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2ܿ 2߳

௡ܨ ௧ܨ

௧ܨ = ௡ܨߤ ߤ



߶
Tan ߶ = ௡ܨ௧ܨ
Tan ߶ = ௡ܨ௡ܨߤ ߶
߶ = arctan(ߤ)

௦ߤ ௞ߤ
௧௠á௫ܨ

௧௠á௫ܨ = ௡ܨ௦ߤ



௧ௗ௜௡á௠௜௖௔ܨ௧ௗ௜௡á௠௜௖௔ܨ = ௡ܨ௞ߤ





ܭ



௦ߤߤ

,ݔ ,ݕ ߠ





,0ݔ ,0ݕ (ߠ

,ݔ ,𝑎ݕ ܾ 𝑎1, ܾ1

𝑎1, ܾ1 𝑎, ܾ



,1ݔ) (1ݕ = ,௢ݔ) (0ݕ + 𝑎1(ܿߠݏ݋, (ߠ݊݅ݏ− + ,ߠ݊݅ݏ)1ܾ 1ݔ(ߠݏ݋ܿ = 0ݔ + 𝑎1ܿߠݏ݋ + 1ݕߠ݊݅ݏ1ܾ = 0ݕ − 𝑎1ߠ݊݅ݏ + ߠݏ݋1ܾܿ

,0ݔ ,0ݕ ߠ 𝑎, ܾ
𝑎1 = − 2ܾ݀1 = 1ݔ0 = 0ݔ + 𝑎1ܿߠݏ݋ + 1ݕߠ݊݅ݏ1ܾ = 0ݕ − 𝑎1ߠ݊݅ݏ + 2ݔߠݏ݋1ܾܿ = 1ݔ − 2ݕߠ݊݅ݏܮ = 1ݕ − ߠݏ݋ܿܮ



3ݔ = 2ݔ + 3ݕߠݏ݋ܿ݀ = 2ݕ − 4ݔߠ݊݅ݏ݀ = 3ݔ + 4ݕߠ݊݅ݏܮ = 3ݕ + ߠݏ݋ܿܮ

,0ݔ ,0ݕ ߠ
ݔ ݕ

0ݔ = 0ݕ݉݉ 10− = ߠ݉݉ 23.5 = 30°
݀ = ܮ = ܦ݉݉ 12.7 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 0 ݉݉

1ݔ = 1ݕ݉݉ 15.50− = 2ݔ݉݉ 26.68 = 2ݕ݉݉ 21.85− = 3ݔ݉݉ 15.68 = 3ݕ݉݉ 10.85− = 4ݔ݉݉ 9.33 = 4ݕ݉݉ 4.50− = 20.325 ݉݉

0ݔ = 0ݕ݉݉ 20 = ߠ݉݉ 15 = −25°
݀ = ܮ = ܦ݉݉ 12.7 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 0 ݉݉

1ݔ = 1ݕ݉݉ 14.24 = 2ݔ݉݉ 12.32 = 2ݕ݉݉ 19.61 = 3ݔ݉݉ 0.81 = 3ݕ݉݉ 31.12 = 4ݔ݉݉ 6.17 = 4ݕ݉݉ 25.76 = 17.68 ݉݉



0ݔ = 0ݕ݉݉ 8 = ߠ݉݉ 25 = 45°
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 25.4 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 0 ݉݉

1ݔ = 1ݕ݉݉ 3.51 = 2ݔ݉݉ 29.49 = 2ݕ݉݉ 14.45− = 3ݔ݉݉ 11.53 = 3ݕ݉݉ 5.47− = 4ݔ݉݉ 2.55 = 4ݕ݉݉ 12.49 = 20.51 ݉݉

0ݔ = 0ݕ݉݉ 26− = ߠ݉݉ 20 = −60°
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 25.4 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 0 ݉݉

1ݔ = 1ݕ݉݉ 29.175− = 2ݔ݉݉ 14.50 = 2ݕ݉݉ 7.18− = 3ݔ݉݉ 1.80 = 3ݕ݉݉ 0.83− = 4ݔ݉݉ 12.80 = 4ݕ݉݉ 22.83− = 25.50 ݉݉

0ݔ = 0ݕ݉݉ 20 = ߠ݉݉ 40 = 65°
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 38.1 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 0 ݉݉

1ݔ = 1ݕ݉݉ 17.32 = 2ݔ݉݉ 45.76 = 2ݕ݉݉ 17.21− = 3ݔ݉݉ 29.65 = 3ݕ݉݉ 11.85− = 4ݔ݉݉ 18.14 = 4ݕ݉݉ 22.68 = 34.24 ݉݉



0ݔ = 0ݕ݉݉ 39− = ߠ݉݉ 12 = −85°
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 38.1 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 0 ݉݉

1ݔ = 1ݕ݉݉ 39.55− = 2ݔ݉݉ 5.67 = 2ݕ݉݉ 1.60− = 3ݔ݉݉ 2.35 = 3ݕ݉݉ 0.49− = 4ݔ݉݉ 15.01 = 4ݕ݉݉ 38.45− = 18.33 ݉݉

ݏ ݈

(݀ − ߠݏ݋ܿ(ݏ + ߠ݊݅ݏ݈ = ݀)ܦ − ߠ݊݅ݏ(ݏ = ݏߠݏ݋݈ܿ ݈ ߠ
ݏ = ݀ − ߠݏ݋ܿܦ



݈ = ߠ݊݅ݏܦ
ݏߠ ݈

5ݔ = 5ݕܦ− = 6ݔ0 = 6ݕ0 = 0
݀ ܮ 5ݔܦ = 2ݔ + 5ݕߠݏ݋ܿݏ = 2ݕ − 6ݔߠ݊݅ݏݏ = 3ݔ + 6ݕߠ݊݅ݏ݈ = 3ݕ + ߠݏ݋݈ܿ ݏ ݔ݈ ݕ



ߠ = 18°
݀ = ܮ = ܦ݉݉ 12.7 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 5ݕ݉݉ 12.705− = 6ݔ݉݉ 0 = 6ݕ݉݉ 0 = 0 ݉݉

ݏ = 0.62 ݈݉݉ = 0ݔ݉݉ 3.93 = 0ݕ݉݉ 3.33− = 1ݔ݉݉ 10.31 = 1ݕ݉݉ 9.37− = 2ݔ݉݉ 12.27 = 2ݕ݉݉ 13.29− = 3ݔ݉݉ 0.19 = 3ݕ݉݉ 1.21− = 4ݔ݉݉ 3.73− = 4ݕ݉݉ 2.71 = 8.34 ݉݉
ߠ = 75°

݀ = ܮ = ܦ݉݉ 12.7 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 5ݕ݉݉ 12.705− = 6ݔ݉݉ 0 = 6ݕ݉݉ 0 = 0 ݉݉

ݏ = 9.41 ݈݉݉ = 0ݔ݉݉ 12.27 = 0ݕ݉݉ 1.23− = 1ݔ݉݉ 6.24 = 1ݕ݉݉ 2.87− = 2ݔ݉݉ 12.38 = 2ݕ݉݉ 15.14− = 3ݔ݉݉ 9.09 = 3ݕ݉݉ 11.85− = 4ݔ݉݉ 3.18− = 4ݕ݉݉ 0.41 = 0.11 ݉݉
ߠ = 45°

݀ = ܮ݉݉ 12.7 = ܦ݉݉ 25.4 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 5ݕ݉݉ 12.705− = 6ݔ݉݉ 0 = 6ݕ݉݉ 0 = 0 ݉݉

ݏ = 3.72 ݈݉݉ = 0ݔ݉݉ 8.98 = 0ݕ݉݉ 7.12 = 1ݔ݉݉ 16.10 = 1ݕ݉݉ 2.63 = 2ݔ݉݉ 20.59 = 2ݕ݉݉ 15.33− = 3ݔ݉݉ 2.63 = 3ݕ݉݉ 6.35− = 4ݔ݉݉ 6.35− = 4ݕ݉݉ 11.61 = 11.61 ݉݉



ߠ = 10°
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 25.4 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 5ݕ݉݉ 12.705− = 6ݔ݉݉ 0 = 6ݕ݉݉ 0 = 0 ݉݉

ݏ = 0.19 ݈݉݉ = 0ݔ݉݉ 2.21 = 0ݕ݉݉ 2.23− = 1ݔ݉݉ 23.94 = 1ݕ݉݉ 8.48− = 2ݔ݉݉ 25.05 = 2ݕ݉݉ 12.89− = 3ݔ݉݉ 0.03 = 3ݕ݉݉ 0.38− = 4ݔ݉݉ 2.17− = 4ݕ݉݉ 4.03 = 22.84 ݉݉
ߠ = 20°

݀ = ܮ݉݉ 12.7 = ܦ݉݉ 38.1 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 5ݕ݉݉ 12.705− = 6ݔ݉݉ 0 = 6ݕ݉݉ 0 = 0 ݉݉

ݏ = 0.76 ݈݉݉ = 0ݔ݉݉ 4.35 = 0ݕ݉݉ 5.58 = 1ݔ݉݉ 33.89 = 1ݕ݉݉ 0.39− = 2ݔ݉݉ 36.06 = 2ݕ݉݉ 13.42− = 3ݔ݉݉ 0.26 = 3ݕ݉݉ 1.49− = 4ݔ݉݉ 4.08− = 4ݕ݉݉ 11.54 = 31.72 ݉݉
ߠ = 80°

݀ = ܮ݉݉ 12.7 = ܦ݉݉ 38.1 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 5ݕ݉݉ 12.705− = 6ݔ݉݉ 0 = 6ݕ݉݉ 0 = 0 ݉݉

ݏ = 10.49 ݈݉݉ = 0ݔ݉݉ 12.51 = 0ݕ݉݉ 24.10 = 1ݔ݉݉ 10.70 = 1ݕ݉݉ 22.99 = 2ݔ݉݉ 16.95 = 2ݕ݉݉ 14.53− = 3ݔ݉݉ 10.33 = 3ݕ݉݉ 12.32− = 4ݔ݉݉ 2.17− = 4ݕ݉݉ 25.20 = 4.44 ݉݉
ߠ 1.607° ≤ ߠ ≤ 90°݀ = 12.7 ݉݉ ܮ = 12.7 ݉݉ ܦ = 12.705 ݉݉



݀ = 12.7 ݉݉ ܮ =12.7 ݉݉ ܮ = 25.4 ݉݉ ܮ = 38.1 ݉݉

݀ = 12.7 ݉݉ ܮ =12.7 ݉݉ ݀ = 12.7 ݉݉ ܮ = 25.4 ݉݉ ݀ = 12.7 ݉݉ ܮ = 38.1 ݉݉



݈

݈ = ܦ − ߠ݊݅ݏߠݏ݋ܿ݀
௔௚௨௝௘௥௢݈ܮ

5ݔ = 5ݕܦ− = 6ݔ௔௚௨௝௘௥௢ܮ− = 6ݕ0 = 0



݀ ܮ 5ݔܦ = 5ݕ2ݔ = 6ݔ2ݕ = 3ݔ + 6ݕߠ݊݅ݏ݈ = 3ݕ + ߠݏ݋݈ܿ ݔ݈ ݕ
ߠ = 1.607°

௔௚௨௝௘௥௢ܮ = 0 ݉݉
݀ = ܮ = ܦ݉݉ 12.7 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 6ݔ݉݉ 12.705− = 6ݕ݉݉ 0 = 0 ݉݉

݈ = 0ݔ݉݉ 0.36 = 0ݕ݉݉ 6− = ߠ݉݉ 12.52 = 1ݔ1.61° = 1ݕ݉݉ 12.35− = 2ݔ݉݉ 12.70 = 2ݕ݉݉ 12.71− = 3ݔ݉݉ 0 = 3ݕ݉݉ 0.01− = 4ݔ݉݉ 0.36− = 4ݕ݉݉ 0.35 = 5ݕ݉݉ 12.34 = 0 ݉݉



௔௚௨௝௘௥௢ܮ = 6.35 ݉݉
݀ = ܮ = ܦ݉݉ 12.7 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 6ݔ݉݉ 12.705− = 6ݕ݉݉ 0 = 0 ݉݉

݈ = 0ݔ݉݉ 6.36 = 0ݕ݉݉ 6.35− = ߠ݉݉ 6.35 = 1ݔ0.05° = 1ݕ݉݉ 12.70− = 2ݔ݉݉ 6.35 = 2ݕ݉݉ 12.71− = 3ݔ݉݉ 6.35− = 3ݕ݉݉ 0.01− = 4ݔ݉݉ 6.36− = 4ݕ݉݉ 0 = 5ݕ݉݉ 6.34 =  −6.35 ݉݉
௔௚௨௝௘௥௢ܮ = 0 ݉݉

݀ = ܮ݉݉ 12.7 = ܦ݉݉ 25.4 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 6ݔ݉݉ 12.705− = 6ݕ݉݉ 0 = 0 ݉݉

݈ = 0ݔ݉݉ 0.36 = 0ݕ݉݉ 5.64− = ߠ݉݉ 25.21 = 1ݔ1.61° = 1ݕ݉݉ 11.99− = 2ݔ݉݉ 25.39 = 2ݕ݉݉ 12.71− = 3ݔ݉݉ 0 = 3ݕ݉݉ 0.01− = 4ݔ݉݉ 0.36− = 4ݕ݉݉ 0.70 = 5ݕ݉݉ 25.03 =  0 ݉݉

௔௚௨௝௘௥௢ܮ = 12.7 ݉݉
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 25.4 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 6ݔ݉݉ 12.705− = 6ݕ݉݉ 0 = 0 ݉݉

݈ = 0ݔ݉݉ 12.71 = 0ݕ݉݉ 6.35− = ߠ݉݉ 12.70 = 1ݔ0.02° = 1ݕ݉݉ 12.70− = 2ݔ݉݉ 12.70 = 2ݕ݉݉ 12.71− = 3ݔ݉݉ 12.70− = 3ݕ݉݉ 0.01− = 4ݔ݉݉ 12.70− = 4ݕ݉݉ 0 = 5ݕ݉݉ 12.69 =  −12.7 ݉݉



௔௚௨௝௘௥௢ܮ = 0 ݉݉
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 38.1 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 6ݔ݉݉ 12.705− = 6ݕ݉݉ 0 = 0 ݉݉

݈ = 0ݔ݉݉ 0.36 = 0ݕ݉݉ 5.29− = ߠ݉݉ 37.91 = 1ݔ1.61° = 1ݕ݉݉ 11.64− = 2ݔ݉݉ 38.09 = 2ݕ݉݉ 12.71− = 3ݔ݉݉ 0 = 3ݕ݉݉ 0.01− = 4ݔ݉݉ 0.36− = 4ݕ݉݉ 1.06 = 5ݕ݉݉ 37.73 =  0 ݉݉

௔௚௨௝௘௥௢ܮ = 19.05 ݉݉
݀ = ܮ݉݉ 12.7 = ܦ݉݉ 38.1 = 12.705 ݉݉𝑎1 = −6.35 ܾ݉݉1 = 5ݔ݉݉ 0 = 6ݔ݉݉ 12.705− = 6ݕ݉݉ 0 = 0 ݉݉

݈ = 0ݔ݉݉ 19.05 = 0ݕ݉݉ 6.35− = ߠ݉݉ 19.05 = 1ݔ0.02° = 1ݕ݉݉ 12.70− = 2ݔ݉݉ 19.05 = 2ݕ݉݉ 12.71− = 3ݔ݉݉ 19.05− = 3ݕ݉݉ 0.01− = 4ݔ݉݉ 19.05− = 4ݕ݉݉ 0 = 5ݕ݉݉ 19.05 =  −19.05 ݉݉
ߠ 1.607° ݀ =12.7 ݉݉ ܮ = 12.7 ݉݉ ܦ = 12.705 ݉݉



݀ = 12.7 ݉݉ ܮ =12.7 ݉݉ ܮ = 25.4 ݉݉ ܮ = 38.1 ݉݉

݀ = 12.7 ݉݉ ܮ =12.7 ݉݉ ݀ = 12.7 ݉݉ ܮ = 25.4 ݉݉ ݀ = 12.7 ݉݉ ܮ = 38.1 ݉݉



ߠ

݊

∑ ௫ܨ = ߙ݊݅ݏܨ − ߤ 1݂ − 2݂ = 0
∑ ௬ܨ = − ߙݏ݋ܿܨ + 1݂ − ߤ 2݂ = 0
∑ ௢ܯ = ܯ − ߤ ܮ1݂ − 1݂ (2݀ − (ݏ − ߤ 2݂ 2݀ − ܮ)2݂ − ݈) = 0 

1݂ 2݂ ܨ ߤߙ



1݂ = ܨ ߙ݊݅ݏߤ) + 2ߤߙݏ݋ܿ + 1 )
2݂ = ܨ ߙ݊݅ݏ) − 2ߤߙݏ݋ܿߤ + 1 )

ݏ ݋݈
ܯ = ߙ݊݅ݏܨ ܮ] + ܦ ߠݏ݋ܿߤ) − 2ߤߠ݊݅ݏ + 1 )] + ߙݏ݋ܿܨ [− 2݀ + ܦ ߠݏ݋ܿ) + 2ߤߠ݊݅ݏߤ + 1 )]

ߠ
1݂ ≥ 2݂ ݕ 0 ≥ 0 ߙ

ߙ ≥ arctan (− (ߤ1
ߙ ≥ arctan (ߤ) ߜ ௧݂௔௡௚௘௡௖௜௔௟

௧݂௔௡௚௘௡௖௜௔௟ → ௧݂௔௡௚௘௡௖௜௔௟ + ߜ 0 < ߜ ≪ ߤ1 1݂ ߤ 2݂ ߤ 1݂ + ߜ ߤ 2݂ + ߜ
∑ ௫ܨ = ߙ݊݅ݏܨ − ߤ) 1݂ + ( ߜ − 2݂ = 0
∑ ௬ܨ = − ߙݏ݋ܿܨ + 1݂ − ߤ) 2݂ + (ߜ = 0
∑ ௢ܯ = ܯ − ߤ) 1݂ + ܮ( ߜ − 1݂ (2݀ − (ݏ − ߤ) 2݂ + (ߜ 2݀ − ܮ)2݂ − ݈) = 0 



ܯ = ߙ݊݅ݏܨ ܮ] + ܦ ߠݏ݋ܿߤ) − 2ߤߠ݊݅ݏ + 1 )] + ߙݏ݋ܿܨ [− 2݀ + ܦ ߠݏ݋ܿ) + 2ߤߠ݊݅ݏߤ + 1 )]+ ߜ ܦ] ߠ݊݅ݏ)ߤ − (ߠݏ݋ܿ + ߠ݊݅ݏ + 2ߤߠݏ݋ܿ + 1 ]
ߜ = ߜ0 > ߠ0

ߜ ܦ] ߠ݊݅ݏ)ߤ − (ߠݏ݋ܿ + ߠ݊݅ݏ + 2ߤߠݏ݋ܿ + 1 ] > 0
ߠ > arctan ߤ) − ߤ1 + 1)

ߙ ≥ arctan (− (ߤ1
ߙ ≥ arctan (ߤ)ܨܯ ≥ ߙ݊݅ݏ ܮ] + ܦ ߠݏ݋ܿߤ) − 2ߤߠ݊݅ݏ + 1 )] + ߙݏ݋ܿ [− 2݀ + ܦ ߠݏ݋ܿ) + 2ߤߠ݊݅ݏߤ + 1 )]

1

∑ ௫ܨ = ߙ݊݅ݏܨ − 2݂ − ߤ ߠ݊݅ݏ1݂ + ߠݏ݋1݂ܿ = 0



∑ ௬ܨ = − ߙݏ݋ܿܨ + ߤ 2݂ + ߤ ߠݏ݋1݂ܿ + ߠ݊݅ݏ1݂ = 0
∑ 1ܯ = ܯ + ߤ 2݂݀ + 2݂݈ − ܨ (2݀) ߙݏ݋ܿ − ߙ݊݅ݏܮܨ = 0 

ߠ < arctan ( 2ߤߤ2 − 1)
ߙ ≤ arctan (ߤ1)
ߙ ≥ arctan ߠ݊݅ݏߤ) − ߠݏ݋ܿߤߠݏ݋ܿ + (ߠ݊݅ݏ
ܨܯ ≥ ߙ݊݅ݏ ܮ) ߠݏ݋ܿߤ)ܦ − + (ߠ݊݅ݏ + ݀ 2ߤ) − 12 ߠ2݊݅ݏ − 1(ߠ2ݏ݋ܿߤ − ߠ݊݅ݏߤ) − 2(ߠݏ݋ܿ )

+ ߙݏ݋ܿ (݀ + ߠ݊݅ݏߤ)ܦ − 1(ߠݏ݋ܿ − ߠ݊݅ݏߤ) − 2(ߠݏ݋ܿ − 2݀)
ߠ = 1.607°݀ = ܮ = 12.7 ݉݉ ܦ = ߤ݉݉ 12.705 = 0.9
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݁ݐ𝑎݈݀݁𝑎݊ ݊݁ ݉ 0.01݉ 10−10ݔ1





®



→ ܧ 𝑎ݐ݈݊݁݉݁݌݉݋ܿ ܦ ܦ + ܧ
ܣ 𝑎௔௡௧௜ℎ௢௥௔௥௜௢ݎ݅݃ ܬ ܪ 𝑎௔௡௧௜ℎ௢௥௔௥௜௢ݎ݅݃ ܣ
𝑎௔௡௧௜ℎ௢௥௔௥௜௢ݎ݅݃ ܬܤ 𝑎௔௡௧௜ℎ௢௥௔௥௜௢ݎ݅݃ ܣ ܩ 

→ ܨ 𝑎ݐ݈݊݁݉݁݌݉݋ܿ ܥ ܥ + ܨ 𝑎ℎ௢௥௔௥௜௢ݎ݅݃ ܫ 𝑎ℎ௢௥௔௥௜௢ݎ݅݃ ܤܤ  ܩ 



𝑎ℎ௢௥௔௥௜௢ݎ݅݃ ܫ ܣ 𝑎ℎ௢௥௔௥௜௢ݎ݅݃ ܤܪ 





;ܣ ݎ݋𝑎݀ݖ𝑎݈݅ݐ𝑎ܿ݋ݐݑ𝑎 ܤܣ ܤ → ;ܤܣ ;ܤ ݎ݋𝑎݀ݖ𝑎݈݅ݐ𝑎ܿ݋ݐݑ𝑎 ܣܤܤܣ ܣ → ;ܣܤ ܣܤ
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ܩ∆ = ܪ∆ − (ܩ∆)ܵ∆ܶ (ܵ∆)(ܪ∆) ܶ
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14  ݅݊ = 6.35 ݉݉



ℎ ݀ ℎ ݀ℎ ݀





 



ߠ









12  ݅݊ = 12.7 ݉݉





https://saposyprincesas.elmundo.es/ocio-en-casa/experimentos/como-hacer-un-robot-casero/
https://saposyprincesas.elmundo.es/ocio-en-casa/experimentos/como-hacer-un-robot-casero/
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 12.7−0.055+0.05512.755 ݉݉12.645 ݉݉

 12.7+0.095+0.20512.905 ݉݉12.795 ݉݉



26 = 64



25 (26−1)
(26−1)



Constante -2.399 0.582 - 

Frecuencia -0.636 0.308 1.8 

Voltaje 0.797 0.308 1.71 

Altura (1) -0.785 0.453 1.01 

    

    

    

Frecuencia*Voltaje 0.562 0.308 1.83 





ܻ′= −2.399 − 0.636 ∗ 𝑎݅ܿ݊݁ݑܿ݁ݎܨ + 0.797 ∗ 𝑎݆݁ݐ݈݋ܸ + 0 ∗ 𝑎−1ݎݑݐ݈ܣ − 0.785∗ +𝑎1ݎݑݐ݈ܣ (________________________________________________________________________________) + 0.562∗ 𝑎݅ܿ݊݁ݑܿ݁ݎ݂ ∗  𝑎݆݁ݐ݈݋ݒ

ܲ(1) = ݁௒′1 + ݁௬′

• 

• 

• 

Fuente GL Chi-cuadrado Valor p 

Regresión 7 18.22 0.011 

Frecuencia 1 4.27 0.039 

Voltaje 1 6.68 0.01 

Altura 1 3 0.083 

    

    

    

Frecuencia*Voltaje 1 3.34 0.068 











24



Ω

24



Constante -1.603 0.634 - 

Frecuencia 1.603 0.435 1.46 

Voltaje 1.21 0.395 1.28 

Altura (1) -2.42 0.789 1.28 

    



ܻ′ = −1.603 + 1.603 ∗ 𝑎݅ܿ݊݁ݑܿ݁ݎܨ + 1.210 ∗ 𝑎݆݁ݐ݈݋ܸ + 0 ∗ 𝑎−1ݎݑݐ݈ܣ − 2.420∗ +𝑎1ݎݑݐ݈ܣ (_____________________________________________________________)
ܲ(1) = ݁௒′1 + ݁௬′

• 

• 

• 



Fuente GL Chi-cuadrado Valor p 

Regresión 4 19.89 0.001 

Frecuencia 1 13.56 0 

Voltaje 1 9.4 0.002 

Altura 1 9.4 0.002 

    











• 

• 



• 

• 

ߙ • = 0.05

1 -1 1 18 2.89037176 

2 1 1 138 4.92725369 

3 -1 1 28 3.33220451 

4 -1 1 49 3.8918203 

5 1 1 157 5.05624581 

6 1 1 69 4.2341065 

7 -1 1 55 4.00733319 

8 -1 1 11 2.39789527 

9 1 1 19 2.94443898 

10 -1 1 69 4.2341065 

11 -1 1 47 3.8501476 

12 1 1 51 3.93182563 



13 -1 1 11 2.39789527 

14 -1 1 38 3.63758616 

15 -1 1 83 4.41884061 

16 -1 1 51 3.93182563 

17 -1 1 80 4.38202663 

18 1 1 106 4.66343909 

19 1 1 264 5.5759491 

20 1 1 82 4.40671925 

21 -1 1 34 3.52636052 

22 1 1 189 5.24174702 

23 1 1 81 4.39444915 

24 1 1 138 4.92725369 

25 1 1 156 5.04985601 

26 1 1 69 4.2341065 

ln (݋݌݉݁݅ݐ)



6.193 6.1927 13.39 0.001

11.104 0.4627
17.296

• 

• 



• 

• 





 







• 

• 
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• 
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1 1 1 -1 -1 1 1 

2 1 1 1 1 -1 -1 

3 1 1 1 -1 1 -1 

4 1 1 1 -1 -1 1 

5 1 1 1 1 1 1 

6 -1 -1 -1 -1 -1 -1 

7 1 -1 1 1 1 -1 

8 -1 -1 -1 1 -1 1 

9 1 -1 -1 1 1 1 

10 -1 1 1 1 1 -1 

11 1 -1 -1 -1 -1 1 

12 -1 1 1 1 -1 1 

13 1 -1 1 1 -1 1 

14 -1 1 1 -1 -1 -1 

15 1 -1 -1 1 -1 -1 

16 1 1 -1 -1 -1 -1 

17 -1 -1 1 1 1 1 

18 1 1 -1 1 1 -1 

19 -1 1 -1 -1 1 -1 

20 1 -1 -1 -1 1 -1 

21 -1 1 -1 1 1 1 

22 1 -1 1 -1 -1 -1 

23 -1 -1 -1 1 1 -1 

24 -1 1 -1 -1 -1 1 

25 1 1 -1 1 -1 1 

26 -1 -1 1 -1 1 -1 

27 -1 -1 1 -1 -1 1 

28 -1 -1 -1 -1 1 1 

29 -1 -1 1 1 -1 -1 

30 -1 1 1 -1 1 1 

31 1 -1 1 -1 1 1 

32 -1 1 -1 1 -1 -1 

 



1 1 1 -1 -1 1 1 0 

2 1 1 1 1 -1 -1 0 

3 1 1 1 -1 1 -1 1 

4 1 1 1 -1 -1 1 0 

5 1 1 1 1 1 1 1 

6 -1 -1 -1 -1 -1 -1 0 

7 1 -1 1 1 1 -1 0 

8 -1 -1 -1 1 -1 1 0 

9 1 -1 -1 1 1 1 0 

10 1 1 1 -1 -1 1 0 

11 -1 1 1 1 1 -1 0 

12 -1 1 1 1 1 -1 0 

13 1 -1 -1 -1 -1 1 0 

14 -1 1 1 1 -1 1 0 

15 -1 1 1 1 1 -1 0 

16 1 -1 1 1 -1 1 0 

17 -1 1 1 -1 -1 -1 0 

18 1 -1 -1 1 -1 -1 0 

19 1 1 1 -1 -1 1 1 

20 1 1 -1 -1 -1 -1 0 

21 -1 -1 1 1 1 1 1 

22 1 1 1 -1 -1 1 0 

23 -1 -1 1 1 1 1 0 

24 1 1 -1 1 1 -1 1 

25 1 1 -1 -1 -1 -1 0 

26 -1 1 -1 -1 1 -1 0 

27 1 -1 -1 -1 1 -1 0 

28 -1 1 -1 1 1 1 1 

29 1 -1 1 -1 -1 -1 0 

30 1 1 -1 -1 1 1 0 

31 -1 -1 -1 1 1 -1 0 

32 -1 1 -1 -1 -1 1 1 

33 -1 -1 -1 -1 -1 -1 0 

34 -1 1 1 1 1 -1 0 

35 -1 1 -1 -1 1 -1 1 

36 1 -1 1 1 1 -1 0 

37 1 1 -1 1 -1 1 0 

38 -1 -1 1 -1 1 -1 0 

39 1 1 -1 -1 1 1 0 

40 -1 -1 1 -1 1 -1 0 

41 1 1 1 -1 1 -1 0 



42 -1 -1 -1 1 -1 1 0 

43 1 -1 -1 1 -1 -1 0 

44 -1 1 1 1 -1 1 1 

45 1 1 -1 1 1 -1 1 

46 -1 -1 1 -1 -1 1 0 

47 -1 -1 -1 -1 1 1 0 

48 -1 -1 1 1 -1 -1 0 

49 1 -1 1 1 -1 1 0 

50 -1 -1 -1 -1 1 1 1 

51 1 -1 1 1 -1 1 0 

52 -1 -1 -1 1 -1 1 1 

53 -1 -1 1 -1 -1 1 0 

54 1 1 -1 1 1 -1 0 

55 -1 -1 1 1 1 1 0 

56 1 -1 -1 1 -1 -1 0 

57 -1 1 -1 1 1 1 1 

58 -1 1 1 -1 1 1 0 

59 1 -1 1 -1 1 1 0 

60 -1 -1 -1 1 1 -1 1 

61 -1 -1 -1 1 -1 1 0 

62 -1 1 1 1 -1 1 0 

63 1 -1 -1 -1 -1 1 0 

64 1 1 -1 1 -1 1 1 

65 -1 -1 -1 1 1 -1 0 

66 -1 1 1 -1 -1 -1 0 

67 1 -1 -1 -1 1 -1 0 

68 1 -1 -1 -1 -1 1 0 

69 -1 -1 1 -1 1 -1 0 

70 -1 -1 -1 1 1 -1 0 

71 1 -1 1 -1 1 1 0 

72 -1 1 1 1 -1 1 1 

73 -1 1 -1 1 -1 -1 0 

74 -1 1 1 -1 1 1 0 

75 -1 1 1 -1 1 1 0 

76 1 -1 1 1 1 -1 0 

77 -1 -1 1 -1 1 -1 0 

78 1 1 1 -1 1 -1 0 

79 -1 -1 -1 -1 1 1 1 

80 1 1 -1 1 -1 1 1 

81 1 1 1 1 1 1 0 

82 -1 1 1 -1 1 1 0 

83 1 -1 -1 -1 1 -1 0 

84 -1 -1 -1 -1 1 1 0 



85 1 -1 1 -1 1 1 0 

86 1 -1 -1 -1 1 -1 0 

87 1 1 1 1 1 1 0 

88 1 1 -1 1 1 -1 1 

89 -1 1 -1 1 1 1 0 

90 1 1 1 1 -1 -1 0 

91 -1 1 -1 -1 -1 1 0 

92 -1 -1 1 1 1 1 1 

93 1 -1 1 -1 -1 -1 0 

94 1 1 1 1 1 1 0 

95 -1 1 -1 1 1 1 0 

96 -1 1 -1 -1 -1 1 0 

97 1 -1 -1 -1 1 -1 0 

98 1 1 1 -1 1 -1 0 

99 -1 -1 -1 1 1 -1 0 

100 1 -1 1 -1 1 1 0 

101 1 -1 -1 1 1 1 0 

102 1 1 -1 1 -1 1 0 

103 1 -1 1 -1 -1 -1 0 

104 1 -1 -1 1 -1 -1 0 

105 1 -1 1 1 1 -1 0 

106 -1 -1 1 -1 -1 1 0 

107 -1 1 1 1 1 -1 0 

108 -1 -1 1 -1 -1 1 0 

109 1 1 -1 -1 -1 -1 0 

110 -1 -1 1 1 -1 -1 0 

111 -1 -1 1 1 1 1 0 

112 1 -1 1 1 -1 1 0 

113 1 1 1 -1 1 -1 0 

114 -1 1 1 -1 -1 -1 0 

115 1 -1 -1 1 1 1 0 

116 1 -1 1 -1 -1 -1 0 

117 -1 1 1 1 -1 1 0 

118 1 -1 -1 -1 -1 1 0 

119 1 -1 1 1 -1 1 0 

120 -1 1 -1 -1 1 -1 0 

121 1 1 -1 -1 1 1 0 

122 -1 -1 -1 -1 -1 -1 0 

123 1 1 -1 -1 -1 -1 0 

124 -1 1 1 -1 1 1 0 

125 -1 -1 -1 -1 -1 -1 0 

126 -1 1 1 -1 -1 -1 0 

127 -1 -1 -1 1 -1 1 0 



128 -1 1 -1 -1 -1 1 0 

129 -1 -1 1 1 -1 -1 1 

130 -1 1 -1 -1 1 -1 0 

131 1 -1 1 -1 -1 -1 0 

132 -1 -1 1 -1 -1 1 0 

133 -1 1 -1 1 1 1 0 

134 1 -1 1 -1 1 1 0 

135 1 1 1 1 -1 -1 0 

136 -1 -1 -1 -1 1 1 0 

137 -1 1 -1 1 -1 -1 1 

138 1 1 -1 1 -1 1 0 

139 1 1 -1 -1 -1 -1 0 

140 1 -1 -1 1 1 1 1 

141 1 -1 -1 1 -1 -1 0 

142 1 1 1 1 -1 -1 1 

143 1 1 -1 1 1 -1 1 

144 -1 1 -1 1 -1 -1 1 

145 -1 -1 -1 -1 -1 -1 0 

146 1 1 1 1 -1 -1 0 

147 1 1 1 1 1 1 0 

148 -1 -1 1 -1 1 -1 0 

149 -1 1 -1 -1 1 -1 0 

150 1 -1 -1 -1 -1 1 0 

151 -1 1 1 -1 -1 -1 1 

152 1 1 1 -1 -1 1 0 

153 -1 -1 1 1 -1 -1 0 

154 -1 1 -1 -1 -1 1 0 

155 1 -1 1 1 1 -1 0 

156 -1 -1 1 1 -1 -1 1 

157 -1 1 -1 1 -1 -1 1 

158 1 1 -1 -1 1 1 0 

159 1 -1 -1 1 1 1 0 

160 -1 1 -1 1 -1 -1 1 

 



1 -1 -1 1 1 

2 -1 -1 -1 1 

3 1 1 1 1 

4 -1 -1 -1 -1 

5 1 -1 -1 1 

6 1 1 -1 1 

7 -1 -1 1 -1 

8 1 -1 1 -1 

9 -1 1 -1 1 

10 1 1 1 -1 

11 1 -1 1 1 

12 -1 1 -1 -1 

13 1 -1 -1 -1 

14 1 1 -1 -1 

15 -1 1 1 -1 

16 -1 1 1 1 

 



1 1 -1 1 1 1 

2 -1 1 -1 -1 1 

3 -1 1 1 -1 0 

4 1 -1 1 -1 0 

5 1 1 1 -1 0 

6 -1 -1 1 1 0 

7 -1 -1 -1 1 0 

8 -1 1 1 -1 0 

9 1 1 1 -1 0 

10 -1 -1 1 -1 0 

11 -1 1 -1 1 1 

12 -1 -1 -1 -1 0 

13 1 1 1 1 1 

14 1 1 -1 -1 1 

15 1 -1 -1 -1 0 

16 -1 1 -1 1 1 

17 1 1 -1 -1 1 

18 1 1 -1 1 1 

19 1 -1 1 -1 0 

20 1 -1 -1 1 1 

21 -1 1 -1 1 1 

22 1 -1 -1 1 1 

23 -1 1 -1 -1 0 

24 1 1 1 1 1 

25 -1 -1 -1 -1 0 

26 1 -1 -1 -1 0 

27 1 -1 1 1 0 

28 -1 1 1 1 0 

29 -1 -1 -1 1 0 

30 1 1 1 -1 0 

31 -1 1 1 -1 0 

32 1 -1 1 -1 1 

33 1 -1 -1 1 1 

34 -1 -1 1 -1 0 

35 -1 1 1 -1 0 

36 -1 1 1 1 0 

37 -1 -1 1 1 0 

38 -1 1 1 -1 0 

39 1 1 -1 1 1 

40 -1 -1 -1 1 0 

41 1 1 1 1 1 



42 -1 -1 -1 -1 0 

43 1 -1 -1 1 0 

44 1 1 -1 1 1 

45 1 -1 1 1 0 

46 -1 1 1 1 0 

47 -1 1 -1 -1 0 

48 -1 1 -1 1 0 

49 -1 -1 1 1 0 

50 -1 -1 -1 -1 0 

51 -1 1 1 1 1 

52 -1 -1 -1 1 0 

53 1 1 1 1 1 

54 -1 -1 1 1 0 

55 1 -1 1 1 0 

56 1 1 -1 1 1 

57 1 -1 -1 -1 1 

58 1 1 -1 1 1 

59 -1 -1 1 1 0 

60 1 -1 1 -1 0 

61 1 -1 1 -1 0 

62 1 -1 -1 -1 0 

63 1 1 -1 -1 1 

64 1 1 -1 -1 1 

65 1 1 1 1 0 

66 -1 -1 -1 1 0 

67 1 -1 -1 1 1 

68 -1 -1 -1 -1 0 

69 -1 1 -1 -1 0 

70 1 -1 -1 -1 0 

71 -1 1 1 1 0 

72 -1 -1 1 -1 0 

73 -1 1 -1 -1 0 

74 -1 -1 1 -1 0 

75 -1 1 -1 1 0 

76 1 1 -1 -1 0 

77 1 1 1 -1 0 

78 1 1 1 -1 0 

79 1 -1 1 1 0 

80 -1 -1 1 -1 0 

 



1 1 1 -1 1 1 

2 1 1 1 1 1 

3 1 1 1 1 0 

4 1 1 -1 1 1 

5 1 1 -1 1 1 

6 1 1 1 1 1 

7 1 1 -1 1 0 

8 1 1 1 1 1 

9 1 1 1 1 0 

10 1 1 -1 1 1 

11 1 1 -1 1 1 

12 1 1 1 1 1 

13 1 1 -1 1 1 

14 1 1 -1 1 1 

15 1 1 1 1 1 

16 1 1 -1 1 1 

17 1 1 -1 1 1 

18 1 1 -1 1 1 

19 1 1 -1 1 1 

20 1 1 -1 1 1 

21 1 1 1 1 1 

22 1 1 1 1 1 

23 1 1 1 1 1 

24 1 1 -1 1 1 

25 1 1 1 1 1 

26 1 1 1 1 1 

27 1 1 1 1 1 

28 1 1 1 1 1 

29 1 1 1 1 1 

30 1 1 -1 1 1 


