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Calculated model dispersions with the fictitious magnetic field shown by the arrows.
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Ԋ　ֵ

ত�� �݄ ྩୈ���߸ʢ੍ʣʹΑΓબ߭࿉ڀݚॴઃஔ

ত�� �݄ ྩୈ��߸ʢ੍ʣʹΑΓՊֶܭଌڀݚॴઃஔ

ত�� �݄ ྩୈ�߸ʢ੍ʣʹΑΓඇਫ༹ӷԽֶڀݚॴઃஔ

ত�� �݄ ڀݚଌܭॴɺՊֶڀݚઃஔ๏ʹΑΓɺબ߭࿉ߍֶཱࠃ
ॴɺඇਫ༹ӷԽֶڀݚॴɺͦΕͧΕ౦େֶෟஔڀݚ
ॴͱͳΔ

ฏ	 � �݄ ॴΛڀݚઃஔ๏ͷվਖ਼ʹΑΓඇਫ༹ӷԽֶߍֶཱࠃ
ԠԽֶڀݚॴʹվ

ฏ	 � �݄ ࡐॴΛૉڀݚઃஔ๏ͷվਖ਼ʹΑΓબ߭࿉ߍֶཱࠃ
ॴʹվڀݚֶ

ฏ�� �݄ ܭॴͱՊֶڀݚֶࡐઃஔ๏ͷվਖ਼ʹΑΓૉߍֶཱࠃ
ଌڀݚॴͱԠԽֶڀݚॴΛ࠶ฤ౷߹͠ɺଟݩ࣭Պ
ॴઃஔڀݚֶ
ʢଟݩઃڀݚܭ෦ɺଟڀݚޚ੍ݩ෦ɺଟݩղੳݚ
ڀݚੜ࠶ɾมݯࢿ෦ɺڀݚ෦ɺ༥߹γεςϜڀ
ηϯλʔɺݦඍܭଌޫֶڀݚηϯλʔɺଟݩφϊࡐ
ྉڀݚηϯλʔʣ

ฏ�� �݄ ৽ۀ࢈࣭ج൫ٕज़ڀݚηϯλʔɺઌಋ݁থԽֶ
ٕज़دෟڀݚ෦ʢʙฏ����ʣઃஔ

ฏ�� �݄ ༗ػφϊ݁থՊֶٕज़دෟڀݚ෦ઃஔʢʙ ����
�݄ʣ

ฏ�� �݄ ઌిѹηϥϛοΫεدෟڀݚ෦ઃஔʢʙ ���� 
��݄ʣ

ฏ �� �݄ ݦඍܭଌޫֶڀݚηϯλʔΛഇ͠ࢭɺઌܭଌ։ൃ
ηϯλʔΛઃஔ
ϙετγϦίϯ࣭ɾσόΠεج൫ٕज़ΞϥΠΞ
ϯεઃஔʢʙ���� �݄ʣ
Խ݁থدෟڀݚ෦ઃஔʢʙ���� �݄ʣ

ฏ�� �݄ ԽφϊɾΤϨΫτϩχΫεࡐྉڀݚηϯλʔઃஔ

ฏ�� �݄ ଟݩઃڀݚܭ෦ɺଟڀݚޚ੍ݩ෦ɺଟݩղੳڀݚ
෦ɺ༥߹γεςϜڀݚ෦Λഇ͠ࢭɺ༗ػɾੜ໋Պ
෦ɺϓϩηεγεςϜڀݚྉࡐػ෦ɺແڀݚֶ
෦Λઃஔڀݚଌܭ෦ɺڀݚֶ
ηϯڀݚྉࡐφϊݩηϯλʔɺଟڀݚੜ࠶ɾมݯࢿ
λʔɺ৽ۀ࢈࣭ج൫ٕज़ڀݚηϯλʔΛഇ͠ࢭɺ
αεςφϒϧཧڀݚֶηϯλʔߴɺ ࢠɾϋΠϒϦο
τࡐྉڀݚηϯλʔΛઃஔ
࣭ɾσόΠεྖҬڞܕಉڌڀݚʢωοτϫʔΫܕʣ
ൃ

ฏ�� �݄ ԽφϊɾΤϨΫτϩχΫεࡐྉڀݚηϯλʔΛഇ
ηϯλʔΛઃஔڀݚࡧ࣭୳ػແػɺ৽͠ࢭ
ൃʢʙ����ڌநग़ٕज़ޮߴૉݩগر �݄ʣ

ฏ�� �݄ φϊྲྀମΤϯδχΞϦϯάڞಉڀݚ෦ઃஔʢʙ
���� �݄ʣ

ฏ�� �݄ ඦੜྔࢠϏʔϜҐ૬ΠϝʔδϯάϓϩδΣΫτ։࢝

ฏ�� �݄ ࣭ɾσόΠεྖҬڞܕಉڌڀݚ 	ୈ̎ظ 
ൃ

ฏ�� �݄ αεςφϒϧཧڀݚֶηϯλʔΛഇ͠ࢭɺۚଐݯࢿ
ϓϩηεڀݚηϯλʔΛઃஔ
ඇమۚଐ࿉ڥՊֶڀݚ෦Λઃஔ

ྩ		ݩ ��݄ ෦ΛઃஔڀݚܞଌՊֶ࿈ܭੈ࣍ޫࣹ์

ྩ�	 � ݄ మϓϩηεઌղੳٕज़ڞಉڀݚ෦Λઃஔ

����	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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　࣍

ॴѫࡰ	ʗ	DJSFDUoS�T	MFTTaHF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

֓ɹཁ	ʗ	OVUMJnF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

ओͳڀݚՌ	ʗ	3FTFaSDI	3FTVMUT�	����ͷϓϨεϦϦʔεΑΓɺओͳදজɾड	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

	ADUJWJUJFT	EYDIanHF	InUFSnaUJonaM	ʗ	ಈ׆ҭڭɾڀݚಉڞࡍࠃ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ֶੜɾࢧڀݚԉ	ʗ	SVQQoSUT	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

		CoMMaCoSaUJon	IndVTUoSZ�ADadFNJa	ʗ	ಈ׆ܞɾҬ࿈ܞ࿈ֶ࢈ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ओཁͳϓϩδΣΫτ	ʗ	3FTTFaSDI	PSoKFDUT		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

৫ਤ	ʗ	OSHanJ[aUJon	CIaSU		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ		CFnUFST	and	DJWJTJonT	3FTFaSDI	ʗ	ηϯλʔڀݚ෦ɾڀݚ 	��

ඇమۚଐਫ਼࿉ڥՊֶڀݚ෦	ʗ	CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	and	EnWJSonNFnUaM	SDJFnDF	 ʜ 	��

ʜʜ	MFUSoMoHZ	3adJaUJon	SZnDISoUSon	AdWanDFd	of	DJWJTJon	3FTFaSDI	CoMMaCoSaUJWF	ʗ	෦ڀݚܞଌՊֶ࿈ܭੈ࣍ޫࣹ์ 	��

మϓϩηεઌղੳٕज़ڞಉڀݚ෦ 	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 	��

ϓϩηεγεςϜڀݚֶ෦	ʗ	DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	MFaTVSFNFnUT	of	DJWJTJon	ʗ	෦ڀݚଌܭ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ۚଐݯࢿϓϩηεڀݚηϯλʔ	ʗ	CFnUFS	foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ઌܭଌ։ൃηϯλʔ	ʗ	CFnUFS	foS	AdWanDFd	MJDSoTDoQZ	and	SQFDUSoTDoQZ		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	CFnUFS	3FTFaSDI	MaUFSJaMT	)ZCSJd	u	PoMZNFS	ʗ	ηϯλʔڀݚྉࡐɾϋΠϒϦουࢠߴ ʜʜʜʜʜʜʜʜʜʜʜ 	��

৽ػແػ࣭୳ڀݚࡧηϯλʔ	ʗ	CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT	ʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	SFDUJon	SVQQoSU	ʗ	ԉ৫ࢧڀݚ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ٕज़ࣨ	ʗ	TFDInJDaM	SFSWJDF	SFDUJon	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

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

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	DJSFDUJonT	and	MaQT	ʗ	ҊਤɾΞΫηεݐ 	��

C0/T&/T4
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ฏ�� �݄ ଟݩઃڀݚܭ෦ɺଟڀݚޚ੍ݩ෦ɺଟݩղੳڀݚ
෦ɺ༥߹γεςϜڀݚ෦Λഇ͠ࢭɺ༗ػɾੜ໋Պ
෦ɺϓϩηεγεςϜڀݚྉࡐػ෦ɺແڀݚֶ
෦Λઃஔڀݚଌܭ෦ɺڀݚֶ
ηϯڀݚྉࡐφϊݩηϯλʔɺଟڀݚੜ࠶ɾมݯࢿ
λʔɺ৽ۀ࢈࣭ج൫ٕज़ڀݚηϯλʔΛഇ͠ࢭɺ
αεςφϒϧཧڀݚֶηϯλʔߴɺ ࢠɾϋΠϒϦο
τࡐྉڀݚηϯλʔΛઃஔ
࣭ɾσόΠεྖҬڞܕಉڌڀݚʢωοτϫʔΫܕʣ
ൃ
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ฏ�� �݄ ࣭ɾσόΠεྖҬڞܕಉڌڀݚ 	ୈ̎ظ 
ൃ

ฏ�� �݄ αεςφϒϧཧڀݚֶηϯλʔΛഇ͠ࢭɺۚଐݯࢿ
ϓϩηεڀݚηϯλʔΛઃஔ
ඇమۚଐ࿉ڥՊֶڀݚ෦Λઃஔ

ྩ		ݩ ��݄ ෦ΛઃஔڀݚܞଌՊֶ࿈ܭੈ࣍ޫࣹ์

ྩ�	 � ݄ మϓϩηεઌղੳٕज़ڞಉڀݚ෦Λઃஔ

����	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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　࣍

ॴѫࡰ	ʗ	DJSFDUoS�T	MFTTaHF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

֓ɹཁ	ʗ	OVUMJnF	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

ओͳڀݚՌ	ʗ	3FTFaSDI	3FTVMUT�	����ͷϓϨεϦϦʔεΑΓɺओͳදজɾड	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	�

	ADUJWJUJFT	EYDIanHF	InUFSnaUJonaM	ʗ	ಈ׆ҭڭɾڀݚಉڞࡍࠃ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ֶੜɾࢧڀݚԉ	ʗ	SVQQoSUT	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

		CoMMaCoSaUJon	IndVTUoSZ�ADadFNJa	ʗ	ಈ׆ܞɾҬ࿈ܞ࿈ֶ࢈ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ओཁͳϓϩδΣΫτ	ʗ	3FTTFaSDI	PSoKFDUT		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

৫ਤ	ʗ	OSHanJ[aUJon	CIaSU		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ		CFnUFST	and	DJWJTJonT	3FTFaSDI	ʗ	ηϯλʔڀݚ෦ɾڀݚ 	��

ඇమۚଐਫ਼࿉ڥՊֶڀݚ෦	ʗ	CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	and	EnWJSonNFnUaM	SDJFnDF	 ʜ 	��

ʜʜ	MFUSoMoHZ	3adJaUJon	SZnDISoUSon	AdWanDFd	of	DJWJTJon	3FTFaSDI	CoMMaCoSaUJWF	ʗ	෦ڀݚܞଌՊֶ࿈ܭੈ࣍ޫࣹ์ 	��

మϓϩηεઌղੳٕज़ڞಉڀݚ෦ 	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 	��

ϓϩηεγεςϜڀݚֶ෦	ʗ	DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	MFaTVSFNFnUT	of	DJWJTJon	ʗ	෦ڀݚଌܭ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ۚଐݯࢿϓϩηεڀݚηϯλʔ	ʗ	CFnUFS	foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ	ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ઌܭଌ։ൃηϯλʔ	ʗ	CFnUFS	foS	AdWanDFd	MJDSoTDoQZ	and	SQFDUSoTDoQZ		 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	CFnUFS	3FTFaSDI	MaUFSJaMT	)ZCSJd	u	PoMZNFS	ʗ	ηϯλʔڀݚྉࡐɾϋΠϒϦουࢠߴ ʜʜʜʜʜʜʜʜʜʜʜ 	��

৽ػແػ࣭୳ڀݚࡧηϯλʔ	ʗ	CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT	ʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

	SFDUJon	SVQQoSU	ʗ	ԉ৫ࢧڀݚ ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

ٕज़ࣨ	ʗ	TFDInJDaM	SFSWJDF	SFDUJon	 ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ 	��

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

ʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜʜ	DJSFDUJonT	and	MaQT	ʗ	ҊਤɾΞΫηεݐ 	��

C0/T&/T4
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寺　ਖ਼ݾ
InTUJUVUF of MVMUJdJTDJQMJnaSZ 3FTFaSDI
foS AdWanDFd MaUFSJaMT
ToIoLV 6nJWFSTJUZ

DJSFDUoS
MaTaNJ TE3A6C)I

���� �݄ɹڀݚॴɹࣉਖ਼ݾ
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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	

TVDDFTToS	of	UISFF	QSFTUJHJoVT	SFTFaSDI	JnTUJUVUFT	of	ToIoLV	

VnJWFSTJUZ�	SEN,EN		3FTFaSDI	 InTUJUVUF	of	MJnFSaM	DSFTTJnH	

and	MFUaMMVSHZ
�SO;AI,EN		InTUJUVUF	foS	AdWanDFd	MaUFSJaMT	

PSoDFTTJnH
	 ,A,EN	 	3FTFaSDI	 InTUJUVUF	 foS	 SDJFnUJfJD	

MFaTVSFNFnUT
	and	)IS6I,EN		CIFNJDaM	3FTFaSDI	 InTUJUVUF	

of	Non ʖ ARVFoVT	SoMVUJon�
	 �)ANNO6,EN	 	InTUJUVUF	 foS	

CIFNJDaM	3FaDUJon	SDJFnDF
�	SEN,EN	XaT	FTUaCMJTIFd	 Jn	

����	,A,EN	XaT	Jn	����	and	)IS6I,EN	XaT	Jn	�����

ɹSo	aCoVU	��	ZFaST	IaWF	QaTTFd	TJnDF	 UIF	 foVndaUJon	

of	 UIF	 foSNFS	 UISFF	 JnTUJUVUFT�	 TIFJS	 SFTFaSDI	 TQJSJUT	 aSF	

QaTTFd	doXn	Uo	VT	To	UIaU	UIF	LnoXMFdHF	and	FYQFSJFnDFT	

JnUFHSaUFd	fSoN	QSFTUJHJoVT	JnTUJUVUFT	aMMoX	VT	Uo	FTUaCMJTI	To	

NanZ	DoMMaCoSaUJonT	aNonH	NFNCFST	Jn	dJ⒎FSFnU	pFMdT	of	oVS	

JnTUJUVUF�	TIVT	a	QMFnUZ	of	noUJDFaCMF	 SFTFaSDI	SFTVMUT	IaWF	

CFFn	aDIJFWFd�	TIJT	 USadJUJonaMJUZ	 MFd	 Uo	 UIF	FTUaCMJTINFnU	

of	 a	nFX	 SFTFaSDI	DFnUFS	CFnUFS	 foS	MJnFSaM	PSoDFTTJnH	

and	MFUaMMVSHZ	 Jn	AQSJM	�TU	����	XIFSF	 SFTFaSDIFT	on	

NJnFSaM	QSoDFTTJnH	and	NFUaMMVSHZ	foS	VSCan	NJnF	IaWF	CFFn	

VnJRVFMZ	JnWFTUJHaUFd�	

ɹOVS	 JnTUJUVUF	IaT	TUaSUFd	a	nFX	aDUJWJUZ	aT	a	NFNCFS	of	

UIF	NFUXoSL	JoJnU	3FTFaSDI	CFnUFS	foS	MaUFSJaMT	and	DFWJTF	

fSoN	����	DoNQoTFd	of	pWF	naUJonaM	VnJWFSTJUZ	 JnTUJUVUFT	

3FTFaSDI	 InTUJUVUF	of	EMFDUSonJD	SDJFnDF		3IES	DFnTIJLFn
	

Jn	)oLLaJdo	6nJW�	-aCoSaUoSZ	foS	CIFNJTUSZ	and	-JfF	SDJFnDF	

	C-S	,aTFJLFn
	 Jn	ToLZo	 InTUJUVUF	of	TFDInoMoHZ	 InTUJUVUF	
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PSofFTToST

।ڭत
ATToDJaUF	PSofFTToST

ࢣɹߨ
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ඇৗۈ৬һʢڀݚ৬ʣ
PaSU�TJNF	SUa⒎ʢ3FTFaSDIʣ
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3FTFaSDI	DJWJTJon

ɹतڭ
PSofFTToST

।ڭत
ATToDJaUF	
PSofFTToST

ࢣɹߨ
SFnJoS	ATTJTUanU	
PSofFTToST

ॿɹڭ
ATTJTUanU	
PSofFTToST

ॿɹख
3FTFaSDI	
ATToDJaUFT

ܭ
ToUaM

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

� � � � ��

ແࡐػྉڀݚ෦
DJWJTJon	of	InoSHanJD	MaUFSJaM	3FTFaSDI

� � � � ��

ϓϩηεγεςϜڀݚֶ෦
DJWJTJon	of	PSoDFTT	and	SZTUFN	EnHJnFFSJnH

� � � ��

෦ڀݚଌܭ
DJWJTJon	of	MFaTVSFNFnUT

� � � �� ��

ඇమۚଐ࿉ڥՊֶڀݚ෦
CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	Non�fFSSoVT	MFUaMMVSHZ	
and	EnWJSonNFnUaM	SDJFnDF

� �

෦ڀݚܞଌՊֶ࿈ܭੈ࣍ޫࣹ์
CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	SZnDISoUSon	
3adJaUJon	MFUSoMoHZ

� � �

మϓϩηεઌղੳٕज़ڞಉڀݚ෦
CoMMaCoSaUJWF	3FTFaSDI	DJWJTJon	of	AdWanDFd	AnaMZTJT	of	
ISon	and	SUFFMNaLJnH	PSoDFTTFT

ۚଐݯࢿϓϩηεڀݚηϯλʔ
CFnUFS	foS	MJnFSaM	PSoDFTTJnH	and	MFUaMMVSHZ

� � � �� ��

ઌܭଌ։ൃηϯλʔ
CFnUFS	foS	AdWanDFd	MJDSoTDoQZ	and	SQFDUSoTDoQZ

� � � � ��

ηϯλʔڀݚྉࡐɾϋΠϒϦουࢠߴ
PoMZNFS	ɾ	)ZCSJd	MaUFSJaMT	3FTFaSDI	CFnUFS

� � �� ��

৽ػແػ࣭୳ڀݚࡧηϯλʔ
CFnUFS	foS	EYQMoSaUJon	of	NFX	InoSHanJD	MaUFSJaMT

� � � ��

ܭ߹
ToUaM

�� �� �� �� ���

ֶੜʢ����  �� NoWFNCFS	of	aT		SUVdFnUT	of	ʣNVNCFSࡏݱ݄	����
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EnHJnFFSJnH
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ओͳڀݚՌʢ���� ͷϓϨεϦϦʔεΑΓʣ

���������� δεϧϑΟυ݁߹ಋೖ߬ૉʹΑΔͨΜͺ࣭͘ͷཱମߏܗଅਐߏػΛղ໌　
ʔߏҟৗͨΜͺ࣭͕͘Ҿ͖͢͜ىਆܦมੑ࣬ױͳͲͷݪҼղ໌ʹޫʔ

Ҵ葉࣍ݠɺԞଜਖ਼थ

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 TaLaaLJ )JLJNa SIVKJ ALJZaNa TFSV OHVSa
and ,FnKJ InaCa
NaUVSF CIFNJDaM #JoMoHZ 6,
DOI� ��������T����������������

���������� ώτ༝དྷΧϧγϜϙϯϓͷߴղߏͱߏػޚ੍ੑ׆Λղ໌
ʔࡉ๔ΧϧγϜ߃ৗੑҡߏػ࣋ͷഁ͕Ҿ͖࣬͢͜ىපͷݪҼղ໌ʹޫʔ

Ҫ্ಓ༤ɺ෦૱ɺҴ葉࣍ݠ

ʠ4truDturaM Casis oG sarDo�enEopMasmiD retiDuMum Ca���"T1ase �C reHuMation via transmemCrane 
heMiY interpMayʡ
MJDIJo InoVF NanaNJ SaLVUa SaUoTIJ 8aUanaCF YVYJa ;IanH ,VnJIJUo YoTIJLaJF YoTIJLJ TanaLa 3Zo
6TIJoda YVLJnaSJ ,aUo JVnJDIJ TaLaHJ ToNoZa TTVLa[aLJ ,a[VIJSo NaHaUa ,FnKJ InaCa
CFMM 3FQoSUT
DOI� ��������K�DFMSFQ������������

���������� � ԽʔࢹΛՄيԽԠͷࢎྉʹ͓͚Δࡐଂɾ์ग़ٵૉࢎφϊΠϝʔδϯάͱσʔλՊֶͷ༥߹　ʔޫࣹ์ݩ࣍

ੜڮߴ

ʠ0YyHen�Ei⒎usion�Eriven 0YiEation #ehavior anE TraDkinH "reas 7isuaMi[eE Cy 9�ray 4peDtro�ptyDhoHraphy Xith UnsuperviseE -earninHʡ
MaLoUo )JSoTF No[oNV ITIJHVSo ,FJ SIJNoNVSa DVonH�NHVZFn NHVZFn )JSoTVLF MaUTVJ )JFV CIJ DaN MJ[VLJ Tada and YVLJo TaLaIaTIJ
CoNNVnJDaUJonT CIFNJTUSZ
DOI� ��������T���������������Z

���������� 　ଌʹޭ؍ͷࢠମͰͷτϙϩδΧϧ४ཻੑ࣓ࢠྔ
ʔτϙϩδΧϧʹอ͞ޢΕ࣓ͨੑ४ཻࢠঢ়ଶͷ༧ݴʔ

ಹɺࠤ౻

ʠTripMon CanE spMittinH anE topoMoHiDaMMy proteDteE eEHe states in the 
Eimeri[eE antiGerromaHnetʡ
,� NaXa ,� TanaLa N� ,VSJUa T� J� SaUo )� SVHJZaNa )� 6FLVTa
S� OIJSa�,aXaNVSa ,� NaLaKJNa and )� TanaLa
NaUVSF CoNNVnJDaUJonT
DOI� ��������T�����������������

���������� 9 ઢরࣹͰ࢝·ΔߴԠͷ؍ଌʹޭ　ʔϨϯτήϯʹΑΔ 9 ઢͷൃ͔ݟΒ ��� Ͱॳʔ

ᖒએɺ্ాܿ

ʠ3eaM�time oCservation oG 9�ray�inEuDeE intramoMeDuMar anE interatomiD eMeDtroniD EeDay in C)�*�ʡ
)JSonoCV 'VLV[aXa TTVLaTa TaLanaTIJ EdXJn ,VLL ,oKJ MoUoNVSa SIJn�JDIJ 8ada ,JZonoCV NaHaZa YVUa IUo ToTIJZVLJ NJTIJZaNa
CISJTUoQIF NJDoMaT YoTIJaLJ ,VNaHaJ DFnZT IaCMonTLZJ SVCIFndV MondaM TFUTVZa TaDIJCana DaFIZVn YoV SZVIFJ YaNada YVUa
SaLaLJCaSa ,a[VLJ ATa YVIJSo SaUo TTVLaTa SaLaJ ,FnKJ MaUTVnaNJ TaLaZVLJ 6NFNoUo ,anHo ,aSJZa[ono SIJnKJ ,aKJNoUo )JLaSV SoUoNF
PFS JoInTTon MaSLVT S� SDIÖ⒐FS (SFHoS ,aTUJSLF ,Vno ,ooTFS 9Jao�JJnH -JV TIFodoS ATaWFJ -JWJV NFaHV SFSHVFJ MoModUToW ,oIFJ ODIJaJ
ManaCV ,anno ,aoSV YaNa[aLJ SIJHFLJ OXada ,anadF OHaXa TFUTVo ,aUaZaNa TadaTIJ ToHaTIJ ,FnTVLF Tono MaLJna YaCaTIJ ASZZa
(IoTI ,JSJMM (oLICFSH -oSFn[ S� CFdFSCaVN AMFYandFS I�,VMF⒎ )JSoTIJ 'VLVNVSa NaoLJ ,JTIJNoUo ASUFN 3VdFnLo CaUaMJn MJSon )JSoIJLo
,ono ,JZoTIJ 6Fda
NaUVSF CoNNVnJDaUJonT
DOI� ��������T����������������[

���������� ϨʔβʔরࣹԼͷߴࡐࢠྉΛ 9 ઢҐ૬Ͱ؍　
ʔߴࢠϨʔβʔՃͷݩ࣍ࡾಈతՄࢹԽʹޭʔ

ඦੜರ

ʠ%eveMopment oG pink�Ceam �% phase CT Gor in�situ oCservation oG poMymers unEer 
inGrareE Maser irraEiationʡ
,aSoM 7FHTo YanMJn 8V )JdFLa[V TaLano MaTaUo )oTIJno AUTVTIJ MoNoTF
SDJFnUJpD 3FQoSUT � ASUJDMF nVNCFS� ���� 	����

DOI� ��������T�����������������

���������� ԽΨϦϜΣϋͷߴɾײߴٕࠪݕज़Λཱ֬　
ʔޫٕज़Λͨ͠ۦಋମͷ݁থܽؕܭଌʔ

খౡҰ৴ɺடॏӳ

ʠ2uantiGiDation oG the Ruantum eGGiDienDy oG raEiation oG a GreestanEinH (a/ DrystaM 
pMaDeE outsiEe an inteHratinH sphereʡ
,a[VnoCV ,oKJNa ,FnJDIJSo ILFNVSa and SIJHFfVTa '� CIJDIJCV
AQQMJFd PIZTJDT EYQSFTT
DOI� ������������������aC����

SE3CA�C ͱͦͷΞΠιϑΥʔϜ SE3CA�a�
SE3CA�a ͷ؆ུਤ

৽ͨʹ։ൃ͞Εͨಋମ
Σϋࠪݕஔͷ֎؍ɻ

ԁ൫ঢ়ͷϙϦϓϩϐϨϯͷதԝʹ֎ϨʔβʔΛরࣹ͍ͯ͠Δ
ͱ͖ͷ �D Ґ૬ CT Ө݁Ռɻදࣔதԝ෦ͷॎׂΓҐஔͷࡱ
ͷɻɺϨʔβʔরࣹޙͷඵɻ

#a�CVSJ�O�CM� ͰͷτϦϓϩϯ
ͷؔࢄΛ � తʹ݁߹͢Δݩ࣍
SS) ܕΛ༻͍ͯͨ͠ݱ࠶ਤɻࡾ
֯ਲ਼ SS) ܕʹ͓͚ΔԾ࣓
Λද͍ͯ͠Δɻ
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���������� φϊͷΛͭεϙϯδΛར༻ͨ͠ ࣗવྫྷഔͰಈ͢࡞ΔޮߴώʔτϙϯϓΛఏҊ　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�����������������

���������� %/" ͷಛघߏબతͳԽֶम০ʹޭ　
ʔԠੑ 0''�0/ Λ։ൃʔࡎΞϧΩϧԽࢎ֩ܕ

Ӭ࢙࣍ɺَ௩ޫ

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[���

���������� ͕Μ੍λϯύΫ࣭ p�� ͷఱવมੑྖҬΛඪతͱͨ͠ ϖϓνυͷਓઃܭ　ʔఱવมੑλϯύΫ࣭ͷༀʹظʔ

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؍ଌʹޭ
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���������������[

���������� ଠཅిͷࡐྉΑ͘ޫΔ⽐　ʵϖϩϒεΧΠτಋମͷൃޫྔޮࢠܭଌʵ

খౡҰ৴ɺடॏӳ

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

���������� ̭ઢΠϝʔδϯάͱߏղੳͷ༥߹ʹޭ　ʔ֤ըૉͰ nm Φʔμʔͷ定ྔతߏղੳ͕Մʹʔ

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�����������������

���������� ʵظྉͷࡐࢠޫεΠονϯάσόΠεૉߴޭ　ʔʹڧಛੑͷ૿ֶޫܗϋΠϒϦουφϊബບͷඇઢࢠߴڞ

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༻ͨ͠৽نߴԹੳஔͷ։ൃ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๏ʹΑΓࡱӨ͞ΕͨαΫϥϯϘͷӨ૾ɻ
	a
 
C	ऩ૾ɺٵ ඍҐ૬૾ɺ	D
 ϏδϏϦςΟίϯτϥετ૾

ϙϦδΞηνϨϯφϊϑΝΠόʔͷࢠߴڞ
͞ΕΔαߏͷଯੵബບ͔Βࢠബບͱۜφϊཻ
ϯυΠονܕʮϋΠϒϦουφϊബບʯͷߏਤɻ

ి࣓ු༡༹ͨ͠༥ϞγϒνοΫ߹ۚͷݻڽաఔͷͦͷ؍
ʣɻ؍ʢ߹্ۚ෦͔Β
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���������� ۙ֎ޫͷࢄཚߏػΛφϊిࢠઢޫ๏Λ༻͍ͯղ໌
ʔ৽ͨͳઢःณϑΟϧλʔࡐͷ։ൃ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༗ͷද໘ՃϝΧχζϜΛղ໌　ʔφϊεέʔϧͷਫ਼ີɾՃ͕Մʹʂʔ

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����������������

���������� ҰԯݸʹҰͭͷෆ७ݟಀ͞ͳ͍ʂ　ʔԽΨϦϜ݁থதͷૉෆ७Λײߴɾඇഁյɾඇ৮ݕग़ʔ

খౡҰ৴ɺடॏӳ

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৽͍͠߹๏　ʔѥྟքਫిղʹΑΔάϥϑΣϯͱਫૉͷಉ࣌ੜʔ

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　ʔ์ࣹޫΛޮ͍ߴͰར༻͠ࢹ؍Λ広͛Δʔ

ੜڮߴ

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

���������� ͕Μ੍λϯύΫ࣭ p�� ͷӷణܗݱͷൃݟ　ʔ͕Μ੍ߏػͷղ໌ʹظʔ

࢙࣍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

���������� ̭ઢʹΑΓ͞ߗΛߴղ૾ͰՄࢹԽ
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 ������ ҎԼʹ͢Δղ૾ݱͷൃݟ
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෴͏ਫిղ๏ʹΑΓ߹͞Εͨάϥ
ϑΣϯͷ SEMʢࠪݦࢠిܕඍڸʣ૾ʢάϥϑΣϯ
ͱനۚͷுͷࠩʹ༝དྷ͢Δʮ͠Θ 	XSJnLMF
ʯ
Δʣ͑ݟ͕

'JH� ඍׯবݦඍڸΛ༻͍ͯɺQ�� ͷӷణঢ়ͷձ߹ମΛ
ஶจͷਤݪʢ؍ � ΑΓసࡌʣ

̭ઢΠϝʔδϯάʹΑΓٻΊΒΕͨࢼྉʢϙϦ
ΞΫϦϧΞϛυήϧʣͷਫฏํͷมҐϚο
ϓͷྫʢࢼྉͷۉ΅΄͕͞ߗҰͳ߹ͱɺΘ
Ҭ͕แ͞Ε͍ͯΔ߹ʣɻྖ͍ߗʹ͔ͣ
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� ݄ ྩݩय़ͷ๙ষ	ࢵद๙ষ Ѩ৲ɹխจɹڭɹत

ྩݩय़ͷঀ܄	ਸ਼ๅதदষ ૣҴాՅɹ໊༪ڭत

Έ͗ۀ࢈Պֶৼۚجڵ	ڀݚྭ খᖒɹ༞ࢢɹ।ڭत

� ݄ ౦େֶσΟεςΟϯάΠογϡτϓϩϑΣοαʔ 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

டɹॏӳɹڭɹत

৽Խֶٕज़ਪਐڠձʮ��ճάϦʔϯɾαεςΠφϒϧ	έϛετϦʔʢ̨̜̘ʣྭʯ ຊؒɹɹ֨ɹڭɹत

υΠπɾΠϊϕʔγϣϯɾΞϫʔυʮΰοτϑϦʔυɾϫάωϧ����ŉ ݪɹ༸ɹ।ڭत

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

ᓵɹγϡɹڭɹत

� ݄ ຊଟه೦ձ	ڀݚాݪྭ ɹ࡙ࢠɹॿɹڭ

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

ᓵɹγϡɹڭɹत

ΞϝϦΧૉֶձʮS(-	CaSCon	AXaSd	����ʯ ɹतڭ୩ɹɹོɹژ

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

TIF	�UI	MFFUJnH	of	InUFSnaUJonaM	SoDJFUZ	foS	;JnD	#JoMoHZɹϙελʔ ఱɹ༎ଠɹॿɹڭ

ຊόΠΦΠϝʔδϯάֶձ	ྭ খాढ़ߦɹॿɹڭ

�� ݄ தرࠃྨֶձ	رྨ݁থ෦ʮ����ֶज़ʯ ᓵɹγϡɹڭɹत

ຊಔֶձ	ୈ ��ճจ େ୩ɹത࢘ɹڭɹत

ӿɹউಙɹॿɹڭ

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

ຊֶज़ৼڵձڀݚྗڠֶ࢈ҕһձ	ޫి૬ޓมୈ���ҕһձ	ྭ খౡɹҰ৴ɹॿɹڭ

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

ɹɹߤɹ।ڭत

�� ݄ ྩݩळͷঀ܄	ਸ਼ๅதदষ Ѩ্࠲࢛ɹ໊༪ڭत

ୈ ��ճ	ຊதੑࢠՊֶձ	ྭ ಹɹɹॿɹڭ

�� ݄ ྩݩʢୈ��ճʣ༗ػ߹ԽֶڠձاڀݚըɹίχΧϛϊϧλ	اڀݚը َ௩ɹޫɹ।ڭत

ྩݩʢୈ��ճʣ༗ػ߹ԽֶڠձاڀݚըɹADE,Aاڀݚը খాढ़ߦɹॿɹڭ

ຊޫֶձ	����ޫֶจ খᖒɹ༞ࢢɹ।ڭत

ྩݩφΠτϥΠυۚج	ڀݚྭ খౡɹҰ৴ɹॿɹڭ

� ݄ ຊԽֶձ	ୈ ��ճֶज़ʢ����ʣ ևɹஐߦɹڭɹत

ՏจԽஂۀࣄ	ୈ ��ճʢྩݩʣՏจԽ ૣҴాՅɹ໊༪ڭत

� ݄ ຊమ߯ڠձ	ඨจ ՆҪɹढ़ޛɹॿɹڭ

ຊమ߯ڠձ	ᖒଜจ ైɹɹ໌ɹॿɹڭ

ڭɹɹɹѴɹॿɹߴ

২ాɹɹ࣎ɹ।ڭत

ଜɹ৴ɹڭɹत

ຊమ߯ڠձ	మٕ߯ޭ େڮɹɹ་ɹٕज़ઐ৬һ

৬໊ड࣌ͷͷͰ͢
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TIF	����	#FTU	PaQFS	AXaSd	JACE3AS	JoVSnaM	of	ATJan	CFSaNJD	SoDJFUJFT
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ᓵɹγϡɹڭɹत
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and	MJDSoanaMZTJT	of	MaUFSJaMT
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����	InUFSnaUJonaM	ConfFSFnDF	on	NanoTQaDF	MaUFSJaMT	PSFTFnUaUJon	AXaSd ேɹ༟հɹॿɹڭ

ຊֶज़ৼڵձڀݚྗڠֶ࢈ҕһձ	ޫి૬ޓมୈ���ҕһձ	ྭ খౡɹҰ৴ɹॿɹڭ

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

ɹɹߤɹ।ڭत

�� ݄ ྩݩळͷঀ܄	ਸ਼ๅதदষ Ѩ্࠲࢛ɹ໊༪ڭत

ୈ ��ճ	ຊதੑࢠՊֶձ	ྭ ಹɹɹॿɹڭ

�� ݄ ྩݩʢୈ��ճʣ༗ػ߹ԽֶڠձاڀݚըɹίχΧϛϊϧλ	اڀݚը َ௩ɹޫɹ।ڭत

ྩݩʢୈ��ճʣ༗ػ߹ԽֶڠձاڀݚըɹADE,Aاڀݚը খాढ़ߦɹॿɹڭ

ຊޫֶձ	����ޫֶจ খᖒɹ༞ࢢɹ।ڭत

ྩݩφΠτϥΠυۚج	ڀݚྭ খౡɹҰ৴ɹॿɹڭ

� ݄ ຊԽֶձ	ୈ ��ճֶज़ʢ����ʣ ևɹஐߦɹڭɹत

ՏจԽஂۀࣄ	ୈ ��ճʢྩݩʣՏจԽ ૣҴాՅɹ໊༪ڭत

� ݄ ຊమ߯ڠձ	ඨจ ՆҪɹढ़ޛɹॿɹڭ

ຊమ߯ڠձ	ᖒଜจ ైɹɹ໌ɹॿɹڭ

ڭɹɹɹѴɹॿɹߴ

২ాɹɹ࣎ɹ।ڭत

ଜɹ৴ɹڭɹत

ຊమ߯ڠձ	మٕ߯ޭ େڮɹɹ་ɹٕज़ઐ৬һ
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ΞδΞ
ATJa

தࠃ
CIJna

ژେֶφϊՊֶٕज़ڀݚηϯλʔ	
CFnUFS	foS	NanoTDaMF	SDJFnDF	and	TFDInoMoHZ	PFLJnH	6nJWFSTJUZ
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ژେֶ	�	PFLJnH	6nJWFSTJUZ �����
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జभେֶࡐྉఔֶӃ	�	CoMMFHF	of	MaUFSJaMT	EnHJnFFSJnH	;IFnH[IoV	6nJWFSTJUZ ����

འभେֶ	�	-an[IoV	6nJWFSTJUZ �����

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

ٕۀज़ӃೆӃ	�	IT3I	SoVUI	IndVTUSJaM	TFDInoMoHZ	3FTFaSDI	InTUJUVUF ����

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

TFDInJLoHZ	of	6nJWFSTJUZ	TaJQFJ	NaUJonaM	EnHJnFFSJnH	of	CoMMFHF	�	ఔֶӃՊٕେֶཱࠃ �����

ࠃؖ
,oSFa

શେֶߍ	�	CIonCVL	NaUJonaM	6nJWFSTJUZ �����

6nJWFSTJUZ	NaUJonaM	ZVnHQooL,	�	ߍେֶܚ �����

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

����

ؗۉେֶใ௨৴༻৽ػੑૉٴࡐͼఔڀݚηϯλʔ	
AdWanDFd	MaUFSJaMT	�	PSoDFTT	3FTFaSDI	CFnUFS	foS	IT	SVnHLZVnLXan	6nJWFSTJUZ

�����

ιϧେֶߍ	�	SFoVM	NaUJonaM	6nJWFSTJUZ �����

ேେֶߍ	�	CIoTVn	6nJWFSTJUZ �����

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

λΠ
TIaJMand

νΣϯϚΠେֶ	�	CIJanH	MaJ	6nJWFSTJUZ �����

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

ϧʔϚχΞ
3oNanJa

ϨʔβʔɾϓϥζϚɾ์ࣹཧڀݚཱࠃॴ ����

ϑϥϯε
'SanDF

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

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

-SO-EI	SZnDISoUSon	�	ઃιϨΠϢࢪޫࣹ์ ����

φϯτେֶࡐྉڀݚॴ	�	InTUJUVUF	of	MaUFSJaMT	JFan	3oVYFM6nJWFSTJUZ	of	NanUFT ����
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Ϥʔϩού
EVSoQF

ϋϯΨϦʔ
)VnHaSZ

ϛγϡίϧπେֶࡐྉՊֶڀݚֶՊ	
'aDVMUZ	of	MaUFSJaMT	SDJFnDF	and	EnHJnFFSJnH6nJWFSTJUZ	of	MJTLoMD

����

υΠπ
(FSNanZ

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

υΠπ
(FSNanZ

υϧτϜϯτՊେֶ	�	T6	DoSUNVnd	6nJWFSTJUZ �����

ΠΤφɾϑϦʔυϦοώɾγϥʔେֶݻମཧڀݚॴ	
InTUJUVUF	fVS	'FTULoSQFSQITJL	'SFJdSJDI�SDIJMMFS�6nJWFSTJUaU	JFna

����

μϧϜγϡλοτՊେֶ	�	DaSNTUadU	6nJWFSTJUZ	of	TFDInoMoHZ �����

ϚοΫεϓϥϯΫ֩ཧڀݚॴ	�	MPI,	MaY�PManDL�InTUJUVU	fVS	,FSnQIZTJL ����

ΧʔϧεϧʔΤՊେֶ	�	,aSMTSVIF	InTUJUVUF	of	TFDInoMoHZ �����

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

εϖΠϯ
SQaJn

άϥφμେֶ	�	6nJWFSTJUZ	of	(Sanada �����

ϚυϦʔυɾΞτϊϚେֶԽֶ෦	�	CIFNJTUSZ	DFQaSUNFnU	of	UIF	6nJWFSTJdad	AVUonoNa	dF	MadSJd ����

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

ΠλϦΞ
IUaMZ

τϦΤες์ࣹޫڀݚॴ	�	SJnDSoUSonF	TSJFTUFS�C�Q�A ����

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

ΠΪϦε
6nJUFd	,JnHdoN

ӳࠃϦαʔνΧϯγϧதԝߏػڀݚμʔεϕϦڀݚॴ	
DaSFTCVSZ	-aCoSaUoSZCoVnDJM	foS	UIF	CFnUSaM	-aCoSaUoSZ	of	UIF	3FTFaSDI	CoVnDJMT

����

தۙ౦
MJddMF	and	NFaS	EaTU

ΫΣʔτ
,VXaJU

ΫΣʔτՊֶڀݚॴ	�	,VXaJU	InTUJUVUF	foS	SDJFnUJpD	3FTFaSDI ����

ΦηΞχΞ
ODFanJa

ΦʔετϥϦΞ
AVTUSaMJa

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

ถ
NoSUI	ANFSJDa

Χφμ
Canada

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

τϩϯτେֶۚଐɾࡐྉՊֶՊ	
DFQaSUNFnU	of	MFUaMMVSHZ	and	MaUFSJaMT	SDJFnDF6nJWFSTJUZ	of	ToSonUo

����

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

ΞϝϦΧ
6SA

ίϩϯϏΞେֶԽֶՊ	�	DFQaSUNFnU	of	CIFNJTUSZCoMVNCJa	6nJWFSTJUZ ����

ίϩϯϏΞେֶཧֶ෦ٿɾֶڥՊ	
DFQaSUNFnU	of	EaSUI	and	EnWJSonNFnUaM	EnHJnFFSJnH'V	'oVndaUJon	SDIooM	of	EnHJnFFSJHand	AQQMJFd	
SDJFnDFCoMVNCJa	6nJWFSTJUZ

����

ϢλେֶۚଐֶՊ	�	DFQaSUNFnU	of	MFUaMMVSHJDaM	EnHJnFFSJnH6nJWFSTJUZ	of	�6UaI ����

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

ϚανϡʔηοπՊେֶిڀݚֶࢠՊٴͼϚΠΫϩγεςϜٕज़ڀݚॴ
3FTFaSDI	 -aCoSaUoSZ	 of	 EMFDUSonJDTʢ3-Eʣand	 MJDSoTZTUFNT	 TFDInoMoHZ	 -aCoSaUoS JFT	
ʢMT-ʣMaTTaDIVTFUUT	InTUJUVUF	of	TFDInoMoHZʢMITʣ

����

NIS

ϩγΞ
3VTTJa

ϩγΞՊֶΞΧσϛʔݻମཧֶڀݚॴ	
P�N�-FCFdFW	PIZTJDT	InTUJUVUF	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

τϜεΫՊେֶ֩ࢠݪཧڀݚॴ	�	NVDMFaS	PIZTJDT	InTUJUVUFToNTL	PoMZUFDInJD	6nJWFSTJUZ ����

ϩγΞՊֶΞΧσϛʔϨϕσϑཧڀݚॴ	
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

�����

ϩγΞՊֶΞΧσϛʔٿՊֶɾੳՊֶڀݚॴ	
7FSnadTLZ	InTUJUVUF	of	(FoDIFNJTUSZ	and	AnaMZUJDaM	CIFNJTUSZ	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

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

ΫϥΠφ
6LSaJnF

ΫϥΠφۀཱࠃେֶ	�	NaUJonaM	TFDInJDaM	6nJWFSTJUZ	of	6LSaJnF �����

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

����
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CIJna
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CFnUFS	foS	NanoTDaMF	SDJFnDF	and	TFDInoMoHZ	PFLJnH	6nJWFSTJUZ
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ژେֶ	�	PFLJnH	6nJWFSTJUZ �����
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CIanHDIVn	InTUJUVUF	of	OQUJDT	'JnF	MFDIanJDT	and	PIZTJDT
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ॏܚେֶ	�	CIanHRJnH	6nJWFSTJUZ �����

జभେֶࡐྉఔֶӃ	�	CoMMFHF	of	MaUFSJaMT	EnHJnFFSJnH	;IFnH[IoV	6nJWFSTJUZ ����

འभେֶ	�	-an[IoV	6nJWFSTJUZ �����

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

༲भେֶ	�	YanH[IoV	6nJWFSTJUZ �����

ۀژେֶ	�	#FJKJnH	6nJWFSTJUZ	of	TFDInoMoHZ �����

ೆେֶ	�	SoVUI	XFTU	6nJWFSTJUZ �����


TaJXan

ٕۀज़ӃೆӃ	�	IT3I	SoVUI	IndVTUSJaM	TFDInoMoHZ	3FTFaSDI	InTUJUVUF ����

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

TFDInJLoHZ	of	6nJWFSTJUZ	TaJQFJ	NaUJonaM	EnHJnFFSJnH	of	CoMMFHF	�	ఔֶӃՊٕେֶཱࠃ �����

ࠃؖ
,oSFa

શେֶߍ	�	CIonCVL	NaUJonaM	6nJWFSTJUZ �����

6nJWFSTJUZ	NaUJonaM	ZVnHQooL,	�	ߍେֶܚ �����

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

����

ؗۉେֶใ௨৴༻৽ػੑૉٴࡐͼఔڀݚηϯλʔ	
AdWanDFd	MaUFSJaMT	�	PSoDFTT	3FTFaSDI	CFnUFS	foS	IT	SVnHLZVnLXan	6nJWFSTJUZ

�����

ιϧେֶߍ	�	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

ϨʔβʔɾϓϥζϚɾ์ࣹཧڀݚཱࠃॴ ����

ϑϥϯε
'SanDF

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

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

-SO-EI	SZnDISoUSon	�	ઃιϨΠϢࢪޫࣹ์ ����

φϯτେֶࡐྉڀݚॴ	�	InTUJUVUF	of	MaUFSJaMT	JFan	3oVYFM6nJWFSTJUZ	of	NanUFT ����
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Ҭ ࠃ ໊ؔػ క݁

Ϥʔϩού
EVSoQF

ϋϯΨϦʔ
)VnHaSZ

ϛγϡίϧπେֶࡐྉՊֶڀݚֶՊ	
'aDVMUZ	of	MaUFSJaMT	SDJFnDF	and	EnHJnFFSJnH6nJWFSTJUZ	of	MJTLoMD

����

υΠπ
(FSNanZ

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

υΠπ
(FSNanZ

υϧτϜϯτՊେֶ	�	T6	DoSUNVnd	6nJWFSTJUZ �����

ΠΤφɾϑϦʔυϦοώɾγϥʔେֶݻମཧڀݚॴ	
InTUJUVUF	fVS	'FTULoSQFSQITJL	'SFJdSJDI�SDIJMMFS�6nJWFSTJUaU	JFna

����

μϧϜγϡλοτՊେֶ	�	DaSNTUadU	6nJWFSTJUZ	of	TFDInoMoHZ �����

ϚοΫεϓϥϯΫ֩ཧڀݚॴ	�	MPI,	MaY�PManDL�InTUJUVU	fVS	,FSnQIZTJL ����

ΧʔϧεϧʔΤՊେֶ	�	,aSMTSVIF	InTUJUVUF	of	TFDInoMoHZ �����

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

εϖΠϯ
SQaJn

άϥφμେֶ	�	6nJWFSTJUZ	of	(Sanada �����

ϚυϦʔυɾΞτϊϚେֶԽֶ෦	�	CIFNJTUSZ	DFQaSUNFnU	of	UIF	6nJWFSTJdad	AVUonoNa	dF	MadSJd ����

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

ΠλϦΞ
IUaMZ

τϦΤες์ࣹޫڀݚॴ	�	SJnDSoUSonF	TSJFTUFS�C�Q�A ����

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

ΠΪϦε
6nJUFd	,JnHdoN

ӳࠃϦαʔνΧϯγϧதԝߏػڀݚμʔεϕϦڀݚॴ	
DaSFTCVSZ	-aCoSaUoSZCoVnDJM	foS	UIF	CFnUSaM	-aCoSaUoSZ	of	UIF	3FTFaSDI	CoVnDJMT

����

தۙ౦
MJddMF	and	NFaS	EaTU

ΫΣʔτ
,VXaJU

ΫΣʔτՊֶڀݚॴ	�	,VXaJU	InTUJUVUF	foS	SDJFnUJpD	3FTFaSDI ����

ΦηΞχΞ
ODFanJa

ΦʔετϥϦΞ
AVTUSaMJa

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

ถ
NoSUI	ANFSJDa

Χφμ
Canada

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

τϩϯτେֶۚଐɾࡐྉՊֶՊ	
DFQaSUNFnU	of	MFUaMMVSHZ	and	MaUFSJaMT	SDJFnDF6nJWFSTJUZ	of	ToSonUo

����

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

ΞϝϦΧ
6SA

ίϩϯϏΞେֶԽֶՊ	�	DFQaSUNFnU	of	CIFNJTUSZCoMVNCJa	6nJWFSTJUZ ����

ίϩϯϏΞେֶཧֶ෦ٿɾֶڥՊ	
DFQaSUNFnU	of	EaSUI	and	EnWJSonNFnUaM	EnHJnFFSJnH'V	'oVndaUJon	SDIooM	of	EnHJnFFSJHand	AQQMJFd	
SDJFnDFCoMVNCJa	6nJWFSTJUZ

����

ϢλେֶۚଐֶՊ	�	DFQaSUNFnU	of	MFUaMMVSHJDaM	EnHJnFFSJnH6nJWFSTJUZ	of	�6UaI ����

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

ϚανϡʔηοπՊେֶిڀݚֶࢠՊٴͼϚΠΫϩγεςϜٕज़ڀݚॴ
3FTFaSDI	 -aCoSaUoSZ	 of	 EMFDUSonJDTʢ3-Eʣand	 MJDSoTZTUFNT	 TFDInoMoHZ	 -aCoSaUoS JFT	
ʢMT-ʣMaTTaDIVTFUUT	InTUJUVUF	of	TFDInoMoHZʢMITʣ

����

NIS

ϩγΞ
3VTTJa

ϩγΞՊֶΞΧσϛʔݻମཧֶڀݚॴ	
P�N�-FCFdFW	PIZTJDT	InTUJUVUF	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

τϜεΫՊେֶ֩ࢠݪཧڀݚॴ	�	NVDMFaS	PIZTJDT	InTUJUVUFToNTL	PoMZUFDInJD	6nJWFSTJUZ ����

ϩγΞՊֶΞΧσϛʔϨϕσϑཧڀݚॴ	
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

�����

ϩγΞՊֶΞΧσϛʔٿՊֶɾੳՊֶڀݚॴ	
7FSnadTLZ	InTUJUVUF	of	(FoDIFNJTUSZ	and	AnaMZUJDaM	CIFNJTUSZ	of	3VTTJan	ADadFNZ	of	SDJFnDFT

����

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

ΫϥΠφ
6LSaJnF

ΫϥΠφۀཱࠃେֶ	�	NaUJonaM	TFDInJDaM	6nJWFSTJUZ	of	6LSaJnF �����

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

����
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ֶੜɾࢧڀݚԉ

ʦដֶۚجʧଟݩ࣭ՊֶڀݚྭɺʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵɾଟݩ࣭Պֶྭɺଟݩ࣭Պֶڀݚॴ
ॴΛઃ͚ɺຖ։͢࠵Δʮଟݩ࣭ՊֶڀݚॴൃڀݚදձʯͷձظதʹදজࣜΛ͍ͯͬߦ·͢ɻ

ʦដֶۚجʧଟݩ࣭Պֶڀݚྭɿ
ʮដֶۚجʯʹ͖ͮجɺଟݩ࣭Պֶʹؔ࿈͢ΔڀݚͰ༏ΕͨڀݚՌΛ͛ڍɺকདྷͷൃల͕ظͰ͖Δଟݚݩͷएखऀڀݚ
ʢେֶӃੜؚΉʣΛରͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵɾଟݩ࣭Պֶྭɿ
ʮՊֶܭଌৼۚجڵʯʹ͖ͮجɺ༷ʑͳ࣭ɾࡐྉʢੜମΛؚΉʣʹର͢ΔʮՊֶܭଌʯٕज़ͷڀݚɾ։ൃʹ͓͍ͯӽͨ͠ڀݚՌ
Λͨ͛ڍ౦େֶͷएखͷڭһɺͳΒͼʹʮଟݩ࣭Պֶʯʹؔ࿈͠༏ΕͨڀݚՌΛͨ͛ڍେֶӃੜΛྭ͠ɺֶज़ɾڀݚͷ
Ռͷීدʹٴ༩͢Δ͜ͱΛతͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ଟݩ࣭Պֶڀݚॴॴɿ
ଟݩ࣭Պֶڀݚॴൃڀݚදձʹ͓͍ͯɺֶੜ·ͨڞಉڌڀݚɾΞϥΠΞϯεੈ࣍एखڀݚ PI ʹΑΔ༏लͳϙελʔൃදʹत
༩͍ͯ͠·͢ɻ

⿏ଟݚݩϓϩδΣΫτ
ɹଟݚݩͷߋͳΔਐలΛͯ͠ࢦɺଟڭݚݩһΛରʹຖʮҰൠςʔϚʯͱʮಛఆςʔϚʯͷ�ͭͷςʔϚʹΑΓϓϩδΣΫτڀݚ
Λެื͠ɺڀݚඅΛࢧԉ͍ͯ͠·͢ɻ

⿏ΩϟϦΞࢧԉ
ɹଟݩ࣭ՊֶڀݚॴͰɺֶੜΛରͱͨ͠ʮΩϟϦΞࢧԉަྲྀձʯΛܧଓతʹ։͠࠵ɺΩϟϦΞࢧԉʹৄ͍͠ڭ৬һɺΠϯλʔ
ϯγοϓब৬׆ಈΛͨ͠ݧܦO#ʹΑΔߨԋɺۀاͱͷϛΩαʔΛ͍ͯͬߦ·͢ɻ����ʹ։ͨ͠࠵ʮୈ�ճଟݚݩΩϟϦΞ
Ճ͠·ͨ͠ɻࢀஂମ͕ग़లɺେֶӃੜֶੜΛؚΊɺ���໊͕ۀاԉަྲྀձʯʹɺ��ͷࢧ
ɹಉ։͞࠵Εͨஉঁڞಉࢀըηϛφʔ	ʡͯͬऀڀݚͳʹʁʙۀاब৬ฤʙʠ	ͰɺۀاͰ׆༂͠ͳ͕ΒΫϩεΞϙΠϯτϝϯτ੍
ʮଟֶ࢈ݚݩ࿈ܞ	ʠࡩ	ʵ SA,63Aʡ	ϓϩδΣΫτʯʹΑΓଟݚݩͷڭһͱͯ͠׆༂͢Δɺ�໊ͷঁੑ͕ऀڀݚύωϦετͱͯ͠
ొஃ͠·ͨ͠ɻେֶӃʹਐֶ͖͔͚ͨͬ͠ɺͲͷΑ͏ʹब৬ઌΛܾΊ͔ͨɺڀݚͷਐΊํʹ͓͚Δେֶͱͷҧ͍ɺࢠҭͯʹؔ͢Δ
ɻͨ͠·͍ߦΛՃֶͨ͠ੜେֶӃੜΒͱใަࢀԉʹ͍ͭͯɺࢧ

����ʦដֶۚجʧଟݩ࣭Պֶڀݚྭडࣜ

ͱͷϛΩαʔۀا

����ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵडࣜ

உঁڞಉࢀըηϛφʔ	ύωϧσΟεΧογϣϯ
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ֶੜɾࢧڀݚԉ

ʦដֶۚجʧଟݩ࣭ՊֶڀݚྭɺʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵɾଟݩ࣭Պֶྭɺଟݩ࣭Պֶڀݚॴ
ॴΛઃ͚ɺຖ։͢࠵Δʮଟݩ࣭ՊֶڀݚॴൃڀݚදձʯͷձظதʹදজࣜΛ͍ͯͬߦ·͢ɻ

ʦដֶۚجʧଟݩ࣭Պֶڀݚྭɿ
ʮដֶۚجʯʹ͖ͮجɺଟݩ࣭Պֶʹؔ࿈͢ΔڀݚͰ༏ΕͨڀݚՌΛ͛ڍɺকདྷͷൃల͕ظͰ͖Δଟݚݩͷएखऀڀݚ
ʢେֶӃੜؚΉʣΛରͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵɾଟݩ࣭Պֶྭɿ
ʮՊֶܭଌৼۚجڵʯʹ͖ͮجɺ༷ʑͳ࣭ɾࡐྉʢੜମΛؚΉʣʹର͢ΔʮՊֶܭଌʯٕज़ͷڀݚɾ։ൃʹ͓͍ͯӽͨ͠ڀݚՌ
Λͨ͛ڍ౦େֶͷएखͷڭһɺͳΒͼʹʮଟݩ࣭Պֶʯʹؔ࿈͠༏ΕͨڀݚՌΛͨ͛ڍେֶӃੜΛྭ͠ɺֶज़ɾڀݚͷ
Ռͷීدʹٴ༩͢Δ͜ͱΛతͱͯ͠දজΛ͍ͯͬߦ·͢ɻ

ଟݩ࣭Պֶڀݚॴॴɿ
ଟݩ࣭Պֶڀݚॴൃڀݚදձʹ͓͍ͯɺֶੜ·ͨڞಉڌڀݚɾΞϥΠΞϯεੈ࣍एखڀݚ PI ʹΑΔ༏लͳϙελʔൃදʹत
༩͍ͯ͠·͢ɻ

⿏ଟݚݩϓϩδΣΫτ
ɹଟݚݩͷߋͳΔਐలΛͯ͠ࢦɺଟڭݚݩһΛରʹຖʮҰൠςʔϚʯͱʮಛఆςʔϚʯͷ�ͭͷςʔϚʹΑΓϓϩδΣΫτڀݚ
Λެื͠ɺڀݚඅΛࢧԉ͍ͯ͠·͢ɻ

⿏ΩϟϦΞࢧԉ
ɹଟݩ࣭ՊֶڀݚॴͰɺֶੜΛରͱͨ͠ʮΩϟϦΞࢧԉަྲྀձʯΛܧଓతʹ։͠࠵ɺΩϟϦΞࢧԉʹৄ͍͠ڭ৬һɺΠϯλʔ
ϯγοϓब৬׆ಈΛͨ͠ݧܦO#ʹΑΔߨԋɺۀاͱͷϛΩαʔΛ͍ͯͬߦ·͢ɻ����ʹ։ͨ͠࠵ʮୈ�ճଟݚݩΩϟϦΞ
Ճ͠·ͨ͠ɻࢀஂମ͕ग़లɺେֶӃੜֶੜΛؚΊɺ���໊͕ۀاԉަྲྀձʯʹɺ��ͷࢧ
ɹಉ։͞࠵Εͨஉঁڞಉࢀըηϛφʔ	ʡͯͬऀڀݚͳʹʁʙۀاब৬ฤʙʠ	ͰɺۀاͰ׆༂͠ͳ͕ΒΫϩεΞϙΠϯτϝϯτ੍
ʮଟֶ࢈ݚݩ࿈ܞ	ʠࡩ	ʵ SA,63Aʡ	ϓϩδΣΫτʯʹΑΓଟݚݩͷڭһͱͯ͠׆༂͢Δɺ�໊ͷঁੑ͕ऀڀݚύωϦετͱͯ͠
ొஃ͠·ͨ͠ɻେֶӃʹਐֶ͖͔͚ͨͬ͠ɺͲͷΑ͏ʹब৬ઌΛܾΊ͔ͨɺڀݚͷਐΊํʹ͓͚Δେֶͱͷҧ͍ɺࢠҭͯʹؔ͢Δ
ɻͨ͠·͍ߦΛՃֶͨ͠ੜେֶӃੜΒͱใަࢀԉʹ͍ͭͯɺࢧ

����ʦដֶۚجʧଟݩ࣭Պֶڀݚྭडࣜ

ͱͷϛΩαʔۀا

����ʦՊֶܭଌৼۚجڵʧՊֶܭଌৼڵडࣜ

உঁڞಉࢀըηϛφʔ	ύωϧσΟεΧογϣϯ
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ܞ࿈ֶ࢈

Ҭ࿈׆ܞಈ

⿏ΠϊϕʔγϣϯɾΤΫενΣϯδͷ։࠵
ɹ౦େֶଟݩ࣭Պֶڀݚॴͷ࠷ઌڀݚγʔζͱۀاݩͱͷग़ձ͍ͷΛઃ͚ɺࣾձʹ։͔Εɺ͠Έ͍͢Պֶɾٕज़ͷަྲྀ

ͷͷఏڙͱɺଟݚݩͷڀݚͷཧղৢΛతͱֶͨ͠࢈࿈ܞΠϕϯτʮଟݩ࣭ՊֶڀݚॴΠϊϕʔγϣϯɾΤΫενΣϯδʯΛ

ฏ ��ΑΓܧଓతʹ։͠࠵ɺࡐྉʢφϊࡐྉͳͲʣΛ͡Ίͱͨ͠ɺͷͮ͘Γʹؔ͢ΔใަΛ࣮͍ͯ͠ࢪ·͢ɻ���� 

��݄ʹɺʮະདྷΛরΒ͢ޫʯΛςʔϚʹ։͠࠵ɺ͔ࣾ��ۀاΒ ��໊ɺެிɾஂࡒɺஂମ๏ਓ ��Օॴ͔Β ��໊ɺ౦େֶ

ऀؔ ��໊ɺ߹ܭͰ ɺϙελʔࠂମʹΑΔऔʹؔ͢Δใ࣏ԋɺࣗߨΑΔʹۀاԋձߨௐجΔؔ͢ʹܞ࿈ֶ࢈Ճ͠ɺࢀ໊͕���

ަྲྀձΛ࣮͠ࢪ·ͨ͠ɻϙελʔަྲྀձʹɺ��ͷۀاͱ��ͷڀݚ͕ग़లɺ��໊͕ࢀՃ͠ɺۀاஂମ๏ਓͷ୲ऀͱ౦

େֶͷڭ৬һ͕ަྲྀ͠ɺۀࣄ༰ڀݚΛ͑ͯൃ׆ʹใަΛ͍ߦ·ͨ͠ɻ

⿏ .a4Cɺ#*1 ͷ׆༻
ɹ౦େֶֶ࢈࿈ܞઌࡐྉڀݚ։ൃηϯλʔʢMaSCʣ͕։͢࠵Δٕज़ަྲྀձͷࢀըɺ౦େֶۀࣄΠϊϕʔγϣϯηϯλʔ͕

Λਪਐ͍ͯ͠·͢ɻܞ࿈ֶ࢈ΔͳͲɺ͢༺׆ʹతۃʮϏδωεΠϯΩϡϕʔγϣϯϓϩάϥϜʢ#IPʣʯΛੵۀࣄԉࢧΔ͢ࢪ࣮

ɹ׆ڀݚಈΛ௨ͯ͡ڀݚՌΛࣾ͘ձؐ͢ݩΔ͚ͩͰͳ͘ɺۀاؔػʹ͓͚Δ৬ΛΊΔ͜ͱͰɺऀڀݚίϛϡχςΟʔ

Λ͍ͯ͠·͢ɻݙߩʹ

ɹ·ͨɺҬࣾձͱͷ࿈ܞަྲྀͷଅਐΛతͱͯ͠ɺ༷ʑͳ׆ಈΛ࣮͍ͯ͠ࢪ·͢ɻֶʮઋɾٶʯαΠΤϯεσΠٶݝຽ

େֶ։์࠲ߨɺՆٳΈେֶ୳ݕͷڭҭΠϕϯτʹܧଓతʹࢀը͠ɺֶઋίϯιʔγΞϜαςϥΠτΩϟϯύεެ։࠲ߨͰͷߨԋ

ग़લतۀͳͲੵۃతʹ࣮͍ͯ͠ࢪ·͢ɻٕज़ࣨػցͰɺઋڭࢢҭҕһձ͕ʮࣗͮ͘ΓڭҭʯͷҰͱͯ͠ਪਐ͢Δ৬

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

ɹʮ࣭ɾσόΠεྖҬڞಉڌڀݚʯɺւಓେֶిࢠՊ

ॴʢ౦ڀݚ࣭Պֶݩʣɺ౦େֶଟݚࢠॴʢେిڀݚֶ

େଟݚݩʣɺ౦ۀژେֶԽֶੜ໋Պֶڀݚॴʢ౦େԽੜݚʣɺ

େࡕେֶۀ࢈Պֶڀݚॴʢࡕେݚ࢈ʣɺभେֶઌಋ࣭Խֶ

����ը͠ɺࢀʣ͕ݚॴʢେઌಋڀݚ ʢฏ ��ʣ

ʹൃͨ͠ઌۦతͳωοτϫʔΫڞܕಉڌڀݚͷͻͱͭͰ

͢ɻϘτϜΞοϓܕҰൠڞಉڀݚɺτοϓμϯܕಛఆڞಉݚ

ʹۀاؔػڀݚཱࠃେֶɺཱࢲɺཱެࠃͷࠃΛத৺ʹɺશڀ

ॴଐ͢Δ͔ऀڀݚΒɺ��ؒͰ ����݅ͷڞಉڀݚΛਪਐ

͠·ͨ͠ɻ͜ͷؒɺཱࠃେֶͷػڧԽͷد༩࠲ࢹʹೖΕɺ

ҭɺάϩʔόϧࡐԽɺΠϊϕʔγϣϯग़ɺएखਓڧྗڀݚ

ԽʹੵۃతʹऔΈɺ����ʢฏ ��ʣͷจ෦Պ

ֶলʹΑΔظධՁͰωοτϫʔΫڌܕͱͯ͠།ҰʠSʡ

ධՁΛ֫ಘ͠·ͨ͠ɻ·ͨୈظ� �ؒࡕେݚ࢈Λຊ෦ͱ͠

ಈ͖ͯ͠·͕ͨ͠ɺ����ʢฏ׆ͯ ��ʣ͔Βͷୈ

ຊ෦ΛΊɺ����ʢฏ��ʣ͕ݚݩ౦େֶଟظ�

ͷதؒධՁʹ͓͍ͯʠSʡධՁΛಘ͓ͯΓ·͢ɻ

ɹڞಉڌڀݚͷجຊతͳςʔϚɺʮڀݚͷωοτϫʔΫͮ

͘ΓɺਓͷωοτϫʔΫͮ͘ΓʯͰ͢ɻຊڞಉڌڀݚൃ

ʹઌཱͪ ���� ʢฏ �� ʣʹɺࡕେݚ࢈ͱ౦େ

ଟ͕ݚݩɺେֶͷΛ͑ͨ৽ۀ࢈࣭ج൫ٕज़ڀݚηϯ

λʔʢMSTFCʣΛઃཱɾӡӦ͠ɺ��Ҏ্ͷ͖ʹΘͨΓڠ

ಇؔͷߏஙʹྗ͖ͯ͠·ͨ͠ɻਓͷͭͳ͕Γ͕ࡏݱͷ̑ͭ

ͷڀݚॴʹ͕ΔૅʹͳΓ·ͨ͠ɻຊڞಉڌڀݚͰɺڀݚ

ऀಉࠃ͕࢜ɾւ֎ͷͲ͔͜Ͱձ͙ͬͯ͢ʹ͕Ͱ͖ΔΑ͏

ͳɺإͷ͑ݟΔ faDF Uo faDF ͷؔͮ͘Γ͕ॏཁͱ͍ͯ͑ߟ·

͢ɻ

ɹ౦େଟ͕ݚݩຊ෦Λ୲͏ୈ جΒͷʮ͔ظͰɺୈҰظ�

൫ڞಉڀݚʢچ Ұൠڞಉڀݚʣʯٴͼʮࢪઃɾઃඋར༻ڞಉݚ

ʹಇڠड़ʣͱͷޙʯʹՃ͑ɺμΠφϛοΫɾΞϥΠΞϯεʢڀ

ΑΔ৽͍͠ಛ৭͋Δʰڌ࿈ಈϓϩάϥϜʱͱͯ͠ɺج൫ڞಉ

ݚ͢ΔଞܗΛڌܕωοτϫʔΫʹجͰಘΒΕͨՌΛڀݚ

ݚಉڞʰల։͢ࢦలΛൃڀݚ͍ΑΓ෯ʹܞһͱͷ࿈ڭॴڀ

ڀ ɺɦ༏Εͨएखۃੵ͕ऀڀݚతʹ༥߹ڀݚܕΛਪਐ͢Δh CO3E

ϥϘڞಉڀݚ ɺɦͦͯ͠ڞಉڀݚΛ௨ͯ͡ओʹҬେֶɺཱࢲ

େֶʹࡏ੶͢Δ༏Εͨ࠽Λ༗͢ΔେֶӃੜΛ PIʢPSJnDJQaM

InWFTUJHaUoSʣͱͯ͠࠾͢Δʰੈ࣍एखڞಉڀݚʱͳͲଟ

ಈΛల׆ڀݚಉڞըɾӡӦ͠ɺΑΓॆ࣮ͨ͠اΛڀݚಉڞͳ࠼

։͍ͯ͠·͢ɻ͍ͣΕͷϓϩάϥϜɺڀݚՌͷΈͳΒͣɺ

ͦͷՌΛੜΈग़͢ʹຬͪͨऀڀݚΛҭͯΔʮਓࡐҭʯ

ΛڌɾΞϥΠΞϯεۀࣄʹ͓͚Δେ͖ͳςʔϚͷͻͱͭͱ͠

͍ͯ·͢ɻଟ͘ͷ͕͜ऀڀݚͷڌΛੵۃతʹ׆༻͠ɺਓͷ

ωοτϫʔΫΛ͚ͯ͛Δ͜ͱΛ͍ئ·͢ɻຊڌΛ௨͡ܗ

͞ΕͨऀڀݚωοτϫʔΫΛૅͱͨ͠େڀݚܕϓϩδΣΫτ

ͷൃҊɾӡӦͱͯ͠ɺଟڭݚݩһ͕ྖҬදɾ൝ΛΊΔՊ

͞Εɺଟ࠾ϓϩδΣΫτ͕̓ڀݚඅิॿۚ৽ֶज़ྖҬڀݚֶ

त͕ڭݚݩ JST Պֶٕज़ਪਐۀࣄʢE3ATOʣͷ౷ׅڀݚ

ऀΛΊΔͳͲଟ͘ͷ࣮͕ಘΒΕ͍ͯ·͢ɻ·ͨຊωοτ

ϫʔΫڞܕಉڌڀݚ͕ࢧԉΛڠֶͨͬߦձͷऀڀݚίϛϡ

χςΟ���Λ͑ɺ૯ࢀՃऀͷ����໊Λ͑ɺ

ؔ࿈ڀݚ͓Αͼؔ࿈ऀڀݚίϛϡχςΟͷൃలʹେ͖͘ߩ

ಉڞܕ����݄̏ʹಉ͡ωοτϫʔΫʹߋɻ͢·͍ͯ͠ݙ

ࣃɺੜମҩڌڀݚಉڞɾҩՊֶࡂͰ͋Δ์ࣹઢڌڀݚ

ఆΛక݁͠ɺΑΓڠΔؔ͢ʹܞͱ؇͔ͳ࿈ڌڀݚಉڞֶ

͍ίϛϡχςΟͷݙߩΛ͓ͯ͠ࢦΓ·͢ɻ

ɹҰํɺ̡ ՝ղܾܕΞϥΠΞϯεϓϩδΣΫτۀࣄʳʹ͓͍

&4


�ト��ク型������事業

n基盤共同研究
n施設・設備利⽤共同研究
n展開共同研究
n次世代若⼿共同研究
n COREラボ共同研究

�����イス�	��
��

ナノシステム科学研究領域
物質創製開発研究領域
物質組織化学研究領域

ナノサイエンス・デバイス研究領域
物質機能化学研究領域

国・公・私⽴⼤学 独⽴⾏政法⼈研究所

企業・地域

阪⼤産研
ISIR

北⼤電⼦研
RIES

東北⼤多元研
IMRAM

九⼤先導研
IMCE

東⼯⼤化⽣研
CLS

����
（東北⼤多元研）
��研��

公募共同研究公募共同研究
施設・設備利⽤共同研究

�����イス�	��
��

・デバイス研究領域

北⼤電⼦研
�����	��学�

東北⼤多元研
�+�%#�*�

阪⼤産研
��������・
���

東⼯⼤化⽣研
�+�$ �学�

九⼤先導研
�+��)�学�

5��2�
"0!�の'%
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⼈・環境と物質をつなぐ
イノベーション創出

ダイナミック・アライアンス

エレクトロニクス物質・デバイス

環境エネルギー物質・デバイス・プロセス

⽣命機能物質・デバイス・プロセス

阪⼤産研
ISIR

北⼤電⼦研
RIES

東北⼤多元研
IMRAM

九⼤先導研
IMCE

東⼯⼤化⽣研
CLS

アライアンス
ALLIANCE

「⼈材・装置・場所」
のシェアリング

⼈材育成

国際頭脳循環の核

世界をリードする成果
新学術分野の創製

課題解決型アライアンスプロジェクト事業

ϩΰͷ੍ఆʹ͍ͭͯ
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ͯɺʮਓɾڥͱ࣭Λͭͳ͙Πϊϕʔγϣϯग़μΠφϛο

ΫɾΞϥΠΞϯεʯΛڀݚ�ॴؒͷ࿈ܞϓϩδΣΫτͱͯ͠ਪ

ਐ͍ͯ͠·͢ 	���� ʹελʔτͨ͠ΞϥΠΞϯε͔ۀࣄ

Β͑ͯظ�ͷϓϩδΣΫτͰ͋Γɺ����͔Βͷۀࣄ
ɻ

ຊΛ͔Βೆ·Ͱॎஅ͢ΔܗͰʮਓࡐɾஔɾॴͷγΣΞ

ϦϯάʯΛಛͱ͠ɺ��ੈلʹ͓͍ͯ҆શ҆৺Ͱ࣭ͷ͍ߴੜ

ϓϩδΣܕΕΔ�ͭͷ՝ղܾ͞ٻཁʹݱͷͰ͖Δࣾձͷ࣮׆

Ϋτͱͯ͠ɺ�ʣΤϨΫτϩχΫε ࣭ɾσόΠεʢ(�ʣɺ�ʣ

ػΤωϧΪʔ࣭ɾσόΠεɾϓϩηεʢ(�ʣɺ�ʣੜ໋ڥ

 ࣭ɾσόΠεɾγεςϜʢ(�ʣΛઓུతʹઃఆ͠ɺڀݚ

ॴԣஅܕͷڞಉڀݚΛਪਐ͍ͯ͠·͢ɻ͞ Βʹ(�ʙ(�άϧʔ

ϓʹͨͬލ༥߹Λ͠ࢦ ʮͨ ɾ࣭ੑධՁԣ۲αϒάϧʔ

ϓʯΛ৫͠ɺϢχʔΫͳ׆ڀݚಈΛల։͍ͯ͠·͢ɻڀݚ�

ॴ �άϧʔϓʹॴଐ͢Δ PI  ���໊ʹ্ΓɺएखऀڀݚΛ

ؚΊͨৗڭۈһͷ૯ ���໊Λ͑ΔنΛ༗͍ͯ͠

·͢ɻ·ͨɺμΠφϛοΫɾΞϥΠΞϯεۀࣄɺωοτϫʔ

Ϋܕʮ࣭ɾσόΠεྖҬڞಉڌڀݚʯͱ૬ิత͔ͭີͳ

࿈ܞΛਤΓɺલड़ͷΑ͏ʹɺଟ༷ͳϓϩάϥϜΛاըɾӡ༻͠

͍ͯ·͢ɻ

ɹ͜ͷΑ͏ʹɺ�ͭͷཱࠃେֶ๏ਓෟஔڀݚॴ͕ɺ֤ʑͷಘҙ

Ͱ૬ޓʹ࿈ܞɾωοτϫʔΫΛΈ૬ิతɾྗڠతͳମ੍

ΛऔΔɺͱ͍͏େֻ͔Γͳڞಉڌڀݚ͓ΑͼμΠφϛοΫɾ

ΞϥΠΞϯεۀࣄଞʹྨྫ͕ͳ͘ɺ࣭ɾσόΠεɾγες

Ϝج൫ٕज़Λ֨ஈʹਐలͤ͞ɺ҆શ҆৺Ͱ࣭ͷ͍ߴੜ׆ͷ

Ͱ͖Δࣾձ࣮ݱେ͖͘د༩͢Δ͜ͱ͕ظ͞Ε͍ͯ·͢ɻ

⼈・環境と物質をつなぐ
イノベーション創出

ダイナミック・アライアンス

エレクトロニクス物質・デバイス

環境エネルギー物質・デバイス・プロセス

⽣命機能物質・デバイス・プロセス

阪⼤産研
ISIR

北⼤電⼦研
RIES

東北⼤多元研
IMRAM

九⼤先導研
IMCE

東⼯⼤化⽣研
CLS

アライアンス
ALLIANCE

「⼈材・装置・場所」
のシェアリング

⼈材育成

国際頭脳循環の核

世界をリードする成果
新学術分野の創製

課題解決型アライアンスプロジェクト事業

ϩΰͷ੍ఆʹ͍ͭͯ

ɹ���� �݄ɺ࣭ɾσόΠεྖҬڞಉڌڀݚɺμΠφϛοΫɾΞϥΠΞϯεͰɺͦΕͧΕͷϩΰΛ੍ఆ͠·ͨ͠ɻ࣭ɾσόΠεྖҬ

Ί͋͏ʯΛɺμΠφϛοΫɾΞϥΠΞϯεʮμΠφϛοΫͳൃ৴ʯΛɺͦΕͧΕϞνʔϑͱͯ͠ɺ̑৭ߴͳ͕Β͍͋͠ྗڠʮڌڀݚಉڞ

ͷύʔπ͔ΒͳΔҰ؏ੑͷ͋ΔਤܗͰද͍ͯ͠ݱ·͢ɻγϯϓϧͳਤܗͱུޠʢNJ3Cɺ'JWF�SUaSʣ͔ΒͳΔύλʔϯʢΧϥʔɺϞϊΫϩʣͱɺ

ϩΰλΠϓͱΈ߹ΘͤͨίϯϏωʔγϣϯύλʔϯΛ४උ͠·ͨ͠ɻຊڌɺΞϥΠΞϯεʹΔՌൃදใൃ৴ͳͲͷ׆ʹࡍ༻͍ͯ͠

͚ͨͩ·͢ɻ
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ઃࢪ์ࣹޫੈ࣍

ɹจ෦Պֶলɺ���� �݄ ňຽҬύʔτφʔγοϓʹ

ΑΔੈ࣍์ࣹޫࢪઃͷਪਐŉ Λൃද͠·ͨ͠ɻੈ࣍์ࣹޫ

��SPSJnH	ઃࢪޫࣹ์ܕઢྖҬͰɺେ	9	ઃɺೈࢪ ͷ ��� ഒ

ͷًߴੑͱߴίώʔϨϯεੑʢՄׯবੑʣͱ͍͏࠷ઌͷޫ

Λ༗͠·͢ɻ͜ͷೈੑݯ 9ઢྖҬͷًߴੑɺܰݩૉભ

ҠۚଐͷԽֶঢ়ଶΛ໌͔ͭਝʹՄࢹԽ͠·͢ɻ·ͨɺߴί

ώʔϨϯεੑΛར༻ͨ͠ܭଌख๏ͷਐలʹΑΓɺෆۉҰͳࡐྉ

Խ͢Δ͜ͱ͕ग़དྷΔΑࢹnNϨϕϧͷղͰՄ	��Λػͷܥ

͏ʹͳΓ·͢ɻ͜ΕΒͷޫੑݯɺ์ ࣹޫʹΑΔʮͷํ͑ݟʯ

ΛҰ৽͠ɺࡐྉੜ໋ͷػΛφϊεέʔϧͰՄࢹԽ͠ɺڀݚ

։ൃʹ͓͚ΔԾઆূݕαΠΫϧΛҰؾʹՃ͢Δͱظ͞Εͯ

͍·͢ɻͦͷ׆༻ൣғɺ৮ഔࡐྉɺ࣓ੑɾεϐϯτϩχΫε

ɺཧֶɺֶɺֶྉͪΖΜɺࡐྉͳͲࡐࢠߴྉɺࡐ

ҩֶɺҩֶɺֶݹߟͳͲɺൣͳֶज़ͱۀ࢈ʹٴͼ

·͢ɻ͢ͳΘͪɺੈ࣍์ࣹޫࢪઃɺ͜ ͏ֶͨ͠σΟ

γϓϦϯͱͱʹɺڀݚΛ౷߹ɾՃ͢Δڌͷू݁ʹΑΓɺ

ங͢ΔϙςϯγϟϧΛ༗͍ͯ͠·͢ɻਤߏ൫Λج։ൃڀݚ �

ͦͷੈ࣍์ࣹޫࢪઃͷΠϝʔδͰ͋Γɺ͜ͷपΓʹֶ࢈ͷ

͕ूੵ͠·͢ɻଟ༷ͳσΟγϓϦϯΛ༗ڌҭͷࡐਓڀݚ

͢ΔେֶͷΩϟϯύεͱ͍͏ཱͱɺ֗ࢢத৺෦͔ΒͷΞΫ

ηεͷྑ͕͞ɺڀݚ։ൃج൫ͷػΛڧԽ͢Δͱظ͞Ε·͢ɻ

(F7	�ɺւ֎Ͱɺಉ༷ͷʹط ઃ͞Εɺपݐઃ͕ࢪͷ์ࣹޫڃ

ลͷେֶؔػڀݚͱ࿈͠ܞɺϦαʔνίϯϓϨοΫεΛܗ

͍ͯ͠·͢ɻຊࢪઃɺࠃͷೈ 9ઢྖҬͷ์ࣹޫ׆༻ͷΕ

Λٯస͠ɺڀݚͷڝࡍࠃ૪ྗΛڧԽ͢ΔݪಈྗͱͳΓ·͢ɻ

ɹຽҬύʔτφʔγοϓɺੈ࣍์ࣹޫͷֶज़ͱۀ࢈ͷ

քੈ͏ߦΛܞɺׂ୲ͱ࿈͍ͯͭʹ༺׆Δ͢ࢿʹଓతൃల࣋

ͰྨΛݟͳ͍ઓతͳΈͰ͢ɻຊֶɺ์ Αͬʹ༺׆ޫࣹ

߹ଘͷֶज़ͷਂԽͱ৽ͨͳֶज़ྖҬͷ։ɺͦͯ͠༥طͯ

ֶ࢈࿈ܞʹΑΔΠϊϕʔγϣϯͷग़Λઌಋ͢Δϛογϣϯ

Λ༗͠·͢ɻֶज़ऀڀݚɺطଘͷڞ༻๏ͷԼͰͷࢪઃར༻ͩ

͚Ͱͳ͘ɺۀاͱ �ର �ͰύʔτφʔΛΈɺग़ޱΠϝʔδ

Λڞ༗͠ɺڀݚγʔζઐࣝΛҎͯۀاͷ՝ղܾΛࢧԉ

ͨ͠Γɺͦ ͷաఔͰ৽ͨͳֶज़ڀݚςʔϚΛ։ͨ͠Γग़དྷΔɺ

ίΞϦγϣϯɾίϯηϓτʢ༗ࢤ࿈߹ʣͷԼͰͷػ༺׆ձΛಘ

Δ͜ͱ͕ग़དྷ·͢ɻͦͷઌʹɺۀاɾҬͱ࿈͠ܞɺֶज़ʹ

ཪ͚ΒΕͨ։ൃ࣮ূ࣮ݧΛՄͱ͢ΔϦαʔνίϯϓ

ϨοΫεͷܗ͕͋Γ·͢ɻ

ɹੈ࣍์ࣹޫࢪઃΛΠϊϕʔγϣϯͷݯઘͱ͢ΔͨΊͷඋɾ

ӡӦʹ͍ͭͯɺ์ࣹޫՊֶͷֶज़ίϛϡχςΟɺطଘͷ์ࣹ

Ӧɺܦɺେֶͷۀاքͷར༻ऀʹՃ͑ɺۀ࢈ઃͷֶज़͓Αͼࢪޫ

Ҭ͓Αͼதԝͷࡁܦքɺ࣏ࣗମͱͷɺ����ΑΓ �ؒʹ

ΘͨΔରͷ݁ՌΛجʹίϯηϓτ͕۩ମԽ͞Ε͖ͯ·ͨ͠ɻ

ϩϘςΟΫεΠϊϕʔγϣϯϕϯνͷํ͑ߟΛಋೖͨ͠Ϗʔ

ϜϥΠϯσβΠϯɺֶ࢈ར༻ʹΑΔՌͷ࠷େԽͱࣾձ࣮ͷ

ՃΛͨ͠ࢦίΞϦγϣϯɾίϯηϓτͰ͢ɻ����  �

ఆࢦ͕ߏػ։ൃڀݚՊֶٕज़ࢠʣͷओମͱͯ͠ྔଆʢࠃʹ݄

͞ΕɺύʔτφʔͷఏҊ͕ެื͞Ε·ͨ͠ɻཌ �݄ʹɺҰൠ

ٶͱͯ͠ɺؔػޫՊֶΠϊϕʔγϣϯηϯλʔΛද	๏ਓஂࡒ

ݝɺઋࢢɺ౦ࡁܦ࿈߹ձͱ౦େֶ͕Ҭύʔτφʔʹ

બఆ͞Ε·ͨ͠ɻݐઃͷݕ౼Λͯܦɺ���� ΑΓɺຊֶ	

੨༿ࢁ৽Ωϟϯύεʹͯੈ࣍์ࣹޫࢪઃͷඋ͕։࢝͞Ε·

ͨ͠ɻ����ͷϑΝʔετϏʔϜΛ͍ͯ͠ࢦ·͢ɻ

ɹੈ࣍์ࣹޫࢪઃͰɺຽҬύʔτφʔγοϓͷԼɺֶ

ज़͓Αͼۀ࢈ք͕՝Λڞ༗͠ͳ͕Β׆༻Ͱ͖ɺΠϊϕʔγϣ

ϯग़ʹ͢ࢿΔڥڀݚͷඋͱͯ͠ٻΊΒΕ͍ͯΔ݅ɿ

ɹʢ�ʣೈ 9ઢ͔Βςϯμʔ 9ઢ·Ͱ෯͍ΤωϧΪʔྖҬͷར༻

ɹʢ�ʣ҆ఆͰΕͷͳ͍ػಈతͳར༻ �Նӡసͷ࣮ݱ

ɹʢ�ʣσʔλղੳɾར༻ࢧԉͷॆ࣮

ɹʢ�ʣֶज़ύʔτφʔͱͷઓུత࿈ܞͷػձ֦େ

ɹʢ�ʣࣗಈܭଌɾϝʔϧΠϯγεςϜͷඋ

 	͢ࢦΛܗຽҬύʔτφʔγοϓͷԼɺϦαʔνίϯϓϨοΫε

Πϊϕʔγϣϯग़Λ͑ࢧΔඋɾӡ༻ํ  

ਤ��	౦େֶ੨༿ࢁ৽Ωϟϯύεʹݐઃ͕ਐΉੈ࣍์ࣹޫࢪઃʢΠϝʔδʣ
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ɹॳظϏʔϜϥΠϯɺࠃʢʣ͕�ຊɺҬύʔτφʔ͕�

ຊΛඋ͠·͢ɻ౦େֶҬύʔτφʔͷҰһͱͯ͠ɺ͜

ΕΒ�ຊͷϏʔϜϥΠϯʹ͍ͭͯɺઃ͔ܭΒ׆༻·ͰΛαΠΤ

ϯε໘͔Βࢧԉ͢ΔׂΛ୲͓ͬͯΓɺ͜Ε·Ͱʹɺޫݯಛੑ

Λ͔͢׆ϢʔβʔओମͷϏʔϜϥΠϯίϯηϓτΛఏҊ͖ͯ͠

·ͨ͠ɻ·ͨɺੈ࣍ੑͷ؍͔Βॏతʹඋ͖͢ܭଌ

ͱͯ͠ɺҎԼΛఏ͍ࣔͯ͠·͢ɻ

ɹʢ�ʣ	ߴ	 ًΛػ͔ͨ͠׆ൃݱɺࣦ׆ͷՄࢹԽܭଌɿ	࣌

ϛϦඵʙφϊඵɺ	ղɿؒ࣌ଌʢܭଌɺΦϖϥϯυܭׂ

��ϐίඵʣ

ɹʢ�ʣ		࣭ՊֶɺڥՊֶɺੜ໋Պֶ͋ΒΏΔͰػ

ԠͷݤΛѲΔݩૉͷిࢠঢ়ଶɾԽֶঢ়ଶՄࢹԽܭଌɺ

ೈ 9ઢྖҬʹڧΈΛͪςϯμʔ 9ઢྖҬ͔Βߗ 9ྖ

ҬͷྖҬΛΧόʔ͢Δޫܭଌɿ	ޫిࢠޫɺޫٵऩ

ޫɺൃޫޫɺ9A'Sɺ9MCD

ɹʢ�ʣ	ߴ	 ͍ίώʔϨϯεੑɺूޫੑΛߴͨ͠༺׆ղͷߏ

ՄࢹԽܭଌɿλΠίάϥϑΟɺϗϩτϞάϥϑΟʔɺҐ

૬ίϯτϥετΠϝʔδϯάͷՄࢹԽٕज़

ɹʢ�ʣ		� ʙ �Λ౷߹ͨ͠ෳ߹ܭଌɿCT�9A'SɺλΠίάϥϑΟ

9'ASɺλΠίάϥϑΟMCD

ਤ �ɺ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯ

ηϓτΛ͍ࣔͯ͠·͢ɻ#- ͷԣஅతͳ׆༻ʹΑͬͯɺ͜Ε·

Ͱෳͷࢪઃͷ์ࣹޫΛ·͙ͨඞཁͷ͋ͬͨσʔληοτΛɺ

·ઃͷதͰऩू͢Δ͜ͱ͕ग़དྷΔΑ͏ʹͳΓࢪ์ࣹޫੈ࣍

͢ɻ͜ΕΒͷϥΠϯφοϓʹΑͬͯɺ্هʢ�ʣ͔Βʢ�ʣΛ࣮

Γ·͢ɻ͍·ͯ͠ݱ

ɹ֤ϏʔϜϥΠϯɺۀ࢈քɾֶज़քϢʔβʔͷଟ༷ͳχʔζ

ʹԠ͑Δ�छྨͷΤϯυεςʔγϣϯΛඋ͑·͢ɻ�ͭʮࣗ

ಈԽܭଌεςʔγϣϯʯͰ͋Γɺطʹཱ֬͞Εͨܭଌ๏Λओʹ

ΤϯυεςʔγϣϯͰ͢ɻଟ͘ͷϢʔβʔͷϋΠεϧʔ͏ߦ

ϓοτܭଌɺϝʔϧΠϯଌఆɺϦϞʔτܭଌͳͲͷχʔζʹԠ

͑ΔͨΊɺϩϘςΟΫεͷಋೖʹΑΔܭଌͷޮԽ͕ݕ౼͞Ε

͍ͯ·͢ɻ͏�ͭʮઌܭଌεςʔγϣϯʯͰ͋Γɺ3�D

͕ඞཁͱͳΔઓతͳܭଌΛओʹ͏ߦΤϯυεςʔγϣϯͰ

͢ɻͦ͜ͰɺϢʔβʔ͕ಠࣗͷࢼྉڥΛ͑ͯܭଌΛ͏ߦ

ͨΊͷɺʠऔΓ֎͠ՄͳܭଌϕϯνʹΠϊϕʔγϣϯϕϯνʡ

ͷಋೖΛఆ͍ͯ͠·͢ɻΠϊϕʔγϣϯϕϯνɺ�ຊͷ͍

ͣΕͷ #-ʹऔΓ֎͕͠Ͱ͖ΔΑ͏ઃ͞ܭΕΔͨΊɺෳͷ

ϏʔϜϥΠϯͷԣஅత׆༻Λ͑ࢧΔٕࠜװज़ʮPMVH	�	PMaZ ς

ΫϊϩδʔʯΛ͑ࢧΔཁૉͱͳ͍ͬͯ·͢ɻ

ɹ౦େֶҾ͖ଓ͖ɺੈ࣍ͷ์ࣹޫࢪઃ׆༻ͷࡏΓํʹͭ

͍ͯαΠΤϯε໘͔Βࢧԉ͠ɺࢪઃͷ׆༻Λ௨ֶͨ͡ज़ͷਂԽ

ͱൃలΛਪਐ͠·͢ɻ

Λ౿·͑ɺՃثɾޫݯɺϏʔϜϥΠϯͷجຊߏʹ͍ͭͯɺ

ҎԼΛ͍ͯ͛ܝ·͢ɻ

ɹʢ�ʣ		ै དྷͷ์ࣹޫࢪઃʹൺɺΑΓ҆ఆͰίϯύΫτͳޫݯͰɺ

ًϏʔϜण໋ͷΈͳΒͣ 9ઢΤωϧΪʔͷଳҬԽͱ

ίώʔϨϯεൺͷվળɺϏʔϜੑΛ૯߹తʹ࠷దԽ

ɹʢ�ʣ		ثػϝϯςφϯεؒظΛͤ͞ࢄΔ͜ͱͰɺظࢭఀظ

ؒͷͳ͍ਵ࣌ར༻Մͳڥͱɺ͍ߴ 3ASʢ3FMJaCJMJUZ	

৴པੑɺAWaJMaCJMJUZ	Մ༻ੑɺSFSWJDFaCJMJUZ	อकੑʣΛ

ͭՃثɾޫݯɾଳઃඋͷγεςϜઃܭͱলΤωઃ

	ʢফඅిྗܭ �	M8ɺઃඋ༰ྔ�	M8ʣͰؒ����

ݱͷ҆ఆͳར༻ӡసΛ࣮ؒ࣌

ɹʢ�ʣ		ઌੑɾϋΠεϧʔϓοτੑΛ࠷దԽͨ͠ϏʔϜϥΠϯ

ͷઓུతɾ૯߹తͳඋ

ɹ·ͨɺੈ࣍์ࣹޫࢪઃͷΤϛολϯεޫۀ࢈ʹݯք͕ظ

͢ΔεϖοΫͷ֓ཁͱͯ͠ɺҎԼ͕͛ڍΒΕ͍ͯ·͢ɻ

ɹʢ�ʣ		ೈ 9 ઢྖҬͰ SPSJnH�� ͷ ��� ഒͷًߴੑʢ���	

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

ɹʢ�ʣ		ߗ 9ઢྖҬʢ�ʙ��	LF7ʣͰɺSPSJnH�� ͱಉఔͷً

ɹʢ�ʣ		ՄࢹԽٕज़ʹδϟϯϓΛͨΒ͢ɺSPSJnH�� ͷ ���

ഒͱͳΔ͍ߴίώʔϨϯε

ɹʢ�ʣ		͋ ΒΏΔ؍ଌରͷ࣓ؾಛੑɺޫֶಛੑΛφϊͰܭଌՄ

ͱ͢Δภޫಛੑ

ҬύʔτφʔͷϏʔϜϥΠϯɾϥΠϯφοϓ  

ਤ�ɽ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯηϓτ
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ઃࢪ์ࣹޫੈ࣍

ɹจ෦Պֶলɺ���� �݄ ňຽҬύʔτφʔγοϓʹ

ΑΔੈ࣍์ࣹޫࢪઃͷਪਐŉ Λൃද͠·ͨ͠ɻੈ࣍์ࣹޫ

��SPSJnH	ઃࢪޫࣹ์ܕઢྖҬͰɺେ	9	ઃɺೈࢪ ͷ ��� ഒ

ͷًߴੑͱߴίώʔϨϯεੑʢՄׯবੑʣͱ͍͏࠷ઌͷޫ

Λ༗͠·͢ɻ͜ͷೈੑݯ 9ઢྖҬͷًߴੑɺܰݩૉભ

ҠۚଐͷԽֶঢ়ଶΛ໌͔ͭਝʹՄࢹԽ͠·͢ɻ·ͨɺߴί

ώʔϨϯεੑΛར༻ͨ͠ܭଌख๏ͷਐలʹΑΓɺෆۉҰͳࡐྉ

Խ͢Δ͜ͱ͕ग़དྷΔΑࢹnNϨϕϧͷղͰՄ	��Λػͷܥ

͏ʹͳΓ·͢ɻ͜ΕΒͷޫੑݯɺ์ ࣹޫʹΑΔʮͷํ͑ݟʯ

ΛҰ৽͠ɺࡐྉੜ໋ͷػΛφϊεέʔϧͰՄࢹԽ͠ɺڀݚ

։ൃʹ͓͚ΔԾઆূݕαΠΫϧΛҰؾʹՃ͢Δͱظ͞Εͯ

͍·͢ɻͦͷ׆༻ൣғɺ৮ഔࡐྉɺ࣓ੑɾεϐϯτϩχΫε

ɺཧֶɺֶɺֶྉͪΖΜɺࡐྉͳͲࡐࢠߴྉɺࡐ

ҩֶɺҩֶɺֶݹߟͳͲɺൣͳֶज़ͱۀ࢈ʹٴͼ

·͢ɻ͢ͳΘͪɺੈ࣍์ࣹޫࢪઃɺ͜ ͏ֶͨ͠σΟ

γϓϦϯͱͱʹɺڀݚΛ౷߹ɾՃ͢Δڌͷू݁ʹΑΓɺ

ங͢ΔϙςϯγϟϧΛ༗͍ͯ͠·͢ɻਤߏ൫Λج։ൃڀݚ �

ͦͷੈ࣍์ࣹޫࢪઃͷΠϝʔδͰ͋Γɺ͜ͷपΓʹֶ࢈ͷ

͕ूੵ͠·͢ɻଟ༷ͳσΟγϓϦϯΛ༗ڌҭͷࡐਓڀݚ

͢ΔେֶͷΩϟϯύεͱ͍͏ཱͱɺ֗ࢢத৺෦͔ΒͷΞΫ

ηεͷྑ͕͞ɺڀݚ։ൃج൫ͷػΛڧԽ͢Δͱظ͞Ε·͢ɻ

(F7	�ɺւ֎Ͱɺಉ༷ͷʹط ઃ͞Εɺपݐઃ͕ࢪͷ์ࣹޫڃ

ลͷେֶؔػڀݚͱ࿈͠ܞɺϦαʔνίϯϓϨοΫεΛܗ

͍ͯ͠·͢ɻຊࢪઃɺࠃͷೈ 9ઢྖҬͷ์ࣹޫ׆༻ͷΕ

Λٯస͠ɺڀݚͷڝࡍࠃ૪ྗΛڧԽ͢ΔݪಈྗͱͳΓ·͢ɻ

ɹຽҬύʔτφʔγοϓɺੈ࣍์ࣹޫͷֶज़ͱۀ࢈ͷ

քੈ͏ߦΛܞɺׂ୲ͱ࿈͍ͯͭʹ༺׆Δ͢ࢿʹଓతൃల࣋

ͰྨΛݟͳ͍ઓతͳΈͰ͢ɻຊֶɺ์ Αͬʹ༺׆ޫࣹ

߹ଘͷֶज़ͷਂԽͱ৽ͨͳֶज़ྖҬͷ։ɺͦͯ͠༥طͯ

ֶ࢈࿈ܞʹΑΔΠϊϕʔγϣϯͷग़Λઌಋ͢Δϛογϣϯ

Λ༗͠·͢ɻֶज़ऀڀݚɺطଘͷڞ༻๏ͷԼͰͷࢪઃར༻ͩ

͚Ͱͳ͘ɺۀاͱ �ର �ͰύʔτφʔΛΈɺग़ޱΠϝʔδ

Λڞ༗͠ɺڀݚγʔζઐࣝΛҎͯۀاͷ՝ղܾΛࢧԉ

ͨ͠Γɺͦ ͷաఔͰ৽ͨͳֶज़ڀݚςʔϚΛ։ͨ͠Γग़དྷΔɺ

ίΞϦγϣϯɾίϯηϓτʢ༗ࢤ࿈߹ʣͷԼͰͷػ༺׆ձΛಘ

Δ͜ͱ͕ग़དྷ·͢ɻͦͷઌʹɺۀاɾҬͱ࿈͠ܞɺֶज़ʹ

ཪ͚ΒΕͨ։ൃ࣮ূ࣮ݧΛՄͱ͢ΔϦαʔνίϯϓ

ϨοΫεͷܗ͕͋Γ·͢ɻ

ɹੈ࣍์ࣹޫࢪઃΛΠϊϕʔγϣϯͷݯઘͱ͢ΔͨΊͷඋɾ

ӡӦʹ͍ͭͯɺ์ࣹޫՊֶͷֶज़ίϛϡχςΟɺطଘͷ์ࣹ

Ӧɺܦɺେֶͷۀاքͷར༻ऀʹՃ͑ɺۀ࢈ઃͷֶज़͓Αͼࢪޫ

Ҭ͓Αͼதԝͷࡁܦքɺ࣏ࣗମͱͷɺ����ΑΓ �ؒʹ

ΘͨΔରͷ݁ՌΛجʹίϯηϓτ͕۩ମԽ͞Ε͖ͯ·ͨ͠ɻ

ϩϘςΟΫεΠϊϕʔγϣϯϕϯνͷํ͑ߟΛಋೖͨ͠Ϗʔ

ϜϥΠϯσβΠϯɺֶ࢈ར༻ʹΑΔՌͷ࠷େԽͱࣾձ࣮ͷ

ՃΛͨ͠ࢦίΞϦγϣϯɾίϯηϓτͰ͢ɻ����  �

ఆࢦ͕ߏػ։ൃڀݚՊֶٕज़ࢠʣͷओମͱͯ͠ྔଆʢࠃʹ݄

͞ΕɺύʔτφʔͷఏҊ͕ެื͞Ε·ͨ͠ɻཌ �݄ʹɺҰൠ

ٶͱͯ͠ɺؔػޫՊֶΠϊϕʔγϣϯηϯλʔΛද	๏ਓஂࡒ

ݝɺઋࢢɺ౦ࡁܦ࿈߹ձͱ౦େֶ͕Ҭύʔτφʔʹ

બఆ͞Ε·ͨ͠ɻݐઃͷݕ౼Λͯܦɺ���� ΑΓɺຊֶ	

੨༿ࢁ৽Ωϟϯύεʹͯੈ࣍์ࣹޫࢪઃͷඋ͕։࢝͞Ε·

ͨ͠ɻ����ͷϑΝʔετϏʔϜΛ͍ͯ͠ࢦ·͢ɻ

ɹੈ࣍์ࣹޫࢪઃͰɺຽҬύʔτφʔγοϓͷԼɺֶ

ज़͓Αͼۀ࢈ք͕՝Λڞ༗͠ͳ͕Β׆༻Ͱ͖ɺΠϊϕʔγϣ

ϯग़ʹ͢ࢿΔڥڀݚͷඋͱͯ͠ٻΊΒΕ͍ͯΔ݅ɿ

ɹʢ�ʣೈ 9ઢ͔Βςϯμʔ 9ઢ·Ͱ෯͍ΤωϧΪʔྖҬͷར༻

ɹʢ�ʣ҆ఆͰΕͷͳ͍ػಈతͳར༻ �Նӡసͷ࣮ݱ

ɹʢ�ʣσʔλղੳɾར༻ࢧԉͷॆ࣮

ɹʢ�ʣֶज़ύʔτφʔͱͷઓུత࿈ܞͷػձ֦େ

ɹʢ�ʣࣗಈܭଌɾϝʔϧΠϯγεςϜͷඋ

 	͢ࢦΛܗຽҬύʔτφʔγοϓͷԼɺϦαʔνίϯϓϨοΫε

Πϊϕʔγϣϯग़Λ͑ࢧΔඋɾӡ༻ํ  

ਤ��	౦େֶ੨༿ࢁ৽Ωϟϯύεʹݐઃ͕ਐΉੈ࣍์ࣹޫࢪઃʢΠϝʔδʣ
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ɹॳظϏʔϜϥΠϯɺࠃʢʣ͕�ຊɺҬύʔτφʔ͕�

ຊΛඋ͠·͢ɻ౦େֶҬύʔτφʔͷҰһͱͯ͠ɺ͜

ΕΒ�ຊͷϏʔϜϥΠϯʹ͍ͭͯɺઃ͔ܭΒ׆༻·ͰΛαΠΤ

ϯε໘͔Βࢧԉ͢ΔׂΛ୲͓ͬͯΓɺ͜Ε·Ͱʹɺޫݯಛੑ

Λ͔͢׆ϢʔβʔओମͷϏʔϜϥΠϯίϯηϓτΛఏҊ͖ͯ͠

·ͨ͠ɻ·ͨɺੈ࣍ੑͷ؍͔Βॏతʹඋ͖͢ܭଌ

ͱͯ͠ɺҎԼΛఏ͍ࣔͯ͠·͢ɻ

ɹʢ�ʣ	ߴ	 ًΛػ͔ͨ͠׆ൃݱɺࣦ׆ͷՄࢹԽܭଌɿ	࣌

ϛϦඵʙφϊඵɺ	ղɿؒ࣌ଌʢܭଌɺΦϖϥϯυܭׂ

��ϐίඵʣ

ɹʢ�ʣ		࣭ՊֶɺڥՊֶɺੜ໋Պֶ͋ΒΏΔͰػ

ԠͷݤΛѲΔݩૉͷిࢠঢ়ଶɾԽֶঢ়ଶՄࢹԽܭଌɺ

ೈ 9ઢྖҬʹڧΈΛͪςϯμʔ 9ઢྖҬ͔Βߗ 9ྖ

ҬͷྖҬΛΧόʔ͢Δޫܭଌɿ	ޫిࢠޫɺޫٵऩ

ޫɺൃޫޫɺ9A'Sɺ9MCD

ɹʢ�ʣ	ߴ	 ͍ίώʔϨϯεੑɺूޫੑΛߴͨ͠༺׆ղͷߏ

ՄࢹԽܭଌɿλΠίάϥϑΟɺϗϩτϞάϥϑΟʔɺҐ

૬ίϯτϥετΠϝʔδϯάͷՄࢹԽٕज़

ɹʢ�ʣ		� ʙ �Λ౷߹ͨ͠ෳ߹ܭଌɿCT�9A'SɺλΠίάϥϑΟ

9'ASɺλΠίάϥϑΟMCD

ਤ �ɺ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯ

ηϓτΛ͍ࣔͯ͠·͢ɻ#- ͷԣஅతͳ׆༻ʹΑͬͯɺ͜Ε·

Ͱෳͷࢪઃͷ์ࣹޫΛ·͙ͨඞཁͷ͋ͬͨσʔληοτΛɺ

·ઃͷதͰऩू͢Δ͜ͱ͕ग़དྷΔΑ͏ʹͳΓࢪ์ࣹޫੈ࣍

͢ɻ͜ΕΒͷϥΠϯφοϓʹΑͬͯɺ্هʢ�ʣ͔Βʢ�ʣΛ࣮

Γ·͢ɻ͍·ͯ͠ݱ

ɹ֤ϏʔϜϥΠϯɺۀ࢈քɾֶज़քϢʔβʔͷଟ༷ͳχʔζ

ʹԠ͑Δ�छྨͷΤϯυεςʔγϣϯΛඋ͑·͢ɻ�ͭʮࣗ

ಈԽܭଌεςʔγϣϯʯͰ͋Γɺطʹཱ֬͞Εͨܭଌ๏Λओʹ

ΤϯυεςʔγϣϯͰ͢ɻଟ͘ͷϢʔβʔͷϋΠεϧʔ͏ߦ

ϓοτܭଌɺϝʔϧΠϯଌఆɺϦϞʔτܭଌͳͲͷχʔζʹԠ

͑ΔͨΊɺϩϘςΟΫεͷಋೖʹΑΔܭଌͷޮԽ͕ݕ౼͞Ε

͍ͯ·͢ɻ͏�ͭʮઌܭଌεςʔγϣϯʯͰ͋Γɺ3�D

͕ඞཁͱͳΔઓతͳܭଌΛओʹ͏ߦΤϯυεςʔγϣϯͰ

͢ɻͦ͜ͰɺϢʔβʔ͕ಠࣗͷࢼྉڥΛ͑ͯܭଌΛ͏ߦ

ͨΊͷɺʠऔΓ֎͠ՄͳܭଌϕϯνʹΠϊϕʔγϣϯϕϯνʡ

ͷಋೖΛఆ͍ͯ͠·͢ɻΠϊϕʔγϣϯϕϯνɺ�ຊͷ͍

ͣΕͷ #-ʹऔΓ֎͕͠Ͱ͖ΔΑ͏ઃ͞ܭΕΔͨΊɺෳͷ

ϏʔϜϥΠϯͷԣஅత׆༻Λ͑ࢧΔٕࠜװज़ʮPMVH	�	PMaZ ς

ΫϊϩδʔʯΛ͑ࢧΔཁૉͱͳ͍ͬͯ·͢ɻ

ɹ౦େֶҾ͖ଓ͖ɺੈ࣍ͷ์ࣹޫࢪઃ׆༻ͷࡏΓํʹͭ

͍ͯαΠΤϯε໘͔Βࢧԉ͠ɺࢪઃͷ׆༻Λ௨ֶͨ͡ज़ͷਂԽ

ͱൃలΛਪਐ͠·͢ɻ

Λ౿·͑ɺՃثɾޫݯɺϏʔϜϥΠϯͷجຊߏʹ͍ͭͯɺ

ҎԼΛ͍ͯ͛ܝ·͢ɻ

ɹʢ�ʣ		ै དྷͷ์ࣹޫࢪઃʹൺɺΑΓ҆ఆͰίϯύΫτͳޫݯͰɺ

ًϏʔϜण໋ͷΈͳΒͣ 9ઢΤωϧΪʔͷଳҬԽͱ

ίώʔϨϯεൺͷվળɺϏʔϜੑΛ૯߹తʹ࠷దԽ

ɹʢ�ʣ		ثػϝϯςφϯεؒظΛͤ͞ࢄΔ͜ͱͰɺظࢭఀظ

ؒͷͳ͍ਵ࣌ར༻Մͳڥͱɺ͍ߴ 3ASʢ3FMJaCJMJUZ	

৴པੑɺAWaJMaCJMJUZ	Մ༻ੑɺSFSWJDFaCJMJUZ	อकੑʣΛ

ͭՃثɾޫݯɾଳઃඋͷγεςϜઃܭͱলΤωઃ

	ʢফඅిྗܭ �	M8ɺઃඋ༰ྔ�	M8ʣͰؒ����

ݱͷ҆ఆͳར༻ӡసΛ࣮ؒ࣌

ɹʢ�ʣ		ઌੑɾϋΠεϧʔϓοτੑΛ࠷దԽͨ͠ϏʔϜϥΠϯ

ͷઓུతɾ૯߹తͳඋ

ɹ·ͨɺੈ࣍์ࣹޫࢪઃͷΤϛολϯεޫۀ࢈ʹݯք͕ظ

͢ΔεϖοΫͷ֓ཁͱͯ͠ɺҎԼ͕͛ڍΒΕ͍ͯ·͢ɻ

ɹʢ�ʣ		ೈ 9 ઢྖҬͰ SPSJnH�� ͷ ��� ഒͷًߴੑʢ���	

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

ɹʢ�ʣ		ߗ 9ઢྖҬʢ�ʙ��	LF7ʣͰɺSPSJnH�� ͱಉఔͷً

ɹʢ�ʣ		ՄࢹԽٕज़ʹδϟϯϓΛͨΒ͢ɺSPSJnH�� ͷ ���

ഒͱͳΔ͍ߴίώʔϨϯε

ɹʢ�ʣ		͋ ΒΏΔ؍ଌରͷ࣓ؾಛੑɺޫֶಛੑΛφϊͰܭଌՄ

ͱ͢Δภޫಛੑ

ҬύʔτφʔͷϏʔϜϥΠϯɾϥΠϯφοϓ  

ਤ�ɽ�ຊͷϏʔϜϥΠϯͷϥΠϯφοϓͱԣஅత׆༻ίϯηϓτ
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+4TʢՊֶٕज़ৼߏػڵʣͷ &3"T0ʢઓུతڀݚਪਐۀࣄʣʹ ΑΔ
౦େֶଟݩ࣭ՊֶڀݚॴΛத֩ͱͨ͠

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


ɹඦੜྔࢠϏʔϜҐ૬ΠϝʔδϯάϓϩδΣΫτͰɺͦͷຊ

ɺߴͰ͋Δฏ���݄͔Βྩ��݄·Ͱؒظ ΤωϧΪʔ

ϏʔϜͷͱͯ͠ͷੑࢠͳͲͷྔࢠɺిࢠʢ̭ઢʣதੑࢠޫ

࣭Λར༻ͯ͠ɺྔࢠϏʔϜ͕ମΛಁա͢Δࡍʹੜ͡ΔҐ૬ͷ

มԽʢҐ૬ใʣΛ׆༻͢ΔʮҐ૬Πϝʔδϯάʯٕज़ͷඈ༂

తͳల։Λ͖ͯ͠ࢦ·ͨ͠ɻҾ͖ଓ͖ɺಛผॏؒظͱͯ͠

ྩ̎ͷҰؒɺ։ൃͨ͠Ґ૬Πϝʔδϯάٕज़ͷԠ༻ల

։ʹॏΛஔ͍ͯϓϩδΣΫτਪਐΛܧଓ͠·͢ɻ

ɹҐ૬Πϝʔδϯά୯ͳΔҐ૬ίϯτϥετ๏ͱҟͳΓɺ
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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
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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
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	ॿɹڭɹ		ॿɹڭɹ		ॿɹڭɹ	ATTJTUanU	PSofFTToS

ాɹ݈
TaLFIJLo	8ADA

ͱޚత੍ۃͷੵػੜ໋ͨ͠༺׆Խֶɾੜ໋ԽֶΛػ༗ࢎ֩
ࢠෆ੪ޫԠܥͷ
CIFNJDaM	CJoMoHZ	and	fVnDUJonaM	QIoUoDIFNJTUSZ

ɹอߥ
YaTVZVLJ	A3A,I

৽نԁೋ৭ੑଌఆ๏ͷ։ൃͱ
ੜମػࢠͷߏมԽݕ
ग़ͷԠ༻

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

ᄡೕಈࡉ๔খ๔ମʹ͓͚
ΔλϯύΫ࣭ͷδεϧϑΟυ
ߏػܗ߹݁

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

দҪɹහߴ
ToTIJUaLa	MATS6I

৽ػ୳ࡧΛۚͨ͠ࢦଐλ
ϯύΫ࣭ͷϝΧχζϜղ໌

SUSVDUVSF�fVnDUJon	 SFMaUJonTIJQT	 and	 noWFM	
SFaDUJonT	of	NFUaMMoQSoUFJnT

ɹਗ਼ਓܗח
,JZoUo	,AMA(ATA

λϯύΫ࣭ͷߏɾػμΠ
φϛΫεͷ୯ܭࢠଌج൫ͷ
ཱ֬

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	ʹΑΔײߴɾߴબ
తͳػੑࢼༀͷઃܭ։ൃ

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

෦ɹɹ૱
SaUoTIJ	8ATANA#E

ۚଐΠΦϯ߃ৗੑͱλϯύΫ
࣭࣭ཧߏػͷߏੜֶ

SUSVDUVSaM	CJoMoHZ	of	NFUaM	 Jon	IoNFoTUaTJT	
and	QSoUFJn	RVaMJUZ	DonUSoM

٢দɹެฏ
,oIFJ	YOS)IMATS6

Խബບͷ߹ͱిࢎ࣭ߴ
ࡧੑ୳ࢠ

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

Ԭଜɹलل
)JdFnoSJ	O,AM63A

ػೝࣝࢠΛඪతͱͨ͠ࢎ֩
ਓػߴن৽ͮ͘جʹߏ
ͷ։ൃࢠ

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

ఱɹ༎ଠ
YVUa	AMA(AI

খ๔༌ૹΛհͨ͠λϯύΫ࣭
࣭ཧߏػͷղ໌

MoMFDVMaS	NFDIanJTNT	 of	 QSoUFJn	 RVaMJUZ	
DonUSoM	TZTUFNT	WJa	WFTJDMF	USa⒏DLJnH

ౢɹथ
MaTaLJ	NIS)IJIMA

ޫʹΑΔΩϥϦςΟʔͷ
ͱ੍ޚɿੜମࢠΩϥϧޫ
Խֶ

SVQSaNoMFDVMaS	QIoUoDIJSoHFnFTJT	VTJnH	DIJSaM	
CJoNoMFDVMaS	NFdJa

খాढ़ߦ
ToTIJZVLJ	,O8ADA

ػΛ༻͍ͨੜମࢠੑখػ
ͷՄࢹԽͱ੍ޚ

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

ླɹਔࢠ
SaUoLo	S6;6,I

SA,63AϓϩδΣΫτ

খҪߒ೭
)JSoZVLJ	OI,A8A

Ұޫܬࢠޫ๏ʹΑΔੜମ
ࢠͷߴμΠφϛΫεͷ


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

ਫ্ɹɹਐ
SIJn	MI;6,AMI

ޚԽͱ੍ࢹͷՄػ๔ࡉΑΔʹܭઃࢠੑػ
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

ҨݱൃࢠͷԽֶత੍ޚΛํͨ͠ࢦ๏ͷ։ൃ
DFWFMoQNFnU	of	UIF	TUSaUFHZ	foS	UIF	DonUSoM	of	HFnF	FYQSFTTJon

಄ɹࢤ
)JSoTIJ	,6MI(AS)I3A

ܭઃػͷߏԽφϊࢎͮ͘جʹଌܭޫࣹ์
DFTJHn	of	noWFM	fVnDUJonaMJUJFT	Jn	oYJdF	nanoTUSVDUVSFT	CaTFd	
on	TZnDISoUSon	anaMZTJT

Ҵ༿ɹ࣍ݠ
,FnKJ	INA#A

൫جࢠ๔ͷλϯύΫ࣭࣭ཧγεςϜͷࡉ
MoMFDVMaS	CaTJT	of	UIF	QSoUFJn	RVaMJUZ	DonUSoM	TZTUFNT	Jn	DFMMT

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ 24

ແࡐػྉڀݚ෦
DI7ISION	O'	INO3(ANIC	MATE3IA-	3ESEA3C)

ແࡐػྉڀݚ෦ɺࡐࢉܭྉྗֶڀݚɺ์ࣹޫՄࢹԽใܭଌڀݚɺεϐϯྔࢠੑڀݚɺφϊεέʔϧ࣓ػؾڀݚɺϋΠ
ϒϦουφϊγεςϜڀݚɺݻମද໘ੑڀݚͰߏ͞Ε͍ͯ·͢ɻ֤ڀݚͰɺແܥػ࣭ɾࡐྉͷػߴԽಛੑ੍ޚɺσόΠε
Խɺػൃߏػݱͷղ໌ʹؔ͢ΔڀݚΛ͍ͯͬߦ·͢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



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ23

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

ҰࢠՄࢹԽɺࡉ๔ΠϝʔδϯάɺߏղੳΛͨ͠ۦੜ໋ػղ໌ɺͳΒͼʹͦΕΒͷػใͱ߹Խֶख๏Λ༥߹ͨ֩͠ࢎҩༀυϥο
άσϦόϦʔγεςϜߏஙͳͲʹऔΓΜͰ͍·͢ɻ͞Βʹੜ໋ػͱࡐྉՊֶΛ༥߹ͨ͠όΠΦϛϝςΟοΫεࡐྉͳͲɺੜ໋ػղ໌ͱ
࣭߹Λ༗ػతʹ݁ͼ͚ͭΔ͜ͱʹΑΓɺੈքΛϦʔυ͢ΔࡐྉɾσόΠεΛ͍ͯ͠ࢦ·͢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

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ 24

ແࡐػྉڀݚ෦
DI7ISION	O'	INO3(ANIC	MATE3IA-	3ESEA3C)

ແࡐػྉڀݚ෦ɺࡐࢉܭྉྗֶڀݚɺ์ࣹޫՄࢹԽใܭଌڀݚɺεϐϯྔࢠੑڀݚɺφϊεέʔϧ࣓ػؾڀݚɺϋΠ
ϒϦουφϊγεςϜڀݚɺݻମද໘ੑڀݚͰߏ͞Ε͍ͯ·͢ɻ֤ڀݚͰɺແܥػ࣭ɾࡐྉͷػߴԽಛੑ੍ޚɺσόΠε
Խɺػൃߏػݱͷղ໌ʹؔ͢ΔڀݚΛ͍ͯͬߦ·͢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

ਫ͔ڥΒͷڥෛՙԽֶछ
আڈͷͨΊͷଟٵ࣭ணཻࡐ
։ൃ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

ੜɹڮ∁
YVLJo	TA,A)AS)I

ԽࢹՄػใॲཧͷ༥߹ʹΑΔ࣭ߴଌͱܭޫࣹ์
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

ӿɹউಙ
MaTanoSJ	ENO,I

ྉࡐن৽ͨ͠༺׆ՊֶΛࢉܭ
։ൃ

DFWFMoQNFnU	 of	 nFX	NaUFSJaMT	 CaTFd	 on	
DoNQVUaUJonaM	TDJFnDF

٠ɹ৳໌
NoCVaLJ	,I,6C)I

࣓ੑମφϊߏͷ࣓Խߏػɾ
࣓ԽμΠφϛΫε

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

খɹमҰ
SIVJDIJ	O(A8A

φϊૉࡐྉͷC7D	๏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༻͍ͨҟৗੑ
Λ͏৽ੑ࣓حମͷڀݚ

SUVdZ	 on	 FYoUJD	 NaHnFUJD	 NaUFSJaMT	 XJUI	
anoNaMoVT	QSoQFSUJFT	CZ	nFVUSon	TDaUUFSJnH

ੴࠇɹɹࢤ
No[oNV	IS)I(63O

ઌ์ࣹޫܭଌʹΑΔػੑ
ԽࢹྉͷԽֶঢ়ଶՄࡐ

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

ಹɹ
,a[VIJSo	NA8A

தੑࢄࢠཚΛ༻͍ͨ৽͍࣓͠
ͷ։ൃىྭؾடং࣓ؾ

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

ֈߐɹࢤ
,JZoTIJ	,ANIE

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

Ѿɹ࢘ڡ
TadaTIJ	A#6,A8A

ද໘ߏղੳͱμΠφϛΫεܭଌʹͮ͘ج৽ػද໘ͷ

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

େ୩ɹത࢘
)JSoTIJ	O)TANI

࣮ଌͰ͖ͳ͍ࡐྉੑͷిࢠࢉܭͱࡐྉ։ൃͷԠ༻
DFWFMoQNFnU	 of	 nFX	NaUFSJaMT	 CaTFd	on	 DaMDVMaUJon	 of	
UIFSNodZnaNJD	QSoQFSUJFT	VTJnH	FMFDUSonJD	UIFoSZ

ɹɹ౻ࠤ
TaLV	SATO

தੑࢄࢠཚΛ༻͍ͨݻମதͷεϐϯμΠφϛΫεڀݚ
NFVUSon	 TDaUUFSJnH	 SFTFaSDI	 on	 UIF	 TQJn	 dZnaNJDT	 Jn	
DondFnTFd	NaUUFST



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ25

ϓϩηεγεςϜڀݚֶ෦
DI7ISION	O'	P3OCESS	AND	SYSTEM	EN(INEE3IN(

ϓϩηεγεςϜڀݚֶ෦ɺྟքφϊֶɺޫ࣭ՊֶɺݻମΠΦχΫεɾσόΠεɺڥద߹ૉࡐϓϩηεɺࡐྉϓϩηεͷ֤
Λཏ͢Δ෦Ͱ͋Γɺ࣮༻ԽڀݚΛॏతʹ࣮͍ͯ͠ࢪ·͢ɻѻ͏ૉࡐφϊϨϕϧ͔ΒϚΫϩϨϕϧ·Ͱଟछଟ༷Ͱ͕͢ɺૅجͱͳΔֶ
ཧԽֶɺແֶػɺϓϩηεֶͱڞ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༻͍࣭ͨมϓϩηε͓ΑͼφϊϑϧΠυͷ
߹ͱԠ༻
CIFNJDaM	SFaDUJon	QSoDFTTFT	Jn	TVQFSDSJUJDaM	XaUFS

ۙ౻ɹɹ
TadaTIJ	,ONDO

ᝋډɹ໌ߴ
TaLaaLJ	TOMAI

ઌΤωϧΪʔσόΠεʹࢿ
͢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

ޫՊֶͱ࣭Պֶͷ༥߹ڀݚ
MVMUJdJTDJQMJnaSZ	SFTFaSDI	of	QIoUonJDT	and	NaUFSJaM	TDJFnDF

Ӎᖒɹ࢙ߒ
,oKJ	AME;A8A

σόΤωϧΪʔมܕௐڥͨ͠٭ཱ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

ϨʔβʔޫͷڧɾภޫɾҐ
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
ͷղ໌ߏػݱੑൃػ

EMVDJdaUJon	of	 UIF	FMFDUSoDIFNJDaM	QSoQFSUJFT	
of	FnFSHZ	DonWFSTJon	dFWJDFT

ॿӬɹฏ
SoIFJ	S6,ENA(A

έΠࢎԘߴܥԹ༥ମ͓ΑͼΨ
ϥεͷཧԽֶతੑ࣭ͱඍߏ


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

Թߴͨ͠߹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

ϫΠυΪϟοϓಋମੈ࣍
γϦίϯΧʔόΠυͷ༹ӷ


SoMVUJon	HSoXUI	of	TJMJDon	DaSCJdF

ଜɹ༐ଠ
YVUa	,IM63A

֎ʹΑΔΤωϧΪʔஷଂʗ
มσόΠε༻ࡐྉͷੑ੍
ޚ

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

ؙԬɹ৳༸
NoCVIJSo	MA36O,A

࣋൫ͱ͢ΔجԹϓϩηεΛߴ
ଓՄγεςϜͷ։ൃ

DFWFMoQNFnU	of	TVTUaJnaCMF	TZTUFN	CaTFd	on	
UIF	IJHI	UFNQFSaUVSF	QSoDFTT

ࣲాɹߒ
)JSoZVLJ	S)I#ATA

ԹಛੑߴԽ͓Αͼۚଐͷࢎ
)JHI	UFNQFSaUVSF	QSoQFSUJFT	of	oYJdFT	and	NFUaMT
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৽نͳػߴࡐྉ։ൃΛΊͯ͟͠ɺిࢠɺதੑࢠɺϨʔβʔɺϚΠΫϩɺ์ࣹޫͳͲͷ༷ʑͳཻࢠి࣓Λ༻͍ͯɺ৽͍͠ܭଌɾղੳख๏։ൃ
Λਪਐ͠·͢ɻ·ͨɺػൃݱͷϝΧχζϜղ໌ΛؚΊͯɺج൫ͱͳΔࢠݪɾࢠޫֶɺද໘Պֶɺφϊք໘ՊֶɺݻମੑՊֶͳͲͷྖڀݚҬ
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�

෦ڀݚଌܭ
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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ཧԽֶɺແֶػɺϓϩηεֶͱڞ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�

෦ڀݚଌܭ
DI7ISION	O'	MEAS63EMENTS

ᬒɹɹঢ
NoCoSV	8ATANA#E

ࢠཚޫΛ༻͍ͨ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
σόΠεͷग़ޫح

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

ɹलߴ
)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
ϝʔδϯάͷߴԽ

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

ᖒɹએ
)JSonoCV	'6,6;A8A

ࣗ༝ిࢠϨʔβʔͱ์ࣹޫΛ
ɾΫϥελʔࢠɾࢠݪ͍ͨ༺
Պֶ

AUoNJD	NoMFDVMaS	and	DMVTUFS	TDJFnDFT	VTJnH	
fSFFFMFDUSon	MaTFS	and	TZnDISoUSon	SadJaUJon

ԞɹΈ͖͞
MJTaLJ	O,6NIS)I

μࢠɾࢠதͰͷిࢠޫڧ
ΠφϛοΫε

EMFDUSon	and	NoMFDVMaS	dZnaNJDT	 Jn	 JnUFnTF	
MaTFS	pFMdT

ࢁɹਅԝ
Mao	'6,6YAMA

ϚΠΫϩϝʔτϧαΠζͷք
໘Λར༻ͨ͠ඍྔੳԽֶૢ
ͷ։ൃ࡞

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

ౢɹɹߛฏ
,oIFJ	S)IMA

ϫΠυόϯυΪϟοϓಋମ
Λ༻͍ͨޮߴޫిࢠσόΠ
εͷ։ൃ

DFWFMoQNFnU	of	IJHI�F⒏DJFnDZ	oQUoFMFDUSonJD	
dFWJDFT	VTJnH	XJdF	CandHaQ	TFNJDondVDUoST

ؙྛɹ߂య
)JSonoSJ	MA36#AYAS)I

ճંɾࢄཚ๏ͱిݦࢠඍڸͷ૬ิ
తར༻ʹΑΔ݁থੑߴࡐࢠྉͷ
֊ߏͱμΠφϛΫεͷղੳ

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

ɹɹᯜޖ
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༻͍ͨ
ղղੳࢠݪྉͷࡐࢠߴ

AUoNJD�TDaMF	anaMZTJT	of	QoMZNFSJD	NaUFSJaMT	
VTJnH	USanTNJTTJon	FMFDUSon	NJDSoTDoQZ

ຊɹɹໞࢁ
)aKJNF	YAMAMOTO

৽نભҠۚଐࢎԽ୳ࡧͱྔ
ݚੑߏ͍ͨ༺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

ถɹޭ࣏
,oKJ	YONE,63A

	٬һڭतɹ		٬һڭतɹ		٬һڭतɹ	7JTJUJnH	PSofFTToS

ɹਖ਼ڮ∁
MaTaIJLo	TA,A)AS)I

ՊֶࢠিಥΛ༻͍ͨ੩త͓Αͼಈతࢠి
MoMFDVMaS	TDJFnDF	VTJnH	FMFDUSon	DoMMJTJonT	fSoN	UIF	TUaUJD	Uo	
UIF	UJNFSFToMWFd	SFHJNF

ଜɹ೭
)JSoZVLJ	,IM63A

தੑࢠɾ์ࣹޫɾ9ઢͷ૬ิར༻ʹΑΔػੑ࣭ͷߏ
ڀݚੑ
SUSVDUVSaM	TDJFnDF	of	NaUFSJaMT	CZ	a	DoNQMFNFnUaMMZ	VTF	of	
nFVUSon	SO3	and	9�SaZ

Րݪɹজल
ALJIJdF	)I#A3A

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

ਞɹ࢘ߒ
)JSoTIJ	JINNAI

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

ೆܙޙཧࢠ
ESJLo	NAN(O

λϯύΫ࣭μΠφϛΫεղੳͱޚ੍ࢠͷԠ༻
AnaMZTJT	of	QSoUFJn	TUSVDUVSaM	dZnaNJDT	and	JUT	aQQMJDaUJon	Uo	
NoMFDVMaS	DonUSoM	

ඦੜɹɹರ
AUTVTIJ	MOMOSE

̭ઢҐ૬Πϝʔδϯάख๏ͷ։
DFWFMoQNFnU	of	9�SaZ	QIaTF	JNaHJnH

டɹॏӳ
SIJHFfVTa	'�	C)IC)I#6

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

	ಛ।ڭत	ಛ।ڭत

	ಛࢣߨ

SQFDJaMMZ	AQQoJnUFd	
ATToDJaUF	PSofFTToS

SQFDJaMMZ	AQQoJnUFd	
SFnJoS	ATTJTUanU	PSofFTToS

َ௩ɹါथ
YVVLJ	ONITS6,A

͍ͨ༺ཚΛࢄίϯϓτϯࢠి
ԽֶԠμΠφϛΫεͷڀݚ

DZnaNJDT	TUVdZ	on	DIFNJDaM	 SFaDUJonT	VTJnH	
FMFDUSon	CoNQUon	TDaUUFSJnH
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ۚଐݯࢿϓϩηεڀݚηϯλʔ
CENTE3	'O3	MINE3A-	P3OCESSIN(	AND	META--63(Y

େ௩ɹɹ
MaLoUo	O)TS6,A

ଟػੑബບࡐྉͷػߴԽ
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

γϡλε	εϰΣϯ
SWFn	STA6SS

ੜମద߹ੑϚΠΫϩిͷ։
ൃͱͦͷԠ༻

DFWFMoQNFnU	and	aQQMJDaUJon	of	CJoDoNQaUJCMF	
NJDSoCaUUFSJFT

ਫ্ɹխ࢙
MaTaTIJ	MI;6,AMI

ද໘ྗ ŋ ৼͣΓଌఆ๏ͱքڞ
໘ޫʹΑΔφϊք໘ɾด͡
ڀݚΊӷମͷࠐ

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

൧௩ɹɹ३
AUTVTIJ	II;6,A

߭ɾഇغΛར༻ͨ͠ޮߴ
ਫ࣭ড়Խࡐྉͷ։ൃ

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

ਅઍࢠ
SaDIJLo	MA,I

ઌ์ࣹޫܭଌʹΑΔφϊε
έʔϧͷߏɾػ૬ؔͷଟ
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
݁থԽΞϧϛχϜͷӷ૬


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

ळࢁɹେี
DaJTVLF	A,IYAMA

ౡୈҰిൃྗࢠݪॴނࣄʹ
ΑΓੜͨ͡೩ྉσϒϦͷॲཧɾ
ॲͷڀݚ

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

ᤵԼɹਸ਼ൕ
MJ[VIo	YA#6S)ITA

ૉݯࢿͷ༗ޮ׆༻Λ͠ࢤ
ྉͷ։ൃࡐମ৮ഔݻͨ

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

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

ϨʔβʔϓϩηογϯάʹΑ
ΔػੑϑΟϧϜͷܗ

'oSNaUJon	of	fVnDUJonaM	pMNT	CZ	MaTFS	QSoDFTTJnH

ླɹҰ
ITTFJ	S6;6,I

৽͍͠ࢎԽಋମͷ୳ࡧͱ
ੑͷղ໌

EYQMoSaUJon	of	nFX	oYJdF	TFNJDondVDUoST	and	
anaMZTJT	of	UIFJS	QIZTJDaM	QSoQFSUJFT

ɹɹɹѴߴ
9V	(AO

ଟͷ༥߹ʹΑΔۚଐ࿉
εϥάͷར༻֦େ

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

খྛɹ໌߂
)JSoaLJ	,O#AYAS)I

ଟిࢠϨυοΫεԠΛར༻
ͨ͠ೋి࣍ਖ਼ۃφϊࡐྉͷ


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

ܙɹࢠۚ
'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

ࢸɹؠ
,a[VZVLJ	I8ASE

φϊߏͷ੍͞ޚΕͨ৽ిن
༺ྉͷ։ൃͱͦͷԠࡐ৮ഔۃ

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

߽ࠃɹɹݪ
(VoIao	Y6AN
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DFWFMoQNFnU	of	ToMJd�TUaUF	MJUIJVN�Jon	CaUUFSJFT	
XJUI	IJHI�WoMUaHF	QFSfoSNanDF	CaTFd	on	IaMJdF	
MJUIJVN	DondVDUoST
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SJNVMaUJon	foS	anaMZ[JnH	dZnaNJD	and	CSFaLaHF	
CFIaWJoST	of	QaSUJDMFT	Jn	XFU	CaMM	NJMMJnH
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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
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EMFDUSoDIFNJTUSZ	of	NFUaMT	 Jn	IZdSaUF�NFMUT	
and	NoMUFn	TaMUT
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'oSNaUJon	and	DonUSoM	of	QoMZNFS�NFUaM	NPT	
IZCSJd	nanoXJSFT
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)JHI	UFNQFSaUVSF	QIZTJDaM	DIFNJTUSZ
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#aDLFnd	DIFNJTUSZ	 Jn	nVDMFaS	 fVFM	DZDMF	and	QSoDFTTJnH	of	
SaSF	NFUaM	ToVSDF	DonUaJnJnH	NO3M
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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
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)JHI�UFNQFSaUVSF	QSoDFTTFT	and	NFaTVSFNFnUT	of	NaUFSJaMT
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DFWFMoQNFnU	 of	 nFX	 fVnDUJonaM	 QoXdFS	 QSoDFTTJnH	 and	
oQUJNVN	dFTJHn	of	QoXdFS	QSoDFTTJnH	CZ	nVNFSJDaM	TJNVMaUJon
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)JHIMZ	 fVnDUJonaM	 nanoQaSUJDMF	 TZnUIFTJT	XJUI	 QSFDJTFMZ	
DonUSoMMFd	TJ[F	and	TIaQF
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DFWFMoQNFnU	of	JnoSHanJD	FnFSHZ	DonWFSTJon	NaUFSJaMT	VTJnH	
JonFYDIanHF
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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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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
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INQSoWFNFnU	of	QSoQFSUJFT	 foS	NVMUJ�fVnDUJonaM	
UIJnpMNT	and	dFWFMoQNFnU	of	noWFM	dFWJDFT
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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
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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
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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

ۚଐݯࢿϓϩηεڀݚηϯλʔɺۚ ଐͷબ ɾ߭ਫ਼࿉ϓϩηεΛ͡Ίͱͯ͠ɺഇغݯࢿԽϓϩηεɺ֩ ೩ྉϓϩηεɺݯࢿ॥ɾॲཧϓϩηεɺ
ࢁ߭ࢢϓϩηεͳͲʹରͯ͠ɺࣾձج൫Λ͑ࢧΔۚଐͷબ߭ɾ࿉ͷӳஐΛ࠶͠ɺ৽͍ۚ͠ଐݯࢿϓϩηεͷະདྷΛ͠ٻ·͢ɻ
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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CaUa MZ U J D 	 TV S faDF	 TD JFnDF	 oQFnFd	 CZ	
TZnDISoU Son	 SadJaU Jon	 9�SaZ	 oQFSando	
NFaTVSFNFnUT
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DFWFMoQNFnU	 of	 TofU 	 9�SaZ	 DoSSF MaU Jon	
TQFDUSoNJDSoTDoQZ	aQQMZJnH	Uo	CJo�DFMMT
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DFWFMoQNFnU	 of	 adWanDFd	 USanTNJTTJon	
FMFDUSon	NJDSoTDoQZ	 foS	 FMFDUSoNaHnFUJD	
anaMZTFT	of	QSaDUJDaM	NaUFSJaMTa
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CSZTUaM	and	NaHnFUJD	TUSVDUVSF	anaMZTJT	VTJnH	
FMFDUSon	dJ⒎SaDUJon
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EYQMoSaUJon	of	NFDIanJTN	of	NoMFDVMaS	NoUJon	
on	ToMJd	TVSfaDFT

Ӌଟɹ
TadaTIJ	)ATANO

ೈ̭ઢଟບ݁૾ϛϥʔͷ։
ൃ

DFWFMoQNFnU	of	TofU	9�SaZ	NVMUJMaZFS	 JNaHJnH	
NJSSoST

ಓඌګ೭
YaTVZVLJ	SAINOO

ෳ߹ܭଌ๏ʹΑΔ࣮ۭؒ؍
ৼಈޫ๏ͷ։ൃ͍ͨͮجʹ

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

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

ݾɹਖ਼ࣉ
MaTaNJ	TE3A6C)I

ঢ়ଶղੳࢠɾిߏ͍ͨ༺Λڸඍݦࢠి
EMFDUSon	 DSZTUaMMoHSaQIZ	 and	 TQFDUSoTDoQZ	 CZ	 FMFDUSon	
NJDSoTDoQF

ถాɹ߂
TadaIJSo	,OMEDA

୯Ұࢠͷεϐϯࣗ༝Λ༻͍ͨσόΠε։ൃ
DFWFMoQNFnU	of	dFWJDFT	VTJnH	TJnHMF	NoMFDVMF	TQJn	dFHSFF	
of	fSFFdoN

ɹণथాߴ
MaTaLJ	TA,ATA

์ࣹޫʹΑΔ࣭ͷిີࢠϨϕϧͰͷՄࢹԽߏՊֶͷ
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

ઌܭଌ։ൃηϯλʔɺطଘͷஔΛߪೖͯ͠ͷԠ༻Ͱͳ͘ɺಠࣗͷஔ։ൃΛ͍ߦɺೈ 9 ઢߴΤωϧΪʔిࢠઢɺ͞Βʹτϯωϧిࢠͳ
ͲΛ࠷ͯ͠༺׆ઌͷܭଌٕज़։ൃΛ͏ߦͱಉ࣌ʹɺ։ൃٕͨ͠ज़ΛࣾձؐݩΛ͢Δ͜ͱΛඪͱ͍ͯ͠·͢ɻ͜ͷಠࣗͷஔ։ൃΛ࣮͢ࢪΔͨ
ΊɺஔϝʔΧʔͷଞɺۃΊٕ͍ͯߴज़ྗΛͭຊڀݚॴͷٕज़ࣨͱͷ࿈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	TQFDJFTԞଜɹੈ

ToNoZo	O,6M63A

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

தଜɹو
TaLaIJSo	NA,AM63A

ֵ৽తϨʔβʔϓϩηογϯ
άख๏Λ༻͍ͨ৽ػنੑࡐ
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

ػߴͮ͘جʹֶࢠੑ
ΧʔϘϯࡐྉͷ

SZnUIFTJT	of	fVnDUJonaM	DaSCon	NaUFSJaMT	CaTFd	
on	NoMFDVMaS	FnHJnFFSJnH

ҏ౦ɹॣ
SIVnZa	ITO

ք໘ࢠՊֶʹޫ͍ͨͮجφ
ϊΠϯϓϦϯτϦιάϥϑΟ
ʹΑΔφϊܗ

NanofaCSJDaUJon	CZ	67	nanoJNQSJnU	MJUIoHSaQIZ	
CaTFd	on	TVSfaDF	NoMFDVMaS	TDJFnDF

ླɹཾथ
3ZVKV	S6;6,I

ੜ༝དྷ༗ػ৭ૉͷφϊཻࢠ
ԽʹΑΔػߴԽ

'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

ༀࡎφϊཻࢠͷͱ৽نυ
ϥοάσϦόϦʔγεςϜͷ
ஙߏ

CSFaUJon	of	 nano	dSVHT	 UoXaSd	noWFM	 dSVH	
dFMJWFSZ	TZTUFN

ɹٱ
NoSJIJTa	)OS)INO

ػଟͨ͠༺׆ମࣗ༝Λݻ
ੑۚଐࡨମͷ։ൃ

DFWFMoQNFnU	 of	 NVMU J� fVnDU JonaM	 NFUaM	
DoNQMFYFT

μΦ	ςΟ	ΰοΫ	Ξϯ
AnI	TIJ	NHoD	DAO	

ాɹࢤو
TaLaTIJ	TA,EDA

ܥڞΛ༗͢ΔКੑ׆ࢠి
ࡧ୳ػͷ߹ͱࢠ

SZnUIFTFT	of	FMFDUSonJD	aDUJWF К DonKVHaUFd	
NoMFDVMFT	and	JnWFTUJHaUJon	UIFJS	fVnDUJon

༗ాɹູ
ToTIJIJLo	A3ITA

Խػଘॏ߹๏ʹΑΔڞࢠཻ
ϑΟϥʔͷ࡞ͱߴࡐࢠྉ
ͷվྑ

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

ݪɹ༸ʢ݉ɺAIM3ʣ
)JSoUoNo	NIS)I)A3A

ૉܥϋΠϒϦουࡐྉͷௐͱԠ༻
DFWFMoQNFnU	of	 DaSCon�CaTFd	IZCSJd	NaUFSJaMT	and	 UIFJS	
aQQMJDaUJonT

Րݪɹজलʢ݉ʣ
ALJIJdF	)I#A3A

தੑࢠɾ์ࣹޫɾ9ઢͷ૬ิར༻ʹΑΔػੑ࣭ͷߏ
ੑڀݚ
SUSVDUVSaM	TDJFnDF	of	NaUFSJaMT	CZ	a	DoNQMFNFnUaMMZ	VTF	of	
nFVUSon	SO3	and	9�SaZ

தɹɹউ
MaTaSV	NA,A(A8A

φϊΠϯϓϦϯτɾ༠ಋࣗݾ৫ԽɾࢠݪଯੵʹΑΔݶۃ
φϊܗɾߏੑͷ୳ڀ
SUVdZ	of	 VMUJNaUF	nano�fJHVSaUJon	and	 TUSVDUVSF�JndVDFd	
QSoQFSUZ	CZ	nanoJNQSJnU	dJSFDUFd	TFMf�aTTFNCMZ	and	aUoNJD	
MaZFS	dFQoTJUJon

ּҪɹɹۉ
)JUoTIJ	,ASAI

ͷग़ࡎφϊༀੈ࣍
CSFaUJon	of	nFX	HFnFSaUJon	nano�dSVHT

ևɹஐߦ
ToNoZVLJ	A,6TA(A8A

ଟॏػੑΛ༗͢Δ৽͍͠ूࢠ߹ମͷ
'aCSJDaUJon	of	nFX	NoMFDVMaS�aTTFNCMJFT	XJUI	NVMUJ�fVnDUJonaM	
QSoQFSUJFT

খ߃ࣉ৴
TTVnFnoCV	ONODE3A

༗ػɾߴࢠɾࡨମφϊ݁থ
Λج൫ͱ͢Δޫɾిࡐࢠྉͷ
։ൃ

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

ڀݚηϯλʔɺߴࢠɾϋΠϒϦουؔܥ࿈ͷΤϨΫτϩχΫεɺϑΥτχΫεɺΤωϧΪʔɺใɺٴͼφϊςΫϊϩδʔ
ʹ͢ڙΔ৽ػنੑߴࢠɾϋΠϒϦουࡐܥྉͷֶཧͱԠ༻ڀݚΛ͜͏ߦͱΛతͱͯ͠ൃ͠ɺಛͷ͋Δ̒ڀݚͰߏ͞Εɺ
֘ڀݚͷਪਐɺֶ࢈࿈ܞɺେֶӃੜͷڭҭɺ͓Αͼएखऀڀݚͷҭʹྗ͓ͯ͠Γ·͢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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৽ػແػ࣭୳ڀݚࡧηϯλʔ
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

৽ػແػ࣭୳ڀݚࡧηϯλʔɺࢎԽԽʹͱͲ·Βͳ͍ଟݩత৽نແػ࣭ͷ୳ٴࡧͼΛ͠ࢦɺٕڥݶۃज़ɺιϑτԽ
ֶٕज़Λͨ͠ۦ৽ن๏ͷ։ൃٴͼֶཧߏஙΛ͏ߦͱͱʹɺͦΕΒ৽ػ࣭Λ༻͍ͨۀ࢈Ԡ༻ΛਐΊΔ͜ͱΛతͱͯ͠ ���� ʹ
ൃ͠·ͨ͠ɻۚ ଐɾηϥϛοΫεͰ࣮ͷ͋Δڀݚ�Ͱߏ͞Εɺࠃ֎Ͱͷ৽ػແػ࣭୳ڀݚࡧͷଅਐΛ׆ͨ͠ࢦಈల։͠·͢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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PO-YME3ɾ)Y#3ID	MATE3IA-S	3ESEA3C)	CENTE3

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

ڀݚηϯλʔɺߴࢠɾϋΠϒϦουؔܥ࿈ͷΤϨΫτϩχΫεɺϑΥτχΫεɺΤωϧΪʔɺใɺٴͼφϊςΫϊϩδʔ
ʹ͢ڙΔ৽ػنੑߴࢠɾϋΠϒϦουࡐܥྉͷֶཧͱԠ༻ڀݚΛ͜͏ߦͱΛతͱͯ͠ൃ͠ɺಛͷ͋Δ̒ڀݚͰߏ͞Εɺ
֘ڀݚͷਪਐɺֶ࢈࿈ܞɺେֶӃੜͷڭҭɺ͓Αͼएखऀڀݚͷҭʹྗ͓ͯ͠Γ·͢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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৽ػແػ࣭୳ڀݚࡧηϯλʔ
CENTE3	'O3	E9P-O3ATION	O'	NE8	INO3(ANIC	MATE3IA-S

ߴɹాࢁ
TaLaIJSo	YAMADA

৽ۚنଐؒԽ߹ͷ୳ࡧͱ
ిมࡐྉͷԠ༻

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

࣭ߏݩૉͱඍྔݩૉͷݪ
ྉͷࡐੑػଌͱܭҐஔͷࢠ
։ൃ

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

ُԬɹɹ૱
SaUoTIJ	,AMEO,A

৽ۚحଐɾ߹ۚ৮ഔࡐྉͷઃ
ͱௐܭ

3FTFaSDI	and	dFWFMoQNFnU	of	noWFM	NFUaMMJD	
NaUFSJaMT	foS	DaUaMZTJT

ɹ७Ұڮ∁
JVnJDIJ	TA,A)AS)I

৽ػنੑࡐྉͷ୳ࡧͱಛੑ
ධՁ

3FTFaSDI	and	DIaSaDUFSJTUJD	FWaMVaUJon	of	nFX	
fVnDUJonaM	NaUFSJaMT

౻ాɹ৳ঘ
NoCVIJTa	'6JITA

४݁থߏͷزԿֶܕʹؔ
͢ΔཧతڀݚͱͦΕʹͮج
ͼੑͷղ໌ٴ҆ఆੑߏ͘

(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

ΤωϧΪʔมܕԠʹ͚
ͨޫ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߹Λͨ͠ࢦΤωϧΪʔมޫܕ৮ഔͷ։ൃ
DFWFMoQNFnU	of	QIoUoDaUaMZTUT	foS	FnFSHZ	DonWFSTJon	aJNJnH	
aU	aSUJpDJaM	QIoUoTZnUIFTJT

యٱɹࠜࢁ
)JTanoSJ	YAMANE

৽نଟܥݩແػԽ߹ͷ߹ͱ݁থߏղੳɺಛੑධՁ
SZnUIFTJT	 TUSVDUVSF	anaMZTJT	and	DIaSaDUFSJ[aUJon	of	nFX	
NVMUJnaSZ	JnoSHanJD	DoNQoVndT

ᓵɹɹɹ㦌
SIV	YIN

άϦʔϯϓϩηεʹΑΔηϥϛοΫεͷڥԠػੑ
ग़
CSFaUJon	 of	 FnWJSonNFnUaM	 SFTQonTJWF	 fVnDUJonaMJUZ	 of	
DFSaNJDT	CZ	HSFFn	QSoDFTT

৽ػແػ࣭୳ڀݚࡧηϯλʔɺࢎԽԽʹͱͲ·Βͳ͍ଟݩత৽نແػ࣭ͷ୳ٴࡧͼΛ͠ࢦɺٕڥݶۃज़ɺιϑτԽ
ֶٕज़Λͨ͠ۦ৽ن๏ͷ։ൃٴͼֶཧߏஙΛ͏ߦͱͱʹɺͦΕΒ৽ػ࣭Λ༻͍ͨۀ࢈Ԡ༻ΛਐΊΔ͜ͱΛతͱͯ͠ ���� ʹ
ൃ͠·ͨ͠ɻۚ ଐɾηϥϛοΫεͰ࣮ͷ͋Δڀݚ�Ͱߏ͞Εɺࠃ֎Ͱͷ৽ػແػ࣭୳ڀݚࡧͷଅਐΛ׆ͨ͠ࢦಈల։͠·͢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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Non�fFSSoVT	MFUaMMVSHZ ʗ 6SCan	MJnFT ʗ TIFSNodZnaNJDT ʗ 6MUSa	)JHI	
PVSJpDaUJon

⿏࿉ɾਫ਼࿉ٕज़ͷମܥతཧղʹͮ͘جϓϩηεͷޮߴԽ
⿏Ґ߭ੴରԠ࿉ٕज़ͷ։ൃ
⿏ඇమۚଐ࿉ʹ͓͚Δૅجతྗֶσʔλͷূݕͱ֦ॆ
⿏ۚଐͷߴ७ਫ਼ͱߴ७ࡐྉͷੑ

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

ࢁɹത೭ɹڭɹतʢ݉ʣ
)JSoZVLJ	'6,6YAMA	PSofFTToSʢ̘ʣ

IJSPZVkJ�GVkVZBmB�C�!UPIPkV�BD�KQ

ଜদɹ३࢘ɹڭɹतʢ݉ʣ
AUTVTIJ	M63AMATS6	PSofFTToSʢ̘ʣ

ࣲాɹߒɹڭɹतʢ݉ʣ
)JSoZVLJ	S)I#ATA	PSofFTToSʢ̘ʣ

ɹɹɹ	ଧӽɹխਔɹ।ڭत
ɹɹɹɹɹɹMaTaIJUo	6C)I,OS)I	ATToDJaUF	PSofFTToS
ɹɹɹɹɹɹڀݚςʔϚɿߴ	 ७ਫ਼ٕज़Λ͔ͨ͠׆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

ɹࣾձج൫ͷجͰ͋Δۚଐૉࡐͷ҆ఆڅڙͷͨΊʹɺ࿉ۀͷ
҆ఆతൃల͕·Ε·͢ɻࠃ࿉ۀɺࠃ͕ݯࢿ͍͜͠ͱʹ
Ճ͑ɺۙͷ߭ੴͷྼ࣭Խɺࡍࠃతڝ૪ͷܹԽͳͲɺ͍͠ݫঢ়
ଐྨۚوΒ͞Ε͍ͯ·͢ɻಔɺѥԖɺԖɺΞϧϛχϜɺ͞ʹگ
ͳͲͷੜ࢈ʹؔΘΔඇమۚଐ࿉͕࣋ۀଓతʹൃల͢ΔͨΊʹɺ
ɹ��	߭ ੴٴͼ͔ࢁ߭ࢢΒͷ༗Ձۚଐநग़ٕज़ͷઌਐԽ
ɹ��		θϩΤϛογϣϯԽΛڥͨ͠ࢦෛՙ෭࢈Λ׆༻͢Δ

ྉ։ൃࡐੑػ
ɹ��		ະ׆༻߭ੴ͔Βͷ༗Ձۚଐͷޮతநग़ٕज़ͷ։ൃͳͲͷ

՝ղܾ͕ඞਢͰ͋ΓɺͦͷͨΊͷਓࡐҭ͔ܽͤ·ͤ
Μɻ

ɹຊڞಉڀݚ෦ɺۚଐݯࢿϓϩηεڀݚηϯλʔͱͷີͳ
ΛؚΉ՝ղܾΛతͱ౼ݕ࠶ͷͱɺྗֶσʔλͷؔྗڠ
͢ΔڀݚΛத৺࣠ʹਾ͑ɺڀݚΛ௨ͨࣾ͠ձਓɺେֶੜɾେֶӃ
ੜͷ࣮ફతڭҭʹΑΔਓࡐҭɺඇమۚଐ࿉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�

ਤɹڀݚ෦ͱؔ࿈৫ͱͷ࿈ܞ
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CoMMaCorative 3esearDh %ivision oG "EvanDeE 4ynDhrotron 

3aEiation .etroMoHy

෦ڀݚܞଌՊֶ࿈ܭੈ࣍ޫࣹ์

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

։ൃڀݚઃʹ͓͚ΔઌϏʔϜϥΠϯٕज़ͷࢪ์ࣹޫੈ࣍⿏
։ൃڀݚଌٕज़ͷܭԽͷͨΊͷࣗಈڧͱٴϛΫετϢʔεͷීֶ࢈⿏
ͷਪਐ༺׆ͷใऩूɾల։ͱར༺׆์ࣹޫͷੈ࣍⿏
⿏ୈظ�ͷ৽نϏʔϜϥΠϯߏͷߏங
ఆࡦతͳධՁ੍ͷࡍࠃΔ͚͓ʹ༺׆ઃ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

ࢁɹത೭ɹڭɹतʢ݉ʣ
)JSoZVLJ	'6,6YAMA	PSofFTToS		C


ɹतʢ݉ʣڭɹণथɹాߴ
MaTaLJ	TA,ATA	PSofFTToS		C


தଜɹɹڭɹत
TFUTVZa	NA,AM63A	PSofFTToS

UFUTVZB�OBkBmVSB�C�!UPIPkV�BD�KQ

ਅઍࢠɹߨɹࢣʢ݉ʣ
SaDIJLo	MA,I	SFnJoS	ATTJTUanU	PSofFTToS		C


։ൃڀݚଌٕज़ͷܭͷͨΊͷઌతϏʔϜϥΠϯɾݯ์ࣹޫੈ࣍

"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⏝ࢆࢺࣉࢭࣥࢥࣥࣙࢩࣜ࢘ࢥ࡚ࡋ࣒ࢸࢫࢩ融ྜࣀࠊ࡛ࡇࡿࡍ
ࢵࢩ࣮ࢼࢺ࣮ࣃᐁẸᆅᇦࠕࡿࡍ⾜㐙ࢆḟୡ௦ᨺᑕගタᩚഛࠋࡍࡲ࠸࡚ࢀࡽࡵồࡀᏛ㡿ᇦのᡂ⛉࠸ࡋ᪂ࡓࡵྵࡶのᒎ㛤ࣥࣙࢩ࣮࣋
✲◊♏㉁⛉Ꮫ࣭⏕⛉Ꮫのᇶ≀࠸ࡋ᪂ࡿࢀࡲ⏕ࡽࡇࡑࠊࡋ㛤ᣅࢆ⾡ᢏࢥඛ➃ィ ᢏ⾡の᭱ࠊࡣᮏᏛࠊ࡚ࡋの୍ဨ࣮ࢼࢺ࣮ࣃのࠖࣉ
࣮࣋ࣀ㈈ᅋἲேග⛉Ꮫ⯡୍ࠊࡣᮏ◊✲㒊㛛ࠋࡍࡲ࠸࡚ࡗᢸࢆᙺ࠺࠸ࡿࡍ㏦㍺ࣥࣙࢩ࣮࣋ࣀᴟⓗ✚ࠊࡽࡉࠊࡾ図ࢆのᒎ㛤
ࠊඛ➃ィ ᢏ⾡のᥦ࡞᪂つࠊࡋඹ᭷ࢆィ ㄢ㢟ࡿࡅ࠾ᴗ⏘⾡Ꮫࠊ㐃ᦠのୗ࡞ᐦ᥋ᘓタ࣭㐠Ⴀᴗົ࣒࣮ࣥࣛࣅの࣮ࢱࣥࢭࣥࣙࢩ
㛤Ⓨࡿࡅ࠾Ꮫ⾡◊✲ࢆ᥎㐍ࡽࢀࡇࠋࡍࡲࡋのඛ➃ィ ࡀ㈨ࡿࡍᮍ㋃ㄢ㢟の㛤ᣅゎỴࡿࡅ࠾ඛ⾜ᐇ⦼の✚ࠊᖜᗈ࠸Ꮫ⾡ⓗ▱ぢࢆ᭷
ࠋࡍࡲࡋ⾜㐙ࢆேᮦの⫱ᡂ࠺ᢸࢆඛ➃ィ Ꮫのᑗ᮶ࡋ

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

ɹੈ࣍์ࣹޫݯͷ։ൃඋ͕ͨΒֵ͢৽తܭଌٕ
ज़ͱɺͦͷར׆༻γεςϜͱͯ͠ίϦγϣϯίϯη
ϓτΛ༥߹͢Δ͜ͱͰɺΠϊϕʔγϣϯͷల։ؚ
Ίͨ৽͍͠ՊֶྖҬͷ͕ٻΊΒΕ͍ͯ·͢ɻੈ࣍
์ࣹޫࢪઃඋΛ͢ߦΔʮຽҬύʔτφʔγο
ϓʯͷύʔτφʔͷҰһͱͯ͠ɺຊֶɺ࠷ઌܭଌٕ
ज़ͷίΞٕज़Λ։͠ɺ͔ͦ͜Βੜ·ΕΔ৽͍࣭͠
Պֶɾੜ໋Պֶͷڀݚૅجͷల։ΛਤΓɺ͞Βʹɺੵ
తʹΠϊϕʔγϣϯ༌ૹ͢Δͱ͍͏ׂΛ୲ͬͯۃ
͍·͢ɻຊڀݚ෦ɺҰൠஂࡒ๏ਓޫՊֶΠϊϕʔ
γϣϯηϯλʔͷϏʔϜϥΠϯݐઃɾӡӦۀͱີ
ͳ࿈ܞͷԼɺֶज़ͱۀ࢈ʹ͓͚Δܭଌ՝Λڞ༗͠ɺ৽
Λਪਐڀݚଌٕज़ͷఏҊɺ։ൃʹ͓͚Δֶज़ܭͳઌن
͠·͢ɻ͜ΕΒͷઌܭଌ͕͢ࢿΔະ౿՝ͷ։ͱ
ղܾʹ͓͚Δઌ࣮ߦͷੵɺ෯ֶ͍ज़తݟΛ༗͠
ઌܭଌֶͷকདྷΛ୲͏ਓࡐͷҭΛ͠ߦ·͢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࿉ٕज़ͷମܥతཧղʹͮ͘جϓϩηεͷޮߴԽ
⿏Ґ߭ੴରԠ࿉ٕज़ͷ։ൃ
⿏ඇమۚଐ࿉ʹ͓͚Δૅجతྗֶσʔλͷূݕͱ֦ॆ
⿏ۚଐͷߴ७ਫ਼ͱߴ७ࡐྉͷੑ

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

ࢁɹത೭ɹڭɹतʢ݉ʣ
)JSoZVLJ	'6,6YAMA	PSofFTToSʢ̘ʣ

IJSPZVkJ�GVkVZBmB�C�!UPIPkV�BD�KQ

ଜদɹ३࢘ɹڭɹतʢ݉ʣ
AUTVTIJ	M63AMATS6	PSofFTToSʢ̘ʣ

ࣲాɹߒɹڭɹतʢ݉ʣ
)JSoZVLJ	S)I#ATA	PSofFTToSʢ̘ʣ

ɹɹɹ	ଧӽɹխਔɹ।ڭत
ɹɹɹɹɹɹMaTaIJUo	6C)I,OS)I	ATToDJaUF	PSofFTToS
ɹɹɹɹɹɹڀݚςʔϚɿߴ	 ७ਫ਼ٕज़Λ͔ͨ͠׆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

ɹࣾձج൫ͷجͰ͋Δۚଐૉࡐͷ҆ఆڅڙͷͨΊʹɺ࿉ۀͷ
҆ఆతൃల͕·Ε·͢ɻࠃ࿉ۀɺࠃ͕ݯࢿ͍͜͠ͱʹ
Ճ͑ɺۙͷ߭ੴͷྼ࣭Խɺࡍࠃతڝ૪ͷܹԽͳͲɺ͍͠ݫঢ়
ଐྨۚوΒ͞Ε͍ͯ·͢ɻಔɺѥԖɺԖɺΞϧϛχϜɺ͞ʹگ
ͳͲͷੜ࢈ʹؔΘΔඇమۚଐ࿉͕࣋ۀଓతʹൃల͢ΔͨΊʹɺ
ɹ��	߭ ੴٴͼ͔ࢁ߭ࢢΒͷ༗Ձۚଐநग़ٕज़ͷઌਐԽ
ɹ��		θϩΤϛογϣϯԽΛڥͨ͠ࢦෛՙ෭࢈Λ׆༻͢Δ

ྉ։ൃࡐੑػ
ɹ��		ະ׆༻߭ੴ͔Βͷ༗Ձۚଐͷޮతநग़ٕज़ͷ։ൃͳͲͷ

՝ղܾ͕ඞਢͰ͋ΓɺͦͷͨΊͷਓࡐҭ͔ܽͤ·ͤ
Μɻ

ɹຊڞಉڀݚ෦ɺۚଐݯࢿϓϩηεڀݚηϯλʔͱͷີͳ
ΛؚΉ՝ղܾΛతͱ౼ݕ࠶ͷͱɺྗֶσʔλͷؔྗڠ
͢ΔڀݚΛத৺࣠ʹਾ͑ɺڀݚΛ௨ͨࣾ͠ձਓɺେֶੜɾେֶӃ
ੜͷ࣮ફతڭҭʹΑΔਓࡐҭɺඇమۚଐ࿉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�

ਤɹڀݚ෦ͱؔ࿈৫ͱͷ࿈ܞ

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ

์
ࣹ
ޫ
࣍
ੈ

ܭ
ଌ
Պ
ֶ
࿈
ܞ
研
究
෦


C
o
MMaCo

SaUJWF	3
FTFaSDI	D

JWJTJo
n	o
f	A
dWanDFd	A

naMZTJT	o
f	

ISo
n	and	S

UFFMN
aLJnH	P

So
DFTTFT

ớJ'
E
	TUFFM	C

o
SQo
SaUJo

n


32

ඇ
మ
ۚ
ଐ

࿉

ڥ
Պ
ֶ
研
究
෦


C
O
--A
#
O
3
A
TI7
E
	3
E
S
E
A
3
C
)
	D
I7
IS
IO
N
	O
'	N
O
N
�'E
3
3
O
6
S

M
E
T
A
--6
3
(
Y	A
N
D
	E
N
7
I3
O
N
M
E
N
T
A
-	S
C
IE
N
C
E

CoMMaCorative 3esearDh %ivision oG "EvanDeE 4ynDhrotron 

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

։ൃڀݚઃʹ͓͚ΔઌϏʔϜϥΠϯٕज़ͷࢪ์ࣹޫੈ࣍⿏
։ൃڀݚଌٕज़ͷܭԽͷͨΊͷࣗಈڧͱٴϛΫετϢʔεͷීֶ࢈⿏
ͷਪਐ༺׆ͷใऩूɾల։ͱར༺׆์ࣹޫͷੈ࣍⿏
⿏ୈظ�ͷ৽نϏʔϜϥΠϯߏͷߏங
ఆࡦతͳධՁ੍ͷࡍࠃΔ͚͓ʹ༺׆ઃ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

ࢁɹത೭ɹڭɹतʢ݉ʣ
)JSoZVLJ	'6,6YAMA	PSofFTToS		C


ɹतʢ݉ʣڭɹণथɹాߴ
MaTaLJ	TA,ATA	PSofFTToS		C


தଜɹɹڭɹत
TFUTVZa	NA,AM63A	PSofFTToS

UFUTVZB�OBkBmVSB�C�!UPIPkV�BD�KQ

ਅઍࢠɹߨɹࢣʢ݉ʣ
SaDIJLo	MA,I	SFnJoS	ATTJTUanU	PSofFTToS		C


։ൃڀݚଌٕज़ͷܭͷͨΊͷઌతϏʔϜϥΠϯɾݯ์ࣹޫੈ࣍

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

ḟୡ௦ᨺᑕග※のࡵࡓのඛ➃ⓗ࣭࣒࣮ࣥࣛࣅィ ᢏ⾡の◊✲㛤Ⓨ
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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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ज़ͱɺͦͷར׆༻γεςϜͱͯ͠ίϦγϣϯίϯη
ϓτΛ༥߹͢Δ͜ͱͰɺΠϊϕʔγϣϯͷల։ؚ
Ίͨ৽͍͠ՊֶྖҬͷ͕ٻΊΒΕ͍ͯ·͢ɻੈ࣍
์ࣹޫࢪઃඋΛ͢ߦΔʮຽҬύʔτφʔγο
ϓʯͷύʔτφʔͷҰһͱͯ͠ɺຊֶɺ࠷ઌܭଌٕ
ज़ͷίΞٕज़Λ։͠ɺ͔ͦ͜Βੜ·ΕΔ৽͍࣭͠
Պֶɾੜ໋Պֶͷڀݚૅجͷల։ΛਤΓɺ͞Βʹɺੵ
తʹΠϊϕʔγϣϯ༌ૹ͢Δͱ͍͏ׂΛ୲ͬͯۃ
͍·͢ɻຊڀݚ෦ɺҰൠஂࡒ๏ਓޫՊֶΠϊϕʔ
γϣϯηϯλʔͷϏʔϜϥΠϯݐઃɾӡӦۀͱີ
ͳ࿈ܞͷԼɺֶज़ͱۀ࢈ʹ͓͚Δܭଌ՝Λڞ༗͠ɺ৽
Λਪਐڀݚଌٕज़ͷఏҊɺ։ൃʹ͓͚Δֶज़ܭͳઌن
͠·͢ɻ͜ΕΒͷઌܭଌ͕͢ࢿΔະ౿՝ͷ։ͱ
ղܾʹ͓͚Δઌ࣮ߦͷੵɺ෯ֶ͍ज़తݟΛ༗͠
ઌܭଌֶͷকདྷΛ୲͏ਓࡐͷҭΛ͠ߦ·͢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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ISon	and	TUFFMNaLJnH ʗMaUIFNaUJDaM	ModFMJnH ʗ PSoDFTT	SJNVMaUJon ʗ 6MUSa�
MoX	CaSCon	PSoDFTTFT

ૉమϓϩηεٕज़ͷ։ൃۃ⿏
⿏ॆరϓϩηεʹ͓͚Δଟ૬ྲྀಈͷମܥతղ໌
⿏మϓϩηεͷɾ࣭ྲྀಈͱԠͷղੳٕज़։ൃ
ֶγϛϡϨʔλʔͷ։ൃߴͷߴ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

͚ͯʹରԠమٕज़ڥɾޮߴ

ToXarE )iHhMy &GGiDient anE &nvironmentaMMy 
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)loZ patK anal\ViV in packed bed 

  

ɹਓྨࣾձͷج൘ࡐྉͰ͋Δమ߯Λ͢ΔϓϩηεͷૉԽ
ɺࡍࠃత͔ͭۓ٤ͷ՝Ͱ͢ɻ͜ͷ՝ղܾͷͨΊʹɺैདྷ
ͷϓϩηεޮվળʹՃ͑ͯैདྷٕज़ʹറΒΕͳ͍మ๏ͷ։ൃ
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Խ͕ෆՄܽͰ͢ɻߴͱ͍ͬͨಈྗֶతͳϓϩηεٕज़ͷޚ੍
ɹຊڞಉڀݚ෦ɺ࠷ઌͷݱϞσϦϯά͓Αͼϓϩηεղ
ੳͷٕज़Λ༻͍ͯɺమϓϩηεͷϚϧνϑΣʔζɾϚϧνϑΟ
δοΫεɾϚϧνεέʔϧͷԽֶɾཧݱͷղ໌Λ௨ͯ͡ɺۃ
ڥෛՙమٕज़ͷ࣮ݱΛ͠ࢦ·͢ɻ

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�	
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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
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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

͚ͯʹରԠమٕज़ڥɾޮߴ

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։ൃࢎԠੑ֩ڮՍͨ͠ࢦΛޚ੍ݱൃࢠ๔ͰͷҨࡉ⿏
ͷ։ൃࢠʹ݁߹͢Δਓߏ࣍ߴࢎ֩⿏
⿏3NAΛඪతͱͨ͠৽نԽֶπʔϧͷ։ൃ
ͷ։ൃࢠਓػߴن৽ͮ͘جʹߏػೝࣝࢠΛඪతͱͨ͠ࢎ֩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

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

দຊɹߴརɹॿɹڭ
TaLaUoTIJ	MATS6MOTO	ATTJTUanU	PSofFTToS

Ԭଜɹलلɹॿɹڭ
)JdFnoSJ	O,AM63A	ATTJTUanU	PSofFTToS

ҨݱൃࢠͷԽֶత੍ޚΛͨ͠ࢦ
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 

ɹήϊϜղੳ͕ऴྃ͠ɺ࣮ࡍʹന࣭ͱͯ͠ൃ͞ݱΕΔҨࢠ
Θ͔ͣ�ˋͷΈͰ͋ΓɺΓͷ���λϯύΫ࣭Λίʔυ͠ͳ
͍ɺnonDodJnH3NA	nD3NA
 ͱͯ͠ੜମػͷҡ࣋ௐઅʹۃΊ
ͯॏཁͳಇ͖Λ͍ͯ͠Δ͜ͱ͕໌Β͔ͱͳ͖͍ͬͯͯ·͢ɻ͜Ε
ΒͷҨߏػޚ੍ݱൃࢠʹ͓͚ΔഁͨΜɺ༷ʑͳපؾͷݪҼʹ
ͳΔ͜ͱ͔Βɺ৽ͨͳༀඪతͱͯ͠ͷظߴ·͍ͬͯ·͢ɻ
ࢠੑػΔ͢ޚΛ੍ݱൃࢠ๔ͰҨࡉͰɺࣨڀݚͷͪͨࢲ
Λಠࣗʹઃܭɾ߹͠ɺطଘͷࢠͰͰ͖ͳ͍৽ͨͳػΛ࣋
ͭਓࢠͷ։ൃΛඪʹڀݚΛ͍ͯͬߦ·͢ɻͪͨࢲʹطͷݚ
ର͠ϐϯϙʹࢠҩༀͱͯ͠ɺඪతҨࢎ֩ͭ࣋ΛػߴͰࣨڀ
ΠϯτͷԠੑͰՍܗڮ͢Δਓࢎ֩Λ։ൃ͠ɺޮతͳҨ
ػͰॏཁͳݱൃࢠޭ͍ͯ͠·͢ɻ͞ΒʹɺҨʹޚ੍ݱൃࢠ
ΛՌͨ͢͜ͱ͕͔͖ͬͯͨ֩ߏ࣍ߴࢎʹ݁߹͢Δࢠͷ։ൃ
ʹޭ͍ͯ͠·͢ɻࡏݱɺ͞ΒͳΔػߴԽਓࢠͷ։ൃ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֎෦ܹԠܕਓࢎ֩ͷ։ൃ
⿏͕Μࡉ๔ಛҟత֩ࢎҩༀࢠͷ։ൃ
ྉͷࡐޚ੍ػԠੑੜ໋ڥ๔ࡉ⿏
⿏ੜମߴࢠΛෆ੪Ԡͱ͢Δࢠෆ੪ޫԠ
ղԁೋ৭εϖΫτϧଌఆஔͷ։ൃؒ࣌ߴײߴ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

ాɹ݈ɹڭɹत
TaLFIJLo	8ADA	PSofFTToS

UBkFIJkP�XBEB�E3!UPIPkV�BD�KQ

तڭɹ।ɹอߥ
YaTVZVLJ	A3A,I	ATToDJaUF	PSofFTToS

ࢣɹߨՏɹതจɹࠇ
)JSofVNJ	,63O,A8A	SFnJoS	ATTJTUanU	
PSofFTToS

ౢɹथɹॿɹڭ
MaTaLJ	NIS)IJIMA	ATTJTUanU	PSofFTToS

ླɹਔࢠɹॿɹڭ
SaUoLo	S6;6,I	ATTJTUanU	PSofFTToS

ੜ໋ػͷ֎෦ޚ੍ܹ๏ͷ։ൃͱߏ	ʕػ૬ؔͷۭؒ࣌ߴղݕग़

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

ɹࣨڀݚͰɺDNA 3NA ͳͲͷ֩ࢎɺͦͯ͠λϯύΫ
࣭ͳͲੜମߴࢠͷɺੈ࣍ΠϯςϦδΣϯτܕφϊόΠΦ
ੑͷػɾ߹ɾܭɺཧతઃ͠ࢦྉͷԠ༻Λࡐػ
ཧԽֶతख๏Λ׆༻ͨ͠ධՁΛத৺ʹڀݚΛ͍ͯͬߦ·͢ɻ
ྫ͑ɺ͕Μࡉ๔ಛ༗ͷࡉ๔ใʹԠ͠ɺਖ਼ৗࡉ๔ʹ෭
ࡉ݂ڏͳͲ࠹ߎ๔ࡉͳ͍҆શɾ҆৺ͳ͕Μ͠ݱΛൃ༺࡞
๔બత֩ࢎҩༀࢠͷɺࡉ๔Ͱͷ 3NaTF) ͳͲψ
ΫϨΞʔθͷ߬ૉػͷ্ͳΒͼʹ৽ػنੑ༩Λࢦ
ͨ͠DNA ͱਓࢎ֩Λ༥߹ͨ͠Ωϝϥਓࢎ֩ͷઃܭɾ߹
ɺͦͯ͠λϯύΫ࣭֩ࢎͷߏ࣍ߴมԽΛײߴɾ࣌ߴ
ؒղଌఆՄͳؒ࣌ղԁೋ৭ੑεϖΫτϧଌఆஔͷ։
ൃɺ͞Βʹ̏ظ࣍Dදࣔࡐྉͱͯ͠͞Ε͍ͯΔԁภޫ
ൃޫ 	CP-
 ྉ։ൃλϯύΫ࣭ͳͲΛෆ੪Ԡͱ͢Δࡐ
ࢠෆ੪ޫԠͳͲΛɺ༗ػԽֶ͔ΒཧԽֶɺͦͯ͠ੜ໋
Խֶ·Ͱ෯ڀݚ͍Λల։͍ͯ͠·͢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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Peptide Ribonucleic Acid (PRNA)

Effective Oligonucleotide Therapeutics Function
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'VnDUJonaM	nanoNaUFSJaMT ʗ OYJdF	FMFDUSonJDT ʗ SVSfaDF	and	JnUFSfaDF	QIZTJDaM	
QSoQFSUJFT ʗ PIoUoFNJTTJon	TQFDUSoTDoQZ

ޚɾ੍ܭઃػͷߏԽφϊࢎ⿏
σόΠεͷ։ൃنੑͷ։ͱ৽ػʹ͓͚ΔߏԽࢎ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

಄ɹࢤɹڭɹत
)JSoTIJ	,6MI(AS)I3A	PSofFTToS
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ControM anE EesiHn oG noveM GunDtionaMities 
in oYiEe nanostruDtures
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ੑΛࣔ͢ͷ͕͋Γ·͢ɻ͍Θʮఱࣇ࠽ʯୡͰ͢ɻ
์ࣹޫΛًߴʯͷৼΔ͍Λࣇ࠽Ͱɺ͜ͷʮఱࣨڀݚ
༻͍ͯՄࢹԽ͠ɺͦͷ͍ͯͮجʹݟ৽ͨͳػੑφϊ
࣭Λ։ൃ͢Δ͜ͱʹऔΓΜͰ͍·͢ɻ۩ମతʹɺࢎԽ
ࢠઢΤϐλΩγʔʢM#Eʣͱ͍͏ࢎԽφϊߏΛݪ
͍༺ͳ͕Βʮͭ͘Δʯٕज़ͱɺ์ࣹޫΛ͠ޚϨϕϧͰ੍ࢠ
ͨઌܭଌʢ֯ղޫిࢠޫɾ֪ٵऩޫͳͲʣͱ
͍͏Խֶɾిࢠঢ়ଶΛʮΈΔʯٕज़ͱΛ͍ߴϨϕϧͰ༥߹
͢ΔʹΑΓɺࢎԽͷྨ͍رͳੑΛઃܭɾ੍͠ޚͳ͕Β
৽͍͠ػੑφϊ࣭ͷ։Λਪਐ͍ͯ͠·͢ɻ͞Βʹɺ
࣭ͳͲࢠݪ࣭ػ൫ͱͯ͠ɺ༗جΛߏԽφϊࢎ
ͱͷϔςϩߏΛઃܭɾ߹͢Δ͜ͱͰɺੈ࣍ΤϨΫτ
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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֎෦ܹԠܕਓࢎ֩ͷ։ൃ
⿏͕Μࡉ๔ಛҟత֩ࢎҩༀࢠͷ։ൃ
ྉͷࡐޚ੍ػԠੑੜ໋ڥ๔ࡉ⿏
⿏ੜମߴࢠΛෆ੪Ԡͱ͢Δࢠෆ੪ޫԠ
ղԁೋ৭εϖΫτϧଌఆஔͷ։ൃؒ࣌ߴײߴ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

ాɹ݈ɹڭɹत
TaLFIJLo	8ADA	PSofFTToS

UBkFIJkP�XBEB�E3!UPIPkV�BD�KQ

तڭɹ।ɹอߥ
YaTVZVLJ	A3A,I	ATToDJaUF	PSofFTToS

ࢣɹߨՏɹതจɹࠇ
)JSofVNJ	,63O,A8A	SFnJoS	ATTJTUanU	
PSofFTToS

ౢɹथɹॿɹڭ
MaTaLJ	NIS)IJIMA	ATTJTUanU	PSofFTToS

ླɹਔࢠɹॿɹڭ
SaUoLo	S6;6,I	ATTJTUanU	PSofFTToS

ੜ໋ػͷ֎෦ޚ੍ܹ๏ͷ։ൃͱߏ	ʕػ૬ؔͷۭؒ࣌ߴղݕग़

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

ɹࣨڀݚͰɺDNA 3NA ͳͲͷ֩ࢎɺͦͯ͠λϯύΫ
࣭ͳͲੜମߴࢠͷɺੈ࣍ΠϯςϦδΣϯτܕφϊόΠΦ
ੑͷػɾ߹ɾܭɺཧతઃ͠ࢦྉͷԠ༻Λࡐػ
ཧԽֶతख๏Λ׆༻ͨ͠ධՁΛத৺ʹڀݚΛ͍ͯͬߦ·͢ɻ
ྫ͑ɺ͕Μࡉ๔ಛ༗ͷࡉ๔ใʹԠ͠ɺਖ਼ৗࡉ๔ʹ෭
ࡉ݂ڏͳͲ࠹ߎ๔ࡉͳ͍҆શɾ҆৺ͳ͕Μ͠ݱΛൃ༺࡞
๔બత֩ࢎҩༀࢠͷɺࡉ๔Ͱͷ 3NaTF) ͳͲψ
ΫϨΞʔθͷ߬ૉػͷ্ͳΒͼʹ৽ػنੑ༩Λࢦ
ͨ͠DNA ͱਓࢎ֩Λ༥߹ͨ͠Ωϝϥਓࢎ֩ͷઃܭɾ߹
ɺͦͯ͠λϯύΫ࣭֩ࢎͷߏ࣍ߴมԽΛײߴɾ࣌ߴ
ؒղଌఆՄͳؒ࣌ղԁೋ৭ੑεϖΫτϧଌఆஔͷ։
ൃɺ͞Βʹ̏ظ࣍Dදࣔࡐྉͱͯ͠͞Ε͍ͯΔԁภޫ
ൃޫ 	CP-
 ྉ։ൃλϯύΫ࣭ͳͲΛෆ੪Ԡͱ͢Δࡐ
ࢠෆ੪ޫԠͳͲΛɺ༗ػԽֶ͔ΒཧԽֶɺͦͯ͠ੜ໋
Խֶ·Ͱ෯ڀݚ͍Λల։͍ͯ͠·͢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

ޚɾ੍ܭઃػͷߏԽφϊࢎ⿏
σόΠεͷ։ൃنੑͷ։ͱ৽ػʹ͓͚ΔߏԽࢎ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

಄ɹࢤɹڭɹत
)JSoTIJ	,6MI(AS)I3A	PSofFTToS

kVmJHBTIJSB!UPIPkV�BD�KQ
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ControM anE EesiHn oG noveM GunDtionaMities 
in oYiEe nanostruDtures

ɹࢎԽͷதʹɺߴԹಋޫ৮ഔͳͲͷ͘ڻ͖ػ
ੑΛࣔ͢ͷ͕͋Γ·͢ɻ͍Θʮఱࣇ࠽ʯୡͰ͢ɻ
์ࣹޫΛًߴʯͷৼΔ͍Λࣇ࠽Ͱɺ͜ͷʮఱࣨڀݚ
༻͍ͯՄࢹԽ͠ɺͦͷ͍ͯͮجʹݟ৽ͨͳػੑφϊ
࣭Λ։ൃ͢Δ͜ͱʹऔΓΜͰ͍·͢ɻ۩ମతʹɺࢎԽ
ࢠઢΤϐλΩγʔʢM#Eʣͱ͍͏ࢎԽφϊߏΛݪ
͍༺ͳ͕Βʮͭ͘Δʯٕज़ͱɺ์ࣹޫΛ͠ޚϨϕϧͰ੍ࢠ
ͨઌܭଌʢ֯ղޫిࢠޫɾ֪ٵऩޫͳͲʣͱ
͍͏Խֶɾిࢠঢ়ଶΛʮΈΔʯٕज़ͱΛ͍ߴϨϕϧͰ༥߹
͢ΔʹΑΓɺࢎԽͷྨ͍رͳੑΛઃܭɾ੍͠ޚͳ͕Β
৽͍͠ػੑφϊ࣭ͷ։Λਪਐ͍ͯ͠·͢ɻ͞Βʹɺ
࣭ͳͲࢠݪ࣭ػ൫ͱͯ͠ɺ༗جΛߏԽφϊࢎ
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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�



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ37

#iomoMeDuMar 4truDture

*/A#A -aC

ੜମߏࢠڀݚ

Ҵ葉ࣨڀݚ

ઐŋΩʔϫʔυ 9ઢ݁থߏղੳʗࡉ๔߃ৗੑҡ࣋ʗλϯύΫ࣭࣭ཧʗϨυοΫεʗΧ
ϧγϜΠΦϯ

41&C*"-*;&%
'*&-%ŋK&: 803%

9�SaZ	DSZTUaM	TUSVDUVSF	anaMZTJT ʗ DFMMVMaS	IoNFoTUaTJT ʗ QSoUFJn	RVaMJUZ	DonUSoM
ʗ SFdoY ʗ DaMDJVN	Jon

⿏	λϯύΫ࣭࣭ཧʹؔΘΔδεϧϑΟυ݁߹ܗɾ։྾ωοτϫʔΫͷߏɺػ༺࡞ংɺੜ
ཧతػ
ػংɺੜཧతػ༺࡞ɺߏΘΔບτϥϯεϙʔλʔͷؔʹ࣋ৗੑҡ߃๔ۚଐΠΦϯೱࡉ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

ɹɹɹ।ڭत
)JSoTIJ	,ADO,63A	ATToDJaUF	PSofFTToS

෦ɹɹ૱ɹॿɹڭ
SaUoTIJ	8ATANA#E	ATTJTUanU	PSofFTToS

ఱɹ༎ଠɹॿɹڭ
YVUa	AMA(AI	ATTJTUanU	PSofFTToS
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ɹࡉ๔ʹɺͦͷ߃ৗੑΛҡ࣋͢ΔͨΊͷົͳΈ͕උ
Θ͍ͬͯ·͢ɻຊࣨڀݚͰɺࡉ๔͕༗͢ΔλϯύΫ࣭࣭ཧ
γεςϜͱۚଐΠΦϯೱ߃ৗੑҡߏػ࣋ͷੜཧతػͱػ༺࡞
ংΛɺߏੜֶɾੜԽֶɾϓϩςΦϛΫεɾࡉ๔ੜֶతख๏
Λ͠ۦɺղ໌͢Δ͜ͱΛ͍ͯ͠ࢦ·͢ɻಛʹۙ࠷ɺώτࡉ๔
ͷখ๔ମʹ͓͚ΔγεςΠϯͷࢎԽؐݩΛհͨ͠ωοτϫʔΫͱ
ΧϧγϜΠΦϯѥԖΠΦϯೱΛௐઅ͢Δບτϥϯεϙʔ
λʔʹযΛ͋ͯͨڀݚΛల։͍ͯ͠·͢ɻຊڀݚ՝Λ͢ߦ
Δ͜ͱʹΑΓɺࡉ๔Ͱੵ͢ΔϛεϑΥʔϧυλϯύΫ࣭ͳͲ
͕Ҿ͖͢͜ىछʑͷපଶͷࢠϨϕϧͰͷҼղ໌ʹͭͳ͕Δͱ
͞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ੜੑ׆ΛՄࢹԽ͢Δޫܬηϯαʔͷ։ൃ
ྉͷ։ൃࡐϋΠϒϦουࢠΛௐΔҝͷന࣭ʵখݱੜ໋ߏػױ࣬⿏
⿏ޫΛ༻͍ͯੜମੑ׆ࢠΛૢ͢࡞Δٕज़ͷ։ൃ
৭ૉͷ։ൃޫܬज़ʹ༗༻ͳޫੑٕڸඍݦϨʔβʔًߴ⿏
⿏߬ૉػͷղ໌ͱ৽ػنੑന࣭ͷग़

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

খాढ़ߦɹॿɹڭ
ToTIJZVLJ	,O8ADA	ATTJTUanU	PSofFTToS
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ɹੜମ͓Αͼੜࡉ๔Ͱɺന࣭ɾ֩ࢎɾͳͲͷ༷ʑͳੜ
ମ͕ࢠ૬࡞ޓ༻͠ͳ͕Βػ͍ͯ͠·͢ɻͦΕΒͷੜମࢠͷ
ਅͷׂΛղ໌͢Δʹɺଞͷੜମࢠͱͷ૬࡞ޓ༻͕อͨΕͨ
ঢ়ଶɺ͢ͳΘͪੜ͖ͨঢ়ଶͰͦΕΒͷڍಈɾػΛ͢؍Δ͜ͱ
͕ॏཁͰ͢ɻࣨڀݚͰɺ༗ػԽֶɾߴࢠԽֶɾന࣭Խֶ
ͷٕज़ʹ͍ͯͮج৽ͨͳػੑࢠΛઃܭɾ߹͠ɺޫͳͲΛ
༻͍ͨੜମࢠͷՄࢹԽٕज़ػ੍ٕޚज़Λ։ൃ͠·͢ɻ۩ମ
తʹɺ߬ૉੑ׆ࡉ๔γάφϧୡͳͲͷੜମػΛબత

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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มߏϓϩʔϒɺޫরࣹʹΑͬͯ݁߹ͷஅޫܬग़͢Δݕʹ
ԽΛҾ͖͢͜ىέʔδυԽ߹ɾϑΥτΫϩϛοΫԽ߹Λ༻͍
ͨ߬ૉड༰ମͷٕޚ੍ੑ׆ज़ͷ։ൃͳͲΛ͍ߦ·͢ɻ͜ΕΒͷ
ͱΈ߹ΘͤΔ͜ͱʹΑΓɺੜ͖ͨ؍ڸඍݦޫܬΛࢠੑػ
ঢ়ଶʹ͓͚Δੜମࢠͷػ࣬ߏػױͷຊ࣭ʹഭΓ·͢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	λϯύΫ࣭࣭ཧʹؔΘΔδεϧϑΟυ݁߹ܗɾ։྾ωοτϫʔΫͷߏɺػ༺࡞ংɺੜ
ཧతػ
ػংɺੜཧతػ༺࡞ɺߏΘΔບτϥϯεϙʔλʔͷؔʹ࣋ৗੑҡ߃๔ۚଐΠΦϯೱࡉ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

ɹɹɹ।ڭत
)JSoTIJ	,ADO,63A	ATToDJaUF	PSofFTToS

෦ɹɹ૱ɹॿɹڭ
SaUoTIJ	8ATANA#E	ATTJTUanU	PSofFTToS

ఱɹ༎ଠɹॿɹڭ
YVUa	AMA(AI	ATTJTUanU	PSofFTToS
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ToXarE eMuDiEation oG DeMMuMar meDhanisms unEerMyinH protein anE metaM ion homeostasis

ɹࡉ๔ʹɺͦͷ߃ৗੑΛҡ࣋͢ΔͨΊͷົͳΈ͕උ
Θ͍ͬͯ·͢ɻຊࣨڀݚͰɺࡉ๔͕༗͢ΔλϯύΫ࣭࣭ཧ
γεςϜͱۚଐΠΦϯೱ߃ৗੑҡߏػ࣋ͷੜཧతػͱػ༺࡞
ংΛɺߏੜֶɾੜԽֶɾϓϩςΦϛΫεɾࡉ๔ੜֶతख๏
Λ͠ۦɺղ໌͢Δ͜ͱΛ͍ͯ͠ࢦ·͢ɻಛʹۙ࠷ɺώτࡉ๔
ͷখ๔ମʹ͓͚ΔγεςΠϯͷࢎԽؐݩΛհͨ͠ωοτϫʔΫͱ
ΧϧγϜΠΦϯѥԖΠΦϯೱΛௐઅ͢Δບτϥϯεϙʔ
λʔʹযΛ͋ͯͨڀݚΛల։͍ͯ͠·͢ɻຊڀݚ՝Λ͢ߦ
Δ͜ͱʹΑΓɺࡉ๔Ͱੵ͢ΔϛεϑΥʔϧυλϯύΫ࣭ͳͲ
͕Ҿ͖͢͜ىछʑͷපଶͷࢠϨϕϧͰͷҼղ໌ʹͭͳ͕Δͱ
͞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	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ 3838
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CJoJNaHJnH ʗ qVoSFTDFnU	QSoCF ʗ QIoUofVnDUJonaM	NoMFDVMF ʗ QSoUFJn	
FnHJnFFSJnH

⿏ੜੑ׆ΛՄࢹԽ͢Δޫܬηϯαʔͷ։ൃ
ྉͷ։ൃࡐϋΠϒϦουࢠΛௐΔҝͷന࣭ʵখݱੜ໋ߏػױ࣬⿏
⿏ޫΛ༻͍ͯੜମੑ׆ࢠΛૢ͢࡞Δٕज़ͷ։ൃ
৭ૉͷ։ൃޫܬज़ʹ༗༻ͳޫੑٕڸඍݦϨʔβʔًߴ⿏
⿏߬ૉػͷղ໌ͱ৽ػنੑന࣭ͷग़

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

খాढ़ߦɹॿɹڭ
ToTIJZVLJ	,O8ADA	ATTJTUanU	PSofFTToS

Խֶʹࡉ͍ͨͮج๔ػͷՄࢹԽͱ੍ޚ

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

ԿָͶخͰ͚ਫ਼ରؽմੵٗढ़ ਫ਼ରࢢʀؽޭԿ

ਫ਼ରࢢʀؽՆࢻԿ

പ࣯րร ࢢؽޭ

ՆࢻԿϕϫʖϔ ॶඬదԿۃ๖಼ࡋ

ɹੜମ͓Αͼੜࡉ๔Ͱɺന࣭ɾ֩ࢎɾͳͲͷ༷ʑͳੜ
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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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มߏϓϩʔϒɺޫরࣹʹΑͬͯ݁߹ͷஅޫܬग़͢Δݕʹ
ԽΛҾ͖͢͜ىέʔδυԽ߹ɾϑΥτΫϩϛοΫԽ߹Λ༻͍
ͨ߬ૉड༰ମͷٕޚ੍ੑ׆ज़ͷ։ൃͳͲΛ͍ߦ·͢ɻ͜ΕΒͷ
ͱΈ߹ΘͤΔ͜ͱʹΑΓɺੜ͖ͨ؍ڸඍݦޫܬΛࢠੑػ
ঢ়ଶʹ͓͚Δੜମࢠͷػ࣬ߏػױͷຊ࣭ʹഭΓ·͢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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PSoUFJn	foMdJnH	and	dFTJHn ʗ 'VnDUJon	of	UVNoS	TVQQSFTToS	Q�� ʗ SJnHMF	
NoMFDVMF	qVoSFTDFnDF	TQFDUSoTDoQZ

⿏Ұޫܬࢠޫ๏Λ༻͍ͨλϯύΫ࣭ͷϑΥʔϧσΟϯάμΠφϛΫε
੍λϯύΫ࣭؞⿏ Q��ͷ DNA୳ߏػࡧͷղ໌
⿏ҰࢠιʔλʔΛ༻͍ͨ৽͍͠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
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TBUPTIJ�UBkBIBTIJ�B�!UPIPkV�BD�KQ

तڭɹਗ਼ਓɹ।ܗח
,JZoUo	,AMA(ATA	ATToDJaUF	PSofFTToS

খҪߒ೭ɹॿɹڭ
)JSoZVLJ	OI,A8A	ATTJTUanU	PSofFTToS

Ұ؍ޫܬࢠʹΑΔλϯύΫ࣭ͷϑΥʔϧσΟϯάͱػͷղ໌

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

ɹλϯύΫ࣭ɺ��छྨͷΞϛϊ͕ࢎҰݩ࣍తʹͭͳ͕ͬͨߴ
ࢠͰ͋Γɺੜମதʹ͓͍ͯ͞·͟·ͳػΛൃ͢شΔۃڀͷػ
ੑࢠͰ͢ɻλϯύΫ࣭͕ػΛൃ͢شΔʹɺΞϛϊࢎͷ
ྻʹΑΓఆΊΒΕΔಛఆͷߏʹંΓ·ΕΔ
ʢϑΥʔϧσΟϯά͢Δʣඞཁ͕͋Γ·͢ɻ͔͠
͠ɺΞϛϊࢎྻͱߏͷ͍ؔ·ͩʹཧղ͞
Ε͍ͯ·ͤΜɻ͞Βʹɺ͋ΔλϯύΫ࣭͕ɺͲͷ
Α͏ͳӡಈʹΑΓػΛൃ͢شΔͷ͔͠͠
ະղ໌Ͱ͢ɻຊڀݚͰɺಠࣗʹ։ൃͨ͠
Ұ؍ޫܬࢠ๏Λ༻͍Δ͜ͱͰɺλϯύΫ࣭ͷ
ϑΥʔϧσΟϯάաఔΛ͠؍ɺλϯύΫ࣭
ɻ·ͨɺ͢·͍ͯ͠ࢦཧͷղ໌Λݪஙߏͷߏ
੍λϯύΫ࣭Ͱ͋Δ؞ Q�� ͕ DNA ্Λ͢
Γӡಈ͢Δ͜ͱͰɺλʔήοτྻΛ୳͢աఔͷ
ղ໌͍ͯ͠ࢦ·͢ɻ͞ΒʹɺҰݧ࣮؍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	

ʹΑΓಘΒΕͨλϯύΫ࣭ϑΥʔϧσΟϯάͱػʹؔ͢Δݟ
Λجʹɺ৽نλϯύΫ࣭ΛσβΠϯ͢Δख๏ͷ։ൃʹऔΓΜ
Ͱ͍·͢ɻ

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

0)5A/* -aC
ڀݚྉྗֶࡐࢉܭ

େ୩ࣨڀݚ

ઐŋΩʔϫʔυ ࢠʗిܭྉઃࡐʗࢉܭཧݪঢ়ଶਤʗୈҰࢉܭ
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'*&-%ŋK&: 803% CA-P)ADʗ pSTU�QSJnDJQMFT	DaMDVMaUJonT ʗNaUFSJaMT	dFTJHn ʗ FMFDUSonJD	UIFoSZ

⿏४҆ఆঢ়ଶΛར༻ͨ͠ࡐྉઃجܭ൫ͷཱ֬
⿏݁থதͷෆۉҰߏʹؔ͢Δྗֶతݕ౼
ڀݚ༥ମͷྗֶੑʹؔ͢Δܥۚ߹⿏
⿏ҨతΞϧΰϦζϜΛ༻͍ͨཧঢ়ଶਤͷߏஙʹؔ͢Δڀݚ
⿏ϞϯςΧϧϩγϛϡϨʔγϣϯʹΑΔ૬มଶͷཧతڀݚ

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

ӿɹউಙɹॿɹڭ
MaTanoSJ	ENO,I	ATTJTUanU	PSofFTToS

༄ɹɹ߃ۄɹॿɹڭ	
YVIFnH	-I6	ATTJTUanU	PSofFTToS

༺ྉ։ൃͷԠࡐஙͱ৽ߏͱͮ͘ཧঢ়ଶਤͷʹࢉܭࢠి

ConstruDtion oG theoretiDaM phase EiaHrams anE EeveMopment 
oG neX materiaMs CaseE on eMeDtroniD theory
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ʹΑΓجఈঢ়ଶͰͷ҆ఆ૬Λ୳͠ࡧɺͦͷࣗ༝Τωϧ
Ϊʔʹର͢ΔԹґଘੑΛಋೖ͢Δ͜ͱͰɺ४҆ఆঢ়
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͍ߦΑΔ֬ೝʹݧɻ·ͨͦͷ݁Ռͷ࣮͢·͠ࢉܭͯ
·͢ɻ͜ΕʹΑΓɺ͜Ε·Ͱ͍͍ͤͥ७࣭ʹͱͲ·ͬ
͖ͯͨཧঢ়ଶਤͷڀݚΛɺҰؾʹଟܥݩʹ·Ͱ֦େ
ͯٞ͢͠Δ͜ͱ͕ՄʹͳΓ·͢ɻ͜ͷΑ͏ͳख๏
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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	

Ϧϡɹɹɹɹɹ	Ϣϗϯ

Εɺࡐྉʹ͘ར༻͞ΕΔπʔϧͱͳΔ͜ͱ͕༧͞Εɺࡐྉֶʹ
ର͢Δେ͖ͳظ͕ݙߩͰ͖·͢ɻ

DonUSJCVUJon	Uo	UIF	NaUFSJaMT	TDJFnDF�

	a
 	C
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PSoUFJn	foMdJnH	and	dFTJHn ʗ 'VnDUJon	of	UVNoS	TVQQSFTToS	Q�� ʗ SJnHMF	
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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খҪߒ೭ɹॿɹڭ
)JSoZVLJ	OI,A8A	ATTJTUanU	PSofFTToS
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%ynamiDs oG protein GoMEinH anE GunDtion CaseE 
on sinHMe moMeDuMe quoresDenDe speDtrosDopy
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੍λϯύΫ࣭Ͱ͋Δ؞ Q�� ͕ DNA ্Λ͢
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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	

ʹΑΓಘΒΕͨλϯύΫ࣭ϑΥʔϧσΟϯάͱػʹؔ͢Δݟ
Λجʹɺ৽نλϯύΫ࣭ΛσβΠϯ͢Δख๏ͷ։ൃʹऔΓΜ
Ͱ͍·͢ɻ

LnoXMFdHF	of	QSoUFJn	foMdJnH	and	fVnDUJon	XF	aSF	dFWFMoQJnH	
a	nFX	TUSaUFHZ	Uo	dFTJHn	aSUJpDJaM	QSoUFJnT�
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⿏ҨతΞϧΰϦζϜΛ༻͍ͨཧঢ়ଶਤͷߏஙʹؔ͢Δڀݚ
⿏ϞϯςΧϧϩγϛϡϨʔγϣϯʹΑΔ૬มଶͷཧతڀݚ

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

Ϧϡɹɹɹɹɹ	Ϣϗϯ

Εɺࡐྉʹ͘ར༻͞ΕΔπʔϧͱͳΔ͜ͱ͕༧͞Εɺࡐྉֶʹ
ର͢Δେ͖ͳظ͕ݙߩͰ͖·͢ɻ

DonUSJCVUJon	Uo	UIF	NaUFSJaMT	TDJFnDF�
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CoIFSFnU	9�SaZ	OQUJDT ʗ SZnDISoUSon	3adJaUJon ʗ 7JTVaMJ[aUJon	MFaTVSFNFnU
ʗ InfoSNaUJDT
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⿏ 	CIFNJDaM	TUaUF	JNaHJnH	of	CaUUFSZ	�	DaUaMZTU	NaUFSJaMT	CZ	QUZDIoHSaQIJD�9A'S	9�SaZ	ACToSQUJon	'JnF	
SUSVDUVSF
	NFUIod�

⿏ 	DFWFMoQNFnU	of	UFndFS	9�SaZ	QUZDIoHSaQIZ	and	JUT	aQQMJDaUJon	Uo	DIFNJDaM	TUaUF	JNaHJnH	of	TVMfVS	
DoNQoVndT

⿏ TISFF�dJNFnTJonaM	nanoTUSVDUVSF	WJTVaMJ[aUJon	of	FMFDUSJD	dFWJDFT	CZ	NVMUJ�TMJDF	9�SaZ	QUZDIoHSaQIZ
⿏ DFWFMoQNFnU	of	TJnHMF�TIoU	DoIFSFnU	dJ⒎SaDUJon	JNaHJnH	NFUIod	and	JUT	aQQMJDaUJon	Uo	dZnaNJD	JNaHJnH
⿏ DFWFMoQNFnU	of	NVMUJTDaMF	9�SaZ	JNaHJnH	NFUIod	CZ	DooQFSaUJon	of	QUZDIoHSaQIZ	and	IoMoUoNoHSaQIZ�
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'unDtion visuaMi[ation oG materiaMs throuHh DoaMition CetXeen aEvanDeE synDhrotron 
raEiation measurement anE inGormatiDs X-ray Ptychography Apparatus@SPring-8 BL29XUL 

Sample chamber In-vacuum
pixel-array detector

X-rays

Advanced KB mirror optics
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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	ATTJTUanU	PSofFTToS

தੑࢠඇੑࢄཚΛ༻͍ͨྔࢠεϐϯܥวྺ࣓ੑମͷεϐϯμΠφϛΫεڀݚ

/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�
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4ynDhrotron 3aEiation .iDrosDopy anE *nGormatiDs

5A,A)AS)* :6,*0 -aC
์ࣹޫՄࢹԽใܭଌڀݚ

ࣨڀݚੜڮ∁

ઐŋΩʔϫʔυ ίώʔϨϯτ 9ઢޫֶʗ์ࣹޫʗՄࢹԽܭଌʗใՊֶ
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CoIFSFnU	9�SaZ	OQUJDT ʗ SZnDISoUSon	3adJaUJon ʗ 7JTVaMJ[aUJon	MFaTVSFNFnU
ʗ InfoSNaUJDT

⿏λΠίάϥϑΟ �9A'S ๏ʹΑΔి �৮ഔࡐྉͷԽֶঢ়ଶੳ
⿏ςϯμʔ̭ઢλΠίάϥϑΟͷج൫ٕज़։ൃͱེԫԽ߹ͷԽֶঢ়ଶੳͷల։
⿏ϚϧνεϥΠε 9ઢλΠίάϥϑΟʹΑΔిࢠσόΠεͷݩ࣍ࡾφϊߏՄࢹԽ
⿏γϯάϧγϣοτίώʔϨϯτճંΠϝʔδϯά๏ͷ։ൃͱಈըΠϝʔδϯάͷల։
⿏λΠίάϥϑΟͱϗϩτϞάϥϑΟͷ࿈ܞʹΑΔϚϧνεέʔϧΠϝʔδϯά๏ͷ։ൃ

⿏ 	CIFNJDaM	TUaUF	JNaHJnH	of	CaUUFSZ	�	DaUaMZTU	NaUFSJaMT	CZ	QUZDIoHSaQIJD�9A'S	9�SaZ	ACToSQUJon	'JnF	
SUSVDUVSF
	NFUIod�

⿏ 	DFWFMoQNFnU	of	UFndFS	9�SaZ	QUZDIoHSaQIZ	and	JUT	aQQMJDaUJon	Uo	DIFNJDaM	TUaUF	JNaHJnH	of	TVMfVS	
DoNQoVndT

⿏ TISFF�dJNFnTJonaM	nanoTUSVDUVSF	WJTVaMJ[aUJon	of	FMFDUSJD	dFWJDFT	CZ	NVMUJ�TMJDF	9�SaZ	QUZDIoHSaQIZ
⿏ DFWFMoQNFnU	of	TJnHMF�TIoU	DoIFSFnU	dJ⒎SaDUJon	JNaHJnH	NFUIod	and	JUT	aQQMJDaUJon	Uo	dZnaNJD	JNaHJnH
⿏ DFWFMoQNFnU	of	NVMUJTDaMF	9�SaZ	JNaHJnH	NFUIod	CZ	DooQFSaUJon	of	QUZDIoHSaQIZ	and	IoMoUoNoHSaQIZ�

ɹतڭੜɹɹڮ∁
YVLJo	TA,A)AS)I	PSofFTToS

ZUBkBIBTIJ!UPIPkV�BD�KQ

ࣰాɹ߂ɹ।ڭत
,o[o	S)INODA	ATToDJaUF	PSofFTToS

ੴࠇɹɹࢤɹॿɹڭ
No[oNV	IS)I(63O	ATTJTUanU	PSofFTToS

ᇙɹɹਖ਼හɹॿɹڭ
JVnHNJn	,AN(	ATTJTUanU	PSofFTToS

Խͷల։ࢹՄػྉࡐใॲཧͷ༥߹ʹΑΔߴଌͱܭޫࣹ์

'unDtion visuaMi[ation oG materiaMs throuHh DoaMition CetXeen aEvanDeE synDhrotron 
raEiation measurement anE inGormatiDs X-ray Ptychography Apparatus@SPring-8 BL29XUL 

Sample chamber In-vacuum
pixel-array detector

X-rays

Advanced KB mirror optics

ᶅναήϧϓΡ�;$)S�&Tܯ ᶆࢥگ͵ָ͢सͶΓΖ
ήϩʖϕʀபड़ԿൕԢܑ

ᶇԿൕԢܑ�ٌ�
ԿࢻՆؔۯݫ࣏�

ɹ࣮༻ࡐྉͷଟ͘ɺφϊ͔ΒϚΠΫϩϝʔτϧ·Ͱͷۭؒ֊
Ͱ͢ɻ͠ܥࡶΛ༗͢Δෳߏ ͕ͨͬͯɺ৽ࡐྉΛઃܭɾ։ൃ͢Δࡍɺ
φϊɾϝιεέʔϧͰͷඍߏࡉͱػͷ૬ؔΛղ໌͢Δ͜ͱ͕
ॏཁͰ͢ɻ์ࣹޫΛޫݯͱ͢ΔΠϝʔδϯάɾޫٕज़Λ͢ۦ
Δ͜ͱͰ࣮༻όϧΫࡐྉશମͷߏɾݩૉɾిࢠঢ়ଶΛଟݩతʹ
ՄࢹԽ͢Δ͜ͱ͕Ͱ͖·͢ɻಛʹɺ
์ࣹޫͷίώʔϨϯτΛར׆
༻ͨ͠ίώʔϨϯτճંΠϝʔδ
ϯάɺ9ઢྖҬͰະ౿Ͱ͋ͬͨ
φϊεέʔϧͰͷߏՄࢹԽΛ࣮
ଌ๏ͱ͠ܭԽࢹͷՄੈ࣍Δ͢ݱ
ͯ͞Ε͍ͯ·͢ɻ·ͨɺۙ
ͷใॲཧٕज़ͷൃలʹ͍ɺ̏
ঢ়ࢠૉɾిݩ͢Δʹۭؒݩ࣍
ଶͷใ͔Βߏʵػ૬ؔʹؔ

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�

͢ΔಛతͳใΛநग़͜ͱՄʹͳΓͭͭ͋Γ·͢ɻຊڀݚ
ࣨͰɺઌਐత 9ઢޫֶٕज़Λੈ࣍ͨ͠ۦͷ์ࣹޫΠϝʔ
δϯάɾޫ๏ͷ։Λ࣠جͱ͠ɺߴใॲཧٕज़Λ׆༻͢Δ
͜ͱͰɺ࣮༻ࡐྉͷػΛՄࢹԽ͢Δڞ௨ج൫Λߏங͢Δ͜ͱΛ
͠ࢦ·͢ɻ
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nFVUSon	JnFMaTUJD	TDaUUFSJnH ʗ nFVUSon	NaHnFUJD	TDaUUFSJnH ʗ RVanUVN	
NaHnFUT	JUJnFSanU	FMFDUSon	NaHnFUJTN	and	TVQFSDondVDUJWJUZ

⿏தੑࢠඇੑࢄཚޫثͷ։ൃ
⿏தੑؾ࣓ࢠඇੑࢄཚεϖΫτϧղੳ๏ͷ։ൃ
ڀݚͷݱࢠతྔࢹڊΔ͚͓ʹܥεϐϯࢠྔ⿏
⿏วྺిܥࢠʹ͓͚Δੑ࣓ڧͱಋͷڀݚ
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

ɹतڭɹɹɹ౻ࠤ
TaLV	J	SATO	PSofFTToS

UBkV!UPIPkV�BD�KQ

Ԟࢁɹେีɹॿɹڭ
DaJTVLF	O,6YAMA	ATTJTUanU	PSofFTToS

ಹɹɹॿɹڭ
,a[VIJSo	NA8A	ATTJTUanU	PSofFTToS

தੑࢠඇੑࢄཚΛ༻͍ͨྔࢠεϐϯܥวྺ࣓ੑମͷεϐϯμΠφϛΫεڀݚ

/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�ɹզʑͷάϧʔϓͰిࢠεϐϯͷଟମ૬ؔʹΑΔ৽حͳྔࢠ૬
ͷ୳ࡧͱͦͷղ໌Λ͍ͯ͠ࢦ·͢ɻ͜ͷతΛୡ͢ΔͨΊɺ
εϐϯͷಈతੑ࣭Λ؍ଌ͢Δ͜ͱͷͰ͖Δதੑࢠඇੑࢄཚ
ΛओͨΔ࣮ݧख๏ͱ͍ͯ͠·͢ɻۙྔܥࢠͷੑ࣭Λͦͷ࿈ଓม
ର͢ΔෆมੑʢτϙϩδʔʣΛ༻͍ͯཧղ͢Δํ๏͕Μʹܗ
ΔτϙϩδΧϧઈԑମͦͷ͚͓ʹܥࢠΕ͍ͯ·͢ɻి͞ڀݚʹ
දతͳྫͰ͢ɻզʑ͜ͷΑ͏ͳτϙϩδΧϧͳੑ࣭Λ࣓ੑମ
ʹ͓͚Δૉྭىʢ४ཻࢠʣʹରͯ͠୳͠ࡧɺྔࢠੑ࣓ڧμΠ
Ϛʔ࣭	#a�CVSJ�O�CM�	ʹ͓͍ͯτϙϩδΧϧͳ࣓ؾ४ཻྭࢠ
ςΫεؾɻଞʹ࣓ੑମதͷτϙϩδΧϧͳ࣓ͨ͠·͠ݟΛൃى
νϟʔͰ͋Δ࣓ؾεΧʔϛΦϯͷ͍μΠφϛΫεͷղ໌ɺి
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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/anosDaMe .aHnetism

0,A.050 -aC
φϊεέʔϧ࣓ػؾڀݚ

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

⿏ີߴ࣓هؾٕज़ͷ։ൃ
ڀݚཧݪྉͷࡐੴ࣓ٱӬੑߴ⿏
ಈղ໌ڍԠͷؾप࣓ߴ⿏
⿏ײߴεϐϯμΠφϛΫεܭଌٕज़։ൃ
⿏৽ػߴن࣓ੑࡐྉ։ൃ

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

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

φϊεέʔϧͰͷੑ࣓ڧମͷػղ໌ͱੑߴ࣓ؾσόΠεͷग़

/ano�sDaMe physiDaM properties oG GerromaHnetiD materiaMs anE EeveMopments oG aEvanDeE 
maHnetiD EeviDes
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ͱޚ੍ߴԽ͕࣓ؾσόΠεͷੑߴԽͷݤͱͳΓ·͢ɻྫ͑ɺ
ϚΠΫϩपྖҬͷεϐϯͷৼ͍Λ੍͢ޚΔهٕज़ 	Ϛ
ΠΫϩΞγετ࣓هؾํࣜ 
ʹΑΓɺϋʔυσΟεΫͷه
ີΛඈ༂తʹߴΊΒΕΔͱظ͞Ε͍ͯ·͢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�	
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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߹ʹͮ͘جϓϦϯςουΤϨΫτϩχΫε͚φϊΠϯΫͷ։ൃ
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ΑΔ͋Βͨͳநग़ϓϩηε։ൃʹܭઃࢠੑΠΦϯӷମͷػ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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'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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'FSSoNaHnFUJD	NaUFSJaMT ʗ NaHnFUJ[aUJon	NFaTVSFNFnUT ʗ TQJn	dZnaNJDT ʗ
IJHI�fSFRVFnDZ	NaHnFUJD	SFTQonTF

⿏ີߴ࣓هؾٕज़ͷ։ൃ
ڀݚཧݪྉͷࡐੴ࣓ٱӬੑߴ⿏
ಈղ໌ڍԠͷؾप࣓ߴ⿏
⿏ײߴεϐϯμΠφϛΫεܭଌٕज़։ൃ
⿏৽ػߴن࣓ੑࡐྉ։ൃ

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
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/ano�sDaMe physiDaM properties oG GerromaHnetiD materiaMs anE EeveMopments oG aEvanDeE 
maHnetiD EeviDes
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ϚΠΫϩपྖҬͷεϐϯͷৼ͍Λ੍͢ޚΔهٕज़ 	Ϛ
ΠΫϩΞγετ࣓هؾํࣜ 
ʹΑΓɺϋʔυσΟεΫͷه
ີΛඈ༂తʹߴΊΒΕΔͱظ͞Ε͍ͯ·͢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�	
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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߹ʹͮ͘جϓϦϯςουΤϨΫτϩχΫε͚φϊΠϯΫͷ։ൃ
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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

ֈߐɹࢤɹڭɹत
,JZoTIJ	,ANIE	PSofFTToS

kBOJF!UPIPkV�BD�KQ

দݪɹਖ਼थɹߨɹࢣ
MaTaLJ	MATS6#A3A	SFnJoS	ATTJTUanU	PSofFTToS

༗ػɾແػɾόΠΦʹΘͨΔ
ଟݩਫ਼ີ߹ʹػͮ͘جੑࡐྉ

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

ɹػੑࡐྉɺͪͨࢲͷ๛͔ͳੜ׆Λ͑ࢧΔԑͷԼͷྗͪ࣋Ͱ
͢ɻͦΕނɺ͋Βͨͳػੑࡐྉͷ։ൃɺະདྷΛΑΓ๛͔ͳ
ͷͱ͢Δ্ͰͱͯେͰ͢ɻͪͨࢲɺैདྷͷ༗ػɾແػɾό
ΠΦͷΈʹͱΒΘΕͣɺࣗ༝ͳൃͰ͋ΒͨͳػੑࡐྉΛ
ઃܭɾ߹͍ͯ͠·͢ɻͳ͔ͰෳͷࡐྉͷॴΛʠϋΠϒϦο
υԽʡ͢Δ͜ͱɺॴͷ୯ͳΔॏͶ߹Θͤʹཹ·Βͣɺ༧Λ
͑ͨ૬ػͷൃݱɺ͢ͳΘͪɺ͋Βͨͳػੑࡐྉͷൃݟʹ
Γ·͢ɻ͕ܨ
͜ͷࢥͷݩɺ͜Ε·ͰʹɺJ
	ແػφϊཻࢠͷࣗݾ৫ੑͷ
༩ʹΑΔྔޮࢠՌͷ੍ޚɺJJ
	ృΔ͜ͱͰػੑബບͱͳΔφϊ
ΠϯΫɺJJJ
	ՄٯతͳܹԠੑΛ༗͢Δ࣭ࢷೋࢠບࡐྉ	ͳͲɺ
ʠϋΠϒϦουԽʡʹػͮ͘جੑࡐྉΛੈʹૹΓग़͖ͯ͠·͠
ͨɻ๛͔ͳকདྷͷͨΊɺ͜Ε͔Β͋Βͨͳػੑࡐྉͷൃݟʹ
औΓΈ·͢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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TVSfaDF	TUSVDUVSF ʗ TVSfaDF	dZnaNJDT ʗ FMFDUSon	dJ⒎SaDUJon ʗ nano	TVSfaDF	
anaMZTJT

⿏৽͍͠ද໘ߏղੳ๏ͷ։ൃ
⿏ද໘ߏμΠφϛΫεͷڀݚ
ڀݚ࣭ͷͱੑࢠݪݩ࣍̎⿏
⿏ϚΠΫϩ �φϊߏͷද໘

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

Ѿɹ࢘ڡɹڭɹत
TadaTIJ	A#6,A8A	PSofFTToS

BCVkBXB!UPIPkV�BD�KQ

খɹमҰɹॿɹڭ
SIVJDIJ	O(A8A	ATTJTUanU	PSofFTToS
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ɹຊڀݚͰɺ༷ʑͳػΛͨͬ࣋ද໘ɾք໘ͷΛࢦ
ͯ͠ɺද໘ɾք໘ΛࢠݪϨϕϧͰཧղ͢ΔڀݚΛ͍ͯͬߦ·͢ɻ
ɹ͜Ε·Ͱʹɺද໘ͷࢠݪྻΛ Խ͢ΔͨΊʹɺࢹతʹՄݩ࣍�
ৼಈ૬ؔࢄອࢄཚ๏ɺϫΠθϯϕϧάࣹߴిࢠճં๏Λ։
ൃ͠·ͨ͠ɻಠࣗ։ൃͷϫΠθϯϕϧάࣹߴిࢠճં๏Ͱɺ
ղੳʹඞཁͳେྔͷσʔλΛɺΘ͔ͣߏతͳද໘ݩ࣍� ��	
ͰଌఆͰ͖Δ༏Εͨख๏Ͱ͢ɻ·ͨɺԠμΠφϛΫεߏ
૬సҠμΠφϛΫεΛ͢ڀݚΔͨΊʹɺετϦʔΫΧϝϥిࢠճ
ં๏ͱ͍͏ද໘ࢠݪͷߴͳಈ͖Λଊ͑Δ৽͍͠ख๏Λ։ൃ͠·
ͨ͠ɻαϒφϊඵ͔ΒϛϦඵͱ͍͏෯ྖ͍ؒ࣌ҬͰɺද໘্
ͷࢠݪͷಈ͖Λଊ͑Δ͜ͱ͕Ͱ͖·͢ɻ
ɹෆۉҰͳ࣭ද໘ΛφϊϨϕϧͰܭଌ͢ΔͨΊʹޫిݦࢠඍ
๏ڸ 	PEEM
 ͱࠪిݦࢠඍڸ๏ 	SEM
 Λ༻͍ͯ͠·͢ɻ
PEEMͰɺ̎ࢠݪݩ࣭࣍ͷϓϩηεԽֶԠϓϩ
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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4uperDritiDaM 'MuiE anE )yCriE /ano TeDhnoMoHies

A%S$)*3* -aC	$�A*.3

ྟքφϊڀݚֶ

Ѩ৲ࣨڀݚʢ݉ɿࡐྉՊֶߴڀݚॴʣ
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'*&-%ŋK&: 803% TVQFSDSJUJDaM	XaUFS ʗ TVQFS	IZCSJd ʗ nanoNaUFSJaMT ʗ QSoDFTT	FnHJnFFSJnH

⿏ྟքਫʹΑΔࡐྉϓϩηεͷߴ੍ޚ
⿏ྟքͰͷϋΠϒϦουφϊཻࢠ
⿏φϊཻࢠͷྗֶʢߏܗɾ૬ڍಈɾ೪ੑʣ
⿏ϋΠϒϦουࡐྉʢϙϦϚʔʗϋΠϒϦουφϊཻࢠʣ
⿏ԹഇͰۦಈ͢Δֵ৽తԽֶϓϩηεϚΠΫϩ �φϊߏͷද໘

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

UBEBGVmJ�BKJSJ�C1!UPIPkV�BD�KQ

ᝋډɹ໌ߴɹ।ڭत
TaLaaLJ	TOMAI	ATToDJaUF	PSofFTToS

ྟքਫʹΑΔֵ৽తφϊࡐྉɿͦͷֶཧͱԠ༻ల։

Creation oG innovative nanomateriaMs Cy superDritiDaM Xater� 4DienDe anE "ppMiDations
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ɹྟքঢ়ଶͰਫͱ༗ػ͕ۉҰʹࠞ͡Γ߹͏͜ͱ͕Ͱ
͖·͢ɻ͜ͷྟքਫͷಛΛར༻͢Δͱɺද໘͕༗ػम
০͞ΕͨۚଐࢎԽཻࢠΛ߹Ͱ͖·͢ɻࡏݱɺͦͷ߹
ԽʹऔΓΜͰ͍·͢ɻޚ੍ߴͷղ໌ͱϓϩηεͷߏػ
༗ػम০͞ΕͨۚଐࢎԽཻࢠʮ༗ػɾແػϋΠϒϦου
φϊཻࢠʯɺ༗༹ػഔʹ͍ߴੑΛͭͨΊɺߴೱ
͕ࢄՄʹͳΓ·͢ɻηϥϛΫε࣭ྔ̔̌ˋҎ্
Ͱྲྀಈ͢ΔϑϧΠσΟοΫηϥϛΫεͦͷҰͭͰ͢ɻ
ࢠͷΑ͏ʹ;Δ·͏φϊཻࢠΛѻ͏ͨΊͷʮ৽Պֶʯͷ
ʹઓ͍ͯ͠·͢ɻ·ͨ༗ػम০Ͱφϊཻࢠͷํ
φϊ৮ഔੑ׆ߴ໘ͷΈ͕࿐ग़ͨ͠ੑ׆Δͱɺ͢ޚΛ੍
Λ߹͢Δ͜ͱ͕Ͱ͖·͢ɻ͜ͷφϊ৮ഔԹͰඇৗ
ͰෆՄ·ࠓɺͯͬΛࣔ͢͜ͱ͔Βɺ͜ΕΛੑ׆͍ߴʹ
ͱ͞Ε͖ͯͨԹഇͷߴΤωϧΪʔมʢΤΫηϧΪʔ
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
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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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ɹຊڀݚͰɺ༷ʑͳػΛͨͬ࣋ද໘ɾք໘ͷΛࢦ
ͯ͠ɺද໘ɾք໘ΛࢠݪϨϕϧͰཧղ͢ΔڀݚΛ͍ͯͬߦ·͢ɻ
ɹ͜Ε·Ͱʹɺද໘ͷࢠݪྻΛ Խ͢ΔͨΊʹɺࢹతʹՄݩ࣍�
ৼಈ૬ؔࢄອࢄཚ๏ɺϫΠθϯϕϧάࣹߴిࢠճં๏Λ։
ൃ͠·ͨ͠ɻಠࣗ։ൃͷϫΠθϯϕϧάࣹߴిࢠճં๏Ͱɺ
ղੳʹඞཁͳେྔͷσʔλΛɺΘ͔ͣߏతͳද໘ݩ࣍� ��	
ͰଌఆͰ͖Δ༏Εͨख๏Ͱ͢ɻ·ͨɺԠμΠφϛΫεߏ
૬సҠμΠφϛΫεΛ͢ڀݚΔͨΊʹɺετϦʔΫΧϝϥిࢠճ
ં๏ͱ͍͏ද໘ࢠݪͷߴͳಈ͖Λଊ͑Δ৽͍͠ख๏Λ։ൃ͠·
ͨ͠ɻαϒφϊඵ͔ΒϛϦඵͱ͍͏෯ྖ͍ؒ࣌ҬͰɺද໘্
ͷࢠݪͷಈ͖Λଊ͑Δ͜ͱ͕Ͱ͖·͢ɻ
ɹෆۉҰͳ࣭ද໘ΛφϊϨϕϧͰܭଌ͢ΔͨΊʹޫిݦࢠඍ
๏ڸ 	PEEM
 ͱࠪిݦࢠඍڸ๏ 	SEM
 Λ༻͍ͯ͠·͢ɻ
PEEMͰɺ̎ࢠݪݩ࣭࣍ͷϓϩηεԽֶԠϓϩ
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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4uperDritiDaM 'MuiE anE )yCriE /ano TeDhnoMoHies

A%S$)*3* -aC	$�A*.3

ྟքφϊڀݚֶ

Ѩ৲ࣨڀݚʢ݉ɿࡐྉՊֶߴڀݚॴʣ
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41&C*"-*;&%
'*&-%ŋK&: 803% TVQFSDSJUJDaM	XaUFS ʗ TVQFS	IZCSJd ʗ nanoNaUFSJaMT ʗ QSoDFTT	FnHJnFFSJnH

⿏ྟքਫʹΑΔࡐྉϓϩηεͷߴ੍ޚ
⿏ྟքͰͷϋΠϒϦουφϊཻࢠ
⿏φϊཻࢠͷྗֶʢߏܗɾ૬ڍಈɾ೪ੑʣ
⿏ϋΠϒϦουࡐྉʢϙϦϚʔʗϋΠϒϦουφϊཻࢠʣ
⿏ԹഇͰۦಈ͢Δֵ৽తԽֶϓϩηεϚΠΫϩ �φϊߏͷද໘

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

UBEBGVmJ�BKJSJ�C1!UPIPkV�BD�KQ

ᝋډɹ໌ߴɹ।ڭत
TaLaaLJ	TOMAI	ATToDJaUF	PSofFTToS

ྟքਫʹΑΔֵ৽తφϊࡐྉɿͦͷֶཧͱԠ༻ల։

Creation oG innovative nanomateriaMs Cy superDritiDaM Xater� 4DienDe anE "ppMiDations
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ɹྟքঢ়ଶͰਫͱ༗ػ͕ۉҰʹࠞ͡Γ߹͏͜ͱ͕Ͱ
͖·͢ɻ͜ͷྟքਫͷಛΛར༻͢Δͱɺද໘͕༗ػम
০͞ΕͨۚଐࢎԽཻࢠΛ߹Ͱ͖·͢ɻࡏݱɺͦͷ߹
ԽʹऔΓΜͰ͍·͢ɻޚ੍ߴͷղ໌ͱϓϩηεͷߏػ
༗ػम০͞ΕͨۚଐࢎԽཻࢠʮ༗ػɾແػϋΠϒϦου
φϊཻࢠʯɺ༗༹ػഔʹ͍ߴੑΛͭͨΊɺߴೱ
͕ࢄՄʹͳΓ·͢ɻηϥϛΫε࣭ྔ̔̌ˋҎ্
Ͱྲྀಈ͢ΔϑϧΠσΟοΫηϥϛΫεͦͷҰͭͰ͢ɻ
ࢠͷΑ͏ʹ;Δ·͏φϊཻࢠΛѻ͏ͨΊͷʮ৽Պֶʯͷ
ʹઓ͍ͯ͠·͢ɻ·ͨ༗ػम০Ͱφϊཻࢠͷํ
φϊ৮ഔੑ׆ߴ໘ͷΈ͕࿐ग़ͨ͠ੑ׆Δͱɺ͢ޚΛ੍
Λ߹͢Δ͜ͱ͕Ͱ͖·͢ɻ͜ͷφϊ৮ഔԹͰඇৗ
ͰෆՄ·ࠓɺͯͬΛࣔ͢͜ͱ͔Βɺ͜ΕΛੑ׆͍ߴʹ
ͱ͞Ε͖ͯͨԹഇͷߴΤωϧΪʔมʢΤΫηϧΪʔ
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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'*&-%ŋK&: 803% MaTFS ʗ QIoUonJDT ʗ NaUFSJaMT	TDJFnDF ʗ FMFDUSon	oQUJDT

ϓϩηεޫͷʹ͓͚Δ࣭มڧߴ⿏
࡞ࢠޫͷʹ͓͚Δφϊཻڧߴ⿏
⿏ϕΫτϧϏʔϜͷൃੜͱϏʔϜಛੑͷղੳ
⿏ϕΫτϧϏʔϜΛ༻͍ͨφϊΠϝʔδϯάͱ৽نϨʔβʔՃ๏
⿏ϨʔβʔޫʹΑΔిࢠͷӡಈྔ੍ޚ

⿏MaUFSJaM	DonWFSTJon	QSoDFTT	Jn	JnUFnTF	oQUJDaM	pFMd
⿏ Nano�QaSUJDMF	TZnUIFTJT	Jn	JnUFnTF	oQUJDaM	pFMd
⿏ (FnFSaUJon	and	anaMZTJT	of	WFDUoS	CFaNT
⿏ DFWFMoQNFnU	of	nano�JNaHJnH	and	noWFM	MaTFS	QSoDFTTJnH	CZ	WFDUoS	CFaNT
⿏ ConUSoM	of	FMFDUSon	NoNFnUVN	CZ	MaTFS

ɹतڭɹढ़Ұɹ౻ࠤ
SIVnJDIJ	SATO	PSofFTToS

TBUP!UPIPkV�BD�KQ

খᖒɹ༞ࢢɹ।ڭत
YVJDIJ	,O;A8A	ATToDJaUF	PSofFTToS

্ਿɹ༞وɹॿɹڭ
YVVLJ	6ES6(I	ATTJTUanU	PSofFTToS

ాลɹҁ೫ɹॿɹڭ
AZano	TANA#E	ATTJTUanU	PSofFTToS

ޫՊֶͱ࣭Պֶͷ༥߹ڀݚ

.uMtiEisDipMinary researDh oG photoniDs anE materiaM sDienDe

ɹϨʔβʔΛத৺ͱ͢Δ࠷ઌͷϑΥτχΫεٕज़Λͯ͠ۦɺ
ޫͱ࣭ͱͷ૬࡞ޓ༻ͷڀݚΛਐΊɺ৽͍͠ࡐྉͷػͷ
ମ۩ࡏݱɺϓϩηεͷ։ൃͳͲΛେ͖ͳඪͱ͍ͯ͠·͢ɻݱൃ
తʹਐΊ͍ͯΔओͨΔڀݚςʔϚɺڧߴϨʔβʔʹΑΔγ
ϯάϧφϊཻ࡞ࢠͱɺϕΫτϧϏʔ
Ϝʹؔ͢Δ૯߹తͳڀݚͰ͢ɻલऀ
ɺूޫͨ͠ϑΣϜτඵϨʔβʔύ
ϧεʹΑͬͯܗ͞ΕΔޫ͍ڧͷ
Λ৽͍͠ඇฏߧɾඇઢܗɾߴϓ
ϩηεͷͱͯ͠ར༻͠ɺࢠͷ
ղʹΑͬͯൃੜ͢ΔϥδΧϧผछ
ࢠͳͲʹΑͬͯɺμΠϠϞϯυ༷
ΧʔϘϯۚوଐݩૉͷγϯάϧφ
ϊཻ࡞ࢠΛ͍ͯͬߦ·͢ɻ͜Εʹ
ରͯ͠ऀޙɺޫʢి࣓ʣͷຊདྷ

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	

ۚͱۜͷ߹ۚφϊඍཻࢠͷࢄӷɻ͔ࠨΒӈʹ͔͚ͯۚͷׂ߹͕૿͍͑ͯΔɻ

ͷੑ࣭Ͱ͋ΔϕΫτϧੑΛͨͬ࣋ϕΫτϧϏʔϜʹ͍ͭͯɺͦͷ
ཧతͳੑ࣭Λ୳ΔͱͱʹɺϏʔϜൃੜ๏ͷ։ൃͱϏʔϜ࣭
ͷվળʹऔΓΈͳ͕ΒɺϨʔβʔՃղ૾ݦඍڸͳͲͷ
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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'*&-%ŋK&: 803% ToMJd	TUaUF	JonJDTʗ FnFSHZ	DonWFSTJonʗ oQFSando	anaMZTJT ʗ FMFDUSoDIFNJTUSZ

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

,oKJ	AME;A8A	PSofFTToS

kPKJ�BmF[BXB�C3!UPIPkV�BD�KQ

TaLaTIJ	NA,AM63A	ATToDJaUF	PSofFTToS

YVUa	,IM63A	ATTJTUanU	PSofFTToS

ILVna	SATO	ATTJTUanU	PSofFTToS

͚ͯʹٴɾීݱσόΠεͷ࣮͍͞͠ΤωϧΪʔมʹڥ

ToXarE the EeveMopment oG environmentaM�GrienEMy enerHy Donversion EeviDes

➨୍ཎ⌮ィ⟬䛻䜘䜛ᕼᅵ㢮䝯䝍䝸䞁㓟ሷ䛻䛚䛡䜛
䝥䝻䝖䞁ఏᑟ䛾Ⓨ⌧ᶵᵓ䝰䝕䝹

㧗 㞺ᅖẼไᚚᆺ䜸䝨䝷䞁䝗䝬䜲䜽䝻㼄線྾ศගィ ⨨ 䜸䝨䝷䞁䝗 ᐃ䛻䜘䜛㟁ụྜᮦ㟁ᴟᛂ䛾㻟㻰ྍど

➨୍ཎ⌮ィ⟬䛻䜘䜛ᕼᅵ㢮䝯䝍䝸䞁㓟ሷ䛻䛚䛡䜛
䝥䝻䝖䞁ఏᑟ䛾Ⓨ⌧ᶵᵓ䝰䝕䝹
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⿏MaUFSJaM	DonWFSTJon	QSoDFTT	Jn	JnUFnTF	oQUJDaM	pFMd
⿏ Nano�QaSUJDMF	TZnUIFTJT	Jn	JnUFnTF	oQUJDaM	pFMd
⿏ (FnFSaUJon	and	anaMZTJT	of	WFDUoS	CFaNT
⿏ DFWFMoQNFnU	of	nano�JNaHJnH	and	noWFM	MaTFS	QSoDFTTJnH	CZ	WFDUoS	CFaNT
⿏ ConUSoM	of	FMFDUSon	NoNFnUVN	CZ	MaTFS
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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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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

Ӎᖒɹ࢙ߒɹڭɹत
,oKJ	AME;A8A	PSofFTToS

kPKJ�BmF[BXB�C3!UPIPkV�BD�KQ

தଜɹਸ࢘ɹ।ڭत
TaLaTIJ	NA,AM63A	ATToDJaUF	PSofFTToS

ଜɹ༐ଠɹॿɹڭ
YVUa	,IM63A	ATTJTUanU	PSofFTToS

ڭɹҮಸɹॿɹ౻ࠤ
ILVna	SATO	ATTJTUanU	PSofFTToS

͚ͯʹٴɾීݱσόΠεͷ࣮͍͞͠ΤωϧΪʔมʹڥ

ToXarE the EeveMopment oG environmentaM�GrienEMy enerHy Donversion EeviDes

➨୍ཎ⌮ィ⟬䛻䜘䜛ᕼᅵ㢮䝯䝍䝸䞁㓟ሷ䛻䛚䛡䜛
䝥䝻䝖䞁ఏᑟ䛾Ⓨ⌧ᶵᵓ䝰䝕䝹

㧗 㞺ᅖẼไᚚᆺ䜸䝨䝷䞁䝗䝬䜲䜽䝻㼄線྾ศගィ ⨨ 䜸䝨䝷䞁䝗 ᐃ䛻䜘䜛㟁ụྜᮦ㟁ᴟᛂ䛾㻟㻰ྍど

➨୍ཎ⌮ィ⟬䛻䜘䜛ᕼᅵ㢮䝯䝍䝸䞁㓟ሷ䛻䛚䛡䜛
䝥䝻䝖䞁ఏᑟ䛾Ⓨ⌧ᶵᵓ䝰䝕䝹

㧗 㞺ᅖẼไᚚᆺ䜸䝨䝷䞁䝗䝬䜲䜽䝻㼄線྾ศගィ ⨨ 䜸䝨䝷䞁䝗 ᐃ䛻䜘䜛㟁ụྜᮦ㟁ᴟᛂ䛾㻟㻰ྍど

ɹڥɺΤωϧΪʔΛղܾ
͠ɺ࣋ଓՄࣾձΛ࣮͢ݱΔ͜ͱɺ
�� ͷՊֶऀɾٕज़ऀʹ՝ͤΒلੈ
Εͨେ͖ͳ՝Ͱ͢ɻզʑͷࣨڀݚ
Ͱɺ͜ΕΒͷͷղܾʹ͢ࢿΔɺ
೩ྉిిͳͲɺڥʹ͞
͍͠ΤωϧΪʔมσόΠεͷ࣮ݱɾ
·͍ͯͬߦΛڀݚ൫جͷͨΊͷٴී
͢ɻಛʹɺݻମͰ͋Γͳ͕Βͦͷத
ΛΠΦϯ͕ߴҠಈͰ͖ΔʠݻମΠ
ΦχΫεʡࡐྉʹண͠ɺݻମʹ͓
͚ΔΠΦϯ༌ૹɺք໘Ԡɺܽؕߏʹ͍ͭͯͷֶཧΛ୳͢ٻΔ
ͱڞʹɺͦ Εʹػͮ͘جઃܭɺࡐྉ։ൃΛ͍ͯͬߦ·͢ɻ·ͨɺ
ྉɺԠʹؔΘΔཧղΛਂԽࡐମΠΦχΫεσόΠεʹ͓͚Δݻ
ͤ͞Δ͘ɺߴԹʗ੍ޚงғؾʗ௨ిͱ͍ͬͨಛघͳσόΠεಈ

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
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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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anaMysis CaseE on reaDtive thermaM quiE anaMysis

 
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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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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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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1hysiDoDhemiDaM approaDh to interGaDiaM phenomena at hiHh temperature Gor hiHh e⒏DienDy 
materiaMs proDessinH
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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�

ΧϧγϜΞϧϛϊέΠࢎԘΨϥεͷ��AM	NM3
εϖΫτϧʹࢎ͢΅ٴԽΧϦϜఴՃͷӨڹ

ϓϩηεͷ։ൃʹऔΓنԽ৽ޮߴϓϩηεͷࡐͷૉࡍ
ΜͰ͍·͢ɻ

SJC ͕ ����ˆͰ݁থ͢Δ༷ࢠ



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ49

&nvironmentaM�ConsDious .ateriaM 1roDessinH

/0(A.* -aC
ڀݚϓϩηεࡐద߹ૉڥ

೮্ࣨڀݚ

ઐŋΩʔϫʔυ ϓϩηεγϛϡϨʔγϣϯʗҠಈݱʗଟ૬ྲྀʗֶ

41&C*"-*;&%
'*&-%ŋK&: 803%

QSoDFTT	TJNVMaUJon ʗ USanTQoSU	QIFnoNFna ʗ NVMUJQIaTF	qoX ʗ UIFSNaM	
FnHJnFFSJnH
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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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%eveMopment oG noveM materiaM proDessinH throuHh proDess 
anaMysis CaseE on reaDtive thermaM quiE anaMysis

 
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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'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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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
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1hysiDoDhemiDaM approaDh to interGaDiaM phenomena at hiHh temperature Gor hiHh e⒏DienDy 
materiaMs proDessinH
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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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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)
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Phys.	Rev.	Lett.	108, 173201 (2012)
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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
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ト
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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
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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
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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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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

⿏Ԡաܥͷి͓ࢠΑͼ֩ࢠݪӡಈͷΠϝʔδϯάͱԽֶԠͷۦಈݪཧͷՄࢹԽ
⿏يࢠಓͷӡಈྔۭؒΠϝʔδϯάͱࢠৼಈʹΑΔిࢠಈؔܗঢ়ͷΈͷڀݚ
ڀݚྗͷࢠӡಈͷΠϝʔδϯάͱࢠͷ֩ࢠݪӡಈྔޫʹΑΔࢠݪ⿏
⿏ӡಈྔۭؒԽֶͷ։ͱͦͷༀڀݚͷల։
⿏ଟݩ࣍ಉܭ࣌ଌޫʹΑΔిࢠɾࢠিಥͷཱମμΠφϛΫε

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

ɹतڭɹਖ਼ɹڮ∁
MaTaIJLo	TA,A)AS)I	PSofFTToS

mBTBIJkP�UBkBIBTIJ�D�!UPIPkV�BD�KQ
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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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8
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

. u
ni

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

� � � �𝒑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 � 𝒑𝒑𝒑𝒑 �

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

ଌ๏ͷ։ܭҐ૬ͮ͘جʹবޫֶׯ⿏
⿏̭ઢ͓ΑͼதੑࢠͷҐ૬Πϝʔδϯά๏ͷ։ͱͦͷԠ༻
⿏ಈత̭ઢҐ૬ը૾ܭଌʹΑΔػΠϝʔδϯά๏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
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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	
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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
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Λ͍ͯͬߦΔɻਤʹࣔ͢ͷɺதੑࢠͱ 9ઢߏղੳʹΑΓՄࢹ
Խ͞Εͨਫૉ݁߹ܕ༠ిମͷີ֩ࢠݪͱɺਫૉࢠݪʹ
ݪͰɺࢠݪΕͨਫૉ·ڬʹࢠݪૉࢎͰ͋Δɻ	ີࢠిͨ͠
ؾେͳిڊͰࢠݪ�ΑΓɺʹࣄͷॏ৺Ґஔ͕ͣΕΔࢠͱి֩ࢠ
ۃ	ࢠిۃͱݺͿ
͕ੜ͍ͯ͡ΔࣄΛ͍ࣔͯ͠Δɻͦ ͷଞʹɺ
ߏؾՌʹ͍ͭͯɺ݁থɾ࣓ޮؾ࣓ؾେిڊ༠ిମʹ͓͚Δڧੑ࣓
ղੳͷཱ͔ΒͦͷඍࢹతݯىΛ໌Β͔ʹ͢Δڀݚ͍ͯͬߦ
Δɻߋʹզʑߴѹ߹Λج൫ͱͨ͠৽࣭ɾ৽ػͷ։ͱͦ
ͷߏੑڀݚʹऔΓΜͰ͍Δɻຊʹى࠶ಈ༧ఆͷݚ
ڀ J33�� Ͱɺதੑࢠೋݕݩ࣍ग़ثͷ։ൃͱͦΕΛ༻͍ͨ
༧ఆͰ͋Δɻ͏ߦղੳख๏ͷ։ൃΛߏਫ਼ͷߴ

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	

ۃؾిࢠݪ̍	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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ڀݚଌܭϏʔϜࢠྔ
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INaHJnH ʗ 9�SaZ ʗ QIaTF	NFaTVSFNFnU ʗ
UISFF�dJNFnTJonaM	oCTFSWaUJon

ଌ๏ͷ։ܭҐ૬ͮ͘جʹবޫֶׯ⿏
⿏̭ઢ͓ΑͼதੑࢠͷҐ૬Πϝʔδϯά๏ͷ։ͱͦͷԠ༻
⿏ಈత̭ઢҐ૬ը૾ܭଌʹΑΔػΠϝʔδϯά๏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

ڭɹɹᯜɹॿɹޖ
YanMJn	86	
ATTJTUanU	PSofFTToS

ࢣߨɹಛ߁ຊɹɹڮ
,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

ɹ9ઢͳͲͷྔࢠϏʔϜɺࢠݪεέʔϧ͔Βৗεέʔϧ·
Ͱɺ෯ൣ͍ғͰ࣭ͷ෦ߏΛՄࢹԽ͢ΔͨΊʹΘΕ͍ͯ
·͢ɻͨͩ͠ɺྫ̭͑ઢͷ߹ɺߴࡐࢠྉɺܰۚଐɺ͋Δ͍
ੜମೈ৫ͳͲɺൺֱత͍ܰݩૉͰߏ͞ΕΔମʹରͯ͠े
ͳίϯτϥετ͕ಘΒΕͳ͍ͱ͍͏͕͋Γ·͢ɻͱ͜Ζ͕ɺ
ͱͯ͠ͷ̭ઢͷੑ࣭ʹͮ͘جҐ૬ίϯτϥετΛੜɾར༻͢
Εɺ͜ͷ؇͞ΕɺྔࢠϏʔϜͷར༻Ձܻҧ͍ʹ
ΒΈ·͢ɻຊࣨڀݚͰɺ9ઢҐ૬ܭଌʹײߴͮ͘جը૾ܭଌ
ٕज़Λ࢝͠ɺैདྷͷৗࣝΛ෴͢ʑͷՌΛੈքʹൃ৴͖ͯ͠
·ͨ͠ɻྔࢠϏʔϜཧͷ͠٭ཱʹૅجɺଞͰ࣮ݱͰ͖ͳ͍࣮
ࢹΛਪਐ͢Δͱͱʹɺ࣮༻ల։Λڀݚଌܭஙͱઌߏڥݧ
ʹೖΕͨۀ࢈քͱͷڞಉڀݚ͍ͯͬߦ·͢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

तڭɹलɹಛ।ߴ
)JdFLa[V	TA,ANO	
SQFDJaMMZ	AQQoJnUFd	
ATToDJaUF	PSofFTToS

̭ઢҐ૬Πϝʔδϯάʢ̭ઢ TaMCoU�-aV ϦϚνஅஔͷ։ൃ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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ଜࣨڀݚ
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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 �࣠ճંஔͱͦͷԠ༻๏ͷ։ൃ 	JAEA ౦ւ �߸	J33��M�T���	'ONDE3

⿏	Ґஔහݕײग़ثΛ༻͍ͨޮߴதੑ݁ࢠথߏղੳஔͷ։ൃ 	J�PA3C	#-���	SENJ6ɼؖࠃ

�D�PSD	)ANA3Oࢠݪ༺ڀݚ
⿏ଟॏݶۃԼ ిߴɺ࣓ߴԹɺۃѹɺߴ	 
ʹ͓͚Δ	9	ઢɾதੑࢄࢠཚख๏ͷ։ൃ
ڀݚͱੑߏಋମͷػ༠ిମɼ࣓ੑମɼϚϧνϑΣϩΠοΫ࣭͓Αͼ༗ڧ⿏
⿏ਫૉ݁߹ܥ༠ిମ࣭ͷిີࢠͱ֩ີ

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

ଜɹ೭ɹڭɹत
)JSoZVLJ	,IM63A	PSofFTToS

IJSPZVkJ�kJmVSB�C�!UPIPkV�BD�KQ

ڭɹًढ़ɹॿɹࡔ
TFSVUoTIJ	SA,A,63A	ATTJTUanU	PSofFTToS

ڭຊɹɹໞɹॿɹࢁ
)aKJNF	YAMAMOTO	ATTJTUanU	PSofFTToS

9	ઢɾதੑ݁ࢠথߏղੳʹΑΔࢠݪ�ిࢠۃͷՄࢹԽ

'erroeMeDtriD poMari[ation inEuDeE Cy maHnetiD orEer in maHnetiD GerroeMeDtriDs

ɹࣨڀݚͰԹɾ࣓ڧɾߴѹԼͷଟ༷ͳڥ݅ͷԼͰɺ
9	ઢɾ์ࣹޫɾதੑࢠΛ༻͍ͨߴղ݁থߏղੳͷͨΊͷܭ
ଌٕज़ཱ֬ͱɺਫ਼ີͳిີࢠ͋Δ͍ີ֩ࢠݪͷղੳʹ
ڀݚ͍ͯͭʹݯىͷݱൃػͼੑͷٴ૬సҠߏ࣭ͷͮ͘ج
Λ͍ͯͬߦΔɻਤʹࣔ͢ͷɺதੑࢠͱ 9ઢߏղੳʹΑΓՄࢹ
Խ͞Εͨਫૉ݁߹ܕ༠ిମͷີ֩ࢠݪͱɺਫૉࢠݪʹ
ݪͰɺࢠݪΕͨਫૉ·ڬʹࢠݪૉࢎͰ͋Δɻ	ີࢠిͨ͠
ؾେͳిڊͰࢠݪ�ΑΓɺʹࣄͷॏ৺Ґஔ͕ͣΕΔࢠͱి֩ࢠ
ۃ	ࢠిۃͱݺͿ
͕ੜ͍ͯ͡ΔࣄΛ͍ࣔͯ͠Δɻͦ ͷଞʹɺ
ߏؾՌʹ͍ͭͯɺ݁থɾ࣓ޮؾ࣓ؾେిڊ༠ిମʹ͓͚Δڧੑ࣓
ղੳͷཱ͔ΒͦͷඍࢹతݯىΛ໌Β͔ʹ͢Δڀݚ͍ͯͬߦ
Δɻߋʹզʑߴѹ߹Λج൫ͱͨ͠৽࣭ɾ৽ػͷ։ͱͦ
ͷߏੑڀݚʹऔΓΜͰ͍Δɻຊʹى࠶ಈ༧ఆͷݚ
ڀ J33�� Ͱɺதੑࢠೋݕݩ࣍ग़ثͷ։ൃͱͦΕΛ༻͍ͨ
༧ఆͰ͋Δɻ͏ߦղੳख๏ͷ։ൃΛߏਫ਼ͷߴ

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	

ۃؾిࢠݪ̍	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؆қɾࣗಈԽֶੳ
⿏ք໘Խֶʹͮ͘جӷບܕɾೱॖ๏
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

φϊɾϚΠΫϩۭؒͷԽֶΛ͔͍ͭɾ͔Δ

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༻ͨ͠ԽֶɾੜԽֶͷूੵԽͱߴԽ
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ͨΊʹɺ੍ۭؒԼͰͷԽֶԠɾք໘ݱͳͲͷಛੑΛ໌Β
͔ʹ͢ΔૅجԽֶ͕ڀݚඞཁʹͳΓ·͢ɻͦͷͨΊͷπʔϧͱ͠
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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	 TDJFnDFFnWJSonNFnUaM	
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�

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ 56

1oMymer 1hysiDs anE Chemistry

+*//A* -aC
ڀݚཧԽֶࢠߴ

ਞࣨڀݚ

ઐŋΩʔϫʔυ ιϑτϚλʔཧʗߴࢠͷࣗݾ৫Խʗߴ݁ࢠথʗߴࢠϋΠϒϦουࡐྉ

41&C*"-*;&%
'*&-%ŋK&: 803%

SofU	MaUUFS	PIZTJDT ʗ SFMf�ATTFNCMZ	Jn	PoMZNFST ʗ PoMZNFS	CSZTUaMT ʗ
PoMZNFSJD	)ZCSJd	MaUFSJaMT

⿏ϒϩοΫڞॏ߹ମͷࣗݾ৫Խφϊߏͷ؍ݩ࣍�ͱͦͷࢠతղੳ
⿏༗ػɾແػෳ߹ࡐྉͷφϊεέʔϧมߏػܗͷղ໌
⿏݁থੑߴࡐࢠྉͷφϊεέʔϧߏղੳ
؍ڸඍݦࢠͷిࢠ୯Ұࢠߴ⿏
⿏༗ػɾແػணߏͷࢠݪϨϕϧղੳ

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

ਞɹ࢘ߒɹڭɹत
)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
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50 nm
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ྉͷੑࡐࢠߴར༻͞Ε͍ͯ·͢ɻ͘ʹతۀ࢈ྉͱͯ͠ࡐװ
ɺԽֶߏࢠྻͷ੍ޚʹՃ͑ɺҟछߴࢠແػ࣭Λ
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͞ΕΔࢠɾφϊεέʔϧͷඍߏࡉͱࢹڊతͳੑɾػͷؔ
ྉΛઃࡐࢠߴͳػߴɾੑߴͳ͓ͬͯΒͣɺΑΓʹ֬໌͕
࠷ͪͨࢲΊΒΕ͍ͯ·͢ɻٻ͘ڧͷղ໌͕Δ্Ͱ͜ͷؔ͢ܭ
৽ͷಁաݦࢠిܕඍٕڸज़Λ͢ۦΔ͜ͱͰɺ୯Ұߴࢠͷݪ
࣍ͷ̏ߏϚοϐϯάɾ૬থͷ݁ࢠߴɾ؍ղࢠ
ʹऔΓΈɺ؍μΠφϛΫεܗྉͷมࡐ߹ෳࢠɾφϊཻ؍ݩ
ػతͳੑɾࢹڊμΠφϛΫεͱߏࡉྉ෦ͷඍࡐࢠߴ
ͱͷؔΛղ໌͢Δ͜ͱΛ͍ͯ͠ࢦ·͢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؆қɾࣗಈԽֶੳ
⿏ք໘Խֶʹͮ͘جӷບܕɾೱॖ๏
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

φϊɾϚΠΫϩۭؒͷԽֶΛ͔͍ͭɾ͔Δ

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
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単一細胞解析ɹφϊɾϚΠΫϩۭؒΛར༻ͨ͠ԽֶɾੜԽֶͷूੵԽͱߴԽ
ʹؔ͢Δڀݚ։Λத৺ʹڀݚΛਐΊ·͢ɻੜମɾڥɾ৯
ɾۀϓϩηεͳͲΛରͱͨ͠؆ศੳɾࣗಈੳͳͲͷ࣮
ࢠ๔Λରͱ͢Δੳɺ୯ҰࡉͰ͖·͢ɻ·ͨɺ୯Ұظ͕ݱ
ϨϕϧͰͷੳͳͲɺଞͷख๏͔ΒಘΒΕͳ͍ใΛܭଌ͢Δ
σόΠεɾܭଌٕज़࣮ݱʹઓ͠·͢ɻ͜ͷΑ͏ͳ৽͍ٕ͠ज़ͷ
ͨΊʹɺ੍ۭؒԼͰͷԽֶԠɾք໘ݱͳͲͷಛੑΛ໌Β
͔ʹ͢ΔૅجԽֶ͕ڀݚඞཁʹͳΓ·͢ɻͦͷͨΊͷπʔϧͱ͠
ͯɺݦඍΠϝʔδϯά๏ɺݦඍϨʔβʔޫ๏ͳͲͰɺଞʹྫͷ
ͳ͍ߴܭଌख๏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	 TDJFnDFFnWJSonNFnUaM	
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߹ମͷࣗݾ৫Խφϊߏͷ؍ݩ࣍�ͱͦͷࢠతղੳ
⿏༗ػɾແػෳ߹ࡐྉͷφϊεέʔϧมߏػܗͷղ໌
⿏݁থੑߴࡐࢠྉͷφϊεέʔϧߏղੳ
؍ڸඍݦࢠͷిࢠ୯Ұࢠߴ⿏
⿏༗ػɾແػணߏͷࢠݪϨϕϧղੳ

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

ਞɹ࢘ߒɹڭɹत
)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
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50 nm

ɹߴࢠܰྔੑɾॊೈੑɾՃੑͳͲʹ༏Ε࣭ͨͰ͋Γɺج
ྉͷੑࡐࢠߴར༻͞Ε͍ͯ·͢ɻ͘ʹతۀ࢈ྉͱͯ͠ࡐװ
ɺԽֶߏࢠྻͷ੍ޚʹՃ͑ɺҟछߴࢠແػ࣭Λ
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͞ΕΔࢠɾφϊεέʔϧͷඍߏࡉͱࢹڊతͳੑɾػͷؔ
ྉΛઃࡐࢠߴͳػߴɾੑߴͳ͓ͬͯΒͣɺΑΓʹ֬໌͕
࠷ͪͨࢲΊΒΕ͍ͯ·͢ɻٻ͘ڧͷղ໌͕Δ্Ͱ͜ͷؔ͢ܭ
৽ͷಁաݦࢠిܕඍٕڸज़Λ͢ۦΔ͜ͱͰɺ୯Ұߴࢠͷݪ
࣍ͷ̏ߏϚοϐϯάɾ૬থͷ݁ࢠߴɾ؍ղࢠ
ʹऔΓΈɺ؍μΠφϛΫεܗྉͷมࡐ߹ෳࢠɾφϊཻ؍ݩ
ػతͳੑɾࢹڊμΠφϛΫεͱߏࡉྉ෦ͷඍࡐࢠߴ
ͱͷؔΛղ໌͢Δ͜ͱΛ͍ͯ͠ࢦ·͢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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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

$)*$)*#6 -aC
ڀݚΤϨΫτϩχΫεޫࢠྔ

டࣨڀݚ

ઐŋΩʔϫʔυ ಋମޫσόΠεʗྔߏࢠʗΩϟϦΞμΠφϛΫεʗۭؒؒ࣌ղޫ
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8JdF	CandHaQ	TFNJDondVDUoST ʗ 2VanUVN	nanoTUSVDUVSFT ʗ CaSSJFS	dZnaNJDT
ʗ SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ

༏͍͠ʢAMʹڥ⿏In(aʣN͓ΑͼʢMH;nʣO	ܥϫΠυόϯυΪϟοϓಋମඍখڞৼثΛ༻
͍ͨɺྭࢠىͱޫͷ૬ͮ͘جʹ༺࡞ޓ৽͍͠ίώʔϨϯτޫݯͷڀݚ

⿏ϑΣϜτඵϨʔβ͓ΑͼϑΣϜτඵిࢠઢΛ༻͍ͨʢAMIn(aʣN͓ΑͼʢMH;nʣO	ܥϫΠυ
όϯυΪϟοϓಋମྔࢠφϊߏͷۭؒؒ࣌ղεϖΫτϩείϐʔ

⿏༗ۚػଐԽֶؾ૬ΤϐλΩγʔʹΑΔʢAMIn(aʣNࢠྔܥφϊߏܗͱਂࢵ֎ઢൃޫσόΠεܗ
⿏ʢMH;nʣO	ࢎܥԽಋମͷϔϦίϯྭىϓϥζϚεύολΤϐλΩγʔͱػੑࢎԽബ
ບܗ

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

⿏ 		SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ	Jn	TFNJDondVDUoS	NaUFSJaMT
⿏ 		DFTJHn	and	faCSJDaUJon	of		AMIn(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

டɹॏӳɹڭɹत
SIJHFfVTa	'�	C)IC)I#6	PSofFTToS

DIJDIJCV!UPIPkV�BD�KQ

খౡɹҰ৴ɹ।ڭत
,a[VnoCV	,OJIMA	ATToDJaUF	PSofFTToS

ౢɹɹߛฏɹॿɹڭ
,oIFJ	S)IMA	ATTJTUanU	PSofFTToS

ϫΠυΪϟοϓಋମφϊߏͱۭ࣌
ؒղεϖΫτϩείϐʔ

ɹޫܥࢠʢి࣓ʣͱిܥࢠʢྭࢠىʣͷػΛ༥߹ͤ͞Δྔࢠ
ଳ෯ʹ૬͢Δ੍͕ېσόΠε༻ಋମͱͯ͠ɺߏ ���	
nN	ͷਂࢵ֎ઢ͔Βۙ֎ઢ·ͰൣғΛΧόʔ͠ɺڥʹ
ਓؒੜ׆ʹ༏͍͠ϓϥωοτίϯγϟεͳ AMNɼ(aNɼInN 
ͷᶙԽಋମ ;nOɼMHOͷᶘࢎԽಋମɺNJO
 TJO� ͷۚଐࢎԽಋମʹεϙοτϥΠτΛͯɺΤϐλ
Ωγϟϧ݁থ๏ʹΑͬͯࢠݪϨϕϧͰฏୱͳද໘ɾք໘Λ
ɻ·ͨɺͦΕΒϝ͢·͍ߦΛܗͷߏಋମφϊബບͭ࣋
κείϐοΫɾφϊߏͷϑΣϜτඵύϧεूଋిࢠઢྭىʹΑ
Δ࣌ ɾۭؒ ؒಉ࣌ղޫΛ͍ߦɺඍྖࡉҬʹ͓͚ΔྭޮࢠىՌɾ
ՌʢΩϟϦΞμΠφϛΫεܽؕͱͷ૬ؔͳͲʣͷཧޮࢠྔ
ʹഭΓ·͢ɻ·ͨɺͦΕΒΛ༻͍ͨޫɾిࢠσόΠεʢࢵ֎ઢɾ
७੨ɾ७৭ಋମൃޫૉࢠޫͱྭࢠىͷ࿈σόΠεʣ
ͷܗΛ͍ߦ·͢ɻ
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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

ɹࣨڀݚͰɺԽֶྗֶͱ༥ମੑΛ༥߹ͤͨ͞৽͍͠ػ
ྉͷϓϩηε։ൃΛఏএ͍ͯ͠·͢ɻྫ͑ɺԽಋମࡐੑ
ɺ੨ɾ͔ࢵΒ͞Βʹͷ͍ࢵ֎ઢൃޫૉࢠͱͯ͠ɺڥɺ
ҩྍɺόΠΦɺใͰͷԠ༻͕ظ͞Ε͍ͯ·͕͢ɺڀݚ
ࣨͰɺԽಋମͷૉࢠͱͯ͠ͷੑΛ্ͤ͞ΔͨΊɺ݁
থʹؔ͢ΔཧԽֶతͳݟΛੵ͠ͳ͕Βɺ৽ͨͳ݁থ
ϓϩηεΛ͍ͯ͠·͢ɻ·ͨɺࡐྉϓϩηεʹ͓͚Δෳࡶ
ͳ࣭ҠಈݱΛγϛϡϨʔγϣϯ͢ΔͨΊɺੑͷσʔ
λϕʔεԽΛਐΊ͍ͯ·͢ɻి࣓ු༡ஔͱ੩࣓ΛΈ߹Θͤ
ͯɺۚଐ༥ମͷ੩తͳු༡ঢ়ଶΛ࣮͠ݱɺ༥ମͷ༰ྔɺಋ
ɺ์ࣹɺີ͓Αͼද໘ுྗΛߴਫ਼ʹܭଌ͢ΔߴԹ
ɻ͜ͷٕज़ʹΑͬͯɺ݁থ͢·͍ͯͬߦଌγεςϜͷ։ൃΛܭੑ
ɺரɺ༹ͳͲ༷ʑͳֶͷԠ༻ۙ࠷Ͱۚଐੵ
ܗʢ�DϓϦϯλʣͷ։ൃʹ͢ݙߩΔ͜ͱʹՃ͑ͯɺະ
ͷߴԹ༥ମՊֶΛΓ͍͍ͯ·͢ɻ

ଌ๏ͷ։ൃܭྉϓϩηεͱੑࡐੑػ

⿏Խಋମͷ݁থͱཧԽֶ
⿏ߴԹੑܭଌγεςϜͷ։ൃ
ྉϓϩηεࡐԹԠʹ͓͚Δߴ⿏
⿏ߴԹࡐྉͷੑܭଌ
⿏ଟػੑບͷػߴԽͱ৽نσόΠεͷ։ൃ

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

େ௩ɹɹɹ।ڭत
MaLoUo	O)TS6,A	ATToDJaUF	PSofFTToS

҆ୡɹਖ਼๕ɹॿɹڭ
MaTaZoTIJ	ADAC)I	ATTJTUanU	PSofFTToS

ઐŋΩʔϫʔυ ྉϓϩηγϯάʗԽֶྗֶʗ༥ମੑʗ݁থࡐ
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NaUFSJaMT	QSoDFTTFT ʗ DIFNJDaM	UIFSNodZnaNJDT ʗ UIFSNoQIZTJDaM	QSoQFSUJFT	
of	IJHI�UFNQFSaUVSF	NFMUT ʗ DSZTUaM	HSoXUI

ڀݚྉཧԽֶࡐԹߴ

ࣨڀݚࢁ

)iHh�temperature 1hysiDaM Chemistry oG .ateriaMs

F6,6:A.A -aC
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%esiHn anE Dreation oG XiEe CanEHap semiDonEuDtor Ruantum nanostruDtures anE spatio�
time�resoMveE speDtrosDopy

2uantum 0ptoeMeDtroniDs

$)*$)*#6 -aC
ڀݚΤϨΫτϩχΫεޫࢠྔ

டࣨڀݚ
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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		AMIn(a
N	
andʢ	MH;n
O	XJdF	CandHaQ	TFNJDondVDUoS	NJDSoDaWJUJFT

⿏ 		SQaUJo�UJNF�SFToMWFd	TQFDUSoTDoQZ	Jn	TFNJDondVDUoS	NaUFSJaMT
⿏ 		DFTJHn	and	faCSJDaUJon	of		AMIn(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

ϫΠυΪϟοϓಋମφϊߏͱۭ࣌
ؒղεϖΫτϩείϐʔ
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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

ɹࣨڀݚͰɺԽֶྗֶͱ༥ମੑΛ༥߹ͤͨ͞৽͍͠ػ
ྉͷϓϩηε։ൃΛఏএ͍ͯ͠·͢ɻྫ͑ɺԽಋମࡐੑ
ɺ੨ɾ͔ࢵΒ͞Βʹͷ͍ࢵ֎ઢൃޫૉࢠͱͯ͠ɺڥɺ
ҩྍɺόΠΦɺใͰͷԠ༻͕ظ͞Ε͍ͯ·͕͢ɺڀݚ
ࣨͰɺԽಋମͷૉࢠͱͯ͠ͷੑΛ্ͤ͞ΔͨΊɺ݁
থʹؔ͢ΔཧԽֶతͳݟΛੵ͠ͳ͕Βɺ৽ͨͳ݁থ
ϓϩηεΛ͍ͯ͠·͢ɻ·ͨɺࡐྉϓϩηεʹ͓͚Δෳࡶ
ͳ࣭ҠಈݱΛγϛϡϨʔγϣϯ͢ΔͨΊɺੑͷσʔ
λϕʔεԽΛਐΊ͍ͯ·͢ɻి࣓ු༡ஔͱ੩࣓ΛΈ߹Θͤ
ͯɺۚଐ༥ମͷ੩తͳු༡ঢ়ଶΛ࣮͠ݱɺ༥ମͷ༰ྔɺಋ
ɺ์ࣹɺີ͓Αͼද໘ுྗΛߴਫ਼ʹܭଌ͢ΔߴԹ
ɻ͜ͷٕज़ʹΑͬͯɺ݁থ͢·͍ͯͬߦଌγεςϜͷ։ൃΛܭੑ
ɺரɺ༹ͳͲ༷ʑͳֶͷԠ༻ۙ࠷Ͱۚଐੵ
ܗʢ�DϓϦϯλʣͷ։ൃʹ͢ݙߩΔ͜ͱʹՃ͑ͯɺະ
ͷߴԹ༥ମՊֶΛΓ͍͍ͯ·͢ɻ

ଌ๏ͷ։ൃܭྉϓϩηεͱੑࡐੑػ

⿏Խಋମͷ݁থͱཧԽֶ
⿏ߴԹੑܭଌγεςϜͷ։ൃ
ྉϓϩηεࡐԹԠʹ͓͚Δߴ⿏
⿏ߴԹࡐྉͷੑܭଌ
⿏ଟػੑບͷػߴԽͱ৽نσόΠεͷ։ൃ

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

େ௩ɹɹɹ।ڭत
MaLoUo	O)TS6,A	ATToDJaUF	PSofFTToS

҆ୡɹਖ਼๕ɹॿɹڭ
MaTaZoTIJ	ADAC)I	ATTJTUanU	PSofFTToS

ઐŋΩʔϫʔυ ྉϓϩηγϯάʗԽֶྗֶʗ༥ମੑʗ݁থࡐ
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NaUFSJaMT	QSoDFTTFT ʗ DIFNJDaM	UIFSNodZnaNJDT ʗ UIFSNoQIZTJDaM	QSoQFSUJFT	
of	IJHI�UFNQFSaUVSF	NFMUT ʗ DSZTUaM	HSoXUI

ڀݚྉཧԽֶࡐԹߴ

ࣨڀݚࢁ

)iHh�temperature 1hysiDaM Chemistry oG .ateriaMs

F6,6:A.A -aC

AIN	݁থͷͦͷ؍

ܭ
ଌ
研
究
෦


D
I7
IS
IO
N
	O
'
	M
E
A
S
6
3
E
M
E
N
TS



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ59

#ase .ateriaMs 1roDessinH

6&%A -aC
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২ాࣨڀݚ

২ాɹɹ࣎ɹڭɹत
SIJHFSV	6EDA	PSofFTToS

TIJHFSV�VFEB�B�!UPIPkV�BD�KQ

ڭɹɹɹѴɹॿɹߴ
9V	(AO	ATTJTUanU	PSofFTToS

దԽ࠷ͷޚԹϓϩηεʹ͓͚ΔԠ੍ߴ

ɹ࣋ଓՄͳࣾձ͕ٻΊΒΕΔதͰɺߴͳจ໌Λҡ࣋͢ΔͨΊ
ʹࣾձج൫ͱͳΔૉڅڙࡐΛҡ࣋͢Δ͜ͱ͕ඞཁͰ͢ɻੈքͷ
ૈ߯ੜྔ࢈ʑ૿Ճ͠ɺϕʔεϝλϧϨΞϝλϧͷधཁ૿
Ճ͍ͯ͠·͢ɻ͜ͷഎܠʹ৽ࠃڵͰͷԢͳݯࢿधཁ͕͋Γɺ
ಉ࣌ʹ߭ݯࢿͷྼ࣭Խ͓Αͼ CO� ༗ͳ෭࢈ൃੜͷ
ߏԽ͖ͯ͠·ͨ͠ɻ͜ͷͷதͰ҆શ͔ͭ҆ఆͳࣾձΛࡏݦ͕
ங͢ΔͨΊʹɺݯࢿͱΤωϧΪʔध͓څΑͼݪྉͷมԽʹର͢Δ
ରԠྗ͕͘ߴڥෛՙͰ҆ఆతʹૉ͕ࡐੜ࢈Մͳϓϩηεͷ
Թߴங͕ॏཁͰ͢ɻߏͷࣾձͷܕ॥ݯࢿ͍ߴଓੑͷ࣋ஙͱߏ
ཧԽֶɺԠϓϩηεֶΛͱʹݯࢿɺΤωϧΪʔରԠɺ෭࢈
ͷ͓ݮΑͼར༻ͱ͍ͬͨࣾձج൫ߏஙʹඞཁͳԠϓϩηε
ͷߏஙΛ͠ࢦ·͢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�

ઐŋΩʔϫʔυ ૉࡐϓϩηεʗమ߯ʗߴԹཧԽֶʗϦαΠΫϧ
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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ք໘ʹ͓͚Δ࣭ҠಈͱԽֶԠ
⿏ۚଐ Խࢎ� Ԡݩͱؐߧ૬ؒͷฏؾ�

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࠷ੑคମϓϩηεͷͱγϛϡϨʔγϣϯʹΑΔคମϓϩηεͷػ

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

41&C*"-*;&%
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QoXdFS	UFDInoMoHZ ʗ TJNVMaUJon ʗ HSJndJnH ʗ IZdSoHFn	FnFSHZ

ڀݚੑคମϓϩηεػ

Ճೲࣨڀݚ

1oXEer 1roDessinH Gor 'unDtionaM .ateriaMs

,A/0 -aC
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#ase .ateriaMs 1roDessinH

6&%A -aC
ڀݚϓϩηογϯάࡐ൫ૉج

২ాࣨڀݚ

SIJHFSV	6EDA	PSofFTToS

TIJHFSV�VFEB�B�!UPIPkV�BD�KQ

9V	(AO	ATTJTUanU	PSofFTToS

దԽ࠷ͷޚԹϓϩηεʹ͓͚ΔԠ੍ߴ
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

ɹคମΛݪྉɺதؒ͋Δ͍࠷ऴͱ͢Δػߴੑࡐྉͷ
։ൃɾ͕͍ͭͷ࣌ΜͰ͋ΔɻͦͷࡐྉͷಛੑͦͷԽ
ֶ͚ͩͰͳ͘ɺࡐྉதͷཻॆࢠరߏʹେ͖͘ґଘ͠ɺ
ʹͦͷͳͲੑɾಛੑܘࢠͷཻࢠคମཻߏరॆࢠཻ
େ͖͘ࠨӈ͞ΕΔɻ͕ͨͬͯ͠ɺݪྉͱͳΔคମͷੜͳͲͷค
ମϓϩηεΛਫ਼៛ʹ੍͠ޚɺॴ͢ΔཻࢠΛऔಘ͠ɺ͔ͭॴ͢
ΔػΛൃͤ͞ݱΔͨΊʹɺࠞ߹ܗɺॆరɺෳ߹ԽͳͲͷค
ମϓϩηεΛࣗ͢ޚ੍ʹࡏΔඞཁ͕͋ΔɻຊࣨڀݚͰɺคମϓ
ϩηεΛࣗࡏʹਫ਼៛ʹ੍͢ޚΔͨΊͷπʔϧͱͯ͠ͷγϛϡϨʔ
γϣϯ๏ͷΛ͍ͯͬߦΔɻຊγϛϡϨʔγϣϯʹΑͬͯɺค
ମϓϩηεΛ࠷దԽ͢Δ͜ͱʹΑΓɺলΤωϧΪʔԽলݯࢿԽ
Λਤ͍ͬͯΔɻ·ͨɺคମϓϩηεͷҰͭͰ͋Δค࡞ૢࡅʹΑͬ
Β͔ࢁ߭ࢢɺ͠༺׆ʹతۃΛੵݱΔϝΧϊέϛΧϧ͢ݱൃͯ
ͷۚଐϦαΠΫϧόΠΦϚε͔ΒͷΤωϧΪʔʹؔ͢Δڀݚ
Λల։͍ͯ͠Δɻ

దԽ࠷ੑคମϓϩηεͷͱγϛϡϨʔγϣϯʹΑΔคମϓϩηεͷػ

Ճೲɹ७ɹڭɹत
JVnZa	,ANO	PSofFTToS

kBOP!UPIPkV�BD�KQ

ੴݪɹਅޗɹॿɹڭ
SIJnHo	IS)I)A3A	ATTJTUanU	PSofFTToS

ڭຊɹஙɹॿɹࢤٱ
,J[VLV	,6S)IMOTO	ATTJTUanU	PSofFTToS

⿏ίϯϐϡʔλγϛϡϨʔγϣϯʹΑΔคମϓϩηεͷߴԽ
ੜϓϩηεͷγϛϡϨʔγϣϯͷࢠցతඍཻػ⿏
ɾྲྀମϓϩηεγϛϡϨʔγϣϯͷࢠཻ⿏
⿏όΠΦϚε͓Αͼथࢷഇغ͔Βͷޮߴਫૉϓϩηεͷ

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

ઐŋΩʔϫʔυ คମֶʗγϛϡϨʔγϣϯʗคࡅʗਫૉΤωϧΪʔ

41&C*"-*;&%
'*&-%ŋK&: 803%

QoXdFS	UFDInoMoHZ ʗ TJNVMaUJon ʗ HSJndJnH ʗ IZdSoHFn	FnFSHZ
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1oXEer 1roDessinH Gor 'unDtionaM .ateriaMs
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Ϩʔγϣϯ
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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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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
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3adJoDIFNJTUSZ ʗ NVDMFaS	XaTUF	NanaHFNFnU ʗ	DFDoNNJTTJonJnH ʗ SoMVUJon	
CIFNJTUSZ
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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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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
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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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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
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3adJoDIFNJTUSZ ʗ NVDMFaS	XaTUF	NanaHFNFnU ʗ	DFDoNNJTTJonJnH ʗ SoMVUJon	
CIFNJTUSZ
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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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λɺ೩ྉిɺଠཅిͳͲૉԽࣾձߏஙͱڝۀ࢈૪ྗڧԽ
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ڭɹॿɹࢸɹؠ
,a[VZVLJ	I8ASE	ATTJTUanU	PSofFTToS
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ϦνϜΠΦϯిܕग़ྗߴ༰ྔɾߴ⿏
⿏ϚάωγϜΠΦϯి
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⿏ྟքྲྀମϓϩηεΛ༻͍ͨػੑφϊࡐྉͷ
࡞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

ઐŋΩʔϫʔυ φϊςΫϊϩδʔʗઌφϊࡐྉʗڥෛՙϓϩηογϯάʗϙετϦν
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NanoUFDInoMoHZ ʗ AdWanDFd	FnFSHZ	nanoNaUFSJaMT ʗ SVTUaJnaCMF	NaUFSJaMT	
QSoDFTTJnH ʗ PoTU	MJUIJVN�Jon	CaUUFSZ ʗ MoX	DaSCon	FNJTTJon	UFDInoMoHZ

ΤωϧΪʔσόΠεԽֶڀݚ
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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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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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⿏ԘੑجഇغΛར༻ͨ͠ೋࢎԽૉͷݻఆͱ༗ޮར༻
⿏ͦͷଞɺۚଐϦαΠΫϧγεςϜͷ࠷దԽʹ֤͚ͨछཁૉٕज़։ൃʹؔ͢Δૅجతڀݚ
⿏ͦͷଞɺۚଐݯࢿ॥ʹ͓͚Δڥෛՙݩૉͷॲཧͷ֤छٕڥज़։ൃʹؔ͢Δૅجతڀݚ

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

ઐŋΩʔϫʔυ ඇమۚଐ࿉ʗۚଐݯࢿ॥ʗϦαΠΫϧʗഇغॲཧ
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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)

ۚଐݯࢿ॥γεςϜͷߏஙʹڀݚ͚ͨΞϓϩʔν

-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�). 
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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).  
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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
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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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&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

ඇమ࿉ۀΛج൫ͱͨۚ͠ଐݯࢿ॥γεςϜͷߏங

EUTVSo	S)I#ATA	PSofFTToS

FUTVSP�TIJCBUB�F3!UPIPkV�BD�KQ

AUTVTIJ	II;6,A	ATToDJaUF	PSofFTToS

,Fn	ADAC)I	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

ۚଐݯࢿ॥γεςϜڀݚ

ࣲాӻࣨڀݚ

.etaMMurHy anE 3eDyDMinH 4ystem Gor .etaM 3esourDes CirDuMation
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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).  
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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

ઐŋΩʔϫʔυ ϝλϧυʔϓθΦϥΠτܥ৮ഔʗ༗ػʵແػϋΠϒϦουφϊࡐྉʗ
ϋΠϒϦουӷথʗΤωϧΪʔ৮ഔʗम০ಋମφϊυοτ
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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

ਫ্ɹխ࢙ɹ।ڭत
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ALJSa	8ATANA#E	
ATToDJaUF	PSofFTToS
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ATTJTUanU	PSofFTToS
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ATTJTUanU	PSofFTToS
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ATTJTUanU	PSofFTToS
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thin�Iilm Volar cellV

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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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
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SVTVNV	YAMAMOTO	ATToDJaUF	PSofFTToS

Ӌଟɹɹॿɹڭ
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�
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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
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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
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%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�
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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
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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
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MaTaNJ	TE3A6C)I	PSofFTToS
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FMFDUSon	NJDSoTDoQZ ʗ FMFDUSon	FnFSHZ�MoTT	TQFDUSoTDoQZ ʗ TofU�9�SaZ	
FNJTTJon	TQFDUSoTDoQZ ʗ DonWFSHFnU�CFaN	FMFDUSon	dJ⒎SaDUJon
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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
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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
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FMFDUSon	IoMoHSaQIZ ʗ FMFDUSoNaHnFUJD	pFMd ʗ DondVDUJWJUZ ʗ Jn	TJUV	oCTFSWaUJon
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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
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FMFDUSon	NJDSoTDoQZ ʗ FMFDUSon	FnFSHZ�MoTT	TQFDUSoTDoQZ ʗ TofU�9�SaZ	
FNJTTJon	TQFDUSoTDoQZ ʗ DonWFSHFnU�CFaN	FMFDUSon	dJ⒎SaDUJon
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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

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	
USanTNJTTJon	FMFDUSon	NJDSoTDoQF�	TIFTF	UFDInJRVFT	FnaCMF	
TJNVMUanFoVT	NFaTVSFNFnUT	of	 UIF	FMFDUSoNaHnFUJD	 fJFMdT	
DondVDUJWJUZ	TUSVDUVSF	aT	XFMM	aT	DoNQoTJUJon	aU	nanoNFUFS	
TDaMF�
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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�

ʢ݉ʣࣉɹਖ਼ݾɹڭɹत
MaTaNJ	TE3A6C)I	PSofFTToS
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FMFDUSon	IoMoHSaQIZ ʗ FMFDUSoNaHnFUJD	pFMd ʗ DondVDUJWJUZ ʗ Jn	TJUV	oCTFSWaUJon
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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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⿏τϯωϧޫΛ༻͍ͨࢠৼಈɾεϐϯܭଌͳͲͷφϊεέʔϧԽֶੳ
⿏ඍࡉՃૉࢠͱࢠૉࢠͷ༥߹ʹ͚ͨք໘ܭଌɾ੍ޚ
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⿏OCTFSWaUJon	and	DIFNJDaM	DIaSaDUFSJ[aUJon	of	TJnHMF	NoMFDVMF	VTJnH	TDannJnH	UVnnFMJnH	NJDSoTDoQF		STM

⿏ CIFNJDaM	anaMZTJT	VTJnH	NoMFDVMF	WJCSaUJon	and	TQJn	dFUFDUJon	XJUI	an	aUoNJD	SFToMVUJon
⿏	InUFSfaDF	FnHJnFFSJnH	Uo	DoNCJnF	SJ	UFDInoMoHZ	and	NoMFDVMF	FMFDUSonJDT
⿏ SQJn	DonUSoM	foS	NoMFDVMF	TQJnUSonJDT	and	RVanUVN	DoNQVUJnH
⿏MoMFDVMF�TVSfaDF	JnUFSaDUJon	dZnaNJDT	foS	FnWJSonNFnUaM	DaUaMZTJT	SFTFaS
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TDannJnH	UVnnFMJnH	NJDSoTDoQF ʗ RVanUVN	DoNQVUJnH ʗ TQJnUSonJDT ʗ ES3�
STM
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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

1 µm

Pore size: 380±31 nm

Wavelength / nm 
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  /
a.

u. 

26 MWcm-2 

1 MWcm-2 

SEM image of �irconia porous material and random laser
oscillation from �hodamine � roaded in the porous material.

༗ػϋΠϒϦουφϊ݁থͷͱϑΥτχοΫࡐྉͷల։

ALJIJdF	)I#A3A	PSofFTToS

TTVnFnoCV	ONODE3A	ATTJTUanU	PSofFTToS

UTVOFOPCV�POPEFSB�B�!UPIPkV�BD�KQ

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

༗ػϋΠϒϦουφϊ݁থࡐྉڀݚ

Րݪজलʢ݉ʣࣨڀݚ

0rHaniD anE )yCriEi[eE /anoDrystaMs
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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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⿏OCTFSWaUJon	and	DIFNJDaM	DIaSaDUFSJ[aUJon	of	TJnHMF	NoMFDVMF	VTJnH	TDannJnH	UVnnFMJnH	NJDSoTDoQF		STM

⿏ CIFNJDaM	anaMZTJT	VTJnH	NoMFDVMF	WJCSaUJon	and	TQJn	dFUFDUJon	XJUI	an	aUoNJD	SFToMVUJon
⿏	InUFSfaDF	FnHJnFFSJnH	Uo	DoNCJnF	SJ	UFDInoMoHZ	and	NoMFDVMF	FMFDUSonJDT
⿏ SQJn	DonUSoM	foS	NoMFDVMF	TQJnUSonJDT	and	RVanUVN	DoNQVUJnH
⿏MoMFDVMF�TVSfaDF	JnUFSaDUJon	dZnaNJDT	foS	FnWJSonNFnUaM	DaUaMZTJT	SFTFaS
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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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1 MWcm-2 

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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0rHaniD anE )yCriEi[eE /anoDrystaMs
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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�

%eveMopment oG aEvanDeE GunDtionaM DarCon materiaMs
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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
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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
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oSHanJD	FMFDUSonJD	NaUFSJaMT ʗ NoMFDVMaS	DondVDUoST ʗ NoMFDVMaS	fFSSoFMFDUSJDT ʗ
NoMFDVMaS	FMFDUSonJDT

ϋΠϒϦουࡐྉڀݚ

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

ઐŋΩʔϫʔυ φϊΧʔϘϯʗٵணʗΤωϧΪʔஷଂʗݻମԠ
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nanoDaSConT ʗ adToSQUJon ʗ FnFSHZ	TUoSaHF ʗ ToMJd	SFaDUJonT

ϋΠϒϦουૉφϊࡐྉڀݚ

西ࣨڀݚݪ
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ଟॏػΛ༗͢Δࡐੑࢠྉͷ

ɹ༗ػࢠͷઃࣗܭ༝ʹணͨ͠ूࢠ߹ମͷଟॏػͷߏங
͓ΑͼແࡐػྉͱͷϋΠϒϦουԽΛࢼΈ͍ͯ·͢ɻಋిੑɾ࣓
ੑɾڧ༠ిੑͷ؍͔ΒɺࡐੑࢠྉͷిࢠʵεϐϯߏΛઃܭ
͠ɺͦͷू߹ঢ়ଶΛ੍͢ޚΔࣄͰɺϚϧνϑΝϯΫγϣφϧͳ
ճࢠথͷ݁ੑࢠɻྫ͑ɺ͢·͍ͯͬߦྉͷ։ൃΛࡐੑࢠ
సʹؔ͢Δࣗ༝Λઃ͠ܭɺࢠͷ qJQ�qoQ	ӡಈΛར༻ͨ͠
ϩʔࢠͰ͖·͢ɻΧνΦϯੑͷݱϞʔϝϯτͷస͕࣮ࢠۃ
λʔߏͷճసपɾରশੑɾํੑͳͲͷਫ਼ີ੍͔ޚΒɺڧ
༠ిମͷసҠԹɾԠɾి߅ͳͲͷॾੑ͕ઃܭՄͱ
ͳΓ·͢ɻ·ͨɺ࣓ੑػΛ༗͢ΔΞχΦϯੑϢχοτͱͷෳ߹
ԽʹΑΓɺੑ࣓ڧʵڧ༠ిੑͳͲͷϚϧνϑΝϯΫγϣφϧͳ
Λల։͍ͯ͠·͢ɻ୯݁থɾॊ೪ڀݚͨ͠ࢦྉͷ։Λࡐੑࢠ
ੑ݁থɾӷথɾήϧɾ-#ບͳͲଟ༷ͳूࢠ߹ମΛڀݚରͱ͠ɺ
কདྷͷࢠΤϨΫτϩχΫεͷ࣮ݱʹඞཁͳૅجతͳڀݚΛࢼΈ
͍ͯ·͢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

ևɹஐߦɹڭɹत
ToNoZVLJ	A,6TA(A8A	PSofFTToS

BkVUBHBXB!UPIPkV�BD�KQ

ɹٱɹॿɹڭ
NoSJIJTa	)OS)INO	ATTJTUanU	PSofFTToS

ాɹࢤوɹॿɹڭ
TaLaTIJ	TA,EDA	ATTJTUanU	PSofFTToS

⿏ࢠϩʔλʔߏΛར༻ͨ͠ڧ༠ిମɾযిମɾಋମͷ։ൃ
⿏ిՙҠಈܕूࢠ߹ମσόΠεͷ։ൃ
⿏৽نͳੑࢠಋମɾ࣓ੑମɾڧ༠ిମͷ։ൃ
⿏༗ػʵແػϋΠϒϦουܕφϊߏΛ༻͍ͨ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

ઐŋΩʔϫʔυ ༗ࡐࢠిػྉʗੑࢠಋମʗڧࢠ༠ిମʗࢠΤϨΫτϩχΫε
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oSHanJD	FMFDUSonJD	NaUFSJaMT ʗ NoMFDVMaS	DondVDUoST ʗ NoMFDVMaS	fFSSoFMFDUSJDT ʗ
NoMFDVMaS	FMFDUSonJDT

ϋΠϒϦουࡐྉڀݚ

և川ࣨڀݚ
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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

ɹඍࡉՃٕज़ʹ͓͍ͯੈ࣍ͷͷͮ͘Γج൫ٕज़
ͱͯ͠ظ͞Ε͍ͯΔφϊΠϯϓϦϯτٕज़ʹண͠
͍ͯΔɻࢠϨϕϧͰ͑ߟΔԽֶతͳࢹ͔Βɺք໘
ɺφϊΠϯϓϦϯτٕज़͠ࢦͷֶཧΛޚ੍ࢠػ
Ͱల։Ͱ͖ΔઌਐతͳޫػࡐྉͷΛ͍ͯͬߦΔɻ
ۚଐඍߏࡉܗɾԠ༻ల։Λͨ͠ࢦՄޫࢹԠϝ
λϚςϦΞϧͷ࡞ɺඍܗࡉঢ়؍ʹదͨ͠ޫػࡐ
ྉ࡞Λͨ͠ࢦφϊΠϯϓϦϯτ༻ߗޫੑޫܬԽੑ
थࢷͷ։ൃɺαϒ��nN	ߏܗΛͨ͠ࢦεΫϦʔ
ϯҹ๏ͱޫφϊΠϯϓϦϯτ๏ͷ༥߹ʹΑΔߴ೪
ॏ߹ମڞԽੑͷҐஔબతృɺϒϩοΫߗޫ
ͷඍࡉՃͷల։Λݶۃͨ͠ࢦφϊޫܗʹؔ͢
ΔڀݚΛ͍ͯͬߦΔɻ͜ΕΒͷڀݚΛ௨ͯ͡࠶ੜڥ
ΤωϧΪʔࡐྉݶۃφϊߏσόΠεͷల։ਐ
Ί͍ͯΔɻ

ք໘ػػޫͮ͘جʹޚ੍ࢠࡐྉͷ

⿏ޫφϊΠϯϓϦϯτٕज़ͷϨδετࡐྉͷ։ൃͱҰܻφϊܗ
⿏ϨʔβʔՃ൛ҹ๏ͷ։ൃͱޫߗԽੑӷମͷҐஔબతృ
বࣶʹΑΔਫ਼ີҐஔ߹ΘͤͱੵԽׯޫܬ⿏
⿏ۚଐφϊߏମͷޫֶɾిࢠσόΠεԠ༻

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

தɹɹউɹڭɹत
MaTaSV	NA,A(A8A	PSofFTToS

mBTBSV�OBkBHBXB�D�!UPIPkV�BD�KQ

தଜɹوɹ।ڭत
TaLaIJSo	NA,AM63A	ATToDJaUF	PSofFTToS

ҏ౦ɹॣɹॿɹڭ
SIVnZa	ITO	ATTJTUanU	PSofFTToS

ઐŋΩʔϫʔυ ʗφϊΠϯϓϦϯτֶບࢠԽֶʗ୯ࢠߴྉՊֶʗࡐ
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MaUFSJaMT	DIFNJTUSZ ʗ NaDSoNoMFDVMaS	TDJFnDF ʗ NonoMaZFS	FnHJnFFSJnH ʗ
nanoJNQSJnUJnH

ڀݚྉԽֶࡐػޫ

த川ࣨڀݚ
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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

ਫ༹Խͱ͍͏ैདྷͷٯͷࢠઃͮ͘جʹܭ৽نφϊༀࡎͷग़

)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

41&C*"-*;&%
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Nano	DSVHT ʗ OSHanJD	NanoQaSUJDMFT ʗ AnUJ�DanDFS	DSVHT

༗ػɾόΠΦφϊࡐྉڀݚ

ּҪࣨڀݚ
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"EvanDeE photo�GunDtionaM materiaMs Gor 
nanoimprint

ք໘ػػޫͮ͘جʹޚ੍ࢠࡐྉͷ

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

41&C*"-*;&%
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MaUFSJaMT	DIFNJTUSZ ʗ NaDSoNoMFDVMaS	TDJFnDF ʗ NonoMaZFS	FnHJnFFSJnH ʗ
nanoJNQSJnUJnH

ڀݚྉԽֶࡐػޫ
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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߹ͷઃܭͱͯ͠ɺༀཧޮՌΛ༗͢ΔԽ߹ʹਫ
༹ੑͷஔجΛ͚Δ͜ͱ͕ҰൠతͰͨ͠ɻͱ͜Ζ͕ɺ͕߅Μ࣏
ྍʹ༻͍Δༀࡎͷ߹ɺਫ༹ੑԽ߹Λ੩຺ࣹ༩͢Δͱɺ݂
தʹҠޙߦɺਛଁ͔Βᖤա͞Ε্͍͢ɺਖ਼ৗ৫ʹ֦͠ࢄ
͍͢͜ͱɺ·ͨɺ���nNҎ্ͷϚΠΫϩༀࡎͷ߹ɺϚΫϩ
ϑΝʔδʹᩦ৯͞Εͨޙɺ؊ଁʹӡΕΔ͜ͱ͕ΒΕ͍ͯ·͢
ʢ'JH��ʣɻ
ɹ֘ڀݚͰɺ্هͷ՝Λࠀ͢ΔͨΊɺ͕߅Μੑ׆ༀ
Խ߹ʹίϨεςϩʔϧ༠ಋମͳͲͷਫ༹ੑஔجΛԽֶత
ʹ࿈݁͢Δ͜ͱ �ྔମԽͳͲΛ͢ࢪͱ͍͏ैདྷͱਅٯͷༀ
๏Ͱ͋Δ࡞ͷࢠφϊཻػΔ͜ͱʹՃ͑ͯɺ༗͢ߦΛܭઃࡎ
Δ͜ͱʹΑΓɺ���nNҎԼͷφϊϓϩυϥοά͢ۦ๏Λ࠶
ʢ'JH��ʣΛ࡞͢Δٕज़Λཱ֬͠·ͨ͠ɻͦͷ݁Ռɺजᙾ৫ͷ
φϊϓੑ؞߅๔ʹ·ͰޮతͳυϥοάσϦόϦʔ͕Մͳࡉ
ϩυϥοάΛग़Ͱ͖Δ͜ͱɺຊٕज़͕؟ༀͳͲʹ෯͘
Ԡ༻ల։Ͱ͖Δ͜ͱ͕͔͖ͬͯ·ͨ͠ɻ͍ۙকདྷͰͷ࣮༻Խʹ

ᬏਐதͰ͢ɻ͚ͯ

ਫ༹Խͱ͍͏ैདྷͷٯͷࢠઃͮ͘جʹܭ৽نφϊༀࡎͷग़

ּҪɹɹۉɹڭɹत
)JUoTIJ	,ASAI	PSofFTToS

IJUPTIJ�kBTBJ�B�!UPIPkV�BD�KQ

খؔɹྑɹॿɹڭ
YoTIJUaLa	,OSE,I	ATTJTUanU	PSofFTToS

μΦςΟ	ΰοΫΞϯɹॿɹڭ
AnI	TIJ	NHoD	DAO	ATTJTUanU	PSofFTToS

༗ాɹູɹॿɹڭ
ToTIJIJLo	A3ITA	ATTJTUanU	PSofFTToS

ླɹཾथɹॿɹڭ
3ZVKV	S6;6,I	ATTJTUanU	PSofFTToS

⿏αΠζ੍͞ޚΕͨ༗ػφϊཻࢠͷ࡞
⿏৽ͨͳσβΠϯ͕͞ࢪΕͨੑ؞߅φϊༀࡎͷͱͦͷༀཧޮՌ
⿏φϊ؟ༀͷͱͦͷༀཧޮՌ
⿏όΠΦϓϩηεΛΈʹ͔ͨ͠׆ༀޮԽ߹ͷ߹
⿏φϊཻࢠԽʹΑΔੜ༝དྷ৭ૉͷػߴԽ

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

ઐŋΩʔϫʔυ φϊༀࡎʗ༗ػφϊཻࢠʗ؞߅ༀ
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Nano	DSVHT ʗ OSHanJD	NanoQaSUJDMFT ʗ AnUJ�DanDFS	DSVHT

༗ػɾόΠΦφϊࡐྉڀݚ

ּҪࣨڀݚ

0rHaniD� anE #io� /anomateriaMs

,ASA* -aC

'JH��

'JH�	�
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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

ɹଟछݩૉͷΈ߹͔ͤΒͳΔແػԽ߹ʹະ։ͷ࣭͕܈
ଟ͘ଘ͠ࡏɺطͷࡐྉʹͳ͍ಛੑΛ࣭͕ͭજΜͰ͍Δ
Մੑ͕͋ΔɻࣨڀݚͰݻମԽֶͷ؍͔Βɺ৽نଟܥݩແ
ɺ͍ߦղੳಛੑධՁΛߏͱɺಘΒΕ࣭ͨͷࡧԽ߹ͷ୳ػ
ͦΕΒͷ৽͍͠ηϥϛοΫεૉࡐͱͯ͠ͷՄੑΛ୳͍ͯ͠ٻ
Δɻ৽ن࣭ͷൃ͕ݟͪʹ࣮༻ࡐྉʹ݁ͼͭ͘͜ͱ͕ͩرɺ
ະͷ࣭Ͱ༗༻ͳಛੑ͕ݟग़͞ΕΔՄੑ͕͋ΓɺଟܥݩͰੜ
͢Δ࣭ͷ୳ࡧੜ૬ͷؔΛ໌Β͔ʹ͢Δ͜ͱɺେֶͷ
ڀݚΔɻ·ͨɺ͑ߟୗ͞Εͨେͳ՝ͷͻͱͭͱʹڀݚૅج
ࣨͰɺηϥϛοΫεૉࡐͷ࡞๏ͱͯ͠Ұൠతͳݻ૬Ԡ๏ʹ
Ճ͑ɺۚଐφτϦϜʢNaʣͳͲͷۚଐ༥ӷΛੑ׆Ԡͱ͢
Δ৽ͨͳ߹ํ๏Λ͠ڀݚɺैདྷ๏Ͱ߹͕ࠔͳ݅Ͱͷඍ
คମ୯݁থɼଟମͳͲ༷ʑͳܗଶͷແࡐػྉ߹ͱɺ৽ͨͳ
Δɻ͍ͯ͠ࢦͷ։ΛࡐΛ༗͢ΔηϥϛοΫεૉػ

ۚଐ༥ӷΛར༻ͨ͠ଟܥݩ৽نແػԽ߹ͷ߹ͱ݁থߏԽֶ

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৽نଟܥݩແݻػମ࣭୳ࡧͱߏղੳ͓Αͼ݁থԽֶతڀݚ
ϓϩηεͷ։߹نηϥϛοΫεͷ৽ܥԽࢎଐΛར༻ͨ͠ඇۚੑ׆⿏
⿏ଟܥݩԽ͓ΑͼࢎԽޫܬମͷ୳ࡧ
⿏ଟۚܥݩଐؒԽ߹Λରͱͨ͠ిࡐྉͷ։

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

ઐŋΩʔϫʔυ ແߏػԽֶʗݻମࡐྉԽֶʗηϥϛοΫεʗࡐྉ߹

41&C*"-*;&%
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JnoSHanJD	TUSVDUVSaM	DIFNJTUSZ ʗ ToMJd	TUaUF	NaUFSJaMT	DIFNJTUSZ ʗ DFSaNJDT ʗ
NaUFSJaMT	TZnUIFTJT

ແݻػମࡐྉ߹ڀݚ

ࣨڀݚࠜࢁ

*norHaniD CrystaM 4truDturaM .ateriaMs Chemistry
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ཐટτϯωϧۭؒʹ౷ܭతʹஔͨ͠Na	ࢠݪΛؚΉδϯτϧԽ߹
ͷ݁থߏͱߴిΤωϧΪʔมಛੑ

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߹ͱߏղੳ͓Αͼۚଐֶʹͮ͘ج৮ഔػઃܭ

)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

ۚଐػઃڀݚܭ

ࣨڀݚʢ݉ʣࠜࢁ

.etaMMurHiDaM %esiHn Gor .ateriaM 'unDtions

:A.A/& 	c
 -aC
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4ynthesis anE DrystaM struDture anaMysis oG oYiEes suCoYiEes nitriEes anE ;intM DompounEs

ۚଐ༥ӷΛར༻ͨ͠ଟܥݩ৽نແػԽ߹ͷ߹ͱ݁থߏԽֶ

)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࿈Ͱɺ৽͍͠४݁থ߹ۚ୯४݁থͷ͢·͍ͯͬߦ
߹ɺ४݁থͱྨߏ֨ࠎͨ͠ࣅΛ༗͢Δۙ݁ࣅথͷߏղੳɺ
ɺ४݁ͯ͠ߦͱฒڀݚૅجཧͳͲͷߏసҠϝΧχζϜߏ
থΛલۦ࣭ͱ͢Δ৮ഔ४݁থܕࢄͷڧߴMH	߹ۚͳͲͷ
�ͰɺCd�MHۙ࠷ྉ։ൃΛਐΊ͍ͯ·͢ɻࡐ Ͱ৽छͷܥྨر
ɻͨ͠·͠ݟথΛൃ݁ࣅۙ
ɹҰํɺ߹ۚͷిߏࢠ͓Αͼඍࡉ৫ͷ੍ޚͱ͍ͬͨۚଐֶత
ͳख๏ʹΑΔ৽͍͠৮ഔࡐྉͷઃܭ։ൃ͍ͯͬߦ·͢ɻྫ ͑ɺ
�ɽʣ	ةׇ͕ރዧ͞ΕΔۚوଐݯࢿͷସͱͯ͠Ձిࢠଳߏ੍
͍͓ͯʹΛਐΊɺҰ෦ͷԠܭΑΔ৽͍͠߹ۚ৮ഔͷઃʹޚ Pd
ͷ৮ഔػΛCVNJ ߹ۚʹΑΓग़͢Δ͜ͱʹޭ͠·ͨ͠ɻ·
ͨɺ�ɽʣ	৫੍ͨ͠ޚ߹ۚʹϦʔνϯά͘͠ࢎԽ�ؐݩʹΑ
Δʠࣗݾφϊ৫ԽʡΛଅ͢͜ͱͰ৮ഔػͷ্ΛਤΔ৽͍͠
߹ۚ৮ഔௐϓϩηεΛ։ൃ͠·ͨ͠ɻ

४݁থͷ߹ͱߏղੳ͓Αͼۚଐֶʹͮ͘ج৮ഔػઃܭ

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߹ͱ४݁থࢄMH	߹ۚͷ࡞
⿏४݁থͷߏղੳͱߏཧ
⿏߹ۚԽʹΑΔిߏࢠͱ৮ഔػͷ੍ޚ
⿏ෳ߹৫ԽʹΑΔ৮ഔػͷग़
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

ઐŋΩʔϫʔυ ४݁থʗ৮ഔʗ֨ؕܽࢠʗՁిࢠଳߏ
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RVaTJDSZTUaM ʗ DaUaMZTJT ʗ MaUUJDF	dFfFDU ʗ WaMFnDF	FMFDUSonJD	TUSVDUVSF

ۚଐػઃڀݚܭ

ࣨڀݚʢ݉ʣࠜࢁ
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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�

ɹܗଶ੍ޚՄͳڥԠੑແػφϊࡐྉͷͱΤωϧΪʔ
༏͍͠ʹڥʹΔɻओ͍ͯͬߦੑ։ൃΛػߴ࿈ͨؔ͠ʹڥ
ιϑτέϛΧϧख๏ʹΑΔࡐྉ߹Λ͍ߦɺಛʹߴԹਫඇਫ༹
ഔΛར༻͢ΔιϧϘαʔϚϧԠͷ༹ӷԽֶԠΛ༻͍ɺෳ߹
ΞχΦϯԽ߹ͷ߹ిߏࢠ੍ޚΛ͏ߦɻڥʹ༏͍͠Ԡ
݅ͰڥԠੑແػφϊࡐྉͷܗଶɾ݁থԽɾ݁থ૬ɾཻࢠ
αΠζͷਫ਼ີ੍ޚΛ͍ߦɺڥௐɾΤωϧΪʔͷޮߴར༻ɾ
ϑΥτϯԽֶ࣭ʹΑΔڥԠͷແػػࡐྉͷٴͼ
Λల։͍ͯ͠ΔɻڀݚΔؔ͢ʹݱൃߴੑػ

ιϧϘαʔϚϧԠʹΑΔڥԠੑແػφϊϚςϦΞϧͷ

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։ൃࡐػੑແػ༏͍͠ϓϩηεʹΑΔʹڥ⿏
⿏ෳ߹ΞχΦϯײߴܕՄޫࢹԠޫ৮ഔͷ߹ͱϚϧνػੑͷ࣮ݱ
⿏ແࢵػ֎ઢʗ֎ઢःณٴͼಁ໌ಋిੑബບͷ։ൃ
⿏ࣗಈंഉΨεড়Խ৮ഔͷ։ൃ
⿏ಋମφϊࡐྉͷΨεηϯαʔಛੑධՁ
⿏ԽɾࢎԽͷφϊߏ੍ޚͱػੑ։ൃ

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

ઐŋΩʔϫʔυ ෳ߹ΞχΦϯԽ߹ʗιϧϘαʔϚϧϓϩηεʗηϥϛοΫεͷܗଶ੍ޚʗ
ػԠڥ
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MJYFd	AnJon	CoNQoVndT ʗ SoMWoUIFSNaM	PSoDFTT ʗ MoSQIoMoHJDaM	ConUSoM	of	
CFSaNJDT ʗ EnWJSonNFnUaM	3FTQonTJWF	'VnDUJonaMJUZ

ڀݚྉԽֶࡐػແڥ

ᓵࣨڀݚ

&nvironmentaM *norHaniD .ateriaMs Chemistry

:*/ -aC

֎ઢःณεϚʔτΟϯυ࡞ಈϞσϧ
8oSLJnH	NodFMT	foS	I3	TIJFMdJnH	TNaSU	XJndoXT

YMnO� Λར༻ͨ͠ࢎૉͷΠϝʔδਤ
SDIFNaUJD	JNaHF	foS	oYZHFn	QSodVDUJon	CZ	VTJnH	YMnO�

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ 78

新
機
能
無
機
物
質
探
索
研
究
セ
ン
タ
ー

C
E
N
TE
3
	'
O
3
	E
9
P
-O
3
A
TIO
N
	O
'
	N
E
8
	IN
O
3
(
A
N
IC
	

M
A
TE
3
IA
-S

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�

ɹࣨڀݚͰ࣋ଓՄࣾձʹෆՄܽͳਓޫ߹όΠΦϚε
มͷͨΊͷແࡐػྉ։ൃΛ͍ͯͬߦ·͢ɻࢎԽɺེԽɺࢎ
Խɺ͓ΑͼϦϯࢎԘͳͲଟ༷ͳແػ࣭Λରͱͯ͠ɺ݁থ
ԽΛػߴྉͷࡐػ͔Βແ؍ͳͲͷߏૉɺද໘ݩߏɺߏ
ਤ͍ͬͯ·͢ɻਓޫ߹Ͱಋମޫ৮ഔʹΑΔਫղʹྗ
͠ɺΑΓͷޫʹԠ͠ɺΑΓࢠྔ͍ߴऩͰਫΛղͰ͖
Δޫ৮ഔܥͷߏஙΛ͠ࢦɺόϯυϙςϯγϟϧ੍ޚʹΑΔԠ
ͱԠಛੑ੍ޚɺԠੑ׆ಋೖ͓ΑͼΩϟϦΞτϥοϓ੍
ͷͨΊͷද໘म০ɺͦͯ͠߹ϓϩηε͓Αͼϙετ߹ॲཧޚ
ʹணͯ͠ޫ৮ഔ։ൃΛਐΊ͍ͯ·͢ɻ·ͨɺόΠΦϚε͔ݯࢿ
Βͷ༗༻Խֶ࣭ͷͨΊͷݻମࢎԘج৮ഔ։ൃ͓ΑͼԠϓ
ϩηε։ൃ͍ͯͬߦ·͢ɻ͞ΒʹɺແࡐػྉԽֶͷࢹ͔Βޫ
৮ഔݻମࢎԘج৮ഔͱͯ͠ػ͢Δ৽࣭ͷઃܭɾ։ͬߦ
͍ͯ·͢ɻ

ྉ։ൃࡐػແͳ࣭มػߴଓՄࣾձͷͨΊͷ࣋

Ճ౻ɹӳथɹڭɹत
)JdFLJ	,ATO	PSofFTToS

IJEFkJ�kBUP�F2!UPIPkV�BD�KQ

ڭɹॿɹܒ୩ɹɹ۽
)JSoNV	,6MA(AI	ATTJTUanU	PSofFTToS

⿏ޫ৮ഔʹΑΔਫղ
ԽֶతΤωϧΪʔมؾిޫ⿏
⿏όΠΦϚεมͷͨΊͷݻମࢎԘج৮ഔͷ։ൃ
⿏࣭มͷͨΊͷ৽࣭։

⿏PIoUoDaUaMZUJD	XaUFS	TQMJUUJnH
⿏ PIoUoFMFDUSoDIFNJDaM	FnFSHZ	DonWFSTJon
⿏ DFWFMoQNFnU	of	ToMJd	aDJd�CaTF	DaUaMZTUT	foS	CJoNaTT	DonWFSTJon
⿏ EYQMoSaUJon	of	nFX	JnoSHanJD	DoNQoVndT

ઐŋΩʔϫʔυ ޫ৮ഔʗແࡐػྉԽֶʗΤωϧΪʔม
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PIoUoDaUaMZTU ʗ InoSHanJD	NaUFSJaM	DIFNJTUSZ ʗ EnFSHZ	DonWFSTJon

࣭มແࡐػྉڀݚ
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*norHaniD .ateriaMs Gor ChemiDaM TransGormation
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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�

ɹܗଶ੍ޚՄͳڥԠੑແػφϊࡐྉͷͱΤωϧΪʔ
༏͍͠ʹڥʹΔɻओ͍ͯͬߦੑ։ൃΛػߴ࿈ͨؔ͠ʹڥ
ιϑτέϛΧϧख๏ʹΑΔࡐྉ߹Λ͍ߦɺಛʹߴԹਫඇਫ༹
ഔΛར༻͢ΔιϧϘαʔϚϧԠͷ༹ӷԽֶԠΛ༻͍ɺෳ߹
ΞχΦϯԽ߹ͷ߹ిߏࢠ੍ޚΛ͏ߦɻڥʹ༏͍͠Ԡ
݅ͰڥԠੑແػφϊࡐྉͷܗଶɾ݁থԽɾ݁থ૬ɾཻࢠ
αΠζͷਫ਼ີ੍ޚΛ͍ߦɺڥௐɾΤωϧΪʔͷޮߴར༻ɾ
ϑΥτϯԽֶ࣭ʹΑΔڥԠͷແػػࡐྉͷٴͼ
Λల։͍ͯ͠ΔɻڀݚΔؔ͢ʹݱൃߴੑػ

ιϧϘαʔϚϧԠʹΑΔڥԠੑແػφϊϚςϦΞϧͷ

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։ൃࡐػੑແػ༏͍͠ϓϩηεʹΑΔʹڥ⿏
⿏ෳ߹ΞχΦϯײߴܕՄޫࢹԠޫ৮ഔͷ߹ͱϚϧνػੑͷ࣮ݱ
⿏ແࢵػ֎ઢʗ֎ઢःณٴͼಁ໌ಋిੑബບͷ։ൃ
⿏ࣗಈंഉΨεড়Խ৮ഔͷ։ൃ
⿏ಋମφϊࡐྉͷΨεηϯαʔಛੑධՁ
⿏ԽɾࢎԽͷφϊߏ੍ޚͱػੑ։ൃ

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

ઐŋΩʔϫʔυ ෳ߹ΞχΦϯԽ߹ʗιϧϘαʔϚϧϓϩηεʗηϥϛοΫεͷܗଶ੍ޚʗ
ػԠڥ

41&C*"-*;&%
'*&-%ŋK&: 803%

MJYFd	AnJon	CoNQoVndT ʗ SoMWoUIFSNaM	PSoDFTT ʗ MoSQIoMoHJDaM	ConUSoM	of	
CFSaNJDT ʗ EnWJSonNFnUaM	3FTQonTJWF	'VnDUJonaMJUZ

ڀݚྉԽֶࡐػແڥ

ᓵࣨڀݚ

&nvironmentaM *norHaniD .ateriaMs Chemistry

:*/ -aC

֎ઢःณεϚʔτΟϯυ࡞ಈϞσϧ
8oSLJnH	NodFMT	foS	I3	TIJFMdJnH	TNaSU	XJndoXT

YMnO� Λར༻ͨ͠ࢎૉͷΠϝʔδਤ
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�

ɹࣨڀݚͰ࣋ଓՄࣾձʹෆՄܽͳਓޫ߹όΠΦϚε
มͷͨΊͷແࡐػྉ։ൃΛ͍ͯͬߦ·͢ɻࢎԽɺེԽɺࢎ
Խɺ͓ΑͼϦϯࢎԘͳͲଟ༷ͳແػ࣭Λରͱͯ͠ɺ݁থ
ԽΛػߴྉͷࡐػ͔Βແ؍ͳͲͷߏૉɺද໘ݩߏɺߏ
ਤ͍ͬͯ·͢ɻਓޫ߹Ͱಋମޫ৮ഔʹΑΔਫղʹྗ
͠ɺΑΓͷޫʹԠ͠ɺΑΓࢠྔ͍ߴऩͰਫΛղͰ͖
Δޫ৮ഔܥͷߏஙΛ͠ࢦɺόϯυϙςϯγϟϧ੍ޚʹΑΔԠ
ͱԠಛੑ੍ޚɺԠੑ׆ಋೖ͓ΑͼΩϟϦΞτϥοϓ੍
ͷͨΊͷද໘म০ɺͦͯ͠߹ϓϩηε͓Αͼϙετ߹ॲཧޚ
ʹணͯ͠ޫ৮ഔ։ൃΛਐΊ͍ͯ·͢ɻ·ͨɺόΠΦϚε͔ݯࢿ
Βͷ༗༻Խֶ࣭ͷͨΊͷݻମࢎԘج৮ഔ։ൃ͓ΑͼԠϓ
ϩηε։ൃ͍ͯͬߦ·͢ɻ͞ΒʹɺແࡐػྉԽֶͷࢹ͔Βޫ
৮ഔݻମࢎԘج৮ഔͱͯ͠ػ͢Δ৽࣭ͷઃܭɾ։ͬߦ
͍ͯ·͢ɻ

ྉ։ൃࡐػແͳ࣭มػߴଓՄࣾձͷͨΊͷ࣋

Ճ౻ɹӳथɹڭɹत
)JdFLJ	,ATO	PSofFTToS

IJEFkJ�kBUP�F2!UPIPkV�BD�KQ

ڭɹॿɹܒ୩ɹɹ۽
)JSoNV	,6MA(AI	ATTJTUanU	PSofFTToS

⿏ޫ৮ഔʹΑΔਫղ
ԽֶతΤωϧΪʔมؾిޫ⿏
⿏όΠΦϚεมͷͨΊͷݻମࢎԘج৮ഔͷ։ൃ
⿏࣭มͷͨΊͷ৽࣭։

⿏PIoUoDaUaMZUJD	XaUFS	TQMJUUJnH
⿏ PIoUoFMFDUSoDIFNJDaM	FnFSHZ	DonWFSTJon
⿏ DFWFMoQNFnU	of	ToMJd	aDJd�CaTF	DaUaMZTUT	foS	CJoNaTT	DonWFSTJon
⿏ EYQMoSaUJon	of	nFX	JnoSHanJD	DoNQoVndT

ઐŋΩʔϫʔυ ޫ৮ഔʗແࡐػྉԽֶʗΤωϧΪʔม

41&C*"-*;&%
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PIoUoDaUaMZTU ʗ InoSHanJD	NaUFSJaM	DIFNJTUSZ ʗ EnFSHZ	DonWFSTJon

࣭มແࡐػྉڀݚ

Ճ౻ࣨڀݚ

*norHaniD .ateriaMs Gor ChemiDaM TransGormation
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INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ��

ԉ৫ࢧڀݚ 

ԉ෦　3esearDh 4upport 4eDtionࢧڀݚ

ɹŋٕज़ࣨ
	 ɹ	ଟݩ࣭Պֶڀݚॴٕज़ࣨͰɺ��໊ͷελοϑ͕ɺ૯߹اը൝ͱ૯߹ใ൝Ͱߏ͞ΕΔاըɾใܥɺγεςϜઃ

͞ߏྉ߹ٕज़൝Ͱࡐଌٕज़൝ͱܭݩɺଟܥցɾΨϥεػ͞ΕΔߏ൝ͰྉՃࡐ൝ɺಛघ൝ɺಛघਫ਼ີՃܭ
ΕΔڞ௨ثػɾڀݚϓϩδΣΫτܥॴଐ͠ɺͦΕͧΕͷઐΛ͔ͯ͠׆ɺڭڀݚҭ׆ಈͷࢧԉۀΛ͍ͯͬߦ·͢ɻ
Ί͍ͯ·͢ɻʹ্ΛੵΈͳ͕Βɺৗʹٕज़ྗݧܦΒͷଟ༷ͳཁʹԠ͑ΔͨΊɺ༷ʑͳٕज़Λֶͼɺ͔ऀڀ

ɹŋࣄ෦
	 ɹ	ଟࣄݚݩ෦Ͱɺ��໊ͷελοϑ͕ଟݚݩʹ͓͚Δڀݚɾڭҭ׆ಈͷࢧԉۀΛ͍ͯͬߦ·͢ɻ૯ɺਓࣄɺݚ

͚ͩͰͳ͘ɺۀతࣄ͞ΕɺҰൠతͳߏཧ՝ͰܦΒͳΔ͔ɺཧɺ༻ཧܦɺܭ࢘ΒͳΔ૯՝ͱɺ͔ྗڠڀ
ɻ͢·͍ͯͬߦΛۀΘͨΔʹذඅͷਃɺΠϕϯτձٞͷӡӦิॿͳͲɺଟڀݚ৬һֶੜɾେֶӃੜͷαϙʔτɺڭ

ɹŋਤॻࣨ
	 	ɹ	ଟݩ࣭ՊֶڀݚॴਤॻࣨɺӾཡɺ૬ޓར༻ɺߟࢀௐࠪɺֶशڀݚʹඞཁͳࢿྉͷߪೖɺडೖͳͲͷۀΛ୲͍ɺ

ਤॻͷదͳཧͱӡ༻Λͯͬ࣋ɺ׆ڀݚಈΛࢧԉ͍ͯ͠·͢ɻยฏΩϟϯύεͷ AIM3ຊؗʹҐஔ͠ɺ౦େֶʹॴ
ଐ͢Δڭ৬һֶੜ͕༻Ͱ͖ΔӾཡࣨͱֶशεϖʔεʹඋ͍͑ͯ·͢ɻ

ɹŋ広ใใࣨ	 ɹ	
	 	ɹ	ଟݩ෦ࣨՊֶڀݚॴʹ͓͚Δใ׆ಈշదͳωοτϫʔΫڥͷඋͳͲଟذʹΘͨΔࢧԉۀΛ͍ͯͬߦ·͢ɻۀ

Λͨ͠ࡌܝධՁࢿྉʮଟݩ࣭Պֶڀݚॴ	ۀڀݚɾ׆ಈใࠂʯͳͲɺڀݚॴͷެࣜͳߦץͷฤूൃߦɺΣϒ
αΠτཧɺϓϨεϦϦʔεɺΠϕϯτࢧԉͳͲͷۀ͍ͯͬߦ·͢ɻ

ɹŋ҆શཧࣨ
	 	ɹ	ڀݚॴͷڥɾ҆શɾࡂʹؔ͢Δߨशձ܇࿅ͳͲͷاըɾ࣮ࢪɺʮ҆શϚχϡΞϧʯͷ੍࡞ͷଞɺఆظతͳ८ࢹͷ

ʑݸ৬ҬͰൃੜ͢Δࣨڀݚɻ·ͨɺଟ༷ͳ͢·͍ͯͬߦಈΛ׆ॴͷ҆શΛ֬อ͢ΔͨΊͷ҆શӴੜཧڀݚͳͲɺࢪ࣮
ͷࣄҊͷରԠ͍ͯͬߦ·͢ɻ

4upport 4eDtion

INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ 8�INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ

 ٕ　ज़　ࣨ

ɹٕज़ࣨͰɺ��໊ͷٕज़৬һ ৬һ�໊ΛؚΉ༺ޏ࠶	 
͕ɺऀڀݚͷཁʹԠ͑ͯ͞·͟·ͳٕज़Λֶͼੵ͠ͳ͕Β࣮ݧ
ݸɺٕज़Λੜ͔ͯͦ͠ͷཁʹԠ͑ΔͨΊɺݧܦԉଟ༷Ͱ͋ΓɺࢧΒཁ͞ΕΔٕज़͔ऀڀݚΛαϙʔτ͍ͯ͠·͢ɻڀݚ
ਓ͋Δ͍৫ͱͯ͠ͷٕज़ྗ্ʹΊ͍ͯ·͢ɻ

ցػ
ɹػցͰɺऀڀݚͷཁٻʹ
Ԡ࣮ͨ͡ݧஔͷઃܭɾ࡞ࢼɺطଘ
ͷஔͷվͳͲΛओͳۀͱ͠
͍ͯ·͢ɻೋݩ࣍ɾݩ࣍ࡾCADγ
εςϜCNCػ࡞ցΛॱ࣍ಋೖ
ͯ͠ઃඋͷػߴԽΛਤΔͱڞʹɺ
ख़࿅ٕज़ऀͷ๛ͳݧܦΛए͍ٕ
ज़ऀʹঝ͢Δ͜ͱͰ༷ʑͳཁٻ
ʹԠ͑ΒΕΔΑ͏ʑʮஔʢϞϊʣ
ͮ͘ΓʯʹऔΓΜͰ͍·͢ɻ
ɹֶੜڭҭͷҰͱͯ͠ʮػց
ਤߨशձʯɾʮػց҆࡞શۀ࡞
ज़ͷීٕͯ͠࠵शձʯΛຖ։ߨ
ߩΊ͍ͯ·͢ɻ·ͨɺࣾձʹٴ
ɻ͢·͍ͯͬߦಈͷड͚ೖΕ׆ݧதֶੜ৬ମֶݟಈͱͯ͠׆ݙ

ɹ໊��ࡏݱఔͷ৬һ͕ࡏ੶͍ͯ͠·͕͢ɺ͜ͷΑ͏ʹଟ͘ͷ৬һͱ࠷৽ͷՃઃඋΛ༴͢Δଐ
શࠃతʹྨ͕ແ͘ɺڀݚॴͷಛ৭ͷͻͱͭʹͳ͍ͬͯ·͢ɻ

ɹޫثցՃ෦ͰɺऀڀݚͷཁٻʹԠͨ͡ਫ਼ີͳฏ໘ɾٿ໘ɾࣹڸɺಛघͳϨϯζϓϦζ
Ϝͷٴ࡞ͼ݁থಛघࡐྉͷஅݚຏۀΛ͍ͯͬߦ·͢ɻ໘ਫ਼͕ྑ͔ͭ͘ද໘ૈ͕͞খ͍͞
༹༥ੴӳΨϥεج൘Ͱද໘ܗঢ়
ΛϨʔβʔׯবܭͰଌఆ͠ͳ͕Β
Ճ͠ɺ໘ਫ਼Еʗ ��ɾ໘ૈ͞
ʢ8Y,O ࣾඇ৮ද໘ܗঢ়ଌఆ
ஔ TOPO�D ʣSNT���nN༺ Λ
ಘ͍ͯ·͢ɻԜɾತ໘ڸͷ࡞Ͱ
ɺ໘ૈ͞ SNT��� ʙ ���nN ͷ
ඇৗʹΒ͔Ͱɺযڑͷࠩޡ
ͷগͳ͍ͷΛ࡞Γ্͛Δٕज़Λ
ɻ͢·͍ͯͬ࣋
ɹࠓ·Ͱഓ͖ٕͬͯͨज़Λ࠷େݶʹ
ʹԠ͑ɺ͞ظͷऀڀݚͯ͠ۦ
Βʹ৽͍ٕ͠ज़Λ֫ಘͰ͖ΔΑ͏ʹ
ʑΊ͍ͯ·͢	ɻ
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INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ��

ԉ৫ࢧڀݚ 

ԉ෦　3esearDh 4upport 4eDtionࢧڀݚ

ɹŋٕज़ࣨ
	 ɹ	ଟݩ࣭Պֶڀݚॴٕज़ࣨͰɺ��໊ͷελοϑ͕ɺ૯߹اը൝ͱ૯߹ใ൝Ͱߏ͞ΕΔاըɾใܥɺγεςϜઃ

͞ߏྉ߹ٕज़൝Ͱࡐଌٕज़൝ͱܭݩɺଟܥցɾΨϥεػ͞ΕΔߏ൝ͰྉՃࡐ൝ɺಛघ൝ɺಛघਫ਼ີՃܭ
ΕΔڞ௨ثػɾڀݚϓϩδΣΫτܥॴଐ͠ɺͦΕͧΕͷઐΛ͔ͯ͠׆ɺڭڀݚҭ׆ಈͷࢧԉۀΛ͍ͯͬߦ·͢ɻ
Ί͍ͯ·͢ɻʹ্ΛੵΈͳ͕Βɺৗʹٕज़ྗݧܦΒͷଟ༷ͳཁʹԠ͑ΔͨΊɺ༷ʑͳٕज़Λֶͼɺ͔ऀڀ

ɹŋࣄ෦
	 ɹ	ଟࣄݚݩ෦Ͱɺ��໊ͷελοϑ͕ଟݚݩʹ͓͚Δڀݚɾڭҭ׆ಈͷࢧԉۀΛ͍ͯͬߦ·͢ɻ૯ɺਓࣄɺݚ

͚ͩͰͳ͘ɺۀతࣄ͞ΕɺҰൠతͳߏཧ՝ͰܦΒͳΔ͔ɺཧɺ༻ཧܦɺܭ࢘ΒͳΔ૯՝ͱɺ͔ྗڠڀ
ɻ͢·͍ͯͬߦΛۀΘͨΔʹذඅͷਃɺΠϕϯτձٞͷӡӦิॿͳͲɺଟڀݚ৬һֶੜɾେֶӃੜͷαϙʔτɺڭ

ɹŋਤॻࣨ
	 	ɹ	ଟݩ࣭ՊֶڀݚॴਤॻࣨɺӾཡɺ૬ޓར༻ɺߟࢀௐࠪɺֶशڀݚʹඞཁͳࢿྉͷߪೖɺडೖͳͲͷۀΛ୲͍ɺ

ਤॻͷదͳཧͱӡ༻Λͯͬ࣋ɺ׆ڀݚಈΛࢧԉ͍ͯ͠·͢ɻยฏΩϟϯύεͷ AIM3ຊؗʹҐஔ͠ɺ౦େֶʹॴ
ଐ͢Δڭ৬һֶੜ͕༻Ͱ͖ΔӾཡࣨͱֶशεϖʔεʹඋ͍͑ͯ·͢ɻ

ɹŋ広ใใࣨ	 ɹ	
	 	ɹ	ଟݩ෦ࣨՊֶڀݚॴʹ͓͚Δใ׆ಈշదͳωοτϫʔΫڥͷඋͳͲଟذʹΘͨΔࢧԉۀΛ͍ͯͬߦ·͢ɻۀ

Λͨ͠ࡌܝධՁࢿྉʮଟݩ࣭Պֶڀݚॴ	ۀڀݚɾ׆ಈใࠂʯͳͲɺڀݚॴͷެࣜͳߦץͷฤूൃߦɺΣϒ
αΠτཧɺϓϨεϦϦʔεɺΠϕϯτࢧԉͳͲͷۀ͍ͯͬߦ·͢ɻ

ɹŋ҆શཧࣨ
	 	ɹ	ڀݚॴͷڥɾ҆શɾࡂʹؔ͢Δߨशձ܇࿅ͳͲͷاըɾ࣮ࢪɺʮ҆શϚχϡΞϧʯͷ੍࡞ͷଞɺఆظతͳ८ࢹͷ

ʑݸ৬ҬͰൃੜ͢Δࣨڀݚɻ·ͨɺଟ༷ͳ͢·͍ͯͬߦಈΛ׆ॴͷ҆શΛ֬อ͢ΔͨΊͷ҆શӴੜཧڀݚͳͲɺࢪ࣮
ͷࣄҊͷରԠ͍ͯͬߦ·͢ɻ

4upport 4eDtion
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͕ɺऀڀݚͷཁʹԠ͑ͯ͞·͟·ͳٕज़Λֶͼੵ͠ͳ͕Β࣮ݧ
ݸɺٕज़Λੜ͔ͯͦ͠ͷཁʹԠ͑ΔͨΊɺݧܦԉଟ༷Ͱ͋ΓɺࢧΒཁ͞ΕΔٕज़͔ऀڀݚΛαϙʔτ͍ͯ͠·͢ɻڀݚ
ਓ͋Δ͍৫ͱͯ͠ͷٕज़ྗ্ʹΊ͍ͯ·͢ɻ

ցػ
ɹػցͰɺऀڀݚͷཁٻʹ
Ԡ࣮ͨ͡ݧஔͷઃܭɾ࡞ࢼɺطଘ
ͷஔͷվͳͲΛओͳۀͱ͠
͍ͯ·͢ɻೋݩ࣍ɾݩ࣍ࡾCADγ
εςϜCNCػ࡞ցΛॱ࣍ಋೖ
ͯ͠ઃඋͷػߴԽΛਤΔͱڞʹɺ
ख़࿅ٕज़ऀͷ๛ͳݧܦΛए͍ٕ
ज़ऀʹঝ͢Δ͜ͱͰ༷ʑͳཁٻ
ʹԠ͑ΒΕΔΑ͏ʑʮஔʢϞϊʣ
ͮ͘ΓʯʹऔΓΜͰ͍·͢ɻ
ɹֶੜڭҭͷҰͱͯ͠ʮػց
ਤߨशձʯɾʮػց҆࡞શۀ࡞
ज़ͷීٕͯ͠࠵शձʯΛຖ։ߨ
ߩΊ͍ͯ·͢ɻ·ͨɺࣾձʹٴ
ɻ͢·͍ͯͬߦಈͷड͚ೖΕ׆ݧதֶੜ৬ମֶݟಈͱͯ͠׆ݙ

ɹ໊��ࡏݱఔͷ৬һ͕ࡏ੶͍ͯ͠·͕͢ɺ͜ͷΑ͏ʹଟ͘ͷ৬һͱ࠷৽ͷՃઃඋΛ༴͢Δଐ
શࠃతʹྨ͕ແ͘ɺڀݚॴͷಛ৭ͷͻͱͭʹͳ͍ͬͯ·͢ɻ

ɹޫثցՃ෦ͰɺऀڀݚͷཁٻʹԠͨ͡ਫ਼ີͳฏ໘ɾٿ໘ɾࣹڸɺಛघͳϨϯζϓϦζ
Ϝͷٴ࡞ͼ݁থಛघࡐྉͷஅݚຏۀΛ͍ͯͬߦ·͢ɻ໘ਫ਼͕ྑ͔ͭ͘ද໘ૈ͕͞খ͍͞
༹༥ੴӳΨϥεج൘Ͱද໘ܗঢ়
ΛϨʔβʔׯবܭͰଌఆ͠ͳ͕Β
Ճ͠ɺ໘ਫ਼Еʗ ��ɾ໘ૈ͞
ʢ8Y,O ࣾඇ৮ද໘ܗঢ়ଌఆ
ஔ TOPO�D ʣSNT���nN༺ Λ
ಘ͍ͯ·͢ɻԜɾತ໘ڸͷ࡞Ͱ
ɺ໘ૈ͞ SNT��� ʙ ���nN ͷ
ඇৗʹΒ͔Ͱɺযڑͷࠩޡ
ͷগͳ͍ͷΛ࡞Γ্͛Δٕज़Λ
ɻ͢·͍ͯͬ࣋
ɹࠓ·Ͱഓ͖ٕͬͯͨज़Λ࠷େݶʹ
ʹԠ͑ɺ͞ظͷऀڀݚͯ͠ۦ
Βʹ৽͍ٕ͠ज़Λ֫ಘͰ͖ΔΑ͏ʹ
ʑΊ͍ͯ·͢	ɻ

T&C)/*C"- 4&37*C& 4&CT*0/



INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ INSTIT6TE	O'	M6-TIDISCIP-INA3Y	3ESEA3C)	'O3	AD7ANCED	MATE3IA-S	TO)O,6	6NI7E3SITY౦େֶ	ଟݩ࣭Պֶڀݚॴ8�

T&C)/*C"- 4&37*C& 4&CT*0/

ٕ　ज़　ࣨ

ɹΨϥεͰ͔ऀڀݚΒґཔ͞Ε࣮ͨݧஔث۩Λ͍ͯ͠࡞·
͢ɻ΄ͱΜͲͷґཔܗൢࢢঢ়ͷͷͰͳ͍ͨΊडஈ֊Ͱऀڀݚͱे
౼ٞ͠ɺڀݚͷతʹ࠷ྑ͘߹͏Α͏ʹͱվྑΛॏͶͳ͕Β࡞
͍ͯ͠·͢ɻ
ɹύΠϨοΫεɺੴӳͳͲͷΨϥεΛϋϯυՃͱΨϥεટ൫ɺ
ɻ͢·্͛ʹΛ৫Γަͥͳ͕ΒͳͲʹΑΔՃػɺஅػݚ

Ψϥε

ϓϩδΣΫτ
ԉࢧ

ɹޏ࠶༻ �໊ΛؚΉ ��໊͕ɺڞ௨ثػ 	ଟݩ CA'
 ͷཧɾӡӦͱ݉͢ΔܗͰɺڀݚϓϩδΣΫτͷ
·Ί͍ͯʹ্Λਝʹ۩ମԽ͢Δͱͱʹٕज़ͷߏͷऀڀݚɺ͠شΘΓɺଟ༷ͳٕज़Λൃܞʹԉࢧ
͢ɻελοϑిࢠճ࿏ɺߴਅۭɺ࣮ثػݧɾஔͷ։ൃɾվྑɺଌఆɾ੍ޚιϑτΣΞ։ൃɺ݁থ
ҭɺബยݚຏɺԽֶੳɺϨʔβʔγεςϜɺੜɾόΠΦؔ࿈ٕज़ͳͲͷٕज़ཁૉΛͪ࣋ɺ�ਓ �ਓ
ΤϑΥʔτʹΑΓෳͷࢧԉΛ͜͏ߦͱͰଟ͘ͷࢧԉ݅ʹԠ͍͑ͯ·͢ɻ·ͨɺֶੜͷ࣮ࢦݧಋ҆
શڭҭɾཧʹܞΘΓɺڀݚॴશମͷൃలʹ͍ͯ͠ݙߩ·͢ɻ

ͷҰྫۀ

ͷҰྫۀ

શݻମϦνϜి

ͷ࡞ͱॆ์ిଌఆ

ʹΑΔσόΠεੑ

ධՁ

ϓϩδΣΫτͷڀݚ

̍ͭͰ͋Δʮφϊα

Πζ୯Ұ࣓ੑυοτ

ͷ࣓ڍؾಈͷղ໌ʯ

ͷٕज़ࢧԉͱͯ͠ബ

ບܗٕज़ͱిࢠઢ

ϦιάϥϑΟΛۦ

ྉͷφϊαΠࢼͨ͠

ζඍࡉՃ͠ࣄैʹ

͍ͯΔɻ

άϩʔϒϘοΫεͰ
શݻମϦνϜిΛ
͍ͯ͠࡞Δ༷ࢠ

ఆిྲྀॆ์ిஔ

࣓ੑυοτͷࠪిݦࢠඍ૾ڸ
υοτܘ��nN

ʹɻ࣓ൃੜ༻ઢͷԼ૾ڸඍݦͷ୯Ұ࣓ੑυοτͷޫֶޙ
࣓ੑυοτͱ࣓ؾಛੑ༻ి͕ۃඍࡉՃ͞Ε͍ͯΔɻ
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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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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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 ଟݩ C"'

ɹଟݩ࣭Պֶڀݚॴ	CFnUSaM	AnaMZUJDaM	'aDJMJUZʢུশɿଟݩ	CA'ʣɺిݦࢠඍڸɺ9	ઢੳஔɺ࣓֩ڞؾ໐ੳஔ
ʢNM3ʣɺϨʔβʔޫੳஔͳͲେܕಛघஔΛ༻͍֤ͯछࡐྉͷੳධՁΛࢧԉ͖ͯͨ͠ڞ௨ੳࣨثػͱɺଟݩφϊࡐ
ྉڀݚηϯλʔͷࢧԉ͓ΑͼφϊςΫϊϩδʔͷڀݚਪਐΛతͱͯ͠ɺ࠷৽ӶͷಛผઃඋಋೖʹΑΓઃཱ͞Εͨφϊς
ΫχΧϧϥϘΛ༥߹͠ɺ����ʹൃ͠·ͨ͠ɻଟݩ	CA' Ͱɺ෯ࡐ͍ྉ։ൃͷࢧڀݚԉΛతʹɺ	࠷৽ӶͷੳධՁ
ɻ͢·͍ͯͬߦͷཧɾӡӦΛثػ

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

"� ੳஔ
ɹɹ	AQQaSaUVTFT	foS	VMUJNaUF	anaMZTFT

ૉੳஔݩ	˙
ɹ			ૉŋਫૉŋૉŋࢎૉੳஔɺࢎૉŋૉੳஔɺૉŋེԫੳஔ	
	
ɹ	EMFNFnUaM	anaMZ[FS		C�)�N	anaMZ[FS	O	anaMZ[FS	S�9	anaMZ[FS


˙	ICP	ൃޫੳஔ	
ɹ	IndVDUJWFMZ	DoVQMFd	QMaTNa	FNJTTJon	TQFDUSoQIoUoNFUFS		ICP�AES


˙	ඍখ෦ࠪ	9	ઢੳஔ
ɹ	EMFDUSon	QSoCF	NJDSo	anaMZ[FS		EPMA


˙	ଟػܕૉࡐੳஔ		9 ઢޫిࢠޫஔʣ
ɹ				MVMUJ�fVnDUJonaM	NaUFSJaM	anaMZ[FS		9�SaZ	QIoUoFMFDUSon	
TQFD�USoNFUFS�	9PS


˙	9 ઢޫిࢠޫஔ
ɹ	9�SaZ	QIoUoFMFDUSon	TQFD�USoNFUFS		9PS


˙	ඈܕؒ࣌ߦೋ࣍ΠΦϯ࣭ྔੳஔ
ɹ	TJNF	of	'MJHIU	TFDondaSZ	Jon	NaTT	TQFDUSoNFUFS		TO'�SIMS


˙	άϩʔ์ి࣭ྔੳஔ	
ɹ	(MoX	dJTDIaSHF	NaTT	TQFDUSoNFUFS		(DMS


#� ߏࢠղੳஔ
AQQaSaUVTFT	foS	NoMFDVMaS	TUSVDUVSF	anaMZTFT

໐ஔڞؾ࣓֩	˙
ɹ		༹ӷ༻NM3�������M)[ʣ	
ɹ	NM3	�������	M)[

˙	φϊσόΠεΠΦϯμΠφϛΫεܭଌஔ
ɹ		ݻମ༻NM3�������M)[ʣ
ɹ		Nano	dFWJDF	 Jon	dZnaNJDT	anaMZ[FS	 	SoMJd�TUaUF	NM3	TQFD�
USoNFUFS


	ɾۭؒղਫ਼ີঢ়ଶղੳγεςϜؒ࣌	˙
ɹ	TIF	UJNF	and	TQaDF	SFToMVUJon	QSFDJTJon	TUaUF	anaMZTJT	TZTUFN
ɹ		-aTFS	3aNan


˙	ߴԠղੳγεςϜ
ɹ		SVQFS�IJHI�TQFFd	SFaDUJon	anaMZTJT	TZTUFN		-aTFS	 fMaTI	TQFD�
USoNFUFS


˙	ύϧε EP3
ɹ	EMFDUSon	QaSaNaHnFUJD	SFTonanDF	TQFDUSoNFUFS		EP3
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C� ৫ղੳஔߏ
ɹɹAQQaSaUVTFT	foS	DSZTUaM	TUSVDUVSF	and	NJDSoTUSVDUVSF	anaMZTFT
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The Observation of Topologically Protected Magnetic Quasiparticles.

Calculated model dispersions with the fictitious magnetic field shown by the arrows.




