LIl VPAJILCKUI TYPHUP IOHBIX MATEMATHUKOB. KUPOB, 17-23.02.2019
KOMAHJIHASA MATEMATHYECKASA OJIMMIINAJIA 18.02.2019

SAJJAHUS 1J1S1 6 KJIACCA

1. ITers npommen 500 M 1O KeIE3HOAOPOKHOMY TOHHENtO JiuHOoM 1200 M. BHezanmHo oH
yCIBIIIAJ 03314 ce0s1 TYJIOK Moe3/a, KOTOPBIM NpUOINKaeTCsl K TOHHEIIO CO CKOPOCThIO 60
km/4. Ecnu [lets moOGeXuT co CBOEH MOCTOSTHHOW CKOPOCTHIO V, TO B KaKyt0 OBl CTOPOHY OH
HU TTOOEKaJ, U3 TOHHEJS OH BBIOCKUT POBHO B TOT MOMEHT, KOTJa TOE3]] TIOPABHIETCS C
[Tereil. UeMy paBHa CKOpOCTH V, ¢ KoTopoii Oeraet [leTs?

2. Tpoiika TOYeK Ha3bIBACTCS Xopouleli, €CIi OJHA U3 HUX JICXKHUT TOYHO MMOCEPEANHE OTPE3Ka,
COEJIMHSIOLIEr0 ABE OcTaBlIrecss. Kak OTMETUTh HECKOJIBKO Y3JI0B Ha KJIETYATOM IIOCKOCTH,
YTOOBI KQXK/IBIA U3 HUX BXOJAWJ B OJIHO U TO K€ YHUCJIO XOPOIIUX TPOeK, Oosnpliee 17

3. B knacce 30 y4eHUKOB, CUASIIMX 10 JBOE 3a 15 maptamu. OHU Hamucald KOHTPOJIbHYIO
paboTy, 3a KOTOPYIO KK/l MOJIyYrII OLIEHKY 2, 3, 4 unu 5. HekoTopblie U3 y4eHUKOB BCeraa
TOBOPAT MpaBly, a OCTajbHbIe Beeraa AryT. [locie KOHTPOJIIbHON Ka) bl YUEHUK MPOU3HEC
JIBa YTBEPKJICHUA: «SI MOTyUYnII OLIEHKY BBILIE, YEM B CPEAHEM IO Ki1accy.» U «Moi coces o
napTe MOJIydrsI TPOUKY.» MOKET i1 B 3TOM KJ1acce ObITh pOBHO 13 JKeroB?

4. [lets Hanucal Ha Tocke 9-3HayHOE YKciio. OH MPOAETBIBACT C HUM CIICAYIOIINE OTepaIiu.
3a oHy Olepalrio OH BBIYEPKUBACT MociieqHue 4 1udphl HAMMCAHHOTO YKCIIa, OCTaBIIEECs
YUCJI0 BO3BOJMT B KBaJpaT M MHUILIET BMECTO Npenpiaymero. [locne 20 onepannii Ha JOCKe
ObU10 9-3HauHOE uncio. Kakoe?

5. Ha nmocke Hamucanbl uncia ot 1 1o N (N > 4). Mi3HavyaabHO BCE YMCIIa TOKPAIICHBI B OCTbIi
I[BET. 3a OJHY OMEpalri0 MOXHO BBIOpaTh JOObIC YeThIpe Takue ymciaa a<b<c<d wus3
HamucaHHbIX, uto b—a = c-b =d-C, u nepekpacurpy ux (Oenble YKcIa B YEPHBIA ILBET, a
yepHble uuciaa — B Oenblif). [Ipy Kakux N MOXHO HECKOJIHKMMH TaKUMU OMNEpallvsIMU
JOOUTKCS TOTO, UTO BCE YUCIIA HA IOCKE CTAHYT YEPHBIMU?

6. B ctpane 20 roponos. JItoObIie 1Ba ropoaa COSTMHEHBI MPSAMON aBUaMHUCH. [ Kaxmon
ABHAJIMHUY YCTAHOBJICHA LIEHA NIepeNETa 1Mo Hel, Kotopas coctasiseT 10, 20 nnu 30 Tyrpukos,
MPUYEM JIJIs1 KOKI0M U3 ITUX 1I€H €CTh aBUAJIMHUS POBHO ¢ TakoM 1ieHoM. M3BecTHO, UuTO eciu
BBUIETETh U3 JIIOOOr0 TOpoJia M MOCJE TPeX MEpeIeTOB BEPHYThCS B HErO, TO MPUIETCS
noTpaTuTh He MeHble 60 TyrpukoB. Jlokakute, 4TO CyMMa IIEH HAa BCEX aBUAIMHUAX HE
MeHb1Ie 3970 Tyrpukos.

7. Jluma Bemucan Ha gocky 2 000 000 mocnenoBaTenbHBIX HATYPATBHBIX YHCETI, & 3aTEM CTEP
BCE UHMCIA, Y KOTOPBIX €CTh JCIUTENb, OONBIINKA MIUIMOHA U HE TPEBOCXOJSAIINN IABYX
MUJUTHOHOB. Kakoe HamMeHbIIIee KOJIMYECTBO YMCEI MOTJIO OCTAThCs HA JJOCKE?

8. Keampar 2000x2000 paspesan Ha T-TeTpaMHHOMIKH (CM. PUCYHOK CIIpaBa; ]
M300paXEHHYIO HAa HEM (PUTYPKY MOKHO MOBOpauuBaTth). JlokaxuTe, 4To €CTh 6
MIPSIMBIX, UAYIIHUX O JIMHUSM CETKH M PACCEKAOIINX OJTHO M TO KE YUCIIO (PUTYPOK.




LIl VPAJILCKUI TYPHUP IOHBIX MATEMATHKOB. KUPOB, 17-23.02.2019
KOMAHJIHASA MATEMATHYECKASA OJIMMIINAJIA 18.02.2019

SAJAHUS 1JIS1 7 KJIACCA

1. Ilers mpomen 500 M IO KEJIE3HOJIOPOKHOMY TOHHENIIO JiIuHOM 1200 M.
BHe3anHo OH yclblan mo3aau cedst TyJI0K Moe3/1a, KOTOPbIA MPpUOIMKaeTcs K
TOHHEINIO co ckopocThio 60 km/4. Ecnu Iletst moOeXHUT co CBOEH MOCTOSHHOM
CKOPOCTBIO V, TO B KaKyI0 ObI CTOPOHY OH HM IT00€KaJl, U3 TOHHEJISI OH BBIOCKUT
POBHO B TOT MOMEHT, Korj1a moe3 rnopausercs ¢ Ilereii. Yemy paBHa CKOpPOCTh
V, ¢ KoTopoii oeraet Ilers?

2. B xaxnoii kietke camoro jeBoro cronona gocku 2019x2019 crout xoHb. 3a
OJIUH IIar MOKHO BBIOpaTh JIByX KOHEW M MEPECTaBUTh MX Ha JIBE CBOOOJIHbBIC
KJICTKH T10 TIpaBUJIaM IIaxMaTHOM UTpbl. MOXKHO JIM IIEpECTaBUTh BCEX KOHEH Ha
BTOPOH clieBa CTOJIOCI] JOCKH?

3. Haunbl Tpu paBHbIX oTpe3ka AB, BC u AD, mpuyem Touka D jexuT Ha OTpe3ke
BC. Jlokaxure, 4TO CEpeIUHHBINA MEePIEeHIUKYIAp K oTpe3ky DC, Guccektpuca
yria ADC u npsimast AC nepecekaroTcst B OHOM TOUKE.

n

4, CYHICCTBYIOT JIM HATYPAJIbHBIC YUCJIA nu k, I KOTOPbIX — KBaapar

3k

HATypaJbHOTO YKciia?

5. Hucna a u b ynosnetBopsitoT HepaBeHcTBaM |3a—2b| <1 u |2a-3b| < 1. Kakoe
HanOOJIbIIIee 3HAYCHUE MOYKET TPUHUMATS |a|?

6. KBagpat 2000x2000 pa3zpe3an Ha T-TeTpaMHUHOIIKH (CM. PUCYHOK
CIpaBa; M300paKEHHYI0 Ha HEeM (UTYPKYy MOXHO IMOBOPAYMBAThH).
Jokaxure, 4To ecTb 6 MNPSAMBIX, UAYIIUX IO JIMHUSIM CETKU U
pacceKarolux OJHO U TO K€ YUCIIO (PUTYPOK.

7. HarypanbHble uncna a, b u ¢ takosel, uro adb3+b3c3+ciad = abc(a®+b3+c?).
JlOKaXuTe, 4YTO IPOM3BEACHUE KAKMX-TO JBYX M3 DTHX YHCEN SBJIACTCS
KBaJpaTOM HEKOTOPOTO HATypPaIbHOTO YHCIIA.

8. Ha xaxxipom peOpe nosHOTrO Tpada ¢ 2000 BepimmHaMu HamMcaHo 4yucio 1, 2
WK 3 Tak, 4TO CyMMa uyucell Ha pEOpax KaKJIoro TPEyroJbHMKAa HE MEHBIIE 5.
KakoBa HanMmeHbI11as1 BO3MOXKHAsI CyMMa Bcex yucen Ha péopax?
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3AJIAHUSA JIJIS 8 KJIACCA

1. JlokaxxuTe, YTO HaMMEHbIIIee OOIIee KpaTHoe [a, D] m HauOoNbIIMKA OOIIHIA
aenutenab (@, D) m00BIX IBYX HATypalbHBIX YHCEI A W D yIOBIETBOPSIOT
HepaBeHCTBY a(a, b)+b[a, b] > 2ab.

2. Ha ctopone AB tpeyronpauka ABC pacnosoxensl Touku D u E Ttak, yto
AD = DE = EB. Touku A u B okazanuce cepenuaamu otpe3koB CF u CG. Ipsmas
CD mnepecekaet npsmyto FB B Touke |, a npsimast CE nepecekaet npsimyto AG B
touke J. Jlokaxure, uTo Touka nepecedeHus: npsimeix Al u BJ nexut Ha npsimoit

FG.

3. Cronbust gocku 2019x2019 mnpoHymepoBaHBI clieBa HANpaBO YHUCIAMU
1, 2, ..., 2019. B kaxaoi KJIeTKE IEepBOTO CTOJ0IIa CTOUT Mo KOoHI0. KaxkapiM
X0J0M KaKHe-TO JBa KOHS OJJHOBPEMEHHO XOJAT Ha JIB€ CBOOOIHBIC KIeTKU. [
kakux K, 1 <k <2019, MOxHO 3amoIHUTE KOHIMH K-11 cTomber nocku?

n

4, CyH_[eCTByIOT JIM HATYPAJIbHBIC YHCJId nu k, I KOTOPBIX — KBaJpar

11¥

HATypaJbHOTO YKciia?

5. Baytpu napamnenorpamma ABCD ormeuena touka P, He jexainas Ha €ro
muaroHassx. Touku K, L, M u N — cepeaunsl cropon AB, BC, CD u DA
cooTtBeTcTBeHHO. Jlokaxute, uto S(APC)+S(BPD) > S(KPM)+S(LPN).

6. CKOIBKO CYIIECTBYET IEPECTaHOBOK a1, a2, ..., A2o18 umcel 1, 2, ..., 2018 Takux,
9TO0 8 > K pOoBHO 117151 0;THOTO K?

7. Jlokaxute, 4TO Il JIIOOOrO0 HATypaJbHOTO YMcClIa N HaWIETCs Takoe

HaTypajdbHOe 4HCIO K, uTo BeIMOJHSAeTCS paBeHcTBO [N(L+ \/5)]=[k\/§]

Hamomuum, uto uyepe3 [X] oOo3HawaeTcsi HauWOOJbINEE IIEJ0€ YHCIO, HE
MIPEBOCXOIAIIIEE X.

8. Ha xaxxipom peOpe nosHOTO Tpada ¢ 2019 BepumHamu HanucaHo 4yucio 1, 2
WM 3 Tak, 4TO CyMMa 4ucell Ha péOpax KaKJIoro TPEeyroJIbHMKAa He MCHBIIE 5.
KakoBa HanMmeHbI11as1 BO3MOXKHAsI CyMMa Bcex yucen Ha péopax?



LIl YPAJIbCKHI TYPHUP FOHBIX MATEMATUKOB. KMPOB, 17-23.02.2019

Pemrenud 3a1a4 KOMaHJIHOM OJJUMIIHAABI 6 KJj1acca

3anaua 1. [lems npowen 500 m no siceneznoooposcnomy mounenio onunou 1200 m. Brezanno on ycaviuian nozaou
cebs1 2y0oK noe3oa, KOMopblil NPUOIUICAEMCS K MOHHEMO co ckopocmbio 60 km/4. Ecau Tlems nobesicum co ceoeti
NOCMOAHHOU CKOPOCMbIO V, MO 8 KAKVI0 Obl CMOPOHY OH HU NOOENCANl, U3 MOHHESL OH 8bLOEHCUM POBHO 8 MOMm
Momenm, ko2oa noe3o nopasusiemcs ¢ llemeti. Yemy pasna ckopocmu v, ¢ komopoi becaem Ilems?

Orter. 10 km/4. Pemienne. ITycth moe3nx HAXOMUTCS OT BbE3/a B TOHHENb Ha PaccTOsHUU S KM. [1o ycioBuro
0,5/v=s/60 u 0,7/v=(s+1,2)/60. Beruurass u3 BTOpOro ypaBHeHHs mepBoe, momydaem 0,2/v =1,2/60, oTkyaa
v =60-0,2/1,2 = 10 (xm/4).

3apaua 2. Tpoiika mouex Hazvieaemcs XOpouwdeil, eciu 0OHA U3 HUX JedHCUm MOYHO nocepeouHe ompesKd,
coedunsiiouge2o 06e ocmasuiuecsi. Kak ommemums HECKOILKO Y3108 HA KIemyamotl nioCKOCHU, YmooObl Kaxcoblll
U3 HUX 8XOOU 8 OOHO U MO JiCe YUCTIO XOPOWUX mpoek, bonvuiee 1?

Pemenne. OTMeTnM Bce 12 BepIvH KIIETOK, JIXKAIIMX HA CTOPOHAX KJIETYATOTO KBajapara pazMepoM 3x3. Jlerko
MIPOBEPHUTH, UTO KaX1ast U3 OTMEUEHHBIX TOYEK BXOJHUT POBHO B JIBE XOPOIIUE TPOUKH.

3amgaua 3. B knacce 30 yuenuxos, cudswux no osoe 3a 15 napmamu. OHu Hanucaiu KOHMpPOIbHYIO pabomy, 3a
KOMOPYIO Kaxcowvltl noayuun oyeuky 2, 3, 4 unu 5. Hexomopwie uz yuenuxos ece2oa 208opsm npagoy, a OCmaibhvle
scezoa neym. Ilocie KOHMPOTLHOU KaXCObLUL YYeHUK NPOUSHEC 08a YMEepiHcOeHus. « S nomyuun oyeHky gvluie, yem
6 cpednem no kuaccy.» u «Moti coced no napme nonyuun mpouky.» Mooxcem au 6 smom knacce dvims posro 13
aceyos?

Ortget. He morno. Pemienue. [Tycts Morno. Ha3oBéM yueHHKOB, TOBOPSIILIMX NIPaBAy, puiyapsamu. Tak kak uyucio 13
HEYETHO, HalIeTCs mapTa A, 3a KOTOPOM CUIAT phILApPh U JDKEL. Y 3TOro JDKELa TpoiKa — Tak ckasall peiaps. C
JpYyroil CTOpOHSBI, phlllapeii B Kilacce OOJbIle YyeM JDKELoB, II03TOMY Haiinercs maprta b, 3a kotopoii cunsr asa
poitaps. Torna y oboux Tpotriku. [Tomydaercs, 9To cpeHsis OIEHKa 10 KJIaccy, Cyis IO CIIOBaM phIlapeii 3a mapToi
b, mens1ie 3, a cyns no cioBaM Jpkena 3a naptoi A — He Menblie 3. [IporuBopeune.

3anaua 4. Ilems nanucan na docke 9-3naunoe yucio. On npodenviéaem ¢ HUM ciedylowue onepayuu. 3a 0OHy
onepayuro oH 8bluépKusaem nocieonue 4 yughpvl HANUCAHHOZ0 YUCILA, OCIABULEECs. HUCTIO 803600UM 6 K8AOpam u
nuuiem emecmo npeovioyuezo. Ilocne 20 onepayuii Ha docke OvL10 9-3naunoe yucio. Kaxoe?

Ortger. 100000000. Pemenue. PaccMoTpuM 4ucio, KOTOpoe 00pa3oBaHO MEpBbIME 5 IH(paMu yrcia Ha JOCKE.
Ecim m3nagansHO oHO paBHO 10000, TO BCe ymcaa Ha TOCKe, HAYUHAsL CO BTOpOro, 0yayT pasabl 100000000. Eciu
ke oHo paBHo 10000+K mpu HarypampHOM K, TO mMoOciie BO3BeA€HHS B KBaapaT OHO OyAeT HE MEHbIIe
10000(10000+k)+10000k=10000(10000+2K), a Torma mocie BEIMEPKUBAHUS TIOCICAHUX 4 UM YKCIIO CTAaHET HE
menbire 10000+2k. CrnenoBaTensHo, Mocae Kaxa0i onepanun yucio K OyaeT yBeIHYuBaThCs XOTs Obl BIBOC U
nocre 20 onepanuii 6ynet He Menpme 22° = 10242 > 1000000. 3naunt, ncxoaHoe uncio nocte 20 oneparuii 6yeT
ooseie 10000-1000000 = 10000000000, To ecTh 1o kpaitHel mepe 11-3HauHBIM.

3anaua 5. Ha docke nanucanwl yucina om 1 0o n (n = 4). Uznauanwro ece uucia nokpawiennl 8 benviil ygem. 3a 00ny
onepayuI0 MONCHO 8blOpams noovie yemvipe makue yucia a < b < ¢ < d uz nanucannwix, ymo b-a = c-b =d-—, u
nepexpacums ux (benvie 4uUcia 6 YepHulil yeem, a YepHvle Yucia — 6 benviil). Ilpu Kakux n MO*CHO HECKOIbKUMU
MAaKumMu onepayusamMu 006UmMbCsL Moo, Ymo 6ce YUcia Ha 00CKe CIAaHym YepHuIMu?

Otsert. [Ipu Beex n, nensmmxcs Ha 4. Pemenne. Ecnu n = 4K, To mepekpacum uncna ot 1 1o 4,0t 5 10 §, ..., oT
4k—3 no 4k. TTokaxkem, 4To TIpH APYTruX N cAeNaTh BCE YHCIA YEPHBIMU HE YAACTCs. 3aMETUM, YTO TI0CTIe JTI000ro
nepeKpammBaHus YETHOCTh KOJMUECTBA OeNbIX gucen He MeHseTcs. [loaToMy mpu HEUE€THOM N TIepeKpacuTh BCe
YrciIa He yIacTes, TaK KaK KOJIMYECTBO OeIbIX dncel Beeraa OyneT HedeTHsIM. [1ycTh N 4€THO, HO HE JeHTCs Ha
4, 1o ectb N = 4k+2. Toraa Ha mocke 2k+1 HeyETHBIX Yrcelr. JIErko mMpOBEPUTh YTO CPEIU MIEPEKPAITUBAEMBIX YHCEIT
Bcerjga 4Y€THOE KOJMYECTBO HEYETHBIX. 3HAYUT, KOJMYECTBO OCNBIX HEYETHBIX YHCENl TOCie JF000ro uucia
nepeKpalMBaHuid OyJIeT HeYETHBIM. B 000MX paccCMOTPEHHBIX CITydasx MOJy4aeTcsl, YTO Ha IOCKE Bceraa OyaeT
XOTs1 OBl OJTHO OEJIoe YUCIIO.

3amaua 6. B cmpane 20 2opo0os. Jlobvie 06a copoda coedunenvl npsmou aguanunuel. /s kaxcoou asuaiuHuu
YCmanosiena yena nepeaéma no xet, komopas cocmasisiem 10, 20 unu 30 myepuko, npuuém ons Kaxcoou uz Smux
YeH ecmob asUAIUNHUA POBHO C MAKOU yeHoll. M3eecmno, umo eciu @vliemems u3 a006020 20pooa u nocie mpex



nepenemoeg 6epHymuCs 8 He2o, Mo NPUOemcs nompamums He MeHvule 60 myzpukos. /{okasxicume, Yymo cymma yeu
Ha 6cex asuanunusx He meHvuie 3970 myspuxos.

Pemenue. [Tycts peiic AB crour 10 TyrpukoB. Torma st mo6oro Tpetbero ropoaa C cymMMapHasi CTOUMOCTb
peiicoB AC u BC ne menbie 50. Takux roponoB C — 18, 1 moToMmy cyMMapHasi CTOMMOCTb BCEX TPEYTOJIbHUKOB,
conepxamnux cropory AB, ne menbire 50-18+10 = 910 Tyrpukos.

VYo6epém ropona A u B BMecTe co Bcemu MCXOIMIIMMHU M3 HUX pericamu. Ecnm mexny ocraBmmmucs 18
ropojaMu HeT pelica meHsl 10, cyMMapHas CTOUMOCTB BceX peiicoB He MeHbie 910+20-18-17/2 = 3970, uro u
TpeboBasock 0Ka3aTh. B mpotuBHOM ciydae mycth CD — petic menst 10. Torma st mro6oro Tpetsero ropoaa E
cpenu peiicoB CE u DE ecth xoTs Ob1 o pefic niensl 30 — nHave HaiijeTcs TpeyrojdbHUK eHbl He Oonee 50.
Takum obOpazoMm, Mexay 18 octaBmumucsa ropoaamu ecth XoTs Obl 16 peiicoB nensl 30. C apyroil cTOpoHsl, U3
OJTHOTO TOpOJia HE MOXKET BBIXOAMTH OOJIbIIE OAHOrO peiica neHsl 10, nHaue BOSHUKHET TPEYTOJIbHUK LIEHBI HE
6onee 50. [ToaTomy peicoB 1ieHs! 10 Mex 1y ocTaBIIMMUCS rOpoAaMu He OoJiee 9, 1 cymmapHasi CTOMMOCTh PecoB
Mexay 18 ocraBiumucs ropogaMu He Menble, yeM 910+20-18-17/2-9(20-10)+16(30-20) > 3970, uro Toxe HaC
yCTpauBaerT.

3anpaua 7. Juma evinucan na oocky 2 000 000 nocredosamenvubix HAMYPATLHLIX YUCET, A 3ameM cmep éce YUcid,
Y KOMOpuIX ecmv 0eaumenv, 006Ul MUITUOHA U He NPesocxoosiuull 08yx Muiiuonos. Kaxoe uaumenvuiee
KOUYEeCMBO HUCeN MO2TI0 OCIAMbCS HAd 00CKe?

Ortser. 500 000. Pemenue. Oyenka. PaccMOTpUM Bce BbINMCAHHbIE HEYeTHbIE uucia. OueBUAHO, OHU HE
UMEIOT YETHBIX JenuTenael. [Ipeanonokum, 4To Ba BHIMMCAHHBIX HEUETHBIX yucia a u b (a > b) umeror
OJIMH U TOT ke HeueTHbIH aenutens d > 1000000. Toraa a—b aenurcst Ha d, HO a—b yerHo, mosTomy (a—b)/2
nemutcs Ha d. Ho ato HeBo3moxkHO, Tak Kak 0 < (a-b)/2<d . Takum obGpazom, He Oonee 500000
BBIITMCAHHBIX HEYCTHBIX YMCEI MOTYT UMETh JICJIUTEIb, OOJIBbIINI MUJUTHOHA, HO MEHBIIUI JIBYX MUJJTAOHOB
(POBHO 1O OJJHOMY YHCJIY Ha KaKI0€ HEYETHOE YHCIIO U3 ATOr0 MpoMexyTka). CienoBaTeiabHO, XOTs Obl
500000 gucen octanyTcst HeBBIYEPKHYTHIMU. [Ipumep. Bemmumem yucia ot 1000001 1o 3000000. Toraa Bce
HEYETHBIC YMCIIa, OOJIBIINE IBYX MHJUIMOHOB, OCTAaHYTCSI HEBBIUEPKHYTBIMH, TaK KaK €CJIM HEYETHOE YHCIIO

umeer aenutens d U He paBHO d, To OHO He MeHbIre, yeM 3d, To ecth mpu d > 1000000 0HO JOKHO OBITH
6ousire 3000000.

3amaua 8. Keaopam 2000x2000 paspesan na T-mempamunowiku (cM. PUCYHOK CHpasa
U300PAdICENHYIO HA HeM (QU2YDKY MOJCHO nosopauyusams). [oxasicume, umo ecmv 6 NpMbiX,
UOYWUX NO TUHUAM CEMKU U PACCEKAIOWUX OOHO U MO JiCe YUCIO PUSYPOK.

Pemienue. Jlewma 1. Kaxnas npsmas, uaynias 10 JUHUAM CETKH, PACCEKAET YE€THOE 4YMCIO T-TeTpaMuHOLIEK.
oxazamenvbcmeo. JIerko MpoBEpUTH, UTO €CIIM NpsiMast, UIyIIas M0 JMHUSAM CETKH, pACCEKaeT TETPAMUHOIIKY, TO
OJIHA U3 MOTYYUBIINXCS YACTEH COCTOUT U3 OHOM KIIETKH, a Apyras — u3 TpéX. IlycTh kakas-To npsmasi, uaymas
0 JIMHUSIM CETKHU, PACCEKAaeT HEUETHOE YMCIIO TeTpaMUHOILIEK. Toraa ¢ oqHONM CTOPOHBI OT HEE OT HEe OCTAETCs
HEUYETHOE KOJMYECTBO YacTel pPacCEYEHHbIX TETPAMHHOLIEK, KaX/Ias U3 KOTOPBIX COCTOMT U3 HEYETHOIO YHuCia
KJIETOK, M KaKOE-TO KOJIMYECTBO LEJbIX TETPAMMHOLIEK, COCTOSIIMX M3 YETHOIO 4YHCIa KIETOK, T.€. B
COBOKYITHOCTH — HEYETHOE 4UCII0 KiIeToK. Ho Ha caMoM zienie X TaM 4eTHOE YUCII0 — HNPSMOYTOJIbHUK, O/IHA U3
ctopoH kotoporo pasHa 2000. [IpotuBopeune, 1leMma JoKa3aHa.

Jlemma 2. Kaxnas mpsmas, Waylas IO JIMHUSIM CeTKH, paccekaeT He Ooznee 1332 T-reTrpamuHOIIEK.
Hoxazamenvcmeo. Ha30BEM CTOPOHY KIIETKU paccekaroujeli, ECIA OHA PaCCEKaeT KaKyro-TO TeTpaMUHOILIKY. Jlerko
MPOBEPUTH, YTO HA MPSIMON, UAYLIEH IO JIMHUSAM CETKH, PAIOM € KaXJOW pacCEKarolleld CTOPOHOM HAXOAUTCS
Hepaccekatomasi. [Ipu 3TomM ofHa HepacceKkaromas CTOpOHa TPAaHUYHUT He OoJjiee YeM C JIByMSI PACCEKAIOIIUMHU.
[TosToMy ecim Ha MPsAMOM, MAYIIEH MO JMHHUAM CeTKH, K HepacceKkalolMx CTOpOH, To Ha Hell He Oomee 2K
paccekaromux, otkyzaa 3K > 2000, k> 2000/3 = 666+2/3, To ectb k> 667. 3Ha4UUT, KOJMUYESCTBO PACCEKAFOIIMX
cropoH He npeBocxoaut 2000-667 = 1333, a B criry u€THOCTH MX yncia He npeBocxoauT 1332. Jlemma noka3zana.

3asepwenue pewenus. YeTHBIX HEOTPUIATENBHBIX YHCElN, HE NpeBocxomamux 1332, poBHO 667. IIpsamebIx,
WAYIUX 0 JUHUSIM ceTkn BHyTpHu KBazapara 2000x2000, posHo 3998. [lomycTum, HET MIECTH MPSIMBIX,
pacceKarolxX OAHO U TO e uKcio T-rerpamuHouiek. Toraa Bcero npsMelix He OGosee 667-5, UTO MEHbIIE, YeM
3998. IlpotuBopeune.
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Pemenus 3a1ay KOMaHJIHOM 0JIMMIIMAALI / KJacca

3anaua 1. [lems npowen 500 m no siceneznoooposcnomy mounenio onunou 1200 m. Brezanno on ycaviuian nozaou
cebs1 2y0oK noe3oa, KOMopblil NPUOIUNICAEMCS K MOHHeN0 co ckopocmbio 60 km/4. Ecau Tlems nobesicum co ceoeti
NOCMOAHHOU CKOPOCMbIO V, MO 8 KAKVI0 Obl CMOPOHY OH HU NOOENCANl, U3 MOHHESL OH 8bLOENCUM POBHO 8 MOMm
Momenm, ko2oa noe3od nopasusiemcs ¢ llemeii. Yemy pasna ckopocms v, ¢ komopoiu becaem [lems?

Otser. 10 km/4. Pemenne. [TycTh moe3m HaXOAUTCS OT Bhe37a B TOHHENb HA PACCTOSHUM S KM, a [leTst Oeraer co
ckopocthio V kM/4. Tlo ycmoBuio 0,5/v=5/60 u 0,7/v =(5+1,2)/60. Bbiunutas U3 BTOpOro ypaBHEHHs IEPBOE,
noiy4daem 0,2/v = 1,2/60, orkyza v = 60-0,2/1,2 = 10 (km/9).

3agaua 2. B xaoicooul knemke camoeo neeoco cmonoya oocku 2019x2019 cmoum koub. 3a 00uH wae MOXNCHO
8b10pamsv 08YX KOHell U nepecmasumy Ux Ha 08e c60000HbLE KIemKU N0 NPAGULAM WAXMamHou uepsl. MoocHo nu
nepecmasums 6cex KOHell Ha 6Mopoll ciesa cmonbey 00cKu?

OrtBer. Henp3s1. Pemenune. PackpacuM KieTku JOCKHU B Oeliblii M YEPHBINA I[BETA B IIAXMAaTHOM MOPSIKE TaK, YTOOBI
YIJIOBBIE KJIETKU OblTH 4€pHBIMU. Tora B MEpBOM cliieBa CTOJIONE OyAeT HeYETHOE YMCIIO YEPHBIX KIIETOK, a BO
BTOpOM cieBa — uérHoe. [locne Xxona KOHs LBET ero Kietku MeHsercsa. IloaTomy ecnu aBa KOHA CXOAMIN
OJTHOBPEMEHHO, YETHOCTh KOJINYECTBA YEPHBIX KIIETOK, HA KOTOPBIX CTOST KOHH, HE MEHSIETCS. 3HAYMT, 3aIl0JIHUTh
KOHSIMH T10 OITMCAHHBIM B YCIIOBHH TPAaBUJIaM BTOPOM CIieBa CTONIOE ¢ YETHBIM HOMEPOM HE YIacTCsl.

3anaua 3. [lanet mpu pasnvix ompeska AB, BC u AD, npuuem mouxa D nexcum na ompeske BC. [Jokaxcume, umo
cepedunnwill nepneHouxyasap k ompesky DC, ouccekmpuca yena ADC u npsamas AC nepecexaiomcsi 8 00HOU mMoUKe.

Pemenue. [Tycts Ouccextpuca yrima ADC nepecekaet npsamyto AC B Touke E. IMonoxum LABC = 2a. Tak kak
AD =AB, ZADB = ZABC = 20, otkyma ZADC =180°-2a u ZCDE =90°-a. C apyroii croponsi, AC = AB,
otkyna ZACB = (180°—£ABC)/2 = 90°~a. = ZCDE. Takum ob6pazom, EC = ED, u BeicoTa Tpeyroipuuka CED,
OIyIICHHAs U3 BEPIIMHBI E, SBIISICTCS MEMaHOM, a 3HAYUT, U CEPEAMHHBIM TIEPIICHANKYIISIPOoM K oTpe3ky DC.

n
3anaua 4. Cywecmsyrom au HamypanvHule yucia n u k, 011 Komopwix F o K8aopam HamypaibHO20 YUcia?
-Nn

n
Ortser. Her. Pewenue. Ilycts =m? Toraa n(m2+1) = 3*m?2, Tak xak unciaa M? 1 M?+1 B3aUMHO TPOCTHI,
-Nn

3k
apcito m?+1 1oipKHO ObITh Aermrenem ducia 3¥, To ecte m?+1 = 3%, Ho 9T0 HEBO3MOXKHO, TaK KaK 4rcia Bixa m>+1
naroT nipu aenennu Ha 3 octatku 1 u 2. Ciyyait S = 0 Takke HEBO3MOXKEH, Tak Kak Torma m = 0.

Banaua 5. Yucna a u b yoosnemeopsiiom nepasercmeam |3a—2b| <1 u |2a—3b| <1. Kaxoe naubonvuiee 3navenue
Modcem npuHumams |a|?

Orger. 1. Petuenue. [Ipumep. a = b = 1. Oyenka. Ecnin a < 0, ymHOxHMM @ 1 b Ha —1, ¥ ycIioBHe 3a1a41 HE N3MEHHUTCS.
[MToaTomy MOXKHO cunTaTh, uTo &> 0. [lomyctim, @ > 1. Toraa u3 neporo HepaBencTa 3 < 3a < 2b+1, otkynma b > 1.
C ngpyroit cropoHbl, u3 BToporo HepaBeHctBa 2a>3b-1. IMostomy a=3a-2a<(2b+1l)-(3b-1)=2-b<1.
IIpotuBopeune.

3apaua 6. Kseaopam 2000x2000 paspesan Ha T-mempamuHowiku (cM. pPUCYHOK cnpasa,
U300PAdICENHYIO HA HeM PULYPKY MOJICHO Nosopadusams). [oxkasicume, umo ecmov 6 npamvix, uOyuwux
NO JUHUAM CeMKU U PACCEKAIOWUX OOHO U MO JHce YUCTO PUSYPOK.

Pemienue. Jlewma 1. Kaxnas npsimas, uaynias no JUHUAM CETKH, PACCEKAeT YeTHOE YHMCIO T-TeTpaMHHOLIEK.
/Jlokazamenvcmeo. JIerko mpoBepUTh, UTO €CIIM NpsAMasi, UAYIIas MO JUHUAM CETKH, pacCeKaeT TETPAMUHOLIKY, TO
OJIHA U3 MOIYYHUBIIMXCS YaCTEN COCTOUT U3 OJHOU KIIETKH, a Apyras — u3 Tpéx. IlycTs kakas-To npsamas, uaymas
IO JIMHWSIM CETKH, PACCEKAeT HEYETHOE YHUCIIO TETPaMHUHOIIEK. Torna ¢ OMHOM CTOPOHBI OT HEE OT HEE OCTAETCs
HEYETHOE KOJMYECTBO YaCTEH PACCEYCHHBIX TETPAMHUHOIICK, KaXKIas W3 KOTOPBIX COCTOUT M3 HEYETHOTO YHCIIa
KJIETOK, M KaKOe-TO KOJIMYECTBO IENBIX TETPAMHMHOIIEK, COCTOSIIMX M3 YETHOTO 4YHCIa KIETOK, T.€. B
COBOKYITHOCTH — HEYETHOE YUCII0 KiIeToK. Ho Ha camMoM fiene X TaM 4eTHOE YUCII0 — MPSMOYTOJIbHUK, O/IHA U3
ctopoH kotoporo pasHa 2000. [IpoTuBopeune, teMma ToKa3aHa.

Jlemma 2. Kaxnas mpsMas, uaylias MO JIMHUSIM CETKH, paccekaeT He Oonee 1332 T-teTpaMuHOIIEK.
Jlokazamenvcmeo. Ha30BEM CTOPOHY KIETKH paccekarouyeli, €ClIi OHa pacceKaeT KaKyro-TO TETPAMHUHOLIKY. JIerko
MIPOBEPUTH, YTO HA MPSAMOM, UAYIIEH MO JIMHUSAM CETKH, PSJIOM C KaKIOM pacceKarouleld CTOPOHOW HaXOAUTCS



Hepaccekaromasi. [Ipu 3ToM oHa Hepaccekaromasi CTOpOHa TPAHUYUT HEe Oojiee YeM C ABYMs PAaCCEKaroIIUMHU.
[MostomMy eciau Ha TPSAMOM, MAYIIEH MO JMHUAM CETKH, K HepacCeKaroluX CTOPOH, TO Ha Heil He Oomee 2K
paccekaromux, otkyaa 3K > 2000, k > 2000/3 = 666+2/3, To ectb k> 667. 3HAUUT, KOJMUYESCTBO PACCEKAFOIIMX
ctopoH He npeBocxoaut 2000667 = 1333, a B ciury 4éTHOCTH UX yKciia He peBocxoaut 1332. Jlemma moka3aHa.

3aeepuienue peuwienus. YeTHbIX HEOTPULATENBHBIX YHMCEN, He npeBocxoAsmux 1332, poBHo 667. IIpsaMbIX,
WAYIIAX IO JUHUAM ceTku BHyTpu KkBampara 2000x2000, poBro 3998. JlomycTuM, HET MIECTH NPSMBIX,
paccekaronmx OJHO M TO e uncio T-rerpamuHoIniek. Torna Bcero npsMbIx HE Oojiee 667-5, 4TO MEHBIIE, YeM
3998. IIpotuBopeune.

Bapaua 7. Hamypanouvie uucna a, b u ¢ maxoewr, umo a’b*+b3c3+c3a® = abc(a®+b*+c3). Joxascume, umo
npouseedenue KaKkux-mo 08yxX U3 JMux Yucell 8IsLemesi K8AOpamom HeKOmopo2o HAmypaibHo20 YUCId.

Pemenne. 0 = a’b3+b3c3+c®a®-abe(a3+b*+c?) = (ab—c?)(bc—a?)(ca—b?). TTosromy mubo ab=c?, m6o bc=a?, mbo
ca=h?.

3anpaua 8. Ha xaocoom pebpe noanoeo epaga ¢ 2000 sepuunamu Hanucano wucio 1, 2 uau 3 max, umo cymma
yucen Ha péopax Kaxicoo2o mpeyeoibHuKa He menvuie 5. Kakosa HauMeHbwas 603MONCHASL CYMMA 6CeX Yucel Ha
pébpax?

Otset. 3997000. Pemenue. Ilpumep. Boibepem 1000 pébep O6e3 oOImmMx BEepIINH, HA HUX HAMHIIEM €IUHUIIBI, Ha
OCTaIbHBIX péOpax — nBoiikk. CyMMa HalMCaHHBIX YHCel OyeT paBHa Kak pa3 2-(2000-1999/2)-1000 = 3997000.
Oyenka. Ha30BEM BepILUHY 110X01i, €CIIN U3 HE€ BBIXOAUT 00JIblIe 0JTHOrO pedpa, moMeueHHOro exuHuLei. Eciu
B rpade HeT IJIOXMX BEPIIMH, TO BCE B mopsake: pedep ¢ enuuumaMu He 6onbiie 1000, 1 cymma HanmvMcaHHBIX HE
pebpax uncen e MeHbiie 2-(2000-1999/2)-1000 = 3997000. ITycTs rutoxas BepimHa A ectb. Bo3sméM pedbpo AB,
Ha KOTOPOM HalMCaHa €MHULIA U pacCMOTpUM Bce TpeyronbHuky Buga ABC. Ecnu Ha onHolt u3 cropon AC uiu
BC rtakoro TpeyroipHHKa HalllcaHa €JWHHIA, TO Ha JPYroi NODKHA OBITH TpoiKa. Bo Bcex Takux ciydasx
3aMEHHM 3TH €AMHHMITY ¥ TPOWKY Ha JBe ABoMKH. CyMMa HalMCaHHBIX HA peOpax 4ncer MpU STOM HE H3MEHHUTCS,
CyMMa 4KCce Ha CTOPOHAX JIF0OOr0 TPEYroJbHUKA OCTAaHETCsl HE MEHBIIE 5, a YUCIIO IUIOXUX BEPIINH YMEHBIIUTCS.
[ToBTOpSIst OMHCAHHYIO MPOLENYPY, MBI MOKEM YHHYTOXXUTH BCE IUIOXHME BEpIIMHBI, a Juisi rpada 6e3 IIoxux
BEpIIMH BCE ke OBbLIO T0Ka3aHO.
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Pemenus 3a1ay KoMaHJIHOM 0JIMMIIMAALI 8 Kiacca

3anaua 1. Joxasicume, umo naumeHnvuiee odbwee kpamuoe [a, b] u naudborvuuil oobwul denumens (a, b) 1rodwvix
08yx Hamypanvhblx uucen a u b yoosnemeopsirom nepasencmsy a(a, b)+b[a, b] >2ab.

Hepeoe penrenne. ITonoxum (a, b) = d. Torma a = de, b = df, a(a, b)+b[a, b] = d%e+d*%e = d%e(1+f%) > 2d%f = 2ab.
Bropoe pemenre. Hanmensliee oOiee kparHoe [a, b] uncen a u b nenurcs na a u, cienoBareabHo, TM00 PaBHO a,

6o He MeHbie 2a. Bo Bropom ciydae yxe b[a, b] > 2ab, a B mepBom a nmenurcs Ha b, otkyna (a, b) =b u
a(a, b)+b[a, b] = 2ab.

3anaua 2. Ha cmopone AB mpeyeonvnuxa ABC pacnonoscenwvt mouxku D u E mak, umo AD = DE = EB. Touku A u
B oxazanucey cepeounamu ompesxos CF u CG. Ilpsamas CD nepecexaem npamyro FB ¢ mouke I, a npsamasa CE
nepecexaem npamyio AG 6 mouxe J. [loxasxcume, umo mouxa nepeceuerusi npamoix Al u BJ nescum na npsamoti FG.

Pemenue. Touka E nenur meauany AB tpeyronbanka CAG B oTHOmeHUH 2:1, cumras ot BepmuHbl A. 3HauuT, E
— TOYKa nepeceueHust menuan TpeyroibHuka CAG, u moromy CJ — MeauaHa 3TOro TpeyrojbHHKa, TO €CTh
AJ = GJ. Ananoruuno Fl = Bl. 3naunt, npsmas 1J conepxur cpenHroro aunuio Tpaneuun FABG.

ITycts mpsamas Cl nepecekaer FG B Touke K. Tak kak AB — cpennsis aunust tpeyronsauka FCG, CD = DK.
Tak kak mpsimast 1J conepxur cpenntoro nunuto Tpaneuun FABG, DI = IK. 3nauut, Cl = 3CD/2. Ananoruyso
CJ = 3CE/2. Takum ob6pa3om, tpeyroabpuuk ClJ mogoben tpeyronpauky CDE ¢ xoadduimentom 3/2, otkyna
IJ = 3DE/2 = AB/2. Tlonyuaercs, uro 1J — cpennsist muHusi Tpeyroiabphika ABH, roe H — Touka mepeceuyeHmus
npsiMbix Al u BJ. CnenoBarenbHo, Touka H ymanena ot cpenneit inaun tpanenuu FABG Ha Takoe ke paccrosiHue,
Ha KaKoe 3Ta CpeIHss JIMHKA yaaieHa or ocHoBanuii AB u FG, n moromy nexwur Ha npsimoii FG.

3apaua 3. Cmonbdysi oocku 2019x2019 nponymeposansi cresa nanpaso uucramu 1, 2, ..., 2019. B kadxcooii kniemxe
nepeoe2o cmoabya cmoum no KoHi. Kaxcovim xo0om Kkaxue-mo 08a KOHsL 00OHOBPEMEHHO X00AM Ha 08e C80O00HbIE
rnemku. [ kakux k, 1 <K <2019, moosicrno 3anonnume konsamu k-1t cmonbey docku?

Orger. [I1s Bcex ueTHBIX K, ¥ TOJNBKO Uit HUX. Penienne. Packpacum KIIETKH JOCKU B Oellblil M YEpHBIA [[BETA B
[IaXMaTHOM TIOpSIIKE TakK, YTOOBI YIJIOBbIE KJIETKM ObLIM 4€pHbIMHU. Toraa BO Bcex cTojOIax ¢ HEYETHBIMU
HOMepaMH OyzieT Heu€THOe YHCiIo YEPHBIX KIETOK, a BO BCeX CTONOAx ¢ YETHBIMU HOMepaMu — 4étHoe. [locie
XO0/la KOHsI IIBET €ro KIeTKU MeHsercs. [loaToMy ecnau 1Ba KOHs CXOJWIM OJHOBPEMEHHO, YETHOCTh KOIMYECTBA
YEPHBIX KIJIETOK, HA KOTOPBIX CTOST KOHU, HE MEHSETCs. 3HAYMT, 3aM0JHUTh KOHSIMU I10 ONUCAHHBIM B YCIOBUH
IpaBUIaM CTOJIOEL ¢ YETHBIM HOMEPOM MBI HE CMOXKEM.

YtoObl MOKa3aTh, YTO MOXKHO 3aIOJIHUTh KOHSAMHM JIFOOOH HEu€THBIN cTonbel, JOCTaTOYHO MOKa3aTh, YTO
MOYHO 3aIIOJIHUTh MU TPETHUI CTOJIOEL, HE UCTIONb3Ys KIETOK, JISKAIINX PAaBEEe HEro: TOr1a Mbl CMOXKEM 3aTeM
aHAJOTUYHBIMU JIeHICTBUSIMHU 3aIIOTHUTD MATHIN cTon0er 1 T.1. OTHOBPEMEHHO CXOJMM KOHEM, CTOSIIIIUM B HHDKHEH
KJIETKE [IEPBOT0 CTOJIOIA, BO BTOPYIO CHU3Y KJIETKY TPETHETO, @ KOHEM, CTOSIINM BO BTOPOH CHU3Y KIIETKE IEPBOTO
CTONIOLA, — B HIJKHIOIO KJIETKY TpeThero. /lanee aHamornyHo nepeMecTuM B TPETUi cToI0el KOHEH ¢ TpeTbel u
4eTBepToill, ..., 2017-0i u 2018-0i1 knetok. Konem xe K ¢ BepxHell KJIeTKH CHavyajga CXOJUM Ha TPETbIO CBEPXY
KJIETKY BTOPOTO CTOJI0IIa B Mape ¢ XOA0M JIF000r0 M3 OCTaJIbHBIX KOHEH L Ha moboe MecTo JOCTYIMHOE MECTO B
NEPBOI CTPOKE, a CIeQyIoLIel Mapoi XOA0B CTaBUM KOHs K Ha BEpXHIOIO KJIETKY TPETheH CTpPOKH, a KOHs L
BO3BpalllaeM Ha MecTo. TpeTuii croa0er 3aloIHe .

3anaua 4. Cywecmayiom au HAMypaivHsle Yucia n u k, 01s kKomopvix — K8a0pam HamypaibHo20 4ucia?

11

n
Ortser. Her. Pernenmne. Ilycts T _n =m? Torga n(m>+1) = 11%m?. Tak kak uucna M? u M?+1 B3aMMHO TIPOCTEI,

4pcI0 M>+1 OMKHO OBITH JEIHTEIeM YHCiIa llk, 10 ecTb M?+1 = 11°. Ho 310 HEBO3MOXKHO, TaK KaK YuCia BUOA
m2+1 AaroT Ipyu ACJICHUH Ha 11 TOJIBKO HCHYJICBBIC OCTATKH. Cnyqaﬁ S= 0 TaK)KC HCBO3MOXCH, TaK KaK TOraa
m=0.

3anaua 5. Buympu napannenoepamma ABCD ommeuena mouka P, e nescawasn na eco ouaeonansx. Touku K, L,

M u N — cepeounvt cmopon AB, BC, CD u DA coomsemcmeenno. [oxasxcume, uymo
S(APC)+S(BPD) > S(KPM)+S(LPN).

Pemenue. [Tycts O — Touka mepecedenus: quaronaneii mapamienorpamma ABCD. He ymasist oOmHOCTH Oyiem
CUUTaTh, YTO Touka P nexxut B mapamtenorpamme OLCM. ITycth npsimast, mpoxosiiast uepe3 Touky P nmapamiensHo



BC, mepecekaer otpe3ok LN B Touke Q. D1a TouKa Jieskut BHyTpH Tpeyroiabauka BPD, mostomy S(BQD) < S(BPD).
C npyroii croponsl, S(KQM) = S(KPM), Tak Kak y 3THX TPeyrojabHUKOB 0011iee ocHoBaHre KM 1 paBHBIE BHICOTHI.
Mo anamoruunesiM npuunHaMm S(BQO) = S(KQO) u S(DQO) = S(MQO). CknaapiBas ABa MOCICIHUX PABCHCTBA,
noygaem S(KQM) = S(BQD), otkyna S(KQM) < S(BPD). Ananoruano S(LPN) < S(APC). Ocrtanock ClioxuThb 18a
MOCJIC/IHUX HEPAaBEHCTBA.

3anaua 6. Cronbko cyujecmayem nepecmanosox ai, az, ..., azois wucen 1, 2, ..., 2018 makux, umo ax > k posno ons
00H020 k?

Otser. 2?°%-2019. Pemenne. JlokaxkeM 10 MHAYKIHMH, 9TO TIPH JTIOOOM HATYpadbHOM N CYIIECTBYET POBHO
an = 2"+(n+1) ykasaHHBIX B yCIIOBHH (HA30BEM WX XOpouiuMit) TIEPECTAHOBOK ymcend 1, ..., N. basa odeBumHa:
a1 =2'(1+1) = 0. Jloxaxxem mepexon. IlycTh yXke MOKa3aHO, 4TO an1=2"'-n. 3ameTnm, 4TO XOpOIIMX
MepecTaHoBOK ymceln 1, ..., N (N> 1), ocTaBIAIOIIKX HAa MECTE YKCIIO 1, CTONIBKO K€, CKOJILKO XOPOIIUX MepecTa-
HOBOK u9mcenl 2,...,N, To ecTh an1. CleaoBaresbHO, JOCTATOYHO J[OKa3aTh, YTO KOJIHYECTBO XOPOIIHX
TIepecTaHoBOK uucen 1, ..., N (N> 1), e ocTaBIAIOMMX HA MecTe uncio 1, papHo 2"—(N+1)—an 1 = 2" 1.

PaccmoTpuMm xopoiie MepecTaHOBKH, MepeBofsiiue eauHuily B uucio K> 1. Bce ocranbHbie umcna 1o
YCIIOBHIO JTOJDKHBI TIEPEXOIUTh B ce0si Witk MeHbInue. Tak uucio 2 MoxkeT nepeittu B cedst wiu B 1. [locne storo
1UIst yrciia 3 Toke Oy/eT JBa BapraHTa: ePEeHTH B ceOsl HJIM BCTATh HA ¢MHCTBEHHOE MEHbIIIEe CBOOOIHOE MECTO.
TIposoiKas 3TO pacCy IeHHe, HaXOMM, 4To s uncen ot 2 1o K—1 cymectsyer 22 BapHaHTOB IepeCTaHOBKH.
Janee, y uncna K ecTh eTMHCTBEHHAsI BO3MOKHOCTh — BCTaTh HA MEHbIIIEE ITYyCTOE MECTO, @ y YHcel, 00bmX K,
eIMHCTBEHHAsI BO3MOYKHOCTh — OCTAThCSl HA MECTE.

W3 cka3aHHOTO CIIEyeT, YTO XOPOIIUX MMEPECTAHOBOK urce 1, ..., N, IpU KOTOPBIX | He ocTaeTcs Ha MecTe,
neficTBUTENBHO cymecTByeT 1+...4+2"2 = 2711, yTo M 3aBepmIacT TOKA3ATEIHCTBO.

3anava 7. [Joxascume, umo 0na 106020 HAMYPANLHO2O YUCIA N HAUOEMC makoe Hamypanbhoe yucno k, umo
svinoansiemes: pasencmeo [N(L++/2)]=[k~2]. Hanomuum, umo uepes [x] obosnauaemcs naubonvuiee yenoe
YuUCno, He NPesocxoosUyee X.

Pemenue. ITonoxum m= [n(l+ \/E)] < m< n(1+«/§) <m+l o m(~2-1)<n<(Mm+1)(~2-1). U3 nepoii

YacTH MOCIEAHET0 JBOMHOIO HEpaBeHCTBA CIIEAYET, 4To M J2 <n+m, a us npaBoit — uro N+m+1 < (m+1) J2.
m m+1
Jlensi 06a MONMy4YeHHBIX HEpaBEHCTBA Ha 2, MOJTydYaeM, YTO MEXKIy YHUCIaMHU ﬁ u f HAXOJATCS J[Ba

MOCJICIOBATEIILHBIX TOMYIEbIX yncia (N+m)/2 u (n+m+1)/2. OxHo u3 HuX siBisteTcs 1eabiM. O003HAYMM ero Yepes
k. Torma m < k\/i <m+1, oTkyna [k\/z] =m = [n(1+ \/E)] , UTO U TPeOOBAIIOCH.

3anaua 8. Ha kasicoom pebpe nonnoeo epagha ¢ 2019 eepuwunamu Hanucaro uucno 1, 2 unu 3 max, umo cymma
yucen Ha péOPax Kaxcoo2o mpeyeonvhuka He menvute 5. Kakosa naumeHbuids 603MONCHAS CYMMA 6CeX Yucel HA
péopax?

Otser. 2019-2018-1009 = 4073333. Pewenue. /lpumep. Bribepem 1009 pébep 6e3 oOLMX BEepIIMH, Ha HUX
HarmumeM 1, Ha ocranmbHbIX péOpax — 2. CyMma HamucaHHbBIX 4ucen Oymer kak pa3 2-(2019-2018/2)—
1009 = 4073333. Oyenxa. Ha30BEM BepIIMHY 7/10X01, €CITU U3 HEE BEIXOJUT OOJIbIIE OTHOTO pedpa, MOMEUSHHOTO
enunmiei. Eciau B rpade HEeT mioxux BepIivH, TO BCE B mopsiake: pedep ¢ equauiiamu ve 6omnpme 1009, u cymma
HaITMCAHHBIX He pedpax uucen e menbiie 2-(2019-2018/2)-1009. [Tycts mnoxas Bepiuaa A ecth. BozsMéM pedpo
AB, Ha KOTOpPOM HamMcaHa eIMHMIIA, U paccMOTpUM Bce TpeyronbHukH Bugaa ABC. Ecnu Ha ogHoii u3 cropon AC
wim BC Takoro TpeyroipHHKa HamucaHa eIUHUIA, TO Ha JPYrod A0JDKHA OBITh Tpolika. Bo Bcex Takux ciydasix
3aMEHUM 3TH JIMHUILY M TPOMKY Ha JBe qBOMKK. CyMMa HAalMCaHHBIX HA peOpax 4uce MpU 3TOM HE M3MEHHTCS,
CyMMa 4HMCceT Ha CTOPOHAX JIF00OT0 TPEYTroJIbHUKA OCTAaHETCSI HE MEHBIIE 5, a YMCIIO IUIOXUX BEPIINH YMEHBIIHTCSL.
[ToBTOpSISI ONTUCAHHYIO MPOLEAYPY, MBI MOXXEM YHHUTOXXHTH BCE IUIOXHME BEPIIUHBI, a JJs rpada 0e3 mioxux
BEpIINH BCE yKe OBIIO TI0KA3aHO.



