BMO 2019

1. Co P na ro o3HauMmMe MHOXECTBOTO O] CUTE MpocTH OpoeBu. Ompenenn I'M cuTe
¢byukuun f P — P takeu mto Baku

f(p)' @ +qP = f(@)"P+p, (@)
3a cexkon p,qeP.
Pemenue. /la npernocraBume gexka f(2) > 2. Toram (1) cnienysa nexa
t(p)'@ =1 P yp? 2P,
e mapHo 3a cekoj] peP, p>2, ma mopa na Baxu f(p)=2, 3acekoj p>2. Ilo-

CJICTHOTO He € MOXKHO Ouzejku toram 3a (P, q) =(3,5) ox (1) cnenysa P =5 , IITO
He e TouHo. Criopen toa, f(2)=2 ucerasza q=2 mobuBame

f(p)?+2P =2"(P 4 p2, @)
On (2) cnenysa neka f(p)=2 3a p>2. Ox gpyra cTpaHa, 3a CEKOHM MPUPOIHH
OpoeBH X >y >2 Baxu

2X—x%>2Y —y?,
IMocneqHOTO HEPABEHCTBO ce MOOUBA CO MHIYKIIHja O/l HEPABEHCTBOTO

29 _(y+1)?—(2Y —y?)=2Y —2y-1>0

3a y>3. Cera ox (2) HemocpenHo cnenysa nexa f(p)=p, 3a cexkoj peP . Jamo,

oBaa (DyHKIIH]ja ja 3aJ0BOJIyBa paBeHkaTta (1).

2. Peamnnte 6Gpoesn a,b,c ce taksu mro 0<a<b<c m a+b+c=ab+bc+ca>0.

Jlokaxu ngeka
(a+Dbc>2.
Onpenenu ru cute Tpojku (a,b,C) 3a KoM BaXku 3HaK HA PABEHCTBO.
Pemenue. /lp6 nauun. Op yCIOBOT Ha 3a7a4ata clielyBa
3(ab+bc +ca) < (a+b+c)? = (ab+bc+ca)?,
ognocHo ab+bc+ca> 3. IMonaramy, 6unejku bc>ca>ab, ox mocneanoro Hepa-

BeHcTBO creayBa bc>1. Jla osnaunme +/bc =x>1. Toram b+c >2ybc =2x, ma
0J1 YCIIOBOT Ha 3a/1a4aTa Clie/yBa

_brcbe _q_ bedl o q_ X3l _ X(2-X)
a= b+c-1 =1 b+c-17" 2x-1~ 2x-1 ' @)

[PH LITO 3HAY 33 PABEHCTBO BAKH aKO M CaMo ako bh=Cc=X.
1) Axo +/bc =X > 2, Toraur ouurieHO
(a +1)\/bc >2(a+1)>2.

3Hak 3a PaBE€HCTBO BaXX1 aKO U CaMO aKo




a=0ub=c=x=2,te. (a,b,c)=(0,22).
2) Axo Jbe = x <2, toram ox (1) cemysa

(a+2)he =ax+x>x—2(2—x)+x2(2—x)+x=2,

- 2x-1
ounejku

2 _1\2

X _ (X 1) >
=t g 21
3HaK 3a paBCHCTBO BaXX1 aKO U CaMO aKo
2—
b=c=x=lua= Xéx_)l() =1, re. (a,bc)=1.

Bmop nauun. Jla o3naunme a+b+c=Kk. Cera on
k=ab+bc+ca>a(a+b+c)=ka

cinenyBa a <1.Hmawme,

b+c=k-a u bc=k—ab+c)=k-ak-a)=(1-ak+a’. (2

On HepaBEHCTBOTO Mely CpeINHUTE UMame (b-i—C)2 >4bc, ma ako TH MCKOpPH-
CcTUME paBeHcTBaTa (2) umame
k?+(2a-4)k-3a°>0

k>2-a+2Va?—a+1.
OrtTyka cinenyBa

(a+1)»\/b_=(a+1)«f(l—a)k+a2
> (a+1)\j(1—a)(2—a+2\/a2 —a+1)+a2
= (a+1)(1—a+\fa2 —a+1l)=F.

Cera HepaBeHCTBOTO F > 2 e eKBUBaJCHTEH HA HEPABECHCTBOTO
(a+1)\/a2 —a+l>a%+1,
3

IITO CO KBaJpHUpame CE€ CBEAyBa Ha OYMIJICIHOTO HEPABCHCTBO a +az= 23.2.

n kako K >0 mobuBame

3HaK 3a PaBEHCTBO BaKW ako W camo ako a=0 wm a=1, npu ycios b=c,
OJTHOCHO aKo u camo ako (a,b,¢)=(0,2,2) umu (a,b,c) =(1,11).

3. Hanen e octpoarosieH pasnocrpan tpuarosauk ABC . Heka X u Y ce pasmuuHu
BHaTpenrHu Touku Ha orceukata BC takBu mto £CAX = XYAB . [la ru o3Haunme
co:

1) K u S cooaBeTHO NOAHOXjaTa HA HOPMANUTE IMOBJEYCHH on TeMeTo B Ha
npasure AX u AY,

2) T u L coomBeTHO TOMHOXjaTa HA HOpMajaWTe TOBICYeHH on Temero C Ha
npasute AX u AY .




Joxkaxwu neka npasure Kl u ST ce ceuar Ha npaBata BC .

Pemenne. /lps nauun. On ycnoBot Ha 3aqadata cienyBa aABK ~aACL u A ABS ~
AK _ AB _ AS , OJHOCHO AK-AT = AL-AS . Cropen Toa, TO4-
AL AC AT

AACT , ma 3aroa
kure K,L,S,T nexar Ha ucra kpyxuuna K . Cpenunata M Ha crpanara BC ie-
kKU Ha cuMmerpanure Ha orceukute KT u LS, ma 3aroa Taa e meHTap Ha KpyXKHH-
nata K. Hexka D e momHOXjero Ha BucHHATa noBiedeHa o temeto A . Kpyxuuma-
Ta Ky co mmjamerap AB munyBa Hu3 Toukmte D,K m S, a kpyxHmmara Kk, co
mujamerap AC munysa Hu3 Toukute D, L n T .

Pagukannaurte ocku Ha maposute kpyxuum (K, ki), (K,kyo) un (ky,ky) ce coonserro
npasure KS,LT u AB u The ce

ceyar BO PaAMKaTHUOT HeHTap P
Ha OBUE TPH KPYKHUILIH.

Cera, ako mpasure KL u ST ce
ceyar BO To4YkaTa Q , o1 Teopemara
Ha bpokap 3a ueTHpUAroJHUKOT
KSLT cnenyBa neka npaBara AP
e mojapa Ha Toukara Q BO OIHOC

Ha KpyxHunara K, ma saroa MQ
1 AP, ogrocio MQ||BC, ox ka-

Je MmMTo cieAyBa meka Q mpwumara

Ha mpaBata BC .
Bmop nauun. Hexa npasure KL u ST ja ceuar npaBata BC Bo Touknte Q u Q,,

coozxsetHo. Ox Teopemara Ha MeHenaj cienyBa

X _ XK AL, XQ _XT A
QY KA LY QY TA sy’

na kako win jaBere npaBu KL u ST ja cewar orceuxkara XY wuiaM HUTY e[HA O]

. XQ _ XQ,
HUB HE ja ceye oTceykara XY [OBOJIHO € J1a JIOKaKEME IeKa —- = —=% | T.e

QY QY
AK AS XT YL_1q )

AL AT XK YS
Cera on cimmynoctute aABK ~aACL, AABS ~AACT, aBXK ~aCXT, aCYL ~aBYS

ciemyBa

AK _AB AS _AB XT YL _CT CL_CT CL_AC AC )

AL AC'AT AC'XK YS BK BS BS BK AB AB'
AKO 'l TOMHO)KHME paBeHcTBaTa (2) ro noduBame paBeHCTBOTO (1).

Pemerka € MHOXXECTBOTO OJl CUTEC TOYKH OO BHAOT (m, n) ,kKage m u N ce ueau

OpoeBu 3a kou Baku |M[<2019,|n|<2019 u [m|+|n|<4038 . Toukure (M,n) ox




pemrerkata 3a xkou |M|=2019 wmm |n|=2019 ru HapekyBame pabOnu. UYertupure

mpaBu X =12019 n y=22019 ru HapekyBame pabogu. JIBe TOUKN Ha peleTKaTa

Ce COCEITHU aKO PacTOjaHHETO Mel'y HUB € €JJHaKBO Ha 1.

3opaH 1 Mapko urpaaT urpa Ha pemreTkara. Tue urpaat Hau3MEHHYHO IpH 1ITO 30-

paH ja IOYHYBa UTpaTa co MOCTaByBame Ha keToH Ha Toukarta (0,0), a Mapko nps

MIOBJIEKYBa MOTE3.

1) Bo cekoj cBoj mote3 Mapko OTCTpaHyBa HajMHOTY IO JBE PaOHH TOYKH OJ CEKOj
pao.

2) Bo cekoj cBoj moTe3 30paH MpaBH TOYHO TPH uekopu. YEKOPOT ce COCTOU BO TO-
MECTYBambE Ha )KETOHOT Ha e/{Ha O COCEAHUTE TOUKU KO HE CE OTCTPAHETH.

Urpata 3aBpuryBa co modena Ha 30paH BO MOMEHTOT KOTa TOj K€ TO ITOCTAaBH KETO-

HOT Ha HEKOja rpaHWYHA TOYKa Koja ce yIiTe He € oTcTpaneTa. Jamu 3opaH uMa 1o-

OemHmuKa cTpareruja’?

Pemenue. /Ipg nauun. Mapko Moke J1a TO OHEBO3MOXKH 3opaH na modemu. Ctparte-

rujaTa Ha Mapko ke ja onmimeme Ha pador Y =2019. Ha ocranarute paboBu TOj

Urpa aHaJOTHO.

Bo npBuot nore3 Mapko ru orctpanyBa Toukute (—1,2019) u (0,2019) . [ToToa:

i) Axo 30paH co CBOjOT IOTE3 ja HAMANU X — KOOpAMHATATa, Toram Mapko r'u ot-
CTpaHyBa NPBUTE JIBE OCTANHH TOYKH JieBO o Toukara (0,2019),

i) Ako 3opaH He ja TPOMEHH X—KOOpAWHATara, Toramr Mapko ja OTCTpaHyBa
mpBara JOCTalHa TOYKa JEeBO M MpBara JOCTalHa TOYka IECHO OJf TOYKaTa
(0,2019).

iii) Ako 30paH ja 3rojeMH X —KOOpJAHHaTara, Toram MapKo T'M OTCTpaHyBa IpPBHTE
JIBE JIOCTAIHU TOYKH JecHo o toukara (0,2019).

iv) EmrHCTBEHO OTCTamyBame € Kora 30paH NpB Iar ja HaMaid X — KOOPAHHATATA 33
To4yHO 1, Toram Mapko ja oTcTpaHyBa IpBaTa JOCTallHa TOYKA JICBO M IIpBaTa
nocramnua Touka necuo ox (0,2019) .

Jla nperniocraBuMe Jieka 3opaH ke modeau co goarame 10 Hekoja Touka (a,2019) .

Moxeme nma cmerame jaeka a>0. HaBuctuna, ako 30paH ce JBIKET IO CHMe-

TpuuHa mareka 10 Toukarta (—a,2019), Toram Mapko ke CTUTHEN la OTCTpPaHH

OHOJIKY TOYKH JIEBO OJI HyJlaTa KOJIKY LITO BO OBOj Clly4a] OTCTPaHWI AECHO Of

HyJIaTa.

Ja pasrnenyBame rojieMuHara

A=2x+y-3k,
kaze (X,Y) € MOMeHTajHaTa MO3MIIUja Ha KETOHOT, a K € HajaecHara OTCTpaHeTa
Touka. Umame:

- Axo 3opan ro nomectH xeronot 3a Bekrop (—1,2), (0,3) wim (3,0), mo Hero-

BHOT 1 TOTe30T Ha Mapko A He ce menyBa. Cenak, 3apamau V), kora 3opaH TpB




[aT ro IOMECTYBa KETOHOT 3a BeKTop (—1,2), 1o HeroBuoT 1 mote30T Ha Mapko

A ce HamamyBa 3a 1.
- Axo 30paH ro moMecTH XETOHOT 3a BeKTop (2,1), M0 HEroBHOT MOTE3 U MOTE30T

Ha Mapko A ce HamanyBa 3a 1.
- Bo cekoj apyr ciayuaj 4 ce HamanyBa 3a HajMajKy 2.
ITo npBuoT note3 Ha Mapko Baxxu A= 0, na npes NOCIETHUOT NOTe3 Ha 30paH MO-
pa na 6une A<0.Meryroa BO TOj MOMEHT €
A=2x+y—-3k>2(a—-2)+2018-3(a-1) =2017-a>-1,
mae a<2018 u A HuKoram He ce HaMawia 3a moBeke o 1. OTTyka ciienyBa Jeka
cHuTe JoTOoraiHu mote3u Ha 3opan Oune 3a Bektop (0,3) mwiu (3,0) , ocBen Moxa
eneH 3a Bekrop (2,1), ma BO TOj MOMEHT
(%X, ¥) =(0,0)(mod3) umu (X,Y)=(2,1)(mod3).
bunejku 3opan mMa mobena BO HajMHOTY TPH YEKOPH, SOHHCTBEHA MOXKHOCT €
(x,y) =(2018,2017) . Ho, Toram

A=2-2018+2017 -3k =6053—-3k >0,

LITO € MPOTUBPEUHOCT.
Bmop nauun. Ke nazgeme apyra crpateruja na Mapko Ha pa6ot y = 2019 . Jlocran-

HUTE TOYKU Ha OBOj pad Ke TW HapedeMe u3/1e3HU.
Bo npBute 672 yekopu, mTo U ga urpa 3opas, Mapko ru 3atBopa cute 1345 uznesu
on BuaoT (X,2019) 3a 3| X, a Bo 673 moTe3 ro 3aTBOpa M3JI€30T KOj € HajOIU30K 710

3opan (0mno koj, ako TH UMa 1aBa). [loHaTamy, 1o cekoj more3 Ha 3opaH, Mapko
3aTBOpA JIBa M3JIe3H KOM ce HajOnmmcku 10 3opaH (OMII0 KOU aKo TH UMa MOBEKe).

Co mHAyKIWja o N> 673 ke mokakeMme Jeka 30paH Mpea CBOjOT N—TH MOTE3 ce
Haora Ha pacTojaHue HajMaiKy 4 (110 KOOPJMHATH) O] HajOJHCKUOT U3JIE3.

Heka n=673. 3opan ¢ wmm Bo Toukata (0,2016) wnwm nox npasara y = 2016, a u3-

ne3ot (0,2019) Mapko Beke ro 3aTBOPHII, T1a 3aT0a TBPCHETO BAXKH.

Heka n=674. MomeHTanHaTa Ho3uIyja Ha 30paH Ja ja 03HaunMe co (X, Yg) - AKO
Yo <2018, equHCTBEHU TpU U3J€3M HAa PacTOjaHHE IIOMAJI0 UM €IHAKBO Ha 3 0Of
3opan ce (X9 £1,2019) u (Xg,2019), ox KoM eTHHOT € BeKe 3aTBOPEH, a Mapko Bo
CBOjJOT N—TH TOTe3 TH 3aTBOpa INpeocTaHaTHTe 1Ba. Ako Yo =2018, Toram
Xg =1 u Oe3 orpaHuuyBame Ha OINIITOCTA MOJKEME Ja 3eMeMe Jieka Xy =1. Mery
uznesute (a,2019) 3a —1<a <3 Tpu ce Beke 3aTBOpeHH, a MapKo cera Ty 3aTBOpa
MPEOCTaHaTUTE JIBA.

Heka n>674 uneka (X,Y;) e nosunumjara Ha 3opan mo N—2 nore3u. Cure n3nesn
ceé Ha pacTojaHHe TMOroJieMo WM eaHakBo Ha 4 on 3opaH. On TpuTe H3IE3H
(% £1,2019) u (x,2019) enen e Beke 3aTBOpeH, a Mapko Bo (N—1)— ot notes ru




3aTBOpa MpeocTaHaTuTe 1Ba (ako ce orBopenn). ['o pasrnenysame (nN—1)— ot nores

Ha 30paH.

i) Jla mpermocraBuMe jaeka 30paH CBPTYBa JECHO (CIIy4ajoT KOTa CBPTYBa JIEBO €
ananore). HajOuckuoT usiie3 1€Bo off mpaBaTa X =X UMa X KOOpJMHATa Koja

He e IIorojemMa oJf ¥ —2 U Taa My € Ha pacTojaHue HajMaiky 4. Ox apyra crpa-
Ha, JIECHO OJ] IpaBaTa X = ¥ Ha pacTojaHHe IIOMAJIo WM €IHAKBO Ha 3 UMa Haj-

MHOTY [IBa OTBOPEHHU H3J1e3H, a Mapko BO CBOjOT N— TH IIOTE3 I'M 3aTBOPA.

i) Axo 3opaH He ja MEHyBa X — KOOpJAHHATATa, TOrar MapKo BO CBOjOT N — TH ITO-
Te3 TU 3aTBOpa m3ne3nute (¥ +2,2019) (ako ce 0TBOPEHM), T1a 3aT0A HAjOIUCKHOT
n3Je3 Ha 30paH ke My OH/ie Ha pacTojaHue IMOTOJIEMO TN €JHAKBO Ha 4.

On npeTXoaHUTE pasrieayBarba clieyBa Jeka Mapko uMa cTpareruja co Koja 3opan
HE MOXe 1a ooeau.




