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ǀ ǁ  

Ẏἶ ˬ ̊ʤƲƼ ẎƽƲˬ Ẏἶ ̊ʤƲƼˬẎƽƲ ӓἶ ̊ʤƲƼ ƽƲ ˬ

Ẏἶ ר ̊ʤƲƼ Ẏ ר ƽƲɧȤȦɵɧɱȶɣɲȟɱ ̊ʤƲƼILLƽƲȠɟɨȩᶮ

ʴרἧ ȹɱȽɶ ̊ʤƲƼNCNRƽ ǵ ȿɶɞǶƲɄɩɑȤɞȿȽɱ ӓ

Tb 2 Ti2 O7ș ↓- 273 ħ ᾍ ↓ 0.1 ȯɩɑɱ*1 ȅǮлԁǠȒǯƲȷɒɱ ̱*2 ǯǋǍ ἧ Ǳ

̱ǓшᶭǞǭ ᶤ ἧǯᴀǷȓȒ ἧǵƼ ǵ◐ƽǓ ⅜ǠȒ Ǟǋᶭ̱ǓǮǔȒǚǯș Ȑ

ǒǲǞȅǞǦƳǚȓǶ 20 ₴ ȐǒǲǜȓǭǚǱǒǪǦ Tb 2 Ti2O7ǵ ǵ ⅜ǵᵂ ș ǖ

Ǳ ǮǉȑƲ Ǔǯȑ♬Ȓ Ǟǋ ἧ ǵ ǲǫǱǓȒḨ ἶ ʣǵ Ǳ ǮǠƳ 

 

Tb 2 Ti2 O7Ƕȷɒɱ ̱ǯᴀǷȓȒẎẀ Ǟǋ ἧ ș Ǡ ǯǞǭ 1999 ₴ǵ ̊ Ʋ

Ҙ ǲ ǜȓǭǔȅǞǦƳǚȓȅǮǲ 100 ș ǏȒὕ ǯ ƵǱ ɠɅɩǓ ǜȓǭǔȅǞǦ

ǓƲǤǵȷɒɱ ̱ǵר ǲǫǋǭǶ ǧӦѝǲȖǒǪǭǋȅǢȚǮǞǦƳȅǦƲὕ ǲǶǋǖǫ

ǒǵ ǲǑǋǭǞǷǞǷȷɒɱ Ѧǵ ⅜ǯǶ ǱȒ ǵ ⅜Ǔ ǜȓǭǑȑƲǚǵ ⅜

Ƕʝ̱̲Ǳǵǒ ǤǞǭ Tb 2 Ti2O7 Ƕ ►ǲȷɒɱ ̱Ǳǵǒ ǯǋǍᵂ ǓƲḨ ἶ ʣǵẎ

ǔǱ ɄɶɜǵǹǯǫǮǞǦƳ 

 

˹ᶥ ȮɩɶɕǶ↓Ƶ ǜȓȒ ǵ ⅜ǵ Ǔ Tb 2 Ti2O7 ǵȷɒɱ ̱ǵר ș ǠȒʣ

Ǯȉ Ǳ ǲǱȒǯ ǏǭƲ ⅜ǵר ș Ǡ ǱӴ ș̸ Ǟǭ ḹʴǵ ȋ

ӓǵ ὑǯʴרἧ ˍὕ ǲ֝ȑ ȆȅǞǦƳǤǞǭ ǖȀǔǚǯǲǤȓȐǵὕ ǶƲ ᶤ

ἧǵὫʦș֝ȑЊȓǦ ἧȷɒɱȠȢȷ ḌǲḨǬǋǦ ǯʝ ǠȒǚǯǓȖǒȑȅǞǦƳǫ

ȅȑƲǚȓȅǮ ǮǉǪǦ Tb 2 Ti2 O7 ǵ ⅜ǶƲɄɩɑȤɞȢȨɱǓ ǫᶤ ἧǯǋǍ ἧǵ

↓ǵ ⅜ӓǮǉȒǚǯǓ ȐǒǲǱȑȅǞǦƳȅǦƲǚǵ ⅜ ǵ ǖǲ ȓȒȷɒɱ ̱ǶƲ

ἧȷɒɱȠȢȷǯǋǍȷɒɱȠȢȷ*3 Ǔ ἧҘἶ ǲ ǴֻȖǜǪǦ ἧ ̱ ǮǉȒ֯ Ǔר

ǔ◕ȑǯǱȑȅǞǦƳ 
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ǲ ǜȓȒ˔ὑǮǠƳ 

 

 

̱ ⅜ 

₳ 2 ₴ 1  

Џ Ẏἶ ˲ Ẏἶ ˬ 

ᶮ Ẏἶ ˲ ˬ Ẏἶ 

ᶮ ˲ ӓἶ  

ᶮ Ẏἶ ˲ ˬẎἶ ר  



 

ǵ ǯǞǭǵר Ƕ ș ǠȒȢȨɱǵקȑș ἧǓᶥ ȷɒɱ ǠȒǚǯƲǤǞǭǤ

ȓȐǓ ѦǠȒǚǯǮ ȓȅǠƳǉȒ ǵȢȨɱș ǫ ǮǶ ἧǵᶥ ǲқǏǭ ἧǓᶥ ǠȒ

Ƽ ǵ◐ƽǓ▌ǖ◙ ǠȒǚǯǓǉȑƲǚǵǦȈǲ ǯǶʝװ ǪǦ ǵר Ǔ ȓȒǚǯǓǉ

ȑȅǠƳ ἧǵ ↓ǵ ⅜ӓǮ ȐȓȒǚǵ ǶƲȷɒɱǵ Ѧ ǮǉȒ ⅜ǯǶ Ǳ

ȒǦȈƲ ₡ǵ Ǯ їɵ ǠȒǵǶ ǞǖƲƼ ȓǦ ⅜ƽǵᵂ ǯǞǭ ἶ ǵẺẛⱲș╠ǔ

̂ǘǭǋȅǠƳ 

Tb 2 Ti2 O7 ᶫ 1 ǶƲ ǓΩ̲ἶ ɓɧȷɆɪɶȵɥɱ*4 ǯᴀǷȓȒ Ǳר ș ǫǦȈƲ

̭ ǮȉȷɒɱǓ ⅜ӓǞǱǋƼȷɒɱ ̱ƽǯᴀǷȓȒẎẀ Ǟǋ ἧ ș Ǡ ǯǞǭ 1999

₴ǵ ̊ Ʋ Ҙ ǲ ǜȓǭǔȅǞǦƳȷɒɱֿṲǵ ˛̸ ǵȆș ǏǦ ȉ ӴǱ ɠɅ

ɩǲȏȒǯǚǵ Ƕ̭ Ǯȷɒɱ ѦǠȀǔǮǉȒǯ˔ ǜȓǭǋȅǠǓƲὕ ǲǶǤǵȏǍǱ Ѧ

Ƕ ǜȓǭǋǱǋǦȈƲǚȓǲ̈ȖȒ ƵǱ ɠɅɩǓ ǜȓǭǔȅǞǦƳʝ Ʋὕ ǲǶȷ

ɒɱ ̱ǵר ș Ǡ ǶǉȒȉǵǵƲǋǖǫǒǵ ǲǶȷɒɱ Ѧǵ ⅜ǯǶ ǱȒƼ ȓǦ

⅜ƽǯȉǋǍȀǔ ǵ ⅜Ǔ↓Ƶ ǜȓǭǑȑƲǚǵ ⅜ Ƕʝ̱̲Ǳǵǒ Tb 2 Ti2 O7 Ƕ ►ǲ

ȷɒɱ ̱Ǳǵǒ ǯǋǍᵂ ǓƲḨ ἶ ʣǵẎǔǱ ɄɶɜǵǹǯǫǮǞǦƳ 

Ẏ ›ἶ ⅎ р ƲˬẎ›ἶ ὑ ₉Ȑǵ ȮɩɶɕǶ 2013 ₴

ǲẉ ș̓ǪǦ ǒȐƲTb 2 Ti2O7ǲȆȐȓȒȷɒɱ ̱ ǯ ȓǦ ⅜ ǵᵂ Ƕ Tb 2+xTi2 - xO7+y

ǯǋǍȏǍǲ x ȋ yǵ ǓȖǡǒǲ ǱȒҧ Ǯ ǮǔȒǚǯƲǤǞǭƲ x șȖǡǒ 1%̊ʤ

ǯ ⱨᾜ ẀӓǜǢȒǯȷɒɱ ̱ǒȐ ⅜ș ǮǔƲǤȓǓ ἧ ǯǞǭ ǔǭǋȒ֯

ǞǭǋȅǞǦƳףșḸר ⅜ǵ Ǔ̲ǮǉȒǵǒ ὑ ǲǶȖǒȐǱǒǪǦȉǵǵƲ șȏǖȱ

ɱɆɫɶɩǞǦ ǱӴ ș̓ǪǦὕ ǯ Ǟǋ ǲ ǪǦ ǒȐǵȠɕɫɶȿǓ

Tb 2 Ti2 O7ǵȷɒɱ ̱ȋǤǵ ǖǲǉȐȖȓȒ ǵ ⅜ș ǠȒʣǮלҵǮǞǦƳ 

 

ɵ  

˹ᶥ ȮɩɶɕǶƲ ⅜ǵר ș Ǡ Tb 2Ti2 O7ǵ ǱӴ șʫ ǲϼ ǘǭֻ ǠȒ

ǚǯǲ ҚǞƲǤǵӴ ș̓Ǫǭ ḹʴǲǑǘȒ ȋ ӓǵ ὭǱ ר ὑƲǤǞǭʴרἧ ˍὕ

ǲ֝ȑ ȆȅǞǦƳ 

ᶫ 2 ǲ ḹș ǵ[ 111 ] ׄǲқǏǦ ǵ ǵ Ȓ ǋș ǞȅǠƳ[111] ׄǶ Tb 2 Ti2O7

ǵ ǵʴǮᾍ ǵר ǋ ׄǵǹǯǫǮǠƳ♫ǪǭƲǤǵ ׄǲ ḹșǒǘȒǯ ⅜ ș֚

ǞǦ ⱪ Ǳ Ȓ ǋș ǮǔȒǯ ♅ǜȓȅǠƳὕ ƲȺɫ ḹǲǑǘȒ ǵ ǋɒɶȭǶ ḹ

șǒǘȒǯ 0.3 Ʉȷɧ*5 ș ǏǦǯǚȔǮѝ ǠȒ ⱪ Ǳ Ȓ ǋǓ ǜȓȅǞǦƳ ǲƲ ζ

ǲ ȓȒɒɶȭǶƲ̀ǵ ȓǦ ⅜ǵר ș Ǡ ǯ ̧ǞǦ ḹ͒Ἥרș ǠǚǯǓȖǒȑȅǞǦ

ᶫ 2 Њᶫ ƳȅǦƲ ⅜ӓǲ̢Ǫǭ ӓǵ ḹ͒Ἥרȋ ἧרʴר▒ ˍȷɘȭɆɩǲȉ ⱪ Ǳ

Ẁӓș ǠǚǯǓȖǒȑȅǞǦƳ 

ǵᾛ ᾐ̑ ᴣȐǵϼ Ǳ ἧȷɒɱȠȢȷ Ḍș ǋǦ ˔ ǲȏȒǯƲ̭

ǵ Tb 2 Ti2O7ǮǶ Tb ȢȨɱǲК᷀ǠȒƼ ᶤ ἧƽǯᴀǷȓȒ ἧ ǵ ↓Ǔ ⅜ ȋȷɒɱ

̱ ǵї ǲ Ǳ☻Ҋș ǍǚǯǓ ǜȓǭǋȅǞǦƳǤǚǮƲ˹ᶥǵὕ ș ǠȒǦȈ

ǲᶤ ἧǵὫʦș֝ȑЊȓǦ ἧȷɒɱȠȢȷ ḌǲḨǬǋǭ ș ǋ ǞȅǞǦƳǤǵ Ʋ

˹ᶥǵ ƵǱὕ ǶƲ ἧȷɒɱȠȢȷǯǋǍ ἧ ̱ ǲ ₡ǲ ǋǯǚȔǲ̬ ǠȒᶤ ἧ

⅜ ǵɏɧɟɶȽɶǮ ǮǔȒǚǯǓȖǒȑȅǞǦ ᶫ 3,  4 Ƴǚǵ Ƕ Tb ȢȨɱǯ TiȢȨɱǵ

ș 1%̊ʤǵ ⱨᾜ ǮẀӓǜǢȒǯƲTb 2 Ti2 O7 Ǔȷɒɱ ̱ǵȉǵǒȐ ⅜ǵȉǵǲǒ

ȖȒǯǋǍὕ ǯȉ ǖʝ ǞȅǠƳǚȓȅǮ ȐǒǲǜȓǭǚǱǒǪǦ Tb 2 Ti2 O7ǵ ǵ

⅜ǵᵂ ǶƲ ǱӴ ș♬ǭὕ ǓǮǔǦǚǯƲǤǞǭ Ǟǋ ǲ ǪǭǤǵ ǓǮ

ǔǦǚǯǲȏȑƲɄɩɑȤɞȢȨɱǓ ǫ ᶤ ἧǵ ↓ǵ ⅜ӓǮǉȒǯ 20 ₴ǵ ș ǭ

ǜȓȅǞǦƳ 



 

֗ҧ  

˹ᶥǵ ǶƲΩ̲ἶ ɓɧȷɆɪɶȵɥɱș ǫ ǲ̱ר ᶤ ἧǵ ↓Ǔ ȇǚǯș

ǞǦѧȈǭǵ͈ǮƲĞeqtrsq`sdc pt`cqtonk`q rxrsdlĞǯᴀȀȒȏǍǱ Ǟǋ ἧ ș Ǯǔ

ȒǚǯǓȖǒȑȅǞǦƳȅǦƲ ⅜ ǵ ǖǲ ȓȒȷɒɱ ̱ǶƲ ἧȷɒɱȠȢȷǯǋǍȷɒɱȠ

ȢȷǓ ἧҘἶ ǲ ǴֻȖǜǪǦ ἧ ̱ ǮǉȒ֯ Ǔר ǔ◕ȑǲǱȑȅǞǦƳ ǶƲ

̱ר ǵ Ȇș Ǐǭᶭ̱ ἶЋ̱ǵ ǲ Ǳ șʦǏȒǚǯǓ ♅ǜȓȅǠƳȅǦƲ

Ω̲ἶ ɓɧȷɆɪɶɆ ἧǲᶤ ἧȋȏȑ ǵẉ ἧǵ ↓ș ȆֻȖǢȒǯǋǍ șȉǯ

ǲǞǭƲǜȐǲ Ǟǖǭ ǋ ǿǵ ֗Ǔ ♅ǮǔȅǠƳ 

 

˹♥ǵ᾽  

ᶤ ἧ ⅜Ƕ ἧǵǹǡȆǯ ֻǠȒǚǯǓ ǖ ȐȓǭǋȅǠƳ♫ǪǭƲ˹♥ǶƲⱨᾛǱ ἧẀ◐

ș ǠȒǚǯƲǤǞǭВ X ˍὕ ǵȏǍǱᾜǞ ѩǱ ș̓Ǫǭ Ǳ Ǯᶤ ἧ ⅜

ǵ ἧș ȐǒǲǠȒǚǯǓ Ǳ ǵǹǯǫǮǠƳȅǦƲ ⅜ ǵ ǖǲǉȒȷɒɱ ̱ǵר ș

ἧרʴר▒ ˍǵ ș̓Ǫǭȏȑ ǖ ǠȒǚǯȉ Ǳ ǵǹǯǫǮǠƳ 
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< > 

ȯɩɑɱ K  

ᾍ ↓ǵӴ̬Ƴ 273.15 ħǓȺɫȯɩɑɱǲᾍꜘǞƲ1 ȯɩɑɱǵ ↓⁪Ǔ 1ħǵ ↓⁪ǯ

ǞǖǱȒȏǍǲὑ ǜȓǭǋȅǠƳ 

 

ȷɒɱ ̱ 

 ̭ ǮȷɒɱǓ ἧἶ ǲȍȐǋǧ Ƴ ǵΩ̲ἶרǱǰǵ◙ Ǯȷɒɱ ǵ ˛̸ ǲɓ

ɧȷɆɪɶȵɥɱǓϐǖǯǔǲὕ ǠȒȉǵǯ ♅ǜȓǭǋȅǠƳ1973 ₴ǵȠɟɨȩǵ ἶ

P. W. Anderson ǲȏȒ ˔ ǲ ș ǞƲὕ ɵ ǵʰ ǒȐ ̱ר ǵʴⱲɄɶɜǵǹǯ

ǫǯǞǭ Ҙ ǲ ǜȓǭǋȅǠƳ ᾍ ǵ Tb 2 Ti2O7ǮǶ ǵΩ̲ἶ ɓɧȷɆɪɶȵ

ɥɱǲқǏǭƲǰǍȋȐɄɩɑȤɞȢȨɱǓ ǫ ᶤ ἧǵ ↓ǓǤǵὕ ǲẎǔǱ☻Ҋș ǦǠ

ǚǯǓƲ˹ᶥǵ ǵ Ʋ ǔ◕ȑǯǱȑȅǞǦƳ 

 



ȷɒɱȠȢȷ 

 ȷɒɱȠȢȷǶƲʢ ἧǵʢ Ϸ ǮǉȒɏȢɫȭɫȠ ἧʣǵ▌ ȢȶɱȮɠɅɩǯǞǭר Ȑ

ȓƲǤǵḨ⅝ Ƕ ȠȢȷ ǯֿ ǵɓɧȷɆɪɶȵɥɱƲǠǱȖǨȠȢȷɩɶɩǲȏǪǭ ⱪǬ

ǘȐȓȅǠƳὕ ǲǶƲɏȢɫȭɫȠ ἧ ӓ ǵ R2 T 2O7  R = Dy, Ho, T  = Ti, Sn ǓȷɒɱȠ

Ȣȷǵר ș Ǡ װ ǋ͈ǯǞǭ ȐȓǭǑȑƲ ἶ Ǳ ǯὕ ǯș ǮǔȒ Ǳ

ǵǹǯǫǮǠƳ 

 

Ω̲ἶ ɓɧȷɆɪɶȵɥɱ/Ω̲ἶ ɓɧȷɆɪɶȵɥɱș ǫ  ̱ר

 Ω̲ἶ ɓɧȷɆɪɶȵɥɱș ǫ ǶƲ̱ר ǵΩ̲ἶ ⱪǵǦȈǲȷɒɱᾍǯǞǭǵὄ

ὑ ș Ћ̱Ǯֿ ǲ ǦǢǱǋ ǦǞǲǖǋ ǮǠƳ̱ר ₡ǵ ₳ǶƲ͈ǏǷȷɒɱǓ̱ר

ǲǤȔǪǦ▌ ₳ȋ̱֚ר ǲǤȔǪǦ֚▌ Ǔ̱ר ǖ ȐȓǭǋȅǠǓƲǚȓȐǶ Ћ̱Ǯȷɒ

ɱᾍǓὄὑ șǯǪǭǋȅǠƳ Ǯᾍ ǯǞǦɏȢɫȭɫȠ ἧ Ƕᶫ̱ר 1 ǲ ǠȏǍǲƲ

ȢȨɱǮר ǜȓȒᶤ ̱Ǔ В Ǯ 3 Ϸ ǲ ǱǪǦ ș ǨƲΩ̲ἶ ɓɧȷɆɪɶȵɥɱ

ș ǫ ǵ̱̈ר ͈ǮǠƳ  

 

Ʉȷɧ T  

 Ὥ↓ǵӴ̬ǮǠǓƲ ḹǵẎǔǜș Ǡǵǲȉȏǖ̓ȖȓȅǠƳ͈ǏǷƲ᷂ ǵẎǔǜǶ

0.00005 Ʉȷɧ 50 ɜȢȭɫɄȷɧ Ʋ Еǲȉ̓ȖȓȒɋȨȶɞ ǵ Ὥ↓ǶẎ̱ 0.1 ǒȐ

0.5 Ʉȷɧ ↓ǮǠƳ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tb2Ti 2O7─ ≤
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™Ⱨכ◒⅜ ╣⁸ ⅜ ⅝√↓≤⅜╦

⅛╡╕∆⁹ ╩ ─[111] ⌐
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TEL 04 - 7136 - 3246  FAX 04 - 7136 - 3216   

E- mail : kittaka @issp.u - tokyo.ac.jp  
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