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ἧɧɱȾɞȤȧɶȭǵȤȧɶȫɱȮɵɟȩɉȸɞșʫ ǮѧȈǭ  

Go To Quantum ἧǵʫ ǵ ǔ  

 

 

ǀ ǵɛȢɱɆǁ 

1. ἧǵʫ 1Ǯǵ Ǫ ǋ ἧɧɱȾɞȤȧɶȭ ǵȤȧɶȫɱȮɵɟȩɉȸɞ

șʥ֯ד Ǳ ἧҘἶ 2ԍ Ҳɵ ἧ˘ ר șḨǲʫ ǮѧȈǭ ǠȒǚ

ǯǲ ҚǞȅǞǦƳ 

2. ǞǦȤȧɶȫɱȮɵɟȩɉȸɞș ǋǭƲ ἧǵʫ Ǯǵ Ǫ ǋǵ

ș ᷀ǲ Ȓ ș ǞȅǞǦƳ 

3. ǚȓǶƲ ἧȱɱɒɣɶȽ 3ȋ ἧɉɣɶɧɩɋɁɆɭɶȭ 4Ǳǰǵ ʫ̈ǵ

ἧ Ḹы ǵ Ⱳ Ḩ ș ͑ǞȅǠƳ 

 

ǀ ǁ 

ⅎῬẎἶǵ ῇ Ẏἶ ɵ ʴ ˀ ǯ ′ӣ Ẏἶǵ ˝ ˀҞ ǵВֿ

ȿɶɞǶƲ ἧ Ḹы ǵḨ ș Ǎ ἧɧɱȾɞȤȧɶȭ

ǵȤȧɶȫɱȮɵɟȩɉȸɞșʫ ǮѧȈǭ ǠȒǚǯǲ ҚǞȅǞǦƳȅǦƲǤ

ȓș ǋǭ ἧɧɱȾɞȤȧɶȭș ᷀ǲ Ȓ ș ǞȅǞǦƳɧɱȾɞȤ

ȧɶȭǶƲɧɱȾɞ ǵ 5 ǵɠɅɩǵʝǫǮƲ͈ǏǷƲȱȢɱɆȷș ǋ

ǓїǦȐֳǲ ǓїǦȐ‼ǲ ҲǜǢƲ Ǫ ǋǵ ș ΘǮǔȅǠƳ

ἧҘἶǓ ǠȒɝȭɫǱʫ ǮǶƲ Ǫ ǋ Ȥȧɶȩɶ Ƕ ǵȏǍǲ ǋƲ

ǵ ⱪǮǉȒ₲ ҧ 6 ǵ▌Ȉǉǋ ǲȏȑƲǚȓȅǮǯǶЋǖ ǱȒ ș

ǠȏǍǲǱȑȅǠƳǞǒǞƲ ǯǱǪǦȤȧɶȩɶǵȤȧɶȫɱȮɵɟȩɉȸɞǶʥ

ǮǞǦƳ˹ᶥƲȱȢɱǵ ǯ ǓǮȒ Ǔ ǲẀӓǠȒḹֻș όǠȒǚǯ

ǲȏȑƲ ǵ ↓ǓȱȢɱǵק Ẁӓǲ͒ἭǠȒǚǯș їǞȅǞǦƳǚȓǲȏȑƲ

ȱȢɱǯ₲ ǵ ͜ ȤȧɶȫɱȮɵɟȩɉȸɞ șʫ ǮѧȈǭ ȐǒǲǞȅǞǦƳ

ǜȐǲƲȱȢɱșѰⱣǠȒǚǯǲȏǪǭƲ ἧɧɱȾɞȤȧɶȭǓɧɱȾɞǱר ș

ͪ Ǟǫǫ ᷀ǲѰⱣ֯ ǮǉȒǚǯș ȐǒǲǞȅǞǦƳǚȓǶƲ ἧȱɱɒ

ɣɶȽȋ ἧɉɣɶɧɩɋɁɆɭɶȭǱǰǵ ʫ̈ǵ ἧ Ḹы ǵ Ⱳ

Ḩ ș ͑ǞȅǠƳ ǵ ǶƲ ᶮ ἶ Scientific Reports

Nature Publishing ǲ 2020₴ 10 16 ӫ♥ 6 ǲ ǜȓȅ

ǠƳ 

 

ǀ ǁ 

ẏΒƲ᷂ ǵ Ʋ ͔Ʋ ǱǰǶ ѩǱ ѸרǓǱǖƲǤǵẀҲș˔ ǠȒǚ

ǯǓᶩ ǮǠƳǚȓȐǵẀҲǵ ♥ǲǶƲ Ǳ ǓἭ᷀ǞȅǠƳǤǚǮƲ

ɠɅɩș ǋǭ șɠɅɩӓǠȒǚǯǮƲẀҲș˔ ǠȒǚǯǓǮǔȒȏǍǲ

ǱȑȅǠƳ 

ɧɱȾɞȤȧɶȭǶƲ ǵɠɅɩǵʝǫǮǠƳ͈ǏǷƲȱȢɱɆȷș ǋƲ

ǓїǦȐֳǲƲ ǓїǦȐ‼ǲ ҲǞƲ ҲǞǦϼǮǚȓș ȑ ǞȅǠ ᶫ

B ֓ ƳǞǷȐǖ ȑ ǞǦǉǯǲȤȧɶȩɶǓǋȒḹ ǵ ѝ⁹ǶƲ



ǵ ɠɅɩǯǞǭ̓ȖȓǭǋȅǠƳȱɱɒɣɶȽȳȢȦɱȷǵѝ ǮǶƲ

ȠɩȲɨȸɞǵ ǵǦȈǲ̓ȖȓǭǋȅǠƳ 

ἧɧɱȾɞȤȧɶȭǶƲɧɱȾɞȤȧɶȭǵ ἧҘἶ ǮǠƳ ἧҘἶǶƲԍἧ

ȋѝἧǱǰɝȭɫǱ ș ǠȒḨ ȆǮƲǤȓȐǵ ǶƲ ἧ

ǵȏǍǱר ǯֿ ǲ ǵȏǍǱר ș̿Ǣ ǨȅǠ ἧɵ Ҳ˘ ר Ƴ ἧɧɱ

ȾɞȤȧɶȭǮǶƲȤȧɶȩɶǓ ǵȏǍǲ ǍǦȈƲ ǵר ǮǉȒ ǴֻȖǢ

ȋ₲ ǲȏȑƲ ѝ⁹ǓɧɱȾɞȤȧɶȭǯ ǱȑƲ‼ֳǵʰ ǲ ǋ ș Ǫ

Ǧѝ⁹ǯǱȑȅǠ ᶫ C ֓ Ƴǚǵ ǶƲ₦ⅎǋɅɶȽר ḢǮǵ ș֯

ǲǞƲ Ǟǋ ȠɩȲɨȸɞǯǞǭ ἧ Ḹ ἶǵѝ Ǯ ᾽ǞǭǔǭǋȅǠƳȅ

ǦƲɧɱȾɞȤȧɶȭǓ ȠɩȲɨȸɞǲ ǋȐȓȒǵǯֿ ǲƲ ἧɧɱȾɞȤ

ȧɶȭȉƲ ἧȱɱɒɣɶȽƲ ἧ ᵂ Ʋ ἧȠɩȲɨȸɞǱǰǿǵꜘ Ǔ ♅

ǜȓǭǋȅǠƳ ἧȠɩȲɨȸɞǵ ǲǑǋǭǶƲ Ḹș̑ ǲ ȒǚǯǓ ȈȐ

ȓǭǋȅǠƳǞǒǞǱǓȐƲ ἧɧɱȾɞȤȧɶȭǶ ǲɧɱȾɞ ǮǉȒǦ

ȈƲǤȓșѰⱣǠȒǚǯǶὦ ǮǶǉȑȅǢȚǮǞǦƳ 

 

ǀ ǵКὦǁ 

ȿɶɞǶƲ ἧɧɱȾɞȤȧɶȭǵѰⱣ֯ șר ǠȒǦȈǲƲ ἧɧɱȾ

ɞȤȧɶȭǵҲǔș ȈǭǋȒȱȢɱǲ ǞƲǤǵ ǵǦȈȱȢɱǵ ǯ

ǓїȒ ǲ ͒Ἥר ͒ἭȱȢɱ șᾚЊǞȅǞǦƳ ѧǲƲ Ιȵɝɣɪ

ɶȵɥɱș ǋƲ ἧɧɱȾɞȤȧɶȭǵ ѝ⁹Ǔ ǋ̬ ǓᶥₒǠȒ

ẛ ἧ ș ǞȅǞǦ ᶫ ֓ ƳǤǞǭƲǤǵ ǵ ș ǠȒǦȈƲȤ

ȧɶȩɶǵ Ҳרɵ ἧרǵʰζ ǒȐƲǰǵȏǍǲ ǓѰⱣǜȓǭǋȒǒǯǋǍ

ȤȧɶȫɱȮɵɟȩɉȸɞǵ ǲ֝ȑ ȆȅǞǦ ᶫ ֓ Ƴ 

ȱȢɱǓȤȧɶȩɶș‼ֳǿ ҲǜǢȒǚǯǶ ǒǱǵǮǠǓƲȱȢɱǓǰȚǱ

ǲᾍꜘǞǭǋȒǒǓʥ ǮǞǦƳǤǵ Ǔ̲ǒǯǋǍǚǯǓ ǲǑǘȒ

Ḩ ǱᵂǋǮǠƳǤǚǮȅǡƲȤȧɶȩɶǵ Ҳרǲ ǞȅǞǦƳȤȧɶȩɶǵ

ἧ Ҳ ǯȱȢɱǯǵ Ȗȑș ȐǒǲǠȒǦȈǲƲ ἧɧɱȾɞȤȧɶȭ

ǵ Ҳ ╛șḨǲ ș ǋȅǞǦƳǤǵ Ʋ ΙȵɝɣɪɶȵɥɱǮ♬Ȑ

ȓǦᶥₒ ǶƲ ἧɧɱȾɞȤȧɶȭ ǵ ↓ǓȱȢɱǵ ǯ ǓїȒ ǵ

Ẁӓǲ͒ἭǞǭї ǠȒǚǯǓ ȐǒǲǱȑȅǞǦƳǫȅȑƲǚȓȅǮ ǵǰȚǱ

�¸`�x



Ǯ ǯǠƽǯ ǋȅǠǓƲƼɧɱȾɞǶɧɱȾɞǮѰǠȒƽǤȚǱ ǲ ǏȒǒȉǞ

ȓȅǢȚƳɧɱȾɞǶʝ Ʋ ⅜ǵ ǋ ȓǦʫ ǲדǏȅǠǓƲʴ ӭ ǲ ⅜ǵ

ǉȒʫ ǲ Ȁǭ▌ ǮǠƳǱǣǱȐƲǤǵʫ ǮǶẉᾜˍȓǭȉ̈Ȗȑ ǏǞǱǋ

ǒȐǮǠƳƼ ἧɧɱȾɞȤȧɶȭǓɧɱȾɞǱ ̝șѰǠȒƽǤȚǱʫǵʴǓ˹♥᾽

ǜȓȒǵǒȉǞȓȅǢȚƳ˹♥ǶƲȤȧɶȩɶǓẉ ǋȒȵȷɄɞǲǑǘȒȤȧɶ

ȩɶֿⱷǵ ˛̸ ẉ̱ҧ ȋǤȓȐǵ ǵʥד Ǳ ἧ ȦɱȽɱȮɩɟ

ɱɆ ǵ ǿ᾽ Ǟǭǋǖ˔ὑǮǠƳ 

 

 

ǀ֓ ǁ 

ǀᶫ ǁɧɱȾɞȤȧɶȭǮǶƲȱȢɱș ǪǦ˲ǓȱȢɱɆȷș ǋƲ ǓїǦȐ

ֳǲʝ Ʋ ǓїǦȐ‼ǲʝ ҲǞȅǠƳȱȢɱɆȷǯ Ҳ ȵɓɆ ș̲↓ȉ

ȑ ǞȅǠ B Ƴ͈ǏǷƲ̬ 0ǒȐỒȈǭƲǚȓș 300ᶥ ȑ ǞǦ♥ǲǋȒ̬

ǵ ѝ⁹Ƕ A ǵȏǍǲǱȑȅǠƳȷȽɶɆǞǦ̬ ǲǋȒ Ǔ ǋǚǯǓȖ

ǒȑȅǠƳɧɱȾɞȤȧɶȭǵ ѝ⁹ǶƲǚǵȏǍǱї ̬ ̂ Ǯ ǋ ș

ǫѝ⁹ǲ♫ǍǚǯǓ ȐȓǭǋȅǠƳʝ Ʋ ἧǵʫ ǲ █ǞǦɧɱȾɞȤȧɶȭ

ǮǶƲ ἧҘἶǵ ⱪǮǉȒ ǴֻȖǢȋ₲ ҧ ǲȏǪǭƲ C ǵȏǍǲƲ‼ֳǲ

ǋ ǓⅎǓǪǭǋȅǠƳ 

 

 

 

 

 

 

 

 

 

 

ǀᶫ ǁ ΙȵɝɣɪɶȵɥɱǮ♬Ǧ ἧɧɱȾɞȤȧɶȭǵ ѝ⁹ǵ Ẁӓǵ

ἧ ʣᶫ ǯǤǵ ʤᶫ ș ǞȅǠƳȱȢɱǵ ǯ ǓǮȒ Ǔ ǲ

ẀӓǞǱǋḹֻǶƲ‼ֳǲ ǋ ǓⅎǓȑƲǤǵ ǶⅎǓǪǭǋǔȅǠ A Ƴʝ

ƲȱȢɱǵ ǯ ǓǮȒ Ǔ ǲẀӓǠȒḹֻǶƲᶥₒǠȒȏǍǱ Ǔ

ȐȓȅǠ B C ƳǤǵ ǶƲȱȢɱǵ ͒Ἥרǵ ǋǲȏǪǭ◐Ǔ ǱȑȅǠƳ 

 

 

 

ǀᶫ ǁ ǮǶƲ ἧרǵʰζ ǮǉȒ Ҳרǯ ἧרș̓ǪǭƲ ͒ἭȱȢ

ɱș ǫ ἧɧɱȾɞȤȧɶȭǵȤȧɶȫɱȮɵɟȩɉȸɞș ǞȅǞǦƳ Ҳר

ǒȐǶƲ Ҳ ╛ș ǭȒǚǯǲȏǪǭƲȱȢɱǓ ἧ ǵ ↓șѰⱣǞǭǋȒǚ

ǯș ǞȅǞǦƳ ἧרǒȐǶƲ ἧǵҘἶ ǲר ǠȒǚǯǮƲȱȢɱǓ ἧ

ǵ ↓șѰⱣǞǭǋȒǚǯș ǞȅǞǦƳ ǯǞǭƲ Ҳרɵ ἧרǵʰζ ǒ
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ȐƲȱȢɱǓ ἧɧɱȾɞȤȧɶȭǵ șѰⱣǞǭǋȒǯǋǍȤȧɶȫɱȮɵɟȩ

ɉȸɞș ǞȅǞǦƳ 

 

ǀ ǁ 

1. ἧǵʫ  

ἧҘἶǓ ǠȒʫ Ƴ ἧǯǶƲԍἧȋ ἧǱǰǯǭȉᾛǜǱ ȋȦɋɩȬ

ɶǵ ǵȏǍǱȉǵǵǚǯǮǠƳ ἧǵʫ ǶƲɈɌȳȢȸǵǯǭȉᾛǜǱʫ Ǯ

ǠƳ  

2. ἧҘἶ 

ἧҘἶǶƲ ἧǵʫ ǵɝȭɫǱ ș ǠȒҘἶǮǠƳ ἧǵʫ ǮǶƲ

ǦǨǵ ǵᶥȑǵ Ǔ♫Ǎ Ѹ ֦ЖҘἶ Ƕ ꜘǠȒǚǯǓǮǔǡƲ

ἧҘἶǵ Ѹǲ♫ǋȅǠƳǤǚǮǶƲ ǵר ǯ ἧǵר ș̿Ǣ ǫǯǋǍ

Ƽ Ҳɵ ἧ˘ ƽȋƲֿר ǲ ǵ ș֝ȒƼ ǵ ǴֻȖǢƽ Ⱶ ǵ

ѝ ǵ ǯǋǍʥד Ǳ Ǔ֯ ǲǱȑȅǠƳ 

3. ἧȱɱɒɣɶȽ 

ἧҘἶșѫ ǞǦ ș ἧȱɱɒɣɶȽǯ ǋȅǠƳ♫ ǵȱɱɒɣɶȽ

ǮǶƲᶥ ǵ ᶿșѰⱣǞǭƲ ᶿṶ̌ǋ ǶƼ0ƽƲ ǋ ǶƼ1ƽǵȏǍǲƲ0

ǯ 1 ș̸ȑїǞƲǤȓȐș̓Ǫǭ ș ǱǪǭǋȅǠƳǤȓǲᾍǞǭƲ ἧȱ

ɱɒɣɶȽǶƲ ἧǵ ⱪǮǉȒƼ ǵ ǴֻȖǢƽșѫ ǞǭƲƼ0ƽƼ1ƽǵ

ǴֻȖǢ ș̸ȑȅǠƳǚȓǲȏȑƲֿ ǲ̲ ȑȉǵ ʱѦ ș

ὕ ǞƲὂὐǵ₴ ȂǰǒǒȒ șǉǪǯǋǍ ǲ ǠȒǚǯǓ֯ ǲǱȑ

ȅǠƳ 

4. ἧɉɣɶɧɩɋɁɆɭɶȭ 

₴ƲǜȅǝȅǱɋɁɆɭɶȭǓ ӓɵẎ ӓǞƲǚȓȐǵ ӓɵҧ ӓǓ

Ǳ ǯǱǪǭǋȅǠƳǤǚǮƲ ǵ ș ΘǞǦ˲›ɉɣɶɧɩɋɁ

ɆɭɶȭǓ ǞȅǞǦƳǤȓǲ ἧҘἶș֝ȑЊȓƲǜȐǱȒ Ǔ ♅ǜȓȒ

ἧɉɣɶɧɩɋɁɆɭɶȭǓ ǜȓǭǋȅǠƳ 



5.  

ǶƲɧɱȾɞרșדȇȵȷɄɞǓ ẀҲǠȒ ἧșѝ ǠȒǦȈǲ̓

ǜȓȒ ɠɅɩǮǠƳ 

6. ₲ ҧ  

ǵ Ǔ ǱȑֻǍǚǯǲȏǪǭƲ Ǟǋ ǵ◐ǓǮǔȒǚǯǮǠƳ ǵ Ǳȑ

ǲȏǪǭƲ▌ȈǉǪǦȑƲ Ǩ ǞǉǪǦȑǞȅǠƳ 

 

 
ǀǑᵂǋֻȖǢϼǁ 
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