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ʓ˅ˋˉˈːˋˈ ̱ ˓ˑ˅ˋ ˅  ̝ ˈ˓ˇ˙  ̍
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ʡˋ˒˞ ˕ˈ˚ˈːˋ .̩ ʙ˓ˋ˕ˈ˓ˋˌ ʟˈˌːˑˎ˟ˇ˔˃ 

ࢋ� = �࣋  плот̦о̭т̽ ̭̬ед̼, � – д̸̛̛̦̥̌е̭к̌я ̏я̚ко̭т̽, � – ̵̬̌̌кте̬̦̌я – � ࡰ�
̭ко̬о̭т̽, � – ̛̐д̬̌̏л̸̛е̭к̛̜ д̛̥̌ет̬ 

 

• Л̛̥̦̬̦̌̌ое те̸е̛̦е - �� < �௕ 

• ʿе̬е̵од̦̼̜ ̬е̛̙̥ те̸е̛̦я  - �௕ < �� < �௖ 

• Ту̬̍уле̦т̦̼̜ ̬е̛̙̥ те̸е̛̦я - �� > �௖ 

• ˁ̬ед̦ее ̸̦̌̚е̛̦е к̛̬те̛̬я ˀе̜̦ол̽д̭̌ ̏ 
к̬о̏е̦о̭̦о̜ ̛̭̭те̥е - ��~ͳ,ʹ ∗ ͳͲସ, ̌ �௖~ͳ,9 ∗ ͳͲଷ 
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ʠ˓˃˅ːˈːˋˈ ˓ ˈˉˋˏˑ˅ 
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Аː˃ˎˋˊ ̂ ˋˇ˓ˑˇˋː˃ˏˋˍˋ ˒ ˑ˕ˑˍ˃ ̱ ˓ˑ˅ˋ 

ʪля о̍е̭пече̛̦я ̭т̛̌̍л̦̽о̭т̛ ̛̭̭те̥̼ поток к̬о̛̏ ̏ 
̭е̬д̶е ̛ ̛̥̭̌̐т̬̌л̵̦̼̽ ̬̌те̛̬я̵ ʪОЛЖʫʻ : 

 

1. ʰ̥ет̽ ̛̦̚кое ̛̐д̬од̸̛̛̦̥̌е̭кое ̭оп̬от̛̏ле̛̦е; 

2. ʥ̼т̽ ̭̏о̍од̦̼̥ от от̵̬̼̦̼̏ ̛ ̭̌̚то̵̜̦̼ ̚о̦; 

3. ʥ̼т̽ ̭т̬укту̛̬̬о̦̦̼̥̏̌ ̛ ̶̛кл̸̛е̭к̛ 

̏о̭п̬о̛̏̚од̛̥̼̥ ̭ ̛̛̥̦̥̌л̛̦̼̥̽ поте̬я̛̥ 

̦̾е̛̛̬̐; 

4. ʿо ̏о̥̚о̙̦о̭т̛ ̭л̌̍о ̛̥̏̌̚оде̜̭т̏о̏̌т̽ ̭о 

̭те̦к̛̥̌; 

5. О̍л̌д̌т̽ ̛̹̬ок̛̥ ̬е̐улято̬̦̼̥ ̛ ко̥пе̦̭̌то̬̦̼̥ 

д̛̌п̌̚о̦о̥ ̭о̭тоя̛̦̜. 
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ʢ˓˃˅ːˈːˋˈ ʜ˃˅˟ˈ-ʠ˕ˑˍ˔˃ 
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ʯде̭̽ v – ̭ко̬о̭т̽ поток̌, ρ – плот̦о̭т̽ ̛̙дко̭т̛, p – 

д̌̏ле̛̦е ̏ ̛̙дко̭т̛, f – ̦̏е̛̹̦е ̛̭л̼ ;̦̌п̛̬̥е̬, 
̛̬̐̌̏т̶̛̌яͿ. 



ʡˑ ˚ː˞ˈ ˓ ˈ˛ˈːˋˢ ˅  ˑ˄˜ˈˏ ˅ ˋˇ  ̍

7 

r, z, φ - ɪɚɞɢɚɥɶɧɚɹ, ɩɪɨɞɨɥɶɧɚɹ ɢ ɚɡɢɦɭɬɚɥɶɧɚɹ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ,  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Vr, Vz, Vφ - 

ɪɚɞɢɚɥɶɧɚɹ, ɩɪɨɞɨɥɶɧɚɹ ɢ ɚɡɢɦɭɬɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɵ  ɫɤɨɪɨɫɬɢ 
ɬɟɱɟɧɢɹ, ν - ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, С0(t), C1(t), Ȗ0(t), Ȗi(t), ȕi(t) -  

ɩɪɨɢɡɜɨɥɶɧɵɟ ɮɭɧɤɰɢɢ ɜɪɟɦɟɧɢ, C2(t) - ɮɭɧɤɰɢɹ ɜɪɟɦɟɧɢ, 
ɨɩɪɟɞɟɥɹɸщɚɹ  ɩɪɨɞɨɥɶɧɭɸ ɤɨɦɩɨɧɟɧɬɭ ɫɤɨɪɨɫɬɢ ɜ z = 0. 



ʡʟ ˒ ˓ˋ ˑ ˇːˑˌ ̇ ˋ˓ˍ˖ˎˢ˙ˋ  ̀

• ˁт̬укту̬̌ ̭т̬у̛ �=  f{r,z,φ}; 
• К̛̏̌̚поте̶̛̦̌л̦̽о̭т̽ поток̌ - тол̽ко Vϕ  ̛̛̭̌̏̚т от 

̏я̚ко̭т̛ 

•  Не̭т̶̛̌о̦̬̦̌о̭т̽ поток̌ ̼̬̙̏̌̌ет̭я ̴у̦к̶̛я̛̥ ࡯૙ ࢚ , � ૙ሺ࢚ሻ 
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C0(t) = –Vr /R, - ɩɪɨɢɡɜɨɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɡɚɜɢɫɹщɚɹ ɨɬ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɸщɚɹ  ɫɯɨɞɢɦɨɫɬɶ ɫɬɪɭɢ [sec-1]; 

Γ0(t) - ɩɪɨɢɡɜɨɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɡɚɜɢɫɹщɚɹ ɨɬ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɸщɚɹ  ɰɢɪɤɭɥɹɰɢɸ ɫɬɪɭɢ 

[m2/sec]; 

C1(t) – ɩɪɨɢɡɜɨɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɡɚɜɢɫɹщɚɹ ɨɬ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɸщɚɹ ɜɟɥɢɱɢɧɭ 

VZ ɜ ɩɥɨɫɤɨɫɬɢ Z = 0 ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t [m/sec] 

ν – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ [sec/m2] 



ʚˋːˋˋ ˕ˑˍ˃ ̝ ˏˈ˓˚ˈˑ˄˓˃ˊːˑˆˑ ˒ ˑ˕ˑˍ˃ 
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zi 

ϕi 
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ri 

Vϕ 

Vz 

Vr 

Z ࢘ࢂ࢘ࢊ = �ࢂ�ࢊ           – С૙࢘ࢊ ࢚ ࢘ = ૛С૙�ࢊ  ࢚ � 

࢘ࢂ  ࢘ࢊ = �ࢂ�ࢊ࢘        – С૙࢘ࢊ ࢚ ࢘ ≈ ૛࣊࢘૛ࢊ�Г૙  

��࢘�૛  =  ࢚࢙࢔࢕ࢉ 

� =  �૙ ± ૙�ࢁ૙૛�ࢂ  �૙࢘�
૛ − ૚  



ʙˎ˃˔˔ˋ˗ˋˍ˃˙ˋˢ ̞ ˓˃˄ˈˍ˖ˎ 

10 Иɞɟɧɬɢɮɢɤɚɰɢɹ ɫɢɫɬɨɥɢɱɟɫɤɢɯ (ɤɪɚɫɧɵɟ) ɢ  ɞɢɚɫɬɨɥɢɱɟɫɤɢɯ (ɫɢɧɢɟ) 
ɬɪɚɛɟɤɭɥ (AV – ɚɨɪɬɚɥɶɧɵɣ  ɤɥɚɩɚɧ, MV – ɦɢɬɪɚɥɶɧɵɣ ɤɥɚɩɚɧ) ɢ ɢɯ 
ɩɨɥɨɠɟɧɢɟ ɜ  ɩɨɥɨɫɬɢ ЛЖ 

Аɩɩɪɨɤɫɢɦɚɰɢɹ ɥɢɧɢɣ ɬɪɚɛɟɤɭɥ ɤ ɪɚɫɱёɬɧɵɦ 
ɥɢɧɢɹɦ ɬɨɤɚ  TLJ(R2>0.7, p<0.05) 



Иˊˏˈ˓ˈːˋˈ ̀  ˓˃˔˚ˈ˕ ̝ ˕˓˖ˍ˕˖˓ː˞˘ ˒˃˓˃ˏˈ˕˓ˑ˅ TLJ 
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ʞˑ˕ˑˍˑ-ˊ˃ˇ˃ˡ˜ˋˈ ̝ ˕˓˖ˍ˕˖˓  ˞̟  ˏˎˈˍˑ˒ˋ˕˃ˡ˜ˋ˘ ˓ ˃ˊːˑˆˑ ˓ ˃ˊˏˈ˓˃ 
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ʠ˓˃˅ːˋ˕ˈˎ˟ː˞ˌ ˃ ː˃ˎˋˊ ̝ ˎˈ˒ˍˑ˅ ʚЖ 
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ʞ˓ˑ˔˕˓˃ː˔˕˅ˈːːˑˈ ˏ ˑˇˈˎˋ˓ˑ˅˃ːˋ  ̍˕˓˃˄ˈˍ˖ˎ 
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ʛʠʙʡ ʚЖ ȋːˑ˓ˏ  ˃̀  ʒʙʛʞȌ 
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ГКʺП до ̛ по̭ле ̭епт̌л̦̽о̜ ̛̥окто̛̛̥ 

до̭тупо̥ ̛̚ п̬̌̏о̐о  ̙елудочк̌ 
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Т̌ кт̛к̌ ̛ ̭ по̭о̼̍ ̵̛̬у̸̛̬̐е̭ко̜ 
ко̬̬ек̶̛̛ п̛̬ ̬ еко̦̭т̬укт̵̛̦̼̏ 

опе̶̛̬̌я̵ 
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ʠˑˊˇ˃ːˋˈ т̬е̵̭т̏о̸̬̌то̐о п̬оте̌̚ 
̌о̬т̌л̦̽о̐о кл̌п̦̌̌ TCV 
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ʑ˓ˈˏˢ ̀ ˔˕ˈ˚ˈːˋˢ ̊ ˈ˓ˈˊ ̱ ˃ː˃ˎ˞ 
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ʞˑˇˑ˒˞˕ːˑ  ̍̄ ˋ˅ˑ˕ːˑˈ 
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ʞˈ˓˔˒ˈˍ˕ˋ˅˞ ˓ ˃ˊ˅ˋ˕ˋˢ 
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ʠ˒˃˔ˋ˄ˑ ˊ˃ ˅ːˋˏ˃ːˋˈ! 
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