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PROBLEMS FOR JUNIORS

JP.241. Let m/, my, m/ be the circumpedal extensions of cevians
of centroid in AABC. Prove that:

m;—l—mg—l—mé > 3v abc

Proposed by Daniel Sitaru - Romania

JP.242. Let m/, mj, m/ be the circumpedal extensions of cevians
of centroid in AABC. Prove that:

/ / 4
m,m,m_ > abc

Proposed by Daniel Sitaru - Romania

JP.243. If z,y,z > 1;xyz = 8 then:

G)+(G)+G) =3

Proposed by Daniel Sitaru - Romania

JP.244. Prove that the following inequality holds for all real num-
bers x,y, z:

max{z,y,z} > min{z,y,2} + V&2 + y2 + 22 —zy — yz — 2z
When does the equality happen?
Proposed by Nguyen Viet Hung - Hanot - Vietnam

JP.245. Let z, y, z be non-negative real numbers such that
x? + y2 + 22 = 1. Find the minimum and maximum value of:

vi+z+/1+y+v1i+z

Proposed by Nguyen Viet Hung - Hanot - Vietnam

JP.246. If a, b, c,d > 0;a’cd + b%da + c2ab + d?bc = 4abced then:

S B ) B
Proposed by Daniel Sitaru - Romania
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JP.247. Let a, b, c be non-negative real numbers such that
a+ b+ c=1. Prove that:

(\/E—l—\/g—l-\/5)2—|—a2—|—b2—|—c2 > 10(ab + bc + ca)
Proposed by Nguyen Viet Hung - Hanoi - Vietnam

JP.248. Prove that the inequality holds for all positive real num-
bers a, b, c:

1

1
2a—|—b—|—c+2b+c—|—a+2c+a—|—b
Proposed by Nguyen Viet Hung - Hanot - Vietnam

a2—|—b2—|—c2—|—4abc<

JP.249. Prove that the inequality holds for all positive real num-
bers a, b, c:

b b b b
\/+c+\/c—£a+\/a—ci— Z\/ —|—c+c—|—a+a—|— 412

a a b c

Proposed by Nguyen Viet Hung - Hanoi - Vietnam

JP.250. Let a, b, c be positive real numbers such that:
1 n 1 n 1 n 4 n 4 n 4 <6
a? b2 2 (b+c)2? (c+a)? (a+0b)?2—

Prove that:
ab+bc+ca > 3
Proposed by Nguyen Viet Hung - Hanoti - Vietnam

JP.251. If a,b,c,p > 0;a < b < ¢ then solve for real numbers:
a®(b+p)*+b*(c+p)*+c*(a+p)® = a®(c+p)*+b"(a+p)*+c*(p+b)*

Proposed by Florentin Visescu - Romania

JP.252. Solve for real numbers:
log 233 + x . log 21: —x 3—|—(w—log(a:3—|—m))3+
x4+ 1 x4+ 1

+(x + log(z3 + x))3

Proposed by Daniel Sitaru - Romania

JP.253. If n € Nyn > 2;5a5 € |5,

(5 ) (£ o)<

k=1
Proposed by D.M. Batinetu - Giurgiu, Neculai Stanciu - Romania
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JP.254. If n € Nyn > 2;a; € [112, g),kz € 1,n then:

49n?

n n
sina t
(3 s ) (3 cotan )< 4
k=1 k=1

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

JP.255. If m € N then in AABC the following relationship holds:
A\ m+1 B\ m+1 C\ m+1
3Im+ <a2 cot E> —|—(b2 cot E> —I—(c2 cot 5) > 36(Tn—|—1)\/§r2

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

PROBLEMS FOR SENIORS

SP.241. Let w/, wy, w! be the circumpedal extensions of cevian of
incentre in AABC. Prove that:

rs 8a?b?c?
T (a+b)(b+c)(c+a)

Proposed by Daniel Sitaru - Romania

I 4
W, wyw

SP.242. Let w/,wy,w! be the circumpedal extensions of cevians
of incentre in AABC. Prove that:

wl +w, +wl, > ¢ abic?
~\V(a+b)(b+c)(c+ a)

Proposed by Daniel Sitaru - Romania

SP.243. Let P be a polynomial such that
P%(zx) + 16 = 28P2(x2 — 4), for all x real numbers. Prove that P
is constant.

Proposed by Pedro H. O. Pantoja - Natal/RN - Brazil

SP.244. If 0 < y < = < 2y then:

z(z + y)\/4y? — 22 < 3y3V3

Proposed by Daniel Sitaru - Romania

SP.245. If 0 < y < = < 2y then:

z(x +y) > 3(z — y),/3(4y? — z?)

Proposed by Daniel Sitaru - Romania
©Daniel Sitaru, ISSN-L 2501-0099 3
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SP.246. If ABCD bicentric quadrilateral; I — incenter then:
(IA? +IC*)(IB*>+ID?*) > AB-BC -CD-DA

Proposed by Daniel Sitaru - Romania

SP.247. In AABC;1I - incenter; O4,0p,0c¢ - circumcenters of
ABIC,ACIA; AAIB. Prove that:

5+7‘< BC n AC + AB < /8+2’r
2 R — OpOc¢ OAO0c¢c 040 — R

Proposed by Marian Ursarescu - Romania

SP.248. If A € M5(R); A+ AT = I5;Tr A = Tr A2 = 0 then find:
QO = A2020

Proposed by Marian Ursarescu - Romania

SP.249. Let AA’B’C’ be the circumcevian triangle of centroid in
AABC. Prove that:

S[A'B'C] << R )6
S[ABC] —\2r

Proposed by Marian Ursarescu - Romania

SP.250. Let be z1, 22,23 € C\ {0} different in pairs;
|z1| = |z2| = |2z3] = 15 A(21); B(22); C(2s)-

If |21 — 22 — 23| 4+ |z2 — 21 — 23| + |23 — 22 — 21| = 6 then
AB = BC = CA.

Proposed by Marian Ursarescu - Romania

SP.251. In AABC the following relationship holds:
mé + mf + m8 > 9V3F3; (F - area)

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

SP.252. If m,n > 1 then in AABC the following relationship
holds:

Va(mb + nc — a) + V/b(me + na — b) + Ve(ma + nb — c) < .‘;

mb + ne me + na ma + nb

Proposed by D.M. Batinetu - Giurgiu, Neculai Stanciu - Romania
4 ©Daniel Sitaru, ISSN-L 2501-0099
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SP.253. If n € N;n > 2;a; € [112, g),kz € 1,n then:

" " 49n? 1)2
(g ksinak><§ kcotak><n(n+)
24
k=1 k=1

Proposed by D.M. Batinetu - Giurgiu, Daniel Sitaru - Romania

SP.254. Let A;As...A,;n > 3 be a convexe polygon with area
F = [AlAzAn] with sides ap = AkAk+1; k€ 1,n; Qni1 = aq;
Tk, Yk € (0, g), k € 1,n then:

™ aj 16 F? tan?(Z)

D

o sinag +siny, > p_ (Tk + yk)

Proposed by D.M. Batinetu - Giurgiu, Daniel Sitaru - Romania

SP.255. If n € N then in AABC the following relationship holds:
A\n+1 B\n+1 C\n+1
n 2 2 2
3 ((a cot 2) —i—(b cot 2) —l—(c cot 2) )Z

> gntl . g2t 2nd2

Proposed by D.M. Batinetu - Giurgiu, Daniel Sitaru - Romania

UNDERGRADUATE
PROBLEMS

UP.241. Let be n € Nyjn > 3;m > 0; A1As... A,; a convexe
polygon inscribed in a circle with radius R. If ap = ApxAk1;
ke€l,n;A,11 = A1;s - semiperimeter then:

"1 n
Z a” 2 2m Rm gin™ =&

Proposed by D.M. Batinefu-Giurgiu, Daniel Sitaru - Romania

sin? a cos?asin®b cos?acos?b
UP.242. Ifa,b € R; A = | cos® bsin? ¢ sin? b cos?bcos? c
cos?csin?a cos?ccos?a sin? ¢

L1 I2 I3
A" = |xy x5 x| ;n>Nyn>2;2;, € R,i€1,9
L7 T8 L9
then find Q@ = >)_, x;

Proposed by Daniel Sitaru - Romania
©Daniel Sitaru, ISSN-L 2501-0099 )
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UP.243. Find:

Q= 1l (H 4 logs ¥t log. X441 ! )
= lim n+1logy, — +1logs — + ...+ log,
pm g23 835 g om — 1

Proposed by Daniel Sitaru - Romania

UP.244. If A € M4(Q);det((1 — i) A + v/2I4) = 0 then:
det(A + zIy) > 2z%;z €R

Proposed by Marian Ursarescu - Romania

UP.245. If xg = 15241 = n + mi; n € N then find:
Q= lim (n(z, —n))

Proposed by Marian Ursarescu - Romania

UP.246. Prove that:
v (3 9B ava g mean (L)

where ¥(x) is the digamma function.

Proposed by Vasile Mircea Popa - Romania

UP.247. If 0 < a < b then:

b e va(vb—+a) (Vb—+a)? (b—a)?
/a e dx > = + e g

Proposed by Daniel Sitaru - Romania

UP.248. If ay,a2,...,a, > 1,a1a3...a, = 2", n > 1 then:
2 2 2
ai+as+...+a,— — — — — e ——2>n
aj a A,

Proposed by Marin Chirciu - Romania

UP.249. If a > 0,7 € (0, ), 21, 22, ..., 2n, € C such that
|z — al < r,k =1,n, then:
1 1 1 n?(a? — r?)
Izask1+z2+'--+zn|7+7+--‘+7>—2
z1 z2 Zn «

Proposed by Marian Voinea - Romania
6 ©Daniel Sitaru, ISSN-L 2501-0099
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UP.250. If a,b,c > 0 then:

b (&} (&} a a
Z(l + 1) > eZalzi-l+2b+1 + 82b+1+2c+1 + 82c+1+2al:|-1
a

cyc

Proposed by Daniel Sitaru - Romania

UP.251. If t,u,x,y > 0 then in AABC the following relationship
holds:
2

a 18R
>
Z (t cos? % + u cos? g)(:cb +yc)2 T (t+u)(x+y)2(4R+ 1)

cyc

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

UP.252. If m,n,t > 0 then in AABC the following relationship
holds:

m3(tan;4 .tan§)4 —|—n3<tan§tan(;)4 —|—t3(tan(27tan;l)4 >

mntr?

Proposed by D.M. Batinetu-Giurgiv, Daniel Sitaru - Romania

UP.253. If m € Nym > 15a,b, x5 > 05 (Yn)n>0; Yo, Y1 > 0
Yn+2 = QYn+1 + byn, (V)n € N then:

" 1 n o m+1
ETk+1
mn + E —— | [ mn + >
( k=1 “”?H) ( k=1 (ayn+1$k+1 + bynsck) )
1 2,2
> (m+1)™n”

Yn+t2
Proposed by D.M. Batinetu-Giurgiu, Daniel Sitaru - Romania

UP.254. If a,,, b, > 0;n €Nsn > 1

then find:

Proposed by D.M. Batinetu-Giurgiu, Neculai Stanciu - Romania
©Daniel Sitaru, ISSN-L 2501-0099 7
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UP.255. If t > 0;an,b, > 0;n € Nsjn > 1;

a b
lim —*! =a > 0; lim L—H:b>0
n—oo na, n—oo nt . b,
then find:
n L 1)t+2 t+2
Q= fim [ "+Y __=
n—oo n+\1/ An41 bn+1 n\/ Qnp * bn

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

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