Mamemamuxa Volume 62, Mathematics
u uHgpopmamuka Number 1, 2019 and Informatics

Konxypcuu 3adauu
Contest Problems
Pybpuxama ce 600u om ooy. 0-p Becenun Henxos

PEILIEHUSA HA 3AJIAYUTE OT BPOM 2, 2018

3agaua 1. /la ce HaMepH Hali-MaJIKOTO €CTECTBEHO YHCIIO 71, IPU KOETO 71 Ky0Oa

C TICJIOYNCIICHH IBJDKUHA Ha pPHOOBETE B CAHTUMETPH UMAaT CyMa Ha 00eMHTe, paB-
3
nana 2018 cm” .
Xpucmo Jlecos, Kazannvk

Pewenue: Thii kato 12° =1728 <2018 <2197 =13, 10 2018 He e ky6 Ha ec-
TECTBEHO YHCJIO U 3aT0Ba A1 > 1 . Pasmiexame mocieoBarelHo cirydante 3a 7> 2 .

1) Ilpu n =2 pasmiexiamMe eCTECTBEHU YKHCIa X U ), 32 KOUTO Ca U3IIbIHCHN
penarmure X >y >1 un X+ y3 =2018. Torasa 2x° > x° + y3 =2018, orxbae-
10 x° >1009>1000=10", Te. x>11. Ocrenr ToBa X +1<x’+3° =2018,
otkbaero x° <2017 <2197 =13°, re. x <12 .Taka nonyunxme, e 11<x<12.
JlecHo ce npoBepsiBa, ue ipu X =11 u x =12 HAMa ecTrecTBeHH CTOHHOCTH Ha ),
3a KOMTO € H3IBIHEHO PABEHCTBOTO X~ + )° = 2018 .

2) Ilpu n =3 pasmiexaame eCTECTBEHH YKCiIa X, ) U Z , 32 KOUTO Ca M3ITbJI-
HCHH  pelaiuuTe x>2y=>z2>1 " ¥’ +y’+2°=2018.  Torasa
3x° > x° er3 +2°=2018, orkbrero x° >672>512=8, te. x>9. Ocsen
ToBa X° +1’+1’ <x’ + 3’ +2° =2018, otkpaero x° <2016<2197 =13, re.
x <12. Taka monyunxme, ue 9< x<12. Axo x =9 nmame )’ +2z° =1289. Or-
vk 2y 2y +2°=1289, 3y’ >644>512=8", te. y>=9. OcBen ToOBa
Y+ <y +2°=1289, »’ <1288<1331=11°, te. y<10. Taka momyun-
xme, ue 9 <y <10. JlecHo ce npoBepsiBa, ue iput X =9 u y =9,10 usama ecrect-
BEHU CTOMHOCTH HA Z , 33 KOMTO € H3IBIHEHO PABEHCTBOTO X + )° +2° = 2018.
Ako  x=10, wmmame )’ +z°=1018. Orryx 2y’ =)’ +2° =1018,
¥ >509>343=7", te. y>8. Ocsen ToBa ) +1’<y’+2°=1018,
> <1017 <1331=11°, te. y<10. Taka nomyunxme, ue 8 < y <10. JlecHo ce
nposepsia, ye ipu X =10 u y=8,9,10 Hsima ecrecTBeHN CTOWHOCTH Ha Z , 33
KOUTO € H3IBIHEHO paBeHCTBOTO X +)° +2z° =2018. Axo x =10, mvame
Y +2°=1018. Orryx 2y’ > y* +2° =1018, y* >509>343=7",1e. y>8.
Oceentoa y° +1° <y’ +2° =1018, »’ <1017 <1331=11",re. y<10. Taka
nonyunxme, ye 8 < y <10. JlecHo ce mposepsisa, ue mpu x =10 u y=8§,9,10

107



Konxypcnu 3a0auu

HsIMa ECTECTBEHH CTOMHOCTH HA Z, 33 KOUTO € H3MBJIHEHO pPaBEHCTBOTO
¥+ +2°=2018. Axo x=12, wmmame ' +2z°=290. Oryk
2y >y’ +2° =290, Y >145=5", re. y=6. OcBen  TOBa
Y+ <y +2° =290, y’ <289<343=7", 1e. y<6. Taka nomyuuxme, ye
y = 6. JlecHo ce poBepsiBa, ue ipu X =12 u y = 6 HsIMa €CTECTBEHU CTOWHOCTH
Ha Z , 32 KOUTO € H3ITBIHEHO PABEHCTBOTO X + 1° +2° = 2018..

3) llpu n =4 pasmexname eCTECTBEHH YUCia X, Y, Z U I, 3a KOUTO ca H3-
MBIHEHH penamunte X>y>z>t>1 um x +y +2° +¢ =2018. Torasa
4 2x’ +y + 2+t =2018, orkprero x° >504>343=7" 1e. x=8. Oc-
BeHTOBA X° + I + P+ ' < x* + y° + 2° +° = 2018, otkbzero x° <2015<2197 =13°,
Te. X <12. Taka momyunxme, e § < x <12. Axo x =12 HMaMe,y3 +2°+£=290.
Orryk 3y° 2y’ +22+6 =290, »°>96>64=4", te. y>5. Ocsen ToBa
Y HP+1P <y’ + 22+ =290, y’ <288<343=7",1e. y<6.Taxanomyun-
xMe, e S<y<6.Ilpu y =6 nmame 22+ =74, orkwrero 220 > 22+ =74,
22>37>27=3, te. z>4. Or gpyra crpama 2z +1’<z°+£ =74,
2°<73<125=5,1e. z<4. Taka nonyunxwme, ue z =4 . JlecHo ce mpoBepsiBa,
ye ipu z =4 paBeHCTBOTO TO Z° +#° =74 He ¢ U3IIBIHECHO 3a €CTECTBEHH CTOM-
Hoct Ha f. [lpu y =35 umame 2> +1° =165, otkbaero 2z° > z° +1° =165,
22>82>64=4" te. z>5.Ho z<y=5.CnenoBarento z =y =5. JlecHo ce
IPOBEpsIBa, Y€ NPH Z =5 PABEHCTBOTO TO Z° +1° =165 He e M3IbBIHEHO 3a ec-
TecTBeHH CToiiHOCTH Ha f. Ao x=11, umame )’ +2z°+1 =687. Orryk
3y’ 2y +22 4+ =687, »°>229>216=6", te. y>7. Ocsen ToOBa
VAP +P <y +22 48 =687, ' <685<729=9, 1e. y<8. Taka momy-
anxme, ue 7<y<8. Tlpu y=8 wmumame 2z +t =175, oTKBIETO
222222+ =175, 22287>64=4, 1e. z>5. Or gapyra crpana,
P2+ <2+ =175, 2°<174<216=6, te. z<5. Taka MOYYINXME, Ue
z=5. JlecHo ce mpoBepsiBa, Ue MPH Z =5 paBeHCTBOTO TO 2z +1 =175 He e
M3ITBIIHEHO 34 €CTECTBEHH cToiHOCTH Ha ¢ . [Ipn y =7 uMame z° +1° =344, te.
22+ =7 +1°. Twit karo z<y=7T,10 z=T u t=1. Taka crurame 70 paBeH-
creoro 11° +7° +7° +1° =2018 . Toa o3nauasa, ue x =11, y=T7,z=7,t=1
€ pellleHHe Ha TIOCTaBeHaTa 3a/1a4a ¥ Hall-MaJIKoToO 71, IPH KOETO Ce MOJIydaBa pe-

menue, e n=4.
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3amaua 2. Jlagenu ca AABC cove crpann AB=13, BC=10 u CA=5 u
OKPBXKHOCT Kk, ¢ paguyc 1, kosito ce nonupa no crpanute AB u AC Ha Tpub-
reaHuka. OKpBXKHOCT k, ¢ pagnyc R ce nomupa o k, 1 nma nentsp O, nexar
Ha ctpanata BC ua AABC. ]Jla ce Hamepu WHTEPBAIBT, B KOWTO CE U3MEHST
crorinoctute Ha R , xoraro O ce npwxu mo BC .

Benuna Hopoanosa, Bapna

Pewenue: 3a B3aMMHOTO PA3IONIOKEHNAE HA OKPBXHOCTUTE kK 1 Kk, ca Bb3MOX-
HU J1Ba ciiy4as: k u k, ce jomupar BeHIIHO (dur.l) u k u k, ce nonmpar BbTper-
HO (¢ur. 2).

®urypa 1

[To-HaraThK 1€ M3IMOJI3BAME O3HAYCHMATA BBPXY HepTeXUTE. TPUBIBIHUKBT
ABC e ThIOBIBIICH C THII BI'bI IIpH BbpXa C. 3aToBa Hali-MaKara cToiHocT R .-

Ha R ce nonyuasa, korato R = CG (¢ur. 3) unu R = CG' (¢ur. 4).

®urypa 3 ®urypa 4

Haii-ronsimara croifnoct R Ha R ce nonyyasa, koraro R = BG (¢wur. 5) unu

R =BG’ (¢ur. 6).
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®urypa 5 ®@urypa 6

OT Te3n HAOMIOEHNS CIIe/iBa, Ye € TOCTAThYHO Ja ONPENeINM JbKUHUTE Ha
CQ wu BQ. IIspeo onpenensime AQ ot npaBobrbiaHus TpUbIbIHUK AEQ upes

pasencrBoto  AQ = —2CiB " Or ¢opmyaure ©Ha Oiilep uMame
Sin
2
b\ - f
sin XCAB = (p )(p C) U COoS {CAB p a , kpaeto a =10,
2 bc
b=5, ¢=13 u p :Lb—l—c =14. Cnenosarenso sin *C4B —
2 2 \/@
cos <iAB = % . Orryk cnensa, ue AQ = @ . Cera ot KOCHHyCOBara T€o-
V290 — 14
pema 3a AQC (¢dur. 3, 4) nonyuasame CQ = 9()#60\/_ Ipu BBHIIHO J10-
290-60+14 —
rupane Ha kK u k, umame R . =CQO—1= 2 3 V14 -3 (dur. 3). B ciy4vait
e OKPBKHOCTUTE ce JomMpar BBTPEIIHO, uMame
290-60+/14
R. =CO+1= ? 3 V1443 (¢ur. 4). 3a ma ompemenuM IbKAHATA Ha

BQ, wsnomsBame kocunycoBara Teopema 3a AABQ. TlomyuaBame
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J1586-15614

BO = 3 IIpu BBHmIHO Jonmpane Ha Kk u k, nmame
R . =BO-1= 1586 _1;6\/ﬁ =3 (dur. 5). B ciydvaii 4e OKPBKHOCTHUTE CE
JonMpat BbTpemHo, uMmame R =BO+1= 1586 - 1356\/a =3 (¢ur. 6).

3anaua 3. [lagenu ca usnbkaan yetupubrbiHuk ABCD w touka P oT paBHU-
Hata My. Jla ce ToKaxe, 4e MeJaTHUTe OKPBKHOCTU HA P CrpsiIMO TPUBIBIHHUIATE
ABC, BCD, CDA n DAB wmunamar mnpe3 eHa TOUKa.

Babenexncka. Ako ABC e npou3sBosieH TpUBI'BIHUK B P € ToUKa OT paBHUHATA
MY, OKPBKHOCTTA (KOraTo ChINECTBYBa), MUHABAIIA MPE3 OPTOTOHATHHUTE MPOCK-
un Ha P Bepxy npasure BC, CA u AB , ce napuya nenanHa OKpbKHOCT HA P
cripsimo AABC .

Xaum Xaumos, Bapna

Pewenue: perieHreTo Ha 3a/1a4aTa ce ChAbpXKAa B CTATUsTa Ha aBTOpA ,,EMHO

TBBPJICHHE 32 KOHKYPEHTHOCT Ha MEAaTHA OKPBKHOCTH Ha TOYKAa B paBHUHATA HA
YETUPUBI'BIHUK , MyOJIMKyBaHa B HACTOSILIUS OpOi Ha CIUCAHUETO.

BERNTH





