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äàíîìó âèïàäêó � öå ìíîæèíà ðîçâ'ÿçêiâ ëiíiéíîãî ðiâíÿííÿ.
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íåíóëüîâó êîíñòàíòó, i îòðèìàíå ðiâíÿííÿ, ÿêå âñå îäíî âèçíà÷àòèìå òó æ
ñàìó ïðÿìó.
Ðiâíÿííÿ ïðÿìî¨ ÷åðåç êóòîâèé êîåôiöi¹íò i âiäðiçîê: ïðÿìà ç êóòîâèì
êîåôiöi¹íòîì m i y-âiäðiçêîì (0, b) âèçíà÷à¹òüñÿ ðiâíÿííÿì
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Ðiâíÿííÿ ïðÿìî¨ ÷åðåç äâi òî÷êè: ïðÿìà, ùî ïðîõîäèòü ÷åðåç äâi ðiçíi
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Çàóâàæèìî, ùî ðiâíÿííÿ (2)�(4) ìîæíà çàñòîñóâàòè ëèøå äëÿ
íåâåðòèêàëüíèõ ïðÿìèõ, òîáòî öi ðiâíÿííÿ âèçíà÷àþòü ëèøå íåâåðòèêàëüíi
ïðÿìi.
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· · · · · ·
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(6)
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{(x, y) | ax+ by = c} , (1)
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, (5)
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íåíóëüîâèé âåêòîð êðàòíèé âåêòîðó −→v áóäå âèçíà÷àòè òó æ ñàìó ïðÿìó.
Íàïðÿìíi âåêòîðè ¹ àíàëîãàìè êóòîâèõ êîåôiöi¹íòiâ ó âèùèõ âèìiðàõ.
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óçãîäæóþòüñÿ. Îçíà÷åííÿ, çàñíîâàíå íà ðiâíÿííi ôîðìóëè (1)

{(x, y) | ax+ by = c} , (1)

¹ íåÿâíèì îçíà÷åííÿì, òîáòî îá'¹êò áóâ âèçíà÷åíèé ðiâíÿííÿì, òîäi ÿê
îçíà÷åííÿ çà äîïîìîãîþ ôîðìóëè (5){

p+ t−→v | t ∈ R
}
, (5)

¹ ÿâíèì îçíà÷åííÿì, òîáòî îá'¹êò âèçíà÷à¹òüñÿ ç òî÷êè çîðó
ïàðàìåòðèçàöi¨. Ìè ìîæåìî ðîçãëÿäàòè t ÿê ÷àñîâèé ïàðàìåòð i ïðî òå,
ùî éäåìî ïî ïðÿìié, ïåðåáóâàþ÷è â òî÷öi p+ t−→v â ìîìåíò ÷àñó t.
Çàóâàæèìî, ùî íàïðÿìíèé âåêòîð äëÿ ïðÿìî¨ íå ¹ ¹äèíèì. Áóäü-ÿêèé
íåíóëüîâèé âåêòîð êðàòíèé âåêòîðó −→v áóäå âèçíà÷àòè òó æ ñàìó ïðÿìó.
Íàïðÿìíi âåêòîðè ¹ àíàëîãàìè êóòîâèõ êîåôiöi¹íòiâ ó âèùèõ âèìiðàõ.
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Ïðèêëàä 1.4.3

Çàïèñàòè ðiâíÿííÿ ïðÿìî¨, ÿêà ïðîõîäèòü ÷åðåç òî÷êè p = (0, 2, 3) i
q = (−2, 1,−1).

Ðîçâ'ÿçîê. Âåêòîð −→pq = (−2,−1,−4) ¹ íàïðÿìíèì âåêòîðîì ïðÿìî¨ L, à
îòæå ïàðàìåòðè÷íèì ðiâíÿííÿì ïðÿìî¨ L ¹

x = −2t,
y = 2− t,
z = 3− 4t.
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Òî÷êè íàçèâàþòüñÿ êîëiíåàðíèìè, ÿêùî âîíè ëåæàòü íà îäíié ïðÿìié òà
íåêîëiíåàðíèìè â ïðîòèëåæíîìó âèïàäêó.

Îçíà÷åííÿ 1.4.7

Íåõàé p, q ∈ Rn. Ìíîæèíà {
p+ t−→pq | t ∈ [0, 1]

}
(7)

íàçèâà¹òüñÿ âiäðiçêîì âiä òî÷êè p äî òî÷êè q (äèâ. ðèñ.), i íàäàëi áóäå
ïîçíà÷àòèñÿ ÷åðåç [p, q]. Ó öüîìó âèïàäêó êàæóòü, ùî òî÷êè âiäðiçêà [p, q]
ëåæàòü (ðîçòàøîâàíi) ìiæ p i q.
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çàìêíåíîãî iíòåðâàëó äiéñíî¨ ïðÿìî¨, ùî ïîÿñíþ¹ ïîçíà÷åííÿ, àëå öi äâà
ïîíÿòòÿ íå çîâñiì îäíàêîâi, ó âèïàäêó n = 1. Íàñòóïíå òâåðäæåííÿ äà¹
äóæå êîðèñíó àëüòåðíàòèâíó õàðàêòåðèñòèêó âiäðiçêà.
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Íåõàé p, q ∈ Rn. Òîäi

[p, q] =
{
x ∈ Rn | |−→px|+ |−→xq| = |−→pq|

}
. (8)

Äîâåäåííÿ. Íåõàé

S =
{
x ∈ Rn | |−→px|+ |−→xq| = |−→pq|

}
.

Äëÿ äîâåäåííÿ âêëþ÷åííÿ [p, q] ⊆ S çàôiêñó¹ìî äîâiëüíå òî÷êó x ∈ [p, q].
Òîäi x = p+ t−→pq äëÿ äåÿêîãî äiéñíîãî ÷èñëà t òàêîãî, ùî 0 ⩽ t ⩽ 1.
Çâiäñè âèïëèâà¹, ùî

|−→px|+ |−→xq| = |t| · |−→pq|+ |1− t| · |−→pq| = |−→pq|,

à îòæå x ∈ S.
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òî ç íåðiâíîñòi òðèêóòíèêà âèïëèâà¹, ùî âåêòîðè −→px i −→xq ¹ ëiíiéíî
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Òîäi
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Iíøèìè ñëîâàìè,
|t|+ 1 = |t+ 1|. (9)

Ëåãêî áà÷èòè, ùî ðîçâ'ÿçêè ðiâíÿííÿ (9) çàäîâîëüíÿþòü íåðiâíiñòü 0 ⩽ t.
Àëå ðiâíiñòü −→px = t · −→xq ìîæíà ïåðåïèñàòè òàê

x = p+
1

1 + t
· −→pq.

Ç îñòàííüî¨ ðiâíîñòi âèïëèâà¹, ùî x ∈ [p, q], îñêiëüêè 0 ⩽
t

1 + t
⩽ 1. ■
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Ïðÿìi

Íàñòóïíå òâåðäæåííÿ äîâîäèòü ùå îäèí äîñèòü êîðèñíèé ôàêò. Âîíî
òàêîæ âiäiãðà¹ êëþ÷îâó ðîëü ó äîâåäåííi ðÿäó ìàéáóòíiõ òåîðåì.

Òâåðäæåííÿ 1.4.9

Íåõàé p � òî÷êà íà ïðÿìié L. ßêùî c > 0, òî iñíó¹ äâi òà ëèøå äâi òî÷êè
x íà L òàêi, ùî âèêîíó¹òüñÿ ðiâíiñòü |−→px| = c.

Äîâåäåííÿ. Íåõàé q � òî÷êà íà ïðÿìié L, âiäìiííà âiä òî÷êè p. Òîäi
êîæíà òî÷êà x íà ïðÿìié L ìà¹ âèçíà÷à¹òüñÿ íàñòóïíèì ÷èíîì
x = p+ s · −→pq, à îòæå c = |−→px| = |s| · |−→pq|. Òîäi ëèøå s = ±t ¹ ðîçâ'ÿçêàìè

ðiâíÿííÿ |s| = c

|−→pq|
, äå t =

c

|−→pq|
. Iíøèìè ñëîâàìè,

x = p+ t · −→pq àáî x = p− t · −→pq,

ùî i çàâåðøó¹ äîâåäåííÿ íàøîãî òâåðäæåííÿ. ■
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Íà çàâåðøåííÿ îçíà÷èìî ïîíÿòòÿ ïðîìåíÿ.

Îçíà÷åííÿ 1.4.10

Íåõàé p, q,−→v ∈ Rn. ßêùî −→v ̸= −→
0 , òî ïðîìiíü ç òî÷êè p â íàïðÿìêó −→v

(äèâ. ðèñ.), ÿêèé ïîçíà÷à¹òüñÿ ray(p,−→v ), âèçíà÷à¹òüñÿ çà ôîðìóëîþ
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