
Óñëîâèÿ çàäà÷
Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ
1. Âàðèàíòû 1�4. Íàéòè óãîë ìåæäó âåêòîðàìè.

Âàðèàíòû 5�10. Âû÷èñëèòü ïëîùàäü ïàðàëëåëîãðàììà, ïîñòðîåííîãî íà âåêòî-
ðàõ ~a è ~b.
Âàðèàíòû 11�18. Âû÷èñëèòü ïðîåêöèþ îäíîãî âåêòîðà íà äðóãîé.
Âàðèàíòû 19�24. Âû÷èñëèòü âåëè÷èíó ìîìåíòà ñèëû

−→
F , ïðèëîæåííîé ê òî÷êå

A, îòíîñèòåëüíî òî÷êè O, åñëè
−−→
OA= ~r.

Âàðèàíòû 25�28. Âû÷èñëèòü ðàáîòó ñèëû
−→
F , åñëè åå òî÷êà ïðèëîæåíèÿ, äâè-

ãàÿñü ïðÿìîëèíåéíî, ïåðåìåùàåòñÿ âäîëü âåêòîðà ~a.
Äàíû êîîðäèíàòû âåðøèí ïèðàìèäû A1A2A3A4. Ñðåäñòâàìè âåêòîðíîé àëãåáðû
íàéòè:

2. óãîë ìåæäó ðåáðàìè A1A2 è A1A4;

3. ïëîùàäü ãðàíè A1A2A3;

4. ïðîåêöèþ âåêòîðà
−−→

A1A3 íà
−−→

A1A4;

5. îáúåì ïèðàìèäû.

6. Óñëîâèå çàäà÷è â âàðèàíòå.

7. Ïîñòðîèòü ëèíèþ.

8. Ïîñòðîèòü ëèíèþ.

9. Ïîñòðîèòü ëèíèþ, çàäàííóþ ïàðàìåòðè÷åñêè. Èñêëþ÷èâ ïàðàìåòð t, ïîëó÷èòü óðàâ-
íåíèå ëèíèè â äåêàðòîâîé ïðÿìîóãîëüíîé ñèñòåìå êîîðäèíàò.

10. Ïîñòðîèòü ëèíèþ, çàäàííóþ â ïîëÿðíîé ñèñòåìå êîîðäèíàò.

11. Ñîñòàâèòü óðàâíåíèå ïëîñêîñòè, ïðîõîäÿùåé ÷åðåç ïðÿìóþ α è òî÷êó A.

12. Äàíû êîîðäèíàòû ÷åòûðåõ òî÷åê A1, A2, A3 è A4. Ñîñòàâèòü:

1) óðàâíåíèå ïëîñêîñòè β, ïðîõîäÿùåé ÷åðåç òðè òî÷êè A1, A2, A3;
2) êàíîíè÷åñêîå óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êó A4 ïåðïåíäèêóëÿðíî

ïëîñêîñòè β.

13. Íàéòè òî÷êó M
′, ñèììåòðè÷íóþ òî÷êå M îòíîñèòåëüíî ïðÿìîé (äëÿ âàðèàíòîâ

1�15) èëè îòíîñèòåëüíî ïëîñêîñòè (äëÿ âàðèàíòîâ 16�28).

Ëèíåéíàÿ àëãåáðà
1. Äàíû ìàòðèöû A è B. Íàéòè ïðîèçâåäåíèå AB.

2. Íàéòè ìàòðèöó, îáðàòíóþ äàííîé. Ñäåëàòü ïðîâåðêó.

3. Ðåøèòü ñèñòåìó ñ ïîìîùüþ îáðàòíîé ìàòðèöû.

4. Íàéòè ðàíã ìàòðèöû.
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5. Ðåøèòü ñèñòåìó ñ ïîìîùüþ àëãîðèòìà Ãàóññà.
6. Óñëîâèå çàäà÷è â âàðèàíòå (ñèìâîë ⊕ îïåðàöèÿ ñëîæåíèÿ âåêòîðîâ, ñèìâîë ¯

îïåðàöèÿ óìíîæåíèÿ âåêòîðà íà ÷èñëî).
7. Íàéòè ðàçìåðíîñòü è áàçèñ ïðîñòðàíñòâà ðåøåíèé îäíîðîäíîé ñèñòåìû.

8. Ïðîâåðèâ, ÷òî âåêòîðû ~a, ~b, ~c îáðàçóþò áàçèñ, íàéòè ðàçëîæåíèå âåêòîðà ~d ïî
ýòîìó áàçèñó.

9. Óñëîâèå çàäà÷è â âàðèàíòå.
10. Äàíû äâà ëèíåéíûõ ïðåîáðàçîâàíèÿ. Íàéòè ïðåîáðàçîâàíèå, âûðàæàþùåå x

′′
1 , x

′′
2 , x

′′
3

÷åðåç x1, x2, x3, è ïðåîáðàçîâàíèå, âûðàæàþùåå x1, x2, x3 ÷åðåç x
′′
1 , x

′′
2 , x

′′
3 .

11. Íàéòè ñîáñòâåííûå çíà÷åíèÿ è ñîáñòâåííûå âåêòîðû ëèíåéíîãî ïðåîáðàçîâàíèÿ,
çàäàííîãî â íåêîòîðîì áàçèñå ìàòðèöåé A.

12. Äàíî óðàâíåíèå êðèâîé âòîðîãî ïîðÿäêà. Èñïîëüçóÿ òåîðèþ êâàäðàòè÷íûõ ôîðì:
1) íàéòè íîâûé áàçèñ è íàïðàâëåíèå îñåé;
2) íàïèñàòü ìàòðèöó ïåðåõîäà è ïðîâåðèòü, ÷òî îíà ÿâëÿåòñÿ îðòîãîíàëüíîé;
3) ïîëó÷èòü ìàòðèöó êâàäðàòè÷íîé ôîðìû â íîâîì áàçèñå;
4) èçîáðàçèòü êðèâóþ â ïåðâîíà÷àëüíîé ñèñòåìå êîîðäèíàò.
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Âàðèàíò� 1.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~p = ~m + 2~n , ~q = ~m − ~n , |~m| = |~n| = 2 , ∠(~m,~n) =
π

3
.

2�5. A1(8, 6, 4) , A2(10, 5, 5) , A3(5, 6, 8) , A4(8, 10, 7) .
6. Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êó B(−6, −4) ïåðïåíäèêó-
ëÿðíî ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êè A(−10, −1) è C(6, 1).

7. x = 2 +
√

4 − y2 − 6y .

8. y = −2 +
2

3

√
x2 − 9 .

9.
{

x = arcsin t ;
y = arccos t .

10. ρ = ϕ .

11. α :
x − 1

1
=

y − 2

2
=

z + 2

3
; A(4, 5, 1) .

12. A1(1, 1, 3) , A2(4, 1, 5) , A3(2, 2, 1) , A4(5, 2, 3) .

13. M(0, −3, −2) ; α :
x − 1

1
=

y + 1,5

−1
=

z

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




3 1 2

−1 1 −1

2 −4 1


 ; B =




2 −1

3 2

−3 1


 .

2. A =




−1 1 −2

2 3 1

2 1 2


 .

3.





2x1 + x2 + x3 = 2 ;
x1 + 3x2 + x3 = 5 ;
x1 + x2 + 5x3 = −7 .

4. A =




1 3 2 −1 2

−1 1 1 0 1

1 0 0 2 0

0 4 3 −1 3


 .

5.





x1 + x2 − x3 − x4 = 5 ;
2x1 + x2 + 2x3 + x4 = −1 ;

−x1 − 2x2 − x3 + x4 = −4 ;
−2x1 − x2 + x3 + x4 = −5 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ èç Rn, êîîðäèíàòû êîòîðûõ öåëûå ÷èñëà? a ⊕ b = a + b ; λ ¯ a = λa .
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7.





x1 − 2x2 − x3 + x4 = 0 ;
3x1 − 4x2 − 4x3 − x4 = 0 ;
5x1 − 8x2 − 6x3 + x4 = 0 ;

−x1 + 2x3 + 3x4 = 0 .

8.

~a = {1, 3, 2} ;
~b = {2, 2, 3} ;
~c = {3, 1, 1} ;
~d = {3, 5, 2} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 åñòü ñèììåòðèÿ îòíîñèòåëüíî ïðÿìîé

y = −x. Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {4, 2}.

10.





x′
1 = 2x1 + x2 + x3 ;

x′
2 = 2x1 + 2x2 + x3 ;

x′
3 = 3x1 + 3x2 + x3 .





x′′
1 = 6x′

1 − 4x′
2 + 5x′

3 ;
x′′

2 = 3x′
1 − x′

2 + 4x′
3 ;

x′′
3 = 3x′

1 − 2x′
2 + 2x′

3 .

11. A =




2 −2 0

−2 1 −2

0 −2 0


 .

12. 15x2 − 2
√

55 xy + 9y2 = 20 .
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Âàðèàíò� 2.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 3~p − ~q , ~b = ~p + 2~q , |~p | = 1 , |~q | = 2 , ∠(~p,~q ) =
π

3
.

2�5. A1(4, 4, 10) , A2(7, 10, 2) , A3(2, 8, 4) , A4(4, 6, 9) .
6. Íà ïðÿìîé 2x + y + 11 = 0 íàéòè òî÷êó, ðàâíîóäàëåííóþ îò äâóõ çàäàííûõ
òî÷åê A(1, 1) è B(3, 0).

7. y = −1 +
√

2 − x2 − 5x .

8. y =
x + 1

x + 2
.

9.
{

x = cos t ;

y = sin2 t .

10. ρ =
π

ϕ
.

11. α :
x − 2

2
=

y + 1

1
=

z

2
; A(0, 2, 1) .

12. A1(4, 1, 6) , A2(1, 1, 3) , A3(5, 2, 3) , A4(2, 2, 1) .

13. M(2, −1, 1) ; α :
x − 4,5

1
=

y + 3

−0,5
=

z − 2

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




1 0 4

2 1 11

2 −1 6


 ; B =




1 1 3

2 −2 4

1 0 −1


 .

2. A =




1 −2 1

3 1 1

−1 1 2


 .

3.





x1 + 3x2 − 13x3 = −6 ;
4x1 − x2 + x3 = 3 ;

2x1 − x2 + 3x3 = 3 .

4. A =




1 7 −6 4 2

3 2 −1 3 1

5 16 −13 11 5

1 −12 11 −5 −3


 .

5.





x1 − 2x2 + x3 + x4 = 2 ;
x1 + 3x2 − 2x3 − x4 = 3 ;
2x1 + x2 + x3 + 5x4 = 4 ;
2x1 + x2 − x3 + x4 = 4 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ èç R3, ëåæàùèõ íà îñè Ox ? a ⊕ b = a + b ; λ ¯ a = λa .
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7.





x1 − 2x2 + x3 − x4 = 0 ;
2x1 + x2 − x3 + 2x4 = 0 ;
3x1 − 2x2 − x3 + x4 = 0 ;

2x1 − 5x2 + x3 − 2x4 = 0 .

8.

~a = {1, 3, 4} ;
~b = {2, 2, −1} ;
~c = {3, 1, −1} ;
~d = {2, −6, −9} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî êîîð-

äèíàòíîé ïëîñêîñòè Oxy. Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà
~b = {3, −1, 2}.

10.





x′
1 = x1 + x2 − x3 ;

x′
2 = x1 + 2x2 − 3x3 ;

x′
3 = 2x1 + 2x2 − 3x3 .





x′′
1 = 5x′

1 − 4x′
2 + 2x′

3 ;
x′′

2 = −4x′
1 + x′

2 − 2x′
3 ;

x′′
3 = 6x′

1 − 3x′
2 + 2x′

3 .

11. A =




1 3 3

3 3 1

3 1 3


 .

12. 15x2 + 6
√

3 xy + 9y2 = 36 .
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Âàðèàíò� 3.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = ~p + 2~q , ~b = 3~p − ~q , |~p | = 2 , |~q | = 1 , ∠(~p,~q ) =
2π

3
.

2�5. A1(4, 6, 5) , A2(6, 9, 4) , A3(2, 10, 10) , A4(7, 5, 9) .
6. Íàéòè òî÷êó, ñèììåòðè÷íóþ òî÷êå (2, −4) îòíîñèòåëüíî ïðÿìîé 4x+3y+1 = 0 .

7. x = 2 −
√

4 − y2 − 6y .

8. y = −3
√

(x + 1)
2

+ 1 .

9.
{

x = cos 2t ;
y = cos2 t .

10. ρ = e
π/ϕ .

11. α :
x − 3

5
=

y + 4

2
=

z + 1

1
; A(4, 2, −1) .

12. A1(2, 2, 1) , A2(5, 2, 3) , A3(1, 1, 3) , A4(4, 1, 6) .

13. M(1, 1, 1) ; α :
x − 2

1
=

y + 1,5

−2
=

z − 1

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




2 −1 1

1 3 −1

−1 1 4


 ; B =




3 2

1 −4

2 −1


 .

2. A =




3 2 1

1 2 0

0 1 2


 .

3.





2x1 + x2 − x3 = −4 ;
3x1 − 2x2 + 2x3 = 1 ;
2x1 − 3x2 + x3 = −6 .

4. A =




1 0 0 −1

2 1 1 0

1 1 1 1

1 2 3 4

0 1 2 3




.

5.





x1 − 2x2 − 3x3 − 2x4 = 0 ;
3x1 − 5x2 − 2x3 + 2x4 = −3 ;

2x1 − 3x2 + x3 + x4 = −9 ;
−x1 + x2 + x3 + 3x4 = 6 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ íà ïëîñêîñòè, êàæäûé èç êîòîðûõ ëåæèò íà îäíîé èç îñåé Ox èëè Oy ?
a ⊕ b = a + b ; λ ¯ a = λa .
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7.





x1 + 2x2 − x3 + 4x4 = 0 ;
2x1 − x2 + 3x3 − 4x4 = 0 ;
3x1 + x2 − x3 + 2x4 = 0 ;

4x1 + 3x2 − 3x3 + 4x4 = 0 .

8.

~a = {1, 3, 5} ;
~b = {1, 2, 3} ;
~c = {1, 1, 3} ;
~d = {2, 7, 14} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 åñòü ñèììåòðèÿ îòíîñèòåëüíî îñè Ox.

Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {−1, 4}.

10.





x′
1 = 5x1 − 4x2 + 2x3 ;

x′
2 = 2x1 − 2x2 + x3 ;

x′
3 = 6x1 − 3x2 + 3x3 .





x′′
1 = 5x′

1 − 4x′
2 − 3x′

3 ;
x′′

2 = 2x′
1 − 2x′

2 − x′
3 ;

x′′
3 = 2x′

1 − x′
2 − x′

3 .

11. A =




1 −2 0

−2 2 −2

0 −2 3


 .

12. 5x2 + 4
√

6 xy + 7y2 = 22 .
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Âàðèàíò� 4.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 3~p − 2~q , ~b = ~p + ~q , |~p | = |~q | = 1 , ∠(~p,~q ) =
π

3
.

2�5. A1(3, 5, 4) , A2(8, 7, 4) , A3(5, 10, 4) , A4(4, 7, 8) .
6. Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êó A(−1, 7) è ñåðåäèíó îò-
ðåçêà, ñîåäèíÿþùåãî òî÷êè B(3, 4) è C(15, 8).

7. x =
1

2
−

√
− y2 − 2y −

1

4
.

8. x = 1 +
4

3

√
13 + y2 + 4y .

9.
{

x = 1 ;
y = sin t .

10. ρ2 = 2aϕ .

11. α :
x + 1

7
=

y + 3

3
=

z

5
; A(2, 4, −1) .

12. A1(5, 2, 3) , A2(2, 2, 1) , A3(4, 1, 6) , A4(1, 1, 3) .

13. M(1, 2, 3) ; α :
x − 0,5

0
=

y + 1,5

−1
=

z − 1,5

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




1 0 −1

2 3 7

−3 4 9


 ; B =




1 −5

4 0

2 3


 .

2. A =




2 2 3

−1 1 0

2 −1 1


 .

3.





x1 + x2 − x3 = −2 ;
4x1 − 3x2 + x3 = 1 ;
2x1 + x2 − x3 = 1 .

4. A =




1 1 1 1 0

1 1 −1 −1 −1

2 2 0 0 −1

1 1 5 5 2

1 −1 −1 0 0




.

5.





x1 − x2 − 2x3 + x4 = −4 ;
−x1 + 2x2 + 3x3 + x4 = 12 ;

3x1 − 2x2 + x3 − x4 = 2 ;
2x1 + x2 − 3x3 − 2x4 = −10 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ èç R3 ? ~a ⊕ ~b = ~a × ~b ; λ ¯ ~a = λ~a .
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7.





x1 + x2 − x3 − x4 = 0 ;
2x1 + x2 + 2x3 + x4 = 0 ;

4x1 + 3x2 − x4 = 0 ;
5x1 + 4x2 − x3 − 2x4 = 0 .

8.

~a = {−1, 1, 3} ;
~b = {3, −2, −1} ;
~c = {−1, 3, 2} ;
~d = {2, 6, 7} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â E
3 åñòü ðàñòÿæåíèå ïî îñè Ox â 2 ðàçà, ïî îñè Oy â 3

ðàçà, ïî îñè Oz â 4 ðàçà. Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà
~b = {1, −3, 5}.

10.





x′
1 = x1 − 3x2 + 3x3 ;

x′
2 = x1 − 4x2 + 2x3 ;

x′
3 = 2x1 − x2 + 2x3 .





x′′
1 = 3x′

1 + 2x′
2 − 2x′

3 ;
x′′

2 = 3x′
1 + 4x′

2 − 4x′
3 ;

x′′
3 = x′

1 + x′
2 − 2x′

3 .

11. A =




−1 −1 2

−1 2 −1

2 −1 −1


 .

12. 4xy + 3y2 = 36 .
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Âàðèàíò� 5.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 3~n + ~m , ~b = ~n − 2~m , |~m| = 2 , |~n| = 1 , ∠(~m,~n) =
π

4
.

2�5. A1(10, 6, 6) , A2(−2, 8, 2) , A3(6, 8, 9) , A4(7, 10, 3) .
6. Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êó A(2, −1) ïàðàëëåëüíî ïðÿ-
ìîé, ïðîõîäÿùåé ÷åðåç òî÷êè B(8, 7) è C(−10, 4).

7. y = −1 − 2
√

2 − x2 − 5x .

8. x = 3 −
4

3

√
y2 + 9 .

9.
{

x =
√

cos t ;

y =
√

sin t .

10. ρ = sec2
ϕ

2
.

11. α :
x

3
=

y + 2

2
=

z − 1

−1
; A(5, 0, 4) .

12. A1(1, 1, 1) , A2(4, −1, 2) , A3(2, 5, 1) , A4(6, 3, 4) .

13. M(1, 0, −1) ; α :
x − 3,5

2
=

y − 1,5

2
=

z

0
.

Ëèíåéíàÿ àëãåáðà

1. A =




3 4 7

4 5 9

−5 6 1


 ; B =




2 −1 1

0 3 −1

1 1 1


 .

2. A =




3 2 1

1 3 4

1 2 4


 .

3.





x1 + 3x2 − 4x3 = 15 ;
2x1 − 7x2 + 3x3 = −7 ;

3x1 − x2 − x3 = 14 .

4. A =




1 1 1 −2 3

2 1 −2 1 1

3 2 −1 1 6

−2 −1 −1 1 −4


 .

5.





x1 − 2x2 − 3x3 + x4 = −8 ;
2x1 − 3x2 + x3 + x4 = −1 ;

3x1 − 5x2 − 2x3 − x4 = −12 ;
−x1 + x2 + x3 + x4 = 4 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ, ëåæàùèõ íà îäíîé îñè? a ⊕ b = a + b ; λ ¯ a = λ|a| .
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7.





x1 + 2x2 − 3x3 − x4 = 0 ;
2x1 + 3x2 + x3 − 2x4 = 0 ;

4x1 + 5x2 + 9x3 − 4x4 = 0 ;
7x1 + 12x2 − 7x3 − 7x4 = 0 .

8.

~a = {2, 1, 4} ;
~b = {2, −2, 5} ;
~c = {1, −1, 3} ;
~d = {1, 5, 1} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 åñòü ñèììåòðèÿ îòíîñèòåëüíî ïðÿìîé

y = x . Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {−2, −3}.

10.





x′
1 = x1 + x2 + 2x3 ;

x′
2 = x1 + 2x2 + 2x3 ;

x′
3 = x1 + 3x2 + 3x3 .





x′′
1 = x′

1 − 3x′
2 + 3x′

3 ;
x′′

2 = x′
1 − 4x′

2 + 2x′
3 ;

x′′
3 = 2x′

1 − 4x′
2 + 2x′

3 .

11. A =




3 2 0

2 4 −2

0 −2 5


 .

12. 5x2 + 8xy + 5y2 = 9 .
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Âàðèàíò� 6.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = ~p + 2~q , ~b = 3~p − ~q , |~p | = 1 , |~q | = 2 , ∠(~p,~q) =
π

6
.

2�5. A1(1, 8, 2) , A2(5, 2, 6) , A3(5, 7, 4) , A4(4, 10, 9) .
6. Ñîñòàâèòü óðàâíåíèå äèàìåòðà îêðóæíîñòè, îïèñàííîé îêîëî òðåóãîëüíèêà ñ âåð-
øèíàìè A(−1, 1), B(2, −1) è C(4, 0), ïðîõîäÿùåãî ÷åðåç òî÷êó A.

7. y = 1 +
3

4

√
15 − x2 − 2x .

8. y = −1 +
2

3

√
x2 − 4x + 5 .

9.
{

x = sin t ;
y = ln sin t .

10. ρ =
2

2 + cos ϕ
.

11. α :
x + 1

4
=

y − 1

−3
=

z + 2

1
; A(3, 0, 2) .

12. A1(4, 2, 1) , A2(1, 8, 3) , A3(0, 1, −4) , A4(5, 2, 6) .

13. M(2, 1, 0) ; α :
x − 2

0
=

y + 1,5

−1
=

z + 0,5

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




2 1 3

0 2 −1

−1 3 −3


 ; B =




1 1 0 1

−2 0 1 3

1 1 0 1


 .

2. A =




1 −1 1

2 1 1

1 1 2


 .

3.





x1 + 2x2 + 3x3 = 3 ;
3x1 + 2x2 + x3 = 5 ;
2x1 + 3x2 + x3 = 2 .

4. A =




1 1 −6 0

2 1 3 −1

7 4 3 −3

5 7 7 8


 .

5.





x1 + x2 − x3 + 3x4 = −6 ;
−x1 − 2x2 − x3 + 2x4 = −7 ;
2x1 + x2 + 2x3 − 2x4 = 6 ;

−2x1 − x2 + x3 + 3x4 = 2 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ, ÿâëÿþùèõñÿ ëèíåéíûìè êîìáèíàöèÿìè âåêòîðîâ èç R3 ?
a ⊕ b = a + b ; λ ¯ a = λa .

7.





x1 − x2 + 2x3 − x4 = 0 ;
x1 + x2 − 3x4 = 0 ;

4x1 − 2x2 + 6x3 + 3x4 = 0 ;
2x1 + 4x2 − 2x3 + 4x4 = 0 .

8.

~a = {3, 1, 4} ;
~b = {2, 2, −1} ;
~c = {1, 3, 1} ;
~d = {8, 12, 6} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî îñè Ox.

Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {2, −3, 4}.

10.





x′
1 = 5x1 − 4x2 + 2x3 ;

x′
2 = −4x1 + x2 − 2x3 ;

x′
3 = 6x1 − 3x2 + 2x3 .





x′′
1 = x′

1 + x′
2 − x′

3 ;
x′′

2 = x′
1 + 2x′

2 − 3x′
3 ;

x′′
3 = 2x′

1 + 2x′
2 − 3x′

3 .

11. A =




3 3 1

3 1 3

1 3 3


 .

12. 13x2 − 48xy + 27y2 = 45 .
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Âàðèàíò� 7.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 3~p + ~q , ~b = ~p − 2~q , |~p | = 4 , |~q | = 1 , ∠(~p,~q) =
π

4
.

2�5. A1(6, 6, 5) , A2(4, 9, 5) , A3(4, 6, 11) , A4(6, 9, 3) .
6. Äàíà ïðÿìàÿ 2x + 3y + 4 = 0 . Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç
òî÷êó M0(2, 1) ïîä óãëîì 45◦ ê äàííîé ïðÿìîé (k > 0).

7. y = 2 −
5

3

√
8 − x2 + 2x .

8. x = 1 −
4

3

√
13 + y2 + 4y .

9.
{

x = t ;
y = et .

10. ρ =
2

1 − cos ϕ
.

11. α :
x + 2

2
=

y + 1

3
=

z − 2

5
; A(4, 3, 1) .

12. A1(2, 0, 2) , A2(1, 3, 5) , A3(2, 4, 4) , A4(5, 3, −2) .

13. M(−2, −3, 0) ; α :
x + 0,5

1
=

y + 1,5

0
=

z − 0,5

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




3 1 1 1

2 1 1 1

−5 2 4 −3


 ; B =




2 1

1 3

−1 0

4 −3


 .

2. A =




2 −1 −1

1 0 −1

−5 1 3


 .

3.





x1 + 2x2 + 3x3 = 2 ;
3x1 + 2x2 + x3 = −6 ;
4x1 − x2 − x3 = −9 .

4. A =




1 3 2 −2 4

2 5 4 1 7

1 1 2 8 2

2 4 4 6 6


 .

5.





x1 + x2 + x3 + 2x4 = 0 ;
2x1 + x2 − x3 + x4 = −4 ;

x1 + 2x2 − x3 − 2x4 = −4 ;
3x1 + 5x2 − 6x3 + x4 = −26 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ôóíêöèé, ïðèíèìàþùèõ ïîëîæèòåëüíûå çíà÷åíèÿ íà ñåãìåíòå [0, 1] ? f(t) ⊕ g(t) =

f(t) · g(t) ; λ ¯ f(t) = (f(t))
λ .

7.





x1 + 4x2 − 3x3 + 6x4 = 0 ;
2x1 + 5x2 + x3 − 2x4 = 0 ;

x1 + 7x2 − 10x3 + 20x4 = 0 ;
3x1 + 6x2 + 5x3 − 10x4 = 0 .

8.

~a = {2, 1, 1} ;
~b = {1, 3, 1} ;
~c = {1, 1, 5} ;
~d = {1, 4, −12} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 åñòü ñèììåòðèÿ îòíîñèòåëüíî îñè Oy .

Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {4, 5}.

10.





x′
1 = 2x1 + x2 + x3 ;

x′
2 = 2x1 + 2x2 − x3 ;

x′
3 = −x1 − x2 + x3 .





x′′
1 = x′

1 + x′
2 − x′

3 ;
x′′

2 = 2x′
1 + x′

2 + 3x′
3 ;

x′′
3 = −x′

1 + 2x′
2 − x′

3 .

11. A =




5 −2 −2

−2 6 0

−2 0 4


 .

12. 4x2 + 24xy + 11y2 = 20 .
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Âàðèàíò� 8.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = ~p − 3~q , ~b = ~p + 2~q , |~p | = 2 , |~q | = 3 , ∠(~p,~q) =
3π

4
.

2�5. A1(7, 2, 2) , A2(5, 7, 7) , A3(5, 3, 1) , A4(2, 3, 7) .
6. Íà ïðîäîëæåíèè îòðåçêà AB, ãäå A(−5, 5), B(1, −4) íàéòè òî÷êó, àáñöèññà êî-
òîðîé ðàâíà 9.

7. x = −1 −
2

3

√
5 − y2 − 4y .

8. y = 2 +
3

4

√
x2 − 2x − 63 .

9.
{

x = 2
t
;

y = 2
2t

.

10. ρ = tg
ϕ

2
.

11. α :
x + 3

−3
=

y

2
=

z + 1

2
; A(2, 3, 0) .

12. A1(2, 0, 3) , A2(3, 2, 2) , A3(2, 2, 5) , A4(1, 1, 1) .

13. M(−1, −2, 1) ; α :
x + 0,5

1
=

y − 0,5

−1
=

z

1
.

Ëèíåéíàÿ àëãåáðà

1. A =




−1 1 −1 0

2 −4 1 1

1 0 2 1


 ; B =




2 −3

2 4

1 1

0 −2


 .

2. A =




1 −1 1

2 3 −1

1 1 1


 .

3.





x1 + 3x2 − 4x3 = 15 ;
2x1 − 7x2 + 3x3 = −7 ;

3x1 − x2 − x3 = 14 .

4. A =




1 1 0 1 0

2 1 1 0 2

1 1 0 0 1

1 0 1 −2 3

1 2 −1 4 −3




.

5.





x1 + x2 − x3 + x4 = 2 ;
−x1 − 2x2 + 2x3 − x4 = −1 ;

2x1 − x2 − x3 = −1 ;
x1 − x2 − x3 + x4 = 0 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
íåïðåðûâíûõ ôóíêöèé, çàäàííûõ íà [0, 1] ?
f(t) ⊕ g(t) = f(t) + g(t) ; λ ¯ f(t) = λ · f(t) .

7.





x1 − 2x2 − x3 + x4 = 0 ;
2x1 − 3x2 − 6x3 + 4x4 = 0 ;

3x1 − 7x2 + x3 + x4 = 0 ;
−2x1 + x2 + x3 + 2x4 = 0 .

8.

~a = {2, 1, 4} ;
~b = {1, 3, 1} ;
~c = {1, 1, 1} ;
~d = {2, 5, 4} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî êîîð-

äèíàòíîé ïëîñêîñòè Oxz . Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà
~b = {1, 2, 3}.

10.





x′
1 = 2x1 + 2x2 + x3 ;

x′
2 = x1 + x2 + 4x3 ;

x′
3 = 2x1 + 2x2 + 3x3 .





x′′
1 = x′

1 + x′
2 + x′

3 ;
x′′

2 = x′
1 + 2x′

2 + x′
3 ;

x′′
3 = x′

1 + x′
2 + 2x′

3 .

11. A =




2 2 1

2 1 2

1 2 2


 .

12. 3x2 − 2
√

5 xy − y2 = 8 .
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Âàðèàíò� 9.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 3~p + 2~q , ~b = 2~p − ~q , |~p | = 4 , |~q | = 3 , ∠(~p,~q) =
3π

4
.

2�5. A1(8, 6, 4) , A2(10, 5, 5) , A3(5, 6, 8) , A4(8, 10, 7) .
6. Äàí òðåóãîëüíèê ñ âåðøèíàìè A(−2, 3), B(1, 2), C(5, 4). Íàéòè óðàâíåíèå åãî
âûñîòû, îïóùåííîé èç âåðøèíû C.

7. x = −2 +
1

7

√
48 − y2 − 2y .

8. y = 2 +
2

5

√
x2 + 25 .

9.
{

x = 3
t
;

y = 9
t
− 3

t
.

10. ρ = 2 cos 3ϕ .

11. α :
x + 1

6
=

y + 1

1
=

z + 3

−1
; A(6, 2, 0) .

12. A1(2, −2, 3) , A2(6, 2, −3) , A3(3, 1, 4) , A4(2, −4, 3) .

13. M(0, −2, 3) ; α :
x

1
=

y + 0,5

−2
=

z

1
.

Ëèíåéíàÿ àëãåáðà

1. A =

(
3 1 2 −1

0 2 1 3

)
; B =




4 0

2 1

−1 5

1 1


 .

2. A =




1 2 3

2 1 1

4 2 1


 .

3.





−x1 + 3x2 − x3 = 2 ;
x1 − 2x2 + 3x3 = 6 ;
3x1 − x2 + 2x3 = 7 .

4. A =




1 1 1 1 1

2 −1 2 1 −1

1 0 1 0 1

0 −1 2 0 1

1 −3 1 −1 −2




.

5.





x1 − 2x2 − x3 + x4 = −1 ;
2x1 + x2 + 2x3 − 2x4 = 8 ;
4x1 + 2x2 − x3 − 3x4 = 20 ;
x1 + 3x2 + 2x3 + 2x4 = 5 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî ÷åò-
íûõ ôóíêöèé, çàäàííûõ íà [−1, 1] ?
f(t) ⊕ g(t) = f(t) + g(t) ; λ ¯ f(t) = λ · f(t) .

7.





x1 + 3x2 − x3 − 2x4 = 0 ;
2x1 + 5x2 − 8x3 − 7x4 = 0 ;

x1 + 4x2 + 5x3 + x4 = 0 ;
2x1 + x2 − 32x3 − 19x4 = 0 .

8.

~a = {2, 3, 2} ;
~b = {1, −2, −3} ;
~c = {−1, 2, 1} ;
~d = {4, 1, −6} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 åñòü ðàñòÿæåíèå ïî îñè Ox â 3 ðàçà,

ïî îñè Oy â 2 ðàçà Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b =
{−2, 5}.

10.





x′
1 = 2x1 + x2 + 3x3 ;

x′
2 = 2x1 − x2 + x3 ;

x′
3 = 2x1 − 2x2 + x3 .





x′′
1 = x′

1 − 2x′
2 + 3x′

3 ;
x′′

2 = 3x′
1 + x′

2 − x′
3 ;

x′′
3 = −x′

1 + 2x′
2 − 2x′

3 .

11. A =




7 −4 0

−4 5 4

0 4 3


 .

12. 6x2 − 4
√

14 xy + 5y2 = 26 .
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Âàðèàíò� 10.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 2~p − 3~q , ~b = 5~p + ~q , |~p | = 2 , |~q | = 3 , ∠(~p,~q) =
π

2
.

2�5. A1(7, 7, 3) , A2(6, 5, 8) , A3(3, 5, 8) , A4(8, 4, 1) .
6. Ïðè êàêîì çíà÷åíèè c ïðÿìàÿ 15x + 17y + c = 0 áóäåò ïðîõîäèòü ÷åðåç òî÷êó
ïåðåñå÷åíèÿ ïðÿìûõ 2x + 3y − 5 = 0 è 7x − 8y + 1 = 0 ?

7. x = 3 +
3

5

√
20 − 5y2 + 10y .

8. y = 2 −
3

4

√
x2 − 2x − 63 .

9.
{

x = 2t ;
y = cos t .

10. ρ = aϕ2 .

11. α :
x + 4

2
=

y − 2

2
=

z + 1

5
; A(−2, 4, 2) .

12. A1(4, 6, 4) , A2(−1, 12, −4) , A3(2, 3, 5) , A4(1, 7, 5) .

13. M(−1, 3, −1) ; α :
x − 0,5

1
=

y + 0,5

−2
=

z + 1,5

3
.

Ëèíåéíàÿ àëãåáðà

1. A =

(
1 1 0 2

3 0 1 1

)
; B =




1 2 0

−3 1 1

0 1 −1

2 2 1


 .

2. A =




1 3 1

1 2 1

2 1 1


 .

3.





6x1 − x3 = 2 ;
−x1 − x2 + x3 = −1 ;
x1 − 2x2 + 3x3 = 5 .

4. A =




1 −1 −1 0 0

2 1 2 1 −1

−1 1 1 0 −1

2 1 2 1 −2

3 0 1 1 −2




.

5.





x1 − x2 + 3x3 + x4 = 8 ;
3x1 + x2 + 2x3 + 5x4 = 12 ;

4x1 + 2x2 − 2x3 + 3x4 = −5 ;
x1 − 2x2 + 3x3 − 2x4 = 0 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
íå÷åòíûõ ôóíêöèé, çàäàííûõ íà [−1, 1] ?
f(t) ⊕ g(t) = f(t) + g(t) ; λ ¯ f(t) = λ · f(t) .

7.





x1 − x2 − 2x3 + 3x4 = 0 ;
2x1 − 3x2 − x3 + x4 = 0 ;

2x1 − 2x2 + 5x3 − 8x4 = 0 ;
3x1 − 4x2 − 12x3 + 18x4 = 0 .

8.

~a = {1, 2, 2} ;
~b = {2, −1, −1} ;
~c = {−3, 1, 3} ;
~d = {2, 1, 3} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî êîîð-

äèíàòíîé ïëîñêîñòè Oyz. Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà
~b = {4, −2, −1}.

10.





x′
1 = x1 + x2 + 3x3 ;

x′
2 = x1 − 2x2 + 2x3 ;

x′
3 = 2x1 − 2x2 − 2x3 .





x′′
1 = x′

1 − x′
2 + 2x′

3 ;
x′′

2 = −x′
1 + 2x′

2 + 2x′
3 ;

x′′
3 = x′

1 − 3x′
2 + 3x′

3 .

11. A =




2 3 2

3 2 2

2 2 3


 .

12. x2 − 2
√

21 xy + 5y2 = 24 .
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Âàðèàíò� 11.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1.
∣∣∣ ~a

∣∣∣ =
∣∣∣ ~b

∣∣∣ = 1 ,
∣∣∣~c

∣∣∣ = 2 , ∠
(
~a,~c

)
= ∠

(
~b,~c

)
=

5π

6
. Íàéòè ïð~c

(
3~a − ~b

)
.

2�5. A1(3, 1, 4) , A2(−1, 6, 1) , A3(1, 7, 3) , A4(8, 5, 8) .
6. Çíàÿ óðàâíåíèÿ ñòîðîí ïàðàëëåëîãðàììà y = 2x + 1 , y = 2x − 5 , y = x − 2 ,
y = x + 2 , íàéòè óðàâíåíèå åãî äèàãîíàëè, ïðè êîòîðîé k > 0 .

7. x = 1 +
1

4

√
144 − 12y2 − 48y .

8. y = 7 −
3

2

√
x2 − 6x + 13 .

9.
{

x = 5
t+1

;

y = 5
2t+1

+ 3 .

10. ρ = a sin
ϕ

2
.

11. α :
x

2
=

y − 1

2
=

z + 3

1
; A(−1, 2, 3) .

12. A1(6, 3, 4) , A2(4, −1, 2) , A3(2, 5, 1) , A4(1, 1, 1) .

13. M(−3, 0, 1) ; α :
x − 1

1
=

y − 2

−1
=

z − 3

2
.

Ëèíåéíàÿ àëãåáðà

1. A =




2 1

3 5

0 4

1 1


 ; B =

(
1 2 −1

5 4 2

)
.

2. A =




2 1 2

1 4 −1

2 3 1


 .

3.





3x1 + 4x2 + x3 = 10 ;
x1 + 2x2 + 3x3 = 12 ;
4x1 − x2 + x3 = 6 .

4. A =




1 3 5 2 1

2 0 1 3 4

1 −9 −13 0 5

7 9 17 12 11


 .

5.





x1 + 2x2 − x3 − x4 = 2 ;
2x1 + 3x2 + x3 + 2x4 = 10 ;
−x1 − x2 + x3 − 3x4 = −5 ;
3x1 + 3x2 − x3 − x4 = 7 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ëèíåéíûõ ôóíêöèé òðåõ ïåðåìåííûõ x1, x2, x3 ñ ïðîèçâîëüíûìè êîýôôèöèåíòàìè?
f ⊕ g = f + g ; λ ¯ f = λ · f .

7.





x1 + 3x2 − x3 + 4x4 = 0 ;
2x1 + 4x2 − x3 + 3x4 = 0 ;
3x1 + 5x2 − x3 + 2x4 = 0 ;

−2x1 − x3 + 7x4 = 0 .

8.

~a = {1, 2, 3} ;
~b = {3, −2, −1} ;
~c = {−4, 3, 1} ;
~d = {4, 5, 9} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 åñòü ñèììåòðèÿ îòíîñèòåëüíî íà÷àëà

êîîðäèíàò O(0, 0). Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b =
{2, −1}.

10.





x′
1 = 3x1 − x2 + x3 ;

x′
2 = 2x1 + 2x2 + x3 ;

x′
3 = x1 − 3x2 + 2x3 .





x′′
1 = 2x′

1 + 2x′
2 − x′

3 ;
x′′

2 = x′
1 + x′

2 − 2x′
3 ;

x′′
3 = −2x′

1 + x′
2 + x′

3 .

11. A =




6 −2 2

−2 5 0

2 0 7


 .

12. 4x2 + 2
√

6 xy + 3y2 = 24 .
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Âàðèàíò� 12.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1.
∣∣∣~c

∣∣∣ = 3 ,
∣∣∣ ~d

∣∣∣ =
∣∣∣ ~a

∣∣∣ = 1 , ∠
(
~a,~c

)
= ∠

(
~a,~d

)
=

3π

4
. Íàéòè ïð~a

(
~c − 2~d

)
.

2�5. A1(3, 3, 9) , A2(6, 9, 1) , A3(1, 7, 3) , A4(8, 5, 8) .
6. Êàêóþ îðäèíàòó èìååò òî÷êà C ñ àáñöèññîé x = 5 , ëåæàùàÿ íà îäíîé ïðÿìîé ñ
òî÷êàìè A(−8, −6) è B(−3, −1) ?

7. y = −1 +
1

3

√
− 5x2 + 30x .

8. x = −1 +
3

4

√
y2 + 4y + 20 .

9.
{

x = 2
sin t

;
y = sin t .

10. ρ =
1

3 − cos ϕ
.

11. α :
x + 1

2
=

y − 2

2
=

z + 1

3
; A(−2, 4, 2) .

12. A1(2, 5, 1) , A2(6, 3, 4) , A3(1, 1, 1) , A4(4, −1, 2) .

13. M(0, −2, −5) ; α :
x − 1

2
=

y + 2

−1
=

z + 1

3
.

Ëèíåéíàÿ àëãåáðà

1. A =




0 4

−1 2

5 3

1 1


 ; B =

(
2 1 4 3

5 0 1 −1

)
.

2. A =




2 1 1

1 3 1

1 1 5


 .

3.





9x1 − 9x2 − x3 = 37 ;
2x1 − x2 + 4x3 = 2 ;

x1 + x2 − x3 = 1 .

4. A =




1 1 −3 −2 0

1 −1 1 1 1

1 2 1 −3 2

−1 3 −2 −5 2


 .

5.





x1 − x2 − x3 + 3x4 = 6 ;
2x1 + x2 − x3 + 2x4 = −4 ;

x1 − 2x2 + 2x3 + 4x4 = 14 ;
−2x1 − x2 + x3 − x4 = 6 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ìíîãî÷ëåíîâ ñòåïåíè 3 îò îäíîé ïåðåìåííîé x?
f(x) ⊕ g(x) = f(x) + g(x) ; λ ¯ f(x) = λ · f(x) .

7.





x1 + 2x2 + 3x3 + x4 = 0 ;
2x1 + 3x2 + x3 + x4 = 0 ;
3x1 + 2x2 + x3 + x4 = 0 ;

7x1 + 9x2 + 8x3 + 4x4 = 0 .

8.

~a = {1, 1, 1} ;
~b = {−2, 2, −3} ;
~c = {3, 5, −1} ;
~d = {−5, −5, 2} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî îñè Oy.

Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {2, −4, −3}.

10.





x′
1 = 4x1 + 3x2 + 2x3 ;

x′
2 = −2x1 + x2 − x3 ;

x′
3 = 3x1 + x2 + x3 .





x′′
1 = x′

1 − 2x′
2 − x′

3 ;
x′′

2 = 3x′
1 + x′

2 + 2x′
3 ;

x′′
3 = x′

1 + 2x′
2 + 2x′

3 .

11. A =




2 −1 −1

−1 −1 2

−1 2 −1


 .

12. 6x2 + 2
√

5 xy + 2y2 = 21 .
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Âàðèàíò� 13.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1.
∣∣∣ ~a

∣∣∣ = 2 ,
∣∣∣ ~b

∣∣∣ = 4 , ∠
(
~a,~b

)
=

π

3
. Íàéòè ïð(2~a+~b)

~a .

2�5. A1(3, 5, 4) , A2(5, 8, 3) , A3(1, 9, 9) , A4(6, 4, 8) .
6. ×åðåç òî÷êó ïåðåñå÷åíèÿ ïðÿìûõ x + 2y − 6 = 0 è 2x − y − 5 = 0 ïðîâåñòè
ïðÿìóþ, ïàðàëëåëüíóþ ïðÿìîé 3x − 4y + 9 = 0 .

7. y = −2 +
1

3

√
96 − 12x2 + 24x .

8. x = 9 − 2
√

y2 + 4y + 8 .

9.
{

x =
√

t ;
y = t−1 .

10. ρ =
1√

2 + cos ϕ
.

11. α :
x + 1

1
=

y − 1

−3
=

z − 3

2
; A(2, −3, 0) .

12. A1(1, 1, 1) , A2(6, 3, 4) , A3(4, −1, 2) , A4(2, 5, 1) .

13. M(−1, 3, −2) ; α :
x + 0,5

2
=

y + 0, 5

1
=

z + 2

0
.

Ëèíåéíàÿ àëãåáðà

1. A =




1 1

2 0

3 −1

2 2


 ; B =

(
1 1 0 1 2

0 1 −1 0 3

)
.

2. A =




1 −3 −1

−2 7 2

3 2 −4


 .

3.





x1 + 2x2 − 5x3 = −5 ;
x1 − 2x2 + x3 = 3 ;

−2x1 + 3x2 + 3x3 = 3 .

4. A =




1 −1 1 2 0

2 0 1 1 2

2 2 0 1 −1

3 5 −1 −3 3

4 4 0 −1 3




.

5.





x1 + x2 + 2x3 − x4 = 7 ;
2x1 + 3x2 − x3 + 2x4 = −7 ;

3x1 − x2 − x3 + x4 = 4 ;
x1 + 2x2 + 3x3 − 2x4 = 9 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ìíîãî÷ëåíîâ ñòåïåíè ìåíüøåé èëè ðàâíîé 3 îò ïåðåìåííûõ x, y? a ⊕ b = a + b ;
λ ¯ a = λ · a .

7.





x1 + x2 − 3x3 + 2x4 = 0 ;
2x1 − 3x2 + x3 − x4 = 0 ;

4x1 − x2 − 5x3 + 3x4 = 0 ;
3x1 − 17x2 + 19x3 − 14x4 = 0 .

8.

~a = {3, 2, 1} ;
~b = {−4, 4, 2} ;
~c = {2, −2, −1} ;
~d = {5, −10, −5} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî íà÷àëà

êîîðäèíàò O(0, 0, 0). Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b =
{1, −2, 3}.

10.





x′
1 = 2x1 + 4x2 + x3 ;

x′
2 = −2x1 + x2 − x3 ;

x′
3 = x1 + 2x2 .





x′′
1 = x′

1 − 2x′
2 − x′

3 ;
x′′

2 = 4x′
1 − x′

2 + x′
3 ;

x′′
3 = 3x′

1 − 2x′
2 .

11. A =




1 −3 −1

−3 1 1

−1 1 5


 .

12. 5x2 + 4
√

2 xy + 3y2 = 14 .
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Âàðèàíò� 14.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1.
∣∣∣ ~p

∣∣∣ = 2 ,
∣∣∣ ~q

∣∣∣ = 1 , ∠
(
~p,~q

)
=

π

3
. Íàéòè ïð~q

(
2~p + ~q

)
.

2�5. A1(2, 4, 3) , A2(7, 6, 3) , A3(4, 9, 3) , A4(3, 6, 7) .
6. ×åðåç òî÷êó ïåðåñå÷åíèÿ ïðÿìûõ 4x − 5y + 9 = 0 è x + 4y − 3 = 0 ïðîâåñòè
ïðÿìóþ, ïåðïåíäèêóëÿðíóþ ïðÿìîé 3x − 4y + 9 = 0 .

7. x = 3 −
3

5

√
20 − 5y2 + 10y .

8. x = −1 −
3

4

√
y2 + 4y + 20 .

9.
{

x = cos t ;

y = ( cos t )
−1

.

10. ρ =
2

3 sin ϕ + cos ϕ
.

11. α :
x − 1

3
=

y − 4

2
=

z − 6

−1
; A(−1, 0, 1) .

12. A1(1, −2, 3) , A2(3, 0, −2) , A3(1, −1, 1) , A4(7, 2, 5) .

13. M(2, −4, 7) ; α :
x − 1

0
=

y + 3

1
=

z

−2
.

Ëèíåéíàÿ àëãåáðà

1. A =




2 2 1

0 1 1

−1 1 2

1 −3 0


 ; B =




5 −6

2 4

1 3


 .

2. A =




−2 1 3

1 −1 1

3 −2 1


 .

3.





x1 + x2 + 2x3 = 2 ;
2x1 − x2 + 2x3 = 3 ;
4x1 + x2 + 4x3 = 3 .

4. A =




1 1 −1 −1 −1

2 3 2 0 3

3 6 6 2 6

1 2 0 0 −2

1 3 4 2 3




.

5.





x1 − x2 − x3 + x4 = 0 ;
2x1 − x2 + x3 + 2x4 = 5 ;
x1 + 2x2 − 2x3 + x4 = 5 ;

−x1 + x2 − x3 − 2x4 = −4 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
óïîðÿäî÷åííûõ íàáîðîâ èç n ÷èñåë x = {x1, x2, . . . , xn}? x ⊕ y = {x1 + y1, x2 +
y2, . . . , xn + yn} ; λ ¯ x = {λx1, λx2, . . . , λxn} .

7.





2x1 + 3x2 − x3 + x4 = 0 ;
8x1 + 12x2 − 9x3 + 8x4 = 0 ;
4x1 + 6x2 + 3x3 − 2x4 = 0 ;
2x1 + 3x2 + 9x3 − 7x4 = 0 .

8.

~a = {3, 3, 1} ;
~b = {4, −2, 3} ;
~c = {2, −1, 1} ;
~d = {17, 5, 8} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 åñòü ñèììåòðèÿ îòíîñèòåëüíî îñè Oz.

Ñîñòàâèòü ìàòðèöó ïðåîáðàçîâàíèÿ è íàéòè îáðàç âåêòîðà ~b = {−3, 2, −4}.

10.





x′
1 = −x1 − 2x2 − x3 ;

x′
2 = x1 + 2x2 ;

x′
3 = 3x1 + x2 + x3 .





x′′
1 = −x′

1 − 2x′
2 − 3x′

3 ;
x′′

2 = 4x′
1 + x′

2 + 3x′
3 ;

x′′
3 = 3x′

1 + 2x′
2 + 4x′

3 .

11. A =




3 4 4

4 4 3

4 3 4


 .

12. 7x2 + 6
√

2 xy + 4y2 = 15 .
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Âàðèàíò� 15.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1.
∣∣∣ ~p

∣∣∣ = 4 ,
∣∣∣ ~q

∣∣∣ = 3 , ∠
(
~p,~q

)
=

3π

4
. Íàéòè ïð~p

(
6~p − ~q

)
.

2�5. A1(9, 5, 5) , A2(−3, 7, 1) , A3(5, 7, 8) , A4(6, 9, 2) .
6. Äàí òðåóãîëüíèê ñ âåðøèíàìè â òî÷êàõ A(3, 2), B(5, −2), C(1, 0). Ñîñòàâèòü
óðàâíåíèå ìåäèàíû, ïðîâåäåííîé èç âåðøèíû B.

7. x = 1 −
1

4

√
144 − 12y2 − 48y .

8. x = 5 −
3

4

√
y2 + 4y − 12 .

9.
{

x = 2t ;
y = sin t .

10. ρ = 2 sin 3ϕ .

11. α :
x − 5

1
=

y − 2

−1
=

z − 3

1
; A(2, 3, 3) .

12. A1(2, −1, 3) , A2(1, −1, 2) , A3(4, −1, 2) , A4(9, −6, 5) .

13. M(−3, 5, 3) ; α :
x + 2

−3
=

y − 2

1
=

z + 1

2
.

Ëèíåéíàÿ àëãåáðà

1. A =




−3 4 3

2 1 2

0 1 −4


 ; B =




1 −1 4

2 0 6

5 1 −1


 .

2. A =




1 3 1

−1 2 1

2 1 1


 .

3.





x1 − 2x2 + 3x3 = 17 ;
x1 + 2x2 + 5x3 = 29 ;
x1 − 7x2 + 4x3 = 16 .

4. A =




1 1 1 1 1

2 −4 2 −2 −5

2 −1 2 −1 0

1 1 1 −1 2

1 −2 1 0 −2




.

5.





x1 + x2 + 2x3 − 2x4 = −1 ;
x1 + 2x2 + 3x3 − x4 = 3 ;

2x1 + 3x2 − x3 + 2x4 = 5 ;
3x1 − x2 − x3 + 3x4 = 14 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
óïîðÿäî÷åííûõ íàáîðîâ èç n ÷èñåë x = {x1, x2, . . . , xn}? x⊕y = {x1·y1, x2·y2, . . . , xn·
yn} ; λ ¯ x = {λx1, λx2, . . . , λxn} .

7.





x1 − 4x2 + 3x3 − 2x4 = 0 ;
−2x1 + x2 + 2x3 − 3x4 = 0 ;

4x1 − 9x2 + 4x3 − x4 = 0 ;
x1 + 3x2 − 5x3 + 5x4 = 0 .

8.

~a = {3, 2, 1} ;
~b = {−3, −1, 1} ;
~c = {2, 1, 1} ;
~d = {10, 5, −1} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 èìååò ìàòðèöó

A =

(
0 1

1 0

)
. Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè îáðàç

âåêòîðà ~b = {2, −1}.

10.





x′
1 = x1 − x2 − x3 ;

x′
2 = −x1 + 4x2 + 2x3 ;

x′
3 = 3x1 + x2 − x3 .





x′′
1 = 9x′

1 + 3x′
2 + 5x′

3 ;
x′′

2 = 2x′
1 + 2x′

3 ;
x′′

3 = x′
1 − x′

3 .

11. A =




1 2 1

2 −5 2

1 2 1


 .

12. 3x2 + 2
√

14 xy + 8y2 = 10 .
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Âàðèàíò� 16.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 2~p − ~q , ~b = ~p + 3~q , |~p | = 3 , |~q | = 2 , ∠ (~p,~q ) =
π

2
. Íàéòè ïð~b

~a .

2�5. A1(0, 7, 1) , A2(4, 1, 5) , A3(4, 6, 3) , A4(3, 9, 8) .
6. Îïðåäåëèòü, ïðè êàêîì çíà÷åíèè m ïðÿìûå mx+8y−7 = 0 è 2x+my−1 = 0

ïàðàëëåëüíû (m > 0).

7. y = −1 −
1

3

√
− 5x2 + 30x .

8. y = −2 +
4

3

√
x2 + 2x − 8 .

9.
{

x = cos t ;
y = cos 2t .

10. ρ = 3 sin 2ϕ .

11. α :
x − 3

2
=

y

−1
=

z − 2

−3
; A(1, 2, 0) .

12. A1(7, 5, −1) , A2(6, 5, 2) , A3(5, 4, 0) , A4(11, −2, 3) .
13. M(1, −1, 3) ; α : 2x − 3y + z − 1 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




2 2 −1

1 3 3

2 −4 0


 ; B =




4 1

1 −3

6 2


 .

2. A =




1 1 −1

1 −3 2

−1 2 −1


 .

3.





x1 − 2x2 + 3x3 = 7 ;
2x1 − x2 + x3 = 5 ;

−2x1 − 5x2 + 8x3 = 10 .

4. A =




1 1 −1 2 2

1 −1 2 1 −1

2 1 0 −1 2

2 5 −6 1 8

0 −1 1 4 −1




.

5.





x1 + 2x2 + x3 − 2x4 = 1 ;
2x1 + 3x2 + x3 − x4 = 6 ;
x1 + x2 − 2x3 + x4 = 3 ;

−x1 − 2x2 + 2x3 − x4 = −4 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ñõîäÿùèõñÿ ïîñëåäîâàòåëüíîñòåé {un} ?
{un} ⊕ {vn} = {un + vn} ; λ ¯ {un} = {λ · un} .
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7.





x1 + x2 + x3 + x4 = 0 ;
3x1 + 2x2 + x3 + x4 = 0 ;

x2 + 2x3 + 2x4 = 0 ;
5x1 + 4x2 + 3x3 + 3x4 = 0 .

8.

~a = {1, 2, −1} ;
~b = {−1, 1, 2} ;
~c = {2, −1, 1} ;
~d = {0, 10, 8} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




1 0 0

0 1 0

0 0 0


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {1, 2, 3}.

10.





x′
1 = −x1 + 7x2 + 3x3 ;

x′
2 = −x1 + 4x2 + 2x3 ;

x′
3 = 2x1 + 5x2 + x3 .





x′′
1 = 5x′

1 + 3x′
2 + x′

3 ;
x′′

2 = 2x′
1 + 2x′

3 ;
x′′

3 = −2x′
1 + x′

2 − 3x′
3 .

11. A =




2 −2 −2

−2 −2 2

−2 2 −2


 .

12. 7x2 + 2
√

6 xy + 2y2 = 24 .
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Âàðèàíò� 17.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. ~a = 2~p − 3~q , ~b = 3~p + ~q , |~p | = 4 , |~q | = 1 , ∠ (~p,~q ) =
π

3
. Íàéòè ïð~b

~a .

2�5. A1(5, 5, 4) , A2(3, 8, 4) , A3(3, 5, 10) , A4(5, 8, 2) .
6. Îïðåäåëèòü, ïðè êàêîì çíà÷åíèè m ïðÿìûå mx+2y+5 = 0 è 2x+my−3 = 0

ïåðïåíäèêóëÿðíû.

7. y = −2 −
1

3

√
96 − 12x2 + 24x .

8. y =
x − 1

x − 2
.

9.





x = tg t ;

y =
2

1 + cos 2t
.

10. ρ = 2(1 + cos ϕ) .

11. α :
x − 2

1
=

y + 1

3
=

z + 1

0
; A(0, 4, −2) .

12. A1(0, 0, −2) , A2(1, 1, −1) , A3(2, 0, 3) , A4(7, −12, 1) .
13. M(2, −1, 1) ; α : 3x + y − z + 7 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




2 −1 3

4 −1 2

1 1 5


 ; B =




5 1 1 1

2 0 3 1

4 −1 2 1


 .

2. A =




1 −1 3

2 1 2

1 1 3


 .

3.





x1 − 2x2 + 3x3 = 2 ;
−2x1 + 5x2 − 8x3 = −7 ;

−x1 − x2 + x3 = 3 .

4. A =




1 −2 1 3 1

2 −9 5 11 2

1 −7 4 8 1

2 1 −1 1 2

1 3 −2 −2 1




.

5.





x1 + x2 + x3 − 3x4 = −11 ;
2x1 + x2 − x3 + 2x4 = 4 ;

3x1 + 5x2 − 6x3 − x4 = 2 ;
x1 + 2x2 − x3 + 4x4 = 13 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ïîëîæèòåëüíûõ äåéñòâèòåëüíûõ ÷èñåë? a ⊕ b = a · b ; λ ¯ a = aλ .
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7.





x1 + 2x2 + x3 + x4 = 0 ;
2x1 + 3x2 + x3 = 0 ;

−x1 + x2 + 3x3 + 5x4 = 0 ;
2x1 − x2 + x3 − 8x4 = 0 .

8.

~a = {2, 1, 3} ;
~b = {3, 1, −2} ;
~c = {−4, −1, 3} ;
~d = {−17, −4, 17} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 èìååò ìàòðèöó

A =

(
0 −1

1 0

)
. Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {−2, 3}.

10.





x′
1 = 3x1 − x2 + 5x3 ;

x′
2 = x1 + 2x2 + 4x3 ;

x′
3 = 3x1 + 2x2 + 7x3 .





x′′
1 = 4x′

1 + 3x′
2 + x′

3 ;
x′′

2 = 3x′
1 + 4x′

2 + 2x′
3 ;

x′′
3 = x′

1 + 2x′
2 + x′

3 .

11. A =




1 4 1

4 1 1

1 1 4


 .

12. 9x2 + 4
√

2 xy + 2y2 = 20 .
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Âàðèàíò� 18.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1.
∣∣∣ ~a

∣∣∣ = 1 ,
∣∣∣ ~b

∣∣∣ = 2 , ∠
(
~a,~b

)
=

2π

3
. Íàéòè ïð~b

(
3~a − ~b

)
.

2�5. A1(6, 1, 1) , A2(4, 6, 6) , A3(4, 2, 0) , A4(1, 2, 6) .
6. Îïðåäåëèòü, ïðè êàêîì çíà÷åíèè m ïðÿìûå (m − 1)x + my − 5 = 0

è mx + (2m − 1)y + 7 = 0 ïåðåñåêàþòñÿ â òî÷êå, ëåæàùåé íà îñè àáñöèññ.

7. x = 1 +
7

3

√
− y2 − 4y + 5 .

8. y = −2 −
4

3

√
x2 + 2x − 8 .

9.
{

x = sin
(

π

2
+ t

)
;

y = sin(π + t) .

10. ρ2 = 36 cos 2ϕ .

11. α :
x

5
=

y − 1

2
=

z + 1

7
; A(1, 1, −2) .

12. A1(2, 5, −1) , A2(1, 1, −2) , A3(2, −1, −1) , A4(5, −1, 0) .
13. M(0, 1, −2) ; α : 2x + y − 3z + 7 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




1 1 2 −3

0 2 1 −1

1 2 1 1


 ; B =




4 1

2 2

3 1

1 2


 .

2. A =




4 1 2

3 1 1

−2 1 2


 .

3.





x1 + x3 = −3 ;
2x1 − x2 + 2x3 = −4 ;
2x1 − x2 + x3 = −3 .

4. A =




1 −2 2 0 1

2 1 0 1 1

1 2 1 −1 0

1 8 −6 2 −1

0 −3 −2 3 1




.

5.





x1 − 2x2 + 3x3 + x4 = 6 ;
4x1 + 2x2 − 2x3 + 4x4 = −10 ;
3x1 + x2 + 2x3 − 2x4 = −13 ;
x1 − x2 + 3x3 − 3x4 = −4 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ìàòðèö ðàçìåðà n × m? a ⊕ b = ||aik + bik|| ;
λ ¯ a = ||λ · aik|| .

7.





x1 − x2 − x3 − 2x4 = 0 ;
3x1 − 2x2 − 3x3 + x4 = 0 ;
4x1 − 3x2 − 4x3 − x4 = 0 ;
2x1 − x2 − 2x3 + 3x4 = 0 .

8.

~a = {1, 2, 2} ;
~b = {−2, −1, 3} ;
~c = {2, 1, 1} ;
~d = {−4, 1, 9} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




1 0 0

0 −1 0

0 0 −1


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {−4, 2, −1}.

10.





x′
1 = x1 + x2 − x3 ;

x′
2 = 2x1 − x2 + x3 ;

x′
3 = x1 + x3 .





x′′
1 = 3x′

1 + x′
2 + x′

3 ;
x′′

2 = 2x′
1 + x′

2 + 2x′
3 ;

x′′
3 = x′

1 + 2x′
2 + 3x′

3 .

11. A =




7 −2 0

−2 6 −2

0 −2 5


 .

12. 4x2 + 2
√

3 xy + 5y2 = 40 .
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Âàðèàíò� 19.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = 6~p − ~q , ~r = 5~q + ~p ,

∣∣∣ ~p
∣∣∣ =

1

2
,

∣∣∣ ~q
∣∣∣ = 4 , ∠

(
~p,~q

)
=

5π

6
.

2�5. A1(7, 5, 3) , A2(9, 4, 4) , A3(4, 5, 7) , A4(7, 9, 6) .
6. Îïðåäåëèòü, ïðè êàêîì çíà÷åíèè a ïðÿìàÿ

(a + 2)x + (a2 − 9)y + 3a2 − 8a + 5 = 0

ïàðàëëåëüíà îñè îðäèíàò, è íàïèñàòü åå óðàâíåíèå.

7. y = −2 −
3

7

√
− x2 + 2x + 48 .

8. y =
2x

3 − x
.

9.
{

x = cos t ;
y = π sin t .

10. ρ = 1 − cos ϕ .

11. α :
x − 4

3
=

y

7
=

z + 1

2
; A(3, 0, −2) .

12. A1(−4, 1, 3) , A2(−5, 1, 0) , A3(2, −1, 3) , A4(−5, 7, 4) .
13. M(−1, 1, 0) ; α : 5x − 2y + z − 8 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =

(
7 0 4 3

2 1 6 5

)
; B =




0 3

4 6

−4 2

1 1


 .

2. A =




−1 2 0

1 3 −2

−2 1 1


 .

3.





x1 − x2 + 2x3 = 0 ;
2x1 + x2 − x3 = 10 ;

−x1 + 2x2 + x3 = 8 .

4. A =




1 −2 2 4 1

2 4 −1 3 2

1 14 −8 −6 1

7 2 4 18 7

1 6 −3 −1 1




.

5.





x1 − x2 + 3x3 + 2x4 = −6 ;
2x1 − x2 + 2x3 − 2x4 = −13 ;
x1 + 2x2 + 4x3 − x4 = −5 ;

−2x1 + x2 − x3 + 5x4 = 17 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
äèàãîíàëüíûõ ìàòðèö a = ||aik|| ïîðÿäêà n?
a ⊕ b = ||aik + bik|| ; λ ¯ a = ||λ · aik|| .

7.





x1 + 2x2 − x3 + x4 = 0 ;
2x1 − 2x2 + x3 − x4 = 0 ;

4x1 − 10x2 + 5x3 − 5x4 = 0 ;
2x1 − 14x2 + 7x3 − 7x4 = 0 .

8.

~a = {1, −2, −1} ;
~b = {−2, 3, −1} ;
~c = {1, 1, 1} ;
~d = {−2, 9, 3} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
2 èìååò ìàòðèöó

A =

(
0 1

−1 0

)
. Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {3, −5}.

10.





x′
1 = 2x1 + 2x2 + 2x3 ;

x′
2 = −2x1 + 3x2 − 3x3 ;

x′
3 = 4x1 − 4x2 + 5x3 .





x′′
1 = x′

1 + x′
2 + x′

3 ;
x′′

2 = −x′
2 + 2x′

3 ;
x′′

3 = −2x′
1 + 3x′

2 − 3x′
3 .

11. A =




2 1 2

1 2 2

2 2 1


 .

12. 2x2 + 10xy + 2y2 = 21 .
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Âàðèàíò� 20.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = 3~p + ~q , ~r = ~p − 3~q ,

∣∣∣ ~p
∣∣∣ = 7 ,

∣∣∣ ~q
∣∣∣ = 2 , ∠

(
~p,~q

)
=

π

4
.

2�5. A1(6, 6, 2) , A2(5, 4, 7) , A3(2, 4, 7) , A4(7, 3, 0) .
6. Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êó M(2, −3) ïàðàëëåëüíî
ïðÿìîé 2x + 3 = 0 .

7. y = 1 +
4

3

√
− 6x − x2 .

8. x = 1 +
3

2

√
y2 + 4y + 8 .

9.
{

x = 1 + tg t ;
y = ctg2 t .

10. ρ = a cos 2ϕ .

11. α :
x − 2

3
=

y − 1

5
=

z

7
; A(2, 2, 1) .

12. A1(−1, 0, 0) , A2(2, −1, 1) , A3(−1, 0, 1) , A4(6, −5, 3) .
13. M(2, −3, 0) ; α : 3x + y − z + 8 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =

(
2 1 1 −1

3 2 −1 4

)
; B =




1 1 2

2 3 1

1 1 1

1 2 1


 .

2. A =




1 3 3

1 2 0

−2 −1 1


 .

3.





2x1 + 5x2 − 8x3 = −35 ;
x1 + x2 − x3 = −4 ;

6x1 − 2x2 + 3x3 = 20 .

4. A =




1 0 0 2 0

2 1 1 1 −1

1 2 1 0 −2

4 3 3 −1 −3

4 3 2 3 −3




.

5.





x1 − 2x2 − 3x3 + 5x4 = 19 ;
−3x1 + 5x2 + 2x3 − x4 = −20 ;

x1 − x2 − x3 + 4x4 = 10 ;
−2x1 + 3x2 − x3 + 2x4 = −3 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
íåâûðîæäåííûõ êâàäðàòíûõ ìàòðèö n�ãî ïîðÿäêà? a ⊕ b = ||aik · bik|| ; λ ¯ a =
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||λ · aik|| .

7.





x1 + 3x2 − 5x3 + 2x4 = 0 ;
−x1 + 3x2 − 7x3 + 3x4 = 0 ;
2x1 + 6x2 − 9x3 + 5x4 = 0 ;

x1 + 3x2 − 6x3 + x4 = 0 .

8.

~a = {1, 2, 2} ;
~b = {1, 0, −1} ;
~c = {1, 2, 3} ;
~d = {−5, −6, −3} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




1 0 0

0 0 0

0 0 1


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {−2, −3, 4}.

10.





x′
1 = x1 − x2 − x3 ;

x′
2 = −x1 + 2x2 + x3 ;

x′
3 = x1 − 3x2 − 2x3 .





x′′
1 = x′

1 + 2x′
2 + 3x′

3 ;
x′′

2 = x′
1 − x′

2 − x′
3 ;

x′′
3 = x′

1 − 3x′
2 − 2x′

3 .

11. A =




4 3 4

3 4 4

4 4 3


 .

12. 2x2 + 2xy + 2y2 = 27 .
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Âàðèàíò� 21.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = 7~p − 2~q , ~r = ~p + 3~q ,

∣∣∣ ~p
∣∣∣ =

1

2
,

∣∣∣ ~q
∣∣∣ = 2 , ∠

(
~p,~q

)
=

π

2
.

2�5. A1(1, 8, 0) , A2(0, −4, 5) , A3(−5, 7, 8) , A4(1, 4, 3) .
6. Äàíà ïðÿìàÿ 5x − y + 7 = 0 . Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç
òî÷êó M0(2, 1) ïîä óãëîì 45◦ ê äàííîé ïðÿìîé (k > 0).

7. x = 1 −
7

3

√
− y2 − 4y + 5 .

8. y =
−x + 4

x − 1
.

9.
{

x = 5 sin 2t ;
y = 2 cos 2t .

10. ρ = a sin3 ϕ .

11. α :
x + 1

9
=

y

2
=

z − 3

5
; A(−1, 1, 2) .

12. A1(7, −5, 0) , A2(6, −4, 1) , A3(1, −1, 0) , A4(−9, 11, 2) .
13. M(−1, 0, 3) ; α : x − 2y + 5z + 1 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




2 3

4 5

2 1

1 2


 ; B =

(
2 1 −5

2 −1 2

)
.

2. A =




1 2 3

1 1 3

3 −1 −2


 .

3.





x1 + 3x2 + 4x3 = 13 ;
x1 − x2 + 4x3 = −3 ;

2x1 + 4x2 − 3x3 = 7 .

4. A =




1 0 1 1 −2

2 1 −1 0 1

1 2 2 −1 3

1 4 10 −1 3

1 −9 −28 3 −7




.

5.





x1 + x2 − 2x3 + x4 = 0 ;
2x1 + 3x2 + x3 − x4 = 9 ;
3x1 + 42 − 2x3 − x4 = 6 ;

4x1 + 3x2 + 2x3 − 2x4 = 12 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
ñîáñòâåííûõ âåêòîðîâ ìàòðèöû 3�ãî ïîðÿäêà, îòíîñÿùèõñÿ ê îäíîì è òîìó æå ñîá-
ñòâåííîìó ÷èñëó? x ⊕ y = x + y ; λ ¯ x = λ · x .

7.





2x1 + x2 − x3 − x4 = 0 ;
4x1 − 2x2 − 2x3 + 3x4 = 0 ;
2x1 + 5x2 − x3 − 6x4 = 0 ;
2x1 − 3x2 − x3 + 4x4 = 0 .

8.

~a = {3, 1, 1} ;
~b = {−2, 3, −1} ;
~c = {1, −2, 2} ;
~d = {8, 4, 4} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




−1 0 0

0 1 0

0 0 −1


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {−2, 4, −5}.

10.





x′
1 = −5x1 + 4x2 − 4x3 ;

x′
2 = 2x1 − x2 + x3 ;

x′
3 = 5x1 − 2x2 + 3x3 .





x′′
1 = −3x′

1 − 2x′
2 − 5x′

3 ;
x′′

2 = 2x′
1 + x′

2 + 2x′
3 ;

x′′
3 = x′

1 + x′
2 − x′

3 .

11. A =




1 2 1

2 1 1

1 1 2


 .

12. 5x2 + 4xy + 8y2 = 36 .
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Âàðèàíò� 22.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = ~p + 3~q , ~r = 3~p − ~q ,

∣∣∣ ~p
∣∣∣ = 3 ,

∣∣∣ ~q
∣∣∣ = 5 , ∠

(
~p,~q

)
=

2π

3
.

2�5. A1(4, 7, 9) , A2(−1, −4, −5) , A3(−3, 3, 1) , A4(5, −6, 10) .
6. Íàéòè òî÷êó Q, ñèììåòðè÷íóþ òî÷êå P(1, −2) îòíîñèòåëüíî ïðÿìîé 2x−3y−3 =
0 .

7. y = −7 +
2

5

√
16 − 6x − x2 .

8. x = 1 −
3

2

√
y2 + 4y + 8 .

9.
{

x = cosec t ;
y = sin t .

10. ρ = a sin2 ϕ .

11. α :
x − 3

2
=

y + 4

3
=

z + 1

1
; A(2, −3, −1) .

12. A1(3, 4, −2) , A2(3, 3, −2) , A3(1, 4, 0) , A4(7, −2, 5) .
13. M(−1, 3, 2) ; α : 5x − y + 2z − 11 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




4 2

3 1

2 6

1 1


 ; B =

(
3 5 1 −2

1 2 1 1

)
.

2. A =




−2 1 1

1 0 1

5 −1 3


 .

3.





3x1 + 4x2 + 2x3 = 8 ;
2x1 − x2 − 3x3 = −4 ;
x1 + 5x2 + x3 = 0 .

4. A =




1 1 1 2 5

2 1 1 3 4

1 0 1 4 7

1 1 2 5 13

2 0 1 5 6




.

5.





x1 + 2x2 + 3x3 − x4 = 11 ;
2x1 + 3x2 + 2x3 + x4 = 11 ;
2x1 − x2 − 2x3 + x4 = −9 ;
3x1 + 2x2 − x3 + x4 = −1 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
äèàãîíàëüíûõ ìàòðèö n�ãî ïîðÿäêà?
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a ⊕ b = ||aik|| · ||bik|| ; λ ¯ a = ||λ · aik|| .

7.





x1 + 7x2 + 4x3 + 3x4 = 0 ;
5x1 − 5x2 + 10x3 − x4 = 0 ;

3x1 + x2 + 7x3 + x4 = 0 ;
x1 − 13x2 − x3 − 5x4 = 0 .

8.

~a = {6, −1, 1} ;
~b = {0, −1, −2} ;
~c = {−1, 1, 3} ;
~d = {2, −1, 5} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




0 0 0

0 1 0

0 0 0


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {10, −2, −3}.

10.





x′
1 = x1 + x2 − x3 ;

x′
2 = 2x1 − x2 + x3 ;

x′
3 = −x1 + x2 .





x′′
1 = 3x′

1 + x′
2 + x′

3 ;
x′′

2 = 2x′
1 + x′

2 + 2x′
3 ;

x′′
3 = 7x′

1 + 4x′
2 + 5x′

3 .

11. A =




−3 1 1

1 1 −3

1 −3 1


 .

12. 5x2 + 26xy + 5y2 = 72 .
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Âàðèàíò� 23.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = ~p + 4~q , ~r = 2~p − ~q ,

∣∣∣ ~p
∣∣∣ = 7 ,

∣∣∣ ~q
∣∣∣ = 2 , ∠

(
~p,~q

)
=

π

3
.

2�5. A1(−1, 0, 7) , A2(5, 3, 9) , A3(3, 8, 5) , A4(1, 3, 1) .
6. Äàíû òî÷êè P(−1, 2) è Q(0, 3). Ñîñòàâèòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç
òî÷êó Q ïåðïåíäèêóëÿðíî îòðåçêó PQ.

7. y = −2 +
3

7

√
− x2 + 2x + 48 .

8. y =
x − 1

2x − 5
.

9.
{

x = sec t ;
y = ln cos t .

10. ρ = a(sin ϕ + cos ϕ) .

11. α :
x + 2

1
=

y − 3

7
=

z − 2

3
; A(−1, 3, 1) .

12. A1(2, −7, 5) , A2(1, −6, 4) , A3(−1, −5, 4) , A4(2, −5, 13) .
13. M(1, −1, 1) ; α : x + 3y − 5z − 28 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




2 1

1 1

−1 3

4 2


 ; B =

(
1 0 2 3 4

2 −1 1 3 1

)
.

2. A =




2 −1 2

3 −2 1

1 1 2


 .

3.





3x1 + 2x2 + x3 = 5 ;
2x1 + 3x2 + x3 = 1 ;
2x1 + x2 + 3x3 = 11 .

4. A =




1 3 −1 1 −4

3 1 3 5 2

2 2 1 3 −1

1 −1 2 2 3

5 3 4 8 1




.

5.





x1 − 2x2 − x3 + 2x4 = 8 ;
2x1 + x2 + 2x3 + 3x4 = 8 ;
x1 + 3x2 + 2x3 + 3x4 = 0 ;
4x1 + 2x2 − x3 − 4x4 = −4 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
îïåðàòîðîâ Â(ϕ) ïîâîðîòà íà óãîë ϕ ?
Â(ϕ1) ⊕ Â(ϕ2) = Â(ϕ1 + ϕ2) ; λ ¯ Â(ϕ) = Â(λϕ) .

7.





x1 + x2 + 3x3 − 3x4 = 0 ;
3x1 + 2x2 − 3x3 + 2x4 = 0 ;

x1 + x2 + x3 − 2x4 = 0 ;
3x1 + x2 − 15x3 + 13x4 = 0 .

8.

~a = {1, 1, 2} ;
~b = {2, −1, 2} ;
~c = {−4, 2, 1} ;
~d = {−7, 8, 16} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




3 0 0

0 3 0

0 0 3


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {2, −1, 5}.

10.





x′
1 = x1 + 2x2 + 3x3 ;

x′
2 = x1 − x2 − x3 ;

x′
3 = −x1 + 2x2 + x3 .





x′′
1 = 3x′

1 − 7x′
2 − 5x′

3 ;
x′′

2 = x′
1 − 4x′

2 − 3x′
3 ;

x′′
3 = x′

1 − 3x′
2 − 2x′

3 .

11. A =




−1 2 −1

2 −1 −1

−1 −1 2


 .

12. 7x2 − 24xy = 144 .
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Âàðèàíò� 24.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = 10~p + ~q , ~r = 3~p − 2~q ,

∣∣∣ ~p
∣∣∣ = 4 ,

∣∣∣ ~q
∣∣∣ = 7 , ∠

(
~p,~q

)
=

π

6
.

2�5. A1(1, 5, 7) , A2(2, 4, 0) , A3(0, −7, 8) , A4(3, 3, 4) .
6. Äàí òðåóãîëüíèê ñ âåðøèíàìè A(1, −1), B(−2, 1), C(3, 5). Ñîñòàâèòü óðàâíåíèå
ïåðïåíäèêóëÿðà, îïóùåííîãî èç âåðøèíû C íà ìåäèàíó, ïðîâåäåííóþ èç âåðøèíû A.
7. x = 2

√
− 5 − 6y − y2 .

8. y = −2 +
2

3

√
x2 − 2x + 10 .

9.
{

x = cos t ;
y = ln sec t .

10. ρ = 4 sin ϕ .

11. α :
x − 5

1
=

y

−1
=

z + 7

3
; A(5, 1, −6) .

12. A1(1, −5, 2) , A2(2, −4, 0) , A3(6, −3, 2) , A4(11, −7, 9) .
13. M(−2, 3, 1) ; α : 3x − 2y − z − 1 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




2 1 3

1 2 5

1 1 0

1 −1 1


 ; B =




3 4

−2 1

2 3


 .

2. A =




−1 2 −4

−2 5 5

1 −2 3


 .

3.





x1 + 3x2 + x3 = 6 ;
x1 + x2 + 4x3 = 3 ;

x1 + 2x2 + 3x3 = 5 .

4. A =




1 1 2 1 0

1 5 6 5 −2

1 −1 0 −1 1

3 7 6 6 −3

2 2 0 1 −1




.

5.





x1 − 2x2 − 3x3 + 2x4 = −3 ;
−3x1 + 5x2 + 2x3 + 4x4 = 23 ;

2x1 − 3x2 + x3 + 2x4 = 4 ;
x1 − x2 − x3 − 5x4 = −18 .

6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ èç R3, êîîðäèíàòû êîòîðûõ óäîâëåòâîðÿþò óðàâíåíèþ x1 + x2 + x3 = 1 ?
a ⊕ b = a + b ; λ ¯ a = λ · a .
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7.





x1 − 3x2 − 4x3 + x4 = 0 ;
5x1 − 8x2 − 2x3 + 8x4 = 0 ;
2x1 + x2 + 10x3 + 5x4 = 0 ;
3x1 − 2x2 + 6x3 + 6x4 = 0 .

8.

~a = {1, 1, 2} ;
~b = {3, −1, 4} ;
~c = {1, 2, −1} ;
~d = {1, 6, 1} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




−1 0 0

0 −1 0

0 0 1


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {3, −2, −4}.

10.





x′
1 = 4x1 + 3x2 + 2x3 ;

x′
2 = 3x1 + 2x2 + x3 ;

x′
3 = x1 + 3x2 + 6x3 .





x′′
1 = 2x′

2 − x′
3 ;

x′′
2 = −2x′

1 − x′
2 + 2x′

3 ;
x′′

3 = 3x′
1 − 2x′

2 − x′
3 .

11. A =




5 2 2

2 2 5

2 5 2


 .

12. 5x2 + 4xy + 2y2 = 18 .
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Âàðèàíò� 25.

Âåêòîðíàÿ àëãåáðà è àíàëèòè÷åñêàÿ ãåîìåòðèÿ

1. −→
F = 2~p + 3~q , ~a = −~p + 2~q ,

∣∣∣ ~p
∣∣∣ = 2 ,

∣∣∣ ~q
∣∣∣ = 3 , ∠

(
~p,~q

)
=

π

4
.

2�5. A1(3, 4, 0) , A2(3, 10, 8) , A3(0, 0, 5) , A4(−1, 0, 2) .
6. Îïðåäåëèòü òî÷êó ïåðåñå÷åíèÿ ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êè M1(2, −2) è
M2(3, −5), ñ îñüþ Oy.

7. x = −5 +
2

5

√
8 + 2y − y2 .

8. y =
1 − x

1 + x
.

9.
{

x = t ;

y = e|t|−1 .

10. ρ =
1

2
+ sin ϕ .

11. α :
x

2
=

y

1
=

z + 5

−7
; A(1, −1, −4) .

12. A1(2, −1, 0) , A2(4, 2, −1) , A3(−1, −3, 0) , A4(5, −11, 7) .
13. M(1, −2, 3) ; α : 7x + y − z − 53 = 0 .

Ëèíåéíàÿ àëãåáðà

1. A =




2 1 −1

3 4 2

1 2 2


 ; B =




1 3

2 1

4 2


 .

2. A =




1 1 −1

2 1 −1

2 −1 2


 .

3.





3x1 − 2x2 + x3 = 11 ;
x1 + 3x2 − x3 = 2 ;

2x1 − x2 + 2x3 = 13 .

4. A =




1 2 5 4 3

2 4 7 8 2

1 2 8 4 7

1 2 −1 4 −5

2 4 1 8 −6




.

5.





x1 + x2 + x3 − 3x4 = −2 ;
2x1 + x2 − x3 − 5x4 = 4 ;
x1 + 2x2 − x3 − 2x4 = 7 ;

3x1 + 5x2 − 6x3 − 12x4 = 22 .
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6. Îáðàçóåò ëè ëèíåéíîå ïðîñòðàíñòâî íàä ïîëåì âåùåñòâåííûõ ÷èñåë ìíîæåñòâî âñåõ
âåêòîðîâ èç R3, êîîðäèíàòû êîòîðûõ óäîâëåòâîðÿþò óðàâíåíèþ x1 + x2 + x3 = 0 ?
a ⊕ b = a + b ; λ ¯ a = λ · a .

7.





x1 − x2 + 3x3 + 2x4 = 0 ;
8x1 − 9x2 + 12x3 + 8x4 = 0 ;

−2x1 + 3x2 + 6x3 + 4x4 = 0 ;
−7x1 + 9x2 + 3x3 + 2x4 = 0 .

8.

~a = {2, 3, 1} ;
~b = {1, −1, 3} ;
~c = {3, 2, 2} ;
~d = {3, −3, 11} .

9. Ëèíåéíîå ïðåîáðàçîâàíèå â ïðîñòðàíñòâå E
3 èìååò ìàòðèöó

A =




1 0 0

0 −1 0

0 0 1


 . Âûÿñíèòü ãåîìåòðè÷åñêèé ñìûñë ýòîãî ïðåîáðàçîâàíèÿ è íàéòè

îáðàç âåêòîðà ~b = {−2, 3, 8}.

10.





x′
1 = x1 + 2x2 + 3x3 ;

x′
2 = 2x1 − x2 − 2x3 ;

x′
3 = 3x1 − 2x2 + x3 .





x′′
1 = x′

1 + x′
2 ;

x′′
2 = x′

1 − x′
2 ;

x′′
3 = x′

2 + x′
3 .

11. A =




2 2 5

2 5 2

5 2 2


 .

12. 5x2 − 4xy + 5y2 = 63 .


