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Ñåðèÿ 11. Íåðàâåíñòâî Êîøè-Áóíÿêîâñêîãî-Øâàðöà.

Äëÿ ëþáûõ âåùåñòâåííûõ ÷èñåë a1, a2, . . . , an è b1, b2, . . . , bn èìååò ìåñòî íåðàâåíñòâî

(a1b1 + a2b2 + · · ·+ anbn)
2 6 (a21 + a22 + · · ·+ a2n)(b

2
1 + b22 + · · ·+ b2n).

75. Òîæäåñòâî Ëàãðàíæà.
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=
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(aibk − akbi)
2.

76. Äëÿ ïîëîæèòåëüíûõ ÷èñåë a1, a2, . . . , an äîêàæèòå íåðàâåíñòâî

(a1 + a2 + · · ·+ an)

(
1

a1
+

1

a2
+ · · ·+ 1

an

)
> n2.

77. Äîêàæèòå, ÷òî äëÿ âñåõ âåùåñòâåííûõ ÷èñåë x1, x2, . . . , xn âûïîëíåíû íåðàâåíñòâà
a) x1x2 + x2x3 + · · ·+ xn−1xn + xnx1 6 x2

1 + x2
2 + · · ·+ x2

n;
á) x1x2 + x2x3 + · · ·+ xn−1xn 6 x2

1 + x2
2 + · · ·+ x2

n.
78. Ïóñòü a1, a2, . . . , an è b1, b2, . . . , bn � ïîëîæèòåëüíûå ÷èñëà. Äîêàæèòå íåðàâåíñòâî(
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79. Ïóñòü a1, a2, . . . , an è b1, b2, . . . , bn � ïîëîæèòåëüíûå ÷èñëà. Äîêàæèòå íåðàâåíñòâî(
n∑

k=1

(ak + bk)
2

)(
n∑

k=1

1

akbk

)
> 4n2.

80. Äëÿ ëþáûõ ïîëîæèòåëüíûõ ÷èñåë a1, a2, . . . , an äîêàæèòå íåðàâåíñòâî

(a1 + a2 + · · ·+ an)(a
7
1 + a72 + · · ·+ a7n) > (a31 + a32 + · · ·+ a3n)(a

5
1 + a52 + · · ·+ a5n).

81. Ïóñòü P (x) � ìíîãî÷ëåí ñ ïîëîæèòåëüíûìè êîýôôèöèåíòàìè, P (1) = 1. Äîêàæèòå, ÷òî äëÿ ëþáîãî
ïîëîæèòåëüíîãî x âûïîëíåíî P (x)P (1/x) > 1.

82. Äëÿ ïîëîæèòåëüíûõ ÷èñåë a1, a2, . . . an è b1, b2, . . . bn äîêàæèòå íåðàâåíñòâî

n∑
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a2i
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>
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83. Äëÿ ïîëîæèòåëüíûõ a, b, c, d äîêàæèòå íåðàâåíñòâî

a

b+ c
+

b

c+ d
+

c

d+ a
+

d

a+ b
> 2.

84. Äëÿ ïîëîæèòåëüíûõ a, b, c, d äîêàæèòå íåðàâåíñòâî

a

b+ 2c+ 3d
+

b
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+
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+

d

a+ 2b+ 3c
>

2

3
.

85. Ñóììà ïîëîæèòåëüíûõ a, b, c, d ðàâíà 4. Äîêàæèòå, ÷òî

a

1 + b2c
+

b

1 + c2d
+
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1 + d2a
+

d

1 + a2b
> 2.


