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

Sagauam AJid 5 KJjacca

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

1. Tpu npsiMBbIe AEAST KPYT Ha 7 dacTeit. MO>KHO A PacIPEAEAUTH YUCAA OT 1 A0 7 IIO OAHOMY
B Ka’KAON OOAACTM Tak, YTOOBI CyMMBI UHCEA, CTOSIIWX IO OAHY ¥ II0 APYTYIO CTOPOHY OT
Ka’KA0H IIpsiMO#, OBIAM pPaBHEL?

Pemtenne. Aa, Hanpumep, Tak:

2. Mapune AAST y9acTUsI B OAMMINAAEe HY’KHO KYIUTBh TETPAaAKY, PYUKY, AMHEWKY, KapaHAAII
7 AacTUK. BCAM OHa KyIUT TETPaAKy, KapaHAAII ¥ AACTUK, TO INOTPATUT 47 TyrpukoB. Hcam
KYIUT TETPAAKY, AMHERKY M PYUKY, TO HOTPATHUT 58 TyrpukoB. CKOABKO € TOHAAODUTCS AeHET
Ha BeCh HabOp, €CAM TeTpPaAb CTOUT 15 TYyrpuKoB?

Pemenne. Ecau Mapura xynut aBa Habopa u3 yCAOBUS, TO TOTPATUT 47+ 58 = 105 TyrpuKos,
HO KYIIUT AUIIHIOI T€TPAaAb, II03TOMY IIOAHBIA KOMIIAEKT IIIKOABHBIX IPUHAAAEIKHOCTER CTOUT
105 — 15 = 90 TyIpUKOB.

Kpurepun. Toapko oTBeT 6e3 0b6bsicuenuss — 1 6ann. Ecau B pemreHuu moAdbUpPaioT CTOUMOCTD PYUKHI

7 KapaHpaIla (XOTsI B YCAOBHM He CKa3aHO, YTO CTOMMOCTb 00si3aTeAbHO IieAasi) — 0 6annos.

3. Ha HNCCNAEAOBATENABCKOM KOCMHNYECKOM Kopa6Ae IIPOM30IIIANAA aBapPUsid

B PEAKTOPE, 1 U3 HET'O YTEKAIOT SIAOBUTHIE BEIECTBA. Bce KOpuAO- H_Wﬂ
PBI MEKAY IOMEIIEHUSIMYI 000PYAOBAHEI TEPMETUIHEIMY ABEPSIMI,

OAHAKO BPEMEHV Ha 3aKPBLITHE OTAEALHBIX ABEPER y>Ke HET. Tem He‘:;ﬁ._. L o ?B’:
He MeHee, KallUTaH MOXKET YCIIETh OTAATHL KOMAHAY «3aKpBITL N T ‘| N H
ABEPEN», IIOCAE KOTOPO# MCKYCCTBEHHBIN MHTEAAEKT KOPabAs 3a- "1\1% |
KpoeT cay4dariasie N aBepeit. Hemy paBHO HamMeHbInee N, 9YTOOBI Suextprt. o grcex |
BCsSI KOMaHAA TapPaHTUPOBAHHO CMOTAA CIIACTUChL B [OCTUHOM? :E__IIH e
Pemienne. Bcero Ha xocmmueckoM Kopabae 23 xopumaopa. Ecam Xpamwmame S
3aKpPEITh HEe Hoaee 21 ABEPH, TO MOT'YT OCTAThCSI OTKPLITHIMU KOPH- T T

AOPBI MEKAY PeaKTOPOM ¥ IPaBEIM ABUraTeAeM I npasbM Apura- | o LI

TEeAEM U TOCTHHOM, TO eCTh KOMaHAA b6yaeT B omacHocTu. [TosTomy B X
HeOOXOAMMO 3aKPBIThH XOTsI OBl 22 ABEPH. Eﬁ"_: Opyz.
Kpurepuu. BepHtuiii orBeT 6e3 obocHoBanusi — 0 6aanroB. Omubdra B o x —_

IIOACYETE YHUCAA KOPHAOPOB — 4 banna.

4. Ha ocTpoBe prlllapeit, KOTOPLIE BCETAA TOBOPST IIPaBAY, X AJKEIIOB, KOTOPLIE BCETAA BPYT, OT-
KPBIAU ITKOAY. Bce 2N y9eHUKOB Pa3HOI'O POCTa BCTAAU B KPYT, IIOCAE HETO KaXKABIA CKa3an:
«51 BBIIE yYEHWKA, CTOSIINETO HAanpPOTUB MeHsi!y CKOABKO PBINIApel YYUTCS B IITKOAE?

Pemenne. B Kaxpol mape OAMH U3 ABYX YUEHUKOB AEHCTBUTEABHO BBIIIE CBOETO COCEAA
HAIIPOTUB, II0O3TOMY T'OBOPUT IIPABAY ¥ SIBAseTCs phirapeM. Toro N primapeii.



Kpurepun. Ecau Hukak He 060CHOBaH aKT TOr'0, YTO B IIape TOYHO OYAET OAWH PHIIapb — 1 Haana.

B rauecTBe 0bocHOBaHUS pa3bupaeTcss KOHKPETHEIR npuMep — 0 6aanoB.

Erop Hamucan Ha AOCKe YHCAO ¥ 3aIIU(POBAA €ro IO IpaBUAaM OYKBEHHBIX PeOyCOB (pasHBIM
6yKBaM COOTBETCTBYIOT Pa3Hble IUQPHI, OAUHAKOBEIM OyKBaM — OAMHAKOBEIE IUMPEI). [Toay-
4uAoCch CA0BO «'BATEMAAA». CKOABKO Pa3sAWYHBIX drceA Erop Mor nm3HavaAbHO HAIMCATh,
€CAU ero YMCAO AEAMAOCH Ha 57

Pemenne. Yucao AOAKHO AEAUTHCS Ha b, moaToMmy 6ykBa «A» paBHa 0 mam 5. Ecam ona
paBHa 0, To Anst ocTaAbHEIX 6yKB («['y, «By, «T'», «E», «M», «/») ects AS = 9!/3! BapuanTos;
ecau xe «A» paBHa 5, TO AAST OCTAABHBIX 6YKB ecTh 8 - A3 = 8!/3! BapuanTos, Tak Kak «['» He
MOYKET PaBHSITHCSI HyA0. Beero 9!/6 + 8 - 8!/6 = 114240 cioco6oB.

Kpurepun. $5IBHO yKazaHo, 94To AAS OYKBBEI «A» 2 BapumanTa: 5 uau 0 — 2 baanra. Ecam panee pasbu-
paroTCs 2 BapuaHTa, TO emé 5 6aanoB. B KauecTBe OTBeTa IPUBEAEHO BBIPAXKEHUE, HE AOCUUTAHHOE AO

KOHIIa — HE€ CHMU>XAThb.

PaspesxbTe AAHHBIA TPEYTOALHUK II0 OTMEYEHHBIM AUHUSIM Ha TPU PaB-
HBIE 4acTH (TO eCThb COBIAAAIOINUE X 110 (DOPME, U IO Pa3Mepy ).

A\VAEAVAN

Pemrenne.

Kpurepun. Ects nmpumep — 7 6aanoB. «T'Bopueckuil IONCKy 6e3 mpuMepa HE OIEHMBAETCS.

Tpu aBTOMObUAST A, B m C' CTapTyIOT OAHOBPEMEHHO U3 OAHON ¥ TOH >Xe TOUKM KPYTOBOH
Tpaccel. A u B epyT 1o gacoBoit cTpeake, a C — npotus. Bece aBTOMOOUAYM ABUIKYTCS C IIOCTO-
SIHHBIMY (HO IIONIAPHO PA3AUYHEIME) CKOPOCTsIMU. CIIyCTsI POBHO 7 MUHYT IIOCAE HaYaAd [OHKY
A Bruepsble BcTpedaeT C. Uepes eme 46 MunyT A 1 B BCTpedaroTCsi BIIEPBBIE. A depe3 Kakoe
BPEMSI IIOCAE Hadana TOHKU BCe TPU MAIIMHLI BCTPETSTCS B IEPBEHIA pa3?

Pemenne. A u C BcTpeudarorcs pas B 7 MuUHYT, a A u B — pa3 B 53 MuHyTHl. 3HaA4UT, BCe
BMECTE OHU BCTPETSITCS B TaKOe BPeMsi, KOTOPOe KpaTHO 1 7, 1 b3, To ecThb yepe3 7 - 53 = 371
MUHYT.

Kpurepun. Bumecto 53 MunyT ucrnoab3oBasbl 46 — 3 baana. Pelteno gyepes mopbop AAMHE U CKOPOCTER

— 1 6aan. Toabko oTBeT 6e3 0bbsicHeHusT — 0 HaANOB.

EcTb npsMOyroabHBIE AUCT, OeABIf C OAHOM CTOPOHBI U CEPHIX C APY-
roii. Bro corayam Tak, Kak IIOKa3aHO Ha KapTuHKe. [lepumerp mepsoro 1
IpsiMOyToAbHEKA Ha 20 6oABIIe TepuMeTpa BTOPOTO IPSIMOYTOAbHUKA. A

2 3
IIEPUMETP BTOPOT'O IPSIMOYTOABHUKA Ha 16 HOABIIE IIEpUMETPA TPETHLETO \7 \%
IpsIMOyTOAbHUKA. HaliaAuTe mepuMeETp MCXOAHOI'O AUCTA.

Pemenne. U3 pucyHKa BUAHO, YTO IPHY 3arubaHuy IEPUMETD IPSIMOYTOABHUKA YMEHbBIIAET-

CsI Ha YABOEHHYIO KOPOTKYIO CTOPOHY, IIO9TOMY KOPOTKas CTOPOHA IIPSIMOYTOABHFKa-1 paBHA
20/2 = 10, KOpPOTKasi CTOPOHA IIPSIMOYTOABHUKA-2 paBHa 16/2 = 8. OTciopa AAMHHASI CTOPOHA
IPSIMOYTOABHMKA-1 paBHa 18, a AAMHHASI CTOPOHA MCXOAHOro Amcta — 28. Toraa mepuMerp:
(28 +18) - 2 = 92.

Kpurepun. OtseT 6e3 060CcHOBaHUS UAM HalipAeHHEBIN mopbopoMm — 0 6annroB.



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

Problems for grade R5

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 the numbers from 1 to 7 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 only numbers from 1 to 7, but with repetitions) — 0 points.

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

Solution. If Marina buys both sets given, she spends 47 4+ 58 = 105 tugriks, but she gets an
extra notebook, so the full set costs 105 — 15 = 90 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 has a reactor failure and some poisonous
substances leak from the reactor. All corridors between rooms ﬁ'@ﬂ
are equipped with airtight doors, but there is no time to close Loft X Right
individual doors. However, the captain can give the command engine [T1 o [T] engine
«Close N doorsy, after which the ship’s artificial intelligence will Fq i t
close random N doors. What is the smallest N to guarantee that Floctrical  bedMedbay[Z]
the whole team can survive in the cafeteria? :E__IIH"'J—

Solution. There are 23 corridors in total in the spacecraft. If no

Storage Cafeteria

more than 21 doors are closed, it is possible that the corridors

between the reactor and the right engine and between the right 1 X

engine and the cafeteria remain open, which puts the team in  [Com [CJAdmin

danger. Therefore, it is necessary to close at least 22 doors. EE—I Weap.

Criteria. Only the answer is given without any explanation — 0 points. Shields

Any mistake in counting the number of corridors — 4 points. Nav.

4. A school was opened on the island of knights and liars (a knight always tells the truth, a liar
always lies). All 2N students are of different heights. They stood in a circle and everyone said:
“I am taller than the student standing in front of me!” How many knights are there in the
school?



Solution. In each pair of students one of the two is actually higher, so he tells the truth and
is a knight. Therefore N knights in total.

Criteria. The fact of precisely one knight in each pair is not proved in any way — 1 point. One or few

examples are given as a proof — 0 points.

. Kate wrote a number divisible by 5 on a board and encrypted it according to the rules of
alphametic puzzles (different letters correspond to different digits, the same letters — to 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 5, so the letter «A» is 0 or 5. If it is 0, then for
the remaining letters («G», «Us, «T'», «E», «M», «L») there are 9!/(9 — 6)! variants; if «A» is
5, then for the remaining letters there are 8 - 8!/(8 — 5)! variants, since «G» cannot be 0. In
total, 9!/6 + 8 - 8!/6 = 114240 options.

Criteria. It is explicitly stated that for the letter «A» there are 2 options: 5 or 0 — 2 points. If both
options are further solved, then another 5 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.

. Three cars A, B and C start simultaneously from the same point of a circular track. A and B
travel clockwise, while C — 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. 46 minutes later, A
and B meet for the first time. How long does it take from the start to the first meeting of all
three cars?

Solution. A and C meet once every 7 minutes, and A and B — once every 53 minutes. So,
all together they will meet at such time that is a multiple of both 7 and 53, hence once in
7 - 53 = 371 minutes.

Criteria. 46 minutes are used in calculations instead of 53 — 3 points. If student guesses track’s length

and/or cars’ speeds — 1 point. Only the answer is given without any explanation — 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) — O points.
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