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▼❛t❤❡♠❛t✐❦ ❙❡❧❜stt❡st

✧▲♦❤♥t s✐❝❤ ❢ür ♠✐❝❤ ❞❡r ▼❛t❤❡✲❱♦r❦✉rs❄✧

❙✐♥❞ ❙✐❡ s✐❝❤ ♥✐❝❤t s✐❝❤❡r✱ ♦❜ ❡s s✐❝❤ ❢ür ❙✐❡ ❧♦❤♥t ❞❡♥ ❱♦r❦✉rs ③✉ ❜❡s✉❝❤❡♥❄ ❚❡st❡♥ ❙✐❡

s✐❝❤ ♠✐t ❞❡♥ ❢♦❧❣❡♥❞❡♥ ❆✉❢❣❛❜❡♥ s❡❧❜st✦ ❉✐❡ ❆✉❢❣❛❜❡♥ s✐♥❞ ♥❛❝❤ ❞❡♥ ❚❤❡♠❡♥t❛❣❡♥ ❞❡s

❱♦r❦✉rs❡s s♦rt✐❡rt ✭❆❜✇❡✐❝❤✉♥❣❡♥ ✐♠ ❱♦r❦✉rs s✐♥❞ ♠ö❣❧✐❝❤✮✳ ❙♦❧❧t❡♥ ❙✐❡ ❙❝❤✇✐❡r✐❣❦❡✐t❡♥

♠✐t ❞❡♥ ❆✉❢❣❛❜❡♥ ❤❛❜❡♥✱ s♦ ❡♠♣❢❡❤❧❡♥ ✇✐r ❞r✐♥❣❡♥❞ ❞❡♥ ❇❡s✉❝❤ ❞❡s ❱♦r❦✉rs❡s✦ ❲✐r

✇♦❧❧❡♥ ❞❛r❛✉❢ ❤✐♥✇❡✐s❡♥✱ ❞❛ss ❞❡r ❱♦r❦✉rs ❛✉❝❤ ❚❤❡♠❡♥ ❜❡❤❛♥❞❡❧t✱ ❞✐❡ ♥✐❝❤t ♠❡❤r ❛♥

❛❧❧❡♥ ❙❝❤✉❧❡♥ ✭❛✉❝❤ ♥✐❝❤t ✐♠ ▼❛t❤❡✲▲❑✮ ❜❡s♣r♦❝❤❡♥ ✇❡r❞❡♥✳ ◆✉t③❡♥ ❙✐❡ ❞❛❤❡r ❞❡♥

❱♦rt❡✐❧✱ ❞❡♥ ❞❡r ❇❡s✉❝❤ ❞❡s ❱♦r❦✉rs❡s ❧✐❡❢❡r♥ ❦❛♥♥ ✉♥❞ ♥❡❤♠❡♥ ❙✐❡ ❛❦t✐✈ t❡✐❧✦

■♥❢♦s ✉♥❞ ❆♥♠❡❧❞✉♥❣ ③✉♠ ▼❛t❤❡✲❱♦r❦✉rs✿

♠❛t❤❡✈♦r❦✉rs✳❤♦❝❤s❝❤✉❧❡✲str❛❧s✉♥❞✳❞❡

❆✉❢❣❛❜❡ ✶ ✭❚❛❣ ✶✮

▲ös❡♥ ❙✐❡ ❞✐❡ ❑❧❛♠♠❡r♥ ❢♦❧❣❡♥❞❡r r❡❡❧❧✇❡rt✐❣❡r ❆✉s❞rü❝❦❡ ❛✉❢ ✭❚❡r♠✉♠❢♦r♠✉♥❣✮✦

❛✮ −3(x− 2)− x(−1− x) + (y − z)

❜✮ (−2x+ 6y)(x− y) + 2(3y − x)(y − x)

❝✮ −(x− 2y)(x+ 2y)(4y2 − x2)

❆✉❢❣❛❜❡ ✷ ✭❚❛❣ ✶✮

❊s s❡✐ x ∈ R ♠✐t x ̸= 0✳

❛✮ ❑❧❛♠♠❡r♥ ❙✐❡ ❞❡♥ ❆✉s❞r✉❝❦ −3x ❛✉s ❞❡♠ P♦❧②♥♦♠ −3x3 + 6x2 − 9x ❛✉s✦

❜✮ ❩✉ ✇❡❧❝❤❡♠ ❆✉s❞r✉❝❦ ❦ö♥♥❡♥ ❙✐❡ ❛❧s♦ ❞❡♥ ❇r✉❝❤
−3x3 + 6x2 − 9x

−3x
✈❡r❡✐♥❢❛❝❤❡♥❄

✶
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❆✉❢❣❛❜❡ ✸ ✭❚❛❣ ✶✮

❛✮ ●❡❜❡♥ ❙✐❡ ❡✐♥ ❇❡✐s♣✐❡❧ ❢ür ❡✐♥❡ ♥❡❣❛t✐✈❡ r❡❡❧❧❡ ❩❛❤❧✱ ❞✐❡ ♥✐❝❤t r❛t✐♦♥❛❧ ✐st✦ ❙✐❡

s✉❝❤❡♥ ❛❧s♦ ❡✐♥ x ∈ ]−∞, 0[∩ (R \Q)✦

❜✮ ❆✉s ✇❡❧❝❤❡♥ r❡❡❧❧❡♥ ❩❛❤❧❡♥ ❜❡st❡❤t ❞✐❡ ❢♦❧❣❡♥❞❡ ▼❡♥❣❡❄ M = {x ≤ 20 | ∃n ∈ N : n2 = x}

❝✮ ❇❡r❡❝❤♥❡♥ ❙✐❡✦
5
∑

i=2

(

i2 − 2i
)

❆✉❢❣❛❜❡ ✹ ✭❚❛❣ ✶✰✷✮

❑ür③❡♥ ❙✐❡ ♠✐tt❡❧s ❞❡r ❜✐♥♦♠✐s❝❤❡♥ ❋♦r♠❡❧♥ ❞✐❡ ❢♦❧❣❡♥❞❡♥ r❡❡❧❧❡♥ ❇rü❝❤❡ s♦✇❡✐t ✇✐❡

♠ö❣❧✐❝❤✦

❛✮
3 (x− 4)2

x2 + 16− 8x

❜✮
x2 − 4x+ 4

2x− 4

❝✮
x2 + 6x+ 9

x2 − 9

❆✉❢❣❛❜❡ ✺ ✭❚❛❣ ✶✰✷✮

❋❛ss❡♥ ❙✐❡ ❞✐❡ ❆✉s❞rü❝❦❡ ③✉ ❡✐♥❡♠ ❇r✉❝❤ ③✉s❛♠♠❡♥ ✉♥❞ ✈❡r❡✐♥❢❛❝❤❡♥ ❙✐❡ ❞✐❡s❡♥ s♦✇❡✐t

✇✐❡ ♠ö❣❧✐❝❤✦

❛✮
1

2
+

2

3
− 3

4
+

1

12

❜✮
1

x
+

x− y

xy
− 1

y

❆✉❢❣❛❜❡ ✻ ✭❚❛❣ ✸✮

▲ös❡♥ ❙✐❡ ❞✐❡ ❢♦❧❣❡♥❞❡♥ ❧✐♥❡❛r❡♥ ●❧❡✐❝❤✉♥❣ss②st❡♠❡✳

❛✮


















x− 2y + 5z = 8

x+ y + 3z = 1

3x+ 3y − z = 2

✷



❜✮
(

1 −2 5 8

1 1 3 1

)

❆✉❢❣❛❜❡ ✼ ✭❚❛❣ ✹✮

❛✮ ❇❡r❡❝❤♥❡♥ ❙✐❡ ❡✐♥❡ ●❡r❛❞❡ ❞❡r ❋♦r♠ g(x) = ax + b✱ ✇❡❧❝❤❡ ❞✉r❝❤ ❞✐❡ P✉♥❦t❡

(1 | 3) ✉♥❞ (3 | − 3) ❧ä✉❢t✦

❜✮ ❇❡st✐♠♠❡♥ ❙✐❡ ❞✐❡ ❙t❡✐❣✉♥❣✱ s♦✇✐❡ ❞❡♥ ②✲❆❝❤s❡♥❛❜s❝❤♥✐tt ✉♥❞ ❞✐❡ ◆✉❧❧st❡❧❧❡♥ ❞❡r

●❡r❛❞❡✦

❆✉❢❣❛❜❡ ✽ ✭❚❛❣ ✹✮

●❡❣❡❜❡♥ s❡✐ ❞✐❡ q✉❛❞r❛t✐s❝❤❡ r❡❡❧❧❡ ❋✉♥❦t✐♦♥ f(x) = x2 − 2x+ 3✳

❛✮ ❇❡st✐♠♠❡♥ ❙✐❡ ❉❡✜♥✐t✐♦♥s✲ ✉♥❞ ❲❡rt❡❜❡r❡✐❝❤✱ s♦✇✐❡ ❞✐❡ ◆✉❧❧st❡❧❧❡♥ ❞❡r ❋✉♥❦t✐♦♥✦

❜✮ ❇❡s❝❤r❡✐❜❡♥ ❙✐❡✱ ✇❡❧❝❤❡ ❱❡rs❝❤✐❡❜✉♥❣ ❞❡s ●r❛♣❤❡♥ ✈♦♥ g(x) = x2 ③✉♠ ●r❛♣❤❡♥

✈♦♥ f ❢ü❤r❡♥✦ ❚✐♣♣✿ ❙❝❤❡✐t❡❧♣✉♥❦t❢♦r♠✳

❆✉❢❣❛❜❡ ✾ ✭❚❛❣ ✹✮

❇❡st✐♠♠❡♥ ❙✐❡ ❞❡♥ ❉❡✜♥✐t✐♦♥s❜❡r❡✐❝❤ ❞❡r ❢♦❧❣❡♥❞❡♥ r❡❡❧❧✇❡rt✐❣❡♥ ❋✉♥❦t✐♦♥❡♥ ✉♥❞ ❣❡❜❡♥

❙✐❡ ✐❤♥ ❥❡✇❡✐❧s ❛❧s ■♥t❡r✈❛❧❧ ❛♥✦

❛✮ f(x) =
√
x− 1

❜✮ g(x) =

√

1

2x+ 1

❆✉❢❣❛❜❡ ✶✵ ✭❚❛❣ ✹✰✺✮

❇❡st✐♠♠❡♥ ❙✐❡ ❞✐❡ r❡❡❧❧❡♥ ▲ös✉♥❣s♠❡♥❣❡ ❢♦❧❣❡♥❞❡r ✭❯♥✲✮●❧❡✐❝❤✉♥❣❡♥✦

❛✮ 2x+ 3 = x2

❜✮ 5e3x = 10

✸



❝✮ e
√
x−1 = − 3

√
2

❞✮ |x− 2| = 4

❡✮ |2x+ 4| ≤ 6

❆✉❢❣❛❜❡ ✶✶ ✭❚❛❣ ✺✮

❊s s❡✐ x > 0✳ ❙❝❤r❡✐❜❡♥ ❙✐❡ ❢♦❧❣❡♥❞❡ ❆✉s❞rü❝❦❡ ❛❧s ❡✐♥❡ ❲✉r③❡❧✦ ❇❡✐s♣✐❡❧✿ x
3

4 =
4
√
x3✳

❛✮
x

1

2 · x 2

3

x
3

4

· x 1

12

❜✮
x2

√
x

❝✮
3

√

4

√

5
√
x · 4
√

x
3

5

❆✉❢❣❛❜❡ ✶✷ ✭❚❛❣ ✻✮

❊✐♥ ❑❛♣✐t❛❧ K0 = 8400e ✇✐r❞ ♠✐t ❢❡st❡♠ ❩✐♥ss❛t③ p = 3.5%✱ ♠✐t ❩✐♥s❡s③✐♥s✱ ❜❡✐ ❡✐♥❡r

❇❛♥❦ ❛♥❣❡❧❡❣t✳ ❆♠ ❊♥❞❡ ❜❡trä❣t ❞❛s ❑❛♣✐t❛❧ Kn = 10687.15e✳

❛✮ ❲✐❡ ✈✐❡❧❡ ❏❛❤r❡ ✇❛r ❞❛s ❑❛♣✐t❛❧ ❛♥❣❡❧❡❣t❄

❜✮ ❲❡♥♥ ♠❛♥ ❞❛ss❡❧❜❡ ❊♥❞❦❛♣✐t❛❧ s❝❤♦♥ ♥❛❝❤ 5 ❏❛❤r❡♥ ❡r③✐❡❧❡♥ ✇✐❧❧✱ ✇✐❡ ❤♦❝❤ ♠üsst❡

❞❡r ❩✐♥ss❛t③ s❡✐♥❄

❆✉❢❣❛❜❡ ✶✸ ✭❚❛❣ ✻✮

❇❡st✐♠♠❡♥ ❙✐❡ ❞✐❡ ❢❡❤❧❡♥❞❡♥ ❲❡rt❡ ③✉ ❞❡♥ ❙❡✐t❡♥❧ä♥❣❡♥ ✉♥❞ ❲✐♥❦❡❧❣röÿ❡♥ ✭●r❛❞♠❛ÿ✮✦

❇❡❛❝❤t❡♥ ❙✐❡✱ ❞❛ss ❞✐❡ ❉r❡✐❡❝❦❡ ♥✐❝❤t ✉♥❜❡❞✐♥❣t r❡❝❤t✇✐♥❦❧✐❣ s✐♥❞✦ ❘✉♥❞❡♥ ❙✐❡ ❛✉❢ ❞✐❡

③✇❡✐t❡ ◆❛❝❤❦♦♠♠❛st❡❧❧❡✳

❛✮ α = 11◦✱ β = 22◦✱ c = 4 ❝♠

❜✮ α = γ = 44◦✱ b = 2 ❝♠

✹



❆✉❢❣❛❜❡ ✶✹ ✭❚❛❣ ✼✮

❇❡r❡❝❤♥❡♥ ❙✐❡ ❞✐❡ ❡rst❡ ❆❜❧❡✐t✉♥❣ ❢♦❧❣❡♥❞❡r r❡❡❧❧❡r ❋✉♥❦t✐♦♥❡♥✦

❛✮ f(x) = −2x5 + 3x7 − x+
5

13

❜✮ f(x) =
√
x

❝✮ f(x) = xex

❞✮ f(x) = e2x
3

❆✉❢❣❛❜❡ ✶✺ ✭❚❛❣ ✽✮

❇❡r❡❝❤♥❡♥ ❙✐❡ ❞✐❡ ❢♦❧❣❡♥❞❡♥ ■♥t❡❣r❛❧❡ ❜③✇✳ ❙t❛♠♠❢✉♥❦t✐♦♥❡♥✦

❛✮

1
∫

0

2x− 3 ❞①

❜✮

∫

xex ❞①

❝✮

∫

6xex
2

❞①

✺



❉r✳ P✳ ❲♦❧❢

▲ös✉♥❣❡♥ ③✉♠ ▼❛t❤❡♠❛t✐❦ ❙❡❧❜stt❡st

❆✉❢❣❛❜❡ ✶

❛✮ x2 − 2x+ y − z + 6

❜✮ 0

❝✮ 16y4 − 8x2y2 + x4

❆✉❢❣❛❜❡ ✷

❛✮ −3x
(

x2 − 2x+ 3
)

❜✮
−3x3 + 6x2 − 9x

−3x
= x2 − 2x+ 3

❆✉❢❣❛❜❡ ✸

❛✮ ❩✉♠ ❇❡✐s♣✐❡❧ −
√
2 ♦❞❡r −π✳

❜✮ M = {1, 4, 9, 16}

❝✮
5

∑

i=2

(

i2 − 2i
)

= 0 + 3 + 8 + 15 = 26

❆✉❢❣❛❜❡ ✹

❛✮
3 (x− 4)2

x2 + 16− 8x
= 3

❜✮
x2 − 4x+ 4

2x− 4
=

1

2
(x− 2)

✶



❝✮
x2 + 6x+ 9

x2 − 9
=

x+ 3

x− 3

❆✉❢❣❛❜❡ ✺

❛✮
1

2
+

2

3
− 3

4
+

1

12
=

1

2

❜✮
1

x
+

x− y

xy
− 1

y
= 0

❆✉❢❣❛❜❡ ✻

❛✮ P❡r ●❛✉ÿ✲❱❡r❢❛❤r❡♥ ③❡✐❣t s✐❝❤✱ ❞❛ss ❞❛s ▲●❙ ❞✐❡ ❡✐♥❞❡✉t✐❣❡ ▲ös✉♥❣ (x, y, z) =

(2.97,−2.27, 0.1) ❤❛t✳

❜✮ P❡r ●❛✉ÿ✲❱❡r❢❛❤r❡♥ ❡r❦❡♥♥t ♠❛♥✱ ❞❛ss ❞❛s ▲●❙ ✉♥❡♥❞❧✐❝❤✲✈✐❡❧❡ ▲ös✉♥❣❡♥ ❤❛t✳ ❉❡r

▲ös✉♥❣sr❛✉♠ ✐st ❡✐♥❡ ●❡r❛❞❡ ✐♠ ❞r❡✐❞✐♠❡♥s✐♦♥❛❧❡♥ ❘❛✉♠✿








x

y

z









=









10
3

−7
3

0









+ λ









−11
3

2
3

1









❆✉❢❣❛❜❡ ✼

❛✮ g(x) = −3x+ 6

❜✮ ❙t❡✐❣✉♥❣ ✐st −3✳ ❙❝❤♥✐tt♣✉♥❦t ♠✐t ②✲❆❝❤s❡ ❜❡✐ (0 | 6)✳ ◆✉❧❧st❡❧❧❡ ❜❡✐ x = 2✳

❆✉❢❣❛❜❡ ✽

❛✮ Df = R✱ Wf = [2 , ∞[✳ ◆✉❧❧st❡❧❧❡♥ ❣✐❜t ❡s ♥✐❝❤t✱ ❞❛ ❞❡r ●r❛♣❤ ♦❜❡r❤❛❧❜ ❞❡r

x✲❆❝❤s❡ ❧✐❡❣t✳

❜✮ ❆✉s ❞❡r ❙❝❤❡✐t❡❧♣✉♥❦t❢♦r♠ (x− 1) + 2 ❧ässt s✐❝❤ ❛❜❧❡s❡♥✱ ❞❛ss ❡✐♥❡ ❱❡rs❝❤✐❡❜✉♥❣

✉♠ 2 ♥❛❝❤ ♦❜❡♥ ✉♥❞ ✉♠ 1 ♥❛❝❤ r❡❝❤ts ❞✉r❝❤❣❡❢ü❤rt ✇✉r❞❡✳

✷



❆✉❢❣❛❜❡ ✾

❛✮ Df = [1 , ∞[

❜✮ Dg =

]

−1

2
, ∞

[

❆✉❢❣❛❜❡ ✶✵

❛✮ x = 3 ♦❞❡r x = −1

❜✮ x =
1

3
ln (2)

❝✮ ❉❛ ex > 0 ❢ür ❛❧❧❡ r❡❡❧❧❡♥ x✱ ✐st ❞✐❡ ▲ös✉♥❣s♠❡♥❣❡ ❧❡❡r✳

❞✮ x = 6 ♦❞❡r x = −2

❡✮ x ∈ [−5 , 1]

❆✉❢❣❛❜❡ ✶✶

❛✮
x

1

2 · x 2

3

x
3

4

· x 1

12 =
√
x

❜✮
x2

√
x
=

√
x3

❝✮
3

√

4

√

5
√
x · 4

√

x
3

5 = 6
√
x

❆✉❢❣❛❜❡ ✶✷

❛✮ ❲✐r ✇✐ss❡♥✿ 8400 ·
(

1 + 3.5
100

)n
= 10687.15✳ ❉❛r❛✉s ❢♦❧❣t 1.035n = 10687.15

8400
≈

1.2723✳ ▼✐t ❞❡♠ ▲♦❣❛r✐t❤♠✉s ✭✰ ❇❛s✐s✇❡❝❤s❡❧ ③✉♠ ❧♥✮ ❡r❤❛❧t❡♥ ✇✐r n = ln(1.2733)
ln(1.035)

≈
7✳ ❆❧s♦ ❤❛t ♠❛♥ ❡s 7 ❏❛❤r❡ ❛♥❣❡❧❡❣t✳

❜✮ ❲✐r ✇✐ss❡♥✿ 8400 ·
(

1 + p

100

)5
= 10687.15✳ ❉✐❡s ✇♦❧❧❡♥ ✇✐r ♥❛❝❤ p ✉♠st❡❧❧❡♥✱ ❛❧s♦

s❡❤❡♥ ✇✐r ③✉♥ä❝❤st✱ ❞❛ss 1 + p

100
= 5

√

10687.15
8400

≈ 1.04934✳ ❉❛s ❦ö♥♥❡♥ ✇✐r ♥✉♥

❧❡✐❝❤t ✉♠st❡❧❧❡♥ ✉♥❞ ❡r❤❛❧t❡♥ p = 100 · (1.04934− 1) ≈ 4.93%✳ ❆❧s♦ ♠üsst❡♥ ✇✐r

❞❛s ❑❛♣✐t❛❧ ③✉ 4.93% ❛♥❧❡❣❡♥✱ ✉♠ s❝❤♦♥ ♥❛❝❤ 5 ❏❛❤r❡♥ ❞❛s ❣❧❡✐❝❤❡ ❊♥❞❦❛♣✐t❛❧ ③✉

❡r❤❛❧t❡♥✳

✸



❆✉❢❣❛❜❡ ✶✸

Ü❜❡r ❞❡♥ ❙✐♥✉ss❛t③ ✉♥❞ ❞✐❡ ■♥♥❡♥✇✐♥❦❡❧s✉♠♠❡ ❧❛ss❡♥ s✐❝❤ ❞✐❡ ❢❡❤❧❡♥❞❡♥ ❲❡rt❡ s❝❤♥❡❧❧

❜❡st✐♠♠❡♥✿

❛✮ γ = 147◦✱ a = 1.4 ❝♠✱ b = 2.75 ❝♠✳

❊rst ■♥♥❡♥✇✐♥❦❡❧s✉♠♠❡✱ ❞❛♥♥ a
sin(11◦)

= 4
sin(147◦)

♥❛❝❤ a ✉♠st❡❧❧❡♥ ✉♥❞ ❛♥❛❧♦❣ b

❜❡r❡❝❤♥❡♥✳

❜✮ β = 92◦✱ a = c = 1.39 ❝♠✳ ❱♦r❣❡❤❡♥ ✇✐❡ ③✉✈♦r✳

❆✉❢❣❛❜❡ ✶✹

❛✮ f ′(x) = −10x4 + 21x6 − 1

❜✮ f ′(x) =
1

2
√
x
=

1

2
x−

1

2

❝✮ f ′(x) = ex + xex = (1 + x)ex

❞✮ f ′(x) = 6x2e2x
3

❆✉❢❣❛❜❡ ✶✺

❛✮

∫ 1

0

2x− 3 ❞① =
[

x2 − 3x
]1

0
= 1− 3− 0 = −2

❜✮

∫

xex ❞① = xex −
∫

ex ❞① = xex − ex + c ♠✐t c ∈ R ✭♣❛rt✐❡❧❧❡ ■♥t❡❣r❛t✐♦♥✮

❝✮

∫

6xex
2

❞①
t:=x2

=

∫

3et ❞t = 3et = 3ex
2

+ c ♠✐t c ∈ R ✭❙✉❜st✐t✉t✐♦♥✮

✹


