IX KHIBCbKUI MI"KHAPOJHUI ®I3UKO-MATEMATUYHNINA ®ECTUBAJIb

Yena mamemamuuna onimniaoa. 10 knac. Ocrnoeni 3aoaui

1. INokaxiTb, mo icHye HaOip 3 2010 pi3HUX HATYpPATBHUX YHUCEN TaKHX, IO KOJHE 3 HUX, a TAKOX JKOJIHA 3
CYM JIEKUJIbKOX 3 HUX, HE € n-UM CTeeHeM HarypanbHoro yucna (ne N, n>1).

2. Hexait ABCDE — npaBujibHUNA I’ ATUKYTHUK Takuid, mo 3ipka ACEBD wmae momy 2010. Hexait P —
Touka nepetuny npsimux AC 1 BE, a Q — Touka neperuny BD i CE. 3HailliTh MIONLy YOTHPUKYTHUKA

APOD.

3. 3uaiinite yci pynkuii f:N, — N, ski 3a10BoabHAI0Th piBHICTh f(2f(n))=n+2010 mns Bcix ne N,

(yepe3 N, nosnageHo mHoxuny N U {0} ).

4. YV maxoBoMy TypHIpi KOK€H I'paBelb 3irpaB 3 KOKHUM IHIIUM OJHY HapTiio. 3a mepeMory rpaBelb OTpu-

: 1 . . . .
Mye 1 ouko, 3a HIUYUIO — ) OuKa, 3a mopa3ky — 0 o4ok. Y TypHipi IpuiManu y4acTh YOJIOBIKH Ta JKIHKH,

PUYOMY KOKEH I'paBellb HabpaB OJJTHAKOBY CyMapHY KUIbKICTh OYOK Y MapTisiX 3 YOJOBIKAMHU Ta y MapTiiX 3
*iHkamu. J[oBeiTh, 110 3araibHa KUTbKICTh TPABIIIB € TOYHUM KBAJIPATOM.
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CYM JIEKUJIbKOX 3 HUX, HE € n-UM CTeeHeM HarypanbHoro yucna (ne N, n>1).

2. Hexait ABCDE — npaBujibHUIA I’ ATUKYTHUK Takuid, mo 3ipka ACEBD wmae mnomy 2010. Hexait P —
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IX KHIBCbKUI MI"KHAPOJHUI ®I3UKO-MATEMATUYHNINA ®ECTUBAJIb

Ycena mamemamuuna onimniaoa. 10 knac. /looamkogi 3aoaui

. . . 1 1
5. loBenith, O /Ui JOBUIBHUX HATYpalIbHUX m Ta n (m, n > 2) BUKOHYETHCS HEPIBHICTD T+T >1.
n m
m n

6. IIpAMOKYTHUK 71X p PO3JIUICHUNA HA #p OJUHUYHUX KITHHOK, M 3 SKUX YOpHI, a iHmi — Outi. 3a oauH

KPOK JI03BOJISI€ThCA nepedapOyBaT y YOpHUI KOJIp JOBUIbHY OLTY KIIITHHKY, 110 Ma€ MPUHANMHI B1 CyCinH1
3a CTOPOHOIO YOPHI KJIITUHKU. 3HAUIITh HAallMEHIIIe MOXKIIMBE /1, 32 SIKOTO 3HAMIEThCs TaKe MoYaTkoBe mnodap-

OyBaHHs IPSIMOKYTHHKA, 1110 332 CKIHYEHHY KUIbKICTh KPOKIB YC1 KJIITUHKH CTAaHYTh YOPHUMHU.

7 mpaeua 2010 poky
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IX KHEBCKHUI MEKJIYHAPOJHBIN ®N3NKO-MATEMATHYECKHU ®ECTHUBAJIb

Yemuana mamemamuueckan onumnuaoa. 10 knacc. Ocnoenule 3a0auu

1. ITokaxwure, uto cymiectByeT Habop u3 2010 pa3nUYHBIX HATYPATbHBIX YHCET TAKUX, YTO HU OJTHO U3 HHX, a
TaK)K€ HHU OJHA U3 CYMM HECKOJBKHMX M3 HHUX, HE SBJISETCS n-HOW CTENEHbIO HATYpPaJbHOTO 4YHCIa

(neN, n>1).

2. [lyctb ABCDE — mnipaBUJIbHBIN MATUYTOJIBHUK Takou, uTo 3Be3qa ACEBD wumeet miomaas 2010. [Tycts
P — Touka nepeceuenus npsimbeix AC u BE, a Q — touka nepeceuenuss BD u CE. Halinurte miomans

4yeTbIpexyrojpHuka APQD.

3. Haiigute Bce ynkiuu [ :N; — N, ynosnersopstomue paBeHCTBY f(2f(n)) =n+2010 mus Beex ne N

(3necy N, obo3nauaer mHoxkectBo N U {0}).

4. B maxmMaTHOM TYpHUPE KaKABIH UTPOK CHIMPa C KAKIBIM JIPYTUM OIHY MapTHIO. 3a MoOeay UTPOK MOy-

1
yaeT 1 ouko, 32 HUYBIO — — 04Ka, 3a nopaxkeHne — 0 oukoB. B TypHUpe NMpUHUMaIN y4acTHE MYXYHUHBI U

KCHITUHBI, TPUYEM KaXKIbIi UTPOK HaOpal OJJMHAKOBOE CYMMAapHOE KOJMUYECTBO OYKOB B MAPTHAX C MYXKUHU-
HaMH U B APTHSIX C XKEHIIUHAMU. JJOKaXXuTe, 4TO 0011Iee KOJTMYECTBO UTPOKOB SIBIISICTCSI TOUHBIM KBaJPaTOM.
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Yemuaa mamemamuueckan onumnuaoa. 10 knacc. Ocnoenule 3a0auu

1. ITokaxwure, uto cymiectByeT Habop U3 2010 pa3IUYHBIX HATYPATbHBIX YHCET TAKUX, YTO HU OJTHO U3 HHX, a
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P — Touka nepeceuenus npsimbeix AC u BE, a Q — touka nepeceuenuss BD u CE. Halinurte miomans

4eTbIpexyrojpHuka APQD.
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1
yaeT 1 ouko, 32 HUYBIO — 5 OuKa, 3a nopaxenue — 0 ouxkoB. B TypHUpe npuHUMaIM ydacTHe MY>KUMHbBI U
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IX KHEBCKHUI MEXKJIYHAPOJHBIN ®N3NKO-MATEMATHYECKHU ®ECTUBAJIb

Yemuaa mamemamuueckan onumnuaoa. 10 knacc. /lononnumenshoie 3a0auu

5. Jlokaxxute, 4TO Il MPOU3BOJIBHBIX HATYPATIbHBIX m U 1 (m, n > 2) BBINOJIHACTCS] HEPABEHCTBO T +T >1.
n m
m n

6. HpHMoyFOJII:HI/IK nx p pasaciiCcH Ha np CAUHUYHBIX KJICTOUYCK, 7 W3 KOTOPLIX YCPHLIC, 4 OCTAJIbHBIC —

Oemnble. 3a OJIMH IIAr pa3pelaeTcs MePeKPacuTh B YEPHBIN IIBET MPOU3BOJIBHYIO OCIYIO KIETOUYKY, UMEIOILYIO
XOTs OBl JIB€ COCEIHHUE 10 CTOPOHE YepHbIe KIeTouku. HalinuTe HanMeHblee BO3MOXKHOE m, MPH KOTOPOM

HaWJeTCsl TaKasi Ha4aJlbHas IIOKPACKa IPSIMOYIOJIbHUKA, YTO 34 KOHEYHOE KOJIMYECTBO IIIArOB BCE KIIETOYKH
CTaHyT YEPHBIMHU.
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Yemuaa mamemamuueckan onumnuaoa. 10 knacc. /lononnumenshoie 3a0auu

5. Jlokaxxute, 4TO ISl MPOU3BOJIbHBIX HATYPAJIbHBIX m U 1 (m, n > 2) BBINOJIHACTCS] HEPABEHCTBO T +T > 1.
n m
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6. HpHMoyFOJII:HI/IK nXx p pa3aciiCcH Ha np CAWHHUYHBIX KJICTOUYCK, m W3 KOTOPLIX YCPHLIC, 4 OCTAJIbHBIC —

Oenple. 3a OJIMH ILIAr pa3pelaeTcs MePeKPacuTh B YEPHBIN IIBET MPOU3BOJIBHYIO OCIYIO KIETOUYKY, UMEIOILYIO
XOTs OBl JIB€ COCEIHHUE 10 CTOPOHE YepHbIe KiIeTouku. Haliiute HanMeHblee BO3MOXKHOE M, MPH KOTOPOM

HaWJeTCsl Takas HadallbHas IIOKPACKa IPSIMOYIOJIbHUKA, YTO 34 KOHEYHOE KOJIMYECTBO IIArOB BCE KIETOYKH
CTaHyT YEPHBIMHU.
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IX KHEBCKHUI MEXKJIYHAPOJHBIN ®N3NKO-MATEMATHYECKHW ®ECTHUBAJIb

Yemuaa mamemamuueckan onumnuaoa. 10 knacc. /lononnumenshoie 3ad0auu

1
5. Jlokaxxute, 4TO I MPOU3BOJILHBIX HATYPAJIbHBIX m U 1 (m, n > 2) BBINOJIHACTCS] HEPABEHCTBO T +T >1.
n m
m n

6. HpHMoyFOJII:HI/IK nXx p pa3aciicH Ha np CAUHHUYHBIX KICTOUYCK, m W3 KOTOPLIX YCPHLIC, 4 OCTAJIbHBIC —

Oenple. 3a OJIMH IIAr pa3pelaeTcs MePeKPacuTh B YEPHBIN IIBET MPOU3BOJIBHYIO OCIYIO KIETOUYKY, UMEIOILYIO
XOTs OBl JIB€ COCEIHHUE 10 CTOPOHE YepHbIe KIeToukd. HaiiiuTe HanMeHblee BO3MOXKHOE m, MPH KOTOPOM

HaWJeTCs TaKkas HadallbHas IIOKPACKa IPSIMOYIOJIbHUKA, YTO 34 KOHEYHOE KOJIMYECTBO IIArOB BCE KIETOYKH
CTaHyT YEPHBIMHU.
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IX KYIV INTERNATIONAL PHYSICS AND MATHEMATICS FESTIVAL
Oral mathematics Olympiad. 10th form. Main problems

1. Show that there is a set of 2010 distinct positive integers such that the sum of one or more elements of the
set is never a square, cube, or higher power.

2. Let ABCDE be a regular pentagon such that the star ACEBD has area 2010. Let P be the point of inter-
section of AC and BE and Q be the point of intersection of BD and CE. Find the area of APQOD.

3.Let N={0,1, 2, 3,...}. Find all functions f: N — N which satisty f(2f(n))=n+2010 for all n.

4. In a chess tournament each player plays every other player once. A player gets 1 point for a win, 1/2 point
for a draw and O for a loss. Both men and women played in the tournament and each player scored the same
total of points against women as against men. Show that the total number of players must be a square.
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IX KYIV INTERNATIONAL PHYSICS AND MATHEMATICS FESTIVAL
Oral mathematics Olympiad. 10th form. Additional problems

5. Prove that for all positive integers m and n (m, n>2) the following inequality % +% >1 holds.
m Rn

6. The nx p rectangle is divided into np unit squares. There are m black unit squares and the remaining unit
squares are white. The following “move” is allowed: the white unit square having a common side with at least
two black unit squares is painted in black. Find the least possible integer m with the property that there exists
a starting pattern of black unit squares such that, after finitely many allowed moves, all the unit squares
become black.
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