XLIX YPAJIbCKUI TYPHUP IOHBIX MATEMATHKOB. KUPOB, 17-23.02.2017
KOMAHJIHASA MATEMATHYECKASA OJIUMIINA TA 18.02.2017

SAJAHUSA JJ14 6 KITACCA

1. Ilepen Cepéxeit cToAT 1BOE NECOUYHBIX YacoB. Cepéxa 3HAET, UTO OJTHH YAChl OTMEPSIOT
POBHO 5 MHUHYT, a BTOpble — 100 13, mu6o 14 munyT, Touno Cepéxa HE IOMHUT.

a) Kak Cepéxe TOUHO OINpeNenuTh, CKOJIbKO UMEHHO OTMEPSIOT BTOPHIE Yachl?
0) Kak emy caenath 3T0, €CJIM Y HETO B PACIIOPSKEHUU BCETO OJIMH 4ac BPEMEHU?

2. B xomuare Haxomastces 100 gemoBek, Kaxaplii W3 KOTOPBIX JTHOO0 PhIIIaph, KOTOPHIN BCEeTaa
TOBOPUT TIpaBy, JTUOO JDKEI, KOTOPBIM Bceraa JHKET, MpUYEM BCE OHU PA3HOIO POCTa.
Kaxxp1it 13 HaxoAsIIMXCsl B KOMHATE CKasall OJIHY 13 ABYX dpa3: «XoTs ObI IATEPO JDKEIIOB
HUKE MEHs»; «XOTs Obl MATEPO JHKEIOB BhIlE MEHs». CKOJBKO JIKEIIOB MOXET OBbITh B
komHate? [IpuBeauTe BCce BapuaHThl U IOKAKUTE, YTO JIPYTUX HET.

3. Man xBagpar 30x30 kieTok. Ero pa30unu Ha TpEXKIETOUHbIE «yTONKWY». Bo3ne kaxmoin
u3 31° BepUIMH KJIETOK HAIMCAIM, CKOJBKO «yTOJKOBY» COAEpIKAT 3Ty BepiuuHy. Uemy
MO’KET ObITh paBHa CyMMa BCEX HANMCAHHBIX YUCEI?

4. Ha nocke 3anucansl uncina 1, 2, 3, 4, ... ,1000. Bacs 3a ogHy omnepariuio MOXET CTepeTh
ar00bIe JIBa YMCIIa M HAIMCaTh BMECTO HUX JIMOO MX CyMMYy, JTUOO mpou3BeeHne. Moxer
JIM OH TaK JICMCTBOBATH, 4YTOOKI nociie 999 onepanuii Ha nocke ocranock uucyio 1 000 000?

5. EcTb Tpu slluKa ¥ MELIOK, B KOTOpOM JiexkaT 1no 300 kapTouek CHUHEro, 3€JIeHOro U
KpacHOro IBETOB. Bacs ocTaer BCiemyro U3 MElIKa KapTOUYKHU 10 OJHOM U pacKjaiblBaeT
UX M0 SUIMKaM, IPUYEM JBa pa3a NoAps]] HEJlb3s KJIacTh KAPTOUKY B OJIUH U TOT K€ SUIHK.
BepHo 11, 4TO OH BCeraa MOXKET IEHCTBOBATh TaK, YTOObI B PE3YyJIbTaTE B KaXJAOM SLIUKE
okazanoch 1o 100 kapToUyek KaxkJ10ro 1Bera?

6. ¥ JluMbl ecThb OYe€Hb MHOTO UTPAJIbHBIX KyOHMKoB. OH UTpaeT B TaKyl UTPYy: CHadaja
Opocaet oauH Kyouk. Ecnu Ha HEM BhInano urciio N, To OH moMeyaeT HCXOIHBIN 1 OpocaeT
emé N-1 kyOuk. Ilocrme 3TOro oH MHOTOKpPaTHO TOBTOPSIET IMPOIECC: HAXOIUT emié
HEMOMEUEHHBIN KyOuK, Ha KOTOPOM CcTOUT unciio M, Gosnbiiuee 1, momeuaer ero u Opocaer
em¢ M—1 kyOuk. Uepe3 HEKOTOpOE BpeMsi Ha BCEX HEIMOMEUEHHBIX KyOWKax OKa3ajIucCh
EAVHUIIBI, a CyMMa 4Yucesl Ha BceX KyOukax okazanach paBHa 2017. CkoJbKO KyOMKOB
MOTJIO JIE’KaTh B OTOT MOMEHT Ha CTOJIE?

7. JlaHbl 1Ba HATYypaJbHBIX JABY3HA4HbIX uncia a u b (a > b). Eciu npunwucars a ciiesa x b,

TO TIOJTyYSHHOE YETHIPEX3HAYHOE YMCIIO TIOJICTUTCS U Ha a+h, 1 Ha a—b. Uemy MoxeT OBITH
paBHO oTHOIIeHUE a/b?

8. Ilo kpyry crosar 40 nerelt, Ha KaX10M Hanucad HoMep oT 1 10 40, Bce HoMepa pa3InyHBbI.
Benaymmit Haxoaut peOEHKa, MpaBblid COCEJ KOTOPOro HMMEET HOMEp, XOTs Obl Ha 2
00MbIINH, YeM y 3TOro peOEHKa, OCIe Yero MPOCUT UX TOMEHSATHCS MECTAMU. 3aTE€M 3TOT
nporecc noBTopseTcs. JJokaxxuTe, 4To OH KOTr1a-HUOYAb 3aKOHYUTCS.



XLIX YPAJIbCKUI TYPHUP IOHBIX MATEMATHKOB. KUPOB, 17-23.02.2017
KOMAHJIHASA MATEMATHYECKASA OJIUMIINA TA 18.02.2017

SAJAHUSA JJ1A 7 KITACCA

1. Ilepen Cepéxeit cToAT 1BOE NECOUYHBIX YacoB. Cepéxa 3HAET, UTO OJTHH YAChl OTMEPSIOT
POBHO 5 MHUHYT, a BTOpble — 100 13, mu6o 14 munyT, Touno Cepéxa HE IOMHUT.

a) Kak Cepéxe TOUHO OINpeNenuTh, CKOJIbKO UMEHHO OTMEPSIOT BTOPHIE Yachl?
0) Kak emy caenath 3T0, €CJIM Y HETO B PACIIOPSKEHUU BCETO OJIMH 4ac BPEMEHU?

2. B xomuare Haxomasrces 100 gemoBek, Kaxaplii W3 KOTOPBIX JTHOO pPhIlIaph, KOTOPHIN BCeTaa
TOBOPUT TIpaBy, JTUOO JDKEI, KOTOPBIM Bceraa JHKET, MpUYEM BCE OHU PA3HOIO POCTa.
Kaxxp1it 13 HaxoAsIIMXCsl B KOMHATE CKasall OJIHY 13 ABYX dpa3: «XoTs ObI IATEPO JDKEIIOB
HUKE MEHsI»; «XOTs Obl MATEPO JDKEIOB BhIIE MeHs». CKOJIBKO JIKEIOB MOXKET OBbITh B
komHate? [IpuBeauTe BCce BapUaHThl U IOKAKHUTE, YTO JIPYTUX HET.

3. Tlapa HarypanpHbIX uymcen a<b <2017 oOmagaer CIACAYIOMUM yIUBUTEIbHBIM
CBOMCTBOM: €CJIM YHCJia X M Y He Leible, a X+Yy menoe, To ax+by — He nenoe. CKOJIBKO
CYIIECTBYET Takux map (&, b)?

4. Yucmo b Gomblie yucia @, a unciao a 0ojbire 1. B kakom mopsiake MOTyT UATH Ha
5 a+b a’+b®-2
yuciaoBoi ocu unciaa a+1, b+1, 1+— u ———m—?
2 a+b-2

5. Y Jlumbl €cTh OYEHb MHOTO HTPalbHBIX KyOMKOB. OH UTpaeT B TaKyl0 WIPy: CHadaja
Opocaet oauH Kyouk. Ecnu Ha HEM BeInano urciio N, To OH moMeuyaeT HCXOHBIN 1 OpocaeT
emé N-1 xyOuk. Ilociae 3TOro oH MHOTOKpAaTHO TMOBTOPSET IPOIIECC: HAXOIAUT eI
HEIIOMEUYEHHBIN KyOUK, Ha KOTOPOM CTOMT 4ucio M, Gombiree 1, moMmeuaer ero u 6pocaer
emé M—1 xyOuk. Uepe3 HEKOTOpOe BpeMsl Ha BCEX HEIIOMEUEHHBIX KyOWKax OKa3ajIuCh
EIVHUIIBI, a CyMMa 4Yucesl Ha BceX KyOukax okaszanach paBHa 2017. CkoJbKO KyOMKOB
MOTJIO JIEXKATh B 9TOT MOMEHT Ha CTOje?

6. buccextpucsl Tpeyroinbauka ABC, nepecekasich B 0JJHOM TOUKe, pa30MBAIOT €ro Ha IIECTh
TPEYroJbHUKOB OJIMHAKOBOro mnepumerpa. Jlokaxwure, uro tpeyroibHuk ABC —
PaBHOCTOPOHHUM.

7. Jano poctoe uncio P > 2017. CkonbKO CyIIECTBYET MIECTEPOK HATYPATIbHBIX YHCE 4,
a+b b+c c+d d+e e+ f

ctd d+e e+f f+a | a+b

b, ¢, d, e u f c cymmoit 3p, 11st KOTOPBIX YKCIIA

SBJISIFOTCS HATYPAITHHBIMH ?

8. ITo kpyry cTOAT N meTe, Ha KaKI0M HamMcaH HoMep OT 1 110 N, Bce HoMepa pa3InydHBI.
Benymumit Haxomutr peOGEHKa, MpaBBId cOcell KOTOPOTO HMMEET HOMEp, XOTS Obl Ha 2
OOJBIITNH, YeM y 3TOTO peOEHKA, TIOCIIC YeTO MPOCUT UX TTOMEHSITHCS MECTaMH. 3aTeM 3TOT
MPOLECC TOBTOPSETCH.

a) JlokaxxuTe, 9TO MPOIecC Korjaa-HuOyIb 3aKOHYUTCS.

0) JlokaxuTe, 4To OyJeT cieslaHo MeHee N° epecTaHOBOK.



XLIX YPAJIbCKUI TYPHUP IOHBIX MATEMATHKOB. KUPOB, 17-23.02.2017
KOMAHJIHASA MATEMATHYECKASA OJIUMIINA TA 18.02.2017
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1. B HoBOroAHIOI0 HOUb Bacs noskanoBaics ceoeMy Jpyry Ilere Ha To, 4TO B HOBOM IOy
€ro JA€Hb POXKJICHUS NMPUXOAUTCS Ha MATHULYY U HA 13 umucno. Ilers noneiTancs yremurhb
Ipyra, cKkaszaB, 4yTO, IO KpallHEH Mepe, 3Ta MATHUIA — HE TPUHAAIATAs MO CYETY B FOAY.
Mor nu Ilets ommbuThes1? B kakoMm rory IpOorCXOIuil pa3roBOp, HEM3BECTHO.

2. Uepe3 BepmmHy A paBHOCTOpOHHero TpeyroinpbHuka ABC mpoBemena mpsmas |,
napayuiensHas BC. Touka D nexur na cropone AC. buccekrpuca yrna ABD niepecexaer
npsimyto | B Touke E. Jlokaxwure, uro BD = CD+AE.

3. Tlapa HarypampHbiX ymcen a<b <2017 obmamaer ciaeIyrOIIMM yIWBUTEIBHBIM
CBOMCTBOM: €CJIM YHUCJIa X U Y HE LEeble, a X+Yy 1eloe, TO ax+by — He nenoe. CKOJIBKO
CYIIECTBYET Takux map (a, b)?

4. luma Opocan urpaiibabie KyOuku. CHauana oH Opocall 0JuH KyOuK, a 3aTeM JIeCTBOBAI
10 CJIEAYIONIEeMY MpaBWIy: ecliu Ha Kyouke Boimanaio N — oH Opan emé N-1 xkyOouk u
Opocan ux Bce. [lorom ans kaxxaoro OpoieHHOro KyOuka, Ha KOTOPOM BBINAJIO YHUCIIO,
OoJblliee €AMHULIBI, OH MOBTOPSUL 3Ty OINEpalMio, U Tak Aanee. Yepe3 HEKOTOpoe Bpems
Opocku npekpatuiauck. Cymma urces Ha Bcex OpoIleHHbIX KyOukax okazaiach paBHa 2017.
CKOJIBKO MOTJIO OBITH OPOCKOB?

5. Ha croponax AD u BC Beinmyknoro yetsipexyronbHuka ABCD BeiOpanst Touku F u E
AF BE AB
FD EC CD
Touky F mepecekaer npssmyro AB B Touke P, a npsimyto CD — B Touke Q. Jlokaxkute, 4TO
/BPE = ZCQE.

6. I1o kpyry paccraBiensl yucna 1, 2, ..., n. Eciiu coceHee ¢ YMCIIOM a 10 4aCOBOM CTPEJIKe
— ypcsio b > a+l, To yncina a u b MoxxHO MOMeHsATE MecTtamMu. JlokakuTte, 4TO OOJIBIIE
n(n—1)(n—2)/6 takux orneparuii caenaTh HE YAACTC.

COOTBETCTBEHHO TaKUM O0Opa3oM, 4TO . [Ipogomkenne otrpeska EF 3a

7. Ilyctb dy, ..., dk — Bce HaTypasbHBIC JEUTENN HATYpaIbHOTO yrcia N. OKa3aloch, 4TO

Z (—1)d‘di — CTeNeHb IBOMKH. JIOKaXHUTE, 9TO YUCIIO N HE MOXKET EIUThCS Ha KBaApaT
i

MPOCTOTrO YHUCIA.

8. JlokaxxuTe, YTO KOJIMYECTBO PEIICHUH ypaBHEHHS X1+2Xo+..+NXn =N, B KOTOPBIX
NepBbIe HECKOJBKO W3 YUCEN X1, ..., Xn (OBITh MOXET, OJIHO) HATypaJibHbI, & OCTaJIbHBIE
paBHbI 0, COBIAJAET C KOJMYECTBOM PEIIEHUI 3TOTO K€ YPABHEHUS, B KOTOPBIX BCE UHCIIA
X1, ..., Xn paBHbI O wim 1.
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Pemenus 3a1a4 KOMaHIHOM OJIUMIIHAIBLI 6 Ki1acca

3anaua 1. Ilepeo Cepéiceii cmosm 08oe necounvix yacos. Cepéica 3Haem, umo 0OHU 4ACbl OMMEPSIOM POBHO 5
Munym, a gmopwvie —au6o 13, oo 14 munym, mouno Cepéca ne nomuum. a) Kax Cepéiice mouro onpedenums,
CKOILKO UMEHHO ommepsom emopule yacvl? 6) Kax emy coenamo 3mo, eciu 'y He2o 8 pacnopsaiceHul 6ce2o 00UH
uac epemeHu?

Pemmenne. Hayném oTmepsATh Bpemst 00OMMH 4YacamM, NEepeBOpauyrBasi KaXIbleé M3 HHUX Cpa3y, KaK TOJIbKO
IIEpeChINIacTCd BeCh IECOK. a) Ecium B MOMEHT, KOrja BEChb IIECOK B IIITHMHUHYTHBIX 4acax IIOJHOCTBIO
nepeceimiercss B 13-it pa3, BO BTOPBIX 4acax OH IOJHOCTBIO TEPECHIIUIETCS B MATHIN pa3, BTOpble yachl — 13-
MHUHYTHBbIE, UHa4e — 14-munyTHBbIC. 0) Eciin K MOMEHTY, KOrzia BeCh I1€COK B ISITUMHHYTHBIX Yacax MOJHOCTBIO
MIEPECHIIIETCS B BOCBMOM pa3, Mbl YK€ TPUK/Ibl IIEPEBEPHYIIM BTOPBIE Yachl, TO OHU 13-MuUHYyTHBIE, MHaYe — 14-
MUHYTHBIE.

3anaua 2. B xomname naxoosmcs 100 yenogex, kaxcowviii u3 KOMopwuix 1UbO pulyapb, KOMOPbILL 8ce20d 2080PUm
npasoy, aubo nxcey, KOMopulil 6ce20a JHceém, Npuuém 6ce oHu pazno2o pocma. Kadcowiti uz naxoosawuxcs 6
KOMHame cKazan 00Hy u3 08yx ¢pas.: «Xoms Obi namepo 1ceyos Hudice MeHs», «Xoms 6bl nAMePo 1Hceyoas avliie
menay. CKONbKO Ndicely08 modicem bbimsb 8 kKomHame? lIpusedume 6ce apuanmuol u doKaxcume, 4mo Opy2ux Hem.

Otger. 5, 6, 7, 8, 9 unu 10. Pemenue. Beictponm mxeroB B mepenre o pocty. Ecnu ux 6ombiie 10, To mectoii B
miepenre (¢ J1ito0oro Kpasi) CKaxeT npapay. Eciu JpkeloB MeHbliie 5, To Bce phlllapu (a UX TyT He MeHbIe 96)
conryt. M To u ipyroe HeBo3MoskHO. [Tpumep ke uts ciydas, korjaa y Hac K sokenios, rae 5 < K <10, TakoB: Kaxk 11k
JDKEII BBILIE BCEX PhILApeH, MATh CAMBIX BBICOKMX U3 HUX TOBOPST MEPBYIO (pasy, OCTaIbHbIE — BTOPYIO.

3apaua 3. /lan keadpam 30x30 knemox. E2o pazbunu na mpéxxiemounnle «yeonxuy. Bozne kascooii uz 312 sepuun
KAeMOK HANUCANU, CKOIbKO «V20lKO08» CoO0epicam 3my epuuny. Hemy modxcem Ovbimb pasHa cymma 6cex
HANUCAHHbIX yucen?

Ortger. 2400. Pemenre. O4eBHUIHO, €CITU MBI B KOXKIOM «YTOJIKE» HAIUIIEM, CKOJBKO BEPIIMH COICPKUT 3TOT
«yTOJIOK», TO CyMMa HalMCaHHbBIX YMceN OyIeT TaKoi ke, KaK YhceN U3 yCIoBHs 3a1aud. B «yromke» 8 BepIimH
KJIIETOK, a yroikoB B kBajapare — 900:3 = 300. [ToaTromy cymma Bcex HarmucaHHbIX uncelt paBHa 300x8 = 2400.

3anaua 4. Ha oocke 3anucanvt uucna 1, 2, 3, 4, ... ,1000. Bacs 3a 00ny onepayuto modicem cmepemy iobvle 08a
YUCAA U HANUCAMb 8MEeCO HUX JUb0 ux cymmy, 1ubo npoussedenue. Modicem au on mak 0etcmeosams, ymoowvl
nocne 999 onepayuii Ha docke ocmanocs wuciao 1 000 000?

OtBet. Moxer. Pemienue. JlocTaTOYHO HANTH TaKOe YMCIIO X, YTO €CJIM CIOXKUTH Bee uucia ot 1 1o 1000, kpome X
U JIBOMKH, YMHOXHTb 3TY CyMMY Ha 2 ¥ npuOaBuTh x, To noiyuutcs 1000000. Cymma Beex HaTypalbHBIX YHCET
ot 1 mo 1000 pasua 500500, otkyaa 2-(500500—2—x)+x = 1000000 u x = 1001000—1000000—-4 = 996.

3apaua 5. Ecms mpu siwyuxa u meutox, € komopom nexcam no 300 kapmouex cunezo, 3e1eH020 U KPACHO20 YBEMmO8.
Bacs oocmaem scnenyio uz mewika kapmouxku no 0OHOU U packiaobléaem ux no AWuKam, npuiem 06a pasa noopso
Heb3s KIACHb KapmouKy 6 00UH U mom e AwuK. Bepno nu, umo on ececoa modicem delicmeosams max, 4moovl
8 pe3yivmame 8 Kaxcoom auwjuke okazanocs no 100 xapmouex kasxicoozo yeema?

Otset. HeepHo. Pemienue. IlycTts B MellIke CUANT 37101 TyX, KOTOPBIN MOJKJIAABIBAET HAM KAPTOUYKH IO CBOEMY
KeJTaHuto. PaccMOTpUM MOMEHT, KOTia B MEIIKE OCTaJIOCh TPU KapTOUKH. J[yX MOXKET JOOUTBCS TOTO, YTO OHU
OynyT TpEX pa3HbIX 11BETOB. ECIIM B 3TOT MOMEHT B KaKOM-TO SIIIIMKE HE XBaTaeT JABYX MJIM TPEX KapTOdeK, MyX
MIOJUIO>KUT HaM IMOAPSA ABE HEIOCTAIOUIME TaM KapTOUKH, U Mbl ITpourpaeM. Ecian ke B KaKIoM Melke 1o 299
KapTOY€K, PACCMOTPHUM MEIIOK, Ky/a Mbl KJIAJIM KapTOUKY B MOCJEIHUN pa3. Ecau AyX MOUI0OKUT HAM KapTOUKY,
KOTOPO HE XBaTA€T B 3TOM MEIIKE, TO MbI TAKXKE IPOUTPAIIH.

3apaua 6. V Jumsl ecmb ouenvb MHO20 uepanvHuix Kyouxos. On uepaem 6 makyro uepy: cHadania opocaem oOuH
kyouk. Eciu na ném evinano uucno N, mo on nomeuaem ucxoouwiii u opocaem ewé N—I kyoux. Ilocie smozo on
MHO2OKPAMHO NOBMOPSEM NPoYecc. Hax00um ewé HenomedeHnblll Kyoux, Ha komopom cmoum yucio M, 6onvuiee



1, nomeuaem ezo u bpocaem ewé M—I kyoux. Yepesz Hekomopoe 8pemsi Ha 8cex HeNOMeUeHHbIX KYOUKAX OKA3ANUCD
COUHUYDLL, A CYMMA ducen Ha écex Kyouxax okazanace paeua 2017. Ckoabko KYOUKO8 MO2I0 Jiedcamsb 6 Smom
MoMeHm Ha cmonae?

Ortser. 1009. Pemenue. bynem cunrars, 4To moBTOpHO J{MMa 0THaX Bl OpOIICHHBIN KYyOHK He Opocasl. BozpMéM
CTOJIBKO KOPOOOK, CKOJIbKO OH OpOCHJI KyOMKOB, M B KaKIYyIO MOJOXHM OJUH U3 KyOMKOB U CTOJIBKO MOHET,
CKOJIbKO OYKOB BBITIAJIO HA 3TOM KyOHKe. 3aTeM U3 K01 KOPOOKH MEePEI0KUM IO MOHETE B KOPOOKH, TJIE JIeKAT
KyOuKH, OpOIIIEHHBIE Cpa3y IMOCIE TOrO, KOTOPBINA JIEKUT B 3Toi KOopoOke. [locne 3Toro B KOpoOKe, Te JEKUT
KyOUK, OpOIIICHHBIH MEePBBIM, OCTAHETCS OJIHA MOHETA, 4 BO BCEX OCTATBHBIX OKAKETCS 10 2 MOHETHI: OCTABIIASCS
MOCTIC BBIKJIAIBIBAHUS U MIEPEIOKCHHAS U3 «MAaTePUHCKOI» KopoOku. Tak kak Bcero MoHeT y Hac 2017, kopoOok
noIbkHO ObITH (2017+1)/2 = 1009.

3anaua 7. /lanwvl 06a HamypanbHuIX 08Yy3HaAUHbIX yucia a u b (a > b). Ecau npunucams a cresa k b, mo nonyyenuoe
uemvipex3HayHoe Yucio nooerumcs u Ha a+b, u na a—b. Yemy mooicem 6vimo pasuo omuowenue a/b?

Ortger. 2, 5/4, 6/5, 17/16, 50/49. Pemenue. [Tycts HO/I(a, b) =d, a =md, b =nd. Eciu npunucarts a ciesa k b,
noiayuntcs yucino 100a+b. 3amerum, uyro 100a+b = 99a+(a+b), o ectp 99a=99md nomxkHO AEAMTHCS Ha
a+b = (m+n)d, To ectb 99M nomkHO AenuTHCS HA M+N. Tak Kak M U N B3aUMHO MPOCTHI, M+N B3aUMHO MPOCTO C
M, ¥ MOTOMY 99 NOMKHO AEIUTHCS HA M+N, TO €CTh M+N TOHKHO paBHATHEA 99, 33, 11, 9 wiun 3 (cmywait m+n =1,
OYEBHTHO, HEBO3MOJXKEH ).

Teneps 3ameTuM, uro 100a+b = 101a—(a—b). [Tosromy 101a = 101md nosmkHO nenuthes Ha a—b = (M—n)d, To
ectb 101m momxHO nenuthest Ha M-N. [lockonbky yrcno 101 —npocroe, a m—n < 100, 3To o3Havaet, uro m—n = 1,
toecte M=n+Ll. [Ipum+n=3umeemm=2, n=1, mpum+n=9—m=5n=4, npum+n=11—m=6,n =5,
mpu Mm+n =33—m =17, n = 16, npu m+n = 99 —m =50, n = 49, oTkyaa u noxy4aeM HsITh MPUBEAEHHBIX BbIIIE
otBeToB. [Tpumepsr mogxomsamux au b: e MAN=3—20u 10, e m+n =9 —15u 12, ma m+n=11—12 u
10, mms m+n =33 —17 u 16, niaa m+n = 99— 50 u 49.

3anaua 8. Ilo kpyey cmosm 40 demeii, nHa kaxcoom Hanucan Homep om 1 0o 40, 6ce Homepa paznuunsl. Bedywuii
Haxooum pebEHKa, npaesvlii coced KOMopo2o umeem Homep, xoms 6vl Ha 2 OOnbUULL, YeM Y 3mo20 peOEéHKa, nocie
Ye20 npocum ux NOMeHAmMbCs Mecmamu. 3amem 3mom npoyecc noemopsemcs. JJoxaxcume, 4mo oH K020a-Hud6yob

3AKOHRYUMCAL.

Pemenne. BospméM pe6énka Nel. OH MOXET cBUTaThCs 10 KPYTy TOJIBKO BIpaBo. [TokaxeM, 4To OH HE MOXKET
coBepiuTh Oosee 39 momHbIx 000poToB. JlonmycTum, oH coBepiil 40 000poToB BrpaBo. Tak Kak OH HE MOXKET
MEHSTHCSI MecTaMu ¢ peO&HkoM No2, peGEHok No2 momKeH pu 3TOM COBEPIIUTH XOTs 01 39 060poToB Bipaso. 1o
aHaJIOrn4HON npuunHe peOEHoK Ne3 noykeH coBepIIuTh X0Ts Obl 38 060poTOB, pedéHoK Ned — xoT14 051 37, ...,
pe6énok Ned4) — xots Obl ouH 000poT BrpaBo. Ho pe6énok Ned() MosxeT nepemeniarbes o Kpyry TOJIbKO BIEBO
— MPOTUBOpEYHE.

Takum obpazom, yepe3 HekoTopoe BpeMsi peOEHOK Nel ocraHoBuTCs. PeG&HOK No2, KOTOpBI TOXkKE MOXKET
JIBUTaThCsl TOJBKO BIPABO, TAKXKe KOI/1a-TO OCTAHOBUTCS, TaK KaK MOXKET cliesiaTh He Oosee 38 mosHbIX 000pOTOB.
ITocne sToro pe6énok Ne3, MUIIEHHBII BOZMOKHOCTH MEHATHCSI MecTaMu ¢ Nel, OyJieT IBUraThCsi TOJIBKO BIIPABO
¥ CMOXET CJieNiaTh He OOJIbIlie XOA0B, YeM JeTel Mexay HUM U pedeHkoM Ne2. [Ipomormkas STH pacCyKIeHHUs,
yOexxaaemMcsi, YTO paHo WM MTO3THO OCTaHOBATCS Bee 40 neteit.



XLIX YPAJIbCKM TYPHHUP FOHBIX MATEMATUKOB. KUPOB, 17-23.02.2017

Pemenust 3a1a4 KOMaHIHOU 0JIMMIMNAALI 7 Kjacca

3anaua 1. Ilepeo Cepéiceii cmosm 08oe necounvix yacos. Cepéica 3Haem, umo 0OHU 4ACbl OMMEPSIOM POBHO 5
Munym, a gmopwvie —au6o 13, oo 14 munym, mouno Cepéca ne nomuum. a) Kax Cepéiice mouro onpedenums,
CKOILKO UMEHHO ommepsom emopule yacvl? 6) Kax emy coenamo 3mo, eciu 'y He2o 8 pacnopsaiceHul 6ce2o 00UH
uac epemeHu?

Pemmenne. Hayném oTmepsATh Bpemst 00OMMH 4YacamM, NEepeBOpauyrBasi KaXIbleé M3 HHUX Cpa3y, KaK TOJIbKO
IIEpeChINIacTCd BeCh IECOK. a) Ecium B MOMEHT, KOrja BEChb IIECOK B IIITHMHUHYTHBIX 4acax IIOJHOCTBIO
nepeceimiercss B 13-it pa3, BO BTOPBIX 4acax OH IOJHOCTBIO TEPECHIIUIETCS B MATHIN pa3, BTOpble yachl — 13-
MHUHYTHBbIE, UHa4e — 14-munyTHBbIC. 0) Eciin K MOMEHTY, KOrzia BeCh I1€COK B ISITUMHHYTHBIX Yacax MOJHOCTBIO
MIEPECHIIIETCS B BOCBMOM pa3, Mbl YK€ TPUK/Ibl IIEPEBEPHYIIM BTOPBIE Yachl, TO OHU 13-MuUHYyTHBIE, MHaYe — 14-
MUHYTHBIE.

3anaua 2. B xomname naxoosmcs 100 yenogex, kaxcowviii u3 KOMopwuix 1UbO pulyapb, KOMOPbILL 8ce20d 2080PUm
npasoy, aubo nxcey, KOMopulil 6ce20a JHceém, Npuuém 6ce oHu pazno2o pocma. Kadcowiti uz naxoosawuxcs 6
KOMHame cKazan 00Hy u3 08yx ¢pas.: «Xoms Obi namepo 1ceyos Hudice MeHs», «Xoms 6bl nAMePo 1Hceyoas avliie
menay. CKONbKO Ndicely08 modicem bbimsb 8 kKomHame? lIpusedume 6ce apuanmuol u doKaxcume, 4mo Opy2ux Hem.

Otger. 5, 6, 7, 8, 9 unu 10. Pemenue. Beictponm mxeroB B mepenre o pocty. Ecnu ux 6ombiie 10, To mectoii B
miepenre (¢ J1ito0oro Kpasi) CKaxeT npapay. Eciu JpkeloB MeHbliie 5, To Bce phlllapu (a UX TyT He MeHbIe 96)
conryt. M To u ipyroe HeBo3MoskHO. [Tpumep ke uts ciy4as, korjaa y Hac K sokernios, rae 5 < K <10, TakoB: Kax 11
JOKEII BBIIIIE BCEX PHIIAPEH, MSITh CAMBIX BEICOKUX U3 HUX, a TAK)KE BCE PHILIAPH TOBOPSAT IMEPBYIO (Ppasy, OCTAILHBIC
— BTOPYIO.

Bamauva 3. [lapa namypanvuvix wucen a < b <2017 obradoaem credyrowum yousumenibHbolM C8OUCMBOM. eCl
yucna x u 'y He yenvle, a x+y yenoe, mo ax+by — ne yenoe. Ckonvko cywecmgyem maxux nap (a, b)?

Ortser. 2016. Pemienue. 3ametM, 4to uncio ax+by = a(x+y)+y(b—a) ue sBiseTcs 1eapimM Toraa u TOIBKO TOTa,
Korja He sBisiercs nensiM yrcio Y(b—a). Ecau b—a = 1, o y(b—a) = y sBiseTcst Hele/bIM pH J000M HELEeIoM
y. Craiio ObITh, Bce mapsl Buja a, b = a+1 ram moaxomasat. Mx kak pa3 2016. Ecau sxe b > a+1, To npu Hereaom
y = 1/(b—a) (u X = 1-y) uucmno y(b—a) = 1 — 1enoe, u mapa a, b Hem He MOAXOIUT.

3anaua 4. Yucno b 6onvuwe uucna a, a uucno a 6oavute 1. B kakom nopsoke mo2ym uomu Ha YUCi080U OCU YUCILA
a+b a*+b*-2

a+1l b+1 1+ u ?
2 a+b-2

2 2
Otser. a+1, 1+ a;b, a +E 22, b +1.Pemenue. Tak Kak 4UCIIO 1+a—+b — cpeaHee apu(METHIECKOE YUCeT

a+b-

a+b a+b a-b
a+l u b+l, umeem a+1< 1+T< b+1. [danee momoxkum C = 7 d= 5 Torma a=c—d, b=c+d, u
a’+b*-2 c?*+d?*-1 d? a’+b*-2 a+b
= =c+1+ . Orcrona cpasy nmonmysaeM ———— — > C+1=14+——_ Teneps 3ameTum,
a+b-2 c-1 c-1 a+b-2 2

2

yroa=C—d>1,otkynac-1>du C+1+ <C+1+d =b+1, yTo 1 3aBepIIacT peuicHue.

3apaua S. V JJumer ecmb ouenv mMHo2o uepanvhuix Kyouxkos. On uepaem 6 makyro uepy: chauania opocaem oOuH
kyouk. Ecnu Ha ném evinano yucio N, mo on nomeuaem ucxoousiti u opocaem ewé N—1 xyoux. Ilocne 3mozo ou
MHO2OKPAMHO NOBMOPSEM NPoYecc. Haxoo0um ewé HenomedeHnbvlll Kyoux, Ha komopom cmoum yucio M, 6onvuiee
1, nomeyaem e2o u 6pocaem ewé M—I kyouk. Yepes nekomopoe pems Ha 6cex HeNOMeUeHHbIX KYOUKAX OKA3ANUCDH
eOUHUYbl, a CyMMa uucenl Ha écex Kyoukax okasanacv pasua 2017. CKonbko KyOUKO8 MO0 Nexdcamy 8 dMom
MomeHnm Ha cmone?



Ortser. 1009. Pemenue. bynem cunrars, 4To moBTOpHO J[MMa 0THaX B OpOIICHHBIN KYyOHK He Opocasl. Bo3zpMéM
CTOJIbKO KOPOOOK, CKOJIBKO OH OpOCHJI KYOMKOB, M B KOKIYIO TOJIO)KMM OJIUH M3 KyOWKOB M CTOJIBKO MOHET,
CKOJIPKO OYKOB BBITIAJIO HA 3TOM KYOHKe. 3aTeM U3 KKI0H KOPOOKH TIEPEIIOKIM 110 MOHETE B KOPOOKH, TIE JIeKAT
KyOHMKH, OpOIIIEHHBIE Cpa3y MOCJe TOro, KOTOPBIA JISKHUT B 3TOM KopoOke. [locie sToro B KOpoOke, Te JIKUT
KyOUK, OpOIIICHHBIN TIEPBBIM, OCTAHETCS OJJHA MOHETA, & BO BCEX OCTAIBLHBIX OKAXKETCS 110 2 MOHETHI: OCTaBIIIAsICS
MOCTIC BBIKJIA/IBIBAHUS U MIEPEIOKCHHAS U3 «MAaTEPUHCKOI» KopoOku. Tak kak Bcero MoHeT y Hac 2017, kopoOok
nomkHo ObITh (2017+1)/2 = 10009.

3agaua 6. bhuccexmpucvr mpeyeorvhuka ABC, nepecexascy 6 o0noll mouke, pazousarom e20 Ha uiecmv
Mpey20nbHUKO8 00UHAK06020 nepumempa. /lokasxcume, umo mpeyeonvhux ABC — pasnocmoponnuil.

Pemenne. ITycts AD, BE u CF — Guccextpucs! Tpeyroasanka ABC, a | — Touka nx nepeceyenus. OTJIOKUM Ha
cropoHe AB orpe3ok AE1 = AE. Tpeyronsnuku AIE u AIE1 paBHbl o nepBomy npusHaky. [lonycrum, Touka E1
nexut mexay A u F. Torma AE+AI+EI = AE1+Eal +Al < AE1+E1F+FI+Al = AF+FI+Al, 1o ects nepumerp
tpeyrosnbHuka AEl menbiie nepumerpa Tpeyroibauka AR, uto nporuBopeunt ycnosuro 3aaaun. K ananoruunomy
MIPOTUBOPEYUIO PUBOAUT U MPEANOI0KEHUE, 4T TouKa F nexxut mexay A u Ei. 3nauut, F = E1, u Tpeyronsuuku
AIE u AIF paBubl. AHanorn4no, paBusl Tpeyroiasauku BIF u BID u CID u CIE.

[Monoxum ZAIE = ZAIF = ¢. Torna ZBIF = ZBID = ZAIE = ¢ u LCIE = ZCID = ZAIF = ¢. 3nauur, Bce
IIECTh YIJIOB, HA KOTOpPBIE TP OUCCEKTPUCHI TpeyroibHuka ABC nensT moiHbINA yroi py BepIuHe |, paBHBL, 1 UX
BennumnHa coctaniser 60°. [Tycts yrusl Tpeyronsauka ABC mpu Bepmmnax A, B u C paBHBI, COOTBETCTBEHHO, 20,
2B u 2y. Torma mo TeopemMe O BHEHIHEM yriie TpeyronbHuka w3 TpeyronpHuka AIB, AIC u BIC umeem
ot+P = aty = B+y =60°, otkyna 2a = 23 = 2y = 60°, yto u TpeOOBATIOCH JOKA3ATh.

3anaua 7. /Jano npocmoe uucno p > 2017. Ckonbko cywecmayem uiecmepox HamypaibHulx yucen a, b, ¢, d, e u
a+b b+c c+d d+e I/Ie+f
c+d’ d+e e+f f+a a+b

f ¢ cymmorti 3p, ons komopwix uucia ABNAIOMCIL HAMYPATbHLIMU?

Ortger. p+1, ecinu p 1aet npu JesieHUH Ha 3 OCTaToK 2, U P+2, eciv P IaeT Npu JielieHn: Ha 3 ocTaTok 1.
Pemienne. Tak kak kKax0e HaTypaJIbHOE YMCIIO HE MEHbIIE 1, paccMaTpuBasi MEpBYIO, TPETHIO U IATYIO JIPOOH,
nojydaem a+b > c+d > e+f > a+b, orkyna a+b = c+d = e+f = p (*). O6parHo, eciiu BBINOIHEHO PaBeHCTBO (*), TO
nepBas, TPeThsl U NATas 1poOH paBHbI 1. 3HAYUT, HAJIO MOHSTh, KOTAA IIPH YCIOBUHU (*) SBISIFOTCS HATYPaJIbHBIMU
YHCIIaMU BTOpasi U 4YeTBEPTAs IpoOH, UITH, YTO PABHOCWIIBHO, KOT/1a P—a+C AenuTCs Ha P—C+e, a p—C+e AenuTCs Ha
p-e+a.

W3 cka3aHHOTO BBIIIE CIIEAyET, 9To Yuciio 3p = (p—a+c)+(p—c+e)+(p—e+a) 1omkHo aeauThes Ha p—e+a. Tak
Kak 0 < p—e+a < 2p, p—e+a MoxeT paBHATHCA P, 3 win 1. PaccMoTpuM Bee 9TH citydan.

(1) p—eta=p < e =a. Torma uncia p—C+e u p—a+c, Kaxa0e U3 KOTOPbIX Oosbiie 0 ¥ MEHbIIE 2P, TOJHKHBI
JEeTUTHCS Ha P, OTKyJa 8 = C = €. B aTom cimydae xakaplii Habop dmcen MMeer BUA a, P—a, a, p—a, a, p—a, rae
MOAXOAUT JTI000€ HaTypajbHOE 8, MeHbInee P. Takux HabopoB umeercs P—1.

(2) p—et+a=3. Tak kak p—eta=f+a, umeemf=2,a=1(2.1) mmf=1a=2(2.2).

Paccmotpum ciryuaii (2.1). 3aeck miecTs uncen passsl 1, p—1, ¢, p—c, p—2, 2. I[Ipu stom b+c = p+c—1 nomkHo
nenuthes Ha d+e = 2p—Cc-2, a 2p—Cc—2 — na f+a = 3. Tak kak 3(2p—Cc—2) = 6p—3c—6 > p+c—1, vactHOE ( OT
nenenus p+c—1 Ha 2p—C—2 He npeBocxoaut 2. [Tycts q = 1. Torna 2p—Cc—2 = p+c-1 < ¢ = (p—1)/2. TIpu s3Tom
2p—c—2 = 3(p—1)/2 neiicTBUTENBHO NENUTCS HA 3, 4TO JaéT B 9TOM Cllydae eTUHCTBeHHOE pemienue 1, p—1, (p—1)/2,
(p+1)/2, p-2, 2. Ilycth q = 2. Torma 2-(2p—C—2) = p+c—1 < ¢ = p—1. B atom ciyuae 2p—C—1 = p+2, u 1enumMocTh
Ha 3 ToTy9aeTcst TOJBKO B Cliydae, Korjaa P JaeT OCTaToK | mpu neneHuu Ha 3. B 3ToM cityuae peliieHne BhITIISITUT
tak: 1, p—1, p-1, 1, p-2, 2.

Paccmotpum ciydaii (2.2). 31ech MIecTh Ynucen paBHsl 2, p—2, C, p—C, p—1, 1. I1pu atom b+c = p+c—2 momkHO
nenuthess Ha d+e =2p—c-1, a 2p—c-1 — mna f+a=3. Tak kak 2(2p—Cc-1) =4p-2c-2>p+Cc-2, umeem
2p—c-1 =p+c-2 < ¢ = (p+1)/2. Torma 2p—c—1 = 3(p—1)/2 neAcTBUTEIBHO ACTUTCS HA 3, YTO TAET M B 3TOM CITydae
eIMHCTBEHHOE perienue 2, p—2, (p+1)/2, (p-1)/2, p-1, 1.

3) p—e+a = 1. D1o ciy4aii HEBO3MOXKEH, TaK Kak p—e+a = f+a > 2.



Takum 06pa3zom, Bcero HCKOMBIX HaOOpoB umeercst P—1+2 = p+1, eciu P Jaet npu AeneHuH Ha 3 OCTaToK 2, U
p+2, ecnu p gaet mpu aeneHnn Ha 3 octaTok 1.

3anaua 8. [1o xpy2y cmoam n demeii, Ha Kaxcoom Hanucan Homep om 1 0o n, 6ce Homepa paziuunsl. Bedywuti
Haxooum pebenKa, npaswviii coceo KOMopo2o umeen Homep, Xoms 6bi Ha 2 601bwUl, YeM )y 3mo20 pebénKa, nocie
ue20 NPOCUM Ux NOMeHAMbCs Mecmamu. 3amem 3mMmom npoyecc NOSMopPsAemcs.

a) J[okadsicume, umo npoyecc K020a-Huby0b 3aKOHUUMCSL.

6) Joxaxcume, umo 6ydem coenano menee n° nepecmanosox.

Pemenue. Pemmm cpa3y nyHkT 0). J[s kpaTkoCTH 3aMeHUM jeTeld ux Homepamu. CHavalia moKa)xeMm UHAYKIHeH
1o K, 4T0 4Mciio M MOKeT MEHSAThCS MecTaMu ¢ uucioM M+K He 6onee k—1 pa3. baza s kK = 1 oueBuana. [Tycts
YTBEPXKICHUE YKe I0Ka3aHO st K = S. 3aMeTUM, 4TO MOCIIE KaKI0H MEPECTAaHOBKH YHCeN M 1 M+S+1 Mex 1y HUMH
B HaIpaBJICHUX ITPOTHB YACOBOW CTPEJIKUA HAXOAUTCS YUCI0 M1, ¢ KOTOPBIM YUCIIO M MEHATHCS HE MOXKeT. YTOObI
guciy M emé pa3 moMeHsaTbes ¢ M+s+l, mpexae ¢ M+s+l nomwkHO momeHsThest yucino M+1. Tak kak 1o
MPEATNONIOKEHUIO HHAYKIMY yrciaa M+1 u m+s+1 moryt mensTees He 6onee S—1 pasa, uncia m u m+s+1 Moryr
MEHSThCS He 0oJiee, 4eM S pas.

W3 noka3aHHOTO CleayeT, YTO YUCIO M MOTJIO MEHSAThCA MECTaMU C OOJIBIIMMH YHCIIaMH He Oosiee deM

(n-m-1)+(n-m-2)+...+1 < n(n-m-1) < n? pa3. 3Ha4uT, BCceX IEPECTAHOBOK OBIIO MEHbIIE, ueM N%-N = n°,



XLIX YPAJIbCKM TYPHHUP FOHBIX MATEMATUKOB. KUPOB, 17-23.02.2017

Pemenus 3a1a4 KOMaHIHOM OJIMMIIHAIBI 8 Ki1acca

3anaua 1. B nHogoco0H0OW0 HOub Bacs nooicanosancs ceoemy opyey Ileme na mo, umo 8 HO80M 200y €20 OeHb
podrcoenuss npuxooumces Ha namuuyy u Ha 13 yucno. Ilems nonvimanca ymewums Opyada, cKazas, umo, no
Kpauinetl mepe, sma NAMHUYa — He mpuraoyamas no c4émy 8 200y. Moe nu Ilems owmubumoca? B kaxom 200y
NPOUCXOOUTL PA32080D, HEUZBECHIHO.

Ortget. He mor. Pemienue. 13 mapra— 72-0# win (B BUCOKOCHBIN T0/1) 73-1 neHb roaa, a 13 anpens — 103-i win
104-p1it nens roma. 13-4 ke MATHUIA TOJIa OTCTOUT OT TIEPBOM MATHUIIHI Ha 84 1THS, a Ta OT | ssHBaps — He Ooee
4yeM Ha 6 aueil. Takum o6paszom, 13-s naTHua rona 6siBaet nocie 13 mapta, Ho 10 13 anpens, Tak uro Ilers mpas.

3anaua 2. Yepes gepuuny A pasnocmoponnezo mpeyeonviuka ABC nposedena npamas [, napanrnenvnas BC.

Touxa D nescum na cmopoune AC. buccexmpuca yena ABD nepecexaem npsmyio | 6 mouxe E. Jlokasxcume, umo
BD = CD+AE.

Pemenwue. ITycte ZABD = 2a. Ha npogomxenun croporsl AC 3a Touky C otinoxum otpe3ok CF = AE. Tak kak
BC =BA u ZBCF = ZBAE = 120°, tpeyronsuuku BCF u BAE pasnsl, otkyna /BFC = ZBEA = 60°-a. Ho u
/DBF = #/DBC+£CBF = Z/DBC+ZABE = (60°-2a,)+a = 60°—a. 3Hauut, BD = DF = CD+CF = CD+AE.

Bamaua 3. [lapa namypanvuvix wucen a < b <2017 obradoaem credyrowum yousumenibHblM CEOUCMBOM. eCl
yucna x u 'y He yenvle, a x+y yenoe, mo ax+by — ne yenoe. Ckonvko cywecmseyem maxux nap (a, b)?

Ortser. 2016. Pemienue. 3ametM, 4to uncio ax+by = a(x+y)+y(b—a) He sBisercs 1eapimM Toraa u TOIBKO TOTa,
Korja He sBisiercs 1ensiM yucio Y(b—a). Ecau b—a = 1, o y(b—a) = y sBnseTcst Hele/bIM pH J000M HELEeIoM
y. Crasno ObITh, Bce mapel Buja a, b = a+1 mam noaxozsr. Mx kak pas 2016. Eciu sxe b > a+1, To npu Heuenom
y = 1/(b—-a) (u X = 1-y) gucno y(b—a) = 1 — uenoe, u napa a, b Hem He moAXOIUT.

3anaua 4. [uma 6pocan uepanvhvie xyouxu. Chauana o Opocan oOuH Kyoux, a 3amem Oelcmeosal no
cnedyrowemy npasuny: eciu Ha Kyouke svinadaro N — on opan ewé N—I xyoux u 6pocan ux ece. [lomom ons
Ka#c0020 OpoueHHo20 KyOuKa, Ha KOMopoM 8bINANI0 YUCTO, O0abUee eOUHUYbL, OH NOBMOPSL IMY ONepayuro, u
maxk oanee. Yepez nekomopoe 8pems bpocku npexpamunucy. Cymma yucen Ha 6cex OpOuIeHHbIX KYOUKax oKazanacs
pasna 2017. Ckonbko mo2no Obims Opockos?

Ortgert. 1009. Pemienue. bynem cuntath, 4To moBTOpHO [lMMa ojHaX (bl OpoleHHbIN KyOuK He Opocan. Bo3pMéM
CTOJIBKO KOPOOOK, CKOJIBKO OH OpOCHJ KyOMKOB, M B KaXIYyIO MOJIOKHUM OJMH U3 KyOMKOB U CTOJBKO MOHET,
CKOJIBKO OYKOB BBITAJIO HA 3TOM KyOMKe. 3aTeM U3 KaXK10i KOpOOKH IepesioKUM 110 MOHETE B KOPOOKH, TJIE JIeKaT
KyOHMKH, OpOIIIEHHBIE Cpa3y MOCJe TOro, KOTOPBIA JEKUT B 3TOM KopoOke. Ilocie sToro B KOpoOKe, Te JISKUT
KyOHuK, OpOIIICHHBIN TIEPBBIM, OCTAHETCS OJJHA MOHETA, @ BO BCEX OCTAIBHBIX OKAKETCS 110 2 MOHETHI: OCTABIIAsICS
TMOCJIE BBIKJIA/IBIBAHUS U TIEPESIOKEHHAS U3 «MaTEPUHCKOM» KOpoOKu. Tak kak Bcero MoHeT y Hac 2017, kopoOok
nomkHo ObITh (2017+1)/2 = 10009.

3apaua 5. Ha cmoponax AD u BC ewinyknoco uemwipexyzonvhuxka ABCD ewibpanvr mouxu F u E
AF BE AB
FD EC CD
npamyio AB ¢ mouxe P, a npamyro CD — 6 mouxe Q. [okaxcume, umo «BPE = ~CQE.

COOMBEMCMBEHHO MAKUM 00paA30M, YUMo . IIpooonscenue ompesxa EF 3a mouxy F nepecekaem

Pemenue. [Tocrpoum napamnenorpammel ABGF u CDFH. 3amernm, uro BG || AD || CH, cienoBarenbHO, yritbi
GBE u ECH paBubl kak HakpecT nexamme yriel npu cekymeid BC. [lanee, E:E:E. [TosTomy
EC FD CH

tpeyronbankn BGE m CHE momoOHBI 1O yrily W OTHOMICHHIO JBYX MpHIISKAIUX cTOpoH. CliemoBarenbHO,
GE BE AB GF
EH EC CD FH
FE sBnsercs Ouccektpucort tpeyrompaunka GFH uw ZGFE = ZHFE. Ocramock 3ameTuTh, YTO B CHITY
napayuienbHocTH npsMeix PB u GF ZBPE = ZGFE, a B cuny napamnensnoctu QC u FH ZCQE = ZHFE.

/GEB = ZCEH u Touku G, E, H nexar Ha oxno# npsimoii. Kpome Toro, . Takum o6pazom



3anaua 6. [lo kpyey paccmasnenst yucia 1, 2, ..., n. Eciu coceonee ¢ 4uciom a no 4acosoti Cmpeike — 4ucio
b > a+1, mo uucna a u b moxcrno nomensime mecmamu. [Joxaxcume, umo 6oavwe n(n—1)(N—2)/6 maxux onepayuti
coenams He yYOacmcs.

Pemenue. [Tokaskem uHIyKIMeH 1o K, 9TO 4MCIIO M MOXKET MEHATHCS MECTaMu ¢ 4nciioM M+K He 6osee k—1 pas.
baza mans k=1 oueBumna. IlycTh yTBepKIEHHE YK€ MOKazaHO isi K =S. 3aMeTuM, 4YTO MOCie KaxIou
MEPECTAHOBKU MEXIY YMCIaMU M ¥ M+S+1 MeXTy HUMH B HAlpaBJICHUU MPOTUB YACOBOM CTPEJIKH HAXOUTCS
quciIo M+1, ¢ KOTOPBIM YHCIO M MEHATHCS He MOXKeT. UToOB!I uucmy M emé pa3 moMeHsThes ¢ M+S+1, nmpexae ¢
M+s+1 nomkHO noMeHAThes uuciio M+1. Tak kak 1o MpeanosoKeHUo MHIYKIUKM yuciaa M+1 u m+s+1 moryr
MEHSAThCS He Ooiiee S—1 pasa, urcia m u M+S+1 MoryT MEHAThCS He OoJiee, 4eM S pas.

Ocrasics moacuér. Uncno 1 MoXeT MEHSAThCS ¢ OOJIBIIMMHU YnciiaMu He Oosee 1+2+...+(n-2) = (n-2)(n-1)/2
pa3, uucio 2 — ne 6onee (N—2)(n—-3)/2 pas, ..., uncio N—2 — He Gomaee 2-1/2 pa3. I1o HHAYKIMHE HETPYIHO
nokasatsk, uto (n—2)(n—1)/2+...+2-1/2 = n(n—1)(n-2)/6.

3amaua 7. [lycms d4, ..., dk — 6ce namypanvuvie oerumenu Hamypaioho2o yucia n. Okazanocy, 4mo Z (-1 d,
i

— cmenenb 080UKU. ﬂomofcume, YUMo YUCIO N He MOXCEem OelUmbCa Ha Keadpam npocnioco 4ucia.

Peienue. [Tpy HEYeTHOM N BCE ciiaraeMble JJAHHON CyMMbI ObLUTH OBl OTPULIATELHBIMH, & BCSI CYMMa He PaBHSIACH
b1 creneHn aBOMKH. [loaTomy N werHo. Ilycte N=2%pps?... p* — pasioxkeHHue N HA MPOCTHIC MHOXKHUTEIH.

ITofimem, uTo

Z(—l)didi =22+ 22 42D+ p A PE) LA P ).

HeﬁCTBHTeHLHO, ITOCJIC PACKPLITUA CKOOOK MBI MMOJIYYUM BCC YCTHBIC ACIIUTCIIN CO 3HAKOM IIJIFOC U BCC HECYCTHDBIC
ACIATCIN CO 3HAKOM MHUHYC. Tak xak ngaHHas CyMMa paBHa CTCIICHU I[BOﬁKPI, TO Ka)K,I[BIﬁ N3 NOJYYUBIIUXCA

MHOKHTEJIEH TOKe paBeH CTeNeHn ABOHKH. 2° +2° " +...+2—1=2" -3, nmosromy a = 1. PaccMoTpuM oauH 13

OCTABIIMXCS MHOXKHTeNeH 1+ p+...+ p°. Tak Kak p— HEYeTHOE YKCIIO, TO KOJTHYECTBO CIIAraeMbIX JJOJDKHO OBITh
4etHo, modToMy 1+ P+...+ p° =(1+ p)(L+ p*+...+ p°"). Amnanmormdso, BO BTOpOil CKOOKE KOJHYECTBO
claraeMblX — 4eTHo, 1modtoMy 1+ p+...+ p° =1+ p)(L+ p*)(A+ p* +...+ p°?). 3amerum, 4TO MHOKHTEIH

1+ p®)=2 (mod 4) Y TI03TOMY HE MOJKET SIBJIATHCS CTENEeHbI0 IBOWKH. [loaTOMY B paznoxkenuu n Bee a; = 1.

3anaua 8. [Jokascume, umo konuuecmeo pewenuti ypagrenus x1+2Xz+...4+NXn = 1, 8 KOMOPHIX NEPBblE HECKOLKO
U3 yucen Xi, ..., Xn (0blmsv Modicem, 00HO) HAMYPALbHLI, A OCmanbhble pasHul (), cosnadaem ¢ KOIUYECMBOM
PeWeHUIl 3M020 JHce YPAGHEHUS!, 8 KOMOPbIX 6Ce YUCIA X1, ..., Xn pasHbl O uau 1.

Pemenne. HaGopy n umcen Xi, X2, ..., Xn CONOCTaBUM HAOOp YMCEII S1, S2, ..., Sn IO MIPABUITY Sk = Xk+...+Xn. OueBUAHO,
X1+2Xo+...+NXn = S1+S2+...+Sh. Tlycth (X1, X2, ..., Xn) — pEIICHWE MEPBOrO BUJIA, TO €CTh YHCIA X1, ..., Xm
MOJIOKUTENBHBI, a OcTanbHble Xi paBHBI 0. Torma S1>S2>..>Sn>0=Sm1=.. =51 PaccMorpum HabOp
(Y1, ..., Yn), B KOTOpOM Yk paBHO 1, eciu K BcTpedaercsi Cpeiu Yuced Sy, ..., Sm, ¥ 0 B mpoTUBHOM ciiy4ae. Ecim K = s;,
To Kyk=Si, a ecim K He Bcrpewaercs cpemu umcen Si, .., Sm, TO Yk=0 u Kkyk=0. IToatomy
y1+2yo+.. Ny = S1+So+...4Sh =N, u (Y1, ..., Yn) — pellleHHe BTOpOro Buia. Vcrmoib3oBaHHAs HAMHU MPOLENypa
oOpatuma. [leiicTBUTeNbHO, €ciaM JdaHO pemieHue Broporo Buga (Y1, .., Yn), IO HEMY OJHO3HAYHO
BOCCTaHaBJIMBaETCsl HA0OP (Si, ..., Sn) (B KOTOPOM CHayajia CTOSIT HOMepa HEHYJIEBBIX Vi B MOPSIJIKE BO3pACTaHUs, a
NOTOM  Hynu), a 3areM Habop (Xi, .., Xn) (Xi=SiSi+1 mpu 1<Nn, Xn=Sn). Ilpu >3TOM
X1+2Xo+...+NXn = S1+So+...+Sy = Y1+2Yyo+...+Nyn = N. Takum 00pa3oM, MBI YCTAaHOBWJIM B3aUMHO OJHO3HAYHOE
COOTBETCTBHE MEXK/y PEIIEHUSMHU [IEPBOT0 U BTOPOTO BUAA, CJIEA0BATENbHO, X KOJIUYECTBA PaBHBbI.



