔɺ

ίΞϦγϣϯɾίϯηϓτʢ༗ࢤ࿈߹ʣͷԼͰͷػ༺׆ձΛಘ

Δ͜ͱ͕ग़དྷ·͢ɻͦͷઌʹ͸ɺۀاɾ஍Ҭͱ࿈͠ܞɺֶज़ʹ

ཪ෇͚ΒΕͨ੡඼։ൃ΍࣮ূ࣮ݧΛՄೳͱ͢ΔϦαʔνίϯϓ

ϨοΫεͷܗ੒͕͋Γ·͢ɻ

ɹੈ࣍୅์ࣹޫࢪઃΛΠϊϕʔγϣϯͷݯઘͱ͢ΔͨΊͷ੔උɾ

ӡӦʹ͍ͭͯ͸ɺ์ࣹޫՊֶͷֶज़ίϛϡχςΟɺطଘͷ์ࣹ

Ӧ૚ɺܦɺେֶͷۀاքͷར༻ऀʹՃ͑ɺۀ࢈ઃͷֶज़͓Αͼࢪޫ

஍Ҭ͓Αͼதԝͷࡁܦքɺ࣏ࣗମͱͷɺ����೥ΑΓ �೥ؒʹ

ΘͨΔର࿩ͷ݁ՌΛجʹίϯηϓτ͕۩ମԽ͞Ε͖ͯ·ͨ͠ɻ

ϩϘςΟΫε΍Πϊϕʔγϣϯϕϯνͷํ͑ߟΛಋೖͨ͠Ϗʔ

ϜϥΠϯσβΠϯɺֶ࢈ར༻ʹΑΔ੒Ռͷ࠷େԽͱࣾձ࣮૷ͷ

Ճ଎Λ໨ͨ͠ࢦίΞϦγϣϯɾίϯηϓτ౳Ͱ͢ɻ���� ೥ �

ఆࢦ͕ߏػ։ൃڀݚՊֶٕज़ࢠʣͷओମͱͯ͠ྔ׭ଆʢࠃʹ݄

͞ΕɺύʔτφʔͷఏҊ͕ެื͞Ε·ͨ͠ɻཌ೥ �݄ʹɺҰൠ

ٶͱͯ͠ɺؔػޫՊֶΠϊϕʔγϣϯηϯλʔΛ୅ද	๏ਓஂࡒ

৓ݝɺઋ୆ࢢɺ౦๺ࡁܦ࿈߹ձͱ౦๺େֶ͕஍Ҭύʔτφʔʹ

બఆ͞Ε·ͨ͠ɻݐઃ஍ͷݕ౼Λͯܦɺ���� ೥౓ΑΓɺຊֶ	

੨༿ࢁ৽Ωϟϯύεʹͯੈ࣍୅์ࣹޫࢪઃͷ੔උ͕։࢝͞Ε·

ͨ͠ɻ����೥౓ͷϑΝʔετϏʔϜΛ໨͍ͯ͠ࢦ·͢ɻ

ɹੈ࣍୅์ࣹޫࢪઃͰ͸ɺ׭ຽ஍ҬύʔτφʔγοϓͷԼɺֶ

ज़͓Αͼۀ࢈ք͕՝୊Λڞ༗͠ͳ͕Β׆༻Ͱ͖ɺΠϊϕʔγϣ

ϯ૑ग़ʹ͢ࢿΔڥ؀ڀݚͷ੔උͱͯ͠ٻΊΒΕ͍ͯΔ৚݅ɿ

ɹʢ�ʣೈ 9ઢ͔Βςϯμʔ 9ઢ·Ͱ෯͍޿ΤωϧΪʔྖҬͷར༻

ɹʢ�ʣ҆ఆͰ੾Ε໨ͷͳ͍ػಈతͳར༻ �Ն৔ӡసͷ࣮ݱ

ɹʢ�ʣσʔλղੳɾར༻ࢧԉͷॆ࣮

ɹʢ�ʣֶज़ύʔτφʔͱͷઓུత࿈ܞͷػձ֦େ

ɹʢ�ʣࣗಈܭଌɾϝʔϧΠϯγεςϜͷ׬උ

 	͢ࢦ੒Λ໨ܗຽ஍ҬύʔτφʔγοϓͷԼɺϦαʔνίϯϓϨοΫε׭

Πϊϕʔγϣϯ૑ग़Λ͑ࢧΔ੔උɾӡ༻ํ਑  

ਤ��	౦๺େֶ੨༿ࢁ৽Ωϟϯύε಺ʹݐઃ͕ਐΉੈ࣍୅์ࣹޫࢪઃʢΠϝʔδʣ
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ɹॳظϏʔϜϥΠϯ͸ɺࠃʢ׭ʣ͕�ຊɺ஍Ҭύʔτφʔ͕�

ຊΛ੔උ͠·͢ɻ౦๺େֶ͸஍ҬύʔτφʔͷҰһͱͯ͠ɺ͜

ΕΒ�ຊͷϏʔϜϥΠϯʹ͍ͭͯɺઃ͔ܭΒ׆༻·ͰΛαΠΤ

ϯε໘͔Βࢧԉ͢Δ໾ׂΛ୲͓ͬͯΓɺ͜Ε·Ͱʹɺޫݯಛੑ

Λ͔͢׆ϢʔβʔओମͷϏʔϜϥΠϯίϯηϓτΛఏҊ͖ͯ͠

·ͨ͠ɻ·ͨɺੈ࣍୅ੑͷ؍఺͔Βॏ఺తʹ੔උ͢΂͖ܭଌ෼

໺ͱͯ͠ɺҎԼΛఏ͍ࣔͯ͠·͢ɻ

ɹʢ�ʣ	ߴ	 ً౓Λػ͔ͨ͠׆ೳൃݱɺࣦ׆౳ͷՄࢹԽܭଌɿ	࣌෼

ϛϦඵʙφϊඵɺ	෼ղೳɿؒ࣌ଌʢܭଌɺΦϖϥϯυܭׂ

਺��ϐίඵʣ

ɹʢ�ʣ		෺࣭Պֶɺڥ؀Պֶɺੜ໋Պֶ౳͋ΒΏΔ෼໺Ͱػೳ΍

൓ԠͷݤΛѲΔݩૉͷిࢠঢ়ଶɾԽֶঢ়ଶՄࢹԽܭଌɺ

ೈ 9ઢྖҬʹڧΈΛ΋ͪςϯμʔ 9ઢྖҬ͔Βߗ 9ྖ

Ҭͷྖ޿ҬΛΧόʔ͢Δ෼ޫܭଌɿ	ޫిࢠ෼ޫɺޫٵऩ

෼ޫɺൃޫ෼ޫɺ9A'Sɺ9MCD౳

ɹʢ�ʣ	ߴ	 ͍ίώʔϨϯεੑɺूޫੑΛߴͨ͠༺׆෼ղೳͷߏ଄

ՄࢹԽܭଌɿλΠίάϥϑΟɺϗϩτϞάϥϑΟʔɺҐ

૬ίϯτϥετΠϝʔδϯά౳ͷՄࢹԽٕज़

ɹʢ�ʣ		� ʙ �Λ౷߹ͨ͠ෳ߹ܭଌɿCT�9A'SɺλΠίάϥϑΟ

9'ASɺλΠίάϥϑΟMCD౳

ਤ �͸ɺ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯ

ηϓτΛ͍ࣔͯ͠·͢ɻ#- ͷԣஅతͳ׆༻ʹΑͬͯɺ͜Ε·

Ͱෳ਺ͷࢪઃͷ์ࣹޫΛ·͙ͨඞཁͷ͋ͬͨσʔληοτΛɺ

·ઃͷதͰऩू͢Δ͜ͱ͕ग़དྷΔΑ͏ʹͳΓࢪ୅์ࣹޫੈ࣍

͢ɻ͜ΕΒͷϥΠϯφοϓʹΑͬͯɺ্هʢ�ʣ͔Βʢ�ʣΛ࣮

Γ·͢ɻ͍·ͯ͠ݱ

ɹ֤ϏʔϜϥΠϯ͸ɺۀ࢈քɾֶज़քϢʔβʔͷଟ༷ͳχʔζ

ʹԠ͑Δ�छྨͷΤϯυεςʔγϣϯΛඋ͑·͢ɻ�ͭ͸ʮࣗ

ಈԽܭଌεςʔγϣϯʯͰ͋Γɺطʹཱ֬͞Εͨܭଌ๏Λओʹ

ΤϯυεςʔγϣϯͰ͢ɻଟ͘ͷϢʔβʔͷϋΠεϧʔ͏ߦ

ϓοτܭଌɺϝʔϧΠϯଌఆɺϦϞʔτܭଌͳͲͷχʔζʹԠ

͑ΔͨΊɺϩϘςΟΫεͷಋೖʹΑΔܭଌͷޮ཰Խ͕ݕ౼͞Ε

͍ͯ·͢ɻ΋͏�ͭ͸ʮઌ୺ܭଌεςʔγϣϯʯͰ͋Γɺ3�D

͕ඞཁͱͳΔ௅ઓతͳܭଌΛओʹ͏ߦΤϯυεςʔγϣϯͰ

͢ɻͦ͜Ͱ͸ɺϢʔβʔ͕ಠࣗͷࢼྉڥ؀Λ੔͑ͯܭଌΛ͏ߦ

ͨΊͷɺʠऔΓ֎͠ՄೳͳܭଌϕϯνʹΠϊϕʔγϣϯϕϯνʡ

ͷಋೖΛ૝ఆ͍ͯ͠·͢ɻΠϊϕʔγϣϯϕϯν͸ɺ�ຊͷ͍

ͣΕͷ #-ʹ΋औΓ֎͕͠Ͱ͖ΔΑ͏ઃ͞ܭΕΔͨΊɺෳ਺ͷ

ϏʔϜϥΠϯͷԣஅత׆༻Λ͑ࢧΔٕࠜװज़ʮPMVH	�	PMaZ ς

ΫϊϩδʔʯΛ͑ࢧΔཁૉͱͳ͍ͬͯ·͢ɻ

ɹ౦๺େֶ͸Ҿ͖ଓ͖ɺੈ࣍୅ͷ์ࣹޫࢪઃ׆༻ͷࡏΓํʹͭ

͍ͯαΠΤϯε໘͔Βࢧԉ͠ɺࢪઃͷ׆༻Λ௨ֶͨ͡ज़ͷਂԽ

ͱൃలΛਪਐ͠·͢ɻ

Λ౿·͑ɺՃ଎ثɾޫݯɺϏʔϜϥΠϯͷجຊߏ૝ʹ͍ͭͯɺ

ҎԼΛ͍ͯ͛ܝ·͢ɻ

ɹʢ�ʣ		ै དྷͷ์ࣹޫࢪઃʹൺ΂ɺΑΓ҆ఆͰίϯύΫτͳޫݯͰɺ

ً౓΍ϏʔϜण໋ͷΈͳΒͣ 9ઢΤωϧΪʔͷ޿ଳҬԽͱ

ίώʔϨϯεൺͷվળ౳ɺϏʔϜੑೳΛ૯߹తʹ࠷దԽ

ɹʢ�ʣ		ثػϝϯςφϯεؒظΛ෼ͤ͞ࢄΔ͜ͱͰɺ௕ظࢭఀظ

ؒͷͳ͍ਵ࣌ར༻Մೳͳڥ؀ͱɺ͍ߴ 3ASʢ3FMJaCJMJUZ	

৴པੑɺAWaJMaCJMJUZ	Մ༻ੑɺSFSWJDFaCJMJUZ	อकੑʣΛ

΋ͭՃ଎ثɾޫݯɾ෇ଳઃඋͷγεςϜઃܭͱলΤωઃ

໿	ʢফඅిྗܭ �	M8ɺઃඋ༰ྔ�	M8ʣͰ೥ؒ�
���

ݱͷ҆ఆͳར༻ӡసΛ࣮ؒ࣌

ɹʢ�ʣ		ઌ୺ੑɾϋΠεϧʔϓοτੑΛ࠷దԽͨ͠ϏʔϜϥΠϯ

ͷઓུతɾ૯߹తͳ੔උ

ɹ·ͨɺੈ࣍୅์ࣹޫࢪઃͷ௿Τϛολϯεޫۀ࢈ʹݯք͕ظ

଴͢ΔεϖοΫͷ֓ཁͱͯ͠ɺҎԼ͕͛ڍΒΕ͍ͯ·͢ɻ

ɹʢ�ʣ		ೈ 9 ઢྖҬͰ SPSJnH�� ͷ໿ ��� ഒͷًߴ౓ੑʢ���	

F7ʙ�	LF7Ͱ����	QIoUonT�T�NSad��NN������C�X�ʣ

ɹʢ�ʣ		ߗ 9ઢྖҬʢ�ʙ��	LF7ʣͰɺSPSJnH�� ͱಉఔ౓ͷً౓

ɹʢ�ʣ		ՄࢹԽٕज़ʹδϟϯϓΛ΋ͨΒ͢ɺSPSJnH�� ͷ໿ ���

ഒͱͳΔ͍ߴίώʔϨϯε੒෼

ɹʢ�ʣ		͋ ΒΏΔ؍ଌର৅ͷ࣓ؾಛੑɺޫֶಛੑΛφϊͰܭଌՄ

ೳͱ͢Δภޫಛੑ

஍ҬύʔτφʔͷϏʔϜϥΠϯɾϥΠϯφοϓ  

ਤ�ɽ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯηϓτ
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ઃࢪ୅์ࣹޫੈ࣍

ɹจ෦Պֶল͸ɺ����೥ �݄ ň׭ຽ஍Ҭύʔτφʔγοϓʹ

ΑΔੈ࣍୅์ࣹޫࢪઃͷਪਐŉ Λൃද͠·ͨ͠ɻੈ࣍୅์ࣹޫ

��SPSJnH	ઃࢪޫࣹ์ܕઢྖҬͰɺେ	9	ઃ͸ɺೈࢪ ͷ ��� ഒ

ͷًߴ౓ੑͱߴίώʔϨϯεੑʢՄׯবੑʣͱ͍͏࠷ઌ୺ͷޫ

ೳΛ༗͠·͢ɻ͜ͷೈੑݯ 9ઢྖҬͷًߴ౓ੑ͸ɺܰݩૉ΍ભ

ҠۚଐͷԽֶঢ়ଶΛ઱໌͔ͭਝ଎ʹՄࢹԽ͠·͢ɻ·ͨɺߴί

ώʔϨϯεੑΛར༻ͨ͠ܭଌख๏ͷਐలʹΑΓɺෆۉҰͳࡐྉ

Խ͢Δ͜ͱ͕ग़དྷΔΑࢹnNϨϕϧͷ෼ղೳͰՄ	��ೳΛػͷܥ

͏ʹͳΓ·͢ɻ͜ΕΒͷޫੑݯೳ͸ɺ์ ࣹޫʹΑΔʮ෺ͷํ͑ݟʯ

ΛҰ৽͠ɺࡐྉ΍ੜ໋ͷػೳΛφϊεέʔϧͰՄࢹԽ͠ɺڀݚ

։ൃʹ͓͚ΔԾઆূݕαΠΫϧΛҰؾʹՃ଎͢Δͱظ଴͞Εͯ

͍·͢ɻͦͷ׆༻ൣғ͸ɺ৮ഔࡐྉɺ࣓ੑɾεϐϯτϩχΫε

ɺཧֶɺ೶ֶɺֶ޻ྉ෼໺͸΋ͪΖΜɺࡐྉͳͲࡐࢠ෼ߴྉɺࡐ

ҩֶɺҩֶ޻ɺֶݹߟͳͲɺൣ޿ͳֶज़෼໺ͱۀ࢈෼໺ʹٴͼ

·͢ɻ͢ͳΘͪɺੈ࣍୅์ࣹޫࢪઃ͸ɺ͜ ͏ֶͨ͠໰෼໺΍σΟ

γϓϦϯͱͱ΋ʹɺڀݚΛ౷߹ɾՃ଎͢Δڌ఺ͷू݁ʹΑΓɺ

ங͢ΔϙςϯγϟϧΛ༗͍ͯ͠·͢ɻਤߏ൫Λج։ൃڀݚ �͸

ͦͷੈ࣍୅์ࣹޫࢪઃͷΠϝʔδͰ͋Γɺ͜ͷपΓʹ͸ֶ࢈ͷ

఺͕ूੵ͠·͢ɻଟ༷ͳσΟγϓϦϯΛ༗ڌҭ੒ͷࡐ΍ਓڀݚ

͢ΔେֶͷΩϟϯύε಺ͱ͍͏ཱ஍ͱɺ֗ࢢத৺෦͔ΒͷΞΫ

ηεͷྑ͕͞ɺڀݚ։ൃج൫ͷػೳΛڧԽ͢Δͱظ଴͞Ε·͢ɻ

(F7	�ɺւ֎Ͱ͸ɺಉ༷ͷʹط ઃ͞Εɺपݐઃ͕ࢪͷ์ࣹޫڃ

ลͷେֶ΍ؔػڀݚͱ࿈͠ܞɺϦαʔνίϯϓϨοΫεΛܗ੒

͍ͯ͠·͢ɻຊࢪઃ͸ɺࠃ಺ͷೈ 9ઢྖҬͷ์ࣹޫ׆༻ͷ஗Ε

Λٯస͠ɺڀݚͷڝࡍࠃ૪ྗΛڧԽ͢ΔݪಈྗͱͳΓ·͢ɻ

ɹ׭ຽ஍Ҭύʔτφʔγοϓ͸ɺੈ࣍୅์ࣹޫͷֶज़ͱۀ࢈ͷ

քੈ͏ߦΛܞɺ໾ׂ෼୲ͱ࿈͍ͯͭʹ༺׆Δ͢ࢿʹଓతൃల࣋

Ͱ΋ྨΛݟͳ͍௅ઓతͳ࿮૊ΈͰ͢ɻຊֶ͸ɺ์ Αͬʹ༺׆ޫࣹ

߹ଘͷֶज़ͷਂԽͱ৽ͨͳֶज़ྖҬͷ։୓ɺͦͯ͠෼໺༥طͯ

΍ֶ࢈࿈ܞʹΑΔΠϊϕʔγϣϯͷ૑ग़Λઌಋ͢Δϛογϣϯ

Λ༗͠·͢ɻֶज़ऀڀݚ͸ɺطଘͷڞ༻๏ͷԼͰͷࢪઃར༻ͩ

͚Ͱͳ͘ɺۀاͱ �ର �ͰύʔτφʔΛ૊Έɺग़ޱΠϝʔδ

Λڞ༗͠ɺڀݚγʔζ΍ઐ໳஌ࣝΛҎͯۀاͷ՝୊ղܾΛࢧԉ

ͨ͠Γɺͦ ͷաఔͰ৽ͨͳֶज़ڀݚςʔϚΛ։୓ͨ͠Γग़དྷΔɺ

ίΞϦγϣϯɾίϯηϓτʢ༗ࢤ࿈߹ʣͷԼͰͷػ༺׆ձΛಘ

Δ͜ͱ͕ग़དྷ·͢ɻͦͷઌʹ͸ɺۀاɾ஍Ҭͱ࿈͠ܞɺֶज़ʹ

ཪ෇͚ΒΕͨ੡඼։ൃ΍࣮ূ࣮ݧΛՄೳͱ͢ΔϦαʔνίϯϓ

ϨοΫεͷܗ੒͕͋Γ·͢ɻ

ɹੈ࣍୅์ࣹޫࢪઃΛΠϊϕʔγϣϯͷݯઘͱ͢ΔͨΊͷ੔උɾ

ӡӦʹ͍ͭͯ͸ɺ์ࣹޫՊֶͷֶज़ίϛϡχςΟɺطଘͷ์ࣹ

Ӧ૚ɺܦɺେֶͷۀاքͷར༻ऀʹՃ͑ɺۀ࢈ઃͷֶज़͓Αͼࢪޫ

஍Ҭ͓Αͼதԝͷࡁܦքɺ࣏ࣗମͱͷɺ����೥ΑΓ �೥ؒʹ

ΘͨΔର࿩ͷ݁ՌΛجʹίϯηϓτ͕۩ମԽ͞Ε͖ͯ·ͨ͠ɻ

ϩϘςΟΫε΍Πϊϕʔγϣϯϕϯνͷํ͑ߟΛಋೖͨ͠Ϗʔ

ϜϥΠϯσβΠϯɺֶ࢈ར༻ʹΑΔ੒Ռͷ࠷େԽͱࣾձ࣮૷ͷ

Ճ଎Λ໨ͨ͠ࢦίΞϦγϣϯɾίϯηϓτ౳Ͱ͢ɻ���� ೥ �

ఆࢦ͕ߏػ։ൃڀݚՊֶٕज़ࢠʣͷओମͱͯ͠ྔ׭ଆʢࠃʹ݄

͞ΕɺύʔτφʔͷఏҊ͕ެื͞Ε·ͨ͠ɻཌ೥ �݄ʹɺҰൠ

ٶͱͯ͠ɺؔػޫՊֶΠϊϕʔγϣϯηϯλʔΛ୅ද	๏ਓஂࡒ

৓ݝɺઋ୆ࢢɺ౦๺ࡁܦ࿈߹ձͱ౦๺େֶ͕஍Ҭύʔτφʔʹ

બఆ͞Ε·ͨ͠ɻݐઃ஍ͷݕ౼Λͯܦɺ���� ೥౓ΑΓɺຊֶ	

੨༿ࢁ৽Ωϟϯύεʹͯੈ࣍୅์ࣹޫࢪઃͷ੔උ͕։࢝͞Ε·

ͨ͠ɻ����೥౓ͷϑΝʔετϏʔϜΛ໨͍ͯ͠ࢦ·͢ɻ

ɹੈ࣍୅์ࣹޫࢪઃͰ͸ɺ׭ຽ஍ҬύʔτφʔγοϓͷԼɺֶ

ज़͓Αͼۀ࢈ք͕՝୊Λڞ༗͠ͳ͕Β׆༻Ͱ͖ɺΠϊϕʔγϣ

ϯ૑ग़ʹ͢ࢿΔڥ؀ڀݚͷ੔උͱͯ͠ٻΊΒΕ͍ͯΔ৚݅ɿ

ɹʢ�ʣೈ 9ઢ͔Βςϯμʔ 9ઢ·Ͱ෯͍޿ΤωϧΪʔྖҬͷར༻

ɹʢ�ʣ҆ఆͰ੾Ε໨ͷͳ͍ػಈతͳར༻ �Ն৔ӡసͷ࣮ݱ

ɹʢ�ʣσʔλղੳɾར༻ࢧԉͷॆ࣮

ɹʢ�ʣֶज़ύʔτφʔͱͷઓུత࿈ܞͷػձ֦େ

ɹʢ�ʣࣗಈܭଌɾϝʔϧΠϯγεςϜͷ׬උ

 	͢ࢦ੒Λ໨ܗຽ஍ҬύʔτφʔγοϓͷԼɺϦαʔνίϯϓϨοΫε׭

Πϊϕʔγϣϯ૑ग़Λ͑ࢧΔ੔උɾӡ༻ํ਑  

ਤ��	౦๺େֶ੨༿ࢁ৽Ωϟϯύε಺ʹݐઃ͕ਐΉੈ࣍୅์ࣹޫࢪઃʢΠϝʔδʣ
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ɹॳظϏʔϜϥΠϯ͸ɺࠃʢ׭ʣ͕�ຊɺ஍Ҭύʔτφʔ͕�

ຊΛ੔උ͠·͢ɻ౦๺େֶ͸஍ҬύʔτφʔͷҰһͱͯ͠ɺ͜

ΕΒ�ຊͷϏʔϜϥΠϯʹ͍ͭͯɺઃ͔ܭΒ׆༻·ͰΛαΠΤ

ϯε໘͔Βࢧԉ͢Δ໾ׂΛ୲͓ͬͯΓɺ͜Ε·Ͱʹɺޫݯಛੑ

Λ͔͢׆ϢʔβʔओମͷϏʔϜϥΠϯίϯηϓτΛఏҊ͖ͯ͠

·ͨ͠ɻ·ͨɺੈ࣍୅ੑͷ؍఺͔Βॏ఺తʹ੔උ͢΂͖ܭଌ෼

໺ͱͯ͠ɺҎԼΛఏ͍ࣔͯ͠·͢ɻ

ɹʢ�ʣ	ߴ	 ً౓Λػ͔ͨ͠׆ೳൃݱɺࣦ׆౳ͷՄࢹԽܭଌɿ	࣌෼

ϛϦඵʙφϊඵɺ	෼ղೳɿؒ࣌ଌʢܭଌɺΦϖϥϯυܭׂ

਺��ϐίඵʣ

ɹʢ�ʣ		෺࣭Պֶɺڥ؀Պֶɺੜ໋Պֶ౳͋ΒΏΔ෼໺Ͱػೳ΍

൓ԠͷݤΛѲΔݩૉͷిࢠঢ়ଶɾԽֶঢ়ଶՄࢹԽܭଌɺ

ೈ 9ઢྖҬʹڧΈΛ΋ͪςϯμʔ 9ઢྖҬ͔Βߗ 9ྖ

Ҭͷྖ޿ҬΛΧόʔ͢Δ෼ޫܭଌɿ	ޫిࢠ෼ޫɺޫٵऩ

෼ޫɺൃޫ෼ޫɺ9A'Sɺ9MCD౳

ɹʢ�ʣ	ߴ	 ͍ίώʔϨϯεੑɺूޫੑΛߴͨ͠༺׆෼ղೳͷߏ଄

ՄࢹԽܭଌɿλΠίάϥϑΟɺϗϩτϞάϥϑΟʔɺҐ

૬ίϯτϥετΠϝʔδϯά౳ͷՄࢹԽٕज़

ɹʢ�ʣ		� ʙ �Λ౷߹ͨ͠ෳ߹ܭଌɿCT�9A'SɺλΠίάϥϑΟ

9'ASɺλΠίάϥϑΟMCD౳

ਤ �͸ɺ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯ

ηϓτΛ͍ࣔͯ͠·͢ɻ#- ͷԣஅతͳ׆༻ʹΑͬͯɺ͜Ε·

Ͱෳ਺ͷࢪઃͷ์ࣹޫΛ·͙ͨඞཁͷ͋ͬͨσʔληοτΛɺ

·ઃͷதͰऩू͢Δ͜ͱ͕ग़དྷΔΑ͏ʹͳΓࢪ୅์ࣹޫੈ࣍

͢ɻ͜ΕΒͷϥΠϯφοϓʹΑͬͯɺ্هʢ�ʣ͔Βʢ�ʣΛ࣮

Γ·͢ɻ͍·ͯ͠ݱ

ɹ֤ϏʔϜϥΠϯ͸ɺۀ࢈քɾֶज़քϢʔβʔͷଟ༷ͳχʔζ

ʹԠ͑Δ�छྨͷΤϯυεςʔγϣϯΛඋ͑·͢ɻ�ͭ͸ʮࣗ

ಈԽܭଌεςʔγϣϯʯͰ͋Γɺطʹཱ֬͞Εͨܭଌ๏Λओʹ

ΤϯυεςʔγϣϯͰ͢ɻଟ͘ͷϢʔβʔͷϋΠεϧʔ͏ߦ

ϓοτܭଌɺϝʔϧΠϯଌఆɺϦϞʔτܭଌͳͲͷχʔζʹԠ

͑ΔͨΊɺϩϘςΟΫεͷಋೖʹΑΔܭଌͷޮ཰Խ͕ݕ౼͞Ε

͍ͯ·͢ɻ΋͏�ͭ͸ʮઌ୺ܭଌεςʔγϣϯʯͰ͋Γɺ3�D

͕ඞཁͱͳΔ௅ઓతͳܭଌΛओʹ͏ߦΤϯυεςʔγϣϯͰ

͢ɻͦ͜Ͱ͸ɺϢʔβʔ͕ಠࣗͷࢼྉڥ؀Λ੔͑ͯܭଌΛ͏ߦ

ͨΊͷɺʠऔΓ֎͠ՄೳͳܭଌϕϯνʹΠϊϕʔγϣϯϕϯνʡ

ͷಋೖΛ૝ఆ͍ͯ͠·͢ɻΠϊϕʔγϣϯϕϯν͸ɺ�ຊͷ͍

ͣΕͷ #-ʹ΋औΓ֎͕͠Ͱ͖ΔΑ͏ઃ͞ܭΕΔͨΊɺෳ਺ͷ

ϏʔϜϥΠϯͷԣஅత׆༻Λ͑ࢧΔٕࠜװज़ʮPMVH	�	PMaZ ς

ΫϊϩδʔʯΛ͑ࢧΔཁૉͱͳ͍ͬͯ·͢ɻ

ɹ౦๺େֶ͸Ҿ͖ଓ͖ɺੈ࣍୅ͷ์ࣹޫࢪઃ׆༻ͷࡏΓํʹͭ

͍ͯαΠΤϯε໘͔Βࢧԉ͠ɺࢪઃͷ׆༻Λ௨ֶͨ͡ज़ͷਂԽ

ͱൃలΛਪਐ͠·͢ɻ

Λ౿·͑ɺՃ଎ثɾޫݯɺϏʔϜϥΠϯͷجຊߏ૝ʹ͍ͭͯɺ

ҎԼΛ͍ͯ͛ܝ·͢ɻ

ɹʢ�ʣ		ै དྷͷ์ࣹޫࢪઃʹൺ΂ɺΑΓ҆ఆͰίϯύΫτͳޫݯͰɺ

ً౓΍ϏʔϜण໋ͷΈͳΒͣ 9ઢΤωϧΪʔͷ޿ଳҬԽͱ

ίώʔϨϯεൺͷվળ౳ɺϏʔϜੑೳΛ૯߹తʹ࠷దԽ

ɹʢ�ʣ		ثػϝϯςφϯεؒظΛ෼ͤ͞ࢄΔ͜ͱͰɺ௕ظࢭఀظ

ؒͷͳ͍ਵ࣌ར༻Մೳͳڥ؀ͱɺ͍ߴ 3ASʢ3FMJaCJMJUZ	

৴པੑɺAWaJMaCJMJUZ	Մ༻ੑɺSFSWJDFaCJMJUZ	อकੑʣΛ

΋ͭՃ଎ثɾޫݯɾ෇ଳઃඋͷγεςϜઃܭͱলΤωઃ

໿	ʢফඅిྗܭ �	M8ɺઃඋ༰ྔ�	M8ʣͰ೥ؒ�
���

ݱͷ҆ఆͳར༻ӡసΛ࣮ؒ࣌

ɹʢ�ʣ		ઌ୺ੑɾϋΠεϧʔϓοτੑΛ࠷దԽͨ͠ϏʔϜϥΠϯ

ͷઓུతɾ૯߹తͳ੔උ

ɹ·ͨɺੈ࣍୅์ࣹޫࢪઃͷ௿Τϛολϯεޫۀ࢈ʹݯք͕ظ

଴͢ΔεϖοΫͷ֓ཁͱͯ͠ɺҎԼ͕͛ڍΒΕ͍ͯ·͢ɻ

ɹʢ�ʣ		ೈ 9 ઢྖҬͰ SPSJnH�� ͷ໿ ��� ഒͷًߴ౓ੑʢ���	

F7ʙ�	LF7Ͱ����	QIoUonT�T�NSad��NN������C�X�ʣ

ɹʢ�ʣ		ߗ 9ઢྖҬʢ�ʙ��	LF7ʣͰɺSPSJnH�� ͱಉఔ౓ͷً౓

ɹʢ�ʣ		ՄࢹԽٕज़ʹδϟϯϓΛ΋ͨΒ͢ɺSPSJnH�� ͷ໿ ���

ഒͱͳΔ͍ߴίώʔϨϯε੒෼

ɹʢ�ʣ		͋ ΒΏΔ؍ଌର৅ͷ࣓ؾಛੑɺޫֶಛੑΛφϊͰܭଌՄ

ೳͱ͢Δภޫಛੑ

஍ҬύʔτφʔͷϏʔϜϥΠϯɾϥΠϯφοϓ  

ਤ�ɽ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯηϓτ
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+4TʢՊֶٕज़ৼߏػڵʣͷ &3"T0ʢઓུత૑଄ڀݚਪਐۀࣄʣʹ ΑΔ
౦๺େֶଟݩ෺࣭ՊֶڀݚॴΛத֩ͱͨ͠

ʮྔࢠϏʔϜҐ૬Πϝʔδϯάٕज़ʯڀݚ։ൃͷਪਐ
PSoNoUJon	of	2VanUVN	#FaN	PIaTF	INaHJnH	3FTFaSDI	�	DFWFMoQNFnU	XJUI	UIF	MFadFSTIJQ	of	IM3AM	CaTFd	on	
UIF	E3ATO		EYQMoSaUoSZ	3FTFaSDI	 foS	AdWanDFd	TFDInoMoHZ
	QSoHSaN	TQonToSFd	CZ	JST		JaQan	SDJFnDF	and	
TFDInoMoHZ	AHFnDZ


ɹඦੜྔࢠϏʔϜҐ૬ΠϝʔδϯάϓϩδΣΫτͰ͸ɺͦͷຊ

ɺߴͰ͋Δฏ੒��೥�݄͔Βྩ࿨�೥�݄·Ͱؒظ ΤωϧΪʔ

ϏʔϜͷ೾ͱͯ͠ͷੑࢠͳͲͷྔࢠɺిࢠʢ̭ઢʣ΍தੑࢠޫ

࣭Λར༻ͯ͠ɺྔࢠϏʔϜ͕෺ମΛಁա͢Δࡍʹੜ͡ΔҐ૬ͷ

มԽʢҐ૬৘ใʣΛ׆༻͢ΔʮҐ૬Πϝʔδϯάʯٕज़ͷඈ༂

తͳల։Λ໨͖ͯ͠ࢦ·ͨ͠ɻҾ͖ଓ͖ɺಛผॏ఺ؒظͱͯ͠

ྩ࿨̎೥౓ͷҰ೥ؒɺ։ൃͨ͠Ґ૬Πϝʔδϯάٕज़ͷԠ༻ల

։ʹॏ఺Λஔ͍ͯϓϩδΣΫτਪਐΛܧଓ͠·͢ɻ

ɹҐ૬Πϝʔδϯά͸୯ͳΔҐ૬ίϯτϥετ๏ͱ͸ҟͳΓɺ

Ґ૬৘ใͷఆྔܭଌΛ࣮͠ݱɺ͜ΕʹΑΔݩ࣍ࡾՄࢹԽΛ΋Մ

ೳͱ͢Δٕज़Ͱ͢ɻ௕Β͘ഓ͖̭ͬͯͨઢҐ૬Πϝʔδϯάٕ

ज़Λ֩ʹɺதੑࢠઢ΍ిࢠઢΛ༻͍ͨҐ૬Πϝʔδϯά΁ͷٕ

ज़ల։ΛਤΓɺෳ਺ͷྔࢠϏʔϜҐ૬ΠϝʔδϯάΛ૬ิతʹ

͢·ஙΛਐΊ͍ͯߏΔΠϝʔδϯάϓϥοτϑΥʔϜͷ͢༺׆

ʢਤ̍ʣɻ

ɹຊؒظʹ͓͍ͯ͸ɺଟݚݩΛத֩ͱ͠ɺJAS3Iʢًߴ౓

ޫՊֶڀݚηϯλʔʣ͓Αͼ ,ITʢ,aSMTSVIF	 InTUJUVUF	of	

TFDInoMoHZɼಠࠃʣΛαϒάϧʔϓͱ̭ͨ͠ઢҐ૬Πϝʔδ

ϯάάϧʔϓΛ૊৫͠·ͨ͠ɻͦ͜Ͱɺ̭ઢݦඍٕڸज़ʹͮج

ಈతҐͨ͠ࢦೳΠϝʔδϯάΛ໨ػඍҐ૬̘̩ʢਤ̎ʣ΍ݦ͘

૬Πϝʔδϯάʢݩ࢛࣍Ґ૬̘̩ʣͷ։ൃͳͲΛਪਐ͖ͯ͠·

ͨ͠ɻ։ൃͨ͠૷ஔ͸ɺଟ͓ݚݩΑͼ SPSJnH�� ʹͯՔಇͯ͠

͓Γɺ̭ઢҐ૬Πϝʔδϯάͷޮྗ͕ظ଴͞ΕΔߴ෼ࡐࢠྉ΍

ੜମೈ૊৫ʹద༻͍ͯ͠·͢ɻҐ૬Πϝʔδϯά૷ஔʹඞਢͱ

ͳΔಁա֨ࢠ͸ɺ,IT ͕த৺ͱͳͬͯɺ̭ઢϦιάϥϑΟ΍ڱ

ॴۚϝοΩͳͲͷઌ୺ϚΠΫϩϑΝϒϦέʔγϣϯٕज़ʹΑͬ

ͯ։ൃ͠ɺՃ͑ͯɺ௒ղ૾̭ઢҐ૬ΠϝʔδϯάͷͨΊͷ̭ઢ

۶ંϨϯζΞϨΠ։ൃͳͲ΋ਐΊ͍ͯ·͢ɻ

ਦ̏ྖ⼦ϑーϞҒ૮イϟージϱήʀҒ૮̫̚によるࡳӪྭ

Ғ૮ుݨ

໼ࢻ

分解೵ϭ Ŷŵ ϭϬ Ŷŵ ϭϬϬ Ŷŵ ϭ ђŵ ϭϬ ђŵ ϭϬϬ ђŵ

ϭϬϬ Ŷŵ

ϭ ђŵ

ϭϬ ђŵ

ϭϬϬ ђŵ

ϭ ŵŵ

ϭ Đŵ

ϭϬ Đŵ

̯તҒ૮ݨඏں
ˏ࣪ݩࣰ）

^Wϴ）

߶Φϋϩάー̯ત
Ғ૮イϟージϱή

஦੓⼦Ғ૮
イϟージϱ

ή

௔解଀̯ત
Ғ૮イϟー
ジϱή

İϭϱ ώクτϨΨファージ

ϙϢ༰ਫ਼
（ඎ෨）

ϔχΤϞε
（ಆ෨） ֡

ుࣕ߱൚
マηΩρφ

イϠϨ

થңکԿϕϧ
ηορク

Ϫーδーলࣻϛ
ϨϕロϒϪϱ

ϛϨマーϔϪϱχ

マΤη腎臓

マΤηςοࠐ

ϛϨマーϔϪϱχ
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ɹ̭ઢҐ૬Πϝʔδϯάٕज़͸ɺதੑࢠϥδΦάϥϑΟʹ΋ల

։Ͱ͖·͢ɻJ�PA3Cʢ೔ຊྗࢠݪ։ൃߏػʣʹதੑࢠઢҐ૬

ΠϝʔδϯάάϧʔϓΛઃஔ͠ɺͦͷ։ൃΛਪਐ͖ͯ͠·͠

ͨɻதੑࢠʹରͯ͠͸େ໘ੵ(d֨ࢠ։ൃ͕ΩʔͱͳΓɺଟݩ

ɻ͜ΕʹΑͨ͠·͠ݱΊৠணٕज़ʹΑΓ͜ΕΛ࣮͍͓ࣼͯʹݚ

ΓɺJ�PA3C ͷதੑࢠϥδΦάϥϑΟεςʔγϣϯ 3ADENʹ

͓͍ͯҐ૬Πϝʔδϯά૷ஔ͕Քಇ͍ͯ͠·͢ɻ̭ઢͱ͸ҟͳ

Γɺۚଐ΍࣓ੑࡐྉʹ༗ޮͰ͋Δ͜ͱ͕ݟग़͞Ε͍ͯ·͢ɻ·

ͨɺژ౎େֶࢠݪ༺ڀݚ࿍ʢ,63ʣ΍ཧݚখܕதੑݯࢠγες

Ϝʢ3ANSʣ΁ͷٕज़ల։͕ਐΜͰ͍·͢ɻ

ɹ͞ΒʹɺҐ૬Πϝʔδϯάͷ֓೦Λిݦࢠඍڸ΁ల։͢Δऔ
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Metallurgical Design for Material Functions

Environmental Inorganic Materials Chemistry

Inorganic Materials for Chemical Transformation

無機固体材料合成 ／ 山根 久典

金属機能設計／ 山根 久典（兼）

環境無機材料化学／ 殷　澍

物質変換無機材料 ／ 加藤 英樹

Inorganic Crystal Structural Materials Chemistry

Organic and Hybridized Nanocrystals

Hybrid Carbon Nanomaterials

Hybrid Material Fabrication

Photo-Functional Material Chemistry

高分子・ハイブリッド材料研究センター

高分子ハイブリッドナノ材料

有機ハイブリッドナノ結晶材料 ／ 火原 彰秀（兼）

ハイブリッド炭素ナノ材料 ／ 西原 洋知（兼※）

ハイブリッド材料創製 ／ 芥川 智行

光機能材料化学 ／ 中川　勝

有機・バイオナノ材料 ／ 笠井　均
Organic- and Bio- Nanomaterials

Polymer ・ Hybrid Materials Research Center

Polymer Hybrid Nanomaterials

Electron -Crystallography and -Spectroscopy

Electron Interference Measurement

Advanced Scanning Probe Microscopy

先端計測開発センター

放射光ナノ構造可視化 ／ 高田 昌樹

電子回折・分光計測／ 寺内 正己

電子線干渉計測 ／ 寺内 正己（兼）

走査プローブ計測技術 ／ 米田 忠弘

Center for Advanced Microscopy and Spectroscopy

Synchrotron Radiation Soft X-ray Microscopy

Base Materials Processing

Powder Processing for Functional Materials

Energy Resources and Processing

Chemistry of Energy Conversion Devices

金属資源プロセス研究センター

高温材料物理化学 ／ 福山 博之

基盤素材プロセッシング ／ 植田　滋

機能性粉体プロセス ／ 加納 純也

エネルギー資源プロセス ／ 桐島　陽

エネルギーデバイス化学 ／ 本間　格

金属資源循環システム ／ 柴田 悦郎
Metallurgy and Recycling System for Metal
Resources Circulation

Atomic Site Control in Inorganic Materials

Environmental-Conscious Material Processing (C)

原子空間制御プロセス ／ 小俣 孝久

環境適合素材プロセス ／ 埜上　洋（兼※※）

材料分離プロセス ／ 柴田 浩幸（兼※※）
Materials Separation Processing (C)

ハイブリッドナノ粒子プロセス ／ 村松 淳司
Hybrid Nano-particle

Center for Mineral Processing and Metallurgy

High-temperature Physical Chemistry of Materials

Quantum Electron Science

Quantum Beam Measurements

Structural Physics and Crystal Physics

Nano/Micro Chemical Measurements

計測研究部門

量子ビーム構造生物化学 ／ 南後 恵理子

量子電子科学 ／ 髙橋 正彦

量子ビーム計測 ／ 百生　敦

構造材料物性 ／ 木村 宏之

ナノ・マイクロ計測化学 ／ 火原 彰秀

高分子物理化学 ／ 陣内 浩司
Polymer Physics and Chemistry

表面物理プロセス
Surface Physics and Processing

量子光エレクトロニクス ／ 秩父 重英
Quantum Optoelectronics

Division of Measurements

Quantum Beam-based Structural Biology and Chemistry

計測 ／ 客員教授 米倉 功治
Measurements

Laser Applied Material Science

Solid State Ionic Devices

Environmental-Conscious Material Processing

Materials Separation Processing

プロセスシステム工学研究部門

超臨界ナノ工学 ／ 阿尻 雅文（兼※）

光物質科学／ 佐藤 俊一

固体イオニクス・デバイス ／ 雨澤 浩史

環境適合素材プロセス ／ 埜上　洋

材料分離プロセス ／ 柴田 浩幸

プロセスシステム ／ 客員教授 近藤　忠
Process System

Division of  Process and System Engineering

Supercritical Fluid and Hybrid Nano Technologies

Synchrotron Radiation Microscopy and Informatics

Quantum Spin Physics

Nanoscale Magnetism

Hybrid Nano System

無機材料研究部門

計算材料熱力学 ／ 大谷 博司

放射光可視化情報計測 ／ 髙橋 幸生

スピン量子物性 ／ 佐藤　卓

ナノスケール磁気機能 ／ 岡本　聡

ハイブリッドナノシステム ／ 蟹江 澄志

固体表面物性 ／ 虻川 匡司
Solid Surface Physics

ハード材料 ／ 客員教授 中島 健次
Hard Materials

Division of Inorganic Material Research

Computational Materials Thermodynamics

Functional Photochemistry and Chemical Biology

Nano Physical Chemistry

Biomolecular Structure

Cell Functional Molecular Chemistry

有機・生命科学研究部門

生命機能分子合成化学 ／ 永次　史

生命機能制御物質化学 ／ 和田 健彦

ナノ機能物性化学 ／ 組頭 広志

生体分子構造 ／ 稲葉 謙次

細胞機能分子化学 ／ 水上　進

生物分子機能計測
Nano Biophysics

生命分子ダイナミクス ／ 髙橋　聡
Biological and Molecular Dynamics

ソフト材料 ／ 客員教授 秋吉 一成
Soft Materials

Division of Organic- and Bio-materials Research

Synthesis of Organic Functional Molecules

新機能無機物質探索研究センター
Center for Exploration of New Inorganic Materials

非鉄金属製錬環境科学共同研究部門
Collaborative Research Division of Non-ferrous 
Metallurgy and Environmental Science

製鉄プロセス先端解析技術共同研究部門
Collaborative Research Division of Advanced 
Analysis of Iron and Steelmaking Processes

放射光次世代計測科学連携研究部門
Collaborative Research Division of Advanced 
Synchrotron Radiation Metrology

※ AIMR

※※ 協力講座

※ AIMR
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|有機・生命科学研究部門
  Division of Organic- and Bio-materials
  Research

|無機材料研究部門
  Division of Inorganic Material Research

|プロセスシステム工学研究部門
  Division of  Process and System
  Engineering

|計測研究部門
  Division of Measurements

(共同研究部門)
|非鉄金属製錬環境科学研究部門
  Collaborative Research Division of
  Non-ferrous Metallurgy and Environmental
  Science

|放射光次世代計測化学連携研究部門
  Collaborative Research Division of Advanced
  Synchrotron Radiation Metrology

|製鉄プロセス先端解析技術共同研究
  部門
  Collaborative Research Division of Advanced
  Analysis of Iron and Steelmaking Processes

|金属資源プロセス研究センター
  Center for Mineral Processing and
  Metallurgy

|先端計測開発センター
  Center for Advanced Microscopy and
  Spectroscopy

|高分子・ハイブリッド材料研究センター
  Polymer ・ Hybrid Materials Research
  Center

|新機能無機物質探索研究センター
  Center for Exploration of New Inorganic
  Materials

|広報情報室
  Information Branch

|安全管理室
  Safety Planning Section

|図書室
  Library

|多元CAF
  TAGEN Central Analytical Facility

|国際交流・産学官連携推進室
  International Fellowship, 
  University-Industry Research
  Collaboration Promotion Office

|放射光産学連携準備室
  SR Application Task Force on
  Industrial Relations

研究所長
Director

運営協議会
Administration

Meeting

教 授 会
Faculty Meeting

研究戦略・共同研究拠点
　アライアンス推進室

Research Strategy, Joint Research Center,
Alliance Promotion Office

副研究所長
Deputy Director

各種委員会
Subcommittees

所長補佐
Assistant Director

運営会議
Steering Meeting

研究部
Research Section

研究支援部門
Research Support Section

技術室
Technical Service

Section

事務部
Administrative

Office

附属研究施設
Annexed Research Section
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Metallurgical Design for Material Functions

Environmental Inorganic Materials Chemistry

Inorganic Materials for Chemical Transformation

無機固体材料合成 ／ 山根 久典

金属機能設計／ 山根 久典（兼）

環境無機材料化学／ 殷　澍

物質変換無機材料 ／ 加藤 英樹

Inorganic Crystal Structural Materials Chemistry

Organic and Hybridized Nanocrystals

Hybrid Carbon Nanomaterials

Hybrid Material Fabrication

Photo-Functional Material Chemistry

高分子・ハイブリッド材料研究センター

高分子ハイブリッドナノ材料

有機ハイブリッドナノ結晶材料 ／ 火原 彰秀（兼）

ハイブリッド炭素ナノ材料 ／ 西原 洋知（兼※）

ハイブリッド材料創製 ／ 芥川 智行

光機能材料化学 ／ 中川　勝

有機・バイオナノ材料 ／ 笠井　均
Organic- and Bio- Nanomaterials

Polymer ・ Hybrid Materials Research Center

Polymer Hybrid Nanomaterials

Electron -Crystallography and -Spectroscopy

Electron Interference Measurement

Advanced Scanning Probe Microscopy

先端計測開発センター

放射光ナノ構造可視化 ／ 高田 昌樹

電子回折・分光計測／ 寺内 正己

電子線干渉計測 ／ 寺内 正己（兼）

走査プローブ計測技術 ／ 米田 忠弘

Center for Advanced Microscopy and Spectroscopy

Synchrotron Radiation Soft X-ray Microscopy

Base Materials Processing

Powder Processing for Functional Materials

Energy Resources and Processing

Chemistry of Energy Conversion Devices

金属資源プロセス研究センター

高温材料物理化学 ／ 福山 博之

基盤素材プロセッシング ／ 植田　滋

機能性粉体プロセス ／ 加納 純也

エネルギー資源プロセス ／ 桐島　陽

エネルギーデバイス化学 ／ 本間　格

金属資源循環システム ／ 柴田 悦郎
Metallurgy and Recycling System for Metal
Resources Circulation

Atomic Site Control in Inorganic Materials

Environmental-Conscious Material Processing (C)

原子空間制御プロセス ／ 小俣 孝久

環境適合素材プロセス ／ 埜上　洋（兼※※）

材料分離プロセス ／ 柴田 浩幸（兼※※）
Materials Separation Processing (C)

ハイブリッドナノ粒子プロセス ／ 村松 淳司
Hybrid Nano-particle

Center for Mineral Processing and Metallurgy

High-temperature Physical Chemistry of Materials

Quantum Electron Science

Quantum Beam Measurements

Structural Physics and Crystal Physics

Nano/Micro Chemical Measurements

計測研究部門

量子ビーム構造生物化学 ／ 南後 恵理子

量子電子科学 ／ 髙橋 正彦

量子ビーム計測 ／ 百生　敦

構造材料物性 ／ 木村 宏之

ナノ・マイクロ計測化学 ／ 火原 彰秀

高分子物理化学 ／ 陣内 浩司
Polymer Physics and Chemistry

表面物理プロセス
Surface Physics and Processing

量子光エレクトロニクス ／ 秩父 重英
Quantum Optoelectronics

Division of Measurements

Quantum Beam-based Structural Biology and Chemistry

計測 ／ 客員教授 米倉 功治
Measurements

Laser Applied Material Science

Solid State Ionic Devices

Environmental-Conscious Material Processing

Materials Separation Processing

プロセスシステム工学研究部門

超臨界ナノ工学 ／ 阿尻 雅文（兼※）

光物質科学／ 佐藤 俊一

固体イオニクス・デバイス ／ 雨澤 浩史

環境適合素材プロセス ／ 埜上　洋

材料分離プロセス ／ 柴田 浩幸

プロセスシステム ／ 客員教授 近藤　忠
Process System

Division of  Process and System Engineering

Supercritical Fluid and Hybrid Nano Technologies

Synchrotron Radiation Microscopy and Informatics

Quantum Spin Physics

Nanoscale Magnetism

Hybrid Nano System

無機材料研究部門

計算材料熱力学 ／ 大谷 博司

放射光可視化情報計測 ／ 髙橋 幸生

スピン量子物性 ／ 佐藤　卓

ナノスケール磁気機能 ／ 岡本　聡

ハイブリッドナノシステム ／ 蟹江 澄志

固体表面物性 ／ 虻川 匡司
Solid Surface Physics

ハード材料 ／ 客員教授 中島 健次
Hard Materials

Division of Inorganic Material Research

Computational Materials Thermodynamics

Functional Photochemistry and Chemical Biology

Nano Physical Chemistry

Biomolecular Structure

Cell Functional Molecular Chemistry

有機・生命科学研究部門

生命機能分子合成化学 ／ 永次　史

生命機能制御物質化学 ／ 和田 健彦

ナノ機能物性化学 ／ 組頭 広志

生体分子構造 ／ 稲葉 謙次

細胞機能分子化学 ／ 水上　進

生物分子機能計測
Nano Biophysics

生命分子ダイナミクス ／ 髙橋　聡
Biological and Molecular Dynamics

ソフト材料 ／ 客員教授 秋吉 一成
Soft Materials

Division of Organic- and Bio-materials Research

Synthesis of Organic Functional Molecules

新機能無機物質探索研究センター
Center for Exploration of New Inorganic Materials

非鉄金属製錬環境科学共同研究部門
Collaborative Research Division of Non-ferrous 
Metallurgy and Environmental Science

製鉄プロセス先端解析技術共同研究部門
Collaborative Research Division of Advanced 
Analysis of Iron and Steelmaking Processes

放射光次世代計測科学連携研究部門
Collaborative Research Division of Advanced 
Synchrotron Radiation Metrology

※ AIMR

※※ 協力講座

※ AIMR



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ23

༗ػɾੜ໋Պֶڀݚ෦໳
DI7ISION	O'	O3(ANIC�AND	#IO�MATE3IA-S	3ESEA3C)

Ұ෼ࢠՄࢹԽɺࡉ๔಺Πϝʔδϯάɺߏ଄ղੳΛͨ͠࢖ۦੜ໋ػೳղ໌ɺͳΒͼʹͦΕΒͷػೳ৘ใͱ߹੒Խֶख๏Λ༥߹ͨ֩͠ࢎҩༀ૑੡΍υϥο
άσϦόϦʔγεςϜߏஙͳͲʹऔΓ૊ΜͰ͍·͢ɻ͞Βʹੜ໋ػೳͱࡐྉՊֶΛ༥߹ͨ͠όΠΦϛϝςΟοΫεࡐྉ૑੡ͳͲɺੜ໋ػೳղ໌ͱ෺
࣭߹੒Λ༗ػతʹ݁ͼ͚ͭΔ͜ͱʹΑΓɺੈքΛϦʔυ͢ΔࡐྉɾσόΠε૑੡Λ΋໨͍ͯ͠ࢦ·͢ɻ
3FTFaSDI	aDUJWJUJFT	of	oVS	dJWJTJon	JnDMVdF	dFTJHn	and	TZnUIFTJT	of	noWFM	NoMFDVMFT	foS	DonUSoMMJnH	CJoNoMFDVMaS	and	DFMMVMaS	fVnDUJon
	dFWFMoQNFnU	of	TJnHMF	NoMFDVMaS
NFUIodT	foS	FMVDJdaUJon	of	NFDIanJTN	of	CJoMoHJDaMMZ	SFMFWanU	NaDSoNoMFDVMFT
	and	CJoDIFNJDaM	and	CJoQIZTJDaM	TUVdJFT	foS	VndFSTUandJnH	Fn[ZNF	NFDIanJTNT	of
QIZTJoMoHJDaM	TJHnJpDanDF�

ळ٢ɹҰ੒
,a[VnaSJ	A,IYOS)I

َ௩ɹ࿨ޫ
,a[VNJUTV	ONI;6,A

3NA Λඪతʹͨ͠৽نԽֶ
πʔϧͷ։ൃ

DFWFMoQNFnU	of	noWFM	DIFNJDaM	UooMT	UaSHFUJnH	
3NA

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	٬һڭतɹ		٬һڭतɹ		٬һڭतɹ	7JTJUJnH	PSofFTToS

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

PSofFTToS	ATTJTUanU	SFnJoS	ɹࢣɹߨ		ɹࢣɹߨ		ɹࢣɹߨ	

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

࿨ాɹ݈඙
TaLFIJLo	8ADA

ͱޚత੍ۃೳͷੵػੜ໋ͨ͠༺׆Խֶɾੜ໋ԽֶΛػ༗ࢎ֩
௒෼ࢠෆ੪ޫ൓Ԡܥͷ૑੒
CIFNJDaM	CJoMoHZ	and	fVnDUJonaM	QIoUoDIFNJTUSZ

޾໦ɹอߥ
YaTVZVLJ	A3A,I

৽نԁೋ৭ੑଌఆ๏ͷ։ൃͱ
ੜମػೳ෼ࢠ౳ͷߏ଄มԽݕ
ग़΁ͷԠ༻

DFWFMoQNFnU	 of	 nFX	 DJSDVMaS	 dJDISoJTN	
TQFDUSoTDoQZ	 and	 JUT	 aQQMJDaUJon	 Uo	 UIF	
Don fo SNa U J ona M 	 DIanHF 	 dZnaN JDT 	 o f	
CJoNoMFDVMFT

໳૔ɹɹ޿
)JSoTIJ	,ADO,63A

ᄡೕಈ෺ࡉ๔খ๔ମ಺ʹ͓͚
ΔλϯύΫ࣭ͷδεϧϑΟυ
ߏػ੒ܗ߹݁

MFDIanJTNT	 of	 QSoUF Jn	 d JTVM f JdF	 Cond	
foSNaUJon	Jn	UIF	E3	of	NaNNaMJan	DFMMT

দҪɹහߴ
ToTIJUaLa	MATS6I

৽ػೳ୳ࡧΛۚͨ͠޲ࢦଐλ
ϯύΫ࣭ͷϝΧχζϜղ໌

SUSVDUVSF�fVnDUJon	 SFMaUJonTIJQT	 and	 noWFM	
SFaDUJonT	of	NFUaMMoQSoUFJnT

ɹਗ਼ਓܗח
,JZoUo	,AMA(ATA

λϯύΫ࣭ͷߏ଄ɾػೳμΠ
φϛΫεͷ୯෼ܭࢠଌج൫ͷ
ཱ֬

DFWFMoQNFnU	of	TJnHMF�NoMFDVMF	
NFaTVSFNFnUT	foS	QSoUFJn	dZnaNJDT

Տɹതจࠇ
)JSofVNJ	,63O,A8A

έϛΧϧηϯαʔʹΑΔ৽ن
෼ࢠೝࣝߏػͷղ໌

NoWFM	NoMFDVMaS	 SFDoHnJUJon	NFDIanJTN	CZ	
DIFNJDaM	TFnToST

দຊɹߴར
TaLaUoTIJ	MATS6MOTO

In	TJMJDo	ʹΑΔײߴ౓ɾߴબ୒
తͳػೳੑࢼༀͷઃܭ։ൃ

DFTJHn	and	dFWFMoQNFnU	of	IJHI	TFnTJUJWF	and	
TFMFDUJWF	fVnDUJonaM	SFaHFnU	Jn	TJMJDo

౉෦ɹɹ૱
SaUoTIJ	8ATANA#E

ۚଐΠΦϯ߃ৗੑͱλϯύΫ
࣭඼࣭؅ཧߏػͷߏ଄ੜ෺ֶ

SUSVDUVSaM	CJoMoHZ	of	NFUaM	 Jon	IoNFoTUaTJT	
and	QSoUFJn	RVaMJUZ	DonUSoM

٢দɹެฏ
,oIFJ	YOS)IMATS6

Խ෺ബບͷ߹੒ͱిࢎ඼࣭ߴ
ࡧ෺ੑ୳ࢠ

SZnUIFTJT	of	IJHI�RVaMJUZ	oYJdF	 UIJn�pMNT	and	
JnWFTUJHaUJon	of	FMFDUSonJD	QSoQFSUJFT

Ԭଜɹलل
)JdFnoSJ	O,AM63A

ػೝࣝࢠΛඪతͱͨ͠෼ࢎ֩
෼޻ೳਓػߴن৽ͮ͘جʹߏ
ͷ։ൃࢠ

DFWFMoQNFnU	 of	 UIF	 JnUFMMJHFnU	NoMFDVMFT	
UaSHFUFd	 Uo	 nVDMFJD	 aDJdT	 CaTFd	 on	 UIF	
NoMFDVMaS	SFDoHnJUJon

ఱ֋ɹ༎ଠ
YVUa	AMA(AI

খ๔༌ૹΛհͨ͠λϯύΫ࣭
඼࣭؅ཧߏػͷղ໌

MoMFDVMaS	NFDIanJTNT	 of	 QSoUFJn	 RVaMJUZ	
DonUSoM	TZTUFNT	WJa	WFTJDMF	USa⒏DLJnH

੢ౢɹ੓थ
MaTaLJ	NIS)IJIMA

ޫʹΑΔΩϥϦςΟʔͷ૑੒
ͱ੍ޚɿੜମ௒෼ࢠΩϥϧޫ
Խֶ

SVQSaNoMFDVMaS	QIoUoDIJSoHFnFTJT	VTJnH	DIJSaM	
CJoNoMFDVMaS	NFdJa

খ࿨ాढ़ߦ
ToTIJZVLJ	,O8ADA

ػΛ༻͍ͨੜମࢠೳੑখ෼ػ
ೳͷՄࢹԽͱ੍ޚ

7JTVaMJ[aUJon	and	NanJQVMaUJon	of	CJoMoHJDaM	
fVnDUJonT	VTJnH	fVnDUJonaM	TNaMM	NoMFDVMFT

ླ໦ɹਔࢠ
SaUoLo	S6;6,I

SA,63AϓϩδΣΫτ

খҪ઒ߒ೭
)JSoZVLJ	OI,A8A

Ұ෼ޫܬࢠ෼ޫ๏ʹΑΔੜମ
෼ࢠͷߴ଎μΠφϛΫεͷ௥
੻

TSaDLJnH	of	 faTU	dZnaNJDT	of	CJoNoMFDVMFT	CZ	
TJnHMF�NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ

ਫ্ɹɹਐ
SIJn	MI;6,AMI

ޚԽͱ੍ࢹೳͷՄػ๔ࡉΑΔʹܭઃࢠೳੑ෼ػ
INaHJnH	and	 SFHVMaUJon	of	DFMMVMaS	 fVnDUJonT	XJUI	 fVnDUJonaM	
NoMFDVMF	dFTJHn

૱ɹɹڮ∁
SaUoTIJ	TA,A)AS)I

Ұ෼࡯؍ޫܬࢠʹΑΔλϯύΫ࣭ͷϑΥʔϧσΟϯάͱػ
ೳͷղ໌
DZnaNJDT	of	QSoUFJnT	CaTFd	on	TJnHMF	NoMFDVMF	qVoSFTDFnDF	
dFUFDUJon

Ӭ࣍ɹɹ࢙
'VNJ	NA(ATS6(I

Ҩ఻ݱൃࢠͷԽֶత੍ޚΛ໨ํͨ͠ࢦ๏࿦ͷ։ൃ
DFWFMoQNFnU	of	UIF	TUSaUFHZ	foS	UIF	DonUSoM	of	HFnF	FYQSFTTJon

૊಄ɹࢤ޿
)JSoTIJ	,6MI(AS)I3A

ܭೳઃػ଄ͷߏԽ෺φϊࢎͮ͘جʹଌܭޫࣹ์
DFTJHn	of	noWFM	fVnDUJonaMJUJFT	Jn	oYJdF	nanoTUSVDUVSFT	CaTFd	
on	TZnDISoUSon	anaMZTJT

Ҵ༿ɹ࣍ݠ
,FnKJ	INA#A

൫جࢠ๔಺ͷλϯύΫ࣭඼࣭؅ཧγεςϜͷ෼ࡉ
MoMFDVMaS	CaTJT	of	UIF	QSoUFJn	RVaMJUZ	DonUSoM	TZTUFNT	Jn	DFMMT
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ແࡐػྉڀݚ෦໳
DI7ISION	O'	INO3(ANIC	MATE3IA-	3ESEA3C)

ແࡐػྉڀݚ෦໳͸ɺࡐࢉܭྉ೤ྗֶڀݚ෼໺ɺ์ࣹޫՄࢹԽ৘ใܭଌڀݚ෼໺ɺεϐϯྔࢠ෺ੑڀݚ෼໺ɺφϊεέʔϧ࣓ػؾೳڀݚ෼໺ɺϋΠ
ϒϦουφϊγεςϜڀݚ෼໺ɺݻମද໘෺ੑڀݚ෼໺Ͱߏ੒͞Ε͍ͯ·͢ɻ֤ڀݚ෼໺Ͱ͸ɺແܥػ෺࣭ɾࡐྉͷػߴೳԽ΍ಛੑ੍ޚɺσόΠε
Խɺػೳൃߏػݱͷղ໌౳ʹؔ͢ΔڀݚΛ͍ͯͬߦ·͢ɻ
DJWJTJon	of	JnoSHanJD	NaUFSJaM	SFTFaSDI	DonTJTUT	of	MaCoSaUoSJFT	of	CoNQVUaUJonaM	MaUFSJaMT	TIFSNodZnaNJDT
	SZnDISoUSon	3adJaUJon	MJDSoTDoQZ	and	InfoSNaUJDT

2VanUVN	SQJn	PIZTJDT
	NanoTDaMF	MaHnFUJTN
	)ZCSJd	Nano	SZTUFN
	SoMJd	SVSfaDF	PIZTJDT�

,FnKJ	NA,AJIMA

,o[o	S)INODA

DFWFMoQNFnU	of	QoSoVT	adToSCJnH	NaUFSJaMT	Uo	
SFNoWF	UoYJD	FMFNFnUT	fSoN	XaUFS

PSofFTToS

7JTJUJnH	PSofFTToS

ATToDJaUF	PSofFTToS

SFnJoS	ATTJTUanU	PSofFTToS

ATTJTUanU	PSofFTToS

YVLJo	TA,A)AS)I

'VnDUJon	 WJTVaMJ[aUJon	 of	 NaUFSJaMT	 UISoVHI	 DoaMJUJon	
CFUXFFn	adWanDFd	TZnDISoUSon	SadJaUJon	NFaTVSFNFnU	and	
JnfoSNaUJDT

SaUoTIJ	O,AMOTO

SUVdZ	on	NaHnFUJ[aUJon	dZnaNJDT	and	JUT	DonUSoMMaCJMJUZ

MaTaLJ	MATS6#A3A

DFWFMoQNFnU	 of	 MJRVJd	 DSZTUaMMJnF	 oSHanJD�
JnoSHanJD	IZCSJd	nanoQaSUJDMFT

MaTanoSJ	ENO,I

DFWFMoQNFnU	 of	 nFX	NaUFSJaMT	 CaTFd	 on	
DoNQVUaUJonaM	TDJFnDF

NoCVaLJ	,I,6C)I

MaHnF U J [ a U J on 	 Q S oDFT T �dZnaN J D T 	 o f	
nanoTUSVDUVSFd	NaHnFUT

SIVJDIJ	O(A8A

DFWFMoQNFnU	of	C7D	QSoDFTT	and	FWaMVaUJon	
NFUIodT	foS	nano�DaSCon	NaUFSJaMT

YVIFnH	-I6	

EYQFSJNFnUaM	 SFTFaSDI	 foS	QIaTF	dJaHSaNT	of	
aMMoZT

DaJTVLF	O,6YAMA

SUVdZ	 on	 FYoUJD	 NaHnFUJD	 NaUFSJaMT	 XJUI	
anoNaMoVT	QSoQFSUJFT	CZ	nFVUSon	TDaUUFSJnH

No[oNV	IS)I(63O

CIFNJDaM	 TUaUF	 WJTVaMJ[aUJon	 of	 fVnDUJonaM	
NaUFSJaMT	CZ	adWanDFd	TZnDISoUSon	 SadJaUJon	
NFaTVSFNFnUT

,a[VIJSo	NA8A

EYQMoSJnH	nFX	NaHnFUJD	oSdFST	and	FYDJUaUJonT	
VTJnH	nFVUSon	TDaUUFSJnH	UFDInJRVF

JVnHNJn	,AN(

DFWFMoQNFnU	and	aQQMJDaUJon	of	nanoJNaHJnH	
NFUIod	VTJnH	DoIFSFnU	9�SaZ	TDaUUFSJnH

,JZoTIJ	,ANIE

SJ[F�and	TIaQF�DonUSoMMFd	TZnUIFTJT	of	 fVnDUJonaM	 JnoSHanJD	
nanoQaSUJDMFT	 and	aQQMJDaUJon	 Uo	dFWFMoQ	 TFMf�oSHanJ[Fd	
IZCSJd	NaUFSJaMT

TadaTIJ	A#6,A8A

3FTFaSDI	of	nFX	fVnDUJonaM	TVSfaDFT	CZ	anaMZ[JnH	TUSVDUVSF	
and	dZnaNJDT

)JSoTIJ	O)TANI

DFWFMoQNFnU	 of	 nFX	NaUFSJaMT	 CaTFd	on	 DaMDVMaUJon	 of	
UIFSNodZnaNJD	QSoQFSUJFT	VTJnH	FMFDUSonJD	UIFoSZ

TaLV	SATO

NFVUSon	 TDaUUFSJnH	 SFTFaSDI	 on	 UIF	 TQJn	 dZnaNJDT	 Jn	
DondFnTFd	NaUUFST
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༗ػɾੜ໋Պֶڀݚ෦໳
DI7ISION	O'	O3(ANIC�AND	#IO�MATE3IA-S	3ESEA3C)

Ұ෼ࢠՄࢹԽɺࡉ๔಺Πϝʔδϯάɺߏ଄ղੳΛͨ͠࢖ۦੜ໋ػೳղ໌ɺͳΒͼʹͦΕΒͷػೳ৘ใͱ߹੒Խֶख๏Λ༥߹ͨ֩͠ࢎҩༀ૑੡΍υϥο
άσϦόϦʔγεςϜߏஙͳͲʹऔΓ૊ΜͰ͍·͢ɻ͞Βʹੜ໋ػೳͱࡐྉՊֶΛ༥߹ͨ͠όΠΦϛϝςΟοΫεࡐྉ૑੡ͳͲɺੜ໋ػೳղ໌ͱ෺
࣭߹੒Λ༗ػతʹ݁ͼ͚ͭΔ͜ͱʹΑΓɺੈքΛϦʔυ͢ΔࡐྉɾσόΠε૑੡Λ΋໨͍ͯ͠ࢦ·͢ɻ
3FTFaSDI	aDUJWJUJFT	of	oVS	dJWJTJon	JnDMVdF	dFTJHn	and	TZnUIFTJT	of	noWFM	NoMFDVMFT	foS	DonUSoMMJnH	CJoNoMFDVMaS	and	DFMMVMaS	fVnDUJon
	dFWFMoQNFnU	of	TJnHMF	NoMFDVMaS
NFUIodT	foS	FMVDJdaUJon	of	NFDIanJTN	of	CJoMoHJDaMMZ	SFMFWanU	NaDSoNoMFDVMFT
	and	CJoDIFNJDaM	and	CJoQIZTJDaM	TUVdJFT	foS	VndFSTUandJnH	Fn[ZNF	NFDIanJTNT	of
QIZTJoMoHJDaM	TJHnJpDanDF�

,a[VnaSJ	A,IYOS)I

,a[VNJUTV	ONI;6,A

DFWFMoQNFnU	of	noWFM	DIFNJDaM	UooMT	UaSHFUJnH	
3NA

PSofFTToS

7JTJUJnH	PSofFTToS

ATToDJaUF	PSofFTToS

SFnJoS	ATTJTUanU	PSofFTToS

ATTJTUanU	PSofFTToS

TaLFIJLo	8ADA

CIFNJDaM	CJoMoHZ	and	fVnDUJonaM	QIoUoDIFNJTUSZ

YaTVZVLJ	A3A,I

DFWFMoQNFnU	 of	 nFX	 DJSDVMaS	 dJDISoJTN	
TQFDUSoTDoQZ	 and	 JUT	 aQQMJDaUJon	 Uo	 UIF	
Don fo SNa U J ona M 	 DIanHF 	 dZnaN JDT 	 o f	
CJoNoMFDVMFT

)JSoTIJ	,ADO,63A

MFDIanJTNT	 of	 QSoUF Jn	 d JTVM f JdF	 Cond	
foSNaUJon	Jn	UIF	E3	of	NaNNaMJan	DFMMT

ToTIJUaLa	MATS6I

SUSVDUVSF�fVnDUJon	 SFMaUJonTIJQT	 and	 noWFM	
SFaDUJonT	of	NFUaMMoQSoUFJnT

,JZoUo	,AMA(ATA

DFWFMoQNFnU	of	TJnHMF�NoMFDVMF	
NFaTVSFNFnUT	foS	QSoUFJn	dZnaNJDT

)JSofVNJ	,63O,A8A

NoWFM	NoMFDVMaS	 SFDoHnJUJon	NFDIanJTN	CZ	
DIFNJDaM	TFnToST

TaLaUoTIJ	MATS6MOTO

DFTJHn	and	dFWFMoQNFnU	of	IJHI	TFnTJUJWF	and	
TFMFDUJWF	fVnDUJonaM	SFaHFnU	Jn	TJMJDo

SaUoTIJ	8ATANA#E

SUSVDUVSaM	CJoMoHZ	of	NFUaM	 Jon	IoNFoTUaTJT	
and	QSoUFJn	RVaMJUZ	DonUSoM

,oIFJ	YOS)IMATS6

SZnUIFTJT	of	IJHI�RVaMJUZ	oYJdF	 UIJn�pMNT	and	
JnWFTUJHaUJon	of	FMFDUSonJD	QSoQFSUJFT

)JdFnoSJ	O,AM63A

DFWFMoQNFnU	 of	 UIF	 JnUFMMJHFnU	NoMFDVMFT	
UaSHFUFd	 Uo	 nVDMFJD	 aDJdT	 CaTFd	 on	 UIF	
NoMFDVMaS	SFDoHnJUJon

YVUa	AMA(AI

MoMFDVMaS	NFDIanJTNT	 of	 QSoUFJn	 RVaMJUZ	
DonUSoM	TZTUFNT	WJa	WFTJDMF	USa⒏DLJnH

MaTaLJ	NIS)IJIMA

SVQSaNoMFDVMaS	QIoUoDIJSoHFnFTJT	VTJnH	DIJSaM	
CJoNoMFDVMaS	NFdJa

ToTIJZVLJ	,O8ADA

7JTVaMJ[aUJon	and	NanJQVMaUJon	of	CJoMoHJDaM	
fVnDUJonT	VTJnH	fVnDUJonaM	TNaMM	NoMFDVMFT

SaUoLo	S6;6,I)JSoZVLJ	OI,A8A

TSaDLJnH	of	 faTU	dZnaNJDT	of	CJoNoMFDVMFT	CZ	
TJnHMF�NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ

SIJn	MI;6,AMI

INaHJnH	and	 SFHVMaUJon	of	DFMMVMaS	 fVnDUJonT	XJUI	 fVnDUJonaM	
NoMFDVMF	dFTJHn

SaUoTIJ	TA,A)AS)I

DZnaNJDT	of	QSoUFJnT	CaTFd	on	TJnHMF	NoMFDVMF	qVoSFTDFnDF	
dFUFDUJon

'VNJ	NA(ATS6(I

DFWFMoQNFnU	of	UIF	TUSaUFHZ	foS	UIF	DonUSoM	of	HFnF	FYQSFTTJon

)JSoTIJ	,6MI(AS)I3A

DFTJHn	of	noWFM	fVnDUJonaMJUJFT	Jn	oYJdF	nanoTUSVDUVSFT	CaTFd	
on	TZnDISoUSon	anaMZTJT

,FnKJ	INA#A

MoMFDVMaS	CaTJT	of	UIF	QSoUFJn	RVaMJUZ	DonUSoM	TZTUFNT	Jn	DFMMT
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ແࡐػྉڀݚ෦໳
DI7ISION	O'	INO3(ANIC	MATE3IA-	3ESEA3C)

ແࡐػྉڀݚ෦໳͸ɺࡐࢉܭྉ೤ྗֶڀݚ෼໺ɺ์ࣹޫՄࢹԽ৘ใܭଌڀݚ෼໺ɺεϐϯྔࢠ෺ੑڀݚ෼໺ɺφϊεέʔϧ࣓ػؾೳڀݚ෼໺ɺϋΠ
ϒϦουφϊγεςϜڀݚ෼໺ɺݻମද໘෺ੑڀݚ෼໺Ͱߏ੒͞Ε͍ͯ·͢ɻ֤ڀݚ෼໺Ͱ͸ɺແܥػ෺࣭ɾࡐྉͷػߴೳԽ΍ಛੑ੍ޚɺσόΠε
Խɺػೳൃߏػݱͷղ໌౳ʹؔ͢ΔڀݚΛ͍ͯͬߦ·͢ɻ
DJWJTJon	of	JnoSHanJD	NaUFSJaM	SFTFaSDI	DonTJTUT	of	MaCoSaUoSJFT	of	CoNQVUaUJonaM	MaUFSJaMT	TIFSNodZnaNJDT
	SZnDISoUSon	3adJaUJon	MJDSoTDoQZ	and	InfoSNaUJDT

2VanUVN	SQJn	PIZTJDT
	NanoTDaMF	MaHnFUJTN
	)ZCSJd	Nano	SZTUFN
	SoMJd	SVSfaDF	PIZTJDT�

தౡɹ݈࣍
,FnKJ	NA,AJIMA

ࣰాɹ߂଄
,o[o	S)INODA

ਫ͔ڥ؀Βͷڥ؀ෛՙԽֶछ
আڈͷͨΊͷଟٵ࣭޸ணཻࡐ
։ൃࢠ

DFWFMoQNFnU	of	QoSoVT	adToSCJnH	NaUFSJaMT	Uo	
SFNoWF	UoYJD	FMFNFnUT	fSoN	XaUFS

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	٬һڭतɹ		٬һڭतɹ		٬һڭतɹ	7JTJUJnH	PSofFTToS

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

PSofFTToS	ATTJTUanU	SFnJoS	ɹࢣɹߨ		ɹࢣɹߨ		ɹࢣɹߨ	

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

ੜ޾ɹڮ∁
YVLJo	TA,A)AS)I

Խ΁ࢹೳՄػ౓৘ใॲཧͷ༥߹ʹΑΔ෺࣭ߴଌͱܭޫࣹ์
ͷల։
'VnDUJon	 WJTVaMJ[aUJon	 of	 NaUFSJaMT	 UISoVHI	 DoaMJUJon	
CFUXFFn	adWanDFd	TZnDISoUSon	SadJaUJon	NFaTVSFNFnU	and	
JnfoSNaUJDT

Ԭຊɹɹ૱
SaUoTIJ	O,AMOTO

࣓ੑମͷಈಛੑͱͦͷ੍ޚʹؔ͢Δڀݚ
SUVdZ	on	NaHnFUJ[aUJon	dZnaNJDT	and	JUT	DonUSoMMaCJMJUZ

দݪɹਖ਼थ
MaTaLJ	MATS6#A3A

ӷথੑ༗ػແػϋΠϒϦου
φϊཻࢠͷ։ൃ

DFWFMoQNFnU	 of	 MJRVJd	 DSZTUaMMJnF	 oSHanJD�
JnoSHanJD	IZCSJd	nanoQaSUJDMFT

ӿ໦ɹউಙ
MaTanoSJ	ENO,I

ྉࡐن৽ͨ͠༺׆ՊֶΛࢉܭ
։ൃ

DFWFMoQNFnU	 of	 nFX	NaUFSJaMT	 CaTFd	 on	
DoNQVUaUJonaM	TDJFnDF

٠஑ɹ৳໌
NoCVaLJ	,I,6C)I

࣓ੑମφϊߏ଄ͷ࣓Խߏػɾ
࣓ԽμΠφϛΫε

MaHnF U J [ a U J on 	 Q S oDFT T �dZnaN J D T 	 o f	
nanoTUSVDUVSFd	NaHnFUT

খ઒ɹमҰ
SIVJDIJ	O(A8A

φϊ୸ૉࡐྉͷC7D	੒௕๏ͱ
ঢ়ଶධՁ๏ͷ։ൃࢠి

DFWFMoQNFnU	of	C7D	QSoDFTT	and	FWaMVaUJon	
NFUIodT	foS	nano�DaSCon	NaUFSJaMT

༄ɹɹ߃ۄ
YVIFnH	-I6	

ख๏Λ༻͍ͨ߹ۚঢ়ଶਤݧ࣮
ʹؔ͢Δڀݚ

EYQFSJNFnUaM	 SFTFaSDI	 foS	QIaTF	dJaHSaNT	of	
aMMoZT

Ԟࢁɹେี
DaJTVLF	O,6YAMA

தੑࢄࢠཚΛ༻͍ͨҟৗ෺ੑ
Λ൐͏৽ੑ࣓حମͷڀݚ

SUVdZ	 on	 FYoUJD	 NaHnFUJD	 NaUFSJaMT	 XJUI	
anoNaMoVT	QSoQFSUJFT	CZ	nFVUSon	TDaUUFSJnH

ੴࠇɹɹࢤ
No[oNV	IS)I(63O

ઌ୺์ࣹޫܭଌʹΑΔػೳੑ
ԽࢹྉͷԽֶঢ়ଶՄࡐ

CIFNJDaM	 TUaUF	 WJTVaMJ[aUJon	 of	 fVnDUJonaM	
NaUFSJaMT	CZ	adWanDFd	TZnDISoUSon	 SadJaUJon	
NFaTVSFNFnUT

ಹ೾ɹ࿨޺
,a[VIJSo	NA8A

தੑࢄࢠཚΛ༻͍ͨ৽͍࣓͠
ͷ։ൃىྭؾடং΍࣓ؾ

EYQMoSJnH	nFX	NaHnFUJD	oSdFST	and	FYDJUaUJonT	
VTJnH	nFVUSon	TDaUUFSJnH	UFDInJRVF

ᇙɹɹਖ਼හ
JVnHNJn	,AN(

ίώʔϨϯτ 9ઢࢄཚΛ༻͍
ͨφϊΠϝʔδϯά๏ͷ։ൃ
ͱԠ༻

DFWFMoQNFnU	and	aQQMJDaUJon	of	nanoJNaHJnH	
NFUIod	VTJnH	DoIFSFnU	9�SaZ	TDaUUFSJnH

ֈߐɹ੅ࢤ
,JZoTIJ	,ANIE

ӷ૬߹੒ͱϋΠϒޚଶ੍ܗͷαΠζɾࢠφϊཻػೳੑແػ
Ϧουࡐྉ։ൃ΁ͷల։
SJ[F�and	TIaQF�DonUSoMMFd	TZnUIFTJT	of	 fVnDUJonaM	 JnoSHanJD	
nanoQaSUJDMFT	 and	aQQMJDaUJon	 Uo	dFWFMoQ	 TFMf�oSHanJ[Fd	
IZCSJd	NaUFSJaMT

Ѿ઒ɹ࢘ڡ
TadaTIJ	A#6,A8A

ද໘ߏ଄ղੳͱμΠφϛΫεܭଌʹͮ͘ج৽ػೳද໘ͷ૑
੒
3FTFaSDI	of	nFX	fVnDUJonaM	TVSfaDFT	CZ	anaMZ[JnH	TUSVDUVSF	
and	dZnaNJDT

େ୩ɹത࢘
)JSoTIJ	O)TANI

࣮ଌͰ͖ͳ͍ࡐྉ෺ੑͷిࢠ࿦ࢉܭͱࡐྉ։ൃ΁ͷԠ༻
DFWFMoQNFnU	 of	 nFX	NaUFSJaMT	 CaTFd	on	 DaMDVMaUJon	 of	
UIFSNodZnaNJD	QSoQFSUJFT	VTJnH	FMFDUSonJD	UIFoSZ

ɹɹ୎౻ࠤ
TaLV	SATO

தੑࢄࢠཚΛ༻͍ͨݻମதͷεϐϯμΠφϛΫεڀݚ
NFVUSon	 TDaUUFSJnH	 SFTFaSDI	 on	 UIF	 TQJn	 dZnaNJDT	 Jn	
DondFnTFd	NaUUFST
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ϓϩηεγεςϜڀݚֶ޻෦໳͸ɺ௒ྟքφϊֶ޻ɺޫ෺࣭ՊֶɺݻମΠΦχΫεɾσόΠεɺڥ؀ద߹ૉࡐϓϩηεɺࡐྉ෼཭ϓϩηεͷ֤෼໺
Λ໢ཏ͢Δ෦໳Ͱ͋Γɺ࣮༻ԽڀݚΛॏ఺తʹ࣮͍ͯ͠ࢪ·͢ɻѻ͏ૉࡐ͸φϊϨϕϧ͔ΒϚΫϩϨϕϧ·Ͱଟछଟ༷Ͱ͕͢ɺૅجͱͳΔֶ໰͸෺
ཧԽֶɺແֶ޻ػɺϓϩηεֶ޻ͱڞ通Ͱ͢ɻ
DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH	DonUaJnT	DonUaJnT	SVQFSDSJUJDaM	'MVJd	and	)ZCSJd	Nano	TFDInoMoHJFT
	-aTFS	AQQMJFd	MaUFSJaM	SDJFnDF
	SoMJd	SUaUF	IonJD
DFWJDFT
	EnWJSonNFnUaM�ConTDJoVT	MaUFSJaM	PSoDFTTJnH
	MaUFSJaMT	SFQaSaUJon	PSoDFTTJnH	To	 UIaU	XF	 foDVT	oVS	 JnWFTUJHaUJon	on	 UIF	QSaDUJDaM	aQQMJDaUJon	of	IJHIMZ�
fVnDUJonaM	NaUFSJaMT�	CoNNon	CaTJD	aDadFNJD	pFMdT	aSF	QIZTJDaM�DIFNJTUSZ
	JnoSHanJD	FnHJnFFSJnH
	and	QSoDFTT	UFDInoMoHZ�

Ѩ৲ɹխจʢ݉ɺAIM3ʣ
TadafVNJ	ADSC)I3I

௒ྟքਫΛ༻͍ͨ෺࣭ม׵ϓϩηε͓ΑͼφϊϑϧΠυͷ
߹੒ͱԠ༻
CIFNJDaM	SFaDUJon	QSoDFTTFT	Jn	TVQFSDSJUJDaM	XaUFS

ۙ౻ɹɹ஧
TadaTIJ	,ONDO

ᝋډɹ໌ߴ
TaLaaLJ	TOMAI

ઌ୺ΤωϧΪʔσόΠεʹࢿ
͢Δࡐྉϓϩηεʹؔ͢Δݚ
ڀ

MaUFSJaMT	 QSoDFTTJnH	 foS	 adWanDFd	 FnFSHZ	
dFWJDFT

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	٬һڭतɹ		٬һڭतɹ		٬һڭतɹ	7JTJUJnH	PSofFTToS

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

ɹढ़Ұ౻ࠤ
SIVnJDIJ	SATO

ޫՊֶͱ෺࣭Պֶͷ༥߹ڀݚ
MVMUJdJTDJQMJnaSZ	SFTFaSDI	of	QIoUonJDT	and	NaUFSJaM	TDJFnDF

Ӎᖒɹ࢙ߒ
,oKJ	AME;A8A

σό׵ΤωϧΪʔมܕௐ࿨ڥ؀ͨ͠٭ཱʹମΠΦχΫεݻ
Πεͷ։ൃ
DFWFMoQNFnU	of	FnWJSonNFnUaMMZ�fSJFndMZ	FnFSHZ�DonWFSTJon	
dFWJDFT	CaTFd	on	ToMJd	TUaUF	JonJDT

೮্ɹɹ༸
)JSoTIJ	NO(AMI

൓Ԡಈྗֶղੳʹֵͮ͘ج৽తૉࡐϓϩηεͷ։ൃ
DFWFMoQNFnU	of	noWFM	NaUFSJaM	QSodVDUJon	QSoDFTTFT

খᖒɹ༞ࢢ
YVJDIJ	,O;A8A

Ϩʔβʔޫͷڧ౓ɾภޫɾҐ
૬ͷ੍ۭؒޚख๏ͷ։ൃͱԠ
༻

DFWFMoQNFnU	of	NFUIodT	Uo	DonUSoM	UIF	TQaUJaM	
dJTUSJCVUJon	 of	 JnUFnTJUZ
	 QoMaSJ[aUJon
	 and	
QIaTF	of	MaTFS	CFaNT	and	JUT	aQQMJDaUJon

தଜɹਸ࢘
TaLaTIJ	NA,AM63A

ΤωϧΪʔσόΠε༻ࡐྉͷ
ͷղ໌ߏػݱೳੑൃػ

EMVDJdaUJon	of	 UIF	FMFDUSoDIFNJDaM	QSoQFSUJFT	
of	FnFSHZ	DonWFSTJon	dFWJDFT

ॿӬɹ૖ฏ
SoIFJ	S6,ENA(A

έΠࢎԘߴܥԹ༥ମ͓ΑͼΨ
ϥεͷ෺ཧԽֶతੑ࣭ͱඍߏ
଄

3FMaU Jon	 CFUXFFn	 NJDSo�TU SVDUVSF	 and	
QIZTJDo�DIFNJDaM	QSoQFSUJFT	 foS	TJMJDaUF	NFMUT	
and	HMaTTFT

্ਿɹ༞و
YVVLJ	6ES6(I

ཱࣗ҆ఆͳޫڞৼثγεςϜ
ͷ։ൃͱͦͷԠ༻

DFWFMoQNFnU	of	TFMf�SFTonaUJnH	oQUJDaM	DaWJUZ	
TZTUFN	and	JUT	aQQMJDaUJonT

ՆҪɹढ़ޛ
SIVnHo	NATS6I

Թ෼ߴͨ͠߹Λ༥ࢉܭଌͱ؍
ٻͷྗֶత୳ܥࢄ

EYQMoSaUJon	of	dZnaNJDT	 Jn	IJHI�UFNQFSaUVSF	
dJTQFSTJon	TZTUFN	CZ	DoNCJnJnH	oCTFSWaUJon	
and	DaMDVMaUJon

ాลɹҁ೫
AZano	TANA#E

SA,63AϓϩδΣΫτ

ɹҮಸ౻ࠤ
ILVna	SATO

SA,63AϓϩδΣΫτ

઒੢ɹ࡙ࢠ
SaLJLo	,A8ANIS)I

୅ϫΠυΪϟοϓ൒ಋମੈ࣍
γϦίϯΧʔόΠυͷ༹ӷ੒
௕

SoMVUJon	HSoXUI	of	TJMJDon	DaSCJdF

໦ଜɹ༐ଠ
YVUa	,IM63A

֎৔ʹΑΔΤωϧΪʔஷଂʗ
ม׵σόΠε༻ࡐྉͷ෺ੑ੍
ޚ

TVnJnH	 UIF	QSoQFSUJFT	of	 UIF	NaUFSJaMT	 foS	 UIF	
FnFSHZ	 TUoSaHF�DonWFSTJon	dFWJDFT	XJUI	an	
FYUFSnaM	pFMd

ؙԬɹ৳༸
NoCVIJSo	MA36O,A

࣋൫ͱ͢ΔجԹϓϩηεΛߴ
ଓՄೳγεςϜͷ։ൃ

DFWFMoQNFnU	of	TVTUaJnaCMF	TZTUFN	CaTFd	on	
UIF	IJHI	UFNQFSaUVSF	QSoDFTT

ࣲాɹ޾ߒ
)JSoZVLJ	S)I#ATA

ԹಛੑߴԽ෺͓Αͼۚଐͷࢎ
)JHI	UFNQFSaUVSF	QSoQFSUJFT	of	oYJdFT	and	NFUaMT
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৽نͳػߴೳࡐྉ։ൃΛΊͯ͟͠ɺిࢠɺதੑࢠɺϨʔβʔɺϚΠΫϩ೾ɺ์ࣹޫͳͲͷ༷ʑͳཻࢠ΍ి࣓೾Λ༻͍ͯɺ৽͍͠ܭଌɾղੳख๏։ൃ
Λਪਐ͠·͢ɻ·ͨɺػೳൃݱͷϝΧχζϜղ໌ΛؚΊͯɺج൫ͱͳΔࢠݪɾ෼ࢠ෼ޫֶɺද໘Պֶɺφϊք໘Պֶɺݻମ෺ੑՊֶͳͲͷྖڀݚҬ
ͷ৽ͨͳల։ΛਤΓ·͢ɻ
AJNJnH	aU	nFX	IJHI�QFSfoSNanDF	NaUFSJaMT
	adWanDFd	NFaTVSFNFnUT	and	anaMZTFT	NFUIodT	aSF	dFWFMoQFd	VTJnH	WaSJoVT	QaSUJDMFT	TVDI	aT	FMFDUSonT	and	nFVUSonT
	
MaTFST
	FMFDUSoNaHnFUJD	XaWFT
	and	TZnDISoUSon	SadJaUJon�	InDMVdJnH	JnUFSQSFUaUJon	of	UIF	VndFSMZJnH	NFDIanJTNT	of	fVnDUJonJnH
	XF	XJMM	aDIJFWF	a	nFX	dFWFMoQNFnU	of	
UIF	SFTFaSDI	aSFaT	of	aUoNJD	and	NoMFDVMaS	TQFDUSoTDoQZ
	TVSfaDF	TDJFnDF
	nUFSfaDJaM	nano�TDJFnDF
	and	DondFnTFd	NaUUFS	QIZTJDT�

෦໳ڀݚଌܭ
DI7ISION	O'	MEAS63EMENTS

NoCoSV	8ATANA#E

InWFTU JHaU Jon	 of 	 F MFDU SonJD	 NoU JonT	 Jn	
No MFDV MFT 	 VT J nH 	 F M FD U Son 	 TDa U U F S J nH	
TQFDUSoTDoQZa

PSofFTToS

ATToDJaUF	PSofFTToS

SFnJoS	ATTJTUanU	PSofFTToS

ATTJTUanU	PSofFTToS

8aUaSV	YAS)I3O

DFWFMoQNFnU	of	nFX	NFUIodT	VTJnH	QIaTFT	of	
9�SaZT	and	nFVUSonT

,a[VnoCV	,OJIMA

CSFaUJon	of	noWFM	oQUJDaM	dFWJDFT	FTUaCMJTIJnH	
CoUI	IJHI	oVUQVU	QoXFS	and	IJHI	F⒏DJFnDZ

)JdFLa[V	TA,ANO

DFWFMoQNFnU	and	aQQMJDaUJon	of	9�SaZ	JNaHJnH

,aUTVNaTa	I,EMATS6

DFWFMoQNFnU	of	9�SaZ	 USanTNJTTJon	HSaUJnHT	
VTJnH	 UIF	 -I(A	 QSoDFTT	 and	 9�SaZ	 QIaTF	
JNaHJnH	XJUI	a	noWFM	HSaUJnH	JnUFSfFSoNFUFS

)JSonoCV	'6,6;A8A

AUoNJD
	NoMFDVMaS
	and	DMVTUFS	TDJFnDFT	VTJnH	
fSFFFMFDUSon	MaTFS	and	TZnDISoUSon	SadJaUJon

MJTaLJ	O,6NIS)I

EMFDUSon	and	NoMFDVMaS	dZnaNJDT	 Jn	 JnUFnTF	
MaTFS	pFMdT

Mao	'6,6YAMA

InUFSfaDF	DIFNJTUSZ	Jn	NJDSoNFUFS	TDaMF	foS	UIF	
NJnJaUVSJ[aUJon	of	anaMZUJDaM	TZTUFNT

,oIFJ	S)IMA

DFWFMoQNFnU	of	IJHI�F⒏DJFnDZ	oQUoFMFDUSonJD	
dFWJDFT	VTJnH	XJdF	CandHaQ	TFNJDondVDUoST

)JSonoSJ	MA36#AYAS)I

AnaMZT JT	 of 	 I JFSaSDIJDa M 	 TU SVDUVSF	 and	
dZnaNJDT	of	DSZTUaMMJnF	QoMZNFSJD	NaUFSJaMT	CZ	
DoNQMFNFnUaSZ	VTaHF	of	dJ⒎SaDUJon�TDaUUFSJnH	
and	FMFDUSon	NJDSoTDoQZ	UFDInJRVFT

,oI	)AS)IMOTO

9�SaZ	JNaHJnH
	QIaTF	DonUSaTU

YanMJn	86

NFX	9�SaZ	QIaTF	 JNaHJnH	VTJnH	TZnDISoUSon	
and	MaCoSaUoSZ	9�SaZ	ToVSDF

DFSSJDL	MJDIaFM	MOTTTFSVUoTIJ	SA,A,63A

TFDInJDaM	 TUVdZ	 of	 TJnHMF�DSZTUaM	 9�SaZ	
dJ⒎SaDUJon

ToNoIJSo	MIYATA

AUoNJD�TDaMF	anaMZTJT	of	QoMZNFSJD	NaUFSJaMT	
VTJnH	USanTNJTTJon	FMFDUSon	NJDSoTDoQZ

)aKJNF	YAMAMOTO

EYQMoSaUJon	of	nFX	USanTJUJon	NFUaM	oYJdFT	and	
TUSVDUVSaM	 TDJFnDF	of	NaUFSJaMT	 CZ	RVanUVN	
CFaNT

)TJao	'anH	8AN(

'oVS�dJNFnTJonaM	�D
	 TEM	 oCTFSWaUJon	
foS	 TofU	NaUUFS	 and	 DoSSFTQondJnH	 Jn�TJUV	
FnWJSonNFnUaM	CFIaWJoS

,oKJ	YONE,63A

7JTJUJnH	PSofFTToS

MaTaIJLo	TA,A)AS)I

MoMFDVMaS	TDJFnDF	VTJnH	FMFDUSon	DoMMJTJonT	fSoN	UIF	TUaUJD	Uo	
UIF	UJNFSFToMWFd	SFHJNF

)JSoZVLJ	,IM63A

SUSVDUVSaM	TDJFnDF	of	NaUFSJaMT	CZ	a	DoNQMFNFnUaMMZ	VTF	of	
nFVUSon
	SO3
	and	9�SaZ

ALJIJdF	)I#A3A

AnaMZU JDaM	 dFWJDF	 VU J M J[ JnH	 nano�NJDSof MV JdJDT
	 and	
TQFDUSoTDoQZ	foS	nano�NJDSoDIFNJTUSZ

)JSoTIJ	JINNAI

AnaMZTJT	of	nano�TUSVDUVSFT	 Jn	 TofU	NaUFSJaMT	CZ	FMFDUSon	
UoNoHSaQIZ

ESJLo	NAN(O

AnaMZTJT	of	QSoUFJn	TUSVDUVSaM	dZnaNJDT	and	JUT	aQQMJDaUJon	Uo	
NoMFDVMaS	DonUSoM	

AUTVTIJ	MOMOSE

DFWFMoQNFnU	of	9�SaZ	QIaTF	JNaHJnH

SIJHFfVTa	'�	C)IC)I#6

EYQMoSaUJon	of	XJdF	CandHaQ	HSoVQ	 III�nJUSJdF	and	HSoVQ	 II�
oYJdF	TFNJDondVDUoS	RVanUVN	TUSVDUVSFT	and	TQaUJo�UJNF�
SFToMWFd	TQFDUSoTDoQZ

SQFDJaMMZ	AQQoJnUFd	
ATToDJaUF	PSofFTToS

SQFDJaMMZ	AQQoJnUFd	
SFnJoS	ATTJTUanU	PSofFTToS

YVVLJ	ONITS6,A

DZnaNJDT	TUVdZ	on	DIFNJDaM	 SFaDUJonT	VTJnH	
FMFDUSon	CoNQUon	TDaUUFSJnH
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ϓϩηεγεςϜڀݚֶ޻෦໳͸ɺ௒ྟքφϊֶ޻ɺޫ෺࣭ՊֶɺݻମΠΦχΫεɾσόΠεɺڥ؀ద߹ૉࡐϓϩηεɺࡐྉ෼཭ϓϩηεͷ֤෼໺
Λ໢ཏ͢Δ෦໳Ͱ͋Γɺ࣮༻ԽڀݚΛॏ఺తʹ࣮͍ͯ͠ࢪ·͢ɻѻ͏ૉࡐ͸φϊϨϕϧ͔ΒϚΫϩϨϕϧ·Ͱଟछଟ༷Ͱ͕͢ɺૅجͱͳΔֶ໰͸෺
ཧԽֶɺແֶ޻ػɺϓϩηεֶ޻ͱڞ通Ͱ͢ɻ
DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH	DonUaJnT	DonUaJnT	SVQFSDSJUJDaM	'MVJd	and	)ZCSJd	Nano	TFDInoMoHJFT
	-aTFS	AQQMJFd	MaUFSJaM	SDJFnDF
	SoMJd	SUaUF	IonJD
DFWJDFT
	EnWJSonNFnUaM�ConTDJoVT	MaUFSJaM	PSoDFTTJnH
	MaUFSJaMT	SFQaSaUJon	PSoDFTTJnH	To	 UIaU	XF	 foDVT	oVS	 JnWFTUJHaUJon	on	 UIF	QSaDUJDaM	aQQMJDaUJon	of	IJHIMZ�
fVnDUJonaM	NaUFSJaMT�	CoNNon	CaTJD	aDadFNJD	pFMdT	aSF	QIZTJDaM�DIFNJTUSZ
	JnoSHanJD	FnHJnFFSJnH
	and	QSoDFTT	UFDInoMoHZ�

TadafVNJ	ADSC)I3I

CIFNJDaM	SFaDUJon	QSoDFTTFT	Jn	TVQFSDSJUJDaM	XaUFS

TadaTIJ	,ONDO

TaLaaLJ	TOMAI

MaUFSJaMT	 QSoDFTTJnH	 foS	 adWanDFd	 FnFSHZ	
dFWJDFT

PSofFTToS

7JTJUJnH	PSofFTToS

ATToDJaUF	PSofFTToS

ATTJTUanU	PSofFTToS

SIVnJDIJ	SATO

MVMUJdJTDJQMJnaSZ	SFTFaSDI	of	QIoUonJDT	and	NaUFSJaM	TDJFnDF

,oKJ	AME;A8A

DFWFMoQNFnU	of	FnWJSonNFnUaMMZ�fSJFndMZ	FnFSHZ�DonWFSTJon	
dFWJDFT	CaTFd	on	ToMJd	TUaUF	JonJDT

)JSoTIJ	NO(AMI

DFWFMoQNFnU	of	noWFM	NaUFSJaM	QSodVDUJon	QSoDFTTFT

YVJDIJ	,O;A8A

DFWFMoQNFnU	of	NFUIodT	Uo	DonUSoM	UIF	TQaUJaM	
dJTUSJCVUJon	 of	 JnUFnTJUZ
	 QoMaSJ[aUJon
	 and	
QIaTF	of	MaTFS	CFaNT	and	JUT	aQQMJDaUJon

TaLaTIJ	NA,AM63A

EMVDJdaUJon	of	 UIF	FMFDUSoDIFNJDaM	QSoQFSUJFT	
of	FnFSHZ	DonWFSTJon	dFWJDFT

SoIFJ	S6,ENA(A

3FMaU Jon	 CFUXFFn	 NJDSo�TU SVDUVSF	 and	
QIZTJDo�DIFNJDaM	QSoQFSUJFT	 foS	TJMJDaUF	NFMUT	
and	HMaTTFT

YVVLJ	6ES6(I

DFWFMoQNFnU	of	TFMf�SFTonaUJnH	oQUJDaM	DaWJUZ	
TZTUFN	and	JUT	aQQMJDaUJonT

SIVnHo	NATS6I

EYQMoSaUJon	of	dZnaNJDT	 Jn	IJHI�UFNQFSaUVSF	
dJTQFSTJon	TZTUFN	CZ	DoNCJnJnH	oCTFSWaUJon	
and	DaMDVMaUJon

AZano	TANA#E ILVna	SATOSaLJLo	,A8ANIS)I

SoMVUJon	HSoXUI	of	TJMJDon	DaSCJdF

YVUa	,IM63A

TVnJnH	 UIF	QSoQFSUJFT	of	 UIF	NaUFSJaMT	 foS	 UIF	
FnFSHZ	 TUoSaHF�DonWFSTJon	dFWJDFT	XJUI	an	
FYUFSnaM	pFMd

NoCVIJSo	MA36O,A

DFWFMoQNFnU	of	TVTUaJnaCMF	TZTUFN	CaTFd	on	
UIF	IJHI	UFNQFSaUVSF	QSoDFTT

)JSoZVLJ	S)I#ATA

)JHI	UFNQFSaUVSF	QSoQFSUJFT	of	oYJdFT	and	NFUaMT
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ͷ৽ͨͳల։ΛਤΓ·͢ɻ
AJNJnH	aU	nFX	IJHI�QFSfoSNanDF	NaUFSJaMT
	adWanDFd	NFaTVSFNFnUT	and	anaMZTFT	NFUIodT	aSF	dFWFMoQFd	VTJnH	WaSJoVT	QaSUJDMFT	TVDI	aT	FMFDUSonT	and	nFVUSonT
	
MaTFST
	FMFDUSoNaHnFUJD	XaWFT
	and	TZnDISoUSon	SadJaUJon�	InDMVdJnH	JnUFSQSFUaUJon	of	UIF	VndFSMZJnH	NFDIanJTNT	of	fVnDUJonJnH
	XF	XJMM	aDIJFWF	a	nFX	dFWFMoQNFnU	of	
UIF	SFTFaSDI	aSFaT	of	aUoNJD	and	NoMFDVMaS	TQFDUSoTDoQZ
	TVSfaDF	TDJFnDF
	nUFSfaDJaM	nano�TDJFnDF
	and	DondFnTFd	NaUUFS	QIZTJDT�

෦໳ڀݚଌܭ
DI7ISION	O'	MEAS63EMENTS

౉ᬒɹɹঢ
NoCoSV	8ATANA#E

಺ࢠཚ෼ޫΛ༻͍ͨ෼ࢄࢠి
ڀݚӡಈͷࢠి

InWFTU JHaU Jon	 of 	 F MFDU SonJD	 NoU JonT	 Jn	
No MFDV MFT 	 VT J nH 	 F M FD U Son 	 TDa U U F S J nH	
TQFDUSoTDoQZa

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

PSofFTToS	ATTJTUanU	SFnJoS	ɹࢣɹߨ		ɹࢣɹߨ		ɹࢣɹߨ	

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

໼୅ɹɹߤ
8aUaSV	YAS)I3O

̭ઢɾதੑࢠͷҐ૬ܭଌΛར
༻ͨ͠৽ܭنଌख๏ͷ։ൃ

DFWFMoQNFnU	of	nFX	NFUIodT	VTJnH	QIaTFT	of	
9�SaZT	and	nFVUSonT

খౡɹҰ৴
,a[VnoCV	,OJIMA

཰Λཱ྆͢Δ৽ޮߴग़ྗͱߴ
σόΠεͷ૑ग़ޫح

CSFaUJon	of	noWFM	oQUJDaM	dFWJDFT	FTUaCMJTIJnH	
CoUI	IJHI	oVUQVU	QoXFS	and	IJHI	F⒏DJFnDZ

໺ɹल࿨ߴ
)JdFLa[V	TA,ANO

9	ઢΠϝʔδϯά๏ͷ։ൃٴ
ͼԠ༻

DFWFMoQNFnU	and	aQQMJDaUJon	of	9�SaZ	JNaHJnH

஑দɹࠀণ
,aUTVNaTa	I,EMATS6

-I(A ϓϩηεΛ༻͍ͨ 9	ઢ
ಁա֨ࢠͷ։ൃͱ 9	ઢҐ૬Π
ϝʔδϯάͷߴ౓Խ

DFWFMoQNFnU	of	9�SaZ	 USanTNJTTJon	HSaUJnHT	
VTJnH	 UIF	 -I(A	 QSoDFTT	 and	 9�SaZ	 QIaTF	
JNaHJnH	XJUI	a	noWFM	HSaUJnH	JnUFSfFSoNFUFS

෱ᖒɹ޺એ
)JSonoCV	'6,6;A8A

ࣗ༝ిࢠϨʔβʔͱ์ࣹޫΛ
ɾΫϥελʔࢠɾ෼ࢠݪ͍ͨ༺
Պֶ

AUoNJD
	NoMFDVMaS
	and	DMVTUFS	TDJFnDFT	VTJnH	
fSFFFMFDUSon	MaTFS	and	TZnDISoUSon	SadJaUJon

Ԟ੢ɹΈ͖͞
MJTaLJ	O,6NIS)I

μࢠɾ෼ࢠ৔தͰͷిࢠޫڧ
ΠφϛοΫε

EMFDUSon	and	NoMFDVMaS	dZnaNJDT	 Jn	 JnUFnTF	
MaTFS	pFMdT

෱ࢁɹਅԝ
Mao	'6,6YAMA

ϚΠΫϩϝʔτϧαΠζͷք
໘Λར༻ͨ͠ඍྔ෼ੳԽֶૢ
ͷ։ൃ࡞

InUFSfaDF	DIFNJTUSZ	Jn	NJDSoNFUFS	TDaMF	foS	UIF	
NJnJaUVSJ[aUJon	of	anaMZUJDaM	TZTUFNT

ౢɹɹߛฏ
,oIFJ	S)IMA

ϫΠυόϯυΪϟοϓ൒ಋମ
Λ༻͍ͨޮߴ཰ޫిࢠσόΠ
εͷ։ൃ

DFWFMoQNFnU	of	IJHI�F⒏DJFnDZ	oQUoFMFDUSonJD	
dFWJDFT	VTJnH	XJdF	CandHaQ	TFNJDondVDUoST

ؙྛɹ߂య
)JSonoSJ	MA36#AYAS)I

ճંɾࢄཚ๏ͱిݦࢠඍڸͷ૬ิ
తར༻ʹΑΔ݁থੑߴ෼ࡐࢠྉͷ
֊૚ߏ଄ͱμΠφϛΫεͷղੳ

AnaMZT JT	 of 	 I JFSaSDIJDa M 	 TU SVDUVSF	 and	
dZnaNJDT	of	DSZTUaMMJnF	QoMZNFSJD	NaUFSJaMT	CZ	
DoNQMFNFnUaSZ	VTaHF	of	dJ⒎SaDUJon�TDaUUFSJnH	
and	FMFDUSon	NJDSoTDoQZ	UFDInJRVFT

߁ຊɹɹڮ
,oI	)AS)IMOTO

̭ઢΠϝʔδϯάɺ	Ґ૬ίϯτϥετ

9�SaZ	JNaHJnH
	QIaTF	DonUSaTU

ɹɹ඙ᯜޖ
YanMJn	86

ࣨݧͼ࣮ٴޫࣹ์ 9	ઢݯΛ༻
͍ͨ৽͍͠ 9	ઢΠϝʔδϯά

NFX	9�SaZ	QIaTF	 JNaHJnH	VTJnH	TZnDISoUSon	
and	MaCoSaUoSZ	9�SaZ	ToVSDF

Ϟοτ	σϦοΫ
DFSSJDL	MJDIaFM	MOTT

OQUJDaM	 MaTFS	CaTFd	 USaQQJnH	
and	 ana MZT JT 	 o f 	 aFSoTo M	
dSoQMFU	 TVSfaDF	 UFnTJon	 foS	
aUNoTQIFSF	 and	 XFaUIFS	
TUVdJFT�

૔ɹًढ़ࡔ
TFSVUoTIJ	SA,A,63A

୯݁থ 9	ઢճં๏ʹ͓͚Δٕ
ज़։ൃ

TFDInJDaM	 TUVdZ	 of	 TJnHMF�DSZTUaM	 9�SaZ	
dJ⒎SaDUJon

ɹஐऺాٶ
ToNoIJSo	MIYATA

ಁաݦࢠిܕඍڸ๏Λ༻͍ͨ
෼ղೳղੳࢠݪྉͷࡐࢠ෼ߴ

AUoNJD�TDaMF	anaMZTJT	of	QoMZNFSJD	NaUFSJaMT	
VTJnH	USanTNJTTJon	FMFDUSon	NJDSoTDoQZ

ຊɹɹໞࢁ
)aKJNF	YAMAMOTO

৽نભҠۚଐࢎԽ෺୳ࡧͱྔ
ݚ଄෺ੑߏ͍ͨ༺ϏʔϜΛࢠ
ڀ

EYQMoSaUJon	of	nFX	USanTJUJon	NFUaM	oYJdFT	and	
TUSVDUVSaM	 TDJFnDF	of	NaUFSJaMT	 CZ	RVanUVN	
CFaNT

Ԧɹɹํ޹
)TJao	'anH	8AN(

༺๏Λڸඍݦࢠిܕաಁݩ࣍�
͍ͨιϑτϚλʔڍಈͷͦͷ
৔࡯؍

'oVS�dJNFnTJonaM	�D
	 TEM	 oCTFSWaUJon	
foS	 TofU	NaUUFS	 and	 DoSSFTQondJnH	 Jn�TJUV	
FnWJSonNFnUaM	CFIaWJoS

ถ૔ɹޭ࣏
,oKJ	YONE,63A

	٬һڭतɹ		٬һڭतɹ		٬һڭतɹ	7JTJUJnH	PSofFTToS

ɹਖ਼඙ڮ∁
MaTaIJLo	TA,A)AS)I

ՊֶࢠিಥΛ༻͍ͨ੩త͓Αͼಈత෼ࢠి
MoMFDVMaS	TDJFnDF	VTJnH	FMFDUSon	DoMMJTJonT	fSoN	UIF	TUaUJD	Uo	
UIF	UJNFSFToMWFd	SFHJNF

໦ଜɹ޺೭
)JSoZVLJ	,IM63A

தੑࢠɾ์ࣹޫɾ9ઢͷ૬ิར༻ʹΑΔػೳੑ෺࣭ͷߏ଄෺
ڀݚੑ
SUSVDUVSaM	TDJFnDF	of	NaUFSJaMT	CZ	a	DoNQMFNFnUaMMZ	VTF	of	
nFVUSon
	SO3
	and	9�SaZ

Րݪɹজल
ALJIJdF	)I#A3A

φϊɾϚΠΫϩྲྀମΛ༻͍Δ෼ੳσόΠεͱඍখྖҬͷ෼
ޫԽֶ
AnaMZU JDaM	 dFWJDF	 VU J M J[ JnH	 nano�NJDSof MV JdJDT
	 and	
TQFDUSoTDoQZ	foS	nano�NJDSoDIFNJTUSZ

ਞ಺ɹ࢘ߒ
)JSoTIJ	JINNAI

଄ߏઢτϞάϥϑΟΛ༻͍ͨιϑτϚςϦΞϧͷਫ਼ີࢠి
ղੳ
AnaMZTJT	of	nano�TUSVDUVSFT	 Jn	 TofU	NaUFSJaMT	CZ	FMFDUSon	
UoNoHSaQIZ

ೆܙޙཧࢠ
ESJLo	NAN(O

λϯύΫ࣭μΠφϛΫεղੳͱ෼ޚ੍ࢠ΁ͷԠ༻
AnaMZTJT	of	QSoUFJn	TUSVDUVSaM	dZnaNJDT	and	JUT	aQQMJDaUJon	Uo	
NoMFDVMaS	DonUSoM	

ඦੜɹɹರ
AUTVTIJ	MOMOSE

̭ઢҐ૬Πϝʔδϯάख๏ͷ։୓
DFWFMoQNFnU	of	9�SaZ	QIaTF	JNaHJnH

ட෕ɹॏӳ
SIJHFfVTa	'�	C)IC)I#6

ϫΠυόϯυΪϟοϓ൒ಋମྔࢠφϊߏ଄૑੒ͱۭؒؒ࣌෼
ղεϖΫτϩείϐʔ
EYQMoSaUJon	of	XJdF	CandHaQ	HSoVQ	 III�nJUSJdF	and	HSoVQ	 II�
oYJdF	TFNJDondVDUoS	RVanUVN	TUSVDUVSFT	and	TQaUJo�UJNF�
SFToMWFd	TQFDUSoTDoQZ

	ಛ೚।ڭत	ಛ೚।ڭत

	ಛ೚ࢣߨ

SQFDJaMMZ	AQQoJnUFd	
ATToDJaUF	PSofFTToS

SQFDJaMMZ	AQQoJnUFd	
SFnJoS	ATTJTUanU	PSofFTToS

َ௩ɹါथ
YVVLJ	ONITS6,A

͍ͨ༺ཚΛࢄίϯϓτϯࢠి
Խֶ൓ԠμΠφϛΫεͷڀݚ

DZnaNJDT	TUVdZ	on	DIFNJDaM	 SFaDUJonT	VTJnH	
FMFDUSon	CoNQUon	TDaUUFSJnH
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େ௩ɹɹ੣
MaLoUo	O)TS6,A

ଟػೳੑബບࡐྉͷػߴೳԽ
ͱ৽نσόΠεͷ։ൃ

INQSoWFNFnU	of	QSoQFSUJFT	 foS	NVMUJ�fVnDUJonaM	
UIJnpMNT	and	dFWFMoQNFnU	of	noWFM	dFWJDFT

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

PSofFTToS	ATTJTUanU	SFnJoS	ɹࢣɹߨ		ɹࢣɹߨ		ɹࢣɹߨ	

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

γϡλ΢ε	εϰΣϯ
SWFn	STA6SS

ੜମద߹ੑϚΠΫϩి஑ͷ։
ൃͱͦͷԠ༻

DFWFMoQNFnU	and	aQQMJDaUJon	of	CJoDoNQaUJCMF	
NJDSoCaUUFSJFT

ਫ্ɹխ࢙
MaTaTIJ	MI;6,AMI

ද໘ྗ ŋ ৼͣΓଌఆ๏ͱքڞ
໘෼ޫʹΑΔφϊք໘ɾด͡
ڀݚΊӷମͷࠐ

SVS faDF	 fo SDFT 	 and	 SFTonanDF	 TIFaS	
NFaTVSFNFnU	 TUVdZ	on	nano�JnUFSfaDF	and	
nano�DonpnFd	MJRVJdT

൧௩ɹɹ३
AUTVTIJ	II;6,A

߭෺ɾഇغ෺Λར༻ͨ͠ޮߴ
཰ਫ࣭ড়Խࡐྉͷ։ൃ

DFWFMoQNFnU	 of 	 I JHI�Ff f JD JFnDZ	 XaUFS	
QVSJpDaUJon	NaUFSJaMT

ਅ໦঵ઍࢠ
SaDIJLo	MA,I

ઌ୺์ࣹޫܭଌʹΑΔφϊε
έʔϧͷߏ଄ɾػೳ૬ؔͷଟ
ԽࢹతՄݩ

MVMU JNodaM	 WJTVaM J[aU Jon	 of	 nano�TDaMF	
TUSVDUVSF�QSoQFSUZ	 FnTFNCMF	 CZ	 adWanDFd	
TZnDISoUSon	SadJaUJon	NFaTVSFNFnU

҆ୡɹਖ਼๕
MaTaZoTIJ	ADAC)I

(a�AM	ϑϥοΫεΛ༻͍ͨ୯
݁থ஠ԽΞϧϛχ΢Ϝͷӷ૬
੒௕

-JRVJd	 QIaTF	 FQJUaYJaM	 HSoXUI	 of	 TJnHMF	
DSZTUaMMJnF	AMN	VTJnH	(a�AM	ToMVUJon

ळࢁɹେี
DaJTVLF	A,IYAMA

෱ౡୈҰిൃྗࢠݪॴނࣄʹ
ΑΓੜͨ͡೩ྉσϒϦͷॲཧɾ
ॲ෼ͷڀݚ

SUVdZ	on	 fVFM	dFCSJT	dJTQoTaM	aU	'VLVTIJNa	
DaJJDIJ	NVDMFaS	PoXFS	SUaUJon

ᤵԼɹਸ਼ൕ
MJ[VIo	YA#6S)ITA

୸ૉݯࢿͷ༗ޮ׆༻Λ͠޲ࢤ
ྉͷ։ൃࡐମ৮ഔݻͨ

DFWFMoQNFnU	 of	 IFUFSoHFnFoVT	 DaUaMZTUT	
FnaCMJnH	F⒏DJFnU	VUJMJ[aUJon	of	DaSCon	SFToVSDFT

3A)MAN	AS)I263
ATIJRVS	3A)MAN

ϨʔβʔϓϩηογϯάʹΑ
ΔػೳੑϑΟϧϜͷܗ੒

'oSNaUJon	of	fVnDUJonaM	pMNT	CZ	MaTFS	QSoDFTTJnH

ླ໦ɹҰ੤
ITTFJ	S6;6,I

৽͍͠ࢎԽ෺൒ಋମͷ୳ࡧͱ
෺ੑͷղ໌

EYQMoSaUJon	of	nFX	oYJdF	TFNJDondVDUoST	and	
anaMZTJT	of	UIFJS	QIZTJDaM	QSoQFSUJFT

ɹɹɹѴߴ
9V	(AO

ଟ෼໺ͷ༥߹ʹΑΔۚଐ੡࿉
εϥάͷར༻֦େ

EYQanTJon	of	 UIF	VUJMJ[aUJon	of	NFUaM�SFfJnJnH	
TMaH	XJUI	UIF	QFSTQFDUJWF	of	dJTDJQMJnFT

খྛɹ໌߂
)JSoaLJ	,O#AYAS)I

ଟిࢠϨυοΫε൓ԠΛར༻
ͨ͠ೋి࣍஑ਖ਼ۃφϊࡐྉͷ
૑੒

DFWFMoQNFnUT	of	nano�TJ[Fd	DaUIodF	NaUFSJaMT	
VTJnH	NVMUJ�FMFDUSon	SFdoY	SFaDUJonT

ܙɹ๪ࢠۚ
'VTaF	,ANE,O

SA,63AϓϩδΣΫτ

υϥΠ	ΞϧϯΫϚʔϧ
ASVnLVNaS	DO3AI

NM3Λ༻͍ͨిղ࣭ͷ֦ࢄଌ
ఆ

DJffVTJon	NFaTVSFNFnU	of	FMFDUSoMZUFT	VTJnH	
NM3

ੴݪɹਅޗ
SIJnHo	IS)I)A3A

๏γϛϡϨʔγϣϯʹΑࢠཻ
ΔഁࡅͷϞσϦϯάͱคମϓ
ϩηεઃܭ

ModFMJnH	and	TJNVMaUJon	of	QaSUJDMF	CSFaLaHF	
and	dFTJHn	of	QoXdFS	QSoDFTTJnH

ࢸ੉ɹ࿨ؠ
,a[VZVLJ	I8ASE

φϊߏ଄ͷ੍͞ޚΕͨ৽ిن
༺ྉͷ։ൃͱͦͷԠࡐ৮ഔۃ

DFWFMoQNFnU	of	noWFM	nano�TUSVDUVSFd	NaUFSJaMT	
foS	FMFDUSoDaUaMZTUT	and	UIFJS	aQQMJDaUJonT

߽ࠃɹɹݪ
(VoIao	Y6AN

ϋϩήϯԽ෺Ϧν΢Ϝ఻ಋମ
Λ༻͍ͨిߴѹݻମి஑ͷ։
ൃ

DFWFMoQNFnU	of	ToMJd�TUaUF	MJUIJVN�Jon	CaUUFSJFT	
XJUI	IJHI�WoMUaHF	QFSfoSNanDF	CaTFd	on	IaMJdF	
MJUIJVN	DondVDUoST

૿Ҫɹ༑ඒ
ToNoNJ	MAS6I

SA,63AϓϩδΣΫτ

ຊɹஙࢤٱ
,J[VLV	,6S)IMOTO

࣪ࣜϘʔϧϛϧ಺ࡅྉཻࢠͷ
ӡಈ͓Αͼഁյڍಈͷγϛϡ
Ϩʔγϣϯ

SJNVMaUJon	foS	anaMZ[JnH	dZnaNJD	and	CSFaLaHF	
CFIaWJoST	of	QaSUJDMFT	Jn	XFU	CaMM	NJMMJnH

പ୩ɹૉ༸
MoUoIJSo	,AS6YA

ද໘ྗ૷ஔΛجʹͨ͠৽نධ
Ձ๏ͷ։ൃͱด͡ࠐΊӷମͷ
ಛੑධՁ΁ͷར༻

DFWFMoQNFnU	 of	 UIF	 noWFM	NFUIodT	 CaTFd	
on 	 TV S f aDF 	 fo SDFT 	 aQQa Sa UVT 	 fo S 	 UIF	
DIaSaDUFSJ[aUJon	of	UIF	DonpnFd	MJRVJd

҆ୡɹɹݠ
,Fn	ADAC)I

ϋΠυϨʔτϝϧτܥɾ༹༥
Ԙܥʹ͓͚ΔۚଐͷిؾԽֶ

EMFDUSoDIFNJTUSZ	of	NFUaMT	 Jn	IZdSaUF�NFMUT	
and	NoMUFn	TaMUT

௭ɹɹ་ࢤ
SaUoTIJ	TS6,6DA

ࢠ෼ߴ �	ۚଐφϊཻࢠϋΠϒ
ϦουφϊϫΠϠʔͷܗ੒ͱ
ޚ੍

'oSNaUJon	and	DonUSoM	of	QoMZNFS�NFUaM	NPT	
IZCSJd	nanoXJSFT

২ాɹɹ࣎
SIJHFSV	6EDA

Թ෺ཧԽֶߴ
)JHI	UFNQFSaUVSF	QIZTJDaM	DIFNJTUSZ

ౡɹɹཅۅ
ALJSa	,I3IS)IMA

֩೩ྉαΠΫϧͷόοΫΤϯυԽֶ͓Αͼ̧̢̣̤ΛؚΉ
ϨΞϝλϧ߭ੴͷॲཧ
#aDLFnd	DIFNJTUSZ	 Jn	nVDMFaS	 fVFM	DZDMF	and	QSoDFTTJnH	of	
SaSF	NFUaM	ToVSDF	DonUaJnJnH	NO3M

ຊؒɹɹ֨
IUaSV	)ONMA

ΤωϧΪʔม׵σόΠεɾࡐྉ։ൃΛͨ͠޲ࢤઌ୺Խֶ޻
ֶ
AdWanDFd	 DIFNJDaM	 FnHJnFFSJnH	 foS	 FnFSHZ	 DonWFSTJon	
dFWJDFT	�	NaUFSJaMT

ࣲాɹӻ࿠
EUTVSo	S)I#ATA

ඇమ੡࿉ۀΛج൫ͱͨۚ͠ଐݯࢿ॥؀γεςϜͷߏங
ETUaCMJTINFnU	of	NFUaM	 SFToVSDFT	DJSDVMaUJon	TZTUFN	CaTFd	
on	nonfFSSoVT	TNFMUJnH	JndVTUSZ

෱ࢁɹത೭
)JSoZVLJ	'6,6YAMA

ଌ๏ͷ։ൃܭྉͷ૑੡ͱ೤෺ੑࡐೳػ͍ͨ༺Թ൓Ԡ৔Λߴ
)JHI�UFNQFSaUVSF	QSoDFTTFT	and	NFaTVSFNFnUT	of	NaUFSJaMT

Ճೲɹ७໵
JVnZa	,ANO

ೳੑคମϓϩηεͷ૑੒ͱγϛϡϨʔγϣϯʹΑΔคମػ
ϓϩηεͷ࠷దԽ
DFWFMoQNFnU	 of	 nFX	 fVnDUJonaM	 QoXdFS	 QSoDFTTJnH	 and	
oQUJNVN	dFTJHn	of	QoXdFS	QSoDFTTJnH	CZ	nVNFSJDaM	TJNVMaUJon

ଜদɹ३࢘
AUTVTIJ	M63AMATS6

ޚଶͷਫ਼ີ੍ܗ੒ͱαΠζɾ߹ࢠφϊཻࢄೳੑ୯෼ػߴ
)JHIMZ	 fVnDUJonaM	 nanoQaSUJDMF	 TZnUIFTJT	XJUI	 QSFDJTFMZ	
DonUSoMMFd	TJ[F	and	TIaQF

খມɹٱ޹
TaLaIJTa	OMATA

ΠΦϯަ׵Λར༻ͨ͠ΤωϧΪʔมࡐ׵ྉͷ૑੡
DFWFMoQNFnU	of	JnoSHanJD	FnFSHZ	DonWFSTJon	NaUFSJaMT	VTJnH	
JonFYDIanHF

౉ลɹɹ໌
ALJSa	8ATANA#E

ۚଐ͓Αͼ൒ಋମܥͷݩૉϒ
ϩοΫʹΑΔޫɾిࡐࢠྉ͓
Αͼϓϩηε

OQUJDaM	and	FMFDUSJDaM	NaUFSJaMT	and	QSoDFTTJnH	
CaTFd	 on	 FMFNFnUaM	 CMoDLT	 of	NFUaMT	 and	
TFNJDondVDUoST
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TIJT	DFnUFS	XJMM	SFDSFaUF	UIF	FYQFSUJTF	of	QSoDFTTJnH	and	NFUaMMVSHZ	UIaU	XJMM	TVQQoSU	ToDJaM	JnfSaTUSVDUVSF
	and	QVSTVF	nFX	NFUaM	SFToVSDF	QSoDFTTJnH	Jn	UIF	fVUVSF

TUaSUJnH	XJUI	UIF	QSoDFTTFT	of	dSFTTJnH	and	SFpnJnH	NFUaMT
	CVU	aMTo	JnDMVdJnH	UIF	QSoDFTT	of	SFDoWFSJnH	SFToVSDFT	fSoN	XaTUF
	nVDMFaS	fVFM	QSoDFTTFT
	SFToVSDFT
DJSDVMaUJon	and	dJTQoTaM	QSoDFTTJnH
	and	VSCan	NJnJnH	QSoDFTTFT�
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SVTVNV	YAMAMOTO

CaUa MZ U J D 	 TV S faDF	 TD JFnDF	 oQFnFd	 CZ	
TZnDISoU Son	 SadJaU Jon	 9�SaZ	 oQFSando	
NFaTVSFNFnUT

PSofFTToS

ATToDJaUF	PSofFTToS

SFnJoS	ATTJTUanU	PSofFTToS

ATTJTUanU	PSofFTToS

TaLFo	EJIMA

DFWFMoQNFnU	 of	 TofU 	 9�SaZ	 DoSSF MaU Jon	
TQFDUSoNJDSoTDoQZ	aQQMZJnH	Uo	CJo�DFMMT

;FnUaSo	A,ASE

DFWFMoQNFnU	 of	 adWanDFd	 USanTNJTTJon	
FMFDUSon	NJDSoTDoQZ	 foS	 FMFDUSoNaHnFUJD	
anaMZTFT	of	QSaDUJDaM	NaUFSJaMTa

DaJTVLF	MO3I,A8A

CSZTUaM	and	NaHnFUJD	TUSVDUVSF	anaMZTJT	VTJnH	
FMFDUSon	dJ⒎SaDUJon

TTVZoTIJ	TA,AO,A

EYQMoSaUJon	of	NFDIanJTN	of	NoMFDVMaS	NoUJon	
on	ToMJd	TVSfaDFT

TadaTIJ	)ATANO

DFWFMoQNFnU	of	TofU	9�SaZ	NVMUJMaZFS	 JNaHJnH	
NJSSoST

YaTVZVLJ	SAINOO

DFWFMoQNFnU	 of	 WJCSaUJonaM	 TQFDUSoTDoQZ	
CaTFd	on	 SFaM	 TQaDF	 JNaHJnH	CZ	DoNCJnFd	
NFaTVSFNFnUT

SZFd	MoIaNNad	'aLSVddJn
S)A)ED

MaTaNJ	TE3A6C)I

EMFDUSon	 DSZTUaMMoHSaQIZ	 and	 TQFDUSoTDoQZ	 CZ	 FMFDUSon	
NJDSoTDoQF

TadaIJSo	,OMEDA

DFWFMoQNFnU	of	dFWJDFT	VTJnH	TJnHMF	NoMFDVMF	TQJn	dFHSFF	
of	fSFFdoN

MaTaLJ	TA,ATA

DFWFMoQNFnU	of	NaUFSJaMT	TUSVDUVSaM	WJTVaMJ[aUJon	TDJFnDF	WJa	
TZnDISoUSon	SadJaUJon

YoIFJ	SATO

AnaMZTJT	foS	dJFMFDUSJD	QSoQFSUJFT	of	nano�TDaMF	
NaUFSJaMT	VTJnH	nN	FMFDUSon	QSoCF
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TIJT	DFnUFS	aJNT	foS	oSJHJnaM	dFWFMoQNFnUT	of	NFaTVSFNFnU	NFUIodT	and	JnTUSVNFnUT
	and	SFUVSn	UIoTF	Uo	ToDJFUJFT�	AU	QSFTFnU
	foVS	HSoVQT	of	EMFDUSon	InUFSfFSFnDF
MFaTVSFNFnU
	EMFDUSon	CSZTUaMMoHSaQIZ	�	SQFDUSoTDoQZ
	AdWanDFd	SDannJnH	PSoCF	MJDSoTDoQZ	and	SZnDISoUSon	3adJaUJon	SofU	9�SaZ	MJDSoTDoQZ	aSF	Jn	aDUJon
	VndFS
DoMMaCoSaUJonT	XJUI	TFDInJDaM	SFSWJDF	SFDUJon	and	DoNQanJFT�

DFWFMoQNFnU	of	MoS��CaTFd	'ET	TFnToS	 foS	
UIF	dFUFDUJon	of	NoMFDVMaS	TQFDJFT

ToNoZo	O,6M63A
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MaLoUo	O)TS6,A

INQSoWFNFnU	of	QSoQFSUJFT	 foS	NVMUJ�fVnDUJonaM	
UIJnpMNT	and	dFWFMoQNFnU	of	noWFM	dFWJDFT

PSofFTToS

ATToDJaUF	PSofFTToS

SFnJoS	ATTJTUanU	PSofFTToS

ATTJTUanU	PSofFTToS

SWFn	STA6SS

DFWFMoQNFnU	and	aQQMJDaUJon	of	CJoDoNQaUJCMF	
NJDSoCaUUFSJFT

MaTaTIJ	MI;6,AMI

SVS faDF	 fo SDFT 	 and	 SFTonanDF	 TIFaS	
NFaTVSFNFnU	 TUVdZ	on	nano�JnUFSfaDF	and	
nano�DonpnFd	MJRVJdT

AUTVTIJ	II;6,A

DFWFMoQNFnU	 of 	 I JHI�Ff f JD JFnDZ	 XaUFS	
QVSJpDaUJon	NaUFSJaMT

SaDIJLo	MA,I

MVMU JNodaM	 WJTVaM J[aU Jon	 of	 nano�TDaMF	
TUSVDUVSF�QSoQFSUZ	 FnTFNCMF	 CZ	 adWanDFd	
TZnDISoUSon	SadJaUJon	NFaTVSFNFnU

MaTaZoTIJ	ADAC)I

-JRVJd	 QIaTF	 FQJUaYJaM	 HSoXUI	 of	 TJnHMF	
DSZTUaMMJnF	AMN	VTJnH	(a�AM	ToMVUJon

DaJTVLF	A,IYAMA

SUVdZ	on	 fVFM	dFCSJT	dJTQoTaM	aU	'VLVTIJNa	
DaJJDIJ	NVDMFaS	PoXFS	SUaUJon

MJ[VIo	YA#6S)ITA

DFWFMoQNFnU	 of	 IFUFSoHFnFoVT	 DaUaMZTUT	
FnaCMJnH	F⒏DJFnU	VUJMJ[aUJon	of	DaSCon	SFToVSDFT

ATIJRVS	3A)MAN

'oSNaUJon	of	fVnDUJonaM	pMNT	CZ	MaTFS	QSoDFTTJnH

ITTFJ	S6;6,I

EYQMoSaUJon	of	nFX	oYJdF	TFNJDondVDUoST	and	
anaMZTJT	of	UIFJS	QIZTJDaM	QSoQFSUJFT

9V	(AO

EYQanTJon	of	 UIF	VUJMJ[aUJon	of	NFUaM�SFfJnJnH	
TMaH	XJUI	UIF	QFSTQFDUJWF	of	dJTDJQMJnFT

)JSoaLJ	,O#AYAS)I

DFWFMoQNFnUT	of	nano�TJ[Fd	DaUIodF	NaUFSJaMT	
VTJnH	NVMUJ�FMFDUSon	SFdoY	SFaDUJonT

'VTaF	,ANE,OASVnLVNaS	DO3AI

DJffVTJon	NFaTVSFNFnU	of	FMFDUSoMZUFT	VTJnH	
NM3

SIJnHo	IS)I)A3A

ModFMJnH	and	TJNVMaUJon	of	QaSUJDMF	CSFaLaHF	
and	dFTJHn	of	QoXdFS	QSoDFTTJnH

,a[VZVLJ	I8ASE

DFWFMoQNFnU	of	noWFM	nano�TUSVDUVSFd	NaUFSJaMT	
foS	FMFDUSoDaUaMZTUT	and	UIFJS	aQQMJDaUJonT

(VoIao	Y6AN

DFWFMoQNFnU	of	ToMJd�TUaUF	MJUIJVN�Jon	CaUUFSJFT	
XJUI	IJHI�WoMUaHF	QFSfoSNanDF	CaTFd	on	IaMJdF	
MJUIJVN	DondVDUoST

ToNoNJ	MAS6I

,J[VLV	,6S)IMOTO

SJNVMaUJon	foS	anaMZ[JnH	dZnaNJD	and	CSFaLaHF	
CFIaWJoST	of	QaSUJDMFT	Jn	XFU	CaMM	NJMMJnH

MoUoIJSo	,AS6YA

DFWFMoQNFnU	 of	 UIF	 noWFM	NFUIodT	 CaTFd	
on 	 TV S f aDF 	 fo SDFT 	 aQQa Sa UVT 	 fo S 	 UIF	
DIaSaDUFSJ[aUJon	of	UIF	DonpnFd	MJRVJd

,Fn	ADAC)I

EMFDUSoDIFNJTUSZ	of	NFUaMT	 Jn	IZdSaUF�NFMUT	
and	NoMUFn	TaMUT

SaUoTIJ	TS6,6DA

'oSNaUJon	and	DonUSoM	of	QoMZNFS�NFUaM	NPT	
IZCSJd	nanoXJSFT

SIJHFSV	6EDA

)JHI	UFNQFSaUVSF	QIZTJDaM	DIFNJTUSZ

ALJSa	,I3IS)IMA

#aDLFnd	DIFNJTUSZ	 Jn	nVDMFaS	 fVFM	DZDMF	and	QSoDFTTJnH	of	
SaSF	NFUaM	ToVSDF	DonUaJnJnH	NO3M

IUaSV	)ONMA

AdWanDFd	 DIFNJDaM	 FnHJnFFSJnH	 foS	 FnFSHZ	 DonWFSTJon	
dFWJDFT	�	NaUFSJaMT

EUTVSo	S)I#ATA

ETUaCMJTINFnU	of	NFUaM	 SFToVSDFT	DJSDVMaUJon	TZTUFN	CaTFd	
on	nonfFSSoVT	TNFMUJnH	JndVTUSZ

)JSoZVLJ	'6,6YAMA

)JHI�UFNQFSaUVSF	QSoDFTTFT	and	NFaTVSFNFnUT	of	NaUFSJaMT

JVnZa	,ANO

DFWFMoQNFnU	 of	 nFX	 fVnDUJonaM	 QoXdFS	 QSoDFTTJnH	 and	
oQUJNVN	dFTJHn	of	QoXdFS	QSoDFTTJnH	CZ	nVNFSJDaM	TJNVMaUJon

AUTVTIJ	M63AMATS6

)JHIMZ	 fVnDUJonaM	 nanoQaSUJDMF	 TZnUIFTJT	XJUI	 QSFDJTFMZ	
DonUSoMMFd	TJ[F	and	TIaQF

TaLaIJTa	OMATA

DFWFMoQNFnU	of	JnoSHanJD	FnFSHZ	DonWFSTJon	NaUFSJaMT	VTJnH	
JonFYDIanHF

ALJSa	8ATANA#E

OQUJDaM	and	FMFDUSJDaM	NaUFSJaMT	and	QSoDFTTJnH	
CaTFd	 on	 FMFNFnUaM	 CMoDLT	 of	NFUaMT	 and	
TFNJDondVDUoST
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	and	QVSTVF	nFX	NFUaM	SFToVSDF	QSoDFTTJnH	Jn	UIF	fVUVSF

TUaSUJnH	XJUI	UIF	QSoDFTTFT	of	dSFTTJnH	and	SFpnJnH	NFUaMT
	CVU	aMTo	JnDMVdJnH	UIF	QSoDFTT	of	SFDoWFSJnH	SFToVSDFT	fSoN	XaTUF
	nVDMFaS	fVFM	QSoDFTTFT
	SFToVSDFT
DJSDVMaUJon	and	dJTQoTaM	QSoDFTTJnH
	and	VSCan	NJnJnH	QSoDFTTFT�
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์ࣹޫ 9ઢΦϖϥϯυܭଌʹ
ΑΔ৮ഔද໘Պֶͷ։୓

CaUa MZ U J D 	 TV S faDF	 TD JFnDF	 oQFnFd	 CZ	
TZnDISoU Son	 SadJaU Jon	 9�SaZ	 oQFSando	
NFaTVSFNFnUT

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

PSofFTToS	ATTJTUanU	SFnJoS	ɹࢣɹߨ		ɹࢣɹߨ		ɹࢣɹߨ	

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

ౡɹৎ༤ߐ
TaLFo	EJIMA

ೈᶠઢ૬ؔݦඍ๏ͷ։ൃͱͦ
ͷੜ෺ࡉ๔࡯؍Ԡ༻

DFWFMoQNFnU	 of	 TofU 	 9�SaZ	 DoSSF MaU Jon	
TQFDUSoNJDSoTDoQZ	aQQMZJnH	Uo	CJo�DFMMT

੺੉ળଠ࿠
;FnUaSo	A,ASE

ઌ୺ಁաిݦࢠඍڸ๏ʹΑΔ
ଌܭྉͷి࣓৔ධՁͱࡐ༺࣮
ٕज़ͷ։ൃ

DFWFMoQNFnU	 of	 adWanDFd	 USanTNJTTJon	
FMFDUSon	NJDSoTDoQZ	 foS	 FMFDUSoNaHnFUJD	
anaMZTFT	of	QSaDUJDaM	NaUFSJaMTa

৿઒ɹେี
DaJTVLF	MO3I,A8A

ؾճંΛ༻͍ͨ݁থɾ࣓ࢠి
଄ղੳख๏ͷ։ൃͱͦͷԠߏ
༻

CSZTUaM	and	NaHnFUJD	TUSVDUVSF	anaMZTJT	VTJnH	
FMFDUSon	dJ⒎SaDUJon

ؽԬɹɹߴ
TTVZoTIJ	TA,AO,A

ͷӡಈࢠମද໘ʹ͓͚Δ෼ݻ
ͷղ໌ߏػ

EYQMoSaUJon	of	NFDIanJTN	of	NoMFDVMaS	NoUJon	
on	ToMJd	TVSfaDFT

Ӌଟ໺ɹ஧
TadaTIJ	)ATANO

ೈ̭ઢଟ૚ບ݁૾ϛϥʔͷ։
ൃ

DFWFMoQNFnU	of	TofU	9�SaZ	NVMUJMaZFS	 JNaHJnH	
NJSSoST

ಓ૆ඌګ೭
YaTVZVLJ	SAINOO

ෳ߹ܭଌ๏ʹΑΔ࣮ۭؒ࡯؍
ৼಈ෼ޫ๏ͷ։ൃ͍ͨͮجʹ

DFWFMoQNFnU	 of	 WJCSaUJonaM	 TQFDUSoTDoQZ	
CaTFd	on	 SFaM	 TQaDF	 JNaHJnH	CZ	DoNCJnFd	
NFaTVSFNFnUT

γϟϔυ	γΤυ
ϞϋϚυ	ϑΝΫϧσΟϯ
SZFd	MoIaNNad	'aLSVddJn
S)A)ED

ݾ಺ɹਖ਼ࣉ
MaTaNJ	TE3A6C)I

ঢ়ଶղੳࢠ଄ɾిߏ͍ͨ༺Λڸඍݦࢠి
EMFDUSon	 DSZTUaMMoHSaQIZ	 and	 TQFDUSoTDoQZ	 CZ	 FMFDUSon	
NJDSoTDoQF

ถాɹ஧߂
TadaIJSo	,OMEDA

୯Ұ෼ࢠͷεϐϯࣗ༝౓Λ༻͍ͨσόΠε։ൃ
DFWFMoQNFnU	of	dFWJDFT	VTJnH	TJnHMF	NoMFDVMF	TQJn	dFHSFF	
of	fSFFdoN

ɹণथాߴ
MaTaLJ	TA,ATA

์ࣹޫʹΑΔ෺࣭ͷిີࢠ౓ϨϕϧͰͷՄࢹԽߏ଄Պֶͷ
ஙߏ
DFWFMoQNFnU	of	NaUFSJaMT	TUSVDUVSaM	WJTVaMJ[aUJon	TDJFnDF	WJa	
TZnDISoUSon	SadJaUJon

ɹ༱ฏ౻ࠤ
YoIFJ	SATO

φϊϓϩʔϒΛ༻͍ͨφࢠి
ϊϚςϦΞϧͷ༠ిಛੑղੳ

AnaMZTJT	foS	dJFMFDUSJD	QSoQFSUJFT	of	nano�TDaMF	
NaUFSJaMT	VTJnH	nN	FMFDUSon	QSoCF

ઌ୺ܭଌ։ൃηϯλʔ͸ɺطଘͷ૷ஔΛߪೖͯ͠ͷԠ༻Ͱ͸ͳ͘ɺಠࣗͷ૷ஔ։ൃΛ͍ߦɺೈ 9 ઢ΍ߴΤωϧΪʔిࢠઢɺ͞Βʹτϯωϧిࢠͳ
ͲΛ࠷ͯ͠༺׆ઌ୺ͷܭଌٕज़։ൃΛ͏ߦͱಉ࣌ʹɺ։ൃٕͨ͠ज़Λࣾձ΁ؐݩΛ͢Δ͜ͱΛ໨ඪͱ͍ͯ͠·͢ɻ͜ͷಠࣗͷ૷ஔ։ൃΛ࣮͢ࢪΔͨ
Ίɺ૷ஔϝʔΧʔͷଞɺۃΊٕ͍ͯߴज़ྗΛ΋ͭຊڀݚॴͷٕज़ࣨͱͷ࿈ܞΛੵۃతʹਐΊ͍ͯ·͢ɻ
TIJT	DFnUFS	aJNT	foS	oSJHJnaM	dFWFMoQNFnUT	of	NFaTVSFNFnU	NFUIodT	and	JnTUSVNFnUT
	and	SFUVSn	UIoTF	Uo	ToDJFUJFT�	AU	QSFTFnU
	foVS	HSoVQT	of	EMFDUSon	InUFSfFSFnDF
MFaTVSFNFnU
	EMFDUSon	CSZTUaMMoHSaQIZ	�	SQFDUSoTDoQZ
	AdWanDFd	SDannJnH	PSoCF	MJDSoTDoQZ	and	SZnDISoUSon	3adJaUJon	SofU	9�SaZ	MJDSoTDoQZ	aSF	Jn	aDUJon
	VndFS
DoMMaCoSaUJonT	XJUI	TFDInJDaM	SFSWJDF	SFDUJon	and	DoNQanJFT�

� ེԽϞϦϒσϯΛ༻͍ͨݪ
૚ബບࢠ 'ET ʹΑΔԽֶछΛ

ࣝผ͢Δ 'ET	෼ࢠηϯαʔͷ։ൃͱΦϖϥϯ
υɾ࡞ૢࢠݪ 'ET ಛੑධՁ
DFWFMoQNFnU	of	MoS��CaTFd	'ET	TFnToS	 foS	
UIF	dFUFDUJon	of	NoMFDVMaS	TQFDJFTԞଜɹ஌ੈ

ToNoZo	O,6M63A

SA,63AϓϩδΣΫτ
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ηϯλʔڀݚྉࡐɾϋΠϒϦουࢠ෼ߴ
PO-YME3ɾ)Y#3ID	MATE3IA-S	3ESEA3C)	CENTE3

தଜɹ޺و
TaLaIJSo	NA,AM63A

ֵ৽తϨʔβʔϓϩηογϯ
άख๏Λ༻͍ͨ৽ػنೳੑࡐ
ྉͷ૑੒

CSFaUJon	of	 fVnDUJonaM	NaUFSJaMT	CZ	 JnnoWaUJWF	
MaTFS	QSoDFTTJnH

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

ຊɹխೲࢁ
MaTanoSJ	YAMAMOTO

෼ػߴͮ͘جʹֶ޻ࢠೳੑ
ΧʔϘϯࡐྉͷ૑੒

SZnUIFTJT	of	fVnDUJonaM	DaSCon	NaUFSJaMT	CaTFd	
on	NoMFDVMaS	FnHJnFFSJnH

ҏ౦ɹॣ໵
SIVnZa	ITO

ք໘෼ࢠՊֶʹޫ͍ͨͮجφ
ϊΠϯϓϦϯτϦιάϥϑΟ
ʹΑΔφϊ଄ܗ

NanofaCSJDaUJon	CZ	67	nanoJNQSJnU	MJUIoHSaQIZ	
CaTFd	on	TVSfaDF	NoMFDVMaS	TDJFnDF

ླ໦ɹཾथ
3ZVKV	S6;6,I

ੜ෺༝དྷ༗ػ৭ૉͷφϊཻࢠ
ԽʹΑΔػߴೳԽ

'VnDUJonaMJ[aUJon	of	 naUVSaM	 QJHNFnUT	 fSoN	
oSHanJTNT	CZ	foSNaUJon	of	nanoQaSUJDMFT

٢Ҫɹৎ੖
TaLFIaSV	YOS)II

ΧʔϘϯࡐܥྉͱܭଌͷ༥߹
ڀݚ

InUFSdJTDJQM JnaSZ	 TUVdZ	 of	 DaSCon�CaTFd	
NaUFSJaMT	and	NFaTVSFNFnU

খؔɹྑ୎
YoTIJUaLa	,OSE,I

ༀࡎφϊཻࢠͷ૑੡ͱ৽نυ
ϥοάσϦόϦʔγεςϜͷ
ஙߏ

CSFaUJon	of	 nano	dSVHT	 UoXaSd	noWFM	 dSVH	
dFMJWFSZ	TZTUFN

੕໺ɹ఩ٱ
NoSJIJTa	)OS)INO

ػଟͨ͠༺׆ମ಺ࣗ༝౓Λݻ
ೳੑۚଐࡨମͷ։ൃ

DFWFMoQNFnU	 of	 NVMU J� fVnDU JonaM	 NFUaM	
DoNQMFYFT

μΦ	ςΟ	ΰοΫ	Ξϯ
AnI	TIJ	NHoD	DAO	

෢ాɹࢤو
TaLaTIJ	TA,EDA

෼ܥ໾ڞΛ༗͢ΔКੑ׆ࢠి
ࡧೳ୳ػͷ߹੒ͱࢠ

SZnUIFTFT	of	FMFDUSonJD	aDUJWF К DonKVHaUFd	
NoMFDVMFT	and	JnWFTUJHaUJon	UIFJS	fVnDUJon

༗ాɹູ඙
ToTIJIJLo	A3ITA

ೳԽػଘॏ߹๏ʹΑΔڞࢠཻ
ϑΟϥʔͷ࡞੡ͱߴ෼ࡐࢠྉ
ͷվྑ

'VnDUJonaM	 fJ M MFST	 CZ	 PoMZNFSJ[aUJon	 XJUI	
PaSUJDMFT		PXP
	foS	JNQSoWFNFnU	of	QoMZNFST

੢ݪɹ༸஌ʢ݉ɺAIM3ʣ
)JSoUoNo	NIS)I)A3A

୸ૉܥϋΠϒϦουࡐྉͷௐ੡ͱԠ༻
DFWFMoQNFnU	of	 DaSCon�CaTFd	IZCSJd	NaUFSJaMT	and	 UIFJS	
aQQMJDaUJonT

Րݪɹজलʢ݉೚ʣ
ALJIJdF	)I#A3A

தੑࢠɾ์ࣹޫɾ9ઢͷ૬ิར༻ʹΑΔػೳੑ෺࣭ͷߏ଄
෺ੑڀݚ
SUSVDUVSaM	TDJFnDF	of	NaUFSJaMT	CZ	a	DoNQMFNFnUaMMZ	VTF	of	
nFVUSon
	SO3
	and	9�SaZ

த઒ɹɹউ
MaTaSV	NA,A(A8A

φϊΠϯϓϦϯτɾ༠ಋࣗݾ૊৫Խɾࢠݪ૚ଯੵʹΑΔݶۃ
φϊ଄ܗɾߏ଄෺ੑͷ୳ڀ
SUVdZ	of	 VMUJNaUF	nano�fJHVSaUJon	and	 TUSVDUVSF�JndVDFd	
QSoQFSUZ	CZ	nanoJNQSJnU
	dJSFDUFd	TFMf�aTTFNCMZ
	and	aUoNJD	
MaZFS	dFQoTJUJon

ּҪɹɹۉ
)JUoTIJ	,ASAI

ͷ૑ग़ࡎ୅φϊༀੈ࣍
CSFaUJon	of	nFX	HFnFSaUJon	nano�dSVHT

և઒ɹஐߦ
ToNoZVLJ	A,6TA(A8A

ଟॏػೳੑΛ༗͢Δ৽͍͠෼ूࢠ߹ମͷ૑੡
'aCSJDaUJon	of	nFX	NoMFDVMaS�aTTFNCMJFT	XJUI	NVMUJ�fVnDUJonaM	
QSoQFSUJFT

খ໺߃ࣉ৴
TTVnFnoCV	ONODE3A

༗ػɾߴ෼ࢠɾࡨମφϊ݁থ
Λج൫ͱ͢Δޫɾిࡐࢠྉͷ
։ൃ

DFWFMoQNFnU	of	oQUoFMFDUSonJD	NaUFSJaMT	CaTFd	
on	oSHanJD�QoMZNFS�DoNQMFY	nanoDSZTUaMT

౰ڀݚηϯλʔ͸ɺߴ෼ࢠɾϋΠϒϦουؔܥ࿈ͷΤϨΫτϩχΫε෼໺ɺϑΥτχΫε෼໺ɺΤωϧΪʔ෼໺ɺ৘ใ෼໺ɺٴͼφϊςΫϊϩδʔ
෼໺ʹ͢ڙΔ৽ػنೳੑߴ෼ࢠɾϋΠϒϦουࡐܥྉ૑੡ͷֶཧͱԠ༻ڀݚΛ͜͏ߦͱΛ໨తͱͯ͠ൃ଍͠ɺಛ௃ͷ͋Δ̒ڀݚ෼໺Ͱߏ੒͞Εɺ
౰֘ڀݚ෼໺ͷਪਐɺֶ࢈࿈ܞɺେֶӃੜͷڭҭɺ͓Αͼएखऀڀݚͷҭ੒ʹ౒ྗ͓ͯ͠Γ·͢ɻ
TIF	NJTTJon	of	P)ZM	CFnUFS	JT	Uo	QSoNoUF	PoMZNFS	and	)ZCSJd	MaUFSJaM	SDJFnDF	�	TFDInoMoHZ	aQQMJDaCMF	Uo	nFYU	HFnFSaUJon	FMFDUSonJDT
	QIoUonJDT
	FnFSHZ	dFWJDFT

JnfoSNaUJDT
	and	nanoUFDInoMoHZ�	TIJT	CFnUFS	JT	oSHanJ[Fd	CZ	�	aDUJWF	MaCoSaUoSJFT
	aJNJnH	Uo	QSoNoUJon	of	UIF	pFMdT
	UIF	DoMMaCoSaUJon	SFTFaSDI	and	UIF	FdVDaUJon	of
HSadVaUFd	TUVdFnUT	foS	fVUVSF�

DFTJHnJnH	and	NodJpDaUJon	of	
IFUFSoHFnFoVT	nanoQaSUJDMFT	
foS	CJoTFnTJnH	aQQMJDaUJonT�
dFHSadaUJon	and	TUaCJMJUZ	of	

IJHIMZ	fVnDUJonaM	QSoUFJn	NaUFSJaMT
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৽ػೳແػ෺࣭୳ڀݚࡧηϯλʔ
CENTE3	'O3	E9P-O3ATION	O'	NE8	INO3(ANIC	MATE3IA-S

TaLaIJSo	YAMADA

EYQMoSaUJon	of	noWFM	 JnUFSNFUaMMJD	DoNQoVndT	
foS	UIFSNoFMFDUSJD	NaUFSJaMT

PSofFTToS

ATToDJaUF	PSofFTToS

ATTJTUanU	PSofFTToS

3aZLo	SIM63A

9�SaZ	 DSZTUaM	 TJUF	 anaMZTJT	 of	 FMFNFnUT	 foS	
dFWFMoQJnH	UIF	fVnDUJonaM	NaUFSJaMT

SaUoTIJ	,AMEO,A

3FTFaSDI	and	dFWFMoQNFnU	of	noWFM	NFUaMMJD	
NaUFSJaMT	foS	DaUaMZTJT

JVnJDIJ	TA,A)AS)I

3FTFaSDI	and	DIaSaDUFSJTUJD	FWaMVaUJon	of	nFX	
fVnDUJonaM	NaUFSJaMT

NoCVIJTa	'6JITA

(FoNFUSJDaM	NodFMJnH	of	 RVaTJDSZTUaMT	 and	
TUSVDUVSF�CaTFd	TUVdJFT	on	 UIF	TUaCJMJUZ	and	
QIZTJDaM	QSoQFSUJFT	of	RVaTJDSZTUaMT

YVTVLF	ASA,63A

PSFDJTF	TZnUIFTJT	of	JnoSHanJD	NaUFSJaMT	on	UIF	
CaTJT	of	MJRVJd	QIaTF	SFaDUJonT

TaLVZa	)ASE(A8A

DFWFMoQNFnU	 of 	 nFX	 QIoUo�fVnDU JonaM	
NaUFSJaMT	CaTFd	on	ToMJd�TUaUF	DIFNJTUSZ

)JSoNV	,6MA(AI

D F W F M o Q N F n U 	 o f 	 Q I o U o D a U a M Z U J D �
QIoUoFMFDUSoDIFNJDaM	 TZTUFNT	 foS	 FnFSHZ	
DonWFSTJon	SFaDUJonT

)JdFLJ	,ATO

DFWFMoQNFnU	of	QIoUoDaUaMZTUT	foS	FnFSHZ	DonWFSTJon	aJNJnH	
aU	aSUJpDJaM	QIoUoTZnUIFTJT

)JTanoSJ	YAMANE

SZnUIFTJT
	 TUSVDUVSF	anaMZTJT	and	DIaSaDUFSJ[aUJon	of	nFX	
NVMUJnaSZ	JnoSHanJD	DoNQoVndT

SIV	YIN

CSFaUJon	 of	 FnWJSonNFnUaM	 SFTQonTJWF	 fVnDUJonaMJUZ	 of	
DFSaNJDT	CZ	HSFFn	QSoDFTT

৽ػೳແػ෺࣭୳ڀݚࡧηϯλʔ͸ɺࢎԽ෺΍஠Խ෺ʹͱͲ·Βͳ͍ଟݩత৽نແػ෺࣭ͷ୳ٴࡧͼ૑੡Λ໨͠ࢦɺٕڥ؀ݶۃज़΍ɺιϑτԽ
ֶٕज़౳Λͨ͠࢖ۦ৽ن੡଄๏ͷ։ൃٴͼֶཧߏஙΛ͏ߦͱͱ΋ʹɺͦΕΒ৽ػೳ෺࣭Λ༻͍ͨۀ࢈Ԡ༻ΛਐΊΔ͜ͱΛ໨తͱͯ͠ ���� ೥ʹ
ൃ଍͠·ͨ͠ɻۚ ଐɾηϥϛοΫε෼໺Ͱ࣮੷ͷ͋Δڀݚ�෼໺Ͱߏ੒͞Εɺࠃ಺֎Ͱͷ৽ػೳແػ෺࣭୳ڀݚࡧͷଅਐΛ໨׆ͨ͠ࢦಈ΋ల։͠·͢ɻ
CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT		CENIM
	XaT	foVndFd	Jn	����	foS	UIF	QVSQoTF	of	dJTDoWFSJnH	and	DSFaUJnH	nFX	NVMUJdJTDJQMJnaSZ	JnoSHanJD	NaUFSJaMT�
TIF	DFnUFS	JT	oSHanJ[Fd	CZ	�	MaCoSaUoSJFT	XJUI	UIF	aDUJWJUZ	XIJDI	aJNFT	aU	QSoNoUJon	of	SFTFaSDI	foS	FYQMoSaUJon	of	nFX	JnoSHanJD	NaUFSJaMT	Jn	and	oVUTJdF	UIF	DoVnUSZ�
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TaLaIJSo	NA,AM63A

CSFaUJon	of	 fVnDUJonaM	NaUFSJaMT	CZ	 JnnoWaUJWF	
MaTFS	QSoDFTTJnH

PSofFTToS

ATToDJaUF	PSofFTToS

ATTJTUanU	PSofFTToS

MaTanoSJ	YAMAMOTO

SZnUIFTJT	of	fVnDUJonaM	DaSCon	NaUFSJaMT	CaTFd	
on	NoMFDVMaS	FnHJnFFSJnH

SIVnZa	ITO

NanofaCSJDaUJon	CZ	67	nanoJNQSJnU	MJUIoHSaQIZ	
CaTFd	on	TVSfaDF	NoMFDVMaS	TDJFnDF

3ZVKV	S6;6,I

'VnDUJonaMJ[aUJon	of	 naUVSaM	 QJHNFnUT	 fSoN	
oSHanJTNT	CZ	foSNaUJon	of	nanoQaSUJDMFT

TaLFIaSV	YOS)II

InUFSdJTDJQM JnaSZ	 TUVdZ	 of	 DaSCon�CaTFd	
NaUFSJaMT	and	NFaTVSFNFnU

YoTIJUaLa	,OSE,I

CSFaUJon	of	 nano	dSVHT	 UoXaSd	noWFM	 dSVH	
dFMJWFSZ	TZTUFN

NoSJIJTa	)OS)INO

DFWFMoQNFnU	 of	 NVMU J� fVnDU JonaM	 NFUaM	
DoNQMFYFT

AnI	TIJ	NHoD	DAO	TaLaTIJ	TA,EDA

SZnUIFTFT	of	FMFDUSonJD	aDUJWF К DonKVHaUFd	
NoMFDVMFT	and	JnWFTUJHaUJon	UIFJS	fVnDUJon

ToTIJIJLo	A3ITA

'VnDUJonaM	 fJ M MFST	 CZ	 PoMZNFSJ[aUJon	 XJUI	
PaSUJDMFT		PXP
	foS	JNQSoWFNFnU	of	QoMZNFST

)JSoUoNo	NIS)I)A3A

DFWFMoQNFnU	of	 DaSCon�CaTFd	IZCSJd	NaUFSJaMT	and	 UIFJS	
aQQMJDaUJonT

ALJIJdF	)I#A3A

SUSVDUVSaM	TDJFnDF	of	NaUFSJaMT	CZ	a	DoNQMFNFnUaMMZ	VTF	of	
nFVUSon
	SO3
	and	9�SaZ

MaTaSV	NA,A(A8A

SUVdZ	of	 VMUJNaUF	nano�fJHVSaUJon	and	 TUSVDUVSF�JndVDFd	
QSoQFSUZ	CZ	nanoJNQSJnU
	dJSFDUFd	TFMf�aTTFNCMZ
	and	aUoNJD	
MaZFS	dFQoTJUJon

)JUoTIJ	,ASAI

CSFaUJon	of	nFX	HFnFSaUJon	nano�dSVHT

ToNoZVLJ	A,6TA(A8A

'aCSJDaUJon	of	nFX	NoMFDVMaS�aTTFNCMJFT	XJUI	NVMUJ�fVnDUJonaM	
QSoQFSUJFT

TTVnFnoCV	ONODE3A

DFWFMoQNFnU	of	oQUoFMFDUSonJD	NaUFSJaMT	CaTFd	
on	oSHanJD�QoMZNFS�DoNQMFY	nanoDSZTUaMT

౰ڀݚηϯλʔ͸ɺߴ෼ࢠɾϋΠϒϦουؔܥ࿈ͷΤϨΫτϩχΫε෼໺ɺϑΥτχΫε෼໺ɺΤωϧΪʔ෼໺ɺ৘ใ෼໺ɺٴͼφϊςΫϊϩδʔ
෼໺ʹ͢ڙΔ৽ػنೳੑߴ෼ࢠɾϋΠϒϦουࡐܥྉ૑੡ͷֶཧͱԠ༻ڀݚΛ͜͏ߦͱΛ໨తͱͯ͠ൃ଍͠ɺಛ௃ͷ͋Δ̒ڀݚ෼໺Ͱߏ੒͞Εɺ
౰֘ڀݚ෼໺ͷਪਐɺֶ࢈࿈ܞɺେֶӃੜͷڭҭɺ͓Αͼएखऀڀݚͷҭ੒ʹ౒ྗ͓ͯ͠Γ·͢ɻ
TIF	NJTTJon	of	P)ZM	CFnUFS	JT	Uo	QSoNoUF	PoMZNFS	and	)ZCSJd	MaUFSJaM	SDJFnDF	�	TFDInoMoHZ	aQQMJDaCMF	Uo	nFYU	HFnFSaUJon	FMFDUSonJDT
	QIoUonJDT
	FnFSHZ	dFWJDFT

JnfoSNaUJDT
	and	nanoUFDInoMoHZ�	TIJT	CFnUFS	JT	oSHanJ[Fd	CZ	�	aDUJWF	MaCoSaUoSJFT
	aJNJnH	Uo	QSoNoUJon	of	UIF	pFMdT
	UIF	DoMMaCoSaUJon	SFTFaSDI	and	UIF	FdVDaUJon	of
HSadVaUFd	TUVdFnUT	foS	fVUVSF�
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৽ػೳແػ෺࣭୳ڀݚࡧηϯλʔ
CENTE3	'O3	E9P-O3ATION	O'	NE8	INO3(ANIC	MATE3IA-S

޿ߴɹాࢁ
TaLaIJSo	YAMADA

৽ۚنଐؒԽ߹෺ͷ୳ࡧͱ೤
ిมࡐ׵ྉ΁ͷԠ༻

EYQMoSaUJon	of	noWFM	 JnUFSNFUaMMJD	DoNQoVndT	
foS	UIFSNoFMFDUSJD	NaUFSJaMT

PSofFTToS	ɹतɹڭ		ɹतɹڭ		ɹतɹڭ	

	।ڭतɹ		।ڭतɹ		।ڭतɹ	ATToDJaUF	PSofFTToS

	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

ࢠଜɹྰࢤ
3aZLo	SIM63A

෺࣭ߏ੒ݩૉͱඍྔݩૉͷݪ
ྉͷࡐೳੑػଌͱܭҐஔͷࢠ
։ൃ

9�SaZ	 DSZTUaM	 TJUF	 anaMZTJT	 of	 FMFNFnUT	 foS	
dFWFMoQJnH	UIF	fVnDUJonaM	NaUFSJaMT

ُԬɹɹ૱
SaUoTIJ	,AMEO,A

৽ۚحଐɾ߹ۚ৮ഔࡐྉͷઃ
ͱௐ੡ܭ

3FTFaSDI	and	dFWFMoQNFnU	of	noWFM	NFUaMMJD	
NaUFSJaMT	foS	DaUaMZTJT

ɹ७Ұڮ∁
JVnJDIJ	TA,A)AS)I

৽ػنೳੑࡐྉͷ୳ࡧͱಛੑ
ධՁ

3FTFaSDI	and	DIaSaDUFSJTUJD	FWaMVaUJon	of	nFX	
fVnDUJonaM	NaUFSJaMT

౻ాɹ৳ঘ
NoCVIJTa	'6JITA

४݁থߏ଄ͷزԿֶ໛ܕʹؔ
͢Δཧ࿦తڀݚͱͦΕʹͮج
ͼ෺ੑͷղ໌ٴ଄҆ఆੑߏ͘

(FoNFUSJDaM	NodFMJnH	of	 RVaTJDSZTUaMT	 and	
TUSVDUVSF�CaTFd	TUVdJFT	on	 UIF	TUaCJMJUZ	and	
QIZTJDaM	QSoQFSUJFT	of	RVaTJDSZTUaMT

ே૔ɹ༟հ
YVTVLF	ASA,63A

ӷ૬߹੒Λج൫ͱͨ͠ແػ෺
࣭ͷਫ਼ີ߹੒

PSFDJTF	TZnUIFTJT	of	JnoSHanJD	NaUFSJaMT	on	UIF	
CaTJT	of	MJRVJd	QIaTF	SFaDUJonT

௕୩઒୓࠸
TaLVZa	)ASE(A8A

ೳੑػޫͨ͠٭ཱʹମԽֶݻ
ແࡐػྉͷ։ൃ

DFWFMoQNFnU	 of 	 nFX	 QIoUo�fVnDU JonaM	
NaUFSJaMT	CaTFd	on	ToMJd�TUaUF	DIFNJTUSZ

ܒ୩ɹɹ۽
)JSoNV	,6MA(AI

ΤωϧΪʔมܕ׵൓Ԡʹ͚޲
ͨޫ৮ഔ ͷ։ܥԽֶؾిޫ	�
ൃ

D F W F M o Q N F n U 	 o f 	 Q I o U o D a U a M Z U J D �
QIoUoFMFDUSoDIFNJDaM	 TZTUFNT	 foS	 FnFSHZ	
DonWFSTJon	SFaDUJonT

Ճ౻ɹӳथ
)JdFLJ	,ATO

ਓޫ޻߹੒Λͨ͠޲ࢦΤωϧΪʔมޫܕ׵৮ഔͷ։ൃ
DFWFMoQNFnU	of	QIoUoDaUaMZTUT	foS	FnFSHZ	DonWFSTJon	aJNJnH	
aU	aSUJpDJaM	QIoUoTZnUIFTJT

యٱɹࠜࢁ
)JTanoSJ	YAMANE

৽نଟܥݩແػԽ߹෺ͷ߹੒ͱ݁থߏ଄ղੳɺಛੑධՁ
SZnUIFTJT
	 TUSVDUVSF	anaMZTJT	and	DIaSaDUFSJ[aUJon	of	nFX	
NVMUJnaSZ	JnoSHanJD	DoNQoVndT

ᓵɹɹɹ㦌
SIV	YIN

άϦʔϯϓϩηεʹΑΔηϥϛοΫεͷڥ؀Ԡ౴ػೳੑ૑
ग़
CSFaUJon	 of	 FnWJSonNFnUaM	 SFTQonTJWF	 fVnDUJonaMJUZ	 of	
DFSaNJDT	CZ	HSFFn	QSoDFTT

৽ػೳແػ෺࣭୳ڀݚࡧηϯλʔ͸ɺࢎԽ෺΍஠Խ෺ʹͱͲ·Βͳ͍ଟݩత৽نແػ෺࣭ͷ୳ٴࡧͼ૑੡Λ໨͠ࢦɺٕڥ؀ݶۃज़΍ɺιϑτԽ
ֶٕज़౳Λͨ͠࢖ۦ৽ن੡଄๏ͷ։ൃٴͼֶཧߏஙΛ͏ߦͱͱ΋ʹɺͦΕΒ৽ػೳ෺࣭Λ༻͍ͨۀ࢈Ԡ༻ΛਐΊΔ͜ͱΛ໨తͱͯ͠ ���� ೥ʹ
ൃ଍͠·ͨ͠ɻۚ ଐɾηϥϛοΫε෼໺Ͱ࣮੷ͷ͋Δڀݚ�෼໺Ͱߏ੒͞Εɺࠃ಺֎Ͱͷ৽ػೳແػ෺࣭୳ڀݚࡧͷଅਐΛ໨׆ͨ͠ࢦಈ΋ల։͠·͢ɻ
CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT		CENIM
	XaT	foVndFd	Jn	����	foS	UIF	QVSQoTF	of	dJTDoWFSJnH	and	DSFaUJnH	nFX	NVMUJdJTDJQMJnaSZ	JnoSHanJD	NaUFSJaMT�
TIF	DFnUFS	JT	oSHanJ[Fd	CZ	�	MaCoSaUoSJFT	XJUI	UIF	aDUJWJUZ	XIJDI	aJNFT	aU	QSoNoUJon	of	SFTFaSDI	foS	FYQMoSaUJon	of	nFX	JnoSHanJD	NaUFSJaMT	Jn	and	oVUTJdF	UIF	DoVnUSZ�
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ඇమۚଐ੡࿉ڥ؀Պֶڀݚ෦໳

ॅ༑ۚଐ߭ڞࢁಉڀݚϢχοτ
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Non�fFSSoVT	MFUaMMVSHZ ʗ 6SCan	MJnFT ʗ TIFSNodZnaNJDT ʗ 6MUSa	)JHI	
PVSJpDaUJon

⿏੡࿉ɾਫ਼࿉ٕज़ͷମܥతཧղʹͮ͘جϓϩηεͷޮߴ཰Խ
⿏௿඼Ґ߭ੴରԠ੡࿉ٕज़ͷ։ൃ
⿏ඇమۚଐ੡࿉ʹ͓͚Δૅجత೤ྗֶσʔλͷূݕͱ֦ॆ
⿏ۚଐͷ௒ߴ७౓ਫ਼੡ͱ௒ߴ७౓ࡐྉͷ෺ੑ

⿏)JHI	F⒏DJFnDZ	of	QZSo�	and	IZdSo�NFUaMMVSHZ	CaTFd	on	TZTUFNaUJD	VndFSTUandJnH	of	fVndaNFnUaMT
⿏ DFWFMoQNFnU	of	MoX	HSadF	oSF	TNFMUJnH
⿏ 7FSJpDaUJon	and	FYQanTJon	of	UIF	CaTJD	UIFSNodZnaNJD	QaSaNFUFST	of	non�fFSSoVT	NFUaMMVSHZ
⿏ PSFQaSaUJon	of	VMUSaIJHI	QVSJUZ	NaUFSJaMT	and	UIFJS	JnUSJnTJD	QSoQFSUJFT

෱ࢁɹത೭ɹڭɹतʢ݉೚ʣ
)JSoZVLJ	'6,6YAMA
	PSofFTToSʢ̘ʣ

IJSPZVkJ�GVkVZBmB�C�!UPIPkV�BD�KQ

ଜদɹ३࢘ɹڭɹतʢ݉೚ʣ
AUTVTIJ	M63AMATS6
	PSofFTToSʢ̘ʣ

ࣲాɹ޾ߒɹڭɹतʢ݉೚ʣ
)JSoZVLJ	S)I#ATA
	PSofFTToSʢ̘ʣ

ɹɹɹ	ଧӽɹխਔɹ।ڭत
ɹɹɹɹɹɹMaTaIJUo	6C)I,OS)I
	ATToDJaUF	PSofFTToS
ɹɹɹɹɹɹڀݚςʔϚɿߴ	 ७౓ਫ਼੡ٕज़Λ͔ͨ͠׆ඇమ

ۚଐ੡࿉๏ͷվળͱ৽ن։ൃ
NoWFM	non�fFSSoVT	NFUaMMVSHZ	CaTFd	on	UIF	UFDInoMoHZ	of	
VMUSaIJHI	QVSJpDaUJon

Ҫख্ɹರɹ٬һڭत
AUTVTIJ	IDE(AMI
	7JTJUJnH	PSofFTToS

ඇమ੡࿉ۀͷ҆ఆతൃలͷͨΊʹ

'or 4taCMe %eveMopment oG 
/on�Gerrous metaMMurHiDaM *nEustry

ɹࣾձج൫ͷجͰ͋Δۚଐૉࡐͷ҆ఆڅڙͷͨΊʹ͸ɺ੡࿉ۀͷ
҆ఆతൃల͕๬·Ε·͢ɻࠃ಺੡࿉ۀ͸ɺࠃ಺͕ݯࢿ๡͍͜͠ͱʹ
Ճ͑ɺۙ೥ͷ߭ੴͷྼ࣭Խ΍ɺࡍࠃతڝ૪ͷܹԽͳͲɺ͍͠ݫঢ়
ଐྨۚوΒ͞Ε͍ͯ·͢ɻಔɺѥԖɺԖɺΞϧϛχ΢Ϝɺ͞ʹگ
ͳͲͷੜ࢈ʹؔΘΔඇమۚଐ੡࿉͕࣋ۀଓతʹൃల͢ΔͨΊʹ͸ɺ
ɹ��	߭ ੴٴͼ౎͔ࢁ߭ࢢΒͷ༗Ձۚଐநग़ٕज़ͷઌਐԽ
ɹ��		θϩΤϛογϣϯԽΛ໨ڥ؀ͨ͠ࢦෛՙ෭࢈෺Λ׆༻͢Δ

ྉ։ൃࡐೳੑػ
ɹ��		ະ׆༻߭ੴ͔Βͷ༗Ձۚଐͷޮ཰తநग़ٕज़ͷ։ൃͳͲͷ

՝୊ղܾ͕ඞਢͰ͋ΓɺͦͷͨΊͷਓࡐҭ੒΋͔ܽͤ·ͤ
Μɻ

ɹຊڞಉڀݚ෦໳͸ɺۚଐݯࢿϓϩηεڀݚηϯλʔͱͷີ઀ͳ
ΛؚΉ՝୊ղܾΛ໨తͱ౼ݕ࠶ͷ΋ͱɺ೤ྗֶσʔλͷ܎ؔྗڠ
͢ΔڀݚΛத৺࣠ʹਾ͑ɺڀݚΛ௨ͨࣾ͠ձਓɺେֶੜɾେֶӃ
ੜͷ࣮ફతڭҭʹΑΔਓࡐҭ੒ɺඇమۚଐ੡࿉ۀքͱͷ࿈ܞʹΑ
Δۀ࢈ͷৼڵΛਤΓ·͢ɻ

SUaCMF	dFWFMoQNFnU	of	 UIF	NFUaMMVSHJDaM	 JndVTUSZ	 JT	dFTJSFd	
foS	 TUFadZ	 TVQQMZ	 of	 NFUaMMJD	 NaUFSJaMT	 XIJDI	 aSF	 UIF	
fVndaNFnUaMT	of	 JnfSaTUSVDUVSF	 foS	ToDJFUZ�	TIF	NFUaMMVSHJDaM	
JndVTUSZ	 JT	 FYQoTFd	 Uo	 TFWFSF	 TJUVaUJon�	 'oS	 TVTUaJnaCMF	
dFWFMoQNFnU	of	 UIF	non�fFSSoVT	NFUaMMVSHJDaM	 JndVTUSZ
	 UIF	
foMMoXJnH	JTTVFT	NVTU	CF	SFToMWFd�
	 ��	AdWanDFNFnU	of	FYUSaDUJon	UFDInoMoHZ

	 ��		DFWF MoQNFnU 	 o f 	 fVnD U Jona M 	 NaUF S Ja M T 	 V U J M J [ JnH	
FnWJSonNFnUaMMZ	VnfSJFndMZ	CZ�QSodVDUT


	 ��		DFWFMoQNFnU	 of	 FffJDJFnU	 FYUSaDUJWF	NFUaMMVSHZ	 fSoN	
VnVTFd	oSFT


'VSUIFSNoSF
	DVMUJWaUJon	of	IVNan	SFToVSDFT	JnWoMWJnH	Jn	UIJT	
pFMd	JT	aMTo	JNQoSUanU�

CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	
and	EnWJSonNFnUaM	SDJFnDF	JT	aJNFd	aU	DVMUJWaUJon	of	IVNan	
SFToVSDFT	CZ	QSaDUJDaM	NJndFd	FdVDaUJon	and	TUJNVMaUJon	of	
non�fFSSoVT	NFUaMMVSHJDaM	JndVTUSZ	DoMMaCoSaUJnH	XJUI	JndVTUSJaM	
ToDJFUZ�

ਤɹڀݚ෦໳ͱؔ࿈૊৫ͱͷ࿈ܞ
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CoMMaCorative 3esearDh %ivision oG "EvanDeE 4ynDhrotron 

3aEiation .etroMoHy

෦໳ڀݚܞଌՊֶ࿈ܭ୅ੈ࣍ޫࣹ์

1ho4*C ෦໳ڀݚಉڞ
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SZnDISoUSon	3adJaUJon ʗ AdWanDFd	NFaTVSFNFnU	UFDInJRVF ʗ 7JTVaMJ[aUJon	
UFDInJRVF ʗMaUFSJaMT	TDJFnDF

։ൃڀݚઃʹ͓͚Δઌ୺ϏʔϜϥΠϯٕज़ͷࢪ୅์ࣹޫੈ࣍⿏
։ൃڀݚଌٕज़ͷܭԽͷͨΊͷࣗಈڧͱٴϛΫετϢʔεͷීֶ࢈⿏
ͷਪਐ༺׆෼໺ͷ৘ใऩूɾల։ͱར༺׆୅์ࣹޫͷੈ࣍⿏
⿏ୈظ�ͷ৽نϏʔϜϥΠϯߏ૝ͷߏங
ఆࡦతͳධՁ੍౓ͷࡍࠃΔ͚͓ʹ༺׆ઃࢪ⿏

⿏ 	3FTFaSDI	and	dFWFMoQNFnU	of	adWanDFd	CFaNMJnF	UFDInoMoHJFT	foS	UIF	NFYU�HFnFSaUJon	SZnDISoUSon	
3adJaUJon	'aDJMJUZ

⿏ 	3FTFaSDI	and	dFWFMoQNFnU	of	aVUoNaUJD	NFaTVSFNFnU	UFDInoMoHZ	Uo	QSoNoUF	and	TUSFnHUIFn	JndVTUSZ�
aDadFNJa	NJYFd	VTFT

⿏ 	CoMMFDUJon	and	dFWFMoQNFnU	of	JnfoSNaUJon	Jn	oSdFS	Uo	QSoNoUF	UIF	VUJMJUZ	of	nFYU�HFnFSaUJon	TZnDISoUSon	
SadJaUJon

⿏ PMannJnH	UIF	DonTUSVDUJon	of	nFX	CFaNMJnFT	foS	UIF	TFDond	QIaTF	QFSJod
⿏ 'oSNVMaUJon	of	an	JnUFSnaUJonaM	SFWJFX	TZTUFN	foS	faDJMJUZ	VUJMJ[aUJon

෱ࢁɹത೭ɹڭɹतʢ݉೚ʣ
)JSoZVLJ	'6,6YAMA
	PSofFTToS		C


ɹतʢ݉೚ʣڭɹণथɹాߴ
MaTaLJ	TA,ATA
	PSofFTToS		C


தଜɹ఩໵ɹڭɹत
TFUTVZa	NA,AM63A
	PSofFTToS

UFUTVZB�OBkBmVSB�C�!UPIPkV�BD�KQ

ਅ໦঵ઍࢠɹߨɹࢣʢ݉೚ʣ
SaDIJLo	MA,I
	SFnJoS	ATTJTUanU	PSofFTToS		C


։ൃڀݚଌٕज़ͷܭͷͨΊͷઌ୺తϏʔϜϥΠϯɾݯ୅์ࣹޫੈ࣍

"EvanDeE #eamMines anE .easurements Gor /eYt�Heneration 4ynDhrotron 3aEiation

ḟୡ௦ᨺᑕග※のࡵࡓのඛ➃ⓗ࣭ࣥ࢖࣒࣮ࣛࣅィ ᢏ⾡の◊✲㛤Ⓨ
ḟୡ௦ᨺᑕග※の㛤Ⓨᩚഛࡍࡽࡓࡶࡀ㠉᪂ⓗィ ᢏ⾡ࡑࠊ࡜の฼ά⏝ࢆࢺࣉࢭࣥࢥࣥࣙࢩࣜ࢘ࢥ࡚ࡋ࡜࣒ࢸࢫࢩ融ྜࣀ࢖ࠊ࡛࡜ࡇࡿࡍ
ࢵࢩ࣮ࢼࢺ࣮ࣃᐁẸᆅᇦࠕࡿࡍ⾜㐙ࢆḟୡ௦ᨺᑕග᪋タᩚഛࠋࡍࡲ࠸࡚ࢀࡽࡵồࡀᏛ㡿ᇦの๰ᡂ⛉࠸ࡋ᪂ࡓࡵྵࡶのᒎ㛤࡬ࣥࣙࢩ࣮࣋
✲◊♏㉁⛉Ꮫ࣭⏕࿨⛉Ꮫのᇶ≀࠸ࡋ᪂ࡿࢀࡲ⏕ࡽ࠿ࡇࡑࠊࡋ㛤ᣅࢆ⾡ᢏ࢔ࢥඛ➃ィ ᢏ⾡の᭱ࠊࡣᮏᏛࠊ࡚ࡋ࡜の୍ဨ࣮ࢼࢺ࣮ࣃのࠖࣉ
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放射光次世代計測科学連携研究部門
（PhoSIC共同研究部門）

Advanced Beamlines and Measurements for Next-generation Synchrotron Radiation
By combining innovative measurement techniques brought about by the development of The NextͲgeneration Synchrotron Radiation Facility, with 
the industrial coalition concept at its heart, world leading innovations will be created some of which are likely to lead to completely new scientific 
fields. As a member of the “Public – Private / Local Governments Partnership” that will construct our nextͲgeneration synchrotron radiation facility, 
Tohoku University will develop core technologies for these cuttingͲedge measurements. These efforts will be applied to fundamental research in 
novel material and life sciences and Tohoku University will play a crucial role in applying these research outputs to develop further innovations. In 
close collaboration with both academia and industry, and in terms of the construction and operation of the beamline with the Photon Science 
Innovation Center, our division will promote academic research by proposing and developing new advanced measurement techniques for mutual 
benefit. We plan to grow a team of people with a wide range of academic expertise that will be responsible for the future of advanced metrology, 
pioneering and exploring the unexplored issues that contribute to these advanced measurements.

� 5esearFh anG GeYeOoSment oI aGYanFeG beamOine teFhnoOogies Ior the 1e[t�generation 6\nFhrotron 5aGiation )aFiOit\
� 5esearFh anG GeYeOoSment oI automatiF measurement teFhnoOog\ to Sromote anG strengthen inGustr\�aFaGemia mi[eG uses
� &oOOeFtion anG GeYeOoSment oI inIormation in orGer to Sromote the utiOit\ oI ne[t�generation s\nFhrotron raGiation
� 3Oanning the FonstruFtion oI neZ beamOines Ior the seFonG Shase SerioG
� )ormuOation oI an internationaO reYieZ s\stem Ior IaFiOit\ utiOization.

ɹੈ࣍୅์ࣹޫݯͷ։ൃ੔උ͕΋ͨΒֵ͢৽తܭଌٕ
ज़ͱɺͦͷར׆༻γεςϜͱͯ͠ί΢Ϧγϣϯίϯη
ϓτΛ༥߹͢Δ͜ͱͰɺΠϊϕʔγϣϯ΁ͷల։΋ؚ
Ίͨ৽͍͠ՊֶྖҬͷ૑੒͕ٻΊΒΕ͍ͯ·͢ɻੈ࣍
୅์ࣹޫࢪઃ੔උΛ਱͢ߦΔʮ׭ຽ஍Ҭύʔτφʔγο
ϓʯͷύʔτφʔͷҰһͱͯ͠ɺຊֶ͸ɺ࠷ઌ୺ܭଌٕ
ज़ͷίΞٕज़Λ։୓͠ɺ͔ͦ͜Βੜ·ΕΔ৽͍͠෺࣭
Պֶɾੜ໋Պֶͷڀݚૅج΁ͷల։ΛਤΓɺ͞Βʹɺੵ
తʹΠϊϕʔγϣϯ΁༌ૹ͢Δͱ͍͏໾ׂΛ୲ͬͯۃ
͍·͢ɻຊڀݚ෦໳͸ɺҰൠஂࡒ๏ਓޫՊֶΠϊϕʔ
γϣϯηϯλʔͷϏʔϜϥΠϯݐઃɾӡӦۀ຿ͱີ઀
ͳ࿈ܞͷԼɺֶज़ͱۀ࢈ʹ͓͚Δܭଌ՝୊Λڞ༗͠ɺ৽
Λਪਐڀݚଌٕज़ͷఏҊɺ։ൃʹ͓͚Δֶज़ܭͳઌ୺ن
͠·͢ɻ͜ΕΒͷઌ୺ܭଌ͕͢ࢿΔະ౿՝୊ͷ։୓ͱ
ղܾʹ͓͚Δઌ࣮ߦ੷ͷ஝ੵɺ෯ֶ͍޿ज़త஌ݟΛ༗͠
ઌ୺ܭଌֶͷকདྷΛ୲͏ਓࡐͷҭ੒Λ਱͠ߦ·͢ɻ

#Z	DoNCJnJnH	 JnnoWaUJWF	NFaTVSFNFnU	 UFDInJRVFT	CSoVHIU	
aCoVU	 CZ	 UIF	 dFWFMoQNFnU	 of	 TIF	 NFYU-HFnFSaUJon	
SZnDISoUSon	3adJaUJon	'aDJMJUZ
	XJUI	 UIF	 JndVTUSJaM	DoaMJUJon	
DonDFQU	 aU	 JUT	 IFaSU
	 XoSMd	 MFadJnH	 JnnoWaUJonT	XJMM	 CF	
DSFaUFd	 ToNF	of	XIJDI	 aSF	 MJLFMZ	 Uo	 MFad	 Uo	 DoNQMFUFMZ	
nFX	TDJFnUJfJD	 fJFMdT�	AT	a	NFNCFS	of	 UIF	ʠPVCMJD-PSJWaUF	
�	-oDaM	(oWFSnNFnUT	PaSUnFSTIJQʡ	 UIaU	XJMM	 DonTUSVDU	oVS	
nFYU-HFnFSaUJon	 TZnDISoUSon	 SadJaUJon	 faDJMJUZ
	 ToIoLV	
6nJWFSTJUZ	XJMM	dFWFMoQ	DoSF	 UFDInoMoHJFT	 foS	 UIFTF	DVUUJnH-
FdHF	NFaTVSFNFnUT�	 TIFTF	 FffoSUT	 XJMM	 CF	 aQQMJFd	 Uo	
fVndaNFnUaM	SFTFaSDI	Jn	noWFM	NaUFSJaM	and	MJfF	TDJFnDFT	and	
ToIoLV	6nJWFSTJUZ	XJMM	QMaZ	a	DSVDJaM	 SoMF	 Jn	aQQMZJnH	 UIFTF	
SFTFaSDI	oVUQVUT	 Uo	dFWFMoQ	 fVSUIFS	 JnnoWaUJonT�	 In	DMoTF	
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DoMMaCoSaUJon	XJUI	CoUI	aDadFNJa	and	JndVTUSZ
	and	Jn	UFSNT	
of	 UIF	DonTUSVDUJon	and	oQFSaUJon	of	 UIF	CFaNMJnF	XJUI	 UIF	
PIoUon	SDJFnDF	InnoWaUJon	CFnUFS
	oVS	dJWJTJon	XJMM	QSoNoUF	
aDadFNJD	 SFTFaSDI	 CZ	 QSoQoTJnH	 and	 dFWFMoQJnH	 nFX	
adWanDFd	NFaTVSFNFnU	 UFDInJRVFT	 foS	NVUVaM	CFnFfJU�	8F	
QMan	Uo	HSoX	a	UFaN	of	QFoQMF	XJUI	a	XJdF	SanHF	of	aDadFNJD	
FYQFSUJTF	UIaU	XJMM	CF	SFTQonTJCMF	foS	UIF	fVUVSF	of	adWanDFd	
NFUSoMoHZ
	QJonFFSJnH	and	FYQMoSJnH	 UIF	VnFYQMoSFd	 JTTVFT	
UIaU	DonUSJCVUF	Uo	UIFTF	adWanDFd	NFaTVSFNFnUT�
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Non�fFSSoVT	MFUaMMVSHZ ʗ 6SCan	MJnFT ʗ TIFSNodZnaNJDT ʗ 6MUSa	)JHI	
PVSJpDaUJon

⿏੡࿉ɾਫ਼࿉ٕज़ͷମܥతཧղʹͮ͘جϓϩηεͷޮߴ཰Խ
⿏௿඼Ґ߭ੴରԠ੡࿉ٕज़ͷ։ൃ
⿏ඇమۚଐ੡࿉ʹ͓͚Δૅجత೤ྗֶσʔλͷূݕͱ֦ॆ
⿏ۚଐͷ௒ߴ७౓ਫ਼੡ͱ௒ߴ७౓ࡐྉͷ෺ੑ

⿏)JHI	F⒏DJFnDZ	of	QZSo�	and	IZdSo�NFUaMMVSHZ	CaTFd	on	TZTUFNaUJD	VndFSTUandJnH	of	fVndaNFnUaMT
⿏ DFWFMoQNFnU	of	MoX	HSadF	oSF	TNFMUJnH
⿏ 7FSJpDaUJon	and	FYQanTJon	of	UIF	CaTJD	UIFSNodZnaNJD	QaSaNFUFST	of	non�fFSSoVT	NFUaMMVSHZ
⿏ PSFQaSaUJon	of	VMUSaIJHI	QVSJUZ	NaUFSJaMT	and	UIFJS	JnUSJnTJD	QSoQFSUJFT

෱ࢁɹത೭ɹڭɹतʢ݉೚ʣ
)JSoZVLJ	'6,6YAMA
	PSofFTToSʢ̘ʣ

IJSPZVkJ�GVkVZBmB�C�!UPIPkV�BD�KQ

ଜদɹ३࢘ɹڭɹतʢ݉೚ʣ
AUTVTIJ	M63AMATS6
	PSofFTToSʢ̘ʣ

ࣲాɹ޾ߒɹڭɹतʢ݉೚ʣ
)JSoZVLJ	S)I#ATA
	PSofFTToSʢ̘ʣ

ɹɹɹ	ଧӽɹխਔɹ।ڭत
ɹɹɹɹɹɹMaTaIJUo	6C)I,OS)I
	ATToDJaUF	PSofFTToS
ɹɹɹɹɹɹڀݚςʔϚɿߴ	 ७౓ਫ਼੡ٕज़Λ͔ͨ͠׆ඇమ

ۚଐ੡࿉๏ͷվળͱ৽ن։ൃ
NoWFM	non�fFSSoVT	NFUaMMVSHZ	CaTFd	on	UIF	UFDInoMoHZ	of	
VMUSaIJHI	QVSJpDaUJon

Ҫख্ɹರɹ٬һڭत
AUTVTIJ	IDE(AMI
	7JTJUJnH	PSofFTToS

ඇమ੡࿉ۀͷ҆ఆతൃలͷͨΊʹ

'or 4taCMe %eveMopment oG 
/on�Gerrous metaMMurHiDaM *nEustry

ɹࣾձج൫ͷجͰ͋Δۚଐૉࡐͷ҆ఆڅڙͷͨΊʹ͸ɺ੡࿉ۀͷ
҆ఆతൃల͕๬·Ε·͢ɻࠃ಺੡࿉ۀ͸ɺࠃ಺͕ݯࢿ๡͍͜͠ͱʹ
Ճ͑ɺۙ೥ͷ߭ੴͷྼ࣭Խ΍ɺࡍࠃతڝ૪ͷܹԽͳͲɺ͍͠ݫঢ়
ଐྨۚوΒ͞Ε͍ͯ·͢ɻಔɺѥԖɺԖɺΞϧϛχ΢Ϝɺ͞ʹگ
ͳͲͷੜ࢈ʹؔΘΔඇమۚଐ੡࿉͕࣋ۀଓతʹൃల͢ΔͨΊʹ͸ɺ
ɹ��	߭ ੴٴͼ౎͔ࢁ߭ࢢΒͷ༗Ձۚଐநग़ٕज़ͷઌਐԽ
ɹ��		θϩΤϛογϣϯԽΛ໨ڥ؀ͨ͠ࢦෛՙ෭࢈෺Λ׆༻͢Δ

ྉ։ൃࡐೳੑػ
ɹ��		ະ׆༻߭ੴ͔Βͷ༗Ձۚଐͷޮ཰తநग़ٕज़ͷ։ൃͳͲͷ

՝୊ղܾ͕ඞਢͰ͋ΓɺͦͷͨΊͷਓࡐҭ੒΋͔ܽͤ·ͤ
Μɻ

ɹຊڞಉڀݚ෦໳͸ɺۚଐݯࢿϓϩηεڀݚηϯλʔͱͷີ઀ͳ
ΛؚΉ՝୊ղܾΛ໨తͱ౼ݕ࠶ͷ΋ͱɺ೤ྗֶσʔλͷ܎ؔྗڠ
͢ΔڀݚΛத৺࣠ʹਾ͑ɺڀݚΛ௨ͨࣾ͠ձਓɺେֶੜɾେֶӃ
ੜͷ࣮ફతڭҭʹΑΔਓࡐҭ੒ɺඇమۚଐ੡࿉ۀքͱͷ࿈ܞʹΑ
Δۀ࢈ͷৼڵΛਤΓ·͢ɻ

SUaCMF	dFWFMoQNFnU	of	 UIF	NFUaMMVSHJDaM	 JndVTUSZ	 JT	dFTJSFd	
foS	 TUFadZ	 TVQQMZ	 of	 NFUaMMJD	 NaUFSJaMT	 XIJDI	 aSF	 UIF	
fVndaNFnUaMT	of	 JnfSaTUSVDUVSF	 foS	ToDJFUZ�	TIF	NFUaMMVSHJDaM	
JndVTUSZ	 JT	 FYQoTFd	 Uo	 TFWFSF	 TJUVaUJon�	 'oS	 TVTUaJnaCMF	
dFWFMoQNFnU	of	 UIF	non�fFSSoVT	NFUaMMVSHJDaM	 JndVTUSZ
	 UIF	
foMMoXJnH	JTTVFT	NVTU	CF	SFToMWFd�
	 ��	AdWanDFNFnU	of	FYUSaDUJon	UFDInoMoHZ

	 ��		DFWF MoQNFnU 	 o f 	 fVnD U Jona M 	 NaUF S Ja M T 	 V U J M J [ JnH	
FnWJSonNFnUaMMZ	VnfSJFndMZ	CZ�QSodVDUT


	 ��		DFWFMoQNFnU	 of	 FffJDJFnU	 FYUSaDUJWF	NFUaMMVSHZ	 fSoN	
VnVTFd	oSFT


'VSUIFSNoSF
	DVMUJWaUJon	of	IVNan	SFToVSDFT	JnWoMWJnH	Jn	UIJT	
pFMd	JT	aMTo	JNQoSUanU�

CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	
and	EnWJSonNFnUaM	SDJFnDF	JT	aJNFd	aU	DVMUJWaUJon	of	IVNan	
SFToVSDFT	CZ	QSaDUJDaM	NJndFd	FdVDaUJon	and	TUJNVMaUJon	of	
non�fFSSoVT	NFUaMMVSHJDaM	JndVTUSZ	DoMMaCoSaUJnH	XJUI	JndVTUSJaM	
ToDJFUZ�

ਤɹڀݚ෦໳ͱؔ࿈૊৫ͱͷ࿈ܞ
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SZnDISoUSon	3adJaUJon ʗ AdWanDFd	NFaTVSFNFnU	UFDInJRVF ʗ 7JTVaMJ[aUJon	
UFDInJRVF ʗMaUFSJaMT	TDJFnDF
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⿏ 	3FTFaSDI	and	dFWFMoQNFnU	of	adWanDFd	CFaNMJnF	UFDInoMoHJFT	foS	UIF	NFYU�HFnFSaUJon	SZnDISoUSon	
3adJaUJon	'aDJMJUZ

⿏ 	3FTFaSDI	and	dFWFMoQNFnU	of	aVUoNaUJD	NFaTVSFNFnU	UFDInoMoHZ	Uo	QSoNoUF	and	TUSFnHUIFn	JndVTUSZ�
aDadFNJa	NJYFd	VTFT

⿏ 	CoMMFDUJon	and	dFWFMoQNFnU	of	JnfoSNaUJon	Jn	oSdFS	Uo	QSoNoUF	UIF	VUJMJUZ	of	nFYU�HFnFSaUJon	TZnDISoUSon	
SadJaUJon

⿏ PMannJnH	UIF	DonTUSVDUJon	of	nFX	CFaNMJnFT	foS	UIF	TFDond	QIaTF	QFSJod
⿏ 'oSNVMaUJon	of	an	JnUFSnaUJonaM	SFWJFX	TZTUFN	foS	faDJMJUZ	VUJMJ[aUJon
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放射光次世代計測科学連携研究部門
（PhoSIC共同研究部門）

Advanced Beamlines and Measurements for Next-generation Synchrotron Radiation
By combining innovative measurement techniques brought about by the development of The NextͲgeneration Synchrotron Radiation Facility, with 
the industrial coalition concept at its heart, world leading innovations will be created some of which are likely to lead to completely new scientific 
fields. As a member of the “Public – Private / Local Governments Partnership” that will construct our nextͲgeneration synchrotron radiation facility, 
Tohoku University will develop core technologies for these cuttingͲedge measurements. These efforts will be applied to fundamental research in 
novel material and life sciences and Tohoku University will play a crucial role in applying these research outputs to develop further innovations. In 
close collaboration with both academia and industry, and in terms of the construction and operation of the beamline with the Photon Science 
Innovation Center, our division will promote academic research by proposing and developing new advanced measurement techniques for mutual 
benefit. We plan to grow a team of people with a wide range of academic expertise that will be responsible for the future of advanced metrology, 
pioneering and exploring the unexplored issues that contribute to these advanced measurements.

� 5esearFh anG GeYeOoSment oI aGYanFeG beamOine teFhnoOogies Ior the 1e[t�generation 6\nFhrotron 5aGiation )aFiOit\
� 5esearFh anG GeYeOoSment oI automatiF measurement teFhnoOog\ to Sromote anG strengthen inGustr\�aFaGemia mi[eG uses
� &oOOeFtion anG GeYeOoSment oI inIormation in orGer to Sromote the utiOit\ oI ne[t�generation s\nFhrotron raGiation
� 3Oanning the FonstruFtion oI neZ beamOines Ior the seFonG Shase SerioG
� )ormuOation oI an internationaO reYieZ s\stem Ior IaFiOit\ utiOization.
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#Z	DoNCJnJnH	 JnnoWaUJWF	NFaTVSFNFnU	 UFDInJRVFT	CSoVHIU	
aCoVU	 CZ	 UIF	 dFWFMoQNFnU	 of	 TIF	 NFYU-HFnFSaUJon	
SZnDISoUSon	3adJaUJon	'aDJMJUZ
	XJUI	 UIF	 JndVTUSJaM	DoaMJUJon	
DonDFQU	 aU	 JUT	 IFaSU
	 XoSMd	 MFadJnH	 JnnoWaUJonT	XJMM	 CF	
DSFaUFd	 ToNF	of	XIJDI	 aSF	 MJLFMZ	 Uo	 MFad	 Uo	 DoNQMFUFMZ	
nFX	TDJFnUJfJD	 fJFMdT�	AT	a	NFNCFS	of	 UIF	ʠPVCMJD-PSJWaUF	
�	-oDaM	(oWFSnNFnUT	PaSUnFSTIJQʡ	 UIaU	XJMM	 DonTUSVDU	oVS	
nFYU-HFnFSaUJon	 TZnDISoUSon	 SadJaUJon	 faDJMJUZ
	 ToIoLV	
6nJWFSTJUZ	XJMM	dFWFMoQ	DoSF	 UFDInoMoHJFT	 foS	 UIFTF	DVUUJnH-
FdHF	NFaTVSFNFnUT�	 TIFTF	 FffoSUT	 XJMM	 CF	 aQQMJFd	 Uo	
fVndaNFnUaM	SFTFaSDI	Jn	noWFM	NaUFSJaM	and	MJfF	TDJFnDFT	and	
ToIoLV	6nJWFSTJUZ	XJMM	QMaZ	a	DSVDJaM	 SoMF	 Jn	aQQMZJnH	 UIFTF	
SFTFaSDI	oVUQVUT	 Uo	dFWFMoQ	 fVSUIFS	 JnnoWaUJonT�	 In	DMoTF	
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DoMMaCoSaUJon	XJUI	CoUI	aDadFNJa	and	JndVTUSZ
	and	Jn	UFSNT	
of	 UIF	DonTUSVDUJon	and	oQFSaUJon	of	 UIF	CFaNMJnF	XJUI	 UIF	
PIoUon	SDJFnDF	InnoWaUJon	CFnUFS
	oVS	dJWJTJon	XJMM	QSoNoUF	
aDadFNJD	 SFTFaSDI	 CZ	 QSoQoTJnH	 and	 dFWFMoQJnH	 nFX	
adWanDFd	NFaTVSFNFnU	 UFDInJRVFT	 foS	NVUVaM	CFnFfJU�	8F	
QMan	Uo	HSoX	a	UFaN	of	QFoQMF	XJUI	a	XJdF	SanHF	of	aDadFNJD	
FYQFSUJTF	UIaU	XJMM	CF	SFTQonTJCMF	foS	UIF	fVUVSF	of	adWanDFd	
NFUSoMoHZ
	QJonFFSJnH	and	FYQMoSJnH	 UIF	VnFYQMoSFd	 JTTVFT	
UIaU	DonUSJCVUF	Uo	UIFTF	adWanDFd	NFaTVSFNFnUT�
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ISon	and	TUFFMNaLJnH ʗMaUIFNaUJDaM	ModFMJnH ʗ PSoDFTT	SJNVMaUJon ʗ 6MUSa�
MoX	CaSCon	PSoDFTTFT

௿୸ૉ੡మϓϩηεٕज़ͷ։ൃۃ⿏
⿏ॆర૚ϓϩηε಺ʹ͓͚Δଟ૬ྲྀಈͷମܥతղ໌
⿏੡మϓϩηε಺ͷ೤ɾ෺࣭ྲྀಈͱ൓Ԡͷղੳٕज़։ൃ
౓਺ֶγϛϡϨʔλʔͷ։ൃߴ࿍ͷߴ⿏

⿏DFWFMoQNFnU	of	UFDInoMoHZ	foS	VMUSa�MoX	DaSCon	JSon	and	TUFFMNaLJnH	QSoDFTTFT
⿏ CoNQSFIFnTJWF	VndFSTUandJnH	of	NVMUJ�QIaTF	qoX	Jn	QaDLFd	CFd	QSoDFTTFT
⿏ DFWFMoQNFnU	of	anaMZ[JnH	UFDInJRVFT	foS	UIFSNaM
	NaUFSJaMT	qoX	and	SFaDUJonT
⿏ DFWFMoQNFnU	of	adWanDFd	QSoDFTT	TJNVMaUoS	of	JSonNaLJnH	CMaTU	fVSnaDF

͚ͯ޲ʹରԠ੡మٕज़ڥ཰ɾ؀ޮߴ

ToXarE )iHhMy &GGiDient anE &nvironmentaMMy 
-oX *mpaDt *ron anE 4teeMmakinH 1roDesses

４．説明図等画像�
 

 
 

 ὶືゎᯒࣉ࣮࢙ࢩࣝ࢔඘ሸᒙෆࣜࢫࢡ࣮ࢥ
 

 

 

 

)loZ patK anal\ViV in packed bed 
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MJUJHaUJon	of	 DaSCon	VTaHF	 Jn	 UIF	 JSon	 and	 TUFFMNaLJnH	
QSoDFTTFT	UIaU	QSoWJdF	WaTU	TUFFM	QSodVDUT	aT	CaTF	NaUFSJaM	
of	oVS	 ToDJFUZ	 JT	onF	of	 UIF	NoTU	VSHFnU	and	XoSMd�XJdF	
DonDFSnT�	'oS	JUT	ToMVUJon
	dFWFMoQNFnU	of	noWFM	 JSonNaLJnH	
QSoDFTT	aT	XFMM	 aT	 UIF	FffJDJFnDZ	 JNQSoWFNFnU	of	 DVSSFnU	
QSoDFTT	 JT	 SFRVJSFd�	To	 SFaMJ[F	 UIF	 MoX	DaSCon	 JSonNaLJnH	
QSoDFTTFT
	noU	onMZ	 UIFSNodZnaNJD	QSoDFTT	QSJnDJQMF	CVU	
aMTo	ToQIJTUJDaUFd�adWanDFd	QSoDFTT	DonUSoM	 UFDInoMoHJFT	
fSoN	UIF	WJFXQoJnU	of	dZnaNJDT�LJnFUJDT	aSF	JndJTQFnTaCMF�	
TIJT	DoMMaCoSaUJWF	 SFTFaSDI	dJWJTJon	aJNT	 Uo	 SFaMJ[F	noWFM	
JSonNaLJnH	 UFDInoMoHZ	XJUI	VMUSa�MoX	FnWJSonNFnUaM	 JNQaDU	
UISoVHI	NVMUJ�QIaTF
	NVMUJ�QIZTJDT	and	NVMUJ�TDaMF	QSoDFTT	
TJNVMaUJon�	

੡మϓϩηεઌ୺ղੳٕज़ڞಉڀݚ෦໳ 	+'&ενʔϧ
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)loZ patK anal\ViV in packed bed 
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DonUSoM	of	UIF	HFnF	FYQSFTTJon ʗ JnUFMMJHFnU	aSUJpDJaM	nVDMFJD	aDJd ʗ	DSoTT�
MJnLJnH	aHFnUT ʗ non�DodJnH	3NA

⿏ DFWFMoQNFnU	of	UIF	DSoTTMJnLJnH	NoMFDVMFT	foS	DonUSoM	of	HFnF	FYQSFTTJon	Jn	DFMMT
⿏ DFWFMoQNFnU	of	UIF	aSUJpDJaM	NoMFDVMFT	foS	CJndJnH	Uo	UIF	IJHIFS�oSdFSFd	TUSVDUVSF	of	nVDMFJD	aDJd
⿏ DFWFMoQNFnU	of	UIF	noWFM	DIFNJDaM	UooMT	UaSHFUFd	Uo	nVDMFJD	aDJdT
⿏ DFWFMoQNFnU	of	UIF	JnUFMMJHFnU	NoMFDVMFT	UaSHFUFd	Uo	nVDMFJD	aDJdT	CaTFd	on	UIF	NoMFDVMaS	SFDoHnJUJon

'VNJ	NA(ATS6(I
	PSofFTToS

GVmJ�OBHBUTVHJ�C�!UPIPkV�BD�KQ

,a[VNJUTV	ONI;6,A
	ATToDJaUF	PSofFTToS

TaLaUoTIJ	MATS6MOTO
	ATTJTUanU	PSofFTToS

)JdFnoSJ	O,AM63A
	ATTJTUanU	PSofFTToS

Ҩ఻ݱൃࢠͷԽֶత੍ޚΛ໨ͨ͠ࢦ
έϛΧϧόΠΦϩδʔ

%eveMopment oG *nteMMiHent .oMeDuMes Gor 
the 3eHuMation oG (ene &Ypression in CeMMs
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RNA G-quartet(G4) DNA

Cross-linking to target 
RNA

Alkylation to G4 
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)JSoTIJ	NO(AMI
	PSofFTToS		C


OPHBmJ!UPIPkV�BD�KQ

SIVnHo	NATS6I
	ATTJTUanU	PSofFTToS		C


YVKJ	MI,I
	7JTJUJnH	PSofFTToS
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ISon	and	TUFFMNaLJnH ʗMaUIFNaUJDaM	ModFMJnH ʗ PSoDFTT	SJNVMaUJon ʗ 6MUSa�
MoX	CaSCon	PSoDFTTFT

⿏ DFWFMoQNFnU	of	UFDInoMoHZ	foS	VMUSa�MoX	DaSCon	JSon	and	TUFFMNaLJnH	QSoDFTTFT
⿏ CoNQSFIFnTJWF	VndFSTUandJnH	of	NVMUJ�QIaTF	qoX	Jn	QaDLFd	CFd	QSoDFTTFT
⿏ DFWFMoQNFnU	of	anaMZ[JnH	UFDInJRVFT	foS	UIFSNaM
	NaUFSJaMT	qoX	and	SFaDUJonT
⿏ DFWFMoQNFnU	of	adWanDFd	QSoDFTT	TJNVMaUoS	of	JSonNaLJnH	CMaTU	fVSnaDF

͚ͯ޲ʹରԠ੡మٕज़ڥ཰ɾ؀ޮߴ

ToXarE )iHhMy &GGiDient anE &nvironmentaMMy 
-oX *mpaDt *ron anE 4teeMmakinH 1roDesses
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)loZ patK anal\ViV in packed bed 
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DonUSoM	of	UIF	HFnF	FYQSFTTJon ʗ JnUFMMJHFnU	aSUJpDJaM	nVDMFJD	aDJd ʗ	DSoTT�
MJnLJnH	aHFnUT ʗ non�DodJnH	3NA

ͷ։ൃࢎ൓Ԡੑ֩ڮՍͨ͠ࢦΛ໨ޚ੍ݱൃࢠ๔಺ͰͷҨ఻ࡉ⿏
ͷ։ൃࢠ෼޻଄ʹ݁߹͢Δਓߏ࣍ߴࢎ֩⿏
⿏3NAΛඪతͱͨ͠৽نԽֶπʔϧͷ։ൃ
ͷ։ൃࢠ෼޻ೳਓػߴن৽ͮ͘جʹߏػೝࣝࢠΛඪతͱͨ͠෼ࢎ֩⿏

⿏DFWFMoQNFnU	of	UIF	DSoTTMJnLJnH	NoMFDVMFT	foS	DonUSoM	of	HFnF	FYQSFTTJon	Jn	DFMMT
⿏ DFWFMoQNFnU	of	UIF	aSUJpDJaM	NoMFDVMFT	foS	CJndJnH	Uo	UIF	IJHIFS�oSdFSFd	TUSVDUVSF	of	nVDMFJD	aDJd
⿏ DFWFMoQNFnU	of	UIF	noWFM	DIFNJDaM	UooMT	UaSHFUFd	Uo	nVDMFJD	aDJdT
⿏ DFWFMoQNFnU	of	UIF	JnUFMMJHFnU	NoMFDVMFT	UaSHFUFd	Uo	nVDMFJD	aDJdT	CaTFd	on	UIF	NoMFDVMaS	SFDoHnJUJon

Ӭ࣍ɹɹ࢙ɹڭɹत
'VNJ	NA(ATS6(I
	PSofFTToS

GVmJ�OBHBUTVHJ�C�!UPIPkV�BD�KQ

َ௩ɹ࿨ޫɹ।ڭत
,a[VNJUTV	ONI;6,A
	ATToDJaUF	PSofFTToS

দຊɹߴརɹॿɹڭ
TaLaUoTIJ	MATS6MOTO
	ATTJTUanU	PSofFTToS

Ԭଜɹलلɹॿɹڭ
)JdFnoSJ	O,AM63A
	ATTJTUanU	PSofFTToS

Ҩ఻ݱൃࢠͷԽֶత੍ޚΛ໨ͨ͠ࢦ
έϛΧϧόΠΦϩδʔ
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RNA G-quartet(G4) DNA

Cross-linking to target 
RNA

Alkylation to G4 

ɹήϊϜղੳ͕ऴྃ͠ɺ࣮ࡍʹ୿ന࣭ͱͯ͠ൃ͞ݱΕΔҨ఻ࢠ͸
Θ͔ͣ�ˋͷΈͰ͋Γɺ࢒Γͷ���͸λϯύΫ࣭Λίʔυ͠ͳ
͍ɺnonDodJnH3NA	nD3NA
 ͱͯ͠ੜମػೳͷҡ࣋ௐઅʹۃΊ
ͯॏཁͳಇ͖Λ͍ͯ͠Δ͜ͱ͕໌Β͔ͱͳ͖͍ͬͯͯ·͢ɻ͜Ε
ΒͷҨ఻ߏػޚ੍ݱൃࢠʹ͓͚ΔഁͨΜ͸ɺ༷ʑͳපؾͷݪҼʹ
ͳΔ͜ͱ͔Βɺ৽ͨͳ૑ༀඪతͱͯ͠ͷظ଴΋ߴ·͍ͬͯ·͢ɻ
ࢠೳੑ෼ػΔ͢ޚΛ੍ݱൃࢠ๔಺ͰҨ఻ࡉͰ͸ɺࣨڀݚͷͪͨࢲ
Λಠࣗʹઃܭɾ߹੒͠ɺطଘͷ෼ࢠͰ͸Ͱ͖ͳ͍৽ͨͳػೳΛ࣋
ͭਓ޻෼ࢠͷ։ൃΛ໨ඪʹڀݚΛ͍ͯͬߦ·͢ɻͪͨࢲʹطͷݚ
ର͠ϐϯϙʹࢠҩༀͱͯ͠ɺඪతҨ఻ࢎ֩ͭ࣋ೳΛػߴͰ͸ࣨڀ
Πϯτͷ൓ԠੑͰՍܗڮ੒͢Δਓࢎ֩޻Λ։ൃ͠ɺޮ཰తͳҨ఻
ೳػͰॏཁͳݱൃࢠ੒ޭ͍ͯ͠·͢ɻ͞ΒʹɺҨ఻ʹޚ੍ݱൃࢠ
ΛՌͨ͢͜ͱ͕෼͔͖ͬͯͨ֩ߏ࣍ߴࢎ଄ʹ݁߹͢Δ෼ࢠͷ։ൃ
ʹ΋੒ޭ͍ͯ͠·͢ɻࡏݱɺ͞ΒͳΔػߴೳԽਓ޻෼ࢠͷ։ൃΛ
໨ڀݚͯ͠ࢦΛ͍ͯͬߦ·͢ɻ

OVS	 SFTFaSDI	 aDUJWJUJFT	 IaWF	 foDVTFd	 on	 UIF	 DSFaUJon	
of	 fVnDUJonaM	NoMFDVMFT	 UIaU	 FYIJCJU	 TQFDJfJD	 SFDoHnJUJon	
and	 SFaDUJon	 Uo	 UIF	 DNA	 and	 3NA�	 TIF	 fVnDUJonaM	
oMJHonVDMFoUJdFT	 JnDoSQoSaUJnH	TVDI	 JnUFMMJHFnU	aHFnUT	XoVMd	
FnaCMF	DIFNJDaM	NodVMaUJon	of	HFnF	FYQSFTTJon	XJUI	IJHI	
TFRVFnDF�TFMFDUJWJUZ	aU	a	 TJnHMF	nVDMFoTJdF	 MFWFM�	3FDFnU	
QSoHSFTT	Jn	oVS	HSoVQ	JnDMVdFT	aDIJFWFNFnU	of	IJHIMZ	F⒏DJFnU	
DSoTT�MJnLJnH	SFaDUJon	XJUI	TQFDJpDJUZ	 UoXaSd	DZUoTJnF	aU	 UIF	
UaSHFU	 TJUF�	8F	IaWF	aQQMJFd	 UIF	nFX	DSoTT�MJnLJnH	aHFnU	
Uo	 anUJTFnTF	 JnIJCJUJon	of	 HFnF	FYQSFTTJon	 Jn	 DFMM�	NoX
	
XF	TUVdZ	aCoVU	IJHIFS	 fVnDUJonaM	 JnUFMMJHFnU	NoMFDVMFT	 foS	
SFHVMaUJon	of	HFnF	FYQSFTTJon�	8F	FYQFDU	UIaU	oVS	SFTFaSDI	
Dan	CF	FYQandFd	Uo	ʠIn	CFMM	CIFNJTUSZʡ	Jn	fVUVSF�
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CIFNJDaM	#JoMoHZ ʗ oMJHonVDMFoUJdF	UIFSaQFVUJDT ʗ FYUFSnaM	fVnDUJon	
DonUSoMMaCMF	NaUFSJaM ʗ CD	NFaTVSFNFnU	TZTUFN	XJUI	IJHI	TFnTJUJWJUZ	and	IJHI	
UJNF	SFToMVUJon

⿏֎෦ܹࢗԠ౴ܕਓࢎ֩޻ͷ։ൃ
⿏͕Μࡉ๔ಛҟత֩ࢎҩༀ෼ࢠͷ։ൃ
ྉͷ૑੡ࡐޚೳ੍ػԠ౴ੑੜ໋ڥ๔಺؀ࡉ⿏
⿏ੜମߴ෼ࢠΛෆ੪൓Ԡ৔ͱ͢Δ௒෼ࢠෆ੪ޫ൓Ԡ
෼ղԁೋ৭εϖΫτϧଌఆ૷ஔͷ։ൃؒ࣌ߴ౓ײߴ⿏

⿏DFWFMoQNFnU	of	FYUFSnaM	TUJNVMJ	SFTQonTJCMF	aSUJpDJaM	nVDMFJD	aDJdT
⿏ CSFaUJon	of	JnUSa�DFMMVMaS	FnWJSonNFnU	DIanHF	SFTQonTJCMF	fVnDUJonaM	NoMFDVMFT
⿏ CSFaUJon	of	DanDFS	DFMM	TQFDJpD	oMJHonVDMFoUJdF	UIFSaQFVUJD	NoMFDVMFT
⿏ 	SVQSaNoMFDVMaS	ATZNNFUSJD	PIoUoDIJSoHFnFTJT	XJUI	CJoQoMZNFST	and	CJo�NoMFDVMFT	aT	a	nano�DIJSaM	
SFaDUJon	NFdJa

⿏ 	DFWFMoQNFnU	of	)JHI	SFnTJUJWF	and	)JHI	TJNF�3FToMWF	CJSDVMaS	DJDISoJTNʢCDʣDFUFDUJon	MFUIod	foS	
AnaMZTJT	of	SVQSaNoMFDVMaS	DZnaNJD

࿨ాɹ݈඙ɹڭɹत
TaLFIJLo	8ADA
	PSofFTToS

UBkFIJkP�XBEB�E3!UPIPkV�BD�KQ

तڭɹ।޾໦ɹอߥ
YaTVZVLJ	A3A,I
	ATToDJaUF	PSofFTToS

ࢣɹߨՏɹതจɹࠇ
)JSofVNJ	,63O,A8A
	SFnJoS	ATTJTUanU	
PSofFTToS

੢ౢɹ੓थɹॿɹڭ
MaTaLJ	NIS)IJIMA
	ATTJTUanU	PSofFTToS

ླ໦ɹਔࢠɹॿɹڭ
SaUoLo	S6;6,I
	ATTJTUanU	PSofFTToS

ੜ໋ػೳͷ֎෦ޚ੍ܹࢗ๏ͷ։ൃͱߏ଄	ʕػೳ૬ؔͷۭؒ࣌ߴ෼ղݕग़

%esiHn anE 4ynthesis oG "rtiGiDiaM /uDMeiD "DiE anE 1rotein Gor "Dtive ControM oG CeMMuMar 
'unDtion anE %eveMopment oG )iHh 4ensitive � Time 3esoMve C% 4ystem

ɹ౰ࣨڀݚͰ͸ɺDNA΍ 3NA ͳͲͷ֩ࢎɺͦͯ͠λϯύΫ
࣭ͳͲੜମߴ෼ࢠͷɺੈ࣍୅ΠϯςϦδΣϯτܕφϊόΠΦ
ೳ෺ੑͷػɾ߹੒ɾܭɺ࿦ཧతઃ͠ࢦྉ΁ͷԠ༻Λ໨ࡐೳػ
෺ཧԽֶతख๏Λ׆༻ͨ͠ධՁΛத৺ʹڀݚΛ͍ͯͬߦ·͢ɻ
ྫ͑͹ɺ͕Μࡉ๔ಛ༗ͷࡉ๔৘ใʹԠ౴͠ɺਖ਼ৗࡉ๔ʹ͸෭
ࡉ݂ڏͳͲ࠹ߎ๔΍೴ࡉͳ͍҆શɾ҆৺ͳ͕Μ͠ݱΛൃ༺࡞
๔બ୒త֩ࢎҩༀ෼ࢠͷ૑੡΍ɺࡉ๔಺Ͱͷ 3NaTF) ͳͲψ
ΫϨΞʔθͷ߬ૉػೳͷ্޲ͳΒͼʹ৽ػنೳੑ෇༩Λ޲ࢦ
ͨ͠DNA ͱਓࢎ֩޻Λ༥߹ͨ͠Ωϝϥਓࢎ֩޻ͷઃܭɾ߹
੒ɺͦͯ͠λϯύΫ࣭΍֩ࢎͷߏ࣍ߴ଄มԽΛײߴ౓ɾ࣌ߴ
ؒ෼ղଌఆՄೳͳؒ࣌෼ղԁೋ৭ੑεϖΫτϧଌఆ૷ஔͷ։
ൃɺ͞Βʹ͸̏ظ࣍Dදࣔࡐྉͱͯ͠஫໨͞Ε͍ͯΔԁภޫ
ൃޫ 	CP-
 ྉ։ൃ΍λϯύΫ࣭ͳͲΛෆ੪൓Ԡ৔ͱ͢Δ௒ࡐ
෼ࢠෆ੪ޫ൓ԠͳͲΛɺ༗ػԽֶ͔Β෺ཧԽֶɺͦͯ͠ੜ໋
Խֶ෼໺·Ͱ෯ڀݚ͍޿Λల։͍ͯ͠·͢ɻ

CIFNJDaM	TZnUIFTJT	and	NodJfJDaUJon	of	DNA�3NA	and	QSoUFJnT	aSF	
UIF	fVndaNFnUaM	TDJFnDF	and	UFDInoMoHZ	UIaU	IaWF	 MFd	UIF	NoMFDVMaS	
CJoMoHZ	SFWoMVUJon�	)FnDF
	UIF	DIFNJTUSZ	of	DNA�3NA	and	QSoUFJn	noU	
onMZ	 Jn	WJUSo	CVU	aMTo	 Jn	WJWo	FYQFDUT	 Uo	oQFn	 UIF	nFX	HFnFSaUJonaM	
TUaHFT	of	CJooSHanJD	DIFNJTUSZ	and	NoMFDVMaS	CJoMoHZ�	TIFSFfoSF
	
foDVTJnH	oVS	 SFTFaSDI	 JnUFSFTU	 JT	NoTUMZ	 on	 UIF	 SFDoHnJUJon	 and	
DoNQMFYaUJon	CFIaWJoS	DonUSoM	of	fVnDUJonaM	CJoQoMZNFST
	TVDI	aT	DNA�
3NA
	QSoUFJnT
	and	 UIFJS	dFSJWaUJWFT	CZ	FYUFSnaM	 faDUoST
	 UoXaSd	 UIF	
aDUJWF	DonUSoM	of	DFMMVMaS	 fVnDUJonT�	AnoUIFS	 SFTFaSDI	UoQJDT	of	8ada	
-aC�	aSF	SFaDUJon	DonUSoM	CaTFd	on	NoMFDVMaS	SFDoHnJUJon	QIFnoNFna	
Jn	CoUI	 UIF	HSoVnd	and	FMFDUSonJDaMMZ	FYDJUFd	TUaUFT�	OVS	 MaCoSaUoSZ	
JT	aMTo	XoSLJnH	on	UIF	dFWFMoQNFnU	of	IJHI�TFnTJUJWF	and	IJHI	 UJNF�
SFToMWFd	DJSDVMaS	dJDISoJTN	 	CD
	 TQFDUSVN	NFaTVSFNFnU	 TZTUFN
	
DSFaUJon	of	DJSDVMaSMZ	QoMaSJ[Fd	 MVNJnFTDFnDF		CP-
	NaUFSJaM�dFWJDF
	
XIJDI	 JT	aUUSaDUJnH	aUUFnUJon	aT	 UIF	nFYU	�D	dJTQMaZ	NaUFSJaM
	and	
TVQSaNoMFDVMaS	aTZNNFUSJD	QIoUoDIJSoHFnFTJT	VUJMJ[JnH	QSoUFJnT	aT	a	
DIJSaM	SFaDUJon	NFdJa�

>'-[Ru(bpy)3]Cl2] = 60 PM in deionized water.
Accuracy of the azimuth of retarder is within 1 arcmin. (± 0.017°).
Retardance of retarder was around 10°.
'S values were detected by a photodiode array in the condition of 1 ms gate width, 10 Hz and  1024 times 
accumulation by our setup at rt.
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'VnDUJonaM	nanoNaUFSJaMT ʗ OYJdF	FMFDUSonJDT ʗ SVSfaDF	and	JnUFSfaDF	QIZTJDaM	
QSoQFSUJFT ʗ PIoUoFNJTTJon	TQFDUSoTDoQZ

ޚɾ੍ܭೳઃػ଄ͷߏԽ෺φϊࢎ⿏
σόΠεͷ։ൃنೳ෺ੑͷ։୓ͱ৽ػ଄ʹ͓͚ΔߏԽ෺௒ࢎ⿏
⿏ද໘ɾք໘ʹ͓͚Δిࢠɾεϐϯ
෼ޫ૷ஔͷ։ൃࢠిޫࣹ์⿏

⿏ConUSoM	and	dFTJHn	of	noWFM	fVnDUJonaMJUJFT	of	oYJdF	nanoTUSVDUVSFT
⿏ EYQMoSaUJon	of	NVMUJ�fVnDUJonaMJUJFT	CaTFd	on	oYJdF	nanoTUSVDUVSFT	and	aQQMJDaUJon	Uo	noWFM	dFWJDFT
⿏ 	CIaSaDUFSJ[aUJon	of	FMFDUSonJD
	NaHnFUJD
	and	oSCJUaM	TUSVDUVSFT	aU	UIF	TVSfaDF	and	IFUFSoJnUFSfaDF	VTJnH	
TZnDISoUSonSadJaUJon	anaMZTJT

⿏ DFWFMoQNFnU	and	aQQMJDaUJon	of	QIoUoFNJTTJon	TQFDUSoTDoQZ	and	Y�SaZ	aCToSQUJon	TQFDUSoTDoQZ

૊಄ɹࢤ޿ɹڭɹत
)JSoTIJ	,6MI(AS)I3A
	PSofFTToS

kVmJHBTIJSB!UPIPkV�BD�KQ

٢দɹެฏɹߨɹࢣ
,oIFJ	YOS)IMATS6
	SFnJoS	ATTJTUanU	PSofFTToS
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ControM anE EesiHn oG noveM GunDtionaMities 
in oYiEe nanostruDtures
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͍͏Խֶɾిࢠঢ়ଶΛʮΈΔʯٕज़ͱΛ͍ߴϨϕϧͰ༥߹
͢ΔʹΑΓɺࢎԽ෺ͷྨ͍رͳ෺ੑΛઃܭɾ੍͠ޚͳ͕Β
৽͍͠ػೳੑφϊ෺࣭ͷ։୓Λਪਐ͍ͯ͠·͢ɻ͞Βʹ͸ɺ
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OVS	HoaM	 JT	 Uo	DonUSoM	and	dFTJHn	 UIF	noWFM	 fVnDUJonaMJUJFT	
aQQFaSJnH	 Jn	 UIF	nanoTUSVDUVSF	of	 USanTJUJon	NFUaM	oYJdFT	
CZ	 UIF	 CFTU	 QoTTJCMF	 DoNCJnaUJon	 of	 UIF	 ToQIJTUJDaUFd	
oYJdF	HSoXUI	 UFDInJRVFT	VTJnH	NoMFDVMaS	CFaN	FQJUaYZ	and	
adWanDFd	anaMZTJT	 UFDInJRVFT	VTJnH	TZnDISoUSon	 SadJaUJon�	
TIF	 XJdF	 SanHF	 of	 QSoQFSUJFT	 FYIJCJUFd	 CZ	 UIF	 oYJdF	
nanoTUSVDUVSFT	NaLFT	 UIFN	onF	of	 UIF	NoTU	 JnUFSFTUJnH	
HSoVQT	of	fVnDUJonaM	NaUFSJaMT�	TIF	noWFM	QIZTJDaM	QSoQFSUJFT	
aSJTF	fSoN	UIF	JnUFSfaDF	SFHJon	CFUXFFn	UXo	dJ⒎FSFnU	oYJdFT�	
TIVT
	 Jn	 oSdFS	 Uo	 DonUSoM	 UIF	 noWFM	 fVnDUJonaMJUJFT
	 JU	 JT	
dFTJSFd	Uo	oCUaJn	UIF	LnoXMFdHF	of	UIF	JnUFSfaDJaM	FMFDUSonJD
	
NaHnFUJD
	and	oSCJUaM	TUSVDUVSFT�
'oS	 UIJT	QVSQoTF
	 Jn	oVS	 MaCoSaUoSZ
	XF	VUJMJ[F	TUaUF�ofUIF�

aSU	 TQFDUSoTDoQJD	 UFDInJRVFT
	 TVDI	 aT	 anHMF�SFToMWFd	
QIoUoFNJTTJon	TQFDUSoTDoQZ	and	dJDISoJD	9�SaZ	aCToSQUJon	
TQFDUSoTDoQZ	VTJnH	TZnDISoUSon	 SadJaUJon
	XIJDI	FnaCMF	VT	
Uo	QSoCF	UIFTF	TUSVDUVSFT	Jn	UIF	nN�TDaMF	SFHJon�
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CIFNJDaM	#JoMoHZ ʗ oMJHonVDMFoUJdF	UIFSaQFVUJDT ʗ FYUFSnaM	fVnDUJon	
DonUSoMMaCMF	NaUFSJaM ʗ CD	NFaTVSFNFnU	TZTUFN	XJUI	IJHI	TFnTJUJWJUZ	and	IJHI	
UJNF	SFToMVUJon

⿏֎෦ܹࢗԠ౴ܕਓࢎ֩޻ͷ։ൃ
⿏͕Μࡉ๔ಛҟత֩ࢎҩༀ෼ࢠͷ։ൃ
ྉͷ૑੡ࡐޚೳ੍ػԠ౴ੑੜ໋ڥ๔಺؀ࡉ⿏
⿏ੜମߴ෼ࢠΛෆ੪൓Ԡ৔ͱ͢Δ௒෼ࢠෆ੪ޫ൓Ԡ
෼ղԁೋ৭εϖΫτϧଌఆ૷ஔͷ։ൃؒ࣌ߴ౓ײߴ⿏

⿏DFWFMoQNFnU	of	FYUFSnaM	TUJNVMJ	SFTQonTJCMF	aSUJpDJaM	nVDMFJD	aDJdT
⿏ CSFaUJon	of	JnUSa�DFMMVMaS	FnWJSonNFnU	DIanHF	SFTQonTJCMF	fVnDUJonaM	NoMFDVMFT
⿏ CSFaUJon	of	DanDFS	DFMM	TQFDJpD	oMJHonVDMFoUJdF	UIFSaQFVUJD	NoMFDVMFT
⿏ 	SVQSaNoMFDVMaS	ATZNNFUSJD	PIoUoDIJSoHFnFTJT	XJUI	CJoQoMZNFST	and	CJo�NoMFDVMFT	aT	a	nano�DIJSaM	
SFaDUJon	NFdJa

⿏ 	DFWFMoQNFnU	of	)JHI	SFnTJUJWF	and	)JHI	TJNF�3FToMWF	CJSDVMaS	DJDISoJTNʢCDʣDFUFDUJon	MFUIod	foS	
AnaMZTJT	of	SVQSaNoMFDVMaS	DZnaNJD

࿨ాɹ݈඙ɹڭɹत
TaLFIJLo	8ADA
	PSofFTToS

UBkFIJkP�XBEB�E3!UPIPkV�BD�KQ

तڭɹ।޾໦ɹอߥ
YaTVZVLJ	A3A,I
	ATToDJaUF	PSofFTToS

ࢣɹߨՏɹതจɹࠇ
)JSofVNJ	,63O,A8A
	SFnJoS	ATTJTUanU	
PSofFTToS

੢ౢɹ੓थɹॿɹڭ
MaTaLJ	NIS)IJIMA
	ATTJTUanU	PSofFTToS

ླ໦ɹਔࢠɹॿɹڭ
SaUoLo	S6;6,I
	ATTJTUanU	PSofFTToS
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CIFNJDaM	TZnUIFTJT	and	NodJfJDaUJon	of	DNA�3NA	and	QSoUFJnT	aSF	
UIF	fVndaNFnUaM	TDJFnDF	and	UFDInoMoHZ	UIaU	IaWF	 MFd	UIF	NoMFDVMaS	
CJoMoHZ	SFWoMVUJon�	)FnDF
	UIF	DIFNJTUSZ	of	DNA�3NA	and	QSoUFJn	noU	
onMZ	 Jn	WJUSo	CVU	aMTo	 Jn	WJWo	FYQFDUT	 Uo	oQFn	 UIF	nFX	HFnFSaUJonaM	
TUaHFT	of	CJooSHanJD	DIFNJTUSZ	and	NoMFDVMaS	CJoMoHZ�	TIFSFfoSF
	
foDVTJnH	oVS	 SFTFaSDI	 JnUFSFTU	 JT	NoTUMZ	 on	 UIF	 SFDoHnJUJon	 and	
DoNQMFYaUJon	CFIaWJoS	DonUSoM	of	fVnDUJonaM	CJoQoMZNFST
	TVDI	aT	DNA�
3NA
	QSoUFJnT
	and	 UIFJS	dFSJWaUJWFT	CZ	FYUFSnaM	 faDUoST
	 UoXaSd	 UIF	
aDUJWF	DonUSoM	of	DFMMVMaS	 fVnDUJonT�	AnoUIFS	 SFTFaSDI	UoQJDT	of	8ada	
-aC�	aSF	SFaDUJon	DonUSoM	CaTFd	on	NoMFDVMaS	SFDoHnJUJon	QIFnoNFna	
Jn	CoUI	 UIF	HSoVnd	and	FMFDUSonJDaMMZ	FYDJUFd	TUaUFT�	OVS	 MaCoSaUoSZ	
JT	aMTo	XoSLJnH	on	UIF	dFWFMoQNFnU	of	IJHI�TFnTJUJWF	and	IJHI	 UJNF�
SFToMWFd	DJSDVMaS	dJDISoJTN	 	CD
	 TQFDUSVN	NFaTVSFNFnU	 TZTUFN
	
DSFaUJon	of	DJSDVMaSMZ	QoMaSJ[Fd	 MVNJnFTDFnDF		CP-
	NaUFSJaM�dFWJDF
	
XIJDI	 JT	aUUSaDUJnH	aUUFnUJon	aT	 UIF	nFYU	�D	dJTQMaZ	NaUFSJaM
	and	
TVQSaNoMFDVMaS	aTZNNFUSJD	QIoUoDIJSoHFnFTJT	VUJMJ[JnH	QSoUFJnT	aT	a	
DIJSaM	SFaDUJon	NFdJa�

>'-[Ru(bpy)3]Cl2] = 60 PM in deionized water.
Accuracy of the azimuth of retarder is within 1 arcmin. (± 0.017°).
Retardance of retarder was around 10°.
'S values were detected by a photodiode array in the condition of 1 ms gate width, 10 Hz and  1024 times 
accumulation by our setup at rt.
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'VnDUJonaM	nanoNaUFSJaMT ʗ OYJdF	FMFDUSonJDT ʗ SVSfaDF	and	JnUFSfaDF	QIZTJDaM	
QSoQFSUJFT ʗ PIoUoFNJTTJon	TQFDUSoTDoQZ

ޚɾ੍ܭೳઃػ଄ͷߏԽ෺φϊࢎ⿏
σόΠεͷ։ൃنೳ෺ੑͷ։୓ͱ৽ػ଄ʹ͓͚ΔߏԽ෺௒ࢎ⿏
⿏ද໘ɾք໘ʹ͓͚Δిࢠɾεϐϯ
෼ޫ૷ஔͷ։ൃࢠిޫࣹ์⿏

⿏ConUSoM	and	dFTJHn	of	noWFM	fVnDUJonaMJUJFT	of	oYJdF	nanoTUSVDUVSFT
⿏ EYQMoSaUJon	of	NVMUJ�fVnDUJonaMJUJFT	CaTFd	on	oYJdF	nanoTUSVDUVSFT	and	aQQMJDaUJon	Uo	noWFM	dFWJDFT
⿏ 	CIaSaDUFSJ[aUJon	of	FMFDUSonJD
	NaHnFUJD
	and	oSCJUaM	TUSVDUVSFT	aU	UIF	TVSfaDF	and	IFUFSoJnUFSfaDF	VTJnH	
TZnDISoUSonSadJaUJon	anaMZTJT

⿏ DFWFMoQNFnU	and	aQQMJDaUJon	of	QIoUoFNJTTJon	TQFDUSoTDoQZ	and	Y�SaZ	aCToSQUJon	TQFDUSoTDoQZ

૊಄ɹࢤ޿ɹڭɹत
)JSoTIJ	,6MI(AS)I3A
	PSofFTToS

kVmJHBTIJSB!UPIPkV�BD�KQ

٢দɹެฏɹߨɹࢣ
,oIFJ	YOS)IMATS6
	SFnJoS	ATTJTUanU	PSofFTToS

ೳ෺ੑΛ૑଄͢Δػŋ߹੒͠ɺ৽͍͠ܭઃʹࡏ଄ΛࣗߏԽ෺φϊࢎ

ControM anE EesiHn oG noveM GunDtionaMities 
in oYiEe nanostruDtures

ɹࢎԽ෺ͷதʹ͸ɺߴԹ௒఻ಋ΍ޫ৮ഔͳͲͷ͘ڻ΂͖ػೳ
෺ੑΛࣔ͢΋ͷ͕͋Γ·͢ɻ͍Θ͹ʮఱࣇ࠽ʯୡͰ͢ɻ౰
౓์ࣹޫΛًߴʯͷৼΔ෣͍Λࣇ࠽Ͱ͸ɺ͜ͷʮఱࣨڀݚ
༻͍ͯՄࢹԽ͠ɺͦͷ஌͍ͯͮجʹݟ৽ͨͳػೳੑφϊ෺
࣭Λ։ൃ͢Δ͜ͱʹऔΓ૊ΜͰ͍·͢ɻ۩ମతʹ͸ɺࢎԽ
෺෼ࢠઢΤϐλΩγʔʢM#Eʣͱ͍͏ࢎԽ෺φϊߏ଄Λݪ
͍༺ͳ͕Βʮͭ͘Δʯٕज़ͱɺ์ࣹޫΛ͠ޚϨϕϧͰ੍ࢠ
ͨઌ୺ܭଌʢ֯౓෼ղޫిࢠ෼ޫɾ಺֪ٵऩ෼ޫͳͲʣͱ
͍͏Խֶɾిࢠঢ়ଶΛʮΈΔʯٕज़ͱΛ͍ߴϨϕϧͰ༥߹
͢ΔʹΑΓɺࢎԽ෺ͷྨ͍رͳ෺ੑΛઃܭɾ੍͠ޚͳ͕Β
৽͍͠ػೳੑφϊ෺࣭ͷ։୓Λਪਐ͍ͯ͠·͢ɻ͞Βʹ͸ɺ
૚෺࣭ͳͲࢠݪ෺࣭΍ػ൫ͱͯ͠ɺ༗ج଄ΛߏԽ෺φϊࢎ
ͱͷϔςϩߏ଄Λઃܭɾ߹੒͢Δ͜ͱͰɺੈ࣍୅ΤϨΫτ
ϩχΫεʹ͚ͨ޲৽ػೳͷ૑੒Λ໨͍ͯ͠ࢦ·͢ɻ

OVS	HoaM	 JT	 Uo	DonUSoM	and	dFTJHn	 UIF	noWFM	 fVnDUJonaMJUJFT	
aQQFaSJnH	 Jn	 UIF	nanoTUSVDUVSF	of	 USanTJUJon	NFUaM	oYJdFT	
CZ	 UIF	 CFTU	 QoTTJCMF	 DoNCJnaUJon	 of	 UIF	 ToQIJTUJDaUFd	
oYJdF	HSoXUI	 UFDInJRVFT	VTJnH	NoMFDVMaS	CFaN	FQJUaYZ	and	
adWanDFd	anaMZTJT	 UFDInJRVFT	VTJnH	TZnDISoUSon	 SadJaUJon�	
TIF	 XJdF	 SanHF	 of	 QSoQFSUJFT	 FYIJCJUFd	 CZ	 UIF	 oYJdF	
nanoTUSVDUVSFT	NaLFT	 UIFN	onF	of	 UIF	NoTU	 JnUFSFTUJnH	
HSoVQT	of	fVnDUJonaM	NaUFSJaMT�	TIF	noWFM	QIZTJDaM	QSoQFSUJFT	
aSJTF	fSoN	UIF	JnUFSfaDF	SFHJon	CFUXFFn	UXo	dJ⒎FSFnU	oYJdFT�	
TIVT
	 Jn	 oSdFS	 Uo	 DonUSoM	 UIF	 noWFM	 fVnDUJonaMJUJFT
	 JU	 JT	
dFTJSFd	Uo	oCUaJn	UIF	LnoXMFdHF	of	UIF	JnUFSfaDJaM	FMFDUSonJD
	
NaHnFUJD
	and	oSCJUaM	TUSVDUVSFT�
'oS	 UIJT	QVSQoTF
	 Jn	oVS	 MaCoSaUoSZ
	XF	VUJMJ[F	TUaUF�ofUIF�

aSU	 TQFDUSoTDoQJD	 UFDInJRVFT
	 TVDI	 aT	 anHMF�SFToMWFd	
QIoUoFNJTTJon	TQFDUSoTDoQZ	and	dJDISoJD	9�SaZ	aCToSQUJon	
TQFDUSoTDoQZ	VTJnH	TZnDISoUSon	 SadJaUJon
	XIJDI	FnaCMF	VT	
Uo	QSoCF	UIFTF	TUSVDUVSFT	Jn	UIF	nN�TDaMF	SFHJon�
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9�SaZ	DSZTUaM	TUSVDUVSF	anaMZTJT ʗ DFMMVMaS	IoNFoTUaTJT ʗ QSoUFJn	RVaMJUZ	DonUSoM
ʗ SFdoY ʗ DaMDJVN	Jon

⿏	λϯύΫ࣭඼࣭؅ཧʹؔΘΔδεϧϑΟυ݁߹ܗ੒ɾ։྾ωοτϫʔΫͷߏ଄ɺػ༺࡞ংɺੜ
ཧతػೳ
ೳػংɺੜཧతػ༺࡞଄ɺߏΘΔບτϥϯεϙʔλʔͷؔʹ࣋ৗੑҡ߃๔಺ۚଐΠΦϯೱ౓ࡉ⿏

⿏ 	SUSVDUVSF
	NFDIanJTN
	and	QIZTJoMoHJDaM	fVnDUJon	of	UIF	QSoUFJn	dJTVMpdF	Cond	foSNaUJon�DMFaWaHF	
nFUXoSL	JnWoMWFd	Jn	QSoUFJn	RVaMJUZ	DonUSoM

⿏ 	SUSVDUVSF
	NFDIanJTN
	and	QIZTJoMoHJDaM	fVnDUJon	of	NFNCSanF	USanTQoSUFST	JnWoMWFd	Jn	UIF	NFUaM	Jon	
IoNFoTUaTJT	Jn	DFMMT

Ҵ༿ɹ࣍ݠɹڭɹत
,FnKJ	INA#A
	PSofFTToS

kFOKJ�JOBCB�B1!UPIPkV�BD�KQ

໳૔ɹɹ޿ɹ।ڭत
)JSoTIJ	,ADO,63A
	ATToDJaUF	PSofFTToS

౉෦ɹɹ૱ɹॿɹڭ
SaUoTIJ	8ATANA#E
	ATTJTUanU	PSofFTToS

ఱ֋ɹ༎ଠɹॿɹڭ
YVUa	AMA(AI
	ATTJTUanU	PSofFTToS

ϨϕϧͰղ͖໌͔͢ࢠ๔Ϩϕϧͱ෼ࡉ૊ΈΛ࢓ͷ࣋ৗੑҡ߃๔ࡉ

ToXarE eMuDiEation oG DeMMuMar meDhanisms unEerMyinH protein anE metaM ion homeostasis

ɹࡉ๔಺ʹ͸ɺͦͷ߃ৗੑΛҡ࣋͢ΔͨΊͷົ޼ͳ࢓૊Έ͕උ
Θ͍ͬͯ·͢ɻຊࣨڀݚͰ͸ɺࡉ๔͕༗͢ΔλϯύΫ࣭඼࣭؅ཧ
γεςϜͱۚଐΠΦϯೱ౓߃ৗੑҡߏػ࣋ͷੜཧతػೳͱػ༺࡞
ংΛɺߏ଄ੜ෺ֶɾੜԽֶɾϓϩςΦϛΫεɾࡉ๔ੜ෺ֶతख๏
Λ͠࢖ۦɺղ໌͢Δ͜ͱΛ໨͍ͯ͠ࢦ·͢ɻಛʹۙ࠷ɺώτࡉ๔
ͷখ๔ମʹ͓͚ΔγεςΠϯͷࢎԽؐݩΛհͨ͠ωοτϫʔΫͱ
Χϧγ΢ϜΠΦϯ΍ѥԖΠΦϯೱ౓Λௐઅ͢Δບτϥϯεϙʔ
λʔʹয఺Λ͋ͯͨڀݚΛల։͍ͯ͠·͢ɻຊڀݚ՝୊Λ਱͢ߦ
Δ͜ͱʹΑΓɺࡉ๔಺Ͱ஝ੵ͢ΔϛεϑΥʔϧυλϯύΫ࣭ͳͲ
͕Ҿ͖͢͜ىछʑͷපଶͷ෼ࢠϨϕϧͰͷ੒Ҽղ໌ʹͭͳ͕Δͱ
଴͞Ε·͢ɻظ

TIF	CJoMoHJDaM	 LJnHdoNT	IaWF	FWoMWFd	FMaCoSaUF	 TZTUFNT	
Uo	NaJnUaJn	 UIF	DFMMVMaS	IoNFoTUaTJT�	ENQMoZJnH	TUSVDUVSaM
	
CJoDIFNJDaM
	 QSoUFoNJD	 and	 DFMM	 CJoMoHJDaM	 aQQSoaDIFT
	
XF	aJN	aU	 dFFQ	VndFSTUandJnH	of	NFDIanJTNT	CZ	XIJDI	
QSoUFJn	RVaMJUZ	and	NFUaM	 Jon	DonDFnUSaUJonT	aSF	DonUSoMMFd	
Jn	 MJWJnH	 DFMMT�	8F	QaSUJDVMaSMZ	 foDVT	on	IoX	 UIF	QSoUFJn	
dJTVMfJdF	 Cond	 foSNaUJon	 nFUXoSL	 and	 DaMDJVN	and	 [JnD	
Jon	 USanTQoSUFST	 QSFTFnU	 Jn	 UIF	 FaSMZ	 TFDSFUoSZ	 QaUIXaZ	
DonUSJCVUF	Uo	UIF	DFMMVMaS	TZTUFNT�	SUSVDUVSaM	and	NFDIanJTUJD	
JnTJHIUT	HaJnFd	 Jn	 UIJT	XoSL	XJMM	QSoWJdF	NoMFDVMaS	 JnTJHIUT	
JnUo	nFVSodFHFnFSaUJWF	dJTFaTFT
	dJaCFUFT	and	oUIFS	 faUaM	
dJTFaTFT	 DaVTFd	CZ	 JNQaJSNFnU	 of	 UIFTF	 DFMMVMaS	 RVaMJUZ	
DonUSoM	TZTUFNT�
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CJoJNaHJnH ʗ qVoSFTDFnU	QSoCF ʗ QIoUofVnDUJonaM	NoMFDVMF ʗ QSoUFJn	
FnHJnFFSJnH

⿏ੜ෺ੑ׆ΛՄࢹԽ͢Δޫܬηϯαʔͷ։ൃ
ྉͷ։ൃࡐϋΠϒϦουࢠ৅Λௐ΂Δҝͷ୿ന࣭ʵখ෼ݱ΍ੜ໋ߏػױ࣬⿏
⿏ޫΛ༻͍ͯੜମ෼ੑ׆ࢠΛૢ͢࡞Δٕज़ͷ։ൃ
৭ૉͷ։ൃޫܬज़ʹ༗༻ͳޫ଱ੑٕڸඍݦ౓Ϩʔβʔًߴ⿏
⿏߬ૉػೳͷղ໌ͱ৽ػنೳੑ୿ന࣭ͷ૑ग़

⿏DFWFMoQNFnU	of	qVoSFTDFnU	TFnToS	JNaHJnH	CJoMoHJDaM	aDUJWJUZ
⿏ DFWFMoQNFnU	of	QSoUFJn�TNaMM	NoMFDVMF	IZCSJd	NaUFSJaMT	Uo	JnWFTUJHaUF	dJTFaTFT	and	CJoMoHZ
⿏ DFWFMoQNFnU	of	UFDInoMoHZ	Uo	DonUSoM	CJoNoMFDVMaS	aDUJWJUZ	CZ	MJHIU
⿏ DFWFMoQNFnU	of	MJHIU	SFTJTUanU	qVoSoQIoSFT	foS	TUSonH	MaTFS�CaTFd	NJDSoTDoQZ
⿏ EMVDJdaUJon	of	Fn[ZNF	fVnDUJon	and	dFWFMoQNFnU	of	nFX	fVnDUJonaM	QSoUFJnT

ਫ্ɹɹਐɹڭɹत
SIJn	MI;6,AMI
	PSofFTToS

TIJO�mJ[VkBmJ!UPIPkV�BD�KQ

দҪɹහߴɹ।ڭत
ToTIJUaLa	MATS6I
	ATToDJaUF	PSofFTToS

খ࿨ాढ़ߦɹॿɹڭ
ToTIJZVLJ	,O8ADA
	ATTJTUanU	PSofFTToS
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ɹੜମ಺͓Αͼੜࡉ๔಺Ͱ͸ɺ୿ന࣭ɾ֩ࢎɾ౶ͳͲͷ༷ʑͳੜ
ମ෼͕ࢠ૬࡞ޓ༻͠ͳ͕Βػೳ͍ͯ͠·͢ɻͦΕΒͷੜମ෼ࢠͷ
ਅͷ໾ׂΛղ໌͢Δʹ͸ɺଞͷੜମ෼ࢠͱͷ૬࡞ޓ༻͕อͨΕͨ
ঢ়ଶɺ͢ͳΘͪੜ͖ͨঢ়ଶͰͦΕΒͷڍಈɾػೳΛ͢࡯؍Δ͜ͱ
͕ॏཁͰ͢ɻ౰ࣨڀݚͰ͸ɺ༗ػԽֶɾߴ෼ࢠԽֶɾ୿ന࣭Խֶ
౳ͷٕज़ʹ͍ͯͮج৽ͨͳػೳੑ෼ࢠΛઃܭɾ߹੒͠ɺޫͳͲΛ
༻͍ͨੜମ෼ࢠͷՄࢹԽٕज़΍ػೳ੍ٕޚज़Λ։ൃ͠·͢ɻ۩ମ
తʹ͸ɺ߬ૉੑ׆΍ࡉ๔಺γάφϧ఻ୡͳͲͷੜମػೳΛબ୒త

In	a	 MJWJnH	CodZ	and	DFMM
	 WaSJoVT	CJoNoMFDVMFT	 TVDI	aT	
QSoUFJnT
	nVDMFJD	aDJdT
	and	TVHaST	 fVnDUJon	CZ	 JnUFSaDUJnH	
XJUI	 FaDI	oUIFS�	 To	 VndFSTUand	 UIFJS	 QSFDJTF	 CJoMoHJDaM	
fVnDUJonT	oDDVSSJnH	XJUIJn	a	DFMM
	JU	JT	JNQoSUanU	Uo	JnWFTUJHaUF	
UIF	 aDUJWJUJFT	 oS	 CFIaWJoST	 of	 UIFTF	 UaSHFU	NoMFDVMFT	 Jn	
MJWJnH	 TZTUFNT
	XIFSF	aMM	 of	 UIFTF	 JnUFSaDUJonT	XJUI	oUIFS	
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଄มߏϓϩʔϒ΍ɺޫরࣹʹΑͬͯ݁߹ͷ੾அ΍ޫܬग़͢Δݕʹ
ԽΛҾ͖͢͜ىέʔδυԽ߹෺ɾϑΥτΫϩϛοΫԽ߹෺Λ༻͍
ͨ߬ૉ΍ड༰ମͷٕޚ੍ੑ׆ज़ͷ։ൃͳͲΛ͍ߦ·͢ɻ͜ΕΒͷ
ͱ૊Έ߹ΘͤΔ͜ͱʹΑΓɺੜ͖ͨ࡯؍ڸඍݦޫܬΛࢠೳੑ෼ػ
ঢ়ଶʹ͓͚Δੜମ෼ࢠͷػೳ΍࣬ߏػױͷຊ࣭ʹഭΓ·͢ɻ

CJoNoMFDVMFT	 aSF	NaJnUaJnFd�	6TJnH	 oSHanJD	 DIFNJTUSZ
	
NaDSoNoMFDVMaS	DIFNJTUSZ
	and	QSoUFJn	DIFNJTUSZ
	XF	dFTJHn	
and	TZnUIFTJ[F	 fVnDUJonaM	NoMFDVMFT
	aQQMZ	 UIFN	 Uo	 JNaHF	
CFIaWJoST	 oS	 aDUJWJUJFT	 of	 UaSHFU	 CJoNoMFDVMFT
	 and	 UIFn	
SFHVMaUF	UIF	fVnDUJonT	of	UIFTF	UaSHFUT	CZ	VUJMJ[JnH	MJHIU�
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9�SaZ	DSZTUaM	TUSVDUVSF	anaMZTJT ʗ DFMMVMaS	IoNFoTUaTJT ʗ QSoUFJn	RVaMJUZ	DonUSoM
ʗ SFdoY ʗ DaMDJVN	Jon

⿏	λϯύΫ࣭඼࣭؅ཧʹؔΘΔδεϧϑΟυ݁߹ܗ੒ɾ։྾ωοτϫʔΫͷߏ଄ɺػ༺࡞ংɺੜ
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⿏ 	SUSVDUVSF
	NFDIanJTN
	and	QIZTJoMoHJDaM	fVnDUJon	of	UIF	QSoUFJn	dJTVMpdF	Cond	foSNaUJon�DMFaWaHF	
nFUXoSL	JnWoMWFd	Jn	QSoUFJn	RVaMJUZ	DonUSoM

⿏ 	SUSVDUVSF
	NFDIanJTN
	and	QIZTJoMoHJDaM	fVnDUJon	of	NFNCSanF	USanTQoSUFST	JnWoMWFd	Jn	UIF	NFUaM	Jon	
IoNFoTUaTJT	Jn	DFMMT

Ҵ༿ɹ࣍ݠɹڭɹत
,FnKJ	INA#A
	PSofFTToS

kFOKJ�JOBCB�B1!UPIPkV�BD�KQ

໳૔ɹɹ޿ɹ।ڭत
)JSoTIJ	,ADO,63A
	ATToDJaUF	PSofFTToS

౉෦ɹɹ૱ɹॿɹڭ
SaUoTIJ	8ATANA#E
	ATTJTUanU	PSofFTToS

ఱ֋ɹ༎ଠɹॿɹڭ
YVUa	AMA(AI
	ATTJTUanU	PSofFTToS

ϨϕϧͰղ͖໌͔͢ࢠ๔Ϩϕϧͱ෼ࡉ૊ΈΛ࢓ͷ࣋ৗੑҡ߃๔ࡉ

ToXarE eMuDiEation oG DeMMuMar meDhanisms unEerMyinH protein anE metaM ion homeostasis

ɹࡉ๔಺ʹ͸ɺͦͷ߃ৗੑΛҡ࣋͢ΔͨΊͷົ޼ͳ࢓૊Έ͕උ
Θ͍ͬͯ·͢ɻຊࣨڀݚͰ͸ɺࡉ๔͕༗͢ΔλϯύΫ࣭඼࣭؅ཧ
γεςϜͱۚଐΠΦϯೱ౓߃ৗੑҡߏػ࣋ͷੜཧతػೳͱػ༺࡞
ংΛɺߏ଄ੜ෺ֶɾੜԽֶɾϓϩςΦϛΫεɾࡉ๔ੜ෺ֶతख๏
Λ͠࢖ۦɺղ໌͢Δ͜ͱΛ໨͍ͯ͠ࢦ·͢ɻಛʹۙ࠷ɺώτࡉ๔
ͷখ๔ମʹ͓͚ΔγεςΠϯͷࢎԽؐݩΛհͨ͠ωοτϫʔΫͱ
Χϧγ΢ϜΠΦϯ΍ѥԖΠΦϯೱ౓Λௐઅ͢Δບτϥϯεϙʔ
λʔʹয఺Λ͋ͯͨڀݚΛల։͍ͯ͠·͢ɻຊڀݚ՝୊Λ਱͢ߦ
Δ͜ͱʹΑΓɺࡉ๔಺Ͱ஝ੵ͢ΔϛεϑΥʔϧυλϯύΫ࣭ͳͲ
͕Ҿ͖͢͜ىछʑͷපଶͷ෼ࢠϨϕϧͰͷ੒Ҽղ໌ʹͭͳ͕Δͱ
଴͞Ε·͢ɻظ

TIF	CJoMoHJDaM	 LJnHdoNT	IaWF	FWoMWFd	FMaCoSaUF	 TZTUFNT	
Uo	NaJnUaJn	 UIF	DFMMVMaS	IoNFoTUaTJT�	ENQMoZJnH	TUSVDUVSaM
	
CJoDIFNJDaM
	 QSoUFoNJD	 and	 DFMM	 CJoMoHJDaM	 aQQSoaDIFT
	
XF	aJN	aU	 dFFQ	VndFSTUandJnH	of	NFDIanJTNT	CZ	XIJDI	
QSoUFJn	RVaMJUZ	and	NFUaM	 Jon	DonDFnUSaUJonT	aSF	DonUSoMMFd	
Jn	 MJWJnH	 DFMMT�	8F	QaSUJDVMaSMZ	 foDVT	on	IoX	 UIF	QSoUFJn	
dJTVMfJdF	 Cond	 foSNaUJon	 nFUXoSL	 and	 DaMDJVN	and	 [JnD	
Jon	 USanTQoSUFST	 QSFTFnU	 Jn	 UIF	 FaSMZ	 TFDSFUoSZ	 QaUIXaZ	
DonUSJCVUF	Uo	UIF	DFMMVMaS	TZTUFNT�	SUSVDUVSaM	and	NFDIanJTUJD	
JnTJHIUT	HaJnFd	 Jn	 UIJT	XoSL	XJMM	QSoWJdF	NoMFDVMaS	 JnTJHIUT	
JnUo	nFVSodFHFnFSaUJWF	dJTFaTFT
	dJaCFUFT	and	oUIFS	 faUaM	
dJTFaTFT	 DaVTFd	CZ	 JNQaJSNFnU	 of	 UIFTF	 DFMMVMaS	 RVaMJUZ	
DonUSoM	TZTUFNT�

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ 3838

CeMM 'unDtionaM .oMeDuMar Chemistry

.*;6,A.* -aC
෼໺ڀݚԽֶࢠೳ෼ػ๔ࡉ

ਫ্ࣨڀݚ

ઐ໳෼໺ŋΩʔϫʔυ όΠΦΠϝʔδϯάʗޫܬϓϩʔϒʗޫػೳੑ෼ࢠʗ୿നֶ࣭޻

41&C*"-*;&%
'*&-%ŋK&: 803%

CJoJNaHJnH ʗ qVoSFTDFnU	QSoCF ʗ QIoUofVnDUJonaM	NoMFDVMF ʗ QSoUFJn	
FnHJnFFSJnH

⿏ੜ෺ੑ׆ΛՄࢹԽ͢Δޫܬηϯαʔͷ։ൃ
ྉͷ։ൃࡐϋΠϒϦουࢠ৅Λௐ΂Δҝͷ୿ന࣭ʵখ෼ݱ΍ੜ໋ߏػױ࣬⿏
⿏ޫΛ༻͍ͯੜମ෼ੑ׆ࢠΛૢ͢࡞Δٕज़ͷ։ൃ
৭ૉͷ։ൃޫܬज़ʹ༗༻ͳޫ଱ੑٕڸඍݦ౓Ϩʔβʔًߴ⿏
⿏߬ૉػೳͷղ໌ͱ৽ػنೳੑ୿ന࣭ͷ૑ग़

⿏DFWFMoQNFnU	of	qVoSFTDFnU	TFnToS	JNaHJnH	CJoMoHJDaM	aDUJWJUZ
⿏ DFWFMoQNFnU	of	QSoUFJn�TNaMM	NoMFDVMF	IZCSJd	NaUFSJaMT	Uo	JnWFTUJHaUF	dJTFaTFT	and	CJoMoHZ
⿏ DFWFMoQNFnU	of	UFDInoMoHZ	Uo	DonUSoM	CJoNoMFDVMaS	aDUJWJUZ	CZ	MJHIU
⿏ DFWFMoQNFnU	of	MJHIU	SFTJTUanU	qVoSoQIoSFT	foS	TUSonH	MaTFS�CaTFd	NJDSoTDoQZ
⿏ EMVDJdaUJon	of	Fn[ZNF	fVnDUJon	and	dFWFMoQNFnU	of	nFX	fVnDUJonaM	QSoUFJnT

ਫ্ɹɹਐɹڭɹत
SIJn	MI;6,AMI
	PSofFTToS

TIJO�mJ[VkBmJ!UPIPkV�BD�KQ

দҪɹහߴɹ।ڭत
ToTIJUaLa	MATS6I
	ATToDJaUF	PSofFTToS

খ࿨ాढ़ߦɹॿɹڭ
ToTIJZVLJ	,O8ADA
	ATTJTUanU	PSofFTToS

Խֶʹࡉ͍ͨͮج๔ػೳͷՄࢹԽͱ੍ޚ

%eveMopment oG GunDtionaM moMeDuMes to imaHe anE reHuMate CiomoMeDuMes in MivinH sampMes

ԿָͶخͰ͚ਫ਼ରؽ೵մੵٗढ़͹֋൅ ਫ਼ର෾ࢢʀؽ೵͹ޭ׈੓Կ

ਫ਼ର෾ࢢʀؽ೵͹ՆࢻԿ

஁പ࣯րร ࢢ೵੓෾ؽޭ

ՆࢻԿϕϫʖϔ ॶ΃͹ඬదԿۃ๖಼ࡋ

ɹੜମ಺͓Αͼੜࡉ๔಺Ͱ͸ɺ୿ന࣭ɾ֩ࢎɾ౶ͳͲͷ༷ʑͳੜ
ମ෼͕ࢠ૬࡞ޓ༻͠ͳ͕Βػೳ͍ͯ͠·͢ɻͦΕΒͷੜମ෼ࢠͷ
ਅͷ໾ׂΛղ໌͢Δʹ͸ɺଞͷੜମ෼ࢠͱͷ૬࡞ޓ༻͕อͨΕͨ
ঢ়ଶɺ͢ͳΘͪੜ͖ͨঢ়ଶͰͦΕΒͷڍಈɾػೳΛ͢࡯؍Δ͜ͱ
͕ॏཁͰ͢ɻ౰ࣨڀݚͰ͸ɺ༗ػԽֶɾߴ෼ࢠԽֶɾ୿ന࣭Խֶ
౳ͷٕज़ʹ͍ͯͮج৽ͨͳػೳੑ෼ࢠΛઃܭɾ߹੒͠ɺޫͳͲΛ
༻͍ͨੜମ෼ࢠͷՄࢹԽٕज़΍ػೳ੍ٕޚज़Λ։ൃ͠·͢ɻ۩ମ
తʹ͸ɺ߬ૉੑ׆΍ࡉ๔಺γάφϧ఻ୡͳͲͷੜମػೳΛબ୒త

In	a	 MJWJnH	CodZ	and	DFMM
	 WaSJoVT	CJoNoMFDVMFT	 TVDI	aT	
QSoUFJnT
	nVDMFJD	aDJdT
	and	TVHaST	 fVnDUJon	CZ	 JnUFSaDUJnH	
XJUI	 FaDI	oUIFS�	 To	 VndFSTUand	 UIFJS	 QSFDJTF	 CJoMoHJDaM	
fVnDUJonT	oDDVSSJnH	XJUIJn	a	DFMM
	JU	JT	JNQoSUanU	Uo	JnWFTUJHaUF	
UIF	 aDUJWJUJFT	 oS	 CFIaWJoST	 of	 UIFTF	 UaSHFU	NoMFDVMFT	 Jn	
MJWJnH	 TZTUFNT
	XIFSF	aMM	 of	 UIFTF	 JnUFSaDUJonT	XJUI	oUIFS	
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଄มߏϓϩʔϒ΍ɺޫরࣹʹΑͬͯ݁߹ͷ੾அ΍ޫܬग़͢Δݕʹ
ԽΛҾ͖͢͜ىέʔδυԽ߹෺ɾϑΥτΫϩϛοΫԽ߹෺Λ༻͍
ͨ߬ૉ΍ड༰ମͷٕޚ੍ੑ׆ज़ͷ։ൃͳͲΛ͍ߦ·͢ɻ͜ΕΒͷ
ͱ૊Έ߹ΘͤΔ͜ͱʹΑΓɺੜ͖ͨ࡯؍ڸඍݦޫܬΛࢠೳੑ෼ػ
ঢ়ଶʹ͓͚Δੜମ෼ࢠͷػೳ΍࣬ߏػױͷຊ࣭ʹഭΓ·͢ɻ

CJoNoMFDVMFT	 aSF	NaJnUaJnFd�	6TJnH	 oSHanJD	 DIFNJTUSZ
	
NaDSoNoMFDVMaS	DIFNJTUSZ
	and	QSoUFJn	DIFNJTUSZ
	XF	dFTJHn	
and	TZnUIFTJ[F	 fVnDUJonaM	NoMFDVMFT
	aQQMZ	 UIFN	 Uo	 JNaHF	
CFIaWJoST	 oS	 aDUJWJUJFT	 of	 UaSHFU	 CJoNoMFDVMFT
	 and	 UIFn	
SFHVMaUF	UIF	fVnDUJonT	of	UIFTF	UaSHFUT	CZ	VUJMJ[JnH	MJHIU�



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ3939

#ioMoHiDaM anE .oMeDuMar %ynamiDs

5A,A)AS)* SA50S)* -aC
ੜ໋෼ࢠμΠφϛΫεڀݚ෼໺

ࣨڀݚ૱ڮ∁

ઐ໳෼໺ŋΩʔϫʔυ λϯύΫ࣭ͷϑΥʔϧσΟϯάͱσβΠϯʗ؞཈੍λϯύΫ࣭Q��ͷػೳʗ
Ұ෼ޫܬࢠ෼ޫ๏

41&C*"-*;&%
'*&-%ŋK&: 803%

PSoUFJn	foMdJnH	and	dFTJHn ʗ 'VnDUJon	of	UVNoS	TVQQSFTToS	Q�� ʗ SJnHMF	
NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ

⿏Ұ෼ޫܬࢠ෼ޫ๏Λ༻͍ͨλϯύΫ࣭ͷϑΥʔϧσΟϯάμΠφϛΫε
཈੍λϯύΫ࣭؞⿏ Q��ͷ DNA୳ߏػࡧͷղ໌
⿏Ұ෼ࢠιʔλʔΛ༻͍ͨ৽͍͠λϯύΫ࣭σβΠϯख๏ͷ։ൃ

⿏DZnaNJDT	of	QSoUFJn	foMdJnH	CaTFd	on	TJnHMF	NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ
⿏ SMJdJnH	NoUJon	of	a	UVNoS	TVQQSFTToS	Q��	aMonH	DNA
⿏ DFWFMoQNFnU	of	a	nFX	TUSaUFHZ	of	QSoUFJn	dFTJHn	CaTFd	on	TJnHMF	NoMFDVMF	ToSUJnH	dFWJDF

ɹतڭɹɹ૱ɹڮ∁
SaUoTIJ	TA,A)AS)I
	PSofFTToS

TBUPTIJ�UBkBIBTIJ�B�!UPIPkV�BD�KQ

तڭɹਗ਼ਓɹ।ܗח
,JZoUo	,AMA(ATA
	ATToDJaUF	PSofFTToS

খҪ઒ߒ೭ɹॿɹڭ
)JSoZVLJ	OI,A8A
	ATTJTUanU	PSofFTToS

Ұ෼࡯؍ޫܬࢠʹΑΔλϯύΫ࣭ͷϑΥʔϧσΟϯάͱػೳͷղ໌

%ynamiDs oG protein GoMEinH anE GunDtion CaseE 
on sinHMe moMeDuMe quoresDenDe speDtrosDopy

ɹλϯύΫ࣭͸ɺ��छྨͷΞϛϊ͕ࢎҰݩ࣍తʹͭͳ͕ͬͨߴ
෼ࢠͰ͋Γɺੜମதʹ͓͍ͯ͞·͟·ͳػೳΛൃ͢شΔۃڀͷػ
ೳੑ෼ࢠͰ͢ɻλϯύΫ࣭͕ػೳΛൃ͢شΔʹ͸ɺΞϛϊࢎͷ഑
ྻʹΑΓఆΊΒΕΔಛఆͷߏ଄ʹંΓ৞·ΕΔ
ʢϑΥʔϧσΟϯά͢Δʣඞཁ͕͋Γ·͢ɻ͔͠
͠ɺΞϛϊࢎ഑ྻͱߏ଄ͷؔ܎͸͍·ͩʹཧղ͞
Ε͍ͯ·ͤΜɻ͞Βʹɺ͋ΔλϯύΫ࣭͕ɺͲͷ
Α͏ͳӡಈʹΑΓػೳΛൃ͢شΔͷ͔΋͠͹͠
͹ະղ໌Ͱ͢ɻຊڀݚ෼໺Ͱ͸ɺಠࣗʹ։ൃͨ͠
Ұ෼࡯؍ޫܬࢠ๏Λ༻͍Δ͜ͱͰɺλϯύΫ࣭ͷ
ϑΥʔϧσΟϯάաఔΛ௚઀͠࡯؍ɺλϯύΫ࣭
ɻ·ͨɺ͢·͍ͯ͠ࢦཧͷղ໌Λ໨ݪஙߏ଄ͷߏ
཈੍λϯύΫ࣭Ͱ͋Δ؞ Q�� ͕ DNA ্Λ͢΂
Γӡಈ͢Δ͜ͱͰɺλʔήοτ഑ྻΛ୳͢աఔͷ
ղ໌΋໨͍ͯ͠ࢦ·͢ɻ͞ΒʹɺҰ෼ݧ࣮࡯؍ࢠ

PSoUFJnT	aSF	naUVSaM	NaDIJnFT	UIaU	QFSfoSN	WaSJoVT	fVnDUJonT	
UIaU	 TVTUaJn	oVS	 MJWFT�	To	CF	CJoMoHJDaMMZ	aDUJWF
	QSoUFJnT
	
MJnFaS	DIaJnT	of	aNJno	aDJdT
	nFFd	 Uo	 foSN	DoNQaDU	 UISFF	
dJNFnTJonaM	 TUSVDUVSFT	 Jn	 UIF	 QSoDFTT	 DaMMFd	 QSoUFJn	
foMdJnH�	TIF	 foMdFd	TUSVDUVSFT	of	QSoUFJnT	aSF	dFUFSNJnFd	
CZ	UIF	QSJNaSZ	TFRVFnDF	of	aNJno	aDJdT�	)oXFWFS
	 JU	 JT	TUJMM	
FYUSFNFMZ	dJffJDVMU	 Uo	VndFSTUand	 UIF	 SFMaUJonTIJQT	aNonH	
UIF	aNJno	aDJd	 TFRVFnDF
	 UIF	 foMdFd	 TUSVDUVSF
	 and	 UIF	
fVnDUJon	of	 QSoUFJnT�	 In	 oVS	 MaCoSaUoSZ
	XF	dFWFMoQ	noX	
TJnHMF	NoMFDVMF	 fMVoSFTDFnDF	 TQFDUSoTDoQZ	and	oCTFSWF	
UIF	SaQJd	QSoDFTT	of	QSoUFJn	 foMdJnH	dJSFDUMZ�	 In	addJUJon
	XF	
oCTFSWF	 UIF	 fVnDUJonaM	 dZnaNJDT
	 a	 TMJdJnH	NoUJon	aMonH	
DNA
	of	a	UVNoS	TVQQSFTToS	Q���	'VSUIFSNoSF
	CaTFd	on	UIF	

ʹΑΓಘΒΕͨλϯύΫ࣭ϑΥʔϧσΟϯάͱػೳʹؔ͢Δ஌ݟ
Λجʹɺ৽نλϯύΫ࣭ΛσβΠϯ͢Δख๏ͷ։ൃʹ΋औΓ૊Μ
Ͱ͍·͢ɻ

LnoXMFdHF	of	QSoUFJn	foMdJnH	and	fVnDUJon
	XF	aSF	dFWFMoQJnH	
a	nFX	TUSaUFHZ	Uo	dFTJHn	aSUJpDJaM	QSoUFJnT�

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ
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40

ComputationaM .ateriaMs ThermoEynamiDs

0)5A/* -aC
෼໺ڀݚྉ೤ྗֶࡐࢉܭ

େ୩ࣨڀݚ

ઐ໳෼໺ŋΩʔϫʔυ ࿦ࢠʗిܭྉઃࡐʗࢉܭཧݪঢ়ଶਤʗୈҰࢉܭ

41&C*"-*;&%
'*&-%ŋK&: 803% CA-P)ADʗ pSTU�QSJnDJQMFT	DaMDVMaUJonT ʗNaUFSJaMT	dFTJHn ʗ FMFDUSonJD	UIFoSZ

⿏४҆ఆঢ়ଶΛར༻ͨ͠ࡐྉઃجܭ൫ͷཱ֬
⿏݁থதͷෆۉҰߏ଄ʹؔ͢Δ೤ྗֶతݕ౼
ڀݚ༥ମͷ೤ྗֶ෺ੑʹؔ͢Δܥۚ߹⿏
⿏Ҩ఻తΞϧΰϦζϜΛ༻͍ͨཧ࿦ঢ়ଶਤͷߏஙʹؔ͢Δڀݚ
⿏ϞϯςΧϧϩγϛϡϨʔγϣϯʹΑΔ૬มଶͷཧ࿦తڀݚ

⿏ETUaCMJTINFnU	of	CaTF	foS	NaUFSJaMT	dFTJHn	UISoVHI	NFUaTUaCMF	TUaUFT
⿏ TIFSNodZnaNJD	anaMZTJT	on	IFUFSoHFnFoVT	TUSVDUVSFT	Jn	NFUaMT	and	aMMoZT
⿏ SUVdZ	on	UIFSNodZnaNJD	QSoQFSUJFT	of	MJRVJd	aMMoZT
⿏ InWFTUJHaUJon	on	UIFoSFUJDaM	QIaTF	dJaHSaNT	VTJnH	UIF	HFnFUJD	aMHoSJUIN
⿏ TIFoSFUJDaM	TUVdZ	on	QIaTF	USanTfoSNaUJonT	Jn	aMMoZT	CZ	UIF	MonUF	CaSMo	TJNVMaUJonT

େ୩ɹത࢘ɹڭɹत
)JSoTIJ	O)TANI
	PSofFTToS

IJSPTIJ�PUBOJ�D�!UPIPkV�BD�KQ

ӿ໦ɹউಙɹॿɹڭ
MaTanoSJ	ENO,I
	ATTJTUanU	PSofFTToS

༄ɹɹ߃ۄɹॿɹڭ	
YVIFnH	-I6
	ATTJTUanU	PSofFTToS

༺ྉ։ൃ΁ͷԠࡐஙͱ৽ߏ΋ͱͮ͘ཧ࿦ঢ়ଶਤͷʹࢉܭ࿦ࢠి

ConstruDtion oG theoretiDaM phase EiaHrams anE EeveMopment 
oG neX materiaMs CaseE on eMeDtroniD theory

�D� &KDQJH�RI�HQWKDOS\�DQG��E��HTXLOLEULXP�DWRPLF�FRQILJXUDWLRQV�REWDLQHG�IURP�
0RQWH�&DUOR�VLPXODWLRQ�IRU�)H��DW��V��DW��1�DW�7  ��� .�

㼟㻩㼀㼕

㼟㻩㻭㼘㼟㻩㻯㼞

㼟㻩㼂

s=Ti
s=Nb

s=Mo

s=V

s=Cr

s=Mn
s=Al
s=Ni

�D� �E�

�D� ィ⟬ࡿࡼ࡟���� ࡜H�%�&୕ඖ⣔➼ ᩿㠃≧ែᅗ(ࡿࡅ࠾࡟. �E� ➨୍ཎ⌮ศᏊືຊᏛἲ
ィ⟬⤖ᯝ㸬ࡢ࣮ࢠࣝࢿ࢚⏤⮬ࡢ┦ᾮࡓࡋ⟭ィ࡚ࡗࡼ࡟

�D� �E�

Fe3(B,C)
+M3C2

Fe
mass % C

10

8

6

4

m
as

s %
 B

Fe
mass % C

2 4 6

2

0.2 0.4 0.6 0.8 1.0 1.2 1.4

0.2

0.4

Fe23(B,C)6

Fe3(B,C)

(JFe)

Fe3(B,C)
+Fe(B,C)

(DFe)

Fe2(B,C)

(JFe)

(JFe)+Fe3(B,C)

(DFe)

Stadelmaier et DO.
Two Phases 
Three Phases 

Hasebe et DO.

(JFe)��+ Fe3(B,C) 
(JFe)��+��Fe23(B,C)6 

(DFe)�+ (JFe)��
+ Fe3(B,C) 

10 20 30 40Fe

-10

0

-20

-30

-40

-50

-60G
ib

bs
 e

ne
rg

y 
of

 fo
rm

at
io

n,
 '

*
 / 

kJ
 m

ol
-1

mol % C
BC

AIMD 

:2300 K
:1300 K

1300 K

2300 K
:2300 K
:1300 K

Result of assesment  

リンクさ
れたイ
メージを
表示で
きませ
ん。フ…

ɹۙ೥ͷిࢠ࿦ࢉܭ๏ͷ໨֮·͍͠ൃల͸ɺ࣮ݧͰ͸
ܾͯ͠ଌఆͰ͖ͳ͍೤ྗֶత෺ੑ஋Λਓ޻తʹ࡞Γग़
͢͜ͱΛՄೳʹ͠·ͨ͠ɻͪͨࢲ͸͜ͷख๏Λ༻͍ͯ
ୈҰݪཧࢉܭϕʔεͷجఈঢ়ଶղੳΛ͍ߦɺ໨తͷ૬
͕ଞͷ૬ʹରͯ͠༗͢Δ૬ରత҆ఆੑΛ͢ࢉܭΔख๏
ͱ४҆ఆੑΛࠀ෰͢Δํ๏࿦ͷ։୓ʹऔΓ૊ΜͰ͍·
͢ɻ۩ମతʹ͸ɺҨ఻తΞϧΰϦζϜʹΑΔߏ଄୳ࡧ
ʹΑΓجఈঢ়ଶͰͷ҆ఆ૬Λ୳͠ࡧɺͦͷࣗ༝Τωϧ
Ϊʔʹର͢ΔԹ౓ґଘੑΛಋೖ͢Δ͜ͱͰɺ४҆ఆঢ়
ଶΛؚΊͨ༗ݶԹ౓Ͱͷ૬ฏߧΛ༹ݻମɺӷମ΋ؚΊ
͍ߦΑΔ֬ೝ΋ʹݧɻ·ͨͦͷ݁Ռͷ࣮͢·͠ࢉܭͯ
·͢ɻ͜ΕʹΑΓɺ͜Ε·Ͱ͍͍ͤͥ७෺࣭ʹͱͲ·ͬ
͖ͯͨཧ࿦ঢ়ଶਤͷڀݚΛɺҰؾʹଟܥݩʹ·Ͱ֦େ
ͯٞ͠࿦͢Δ͜ͱ͕ՄೳʹͳΓ·͢ɻ͜ͷΑ͏ͳख๏
Ͱ৽ͨͳ૬ͷग़ݱΛཧ࿦తʹ༧ଌ͢Δख๏Λཱ֬Ͱ͖

A	SFNaSLaCMF	dFWFMoQNFnU	of	FMFDUSonJD	 UIFoSZ	DaMDVMaUJon	
IaT	NadF	JU	QoTTJCMF	Uo	SFQSodVDF	UIFSNodZnaNJD	QSoQFSUJFT	
of	NaUFSJaMT	Jn	TJNVMaUJonT�	In	oVS	dJWJTJon
	XF	aSF	DondVDUJnH	
TUVdJFT	on	 UIFoSFUJDaM	QIaTF	dJaHSaNT	of	NaUFSJaMT	CaTFd	
on	DoNQVUJnH	 fSFF	FnFSHJFT	of	ToMJdT
	QIZTJDaM	QSoQFSUJFT	of	
IFUFSoHFnFoVT	TUSVDUVSFT	 Jn	DSZTUaMT
	and	 UIFSNodZnaNJD	
QSoQFSUJFT	of	 MJRVJd	and	HMaTTZ	QIaTFT	CZ	DoVQMJnH	UIF	pSTU�
QSJnDJQMFT	DaMDVMaUJonT	and	 UIF	DMVTUFS	 WaSJaUJon	NFUIodT
	
aT	XFMM	aT	 UIF	RVanUVN	NoMFDVMaS	dZnaNJDT�	'VSUIFSNoSF
	
UIF	oCUaJnFd	 SFTVMUT	aSF	DMaSJpFd	CZ	NFanT	of	FYQFSJNFnUaM	
NFUIodT�	TIFTF	TUVdJFT	aSF	DFSUaJnMZ	FYQFDUFd	 Uo	QSoWJdF	
RVJUF	VTFfVM	 UooMT	 foS	QSFdJDUJnH	nFX	QSoNJTJnH	NaUFSJaMT	 foS	
TUSVDUVSFT	and	 fVnDUJonT
	 and	IFnDF	NaLF	an	FnoSNoVT	
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NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ
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⿏DZnaNJDT	of	QSoUFJn	foMdJnH	CaTFd	on	TJnHMF	NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ
⿏ SMJdJnH	NoUJon	of	a	UVNoS	TVQQSFTToS	Q��	aMonH	DNA
⿏ DFWFMoQNFnU	of	a	nFX	TUSaUFHZ	of	QSoUFJn	dFTJHn	CaTFd	on	TJnHMF	NoMFDVMF	ToSUJnH	dFWJDF
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PSoUFJnT	aSF	naUVSaM	NaDIJnFT	UIaU	QFSfoSN	WaSJoVT	fVnDUJonT	
UIaU	 TVTUaJn	oVS	 MJWFT�	To	CF	CJoMoHJDaMMZ	aDUJWF
	QSoUFJnT
	
MJnFaS	DIaJnT	of	aNJno	aDJdT
	nFFd	 Uo	 foSN	DoNQaDU	 UISFF	
dJNFnTJonaM	 TUSVDUVSFT	 Jn	 UIF	 QSoDFTT	 DaMMFd	 QSoUFJn	
foMdJnH�	TIF	 foMdFd	TUSVDUVSFT	of	QSoUFJnT	aSF	dFUFSNJnFd	
CZ	UIF	QSJNaSZ	TFRVFnDF	of	aNJno	aDJdT�	)oXFWFS
	 JU	 JT	TUJMM	
FYUSFNFMZ	dJffJDVMU	 Uo	VndFSTUand	 UIF	 SFMaUJonTIJQT	aNonH	
UIF	aNJno	aDJd	 TFRVFnDF
	 UIF	 foMdFd	 TUSVDUVSF
	 and	 UIF	
fVnDUJon	of	 QSoUFJnT�	 In	 oVS	 MaCoSaUoSZ
	XF	dFWFMoQ	noX	
TJnHMF	NoMFDVMF	 fMVoSFTDFnDF	 TQFDUSoTDoQZ	and	oCTFSWF	
UIF	SaQJd	QSoDFTT	of	QSoUFJn	 foMdJnH	dJSFDUMZ�	 In	addJUJon
	XF	
oCTFSWF	 UIF	 fVnDUJonaM	 dZnaNJDT
	 a	 TMJdJnH	NoUJon	aMonH	
DNA
	of	a	UVNoS	TVQQSFTToS	Q���	'VSUIFSNoSF
	CaTFd	on	UIF	
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LnoXMFdHF	of	QSoUFJn	foMdJnH	and	fVnDUJon
	XF	aSF	dFWFMoQJnH	
a	nFX	TUSaUFHZ	Uo	dFTJHn	aSUJpDJaM	QSoUFJnT�
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A	SFNaSLaCMF	dFWFMoQNFnU	of	FMFDUSonJD	 UIFoSZ	DaMDVMaUJon	
IaT	NadF	JU	QoTTJCMF	Uo	SFQSodVDF	UIFSNodZnaNJD	QSoQFSUJFT	
of	NaUFSJaMT	Jn	TJNVMaUJonT�	In	oVS	dJWJTJon
	XF	aSF	DondVDUJnH	
TUVdJFT	on	 UIFoSFUJDaM	QIaTF	dJaHSaNT	of	NaUFSJaMT	CaTFd	
on	DoNQVUJnH	 fSFF	FnFSHJFT	of	ToMJdT
	QIZTJDaM	QSoQFSUJFT	of	
IFUFSoHFnFoVT	TUSVDUVSFT	 Jn	DSZTUaMT
	and	 UIFSNodZnaNJD	
QSoQFSUJFT	of	 MJRVJd	and	HMaTTZ	QIaTFT	CZ	DoVQMJnH	UIF	pSTU�
QSJnDJQMFT	DaMDVMaUJonT	and	 UIF	DMVTUFS	 WaSJaUJon	NFUIodT
	
aT	XFMM	aT	 UIF	RVanUVN	NoMFDVMaS	dZnaNJDT�	'VSUIFSNoSF
	
UIF	oCUaJnFd	 SFTVMUT	aSF	DMaSJpFd	CZ	NFanT	of	FYQFSJNFnUaM	
NFUIodT�	TIFTF	TUVdJFT	aSF	DFSUaJnMZ	FYQFDUFd	 Uo	QSoWJdF	
RVJUF	VTFfVM	 UooMT	 foS	QSFdJDUJnH	nFX	QSoNJTJnH	NaUFSJaMT	 foS	
TUSVDUVSFT	and	 fVnDUJonT
	 and	IFnDF	NaLF	an	FnoSNoVT	
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DonUSJCVUJon	Uo	UIF	NaUFSJaMT	TDJFnDF�
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ManZ	QSaDUJDaM	NaUFSJaMT	aSF	IFUFSoHFnFoVT	DoNQMFY	TZTUFNT	
XJUI	IJFSaSDIJDaM	 TUSVDUVSFT	 fSoN	nanoNFUFS	 Uo	NJDSoNFUFS	
TDaMF�IU	 JT	 UIFSFfoSF	 JNQoSUanU	 Uo	 VndFSTUand	 DoSSFMaUJon	
CFUXFFn	 UIF	 fJnF	 TUSVDUVSFT	 and	 UIF	 fVnDUJon	 aU	 nano�
NFTo	TDaMF	 Uo	DSFaUF	nFX	 fVnDUJonaM	NaUFSJaMT�SZnDISoUSon	
SadJaUJon	NJDSoTDoQZ�TQFDUSoTDoQZ	Dan	QSoWJdF	NVMUJNodaM	
WJTVaMJ[aUJon	of	 CVML	NaUFSJaMT�ETQFDJaMMZ
	 DoIFSFnU	9�SaZ	
dJ⒎SaDUJon	 JNaHJnH	 JT	a	QSoNJTJnH	NFUIod	 foS	WJTVaMJ[JnH	 UIF	
TUSVDUVSFT	 JnTJdF	CVML	NaUFSJaMT	 aU	 UIF	nanoTDaMF
	XIJDI	
QSoWJdFT	 UIF	IVHF	aNoVnU	of	TUSVDUVSaM	and	DIFNJDaM	daUa	
Jn	SFaM	�D	TQaDF�	3FDFnU	NaDIJnF	MFaSnJnH	and	daUa�NJnJnH	
UFDInJRVFT	 Dan	 IFMQ	 UIF	 dJTDoWFSZ	 and	 DoNQSFIFnTJon	
of	 nFX	NaUFSJaMT	 and	 QIFnoNFna�OVS	 NJTTJon	 JT	 UIF	

dFWFMoQNFnU	 of	 nFYU�HFnFSaUJon	 TZnDISoUSon	 SadJaUJon	
NJDSoTDoQZ	�TQFDUSoTDoQZ	NFUIodT	VTJnH	noWFM	9�SaZ	oQUJDT�
'JnaMMZ
	XF	XJMM	DSFaUF	UIF	QMaUfoSN	Uo	WJTVaMJ[F	UIF	fVnDUJon	of	
QSaDUJDaM	NaUFSJaMT	VTJnH	JnfoSNaUJDT�
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nFVUSon	JnFMaTUJD	TDaUUFSJnH ʗ nFVUSon	NaHnFUJD	TDaUUFSJnH ʗ RVanUVN	
NaHnFUT	JUJnFSanU	FMFDUSon	NaHnFUJTN	and	TVQFSDondVDUJWJUZ

⿏ DFWFMoQNFnU	of	nFVUSon	JnFMaTUJD	TQFDUSoTDoQZ
⿏ DFWFMoQNFnU	of	anaMZTJT	NFUIodT	foS	TQJn	FYDJUaUJon	TQFDUSa	oCUaJnFd	Jn	nFVUSon	TQFDUSoTDoQZ
⿏ NoWFM	NaDSoTDoQJD	RVanUVN	QIFnoNFna	Jn	RVanUVN	NaHnFUT
⿏ AnUJfFSSoNaHnFUJTN	and	TVQFSDondVDUJWJUZ	Jn	JUJnFSanU	FMFDUSon	TZTUFNT
⿏ OSdFSJnH	and	dZnaNJDT	Jn	aQFSJodJD	TQJn	TZTUFNT

TaLV	J	SATO
	PSofFTToS

UBkV!UPIPkV�BD�KQ

DaJTVLF	O,6YAMA
	ATTJTUanU	PSofFTToS

,a[VIJSo	NA8A
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/eutron ineMastiD sDatterinH stuEy on spin EynamiDs in Ruantum anE itinerant maHnets

�a�b� 2bVerved diVperVionV of triplonV alonJ H �or K� ZitK tKe K �or H� inteJrated around
�a� K �or H�  �� or �b� K �or H�  -�. TKe inteJration ranJe iV _'K_ �or _'H_� � �.�.
�c� &alculated modeled diVperVionV ZitK tKe fictitiouV maJnetic field VKoZn b\ tKe arroZV.
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SadJaUJon	NJDSoTDoQZ�TQFDUSoTDoQZ	Dan	QSoWJdF	NVMUJNodaM	
WJTVaMJ[aUJon	of	 CVML	NaUFSJaMT�ETQFDJaMMZ
	 DoIFSFnU	9�SaZ	
dJ⒎SaDUJon	 JNaHJnH	 JT	a	QSoNJTJnH	NFUIod	 foS	WJTVaMJ[JnH	 UIF	
TUSVDUVSFT	 JnTJdF	CVML	NaUFSJaMT	 aU	 UIF	nanoTDaMF
	XIJDI	
QSoWJdFT	 UIF	IVHF	aNoVnU	of	TUSVDUVSaM	and	DIFNJDaM	daUa	
Jn	SFaM	�D	TQaDF�	3FDFnU	NaDIJnF	MFaSnJnH	and	daUa�NJnJnH	
UFDInJRVFT	 Dan	 IFMQ	 UIF	 dJTDoWFSZ	 and	 DoNQSFIFnTJon	
of	 nFX	NaUFSJaMT	 and	 QIFnoNFna�OVS	 NJTTJon	 JT	 UIF	

dFWFMoQNFnU	 of	 nFYU�HFnFSaUJon	 TZnDISoUSon	 SadJaUJon	
NJDSoTDoQZ	�TQFDUSoTDoQZ	NFUIodT	VTJnH	noWFM	9�SaZ	oQUJDT�
'JnaMMZ
	XF	XJMM	DSFaUF	UIF	QMaUfoSN	Uo	WJTVaMJ[F	UIF	fVnDUJon	of	
QSaDUJDaM	NaUFSJaMT	VTJnH	JnfoSNaUJDT�
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nFVUSon	JnFMaTUJD	TDaUUFSJnH ʗ nFVUSon	NaHnFUJD	TDaUUFSJnH ʗ RVanUVN	
NaHnFUT	JUJnFSanU	FMFDUSon	NaHnFUJTN	and	TVQFSDondVDUJWJUZ

⿏தੑࢠඇ஄ੑࢄཚ෼ޫثͷ։ൃ
⿏தੑؾ࣓ࢠඇ஄ੑࢄཚεϖΫτϧղੳ๏ͷ։ൃ
ڀݚ৅ͷݱࢠతྔࢹڊΔ͚͓ʹܥεϐϯࢠྔ⿏
⿏วྺిܥࢠʹ͓͚Δ൓ੑ࣓ڧͱ௒఻ಋͷڀݚ
⿏ඇपظεϐϯܥʹ͓͚Δ࣓ؾடংͱμΠφϛΫεͷڀݚ

⿏DFWFMoQNFnU	of	nFVUSon	JnFMaTUJD	TQFDUSoTDoQZ
⿏ DFWFMoQNFnU	of	anaMZTJT	NFUIodT	foS	TQJn	FYDJUaUJon	TQFDUSa	oCUaJnFd	Jn	nFVUSon	TQFDUSoTDoQZ
⿏ NoWFM	NaDSoTDoQJD	RVanUVN	QIFnoNFna	Jn	RVanUVN	NaHnFUT
⿏ AnUJfFSSoNaHnFUJTN	and	TVQFSDondVDUJWJUZ	Jn	JUJnFSanU	FMFDUSon	TZTUFNT
⿏ OSdFSJnH	and	dZnaNJDT	Jn	aQFSJodJD	TQJn	TZTUFNT

ɹतڭɹɹ୎ɹ౻ࠤ
TaLV	J	SATO
	PSofFTToS

UBkV!UPIPkV�BD�KQ

Ԟࢁɹେีɹॿɹڭ
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,a[VIJSo	NA8A
	ATTJTUanU	PSofFTToS
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/eutron ineMastiD sDatterinH stuEy on spin EynamiDs in Ruantum anE itinerant maHnets

�a�b� 2bVerved diVperVionV of triplonV alonJ H �or K� ZitK tKe K �or H� inteJrated around
�a� K �or H�  �� or �b� K �or H�  -�. TKe inteJration ranJe iV _'K_ �or _'H_� � �.�.
�c� &alculated modeled diVperVionV ZitK tKe fictitiouV maJnetic field VKoZn b\ tKe arroZV.

�a�

�b�

�c�ɹզʑͷάϧʔϓͰ͸ిࢠεϐϯͷଟମ૬ؔʹΑΔ৽حͳྔࢠ૬
ͷ୳ࡧͱͦͷղ໌Λ໨͍ͯ͠ࢦ·͢ɻ͜ͷ໨తΛୡ੒͢ΔͨΊɺ
εϐϯͷಈతੑ࣭Λ௚઀؍ଌ͢Δ͜ͱͷͰ͖Δதੑࢠඇ஄ੑࢄཚ
ΛओͨΔ࣮ݧख๏ͱ͍ͯ͠·͢ɻۙ೥ྔܥࢠͷੑ࣭Λͦͷ࿈ଓม
ର͢ΔෆมੑʢτϙϩδʔʣΛ༻͍ͯཧղ͢Δํ๏࿦͕੝Μʹܗ
ΔτϙϩδΧϧઈԑମ͸ͦͷ͚͓ʹܥࢠΕ͍ͯ·͢ɻి͞ڀݚʹ
୅දతͳྫͰ͢ɻզʑ͸͜ͷΑ͏ͳτϙϩδΧϧͳੑ࣭Λ࣓ੑମ
ʹ͓͚Δૉྭىʢ४ཻࢠʣʹରͯ͠୳͠ࡧɺྔࢠ൓ੑ࣓ڧμΠ
Ϛʔ෺࣭	#a�CVSJ�O�CM�	ʹ͓͍ͯτϙϩδΧϧͳ࣓ؾ४ཻྭࢠ
ςΫεؾɻଞʹ΋࣓ੑମதͷτϙϩδΧϧͳ࣓ͨ͠·͠ݟΛൃى
νϟʔͰ͋Δ࣓ؾεΧʔϛΦϯͷ஗͍μΠφϛΫεͷղ໌౳ɺి
εϐϯूஂͷτϙϩδΧϧͳੑ࣭ͷղ໌͕ਐΜͰ͍·͢ɻࢠ

2VFTU	foS	noWFM	RVanUVN	QIaTFT	and	FMVDJdaUJon	of	UIFN	Jn	
DoSSFMaUFd�NanZ�FMFDUSon	oS	RVanUVN�TQJn	TZTUFNT	JT	aU	UIF	
IFaSU	of	DondFnTFd	NaUUFS	QIZTJDT	 foS	dFDadFT
	and	IaT	
CFFn	oVS	NJTTJon�	NFVUSon	 JnFMaTUJD	TDaUUFSJnH	 JT	a	QoXFSfVM	
UooM	Uo	aDIJFWF	UIJT	HoaM
	FnaCMJnH	VT	Uo	dJSFDUMZ	oCTFSWF	TQJn	
dZnaNJDT	 Jn	DondFnTFd	NaUUFS�	3FDFnUMZ
	 UIF	adWanUaHF	
of	VTJnH	 JnWaSJanDF	on	DonUJnVoVT	dFfoSNaUJon	 	UoQoMoHZ
	
CFDoNFT	 XJdFMZ	 SFDoHnJ[Fd	 foS	 FMVDJdaUJnH	 QIZTJDaM	
QSoQFSUJFT	of	NanZ�CodZ	RVanUVN	TZTUFNT�	a	DFMFCSaUFd	
FYaNQMF	NaZ	 CF	 FMFDUSonJD	 UoQoMoHJDaM	 JnTVMaUoS�	8F	
TFaSDIFd	 foS	TVDI	 UoQoMoHJDaM	TUaUFT	 Jn	RVanUVN	NaHnFUT
	
and	 foVnd	 UoQoMoHJDaMMZ	nonUSJWJaM	RVaTJQaSUJDMFT	 	USJQMonT
	
Jn	 UIF	RVanUVN	dJNFSJ[Fd	anUJfFSSoNaHnFU	#a�CVSJ�O�CM��		
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AnoUIFS	 SFDFnU	dJTDoWFSZ	 JT	 UIF	 JnUSJHVJnH	TMoX	dZnaNJDT	
of	 UIF	 MaUUJDF	of	TLZSNJonT
	a	 UoQoMoHJDaM	TQJn	 UFYUVSF	 Jn	an	
JUJnFSanU	DIJSaM	NaHnFU�	OVS	aDUJWJUZ	 Uo	pnd	and	VndFSTUand	
noWFM	RVanUVN	QIaTFT
	 Jn	QaSUJDVMaS	 DIaSaDUFSJ[Fd	CZ	 JUT	
UoQoMoHJDaM	naUVSF
	JT	adWanDJnH�
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'FSSoNaHnFUJD	NaUFSJaMT ʗ NaHnFUJ[aUJon	NFaTVSFNFnUT ʗ TQJn	dZnaNJDT ʗ
IJHI�fSFRVFnDZ	NaHnFUJD	SFTQonTF

⿏௒ີߴ౓࣓هؾ࿥ٕज़ͷ։ൃ
ڀݚཧݪྉͷࡐੴ࣓ٱೳӬੑߴ⿏
ಈղ໌ڍԠ౴ͷؾप೾࣓ߴ⿏
⿏௒ײߴ౓εϐϯμΠφϛΫεܭଌٕज़։ൃ
⿏৽ػߴنೳ࣓ੑࡐྉ։ൃ

⿏6MUSa�IJHI�dFnTJUZ	NaHnFUJD	SFDoSdJnH	UFDInoMoHZ
⿏MaHnFUJ[aUJon	SFWFSTaM	QSoDFTTFT	of	UIF	IJHI�QFSfoSNanDF	QFSNanFnU	NaHnFUT
⿏ )JHI	fSFRVFnDZ	TQJn	dZnaNJDT
⿏ 6MUSa�IJHI	TFnTJUJWF	TQJn	dZnaNJDT	NFaTVSFNFnUT
⿏ DFWFMoQNFnU	of	noWFM	IJHI�QFSfoSNanDF	NaHnFUJD	NaUFSJaMT

Ԭຊɹɹ૱ɹڭɹत
SaUoTIJ	O,AMOTO
	PSofFTToS

TBUPTIJ�PkBmPUP�D1!UPIPkV�BD�KQ
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/ano�sDaMe physiDaM properties oG GerromaHnetiD materiaMs anE EeveMopments oG aEvanDeE 
maHnetiD EeviDes
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ີ౓Λඈ༂తʹߴΊΒΕΔͱظ଴͞Ε͍ͯ·͢ɻ·ͨిࣗؾಈं

'FSSoNaHnFUJD	NaUFSJaMT	 aSF	XJdFMZ	 VUJMJ[Fd	
foS 	 WaS JoVT	 f JF MdT	 TVDI	 aT	 Jn foSNaU Jon	
DoNNVnJDaUJon	UFDInoMoHZ
	FMFDUSonJD	dFWJDFT
	
NoUoST
	HFnFSaUoST
	and	To	on�	TIFTF	WaSJoVT	
fVnDUJonaMJUJFT	of	NaHnFUJD	dFWJDFT	aSF	HoWFSnFd	
CZ	nano�TDaMF	TQJn	dZnaNJDT�	TIFSFfoSF
	 JU	 JT	
FTTFnUJaMMZ	 JNQoSUanU	Uo	VndFSTUand	UIF	QIZTJDT	
of	nano�TDaMF	TQJn	dZnaNJDT	and	Uo	DonUSoM	JU	foS	
UIF	adWanDFd	NaHnFUJD	dFWJDFT�	'oS	FYaNQMF
	
UIF	 SFDoSdJnH	dFnTJUZ	of	IaSd�dJTL	dSJWFT	Dan	
CF	TJHnJfJDanUMZ	 JnDSFaTFd	CZ	DonUSoMMJnH	 UIF	
TQJn	dZnaNJDT	of	NJDSoXaWF	 fSFRVFnDZ	SanHF
	
J�F�
	NJDSoXaWF�aTTJTUFd	NaHnFUJD	 SFDoSdJnH	
UFDInoMoHZ�	TIF	IJHI�QFSfoSNanDF	QFSNanFnU	
NaHnFUT
	XIJDI	aSF	 JndJTQFnTaCMF	 foS	 USaDUJon	
NoUoST	of	FMFDUSJD	WFIJDMFT
	Dan	CF	dFWFMoQFd	
CZ	DonUSoMMJnH	UIF	nano�TDaMF	TQJn	dZnaNJDT	aU	
UIF	HSaJn	TVSfaDFT�	

༺ಈͱͦͷԠڍɼαΠζʹର͢ΔεϐϯμΠφϛΫεؒ࣌ମͷੑ࣓ڧ
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OSHanJD�InoSHanJD	)ZCSJd	NanoQaSUJDMFT ʗ )ZCSJd	-JRVJd	CSZTUaMT ʗ Nano�InLT	
foS	PSJnUFd	EMFDUSonJDT ʗ PIoTQIoMJQJdT�CaTFd	ASUJpDJaM	MaUFSJaMT

⿏༗ػແػϋΠϒϦουφϊཻࢠͷσβΠϯɾ߹੒
⿏αΠζɾܗଶ੍ޚແػφϊཻࢠͷਫ਼ີӷ૬߹੒๏։୓
⿏φϊཻࢠਫ਼ີ߹੒ʹͮ͘جϓϦϯςουΤϨΫτϩχΫε͚޲φϊΠϯΫͷ։ൃ
ޚ଄੍ߏ૊৫ݾɾ߹੒ͱϚΫϩࣗܭͷઃ࣭ࢷϦϯ޻Ԡ౴ੑਓܹࢗ⿏
ΑΔ͋Βͨͳநग़ϓϩηε։ൃʹܭઃࢠೳੑΠΦϯӷମͷ෼ػ⿏

⿏DFTJHn	and	SZnUIFTJT	of	OSHanJD�InoSHanJD	)ZCSJd	NanoQaSUJDMFT
⿏ DFWFMoQNFnU	of	-JRVJd	PIaTF	PSFDJTF	SZnUIFTJT	of	InoSHanJD	NanoQaSUJDMFT	ConUSoMMFd	Jn	SJ[F	and	SIaQF
⿏ DFWFMoQNFnU	of	Nano�JnLT	CaTFd	on	PSFDJTF	SZnUIFTJT	of	InoSHanJD	NanoQaSUJDMFT	foS	PSJnUFd	EMFDUSonJDT
⿏ 	DFTJHn	and	SZnUIFTJT	of	SUJNVMJ�SFTQonTJWF	ASUJpDJaM	PIoTQIoMJQJdT	and	ConUSoM	of	UIF	MaDSo�TDaMF	SFMf�
OSHanJ[Fd	SUSVDUVSFT

⿏ DFWFMoQNFnU	of	NoWFM�UZQF	EYUSaDUJon	PSoDFTT	CZ	MoMFDVMaS�MFWFM	DFTJHn	of	TaTL�TQFDJpD	IonJD	-JRVJdT
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ΠΦͷ࿮૊ΈʹͱΒΘΕͣɺࣗ༝ͳൃ૝Ͱ͋ΒͨͳػೳੑࡐྉΛ
ઃܭɾ߹੒͍ͯ͠·͢ɻͳ͔Ͱ΋ෳ਺ͷࡐྉͷ௕ॴΛʠϋΠϒϦο
υԽʡ͢Δ͜ͱ͸ɺ௕ॴͷ୯ͳΔॏͶ߹Θͤʹཹ·Βͣɺ༧૝Λ
௒͑ͨ૬৐ػೳͷൃݱɺ͢ͳΘͪɺ͋Βͨͳػೳੑࡐྉͷൃݟʹ
Γ·͢ɻ͕ܨ
͜ͷࢥ૝ͷݩɺ͜Ε·ͰʹɺJ
	ແػφϊཻࢠ΁ͷࣗݾ૊৫ੑͷ෇
༩ʹΑΔྔޮࢠՌͷ੍ޚɺJJ
	ృΔ͜ͱͰػೳੑബບͱͳΔφϊ
ΠϯΫɺJJJ
	ՄٯతͳܹࢗԠ౴ੑΛ༗͢Δ࣭ࢷೋ෼ࢠບࡐྉ	ͳͲɺ
ʠϋΠϒϦουԽʡʹػͮ͘جೳੑࡐྉΛੈʹૹΓग़͖ͯ͠·͠
ͨɻ๛͔ͳকདྷͷͨΊɺ͜Ε͔Β΋͋Βͨͳػೳੑࡐྉͷൃݟʹ
औΓ૊Έ·͢ɻ

'VnDUJonaM	NaUFSJaMT	IaWF	MaSHF	QoUFnUJaMT	foS	oVS	TVTUaJnaCMF	
fVUVSF	 MJfF�	 'SoN	 UIJT	 WJFXQoJnU
	 dFWFMoQNFnU	 of	 noWFM	
fVnDUJonaM	NaUFSJaMT	JT	an	JndJTQFnTaCMF	UaSHFU	foS	TDJFnUJTUT	Uo	
JNQSoWF	RVaMJUJFT	of	fVUVSF	ToDJFUZ	and	MJfF�	To	daUF
	XF	IaWF	
dFTJHnFd	and	TZnUIFTJ[Fd	noWFM�UZQFT	of	fVnDUJonaM	NaUFSJaMT	
CFZond	 UIF	DonWFnUJonaM	 fSaNFXoSLT	of	oSHanJD
	 JnoSHanJD
	
and	CJoDIFNJDaM	 TZnUIFTFT�	ETQFDJaMMZ
	ʠIZCSJdJ[aUJonʡ	of	
VnJRVF	 fFaUVSFT	of	NaUFSJaMT	 JT	noU	onMZ	CFDoNF	a	TJNQMF	
UFDInJRVF	Uo	DoNCJnF	UIF	QSoQFSUJFT	CVU	aMTo	MFad	Uo	JndVDF	
noWFM�fVnDUJonT	 UISoVHI	TZnFSHJTUJD	FffFDU	of	 UIF	NaUFSJaMT�	
#aTFd	on	 UIJT	 DonDFQU
	XF	IaWF	 TVDDFTTfVMMZ	dFWFMoQFd	
IZCSJd	fVnDUJonaM	NaUFSJaMT	TVDI	aT	J
	RVanUVN	F⒎FDU�UVnaCMF	
nanoQaSUJDMFT	CZ	 UIF	DonUSoM	of	 UIF	nanoQaSUJDMF�CaTFd	TFMf�

oSHanJ[Fd	TUSVDUVSFT
	 JJ
	nanoJnLT	 Uo	oCUaJn	 fVnDUJonaM	 UIJn	
fJMNT	CZ	DoaUJnH	NFUIodT	 foS	QSJnUFd	FMFDUSonJDT
	 and	 JJJ
	
TUJNVMJ�SFTQonTJWF	aSUJpDJaM	QIoTQIoMJQJdT	foSNJnH	MaNFMMa	and	
HJanU	WFTJDMF	TUSVDUVSFT�
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/anosDaMe .aHnetism

0,A.050 -aC
φϊεέʔϧ࣓ػؾೳڀݚ෼໺

Ԭຊࣨڀݚ
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'FSSoNaHnFUJD	NaUFSJaMT ʗ NaHnFUJ[aUJon	NFaTVSFNFnUT ʗ TQJn	dZnaNJDT ʗ
IJHI�fSFRVFnDZ	NaHnFUJD	SFTQonTF

⿏௒ີߴ౓࣓هؾ࿥ٕज़ͷ։ൃ
ڀݚཧݪྉͷࡐੴ࣓ٱೳӬੑߴ⿏
ಈղ໌ڍԠ౴ͷؾप೾࣓ߴ⿏
⿏௒ײߴ౓εϐϯμΠφϛΫεܭଌٕज़։ൃ
⿏৽ػߴنೳ࣓ੑࡐྉ։ൃ

⿏6MUSa�IJHI�dFnTJUZ	NaHnFUJD	SFDoSdJnH	UFDInoMoHZ
⿏MaHnFUJ[aUJon	SFWFSTaM	QSoDFTTFT	of	UIF	IJHI�QFSfoSNanDF	QFSNanFnU	NaHnFUT
⿏ )JHI	fSFRVFnDZ	TQJn	dZnaNJDT
⿏ 6MUSa�IJHI	TFnTJUJWF	TQJn	dZnaNJDT	NFaTVSFNFnUT
⿏ DFWFMoQNFnU	of	noWFM	IJHI�QFSfoSNanDF	NaHnFUJD	NaUFSJaMT

Ԭຊɹɹ૱ɹڭɹत
SaUoTIJ	O,AMOTO
	PSofFTToS

TBUPTIJ�PkBmPUP�D1!UPIPkV�BD�KQ

٠஑ɹ৳໌ɹॿɹڭ
NoCVaLJ	,I,6C)I
	ATTJTUanU	PSofFTToS

φϊεέʔϧͰͷੑ࣓ڧମͷػೳղ໌ͱੑߴೳ࣓ؾσόΠεͷ૑ग़

/ano�sDaMe physiDaM properties oG GerromaHnetiD materiaMs anE EeveMopments oG aEvanDeE 
maHnetiD EeviDes
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ɹੑ࣓ڧମ͸৘ใ௨৴ɺిࢠ෦඼ɺϞʔλʔɺൃిػͳͲɺࣾձ
ͷࢸΔͱ͜ΖͰ׆͘޿༻͞Ε͍ͯ·͢ɻ͜ΕΒ༷ʑͳ࣓ؾσόΠ
εͷଟ༷ͳػೳੑ͸ɺ͢΂ͯφϊεέʔϧͰͷεϐϯͷৼ෣͍ʹ
ΑΓൃ͢ݱΔ΋ͷͰ͢ɻͭ·ΓɺφϊεέʔϧͰͷ࣓ػؾೳղ໌
ͱޚ੍ߴԽ͕࣓ؾσόΠεͷੑߴೳԽͷݤͱͳΓ·͢ɻྫ͑͹ɺ
ϚΠΫϩ೾प೾਺ྖҬͷεϐϯͷৼ෣͍Λ੍͢ޚΔه࿥ٕज़ 	Ϛ
ΠΫϩ೾Ξγετ࣓هؾ࿥ํࣜ 
ʹΑΓɺϋʔυσΟεΫͷه࿥
ີ౓Λඈ༂తʹߴΊΒΕΔͱظ଴͞Ε͍ͯ·͢ɻ·ͨిࣗؾಈं

'FSSoNaHnFUJD	NaUFSJaMT	 aSF	XJdFMZ	 VUJMJ[Fd	
foS 	 WaS JoVT	 f JF MdT	 TVDI	 aT	 Jn foSNaU Jon	
DoNNVnJDaUJon	UFDInoMoHZ
	FMFDUSonJD	dFWJDFT
	
NoUoST
	HFnFSaUoST
	and	To	on�	TIFTF	WaSJoVT	
fVnDUJonaMJUJFT	of	NaHnFUJD	dFWJDFT	aSF	HoWFSnFd	
CZ	nano�TDaMF	TQJn	dZnaNJDT�	TIFSFfoSF
	 JU	 JT	
FTTFnUJaMMZ	 JNQoSUanU	Uo	VndFSTUand	UIF	QIZTJDT	
of	nano�TDaMF	TQJn	dZnaNJDT	and	Uo	DonUSoM	JU	foS	
UIF	adWanDFd	NaHnFUJD	dFWJDFT�	'oS	FYaNQMF
	
UIF	 SFDoSdJnH	dFnTJUZ	of	IaSd�dJTL	dSJWFT	Dan	
CF	TJHnJfJDanUMZ	 JnDSFaTFd	CZ	DonUSoMMJnH	 UIF	
TQJn	dZnaNJDT	of	NJDSoXaWF	 fSFRVFnDZ	SanHF
	
J�F�
	NJDSoXaWF�aTTJTUFd	NaHnFUJD	 SFDoSdJnH	
UFDInoMoHZ�	TIF	IJHI�QFSfoSNanDF	QFSNanFnU	
NaHnFUT
	XIJDI	aSF	 JndJTQFnTaCMF	 foS	 USaDUJon	
NoUoST	of	FMFDUSJD	WFIJDMFT
	Dan	CF	dFWFMoQFd	
CZ	DonUSoMMJnH	UIF	nano�TDaMF	TQJn	dZnaNJDT	aU	
UIF	HSaJn	TVSfaDFT�	

༺ಈͱͦͷԠڍɼαΠζʹର͢ΔεϐϯμΠφϛΫεؒ࣌ମͷੑ࣓ڧ

ͷੑߴೳϞʔλʔʹෆՄܽͳӬ࣓ٱੴࡐྉʹ͓͍ͯ΋ɺφϊε
έʔϧͰͷཻࢠද໘ͷ࣓Խঢ়ଶ͕ϚΫϩͳӬ࣓ٱੴಛੑΛܾఆ෇
͚͓ͯΓɺੑߴೳԽΛ࣮͢ݱΔͨΊͷද໘࣓Խঢ়ଶͷ੍ޚख๏ʹ
෼໺Ͱ͸ɺ͜ͷφϊεέʔϧڀݚΛਐΊ͍ͯ·͢ɻ౰ڀݚ͍ͯͭ
ʹ͓͚Δ࣓ػؾೳղ໌ͱͦͷ੍ޚʹ࣠଍Λஔ͖ɺੈ࣍୅ੑߴೳ࣓
ɻ͢·͍ͯ͠ࢦσόΠεͷ૑ग़Λ໨ؾ
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OSHanJD�InoSHanJD	)ZCSJd	NanoQaSUJDMFT ʗ )ZCSJd	-JRVJd	CSZTUaMT ʗ Nano�InLT	
foS	PSJnUFd	EMFDUSonJDT ʗ PIoTQIoMJQJdT�CaTFd	ASUJpDJaM	MaUFSJaMT

⿏༗ػແػϋΠϒϦουφϊཻࢠͷσβΠϯɾ߹੒
⿏αΠζɾܗଶ੍ޚແػφϊཻࢠͷਫ਼ີӷ૬߹੒๏։୓
⿏φϊཻࢠਫ਼ີ߹੒ʹͮ͘جϓϦϯςουΤϨΫτϩχΫε͚޲φϊΠϯΫͷ։ൃ
ޚ଄੍ߏ૊৫ݾɾ߹੒ͱϚΫϩࣗܭͷઃ࣭ࢷϦϯ޻Ԡ౴ੑਓܹࢗ⿏
ΑΔ͋Βͨͳநग़ϓϩηε։ൃʹܭઃࢠೳੑΠΦϯӷମͷ෼ػ⿏

⿏DFTJHn	and	SZnUIFTJT	of	OSHanJD�InoSHanJD	)ZCSJd	NanoQaSUJDMFT
⿏ DFWFMoQNFnU	of	-JRVJd	PIaTF	PSFDJTF	SZnUIFTJT	of	InoSHanJD	NanoQaSUJDMFT	ConUSoMMFd	Jn	SJ[F	and	SIaQF
⿏ DFWFMoQNFnU	of	Nano�JnLT	CaTFd	on	PSFDJTF	SZnUIFTJT	of	InoSHanJD	NanoQaSUJDMFT	foS	PSJnUFd	EMFDUSonJDT
⿏ 	DFTJHn	and	SZnUIFTJT	of	SUJNVMJ�SFTQonTJWF	ASUJpDJaM	PIoTQIoMJQJdT	and	ConUSoM	of	UIF	MaDSo�TDaMF	SFMf�
OSHanJ[Fd	SUSVDUVSFT

⿏ DFWFMoQNFnU	of	NoWFM�UZQF	EYUSaDUJon	PSoDFTT	CZ	MoMFDVMaS�MFWFM	DFTJHn	of	TaTL�TQFDJpD	IonJD	-JRVJdT

ֈߐɹ੅ࢤɹڭɹत
,JZoTIJ	,ANIE
	PSofFTToS

kBOJF!UPIPkV�BD�KQ

দݪɹਖ਼थɹߨɹࢣ
MaTaLJ	MATS6#A3A
	SFnJoS	ATTJTUanU	PSofFTToS

༗ػɾແػɾόΠΦʹΘͨΔ
ଟݩਫ਼ີ߹੒ʹػͮ͘جೳੑࡐྉ

'unDtionaM .ateriaMs CaseE on .uMtiEisDipMinary 
1reDise 4ynthesis "Dross 0rHaniD
 
*norHaniD
 anE #io

ɹػೳੑࡐྉ͸ɺͪͨࢲͷ๛͔ͳੜ׆Λ͑ࢧΔԑͷԼͷྗͪ࣋Ͱ
͢ɻͦΕނɺ͋Βͨͳػೳੑࡐྉͷ։ൃ͸ɺະདྷΛΑΓ๛͔ͳ΋
ͷͱ͢Δ্Ͱͱͯ΋େ੾Ͱ͢ɻͪͨࢲ͸ɺैདྷͷ༗ػɾແػɾό
ΠΦͷ࿮૊ΈʹͱΒΘΕͣɺࣗ༝ͳൃ૝Ͱ͋ΒͨͳػೳੑࡐྉΛ
ઃܭɾ߹੒͍ͯ͠·͢ɻͳ͔Ͱ΋ෳ਺ͷࡐྉͷ௕ॴΛʠϋΠϒϦο
υԽʡ͢Δ͜ͱ͸ɺ௕ॴͷ୯ͳΔॏͶ߹Θͤʹཹ·Βͣɺ༧૝Λ
௒͑ͨ૬৐ػೳͷൃݱɺ͢ͳΘͪɺ͋Βͨͳػೳੑࡐྉͷൃݟʹ
Γ·͢ɻ͕ܨ
͜ͷࢥ૝ͷݩɺ͜Ε·ͰʹɺJ
	ແػφϊཻࢠ΁ͷࣗݾ૊৫ੑͷ෇
༩ʹΑΔྔޮࢠՌͷ੍ޚɺJJ
	ృΔ͜ͱͰػೳੑബບͱͳΔφϊ
ΠϯΫɺJJJ
	ՄٯతͳܹࢗԠ౴ੑΛ༗͢Δ࣭ࢷೋ෼ࢠບࡐྉ	ͳͲɺ
ʠϋΠϒϦουԽʡʹػͮ͘جೳੑࡐྉΛੈʹૹΓग़͖ͯ͠·͠
ͨɻ๛͔ͳকདྷͷͨΊɺ͜Ε͔Β΋͋Βͨͳػೳੑࡐྉͷൃݟʹ
औΓ૊Έ·͢ɻ

'VnDUJonaM	NaUFSJaMT	IaWF	MaSHF	QoUFnUJaMT	foS	oVS	TVTUaJnaCMF	
fVUVSF	 MJfF�	 'SoN	 UIJT	 WJFXQoJnU
	 dFWFMoQNFnU	 of	 noWFM	
fVnDUJonaM	NaUFSJaMT	JT	an	JndJTQFnTaCMF	UaSHFU	foS	TDJFnUJTUT	Uo	
JNQSoWF	RVaMJUJFT	of	fVUVSF	ToDJFUZ	and	MJfF�	To	daUF
	XF	IaWF	
dFTJHnFd	and	TZnUIFTJ[Fd	noWFM�UZQFT	of	fVnDUJonaM	NaUFSJaMT	
CFZond	 UIF	DonWFnUJonaM	 fSaNFXoSLT	of	oSHanJD
	 JnoSHanJD
	
and	CJoDIFNJDaM	 TZnUIFTFT�	ETQFDJaMMZ
	ʠIZCSJdJ[aUJonʡ	of	
VnJRVF	 fFaUVSFT	of	NaUFSJaMT	 JT	noU	onMZ	CFDoNF	a	TJNQMF	
UFDInJRVF	Uo	DoNCJnF	UIF	QSoQFSUJFT	CVU	aMTo	MFad	Uo	JndVDF	
noWFM�fVnDUJonT	 UISoVHI	TZnFSHJTUJD	FffFDU	of	 UIF	NaUFSJaMT�	
#aTFd	on	 UIJT	 DonDFQU
	XF	IaWF	 TVDDFTTfVMMZ	dFWFMoQFd	
IZCSJd	fVnDUJonaM	NaUFSJaMT	TVDI	aT	J
	RVanUVN	F⒎FDU�UVnaCMF	
nanoQaSUJDMFT	CZ	 UIF	DonUSoM	of	 UIF	nanoQaSUJDMF�CaTFd	TFMf�

oSHanJ[Fd	TUSVDUVSFT
	 JJ
	nanoJnLT	 Uo	oCUaJn	 fVnDUJonaM	 UIJn	
fJMNT	CZ	DoaUJnH	NFUIodT	 foS	QSJnUFd	FMFDUSonJDT
	 and	 JJJ
	
TUJNVMJ�SFTQonTJWF	aSUJpDJaM	QIoTQIoMJQJdT	foSNJnH	MaNFMMa	and	
HJanU	WFTJDMF	TUSVDUVSFT�
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4oMiE 4urGaDe 1hysiDs
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TVSfaDF	TUSVDUVSF ʗ TVSfaDF	dZnaNJDT ʗ FMFDUSon	dJ⒎SaDUJon ʗ nano	TVSfaDF	
anaMZTJT

⿏৽͍͠ද໘ߏ଄ղੳ๏ͷ։ൃ
⿏ද໘ߏ଄μΠφϛΫεͷڀݚ
ڀݚ૚෺࣭ͷ੒௕ͱ෺ੑࢠݪݩ࣍̎⿏
⿏ϚΠΫϩ �φϊߏ଄ͷද໘

⿏DFWFMoQNFnU	of	noWFM	UFDInJRVFT	foS	TVSfaDF	TUSVDUVSF	anaMZTJT
⿏ SUVdZ	of	TVSfaDF	TUSVDUVSF	dZnaNJDT
⿏ (SoXUI	and	DIaSaDUFSJ[aUJon	of	�D	aUoNJD	MaZFS	NaUFSJaMT
⿏ SVSfaDF	anaMZTJT	of	NJDSo�nano�TUSVDUVSFT

Ѿ઒ɹ࢘ڡɹڭɹत
TadaTIJ	A#6,A8A
	PSofFTToS

BCVkBXB!UPIPkV�BD�KQ

খ઒ɹमҰɹॿɹڭ
SIVJDIJ	O(A8A
	ATTJTUanU	PSofFTToS

ೳͷ૑੒ػମද໘ͱք໘ͷཧղͱݻϨϕϧͰͷࢠݪ

"tomiD�MeveM DharaDteri[ation oG soMiE surGaDes anE interGaDes Gor neX surGaDe GunDtions�
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ɹຊڀݚ෼໺Ͱ͸ɺ༷ʑͳػೳΛͨͬ࣋ද໘ɾք໘ͷ૑੒Λ໨ࢦ
ͯ͠ɺද໘ɾք໘ΛࢠݪϨϕϧͰཧղ͢ΔڀݚΛ͍ͯͬߦ·͢ɻ
ɹ͜Ε·Ͱʹɺද໘ͷࢠݪ഑ྻΛ Խ͢ΔͨΊʹɺࢹతʹՄݩ࣍�
ৼಈ૬ؔ೤ࢄອࢄཚ๏ɺϫΠθϯϕϧά൓ࣹߴ଎ిࢠճં๏Λ։
ൃ͠·ͨ͠ɻಠࣗ։ൃͷϫΠθϯϕϧά൓ࣹߴ଎ిࢠճં๏Ͱ͸ɺ
଄ղੳʹඞཁͳେྔͷσʔλΛɺΘ͔ͣ਺ߏతͳද໘ݩ࣍� ��	
෼ͰଌఆͰ͖Δ༏Εͨख๏Ͱ͢ɻ·ͨɺ൓ԠμΠφϛΫε΍ߏ଄
૬సҠμΠφϛΫεΛ͢ڀݚΔͨΊʹɺετϦʔΫΧϝϥిࢠճ
ં๏ͱ͍͏ද໘ࢠݪͷߴ଎ͳಈ͖Λଊ͑Δ৽͍͠ख๏Λ։ൃ͠·
ͨ͠ɻαϒφϊඵ͔Β਺ϛϦඵͱ͍͏෯ྖ͍ؒ࣌޿ҬͰɺද໘্
ͷࢠݪͷಈ͖Λଊ͑Δ͜ͱ͕Ͱ͖·͢ɻ
ɹෆۉҰͳ෺࣭ද໘ΛφϊϨϕϧͰܭଌ͢ΔͨΊʹޫిݦࢠඍ
๏ڸ 	PEEM
 ͱ૸ࠪిݦࢠඍڸ๏ 	SEM
 Λ࢖༻͍ͯ͠·͢ɻ
PEEMͰ͸ɺ̎ࢠݪݩ࣍૚෺࣭ͷ੒௕ϓϩηε΍Խֶ൓Ԡϓϩ
ηεͷ؍ଌΛߦͳ͍ͬͯ·͢ɻ

8F	JnWFTUJHaUF	ToMJd	TVSfaDFT	and	 JnUFSfaDFT	aU	aUoNJD	 MFWFM	
Jn	 oSdFS	 Uo	 DSFaUF	 TVSfaDFT	 and	 JnUFSfaDFT	XJUI	 WaSJoVT	
fVnDUJonT�	8F	IaWF	dFWFMoQFd	TFWFSaM	oSJHJnaM	 UFDInJRVFT	
foS	 TVSfaDF	anaMZTJT
	 TVDI	aT	DoSSFMaUFd	 UIFSNaM	dJffVTFd	
TDaUUFSJnH	 	CTDS
	and	8FJTTFnCFSH	 SFfMFDUJon	IJHI	FnFSHZ	
FMFDUSon	dJffSaDUJon	 	83)EED
�	 In	oSdFS	 Uo	TUVdZ	 SFaDUJon	
and	 QIaTF	 USanTJUJon	 dZnaNJDT
	 XF	 IaWF	 dFWFMoQFd	 a	
nFX	NFUIod	DaMMFd	 TUSFaL	DaNFSa	 SFfMFDUJon	IJHI	FnFSHZ	
FMFDUSon	dJ⒎SaDUJon		SC�3)EED

	XIJDI	DaQUVSFT	IJHI�TQFFd	
NoWFNFnU	 of	 TVSfaDF	 aUoNT�	PIoUoFMFDUSon	NJDSoTDoQZ	
	PEEM
	and	TDannJnH	FMFDUSon	NJDSoTDoQZ		SEM
	aSF	aMTo	
VTFd	Uo	NFaTVSF	non�VnJfoSN	NaUFSJaM	TVSfaDFT	aU	UIF	nano	
MFWFM�
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⿏௿Թഇ೤Ͱۦಈ͢Δֵ৽తԽֶϓϩηεϚΠΫϩ �φϊߏ଄ͷද໘

⿏PSoDFTT	JnUFnTJpDaUJon	foS	NaUFSJaMT	TZnUIFTJT	Jn	TVQFSDSJUJDaM	XaUFS
⿏ SZnUIFTJT	of	oSHanJD	JnoSHanJD	IZCSJd	nanoNaUFSJaMT	VndFS	TVQFSDSJUJDaM	DondJUJonT
⿏ TIFSNodZnaNJDT	of	nanoNaUFSJaMT
⿏ 'aCSJDaUJon	of	noWFM	DoNQoTJUF		QoMZNFS�IZCSJd	nanoNaUFSJaMT

⿏ InnoWaUJWF	DIFNJDaM	QSoDFTTFT	foS	VUJMJ[aUJon	of	MoX�UFNQFSaUVSF	XaTUF	IFaU

Ѩ৲ɹխจɹڭɹत
TadafVNJ	ADSC)I3I
	PSofFTToS
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ɹ௒ྟքঢ়ଶͰ͸ਫͱ༗ػ෺͕ۉҰʹࠞ͡Γ߹͏͜ͱ͕Ͱ
͖·͢ɻ͜ͷ௒ྟքਫͷಛ௃Λར༻͢Δͱɺද໘͕༗ػम
০͞ΕͨۚଐࢎԽ෺ཻࢠΛ߹੒Ͱ͖·͢ɻࡏݱɺͦͷ߹੒
ԽʹऔΓ૊ΜͰ͍·͢ɻޚ౓੍ߴͷղ໌ͱϓϩηεͷߏػ
༗ػम০͞ΕͨۚଐࢎԽ෺ཻࢠʮ༗ػɾແػϋΠϒϦου
φϊཻࢠʯ͸ɺ༗༹ػഔʹ͍ߴ਌࿨ੑΛ΋ͭͨΊɺ௒ߴೱ
౓෼͕ࢄՄೳʹͳΓ·͢ɻηϥϛΫε࣭ྔ෼཰̔̌ˋҎ্
Ͱ΋ྲྀಈ͢ΔϑϧΠσΟοΫηϥϛΫε΋ͦͷҰͭͰ͢ɻ
෼ࢠͷΑ͏ʹ;Δ·͏φϊཻࢠΛѻ͏ͨΊͷʮ৽Պֶʯͷ
૑੡ʹ௅ઓ͍ͯ͠·͢ɻ·ͨ༗ػम০Ͱφϊཻࢠͷ੒௕ํ
φϊ৮ഔੑ׆ߴ໘ͷΈ͕࿐ग़ͨ͠௒ੑ׆Δͱɺ͢ޚΛ੍޲
Λ߹੒͢Δ͜ͱ͕Ͱ͖·͢ɻ͜ͷφϊ৮ഔ͸௿ԹͰ΋ඇৗ
ͰෆՄೳ·ࠓɺͯͬ࢖Λࣔ͢͜ͱ͔Βɺ͜ΕΛੑ׆͍ߴʹ
ͱ͞Ε͖ͯͨ௿Թഇ೤ͷߴΤωϧΪʔม׵ʢΤΫηϧΪʔ
ʣϓϩηεΛ։ൃ͍ͯ͠·͢ɻ࢈ੜ࠶

SVQFSDSJUJDaM	XaUFS	 JT	NJTDJCMF	XJUI	oSHanJD	NaUFSJaMT�	
6TJnH	UIJT	fFaUVSF
	UIF	oSHanJDaMMZ�NodJpFd	NFUaM�oYJdF	
nanoQaSUJDMFT	Dan	CF	TZnUIFTJ[Fd�	OSHanJDaMMZ�NodJpFd	
nanoQaSUJDMFT	�oSHanJD�JnoSHanJD	IZCSJd	nanoNaUFSJaMT�	
Dan	 CF	 dJTQFSTFd	 Jn	 oSHanJD	 ToMWFnUT	 aU	 WFSZ	 IJHI	
DonDFnUSaUJon�	8F	aJN	 Uo	FTUaCMJTI	noWFM	 fVndaNFnUaM	
of	NaUFSJaM�QSoDFTT	dFTJHn	 foS	 TVDI	nanoNaUFSJaMT
	
XIJDI	 CFIaWF	 MJLF	 �NoMFDVMFT��	 In	 addJUJon
	 VTJnH	
nanoDaUaMZTU	TZnUIFTJ[Fd	CZ	TVQFSDSJUJDaM	XaUFS
	XF	aSF	
dFWFMoQJnH	JnnoWaUJWF	DIFNJDaM	QSoDFTTFT	foS	VUJMJ[aUJon	
of	MoX�UFNQFSaUVSF	XaTUF	IFaU�
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TVSfaDF	TUSVDUVSF ʗ TVSfaDF	dZnaNJDT ʗ FMFDUSon	dJ⒎SaDUJon ʗ nano	TVSfaDF	
anaMZTJT

⿏৽͍͠ද໘ߏ଄ղੳ๏ͷ։ൃ
⿏ද໘ߏ଄μΠφϛΫεͷڀݚ
ڀݚ૚෺࣭ͷ੒௕ͱ෺ੑࢠݪݩ࣍̎⿏
⿏ϚΠΫϩ �φϊߏ଄ͷද໘

⿏DFWFMoQNFnU	of	noWFM	UFDInJRVFT	foS	TVSfaDF	TUSVDUVSF	anaMZTJT
⿏ SUVdZ	of	TVSfaDF	TUSVDUVSF	dZnaNJDT
⿏ (SoXUI	and	DIaSaDUFSJ[aUJon	of	�D	aUoNJD	MaZFS	NaUFSJaMT
⿏ SVSfaDF	anaMZTJT	of	NJDSo�nano�TUSVDUVSFT
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ɹຊڀݚ෼໺Ͱ͸ɺ༷ʑͳػೳΛͨͬ࣋ද໘ɾք໘ͷ૑੒Λ໨ࢦ
ͯ͠ɺද໘ɾք໘ΛࢠݪϨϕϧͰཧղ͢ΔڀݚΛ͍ͯͬߦ·͢ɻ
ɹ͜Ε·Ͱʹɺද໘ͷࢠݪ഑ྻΛ Խ͢ΔͨΊʹɺࢹతʹՄݩ࣍�
ৼಈ૬ؔ೤ࢄອࢄཚ๏ɺϫΠθϯϕϧά൓ࣹߴ଎ిࢠճં๏Λ։
ൃ͠·ͨ͠ɻಠࣗ։ൃͷϫΠθϯϕϧά൓ࣹߴ଎ిࢠճં๏Ͱ͸ɺ
଄ղੳʹඞཁͳେྔͷσʔλΛɺΘ͔ͣ਺ߏతͳද໘ݩ࣍� ��	
෼ͰଌఆͰ͖Δ༏Εͨख๏Ͱ͢ɻ·ͨɺ൓ԠμΠφϛΫε΍ߏ଄
૬సҠμΠφϛΫεΛ͢ڀݚΔͨΊʹɺετϦʔΫΧϝϥిࢠճ
ં๏ͱ͍͏ද໘ࢠݪͷߴ଎ͳಈ͖Λଊ͑Δ৽͍͠ख๏Λ։ൃ͠·
ͨ͠ɻαϒφϊඵ͔Β਺ϛϦඵͱ͍͏෯ྖ͍ؒ࣌޿ҬͰɺද໘্
ͷࢠݪͷಈ͖Λଊ͑Δ͜ͱ͕Ͱ͖·͢ɻ
ɹෆۉҰͳ෺࣭ද໘ΛφϊϨϕϧͰܭଌ͢ΔͨΊʹޫిݦࢠඍ
๏ڸ 	PEEM
 ͱ૸ࠪిݦࢠඍڸ๏ 	SEM
 Λ࢖༻͍ͯ͠·͢ɻ
PEEMͰ͸ɺ̎ࢠݪݩ࣍૚෺࣭ͷ੒௕ϓϩηε΍Խֶ൓Ԡϓϩ
ηεͷ؍ଌΛߦͳ͍ͬͯ·͢ɻ

8F	JnWFTUJHaUF	ToMJd	TVSfaDFT	and	 JnUFSfaDFT	aU	aUoNJD	 MFWFM	
Jn	 oSdFS	 Uo	 DSFaUF	 TVSfaDFT	 and	 JnUFSfaDFT	XJUI	 WaSJoVT	
fVnDUJonT�	8F	IaWF	dFWFMoQFd	TFWFSaM	oSJHJnaM	 UFDInJRVFT	
foS	 TVSfaDF	anaMZTJT
	 TVDI	aT	DoSSFMaUFd	 UIFSNaM	dJffVTFd	
TDaUUFSJnH	 	CTDS
	and	8FJTTFnCFSH	 SFfMFDUJon	IJHI	FnFSHZ	
FMFDUSon	dJffSaDUJon	 	83)EED
�	 In	oSdFS	 Uo	TUVdZ	 SFaDUJon	
and	 QIaTF	 USanTJUJon	 dZnaNJDT
	 XF	 IaWF	 dFWFMoQFd	 a	
nFX	NFUIod	DaMMFd	 TUSFaL	DaNFSa	 SFfMFDUJon	IJHI	FnFSHZ	
FMFDUSon	dJ⒎SaDUJon		SC�3)EED

	XIJDI	DaQUVSFT	IJHI�TQFFd	
NoWFNFnU	 of	 TVSfaDF	 aUoNT�	PIoUoFMFDUSon	NJDSoTDoQZ	
	PEEM
	and	TDannJnH	FMFDUSon	NJDSoTDoQZ		SEM
	aSF	aMTo	
VTFd	Uo	NFaTVSF	non�VnJfoSN	NaUFSJaM	TVSfaDFT	aU	UIF	nano	
MFWFM�
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⿏௿Թഇ೤Ͱۦಈ͢Δֵ৽తԽֶϓϩηεϚΠΫϩ �φϊߏ଄ͷද໘

⿏PSoDFTT	JnUFnTJpDaUJon	foS	NaUFSJaMT	TZnUIFTJT	Jn	TVQFSDSJUJDaM	XaUFS
⿏ SZnUIFTJT	of	oSHanJD	JnoSHanJD	IZCSJd	nanoNaUFSJaMT	VndFS	TVQFSDSJUJDaM	DondJUJonT
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6TJnH	UIJT	fFaUVSF
	UIF	oSHanJDaMMZ�NodJpFd	NFUaM�oYJdF	
nanoQaSUJDMFT	Dan	CF	TZnUIFTJ[Fd�	OSHanJDaMMZ�NodJpFd	
nanoQaSUJDMFT	�oSHanJD�JnoSHanJD	IZCSJd	nanoNaUFSJaMT�	
Dan	 CF	 dJTQFSTFd	 Jn	 oSHanJD	 ToMWFnUT	 aU	 WFSZ	 IJHI	
DonDFnUSaUJon�	8F	aJN	 Uo	FTUaCMJTI	noWFM	 fVndaNFnUaM	
of	NaUFSJaM�QSoDFTT	dFTJHn	 foS	 TVDI	nanoNaUFSJaMT
	
XIJDI	 CFIaWF	 MJLF	 �NoMFDVMFT��	 In	 addJUJon
	 VTJnH	
nanoDaUaMZTU	TZnUIFTJ[Fd	CZ	TVQFSDSJUJDaM	XaUFS
	XF	aSF	
dFWFMoQJnH	JnnoWaUJWF	DIFNJDaM	QSoDFTTFT	foS	VUJMJ[aUJon	
of	MoX�UFNQFSaUVSF	XaTUF	IFaU�
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8F	aSF	 JnUFnUJonaMMZ	and	 JnUFnTJWFMZ	 USZJnH	Uo	NaLF	UIF	CFTU	
VTF	of	UIF	FYDFMMFnU	QSoQFSUJFT	of	MaTFST	foS	UIF	adWanDFNFnU	
of	 NaUFSJaM	 TDJFnDF�	 TIF	 TUaUF�of	 UIF�aSU	 QIoUonJDT	
UFDInoMoHJFT	aSF	oVS	VTFfVM	and	FTTFnUJaM	 UooMT�	AU	QSFTFnU
	
XF	aSF	FTQFDJaMMZ	 JnUFSFTUFd	 Jn	 UIF	 foMMoXJnH	
UoX	UoQJDT�	TIF	pSTU	JT	UIF	TZnUIFTJT	of	TJnHMF	
nano�QaSUJDMFT	of	dJaNond�MJLF�DaSCon	and	
noCMF	NFUaMT	CZ	VTJnH	an	JnUFnTF	oQUJDaM	pFMd
	
XIJDI	 JT	HFnFSaUFd	CZ	 UJHIUMZ	 foDVTFd	 fFNUo�
TFDond	 MaTFS	 QVMTFT	 Jn	 MJRVJd	 and	 Dan	 CF	
SFHaSdFd	aT	a	noWFM	non�FRVJMJCSJVN
	non�
MJnFaS	and	VMUSafaTU	QSoDFTT�	TIF	nFYU	 JT	 UIF	
JnWFTUJHaUJon	of	 WFDUoS	 CFaNT
	XIJDI	IaWF	
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TIF	7FDUoS	#FaN	VndFS	TUVdZ	TIoXT	a	TZnFHFUJD	aToFDU	of	QoMaSJ[aUJon
	QIaTF	and	QaUUFSn	of	a	MJHIU	
CFaN�

JnIFSFnU	WFDUoSJaM	DIaSaDUFSJTUJDT	of	FMFDUSoNaHnFUJD	XaWF
	
foDVTJnH	on	JUT	QIZTJDT
	UIF	dFWFMoQNFnU	of	CFaN	HFnFSaUJon
	
UIF	 JNQSoWFNFnU	of	CFaN	RVaMJUZ
	and	aQQMJDaUJonT	TVDI	aT	
MaTFS	QSoDFTTJnH	and	TVQFS�SFToMVUJon	NJDSoTDoQZ�
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UFDInoMoHJFT	aSF	oVS	VTFfVM	and	FTTFnUJaM	 UooMT�	AU	QSFTFnU
	
XF	aSF	FTQFDJaMMZ	 JnUFSFTUFd	 Jn	 UIF	 foMMoXJnH	
UoX	UoQJDT�	TIF	pSTU	JT	UIF	TZnUIFTJT	of	TJnHMF	
nano�QaSUJDMFT	of	dJaNond�MJLF�DaSCon	and	
noCMF	NFUaMT	CZ	VTJnH	an	JnUFnTF	oQUJDaM	pFMd
	
XIJDI	 JT	HFnFSaUFd	CZ	 UJHIUMZ	 foDVTFd	 fFNUo�
TFDond	 MaTFS	 QVMTFT	 Jn	 MJRVJd	 and	 Dan	 CF	
SFHaSdFd	aT	a	noWFM	non�FRVJMJCSJVN
	non�
MJnFaS	and	VMUSafaTU	QSoDFTT�	TIF	nFYU	 JT	 UIF	
JnWFTUJHaUJon	of	 WFDUoS	 CFaNT
	XIJDI	IaWF	

ۚͱۜͷ߹ۚφϊඍཻࢠͷ෼ࢄӷɻ͔ࠨΒӈʹ͔͚ͯۚͷׂ߹͕૿͍͑ͯΔɻ
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෺ཧతͳੑ࣭Λ୳Δͱͱ΋ʹɺϏʔϜൃੜ๏ͷ։ൃͱϏʔϜ඼࣭
ͷվળʹऔΓ૊Έͳ͕ΒɺϨʔβʔՃ޻΍௒ղ૾ݦඍڸͳͲ΁ͷ
Ԡ༻ڀݚΛ૯߹తʹਐΊ͍ͯ·͢ɻ

TIF	7FDUoS	#FaN	VndFS	TUVdZ	TIoXT	a	TZnFHFUJD	aToFDU	of	QoMaSJ[aUJon
	QIaTF	and	QaUUFSn	of	a	MJHIU	
CFaN�

JnIFSFnU	WFDUoSJaM	DIaSaDUFSJTUJDT	of	FMFDUSoNaHnFUJD	XaWF
	
foDVTJnH	on	JUT	QIZTJDT
	UIF	dFWFMoQNFnU	of	CFaN	HFnFSaUJon
	
UIF	 JNQSoWFNFnU	of	CFaN	RVaMJUZ
	and	aQQMJDaUJonT	TVDI	aT	
MaTFS	QSoDFTTJnH	and	TVQFS�SFToMVUJon	NJDSoTDoQZ�
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⿏ INQSoWFNFnU	of	QFSfoSNanDF	and	SFMJaCJMJUZ	of	fVFM	DFMMT	and	SF	DIaSHFaCMF	CaUUFSJFT
⿏ 	DFWFMoQNFnU	of	adWanDFd	oQFSando	anaMZUJDaM	UFDInJRVFT	foS	FMFDUSoDIFNJDaM	FnFSHZ	DonWFSTJon	
dFWJDFT�

⿏ #aTJD	SFTFaSDI	on	FMFDUSoDIFNJDaM	QIFnoNFna	aU	IFUFSo�JnUFSfaDFT
⿏ DFTJHn	and	TZnUIFTJT	of	noWFM	ToMJd	TUaUF	JonJD	DondVDUoST
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SDJFnUJTUT	 and	 FnHJnFFST	 Jn	 UIF	 ��TU	 DFnUVSZ	 IaWF	 a	
HSFaU	 SFTQonTJCJMJUZ	 Uo	 ToMWF	 FnWJSonNFnUaM	 and	 FnFSHZ	
QSoCMFNT	foS	aDIJFWJnH	a	TVTUaJnaCMF	ToDJFUZ�	OVS	MaCoSaUoSZ	
DonUSJCVUFT	 Uo	ToMWF	aCoWF�NFnUJonFd	QSoCMFNT	 UISoVHIoVU	
fVndaNFnUaM	and	aQQMJDaUJon	 SFTFaSDIFT	on	FnWJSonNFnUaM�
fSJFndMZ	FnFSHZ�DonWFSTJon	dFWJDFT
	TVDI	aT	 fVFM	DFMMT	and	
SFDIaSHFaCMF	 CaUUFSJFT�	 In	 QaSUJDVMaS
	 foDVTJnH	on	 ToMJd�
TUaUF	 Jon�DondVDUJnH	NaUFSJaMT
	 XF	 aSF	 DIaMMFnHJnH	 Uo	
FTUaCMJTI	an	aDadFNJD	dJTDJQMJnF	on	ʠToMJd�TUaUF	 JonJDTʡ
	
and	aQQMZJnH	UIJT	Uo	dFWFMoQ	noWFM	NaUFSJaMT	and	Uo	JNQSoWF	
QFSfoSNanDF�SFMJaCJMJUZ	of	UIF	FnFSHZ	DonWFSTJon	dFWJDFT�	8F	
aSF	aMTo	XoSLJnH	foS	UIF	dFWFMoQNFnU	of	adWanDFd	oQFSando	
anaMZUJDaM	UFDInJRVFT	foS	ToMJd�TUaUF	JonJD	dFWJDFT�
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QSoDFTT	TJNVMaUJon ʗ USanTQoSU	QIFnoNFna ʗ NVMUJQIaTF	qoX ʗ UIFSNaM	
FnHJnFFSJnH

⿏ૉࡐ੡଄ϓϩηεͷଟ૬൓ԠγϛϡϨʔλ։ൃ
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⿏3FaDUJon	QSoDFTT	TJNVMaUoS	foS	NaUFSJaM	QSodVDUJon
⿏ DFWFMoQNFnU	of	FnFSHZ	SFDoWFSZ
	DonWFSTJon	and	TUoSaHF
⿏ #oVndaSZ	MaZFS	DonUSoM	Uo	JNQSoWF	SFaDUJon	and	USanTQoSU	QSoDFTTFT
⿏ (FoNFUSJDaM�ToQoMoHJDaM	anaMZTJT	of	CFIaWJoS	of	dJTQFSTFd	QIaTF	Jn	QaDLFd	CFd
⿏ EYQMoSaUJon	of	foSNaUJon	NFDIanJTN	of	JnUFSfaDJaM	qVDUVaUJon	TUSVDUVSF	of	QIaTF	DIanHF	NFMUT
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４． 説明図等画像�
 

 
 
不混和二融体の分離過程 
 
 

 

Temperature evolution in non-uniform packed bed.  
 
  

 
４． 説明図等画像�
 

 
 
不混和二融体の分離過程 
 
 

 

Temperature evolution in non-uniform packed bed.  
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ԽΛ͍ߦɺ͜ΕΒͷ஌ݟΛઌ୺ͷ೤ྲྀମղੳख๏Λ༻͍ͨ೤ྲྀମ
ղੳͷ࿮૊Έʹ૊ΈࠐΉ͜ͱͰɺ֤छૉࡐ੡଄ϓϩηεͷ਺஋γ
ϛϡϨʔγϣϯٕज़ͷ։ൃͱఆྔධՁɾઃܭʹऔΓ૊ΜͰ͍·͢ɻ
·ͨɺ৽ͨͳ೤ΤωϧΪʔճऩ͓Αͼஷଂϓϩηεͷ։ൃ΋ਐΊ

'oS	 UIF	 SFdVDUJon	 of	 FnFSHZ	 and	 NaUFSJaM	 SFToVSDFT	
DonTVNQUJon	 Jn	 CaTF	NFUaMT	 QSodVDUJon
	 JNQSoWFNFnU	
of	 QSoDFTT	 FffJDJFnDZ
	 FnIanDFNFnU	 of	 fMFYJCJMJUZ	 Uo	 SaX	
NaUFSJaM	 SFToVSDFT	and	dFWFMoQNFnU	of	noWFM	QSoDFTTFT	aSF	
SFRVJSFd�	OnF	of	oVS	aQQSoaDIFT	 foS	 UIJT	 JTTVF	 JT	nVNFSJDaM	
QSoDFTT	TJNVMaUJon	 Uo	 SFQSodVDF	and	FWaMVaUF	 UIF	NaUFSJaMT	
QSodVDUJon	QSoDFTTFT
	CaTFd	on	 UIF	 UIFoSJFT	of	NVMUJQIaTF	
fMVJd	dZnaNJDT
	 SFaDUJon	LJnFUJDT
	 UIFSNodZnaNJDT
	 UIFSNaM	
qVJd	FnHJnFFSJnH
	USanTQoSU	QIFnoNFna
	QoXdFS	UFDInoMoHZ
	
and	To	on�	6TJnH	UIF	SFTVMUT	of	UIF	QSoDFTT	anaMZTJT	and	UIF	
fSVJUT	oCUaJnFd	 UISoVHI	UIF	NodFMJnH	of	VnJU	oQFSaUJonT
	XF	
aSF	 USZJnH	 Uo	dFWFMoQ	noWFM	NaUFSJaM	QSodVDUJon	 UFDInoMoHZ�	
AddJUJonaMMZ
	XF	aSF	 USZJnH	 Uo	dFWFMoQ	nFX	QSoDFTTFT	 foS	

͍ͯ·͢ɻ

ෆࠞ࿨ೋ༥ମͷ෼཭աఔ

SFDoWFSZ	and	TUoSaHF	of	UIFSNaM	FnFSHZ�

TFNQFSaUVSF	FWoMVUJon	Jn	non�VnJfoSN	QaDLFd	CFd�
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⿏SUSVDUVSF	and	QIZTJDoDIFNJDaM	QSoQFSUJFT	of	TJMJDaUF	NFMUT	and	HMaTTFT
⿏ SoMVUJon	HSoXUI	of	SJC	DSZTUaM
⿏ SoMJdJpDaUJon	NFDIanJTN	of	NFUaMMJD	and	oYJdF	TVQFS�DooMFd	MJRVJdT
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3FDZDMJnH
	 SFpnJnH	and	ToMJdJpDaUJon	QSoDFTTFT	of	NaUFSJaMT	
aSF	 JNQoSUanU	 Uo	 TVTUaJn	 IJHI	 FffJDJFnDZ	 QSoDFTT	 foS	
NanVfaDUVSJnH	QSodVDUT�	EaDI	NaUFSJaM	TFQaSaUJon	QSoDFTT	JT	
HoWFSnFd	CZ	NanZ	DIFNJDaM	and	 UIFSNoQIZTJDaM	QSoQFSUJFT	
of	NaUFSJaMT	and	JnUFSfaDFT	aNonH	NaUFSJaMT�
'VnDUJonT	 of	 UIF	 NaUFSJaMT	 TIoVMd	 CF	 DMaSJ f JFd	 fSoN	
NJDSoNFDIanJTN	of	 FaDI	 QIFnoNFnon	 Uo	 dFWFMoQ	 IJHI	
F⒏DJFnDZ	QSoDFTTFT	foS	NaUFSJaMT	TFQaSaUJon	aT	XFMM	aT	DSZTUaM	
HSoXUI	CZ	NFanT	of	 Jn�TJUV	oCTFSWaUJon	and	NFaTVSFNFnUT	
FTQFDJaMMZ	aU	IJHI	UFNQFSaUVSF�
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QSoDFTT	TJNVMaUJon ʗ USanTQoSU	QIFnoNFna ʗ NVMUJQIaTF	qoX ʗ UIFSNaM	
FnHJnFFSJnH
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⿏ EYQMoSaUJon	of	foSNaUJon	NFDIanJTN	of	JnUFSfaDJaM	qVDUVaUJon	TUSVDUVSF	of	QIaTF	DIanHF	NFMUT
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不混和二融体の分離過程 
 
 

 

Temperature evolution in non-uniform packed bed.  
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不混和二融体の分離過程 
 
 

 

Temperature evolution in non-uniform packed bed.  
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'oS	 UIF	 SFdVDUJon	 of	 FnFSHZ	 and	 NaUFSJaM	 SFToVSDFT	
DonTVNQUJon	 Jn	 CaTF	NFUaMT	 QSodVDUJon
	 JNQSoWFNFnU	
of	 QSoDFTT	 FffJDJFnDZ
	 FnIanDFNFnU	 of	 fMFYJCJMJUZ	 Uo	 SaX	
NaUFSJaM	 SFToVSDFT	and	dFWFMoQNFnU	of	noWFM	QSoDFTTFT	aSF	
SFRVJSFd�	OnF	of	oVS	aQQSoaDIFT	 foS	 UIJT	 JTTVF	 JT	nVNFSJDaM	
QSoDFTT	TJNVMaUJon	 Uo	 SFQSodVDF	and	FWaMVaUF	 UIF	NaUFSJaMT	
QSodVDUJon	QSoDFTTFT
	CaTFd	on	 UIF	 UIFoSJFT	of	NVMUJQIaTF	
fMVJd	dZnaNJDT
	 SFaDUJon	LJnFUJDT
	 UIFSNodZnaNJDT
	 UIFSNaM	
qVJd	FnHJnFFSJnH
	USanTQoSU	QIFnoNFna
	QoXdFS	UFDInoMoHZ
	
and	To	on�	6TJnH	UIF	SFTVMUT	of	UIF	QSoDFTT	anaMZTJT	and	UIF	
fSVJUT	oCUaJnFd	 UISoVHI	UIF	NodFMJnH	of	VnJU	oQFSaUJonT
	XF	
aSF	 USZJnH	 Uo	dFWFMoQ	noWFM	NaUFSJaM	QSodVDUJon	 UFDInoMoHZ�	
AddJUJonaMMZ
	XF	aSF	 USZJnH	 Uo	dFWFMoQ	nFX	QSoDFTTFT	 foS	
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ෆࠞ࿨ೋ༥ମͷ෼཭աఔ

SFDoWFSZ	and	TUoSaHF	of	UIFSNaM	FnFSHZ�

TFNQFSaUVSF	FWoMVUJon	Jn	non�VnJfoSN	QaDLFd	CFd�
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⿏SUSVDUVSF	and	QIZTJDoDIFNJDaM	QSoQFSUJFT	of	TJMJDaUF	NFMUT	and	HMaTTFT
⿏ SoMVUJon	HSoXUI	of	SJC	DSZTUaM
⿏ SoMJdJpDaUJon	NFDIanJTN	of	NFUaMMJD	and	oYJdF	TVQFS�DooMFd	MJRVJdT
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3FDZDMJnH
	 SFpnJnH	and	ToMJdJpDaUJon	QSoDFTTFT	of	NaUFSJaMT	
aSF	 JNQoSUanU	 Uo	 TVTUaJn	 IJHI	 FffJDJFnDZ	 QSoDFTT	 foS	
NanVfaDUVSJnH	QSodVDUT�	EaDI	NaUFSJaM	TFQaSaUJon	QSoDFTT	JT	
HoWFSnFd	CZ	NanZ	DIFNJDaM	and	 UIFSNoQIZTJDaM	QSoQFSUJFT	
of	NaUFSJaMT	and	JnUFSfaDFT	aNonH	NaUFSJaMT�
'VnDUJonT	 of	 UIF	 NaUFSJaMT	 TIoVMd	 CF	 DMaSJ f JFd	 fSoN	
NJDSoNFDIanJTN	of	 FaDI	 QIFnoNFnon	 Uo	 dFWFMoQ	 IJHI	
F⒏DJFnDZ	QSoDFTTFT	foS	NaUFSJaMT	TFQaSaUJon	aT	XFMM	aT	DSZTUaM	
HSoXUI	CZ	NFanT	of	 Jn�TJUV	oCTFSWaUJon	and	NFaTVSFNFnUT	
FTQFDJaMMZ	aU	IJHI	UFNQFSaUVSF�
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9�SaZ	fSFF	FMFDUSon	MaTFST ʗ 9�SaZ	DSZTUaMMoHSaQIZ ʗ UJNF�SFToMWFd	
NFaTVSFNFnU ʗ SaUJonaM	QSoUFJn	dFTJHn
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⿏PSoUFJn	TUSVDUVSF	anaMZTJT	CZ	9�SaZ	fSFF	FMFDUSon	MaTFST
⿏ DFWFMoQNFnU	of	QSoUFJn	dZnaNJD	TUSVDUVSaM	anaMZTJT	UooMT
⿏ ADUJWaUJon	NFDIanJTN	of	(�QSoUFJn	DoVQMFd	SFDFQUoST
⿏ 3aUJonaM	NoMFDVMaS	dFTJHn	CaTFd	on	dZnaNJD	TUSVDUVSaM	JnfoSNaUJon
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X線⾃由電⼦レーザーなど
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分⼦創製などの応⽤へ

分⼦動画を測定
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A	QSoUFJn	 JT	onF	of	UIF	CJoNoMFDVMFT	UIaU	aSF	FTTFnUJaM	Uo	UIF	
QIFnoNFna	of	 MJfF
	TVDI	aT	DFMM	 TJHnaMJnH
	 Jn	WJWo	DaUaMZUJD	
SFaDUJonT
	 TUoSaHF	 and	 USanTQoSU�	 A	 UISFF�dJNFnTJonaM	
TUSVDUVSF	of	a	QSoUFJn
	XIJDI	DonTJTUT	of	a	nVNCFS	of	aNJno	
aDJdT
	 JT	DMoTFMZ	 SFMaUFd	Uo	 JUT	 fVnDUJon
	and	UIFSF	IaT	CFFn	
an	 JnUFSFTU	 Jn	 IoX	a	 QSoUFJn	 TUSVDUVSaMMZ	 DIanHFT	XIFn	
JU	 fVnDUJonT�	 )oXFWFS
	 nFX	 UFDInJRVFT	 aSF	 nFFdFd	 Uo	
DaQUVSF	UIF	NoWFNFnU	of	nano�TJ[Fd	QSoUFJnT	on	a	faTU	 UJNF	
TDaMF	 	fFNUoTFDondT	 Uo	NJMMJTFDondT
	aU	 an	aUoNJD	 MFWFM�		
In	oVS	 MaCoSaUoSZ
	XF	VTF	a	RVanUVN	CFaN	TVDI	aT	an	9�SaZ	
fSFF�FMFDUSon	MaTFS
	TZnDISoUSon	SadJaUJon
	oS	an	FMFDUSon	CFaN	
Uo	WJTVaMJ[F	aDUVaM	DIFNJDaM	and	TUSVDUVSaM	DIanHFT	Jn	QSoUFJnT�	
'oS	 JnTUanDF
	XF	XJMM	 SFWFaM	UIF	TXJUDIJnH	NFDIanJTN	of	 MJHIU�

TFnTJUJWF	QSoUFJnT	and	 UIF	 SFaDUJon	NFDIanJTN	of	Fn[ZNFT	
DaUaMZ[JnH	VnJRVF	SFaDUJonT�	'VSUIFSNoSF
	XF	aJN	Uo	dFTJHn	and	
DSFaUF	QSoUFJn	NoMFDVMFT	XJUI	nFX	fVnDUJonT	CaTFd	on	QSFDJTF	
JnfoSNaUJon	fSoN	dZnaNJD	TUSVDUVSaM	anaMZTJT�
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NoMFDVMaS	TDJFnDF ʗ aUoNJD	DoMMJTJon	QIZTJDT ʗ NoNFnUVN	TQaDF	DIFNJTUSZ ʗ
DIFNJDaM	SFaDUJon	dZnaNJDT
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⿏ 	7JTVaMJ[aUJon	of	UIF	dSJWJnH	QSJnDJQMF	CFIJnd	DIFNJDaM	SFaDUJon	CZ	JNaHJnH	of	UIF	NoUJon	of	FMFDUSon	and	
nVDMFJ	Jn	a	USanTJFnU
	FWoMWJnH	TZTUFN

⿏ 	SUVdJFT	on	UIF	oSJHJn	of	WJCSonJD	DoVQMJnH	oS	dJTUoSUJon	of	FMFDUSon	oSCJUaMT	dVF	Uo	NoMFDVMaS	WJCSaUJon	CZ	
MooLJnH	aU	NoMFDVMaS	oSCJUaMT	Jn	NoNFnUVN	TQaDF

⿏ SUVdJFT	on	JnUSaNoMFDVMaS	aUoNJD	NoUJonT	CZ	FMFDUSon�aUoN	CoNQUon	TDaUUFSJnH
⿏ DFWFMoQNFnU	of	NoNFnUVN	TQaDF	DIFNJTUSZ	and	JUT	aQQMJDaUJon	Uo	NFdJDJnaM	DIFNJTUSZ
⿏ SUFSFo�dZnaNJDT	of	FMFDUSon�NoMFDVMF	DoMMJTJon	CZ	NVMUJ�QaSaNFUFS	DoJnDJdFnDF	FYQFSJNFnUT
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PSoQFSUJFT	of	NaUUFS
	 TVDI	aT	 SFaDUJWJUZ	and	 fVnDUJonaMJUZ
	aSF	

dFUFSNJnFd	CZ	 UIF	NoUJon	of	 UIF	 DonTUJUVFnU	 FMFDUSonT	 and	

nVDMFJ	and	 UIFJS	 DonDFSUFd	FffFDU�	'oS	 UIJT	 SFaTon
	XF	aJN	aU	

VndFSTUandJnH	of	TUaUJD	and	dZnaNJD	naUVSF	of	NaUUFS	aU	UIF	NoTU	

fVndaNFnUaM	 MFWFM	and	FYQMoSaUJon	of	NaUFSJaMT	IaWJnH	dFTJSFd	

fVnDUJonaMJUJFT
	CZ	dFWFMoQJnH	nFX	and	oSJHJnaM	TQFDUSoTDoQJFT	

UIaU	XoVMd	WJTVaMJ[F	 UIF	NoUJon	of	CoUI	FMFDUSonT	and	nVDMFJ	 Jn	

NaUUFS�	TIFZ	aSF	aMM	CaTJDaMMZ	CaTFd	on	FJUIFS	of	FMFDUSon�FMFDUSon	

and	FMFDUSon�aUoN	CoNQUon	TDaUUFSJnH�

	�
		INaHJnH	of	 UIF	NoUJon	of	FMFDUSonT	and	nVDMFJ	 Jn	NaUUFS	CZ	

FMFDUSon	CoNQUon	TDaUUFSJnH


	�
		7JTVaMJ[aUJon	of	UIF	dSJWJnH	QSJnDJQMF	CFIJnd	DIFNJDaM	SFaDUJon	

CZ	UJNF�SFToMWFd	FMFDUSon	CoNQUon	TDaUUFSJnH


	�
		SUFSFo�dZnaNJDT	of	 FMFDUSon�NoMFDVMF	 DoMMJTJon	CZ	NVMUJ�

QaSaNFUFS	DoJnDJdFnDF	FYQFSJNFnUT�

運動量空間化学の主たる成果

 電子運動量分光（EMS;	Electron	Momentum	Spectroscopy）
－電子運動量分布（|(p)|2）を分子軌道毎に分けて観測

従前の
5×10^5倍の
信号強度

世界初の
density

oscillation
の観測

世界初の
運動量空間MO
3Dイメージング

世界初の
短寿命励起分子
MOイメージング
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Meas.	Sci.	Technol. 22, 075602 (2011)

Phys.	Rev.	Lett.	94, 213202 (2005)

Phys.	Rev.	Lett.	108, 173201 (2012)

Phys.	Rev.	Lett.	114, 103005 (2015)
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開発中の時間分解原子運動量分光

反応過渡種内で原子核に働く力の実時間計測

M. Yamazaki, M. Hosono, Y. Tang, & M. Takahashi,
Rev. Sci. Instrum. 88, 063103 (2017)

原子運動量分光
原子核による電子コンプトン散乱
元素分析＋運動量解析

CH4

C H
Xe

電子損失エネルギー [eV]

カ
ウ
ン
ト
数

[a
rb
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ts]

H原子運動の
ドップラー幅

 期待される成果

化学反応の駆動原理の観察・解明
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過渡種内原子毎の運動量分布

過渡種内で各原子に働く力1ps幅の
パルス
電子線

時間分解
電子運動量分光 � � � �

時間分解
原子運動量分光
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9�SaZ	fSFF	FMFDUSon	MaTFST ʗ 9�SaZ	DSZTUaMMoHSaQIZ ʗ UJNF�SFToMWFd	
NFaTVSFNFnU ʗ SaUJonaM	QSoUFJn	dFTJHn

⿏ 9ઢࣗ༝ిࢠϨʔβʔʹΑΔλϯύΫ࣭ߏ଄ղੳ
⿏ಈతߏ଄ղੳπʔϧͷ։ൃ
⿏̜ �λϯύΫ࣭ڞ໾ܕड༰ମͷੑ׆Խߏػ
⿏ಈతߏ଄৘ใʹΑΔ߹ཧత෼ࢠઃܭ

⿏PSoUFJn	TUSVDUVSF	anaMZTJT	CZ	9�SaZ	fSFF	FMFDUSon	MaTFST
⿏ DFWFMoQNFnU	of	QSoUFJn	dZnaNJD	TUSVDUVSaM	anaMZTJT	UooMT
⿏ ADUJWaUJon	NFDIanJTN	of	(�QSoUFJn	DoVQMFd	SFDFQUoST
⿏ 3aUJonaM	NoMFDVMaS	dFTJHn	CaTFd	on	dZnaNJD	TUSVDUVSaM	JnfoSNaUJon
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CapturinH struDturaM DhanHes in proteins at 
Xork Cy Ruantum Ceams

νϱϏク質ʤバクテϨオロχプεʥͶ؜ΉΗΖ発৯஄बวのߑଆร化

X線⾃由電⼦レーザーなど
の量⼦ビーム
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分⼦動画を測定
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A	QSoUFJn	 JT	onF	of	UIF	CJoNoMFDVMFT	UIaU	aSF	FTTFnUJaM	Uo	UIF	
QIFnoNFna	of	 MJfF
	TVDI	aT	DFMM	 TJHnaMJnH
	 Jn	WJWo	DaUaMZUJD	
SFaDUJonT
	 TUoSaHF	 and	 USanTQoSU�	 A	 UISFF�dJNFnTJonaM	
TUSVDUVSF	of	a	QSoUFJn
	XIJDI	DonTJTUT	of	a	nVNCFS	of	aNJno	
aDJdT
	 JT	DMoTFMZ	 SFMaUFd	Uo	 JUT	 fVnDUJon
	and	UIFSF	IaT	CFFn	
an	 JnUFSFTU	 Jn	 IoX	a	 QSoUFJn	 TUSVDUVSaMMZ	 DIanHFT	XIFn	
JU	 fVnDUJonT�	 )oXFWFS
	 nFX	 UFDInJRVFT	 aSF	 nFFdFd	 Uo	
DaQUVSF	UIF	NoWFNFnU	of	nano�TJ[Fd	QSoUFJnT	on	a	faTU	 UJNF	
TDaMF	 	fFNUoTFDondT	 Uo	NJMMJTFDondT
	aU	 an	aUoNJD	 MFWFM�		
In	oVS	 MaCoSaUoSZ
	XF	VTF	a	RVanUVN	CFaN	TVDI	aT	an	9�SaZ	
fSFF�FMFDUSon	MaTFS
	TZnDISoUSon	SadJaUJon
	oS	an	FMFDUSon	CFaN	
Uo	WJTVaMJ[F	aDUVaM	DIFNJDaM	and	TUSVDUVSaM	DIanHFT	Jn	QSoUFJnT�	
'oS	 JnTUanDF
	XF	XJMM	 SFWFaM	UIF	TXJUDIJnH	NFDIanJTN	of	 MJHIU�

TFnTJUJWF	QSoUFJnT	and	 UIF	 SFaDUJon	NFDIanJTN	of	Fn[ZNFT	
DaUaMZ[JnH	VnJRVF	SFaDUJonT�	'VSUIFSNoSF
	XF	aJN	Uo	dFTJHn	and	
DSFaUF	QSoUFJn	NoMFDVMFT	XJUI	nFX	fVnDUJonT	CaTFd	on	QSFDJTF	
JnfoSNaUJon	fSoN	dZnaNJD	TUSVDUVSaM	anaMZTJT�
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NoMFDVMaS	TDJFnDF ʗ aUoNJD	DoMMJTJon	QIZTJDT ʗ NoNFnUVN	TQaDF	DIFNJTUSZ ʗ
DIFNJDaM	SFaDUJon	dZnaNJDT
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⿏ 	7JTVaMJ[aUJon	of	UIF	dSJWJnH	QSJnDJQMF	CFIJnd	DIFNJDaM	SFaDUJon	CZ	JNaHJnH	of	UIF	NoUJon	of	FMFDUSon	and	
nVDMFJ	Jn	a	USanTJFnU
	FWoMWJnH	TZTUFN

⿏ 	SUVdJFT	on	UIF	oSJHJn	of	WJCSonJD	DoVQMJnH	oS	dJTUoSUJon	of	FMFDUSon	oSCJUaMT	dVF	Uo	NoMFDVMaS	WJCSaUJon	CZ	
MooLJnH	aU	NoMFDVMaS	oSCJUaMT	Jn	NoNFnUVN	TQaDF

⿏ SUVdJFT	on	JnUSaNoMFDVMaS	aUoNJD	NoUJonT	CZ	FMFDUSon�aUoN	CoNQUon	TDaUUFSJnH
⿏ DFWFMoQNFnU	of	NoNFnUVN	TQaDF	DIFNJTUSZ	and	JUT	aQQMJDaUJon	Uo	NFdJDJnaM	DIFNJTUSZ
⿏ SUFSFo�dZnaNJDT	of	FMFDUSon�NoMFDVMF	DoMMJTJon	CZ	NVMUJ�QaSaNFUFS	DoJnDJdFnDF	FYQFSJNFnUT
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PSoQFSUJFT	of	NaUUFS
	 TVDI	aT	 SFaDUJWJUZ	and	 fVnDUJonaMJUZ
	aSF	

dFUFSNJnFd	CZ	 UIF	NoUJon	of	 UIF	 DonTUJUVFnU	 FMFDUSonT	 and	

nVDMFJ	and	 UIFJS	 DonDFSUFd	FffFDU�	'oS	 UIJT	 SFaTon
	XF	aJN	aU	

VndFSTUandJnH	of	TUaUJD	and	dZnaNJD	naUVSF	of	NaUUFS	aU	UIF	NoTU	

fVndaNFnUaM	 MFWFM	and	FYQMoSaUJon	of	NaUFSJaMT	IaWJnH	dFTJSFd	

fVnDUJonaMJUJFT
	CZ	dFWFMoQJnH	nFX	and	oSJHJnaM	TQFDUSoTDoQJFT	

UIaU	XoVMd	WJTVaMJ[F	 UIF	NoUJon	of	CoUI	FMFDUSonT	and	nVDMFJ	 Jn	

NaUUFS�	TIFZ	aSF	aMM	CaTJDaMMZ	CaTFd	on	FJUIFS	of	FMFDUSon�FMFDUSon	

and	FMFDUSon�aUoN	CoNQUon	TDaUUFSJnH�

	�
		INaHJnH	of	 UIF	NoUJon	of	FMFDUSonT	and	nVDMFJ	 Jn	NaUUFS	CZ	

FMFDUSon	CoNQUon	TDaUUFSJnH


	�
		7JTVaMJ[aUJon	of	UIF	dSJWJnH	QSJnDJQMF	CFIJnd	DIFNJDaM	SFaDUJon	

CZ	UJNF�SFToMWFd	FMFDUSon	CoNQUon	TDaUUFSJnH


	�
		SUFSFo�dZnaNJDT	of	 FMFDUSon�NoMFDVMF	 DoMMJTJon	CZ	NVMUJ�

QaSaNFUFS	DoJnDJdFnDF	FYQFSJNFnUT�

運動量空間化学の主たる成果

 電子運動量分光（EMS;	Electron	Momentum	Spectroscopy）
－電子運動量分布（|(p)|2）を分子軌道毎に分けて観測

従前の
5×10^5倍の
信号強度

世界初の
density

oscillation
の観測

世界初の
運動量空間MO
3Dイメージング

世界初の
短寿命励起分子
MOイメージング

Rev.	Sci.	Instrum. 73, 2242 (2002)
Meas.	Sci.	Technol. 22, 075602 (2011)

Phys.	Rev.	Lett.	94, 213202 (2005)

Phys.	Rev.	Lett.	108, 173201 (2012)

Phys.	Rev.	Lett.	114, 103005 (2015)
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開発中の時間分解原子運動量分光

反応過渡種内で原子核に働く力の実時間計測

M. Yamazaki, M. Hosono, Y. Tang, & M. Takahashi,
Rev. Sci. Instrum. 88, 063103 (2017)

原子運動量分光
原子核による電子コンプトン散乱
元素分析＋運動量解析

CH4

C H
Xe

電子損失エネルギー [eV]

カ
ウ
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ト
数
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H原子運動の
ドップラー幅

 期待される成果

化学反応の駆動原理の観察・解明

� � � �𝒑
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過渡種内原子毎の運動量分布

過渡種内で各原子に働く力1ps幅の
パルス
電子線

時間分解
電子運動量分光 � � � �

時間分解
原子運動量分光
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INaHJnH ʗ 9�SaZ ʗ QIaTF	NFaTVSFNFnU ʗ
UISFF�dJNFnTJonaM	oCTFSWaUJon
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⿏PIaTF	NFaTVSFNFnU	NFUIodT	CaTFd	on	JnUFSfFSFnDF	oQUJDT�
⿏ DFWFMoQNFnU	and	aQQMJDaUJon	of	9�SaZ	and	nFVUSon	QIaTF	JNaHJnH	TZTUFN
⿏ DZnaNJDaM	9�SaZ	QIaTF	JNaHJnH	foS	fVnDUJonaM	JNaHJnH
⿏ 9�SaZ	QIaTF	NJDSoTDoQZ�UoNoHSaQIZ
⿏ 6SA9S	JNaHJnH	CaTFd	on	dFDoIFSFnDF
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	 UIFSF	 JT	a	QSoCMFN	
UIaU	TV⒏DJFnU	DonUSaTU	JT	noU	oCUaJnFd	foS	NaUFSJaMT	DonTJTUJnH	
of	 MJHIU	 FMFNFnUT
	 TVDI	 aT	 QoMZNFST
	 MJHIU	NFUaMT
	 and	
CJoMoHJDaM	 TofU	 UJTTVFT�	TIF	VTF	of	QIaTF	DonUSaTU	CaTFd	
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UIJT	 QSoCMFN	 and	 FnIanDFT	 UIF	 VTFfVMnFTT	 of	 RVanUVN	
CFaNT	 USFNFndoVTMZ�	8F	IaWF	 JnnoWaUFd	 Jn	9�SaZ	 JNaHJnH	
UFDInoMoHZ	 CZ	 dFWFMoQJnH	 9�SaZ	 QIaTF	NFaTVSFNFnU
	
SFMFaTJnH	 HSoVndCSFaLJnH	 SFTVMUT	 CFZond	 DonWFnUJonaM	
FYQFDUaUJon�	 #aTFd	 on	 RVanUVN	CFaN	QIZTJDT
	XF	 aSF	
dFWFMoQJnH	VnJRVF	FYQFSJNFnUaM	FnWJSonNFnU	and	QJonFFSJnH	
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ڭ૔ɹًढ़ɹॿɹࡔ
TFSVUoTIJ	SA,A,63A
	ATTJTUanU	PSofFTToS

ڭຊɹɹໞɹॿɹࢁ
)aKJNF	YAMAMOTO
	ATTJTUanU	PSofFTToS
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ɹ౰ࣨڀݚͰ͸௿Թɾ࣓ڧ৔ɾߴѹԼͷଟ༷ͳڥ؀৚݅ͷԼͰɺ
9	ઢɾ์ࣹޫɾதੑࢠΛ༻͍ͨߴ෼ղೳ݁থߏ଄ղੳͷͨΊͷܭ
ଌٕज़ཱ֬ͱɺਫ਼ີͳిີࢠ౓͋Δ͍͸ີ֩ࢠݪ౓ͷ෼෍ղੳʹ
ڀݚ͍ͯͭʹݯىͷݱೳൃػͼ෺ੑͷٴ଄૬సҠߏ෺࣭ͷͮ͘ج
Λ͍ͯͬߦΔɻਤʹࣔ͢ͷ͸ɺதੑࢠͱ 9ઢߏ଄ղੳʹΑΓՄࢹ
Խ͞Εͨਫૉ݁߹ܕ༠ిମͷີ֩ࢠݪ౓෼෍ͱɺਫૉࢠݪʹ஫໨
ݪ಺ͰɺࢠݪΕͨਫૉ·ڬʹࢠݪૉࢎ౓෼෍Ͱ͋Δɻ	ີࢠిͨ͠
ؾେͳిڊ಺Ͱࢠݪ�ΑΓɺʹࣄͷॏ৺Ґஔ͕ͣΕΔࢠͱి֩ࢠ
෼ۃ	ࢠి෼ۃͱݺͿ
͕ੜ͍ͯ͡ΔࣄΛ͍ࣔͯ͠Δɻͦ ͷଞʹ΋ɺ
ߏؾՌʹ͍ͭͯɺ݁থɾ࣓ޮؾ࣓ؾେిڊ༠ిମʹ͓͚Δڧੑ࣓
଄ղੳͷཱ৔͔ΒͦͷඍࢹతݯىΛ໌Β͔ʹ͢Δڀݚ΋͍ͯͬߦ
Δɻߋʹզʑ͸ߴѹ߹੒Λج൫ͱͨ͠৽෺࣭ɾ৽ػೳͷ։୓ͱͦ
ͷߏ଄෺ੑڀݚʹ΋औΓ૊ΜͰ͍Δɻຊ೥౓຤ʹى࠶ಈ༧ఆͷݚ
࿍ڀ J33�� Ͱ͸ɺதੑࢠೋݕݩ࣍ग़ثͷ։ൃͱͦΕΛ༻͍ͨ௒
༧ఆͰ͋Δɻ͏ߦ଄ղੳख๏ͷ։ൃΛߏਫ਼౓ͷߴ

8F	 IaWF	 CFFn	 dFWFMoQJnH	 UIF	NFUIodoMoHZ	 foS	 IJHI�
SFToMVUJon	DSZTUaM	and	NaHnFUJD	TUSVDUVSF	anaMZTJT	VTJnH	9 ʖ
SaZ
	SZnDISoUSon	SadJaUJon	and	NFVUSon	CFaN	VndFS	FYUSFNF	
DondJUJonT	TVDI	aT	MoX	UFNQFSaUVSF
	IJHI	NaHnFUJD	
fJFMd
	 and	IJHI	 QSFTTVSF�	8F	IaWF	 aMTo	 TUVdJFd	
TUSVDUVSaM	 QIaTF	 USanTJUJonT	 Uo	 VndFSTUand	 UIF	
NJDSoTDoQJD	oSJHJnT	of	 fVnDUJonaM	QSoQFSUJFT	 Jn	ToMJd
ʖ TUaUF	NaUFSJaMT	CaTFd	on	UIF	aDDVSaUF	dJTUSJCVUJon	
anaMZTFT	 of	 UIF	 FMFDUSon	 aT	 XFMM	 aT	 nVDMFaS	
dFnTJUJFT�	 'JHVSF	 TIoXT	 UIF	 DoNQMFY	NaHnFUJD	
TUSVDUVSF	 of	NaHnFUJD	 fFSSoFMFDUSJDT	 dFSJWFd	 CZ	
nFVUSon	NaHnFUJD	TUSVDUVSF	anaMZTJT�	CZDMoJdaM	TQJn	
TUSVDUVSF	Jn	UIJT	NaUFSJaM	JT	UIoVHIU	Uo	CF	UIF	oSJHJn	

ۃ෼ؾ಺ిࢠݪ̍	ˠ	ͷॏ৺ҐஔͷζϨ֩ࢠݪӢͱࢠి

of	FMFDUSJD	QoMaSJ[aUJon�	8F	aMTo	FnHaHF	UIF	dFWFMoQNFnU	of	
noWFM	nFVUSon	��dJNFnTJonaM	dFUFDUoS	 foS	TUSVDUVSF	anaMZTJT	
J33��	SFaDUoS�

NaHnFUJD	TUSVDUVSF	of	YMn�O�	NaHnFUJD	fFSSoFMFDUSJDT
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INaHJnH ʗ 9�SaZ ʗ QIaTF	NFaTVSFNFnU ʗ
UISFF�dJNFnTJonaM	oCTFSWaUJon

ଌ๏ͷ։୓ܭҐ૬ͮ͘جʹবޫֶׯ⿏
⿏̭ઢ͓ΑͼதੑࢠͷҐ૬Πϝʔδϯά๏ͷ։୓ͱͦͷԠ༻
⿏ಈత̭ઢҐ૬ը૾ܭଌʹΑΔػೳΠϝʔδϯά๏ͷ։ൃ
⿏̭ઢҐ૬ࠩݦඍڸʗτϞάϥϑΟͷ։ൃ
⿏σίώʔϨϯεۃܕখ̭֯ઢࢄཚΠϝʔδϯά๏ͷ։୓ͱͦͷԠ༻

⿏PIaTF	NFaTVSFNFnU	NFUIodT	CaTFd	on	JnUFSfFSFnDF	oQUJDT�
⿏ DFWFMoQNFnU	and	aQQMJDaUJon	of	9�SaZ	and	nFVUSon	QIaTF	JNaHJnH	TZTUFN
⿏ DZnaNJDaM	9�SaZ	QIaTF	JNaHJnH	foS	fVnDUJonaM	JNaHJnH
⿏ 9�SaZ	QIaTF	NJDSoTDoQZ�UoNoHSaQIZ
⿏ 6SA9S	JNaHJnH	CaTFd	on	dFDoIFSFnDF

ඦੜɹɹರɹڭɹत
AUTVTIJ	MOMOSE
	PSofFTToS

BUTVTIJ�mPmPTF�D2!UPIPkV�BD�KQ

໼୅ɹɹߤɹ।ڭत
8aUaSV	YAS)I3O
	
ATToDJaUF	PSofFTToS

ڭɹɹ඙ᯜɹॿɹޖ
YanMJn	86
	
ATTJTUanU	PSofFTToS

ࢣߨɹಛ೚߁ຊɹɹڮ
,oI	)AS)IMOTO
	
SQFDJaMMZ	AQQoJnUFd	
SFnJoS	ATTJTUanU	PSofFTToS

Δ؍ϏʔϜͷҐ૬Ͱࢠྔ

*maHinH Cy usinH Xave nature oG Ruantum Ceam

Ｘ線源

画像検出器

格子

格子

格子

ɹ9ઢͳͲͷྔࢠϏʔϜ͸ɺࢠݪεέʔϧ͔Β೔ৗεέʔϧ·
Ͱɺ෯ൣ͍޿ғͰ෺࣭ͷ಺෦ߏ଄ΛՄࢹԽ͢ΔͨΊʹ࢖ΘΕ͍ͯ
·͢ɻͨͩ͠ɺྫ͑͹̭ઢͷ৔߹ɺߴ෼ࡐࢠྉɺܰۚଐɺ͋Δ͍
͸ੜମೈ૊৫ͳͲɺൺֱత͍ܰݩૉͰߏ੒͞ΕΔ෺ମʹରͯ͠े
෼ͳίϯτϥετ͕ಘΒΕͳ͍ͱ͍͏໰୊͕͋Γ·͢ɻͱ͜Ζ͕ɺ
೾ͱͯ͠ͷ̭ઢͷੑ࣭ʹͮ͘جҐ૬ίϯτϥετΛੜ੒ɾར༻͢
Ε͹ɺ͜ͷ໰୊͸؇࿨͞ΕɺྔࢠϏʔϜͷར༻Ձ஋͸ܻҧ͍ʹ๲
ΒΈ·͢ɻຊࣨڀݚͰ͸ɺ9ઢҐ૬ܭଌʹײߴͮ͘ج౓ը૾ܭଌ
ٕज़Λ૑࢝͠ɺैདྷͷৗࣝΛ෴͢਺ʑͷ੒ՌΛੈքʹൃ৴͖ͯ͠
·ͨ͠ɻྔࢠϏʔϜ෺ཧͷ͠٭ཱʹૅجɺଞͰ͸࣮ݱͰ͖ͳ͍࣮
໺ࢹΛਪਐ͢Δͱͱ΋ʹɺ࣮༻ల։Λڀݚଌܭஙͱઌ୺ߏڥ؀ݧ
ʹೖΕͨۀ࢈քͱͷڞಉڀݚ΋͍ͯͬߦ·͢ɻ

2VanUVN	CFaNT
	 TVDI	 aT	9�SaZT
	 aSF	 VTFd	 Uo	 WJTVaMJ[F	
JnUFSnaM	 TUSVDUVSFT	of	 WaSJoVT	NaUFSJaMT	IaWJnH	 UIF	 TDaMFT	
SanHJnH	 fSoN	aUoNT	Uo	IVNan�	)oXFWFS
	 UIFSF	 JT	a	QSoCMFN	
UIaU	TV⒏DJFnU	DonUSaTU	JT	noU	oCUaJnFd	foS	NaUFSJaMT	DonTJTUJnH	
of	 MJHIU	 FMFNFnUT
	 TVDI	 aT	 QoMZNFST
	 MJHIU	NFUaMT
	 and	
CJoMoHJDaM	 TofU	 UJTTVFT�	TIF	VTF	of	QIaTF	DonUSaTU	CaTFd	
on	 UIF	XaWF	naUVSF	of	9�SaZT	 JT	TJHnJfJDanU	 foS	oWFSDoNJnH	
UIJT	 QSoCMFN	 and	 FnIanDFT	 UIF	 VTFfVMnFTT	 of	 RVanUVN	
CFaNT	 USFNFndoVTMZ�	8F	IaWF	 JnnoWaUFd	 Jn	9�SaZ	 JNaHJnH	
UFDInoMoHZ	 CZ	 dFWFMoQJnH	 9�SaZ	 QIaTF	NFaTVSFNFnU
	
SFMFaTJnH	 HSoVndCSFaLJnH	 SFTVMUT	 CFZond	 DonWFnUJonaM	
FYQFDUaUJon�	 #aTFd	 on	 RVanUVN	CFaN	QIZTJDT
	XF	 aSF	
dFWFMoQJnH	VnJRVF	FYQFSJNFnUaM	FnWJSonNFnU	and	QJonFFSJnH	

஑দɹࠀণɹߨɹࢣ
,aUTVNaTa	I,EMATS6
	
SFnJoS	ATTJTUanU	PSofFTToS

तڭ໺ɹल࿨ɹಛ೚।ߴ
)JdFLa[V	TA,ANO
	
SQFDJaMMZ	AQQoJnUFd	
ATToDJaUF	PSofFTToS

̭ઢҐ૬Πϝʔδϯάʢ̭ઢ TaMCoU�-aV Ϧ΢Ϛν਍அ૷ஔͷ։ൃظʣʹΑΔૣܭবׯ

ࣼΊৠண๏Ͱ։ൃͨ͠தੑࢠҐ૬Πϝʔδϯά༻ߴΞεϖΫτൺ(dେࢠ֨ܕ

adWanDFd	 JNaHJnH	SFTFaSDI�	TIJT	 UFDInoMoHZ	 JT	aUUSaDUJWF	 foS	
QSaDUJDaM	aQQMJDaUJonT
	and	XF	aSF	aMTo	DondVDUJnH	WaSJoVT	
DoMMaCoSaUJonT	XJUI	JndVTUSZ�
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PSFDJTF	DSZTUaM�NaHnFUJD	TUSVDUVSF	anaMZTJT	VndFS	NVMUJQMF	FYUSFNF	DondJUJonT ʗ
DFWFMoQNFnU	of	nFVUSon	and	9�SaZ	dJ⒎SaDUoNFUFST ʗMaHnFUJD	fFSSoFMFDUSJDT ʗ
)ZdSoHFn�CondFd	dJFMFDUSJDT

⿏தੑࢠ �࣠ճં૷ஔͱͦͷԠ༻๏ͷ։ൃ 	JAEA ౦ւ �߸࿍	J33��M�T���	'ONDE3

⿏	Ґஔහݕײग़ثΛ༻͍ͨޮߴ཰தੑ݁ࢠথߏ଄ղੳ૷ஔͷ։ൃ 	J�PA3C	#-���	SENJ6ɼؖࠃ

�D�PSD	࿍)ANA3Oࢠݪ༺ڀݚ
⿏ଟॏݶۃԼ ৔ిߴ৔ɺ࣓ߴ௿Թɺۃѹɺߴ	 
ʹ͓͚Δ	9	ઢɾதੑࢄࢠཚख๏ͷ։ൃ
ڀݚ଄ͱ෺ੑߏ఻ಋମͷػ༠ిମɼ࣓ੑମɼϚϧνϑΣϩΠοΫ෺࣭͓Αͼ༗ڧ⿏
⿏ਫૉ݁߹ܥ༠ిମ෺࣭ͷిີࢠ౓෼෍ͱ֩ີ౓෼෍

⿏DFWFMoQNFnU	of	UIF	��DJSDMF	nFVUSon	dJ⒎SaDUoNFUFS
⿏ DFWFMoQNFnU	of	UIF	XJdF�aSFa	nFVUSon	dFUFDUoS	foS	nFVUSon	TUSVDUVSF	anaMZTJT
⿏ DFWFMoQNFnU	of	VMUSa�IJHI	aDDVSaDZ	TUSVDUVSF	anaMZTJT	VTJnH	TZnDISoUSon	9�SaZ
⿏ EMFDUSon	dFnTJUZ	dJTUSJCVUJon	and	QSoUon	dFnTJUZ	dJTUSJCVUJon	of	IZdSoHFn�CondFd	DoNQoVndT
⿏ 	NFVUSon	and	9�SaZ	TDaUUFSJnH	TUVdZ	of	TUSVDUVSaM	QIZTJDT	and	NaHnFUJTN	on	NVMUJfFSSoJD	NaUFSJaMT	INaHJnH	
of	�d�FMFDUSon�oSCJUaM

໦ଜɹ޺೭ɹڭɹत
)JSoZVLJ	,IM63A
	PSofFTToS

IJSPZVkJ�kJmVSB�C�!UPIPkV�BD�KQ

ڭ૔ɹًढ़ɹॿɹࡔ
TFSVUoTIJ	SA,A,63A
	ATTJTUanU	PSofFTToS

ڭຊɹɹໞɹॿɹࢁ
)aKJNF	YAMAMOTO
	ATTJTUanU	PSofFTToS
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ɹ౰ࣨڀݚͰ͸௿Թɾ࣓ڧ৔ɾߴѹԼͷଟ༷ͳڥ؀৚݅ͷԼͰɺ
9	ઢɾ์ࣹޫɾதੑࢠΛ༻͍ͨߴ෼ղೳ݁থߏ଄ղੳͷͨΊͷܭ
ଌٕज़ཱ֬ͱɺਫ਼ີͳిີࢠ౓͋Δ͍͸ີ֩ࢠݪ౓ͷ෼෍ղੳʹ
ڀݚ͍ͯͭʹݯىͷݱೳൃػͼ෺ੑͷٴ଄૬సҠߏ෺࣭ͷͮ͘ج
Λ͍ͯͬߦΔɻਤʹࣔ͢ͷ͸ɺதੑࢠͱ 9ઢߏ଄ղੳʹΑΓՄࢹ
Խ͞Εͨਫૉ݁߹ܕ༠ిମͷີ֩ࢠݪ౓෼෍ͱɺਫૉࢠݪʹ஫໨
ݪ಺ͰɺࢠݪΕͨਫૉ·ڬʹࢠݪૉࢎ౓෼෍Ͱ͋Δɻ	ີࢠిͨ͠
ؾେͳిڊ಺Ͱࢠݪ�ΑΓɺʹࣄͷॏ৺Ґஔ͕ͣΕΔࢠͱి֩ࢠ
෼ۃ	ࢠి෼ۃͱݺͿ
͕ੜ͍ͯ͡ΔࣄΛ͍ࣔͯ͠Δɻͦ ͷଞʹ΋ɺ
ߏؾՌʹ͍ͭͯɺ݁থɾ࣓ޮؾ࣓ؾେిڊ༠ిମʹ͓͚Δڧੑ࣓
଄ղੳͷཱ৔͔ΒͦͷඍࢹతݯىΛ໌Β͔ʹ͢Δڀݚ΋͍ͯͬߦ
Δɻߋʹզʑ͸ߴѹ߹੒Λج൫ͱͨ͠৽෺࣭ɾ৽ػೳͷ։୓ͱͦ
ͷߏ଄෺ੑڀݚʹ΋औΓ૊ΜͰ͍Δɻຊ೥౓຤ʹى࠶ಈ༧ఆͷݚ
࿍ڀ J33�� Ͱ͸ɺதੑࢠೋݕݩ࣍ग़ثͷ։ൃͱͦΕΛ༻͍ͨ௒
༧ఆͰ͋Δɻ͏ߦ଄ղੳख๏ͷ։ൃΛߏਫ਼౓ͷߴ

8F	 IaWF	 CFFn	 dFWFMoQJnH	 UIF	NFUIodoMoHZ	 foS	 IJHI�
SFToMVUJon	DSZTUaM	and	NaHnFUJD	TUSVDUVSF	anaMZTJT	VTJnH	9 ʖ
SaZ
	SZnDISoUSon	SadJaUJon	and	NFVUSon	CFaN	VndFS	FYUSFNF	
DondJUJonT	TVDI	aT	MoX	UFNQFSaUVSF
	IJHI	NaHnFUJD	
fJFMd
	 and	IJHI	 QSFTTVSF�	8F	IaWF	 aMTo	 TUVdJFd	
TUSVDUVSaM	 QIaTF	 USanTJUJonT	 Uo	 VndFSTUand	 UIF	
NJDSoTDoQJD	oSJHJnT	of	 fVnDUJonaM	QSoQFSUJFT	 Jn	ToMJd
ʖ TUaUF	NaUFSJaMT	CaTFd	on	UIF	aDDVSaUF	dJTUSJCVUJon	
anaMZTFT	 of	 UIF	 FMFDUSon	 aT	 XFMM	 aT	 nVDMFaS	
dFnTJUJFT�	 'JHVSF	 TIoXT	 UIF	 DoNQMFY	NaHnFUJD	
TUSVDUVSF	 of	NaHnFUJD	 fFSSoFMFDUSJDT	 dFSJWFd	 CZ	
nFVUSon	NaHnFUJD	TUSVDUVSF	anaMZTJT�	CZDMoJdaM	TQJn	
TUSVDUVSF	Jn	UIJT	NaUFSJaM	JT	UIoVHIU	Uo	CF	UIF	oSJHJn	

ۃ෼ؾ಺ిࢠݪ̍	ˠ	ͷॏ৺ҐஔͷζϨ֩ࢠݪӢͱࢠి

of	FMFDUSJD	QoMaSJ[aUJon�	8F	aMTo	FnHaHF	UIF	dFWFMoQNFnU	of	
noWFM	nFVUSon	��dJNFnTJonaM	dFUFDUoS	 foS	TUSVDUVSF	anaMZTJT	
J33��	SFaDUoS�

NaHnFUJD	TUSVDUVSF	of	YMn�O�	NaHnFUJD	fFSSoFMFDUSJDT
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nano ʗ NJDSo	anaMZUJDaM	dFWJDFT ʗ JNaHJnH	NJDSoTDoQZ ʗ oQUJDaM	
dFUFDUJon	NFUIodT ʗ JnUFSfaDF	DIFNJTUSZ

⿏φϊɾϚΠΫϩྲྀମσόΠεΛ༻͍Δ؆қɾࣗಈԽֶ෼ੳ
⿏ք໘Խֶʹͮ͘جӷບܕ෼཭ɾೱॖ๏
ग़๏ݕඍΠϝʔδϯά๏͓ΑͼϚΠΫϩۭؒݦ⿏
⿏ք໘ܭଌ๏

⿏EaTZ	and	aVUoNaUFd	DIFNJDaM	anaMZTJT	VUJMJ[JnH	nano�NJDSoqVJdJD	dFWJDF�
⿏ -JRVJd�pMN	TFQaSaUJon�QSFDonDFnUSaUJon	NFUIod	CaTFd	on	JnUFSfaDF	DIFNJTUSZ�
⿏ INaHJnH	NJDSoTDoQJFT	and	dFUFDUJon	NFUIodT	foS	NJDSoTQaDF�
⿏ InUFSfaDF	NFaTVSFNFnU	UooMT

Րݪɹজलɹڭɹत
ALJIJdF	)I#A3A
	PSofFTToS

BkJIJEF�IJCBSB�F�!UPIPkV�BD�KQ

෱ࢁɹਅԝɹॿɹڭ
Mao	'6,6YAMA
	ATTJTUanU	PSofFTToS

Ϟοτ	σϦοΫɹॿɹڭ
DFSSJDL	MJDIaFM	MOTT
	ATTJTUanU	PSofFTToS
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Chemistry in nano�miDro spaDe� measurements 
� appMiDations

∞

~Å

エアロゾル・バブルの光学解析法 小型・可搬分析装置開発

自由界面の基礎科学

200 μm 

反応・物質輸送の界面化学

濃縮・
B/F分離

ナノ水滴
amicro anano

マイクロ水滴

1ステップ・バイオアッセイ

単一細胞解析ɹφϊɾϚΠΫϩۭؒΛར༻ͨ͠ԽֶɾੜԽֶͷूੵԽͱߴ౓Խ
ʹؔ͢Δڀݚ෼໺։୓Λத৺ʹڀݚΛਐΊ·͢ɻੜମɾڥ؀ɾ৯
඼ɾۀ޻ϓϩηεͳͲΛର৅ͱͨ͠؆ศ෼ੳɾࣗಈ෼ੳͳͲͷ࣮
ࢠ๔Λର৅ͱ͢Δ෼ੳɺ୯Ұ෼ࡉ଴Ͱ͖·͢ɻ·ͨɺ୯Ұظ͕ݱ
ϨϕϧͰͷ෼ੳͳͲɺଞͷख๏͔Β͸ಘΒΕͳ͍৘ใΛܭଌ͢Δ
σόΠεɾܭଌٕज़࣮ݱʹ௅ઓ͠·͢ɻ͜ͷΑ͏ͳ৽͍ٕ͠ज़ͷ
ͨΊʹ͸ɺ੍ۭؒ໿ԼͰͷԽֶ൓Ԡɾք໘ݱ৅ͳͲͷಛੑΛ໌Β
͔ʹ͢ΔૅجԽֶ͕ڀݚඞཁʹͳΓ·͢ɻͦͷͨΊͷπʔϧͱ͠
ͯɺݦඍΠϝʔδϯά๏ɺݦඍϨʔβʔ෼ޫ๏ͳͲͰɺଞʹྫͷ
ͳ͍ߴ౓ܭଌख๏ͷ։ൃΛਐΊ·͢ɻ

8F	TUVdZ	adWanDFd	nano�NJDSo	 UFDInoMoHJFT	 Jn	DIFNJTUSZ	
and	 CJoDIFNJTUSZ	 and	 UIFJS	 aQQMJDaUJonT	 Uo	 JnUFHSaUFd	
anaMZUJDaM	 dFWJDFT�	8F	 JnWFTUJHaUF	 FaTZ	 and	 aVUoNaUFd	
anaMZUJDaM	 UFDInoMoHJFT	 foS	 MJfF	 TDJFnDF
FnWJSonNFnUaM	
TDJFnDF
	 food	 TafFUZ
	 and	 JndVTUSJaM	 QSoDFTT�	8F	 aMTo	
JnWFTUJHaUF	noWFM	anaMZUJDaM	 UFDInoMoHJFT	TVDI	aT	TJnHMF	DFMM	
anaMZTJT
	and	TJnHMF	NoMFDVMF	anaMZTJT�	'oS	 UIF	adWanDFd	
UFDInoMoHJFT
	 fVndaNFnUaM	 DIFNJTUSZ	 TVDI	 aT	 DIFNJDaM	
SFaDUJon	and	 JnUFSfaDJaM	 QIFnoNFna	 Jn	 a	 DonfJnFd	 TQaDF	
TIoVMd	CF	 SFWFaMFd	 Jn	dFUaJM�	8F	TUVdZ	VnJRVF	adWanDFd	
NFaTVSFNFnU	 UooMT	TVDI	aT	NJDSoTDoQJD	 JNaHJnH
	and	 MaTFS	
NJDSoTDoQZ�
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SofU	MaUUFS	PIZTJDT ʗ SFMf�ATTFNCMZ	Jn	PoMZNFST ʗ PoMZNFS	CSZTUaMT ʗ
PoMZNFSJD	)ZCSJd	MaUFSJaMT

⿏ϒϩοΫڞॏ߹ମͷࣗݾ૊৫Խφϊߏ଄ͷ࡯؍ݩ࣍�ͱͦͷ෼ࢠ࿦తղੳ
⿏༗ػɾແػෳ߹ࡐྉͷφϊεέʔϧมߏػܗͷղ໌
⿏݁থੑߴ෼ࡐࢠྉͷφϊεέʔϧߏ଄ղੳ
࡯؍௚઀ڸඍݦࢠͷి࠯ࢠ୯Ұ෼ࢠ෼ߴ⿏
⿏༗ػɾແػ઀ணߏ଄ͷࢠݪϨϕϧղੳ

⿏�D	OCTFSWaUJon	and	anaMZTJT	of	CMoDL	DoQoMZNFS	TFMf�aTTFNCMFd	TUSVDUVSFT
⿏ EMVDJdaUJon	of	nanoTDaMF	dFfoSNaUJon	NFDIanJTNT	Jn	oSHanJD�JnoSHanJD	DoNQoTJUF	NaUFSJaMT
⿏ NanoTDaMF	TUSVDUVSaM	anaMZTJT	of	TFNJ�DSZTUaMMJnF	QoMZNFST	
⿏ DJSFDU	oCTFSWaUJon	of	TJnHMF	QoMZNFS	DIaJnT	VTJnH	FMFDUSon	NJDSoTDoQZ
⿏ AUoNJD�TDaMF	anaMZTJT	of	oSHanJD�JnoSHanJD	JnUFSfaDFT

ਞ಺ɹ࢘ߒɹڭɹत
)JSoTIJ	JINNAI
	PSofFTToS

IJSPTIJ�KJOOBJ�E�!UPIPkV�BD�KQ

ؙྛɹ߂యɹߨɹࢣ
)JSonoSJ	MA36#AYAS)I
	
SFnJoS	ATTJTUanU	PSofFTToS

ڭɹஐऺɹॿɹాٶ
ToNoIJSo	MIYATA
	ATTJTUanU	PSofFTToS

8anH	)TJao	'anHɹॿɹڭ
)TJao	'anH	8AN(
	ATTJTUanU	PSofFTToS

Δ؍଄ͱμΠφϛΫεΛߏઢʹΑͬͯιϑτϚςϦΞϧͷࢠి

0Cservations oG struDtures anE EynamiDs in 
soGt materiaMs Cy usinH eMeDtron miDrosDopy

500 nm

2.5

0

Tensile Strain

a b

50 nm

ɹߴ෼ࢠ͸ܰྔੑɾॊೈੑɾՃੑ޻ͳͲʹ༏Εͨ෺࣭Ͱ͋Γɺج
ྉͷ෺ੑࡐࢠ෼ߴར༻͞Ε͍ͯ·͢ɻ͘޿ʹతۀ࢈ྉͱͯ͠ࡐװ
͸ɺԽֶߏ଄΍෼ࢠ഑ྻͷ੍ޚʹՃ͑ɺҟछߴ෼ࢠ΍ແػ෺࣭Λ
ࠞ߹͢Δ͜ͱͰ෯͘޿ίϯτϩʔϧ͞Ε͍ͯ·͕͢ɺ಺෦ʹܗ੒
͞ΕΔ෼ࢠɾφϊεέʔϧͷඍߏࡉ଄ͱࢹڊతͳ෺ੑɾػೳͷؔ
ྉΛઃࡐࢠ෼ߴೳͳػߴೳɾੑߴͳ͓ͬͯΒͣɺΑΓʹ֬໌͕܎
࠷͸ͪͨࢲΊΒΕ͍ͯ·͢ɻٻ͘ڧͷղ໌͕܎Δ্Ͱ͜ͷؔ͢ܭ
৽ͷಁաݦࢠిܕඍٕڸज़Λ͢࢖ۦΔ͜ͱͰɺ୯Ұߴ෼࠯ࢠͷݪ
࣍଄ͷ̏ߏϚοϐϯάɾ૬෼཭޲থͷ഑݁ࢠ෼ߴɾ࡯؍෼ղೳࢠ
౳ʹऔΓ૊Έɺ࡯؍μΠφϛΫεܗྉͷมࡐ߹ෳࢠɾφϊཻ࡯؍ݩ
ೳػతͳ෺ੑɾࢹڊ଄΍μΠφϛΫεͱߏࡉྉ಺෦ͷඍࡐࢠ෼ߴ
ͱͷؔ܎Λղ໌͢Δ͜ͱΛ໨͍ͯ͠ࢦ·͢ɻ

PoMZNFST	aSF	 JndVTUSJaMMZ	LFZ	NaUFSJaMT	and	 UIFJS	QSoQFSUJFT	
Dan	 CF	XJdFMZ	 DonUSoMMFd	 CZ	NJYJnH	 dJffFSFnU	 QoMZNFST	
and	 QoMZNFST�JnoSHanJD	NaUFSJaMT	 aT	XFMM	 aT	 CZ	 UVnJnH	
UIF	 DIFNJDaM	 TUSVDUVSF	 and	NoMFDVMaS	 aSSanHFNFnU�	 TIF	
SFMaUJonTIJQT	 CFUXFFn	 UIF	NJDSoTUSVDUVSFT	 JnTJdF	 and	
NaDSoTDoQJD	 QSoQFSUJFT	 of	 QoMZNFSJD	NaUFSJaMT	 IaWF	noU	
CFFn	DMaSJpFd	ZFU�	TIVT
	XF	XoSL	on	 UIF	aUoNJD�SFToMVUJon	
oCTFSWaUJon	of	TJnHMF	QoMZNFS	DIaJnT
	oSJFnUaUJon	NaQQJnH	
of	 QoMZNFS	 DSZTUaMT
	�D	oCTFSWaUJon	of	 QIaTF�TFQaSaUFd	
TUSVDUVSFT
	dFfoSNaUJon�dZnaNJDT	oCTFSWaUJon	of	nanoQaSUJDMF	
DoNQoTJUF	NaUFSJaMT
	FUD�
	CZ	fSonU�MJnF	USanTNJTTJon	FMFDUSon	
NJDSoTDoQZ	UFDInJRVFT�	8F	aJN	Uo	FMVDJdaUF	UIF	SFMaUJonTIJQT	
CFUXFFn	NJDSoTUSVDUVSFT�dZnaNJDT	 and	NaDSoTDoQJD	

'JH���		�D	TUSVDUVSF	of	UIF	oSdFSFd	CJDonUJnVoVT	doVCMF	
HZSoJd	TUSVDUVSF	Jn	a	dJCMoDL	DoQoMZNFS�

QSoQFSUJFT	of	QoMZNFSJD	NaUFSJaMT	UISoVHI	UIFTF	oCTFSWaUJonT�

'JH���		a
	TSanTNJTTJon	FMFDUSon	NJDSoTDoQZ	JNaHF	of	UIF	
WFSUJDaMMZ�FMonHaUFd	JnnFS	TUSVDUVSF	of	a	SVCCFS	XJUI	TJMJDa	
nanoQaSUJDMFT		CMaDL	QaSUT
�		C
	TFnTJMF�TUSaJn	NaQ	of		a
�
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nano ʗ NJDSo	anaMZUJDaM	dFWJDFT ʗ JNaHJnH	NJDSoTDoQZ ʗ oQUJDaM	
dFUFDUJon	NFUIodT ʗ JnUFSfaDF	DIFNJTUSZ

⿏φϊɾϚΠΫϩྲྀମσόΠεΛ༻͍Δ؆қɾࣗಈԽֶ෼ੳ
⿏ք໘Խֶʹͮ͘جӷບܕ෼཭ɾೱॖ๏
ग़๏ݕඍΠϝʔδϯά๏͓ΑͼϚΠΫϩۭؒݦ⿏
⿏ք໘ܭଌ๏

⿏EaTZ	and	aVUoNaUFd	DIFNJDaM	anaMZTJT	VUJMJ[JnH	nano�NJDSoqVJdJD	dFWJDF�
⿏ -JRVJd�pMN	TFQaSaUJon�QSFDonDFnUSaUJon	NFUIod	CaTFd	on	JnUFSfaDF	DIFNJTUSZ�
⿏ INaHJnH	NJDSoTDoQJFT	and	dFUFDUJon	NFUIodT	foS	NJDSoTQaDF�
⿏ InUFSfaDF	NFaTVSFNFnU	UooMT

Րݪɹজलɹڭɹत
ALJIJdF	)I#A3A
	PSofFTToS

BkJIJEF�IJCBSB�F�!UPIPkV�BD�KQ

෱ࢁɹਅԝɹॿɹڭ
Mao	'6,6YAMA
	ATTJTUanU	PSofFTToS

Ϟοτ	σϦοΫɹॿɹڭ
DFSSJDL	MJDIaFM	MOTT
	ATTJTUanU	PSofFTToS
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Chemistry in nano�miDro spaDe� measurements 
� appMiDations

∞

~Å

エアロゾル・バブルの光学解析法 小型・可搬分析装置開発

自由界面の基礎科学

200 μm 

反応・物質輸送の界面化学

濃縮・
B/F分離

ナノ水滴
amicro anano

マイクロ水滴

1ステップ・バイオアッセイ

単一細胞解析ɹφϊɾϚΠΫϩۭؒΛར༻ͨ͠ԽֶɾੜԽֶͷूੵԽͱߴ౓Խ
ʹؔ͢Δڀݚ෼໺։୓Λத৺ʹڀݚΛਐΊ·͢ɻੜମɾڥ؀ɾ৯
඼ɾۀ޻ϓϩηεͳͲΛର৅ͱͨ͠؆ศ෼ੳɾࣗಈ෼ੳͳͲͷ࣮
ࢠ๔Λର৅ͱ͢Δ෼ੳɺ୯Ұ෼ࡉ଴Ͱ͖·͢ɻ·ͨɺ୯Ұظ͕ݱ
ϨϕϧͰͷ෼ੳͳͲɺଞͷख๏͔Β͸ಘΒΕͳ͍৘ใΛܭଌ͢Δ
σόΠεɾܭଌٕज़࣮ݱʹ௅ઓ͠·͢ɻ͜ͷΑ͏ͳ৽͍ٕ͠ज़ͷ
ͨΊʹ͸ɺ੍ۭؒ໿ԼͰͷԽֶ൓Ԡɾք໘ݱ৅ͳͲͷಛੑΛ໌Β
͔ʹ͢ΔૅجԽֶ͕ڀݚඞཁʹͳΓ·͢ɻͦͷͨΊͷπʔϧͱ͠
ͯɺݦඍΠϝʔδϯά๏ɺݦඍϨʔβʔ෼ޫ๏ͳͲͰɺଞʹྫͷ
ͳ͍ߴ౓ܭଌख๏ͷ։ൃΛਐΊ·͢ɻ

8F	TUVdZ	adWanDFd	nano�NJDSo	 UFDInoMoHJFT	 Jn	DIFNJTUSZ	
and	 CJoDIFNJTUSZ	 and	 UIFJS	 aQQMJDaUJonT	 Uo	 JnUFHSaUFd	
anaMZUJDaM	 dFWJDFT�	8F	 JnWFTUJHaUF	 FaTZ	 and	 aVUoNaUFd	
anaMZUJDaM	 UFDInoMoHJFT	 foS	 MJfF	 TDJFnDF
FnWJSonNFnUaM	
TDJFnDF
	 food	 TafFUZ
	 and	 JndVTUSJaM	 QSoDFTT�	8F	 aMTo	
JnWFTUJHaUF	noWFM	anaMZUJDaM	 UFDInoMoHJFT	TVDI	aT	TJnHMF	DFMM	
anaMZTJT
	and	TJnHMF	NoMFDVMF	anaMZTJT�	'oS	 UIF	adWanDFd	
UFDInoMoHJFT
	 fVndaNFnUaM	 DIFNJTUSZ	 TVDI	 aT	 DIFNJDaM	
SFaDUJon	and	 JnUFSfaDJaM	 QIFnoNFna	 Jn	 a	 DonfJnFd	 TQaDF	
TIoVMd	CF	 SFWFaMFd	 Jn	dFUaJM�	8F	TUVdZ	VnJRVF	adWanDFd	
NFaTVSFNFnU	 UooMT	TVDI	aT	NJDSoTDoQJD	 JNaHJnH
	and	 MaTFS	
NJDSoTDoQZ�
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SofU	MaUUFS	PIZTJDT ʗ SFMf�ATTFNCMZ	Jn	PoMZNFST ʗ PoMZNFS	CSZTUaMT ʗ
PoMZNFSJD	)ZCSJd	MaUFSJaMT

⿏ϒϩοΫڞॏ߹ମͷࣗݾ૊৫Խφϊߏ଄ͷ࡯؍ݩ࣍�ͱͦͷ෼ࢠ࿦తղੳ
⿏༗ػɾແػෳ߹ࡐྉͷφϊεέʔϧมߏػܗͷղ໌
⿏݁থੑߴ෼ࡐࢠྉͷφϊεέʔϧߏ଄ղੳ
࡯؍௚઀ڸඍݦࢠͷి࠯ࢠ୯Ұ෼ࢠ෼ߴ⿏
⿏༗ػɾແػ઀ணߏ଄ͷࢠݪϨϕϧղੳ

⿏�D	OCTFSWaUJon	and	anaMZTJT	of	CMoDL	DoQoMZNFS	TFMf�aTTFNCMFd	TUSVDUVSFT
⿏ EMVDJdaUJon	of	nanoTDaMF	dFfoSNaUJon	NFDIanJTNT	Jn	oSHanJD�JnoSHanJD	DoNQoTJUF	NaUFSJaMT
⿏ NanoTDaMF	TUSVDUVSaM	anaMZTJT	of	TFNJ�DSZTUaMMJnF	QoMZNFST	
⿏ DJSFDU	oCTFSWaUJon	of	TJnHMF	QoMZNFS	DIaJnT	VTJnH	FMFDUSon	NJDSoTDoQZ
⿏ AUoNJD�TDaMF	anaMZTJT	of	oSHanJD�JnoSHanJD	JnUFSfaDFT

ਞ಺ɹ࢘ߒɹڭɹत
)JSoTIJ	JINNAI
	PSofFTToS
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PoMZNFST	aSF	 JndVTUSJaMMZ	LFZ	NaUFSJaMT	and	 UIFJS	QSoQFSUJFT	
Dan	 CF	XJdFMZ	 DonUSoMMFd	 CZ	NJYJnH	 dJffFSFnU	 QoMZNFST	
and	 QoMZNFST�JnoSHanJD	NaUFSJaMT	 aT	XFMM	 aT	 CZ	 UVnJnH	
UIF	 DIFNJDaM	 TUSVDUVSF	 and	NoMFDVMaS	 aSSanHFNFnU�	 TIF	
SFMaUJonTIJQT	 CFUXFFn	 UIF	NJDSoTUSVDUVSFT	 JnTJdF	 and	
NaDSoTDoQJD	 QSoQFSUJFT	 of	 QoMZNFSJD	NaUFSJaMT	 IaWF	noU	
CFFn	DMaSJpFd	ZFU�	TIVT
	XF	XoSL	on	 UIF	aUoNJD�SFToMVUJon	
oCTFSWaUJon	of	TJnHMF	QoMZNFS	DIaJnT
	oSJFnUaUJon	NaQQJnH	
of	 QoMZNFS	 DSZTUaMT
	�D	oCTFSWaUJon	of	 QIaTF�TFQaSaUFd	
TUSVDUVSFT
	dFfoSNaUJon�dZnaNJDT	oCTFSWaUJon	of	nanoQaSUJDMF	
DoNQoTJUF	NaUFSJaMT
	FUD�
	CZ	fSonU�MJnF	USanTNJTTJon	FMFDUSon	
NJDSoTDoQZ	UFDInJRVFT�	8F	aJN	Uo	FMVDJdaUF	UIF	SFMaUJonTIJQT	
CFUXFFn	NJDSoTUSVDUVSFT�dZnaNJDT	 and	NaDSoTDoQJD	

'JH���		�D	TUSVDUVSF	of	UIF	oSdFSFd	CJDonUJnVoVT	doVCMF	
HZSoJd	TUSVDUVSF	Jn	a	dJCMoDL	DoQoMZNFS�

QSoQFSUJFT	of	QoMZNFSJD	NaUFSJaMT	UISoVHI	UIFTF	oCTFSWaUJonT�

'JH���		a
	TSanTNJTTJon	FMFDUSon	NJDSoTDoQZ	JNaHF	of	UIF	
WFSUJDaMMZ�FMonHaUFd	JnnFS	TUSVDUVSF	of	a	SVCCFS	XJUI	TJMJDa	
nanoQaSUJDMFT		CMaDL	QaSUT
�		C
	TFnTJMF�TUSaJn	NaQ	of		a
�
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3FTFaSDI	oCKFDUJWFT	of	 UIF	 MaCoSaUoSZ	aSF	 Uo	dFTJHn	and	
DSFaUF	RVanUVN	nanoTUSVDUVSFT	dFTJSaCMF	 foS	nFX	fVnDUJonaM	
oQUoFMFDUSonJD	dFWJDFT	XoSLaCMF	 Jn	dFFQ	VMUSaWJoMFUɼWJTJCMFɼ	
and	 oQUJDaM	 DoNNVnJDaUJon	XaWFMFnHUIT	 VTJnH	 QManFU�
DonTDJoVT	XJdF	CandHaQ	TFNJDondVDUoSTɼ	naNFMZ	ʢAMɼInɼ
(aʣN	andʢMHɼ;nʣO	TZTUFNTɽ	8F	aSF	HSoXJnH	RVanUVN	
TUSVDUVSFT	CZ	NFUaMoSHanJD	WaQoS	QIaTF	FQJUaYZ	and	VnJRVF	
IFMJDon�XaWF�FYDJUFd�QMaTNa	TQVUUFSJnH	FQJUaYZ	NFUIodTɽ	
6MUSafaTU	 SFDoNCJnaUJon	dZnaNJDT	of	 FYDJUFd	QaSUJDMFT	 Jn	
nanoTUSVDUVSFT	aSF	TUVdJFd	CZ	 UJNF�SFToMWFd	TQFDUSoTDoQZ	
VTJnH	a	 fFNUoTFDond	 MaTFSɼ	and	WFSZ	 MoDaM	DaSSJFS	dZnaNJDT	
aSF	QSoWFd	CZ	foDVTFd	QVMTFd	FMFDUSon	CFaNT	VTJnH	a	IoNF�
NadFɼ	TQaUJo�UJNF�SFToMWFd	DaUIodoMVNJnFTDFnDF	TZTUFN	
FRVJQQFd	XJUI	a	QIoUoFMFDUSon�HVnɽ

%esiHn anE Dreation oG XiEe CanEHap semiDonEuDtor Ruantum nanostruDtures anE spatio�
time�resoMveE speDtrosDopy

2uantum 0ptoeMeDtroniDs
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8JdF	CandHaQ	TFNJDondVDUoST ʗ 2VanUVN	nanoTUSVDUVSFT ʗ CaSSJFS	dZnaNJDT
ʗ SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ
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⿏ 		A	nFX	DonDFQU	DoIFSFnU	MJHIU	ToVSDF	CaTFd	on	MJHIU�NaUUFS	DoVQMJnH	Jn	FnWJSonNFnU�fSJFndMZ		AM
In
(a
N	
andʢ	MH
;n
O	XJdF	CandHaQ	TFNJDondVDUoS	NJDSoDaWJUJFT

⿏ 		SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ	Jn	TFNJDondVDUoS	NaUFSJaMT
⿏ 		DFTJHn	and	faCSJDaUJon	of		AM
In
(a
N	RVanUVN	nanoTUSVDUVSFT�	FQJUaYJaM	HSoXUIT	CZ	NFUaMoSHanJD	WaQoS	
QIaTF	FQJUaYZ

⿏ 		)FMJDon�XaWF�FYDJUFd�QMaTNa	TQVUUFSJnH	FQJUaYZ	of	II�oYJdF	TFNJDondVDUoSʢMH
;n
O	and	faCSJDaUJon	of	
NVMUJfVnDUJonaM	oYJdF	UIJn	pMNT
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'VLVZaNa	 MaCoSaUoSZ	 TUVdJFT	 noWFM	NaUFSJaM	 QSoDFTTJnH	
CaTFd	on	DIFNJDaM	 UIFSNodZnaNJDT	XJUI	IJHI�UFNQFSaUVSF	
UIFSNoQIZTJDaM	 QSoQFSUZ	NFaTVSFNFnUT�	 CVSSFnUMZ
	 XF	
aSF	dFWFMoQJnH	nFX	DSZTUaM	 HSoXUI	QSoDFTTFT	 Uo	CSJnH	a	
CSFaLUISoVHI	 Jn	nJUSJdF�TFNJDondVDUoS	dFWJDFT
	XIJDI	aSF	
QSoNJTJnH	NaUFSJaMT	 foS	 nFYU�HFnFSaUJon	 oQUJDaM	 dFWJDFT	
aQQMJFd	 Jn	 FnWJSonNFnUaM
	NFdJDaM
	 CJo	 and	 JnfoSNaUJon	
UFDInoMoHJFT	pFMdT�	DaUaCaTF	of	UIFSNoQIZTJDaM	QSoQFSUJFT	of	
NaUFSJaMT	JT	nFFdFd	foS	NodFMJnH	IFaU	and	NaTT	USanTQoSUT	Jn	
NaUFSJaMT	QSoDFTTFT�	TIF	XoSMdʟ	pSTU	UIFSNoQIZTJDaM	QSoQFSUZ	
NFaTVSFNFnU	TZTUFN	IaT	CFFn	dFWFMoQFd	Jn	oVS	MaCoSaUoSZ
	
XIJDI	FnaCMFT	aDDVSaUF	NFaTVSFNFnUT	of	 IFaU	 DaQaDJUZ
	
UIFSNaM	DondVDUJWJUZ
	FNJTTJWJUZ
	dFnTJUZ	and	TVSfaDF	UFnTJon	
of	IJHI�UFNQFSaUVSF	NFMUT
	VUJMJ[JnH	FMFDUSoNaHnFUJD	MFWJUaUJon	
Jn	a	dD	NaHnFUJD	pFMd�

)iHh�temperature proDesses anE measurements oG materiaMs
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⿏CSZTUaM	HSoXUI	and	QIZTJDaM	DIFNJTUSZ	of	nJUSJdF	TFNJDondVDUoST
⿏ DFWFMoQNFnU	of	IJHI�UFNQFSaUVSF	UIFSNoQIZTJDaM	QSoQFSUZ	NFaTVSFNFnU	TZTUFN
⿏MaUFSJaM	QSoDFTTJnH	VTJnH	IJHI�UFNQFSaUVSF	SFaDUJon	pFMdT
⿏ TIFSNoQIZTJDaM	QSoQFSUZ	NFaTVSFNFnUT	of	VMUSa�IJHI	UFNQFSaUVSF	NaUFSJaMT
⿏ INQSoWFNFnU	of	QSoQFSUJFT	foS	NVMUJ�fVnDUJonaM	pMNT	and	dFWFMoQNFnU	of	noWFM	dFWJDFT
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)JSoZVLJ	'6,6YAMA
	PSofFTToS

IJSPZVkJ�GVkVZBmB�C�!UPIPkV�BD�KQ

େ௩ɹɹ੣ɹ।ڭत
MaLoUo	O)TS6,A
	ATToDJaUF	PSofFTToS

҆ୡɹਖ਼๕ɹॿɹڭ
MaTaZoTIJ	ADAC)I
	ATTJTUanU	PSofFTToS

ઐ໳෼໺ŋΩʔϫʔυ ྉϓϩηγϯάʗԽֶ೤ྗֶʗ༥ମ෺ੑʗ݁থ੒௕ࡐ

41&C*"-*;&%
'*&-%ŋK&: 803%

NaUFSJaMT	QSoDFTTFT ʗ DIFNJDaM	UIFSNodZnaNJDT ʗ UIFSNoQIZTJDaM	QSoQFSUJFT	
of	IJHI�UFNQFSaUVSF	NFMUT ʗ DSZTUaM	HSoXUI
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)iHh�temperature 1hysiDaM Chemistry oG .ateriaMs
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%esiHn anE Dreation oG XiEe CanEHap semiDonEuDtor Ruantum nanostruDtures anE spatio�
time�resoMveE speDtrosDopy

2uantum 0ptoeMeDtroniDs
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8JdF	CandHaQ	TFNJDondVDUoST ʗ 2VanUVN	nanoTUSVDUVSFT ʗ CaSSJFS	dZnaNJDT
ʗ SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ

⿏ 		A	nFX	DonDFQU	DoIFSFnU	MJHIU	ToVSDF	CaTFd	on	MJHIU�NaUUFS	DoVQMJnH	Jn	FnWJSonNFnU�fSJFndMZ		AM
In
(a
N	
andʢ	MH
;n
O	XJdF	CandHaQ	TFNJDondVDUoS	NJDSoDaWJUJFT

⿏ 		SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ	Jn	TFNJDondVDUoS	NaUFSJaMT
⿏ 		DFTJHn	and	faCSJDaUJon	of		AM
In
(a
N	RVanUVN	nanoTUSVDUVSFT�	FQJUaYJaM	HSoXUIT	CZ	NFUaMoSHanJD	WaQoS	
QIaTF	FQJUaYZ

⿏ 		)FMJDon�XaWF�FYDJUFd�QMaTNa	TQVUUFSJnH	FQJUaYZ	of	II�oYJdF	TFNJDondVDUoSʢMH
;n
O	and	faCSJDaUJon	of	
NVMUJfVnDUJonaM	oYJdF	UIJn	pMNT

SIJHFfVTa	'�	C)IC)I#6
	PSofFTToS

DIJDIJCV!UPIPkV�BD�KQ

,a[VnoCV	,OJIMA
	ATToDJaUF	PSofFTToS

,oIFJ	S)IMA
	ATTJTUanU	PSofFTToS

ϫΠυΪϟοϓ൒ಋମφϊߏ଄૑੒ͱۭ࣌
ؒ෼ղεϖΫτϩείϐʔ

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ

ۚ
ଐ
ࢿ
ݯ
ϓ
ϩ
セ
ε
研
究
セ
ン
タ
ー

C
E
N
TE
3
	'
O
3
	M
IN
E
3
A
-	P
3
O
C
E
S
S
IN
(
	A
N
D
	M
E
T
A
--6
3
(
Y

58

'VLVZaNa	 MaCoSaUoSZ	 TUVdJFT	 noWFM	NaUFSJaM	 QSoDFTTJnH	
CaTFd	on	DIFNJDaM	 UIFSNodZnaNJDT	XJUI	IJHI�UFNQFSaUVSF	
UIFSNoQIZTJDaM	 QSoQFSUZ	NFaTVSFNFnUT�	 CVSSFnUMZ
	 XF	
aSF	dFWFMoQJnH	nFX	DSZTUaM	 HSoXUI	QSoDFTTFT	 Uo	CSJnH	a	
CSFaLUISoVHI	 Jn	nJUSJdF�TFNJDondVDUoS	dFWJDFT
	XIJDI	aSF	
QSoNJTJnH	NaUFSJaMT	 foS	 nFYU�HFnFSaUJon	 oQUJDaM	 dFWJDFT	
aQQMJFd	 Jn	 FnWJSonNFnUaM
	NFdJDaM
	 CJo	 and	 JnfoSNaUJon	
UFDInoMoHJFT	pFMdT�	DaUaCaTF	of	UIFSNoQIZTJDaM	QSoQFSUJFT	of	
NaUFSJaMT	JT	nFFdFd	foS	NodFMJnH	IFaU	and	NaTT	USanTQoSUT	Jn	
NaUFSJaMT	QSoDFTTFT�	TIF	XoSMdʟ	pSTU	UIFSNoQIZTJDaM	QSoQFSUZ	
NFaTVSFNFnU	TZTUFN	IaT	CFFn	dFWFMoQFd	Jn	oVS	MaCoSaUoSZ
	
XIJDI	FnaCMFT	aDDVSaUF	NFaTVSFNFnUT	of	 IFaU	 DaQaDJUZ
	
UIFSNaM	DondVDUJWJUZ
	FNJTTJWJUZ
	dFnTJUZ	and	TVSfaDF	UFnTJon	
of	IJHI�UFNQFSaUVSF	NFMUT
	VUJMJ[JnH	FMFDUSoNaHnFUJD	MFWJUaUJon	
Jn	a	dD	NaHnFUJD	pFMd�

)iHh�temperature proDesses anE measurements oG materiaMs

ɹ౰ࣨڀݚͰ͸ɺԽֶ೤ྗֶͱ༥ମ෺ੑΛ༥߹ͤͨ͞৽͍͠ػೳ
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ͯɺۚଐ༥ମͷ੩తͳු༡ঢ়ଶΛ࣮͠ݱɺ༥ମͷ೤༰ྔɺ೤఻ಋ
཰ɺ์ࣹ཰ɺີ౓͓Αͼද໘ுྗΛߴਫ਼౓ʹܭଌ͢Δ௒ߴԹ೤෺
ɻ͜ͷٕज़ʹΑͬͯɺ݁থ͢·͍ͯͬߦଌγεςϜͷ։ൃΛܭੑ
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⿏஠Խ෺൒ಋମͷ݁থ੒௕ͱ෺ཧԽֶ
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⿏௒ߴԹࡐྉͷ೤෺ੑܭଌ
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⿏CSZTUaM	HSoXUI	and	QIZTJDaM	DIFNJTUSZ	of	nJUSJdF	TFNJDondVDUoST
⿏ DFWFMoQNFnU	of	IJHI�UFNQFSaUVSF	UIFSNoQIZTJDaM	QSoQFSUZ	NFaTVSFNFnU	TZTUFN
⿏MaUFSJaM	QSoDFTTJnH	VTJnH	IJHI�UFNQFSaUVSF	SFaDUJon	pFMdT
⿏ TIFSNoQIZTJDaM	QSoQFSUZ	NFaTVSFNFnUT	of	VMUSa�IJHI	UFNQFSaUVSF	NaUFSJaMT
⿏ INQSoWFNFnU	of	QSoQFSUJFT	foS	NVMUJ�fVnDUJonaM	pMNT	and	dFWFMoQNFnU	of	noWFM	dFWJDFT

෱ࢁɹത೭ɹڭɹत
)JSoZVLJ	'6,6YAMA
	PSofFTToS

IJSPZVkJ�GVkVZBmB�C�!UPIPkV�BD�KQ

େ௩ɹɹ੣ɹ।ڭत
MaLoUo	O)TS6,A
	ATToDJaUF	PSofFTToS

҆ୡɹਖ਼๕ɹॿɹڭ
MaTaZoTIJ	ADAC)I
	ATTJTUanU	PSofFTToS
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NaUFSJaMT	QSoDFTTFT ʗ DIFNJDaM	UIFSNodZnaNJDT ʗ UIFSNoQIZTJDaM	QSoQFSUJFT	
of	IJHI�UFNQFSaUVSF	NFMUT ʗ DSZTUaM	HSoXUI

෼໺ڀݚྉ෺ཧԽֶࡐԹߴ

෱ࣨڀݚࢁ

)iHh�temperature 1hysiDaM Chemistry oG .ateriaMs

F6,6:A.A -aC
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#ase .ateriaMs 1roDessinH
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෼໺ڀݚϓϩηογϯάࡐ൫ૉج

২ాࣨڀݚ

২ాɹɹ࣎ɹڭɹत
SIJHFSV	6EDA
	PSofFTToS

TIJHFSV�VFEB�B�!UPIPkV�BD�KQ

ڭɹɹɹѴɹॿɹߴ
9V	(AO
	ATTJTUanU	PSofFTToS

దԽ࠷ͷޚԹϓϩηεʹ͓͚Δ൓Ԡ੍ߴ
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ૈ߯ੜྔ࢈͸೥ʑ૿Ճ͠ɺϕʔεϝλϧ΍ϨΞϝλϧͷधཁ΋૿
Ճ͍ͯ͠·͢ɻ͜ͷഎܠʹ͸৽ࠃڵͰͷԢ੝ͳݯࢿधཁ͕͋Γɺ
ಉ࣌ʹ߭෺ݯࢿͷྼ࣭Խ͓Αͼ CO� ΍༗֐ͳ෭࢈෺ൃੜͷ໰୊
ߏԽ͖ͯ͠·ͨ͠ɻ͜ͷ৘੎ͷதͰ҆શ͔ͭ҆ఆͳࣾձΛࡏݦ͕
ங͢ΔͨΊʹɺݯࢿͱΤωϧΪʔध͓څΑͼݪྉͷมԽʹର͢Δ
ରԠྗ͕͘ߴ௿ڥ؀ෛՙͰ҆ఆతʹૉ͕ࡐੜ࢈Մೳͳϓϩηεͷ
Թ෺ߴங͕ॏཁͰ͢ɻߏͷࣾձͷܕ॥؀ݯࢿ͍ߴଓੑͷ࣋ஙͱߏ
ཧԽֶɺ൓Ԡϓϩηεֶ޻Λ΋ͱʹݯࢿɺΤωϧΪʔରԠɺ෭࢈
෺ͷ͓ݮ࡟Αͼར༻ͱ͍ͬͨࣾձج൫ߏஙʹඞཁͳ൓Ԡϓϩηε
ͷߏஙΛ໨͠ࢦ·͢ɻ

0ptimi[ation oG hiHh temperature proDessinH 
Gor Case metaM

In	oSdFS	 Uo	FTUaCMJTI	a	TVTUaJnaCMF	ToDJFUZ
	 JU	 JT	nFDFTTaSZ	
Uo	NaJnUaJn	 UIF	 TVQQMZ	 of	NaUFSJaMT	 UIaU	 aDU	 aT	 ToDJaM	
JnfSaTUSVDUVSF�	(MoCaM	DSVdF	TUFFM	QSodVDUJon	 JT	 JnDSFaTJnH	
ZFaS	CZ	ZFaS
	and	dFNand	 foS	CaTF	and	SaSF	NFUaMT	 JT	aMTo	
JnDSFaTJnH�	AU	 UIF	TaNF	UJNF
	dFHSadaUJon	and	dFQMFUJon	of	
NJnFSaM	 SFToVSDFT
	and	QSodVDUJon	of	CO�	and	CZ�QSodVDUT	
IaWF	CFDoNF	QSoCMFNT�	 IU	 JT	nFDFTTaSZ	 Uo	FTUaCMJTI	ToDJaM	
TVTUaJnaCJMJUZ	UISoVHI	F⒏DJFnU	NaUFSJaM	QSoDFTT	and	SFToVSDF	
SFDZDMJnH�	#aTFd	on	IJHI�UFNQFSaUVSF	QIZTJDaM	 DIFNJTUSZ	
and	SFaDUJon	FnHJnFFSJnH
	oVS	HSoVQ	aJN	Uo	CVJMd	UIF	SFaDUJon	
QSoDFTT	nFDFTTaSZ	foS	TVTUaJnaCMF	SFToVSDF	TVQQMZ
	SFdVDUJon	
and	VTF	of	CZ�QSodVDUT�

ઐ໳෼໺ŋΩʔϫʔυ ૉࡐϓϩηεʗ੡మ੡߯ʗߴԹ෺ཧԽֶʗϦαΠΫϧ
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MaUFSJaM	QSoDFTTJnH ʗ ISon	and	TUFFMNaLJnH ʗ )JHI	UFNQFSaUVSF	QIZTJDaM	
DIFNJTUSZ ʗ MaUFSJaM	SFDZDMJnH

㻯ontrol㻌of㻌chemical㻌reactions㻌by㻌
controlling㻌interface㻌phenomena

Figure.㻌Analysis㻌of㻌reaction㻌
mechanism㻌and㻌control㻌of㻌high㻌
temperature㻌reaction

㻯ontrol㻌of㻌chemical㻌reactions㻌by㻌
controlling㻌interface㻌phenomena

Figure.㻌Analysis㻌of㻌reaction㻌
mechanism㻌and㻌control㻌of㻌high㻌
temperature㻌reaction

⿏੡߯εϥά͔ΒͷΓΜݯࢿճऩ
⿏ք໘ʹ͓͚Δ෺࣭ҠಈͱԽֶ൓Ԡ
⿏ۚଐ Խ෺ࢎ� ൓Ԡ଎౓ݩͱؐߧ૬ؒͷฏؾ�

⿏3FDoWFSZ	of	QIoTQIoSVT	fSoN	TUFFMNaLJnH	TMaH
⿏ ConUSoM	of	NaTT	USanTfFS	and	DIFNJDaM	SFaDUJonT	aU	JnUFSfaDFT
⿏ CIFNJDaM	FRVJMJCSJVN	and	SFaDUJon	LJnFUJDT	CFUXFFn	NoMUFn	NFUaM
	oYJdF	and	HaT	QIaTFT

ConUSoM	of	DIFNJDaM	 SFaDUJonT	CZ	DonUSoMMJnH	 JnUFSfaDF	
QIFnoNFna

'JHVSF�	AnaMZTJT	of	SFaDUJon	NFDIanJTN	and	DonUSoM	of	IJHI	UFNQFSaUVSF	
SFaDUJon
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([SHULPHQW 6LPXODWLRQ

%eveMopment oG neX GunDtionaM poXEer proDessinH anE optimum EesiHn oG poXEer 
proDessinH Cy numeriDaM simuMation

దԽ࠷ೳੑคମϓϩηεͷ૑੒ͱγϛϡϨʔγϣϯʹΑΔคମϓϩηεͷػ

JVnZa	,ANO
	PSofFTToS

kBOP!UPIPkV�BD�KQ

SIJnHo	IS)I)A3A
	ATTJTUanU	PSofFTToS

,J[VLV	,6S)IMOTO
	ATTJTUanU	PSofFTToS
⿏ OQUJNVN	dFTJHn	of	QoXdFS	QSoDFTTJnH	CZ	DoNQVUFS	TJNVMaUJon
⿏ DFWFMoQNFnU	of	TJNVMaUJon	NodFM	foS	HSJndJnH	QSoDFTTFT	of	pnF	QaSUJDMFT
⿏ DFWFMoQNFnU	of	TJNVMaUJon	NodFM	foS	NVMUJQIaTF	qoX
⿏ DFWFMoQNFnU	of	nFX	IZdSoHFn	HFnFSaUJon	QSoDFTTFT	fSoN	CJoNaTT	and	QMaTUJD	XaTUF
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QoXdFS	UFDInoMoHZ ʗ TJNVMaUJon ʗ HSJndJnH ʗ IZdSoHFn	FnFSHZ

෼໺ڀݚೳੑคମϓϩηεػ

Ճೲࣨڀݚ

1oXEer 1roDessinH Gor 'unDtionaM .ateriaMs

,A/0 -aC
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#ase .ateriaMs 1roDessinH
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SIJHFSV	6EDA
	PSofFTToS

TIJHFSV�VFEB�B�!UPIPkV�BD�KQ

9V	(AO
	ATTJTUanU	PSofFTToS
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0ptimi[ation oG hiHh temperature proDessinH 
Gor Case metaM
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MaUFSJaM	QSoDFTTJnH ʗ ISon	and	TUFFMNaLJnH ʗ )JHI	UFNQFSaUVSF	QIZTJDaM	
DIFNJTUSZ ʗ MaUFSJaM	SFDZDMJnH

㻯ontrol㻌of㻌chemical㻌reactions㻌by㻌
controlling㻌interface㻌phenomena

Figure.㻌Analysis㻌of㻌reaction㻌
mechanism㻌and㻌control㻌of㻌high㻌
temperature㻌reaction

㻯ontrol㻌of㻌chemical㻌reactions㻌by㻌
controlling㻌interface㻌phenomena

Figure.㻌Analysis㻌of㻌reaction㻌
mechanism㻌and㻌control㻌of㻌high㻌
temperature㻌reaction

⿏3FDoWFSZ	of	QIoTQIoSVT	fSoN	TUFFMNaLJnH	TMaH
⿏ ConUSoM	of	NaTT	USanTfFS	and	DIFNJDaM	SFaDUJonT	aU	JnUFSfaDFT
⿏ CIFNJDaM	FRVJMJCSJVN	and	SFaDUJon	LJnFUJDT	CFUXFFn	NoMUFn	NFUaM
	oYJdF	and	HaT	QIaTFT
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([SHULPHQW 6LPXODWLRQ

DFWFMoQNFnU	and	NanVfaDUVSF	of	IJHI	 fVnDUJonaM	NaUFSJaMT	
IaWF	CFFn	aDUJWFMZ	NadF
	and	NoTU	of	 UIoTF	 SaX	NaUFSJaMT
	
JnUFSNFdJaUF	 QSodVDUT	 and	 fJnaM	 QSodVDUT	 aSF	 QaSUJDVMaUF	
NaUFSJaMT�	 TIF	QSoQFSUJFT	of	 UIF	IJHI	 fVnDUJonaM	NaUFSJaMT	
aSF	HSFaUMZ	dFQFndFnU	on	 UIF	QaSUJDMF	QaDLJnH	TUSVDUVSF	 Jn	
UIF	NaUFSJaMT	aT	XFMM	aT	 UIoTF	DIFNJDaM	DoNQoTJUJonT�	TIF	
QaSUJDMF	QaDLJnH	TUSVDUVSF	 JT	aMTo	IJHIMZ	dFQFndFnU	on	 UIF	
QaSUJDMF	QSoQFSUJFT	and	DIaSaDUFSJTUJDT	TVDI	aT	QaSUJDMF	TJ[F	
and	 JUT	dJTUSJCVUJon	of	 UIF	QaSUJDMFT
	XIJDI	dFQFnd	on	 UIFJS	
QSFQaSaUJon	QSoDFTTFT�	 TIFSFfoSF
	 Jn	oSdFS	 Uo	oCUaJn	 UIF	
fVnDUJon	dFTJSFd
	 fJSTU	of	aMM
	 UIF	QSFQaSaUJon	QSoDFTT	of	 UIF	
QaSUJDMFT	aT	a	 SaX	NaUFSJaM	TIoVMd	CF	FMaCoSaUFMZ	DonUSoMMFd
	
and	 UIFn	 UIF	QoXdFS	 QSoDFTTJnH	 TVDI	aT	NJYJnH
	 fJMMJnH
	
foSNJnH	and	DoNQoTJUF	NVTU	CF	DonUSoMMFd	FYRVJTJUFMZ�
In	 oVS	 MaCoSaUoSZ
	 XF	 aSF	 DaSSZJnH	 oVU	 dFWFMoQNFnU	 of	

nVNFSJDaM	TJNVMaUJon	NFUIod	foS	DonUSoM	of	QoXdFS	QSoDFTTJnH�	
OQUJNJ[JnH	 UIF	 QoXdFS	 QSoDFTTJnH	 CZ	 UIF	 TJNVMaUJon	 JT	
QFSfoSNFd	foS	FnFSHZ	TaWJnH	and	SFToVSDF	TaWJnH�	In	addJUJon
	
XF	aSF	dFWFMoQJnH	QSoDFTTFT	 foS	 SFDZDMJnH	of	NFUaMT	 fSoN	
VSCan	NJnFT	 and	 foS	 IZdSoHFn	 FnFSHZ	 HFnFSaUJon	 fSoN	
CJoNaTT	and	QMaTUJDT	CZ	VTJnH	 UIF	NFDIanoDIFNJDaM	F⒎FDUT	
XIJDI	aSF	oCUaJnFd	Jn	UIF	HSJndJnH	QSoDFTT�

%eveMopment oG neX GunDtionaM poXEer proDessinH anE optimum EesiHn oG poXEer 
proDessinH Cy numeriDaM simuMation
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γϣϯ๏ͷ૑੒Λ͍ͯͬߦΔɻຊγϛϡϨʔγϣϯʹΑͬͯɺค
ମϓϩηεΛ࠷దԽ͢Δ͜ͱʹΑΓɺলΤωϧΪʔԽ΍লݯࢿԽ
Λਤ͍ͬͯΔɻ·ͨɺคମϓϩηεͷҰͭͰ͋Δค࡞ૢࡅʹΑͬ
Β͔ࢁ߭ࢢɺ౎͠༺׆ʹతۃ৅ΛੵݱΔϝΧϊέϛΧϧ͢ݱൃͯ
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ڭຊɹஙɹॿɹࢤٱ
,J[VLV	,6S)IMOTO
	ATTJTUanU	PSofFTToS
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⿏OQUJNVN	dFTJHn	of	QoXdFS	QSoDFTTJnH	CZ	DoNQVUFS	TJNVMaUJon
⿏ DFWFMoQNFnU	of	TJNVMaUJon	NodFM	foS	HSJndJnH	QSoDFTTFT	of	pnF	QaSUJDMFT
⿏ DFWFMoQNFnU	of	TJNVMaUJon	NodFM	foS	NVMUJQIaTF	qoX
⿏ DFWFMoQNFnU	of	nFX	IZdSoHFn	HFnFSaUJon	QSoDFTTFT	fSoN	CJoNaTT	and	QMaTUJD	XaTUF
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QoXdFS	UFDInoMoHZ ʗ TJNVMaUJon ʗ HSJndJnH ʗ IZdSoHFn	FnFSHZ
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3esearDh on /uDMear 8aste .anaHement anE /uDMear 'aDiMity %eDommissioninH Cy 
3aEioDhemistry

NVDMFaS	FnFSHZ	 JT	onF	of	 UIF	NoTU	 JNQoSUanU	FnFSHZ	SFToVSDFT	of	oVS	NodFSn	ToDJFUZ
	 UIFSFfoSF
	 JU	 JT	TUSonHMZ	dFNandFd	Uo	NaLF	
nVDMFaS	fVFM	DZDMF	NoSF	SFMJaCMF�	AMTo
	dFDoNNJTTJonJnH	of	UIF	TFWFSFMZ	daNaHFd	SFaDUoST	CZ	'VLVTIJNa	NPP	aDDJdFnU	Jn	����	and	
SFDoWFSZ	of	UIF	DonUaNJnaUFd	FnWJSonNFnU
	aSF	VSHFnU	JTTVFT	Jn	JaQan�	To	SFTQond	UIFTF	dFNandT
	oVS	HSoVQ	JnWFTUJHaUFT	DIFNJTUSZ	
of	nVDMFaS	fVFM	dFCSJT	and	MFaDIJnH	CFIaWJoS	of	aDUJnJdFT	Jn	JU	CZ	TZnUIFTJ[JnH	TJNVMaUFd	fVFM	dFCSJT	XJUI	aDUJnJdF	USaDFST�	'VSUIFSNoSF
	
XF	dFWFMoQ	noWFM	and	VnJRVF	nVDMFaS	XaTUF	ToMJdJpDaUJon	QSoDFTTFT	VTJnH	fVnDUJonaM	aMVNJnVN	TJMJDaUF	NJnFSaMT	aT	pYaUJon	aHFnU�
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ԽֶΞϓϩʔνʹΑΔ࣮ڀݚݧͰऔΓ૊ΜͰ͍·͢ɻ۩ମతʹ͸໛ٖσϒϦ߹੒ɾ෼ੳʹΑΔ೩ྉσϒϦͷ෺ཧɾԽֶಛੑͷ೺ѲɺԚ
છਫ΁ͷΞΫνϊΠυͷ༹ग़ڍಈڀݚɺ͞Βʹ͸৽نͳԚછ෺ͷ҆ఆԽ͓ΑͼഇغମԽ๏ͷ։ൃ౳Λ͍ͯͬߦ·͢ɻ͜ΕʹΑΓɺࡏݱ
ͷ೔ຊʹ͓͚Δ࠷΋ࠔ೉ͳֶ޻՝୊Ͱ͋Δ෱ౡୈҰൃݪͷഇࢭાஔʹେֶͷࣨڀݚͱͯ͢͠ݙߩΔ͜ͱΛ໨͍ͯ͠ࢦ·͢ɻ

์ࣹԽֶΞϓϩʔνʹΑΔ์ࣹੑഇغ෺ͷόοΫΤϯυֶ޻

ɹतڭౡɹɹཅɹۅ
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⿏ૉࡐ΍੡඼ʹؚ·ΕΔఱવ์ࣹੑ෺࣭ʢNO3Mʣ໰୊ͷڀݚ

⿏ 		3FTFaSDI	foS	SadJoaDUJWF	XaTUF	NanaHFNFnU	and	FnWJSonNFnUaM	SFDoWFSaCJMJUZ	on	'VLVTIJNa	NPP	
aDDJdFnU	Jn	����

⿏ SoMVUJon	DIFNJTUSZ	SFTFaSDI	on	PSoUaDUJnJVN
⿏ 3FTFaSDI	foS	fSonU	and	CaDL	Fnd	DIFNJTUSZ	on	nVDMFaS	fVFM	DZDMF
⿏ 3FTFaSDI	on	NaUVSaMMZ	ODDVSSJnH	3adJoaDUJWF	MaUFSJaMT		NO3M
	FYJTUJnH	Jn	NaUFSJaMT	and	QSodVDUT

ઐ໳෼໺ŋΩʔϫʔυ ์ࣹԽֶʗྗࢠݪόοΫΤϯυʗഇࢭાஔʗ༹ӷԽֶ
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3adJoDIFNJTUSZ ʗ NVDMFaS	XaTUF	NanaHFNFnU ʗ	DFDoNNJTTJonJnH ʗ SoMVUJon	
CIFNJTUSZ

ΤωϧΪʔݯࢿϓϩηεڀݚ෼໺

ࣨڀݚౡۅ

&nerHy 3esourDes anE 1roDessinH

,*3*S)*.A -aC

ϭϲϬϬ℃ฎ⌮
䠄hKϮ䞊�ƌKϮ䞊䝉䝯䞁䝖ᡂศ䠅

2011/10 ⚟ᓥ➨୍Ⓨ㟁ᡤෆ

� ⇞ᩱ䝕䝤䝸䛾ᛶ≧䛜୙᫂ ĺ 䝕䝤䝸䛾ᶍᨃయ䜢ྜᡂ䛧䚸ศᯒ䞉ホ౯䛩䜛 ĺ ᭱㐺䛺ฎ⌮ฎศ᪉⟇䜢᳨ウ䞉ᥦ᱌

� ␗㉁䛺ᗫᲠ≀䛾ฎ⌮䞉ฎศ䛾タィ ĺ ᕤᏛⓗ䛻ಙ㢗䛷䛝䜛ฎ⌮䞉ฎศ䛾䛯䜑䛾ᇶ♏䝕䞊䝍䜢ྲྀᚓ䛩䜛

⚟ᓥཎⓎ䞉஦ᨾᑐᛂ䚸ᗫ⅔䜈㈉⊩䛩䜛ᇶ♏໬Ꮫ◊✲ ᚑ᮶䛾᰾⇞ᩱ䝃䜲䜽䝹䛷Ⓨ⏕䛩䜛ᗫᲠ≀䛻ヱᙜ䛧䛺䛔␗㉁䛺ᨺᑕᛶᗫᲠ≀䛜኱㔞䛻Ⓨ⏕
䠄ᅛయ䠖⁐⼥⇞ᩱ� ᶵჾタഛ�䛜䜜䛝➼ ᾮయ䠖෭༷Ỉ� ᗫἜ➼䠅

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ

ۚ
ଐ
ࢿ
ݯ
ϓ
ϩ
セ
ε
研
究
セ
ン
タ
ー

C
E
N
TE
3
	'
O
3
	M
IN
E
3
A
-	P
3
O
C
E
S
S
IN
(
	A
N
D
	M
E
T
A
--6
3
(
Y

62INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ

ৈઍ୤嵣ৈলৡઃ਼৻੸ઃ੪崯崸崌崡峘൉ଲ

୓ৗ৓崲崶ਃચ౫મ峘൉ଲ峕峲峴
ৈ崐崵嵓崖嵤嵣ৈ崹嵗嵤嵣ৈ਍৸ਙ
峼૟岲峉ৈਙચਗ਼౱峘ৰਠ峢آ

ナノ၄⼦峼৷岮峐
൉ଲ峁た්৥崚ル
૾૆ಕ৬ਗ਼ੰସ

ৈ਍৸嵣ৈলৡ峔
崸崌嵅嵤嵑஋ಽ஑
৸ಕ৬嵒崩崎嵈ਗ਼౱

/L଀ா ਫா

崌崒嵛ั৬
ٔ

෷化੟ナノ၄⼦

Ht

8QLW�FHOO

৸ಕ৬ਗ਼౱嵆崌崗嵕崸崌崒ਗ਼౱

WXQQHO���'� OD\HUHG���'� VSLQHO���'�

崊ル崛嵤ル൬੪法峕峲峵౫મ়ਛ

၄⼦崝崌崢嵣஄ଙ਑౪
஼ആ৿੿஑0J੸ઃ
ਗ਼౱ਫா౫મ峼開発

ٵ ৈ਍৸嵣ৈ崐崵ル崖嵤
 ৈആ૖੯峑の峩৿੿

౐ਉ৕૾সര૿੅ඡᄘ সര崲崶၄৕૿੅ඡᄘ

峘ਗ਼ਞ৲৾ীੰڮۄڸ

၌෷໮ั৅ਗ਼ಞ৕ධ峩੢峩஑崸崌崒崣嵛崝嵤
峕৷岮峵岝၌ั峼ਗ਼ੰั峒
峁峐੿৿峃峵த৵஑崟嵒崛
嵛ۈۂںۂਗ਼౱崯崸崌崡

崸崌崒崣嵛崝嵤૥੿ષ

(t2H

��QPਰৣ

0g2�

0n2�±
嵆崘崵崟崎嵈ਗ਼౱

崘嵑崽崏嵛峒崲崶
၄৕峼৷岮峉
峘ਗ਼ਞڮۄڸ
৲৾൬੪ඡᄘ

OVS	 SFTFaSDI	HoaM	 JT	 Uo	 SFaMJ[F	 SFnFXaCMF	FnFSHZ	 JnnoWaUJonT	
and	 Uo	DonUSJCVUF	 Uo	HMoCaM	 TVTUaJnaCJMJUZ	 UISoVHI	adWanDFd	
nanoUFDInoMoHZ	 and	 nanoTDJFnDFɽ6TJnH	 FnWJSonNFnUaMMZ	
fSJFndMZ	NaUFSJaMT	QSoDFTTJnH	and	 UIF	FYQMoSaUJon	of	adWanDFd	
fVnDUJonaM	nanoNaUFSJaMT
	UIF	)onNa	MaCoSaUoSZ	JnWFTUJHaUFT	UIF	
fSonUJFST	of	nanoUFDInoMoHZ	and	nanoNaUFSJaMT	foS	DaSCon	DaQUVSF	
and	VUJMJ[aUJon
	QoTU	 MJUIJVN�Jon	CaUUFSJFTɼTVQFSDaQaDJUoST
	and	
fVFM	DFMMT
	UIFSFCZ	DonUSJCVUJnH	Uo	 JnnoWaUJWF	ToMVUJonT	foS	HMoCaM	
TVTUaJnaCJMJUZ
	 SFnFXaCMF	FnFSHZ
	and	a	 MoX	DaSCon	FNJTTJon	
JndVTUSZ�	OVS	TUVdJFT	foDVT	on	adWanDFd	fVnDUJonaM	nanoNaUFSJaMT	
TVDI	aT	NonoaUoNJD	MaZFSFd	NaUFSJaMT		HSaQIFnF	and	USanTJUJon	
NFUaM	dJDIaMDoHFnJdFT

	nanoQaSUJDMFT
	nanoQoSoVT	NaUFSJaMT
	
NVMUJ�NaUFSJaM	 DoNQoVndT
	NFUaTUaCMF	NaUFSJaMT
	 oSHanJD	
nanoDSZTUaMMJnF	FMFDUSodFT
	noWFM	 ToMJd	 TUaUF	FMFDUSoMZUFT	 foS	
aMM	 ToMJd�TUaUF	CaUUFSJFT
	 TVQFSDSJUJDaM	 fMVJd	�	IZdSoUIFSNaM�

FMFDUSoDIFNJDaM	QSoDFTTJnH
	and	 Jn�TJUV	TQFDUSoTDoQZ	anaMZTJT	
VTJnH	TZnDISoUSon	 MJHIU	ToVSDFTɽ8F	 JnWFTUJHaUF	 UIF	TVQFSJoS	
fVnDUJonaMJUJFT	of	 UIFTF	noWFM	nanoNaUFSJaMT	 foS	QoTU	 MJUIJVN�Jon	
CaUUFSJFT
	 fVFM	DFMMT
	ToMaS	DFMMT
	and	DaSCon	dJoYJdF	DonWFSTJon
	
Uo	FnaCMF	FnFSHZ	dFWJDF	 JnnoWaUJonT
	a	 MoX	DaSCon	FNJTTJon	
FDonoNZ
	and	JndVTUSJaM	DoNQFUJUJWFnFTTɽ

/anoteDhnoMoHy anE nanosDienDe oG aEvanDeE 
GunDtionaM materiaMs Gor enerHy teDhnoMoHy innovations
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ͱΛ໨తͱͯ͜͢͜͠ىͷΠϊϕʔγϣϯΛࡦԹஆԽରٿͱ஍ٴ
͍·͢ɻ
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⿏)JHI	QoXFS	and	IJHI	FnFSHZ	dFnTJUZ	MJUIJVN�Jon	CaUUFSJFT
⿏ MaHnFTJVN	CaUUFSJFT
⿏ EMFDUSoDIFNJDaM	DonWFSTJon	QSoDFTTFT	of	CO�	Uo	VTFfVM	DIFNJDaM	DoNQoVndT
⿏ SZnUIFTJT	of	fVnDUJonaM	nanoNaUFSJaMT	FNQMoZJnH	TVQFSDSJUJDaM	qVJd	QSoDFTTJnH
⿏ On�dFNand	faCSJDaUJon	of	CaUUFSZ	dFWJDFT	CZ	�D	QSJnUJnH	UFDInoMoHJFT
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NanoUFDInoMoHZ ʗ AdWanDFd	FnFSHZ	nanoNaUFSJaMT ʗ SVTUaJnaCMF	NaUFSJaMT	
QSoDFTTJnH ʗ PoTU	MJUIJVN�Jon	CaUUFSZ ʗ MoX	DaSCon	FNJTTJon	UFDInoMoHZ

ΤωϧΪʔσόΠεԽֶڀݚ෼໺

ຊؒࣨڀݚ

Chemistry oG &nerHy Conversion %eviDes
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●Monoatomic 2D sheet materials

Research activities overview of Honma Laboratory @ Tohoku IMRAM
● CuInSe2/TiO2solar cells

●Solid state electrolytes

(Mo3S11)n cluster

EĂŶŽĐƌǇƐƚĂůůŝŶĞ ĞůĞĐƚƌŽĚĞƐ

JACS 2007
Carbon 2017

Nano Letters 2008

Graphene assembly

Nature Materials 
2016

ACS Omega 2017

J.Supercritical Fluids 2017

●Wearable batteries

BCSJ 2018

●All solid state Li batteries

J.Mater.Chem A 2017Scientific Reports 2014

Scientific Reports 2015

●Nanoparticles, clusters, mesoporous materials

Lonic Liquid and Si particles (7nm)

Solid state 
Electrolytes

Transparent solid electrolyes

�ŚĞŵ͘ DĂƚĞƌ͕͘ ϮϬϬϳ Li7La3Zr2O12

Nano Letters 2016

●Mg batteries

●Electrochemical supercapacitors / Redox flow battery 
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NVDMFaS	FnFSHZ	 JT	onF	of	 UIF	NoTU	 JNQoSUanU	FnFSHZ	SFToVSDFT	of	oVS	NodFSn	ToDJFUZ
	 UIFSFfoSF
	 JU	 JT	TUSonHMZ	dFNandFd	Uo	NaLF	
nVDMFaS	fVFM	DZDMF	NoSF	SFMJaCMF�	AMTo
	dFDoNNJTTJonJnH	of	UIF	TFWFSFMZ	daNaHFd	SFaDUoST	CZ	'VLVTIJNa	NPP	aDDJdFnU	Jn	����	and	
SFDoWFSZ	of	UIF	DonUaNJnaUFd	FnWJSonNFnU
	aSF	VSHFnU	JTTVFT	Jn	JaQan�	To	SFTQond	UIFTF	dFNandT
	oVS	HSoVQ	JnWFTUJHaUFT	DIFNJTUSZ	
of	nVDMFaS	fVFM	dFCSJT	and	MFaDIJnH	CFIaWJoS	of	aDUJnJdFT	Jn	JU	CZ	TZnUIFTJ[JnH	TJNVMaUFd	fVFM	dFCSJT	XJUI	aDUJnJdF	USaDFST�	'VSUIFSNoSF
	
XF	dFWFMoQ	noWFM	and	VnJRVF	nVDMFaS	XaTUF	ToMJdJpDaUJon	QSoDFTTFT	VTJnH	fVnDUJonaM	aMVNJnVN	TJMJDaUF	NJnFSaMT	aT	pYaUJon	aHFnU�
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͋Γ·͕͢ɺഇغ෺ʹ͸ಟੑ͕͘ߴԽֶڍಈ͕ෳࡶͳछʑͷΞΫνϊΠυݩૉ౳ؚ͕·Ε·͢ɻ౰ࣨڀݚͰ͸ɺ͜ͷࠔ೉ͳ՝୊ʹ์ࣹ
ԽֶΞϓϩʔνʹΑΔ࣮ڀݚݧͰऔΓ૊ΜͰ͍·͢ɻ۩ମతʹ͸໛ٖσϒϦ߹੒ɾ෼ੳʹΑΔ೩ྉσϒϦͷ෺ཧɾԽֶಛੑͷ೺ѲɺԚ
છਫ΁ͷΞΫνϊΠυͷ༹ग़ڍಈڀݚɺ͞Βʹ͸৽نͳԚછ෺ͷ҆ఆԽ͓ΑͼഇغମԽ๏ͷ։ൃ౳Λ͍ͯͬߦ·͢ɻ͜ΕʹΑΓɺࡏݱ
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⿏ૉࡐ΍੡඼ʹؚ·ΕΔఱવ์ࣹੑ෺࣭ʢNO3Mʣ໰୊ͷڀݚ

⿏ 		3FTFaSDI	foS	SadJoaDUJWF	XaTUF	NanaHFNFnU	and	FnWJSonNFnUaM	SFDoWFSaCJMJUZ	on	'VLVTIJNa	NPP	
aDDJdFnU	Jn	����

⿏ SoMVUJon	DIFNJTUSZ	SFTFaSDI	on	PSoUaDUJnJVN
⿏ 3FTFaSDI	foS	fSonU	and	CaDL	Fnd	DIFNJTUSZ	on	nVDMFaS	fVFM	DZDMF
⿏ 3FTFaSDI	on	NaUVSaMMZ	ODDVSSJnH	3adJoaDUJWF	MaUFSJaMT		NO3M
	FYJTUJnH	Jn	NaUFSJaMT	and	QSodVDUT

ઐ໳෼໺ŋΩʔϫʔυ ์ࣹԽֶʗྗࢠݪόοΫΤϯυʗഇࢭાஔʗ༹ӷԽֶ
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3adJoDIFNJTUSZ ʗ NVDMFaS	XaTUF	NanaHFNFnU ʗ	DFDoNNJTTJonJnH ʗ SoMVUJon	
CIFNJTUSZ

ΤωϧΪʔݯࢿϓϩηεڀݚ෼໺
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OVS	 SFTFaSDI	HoaM	 JT	 Uo	 SFaMJ[F	 SFnFXaCMF	FnFSHZ	 JnnoWaUJonT	
and	 Uo	DonUSJCVUF	 Uo	HMoCaM	 TVTUaJnaCJMJUZ	 UISoVHI	adWanDFd	
nanoUFDInoMoHZ	 and	 nanoTDJFnDFɽ6TJnH	 FnWJSonNFnUaMMZ	
fSJFndMZ	NaUFSJaMT	QSoDFTTJnH	and	 UIF	FYQMoSaUJon	of	adWanDFd	
fVnDUJonaM	nanoNaUFSJaMT
	UIF	)onNa	MaCoSaUoSZ	JnWFTUJHaUFT	UIF	
fSonUJFST	of	nanoUFDInoMoHZ	and	nanoNaUFSJaMT	foS	DaSCon	DaQUVSF	
and	VUJMJ[aUJon
	QoTU	 MJUIJVN�Jon	CaUUFSJFTɼTVQFSDaQaDJUoST
	and	
fVFM	DFMMT
	UIFSFCZ	DonUSJCVUJnH	Uo	 JnnoWaUJWF	ToMVUJonT	foS	HMoCaM	
TVTUaJnaCJMJUZ
	 SFnFXaCMF	FnFSHZ
	and	a	 MoX	DaSCon	FNJTTJon	
JndVTUSZ�	OVS	TUVdJFT	foDVT	on	adWanDFd	fVnDUJonaM	nanoNaUFSJaMT	
TVDI	aT	NonoaUoNJD	MaZFSFd	NaUFSJaMT		HSaQIFnF	and	USanTJUJon	
NFUaM	dJDIaMDoHFnJdFT

	nanoQaSUJDMFT
	nanoQoSoVT	NaUFSJaMT
	
NVMUJ�NaUFSJaM	 DoNQoVndT
	NFUaTUaCMF	NaUFSJaMT
	 oSHanJD	
nanoDSZTUaMMJnF	FMFDUSodFT
	noWFM	 ToMJd	 TUaUF	FMFDUSoMZUFT	 foS	
aMM	 ToMJd�TUaUF	CaUUFSJFT
	 TVQFSDSJUJDaM	 fMVJd	�	IZdSoUIFSNaM�

FMFDUSoDIFNJDaM	QSoDFTTJnH
	and	 Jn�TJUV	TQFDUSoTDoQZ	anaMZTJT	
VTJnH	TZnDISoUSon	 MJHIU	ToVSDFTɽ8F	 JnWFTUJHaUF	 UIF	TVQFSJoS	
fVnDUJonaMJUJFT	of	 UIFTF	noWFM	nanoNaUFSJaMT	 foS	QoTU	 MJUIJVN�Jon	
CaUUFSJFT
	 fVFM	DFMMT
	ToMaS	DFMMT
	and	DaSCon	dJoYJdF	DonWFSTJon
	
Uo	FnaCMF	FnFSHZ	dFWJDF	 JnnoWaUJonT
	a	 MoX	DaSCon	FNJTTJon	
FDonoNZ
	and	JndVTUSJaM	DoNQFUJUJWFnFTTɽ

/anoteDhnoMoHy anE nanosDienDe oG aEvanDeE 
GunDtionaM materiaMs Gor enerHy teDhnoMoHy innovations
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ɻ͢·͍ߦ։ൃΛڀݚΔΤωϧΪʔσόΠεͷ͢ࢿʹ

φϊςΫϊϩδʔΛج൫ͱͨ͠ΤωϧΪʔΠϊϕʔγϣϯͷ࣮ݱ

ຊؒɹɹ֨ɹڭɹत
IUaSV	)ONMA
	PSofFTToS

JUBSV�IPmmB�F�!UPIPkV�BD�KQ

γϡλ΢ε	εϰΣϯɹ।ڭत
SWFn	STA6SS
	ATToDJaUF	PSofFTToS

খྛɹ໌߂ɹॿɹڭ
)JSoaLJ	,O#AYAS)I
	ATTJTUanU	PSofFTToS

ڭɹॿɹࢸ੉ɹ࿨ؠ
,a[VZVLJ	I8ASE
	ATTJTUanU	PSofFTToS

ڭɹॿɹ߽ࠃɹɹݪ
(VoIao	Y6AN
	ATTJTUanU	PSofFTToS

Ϧν΢ϜΠΦϯి஑ܕग़ྗߴ༰ྔɾߴ⿏
⿏Ϛάωγ΢ϜΠΦϯి஑
⿏ೋࢎԽ୸ૉͷ༗༻Խ߹෺΁ͷిؾԽֶతม׵ϓϩηε
⿏௒ྟքྲྀମϓϩηεΛ༻͍ͨػೳੑφϊࡐྉͷ૑੡
੡࡞ϓϦϯςΟϯάٕज़Λ༻͍ͨి஑σόΠεͷΦϯσϚϯυݩ࣍�⿏

⿏)JHI	QoXFS	and	IJHI	FnFSHZ	dFnTJUZ	MJUIJVN�Jon	CaUUFSJFT
⿏ MaHnFTJVN	CaUUFSJFT
⿏ EMFDUSoDIFNJDaM	DonWFSTJon	QSoDFTTFT	of	CO�	Uo	VTFfVM	DIFNJDaM	DoNQoVndT
⿏ SZnUIFTJT	of	fVnDUJonaM	nanoNaUFSJaMT	FNQMoZJnH	TVQFSDSJUJDaM	qVJd	QSoDFTTJnH
⿏ On�dFNand	faCSJDaUJon	of	CaUUFSZ	dFWJDFT	CZ	�D	QSJnUJnH	UFDInoMoHJFT

ઐ໳෼໺ŋΩʔϫʔυ φϊςΫϊϩδʔʗઌ୺φϊࡐྉʗ௿ڥ؀ෛՙϓϩηογϯάʗϙετϦν
΢ϜΠΦϯి஑ʗ௿୸ૉΤωϧΪʔٕज़
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NanoUFDInoMoHZ ʗ AdWanDFd	FnFSHZ	nanoNaUFSJaMT ʗ SVTUaJnaCMF	NaUFSJaMT	
QSoDFTTJnH ʗ PoTU	MJUIJVN�Jon	CaUUFSZ ʗ MoX	DaSCon	FNJTTJon	UFDInoMoHZ

ΤωϧΪʔσόΠεԽֶڀݚ෼໺

ຊؒࣨڀݚ

Chemistry oG &nerHy Conversion %eviDes

)0/.A -aC

●Monoatomic 2D sheet materials

Research activities overview of Honma Laboratory @ Tohoku IMRAM
● CuInSe2/TiO2solar cells

●Solid state electrolytes

(Mo3S11)n cluster

EĂŶŽĐƌǇƐƚĂůůŝŶĞ ĞůĞĐƚƌŽĚĞƐ

JACS 2007
Carbon 2017

Nano Letters 2008

Graphene assembly

Nature Materials 
2016

ACS Omega 2017

J.Supercritical Fluids 2017

●Wearable batteries

BCSJ 2018

●All solid state Li batteries

J.Mater.Chem A 2017Scientific Reports 2014

Scientific Reports 2015

●Nanoparticles, clusters, mesoporous materials

Lonic Liquid and Si particles (7nm)

Solid state 
Electrolytes

Transparent solid electrolyes

�ŚĞŵ͘ DĂƚĞƌ͕͘ ϮϬϬϳ Li7La3Zr2O12

Nano Letters 2016

●Mg batteries

●Electrochemical supercapacitors / Redox flow battery 
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Non�fFSSoVT	TNFMUJnH	 JndVTUSZ	 JT	nFDFTTaSZ	 foS	aDIJFWFNFnU	
of	 UIF	 SFToVSDF	DJSDVMaUJon	ToDJFUZ�	 In	 UIF	 fVUVSF
	 UIF	VTF	
of	WaSJoVT	FMFDUSJDaM	and	FMFDUSonJD	dFWJDFT	 JT	FYQFDUFd	 Uo	
JnDSFaTF	XJUI	HSoXUI	of	QoQVMaUJon	 Jn	 UIF	XoSMd�	To	TFDVSF	
NFUaM	 SFToVSDFT	 DonUJnVoVTMZ
	 JU	 JT	 nFDFTTaSZ	 Uo	 SFDZDMF	
NFUaMT	VTFd	Jn	XaTUF	QSodVDUT�
TIF	NaJn	 SFTFaSDI	aJN	 JT	 Uo	FTUaCMJTI	 UIF	NFUaM	 SFToVSDFT	
DJSDVMaUJon	 TZTUFN	 CaTFd	 on	 UIF	 non�fFSSoVT	 TNFMUJnH	
JndVTUSZ�	 3FTFaSDI	 aDUJW J U JFT	 JnDMVdJnH	 non�fFSSoVT	
NFUaMMVSHZ	 aMonH	 XJUI	NJnFSaM	 QSoDFTTJnH	 CFZond	 UIF	
USadJUJonaM	 fSaNFXoSL	 aSF	 JnUFndFd	 Uo	 aDIJFWF	 UIF	 IJHI	
FffJDJFnDZ	DJSDVMaUJon	of	NFUaM	 SFToVSDFT	and	FnWJSonNFnUaM	
DonTFSWaUJon	 Jn	 UIF	 fVUVSF�	 3FTFaSDIFT	 foS	 TNFMUJnH	

QSoDFTTFT	 foS	QSJNaSZ	and	TFDondaSZ	 SFToVSDFT
	 USFaUNFnUT	
of	 CZ�QSodVDUT	 and	 TUaCJMJ[aUJon	 of	 FnWJSonNFnUaM	 Moad	
FMFNFnUT
	FUD�	aSF	DondVDUFd�

&staCMishment oG .etaM 3esourDes CirDuMation 
4ystem #aseE on /on�Gerrous 4meMtinH *nEustry

 
 

⾮鉄製錬業を基盤とした⾦属資源循環システムの構築

乾式製錬技術

様々な⾦属含有資源（鉱⽯、E-scrap、など）

原料の前処理、主要製錬技術、製錬副産物の処理、環境負荷元素の安定化など

・浸出
・化合物析出
・不純物除去（浄液）
・溶媒抽出（イオン交換樹脂）
・電解精製/採取

湿式/電解製精錬技術
・焙焼/乾留
・溶融製錬
・揮発製錬
・排ガス/ダスト処理
・溶融塩電解

・破砕/摩鉱
・浮選
・⽐重選別
・磁選
・静電/渦電流選別

物理選別技術

⾮鉄製錬学問分野全体に渡る横断的かつ従来の枠組みを超えた研究活動
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ࢿͷར༻͕Ճ଎౓తʹ૿Ճ͢Δ͜ͱ͕༧૝͞ΕΔɻۚଐثػࢠి
Ε͍ͯ͞༺࢖ʹଓతʹ֬อ͍ͯͨ͘͠Ίʹ͸ɺ༷ʑͳ੡඼ܧΛݯ
ΔۚଐΛ॥؀ར༻͍ͯ͘͠ඞཁ͕͋Δɻ
ɹຊڀݚ෼໺Ͱ͸ɺඇమ੡࿉ۀΛج൫ͱͨۚ͠ଐݯࢿ॥؀γες
Ϝͷߏஙʹ׆ڀݚ͚ͨ޲ಈΛ͍ͯͬߦΔɻ߭෺ॲཧ΋ؚΊͨඇమ
੡࿉ֶ໰෼໺શମʹ౉Δԣஅత͔ͭैདྷͷ࿮૊ΈΛ௒͑ͨ׆ڀݚ
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ݯࢿ࣍ૉΛؚ༗༷ͨ͠ʑͳೋݩΔɻ߭ੴͷΈͳΒͣۚଐ͍ͯ͠ࢦ
ͷલॲཧ͔Βओཁ੡࿉ٕज़ɺ੡࿉෭࢈෺ͷॲཧɺڥ؀ෛՙݩૉͷ
҆ఆԽͳͲۚଐݯࢿ॥ڀݚ͚ͨ޲ʹ؀ɾٕज़։ൃʹؔͯ͠ɺ՝୊
ղܾڀݚܕ΍৽نϓϩηεٕज़։ൃͳͲɺแׅతʹऔΓ૊ΜͰ͍
Δɻ

ඇమ੡࿉ۀΛج൫ͱͨۚ͠ଐݯࢿ॥؀γεςϜͷߏங

ࣲాɹӻ࿠ɹڭɹत
EUTVSo	S)I#ATA
	PSofFTToS

FUTVSP�TIJCBUB�F3!UPIPkV�BD�KQ

൧௩ɹɹ३ɹ।ॿڭ
AUTVTIJ	II;6,A
	ATToDJaUF	PSofFTToS

҆ୡɹɹݠɹॿɹڭ
,Fn	ADAC)I
	ATTJTUanU	PSofFTToS

⿏ಔ੡࿉ʹ͓͚Δߴೱ౓ෆ७෺ରԠٕज़ʹؔ͢Δૅجతڀݚ
⿏είϩμΠτ߹੒ʹΑΔώૉͷ҆ఆݻఆԽٕज़ͷ։ൃ
⿏ώૉؚ༗߭෺෼཭ͷͨΊͷ৽ුنબࡎͷεΫϦʔχϯά
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⿏ͦͷଞɺۚଐϦαΠΫϧγεςϜͷ࠷దԽʹ֤͚ͨ޲छཁૉٕज़։ൃʹؔ͢Δૅجతڀݚ
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⿏'VndaNFnUaM	TUVdZ	foS	DoQQFS	TNFMUJnH	XJUI	IJHI	JNQVSJUJFT
⿏ SZnUIFTJ[JnH	UFDInoMoHZ	of	TDoSodJUF	QaSUJDMFT	foS	TUaCJMJ[aUJon	of	aSTFnJD
⿏ SDSFFnJnH	foS	nFX	qoUaUJon	SFaHFnUT	Uo	TFQaSaUF	aSTFnJD	NJnFSaMT
⿏ CaSCon	dJoYJdF	TFRVFTUSaUJon	and	VUJMJ[aUJon	VTJnH	aMLaMJ	XaTUFT
⿏ DFWFMoQNFnU	of	DoNQonFnU	UFDInoMoHJFT	foS	oQUJNJ[aUJon	of	NFUaM	SFDZDMJnH	TZTUFN
⿏ 		DFWFMoQNFnU	of	FnWJSonNFnUaM	UFDInoMoHJFT	TVDI	aT	USFaUNFnUT	of	FnWJSonNFnUaM	Moad	FMFNFnUT	Jn	NFUaM	
SFToVSDFT	DJSDVMaUJon

ઐ໳෼໺ŋΩʔϫʔυ ඇమۚଐ੡࿉ʗۚଐݯࢿ॥؀ʗϦαΠΫϧʗഇغ෺ॲཧ
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Non�fFSSoVT	MFUaMMVSHZ ʗ MFUaM	3FToVSDFT	CJSDVMaUJon ʗ 3FDZDMJnH ʗ8aTUF	
TSFaUNFnU

ۚଐݯࢿ॥؀γεςϜڀݚ෼໺

ࣲాӻ࿠ࣨڀݚ

.etaMMurHy anE 3eDyDMinH 4ystem Gor .etaM 3esourDes CirDuMation

S)*#A5A &5S630 -aC

 

 

Anode slime
(Cu, Pb, Se, Te, Ag, Au, Pt, Pd)

Decopperized slime (Cu, As, Sb)

Anode slime
(Pb, Sb, Bi, Ag, Au)

Residue
(Pb)

Pb smelter
(Electrolytic Pb)

Cu smelter
(Electrolytic Cu)

Dust
(Pb, In, Zn, As)

Harris slag (Sn, In, Pb, As)

Electrolyte (Cu, Ni)

Zn smelter
(Electrolytic Zn)

(Distilled Zn)

Recovery  and 
stabilization of 
toxic elements

(As,  Hg, Cd)

Residue
(Zn)

Recovery of active metals
Solvent extraction/
Electro-refining etc.

Collecting system 
of E-waste

Pre-treatments
Dismantling/

Physical separation

PCB etc.

Nd magnet etc.

Cu concentrate
Cu scrap
ASR
Sludge etc.

Pb concentrate
Waste Pb battery
Sludge etc.

Zn concentrate
Crude ZnO (from EAF dust )

Residue (In, Ga) Purification
(Cd, Sb, Ni, As)

Distillation (Cd)

Pb-Ag residue (Pb, Ag)

Residues (As, Hg, Cd)

Residues (Cu)

ISP crude Pb (Pb, Sn, Sb, Bi, Ag, Au)

Cu dross
(Cu, Pb)

Dust
(Cu, Pb, As)

By-products 
(Treatment and Refining)

Recovery of Se, Te, Ni, Co, Sn, Sb, 
Bi, In, Ga, Ag, Au, Pt, Pd, Rh, Ru

Purification (Cu)
Cu dross (Cu)

ۚଐݯࢿ॥؀γεςϜͷߏஙʹڀݚ͚ͨ޲Ξϓϩʔν

-JnLaHF	aNonH	DoQQFS
	MFad	and	[JnD	TNFMUFST	Uo
SFDoWFS	WaMVaCMF	NFUaMT	fSoN	WaSJoVT	UZQF	of	SFToVSDFT
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Appl. Catal. B: Environ., �44, ��2 (201�); Mater. Trans., 55, 1�7 (201�); CrystEngComm, ��, 5591 (201�). 

7i�+
)e3+

*a3+

%3+

6n�+

8hy Eonʟt you orEer us taiMor�maEe
 XeMM�
iEentipeE
 nano�hyCriE materiaMs 

a

b
a

b

(200)(400)

(400)(200)
- -

(020)

(040)

(040)

(020)
-

-

Chem. Lett., 37, 1278 (2008); Mater. Trans., 50, 2808 (2009); 
J. Mater. Chem., 20, 8153 (2010); Chem. Lett., 42, 738 (2013).  

ςʔϥʔϝʔυͷΑ͘ఆٛ͞ΕͨφϊϋΠ
ϒϦουࡐྉ͸͍͔͕ʁ

AUTVTIJ	M63AMATS6
	PSofFTToS

BUTVTIJ�mVSBmBUTV�E�!UPIPkV�BD�KQ

⿏PSFQaSaUJon	of	oSHanJD�JnoSHanJD	IZCSJd	nano�QaSUJDMFT
⿏ DFWFMoQNFnU	of	nano�TJ[Fd	NFUaMMJD	QaSUJDMF	and	aQQMJDaUJon	Uo	fVnDUJonaM	NaUFSJaMT
⿏ PaSUJaM	TVMfVSJ[aUJon	of	NFUaM	oYJdFT	foS	WJTJCMF	MJHIU�aDUJWF	QIoUoDaUaMZTUT
⿏ SZnUIFTJT	of	NVMUJ�MaZFSFd	pMNT	CZ	MaTFS	aCMaUJon
⿏ 'aCSJDaUJon	of	nFX	TUSVDUVSFT	of	nano�QoSoVT	NaUFSJaMT
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NFUaM�doQFd	[FoMJUF	DaUaMZTUT ʗ oSHanJD�	JnoSHanJD	IZCSJd	nano�
NaUFSJaMT ʗ IZCSJd	MJRVJd	DSZTUaM ʗ FnFSHZ	DaUaMZTUT ʗ QSoNoUFd	
TFNJDondVDUoS	nano�doUT

ϋΠϒϦουφϊཻࢠϓϩηεڀݚ෼໺

ଜদࣨڀݚ

)yCriE /ano�partiDMe

.63A.A5S6 -aC

MaTaTIJ	MI;6,AMI
	
ATToDJaUF	PSofFTToS

ALJSa	8ATANA#E
	
ATToDJaUF	PSofFTToS

SaDIJLo	MA,I
	
SFnJoS	ATTJTUanU	PSofFTToS

MoUoIJSo	,AS6YA
	
ATTJTUanU	PSofFTToS

MJ[VIo	YA#6S)ITA
	
ATTJTUanU	PSofFTToS

ATIJRVS	3A)MAN

ATTJTUanU	PSofFTToS

'VTaF	,ANE,O
	
ATTJTUanU	PSofFTToS

ToNoNJ	MAS6I
	
ATTJTUanU	PSofFTToS
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⾮鉄製錬業を基盤とした⾦属資源循環システムの構築

乾式製錬技術

様々な⾦属含有資源（鉱⽯、E-scrap、など）

原料の前処理、主要製錬技術、製錬副産物の処理、環境負荷元素の安定化など

・浸出
・化合物析出
・不純物除去（浄液）
・溶媒抽出（イオン交換樹脂）
・電解精製/採取

湿式/電解製精錬技術
・焙焼/乾留
・溶融製錬
・揮発製錬
・排ガス/ダスト処理
・溶融塩電解

・破砕/摩鉱
・浮選
・⽐重選別
・磁選
・静電/渦電流選別

物理選別技術

⾮鉄製錬学問分野全体に渡る横断的かつ従来の枠組みを超えた研究活動
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AUTVTIJ	II;6,A
	ATToDJaUF	PSofFTToS
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	ATTJTUanU	PSofFTToS

⿏ 'VndaNFnUaM	TUVdZ	foS	DoQQFS	TNFMUJnH	XJUI	IJHI	JNQVSJUJFT
⿏ SZnUIFTJ[JnH	UFDInoMoHZ	of	TDoSodJUF	QaSUJDMFT	foS	TUaCJMJ[aUJon	of	aSTFnJD
⿏ SDSFFnJnH	foS	nFX	qoUaUJon	SFaHFnUT	Uo	TFQaSaUF	aSTFnJD	NJnFSaMT
⿏ CaSCon	dJoYJdF	TFRVFTUSaUJon	and	VUJMJ[aUJon	VTJnH	aMLaMJ	XaTUFT
⿏ DFWFMoQNFnU	of	DoNQonFnU	UFDInoMoHJFT	foS	oQUJNJ[aUJon	of	NFUaM	SFDZDMJnH	TZTUFN
⿏ 		DFWFMoQNFnU	of	FnWJSonNFnUaM	UFDInoMoHJFT	TVDI	aT	USFaUNFnUT	of	FnWJSonNFnUaM	Moad	FMFNFnUT	Jn	NFUaM	
SFToVSDFT	DJSDVMaUJon
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Non�fFSSoVT	MFUaMMVSHZ ʗ MFUaM	3FToVSDFT	CJSDVMaUJon ʗ 3FDZDMJnH ʗ8aTUF	
TSFaUNFnU
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Anode slime
(Cu, Pb, Se, Te, Ag, Au, Pt, Pd)

Decopperized slime (Cu, As, Sb)

Anode slime
(Pb, Sb, Bi, Ag, Au)

Residue
(Pb)

Pb smelter
(Electrolytic Pb)

Cu smelter
(Electrolytic Cu)

Dust
(Pb, In, Zn, As)

Harris slag (Sn, In, Pb, As)

Electrolyte (Cu, Ni)

Zn smelter
(Electrolytic Zn)

(Distilled Zn)

Recovery  and 
stabilization of 
toxic elements

(As,  Hg, Cd)

Residue
(Zn)

Recovery of active metals
Solvent extraction/
Electro-refining etc.

Collecting system 
of E-waste

Pre-treatments
Dismantling/

Physical separation

PCB etc.

Nd magnet etc.

Cu concentrate
Cu scrap
ASR
Sludge etc.

Pb concentrate
Waste Pb battery
Sludge etc.

Zn concentrate
Crude ZnO (from EAF dust )

Residue (In, Ga) Purification
(Cd, Sb, Ni, As)

Distillation (Cd)

Pb-Ag residue (Pb, Ag)

Residues (As, Hg, Cd)

Residues (Cu)

ISP crude Pb (Pb, Sn, Sb, Bi, Ag, Au)

Cu dross
(Cu, Pb)

Dust
(Cu, Pb, As)

By-products 
(Treatment and Refining)

Recovery of Se, Te, Ni, Co, Sn, Sb, 
Bi, In, Ga, Ag, Au, Pt, Pd, Rh, Ru

Purification (Cu)
Cu dross (Cu)
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Appl. Catal. B: Environ., �44, ��2 (201�); Mater. Trans., 55, 1�7 (201�); CrystEngComm, ��, 5591 (201�). 

7i�+
)e3+

*a3+

%3+

6n�+

)JHIMZ	 fVnDUJonaM	NaUFSJaMT
	 TVDI	aT	NFUaM�doQFd	[FoMJUF	
DaUaMZTUT
	 ITO	 nanoJnL	 foS	 TCO
	 	 nJoCJVN�CaTFd	 oYJdF	
QaSUJDMFT	 foS	 MFad�fSFF	 QJF[oFMFDUSJD	 dFWJDFT
	 UJUanJa
	
QFSoWTLJUF	NFUaM	 oYJdFT
	 TFNJDondVDUoS	 nanoQaSUJDMFT
	
oSHanJD�JnoSHanJD	IZCSJd	nanoNaUFSJaMT
	 fVFM	DFMM
	and	aMMoZ	
nanoQaSUJDVMaUF	DaUaMZTUT
	FUD�	IaWF	CFFn	XJdFMZ	QSoWJdFd�
TIFJS	 QSodVDUJon	NFUIodT	 aSF	 CaTFd	 on	 UIF	 QaSUJDMF�
TZnUIFTJT	QSJnDJQMFT
	ʢ�ʣTUSJDU	TFQaSaUJon	of	nVDMFaUJon	and	
QaSUJDMF	HSoXUI
	ʢ�ʣQFSfFDU	 JnIJCJUJon	aHaJnTU	aHHSFHaUJon
	
ʢ�ʣQSFDJTF	DonUSoM	 Jn	QaSUJDMF	TZnUIFTJT	NodF�	NaNFMZ
	 UIF	
QIZTJDo�DIFNJDaM	 UIFoSZ	 foS	 UIF	TUaCJMJUZ	of	DoffFF	oS	NJML
	
and	UIF	WFSZ	Hood	foaNT	of	CFFS
	JT	TJNJMaS	Uo	UIF	foSNaUJon	
of	nanoQaSUJDMFT	QSFDJTFMZ	DonUSoMMFd	Jn	TJ[F	and	TIaQF�	8IaU	
LJnd	of	nanoNaUFSJaMT	do	ZoV	nFFd ʁ	8FʟMM	NaLF	JU�

8hy Eonʟt you orEer us taiMor�maEe
 XeMM�
iEentipeE
 nano�hyCriE materiaMs 

a

b
a

b

(200)(400)

(400)(200)
- -

(020)

(040)

(040)

(020)
-

-

Chem. Lett., 37, 1278 (2008); Mater. Trans., 50, 2808 (2009); 
J. Mater. Chem., 20, 8153 (2010); Chem. Lett., 42, 738 (2013).  

ςʔϥʔϝʔυͷΑ͘ఆٛ͞ΕͨφϊϋΠ
ϒϦουࡐྉ͸͍͔͕ʁ

ɹ༗ػʵແػϋΠϒϦουࡐྉɺޫԠ౴ੑϕγΫϧɺϝλϧυʔ
ϓθΦϥΠτܥ৮ഔɺಁ໌ಋిບ ITO	φϊΠϯΫɺඇԖѹిૉࢠ
༻χΦϒࢠཻܥࢎɺޫ৮ഔ༻νλχΞɺछʑͷϖϩϒεΧΠτܥ
ɺඇࢠԽ෺ɺ൒ಋମφϊཻࢎ PU	ܥ೩ྉి஑ࡐྉɺଟछྨʹΘͨ
Δ߹ۚφϊ৮ഔཻࢠͳͲɺͨ͘͞ΜͷػೳੑφϊࡐྉΛੜΈग़͠
͍ͯ·͢ɻͦΕΒ͸͍ͣΕ΋ɺཻࢠ߹੒ͷࠜװͰ͋Δɺʢ�ʣ֩ੜ
੒ͱཻࢠ੒௕ͷ෼཭ɺʢ�ʣཻࢠಉ࢜ͷूڽͷ๷ࢭɺʢ�ʣཻࢠ߹੒
൓Ԡ৔੍ޚͷɺ�ͭͷۃΊͯॏཁͳૅجཧ೦ΛԠ༻͢Δ͜ͱʹΑ
ΓੜΈग़͞Ε͍ͯ·͢ɻͭ·Γɺίʔώʔ΍ڇೕ͕҆ఆͰ͋ͬͨ
ΓɺΫϦʔϛʔͳϏʔϧͷ๐͕Ͱ͖Δͷͱɺܗঢ়ͱܗଶ͕ۃΊͯ
ਫ਼ີʹ੍͞ޚΕͨɺ୯෼ࢄφϊཻ͕ࢠ߹੒͞ΕΔͷ͸ɺͦͷࠜຊ
ʹͳΔཧ࿦͸ಉ͡Ͱ͢͠ɺͪͨࢲ͸ͦ͏ͨࣗ͠વͷίϩΠυΛਅ
ྉΛࡐͳ͕Βɺશ͘৽͍͠ɺΑ͘ఆٛ͞ΕͨφϊϋΠϒϦουࣅ
ੜΈग़͠·͢ɻ͋ͳ͕ͨཉ͍͠ɺςʔϥʔϝʔυͷɺΑ͘ఆٛ͞
ΕͨφϊϋΠϒϦουࡐྉ͸ԿͰ͔͢ʁɹ࡞͕ͪͨࢲΓ·͢ɻ

ଜদɹ३࢘ɹڭɹत
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⿏༗ػʵແػϋΠϒϦουφϊཻࢠͷ߹੒
⿏γϯάϧφϊαΠζۚଐཻࢠͷ߹੒ͱػೳੑࡐྉ΁ͷԠ༻
⿏෦෼ེԽʹΑΔՄޫࢹԠ౴ੑޫ৮ഔࡐྉͷ։ൃ
⿏ӷ૬ؐݩ๏ʹΑΔ৽ن৮ഔࡐྉ

⿏PSFQaSaUJon	of	oSHanJD�JnoSHanJD	IZCSJd	nano�QaSUJDMFT
⿏ DFWFMoQNFnU	of	nano�TJ[Fd	NFUaMMJD	QaSUJDMF	and	aQQMJDaUJon	Uo	fVnDUJonaM	NaUFSJaMT
⿏ PaSUJaM	TVMfVSJ[aUJon	of	NFUaM	oYJdFT	foS	WJTJCMF	MJHIU�aDUJWF	QIoUoDaUaMZTUT
⿏ SZnUIFTJT	of	NVMUJ�MaZFSFd	pMNT	CZ	MaTFS	aCMaUJon
⿏ 'aCSJDaUJon	of	nFX	TUSVDUVSFT	of	nano�QoSoVT	NaUFSJaMT

ઐ໳෼໺ŋΩʔϫʔυ ϝλϧυʔϓθΦϥΠτܥ৮ഔʗ༗ػʵແػϋΠϒϦουφϊࡐྉʗ
ϋΠϒϦουӷথʗΤωϧΪʔ৮ഔʗम০൒ಋମφϊυοτ
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NFUaM�doQFd	[FoMJUF	DaUaMZTUT ʗ oSHanJD�	JnoSHanJD	IZCSJd	nano�
NaUFSJaMT ʗ IZCSJd	MJRVJd	DSZTUaM ʗ FnFSHZ	DaUaMZTUT ʗ QSoNoUFd	
TFNJDondVDUoS	nano�doUT

ϋΠϒϦουφϊཻࢠϓϩηεڀݚ෼໺

ଜদࣨڀݚ

)yCriE /ano�partiDMe
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Creation oG environmentaMMy�DonsDious materiaMs CaseE on atomiD site EesiHninH

MoTU	 JnnoWaUJonT	 IaWF	 CFFn	 USJHHFSFd	 CZ	 adWFnU	 of	
nFX	NaUFSJaMT
	 and	 UIF	 QSFTFnU	 FnFSHZ
	 FnWJSonNFnUaM	
and	 SFToVSDF	 JTTVFT	 aSF	 FYQFDUFd	 Uo	 CF	 ToMWFd	CZ	nFX	
NaUFSJaMT�	8F	 foDVT	on	 Uo	FYQMoSF	nFX	NaUFSJaMT	and	 UIFJS	
TZnUIFTJT	 SoVUFT	VTJnH	 Jon�FYDIanHF	and	 JonJD	 JnUFSDaMaUJon	
UFDInJRVFT�	PSoUon	DondVDUJnH	QIoTQIaUF	HMaTTFT	XoSLJnH	
aU	 JnUFSNFdJaUF	 UFNQFSaUVSFT	 and	 naSSoX	 HaQ	 oYJdF	
TFNJDondVDUoST	aQQMJDaCMF	 Jn	WJTJCMF	and	NI3	 SFHJonT	IaWF	
CFFn	SFDFnUMZ	dFWFMoQFd�	SJNQMF	and	TafF	TZnUIFTJT	 SoVUFT	
Uo	 DadNJVN�fSFF	 RVanUVN	doU	 QIoTQIoST	 and	 DoMMoJdaM	
JndJVN	aSTFnJdF	RVanUVN	doUT	foS	ToMaS	DFMMT	XFSF	aMTo	foVnd	
oVU�	TIJn�pMN	ToMaS	DFMMT
	fVFM	DFMMT	and	MJHIU�FNJUUJnH	dFWJDFT	
VTJnH	UIoTF	NaUFSJaMT	aSF	noX	dFWFMoQJnH�

機能創出イオン

Li+, Na+, K+, Cu+, Ag+, O2-, F-・・・

H+, Cu+, Ag+, Li+, O2-, F-, Cl-・・・

革新的機能性準安定化合物

前駆原子空間制御化合物

原子空間制御イオン

電気化学的置換
溶融塩・蒸気暴露
など

イオン置換，挿入

環境調和型薄膜太陽電池
環境調和型LED
中温作動型燃料電池など

活性イオン空間
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	SFnJoS	ATTJTUanU	PSofFTToS

ླ໦ɹҰ੤ɹॿɹڭ
ITTFJ	S6;6,I
	ATTJTUanU	PSofFTToS

υϥΠ	ΞϧϯΫϚʔϧɹॿɹڭ
ASVnLVNaS	DO3AI
	ATTJTUanU	PSofFTToS
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⿏DFTJHn	of	JnoSHanJD	NaUFSJaMT	and	dFWFMoQNFnU	of	UIFJS	TZnUIFTJT	UFDInJRVFT
⿏ 		DFWFMoQNFnU	of	noWFM	TFNJDondVDUoST	foS	FnWJSonNFnUaM�fSJFndMZ	ToMaS	DFMM	and	UIFJS	aQQMJDaUJon	Uo	
dFWJDFT

⿏ DFWFMoQNFnU	of	FMFNFnUaM	NaUFSJaMT	Jn	JnUFSNFdJaUF	UFNQFSaUVSF	fVFM	DFMMT
⿏ SZnUIFTFT	of	DoMMoJdaM	TFNJDondVDUoS	RVanUVN	doUT

ઐ໳෼໺ŋΩʔϫʔυ ޚ੍ۭؒࢠݪσόΠεʗ׵ྉʗࣗવΤωϧΪʔมࡐػೳੑແػ
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JnoSHanJD	NaUFSJaMT ʗ FnFSHZ�IaSWFTUJnH	dFWJDFT	DonWFSUJnH	naUVSaM	FnFSHZ	
JnUo	FMFDUSJDaM	FnFSHZ ʗ Jon�FYDIanHF	and	JnUFSDaMaUJon

෼໺ڀݚϓϩηεޚ੍ۭؒࢠݪ

খມࣨڀݚ

"tomiD 4ite ControM in *norHaniD .ateriaMs

0.A5A -aC
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3aEiation 9�rays

TIF	NJTTJon	 of	 TaLaUa	 -aC	 JT	 Uo	 WJTVaMJ[F	 FMFDUSonJD	
TUSVDUVSFT	of	NaUFSJaMT	aU	nano�NFUFS	MFWFM	VTJnH	TZnDISoUSon	
SadJaUJon	 	S3
	9�SaZT
	and	FTUaCMJTI	 UIF	dFTJHn	HVJdFMJnFT	
foS	dFWFMoQJnH	nFX	 fVnDUJonaM	NaUFSJaMT�	CVSSFnUMZ
	XF	aSF	
TUSonHMZ	 QSoNoUJnH	 UIF	ʠNFYU�(FnFSaUJon	 SZnDISoUSon	
3adJaUJon	 'aDJMJUZʡ	 	'JH�	 �

	XIJDI	 JT	 a	 TUaUF�of�UIF�aSU	
TofU	9�SaZ	 MJHIU	 ToVSDF
	 TDIFdVMFd	 Uo	CF	DonTUSVDUFd	on	
AoCaZaNa	nFX	DaNQVT	CZ	'Y�����	8F	aJN	 Uo	 JnnoWaUF	
9�SaZ	 nano	 WJTVaMJ[aUJon	 UFDInoMoHZ	 CZ	 DoNCJnJnH	 UIF	
VnQSFDFdFnUFd	 MJHIU	QSoQFSUJFT	of	 UIF	nFYU�HFnFSaUJon	S3	
faDJMJUZ	XJUI	oVS	oXn	NFaTVSFNFnU	and	anaMZTJT	NFUIodT�	In	
addJUJon
	XF	aJN	 Uo	NaLF	 UIF	nFYU�HFnFSaUJon	S3	 faDJMJUZ	a	
DSadMF	of	oQFn	 JnnoWaUJon	 UISoVHI	a	nFX	 UZQF	of	 JndVTUSZ�
aDadFNJa	DoMMaCoSaUJon	CaTFd	on	ʠCoaMJUJon	ConDFQUʡ		'JH�	

�

	Jn	XIJDI	aDadFNJa	and	DoNQanZ	foSN	a	TUSonH	onF�on�
onF	UFaN	Uo	ToMWF	ToDJaM	DIaMMFnHFT�
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ख๏Λɺੈ࣍୅์ࣹޫࢪઃ͕࣮͢ݱΔະ౿ͷޫݯʹద༻͢Δ͜ͱ
Ͱɺ9ઢφϊՄࢹԽٕज़ͷֵ৽Λ໨͠ࢦ·͢ɻ·ͨɺֶज़ͱۀا
͕՝୊ղܾʹ͚ͯ޲ �ର �ͷݻڧͳνʔϜΛ࡞Δ৽ֶ͍͠࢈࿈
࿈߹ʣɾίϯηϓτʯʢਤ̎ʣΛ௨͡ɺࢤʮίΞϦγϣϯʢ༗ܗͷܞ
ઃΛΦʔϓϯɾΠϊϕʔγϣϯͷΏΓ͔͝ͱ͠ɺࢪ୅์ࣹޫੈ࣍
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⿏NFYU	HFnFSaUJon	TZnDISoUSon	SadJaUJon	faDJMJUZ	QSoKFDU
⿏ InnoWaUJon	of	TUSVDUVSaM	TDJFnDF	CZ	dFWFMoQNFnU	of	9�SaZ	WJTVaMJ[aUJon	UFDInoMoHZ
⿏ DFWFMoQNFnU	of	TofU	9�SaZ	NJDSoTDoQF	and	aQQMJDaUJon	Uo	CJoMoHJDaM	TaNQMFT
⿏ SVSfaDF	and	JnUFSfaDF	QSoDFTTFT	SFWFaMFd	CZ	TofU	9�SaZ	oQFSando	NFaTVSFNFnUT
⿏ DFWFMoQNFnU	of	TofU	9�SaZ	MJHIU	ToVSDFT
	oQUJDT
	and	dFUFDUoST
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NFYU�(FnFSaUJon	SZnDISoUSon	3adJaUJon	'aDJMJUZ ʗ 9�SaZ	OQUJDT ʗ SofU	9�SaZ	
MJDSoTDoQZ ʗ OQFSando	NFaTVSFNFnU
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Creation oG environmentaMMy�DonsDious materiaMs CaseE on atomiD site EesiHninH

機能創出イオン

Li+, Na+, K+, Cu+, Ag+, O2-, F-・・・

H+, Cu+, Ag+, Li+, O2-, F-, Cl-・・・

革新的機能性準安定化合物

前駆原子空間制御化合物

原子空間制御イオン

電気化学的置換
溶融塩・蒸気暴露
など

イオン置換，挿入

環境調和型薄膜太陽電池
環境調和型LED
中温作動型燃料電池など

活性イオン空間

ྉɾσόΠεΛੜΈग़͢ࡐܕௐ࿨ڥͷ઎༗ۭؒΛσβΠϯ͠؀ࢠݪ

TaLaIJTa	OMATA
	PSofFTToS

UBkBIJTB�PmBUB�D2!UPIPkV�BD�KQ

SaUoTIJ	TS6,6DA
	SFnJoS	ATTJTUanU	PSofFTToS

ITTFJ	S6;6,I
	ATTJTUanU	PSofFTToS

ASVnLVNaS	DO3AI
	ATTJTUanU	PSofFTToS

⿏ DFTJHn	of	JnoSHanJD	NaUFSJaMT	and	dFWFMoQNFnU	of	UIFJS	TZnUIFTJT	UFDInJRVFT
⿏ 		DFWFMoQNFnU	of	noWFM	TFNJDondVDUoST	foS	FnWJSonNFnUaM�fSJFndMZ	ToMaS	DFMM	and	UIFJS	aQQMJDaUJon	Uo	
dFWJDFT

⿏ DFWFMoQNFnU	of	FMFNFnUaM	NaUFSJaMT	Jn	JnUFSNFdJaUF	UFNQFSaUVSF	fVFM	DFMMT
⿏ SZnUIFTFT	of	DoMMoJdaM	TFNJDondVDUoS	RVanUVN	doUT
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JnoSHanJD	NaUFSJaMT ʗ FnFSHZ�IaSWFTUJnH	dFWJDFT	DonWFSUJnH	naUVSaM	FnFSHZ	
JnUo	FMFDUSJDaM	FnFSHZ ʗ Jon�FYDIanHF	and	JnUFSDaMaUJon

෼໺ڀݚϓϩηεޚ੍ۭؒࢠݪ

খມࣨڀݚ

"tomiD 4ite ControM in *norHaniD .ateriaMs
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ɹतڭɹণथɹాߴ
MaTaLJ	TA,ATA
	PSofFTToS

mBTBkJ�UBkBUB�B�!UPIPkV�BD�KQ

तڭౡɹৎ༤ɹ।ߐ
TaLFo	EJIMA
	ATToDJaUF	PSofFTToS

तڭຊɹɹୡɹ।ࢁ
SVTVNV	YAMAMOTO
	ATToDJaUF	PSofFTToS

Ӌଟ໺ɹ஧ɹॿɹڭ
TadaTIJ	)ATANO
	ATTJTUanU	PSofFTToS

%eveMopment anE "ppMiDations oG /ano 7isuaMi[ation TeDhnoMoHy CaseE on 4ynDhrotron 
3aEiation 9�rays

TIF	NJTTJon	 of	 TaLaUa	 -aC	 JT	 Uo	 WJTVaMJ[F	 FMFDUSonJD	
TUSVDUVSFT	of	NaUFSJaMT	aU	nano�NFUFS	MFWFM	VTJnH	TZnDISoUSon	
SadJaUJon	 	S3
	9�SaZT
	and	FTUaCMJTI	 UIF	dFTJHn	HVJdFMJnFT	
foS	dFWFMoQJnH	nFX	 fVnDUJonaM	NaUFSJaMT�	CVSSFnUMZ
	XF	aSF	
TUSonHMZ	 QSoNoUJnH	 UIF	ʠNFYU�(FnFSaUJon	 SZnDISoUSon	
3adJaUJon	 'aDJMJUZʡ	 	'JH�	 �

	XIJDI	 JT	 a	 TUaUF�of�UIF�aSU	
TofU	9�SaZ	 MJHIU	 ToVSDF
	 TDIFdVMFd	 Uo	CF	DonTUSVDUFd	on	
AoCaZaNa	nFX	DaNQVT	CZ	'Y�����	8F	aJN	 Uo	 JnnoWaUF	
9�SaZ	 nano	 WJTVaMJ[aUJon	 UFDInoMoHZ	 CZ	 DoNCJnJnH	 UIF	
VnQSFDFdFnUFd	 MJHIU	QSoQFSUJFT	of	 UIF	nFYU�HFnFSaUJon	S3	
faDJMJUZ	XJUI	oVS	oXn	NFaTVSFNFnU	and	anaMZTJT	NFUIodT�	In	
addJUJon
	XF	aJN	 Uo	NaLF	 UIF	nFYU�HFnFSaUJon	S3	 faDJMJUZ	a	
DSadMF	of	oQFn	 JnnoWaUJon	 UISoVHI	a	nFX	 UZQF	of	 JndVTUSZ�
aDadFNJa	DoMMaCoSaUJon	CaTFd	on	ʠCoaMJUJon	ConDFQUʡ		'JH�	

�

	Jn	XIJDI	aDadFNJa	and	DoNQanZ	foSN	a	TUSonH	onF�on�
onF	UFaN	Uo	ToMWF	ToDJaM	DIaMMFnHFT�

์ࣹޫ 9	ઢʹΑΔφϊՄࢹԽٕज़ͷ։ൃͱԠ༻

ɹຊڀݚ෼໺͸ɺ์ࣹޫ 9ઢʹΑΓ෺࣭தͷిߏࢠ଄ΛφϊϨ
ϕϧͰՄࢹԽ͠ɺ৽͍͠ػೳΛࡐͨͬ࣋ྉΛ։ൃ͢Δઃࢦܭ਑
Λཱ֬͢Δ͜ͱΛ໨ඪͱ͍ͯ͠·͢ɻࡏݱɺࢲୡ͸࠷ઌ୺ͷೈ 9
ઢ์ࣹޫޫݯͰ͋Δʮੈ࣍୅์ࣹޫࢪઃʯʢਤ �ɺ���� ೥౓ʹ
੨༿ࢁ৽Ωϟϯύεʹ׬੒༧ఆʣΛྗڧʹਪਐ͍ͯ͠·͢ɻ͜Ε
·Ͱࢲୡ͕ಠࣗʹ։ൃΛਐΊ͖ͯͨ 9ઢճંɾݦඍɾ෼ޫ๏ͷ
੒ͷղੳߏ࠶ͼϚΩγϚϜΤϯτϩϐʔ๏ͳͲͷը૾ٴଌख๏ܭ
ख๏Λɺੈ࣍୅์ࣹޫࢪઃ͕࣮͢ݱΔະ౿ͷޫݯʹద༻͢Δ͜ͱ
Ͱɺ9ઢφϊՄࢹԽٕज़ͷֵ৽Λ໨͠ࢦ·͢ɻ·ͨɺֶज़ͱۀا
͕՝୊ղܾʹ͚ͯ޲ �ର �ͷݻڧͳνʔϜΛ࡞Δ৽ֶ͍͠࢈࿈
࿈߹ʣɾίϯηϓτʯʢਤ̎ʣΛ௨͡ɺࢤʮίΞϦγϣϯʢ༗ܗͷܞ
ઃΛΦʔϓϯɾΠϊϕʔγϣϯͷΏΓ͔͝ͱ͠ɺࢪ୅์ࣹޫੈ࣍
৽ۀ࢈૑੒ʹ͛ܨΔ͜ͱΛ໨͍ͯ͠ࢦ·͢ɻ

ઃͷਪਐࢪ୅์ࣹޫੈ࣍⿏
⿏ 9ઢՄࢹԽٕज़ͷߴ౓ԽʹΑΔߏ଄Պֶͷֵ৽
⿏ೈ̭ઢݦඍڸͷ։ൃ͓Αͼੜମࢼྉ΁ͷԠ༻
⿏ೈ̭ઢΦϖϥϯυܭଌʹΑΔද໘ք໘ϓϩηεͷղ໌
⿏ೈ 9ઢޫݯɾޫֶૉࢠɾݕग़ثͳͲཁૉٕज़ͷ։ൃ

⿏NFYU	HFnFSaUJon	TZnDISoUSon	SadJaUJon	faDJMJUZ	QSoKFDU
⿏ InnoWaUJon	of	TUSVDUVSaM	TDJFnDF	CZ	dFWFMoQNFnU	of	9�SaZ	WJTVaMJ[aUJon	UFDInoMoHZ
⿏ DFWFMoQNFnU	of	TofU	9�SaZ	NJDSoTDoQF	and	aQQMJDaUJon	Uo	CJoMoHJDaM	TaNQMFT
⿏ SVSfaDF	and	JnUFSfaDF	QSoDFTTFT	SFWFaMFd	CZ	TofU	9�SaZ	oQFSando	NFaTVSFNFnUT
⿏ DFWFMoQNFnU	of	TofU	9�SaZ	MJHIU	ToVSDFT
	oQUJDT
	and	dFUFDUoST
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NFYU�(FnFSaUJon	SZnDISoUSon	3adJaUJon	'aDJMJUZ ʗ 9�SaZ	OQUJDT ʗ SofU	9�SaZ	
MJDSoTDoQZ ʗ OQFSando	NFaTVSFNFnU
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OVS	MaC	dFWFMoQT	aDDVSaUF	nanoNFUFS	TDaMF	DIaSaDUFSJ[aUJon	
NFUIodT	of	DSZTUaM	TUSVDUVSFT	CZ	DonWFSHFnU�CFaN	FMFDUSon	
dJffSaDUJonʢC#EDʣand	FMFDUSonJD	 TUSVDUVSFT	CZ	FMFDUSon	
FnFSHZ�MoTT	TQFDUSoTDoQZʢEE-Sʣand	TofU�9�SaZ	FNJTTJon	
TQFDUSoTDoQZʢS9ESʣfoS	FWaMVaUJnH	nFX	fVnDUJonaM	NaUFSJaMT�	
'oS	QFSfoSNJnH	DSZTUaM	 TUSVDUVSF	TUVdJFTɼXF	dFWFMoQFd	a	
nFX	Њ�fJMUFS	 FMFDUSon	NJDSoTDoQF	and	a	 SFfJnFNFnU	 TofU�
XaSF
	XIJDI	Dan	QFSfoSN	noU	onMZ	aUoN	QoTJUJonT	CVU	aMTo	
FMFDUSoTUaUJD	QoUFnUJaM	and	DIaSHF	dJTUSJCVUJonT�	'oS	FMFDUSonJD	
TUSVDUVSF	TUVdJFT
	a	IJHI�SFToMVUJon	EE-S	NJDSoTDoQF	and	
S9ES	 JnTUSVNFnUT	XFSF	dFWFMoQFd�	'JHVSF	 TIoXT	DaSCon	
,�FNJTTJon	TQFDUSa	of	aNoSQIoVT	DaSCon�nJUSJdF	and	oUIFS	
DaSCon	aMMoUSoQFT	oCUaJnFd	CZ	VTJnH	 a	dFWFMoQFd	S9ES	
JnTUSVNFnU	aUUaDIFd	Uo	a	TDannJnH	FMFDUSon	NJDSoTDoQF�

%eveMopment anE "ppMiDations oG nm�sDaMe 
CrystaMMoHraphy anE 4peDtrosDopies

ɹ࣋ଓՄೳͳࣾձͷ࣮ݱʹ͸ɺলݯࢿɾলΤωϧΪʔͰίϯύΫ
τͳػߴೳσόΠε΍৽෺࣭ͷ։ൃ͕ඞཁͰ͋ΓɺͦͷͨΊʹ
͸ɺిݦࢠඍڸΛૅجͱͨ͠φϊεέʔϧͰͷߏ଄ɾ෺ੑղੳख
๏ͷཱ֬ͱͦͷద༻͕ෆՄܽͰ͢ɻ͜Ε·Ͱʹɺզʑͷ໨ඪͰ͋
Δʮφϊεέʔϧߏ଄ɾ෺ੑղੳγεςϜͷߏஙʯͷ࣮ݱΛ໨ࢦ
͠ɺੈքॳͷਫ਼ີߏ଄ղੳ༻෼ޫݦࢠిܕඍ͓ڸΑͼղੳιϑτ
΢ΣΞɺߴΤωϧΪʔ෼ղೳ EE-S ࢠɺੈքॳͷՁిڸඍݦࢠి
ঢ়ଶ෼ੳిݦࢠඍڸͳͲɺΦϦδφϧͳख๏ɾ૷ஔͷ։ൃͱͦͷ
ɺ෺ੑͷղ໌ͱख๏ͷ༗༻ੑΛ࣮ূ͍ͯ͠ߦೳධՁ΁ͷԠ༻Λػ
͖·ͨ͠ɻਤ͸ɺ೤ઢःณࡐྉͱͯ͠༻͍ΒΕ͍ͯΔCT υʔϓ
ԽλϯάεςϯͷϓϥζϞϯৼಈͷ݁থํҐґଘੑΛ֯౓෼ղࢎ
EE-S ʹΑΓଌఆͨ͠ྫͰ͢ɻۙ੺֎ޫΤωϧΪʔྖҬͰɺ݁থ
ґଘͯ͠ʹ޲ํ �ͭͷৼಈΤωϧΪʔ͕ଘ͠ࡏɺ͜ΕΒ͕ޮߴ
཰ͳۙ੺֎ޫःณੑೳͷݯىͰ͋Δ͜ͱΛղ໌͠·ͨ͠ɻ

༺଄ɾ෺ੑղੳख๏ͷ։ൃͱԠߏॴͷہ͍ͨ༺ઢΛࢠి

ͷ෺ੑղੳࢠೳੑφϊཻػ⿏
⿏֯౓෼ղ EE-S ʹΑΔޫ෺ੑධՁख๏ͷ։ൃ
༺ڸඍݦࢠి⿏ S9ES	૷ஔͷ։ൃͱԠ༻
⿏ऩଋిࢠճં๏͓ΑͼϏʔϜϩοΩϯάిࢠճંΛ༻͍ͨہॴߏ଄ղੳ

⿏'VnDUJonaM	anaMZTJT	of	nN�TDaMF	QaSUJDMFT	CZ	TEM�EE-S
⿏ IdFnUJpDaUJon	of	FMFDUSonJD	FYDJUaUJonT	CZ	anHMF�SFToMWFd	EE-S
⿏ DFWFMoQNFnU	of	S9ES	JnTUSVNFnU	foS	FMFDUSon	NJDSoTDoQZ
⿏ CSZTUaM	TUSVDUVSF	anaMZTJT	VTJnH	C#ED	and	CFaN�SoDLJnH	ED

ɹतڭɹݾ಺ɹਖ਼ࣉ
MaTaNJ	TE3A6C)I
	PSofFTToS

mBTBmJ�UFSBVDIJ�D�!UPIPkV�BD�KQ

तڭɹ༱ฏɹ।౻ࠤ
YoIFJ	SATO
	ATToDJaUF	PSofFTToS

৿઒ɹେีɹॿɹڭ
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㻾econstructed amplitude images showing the change in the electric

circuits of secondary electrons resulting from insertion of an

electrode. The color bar indicates the visibility of fringe contrast in

the original hologram. (a) The electrode (tungsten) is outlined by a

white line. The bias voltage of the electrode is 㼦ero. (b) The bias

voltage of the electrode is 㻗5 㼂.

In situ observations of the antiferromagnetic (AFM)
to ferromagnetic (FM) phase transformation in
La0.44Sr0.56MnO3. The FM phase nucleates near 202
K as shown by the arrowhead in (a) and its volume
increases with heating. The magnetic flux (white
lines) is closed inside the FM phase at any stages of
the magnetic phase separation. Arrows indicate the
direction of magnetic flux.

.uMtiEisDipMinary researDh Gor struDture
 DonEuDtivity anE eMeDtromaHnetiD peME at nanometer 
sDaMe

φϊྖҬͰͷߏ଄ɾ఻ಋੑɾి࣓৔ͷଟݩղੳ

⿏		)JHI	QSFDJTJon	NFaTVSFNFnU	and	WJTVaMJ[aUJon	of	FMFDUSoNaHnFUJD	pFMd	aU	nanoNFUFS	TDaMF	CZ	FMFDUSon	
IoMoHSaQIZ

⿏ 		DFWFMoQNFnU	of	NVMUJfVnDUJonaM	TQFDJNFn	IoMdFST	XJUI	QJF[odSJWJnH	QSoCFT	foS	DonUSoM	of	FMFDUSoNaHnFUJD	
pFMd	and	FWaMVaUJon	of	MoDaM	DondVDUJWJUZ

⿏ ConUSoM	and	WJTVaMJ[aUJon	of	DoMMFDUJWF	NoUJon	of	FMFDUSonT
⿏ In�TJUV	oCTFSWaUJon	of	NaHnFUJD	doNaJn	NoUJon	Jn	adWanDFd	NaHnFUJD	NaUFSJaMT�
⿏ INaHJnH	of	NaHnFUJD	qVY	Jn	IJHI	TD	TVQFSDondVDUoST	and	TUSonHMZ	DoSSFMaUFd	NaUFSJaMT�

MaTaNJ	TE3A6C)I
	PSofFTToS

;FnUaSo	A,ASE
	SFnJoS	ATTJTUanU	PSofFTToS

[FOUBSP�BkBTF�B�!UPIPkV�BD�KQ

41&C*"-*;&%
'*&-%ŋK&: 803%

FMFDUSon	IoMoHSaQIZ ʗ FMFDUSoNaHnFUJD	pFMd ʗ DondVDUJWJUZ ʗ Jn	TJUV	oCTFSWaUJon

෼໺ڀݚଌܭবׯઢࢠి

寺಺ʢ݉ʣࣨڀݚ

&MeDtron *nterGerenDe .easurement

5&3A6$)* -aC 	c




INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ��

%eveMopment anE "ppMiDations oG nm�sDaMe 
CrystaMMoHraphy anE 4peDtrosDopies

༺଄ɾ෺ੑղੳख๏ͷ։ൃͱԠߏॴͷہ͍ͨ༺ઢΛࢠి

⿏'VnDUJonaM	anaMZTJT	of	nN�TDaMF	QaSUJDMFT	CZ	TEM�EE-S
⿏ IdFnUJpDaUJon	of	FMFDUSonJD	FYDJUaUJonT	CZ	anHMF�SFToMWFd	EE-S
⿏ DFWFMoQNFnU	of	S9ES	JnTUSVNFnU	foS	FMFDUSon	NJDSoTDoQZ
⿏ CSZTUaM	TUSVDUVSF	anaMZTJT	VTJnH	C#ED	and	CFaN�SoDLJnH	ED

MaTaNJ	TE3A6C)I
	PSofFTToS

mBTBmJ�UFSBVDIJ�D�!UPIPkV�BD�KQ

YoIFJ	SATO
	ATToDJaUF	PSofFTToS

DaJTVLF	MO3I,A8A
	ATTJTUanU	PSofFTToS

ToNoZo	O,6M63A
	ATTJTUanU	PSofFTToS

41&C*"-*;&%
'*&-%ŋK&: 803%

FMFDUSon	NJDSoTDoQZ ʗ FMFDUSon	FnFSHZ�MoTT	TQFDUSoTDoQZ ʗ TofU�9�SaZ	
FNJTTJon	TQFDUSoTDoQZ ʗ DonWFSHFnU�CFaN	FMFDUSon	dJ⒎SaDUJon

෼໺ڀݚଌܭճંɾ෼ޫࢠి

寺಺ࣨڀݚ

&MeDtron �CrystaMMoHraphy anE r4peDtrosDopy

5&3A6$)* -aC

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ

ઌ
୺
ܭ
ଌ
։
ൃ
セ
ン
タ
ー

C
E
N
TE
3
	'
O
3
	A
D
7
A
N
C
E
D
	M
IC
3
O
S
C
O
P
Y	A
N
D
	

S
P
E
C
T3
O
S
C
O
P
Y

68

㻾econstructed amplitude images showing the change in the electric

circuits of secondary electrons resulting from insertion of an

electrode. The color bar indicates the visibility of fringe contrast in

the original hologram. (a) The electrode (tungsten) is outlined by a

white line. The bias voltage of the electrode is 㼦ero. (b) The bias

voltage of the electrode is 㻗5 㼂.

In situ observations of the antiferromagnetic (AFM)
to ferromagnetic (FM) phase transformation in
La0.44Sr0.56MnO3. The FM phase nucleates near 202
K as shown by the arrowhead in (a) and its volume
increases with heating. The magnetic flux (white
lines) is closed inside the FM phase at any stages of
the magnetic phase separation. Arrows indicate the
direction of magnetic flux.

.uMtiEisDipMinary researDh Gor struDture
 DonEuDtivity anE eMeDtromaHnetiD peME at nanometer 
sDaMe

EMFDUSon	IoMoHSaQIZ
	XIJDI	 JT	CaTFd	on	 UIF	 JnUFSfFSFnDF	
of	 FMFDUSon	XaWF
	 JT	 a	 QoXFSfVM	 UFDInJRVF	 Uo	 WJTVaMJ[F	
FMFDUSoNaHnFUJD	 f JF MdT�	 8F	 aSF	 dFWoUFd	 Uo	 QSFDJTF	
NFaTVSFNFnUT	 of	 UIF	 FMFDUSoNaHnFUJD	 fJFMdT	 Jn	 NanZ	
adWanDFd	NaUFSJaMT
	CoUI	 Jn	IaSd	and	TofU	NaUUFST�	SQFDJaM	
F⒎oSUT	aSF	NadF	Uo	dFWFMoQ	VnJRVF	UooMT	UIaU	aSF	DoNCJnFd	
XJUI	FMFDUSon	IoMoHSaQIZ�	F�H�
	a	NaHnFUJD�TIJFMdFd	QoMF	
QJFDF	dFdJDaUFd	 Uo	NaHnFUJD	 doNaJn	 oCTFSWaUJonT
	 and	
a	 TQFDJaM	 FRVJQNFnU	 Uo	NoWF	NJDSoQSoCFT	 JnTJdF	 UIF	
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TJNVMUanFoVT	NFaTVSFNFnUT	of	 UIF	FMFDUSoNaHnFUJD	 fJFMdT
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	aT	XFMM	aT	DoNQoTJUJon	aU	nanoNFUFS	
TDaMF�
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3FDonTUSVDUFd	aNQMJUVdF	JNaHFT	TIoXJnH	UIF	DIanHF	Jn	UIF	FMFDUSJD	DJSDVJUT	
of	TFDondaSZ	FMFDUSonT	 SFTVMUJnH	 fSoN	 JnTFSUJon	of	an	FMFDUSodF�	TIF	DoMoS	
CaS	 JndJDaUFT	 UIF	WJTJCJMJUZ	of	 fSJnHF	DonUSaTU	 Jn	 UIF	oSJHJnaM	IoMoHSaN�	 	a
	
TIF	FMFDUSodF		UVnHTUFn
	JT	oVUMJnFd	CZ	a	XIJUF	MJnF�	TIF	CJaT	WoMUaHF	of	UIF	
FMFDUSodF	JT	[FSo�		C
	TIF	CJaT	WoMUaHF	of	UIF	FMFDUSodF	JT	��	7�

In	TJUV	oCTFSWaUJonT	of	 UIF	anUJfFSSoNaHnFUJD		A'M
	 Uo	 fFSSoNaHnFUJD	
	'M
	QIaTF	 USanTfoSNaUJon	 Jn	-a����SS����MnO��	TIF	'M	QIaTF	
nVDMFaUFT	nFaS	���	,	aT	 TIoXn	CZ	 UIF	aSSoXIFad	 Jn	 	a
	and	 JUT	
WoMVNF	 JnDSFaTFT	XJUI	IFaUJnH�	TIF	NaHnFUJD	 fMVY	 	XIJUF	 MJnFT
	 JT	
DMoTFd	 JnTJdF	 UIF	'M	QIaTF	aU	anZ	TUaHFT	of	 UIF	NaHnFUJD	QIaTF	
TFQaSaUJon�	ASSoXT	JndJDaUF	UIF	dJSFDUJon	of	NaHnFUJD	qVY�
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⾃⼰組織化された磁性分⼦薄膜

磁気特のナノレベル分析⼿法開発

TIF	dFUFDUJon	of	a	TJnHMF	TQJn	 JT	dFNandFd	 foS	 WaSJFUZ	of	
aQQMJDaUJonT
	F�H�
	 foS	 SFadJnH	and	NanJQVMaUJon	of	 JToMaUFd	
TQJnT	 foS	 TQJnUSonJDT	 and	RVanUVN	DoNQVUaUJon�	8F	aSF	
dFWFMoQJnH	 JnTUSVNFnUaUJon	of	 UIF	dFUFDUJon	of	a	TJnHMF	TQJn	
VTJnH	TDannJnH	UVnnFMJnH	NJDSoTDoQF		STM
�
ETQFDJaMMZ
	a	NFUIod	UIaU	dFUFDUT	UIF	-aSNoS	QSFDFTTJon	CZ	
NonJUoSJnH	a	WaSJaUJon	of	UVnnFMJnH	DVSSFnU
	DaMMFd	ES3�STM
	
IaT	a	 MaSHF	adWanUaHF	dVF	 Uo	 JUT	 DoNQaUJCJMJUZ	XJUI	 ToMJd	
dFWJDFT	and	aUoN�TDaMF	TQaUJaM	 SFToMVUJon�	8F	TVDDFTTfVMMZ	
dFWFMoQFd	ES3�STM	JnTUSVNFnU	XIJDI	Dan	dFUFDU	UIF	TJnHMF	
TQJn	Jn	SJO	MaZFST�
In	addJUJon
	 foS	 UIF	 SFaMJ[aUJon	of	 UIF	NoMFDVMaS�TQJnUSonJDT
	
TJnHMF	NoMFDVMF	NaHnFU		SMM
	JT	onF	of	UIF	NoTU	QSoNJTJnH	
NaUFSJaM�	8F	 JnWFTUJHaUFd	 UIF	 TQJn	of	SMM	CZ	dFUFDUJnH	

,ondo	TUaUFT�	8F	foVnd	UIaU	UIF	,ondo	QFaL	JnUFnTJUZ	TIoXT	
a	 DMFaS	 WaSJaUJon	XJUI	 UIF	 DonfoSNaUJonaM	 DIanHF	of	 UIF	
NoMFDVMF�	naNFMZ	 UIF	a[JNVUIaM	 SoUaUJonaM	anHMF	of	 UIF	PD	
QManFT�

4inHMe spin EeteDtion anE manipuMation Gor 
moMeDuMe�spintroniDs
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SEM image of Pt-deposited pi-conjugated organic nanofibers and
H2 generation under visible light irradiation.

Creation oG noveM orHaniD�inorHaniD hyCriEi[eE nanoDrystaMs Gor neYt�Heneration photoniD 
materiaMs
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SEM image of �irconia porous material and random laser
oscillation from �hodamine � roaded in the porous material.
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⿏ 		DFWFMoQNFnUT	of	noWFM	faCSJDaUJon	QSoDFTTFT	foS	oSHanJD�JnoSHanJD	IZCSJdJ[Fd	nanoDSZTUaMT
	UIFJS	
DIaSaDUFSJ[aUJon
	and	FWaMVaUJon	of	QIZTJDaM	QSoQFSUJFT

⿏ MVUVaM	JnUFSaDUJon	CFUXFFn	FYDJUon	and	FnIanDFd	QIoUoFMFDUSJD	pFMd	on	nano�MFWFM
⿏	EnFSHZ	DonWFSTJon	VTJnH	QJ�DonKVHaUFd	oSHanJD	nanoDSZTUaMT
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oSHanJD	nanoDSZTUaMT ʗ IZCSJdJ[Fd	nanoDSZTUaMT ʗ dJSFDUFd�aTTFNCMFd	
nanoTUSVDUVSF	DonUSoM ʗ QIoUonJD	NaUFSJaMT
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⾃⼰組織化された磁性分⼦薄膜

磁気特のナノレベル分析⼿法開発

TIF	dFUFDUJon	of	a	TJnHMF	TQJn	 JT	dFNandFd	 foS	 WaSJFUZ	of	
aQQMJDaUJonT
	F�H�
	 foS	 SFadJnH	and	NanJQVMaUJon	of	 JToMaUFd	
TQJnT	 foS	 TQJnUSonJDT	 and	RVanUVN	DoNQVUaUJon�	8F	aSF	
dFWFMoQJnH	 JnTUSVNFnUaUJon	of	 UIF	dFUFDUJon	of	a	TJnHMF	TQJn	
VTJnH	TDannJnH	UVnnFMJnH	NJDSoTDoQF		STM
�
ETQFDJaMMZ
	a	NFUIod	UIaU	dFUFDUT	UIF	-aSNoS	QSFDFTTJon	CZ	
NonJUoSJnH	a	WaSJaUJon	of	UVnnFMJnH	DVSSFnU
	DaMMFd	ES3�STM
	
IaT	a	 MaSHF	adWanUaHF	dVF	 Uo	 JUT	 DoNQaUJCJMJUZ	XJUI	 ToMJd	
dFWJDFT	and	aUoN�TDaMF	TQaUJaM	 SFToMVUJon�	8F	TVDDFTTfVMMZ	
dFWFMoQFd	ES3�STM	JnTUSVNFnU	XIJDI	Dan	dFUFDU	UIF	TJnHMF	
TQJn	Jn	SJO	MaZFST�
In	addJUJon
	 foS	 UIF	 SFaMJ[aUJon	of	 UIF	NoMFDVMaS�TQJnUSonJDT
	
TJnHMF	NoMFDVMF	NaHnFU		SMM
	JT	onF	of	UIF	NoTU	QSoNJTJnH	
NaUFSJaM�	8F	 JnWFTUJHaUFd	 UIF	 TQJn	of	SMM	CZ	dFUFDUJnH	

,ondo	TUaUFT�	8F	foVnd	UIaU	UIF	,ondo	QFaL	JnUFnTJUZ	TIoXT	
a	 DMFaS	 WaSJaUJon	XJUI	 UIF	 DonfoSNaUJonaM	 DIanHF	of	 UIF	
NoMFDVMF�	naNFMZ	 UIF	a[JNVUIaM	 SoUaUJonaM	anHMF	of	 UIF	PD	
QManFT�
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SEM image of Pt-deposited pi-conjugated organic nanofibers and
H2 generation under visible light irradiation.

In	DVSSFnU	NaUFSJaM	 TDJFnDF
	IZCSJdJ[Fd	nanoNaUFSJaMT	aSF	
FYQFDUFd	Uo	FYIJCJU	UIF	QFDVMJaS	oQUoFMFDUSonJD	and	QIoUonJD	
QSoQFSUJFT
	XIJDI	aSF	TUSonHMZ	dFQFndFnU	on	DoNCJnaUJon	of	
oSHanJD	and	 JnoSHanJD	DoNQonFnUT
	TJ[F	and	TIaQF
	 JnnFS	
TUSVDUVSF
	and	JnUFSfaDF	JnUFSaDUJon�
AJNJnH	 Uo	dFWFMoQ	QIoUonJD	dFWJDF	NaUFSJaMT
	oVS	 SFTFaSDI	
HSoVQ	 IaT	 FYUFnTJWFMZ	 TUVdJFd	 on	NaTT�QSodVDUJon	 of	
XFMM�dFfJnFd	 oSHanJD	 nanoDSZTUaMT
	 dFTJHn	 of	 oSHanJD�
JnoSHanJD	IFUFSo	nano�JnUFSfaDF	and	IZCSJdJ[aUJon	NFUIod
	
and	FWaMVaUJon	of	oQUoFMFDUSonJD	and	QIoUonJD	 fVnDUJonT�	
ETQFDJaMMZ
	 FnIanDFd	 fMVoSFTDFnDF	 CaTFd	 on	NVUVaM	
JnUFSaDUJon	CFUXFFn	FYDJUon	and	FnIanDFd	QIoUoFMFDUSJD	
fJFMd	on	nano�MFWFM
	 SandoN	 MaTFS	oTDJMMaUJon	VTJnH	QoSoVT	

NaUFSJaMT
	and	WJTJCMF�MJHIU	dSJWFn	QIoUoDaUaMZTUT	VTJnH	QJ�
DonKVHaUFd	oSHanJD	nanoDSZTUaMT	aSF	aMTo	noX	Jn	QSoHSFTT�

Creation oG noveM orHaniD�inorHaniD hyCriEi[eE nanoDrystaMs Gor neYt�Heneration photoniD 
materiaMs

1 µm

Pore size: 380±31 nm
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SEM image of �irconia porous material and random laser
oscillation from �hodamine � roaded in the porous material.
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⿏ 		DFWFMoQNFnUT	of	noWFM	faCSJDaUJon	QSoDFTTFT	foS	oSHanJD�JnoSHanJD	IZCSJdJ[Fd	nanoDSZTUaMT
	UIFJS	
DIaSaDUFSJ[aUJon
	and	FWaMVaUJon	of	QIZTJDaM	QSoQFSUJFT

⿏ MVUVaM	JnUFSaDUJon	CFUXFFn	FYDJUon	and	FnIanDFd	QIoUoFMFDUSJD	pFMd	on	nano�MFWFM
⿏	EnFSHZ	DonWFSTJon	VTJnH	QJ�DonKVHaUFd	oSHanJD	nanoDSZTUaMT
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oSHanJD	nanoDSZTUaMT ʗ IZCSJdJ[Fd	nanoDSZTUaMT ʗ dJSFDUFd�aTTFNCMFd	
nanoTUSVDUVSF	DonUSoM ʗ QIoUonJD	NaUFSJaMT
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SEM	 JNaHF	of	 [JSDonJa	 QoSoVT	NaUFSJaM	 and	 SandoN	 MaTFS	 oTDJMMaUJon	 fSoN	
3IodaNJnF	#	SoadFd	Jn	UIF	QoSoVT	NaUFSJaM�

SEM	JNaHF	of	PU�dFQoTJUFd	QJ�DonKVHaUFd	oSHanJD	nanopCFST	and	)�	HFnFSaUJon	
VndFS	WJTJCMF	MJHIU	JSSadJaUJon�
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IU	 JT	dJ⒏DVMU	Uo	QSFDJTFMZ	DonUSoM	UIF	TUSVDUVSF	of	DaSCon�CaTFd	
NaUFSJaMT	XJUI	non�DSZTUaMMJnF	 fSaNFXoSLT�	MoSFoWFS
	QSFDJTF	
TUSVDUVSF	dSaXJnH	of	TVDI	non�DSZTUaMMJnF	NaUFSJaMT	 JT	aMTo	a	
dJ⒏DVMU	 JTTVF�	8F	IaWF	dFWFMoQFd	UIF	nFX	UFDInJRVFT	XIJDI	
aMMoX	UIF	CoUUoN�VQ	TZnUIFTJT	of	adWanDFd	DaSCon	NaUFSJaMT	
XJUI	DonUSoMMFd	TUSVDUVSFT	aU	aUoNJD�NoMFDVMaS	TDaMF
	TQFDJpDaMMZ	
VTJnH	oSHanJD	TZnUIFTJT	oS	DIFNJDaM�WaQoS	dFQoTJUJon�	TIVT
	a	
WaSJFUZ	of	fVnDUJonaM	DaSCon	NaUFSJaMT	IaWF	CFFn	aDIJFWFd	TVDI	
aT	NFUaM�DaSCon	fSaNFXoSLT	XJUI	dFpnFd	DIFNJDaM	TUSVDUVSFT	
MJLF	oSHanJD	DSZTUaMT
	NJDSo�NFToQoSoVT	NaUFSJaMT	XJUI	TJnHMF�
HSaQIFnF	XaMMT
	and	DaSCon�CaTFd	DoNQoTJUF	NaUFSJaMT�	AMTo
	
XF	foDVT	on	UIF	FMVDJdaUJon	of	QIZTJDoDIFNJDaM	QSoQFSUJFT	of	
DaSCon	NaUFSJaMT	 JnDMVdJnH	SFaDUJWJUZ
	dVSaCJMJUZ
	and	DaUaMZTJT	

fSoN	UIF	WJFX	QoJnU	of	DIFNJTUSZ	CZ	VTJnH	adWanDFd	anaMZTJT	
UFDInJRVFT�	MoSFoWFS
	XF	QSoDFFd	 Jn	 UIF	aQQMJDaUJon	of	
oVS	adWanDFd	DaSCon�CaTFd	NaUFSJaMT	 foS	TVQFSDaQaDJUoST
	
TFDondaSZ	CaUUFSJFT
	fVFM	DFMMT
	IFaU	QVNQ
	nFX	FnFSHZ	dFWJDFT
	
fVnDUJonaM	adToSCFnUT
	DaUaMZTJT
	and	IFaMUIDaSF
	XJUI	NanZ	
DoMMaCoSaUoST	 JnDMVdJnH	
SFTFaSDI	oSHanJ[aUJonT	
and	DoNQanJFT�
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⿏༗ػԽֶతख๏ʹ݁ͮ͘جথੑΧʔϘϯࡐྉͷ૑੒ͱԠ༻
⿏ΧʔϘϯࡐྉΤοδαΠτͷߴ౓෼ੳ
⿏ΧʔϘϯࡐܥྉͷϔϧεέΞ෼໺΁ͷల։

⿏DFWFMoQNFnU	of	nanoQoSoVT	NaUFSJaMT	XJUI	TJnHMF�MaZFS	HSaQIFnF	XaMMT
⿏ SUVdZ	on	nFX	QIZTJDoDIFNJDaM	QIFnoNFna	JndVDFd	CZ	FMaTUJD	nanoQoSoVT	NaUFSJaMT
⿏ SUVdZ	on	FnFSHZ	TUoSaHF	and	DonWFSTJon	VTJnH	adWanDFd	DaSCon	NaUFSJaMT
⿏ SZnUIFTJT	of	DSZTUaMMJnF	DaSCon	NaUFSJaMT	CaTFd	on	oSHanJD	DIFNJTUSZ	and	UIFJS	aQQMJDaUJonT
⿏ AdWanDFd	anaMZTJT	of	DaSCon	FdHF	TJUFT
⿏ AQQMJDaUJon	of	DaSCon�CaTFd	NaUFSJaMT	Uo	IFaMUIDaSF	pFMd
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nanoDaSConT ʗ adToSQUJon ʗ FnFSHZ	TUoSaHF ʗ ToMJd	SFaDUJonT
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'aCriDations oG muMtiGunDtionaM moMeDuMar 
materiaMs

ToNoZVLJ	A,6TA(A8A
	PSofFTToS

BkVUBHBXB!UPIPkV�BD�KQ

NoSJIJTa	)OS)INO
	ATTJTUanU	PSofFTToS

TaLaTIJ	TA,EDA
	ATTJTUanU	PSofFTToS
⿏ 'FSSoFMFDUSJD
	QZSoFMFDUSJD
	and	UIFSNaM	DondVDUJnH	NaUFSJaMT	fSoN	TVQSaNoMFDVMaS	SoUaUoST
⿏ MoMFDVMaS�aTTFNCMZ	dFWJDFT	CaTFd	on	DIaSHF�USanTfFS	JnUFSaDUJonT
⿏ NoWFM	NoMFDVMaS	DondVDUoST
	NaHnFUT
	and	fFSSoFMFDUSJDT
⿏ MoMFDVMaS	dFWJDFT	CaTFd	on	oSHanJD�JnoSHanJD	IZCSJd	nanoTUSVDUVSFT
⿏ 3FdoY	aDUJWF	oSHanJD	К �FMFDUSon	and�oS	NFUaM�DooSdJnaUJon	DoNQoVndT

41&C*"-*;&%
'*&-%ŋK&: 803%

oSHanJD	FMFDUSonJD	NaUFSJaMT ʗ NoMFDVMaS	DondVDUoST ʗ NoMFDVMaS	fFSSoFMFDUSJDT ʗ
NoMFDVMaS	FMFDUSonJDT

ϋΠϒϦουࡐྉ૑੡ڀݚ෼໺

և川ࣨڀݚ

)yCriE .ateriaM 'aCriDation
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IU	 JT	dJ⒏DVMU	Uo	QSFDJTFMZ	DonUSoM	UIF	TUSVDUVSF	of	DaSCon�CaTFd	
NaUFSJaMT	XJUI	non�DSZTUaMMJnF	 fSaNFXoSLT�	MoSFoWFS
	QSFDJTF	
TUSVDUVSF	dSaXJnH	of	TVDI	non�DSZTUaMMJnF	NaUFSJaMT	 JT	aMTo	a	
dJ⒏DVMU	 JTTVF�	8F	IaWF	dFWFMoQFd	UIF	nFX	UFDInJRVFT	XIJDI	
aMMoX	UIF	CoUUoN�VQ	TZnUIFTJT	of	adWanDFd	DaSCon	NaUFSJaMT	
XJUI	DonUSoMMFd	TUSVDUVSFT	aU	aUoNJD�NoMFDVMaS	TDaMF
	TQFDJpDaMMZ	
VTJnH	oSHanJD	TZnUIFTJT	oS	DIFNJDaM�WaQoS	dFQoTJUJon�	TIVT
	a	
WaSJFUZ	of	fVnDUJonaM	DaSCon	NaUFSJaMT	IaWF	CFFn	aDIJFWFd	TVDI	
aT	NFUaM�DaSCon	fSaNFXoSLT	XJUI	dFpnFd	DIFNJDaM	TUSVDUVSFT	
MJLF	oSHanJD	DSZTUaMT
	NJDSo�NFToQoSoVT	NaUFSJaMT	XJUI	TJnHMF�
HSaQIFnF	XaMMT
	and	DaSCon�CaTFd	DoNQoTJUF	NaUFSJaMT�	AMTo
	
XF	foDVT	on	UIF	FMVDJdaUJon	of	QIZTJDoDIFNJDaM	QSoQFSUJFT	of	
DaSCon	NaUFSJaMT	 JnDMVdJnH	SFaDUJWJUZ
	dVSaCJMJUZ
	and	DaUaMZTJT	

fSoN	UIF	WJFX	QoJnU	of	DIFNJTUSZ	CZ	VTJnH	adWanDFd	anaMZTJT	
UFDInJRVFT�	MoSFoWFS
	XF	QSoDFFd	 Jn	 UIF	aQQMJDaUJon	of	
oVS	adWanDFd	DaSCon�CaTFd	NaUFSJaMT	 foS	TVQFSDaQaDJUoST
	
TFDondaSZ	CaUUFSJFT
	fVFM	DFMMT
	IFaU	QVNQ
	nFX	FnFSHZ	dFWJDFT
	
fVnDUJonaM	adToSCFnUT
	DaUaMZTJT
	and	IFaMUIDaSF
	XJUI	NanZ	
DoMMaCoSaUoST	 JnDMVdJnH	
SFTFaSDI	oSHanJ[aUJonT	
and	DoNQanJFT�
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⿏DFWFMoQNFnU	of	nanoQoSoVT	NaUFSJaMT	XJUI	TJnHMF�MaZFS	HSaQIFnF	XaMMT
⿏ SUVdZ	on	nFX	QIZTJDoDIFNJDaM	QIFnoNFna	JndVDFd	CZ	FMaTUJD	nanoQoSoVT	NaUFSJaMT
⿏ SUVdZ	on	FnFSHZ	TUoSaHF	and	DonWFSTJon	VTJnH	adWanDFd	DaSCon	NaUFSJaMT
⿏ SZnUIFTJT	of	DSZTUaMMJnF	DaSCon	NaUFSJaMT	CaTFd	on	oSHanJD	DIFNJTUSZ	and	UIFJS	aQQMJDaUJonT
⿏ AdWanDFd	anaMZTJT	of	DaSCon	FdHF	TJUFT
⿏ AQQMJDaUJon	of	DaSCon�CaTFd	NaUFSJaMT	Uo	IFaMUIDaSF	pFMd

ઐ໳෼໺ŋΩʔϫʔυ φϊΧʔϘϯʗٵணʗΤωϧΪʔஷଂʗݻମ൓Ԡ

41&C*"-*;&%
'*&-%ŋK&: 803%

nanoDaSConT ʗ adToSQUJon ʗ FnFSHZ	TUoSaHF ʗ ToMJd	SFaDUJonT
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ɹ༗ػ෼ࢠͷઃࣗܭ༝౓ʹண໨ͨ͠෼ूࢠ߹ମͷଟॏػೳͷߏங
͓ΑͼແࡐػྉͱͷϋΠϒϦουԽΛࢼΈ͍ͯ·͢ɻಋిੑɾ࣓
ੑɾڧ༠ిੑͷ؍఺͔Βɺ෼ࡐੑࢠྉͷిࢠʵεϐϯߏ଄Λઃܭ
͠ɺͦͷू߹ঢ়ଶΛ੍͢ޚΔࣄͰɺϚϧνϑΝϯΫγϣφϧͳ෼
ճࢠথ಺ͷ෼݁ੑࢠɻྫ͑͹ɺ෼͢·͍ͯͬߦྉͷ։ൃΛࡐੑࢠ
సʹؔ͢Δࣗ༝౓Λઃ͠ܭɺ෼ࢠͷ qJQ�qoQ	ӡಈΛར༻ͨ͠૒
ϩʔࢠͰ͖·͢ɻΧνΦϯੑͷ௒෼ݱϞʔϝϯτͷ൓స͕࣮ࢠۃ
λʔߏ଄ͷճసप೾਺ɾରশੑɾํੑ޲ͳͲͷਫ਼ີ੍͔ޚΒɺڧ
༠ిମͷసҠԹ౓ɾԠ౴଎౓ɾి߅৔ͳͲͷॾ෺ੑ͕ઃܭՄೳͱ
ͳΓ·͢ɻ·ͨɺ࣓ੑػೳΛ༗͢ΔΞχΦϯੑϢχοτͱͷෳ߹
ԽʹΑΓɺੑ࣓ڧʵڧ༠ిੑͳͲͷϚϧνϑΝϯΫγϣφϧͳ෼
Λల։͍ͯ͠·͢ɻ୯݁থɾॊ೪ڀݚͨ͠ࢦྉͷ։୓Λ໨ࡐੑࢠ
ੑ݁থɾӷথɾήϧɾ-#ບͳͲଟ༷ͳ෼ूࢠ߹ମΛڀݚର৅ͱ͠ɺ
কདྷͷ෼ࢠΤϨΫτϩχΫεͷ࣮ݱʹඞཁͳૅجతͳڀݚΛࢼΈ
͍ͯ·͢ɻ

MVMUJfVnDUJonaM	NoMFDVMaS�aTTFNCMJFT	and	IZCSJd	oSHanJD�	
JnoSHanJD	NaUFSJaMT	 aSF	 FYaNJnFd	 fSoN	 UIF	 WJFXQoJnU	 of	
TUSVDUVSaM	 fSFFdoN	of	 oSHanJD	NoMFDVMFT�	 TIF	 TQJn	 and	
FMFDUSonJD	 TUaUFT	 of	NoMFDVMaS�aTTFNCMJFT	 aSF	 dFTJHnFd	
Jn	 UFSNT	 of	 FMFDUS JDaM	 DondVDUJWJUZ
	 NaHnFUJTN
	 and	
fFSSoFMFDUSJDJUZ�	'oS	FYaNQMF
	UIF	dFTJHnT	of	qJQ�qoQ	NoUJonT	
and	dJQoMF	JnWFSTJonT	Jn	UIF	DSZTUaMT	SFaMJ[Fd	UIF	fFSSoFMFDUSJD	
QSoQFSUJFT�	TIF	IZCSJd	aTTFNCMJFT	XJUI	 UIF	TVQSaNoMFDVMaS	
SoUaUoST	 and	NaHnFUJD	 anJonT	 foSNFd	 UIF	NVMUJfVnDUJonaM	
fFSSoFMFDUSJD	 �	 fFSSoNaHnFUJD	NaUFSJaMT�	DJWFSTF	NoMFDVMaS	
aTTFNCMJFT	 fSoN	TJnHMF	DSZTUaM
	QMaTUJD	DSZTUaM
	 MJRVJd	DSZTUaM
	
HFM
	Uo	-anHNVJS�#ModHFUU	pMN	aSF	oVS	SFTFaSDI	UaSHFUT�	TIF	
SFTFaSDIFT	XJMM	CF	FTTFnUJaM	foS	fVUVSF	NoMFDVMaS	FMFDUSonJDT�

'aCriDations oG muMtiGunDtionaM moMeDuMar 
materiaMs

և઒ɹஐߦɹڭɹत
ToNoZVLJ	A,6TA(A8A
	PSofFTToS

BkVUBHBXB!UPIPkV�BD�KQ

੕໺ɹ఩ٱɹॿɹڭ
NoSJIJTa	)OS)INO
	ATTJTUanU	PSofFTToS

෢ాɹࢤوɹॿɹڭ
TaLaTIJ	TA,EDA
	ATTJTUanU	PSofFTToS

⿏௒෼ࢠϩʔλʔߏ଄Λར༻ͨ͠ڧ༠ిମɾযిମɾ೤఻ಋମͷ։ൃ
⿏ిՙҠಈܕ෼ूࢠ߹ମσόΠεͷ։ൃ
⿏৽نͳ෼ੑࢠಋମɾ࣓ੑମɾڧ༠ిମͷ։ൃ
⿏༗ػʵແػϋΠϒϦουܕφϊߏ଄Λ༻͍ͨ෼ࢠσόΠεͷ։ൃ
ମͷ։ൃࡨԽ߹෺͓ΑͼۚଐܥࢠКిػͳ༗ੑ׆ݩԽؐࢎ⿏

⿏'FSSoFMFDUSJD
	QZSoFMFDUSJD
	and	UIFSNaM	DondVDUJnH	NaUFSJaMT	fSoN	TVQSaNoMFDVMaS	SoUaUoST
⿏ MoMFDVMaS�aTTFNCMZ	dFWJDFT	CaTFd	on	DIaSHF�USanTfFS	JnUFSaDUJonT
⿏ NoWFM	NoMFDVMaS	DondVDUoST
	NaHnFUT
	and	fFSSoFMFDUSJDT
⿏ MoMFDVMaS	dFWJDFT	CaTFd	on	oSHanJD�JnoSHanJD	IZCSJd	nanoTUSVDUVSFT
⿏ 3FdoY	aDUJWF	oSHanJD	К �FMFDUSon	and�oS	NFUaM�DooSdJnaUJon	DoNQoVndT

ઐ໳෼໺ŋΩʔϫʔυ ༗ࡐࢠిػྉʗ෼ੑࢠಋମʗ෼ڧࢠ༠ిମʗ෼ࢠΤϨΫτϩχΫε
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oSHanJD	FMFDUSonJD	NaUFSJaMT ʗ NoMFDVMaS	DondVDUoST ʗ NoMFDVMaS	fFSSoFMFDUSJDT ʗ
NoMFDVMaS	FMFDUSonJDT
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NaLaHaXa	 HSoVQ	 IaT	 dFdJDaUFd	 Uo	 QVSTVF	 TDJFnUJfJD	
QSJnDJQMFT	 foS	NoMFDVMaS	 DonUSoM	 of	 JnUFSfaDF	 fVnDUJon	
oDDVSSJnH	aU	QoMZNFS�oUIFS	NaUFSJaM	 JnUFSfaDFT	and	Uo	QVU	
UIFN	JnUo	QSaDUJDF	Jn	nanoJNQSJnU	MJUIoHSaQIZ	QSoNJTJnH	aT	
a	nFYU	HFnFSaUJon	nanofaCSJDaUJon	UooM�	8F	aSF	dFWFMoQJnH	
adWanDFd	QIoUo�fVnDUJonaM	NaUFSJaMT	 TVDI	aT	 TUJDLJnH	
NoMFDVMaS	MaZFST	foS	ʠpY	CZ	MJHIUʡ
	67�DVSaCMF	SFTJnT	and	
anUJTUJDLJnH	NoMFDVMaS	 MaZFST	 foS	ʠQSFQaSaUJon	CZ	 MJHIUʡ
	
fMVoSFTDFnU	 SFTJTU	NaUFSJaMT	 foS	ʠJnTQFDUJon	CZ	 MJHIUʡ
	
and	IZCSJd	oQUJDaM	NaUFSJaMT	ʠaWaJMaCMF	 Uo	 MJHIUʡ	and	nFX	
SFTFaSDI	UooMT	TVDI	aT	NFDIanJDaM	NFaTVSFNFnU	TZTUFNT	
Uo	FWaMVaUF	 SFMFaTF	QSoQFSUZ	of	67�DVSaCMF	 SFTJnT�	OVS	
SFTFaSDI	aJNT	aU	DSFaUJnH	nFX	dFWJDFT	Uo	DonUSoM	QIoUon
	
FMFDUSon
	and	NaHnFUJTN�

"EvanDeE photo�GunDtionaM materiaMs Gor 
nanoimprint

ɹඍࡉՃٕ޻ज़ʹ͓͍ͯੈ࣍୅ͷ΋ͷͮ͘Γج൫ٕज़
ͱͯ͠ظ଴͞Ε͍ͯΔφϊΠϯϓϦϯτٕज़ʹண໨͠
͍ͯΔɻ෼ࢠϨϕϧͰ͑ߟΔԽֶతͳࢹ఺͔Βɺք໘
ɺφϊΠϯϓϦϯτٕज़͠ࢦͷֶཧΛ໨ޚ੍ࢠೳ෼ػ
Ͱల։Ͱ͖Δઌਐతͳޫػೳࡐྉͷ૑੡Λ͍ͯͬߦΔɻ
ۚଐඍߏࡉ଄ܗ੒ɾԠ༻ల։Λ໨ͨ͠ࢦՄޫࢹԠ౴ϝ
λϚςϦΞϧͷ࡞੡ɺඍܗࡉঢ়࡯؍ʹదͨ͠ޫػೳࡐ
ྉ࡞੡Λ໨ͨ͠ࢦφϊΠϯϓϦϯτ༻ߗޫੑޫܬԽੑ
थࢷͷ։ൃɺαϒ��nN	ߏ଄଄ܗΛ໨ͨ͠ࢦεΫϦʔ
ϯҹ࡮๏ͱޫφϊΠϯϓϦϯτ๏ͷ༥߹ʹΑΔߴ೪౓
ॏ߹ମڞԽੑ૊੒෺ͷҐஔબ୒తృ෍ɺϒϩοΫߗޫ
ͷඍࡉՃ޻΁ͷల։Λ໨ݶۃͨ͠ࢦφϊޫ଄ܗʹؔ͢
ΔڀݚΛ͍ͯͬߦΔɻ͜ΕΒͷڀݚΛ௨ͯ͡࠶ੜڥ؀
ΤωϧΪʔࡐྉ΍ݶۃφϊߏ଄σόΠε΁ͷల։΋ਐ
Ί͍ͯΔɻ

ք໘ػೳ෼ػޫͮ͘جʹޚ੍ࢠೳࡐྉͷ૑੡

⿏ޫφϊΠϯϓϦϯτٕज़ͷϨδετࡐྉͷ։ൃͱҰܻφϊ଄ܗ
⿏ϨʔβʔՃ޸޻൛ҹ࡮๏ͷ։ൃͱޫߗԽੑӷମͷҐஔબ୒తృ෍
বࣶʹΑΔਫ਼ີҐஔ߹Θͤͱੵ૚Խׯޫܬ⿏
⿏ۚଐφϊߏ଄ମͷޫֶɾిࢠσόΠεԠ༻

⿏DJnHMF�dJHJd�nanoNFUFS	pHVSaUJon	CZ	dFWFMoQNFnU	of	SFTJTU	NaUFSJaMT	Jn	67	nanoJNQSJnU	UFDInoMoHZ
⿏ -aTFS�dSJMMFd	TDSFFn	QSJnUJnH	foS	MoDaUJon�TFMFDUJWF	QMaDFNFnU	of	QIoUo�DVSaCMF	SFTJn	MJRVJdT
⿏ AMJHnNFnU	and	CVJMdJnH	CZ	qVoSFTDFnDF	JnUFSfFSFnDF	fSJnHFT
⿏ AQQMJDaUJon	of	NFUaM	nano�TUSVDUVSFT	Uo	oQUJDaM	and	FMFDUSonJD	dFWJDFT

த઒ɹɹউɹڭɹत
MaTaSV	NA,A(A8A
	PSofFTToS

mBTBSV�OBkBHBXB�D�!UPIPkV�BD�KQ

தଜɹ޺وɹ।ڭत
TaLaIJSo	NA,AM63A
	ATToDJaUF	PSofFTToS

ҏ౦ɹॣ໵ɹॿɹڭ
SIVnZa	ITO
	ATTJTUanU	PSofFTToS

ઐ໳෼໺ŋΩʔϫʔυ ʗφϊΠϯϓϦϯτֶ޻ບࢠԽֶʗ୯෼ࢠ෼ߴྉՊֶʗࡐ
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MaUFSJaMT	DIFNJTUSZ ʗ NaDSoNoMFDVMaS	TDJFnDF ʗ NonoMaZFS	FnHJnFFSJnH ʗ
nanoJNQSJnUJnH
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腎臓による排泄
(si]e � � 数nP)

肝臓による解毒
(si]e � ! ��� nP) 

腫瘍組織への集積
(si]e � �� nP 〜 ��� nP)

マクロファージ
全⾝へ拡散

(si]e � � 数nP)

がん細胞への到達

：薬分⼦（� 数nm）

：ナノ薬剤
6i]e：10 nm 〜 100 nm

：マイクロ薬剤
6i]e： ! 100 nm

ナノ粒⼦のまま
細胞内に到達！！

'aCriDation oG The /oveM %esiHneE /anoEruHs ComposeE oG 1oorMy 8ater�4oMuCMe 
CompounEs
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)JUoTIJ	,ASAI
	PSofFTToS

IJUPTIJ�kBTBJ�B�!UPIPkV�BD�KQ

YoTIJUaLa	,OSE,I
	ATTJTUanU	PSofFTToS

AnI	TIJ	NHoD	DAO
	ATTJTUanU	PSofFTToS

ToTIJIJLo	A3ITA
	ATTJTUanU	PSofFTToS

3ZVKV	S6;6,I
	ATTJTUanU	PSofFTToS

⿏ 'aCSJDaUJon	of	TJ[F�DonUSoMMFd	oSHanJD	nanoQaSUJDMFT
⿏ CSFaUJon	of	nFX�dFTJHnFd	anUJ�DanDFS	nanodSVHT	and	UIFJS	QIaSNaDoMoHJDaM	aDUJWJUJFT
⿏ PSFQaSaUJon	of	nano	FZF	dSoQT	and	UIFJS	QIaSNaDoMoHJDaM	aDUJWJUJFT
⿏ SZnUIFTJT	of	dSVH	DoNQoVndT	CZ	VTJnH	CJo�QSoDFTT
⿏ 'VnDUJonaMJ[aUJon	of	QJHNFnUT	dFSJWFd	fSoN	oSHanJTN	CZ	foSNJnH	nanoQaSUJDMFT
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Nano	DSVHT ʗ OSHanJD	NanoQaSUJDMFT ʗ AnUJ�DanDFS	DSVHT

༗ػɾόΠΦφϊࡐྉڀݚ෼໺
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⿏DJnHMF�dJHJd�nanoNFUFS	pHVSaUJon	CZ	dFWFMoQNFnU	of	SFTJTU	NaUFSJaMT	Jn	67	nanoJNQSJnU	UFDInoMoHZ
⿏ -aTFS�dSJMMFd	TDSFFn	QSJnUJnH	foS	MoDaUJon�TFMFDUJWF	QMaDFNFnU	of	QIoUo�DVSaCMF	SFTJn	MJRVJdT
⿏ AMJHnNFnU	and	CVJMdJnH	CZ	qVoSFTDFnDF	JnUFSfFSFnDF	fSJnHFT
⿏ AQQMJDaUJon	of	NFUaM	nano�TUSVDUVSFT	Uo	oQUJDaM	and	FMFDUSonJD	dFWJDFT

MaTaSV	NA,A(A8A
	PSofFTToS

mBTBSV�OBkBHBXB�D�!UPIPkV�BD�KQ

TaLaIJSo	NA,AM63A
	ATToDJaUF	PSofFTToS

SIVnZa	ITO
	ATTJTUanU	PSofFTToS
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MaUFSJaMT	DIFNJTUSZ ʗ NaDSoNoMFDVMaS	TDJFnDF ʗ NonoMaZFS	FnHJnFFSJnH ʗ
nanoJNQSJnUJnH
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腎臓による排泄
(si]e � � 数nP)

肝臓による解毒
(si]e � ! ��� nP) 

腫瘍組織への集積
(si]e � �� nP 〜 ��� nP)

マクロファージ
全⾝へ拡散

(si]e � � 数nP)

がん細胞への到達

：薬分⼦（� 数nm）

：ナノ薬剤
6i]e：10 nm 〜 100 nm

：マイクロ薬剤
6i]e： ! 100 nm

ナノ粒⼦のまま
細胞内に到達！！

'oS	 UIF	dFTJHn	of	 UIF	DonWFnUJonaM	dSVH	DoNQoVnd
	 JU	XaT	
DoNNon	Uo	add	a	XaUFS�ToMVCMF	TVCTUJUVFnU	Uo	a	DoNQoVnd	
IaWJnH	a	QIaSNaDoMoHJDaM	FffFDU�	)oXFWFS
	 Jn	 UIF	DaTF	of	
anUJ�DanDFS	dSVHT
	 JU	XaT	 SFQoSUFd	 UIaU	 UIF	XaUFS�ToMVCMF	
DoNQoVndT	HJWFn	CZ	VTJnH	 JnUSaWFnoVT	adNJnJTUSaUJon	XFSF	
FaTJMZ	pMUFSFd	 fSoN	LJdnFZ	oS	dJ⒎VTFd	FWFn	 Jn	noSNaM	 UJTTVF�	
On	UIF	oUIFS	Iand
	JU	 JT	LnoXn	UIaU
	XIFn	Ж N�TJ[Fd	dSVHT	
XJUI	NoSF	UIan	���nN	XFSF	adNJnJTUSaUFd	Jn	UIF	CMood
	UIFZ	
UFndFd	Uo	CF	USanTQoSUFd	Uo	UIF	MJWFS	afUFS	NaDSoQIaHFT	XFSF	
QIaHoDZUoTFd	'JH��
�
In	oVS	HSoVQ
	 Jn	oSdFS	 Uo	oWFSDoNF	 UIF	aCoWF	QSoCMFNT
	
XF	aSF	dFTJHnJnH	 UIF	noWFM	anUJ�DanDFS	dSVHT	DoNQoTFd	
Jn	 UIF	dJNFS	oS	 UIF	DoNQoVndT	 Uo	XIJDI	 UIF	QooSMZ	XaUFS�	
ToMVCMF	 TVCTUJUVFnU	 TVDI	aT	 a	 DIoMFTUFSoM	 dFSJWaUJWF	 aSF	

DIFNJDaMMZ	 MJnLFd�	 In	addJUJon
	CZ	VUJMJ[JnH	oVS	 UFDInJRVF	of	
SFQSFDJQJUaUJon	 foS	 faCSJDaUJon	of	oSHanJD	nanoQaSUJDMFT
	XF	
DoVMd	FTUaCMJTI	UIF	NFUIod	Uo	oCUaJn	���	nN	oS	MFTT	of	UIF	
nano�QSodSVHT		'JH�	�
�	AT	a	SFTVMU
	XF	IaWF	foVnd	UIaU	oVS	
anUJ�DanDFS	nano�QSodSVHT	 UIFNTFMWFT	DoVMd	CF	dFMJWFSFd	
FWFn	 XJ UI Jn	 UIF	 DFM MT	 of	
UIF	 UVNoS	 UJTTVF
	 and	 UIJT	
TUSaUFHZ	XaT	aQQMJDaCMF	 foS	
UIF	oUIFS	dSVHT	TVDI	aT	FZF	
dSoQT	 and	 To	 on�	8F	 aSF	
aJNJnH	aU	QSaDUJDaM	aQQMJDaUJon	
of	 UIJT	nano�QSodSVHT	 Jn	 UIF	
nFaS	fVUVSF�

'aCriDation oG The /oveM %esiHneE /anoEruHs ComposeE oG 1oorMy 8ater�4oMuCMe 
CompounEs

ɹैདྷͷༀԽ߹෺ͷઃܭͱͯ͠͸ɺༀཧޮՌΛ༗͢ΔԽ߹෺ʹਫ
༹ੑͷஔج׵Λ෇͚Δ͜ͱ͕ҰൠతͰͨ͠ɻͱ͜Ζ͕ɺ͕߅Μ࣏
ྍʹ༻͍Δༀࡎͷ৔߹ɺਫ༹ੑԽ߹෺Λ੩຺஫ࣹ౤༩͢Δͱɺ݂
தʹҠޙߦɺਛଁ͔Βᖤա͞Ε΍্͍͢ɺਖ਼ৗ૊৫ʹ΋֦͠ࢄ΍
͍͢͜ͱɺ·ͨɺ���nNҎ্ͷϚΠΫϩༀࡎͷ৔߹͸ɺϚΫϩ
ϑΝʔδʹᩦ৯͞Εͨޙɺ؊ଁʹӡ͹ΕΔ͜ͱ͕஌ΒΕ͍ͯ·͢
ʢ'JH��ʣɻ
ɹ౰֘ڀݚ෼໺Ͱ͸ɺ্هͷ՝୊Λࠀ෰͢ΔͨΊɺ͕߅Μੑ׆ༀ
Խ߹෺ʹίϨεςϩʔϧ༠ಋମͳͲͷ೉ਫ༹ੑஔج׵ΛԽֶత
ʹ࿈݁͢Δ͜ͱ΍ �ྔମԽͳͲΛ͢ࢪͱ͍͏ैདྷͱ͸ਅٯͷༀ
੡๏Ͱ͋Δ࡞ͷࢠφϊཻػΔ͜ͱʹՃ͑ͯɺ༗͢ߦΛ਱ܭઃࡎ
Δ͜ͱʹΑΓɺ���nNҎԼͷφϊϓϩυϥοά͢࢖ۦ௜๏Λ࠶
ʢ'JH��ʣΛ࡞੡͢Δٕज़Λཱ֬͠·ͨ͠ɻͦͷ݁Ռɺजᙾ૊৫ͷ
φϊϓੑ؞߅๔಺ʹ·Ͱޮ཰తͳυϥοάσϦόϦʔ͕Մೳͳࡉ
ϩυϥοάΛ૑ग़Ͱ͖Δ͜ͱ΍ɺຊٕज़͕఺؟ༀͳͲʹ΋෯͘޿
Ԡ༻ల։Ͱ͖Δ͜ͱ͕෼͔͖ͬͯ·ͨ͠ɻ͍ۙকདྷͰͷ࣮༻Խʹ
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ּҪɹɹۉɹڭɹत
)JUoTIJ	,ASAI
	PSofFTToS

IJUPTIJ�kBTBJ�B�!UPIPkV�BD�KQ

খؔɹྑ୎ɹॿɹڭ
YoTIJUaLa	,OSE,I
	ATTJTUanU	PSofFTToS

μΦςΟ	ΰοΫΞϯɹॿɹڭ
AnI	TIJ	NHoD	DAO
	ATTJTUanU	PSofFTToS

༗ాɹູ඙ɹॿɹڭ
ToTIJIJLo	A3ITA
	ATTJTUanU	PSofFTToS

ླ໦ɹཾथɹॿɹڭ
3ZVKV	S6;6,I
	ATTJTUanU	PSofFTToS

⿏αΠζ੍͞ޚΕͨ༗ػφϊཻࢠͷ࡞੡
⿏৽ͨͳσβΠϯ͕͞ࢪΕͨੑ؞߅φϊༀࡎͷ૑੡ͱͦͷༀཧޮՌ
⿏φϊ఺؟ༀͷ૑੡ͱͦͷༀཧޮՌ
⿏όΠΦϓϩηεΛ޼Έʹ͔ͨ͠׆ༀޮԽ߹෺ͷ߹੒
⿏φϊཻࢠԽʹΑΔੜ෺༝དྷ৭ૉͷػߴೳԽ

⿏'aCSJDaUJon	of	TJ[F�DonUSoMMFd	oSHanJD	nanoQaSUJDMFT
⿏ CSFaUJon	of	nFX�dFTJHnFd	anUJ�DanDFS	nanodSVHT	and	UIFJS	QIaSNaDoMoHJDaM	aDUJWJUJFT
⿏ PSFQaSaUJon	of	nano	FZF	dSoQT	and	UIFJS	QIaSNaDoMoHJDaM	aDUJWJUJFT
⿏ SZnUIFTJT	of	dSVH	DoNQoVndT	CZ	VTJnH	CJo�QSoDFTT
⿏ 'VnDUJonaMJ[aUJon	of	QJHNFnUT	dFSJWFd	fSoN	oSHanJTN	CZ	foSNJnH	nanoQaSUJDMFT

ઐ໳෼໺ŋΩʔϫʔυ φϊༀࡎʗ༗ػφϊཻࢠʗ؞߅ༀ
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Nano	DSVHT ʗ OSHanJD	NanoQaSUJDMFT ʗ AnUJ�DanDFS	DSVHT

༗ػɾόΠΦφϊࡐྉڀݚ෼໺
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4ynthesis anE DrystaM struDture anaMysis oG oYiEes
 suCoYiEes
 nitriEes
 anE ;intM DompounEs

8F	aSF	 TFaSDIJnH	nFX	 JnoSHanJD	 DoNQoVndT
	 anaMZ[JnH	
UIFJS	DSZTUaM	 TUSVDUVSFT	and	DIaSaDUFSJ[JnH	 UIFJS	QSoQFSUJFT�	
TIF	noWFM	NFUIodT	dFWFMoQFd	 foS	 UIF	TZnUIFTJT	of	 UIF	nFX	
DoNQoVndT	aSF	aQQMJFd	 Uo	 UIF	QSFQaSaUJon	of	DonWFnUJonaM	
DFSaNJDT	and	 JnoSHanJD	NaUFSJaMT	 Jn	oSdFS	 Uo	 JNQSoWF	 UIFJS	
RVaMJUJFT	and	QFSfoSNanDFT�
ɹ̋ SZnUIFTJT	of	oYJdFT
	TVCoYJdFT
	and	nJUSJdFT	CZ	UIF	ToMJd	

TUaUF	SFaDUJon	and	qVY	NFUIodT
ɹ̋ CSZTUaM	TUSVDUVSF	anaMZTJT	and	DIaSaDUFSJ[aUJon	of	nFX	

JnoSHanJD	DoNQoVndT
ɹ̋ DFWFMoQNFnU	 of	 UIFSNoFMFDUSJD	NaUFSJaMT	 CaTFd	 on	

NVMUJnaSZ	JnUFSNFUaMMJD	DoNQoVndT
ɹ̋ DFWFMoQNFnU	of	noWFM	 TZnUIFUJD	 SoVUFT	 foS	adWanDFd	

DFSaNJD	NaUFSJaMT	VTJnH	aDUJWF	NFUaMT

ɹଟछݩૉͷ૊Έ߹͔ͤΒͳΔແػԽ߹෺ʹ͸ະ։୓ͷ෺࣭͕܈
਺ଟ͘ଘ͠ࡏɺط஌ͷࡐྉʹ͸ͳ͍ಛੑΛ΋ͭ෺࣭͕જΜͰ͍Δ
Մೳੑ͕͋Δɻ౰ࣨڀݚͰ͸ݻମԽֶͷ؍఺͔Βɺ৽نଟܥݩແ
ɺ͍ߦ଄ղੳ΍ಛੑධՁΛߏͱɺಘΒΕͨ෺࣭ͷࡧԽ߹෺ͷ୳ػ
ͦΕΒͷ৽͍͠ηϥϛοΫεૉࡐͱͯ͠ͷՄೳੑΛ୳͍ͯ͠ٻ
Δɻ৽ن෺࣭ͷൃ͕ݟ௚ͪʹ࣮༻ࡐྉʹ݁ͼͭ͘͜ͱ͸͕ͩرɺ
ະ஌ͷ෺࣭Ͱ༗༻ͳಛੑ͕ݟग़͞ΕΔՄೳੑ͕͋ΓɺଟܥݩͰੜ
੒͢Δ෺࣭ͷ୳ࡧ΍ੜ੒૬ͷؔ܎Λ໌Β͔ʹ͢Δ͜ͱ͸ɺେֶͷ
ڀݚΔɻ·ͨɺ౰͑ߟୗ͞Εͨେ੾ͳ՝୊ͷͻͱͭͱʹڀݚૅج
ࣨͰ͸ɺηϥϛοΫεૉࡐͷ࡞੡๏ͱͯ͠Ұൠతͳݻ૬൓Ԡ๏ʹ
Ճ͑ɺۚଐφτϦ΢ϜʢNaʣͳͲͷۚଐ༥ӷΛੑ׆൓Ԡ৔ͱ͢
Δ৽ͨͳ߹੒ํ๏Λ͠ڀݚɺैདྷ๏Ͱ͸߹੒͕ࠔ೉ͳ৚݅Ͱͷඍ
คମ΍୯݁থɼଟ޸ମͳͲ༷ʑͳܗଶͷແࡐػྉ߹੒ͱɺ৽ͨͳ
Δɻ͍ͯ͠ࢦͷ։୓Λ໨ࡐೳΛ༗͢ΔηϥϛοΫεૉػ

ۚଐ༥ӷΛར༻ͨ͠ଟܥݩ৽نແػԽ߹෺ͷ߹੒ͱ݁থߏ଄Խֶ

ɹतڭయɹٱɹࠜࢁ
)JTanoSJ	YAMANE
	PSofFTToS

IJTBOPSJ�ZBmBOF�B1!UPIPkV�BD�KQ

तڭɹ।޿ߴɹాࢁ
TaLaIJSo	YAMADA
	ATToDJaUF	PSofFTToS

तڭɹ।ࢠଜɹྰࢤ
3aZLo	SIM63A
	ATToDJaUF	PSofFTToS

ڭɹ७Ұɹॿɹڮ∁
JVnJDIJ	TA,A)AS)I
	ATTJTUanU	PSofFTToS

⿏৽نଟܥݩແݻػମ෺࣭୳ࡧͱߏ଄ղੳ͓Αͼ݁থԽֶతڀݚ
੒ϓϩηεͷ։୓߹نηϥϛοΫεͷ৽ܥԽ෺ࢎଐΛར༻ͨ͠ඇۚੑ׆⿏
⿏ଟܥݩ஠Խ෺͓ΑͼࢎԽ෺ޫܬମͷ୳ࡧ
⿏ଟۚܥݩଐؒԽ߹෺Λର৅ͱͨ͠೤ిࡐྉͷ։୓

⿏SZnUIFTJT
	DSZTUaM	TUSVDUVSF	anaMZTJT
	and	DIaSaDUFSJ[aUJon	of	nFX	NVMUJnaSZ	JnoSHanJD	DoNQoVndT
⿏ DFWFMoQNFnU	of	UIFSNoFMFDUSJD	NaUFSJaMT	CaTFd	on	NVMUJnaSZ	JnUFSNFUaMMJD	DoNQoVndT
⿏ DFWFMoQNFnU	of	noWFM	TZnUIFUJD	SoVUFT	foS	adWanDFd	DFSaNJD	NaUFSJaMT	VTJnH	aDUJWF	NFUaMT
⿏ SZnUIFTJT	of	nJUSJdFT
	DaSCJdFT	and	TJMJDJdFT	VTJnH	a	Na	qVY

ઐ໳෼໺ŋΩʔϫʔυ ແߏػ଄ԽֶʗݻମࡐྉԽֶʗηϥϛοΫεʗࡐྉ߹੒
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JnoSHanJD	TUSVDUVSaM	DIFNJTUSZ ʗ ToMJd	TUaUF	NaUFSJaMT	DIFNJTUSZ ʗ DFSaNJDT ʗ
NaUFSJaMT	TZnUIFTJT

ແݻػମࡐྉ߹੒ڀݚ෼໺

ࣨڀݚࠜࢁ
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ཐટτϯωϧۭؒ಺ʹ౷ܭతʹ഑ஔͨ͠Na	ࢠݪΛؚΉδϯτϧԽ߹
෺ͷ݁থߏ଄ͱߴ೤ిΤωϧΪʔม׵ಛੑ

SZnUIFTJT	of	a	nFX	QoMZNoSQI	Џ�TJO	VTJnH	a	#J	qVY�
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4ynthesis oG RuasiDrystaMs anE their struDture anaMysis
 anE EesiHninH DataMysts in terms oG 
metaMMurHy

४݁থͷ߹੒ͱߏ଄ղੳ͓Αͼۚଐֶʹͮ͘ج৮ഔػೳઃܭ

)JTanoSJ	YAMANE
	PSofFTToS

SaUoTIJ	,AMEO,A
	ATToDJaUF	PSofFTToS

TBUPTIJ�kBmFPkB�C�!UPIPkV�BD�KQ

NoCVIJTa	'6JITA
	ATTJTUanU	PSofFTToS⿏ SZnUIFTJT	of	RVaTJDSZTUaMT	and	QSFQaSaUJon	of	RVaTJDSZTUaM	SFJnfoSDFd	MH	aMMoZT
⿏ SUSVDUVSF	anaMZTJT	and	NaUIFNaUJDaM	NodFMJnH	of	RVaTJDSZTUaMT
⿏ AdKVTUJnH	FMFDUSonJD	TUSVDUVSF	and	DonUSoMMJnH	DaUaMZUJD	fVnDUJon	Jn	UFSNT	of	aMMoZJnH
⿏ CSFaUJnH	nFX	DaUaMZUJD	fVnDUJon	CZ	UaJMoSJnH	DoNQoTJUF	TUSVDUVSF
⿏ OSJHJn	of	aDUJWJUZ	of	3anFZ	NFUaMT	QSFQaSFd	fSoN	JnUFSNFUaMMJD	QSFDVSToST

41&C*"-*;&%
'*&-%ŋK&: 803%

RVaTJDSZTUaM ʗ DaUaMZTJT ʗ MaUUJDF	dFfFDU ʗ WaMFnDF	FMFDUSonJD	TUSVDUVSF

ۚଐػೳઃڀݚܭ෼໺
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4ynthesis anE DrystaM struDture anaMysis oG oYiEes
 suCoYiEes
 nitriEes
 anE ;intM DompounEs

ۚଐ༥ӷΛར༻ͨ͠ଟܥݩ৽نແػԽ߹෺ͷ߹੒ͱ݁থߏ଄Խֶ

)JTanoSJ	YAMANE
	PSofFTToS

IJTBOPSJ�ZBmBOF�B1!UPIPkV�BD�KQ

TaLaIJSo	YAMADA
	ATToDJaUF	PSofFTToS

3aZLo	SIM63A
	ATToDJaUF	PSofFTToS

JVnJDIJ	TA,A)AS)I
	ATTJTUanU	PSofFTToS

⿏ SZnUIFTJT
	DSZTUaM	TUSVDUVSF	anaMZTJT
	and	DIaSaDUFSJ[aUJon	of	nFX	NVMUJnaSZ	JnoSHanJD	DoNQoVndT
⿏ DFWFMoQNFnU	of	UIFSNoFMFDUSJD	NaUFSJaMT	CaTFd	on	NVMUJnaSZ	JnUFSNFUaMMJD	DoNQoVndT
⿏ DFWFMoQNFnU	of	noWFM	TZnUIFUJD	SoVUFT	foS	adWanDFd	DFSaNJD	NaUFSJaMT	VTJnH	aDUJWF	NFUaMT
⿏ SZnUIFTJT	of	nJUSJdFT
	DaSCJdFT	and	TJMJDJdFT	VTJnH	a	Na	qVY

41&C*"-*;&%
'*&-%ŋK&: 803%

JnoSHanJD	TUSVDUVSaM	DIFNJTUSZ ʗ ToMJd	TUaUF	NaUFSJaMT	DIFNJTUSZ ʗ DFSaNJDT ʗ
NaUFSJaMT	TZnUIFTJT

ແݻػମࡐྉ߹੒ڀݚ෼໺

ࣨڀݚࠜࢁ
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4ynthesis oG RuasiDrystaMs anE their struDture anaMysis
 anE EesiHninH DataMysts in terms oG 
metaMMurHy

2VaTJDSZTUaMTʢ2CTʣand	aMMoZ	DaUaMZTUT	aSF	 UIF	NaJn	 foDJ	
of	 UIF	 MaC
	 SanHJnH	 fSoN	 fVndaNFnUaM	 TUVdJFT	 Uo	NaUFSJaM	
dFWFMoQNFnUT�	TIF	2C�SFMaUFd	 UoQJDT	 JnDMVdF	 UIF	TFaSDI	
foS	noWFM	RVaTJDSZTUaMMJnF	aMMoZT
	 TUSVDUVSF	anaMZTJT
	QIaTF	
USanTfoSNaUJon	NFDIanJTNT
	NaUIFNaUJDaM	NodFMJnH
	 UIF	
dFWFMoQNFnU	of	2C�SFJnfoSDFd	IJHI�TUSFnHUI	MH	aMMoZT	and	
2C	DaUaMZTUT�	8F	aMTo	QVSTVF	a	nFX	QaSadJHN	foS	dFTJHnJnH	
DaUaMZTUT	 Jn	 UFSNT	of	NFUaMMVSHZ	CZ	DonUSoMMJnH	FMFDUSonJD	
TUSVDUVSF	 and	NJDSoTUSVDUVSFɿ	�ʣDonUSoM	 of	 FMFDUSonJD	
TUSVDUVSF	 CZ	 aMMoZJnH	 Uo	 adKVTU	 UIF	 DaUaMZUJD	 fVnDUJon
	
aJNJnH	 aU	 SFQMaDFNFnU	 foS	 QSFDJoVT	NFUaMT
	 �ʣ	 UaJMoSJnH	
nanoaSDIUFDUVSFT	 UISoVHI	 TFMf�oSHanJ[aUJon	 QSoDFTTFT	
HFnFSaUFd	CZ	 MFaDIJnH	oS	 SFdoY	 USFaUNFnUT	 foS	dFWFMoQJnH	
nFX	QSoDFTTFT	foS	DaUaMZTUT�

ɹ४݁থ߹ۚͱ߹ۚ৮ഔΛओͱ͓ͨ͠ڀݚૅجΑͼࡐྉ։ൃΛ
ɻ४݁থؔ࿈Ͱ͸ɺ৽͍͠४݁থ߹ۚ΍୯४݁থͷ͢·͍ͯͬߦ
߹੒ɺ४݁থͱྨߏ֨ࠎͨ͠ࣅ଄Λ༗͢Δۙ݁ࣅথͷߏ଄ղੳɺ
ɺ४݁ͯ͠ߦͱฒڀݚૅج଄਺ཧͳͲͷߏ଄సҠϝΧχζϜ΍ߏ
থΛલۦ෺࣭ͱ͢Δ৮ഔ΍४݁থ෼ܕࢄͷڧߴ౓MH	߹ۚͳͲͷ
�Ͱ͸ɺCd�MHۙ࠷ྉ։ൃΛਐΊ͍ͯ·͢ɻࡐ Ͱ৽छͷܥ౔ྨر
ɻͨ͠·͠ݟথΛൃ݁ࣅۙ
ɹҰํɺ߹ۚͷిߏࢠ଄͓Αͼඍࡉ૊৫ͷ੍ޚͱ͍ͬͨۚଐֶత
ͳख๏ʹΑΔ৽͍͠৮ഔࡐྉͷઃܭ։ൃ΋͍ͯͬߦ·͢ɻྫ ͑͹ɺ
�ɽʣ	ةׇ͕ރዧ͞ΕΔۚوଐݯࢿͷ୅ସͱͯ͠Ձిࢠଳߏ଄੍
͍͓ͯʹΛਐΊɺҰ෦ͷ൓ԠܭΑΔ৽͍͠߹ۚ৮ഔͷઃʹޚ Pd
ͷ৮ഔػೳΛCVNJ ߹ۚʹΑΓ૑ग़͢Δ͜ͱʹ੒ޭ͠·ͨ͠ɻ·
ͨɺ�ɽʣ	૊৫੍ͨ͠ޚ߹ۚʹϦʔνϯά΋͘͠͸ࢎԽ�ؐݩʹΑ
Δʠࣗݾφϊ૊৫ԽʡΛଅ͢͜ͱͰ৮ഔػೳͷ্޲ΛਤΔ৽͍͠
߹ۚ৮ഔௐ੡ϓϩηεΛ։ൃ͠·ͨ͠ɻ

४݁থͷ߹੒ͱߏ଄ղੳ͓Αͼۚଐֶʹͮ͘ج৮ഔػೳઃܭ

ʢ݉ʣࠜࢁɹٱయɹڭɹत
)JTanoSJ	YAMANE
	PSofFTToS

ُԬɹɹ૱ɹ।ڭत
SaUoTIJ	,AMEO,A
	ATToDJaUF	PSofFTToS

TBUPTIJ�kBmFPkB�C�!UPIPkV�BD�KQ

౻ాɹ৳ঘɹॿɹڭ
NoCVIJTa	'6JITA
	ATTJTUanU	PSofFTToS

⿏४݁থ߹ۚͷ߹੒ͱ४݁থ෼ࢄMH	߹ۚͷ࡞੡
⿏४݁থͷߏ଄ղੳͱߏ଄਺ཧ
⿏߹ۚԽʹΑΔిߏࢠ଄ͱ৮ഔػೳͷ੍ޚ
⿏ෳ߹૊৫ԽʹΑΔ৮ഔػೳͷ૑ग़
⿏ۚଐؒԽ߹෺Λલۦମͱͨ͠৮ഔ࡞༻ͷൃݯىݱ

⿏SZnUIFTJT	of	RVaTJDSZTUaMT	and	QSFQaSaUJon	of	RVaTJDSZTUaM	SFJnfoSDFd	MH	aMMoZT
⿏ SUSVDUVSF	anaMZTJT	and	NaUIFNaUJDaM	NodFMJnH	of	RVaTJDSZTUaMT
⿏ AdKVTUJnH	FMFDUSonJD	TUSVDUVSF	and	DonUSoMMJnH	DaUaMZUJD	fVnDUJon	Jn	UFSNT	of	aMMoZJnH
⿏ CSFaUJnH	nFX	DaUaMZUJD	fVnDUJon	CZ	UaJMoSJnH	DoNQoTJUF	TUSVDUVSF
⿏ OSJHJn	of	aDUJWJUZ	of	3anFZ	NFUaMT	QSFQaSFd	fSoN	JnUFSNFUaMMJD	QSFDVSToST

ઐ໳෼໺ŋΩʔϫʔυ ४݁থʗ৮ഔʗ֨ؕܽࢠʗՁిࢠଳߏ଄
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RVaTJDSZTUaM ʗ DaUaMZTJT ʗ MaUUJDF	dFfFDU ʗ WaMFnDF	FMFDUSonJD	TUSVDUVSF
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赤外線遮蔽スマートウィンドウ作動モデル
Working models for IR shielding smart windows

Creation oG &nvironmentaM 3esponsive *norHaniD 
/anomateriaMs Cy 4oMvothermaM 3eaDtion

TIF	dFWFMoQNFnU	of	FnWJSonNFnUaMMZ	 SFTQonTJWF	 JnoSHanJD	
nanoNaUFS Ja MT	 XJ UI	 DonUSoM MaCMF	 NoSQIoMoHJFT	 and	
UIFJS	 adWanDFd	 fVnDUJonaMJUJFT	 SFMaUFd	XJUI	 FnFSHZ	 and	
FnWJSonNFnU	 JT	 DaSSJFd	oVU�	EnWJSonNFnUaMMZ	 fSJFndMZ	 TofU	
DIFNJDaM	QSoDFTTFT
	FTQFDJaMMZ	ToMVUJon	QSoDFTT	DonTJTUFd	of	
ToMWoUIFSNaM	SFaDUJon	VTJnH	XaUFS	and	non�aRVFoVT	ToMWFnUT	
aU	FMFWaUFd	UFNQFSaUVSFT
	aSF	NaJnMZ	VTFd	 foS	 UIF	TZnUIFTJT	
of	NJYFd	anJon	DoNQoVndT	and	UIF	DonUSoM	of	UIFJS	FMFDUSonJD	
TUSVDUVSFT�	TIF	QSFDJTF	DonUSoM	of	NoSQIoMoHZ
	DSZTUaMMJnF	
QIaTF
	 DSZTUaMMJnJUZ	 and	 QaSUJDMF	 TJ[F	 of	 FnWJSonNFnUaM	
SFTQonTJWF	 JnoSHanJD	 nanoNaUFSJaMT	 JT	 DaSSJFd	oVU	 VndFS	
FnWJSonNFnUaM	fSJFndMZ	DondJUJonT�
TIF	DSFaUJon	of	FnWJSonNFnUaM	SFTQonTJWF	JnoSHanJD	fVnDUJonaM	

NaUFSJaMT	XJUI	noWFM	aQQMJDaUJonT	on	FnWJSonNFnUaM	IaSNonZ
	
IJHI�F⒏DJFnDZ	FnFSHZ	VUJMJ[aUJon
	and	SFTQonTJWJUZ	SFMaUFd	Uo	
QIoUon	and	DIFNJDaMT	JT	DaSSJFd	oVU�

ɹܗଶ੍ޚՄೳͳڥ؀Ԡ౴ੑແػφϊࡐྉͷ૑੡ͱΤωϧΪʔ΍
༏͍͠ʹڥ؀ʹΔɻओ͍ͯͬߦೳੑ։ൃΛػ౓ߴ࿈ͨؔ͠ʹڥ؀
ιϑτέϛΧϧख๏ʹΑΔࡐྉ߹੒Λ͍ߦɺಛʹߴԹਫ΍ඇਫ༹
ഔΛར༻͢ΔιϧϘαʔϚϧ൓Ԡ౳ͷ༹ӷԽֶ൓ԠΛ༻͍ɺෳ߹
ΞχΦϯԽ߹෺ͷ߹੒΍ిߏࢠ଄੍ޚΛ͏ߦɻڥ؀ʹ༏͍͠൓Ԡ
৚݅Ͱڥ؀Ԡ౴ੑແػφϊࡐྉͷܗଶɾ݁থԽ౓ɾ݁থ૬ɾཻࢠ
αΠζͷਫ਼ີ੍ޚΛ͍ߦɺڥ؀ௐ࿨ɾΤωϧΪʔͷޮߴ཰ར༻ɾ
ϑΥτϯ΍Խֶ෺࣭ʹΑΔڥ؀Ԡ౴౳ͷແػػೳࡐྉͷ૑੡ٴͼ
Λల։͍ͯ͠ΔɻڀݚΔؔ͢ʹݱ౓ൃߴೳੑػ

ιϧϘαʔϚϧ൓ԠʹΑΔڥ؀Ԡ౴ੑແػφϊϚςϦΞϧͷ૑੡

ᓵɹɹɹ㦌ɹڭɹत
SIV	YIN
	PSofFTToS

ZJO�TIV�C�!UPIPkV�BD�KQ

ே૔ɹ༟հɹॿɹڭ
YVTVLF	ASA,63A
	ATTJTUanU	PSofFTToS

௕୩઒୓࠸ɹॿɹڭ
TaLVZa	)ASE(A8A
	ATTJTUanU	PSofFTToS

ྉͷ։ൃࡐػೳੑແػ༏͍͠ϓϩηεʹΑΔʹڥ؀⿏
⿏ෳ߹ΞχΦϯײߴܕ౓ՄޫࢹԠ౴ޫ৮ഔͷ߹੒ͱϚϧνػೳੑͷ࣮ݱ
⿏ແࢵػ֎ઢʗ੺֎ઢःณٴͼಁ໌ಋిੑബບͷ։ൃ
⿏ࣗಈंഉΨεড়Խ৮ഔͷ։ൃ
⿏൒ಋମφϊࡐྉͷΨεηϯαʔಛੑධՁ
⿏஠Խ෺ɾࢎ஠Խ෺ͷφϊߏ଄੍ޚͱػೳੑ։ൃ

⿏DFWFMoQNFnU	of	JnoSHanJD	fVnDUJonaM	NaUFSJaMT	CZ	FnWJSonNFnUaM	fSJFndMZ	QSoDFTTFT
⿏SZnUIFTJT	of	NJYFd�anJon	UZQF	IJHI	TFnTJUJWF	WJTJCMF	MJHIU	SFTQonTJWF	QIoUoDaUaMZTUT	and	UIFJS	NVMUJfVnDUJonaMJUZ
⿏ DFWFMoQNFnU	of	JnoSHanJD	VMUSaWJoMFU	�	JnfSaSFd	MJHIU	TIJFMdJnH	and	USanTQaSFnU	FMFDUSJD	DondVDUJWF	UIJn	pMNT
⿏ DFWFMoQNFnU	of	aVUoNoCJMF	FYIaVTU	HaT	QVSJpDaUJon	DaUaMZTUT
⿏ (aT	TFnTJnH	QSoQFSUZ	DIaSaDUFSJ[aUJon	of	TFNJDondVDUoS	nanoNaUFSJaMT
⿏ NanoTUSVDUVSF	DonUSoM	and	fVnDUJonaMJUZ	dFWFMoQNFnU	of	nJUSJdFT	�	oYZnJUSJdFT

ઐ໳෼໺ŋΩʔϫʔυ ෳ߹ΞχΦϯԽ߹෺ʗιϧϘαʔϚϧϓϩηεʗηϥϛοΫεͷܗଶ੍ޚʗ
ೳػԠ౴ڥ؀
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MJYFd	AnJon	CoNQoVndT ʗ SoMWoUIFSNaM	PSoDFTT ʗ MoSQIoMoHJDaM	ConUSoM	of	
CFSaNJDT ʗ EnWJSonNFnUaM	3FTQonTJWF	'VnDUJonaMJUZ
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8oSLJnH	NodFMT	foS	I3	TIJFMdJnH	TNaSU	XJndoXT

YMnO� Λར༻ͨ͠ࢎૉ੡଄ͷΠϝʔδਤ
SDIFNaUJD	JNaHF	foS	oYZHFn	QSodVDUJon	CZ	VTJnH	YMnO�
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VXEVtitXtion

1 �m

'esign oI elePent�suEstituteG coPpounG

0orphology control oI photocatalyst particles

Water splitting using photocatalyst

H2 + 1/2 O2

H2O

En
er

gy

Reaction coordinate

G0 = 237 kJ mol–1

photon
photocatal.(ex) + H2O

ConstruDtion oG hiHhMy aDtive inorHaniD materiaMs Gor DhemiDaM reaDtions

OVS	 SFTFaSDI	 JnUFSFTU	 JT	 foDVTFd	on	DonTUSVDUJon	of	IJHI�
QFSfoSNanDF	 JnoSHanJD	NaUFSJaMT	 foS	aSUJpDJaM	QIoUoTZnUIFTJT	
and	CJoNaTT	DonWFSTJon
	XIJDI	aSF	WFSZ	JNQoSUanU	UFDInJRVFT	
Jn	TVTUaJnaCMF	ToDJFUZ�	'oS	aSUJfJDJaM	QIoUoTZnUIFTJT
	XF	aSF	
NaLJnH	an	F⒎oSU	 Uo	DonTUSVDU	TFNJDondVDUoS	QIoUoDaUaMZTUT	
XJUI	 SFTQonTF	 Uo	 MonHFS	XaWFMFnHUIT	and	IJHIFS	RVanUVN	
ZJFMdT�	 To	 aDIJFWF	 JU
	XF	FYaNJnF	 DonUSoM	 of	 Cand	HaQT	
and	 SFaDUJWJUZ	 of	 FMFDUSonT�IoMFT	 UISoVHI	Cand	QoUFnUJaM	
UVnJnH
	TVSfaDF	NodJfJDaUJon	 foS	 JnUSodVDUJon	of	aDUJWF	TJUFT	
and	DonUSoM	of	DaSSJFS	 USaQT
	and	TZnUIFTJT	QSoDFTTFT�	8F	
aMTo	 TUVdZ	 QSoQFSUJFT	 of	 DoNQMFY	 oYJdFT	 aT	 ToMJd	 aDJd�
CaTF	DaUaMZTUT	 foS	CJoNaTT	DonWFSTJon�	 In	addJUJon
	XF	aSF	
FYQMoSJnH	nFX	 JnoSHanJD	DoNQoVndT	DaQaCMF	of	aQQMJDaUJon	
Uo	QIoUoDaUaMZTUT	and	ToMJd	aDJd�CaTF	DaUaMZTUT�

ɹ౰ࣨڀݚͰ͸࣋ଓՄೳࣾձʹෆՄܽͳਓޫ޻߹੒΍όΠΦϚε
ม׵ͷͨΊͷແࡐػྉ։ൃΛ͍ͯͬߦ·͢ɻࢎԽ෺ɺེԽ෺ɺࢎ
஠Խ෺ɺ͓ΑͼϦϯࢎԘͳͲଟ༷ͳແػ෺࣭Λର৅ͱͯ͠ɺ݁থ
ೳԽΛػߴྉͷࡐػ఺͔Βແ؍଄ͳͲͷߏૉɺද໘ݩ੒ߏ଄ɺߏ
ਤ͍ͬͯ·͢ɻਓޫ޻߹੒Ͱ͸൒ಋମޫ৮ഔʹΑΔਫ෼ղʹ஫ྗ
͠ɺΑΓ௕೾௕ͷޫʹԠ౴͠ɺΑΓࢠྔ͍ߴऩ཰ͰਫΛ෼ղͰ͖
Δޫ৮ഔܥͷߏஙΛ໨͠ࢦɺόϯυϙςϯγϟϧ੍ޚʹΑΔԠ౴
೾௕ͱ൓Ԡಛੑ੍ޚɺ൓Ԡੑ׆఺ಋೖ͓ΑͼΩϟϦΞτϥοϓ੍
ͷͨΊͷද໘म০ɺͦͯ͠߹੒ϓϩηε͓Αͼϙετ߹੒ॲཧޚ
ʹண໨ͯ͠ޫ৮ഔ։ൃΛਐΊ͍ͯ·͢ɻ·ͨɺόΠΦϚε͔ݯࢿ
Βͷ༗༻Խֶ෺࣭੡଄ͷͨΊͷݻମࢎԘج৮ഔ։ൃ͓Αͼ൓Ԡϓ
ϩηε։ൃ΋͍ͯͬߦ·͢ɻ͞ΒʹɺແࡐػྉԽֶͷࢹ఺͔Βޫ
৮ഔ΍ݻମࢎԘج৮ഔͱͯ͠ػೳ͢Δ৽෺࣭ͷઃܭɾ։୓΋ͬߦ
͍ͯ·͢ɻ

ྉ։ൃࡐػແ׵ೳͳ෺࣭มػߴଓՄೳࣾձͷͨΊͷ࣋

Ճ౻ɹӳथɹڭɹत
)JdFLJ	,ATO
	PSofFTToS

IJEFkJ�kBUP�F2!UPIPkV�BD�KQ

ڭɹॿɹܒ୩ɹɹ۽
)JSoNV	,6MA(AI
	ATTJTUanU	PSofFTToS

⿏ޫ৮ഔʹΑΔਫ෼ղ
׵ԽֶతΤωϧΪʔมؾిޫ⿏
⿏όΠΦϚεม׵ͷͨΊͷݻମࢎԘج৮ഔͷ։ൃ
⿏෺࣭ม׵ͷͨΊͷ৽෺࣭։୓

⿏PIoUoDaUaMZUJD	XaUFS	TQMJUUJnH
⿏ PIoUoFMFDUSoDIFNJDaM	FnFSHZ	DonWFSTJon
⿏ DFWFMoQNFnU	of	ToMJd	aDJd�CaTF	DaUaMZTUT	foS	CJoNaTT	DonWFSTJon
⿏ EYQMoSaUJon	of	nFX	JnoSHanJD	DoNQoVndT

ઐ໳෼໺ŋΩʔϫʔυ ޫ৮ഔʗແࡐػྉԽֶʗΤωϧΪʔม׵
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PIoUoDaUaMZTU ʗ InoSHanJD	NaUFSJaM	DIFNJTUSZ ʗ EnFSHZ	DonWFSTJon

෺࣭ม׵ແࡐػྉڀݚ෼໺

Ճ౻ࣨڀݚ

*norHaniD .ateriaMs Gor ChemiDaM TransGormation

,A50 -aC



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ77

赤外線遮蔽スマートウィンドウ作動モデル
Working models for IR shielding smart windows

Creation oG &nvironmentaM 3esponsive *norHaniD 
/anomateriaMs Cy 4oMvothermaM 3eaDtion

TIF	dFWFMoQNFnU	of	FnWJSonNFnUaMMZ	 SFTQonTJWF	 JnoSHanJD	
nanoNaUFS Ja MT	 XJ UI	 DonUSoM MaCMF	 NoSQIoMoHJFT	 and	
UIFJS	 adWanDFd	 fVnDUJonaMJUJFT	 SFMaUFd	XJUI	 FnFSHZ	 and	
FnWJSonNFnU	 JT	 DaSSJFd	oVU�	EnWJSonNFnUaMMZ	 fSJFndMZ	 TofU	
DIFNJDaM	QSoDFTTFT
	FTQFDJaMMZ	ToMVUJon	QSoDFTT	DonTJTUFd	of	
ToMWoUIFSNaM	SFaDUJon	VTJnH	XaUFS	and	non�aRVFoVT	ToMWFnUT	
aU	FMFWaUFd	UFNQFSaUVSFT
	aSF	NaJnMZ	VTFd	 foS	 UIF	TZnUIFTJT	
of	NJYFd	anJon	DoNQoVndT	and	UIF	DonUSoM	of	UIFJS	FMFDUSonJD	
TUSVDUVSFT�	TIF	QSFDJTF	DonUSoM	of	NoSQIoMoHZ
	DSZTUaMMJnF	
QIaTF
	 DSZTUaMMJnJUZ	 and	 QaSUJDMF	 TJ[F	 of	 FnWJSonNFnUaM	
SFTQonTJWF	 JnoSHanJD	 nanoNaUFSJaMT	 JT	 DaSSJFd	oVU	 VndFS	
FnWJSonNFnUaM	fSJFndMZ	DondJUJonT�
TIF	DSFaUJon	of	FnWJSonNFnUaM	SFTQonTJWF	JnoSHanJD	fVnDUJonaM	

NaUFSJaMT	XJUI	noWFM	aQQMJDaUJonT	on	FnWJSonNFnUaM	IaSNonZ
	
IJHI�F⒏DJFnDZ	FnFSHZ	VUJMJ[aUJon
	and	SFTQonTJWJUZ	SFMaUFd	Uo	
QIoUon	and	DIFNJDaMT	JT	DaSSJFd	oVU�

ɹܗଶ੍ޚՄೳͳڥ؀Ԡ౴ੑແػφϊࡐྉͷ૑੡ͱΤωϧΪʔ΍
༏͍͠ʹڥ؀ʹΔɻओ͍ͯͬߦೳੑ։ൃΛػ౓ߴ࿈ͨؔ͠ʹڥ؀
ιϑτέϛΧϧख๏ʹΑΔࡐྉ߹੒Λ͍ߦɺಛʹߴԹਫ΍ඇਫ༹
ഔΛར༻͢ΔιϧϘαʔϚϧ൓Ԡ౳ͷ༹ӷԽֶ൓ԠΛ༻͍ɺෳ߹
ΞχΦϯԽ߹෺ͷ߹੒΍ిߏࢠ଄੍ޚΛ͏ߦɻڥ؀ʹ༏͍͠൓Ԡ
৚݅Ͱڥ؀Ԡ౴ੑແػφϊࡐྉͷܗଶɾ݁থԽ౓ɾ݁থ૬ɾཻࢠ
αΠζͷਫ਼ີ੍ޚΛ͍ߦɺڥ؀ௐ࿨ɾΤωϧΪʔͷޮߴ཰ར༻ɾ
ϑΥτϯ΍Խֶ෺࣭ʹΑΔڥ؀Ԡ౴౳ͷແػػೳࡐྉͷ૑੡ٴͼ
Λల։͍ͯ͠ΔɻڀݚΔؔ͢ʹݱ౓ൃߴೳੑػ

ιϧϘαʔϚϧ൓ԠʹΑΔڥ؀Ԡ౴ੑແػφϊϚςϦΞϧͷ૑੡

ᓵɹɹɹ㦌ɹڭɹत
SIV	YIN
	PSofFTToS

ZJO�TIV�C�!UPIPkV�BD�KQ

ே૔ɹ༟հɹॿɹڭ
YVTVLF	ASA,63A
	ATTJTUanU	PSofFTToS

௕୩઒୓࠸ɹॿɹڭ
TaLVZa	)ASE(A8A
	ATTJTUanU	PSofFTToS

ྉͷ։ൃࡐػೳੑແػ༏͍͠ϓϩηεʹΑΔʹڥ؀⿏
⿏ෳ߹ΞχΦϯײߴܕ౓ՄޫࢹԠ౴ޫ৮ഔͷ߹੒ͱϚϧνػೳੑͷ࣮ݱ
⿏ແࢵػ֎ઢʗ੺֎ઢःณٴͼಁ໌ಋిੑബບͷ։ൃ
⿏ࣗಈंഉΨεড়Խ৮ഔͷ։ൃ
⿏൒ಋମφϊࡐྉͷΨεηϯαʔಛੑධՁ
⿏஠Խ෺ɾࢎ஠Խ෺ͷφϊߏ଄੍ޚͱػೳੑ։ൃ

⿏DFWFMoQNFnU	of	JnoSHanJD	fVnDUJonaM	NaUFSJaMT	CZ	FnWJSonNFnUaM	fSJFndMZ	QSoDFTTFT
⿏SZnUIFTJT	of	NJYFd�anJon	UZQF	IJHI	TFnTJUJWF	WJTJCMF	MJHIU	SFTQonTJWF	QIoUoDaUaMZTUT	and	UIFJS	NVMUJfVnDUJonaMJUZ
⿏ DFWFMoQNFnU	of	JnoSHanJD	VMUSaWJoMFU	�	JnfSaSFd	MJHIU	TIJFMdJnH	and	USanTQaSFnU	FMFDUSJD	DondVDUJWF	UIJn	pMNT
⿏ DFWFMoQNFnU	of	aVUoNoCJMF	FYIaVTU	HaT	QVSJpDaUJon	DaUaMZTUT
⿏ (aT	TFnTJnH	QSoQFSUZ	DIaSaDUFSJ[aUJon	of	TFNJDondVDUoS	nanoNaUFSJaMT
⿏ NanoTUSVDUVSF	DonUSoM	and	fVnDUJonaMJUZ	dFWFMoQNFnU	of	nJUSJdFT	�	oYZnJUSJdFT

ઐ໳෼໺ŋΩʔϫʔυ ෳ߹ΞχΦϯԽ߹෺ʗιϧϘαʔϚϧϓϩηεʗηϥϛοΫεͷܗଶ੍ޚʗ
ೳػԠ౴ڥ؀
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MJYFd	AnJon	CoNQoVndT ʗ SoMWoUIFSNaM	PSoDFTT ʗ MoSQIoMoHJDaM	ConUSoM	of	
CFSaNJDT ʗ EnWJSonNFnUaM	3FTQonTJWF	'VnDUJonaMJUZ
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YMnO� Λར༻ͨ͠ࢎૉ੡଄ͷΠϝʔδਤ
SDIFNaUJD	JNaHF	foS	oYZHFn	QSodVDUJon	CZ	VTJnH	YMnO�
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1 �m

'esign oI elePent�suEstituteG coPpounG

0orphology control oI photocatalyst particles

Water splitting using photocatalyst

H2 + 1/2 O2

H2O
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Reaction coordinate

G0 = 237 kJ mol–1

photon
photocatal.(ex) + H2O

ConstruDtion oG hiHhMy aDtive inorHaniD materiaMs Gor DhemiDaM reaDtions

OVS	 SFTFaSDI	 JnUFSFTU	 JT	 foDVTFd	on	DonTUSVDUJon	of	IJHI�
QFSfoSNanDF	 JnoSHanJD	NaUFSJaMT	 foS	aSUJpDJaM	QIoUoTZnUIFTJT	
and	CJoNaTT	DonWFSTJon
	XIJDI	aSF	WFSZ	JNQoSUanU	UFDInJRVFT	
Jn	TVTUaJnaCMF	ToDJFUZ�	'oS	aSUJfJDJaM	QIoUoTZnUIFTJT
	XF	aSF	
NaLJnH	an	F⒎oSU	 Uo	DonTUSVDU	TFNJDondVDUoS	QIoUoDaUaMZTUT	
XJUI	 SFTQonTF	 Uo	 MonHFS	XaWFMFnHUIT	and	IJHIFS	RVanUVN	
ZJFMdT�	 To	 aDIJFWF	 JU
	XF	FYaNJnF	 DonUSoM	 of	 Cand	HaQT	
and	 SFaDUJWJUZ	 of	 FMFDUSonT�IoMFT	 UISoVHI	Cand	QoUFnUJaM	
UVnJnH
	TVSfaDF	NodJfJDaUJon	 foS	 JnUSodVDUJon	of	aDUJWF	TJUFT	
and	DonUSoM	of	DaSSJFS	 USaQT
	and	TZnUIFTJT	QSoDFTTFT�	8F	
aMTo	 TUVdZ	 QSoQFSUJFT	 of	 DoNQMFY	 oYJdFT	 aT	 ToMJd	 aDJd�
CaTF	DaUaMZTUT	 foS	CJoNaTT	DonWFSTJon�	 In	addJUJon
	XF	aSF	
FYQMoSJnH	nFX	 JnoSHanJD	DoNQoVndT	DaQaCMF	of	aQQMJDaUJon	
Uo	QIoUoDaUaMZTUT	and	ToMJd	aDJd�CaTF	DaUaMZTUT�

ɹ౰ࣨڀݚͰ͸࣋ଓՄೳࣾձʹෆՄܽͳਓޫ޻߹੒΍όΠΦϚε
ม׵ͷͨΊͷແࡐػྉ։ൃΛ͍ͯͬߦ·͢ɻࢎԽ෺ɺེԽ෺ɺࢎ
஠Խ෺ɺ͓ΑͼϦϯࢎԘͳͲଟ༷ͳແػ෺࣭Λର৅ͱͯ͠ɺ݁থ
ೳԽΛػߴྉͷࡐػ఺͔Βແ؍଄ͳͲͷߏૉɺද໘ݩ੒ߏ଄ɺߏ
ਤ͍ͬͯ·͢ɻਓޫ޻߹੒Ͱ͸൒ಋମޫ৮ഔʹΑΔਫ෼ղʹ஫ྗ
͠ɺΑΓ௕೾௕ͷޫʹԠ౴͠ɺΑΓࢠྔ͍ߴऩ཰ͰਫΛ෼ղͰ͖
Δޫ৮ഔܥͷߏஙΛ໨͠ࢦɺόϯυϙςϯγϟϧ੍ޚʹΑΔԠ౴
೾௕ͱ൓Ԡಛੑ੍ޚɺ൓Ԡੑ׆఺ಋೖ͓ΑͼΩϟϦΞτϥοϓ੍
ͷͨΊͷද໘म০ɺͦͯ͠߹੒ϓϩηε͓Αͼϙετ߹੒ॲཧޚ
ʹண໨ͯ͠ޫ৮ഔ։ൃΛਐΊ͍ͯ·͢ɻ·ͨɺόΠΦϚε͔ݯࢿ
Βͷ༗༻Խֶ෺࣭੡଄ͷͨΊͷݻମࢎԘج৮ഔ։ൃ͓Αͼ൓Ԡϓ
ϩηε։ൃ΋͍ͯͬߦ·͢ɻ͞ΒʹɺແࡐػྉԽֶͷࢹ఺͔Βޫ
৮ഔ΍ݻମࢎԘج৮ഔͱͯ͠ػೳ͢Δ৽෺࣭ͷઃܭɾ։୓΋ͬߦ
͍ͯ·͢ɻ
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⿏෺࣭ม׵ͷͨΊͷ৽෺࣭։୓

⿏PIoUoDaUaMZUJD	XaUFS	TQMJUUJnH
⿏ PIoUoFMFDUSoDIFNJDaM	FnFSHZ	DonWFSTJon
⿏ DFWFMoQNFnU	of	ToMJd	aDJd�CaTF	DaUaMZTUT	foS	CJoNaTT	DonWFSTJon
⿏ EYQMoSaUJon	of	nFX	JnoSHanJD	DoNQoVndT
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INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦๺େֶ	ଟݩ෺࣭Պֶڀݚॴ��

ԉ૊৫ࢧڀݚ 

ԉ෦໳　3esearDh 4upport 4eDtionࢧڀݚ

ɹŋٕज़ࣨ
	 ɹ	ଟݩ෺࣭Պֶڀݚॴٕज़ࣨͰ͸ɺ��໊ͷελοϑ͕ɺ૯߹اը൝ͱ૯߹৘ใ൝Ͱߏ੒͞ΕΔاըɾ৘ใܥɺγεςϜઃ

੒͞ߏྉ߹੒ٕज़൝Ͱࡐଌٕज़൝ͱܭݩɺଟܥ৔޻ցɾΨϥεػ੒͞ΕΔߏ൝Ͱ޻ྉՃࡐ൝ɺಛघ޻൝ɺಛघਫ਼ີՃܭ
ΕΔڞ௨ثػɾڀݚϓϩδΣΫτܥॴଐ͠ɺͦΕͧΕͷઐ໳෼໺Λ͔ͯ͠׆ɺڭڀݚҭ׆ಈͷࢧԉۀ຿Λ͍ͯͬߦ·͢ɻ
౒Ί͍ͯ·͢ɻʹ্޲ΛੵΈͳ͕Βɺৗʹٕज़ྗݧܦΒͷଟ༷ͳཁ੥ʹԠ͑ΔͨΊɺ༷ʑͳٕज़Λֶͼɺ͔ऀڀ

ɹŋࣄ຿෦
	 ɹ	ଟࣄݚݩ຿෦Ͱ͸ɺ��໊ͷελοϑ͕ଟݚݩʹ͓͚Δڀݚɾڭҭ׆ಈͷࢧԉۀ຿Λ͍ͯͬߦ·͢ɻ૯຿܎ɺਓ܎ࣄɺݚ

຿͚ͩͰͳ͘ɺۀ຿తࣄ੒͞ΕɺҰൠతͳߏཧ՝ͰܦΒͳΔ͔܎ɺ؅ཧ܎ɺ༻౓܎ཧܦɺ܎ܭ࢘ΒͳΔ૯຿՝ͱɺ͔܎ྗڠڀ
ɻ͢·͍ͯͬߦ຿ΛۀΘͨΔʹذඅͷਃ੥΍ɺΠϕϯτ΍ձٞͷӡӦิॿͳͲɺଟڀݚ৬һ΍ֶੜɾେֶӃੜͷαϙʔτɺڭ

ɹŋਤॻࣨ
	 	ɹ	ଟݩ෺࣭Պֶڀݚॴਤॻࣨ͸ɺӾཡɺ૬ޓར༻ɺߟࢀௐࠪɺֶश΍ڀݚʹඞཁͳࢿྉͷߪೖɺडೖͳͲͷۀ຿Λ୲͍ɺ

ਤॻͷద੾ͳ؅ཧͱӡ༻Λͯͬ࣋ɺ׆ڀݚಈΛࢧԉ͍ͯ͠·͢ɻยฏΩϟϯύεͷ AIM3ຊؗʹҐஔ͠ɺ౦๺େֶʹॴ
ଐ͢Δڭ৬һ΍ֶੜ͕࢖༻Ͱ͖ΔӾཡࣨͱֶशεϖʔεʹ΋උ͍͑ͯ·͢ɻ

ɹŋ広ใ৘ใࣨ	 ɹ	
	 	ɹ	ଟݩ෦ࣨՊֶڀݚॴʹ͓͚Δ޿ใ׆ಈ΍շదͳωοτϫʔΫڥ؀ͷ੔උͳͲଟذʹΘͨΔࢧԉۀ຿Λ͍ͯͬߦ·͢ɻۀ

੷Λͨ͠ࡌܝධՁࢿྉʮଟݩ෺࣭Պֶڀݚॴ	ۀڀݚ੷ɾ׆ಈใࠂʯͳͲɺڀݚॴͷެࣜͳߦץ෺ͷฤूൃߦ΍ɺ΢Σϒ
αΠτ؅ཧɺϓϨεϦϦʔεɺΠϕϯτࢧԉͳͲͷۀ຿΋͍ͯͬߦ·͢ɻ

ɹŋ҆શ؅ཧࣨ
	 	ɹ	ڀݚॴ಺ͷڥ؀ɾ҆શɾ๷ࡂʹؔ͢Δߨशձ΍܇࿅ͳͲͷاըɾ࣮ࢪɺʮ҆શϚχϡΞϧʯͷ੍࡞ͷଞɺఆظతͳ८ࢹͷ

ʑݸ΍৬Ҭ౳Ͱൃੜ͢Δࣨڀݚɻ·ͨɺଟ༷ͳ͢·͍ͯͬߦಈΛ׆ॴͷ҆શΛ֬อ͢ΔͨΊͷ҆શӴੜ؅ཧڀݚͳͲɺࢪ࣮
ͷࣄҊ΁ͷରԠ΋͍ͯͬߦ·͢ɻ

4upport 4eDtion
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ɹٕज़ࣨͰ͸ɺ��໊ͷٕज़৬һ ৬һ�໊ΛؚΉ༺ޏ࠶	 
͕ɺऀڀݚͷཁ੥ʹԠ͑ͯ͞·͟·ͳٕज़Λֶͼ஝ੵ͠ͳ͕Β࣮ݧ
ݸɺٕज़Λੜ͔ͯͦ͠ͷཁ੥ʹԠ͑ΔͨΊɺݧܦԉ͸ଟ༷Ͱ͋ΓɺࢧΒཁ੥͞ΕΔٕज़͔ऀڀݚΛαϙʔτ͍ͯ͠·͢ɻڀݚ
ਓ͋Δ͍͸૊৫ͱͯ͠ͷٕज़ྗ্޲ʹ౒Ί͍ͯ·͢ɻ

৔޻ցػ
ɹػց޻৔Ͱ͸ɺऀڀݚͷཁٻʹ
Ԡ࣮ͨ͡ݧ૷ஔͷઃܭɾ࡞ࢼɺطଘ
ͷ૷ஔͷվ଄ͳͲΛओͳۀ຿ͱ͠
͍ͯ·͢ɻೋݩ࣍ɾݩ࣍ࡾCADγ
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ख़࿅ٕज़ऀͷ๛෋ͳݧܦΛए͍ٕ
ज़ऀʹ఻ঝ͢Δ͜ͱͰ༷ʑͳཁٻ
ʹԠ͑ΒΕΔΑ͏೔ʑʮ૷ஔʢϞϊʣ
ͮ͘ΓʯʹऔΓ૊ΜͰ͍·͢ɻ
ɹֶੜڭҭͷҰ؀ͱͯ͠͸ʮػց
੡ਤߨशձʯɾʮػց҆࡞޻શۀ࡞
ज़ͷීٕͯ͠࠵शձʯΛຖ೥։ߨ
ߩ౒Ί͍ͯ·͢ɻ·ͨɺࣾձʹٴ
ɻ͢·͍ͯͬߦಈͷड͚ೖΕ΋׆ݧ΍தֶੜ৬৔ମֶݟಈͱͯ͠׆ݙ

ɹ໊��ࡏݱఔͷ৬һ͕ࡏ੶͍ͯ͠·͕͢ɺ͜ͷΑ͏ʹଟ͘ͷ৬һͱ࠷৽ͷՃ޻ઃඋΛ༴͢Δ෇ଐ޻৔͸
શࠃతʹ΋ྨ͕ແ͘ɺ౰ڀݚॴͷಛ৭ͷͻͱͭʹͳ͍ͬͯ·͢ɻ
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Ϝͷ੡ٴ࡞ͼ݁থ΍ಛघࡐྉͷ੾அݚຏۀ຿Λ͍ͯͬߦ·͢ɻ໘ਫ਼౓͕ྑ͔ͭ͘ද໘ૈ͕͞খ͍͞
༹༥ੴӳΨϥεج൘Ͱ͸ද໘ܗঢ়
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ɻ͢·͍ͯͬ࣋
ɹࠓ·Ͱഓ͖ٕͬͯͨज़Λ࠷େݶʹ
଴ʹԠ͑ɺ͞ظͷऀڀݚͯ͠࢖ۦ
Βʹ৽͍ٕ͠ज़Λ֫ಘͰ͖ΔΑ͏ʹ
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	 ɹ	ଟݩ෺࣭Պֶڀݚॴٕज़ࣨͰ͸ɺ��໊ͷελοϑ͕ɺ૯߹اը൝ͱ૯߹৘ใ൝Ͱߏ੒͞ΕΔاըɾ৘ใܥɺγεςϜઃ

੒͞ߏྉ߹੒ٕज़൝Ͱࡐଌٕज़൝ͱܭݩɺଟܥ৔޻ցɾΨϥεػ੒͞ΕΔߏ൝Ͱ޻ྉՃࡐ൝ɺಛघ޻൝ɺಛघਫ਼ີՃܭ
ΕΔڞ௨ثػɾڀݚϓϩδΣΫτܥॴଐ͠ɺͦΕͧΕͷઐ໳෼໺Λ͔ͯ͠׆ɺڭڀݚҭ׆ಈͷࢧԉۀ຿Λ͍ͯͬߦ·͢ɻ
౒Ί͍ͯ·͢ɻʹ্޲ΛੵΈͳ͕Βɺৗʹٕज़ྗݧܦΒͷଟ༷ͳཁ੥ʹԠ͑ΔͨΊɺ༷ʑͳٕज़Λֶͼɺ͔ऀڀ

ɹŋࣄ຿෦
	 ɹ	ଟࣄݚݩ຿෦Ͱ͸ɺ��໊ͷελοϑ͕ଟݚݩʹ͓͚Δڀݚɾڭҭ׆ಈͷࢧԉۀ຿Λ͍ͯͬߦ·͢ɻ૯຿܎ɺਓ܎ࣄɺݚ

຿͚ͩͰͳ͘ɺۀ຿తࣄ੒͞ΕɺҰൠతͳߏཧ՝ͰܦΒͳΔ͔܎ɺ؅ཧ܎ɺ༻౓܎ཧܦɺ܎ܭ࢘ΒͳΔ૯຿՝ͱɺ͔܎ྗڠڀ
ɻ͢·͍ͯͬߦ຿ΛۀΘͨΔʹذඅͷਃ੥΍ɺΠϕϯτ΍ձٞͷӡӦิॿͳͲɺଟڀݚ৬һ΍ֶੜɾେֶӃੜͷαϙʔτɺڭ

ɹŋਤॻࣨ
	 	ɹ	ଟݩ෺࣭Պֶڀݚॴਤॻࣨ͸ɺӾཡɺ૬ޓར༻ɺߟࢀௐࠪɺֶश΍ڀݚʹඞཁͳࢿྉͷߪೖɺडೖͳͲͷۀ຿Λ୲͍ɺ

ਤॻͷద੾ͳ؅ཧͱӡ༻Λͯͬ࣋ɺ׆ڀݚಈΛࢧԉ͍ͯ͠·͢ɻยฏΩϟϯύεͷ AIM3ຊؗʹҐஔ͠ɺ౦๺େֶʹॴ
ଐ͢Δڭ৬һ΍ֶੜ͕࢖༻Ͱ͖ΔӾཡࣨͱֶशεϖʔεʹ΋උ͍͑ͯ·͢ɻ

ɹŋ広ใ৘ใࣨ	 ɹ	
	 	ɹ	ଟݩ෦ࣨՊֶڀݚॴʹ͓͚Δ޿ใ׆ಈ΍շదͳωοτϫʔΫڥ؀ͷ੔උͳͲଟذʹΘͨΔࢧԉۀ຿Λ͍ͯͬߦ·͢ɻۀ

੷Λͨ͠ࡌܝධՁࢿྉʮଟݩ෺࣭Պֶڀݚॴ	ۀڀݚ੷ɾ׆ಈใࠂʯͳͲɺڀݚॴͷެࣜͳߦץ෺ͷฤूൃߦ΍ɺ΢Σϒ
αΠτ؅ཧɺϓϨεϦϦʔεɺΠϕϯτࢧԉͳͲͷۀ຿΋͍ͯͬߦ·͢ɻ

ɹŋ҆શ؅ཧࣨ
	 	ɹ	ڀݚॴ಺ͷڥ؀ɾ҆શɾ๷ࡂʹؔ͢Δߨशձ΍܇࿅ͳͲͷاըɾ࣮ࢪɺʮ҆શϚχϡΞϧʯͷ੍࡞ͷଞɺఆظతͳ८ࢹͷ

ʑݸ΍৬Ҭ౳Ͱൃੜ͢Δࣨڀݚɻ·ͨɺଟ༷ͳ͢·͍ͯͬߦಈΛ׆ॴͷ҆શΛ֬อ͢ΔͨΊͷ҆શӴੜ؅ཧڀݚͳͲɺࢪ࣮
ͷࣄҊ΁ͷରԠ΋͍ͯͬߦ·͢ɻ
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.aDhine 4hop

(Mass shop

1roKeDt 4upport
CFnUSaM	 anaMZUJDaM	 and	 UFDInJDaM	 TVQQoSUJnH	 HSoVQ	
aTTJTUT	SFTFaSDI	XJUI	WaSJoVT	TLJMMT	DonDFSnJnH	FMFDUSonJD	
DJSDVJU
	 VMUSa�IJHI	 WaDVVN	TZTUFNT
	dFWFMoQNFnU	oS	
JNQSoWFNFnU	 of	 FYQFSJNFnUaM	 aQQaSaUVT
	 DSFaUJon	of	
TofUXaSF	 foS	NFaTVSFNFnU	oS	DonUSoM	dFWJDFT
	DSZTUaM	
HSoXUI
	QSFQaSaUJon	of	 UIJn	 fJMNT
	DIFNJDaM	 anaMZTFT
	
MaTFS	TZTUFNT
	CJo�UFDInoMoHJFT	and	To	on�	OVS	SUaff	
Dan	FNCodZ	FaDI	 SFTFaSDIFS�T	 JdFaT�	AMTo	TUaff	 UaLF	
QaSU	 Jn	FdVDaUJon	foS	TUVdFnUT
	TafFUZ	NanaHFNFnU	and	
DonUSJCVUF	Uo	UIF	adWanDFNFnU	of	oVS	JnTUJUVUF�

In	 UIF	MaDIJnF	 TIoQ
	NaDIJnJTUT	 QSFQaSF	 oSJHJnaM	
FYQFSJNFnUaM	aQQaSaUVT	dFTJHnFd	CZ	 SFTFaSDIFST�	SUa⒎	
JnUSodVDF	 adWanDFd	 faDJMJUJFT	 and	 aMTo	NaLF	 FffoSU	
Uo	 Iand	doXn	 UIF	 IJHIMZ	 TLJMMT	 Uo	 nFYU	 HFnFSaUJon�	
AddJU JonaM MZ
	 oVS	 TUaff	 IoMd	 USaJnJnH	 DoVSTFT	 of	
NFDIanJDaM	dSaXJnH	and	NaDIJnF	 UooMT	oQFSaUJon	 foS	
TUVdFnUT�	 TIF	MaDIJnF	 TIoQ	 JT	 onF	 of	 UIF	 VnJRVF	
DIaSaDUFSJTUJDT	of	oVS	JnTUJUVUF�

ADDoSdJnH	 Uo	an	 JndJWJdVaM	oSdFS	 Uo	 UIF	(MaTT�CMoXJnH	
XoSLTIoQ
	 SFTFaSDIFST	Dan	HFU	a	WaSJFUZ	of	 MaCoSaUoSZ	
HMaTTXaSF�	SUaff	 Jn	 UIF	XoSLTIoQ	DMoTFMZ	dJTDVTT	XJUI	
SFTFaSDIFST	and	QSodVDF	UIF	CFTU	 UooMT	 foS	 UIFJS	TUVdZ�	
PSodVDUT	 aSF	NadF	 UISoVHI	DoNQMFY	QSoDFTTFT	XJUI	
Iand�DSafU
	MaUIFT	and	oUIFS	NaDIJnFT�
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ɹଟݩ෺࣭Պֶڀݚॴ	CFnUSaM	AnaMZUJDaM	'aDJMJUZʢུশɿଟݩ	CA'ʣ͸ɺిݦࢠඍڸ΍ɺ9	ઢ෼ੳ૷ஔɺ࣓֩ڞؾ໐෼ੳ૷ஔ
ʢNM3ʣɺϨʔβʔ෼ޫ෼ੳ૷ஔͳͲେܕಛघ૷ஔΛ༻͍֤ͯछࡐྉͷ෼ੳධՁΛࢧԉ͖ͯͨ͠ڞ௨෼ੳࣨثػͱɺଟݩφϊࡐ
ྉڀݚηϯλʔͷࢧԉ͓ΑͼφϊςΫϊϩδʔ෼໺ͷڀݚਪਐΛ໨తͱͯ͠ɺ࠷৽ӶͷಛผઃඋಋೖʹΑΓઃཱ͞Εͨφϊς
ΫχΧϧϥϘΛ༥߹͠ɺ����೥౓ʹൃ଍͠·ͨ͠ɻଟݩ	CA' Ͱ͸ɺ෯ࡐ͍޿ྉ։ൃͷࢧڀݚԉΛ໨తʹɺ	࠷৽Ӷͷ෼ੳධՁ
ɻ͢·͍ͯͬߦͷ؅ཧɾӡӦΛثػ

CFnUSaM	AnaMZUJDaM	'aDJMJUZ	 Jn	 InTUJUVUF	of	MVMUJdJTDJQMJnaSZ	3FTFaSDI	 foS	AdWanDFd	MaUFSJaMT	 	DFTJHnaUFd	aT	TaHFn	CA'
	XaT	

FTUaCMJTIFd	Jn	����
	CZ	DoNCJnJnH	CoNNon	AnaMZUJDaM	'aDJMJUZ
	XIJDI	TVQQoSUFd	UIF	anaMZTJT	and	DIaSaDUFSJ[aJUJon	of	WaSJoVT	

NaUFSJaMT	VTJnH	TQFDJaM	FRVJQNFnUT
	TVDI	aT	UIF	FMFDUSon	NJDSoTDoQF
	9�SaZ	dJ⒎SaDUJon	dFWJDFT
	nVDMFaS	NaHnFUJD	SFTonanDF	

anaMZ[FS
	 MaTFS	TQFDUSoTDoQZ	dFWJDFT
	FUD�
	and	NanoUFDInJDaM	-aCoSaUoSZ
	XIJDI	TVQQoSUFd	UIF	SFTFaSDIFT	 Jn	)ZCSJd	Nano�

MaUFSJaMT	3FTFaSDI	CFnUFS	on	nanoUFDInoMoHZ	VTJnH	UIF	 MaUFTU	TQFDJaM	dFWJDFT�	TaHFn	CA'	JT	TVQQoSUJnH	UIF	SFTFaSDIFT	on	

UIF	dFWFMoQNFnU	of	WaSJoVT	NaUFSJaMT	VTJnH	adWanDFd	anaMZUJDaM	aQQaSaUVTFT�

Ұ ཡ ث ػ

"� ૊੒෼ੳ૷ஔ
ɹɹ	AQQaSaUVTFT	foS	VMUJNaUF	anaMZTFT

ૉ෼ੳ૷ஔݩ	˙
ɹ			୸ૉŋਫૉŋ஠ૉŋࢎૉ෼ੳ૷ஔɺࢎૉŋ஠ૉ෼ੳ૷ஔɺ୸ૉŋེԫ෼ੳ૷ஔ	
	
ɹ	EMFNFnUaM	anaMZ[FS		C�)�N	anaMZ[FS
	O	anaMZ[FS
	S�9	anaMZ[FS


˙	ICP	ൃޫ෼ੳ૷ஔ	
ɹ	IndVDUJWFMZ	DoVQMFd	QMaTNa	FNJTTJon	TQFDUSoQIoUoNFUFS		ICP�AES


˙	ඍখ෦૸ࠪ	9	ઢ෼ੳ૷ஔ
ɹ	EMFDUSon	QSoCF	NJDSo	anaMZ[FS		EPMA


˙	ଟػೳܕૉࡐ෼ੳ૷ஔ		9 ઢޫిࢠ෼ޫ૷ஔʣ
ɹ				MVMUJ�fVnDUJonaM	NaUFSJaM	anaMZ[FS		9�SaZ	QIoUoFMFDUSon	
TQFD�USoNFUFS�	9PS


˙	9 ઢޫిࢠ෼ޫ૷ஔ
ɹ	9�SaZ	QIoUoFMFDUSon	TQFD�USoNFUFS		9PS


˙	ඈܕؒ࣌ߦೋ࣍ΠΦϯ࣭ྔ෼ੳ૷ஔ
ɹ	TJNF	of	'MJHIU	TFDondaSZ	Jon	NaTT	TQFDUSoNFUFS		TO'�SIMS


˙	άϩʔ์ి࣭ྔ෼ੳ૷ஔ	
ɹ	(MoX	dJTDIaSHF	NaTT	TQFDUSoNFUFS		(DMS


#� ෼ߏࢠ଄ղੳ૷ஔ
AQQaSaUVTFT	foS	NoMFDVMaS	TUSVDUVSF	anaMZTFT

໐૷ஔڞؾ࣓֩	˙
ɹ		༹ӷ༻NM3�������M)[ʣ	
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The Observation of Topologically Protected Magnetic Quasiparticles.

Calculated model dispersions with the fictitious magnetic field shown by the arrows.




