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Editorial
Kom yvumamens

MOKOJICHUE C JKUTEHCKUS OMMT, 3HAHUSITAa M MBJIPOCTTa HAa aHAJOTOBOTO
nokosnienne. opym He 3a MPOTUBOMOCTABSIHE, a 32 ChbBMECTHa paboTa u
JeiicTBUE, OT KOETO J1a CIIeUeNI Pa3BUTHETO Ha HAyKaTa, 00pa30BaHUETO U 00-
LIECTBO, Karo Isu10. MaremaTukara, uHpopmaTtukara U HHGOPMAMOHHUTE
TEXHOJIOTUU JIHEC Cca CHIIECTBEH (haKTOp 3a YCKOPSBAaHE Ha OOIIECTBEHOTO
pa3BuTHE. Bp3MOKHOCTHTE UM 00ade jajney He ca u3uepnanu. Hanssawm ce,
C Ballla MOMOIIl U ChIIPUYACTHOCT cnucanueTo npe3 2021 r. na nonpuHece
Oll[e TTOBeYEe KAaKTO 3a pa3BUTHETO HA T€3U HAYKH, TaKa U 3a pasllIupsiBaHe Ha
MPUIIOKEHUATA UM BbB BCHUKH c(hepH Ha OOLIECTBEHUS KHUBOT.

Yi.-xop. npo¢. Huxonait Hukousios, 1.M.H.
I'maBen penakrop Ha ci. ,,Maremaruka 1 HHGOpMaTuKa“
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IHOABOP U YHACTHUE HA OTBOPA HA BbJITAPUS
B XXIV MUTIAJJEKKA BAJIKAHUATA
1O MATEMATHKA 2020

Heaiisio Kopre3os
Hncemumym no mamemamura u ungpopmamuxa — bAH

Pestome. Cratusita chAbpKa Mperie[ Ha CEJeKIusTa W TPEHUPOBKATa Ha
orbopa Ha bearapus 3a Mnanexkara OankaHcKa onuMITHana mo matematuka 2020,
KaKTO M Ha caMaTa Hes W MPEICTaBsHEeTO Ha 0TOOpa, 3aBOIOBAJ IIBPBO MSCTO TaM.
BxurtoueHuTe TyK MaTepHaiiii MOTar Jla ca OT II0JI3a 3a MIKOJUTE 3a MOATOTOBKA 3a
maTeMmaTudecku cbere3anus VII — IX kmac.

Kniouosu oymu.: MaTeMaTHIeCKHU ChCTe3aHust, Mitaiexka OaikaHCKa OJIMMITHA I
10 MaTeMaTuKa; TUMHA3HUaJIeH eTall

XXIV Mnazaexxka 6ankancka Onumnuana mo maremaruka (ManbOM) 3a yue-
Hunu 1o 15,5 roguHu Oemre opraHu3mpaHa oT MaTeMaTH4eCcKOTO OOIIECTBO
Ha FOromsrouna EBponma (MASSEE). ®opmannute nomakuHHu OT ['bprus ce
nocTapaxa CbCTE3aHHUETO J1a C€ MPOBeIe Ha O0MYafHOTO BUCOKO HUBO BBIIPEKU
00EKTHBHUTE MIPEIN3BUKATEIICTBA, CIIPABINKH C€ YyecHO. YacT OT BbBEICHUTE
MPaKTUKH, HAIPUMEP METOABT 3a CEJICKIHS U MIPEBOJ Ha ChCTe3aTeIHAaTa TEMa,
€ pa3yMHO Ja ctaHar nocTossHHU. OnuMIuazara ce NpoBeae ¢ JUCTAaHIUOHHO
HaOmronenne B nepuoaa 9 — 13.9.20. Or6opsT Ha benrapus tpsbOsamie ma ce
ceerezaBa B HIIMIT ,,Akan. JI. Yakanos* u agMuHUCTpauusTa Ha TOBA y4H-
JUIIE TpUe 3a7adaTa IpUCchplie, MOKa3Ballku U 3aBUIeH NpodecroHanu3bm. B
oluMIIMAaJara B3exa ydacTue ydeHuu or 18 mppxaBu: AsepOaiimkan (rocr),
AnbGanns, bocHa u Xepuerosuna, bearapus, ['spuus, Uanonesus (rocr), Ku-
mep, MongoBa, Pymbsuus, Cayaurcka Apadbus (roct), CeBeprHa MakemoHwus,
Copb6us, Tamxukucran (roct), Typkmenucran (roct), Typuws, OumunuHU
(roct), @pannus (roct) u XbpBarcka (roct). Pasmmupernust orbop Ha brira-
pus 3a MabOM oGemre n3bpan criopen pesynrarute ot EceHHIs MaTreMaTndecku
typaup (3a VI n IX kmac), 3umHuTe Maremarndeckn chere3anus (3a VI u
IX kmrac) m HarmmonamHus kpbr Ha onuMmuazaTa mo maremaruka (3a VII u VIII
kiac). CernacHo pemeHnero Ha HannoHanHata KOMHCHS 3a OJMMIIMAZATa 10
maremaruka, 3MC u [IMC VIII — XII knac, or6opsT Ha bearapust 3a ManbOM
Oele onpeneseH cpel pa3lupeHust 0TOOP Bb3 OCHOBA Ha Oapaxka 3a 4-To MsACTO
B VII kitac u 1Be KOHTPOIHU PAOOTH.

8



1loobop u yuacmue na ombopa na Bvazapusi...

Bapasic 3a VII knac 3a konmpoanume 3a MabOM (18.7.20)

1. 3a BCSIKO €CTECTBEHO YHCIIO A, ¢ P(7) 11e 03HauaBaMe MpOu3BEIEHUETO OT I (|-
pute My. Ako n e neruudpeno u P(2n)#0, Ha KOJIKO Hai-MHOTO MOXE /1a € paBHO
gactHOTO P(77):P(21)?

2. ‘briononoBsmmAT 164 Ha BB BAC=76° oT Tpubrbiaauk ABC npecuya:

— mpaBara 1ipe3 B, ycriopeana Ha AC, B Touka D;

— npaBara nipe3 C, ycnopenna Ha 4B, B Touka E.

Axo BC =DE, namepere rpagycHara Mspka Ha bI'est ABC.

3. B 1Ba chceqHu BbpXa Ha NMPaBHUIICH #-BI'BIHHUK Ca MOCTABEHH ITYJIOBE. AKO B
JlaJleH MOMCHT ITyJIOBETE CE HAMHPAT BbB BbPXOBE A, M A, TO Ha CI/BALIMS XOJ
Te TpAOBa J1a Ce MOCTABAT B /1B PA3IHYHK BbpXa A, U A TaKa 4e TPUBI'BIHUIIUTE
AA Am AA A, na ObnaT paBHOOEIpeHN. Morat 1 B z[aneH MOMEHT J[BaTa ITyJia aa
ce 01<a>1<aT pasnonoxceHH npe3 BPbX, aKo:

a)n=65; ©0)n=69?

Pewenus

1. [Otr. 1875]IT0-106pe € B 3anuca Ha n aa nuncsa 0. [Tocneanara nudpa Ha n
MOJKE Jia HaMmaJjiee He MoBede OT 3 MBbTH, a BCsIKa OT OCTAHAJINTE — HE TOBeYe OT 5
'BTU (2KO MMa MPEHOC KbM Hesl). AKO 271 MMa IObJIHUTETHA [dpa, T MOXe J1a e
camo 1. ITpumep: 55556.
22° nam 82° Heka mbpso X ABC >< ACB. Jla noctpoumM Touka F Ha
mpua AB caen B, 3a kosato BF =AC. Umame X ADB=<XDAC=<XDAB=<XAEC.
ToraBa AB=BD, BF=AC=CE. Cera BFEC e ycnopenuuk u BC=FE. Tpubrsi-
Hunute ABC u BDF ca elHaKkBH 10 IbPBU NPU3HAK, Taka ue FD =CB=DE=EF,
T.€. TpUbI'bIHUK DEF e paBHOCTpaHeH. CrieoBaTeiaHo

60°=<X DFE=<BFE—<XBFD=<xABC—<X ACB

L ABC=(180°=76°+60°):2=82°.

Axo bk X ABC << ACB, ananoruyno < ABC=(180°—76°—60°):2=22°,
a) na; 0) He a) PascrosiHre MKy TYJIOBETE 11Ie HApUYaMe Hall-MaJIKus
Opoii 0TCEUKH IO MEePUMETHPa OT CAUHUS 10 APYTHs IMyJ; B HAYaJIHUSI MOMEHT TO
e 1. Axo npu IbpBHS X0 AA e 06eapo B eAMHUS paBHOOEPEH TPUBI'BIHHUK U OC-
HOBA B JIpyrus, TO pa3CT05[HI/IeTO MeXy ImysoBeTe e ctane 31. Ako Ipu BCUUKHU
CIICJIBAILN XOJI0BE 4 A, ce OKa3Ba camo Oenpo Ha paBHOOEIPEHUS] TPUBI'BIHUK; TO
Pa3CTOSTHUETO Mexcay HyJIOBeTe (o momyn 65) e ce yMHOXKaBa 1o 3; Taka clieBa-
uuTe pasctosiHus ca 28; 19; 57; 41; 58; 44; 2. LlenTa e mocturHara.

0) Homepupame mopes Bbpxosere 0, 1,2, 0, 1, 2, ..., 0, 1, 2. BbpxoBeTe Ha
elMH paBHOOEIPEH TPUBI'BIHUK UMAT €AHAKBU OCTAThIM IPH JielieHHE Ha 3 WU
TPH pa3iIMyHH OCTaThKa MpH AejeHue Ha 3 (3amo?). B pesyarar cien Bcekn xon
ITyJI0BETE MOMa/1aT BbB BPXOBE C €IHAKBU HOMEpA, T.€. LI€Ta € HEMOCTHKUMA.

Bapaxsbt Oemie Mexxay neceruMara yuenuiu ot VII kiac, 3aenu 4-1o MsCTO Ha
HOM, a u3BbH Ki1acupaHneTo (¢ HaKIOHEeH WpHPT) Mo KenaHue Osxa AOMyCHATH U
ollle YeTHpUMa ¢ BUCOKHU pe3ynaTratu Ha HOM. Eto Hail-cunmHuTe pe3ynraru:




HUsaiino Kopmesos

NmeHa HOM | Yuunuuwe Mpag C6op
Hemupa Hedesa 14,5 MI" ,Akad. Kupun Nonos* lnoedus | 17
Knpun Mapun Kangnnapos| 17 CMI ,Nancun Xvnengapckn“ | Codoms 16
AHeen Xpucmos 16,5 FrMr ,Akad. H. Obpewkos* Bbypeac 16
lNemko Jlazapos 16 FrIMI™ ,Akad. H. Obpewkos” | Bypeac 15
MeTbp Y3yHOB 17 MrI™ ,Akaa. Kvpun Monog* Mnosaue | 14
BaHeca KanunHkoBa 17 MNMr ,Akaa. H. O6peLukos* Byprac 14
CwuaHa MarictopoBa 17 MAMr- ,Akaa. H. O6bpeLukos* Byprac 13

Koumponnu pavomu 3a onpedensne omoopa na bvacapusn (3 —4.8.20)

1. Ako a, b, ¢ ca HEOTPUIIATEIIHA PEaTHH YKCIIA, OT KOUTO MOHE JIBE MOJOMKH-
TEJHU, JOKAXKETE, Ye

a’ b’ c’ a+b+c
2 2+ 2 2+ 2 22 °
a +ab+b”° b +bc+c® ¢ +ca+ta 3

2. OkpobkHOCTTA k ¢ 1IeHTHp O € BHHIIHOBMHCAHA 3a TPUBI'biIHUKA ABC 1 ce
JIoTHpa 0 MpOoabIKeHUITa Ha cTpanuTe My AB u AC choTBEeTHO B TOUKH M u N.
Toukute P u Q ca npeceuynute Ha orceukara MN cpoTBeTHO ¢ nipaBute BO u CO.
OKpBKHOCTHTE k, U k,, OIMCAHU CHOTBETHO OKOJIO TPUBIbIHUIUTE OMQ 1 ONP,
ce mpecudar B Touku O u D.

a) Jlokaxete, ue D nmexu Ha k.

0) Ako Touka E e npeceynara Ha npaBute CP u BQ, TO TOKa)xeTe, 4e OTceuKara
DE e paBHa Ha pajiyca Ha BbTPEIIHO BIHCAaHATa B TPUBI'BIHUKA A BC OKPBKHOCT.

3. Hexa n<50 e ecrectBeHo uucio. Ha nbckara ca 3anmucanu bpBUTE 71 U TIO-
cienHute n cpen uucnara 1, 2, 3, ..., 99. Auu u bosiH urpasr, penyBaiiku ce; 3amod-
Ba Anu. Koiito e Ha X0/, TpsgOBa J1a yBeIM4M HIKOE OT YrciaTa ¢ | mim aa uarpue
HsKOe OT uuciata. He e pasperieHo B HUKaKbB MOMEHT Ha JIbCKaTa Jja MMa /B
paBHU YKCIIa, HUTO JIa C€ 3amucBa TpuiudpeHo uncio. KoiTo He Moxe Ja urpae,
ryou, a apyrusr nedenn. Koii e nodeau npu npaBuiHa urpa?

4. Jla onlBETHM Ha YHCJIOBATa OC B XKBJITO TOUKHUTE OT Buaa 89x +98y 3a ecrect-
BEHH X, y, @ OCTAHAJINUTE LIEJN TOYKH — B CHHBO. VIMa i Touka Ha 0CTa, 32 KOSTO
CUMETPUYHHUTE OTHOCHO HEsl LM TOYKH Ca Pa3HOLBETHU?

5. Axo a, b, ¢ ca HEOTpUIIATETHU PEATTHH YHUCIIA, OT KOUTO MOHE JIBE TOJOXKH-
TEJIHM, TO HaMepeTe (aKo ChIIECTBYBAaT) Haii-MajKara U Hai-rojsMara CTOWHOCT
Ha u3pasa

a(b+c)+ b(c+a)+ cla+b)
b*+c’ c’+a’ a’+b*
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6. lagen € octpobrbien AABC ¢ opronenTsp H. Briiononossiure Ha briiuTe
CAH v CBH ce npecuuar B Touka . Cpenute Ha AB u CH ca crotBeTHO M 11 N.

a) Jloxaxete, ue Touka Q nexu Ha rpaBata MN.

0) Ako Q e cpenara Ha MN, Hamepere rpaaycHara Msapka Ha <ACB .

7. Pemere B nenu unciia ypaBaeHueto x3(y+1)+y3(x+1)=43.

8. Jlanen e n-preqHuK ¢ obukonka 2020 U mMemoYuciIeHn CTpaHu. BBB Beeku
BPBX IHIIEM OCTAThKa OT JCICHHETO Ha IB/DKUHUATE HA MPUIISKAIIUTE MYy CTPAHH
(mo-meaTaTa Ha MO-Kbeara; mpu paBeHcTso numem 0). Hamepere Hail-romsmoTo 7,
IIpH KOEeTO cOOPBT HAa BCUYKH 3aMMCaHu dncia Moxe f1a e 1320.

[ToBeueTo 3a/1a9¥ MO3BOJISABAT AOCTA PA3ITUYHU MOJXOU B PELICHUSTA; TIPe/Iiia-
raMe camo IO €JIMH 32 BCSKA OT TAX:

Pewenus
1. [Tpu muHEapwU3aIns 3a1a4aTa ce CBEX/Ia 10 CyMUpPaHEe Ha

a:(@+ab+b*)—(2a—b):3=(a—b)(a+b):3(a*+ab+b*)>0

C MOJOOHMUTE MY MPH LUKJINYHA 3aMsHA.
2. a) Heka F' e monupHaTa ToyKa Ha OKpBXKHOCTTA k cbe cTpanara BC. Ile no-
KaxxeM, ue Toukure B u F nexar Ha k,.Axo <BAC =« ,<4BC=Bn<4CB ="+, 10

<):0CN:90°—%,<IANM :90°—%:><MQO:90°—%
Or BD=BM u <XDBM =180°—-3 = <BDM :gn

XMDO =90° —% =XMQO , Taka ye 4eTHPHUBI'BIHUKBT DMOQ ¢ BIHCaH B OK-

PBIKHOCTTA k , T.€. F€ k. AHanOru4Ho ce J10Ka3pa, ue Fe k,, cnenosarento F=D.

6) Or a) BO*"CO, CP*"BO w OD"BC, taka ue Ee€(OD kato OpTOIICH-
Tep Ha BOC. Axo [ € UEHTBPHT Ha BBTPEIIHOBIHCAHATA OKPBKHOCT, TO

XCBO =90°-<xBCO = % =<XBCIl u<xBCP =90°-<«xCBP = % =<XCBI ,ta-

ka ue 110 Bropu npusnak A BIC =aCFB w sucounnute um koM BC ca pasuu, T.e. DE=r.

3. Ako n e ueTHO, To BosiH meuenu ¢be cTparerusTa a OCTaBsl CIe/] X0/1a CH 0
paBeH Opoii YeTHH M HEYETHH Yncia (B HAYaI0TO TOBa € B cuiia). ToBa HaUCTHHA €
BB3MOJKHO, TOHEKE, aKO AHH YBEITHYH HIKOE YUCIIO0, 1 PEYeM YE€THO, TO HEYECTHHU-
TE YKCIIa CTaBaT C JBE MOBEYE OT YCTHHUTE, TAKA Y€ MMa IMOHE SHO OT TSX, KOETO
Moxke 1a Obje yBenuueHo ¢ 1, 6e3 na crane TpuippeHo u Oe3 ga ce U3paBHH ¢
apyro uucio. [ToHexe mpu BCeku X0 cOOPBT OT pasnukute Ha uuciaoro 100 ¢
BCSIKO OT 3aMMCAHUTE YKCIIa HAMAJSIBA C €CTECTBEHO YHCIIO M HE MOXE JIa CTaHEe
OTpHIIATEIICH, MTPAaTa HEMPEMEHHO MPUKITIUBA. Thit kKaTo BostH He MOXe 1a 3aryou
npu U3bpaHaTa CTpaTerys, TOM I ce OKaxe MOOeTUTeI.
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AKO 1 € HEe4eTHO, TO AHU TIEUeNH ChC CTPATETUsATa Ja OCTaBs CJIE]] X0Ja CH 110
paBeH Opoil YeTHU U HEUETHH YKCia. 3a LeNTa MpU IbPBUS CH XOA AHH MOXe J1a
YBEJWYHM YUCIOTO 1 ¢ 1, a Ipu cleiBamure, ako bosH yBennyu HIKOE YHCIIO, J1a
peueM 4eTHO, TO HEYETHUTE YHCiIa CTaBaT C JIBE IMOBEUE OT YETHUTE, TaKa 4Ye MMa
MIOHE €JTHO OT TSIX, KOETO MOXKe J1a ObJIe yBen4eHo ¢ 1, 0e3 1a ctaHe TpuudpeHo u
0e3 11a ce u3paBHU C Jipyro uucio. [loHexe ¢ Bceku X011 Wi cOOPBT OT PA3IUKUTE
Ha yrca0To 100 ¢ BCSIKO OT 3alIMCaHUTE YUCJIa HaMaJIsIBa C €CTECTBEHO YMCIIO U HE
MOXKE J]a CTaHEe OTPHUIATEJICH, UTpaTa HEeMPEeMEHHO NMpuKiItoYBa. Thil kKaTo AHU He
MOXKe Jia 3aryOu pu u30paHaTa cTparerus, Ts MIe Ce OKake OO IUTElL.

4. Ja permmM mo-o011a 3a1a4a, 3ameHsIiHKu 89 1 98 ¢ B3aUMHO
MIPOCTH €CTECTBEHH d, b, IO-TONIeMH OT 2. SIBHO TOUKaTa a+b € )KbITa, a TE3H BIISIBO
OT Hes ca cHHU. JloKaxxeTe caMOCTOSTENTHO (HalpUMep C ITbJTHA CUCTEMa OT OCTaTh-
1), 4e ToYKara ab e CHHs, a Te3U BISICHO OT Hes Ca JKBJITU. Taka ThpceHara Touka
MoXe J1a € camo (ab+a+b):2. 3a na ce yBepum, ue € T, e MOKAKEM, Y€ 32 BCSIKO
IS0 ¢ TOYHO €THO OT ypaBHEHUsITa ax+by=c u ax+by=ab+a+b—c nma ecTecTBEHN
penienus. YpaBHEHHETO ax+by=c numa peurenue (x,;y,) ¢ 1<x,<b. Torasa (b+1-x;
1-y,) e pemenne Ha ax+by=ab+a+b—c. Axo y >0, uMaMe pelIEHHE HAa MBPBOTO
ypaBHeHue, a pu ), <0 — Ha BTOPOTO. AKO M JIBETE€ yPABHEHMS MMAT €CTECTBEHH
pelieHusi, To COOPBT UM € €CTECTBEHO pEIlICHUE Ha ypaBHeHHeTo ax+by=ab+a+b,
T.e. € (1;a+1) wnum (b+1;1), noxaro 1 He e cOOp Ha JIBe ECTECTBEHH YHUCIIA.

5. Cnen eBeHTYyaITHA IIMKITIYHA 3aMsTHa MOYKEM JTa CUuTame, 4e min(a;b;c)=c. Torasa ot

a(b+c)> a(b+c) fa-\/b(c+a)> b(c+a) |b
b*+c*  \ b’ +bc b’Ncr+a®> N\ ca+d? a
" OT HCPABCHCTBOTO MCKAY CPEAHO apUTMECTUYHO U CPEAHO T'€COMETPUIHO CJIC/IBA,

a(b+c)+ b(C+a)+ C(a+b)2\/%+\/§+022 C paBEHCTBO IIPH
a

b* +c? +al a’+b*

a=b, ¢c=0, Taka 4ye Haii-MaJKara CTOHHOCT Ha m3pasza ¢ 2. llle mokaxem, ye Tol
HsAMa Hai-roisiMa croitHocT. Hanctuna, ako x>0 € Ipou3BOIHO TOISIMO U IOJIO-

2

. X b
xuM a =x%, b=1 u ¢=0, To cTOHHOCTTA Ha U3pasa € T =t VO > x.
X

6. a) Hexa AE (EeBC) u CD (D€ AB) ca BucounHu-
e ma AABC. Axo <BAC=o,<4dBC=0 u <ACB=~,

<1QAB +<QBA = 90°—B+%(90°—~()+90°—a+%(9o°—fy) =90°.
Cnenosarenno <TAQB =90° wu nonexe QM e MenuaHa B IIPaBOBIBIHHSA

AABQ, <QMB =90°+o—{3. Ot Bruucanus yetnpubrbanuk ADEC mo-
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nyqasame, ue £ CDE =90° —~ . Toukute M, D, E u N nexar Ha OKPBKHOCT-
Ta ¢ aumametsp MN (3amo?). Cnemosarenno <NME = <<CDE =90°—~.
Or EM — mennana B mpaBobrbianus AABE = <BME =180°—203. Torasa
<INMD = <NME + <BME =90° —~+180°—23=90°+ o —(.  Ilonyun-
xme, ye LOMB = <NMB =90°+ o — 3, oTkbaeTo ciensa, 4e Touka O JexXH Ha
rpasara MN.

0) Heka okpbKHOCTTA, Ha KOATO Jexar toukute M, D, E u N, e ¢ paauyc
R. Torasa OM=QF=R. Ho ME=MQ=R (Menuanu B TpPaBOBI'BIHU TPUbH-
TBIIHAINNA C o0ma xwmoteHy3a AB). CrnemoBarenmHo ME(Q e paBHOCTpaHEH H
ANME =90° -7y = 60° =y =30°.

7. lonaraiiku s=x+y, p=xy, noiay4aBame 2p>—(s*-3s)p+43—s’=0, xoero e kBa-
JpaTHO 3a p ¢ qUCKpUMHHAHTa D=s*+25°+95>-344. 3a Bcsiko s umame D<(s*+s+5)?
(ekBUBaJICHTHO Ha s*+(s+5)*+344>0), nokaro D>(s*+s+3)* (eKBUBAJICHTHO Ha 25(5—
3)>353) e B cuma 3a s>15 u 3a s<-12. ma aBa ciryqasi:

— Axo s>15 wmm s<-12, To D e To4yeH KBaapar camo 3a D=(s’+s+4)’, Te.
s=-45, orkpaero p=1036 (koeTo He naBa pemieHue) wiu p =44, KOeTo AaBa perie-
Husita (—1;—44) u (—44;-1).

— Wnaue nupekTHO mpoBepsiBame, 4e D e ToueH KBajapar camo mpu s=-5. To-
raBa p =14 (koeTo He jaBa pelieHne) win p =06, KoeTo Aasa pemeHusTa (—2;-3) u
(-3;-2).

8.[01r. 40]AK0 @ >b ca OBIKUHYM HA CHCEHU CTPAHM U a = bq +r, KBAETO 7 €
OCTaTBKBT MPH JENEHUETO Ha a ¢ b, To a+b=b+bqg+r>r+1+(r+1).14+r>3r+2.
ChOupaiiku Te3u HEepaBEeHCTBA 3a BCsSKA JBOMKA ChCEMHH CTPAHH, MOJTydaBaMe
4040>3.1320+2n, orxpaero n < 40. [Ipumep: npiokunu 67, 34, 67, 34, ..., 67, 34.

Eto pesynrarute Ha Hail-CHITHUTE IIecTUMa, chopMupaIn 0TOOpa, U Ha TbpBa-
Ta pesepna:

UmeHa Knac Yyunuwe Mpag C6op

MapuH Xpuctos VI CMTI ,Mancun XnneHgapcku® Codus 70
WMBaH Tarapes IX CMTI ,Mancun XnneHgapcku* Codums 69
AceH MNeHyeB VIl MMI ,Akan. MiBaH Mo3enes” [abposo 63
Bopuc MaveBckn VIII CMI ,Mancun XvneHgapckn® Codous 60
AHTOH BpeckoBcku VIII CMI ,Mancumn XuneHgapckn' Codbus 55
Mapus [OpeHyeBa Vil CMI ,Mancuin XuneHgapckn' Codous 51
EHncnas Hukonos VIl CMI ,NMancuin Xvnengapckn® Codous 42

3a ppkoBOAUTEN Ha oTOOpa Oeme ompernenen Mpaiimo Kopresos or UMU —
BAH, a 3a 3amecTHHUK-pBKOBOAUTENN — Tans CtoeBa ot [TUMI (3a ceneknusiTa) u
Emun Kapmo or CMI' (3a yuacTueTo).
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KakTo nu4m OT naruTe Ha TOPHUTE CHCTE3aHUs, B IIbpBaTa IOJIOBHHA Ha Ba-
KaHIMATA 38 YYCHUIUTE HAMAIIE NMPEKAJICHO IbIbI MEPUOA, KOMTO Aa JAoBene 0
TpaiiHO OTITyCKaHEe W CIllaJ B HUBOTO. 3a Ja ce 3ala3H TOBa U IPe3 OCTaTbKa OT
BakaHLUsATa, Oelle nmpoBeieHa cepruo3Ha 15-1HeBHa NOATOTOBKA: 12 THU AWCTaH-
moHHO oOyuenwue (25.8 — 5.9.20) u 3 gam no 9 y4yeOHu yaca nexnyu B LleHTHpa
3a MOATOTOBKA Ha ydeHHIH 3a oaumiuany Ha MOH (6 — 8.9.20) ¢ nexkropu npod.
Emun Kones or UMMU — BAH, Mupocnas Mapunos ot Okcdopa, nou. Cranucnan
XapuzanoB or UMW — BAH u aBropa Ha Ta3u ctarus. [lopaau orpaHu4eHHETO B
o0eMa TyK ca BKJIIFOUCHH CaMo 3a/Ia4UTe 3a CaMOCTOsITEIHa padoTa mpe3 MbpPBUTE
JIBa THY OT AMCTAHIMOHHATA MTOJTrOTOBKA!

Al. HeKa x>y>z>0 u x+y+Z =x +y3 +2°. CpaBHeTe 10 rojJeMHHa YuC-
nmara x° +y +z%u x* +y +z

Pewenue. Umame x° —x* —x° +x x(x —l)(x —1) >0, , KaTO PABEHCTBO Ce
JocTuracamornpu X = 1 . AHaJIornaso y —y —y +y20uz’ -z -2 +2>0.
Ho Torasa

x4+ y°+ 28 —(x4 +y* +z4):x" +3°+2° —(x4 +y! +z4)—(x3 +y +z3)+(x+y+z)2 0
CBIJIACHO OTOENISA3aHOTO no-rope. PaBenctBo Moxke Ja CC€ TIojiydu CamMo

ako Xx=)y=z=1, HO mO YyclIoBHME uYHMClIaTa ca pa3IH4YHH, OTKBJACTO
6 6 6 4 4 4
X +y +z>x +y +z .

A2. Axo a, b, ¢ ca TMOJOKUTEIIHW 4YHUCIA CbCc cOop 1, jokaxkere
a—-bc b—ac c— ab 3
+ +

a+bc b+ac c+ab 2
abcbaccab 3 2a 2b 2¢ 3

Pewenue. mame + = + <13
a+bc b+ac c+ab 2 a+bc b+ac c+ab 2
a b ¢ 9 a a a a(b+c)
—4+——+——<~. [lo-HaTaThK, = = =
atbe b+ac c+ab 4 a+be a(a+b+c)+bc (a+b)(a+c) (a+b)(a+c)(b+c)

W aHAJIOTUYHO 3a ApYyruTe JBe Ipodu. HepaBeHCTBOTO MpHaoOHBa BIIA

2(ab+bc+ac) <2<:> ab+bc+ac)<9(a+ a+c +c
(arb)(arc)(pre) 3 = Blabrberac)<olarb)(ate)(bre).

Tyk oTHOBO M3nON3BaMe, ue d +b+c =1 n monyuasame

8(a+b+c)(ab+bc+ac)S9(a+b)(a+c)(b+c)
a’b+a*c+b*a+b*c+c*a+c*b—6abc >0
a(b—c)2 +b(c—a)2 +c(b—01)2 >0.
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A3. B tpusrennuk ABC wrmte nipu B u C ca no 40° u BD e bIIONONIOBAIIA.
Hokaxere, ue BD+DA=BC.

Pewenue. Ot <BDC =120° cnensa BD<BC. Heka Touka E ot ctpanara BC e
takaBa, u¢ BD=BE. Cera c biiu goka3pame, ue BD=BFE n ye ABED e Buucas. Ot
paBuu q0bru AD=DE. Pe3ynTarbT cielBa.

Ad4. llanen e Tpubrbiauk ABC, B k0iiTo AB>AC. ‘briononosiiara Ha BHHIII-
HUS BI'BJ IPH BbpXa A npecuda onucanara okono AABC oKpbKHOCT B Touka E.

Hexka EF | AB,F € AB . ]la ce nokaxe, 4e AF:%(AB—AC).

Pewenue. Heka D € BF e TtakaBa Touka, ue AD=2DF. ToraBa AE=ED.
Heka mpaBara DE mpecuya 3a BTOpH IBT OKPBKHOCTTa B Touka (5, a BBp-
xy mpaBata CA ma m3bepem Touka P Taka, ue 4 ¢ mexny C u P. Wmame
ZBGE = ZBAE = ZADE = ZBDG .  Otrryk BG=BD. Ocen  T1OBa
ZLGEA=180°-2LEAD =180°— £LPAD = ZBAC . ToBa Hu 1aBa paBEeHCTBOTO
Ha qerute BC u GA, a3naun u Ha BG una CA . OTryk crienBa

AB—AC=AB—-BG=AB—-BD =AD =2AF . 4

AS. Jla ce HaMepAT BCUYKHU IPOCTU YKCIIA P, ¢, 7; TAKUBA 4e p_ —1 =1.
r—+

Pewenue. YpaBHeHneTo e paBHOCWIHO ¢ (p—q)(r+1)=4q. OTTyK crnensa, de
IIPOCTHUTE YHCIIA p U ¢ Ca PA3IUUHU U aKO d € 0011 1eNnTeN Ha p—q U g, TOH € Aeu-
TeN U Ha p, cnenoBarenHo d= 1. Taka p—¢ e paBHO Ha HsAKOe OT uncnara 1, 2 nim 4.
Ot Te3u Tpu ciaydas moirydaBame 3a (p; g; ) Tpoiikute (3;2;7), (5;3;5) u (7;3;2).

A6. Hamepere BCHUKM JJBOWKH LIEJIH YHCHA X, ), 38 KOUTO
xz(y+l)+y2 (x+l):ll.
Pewenue. 3amucBame 1aeHOTO ypaBHEHUE BbB BHA
x’ (y+1)+y2(x+l)—4:7 <::>xy(x+y)+(x+y)2 -2xy-4=7T<
)cy(x+y—2)+(x+y)2 —4=T (x+y-2)(xy+x+y+2)=T7.

CJ'IeI[OBaTeJ'IHO Ca HAJIMIEC CJICAHUTE YCTHPU Bb3MOKHOCTU:

x+y-2=-7 xX+y=-5
1) . OTTyK TIOITy4aBaMe , KOETO € HEBB3MOXKHO
xXy+x+y+2=-1 xy=2
3a LN X, ).
x+y-2=-1 x+y=1
2) . OrtyK , KOETO CBIIO € HEBB3MOXKHO.
Xy+x+y+2=-7 Xy =-
x+y-2=1 x+y=3
3) . OTTYyK , Koeto nasa pemennsara (1;2) u (2;1).
Xy+x+y+2=7 xy =
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x+y-2=17 x+y=9
4) . OtTyK , koeto nmaBa pemenusara (10;—1) u
xy+x+y+2=1 xy=-10
(=1;10).

Bmopu nauun. [la o3nauum x+y=p, xy=gq, KbICTO p U ¢ ca uenu unucia. Mo-
JKeM Jla 3aluileM [aJeHOTO ypaBHEHHE BBbB BHIa pg+p*—2¢=11, OTKBIETO
q(2—p)=p*—11. Crnenosarento p#2 e TakoBa, ue p*—11 ce nenu Ha p—2 ¥ MOHE-
e p’—4 ChINo ce menu Ha p—2, To U pasiaukara (p°—4)—(p*—11)=7 tpabsa ma
ce nenu Ha p—2. ETo 3a1110 4ucioto p—2 € HAKOW OT JIeTUTEIUTe Ha YUCIIOTO 7,
ToecT p—2==1;47. OTTyK 32 (p; ¢) ToTy4aBame aABorkute (—5;2), (1;-10), (3;2) u
(9;—10) u mocie mpoxb/nKaBaMe KaTo MO ITbPBUS HAYHH.

Tpema uoes, Manko Mo-TpoMaBa, € Jia pasrieame JaJeHOTO ypaBHEHHE KaTo KBa-
JIPaTHO OTHOCHO €/1Ha OT IIPOMEHJIMBUTE U Ja U3CJIeIBAME TUCKPUMHUHAHTATA MY.

A7. lanenu ca 2018 Touku Ha eHa IpaBa M €jHA TOUYKa U3BBH MpaBaTa. Koiko
Hal-MHOTO MOrar Jia ca paBHOOEIPEHUTE TPUBI'BJIHHUILIN C BbPXOBE B TE3H TOUKH?

Pewenue. Hexa O e Toukara U3BbH IpaBaTa g U H € eTara Ha NepreHAuKyIspa
ot O xbM g. PaBHOOEApEeHNTE TPUBI'BJIHUIK C OCHOBA BBPXY g TpsiOBa J1a ca cH-
METpUYHHU OTHOCHO OH, Taka ue OposiT uM e He noBeye ot 1009. PaBHoGeapenuTe
TPUBI'BIHUIM ¢ OcHOBa OA4 U3BBH g ca C BpbX NpH ceueHneTo Ha OA ¢ g, Taka ue
Opost um e He nmoBeue ot 2018. Taka ThpceHusT Opoli e He moBeue ot 3027. 3a na
0 MOCTUTHEM, 110 g TIOAPEKAAME B TO3H pes TOUYKU L, o, L, oy .., L, L, R, R, ...,
R, > R, ¢ KaTO TpUBIrbanuK OL R, uma by 36°, 72°,72°, OL,=L.R, OR,=R L,
OL=LL,,OR=RR. ,i=1,2,...,2017,aka ye Bcuuku OL, OR u L R, ca 0CHOBH
Ha paBHOOEAPEHU TPUBI'BIHULIH.

A8. KBanpar e pazaenet Ha 49 kBagparyeTa U Ha BCSIKO € MIOCTaBEH YECPEH WU
Os1 1okonanoB 00HOOH. Besika cytpun Huku m3spkna aBa eqHakBU OOHOOHa OT
KBaJ[paT4era, UMaIy 00Ila cTpaHa WK BPbX, aK0 TOBa € Bb3MOKHO. Koiko 60HO0-
Ha Hali-MHOTO MOXe Jia CH rapanTupa Huku, KakBOTO 1 1a € pa3IoIoKeHHETO UM?

Pewenue[ OTr. 32 A0 yepHHUTE GOHOOHM Ca HA HEYUETHUTE MECTA OT HEYETHUTE

pEeloBe, TO HUTO €IMH OT TSIX HE MOXe Ja Obje u3siaeH. OT ocrananute 33 00HOO-
Ha HE MOXKEM J1a U3sieM moBeue oT 32 3apaau uetHoctTa. OT KBajgpara MOXKEM Ja
u3pexkeM § MpaBOBI'BIHUKA 3X2, OT BCEKU OT TSIX MO JIBE T-TPUMHUHA, & BbB BCSIKO
OT TSX BUHAru MOJKE J1a CE€ M3A1aT ABa €AHOLBETHN OOHOOHA.

B1. 3a nonoxurennure yncaa a,b u ¢ € u3BecTHO, ue
2, 3 2, 3 2, 73
ab”+c’ <bc”+a <ca +b’.
a) Kou nBe ot ymcnara morar na Os1at paBHA?
0) AKO mameHUTE YUCIIa ca Pa3IudHH, TO KO€ OT TSIX HE MOXKE J1a € Haii-MaJIKoTO?
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Pewenue. a) Jla mpoBeprM Bb3MOXKHO Jin € a=c. Torasa, ciieJ] Karo BMECTO C B
JlaJICHATE HEPABEHCTBA 3allHlIeM g, nonydaBame ab’+a’ <a’b+a’ <a’ +b’,
otkbaeTo ab’ <a’b<b’ = ab<a’ <b’, a TOBa ¢ HEBB3MOKHO.

Cera Ja npoBepuM Jamd € Bb3MOXKHO b=c. Ciex Karo 3a-
MECTUM c c b B JaJICHUTE HEPABEHCTBA, HoJIy4aBaMe
ab®> +b’ <b’ +a’ <a’h+b’ = ab’> <a’ <a’h = b*> <a’ <ab, xoero 0THOBO
€ HEBL3MOXKHO.

Ocrana ja [OpoBepuMM  JaiM €  BBb3MOKHO a=b. Cuexn  3a-
MsgHatra Ha b ¢ a B JIQJEHUTE HEPABEHCTBA  JIOCTHIAaMe  JIO
a+c’<ac’+a’ <a’c+a’ &’ <ac’ <a’c <’ <ac<a’, xoero e BIpHO
npu a>c. CJem0BarelIHO €MHCTBEHATa Bb3MOYKHOCT HAKOM OT YHCIIaTa Ja ca paB-
HH, € a=b.

6) Ille mnokaxeM, uYe HE MOXKE Hal-Malkoro yuciao aa ¢ b. Jla
npexmonokuM, e b<a u b<c. llom bc’+a’ <ca’+b’, 10
a’—ca® <b’ —bc? :b(b2 —c*)<0=>d’ (a—c)< 0= a<c. Ho Torasa or
ab® + ¢ < ca® +b® nonyuasame, ue ab> —b* < a’c—c’. ToBa HepaBeHCTBO 06a-
4e € HEBAPHO, IIOHEXKE B JIsIBaTa My CTPaHa YUCIOTO € MOJOKUTEIHO, a B IICHATA
— orpunarendo. OcraBa 1a ce yoeauM, Ye BCIKO OT YKCIaTa a M ¢ MOXKE Jia € Hali-
MaJIKOTO: TOBa CTaBa Hampumep npu a=1, b=5, c=7unpu a=10, b=9, c=5.

B2. Ako a, b, ¢ ca cTpaHU Ha TPUBI'BIHHUK, TJOKAKETE, Y€

a c S 9 .
(b+c)(b+c—a)+ (a+c)(a+c—b)+ (a+b)a+b-c) 2a+b+c)
Kora ce noctura paBeHcTBO?

Pewenue. Cnen KaHOHMYHOTO TojaraHe a=x+y, b=x+z, c=y+z 3a moino-
JKHUTEIHU X, V, z U PuKcupane x +y+z=3 (yMHOXaBalK{ BCsSIKa MPOMEHIIMBA TI0
3—x 3
JaJICHO TOJIOKUTETHO 4YMCIIO) HEPaBEHCTBOTO J0OMBA BHIA Z— >—.
(3 + x)x 2
Ilpu x=y=z=1 ce pocrura paBeHCTBO. THPCUM HEPABEHCTBO OT BHUJA
3—x
(3 + x)x
3—x2=> (px+q)(3x+x2) W OTTaM Ha PX Jr(3p+q)x2 +(3q+1)x—3 <0.Ipu
x=1 uMa paBeHCTBO, Taka Y€ TaM YPaBHEHHETO TPsAOBa Jla MMa KOpPEH OT 4YeTHa
kpartHocT. [Ipunarame cxemara Ha XopHep:
p 3p+q 3g+1 -3
1 p 4p+q 4qg+4p+1 4q+4p-2=0
1 p Sp+q | 5q+9p+1=0

2 px+q, KoeTo na e B cuia 3a Beako 0<x<3. To ¢ eKBHBaJIeHTHO Ha

1 otkpuBame p=7/8, g=11/8. HepasercTBoto € cBeneno 1o (¥ —D?(=7x—24) <0,
KOETO ce M3MbIHsABA BUHArH oM 0<x<3. Cymupaiiku 3a ¥, ), z, moiy4aBaMe *KeJTaHOTO.
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B3. Bopxy crpanure AB u BC wua tpubrbnnnka ABC, BHHIIHO 3a TPHb-
I'BJIHHKA, Ca MOCTPOEHH MPABOBIBIHUTE TPHBIBIHUIIN ABD(ZADB = 900) u
BCE(LBEC = 90°) . la ce nokaxe, ue AB+ BC+CA>2DE .

Pewenue. lanocrponm meauanute DF'u £G Ha [BaTa NpaBOBI'bIHU TPUBI'BIHH-
ka. Torasa F'G e cpenna orceuka B AABC . Hepasenctsoro DF + FG+ GE > DE

1

1
MOXKEM TOraBa Ja 3alHIIeEM BLB BHIA EAB +5AC +EBC > DE , oTKbIETO

cjeaBa HCKaHOTO B 3aja4ara.

B4. Jlanen e wsmbkaanuat yetupubrbiauk ABCD , B xoiito LZABC =90°
u /BAD = ZADC =80°. Bepxy crpanure BC u AD Ha yeTUpUbIbIHUKA Ca
B3eTH choTBETHO ToukuTe N u M taka, ue LCDN = ZABM = 20° . Hamepere
ZMNB , axo e usBectHO, ue MD = AB .

Pewenue. Tlonexxe AAMB e paBaoOenpen, to AB=MB. Ho AB=MD, cne-
nosarenso MB=MD, xoero o3nauaBa, ue ZMBD = /MDB =40°. Torasa
ZBDN =20°. la nocrpoum pasroctpanuusi ABDP Taka, ue 4 u P na ca B
pa3IM4YHK TOIypaBHUHU OTHOCHO npasara BD. Ilonexe ZDBC =30°, 1o npa-
Bara BC e cumerpanara Ha orceukara DP, xkoeto o3HauaBa, ye DN=PN. Ot
4NDP = ZBDP — ZBDN =40° cnensa ABDM = APDN 1o Bropu mupu-
3Hak. Ot emHakBoctra mmame ND=MD, toect AMND e paBhoctpanen. Eto
3amo0 MN=MD=AB=MB, a toBa mnoka3sa, ue ABNM e paBuoGenpen. OTTyk
ZMNB =70°.

B5. Manen ¢ AADC cwe crpana AC =1 u oxpwxHocTn k, (A) u k, (C ) ,
KOUTO ce mpecryar B Touka D . [IpousBoiHa npasa npe3 D npecuya 3a BTOPH BT
OKPBKHOCTUTE CHOTBETHO B TOUKUTE M 1 N.

a) Jlokaxere, 4e cuMeTpamuTe Ha OTCeUKuTe MN nmMat olIa Touka.

0) Ompenenere Hail-roJasMaTa Bb3MOXKHA TBDKHHA Ha oTceukarta MN.

Pewenue. Umame: a) Axo DA, I/IDC1 ca InaMeTpu ChOTBETHO HA k1 u kz, TO TOY-
kure M, N, A u C| ca BbpXOBE Ha Tparell (€BEHTYaIHO U3POJIEH) C OCHOBU MA | u
NC,, nepniennukynsipuu Ha MN (a T € 6enpo uiM AuaroHain Ha tpanena). Torasa
cumerpanara MN cbIbpKa CpelHaTa OCHOBA Ha Tpariela, Taka uye MHHaBa Ipe3
nocrosiunara cpena Ha 4 C,.

6) Ako nsbepem npaBara MN || AC , To noNydeHUST Tpanel € MPaBObIbIHAK
(esentyanno uzponeH) u MN = A C, =2AC =2 (AC e cpenna orceuka). Bes
BCHUYKHU OCTAaHAJIM CIy4au JIbJDKUHATa Ha MN e 1o-MaJika, IOHEXKE € MEPICHIUKY-
nsp, a A, C,=2 e HaKJIOHEHA.

3abenexcka. ThpceHata B a) MOCTOSHHA TOYKA € KaTO YETBBPTHS BPBX Ha YCIIO-
penuuk ABCD ¢ nuaronan AC. Tosa e Taka, nonexxe AABM =~ACNB 1o nbp-
Bu npusHak (AB=CD =CN ;AM = AD = CB; <BAM =<NCB nopaau
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<I<CMD =<CDM , <CND = <CDN u cbOTBETHUTE BIVIU [IPH [IPABUTE HA yC-
MOPETHUKA; MMa HAKOJIKO CIIydas.

B6. EcrecTBenute uncia x, y ¥ k ca Takupa, 4e x(x+ 1)(x+ 2) = yk . Jla ce
JoKaxe, ue k=1.

Pewenue. OT paBEHCTBOTO (x + 1)2 - x(x + 2) =1 cnensa, ue ynciara x+1 u
x(x+2) ca B3anmuo mpocTy u ToraBa X +1=u" n x(x+ 2) = 7" 3a mogxomsium
€CTeCTBCHH U, z. Ho Torama ut—zF =1 , KOGTO € HeBB3MOXKHO TIpH k> 1, 3a110TO

w>z+1=>u* >(Z+1)Zk71 =z" 4+ > 2 41

B7 Jla ce HaMepAT BCHUYKM TPOWKM LEIM 4YUCIA X, ), Z 338 KOHUTO
2 2 2
xX(y-2)+y (z-x)+z (x—y)=2.
Pewenue. YpaBHeHuero e paBHOCHIHO Ha (y—z)(x—z)(x—y)=2. COopbT Ha
I'bPBHSI U TPETUS MHOXKUTEN € PABCH Ha BTOPHs, TaKa Y€ ca Bh3MOXHH CaMO TpHU

pasznmaraaus: 2=1.2.1=(-2).(-1).1=1.(-1).(-=2). CpoTBETHO MOyIaBaMe OTTOBO-
pure (k+1;k;k—1), (k—1Lk+1;k) u (k;k—1;k+1) 3a Besixo 1110 £.

B8. Ha cbcresanue no MatemaThka ¢ 4 3a1a4u ce sBUIH 7 Je1a. 3a BCsiKa JIBOM-
Ka 3a/1a4M UMa JIeTe, PeIniIo caMo TsX. [1o KOIKo pa3nuyHu HauMHA MOXeE Jia ce
ciy4u ToBa?

Pewenue. JIotikure 3ama4n ca 4.3:2=06, a nenara ca 7. ima nBa ciyydas:

— Axo Hakoe gete e peurwio 0, 1, 3 wu 4 3amaun, To Ma 7 BapuaHTa Koe 1a
e ToBa gere u 1+4+4+1=10 BapuaHTa KakBo Jia € pemuso. 3a ocTaHanuTe 6 rena
rMa 6! HauMHa 3a pa3npesnessiHe KO Ko JBOWKA 3aa4Hl J1a PEelIy.

— AKO BCSIKO JIET€ € PEeIInIIO MO 2 3a]a49H, TO MMa 6 BapuaHTa Kosl IBOWKa 3a/1a4ut
Jla € pelieHa oT 1aBe nena u 7.6:2=21 HaunHa KOW JBE JIela a ca S PeIin. 3a
oCTaHajuTe 5 Jera nMa 5! HaunHa 3a pasrnpeensHe Ko Kos pyra JBOWKa 3a1aqu
Jla PeIIH.

O06mo Haunnute ca 70.6! +21.6! =91.720 = 65520.

B9Y. B kBagparHa Tabnuma 5x5 oTHa4ano BCHUKH T0JIETa ca MPa3HH, KaTo eTHO
OT TAX € ouBeTeHo. J{Bama urpaun, X u O, mpaBsT X0I0BE, peayBaiiku ce. KolTo e
Ha XO[Jl, IOCTaBsl IMETO CH B HE3aeTO MoJIe Ha Tabnuiara, chCeHO (110 CTpaHa Win
BpPBX) Ha MocienHoTo 3aeto nosue. [IpbB e X, Karo mpu mbpBUSA CH X0 MOXE Ja
Wrpae B IPOU3BOJIHO HEOI[BETEHO IoJIe. AKO HSAKON HEe MOXKE Jla UTpae, urpata mpu-
KITIOuBa ¢ I00e/ia Ha IpyTusl. AKO HSIKOM IIOCTaBH 3HAaKa CH B OI[BETEHOTO I10JIe, TOW
redeny u urpara npukiaroysa. Koit me cedenu npu npasuina urpa? (OTroBopsT
MOJKE J1a 3aBUCH OT MO3UIUATA Ha OLIBETEHOTO IIOJIE. )

Pewenue. Tlonerara, cbCeHU Ha OLIBETEHOTO, KAKTO U CAMOTO HETO, 1€ HApU-
Yame ornacHu. AKO HKOH Urpae B ONIaCHO HEOIIBETEHO I10JIe, TOM IIie 3aryou urpara
TIpH CJIEIBAINS CH XOJ.
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AKO OIIBETEHOTO IT0JIe UMa 00IIla ToYKa C KOHTYpa Ha TaOiuIara, TO OacHUTE
nonieta ca 4 wim 6. OcTaHamUTe MOJIeTa MOTaT JIa ce Pa3OUAT HA ABOWKU ChCEIHU
rmoJieTa U €IHO OT/IeNHO Tojie (mokaxere kak!). ToraBa X mie mobean, ako ¢ mbp-
BUsI CH XOJI UTPae B OTIEIHOTO IOJIE, U TOCIe cle/lBa TakTukara: ako O urpae B
HEOITacHO TI0JIe TO X WTpae B JIPYrOTO MOJie OT JBOoMKara My (Taka X BUHATA MMa
BB3MOXEH X0/); ako O Urpae B OIMacHO IoJie (TO 33IbJKUTEITHO € HEOIIBETEHO), TO
X urpae B OI[BETCHOTO TI0JI€ U TIOOEKIaBa.

AKO OIIBETEHOTO I0JIe HsiMa 00IIa TOYKa ¢ KOHTypa Ha TabiuIlara, TO ONacHU-
Te morneta ca 9. Ocrananurte 16 monera MoraT Aa ce pa3OusT Ha JBOWKH ChCEIHH
(eBeHTyanmHO 10 auaroHan — nokaxere kak!). ToraBa O me moOenu, ako cieasa
TaKTHKaTa: ako X urpae B HeonacHo mnose, To O urpae B IpyroTo moje oT JBoikaTa
My (Taka O BUHAru uMa Bb3MOKEH XOJ); ako X UTpae B OIMACHO MoJie (TO 3abIKH-
TEJTHO € HeOIBeTeHO), To O Hrpae B OIBETEHOTO MOJIe U OOk 1aBa.

B0. KaxbB e Haif-roneMusiT Bb3MOXKEH Opoil OCTpU BIVIM B n-BI'bJIHHK (HE HE-
MIPEMEHHO U3ITbKHAI)?

Pewenue. Heka k e 6posiT Ha ocTpuTe BI7IH. ToraBa cOOPBHT OT BITIUTE HA MHOTO-
BreJHUKA € (1—2)180°>£.90°+(n—k)360°, oTkbaeTO 21 —4 <k+4n—4kwnu 3k<2n+3.

2n
Oxonuarento k <| — |+ 1. OcraBa 1a ce IOCTPOST MPUMEPH, TIOKA3BAIIH, Y€ JIa-

JiCHara OIICHKa € TO4YHa. HanpaBeTe TOBA CAMOCTOATECIIHO: MOXKE Ja pasriieaare Tpu
BUJa KOHCTPYKIIMU B 3aBUCUMOCT OT OCTaTbKa Ha 7 IIPpU ACJICHUE C 3.

Cocmezamennama mema: MabOM, 11.09.2020
3anaua 1. Hamepete Bcuuku Tpoiiku (a,b,c) OT peaaHu YKcia, H3MbIHABAIIH
I 1 s 2 2 I 1
cucTemara ot ypasHenus at+b+c=—+—+—ua +b +c'=—+—5+—-
a b c a b c
3anaua 2. Hexa aABC e npaBosronen Tpusrbaank ¢ ZBAC=90" u E e
nerara Ha neprneHaukyisipa or 4 koM BC. Heka Z # A e touka Ha npaBara AB,
3a kosito AB = BZ. Heka (c) e onmcanara okpbxHocT 32 aAEZ . Heka D e BTO-
para npeceuna Touka Ha (¢) ¢ ZC v Heka F e auaMeTpaHO MPOTHBOIMONIOKHATA
Ha D touka oTHOCHO (c). Heka P e mpeceynara Touka Ha npasure FE u CZ. Axo
nonuparenHara kbM (¢) B Z npecuya P4 B T, nokaxere, ue Toukure 1,E,B,Z
JIeXKaT Ha eIHA OKPBKHOCT.

3apaua 3. Amuca u boOu urpasr ciegHara urpa: Ajiuca u30upa MHOKECTBO
A=1{1,2,...,n} 3aHakoe ectectBero n>2. Cuen ToBa, 3anouBaiiku ¢ boowu, 1Ba-
Mara ce peayBar Jia u3dupar yuciio ot A 1O CICJHHUTE MPaBUIA: TbPBOHAYATHO
bobu m3bmpa HiIKOE OT YMciara, a BCSIKO CIIEIBAIO M30paHO YHCIIO TPSOBa Ja €
Pa3IMYHO OT BCHYKH Beue M30paHu U Jia ce pasinuyasa ¢ 1 oT Hakoe oT Tsx. Urpara
MPUKITIOYBA, KOTAaTO BCHYKH Ynciia oT A ca u3dpaHu. Anunca nedeinu, ako cOopbT
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oT I/136paHI/IT6 OT Hes YKCIIa € ¢CheTaBHO uKcio. MHaue nmeuenu booOw. Or[pez[eneTe
KOH Hurpad uma redceiimBiIa CTpaTrerusi. q P
P —q

3agaua 4. Hamepere BCHYKH MPOCTH YUCIa P U ¢, 32 KOUTO |+—— ¢

+
MIpOCTO YHUCJIO. prd

Pewenus
3agaua 1. Axo (a;b;c) e pelieHre Ha cUcTeMara, TO TakoBa € u (—a,—b,—c),
Taka ye 0e3 orpaHnieHue Ha oomHocTTa abe>0. OT IbPBOTO yCIOBUE NMaMe

abc(a+b+c)=ab+bc+ca (D)

Or JABCTC YCJIOBUS ITOJIydYaBaMe

2
(a+b+c)2—(a2+b2+cz)=(l+%+lj _(%4_ ! + lj,
a

c @ b
abc(ab+bc+ca)=a+b+c. 2)

Ille ce yBepum, ue a+b+c u ab+bc+ca ca pazmuunu ot 0. Hanctuna, nHade ot
(1) unwm (2) 6u cnenano atb+c=ab+bc+ca=0, a o1 TIX — U a0CYpABT a’+b*+c*=
(a+b+c)*—2(ab+bc+ca)=0.

Cera or (1) u (2) cinensa (abc)*=1 u mo cunara Ha abc >0 monxyuaBame abc=1,
xoeto ¢ (1) Bogu 1o a+b+c=ab+bc+ca; na o3HaUMM Tazu CTOWHOCT ¢ s. Criopen
®opmysute Ha Bret 3a monuHoMa x*—sx>+sx—1, HsIKoe OT a, b, ¢ TpsiOBa 11a € paBHO
Ha 1. Axo Hapumep a=1, To ot (1) cnenBa bc=1 u TUPEKTHO ce yBepsBame, 4e
tpoiikara (a;b;c)=(1;t;t™") e pemenune 3a Besiko peanHo (#0. OTyuraiiku HanpaBe-
HUTE JIOITyCKaHUsl, OKOHYATEITHO MHOKECTBOTO OT PELICHUS C€ ChbCTOU OT TPOHKHUTE
(1;66"), (=156, ") 1 BCHUKK TEXHH TIEPMYTAIMH 32 BCSIKO peainHo 1#0.

3anmaua 2. [IspBo me mokaxem, ue P4 e mommparenna Ha (c). Twit xato E, D,
Z, A nexar Ha eaHa OKpbXHOCT, uMame LEDC=/LFEAZ=/EAB. Cpiio Taka
ZEAB=/BCA, otkpaero LEDC=/BCA.

Ot LFED=90° cniena ZPED=90° u ZEPD=90°—/EDC=90°—/BCA=/EAC.

Crnenosarenno Toukute F, A, C, P ca Ha egHa okpbxkHOCT 1 LCPA=90°. B mpa-
BOBI'BIIHUS TPUBI'BIHUK AZP nmame PB=AB=BZ w £ZPB=/PZB. OcBeH ToBa
LEPD=/FEAC=/ZCBA=ZEBA, Taka ue u Toukute P, E, B, Z ca Ha eHa OKPHXK-
HOCT.

Cera LPAE=/PCE=/ZPB— /PBE =/ZPZB— /PZE=/EZB, 1.e. PA ¢ nonu-
patenHa Ha ().

Cera TA=TZ, taka uwe ZLPTZ= =180°-24LTAB=180°-2(LPAE+ZEAB)
=180°—2(LECP+£LACB) =180°—2(90°— LPZB)=2/PZB=/ZPBA.

21



HUsaiino Kopmesos

Taka 7, P B, Z nexar Ha eiHa OKpBXKHOCT U P, E, B, Z nexar Ha eHa OKPbK-
HOCT, Taka ue u 7, E, B, Z nexxar Ha elHa OKPBKHOCT.

3agauya 3. Anuca e criedeny HalpuMep NpH cJeJHaTa CTPATerus: OTHaYalo
n30upa n=8 M oTroBaps Ha xofoBeTe Ha boOu cnopen MOJIHMS CIHCBK (B OCEM-
mudpeHuTe kogoBe uzdopute Ha boOu u Aisnca ce peaysar, 3amo4Baliku € XOJ
Ha bobOm): 12345678, 23145678, 23415678, 32145678, 32451678, 32456178,
45362178, 45367821, 45673218, 45673281, 45678321, 54321678, 54326718,
54326781, 54632178, 54637821, 67543821, 67548321, 67854321, 76854321,
76584321, 87654321. BB Bcnuku cinydan cOopbT Ha Anuca e 15, 21 nnn yetHo
YHCII0, IO-TOJIIMO OT 2, Taka 4e Ts MeYelu.

3angaua 4. fIBHO p#q. [lonarame 1+(p?—g?):(p+q)=r. Umame

P =r=Dp+q). A3)
Ot mankara Teopema Ha Depma pi—g’=—q (mod p).

Ot (r—1)(ptq)=—rqg—g(mod p) u (3) cnensa rg=0(mod p) = p|qr = p|r =
p=r. Taka (3) nobuBa Buga

P'=¢"=(p~Dp+q). “
Axo p=2, 10 (4) Bomu 110 27=¢g*+¢+2. TTo uHIYKIHKS 32 1> 6 JIECHO CIIE/BA, Y€
2">p>+n+2. CremoBarento g <5 v IUpeKTHATa MpoBepKa AaBa camo g=>5. [Tomyda-
BaMe penreHue (p;q)=(2;5). Ako p e HeuetHo, ot MTO pi—g’=p(mod ¢). Ot (p—1)

(pFq@)=p(p—1)(mod q) = p(p—2)=0(mod q) = ¢|p(p—2) = qlp=2 = g=<p—2<p.
Ot (4) mmame p?—g’=0(mod p—1) = ¢*=1(mod p—1). SIBHO

HOZ (¢;p—1)=1 u axo k e moka3zarenar Ha g o moxyn p—1, 1o k|p u k<p, raka
ye k=1. Cera g=1(mod p—1) = p—1|g—1 = p—1<g—1 = p=<q: abcypa.

Temara Gemie noOpe Oanancupana. [IbpBuTE 1BE 3a1a4n CHOTBETCTBAXA HA IIBP-
BUTE JIBE MecTa B TemaTa (0e3 Aa ce aHrakupame ¢ MHEHHE M B TO3HU pell) U
CBIIEBPEMEHHO ChCTE3aTEeIUTE UMalle KaKBO Ja MOMHUCIAT MO TsAX. 3ajgadara 1o
KOMOMHaTopHKa Oelle JIeKo HeoOryaiiHa 1 HaUCTHHA PEe3yJITaTUTe Ha IOBEYETO OT-
Oopu nokaszaxa, ue ¢ Omiia HeoYaKBaHa 3a JA0CTa OT yueHuuute. ToBa obaye enBa
JIM € U3HEHaa, Karo ce 3Hae, 4e Karto usyio, MinbOM dgecto cTpasia oT HEJOCTHUT Ha
NPEATIOKEHHs IO KOMOMHATOPUKA, HO HAIIUAT OTOOp MMAIle OMUT OT 3aJa4H ChC
CTpaTeruy 1 OT MOAr0TOBKATA, M OT CEJICKIMOHHUTE KOHTPOIHU. YeTBbpTaTa 3a1a-
Ya e HAaMCTHHA CEPHO3HA TPYAHOCT 3a YUYCHULIUTE OT Ta3u Bb3PacT, NpeaBu Qakra,
4e Mpey 3aKIOUUTEIHATa YacT Ha PELICHUETO J0PH 33 YUCHHUIM ChC ChCTE3aTe-
JIeH OMT € TPYAHO Ja BUJAT CBETJIMHATA B Kpast Ha TyHesna. Ts ctaBa 1ocTa mo-jieka
3a IIpeosiosisiBaHe (OCTaBa camo MOJIOBHHATA TYHEN U CBETJIMHATA CE BIIKIA JICCHO)
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1

3a yYCHHMIH, 3ar03HaTH ¢ (dakTa, 4ye QyHKuusATa ¥ = X* € HaMmassBalla 3a x >e.
Hocrta ot apyrure oTo0pH, KOUTO MOXKE OU ca UMaJln ABJIBT JIETCH nepuo 0e3 ce-
PHO3HU NPEAN3BUKATEIICTBA, IBHO OsIXa CHIIHO 3aTPYIHEHHU OT MpeUIoKeHaTa TeMa,
HO IIpY HaLIMs MOKe O 3aroyHaara oT/aned HOArOTOBKa € MPOTHBONOCTaBH Ha
oOnuaiiHus cria Ha HUBOTO MO BPEME Ha JISITHATA BaKaHLMSI M CIIOMOTHA 32 [0-yBe-
PEHOTO My MpecTaBsHe. Bcuky HalM yqyacTHUIM clieyeNnxa MeJalu: Ba 371aT-
HU (Hal-CUJIHUTE J1BE MHAMBUAYAIHU MOCTHKEHU cpex Becuukute 108 yyactHUIN
B MiiBOM, €aHOTO OT KOUTO C MAaKCUMAJHHS Bb3MOXKEH PE3YIITAT), TPH CPeObPHU
U equH OpoH30B. Pesynrarute Ha Obarapckus oTOOp ca CIeAHUTE:

3apgaya » 1 2 3 4 C6op Mepan

Bopuc LiBeTaHoB MaueBcku 10 10 10 10 40 3naTeH

MapuH XpucroB Xpuctos 10 10 10 6 36 3nareH
fceH NnameHoB lNeH4yeB 10 10 1 5 26 cpebbpeH
Mapusa HukonaeBa [ipeH4yeBa 9 6 2 5 22 cpebbpeH
UBaH Topopos Tarapes 4 10 1 5 20 cpebbpeH
AHTOH Neoprues bpeckoBcku 6 10 0 1 17 6poH30oB

BEBNTAPUNA 49 56 24 32 161

B orbopHoTO Kimacupane bwirapus 3ae mbpBO MsICTO ¢hC 161 T., cieaBaHa oT
orbopa Ha PympHuUsA. ChcTE3aTeNNTE Ce CIpaBrUXa OTIMYHO W [TOKa3axa, de WaBaT
CEPHO3HU TOMBIIHEHH 32 OTOOPUTE HH TIPH TIO-TOJIEMHUTE.

SELECTION AND PARTICIPATION OF THE TEAM
OF BULGARIA IN THE XXIV JBMO 2020

Abstract. The article contained an overview of the selection and preparation of
the team of Bulgaria in the Junior Balkan Mathematical Olympiad 2020, the contest
itself and the presentation of the team. The included materials can be useful in the
preparation for math competitions in the junior high school.
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