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capit0|u|
Principiul trinomului de gradul
al doilea si al sumelor de patrate.

Metoda SOS

. Cultura generald este ceea ce ifi ramdne dupd ce ai
uitat tot ceea ce ai invafat.”
Grigore Moisil (1906-1973)

Sunt adevarate afirmatiile:

a’ 20, Vae R, cu egalitate pentru a=0.
(a— b)2 >0, Va, be R, cu egalitate pentru a=5.
a+b*+c*2ab+bc+ca, Va, b, ceR, cuegalitate pentru a=b=c.

(a+b +c)2 > 3(ab +bc+ca), Ya, b, ce R, cu egalitate pentru a=b=c.

ax’ +bx+c¢ >0, VxeR@{a>0,cuegalitatepentru A=0si x=_—b.

AZ0 2a
anSb@(x—a)(x—b)SO,cuegalitate dacd x=a sau x=b.
a3+b3-I-cJ—3abc=(a+b+c)(a2 +b2+cz—ab~bc—ca), Ya, b, ceR.

a +b*+¢* >3abe, Ya, b, c >0, cu egalitate pentru a=b=c.
a+b*+c?2a+b+c, Va, b, c>0 si abc=1, cu egalitate pentru a=b=c=1.

1 1 1 .
(a+b+c)(—+z+—)29, Ya, b, ¢ >0, cu egalitate pentru a=b=c.
a e

In continuare sunt propuse aplicatii ce pot fi rezolvate folosind inegalitatile de mai
sus.

S se arate ¢ in orice triunghi ABC au loc urmitoarele inegalitati:
1.1. a) cos® A+cos’ B+cos’ C = % OL 1983, Galati
. 2 . o . 2 9
b) sin” A +sin B+sm‘CSZ.

1.2. & +b* +c* <9R*. Inegalitatea lui LEIBNIZ
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1.3. ZcosA+\/§(cosA;B+cosA;C)+3(sinA;B+sin A;CJSS.

Concursul ,, Traian Lalescu”, 1987
1.4. 2(sin B +sin C)<3+2cos 4.

LS. absin® A+ bcsin® B +casin® C < p?.
GM 2/1984, Marcel Chiritd, Bucuregti

1.6. cosA+cosB+cosC < % Mitrinovic, 1965

1.7. cosAcosBcosC < % . GMF-B 1/1961, solutie Toma Albu

1.8. 3a° +3b6% -2 24543 .
1.9. Pe laturile 4B, BC, CA ale AABC se consideri punctele M, N, P astfel incat
segmentele AM, BN, CP si fie congruente.
a) S4 se afle minimul ariei AMNP .
b) In cazul cand A4BC este echilateral, si se arate ci minimul ariei AMNP este
egal cu un sfert din aria A4BC .
1.10. Fie ABC un triunghi oarecare.
a) S se determine un punct M pe mediana A4’ astfel ca expresia
MA? + MB? + MC* si fie minim.

2 2 2
b) Si se arate ci GA® + GB> +GC? > #.

1.11. a) Si se determine un punct P situat pe iniltimea 4D a unui triunghi
ascutitunghic 4BC astfel ca expresia P4’ + PB + PC* si fie minima. \
b) S& se determine un punct P situat pe bisectoarea AA' a triunghiului ABC
astfel incat expresia P4’ + PB* + PC? si fie minima.

Sé se arate ci in orice triunghi au loc inegalititile :

L12. 2R(h, +h, +h)<a® +b° +c2. OL Constanta 1985, Ion Cucurezeanu

4p?
1.13. ab+bc+ca$T.

2 2 2
1.14. bcsin2§+casin2 g+ absin? % Sm

4
1.15. a) S se arate cii nu existi niciun triunghi pentru care si existe inegalitatea:
4S\3 > a® +b* + ¢,
GMB, vol. Il nr. 2/oct 1897
b) @ +b> +c* > 4853 . Roland Weitzenbock, 1919
1.16. actg£+bctg£+cctggsz‘£ ;
2 2 2 3
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3
1.17. a) sin2£+sin2£+sm2 4 M. b) sinisinﬁsingsl.
2 2 2 4abc 2 2 2 8
c) cosﬁcosgcos—<i d) sinAsinBsinCSﬁ.
2 2 8 8
e) sinA+sinB+sinCS3—\-/—z. 1)) _l + _1' + .1 >2.3.
2 sin4 sinB sinC

2 2 2
1.18. — ad, . bl +— cl, <2.
p'(p-a) p(p-b) pP(pP-c)

GM 8/1988, Francz Adalbert, Arad
1.19. sin? Bsin’ C > 2(sin2 A+sin’ B+sin* C - 2) .
GM 3/1990, Bogdan Trentea, Bucuresti

1.20.2) p2[(p-b)(p-c)+oc. GM 12/1969

b) (p-a)(p-6)+(p=8)(p-c) +{(p-c)(p-a)<p.
: RM. Galati 9/1990, Gheorghe Tutulan
2a 2b 2c

1.21. + + >3. GM 12/1977, C.C. Nistorescu, Pitesti
2p—-a 2p-b 2p-c

4 ,B ,C
1.22. te* = +tg* = +tg?=21.
gy yTES

1.1, 1,1
a B I 2Rr

1.24. 3) m, 2%,(a(8p—9a) .

GM 6/1985, Matematika v skole (URSS), Matematika (Bulgaria)

< cos% . GM 4/1987, Mircea Lascu, Zaldu

1.23.

by m > 2"

a

c) m, 2,/p(p—a) sianaloagele.

dym,2p ’l —%ﬁ . Mathlinks, 2012

b* +c?
e)ym, 2
4R
)y m,2R sinlB -C l . Olimpiada de matematica 1987, Arges
g) 4m,m_<2a’ +bc. h) m mm, 2 pS . i) mmm, 23p*.
j) m.omm_ Zr.nr.. RMT 1/1978, Titu Andreescu, Timisoara
m’ m; m’

c—>9Rr. GM 2/2009, Florin Stinescu, Gdesti
1+cosA 1+cosB 1+cosC
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Hem, cosﬁ +m, » L i Cos—=2>(a+b+c).
2 2 2 4
m) 2R(m, +m, + m)za' +b +c*.
Olimpiada de matematicd 1989 Constanta, lon Cucurezeanu
1.25. &° (b+c—a)+b? (c+a-b)+c? (a+b-c)<3abe.
GM 3/1965, OIM 1964, Moscova
3abe

2R
1.27. a) 2— + ;—" + ;— >3, GMF-B 1/1961, Viorel Gh. Voda, elev, Bucuresti

a b ¢

1.26. \/c;cosg+ b cos§+x/;cos%2

b) (hr?) +(m) + (hr?) 23(hhhY , unde neN.
GMFE-B 171961, Viorel Gh. Vodd, elev, Bucuresti

c) (hjrd )n +(h,,2rb )” +(hfr(,)” 23(/1{//1,,/70)" , unde neN, Inemath 2/2015
1.28.3((13+b3+03+3(1bc)s4p(£12+l72+02).
1.29. a) 3(£+2+£j2(a+b+c)(l+l+lJ.
b ¢ a a b ¢
b) 3(£+£+3)2(0+b+c)(l+l+l).
a b ¢ a b ¢
S S
c) 2[£+£+£J2£+3+£+3.
b ¢ a) a b ¢
1.30. azb(a—b)+bzc(b —c)+c2a(c—a)20. OIM 1983, propusd de SUA
1.31.a) @’ +b° + 2 2;1;[)2.
b) az+b2+022ig pz+ﬂ‘2 ;
35 p

American Mathematical Monthly 1971, J. F. Darling-W. Moser
1.32.0) \Ja* ~(b-c) <aq.
b) 8(/)—0)(/)—[))(/7—0)Sabc.

c) abc<az(p~a)+b: (p—b)+cz(p—c)_§§abc. O. Bottema, cdp
1.33. 4(a +/J)(b +c)(c + u) <8p® +5abc. Cardinal 4/199]
134.2) ¢, ca_ . ab >a+b+ec.

b+c—a c+a-b a+b-c
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: + : + ] zl+l+l. 567 INE
b+c—a c+a-b a+b—-c a b c
1.35. a) Fie a, b, ¢ lungimile laturilor unui A4BC . Aratati c:
Jbrc—a+vera—b+Jatb-c<Ja+b+e.

Asian Pacific Mathematical Olympiad 1996
b) in A4BC notim x=b+c—a, y=~fc+a—b, z=+a+b-c . Aritati ci:

(x+y)(y+z)(z+x)£8\/abc . Dezvoltare M. Chirciu

1.36.in AABC medianele BB’ si CC' sunt perpendiculare. Aratati ca:

a) b +c* =5a". b) 5(b2+c2—a2)28bc.

c) cth+cth2§. AMM. 1965, S. Reich

. 4 ]

d)cos 4> g Matematika v Skole, URSS
Sa se arate cd in orice triunghi au loc inegalititile :
1.37. cos’ Y 2—%.

1.38. ctg§21+ctg/t.
B
1.39. ctg-§+ctg5+ctggs3(ctgA+cth+cth).

1.40. a) \/g(sin A+sinC)—-cos B S—z— )
GM 1172008, Benedict G.Niculescu, Bucuresti
b) ﬁ(sinA—sinC)+cosBS% .

n+2

9 \/;(sinA+sinC)—cosB£ ,unde neN",

n+2

d) \/;(sinA—sinC)nLcosBS ,unde neN",

e) \/;(sinAaninB)—cosCS m;-2 ,unde m=0.
Dezvoltari M. Chirciu
141.a) [+, +1l. <m +m +m,. b) m> +m; +m’ =%(02 +b +c2).
¢y m:+mp+mlzp GM 1/2011, Florin Rotaru, Focsani

3
d) m2+m2+m?235\6. eym +m, +m <N a*+b +ct .
a h c - a b 4 2
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D4, + 1, +I< %\-‘ a’ +b* ¥ Cardinal 1/1990
L, <\p(p-a).
h) I +1, +1 < p\f3. Tabdra de Matematicd, Bdile Herculane 1986
i) ml,>p(p-a).
Dm+l 2 2/ p( p- a) . GM 12/1982, Gheorghe Stoica, student, Bucuresti
m b* +c?
k) I" b4 b 21, GM 9/2003, Traian Tamdian, Carei, Satu Mare
| c
i 920,
m, _a +b +c 2
) 2o m) r.p, +nr+rr, = p’. n) ml >nr.
ha 48‘\/5 a c c'a a’a c
o) ml, +ml +ml > p*. GM 5/1980, Laurentiu Panaitopol, Bucuresti
) my+mp+ml+ 12+ 22 2p%,
b+c)’
r '7 > (4TC) >1, G. Tsintsifas, 1975
. c
2! 2
5) 'Z > bzzc >1. G. Tsintsifas, 1975
A c
m, b*+c? | . . o
< g . Tsintsifas,
t) l" < e (in A4BC ascutitunghic) G. Tsintsifas, 1975
3 3 3
) = + 0y e Sﬂbi ('n A4BC ascutitunghic).

l fo ) abc

c

GM 10-11-12/1990, Mircea Lascu, Zaldu
1.42. Daci in AABC are loc relatia 26° = a® +¢?, demonstrati inegalitatea:
ctg’ B>ctg ActgC.

Baltic Way 1997
Sa se arate ci in orice triunghi au loc inegalitatile :

1.43. \/Rr(l+l+ljzﬁ.
a b ¢ 2
GM 12/2006, Laura Molea i Gh. F. Molea, Curtea de Arges
144 L 11 P
a b ¢ 3Rr
1.45. a) ab+bc+ca=p®> +r* +4Rr . b) @’ +b% + 2 :2(p2 -r? —4Rr).

bc ca ab
+ +

p—-a p-b p-c
RM Galati, 33/2009, Oleh Faynshteyn, Leipzig, Germania

¢) a3+b3+c3=2p(p2—3"2—6R")- d) 22(4R+r).
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1.46. Dacd in AABC are loc egalitatea JZ +\/Z +\/Z =" atunci triunghiul
r

este echilateral.

1.47. l+—1,—+ ]2_ ‘2.
nwon K 3r

1.48.2) p\3<4R+r.

¢) ab+bc+ca=p’ +r’ +4Rr.

e) h+h +h <4R+r.

RMT 1/1974, Titu Andreescu, Timisoara
RMT 2/1977, Titu Andreescu, Timisoara

b) p> <8R*-2Rr—r’.

d)é E 28 p +r +4Rr

b c 2R

1.49. Fie A4BC dreptunghic in 4, cu catete de lungimi b, ¢ si A lungimea inalfimii
corespunzitoare ipotenuzei BC, unde BC =a . Sé se arate ci:

1.50. a) > +r2+rl 2 p’.
rb r

b) L +—= sf———.

n,+r, r‘,+r‘, r,t+r

1.51. [, +1, +1, zzs(l+l+l).

a b c

1.52. l+l+—]—sl.

[ A A
2 2
1.53. 2) Rz —— t€
2W2b? +26% - &
b +¢? a
b) R> >4,
n2b* +22 —a* 2
2 2
d) 2p<Y bre  <6r.

N2b +26 - d?

¢) R2

€) 4P<Z

GM 7-8/1998, Viorel lulian Cornea, Hunedoara

Viorel Gh.Vodd

GM 7-8/1997, Marian Ursdrescu, Roman

RMT 4/2009, Petru Viad, Sibiu

RM Astra Sibiu, 3/1990

Baltic Way, 1998

b’ +c
4m,

>

SRR

w

2
b"+¢” _1aR.

2 2
f) am, +bm, +cm, <a’ +b* +c> S2R(m, +m, +m,).

g) am, +bm, +cm, SZ(p2 -r —4Rr)$2R(ma +my+m.).

154.a) r,+n +r,=4R+r.
b) rp, +nr +rr, =p.

c) ra+r,,+r02p\/_.

1.55. p>J(p-b)(p-c) +bc .

Dezvoltdri M. Chirciu
Feuerbach, 1822
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Fl
1.56. m, +m; +m’ s3(%} :

RM Galati, 9/1990 Lucian Tiberiu Olteanu, Cluj-Napoca
l, ml
-+

1.57. a) Ml , 1

S A MateForum 2009, C. Mateescu, Pitesti
h, h, h,
ma /a mb [h m, /(' TP
b) + R = R A O Dezvoltare, M, Chirciu
T ) re

1.58. Pentru numerele reale , Y, z satisficind x+y+z=0, in orice triunghi cu
semiperimetrul p, exista inegalitatea:
za(p—a)+sz(p—b)+xyc(p—C)SO,
cu egalitate dacd si numai daci x = y=z=0,
‘ GMA, 2/2001, Vasile Cértoaje, Departament of Automation and

Computers University “Oil and Gas * of Ploiegti.

1.59. a) Pentru numerele reale x, y, z arbitrare, in orice triunghi exist3 inegalitatea:

(ya2 +zb% + xc? )(2(12 +xb* + ye? ) >(xy+yz+ zx)(aEbE +b*c* +c*a ),

. . Xy
cu egalitate daci si numai dacd —— = ==
a 2N
GMA, 272001, Vasile Cdrtoaje, Departament of Automation and
Computers University “Oil and Gas " of Ploiegti.

b) a’b(a- b)+bc(b~ ¢)+c’afc~ a)20.

1. M. O, Paris 1983, propusi de U.S.A.
¢) a"b(a-b)+b"c(h- ¢)+c"a(c—a)>0,unde m>2. Vasile Cartoaje

z
P

2 2 2
d)3 a_2 + b—, + —C—, > (al +hr 4ot )(L) + iz + i,) y Inegalitatea lui Walker
b> o a a b
Math. Mag. 43, 1970
e) @ (b+c—a)+b’ (c+a—b)+c? (a+b-c)<3abe. LMO., 1964
1.60. Si se arate ca daci in AABC are loc inegalitatea:
a' >pt bt 4o , atunci m(A) >60°.
Olimpiada Judeteand de Matematicd, 1989
1.61. Si se arate cii dacd in AABC are loc inegalitatea:
l+l:__1;’ atunci m(C)_>.120°.
a b m,
1.62. Sa se arate ca intr-un triunghi dreptunghic cu ipotenuza de lungime a §i catetele
b, ¢ exista inegalitatea:
(a + b)(a +c) 5
ab+bc+ca
Computer Matematica 1/1996, Stefan Tache, Campina
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1.63. 0<m? — I < (b—zc)_ .

Mathematical Reflections, 2/2007, Titu Andreescu, U.S.A.
1.64. a) 4a° +b” +c* = 8mm,. b) Vaat +b> +c* 22 (m, +m,).
o) Vaa? + b2 + 2 +3Ab? +* +a® +N4ct +at + b 222 (m, +m, +m,).
GM 272007, Ovidiu Tdtan, Rm.Sarat, Buzdu

1.65. a* +b' +c* +abc(a+b+c)2 2((sz2 + b’ +czaz) .

Olimpiada de matematica RUSIA 2001

9 ] 1 ] 5
< + + < .

2(a+b+c) a+b b+c ct+a a+b+c

1.66.

: GM 2/2012, Adriana Dragomir si Lucian Dragomir, Otelu Rosu
1.67. a) Jab +~Jbe +Jea <2p.

b) +/sin Asin B +/sin Bsin C ++/sin Csin 4 <}f—.
r

c) (a+b)(b+c)(c+a) >4RS.
d) ab(a+b)+bc(b+c)+ca(c+a) >3abc .

GB 5/1978 lon Nanuti si Valeriu Druld, Motru
b 3 3 )3
168, a) LECEra, arb o a*b R Gar3/1974, Gh. Bostan, Urziceni
a b c abc

a b e, 1 5 GM 3/1974,llie Diaconu, Tg.Jiu
1+a l+b 1+c l+a+b+c

1.69. a) Daca intr-un triunghi cu laturile de lungimi a, b, ¢ exista relatia:
Z(ab2 +bc* +ca’ ) =a’b+b*c+c’a+3abe.

atunct triunghiul este echilateral.
Brazilian Mathematical Olympiad IMO Test Selection Team 2000
b) Daca intr-un triunghi cu laturile de lungimi a, b, ¢ existd relatia:
a +b*+ ¢ +3abe =ab(a+b)+bc(b+c)+ca(c+a).
atunci triunghiul este echilateral.
¢) Daci intr-un triunghi cu laturile de lungimi a, b, ¢ existd relatia:
24" +3b%c+4ab® =2b%c +3a’b +4abe .
atunci triunghiul este echilateral.
d) Daci intr-un triunghi cu laturile de lungimi a, b, ¢ exista relatia:
@ +2b° +3bc +act =¢* +a’b+a’c+4b’c.
atunci triunghiul este echilateral.
Dezvoltari M. Chirciu
1.70. Daci in AABC avem A=2B si se demonstreze relatia:

a’=b(b+c). Olimpiada de Matematicd INDIA 1992
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l. b) 2 4 b =t Zsin£+sin£+sin—q.
b+c b+c c+a a+b 2 2 2
GM 8/1988, Laszlo Baloy, Baia Mare
1 | |

>
c).A.B+.B.c+.C.A“12‘
S1n—sin — Sin—sin — S5In—sin—
215 213 2715

1.71. a) sing <

d) Si se arate ¢ in orice A4BC neobtuzunghic are loc inegalitatea:
a

sinﬁs
2

RMT 1/1987, Mircea Lascu, Zaldu
1.72. S& se demonstreze ¢ in orice triunghi neobtuzunghic are loc inegalitatea:

2(R+r)sa* +b* + 7.
GM 11/1993, I. Nanu si I, Pdtrascu, Craiova
1By Ly L1 sl(iz+i2+iz). Mathlinks 2013
(a+b) (b+c) (c+a)’ 4\a* & ¢
1 1 1 3 1.1

1
+ + t S —
(a+b)" (b+c) (c+a) R & B &

b)

Mathlinks 2013
1 1 1 h.h, +hh +hh,
2 7t 3 7t 3 7 S 2
a’ +ab+b> b’ +bc+c® 4ca+a 8S
RMG 11/1992, C. Dragomir, Pitesti

1.74,

175.0) 2970, 2%-c  2-a >3
2b+c—-a 2c+a-b 2a+b-¢c 2

Dan Coma, Viddstrita
na-b N nb—c L _Nc-a >3(n—1)

b >
)nb+c—a nc+a-b na+b-c

,unde n>1,

Dezvoltare, M. Chirciu

1.76. a) Sa se arate ci in orice triunghi ABC existi inegalitatea:
a’ +b°
§< .
4

b) Sa se arate ci daci intr-un triunghi ABC existi egalitatea:
a* +b*

4
atunci triunghiul este dreptunghic isoscel.

S=

Matematica in liceu, Craiova 199]
1.77. a) ctg Actg B+ ctgBetgC +ctgCetgA=1.

b) ctg’ A+ctg? B+ctg’ C 21,
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c)tﬁt £+t Et £+t gt i41—1
gzgz gzgz gzgz '

A b B e C
d) tg® —+tg’ —+tg’ = =>1.
)it g
1.78. a) Si se arate cd in orice triunghi ABC existd inegalitatea:
(a-b)(a+h,—b—h)20.
b) Si se arate ca dacd a= b, atunci a+h, 2b+h,.

¢) Daci in triunghiul 4BC avem a > b si se arate c@ Ja+ \/E >/b +\/E_ .

Revista de Matematicd din Suceava 2/1992, Lucian Tutescu, Craiova
1.79. a) Daci x, y, z>0 si x+y+z =1 sd se arate ca:

Z{§+%]+622\/EZ l:xf

Junior Balcanic Mathematical Olympiad, 2012
b) Si se arate ci in orice AABC existd inegalitatea:

LA /ha—’
Z(hb+ha]+622\/§z —.

c) Sa se arate c¢i in orice AABC existd inegalitatea:

¥ t, VY —F
Lyhli6>242 ,f "

Z(Vb ra] 2 r
1.80. a) az(i+ 12]—4sin[£+£)sin(£—£)2£.
be 4R 26 2 6) R

b) Daci in triunghiul ABC exista inegalitatea:

o 1 1 (A #Y. (A m)_a
a’| —+-—|—4sin| —+—sin| ———|<—,
bc 4R 2 6 2 6) R

atunci triunghiul este dreptunghic isoscel.
Olimpiada Locald de Matematica 1993, Dolj, Dan Secldman, Craiova
1.81. Sa se arate ci in AABC, dreptunghic in 4, are loc inegalitatea:

P 1442,
be

Tabdra Nationald de Matematicd, 1982, 1. V. Maftei si C. Stoica
1.82. Sa se arate ci in AABC , dreptunghic in A4, are loc inegalitatea:

g+322\/§.
b ¢

Dezvoltari, M. Chirciu

RMT 2/1985, Dan Stefan Marinescu, Hunedoara

at+b* +cf
1.83. ihic >3r. GM 7-8/1987, Mariana Miricd, Costesti, Arges
at+o+c
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1.84. 1/3(ab+bc+ca) SZa(cosB+cosC)S,{3(a2 + b2 +cz) .

Artur Balduca, Botosani
1.85. &> +b* + R* > 2,
100 Problems
1.86. a) Dac3 x, y, z>0 aratati ca:

(x+y+2) L 2344 212 L % |9,
xX y z y+z z+x x+y

b) S4 se arate i in orice AABC existi inegalitatile:
20 8(p’ —r* —Rr
pi+r 4—4»‘?1»-23+ (P )

== 29
2Rr p - +r°+2Rr

1)

: 240 4(4R+r) -8p?
% 4R+r . P +r 8Rr29; 3 4R+r o ( r,) [d Y
r i Rr r pr

Octogon Math. Magazine 2/2016, M. Bencze, Brasov si Xhao Changjian, China

1.87. a) Daciix, y, zeR si a < % aratati ci:
x*+y? +2° 2xy+yz+zx+ar,:()c—y)2 +(y—z)2 +(z—x)2].
b) Daci o E[O, %} ardtati ci ca in orice AABC exist inegalititile:

) p* 23r(4R+r +a) (a-b); 2) (4R +r) 23p? +a) (r,-n)
3) (p*+r* +4Rr)’ 224pRy +4aR*Y (b, —h,)
Octogon Mathematical Magazine 1/2017, M. Bencze, Brasov
1.88.a) Dacd x, y,z>0 si x+y+z=] aritati ca:
3xyz+2(xy+yz+zx)2 Sxy+yz+zx.

GM 1172014, Traian Tamaian, Carei, Satu Mare
b) S& se arate ¢i in orice AABC existi inegalititile:

2 2, .2 2
+r° +4Rr 242
1y 14[4R2rY (2R 2)3rz+(p 2 ) DA +aARr
p r 4Rp 2R
Dezvoltari, M. Chirciu
1.89. a) Daca x, y, z> 0 si x+y+z=3, aritati ci: xyz+¢25.
xy+yz+zx
b) S se arate i in orice AABC exista inegalititile:
27R 2 2
2r+ 4p 25, 2 27122r+ : 16p 55
p 3r(4R+r) P B(p +r1+4Rr)

M. Chirciu, 2015



