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20. Ïðîâåðèòü, ÷òî îïèñàííîå â ïóíêòå 3 ìíîæåñòâî ôîðìàëüíûõ ñóìì ñ ââå-
äåííûìè îïåðàöèÿìè ñëîæåíèÿ è óìíîæåíèÿ íà ÷èñëî ÿâëÿåòñÿ ëèíåéíûì
ïðîñòðàíñòâîì.

21. Äîêàçàòü, ÷òî a02 = 01p = 0102.

22. Ïðèâåñòè ïðèìåð òåíçîðà, íå ÿâëÿþùåãîñÿ ðàçëîæèìûì.

23. Äàíî a = i1 + i3; b = 2i1 − i2;
X = i1i1 + i1i2 + 4i3i1 − 2i3i2;
Y = i1i1 + 2i3i1 − i3i2.

Âû÷èñëèòü:
à) P = ab+X− 3( trX)Y+ tr [ tr (2,3)(XY)]bb;
á) P = a ·Xb+ aX · b;
â) P = a · (X×Y) + (X×Y) · b.

24. Çàïèñàòü â èíäåêñíîì âèäå (ïðåäâàðèòåëüíî îïðåäåëèâ ðàíã âõîäÿùèõ â âû-
ðàæåíèå òåíçîðîâ):
a) tr (AT ·B · a);
á) tr [(a ·Ab) ·B].

25. Äîêàçàòü ñîîòíîøåíèÿ:
a) (X ·Y)T = YT ·XT;
á) trX = trXT;
â) a ·X = XT · a;
ã) tr (X ·Y) = tr (Y ·X) = tr (XT ·YT) = tr (YT ·XT);
ä) X⊙ a = X · a;
å) X⊙Y = tr (X ·YT), X, Y ∈ τ2;

æ) P× a = −(a×PT)
T
;

ç) tr (P× a) = tr (a×P);
è) tr [b× (a×P)] = b ·P · a− a · b trP.

26. Óïðîñòèòü âûðàæåíèå tr (a×P× b); P ∈ τ2.

27. Ðåøèòü óðàâíåíèå:
à) tr (A ·X)B+ αX = βC;
á) X+ α( trX)B = A;
â) 2X+ (A⊙X)B+ (B⊙X)A = C, ãäå A,B,C,X ∈ Tp

ã) XT + α( trX)B = A;
ä) tr (A ·X)AT + tr (B ·X)BT +X = C.

28. Ïðè êàêèõ óñëîâèÿõ óðàâíåíèå

αX+ ( trX)A = 0

èìååò íåíóëåâûå ðåøåíèÿ? Íàéòè ýòè ðåøåíèÿ.
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29. Äàíî
A = 2i1i1 + i2i2 − i3i1 + i3i2;
B = 3i1i1 + 5i2i2.

Âû÷èñëèòü à) (A×B)⊙B;
á) (B×A)⊙B.

30. Äîêàçàòü, ÷òî äëÿ ëþáûõ òåíçîðîâ A è B

(A×B)⊙B = 0.

31. Äîêàçàòü òîæäåñòâî
(a×P)× = P · a− a trP

.
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32. Ëèíåéíóþ ôóíêöèþ l(X) çàïèñàòü â âèäå ïîëíîãî óìíîæåíèÿ íà òåíçîð:
à) l(X) = trX;
á) l(X) = a ·X, X ∈ τ2;
â) l(X) = a ·X · b, X ∈ τ2;
ã) l(X) = X; X ∈ τ2;
å) l(X) = XT;
æ) l(X) = tr (A ·X ·B), A,B,X ∈ τ2;
ç) l(x) = P× x, ãäå P ∈ τ2;
è) l(X) = a ·XT · b+ tr (A ·X ·B), X, A, B ∈ τ2;
ê) l(x) = 2P× x+ 3x× E, P ∈ τ2 ;
ë) l(X) = 3X×, X ∈ τ2.

33. Äîêàçàòü, ÷òî åñëè ðàâåíñòâîA⊙X = 0 (A ∈ τp,X ∈ τq, p ≥ q) âûïîëíÿåòñÿ
äëÿ âñåõ X, òî A = 0 .

34. Íàéòè (a×E × b)× è tr (a× E× b).

35. Ïðåîáðàçîâàòü: a× E× b.

36. Äîêàçàòü òîæäåñòâî

a× bx× y = (a ·xb · y−a · y b ·x)E−a ·xyb+ b ·xya+a · y xb− b · y xa.

37. Äîêàçàòü òîæäåñòâî
(E× a) ·P = a×P.

38. Äîêàçàòü òîæäåñòâî

(E× a) = kk × a+ a× kk,

åñëè a · k = 0, k · k = 1.

39. Äîêàçàòü òîæäåñòâî[
(PT −P)× a

]
⊙ (E× b) = (P× × a) · b


