
❊P■❚❆

▼❛t❤❡♠❛t✐❝s

▼✐❞t❡r♠ ❡①❛♠ ❙✷

❉✉r❛t✐♦♥✿ ✸ ❤♦✉rs

▼❛r❝❤ ✷✵✷✷

◆❛♠❡✿

❋✐rst ♥❛♠❡✿

❈❧❛ss✿

▼❆❘❑✿

❚❤❡ ♠❛r❦✐♥❣ s②st❡♠ ✐s ❣✐✈❡♥ ❢♦r ❛ ❣r❛❞✐♥❣ s❝❛❧❡ ❢r♦♠ ✵ t♦ ✸✺✳

❚❤❡ ✜♥❛❧ ♠❛r❦ ✇✐❧❧ ❜❡ r❡✲s❝❛❧❡❞ ❢r♦♠ ✵ t♦ ✷✵✳

■♥str✉❝t✐♦♥s✿

✖ ❘❡❛❞ t❤❡ ✇❤♦❧❡ ❡①❛♠ ❜❡❢♦r❡ st❛rt✐♥❣✳ ■t ❝♦♥t❛✐♥s ✼ ❡①❡r❝✐s❡s✳

✖ ❆ 1✲♣♦✐♥t ♣❡♥❛❧t② ♠❛② ❜❡ r❡♠♦✈❡❞ ✐❢ t❤❡ ✇♦r❦s❤❡❡t✬s ♣r❡s❡♥t❛t✐♦♥ ✐s ❝♦♥❢✉s❡❞✳

✖ ❲r✐t❡ ②♦✉r ❛♥s✇❡rs ♦♥ t❤❡ st❛♣❧❡❞ s❤❡❡ts ♣r♦✈✐❞❡❞ ❢♦r ❛♥s✇❡r✐♥❣✳ ▲♦♦❦ ❛t t❤❡ ❢r❛♠❡✬s s✐③❡ ❜❡❢♦r❡ ✇r✐t✐♥❣ ②♦✉r

r❡❞❛❝t✐♦♥✳

✖ ❉♦❝✉♠❡♥ts ❛♥❞ ♣♦❝❦❡t ❝❛❧❝✉❧❛t♦rs ❛r❡ ♥♦t ❛❧❧♦✇❡❞✳

✖ P❧❡❛s❡✱ ❞♦ ♥♦t ✉s❡ ❧❡❛❞ ♣❡♥❝✐❧s ❢♦r ❛♥s✇❡r✐♥❣✳

✶



✷



▼❛t❤❡♠❛t✐❝s

▼✐❞t❡r♠ ❡①❛♠ ❙✷ ✕ ▼❛r❝❤ ✷✵✷✷

❊①❡r❝✐s❡ ✶ ✭✺✱✺ ♣♦✐♥ts✮

✶✳ ❙♦❧✈❡ ♦♥ I =]0,+∞[ t❤❡ ❞✐✛❡r❡♥t✐❛❧ ❡q✉❛t✐♦♥ (E) xy′ +
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▼✐❞t❡r♠ ❡①❛♠ ❙✷ ✕ ▼❛r❝❤ ✷✵✷✷

❊①❡r❝✐s❡ ✷ ✭✺ ♣♦✐♥ts✮

❚❤❡ q✉❡st✐♦♥s ♦❢ t❤❡ ❡①❡r❝✐s❡ ❛r❡ ♠✉t✉❛❧❧② ✐♥❞❡♣❡♥❞❡♥t✳

✶✳ ▲❡t f ❛♥❞ g ❜❡ t✇♦ ❢✉♥❝t✐♦♥s s✉❝❤ t❤❛t✱ ❛s x ❛♣♣r♦❛❝❤❡s 0✿

f(x) = o(x3) ❛♥❞ g(x) = x2ε(x) ✇✐t❤ lim
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ε(x) = 0
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i(x) = o(x3) ❛♥❞ lim
x→0

i(x)

x4
= 2
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❊①❡r❝✐s❡ ✸ ✭✺ ♣♦✐♥ts✮
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1 + x+ cos(x)
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▼❛t❤❡♠❛t✐❝s

▼✐❞t❡r♠ ❡①❛♠ ❙✷ ✕ ▼❛r❝❤ ✷✵✷✷

❊①❡r❝✐s❡ ✹ ✭✺ ♣♦✐♥ts✮

✶✳ ❋✐♥❞ lim
x→0

√
1 + 2x2 − cos

(

2x2
)

− x2

e−x + sin(x)− 1
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▼❛t❤❡♠❛t✐❝s

▼✐❞t❡r♠ ❡①❛♠ ❙✷ ✕ ▼❛r❝❤ ✷✵✷✷

❊①❡r❝✐s❡ ✺ ✭✻ ♣♦✐♥ts✮

❆r❡ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡ts R✲✈❡❝t♦r s♣❛❝❡s❄ ❏✉st✐❢② r✐❣♦r♦✉s❧② ②♦✉r ❛♥s✇❡rs✳

✶✳ E =
{

(un) ∈ R
N, ∀n ∈ N, un ≥ −1

}
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✷✳ F =
{

u ∈ R
3, u = α e1 + β e2; (α, β) ∈ R

2
}

✇❤❡r❡ e1 = (1, 1, 0) ❛♥❞ e2 = (0, 5, 3)✳
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▼❛t❤❡♠❛t✐❝s

▼✐❞t❡r♠ ❡①❛♠ ❙✷ ✕ ▼❛r❝❤ ✷✵✷✷

❊①❡r❝✐s❡ ✻ ✭✹✱✺ ♣♦✐♥ts✮

❈♦♥s✐❞❡r ❛ ♥❛t✉r❛❧ ♥✉♠❜❡r n ≥ 5 ❛♥❞ t❤❡ ♣♦❧②♥♦♠✐❛❧ Pn(X) = Xn+1 − 2Xn + 2Xn−1 − 2Xn−2 +Xn−3✳

✶✳ ❈❤❡❝❦ t❤❛t 0 ✐s ❛ r♦♦t ♦❢ P ✳ ❲✐t❤♦✉t ❞♦✐♥❣ ❝♦♠♣✉t❛t✐♦♥s✱ ✜♥❞ ✐ts ♦r❞❡r ♦❢ ♠✉❧t✐♣❧✐❝✐t② ❛♥❞ ❡①♣❧❛✐♥ ✇❤②✳
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▼❛t❤❡♠❛t✐❝s

▼✐❞t❡r♠ ❡①❛♠ ❙✷ ✕ ▼❛r❝❤ ✷✵✷✷

❊①❡r❝✐s❡ ✼ ✭✹ ♣♦✐♥ts✮

❚❤❡ ♣✉r♣♦s❡ ♦❢ t❤❡ ❡①❡r❝✐s❡ ✐s t♦ ✜♥❞ ❛❧❧ t❤❡ ♣♦❧②♥♦♠✐❛❧s P ♦❢ ❞❡❣r❡❡ 3 s✉❝❤ t❤❛t (X − 1)2|P (X)− 1 ❛♥❞ (X + 1)2|P (X) + 1✳

❈♦♥s✐❞❡r ❛ ♣♦❧②♥♦♠✐❛❧ P (X) = aX3 + bX2 + cX + d ✇✐t❤ (a, b, c, d) ∈ R
4 ❛♥❞ s❛t✐s❢②✐♥❣ t❤❡ ❤②♣♦t❤❡s✐s✿

(H) : (X − 1)2 | P (X)− 1 ❛♥❞ (X + 1)2 | P (X) + 1

▲❡t ✉s ❞❡✜♥❡ t❤❡ t✇♦ ♣♦❧②♥♦♠✐❛❧s✿ A(X) = P (X)− 1 ❛♥❞ B(X) = P (X) + 1✳

✶✳ ❲r✐t❡ ❛❧❧ t❤❡ ✐♥❢♦r♠❛t✐♦♥ ❛❜♦✉t A ❛♥❞ B t❤❛t ❝❛♥ ❜❡ ❞❡❞✉❝❡❞ ❢r♦♠ t❤❡ ❤②♣♦t❤❡s✐s (H)❄
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