
Çàäàíèå 1 (ñäàòü ê 3 îêòÿáðÿ)

1. Âåðøèíû (íåïðÿìîóãîëüíîãî) òðåóãîëüíèêà ABC è òî÷êà H ïåðå-
ñå÷åíèÿ åãî âûñîò çàäàíû ðàäèóñ-âåêòîðàìè a, b, c è h. Äîêàçàòü,
÷òî

h =
a tg A + b tg B + c tg C

tg A + tg B + tg C
.

2. Âûðàçèòü ïëîùàäü ïðîåêöèè ïàðàëëåëîãðàììà íà âåêòîðàõ v è w
íà ïëîñêîñòü ñ åäèíè÷íîé íîðìàëüþ n ïðîñòåéøèì îáðàçîì ÷åðåç
äàííûå âåêòîðû.

3. Äëÿ âñåõ âåêòîðîâ ai, bi ïðîñòðàíñòâà R3 äîêàçàòü òîæäåñòâî

(a1 × a2) · (b1 × b2) =
∣∣∣∣ a1 · b1 a1 · b2

a2 · b1 a2 · b2

∣∣∣∣ .

4. (a) Çàïèñàòü óðàâíåíèå ïðÿìîé, ïðîõîäÿùåé ÷åðåç òî÷êó ñ ðàäèóñ-
âåêòîðîì r0 è ïàðàëëåëüíîé ïðîåêöèè âåêòîðà v íà ïëîñêîñòü ñ
íîðìàëüþ n.

(b) Çàäàòü ýòó ïðÿìóþ ïàðàìåòðè÷åñêè äëÿ êîíêðåòíûõ âåêòîðîâ.

� r0 v n
1 [2, 3, 5] [1, 1, 4] [1, 1, 1]
2 [1, 2, 4] [5, 1,−1] [2, 1, 2]
3 [2, 1, 2] [5, 3, 2] [1, 1, 2]
4 [0, 3,−2] [1, 5,−1] [1,−1,−1]
5 [−1, 1, 1] [4, 3, 1] [2, 1,−2]
6 [4, 0, 5] [2, 3,−2] [1,−1, 1]
7 [5, 2, 2] [−1, 1,−3] [2,−1, 2]
8 [3, 2,−1] [5, 3, 1] [1, 1,−2]
9 [4, 2, 1] [−1, 3, 5] [1,−2,−1]
10 [1, 1,−5] [1,−2,−3] [−1, 1, 1]
11 [1, 2, 5] [1, 0, 4] [1, 1,−1]
12 [1, 1, 4] [2,−7, 1] [−2, 1, 2]
13 [2, 1, 4] [4,−2, 3] [1,−1, 2]
14 [2,−1, 0] [3, 2,−1] [2, 2, 1]
15 [3, 1, 1] [2,−2,−1] [−1, 1, 2]

5. Òî÷êè A, B, C è D ÿâëÿþòñÿ âåðøèíàìè òåòðàýäðà. Ðàñïîëîæèòü
ñåìü ïëîñêîñòåé òàê, ÷òîáû êàæäàÿ èç íèõ áûëà ðàâíîóäàëåíà îò
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âñåõ ÷åòûð�åõ òî÷åê. Âûáðàâ äâå òàêèå ïëîñêîñòè, çàïèñàòü îáùåå
óðàâíåíèå îäíîé ïëîñêîñòè è ïàðàìåòðè÷åñêîå óðàâíåíèå äðóãîé.

1 A(1, 2, 3) B(2, 4, 1) C(4, 1, 1) D(1, 3, 4)
2 A(2, 4, 1) B(3, 5, 2) C(1, 1,−3) D(5, 2, 1)
3 A(1, 2, 2) B(2, 3, 3) C(2, 3, 4) D(2, 0, 2)
4 A(3,−1, 4) B(4,−2, 6) C(4, 0, 6) D(4,−3, 5)
5 A(1, 2, 1) B(2, 1, 2) C(2, 3, 3) D(4, 0, 2)
6 A(2, 1, 1) B(3, 3,−1) C(5, 0,−1) D(2, 2, 2)
7 A(1, 1,−2) B(2, 2,−1) C(0,−2,−4) D(4,−1,−2)
8 A(1,−3, 1) B(2,−2, 2) C(1,−2, 3) D(2,−5, 1)
9 A(2, 3,−1) B(3, 2, 1) C(3, 4, 1) D(3, 1, 0)
10 A(1, 3, 3) B(2, 2, 4) C(2, 4, 5) D(4, 1, 4)
11 A(1, 1, 1) B(2, 3,−1) C(4, 0,−1) D(1, 2, 2)
12 A(3, 2, 1) B(4, 1, 3) C(4, 3, 3) D(4, 0, 2)
13 A(1, 2,−1) B(2, 1, 0) C(2, 3,−1) D(4, 0, 0)
14 A(3, 1, 1) B(4, 2, 2) C(2,−2,−1) D(0, 3, 1)
15 A(2, 4, 3) B(1, 3, 2) C(1, 3, 1) D(3, 2, 3)

6. (a) Çàïèñàòü âåêòîðíóþ ôîðìóëó äëÿ íàõîæäåíèÿ òî÷êè ïåðåñå÷å-
íèÿ ïðÿìîé r = r1 + ta è ïëîñêîñòè r = r2 + ub + vc.

(b) Íàéòè ýòó òî÷êó äëÿ êîíêðåòíûõ ïðÿìîé è ïëîñêîñòè.

� r1 a r2 b c
1 [1, 2, 3] [1, 1, 1] [2, 3, 4] [1, 2, 1] [2, 1, 1]
2 [4, 2, 1] [3, 2, 1] [1, 2, 3] [1, 1, 1] [−2, 1, 1]
3 [1, 1, 2] [3, 1, 1] [4, 2, 3] [1, 1, 1] [2, 1,−1]
4 [1, 3, 4] [1, 1, 2] [2, 2, 3] [3, 2, 2] [1, 2, 1]
5 [3, 2, 4] [1, 2, 1] [1, 3, 3] [1, 1, 5] [1, 2, 4]
6 [3, 2,−2] [1, 2, 3] [2, 5,−1] [2, 1, 2] [1, 1, 3]
7 [3,−1, 3] [−2, 1, 2] [2, 3, 4] [1, 2, 3] [−1, 1, 1]
8 [2, 0, 3] [3, 1, 3] [1, 4, 4] [1, 2, 3] [1, 1, 1]
9 [2, 5, 2] [2,−2, 1] [1, 2, 2] [1, 1, 1] [1, 3, 2]
10 [1, 2, 3] [−1, 2, 1] [2, 5, 2] [1, 4, 2] [1, 2, 2]
11 [−1, 1, 1] [3, 4, 1] [1, 2, 2] [2, 3,−1] [1, 2, 1]
12 [−1, 3, 2] [2, 2, 1] [1, 1, 1] [2, 3,−1] [1, 2, 1]
13 [1, 3, 4] [3, 1, 1] [4, 2, 3] [1, 1, 1] [2, 1,−1]
14 [3, 2, 5] [2, 1, 2] [2, 5, 4] [1, 2, 3] [−1, 1, 3]
15 [2, 2, 2] [3, 3, 2] [−1, 3, 2] [1, 1, 1] [1, 2, 1]
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7. Â ïðîñòðàíñòâå äàíû ïðÿìûå

x

1
=

y

a
=

z

1
è

{
x− ay + a− 1 = 0,

x− z + a2 − 4a + 3 = 0.

(a) Îïðåäåëèòü, ïðè êàêèõ çíà÷åíèÿõ ïàðàìåòðà a ýòè ïðÿìûå ñîâ-
ïàäàþò, ïàðàëëåëüíû, ïåðåñåêàþòñÿ, ñêðåùèâàþòñÿ.

(b) Ïðè a = 2 íàéòè îñíîâàíèÿ îáùåãî ïåðïåíäèêóëÿðà ê ýòèì ïðÿ-
ìûì.

8. Äîêàçàòü, ÷òî ïîëîâèíà àáñîëþòíîé âåëè÷èíû ÷èñëà∣∣∣∣∣∣
x1 y1 1
x2 y2 1
x3 y3 1

∣∣∣∣∣∣
ðàâíà ïëîùàäè òðåóãîëüíèêà ñ âåðøèíàìè (xi, yi), i = 1, 2, 3.

9. Íàéòè â âåêòîðíîé ôîðìå ðåøåíèå r ñèñòåìû òð�åõ óðàâíåíèé

r · ai = ci, i = 1, 2, 3,

ãäå ai íåêîìïëàíàðíû.

10∗. (Ôîðìóëà Ðîäðèãà) Åäèíè÷íûé âåêòîð u ∈ R3 è ÷èñëî θ ∈ R çàäàþò
ïîâîðîò ïðîñòðàíñòâà íà óãîë θ âîêðóã îñè, ïðîõîäÿùåé ÷åðåç u.
Äîêàçàòü, ÷òî ïðîèçâîëüíûé âåêòîð v ïðåîáðàçóåòñÿ â âåêòîð

v cos θ + u(u · v)(1− cos θ)± u× v sin θ.

Çíàê âûáèðàåòñÿ ñîãëàñíî íàïðàâëåíèþ ïîâîðîòà.
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