
 

 

 

 

 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʝ ʧʦ ʆʪʨʘʩʣʝʚʦʡ ʦʣʠʤʧʠʘʜʝ ʰʢʦʣʴʥʠʢʦʚ çɻʘʟʧʨʦʤè, 

ʧʨʦʬʠʣʴ ʬʠʟʠʢʘ. 

 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʦʣʠʤʧʠʘʜʝ 

 

ʇʦʜ ʨʝʜʘʢʮʠʝʡ   ʂʨʘʚʮʦʚʘ ɸ.ɺ. 

  



ɿʘʜʘʥʠʷ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ 

9 ʢʣʘʩʩ 

ɺʘʨʠʘʥʪ 1 

1. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ l = 200 ʢʤ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ ʚʝʨʪʦʣʝʪ ʚ ʧʝʨʚʳʡ ʨʘʟ 

ʧʨʦʣʝʪʝʣ ʚ ʙʝʟʚʝʪʨʝʥʥʫʶ ʧʦʛʦʜʫ, ʘ ʚʦ ʚʪʦʨʦʡ ʨʘʟ ʧʨʠ ʚʝʪʨʝ, ʜʫʶʱʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ Vʚ = 2 ʤ/ʩ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʚʝʨʪʦʣʝʪʘ. ʉʢʦʨʦʩʪʴ ʚʝʨʪʦʣʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʭʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʨʘʚʥʘ V = 144 ʢʤ/ʯ. ʅʘ ʢʘʢʫʶ ʚʝʣʠʯʠʥʫ Dt ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚ ʚʝʪʨʝʥʫʶ ʧʦʛʦʜʫ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʚ ʙʝʟʚʝʪʨʝʥʥʫʶ ʧʦʛʦʜʫ? 

ʈʝʰʝʥʠʝ: 

ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʚ ʙʝʟʚʝʪʨʝʥʥʫʶ ʧʦʛʦʜʫ ʨʘʚʥʦ 

†
ςὰ

ὠ
 

ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʝʨʪʦʣʝʪʘ ʧʨʠ ʚʝʪʨʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʧʦ ʚʝʪʨʫ ʠ 

ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʧʨʦʪʠʚ ʚʝʪʨʘ: 

†
ὰ

ὠ ὠ̃

ὰ

ὠ ὠ̃
 

ʈʘʟʥʦʩʪʴ ʵʪʠʭ ʚʝʣʠʯʠʥ ʨʘʚʥʘ 

Ўὸ † †
ςὰ

ὠ
Ͻ
ὠ̃

ὠ ὠ̃
ςυȟρ ὧ 

 

2. ʊʝʣʦ ʩʦʩʢʘʣʴʟʳʚʘʝʪ ʙʝʟ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

a = 30̄. ʅʘ ʧʝʨʚʳʭ k = 1/3 ʧʫʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ1 = 0,5. ʆʧʨʝʜʝʣʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

Õ2 ʥʘ ʦʩʪʘʚʰʝʤʩʷ ʦʪʨʝʟʢʝ ʧʫʪʠ, ʝʩʣʠ ʫ ʦʩʥʦʚʘʥʠʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ 

ʥʫʣʶ. 

ʈʝʰʝʥʠʝ: 

ɺ ʢʦʥʮʝ ʧʝʨʚʦʡ ʯʘʩʪʠ ʧʫʪʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ 

ὠ ςὯὛὫÓÉÎ ‘ÃÏÓ, 

ʛʜʝ S ï ʜʣʠʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʕʪʘ ʞʝ ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʚ ʥʘʯʘʣʝ ʚʪʦʨʦʛʦ ʫʯʘʩʪʢʘ ʧʫʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ὠ ςὯ ρὛὫ‘ÃÏÓ ÓÉÎ. 



ʇʨʠʨʘʚʥʠʚʘʷ ʧʦʜʢʦʨʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʠʤ 

m2 = (tga ï km1)/(1 ï k) = 0,62. 

 

3. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʤʘʩʩʦʡ m = 20 ʛ ʚ ʥʝʸ ʧʦʛʨʫʟʠʣʠ ʪʝʨʤʦʤʝʪʨ, ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʘʣ ʪʝʤʧʝʨʘʪʫʨʫ q = 32,4 ʉ̄. ʂʘʢʦʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜ rtʜ, ʝʩʣʠ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʪʝʨʤʦʤʝʪʨʘ Cʪ  = 2,1 ɼʞ/ʂ, ʠ ʧʝʨʝʜ ʧʦʛʨʫʞʝʥʠʝʤ ʚ ʚʦʜʫ ʦʥ ʧʦʢʘʟʳʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʤʝʱʝʥʠʷ tʧ = 8,4 ↔ʉ? ɺʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʘʣʦʨʠʤʝʪʨʝ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ Cʢ = 45 ɼʞ/ʂ. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʜʳ cʚ = 4200 ɼʞ/(ʢʛ*ʂ). 

ʈʝhʝʥʠʝ: 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ: 

ὅ̓ — ὸ̐ ὧ̃ά ὅ̋ ὸ̅ —. 

ʈʝʰʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ tʜ, ʧʦʣʫʯʠʤ tʜ º 32,8 C̄. 

 

4. ɺʪʦʨʦʡ ʘʤʧʝʨʤʝʪʨ ʚ ʩʭʝʤʝ ʧʦʢʘʟʳʚʘʝʪ ʩʠʣʫ ʪʦʢʘ I2 = 1 ɸ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʷ R1 = 1 ʆʤ, R2, R3 ʠ R4 ʧʦ 2 ʆʤ. ʅʘʡʜʠʪʝ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʞʠʤʘʭ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʈʝʰʝʥʠʝ: 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ R1 ʨʘʚʥʦ 

Ὗ ὍὙ 

Ὅ Ὅ ρ
Ὑ

Ὑ Ὑ
 

ʊʦʢ ʚ ʚʝʪʚʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʨʘʚʝʥ 

Ὅ Ὅ Ὅ 

ʅʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 

Ὗ ὍὙ ὍὙ Ὅ Ὑ Ὑ
ὙὙ

Ὑ Ὑ
σȟυ ˏ 

 

5. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʙʨʫʩʢʘ, ʢʘʞʜʳʡ ʤʘʩʩʦʡ m, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʚʝʩʦʤʳʤʠ 

ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ, ʜʚʠʞʫʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʧʝʨʚʦʤʫ ʙʨʫʩʢʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ ʧʦʜ ʫʛʣʦʤ a ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘʡʜʠʪʝ ʵʪʫ 

ʩʠʣʫ, ʝʩʣʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤʠ ʙʨʫʩʢʘʤʠ ʊ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʙʨʫʩʢʦʚ 

ʦ ʧʦʚʝʨʭʥʦʩʪʴ ɛ. 

 



ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʨʝʪʴʝʛʦ, ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʪʝʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

Ὕ ‘άὫ άὥ 

Ὕ Ὕ ‘άὫ άὥ 

ὊÃÏÓ Ὕ ‘άὫ ὊÓÉÎ άὥ 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ F, ʧʦʣʫʯʠʤ 

Ὂ
σὝ

ÃÏÓ ‘ÓÉÎ
 

 

6. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʣʞʥʘ ʚʳʣʝʪʝʪʴ ʠʟ ʨʫʞʴʷ ʩʚʠʥʮʦʚʘʷ ʜʨʦʙʠʥʢʘ ʧʨʠ ʚʳʩʪʨʝʣʝ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʩ ʚʳʩʦʪʳ 300 ʤ, ʯʪʦʙʳ ʧʨʠ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ ʜʨʦʙʠʥʢʘ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʧʣʘʚʠʣʘʩʴ? ʉʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʧʨʠ ʫʜʘʨʝ, ʧʦʨʦʚʥʫ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʜʨʦʙʠʥʢʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦ ʢʦʪʦʨʫʶ ʧʨʦʠʟʦʰʝʣ ʫʜʘʨ. ʅʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʨʦʙʠʥʢʠ 177  ↔ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʚʠʥʮʘ 327 ↔ʉ, ʝʛʦ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

130 ɼʞ/(ʢʛ*ʂ), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ 22 ʢɼʞ/ʢʛ. 

ʈʝʰʝʥʠʝ: 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʧʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ρ

ς
ά
ὠ

ς
άὫὌ ὧάЎὝ ‗ά 

ʈʝʰʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʠʤ 

ὠ ςὧЎὝ ‗ ὫὌ σωςȟτ ̍Ⱦ̒ 

 

7. ʕʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʧʨʦʭʦʜʠʪ 

ʧʨʦʤʝʞʫʪʦʢ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 104 ɺ. ɿʘʪʝʤ ʦʥ ʚʣʝʪʘʝʪ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ. ʆʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʵʣʝʢʪʨʦʥ ʩʦ 

ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʝʩʣʠ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʨʘʚʝʥ 0,5 ʩʤ. ɿʘʨʷʜ ʵʣʝʢʪʨʦʥʘ 

ʨʘʚʝʥ 1,6Ö10-19 ʂʣ. 

ʈʝʰʝʥʠʝ: 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʵʣʝʢʪʨʦʥ ʧʨʠʦʙʨʝʣ ʩʢʦʨʦʩʪʴ 

ὠ
ςὩὟ

ά
 



ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

Ὂ
άὠ

Ὑ

ςὩὟ

Ὑ
πȟφτ ̐  ̊

 

8. ʊʝʣʦ ʤʘʩʩʦʡ m = 1 ʢʛ ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ ʧʦ 

ʧʣʦʩʢʦʩʪʠ, ʥʘʢʣʦʥʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ a = 30ʦ ʢ 

ʛʦʨʠʟʦʥʪʫ. ʂ ʪʝʣʫ ʧʨʠʢʨʝʧʣʝʥʘ ʧʨʫʞʠʥʘ 

ʞʝʩʪʢʦʩʪʠ k = 100 ʅ/ʤ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʣʦʞʝʥʘ 

ʩʠʣʘ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʩʤ. ʨʠʩʫʥʦʢ). ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ, ʝʩʣʠ 

ʜʝʬʦʨʤʘʮʠʷ ʧʨʫʞʠʥʳ ʨʘʚʥʘ x = 10 ʩʤ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʧʣʦʩʢʦʩʪʴʶ 

m = 0,5. 

ʈʝʰʝʥʠʝ: 

ʋʨʘʚʥʝʥʠʝ ʧʦ 2 ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʠʤʝʝʪ ʚʠʜ: 

Ὧὼ άὫÓÉÎ ‘ÃÏÓ άὥ 

ὥ
Ὧὼ

ά
ὫÓÉÎ ‘ÃÏÓ ωȟσσ ̍Ⱦ̒  

 

9. ʄʘʣʴʯʠʢ ʩʪʦʠʪ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʨʦʥʷʝʪ ʤʷʯ. ʄʷʯ ʫʧʨʫʛʦ ʫʜʘʨʠʣʩʷ ʦ ʥʘʢʣʦʥʥʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʦʪʩʢʦʯʠʣ ʦʪ ʥʝʝ, ʟʘʪʝʤ ʩʥʦʚʘ ʫʜʘʨʠʣʩʷ, ʠ ʪ.ʜ.. ɺʨʝʤʷ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ 

ʫʜʘʨʘʤʠ ʤʷʯʘ ʨʘʚʥʦ t = 1 ʩ. ʉ ʢʘʢʦʡ ʚʳʩʦʪʳ ʫʧʘʣ ʤʷʯ? ɺʳʩʦʪʫ ʩʯʠʪʘʪʴ ʦʪ ʪʦʯʢʠ ʙʨʦʩʢʘ ʜʦ ʪʦʯʢʠ 

ʫʜʘʨʘ ʦ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʷʯʘ ʨʘʚʥʘ ʥʫʣʶ. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ Ŭ ï ʫʛʦʣ, ʢʦʪʦʨʳʡ ʥʘʢʣʦʥʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʩ ʛʦʨʠʟʦʥʪʦʤ, v0 ï ʩʢʦʨʦʩʪʴ ʤʷʯʘ 

ʚ ʤʦʤʝʥʪ ʧʘʜʝʥʠʷ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ.  

0 2v gh=  (1). 

ɺʳʙʝʨʝʤ ʦʩʴ Ox ʚʜʦʣʴ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʦʩʴ Oy ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ (ʩʤ. ʨʠʩ.). 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʷʯʠʢʘ ʧʦʩʣʝ ʫʜʘʨʘ ʦ ʧʣʦʩʢʦʩʪʴ:  

2

0 cos cos
2

t
y v t ga a= - Ö (2).  

ɺ ʤʦʤʝʥʪ ʧʘʜʝʥʠʷ ʤʷʯʘ ʥʘ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ 0y= . ʊʦʛʜʘ 

ʠ 
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0 cos cos 0
2

t
v t ga a- Ö =. (3) 
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                   a    v0              g 

          

          O 

              v0 

                           a 

                                                       x 
 

ʈʝʰʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʫʜʘʨʘʤʠ 

ʤʷʯʘ, 
02v

t
g

=  (4), ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ Ŭ. 

Ý 0 5
2

gt
v = =ʤ/ʩ. Ý 

2 2
0 1,25

2 8

v gt
h

g
= = =  ʤ. (5)  

ʆʪʚʝʪ. 

2

1,25
8

gt
h= =  ʤ. 

 

10. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʙʨʘʟʦʚʘʥʦ ʜʚʫʤʷ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ, 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ, ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʥʝʧʨʦʚʦʜʷʱʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʇʣʘʩʪʠʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d = 9 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ 

ɽ = 104 ɺ/ʤ. ʄʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʠʭ ʧʦʤʝʱʝʥ ʰʘʨʠʢ ʩ ʟʘʨʷʜʦʤ 

q = 2 ʤʢʂʣ ʠ ʤʘʩʩʦʡ m = 1 ʛ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʰʘʨʠʢ ʦʪʧʫʩʪʠʣʠ, ʦʥ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ. ʂʘʢʫʶ 

ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʰʘʨʠʢ, ʢʦʛʜʘ ʢʦʩʥʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʣʘʩʪʠʥ? 

ʈʝʰʝʥʠʝ: 

ʐʘʨʠʢ ʠʤʝʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʨʘʚʥʳ 

gtv

t
m

qE
v

ʚ

ʛ

=

=
 

ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʡ ʠʟ ʧʣʘʩʪʠʥ 



qE

md
t=  

ʉʢʦʨʦʩʪʴ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʩ

ʤ

qE

dmg

m

qEd
v 3,4
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º+=  

 

ɺʘʨʠʘʥʪ 2 

1. ʊʝʣʦ ʙʨʦʩʠʣʠ ʩ ʙʘʰʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʏʝʨʝʟ t =2 ʩ ʝʛʦ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʚ k=3 ʨʘʟʘ. 

ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ V0 ʙʨʦʩʠʣʠ ʪʝʣʦ? 

ʈʝʰʝʥʠʝ: 

ʉʢʦʨʦʩʪʴ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʘʢ 

ὠ ὠ Ὣὸ 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 

Ὧὠ ὠ Ὣὸ 

ʠ 

ὠ
Ὣὸ

Ὧ ρ
φȟω ̒ 

 

2. ʂ ʧʦʪʦʣʢʫ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʣʠʬʪʘ ʥʘ ʥʠʪʠ ʧʦʜʚʝʰʝʥʘ ʛʠʨʷ. ʂ ʵʪʦʡ ʛʠʨʠ ʧʨʠʚʷʟʘʥʘ 

ʜʨʫʛʘʷ ʥʠʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʜʚʝʰʝʥʘ ʚʪʦʨʘʷ ʛʠʨʷ. ʅʘʡʜʠʪʝ ʥʘʪʷʞʝʥʠʝ ʚʝʨʭʥʝʡ ʥʠʪʠ ʊ1, ʝʩʣʠ 

ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʤʝʞʜʫ ʛʠʨʷʤʠ ʊ2=10 ʅ, ʘ ʤʘʩʩʳ ʛʠʨʴ m1=1 ʢʛ, m2=2 ʢʛ. 



ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʛʨʫʟʦʚ: 

Ὕ άὫ Ὕ άὥ 

Ὕ άὫ άὥ 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ 

Ὕ Ὕ
ά ά

ά
ρυ ̊ 

 

3. ʇʦʩʣʝ ʦʧʫʩʢʘʥʠʷ ʚ ʚʦʜʫ, ʠʤʝʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 10 ↔ʉ, ʪʝʣʘ, 

ʥʘʛʨʝʪʦʛʦ ʜʦ 100 ↔ʉ, ʫʩʪʘʥʦʚʠʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 40 ↔ʉ. ʂʘʢʦʡ ʩʪʘʥʝʪ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʝʩʣʠ, ʥʝ ʚʳʥʠʤʘʷ ʧʝʨʚʦʛʦ ʪʝʣʘ, ʦʧʫʩʪʠʪʴ ʚ ʥʝʸ 

ʝʱ yʦʜʥʦ ʪʘʢʦʝ ʞʝ ʪʝʣʦ, ʥʘʛʨʝʪʦʝ ʪʘʢʞʝ ʜʦ 100 ↔ʉ? 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ: 

ὅὸ — ὅ̃ — ὸ  

ɿʜʝʩʴ C ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʣʘ, Cʚ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, t1 ï ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, t2 ï 

ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ, q1 ï ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʝʪ ʚʠʜ: 

ὅὸ — ὅ̃ — — ὅ— —  

ɿʜʝʩʴ q2 ï ʠʩʢʦʤʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘʡʜʝʤ q2: 

—
— ςὸ ὸ ὸὸ

— ὸ ςὸ
υυ ᴈ 

 

4. ʅʘ ʫʯʘʩʪʢʝ ɸɺ ʚ ʮʝʧʠ ʤʦʱʥʦʩʪʴ ʪʦʢʘ ʦʜʠʥʘʢʦʚʘ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʟʘʤʢʥʫʪ ʠʣʠ ʨʘʟʦʤʢʥʫʪ ʢʣʶʯ. ʂʘʢʦʚʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rx, ʝʩʣʠ R0 = 40 ʆʤ, ʘ ʥʘʧʨʷʞʝʥʠʝ, 

ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʮʝʧʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ? 

ʈʝʰʝʥʠʝ: 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ɸɺ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʤ ʢʣʶʯʝ 

ʨʘʚʥʦ R1 = 2R0. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ɸɺ ʧʨʠ ʟʘʤʢʥʫʪʦʤ ʢʣʶʯʝ ʨʘʚʥʦ 

 



Ὑ
ς

σ
Ὑ 

ʊʦʢ ʚ ʮʝʧʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ 

Ὅ
Ὗ

ςὙ Ὑ
 

ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

Ὅ
σὟ

ςὙ σὙ
 

ʋʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʤʦʱʥʦʩʪʝʡ ʥʘ ʫʯʘʩʪʢʝ ɸɺ: 

ςὙ
Ὗ

ςὙ Ὑ

ς

σ
Ὑ

σὟ

ςὙ σὙ
 

ʈʝʰʝʥʠʝʤ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

Ὑ
ς

Ѝσ
Ὑ τφȟς ̨  ̍

 

5. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʙʨʫʩʢʘ, ʢʘʞʜʳʡ ʤʘʩʩʦʡ m, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʚʝʩʦʤʳʤʠ 

ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ, ʜʚʠʞʫʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʧʝʨʚʦʤʫ ʙʨʫʩʢʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ ʧʦʜ ʫʛʣʦʤ a ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘʡʜʠʪʝ ʵʪʫ 

ʩʠʣʫ, ʝʩʣʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʙʨʫʩʢʘʤʠ ʊ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʙʨʫʩʢʦʚ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ɛ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʨʝʪʴʝʛʦ, ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʪʝʣ: 

Ὕᴂ ‘άὫ άὥ 

Ὕ Ὕᴂ ‘άὫ άὥ 

ὊÃÏÓ Ὕ ‘άὫ ὊÓÉÎ άὥ 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ F, ʧʦʣʫʯʠʤ 

Ὂ
σὝ

ÃÏÓ ‘ÓÉÎ
 

6. ʄʦʣʦʪ ʤʘʩʩʦʡ 2 ʪ ʧʘʜʘʝʪ ʩ ʚʳʩʦʪʳ 1 ʤ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʙʦʣʚʘʥʢʫ ʤʘʩʩʦʡ 2 ʢʛ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʣʚʘʥʢʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 25 ↔ʉ. ʉʯʠʪʘʷ, ʯʪʦ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʙʦʣʚʘʥʢʠ 

ʠʜʸʪ 50 % ʚʩʝʡ ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ, ʥʘʡʜʠʪʝ ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʸʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʦʣʚʘʥʢʠ. 

ʈʝʰʝʥʠʝ: 

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 



–ὓὫὬ ὧάɝὸ 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʦʣʚʘʥʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

ὧ
–ὓὫὬ

άɝὸ
ςππ 

ˑ̇

̋Ͻ̄ᴈ
 

 

7. ʇʨʦʪʦʥ ʜʚʠʞʝʪʩʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʧʨʦʭʦʜʠʪ 

ʧʨʦʤʝʞʫʪʦʢ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 104 ɺ. ɿʘʪʝʤ ʦʥ ʚʣʝʪʘʝʪ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 1 

ʊʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ. ʆʧʨʝʜʝʣʠʪʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʪʦʥʘ. 

ʄʘʩʩʘ ʧʨʦʪʦʥʘ ʨʘʚʥʘ 1,6Ö10-27 ʢʛ, ʟʘʨʷʜ ʧʨʦʪʦʥʘ ʨʘʚʝʥ 1,6Ö10-19 ʂʣ. 

ʈʝʰʝʥʠʝ: 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʦʪʦʥ ʧʨʠʦʙʨʝʣ ʩʢʦʨʦʩʪʴ 

ὠ
ςὩὟ

ά
 

ʇʦ 2 ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

Ὑ
άὠ

Ὡὄ

ςάὟ

Ὡὄ
ρȟτ ̒  ̍

 

8. ɺ ʟʘʢʨʳʪʦʡ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʡ 

ʪʨʫʙʢʝ ʤʘʩʩʦʡ ʄ = 20 ʛ ʠ ʜʣʠʥʦʡ L = 2 ʤ ʥʘ ʜʥʝ ʩʠʜʠʪ ʤʫʭʘ ʤʘʩʩʦʡ 

m = 1 ʛ. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʥʘ ʚʟʣʝʪʘʝʪ ʚʚʝʨʭ ʩʦ 

ʩʢʦʨʦʩʪʴʶ V0 = 10 ʤ/ʩ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʫʙʢʘ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ. 

ʅʝʧʦʜʚʠʞʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ ʟʘʤʝʯʘʝʪ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʤʫʭʘ 

ʜʦʣʝʪʠʪ ʜʦ "ʧʦʪʦʣʢʘ" ʪʨʫʙʢʠ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʪʨʫʙʢʘ ʧʨʦʣʝʪʘʝʪ ʢʘʢʦʝ-

ʪʦ ʨʘʩʩʪʦʷʥʠʝ. ʅʘ ʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ 

ʪʨʫʙʢʦʡ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʫʭʘ ʦʩʪʘʝʪʩʷ ʩʠʜʝʪʴ ʥʘ 

"ʧʦʣʫ" ʪʨʫʙʢʠ? 

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ʚʨʝʤʷ ʧʦʣʝʪʘ ʤʫʭʠ t. ʇʨʠ ʚʟʣʝʪʝ ʤʫʭʠ ʩʦ ʩʢʦʨʦʩʪʴʶ V0 

ʪʨʫʙʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʚʥʠʟ ʠ ʨʘʚʥʫʶ 

0 0ʪʨ

m
V V

M
= .            (1) 

"ʇʦʣ" ʪʨʫʙʢʠ ʟʘ ʚʨʝʤʷ ʧʦʣʝʪʘ ʧʨʦʡʜʝʪ ʨʘʩʩʪʦʷʥʠʝ 
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g
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t
t= + .                                            (2) 

ʇʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʟʘ ʚʨʝʤʷ t ʤʫʭʠ ʠ "ʧʦʪʦʣʢʘ" ʪʨʫʙʢʠ 

ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 

0V H Lt+ =. 

ʀʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩ ʤʫʭʦʡ, ʩʠʜʷʱʝʡ ʥʘ "ʧʦʣʫ" ʪʨʫʙʢʠ, ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ "ʧʦʣʦʤ" ʨʘʚʥʦ 

Ὄ , 

ʧʦʣʫʯʠʤ 

H ï Hǋ = 0 8,8
m

h V
M
tD = º  ʩʤ. 

 

9. ʀʤʝʶʪʩʷ ʜʚʝ ʧʦʨʮʠʠ ʚʦʜʳ ʦʜʠʥʘʢʦʚʦʡ ʤʘʩʩʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʨʠ ʪʝʤʧʨ̆ʘʪʫʨʝ 0 C̄. 

ʇʝʨʚʫʶ ʧʦʨʮʠʶ ʥʘʛʨʚ̆ʘʶʪ, ʟʘʪʨʘʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʩ̆ʪʚʦ ʪʝʧʣʦʪʳ Q1. ɽʩʣʠ ʟʘʤʦʨʦʟʠʪʴ 

ʚʪʦʨʫʶ ʧʦʨʮʠʶ, ʯʪʦʙʳ ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʣʸʜ, ʪʦ ʦʥʘ ʚʳʜʝʣʠʪ ʚ 2,7 ʨʘʟʘ ʙʦʣʴʰ̆̆ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q2. ʆʧʨʝʜʝʣʠʪʝ, ʥʘ ʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ Dt ʥʘʛʨʝʚʘʝʪʩʷ ʧʝʨʚʘʷ ʧʦʨʮʠʷ ʚʦʜʳ 

ʧʨʠ ʩʦʦʙʱʝʥʠʠ ʝʡ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ Q2. 

ʈʝʰʝʥʠʝ: 

Q1 = CDt, ʛʜʝ c ïʪʝʧʣʦʸʤʢʦʩʪʴ ʚʦʜʳ. 

Q2 = lm, ʛʜʝ l ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ. 

ʊʦʛʜʘ 

Ўὸ
‗

ὲὧ
σπ ᴈ 

ʆʪʚʝʪ: Dt º 30 C̄ 



 

10. ʅʘʡʜʠʪʝ ʩʠʣʫ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ r, ʝʩʣʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʚʥʳ R, ʘ ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ 

U. 

ʈʝʰʝʥʠʝ: 

ʕʪʦ ʩʭʝʤʘ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʤʦʩʪʘ, ʚ ʜʠʘʛʦʥʘʣʴ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʝʥ ʨʝʟʠʩʪʦʨ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r 

(ʩʤ. ʨʠʩ). ʇʦʵʪʦʤʫ ʪʦʢ ʯʝʨʝʟ ʵʪʦʪ ʨʝʟʠʩʪʦʨ ʨʘʚʝʥ ʥʫʣʶ. 

 

 

ɺʘʨʠʘʥʪ 3 

1. ʊʝʣʦ ʙʨʦʰʝʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ t = 2 ʩ. ʅʘʡʜʠʪʝ ʥʘʠʙʦʣʴʰʫʶ ʚʳʩʦʪʫ ʧʦʜʲʝʤʘ ʵʪʦʛʦ ʪʝʣʘ. 

ʈʝʰʝʥʠʝ: 

ʇʦʣʝʪ ʜʦ ʥʘʠʙʦʣʴʰʝʡ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʣʦʚʠʥʫ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ, 

ʟʥʘʯʠʪ 

h = gt2/8 = 4,9 ʤ. 

 

2. ɺ ʩʠʩʪʝʤʝ ʙʣʦʢʦʚ ʥʘ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʧʦʜʚʝʰʝʥʳ 

ʛʨʫʟʳ ʤʘʩʩʘʤʠ m1 = 1,8 ʢʛ ʠ m2 =2,8 ʢʛ. ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ ʘ1 

ʛʨʫʟʘ ʤʘʩʩʦʡ m1. ʄʘʩʩʦʡ ʙʣʦʢʦʚ ʠ ʥʠʪʠ ʠ ʪʨʝʥʠʝʤ ʚ ʦʩʷʭ ʙʣʦʢʦʚ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚ: 

άὥ Ὕ άὫ 

άὥ Ὕ άὫ 

Ὕ ςὝ 

ὥ ςὥ 

ʅʘʭʦʜʠʤ ʫʩʢʦʨʝʥʠʝ ʘ1 ʛʨʫʟʘ ʤʘʩʩʦʡ m1: 

R                         R  

 

                r 

  

 R                         R 

 

 
¶ ¶ 
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¶ 
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m2 



ὥ ςὫ
ςά ά

τά ά
 

 

3. ʊʨʝʙʫʝʪʩʷ ʧʨʠʛʦʪʦʚʠʪʴ ʚʘʥʥʫ ʦʙʲʸʤʦʤ 100 ʣ, ʩʤʝʰʠʚʘʷ ʜʚʝ ʧʦʨʮʠʠ ʚʦʜʳ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

70 ↔ʉ ʠ 20 ↔ʉ, ʯʪʦʙʳ ʧʦʣʫʯʠʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ 60 ↔ʉ. ʉʢʦʣʴʢʦ (ʚ ʣʠʪʨʘʭ) ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʛʦʨʷʯʝʡ 

ʚʦʜʳ ʠ ʩʢʦʣʴʢʦ ʭʦʣʦʜʥʦʡ? 

ʈʝʰʝʥʠʝ: 

ʆʙʦʟʥʘʯʠʤ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʛʦʨʷʯʫʶ ʚʦʜʫ ʠʥʜʝʢʩʦʤ 1, ʘ ʭʦʣʦʜʥʫʶ ï ʠʥʜʝʢʩʦʤ 

2. ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʟʘʧʠʩʘʥʦ ʢʘʢ: 

ὠ ὸ — ὠ ὠ — ὸ  

ʅʘʡʜʝʤ V1: 

ὠ ὠ
— ὸ

ὸ ὸ
ψπ ̌ 

ʆʪʚʝʪ: ʦʙʲʝʤ ʛʦʨʷʯʝʡ ʚʦʜʳ 80 ʣ, ʭʦʣʦʜʥʦʡ ï 20 ʣ. 

 

4. ɺ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, R1 = 3 ʆʤ, R2 = 2 ʆʤ ʠ R3 = 4 ʆʤ. 

ʅʘ ʨʝʟʠʩʪʦʨʝ R1 ʚʳʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ 27 ɺʪ. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ 

ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R2. 

ʈʝʰʝʥʠʝ: 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʝʨʚʦʤ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʦ 

Ὗ ὖὙ 

ʆʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʨʝʟʠʩʪʦʨʘʭ ʨʘʚʥʦ 

Ὗ

Ὗ

ὙὙ

Ὑ Ὑ Ὑ
 

ʄʦʱʥʦʩʪʴ ʥʘ ʚʪʦʨʦʤ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʘ 

ὖ
ὖὙὙ

Ὑ Ὑ Ὑ
ψ ˏ  ̓

5. ʅʝʙʦʣʴʰʦʡ ʢʘʤʝʥʴ, ʙʨʦʰʝʥʥʳʡ ʩ ʨʦʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦʜ ʫʛʣʦʤ 

ʢ ʛʦʨʠʟʦʥʪʫ, ʫʧʘʣ ʦʙʨʘʪʥʦ ʥʘ ʟʝʤʣʶ ʯʝʨʝʟ 2 ʩ ʚ 20 ʤ ʦʪ ʤʝʩʪʘ ʙʨʦʩʢʘ. ʏʝʤʫ ʨʘʚʥʘ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʢʘʤʥʷ ʟʘ ʚʨʝʤʷ ʧʦʣʸʪʘ? 

ʈʝʰʝʥʠʝ: 



ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʣʝʪʘ ʦʥʘ ʨʘʚʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ, ʘ ʟʥʘʯʠʪ, ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʢʦ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ, ʪ.ʝ., 10 ʤ/ʩ. 

 

6. ʄʦʣʦʪ ʤʘʩʩʦʡ 2 ʪ ʧʘʜʘʝʪ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʙʦʣʚʘʥʢʫ ʤʘʩʩʦʡ 2 ʢʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʣʚʘʥʢʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 25 ↔ʉ. ʉʯʠʪʘʷ, ʯʪʦ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʙʦʣʚʘʥʢʠ ʠʜʸʪ 50 % ʚʩʝʡ 

ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ, ʥʘʡʜʠʪʝ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʫʜʘʨʦʤ ʦ ʙʦʣʚʘʥʢʫ. 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʦʣʚʘʥʢʠ 200 ɼʞ/(ʢʛȪʉ). 

ʈʝʰʝʥʠʝ: 

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ 

–
ὓὠ

ς
ὧάɝὸ 

ʉʢʦʨʦʩʪʴ ʤʦʣʦʪʘ ʨʘʚʥʘ 

ὠ
ςὧάɝὸ

–ὓ
 τȟτχ ̍Ⱦ̒ 

 

7. ʕʣʝʢʪʨʦʥ ʚʣʝʪʘʝʪ ʚ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʦʜʥʦʨʦʜʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ɽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ. ʆʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʥ 

ʧʨʦʣʝʪʝʣ ʝʝ ʥʝ ʠʩʧʳʪʳʚʘʷ ʦʪʢʣʦʥʝʥʠʷ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ W. 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʧʨʦʣʝʪʘ ʙʝʟ ʦʪʢʣʦʥʝʥʠʷ ʤʦʜʫʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʃʦʨʝʥʮʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. 

ὩὉ Ὡὠὄ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ὠ
ςὡ

ά
ȟ 

ʧʦʣʫʯʠʤ 

ὄ Ὁ
ά

ςὡ
 

 



8. ʀʟ ʚʝʨʭʥʝʡ ʪʦʯʢʠ ʦʢʨʫʞʥʦʩʪʠ ɸ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʶʪ 

ʜʚʠʛʘʪʴʩʷ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ ʙʫʩʠʥʢʠ. ʆʜʥʘ ʙʫʩʠʥʢʘ ʧʘʜʘʝʪ ʚʜʦʣʴ ʜʠʘʤʝʪʨʘ 

AD, ʜʨʫʛʘʷ ʩʢʦʣʴʟʠʪ ʧʦ ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʦʡ ʭʦʨʜʝ ɸɺ, ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʫʛʦʣ Ŭ=300 ʩ ʚʝʨʪʠʢʘʣʴʶ. ʅʘʡʜʠʪʝ ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʦʜʥʘ 

ʙʫʩʠʥʢʘ ʜʦʩʪʠʛʥʝʪ ʪʦʯʢʠ D, ʢʦ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʜʨʫʛʘʷ ʙʫʩʠʥʢʘ 

ʜʦʩʪʠʛʥʝʪ ʪʦʯʢʠ ɺ. 

ʈʝʰʝʥʠʝ: 

ʇʫʩʪʴ ʜʠʘʤʝʪʨ ʦʢʨʫʞʥʦʩʪʠ ʨʘʚʝʥ D. ʊʦʛʜʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʜʠʘʤʝʪʨʫ AD ʨʘʚʥʦ 

ὸ
ςὈ

Ὣ
 

ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʭʦʨʜʝ AB ʨʘʚʥʦ 

ὸ
ςὈÃÏÓ

ὫÃÏÓ
ὸ 

 

9. ʉʢʦʣʴʢʦ (ʚ ʣʠʪʨʘʭ) ʥʝʬʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʞʝʯʴ ʥʘ ʪʝʧʣʦʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʯʪʦʙʳ 

ʧʦ ʪʝʣʝʚʠʟʦʨʫ ʤʦʱʥʦʩʪʴʶ 250 ɺʪ ʚʦʟʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʩʤʦʪʨʝʪʴ ʬʠʣʴʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

1,5 ʯ? ʂʇɼ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 35%. ʇʣʦʪʥʦʩʪʴ ʥʝʬʪʠ ʧʨʠʷʪʴ ʨʘʚʥʦʡ 800 ʢʛ/ʤ3, ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʪʫ 

ʩʛʦʨʘʥʠʷ ï 41 ʄɼʞ/ʢʛ. 

ʈʝʰʝʥʠʝ: 

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʠʜ: 

ὖ† –”ὠὶ 

ʆʪʩʶʜʘ 

ὠ
ὖ†

–”ὶ
ρȟςϽρπ̍ πȟρς ̌ 

 

10. ʀʟ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟʚʣʝʢʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ, ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʚʰʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʝʛʦ ʦʙʢʣʘʜʢʘʤʠ. ʆʧʨʝʜʝʣʠʪʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʜʠʵʣʝʢʪʨʠʢʘ, ʝʩʣʠ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʟʤʝʥʠʣʘʩʴ ʥʘ ʚʝʣʠʯʠʥʫ DC, ʘ ʢʦʥʝʯʥʘʷ ʝʤʢʦʩʪʴ ʩʪʘʣʘ 

ʉ. 

ʈʝʰʝʥʠʝ: 

ʅʘʯʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʘ eC, ʘ ʩ ʫʯʝʪʦʤ ʝʝ ʠʟʤʝʥʝʥʠʷ, ʧʦʣʫʯʠʤ: 

‐ὅ ὅ Ўὅ 



ɿʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

‐ ρ
Ў˞

˞
 

 

ɺʘʨʠʘʥʪ 4 

1. ʊʝʣʦ ʙʨʦʰʝʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʏʝʨʝʟ ʚʨʝʤʷ t = 0,5 ʩ ʧʦʩʣʝ ʙʨʦʩʢʘ ʫʛʦʣ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ 

ʠ ʫʩʢʦʨʝʥʠʝʤ ʩʪʘʣ b = 60ʦ. ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ V ʪʝʣʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʘʣʘ ʨʘʚʥʘ gt, ʪ.ʝ. 

ὠÃÏÓ Ὣὸ 

ὠ
Ὣὸ

ÃÏÓ
ςȟυ ̍Ⱦ̒ 

 

2. ɺ ʩʠʩʪʝʤʝ ʙʣʦʢʦʚ ʥʘ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʧʦʜʚʝʰʝʥʳ ʛʨʫʟʳ ʤʘʩʩʘʤʠ m1 = 1,8 ʢʛ ʠ m2=2,8 

ʢʛ. ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ ʘ2 ʛʨʫʟʘ ʤʘʩʩʦʡ m2. ʄʘʩʩʦʡ ʙʣʦʢʦʚ ʠ ʥʠʪʠ 

ʠ ʪʨʝʥʠʝʤ ʚ ʦʩʷʭ ʙʣʦʢʦʚ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚ: 

άὥ Ὕ άὫ 

άὥ Ὕ άὫ 

Ὕ ςὝ 

ὥ ςὥ 

ʅʘʭʦʜʠʤ ʫʩʢʦʨʝʥʠʝ ʘ2 ʛʨʫʟʘ ʤʘʩʩʦʡ m2: 

ὥ Ὣ
ςά ά

τά ά
 

 

3. ɺ ʚʦʜʫ ʤʘʩʩʦʡ 1 ʢʛ ʧʨʠ 20 ↔ʉ ʙʨʦʩʠʣʠ ʢʦʤʦʢ ʤʦʢʨʦʛʦ ʩʥʝʛʘ ʤʘʩʩʦʡ 250 ʛ. ɺʝʩʴ ʩʥʝʛ ʨʘʩʪʘʷʣ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʘ ʨʘʚʥʦʡ 5  ↔ʉ. ʆʧʨʝʜʝʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚʦʜʳ ʚ ʢʦʤʢʝ ʩʥʝʛʘ. ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʩʥʝʛʘ 334 ʢɼʞ/ʢʛ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ ʧʨʠʥʷʪʴ 4200 ɼʞ/(ʢʛÖʂ). 

ʈʝʰʝʥʠʝ: 

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ: 

 
¶ ¶ 

¶ 

¶ 
m1 

m2 



ὧ̃ά ὸ — ά‗ ά ὧ̃ — ὸ  

ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʚʦʜʳ ʚ ʢʦʤʢʝ ʩʥʝʛʘ 

’̒
ά‗ ὧ̃ά ὸ —

‘‗ ὧ̃ — ὸ
σȟφ ̝̍̏̌ 

 

4. ɺ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, R1 = 3 ʆʤ, R2 = 2 ʆʤ ʠ R3 = 4 ʆʤ. 

ʅʘ ʨʝʟʠʩʪʦʨʝ R1 ʚʳʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ 27 ɺʪ. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ 

ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R3. 

ʈʝʰʝʥʠʝ: 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʧʝʨʚʦʤ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʦ 

Ὗ ὖὙ 

ʆʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʚʦʤ ʠ ʪʨʝʪʴʝʤ ʨʝʟʠʩʪʦʨʘʭ ʨʘʚʥʦ 

Ὗ

Ὗ

ὙὙ

Ὑ Ὑ Ὑ
 

ʄʦʱʥʦʩʪʴ ʥʘ ʪʨʝʪʴʝʤ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʘ 

ὖ
ὖὙὙ

Ὑ Ὑ Ὑ
τ ˏ  ̓

 

5. ʄʦʪʦʮʠʢʣʠʩʪ ʜʚʠʞʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʝ, ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ r = 10 ʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ ʢʦʣʝʩʘʤʠ ʤʦʪʦʮʠʢʣʘ ʧʦʧʝʨʝʢ ʜʚʠʞʝʥʠʷ ʢʦʣʝʩʘ ʨʘʚʝʥ m = 

0,25. ʅʘʡʜʠʪʝ ʥʘʠʤʝʥʴʰʫʶ ʜʦʧʫʩʪʠʤʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʦʪʦʮʠʢʣʠʩʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʥ ʥʝ 

ʩʦʩʢʦʣʴʟʥʝʪ ʚʥʠʟ ʧʦ ʩʪʝʥʝ. 

ʈʝʰʝʥʠʝ: 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʤʦʪʦʮʠʢʣʠʩʪʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʝ ʦʥ ʫʜʝʨʞʠʚʘʝʪʩʷ ʦʪ ʩʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʩʠʣʦʡ ʪʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʩʠʣʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʠʣʝ 

ʥʦʨʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʥʳ ʥʘ ʤʦʪʦʮʠʢʣʠʩʪʘ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʝʪ 

ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʝʥʳ. ʇʦ ʚʪʦʨʦʤʫ 

ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

‘ὔ άὫ 

ὔ
άὠ

ὶ
 

ʆʪʢʫʜʘ 



ὠ
Ὣὶ

‘
ςπ ̍Ⱦ̒ 

 

6. ʂʘʢʫʶ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ ʨʘʟʚʠʚʘʝʪ ʜʚʠʛʘʪʝʣʴ ʤʦʪʦʮʠʢʣʘ, ʝʩʣʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

90 ʢʤ/ʯ ʨʘʩʭʦʜ ʙʝʥʟʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 4 ʣ ʥʘ 100 ʢʤ ʧʫʪʠ, ʘ ʂʇɼ ʜʚʠʛʘʪʝʣʷ 25 %? ʋʜʝʣʴʥʫʶ ʪʝʧʣʦʪʫ 

ʩʛʦʨʘʥʠʷ ʙʝʥʟʠʥʘ ʧʨʠʥʷʪʴ 44 ʄɼʞ/ʢʛ, ʧʣʦʪʥʦʩʪʴ ʙʝʥʟʠʥʘ ï 750 ʢʛ/ʤ3. 

ʈʝʰʝʥʠʝ: 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ὔ
”ὠή

–ί

χυπϽπȟππτϽττϽρπϽςυ

πȟςυϽρπ
σσ ̋ˏ̓ 

7. ʕʣʝʢʪʨʦʥ ʚʣʝʪʘʝʪ ʚ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʥʳ ʦʜʥʦʨʦʜʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ. ʉʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɿʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ. ʆʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʝʩʣʠ ʵʣʝʢʪʨʦʥ 

ʧʨʦʣʝʪʘʝʪ ʦʙʣʘʩʪʴ, ʥʝ ʠʩʧʳʪʳʚʘʷ ʦʪʢʣʦʥʝʥʠʷ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ W. 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʧʨʦʣʝʪʘ ʙʝʟ ʦʪʢʣʦʥʝʥʠʷ ʤʦʜʫʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʃʦʨʝʥʮʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. 

ὩὉ Ὡὠὄ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ὠ
ςὡ

ά
ȟ 

ʧʦʣʫʯʠʤ 

Ὁ ὄ
ςὡ

ά
 

 

8. ʊʝʣʦ ʙʨʦʩʠʣʠ ʧʦʜ ʫʛʣʦʤ j ʢ ʛʦʨʠʟʦʥʪʫ ʩʦ ʩʢʦʨʦʩʪʴʶ V0. ɿʘ ʢʘʢʦʝ ʚʨʝʤʷ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 

ʧʦʚʝʨʥʝʪʩʷ ʥʘ ʫʛʦʣ j/2? 

ʈʝʰʝʥʠʝ: 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 



ὠÓÉÎ
•

ς
ὠÓÉÎ• Ὣὸ 

ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ὸ
ὠ

Ὣ
ÓÉÎ
•

ς
ςÃÏÓ

•

ς
ρ 

 

9. ʅʘ ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʂʦʩʤʦʩʝ ʧʣʘʥʝʪʝ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʚ 5 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 

ʥʘ ɿʝʤʣʝ. ʂʦʩʤʦʥʘʚʪʳ, ʚʳʩʘʜʠʚʰʠʝʩʷ ʥʘ ʵʪʦʡ ʧʣʘʥʝʪʝ, ʧʦʩʪʨʦʠʣʠ ʜʣʷ ʥʫʞʜ ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʠ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʶ, ʜʣʷ ʯʝʛʦ ʚʦʟʚʝʣʠ ʧʣʦʪʠʥʫ ʚʳʩʦʪʦʡ 100 ʤ. ʆʮʝʥʠʪʝ, ʢʘʢʫʶ ʤʦʱʥʦʩʪʴ 

ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʪʘʢʘʷ ʧʣʦʪʠʥʘ, ʝʩʣʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʜʦ ʧʣʦʪʠʥʳ ʠ ʫ ʧʦʜʥʦʞʠʷ 

ʧʣʦʪʠʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʦʪʣʠʯʘʝʪʩʷ ʥʘ 1 Áʉ, ʘ ʝʞʝʩʝʢʫʥʜʥʦ ʯʝʨʝʟ ʧʣʦʪʠʥʫ ʧʨʦʭʦʜʠʪ 2 ʪʦʥʥʳ 

ʚʦʜʳ. 

ʈʝʰʝʥʠʝ: 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʦʜʳ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʠ ʯʘʩʪʠʯʥʦ ʪʝʨʷʝʪʩʷ ʚ ʚʠʜʝ 

ʪʝʧʣʦʪʳ. ɺʳʨʘʟʠʤ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ: 

ά

ὸ
ὫὬ ὧ

ά

ὸ
Ўὸ ρȟφ ̇ˏ ̓

10. ʎʝʧʴ ʩʦʙʨʘʥʘ ʠʟ ʦʜʠʥʘʢʦʚʳʭ 

ʨʝʟʠʩʪʦʨʦʚ ʠ ʚʦʣʴʪʤʝʪʨʦʚ. ʇʝʨʚʳʡ 

ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ U1 = 4 B, ʘ ʪʨʝʪʠʡ 

U3 = 2 B. ʂʘʢʦʚʦ ʧʦʢʘʟʘʥʠʝ ʚʪʦʨʦʛʦ 

ʚʦʣʴʪʤʝʪʨʘ? ɺʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ʇʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʦʚ ʥʝʦʜʠʥʘʢʦʚʳʝ, ʘ ʟʥʘʯʠʪ, ʚʦʣʴʪʤʝʪʨʳ ʥʝʠʜʝʘʣʴʥʳʝ. ʇʨʦʥʫʤʝʨʫʝʤ 

ʨʝʟʠʩʪʦʨʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʧʦʢʘʞʝʤ ʪʦʢʠ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʳ h ʪʨʠʭʦʚʘʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ. 

ɿʘʧʠʰʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʦʢʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʮʝʧʠ: 

Ὗ ὍὙ 

Ὗ Ὗ ὍὙ 

Ὗ Ὗ ὍὙ 

Ὅ Ὅ
Ὗ

Ὑ
 

Ὅ Ὅ
Ὗ

Ὑ
 

ʊʦʛʜʘ 



Ὗ
Ὗ Ὗ τὟ Ὗ Ὗ

ς
σ ˏ 

 

ɺʘʨʠʘʥʪ 5 

1. ʂʘʤʝʥʴ ʙʨʦʰʝʥ ʩ ʚʳʰʢʠ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʂʦʛʜʘ 

ʢʘʤʝʥʴ ʦʧʫʩʪʠʣʩʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʘ h = 20 ʤ, ʝʛʦ ʩʢʦʨʦʩʪʴ ʦʢʘʟʘʣʘʩʴ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ 

a = 60̄ ʢ ʛʦʨʠʟʦʥʪʫ. ʆʧʨʝʜʝʣʠʪʝ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʢʘʤʥʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʘʣʘ ʨʘʚʥʘ  

ὠ ςὫὬ 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʨʘʚʥʘ 

ὠ ὠὧὸὫςὫὬὧὸὫρρȟυ ̍Ⱦ̒ 

 

2. ɺ ʩʠʩʪʝʤʝ ʙʣʦʢʦʚ ʥʘ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʧʦʜʚʝʰʝʥʳ ʛʨʫʟʳ 

ʤʘʩʩʘʤʠ m1 = 1,8 ʢʛ ʠ m2=2,8 ʢʛ. ʩʠʣʫ ʥʘʪʷʞʝʥʠʷ ʊ ʥʠʪʠ. ʄʘʩʩʦʡ 

ʙʣʦʢʦʚ ʠ ʥʠʪʠ ʠ ʪʨʝʥʠʝʤ ʚ ʦʩʷʭ ʙʣʦʢʦʚ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚ: 

άὥ Ὕ άὫ 

άὥ Ὕ άὫ 

Ὕ ςὝ 

ὥ ςὥ 

ʅʘʭʦʜʠʤ ʩʠʣʫ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ: 

Ὕ
σάάὫ

τά ά
 

 

3. ʉʪʘʣʴʥʦʡ ʰʘʨ, ʧʘʜʘʷ ʩʚʦʙʦʜʥʦ, ʜʦʩʪʠʛ ʩʢʦʨʦʩʪʠ 41 ʤ/ʩ ʠ, ʫʜʘʨʠʚʰʠʩʴ ʦ ʟʝʤʣʶ, ʧʦʜʩʢʦʯʠʣ 

ʥʘ ʚʳʩʦʪʫ 1,6 ʤ. ʆʧʨʝʜʝʣʠʪʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʰʘʨʘ ʧʨʠ ʫʜʘʨʝ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʧʨʠ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠʟʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʫ ʰʘʨʘ. 

ʈʝʰʝʥʠʝ: 

 
¶ ¶ 

¶ 

¶ 
m1 

m2 



ɿʘʧʠʰʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʚ ʥʘʯʘʣʴʥʦʤ, ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʠ ʢʦʥʝʯʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʰʘʨʘ: 

άὠ

ς
άὫὬ ὧάЎὸ 

ʆʪʢʫʜʘ 

Ўὸ
ὠ ὫὬ

ςὧ
ρȟχ ᴈ 

 

4. ɺ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, R1 = 3 ʆʤ, R2 = 2 ʆʤ ʠ R3 = 4 ʆʤ. 

ʅʘ ʨʝʟʠʩʪʦʨʝ R2 ʚʳʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ 27 ɺʪ. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ 

ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R3. 

ʈʝʰʝʥʠʝ: 

ʅʘ ʨʝʟʠʩʪʦʨʘʭ R2 ʠ R3 ʦʜʠʥʘʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʟʥʘʯʠʪ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʤʦʱʥʦʩʪʠ ʥʘ ʥʠʭ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ, ʪ.ʝ., ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R3 

ʨʘʚʥʘ 13,5 ɺʪ 

 

5. ʄʘʣʴʯʠʢ ʛʫʣʷʣ ʩ ʩʦʙʘʢʦʡ. ʆʥ ʙʨʦʩʠʣ ʤʷʯʠʢ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. ʉʦʙʘʢʘ ʧʦʙʝʞʘʣʘ ʟʘ 

ʤʷʯʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʡ, ʯʝʤ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʷʯʘ. ʇʨʠ ʢʘʢʦʤ ʫʛʣʝ 

ʙʨʦʩʘʥʠʷ ʩʦʙʘʢʘ ʧʦʡʤʘʝʪ ʤʷʯʠʢ ʚ ʤʦʤʝʥʪ ʝʛʦ ʧʘʜʝʥʠʷ ʥʘ ʟʝʤʣʶ? 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʙʘʢʘ ʠ ʤʷʯʠʢ ʦʢʘʟʘʣʠʩʴ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʩʦʙʘʢʘ ʜʦʣʞʥʘ ʙʝʞʘʪʴ ʩʦ 

ʩʢʦʨʦʩʪʴʶ v, ʨʘʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʤʷʯʘ u. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

V = u cos Ŭ ᵼ u/2 = u cos Ŭ ᵼ cos Ŭ = 0,5 

ʆʪʚʝʪ: Ŭ = p/3. 

 

6. ʅʘ ʟʠʤʥʝʡ ʜʦʨʦʛʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʥʝʛʘ ʤʠʥʫʩ 10 Üʉ ʘʚʪʦʤʦʙʠʣʴ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʙʫʢʩʫʝʪ, 

ʨʘʟʚʠʚʘʷ ʤʦʱʥʦʩʪʴ 12 ʢɺʪ. ʂʘʢʦʡ ʦʙʲʝʤ ʚʦʜʳ ʦʙʨʘʟʫʝʪʩ̫ ʧʨʠ ʙʫʢʩʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʷ, ʝʩʣʠ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʧʨʠ ʙʫʢʩʠʨʦʚʘʥʠʠ, ʠʜʝʪ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʠ ʧʣʘʚʣʝʥʠʝ 

ʩʥʝʛʘ? ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʣʴʜʘ ʩ = 2100 ɼʞ/(ʢʛĀÜʉ), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ 

ɚ = 33Ā104 ɼʞ/ʢʛ. 

ʈʝʰʝʥʠʝ: 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠʤʝʝʤ:  

ɸ = Q1 + Q2 , ʛʜʝ ɸ = NĀ t  

Q1 = cm (tʧʣ - t1) 



Q2 = ɚm  

NĀ t = cm (tʧʣ - t1) + ɚm  

m = NĀ t / (c Ā(tʧʣ - t1) + ɚ)  

m = 12000Ā 60 / (2100 Ā (0 + 10) + 330000); m å 2,05 ʢʛ, ʠʩʢʦʤʳʡ ʦʙʲʝʤ 2,05 ʣ. 

 

7. ɿʘ ʚʨʝʤʷ 40 ʩ ʚ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʝʪʴ, ʚʳʜʝʣʠʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ɿʘ ʢʘʢʦʝ ʚʨʝʤʷ 

ʚʳʜʝʣʠʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʝʩʣʠ ʧʨʦʚʦʜʥʠʢʠ ʩʦʝʜʠʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ? 

ʈʝʰʝʥʠʝ: 

ʇʨʠʨʘʚʥʷʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʠʝʩʷ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʮʝʧʠ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ 

ɼʞʦʫʣʷ-ʃʝʥʮʘ: 

σὟ

Ὑ
Ўὸ

Ὗ

σὙ
Ўὸ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

Ўὸ ωЎὸ σφπ ̒ 

 

8. ʇʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʰʘʨʠʢ ʤʘʩʩʦʡ m = 1 ʛ ʧʦʜʚʝʰʝʥ ʥʘ 

ʥʠʪʠ ʜʣʠʥʦʡ L= 1 ʤ ʠ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ  ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ  "ᴆ (ʩʤ. ʨʠʩʫʥʦʢ). ɿʘʨʷʜ 

ʰʘʨʠʢʘ q = 1 ʤʂʣ. ʅʠʪʴ ʦʙʨʘʟʫʝʪ ʩ ʚʝʨʪʠʢʘʣʴʶ  ʫʛʦʣ Ŭ = 60Á. ʅʘʡʜʠʪʝ 

ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʰʘʨʠʢʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ 

ʇʦʩʣʝ ʨʘʩʩʪʘʥʦʚʢʠ ʩʠʣ (ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ  Ὂ̎ᴆ,  ʩʠʣʳ  ʪʷʞʝʩʪʠ 

ï άὫᴆ,  ʩʠʣʳ ʃʦʨʝʥʮʘ  Ὂ̌ᴆ)  ʩʤ. ʨʠʩʫʥʦʢ,   ʤʦʜʫʣʴ  Fʣ = q
 v B 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʤʘʩʩʳ  

m :  

m aʮʩ = Fʥ sin
 Ŭ  ï  q v B 

ʆʯʝʚʠʜʥʦ, ʯʪʦ     Fʥ cos
 Ŭ  =  mg   ʠ  aʮʩ = w

2r 

 ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʨʠʤʝʪ ʚʠʜ: 

m w2 r = mg tg Ŭ   ï  q w r B. ʋʯʠʪʳʚʘʷ, ʯʪʦ   r = L sin Ŭ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ  m w2 L cos Ŭ   +  

q w L cos Ŭ  B  +  mg  = 0. 



ʆʪʚʝʪ:   
                

      
  = 

= 
 

 
ρ   ρ       

 = 0,5 ʨʘʜ/ʩ 

 

9. ɺʳʧʫʢʣʳʡ ʤʦʩʪ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩʚʷʟʳʚʘʝʪ ʜʚʘ ʙʝʨʝʛʘ ʨʝʢʠ ʰʠʨʠʥʦʡ d = 500 ʤ. 

ʂʘʢʦʚ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʦʩʪʘ ʚ ʝʛʦ ʚʝʨʭʥʝʡ ʪʦʯʢʝ, ʝʩʣʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʤʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 60 ʢʤ/ʯʘʩ? ʂʘʢʦʝ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ 

ʧʦʪʨʝʙʫʝʪʩʷ ʘʚʪʦʤʦʙʠʣʶ, ʯʪʦʙʳ ʧʝʨʝʝʭʘʪʴ ʨʝʢʫ? ɺʝʨʭʥʷʷ ʪʦʯʢʘ ʤʦʩʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

d/2 ʦʪ ʙʝʨʝʛʘ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ). ɺʲʝʟʜ ʥʘ ʤʦʩʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʚʦʜʳ ʚ ʨʝʢʝ. 

ʈʝʰʝʥʠʝ: 

ɽʩʣʠ ʘʚʪʦʤʦʙʠʣʴ ʜʚʠʞʝʪʩʷ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʤʦʩʪʫ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʪʦ ʦʥ ʥʝ ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʷ ʥʘ ʤʦʩʪ (ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʫʧʨʘʚʣʷʝʤʦʩʪʴʶ ʘʚʪʦʤʦʙʠʣʷ). ɽʛʦ ʜʚʠʞʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʚʠʞʝʥʠʶ ʪʝʣʘ, ʙʨʦʰʝʥʥʦʛʦ ʧʦʜ 

ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. ɿʥʘʯʠʪ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʝʛʦ ʩʢʦʨʦʩʪʠ ʚʩʝʛʜʘ ʨʘʚʥʘ 60 ʢʤ/ʯʘʩ. 

ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʦʩʪʘ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 
2

27,8
V

R
g

= º  ʤ. ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʧʦ ʤʦʩʪʫ ʩʦʩʪʘʚʣʷʝʪ 30 ʩ. 

 

10. ʎʝʧʴ ʩʦʙʨʘʥʘ ʠʟ ʦʜʠʥʘʢʦʚʳʭ 

ʨʝʟʠʩʪʦʨʦʚ ʠ ʚʦʣʴʪʤʝʪʨʦʚ. ʇʝʨʚʳʡ 

ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ U1 = 4 B, ʘ ʚʪʦʨʦʡ 

U2 = 2 B. ʂʘʢʦʚʦ ʧʦʢʘʟʘʥʠʝ ʪʨʝʪʴʝʛʦ 

ʚʦʣʴʪʤʝʪʨʘ? ɺʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʠʩʪʦʯʥʠʢʘ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ʇʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʦʚ ʥʝʦʜʠʥʘʢʦʚʳʝ, ʘ ʟʥʘʯʠʪ, ʚʦʣʴʪʤʝʪʨʳ ʥʝʠʜʝʘʣʴʥʳʝ. ʇʨʦʥʫʤʝʨʫʝʤ 

ʨʝʟʠʩʪʦʨʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʧʦʢʘʞʝʤ ʪʦʢʠ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʳ h ʪʨʠʭʦʚʘʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ. 

ɿʘʧʠʰʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʦʢʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʮʝʧʠ: 

Ὗ ὍὙ 

Ὗ Ὗ ὍὙ 

Ὗ Ὗ ὍὙ 

Ὅ Ὅ
Ὗ

Ὑ
 



Ὅ Ὅ
Ὗ

Ὑ
 

ʊʦʛʜʘ 

Ὗ
Ὗ Ὗ Ὗ Ὗ τὟ

ς
ρȟςτ ˏ 

ɺʘʨʠʘʥʪ 6 

1. ʉʪʨʝʣʘ ʧʫʱʝʥʘ ʩ ʨʦʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. 

ʂʘʢʦʚʘ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʩʪʨʝʣʳ, ʝʩʣʠ ʯʝʨʝʟ t = 0,5 ʩ ʧʦʩʣʝ ʧʫʩʢʘ ʝʝ ʩʢʦʨʦʩʪʴ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʨʘʚʥʘ V = 20 ʤ/ʩ? ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʦʣʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʧʦʩʪʦʷʥʥʘ. ʊʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʩʢʦʨʦʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʚʳʩʰʝʡ ʪʦʯʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʦʣʦʚʠʥʝ ʜʘʣʴʥʦʩʪʠ ʧʦʣʝʪʘ. ɺʨʝʤʷ ʧʦʣʝʪʘ ʚʜʚʦʝ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ. 

ɼʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʨʘʚʥʘ 20 ʤ. 

 

2. ʅʝʙʦʣʴʰʦʝ ʪʝʣʦ ʤʘʩʩʦʡ m ʩʢʦʣʴʟʠʪ ʧʦ ʚʦʛʥʫʪʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ R. 

ʅʘʡʜʠʪʝ ʩʠʣʫ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʝʡʩʪʚʫʝʪ ʥʘ ʵʪʦ ʪʝʣʦ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʝʛʦ 

ʩʢʦʨʦʩʪʴ ʚ ʥʝʡ ʨʘʚʥʘ v, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʚʝʥ ɛ. 

ʈʝʰʝʥʠʝ: 

ʉʠʣʘ ʪʨʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ ʂʫʣʦʥʘ-ɸʤʦʥʪʦʥʘ ʨʘʚʥʘ 

Ὂ ‘ὔȟ 

ʛʜʝ N ï ʩʠʣʘ ʥʦʨʤʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʦʧʦʨʳ. ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

ά
ὠ

Ὑ
ὔ άὫ 

ʊʦʛʜʘ 

Ὂ ‘ά Ὣ
ὠ

Ὑ
 

 

3. ʊʝʤʧʝʨʘʪʫʨʘ ʩʦʩʫʜʘ ʩ ʚʦʜʦʡ t0 = 30 ÁC. ɺ ʩʦʩʫʜ ʥʘʣʠʚʘʶʪ ʢʨʫʞʢʫ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ t 

= 100 ÁC. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʩʦʩʫʜʝ ʧʦʚʳʩʠʣʘʩʴ ʜʦ t1 = 40 ÁC. ʂʘʢʦʡ ʩʪʘʥʝʪ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ t2, ʝʩʣʠ ʚ ʩʦʩʫʜ ʥʘʣʠʪʴ ʝʱʝ ʦʜʥʫ ʢʨʫʞʢʫ ʚʦʜʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 Áʉ? 

ʊʝʧʣʦʝʤʢʦʩʪʴʶ ʩʦʩʫʜʘ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 



ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ: 

ὅ— ὸ ὅ̃ ὸ —  

ɿʜʝʩʴ C ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, Cʚ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ ʚ ʢʨʫʞʢʝ, q1 ï ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʝʪ ʚʠʜ: 

ὅ̃ ὸ — ὅ— — ὅ̃ — —  

ɿʜʝʩʴ q2 ï ʠʩʢʦʤʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘʡʜʝʤ q2: 

—
— ςὸ ὸ ὸὸ

— ὸ ςὸ
τχȟυ ᴈ 

 

4. ɺ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, R1 = 3 ʆʤ, R2 = 2 ʆʤ ʠ R3 = 4 ʆʤ. ʅʘ ʨʝʟʠʩʪʦʨʝ R2 

ʚʳʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ 27 ɺʪ. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʨʝʟʠʩʪʦʨʝ R1. 

ʈʝʰʝʥʠʝ: 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʪʦʨʦʤ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʦ 

Ὗ ὖὙ 

ʆʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʨʝʟʠʩʪʦʨʘʭ ʨʘʚʥʦ 

Ὗ

Ὗ

ὙὙ

Ὑ Ὑ Ὑ
 

ʄʦʱʥʦʩʪʴ ʥʘ ʧʝʨʚʦʤ ʨʝʟʠʩʪʦʨʝ ʨʘʚʥʘ 

ὖ
ὖὙ Ὑ Ὑ

ὙὙ
ωρȟρ ˏ  ̓

 

5. ʃʠʬʪ ʜʚʠʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʚʝʨʭ. ʂ ʝʛʦ ʧʦʪʦʣʢʫ 

ʧʨʠʢʨʝʧʣʝʥʳ ʜʚʝ ʥʠʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʜʚʝʰʝʥ ʛʨʫʟ ʤʘʩʩʦʡ m = 10 ʢʛ ʪʘʢ, 

ʯʪʦ ʥʠʪʠ ʩʦʩʪʘʚʣʷʶʪ ʩ ʚʝʨʪʠʢʘʣʴʶ ʫʛʣʳ a = 30ʦ (ʩʤ. ʨʠʩʫʥʦʢ). ʇʨʠ 

ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ ʫʩʢʦʨʝʥʠʷ ʥʠʪʠ ʦʙʦʨʚʫʪʩʷ, ʝʩʣʠ ʦʥʠ ʚʳʜʝʨʞʠʚʘʶʪ 

ʥʘʪʷʞʝʥʠʝ T0 = 60 ʅ? 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʠʤʝʝʤ: 

άὥ Ὑ άὫ 

ʠ 

 

 

 

 

 

 

                                                Ŭ                    Ŭ 



Ὑ ςὝÃÏÓ 

ʊʦʛʜʘ 

ὥ
ςὝÃÏÓ άὫ

ά
πȟσω ̍Ⱦ̒  

 

6. ɽʩʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʴ ʪʦʣʴʢʦ ʛʦʨʷʯʠʡ ʢʨʘʥ, ʪʦ ʚʝʜʨʦ ʦʙʲʸʤʦʤ 10 ʣ ʥʘʧʦʣʥʷʝʪʩʷ ʟʘ 

100 ʩ, ʘ ʝʩʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʴ ʪʦʣʴʢʦ ʭʦʣʦʜʥʳʡ ʢʨʘʥ, ʪʦ ʙʘʥʢʘ ʦʙʲʸʤʦʤ 3 ʣ ʥʘʧʦʣʥʷʝʪʩʷ ʟʘ 

24 ʩ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʡ ʚʦʜʳ 70 Áʉ, ʭʦʣʦʜʥʦʡ ï 20 Áʉ. ʆʧʨʝʜʝʣʠʪʝ, ʟʘ ʢʘʢʦʝ ʚʨʝʤʷ 

ʥʘʧʦʣʥʠʪʩʷ ʚʦʜʦʡ ʢʘʩʪʨʶʣʷ ʸʤʢʦʩʪʴʶ 4,5 ʣ, ʝʩʣʠ ʦʙʘ ʢʨʘʥʘ ʦʪʢʨʳʪʳ ʧʦʣʥʦʩʪʴʶ ʠ ʪʝʧʣʦʚʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʦʢʘ ʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʤʝʩʠʪʝʣʝ. ʅʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘʩʴ ʚ ʩʤʝʩʠʪʝʣʝ. 

ʈʝʰʝʥʠʝ: 

ʈʘʩʭʦʜ ʛʦʨʷʯʝʡ ʚʦʜʳ ï 0,1 ʢʛ/ʩ, ʨʘʩʭʦʜ ʭʦʣʦʜʥʦʡ ï 0,125 ʢʛ/ʩ. ɿʘ ʦʜʥʫ ʩʝʢʫʥʜʫ ʦʙʘ ʢʨʘʥʘ 

ʨʘʩʭʦʜʫʶʪ 0,225 ʢʛ ʚʦʜʳ, ʦʙʲʝʤ 4,5 ʣ ʟʘʧʦʣʥʠʪʩʷ ʟʘ 20 ʩ. ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʝʪ 

ʚʠʜ 

ά̄ ὸ̄ — ά̖ — ὸ̖  

ʋʩʪʘʥʦʚʠʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 

—
ά̄ ὸ̄ ά̖ ὸ̖

ά̄ ά̖
τςȟς ᴈ 

 

7. ɿʘ ʚʨʝʤʷ 40 ʩ ʚ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʝʪʴ, ʚʳʜʝʣʠʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ɿʘ ʢʘʢʦʝ 

ʚʨʝʤʷ ʚʳʜʝʣʠʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʝʩʣʠ ʧʨʦʚʦʜʥʠʢʠ ʩʦʝʜʠʥʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ? 

ʈʝʰʝʥʠʝ: 

ʇʨʠʨʘʚʥʷʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʠʝʩʷ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʮʝʧʠ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ 

ɼʞʦʫʣʷ-ʃʝʥʮʘ: 

σὟ

Ὑ
Ўὸ

Ὗ

σὙ
Ўὸ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

Ўὸ
Ўὸ

ω
τȟτ ̒ 

 

8. ʅʘ ʥʝʚʝʩʦʤʳʡ ʞʝʩʪʢʠʡ ʩʪʝʨʞʝʥʴ, ʰʘʨʥʠʨʥʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʦʜʥʠʤ ʢʦʥʮʦʤ, ʥʘʜʝʣʠ 

ʤʘʩʩʠʚʥʫʶ ʙʫʩʠʥʢʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʢʦʣʴʟʠʪʴ ʧʦ ʥʝʤʫ ʙʝʟ ʪʨʝʥʠʷ. ɺʥʘʯʘʣʝ ʩʪʝʨʞʝʥʴ ʧʦʢʦʠʣʩʷ 



ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʙʫʩʠʥʢʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L ʦʪ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʮʘ. 

ʅʘʡʜʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʩʪʝʨʞʝʥʴ ʩ ʛʦʨʠʟʦʥʪʘʣʴʶ, ʦʪ ʚʨʝʤʝʥʠ. 

ʉʪʝʨʞʝʥʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʡ, ʩʣʫʯʘʡ ʩʦʩʢʘʢʠʚʘʥʠʷ ʙʫʩʠʥʢʠ ʩʦ ʩʪʝʨʞʥʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ. 

ʈʝʰʝʥʠʝ: 

ʊʘʢ ʢʘʢ ʩʪʝʨʞʝʥʴ ʥʝʚʝʩʦʤʳʡ, ʘ ʪʨʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʪʦ ʙʫʩʠʥʢʘ ʩʚʦʙʦʜʥʦ ʧʘʜʘʝʪ ʚʜʦʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʷʤʦʡ, 

ʦʪʩʪʦʷʱʝʡ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʪʝʨʞʥʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ L. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

2

2

gt
arctg

L
a=  

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʩʠʥʢʘ ʩʦʩʢʦʣʴʟʥʝʪ ʩʦ ʩʪʝʨʞʥʷ, ʦʥ ʧʨʦʜʦʣʞʠʪ ʚʨʘʱʝʥʠʝ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

 

9. ʅʝʙʦʣʴʰʦʝ ʪʝʣʦ ʤʘʩʩʦʡ m = 1,4 ʛ ʩʦʩʢʘʣʴʟʳʚʘʝʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʩ 

ʚʝʨʰʠʥʳ ʛʣʘʜʢʦʡ ʩʬʝʨʳ ʨʘʜʠʫʩʘ R = 60 ʩʤ. ʅʘ ʪʝʣʝ ʠ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ 

ʨʘʟʤʝʱʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʤʦʜʫʣʶ ʨʘʟʥʦʠʤʝʥʥʳʝ ʟʘʨʷʜʳ, ʯʪʦʙʳ ʪʝʣʦ ʥʝ 

ʦʪʨʳʚʘʣʦʩʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ, ʧʦʢʘ ʪʝʣʦ ʥʝ ʦʢʘʞʝʪʩʷ ʥʘ ʚʳʩʦʪʝ ʨʘʚʥʦʡ 

R/2 ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʦʠʪʩʷ ʩʬʝʨʘ. ʂʘʢʦʚʦ ʟʥʘʯʝʥʠʝ ɻ ʪʠʭ 

ʟʘʨʷʜʦʚ? 

ʈʝʰʝʥʠʝ: 

ʊ.ʢ. ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʪʦ ʚʧʣʦʪʴ 

ʜʦ ʦʪʨʳʚʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ 

άὥ̗ ̒ Ὂ  άὫ ὧέί  ɀὔ   (1), 

ʛʜʝ Ὂ - ʩʠʣʘ ʂʫʣʦʥʘ,  Ὂ= 
 

 
,  (2), 

Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʠ ʨʘʜʠʫʩʦʤ, 

ʧʨʦʚʝʜʝʥʥʳʤ ʢ ʪʝʢʫʱʝʤʫ ʧʦʣʦʞʝʥʠʶ ʪʝʣʘ; ʚ ʬʦʨʤʫʣʝ: (+) ï 

ʢʦʛʜʘ ʪʝʣʦ ʜʚʠʞʝʪʩʷ  ʧʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʬʝʨʳ  ʠ   (ï)  - ʢʦʛʜʘ 

ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʬʝʨʳ;   N ï ʩʠʣʘ ʨʝʘʢʮʠʠ 

ʦʧʦʨʳ. 

ɺ ʪʦʯʢʝ ʦʪʨʳʚʘ ʨʝʘʢʮʠʷ ʦʧʦʨʳ ʨʘʚʥʘ ʥʫʣʶ (ʩʤ. ʨʠʩ.) ʠ ʫʨʘʚʥʝʥʠʝ (1) ʧʨʠʤʝʪ ʚʠʜ: 

ά
  ὠ

Ὑ
Ὂ  άὫ ὧέί                                              σȟ  

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

q m 

R 
q 



σ

ς 
άὫὙ 

 ή

 τ“‐Ὑ  

 ή

 τ“‐Ὑ  
 
 άὠ 

ς
                 τȢ 

ɿʘ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠʥʷʪ ʫʨʦʚʝʥʴ ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʳʩʦʪʝ  R/2  ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʦʠʪʩʷ ʩʬʝʨʘ. 

ʀʟ  (4)  ʥʘʭʦʜʠʤ,  ʯʪʦ  ὠ = 3gR. ʇʦ ʨʠʩʫʥʢʫ ʣʝʛʢʦ ʧʦʩʯʠʪʘʪʴ, ʯʪʦ  cos Ŭ =0,5  ʇʦʜʩʪʘʚʠʚ ʵʪʠ 

ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢ ʞʝ (2)  ʚ (3) ʧʦʣʫʯʠʤ:  ή Ὑ ρτ“‐άὫ πȟφϽ

ρτϽσȟρτϽψȟψυϽρπ ϽρȟτϽρπϽρπ  = 1,4Ŀ10ϖϑ ʂʣ = 1,4 ʤʢʂʣ.  

 

10. ʎʝʧʴ ʩʦʙʨʘʥʘ ʠʟ ʦʜʠʥʘʢʦʚʳʭ 

ʨʝʟʠʩʪʦʨʦʚ ʠ ʚʦʣʴʪʤʝʪʨʦʚ. ɺʪʦʨʦʡ 

ʚʦʣʴʪʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ U2 = 4 B, ʘ 

ʪʨʝʪʠʡ U3 = 2 B. ʂʘʢʦʚʦ ʧʦʢʘʟʘʥʠʝ 

ʧʝʨʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ? ɺʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʇʦʢʘʟʘʥʠʷ ʚʦʣʴʪʤʝʪʨʦʚ ʥʝʦʜʠʥʘʢʦʚʳʝ, ʘ ʟʥʘʯʠʪ, ʚʦʣʴʪʤʝʪʨʳ ʥʝʠʜʝʘʣʴʥʳʝ. ʇʨʦʥʫʤʝʨʫʝʤ 

ʨʝʟʠʩʪʦʨʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʧʦʢʘʞʝʤ ʪʦʢʠ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʳ h ʪʨʠʭʦʚʘʥʥʳʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ. 

ɿʘʧʠʰʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʦʢʘʤʠ ʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʚ ʮʝʧʠ: 

Ὗ ὍὙ 

Ὗ Ὗ ὍὙ 

Ὗ Ὗ ὍὙ 

Ὅ Ὅ
Ὗ

Ὑ
 

Ὅ Ὅ
Ὗ

Ὑ
 

ʊʦʛʜʘ 

Ὗ
ὟὟ Ὗ Ὗ

Ὗ
ρπ ˏ 

 



10 ʢʣʘʩʩ 

ɺʘʨʠʘʥʪ 1 

1. ʊʝʣʦ ʩʦʩʢʘʣʴʟʳʚʘʝʪ ʙʝʟ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

a = 30̄. ʅʘ ʧʝʨʚʳʭ k = 1/3 ʧʫʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ Õ1 = 0,5. ʆʧʨʝʜʝʣʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

Õ2 ʥʘ ʦʩʪʘʚʰʝʤʩʷ ʦʪʨʝʟʢʝ ʧʫʪʠ, ʝʩʣʠ ʫ ʦʩʥʦʚʘʥʠʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ 

ʥʫʣʶ. 

ʈʝʰʝʥʠʝ: 

ɺ ʢʦʥʮʝ ʧʝʨʚʦʡ ʯʘʩʪʠ ʧʫʪʠ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ 

ὠ ςὯὛὫÓÉÎ ‘ÃÏÓ, 

ʛʜʝ S ï ʜʣʠʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʕʪʘ ʞʝ ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʚ ʥʘʯʘʣʝ ʚʪʦʨʦʛʦ ʫʯʘʩʪʢʘ ʧʫʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ὠ ςὯ ρὛὫ‘ÃÏÓ ÓÉÎ. 

ʇʨʠʨʘʚʥʠʚʘʷ ʧʦʜʢʦʨʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʧʦʣʫʯʠʤ 

m2 = (tga ï km1)/(1 ï k) = 0,62. 

 

2. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʙʨʫʩʢʘ, ʢʘʞʜʳʡ ʤʘʩʩʦʡ m, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʚʝʩʦʤʳʤʠ 

ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ, ʜʚʠʞʫʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʧʝʨʚʦʤʫ ʙʨʫʩʢʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ ʧʦʜ ʫʛʣʦʤ a ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘʡʜʠʪʝ ʵʪʫ 

ʩʠʣʫ, ʝʩʣʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤʠ ʙʨʫʩʢʘʤʠ ʊ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʙʨʫʩʢʦʚ 

ʦ ʧʦʚʝʨʭʥʦʩʪʴ ɛ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʨʝʪʴʝʛʦ, ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʪʝʣ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

Ὕ ‘άὫ άὥ 

Ὕ Ὕ ‘άὫ άὥ 

ὊÃÏÓ ‘ÓÉÎ Ὕ ‘άὫ ὊÓÉÎ άὥ 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ F, ʧʦʣʫʯʠʤ 

Ὂ
σὝ

ÃÏÓ ‘ÓÉÎ
 

 



3. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʣʞʥʘ ʚʳʣʝʪʝʪʴ ʠʟ ʨʫʞʴʷ ʩʚʠʥʮʦʚʘʷ ʜʨʦʙʠʥʢʘ ʧʨʠ ʚʳʩʪʨʝʣʝ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʩ ʚʳʩʦʪʳ 300 ʤ, ʯʪʦʙʳ ʧʨʠ ʥʝʫʧʨʫʛʦʤ ʫʜʘʨʝ ʜʨʦʙʠʥʢʘ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʧʣʘʚʠʣʘʩʴ? ʉʯʠʪʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʧʨʠ ʫʜʘʨʝ, ʧʦʨʦʚʥʫ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʜʨʦʙʠʥʢʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦ ʢʦʪʦʨʫʶ ʧʨʦʠʟʦʰʝʣ ʫʜʘʨ. ʅʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʨʦʙʠʥʢʠ 177  ↔ʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʚʠʥʮʘ 327 ↔ʉ, ʝʛʦ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

130 ɼʞ/(ʢʛ*ʂ), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ 22 ʢɼʞ/ʢʛ. 

ʈʝʰʝʥʠʝ: 

ʉʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʧʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ρ

ς
ά
ὠ

ς
άὫὌ ὧάЎὝ ‗ά 

ʈʝʰʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʠʤ 

ὠ ςὧЎὝ ‗ ὫὌ σωςȟτ ̍Ⱦ̒ 

 

4. ʎʝʧʦʯʢʫ ʠʟ ʯʝʪʳʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʩʦʜʝʨʞʘʱʫʶ ʪʨʠ ʠʟʚʝʩʪʥʳʭ 

ʦʜʠʥʘʢʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʠ ʥʝʠʟʚʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ X ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʨʦʚʦʜʦʚ 

ʧʨʝʚʨʘʱʘʶʪ ʚ ʜʨʫʛʫʶ ʮʝʧʦʯʢʫ (ʩʤ. ʨʠʩʫʥʦʢ). ʂʘʢʠʤ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʠʟʚʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

X, ʯʪʦʙʳ ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʦʯʢʠ ʫʤʝʥʴʰʠʣʦʩʴ ʚ ʪʨʠ ʨʘʟʘ? ʉʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʦʚ 

ʨʘʚʥʳ ʥʫʣʶ. 
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ʈʝʰʝʥʠʝ: 

ʅʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʦʯʢʠ 1 3R R X= +.   (1) 

ʂʦʥʝʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
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ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʜʚʘ ʢʦʨʥʷ 0X=  ʠ X R= . 

 



5. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ɿʝʤʣʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʚʳʩʦʪʦʡ h = 200 ʢʤ. 

ɺʢʣʶʯʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ, ʠ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ DV = 5 ʢʤ/ʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʫʣʝʪʘʝʪ 

ʚ ʤʝʞʧʣʘʥʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʅʘʡʜʠʪʝ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʚʜʘʣʠ ʦʪ ɿʝʤʣʠ. ʈʘʜʠʫʩ ɿʝʤʣʠ ʨʘʚʝʥ 

6370 ʢʤ, ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 9,8 ʤ/ʩ2. 

ʈʝʰʝʥʠʝ: 
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ɼʣʷ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 
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ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʯʠʪʘʷ, ʯʪʦ ʚʜʘʣʠ ʦʪ ɿʝʤʣʠ ʤʦʜʫʣʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ 
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6. ɺ ɻʣʝʢʪʨʠʯʝʩʢʦʤ ʯʘʡʥʠʢʝ ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ ʢʠʧʠʪ ʚʦʜʘ. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟ ʝʛʦ ʥʦʩʠʢʘ 

ʚʳʨʳʚʘʝʪʩʷ ʩʪʨʫʷ ʧʘʨʘ, ʝʩʣʠ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʷ ʥʦʩʠʢʘ S = 5 ʩʤ2, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ 

ʚʦʜʳ r = 2,26Ö106 ɼʞ/ʢʛ, ʥʦʨʤʘʣʴʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ p0 = 10
5 ʇʘ, ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ R = 8,31 ɼʞ/(ʤʦʣʴÖʂ)? 

ʈʝʰʝʥʠʝ: 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʤʘʩʩʦʡ m, ʨʘʚʥʦ Q = rm. ʄʦʱʥʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 
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ʛʜʝ v - ʠʩʢʦʤʘʷ ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʧʘʨʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʠʤʝʝʤ 
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NRT
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7. ɺ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, ʥʘʡʜʠʪʝ 

ʵʥʝʨʛʠʶ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ 

ʩʭʝʤʳ ʫʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ. 

ʈʝʰʝʥʠʝ: 

ɺʳʙʝʨʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ (ʧʦ ʩʭʝʤʝ). ʉʠʣʘ ʪʦʢʘ ʨʘʚʥʘ 

Ὅ
ςὉ

σὙ φὶ
 

ʅʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʦ 

Ὗ Ὁ
ρςὶ υὙ

φὶ σὙ
 

ʕʥʝʨʛʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ὡ
ὅὉ

ς

ρςὶ υὙ

φὶ σὙ
 

 

8. ʂʦʵʬʬʠʮʠʝʥʪ ʞʸʩʪʢʦʩʪʠ ʨʝʟʠʥʦʚʦʛʦ ʞʛʫʪʘ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ L ʠ ʤʘʩʩʘ m, ʨʘʚʝʥ k. ʂʦʣʴʮʦ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʵʪʦʛʦ ʞʛʫʪʘ, ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʢʦʣʴʮʘ. ʆʧʨʝʜʝʣʠʪʝ ʨʘʜʠʫʩ ʚʨʘʱʘʶʱʝʛʦʩʷ 

ʢʦʣʴʮʘ. 

ʈʝʰʝʥʠʝ: 

ɺ ʧʨʦʮʝʩʩʝ ʚʨʘʱʝʥʠʷ ʢʦʣʴʮʦ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʚʦʶ ʜʣʠʥʫ ʥʘ DL. 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʡ ʫʯʘʩʪʦʢ ʢʦʣʴʮʘ, ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʨʘʜʠʫʩʘʤʠ R = (L + DL)/(2p), ʤʘʣʳʡ ʫʛʦʣ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʨʘʚʝʥ a. ʄʘʩʩʘ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʨʘʚʥʘ 

         2E,    2r               E,    r  
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Ўά ά


ς“
 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʢʦʣʴʮʘ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ ɻ ʪʦʪ ʫʯʘʩʪʦʢ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ 

ʢʦʣʴʮʘ, ʠʤʝʝʪ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʨʘʚʥʦʝ 

ὥ Ὑ 
ὒ Ўὒ

ς“
 

ʕʪʦ ʫʩʢʦʨʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʩʠʣʘʤʠ ʥʘʪʷʞʝʥʠʷ T = kDL, ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʘ ʫʯʘʩʪʦʢ ʢʦʣʴʮʘ ʩʦ 

ʩʪʦʨʦʥʳ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʣʴʮʘ. ʀʭ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩ ʫʯʝʪʦʤ ʤʘʣʦʩʪʠ ʫʛʣʘ a ʨʘʚʥʘ Ta. 

ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

ά


ς“

ὒ Ўὒ

ς“
ὯЎὒ 

ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʢʦʣʴʮʘ ʨʘʚʥʦ 

Ўὒ
άὒ

τ“Ὧ ά
 

ʈʘʜʠʫʩ ʚʨʘʱʘʶʱʝʛʦʩʷ ʢʦʣʴʮʘ ʨʘʚʝʥ 

Ὑ
ὒ

ς“
ρ

ά

τ“Ὧ ά
 

 

9. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʠʢʘ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʚʝʱʝʩʪʚʘ ʩ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ 

450 ɼʞ/(ʢʛĀʂ), ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 40 ʤ/ʩ ʠ 20 ʤ/ʩ. ʆʧʨʝʜʝʣʠʪʝ, ʥʘ 

ʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʦʥʠ ʥʘʛʨʝʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ. 

ʈʝʰʝʥʠʝ: 

ʆʧʨʝʜʝʣʠʤ ʩʢʦʨʦʩʪʴ u ʩʠʩʪʝʤʳ ʰʘʨʠʢʦʚ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ: 

ςάό άὠ άὠ 

ʇʦʪʝʨʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʰʘʨʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʝʪ 

Ўὑ
ςάό

ς

άὠ

ς

άὠ

ς
ά
ὠ ὠ

ς
ςὠὠ  

ɺ ʧʨʦʮʝʩʩʝ ʩʦʫʜʘʨʝʥʠʷ ʰʘʨʠʢʠ ʧʦʣʫʯʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q, ʨʘʚʥʦʝ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʘ ʚʨʝʤʷ ʩʦʫʜʘʨʝʥʠʷ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ 

ὧάЎὸ  ά ςὠὠ
ὠ ὠ

ς
 



ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

Ўὸ
ςὠὠ

ὠ ὠ
ς

ὧ
ρȟσ ᴈ 

 

10. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ, ʕɼʉ ʠ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 12 ɺ ʠ 1 ʆʤ, 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ 36 ʤɻʥ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʣʘʤʧʳ 5 ʆʤ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʣʶʯ K 

ʟʘʤʢʥʫʪ. ʇʦʩʣʝ ʨʘʟʤʳʢʘʥʠʷ ʢʣʶʯʘ ʚ ʣʘʤʧʝ 

ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ W = 0,172 ɼʞ. ʏʝʤʫ ʨʘʚʥʘ 

ʸʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ? ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʢʘʪʫʰʢʠ ʠ ʧʨʦʚʦʜʦʚ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ʇʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʣʶʯʘ ʚ ʣʘʤʧʝ ʚʳʜʝʣʷʝʪʩʷ 

ʵʥʝʨʛʠʷ, ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʠ ʚ ʢʘʪʫʰʢʝ. ʊʦʢ ʚ ʢʘʪʫʰʢʝ ʨʘʚʝʥ 

Ὅ
ᴊ

Ὑ ὶ
 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʝ 

Ὗ
ᴊὙ

Ὑ ὶ
 

ʕʥʝʨʛʠʷ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʚ ʣʘʤʧʝ 

ὡ
ὒὍ

ς

ὅὟ

ς
 

ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ὅ
ςὡ Ὑ ὶ ὒᴊ

ᴊὙ
τȟω ̍  l

 

ɺʘʨʠʘʥʪ 2 

1. ʂ ʧʦʪʦʣʢʫ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʝʛʦʩʷ ʣʠʬʪʘ ʥʘ ʥʠʪʠ ʧʦʜʚʝʰʝʥʘ ʛʠʨʷ. ʂ ʵʪʦʡ ʛʠʨʠ ʧʨʠʚʷʟʘʥʘ 

ʜʨʫʛʘʷ ʥʠʪʴ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʜʚʝʰʝʥʘ ʚʪʦʨʘʷ ʛʠʨʷ. ʅʘʡʜʠʪʝ ʥʘʪʷʞʝʥʠʝ ʚʝʨʭʥʝʡ ʥʠʪʠ ʊ1, ʝʩʣʠ 

ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʤʝʞʜʫ ʛʠʨʷʤʠ ʊ2 = 10 ʅ, ʘ ʤʘʩʩʳ ʛʠʨʴ m1 = 1 ʢʛ, m2 = 2 ʢʛ. 



ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʛʨʫʟʦʚ: 

Ὕ άὫ Ὕ άὥ 

Ὕ άὫ άὥ 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʠʤ 

Ὕ Ὕ
ά ά

ά
ρυ ̊ 

 

2. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʙʨʫʩʢʘ, ʢʘʞʜʳʡ ʤʘʩʩʦʡ m, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʥʝʚʝʩʦʤʳʤʠ ʥʝʨʘʩʪʷʞʠʤʳʤʠ ʥʠʪʷʤʠ, ʜʚʠʞʫʪʩʷ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ 

ʧʝʨʚʦʤʫ ʙʨʫʩʢʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʚʝʨʭ ʧʦʜ ʫʛʣʦʤ a ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘʡʜʠʪʝ ʵʪʫ ʩʠʣʫ, ʝʩʣʠ ʩʠʣʘ 

ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʙʨʫʩʢʘʤʠ ʊ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʙʨʫʩʢʦʚ ʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ɛ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʪʨʝʪʴʝʛʦ, ʚʪʦʨʦʛʦ ʠ ʧʝʨʚʦʛʦ ʪʝʣ: 

Ὕᴂ ‘άὫ άὥ 

Ὕ Ὕᴂ ‘άὫ άὥ 

ὊÃÏÓ Ὕ ‘άὫ ὊÓÉÎ άὥ 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ F, ʧʦʣʫʯʠʤ 

Ὂ
σὝ

ÃÏÓ ‘ÓÉÎ
 

 

3. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʠʢʘ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʚʝʱʝʩʪʚʘ ʩ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ 450 

ɼʞ/(ʢʛĀʂ), ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 40 ʤ/ʩ ʠ 20 ʤ/ʩ. ʆʧʨʝʜʝʣʠʪʝ, ʥʘ 

ʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʦʥʠ ʥʘʛʨʝʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʧʨʫʛʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ. 

ʈʝʰʝʥʠʝ: 

ʆʧʨʝʜʝʣʠʤ ʩʢʦʨʦʩʪʴ u ʩʠʩʪʝʤʳ ʰʘʨʠʢʦʚ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ: 

ςάό άὠ άὠ 

ʇʦʪʝʨʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʰʘʨʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʝʪ 



Ўὑ
ςάό

ς

άὠ

ς

άὠ

ς
ά
ὠ ὠ

ς
ςὠὠ  

ɺ ʧʨʦʮʝʩʩʝ ʩʦʫʜʘʨʝʥʠʷ ʰʘʨʠʢʠ ʧʦʣʫʯʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q, ʨʘʚʥʦʝ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʘ ʚʨʝʤʷ ʩʦʫʜʘʨʝʥʠʷ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ 

ὧάЎὸ  ά ςὠὠ
ὠ ὠ

ς
 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

Ўὸ
ςὠὠ

ὠ ὠ
ς

ὧ
ρȟσ ᴈ 

 

4. ʇʨʦʪʦʥ ʜʚʠʞʝʪʩʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʧʨʦʭʦʜʠʪ 

ʧʨʦʤʝʞʫʪʦʢ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 104 ɺ. ɿʘʪʝʤ ʦʥ ʚʣʝʪʘʝʪ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 1 

ʊʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ. ʆʧʨʝʜʝʣʠʪʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʪʦʥʘ. 

ʄʘʩʩʘ ʧʨʦʪʦʥʘ ʨʘʚʥʘ 1,6Ö10-27 ʢʛ, ʟʘʨʷʜ ʧʨʦʪʦʥʘ ʨʘʚʝʥ 1,6Ö10-19 ʂʣ. 

ʈʝʰʝʥʠʝ: 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʦʪʦʥ ʧʨʠʦʙʨʝʣ ʩʢʦʨʦʩʪʴ 

ὠ
ςὩὟ

ά
 

ʇʦ 2 ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

Ὑ
άὠ

Ὡὄ

ςάὟ

Ὡὄ
ρȟτ ̒  ̍

 

5. ɿʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʚʳʣʝʪʘʝʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʠʮ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ v. ʇʨʦʣʝʪʝʚ ʩ 

ʵʪʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʩʪʦʷʥʠʝ L, ʯʘʩʪʠʮʘ ʧʦʧʘʜʘʝʪ ʚ ʦʜʥʦʨʦʜʥʦʝ 

ʪʦʨʤʦʟʷʱʝʝ ʧʦʣʝ ʠ ʣʝʪʠʪ ʜʦ ʦʩʪʘʥʦʚʢʠ ʩ ʫʩʢʦʨʝʥʠʝʤ a ʚʜʦʣʴ ʪʦʡ ʞʝ ʧʨʷʤʦʡ. ʇʨʠ ʢʘʢʦʤ 

ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ v ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʜʦ ʦʩʪʘʥʦʚʢʠ ʙʫʜʝʪ ʥʘʠʤʝʥʴʰʠʤ? 

ʈʝʰʝʥʠʝ: 

ʆʙʱʝʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 
a

v

v

L
+ . ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ 

ʦʥʦ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ v. ɺʳʯʠʩʣʠʚ ʧʨʦʠʟʚʦʜʥʫʶ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ 



ʧʦ v ʠ ʧʨʠʨʘʚʥʷʚ ʝʝ ʥʫʣʶ, ʧʦʣʫʯʠʤ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʧʨʠ 

ʩʢʦʨʦʩʪʠ .aLv=  

 

6. ʆʧʨʝʜʝʣʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʮʠʢʣʫ, ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʜʚʫʭ ʘʜʠʘʙʘʪ ʠ ʜʚʫʭ ʠʟʦʭʦʨ (ʮʠʢʣ ʆʪʪʦ). 

ʈʘʩʩʤʦʪʨʠʪʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠʜʝʘʣʴʥʳʡ ʛʘʟ. 

ʈʝʰʝʥʠʝ: 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʶ ʚ ʬʦʨʤʝ ʪʝʧʣʦʪʳ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʥʘ 

ʫʯʘʩʪʢʝ 4 ï 1, ʘ ʦʪʜʘʝʪ ʥʘ ʫʯʘʩʪʢʝ 2 ï 3. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 
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ʛʜʝ ʩv ï ʤʦʣʷʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ; ɜ ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ; T ï 

ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʣʷ ʘʜʠʘʙʘʪʥʳʭ ʧʨʦʮʝʩʩʦʚ 1 ï 2 ʠ 3 ï 4 (ɔ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ) ʠʟ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

ʧʦʣʫʯʘʝʤ: 
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ʯʪʦ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʂʣʘʧʝʡʨʦʥʘ ï ʄʝʥʜʝʣʝʝʚʘ ʜʘʝʪ 
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7. ʏʘʩʪʠʮʘ ʩ ʧʣʦʪʥʦʩʪʴʶ 7,8 ʛ/ʩʤ3, ʟʘʨʷʞʝʥʥʘʷ ʦʜʥʠʤ ʵʣʝʢʪʨʦʥʦʤ, ʚʣʝʪʘʝʪ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʧʦʣʝ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ V0 = 40 ʤ/ʩ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʫʯʘʩʪʢʘ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ 

U = 1 ʢɺ ʝʝ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 3 ʨʘʟʘ. ʅʘʡʜʠʪʝ ʦʙʲʝʤ ʯʘʩʪʠʮʳ. 

ʈʝʰʝʥʠʝ 



ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʥʘʜ ʯʘʩʪʠʮʝʡ ʙʳʣʘ ʩʦʚʝʨʰʝʥʘ ʨʘʙʦʪʘ A = eU. ʀʟʤʝʥʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʨʘʚʥʦ ʨʘʙʦʪʝ ʚʥʝʰʥʠʭ ʩʠʣ, ʧʦʵʪʦʤʫ 
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ς
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ς
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ʆʙʲʝʤ ʯʘʩʪʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʢʘʢ 
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ρȟσϽρπ  ̍

 

8. ʐʘʨ ʢʘʪʠʪʩʷ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʧʦ ʜʚʫʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʨʝʣʴʩʘʤ ʩʦ ʩʢʦʨʦʩʪʴʶ V (ʩʤ. ʨʠʩʫʥʦʢ). ɼʣʠʥʘ ʭʦʨʜʳ AB ʨʘʚʥʘ 

ʨʘʜʠʫʩʫ ʰʘʨʘ. ʋ ʢʘʢʠʭ ʪʦʯʝʢ ʰʘʨʘ ʩʢʦʨʦʩʪʴ ʥʘʠʙʦʣʴʰʘʷ? ʏʝʤʫ 

ʨʘʚʥʘ ʵʪʘ ʩʢʦʨʦʩʪʴ? 

ʈʝʰʝʥʠʝ: 

ʇʦʩʢʦʣʴʢʫ ʪʦʯʢʠ A ʠ B ʭʦʨʜʳ AB 

ʧʨʠʥʘʜʣʝʞʘʪ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʪʦ ʠ 

ʩʘʤʘ ʭʦʨʜʘ AB ̫ ʚʣʷʝʪʩʷ ʤʛʥʦʚʝʥʥʦʡ ʦʩʴʶ 

ʚʨʘʱʝʥʠʷ. ʅʘʠʙʦʣʴʰʫʶ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ u ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʯʢʘ E, 

ʣʝʞʘʱʘʷ ʥʘ ʜʠʘʤʝʪʨʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʵʪʦʡ ʭʦʨʜʝ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʫʜʘʣʝʥʥʘʷ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
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9. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩ ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ ʨʘʟʜʝʣʝʥ 

ʪʝʧʣʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘ ʪʨʠ ʦʪʩʝʢʘ. ɺ ʢʘʞʜʦʡ 

ʧʝʨʝʛʦʨʦʜʢʝ ʝʩʪʴ ʦʪʚʝʨʩʪʠʝ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʛʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʦʪʩʝʢʘʭ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʳ T1, T2, T3. ɼʘʚʣʝʥʠʝ ʚ ʧʝʨʚʦʤ ʦʪʩʝʢʝ p1 

ʠʟʚʝʩʪʥʦ. ʅʘʡʜʠʪʝ ʜʘʚʣʝʥʠʝ p2 ʚʦ ʚʪʦʨʦʤ ʦʪʩʝʢʝ. 

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ni ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ i-ʤ ʦʪʩʝʢʝ, ʘ <Vi> ï 

ʩʨʝʜʥʷʷ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʚ i-ʤ ʦʪʩʝʢʝ. ʏʠʩʣʦ ʫʜʘʨʦʚ 

ʤʦʣʝʢʫʣ ʦ ʩʪʝʥʢʫ ʩʦʩʫʜʘ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, ʧʦʧʘʜʘʶʱʠʭ 

ʚ ʦʪʚʝʨʩʪʠʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʠ ʠʭ ʩʨʝʜʥʝʡ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʠ. ʊʘʢ 



ʢʘʢ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʞʜʦʤ ʦʪʩʝʢʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʪʦ ʯʝʨʝʟ ʢʘʞʜʦʝ 

ʦʪʚʝʨʩʪʠʝ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʟʘ ʥʝʢʦʪʦʨʳʡ ʢʦʥʝʯʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ 

ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 1 2 2 3 3n v n v n v= = . 

ʉʨʝʜʥʷʷ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ 

8kT
v

m
= , 

ʘ ʜʘʚʣʝʥʠʝ 

p nkT= . 

ʀʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

 

 

10. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʨʰʠʥʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩʦ 

ʩʪʦʨʦʥʦʡ ʘ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʠʪʷʤʠ. ɿʘʨʷʜ ʠ ʤʘʩʩʘ ʢʘʞʜʦʛʦ ʰʘʨʠʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʘʚʥʳ q ʠ m. ʆʜʥʫ ʠʟ ʥʠʪʝʡ ʧʝʨʝʞʛʣʠ. ʅʘʡʜʠʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩʨʝʜʥʝʛʦ ʰʘʨʠʢʘ. 

ɺʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʝʥʝʙʨʝʯʴ. (ʅʘʧʨʠʤʝʨ, ʰʘʨʠʢʠ ʣʝʞʘʪ ʥʘ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.) 

ʈʝʰʝʥʠʝ. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʠʢʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʚʥʘ 

2

0

3
4

p

q
E

ape
= . 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʩʠʤʤʝʪʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʨʝʜʥʝʛʦ ʰʘʨʠʢʘ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʘ, ʢʦʛʜʘ ʰʘʨʠʢʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ. ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

( )
2 2

2 2 2

1 2 3

0 0

3 2,5
4 4 2

q q m
v v v

a ape pe
= + + + 

ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

( )1 2 3 0m v v v- + = 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʡ ʩʠʤʤʝʪʨʠʠ (ʠʣʠ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ) ʩʣʝʜʫʝʪ, ʯʪʦ 

V1 = V3. 

ʈʝʰʘʷ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʝʤ 
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ɺʘʨʠʘʥʪ 3 

1. ʅʝʙʦʣʴʰʦʡ ʢʘʤʝʥʴ, ʙʨʦʰʝʥʥʳʡ ʩ ʨʦʚʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦʜ ʫʛʣʦʤ 

ʢ ʛʦʨʠʟʦʥʪʫ, ʫʧʘʣ ʦʙʨʘʪʥʦ ʥʘ ʟʝʤʣʶ ʯʝʨʝʟ 2 ʩ ʚ 20 ʤ ʦʪ ʤʝʩʪʘ ʙʨʦʩʢʘ. ʏʝʤʫ ʨʘʚʥʘ ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʢʘʤʥʷ ʟʘ ʚʨʝʤʷ ʧʦʣʸʪʘ? 

ʈʝʰʝʥʠʝ: 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʧʦʣʝʪʘ ʦʥʘ ʨʘʚʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ, ʘ ʟʥʘʯʠʪ, ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʢʦ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ, ʪ.ʝ., 10 ʤ/ʩ. 

 

2. ɺ ʩʠʩʪʝʤʝ ʙʣʦʢʦʚ ʥʘ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʧʦʜʚʝʰʝʥʳ ʛʨʫʟʳ 

ʤʘʩʩʘʤʠ m1 = 1,8 ʢʛ ʠ m2 =2,8 ʢʛ. ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ ʘ1 ʛʨʫʟʘ 

ʤʘʩʩʦʡ m1. ʄʘʩʩʦʡ ʙʣʦʢʦʚ ʠ ʥʠʪʠ ʠ ʪʨʝʥʠʝʤ ʚ ʦʩʷʭ ʙʣʦʢʦʚ 

ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʛʨʫʟʦʚ: 

άὥ Ὕ άὫ 

άὥ Ὕ άὫ 

Ὕ ςὝ 

ὥ ςὥ 

ʅʘʭʦʜʠʤ ʫʩʢʦʨʝʥʠʝ ʘ1 ʛʨʫʟʘ ʤʘʩʩʦʡ m1: 

ὥ ςὫ
ςά ά

τά ά
 

 

3. ʄʦʣʦʪ ʤʘʩʩʦʡ 2 ʪ ʧʘʜʘʝʪ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʙʦʣʚʘʥʢʫ ʤʘʩʩʦʡ 2 ʢʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʣʚʘʥʢʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 25 ↔ʉ. ʉʯʠʪʘʷ, ʯʪʦ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʙʦʣʚʘʥʢʠ ʠʜʸʪ 50 % ʚʩʝʡ 

ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ, ʥʘʡʜʠʪʝ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʫʜʘʨʦʤ ʦ ʙʦʣʚʘʥʢʫ. 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʦʣʚʘʥʢʠ 200 ɼʞ/(ʢʛȪʉ). 

ʈʝʰʝʥʠʝ: 

 
¶ ¶ 

¶ 

¶ 
m1 

m2 



ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ 

–
ὓὠ

ς
ὧάɝὸ 

ʉʢʦʨʦʩʪʴ ʤʦʣʦʪʘ ʨʘʚʥʘ 

ὠ
ςὧάɝὸ

–ὓ
 τȟτχ ̍Ⱦ̒ 

 

4. ʕʣʝʢʪʨʦʥ ʚʣʝʪʘʝʪ ʚ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʦʜʥʦʨʦʜʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ɽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ. ʆʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʥ 

ʧʨʦʣʝʪʝʣ ʝʝ ʥʝ ʠʩʧʳʪʳʚʘʷ ʦʪʢʣʦʥʝʥʠʷ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ W. 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʧʨʦʣʝʪʘ ʙʝʟ ʦʪʢʣʦʥʝʥʠʷ ʤʦʜʫʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ 

ʃʦʨʝʥʮʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. 

ὩὉ Ὡὠὄ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ὠ
ςὡ

ά
ȟ 

ʧʦʣʫʯʠʤ 

ὄ Ὁ
ά

ςὡ
 

 

5. ɺ ʟʘʢʨʳʪʦʡ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʡ 

ʪʨʫʙʢʝ ʤʘʩʩʦʡ ʄ = 20 ʛ ʠ ʜʣʠʥʦʡ L = 2 ʤ ʥʘ ʜʥʝ ʩʠʜʠʪ ʤʫʭʘ ʤʘʩʩʦʡ m = 1 ʛ. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʦʥʘ ʚʟʣʝʪʘʝʪ ʚʚʝʨʭ ʩʦ ʩʢʦʨʦʩʪʴʶ V0 = 10 ʤ/ʩ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʫʙʢʘ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ. 

ʅʝʧʦʜʚʠʞʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ ʟʘʤʝʯʘʝʪ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʤʫʭʘ ʜʦʣʝʪʠʪ ʜʦ "ʧʦʪʦʣʢʘ" ʪʨʫʙʢʠ. ɿʘ 

ʵʪʦ ʚʨʝʤʷ ʪʨʫʙʢʘ ʧʨʦʣʝʪʘʝʪ ʢʘʢʦʝ-ʪʦ ʨʘʩʩʪʦʷʥʠʝ. ʅʘ ʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʦʡʜʝʥʥʦʝ ʪʨʫʙʢʦʡ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʫʭʘ ʦʩʪʘʝʪʩʷ ʩʠʜʝʪʴ ʥʘ "ʧʦʣʫ" ʪʨʫʙʢʠ? 

ʈʝʰʝʥʠʝ. 



ʇʫʩʪʴ ʚʨʝʤʷ ʧʦʣʝʪʘ ʤʫʭʠ t. ʇʨʠ ʚʟʣʝʪʝ ʤʫʭʠ ʩʦ ʩʢʦʨʦʩʪʴʶ V0 

ʪʨʫʙʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʚʥʠʟ ʠ ʨʘʚʥʫʶ 
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M
= . "ʇʦʣ" ʪʨʫʙʢʠ ʟʘ ʚʨʝʤʷ ʧʦʣʝʪʘ ʧʨʦʡʜʝʪ ʨʘʩʩʪʦʷʥʠʝ 
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ʇʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʟʘ 

ʚʨʝʤʷ t ʤʫʭʠ ʠ "ʧʦʪʦʣʢʘ" ʪʨʫʙʢʠ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ 

0V H Lt+ =. 

ʀʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩ ʤʫʭʦʡ, ʩʠʜʷʱʝʡ ʥʘ "ʧʦʣʫ" ʪʨʫʙʢʠ, ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʦʡʜʝʥʥʦʝ "ʧʦʣʦʤ" ʨʘʚʥʦ 
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t
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tD = º  ʩʤ. 

 

6. ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ, ʟʘʢʨʳʪʦʤ 

ʧʦʨʰʥʝʤ, ʥʘʭʦʜʠʪʩʷ ʠʜʝʘʣʴʥʳʡ ʦʜʥʦʘʪʦʤʥʳʡ ʛʘʟ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʨ1 = 7,5Ț10
4 ʇʘ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʘ ʜʦ ʧʦʨʰʥʷ L = 40 ʩʤ. 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦʨʰʥʷ S = 60 ʩʤ2 . ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʜʣʝʥʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʛʘʟʘ ʧʦʨʰʝʥʴ ʩʜʚʠʥʫʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ x = 10 ʩʤ. ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʧʦʨʰʥʷ ʥʘ ʥʝʛʦ ʩʦ ʩʪʦʨʦʥʳ ʩʪʝʥʦʢ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʨʝʥʠʷ  Fʪʨ = 600 ʅ.  ʂʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ ʧʦʜʚʝʣʠ ʢ ʛʘʟʫ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ?  ʉʦʩʫʜ ʥʘʭʦʜʠʪʩʷ ʚ ʚʘʢʫʫʤʝ. 

ʈʝʰʝʥʠʝ 

L 



ʇʦʨʰʝʥʴ ʥʘʯʥʝʪ ʜʚʠʛʘʪʴʩʷ. ʢʘʢ ʪʦʣʴʢʦ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʩʪʘʥʝʪ 

ʨʘʚʥʦʡ ʠʣʠ ʙʦʣʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʪʴ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʩʠʣʳ ʪʨʝʥʠʷ Fʪʨ ṇ p1 S 

ʆʮʝʥʠʤ p1 S = 7,5Ț104 Ț60Ț10 ï4 = 450 ʅ, ʯʪʦ ʤʝʥʴʰʝ ʯʝʤ ʩʠʣʘ 

ʪʨʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʦʜʚʝʜʝʥʠʠ ʪʝʧʣʘ ʛʘʟ ʩʥʘʯʘʣʘ ʙʫʜʝʪ 

ʠʟʦʭʦʨʥʦ ʥʘʛʨʝʚʘʪʴʩʷ, ʘ ʟʘʪʝʤ ʠʟʦʙʘʨʥʦ ʨʘʩʰʠʨʷʪʴʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ὴ
Ὂ̓̑

Ὓ
                           ρ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ I ʟʘʢʦʥʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ   Q = Q1  +  Q2 ,   ʛʜʝ  Q1 ï ʢʦʣʠʯʝʩʪʚʦʪʝʧʣʦʪ,r 

ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʟʦʭʦʨʠʯʝʩʢʦʤ ʥʘʛʨʝʚʘʥʠʠ,  Q1 =  ȹU1 =  CV ɜȹT12 ;    Q2 = ȹU2  +  Aʪʨ =  CV ɜȹT23  

+  Aʪʨ . 

ʊ.ʢ. ȹT12 =  ʊ2  ï  ʊ1    ʠ    ȹT23 =  ʊ3  ï  ʊ2 ,  ʪʦ  Q = CV ɜ (ʊ2  ï  ʊ1)  +  CV ɜ(ʊ3  ï  ʊ2)  +  Aʪʨ   

ʠʣʠ  

Q = CV ɜ ʊ3  ï  CV ɜ ʊ1  +  Aʪʨ.    ɻʜʝ  ɸʪʨ = FʪʨȚʭ 

 ʊ.ʢ. ʛʘʟ ʦʜʥʦʘʪʦʤʥʳʡ, ʪʦ  CV ɜ ʊ3  =  R ɜ ʊ3,  ʘʥʘʣʦʛʠʯʥʦ CV ɜ ʊ1  =   ʨ1V1. ʊʦʛʜʘ: 

Q =   ʨ2V2   ï    ʨ1V1  +  FʪʨȚʭ                     (2) 

V1 = S L,       (3) 

V2 = S (L  +  x)      (4) 

ʠʣʠ   Q =  S L (ʨ2 + 
̖
 ʨ2  ï  ʨ1)  +  FʪʨȚʭ ,      ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ (1),   (3),   (4)    ʧʦʣʫʯʠʤ 

Q = FʪʨϽ  ὒ     ̖  ï ʨ1 S L = 420 ɼʞ. 

 

7. ɺ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʨʝʦʩʪʘʪʘ (R2) ʩ 

ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʥʝʤ, 

ʫʚʝʣʠʯʠʣʘʩʴ ʚʜʚʦʝ. ʄʦʱʥʦʩʪʴ ʥʘ ʪʨʝʪʴʝʤ ʨʝʦʩʪʘʪʝ (R3) 

ʜʦʣʞʥʘ ʦʩʪʘʪʴʩʷ ʧʨʠ ʵʪʦʤ ʥʝʠʟʤʝʥʥʦʡ. ʂʘʢ ʵʪʦʛʦ ʜʦʙʠʪʴʩʷ, 

ʠʟʤʝʥʠʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʚʦʛʦ (R1) ʠ ʚʪʦʨʦʛʦ (R2) ʨʝʦʩʪʘʪʦʚ? 

ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʦʩʪʘʪʦʚ R1 = 9 ʆʤ, 

R2 = 6 ʆʤ ʠ R3 = 6 ʆʤ. 

ʈʝʰʝʥʠʝ 

ʊ.ʢ. ʤʦʱʥʦʩʪʴ ʥʘ R3 ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʪʦ ʪʦʢ, ʪʝʢʫʱʠʡ 

ʚ ʮʝʧʠ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ R1 ʠ R2 ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ, ʪ.ʝ. 

L             
ʭ 



R1  +  R2  +  R3  =  R'1  +  R'2  +  R3 ,  ʠʣʠ    R1  +  R2  =  R'1  +  R'2                 (1) 

ʄʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ  R2 :  ʈ = Ὅ Ὑ . ʇʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

R2 ʤʦʱʥʦʩʪʴ ʥʘ ʥʝʤ ʚʦʟʨʦʩʣʘ ʚ 2 ʨʘʟʘ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʪʦʢʝ. ʊ.ʝ. R'2  = 2R2 = 12 ʆʤ. ʇʦʜʩʪʘʚʠʚ 

ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ (1) ʧʦʣʫʯʠʤ, ʯʪʦ R1 = 3 ʆʤ. 

 

8. ʏʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʠʪʝ ʚ ʧʣʠʪʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʚʳʣʝʪʘʝʪ ʰʘʨʠʢ ʩʦ 

ʩʢʦʨʦʩʪʴʶ V0. ɺ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʝʨʚʳʡ ʰʘʨʠʢ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ, ʠʟ ʦʪʚʝʨʩʪʠʷ 

ʚʳʣʝʪʘʝʪ ʚʪʦʨʦʡ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʰʘʨʠʢ, ʘ ʚ ʤʦʤʝʥʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʝʨʚʦʛʦ ʰʘʨʠʢʘ ʩʦ ʚʪʦʨʳʤ ʠʟ 

ʦʪʚʝʨʩʪʠʷ ʚʳʣʝʪʘʝʪ ʪʨʝʪʠʡ ʪʘʢʦʡ ʞʝ ʰʘʨʠʢ. ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʰʘʨʠʢʦʚ ʦʜʠʥʘʢʦʚʳʝ, 

ʩʦʫʜʘʨʝʥʠʷ ʤʝʞʜʫ ʰʘʨʘʤʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʝ. ʆʧʨʝʜʝʣʠʪʝ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʝʨʚʳʡ 

ʰʘʨʠʢ ʥʘʭʦʜʠʣʩʷ ʥʘʜ ʧʣʠʪʦʡ. ʇʦʩʯʠʪʘʡʪʝ ʵʪʦ ʚʨʝʤʷ, ʝʩʣʠ V0  =  14 ʤ/ʩ 

ʈʝʰʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʳʣʝʪʦʚ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʰʘʨʠʢʦʚ.  

 

 

 

 

 

 

 

ʈʠʩ. 1 

ʇʦʥʷʪʥʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʣʝʪʷʪ ʧʦ ʦʜʠʥʘʢʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ. ɺ ʤʦʤʝʥʪʳ ʫʧʨʫʛʠʭ ʫʜʘʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥ ʩʢʦʨʦʩʪʷʤʠ ʤʝʞʜʫ ʰʘʨʠʢʘʤʠ, ʪ. ʝ. ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ ʚʝʨʭʥʠʡ ʰʘʨʠʢ 

ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʠʞʥʝʛʦ, ʘ ʥʠʞʥʠʡ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʨʭʥʝʛʦ. 

ʇʨʠ ʩʦʫʜʘʨʝʥʠʷʭ ʚʜʦʣʴ ʦʜʥʦʡ ʧʨʷʤʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʵʪʫ ʧʨʷʤʫʶ 

ʙʫʜʝʪ 

mVH ï mVB = άὠ   άὠ ,                                                      (1) 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 

  +     =      .            (2) 

VH   ʠ   6ǋ  ï ʩʢʦʨʦʩʪʴ ʥʠʞʥʝʛʦ ʰʘʨʠʢʘ      "ʜʦ"   ʠ   "ʧʦʩʣʝ"  ʩʦʫʜʘʨʝʥʠʷ     

  VB   ʠ   6ǋ    ʩʢʦʨʦʩʪʴ ʚʝʨʭʥʝʛʦ ʰʘʨʠʢʘ      "ʜʦ"   ʠ   "ʧʦʩʣʝ"  ʩʦʫʜʘʨʝʥʠʷ 

ὠᴆ ὠᴆ 

ὠᴆ 

ὠᴆ 

ʅʘʯʘʣʦ   
ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʛʦ    
ʰʘʨʠʢʘ 

ʅʘʯʘʣʦ   
ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ    
ʰʘʨʠʢʘ 

ʅʘʯʘʣʦ   
ʜʚʠʞʝʥʠʷ ʪʨʝʪʴʝʛʦ    
ʰʘʨʠʢʘ 



 

 

 

 

 

 

 

 

 

 

                                                                                                 

           Ű              Ű/2       Ű/2            Ű              Ű/2 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (1) ʠ (2) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ: 

ὠ   ὠ   ὠ    ὠ 

ὠ   ὠ   ὠ   ὠ
       Ĕ  

ὠ   ὠ   ὠ   ὠ

ὠ   ὠ   ὠ   ὠ
    Ĕ    

ὠ   ὠ

ὠ    ὠ
  ,   ʯ. ʪ. ʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ, ʚʝʨʭʥʠʡ ʰʘʨʠʢ ʜʚʠʞʝʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʥʠʞʥʝʛʦ, ʘ 

ʥʠʞʥʠʡ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʚʝʨʭʥʝʛʦ. ʇʦʩʪʨʦʠʤ ʟʘʚʠʩʠʤʦʩʪʠ  ʫ(t)  ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʰʘʨʠʢʦʚ ʥʘ ʦʜʥʦʤ 

ʛʨʘʬʠʢʝ (ʩʤ. ʨʠʩ. 2) 

 

 

ʈʠʩʫʥʦʢ  2 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʧʝʨʚʦʛʦ ʰʘʨʠʢʘ ʥʘʥʝʩʝʥʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ   

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʚʪʦʨʦʛʦ hʘʨʠʢʘ ʥʘʥʝʩʝʥʘ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ   

ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʪʨʝʪʴʝʛʦ hʘʨʠʢʘ ʥʘʥʝʩʝʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ   

ɺʚʝʜʝʤ ʚʨʝʤʷ, ʨʘʚʥʦʝ ʚʨʝʤʝʥʠ ʧʦʜʥʷʪʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ  †    . 

ʊʦʛʜʘ ʧʦ ʨʠʩʫʥʢʫ 2 ʥʘʭʦʜʠʤ, ʯʪʦ ʦʙʱʝʝ ʚʨʝʤʷ ʧʦʣʝʪʘ  t =   Ű 

 

t 



9. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩ ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ ʨʘʟʜʝʣʝʥ 

ʪʝʧʣʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʥʘ ʪʨʠ ʦʪʩʝʢʘ. ɺ ʢʘʞʜʦʡ 

ʧʝʨʝʛʦʨʦʜʢʝ ʝʩʪʴ ʦʪʚʝʨʩʪʠʝ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ ʛʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʦʪʩʝʢʘʭ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. 

ʊʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʳ T1, T2, T3. ɼʘʚʣʝʥʠʝ ʚ ʧʝʨʚʦʤ ʦʪʩʝʢʝ p1 

ʠʟʚʝʩʪʥʦ. ʅʘʡʜʠʪʝ ʜʘʚʣʝʥʠʝ p3 ʚ ʪʨʝʪʴʝʤ ʦʪʩʝʢʝ. 

 

ʈʝʰʝʥʠʝ. 

ʇʫʩʪʴ ni ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ i-ʤ ʦʪʩʝʢʝ, ʘ <vi> ï 

ʩʨʝʜʥʷʷ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʚ i-ʤ ʦʪʩʝʢʝ. ʏʠʩʣʦ ʫʜʘʨʦʚ 

ʤʦʣʝʢʫʣ ʦ ʩʪʝʥʢʫ ʩʦʩʫʜʘ, ʘ ʪʘʢʞʝ ʯʠʩʣʦ ʤʦʣʝʢʫʣ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʦʪʚʝʨʩʪʠʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ ʠ ʠʭ ʩʨʝʜʥʝʡ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʠ. ʊʘʢ ʢʘʢ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʢʘʞʜʦʤ ʦʪʩʝʢʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ, ʪʦ ʯʝʨʝʟ ʢʘʞʜʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʟʘ 

ʥʝʢʦʪʦʨʳʡ ʢʦʥʝʯʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1 1 2 2 3 3n v n v n v= = . 

ʉʨʝʜʥʷʷ ʧʦ ʤʦʜʫʣʶ ʩʢʦʨʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ 

8kT
v

m
= , 

ʘ ʜʘʚʣʝʥʠʝ 

p nkT= . 

ʀʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ 

 

 

 

10. ʅʘ ʥʝʧʨʦʚʦʜʷʱʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʞʠʪ 

ʞʸʩʪʢʘʷ ʨʘʤʢʘ ʠʟ ʦʜʥʦʨʦʜʥʦʡ ʪʦʥʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʣʦʢʠ, ʩʦʛʥʫʪʘʷ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʘ AʉDɽ ʩʦ ʩʪʦʨʦʥʦʡ b (ʩʤ. 

ʨʠʩʫʥʦʢ). ʈʘʤʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚʝʢʪʦʨ ʠʥʜʫʢʮʠʠ ᴆˏ  ʢʦʪʦʨʦʛʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʩʪʦʨʦʥʘʤ AE ʠ CD. ʇʦ ʨʘʤʢʝ ʤʘʩʩʦʡ M 

ʧʨʦʪʝʢʘʝʪ ʪʦʢ I ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ʇʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ 



ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʨʘʤʢʘ ʥʘʯʠʥʘʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ? 

ʈʝʰʝʥʠʝ 

ʊ.ʢ. ʧʦ ʧʨʦʚʦʜʥʠʢʫ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʪʝʯʝʪ 

ʪʦʢ, ʪʦ ʥʘ ʩʪʦʨʦʥʳ ʢʚʘʜʨʘʪʘ EA ʠ CD ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ɸʤʧʝʨʘ 

ʦʪʣʠʯʥʘʷ ʦʪ ʥʫʣʷ. ʅʘ EA, ʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ɸʤʧʝʨʘ ʙʫʜʝʪ 

ʥʘʧʨʘʚʣʝʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʠ ʧʦʵʪʦʤʫ ʩʪʦʨʦʥʘ EA 

ʙʫʜʝʪ ʥʝʧʦʜʚʠʞʥʘ. ʅʘ CD, ʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ɸʤʧʝʨʘ ʙʫʜʝʪ 

ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʧʦʵʪʦʤʫ 

ʩʪʦʨʦʥʘ CD  ʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ  ʚʚʝʨʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʳ ɸʤʧʝʨʘ ʢʚʘʜʨʘʪ AʉDɽ ʤʦʞʝʪ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʨʦʥʳ EA. ʋʩʣʦʚʠʝʤ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʙʫʜʝʪ, ʨʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʩʪʦʨʦʥ ʢʚʘʜʨʘʪʘ ʠ ʤʦʤʝʥʪʘ ʩʠʣʳ ɸʤʧʝʨʘ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʪʦʨʦʥʫ  CD.  (ʩʤ. ʨʠʩʫʥʦʢ). 

ʊ.ʢ.  mg =  ,   FA = I b B ,  ʪʦ ʨʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ:    2 Ͻ   +  Ͻὦ  =  I B ὦ   . ʆʪʢʫʜʘ 

ὄ
ὓὫ

ς ὦ Ὅ
 

 

ɺʘʨʠʘʥʪ 4 

1. ʄʦʪʦʮʠʢʣʠʩʪ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ ʛʦʨʦʜʫ ʩʦ ʩʢʦʨʦʩʪʴʶ V0 = 20 ʤ/ʩ ʚʳʝʟʞʘʝʪ ʠʟ ʥʝʛʦ ʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʚʳʝʟʜʘ ʥʘʯʠʥʘʝʪ ʨʘʟʛʦʥʷʪʴʩʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʘ = 5 ʩʤ/ʩĮ. ʆʧʨʝʜʝʣʠʪt 

ʥʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʪʦʮʠʢʣʠʩʪ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʝ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʝʤʘ 

ʧʦ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʝʩʣʠ ʦʧʝʨʘʪʦʨ ʛʘʨʘʥʪʠʨʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʢʨʳʪʠʝ ʩʚʷʟʴʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ 

ʜʘʣʝʝ ʯʝʤ ʚ 32 ʢʤ ʦʪ ʛʦʨʦʜʘ. ʂʘʢʦʚʘ ʩʢʦʨʦʩʪʴ ʤʦʪʦʮʠʢʣʠʩʪʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ? 

 

ʈʝʰʝʥʠʝ. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʦʪʦʮʠʢʣʠʩʪʘ: 32000 = 20Āt  +   
ȟ Ͻ
    Ĕ  

t = 800 c.    V = 60 ʤ/ʩ = 216 ʢʤ/ʯ 

 

2. ɽʩʣʠ ʰʘʨ ʪʷʥʫʪ ʚʚʝʨʭ ʩ ʩʠʣʦʡ F, ʪʦ ʦʥ ʦʩʪʘʸʪʩʷ ʥʘ 1/5 ʩʚʦʝʛʦ ʦʙʲʝʤʘ 

ʧʦʛʨʫʞʝʥʥʳʤ ʚ ʚʦʜʫ. ɽʩʣʠ ʩ ʪʘʢʦʡ ʞʝ ʩʠʣʦʡ ʜʘʚʷʪ ʥʘ ʰʘʨ ʚʥʠʟ, ʪʦ ʦʥ 

ʧʦʛʨʫʞʸʥ ʚ ʚʦʜʫ ʧʦʣʥʦʩʪʴʶ. (ʩʤ. ʨʠʩ.) ʏʝʤʫ ʨʘʚʥʘ ʧʣʦʪʥʦʩʪʴ ʰʘʨʘ?   

 

ʈʝʰʝʥʠʝ 



ɼʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ mg = F + FA ; ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ mg + F = FAô, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 2mg 

= FAô + FA.. ʃʝʛʢʦ ʧʦʩʯʠʪʘʪʴ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʰʘʨʠʢʘ ʨʘʚʥʘ 600 ʢʛ/ʤ3. 

 

3. ɺ ʩʦʩʫʜ ʩ ʚʦʜʦʡ ʙʨʦʩʘʶʪ ʢʫʩʦʯʢʠ ʪʘʶʱʝʛʦ ʣʴʜʘ, ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʤʝʰʠʚʘʥʠʠ, ʚʥʘʯʘʣʝ 

ʢʫʩʦʯʢʠ ʣʴʜʘ ʪʘʶʪ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʣʝʜ ʧʝʨʝʩʪʘʝʪ ʪʘʷʪʴ. ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʚʦʜʳ ʚ 

ʩʦʩʫʜʝ 660 ʛ. ɺ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʤʘʩʩʘ ʚʦʜʳ ʫʚʝʣʠʯʠʣʘʩʴ. ʅʘ ʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʣʘʩʴ ʤʘʩʩʘ ʚʦʜʳ ʢ 

ʤʦʤʝʥʪʫ ʧʨʝʢʨʘʱʝʥʠʷ ʪʘʷʥʠʷ ʣʴʜʘ, ʝʩʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 12,5ʦʉ? ʇʦʪʝʨʷʤʠ 

ʪʝʧʣʦʪʳ ʧʨʝʥʝʙʨʝʯʴ. 

 

ʈʝʰʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʤʘʩʩʘ ʨʘʩʪʘʷʚʰʝʡ ʚʦʜʳ ʦʙʨʘʟʫʝʪʩʷ, ʝʩʣʠ ʣʝʜ ʙʝʨʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ. ʇʨʝʢʨʘʱʝʥʠʝ ʪʘʷʥʠʷ ʣʴʜʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʫʩʪʘʥʦʚʠʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ. ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʝʪ  

Ўά ̃  ̃ɝὸ = 105 ʛ, 

ʛʜʝ ʚ ʯʠʩʣʠʪʝʣʝ ʩʪʦʠʪ ʧʨʦʠʟʚʝʜʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʦʜʳ, ʥʘʯʘʣʴʥʳʭ ʤʘʩʩʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʘ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ. 

 

4. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 4-ʭ ʦʜʠʥʘʢʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ 

ʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʅʘʡʜʠʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ a ʠ b. 

 

ʈʝʰʝʥʠʝ 

ʊʦʢ ʧʨʦʪʝʢʘʝʪ ʪʦʣʴʢʦ ʯʝʨʝʟ ʧʝʨʚʦʝ ʠ ʧʦʩʣʝʜʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʜʚʘ ʩʨʝʜʥʠʭ ʟʘʢʦʨʦʯʝʥʳ, ʧʦʵʪʦʤʫ ʪʦʢ ʯʝʨʝʟ ʥʠʭ ʥʝ ʪʝʯʝʪ), ʪ.ʝ.  Rʦʙ = 2R. 

 

5. ʅʘʡʜʠʪʝ ʫʛʦʣ ʦʪʩʢʦʢʘ ʰʘʨʠʢʘ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ 30̄ ʥʘ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʝʩʣʠ ʧʨʠ ʫʜʘʨʝ ʰʘʨʠʢ ʪʝʨʷʝʪ ʧʦʣʦʚʠʥʫ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʋʛʦʣ ʧʘʜʝʥʠʷ ï ɻ ʪʦ ʫʛʦʣ ʤʝʞʜʫ 

ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʨʘʝʢʪʦʨʠʝʡ ʰʘʨʠʢʘ. 

 

ʈʝʰʝʥʠʝ 

ʇʨʠ ʧʘʜʝʥʠʠ ʥʘ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʤʧʫʣʴʩʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʠ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʥʝʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ 



ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʤʧʫʣʴʩʘ: ʛʜʝ ʠʥʜʝʢʩʘʤʠ x ʠ y ʦʙʦʟʥʘʯʝʥʳ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʠ ʥʦʨʤʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ  (ʩʤ. ʨʠʩ). 
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=

+
- = Ö

   

ʆʪʩʶʜʘ 

              ό         ʪʦʛʜʘ              ὸὫρ ,   

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, b = 45̄. 

 

6. ɿʘʧʘʷʥʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʜʣʠʥʦʡ l = 90 ʩʤ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ 

ʯʘʩʪʠ ʧʦʜʚʠʞʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʪ ʧʝʨʝʛʦʨʦʜʢʠ ʩʦʜʝʨʞʠʪʩʷ 2 ʤʦʣʴ ʢʠʩʣʦʨʦʜʘ 

ʠ 3 ʤʦʣʴ ʛʝʣʠʷ, ʩ ʜʨʫʛʦʡ ï 3 ʤʦʣʴ ʘʟʦʪʘ ʠ 1 ʤʦʣʴ ʛʝʣʠʷ, ʘ ʧʝʨʝʛʦʨʦʜʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. 

ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʨʝʛʦʨʦʜʢʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʛʝʣʠʷ ʠ ʦʩʪʘʝʪʩʷ 

ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. ʅʘʡʪʠ ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʨʝʛʦʨʦʜʢʠ. ʊʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ 

ʦʜʠʥʘʢʦʚʳ ʠ ʥʝ ʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ. 

ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ 

ɼʦ ʪʦʛʦ ʢʘʢ ʛʝʣʠʡ ʩʪʘʣ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ ʨʘʚʥʦʚʝʩʠʝ ʥʘʡʜʝʤ ʠʩʧʦʣʴʟʫʷ 

ʫʨʘʚʥʝʥʠʝ ʂʣʘʧʝʡʨʦʥʘ-ʄʝʥʜʝʣʝʝʚʘ pVϛ = ɜϛRT ʠ pVϜ = ɜϜRT, ʪ.ʢ. ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʚʥʳʝ, ʪʦ Vϛ/VϜ = ɜϛ/ɜϜ ʠʣʠ ʭϛ/ʭϜ = ɜϛ / ɜϜ, ʛʜʝ ɜϛ = 5, ʘ ɜϜ = 4 ʦʪʢʫʜʘ ʭі = 4l/9 = 40 ʩʤ. 

ʂʦʛʜʘ ʛʝʣʠʡ ʨʚʥʦʤʝʨʥʦ ʨʘʧʨʝʜʝʣʠʣʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʪʦ ʨʘʚʥʦʚʝʩʠʝ ʧʦʨʰʥʷ, 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʘʟʦʪʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ. ʊʦʛʜʘ ʫѕ/ʫі = 2/3 ʦʪʢʫʜʘ ʫі Ґ 3l/5 = 54 ʩʤ. ʉʤʝʱʝʥʠʝ 

ʧʦʨʰʥʷ ʚʣʝʚʦ ʨʘʚʥʦ æx = ʫі ς ʭі Ґ рп ς пл Ґ мп ͫ  ͣ

ʆʪʚʝʪ: æx = 
■
  = 14 ʩʤ. 

 

                 ὠᴆ   

     

                  ὠᴆ  

                               ὠᴆ          όᴆ          όᴆ     

                Ŭ                       όᴆ           ɓ 

                                                        

        ɼʦ ʫʜʘʨʘ                          ʧʦʩʣʝ ʫʜʘʨʘ 



7. ʇʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʰʘʨʠʢ ʤʘʩʩʦʡ m = 1 ʛ ʧʦʜʚʝʰʝʥ ʥʘ 

ʥʠʪʠ ʜʣʠʥʦʡ L= 1 ʤ  ʠ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ  "ᴆ (ʩʤ. ʨʠʩʫʥʦʢ). ɿʘʨʷʜ 

ʰʘʨʠʢʘ q = 1 ʤʂʣ. ʅʠʪʴ ʦʙʨʘʟʫʝʪ ʩ ʚʝʨʪʠʢʘʣʴʶ  ʫʛʦʣ Ŭ = 60Á. ʅʘʡʜʠʪʝ 

ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʰʘʨʠʢʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ 

 

ʇʦʩʣʝ ʨʘʩʩʪʘʥʦʚʢʠ ʩʠʣ (ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ Ὂ̎ᴆ, ʩʠʣʳ ʪʷʞʝʩʪʠ ï 

άὫᴆ, ʩʠʣʳ ʃʦʨʝʥʮʘ  Ὂ̌ᴆ)  ʩʤ. ʨʠʩʫʥʦʢ,   ʤʦʜʫʣʴ  Fʣ = q
 v B 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʤʘʩʩʳ  

m :  

m aʮʩ = Fʥ sin
 Ŭ  ï  q v B 

 ʦʯʝʚʠʜʥʦ,  ʯʪʦ     Fʥ cos
 Ŭ  =  mg   ʠ  aʮʩ = w

2r 

 ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʨʠʤʝʪ ʚʠʜ: 

m w2 r = mg tg Ŭ   ï  q w r B. ʋʯʠʪʳʚʘʷ, ʯʪʦ  r = L sin Ŭ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ  m w2 L cos Ŭ   +  

q w L cos Ŭ  B  +  mg  = 0. 

ʆʪʚʝʪ:   
                

      
  = 

= 
 

 
ρ   ρ       

 = 0,5 ʨʘʜ/ʩ 

 

8. ʆʧʨʝʜʝʣʠʪʝ ʧʝʨʠʦʜ T ʦʙʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ, ʘʧʦʛʝʡ ʢʦʪʦʨʦʡ 

(ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʦʪ ʮʝʥʪʨʘ ɿʝʤʣʠ) ʨʘʚʝʥ ʫʪʨʦʝʥʥʦʤʫ ʨʘʜʠʫʩʫ ɿʝʤʣʠ, ʘ ʧʝʨʠʛʝʡ 

(ʤʠʥʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʦʪ ʮʝʥʪʨʘ ɿʝʤʣʠ) ʨʘʚʝʥ ʨʘʜʠʫʩʫ ɿʝʤʣʠ. 

ʈʝʰʝʥʠʝ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʪʨʝʪʴʠʤ ʟʘʢʦʥʦʤ  ʂʝʧʣʝʨʘ:  

 
ἢ

ἢ

Ἡ

Ἡ
 , 

ʛʜʝ ʊ ï ɻʪʦ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʩʧʫʪʥʠʢʘ ʧʦ ʦʨʙʠʪʝ; 

ʘ  ï  ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ, ʧʦ ʢʦʪʦʨʦʡ ʚʨʘʱʘʝʪʩʷ ʩʧʫʪʥʠʢ. 



ɿʘ ʧʝʨʚʫʶ ʦʨʙʠʪʫ ʧʨʠʤʝʤ ʤʠʥʠʤʘʣʴʥʫʶ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ʩʧʫʪʥʠʢʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʧʦ 

ʥʝʡ ʩ ʧʝʨʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʈʘʜʠʫʩ ʵʪʦʡ ʦʨʙʠʪʳ ʨʘʚʝʥ ʨʘʜʠʫʩʫ ɿʝʤʣʠ. ɼʣʠʥʘ 

ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʣʶʙʦʤʫ ʠʟ ʤʝʨʠʜʠʘʥʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 40000 ʢʤ, ʧʝʨʚʘʷ ʢʦʩʤʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ 7,8 ʢʤ/ʩ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʠʦʜ  

ʊ1 = 
ȟ
 = 5128 ʩ = 85,5 ʤʠʥ 

ʇʦʣʫʦʩʴ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʳ ʦʯʝʚʠʜʥʦ ʨʘʚʥʘ ʨʘʜʠʫʩʫ ɿʝʤʣʠ: ʘ1 = R  

ʇʦʣʫʦʩʴ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ, ʢʘʢ ʣʝʛʢʦ ʧʦʜʩʯʠʪʘʪʴ    ʘ2 = 2R 

ʀʟ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ ʂʝʧʣʝʨʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʊ2 = ʊ1Ț  = 85,5ȚЍψ =  = 241,8 ʤʠʥ å 4 ʯʘʩʘ  2 ʤʠʥ. 

 

9. ʅʘ ʩʪʦʣʝ, ʧʨʠʤʝʨʥʦ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʥʘʭʦʜʷʪʩʷ ʰʘʨʠʢʠ ʤʘʩʩʳ M = 400 ʛ ʠ m = 100 ʛ, 

ʩʚʷʟʘʥʥʳʝ ʠʩʭʦʜʥʦ ʥʝʥʘʪʷʥʫʪʦʡ ʥʠʪʴʶ. ʐʘʨʠʢʫ m 

ʩʦʦʙʱʘʶʪ ʩʢʦʨʦʩʪʴ v = 10 ʤ/ʩ. ɺ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʠʪʴ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʪʷʥʫʪʦʡ, ʦʥʘ ʦʙʨʘʟʫʝʪ ʫʛʦʣ a = 60х  ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ m. 

ʅʘʡʜʠʪʝ ʩʢʦʨʦʩʪʴ ʰʘʨʠʢʘ M ʩʨʘʟʫ ʢʘʢ ʥʠʪʴ ʥʘʪʷʥʝʪʩʷ.. ʅʠʪʴ 

ʥʝʨʘʩʪʷʞʠʤʘ. ʊʨʝʥʠʷ ʥʝʪ. 

ʈʝʰʝʥʠʝ: 

ʉʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʥʠʪʠ, ʧʦʵʪʦʤʫ 

ʰʘʨʠʢ M ʧʨʠʦʙʨʝʪʸʪ ʠʤʧʫʣʴʩ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʠʪʠ. ʀʟ ʥʝ ʨʘʩʪʷʞʠʤʦʩʪʠ ʥʠʪʠ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʥʠʪʠ ʧʦʩʣʝ çʥʝʫʧʨʫʛʦʛʦ ʫʜʘʨʘè ʫ ʰʘʨʠʢʦʚ ʦʜʠʥʘʢʦʚʳ. 

ʆʙʦʟʥʘʯʠʤ ʵʪʦ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʝʢʮʠʠ u. ʊʦʛʜʘ ʠʟ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚʜʦʣʴ ʥʠʪʠ ʠʤʝʝʤ 

                      (M + m)u = mvcosa/(M + m), ʘ u = mvcosa/(M + m). 

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʘ ʧʦʣʫʯʠʤ:  u = 1 ʤ/ʩ 

 

10. ʅʝʙʦʣʴʰʦʝ ʪʝʣʦ ʤʘʩʩʦʡ m = 1,4 ʛ ʩʦʩʢʘʣʴʟʳʚʘʝʪ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ 

ʩ ʚʝʨʰʠʥʳ ʛʣʘʜʢʦʡ ʩʬʝʨʳ ʨʘʜʠʫʩʘ R  = 60 ʩʤ. ʅʘ ʪʝʣʝ ʠ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ 

ʨʘʟʤʝʱʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʦ ʤʦʜʫʣʶ ʨʘʟʥʦʠʤʝʥʥʳʝ ʟʘʨʷʜʳ, ʯʪʦʙʳ ʪʝʣʦ ʥʝ 

ʦʪʨʳʚʘʣʦʩʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ, ʧʦʢʘ ʪʝʣʦ ʥʝ ʦʢʘʞʝʪʩʷ ʥʘ ʚʳʩʦʪʝ ʨʘʚʥʦʡ 

R/2 ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʦʠʪʩʷ ʩʬʝʨʘ. ʂʘʢʦʚʦ ʟʥʘʯʝʥʠʝ ʵʪʠʭ 

ʟʘʨʷʜʦʚ? 

ʈʝʰʝʥʠʝ: 

q m 

R 
q 



ʊ.ʢ. ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʪʦ ʚʧʣʦʪʴ ʜʦ ʦʪʨʳʚʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ  άὥ̗ ̒ Ὂ  άὫ ὧέί  ɀὔ   (1), ʛʜʝ 

Ὂ - ʩʠʣʘ ʂʫʣʦʥʘ,  Ὂ= 
 

 
, (2) , Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʜʠʘʤʝʪʨʦʤ ʠ ʨʘʜʠʫʩʦʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʢ ʪʝʢʫʱʝʤʫ ʧʦʣʦʞʝʥʠʶ 

ʪʝʣʘ; ʚ ʬʦʨʤʫʣʝ: (+) ï ʢʦʛʜʘ ʪʝʣʦ ʜʚʠʞʝʪʩʷ  ʧʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʬʝʨʳ  ʠ   (ï)  - ʢʦʛʜʘ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʬʝʨʳ;   N 

ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ. 

ɺ ʪʦʯʢʝ ʦʪʨʳʚʘ ʨʝʘʢʮʠʷ ʦʧʦʨʳ ʨʘʚʥʘ ʥʫʣʶ (ʩʤ. ʨʠʩ.) ʠ 

ʫʨʘʚʥʝʥʠʝ (1) ʧʨʠʤʝʪ ʚʠʜ: 

ά
  

Ὂ  άὫ ὧέί                                                (3),  

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ: 
 
άὫὙ 

 

   

 

   
 
  
    (4).  ɿʘ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠʥʷʪ ʫʨʦʚʝʥʴ ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʳʩʦʪʝ  R/2  ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʧʦʢʦʠʪʩʷ ʩʬʝʨʘ. 

ʀʟ  (4)  ʥʘʭʦʜʠʤ,  ʯʪʦ  ὠ = 3gR. ʇʦ ʨʠʩʫʥʢʫ ʣʝʛʢʦ ʧʦʩʯʠʪʘʪʴ, ʯʪʦ  cos Ŭ =0,5  ʇʦʜʩʪʘʚʠʚ ʵʪʠ 

ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢ ʞʝ (2)  ʚ (3) ʧʦʣʫʯʠʤ:  ή Ὑ ρτ“‐άὫ πȟφϽ

ρτϽσȟρτϽψȟψυϽρπ ϽρȟτϽρπϽρπ  = 1,4Ŀ10ϖϑ ʂʣ = 1,4 ʤʢʂʣ. 

 

ɺʘʨʠʘʥʪ 5 

1. ɺ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʘ ʚ 10 ʯʘʩʦʚ ʫʪʨʘ ʤʝʩʪʥʦʛʦ ʚʨʝʤʝʥʠ ʜʠʘʤʝʪʨ ʪʝʥʠ ʰʘʨʘ, 

ʣʝʞʘʱʝʛʦ ʥʘ ʟʝʤʣʝ, ʙʳʣ ʨʘʚʝʥ 70 ʩʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʦʚʥʦ ʚ ʧʦʣʜʝʥʴ ʩʦʣʥʮʝ ʦʢʘʞʝʪʩʷ ʚ ʟʝʥʠʪʝ. 

ʉʯʠʪʘʷ, ʯʪʦ ʩʦʣʥʮʝ ʜʚʠʛʘʝʪʩʷ ʧʦ ʥʝʙʫ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʝ ʜʣʠʥʫ ʪʝʥʠ, 

ʦʪʙʨʘʩʳʚʘʝʤʦʡ ʰʘʨʦʤ ʚ 15 ʯʘʩʦʚ. 

 

ʈʝʰʝʥʠʝ 

ɿʘ ʩʫʪʢʠ ʩʦʣʥʮʝ ʩʦʚʝʨʰʘʝʪ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ ʜʚʘ ʯʘʩʘ ʜʦ ʧʦʣʫʜʥʷ 

ʩʦʣʥʮʝ ʧʝʨʝʤʝʩʪʠʣʦʩʴ ʥʘ 
 ̄ ̑́̅̔̒̏̃  

 ̘́̒́
Ͻς ̘́̒ σ́π ʛʨʘʜʫʩʦʚ. ʕʪʦ ʠ ʝʩʪʴ ʫʛʦʣ ʧʘʜʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʚ 10 ʯʘʩʦʚ ʫʪʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 15 ʯʘʩʦʚ (ʯʝʨʝʟ 3 ʯʘʩʘ ʧʦʩʣʝ ʧʦʣʫʜʥʷ) ʫʛʦʣ 

ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʙʫʜʝʪ ʨʘʚʝʥ 45 ʛʨʘʜʫʩʘʤ.  



ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʠʘʤʝʪʨ ʰʘʨʘ 2R, ʜʣʠʥʘ ʪʝʥʠ l ʠ ʫʛʦʣ 

ʧʘʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ  ʩʚʷʟʘʥʳ  ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ:  2R 

= l1 cos Ŭ1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʜʣʠʥʘ ʪʝʥʠ ʚ 15 ʯʘʩʦʚ 2R = l2 cos Ŭ2     

ʇʦʣʫʯʘʝʤ, ʯʪʦ: 

ὰ  
 

 
Ͻὰ = 

 
Ͻὰ  85,7 ʩʤ 

ʨʘʜʠʫʩ ʰʘʨʘ: 30,3 ʩʤ 

 

2. ʅʘ ʥʘʢʣʦʥʥʦʤ ʩʪʦʣʝ ʩ ʫʛʣʦʤ Ŭ ʧʨʠ ʚʝʨʰʠʥʝ ʩʪʦʠʪ ʥʝʚʝʩʦʤʘʷ ʧʦʜʩʪʘʚʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ  ʩʦʙʦʡ ʪʦʥʢʠʡ ʜʠʩʢ ʨʘʜʠʫʩʘ  R ʩ  ʟʘʢʨʝʧʣʸʥʥʦʡ  ʚ  ʝʛʦ  

ʮʝʥʪʨʝ  ʜʣʠʥʥʦʡ  ʩʧʠʮʝʡ. ʅʘ  ʩʧʠʮʫ  ʥʘʥʠʟʳʚʘʶʪ  ʤʘʩʩʠʚʥʳʝ  ʰʘʨʠʢʠ  

ʨʘʜʠʫʩʘ  r. ʉʢʦʣʴʢʦ  ʥʝʦʙʭʦʜʠʤʦ  ʰʘʨʠʢʦʚ,  ʯʪʦʙʳ  ʧʦʜʩʪʘʚʢʘ ʦʧʨʦʢʠʥʫʣʘʩʴ? 

ʈʝʰʝʥʠʝ 

ʉʧʠʮʘ ʦʧʨʦʢʠʥʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʣʠʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʧʦʜʩʪʘʚʢʠ. 

ʎʝʥʪʨ ʪʷʞʝʩʪʠ ʦʜʥʦʨʦʜʥʦʡ ʧʘʣʦʯʢʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʩʝʨʝʜʠʥʝ. ʊ.ʝ., ʝʩʣʠ ʚʜʦʣʴ ʩʧʠʮʳ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʣʠʥʠʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʥʘʩʘʞʝʥʥʳʤʠ hʘʨʠʢʘʤʠ h, ʪʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ h/2. ʊʦʛʜʘ ʚ ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ  ʩ ʫʛʣʦʤ Ŭ  ʧʨʠ ʚʝʨʰʠʥʝ,  tg Ŭ = 

R/(h/2). ʆʪʢʫʜʘ h = RĿʩtg Ŭ. ʅʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ h = nϊ2r,   ʦʪʢʫʜʘ  n = 
  
 (ʮʝʣʦʡ ʯʘʩʪʠ ʯʠʩʣʘ, 

ʩʪʦʷʱʝʛʦ ʚ ʩʢʦʙʢʝ) 

 

3. ʂʘʢʘʷ ʯʘʩʪʴ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʠʟʦʙʘʨʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʦʜʥʦʘʪʦʤʥʦʛʦ 

ʛʘʟʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʵʪʦʛʦ ʛʘʟʘ? 

ʈʝʰʝʥʠʝ 

ɿʘʧʠʰʝʤ I ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: Q = ȹU + A, ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʪʥʦʰʝʥʠʝ DU/Q. ɼʣʷ 

ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ  ȹU = Ͻ’ Ὑ ῳὝ ʠ  A = ɜ R ȹT, ʪʦʛʜʘ Q = Ͻ’ Ὑ ῳὝ .  ʆʪʥʦʰʝʥʠʝ  

 100% =  100%  = 60%. 

 

4. ʇʨʦʪʦʥ, ʫʩʢʦʨʝʥʥʳʡ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ U= 500 ʢɺ,ʧʨʦʣʝʪʘʝʪ 

ʧʦʧʝʨʝʯʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ ɺ = 0,51 ʊʣ. ʊʦʣʱʠʥʘ 

ʦʙʣʘʩʪʠ ʩ ʧʦʣʝʤ d= 10 ʩʤ (ʩʤ. ʨʠʩ.). ʅʘʡʪʠ ʩʤʝʱʝʥʠʝȹ ʠ ʫʛʦʣ Ŭ ʦʪʢʣʦʥʝʥʠʷ  

2

l 

Ŭ 

h 

άἯᴆ 



ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʨʦʪʦʥʘ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʙʣʘʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʈʝʰʝʥʠʝ 

ʇʨʦʪʦʥ, ʧʨʦʰʝʜʰʠʡ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʚʥʫ  ʁU, ʧʨʠʦʙʨʝʪʘʝʪ ʩʢʦʨʦʩʪʴ V, ʢʦʪʦʨʫʶ 

ʥʘʡʜʝʤ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ:  qU=    ʠʣʠ   V = 
 
   . 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʙʣʘʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʪʦʥ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ, 

ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʡ ʃʦʨʝʥʮʘ: 

ήὠὄ  ,ʦʪʢʫʜʘ R= 
    

,ʚʝʨʰʠʥʘ, ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʋʛʦʣ ʦʪ ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʨʘʚʝʥ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʨʘʜʠʫʩʘ 

ʦʢʨʫʞʥʦʩʪʠ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ sin Ŭ = d/R =  , ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʧʦʣʫʯʠʤ:  

sin Ŭ =Bd¶
 
= 0,51¶0,1¶

ȟϽ

  Ͻȟ Ͻ ϽϽ
 = 0,5 ŸŬ = 30 

ʉʤʝʱʝʥʠʝ ȹ = R(1 ï cos Ŭ) = 
  
¶(1 ï cos Ŭ) = 

  Ͻȟ Ͻ ϽϽ

ȟϽ Ͻȟ
 Ͻρ ὧέί σπЈ = 

26,8Ŀ10ѐш ͣ  

 

5. ʀʟ ʮʠʣʠʥʜʨʘ ʨʘʜʠʫʩʘ r = 2 ʩʤ ʚʳʜʘʚʣʠʚʘʶʪ ʧʦʨʰʥʝʤ ʪʝʢʫʯʫʶ 

ʧʘʩʪʫ. ʆʥʘ ʨʘʩʪʝʢʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʝʤ ʪʦʣʱʠʥʳ h = 2 ʤʤ, ʦʙʨʘʟʫʷ 

ʢʨʫʛʦʚʦʝ ʧʷʪʥʦ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʨʰʥʷ 6 ʩʤ/ʩ. ʂʘʢʦʚʘ ʩʢʦʨʦʩʪʴ 

ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʥʠʮʳ ʧʷʪʥʘ ʧʨʠ ʨʘʜʠʫʩʝ ʧʷʪʥʘ  R = 30 ʩʤ ? 

 

ʈʝʰʝʥʠʝ 

ɿʘ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ æt ʧʦʨʰʝʥʴ, ʜʚʠʞʫʱʠʡʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ Vϛ ʦʧʫʩʢʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ VϛĀæt ʠ ʚʳʜʘʚʣʠʚʘʝʪ ʧʘʩʪʫ 

ʦʙʲʝʤʦʤ VϛĀætĀS , ʛʜʝ S = ́rĮ, ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ æS = 2 

ŔĀæR, ʛʜʝĀæR = VĀæt. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʧʘʩʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ æSĀh. ʆʙʲʝʤ ʚʳʪʝʩʥʝʥʥʳʡ ʠʟ 

ʧʦʨʰʥʷ ʟʘ ʚʨʝʤʷ æt ʨʘʚʝʥ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʫ ʧʷʪʥʘ ʥʘ ʩʪʦʣʝ ʟʘ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ: VϛĀætĀ́rĮ = 2Ö́RĀVĀætĀh, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ὠ Ͻὠ , 

V = 
Ͻ Ͻȟ 

Ͻφ = 2 (ʩʤ/ʩ) 

 

h 

ό  
r 

R 

Ὣ  

ὠ  ὠ  



6. ɺ ʮʠʣʠʥʜʨʝ ʩʦʜʝʨʞʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʜʝʘʣʴʥʦʛʦ 

ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ. ʎʠʣʠʥʜʨ ʟʘʢʨʳʪ ʥʝʚʝʩʦʤʳʤ ʧʦʨʥhʝʤ, ʧʦʨʰʝʥʴ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʨʫʞʠʥʦʡ ʞʝʩʪʢʦʩʪʴʶ k ʪʘʢ, ʯʪʦ ʚʳʩʦʪʘ ʧʦʨʰʥ ̫ʥʘʜ 

ʜʥʦʤ ʮʠʣʠʥʜʨʘ ʅ = 40 ʩʤ. ʇʨʠ ʧʦʜʚʝʜʝʥʠʠ ʢ ʛʘʟʫ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ Q 

= 200 ɼʞ ʚʳʩʦʪʘ ʧʦʣʦʞʝʥʠʷ ʧʦʨʰʥ ̫ʠʟʤʝʥʠʣʘʩʴ. ʆʧʨʝʜʝʣʠʪʝ ʥʘ ʢʘʢʦʡ 

ʚʳʩʦʪʝ ʦʩʪʘʥʦʚʠʣʩʷ ʧʦʨʝhʥ.ɹ ɼʘʚʣʝʥʠʝ ʩʨʝʜʳ ʥʘʜ ʧʦʨʰʥʷʤʠ ʨʘʚʥʦ ʥʫʣʶ. ʅʝʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʧʨʫʞʠʥʘ ʢʘʩʘʝʪʩʷ ʜʥʘ ʮʠʣʠʥʜʨʘ. 

ʈʝʰʝʥʠʝ: 

ʇʦ ʧʝʨʚʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ὗ ὃ ЎὟ 

ὃ
Ὧ

ς
Ὄ Ὄ  

ЎὟ
σ

ς
ὯὌ Ὄ  

Ὄ
ὗ ςὯὌ

ςὯ
φπ ̒  ̍

 

7. ɿʘ ʚʨʝʤʷ 20 ʩ ʚ ʮʝʧʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʩʝʪʴ, ʚʳʜʝʣʠʣʦʩʴ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ. ɿʘ ʢʘʢʦʝ 

ʚʨʝʤʷ ʚʳʜʝʣʠʪʩʷ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʝʩʣʠ ʧʨʦʚʦʜʥʠʢʠ ʩʦʝʜʠʥʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ? 

ʈʝʰʝʥʠʝ: 

ʇʨʠʨʘʚʥʷʝʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʠʝʩʷ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʮʝʧʠ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ 

ɼʞʦʫʣʷ-ʃʝʥʮʘ: 

σὟ

Ὑ
Ўὸ

Ὗ

σὙ
Ўὸ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

Ўὸ
Ўὸ

ω
ςȟς ̒ 

 

8. ʉʧʫʪʥʠʢ ʜʚʠʞʝʪʩʷ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ, ʘʧʦʛʝʡ ʢʦʪʦʨʦʡ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʦʪ 

ʮʝʥʪʨʘ ɿʝʤʣʠ) ʨʘʚʝʥ ʫʪʨʦʝʥʥʦʤʫ ʨʘʜʠʫʩʫ ɿʝʤʣʠ, ʘ ʧʝʨʠʛʝʡ (ʤʠʥʠʤʘʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʦʪ ʮʝʥʪʨʘ 

ɿʝʤʣʠ) ʨʘʚʝʥ ʨʘʜʠʫʩʫ ɿʝʤʣʠ. ʅʘʡʜʠʪʝ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʘʧʦʛʝʝ ʠ ʧʝʨʠʛʝʝ. 

ʈʝʰʝʥʠʝ. 

ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʂʝʧʣʝʨʘ, ʚʳʪʝʢʘʶʱʝʤʫ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 



3 ʟ A ʟ pmR v mR v= . 

ʆʪʩʶʜʘ 

1

3

A

p

v

v
=  

 

9. ɻʨʫʟ ʚʠʩʷʱʠʡ ʥʘ ʥʠʪʠ ʜʣʠʥʳ L ʤ, ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʛʚʦʟʜʶ, ʪʦʣʢʥʫʣʠ ʪʘʢ, ʯʪʦ ʦʥ ʧʦʜʥʷʣʩʷ 

ʠ ʟʘʪʝʤ ʧʦʧʘʣ ʚ ʛʚʦʟʜʴ. ʂʘʢʦʚʘ ʝʛʦ ʩʢʦʨʦʩʪʴ ʚ ʤʦʤʝʥʪ ʫʜʘʨʘ ʦ ʛʚʦʟʜʴ? ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ g. 

ʈʝʰʝʥʠʝ 

ʊʨʘʝʢʪʦʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ (ʧʦʢʘ ʥʠʪʴ ʥʘʪʷʥʫʪʘ) ʠ 

ʧʘʨʘʙʦʣʳ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʛʚʦʟʜʴ ʠ ʧʨʦʜʦʣʞʘʶʱʝʡ ʜʫʛʫ ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʥʝʡ (ʥʠʪʴ ʩʤʷʪʘ) (ʩʤ. ʨʠʩʫʥʦʢ.) 

ɺ ʪʦʯʢʝ ʧʝʨʝʭʦʜʘ ʢ ʧʘʨʘʙʦʣʝ ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ. ʀʟ 2-

ʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʜʣʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ:  

muĮ/L = m g sinh, 

ʦʪʢʫʜʘ,ʢʚʘʜʨʘʪ ʩʢʦʨʦʩʪʠ ʚ ʵʪʦʡ ʪʦʯʢʝ 

uĮ= L g sin ,h 

ʛʜʝ ïh ʫʛʦʣ, ʦʙʨʘʟʫʝʤʳʡ ʥʠʪʴʶ ʩ ʛʦʨʠʟʦʥʪʘʣʴʶ. 

ʋʩʣʦʚʠʝ ʧʦʧʘʜʘʥʠʷ ʚ ʛʚʦʟʜʴ: 

ʇʝʨʝʤʝʱʝʥʠʝ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ L cos  h =  u sin  h

t, 

ʧʦ ʚʝʨʪʠʢʘʣʠ L sin  h= gtĮ/2  ï  u cos  ht. 

ʇʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ  

Õ  , Ç ÓÉÎ ɻ 

, ÃÏÓ ɻ    Õ ÓÉÎ ɻ Ô 

, ÓÉÎ ɻ    ÇÔόȾς  ɀ  Õ ÃÏÓ ɻ Ô

 

ʦʪʢʫʜʘ ʥʘʡʜʝʤ sinĮh = 1/3 

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ vĮ= uĮ+ 2L g sin h Σ ʦʪʢʫʜʘ  vĮ= 3L g sin ,h ʘ ʦʪʚʝʪ: v= σ ὒὫ 

 

10. ʇʦʨʰʝʥʴ ʤʘʩʩʳ m = 20 ʢʛ ʠ ʩʝʯʝʥʠʷ S =100 ʩʤч ʚ ʠʩʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʮʠʣʠʥʜʨʘ ʥʘʭʦʜʠʪʩʷ ʧʦʩʝʨʝʜʠʥʝ. ʉʣʝʚʘ ʠ ʩʧʨʘʚʘ ʚʦʟʜʫʭ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ P = 10ъ ʇʘ. 

ʆ 

 όᴆ 

ὺᴆ 

ὠᴆ 

L 

ʈ ʈ 
m, S 



ʂʣʘʧʘʥ ʚ ʪʦʨʮʝ ʮʠʣʠʥʜʨʘ ʦʪʢʨʳʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʦʨʝʮ ʦʙʨʘʱʝʥ ʩʪʨʦʛʦ ʚʥʠʟ. ʎʠʣʠʥʜʨ 

ʧʦʚʦʨʘʯʠʚʘʶʪ ʥʘ 90ʦ, ʧʨʠʚʝʜʷ ʝʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʢʘʢʦʡ ʤʘʩʩʝ ʧʦʨʰʥʷ ʦʥ 

ʦʧʫʩʪʠʪʩʷ ʥʘ ʥʠʞʥʠʡ ʪʦʨʝʮ? ʊʨʝʥʠʷ ʥʝʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʝʠʟʤʝʥʥʘ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ g = 10 ʤ/ʩ2. 

ʈʝʰʝʥʠʝ 

ʇʦʩʣʝ ʧʦʚʦʨʦʪʘ ʥʘ 90ʦ ʜʘʚʣʝʥʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʨʠ ʦʪʢʨʳʪʦʤ ʢʣʘʧʘʥʝ ʚʦʟʜʫʭ 

ʧʝʨʝʩʪʘʸʪ ʚʳʭʦʜʠʪʴ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʧʦʜ ʧʦʨʰʥʝʤ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤ P.  

ɺʳʰʝ ʧʦʨʰʥʷ ʪʦʛʜʘ ʙʫʜʝʪ P̀  = P ï mg/S. ʇʫʩʪʴ ʚʝʩʴ ʦʙʲʸʤ V, ʦʙʲʸʤ ʩʥʠʟʫ Vѕ, ʪʦʛʜʘ ʦʙʲʸʤ 

ʩʚʝʨʭʫ Vі = V ï Vѕ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʠʟʦʪʝʨʤʳ ʠʤʝʝʤ 

PVі = (P ï mg/S)Vі  = PV/2. ʊʦʛʜʘ Vі = 
       

.  

ʇʦʩʢʦʣʴʢʫ nRT = PV,    ʘ   nѕRT = PVѕ, ʛʜʝ n ʥʘʯʘʣʴʥʦʝ ʦʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʡ, ʘ n1 ʯʠʩʣʦ ʤʦʣʝʡ 

ʦʩʪʘʚʰʠʭʩʷ ʧʦʜ ʧʦʨʰʥʝʤ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  n1/n = V1/V.  ʊ.ʢ. Vѕ Ґ V ï Vі Σ  ͭͦ  

V1/V =  nѕ/n  = (PS ï 2mg)/2(PS ï mg).  ʪʦʛʜʘ  nѕ Ґ  
     

       
 Ґ  

    

       
 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʤʘʩʩʝ m = PS/2g = 50 ʢʛ  n1 = 0 ʠ ʙʦʣʴʰʝʡ ʧʦʨʰʝʥʴ ʚʳʜʘʚʠʪ ʚʝʩʴ ʛʘʟ ʠʟ 

ʥʠʞʥʝʡ ʯʘʩʪʠ. ɺʳʡʜʝʪ ʨʦʚʥʦ ʧʦʣʦʚʠʥʘ ʛʘʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ ʚʳʪʝʩʥʝʥʠʠ ʛʘʟ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʩʰʠʨʠʪʩʷ ʚʜʚʦʝ, ʝʛʦ ʜʘʚʣʝʥʠʝ ʩʪʘʥʝʪ P/2. 

 

ɺʘʨʠʘʥʪ 6 

1. ʂʘʪʝʨ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ ʦʟʝʨʫ ʩʦ 

ʩʢʦʨʦʩʪʴʶ V, ʩ ʧʦʤʦʱʴʶ ʬʘʣʘ ʪʘʱʠʪ ʟʘ ʩʦʙʦʡ 

ʩʧʦʨʪʩʤʝʥʘ ʥʘ ʚʦʜʥʳʭ ʣʳʞʘʭ; ʧʨʠʯʝʤ ʫʛʦʣ 

ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ V ʠ ʬʘʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 

ʫʛʦʣ Ŭ, ʘ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ u 

ʣʳʞʥʠʢʘ ʠ ʪʝʤ ʞʝ ʬʘʣʦʤ ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣ ɓ. 

ʅʘʡʜʠʪʝ ʩʢʦʨʦʩʪʴ ʩʧʦʨʪʩʤʝʥʘ. 

ʈʝʰʝʥʠʝ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʝʡ  V  ʠ u 

ʣʠʥʠʶ ʬʘʣʘ ʨʘʚʥʳ, ʪ.ʝ. VĀcos Ŭ = uĀcos ɓ  ʦʪʢʫʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ    u = 6Ͻ
   

   
  

 

2. ʀʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʢʫʩʢʦʚ ʩʪʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ ʩʚʠʣʠ ʜʚʝ ʧʨʫʞʠʥʳ. ɼʠʘʤʝʪʨ ʚʠʪʢʦʚ 

ʦʜʥʦʡ ʠʟ ʥʠʭ ʨʘʚʝʥ d, ʜʨʫʛʦʡ 2d. ʇʝʨʚʘʷ ʧʨʫʞʠʥʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʫʟʘ ʨʘʩʪʷʥʫʣʘʩʴ ʥʘ ʦʜʥʫ 



ʜʝʩʷʪʫʶ ʩʚʦʝʡ ʜʣʠʥʳ. ʅʘ ʢʘʢʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʜʣʠʥʳ ʨʘʩʪʷʥʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʛʦ ʞʝ ʛʨʫʟʘ 

ʚʪʦʨʘʷ ʧʨʫʞʠʥʘ? 

ʈʝʰʝʥʠʝ 

ʋʜʣʠʥʝʥʠʝ ʧʨʫʞʠʥ ʨʘʚʥʦ 2 sin
2

l n d
a

D = Ö Ö, ʛʜʝ n ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʧʨʫʞʠʥʳ, ʘ a ï ʫʛʦʣ, ʥʘ 

ʢʦʪʦʨʳʡ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʩʦʩʝʜʥʠʝ ʚʠʪʢʠ ʧʨʫʞʠʥʳ. ʊʘʢ ʢʘʢ ʫʜʣʠʥʝʥʠʝ ʧʨʫʞʠʥʳ ʤʘʣʦ, ʪʦ ʵʪʦʪ 

ʫʛʦʣ ʤʘʣ ʠ sin
2 2

a a
º .ʇʦʵʪʦʤʫ l ndaD = . 

ʋʛʦʣ a ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʤʦʤʝʥʪʘʤ ʩʠʣ F, ʢʦʪʦʨʳʝ ʨʘʩʪʷʛʠʚʘʶʪ ʚʠʪʦʢ: Fda= . ʉʠʣʘ F ʨʘʚʥʘ 

ʚʝʩʫ ʛʨʫʟʘ, ʧʦʜʚʝʰʝʥʥʦʛʦ ʢ ʧʨʫʞʠʥʝ, ʠ ʦʜʠʥʘʢʦʚʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʧʦʵʪʦʤʫ 2~l ndD . 

ɼʠʘʤʝʪʨ ʚʠʪʢʦʚ ʚʪʦʨʦʡ ʧʨʫʞʠʥʳ ʚʜʚʦʝ ʤʝʥʴʰʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ 

ʚʪʦʨʦʡ ʧʨʫʞʠʥʳ ʚʜʚʦʝ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʧʝʨʚʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʘʷ ʧʨʫʞʠʥʘ ʨʘʩʪʷʥʝʪʩʷ ʥʘ 

2/5 ʩʚʦʝʡ ʜʣʠʥʳ. 

 

3. ɺ ʢʦʤʥʘʪʝ ʦʙʲʝʤʦʤ V =75 ʤ3 ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʥʘ ʫʣʠʮʝ ʊѕ = ï 20ʉ. 

ɺʢʣʶʯʘʶʪ ʵʣʝʢʪʨʦʢʘʤʠʥ ʠ ʦʥ ʤʝʜʣʝʥʥʦ ʧʨʦʛʨʝʚʘʝʪ ʚʦʟʜʫʭ ʚ ʢʦʤʥʘʪʝ ʜʦ ʊі = +23ʉ. ʏʘʩʪʴ 

ʚʦʟʜʫʭʘ ʧʨʠ ʵʪʦʤ ʚʳʭʦʜʠʪ ʥʘʨʫʞʫ ʯʝʨʝʟ ʥʝʛʝʨʤʝʪʠʯʥʦʝ ʦʢʥʦ. ʅʘʡʪʠ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ ʠ ʨʘʙʦʪʫ, ʢʦʪʦʨʫʶ ʩʦʚʝʨʰʘʝʪ ʚʦʟʜʫʭ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʥʘʨʫʞʫ. 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 10ъ ˽ ͊Φ 

ʈʝʰʝʥʠʝ  

ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, ʚ ʩʠʣʫ ʥʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʦʤʝʱʝʥʠʷ, ʧʨʦʮʝʩʩ ʠʟʦʙʘʨʥʳʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʴ ʛʘʟʘ, ʚʳʭʦʜʷʱʘʷ ʥʘʨʫʞʫ, ʠ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ. 

ɺʥʫʪʨʝʥʥʷʷ ɻ ʥʝʨʛʠʷ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ U = ɜ/Ǿ¢ Ґ ɜRT Ґ pєV . ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʊ.ʝ. ʚʥʫʪʨʝʥʥʷʷ 

ʵʥʝʨʛʠʷ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ  ʥʝ ʤʝʥʷʝʪʩʷ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʛʘʟʘ ʚ ʢʦʤʥʘʪʝ ʧʦʩʣʝ  ʧʨʦʛʨʝʚʘ: 

pєV Ґ  ɜіRTі                  όмύ 

ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʚʦʟʜʫʭʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ɜіʚ ʢʦʤʥʘʪʝ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ  

pєόVς DV)=nіRTѕ,    (2) 

ʛʜʝ DV - ʦʙʲʝʤ ʛʘʟʘ ʚʳʰʝʜʰʝʛʦ ʥʘ ʫʣʠʮʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ ʥʠʞʝ (Tѕ< Tі),  

ʈʘʙʦʪʘ ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʧʦʵʪʦʤʫ 

A = ʨϚDV     (3) 

ʅʘʡʜʝʤ DV ʠʟ (1) ʠ (2), ʚʳʯʪʷ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟ ʧʝʨʚʦʛʦ ʨϚDV = nϜR(TϜ - Tϛ). 



ɺʳʥʝʩʝʤ ʚ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ TϜ:        ÐЎ6  ʉ24 ρ   

ʀʟ (1) ʚʠʜʥʦ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ  ɜіRTі ʨʘʚʥʦ pєV. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʨʘʙʦʪʘ ʨʘʚʥʘ: ɸ = pєVρ   = 10ъĿ75ρ   =1 ʄɼʞ 

 

4. ʇʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʰʘʨʠʢ ʤʘʩʩʦʡ  m = 1 ʛ  ʧʦʜʚʝʰʝʥ ʥʘ 

ʥʠʪʠ ʜʣʠʥʦʡ L= 1 ʤ  ʠ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ  ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ  "ᴆ (ʩʤ. ʨʠʩʫʥʦʢ). ɿʘʨʷʜ 

ʰʘʨʠʢʘ q = 1 ʤʂʣ. ʅʠʪʴ ʦʙʨʘʟʫʝʪ ʩ ʚʝʨʪʠʢʘʣʴʶ  ʫʛʦʣ Ŭ = 60Á. ʅʘʡʜʠʪʝ 

ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʰʘʨʠʢʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. 

ʈʝʰʝʥʠʝ  

ʇʦʩʣʝ ʨʘʩʩʪʘʥʦʚʢʠ ʩʠʣ (ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ  Ὂ̎ᴆ,  ʩʠʣʳ  ʪʷʞʝʩʪʠ ï άὫᴆ,  ʩʠʣʳ ʃʦʨʝʥʮʘ  Ὂ̌ᴆ)  ʩʤ. 

ʨʠʩʫʥʦʢ,   ʤʦʜʫʣʴ  Fʣ = q
 v B 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʤʘʩʩʳ  

m :  

m aʮʩ = Fʥ sin
 Ŭ  ï  q v B 

 ʦʯʝʚʠʜʥʦ,  ʯʪʦ     Fʥ cos
 Ŭ  =  mg   ʠ  aʮʩ = w

2r 

 ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʨʠʤʝʪ ʚʠʜ: 

m w2 r = mg tg Ŭ   ï  q w r B. ʋʯʠʪʳʚʘʷ, ʯʪʦ   r = L sin Ŭ 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ  m w2 L cos Ŭ   +  q w L cos Ŭ  B  +  mg  = 0. 

 

ʆʪʚʝʪ:   
                

      
  = 

= 
 

 
ρ   ρ       

 = 0,5 ʨʘʜ/ʩ 

 

5. ʊʷʞʝʣʳʡ ʰʘʨ ʧʨʠʚʷʟʘʥ ʥʠʪʴʶ ʢ ʢʫʙʫ ʤʘʩʩʳ M = 4 ʢʛ. ɿʘ ʜʨʫʛʫʶ ʥʠʪʴ ʰʘʨ ʪʷʥʫʪ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ, ʪʘʢ ʯʪʦ ʦʥ ʠ ʢʫʙ ʜʚʠʞʫʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʅʘʢʣʦʥʥʘʷ ʥʠʪʴ ʦʙʨʘʟʫʝʪ ʫʛʦʣ a = 45х ʩ 

ʚʝʨʪʠʢʘʣʴʶ. ʅʘʡʜʠʪʝ ʤʘʩʩʫ ʰʘʨʘ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʢʫʙʘ ʩ ʧʦʣʦʤ m = 0,5.  

ʈʝʰʝʥʠʝ: 



ʊ.ʢ. ʢʫʙ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʪʦ, ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʩʠʣ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʢʘʞʜʦʝ ʠʟ ʪʝʣ ʨʘʚʥʘ ʥʫʣʶ.  

ɼʣʷ ʰʘʨʘ:  Ὕ  +  άὫ ᴆ +  Ὂ  = 0;       

ʜʣʷ ʢʫʙʘ: Ὂ̓  ̑ +  ὔ   +  Ὕ   +  Ὣ̇ ᴆ  =  0 

ʀʟ ʨʘʚʥʦʚʝʩʠʷ ʰʘʨʘ: ʊy = mg, ʪʦʛʜʘ ʊx = F = mgϊtg a.                                                  (1) 

ʈʘʚʥʦʚʝʩʠʝ ʢʫʙʘ. ʇʨʦʝʢʮʠʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ: N - Tᾳ - Mg = 0  Ҧ N = (M + m) g                                                                                                                 

(2) 

ʇʨʦʝʢʮʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʊx ï Fʪʨ = 0 ʠʣʠ Fʪʨ = ʊx = mgϊtg a.                  (3) 

ʉʠʣʘ ʪʨʝʥʠʷ ʧʨʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʠ Fʪʨ = mN Ҧ Fʪʨ = m(M + m) g                            (4) 

ʆʪʢʫʜʘ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (3) ʚ (4) ʧʦʣʫʯʠʤ m(m + M) = mϊtg a ʠʣʠ m = mM(tg a ï m) = 1 ʢʛ. 

6. ʂʘʢʫʶ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ ʨʘʟʚʠʚʘʝʪ ʜʚʠʛʘʪʝʣʴ ʤʦʪʦʮʠʢʣʘ, ʝʩʣʠ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

90 ʢʤ/ʯ ʨʘʩʭʦʜ ʙʝʥʟʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 4 ʣ ʥʘ 100 ʢʤ ʧʫʪʠ, ʘ ʂʇɼ ʜʚʠʛʘʪʝʣʷ 25 %? ʋʜʝʣʴʥʫʶ ʪʝʧʣʦʪʫ 

ʩʛʦʨʘʥʠʷ ʙʝʥʟʠʥʘ ʧʨʠʥʷʪʴ 44 ʄɼʞ/ʢʛ, ʧʣʦʪʥʦʩʪʴ ʙʝʥʟʠʥʘ ï 750 ʢʛ/ʤ3. 

ʈʝʰʝʥʠʝ: 

ʄʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
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7. ʕʣʝʢʪʨʦʥ ʚʣʝʪʘʝʪ ʚ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʥʳ ʦʜʥʦʨʦʜʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʷ. ʉʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɿʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ. ʆʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʝʩʣʠ ʵʣʝʢʪʨʦʥ 

ʧʨʦʣʝʪʘʝʪ ʦʙʣʘʩʪʴ, ʥʝ ʠʩʧʳʪʳʚʘʷ ʦʪʢʣʦʥʝʥʠʷ. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ W. 

ʈʝʰʝʥʠʝ: 

ɼʣʷ ʧʨʦʣʝʪʘ ʙʝʟ ʦʪʢʣʦʥʝʥʠʷ ʤʦʜʫʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣʳ ʃʦʨʝʥʮʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪ.ʝ. 

 

ὩὉ Ὡὠὄ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 
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8. ʂʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʮʠʣʠʥʜʨ ʥʝʙʦʣʴʰʦʡ ʜʣʠʥʳ ʠ ʠʤʝʶʱʠʡ 

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ S, ʜʚʠʞʝʪʩʷ ʚʜʘʣʠ ʦʪ ʪʷʛʦʪʝʶʱʠʭ ʪʝʣ ʩʦ ʩʢʦʨʦʩʪʴʶ u. ɺʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʮʠʣʠʥʜʨʘ. ʄʘʩʩʘ ʢʦʨʘʙʣʷ ï M0. ʂʦʨʘʙʣʴ ʚʣʝʪʘʝʪ ʚ ʧʳʣʝʚʦʡ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ L ʠ ʧʣʦʪʥʦʩʪʴʶ ɟ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʩʣʦʝ ʢʦʨʘʙʣʴ ʠʩʧʳʪʳʚʘʝʪ ʥʝʫʧʨʫʛʠʝ ʩʦʫʜʘʨʝʥʠʷ 

ʩ ʯʘʩʪʠʮʘʤʠ ʧʳʣʠ. ʆʧʨʝʜʝʣʠʪʝ ʚʨʝʤʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ ʧʳʣʝʚʦʤ ʩʣʦʝ. 

ʈʝʰʝʥʠʝ 

ʇʦʩʢʦʣʴʢʫ ʢʦʨʘʙʣʴ ʜʚʠʞʝʪʩʷ ʚ ʩʣʦʝ, ʠʩʧʳʪʳʚʘʷ ʥʝʫʧʨʫʛʠʝ ʩʦʫʜʘʨʝʥʠʷ, ʪʦ ʢ ʤʦʤʝʥʪʫ ʚʳʭʦʜʘ 

ʠʟ ʩʣʦʷ ʝʛʦ ʤʘʩʩʘ ʩʪʘʥʝʪ ʨʘʚʥʦʡ 

 

 

 

ʘ ʩʢʦʨʦʩʪʴ 

 

 

 

 

ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʩʢʦʨʦʩʪʠ, ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ L:  

 

 

 

 

ʇʣʦʱʘʜʴ ʧʦʜ ʛʨʘʬʠʢʦʤ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʝʩʪʴ ʠʩʢʦʤʦʝ ʚʨʝʤʷ:  
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9. ʅʘ ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʂʦʩʤʦʩʝ ʧʣʘʥʝʪʝ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʚ 5 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 

ʥʘ ɿʝʤʣʝ. ʂʦʩʤʦʥʘʚʪʳ, ʚʳʩʘʜʠʚʰʠʝʩʷ ʥʘ ʵʪʦʡ ʧʣʘʥʝʪʝ, ʧʦʩʪʨʦʠʣʠ ʜʣʷ ʥʫʞʜ ʥʘʫʯʥʦʡ ʩʪʘʥʮʠʠ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʶ, ʜʣʷ ʯʝʛʦ ʚʦʟʚʝʣʠ ʧʣʦʪʠʥʫ ʚʳʩʦʪʦʡ 100 ʤ. ʆʮʝʥʠʪʝ, ʢʘʢʫʶ ʤʦʱʥʦʩʪʴ 

ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʪʘʢʘʷ ʧʣʦʪʠʥʘ, ʝʩʣʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʜʦ ʧʣʦʪʠʥʳ ʠ ʫ ʧʦʜʥʦʞʠʷ 

ʧʣʦʪʠʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʦʪʣʠʯʘʝʪʩʷ ʥʘ 1 Áʉ, ʘ ʝʞʝʩʝʢʫʥʜʥʦ ʯʝʨʝʟ ʧʣʦʪʠʥʫ ʧʨʦʭʦʜʠʪ 2 ʪʦʥʥʳ 

ʚʦʜʳ. 

ʈʝʰʝʥʠʝ: 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʦʜʳ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʠ ʯʘʩʪʠʯʥʦ ʪʝʨʷʝʪʩʷ ʚ ʚʠʜʝ 

ʪʝʧʣʦʪʳ. ɺʳʨʘʟʠʤ ʧʦʣʝʟʥʫʶ ʤʦʱʥʦʩʪʴ: 

 

ά

ὸ
ὫὬ ὧ

ά

ὸ
Ўὸ ρȟφ ̇ˏ ̓

 

10. ʇʦʨʰʝʥʴ ʤʘʩʩʳ m = 20 ʢʛ ʠ ʩʝʯʝʥʠʷ S =100 ʩʤч ʚ ʠʩʭʦʜʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʮʠʣʠʥʜʨʘ ʥʘʭʦʜʠʪʩʷ ʧʦʩʝʨʝʜʠʥʝ. ʉʣʝʚʘ ʠ ʩʧʨʘʚʘ ʚʦʟʜʫʭ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ P = 10ъ ʇʘ. 

ʂʣʘʧʘʥ ʚ ʪʦʨʮʝ ʮʠʣʠʥʜʨʘ ʦʪʢʨʳʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʦʨʝʮ ʦʙʨʘʱʝʥ ʩʪʨʦʛʦ ʚʥʠʟ. ʎʠʣʠʥʜʨ 

ʧʦʚʦʨʘʯʠʚʘʶʪ ʥʘ 90ʦ, ʧʨʠʚʝʜʷ ʝʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʂʘʢʘʷ ʜʦʣʷ ʚʦʟʜʫʭʘ ʚʳʡʜʝʪ? 

ʊʨʝʥʠʷ ʥʝʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʝʠʟʤʝʥʥʘ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g = 10 ʤ/ʩ2. 

ʈʝʰʝʥʠʝ 

ʇʦʩʣʝ ʧʦʚʦʨʦʪʘ ʥʘ 90ʦ ʜʘʚʣʝʥʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʮʠʣʠʥʜʨʘ ʧʨʠ ʦʪʢʨʳʪʦʤ ʢʣʘʧʘʥʝ ʚʦʟʜʫʭ 

ʧʝʨʝʩʪʘʸʪ ʚʳʭʦʜʠʪʴ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʝ ʧʦʜ ʧʦʨʰʥʝʤ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤ P.  

ɺʳʰʝ ʧʦʨʰʥʷ ʪʦʛʜʘ ʙʫʜʝʪ P̀  = P ï mg/S. ʇʫʩʪʴ ʚʝʩʴ ʦʙʲʸʤ V, ʦʙʲʸʤ ʩʥʠʟʫ Vѕ, ʪʦʛʜʘ ʦʙʲʸʤ 

ʩʚʝʨʭʫ Vі = V ï Vѕ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʜʣʷ ʠʟʦʪʝʨʤʳ ʠʤʝʝʤ 

PVі = (P ï mg/S)Vі  = PV/2. ʊʦʛʜʘ Vі = 

       
.  

ʇʦʩʢʦʣʴʢʫ nRT = PV,    ʘ   nѕRT = PVѕ, ʛʜʝ n 

ʥʘʯʘʣʴʥʦʝ ʦʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʡ, ʘ n1 ʯʠʩʣʦ ʤʦʣʝʡ 

ʦʩʪʘʚʰʠʭʩʷ ʧʦʜ ʧʦʨʰʥʝʤ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ  n1/n 

= V1/V.  ʊ.ʢ. Vѕ Ґ V ï Vі Σ  ͭͦ  

V1/V =  nѕ/n  = (PS ï 2mg)/2(PS ï mg).  ʪʦʛʜʘ  nѕ Ґ  
     

       
 Ґ  

    

       
 

ʈ ʈ 
m, S 



ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʤʘʩʩʝ m = PS/2g = 50 ʢʛ  n1 = 0 ʠ ʙʦʣʴʰʝʡ ʧʦʨʰʝʥʴ ʚʳʜʘʚʠʪ ʚʝʩʴ ʛʘʟ ʠʟ 

ʥʠʞʥʝʡ ʯʘʩʪʠ. ɺʳʡʜʝʪ ʨʦʚʥʦ ʧʦʣʦʚʠʥʘ ʛʘʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʯʪʠ ʧʦʣʥʦʤ ʚʳʪʝʩʥʝʥʠʠ ʛʘʟ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʩʰʠʨʠʪʩʷ ʚʜʚʦʝ, ʝʛʦ ʜʘʚʣʝʥʠʝ ʩʪʘʥʝʪ P/2. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ  nѕ > 0 (m < PS/2g). ʊʦʛʜʘ ʯʠʩʣʦ ʚʳʰʝʜʰʠʭ ʤʦʣʝʡ ʛʘʟʘ  Dn = n/2 ï n1, 

ʧʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ nϛ, ʧʦʣʫʯʠʤ Dn = 
  

       
,    ʘ ʠʩʢʦʤʘʷ ʜʦʣʷ Dn/n = mg/2(PS ï mg) = 1/8. 

 

ɺʘʨʠʘʥʪ 7 

1. ʅʘ ʩʪʦʣʙʝ ʥʘ ʚʳʩʦʪʝ ʅ = 10 ʤ ʫʢʨʝʧʣʝʥ ʪʨʝʚʦʞʥʳʡ ʟʚʦʥʦʢ. ʅʘʯʘʣʩʷ ʫʨʘʛʘʥ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 

ʚ ʫʨʘʛʘʥʝ 20 ʤ/ʩ. ɺ ʢʘʢʦʤ ʤʝʩʪʝ ʥʘ ʟʝʤʣʝ ʟʚʫʢ ʪʨʝʚʦʛʠ ʙʫʜʝʪ ʩʣʳʰʝʥ ʛʨʦʤʯʝ ʚʩʝʛʦ? ʉʢʦʨʦʩʪʴ 

ʟʚʫʢʘ 330 ʤ/ʩ. 

ʈʝʰʝʥʠʝ: 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʝʪʨʘ ʟʚʦʥʦʢ ʛʨʦʤʯʝ ʚʩʝʛʦ ʙʫʜʝʪ ʩʣʳʰʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʪʦʯʢʦʡ ʧʦʜʚʝʩʘ. 

ʇʨʠ ʚʝʪʨʝ, ʠʤʝʶʱʝʤ ʩʢʦʨʦʩʪʴ V, ʵʪʘ ʪʦʯʢʘ ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʚʦʟʜʫʭʦʤ, ʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʦʣʙʘ L ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 

Ὄ

ό

ὒ

ὠ
 

ʊʦʛʜʘ 

ὒ Ὄ
ὠ

ό
πȟφ ̍ 

 

2. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʘ, ʩʚʷʟʘʥʥʳʭ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʫʞʠʥʘʤʠ, ʧʦʜʚʝʰʝʥʳ 

ʚʝʨʪʠʢʘʣʴʥʦ ʥʘ ʥʠʪʠ, ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʚʝʨʭʥʝʤʫ ʰʘʨʫ. ʂʘʢʠʤʠ ʙʫʜʫʪ ʫʩʢʦʨʝʥʠʷ ʰʘʨʦʚ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʝʨʝʞʠʛʘʥʠʷ ʥʠʪʠ? 

ʈʝʰʝʥʠʝ: 

ɺ ʧʦʢʦʝ ʥʘ ʥʠʞʥʠʡ ʰʘʨ ʜʝʡʩʪʚʫʶʪ ʩʠʣʘ ʪʷʞʝʩʪʠ ʠ ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ, ʨʘʚʥʘʷ ʩʠʣʝ ʪʷʞʝʩʪʠ. ʅʘ 

ʩʨʝʜʥʠʡ ʰʘʨ ʪʘʢʞʝ ʜʝʡʩʪʚʫʶʪ ʩʠʣʘ ʪʷʞʝʩʪʠ ʠ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ 

ʧʨʫʞʠʥ, ʧʨʠʯʝʤ ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ʚʝʨʭʥʝʡ ʧʨʫʞʠʥʳ ʨʘʚʥʘ ʫʜʚʦʝʥʥʦʡ ʩʠʣʝ ʪʷʞʝʩʪʠ. ʅʘ ʚʝʨʭʥʠʡ 

ʰʘʨ ʜʝʡʩʪʚʫʶʪ ʩʠʣʘ ʪʷʞʝʩʪʠ, ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ʧʨʫʞʠʥʳ (ʚ ʩʫʤʤʝ ï ʫʪʨʦʝʥʥʘʷ ʩʠʣʘ ʪʷʞʝʩʪʠ) ʠ 

ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ. 

ʇʨʠ ʧʝʨʝʞʠʛʘʥʠʠ ʥʠʪʠ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʤʛʥʦʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ ʥʝ ʤʦʛʫʪ, ʧʦʵʪʦʤʫ ʥʠʞʥʠʡ ʠ 

ʩʨʝʜʥʠʡ ʰʘʨʳ ʙʫʜʫʪ ʠʤʝʪʴ ʥʫʣʝʚʦʝ ʫʩʢʦʨʝʥʠʝ, ʘ ʚʝʨʭʥʠʡ ʧʨʠʦʙʨʝʪʝʪ ʫʩʢʦʨʝʥʠʝ 3g, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʥʠʟ. 



 

3. ʊʝʧʣʦʚʘʷ ʤʘʰʠʥʘ ʨʘʙʦʪʘʝʪ ʧʦ ʮʠʢʣʫ, ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʜʚʫʭ ʠʟʦʙʘʨ ʠ ʜʚʫʭ ʧʦʣʠʪʨʦʧ, ʥʘ 

ʢʦʪʦʨʳʭ ʜʘʚʣʝʥʠʝ ʛʘʟʘ p ʠ ʦʙʲʝʤ V ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ p V=a1
 ʠ p V=a2

, ʛʜʝ a1,2 - 

ʧʦʩʪʦʷʥʥʳʝ. ʅʘʡʜʠʪʝ ʢ.ʧ.ʜ. ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ, ʝʩʣʠ ʚ ʥʝʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʘʪʦʤʥʳʡ ʠʜʝʘʣʴʥʳʡ ʛʘʟ. ʆʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʠʢʣʝ ʢ 

ʤʠʥʠʤʘʣʴʥʦʡ n = 9. 

ʈʝʰʝʥʠʝ: 

– ρ

ρ
ςϽ

 ςὲ

υ
ς


 ςὲ

υ
ς

ρ
ς

 

4. ʀʤʝʶʪʩʷ ʜʚʘ ʪʦʥʢʠʭ ʧʨʦʚʦʣʦʯʥʳʭ ʢʦʣʴʮʘ ʨʘʜʠʫʩʦʤ R = 0,3 ʤ ʢʘʞʜʦʝ. ʆʩʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʣʦʩʢʦʩʪʷʤ ʢʦʣʝʮ, ʩʦʚʧʘʜʘʶʪ. ɿʘʨʷʜʳ ʢʦʣʝʮ ʨʘʚʥʳ q ʠ - q (|q| = 0,4 ʤʢʂʣ). 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʢʦʣʝʮ l = 0,52 ʤ. ʅʘʡʜʠʪʝ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ 

ʢʦʣʝʮ. 

ʈʝʰʝʥʠʝ: 

ʇʦʪʝʥʮʠʘʣ ʚ ʮʝʥʪʨʝ ʢʦʣʴʮʘ ʨʘʚʝʥ 
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ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʨʘʚʥʘ 
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5. ʆʪʢʨʳʪʳʡ ʙʘʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʩʦʦʩʥʳʭ ʮʠʣʠʥʜʨʦʚ 

ʜʠʘʤʝʪʨʘʤʠ d ʠ 2d, ʟʘʧʦʣʥʝʥ ʞʠʜʢʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ɟ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ. ɹʘʢ ʩʪʦʠʪ ʥʘ ʧʦʣʫ ʣʠʬʪʘ, ʢʦʪʦʨʳʡ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ ʩ 

ʫʩʢʦʨʝʥʠʝʤ a = 0,25 g. ʆʧʨʝʜʝʣʠʪʝ ʩʠʣʫ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ɸɺ, ʩʦʝʜʠʥʷʶʱʫʶ ʦʙʘ ʮʠʣʠʥʜʨʘ. 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ ʨ0. 

ʈʝʰʝʥʠʝ: 

ʉʠʣʘ ʧʨʠʣʦʞʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ. 

Ὂ
σ

τ
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6. ʅʘ ʜʥʝ ʮʠʣʠʥʜʨʘ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʚʦʟʜʫʭʦʤ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ r = 1,29 ʢʛ/ʤ3, ʣʝʞʠʪ 

ʧʦʣʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʰʘʨʠʢ ʨʘʜʠʫʩʦʤ r = 1 ʩʤ ʠ ʤʘʩʩʦʡ m = 5 ʛ. ɼʦ ʢʘʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʫʞʥʦ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T = 290 ʂ ʩʞʘʪʴ ʚʦʟʜʫʭ ʚ ʮʠʣʠʥʜʨʝ, ʯʪʦʙʳ ʰʘʨʠʢ ʚʩʧʣʳʣ? 

ɺʦʟʜʫʭ ʩʯʠʪʘʪʴ ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ ʤʦʣʷʨʥʦʡ ʤʘʩʩʦʡ m = 29Ö10-3 ʢʛ/ʤʦʣʴ. 

ʈʝʰʝʥʠʝ: 

ʏʪʦʙʳ ʰʘʨʠʢ ʚʩʧʣʳʣ, ʥʫʞʥʦ, ʯʪʦʙʳ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʩʪʘʣʘ ʥʝ ʤʝʥʴʰʝʡ, ʯʝʤ ʧʣʦʪʥʦʩʪʴ 

ʰʘʨʠʢʘ. ʕʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ὴ
σάὙὝ

τ“ὶ‘
ωωςϽρπ ̃  ́

7. ʊʦʯʝʯʥʳʡ ʟʘʨʷʜ q ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ h ʦʪ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʚʩʝ ʥʠʞʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. ʉ ʢʘʢʦʡ ʩʠʣʦʡ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʟʘʨʷʜ ʢ 

ʧʨʦʚʦʜʥʠʢʫ? 

ʈʝʰʝʥʠʝ: 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʠʥʮʠʧʦʤ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʅʘʚʝʜʝʥʥʳʡ ʚ ʧʨʦʚʦʜʷʱʝʤ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʨʷʜ ʠʤʝʝʪ ʪʦʪ ʞʝ ʤʦʜʫʣʴ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʥʘʢ. ɽʛʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʨʘʚʥʦ h. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

Ὂ
ή

ρφ“‐Ὤ
 

 

8. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ C1 ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ 

ʚʦʟʜʫʭʘ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʪʘʢʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ w = 

2Ö1012 ʧʘʨ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʟʘ 1 ʩ ʚ 1 ʤ3. ʄʦʜʫʣʴ 

ʟʘʨʷʜʘ ʥʦʩʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ e = 1,6Ö10-19 ʂʣ. ɺʩʝ 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʦʩʠʪʝʣʠ ʜʦʣʝʪʘʶʪ ʜʦ ʧʣʘʩʪʠʥ. 

ʇʣʦʱʘʜʴ ʧʣʘʩʪʠʥ S = 100 ʩʤ2, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ d = 5 ʤʤ. C2 = 10 ʤʢʌ, R = 2 ʢʆʤ. ʆʧʨʝʜʝʣʠʪʝ 

ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ C2. 

ʈʝʰʝʥʠʝ: 

ʊʦʢ ʚ ʮʝʧʠ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʛʝʥʝʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʚ C1. ʅʘʧʨʷʞʝʥʠʝ ʥʘ C2 ʨʘʚʥʦ 

ʥʘʧʨʷʞʝʥʠʶ ʥʘ ʨʝʟʠʩʪʦʨʝ. ʊʦʛʜʘ 

ή ὅύὨὛὩὙσȟςϽρπ  ̠  ̌

 



9. ʅʠʞʥʠʡ ʢʦʥʝʮ ʢʘʧʠʣʣʷʨʘ ʨʘʜʠʫʩʦʤ r =0,2 ʤʤ ʠ ʜʣʠʥʦʡ l = 8 ʩʤ ʧʦʛʨʫʞʝʥ ʚ ʚʦʜʫ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʊʥ = 273 ʂ ʠ ʧʦʩʪʦʷʥʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʝʛʦ ʢʦʥʮʘ ʢʘʧʠʣʣʷʨʘ ʊʚ = 373 

ʂ. ʅʘ ʢʘʢʫʶ ʚʳʩʦʪʫ ʧʦʜʥʠʤʝʪʩʷ ʚʦʜʘ ʚ ʢʘʧʠʣʣʷʨʝ? ʉʯʠʪʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʣʠʥʝʡʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʜʣʠʥʝ ʢʘʧʠʣʣʷʨʘ. ʊʝʧʣʦʦʙʤʝʥʦʤ ʩ ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ ʠ ʪʝʧʣʦʚʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʚʦʜʳ ʧʨʝʥʝʙʨʝʯʴ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʦʜʳ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʘʢ s = (133,3 - 0,21ʊ) ʤʅ/ʤ. ɺʦʜʘ ʧʦʣʥʦʩʪʴʶ ʩʤʘʯʠʚʘʝʪ 

ʢʘʧʠʣʣʷʨ. ʊʝʧʣʦʚʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʚʦʜʳ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ: 

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʳʩʦʪʳ 

Ὕὼ
Ὕ̃ Ὕ̎

ὰ
ὼ 

ʋʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ 

”Ὣὼ
ς„

ὶ
 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʳʩʦʪʳ ʠ ʚʳʧʦʣʥʠʚ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ x = 

0,51 ʤ 

 

10. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʤʝʜʠ, ʥʫʞʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʚʫʭʧʨʦʚʦʜʥʦʡ ʣʠʥʠʠ ʜʣʠʥʦʡ l = 5 

ʢʤ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʣʠʥʠʠ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ U = 6,9 ʢɺ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦʪʨʝʙʠʪʝʣʶ 

ʤʦʱʥʦʩʪʴ P = 60 ʢɺʪ. ɼʦʧʫʩʢʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʣʠʥʠʠ n = 8 %. ʇʣʦʪʥʦʩʪʴ ʤʝʜʠ 

D = 8,9Ö103 ʢʛ/ʤ3, ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ r = 1,75Ö10-8 ʆʤÖʤ. 

ʈʝʰʝʥʠʝ: 

ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʦʪʨʝʙʠʪʝʣʶ, ʦʧʨʝʜʝʣʷʝʪ ʪʦʢ ʚ ʣʠʥʠʠ 

Ὅ
ὖ

Ὗρ ὲ
 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 

ὶ
ὲὲ ρὟ

ὖ
 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ὶ ”
ὰ

Ὓ
”
ὰὈ

ά
 

ʇʦʣʫʯʘʝʤ 



ά
”ὰὈὖ

Ὗὲὲ ρ
ςφχ ̋  ̄

 

ɺʘʨʠʘʥʪ 8 

1. ʇʦʝʟʜ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ ʠ ʨʘʚʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ. ʅʘ ʧʝʨʚʦʤ 

ʢʠʣʦʤʝʪʨʝ ʧʫʪʠ ʦʥʘ ʚʦʟʨʦʩʣʘ ʥʘ 10VD =  ʤ/ʩ. ʅʘ ʩʢʦʣʴʢʦ ʦʥʘ ʚʦʟʨʘʩʪʝʪ ʥʘ ʚʪʦʨʦʤ ʢʠʣʦʤʝʪʨʝ? 

ʈʝʰʝʥʠʝ: 

ʉʢʦʨʦʩʪʴ ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʢʠʣʦʤʝʪʨʘ ʨʘʚʥʘ 

Ўὠ ЍςὥὛ 

ʋʩʢʦʨʝʥʠʝ ʨʘʚʥʦ 

ὥ
Ўὠ

ςὛ
 

ʇʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ 2-ʤ ʢʠʣʦʤʝʪʨʝ 

Ўὠ ЎὠЍς ρ τȟρ ̍Ⱦ̒ 

 

2. ʊʝʣʦ ʤʘʩʩʦʡ m ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ F, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ a ʢ ʚʝʨʪʠʢʘʣʠ. ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ ʪʝʣʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʪʝʣʦʤ ʠ ʩʪʝʥʦʡ ʨʘʚʝʥ m. 

ʈʝʰʝʥʠʝ: 

ὥ Ὂ
ÃÏÓ ‘ÓÉÎ

ά
Ὣ 

 

3. 1 ʤʦʣʴ ʥʝʦʥʘ ʩʦʚʝʨʰʘʝʪ ʮʠʢʣ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ PV- ʜʠʘʛʨʘʤʤʝ, 

ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʠʟʦʭʦʨ ʠ ʜʚʫʭ ʠʟʦʙʘʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʯʢʠ 2 ʠ 

4 ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʠʟʦʪʝʨʤʝ, ʘ ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʩʢʦʨʦʩʪʠ ʘʪʦʤʦʚ 

ʥʝʦʥʘ ʚ ʪʦʯʢʝ 1 V1 = 500 ʤ/ʩ, ʘ ʚ ʪʦʯʢʝ 3 - V3 = 1000 ʤ/ʩ. ʆʧʨʝʜʝʣʠʪʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʜʚʦʜʠʤʦʝ ʢ ʛʘʟʫ ʟʘ ʮʠʢʣ. ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 

ʥʝʦʥʘ ɛ = 0,020 ʢʛ/ʤʦʣʴ. 

ʈʝʰʝʥʠʝ: Q = 8,3 ʢɼʞ 

 

4. ʀʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r = 1 ʆʤ ʟʘʤʢʥʫʪ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʥʘ ʨʝʟʠʩʪʦʨ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ - ʥʘ 4 ʪʘʢʠʭ ʞʝ ʨʝʟʠʩʪʦʨʘ, ʩʦʝʜʠʥʸʥʥʳʭ 

 

F 

a 



ʧʘʨʘʣʣʝʣʴʥʦ. ʆʧʨʝʜʝʣʠʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʝʩʣʠ ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʥʘʛʨʫʟʢʝ ʚ ʧʝʨʚʦʤ ʠ 

ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʷʭ ʦʜʥʘ ʠ ʪʘ ʞʝ. 

ʈʝʰʝʥʠʝ: Ὑ
Ѝ
ὶ ρȟχω ̨  ̍

 

5. ʉ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʫʶʱʝʡ ʫʛʦʣ Ŭ ʩ 

ʛʦʨʠʟʦʥʪʦʤ, ʩ ʚʳʩʦʪʳ H ʩʦʩʢʘʣʴʟʳʚʘʝʪ ʥʝʙʦʣʴʰʘʷ ʰʘʡʙʘ. 

ɺ ʢʦʥʮʝ ʩʧʫʩʢʘ ʫ ʦʩʥʦʚʘʥʠʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʰʘʡʙʘ 

ʠʩʧʳʪʳʚʘʝʪ ʫʧʨʫʛʦʝ ʩʦʫʜʘʨʝʥʠʝ ʩʦ ʩʪʝʥʢʦʡ ʠ 

ʧʦʜʥʠʤʘʝʪʩʷ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʫ h. 

ʅʘʡʜʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʰʘʡʙʦʡ ʠ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʴʶ. 

ʈʝʰʝʥʠʝ: ‘  

 

6. ʊʝʨʤʦʤʝʪʨ ʧʦʜʝʨʞʘʣʠ ʥʘʜ ʦʛʥʸʤ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʛʦʨʝʣʢʫ ʚʳʢʣʶʯʠʣʠ, ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʤʝʪʨʘ 

ʫʧʘʣʠ ʦʪ 100 ʉ̄ ʜʦ 99 ʉ̄ ʟʘ ʜʚʝ ʩʝʢʫʥʜʳ. ɿʘ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʠʷ ʪʝʨʤʦʤʝʪʨʘ 

ʫʤʝʥʴʰʘʪʴʩʷ ʦʪ 60 ʉ̄ ʜʦ 59 ʉ̄? 

ʈʝʰʝʥʠʝ: † † σȟσ ̒ 

 

7. ʆʧʨʝʜʝʣʠʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʢ ʚ ʮʝʧʠ 

ABCD ʥʝ ʪʝʯʝʪ, ʝʩʣʠ r1 = r2 = 0,5 ʆʤ, E1 = 12 ɺ, E2 = 6 ɺ. 

ʈʝʰʝʥʠʝ: Ὑ
ᴊ

ᴊ ᴊ
πȟυ ̨  ̍

 

8. ʇʫʣʷ ʤʘʩʩʦʡ m, ʣʝʪʝʚʰʘʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v, ʧʨʦʙʠʚʘʝʪ 

ʦʜʠʥ ʧʦʜʚʝʰʝʥʥʳʡ ʛʨʫʟ ʤʘʩʩʦʡ m ʠ ʟʘʩʪʨʝʚʘʝʪ ʚʦ ʚʪʦʨʦʤ 

ʧʦʜʚʝʰʝʥʥʦʤ ʛʨʫʟʝ ʪʦʡ ʞʝ ʤʘʩʩʳ. ʇʨʝʥʝʙʨʝʛʘʷ ʚʨʝʤʝʥʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʣʠ ʩ ʛʨʫʟʦʤ, ʥʘʡʜʠʪʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q1, ʚʳʜʝʣʠʚʰʝʝʩʷ ʚ ʧʝʨʚʦʤ ʛʨʫʟʝ, 

ʝʩʣʠ ʚʦ ʚʪʦʨʦʤ ʚʳʜʝʣʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q2. 

ʈʝʰʝʥʠʝ: 

 

 

 

 



9. ʂ ʜʠʥʘʤʦʤʝʪʨʫ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ 4 ʅ ʪʘʢ, ʯʪʦ ʦʥ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʩʪʦʣʫ. ʏʪʦ ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʦʤʝʪʨ, ʝʩʣʠ ʤʘʩʩʘ ʧʨʫʞʠʥʳ ʨʘʚʥʘ ʤʘʩʩʝ 

ʢʦʨʧʫʩʘ? 

ʈʝʰʝʥʠʝ: 

ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʜʠʥʘʤʦʤʝʪʨ ʥʝʧʦʜʚʠʞʝʥ, ʩʠʣʘ 

ʫʧʨʫʛʦʩʪʠ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʧʨʫʞʠʥʳ ʦʜʥʘ ʠ ʪʘ ʞʝ, ʪ. ʝ. ʣʶʙʳʝ 

ʨʘʚʥʳʝ ʫʯʘʩʪʢʠ ʧʨʫʞʠʥʳ ʫʜʣʠʥʷʶʪʩʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʥʘ ʦʜʥʫ 

ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʜʠʥʘʤʦʤʝʪʨʘ ʩ ʫʩʢʦʨʝʥʠʝʤ 

ʜʝʣʦ ʦʙʩʪʦʠʪ ʥʝ ʪʘʢ. ʈʘʩʩʤʦʪʨʠʤ ʩʝʯʝʥʠʝ ʧʨʫʞʠʥʳ, ʢʦʪʦʨʦʝ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʭ ʦʪ ʢʦʥʮʘ ʧʨʫʞʠʥʳ, ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʢʦʨʧʫʩʫ ʜʠʥʘʤʦʤʝʪʨʘ. ʉʠʣʘ 

ʫʧʨʫʛʦʩʪʠ  ʩʦʦʙʱʘʝʪ ʫʩʢʦʨʝʥʠʝ ʢʦʨʧʫʩʫ ʜʠʥʘʤʦʤʝʪʨʘ ʠ ʫʯʘʩʪʢʫ ʧʨʫʞʠʥʳ ʜʣʠʥʦʡ ʭ. ʄʘʩʩʘ 

ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʧʨʫʞʠʥʳ ʨʘʚʥʘ  ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ʚ 

ʩʝʯʝʥʠʠ ʭ  

ʉʫʤʤʠʨʫʷ ʚʩʝ ʩʠʣʳ, ʧʦʣʫʯʠʤ 

Ὕ Ὧ
σὊ

τὯ
σ ̊ 

 

10. ʊʦʥʢʠʡ ʦʙʦʜ ʤʘʩʩʦʡ m ʠ ʨʘʜʠʫʩʦʤ R ʩʢʘʪʳʚʘʝʪʩʷ ʩ ʥʘʢʣʦʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʦʙʨʘʟʫʶʱʝʡ ʫʛʦʣ a ʩ ʛʦʨʠʟʦʥʪʦʤ, ʥʘʤʘʪʳʚʘʷ ʥʘ ʩʝʙʷ 

ʪʦʥʢʫʶ ʛʠʙʢʫʶ ʣʝʥʪʫ, ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ r (ʩʤʦʪʨʠ 

ʨʠʩʫʥʦʢ). ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʦʙʦʜ ʥʘʭʦʜʠʣʩʷ ʥʘ ʚʳʩʦʪʝ h ʥʘʜ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉʢʘʪʠʚʰʠʩʴ ʩ ʥʘʢʣʦʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʦʙʦʜ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ S ʦʪ ʝʝ ʦʩʥʦʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʦʙʦʜʘ m. ʉʯʠʪʘʡʪʝ ʧʝʨʝʭʦʜ ʦʪ ʥʘʢʣʦʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʚʥʳʤ. 

ʈʝʰʝʥʠʝ: 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʦʙʦʜʘ, ʨʘʚʥʦʡ , ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠ ʣʝʥʪʳ, ʣʝʞʘʱʝʡ ʥʘ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, . ʇʦʣʥʘʷ ʢʦʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʙʫʜʝʪ ʯʠʩʪʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʂʦʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʥʝʨʛʠʠ ʦʙʦʜʘ ʠ ʵʥʝʨʛʠʠ ʥʘʤʦʪʘʚʰʝʡʩʷ ʥʘ ʥʝʛʦ ʣʝʥʪʳ. ʎʝʥʪʨ ʤʘʩʩ 

ʧʦʩʣʝʜʥʝʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʦʙʦʜʘ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚʝʨʥʦ, ʝʩʣʠ 

ʜʣʠʥʘ ʥʘʤʦʪʘʚʰʝʡʩʷ ʣʝʧʪʳ ʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʦʙʦʜʘ. ʊʦʛʜʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʥʘʤʦʪʘʚʰʝʡʩʷ ʣʝʥʪʳ ʝʩʪʴ   , ʧʨʠʯʝʤ ʜʣʠʥʘ ʣʝʥʪʳ ʨʘʚʥʘ 



, 

ʛʜʝ  - ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ ʦʙʦʜʦʤ ʦʪ ʦʩʥʦʚʘʥʠʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦ ʪʦʯʢʠ ʦʩʪʘʥʦʚʢʠ. 

ʀʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦʣʫʯʘʝʤ 

ά
”

Ὣ
ὶί

Ὤ

ÓÉÎ
ὶ
Ὤ

ς
 

 

ɿʘʜʘʥʠʷ ʦʪʙʦʨʦʯʥʦʛʦ ʵʪʘʧʘ 

9 ʢʣʘʩʩ 

ɺʘʨʠʘʥʪ 1 

1. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʪʘʢʘʥ ʤʘʩʩʦʡ 100 ʛ ʜʝʨʞʘʪ ʜʚʫʤʷ ʧʘʣʴʮʘʤʠ ʟʘ ʩʪʝʥʢʠ. ɽʩʣʠ ʩʪʘʢʘʥ 

ʩʞʘʪʴ ʧʘʣʴʮʘʤʠ ʧʦ ʜʠʘʤʝʪʨʫ ʩ ʥʝʢʦʪʦʨʦʡ ʩʠʣʦʡ F1 ʠ ʪʷʥʫʪʴ ʧʦ ʛʣʘʜʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʝʤʫ ʫʜʘʝʪʩʷ ʩʦʦʙʱʠʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʫʩʢʦʨʝʥʠʝ, ʨʘʚʥʦʝ 21 ʤ/ʩ2. ʂʘʢʦʡ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʳ ʛʨʫʟ ʤʦʞʥʦ ʧʦʜʥʠʤʘʪʴ ʚ ʩʪʘʢʘʥʝ ʪʘʢ, ʯʪʦ ʯʝʨʝʟ 0,6 ʩ ʦʥ ʧʨʠʦʙʨʝʪʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 30 ʩʤ/ʩ? ʆʪʚʝʪ ʚʳʨʘʟʠʪʝ ʚ ʢʠʣʦʛʨʘʤʤʘʭ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ2. 

ʈʝʰʝʥʠʝ: 

ʇʫʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʘʣʴʮʝʚ ʦ ʩʪʘʢʘʥ ʨʘʚʝʥ Õ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʳ ʪʷʥʝʤ ʩʪʘʢʘʥ ʧʦ 

ʛʣʘʜʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʠʤʝʝʤ: 

‘Ὂ άὥ 

ʇʨʠ ʧʦʜʲʝʤʝ ʩʪʘʢʘʥʘ ʚʚʝʨʭ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

‘Ὂ ά ὓὫ ά ὓὥ 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ÕF1 ʠ a2, ʧʦʣʫʯʠʤ 

άὥ ά ὓὫ ά ὓ
ὠ

†
 

ʄʘʩʩʘ ʛʨʫʟʘ ʨʘʚʥʘ 

ὓ
ά ὥ Ὣ

ὠ
†

Ὣ
ὠ
†

πȟρ ̋  ̄

ʆʪʚʝʪ: 0,1 ʢʛ 

 



2. ʊʝʣʝʞʢʘ ʤʘʩʩʦʡ 10 ʢʛ ʜʚʠʛʘʣʘʩʴ ʠʟ ʩʦʩʪʦʷʥʠʷ ʧʦʢʦʷ. ʉʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʪʝʣʝʞʢʝ, 

ʤʝʥʷʣʘʩʴ ʦʪ ʨʘʚʥʦʤʝʨʥʦ 20 ʅ ʜʦ 35 ʅ ʟʘ ʚʨʝʤʷ 1 ʤʠʥʫʪʘ. ʂʘʢʦʚʘ ʩʢʦʨʦʩʪʴ ʪʝʣʝʞʢʠ ʢ ʢʦʥʮʫ 1-ʡ 

ʤʠʥʫʪʳ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʪʝʣʝʞʢʠ ʦ ʜʦʨʦʛʫ 0,3? ʆʪʚʝʪ ʚʳʨʘʟʠʪʝ ʚ ʤʝʪʨʘʭ ʚ ʩʝʢʫʥʜʫ. 

ʈʝʰʝʥʠʝ: 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ ʨʘʚʥʘ Fʪʨ.ʤ= ɛN = ɛmg = 0,3Ö10Ö10 = 30 ʅ. ʊʘʢ ʢʘʢ ʩʠʣʘ 

ʥʘʨʘʩʪʘʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ȹF /ȹt = 15/60 = 0,25 H/c, ʪʦ ʚ ʪʝʯʝʥʠʠ 40 ʩ ʙʨʫʩʦʢ ʥʝ ʜʚʠʛʘʣʩʷ. ɼʘʣʝʝ 

ʩʠʣʘ ʪʨʝʥʠʷ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 30 ʅ, ʘ ʩʠʣʘ ʪʷʛʠ ʥʘʨʘʩʪʘʣʘ ʠ ʫʚʝʣʠʯʠʚʘʣʘ 

ʫʩʢʦʨʝʥʠʝ ʙʨʫʩʢʘ. ʊ.ʝ. ʠʤʝʝʤ ʜʝʣʦ ʩ ʥʝʨʘʚʥʦʫʩʢʦʨʝʥʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ 

ʙʫʜʝʪ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʩʠʣ ʪʷʛʠ ʊ ʠ ʩʠʣʳ ʪʨʝʥʠʷ Fʪʨ:  

R = T(t) - Fʪʨ, 

ʄʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʢʦʨʝʥʠʷ ʘ = R/m 

ʦʪ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʛʨʘʬʠʢʦʤ, 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪ ɹʙʨʫʩʢʘ: 

ὠ
ὥ

ς
ὸ ὸ υ ̍Ⱦ̒ 

ʆʪʚʝʪ: 5 ʤ/ʩ 

 

3. ɼʣʠʥʥʳʤ ʧʦʣʷʨʥʳʤ ʜʥʝʤ ʚʦʢʨʫʛ ʉʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ ɿʝʤʣʠ ʠʜʝʪ ʙʝʣʳʡ ʤʝʜʚʝʜʴ. 

ʊʨʘʝʢʪʦʨʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʨʫʞʥʦʩʪʴ, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ï ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ, ʘ 

ʨʘʜʠʫʩ ʨʘʚʝʥ 20 ʢʤ. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʣʞʝʥ ʠʜʪʠ ʤʝʜʚʝʜʴ, ʯʪʦʙʳ ʚʩʝ 

ʚʨʝʤʷ ʚʠʜʝʪʴ ʉʦʣʥʮʝ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʦʣʦʞʝʥʠʠ ʥʘ ʥʝʙʝ? ʈʝʟʫʣʴʪʘʪ ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʚʫʭ 

ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʠ ʚʳʨʘʟʠʪʝ ʚ ʢʠʣʦʤʝʪʨʘʭ ʚ ʯʘʩ. 

ʈʝʰʝʥʠʝ: 

ʈʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʠʜʝʪ ʤʝʜʚʝʜʴ, ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ɿʝʤʣʠ, ʧʦʵʪʦʤʫ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʝʛʦ ʪʨʘʝʢʪʦʨʠʷ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʢʘʩʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ 

ʧʦʣʷʨʥʦʡ ʪʦʯʢʝ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʤʝʜʚʝʜʴ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʦʢʨʫʞʥʦʩʪʴ ʟʘ ʦʜʥʠ 

ʩʫʪʢʠ, ʜʚʠʛʘʷʩʴ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʟʥʘʯʠʪ ʩʢʦʨʦʩʪʴ ʤʝʜʚʝʜʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ 

ὠ
ς“Ὑ

Ὕ

ς“Ͻςπ

ςτ
υȟς 

ʆʪʚʝʪ: 5,2 ʢʤ/ʯʘʩ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 

4. ʊʝʥʥʠʩʥʘʷ ʨʘʢʝʪʢʘ ʜʚʠʞʝʪʩʷ ʥʘʚʩʪʨʝʯʫ ʤʷʯʫ. ɺ ʤʦʤʝʥʪ ʫʜʘʨʘ ʨʘʢʝʪʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 

h = 1,76 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʪʘ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʠ ʨʘʢʝʪʢʠ ʠ ʤʷʯʘ ʧʘʨʘʣʣʝʣʴʥʳ ʢʦʨʪʫ ʠ ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ u = 2 ʤ/ʩ (ʩʢʦʨʦʩʪʴ ʨʘʢʝʪʢʠ) ʠ V = 1 ʤ/ʩ (ʩʢʦʨʦʩʪʴ ʤʷʯʘ). ʉʯʠʪʘʷ ʫʜʘʨ ʤʷʯʘ ʧʦ 

ʨʘʢʝʪʢʝ ʫʧʨʫʛʠʤ, ʦʧʨʝʜʝʣʠʪʝ, ʥʘ ʢʘʢʦʡ ʚʳʩʦʪʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʪʘ ʤʷʯ ʫʜʘʨʠʪʩʷ ʦ ʩʪʝʥʢʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫ ʁʥʘ ʨʘʩʩʪʦʷʥʠʠ L = 2 ʤ ʦʪ ʨʘʢʝʪʢʠ? ʄʷʯ ʧʦʩʣʝ ʫʜʘʨʘ ʦ ʨʘʢʝʪʢʫ ʜʚʠʞʝʪʩʷ ʚ 
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ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʝʥʢʠ; ʧʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʪʨʘʝʢʪʦʨʠʷ ʤʷʯʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʩʪʝʥʢʝ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʨʝʥʝʙʨʝʯʴ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 

9,8 ʤ/ʩ2. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʤʝʪʨʘʭ. 

ʈʝʰʝʥʠʝ: 

ʉʢʦʨʦʩʪʴ ʤʷʯʘ V0 ʧʦʩʣʝ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʦ ʨʘʢʝʪʢʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʟʘʢʦʥʦʤ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʧʝʨʝʡʜʝʤ ʚ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʜʚʠʞʫʱʫʶʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʨʘʢʝʪʢʠ u. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʢʦʨʦʩʪʴ ʤʷʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʢʝʪʢʠ ʨʘʚʥʘ 

ὠ ὠ ό 

ʇʦʩʣʝ ʫʧʨʫʛʦʛʦ ʫʜʘʨʘ ʵʪʘ ʩʢʦʨʦʩʪʴ ʧʦʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʦ ʤʦʜʫʣʴ ʝʝ ʚ ʜʚʠʞʫʱʝʡʩʷ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʥʝ ʠʟʤʝʥʠʪʩʷ. ʇʝʨʝʡʜʝʤ ʦʙʨʘʪʥʦ ʚ ʥʝʧʦʜʚʠʞʥʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʫʶ 

ʩ ʟʝʤʣʝʡ ʠ ʧʦʣʫʯʠʤ 

ὠ ὠ ό ὠ ςό 

ɼʚʠʞʝʥʠʝ ʤʷʯʘ ʧʦʩʣʝ ʫʜʘʨʘ ʦ ʨʘʢʝʪʢʫ ï ʙʘʣʣʠʩʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

v0, ʥʘʧʨʘʚʣʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ (ʩʤ. ʨʠʩ). 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʤʷʯʘ ʚ ʚʳʙʨʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 

ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ: 
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ʆʪʚʝʪ: 1 ʤ 



 

5. ʄʫʨʘʚʝʡ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ Ox. ʅʘ 

ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʝʢʮʠʠ ʩʢʦʨʦʩʪʠ ʤʫʨʘʚʴʷ vx ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ x. ʏʝʤʫ ʨʘʚʝʥ ʤʦʜʫʣʴ ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʤʫʨʘʚʴʷ 

ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ? ʈʝʟʫʣʴʪʘʪ ʧʨʠʚʝʜʠʪʝ ʚ ʤ/ʩ2. 

ʆʪʚʝʪ: 1 ʤ/ʩ2 

6. ʋ ʰʢʦʣʴʥʠʢʘ ɸʥʜʨʝʷ ʝʩʪʴ ʩʪʝʢʣʷʥʥʘʷ 

ʧʨʦʙʠʨʢʘ ʤʘʩʩʦʡ ʄ = 80 ʛ ʠ 

ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴʶ V = 60 ʤʣ. ʆʥ ʦʧʫʩʪʠʣ 

ʧʨʦʙʠʨʢʫ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩ ʚʦʜʦʡ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʩʳʧʘʣ ʥʘ ʜʥʦ 

ʧʨʦʙʠʨʢʠ ʧʝʩʦʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʘ ʥʝ ʧʦʛʨʫʟʠʣʘʩʴ ʚ ʚʦʜʫ ʧʦ ʛʦʨʣʳʰʢʦ 

(ʩʤ. ʨʠʩ.). ɿʘʪʝʤ ɸʥʜʨʝʡ ʠʟʤʝʨʠʣ ʤʘʩʩʫ ʧʝʩʢʘ, ʥʘʭʦʜʠʚʰʝʛʦʩʷ ʚ ʧʨʦʙʠʨʢʝ 

ʚ ʵʪʦʪ ʤʦʤʝʥʪ, ʠ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ ʪ = 12 ʛ. ɺʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʩʦʩʫʜʘ, 

ʚ ʢʦʪʦʨʳʡ ʦʧʫʱʝʥʘ ʧʨʦʙʠʨʢʘ, ʨʘʚʝʥ R = 5 ʩʤ. ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ ʨʘʚʥʘ 1 ʛ/ʩʤ3. 

ʆʧʨʝʜʝʣʠʪʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʣʦʪʥʦʩʪʴ ʩʪʝʢʣʘ ʧʨʦʙʠʨʢʠ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʛ/ʩʤ3. 

ʆʪʚʝʪ: 2,5 ʛ/ʩʤ3. 

7. ɺ ʩʪʘʢʘʥʝ, ʜʦʚʝʨʭʫ ʥʘʧʦʣʥʝʥʥʦʤ ʚʦʜʦʡ ʠ ʟʘʢʨʳʪʦʤ ʩʚʝʨʭʫ ʢʨʳʰʢʦʡ, ʧʣʘʚʘʝʪ ʜʝʨʝʚʷʥʥʳʡ 

ʰʘʨʠʢ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʜʘʚʣʝʥʠʝ ʰʘʨʠʢʘ ʥʘ ʢʨʳʰʢʫ, ʝʩʣʠ ʩʪʘʢʘʥ ʜʚʠʞʝʪʩʷ ʩ 

ʫʩʢʦʨʝʥʠʝʤ a = 0,4g, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʚʝʨʭ? 

ʆʪʚʝʪ: 1,4 

8. ʂʦʨʜʦʚʘʷ ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ ʤʘʩʩʦʡ m = 100 ʛ ʧʨʠʢʨʝʧʣʝʥʘ ʢ ʰʥʫʨʫ ʜʣʠʥʦʡ L = 10 ʤ ʠ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʤʘʩʩʳ. ʉʘʤʦʣʝʪ ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V = 10 ʤ/ʩ ʠ ʦʧʠʩʳʚʘʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʢʨʫʞʥʦʩʪʴ ʥʘ ʪʘʢʦʡ ʚʳʩʦʪʝ, ʯʪʦ ʰʥʫʨ ʦʙʨʘʟʫʝʪ ʫʛʦʣ ɗ = 30 ̄ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʟʝʤʣʠ ʚʦ ʚʩʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ. ʅʘʡʪʠ ʩʠʣʫ ʥʘʪʷʞʝʥʠ ̫h ʥʫʨʘ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʰʥʫʨʫ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ2. 

ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʥʴʶʪʦʥʘʭ. 

ʆʪʚʝʪ: 5 ʅ 

9. ʄʷʯ, ʧʦʢʘʪʠʣʠ ʧʦ ʧʦʣʫ ʢ ʩʪʝʥʝ ʩʦ ʩʢʦʨʦʩʪʴʶ V = 5 ʤ/ʩ, ʧʦʩʣʝ ʫʜʘʨʘ ʦ ʩʪʝʥʫ ʧʦʢʘʪʠʣʩʷ 

ʥʘʟʘʜ ʩʦ ʩʢʦʨʦʩʪʴʶ u = 4 ʤ/ʩ ʠ ʚʝʨʥʫʣʩʷ ʚ ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ ʚʨʝʤʷ 

T = 1,8 ʩ. ʂʘʢʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʜʦ ʩʪʝʥʳ? ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʤʝʪʨʘʭ. 

ʆʪʚʝʪ: 4 ʤ 

10. ʀʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʢʫʩʢʦʚ ʩʪʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ ʩʚʠʣʠ ʜʚʝ ʧʨʫʞʠʥʳ. ɼʠʘʤʝʪʨ ʚʠʪʢʦʚ 

ʦʜʥʦʡ ʠʟ ʥʠʭ ʨʘʚʝʥ d, ʜʨʫʛʦʡ 2d. ʇʝʨʚʘʷ ʧʨʫʞʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʫʟʘ ʨʘʩʪʷʥʫʣʘʩʴ ʥʘ ʦʜʥʫ 

ʜʝʩʷʪʫʶ ʩʚʦʝʡ ʜʣʠʥʳ. ʅʘ ʢʘʢʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʜʣʠʥʳ ʨʘʩʪʷʥʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʛʦ ʞʝ ʛʨʫʟʘ 

ʚʪʦʨʘʷ ʧʨʫʞʠʥʘ? 

ʆʪʚʝʪ: 0,4 

      vx, ʤʤ/ʩ 

  2 
 

  1 
 

  0                           x, ʤʤ 
 

 -1 
 

 -2 

 2   4   6   8 

ɗ 



11. ʀʟ ʦʜʥʦʡ ʪʦʯʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʳʣʝʪʘʶʪ  ʜʚʘ  ʪʝʣʘ ʩ ʥʘʯʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ u1=9 ʤ/ʩ ʠ u2= 16 ʤ/ʩ. ʏʝʨʝʟ ʢʘʢʦʝ ʚʨʝʤʷ t ʫʛʦʣ 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʢʦʨʦʩʪʝʡ ʪʝʣ ʩʪʘʥʝʪ ʨʘʚʥʳʤ  a=90Á? ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ2. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʩʝʢʫʥʜʘʭ. 

ʆʪʚʝʪ: 1,2 ʩ 

12. ɺʦʜʫ, ʠʤʝʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ T1 = 283 ʂ, ʧʦʤʝʱʘʶʪ ʚ ʭʦʣʦʜʠʣʴʥʠʢ. ʅʘʡʪʠ ʦʪʥʦʰʝʥʠʝ 

ʚʨʝʤʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʚʦʜʳ ʚ ʣʝʜ ʢʦ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ ʜʦ T2 = 273 ʂ. ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ c = 4,2 ʢɼʞ/(ʢʛĿʂ), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ l=3,34Ā105 ɼʞ/ʢʛ. 

ʈʝʟʫʣʴʪʘʪ ʟʘʧʠʰʠʪʝ ʪʨʝʤʷ ʟʥʘʯʘʱʠʤʠ ʮʠʬʨʘʤʠ. 

ʆʪʚʝʪ: 7,95 

13. ʇʘʨʘʣʣʝʣʴʥʦ ʘʤʧʝʨʤʝʪʨʫ, ʠʤʝʶʱʝʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ RA = 1 ʆʤ, ʚʢʣʶʯʝʥ ʤʝʜʥʳʡ ʧʨʦʚʦʜ 

(ʰʫʥʪ) ʜʣʠʥʦʡ l = 20 ʩʤ ʠ ʜʠʘʤʝʪʨʦʤ d = 1 ʤʤ. ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʪʦʢʘ ʚ ʮʝʧʠ, ʝʩʣʠ 

ʘʤʧʝʨʤʝʪʨ ʧʦʢʘʟʳʚʘʝʪ ʩʠʣʫ ʪʦʢʘ IA = 0,2 ɸ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʜʠ r  = 0,017 ʤʢʆʤĿʤ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʘʤʧʝʨʘʭ ʠ ʦʢʨʫʛʣʠʪʝ ʜʦ ʪʨʝʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

ʆʪʚʝʪ: 46,4 ɸ 

14. ɼʚʘ ʛʨʫʟʘ ʤʘʩʩʘʤʠ m1 = 1 ʢʛ ʠ m2 = 2 ʢʛ ʧʦʜʚʝʰʝʥʳ ʥʘ ʜʚʫʭ ʥʠʪʷʭ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʂ ʛʨʫʟʫ 2 ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ F = 3 ʅ. ʆʧʨʝʜʝʣʠʪʝ, ʩ 

ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʥʘʯʥʫʪ ʜʚʠʛʘʪʴʩʷ ʛʨʫʟʳ, ʝʩʣʠ ʚʝʨʭʥʶʶ ʥʠʪʴ ʧʝʨʝʞʝʯʴ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʤ/ʩ2. 

ʆʪʚʝʪ: 11 ʤ/ʩ2. 

15. ɺ ʢʘʣʦʨʠʤʝʪʨʝ ʥʘʭʦʜʠʪʩʷ 1 ʢʛ ʞʠʜʢʦʛʦ ʩʚʠʥʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʣʘʚʣʝʥʠʷ (327 ʉ̄). ɺ ʢʘʣʦʨʠʤʝʪʨ ʚʣʠʣʠ 1 ʢʛ ʞʠʜʢʦʛʦ ʦʣʦʚʘ, ʚʟʷʪʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ (232 ʉ̄). ʉʢʦʣʴʢʦ ʞʠʜʢʦʩʪʠ ʦʢʘʞʝʪʩʷ ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ ʩʧʫʩʪʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ? ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʣʦʚʘ 225 

ɼʞ/(ʢʛ*ʂ), ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʦʣʦʚʘ 59 ʢɼʞ/ʢʛ, ʩʚʠʥʮʘ 24,3 ʢɼʞ/ʢʛ. ʆʪʚʝʪ ʚʳʨʘʟʠʪʝ ʚ 

ʢʠʣʦʛʨʘʤʤʘʭ ʠ ʦʢʨʫʛʣʠʪʝ ʜʦ 3 ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

ʆʪʚʝʪ: 1,08 ʢʛ 

16. ɼʚʘ ʨʝʦʩʪʘʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 40 ʆʤ ʠ ʜʣʠʥʦʡ 100 ʩʤ ʧʦʜʢʣʶʯʠʣʠ ʢ ʠʩʪʦʯʥʠʢʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 12 ɺ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ. ʇʦʣʟʫʥʢʠ ʨʝʦʩʪʘʪʦʚ 

ʩʦʝʜʠʥʝʥʳ ʚʤʝʩʪʝ ʠ ʜʚʠʞʫʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʢʨʘʡʥʝʝ ʣʝʚʦʝ 

ʧʦ ʩʭʝʤʝ ʧʦʣʦʞʝʥʠʝ. ʂʘʢʘʷ ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʠʪʩʷ ʚ ʮʝʧʠ ʯʝʨʝʟ 50 ʩ, ʝʩʣʠ ʧʦʣʟʫʥʦʢ ʥʘʯʘʪʴ 

ʜʚʠʛʘʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʩʤ/ʩ ʚʧʨʘʚʦ? ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʦʩʪʘʪʦʚ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʆʪʚʝʪ ʚʳʨʘʟʠʪʝ ʚ 

ʚʘʪʪʘʭ. 

ʆʪʚʝʪ: 4,8 ɺʪ 
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17. ɺ ʢʘʣʦʨʠʤʝʪʨ ʩ ʚʦʜʦʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ tʚ = 20 Üʉ, ʧʝʨʝʥʦʩʷʪ ʥʘʛʨʝʪʳʝ ʜʦ t1 = 100 Üʉ 

ʦʜʠʥʘʢʦʚʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʘʨʠʢʠ. ʇʦʩʣʝ ʧʝʨʝʥʦʩʘ ʧʝʨʚʦʛʦ ʰʘʨʠʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ 

ʢʘʣʦʨʠʤʝʪʨʝ ʫʩʪʘʥʦʚʠʣʘʩʴ ʨʘʚʥʦʡ t2 = 40 Üʉ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʢʘʣʦʨʠʤʝʪʨ ʧʝʨʝʥʝʩʣʠ ʚʪʦʨʦʡ ʰʘʨʠʢ. ʂʘʢʦʡ ʩʪʘʥʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʧʦʩʣʝ 

ʧʝʨʝʥʦʩʘ ʚʪʦʨʦʛʦ hʘʨʠʢʘ? ʆʪʚʝʪ ʜʘʡʪʝ ʚ ʛʨʘʜʫʩʘʭ ʧʦ ʰʢʘʣʝ ʎʝʣʴʩʠʷ. 

ʆʪʚʝʪ: 52 Üʉ 

18. ʂʘʢʦʚʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ, 

ʝʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ 

ʨʝʟʠʩʪʦʨʦʚ 10 ʆʤ? ʆʪʚʝʪ ʜʘʡʪʝ ʚ 

ʦʤʘʭ. 

ʆʪʚʝʪ: 6 ʆʤ. 

19. ɺ ʮʝʧʠ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʝʭ ʨʝʟʠʩʪʦʨʦʚ ʦʜʠʥʘʢʦʚʳ ʠ 

ʨʘʚʥʳ R = 1,0 ʆʤ. ɺʩʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʧʨʠʙʦʨʳ ʠʜʝʘʣʴʥʳʝ, ʚʥʫʪʨʝʥʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʳ. ʅʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʦʚʳ, ʯʪʦ 

ʘʤʧʝʨʤʝʪʨʳ A1, ɸ2, A3 ʠ ɸ4 ʧʦʢʘʟʳʚʘʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣ ʪʦʢʦʚ ʨʘʚʥʳʝ I1 = 1 

ɸ. ʂʘʢʫʶ ʩʠʣʫ ʪʦʢʘ (ʚ ʘʤʧʝʨʘʭ) ʧʦʢʘʟʳʚʘʝʪ ʘʤʧʝʨʤʝʪʨ ɸ5? 

ʆʪʚʝʪ: 4 .ɸ 

20. ʄʷʯ ʙʨʦʰʝʥ ʩ ʟʝʤʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ v0 = 10 ʤ/ʩ ʧʦʜ ʫʛʣʦʤ a = 60 ̄ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘ ʤʷʯ ʚʦ 

ʚʨʝʤʷ ʧʦʣʝʪʘ ʜʝʡʩʪʚʫʝʪ ʚʩʪʨʝʯʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚʝʪʝʨ, ʩʦʦʙʱʘʷ ʤʷʯʫ ʧʦʩʪʦʷʥʥʦʝ ʫʩʢʦʨʝʥʠʝ 

a ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʏʝʤʫ ʨʘʚʥʦ ʫʩʢʦʨʝʥʠʝ a, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʷʯ ʚʝʨʥʫʣʩʷ ʚ 

ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ? ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ2. ʆʪʚʝʪ 

ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʚʫʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʠ ʚʳʨʘʟʠʪʝ ʚ ʤ/ʩ2. 

ʆʪʚʝʪ: 5,8 ʤ/ʩ2. 

 

10 ʢʣʘʩʩ 

ɺʘʨʠʘʥʪ 1 

1. ɼʚʘ ʙʨʫʩʢʘ ʤʘʩʩʘʤʠ m ʠ 2m, ʩʦʝʜʠʥʝʥʥʳʝ ʥʝʚʝʩʦʤʦʡ ʥʝʨʘʩʪʷʥʫʪʦʡ ʧʨʫʞʠʥʦʡ ʞʝʩʪʢʦʩʪʠ 

k, ʣʝʞʘʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʤ. ʨʠʩ.). ɺ ʙʨʫʩʦʢ ʤʘʩʩʦʡ m ʧʦʧʘʜʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʣʝʪʷʱʘʷ ʧʫʣʷ ʠ ʟʘʩʪʨʝʚʘʝʪ ʚ ʥʝʤ. ʄʘʩʩʘ ʧʫʣʠ m. ʇʨʠ ʢʘʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ v ʧʫʣʠ 



ʩʜʚʠʥʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʙʨʫʩʦʢ, ʚ ʢʦʪʦʨʳʡ ʦʥʘ ʧʦʧʘʣʘ, ʥʦ ʠ ʜʨʫʛʦʡ ʙʨʫʩʦʢ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʙʨʫʩʢʦʚ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʝʥ Õ. ɺʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʣʠ ʠ ʙʨʫʩʢʘ ʩʯʠʪʘʪʴ ʦʯʝʥʴ ʤʘʣʳʤ. 

ʆʪʚʝʪ: 
6

2
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2. ʊʝʧʣʦʚʘʷ ʤʘʰʠʥʘ, ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʡ ʦʜʥʦʘʪʦʤʥʳʡ ʛʘʟ, 

ʩʦʚʝʨʰʘʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 1-2-3-1. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ 

ʤʝʥʷʝʪʩʷ ʚ ʮʠʢʣʝ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U ʛʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʜʘʚʣʝʥʠʷ P. ʇʨʦʮʝʩʩʫ 1-2 ʥʘ ʨʠʩʫʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʫʛʘ ʧʘʨʘʙʦʣʳ, 

ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʜʘʚʣʝʥʠʷ, ʘ 

ʧʨʦʮʝʩʩʘʤ 2-3 ʠ 3-1 ï ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʵʪʦʛʦ ʮʠʢʣʘ. ʈʝʟʫʣʴʪʘʪ ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʚʫʭ 

ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʠ ʚʳʨʘʟʠʪʝ ʚ ʧʨʦʮʝʥʪʘʭ. 

ʆʪʚʝʪ: 8,3 % 

3. ʉʪʦʷ ʥʘ ʣʴʜʫ, ʯʝʣʦʚʝʢ ʧʳʪʘʝʪʩʷ ʩʜʚʠʥʫʪʴ ʪʷʞʝʣʳʝ ʩʘʥʠ ʟʘ ʧʨʠʚʷʟʘʥʥʫʶ ʢ ʥʠʤ ʚʝʨʝʚʢʫ. 

ʄʘʩʩʘ ʩʘʥʝʡ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʤʘʩʩʳ ʯʝʣʦʚʝʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʘʥʝʡ ʦ ʣʝʜ ɛ1 = 0,20, 

ʯʝʣʦʚʝʢʘ ʦ ʣʝʜ ɛ2 = 0,30. ʇʦʜ ʢʘʢʠʤ ʤʠʥʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ ʥʫʞʥʦ ʪʷʥʫʪʴ ʟʘ ʚʝʨʝʚʢʫ? 

ʆʪʚʝʪ ʚʳʨʘʟʠʪʝ ʚ ʛʨʘʜʫʩʘʭ ʚ ʚʠʜʝ ʜʚʫʟʥʘʯʥʦʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ʆʪʚʝʪ: 29̄ 

4. ɺʦʟʜʫʰʥʳʡ ʰʘʨ ʩ ʤʘʩʩʦʡ ʦʙʦʣʦʯʢʠ m ʠʤʝʝʪ ʚʥʠʟʫ ʦʪʚʝʨʩʪʠʝ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʚʦʟʜʫʭ ʚ 

ʰʘʨʝ ʥʘʛʨʝʚʘʝʪʩʷ ʛʦʨʝʣʢʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ t = 77ʉ̄. ɽʩʣʠ ʢ ʦʙʦʣʦʯʢʝ ʧʨʠʢʨʝʧʠʪʴ ʛʨʫʟ ʤʘʩʩʦʡ 

4m, ʪʦ ʰʘʨ ʩʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʚ ʚʦʟʜʫʭ ʠ ʧʣʘʚʘʪʴ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʅʘ ʢʘʢʫʶ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ ʩʧʦʩʦʙʝʥ ʧʦʜʥʷʪʴʩʷ ʵʪʦʪ ʚʦʟʜʫʰʥʳʡ ʰʘʨ, ʝʩʣʠ ʩ ʥʝʛʦ ʩʙʨʦʩʠʪʴ 

ʧʦʣʦʚʠʥʫ ʤʘʩʩʳ ʛʨʫʟʘ? ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʥʘ ʵʪʦʡ ʚʳʩʦʪʝ ʨʘʚʥʘ t1 = -23̄C, ʘ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ t0 = 27C̄. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ 

ʨʘʟʘ ʯʝʨʝʟ ʢʘʞʜʳʝ ʧʷʪʴ ʢʠʣʦʤʝʪʨʦʚ ʚʳʩʦʪʳ. ʆʙʦʣʦʯʢʫ ʰʘʨʘ ʩʯʠʪʘʡʪʝ ʥʝʨʘʩʪʷʞʠʤʦʡ. ʈʝʟʫʣʴʪʘʪ 

ʚʳʨʘʟʠʪʝ ʚ ʢʠʣʦʤʝʪʨʘʭ. 

ʆʪʚʝʪ: 10 ʢʤ 

5. ʅʘʡʜʠʪʝ ʫʛʦʣ ʦʪʩʢʦʢʘ ʰʘʨʠʢʘ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ 30 ̄ʥʘ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʝʩʣʠ ʧʨʠ ʫʜʘʨʝ ʰʘʨʠʢ ʪʝʨʷʝʪ ʧʦʣʦʚʠʥʫ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʋʛʦʣ ʧʘʜʝʥʠʷ ï ɻ ʪʦ ʫʛʦʣ ʤʝʞʜʫ 

ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʨʘʝʢʪʦʨʠʝʡ ʰʘʨʠʢʘ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʛʨʘʜʫʩʘʭ 

ʆʪʚʝʪ: 45̄ 
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6. ʄʝʭʘʥʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʝʭ ʙʣʦʢʦʚ ʠ ʯʝʪʳʨʝʭ ʛʨʫʟʦʚ, 

ʧʦʜʚʝʰʝʥʘ ʢ ʥʝʧʦʜʚʠʞʥʦʤʫ ʧʦʪʦʣʢʫ. ɹʣʦʢʠ ʥʝʚʝʩʦʤʳ, ʥʠʪʠ ʥʝʚʝʩʦʤʳ ʠ 

ʥʝʨʘʩʪʷʞʠʤʳ, ʪʨʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ 

ʫʩʢʦʨʝʥʠʡ ʪʨʝʭ ʛʨʫʟʦʚ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʪʦʣʢʦʤ. ʄʦʜʫʣʠ ʵʪʠʭ 

ʫʩʢʦʨʝʥʠʡ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
1
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, 
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1
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a g=

, 
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3
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a g=

, ʛʜʝ g - 
ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʆʧʨʝʜʝʣʠʪʝ ʤʦʜʫʣ ɹʫʩʢʦʨʝʥʠʷ ʯʝʪʚʝʨʪʦʛʦ 

ʛʨʫʟʘ. 

ʆʪʚʝʪ: 0 

7. ɾʝʣʝʟʥʳʡ ʰʘʨʠʢ ʦʙʲʝʤʦʤ 0,25 ʤʣ ʦʧʫʩʢʘʝʪʩʷ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

5,5 ʤ/ʩ. ʉʠʣʘ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʰʘʨʠʢʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʘʚʝʥ 0,003 ʅÖʩ/ʤ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʤʝʥʴʰʝ ʧʣʦʪʥʦʩʪʠ 

ʞʝʣʝʟʘ? ʇʣʦʪʥʦʩʪʴ ʞʝʣʝʟʘ 7800 ʢʛ/ʤ3. 

ʆʪʚʝʪ: 6,5 

8. ʖʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʇʝʪʷ ʇʝʪʨʦʚ ʥʘʣʠʣ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʯʘʡʥʠʢ ʚʦʜʳ ʠ ʧʦʣʦʞʠʣ ʪʫʜʘ 

ʢʫʨʠʥʦʝ ʷʡʮʦ. ʆʥ ʟʘʤʝʪʠʣ, ʯʪʦ ʩʦʜʝʨʞʠʤʦʝ ʯʘʡʥʠʢʘ ʥʘʛʨʝʣʦʩʴ ʟʘ ʚʨʝʤʷ Ű1 = 1 ʤʠʥ ʥʘ ȹt1 = 10ÜC. 

ʂʦʛʜʘ ʇʝʪʷ ʧʦʣʦʞʠʣ ʚ ʯʘʡʥʠʢ ʩ ʪʝʤ ʞʝ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ 3 ʷʡʮʘ, ʩʦʜʝʨʞʠʤʦʝ ʯʘʡʥʠʢʘ 

ʥʘʛʨʝʣʦʩʴ ʟʘ ʚʨʝʤʷ Ű2 = 2 ʤʠʥ ʥʘ ȹt2 = 10ÜC. ʅʘ ʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʥʘʛʨʝʝʪʩʷ ʚ ʯʘʡʥʠʢʝ ʟʘ ʚʨʝʤʷ 

Ű3 = 1 ʤʠʥ ʪʦ ʞʝ ʩʘʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʥʦ ʫʞʝ ʙʝʟ ʷʠʮ? ɺʦ ʚʩʝʭ ʪʨʝʭ ʧʨʦʮʝʩʩʘʭ ʢʠʧʝʥʠʷ ʚʦʜʳ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʗʡʮʘ ʦʜʠʥʘʢʦʚʳʝ. ʊʝʧʣʦʦʙʤʝʥʦʤ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʧʨʝʥʝʙʨʝʯʴ. 

ʆʪʚʝʪ: 20̄ 

9. ʋʯʝʥʠʢ 9 ʢʣʘʩʩʘ ʇʝʪʷ ʀʚʘʥʦʚ ʠʩʩʣʝʜʫʝʪ ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʳ ʚ ʩʪʘʢʘʥʝ ʥʘ ʤʦʨʦʟʝ. ʆʥ 

ʟʘʤʝʪʠʣ, ʯʪʦ ʦʭʣʘʞʜʝʥʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 91 ÁC ʜʦ 89 ÁC ʧʨʦʠʩʭʦʜʠʪ ʟʘ 3 ʤʠʥʫʪʳ, ʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 31 ÁC ʜʦ 29 ÁC ð ʟʘ 6 ʤʠʥʫʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʩʪʘʢʘʥʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʘ ʢʘʢʦʝ ʚʨʝʤʷ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʦʪ 11 ÁC ʜʦ 9 ÁC? ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʤʠʥʫʪʘʭ. ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ cʚ = 4,2 ʢɼʞ/(ʢʛÖÜC) 

ʆʪʚʝʪ: 9 ʤʠʥ 

10. ʄʘʣʴʯʠʢ ʙʝʞʠʪ ʩʥʘʯʘʣʘ ʚʥʠʟ ʧʦ ʵʩʢʘʣʘʪʦʨʫ, ʘ ʟʘʪʝʤ ʚʚʝʨʭ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥ ʥʘʩʯʠʪʘʣ n1 = 75 ʩʪʫʧʝʥʝʢ, ʘ ʚʦ ʚʪʦʨʦʤ ï n2 = 150 ʩʪʫʧʝʥʝʢ. ɺ ʢʘʢʫʶ ʩʪʦʨʦʥʫ 

ʜʚʠʞʝʪʩʷ ʵʩʢʘʣʘʪʦʨ? 

ʆʪʚʝʪ: ʚʥʠʟ 

11. ɺ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʤ ʩʦʩʫʜʝ ʚ ʚʦʜʝ ʧʣʘʚʘʝʪ ʢʫʩʦʢ ʣʴʜʘ ʤʘʩʩʦʡ m = 100 ʛ, ʚ ʢʦʪʦʨʳʡ 

ʚʤʝʨʟʣʘ ʩʚʠʥʮʦʚʘʷ ʜʨʦʙʠʥʢʘ. ʂʦʛʜʘ ʢ ʣʴʜʠʥʢʝ ʧʦʜʚʝʣʠ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q = 32 ʢɼʞ, ʦʥʘ 

ʥʘʯʘʣʘ ʪʦʥʫʪʴ. ʂʘʢʦʚʘ ʤʘʩʩʘ ʜʨʦʙʠʥʢʠ? ʇʣʦʪʥʦʩʪʠ ʚʦʜʳ 1 ʛ/ʩʤ3, ʣʴʜʘ 0,9 ʛ/ʩʤ3, ʩʚʠʥʮʘ 11,3 

ʛ/ʩʤ3, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ 340 ʢɼʞ/ʢʛ. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʛʨʘʤʤʘʭ. 
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ʆʪʚʝʪ: 7 ʛ 

12. ʋ ʰʢʦʣʴʥʠʢʘ ɸʥʜʨʝʷ ʝʩʪʴ ʩʪʝʢʣʷʥʥʘʷ ʧʨʦʙʠʨʢʘ ʤʘʩʩʦʡ ʄ = 80 ʛ ʠ ʚʤʝʩʪʠʪʝʣʴʥʦʩʪʴʶ V 

= 60 ʤʣ. ʆʥ ʦʧʫʩʪʠʣ ʧʨʦʙʠʨʢʫ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʩ ʚʦʜʦʡ ʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʩʳʧʘʣ ʥʘ ʜʥʦ 

ʧʨʦʙʠʨʢʠ ʧʝʩʦʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥʘ ʥʝ ʧʦʛʨʫʟʠʣʘʩʴ ʚ ʚʦʜʫ ʧʦ ʛʦʨʣʳʰʢʦ (ʩʤ. ʨʠʩ.). ɿʘʪʝʤ 

ɸʥʜʨʝʡ ʠʟʤʝʨʠʣ ʤʘʩʩʫ ʧʝʩʢʘ, ʥʘʭʦʜʠʚʰʝʛʦʩʷ ʚ ʧʨʦʙʠʨʢʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ, ʠ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 

ʪ = 12 ʛ. ɺʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʳʡ ʦʧʫʱʝʥʘ ʧʨʦʙʠʨʢʘ, ʨʘʚʝʥ R = 5 ʩʤ. ʇʣʦʪʥʦʩʪʴ 

ʚʦʜʳ ʨʘʚʥʘ 1 ʛ/ʩʤ3. ʆʧʨʝʜʝʣʠʪʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʣʦʪʥʦʩʪʴ ʩʪʝʢʣʘ ʧʨʦʙʠʨʢʠ. ʈʝʟʫʣʴʪʘʪ 

ʚʳʨʘʟʠʪʝ ʚ ʛ/ʩʤ3. 

ʆʪʚʝʪ: 2,5 ʛ/ʩʤ3. 

13. ʂ ʠʜʝʘʣʴʥʦʡ ʙʘʪʘʨʝʡʢʝ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 1,3 ɺ ʧʦʜʢʣʶʯʝʥʘ ʮʝʧʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʝʠʜʝʘʣʴʥʳʭ ʚʦʣʴʪʤʝʪʨʦʚ ʠ ʘʤʧʝʨʤʝʪʨʦʚ. ʇʦʢʘʟʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʘʤʧʝʨʤʝʪʨʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʦʢʘʟʘʥʠʡ ʜʨʫʛʦʛʦ ʚ 3 ʨʘʟʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʦʣʴʪʤʝʪʨʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʤʧʝʨʤʝʪʨʦʚ. ʆʧʨʝʜʝʣʠʪʝ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ V1. 

ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʚʦʣʴʪʘʭ. 

ʆʪʚʝʪ: 1 ɺ 

14. ʂʦʪ 

ʃʝʦʧʦʣʴʜ ʩʠʜʝʣ ʫ 

ʢʨʘʷ ʧʣʦʩʢʦʡ ʢʨʳʰʠ ʩʘʨʘʷ ʚʳʩʦʪʦʡ 2 ʤ ʠ ʰʠʨʠʥʦʡ 2,4 ʤ. 

ʆʟʦʨʥʦʡ ʤʳʰʦʥʦʢ, ʧʦʜʢʨʘʣʩʷ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʘʨʘʷ ʠ 

ʚʳʩʪʨʝʣʠʣ ʧʦ ʃʝʦʧʦʣʴʜʫ ʠʟ ʨʦʛʘʪʢʠ. ʂʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʘʷ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʘʤʥʷ, ʯʪʦʙʳ ʤʳʰʦʥʦʢ 

ʩʤʦʛ ʧʦʧʘʩʪʴ ʚ ʢʦʪʘ? ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ2. ʈʝʟʫʣʴʪʘʪ ʚʳʨʘʟʠʪʝ ʚ ʤ/ʩ. 

ʆʪʚʝʪ: 8 ʤ/ʩ. 

15. ʐʘʨʠʢ ʩʢʦʣʴʟʠʪ ʙʝʟ ʪʨʝʥʠʷ ʧʦ ʥʘʢʣʦʥʥʦʤʫ ʞʝʣʦʙʫ, ʘ 

ʟʘʪʝʤ ʜʚʠʞʝʪʩʷ ʧʦ çʤʝʨʪʚʦʡ ʧʝʪʣʝè ʨʘʜʠʫʩʘ R = 27 ʩʤ (ʩʤ. 

ʨʠʩʫʥʦʢ). ɺʳʩʦʪʘ, ʩ ʢʦʪʦʨʦʡ ʦʪʧʫʩʢʘʶʪ ʰʘʨʠʢ, ʨʘʚʥʘ 2R. ʆʪʚʝʪ 

ʚʳʨʘʟʠʪʝ ʚ ʩʤ. 

ʆʪʚʝʪ: 50 ʩʤ 

16. ʊʝʧʣʦʚʘʷ ʤʘʰʠʥʘ, ʨʘʙʦʯʠʤ ʪʝʣʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʡ 

ʦʜʥʦʘʪʦʤʥʳʡ ʛʘʟ, ʩʦʚʝʨʰʘʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 1-2-3-1. ʅʘ ʨʠʩʫʥʢʝ 

ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʚ ʮʠʢʣʝ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U ʛʘʟʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʦʙʲʸʤʘ V. ʇʨʦʮʝʩʩʫ 2-3 ʥʘ ʨʠʩʫʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʫʛʘ ʧʘʨʘʙʦʣʳ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ 

ʦʙʲʝʤʘ, ʘ ʧʨʦʮʝʩʩʘʤ 1-2 ʠ 3-1 ï ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʜʣʷ ʵʪʦʛʦ ʮʠʢʣʘ. ʈʝʟʫʣʴʪʘʪ ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʚʫʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʠ ʚʳʨʘʟʠʪʝ ʚ ʧʨʦʮʝʥʪʘʭ. 
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ʆʪʚʝʪ: 7,7 % 

17. ʉʦʩʫʜ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ. ɺ 

ʦʙʝʠʭ ʯʘʩʪʷʭ ʩʦʩʫʜʘ ʥʘʭʦʜʠʪʩʷ ʢʠʩʣʦʨʦʜ O2, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʧʝʨʝʛʦʨʦʜʢʫ. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚʝʩʴ ʢʠʩʣʦʨʦʜ, 

ʥʘʭʦʜʠʚʰʠʡʩʷ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʩʦʩʫʜʘ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʟʦʥ O3. ɼʣʷ ʤʦʣʝʢʫʣ ʦʟʦʥʘ ʧʝʨʝʛʦʨʦʜʢʘ 

ʥʝʧʨʦʥʠʮʘʝʤʘ. ʆʧʨʝʜʝʣʠʪʝ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʷʭ ʩʦʩʫʜʘ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʚ ʥʠʭ ʨʘʚʥʦʚʝʩʠʷ ʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ. ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʟʦʥʘ: 2 33O 2O
. ʉʯʠʪʘʪʴ, ʯʪʦ ʦʙʨʘʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʦʟʦʥʘ ʚ ʢʠʩʣʦʨʦʜ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʆʪʚʝʪ ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʚʫʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ. 

ʆʪʚʝʪ: 2,3 

18. ʂʘʢʦʚʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ, 

ʝʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ 

ʨʝʟʠʩʪʦʨʦʚ 10 ʆʤ? ʆʪʚʝʪ ʜʘʡʪʝ ʚ 

ʦʤʘʭ. 

ʆʪʚʝʪ: 6 ʆʤ. 

19. ʄʷʯ ʙʨʦʰʝʥ ʩ ʟʝʤʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ v0 = 10 ʤ/ʩ ʧʦʜ ʫʛʣʦʤ a = 60 ̄ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘ ʤʷʯ ʚʦ 

ʚʨʝʤʷ ʧʦʣʝʪʘ ʜʝʡʩʪʚʫʝʪ ʚʩʪʨʝʯʥʳʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚʝʪʝʨ, ʩʦʦʙʱʘʷ ʤʷʯʫ ʧʦʩʪʦʷʥʥʦʝ ʫʩʢʦʨʝʥʠʝ 

a ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʏʝʤʫ ʨʘʚʥʦ ʫʩʢʦʨʝʥʠʝ a, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʷʯ ʚʝʨʥʫʣʩʷ ʚ 

ʠʩʭʦʜʥʫʶ ʪʦʯʢʫ? ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ2. ʆʪʚʝʪ 

ʦʢʨʫʛʣʠʪʝ ʜʦ ʜʚʫʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʠ ʚʳʨʘʟʠʪʝ ʚ ʤ/ʩ2. 

ʆʪʚʝʪ: 5,8 ʤ/ʩ2. 

20. ʆʜʥʦʨʦʜʥʘʷ ʪʦʥʢʘʷ ʚʝʨʝʚʢʘ ʩʚʦʙʦʜʥʦ ʚʠʩʠʪ ʪʘʢ, ʯʪʦ ʝʝ 

ʢʦʥʮʳ ʟʘʢʨʝʧʣʝʥʳ ʚ ʪʦʯʢʘʭ A ʠ B (ʩʤ. ʨʠʩʫʥʦʢ). ʇʨʠ ʵʪʦʤ ʩʘʤʘʷ 

ʥʠʞʥʷʷ ʪʦʯʢʘ ʚʝʨʝʚʢʠ (ʪʦʯʢʘ C) ʜʝʣʠʪ ʚʝʨʝʚʢʫ ʚ ʦʪʥʦʰʝʥʠʠ 1:3. 

ʉʠʣʳ ʥʘʪʷʞʝʥʠʷ ʚʝʨʝʚʢʠ ʚ ʪʦʯʢʘʭ ʟʘʢʨʝʧʣʝʥʠʷ ʨʘʚʥʳ TA = 3 ʅ ʠ 

TB = 7 ʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʨʝʜʝʣʠʪʝ ʤʘʩʩʫ ʚʝʨʝʚʢʠ. ʆʪʚʝʪ 

ʦʢʨʫʛʣʠʪʝ ʜʦ ʦʜʥʦʡ ʟʥʘʯʘʱʝʡ ʮʠʬʨʳ ʠ ʚʳʨʘʟʠʪʝ ʚ ʢʠʣʦʛʨʘʤʤʘʭ. 

ʆʪʚʝʪ: 0,9 ʢʛ 
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