JAMCTAHIHOHHBIN TYP OJUMIHAAbI «PHU3TEX — HHTEPHELIHI»

11 kaacc 10 xiacc 9 KJacc
1 1 15
2 11 17
3 3 1
4 4 3
5 5 11
6 6 16
7 7 6
8 8 14
9 12 12
10 13 13

1. Haitnute HanMeHblIee HaTypajdbHOE @ TAaKOE, YTO BbIpakeHne paraml aenutcs Ha param2.

Find the smallest positive integer a such that param1 is divisible by param?2.

param1 param?2
a(a+2)(at4)(a+6)(a+l) 10°
a(a+6)(at12)(a+18)(at+24) 107
a(a+14)(a+28)(a+42)(a+56) 10°
a(a+18)(a+36)(a+54)(a+72) 107

2. U3BecTHO, uTO X + y = param]1. Kakoe HanOosbliee 3HaU€HNE MOKET IPUHUMATh BhIpAXKEHUE

{8x° Y (x> + %) ?

It is known that x + y = param1. What is the maximum possible value of ¥/8x’y*(x* + ) ?

paraml

11

13

15

17

3. U3BecTHO, UTO JJIs1 OJOKHUTEINBHBIX YHCEIN @, b, ¢ KAXKI0e U3 TPeX YpaBHEHUH
ax*+param1bx-+c=0,

bx*+param1cx+a=0,

cx*+param1ax+b=0

UMEET XOTsI ObI OJIMH JCHCTBUTEILHBIA KOPCHB.



KakxoBo HauMmeHbIIIee 3HaUEHUE TPOU3BEICHHS KOPHEH BTOPOTO YPaBHEHUS, €CIIH ITPOU3BEICHUE
KOpHEH nepBoro ypaBHeHus paBHO param2? (Eciu ypaBHEHHE UMEET JBa COBNAAAIOLIUX KOPHS,
TO NMPOU3BEACHHUE CUUTAETCS PABHBIM KBaJIpaTy 3TOr0 KOPHS).

Let a, b, ¢ be positive numbers. Each of the equations

ax*+param1bx-+c=0,

bx*+param1cx+a=0,

cx*+paramlax+b=0

has at least one real root.

What is the smallest possible value for the product of roots of the second equation if the product
of roots of the first equation is equal to param2? (If the equation has only one root let the product
be equal to this root squared.)

paraml param?2
10 6
20 7
12 9
8 14
15 18

4. beckoHeuHasi reoMeTpuiecKasi MPOrpeccHsi COCTOUT U3 HaTypaslbHbIX yncels. OKazaaoch, 4YTo
MIPOU3BEICHUE MIEPBIX YETHIPEX €€ uIeHOB paBHO paraml. HaliquTe konumuecTBO Takux
MPOTPECCUM.

The infinite geometric progression consists of positive integers. It turned out that the product of
the first four terms equals paraml. Find the number of such progressions.

paraml

22003 300

22005400

32005600

23007600

33007500

5. Hana ¢dyukmus f:[1 — [ Ttakas, uro (1) =1, u nusa mo6eix x €[],y €[] BwImoTHSAETCS

paBeHCTBO f(x) + f{y) + xy + 1 = f{x + y). HalimuTre Bce nienpie yncia n, 11t KOTOPBIX
BBINOJIHSETCS paBeHCTBO f{n)=paraml. B oTBeT 3anummre cymmy KyOOB HalZICHHBIX 3HAUCHUI
n.

Function f:[] — [ such that f{1)= 1 satisfies the equality f{x) + f(y) + xy + 1 = f{x + y) for any

real x, y. Find all integers n for which f(n)=param]l. In the answer write down the sum of cubes
of all such values of n.

paraml

20’10

3n*—6n-11

2n*-9n+14




3n2+19n+29 |

6. B andasute mnemenu ABBIPBAJIT param1 GykB, a cmioBoM cuuTaercs rodas
IIOCJIEI0BATENBHOCTh U3 HECKOJIBKMX OyKB. Boxkap Hanmcan oHO ¢10BO U3 param?2 Oyks. 13
CKOJIBKHX CJIOB, COCTOSIIIIUX U3 param3 OyKB, €r0 MOKHO MOJYyYUTh BEIUEPKHUBAHUEM OJTHOM
OyKBbI?

The alphabet of a tribe ABYRVALG contains param|1 letters. An arbitrary sequence of these
letters is called a word. The tribe’s chieftain has written a word of param2 letters. From how
many words consisting of param3 letters can we obtain this word by crossing out one letter?

paraml param?2 param3
20 10 11
19 11 12
18 12 13
17 13 14
16 14 15

7. B BoinykiioMm nsatuyroiasHuke ABCDE Ha cTopoH AE B3sTa Touka M, a Ha ctopoHe DE B3sita
touka N. Otpesku CM u BN nepecekarorcs B Touke P. Kakyro HauMEHbBIIYIO TJI0IIaAb MOXKET
UMETh MATUYTOIbHUK ABCDE, ecnu U3BECTHO, UYTO YeThIpeXyronbHuku ABPM n DCPN —
napasiesorpaMMbl, a UX IJIOIIAJAN PaBHBI COOTBETCTBEHHO param1 u param?2?

Point M is chosen on the side AE and point N is chosen on the side DE of a convex pentagon
ABCDE. Segments CM and BN intersect at point . What is the smallest possible area of ABCDE
if it is given that ABPM and DCPN are parallelograms with areas paraml and param?2
respectively?

paraml param?2
8 9
10 45
9 50
6 75
8 49

8. [Tyctb param1. Kakoe Hanbospiiee 3Ha4€HHE MOXKET TPUHUMATh param?2?

It is given that param1. Find the largest possible value of param?2.

paraml param?2

9cos’ x—7+12sinx

=3
16—9sin® x + 6/5 cos x 6sin x




255in2x—37+40<:osx_4
35—25co0s’ x—30sin x 10cosx
33—16cos’ x—24sinx
.2 =2 .
16sin x—19—8\/7cosx 12sinx
15—9cos’ x+6sin x _l
9sin> x—7+12/2cosx 2 6sin x

9. B npsimoyronsHOoM Tpeyronbauke ABC (yron C — npsiMoii) mpoBeieHbl OuccekTpuca AL u
MeauaHna BM, nepecekaromuecs B Touke P. Halinure miomans tpeyroasauka ABC, eciu
W3BECTHO, 4TO AP = paraml, LP = param2. OTBET OKpyIriauTe 10 OJMKANIIero meaoro Yncja.

Bisector AL and median BM of right triangle ABC (angle C is right) intersect at point P. Find the
area of triangle ABC if AP=paraml, LP=param2. Round the answer to closest integer.

paraml param?2
49 29
25 13
16 10
36 26
25 17

10. Crpenka yacoB cTouT Ha 12 yacax. Bacs B CTpOKy NUIIET MOCIEA0BATEIBHOCTh U3 3HAKOB
«IUTIOC» WK «MHUHYC», CyMMapHO€E KOJIMYECTBO KOTOPbIX paBHO paraml. [locie aToro o naet
9Ty HOCJIE0BATENBHOCTh poOOTY. POOGOT unTaer nocnenoBaTesbHOCTh CripaBa HajieBo. Eciu emy
BCTPEYAETCS 3HAK «IUIIOC», TO OH MMOBOpPAYUBaeT CTpenky Ha 120° mo yacoBol cTpeske, a eciiu
€My BCTpPEYaeTCsl 3HaK «MUHYC», TO OH IIOBOpAuYMBaET CTpeaKy Ha 120° mpoTuB 4acoBoit
cTpenku. Haiiiute Konu4yecTBoO TakuxX MOCIEA0BATEIbHOCTEH, TIOCIIE BBIMOJIHEHHS KOTOPBIX
cTpenka OyJeT mokas3biBaTh Ha 12 4acos.

A clock hand points to 12. Jack writes a sequence consisting of param1 symbols, each symbol
being plus or minus. After that he gives this sequence to a robot. The robot reads it from right to
left. If he sees a plus he turns the clock hand 120° clockwise and if he sees a minus he turns it
120° counterclockwise. Find the number of sequences such that after the robot finishes the
program the clock hand still points to 12.

paraml

11

12

13

14

15

11. O603HaunM uepe3 S(k) cymmy mudp uncna k. [lyctb n — HauMeHbllee HaTypaTbHOE YHCIIO
Takoe, 4to S(n) + S(n+1) = paraml. B oTBeT 3anummre NsATU3HAYHOE YUCIIO, IEPBbIE IBE LU(PHI



KOTOPOTO COBMAAAIOT C MEPBBIMU ABYMsI LIM(ppamMu ducia 7, a mocyieJHUe TPH — C MOCIEIHUMU
Tpems nudpamu uncna n. Hanmpumep, ecimu n=1234567890, To B OTBET HYKHO 3aIllMCaTh YUCIIO
12890.

Let S(k) denote the sum of all the digits in decimal representation of a positive integer k. Let n be
the smallest positive integer satisfying the condition S(n) + S(n+1) = param1. As the answer to
the problem write down a five-digit number such that its first two digits coincide with first two
digits of n and its last three digits coincide with the last three digits of n. For example, if
n=1234567890, then the answer must be 12890.

paraml

2016

664

1580

4000

12. Ilycte AC — naubosbmas cropona TpeyronbHuka ABC. Ha otpeske AC BriOpaHbl TOUKU K 1
M tak, uto AM = AB u CK = CB. 1I3BeCTHO, 4TO paguyc OKPYHOCTH, OTUCAHHON OKOJIO
TpeyrojibHuka KBM, paBeH paraml, paguyc OKpyKHOCTH, BOIMCAHHOW B TpeyroibHUK ABC,
paBeH param?2, U 3Ta OKPYKHOCTb Kacaercs cropoHbl BC B Touke 7. Haliaute kBajgpaT AJIUHBI
otpe3ka BT.

Let AC be the largest side of triangle ABC. Points K and M are chosen on side AC so that AM =
AB and CK = CB. It is given that the radius of the circumcircle of the triangle KBM equals to
paraml, and radius of the incircle of the triangle ABC equals to param2. Find the length of BT
squared if 7 is the point where the incircle of ABC touches its side BC.

param]l param?2
7 5
8 5
9 7
11 8
13 9

13. Ha muitanere cuctemsl Anbga [lenTaBpa (iar kaxaoro rocy1apctsa — TPEXIIBETHBIH.
N3BecTHO, UTO [Isl MFOOBIX ABYX TOCYJapCTB HAOOPHI I[BETOB B UX (iarax UMEIOT POBHO OJIUH
o6muii nBet. Kakoe MakcMMalIbHOE YHCIIO TOCYAAPCTB MOXKET OBITh Ha ATOW IJIaHETe, €CITH
KOJIMYECTBO IIBETOB, BCTPEUAIONIMXCS Ha ¢uiarax paBHoO param]1?

On a planet in Alpha Centauri system each state has a three-coloured flag. For any two states
their flags have exactly one common colour. What is the maximum possible number of states on
this planet given that param1 different colours can be encountered on the flags?



paraml

1225

715

1843

1745

1463

14. B Boinykinom nsatuyroiasHuke ABCDE Ha ctopoH AE B3sta Touka M, a Ha cropoHe DE B3sita
touka N. Otpe3ku CM u BN nepecekarorcs B Touke P. HaliguTte momaas NSTHYTrolbHUKA
ABCDE, ecnu U3BECTHO, UTO YEThIpeXyroiabHUKU ABPM n DCPN — napanienorpaMMsl, UX
IUIOLIAIA PABHBI COOTBETCTBEHHO paraml u param?2, a miowmaas TpeyroasHuka BCP paBHa
param3.

Point M is chosen on the side AE and point N is chosen on the side DE of a convex pentagon
ABCDE. Segments CM and BN intersect at point P. Find the area of ABCDE if it is given that
ABPM and DCPN are parallelograms with areas param1 and param?2 respectively and the area of
triangle BCP equals param3?

paraml param?2 param3
5 8 10
6 10 3
7 9 7
8 11 20
9 12 4

15. B kiacce Bce ety pa3HOro pocra. YuuTenb (PU3KYyJIbTypbl XOUET OCTPOUTH BCEX JETEH
KJacca B ILIEPEHTY TaK, YTOObI B IIEPEHIe BCE MATBbYUKHU CTOSUIN TI0 POCTY (CJIeBa — CaMblit
BBICOKHMI MaJIb4MK), U BCE IEBOUYKHU TAKXKE CTOSUIM MO POCTY (CeBa — camasi BBICOKas IEBOUYKA).
CKoNbKMMHU crIoco0aMH yUUTENIb MOXKET 3TO CJIeNaTh, €CIIM B Kiacce paraml ManbyuKOB U
param2 neBoyek?

In a class all children are of pairwise different height. Physical education teacher wants to
arrange them in a row so that all the boys would stand in increasing order of height (from left to
right) and all the girls would stand in increasing order of height (from left to right). Find the
number of ways to arrange the children under this condition if there are param1 boys and param2
girls in this class.

param] param?2
12 9
11 8
9 13




11 11

16. HaiinuTe HaTypajabHOE YUCIO 71, Al KOTOPOTO BBIMOJIHSAETCS paBeHCTBO paraml.

Find a positive integer » that satisfy equation param]l.

paraml

22-13-1 n’-1_601
241 341 A4l 900
22-13-1 n-1_703
211 3+1 " 41 1053
2-13-1 n-1_ 757
211 3+1 W41 1134
2-13-1 n-1_871
211 3+1 W+l 1305
2-13-1 n’-1 331
211 341 7 i+l 496

17. Pa3HOCTB KBaApaTOB JBYX Pa3IMYHBIX JEHCTBUTEIBHBIX YnCce B paraml pa3 Oonbiine
PA3HOCTH STUX YHCEIl, @ PA3HOCTh KyOOB 3TUX YMCEN B param2 pa3 00JbIlle Pa3HOCTH ITHX
ymcell. Bo cKoJbKO pa3 pa3HOCTb YETBEPTHIX CTEMEHEH ATUX YKcell O0bllle Pa3HOCTU KBAJIpaToB

STUX YHUCET?

The difference between the squares of two different real numbers is param1 times greater than
the difference between these numbers. The difference between the cubes of these numbers is
param? times greater than the difference between these numbers. Find the ratio of difference
between the fourth powers of these numbers to the difference between squares of these numbers.

paraml param?2
37 1069
40 1209
37 1039
40 1201
31 741
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