35-ift MesxkayHapoaHblii MmaTemaTuyeckuii TypHUp ropoaoB, oceHHUii TYp
Penienus 3agau

ABTOpBI pewiennii: /1. Pyoanos, A. Ceménos, A. [llanosanos, JI. Meonuxos u asmopul 3a0ay

ba3oBblil BapuaHT, MJIaJllMe KJIacChl

1. [3] B typuupe yuactBytor 100 OGoprioB, Bce pa3HOW cuibl. bojee cuiIbHBIA Bcerma
nob6exaer 6osiee ciadoro. bopiiel pazomIKCy Ha Maphbl U MPOBENH MOSAUMHKU. 3aTEM Pa3OUIIUCh
Ha Mapbl MO-APYroMy M CHOBa MPOBENIM MOeNWHKH. [Ipu3bl moiayuunu Te, KTO BbIUTpan ola
noenuHka. KakoBo HauMeHbIllee BO3MOXKHOE KOJIMYECTBO MPU3EPOB?

(b. ®penxun)

OTtBer. OnuH.

Pemenne. CaMbliii cHIIbHBIA 00s3aTeNnbHO cTaHeT mpu3épom. [lokaxkeM, 4TO MOXKET OBITh
poBHO oauH Tpu3ép. [Iporymepyem GopiioB mo Bo3pactanuto cwibl oT 1 g0 100. B mepBom Type
npoBeaém nmoeauaku 1 — 2, 3 -4, ..., 99 — 100, Bo BTopom — 100 -1, 2 -3, ..., 98 — 99. Torma
KaXKIbIH, KpOME CaMOro CHJILHOTO, B OJTHOM M3 TYPOB IIPOUTPAET.

2. [4] Haiigercs 5nu Takoe NECATH3HAYHOE 4YHUCIIO, 3allMCAHHOE JACCIATHIO Pa3TUYHBIMU
nudpamMu, 4TO IOCIE BBIYEPKUBAHUS M3 HEro JIIOOBIX IMIECTH LU(p IMOIYYUTCS COCTaBHOE
YETBIPEX3HAYHOE YUCITO?

(K. Knon)

OTtBer. Haiinércs.

Pemenne. TakoBo, Hanpumep, uncio 1397245680. B camom pene, eciau He BBIYEPKHYTA XOTS
Obl OfHA M3 MOCIETHUX IIecTH LUdp, TO ocTaBlIeecs UYETHIPEX3HAYHOE YHMCIO YETHO WIIU
JIETUTCS Ha S, @ €CJIM BCE OHU BBIYEPKHYTHI, TO OCTAJIOCh yncio 1397, kpatnoe 11.

Hpyroii npumep: 1379245680, mockonbky 1379 kpatHo 7.

3. [4] Haumbonpiwmii 00K AeIMTENh HATYpalbHBIX uncen a, b Oymem obGo3Hauath (@, b).
[TycTh HaTypambHOE Yuciio N TakoBo, uto (N, N+ 1) <(n,n+ 2) < ... <(n, n + 35). Jlokaxwure,
gro (N, n+35) < (n, n + 36).

(b. ®penxun)

Pemenne. 3ametum, uro (N, N+ k) =(n, k) <k, toectp (n,n+1)<1, (n,n+2)<2, ...,

(n, n + 35) < 35. TloaTOMy HEpaBEHCTBA U3 YCIOBHS 3a/1a4i MOTYT BBITIOJIHATHCS TOT/IA U TOJIBKO
toraa, koraa (n,n+1)=1, (n,n+2)=2, ..., (n,n+35)=35 Hortorma (n,n+4)=4,
(n,n+9)=9, to ecthb N nenurcs Ha 4-9 =36, orkyma (N, n+36)=36>35=(n, n+ 35).

4. [5] Ha 6oxoBbeix ctopoHax AB m AC paBHOoOeapenHoro tpeyroiabHuka ABC ormerunu
cootrBercTBeHHO Toukd K u L Tak, utro AK = CL u ZALK + ZLKB = 60°. Jlokaxwure, uro KL =
=BC.

(E. bakaes)

Pemenne. Iloctpoum mapamnenorpamm BCLM. Tpeyromsaukn AKL u BMK paBHbl,
nockonmbky BM = LC = AK, BK = AL, ZKBM = /A (kak HakpecT JcKaliue). 3Ha4uT, B
tpeyroabarke LKM Boimonaeno KL = KM, a ZLKM = ZBKM + ZLKB = ZALK + ZLKB = 60°.
CrnenoBaTenbHO, 3TOT TPEYroJIbHUK — paBHOcTOpoHHMH, 1 KL = ML = BC.

5. [6] Ha maxmaTHOM OCKe CTOST 8 HE OBIOIIUX NPYT nIpyra janei. Jlokaxxure, 94To MOKHO
KOKIYI0 U3 HUX MEPEIBUHYTh XOJIOM KOHS TaK, YTO OHH MO-TIPSKHEMY HE OyayT OWThH ApPYT
npyra. (Bce Bocemb mnajeil mepeaBUTalOTCS «OJHOBPEMEHHO», TO €CTh €CIIH, HAalpUMep, JIBE
Jaapu OBIOT APYT Apyra XOAO0M KOHSI, TO UX MOKHO TTIOMEHSITh MECTaMU. )

(E. bakaes)



Pemenme. Jlanpto u3 nepBoi CTPOKHM MEPECTABUM BO BTOPYIO CTPOKY, U3 BTOPOUM — B MEPBYIO.
AHaJIOTHYHO O00OMIEMCS C JIATbsIMHU U3 TPETbeW W YETBEPTOM, MATOM M IIECTOM, CEIbMON M
BOCHMOW CTPOK. Jlaiiblo M3 MEpBOTO CTOJOIA MEPEeCTaBUM B TPETHUM, U3 TPETHETO — B TIEPBBHIM.
Ananornyao o0oinémcs ¢ JaapsiMU U3 BTOPOTO U YETBEPTOrO, MATOrO U CEIBMOrO, IIECTOrO U
BOCBMOT0 cTOJIOLIOB. Toria kax/jas J1aabs OyeT nepecTaBieHa X0A0M KOHS, U B KaX/IbIX CTPOKE U
cTono1e Oy/eT 1o JIaabe, TaK YTO OHU He OyayT OUTH APYT Apyra.

ba3oBblil BADHAHT, CTAPUINE KJIACCHI
1. [3] Cm. 3agady 2 MaaAmmx KJIaccoB.

2. [4] Ha croponax tpeyronpHuka ABC mocTpoeHbl Tpu MOJ0O0HBIX TpeyroibHuka: YBA u
ZAC — Bo BHEIHIOW CTOpoHY, a XBC — BHYTpb (COOTBETCTBEHHBIC BEPIIUHBI MIEPEUUCTISIIOTCS B
OIMHAKOBOM Topsike). Jlokaxute, uro AYXZ — mapasienorpaMm.

(@onvrnop, npeonoscun A.beponuxos)

Pemenne. [Tockonbky Tpeyronpauku XBC u ZAC nogo6us1, CX:CZ = CB:CA. Kpowme Toro,
LXCZ = Z/BCA - ZBCX + ZACZ = ZBCA. Tloatomy TpeyroabHuk XCZ mo006eH TpeyroJibHUKY
BCA, otkyna CX:XZ = CB:BA. A u3 nono6wus tpeyroiasaukoB XBC u YBA crnenyer, uto CX:YA
= CB:BA. Takum o6pazom, CX:YA = CB:BA = CX:XZ, otkyma YA = XZ. AHaIOTHYHO
nokasbiBaetcs, uto YX = AZ. Urak, y yetbipéxyroiapauka Y XZA mpoTHBOMOI0KHBIE CTOPOHBI
TIOTIAPHO PaBHBI, TO €CTh OH — MAPAJLICIIOTPAMM.

Crporo roBopsi, HaJI0 elle JOKa3aTh NapauieIbHOCTh TPOTHBOIOJIOXKHBIX CTOPOH, TaK KaK
ATO MOT OBITH CaMoIepeceKaroIuiics YeThipéxyronpHuk. [Tapamtensuocts YX u AZ cnenyer,
Hanpumep, u3 Toro, 9ro YX momyuaercs u3 AC moBopotom Ha yroi XBC Bokpyr Touku B (mycTs,
IIPOTHB YaCOBOM CTPENIKK) U roMoTeThei, a yroi mexxkay AC u AZ (Toxke Toraa cuuTast IpOTHB
4acoBOM cTpenku) paBeH yriry XBC.

3. [4] Haumenbiee o01iee KpaTHOE HATYpaIbHBIX YKcen &, b Oynem obo3HayaTh [a, b].
[TycTh HaTypajabHOE YUCIIO N TaKoBO, uTo [N, N+ 1] >[n,n+2] > ... >[n, n+ 35]. Jlokaxure,
gro [N, n + 35] > [n, n + 36].

(B. ®penxun)

Pemenue. 3amMeTHM, 4TO
(nn+k)= n(n+k) < n(n+k) < nin+k+1)

[n,n+k] [n,n+k+1] [n,n+k+1]
coryiacHo 3aaaue 3 muaammx kiaacco (N, n + 35) =35, (n, n + 36) = 36. CienoBaTenbHo,

n(n+35) _ n? n’ _ n(n+36)
— = 4n>—4n=——1"-
35 35 36 36

=(n,n+k+1) mpu 1<k<34. [Tostomy

[n,n+35] = =[n, n + 36].

4. [5] Cm. 3amauy 5 Mmaamux KiIaccos.

5. [6] Kocmuueckuii ammapar cel Ha HEMOJBIIKHBIA acTEpPOMJI, MPO KOTOPHIH H3BECTHO
TOJIbKO, YTO OH IMpEeACTaBiseT coOoM Imap win KyO. AmnmapaT mpoexaia MO MOBEpXHOCTU
acTepouia B TOYKY, CUMMETPUYHYIO HAdaJbHOM OTHOCUTENBHO IIeHTpa actepoupa. Bcé ato
BpeMsl OH HENPEPHIBHO Iepe/iaBal CBOM IPOCTPAHCTBEHHbIE KOOPAMHATHI HAa KOCMHYECKYIO
CTaHIIMIO, U TaM TOYHO OMNPENEIUIU TPEXMEPHYIO TPAaeKTOpHIO ammapara. MoXKeT JM 3TOro
0Ka3aThCsl HEAOCTATOYHO, YTOOBI OTINYUTD, IO KYOY HJIM MO LIapy €311 anmapat?

(E. bakaes)

Ot1Ber. Moxer. Pemenune. PaccMoTpum kyO0 u cdepy, Kacarmomiyrocss BceX ero péoep.
[Tepecedennem e€ ¢ MOBEPXHOCTHIO KyOa OyeT o0beuHEHNE MIECTH OKPY>KHOCTEH, BITMCAHHBIX
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B rpanu kyba. [lo Takoi (urype MoxKHO OT Kakmoi e€ ToOuku Ao0paThcs 10 000N apyrou, B
TOM YHCJI€ U3 TOYKH B JAMAMETPAIBHO MPOTHUBOIOJIIOKHYIO TOUYKy. Ecnm ammapar npoinér mo
TaKOW TPACKTOPHH, HEBO3MOKHO OYyJIET OMpeaennTh, UMEeT acTepoua (Gopmy mapa win Gopmy
KyoOa.

CJ10:KHBIH BAPHAHT, MJIAIIIIHE KJIACCHI

1. [5] Ectp 100 kpacubix, 100 x&nteix u 100 3enénpix majgouek. M3BecTHO, 4TO M3 JTHOOBIX
TPEX MaJOYeK TPEX Pa3HBIX IIBETOB MOKHO COCTABUTh TPEYTOJbHUK. JlOKakuTe, 4TO HAMAETCS
TaKOM IBET, YTO M3 JIOOBIX TPEX MAIOUEK ITOTO IIBETA MOKHO COCTABUTH TPEYTOJIbHUK.

(I". XKyros, H. Kocunoe)

Pemenne. Ilycth K, %, 3 — IJIMHBI CAMBIX KOPOTKHX MaJOYEK COOTBETCTBYIOLIETO 1IBETA, a K,
K, 3 — cambix muHHBIX. [lo ycnoButo k + x> 3, x +3>K, 3+ k> K. Cnoxus, noinydyum
2k + 2x + 23 > K + XK + 3. CnenoBarenbHO, yABOEHHAs IJIMHA CaMOM KOPOTKOW MAJIOYKH
KaKOTO-TO I[BeTa Oy/eT OoJibllie caMOW JIMHHOM MaJOuYKH 3TOTO K€ IBeTa. Tem Oojee, cymMmma
JUTMH KKIBIX BYX MMAJIOYEK ATOTO IBETa OyAeT OObIe IIMHBI 000N MajgouKu 3TOTO IIBETa,
YTO U TPEOOBAIOCH.

2. [5] Yaurens BeiOpan 10 moapsa uaymux HaTypainbHBIX uncen U coodmmn ux [lere u Bace.
Kaxnprit Mmanpumk qoimkeH pa3outh 3Ty 10 yncen Ha mapbl, TOCYUTATH MPOU3BEACHUE YHCE B
Ka)XJ0M mape, a 3aTeM CI0KUTh MOJIyYeHHbIE S5 Tpou3BeAeHU. JloKaxXuTe, 4TO MaTbUUKHA MOTYT
cAenaTh 3TO TakK, 4yToObl pa3OHeHMs] Ha Mapbl Y HUX HE OBbUIM OJAMHAKOBBIMH, HO HUTOTOBBIE
CYMMBbI COBIIQIJTH.

(H. Asunos)

IlepBoe pemenune. [Tycte IleTs u3 nepBoit yerBepku uncen N, N+ 1, n+2, n+ 3 cocraBut

cymmy n(n + 1) + (n +2)(n +3) = 2n*+ 6n + 6, a Bacs —
n(n +3) + (n + 1)(n + 2) = 2n* + 6n + 2. Torxa Ha nepsoii yeTBEpKe uncen Ilers HaGepeT CyMMy
Ha 4 6ombie, yem Bacs. Co BTOpoil 4eTBEPKOM YHCEN OHU MOCTYISAT HA000POT, CPABHSIB OOIIIYIO
cyMMy. 3aTeM 100aBST K HeW MPOU3BEACHHE OCTABIIMXCS JBYX YHMCEN M MOJy4yaT OJMHAKOBBIE
pe3yJIbTaThI.

Bropoe pemenue. [Tycts u3 nepBbix mectu uyncen llets coctaBut cymmy
nn+5+M+1)(n+3)+(n+2)(n+4), aBacs— n(n+4)+(n+1)(n+5)+(n+2)(n+3).
O6e T CyMMBI paBHBI 3n® + 15n + 11. OcraBmuecs Yncia Malb4uKH MOTYT OJIMHAKOBO
pa3ouTh Ha Maphl.

3. [6] B tpeyronsuuke ABC yron C — npsimoii. Ha karere CB kak Ha A L
JaMeTpe BO BHEITHIOIO CTOPOHY TIOCTPOCHA MOIYOKPYKHOCTh, Touka N
— CcepeliHa dTOW MONYyOKpY)XHOCTH. Jlokaxwute, 4to mpsimas AN menut
nonoJyiaM 6uccektpucy yriaa C.

(P. I'opoun)
Pemenne. Ilpommm otpe3ok BN no mepeceuenus ¢ npsimoit AC B N
touke K. B tpeyromsanke BCK Boicota CN siBisieTcss 1 OMCCEKTPHCOH,
noatomy KN = NB. ¥Yruet BCL u CBK paBubl 45°, To ecTh OuccekTpuca
CL mapamrensna BK. 3nauut, B Tpeyronbanke ABK menmana AN genmur K
nomnoiam u CL.

4. [7] Ilets HapucoBall Ha IUIOCKOCTH KBaJApaT, pa3feii Ha 64 ONMMHAKOBBIX KBaJpaTHKa W
pacKkpacuil UX B IIaXMaTHOM TOpsiIKe B YEPHBIN U Oenbii iBeTa. [locae 3Toro oH 3aranan TOUKY,
HaxOJSIIYIOCS CTPOTO BHYTPH OJHOTO W3 ATHUX KBaJpaTHUKOB. Bacs Mo)keT Ha4yepTUTh Ha
MJIOCKOCTH JIFOOYIO 3aMKHYTYIO JIOMaHYIO0 0€3 caMOIlepeceyeHil U MOJIyIUTh OTBET Ha BOIPOC,
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HAXOJUTCS JIM 3araJaHHas TOYKa CTPOTrO BHYTPU JIOMAaHOM WMJIM HET. 3a Kakoe HauMEHbIee
KOJIMYECTBO TaKMX BOMPOCOB Bacs MOXeT y3HaTh, KAaKOTo I[BeTa 3arajaHHas TouKa — 0eJIoro win
y&€pHOTO?
(E. bakaes)

OrtBet. 3a 1Ba Bompoca.

Pemenue. YToOb! onpeienuTh LBET TOUKH 33 OJMH BOIPOC, HYXKHA JIOMaHasi, 10 OTHOUIEHUIO
K KOTOpPOIl Bce KBaJpaTUKU OJHOTO I[BETa JiexKaT BHYTPH, a Apyroro — cHapyxu. Ho Torna ona
COJICPKUT BCE OTPE3KHU, Pa3ACISAIONINEe COCEAHNE KBAAPATUKU, U 3HAUUT, CAMOIIEPECEKACTCS.

[TokaxkeM, Kak OoTrajaTh IBET TOYKH 3a JBa Bompoca. [loctpoumM jloMaHyt0, BHYTpb KOTOPOH
HonaayT Bce HEUETHBIC TOPU30HTAIN KBaJIpaTa U TOJIBKO OHH (CM. pHC.).

Toraa mepBbIM BOIPOCOM Mbl y3Ha€M YETHOCTh TOPU3OHTANH, COZAEpXalled 3araJaHHyro
TOYKY. AHAJOTUYHBIM BTOPHIM BOIIPOCOM Y3HAaeM UETHOCTb COJEp)KAllell ee BEepPTHKAIH.
Ocrasioch 3aMETHUTh, YTO IIBET KBAJpaTUKa OMPEACIISIETCS YETHOCThIO CYMMBI €0 “KOOpJMHAT .

3ameuanue. Cmenan [llamos, yaenuk 7 xi. 3 KupoBa 3amMeTus1, 4T0 MOXHO OTPaHUYUTHCS
JIOMaHbIMH, HE BBIXOJIALIUMMU 3a mpezensl [letunoro kBaapata. [lepByto omaHyo mpoBeném,
Kak Ha puc. 1.

X X X X X X X X

Puc. 1 Puc. 2 Puc. 3
Ecnu Touka HaxoguTca 6He MEPBOM JIOMaHOM, BTOpas JIOMaHash MPOBOAMTCS KaK Ha pHC. 2
(KpecTUKaMH TOMEYEHbl KBaJpaTUKH, TI/I€ TOUYKH, COTJIACHO OTBETY Ha IMEpBBI BOMpOC,
3aBesoMO HeT). Eciu Touka HaXoauTCs 6Hympu BTOPOU JIOMaHOU, TO OHA — Oefasi, B IPOTUBHOM
ciydae — 4€pHas.
Ecnu e Touka HaXOOuTCs @Hympu TEPBOM JOMAHOW, BTOpas JIOMaHas NPOBOJIUTCS KaK Ha
puc. 3. OTBEeT Ha BTOPOI BOMPOC OMATh OJJHO3HAYHO OMPEEIAET [IBET TOUKH.

5.[9] B oxpyxuocts Brucan 101-yrompHuk. M3 KakaoW €ro BepINHHBI OMMYCTHIIN
NEPIEeHIUKYIIAP Ha MPSAMYIO, COAEPIKAILLYI0 MPOTHUBOMOIOXKHYIO CTOpOHY. JIOKakuTe, 4TO XOTS
OBl y OZTHOTO M3 MEPIEHINKYISIPOB OCHOBAHUE TTOMAAET Ha CTOPOHY (a HE Ha €€ MPOI0JKEHHUE).

(71. Koorcesnuxos)

IlepBoe pemenue. [IpoBeném Bce Oombmme auaroHanu AjAsi, AzAsy, ... 101-yrompHmka
A1A;...A1p1 (MBI curTaem, 9to Ajoz = A1, Aoz = Az, ...). [lomyuutcs 3Be3ma co 101 pebpom.
Okpacum nuaroHanb AgAxssp B CHHHMM 1BeT, ecimu 1yra AyAg+1Aksso MEHBIIE TOJOBHHBI
OKPY>KHOCTH (TO €CTh YTOJl, Ha He€ OMUPAIOITUICS, — OCTPBINA), U B KPACHBIN IIBET B MPOTUBHOM
ciydae. O6oiéM 3Be31y 1Mo pédbpaM. 3aMeTHM, YTO JIBa KpPAaCHBIX peOpa HEe MOTYT UJITH MO,
TaKk Kak CyMMa CTa MOAPS UAYIIUX OYyT, COOTBETCTBYIOUIMX cTopoHaMm 101-yronbHuKa, MEHbIIE
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MOJTHOM OKpYKXKHOCTH. UepenoBaThcs 1IBETa HE MOTYT M3-3a Heu€THOCTH uncia 101. 3nauuT, roe-
TO JIB€ CMHUE auaroHanu uayT noapsn. [Iycts ato, Hanmpumep, nuaroHanu As;A; 1 AjAs. Torma
B TpeyrosbHUKE AspA1Asi yribl AiAspAsi m1 AjAs1Asp — OocTphie, CleAoBaTellbHO, BBICOTA,
OTYIIEHHAS U3 BEPIIMHBI Aj, TOMAAET HA MPOTUBOIOJIOKHYIO CTOPOHY As2As:.

Bropoe pemenue. CoTrpéM 1moKa Mapbl JUAMETPaIbHO TMPOTHBOIOIOKHBIX BEPILIHH.
Ocranercs 2n + 1 BepmimHa; yepe3 KOKIYIO U3 HUX MPOBenEM auameTp. BeibepeM oauH U3 HUX
U TIOCYUTAaeM KOJMYECTBO OCTaBIIMXCSI BEpUIMH crpaBa oT Hero. [lepeiiném k creayroniemMy mno
KpYTry AMaMeTpy. 3aMeTHM, YTO KOJIMUYECTBO BEPIIHMH CIIpaBa OT AMAMETpa MPU 3TOM U3MEHUIIOCh
He Oojee yeM Ha enuHULly. /[Burasich TakuM 00pa3oM, Mbl BEpHEMCS K MEPBOMY TUAMETPY,
TOJIbKO ceidyac TO, YTO CIpaBa OT HEro, M3HayalbHO ObLIO cieBa. Ecnu cHaudana crnpaBa ObLIO
OoJibIlie N BEpIIWH, TO CTajl0 MEHbIIe N, U HaobopoT. B mobom ciydae, B KaKOW-TO MOMEHT
CIpaBa OT KakKoro-To AuaMerpa ObUIO POBHO N BEpIIWH, M CJIE€BAa CTOJIbKO k€. BoccraHoBUB
CTEPTHIE BEPILMHBI, Mbl J00aBUM IMOPOBHY BEPIIMH CIpaBa U cjeBa OT HEro. 3HAYUT, ITOT
TUaMEeTp MepeceyéT CTOPOHY, MPOTHUBOIOIOKHYIO BEpUIMHE, U3 KOTOPOH OH BBIMYyIIEH. Takum
00paszoM, B TPEYroJbHUKE, 00pPa30BAaHHOM ATOW CTOPOHOM M ATOW BEPIINHOM, YIJIbI P CTOPOHE
OyayT omuparbcs Ha AYTH, MEHbBIINE MOJYOKPYXKHOCTH, TO €cTb OyayT ocTpbiMu. [loaTomy
OCHOBaHUE BBICOTHI TPEYTOJIbHUKA, OMYIIEHHON M3 ATOW BEPILIHHBI, HAXOUTCS BHYTPU CTOPOHBI.

6. [10] Yucmo 1—%+1—1+ 1 —i MIPEACTaBUIIM B BHJIE HECOKPATUMOW JIPOOH.

.t
3 4 2n-1 2n
Joxaxwute, uto ecni 3N + 1 — mpocToe Yucio, TO YUCIUTETh MOTYIUBIICHCS APOOH AETUTCS HA
3n+1.

(M. Mankun)

. 11 1
Pemenne. Jlo6aBuMm k Hamieir cymme S cymmy 2 > + 2 +..+ on Y BBIYTEM PABHYIO CYMMY
n

1+£+...+1. Torma
2 n

1 1 1 1 1 1 1 1 1
S=1+—+..+ +——-|1l+=+..+=|= + +..+ +—.

2 2n-1 2n 2 n n+l n+2 2n-1 2n
Ecimu 3n+ 1 —npocroe, To N 4€THO, ¥ MBI MO’KEM CTPYNIIUPOBATH ClIaraeMble MapaMmu: MepBoe ¢
MOCIeAHUM, BTOpoe C mpeamnocienHuM u T.1. Ilocie mpuBeneHus k oOIIeMy 3HaMEHATEIIO
KaXJ0M mapbl BCE YUCIUTEINU CTAaHYT paBHbIMU 3N + 1. 3HAYUT, YUCITUTEIb CYMMBI BCEX ITHUX

IpoOeit aenuTcst Ha mpocToe unuciao 3N+ 1, a 3HaMeHaresb, OUYEeBUIHO, HE ICITUTCH.

7.[12] Ilers u Bacs urpatot B Takyro urpy. CHadana Ha ctojie JJexxuT 11 kydek o 10 kamHeid.
Urpoku xonar no ouepenn, HaunHaeT [lets. Kaxapim xogom urpok 0epét 1, 2 wim 3 KkaMHs, HO
[Ters xkaxaplld pa3 BEIOMpaeT BCe KaMHHM W3 JIFOOOW OHOM KydH, a Bacst Bcerma BeiOMpaeT Bce
KaMHHU U3 pa3HbIX Kydek (eciu ux Ooisblie ofgHoro). [IpourpsiBaer TOT, KTO HE MOXET CIENaTh
x011. KTo u3 urpokoB MoxeT o0ecnednTs cede modeay, Kak Obl HU UTPajl €ro COTIEPHUK?

(E. bakaes)

Otser. Bacs.

Pemenne. PacrionokuM KaMHM KaK IMOKA3aHO HA PUCYHKE, TII€ |¢ o o o o o o o o o
Ky4d COOTBETCTBYIOT cTOjiOmaMm. IleTs AOmKeH OpaTh HECKOJIIBKO [e o o o o o o o o o
KaMHe# u3 oHOoTro cToONa, a Bacs — u3 pasasix. Ctpa-terust Bacu — | ¢ ¢ AR
JeNaTh XOJbl, CHUMMeTpuuHble [IeTHHBIM OTHOCHUTEIBHO ITyCTOM
nuaroHany. l3HaganpHO KapTuHKa cumMmeTpuyHa. [lockonbky
CTpOKa, CHMMETpPUYHAs CTOJIOIY, HE UMEET C HUM OOIIUX KAMHEH, TO [e o o o o o o o o o
Bacs kaxaplii pa3 CMOXKET BOCCTAHABIMBATH HAPYIICHHYIO [® ¢ ¢ © ® ® ¢ ¢ o ¢
CUMMETPHIO, TO €CTh Y HETO BCEI/la €CTh X0 Tak Kak urpa KoHeuHa,

TO Korga-to Ilets nmpourpaer.



CJ10:kHBIH BAPHAHT, CTApIINe KJIACCHI
1. [5] Cwm. 3agauy 4 Maaammx KJ1accoB.

2. [6] Haiimure Bce N, /uIsi KOTOPBIX BEPHO YTBEPKIAEHUWE: IS JTIOOBIX TBYX MHOTOWICHOB
P(X) 1 Q(X) crenenu N Haiigyres Takue ogHowrenst axk u bx, rze 0 <k <n, 0<1<n, uro
rpadukn Muorowrero P(X) +ax‘ u Q(X) + bx' me GymyT nmeTs 061mHX TOUEK.

(I". XKykoe)

OTtBeT. N = 1 U BCce HEOTpPULIATEIIbHBIE YETHBIE N.

Pemenue. ['paduxn Muoroanenos P(x) + ax® u Q(X) + bx' ne nmeror 06mmx Touek Toraa n
TOBKO TOT/a, Koraa MHorowieH P(X) + ax® — Q(x) — bX  He nmeer kopHeil. MHbIME croBamu,
Hago y maorowieHa R(X) = P(X) — Q(X) Tak u3MeHUTH He OoJbIie ABYX KO UIIUECHTOB, YTOOBI
y TIOJTyYHMBIIIETOCS MHOTOYJICHA HE OBLTO KOPHEH.

Eciu n <1, To u3 moboro MHOrOwWIeHa R MbI MOKeM cliesiaTh MHOTOUICH, TOXKIESCTBEHHO
paBHbIH 1.

ITycte N> 1. Eciu N HEYETHO, TO HAM «CIIY4alHO» MOKET OCTAThCSI MHOTOYJICH
R(X) = x" + x. Torma, ¢ ogHOH CTOPOHEI, HafO «yOHTBH» X', TAK KaK MHOTOYIEH HEUETHOM
CTETICHU BCET/Ia MIMEET KOPEHb, a C APYroil — 100aBUTh HEHYJIEBYIO KOHCTAHTY @, YTOOBI HE OBLIO
HyJIeBOTr0 KopHs. Ho mosy4eHHbIit MHOTOWICH X + @ HMeeT KOPEHb.

Ecau n 4érHo, To, 100aBUB, €CIM HAI0, OMHOWICH CTEMEHHU N, MPEeBpaTuM R B MHOrouwieH
YETHOM CTEMEHH C TOJIOKUTEIbHBIM cTapimM Kodddunuentom. Takoil MHOTOWIEH HUMEET
HauMeHblee 3HaueHue M. JlobaBuB kKoHCTaHTy 1 — M, MOMy4YHM MOJIOKUTEIBHBIA MHOTOUICH.

3. [6] Han mpaBunbHbii TpeyroasHuk ABC ¢ mentpom O. Ilpsimas, mpoxojsiias depes
BepmmHy C, mepecekaeT OMHMCaHHYIO OKpYXHOCTh TpeyronpbHuka AOB B Toukax D m E.
Hoxaxwute, uro Touku A, O u cepeaunnsl oTpe3koB BD, BE nexart Ha 01HON OKPY>KHOCTH.

(4. 3acnasckuil)

Pemenne. IIycts C' — cepenuna BC, a E nexut mexny C u
D. Tornma touka E' (cepenuna BE) nexuT Ha cpenHeill TMHAN
C'D' tpeyronsauka CBD. B npaBunbaoM TpeyronpHuke ABC
BepmmHa A, 1ientp O u Touka C' Takke nexaT Ha OJHOMN
npsimoit. Yron ABC pasen monoune ayru AOB, moatomy BC
— KacarenbHada. Torma
C'E'-C'D' = /4 CE-CD = '/, CB?* = C'B* = C'O-C'A. Orciona
1o TeopemMe, OOpaTHOM K TeopeMe O TMPOM3BEICHUH OTPE3KOB
CeKYIIMX, U CJeIyeT BIHCAHHOCTh YETHIPEXYrOJIbHHUKA
AOE'D".

4. [7] Kaxxmoe v 11e510€ 9MCII0 MOKHO 3amucaTh Kak CyMMY KyOOB HECKOJIBKUX TIEJTBIX YHCEIT,

cpeau KOTOPBIX HET OJIMHAKOBBIX?
(Bong-Gyun Koh, fOorcnas Kopest)

OtBer. Kaxxnoe. Pemenue. 3amMeTnM, 9T0
M+7P-n+6°-n+5°+(+4°-n+3°%+(n+2°+(n+1)°-n*=48. C mpyroit
croponsl, unciao (48k + 1) npu mo6om k gaér npu menennn Ha 48 ocrarok 1. CkiampiBas
Takue KyObl, Mbl MOKEM MOJYYUTh CyMMY C JIFOOBIM Hamepén 3aJaHHbIM OCTaTKOM OT JeJIEHUs
Ha 48, a moToM, MpUOABIISAA WM BBIYUTAs HY)KHOE KOJIMYECTBO pa3 KOMOWHAIWMH, paBHbIC 48 1
COCTOSIIINE U3 Pa3HbIX YHCEJ, MOIYYUTh JH000€ YUCIIO C TAKUM OCTATKOM.



5. CymiecTByIOT M Takue aBe QyHKIMU f U ¢, IPUHUMAIOIINE TOJBKO IIEJIbIC 3HAYCHHS, YTO
TSt JTIOOOTO 1EJTOTO X BBIMOJHEHBI COOTHOIICHUS:
a) [3] f(f(x)) = x, 9(g(x)) =x, f(9(x)) >x, g(f(x)) >x?
0) [5] f(f(x)) <x, 9(a(x) <x, f(9(x)) >x, 9(f(x)) > x?
(V1. Cmynorcac)

a) OrBer. He cymectByror. Pemenune. f(X) = f(g(g(x))) > g(X). Ho Touno Taxxke
nokaseiBaetcs, uro g(X) > f(x). IIporuBopeune.

0) OtBet. CymectByioT. Pemenune. JloctarouHo 3a1aTh 3Ha4eHUs (DYHKIMIA TOJBKO B IENBIX
YHCITax: Ui OCTAJIbHBIX 3HAYCHUH MX MOKHO OIMPEACTUTh MPOU3BOJIBHO.

IlepBoiii cnioco6. HazoBeM u€THbIC YKclia «CBOMMUY», & HEUETHBIC — «IYKUMU» TS (PYHKITIH
f, a s g — Bcé Haobopot. IlycTh 3TH PYHKIMHM KaXKJI0e CBOE YMCIIO X MEPEBOAST B —[X| — 2, a
gyxoe — B [X| + 1. 3amernm, uTo Kaxkaas GyHKIHS KaXX0€ YHUCII0 MepeBoauT B cBoE. [IpoBepum
JIBa HEPaBEHCTBA, r71ie BHyTpeHHs s Gpyakus — f. Scuo, uro [f(X)| > [X|. TTosTomy
ffx) == [fX)| -2 <= -2 <x, a g(f(x) =f(x)] +1 > x| +1 > x. OcraBumuecs nBa
HEPABEHCTBA MPOBEPSIFOTCS AHATIOTUYHO.

Bropoii cnoco6. 3anymepyemM Bce Iefible Yucia HAaTypaJbHBIMU (Hampumep, Tak: X3 = 0,
Xo =1, X3=-1, X4 =2, Xs =2 u 1.1.). Bynem crpouts 3nauenus f(X,), g(X,) Mo vHIYKIKH;
npuyéM Bce oHU OyayT pasnuudbl. O6o3Hauum X = {X1, ..., Xn},

Vi = {f(x1), ..., f(xn), g(xa), ..., g(xn)}.

basza. 1(X1) 1 g(X1) — MpoM3BOJIBHBIC pa3IMYHBIC IIEJIBIC YUCIIA, OTIIMIHBIC OT X1.

Hlae unoykyuu. Ilycte Bce anemeHTH V), yxe moctpoeHbl. Ecnmu Xp+1 € Vy, TO B KadecTBe
f(Xn+1) ¥ §(Xn+1) BO3BMEM IIPOM3BOJIbHBIC PA3IMYHBIC [IEJIBIC YHCIIA, HE BXOIAIINE HU B Xn+1, HU B
V.

Ecmu ke Xne1 € Vi, TO Xne1 = f(X) mam Xps1 = g(Xi), rae i <n. B mepBom ciydae B KauecTBe
f(Xh+1) BO3bMEM II€7I0€ YHKCIIO, MEHBINIEE X; U He BXopsiiee B Xn U Vy, a B KadecTBe g(Xn+1) —
1esoe uncio, ooneinee Xj v He Bxoasmee B Xn U V. Torma f(f(x;)) < xi, g(f(x)) > xi. Bo
BTOPOM ClTy4ae MOCTYIUM Hao0opoT, obecreunB HepaBencTBa g(g(Xi)) < Xi, f(g(xi)) > X;.

B pesynprare Bce 3HaueHus (QYHKIUHA OyIyT TOCTPOCHBI M BCE HEpPaBEHCTBa OydyT
BBITTOJTHCHBI.

6. [9] Cm. 3amavy 7 Miammx KJIaccoB.

7.[14] Ha mmockocTM HapucOBaHa 3aMKHyTash camoliepecekarornascs JjomaHas. OHa
nepecekaeT KaKJoe CBOE 3BEHO PpOBHO OAMH pa3, MNpUYEM Yepe3 KaxkIyld TOUKY
camoriepeceyeHusl MPOXOAST POBHO JABa 3BeHAa. MOXKET JIM KaxK[ash TOYKa caMoIlepeceueHust
nenuTh 00a 3Tux 3BeHa momnojaM? (Her camomepeceueHuii B BEepIIMHAX W 3BEHBEB C OOIIMM
OTPE3KOM.)

(A. Ilanosanos, A. Jlebeoes)

OTtBer. He moxer. Pemenue. Jlomanast pa3ouBaeT TIOCKOCTh Ha yacTu. Kak M3BECTHO, ATH
YacTH MOYKHO TMOKpPacuTh B UEpHBIA U Oeibli 1BeTa Tak, 4TOObI YaCTH OJMHAKOBOIO IIBETa HE
UMeNu o0mMX OTpe3koB rpaHulbl. [lycTh GeckoHeuHas dacTh Oenas. PacctaBuM Ha CTOpOHax
yacTel CTPesIKU TakK, 4ToObI Bce UEPHBIE YaCTH 0OXOJUIUCH IPOTUB YacoBOil cTpenku. Bribepem
POU3BOJIBHYIO0 TouKy O, He JIeXkalllyl0 HU Ha 3BEHbAX JIOMAHOM, HU Ha UX NpOoAoDKeHusx. s
Ka)KIO0W OPUEHTHPOBAHHOM cTopoHbl AB cocunTaeM OpHEeHTHUPOBAHHYIO MIJIOLIAlb TPEYTOJIbHUKA
OAB u cnoxum Bce Takue miomaan. Cymma 1no KaxaoMy 4EpHOMY MHOTOYTOJIBHUKY JacT €ro
IUI0NIA/1b, 3HAYUT, 00111asi CyMMa MOJI0KUTENIbHA.

C npyroil CTOPOHBI, €CIU KaXXJ0€ 3BEHO HCXOJHOW JIOMAaHOW pPa30MTO Ha JBa PaBHBIX
OTpe3Ka, MPOXOJIUMBIX B IMPOTUBOIMOJIOKHBIX HAMPaBICHHUSIX, TO CyMMa IUIOIMIAAEH M0 KaxaoMy
3BeHYy paBHa Hy10. [IpoTrBOpeune.



