LIV YPAJILCKUI TYPHUP IOHBIX MATEMATHKOB. KA3AHB, 05-11.11.2019
MATEMATHUYECKASA OJIUMIINAJIA 06.11.2019

SAJTAHUS JUISI 6 KJIACCA

1. Esxuk 1 MenBexxoHok B 10 yTpa BBHIIUTH U3 CBOMX JOMOB U MOIUIM JPYT K
Ipyry B roctu. Ilo myTv OHM BCTPETMIMCH, HO HE 3aMETWIM JAPYr ApPyra B
TyMaHe ¥ nouutd gaieine. CycTs 6 MUHYT IIOCJe BCTPEuH Ekuk momén 1o
noma MenBexoHKa, a yepe3 18 MUHYT mociie 3Toro MenBe)OHOK JTOMENT 10
nomuka Esxnka. Bo CKobKO KaxkIblii M3 HUX 0OHAPY KU, UTO JAPyra HeT AoMa?
(CKopoCTh KaXJI0T0 M3 HUX IOCTOSIHHA, 00a IIJIM OJHON M TOM K€ IPSMOM
JOPOTOiA.)

2. HpOI/ISBejleHI/Ie ACCATH  MMOCJICAOBATCIIbHBIX  HATYPAJIbHBIX  YHMCCII
3dKAHYHMBACTCA YCTBIPbMA HYJISIMU. I[OKEDKI/ITC, 4TO IMPOU3BCACHHUC KAKHX-TO
TpéX N3 OTUX YHUCCII TOKE 3aKAaHYUBACTCA YCTBIPbM: HYJISIMU.

3. Kakoe HanmMeHbIIIee KOJIMYECTBO MPSMOYTOJLHUKOB M3 TPEX KIETOK MOMKHO
BbIpe3aTh U3 npsaMoyrojibHuKa 10x9 KiaeTok TakuM 00pazoM, 4ToObI OOJIbIIe
HEJb3s OBLIO BRIPE3aTh HU OJHOTO KBajpata 2x27?

4. Ha ctone nexxut o 2019 MOHeT Kax1oro U3 1ocTouHcts 1, 2, 4, 8, ..., 2100

TYIPUKOB. PSi10M CTOUT Kacca ¢ HEOrpaHUYEHHBIM YUCIIOM MOHET KaKJI0TO U3
3TUX NO0CTOUHCTB. [leTa u Bacs urpator B urpy. Xomart no ouepeau, HaYyuHaeT
[lets. 3a 0iMH X0 MOXKHO 3aMEHUTH JIFO0YI0 MOHETY Ha CToJie HabopoM Oosiee
MEJIKUX MOHET Ha Ty K€ CyMMY, B3STbIX U3 KaccChl. [I[pourpeiBaeT TOT, KTO HE
MOXET CIIeNIaTh XO. KTO U3 MAJIbUMKOB BBIMTPAET TP MTPABUIILHOM Urpe?

5. Hemyctoe mogMHOXKECTBO MHOXECTBA BCEX HATypaJbHBIX YHCEN, HE
npeocxomsamux 2019, HazoBeM Xxopowium, €CIM CyMMa 3JIEMEHTOB 3TOTO
MMOJIMHO>KECTBA JICJIUTCS HAa UX KOJn4uecTBO. Onpenennure, 4eTHO UIM HEUYETHO
KOJIMYECTBO XOPOIIMX MOIMHOKECTB
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MATEMATHUYECKASA OJIUMIINAJIA 06.11.2019

3AJTAHUS JIJIS 7 KJIACCA

1. Ilers u Bacg mnpoBOAST MaTy, COCTOAIIMM K3 HECKOJBKUX MapTHil.
[Tobenutens mapTuu moiaydaer 4 o4yka, MPOUTPABIIMN — OJHO OYKO, a €CIIH
napTusi 3aKOHYUJIACh BHUYBIO, TO 00a moJiy4yaroT mo 2 ouka. [To okoHuaHuu
Marda y pedsT BMecTe oka3ajnochk 170 oukoB. Mor nu mobeauTtens HabpaTh 90
OYKOB?

2. Halimute Bce YeTBEpKUM MPOCTHIX 4YMcend P, ¢, I' U S, IS KOTOPBIX
2p+3pq+4pqr+5pgrs = 2019.

3. Habop cocrout u3 aBaanatu rupb ¢ Becamu ot 11 10 30 rpamm, 1Mo oHOM
THpe KaXI0T0 Beca. 3a 0JTHO B3BEIIMBAHKME MOKHO CPAaBHHTS JIBE TUPH (Y3HATh,
Kakasi TSOKeJee), MOCe Yero Bec Ka)x Aol U3 HUX YMEHbIIaeTcs Ha 1 rpamm.
Ecnu Bec rupm CTaHOBUTCS PaBHBIM HYJIO, TO OHa Mcye3aeT. MOXKHO Jin
OpraHU30BaTh B3BEUIMBAHUS TaK, YTOOBI B KAKOH-TO MOMEHT BPEMEHHU CTajio
BO3MOXHO yKa3aTh rupro BecoM B 20 rpamm?

4. JlaHO HEUETHOE HATYPaAIIbHOE YUCIIO N U KIJIETYAThId KBaAPaT CO CTOPOHOM N
Kierouek. Hekoropele CTOPOHBI KIIETOYEK, COCTABJLIIOIIMX —KBajpart,
OKpAIIIEHbl B KPACHBIM LIBET, IPUYEM KaXKJas KJIETOYKAa MUMEET IO KpanHeun
Mepe 1B€ KpacHble cTOpOHBI. Kakoe HauMeHb1ee KOJIMYECTBO OTPE3KOB MOIJIO
OBITh IOKpAIIEHO?

5. Jlokaxure, 4yto ecid M W N<M — HaTypaJlbHble 4YHUCIA, TO
(m, n)+(m+1, n+1)+(m+2, n+2) < 2m-2n+1. (Kak o0s14n0, (X, y) 0003Ha4aeT
HaMOOJIBIINI OO JCITUTEIb YUCET X 1 Y. )
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3AJTAHUSA JIJI5 8 KJTACCA

1. TIpo meHCTBUTENBHBIE YUCIA X, Y ¥ Z M3BECTHO, UTO 2X>+Yy?+7% = 2X(y+2).
JIOKaKUTe, 4TO TOraa M X2+y>+27% = 2(X+Yy)z.

2. B xBagpate ABCD na cropone CD BbiOpana Touka P. Touka Q Ha cTopoHe
AD TakoBa, uto BQ — Owuccexktpuca yrina PBA. U3 Touku P omymien
nepneHaukysap PH Ha npsamyro BQ. Jlokaxute, uto BQ = 2PH.

3. /IBa Oankupa urparoT B urpy. M3HaudajqbHO Ha CTOJIE JICKAT IO OJIHOM
KYITFOpPE Ka)KI0TO M3 CYIISCTBYIOIMMX B CTPaHE JOCTOMHCTB, @ UMEHHO 1, 2, 5,
10, 50, 100, 500, 1000 u 5000 TyrpukoB. 3a OAWH XOJ OAWH OAHKUP
pa3MeHMBAET JI00YI0 KYIIOpy Ha JII0Oble MEHBIINE HA Ty e cymmy. KTo He
MOXET CJIeJIaTh X0/, NPOUrpbiBacT. KTO BHIUTPHIBAECT MPHU MPaBUIBHOM UIPE:
TOT, KTO XOJHUT IIEPBBIM, UJIK €T0 CONEPHUK ?

4, JlokaxuTre, 4YTOo €ciM M U N<M — HaTypajlbHblE YHCIA, TO
(m, n)+(m+1, n+1)+(m+2, n+2) < 2m-2n+1. (Kak o0b1uno, (X, y) 0003Ha4YaeT
HAnOOJIBIINN OOIIUH JICITUTEIIh YUCeT X 1 Y. )

5. B TypHupe npuHumaet yuactue 250 koMaH/I, Kaxkaas UTpaeT ¢ KaK10M OJIMH
pa3 JoMa U OJMH pa3 Ha BbIe3qle. MOXKHO JIU K KaXJI0My MaTdy MPUCTaBUTh
onHoro u3 10 cyxaeit Tak, 4ToObI IJid KaXIOW KOMaHAbl MHOXKECTBa CYJIEH,
KOTOpbIC OyAYyT CyIuTh y HEE JoMa, U CyJIel, KOTOpbie OYIyT CYJIUTh Y HEe€ Ha
BBIE3/IC, HE TIEPECEKATUCH?
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Pemienus 3aga4 oJJMMIHaAbI 6 xkiacca

3anaua 1. Excux u Meosexconox 6 10 ympa eviuinu uz ceoux 0omoe u nowui Opyz k opyey 6 ocmu. Ilo nymu onu
ecmpemunucy, Ho He 3amemuni Opye Opyza 6 mymane u nouinu oanvue. Cnycms 6 munym nocne ecmpeuu Eocux
Oowén 0o doma Medesedconka, a uepes 18 munym nocie smozo Medsedconox dowén 0o domuxa Eocuxa. Bo
CKOIbKO KaxcOblll U3 HUX 0OHapycui, umo opyea Hem ooma? (Ckopocme Kaxcoo2o U3 HUX NOCMOAHHA, 004 wiiu
00HOU U MOTL dice NPAMOLL OOPO2OIL.)

Orser. Esxux — B 10.18, Mensexxonok — B 10.36. Pentenne. ITycTs ckopocTs MeBesKOHKAa — X M/MHH, CKOPOCTh
Esxnka — Yy M/MuH, a BpeMst, KOTOpOe OHH IIix 10 BcTpeud — t mun. Torma tX = 6y u ty = 24x. Ilogenus nepBoe

6y

tx ..
PaBEHCTBO Ha BTOPOE, MOIyUYUM v 2ax’ otkyna 4x* = y? wim y = 2X. 3uauur, t = 12. To ects Exuk oOHapyxmu,
y X

4TO Ipyra HeT JoMa, B 10:18, a Measexonok — B 10:36.

33}13‘13 2. Hpouseedeﬂue odecsmu nocie008amenbHbIX HamypalbHblX Yucesl 3aKaH4Yueaenics 4emolpoms H)JIAMU.
,ZZOKaofcume, umo npous’eeéenue Kaxkux-mo mpex U3 dmMux 4uceil moace 3aKanuyueaemcs 4emvlpomsi HYJIAMU.

Pemenue. Cpenu 10 mocneaoBaTeNnbHbIX HATYPaJbHBIX YUCEN POBHO JBa YUCIA KPATHBI 5, IPUYEM OJHO U3 HUX
ueTHO. BeiOepem 5TH 1Ba uncna a u b. Tak kak Bce npoussenenue S kpato 54, To npoussenenue ab kpatHo 5 n
kpatHo 2. Taroke cpemu 10 mociie1oBaTeIbHBIX YHCeN 0053aTeIbHO €CTh YUCiI0, KpaTHoe 8. Ecim 310 He a u He b,
TO BBIOEpeM 310 umncio C. Toraa abc kpaTHO 24.5% a 3HauuT, OKAHYMBAETCS YeThIPbMs HyJIIMH. Eciii 5TO 01HO U3
uncen a win b, To ab yxe kparro 2%-5%, Tora BeIGEpeM B Ka4€CTBE TPETHENO YUCIIA JTH0O0E YETHOE M3 OCTABILHXCS

Y TIOJTy9uM Tpedyemoe.

3anaua 3. Kakoe Haumenvbuiee KOMUYECME0 NPSMOY20IbHUKOE U3 MPEX KIEeMOK 1 7
MOJICHO 8bipe3amb u3 npsamoyeonvhuxa 10x9 xiemok maxum obpasom, umoowl 5
OobuLe Heb3si ObLIO 8blpe3amb Hi 00H020 Keaopama 2x27? 2 8

Ortger. 10. Pemenue. Oyenxa. Ilpsmoyronapauk 10x9 mMoxHO pa3outs Ha 20
HETIePECEeKAIOMIMXCS KBaApaToB 2x2 u moyiocky 1x9. Kaxnas TpuMuHOIIKA
(IpSIMOYTONBHUK M3 TPEX KJIETOK) MOPTHUT He OOJjblLIe ABYX TaKHX KBaIpaToB.
3HAUUT, TPUMHUHOLLIEK JOIKHO ObITh X0Ts OBl 10. /Ipumep Ha pucyHKe crpasa.

3anaua 4. Ha cmone nescum no 2019 monem kasicoozo uz oocmouncms 1, 2, 4,
8, ... 220 myepuros. Padom cmoum xacca ¢ HeOSpaHUYeHHbIM YUCIOM MOHEM KaHCO020 U3 IMUX OOCHOUHCTIE.
Tlems u Bacs ueparom 6 uepy. Xoosim no ouepeou, Hauurnaem Ilems. 3a 00uH X00 MONCHO 3aMeHUMb TH0OVI0 MOHENTy
Ha cmoJsie HabopoM DONee METKUX MOHem HA MY Jice CYMMY, 835MblX U3 Kaccwl. [Ipoucpwisaem mom, Kmo He Modicem
coenamsb x00. Kmo u3z manvuuxos eviucpaem npu npasuibHou uzpe?

Otser. [1epssiii Perienue. [IpuBenem crpateruto nepeoro urpoka. Ilycts oH epBbIM X010M MOHETY JOCTOMHCTBOM
21% pazmeHsieT Ha 2 MOHETBI JTOCTOMHCTBOM | TYTPHK M MO OJHON MOHETE KaXKIOTO M3 JOCTOMHCTB OT 2 o 2%
TYrpHKOB. Tereph MOHET KaXI0ro M3 HOCTOMHCTB oT 2 10 2% uerHoe umcno. Jlanee nepsblii OyaeT MIpaTh Tak,
9TOOBI IOCIIE TFO00T0 €ro X0/1a MOHET KaXKJIOTO U3 ATHUX JIOCTOMHCTB, OOJIBIINX YeM | TYTrpuK, CTAHOBHIIOCH YeTHOE
guciio. Jlokaxem, 4To OH BCerza CMOXKET cienaTh XoJ. [lepea Xo1oM BTOPOro yciioBrUe Ha YETHOCTh BHIIIOTHSIOC.
BTOpoii CBOMM XOOM pa3MeHsI MOHeTy noctomHcTBoM 2% rae 1 <K<99. Ilepen X0mOM BTOPOrO MOHET
JoCTOMHCTBA 2X GBIIO YETHOE YKCIIO, @ 3HAYMT, XOTs ObI sBe. ClIeI0BATENBHO, TIOCIE X0/1a BTOPOr0 OCTANACh EIle
XOTs1 6bI 0J{HA MOHETA JOCTOMHCTBOM 2%, [TyCTh HepBBIit pa3MeHsIET ee TOYHO TeM e HaGOPOM MOHET, UTO U BTOPOIL.
OueBuaHO, TIOCIIE TAKOH Mapbl XOJ0B YCIOBUE HA YETHOCTH COXPAHUTCS.

Wrak, nepBolii Bceraa cMoxeT caenats xol. Urpa koraa-HuOy b 3aKOHUMTCS, TaK KaK KOJMYECTBO MOHET
TOCIIE K&XKJIOTO XO/1a YBEIMYMBAETCS, HO 3TO KOJIMYECTBO HE MOKET ObITh Gonbine, yem 2% (unaue, cymma Beex
MOHeT cTana 661 6onbiue, ueM 2192, a ona He Mensiercs). ClienoBarTebHO, KOTa-HUOY b BTOPOI HE CMOKET CIeIaTh
XOJ1 ¥ IPOUTPAET.

3anaua 5. Henycmoe noomMHoiCecmeo MHONCECMBA 8CeX HAMYPATbHBIX Yucel, He npesocxooawux 2019, nazosem
XOPOWLUM, eCllu CYMMA DNIEMEHIO8 IMO20 NOOMHOICECTNBA OeIUMCsl Ha ux Koaudecmso. Onpedenume, YemHo uiu
HeUemHo KOIUYECma0 XOPOouux NOOMHONCECME

Orser. Heuerno. IlepBoe pemenue. /lns xaxmoro xopomrero MHoxkectBa N ob6oznaumm uepe3 S(N) cpemnee
apudpmernyeckoe ynces B N, TO €CTh OTHOIICHHE CyMMBI €0 3JIEMEHTOB K MX KoinuecTBy. [1o ycnosuro, S(N) —
1eJI0€ YUCII0, U JeTKo BueTh, 4to 1 < S(N) <2019. 3ameTnm, 9TO BCE OJJHOIICMEHTHBIC MHOKECTBA — XOPOLIHE,
U UX HeuyeTHoe uucio. ComocTaBuM KaskIOMY XOpPOLIEMY MHOXKECTBY M3 XOTS Obl JABYX 3JIEMEHTOB IIAPHOE €My
XOpolliee MHOKECTBO cieytorum oopazoM. Eciu N cogeprxut S(N) B kauecTBe a5ieMeHTa — BBIKHMHEM €T0, a €CITH
HE COAEPXKHUT — n00aBuM. [lokakeM, YTO MpPH TaKUX NPeoOpa3oBaHUSIX CpelHee aph(hMETHUECKOe HIIEMEHTOB
MHO)KECTBAa HE M3MEHSETCS, a 3HAUUT MHOXECTBO OCTaeTCs XOpoUIMM. JleWcTBUTENBbHO, IMyCTh MHOXeCTBO N



comepyxut urciio S(N) B kauecTBe 37eMeHTa, M IycTh B MHOkecTBe N a urcern, Toraa ux cymma pasaa a-S(N). TTocie
BeIKHIBIBaHUS u3 MHOkectBa N umcma S(N), umcen ocraercs a—1 MmITyK, a MX CyMMa CTaHOBHTCS paBHA
a-s(N)-s(N) = (a—1)s(N).  3maumr, cpemHee  apuPMETHUECKOE  IIOJYYEHHOTO  MHOKECTBA  PaBHO
(a-1)s(N)/(a-1) = s(N), uro u TpedoBarOCh A0Ka3aTh. Kpome TOro, OTHOIIEMEHTHBIM MMAapHOE MHOYKECTBO OBITH HE
MOXET, BEJIb HWHAYE OHO JOUKHO cOcTosATh w3 yucia S(N), KOTOpoe MbI TOJBKO YTO YAANMINA. AHAIOTHYHO
paszoupaercst ciryqait ¢ modasnenneM S(N) k muokectBy N, He comeprkamiemy ero. Takum 00pa3oM, Bce XOPOIIHe
MHOXECTBA, KPOME OJHOIEMEHTHHIX (KOoTophix 2019 mTyk), pa3OMBarOTCA Ha Maphl, @ 3HAYUT BCETO XOPOIINX
MHOYECTB HEUETHOE YHCIIO.

Bropoe pemerme. ComocraBuM Kakaomy MHOxecTBy N ero «cmMmerpudHoe otpakeHue» N’
otHocutenbHOo yuciaa 1010: ecmu N = {ay, ..., a}, To N' = {2020-a;, 2020-ay, ..., 2020—ax}. 3amerum, urto ecau N
— xoporiee, To 1 N' xoporee, T.k. (2020—-a1)+...+(2020-ay) = 2020k—(as1+...+ax) — nenurcst Ha K, ecrm ar+... +ax
nenutcs Ha K. Takum 06pa3om, Bce XOPOIIHE MHOYKECTBA, KPOME CHMMETPUYHBIX CaMUM cebe, pa3OriInch Ha maphbl.
OcTanoch HATH YETHOCTH KOJMYECTBA XOPOIINX MHOXKECTB, CHMMETPHYHBIX CaMUM ceOe. 3aMeTnM, 4To JTF000e
MHOXECTBO, CHMMETPHYHOE caMoMy ceOe, xoporiee. 11 3Toro pazdepeM JBa cirydasi, B 3aBUCHMOCTH OT YETHOCTH
KOJTMYECTBA JIIEMEHTOB: bi+...+0+(2020—b,)+...+(2020-b;) = 2020l JIETTATCSI Ha 21, 3§
bi+...+b+1010+(2020—b;)+...+(2020—b;) = 1010(2I+1) memwrcs Ha 2l+1. OcTaercss MOCUYUTATH KOIHYECTBO BCEX
MHOYECTB, CHMMETPHYHBIX caMuM cebe. Kaxmoe Takoe MHOKECTBO OJHO3HAYHO 3a/1aCTCS TeM, KaKue M3 YHCEI
1, 2, ..., 1010 B Hero BxoAsT. 1Jis KaXI0T0 U3 STHX AJIEMEHTOB €CTh JIBA BAPUAHTA: B3STh €r0 WU HET, 3HAYHUT BCETO
BapuanToB — 219101 (eauHuMIIa BEIYMTAETCS, OCKONBKY MBI HE MOKEM COBCEM HUYETO HE B3AITh), T.€. HEYETHOE
yucno. Tak Kak BCE OCTANBHBIC XOPOIIUE MHOXECTBA pa3OMIICh HAa Tapbl — O0IIee KOJUYECTBO XOPOIIUX
MHOXKECTB TOXKE HEUETHO.
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Pemenust 3aaau oauMnuaabl 7 kiaacca

3anaua 1. [lemsa u Bacsa npogooam mamu, cocmoawuii u3 Heckoavkux napmui. Ilobedumens napmuu noayuaem 4
0YKa, NpouSpasuiull. — OOHO OYKO, a4 eCiu NApmus 3aKOHYUIACL 8HUYbIO, Mo 06a nonyuarom no 2 ouxa. llo
OKOHYAHUU Mamya y pedsam emecme okazanocs 170 ouxos. Moe au nobedumens Habpams 90 ouxog?

Otet. He Mor. Pemenue. Paznocts Mexay kommuecTBoM 0oukoB [letu u Bacu mocne kaxmoit pe3ynbTaTUBHOM
MapTUH MEHSICTCS Ha 3, a IOCJIe HUUCHHOM — He MeHsieTcs. Tak kak BHavasie oHa paBHa (), TO IOCIIE JIF000T0 Yrcia
napTuii AoJbKHA AenuThes Ha 3. A ecnu 061 [letst Habpan 90 oukos, To Bacst Habpan Ov1 80, 1 pa3HOCTD HE JETHIIACH
OBl Ha 3.

3anaua 2. Haitioume 6ce uemeepxu npocmuix Yucei p, q, r u s, 0ist komopuwix 2p+3pq+4pqr+5pqrs = 2019.

Ortser. p=3, =11, r=2, s = 5. Pemenne. p(2+39+4qr+5qrs) = 2019 = 3-673, rae umciao 673 — mpocroe. Tax
KaK 3HaYeHHE CKOOKHU Ooubiie 3, mosydaercs, uto P = 3, a 3q+4qr+5qrs = q(3+4r+5rs) = 671 = 11-61. Tak kak
3+4r+5rs > 11, umeem q =11, 3+4r+5rs = 61, otkyna r(4+5s) = 58 = 2-29, oTKy/1a aHAIOTUYHO MPEABIIYIIEMY
r=2,a4+5s=29, toectp S =5.

3anaua 3. Habop cocmoum u3z 0éaoyamu eupv ¢ secamu om 11 0o 30 epamm, no 00HOU eupe Kkaxcooeo seca. 3a
00HO 636CUUBAHIE MOJNCHO CPAGHUMb 08e 2upu (V3Hamv, Kakdas msicenee), nocie 4e2o0 6ecC KaicOou U3 Hux
ymenvaemess Ha 1 epamm. Ecnu eec eupu cmanosumcsi paguvim Hymo, mo ona ucuezaem. MooicnHo au
OpP2aHU306aMb B38EULUBAHUS MAK, YMOObL 8 KAKOU-MO MOMEHM 8PeMEeHU CIAL0 803MOJICHO YKA3AMb 2UPIO 8ECOM 6
20 epamm?

OtBer. MoxHno. Pemenne. PazoOvem rupu Ha 10 map u cpaBHUM THPH B Kaxaod mape. Beca Bcex Tupb
YMEHBLIMINCH Ha 1, a rupst BecoM 29 T— cpean 10 mepeBecuBIIMX Mpy cpaBHeHUsIX. JJo6aBum k 10 mepeBecuBIIM
emé 6 W3 OCTAIBHBIX, Pa300beM Ha 8§ Map W CpPaBHUM THUpH B Kaxmoh mape. Camas Tspkedas W3 BOCHMH
nepeBecuBIInX UMeeT Bec 28 T. [Ipojenas omucanHyro MpoLeaypy €IIe TPHXKIBL, MOJIydUM CHadajia 4 TUpH, camast
TSDKENas U3 KOTOPBIX BECUT 27 T, MOTOM JBE, caMasi TsDKeJask U3 KOTOPBIX BeCUT 26 T, U, HAKOHEI, OJHY THPIO,
BecsIIyro 25 1. B3BecuB ee maTh pa3 ¢ II0OBIMU U3 OCTABIINXCS TUPb, TIOIYYUM THPIO BecoM 20 T.

3apaua 4. /lano neyemHoe HamMypaibHOe YUCTO N U KIem4amblil Keaopam co CMopoHouU n Kiemouek. Hexomopule
CMOPOHbL KNemoUueK, COCIAsIAIOWUX K8AOpam, OKpauieHbl 8 KPACHbIU Y8em, npuiem Kaxcods K1emouKka umeem no
Kpatinel Mepe 08e Kpachvle cmoponvl. Kaxoe naumenvuiee Konuuecmeo ompeskos Moo Oblims NOKPauieHo?

Oteer. n*+1. Pemenue. Oyenka. TIokpacuM KJIETKM B INAXMATHOM TIOPSIIKE TaK, YTOOBI YIJIOBBIE KIETKH ObLIH
yepHBbIMU. TOr/1a YePHBIX KJIETOK Ha OJIHY OOJIbIIE, 4eM OENbIX, TO ecTh (N?+1)/2. Tak Kak KaIbli KPaCHBIH OTPE30K
SABJIAETCS CTOPOHOM POBHO OJIHOM YEPHOM KJIETKH, 3TUX OTPE3KOB JIOJDKHO OBITH XOTs Ob1 N°+1. [lpumep. IlycTs
n = 2m+1. Pa3oObeM KBajpaT Ha «paMKW» NIMPUHOMN B OJTHY KJIETKY: IE€pBasi paMKa — M3 KJIETOK, IPUMBIKAIOIINX
K CTOpPOHAM KBaJIpaTa, BTOpas — U3 OCTABIINXCSI KJICTOK, MPUMBIKAIOIINX K MEPBOi paMke u T.1. (M+1)-oii pamkoit
OyJeT IeHTpalibHas KJIeTKa KBajpata. B kaxaoit pamke, kpome (M+1)-0ii, MOKpackM Bce OTPE3KHU, COSAUHSIONINE
BHYTPEHHIOIO €€ IPaHMIly C BHEIIHEH, a y UEHTPAILHOM KJIETKH MOKpacuM Jro0ble 1BE CTOPOHBI. Toraa BHYTpH
M-oif paMKu OyjeT MoKpanieHo 8 oTpe3koB, BHYTpH (M—1)-oit — 16 oTpes3kos, ..., BHyTpu nepBoii — 4(n—1)
oTpe3koB. HeTpyaHo nmpoBepHTh, YTO Y KaXKIOW KJIETKH MOKPAIIEHO HE MEHbBIIE JABYX CTOPOH, a BCEIO KPACHBIX
cTOpoH — 2+8-(1+2+3+...+(n-1)/2) = (n-1)(n+1)-2 = n>+1.

3amaua 5. Jloxasicume, ymo ecnu m u n<m — HamypanbHble yyciua, mo
(m, n)+(m+1, n+1)+(Mm+2, n+2) <2m-2n+1. (Kax obwvuno, (x, y) 0603Hauaem Haubombuwiuti oowul Oerumens
yucerxuy.)

Pemenne. Hanbompmmii o0l AeTUTeNs Yrcen X U Y paBeH HauOoIblIeMy O0IeMy IEIUTETI0 YHCe X U X—Y.
ITosTOMY HEpaBEHCTBO MOXKHO Tepenucarh B Buge (M,m—n)+(M+1im—-n)+(mM+2,m—-n)<2m-2n+1. Bece

TPH CllaraeMbIX B JIEBOH YacTH — jenutear M-N. Eciiu Bce oHU HE mpeBocxoasaT (M-N)/2, ux cymma He 00JIbliie
3
E(m —n) <2(m—n). Muaue ogHO U3 3THX 4rcen paBHo M-N. Ho eciau oxmo u3 umcen M, m+1, m+2 genurcs Ha

M-N, To emé OAHO U3 HUX OTJIMYaeTcs Ha 1 ¥ MOTOMY B3aUMHO IIPOCTO C M-N, a Apyroe — He Oojee yeM Ha 2, U
ero HauOONbIIUi O0IMiA KeauTens ¢ M—N He nmpeBocxoauT 2. [ToaToMmy cymma B J1eBOil 4acTH HE MPEBOCXOIUT
m-n+3, yro He Oonbiie 2M-2n+1 mpu m—n > 1. Eciu ke m—n = 1, To 00e yacTu HepaBeHCTBA PaBHbI 3.
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Pemenus 3aav OJIMMIINaAbI 8 kiacca

3anaua 1. [lpo Oeticmeumenvhbie wucia X, y u z U38€CMHO, 4mo 2x2+y2+22 = 2x(y+z). [Jokascume, umo mozoa u
X2+y?4+272 = 2(x+Y)z.

Pemenne. 2X°+y*+72 = 2X(y+2) < (X>-2xy+yA)+(x°—2xz+2%) = (x-y)*+(x-2)>=0, orkyma X=Yy=2z. OcTanoch
3aMETHTB, 9TO Tora X2+y>+27% = 2(X+y)z = 4x2.

3anava 2. B keaopame ABCD na cmopone CD sviopana mouxa P. Touxa Q na cmopone AD maxoea, umo BQ —
buccexmpuca yena PBA. U3 mouku P onywen nepnenouxynsp PH na npsamyro BQ. Joxasicume, umo BQ = 2PH.

Pemenue. Otnoxum Ha myde PH 3a Touky H takyio Touky R, uro HR = HP. [loctarouno nokasats, uto BQ = RP.
Touka R cummerpudna Touke P oTHOcuTenbsHO Ouccektpuckl BQ yria PBA, mostomy R nexxut Ha npsimoit BA.
Onyctum u3 toukn P mepnenaukymsap PK ma AB. [lng pemiennst 3amaddm JOCTaTOYHO JOKa3aTh PAaBEHCTBO
npsMOyToNbHBIX TpeyrobHukoB PKR 1 BAQ. Tak kak PK = BA, nocratouno nokazars, uro /KPR = ZABQ. U B
camoM Jiene, ecnii KP u BQ mepecekarorcst B Touke Z, TO B IPSMOYTONIBHBIX Tpeyronbaukax HPZ n KBZ yrier HZP
n KZB paBHBI KaKk BepTHUKAIbHBIE, CIEJOBATENbHO, PaBHBI U BTOpbIe ocTpble yrasl HPZ u KBZ, coBnapatomue ¢
yriaamu KPR 1 ABQ cooTBeTcTBEHHO.

3anaua 3. /[sa Oaunkupa ueparom 6 uepy. M3HauanbHO Ha cmoie nexcam no OOHOU KYniope Kaxc0o2o u3
cywecmeyrowux 6 cmpare oocmourncms, a umenrno 1, 2, 5, 10, 50, 100, 500, 1000 u 5000 myepuxos. 3a o0uw x00
00UH DaHKUp pazmenusaem ao0yio Kyniopy Ha iobvle Menvuuue Ha my dce cymmy. Kmo ne mosicem coenamo x00,
npouepwigaem. Kmo svluepvleaem npu npasuibHOU uepe: mom, Kmo X00um nepebim, il e20 COnepHuK?

Ortger. [lepswiii. Pemenune. [lepBhiM X070M TepBbI pazMeHuBaeT Kymopy B 5000 TYrpukoB Tak, 4YTOOBI
MOJXYYUIIOCH TIO OJTHOH Kymtope B 2, 5, 10, 50, 100, 500 1 1000 TyrpukoB, a ocTalibHYI0 CyMMY HaOUpaeT KymopaMu
mo 1 Tyrpuky. Ilocie 3TOro Kymop Kaxmoro JTOCTOWHCTBA, OONBIIETO 1, CTAHOBUTCS Y€THOE YHCIO, W TIEPBEIHA
OaHKHP MOXKET KaXIbIi pa3 MOBTOPSITH X0/l COIEPHUKA, BOCCTAHABINBASL YETHOCTh. [10CKONIBKY Y IEpBOro Bceraa
OyJIeT X011, @ YUCIIO XO/I0B, OUEBUIHO, KOHEYHO, BTOPOH B KOHIIE KOHIIOB HE CMOKET CENaTh XOJI.

Bapaua 4. JJoxascume, umo ecru  m u  n<M —  HAMypaibHble  HUCId, MO
(m, n)+(m+1, n+1)+(Mm+2, n+2) <2m-2n+1. (Kax obwvluno, (x, y) ob6osnauaem Haubombuutl oowuil oerumens
yyucenxuy.)

Penienne. HanGoupimii 00MIMiA JeMTENb YHCET X U Y paBeH HAaMOOJBIIEMY OOLIEMY JETHTEII0 YHCET X H X—Y.
[TosToMy HEpaBEHCTBO MOKHO mepenucath B Buge (M,m—n)+(M+Lm-n)+(mM+2,m—-n)<2m-2n+1. Bce

TPH ClIaraéMbIX B JIEBOM 4acTu — jenurenn M-N. Eciu Bce oHU He ipeBocxoaT (M-N)/2, uX cymma He Gosblie
3
E(m —n) <2(m—n). MHave ogHO U3 3TUX 4Kcen paBHO M-N. Ho ecnu ofHO U3 yucen M, m+1, m+2 nenutcs Ha

m-n, To emé OJHO U3 HUX OTJIMYACTCS Ha | M MOTOMY B3aUMHO MPOCTO ¢ M-N, a Apyroe — He OoJee ueM Ha 2, U
€ro HanOOJBIINKA OONHMH JeTUuTenh ¢ M—N He npeBocxoauT 2. [IoaToMy cyMMa B JIEBOW YacTH HE MPEBOCXOIUT
m-n+3, uro He 6osbie 2M-2n+1 mpu M—n > 1. Eciu s)ke m—n = 1, To 00€ yacTu HEPaBEHCTBA PaBHBI 3.

3anaua 5. B mypnupe npunumaem yuacmue 250 Komano, Kaxicoas uspaem ¢ Kaxcoot 0Our paz 0oma u 0OuH pasz
Ha eviez0e. MOodHCHO U K KadCOOMYy Mamuy npucmasums 00Ho2o uz 10 cyodei max, umoobl 0151 Karcoot KOMAHObL
MHOdICECmea cyoetl, Komopwvle Oy0ym cyoums y Heé 0oma, u cyoell, Komopwvle Oy0ym cyoumn y Heé Ha 8ble30e, He
nepecekanucs?

Otget. MoxHo. Pemenne. ConoctaBuM Kaskioil KoMan/ie cBoro nsatepky cyneil. Tak kak C;) = 252 > 250 , Takoe
COIIOCTaBJICHHUE BO3MOXKHO. B KauecTBe cympn mMarda MeXnay kKomaHmamu A u B, rme mist A maty momanrHuid,
BbIOEpEM JII000TO CyIBI0, COMIOCTABICHHOTO KOMaHAe A, HO He comocTaBieHHOro komanse B. Torma y kaxmoit
KOMaH/Ibl JIOMAIlTHAE MaTYH CYJAT TOJBKO TISITh CYJIeH, KOTOpbIE €i COMOCTABIICHBI, & BBIC3IHbIC MATYH — TOJIBKO
IISATh CYACH, KOTOPBIE € HE CONIOCTABJICHBI.



