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1. ùk

2005�7~Ê4aëEê® (MERIDA) ÔWí�46�ÅÒbçSŠ®= (IMO 2005)

�øÙítæúÑ: q x, y, z Ñ£b/ xyz ≥ 1� °„:

x5 − x2

x5 + y2 + z2
+

y5 − y2

x2 + y5 + z2
+

z5 − z2

x2 + y2 + z5
≥ 0 (1)

¥−âÚÅTXí.��tæAÑ…� IMO 2)}0|Qíøæ, F�¡ˇ²Gí�Ì

)}cÑ0.92}, )Å}6É�55P (210.87%), )É}íò®417P (282.41%), —c¤

æíØ�� l�Ö? (Moldova) ²G Boreico Iurie Ä¤æíj¶×)7 ã}¤8íÔ�

Ý�

…dÒ#|¤æí„p� ‹#DR��

2. „pD‹#

„p…æíÉœuZ¨“ÉK.��”, ø“ÉK.��” _¹)F„.��� J.Í, 7

¦¬“ }‚“Ñc�.��”íj¶V„p, ª?b˚Ø)Ö�

úk�á¸íú˚}�.��Vƒ, F‚Z¨“ÉK.��”, õÒ,ÿuø¸�2í©ø

á[òA}‚ó°� }äª3²í�ä� xñàS[ò%%Ûb%¬“¿� òg� RÜ��

¤Õ, Ê„p.�� (1) v´Ûb·<ƒ‘K xyz ≥ 1 ª‰$Ñ
1

x
≤ yz C x ≥

1

yz
7

®ƒ²jC¾jíñí�

68
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„p1: íl„p“ÉK.��”:

x5 − x2

x5 + y2 + z2
≥

x2 − 1
2
(y2 + z2)

x2 + y2 + z2
(2)

ÄÑ x3(x3 − 1)(x2 + y2 + z2) − (x3 − 1)(x5 + y2 + z2) = (x3 − 1)2(y2 + z2) ≥ 0, FJ

x5 − x2

x5 + y2 + z2
≥

x2 − 1
x

x2 + y2 + z2
(3)

¢â xyz ≥ 1, �
1

x
≤ yz ≤

y2+z2

2
, µó

x5−x2

x5+y2+z2
≥

x2− 1
x

x2+y2+z2
≥

x2− 1
2
(y2+z2)

x2+y2+z2
,

¹.�� (2) A
� °Ü, �

y5 − y2

x2 + y5 + z2
≥

y2 − 1
2
(z2 + x2)

x2 + y2 + z2
,

z5 − z2

x2 + y2 + z5
≥

z2 − 1
2
(x2 + y2)

x2 + y2 + z2
,

ú�ó‹, �

x5 − x2

x5 + y2 + z2
+

y5 − y2

x2 + y5 + z2
+

z5 − z2

x2 + y2 + z5

≥
x2 − 1

2
(y2 + z2)

x2 + y2 + z2
+

y2 − 1
2
(z2 + x2)

x2 + y2 + z2
+

z2 − 1
2
(x2 + y2)

x2 + y2 + z2
= 0,

].�� (1) A
�

Åp: ‡ÞTƒíl�Ö? (Moldova) ²G Boreico Iurie ×Ô�Ýíj¶w!…2˜

D„p1ó°, Fl„pí (3) ��

„p2: â
x5 − x2

x5 + y2 + z2
= 1 −

x2 + y2 + z2

x5 + y2 + z2
, ø.�� (1) �gk

1

x5 + y2 + z2
+

1

x2 + y5 + z2
+

1

x2 + y2 + z5
≤

3

x2 + y2 + z2
(4)

·<ƒ yz ≥
1

x
, 1@à5a.��, �

(x5 + y2 + z2)(yz + y2 + z2) ≥ (x5 + y2 + z2)(
1

x
+ y2 + z2) ≥ (x2 + y2 + z2)2,

FJ
1

x5 + y2 + z2
≤

yz + y2 + z2

(x2 + y2 + z2)2
≤

y2+z2

2
+ y2 + z2

(x2 + y2 + z2)2
=

3

2

y2 + z2

(x2 + y2 + z2)2
, ¹

1

x5 + y2 + z2
≤

3

2

y2 + z2

(x2 + y2 + z2)2
. (5)
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°Ü, �
1

x2 + y5 + z2
≤

3

2

z2 + x2

(x2 + y2 + z2)2
,

1

x2 + y2 + z5
≤

3

2

x2 + y2

(x2 + y2 + z2)2
, ú�ó

‹, �

1

x5 + y2 + z2
+

1

x2 + y5 + z2
+

1

x2 + y2 + z5

≤
3

2

y2 + z2

(x2 + y2 + z2)2
+

3

2

z2 + x2

(x2 + y2 + z2)2
+

3

2

x2 + y2

(x2 + y2 + z2)2
=

3

x2 + y2 + z2
,

¹.�� (4) A
, ].�� (1) A
�

Åp: …æí·æ6ÚÅí Hojoo Lee lÞTXíj�w!…2˜D,H„p2éN, F

lø (1) “Ñ�gí

x2 + y2 + z2

x5 + y2 + z2
+

x2 + y2 + z2

x2 + y5 + z2
+

x2 + y2 + z2

x2 + y2 + z5
≤ 3 (6)

Í(à5a.��)ƒ
x2 + y2 + z2

x5 + y2 + z2
≤

yz + y2 + z2

x5 + y2 + z2
, °Ü)|Çs�, ú�ó‹)

x2 + y2 + z2

x5 + y2 + z2
+

x2 + y2 + z2

x2 + y5 + z2
+

x2 + y2 + z2

x2 + y2 + z5
≤ 2 +

yz + zx + xy

x2 + y2 + z2
≤ 3, ¹ (6) A
�

„p3: â„p2ø, b„p.�� (1), ÉÛ„p.�� (5), ·<ƒ x ≥
1

yz
, �

1

x5 + y2 + z2
=

1

x · x4 + y2 + z2
≤

1

x4

yz
+ y2 + z2

≤
1

2x4

y2 + z2
+ y2 + z2

=
y2 + z2

2x4 + (y2 + z2)2
=

y2 + z2

2

3
(x2 + y2 + z2)2 +

1

3
(2x2 − y2 − z2)2

≤
3

2

y2 + z2

(x2 + y2 + z2)2
,

¹
1

x5 + y2 + z2
≤

3

2

y2 + z2

(x2 + y2 + z2)2
, J-°„p2�

„p4: ·<ƒ.�� (1) �gk

x5

x5 + y2 + z2
+

y5

x2 + y5 + z2
+

z5

x2 + y2 + z5

≥
x2

x5 + y2 + z2
+

y2

x2 + y5 + z2
+

z2

x2 + y2 + z5
(7)

Bb„py#í

x5

x5 + y2 + z2
+

y5

x2 + y5 + z2
+

z5

x2 + y2 + z5

≥ 1 ≥
x2

x5 + y2 + z2
+

y2

x2 + y5 + z2
+

z2

x2 + y2 + z5
(8)
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Ñ„ (8) ˝ií.��, l„“ÉK.��”:

x5

x5 + y2 + z2
≥

x4

x4 + y4 + z4
(9)

â
x5

x5 + y2 + z2
−

x4

x4 + y4 + z4
= x5 ·

y4 + z4 −
1

x
(y2 + z2)

(x5 + y2 + z2)(x4 + y4 + z4)

≥ x5 ·
y4 + z4 − yz(y2 + z2)

(x5 + y2 + z2)(x4 + y4 + z4)
≥ x5 ·

y4 + z4 −
1

2
(y2 + z2)2

(x5 + y2 + z2)(x4 + y4 + z4)

=
x5

2
·

(y2 − z2)2

(x5 + y2 + z2)(x4 + y4 + z4)
≥ 0, ø.��(9) A
,

°Ü, �
y5

x2 + y5 + z2
≥

y4

x4 + y4 + z4
,

z5

x2 + y2 + z5
≥

z4

x4 + y4 + z4
ú�ó‹¹)� (8)

˝ií.���

@à‡Þ˛„í.�� (5), �

x2

x5 + y2 + z2
≤

3

2

x2y2 + z2x2

(x2 + y2 + z2)2
, (10)

°Ü�
y2

x2 + y5 + z2
≤

3

2

y2z2 + x2y2

(x2 + y2 + z2)2
,

z2

x2 + y2 + z5
≤

3

2

z2x2 + y2z2

(x2 + y2 + z2)2
, ú�ó‹)

x2

x5 + y2 + z2
+

y2

x2 + y5 + z2
+

z2

x2 + y2 + z5
≤

3(x2y2 + y2z2 + z2x2)

(x2 + y2 + z2)2

≤
(x2 + y2 + z2)2

(x2 + y2 + z2)2
= 1

¹� (8) ¬ií.��A
, Ä7.�� (8) A
, ].�� (1) A
�

Åp: ‡ÞBb„p.�� (1)� (4)� (8), u¦¬}�Z¨7“ÉK.��”(2)� (5)�

(9)� (10) VõÛí, ¥UBb�;–2001�Ê1ÅMðâÔWí�42�ÅÒbçSŠ®=

(IMO42) 2, 6uâÚÅ Hojoo Lee lÞTXíµ−’�A¨í.��ætæ (¹ IMO42-

2):

q a, b, c > 0, °„

a
√

a2 + 8bc
+

b
√

b2 + 8ca
+

c
√

c2 + 8ab
≥ 1 (11)

¤æí·æ6TXí„¶°šul„“ÉK.��”:
a

√
a2 + 8bc

≥
a

3
4

a
3
4 + b

3
4 + c

3
4

, °Ü

)|Çs�, ó‹¹) (11)�
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â¤ªJõ|, IMO46-3D IMO42-2[Þ,N˛.°, w„¶SwóN, *¥_<2,

ƒ¥s−tæ°|øÄ� Éu IMO46-3í·æ6Ê„p (1) v, lú (1) THb‰$“A�

g.�� (6) (yÍ\@à5a.��)|“ÉK.��”:
x2 + y2 + z2

x5 + y2 + z2
≤

yz + y2 + z2

x2 + y2 + z2
�

ÇÕ IMO42-2à�dj¶ (¹ }‚ ;Uíj¶) ñq„|, 7 IMO46-3à�dj¶

(¹ }‚íj¶) ÿ˚Ø)Ö,¥6ÿu IMO46-3)}0Q,7 IMO42-2)}01.QíŸ

ÄFÊ�

çÍà }‚íj¶„p¤æ1.u.ªW, Éu«�¾œ×, /Ûbœ#íHb‰$?

‰, …Ÿ¬ˇ2×)À�íCÉ²GÙF^°çÿuà¤¶„|7…æ:

„p5: p
∑

xmyn = xmyn + ymzn + zmxn,
∑

xmynzk = xmynzk + ymznxk +

zmxnyk,
∑

xm = xm + ym + zm, ø (1) ˝i¦}�Ç1“�ª), F„p.���gk

3x5y5z5 + 2
∑

x7y5 + 2
∑

x5y7 +
∑

x9 +
∑

x5y2z2

≥
∑

x5y5z2 +
∑

x5y4 +
∑

x4y5 +
∑

x6 +
∑

x4y2 +
∑

x2y4 + 3x2y2z2 (12)

â��.���
1

4
(x5y5z5 + x5y5z5 + x7y5 + x5y7) ≥ 4

√

x22y22z10 = x5y5z2√xyz ≥
x5y5z2, ú x, y, z 3²°¸)

3

2
x5y5z5 +

1

4

∑

x7y5 +
1

4

∑

x5y7 ≥
∑

x5y5z2 (12.1)

â��.���
1

3
(x7y5+x5y7+x5y2z2) ≥ 3

√

x17y14z2 = x5y4 3
√

(xyz)2 ≥ x5y4, >² x, y

)
1

3
(x5y7 +x7y5 + y5x2z2) ≥ x4y5, s�ó‹)

2

3
x7y5 +

2

3
x5y7 +

1

3
x5y2z2 +

1

3
y5x2z2 ≥

x5y4 + x4y5, ú x, y, z 3²°¸)

2

3

∑

x7y5 +
2

3

∑

x5y7 +
2

3

∑

x5y2z2 ≥
∑

x5y4 +
∑

x4y5 (12.2)

â��.���
1

3
(x9 + x9 + x2y2z2) ≥ 3

√

x20y2z2 = x6 3
√

(xyz)2 ≥ x6, ú x, y, z 3²°

¸)
2

3

∑

x9 + x2y2z2 ≥
∑

x6 (12.3)

â��.���
1

6
(x7y5+x5y7+x9+x5y2z2+2x2y2z2) ≥ 6

√

x30y18z6 = x4y2xyz ≥ x4y2,

>² x, y )
1

6
(x5y7 + x7y5 + y9 + x2y5z2 + 2x2y2z2) ≥ x2y4, s�ó‹)

1

3
x7y5 +

1

3
x5y7 +

1

6
(x9 + y9) +

1

6
(x5y2z2 + x2y5z2) +

2

3
x2y2z2 ≥ x4y2 + x2y4
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ú x, y, z 3²°¸)

1

3

∑

x7y5 +
1

3

∑

x5y7 +
1

3

∑

x9 +
1

3

∑

x5y2z2 + 2x2y2z2 ≥
∑

x4y2 +
∑

x2y4

(12.4)

¢,

3

4
(
∑

x7y5 +
∑

x5y7) ≥
3

4
· 6 · 6

√

x24y24z24 =
9

2
x2y2z2(xyz)2 ≥

9

2
x2y2z2 (12.5)

J£
3

2
x5y5z5 ≥

3

2
x2y2z2 (12.6)

ø (12.1)�(12.2)�(12.3) �(12.4)�(12.5)�(12.6) ó‹¹) (12), Ä7.�� (1) A
�

3. R�

ø.�� (1)� (8) R�ƒ n _å‚í8$, )ƒ

·æ1: q xi > 0 (i = 1, 2, . . . , n), x1x2 · · ·xn ≥ 1, †

(i)
n
∑

i=1

x2n−1
i − xn−1

i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≥ 0 (13)

(ii)
n
∑

i=1

x2n−1
i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≥ 1 ≥
n
∑

i=1

xn−1
i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

(14)

Åp1: Ê·æ12¦ n = 3, â (13)�(14) ¹) (1)�(8)� FJ·æ1u.�� (1)�(8)

íR��

„p: éÍ.�� (14) u (13) í‹#, ]ÉÛ„p (14)�

Ñ„p (14) ˝ií.��, l„p:

x2n−1
i

x2n−1
i +

n
∑

j=1
j 6=i

xn−1
j

≥
(xn−1

i )2

n
∑

j=1

(xn−1
j )2

(15)

(15)⇔
n
∑

j=1

(xn−1
j )2−

1

x
(x2n−1

i +

n
∑

j=1,j 6=i

xn−1
j )≥0⇔

n
∑

j=1

(xn−1
j )2−

1

x

n
∑

j=1,j 6=i

xn−1
j ≥0 (16)
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ÄÑ
1

xi
≤

n
∏

j=1,j 6=i

xj ≤
1

n − 1

n
∑

j=1,j 6=i

xn−1
j , ¢â5a.��� (n − 1)

n
∑

j=1,j 6=i

(xn−1
j )2 ≥

(
n
∑

j=1,j 6=i

xn−1
j )2, FJ

n
∑

j=1,j 6=i

(xn−1
j )2−

1

x

n
∑

j=1,j 6=i

xn−1
j ≥

n
∑

j=1,j 6=i

(xn−1
j )2−

1

n − 1
(

n
∑

j=1,j 6=i

xn−1
j )2

=
1

n − 1
[(n − 1)

n
∑

j=1,j 6=i

(xn−1
j )2 − (

n
∑

j=1,j 6=i

xn−1
j )2] ≥ 0 � ¹.�� (16) A
, Ä7.��

(15) A
� ku

n
∑

i=1

x2n−1
i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≥
n
∑

i=1

(xn−1
i )2

n
∑

j=1

(xn−1
j )2

= 1, ¹� (14) ˝ií.��

A
� ¢â x1x2 · · ·xn ≥ 1, �

n
∏

j=1,j 6=i

xj ≥
1

xi
, â5a.���

(x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j )(

n
∏

j=1,j 6=i

xj+

n
∑

j=1,j 6=i

xn−1
j ) ≥ (x2n−1

i +

n
∑

j=1,j 6=i

xn−1
j )(

1

xi
+

n
∑

j=1,j 6=i

xn−1
j )

≥(

n
∑

j=1

xn−1
j )2, FJ

1

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≤

n
∏

j=1,j 6=i

xj +
n
∑

j=1,j 6=i

xn−1
j

(

n
∑

j=1

xn−1
j )2

≤

1

n − 1

n
∑

j=1,j 6=i

xn−1
j +

n
∑

j=1,j 6=i

xn−1
j

(

n
∑

j=1

xn−1
j )2

=
n

n − 1

n
∑

j=1,j 6=i

xn−1
j

(

n
∑

j=1

xn−1
j )2

,

¹
1

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≤
n

n − 1

n
∑

j=1,j 6=i

xn−1
j

(
n
∑

j=1

xn−1
j )2

(17)

ku,
xn−1

i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≤
n

n−1

xn−1
i (

n
∑

j=1

xn−1
j −xn−1

i )

(

n
∑

j=1

xn−1
j )2

=
n

n−1

xn−1
i (

n
∑

j=1

xn−1
j )−(xn−1

i )2

(

n
∑

j=1

xn−1
j )2

,
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ú i °¸)

n
∑

i=1

xn−1
i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≤
n
∑

i−1

n

n − 1

xn−1
i (

n
∑

j=1

xn−1
j ) − (xn−1

i )2

(

n
∑

j=1

xn−1
j )2

=
n

n − 1

(

n
∑

j=1

xn−1
j )2 −

n
∑

j=1

(xn−1
j )2

(

n
∑

j=1

xn−1
j )2

, b„� (14) ¬ií.��, ÉÛ„p

n(

n
∑

j=1

xn−1
j )2 − n(

n
∑

j=1

(xn−1
j )2 ≤ (n − 1)(

n
∑

j=1

xn−1
j )2 ⇔ n

n
∑

j=1

(xn−1
j )2 ≥ (

n
∑

j=1

xn−1
j )2,

â5a.��ø(ø.��A
, FJ (14) ¬ií.��A
� ].�� (14) A
�

Åp2: .�� (13) íø�òQ„p:

ÄÑ
x2n−1

i − xn−1
i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

−
x2n−1

i − xn−1
i

xn
i

n
∑

j=1

xn−1
j

=

xn−1
i (xn−1

i − 1)2

n
∑

j=1,j 6=i

xn−1
j

(x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j )(xn

i

n
∑

j=1

xn−1
j )

≥ 0,

â¤1·<ƒ
1

xi

≤
n
∏

j=1,j 6=i

xj ≤
1

n − 1

n
∑

j=1,j 6=i

xn−1
j , †

x2n−1
i − xn−1

i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≥
xn−1

i − 1
xi

n
∑

j=1

xn−1
j

≥

xn−1
i −

1

n − 1

n
∑

j=1,j 6=i

xn−1
j

n
∑

j=1

xn−1
j

,

FJ

n
∑

i=1

x2n−1
i − xn−1

i

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≥
n
∑

i=1

xn−1
i −

1

n − 1

n
∑

j=1,j 6=i

xn−1
j

n
∑

j=1

xn−1
j

=

n
∑

i=1

xn−1
i −

1

n − 1
(n − 1)

n
∑

j=1

xn−1
j

n
∑

j=1

xn−1
j

= 0,

¹.�� (13) A
�
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Åp3: .�� (13) �gk

n
∑

i=1

1

x2n−1
i +

n
∑

j=1,j 6=i

xn−1
j

≤
n

n
∑

j=1

xn−1
j

(18)

¥ªâ‡Þ˛„)í (17) ú i °¸¹)�

4. ªø¥íR�

T�² xn−1
i → xi (i = 1, 2, . . . , n), † (13)�(14)�(18) }��gk

n
∑

i=1

x
(2n−1)/(n−1)
i − xi

x
(2n−1)(n−1)
i +

n
∑

j=1,j 6=i

xj

≥ 0 (19)

n
∑

i=1

x
(2n−1)/(n−1)
i

x
(2n−1)/(n−1)
i +

n
∑

j=1,j 6=i

xj

≥ 1 ≥
n
∑

i=1

xi

x
(2n−1)/(n−1)
i +

n
∑

j=1,j 6=i

xj

(20)

n
∑

i=1

1

x
(2n−1)/(n−1)
i +

n
∑

j=1,j 6=i

xj

≤
n

n
∑

j=1

xj

(21)

w2 xi > 0 (i = 1, 2, . . . , n), x1x2 · · ·xn ≥ 1 �

-Þ5? (19)�(20)�(21) íªø¥R�, ílR� (19)�(21) )ƒ

·æ2: q xi > 0 (i = 1, 2, . . . , n), x1x2 · · ·xn ≥ 1, p ≥ 1, †

n
∑

i=1

x
p
i − xi

x
p
i +

n
∑

j=1,j 6=i

xj

≥ 0 (22)

n
∑

i=1

1

x
p
i +

n
∑

j=1,j 6=i

xj

≤
n

n
∑

j=1

xj

(23)

Åp: Ê·æ22¦ p =
2n − 1

n − 1
= 2 +

1

n − 1
, â (22)�(23) ¹) (19)�(21); ¢¦

n = 3, p =
5

2
, x1 = x2, x2 = y2, x3 = z2, â (22) ¹) (1)� ªc·æ2u (19)�(21) íR

�, çÍ6u (1) íR��
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„p: éÍ (22) D (23) �g, Ä¤ÉÛ„p (22), -Þ„p2 p = 2 +
1

n − 1
AÑs

�8$í}äT�

(I) ç 1 ≤ p ≤ 2 +
1

n − 1
v, íl„p:

x
p
i − xi

x
p
i +

n
∑

j=1,j 6=i

xj

≥
xi − x

2−p
i

n
∑

j=1

xj

(24)

ÄÑ(24) ⇔ (

n
∑

j=1

xj)xi(x
p−1
i − 1) ≥ (xp

i +

n
∑

j=1,j 6=i

xj)x
2−p
i (xp−1

i − 1)

⇔ (xp−1
i − 1)

[

(
n
∑

j=1

xj)x
p−1
i − (xp

i +
n
∑

j=1,j 6=i

xj)
]

≥ 0

⇔ (xp−1
i − 1)2

n
∑

j=1,j 6=i

xj ≥ 0,

(ø�éÍA
, FJ (24) A
�

ú (24) si°¸, �

n
∑

i=1

x
p
i − xi

x
p
i +

n
∑

j=1
j 6=i

xj

≥
n
∑

i=1

xi − x
2−p
i

n
∑

j=1

xj

=
1

n
∑

j=1

xj

(
n
∑

i=1

xi−
n
∑

i=1

x
2−p
i )�

Ä¤, b„ (22) ÉÛ„p
n
∑

i=1

xi ≥
n
∑

i=1

x
2−p
i (25)

Ñ„ (25), l„à-

ùÜ: q xi > 0 (i = 1, 2, . . . , n), x1x2 · · ·xn ≥ 1, 0 ≤ t ≤ 1, †

n
∑

i=1

xi ≥
n
∑

i=1

xt
i. (26)

„: ç t = 0 v, â x1x2 · · ·xn ≥ 1, ø

n
∑

i=1

xi ≥ n n
√

x1x2 · · ·xn ≥ n =
n
∑

i=1

xt
i,

¹ (26) A
;

ç 1 ≥ t > 0, â4�Ì.��, �

n
∑

i=1

xi

n
≥













n
∑

i=1

xt
i

n













1
t

⇔













n
∑

i=1

xi

n













t

≥

n
∑

i=1

xt
i

n
,
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¢

n
∑

i=1

xi

n
≥ n

√
x1x2 · · ·xn ≥ 1, 0 ≤ t ≤ 1, FJ

n
∑

i=1

xi

n
≥

(

n
∑

i=1

xi

n

)t

,

Ä¤

n
∑

i=1

xi

n
≥

n
∑

i=1

xt
i

n
, ¹ (26) A
�

Û�ƒ (25) í„p:

(i) ç 1 ≤ p ≤ 2 v, � 0 ≤ 2− p ≤ 1, âùÜ, �

n
∑

i=1

xi ≥
n
∑

i=1

x
2−p
i , ¹ (25) A
�

(ii) ç 2 ≤ p ≤ 2+
1

n − 1
v, Ä p−2 ≥ 0, £â x1x2 · · ·xn ≥ 1 �

1

xi

≤
n
∏

j=1,j 6=i

xj,

FJ x
2−p
i =

1

x
p−2
i

≤ (

n
∏

j=1,j 6=i

xj)
p−2 =

n
∏

j=1,j 6=i

x
p−2
j ≤

n
∑

j=1,j 6=i

x
(n−1)(p−2)
j

n − 1

⇒
n
∑

i=1

x
2−p
i ≤

n
∑

i=1

n
∑

j=1,j 6=i

x
(n−1)(p−2)
j

n − 1
=

n
∑

i=1

x
(n−1)(p−2)
i ,

ÄÑ 2 ≤ p ≤ 2 +
1

n − 1
, FJ 0 ≤ (n − 1)(p − 2) ≤ 1, âùÜ�

n
∑

i=1

xi ≥

n
∑

i=1

x
(n−1)(p−2)
i , FJ

n
∑

i=1

xi ≥
n
∑

i=1

x
(n−1)(p−2)
i ≥

n
∑

i=1

x
2−p
i , ¹ (25) A
�

ã,ªø, ç 1 ≤ p ≤ 2 +
1

n − 1
v, .�� (22) A
�

(II) ç p ≥ 2 +
1

n − 1
v, q k Ñ&ì�b, U

x
p
i − xi

x
p
i +

n
∑

j=1,j 6=i

xj

≥

xk
i −

1

n − 1

n
∑

j=1,j 6=i

xk
j

n
∑

j=1

xk
j

(27)
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(27)⇔(n−1)(xp
i −xi)

n
∑

j=1

xk
j ≥(n−1)xk

i (x
p
i +

n
∑

j=1,j 6=i

xj)−(xp
i +

n
∑

j=1,j 6=i

xj)
∑

j=1,j 6=i

xk
j

⇔ (n − 1)xp
i x

k
i − (n − 1)xix

k
i + (n − 1)(xp

i − xi)
n
∑

j=1,j 6=i

xk
i

≥ (n−1)xk
i x

p
i + (n−1)xk

i

n
∑

j=1,j 6=i

xj−(xp
i −xi)

n
∑

j=1,j 6=i

xk
j −(

n
∑

j=1

xj)
n
∑

j=1,j 6=i

xk
j

⇔ n(xp
i − xi)

n
∑

j=1,j 6=i

xk
j ≥ [(n − 1)xk

i −
n
∑

j=1,j 6=i

xk
j ]

n
∑

j=1

xj

nxi
n
∑

j=1

xj

(xp−1
i − 1) ≥

(n − 1)xk
i

n
∑

j=1,j 6=i

xk
j

− 1 (28)

ÄÑ

n
∏

i=1

xi ≥ 1, p ≥ 2, FJ (

n
∏

i=1

xi)
p−1

n ≥ 1, bU (28) A
, ÉÛ

nxi
n
∑

j=1

xj

(

x
p−1
i

(

n
∏

j=1

xj

)
p−1

n

− 1

)

≥
(n − 1)xk

i
n
∑

j=1,j 6=i

xk
j

− 1 (29)

I aj =
xj

xi
(j = 1, 2, . . . , n), éÍ ai = 1, (29) �gk

n

1 +
n
∑

j=1,j 6=i

aj

(

1
(

n
∏

j=1,j 6=i

aj

)
p−1

n

− 1

)

≥
1

1

n − 1

n
∑

j=1,j 6=i

ak
j

− 1 (30)

I A =
1

n − 1

n
∑

j=1,j 6=i

ak
j , B =

(

n
∏

j=1,j 6=i

aj

)
p−1

n

, † (30) �gk

n

1 +

n
∑

j=1,j 6=i

aj

( 1

B
− 1
)

≥
1

A
− 1 (31)

â��.��, � A =
1

n − 1

n
∑

j=1,j 6=i

ak
j ≥

(

n
∏

j=1,j 6=i

aj

)
k

n−1
, ÑU A ≥ B, ª¦

k

n − 1
=

p − 1

n
, ¹ k =

(n − 1)(p − 1)

n
, ¥v A ≥ B > 0 ⇒

1

B
− 1 ≥

1

A
− 1�
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(i) ç

n
∏

j=1,j 6=i

aj ≥ 1 v, † B =
(

n
∏

j=1,j 6=i

aj

)
p−1

n ≥ 1 ⇒ 0 ≥
1

B
− 1 ≥

1

A
− 1, b

„ (31), ÉÛ„
n

1 +

n
∑

j=1,j 6=i

aj

≤ 1, ¹

n
∑

j=1,j 6=i

aj ≥ n − 1,

¥â

n
∑

j=1,j 6=i

aj ≥ (n − 1)
(

n
∏

j=1,j 6=i

aj

)
1

n−1 ≥ n − 1 øéÍA
, Ä7 (31) A
�

(ii) ç

n
∏

j=1,j 6=i

aj ≤ 1 v, † B ≤ 1, J A ≥ 1, † (31) éÍA
; J 0 < A ≤ 1, †

1

B
− 1 ≥

1

A
− 1 ≥ 0, b„ (31) ÉÛ„

n

1 +
n
∑

j=1,j 6=i

aj

≥ 1 ⇔
n
∑

j=1,j 6=i

aj ≤ n − 1 (32)

ÄÑ p ≥ 2 +
1

n − 1
, † k =

(n − 1)(p − 1)

n
≥ 1, â4�Ì.���

(

1

n − 1

n
∑

j=1,j 6=i

ak
j

)
1
k

≥
1

n − 1

n
∑

j=1,j 6=i

aj

⇔

(

1

n − 1

n
∑

j=1,j 6=i

aj

)k

≤
1

n − 1

n
∑

j=1,j 6=i

ak
j = A ≤ 1,

FJ,
( 1

n − 1

n
∑

j=1,j 6=i

aj

)k

≤ 1 ⇔
1

n − 1

n
∑

j=1,j 6=i

aj ≤ 1 ⇔
n
∑

j=1,j 6=i

aj ≤ n − 1,

¹ (32) A
� Ä¤, ç p ≥ 2 +
1

n − 1
v, ¦ k =

(n − 1)(p − 1)

n
,

�
x

p
i − xi

x
p
i +

n
∑

j=1,j 6=i

xj

≥

xk
i −

1

n − 1

n
∑

j=1,j 6=i

xk
j

n
∑

j=1

xk
j

, ú i °¸, �
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n
∑

i=1

x
p
i − xi

x
p
i +

n
∑

j=1,j 6=i

xj

≥
n
∑

i=1

xk
i −

1

n − 1

n
∑

j=1,j 6=i

xk
j

n
∑

j=1

xk
j

=
1

(n − 1)

n
∑

j=1

xk
j

n
∑

i=1

(nxk
i −

n
∑

j=1

xk
j ) = 0,

¹.�� (22) A
� „H�

Åp: ,H„p2, �ø�8$Z¨í“ÉK.��”(24) §óêk‡Þ„p12“ÉK.

��”(3) (6ÿ Boreico Iurie ×Ô�Ýí„¶2íl„pí); �ù�8$Z¨í“ÉK.�

�”(27) §óêk‡Þ„p12“ÉK.��”(2)�

yVR� (20) ˝ií.��, )ƒ

·æ3: q xi > 0 (i = 1, 2, . . . , n), x1x2 · · ·xn ≥ 1, p ≥ 1, †

n
∑

i=1

x
p
i

x
p
i +

n
∑

j=1,j 6=i

xj

≥ 1. (33)

„p: â x1x2 · · ·xn ≥ 1, p ≥ 1, � (x1x2 · · ·xn)
p−1

n ≥ 1, Ä¤

x
p
i

x
p
i +

n
∑

j=1,j 6=i

xj

≥
x

p
i

x
p
i + (x1x2 · · ·xn)

p−1
n

n
∑

j=1,j 6=i

xj

=
xk

i

xk
i +

(

n
∏

j=1,j 6=i

xj

)
p−1

n

n
∑

j=1,j 6=i

xj

,

w2 k =
(n − 1)p + 1

n
≥ 1,

â��.��£4�Ì.���

(

n
∏

j=1,j 6=i

xj

)
p−1

n ·
n
∑

j=1,j 6=i

xj ≤









n
∑

j=1,j 6=i

xj

n − 1









(n−1)(p−1)
n

·
n
∑

j=1,j 6=i

xj

=
( 1

n − 1

)
(n−1)(p−1)

n ·
(

n
∑

j=1,j 6=i

xj

)
(n−1)(p−1)

n
+1
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= (n − 1)









n
∑

j=1,j 6=i

xj

n − 1









k

≤ (n − 1)

n
∑

j=1,j 6=i

xk
j

n − 1
=

n
∑

j=1,j 6=i

xk
j

¹

(

n
∏

j=1,j 6=i

xj

)
p−1

n ·
n
∑

j=1,j 6=i

xj ≤
n
∑

j=1,j 6=i

xk
j , FJ

x
p
i

x
p
i +

n
∑

j=1,j 6=i

xj

≥
xk

i

xk
i +

n
∑

j=1,j 6=i

xk
j

=
xk

i
n
∑

j=1

xk
j

,

ku,
n
∑

i=1

x
p
i

x
p
i +

n
∑

j=1,j 6=i

xj

≥
n
∑

i=1

xk
i

n
∑

j=1

xk
j

= 1, ¹.�� (33) A
�

Bb“¿, (20) ¬i.��6ªTéNíR�, ¹�

“;: q xi > 0 (i = 1, 2, . . . , n), x1x2 · · ·xn ≥ 1, p ≥ 1, †

n
∑

i=1

xi

x
p
i +

n
∑

j=1,j 6=i

xj

≤ 1. (34)
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