
˸ͯ͡Έ͙ͭͣͦ͒͊͡Έͤ͊Ύ ˻͙ͨͭ;͔ͫ͊͟Ύ ˴͎͔͔ͦͪͤͭͤ͊Ύ ͎́ͦͣͦͪ͊ͺ͙ΎΥ
ͤ͊ͫͭͦΎ΅͔͔ ͙ ͋ͯ͒ͯ΅͔͔ ͒͡Ύ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͨͪͣͤͤ

˽ͪͦͺΦ ˥͍͊͒ͦ͊͟͡ ˹͊ͭ͊͡ΈΎ ˨ͦͪͦͺ͔͔͍ͤ͊

˹͙͔͎͗ͦͪͦ͒ͫ͊͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͔͙͊͊͒ͣ͟ΎΣ ˹ˮˮ ˣ͙͔͙ͦͣ͒ͼ͙͙ͤͫ͟ͻ ͔ͭͻ͎͙͚ͤͦͦ͡Σ
˹͊ͯ;ͤ͊Ύ ͙͊͋ͦͪ͊ͭͦͪ͡Ύ ˻͙ͨͭ;͔͚ͫͦ͟ ͎͔͔͚ͦͪͤͭͤͦ͟ ͎ͭͦͣͦͪ͊ͺ͙͙

˽͙͎ͪ͊͡΄͔ͤͤ·͚ ͒ͦ͊͒͟͡ ͤ͊ 2-͚ ͔͚ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ ΄͔ͦ͟͡ADFLIMς27.07.2017

˨ͦ͊͒͟͡ ͍͟͡Ό;͔͊ͭ ͦ͋ͦͪ͘ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͙͍ͣͪͦ·ͻ ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͊ ͔ͭ͊͗͟ ͔ͪͯ͘͡Έͭ͊ͭ· ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ ͍·͔ͨͦͤͤͤ͡·ͻ ͍ 
ͪ͊ͣ͊͟ͻ  ͎ͪ͊ͤͭ͊  ˽͍͙͔ͪ͊ͭ͡Έ͍ͫͭ͊  ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙  ͒͡Ύ  ͎͍͔͚ͦͫͯ͒͊ͪͫͭͤͤͦ ͔͙ͨͦ͒͒ͪ͗͟  ͤ͊ͯ;ͤ·ͻ  ͙͔͍͙͚ͫͫ͒ͦ͊ͤ͡Σ 
͍͙ͨͪͦͦ͒ͣ·ͻ  ͨͦ͒  ͍͍ͪͯͦͦ͒ͫͭͦͣ͟  ͍͔͒ͯ΅͙ͻ  ͯ;͔ͤ·ͻ  ͍  ͙͚͙ͪͦͫͫͫ͟ͻ ͍͔ͦ͋ͪ͊ͦ͊ͭ͘͡Έͤ·ͻ  ͯ;͔͔͙ͪ͗͒ͤΎͻ  ͍·ͫ΄͔͎ͦ 
ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͎ͤͦͦ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ˾̅Φ ˨͎͍ͦͦͦͪ Ѕ мпΦ.нрΦомΦллмр ͦͭ нс ͙ΌͤΎ нлмо ͎Φ 



˿̏˸ ςͫ ͙͊ͤͪͯ͟Ό΅͊Ύ Ή͔ͭͪͦͤͤ͊͟͡Ύ ͙͙ͣͪͦͫͦͨ͟͟ΎΣ 

˥̆ˢ ς͎ ͙ͫͭͦͻ͙͙ͣ;͔͙͚ͫ͟ ͙͊ͤ͊͘͡Σ

˽˸ ςͨ ͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤ͊Ύ ͙͙ͣͪͦͫͦͨ͟͟ΎΣ

˸̅˸κ˸̅́ ςͣ ͎ͤͦͦͺͦͭͦͤͤ͊Ύ ͙͙ͣͪͦͫͦͨ͟͟Ύκ͎ͭͦͣͦͪ͊ͺ͙ΎΣ

˻˴́ ςͦ ͙ͨͭ;͔ͫ͊͟Ύ ͎͔͔ͦͪͤͭͤ͊͟Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΣ

ˤ̉̂˭ ς͍ ·ͫͦͦ͟;͊ͫͭͦͭͤ·͚ ͯ͡Έ͍ͭͪ͊ͯ͘͟Σ

̂˭ˮ ςͯ ͡Έ͍͍͔ͭͪ͊ͯͦͦ͘͟ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡Σ

˴́ ς͍ ·͔ͫͦͦͪ͊ͪ͘͟΄͊Ό΅͊Ύ ͦͣͨ͟ΈΌ͔ͭͪͤ͊Ύ ͎ͭͦͣͦͪ͊ͺ͙ΎΣ

̒˸˾ ςΎ͔͒ͪͤͦ-͎͙ͣ͊ͤͭͤ·͚ ͔ͪͦͤ͊ͤͫ͘

˥
͡
ͯ
͋
͙
ͤ
͊
 
͍
͙
͘
ͯ
͊
͡
͙
͘
͊
ͼ
͙
͙

10 ʤʢʤ

100 ʤʢʤ

1 ʤʤ

10 ʤʤ

10 ʩʤ

ʚʩʝ

ʪʝʣʦ

10-50 ʥʤ

1 ʤʢʤ

<1 ʤʢʤ

10 ʤʢʤ

50 ʤʢʤ

250 ʤʢʤ

500 ʤʢʤ

ʉʕʄ     ɻʍɸ ʇʄ  ʄʌʄ   ʆʂʊ   ɺʏʋɿ   ʋɿʀ            ʂʊ    ʗʄʈ       

1 ʤʤ

-Ή͔͔ͣͤͭ͡ ͔ͪ͊ͪ͘΄͔͙ͤΎ όͣ͊ͫ΄ͭ͊͋ ͙͍ͨͪͦͦ͘͡Έͤ·͚ύ

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʛʣʫʙʠʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʢʘʥʠ ʤʝʪʦʜʘʤʠ ʚʠʟʫʘʣʠʟʘʮʠʠ

ʄʌʊ



˸ͯ͡Έ͙ͭͣͦ͒͊͡Έͤ͊Ύ
͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ

Å˻͙ͨͭ;͔ͫ͊͟Ύ ͎͔͔ͦͪͤͭͤ͊͟Ύ 
͎ͭͦͣͦͪ͊ͺ͙Ύ

Å˻͙ͨͭͦ͊ͯͫͭ͊͟͟όͯ͡Έ͍ͭͪ͊ͯ͘͟ύ

Å̅͡Ό͔ͦͪͫͼ͔ͤͼ͙Ύ

˸ͯ͡Έ͙ͭͣͦ͒͊͡Έͤ·͚Χ ς͒ ͍ͦͫͭ͊͊͟ ͍ ͦ͒ͤͦ ͔ͣͫͭͦ ͔ͤͫͦ͟͡Έͦ͟ ͍͙͍͒ͦ ͙ͯ͘͡;͔͙ͤΎ ͙͙͡ 

ͨͦͯ͡;͔͙͔ͤ ͔ͤͫͦ͟͡Έ͙͟ͻ ͍͙͍͒ͦ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͎ͦ͒ͤͦͦ ͯ;͊ͫͭ͊͟ ͙ͭ͊ͤ͟ ͙ͦ͒ͤͣ ͍͙͒ͦͣ ͙ͯ͘͡;͔͙ͤΎ 

1. ˾ ͍͙͙͔͊ͭ͘ ͙ͪ͊͘͡;ͤ·ͻ ͺͯͤ͟ͼ͙͚˻ ˴́ -

ͣͯ͡Έ͙ͭͣͦ͒͊͡Έͤ͊Ύ˻˴́
Å˻͔͋ͪ͊ͭͤͦ ͔ͪ͊ͫͫΎ͙͔ͤ όͫͭ͊ͤ͒͊ͪͭͤ͊Ύύ

Å˽ͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤͦ-;͍͍͙͔ͯͫͭͭ͡Έͤ͊Ύ
όͪͦͫͫ͟-ͨͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤ͊ΎύΣ

Åˢ͎͙͎ͤͦͪ͊ͺ͙;͔ͫ͊͟ΎΣ

Å͎̏͊ͫͭͦͪ͊͡ͺ͙;͔ͫ͊͟ΎΣ

Å˨͔ͦͨͪ͡,

Å˸͔ͦͯ͟͡͡Ύͪͤ͊ΎΧ

2. ˿͍͔ͦͪ΄͔͍͍͙͔͙͚ͤͫͭͦ͊ͤͨͪ͋ͦͪͤͦ;͙͙͍͊ͫͭͦͤ͒ͦ͘ό͔͔͍͊ͭͭͪͦ͟ύ

ό͔ͯͣͤΈ΄͔͙͔͎͙͍ͤ͊͋͊ͪͭͦ˻˴-͍͙́ͦͤ͒ͦͯ͘ ͍͔͙͡;͔͙͔͙ͤͻ

͙͎͙͒͊ͤͦͫͭ;͔͙ͫ͟ͻ͍͔͚ͦͣͦ͗ͤͦͫͭ͘ύ.

3. ˻͙͎͍͙͋ͪ͊͋ͦͭ͊ͫͤ͊ͦ͟͡ ͪ͊ͫ΄͙͔͙͔͙͙ͪͤͤ͟͡;͔͙ͫ͟ͻ

͙͔͔͙͚ͨͪͣͤͤ.

˹͍͔͙͊ͨͪ͊ͤ͡Ύ ͍͙͙ͪ͊ͭ͘Ύ ˻˴́



˥ͪͯͨͨ·Σ ͪ͊͋ͦͭ͊Ό΅͙͔ ͍ ͙ͦ͋͊ͫͭ͡ ͣͯ͡Έ͙ͭͣͦ͒͊͡Έ͚ͤͦ ˻˴́Σ ͔ͫͨͼ͙͙͙͍͊ͪͦ͊ͤͤ͘͡·ͻ ˻˴́-͍ͦͤ͒ͦ͘ 

͙ ͍͔ͤ͊ͨͪ͊ͤͤͦͣͯ͡ ͙ͻ ͙͔͔͙ͨͪͣͤͤΌ ͍ ͙͙͔ͤ͟͟͡

1. ˥ͪͯͨͨ͊ ͨͪͦͺΦJames Fujimoto (Massachusetts Institute of Technology Cambridge, USA)

2. ˥ͪͯͨͨ͊ ͨͪͦͺΦ Guillermo Tearney(Harvard Medical School, Boston, Massachusetts, USA)

3. ˥ͪͯͨͨ͊ ͨͪͦͺΦ Stephen A. Boppart(University of I llinois at Urbana-Champaign, USA)

4. ˥ͪͯͨͨ͊ ͨͪͦͺΦ ZhongpingChen (Beckman Laser Institute, University of California, Irvine, USA)

5. ˥ͪͯͨͨ͊ ͨͪͦͺΦ David D. Sampson(University of Western Australia, Perth, Australia)

6. ˥ͪͯͨͨ͊ ͨͪͦͺΦJennifer K. Barton (University of Arizona, Cancer Center, USA)

7. ˥ͪͯͨͨ͊ͨͪͦͺ. QuingZhu (Washington University in St. Louis, St. Louis, USA)

8. ˥ͪͯͨͨ͊ ͨͪͦͺΦ RuikangWang(University of Washington, Seattle, USA)

9. ˥ͪͯͨͨ͊ ͨͪͦͺΦ Martin Leahy(University of Galway, Ireland)

10. ˥ͪͯͨͨ͊ ͨͪͦͺΦ Claude Boͫ aͫra͙ Matthias Fink(Institut Langevin, ESPCI, France)

11. ˥ͪͯͨͨ͊ ͨͪͦͺΦ Kirill Larin(Univertity of Houston, Texas, USA)

12. ˥ͪ ͯͨͨ͊ ͨͪͦͺΦ SinaFarsiu(Duke University, USA)

13. ˥ͪͯͨͨ͊ ͨͪͦͺΦ Robert McLaughlin(͎ͣͤͦͦ ͔ͭ͡ ͪ͊͋ͦͭ͊͡ ͍ ͍͔ͫͦͫͭ͊ ͎ͪͯͨͨ· D. Sampson, ͫ ͔͚;͊ͫ University of Adelaide, Australia)

14. ˥ͪͯͨͨ͊, ͫ ͦͫͭͦΎ΅͊Ύ͙ V͘ictor X.D. Yang, Beau Standish (Ryerson University, Toronto, Canada), Adrian Mariampillai, 

15. ˸͔͗͒ͯͤ͊ͪͦ͒ͤ͊Ύ ͎ͪͯͨͨ͊ ͯ;͔ͤ·ͻ ͙͘ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ͙̅ͦͪ͒͡·(˿̊)s, ̅ ͔͙͙ͣͭͦͤͫͭͭͯͭ͊.͎ˣ͔͊ͤͫͦͤ͊͘(̅ͪ͊ͤͼ͙Ύ) ͙  ͙͍͔͙͔ͯͤͪͫͭͭ͊ 
̇Ό͙ͪͻ͊(͍͔͚̊ͼ͙͊ͪΎ) (University of Florida; FEMTO-st Institute, .Ŝǎŀƴœƻƴ, France; University of Zurich, Zurich)

16. ˥ͪͯͨͨ͊ ͯ;͔ͤ·ͻ ͙͘ ͙͍͔͙͔̂ͤͪͫͭͭ͊ ˶Ό͍͙͎͒͊ ˸͙͙͙͊ͫͣ͊ͤ͊͟͡ ό˥͔͙ͪͣ͊ͤΎύ όLudwig MaximiliansUniversity, Munich, Germany) 

17. ˥ͪͯͨͨ͊ ͯ;͔ͤ·ͻ ˿͔͍͔ͪͦ-˭͎͊ͨ͊͒ͤͦͦ ͙͍͔͙͔ͯͤͪͫͭͭ͊ ˿̊ˢ όNorthwesternUniversity, Chicago, USA) 

18. ˥ͪͯͨͨ͊ ˢ͔ͫ͊͟͡ ˤ͙͙ͭͤ͊͟ όUniversity of Toronto and University Health Network, Toronto, Ontario, Canada)

19. ˥ͪͯͨͨ͊ ͨͪͦͺΦ ˤΦˤΦ ́ͯ;͙ͤ͊ ό˿͍͙͚͊ͪ͊ͭͦͫ͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭΣ ˾͙ͦͫͫΎύ

20. ˮ͙ͤͫͭͭͯͭ ͙͚ͨͪ͊͒ͤͦ͟͡ ͺ͙͙͙͘͟ ˮ˽̅ ˾ˢ˹Σ ˹͙͔͎͗ͦͪͦ͒ͫ͊͟Ύ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ͊Ύ ͔͙ͣ͒ͼ͙ͤͫ͊͟Ύ ͔͙͊͊͒ͣ͟Ύ ό˾͙ͦͫͫΎύ

21. ΧΧΦΦ



̉ͭͦ ͔ͣͦ͗ͭ O T˴?

h˴¢ ͔͙͔͒ͣͦͤͫͭͪͪͯͭ ͙͙͔͔ͨͪ͗ͤͤͤͦ͘ ͍͔ͨͦ͒ͨͦͪͻͤͦͫͭͤ·͔ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͫͭͪͯͭͯͪ͟· ͙ͭ͊ͤ͟ 
ͫ ͙ͣͪͦͤͤ͟·ͣ ͔ͪ͊ͪ͘΄͔͙͔ͤͣ ͤ͊ ͎͙ͯ͋ͤͯ͡ м-2-ͣͣ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤΦ

˨͔ͦͨͪ͡ ˻˴́ / speckle-variance˻˴́ όsv-h˴¢ύ ͔ͦͭͦ͋ͪ͊͗͊ͭ ͙ͣͪͦ͟ͼ͙ͪͯ͟͡Ύͼ͙Ό ͙ͭ͊ͤ͟ 

˽͔͙ͪͣͯ΅͔͍ͫͭ͊ ͔ͣͭͦ͒͊

̆ͦͪͦ΄͔͔ ͔ͪ͊ͪ͘΄͔͙͔ͤ όͤ͊͋͡Ό͔͒͊ͭ ͔ͣ ͙͔͟͡ ͔͙͒ͭ͊͡Σ 
͎͙͎͙ͫͭͦͦ͡Ύ in-situ -͙ͦͨͭ;͔ͫ͊͟Ύ ͙͙͋ͦͨͫΎύ

˻͔ͭͪ͊͗͊ͭ ͊͟͟ ͫͭͪͯͭͯͪͯ͟Σ ͭ͊͟ ͙ ͺͯͤ͟ͼ͙Ό ͙ͭ͊ͤ͟

˿͍͔͙ͦͣͫͭͣ͊ ͫͦ ͍͔͙ͫͣ ͍͙͙͒͊ͣ Ή͙͙ͤ͒ͦͫͦͨ͟

˨͔͙͔ͣͦͤͫͭͪͪͯͭ ͙͙͔ͨͪ͗ͤͤͤ͘·͔ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ

˸͔ͭͦ͒ ͔͍͔͋ͪ͒ͤ͘·͚ όͣ͊͊͡Ύ ͒ͦ͊͘ ͙ͯ͘͡;͔͙ͤΎύ

˾͔͊͋ͦͭ͊ͭ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ

˨͔ ΄͔͍·͚Σ ͙͍ͨͦͪͭ͊ͭͤ·͚

˻͎͙ͪ͊ͤ;͔͙ͤΎ ͔ͣͭͦ͒͊

˸͊͊͡Ύ ͎͙ͯ͋ͤ͊͡ ͙͍͔͙ͨͪͦͤͤͦͤ͟Ύ (1-о ͣͣύ

˴ͦͤͭͪ͊ͫͭͤͦͫͭΈ ͙ ͪ͊ ͔ͪ͘΄͔͙͔ͤ ͎͙ͦͪ͊ͤ;͔ͤ·

˴͙͙ͤ͡;͔ͫ͊͟Ύ ͔ͨͦͤͦͫͭ͘͡Έ ςͣ · ͤ͊ͻ͙ͦ͒ͣͫΎ 
͍ ͤ͊;͔͊͡ ͙ͨͯͭΦ ˾͔͊͡Έ͔ͤͦ ͍͙͔͙͔ͨͪͦ͒͗ͤ ͍ 
ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡ ͙ ͙͎͙͙͊ͪ͒ͦͦ͟͡



+

ʌʦʪʦʧʨʠʝʤʥʠʢ ʇʨʦʮʝʩʩʦʨ

ʆʧʦʨʥʦʝ 

ʧʣʝʯʦ

ʇʨʝʜʤʝʪʥʦʝ 

ʧʣʝʯʦ

ɼʝʣʠʪʝʣʴ

ʟʝʨʢʘʣʦ

ʦʙʲʝʢʪ

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ Time-Domain OCT

ʀʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ: ʉʃɼ

ʥʠʟʢʦʢʦʛʝʨʝʥʪʥʳʡʩʚʝʪ

ʇʠʦʥʝʨʩʢʠʝ ʨʘʙʦʪʳ:

ɸ.Fercher, Vienna Tech. Univ, 1989

D. Huang, Massach Inst of Tech, Cemb, 1991

Sergeevɸʄ, IAP RAS, 1994
ɚ(ʥʤ)

ȹɚ

ɚ0=1300 2

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ~ 15 ʤʢʤ

ʜʣʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 30-40 ʥʤ ʇʦʧʝʨʝʯʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ~ 25 ʤʢʤ

-ʰʠʨʠʥʘ ʬʦʢʫʩʠʨʦʚʢʠ ʧʫʯʢʘ

in vivo: 1300 ʥʤ

ʈʘʟʨʝʰʝʥʠʝ:5-15 ʤʢʤ

ʉʢʦʨʦʩʪʴ:1 ʢʘʜʨ/1-2ʩʝʢ

ɻʣʫʙʠʥʘ:1-2 ʤʤ

h˴¢͍ ͔͎ͦ ͔͚ͨͪͦͫͭ΄͔͚ ͺ͔ͦͪͣ:
ˮ͔ͤͭͪͺ͔͔ͪͦͣͭͪ 
˸͚͔͊͟͡Έͫͦͤ͊



˻˴́ ͍ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡ ό͔ͦͣͣͪ͟;͔͙͔ͫ͟ ͚͍ͯͫͭͪͦͫͭ͊ύ

ÅCarl Zeiss Meditec (Cirrus family) 
ÅHeidelberg Engineering (Spectralis)
ÅTopcon (3D OCT 2000)
ÅOptos(OCT SLO)
ÅOptovue(IVUE SD-OCT)
ÅBioptigen(Envisu) ό˿˻˿́˻̒˹ˮ˩ ˹ˢ нлмр ˥˻˨ύ˽͔͔ͪ͒ͤΎΎ ͔͊ͣͪ͊͟ ͎͊͊͘͡

˿͔ͭ;͊ͭ͊͟



˻˴́ ͍ ͦͺͭ͊͡Έ͎͙͙ͣͦͦ͡ ό͔ͦͣͣͪ͟;͔͙͔ͫ͟ ͚͍ͯͫͭͪͦͫͭ͊) - Cirrusϰ h/¢ ŦŀƳƛƭȅ 

ÅCirrus  5000

Åˢ͍ͭͦͤͦͣͤ·͚ ͙͙͡ ͙͙͍ͦͣ͋ͤͪͦ͊ͤͤ͟·͚ ͫ 
͎͙͎͊ͤͦͪ͊ͺ͙͔͚Σ ͺ͎ͦͭͦͪ͊ͺ͙͔͚ ͙ ͎͙͙͒ͪͯͣ 
ͣͦ͒͊͡ΈͤͦͫͭΎ͙ͣ

Å840 ͤ ͣ

Å27000-68000 -s͍ͫ͊ͤͦ͟/͔ͫ͟

Å͔ͪ͊ͪ͘΄͔͙͔ͤς5 ͣ ͣͨͦ͟ ͎͙͔ͯ͋ͤ͡,
15 ͣ ͣͨͪͦ͒ͦ͟͡Έ͔ͤͦ

Å>20 ͟ ͍͊͒ͪͦκ͔ͫ͟Σ 

Å72/5000

Å˿ ͊ͣ͊Ύ ͔ͯͫͨ΄ͤ͊Ύ ͙͔ͫͫͭͣ͊ h/¢ -
͍͔ͯͫͭ͊ͤͦͤͦ͡ ͔͔͋ͦ͡ 10 000 ͫ ͙͔ͫͭͣ ͍ 
͙͔ͣͪ



ˮ˽̅ ˾ˢ˹ мффт ́ͦͪͼ͔͍͚ͦ ͦͤ͒͘Σ ͙͔͒͊ͣͭͪ нΦт ͣͣ

͙̏ͤ͒ͦͫͦͨ͟;͔͙͚ͫ͟ ˻˴-́ͦͤ͒͘Σ 
͍͍͔͔͒ͤͤ·͚ ͍ ͙͙͚͋ͦͨͫͤ·͚͊ͤ͊͟͡

˥͙͎͙ͫͭͦͦ͡Ύ ͙ ˻˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ 
͍͎͒ͦͪͦͦͦ͘ ͙ͨ΅͔͍ͦ͒͊

ˤ̉ ̂˭ˮ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ 
͍͎͒ͦͪͦͦͦ͘ ͙ͨ΅͔͍ͦ͒͊

˻˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͍͚͒ͦͪͦͦ͘ ͚ͭͦͫͭͦ͡ ͙͟΄͙͟ ς͋ ͔͘ ͍͔͙͒͊ͤ͡ΎΣ ͫ ͙͙ͨͪ͗ͣͦͣΦ ˥͙͎͙ͫͭͦͦ͡ΎΦ



S. WŅŎƪƭŜ, N. Gladkova, et al. Endoscopy 32(10), 750ς755 (2000). 
B. Shen, G. Zuccaro, Jr., N. Gladkova, et al. Clin. 
Gastroenterol. Hepatol. 2(12), 1080ς1087 (2004). 

˻˴́ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ 
͙ͨ ΅͔͍ͦ͒͊ ˣ͔͊ͪͪͭ͊

˻˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ 
͙ͨ ΅͔͍ͦ͒͊ ˣ͔͊ͪͪͭ͊
ͫ ͭΎ͔͚͗ͦ͡ ͙͙͔͚͒ͫͨ͊͘͡
Ή͔͙ͤ͒ͦͭ͡Ύ 

˻˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ 
͔͊͒ͤͦ͊ͪ͟ͼ͙ͤͦͣ·
͙ͨ΅͔͍ͦ͒͊

ˣ͔ͦͤ͘͡Έ ˴ͪͦͤ͊

͍͔̒ͤͤ͘·͚ ͙ͦͭ͟͡

˭͍͒ͦͪͦ͊Ύ ͭͦͫͭ͊͡Ύ ͙͟΄͊͟ 



Armstrong et al. The 
Laryngoscope 116, 
1107-1113 (2006)

Wilden-Smith et al

Lasers Surg. Med. 41, 

353-357 (2009).

́Ύ͔͗͊͡Ύ ͙͙͒ͫͨ͊͘͡Ύ Ή͙͔͙ͨͭ͡Ύ ͤ͊ ͙͙͚ͫͫͭͦ͘͡ ͍͚ͨͪ͊ͦ ͎͍͚ͦͦͫͦͦ͡ ͙ͫ͊͒͟͟͡ ς
ͤ͊  ˻˴́ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘ ͋͊͊͘͡Έͤ͊Ύ ͔ͣͣ͋ͪ͊ͤ͊ ͔ͤ ͍͙͙͙͔ͯ͊ͪͯͭͫ͘͘͡ΎΦ

Cancer in situ ͨ ͍͚ͪ͊ͦ ͎͍͚ͦͦͫͦͦ͡ ͙ͫ͊͒͟͟͡ ς
ͤ͊  ˻˴́ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘ ͋͊͊͘͡Έͤ͊Ύ ͔ͣͣ͋ͪ͊ͤ͊ ͔ͤ ͍͙͙͙͔ͯ͊ͪͯͭͫ͘͘͡ΎΦ

́Ύ͔͗͊͡Ύ ͙͙͒ͫͨ͊͘͡Ύ Ή͙͔͙ͨͭ͡Ύ ͙͙͚ͫͫͭͦ͘͡ ΅͔͙͟ ς
ͤ͊  ˻˴́ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘ όˤύ ͋͊͊͘͡Έͤ͊Ύ ͔ͣͣ͋ͪ͊ͤ͊ ͔ͤ ͍͙͙͙͔ͯ͊ͪͯͭͫ͘͘͡ΎΦ
Dς˻ ˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͍͚͒ͦͪͦͦ͘ ͙͙͚ͫͫͭͦ͘͡ ΅͔͙͟ ςͫ ͙ͦͫͭ͊͡Ύ ͫͭͪͯͭͯͪ͊͟

˽͔ͦͫͦͭͦ͟͟͡͡;ͤ·͚ ͪ͊͟ ͍͔͎ͭͪ͒ͦͦ ͔ͤ͋͊ ς
ͤ͊  ˻˴́ ͙͔͙͙ͦ͋ͪ͊͗ͤ͘ όˤύ ͔ͤͭ ͙͚ͫͦͫͭͦ͡ ͫͭͪͯͭͯͪ͟·Φ
Dς˻ ˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͍͚͒ͦͪͦͦ͘ ͙͙͚ͫͫͭͦ͘͡ ͔ͤ͋͊ ςͫ ͙ͦͫͭ͊͡Ύ ͫͭͪͯͭͯͪ͊͟



ȲɔɗɐɈɆ, çȺɎɍɒɆɘɑɎɘè, 
çȲɋɊɐɓɎɉɆè, 2007, 298.



͙́ͪ͊͒ͼ͙ͦͤͤ͊Ύ Ή͙ͤ͒ͦͫͦͨ͟;͔ͫ͊͟Ύ ˻˴͍́ͦ ͍͔͔͚ͪͣͤͤͦ ͙ͦ͋͊ͫͭ͡ όͫͦͪͦͫͭ͟Έ 
ͨͦͯ͡;͔͙ͤΎ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ς1-н ͊͒ͪ͊͟ ͍ ͔ͫͯͤ͒ͯ͟ύ ͍ ͎ͣͤͦͦ;͙͔ͫͤͤ͡·ͻ 
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύͻ ͙͙ͫͫͭ͘͡·ͻ ͦ͋ͦͦ͡;͔͟ ͍͔͙ͤͯͭͪͤͤͻ ͎͍ͦͪ͊ͤͦ ͙ͪ͊͘͡;ͤ·͙ͣ 
͎͙ͪͯͨͨ͊ͣ ͨͦ͊͊͊͘͟͡Σ ;ͭͦ ͍͒ͦͪͦ͊͘Ύ ͭ͊ͤ͟Έ ͙ ͔͔  ͦ͋͒ ͪͦ͊͟;͔͍͔ͫͭͤͤ·͔
ͫͦͫͭͦΎ͙ͤΎ ͤ͊ ˻˴́ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύͻ ͙͔ͣΌͭ ͎͙ͦͪͦͤͭ͊͘͡Έͤͦ 
͙͔͙͍ͦͪͤͭͪͦ͊ͤͤͯΌ ͫͭͪͯͭͯͪͯ͟Σ ͍ͨͦͭͦͪΎΌ΅ͯΌ ͎͙͎͙ͫͭͦͦ͡;͔͔ͫͦ͟ ͔͙͔ͫͭͪͦͤ 
Ή͙ͭͻ ͔͚ͭ͊ͤ͟Φ

˭ͦ͊͟͡;͔͍͔ͫͭͤͤ·͔ ͫͦͫͭͦΎ͙ͤΎΣ ͍͟͡Ό;͊Ό΅͙͔ ͭΎ͔͗ͯ͡Ό ͙͙͒ͫͨ͊͘͡Ό 
Ή͙͔͙ͨͭ͡ΎΣ cancer in situ ͙  ͙͍͙͍ͤ͊ͤ͘·͚ ͪ͊͟Σ ͔͙͒ͣͦͤͫͭͪͪͯΌͭ ˻˴́ 
͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͙͡΄͔ͤͤ·͔ ͎͙ͦͪͦͤͭ͊͘͡Έ͚ͤͦ ͙͚ͫͦͫͭͦ͡ ͫͭͪͯͭͯͪ͟·Φ



͙ͫͭͦ;͙ͤ͟ ͫ ͔͔͙͍͔͚ͨͪͫͭͪ͊͊ͣͦ 
͙͚͒ͤͦ͡ ͍ͦͤ͡·

͍͔͍͙͔ͪ͊ͭͭ͘͡Έ

͔͔͒ͭͭͦͪ͟

ͺ͙͙͍͔ͫͪͦ͊ͤͤͦ͟ 
͔ͦͨͦͪͤͦ ͔ͪ͊ͦ͘͟͡

ɚ(nm)

P
o

w
e

r

1310

k

I

˽͙ͪͤͼ͙͙ͨ͊͡Έͤ͊Ύ ͫͻ͔ͣ͊ ςͫ ͔ͨͭͪ͊͟͡Έͤ͊Ύ ˻˴́
Fourier-domain (swept-source)



¸ ʇʨʦʛʨʝʩʩ ʚ ʩʦʟʜʘʥʠʠ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʦʛʦ ʢʘʪʝʪʝʨʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ (ʩʧʝʢʪʨʘʣʴʥʘʷ ʆʂʊ)

¸ ʇʨʦʩʪʦʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ïʚʠʟʫʘʣʠʟʘʮʠʷ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʳʭ ʩʪʝʥʪʦʚ

¸ ɼʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʦʮʝʜʫʨʳ ʢʦʨʦʥʘʨʥʦʡ ʘʥʛʠʦʛʨʘʬʠʠ ʦʧʨʘʚʜʳʚʘʶʪ ʜʦʙʘʚʣʝʥʠʝ ʢ ʥʝʡ 

ʆʂʊ ʠʩʩʣʝʜʦʚʘʥʠʷ

ʋʩʧʝʭ ʚ ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʦʡ ʆʂʊ

Intravascular Catheter çDragonflyè 

system "C7-XR FD-OCT LightLab

Imaging, Inc., Westford, MassachusettsèBrett E. Boumaet. al. Int J Cardiol. 2009; 134 (2): 263-5
FDA ς2012  



Brett Boumaet al. Clinical Research in Cardiology2015,104, (1) pp 59ς70

ʋʩʧʝʭ ʚ ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʦʡ ʆʂʊ

https://link.springer.com/journal/392


ÅSmall catheters (6 Fr)

ÅRadiopaque marks for X-Ray

Å100 rotational frames/sec

ÅPullback 3D image in 5 
seconds

ÅVisualization of stents, 
plaques

üTerumo 
(Lunaware/FastView OCT )

üAbbot Lab/St Jude 

Medical 
(former LightLab imaging) 

(M2, C7-XR) 

üVolcano 
(closed the OCT 

program)

} 1300 ʥʤ

} ɺ ʢʦʤʙʠʥʘʮʠʠ ʩ 
ʘʥʛʠʦʛʨʘʬʠʝʡ

} Up to 40 mm/s pullback

} 3.2 Fr (1.05 mm) 
catheter

} 158 ʢʨʫʛʦʚʳʭ 
ʜʚʠʞʝʥʠʡ ʚ ʩʝʢ.

} Spend large resources to 

develop  cardiovascular 

system

} Acquired Axsun and 

CardioSpectra

} Abandoned the program 

in late 2013

˿͊ͣ·͚ ͔ͯͫͨ΄ͤ·͚ ͔ͨͪͦͭ͟



Giovanni J. Ughiet al. JACC. Cardiovascular imaging, 2016 Nov;9(11):1304-1314.

ʄʫʣʴʪʠʤʦʜʘʣʴʥʘʷ ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ï
ʆʂʊ ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ ʘʚʪʦʬʣʶʦʨʝʩʮʝʥʮʠʷ (NIRAF)

h˴¢-bLw!C ͚ͦͪͦͤ͊ͪͤͦ͟ ͔͙͙͊ͪͭͪ 
͙ͦ͋͊ͫͭ͡ ͔͔͍͙ͪͫͭͤͦ͊ͤͯͭͪ͘ ͔ͫͭͤͭ͊Φ

ˢ͎͙͎͎͙ͤͦͪ͊ͣͣ͊ͦ͋͊Ό΅͔͚ ͍͔͍͙ͭ ͔͍͚ͦ͡ 
͚ͦͪͦͤ͊ͪͤͦ͟ ͔͙͙͊ͪͭͪ ό!ύ ͙ ͍͔͒ͯͣͪͤ͊Ύ ͊ͪͭ͊͟ 
͙ͤͺ͚ͪ͊ͪ͊ͫͤͦ͟ ͍͊ͭͦͺ͡Ό͔ͦͪͫͼ͔ͤͼ͙͙(NIRAF) 
ό.ύΦ ό/ύ ˮ͔͙͔ͦ͋ͪ͊͗ͤ͘ ͔͔ͨͦͨͪ;͎ͤͦͦ ͔ͫ;͔͙ͤΎ 
OCT-bLw!C ͙ͦ͋͊ͫͭ͡ ͔͔͍͙ͪͫͭͤͦ͊ͤͯͭͪ͘ ͔ͫͭͤͭ͊
ΧΧ
F) ́ ͔ͪͻ͔ͣͪͤ͊Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙ΎΣ 
͙͡͡Ό͙ͫͭͪͪͯΌ΅͊ΎΣ ;ͭͦ ͫ͊ͣ·͚ ͍·͙͚ͫͦ͟ ͙͎ͫͤ͊͡ 
NIRAF ͟ ͙͔ͦͦ͊ͯͭͫ͘͟͡͡Ύͫͦ ͔͙ͫͪ͒ͤͣ ͙ 
͙ͨͪͦͫͣ͊͟͡Έͤ·ͣ ͔͎͔͙ͫͣͤͭ͊ͣ ͔ͫͭͤͭ͊ ͙ ͫ 
ͭ͊ͤ͟ΈΌ ͫ ͍·͙ͫͦͣ͟ ͊ͭͯ͘ͻ͙͔͊ͤͣ ͙͎ͫͤ͊͊͡ h/¢ 
(ͺ͙͔͋ͪͦͭͪͦͣ͊). 
˸͊ͫ΄ͭ͊͋ ͋͊ͪ͊ ͤ͊ h˴¢ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύͻ - 1 ͣ ͣΤ 
΄͊͊͟͡ (.ύ ͍ͪ͊ͤ͊ р ͣͣΦ 



˽ͦͤͦͫͭ͡ΈΌ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ͊Ύ ͙ͭͪ-ͣͦ͒͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͒͡Ύ ͍͙͙͎ͤͯͭͪͫͦͫͯ͒ͫͭͦͦ ͙͙͙͎ͣ͒͗ͤ͊, 
͍͟͡Ό;͊Ό΅͊Ύ ˻˴́Σ ͯ͡Έ͍ͭͪ͊ͯ͘͟ ͙ ͙ͤ͒ͦͼ͙͙͊ͤͤ-͔͔ͤͯ͘͡Ό ͺ͡Ό͔ͦͪͫͼ͔ͤͼ͙Ό

˶͔͍·͚ ͪΎ͒ ό͊ύ ς˻ ˴́ ό͍͔͔͔ͤͯͭͪͤͤύ ͙ ͺ͡Ό͔ͦͪͫͼ͔ͤͼ͙Ύ ό͔ͤ͊ͪͯ͗ͤͦύΤ 
(b) ̂ ˭ˮΤ όͫύ ͙͙͍͔ͦͣ͋ͤͪͦ͊ͤͤͦ͟ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͔͔͙͊ͭͪͦͫͪͦͭ͟͡;͔͚ͫͦ͟ 
͋͡Ύ΄͙͟ ό͔͙ͫͭͪ͟͡ύ ͎ͦͪͦͤ͊ͪͤͦͦ͟ ͫͦͫͯ͒͊ ͙ͪͦ͊͟͟͡Φ ˽͍ͪ͊·͚ ͪΎ͒ ς
͎͙͎͙ͫͭͦͦ͡Ύ H&E.ˣ͊ͪ ςм ͣͣ

BOE, 2017 (8, 2, p. 1036)



3D ͭ ͔ͪͻ-ͣͦ͒͊͡Έ͎ͤͦͦ ͙͔͙ͦ͋ͪ͊͗ͤ͘ΎΣ ͔͍͔͎ͨͪ͒ͫͭ͊ͤͤͦͦ͡ ͤ͊ ͔ͨͪ͒·͒ͯ΅͔ͣ ͚͔ͫ͊͒͡ ͙ 
͍͟͡Ό;͊Ό΅͔͎ͦΥ ˻˴́Σ ͯ͡Έ͍ͭͪ͊ͯ͘͟ ͙ ͙ͤ͒ͦͼ͙͙͊ͤͤ-͔͔ͤͯ͘͡Ό ͺ͡Ό͔ͦͪͫͼ͔ͤͼ͙ΌΦ

˽ͦͤͦͫͭ͡ΈΌ ͙͔͎͙͍ͤͭͪͪͦ͊ͤͤ͊Ύ ͙ͭͪ-ͣͦ͒͊͡Έͤ͊Ύ ͙͔ͫͫͭͣ͊ ͒͡Ύ ͍͙͙͎ͤͯͭͪͫͦͫͯ͒ͫͭͦͦ ͙͙͙͎ͣ͒͗ͤ͊, 
͍͟͡Ό;͊Ό΅͊Ύ ˻˴́Σ ͯ͡Έ͍ͭͪ͊ͯ͘͟ ͙ ͙ͤ͒ͦͼ͙͙͊ͤͤ-͔͔ͤͯ͘͡Ό ͺ͡Ό͔ͦͪͫͼ͔ͤͼ͙Ό

BOE, 2017 (8, 2, p. 1036)



˭ͦͤ͒· ͒͡Ύ Ή͙ͤ͒ͦͫͦͨ͟;͔͚ͫͦ͟ ˻˴́

BOE, 2017, 8, 5. p. 2405 



˴͊ͨͫͯ͊͡Σ ͍ͨͦͦ͘͡ΎΌ΅͊Ύ ͍͙ͨͪͦͦ͒ͭΈ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͙ͨ΅͔͍ͦ͒͊ ͔͋͘ Ήͤ͒ͦͫͦͨ͊͟

BOE, 2017, 8, 5. p. 2405 



˴͊ͨͫͯ͊͡ ͒͡Ύ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͙ͨ΅͔͍ͦ͒͊ 
(͎͙͔ͦͭ͊ͤ͡Σ ͍͔ͨͦͭͦͪͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘Σ ͍͙͔ͦͭͫͯͭͫͭ ͔͙͍͙ͦ͋͋ͦ͊ͤ͘͡Ύύ

Dr. Gary Tearneyet al, 

Wellman Labs / Harvard 

University (Boston, USA)



˸ͯ͡Έ͙ͭͣͦ͒͊͡Έͤ͊Ύ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͋ͪͦͤͻ͍ͦ ς
˻˴́ ͙ ͍͊ͭͦͺ͡Ό͔ͦͪͫͼ͔ͤͼ͙Ύ όAF)

BOE, 2017, 8, 5. p. 2405 

̏ͤ͒ͦ͋ͪͦͤͻ͙͊͡Έ͔ͤͦ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡

(A, B) ͘ ͍͒ͦͪͦ·͚ ͋ͪͦͤͻΤ ό/Σ 5ύ ͦ͋͊ͫͭ͡Έ ͫ ͔͙͔͚ͣͭ͊ͨ͊͘͡Τ 
(9Σ Cύ ͦ͋͊ͫͭ͡Έ ͫ ͔͔͚ͯͣͪͤͤͦ ͙͙͔͚͒ͫͨ͊͘͡Τ (DΣ Iύ ͦ͋͊ͫͭ͡Έ ͫ ͊ͪ͟ͼ͙͚ͤͦͣͦ in situ. 

όˢύ ̏ͤ͒ͦ͋ͪͦͤͻ͙͊͡Έͤ͊Ύ ˻˴́Σ όˤύ ͎͙͎͙ͫͭͦͦ͡ΎΣ ό˿ύ ˴́-͎ͭͦͣͦͪ͊ͺ͙Ύ

̏ͤ͒ͦ͋ͪͦͤͻ͙͊͡Έͤ͊Ύ ˻˴́Σ ͍͊ͭͦͺ͔ͯͦͪͫ͡ͼ͔ͤͼ͙Ύ



͙̏ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 
ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎ

͙̏ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 
͔ͯͪͭͪ·ς3D ͙ ͔͙͔ͦ͋ͪ͊͗ͤ͘

BOE, 2017, 8, 5. p. 2405 

˻˴́ ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎ: (a) ͒ ͙͙ͫͨ͊͘͡Ύ; (b) ͟ ͊ͪͼ͙ͤͦͣ͊in situ; 
(c) ˽ ͙͊ͨͨ͡Ύͪͤ·͚ͪ͊T͟a; (d) T1 ͪ ͊͟; (e)͙ ͍͙͍ͤ͊ͤ͊͘Ύ ͔͙ͯͪͦͭ͊͡͡Έͤ͊Ύ͊ͪ͟ͼ͙ͤͦͣ͊.



͙̏ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 
͔͗͡;͎ͤͦͦ ͨͪͦͭͦ͊͟

͙̏ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ 
Ή͔͙ͤ͒ͦͣͭͪΎ ςͤ ͦͪͣ͊ ͙ ͔͊͒ͤͦ͊ͪ͟ͼ͙ͤͦͣ͊

͙̏ͤ͒ͦͫͦͨ͟;͔͔ͫͦ͟ ˻˴́ ͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͔͎ͫͪ͒ͤͦ ͯͻ͊

BOE, 2017, 8, 5. p. 2405 

όˢύ ˾͙͊͒͊͡Έ͔ͤͦ ˻˴́ ͙͔͙͔ͦ͋ͪ͊͗ͤ͘ ͦ͋΅͔͎ͦ ͔͗͡;͎ͤͦͦ ͨͪͦͭͦ͊͟ ͯ ͨ͊ͼ͙͔ͤͭ͊ ͫ 
͒ͦ͋ͪͦ͊͟;͔͍͔͚ͫͭͤͤͦ ͙͚ͫͭͪͭͯͪͦ͟ ͔ͨͦͫ͡ ͻ͔ͦ͡ͼ͙ͫͭΉ͙͙ͭͦͣ͟Φ ˭ͦͤ͒ ͔ͦͪͯ͗ͤ͟ Ή͙ͤ͒ͦͫͦͨ͟;͔͙ͫͣ͟ 
͔͎ͪͭͪͦͪ͊͒ͤ·ͣ ͻ͎͙͔͎ͦ͊ͤͦͨ͊ͤͪ͊ͭͦͪ͊͟͡ͺ͙;͔͙͔͔ͫͣ͊ͭͭͪͦͣ͟͟ ό͔ͫͭͪ͊͟͡ύΦ 
ό.ύ ˣͦ͡Έ΄͙͔, ͫ ͊͋ͦ͡ ͦͭͪ͊͗͊Ό΅͙͔ ͙ͦ͋͊ͫͭ͡Σ ͔ͫͦ͒ͪ͗͊΅͙ͻͫΎ ͍ ͔ͨͪͦͣ͗ͯͭͦ;ͤͦͣ ͔ͫͦ͡Σ -
ͦͨͯͻ͔͍ͦ͡·͔ ͫͦͫͯ͒·Φ ˻͔͍ͫ·͔ ͔ͫ;͔͙ͤΎ ͙ ͨͪͦ͒ͦ͡Έͤ͊Ύ ͔ͪͦͤͫͭͪͯ͟͟ͼ͙ΎΦ



̂ͣͤ͊Ύ ͙͎͊͡Σ ͫͨͦͫͦ͋ͤ͊Ύ ͙͍ͦ͋ͤ͊ͪͯ͗͊ͭΈ ͍͔ͪͦͤͦͫͤ͟·͔ ͫͦͫͯ͒· ͎ͯ͋ͦͦ͟͡ ͍ ͙ͭ͊ͤ͟ ͎ͣͦ͊͘ 
Professors McLaughlin and Lind(University of Adelaide, Australia)

https://www.youtube.com/watch?v=3NztRONTKgw&feature=youtu.be



˽̉ ˻˴́ ͫͯͻ͙͙ͦ͗͡Ύ ͙ ͻͪΎ΅͊

(De Boer, J.F.; Milner, T.E. 1997)

˽̉ ˻˴ ́ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͙ͦͨͭ;͔͚ͫͦ͟ 
ͺ͍͚͊ͦͦ͘ ͔͙͊͒ͪ͗͘͟ ͤ͊ ͪ͊ ͙͘͡;ͤ·ͻ 
ͯ;͊ͫͭ͊͟ͻ ͍͎͒ͦͪͦͦͦ͘ ͻͪΎ΅͊ 
͋ͦ͡Έ΄͔͔͋ͪͼ͍͚ͦͦ ͙ͦͫͭ͟ ͎ͪͯͨͤͦͦ͟ 
͎͎ͪͦ͊ͭͦͦ ͫͦͭ͊͟

Xie, T.; Χ /ƘŜƴ, Z. J. Biomed. Opt. 2008, 13, 054034. 

˽ͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤͦ-;͍͍͙͔ͯͫͭͭ͡Έͤ͊Ύ ˻˴́ ό˽̉ ˻˴́ύ

˨͔͙͔ͣͦͤͫͭͪͪͯͭ ͦͤͭͪ͊ͫͭ͟ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘Σ ͍ͦͫͤͦ͊ͤͤ·͚ ͤ͊ ͫͦͫͭͦΎ͙͙ͤ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ ͦ͋ͪ͊ͭͤͦ ͔ͪ͊ͫͫΎ͎ͤͤͦͦ ͍͔ͫͭ͊Φ 
˽̉ ˻˴́ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͯ͡;΄͙͚ ͦͤͭͪ͊ͫͭ͟Σ ;͔ͣ ͫͭ͊ͤ͒͊ͪͭͤ͊Ύ ˻˴́Φ ˴ͦͤͭͪ͊ͫͭ ͔ͣͦ͗ͭ ͋·ͭΈ ͦͼ͔͔ͤͤ ͙ͦ͟͡;͔͍͔ͫͭͤͤͦΦ 



Fredrick A. South et al. BOE,2014, 5, 10. p-3417.

́͊ͭ͟Έ ͒ͦ͋ͪͦ͊͟;͔͍͔͚ͫͭͤͤͦ ͺ͙͙͚͋ͪͦ͊͒ͨͦͤͦ͘
ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡·Υ ό͍͔͔͒͘ύ ͫ ς˽ ̉ ˻˴́Τ ͔ -˽̉ ˻˴ ́ en face.

˻͋΄͙ͪͤ͊Ύ ͙͍͙͍ͤ͊ͤ͊͘Ύ ͍ͨͪͦͭͦͦ͊͟Ύ 
͊ͪ͟ͼ͙ͤͦͣ͊Σ ͨͦͤͦͫͭ͡ΈΌ 
͔͙͍͊ͣͫͭ͘΄͊Ύ ͤͦͪͣ͊͡ΈͤͯΌ ͭ͊ͤ͟Έ 
ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡·Φ

ˮ͍͙͍ͤ͊ͤ͊͘Ύ ͍ͨͪͦͭͦͦ͊͟Ύ ͊ͪ͟ͼ͙ͤͦͣ͊ 
ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡· ͔͊ͣ͘΅͔͊ͭ 
ͦͪͯ͗͊͟Ό΅ͯΌ ͍͙ͦͦͤͫͭͯ͟͡Ό ͔ͫͪ͒ͯΦ
.

˽ͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤͦ-;͍͍͙͔ͯͫͭͭ͡Έͤ͊Ύ ˻˴́ ό˽̉ ˻˴́) ςͪ ͊͟ ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡·



Villiger M, et al. SciRep. 2016;6:28771. 

grade 1 invasive ductal carcinoma

grade 2 invasive ductal carcinoma

needle track

ˮ͔͙͒ͤͭͺ͙͊͟ͼ͙Ύ ͙ͭ͊ͤ͟ ͦͨͯͻ͙ͦ͡ ͍ͦ ͍͔ͪͣΎ ͎ͦͪ͊ͤͦͫͦͻͪ͊ͤΎΌ΅͔͚ ͔ͦͨͪ͊ͼ͙͙ ͤ͊ ͣͦͦ͡;͚ͤͦ ͔͔͔͗͘͡ Ύ͍͡Ύ͔ͭͫΎ ͍͚͊͗ͤͦ ͊͒͊͘;͔͚Φ ̂ ͍͍͊ͭͦͪͦ ͔ͫͭΈ ͔͔ͪ͊ͤ ͪ͊ͪ͊͋ͦͭ͊ͤͤ͘·͔ 
͙͙ͣͤ͊ͭΌͪͤ·͔ ͙͎ͦ͡Έ;͊ͭ·͔ ͦͤ͒͘·Σ ͦͭͦͪ͟·͔ ͎͙ͣͦ͡ ͋· ͔͔ͦ͋ͫͨ;͙ͭΈ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙ͦͤͤͯΌ ͦ͋Ά͔ͣͤͯΌ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ό ͫ ͨͦͣͦ΅ΈΌ ˻˴́Φ ˤͦ  ͣͤ ͎͙ͦͻ ͙ͫͭͯ͊ͼ͙Ύͻ ͫ͊͋͡·͚ 
ͦͤͭͪ͊ͫͭ͟ ͔ͪ͊ͫͫΎ͙ͤΎ ͔ͤ͒ͦͫͭ͊ͭͦ;͔ͤ ͒͡Ύ ;͔͎ͭͦͦ͟ ͔͔͔͙ͦͨͪ͒ͤ͡Ύ ͎͙ͪ͊ͤͼ· ͦͨͯͻ͙ͦ͡Φ ˨͙͔ͦͨͦͤͭ͡͡Έͤ·͔ ͨͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤͦ-;͍͍͙͔ͯͫͭͭ͡Έͤ·͔ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ 
ͦͼ͔ͤͯ͟ ͍͒ͯͯ͡;͔͔͔͙ͨͪͦͣͤ͡͡ΎΣ ͔ͦͭͦͪͦ͟ ͔ͦͭͪ͊͗͊ͭ ͫͦͫͭͦΎ͙͔ͤ ͎͔͍ͦ͊ͤͦ͟͡͡·ͻ ͍ͦͦͦͤ͟͡ ͙Σ ͍ ͭͦͣ ;͙͔ͫ͡ ͯ͡;΄͔ ͙͒ͺͺ͔͔ͪͤͼ͙͍ͪͦ͊ͭΈ ͦͨͯͻͦ͡Έ ͦͭ ͒ͦ͋ͪͦ͊͟;͔͍͔͚ͫͭͤͤͦ ͙ͭ͊ͤ͟Φ 
ˤ ͔ͪ͊͋ͦͭ ˽̉ ˻˴́ ͦͫͯ΅͔͍ͫͭ͡Ύ͊ͫ͡Έ ;͔͔ͪ͘ ͙͙ͣͤ͊ͭΌͪͤ·͔ ͙͎͡·Φ ˾͊ͪ͊͋ͦͭ͊ͤ͘ ͎͙͊ͦͪͭͣ͡ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡Ύ ͍͒ͯͯ͡;͔͔͔͙ͨͪͦͣͤ͡͡Ύ ͙ͭ͊ͤ͟ ͫ ͎͙͚ͯ͋ͤͦ͡Σ ͍͎ͫͦ͋ͦ͒ͤͦͦ ͦͭ 
͔͊ͪͭͺ͍͊ͭͦ͟Φ ˹͊ exvivoͦ͋ͪ͊͘ͼ͊ͻ ͦͨͯͻ͙ͦ͡ ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡· ͔͙͍ͨͪͦ͒ͣͦͤͫͭͪͪͦ͊ͤ ͙ͦͭ͡;ͤ·͚ ͦͤͭͪ͊ͫͭ͟ ͔ͣ͗͒ͯ ͙͙ͤͣ͘͟ ͍͒ͯͯ͡;͔͔͔͙͔ͨͪͦͣͤͣ͡͡ ͦͨͯͻ͔͚ͦ͡ ͙ ͍·͙ͫͦͣ͟ ͍ 
ͫͭͪͦͣ͊͡Έͤ·ͻ ͭ͊ͤ͟ΎͻΣ ͎͋ͦ͊ͭ·ͻ ͙͔͙͍ͦͪͤͭͪͦ͊ͤͤ·ͣ ͎͔ͦ͊ͤͦͣ͟͡͡Σ ͨͪͦΎ͍͡ΎΌ΅͙ͣ ͔͔͋ͦ͡ ͍·͔ͫͦͦ͟ ͍͒ͯͯ͡;͔͔͔͙͔ͨͪͦͣͤ͡͡Φ ˽͍͔͔ͦ͒ͭͪ͗͒ͤͦ ͎͙͎͙͔͚ͫͭͦͦ͡Φ ˿ͨͦͫͦ͋ͤͦͫͭΈ 
;͔ͭͦ͟ ͙ͪ͊͘͡;͊ͭΈ ͦͨͯͻͦ͡Έ ͙ ͔ͤ ͍͍͔ͦ͡;͔ͤͤͯΌ ͫͭͪͦͣͯ ͔ͣͦ͗ͭ ͦ͊͊ͭ͘͟ΈͫΎ ͔ͪ΄͊Ό΅͔͚ ͒͡Ύ ͙͔ͤͭͪ͊ͦͨͪ͊ͼ͙͎ͦͤͤͦͦ ͙ͨͦͫ͊͟ ͎͙ͪ͊ͤͼ· ͪ͊͊͟Φ

˽ͦ͡Ύ͙ͪ͊͘ͼ͙ͦͤͤͦ-;͍͍͙͔ͯͫͭͭ͡Έͤ͊Ύ ˻˴́ ό˽̉ ˻˴́) ςͪ ͊͟ ͣͦͦ͡;͚ͤͦ ͔͔͗͘͡·



͚͍̂ͫͭͪͦͫͭͦ ͣͯ͡Έ͙ͭͣͦ͒͊͡Έ͚ͤͦ ˻˴́ ό˸˸ ˻˴́ύΦ ˹͙͗˥˸ˢ -ˮ˽̅ ˾ˢ˹

MM ˻˴́ ͚͍ͯͫͭͪͦͫͭͦ
όˮ˽̅ ˾ˢ˹ ˹͙͙͚͗ͤ ˹͍͎ͦͦͪͦ͒ύ

ʀʟʦʙʨʘʞʝʥʠʝ:

ɻʣʫʙʠʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷïʜʦ1.7 ʤʤ

ɺʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡï26ʩʝʢ

ʆʙʲʝʤ ʩʢʘʥʠʨʫʝʤʦʡ ʪʢʘʥʠ - 2,4 ʭ 2,4 ʭ 1 ʤʤ

1) ʊʢʘʥʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ(ʢʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʤʦʜʘ)

2) ʆʂʊ ʤʠʢʨʦʘʥʛʠʦʛʨʘʤʤʘ

(OʂT MA)

3) ʆʂʊ ʵʣʘʩʪʦʛʨʘʬʠʷ (Oʂʕ)
ʀʩʪʦʯʥʠʢïʩʫʧʝʨʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʜʠʦʜ

ʎʝʥʪʨʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ- 1310ʥʤ

ʄʦʱʥʦʩʪʴ ʥʘ ʢʦʥʮʝ ʟʦʥʜʘ- 2ʤɺʪ

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ- 15ʤʢʤ

ɹʦʢʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ- 25ʤʢʤ

ʉʧʝʢʪʨʘʣʴʥʘʷ ʆʂʊ ï20000 A-ʩʢʘʥʦʚ ʚ ʩʝʢ

ʆʂʊ ʟʦʥʜ: 

ɿʦʥʜ ʪʦʨʮʝʚʦʡ

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ï10ʤʤ

ɿʦʥʜ ʩʲʝʤʥʳʡ, ʭʦʣʦʜʥʘʷ ʩʪʝʨʠʣʠʟʘʮʠʷ

Cross-polarization imagesCo-polarization images Phase imagesCross-polarization images

En face images 

3D image

ˤ͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͍ ͔ͪ͊͡Έͤͦͣ ͍͔͔͙ͪͣͤ:



˩Φ Kiseleva, et al, BiomedicalOpticsExpress. 2015; 6(4): 1464-1476 

˴͙ͦ͡;͔͍͔ͫͭͤͤ·͚ ͙͊ͤ͊͘͡ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ ͪͦͫͫ͟-ͨͦ͡Ύ͙ͪ͊͘ͼ͙͚ͦͤͤͦ ͙ͦͨͭ;͔͚ͫͦ͟ ͎͔͔͚ͦͪͤͭͤͦ͟ 
͎ͭͦͣͦͪ͊ͺ͙͙ ό˴˽ ˻˴́ύ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ in vivo͙͒ͺͺ͔͔ͪͤͼ͙͊͡ΈͤͯΌ ͙͎͙͒͊ͤͦͫͭͯ͟ ͎͙͚ͨ͊ͭͦͦ͡ 
͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎΦ ˽ͦ͊͊ͤ͘͟ ͎͔ͣͤͦͦͦ͋΅͊Ό΅͙͚ ͔ͨͦͭͤͼ͙͊͡ ˴˽ ˻˴́ ͍ 
͙͙͔͚ͨͪ͗ͤͤͤͦ͘ ͦͼ͔͔ͤ͟ ͫͦͫͭͦΎ͙͚ͤ ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎ ͨ͊ͼ͙͔͍ͤͭͦΦ ˽͙͔͔͙͔ͪͣͤͤ ͎ͭ͊ͦͦ͟ 
͔ͨ͊ͪ͊ͣͭͪ͊ ͊͟͟ ͙͔͎ͤͭͪ͊͡Έͤ·͚ ͺ͊ͭͦͪ͟ ͔͒ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ όL5CύΣ ͔͔ͦ͋ͫͨ;͙͍͔͊ͭ ͍͙͊ͭͦͣ͊ͭ;͔ͫͯ͟Ό 
͙͎͙͒͊ͤͦͫͭͯ͟ ͫͦͫͭͦΎ͙͚ͤ ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎ όͺͯͤ͟ͼ͙ͦͤ͊͡Έ͎ͤͦͦ ͫͦͫͭͦΎ͙ͤΎ ͎͔͍ͦ͊ͤͦ͟͡͡·ͻ 
͍ͦͦͦͤ͟͡ύΦ ˨͙͎͙͊ͤͦͫͭ;͔ͫ͊͟Ύ ͭͦ;ͤͦͫͭΈ L5C ͒͡Ύ ͙͔͙͒ͤͭͺ͙͊͟ͼ͙͙ ͺ͙͋ͪͦ͊͘ ͙͙͚ͫͫͭͦ͘͡ ͦ͋ͦͦ͡;͙͟ 
ͣͦ;͔͍͎ͦͦ ͨͯ͘·ͪΎ ͍ͫͦͫͭ͊͡Ύ͔ͭ тф҈Τ ͔ͪͼ͙͙͍͒͊ ͊ͪ͟ͼ͙ͤͦͣ· ͤ͊ ͔͔ͨͦͫͦͨͪ͊͡ͼ͙ͦͤͤͦͣ ͪͯ͋ͼ͔ 
͍ͫͦͫͭ͊͡Ύ͔ͭ фт҈Τ ˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έͤ͊Ύ ͙͎͙͒͊ͤͦͫͭ͟ ͔͙͙ͤͦͨ͊͘͡ ͙ ͎ͦͫͭͪͦͦ ͍͔͙ͦͫͨ͊ͤ͡Ύ 
͔͔ͦ͋ͫͨ;͙͍͔͊ͭͫΎ ͫ ͭͦ;ͤͦͫͭΈΌ 75%. 

ʂʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʆʂʊ (ʂʇ ʆʂʊ)
ʜʣʷ in vivoʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʧʘʮʠʝʥʪʦʚ



ʂʨʦʩʩ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʆʂʊ (ʂʇ ʆʂʊ)

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ

Co-polarization

Cross-polarization

Stage I Stage II/III Stage IV Stage Va Stage Vb Stage Vc

Pythagorean sum of 

the two polarization 

Cross-polarization

Co-polarization

1 mm1 mm1 mm1 mm1 mm1 mm

intima

Intimal thickening

with lipid pool 
Lipid core

Lipid coreThickened 

fibrous cap

Calcium 

Thin fibrous 

cap cells
Very thickened 

fibrous cap
Fibro-calcified cap

Åʂʨʠʪʝʨʠʠ ʂʇ ʆʂʊ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʷʰʢʠ: ʥʘʨʫʰʝʥʠʷ ʠʥʪʠʤʳ, ʮʝʣʦʩʪʥʦʩʪʠ ʬʠʙʨʦʟʥʦʡ 

ʢʘʧʩʫʣʳ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʭ ʣʠʧʠʜʥʳʭ, ʢʘʣʴʮʠʝʚʳʭ ʠ ʢʣʝʪʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ

Åʂʇ ʆʂʊ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʚʘʞʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʷʟʚʠʤʳʤʠ ʙʣʷʰʢʘʤʠ: ʪʠʧʠʯʥʦʝ 

ʛʝʪʝʨʦʛʝʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʚʠʜʝ çʷʨʢʠʭ ʧʷʪʝʥè ʠ ʥʠʟʢʦʝ ʨʘʩʩʝʷʥʠʝ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʜʝʟʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ

Åʚʳʩʦʢʦʝ ʨʘʩʩʝʷʥʠʝ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʦʣʩʪʳʭ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʚʦʣʦʢʦʥ ʢʦʣʣʘʛʝʥʘ ʚʦʣʦʢʥʠʩʪʳʭ ʙʣʷʰʝʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʪʦʣʱʠʥʳ ʬʠʙʨʦʟʥʦʡ 

ʢʘʧʩʫʣʳ ʢʦʣʧʘʯʢʦʚ

Åʚ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʣʣʘʛʝʥʦʚʳʝ ʚʦʣʦʢʥʘ ʥʝʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʠʟʤʝʥʷʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʩʚʝʪʘ

˩Φ Gubarkova, et al, J Biophotonics. 2016 Oct;9(10):1009-1020.
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