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✹✳✺✳ Pr♦❜❧❡♠❛❦

❊s❦✉③ ❡❜❛③t❡❦♦ ♣r♦❜❧❡♠❛❦✿

✶✳ ex − 3x = 0 ❡❦✉❛③✐♦❛❦ ❡rr♦ ❜❛t ❞❛✉❦❛ p ≈ 0.61906129 ♣✉♥t✉❛♥✳ ❊r❛❜✐❧✐ ❜✐s❡❦③✐♦
♠❡t♦❞♦❛r❡♥ s❡✐ ✐t❡r❛③✐♦✱ ❡rr♦ ❤♦r✐ ❛✉r❦✐t③❡❦♦✱ [0, 1] t❛rt❡t✐❦ ❤❛s✐③✳ ❩❡♥❜❛t ✐t❡r❛③✐♦ ❜❡❤❛r
❞✐r❛ ❡rr♦❛r❡♥ ❤✉r❜✐❧♣❡♥❛ ❜❛❧✐♦③t❛t③❡❦♦ ❧❛✉ ③✐❢r❛ ❡s❛♥❣❛rr✐r❡❦✐♥ ✭❤♦ts✱ ✵✳✻✶✾✵ ❧♦rt③❡❦♦✮❄

✷✳ ❇✐st❛❦♦❛ ❞❛ (x−0.4)(x−0.6) = x2−x+0.24 = 0 ❡❦✉❛③✐♦❛❦ x = 0.4 ❡t❛ x = 0.6 ❡rr♦❛❦
❞✐t✉❡❧❛✳ ❖❤❛rt✉ [0, 1] t❛rt❡❦♦ ♠✉t✉rr❛❦ ❡③ ❞✐r❡❧❛ ♦♥❛❦ ❜✐s❡❦③✐♦❛r❡♥ ♠❡t♦❞♦❛ ❤❛st❡❦♦❀
③❡r❣❛t✐❦❄ ❋✉♥t③✐♦❛r❡♥ ♠❛rr❛③❦❡t❛ ❡r❛❜✐❧✐③✱ ❛✉r❦✐t✉ ❡rr♦❡♥ t❛rt❡ ❡❣♦❦✐❛❦ ❜✐s❡❦③✐♦ ♠❡t♦✲
❞♦❛❦ ❡rr♦ ❜❛❦♦✐t③❡r❛ ❥♦t③❡❦♦✳ ❇❡st❛❧❞❡✱ [0.5, 1] t❛rt❡t✐❦ ❜✐s❡❦③✐♦ ♠❡t♦❞♦❛③ ❜✐❧❛❦❡t❛
❤❛st❡♥ ❜❛❞✉❣✉✱ ③❡✐♥ ❞❛ |p − p5| ③❡❤❛③t❛s✉♥❛r❡♥ ❜♦r♥❡❛ ❜♦st ✐t❡r❛③✐♦ ✐❣❛r♦ ♦♥❞♦r❡♥❄
❩❡✐♥ ❞❛ ❜❡♥❡t❛❦♦ ③❡❤❛③t❛s✉♥❛✱ ❜♦st ✐t❡r❛③✐♦ ✐❣❛r♦ ♦♥❞♦r❡♥❄

✸✳ ❊r❛❜✐❧✐ ❜✐s❡❦③✐♦❛r❡♥ ♠❡t♦❞♦❛ ❡❦✉❛③✐♦ ❤❛✉❡♥ ❡rr♦ ♣♦s✐t✐❜♦ t①✐❦✐❡♥❛ ❛✉r❦✐t③❡❦♦✿

✭❛✮ ex − x− 2 = 0✱

✭❜✮ x2 − ex = 0✱

✭❝✮ sin(x)− 2 cos(x) = 0✱

✭❞✮ x3 − x2 − 2x+ 1 = 0✱

✭❡✮ 2e−x − sin x = 0✱

✭❢✮ 3x3 + 4x2 − 8x− 1 = 0✳

❑❛s✉ ❜❛❦♦✐t③❡❛♥✱ ❛✉r❦✐t✉ t❛rt❡ ❡❣♦❦✐ ❜❛t ❡t❛✱ ❣❡r♦✱ ❦❛❧❦✉❧❛t✉ ❡rr♦❛r❡♥ ❤✉r❜✐❧♣❡♥❛ ✪✵✳✺
③❡❤❛③t❛s✉♥ ❡r❧❛t✐❜♦❛r❡❦✐♥✳ ▲❡❤❡♥ ❡r❛❜✐❧✐t❛❦♦ t❛rt❡❛r❡❦✐♥✱ ❦❛❧❦✉❧❛ ❡③❛③✉ r❡❣✉❧❛ ❢❛❧s✐
♠❡t♦❞♦❛③ ❡rr♦❛r❡♥ ❤✉r❜✐❧♣❡♥❛ ✪✵✳✺ ③❡❤❛③t❛s✉♥ ❡r❧❛t✐❜♦❛r❡❦✐♥✳ ❩❡✐♥ ♠❡t♦❞♦❦ ❞✉ ❦♦♥✲
❜❡r❣❡♥t③✐❛ ❛③❦❛rr❡♥❛❄

✹✳ ■③❛♥ ❜❡❞✐ f(x) = ex − x2 + 3x− 2 ❢✉♥t③✐♦❛✳

✭❛✮ ❆✉r❦✐t✉ ❣✉t①✐ ❣♦r❛❜❡❤❡r❛ ③❡♥❜❛t ✐t❡r❛③✐♦ ❜❡❤❛r ❞✐t✉❣✉♥ f(x) = 0 ❡❜❛③t❡❦♦✱
❜✐s❡❦③✐♦ ♠❡t♦❞♦❛③✱ τ = 10−3 ③❡❤❛③t❛s✉♥❛r❡❦✐♥✱ ❡t❛ a = 0✱ b = 1 ❤❛rt✉③✳

✭❜✮ ❇✐s❡❦③✐♦ ♠❡t♦❞♦❛ ❡r❛❜✐❧✐③✱ ❛✉r❦✐t✉ f(x) = 0 ❡❦✉❛③✐♦❛r❡♥ p ∈ [0, 1] ❡rr♦❛r❡♥

❧❡❤❡♥❡♥❣♦ ❤✉r❜✐❧♣❡♥❛✱ ♥♦♥
|pn − pn−1|

|pn|
< 10−2 ❡❞♦ |f(pn)| < 5.0 × 10−2 ❜❡t❡✲

t③❡♥ ❜❛✐t❛✳

✭❝✮ ❘❡❣✉❧❛ ❢❛❧s✐ ♠❡t♦❞♦❛ ❡r❛❜✐❧✐③✱ ❛✉r❦✐t✉ f(x) = 0 ❡❦✉❛③✐♦❛r❡♥ p ∈ [0, 1] ❡rr♦❛r❡♥

❧❡❤❡♥❡♥❣♦ ❤✉r❜✐❧♣❡♥❛✱ ♥♦♥
|pn − pn−1|

|pn|
< 10−2 ❡❞♦ |f(pn)| < 5.0 × 10−2 ❜❡t❡t③❡♥

❜❛✐t❛✳

✭❞✮ ❩❡✐♥ ♠❡t♦❞♦❦ ❞✉ ❦♦♥❜❡r❣❡♥t③✐❛ ❛③❦❛rr❡♥❛❄
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✹✳✺✳ Pr♦❜❧❡♠❛❦ ✭❖❈❲✲✷✵✶✹ ♣r♦✐❡❦t✉❛✮ ✾✸

✺✳ ■③❛♥ ❜❡❞✐ f(x) = x4 + 2x2 − x− 3 ❢✉♥t③✐♦❛✳

✭❛✮ ❆✉r❦✐t✉ ❣✉t①✐ ❣♦r❛❜❡❤❡r❛ ③❡♥❜❛t ✐t❡r❛③✐♦ ❜❡❤❛r ❞✐t✉❣✉♥ f(x) = 0 ❡❜❛③t❡❦♦✱
❜✐s❡❦③✐♦ ♠❡t♦❞♦❛③✱ τ = 10−4 ③❡❤❛③t❛s✉♥❛r❡❦✐♥✱ ❡t❛ a = 1✱ b = 2 ❤❛rt✉③✳

✭❜✮ ❇✐s❡❦③✐♦ ♠❡t♦❞♦❛ ❡r❛❜✐❧✐③✱ ❛✉r❦✐t✉ f(x) = 0 ❡❦✉❛③✐♦❛r❡♥ p ∈ [1, 2] ❡rr♦❛r❡♥

❧❡❤❡♥❡♥❣♦ ❤✉r❜✐❧♣❡♥❛✱ ♥♦♥
|pn − pn−1|

|pn|
< 10−3 ❡❞♦ |f(pn)| < 5.0 × 10−3 ❜❡t❡✲

t③❡♥ ❜❛✐t❛✳

✭❝✮ ❘❡❣✉❧❛ ❢❛❧s✐ ♠❡t♦❞♦❛ ❡r❛❜✐❧✐③✱ ❛✉r❦✐t✉ f(x) = 0 ❡❦✉❛③✐♦❛r❡♥ p ∈ [1, 2] ❡rr♦❛r❡♥

❧❡❤❡♥❡♥❣♦ ❤✉r❜✐❧♣❡♥❛✱ ♥♦♥
|pn − pn−1|

|pn|
< 10−3 ❡❞♦ |f(pn)| < 5.0 × 10−3 ❜❡t❡t③❡♥

❜❛✐t❛✳

✭❞✮ ❩❡✐♥ ♠❡t♦❞♦❦ ❞✉ ❦♦♥❜❡r❣❡♥t③✐❛ ❛③❦❛rr❡♥❛❄

✻✳ ❩❡r ❣❡rt❛t✉t❛❦♦ ❞❛ ❜✐s❡❦③✐♦ ♠❡t♦❞♦❛ ❡r❛❜✐❧t③❡♥ ❜❛❞✉❣✉ f(x) = 1/(x−2) ❢✉♥t③✐♦❛r❡❦✐♥
t❛rt❡ ❤❛✉❡t❛♥✿ ✭❛✮ [3, 7] ❡t❛ ✭❜✮ [1, 7]✳

✼✳ ❊♠❛♥❞❛❦♦ t❛rt❡❡t❛♥✱ ❛③t❡rt✉ ❢✉♥t③✐♦ ❤❛✉❡❦ ♣✉♥t✉ ✜♥❦♦ ❜❛❦❛r ❜❛t ❞✉t❡♥ ❛❧❛ ❡③✿

✭❛✮ F (x) = 1− x2/4✱ [0, 1]✳

✭❜✮ F (x) = 2−x✱ [0, 1]✳

✭❝✮ F (x) = 1/x✱ [0.5, 5.2]✳

❆✐♥t③❛t ❤❛rt✉ ✹✳✺✳ ❛❞✐❜✐❞❡❛✳

✽✳ ❆③t❡rt✉ ♣✉♥t✉ ✜♥❦♦❦♦ ✐t❡r❛③✐♦❛r❡♥ ❦♦♥❜❡r❣❡♥t③✐❛ F (x) = −4 + 4x− 1

2
x2 ❞❡♥❡❛♥✳

✭❛✮ ❊❜❛t③✐ ❛♥❛❧✐t✐❦♦❦✐ F (x) = x ❡t❛ ❢r♦❣❛t✉ p = 2 ❡t❛ p = 4 ♣✉♥t✉ ✜♥❦♦❛❦ ❞✐r❡❧❛✳

✭❜✮ ❍❛rt✉ p0 = 1.9 ❡t❛ ❦❛❧❦✉❧❛ ✐t③❛③✉ p1✱ p2✱ p3✱ ❡t❛ ❜❛❧✐♦ ❤♦r✐❡✐ ❞❛❣♦③❦✐❡♥ ③❡❤❛③t❛s✉♥
❛❜s♦❧✉t✉❛❦ ❡t❛ ❡r❧❛t✐❜♦❛❦✳

✭❝✮ ❍❛rt✉ p0 = 3.8 ❡t❛ ❦❛❧❦✉❧❛ ✐t③❛③✉ p1✱ p2✱ p3✱ ❡t❛ ❜❛❧✐♦ ❤♦r✐❡✐ ❞❛❣♦③❦✐❡♥ ③❡❤❛③t❛s✉♥
❛❜s♦❧✉t✉❛❦ ❡t❛ ❡r❧❛t✐❜♦❛❦✳

✭❞✮ ✹✳✸✳ t❡♦r❡♠❛ ❡r❛❜✐❧✐③✱ ③❡r ♦♥❞♦r✐♦③t❛ ❞❛✐t❡❦❡❄

✾✳ ■③❛♥ ❜❡❞✐ F (x) = x2+x−4✳ ❖r❞✉❛♥✱ x = F (x) ❡❦✉❛③✐♦❛r❡♥ ❡rr♦❛❦ ❦❛❧❦✉❧❛t③❡❦♦ ♣✉♥t✉
✜♥❦♦❦♦ ✐t❡r❛③✐♦❛ ❡r❛❜✐❧ ❞❡③❛❦❡❣✉❄ ❩❡r❣❛t✐❦❄

✶✵✳ P✉♥t✉ ✜♥❦♦❛r❡♥ ♠❡t♦❞♦❛♥✱ ③❡r❣❛t✐❦ ❞❛ ❛❜❛♥t❛✐❧❛ F ′(p) ≈ 0 ✐③❛t❡❛❄

✶✶✳ ■③❛♥ ❜❡❞✐ ex−3x2 = 0 ❡❦✉❛③✐♦❛❀ ❛✉r❦✐t✉ x = −0.5 ❡t❛ x = 4 ♣✉♥t✉❡t❛t✐❦ ❣❡rt✉❦♦ ❡rr♦❛❦
◆❡✇t♦♥✲❘❛♣❤s♦♥ ♠❡t♦❞♦❛③✱ s❡✐ ❞✐❣✐t✉❦♦ ③❡❤❛③t❛s✉♥ ❡r❧❛t✐❜♦❛r❡❦✐♥ ✭❤♦ts✱ ze = 10−6

✐③❛♥✐❦✮✳

✶✷✳ ■③❛♥ ❜❡❞✐ x2 − x+ 2 = 0 ❡❦✉❛③✐♦❛✳

✾✸



✾✹ ❊✳ ▼✐❥❛♥❣♦s ✭❖❈❲✲✷✵✶✹ ♣r♦✐❡❦t✉❛✮

✭❛✮ ❩❡❤❛③t✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ pn = F (pn−1) ✐t❡r❛③✐♦ ❢✉♥t③✐♦❛✳

✭❜✮ ❍❛s✐ p0 = −1.5 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2 ❡t❛ p3✳

✭❝✮ ❩❡✐♥ ❞❛ |f(p3)| ❡rr♦r❡❛ p3 ♣✉♥t✉❛♥❄

✶✸✳ ■③❛♥ ❜❡❞✐ x2 − x− 3 = 0 ❡❦✉❛③✐♦❛✳

✭❛✮ ❩❡❤❛③t✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ pn = F (pn−1) ✐t❡r❛③✐♦ ❢✉♥t③✐♦❛✳

✭❜✮ ❍❛s✐ p0 = 1.6 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2 ❡t❛ p3✳

✭❝✮ ❩❡✐♥ ❞❛ |f(p3)| ❡rr♦r❡❛ p3 ♣✉♥t✉❛♥❄

✭❞✮ ❍❛s✐ p0 = 0.0 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2, p3 ❡t❛ p4✳ ❩❡r ♦♥❞♦r✐♦③t❛ ❞❡③❛❦❡❣✉
s❡❣✐❞❛ ❤♦rr✐ ❜✉r✉③❄

✶✹✳ ■③❛♥ ❜❡❞✐ (x− 2)4 = 0 ❡❦✉❛③✐♦❛✳

✭❛✮ ❩❡❤❛③t✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ ❢♦r♠✉❧❛❦♦ pn = F (pn−1) ✐t❡r❛③✐♦ ❢✉♥t③✐♦❛✳

✭❜✮ ❍❛s✐ p0 = 2.1 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2, p3 ❡t❛ p4✳

✭❝✮ ❩❡✐♥ ❞❛ |f(p4)| ❡rr♦r❡❛ p4 ♣✉♥t✉❛♥❄

✭❞✮ ❙❡❣✐❞❛ ❤♦♥❡♥ ❦♦♥❜❡r❣❡♥t③✐❛ ❧✐♥❡❛❧❛ ❞❛❄ ❛❧❛ ❦♦❛❞r❛t✐❦♦❛❄

✶✺✳ ■③❛♥ ❜❡❞✐ x3 − 3x− 2 = 0 ❡❦✉❛③✐♦❛✳

✭❛✮ ❩❡❤❛③t✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ ❢♦r♠✉❧❛❦♦ pn = F (pn−1) ✐t❡r❛③✐♦ ❢✉♥t③✐♦❛✳

✭❜✮ ❍❛s✐ p0 = 2.1 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2, p3 ❡t❛ p4✳

✭❝✮ ❩❡✐♥ ❞❛ |f(p4)| ❡rr♦r❡❛ p4 ♣✉♥t✉❛♥❄

✭❞✮ ❙❡❣✐❞❛ ❤♦♥❡♥ ❦♦♥❜❡r❣❡♥t③✐❛ ❧✐♥❡❛❧❛ ❞❛❄ ❛❧❛ ❦♦❛❞r❛t✐❦♦❛❄

✶✻✳ ■③❛♥ ❜❡❞✐ xe−x = 0 ❡❦✉❛③✐♦❛✳

✭❛✮ ❩❡❤❛③t✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ ❢♦r♠✉❧❛❦♦ pn = F (pn−1) ✐t❡r❛③✐♦ ❢✉♥t③✐♦❛✳

✭❜✮ ❍❛s✐ p0 = 0.2 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2, p3 ❡t❛ p4✳ ❩❡✐♥ ❞❛ |f(p4)| ❡rr♦r❡❛ p4
♣✉♥t✉❛♥❄ ❩❡✐♥ ❞❛ limn→∞ pn❄ ❩❡✐♥ ❞❛ ③❡❤❛③t❛s✉♥ ❛❜s♦❧✉t✉❛ p4 ♣✉♥t✉❛♥❄

✭❝✮ ❍❛s✐ p0 = 20 ♣✉♥t✉t✐❦ ❡t❛ ❛✉r❦✐t✉ p1, p2, p3 ❡t❛ p4✳ ❩❡✐♥ ❞❛ |f(p4)| ❡rr♦r❡❛ p4
♣✉♥t✉❛♥❄ ❩❡✐♥ ❞❛ limn→∞ pn❄ ❩❡✐♥ ❞❛ ③❡❤❛③t❛s✉♥ ❛❜s♦❧✉t✉❛ p4 ♣✉♥t✉❛♥❄

✭❞✮ ❆③❛❧❞✉ ③❡r ❣❡rt❛t③❡♥ ❞❡♥ ✭❜✮ ❡t❛ ✭❝✮ ❦❛s✉❡t❛♥✳

✶✼✳ ❊❜❛❦✐t③❛✐❧❡❛r❡♥ ♠❡t♦❞♦❛ ❡r❛❜✐❧✐③✱ ❛✉r❦✐ ✐t③❛③✉ ❡❦✉❛③✐♦ ❤❛✉❡♥ p2 ❡t❛ p3 ❤✉r❜✐❧♣❡♥❛❦✱
❡♠❛♥❞❛❦♦ ❤❛st❛♣❡♥✲♣✉♥t✉❡t❛t✐❦ ❤❛s✐③✿

✭❛✮ x2 − 2x− 1 = 0✱ ♥♦♥ p0 = 2.6 ❡t❛ p1 = 2.5✳

✭❜✮ x2 − x− 3 = 0✱ ♥♦♥ p0 = 1.7 ❡t❛ p1 = 1.67✳

✭❝✮ x2 − 2x− 1 = 0✱ ♥♦♥ p0 = −1.5 ❡t❛ p1 = −1.52✳

✾✹



✹✳✺✳ Pr♦❜❧❡♠❛❦ ✭❖❈❲✲✷✵✶✹ ♣r♦✐❡❦t✉❛✮ ✾✺

✶✽✳ ❊r❛❜✐❧ ❞❡③❛❦❡❣✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ ♠❡t♦❞♦❛ x2 − 14x+ 50 = 0 ❡❜❛③t❡❦♦❄ ❩❡r❣❛t✐❦❄

✶✾✳ ❊r❛❜✐❧ ❞❡③❛❦❡❣✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ ♠❡t♦❞♦❛ x1/3 = 0 ❡❜❛③t❡❦♦❄ ❩❡r❣❛t✐❦❄

✷✵✳ ❊r❛❜✐❧ ❞❡③❛❦❡❣✉ ◆❡✇t♦♥✲❘❛♣❤s♦♥❡♥ ♠❡t♦❞♦❛ (x− 3)1/2 = 0 ❡❜❛③t❡❦♦✱ p0 = 4 ❤❛rt✉③❄
❩❡r❣❛t✐❦❄

✷✶✳ ❊r❛❜✐❧✐ ▼✉❧❧❡r❡♥ ♠❡t♦❞♦❛ x3 − x − 2 = 0 ❡❦✉❛③✐♦❛r❡♥ ❡rr♦ ❜❛t ❤✉r❜✐❧t③❡❦♦✳ ❍❛s✐
p0 = 1.0✱ p1 = 1.2 ❡t❛ p2 = 1.4 ♣✉♥t✉❡t❛t✐❦✱ ❡t❛ ❦❛❧❦✉❧❛ ✐t③❛③✉ p3 ❡t❛ p4✳ ❩❡✐♥ ❞❛
|f(p4)| ❡rr♦r❡❛ p4 ♣✉♥t✉❛♥❄

✷✷✳ ❊r❛❜✐❧✐ ▼✉❧❧❡r❡♥ ♠❡t♦❞♦❛ 4x2−ex = 0 ❡❦✉❛③✐♦❛r❡♥ ❡rr♦ ❜❛t ❤✉r❜✐❧t③❡❦♦✳ ❍❛s✐ p0 = 4.0✱
p1 = 4.1 ❡t❛ p2 = 4.2 ♣✉♥t✉❡t❛t✐❦✱ ❡t❛ ❦❛❧❦✉❧❛ ✐t③❛③✉ p3 ❡t❛ p4✳ ❩❡✐♥ ❞❛ |f(p4)| ❡rr♦r❡❛
p4 ♣✉♥t✉❛♥❄

✷✸✳ ■③❛♥ ❜❡❞✐ xe0.5x + 1.2x− 5 = 0 ❡❦✉❛③✐♦❛✳ f(x) = xe0.5x + 1.2x− 5 ❢✉♥t③✐♦❛ ♠❛rr❛③t❡♥
❜❛❞✉❣✉✱ x = 1 ❡t❛ x = 2 ❛rt❡❛♥ ❡rr♦ ❜❛t ❞❛❣♦❡❧❛ ✐❦✉st❡♥ ❞✉❣✉✳ ❊❦✉❛③✐♦ ❤♦r✐ x = F (x)
❡r❛ ❞❡s❜❡r❞✐♥❡t❛♥ ❜❡rr✐❞❛t③ ❞❡③❛❦❡❣✉✳ ❍♦♥❛❦♦ ❤✐r✉ ❛✉❦❡r❛ ❤❛✉❡t❛t✐❦✱ ③❡✐♥ ❞❛ ③✉r❡
❛❜✉r✉③ ❡❣♦❦✐❡♥❛❄ ❡♠❛♥ ❛rr❛③♦✐❛ ❢✉♥t③✐♦❛❦ ❛③t❡rt✉③✿

✭❛✮ x =
5− xe0.5x

1.2
❀

✭❜✮ x =
5

e0.5x + 1.2
❀

✭❝✮ x =
5− 1.2x

e0.5x
✳

▼❆❚▲❆❇❡③ ♣r♦❣r❛♠❛t③❡❦♦ ♣r♦❜❧❡♠❛❦✿

■③❛♥ ❜❡❞✐ ◆❡✇t♦♥❡♥ ❛❧❣♦r✐t♠♦❛r✐ ❞❛❣♦❦✐♦♥ ✐♥♣❧❡♠❡♥t❛③✐♦ ❤❛✉✿

function [p,err,ze,i]=fnewton(f,df,p0,emax,zemax,imax)

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Programa honek f(x)=0 ekuazio ez−lineala ebazten du.

% Datuak:

% f='f(x)', hots karaktereen kate bat bezala sartzen da

% df='f'(x)', hots f−ren deribatua, karaktere kate bat bezala

% sartuta

% p0=erroaren hasierako hurbilpena

% emax=errorearen tolerantzia

% zemax=zehaztasun erlatiboaran tolerantzia

% imax=iterazioen kopuru maximoa

% Emaitzak:

% p=lortutako erro hurbildua, Newton−Raphson metodoaz

% err=p−rako errorea, hots |f(p)|

% ze=zehaztasun erlatiboa, hots |p−p0|/|p0|
% i=egindako iterazio kopurua

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% eps = makina−errorea = 2.2204e−016, begira apunteetako 3.3.5 atala.

✾✺
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fun=inline(f,'x');

dfun=inline(df,'x');

i=0;

fp0=fun(p0);

dfp0=dfun(p0);

err=abs(fp0);

if(abs(dfp0)<eps)

disp('Deribatua p puntuan zero da');

break;

end

ze=zemax+1;

while (i<=imax && ze>zemax && err>emax)

p=p0−fp0/dfp0
pzaharra=p0;

p0=p;

fp0=fun(p0);

dfp0=dfun(p0);

i=i+1;

ze=abs((p0−pzaharra)/p0)
err=abs(fp0);

end

✷✹✳ ❆✉rr❡❦♦ ❢♥❡✇t♦♥✳♠ ✜t①❛t❡❣✐❛♥ ③❛t✐ ❜❛t③✉❦ ❛❧❞❛t✉③✱ ❡❣✐♥ ❡❜❛❦✐t③❛✐❧❡❛r❡♥ ♠❡t♦❞♦❛ ✐♥✲
♣❧❡♠❡♥t❛t③❡♥ ❞✉❡♥ ❢❡❜❛❦✐t③❛✐❧❡✳♠ ✜t①❛t❡❣✐ ❜❡rr✐ ❜❛t✳ ●✐❞♦✐ ❣✐s❛✱ ✐❦✉s ❡③❛③✉ ✹✳✷✳
❛❧❣♦r✐t♠♦❛r❡♥ s❛s✐❦♦❞❡❛✳ ❊❜❛t③✐✿

✭❛✮ f(x) = 2−x − x = 0, p0 = 1✳

✭❜✮ f(x) = x2 − 4x− 3.5− log(x) = 0, p0 = 1✳

✭❝✮ f(x) = (x− 2.1)2 − 7x cos(x) = 0, p0 = 1.5✳

❑♦♥♣❛r❛t✉ ❡♠❛✐t③❛ ❤♦r✐❡❦ ▼❆❚▲❆❇✲❡❦♦ ❢③❡r♦✳♠ ❢✉♥t③✐♦❛③ ❧♦rt✉t❛❦♦❡❦✐♥✳

✷✺✳ ✹✳✶✳ ❛❧❣♦r✐t♠♦❛r❡♥ s❛s✐❦♦❞❡❛ ❛❞✐❜✐❞❡ ♠♦❞✉❛♥ ❤❛rt✉③✱

✭❛✮ ●❛r❛t✉ ❜❡st❡ s❛s✐❦♦❞❡ ❜❛t ♣✉♥t✉ ✜♥❦♦❛r❡♥ ♠❡t♦❞♦r❛❦♦✱ x = F (x) ❡❦✉❛③✐♦❛
❡❜❛③t❡❦♦ ❣❛✐ ❞❡♥❛✳

✭❜✮ ■♥♣❧❡♠❡♥t❛t✉ s❛s✐❦♦❞❡ ❤♦r✐ ▼❆❚▲❆❇✲❡❦♦ ❢♣✉♥t✉❢✐♥❦♦✳♠ ✜t①❛t❡❣✐ ❜❡rr✐ ❜❛t ❜❡③❛❧❛✳
▲❛❣✉♥t③❛ ❣✐s❛✱ ❢♥❡✇t♦♥✳♠ ✜t①❛t❡❣✐❛ ❡r❛❜✐❧ ❞❛✐t❡❦❡✳

✭❝✮ ❊❜❛t③✐ x = F (x) = 2−x ❡❦✉❛③✐♦❛✱ p0 = 1 ♣✉♥t✉t✐❦ ❤❛s✐③✳ ❩❡r ❣❡rt❛t③❡♥ ❞❛❄ ❩❡r✲
❣❛t✐❦❄ ❑♦♥♣❛r❛t✉ ❡♠❛✐t③❛ ❤♦r✐ ▼❆❚▲❆❇✲❡❦♦ ❢③❡r♦✳♠ ❢✉♥t③✐♦❛③ ❧♦rt✉t❛❦♦❛r❡❦✐♥✳

✷✻✳ ●❛r❛t✉ ✹✳✸✳✺✳ ❛t❛❧❡❦♦ ▼✉❧❧❡r❡♥ ♠❡t♦❞♦❛r❡♥ s❛s✐❦♦❞❡ ❜❛t✱ ❡t❛✱ ❣❡r♦✱ ✐♥♣❧❡♠❡♥t❛t✉ ▼❆❚✲
▲❆❇❡❦♦ ▼✲✜t①❛t❡❣✐ ❜❛t❡❛♥✱ ♥♦♥ s❛rt✉t❛❦♦ ❜❛❧✐♦❛❦ ❢✱♣✵✱♣✶✱♣✷✱❡♠❛①✱③❡♠❛①✱✐♠❛① ❜❛✐✲
t✐r❛✱ ❡t❛ ❛t❡r❛t③❡♥ ❞✐r❡♥ ❜❛❧✐♦❛❦ ♣✱❡rr✱③❡✱✐ ✭✐❦✉s ❡③❛③✉ ◆❡✇t♦♥❡♥ ♠❡t♦❞♦❛r❡♥ ✐♥♣❧❡✲
♠❡♥t❛③✐♦❛ ❧❡tr❛ ❤♦r✐❡♥ ❡s❛♥❛❤✐❛ ✉❧❡rt③❡❦♦✮✳ ❑♦♥t✉❛♥ ❤❛rt✉

√
b2 − 4ac ③❡♥❜❛❦✐ ❦♦♥✲

♣❧❡①✉❛ ✐③❛♥ ❞❛✐t❡❦❡❡❧❛✱ ❡t❛ ③❡✐♥ ❡rr♦ ❣♦r❞❡ ❜❡❤❛r ❞✉❣✉♥✳
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✹✳✺✳ Pr♦❜❧❡♠❛❦ ✭❖❈❲✲✷✵✶✹ ♣r♦✐❡❦t✉❛✮ ✾✼

✷✼✳ ❊r❛❜✐❧✐ ▼✉❧❧❡r❡♥ ♠❡t♦❞♦❛ p0 = 1.5✱ p1 = 1.4 ❡t❛ p2 = 1.3 ❤❛s✐❡r❛❦♦ ❜❛❧✐♦❛❦ f(x) =
1 + 2x − tan(x) ❢✉♥t③✐♦❛r❡♥ ❡rr♦ ❜❛t❡♥ ❤✉r❜✐❧♣❡♥❛ ❧♦rt③❡❦♦✱ ❡♠❛①❂10−8 ❡rr♦r❡❛r❡♥
t♦❧❡r❛♥t③✐❛r❡❦✐♥✱ ③❡♠❛①❂10−12 ③❡❤❛③t❛s✉♥ ❡r❧❛t✐❜♦❛r❡❦✐♥ ❡t❛ ✐♠❛①❂✺✵ ✐t❡r❛③✐♦ ❦♦♣✉r✉
♠❛①✐♠♦❛r❡❦✐♥✳

✷✽✳ ❑♦♥♣❛r❛t✉ ◆❡✇t♦♥❡♥✱ ❡❜❛❦✐t③❛✐❧❡❛r❡♥ ❡t❛ ▼✉❧❧❡r❡♥ ♠❡t♦❞♦❡♥ ❦♦♥❜❡r❣❡♥t③✐❛ ❛✉rr❡❦♦
♣r♦❜❧❡♠❛r❡♥ ❢✉♥t③✐♦r❛❦♦✱ ◆❡✇t♦♥❡♥ ♠❡t♦❞♦r❛❦♦ p0 = 1.5 ❤❛rt✉③ ❡t❛ ❡❜❛❦✐t③❛✐❧❡❛r❡♥
♠❡t♦❞♦r❛❦♦ p0 = 1.5 ❡t❛ p1 = 1.4✳ ❍❛rt✉ ❛✉rr❡❦♦ ♣r♦❜❧❡♠❛❦♦ ❜❛❧✐♦ ❜❡r❞✐♥❛❦ ❡♠❛①✱

③❡♠❛① ❡t❛ ✐♠❛① ♣❛r❛♠❡tr♦❡t❛r❛❦♦✳
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