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RMM-SOLVED PROBLEMS 

By Marin Chirciu – Romania  

01. Solve in ℝ: 

(𝟐𝒙 + 𝟑𝒙)√𝟔𝟏−𝒙 = 𝟓 
Daniel Sitaru 

Solution: 

(2𝑥 + 3𝑥)√61−𝑥 = 5 ⇔ (2𝑥 + 3𝑥)261−𝑥 = 25 ⇔
22𝑥 + 32𝑥 + 2 ⋅ 6𝑥

6𝑥
=

25

6
⇔ 

⇔
22𝑥

2𝑥3𝑥
+

32𝑥

2𝑥3𝑥
+ 2 =

25

6
 

⇔
2𝑥

3𝑥
+

3𝑥

2𝑥
=

13

6
⇔ (

2

3
)

𝑥

+ (
3

2
)

𝑥

=
2

3
+

3

2
⇔ 𝑥 = ±1 

The set of the solutions is 𝑆 = {−1,1}. 
Remark: The problem can be developed. 
Let 𝒂 > 𝑏 > 1 fixed. Solve in ℝ 

(𝒂𝒙 + 𝒃𝒙)√(𝒂𝒃)𝟏−𝒙 = 𝒂 + 𝒃 
Marin Chirciu  

Solution: 

(𝑎𝑥 + 𝑏𝑥)√(𝑎𝑏)1−𝑥 = 𝑎 + 𝑏 ⇔ (𝑎𝑥 + 𝑏𝑥)2(𝑎𝑏)1−𝑥 = (𝑎 + 𝑏)2 ⇔ 

⇔
𝑎2𝑥 + 𝑏2𝑥 + 2 ⋅ (𝑎𝑏)𝑥

(𝑎𝑏)𝑥
=

(𝑎 + 𝑏)2

𝑎𝑏
⇔ 

𝑎2𝑥

𝑎𝑥𝑏𝑥
+

𝑏2𝑥

𝑎𝑥𝑏𝑥
+ 2 =

𝑎2 + 𝑏2 + 2𝑎𝑏

𝑎𝑏
⇔

𝑎𝑥

𝑏𝑥
+

𝑏𝑥

𝑎𝑥
=

𝑎2 + 𝑏2

𝑎𝑏
⇔ 

⇔ (
𝑎

𝑏
)

𝑥

+ (
𝑏

𝑎
)

𝑥

=
𝑎

𝑏
+

𝑏

𝑎
⇔ 𝑥 = ±1 

The set of the solution is 𝑆 = {−1,1}. 
Note: 
For 𝑎 = 3, 𝑏 = 2 we obtain the proposed problem by Daniel Sitaru in RMM 11/2022. 
 
02. In 𝚫𝑨𝑩𝑪 holds: 

∑(𝒂 + 𝟐𝒃) (𝒂 + 𝟐𝒄) ≤ 𝟖𝟏𝑹𝟐 

Daniel Sitaru  
Solution: Lemma: 
If 𝒙, 𝒚, 𝒛 > 0 

(𝒙 + 𝟐𝒚)(𝒙 + 𝟐𝒛) ≤ (𝒙 + 𝒚 + 𝒛)𝟐. 
Proof: 

(𝑥 + 2𝑦)(𝑥 + 2𝑧) ≤
𝐴𝑀−𝐺𝑀

[
(𝑥 + 2𝑦) + (𝑥 + 2𝑧)

2
] = (𝑥 + 𝑦 + 𝑧)2 

with equality for (𝑥 + 2𝑦) = (𝑥 + 2𝑧) ⇔ 𝑦 = 𝑧. 
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Let’s get back to the main problem. 
Using the Lemma for (𝑥, 𝑦, 𝑧) = (𝑎, 𝑏, 𝑐) we obtain: 

𝐿𝐻𝑆 = ∑(𝑎 + 2𝑏)(𝑎 + 2𝑐) ≤
𝐿𝑒𝑚𝑚𝑎

∑(𝑎 + 𝑏 + 𝑐)2 = ∑(2𝑝)2 = 12𝑝2 ≤
𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐

 

≤
𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐

 12 ⋅
27𝑅2

4
= 81𝑅2 = 𝑅𝐻𝑆 

The equality holds if and only if the triangle is equilateral. 
Remark: In the same way: 
In 𝚫𝑨𝑩𝑪 holds: 

∑(𝒎𝒂 + 𝟐𝒎𝒃) (𝒎𝒂 + 𝟐𝒎𝒄) ≤ 𝟑(𝟒𝑹 + 𝒓)𝟐 

Marin Chirciu  
Solution:  
Using the Lemma for (𝑥, 𝑦, 𝑧) = (𝑚𝑎 , 𝑚𝑏, 𝑚𝑐) we obtain: 

𝐿𝐻𝑆 = ∑(𝑚𝑎 + 2𝑚𝑏) (𝑚𝑎 + 2𝑚𝑐) ≤
𝐿𝑒𝑚𝑚𝑎

∑(𝑚𝑎 + 𝑚𝑏 + 𝑚𝑐)2 ≤
𝐿𝑒𝑢𝑒𝑛𝑏𝑒𝑟𝑔𝑒𝑟

∑(4𝑅 + 𝑟)2 

= 3(4𝑅 + 𝑟)2 = 𝑅𝐻𝑆 
Equality holds if and only if the triangle is equilateral. 
Remark: In the same way: 
In 𝚫𝑨𝑩𝑪 holds: 

∑(𝒉𝒂 + 𝟐𝒉𝒃) (𝒉𝒂 + 𝟐𝒉𝒄) ≤
𝟐𝟒𝟑𝑹𝟐

𝟒
 

Marin Chirciu  
Solution: 
Using the Lemma for (𝑥, 𝑦, 𝑧) = (ℎ𝑎 , ℎ𝑏 , ℎ𝑐) we obtain: 

𝐿𝐻𝑆 = ∑(ℎ𝑎 + 2ℎ𝑏)(ℎ𝑎 + 2ℎ𝑐) ≤
𝐿𝑒𝑚𝑚𝑎

∑(ℎ𝑎 + ℎ𝑏 + ℎ𝑐)2 ≤
𝑆𝑎𝑛𝑡𝑎𝑙𝑜

∑(𝑝√3)
2

= 9𝑝2 ≤ 

≤
𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐

9 ⋅
27𝑅2

4
=

243𝑅2

4
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑(𝒘𝒂 + 𝟐𝒘𝒃)(𝒘𝒂 + 𝟐𝒘𝒄) ≤
𝟐𝟒𝟑𝑹𝟐

𝟒
 

Marin Chirciu  
Solution: 
Using the Lemma for (𝑥, 𝑦, 𝑧) = (𝑤𝑎 , 𝑤𝑏 , 𝑤𝑐) we obtain: 

𝐿𝐻𝑆 = ∑(𝑤𝑎 + 2𝑤𝑏) (𝑤𝑎 + 2𝑤𝑐) ≤
𝐿𝑒𝑚𝑚𝑎

∑(𝑤𝑎 + 𝑤𝑏 + 𝑤𝑐)2 ≤
𝑆𝑎𝑛𝑡𝑎𝑙𝑜

∑(𝑝√3)
2

 = 

= 9𝑝2 ≤
𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐

9 ⋅
27𝑅2

4
=

243𝑅2

4
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
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In 𝚫𝑨𝑩𝑪 holds: 

∑(𝒔𝒂 + 𝟐𝒔𝒃) (𝒔𝒂 + 𝟐𝒔𝒄) ≤
𝟐𝟒𝟑𝑹𝟐

𝟒
. 

Marin Chirciu  
Solution: 
Using the Lemma for (𝑥, 𝑦, 𝑧) = (𝑠𝑎 , 𝑠𝑏, 𝑠𝑐) we obtain: 

𝐿𝐻𝑆 = ∑(𝑠𝑎 + 2𝑠𝑏) (𝑠𝑎 + 2𝑠𝑐) ≤
𝐿𝑒𝑚𝑚𝑎

∑(𝑠𝑎 + 𝑠𝑏 + 𝑠𝑐)2 ≤
𝑠𝑎≤ℎ𝑎

∑(ℎ𝑎 + ℎ𝑏 + ℎ𝑐)2 ≤ 

≤
𝑆𝑎𝑛𝑡𝑎𝑙𝑜

∑(𝑝√3)
2

= 9𝑝2 ≤
𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐

9 ⋅
27𝑅2

4
=

243𝑅2

4
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑(𝒓𝒂 + 𝟐𝒓𝒃)(𝒓𝒂 + 𝟐𝒓𝒄) ≤
𝟐𝟒𝟑𝑹𝟐

𝟒
 

Marin Chirciu  
Solution: 
Using Lemma for (𝑥, 𝑦, 𝑧) = (𝑟𝑎 , 𝑟𝑏, 𝑟𝑐) we obtain: 

𝐿𝐻𝑆 = ∑(𝑟𝑎 + 2𝑟𝑏) (𝑟𝑎 + 2𝑟𝑐) ≤
𝐿𝑒𝑚𝑚𝑎

∑(𝑟𝑎 + 𝑟𝑏 + 𝑟𝑐)2 = ∑(4𝑅 + 𝑟)2 = 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑ (𝐭𝐚𝐧
𝑨

𝟐
+ 𝟐 𝐭𝐚𝐧

𝑩

𝟐
) (𝐭𝐚𝐧

𝑨

𝟐
+ 𝟐 𝐭𝐚𝐧

𝑪

𝟐
) ≤ 𝟑 (𝟏 +

𝑹

𝒓
) 

Marin Chirciu  
Solution: 

Using the Lemma for (𝑥, 𝑦, 𝑧) = (tan
𝐴

2
, tan

𝐵

2
, tan

𝐶

2
) we obtain: 

𝐿𝐻𝑆 = ∑ (tan
𝐴

2
+ 2 tan

𝐵

2
) (tan

𝐴

2
+ 2 tan

𝐶

2
) ≤

𝐿𝑒𝑚𝑚𝑎 
∑ (tan

𝐴

2
+ tan

𝐵

2
+ tan

𝐶

2
)

2

= 

= ∑ (
4𝑅 + 𝑟

𝑝
)

2

= 3 ⋅
(4𝑅 + 𝑟)2

𝑝2
≤

𝐺𝑒𝑟𝑟𝑒𝑡𝑠𝑒𝑛
3 ⋅

(4𝑅 + 𝑟)2

𝑟(4𝑅 + 𝑟)2
= 3 ⋅

𝑅 + 𝑟

𝑟
= 3 (1 +

𝑅

𝑟
) = 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑ (𝐜𝐨𝐭
𝑨

𝟐
+ 𝟐 𝐜𝐨𝐭

𝑩

𝟐
) (𝐜𝐨𝐭

𝑨

𝟐
+ 𝟐 𝐜𝐨𝐭

𝑪

𝟐
) ≤ 𝟖𝟏 (

𝑹

𝟐𝒓
)

𝟐

 

Marin Chirciu  
Solution: 

Using the Lemma for (𝑥, 𝑦, 𝑧) = (cot
𝐴

2
, cot

𝐵

2
, cot

𝐶

2
) we obtain: 
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𝐿𝐻𝑆 = ∑ (cot
𝐴

2
+ 2 cot

𝐵

2
) (cot

𝐴

2
+ 2 cot

𝐶

2
) ≤

𝐿𝑒𝑚𝑚𝑎
∑ (cot

𝐴

2
+ cot

𝐵

2
+ cot

𝐶

2
)

2

= 

= ∑ (
𝑝

𝑟
)

2

= 3 ⋅
𝑝2

𝑟2
≤

𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐
3 ⋅

27𝑅2

4
𝑟2

=
81𝑅2

4𝑟2
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark:In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑ (𝐬𝐢𝐧
𝑨

𝟐
+ 𝟐 𝐬𝐢𝐧

𝑩

𝟐
) (𝐬𝐢𝐧

𝑨

𝟐
+ 𝟐 𝐬𝐢𝐧

𝑪

𝟐
) ≤

𝟐𝟕

𝟒
 

Marin Chirciu  
Solution: 

Using the Lemma for (𝑥, 𝑦, 𝑧) = (sin
𝐴

2
, sin

𝐵

2
, sin

𝐶

2
) we obtain: 

𝐿𝐻𝑆 = ∑ (sin
𝐴

2
+ 2 sin

𝐵

2
) (sin

𝐴

2
+ 2 sin

𝐶

2
) ≤

𝐿𝑒𝑚𝑚𝑎
∑ (sin

𝐴

2
+ sin

𝐵

2
+ sin

𝐶

2
)

2

≤
𝐽𝑒𝑛𝑠𝑒𝑛

 

≤
𝐽𝑒𝑛𝑠𝑒𝑛

∑ (
3

2
)

2

= 3 ⋅ (
3

2
)

2

=
27

4
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑ (𝐜𝐨𝐬
𝑨

𝟐
+ 𝟐 𝐜𝐨𝐬

𝑩

𝟐
) (𝐜𝐨𝐬

𝑨

𝟐
+ 𝟐 𝐜𝐨𝐬

𝑪

𝟐
) ≤

𝟖𝟏

𝟒
. 

Marin Chirciu  
Solution: 

Using the Lemma for (𝑥, 𝑦, 𝑧) = (cos
𝐴

2
, cos

𝐵

2
, cos

𝐶

2
) we obtain: 

𝐿𝐻𝑆 = ∑ (cos
𝐴

2
+ 2 cos

𝐵

2
) (cos

𝐴

2
+ 2 cos

𝐶

2
) ≤

𝐿𝑒𝑚𝑚𝑎
∑ (cos

𝐴

2
+ cos

𝐵

2
+ cos

𝐶

2
)

2

≤
𝐽𝑒𝑛𝑠𝑒𝑛

 

≤
𝐽𝑒𝑛𝑠𝑒𝑛

∑ (
3√3

2
)

2

= 3 ⋅ (
3√3

2
)

2

=
81

4
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way: 
In 𝚫𝑨𝑩𝑪 holds: 

∑ (𝐬𝐞𝐜
𝑨

𝟐
+ 𝟐 𝐬𝐞𝐜

𝑩

𝟐
) (𝐬𝐞𝐜

𝑨

𝟐
+ 𝟐 𝐬𝐞𝐜

𝑪

𝟐
) ≤

𝟗𝑹𝟐

𝒓𝟐
 

Marin Chirciu  
Solution: 

Using Lemma for (𝑥, 𝑦, 𝑧) = (sec
𝐴

2
, sec

𝐵

2
, sec

𝐶

2
) we obtain: 

𝐿𝐻𝑆 = ∑ (sec
𝐴

2
+ 2 sec

𝐵

2
) (sec

𝐴

2
+ 2 sec

𝐶

2
) ≤

𝐿𝑒𝑚𝑚𝑎
∑ (sec

𝐴

2
+ sec

𝐵

2
+ sec

𝐶

2
)

2

≤
𝐽𝑒𝑛𝑠𝑒𝑛
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≤
𝐽𝑒𝑛𝑠𝑒𝑛

∑ (
2𝑝

3𝑟
)

2

= 3 ⋅
4𝑝2

9𝑟2
≤

𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐
3 ⋅

4 ⋅
27𝑅2

4
9𝑟2

=
9𝑅2

𝑟2
= 𝑅𝐻𝑆. 

Equality holds if and only if the triangle is equilateral. 
Remark: In the same way. 
In 𝚫𝑨𝑩𝑪 holds: 

∑ (𝐜𝐬𝐜
𝑨

𝟐
+ 𝟐 𝐜𝐬𝐜

𝑩

𝟐
) (𝐜𝐬𝐜

𝑨

𝟐
+ 𝟐 𝐜𝐬𝐜

𝑪

𝟐
) ≤

𝟐𝟕𝑹𝟐

𝒓𝟐
 

Marin Chirciu  

Solution:  Using the Lemma for (𝑥, 𝑦, 𝑧) = (csc
𝐴

2
, csc

𝐵

2
, csc

𝐶

2
) we obtain: 

𝐿𝐻𝑆 = ∑ (csc
𝐴

2
+ 2 csc

𝐵

2
) (csc

𝐴

2
+ 2 csc

𝐶

2
) ≤

𝐿𝑒𝑚𝑚𝑎
∑ (csc

𝐴

2
+ csc

𝐵

2
+ csc

𝐶

2
)

2

≤
𝐽𝑒𝑛𝑠𝑒𝑛

 

≤
𝐽𝑒𝑛𝑠𝑒𝑛

∑ (
3𝑅

𝑟
)

2

= 3 ⋅
9𝑅2

𝑟2
=

27𝑅2

𝑟2
= 𝑅𝐻𝑆. 

Equality holds if and only if the triangle is equilateral. 
 
03. If 𝒂, 𝒃, 𝒄 > 0 then: 

𝟐𝒂−𝒃 + 𝟐𝒃−𝒄 + 𝟐𝒄−𝒂 ≥
𝟐𝒂 + 𝟐𝒃 + 𝟐𝒄

√𝟐𝒂+𝒃+𝒄𝟑  

Daniel Sitaru  
Solution: 

2𝑎−𝑏 + 2𝑏−𝑐 + 2𝑐−𝑎 ≥
2𝑎 + 2𝑏 + 2𝑐

√2𝑎+𝑏+𝑐3 ⇔
2𝑎

2𝑏
+

2𝑏

2𝑐
+

2𝑐

2𝑎
≥

2𝑎 + 2𝑏 + 2𝑐

√2𝑎3
√2𝑏3

√2𝑐3
 

With the substitution (√2𝑎3
, √2𝑏3

, √2𝑐3
) = (𝑥, 𝑦, 𝑧) the conclusion can be written: 

𝑥3

𝑦3
+

𝑦3

𝑧3
+

𝑧3

𝑥3
≥

𝑥3 + 𝑦3 + 𝑧3

𝑥𝑦𝑧
⇔

𝑥6𝑧3 + 𝑦6𝑥3 + 𝑧6𝑦3

𝑥3𝑦3𝑧3
≥

𝑥3 + 𝑦3 + 𝑧3

𝑥𝑦𝑧
⇔ 

⇔ 𝑥6𝑧3 + 𝑦6𝑥3 + 𝑧6𝑦3 ≥ 𝑥2𝑦2𝑧2(𝑥3 + 𝑦3 + 𝑧3), (*) which follows from means inequality: 

𝑥6𝑧3 + 𝑥6𝑧3 + 𝑦6𝑥3 ≥
𝐴𝑀−𝐺𝑀

3√𝑥6𝑧3 ⋅ 𝑥6𝑧3 ⋅ 𝑦6𝑥33 = 3√𝑥15𝑦6𝑧63
= 3𝑥5𝑦2𝑧2 (1) 

we write the other two analog inequalities 𝑦6𝑥3 + 𝑦6𝑥3 + 𝑧6𝑦3 ≥ 3𝑦5𝑧2𝑥2 (2), 
𝑧6𝑦3 + 𝑧6𝑦3 + 𝑧6𝑧3 ≥ 3𝑧5𝑥2𝑦2 (3). 
We add the inequalities (1), (2), (3), we divide by 3 and we obtain (*). 
Equality holds if and only if 𝑥 = 𝑦 = 𝑧 ⇔ 𝑎 = 𝑏 = 𝑐. 
 
04. If 𝒙, 𝒚, 𝒛 > 0 then in 𝚫𝑨𝑩𝑪 

∑
𝒙

𝒚 + 𝒛
⋅

𝒂√𝒂

√𝒉𝒂

≥ √𝟔𝑭 

D.M. Bătinețu-Giurgiu, Claudia Nănuți – Romania  
Solution: 

𝐿𝐻𝑆 = ∑
𝑥

𝑦 + 𝑧
⋅

𝑎√𝑎

√ℎ𝑎

= ∑
𝑥

𝑦 + 𝑧
⋅

𝑎2

√𝑎ℎ𝑎

= ∑
𝑥

𝑦 + 𝑧
⋅

𝑎2

√2𝐹
=

1

√2𝐹
∑

𝑥

𝑦 + 𝑧
⋅ 𝑎2 ≥ 
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≥
𝑇𝑠𝑖𝑛𝑡𝑠𝑖𝑓𝑎𝑠 1

√2𝐹
⋅ 2√3𝐹 = √6𝐹 = 𝑅𝐻𝑆 

Lemma (G. Tsintsifas). 
In 𝚫𝑨𝑩𝑪 holds: 

𝒙

𝒚+𝒛
𝒂𝟐 +

𝒚

𝒛+𝒙
𝒃𝟐 +

𝒛

𝒙+𝒚
𝒄𝟐 ≥ 𝟐√𝟑𝑺, where 𝒙, 𝒚, 𝒛 > 0 

G. Tsintsifas 
Solution: 

We have ∑
𝑥

𝑦+𝑧
𝑎2 = ∑ (

𝑥

𝑦+𝑧
+ 1 − 1) 𝑎2 = ∑

𝑥+𝑦+𝑧

𝑦+𝑧
𝑎2 − ∑ 𝑎2 ≥

𝐵𝑒𝑟𝑔𝑠𝑡𝑟𝑜𝑚

 

≥ (𝑥 + 𝑦 + 𝑧)
(∑ 𝑎)2

∑(𝑦 + 𝑧)
− ∑ 𝑎2 = (𝑥 + 𝑦 + 𝑧)

(2𝑝)2

2(𝑥 + 𝑦 + 𝑧)
− 2(𝑝2 − 𝑟2 − 4𝑅𝑟) = 

= 2𝑝2 − 2(𝑝2 − 𝑟2 − 4𝑅𝑟) = 2(𝑟2 + 4𝑅𝑟) 
Above, we’ve used the known identities in triangle: 
∑ 𝑎 = 2𝑝 and ∑ 𝑎2 = 2(𝑝2 − 𝑟2 − 4𝑅𝑟). 

It remains to prove that 2(𝑟2 + 4𝑅𝑟) ≥ 2√3𝑆 ⇔ 𝑟2 + 4𝑅𝑟 ≥ √3𝑟𝑝 ⇔ 4𝑅 + 𝑟 ≥ 𝑝√3, 
witch is Doucet’s inequality.Equality holds if and only if 𝑎 = 𝑏 = 𝑐 and 𝑥 = 𝑦 = 𝑧. 
 
05. In 𝚫𝑨𝑩𝑪 holds: 

∑
𝒂𝟑

𝒃 + 𝒄
≥ 𝟐√𝟑𝑭 

D.M. Bătinețu-Giurgiu, Dan Nănuți – Romania  
Solution: 

𝐿𝐻𝑆 = ∑
𝑎3

𝑏 + 𝑐
≥

𝐻𝑜𝑙𝑑𝑒𝑟 (∑ 𝑎)3

3 ∑(𝑏 + 𝑐)
=

(∑ 𝑎)3

3 ⋅ 2 ∑ 𝑎
=

(∑ 𝑎)2

6
=

(2𝑝)2

6
=

4𝑝2

6
≥

𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐
2√3𝑝𝑟 

= 2√3𝐹 = 𝑅𝐻𝑆. 
Equality holds if and only if the triangle is equilateral. 
Remark: The problem can be developed. 
In 𝚫𝑨𝑩𝑪 holds: 

∑
𝒂𝟑

𝒃 + 𝝀𝒄
≥

𝟒√𝟑

𝝀 + 𝟏
𝑭, 𝝀 ≥ 𝟎 

Marin Chirciu  
Solution: 

𝐿𝐻𝑆 = ∑
𝑎3

𝑏 + 𝜆𝑐
≥

𝐻𝑜𝑙𝑑𝑒𝑟 (∑ 𝑎)3

3 ∑(𝑏 + 𝜆𝑐)
=

(∑ 𝑎)3

3(𝜆 + 1) ∑ 𝑎
=

(∑ 𝑎)2

3 ⋅ (𝜆 + 1)
=

(2𝑝)2

3 ⋅ (𝜆 + 1)
= 

=
4𝑝2

3 ⋅ (𝜆 + 1)
≥

𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐 4√3

𝜆 + 1
𝑝𝑟 =

4√3

𝜆 + 1
𝐹 = 𝑅𝐻𝑆. 

Equality holds if and only if the triangle is equilateral 
Note: For 𝜆 = 1 we obtain the problem J.2104 from RMM-40 Spring Edition2024, proposed 
by D.M. Bătinețu-Giurgiu, Dan Nănuți. 
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In 𝚫𝑨𝑩𝑪 holds: 

∑
𝒂𝟑

𝒃 + 𝒄
≥ 𝟐√𝟑𝑭. 

D.M. Bătinețu-Giurgiu, Dan Nănuți – Romania 
Remark: The problem can be developed. 
In 𝚫𝑨𝑩𝑪 holds: 

∑
𝒂𝒏

𝒃 + 𝝀𝒄
≥ (

𝟐𝒑

𝟑
)

𝒏−𝟏

⋅
𝟑

𝝀 + 𝟏
, 𝝀 ≥ 𝟎. 

Marin Chirciu  
Solution: 

𝐿𝐻𝑆 = ∑
𝑎𝑛

𝑏 + 𝜆𝑐
≥

𝐻𝑜𝑙𝑑𝑒𝑟 (∑ 𝑎)𝑛

3𝑛−2 ∑(𝑏 + 𝜆𝑐)
=

(∑ 𝑎)𝑛

3𝑛−2(𝜆 + 1) ∑ 𝑎
=

(∑ 𝑎)𝑛−1

3𝑛−2(𝜆 + 1)
= 

=
(2𝑝)𝑛−1

3𝑛−2(𝜆 + 1)
= (

2𝑝

3
)

𝑛−1 3

𝜆 + 1
=

2𝑛−1𝑝𝑛−1

3𝑛−2(𝜆 + 1)
=

2𝑛−1𝑝𝑛−3𝑝2

3𝑛−2(𝜆 + 1)
≥

𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐
 

≥
𝑀𝑖𝑡𝑟𝑖𝑛𝑜𝑣𝑖𝑐 2𝑛−1𝑝𝑛−3 ⋅ 3√3𝑝𝑟

3𝑛−2(𝜆 + 1)
=

2𝑛−1𝑝𝑛−3 ⋅ 3√3𝐹

3𝑛−2(𝜆 + 1)
= 𝑅𝐻𝑆 

Equality holds if and only if the triangle is equilateral. 
Note: For 𝜆 = 1 and 𝑛 = 3 we obtain the problem J.2104 from RMM-40 Spring Edition 2024, 
proposed by D.M. Bătinețu-Giurgiu, Dan Nănuți. 
 
Reference: 
Romanian Mathematical Magazine-www.ssmrmh.ro 


