MexxayHapoaHas MaTeMaTAdeCcKass OAUMINAAA
«Popmynra EaurcTBay / «T'peTbe TEICTIeAeTHES
2022-2023 yuebubrit roa. OTOOPOUHBIZ STAl

Sagaum; ajig 6 KJjacca

Kasxkpast 3apada omeHuBaeTcs B 7 6annoB. KpuTepuu pAAST OTAEABHBIX 33734 HAIle9aTaHbI CEPBIM.

1. Tpu npsMele AeAsT Kpyr Ha 7 gacTedl. MoOXXHO AV PaCIpPeAeAUTh CeMb IIOCAEAOBATEABHBIX
HaTYPaAbHBIX YHCEA IO OAHOMY B Ka’XAO0# obaacTm Tak, 9TOOBI CYMMBI YHCEA, CTOSIIUX IIO
OAHY ¥ IIO APYT'YIO CTOPOHY OT Ka>XAO¥ IIDSIMOM. OBIAKM DABHBI?

Pemienne. Aa, HanmpuMmep, Tak:

2. MapuHe AAST YYACTHUSI B OAUMIIMAAE HY>KHO KYIUTH TETPAAKY, PYUKY, AMHEHKY ¥ KapaHAAII.
EcAm oHa KynuT TeTpapKy, KapaHAAII ¥ AWHEWKY, TO IOTPATUT 47 TYTrPUKOB. ECAM KyIouUT
TETPAAKY, AUHEAKY ¥ PYUKY, TO IOTPATUT 58 TYIPUKOB. HCAM K€ KYIUT TOABKO PYUKY C
KapaHaAamoM, IoTpaTuT 15 TyrpukoB. CKOABKO e TOHaAOOUTCSI AeHer Ha Bech Habop?

Pemenune. Ecau Mapura Kynut cpa3y Bce Tpu Habopa U3 yCAOBUS, TO HOTpPaTUT 47 + 58 +
15 = 120 TyrpuKOB, IIPX 3TOM Ka’KABIM 3IAEMEHT KYyIUT ABa pa3sa, I03TOMY IOAHBIY KOMIIAEKT
INKOABHBIX IPUHAAAEXKHOCTEN cTouT 120/2 = 60 TYyrpuKOB.

Kpurepun. Toabko oTBeT 6e3 0bbsicuHeHust — 1 6aan. Ecau B pemenuy mopdbmparT CTOUMOCTD PYUKY

¥ KapaHpalla (XOTs B YCAOBUM He CKa3aHO, YTO CTOMMOCTb 0bs3aTeAbHO Ieaasi) — 0 6aanoB.

3. UccnepoBaTenbCkut KOCMUYECKUH KOpabab BXOAUT B IIOSIC acTe-
POMAOB, KOTOpPBIE MOT'YT IIOBPEAUTH KOPIYC KOpabas, 4To mpu-

BEAET K Pa3repMeTH3aluy. Bce KOPUAOPEI MEXKAY IOMEIIEHUSIMEI | I Peaxtop I |
060pyAOBaHLI TEPMETAYHLIMY ABEPSIMHU. Y KAIIUTAaHA €CTb APOUA- I
o JleBbrit IIpas.
IIOMOIIHUK, KOTOPHIY MOXKET 3aKPBIBATH (HO He OTKPBIBATH 06paT- - =
* JaJOxpanaj=d .
HO) ABEDH B T€X KOPUAOPAX, TAE OH IPoe3rKaeT. CMOXKET AU ADOUA, H T
X
3aKPEITH BCE ABEPU Ha Kopabae? Mon
Omektpma. [l oo lad
Pemenne. Bcero Ha KocMmueckoM Kopabae 23 xkopupopa u 14 oT- ==

CeKOB. Karkpoe moceleHre APOMAOM OAHOT'O OTCEKA IIEPEKPBIBAET :E—_|||-'-|

ABa KOPHAOpPA: YEPE3 KOTOPHIY OH IIOMIaA B IIOMEIIEHNE U YEPES KO- Xpammmmme Tocrmmas

TOprfI IIOKUHYA €T'0. HOSTOMy BO BCEX IIOMEIIEHNSAX, KPOME, MOJXKET kdq X

6BITH, ABYX, AOAKHO OBITH YETHOE YUCAO BBIXOAOB (ABa IIOMele- Cosanl™] Pybxa

Bl
I Bozmgyx |- Opyxx.
IMurst

KO Ha KOCMUYECKOM Kopabae eCTh 6 TaKUX IOMEINEHMi (TOCTHHA, 2 Hasur.

HUS MOT'YT CAY’KUTb HadaAbHOU ¥ KOHEYHOU TOYKON MapIIpyTa, U

TOr'Ad B HUX MOJKET OBITH HEYETHOE KOAMYECTBO BI:IXOAOB). OAHa—

XPpaHUAUIIIE, MEA. OTCEK, ABUI'aTEAN U peaKTop), IIOSTOMY APOHA
HE CMOJXET 3aKPLBITH BCE ABEPHU.

Kpurepun. Ecau B pemeHUM yIOMWHAETCS, YTO APOKA UAET IO 3UAEPOBOMY IYTU UAU UTO B €T0
IIYTH MO>XET OBITH TOABKO 2 KOMHATBI, B KOTOPHIX HEYETHOE YMCAO ABepelt — 3 Hbaanra. Paccyxaenus Ha

npuMepax — 0 6annoB.



4. ECTb OpsIMOYTOABHBIN AWCT, OEABI C OAHOW CTOPOHBI M CEPEHIA C APY-
ro#. Ero cormyam Tak, Kak IIOKa3aHO Ha KapTUHKe. [lepmmerp mepBoro 1
IpAMOYToAbHUKA Ha 20 O0ABIIIE ITepuMeTPa BTOPOr'O IPSIMOYTOABHIKA. A

2 3
IIepUIMETP BTOPOTr'O IPSIMOYTOABHUKA Ha 16 OOAbBIIE IIEpUMETPa TPETHETO \7| \&
IpsAMOYTroAbHUKA. HaliauTe mepuMeTp MCXOAHOTO AUCTA.

Pemtenne. U3 pucyHKa BHAHO, YTO IIPU 3arubaHuM IEPUMETDP IPSIMOYTOABHUKA YMEHbIIAET-

Csl Ha YABOEHHYIO KOPOTKYIO CTOPOHY, IIO3TOMY KOPOTKAasi CTOPOHA IIPSIMOYI'OABHUMKA-1 paBHa
20/2 = 10, KOpOTKasi CTOpPOHA IIPSIMOYTOABHUKaA-2 paBHa 16/2 = 8. OTciopa AAMHHASI CTOPOHA
IPSIMOYTOABHMKA-1 paBHa 18, a AAWHHASI CTOpPOHA MCxopHOro Amcrta — 28. Torpa mepumerp:
(28 +18) - 2 = 92.

Kpurepun. OtseT 6e3 060CHOBaHUS MAM HalAeHHEBIN mopbopom — 0 6annroB.

5. Erop Hamucaa Ha AOCKe YUCAO U 3aIIU(POBaA €ro IO IpaBUAaM OYKBEHHBIX pebycoB (pa3sHBIM
6yKBaM COOTBETCTBYIOT pa3Hble IUQPHI, OAUHAKOBEIM OYKBaM — OAMHAKOBEIE ITUMPEHI). [Toay-
qunoch CA0BO «'BATEMAAAs. CKOABKO Pa3sAWYHBIX YruceA Erop Mor m3HavaAbHO HAIIMCATD,
€CAU €T0 YMCAO AEAUAOCH Ha 257

Penrenne. Yucnao AOAKHO AEAUTHCS Ha 25, moaToMy «NAA» pasuo 25, 50 uau 75 (00 6BITH HE
MOJKET, TaK KakK OYKBEI pasuble). Ecam «AAs paBHO 50, TO AAst ocTanbHEIX OYKB («['», «By,
«T», «E», «M>») ecTb A BapuaHTOB; MHAYE AASI OCTAABHEIX OYKB ecThb 7 - A% BapuanToB. Beero
81/6+2-7-7!/6 = 18480 coco6oB.

Kpurepun. 5SIBHO yKasaHo, 4TO AAsI OYKB «/\Ay» He mopxoauT BapuaHT 00, ¥ IPOAEMOHCTPUPOBAHEI
Bce 3 caydast — 3 baana. HEcam panee pasbuparorcst 2 BapuanTa 6e3 ommboxk, To eme 4 baana. B xkagecTse

OTBETA IIPUBEACHO BBIPAKECHUE, HE AOCHUTAHHOE AO KOHIIA — HE CHU>XATh.

6. Paspe>xbTe AaHHBIA TPEYTOABHUK IO OTMEYEHHBIM AUHUSIM Ha TPU PaB-
HBIE JacTH (TO eCThb COBIAAAIOIIVE X 110 (DOPME, U IO Pa3Mepy).

Pemienne.

Kpurepun. Ects nmpumep — 7 6aanoB. «T'Bopueckuil IOuCKy 6e3 mpuMepa HE OIEHWBAETCS.

7. Ha ocTpoBe prlllapeif, KOTOpBIe BCETAA ['OBOPSIT IIPABAY, ¥ AJKEIIOB, KOTOPLIE BCETAA BPYT, OT-
KPBEIAZ IIKOAY. Bce 2N y4eHMKOB MOCTPOMAUCH B KOAOHHY IO ABOe (TO €CTh B ABa CTOADIA).
JABO€ JIENOBEK, CTOSIIITUX IIEPBLIMY, CKA3aAU: «51 BBIIIE ABOKX: CBOETO COCEAA B IIape U YeAOBEKA
3a MHOIy. [locarepHUME ABOE CKasanm: «51 TO>Ke BBIIIE ABOMX: CBOET'O COCEAA B IIape M YeAOBEKA
mepeAO MHOMy. Hakomer, Bce ocTanbHBIE CKasaAW: «A s BEIIIE TPOUX: CBOETO COCeAd B IIape,
JeAOBEKA IIEPeAO0 MHOU M YeAOBeKa 3a MHOI».

a) Kakoe MakcuMaAbHOE KOAMYECTBO PHINAPEN YUUTCS B IIKOAE?
6) MoryT AM B IIKOAE YYUTHCSI TOABKO ASKEIBI?

Pemrenue. A) B xaxpoil mape He 60Aee OAHOTO PBILAPSI, IOITOMY phIllapeit He Gonee N
(mpuMep AOCTHTAeTCs pacCTaHOBKOE N 6oaee BEICOKUX YIEHUKOB B IIaXMAaTHOM IIOPSIAKE).
B) Ecaz oka’>keTcsi, 4TO BCe YYEHUKHU OAHOTO POCTA, TO BCE BPYT.



Kpurepun. [IpaBuabHO cAenaH IYHKT a) — 5 6aanroB. [IpuBeaeHa TOABKO oleHKa — 2 6aana, TOABKO
npumep — 2 baana. B xagecTBe obocHOBaHUST pa3bupaeTcs KOHKPETHLIR npuMep — 0 6baanros. Brimoanen

IYHKT 6) — 2 6aana.

Yetripe aBTOMObUAS A, B, C' 1 D cTapTyIOT OAHOBPEMEHHO U3 OAHOM U TOM >Ke TOUKY KPYTOBOH
Tpaccel. A u B epayT o 4acoBoit ctpeake, a C' m D — npotuB. Bce aBTOMOOUAY ABUIKYTCS C
IIOCTOSTHHBIMY (HO IIOIIaPHO PA3AUYHBIME) CKOPOCTsIMU. CIIyCTsI pOBHO 7 MUHYT IIOCAE HadaAa
roEku A BuepBBle BcTpedaeT C, U B 3TOT >Xe MOMeHT B BuepBwle BcTpedaeT D. Uepes eme
46 muryT A u B BCTpewaioTcs BIepBble. A depe3 KakKoe BPeMs IIOCAe Hadaaa T'OHKU B IIEPBHIH
pa3 BcTpeTsatest C u D7

Pemienne. Paz A ¢ C m B ¢ D BCTpedaloTCa pa3 B 7 MUHYT, TO UX CKOPOCTU COAMIKEHUS
paBHBL: V4 + Vo = Vg + Vp. MHBIME chroBaMu, paBHBI cKopocTu ypanenus A, B u C, D:
Va— Vg =Vp — V. Suauur, paz A u B BCTpedaroTcs B IEPBHIY pa3 Ha 53-# MunyTe, To 1 C C
D B niepBHI# pa3 BCTPeTATCS Ha b3-i MUHYTE.

Kpurepun. Bumecto 53 MuUHYT nCIIoAb30BaHEL 46 — He boaee 3 6baanoB. Ecau B pelieHnn nCIOAB3YETCS,

4TO Kakume-Aubo u3 ckopocTelt paBHBI — 1 6aan. Toapko oTBeT 6e3 0bbsicHeHUsT — 0 6aANOB.



International Mathematical Olympiad
«Formula of Unitys / «The Third Millenniums»
Year 2022/2023. Qualifying round

Problems for grade R6

Each task is assessed at 7 points. Some problems have their own criteria (printed in gray).

1. A circle is divided into 7 parts by 3 lines. Is it possible to write 7 consecutive positive integers
into these parts (one number in each part) so that the sum of numbers on one side of each line
is equal to the sum of numbers on the other side?

Solution. Yes:

Criteria. The correct example — 7 points. An example that does not satisfy any condition of the

problem (e.g. using not only positive consecutive integers) — 0 points.

2. To participate in the Olympiad, Marina needs to buy a notebook, a pen, a ruler, a pencil. If
she buys a notebook, a pencil and a ruler, she will spend 47 tugriks. If she buys a notebook,
a ruler and a pen, she will spend 58 tugriks. If she buys a pen and a pencil, she will spend
15 tugriks. How much money will she need for the whole set?

Solution. If Marina buys all the three sets given, she spends 47 + 58 + 15 = 120 tugriks for 2
full sets. Therefore one full set costs 120/2 = 60 tugriks.

Criteria. Only the answer is given without any explanation — 1 point. If student guesses prices of the

pen and/or the pencil (although it is not said that prices are integers) — 0 points.

3. A research spacecraft enters an asteroid belt that may damage the

ship’s hull, causing depressurization. All corridors between rooms —

are equipped with airtight doors. The captain has an assistant I-T'Lﬁ—lﬂ
droid that can close (but not open back) the doors in the corridors Left IINET
he passes through. Will the droid be able to close all the doors on engine [T} g\ [ engine
the spacecraft? I‘ ‘| X | ]
Solution. There are 23 corridors and 14 compartments in Electrical  fwfMedbay H
the spacecraft. Every time the droid goes through one of the :E__IIH e

compartments, it closes two corridors: the one it entered the room
through and the one it left through. Therefore, in all the rooms,

Storage Cafeteria

L

Com. [TJAdmin

except for, maybe, two of them, there should be an even number

of entrances (those two rooms can become starting and ending
points of the droid’s route, so there can be an odd number of :Air [T ] Weap.
entrances). However, there are 6 such rooms in the spacecraft Shieldsg

(cafeteria, storage, medbay, both engines and reactor), so the droid

Nav.

will not be able to close all the doors.



Criteria. If the solution mentions that the droid follows the Eulerian (unicursal) path or that there
can be no more than 2 rooms in it’s path with an odd number of doors — 3 points. One or few examples

are given as a proof — 0 points.

. There is a rectangular piece of paper with one side white and the other
side grey. It was bent as shown in the picture. The perimeter of the first 1
rectangle is 20 more than the perimeter of the second one. The perimeter

of the second rectangle is 16 more than the perimeter of the third one. \? \%
Find the perimeter of the whole piece of paper.

Solution. As you can see from the picture, the perimeter of the rectangle decreases by two
lengths of the short side with each folding. So the short side of rectangle-1 equals 20/2 = 10,

and the short side of rectangle-2 equals 16/2 = 8. Hence the long side of rectangle-1 is 18, and
the long side of the original sheet is 28. Then the perimeter is (28 + 18) - 2 = 92.

Criteria. If student guesses rectangles’ sides in any way (or simply states the lengths of the sides

without an explanation) — 0 points.

. Kate wrote a number divisible by 25 on the board and encrypted it according to the rules of
alphametic puzzles (different letters correspond to different digits, the same letters — the same
digits). She got the word “GUATEMALA”. How many different numbers could Kate write on
the board?

Solution. The number must be divisible by 25, so LA is equal to 25, 50 or 75 (00 is not
possible since the letters are different). If LA is equal to 50, then for the remaining letters
(G,U,T,E, M) there are 8!/(8 — 5)! variants; otherwise for the remaining letters there are
7-7'/(7— 4)! options. In total, 8!/6 +2-7-7!/6 = 18480.

Criteria. It is shown that option 00 is not suitable for the letters LA and all 3 cases are demonstrated —
3 points. If both options are further solved correctly — 4 more points. If the answer is given as a correct

expression and not calculated — do not subtract any points.

. Cut the triangle on the picture along the marked lines into three equal
parts (the parts are called equal if they match both in shape and size).

Solution.

. A school was opened on the island of knights and liars (a knight always tells the truth, a liar
always lies). All 2N students lined up in pairs one after another (in other words, in two equal
columns). The two people standing first said: “I am taller than 2 people: my neighbor in a pair
and the person behind me”. The last two said: “I am also taller than 2 people: my neighbor in
a pair and the person in front of me”. Finally, everyone else said: “I am taller than 3 people:
my neighbor in a pair, the person in front of me and the person behind me”.

a) Find the maximal possible amount of knights among the students.

b) Is it possible for all the students to be liars?

Solution. A) There is no more than one knight in each pair, so there are no more than N
knights (this amount can be achieved by placing N higher students in chess order).
B) Yes. If all the students are of the same height, then everyone is lying.

4



Criteria. Problem a) is fully solved — 5 points. If only one part of the solution is given (either an
estimation or an example) — 2 points. One or few examples are given as a proof — 0 points. Problem

b) is fully solved — 2 points.

. Four cars A, B, C and D start simultaneously from the same point of a circular track. A and B
travel clockwise, while C and D — counter-clockwise. All cars move at constant (but pairwise
different) speeds. After exactly 7 minutes of the race A meets C for the first time, and at the
same moment B meets D for the first time. 46 minutes later, A and B meet for the first time.
How long does it take from the start to the first meeting of C and D?

Solution. If A meets C' and B meets D every 7 minutes, then their convergence speeds are
equal: V4 + Vo = Vg + Vp. Therefore, the removal speeds of A with B and C with D are equal:
V4 — Vg = Vp — V. So, since A meets B for the first time at the 53*¢ minute, then C and D
will meet for the first time at the same moment.

Criteria. 46 minutes are used in calculations instead of 53 — 3 points. If it is stated that any of cars’

speeds are equal — 1 point. Only the answer is given without any explanation — O points.



