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PROBLEMS FOR JUNIORS

JP.166. If a,b € [0;+00) and n € N* An > 2 then:
ZZ:O akbn—k < a”™ + b"
n+1 - 2

(ab)? <

Proposed by Nguyen Van Nho - Nghe An - Vietnam

JP.167. Let OABC be a tetrahedron with

/AOB = /BOC = ZCOA = 90° and let P be any point inside
the triangle ABC. Denote respectively by dg, dp, d. the distances
from P to faces (OBC),(OCA),(OAB). Prove that:

(a) d2 +d? + d?> = OP>.

(b) dadpd. < CHGFOC.

(c) OA-d3® +0OB-d}+0C-d2>O0P*.

Proposed by Nguyen Viet Hung - Hanot - Vietnam

JP.168. Let a, b, c be positive real numbers such that:
1 n 1 n 1 <1
Vi+ad V14 1+ T

Prove that:
a’® + b? + 2 > 12.
Proposed by Nguyen Viet Hung - Hanoi - Vietnam

JP.169. Let a, b, c be positive real numbers such that: a+b+c = 3.
Prove that: o +b%+c?

a b ct
b%4/2c(a3+1) + cty/2a(b3+1) + at4/2b(c3+1) — 2
Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam

JP.170. Let x,y, z be positive real numbers such that:
x + y + z = 3. Find the minimum value of:

iB4 4 4

= + Y + -
oyt YAz + 1) AYdx(yP 1) wt¥dy(5 + 1)
Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam
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JP.171. Let ABC be an acute triangle with perimeter 3. Prove

that:
1 1 1 3

a b c — :
m2 my mé R+r

Proposed by Nguyen Viet Hung - Hanoti - Vietnam

JP.172. Let a,b,c be positive real numbers such that: abc = 1.
Prove the inequality:

a* + bt + ct S 3(a+b+c)
bivat+4 cAVbi+4  atveA4+4 5

Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam

JP.173. Prove that in any triangle ABC,
1 1 1 6R
D

sin A sin B sinC — r

Proposed by Nguyen Viet Hung - Hanot - Vietnam

JP.174. Prove that in any triangle ABC,
ha hb
b

hc
+ —< > /6(1 + cos Acos BcosC)
c

Proposed by Nguyen Viet Hung - Hanot - Vietnam

JP.175. Prove that in any acute triangle ABC,
MaTe + mpry + mere < 82

Proposed by Nguyen Viet Hung - Hanoti - Vietnam

JP.176. If a,b > 0, then:

sinx 2ab tanzx 4+/2ab ™
. > , V (0; —)
a+b x a-+b
Proposed by Rovsen Pirguliyev - Sumgait - Azebaijan

(a+d)-

JP.177. If a,b,c > 0 then:
2(a+b+c) —I—Z\/cﬂ + b2 —ab > 3(Vab+ \/E—l—\/ca)
cyc

Proposed by Daniel Sitaru - Romania
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JP.178. If a,b > 0 then:

4a2b?
34 p3 /a2 & b2)3 4ab\/a? + b2
a” +b° + (Va? + )+a+b+ ﬁ+w2>(l a? +

Proposed by Daniel Sitaru - Romania

JP.179. In acute AABC the following relationship holds:
acosA bcosB ccosC 3
+ <

bcos B ccos C acosA — 8cosAcosBcosC
Proposed by Daniel Sitaru - Romania

JP.180. If a,b > 0 then:

4ab < vVa? 4+ b%(a + b+ Va? + b?)
4abva? + b2 < (a? + b?)(a + b+ \/a? + b?)

Proposed by Daniel Sitaru - Romania

PROBLEMS FOR SENIORS

SP.166. Let n € N* and ax € R,Vk = 1;n. Find:

Q= /ln <kl;[1(ac — ak)>dac

(x > max{ar|Vk = 1;n})
Proposed by Nguyen Viet Hung - Hanoti - Vietnam

SP.167. Let x,y, z be positive real numbers such that: zyz = 1.
Prove that:

2 + Y + - +
V2(zt +y?) + 4y 2yt + 24) +4yz /2(24 + 2?) 4+ 4z
2 5
+(w+y+Z)>7
3 -2
Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam

SP.168. Let x,y, z be positive real numbers. Find the minimum
possible value of:

:c+y+21+z
y+z z+4=wx 2 x4y

Proposed by Nguyen Viet Hung - Hanot - Vietnam
©Daniel Sitaru, ISSN-L 2501-0099 3
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SP.169. Prove that for all non-negative real numbers a, b, c

a? + 2 b2—|—2 cz2+2 S 3
b—l—c+1 c—l—a+1 a+b+1—

Proposed by Nguyen Viet Hung - Hanot - Vietnam

SP.170. Let a, b, c,d be positive real numbers such that
a-+b+c+d= 2. Prove that:

a b c d
+ + + > 2
\/b+\/3cda \/c—l—\/sda,b \/d+\/3abc vVa + vbed

Proposed by Nguyen Viet Hung - Hanot - Vietnam

SP.171. Let a,b,c be positive real numbers such that: abc = 1.
Find the minimum value of:
a* b* ct
= + +
b5/5(a*+4) 5/5(0b*+4) a5/5(c*+4)

Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam

SP.172. Prove that for any real numbers x, y, z
(z+y+2)(y+z—2z)(z+z—y)(z+y—2) < 4y°
Proposed by Nguyen Viet Hung - Hanoi - Vietnam

SP.173. Prove that for any positive real numbers xz, y, z
2?Vy?+ 22 +yPVE Fat 22Vt +y? o
x3 4+ y3 + 23 = )

Proposed by Nguyen Viet Hung - Hanoti - Vietnam

SP.174. Prove that for any positive real numbers a, b, c, x,y, z
(a® + 323) (b3 + 3y3)(c® + 323) > (ayz + bzx + cxy + zyz)®
Proposed by Nguyen Viet Hung - Hanoi - Vietnam

SP.175. Let x,y, z be positive real numbers such that:
x? + y2 + 22 + 2xyz = 1. Find the minimum value of:

x3 y3 23

1—|—3y—2yz+1—|—3z—2zm+1—|—3m—2my

Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam
4 ©Daniel Sitaru, ISSN-L 2501-0099
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SP.176. Prove that if m € [0,00),x,y,2,t € (0,00), then in any
triangle ABC, with the usual notations holds:
g (a1 3 gy

(2b2 4+ tw2)m  — (4= + 3t)™

cyc

Proposed by D.M. Batinetu-Giurgiu, Neculai Stanciu - Romania

SP.177. Prove that if m € [0,00),x,y,2,t € (0,00), then in any
triangle ABC, with the usual notations holds:

Z (5“12 + ymlz))m+1 > (4x + 3y)m+1 S

(zh2 + th2)m = gm—i(z 1 gym

cyc

Proposed by D.M. Batinetu-Giurgiu, Neculai Stanciu - Romania

SP.178. Prove that if m € [0,00),x,y,2,t € (0,00), then in any
triangle ABC, with the usual notations holds:

Z (za® + ymZ)m+! > (4x + 3y)™*! S

(zm2 +tm2)™ ~ 3m3(z 4 t)m

cyc

Proposed by D.M. Batinetu-Giurgiu, Neculai Stanciu - Romania

SP.179. If x € [0,1) then:
cosz < z3 +tand®x +sin"lxz + e®

Proposed by Seyran Ibrahimov - Maasilli - Azerbaidian

SP.180. If x,y,z € Rt Ax? + y2 + 22 = 3", n € N then:

Vo t+y+ Vo Fz+ Yy+ 2z < \54v30H

Proposed by Seyran Ibrahimov - Maasilli - Azerbaidian

UNDERGRADUATE
PROBLEMS

UP.166. Solve the equation in R:
x4 — 323 I
2

Vad — 222 + 22+ 322 —x + 1+ 2v4x — 324 =

Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam
©Daniel Sitaru, ISSN-L 2501-0099 )
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UP.167. Let a,b, c be positive real numbers such that: abc = 1.
Find the maximum value of:

1 1
P = + +
V/3a* —4a + 2b%2 +11 3b% —4b + 2¢2 + 11
1

_|_
V3ct —4c+2a2+11
Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam

UP.168. Let be a > 0 and f : (—o0,—a — 1) U (—a, +o0) — R;
Find:

_ 1
f(x) = z2F (2at)ztaZta"

. 2
lim
n—o0o pP—00

p
lim " £ (k)
k=1

Proposed by Marian Ursarescu - Romania

UP.169. Let be the sequence 1 > 0 and

w?—l—wg—l—...—I—wg:m_%m,VTLEN,pEN*. Find:

lim nPtl.pP>tp+1,
n—oo n

Proposed by Marian Ursarescu - Romania

UP.170. Find:
.’ L arctan(nz) In(1 + x) d
neo Jo 1+ @2 K

Proposed by Marian Ursarescu - Romania

UP.171. Find that in any acute-angled AABC the following in-
equality holds:

sin A sin B sin C ) < cos A+ cosB + cosC <

min —, - .
sinB+sinC sin A +sinC " sin A + sin B 3 -

sin A sin B sin C )
sin B +sinC’ sin A + sin C’ sin A + sin B
Proposed by Marian Ursarescu - Romania

< max(

UP.172. Let be A € M5(R), invertible such that: det(A42+1I5) = 0.
Prove that:

TrA*=1-+detA-Tr A}

Proposed by Marian Ursarescu - Romania
6 ©Daniel Sitaru, ISSN-L 2501-0099
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UP.173. Find:

o 1 (24 "L (2i
@ = lim 6_22i+1(i)+32(i>
1= 1=

Proposed by Daniel Sitaru - Romania

UP.174. If f : [a,b] — [1,00);0 < a < b; f integrable then:

34 f(x) + f(y) + f(2) . e .
///f(a:)f(y)+f(y)f(z)+f(z)f(y)d xdydz < (b )+</a

Proposed by Daniel Sitaru - Romania

UP.175. In acute AABC the following relationship holds:
b2 +c24+2bc 2+ a? + 2ca a? + b2 + 2ab
b2 4 c2 — a2 c?2 4+ a? — b2 a? 4+ b? — ¢2

Proposed by Daniel Sitaru - Romania

>9

UP.176. Let a,b be positive real numbers such that: a + b = 2.
Find the minimum value of:

1
P=— _
o e L Vab

Proposed by Hoang Le Nhat Tung - Hanoi - Vietnam

UP.177. If x,y,z,t > 1 then:

(lOgmzt 33) (logmyt y) (logmyz Z) (lOgyzt t) <= 16

Proposed by Daniel Sitaru - Romania

UP.178. Let be A — <(1] i) B = G 2) Find: Q = e4 . (eB)~1;

(e - exponential matrix)

Proposed by Daniel Sitaru - Romania

UP.179. If in AABC,a > b > c then the following relationship
holds:

\/ me Mg my Mme

_|_ _ 5 _ 5/ _ "~ _ 5 <1

Mg me e my

Proposed by Daniel Sitaru - Romania
©Daniel Sitaru, ISSN-L 2501-0099 7
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UP.180. If f : (0,00) — (0,00) such that exists

mll)rgo fﬂ(;}c:;)l) = a > 0 and exists mll)rglo (f(i))w then find:
. s (fEt)FE (F@)E
Q= ml:)ﬂél()((f(x))wr ( @+1)2 | a2 ))

Proposed by D.M. Batinetu-Giurgiu, Neculai Stanciu - Romania

MATHEMATICS DEPARTMENT, ”THEODOR COSTESCU” NATIONAL EconNowmic, COL-
LEGE DROBETA TURNU - SEVERIN, MEHEDINTI, ROMANIA
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