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Îðèåíòàöèÿ òðîéêè âåêòîðîâ (1)

3.1. Îïðåäåëåíèå âåêòîðíîãî ïðîèçâåäåíèÿ

Äëÿ òîãî, ÷òîáû äàòü îïðåäåëåíèå âåêòîðíîãî ïðîèçâåäåíèÿ âåêòîðîâ,

íåîáõîäèìî ââåñòè ïîíÿòèå îðèåíòàöèè òðîéêè âåêòîðîâ.

Îïðåäåëåíèå

Óïîðÿäî÷åííàÿ òðîéêà íåêîìïëàíàðíûõ âåêòîðîâ (~a,~b,~c) íàçûâàåòñÿ

ïðàâîé, åñëè èç êîíöà âåêòîðà ~c ïîâîðîò îò ~a ê

~b ïî íàèìåíüøåìó óãëó

âûãëÿäèò ïðîèñõîäÿùèì ïðîòèâ ÷àñîâîé ñòðåëêè, è ëåâîé � â ïðîòèâíîì

ñëó÷àå. Ïðàâóþ òðîéêó âåêòîðîâ íàçûâàþò òàêæå ïîëîæèòåëüíî

îðèåíòèðîâàííîé, à ëåâóþ � îòðèöàòåëüíî îðèåíòèðîâàííîé (ñì. ðèñ. 3.1).

~a

~a~b

~b

~c ~c

(1) (2)

�èñ. 3.1. Ïðàâàÿ (1) è ëåâàÿ (2) òðîéêè âåêòîðîâ
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Îðèåíòàöèÿ òðîéêè âåêòîðîâ (2)

Òåðìèíû ¾ïðàâàÿ¿ è ¾ëåâàÿ¿ òðîéêè âåêòîðîâ èìåþò

¾àíòðîïîëîãè÷åñêîå¿ ïðîèñõîæäåíèå: åñëè ñìîòðåòü ñ êîíöà áîëüøîãî

ïàëüöà íà ïîâîðîò îò ñðåäíåãî ïàëüöà ê óêàçàòåëüíîìó, òî íà ïðàâîé ðóêå

îí áóäåò ïðîèñõîäèòü ïðîòèâ ÷àñîâîé ñòðåëêè, à íà ëåâîé � ïî íåé.

Ïðè÷èíà, ïî êîòîðîé ïðàâàÿ òðîéêà íàçûâàåòñÿ òàêæå ïîëîæèòåëüíî

îðèåíòèðîâàííîé, à ëåâàÿ � îòðèöàòåëüíî îðèåíòèðîâàííîé, ñòàíåò ÿñíîé

â ñëåäóþùåì ïàðàãðà�å.

Î÷åâèäíî, ÷òî ñïðàâåäëèâî ñëåäóþùåå óòâåðæäåíèå:

Óòâåðæäåíèå 3.1

1 Ïåðåñòàíîâêà äâóõ ñîñåäíèõ âåêòîðîâ â òðîéêå ìåíÿåò å¼ îðèåíòàöèþ

íà ïðîòèâîïîëîæíóþ.

2 Öèêëè÷åñêàÿ ïåðåñòàíîâêà

1

âåêòîðîâ òðîéêè íå ìåíÿåò å¼

îðèåíòàöèþ.

1

Öèêëè÷åñêàÿ ïåðåñòàíîâêà � ýòî ïåðåõîä îò òðîéêè (~a,~b,~c) ê òðîéêå (~b,~c,~a) èëè ê

òðîéêå (~c,~a,~b).
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Îïðåäåëåíèå âåêòîðíîãî ïðîèçâåäåíèÿ âåêòîðîâ

Îïðåäåëåíèå

Âåêòîðíûì ïðîèçâåäåíèåì íåêîëëèíåàðíûõ âåêòîðîâ ~a è

~b íàçûâàåòñÿ

âåêòîð ~c òàêîé, ÷òî:

1 |~c | = |~a | · |~b | · sin(~̂a,~b ),

2 ~c⊥~a è ~c⊥~b,

3 òðîéêà âåêòîðîâ (~a,~b,~c ) � ïðàâàÿ.

Âåêòîðíîå ïðîèçâåäåíèå êîëëèíåàðíûõ âåêòîðîâ ïî îïðåäåëåíèþ ðàâíî

~0.

Âåêòîðíîå ïðîèçâåäåíèå âåêòîðîâ ~a è

~b îáîçíà÷àåòñÿ ÷åðåç ~a×~b èëè [~a,~b ].

Çàìå÷àíèÿ:

Åñëè ~a ‖ ~b, òî ~̂a,~b = 0 èëè ~̂a,~b = π. Â ýòîì ñëó÷àå

|~c | = |~a | · |~b | · sin 0 = 0, ÷òî ñîãëàñóåòñÿ ñ óñëîâèåì 1 îïðåäåëåíèÿ.

Óñëîâèå 2 îïðåäåëÿåò ïåðïåíäèêóëÿð ê ïëîñêîñòè âåêòîðîâ ~a è

~b.

Óñëîâèå 1 äàåò òîëüêî äâå âîçìîæíîñòè îòëîæèòü âåêòîð íóæíîé

äëèíû íà ýòîì ïåðïåíäèêóëÿðå, à óñëîâèå 3 äåëàåò âûáîð

îäíîçíà÷íûì.
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Âåêòîðíîå ïðîèçâåäåíèå â ìåõàíèêå è �èçèêå

Âåêòîðíîå ïðîèçâåäåíèå íåèçìåííî ñâÿçàíî  âðàùåíèåì. Ïðèâåäåì ïðèìåðû

òð¼õ ïîíÿòèé, êîòîðûå áóäóò ïîäðîáíî èçó÷åíû â äàëüíåéøåì íà êóðñàõ �èçèêè,

òåîðåòè÷åñêîé ìåõàíèêè è ìàòåìàòè÷åñêîãî àíàëèçà.

1. Ìîìåíò ñèëû � ýòî âåêòîðíàÿ âåëè÷èíà, õàðàêòåðèçóþùàÿ äåéñòâèå ñèëû íà

òâåðäîå òåëî, êîòîðîå ìîæåò âûçâàòü åãî âðàùàòåëüíîå äâèæåíèå. Åñëè

çà�èêñèðîâàòü òî÷êó è ðàññìîòðåòü ~r � ðàäèóñ-âåêòîð òî÷êè ïðèëîæåíèÿ ñèëû,

à òàêæå

~F � âåêòîð ñèëû, òî ìîìåíò ñèëû îïðåäåëÿåòñÿ êàê

~M = ~r × ~F .

Óñëîâèåì ñòàòè÷åñêîãî ðàâíîâåñèÿ ÿâëÿåòñÿ ðàâåíñòâî íóëåâîìó âåêòîðó íå

òîëüêî ñóììû âñåõ ñèë, íî ñóììû âñåõ ìîìåíòîâ ñèë îòíîñèòåëüíî ëþáîé òî÷êè.

2. Óãëîâàÿ ñêîðîñòü � ýòî âåêòîðíàÿ âåëè÷èíà, õàðàêòåðèçóþùàÿ âðàùåíèå

ìàòåðèàëüíîé òî÷êè îòíîñèòåëüíî îñè âðàùåíèÿ. Îáîçíà÷àåòñÿ êàê ~ω. Åñëè âçÿòü

íà÷àëî êîîðäèíàò íà îñè âðàùåíèÿ è ðàññìîòðåòü ðàäèóñ-âåêòîð ìàòåðèàëüíîé

òî÷êè ~r è âåêòîð å¼ ëèíåéíîé ñêîðîñòè ~v, òî îíè áóäóò ñâÿçàíû ðàâåíñòâîì

~v = ~ω × ~r.

3. �îòîð âåêòîðíîãî ïîëÿ. Â ìàòåìàòè÷åñêîì àíàëèçå (è �èçèêå)

ðàññìàòðèâàþòñÿ âåêòîðíûå ïîëÿ � �óíêöèè, ñîïîñòàâëÿþùèå êàæäîé òî÷êå

ïðîñòðàíñòâî êàêîé-òî âåêòîð. Åñëè

~F (x, y, z) � âåêòîðíîå ïîëå, à

∇ = ( ∂
∂x

, ∂
∂y

, ∂
∂z

) � äè��åðåíöèàëüíûé îïåðàòîð, òî ðîòîð âåêòîðíîãî ïîëÿ

îïðåäåëÿåòñÿ êàê

rot

~F = ∇× ~F .
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Âåêòîðíûå ïðîèçâåäåíèÿ âåêòîðîâ ïðàâîãî îðòîíîðìèðîâàííîãî áàçèñà

Îïðåäåëåíèå

Îðòîíîðìèðîâàííûé áàçèñ íàçûâàåòñÿ ïðàâûì, åñëè âåêòîðû áàçèñà

îáðàçóþò ïðàâóþ òðîéêó âåêòîðîâ, è ëåâûì, åñëè ëåâóþ.

Óòâåðæäåíèå 3.2

Ïóñòü (~i,~j,~k) � ïðàâûé îðòîíîðìèðîâàííûé áàçèñ. Òîãäà

~i×~j = ~k, ~j × ~k =~i, ~k ×~i = ~j.

Äîêàçàòåëüñòâî. Èç óñëîâèÿ 1 îïðåäåëåíèÿ âåêòîðíîãî ïðîèçâåäåíèÿ

ñëåäóåò, ÷òî |~i×~j| = |~i| · |~j| · sin
π

2
= 1 = |~k|. Ïîñêîëüêó òàêæå ~k⊥~i, ~k⊥~j è

òðîéêà

~i,~j,~k � ïðàâàÿ, òî

~k =~i×~j. Äâà äðóãèõ ðàâåíñòâà

óñòàíàâëèâàþòñÿ àíàëîãè÷íî.

Äàëåå ïî óìîë÷àíèþ ìû áóäåì ñ÷èòàòü ðàññìàòðèâàåìûå

îðòîíîðìèðîâàííûå áàçèñû ïðàâûìè.
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Êðèòåðèé êîëëèíåàðíîñòè âåêòîðîâ íà ÿçûêå âåêòîðíîãî ïðîèçâåäåíèÿ

Â � 1 áûë ïðèâåäåí êðèòåðèé êîëëèíåàðíîñòè âåêòîðîâ (óòâåðæäåíèå 1.7).

Ñ ïîìîùüþ âåêòîðíîãî ïðîèçâåäåíèÿ ìîæíî óêàçàòü åùå îäíî

óòâåðæäåíèå òàêîãî ðîäà.

Óòâåðæäåíèå 3.3 (êðèòåðèé êîëëèíåàðíîñòè âåêòîðîâ íà ÿçûêå âåêòîðíîãî

ïðîèçâåäåíèÿ)

Âåêòîðû ~a è

~b êîëëèíåàðíû òîãäà è òîëüêî òîãäà, êîãäà ~a×~b = ~0.

Äîêàçàòåëüñòâî. Åñëè ~a ‖ ~b, òî ~a×~b = ~0 ïî îïðåäåëåíèþ âåêòîðíîãî

ïðîèçâåäåíèÿ. Îáðàòíî, åñëè ~a×~b = ~0, òî |~a×~b | = 0, ò. å. ëèáî |~a | = 0,

ëèáî |~b | = 0, ëèáî sin(~̂a,~b ) = 0. ßñíî, ÷òî â êàæäîì èç ýòèõ òðåõ ñëó÷àåâ

~a ‖ ~b.
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�åîìåòðè÷åñêèé ñìûñë äëèíû âåêòîðíîãî ïðîèçâåäåíèÿ

Ñëåäóþùåå óòâåðæäåíèå óêàçûâàåò ñâîéñòâî âåêòîðíîãî ïðîèçâåäåíèÿ,

âàæíîå â ðàçëè÷íûõ ïðèëîæåíèÿõ êàê â ìàòåìàòèêå, òàê è çà åå

ïðåäåëàìè.

Óòâåðæäåíèå 3.4 (ãåîìåòðè÷åñêèé ñìûñë äëèíû âåêòîðíîãî ïðîèçâåäåíèÿ)

Åñëè âåêòîðû ~a è

~b íåêîëëèíåàðíû, òî äëèíà âåêòîðíîãî ïðîèçâåäåíèÿ

ýòèõ âåêòîðîâ ðàâíà ïëîùàäè ïàðàëëåëîãðàììà, ïîñòðîåííîãî íà ýòèõ

âåêòîðàõ êàê íà ñòîðîíàõ.

Äîêàçàòåëüñòâî. Ïóñòü ABCD � ïàðàëëåëîãðàìì, ïîñòðîåííûé íà

íåêîëëèíåàðíûõ âåêòîðàõ ~a è

~b êàê íà ñòîðîíàõ (ïðè ýòîì ~a =
−→
AB, à

~b =
−−→
AD ), S � ïëîùàäü ýòîãî ïàðàëëåëîãðàììà, h � äëèíà åãî âûñîòû,

îïóùåííîé èç òî÷êè D, à α � óãîë ìåæäó âåêòîðàìè ~a è

~b (ñì. ðèñ. 3.2).

Òîãäà S = |~a | · h = |~a | · |~b | · sinα = |~a×~b |.

A B

CD

h

α ~a

~b

�èñ. 3.2. Âû÷èñëåíèå ïëîùàäè ïàðàëëåëîãðàììà
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Àëãåáðàè÷åñêèå ñâîéñòâà âåêòîðíîãî ïðîèçâåäåíèÿ (1)

Òåîðåìà 3.1 (àëãåáðàè÷åñêèå ñâîéñòâà âåêòîðíîãî ïðîèçâåäåíèÿ)

Åñëè ~a,~b è ~c � ïðîèçâîëüíûå âåêòîðû, à t � ïðîèçâîëüíîå ÷èñëî, òî:

1 ~a×~b = −~b× ~a (àíòèêîììóòàòèâíîñòü);

2 (t~a )×~b = ~a× (t~b ) = t(~a×~b ) (÷èñëîâîé ìíîæèòåëü ìîæíî âûíîñèòü

çà çíàê âåêòîðíîãî ïðîèçâåäåíèÿ);

3 (~a+~b )× ~c = ~a× ~c+~b× ~c (äèñòðèáóòèâíîñòü îòíîñèòåëüíî ñëîæåíèÿ

âåêòîðîâ ïî ïåðâîìó àðãóìåíòó);

4 ~a× (~b+ ~c ) = ~a×~b+ ~a× ~c (äèñòðèáóòèâíîñòü îòíîñèòåëüíî ñëîæåíèÿ

âåêòîðîâ ïî âòîðîìó àðãóìåíòó).

Äîêàçàòåëüñòâî. 1. Åñëè ~a ‖ ~b, òî, â ñèëó âòîðîãî êðèòåðèÿ

êîëëèíåàðíîñòè, ~a×~b = ~0 è

~b× ~a = ~0. Èç ïîñëåäíåãî ðàâåíñòâà âûòåêàåò,
÷òî −~b× ~a = ~0, îòêóäà ~a×~b = −~b× ~a.

Ïðåäïîëîæèì òåïåðü, ÷òî ~a ∦ ~b. Óáåäèìñÿ ñíà÷àëà, ÷òî äëèíû âåêòîðîâ,

óêàçàííûõ â ëåâîé è ïðàâîé ÷àñòÿõ äîêàçûâàåìîãî ðàâåíñòâà, ðàâíû

ìåæäó ñîáîé.
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Àëãåáðàè÷åñêèå ñâîéñòâà âåêòîðíîãî ïðîèçâåäåíèÿ (2)

Â ñàìîì äåëå, sin(~̂a,~b ) = sin(~̂b,~a ), è ïîòîìó

|~a×~b | = |~a | · |~b | · sin(~̂a,~b ) = |~b | · |~a | · sin(~̂b,~a ) = |~b× ~a | = | −~b× ~a |.

Êàê ëåâàÿ, òàê è ïðàâàÿ ÷àñòè äîêàçûâàåìîãî ðàâåíñòâà îðòîãîíàëüíû

âåêòîðàì ~a è

~b. Ïîñêîëüêó òðîéêà âåêòîðîâ (~a,~b,~a×~b ) ÿâëÿåòñÿ ïðàâîé

(ïî îïðåäåëåíèþ âåêòîðíîãî ïðîèçâåäåíèÿ), äëÿ çàâåðøåíèÿ

äîêàçàòåëüñòâà ðàâåíñòâîñòàëîñü óáåäèòüñÿ â òîì, ÷òî òðîéêà

(~a,~b,−~b× ~a ) òàêæå ÿâëÿåòñÿ ïðàâîé. Çàìåòèì, ÷òî ïî îïðåäåëåíèþ

âåêòîðíîãî ïðîèçâåäåíèÿ òðîéêà (~b,~a,~b× ~a ) � ïðàâàÿ. Åñëè ó ïîñëåäíåãî

âåêòîðà ñìåíèòü çíàê, ìû ïîëó÷èì ëåâóþ òðîéêó (~b,~a,−~b× ~a ). Ïîñêîëüêó
ïåðåñòàíîâêà ñîñåäíèõ âåêòîðîâ ìåíÿåò îðèåíòàöèþ òðîéêè, ìû ïîëó÷àåì,

÷òî òðîéêà (~a,~b,−~b× ~a ) � ïðàâàÿ.

Ñâîéñòâà 2 è 3 áóäóò äîêàçàíû â ñëåäóþùåì ïàðàãðà�å. Ñâîéñòâî 4

ñëåäóåò èç ñâîéñòâ 1 è 3. Â ñàìîì äåëå,

~a×(~b+~c ) = −(~b+~c )×~a = −(~b×~a+~c×~a ) = −~b×~a−~c×~a = ~a×~b+~a×~c.
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Âåêòîðíîå ïðîèçâåäåíèå â îðòîíîðìèðîâàííîì áàçèñå (1)

3.2. Âåêòîðíîå ïðîèçâåäåíèå â îðòîíîðìèðîâàííîì áàçèñå

Òåîðåìà 3.2

Ïóñòü (~i,~j,~k) � ïðàâûé îðòîíîðìèðîâàííûé áàçèñ è ~x = (x1, x2, x3),
~y = (y1, y2, y3). Òîãäà

~x× ~y =

∣∣∣∣∣∣

~i ~j ~k

x1 x2 x3

y1 y2 y3

∣∣∣∣∣∣
.

Äîêàçàòåëüñòâî. Ñ ó÷¼òîì óòâåðæäåíèé 3.2, 3.3 è òåîðåìû 3.1 èìååì

~x× ~y = (x1
~i+ x2

~j + x3
~k)× (y1~i+ y2~j + y3~k) = x1y2 ·~i×~j + x1y3 ·~i× ~k+

+x2y1 ·~j×~i+x2y3 ·~j×~k+x3y1 ·~k×~i+x3y2 ·~k×~j = x1y2~k−x1y3~j−x2y1~k+
+x2y3~i+x3y1~j−x3y2~i = (x2y3−x3y1)~i− (x1y3−x3y1)~j+(x1y2−x2y1)~k =

=

∣∣∣∣
x2 x3

y2 y3

∣∣∣∣~i−
∣∣∣∣
x1 x3

y1 y3

∣∣∣∣~j +
∣∣∣∣
x1 x2

y1 y2

∣∣∣∣~k =

∣∣∣∣∣∣

~i ~j ~k

x1 x2 x3

y1 y2 y3

∣∣∣∣∣∣
.
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Âåêòîðíîå ïðîèçâåäåíèå â îðòîíîðìèðîâàííîì áàçèñå (2)

Ñëåäñòâèÿ. Â îáîçíà÷åíèÿõ òåîðåìû 3.2

Ïëîùàäü ïàðàëëåëîãðàììà, ïîñòðîåííîãî íà âåêòîðàõ ~x è ~y ðàâíà

S =
√

(x2y3 − x3y2)2 + (x1y3 − x3y1)2 + (x1y2 − x2y1)2.

sin (̂~x, ~y) =

√
(x2y3 − x3y2)2 + (x1y3 − x3y1)2 + (x1y2 − x2y1)2√

x2

1
+ x2

2
+ x2

3
·
√

y2

1
+ y2

2
+ y2

3

.
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Äâîéíîå âåêòîðíîå ïðîèçâåäåíèå (1)

3.3. Äâîéíîå âåêòîðíîå ïðîèçâåäåíèå

Îïðåäåëåíèå

Äâîéíûì âåêòîðíûì ïðîèçâåäåíèåì âåêòîðîâ ~a,~b,~c íàçûâàåòñÿ âåêòîð

~a× (~b× ~c).

Òåîðåìà 3.3 (�îðìóëà ¾ÁÀÖ ìèíóñ ÖÀÁ¿)

Äëÿ ëþáûõ âåêòîðîâ ~a,~b,~c èìååò ìåñòî ðàâåíñòâî

~a× (~b× ~c) = ~b(~a~c)− ~c(~a~b).

Äîêàçàòåëüñòâî. Ïóñòü

~b ‖ ~c. Òîãäà ~b× ~c = ~0 è ~a× (~b× ~c) = ~0. Áåç

îãðàíè÷åíèÿ îáùíîñòè ïóñòü

~b = t~c. Òîãäà
~b(~a~c)− ~c(~a~b) = (t~c)(~a~c)− ~c(~a(t~c)) = t~c(~a~c)− t~c(~a~c) = ~0.
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Äâîéíîå âåêòîðíîå ïðîèçâåäåíèå (2)

Ïóñòü òåïåðü

~b ∦ ~c. Âûáåðåì â ïðîñòðàíñòâå ïðàâûé îðòîíîðìèðîâàííûé

áàçèñ ñëåäóþùèì îáðàçîì:

~i � îðò âåêòîðà

~b, ~j � îðò âåêòîðà

~b× ~c è
~k =~i×~j. Â ýòîì áàçèñå ~a = (a1, a2, a3), ~b = (b1, 0, 0), ~c = (c1, 0, c3). Òîãäà

~b× ~c =

∣∣∣∣∣∣

~i ~j ~k

b1 0 0
c1 0 c3

∣∣∣∣∣∣
= −b1c3~j.

Ñëåäîâàòåëüíî,

~a× (~b× ~c) =

∣∣∣∣∣∣

~i ~j ~k

a1 a2 a3

0 −b1c3 0

∣∣∣∣∣∣
= a3b1c3~i− a1b1c3~k.

Äàëåå, ~a~c = a1c1 + a3c3, ~a~b = a1b1. Ïîëó÷èì
~b(~a~c)− ~c(~a~b) = (a1c1 + a3c3)b1~i− a1b1(c1~i+ c3~k) = a1b1c1~i+ a3b1c3~i−

− a1b1c1~i− a1b1c3~k = a3b1c3~i− a1b1c3~k.

Ñëåäñòâèå (~a×~b)× ~c = ~b(~a~c)− ~a(~b~c).

Äîêàçàòåëüñòâî ñëåäñòâèÿ ïðåäëàãàåòñÿ ïðîäåëàòü ñàìîñòîÿòåëüíî â

êà÷åñòâå óïðàæíåíèÿ.
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Äâîéíîå âåêòîðíîå ïðîèçâåäåíèå (3)

Óòâåðæäåíèå 3.5 (òîæäåñòâî ßêîáè)

Äëÿ ëþáûõ âåêòîðîâ ~a,~b,~c âûïîëíÿåòñÿ òîæäåñòâî

~a× (~b× ~c) +~b× (~c× ~a) + ~c× (~a×~b) = ~0.

Äîêàçàòåëüñòâî. Ïî òåîðåìå 3.3 ~a× (~b× ~c) +~b× (~c× ~a) + ~c× (~a×~b) =

= ~b(~a~c)− ~c(~a~b) + ~c(~b~a)− ~a(~b~c) + ~a(~c~b)−~b(~a~c) = ~0.

Ñëåäñòâèå. (~a×~b)× ~c = (~a× ~c)×~b+ ~a× (~b× ~c).

Äîêàçàòåëüñòâî ñëåäñòâèÿ îñòàâèì â êà÷åñòâå óïðàæíåíèÿ.

Çàìå÷àíèÿ.

Ôîðìóëà ñëåäñòâèÿ ïîõîæà íà �îðìóëó ïðîèçâîäíîé ïðîèçâåäåíèÿ äâóõ

�óíêöèé (f · g)′ = f ′
· g + f · g′, åñëè ââåñòè îáîçíà÷åíèå (~x)′ = ~x× ~c. Ýòî

íàçûâàåòñÿ âíóòðåííèì äè��åðåíöèðîâàíèåì, çàäàííûì ~c.

Òîæäåñòâî ßêîáè âìåñòå ñ òîæäåñòâîì ~a× ~a = ~0 èñïîëüçóåòñÿ äëÿ

îïðåäåëåíèÿ êîëåö è àëãåáð Ëè. Ò. å. ãåîìåòðè÷åñêèå âåêòîðû îòíîñèòåëüíî

îïåðàöèé ñëîæåíèÿ è âåêòîðíîãî ïðîèçâåäåíèÿ îáðàçóþò êîëüöî Ëè, à

âìåñòå ñ ïðîèçâåäåíèåì âåêòîðà íà ÷èñëî � àëãåáðó Ëè íàä ïîëåì R.

À. È. Áåëîâ �3. Âåêòîðíîå ïðîèçâåäåíèå âåêòîðîâ


