Kama Challenge — 2020, Math

1. The teacher wrote three natural numbers on the blackboard, separated by
commas, which are consecutive members of an increasing arithmetic
progression. Then he erased the commas separating these numbers, and he
obtained a seven-digit number. What is the largest number the teacher could get?

VYuutenes HamMcan Ha JOCKE 4Yepe3 3alsTyl0 TpU HaTypalbHBIX YHCIA,
SIBIISIIOIUXCSI TTOCIIEIOBATEIbHBIMH YWICHAMH BO3pACTAlOIe aprupMeTHUIECKOH
IIPOrpecCuu. 3aTeM OH CTEP 3aIAThIE, PA3ACIAIOIUE STH YUCIIA, U TIOJIYyYUIOCh
ceMu3HauHoe yncio. Kakoe HaubospIiee 4ucio MOIO IPU 3TOM HOJIYYHTHCS ?

Answer (omeem). 9899100.

2. Solve the equation. Write down the number that is reciprocal with the root in the
answer:

2019 2019-2018 2019-2018-2017
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= 2020.

Pemute ypaBHeHue. B oTBeTe 3anuIMTe YUCIO0, B3aUMHO O0OpPATHOE C KOPHEM.
Answer (omeem). —2020.

3. Itis known that the reduced quadratic equation @(x) = 0 has a single root, and the
equation @ (Q(Q(x))) =0 has exactly 3 different roots. Find these roots. Indicate

the sum of the largest and the smallest of the roots in the answer.

N3BeCcTHO, YTO TMPUBEAEHHOE KBAJPATHOE ypaBHEHUE Q(X) =0 wumeer
€/IMHCTBEHHBIN KopeHb, a ypasuenre Q(Q(Q(x))) =0 nmeer poBHO 3 paziuUHBIX

kopHsi. Haiinure 31 kopHU. B 0TBeTe ykakute cymMmy OOJBIIETO U MEHBIIIETO
13 KOpHEM.

Answer (omeem). 2.

4. The numbers 1, 2, 3, ..., 2019, 2020 were written in a row. It is clear that ones
were used more often then twos when writing these numbers. How many times?



[Mogpsin nanucanmu uucna 1, 2, 3, ..., 2019, 2020. I[ToHsiTHO, 4TO €AMHUI] NPU
3aIIMCHU DTUX YUCEJT MCITOJIH30BaJIOCh OO0bIIE, ueM aBoeK. Ha ckobko?

Answer (omeem). 988.

5. In the triangle ABC, the median AM is a quarter of the side AB, and the angle
¢BAM = 60°. Find the largest angle of this triangle. Write your answer in degrees.

B tpeyroneanke ABC Mennana AM cocTaBisieT YETBEPTh CTOPOHBI AB, a yron

/BAM =60°. Haiimure 66mbLmii YTOJl JAHHOTO TpeyroyibHuka. OTBET NalTe B
rpaaycax.

Answer (omeem). 150.

6. Find the length of the boundary of the figure given by the system of inequations.
Round your answer to the nearest hundredth.

HaiinquTte nivHy rpaHuiisl GUTyphbl, 3aIaHHON CUCTEMOM HepaBeHCTB. OTBET
OKPYTJIUTE IO COTHIX.

( Ji—y? = x,
Vvé—x? =y,

/s
arcsin(x +1) < >

Answer (omeem). 11,14.

7. Find the smallest function value.

Haiinure HauMeHpIiee 3HaueHUe PyHKIIUH

y = Vx2 + 14x + 65 + Vx2 + 4x + 68.
Answer (omesem). 13.

8. A car enthusiast, wishing to save up money for the purchase of a car, placed a
fund of 40 thousands rubles in a mutual investment fund at 25% per year for four
years. At the end of each of three years, the future owner of the car, after accruing
interest from the fund, planned to additionally deposit the same fixed amount into
the account, so that the final amount of the contribution would increase compared



to the initial one by 620.703125%. What amount (in thousands of rubles) should
be added to the deposit annually?

ABTOMIOOUTEIB, KeJlasi HAKOTIUTD CPEACTBA Ha MOKYIKY KaOpHOJeTa, pa3MeCTHI
B IIa€BOM MHBECTUIIMOHHOM (oH e BKIaa B pazmepe 40 Toicsa pyoseit moa 25%
TOJIOBBIX. B KOHIIE KaKI0TO U3 MEPBBIX TPEX JIET OyAYIINi BIIAEIel] aBTO IMOCIIe
HaYHCIICHUS eMy (OHIOM MTPOIIEHTOB HAMETHII IOTIOTHUTEIIFHO BHOCUTH Ha CUET
OJTHY M Ty K€ (PMKCHPOBAHHYIO CYMMY, TaKyto, 4TOObI OKOHUATEIIBHBIN pa3mep
BKJaJa YBEJIMYWICS IO CPaBHEHMIO C IepBOHaudalbHbIM Ha 620,703125%.
Kakyro cymmy (B Thicsuax pyoOJieil) HEoOXOAUMO €XKEroJHO J00aBiATh K
BKIaay?

Answer (omeem). 40.
9. Solve the equation. Write the smallest root in your answer.

Pemnre ypaBHeHue. B 0TBeTE yKa)KUTE MEHBIIINN KOPEHB.

2arctgx + i 2x
arctgx + arcsin
& 1+ x2

=T

Answer (omeem). 1.

10. Inside the triangle ABC, the angle A of which is equal to 60°, the point P is taken
so that from this point all sides of the triangle are visible at the same angle. Find
the area of the triangle RBC if Ap = 2%/3.

Brytpu tpeyronsuuka ABC yron A kotoporo pasen 60°, B3aTa Touka P Tak, 4To 3
HE€ BCE CTOPOHBI TPEYrOJIbHMKA BUIHBI IO OJHUM M TeM Xe yriom. Hannure

miomazas Tpeyroasauka PBC, eciu AP = 24/3.
Answer (omeem). 3.

11. One of the roots of the equation x? +px+q=01S 1++3. Find p? +4¢2 if it is
known that the numbers p and q are rational.

OnuH 3 KopHeil ypaBHeHHS X° + pX+( =0 paser 1++/3. Haiigure p? +q2,

€CJIM U3BECTHO, YTO YUCJIA p U ( pallUOHAJIbHBI.

Answer (omeem). 8.



12. The natural numbers a, b, c, taken in this order, form an increasing geometric
progression, the denominator of which is an integer. The numbers 2240 and 4312
are divisible by b and c respectively. Find the sum a + b + cif it is known that the
sum is maximum under the specified conditions.

HatypanbHble uncia a, b, C, B3sAThle B YyKa3aHHOM IOpsJKe, 00pa3yroT
BO3PACTAIOIIYI0 TEOMETPUUECKYIO MPOTPECCHI0, 3HAMEHATEIb KOTOPOH SIBISETCS
uenpiM unciaoMm. Ywucima 2240 u 4312 penstcs 6e3 ocratka HA b u C
COOTBeTCTBeHHO. Haligure cymmy a+ b+ C, eciii H3BECTHO, UTO IIPH YKa3aHHBIX
YCJIOBUSIX OHA MAaKCUMaJIbHA.

Answer (omeem). 456.
13. Find the smallest z-value if

Haigure HauMeHbIee 3HaUCHUE Z, €CIIN

z =x% +2xy + 3y? + 2x + 6y + 4.
Answer (omeem). 1.

14. Through the vertices K and L of the square KLMN, the side of which is equal v2,
passes a circle that intersects the side KN and the diagonal KM at points A and B
respectively, different from the point K. Find the length of the projection of the
segment AB onto the line KM.

Uepes Bepmmnbl K u L xBagpara KLMN, cropona kotoporo paBHa /2,
MIPOXOJUT OKPYKHOCTB, nepecekarorias cropony KN u quaronans KM B Toukax
A 1 B cOOTBETCTBEHHO, OTAMYHBIX OT Touku K. Haligure mmMHY mpoeKiuu
otpeska AB Ha npsmyto KM.

Answer (omeem). 1.

15. Solve the equation. Write the largest root in your answer which is satisfying the
condition x < 2020

Pemute  ypaBHenume. B oTBere  ykaxkutre  HAuMOOJBIIMI  KOPEHD,
ynoBieTrBopstonmii ycnosuto X < 2020 .



tg (g (cos%x)) = ctg (g (sin%x)).
AnsWer (omeem). 2019.

16. Solve the equation.

Pemure ypaBHeHue.

Vi —x++Vx—2=x%—6x+11.
Answer (omeem,). 3.

17. The line contains 2020 integers. The first number is 0, and the sum of any three
consecutive numbers is equal to 7 or 8. Find the largest value of the last number.

B ctpoky Hanucano 2020 nenbix uncen. [lepBoe uucio paBHo 0, a cymma Jiro0bIX
TpEX moApAn UAymux paBHa 7 wiu 8. Hailigurte Hanbonbliee 3HaUCHUE YUCTA,
CTOSIILIETO HA MOCJIEIHEM MECTE.

Answer (omeem). 673.

18. Du, Ra and Ki are participating in the final of the championship of the planet E-
Runda in sacking. The totalizator accepts bets on the victory of each of the
participants from the population of the planet. On Du, bets are accepted in the
ratio 1: 4. This means that if Du wins, then the player gets his money back and 4
more times of the same amount. On Ra bets are accepted in the ratio 1: 3, on Ki
- 1. 1. Money wagered on the losing runner is non-refundable. All bets are
expressed as a integer number of fools (local currency). What is the minimum
number of fools a gamer in the totalizator should bet in order to guaranteed to
win in any result of the competition?

B ¢unane yemnuonara mianets! E-Pynna no Gery B memikax ydactyroT [y, Pa
u Ku. Toranuzarop mpuHUMaeT OT HACENEHUs CTaBKUA HA MOOEIy KaXJaoro u3
yyacTHUKOB. Ha /Iy cTaBku nmpuHUMAalOTCs B COOTHOIIEHUH 1:4. ITO O3HAUAET,
4yTO ecnu [y BBIMTPBIBAET, TO UTPOK MOJYYAET HA3a/l CBOU JICHBIM U elI€ 4 pa3a
1o cToibKo ke. Ha Pa ctaBku npunumarotcst B cootHomenuu 1:3, va Ku — 1:1.
JleHbru, TIOCTABJICHHBIC HA TPOUTPABIIET0 OeryHa, HE BO3BpamarTcsa. Bcee
CTAaBKM BBIPAXAIOTCS 1EJBIM YHUCJIOM TIYyNUKOB (MecTHas Bamtora). Kakoe



MWHHUMAJIBHOC YHCJIO INTYIIMKOB JOJIZKCH ITIOCTABUTDb UTPOK B TOTAJIU3ATOP, YTOOBI
rapaHTUpOBAHHO OKa3aThbCA B BBIMI'PBILIC ITPH JTI000M Hncxoaec COpeBHOBaHI/ISI?

Answer (omeem). 19.

19. In the triangle ABC, the heights of the vertices A and C are plotted, which
intersect inside the triangle, and the first of them is divided in half by the point
of intersection, and the second - in a ratio of 2: 1, counting from the vertex. Find
the angle B. Write the answer in degrees.

B tpeyronbauke ABC w3 BepmimH A u C OINyLIEHbl BBICOTBI, KOTOPHIE
IIEPECEKAIOTCS] BHYTPHU TPEYTOJbHUKA, W NEPBAs U3 HUX TOYKOM NEPECCUCHUS
JEJUTCS ITOT0JIaM, a BTOPasi — B OTHOLIEHUH 2 | 1, cunTas oT BepmnHbl. Halinure
yroia B. OTBeT naiite B rpajiycax.

Answer (omeem). 45.

20. On the road from village Gadyukino to village Prostokvashino, there are
kilometer poles, on each of which the distance to Gadyukino is written on one
side, and the distance to Prostokvashino on the other. In the morning the postman
Pechkin drove by a pole on which one number was three times greater then the
other. After driving another 7 km, Pechkin saw a pole on which the numbers
differed exactly 5 times. What is the distance between villages? Write the shortest
possible distance (in km) in the answer among all possibilities.

ITo nopore u3 I'agrokuHo B [IpOCTOKBAIIIMHO CTOSAT KMJIOMETPOBBIE CTOJIOBI, HA
KaXXJIOM 13 KOTOPBIX C OJIHOM CTOPOHBI HAITUCAHO paccTosiHue 10 ['aqokuHo, a ¢
npyro — a0 IIpocrokBammuo. YTpoMm noutanboH [leykuH mpoeskan MUMO
cT0JI0a, Ha KOTOPOM OJTHO YHUCJIO ObLI0 BTpoe Ooblie apyroro. [Ipoexas emé 7
kM, [leukun yBuen cton0, Ha KOTOPOM YKcia OTJIMYAINCh POBHO B 5 pa3. Kakoe
pacCcTosIHME MEXIy JAepeBHsIMHU? B oTBeTe M3 BCEX BapUAHTOB YKAXKHUTE
HaMMEHbIIeEe BOBMOXHOE PACCTOSTHUE (B KM).

Answer (omegem). 12.

21. Five shareholders with equal shares in the authorized capital of the enterprise
decide the issue of dividing the funds of their enterprise, which are kept in five
different bank accounts. The amounts on these accounts are 143, 233, 313, 410
and 413 conventional monetary units. After the division, each of the accounts
will be controlled by only one of the shareholders, and all must have equal



amounts. For the transfer of funds from one account to another, the bank charges
10% of the transferred amount (to receive 100 units, you need to send 110 units).
How much money will be on each account with the most saving transfer method?

[14Th aKIMOHEPOB, MMEIOLIMX PaBHBIC JOJM B YCTaBHOM KamuTaje, peuiaroT
BOIIPOC O pa3jelie ICHEKHBIX CPEJCTB CBOETO MPEANPUATHS, KOTOPBIE XPaHSATCS
Ha TISITH Pa3IMYHBIX 0aHKOBCKUX cueTax. CyMMBI Ha ATHX CUETaX COCTABISIOT
143, 233, 313, 410 u 413 y.n.e. Ilocne paznena Kaxapldi U3 cCYETOB OyaeT
KOHTPOJIUPOBATHCS TOJBKO OJHMM M3 aKIMOHEPOB, U HA BCEX JIOJDKHBI OBITH
paBHbIE CyMMBbI. baHK 3a IepeBo/1 JJCHEKHBIX CPEJICTB CO CUéTa Ha CUET B3UMAET
10% mnepecbutaemoii cymMmsbl (uto6sl npunuio 100 y.a.e., Hago otnpaBuTh 110
y.a.€.). CKOJBKO CTaHET JI€HETr Ha KaXKJIOM CYETE MpPU CaMOM HSKOHOMHOM
crioco0e 1mepeBo10B?

Answer (omeem). 298.

22. The rectangle 2020 x 7 is divided into squares 1 x 1 by grid lines. This rectangle
is cut along the grid lines into such shapes that each consists of no more than five
squares 1 x 1. What is the minimum total length of the cutting line?

[Tpsimoyronmbank 2020 X 7 MUHUSAMH CETKH pa30oWT Ha KBaapaTel 1x1. Dtor
MPSIMOYTOJIBHUK T10 JIMHUSAM CETKH pa3pe3aeTcs Ha Takue (PUrypbl, 4TO Kaxkaas
cocToMT He Oosiee uem u3 msATH KBajgpatoB 1x1. KakoBa MuHuMManbHas
CyMMapHas JIJIMHa pa3pe30B?

Answer (omgem). 12113.

23. How many digits does the number have in its notation, which will form if the
decimal notation of the number 25! is added to the right to the decimal notation
of the number 32°0?

Ckonmbko 1mHU@p B CBOEHM 3amuMCHl WMEET YHUCIIO, KOTOpOE TMOJIYYHUTCS, €CIU K
JecaTH4HON 3amucy umcna 32°° chpaBa NpUIMCATh NECATUYHYIO 3allUCh YMCIIA

251257

Answer (omeem). 251.

24. Find all values of a from the interval [1; +), for each of which the largest of the
roots of the equation x? — 6x + 2ax + a — 13 = 0 takes the greatest value.



Haiinure Bce 3Ha4eHUSA a U3 NPOMEXKYTKA [1; +00), OPU KaXIOM M3 KOTOPBIX
OOJBIINI U3 KOPHEN ypaBHEHUS IPUHUMAET HauOOJIbIIEE 3HAYCHUE:!
X’ —6x+2ax+a-13=0

Answer (omeem). 1.

25.A circle passes through the vertices A and B of triangle ABC and intersects the
sides AC and BC at points M and N respectively. It turned out that the center of
the circle inscribed in this triangle lies on the segment MN. Find MN if AB = 40,
AC = 35, BC = 25.

Yepes BepmmHbsl A 1 B TpeyroiibHUK ABC TpPOXOJIUT OKPYKHOCTb, KOTOpas
nepecekaet ctoponbl AC u BC B Toukax M u N cootBeTcTBeHHO. OKa3an0ch, 4TO
LEHTP BIMCAaHHOW B 3TOT TPEYTOJbHHUK OKPYKHOCTH JIe)KUT Ha orpe3ke MN.

Haiimure MN, eciu AB =40, AC =35, BC =25.

Answer (omeem). 24.



