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�©Ì�?ØÚ)ûekt�ÇJÑ�Xe'u²¡à8�¯K:

·K 1 XJ��²¡þ�àõ>/ P S�3�: K,L K �?¿���

P ��/¤���ã��ÝþØ�u 1,K P �¹���»�
√
3
4
��.

¯¢þ,éu÷v·K 1�²¡àõ>/ P ,� P ¤�¹���4���

Ω,K Ω��� P ���n^>£½öü^²1�>¤��.

(i) e Ω� P �ü^²1�>��, dà5�� P �½ uùü^²1�

�m.5¿�LK �R�uùü^²1������ã�ÝØ�u 1,Ïdùü

^²1��m�ål��� 1,l Ω��»��� 1
2
>

√
3
4

,·K¤á.

(ii) e Ω� P ���n^>��,dà5�� P �½�¹3ùn^>¤3

���¤�n�/SÜ.5¿�Tn�/�÷v·K 1¤£ã�^�,¿� Ω�

�Tn�/�S��Ò´§¤�¹�����,¤±�I�y²·Kéun�

/¤á=�.

�d,·�ò²¡?¿àõ>/�¯K=z¤
²¡n�/�¯K,�é{

`,·K 1�du:

·K 2 XJ4ABC S�3�: K,L K �?¿���4ABC ��/¤

���ã��ÝþØ�u 1,K4ABC �S���» r ≥
√
3
4

.

·�y²���r�(Ø:

·K 3 XJ4ABC S�3�:K,LK �n^©OR�u AI,BI, CI �

�� (I � 4ABC S%),� 4ABC ��/¤���ã��ÝþØ�u 1,K

4ABC �S���» r ≥
√
3
4

.

¯¢þ, �L K �R�u AI ������ AI u A0, �T�����

AB,AC ��/¤���ã�Ý� lA.aq½Â B0, lB;C0, lC .

?¾FÏ: 2019-12-14.
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�â q,·�k

lA =
2r

cos (A/2)
· AA0

AI
.

d^�, lA ≥ 1,¤±
AA0

AI
≥ cos (A/2)

2r
. (1)

�4ABC ��%©O� IA, IB, IC ,5¿� AA0, BB0, CC0 ©O�: K �

4IAIBIC n>�ål,�â¡È,·�k∑
cyc

AA0

AIA
= 1. (2)

d (1), (2),±9AI = AIA tan B
2

tan C
2

,k

r ≥ 1

2

∑
cyc

cos
A

2
tan

B

2
tan

C

2
.

¤±,�y²r ≥
√
3
4

,�I�y²XeØ�ª:

·K 4 é?¿4ABC, k∑
cyc

cos
A

2
tan

B

2
tan

C

2
≥
√

3

2
. (3)

·��Ñ·K 4�ü�y²:

y² 1 �4ABC �n>�©O� BC = y + z, CA = z + x,AB = x + y,

K (3)�du ∑
cyc

√
x3(y + z) ≥

√
3

2

√
(x+ y + z)

∏
cyc

(y + z). (4)

ò (4)�mü>²�,�du∑
cyc

x3(y + z) + 2
∑
cyc

√
y3z3

√
(x+ y)(x+ z)

≥ 3

4

(∑
cyc

x3(y + z) + 2
∑
cyc

y2z2 + 4xyz
∑
cyc

x

)
. (5)

ò (5)¥��ª�|^ CauchyØ�ª (^üg) � 

2
√

(x+ y)(x+ z) ≥ (x+
√
yz) + (

√
xy +

√
xz).

ò (5)\r�∑
cyc

x3(y + z) + 4xyz
∑
cyc

√
yz + 4

∑
cyc

x2(
√
y3z +

√
yz3)

≥ 2
∑
cyc

y2z2 + 12xyz
∑
cyc

x.
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�du ∑
cyc

(
√
y −
√
z)2(yz(

√
y +
√
z)2 + 4x2

√
yz − 2xyz) ≥ 0. (6)

��,Ï�

yz(
√
y +
√
z)2 + 4x2

√
yz − 2xyz ≥ 4

√
y3z3 + 4x2

√
yz − 2xyz ≥ 6xyz > 0,

� (6)¤á,·K�y. �

y² 2 (TTT���{{{áááuuuþþþ°°°¥¥¥ÆÆÆ���WWWdddÓÓÓÆÆÆ)

d ∑
cyc

tan
B

2
tan

C

2
= 1,

�� (3)�du ∑
cyc

cos A
2
−

√
3
2

tan B
2

≥ 0. (7)

-

f(x) =
cosx−

√
3/2

tanx
, x ∈ (0, π/2),

K

f ′′(x) =
1

sin3 x
(2 sin4 x+ sin2 x cos2 x+ 2 cos2 x−

√
3 cosx)

=
1

sin3 x
(cos4 x− cos2 x−

√
3 cosx+ 2)

>
1

sin3 x
(−1/4−

√
3 + 2)

> 0.

� f(x)� (0, π/2)þ�à¼ê,d JensenØ�ª∑
cyc

f(A/2) ≥ 3f(π/6) = 0.

� (7)¤á,·K�y. �

´�Ç^¦gCM��^� bottema�Ñ
·K 4�Åìy²,·�ò

Ù��N¹.
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> read bottema2015;
> sgm(cos(A/2)*tan(B/2)*tan(C/2));
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> prove(%>=sqrt(3)/2);
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,Start to solve the left polynomial  0.171

,Start to solve the right polynomial  0.187
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T

  

x ( ) x y z

( )x y ( )z x

y z

y ( ) x y z

( )x y ( )y z

z x

z ( ) x y z

( )y z ( )z x

x y
T

, , ,LpolypqT:  length= 2  T degree := 2

, , ,RpolypqT:  length= 19  T degree := 8

Start to eliminate T    

,finding the border curve(s)    0.328

OK

all right

all right

found the border curve(s) 

,finding the intersection point(s)    0.328

, ,1 2 Good

OK

all right

,finding the critical point(s)    0.343

OK

OK

OK

all right

output one-dimension test point(s):

[ ], , ,4 16 33 44
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,setting the test point(s) and doing test 0.343

[ ], , , , , , ,[ ],4 3 [ ],16 35 [ ],16 74 [ ],33 139 [ ],33 291 [ ],44 207 [ ],44 469 [ ],44 525

The test result follows ---

Either always 1 or always -1 means the inequality holds accordingly

,the number of test point(s) is 8

-1

-1

-1

-1

-1

-1

-1

-1

less

,The inequality holds 0.687
> 
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