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Физические методы 
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Лекция 6:  
 

Контрастные агенты в 
магниторезонансной 

томографии  



ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʄʈʊ 



ʂʘʢ ʫʣʫʯʰʠʪʴ ʢʦʥʪʨʘʩʪ ʄʈʊ? 

1. ɺ  ʢʣʠʥʠʯʝʩʢʠʭ ʄʈʊ ʠʟʦʙʨʘʞʝʥʠʷʭ  ʦʙʳʯʥʦ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʦʪ ʧʨʦʪʦʥʦʚ ʚʦʜʳ. 

2. ɽʩʣʠ ʠʟʤʝʨʷʶʪʩʷ ʊ1-ʚʟʚʝʰʝʥʥʳʝ  ʠʟʦʙʨʘʞʝʥʠʷ (ʊ1w), 

ʪʦ ʤʝʩʪʘ ʩ ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʚʨʝʤʝʥʘʤʠ ʊ1 ʚʳʛʣʷʜʷʪ 

ʩʚʝʪʣʳʤʠ, ʘ ʩ  ʟʘʤʝʜʣʝʥʥʦʡ ʊ1 ï ʪʝʤʥʳʤʠ . 

3. ɼʣʷ ʫʢʦʨʦʯʝʥʠʷ ʊ1  ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʣʝʢʩʳ 

ʩ ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ ʛʘʜʦʣʠʥʠʷ (Gd3+), 

ʷʚʣʷʶʱʠʝʩʷ çʧʦʣʦʞʠʪʝʣʴʥʳʤʠè ʢʦʥʪʨʘʩʪʥʳʤʠ 

ʘʛʝʥʪʘʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʜʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʦʥʥʦʩʪʴʶ  

   

 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ  ʄʈʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʦʤ 

ʨʝʣʘʢʩʘʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʘʛʝʥʪʘ: 

   



ʊʠʧʳ ʢʦʥʪʨʘʩʪʥʳʭ ʘʛʝʥʪʦʚ 

1. ɺ  ʢʣʠʥʠʯʝʩʢʦʡ ʄʈʊ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʦʥʳ Gd3+ ʠʣʠ 

Mn2+, ʷʚʣʷʶʱʠʝʩʷ çʧʦʣʦʞʠʪʝʣʴʥʳʤʠè T1 -

ʢʦʥʪʨʘʩʪʥʳʤʠ ʘʛʝʥʪʘʤʠ. ʀʦʥʳ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ 

ʩ ʭʝʣʘʪʥʳʤʠ ʠʣʠ ʧʦʣʠʘʤʠʥʦʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉʚʦʙʦʜʥʳʝ ʠʦʥʳ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʚʠʜʫ ʠʭ ʚʳʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ.  

2. ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʩ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʠʤ (ʥʝʨʘʚʥʦʚʝʩʥʳʤ) ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʨʦʪʦʥʦʚ ʚ ʥʠʞʥʝʤ ʧʦ ʵʥʝʨʛʠʠ ʩʦʩʪʦʷʥʠʠ 

(hyperpolarized MRI). 

3. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʧʝʨʧʘʨʘʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʜʠʘʤʝʪʨʦʤ 5-200 ʥʤ, ʚʢʣʶʯʘʶʱʠʭ, ʥʘʧʨʠʤʝʨ, 

Fe3+, ʠʣʠ ʥʝʥʘʩʳʱʝʥʥʳʝ (ʦʙʦʨʚʘʥʥʳʝ) ʩʚʷʟʠ 

ʢʨʝʤʥʠʷ Si, ʚʳʩʪʫʧʘʶʱʠʝ ʢʘʢ T1 ï ʠʣʠ T2 - 

ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ. 

  



Gd-ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʜʣʷ ʄʈʊ 



ʂʣʠʥʠʯʝʩʢʠʝ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ  



ʊʝʨʘʥʦʩʪʠʯʝʩʢʠʝ ʢʦʥʪʨʘʩʪʥʳʝ 

ʘʛʝʥʪʳ 



ʇʦʜʘʚʣʝʥʠʝ ʨʦʩʪʘ ʦʧʫʭʦʣʠ 



ʃʠʧʦʧʨʦʪʝʠʥʦʚʳʝ ʪʝʨʘʥʦʩʪʠʯʝʩʢʠʝ 

ʘʛʝʥʪʳ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ 



Gd/B ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʙʦʨ-ʥʝʡʪʨʦʥ-ʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ  



ʄʈʊ ʤʦʥʠʪʦʨʠʥʛ ʙʦʨ-ʥʝʡʪʨʦʥ-

ʟʘʭʚʘʪʥʦʡ ʪʝʨʘʧʠʠ  



ʅʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʠʮʝʣʷʨʥʳʝ ʂɸ ʜʣʷ ʄʈʊ 

͔́ͣͨ ͔ͪ͊ͫ͊͟͡ͼ͙͙ ͎ͦͤͭͪ͊ͫͭͤͦͦ͟ ͎͔͊ͤͭ͊ 



 ʅʘʥʦʯʘʩʪʠʮʳ Si ʢʘʢ ʢʦʥʪʨʘʩʪʥʳʝ ʘʛʝʥʪʳ ʄʈʊ 
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