Heaoyams nepswviti mamemamuieckuil MmypHup CmapueKkiacCHUKO8
“Kybox namamu A.H. Konimoeoposa™

Ypa, 27 okmsabps — 3 noaops 2017 2o0a
Iepserii Typ 29.10.17. Boiciuias jura.

1. Jano HatypasibHOE 4mciio @ > 2. B xommanuu N > 2 mronmeid. Y Kaxaoro u3 JroJield €CTh M MOHET
JIOCTOMHCTBA | TYyrpuK, M MOHET JOCTOMHCTBA & TYTPUKOB, M MOHET IOCTOWHCTBA a’ TYTPUKOB, U T.1. 3a
XO0Jl OJIMH YEJIOBEK MOXET MepesiaTh APyromMy oJiHy MoHeTy. KomMnaHus Ha3bIBa€TCS yCcmouuugot, eciu
JUTSL TFOOBIX LIEJIBIX YHUCEeT X1, ..., XN C HYJIEBOM CyMMOM JIFOAM MOTYT CIelaTh TaK, YTOObI MEPBbIA 0TI
Ha X1 TYTPUKOB OOJIbIlIe, YEM MOy, BTOPOM — Ha Xz, U T.1. JloKaXuTe, 4TO KOMIIAaHUSI yCTOMYMBA

a
TOTJIa ¥ TOJILKO TOrJa, Korma m>a——-—1.

2. Ilycte 0 < a4, b, ¢ < 1. JIokakute HEPABEHCTBO
1 1 1

(a+b+c+4) + +
1+ab 1+bc 1+ca

<15.

3. B ctpane Metamnypruu €CTh HECKOJIBKO 3aBOJIOB; HEKOTOPHIE Maphl 3aBOJIOB COCIMHEHBI JTOPOTAMH,
JIOPOTH MOTYT TEPeCceKaThCsA. 3aBOJbI MOXKHO PACTPEICTUTh MEXKIY a > 1 KOMIMaHUSMU Tak, 4TOOBI
mo0ble JBa 3aBOja, COCAMHEHHBIC IOPOTOH, MPUHAIJIC)KAIH pPa3HBIM KOMMaHUSAM. J[OpOrd MOXKHO
pacrpeneanTb Mexay b > a KoMnaHUsIMH TaK, 9TOOBI JIFOOBIE IBE JIOPOTH, BHIXOSIIME U3 OJHOTO 3aBOJIa,
NPUHAJICKATN pa3HbIM KOMIaHUSAM. [loKakuTe, 4TO 3aBOJIbI U JIOPOTH MOXKHO PACIPENETUTh MEXKITY
1+[a/2]+b xommaHusAMU TaK, YTOOBI MPEABIIYIINE 1BA YCIOBUS BBITOJHSINCH, M IIPH 3TOM JIFOObIE 3aBOJT
U JI0pOTa, U3 HETO BBIXOAIIAs, TPUHAJICKATH pa3HbIM KOMIIAHUSIM.

4. lentp O OKpY>XHOCTH (® JISKUT Ha OKpyx HOCTH Y. Ha okpyxHOCTH Yy 3adukcupoBaHa Touka A,
Jealas BHE OKpYXHOCTH . IlepeMenHast okpykHOCTh, poxonsmas yepe3 A u O, mepecekaer ® B
toukax P u Q. IIpsimeie OP 1 OQ BTOpHYHO MepeceKaroT OKpYXKHOCTh ¥ B Toukax P' u Q'. Jlokaxkure, 9T0
Bce npsimbie P'Q' kacaroTcst UKCHPOBAHHOMN OKPYKHOCTH.

5. Iyctb k > 1 — HarypaneHoe umcno. HazoBéM donbkoil 00y GUTypKy, MOIy4aeMyr0 CIICAYIOIIUM
o0pa3zom. Bo3bMEM CEKTOp eMUHUYHOTO Kpyra pactBopa, meHbiiero 271/k; mycts A 1 B — KoHIIBI ero
nyTH, a Touka C JIeKUT CTpOro BHYTpH cekTopa. Toraa ¢purypka orpanndera gyroit AB u orpeskamu AC
u BC. [Ipu kakux K MoxxHO BBIOpaTh K+1 J0JIeK U MMOKPBITH UMH eIMHUYHBIN Kpyr? (Cunraem, 4To Bce
burypsl coepkat rpaHuILy. )

6. [Tycth An — KOMHYECTBO TIepecTaHOBOK ¢ MHOXkecTBa X = {1, ..., N} Takux, 4To MPH HEKOTOPOM 1 < N
BepHO paBeHCTBO G(i) = i+100. [TycTh Bn — KOJIM4ECTBO EPECTAHOBOK G MHOXECTBA X TaKUX, YTO MPU
HEKOTOpoM | < N BepHo paBeHCcTBO o(i+1) = o(i)+100. Jokaxure, uto As = By.

7. Jlokaxxure, 4TO CyIIecTByeT OECKOHEUYHO MHOTO Tap HATYPaIbHBIX YHCEN X U Y > 2 TaKuX, 4TO YUCIIa
(y=1)x+1, (y+1)x+1 u 4xy+1 — xBagpaThl HATYPATHHBIX YHCEIL.

8. B kaxnmyro knerky kBaapata 1000x1000 3ammcano cimoBo amuHbl N u3 cuMBojioB 0 u 1. HazoBém
paccmosiHuem MEXKIy KICTKaMH HaWMEHbIIEe KOJHYECTBO CIAMHUYHBIX XOJOB 10 BEPTHKAIU H
TOPU30HTAIIA, HEOOXO0UMOe, YTOOBI 100paThCsl M3 MEpPBOM BO BTOpyr0. OKa3alock, 4TO MPHU JTHOOOM
d < 100 mro0ble ABE KIETKU Ha paccTostHuu 0 cojepikaT clioBa, pasnudaromiuecs poBHo B d ourax. [Tpu
KaKOM HauMEHbIIEM N 3TO BO3MOKHO?

9. Nana tpaneuus ABCD. OkpyXHOCTh @1 MpoxoauT yepe3 BepuinHbl C u D, a e€ 1eHTp JIexKuT Ha
60K0BoOIi cropoHe AB. AHaIOTHYHO, OKPYKHOCTH (2 TPOXOAUT Yepe3 A 1 B, a e€ IeHTp JIe)KUT Ha CTOPOHE
CD. Ilycts K u L — Touku mepeceueHust 3THX OKpPY>KHOCTEH, a T — TOUKa mepecedeHus nuaroHanei
tpaneuuu. Jlokaxute, uro Touku K, L u T nexxat Ha 0JJHOM HpsIMOiA.

10. Haiiaute Bce MHOTOWICHBI P(X) ¢ BemiecTBEeHHBIMU KOA(PPUIHEHTAMH, JIsI KOTOPHIX HEPABEHCTBO
P(a-1)P(a+1) > P(a)*>~1 BHINOIHEHO NPH BCEX BEMIECTBEHHBIX a.



Heaoyams nepswviti mamemamuieckuil MmypHup CmapueKkiacCHUKO8
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Ypa, 27 okmsabps — 3 nosaops 2017 2o0a
Iepswbrii Typ 29.10.17. [lepBas Jiura.

1. Jano HatypasibHOE 4mciio @ > 2. B xommanuu N > 2 mronmeid. Y Kaxaoro u3 JroJield €CTh M MOHET
JIOCTOMHCTBA | TYyrpuK, M MOHET JOCTOMHCTBA & TYTPUKOB, M MOHET IOCTOWHCTBA a’ TYTPUKOB, U T.1. 3a
XO0Jl OJIMH YEJIOBEK MOXET MepesiaTh APyromMy oJiHy MoHeTy. KomMnaHus Ha3bIBa€TCS yCcmouuugot, eciu
JUTSL TFOOBIX LIEJIBIX YHUCEeT X1, ..., XN C HYJIEBOM CyMMOM JIFOAM MOTYT CIelaTh TaK, YTOObI MEPBbIA 0TI
Ha X1 TYTPUKOB OOJIbIlIe, YEM MOy, BTOPOM — Ha Xz, U T.1. JloKaXuTe, 4TO KOMIIAaHUSI yCTOMYMBA

a
TOTJIa ¥ TOJILKO TOTJIa, Korjaa m > a— N -1.

2. Ilycte 0 < a4, b, ¢ < 1. JIokakute HEPABEHCTBO

(a+b+c+4) L + L + 1
1+ab 1+bc 1+ca

3. B crpane Meramutyprun ecTh HECKOJBKO 3aBOJIOB; HEKOTOPBIC Iaphl 3aBOJIOB COCIMHCHBI
JIOporamu, JOpOTd MOTYT MepeceKaThCs. 3aBOAbl MOKHO PaCIpPEEIUTh MEXIY a > 3 KOMIIAHUSIMU
TaK, 4TOOBI JTFOOBIE J1BA 3aBOJIa, COSTUHEHHBIE IOPOTOM, MPUHAAJICKAIN pa3HBIM KOMIaHusIM. Jloporu
MOJKHO pacmpeaeuTh MKy b >3 KOMIaHUSMHU Tak, 4TOOBI JIIOOBIC IBE JOPOTH, BBIXOISIINAEC U3
OJIHOTO 3aBOJia, MPUHAIJICKATH PAa3HBIM KOMMaHUSAM. [oKakuTe, 4TO 3aBOJIBI U JIOPOTH MOKHO
pacnpenenuTh MeKIy a+b—1 koMmanuel Tak, YTOObI MPEIBIIYIIUE ABA YCIOBHS BHITTOIHSIIUCH, U ITPH
ATOM JIIOOBIE 3aBOJI U IOPOTa, U3 HETO BRIXOAAIIAS, TPUHAAJICIKATN PA3HBIM KOMITAHUSIM.

jng.

4. 1lets u Bacs urparot B cienyrounyto urpy. [lepen Humu nexar Tpyu Kydkd KaMHEW. B mepBoii Kyuke
50 xamuei, Bo BTopoir — 100 kamHueit, B TpeTbeit — 150 kaMHel. 3a OJIUH X0 MOXKHO B35ITh OJIMH
WJIM JIBa KaMHs U3 OJHOM Kydku. Hemp3st Opath kKaMHHM U3 TOM KYy4YKH, OTKY/1a Ha TIPEABIAYIIEM X0y
opan conepuuk. Haunnaer Ilets, nanee xoasat mo ouepeau. [IpourpeiBaet TOT, KTO HE MOXKET CeiaTh
xoJ. KTo MoxeT mobeanTh, Kak Obl HU UTPal CONIEPHUK?

5. Ilyctb k>1 — HarypanbHOoe umcio. Ha3zoBéM Odonvkout 100y (GUTYPKY, MOIy4aeMyro
creayromuM oopazom. Bo3zbMEM cekTop eIMHUYHOTO Kpyra pacTBopa, MeHsbliero 27/k; mycts A u B
— KOHIIBI €ro Jyru, a Touka C JeXUT cTporo BHYTpH cekTopa. Torna ¢urypka orpaHudeHa ayroi
AB u orpe3kamu AC u BC. [pu kakux K moxHO BeIOpaTh K+1 106K M MOKPHITH MU €IMHUYHBIH
kpyr? (Cuntaem, 4yTo Bce (PUTyphl coAepKaT TpaHULLY. )

6. Buytpu Boinykioro nsatuyroinsiuka ABCDE B3dra Takas Touka P, 4ro miomaau TpeyroiabHUKOB
ABP u DEP paBubl. Otpe3ku PB u PD mnepecekator amaronanu CA u CE B Toukax M u N
cooTtBeTcTBeHHO. Jlokaxkute, uto eciu MN || AE, To otpe3ok PC nenut quaronans BD momomnam.

7. JlokakuTe, YTO CYHIECTBYET OECKOHEYHO MHOTO Map HATYPaIbHBIX YHCENT X U Y > 2 TaKhX, 4TO
gucna (Y—1)x+1, (y+1)x+1 u 4xy+1 — KBagpaThl HATYPATBHBIX YUCEIL.

8. B xaxayro knetky kBagpara 1000x1000 3anucano cioBo mmHbI N U3 cuMBoioB 0 u 1. HazoBém
paccmosanuem MEXIy KIeTKaMUd HauMEHbIIee KOJWYECTBO €IUHUYHBIX XOJOB IO BEPTHKAIH U
TOPU30HTAIH, HE0OX0UMOE, YTOOBI J0OpaThCs U3 MepBOil BO BTOpy0. OKa3anock, 4To Ipu J0O0M
d < 100 nroObie ABe KIETKH Ha paccTossHUE O colepar ClioBa, pazianyaroluecs poBHO B d OuTax.
[Tpu kakoM HaMMEHBIIEM N 3TO BO3MOXKHO?

9. Hana tpameuus ABCD. OkpyxHOCTh @1 mpoxoauT 4depe3 BepmuHbl C u D, a e€ meHTp JIexuT Ha
60K0BoOIi cropoHe AB. AHaIOTHYHO, OKPYKHOCTH (2 TPOXOAUT Yepe3 A 1 B, a e€ IeHTp JIe)KUT Ha CTOPOHE
CD. Ilycts K u L — Touku mepeceueHust 3TUX OKpPY>KHOCTEH, a T — TOUKa mepecedeHus nuaroHaiei
Tpaneuuu. Jlokaxkure, uto Touku K, L u T nexat Ha 01HOM NpsSAMON.

10. Haiinute Bce MHOrowieHnsl P(X) ¢ BemecTBeHHbIMU KO3 duUIeHTaMu, 715l KOTOPBIX HEPABEHCTBO
P(a-1)P(a+1) > P(a)*>~1 BHINOIHEHO NPH BCEX BEMIECTBEHHBIX a.



Heaoyams nepswviti mamemamuieckuil MmypHup CmapueKkiacCHUKO8
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Ypa, 27 okmsabps — 3 nosaops 2017 2o0a
Iepserii Typ 29.10.17. Bropasi jura.

1. Bacs Hanmcan Ha nocke uncna 1, 2, ..., N B psia B kKakoM—To nopsiake. [lonyuwnces pspg ay, ay, ...,
2

a
an. OKa3aJ'IOCB, YTO IJIs1 BCEX k = 1, 2, ceey N—1 BBITIOJIHEHO HCPABCHCTBO Lék +2 . I[OK&)KI/ITC, qTo
k+1

BBIITMCAHHBIC YU CJIda UAYT B IIOPAAKC BO3paCTaHUA.

2. B tpeyronsamnke ABC ¢ octpem yrimom BAC cropona AC < BC. B mem npoBenens! Ouccekrpuca
CL u megnana CM. Ileprienaukymsip u3 Touku A, omymieHHsiid Ha CL, mepecexkaer CM B Touke K.
Oka3zaiocs, uro ToukH A, L, K u C nexxar Ha ogHoi okpyxHOCTH. Haiigute yrom ACB.

3. B crpane Meramutyprun ecTh HECKOJBKO 3aBOJIOB; HEKOTOPBIC Iaphl 3aBOJIOB COCJIMHCHBI
JIOpOoramMu, JOPOTU MOTYT MepeceKaThCs. 3aBOAbl MOXKHO PACIIPEIETUTh MEXIY a > 3 KOMITAHUSMU
Tak, 4TOObI JTFOOBIE J1BA 3aBOJIa, COSTMHEHHBIE TOPOTOM, MPUHAJICKATH Pa3HbIM KoMnaHusaM. [loporu
MOJKHO pacmpeaeuTh MKy b > 3 KOMIaHUSAMHU Tak, 4TOOBI JIIOOBIC IBE JOPOTH, BBIXOISIINAEC U3
OJIHOTO 3aBOJIa, MPUHAJICKAIN pPa3HbIM KoMMIaHUsAM. JlOKaKuTe, 4TO 3aBOABI M JOPOTH MOXKHO
pacnpenenuTh MeK Iy a+b—1 koMmanuel Tak, YTOObI MPEIBIIYIIUE ABA YCIOBHS BHITTOIHSUIUCH, U ITPH
3TOM JIOOBIE 3aBOJI U IOPOTa, U3 HETO BBIXOASINAs, TPUHAIIE)KAIN PAa3HBIM KOMITAHUSIM.

4. JIns HaTypaibHOro uncia N > 1 00o3HaunM yepe3 P(N) HAUMEHBIINN TPOCTON ACTUTEIb Yucia N,

HaiimuTe Bce mapbl HaTypaJbHBIX uYHced @,0>1, I KOTOPBIX BBIIOJHEHO PAaBEHCTBO
a?+h? = p(a)?+3p(b)*.

5. HazoBéMm Odonvkou moOyio GUrypKy, TOIy4aeMylo CileAyrImmMm obpa3zoM. Bo3pmém cekTop
eIMHUYHOTO Kpyra pacTBopa, MeHbiero 7/3; myctb A u B — KoHIIbI ero ayru, a Touka C JIexuT
CTporo BHYTpH cektopa. Torma ¢urypka orpanuuena ayroit AB u orpeskamu AC u BC. MoxHoO 1u
BbIOpaTh 7 0JIEK U OKPBITh UMH €IMHUYHBIN Kpyr? (CuuTtaem, 4To Bce (PUTyphl COJIEPKAT FPaHUILy.)

6. Buytpu Beinmykioro nsartuyronbiuka ABCDE B3dra takas Touka P, 4to miiomaau TpeyroiabHUKOB
ABP u DEP paBubl. Otpe3ku PB u PD mnepecekator amaronanu CA u CE B Toukax M u N
cootBeTcTBeHHO. Jlokaxkute, uto eciiu MN || AE, To otpe3ok PC nenut quaronans BD momonam.

7. Ilers u Bacs urpatot B cneaytoinyto urpy. [lepen Humu iexat Tpu Ky4uku kamHeil. B nepBoii kyuke
50 xamuen, Bo BTopoir — 100 kamHuei, B TpeTbeit — 150 kaMHeil. 3a OIMH X0 MOYKHO B3SITh OJIMH
WIN JIBa KaMHS U3 0JTHOM Ky4uku. Henb3s OpaTh KaMHHU U3 TOM KYy4YKH, OTKYAa Ha MPEIBbIIYIIEM XO1Y
Opan conepuuk. Haunnaer Ilets, nanee xonar no ouepenu. [IpourpeiBaeT TOT, KTO HE MOXKET C/AENATh
xoJ. KTo MoxeT mobeanTh, Kak Obl HU UTpal CONEPHUK?

8. B xaxnyro knetky kBagpara 1000x1000 3amucano cnoBo umuHbI N U3 cuMBoiioB 0 u 1. HazoBém
paccmoanuem MEXAYy KIeTKaMH HauMEHbIee KOJIUYECTBO EIMHUYHBIX XOJOB MO BEPTHKAIN U
TOPU30HTAIN, HEOOX0UMOE, YTOOBI J0OpaThCcsl U3 NepBOil BO BTOpy0. OKa3anock, 4To IpH JIIOO0OM
d < 100 nroObie ABe KIETKH Ha paccTossHUE O colepar ClioBa, paziInyaroiuecs poBHO B d OuTax.
[Ipn kakoM HauMeHbIIEM N 3TO BO3MOXKHO?

9. Haiinute Bce menble b Takue, uTo npu mo6oM HaTypanbHoM a uucio (a2+1)1%°%+b-a nemurca na
a’+a+1.

10. Haiimute Bce MHOrOWICHBI P(X) cTerneHu He BbIlIe 2 ¢ BEIICCTBEHHBIM KOA((GUITUCHTAMH, IS
KOTOPBIX BHINONHEHO ycaoBue P(X—1)P(x+1) > P2(X)—1 114 BceX BEIECTBEHHBIX X.



Heaoyams nepswviti mamemamuieckuil MmypHup CmapueKkiacCHUKO8
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Ypa, 27 okmsabps — 3 noaops 2017 2o0a
Iepssiii Typ 29.10.17. Boiciiasi OHHOPCKAs JINTA.

1. MoxHO 1M pacKpacuTh BCE HATypaJbHBIC YWCIAa B TPU I[BETa TaK, YTOOBI I KaXIOTO
HATYPAIBLHOTO N BCE YMCIA X, YAOBIETBOPSOIIKE yeiaoBuro 2" 1 < X < 2" Gputd packpamieHsl B OUH
1IBET, U €IMHCTBEHHBIM OJIHOI[BETHBIM PEIIEHHEM ypaBHEHHUs X+Y = 72 66110 (2, 2, 2)?

2. JlokakuTe, 9YTO CYHIECTBYET OCCKOHEYHO MHOTO IMap HATYPAJIbHBIX YHCEN X U Y > 2 TaKuX, 4TO
gucna (Y—1)x+1, (y+1)x+1 u 4xy+1 — KBagpaThl HATYPATLHBIX YUCEIL.

Xy yz X
3. JInst BceX TPOEK MOJIOKHUTEIBHBIX YUCEI X, Y, Z, YAOBICTBOPSIOIIUX YCIOBHIO — +— +— < 3,
yA X

y
72

3 +

X2 y2
JAOKAXXHUTC HCPABCHCTBO — + 3 + +
z X

N <

< | <
X | N

4. Jlana tpaneuus ABCD. OxpyxHOCTh 1 ipoxoaut depe3 BepmnHbel C u D, a e€ meHTp exuT Ha
OokoBoii ctopoHe AB. AHaIOrMYHO, OKPY>KHOCTh (2 MPOXoauT yepe3 A u B, a e€ 1ieHTp JeXUT Ha
cropone CD. Ilycte K u L — TOYKHM mepecedeHust STUX OKPYKHOCTEH, a T — TodYKa mepecedeHus
nuaronanei tpaneuuu. JJokaxure, yto Touku K, L u T nexxar Ha oHOM TpsIMOIA.

5. Lentp O OKpyKHOCTH ® JISKHUT Ha OKPYXKHOCTH Y. Ha OkpykHOCTH Y 3auKCHpOBaHA TOYKa A,
Jexalas BHe OKpYXHOCTH . [lepemenHast okpykHOCTh, poxoasmas yepe3 A u O, mepecekaer ® B
toukax P u Q. IIpsimeie OP 1 OQ BTOpHYHO MepeceKaroT OKPYKHOCTh Y B Toukax P' u Q'. Jlokaxwure, 4TO
Bce npsimbie P'Q' kacaroTcst puKCHPOBAHHON OKPYKHOCTH.

6. Haitnute Bce mNONOXKWUTENBHBIE YWclIa C TakWe, YTO CYIIECTBYeT OECKOHEYHO MHOTO Tap

HATypaJIbHBIX yrces (N, M) yIOBICTBOPSIONIMX CIACIYIOIIUM YCIOBUAM: N> M+CyVM—1+1 u cpenn
qucen N, N+1, ..., 2N—M HeT HU OJTHOTO KBaJipaTa HaTypaJbHOTO YHCIIA.

7. Ha30BE&M 0osbK0ll CEKTOP €IMHUYHOTO Kpyra pacTBopa 59°, u3 KOTOPOro BHIKUHYTHI BCE TOYKU Ha
paccrosinuu MeHee 0,01 ot neHTpa okpykHocTU. KakuM HaMMEHBIIUM KOJIUYECTBOM JIOJIEK MOKHO
MOKPBITh €AMHUYHBIA KPYyT?

8. Jlns HarypanbHOTro yncia N > 1 0603HaunM 4yepe3 P(N) HAMMEHBIIUI POCTOHN JACTUTEIb Yrcia N.
Haiimure Bce Takue Tapbl HATypalbHBIX 9mcen a W b, Oompmmx 1, 9TO

a*+b? = a(p(b))*-bp(a).

9. B crpane MeTtayypruu €cTh HECKOJIBKO 3aBOJIOB; HEKOTOPBIC Taphl 3aBOJIOB COCIMHEHBI JIOPOTaMH,
JIOPOTH MOTYT TIEPECCKaThCsl. 3aBOJBI MOXHO PACHPEICIIUTh MEXKIy a> 1 KOMIaHUSMHU TakK, YTOOBI
Jr00BIe JIBa 3aBOJIa, COCJAMHEHHBIC IOPOTOM, MPUHAIJICKAIH PA3HBIM KOMITaHUAM. Jloporn MOXHO
pacnpeneanTb Mexxay b > a KOMIaHUsIMH TaK, 9TOOBI JIFOOBIE IBE JIOPOTH, BEIXOSIIHE U3 OJHOIO 3aBOJIa,
MPUHAICKATN Pa3HbIM KOMIAHUAM. JloOKakUTe, YTO 3aBOJBI U JIOPOTH MOXHO PACIpPEACTUTh MEXKIY
1+[a/2]+b xommaHusIMU TaK, YTOOBI MPEABIIYIINE IBA YCIOBUS BHIOJIHSINCH, U IIPH TOM JIFOOBIC 3aBO/T
U JIOpOTa, U3 HErO BBIXOJIAIIAS, IIPUHAIIICIKATH PA3HBIM KOMITAHUSIM.

10. B xaxnayro kietky kBajapata 100x100 3anmucano cioBo miauHbl N U3 cuMBojioB 0 u 1. HazoBém
paccmoanuem MEXAYy KIeTKaMH HauMEHbIIee KOJUYEeCTBO E€IUHHYHBIX XOJOB MO BEPTHKAIA U
TOPHU30HTAIH, HE0OX0UMOE, YTOOBI J0OpaThes U3 NMepBOil BO BTOpyr0. OKazanock, YTO MpH JII000M
d < 100 mro0Oblie ABe KISTKH Ha paccTossHuu 0 colmepkar ClioBa, pasiuyaroliyiecs poBHO B d OuTax.
[Tpu kakoM HaUMEHBIIEM N 3TO BO3MOXKHO?



Heaoyams nepswviti mamemamuieckuil MmypHup CmapueKkiacCHUKO8
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Ypa, 27 okmsabps — 3 nosaops 2017 2o0a
IepBoiii Typ 29.10.17. IlepBas I0HHOPCKAas JIUTA.

1. MoxHO 1M pacKpacuTh BCE HATypaJbHBIC YWCIAa B TPU I[BETa TaK, YTOOBI I KaXIOTO
HATYPAJIBLHOTO N BCE YMCIA X, YAOBIETBOPSOIIKE yeiaoBuro 2" 1 < X < 2" Gputd pacKpamieHsl B OJUH
1IBET, U €IMHCTBEHHBIM OJIHOI[BETHBIM PEIIEHHEM ypaBHEHHUs X+Y = 72 66110 (2, 2, 2)?

2. Iletst m Bacs urparot B cneayronryto urpy. [lepen Humu nexxat Tpu Kydku KamHel. B mepBoii kyuke
50 xamHeit, Bo BTopoit — 100 xamueit, B TpeTbeit — 150 kaMHel. 3a OJIUH XOJI MOXKHO B3ATh OJMH
WIN JIBa KaMHs U3 0J1HOM Kyuku. Henb3s OpaTh KaMHU U3 TOM KYy4YKH, OTKYZAa Ha MPEIbIIYIIEM XOAY
Opas conepuuk. Haunnaer Ilers, nanee xonar no ouepenu. [lo6exnaer ToT, KTo 6epeT nociaeaHun
kaMeHb. KTo MokeT noOeauTh, Kak Obl HU UTpajl CONEPHUK?

3. Haiigute Bce MHOrOwIeHb! P(X) cTermeHu He BBIIIEC 2 C BEIICCTBCHHBIM KO3(DOHUIIMECHTAMH, IS
KOTOPBIX BHINONHEHO ycaoBue P(X—1)P(x+1) > P?(X)—1 my14 BceX BEIECTBEHHBIX X.

4. Jlana tpaneuus ABCD. OkpyxxHOCTh ®1 ipoxoauT depe3 BepmuHbel C u D, a e€ meHTp IexuT Ha
0okoBoll ctopoHe AB. AHanOrM4HO, OKPYKHOCTh 2 IPOXOAUT yepe3 A u B, a e€ LeHTp JeXUT Ha
cropone CD. Ilycte K 1 L — TOuYkM mepecedeHus 3TUX OKPYKHOCTEH, a T — TOYKa TepeceUCHHS
nuaronanei tpaneuuu. JJokaxure, yto Touku K, L u T nexxar Ha oHOM TpsIMOIA.

5. Baytpu Beimmykiioro naruyroinsaruka ABCDE B3sta Takas Touka P, 9To miomany TpeyroibHHKOB
ABP u DEP paBubl. Otpe3ku PB u PD mnepecekator amaronanu CA u CE B Toukax M u N
cootBeTcTBeHHO. Jlokaxxute, uto eciau MN || AE, To otpe3ok PC nenut nuaronans BD nomonam.

6. Haitnute Bce mNONOXKUTENIBHBIE YWClIa C TakWe, YTO CYIIECTBYeT OECKOHEYHO MHOTO Tap

HATypaJIBbHBIX yrces (N, M) yIOBICTBOPSIONIMX CIACIYIOIUM YCIOBUsAM: N> M+CyVM—1+1 u cpenn
qucen N, N+1, ..., 2N—M HeT HU OJTHOTO KBaJipaTa HATypPaJIbHOTO YHCIIA.

. BEM 00/1bK0l CEKTOP STUHHUYHOT TB U3 KOTOPOT'O BRIKUHYTHI BCE TOYKHU H
7. HazoBém 0 CEKTOp € Oro Kpyra pactBopa 59°, u3 KOTOporo BHIKUHYTHI BCE TOYKU Ha
paccrossanu MeHee 0,01 oT neHTpa okpyx)HOCTH. KakuM HauMEHBIITUM KOJTMYECTBOM JIOJICK MOXKHO
MOKPBITh €AMHUYHBIN KPYT?

8. Jlns HarypanbHOTro yncia N > 1 0603HaunM 4yepe3 P(N) HAMMEHBIIUI POCTOHN JACTUTEIh Yrcia N.
Haiimure Bce Takue Tapbl HATypalbHBIX ymcen a W b, Oompmmx 1, 49TO

a*+b? = a(p(b))*-bp(a).

9. B crpane Metajuypruu e€cTb HECKOJIBKO 3aBOJIOB; HEKOTOPHIE Maphl 3aBOJOB COEIWHEHBI
JIOpOTraMH, JIOPOTH MOTYT IMEpeceKaThCs. 3aBOJbl MOKHO PacHpeIeIUTh MEKIY a > 2 KOMIIaHUAMHU
Tak, 4TOObI JTFOOBIE J1BA 3aBOJIa, COETMHEHHBIE JOPOTOM, MPUHAJIEKATIN pa3HbIM KoMnaHusM. [loporu
MOYKHO PacIpeesuTh MEKAY D KOMIaHUSME TaK, YTOOBI JIFOOBIE IBE JOPOTH, BEIXOISIINE U3 OJTHOTO
3aBOJ1a, IPUHAJIEKAIU Pa3HBIM KOMIIAaHUAM. JIOKaXXUTE, 4TO 3aBOJBI U JOPOTU MOKHO PaCIpeIeInTh
Mexkay a+b—1 koMmaHusIMH TaK, YTOOBI PEIBIIYIIIE 1BA YCIOBHUS BBIMOJHSIINACH, M IIPH 3TOM JIFOObIC
3aBOJ U JI0pOTa, U3 HETO BBIXOAAIIAs, TPUHAIJICKAINA PA3HBIM KOMIIAHUSM.

10. B xaxnyro kietky kBagparta 100x100 3anucano cnoBo anuabl N u3 cumBosioB 0 u 1. Hazosém
paccmosHuem MEXAy KIeTKaMH HauMEHbIIee KOJIMYECTBO CIWHUYHBIX XOJOB MO BEPTHKAIA U
TOPU30HTAIN, HE0OX0UMOE, YTOOBI 100paThes U3 NepBOi BO BTopyro. OKazanock, YTo MpH JII000M
d < 100 mro0Oble aBe KIeTKH Ha paccTossHuu 0 comepkar ClioBa, pasinyaroluecs poBHO B d OuTax.
[Ipn kakoM HauMeHbIIEM N ATO BO3MOXKHO?
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1. Bacs Hanucan Ha focke uncna 1, 2, ..., N B psia B kKakoM—To nopsiake. [lonyuwnces pspg ai, ay, ...,
2

a
an. OKa3aJ'IOCB, YTO IJIs1 BCEX k = 1, 2, ceey N—1 BBITIOJIHEHO HCPABCHCTBO Lék +2 . I[OK&)KI/ITC, qTo
k+1

BBIITMCAHHBIC YU CJIda UAYT B IIOPAAKC BO3paCTaHUA.

2. B HexoTophIii MOMEHT B MOCKBE JI0 TIONYTHSI OCTaBaJIOCh BUETBEPO MEHBIIE BpeMeHH, 4yeM B Kya.
A depes yeThIpe ¢ MOJOBUHOM Yaca yxxe B Kya 10 monyaHs 0CTaBajioCh BUETBEPO MEHBIIE BPEMEHHU,
yeMm B Mockse. Onpenenure pa3HuIly Bo BpeMeHU Mexay Kya u Mocksoil.

3. ITama momapwit touke Ha IeHb pokacHus rpad. Jlouka oropBana ot rpada
OJIHY BEpIINHY BMECTE C BBIXOISAIIMME U3 He€ pEOpaMu, a TO, YTO OCTAJIOCH,
AKKypaTHO pa3JIo’KUJIa Ha CTOJIE U 3aprcoBaia. Y He€ MOIyuniics PUCYHOK,
n300pak€HHBIN crpaBa (UK U3 9 BepiHH U emé 3 pedpa; nepeceyeHus
TpéX p&Oep BHYTPH NUKJIA BEpIIMHAMHU Tpada He SBISIFOTCS). 3aTeM OHA
BEpHYJIa OTOPBAHHYIO BEPIIKHY, U OTOpBaJia APyryo. Takue AeicTBUsS OHa
npojiesiajia ¢ YeThIPbMS BEpPIIMHAMU U KaXKJbIH pa3 Mmojydyania OJMHAKOBbIC
pucynku. Kakoii rpad Obu1 nogapen?

4. Jlng HaTypaipbHOro 4mciaa N>1 o0o3HaunM vepe3 P(N) HAUMEHBIIUK TPOCTOM ASIUTENb Yncia N.
Haiinure Bce mapsl HaTypaJbHBIX uncel @, b > 1, 11 KoTopsIX BeINoIHEHO a2+b? = p?(a)+3p*(b).

5. CymiecTByeT JIM TaKO# BBIMYKJIbI MHOTOYTOJIBHUK, YTO UM HEJIb3sI TOKPBITh MPSIMOYTOJIBHUK 1x2,
HO JIBYMSI TAKUMU MHOTOYTOJIbHUKaMHU MOKHO TIOKpPBITh KBaJipatT 2x2?

6. B tpeyronsauke ABC Touka M — cepenuna BC. Ha croponax AB u AC ormedensr Touku P u Q
COOTBETCTBEHHO Tak, uTo ZAPM = ZAQM = 90°. Okazanocsk, uro miomaap TpeyroisHuka MPQ B 4
pasa mensine mwiomanu ABC. Haitnute yron BAC.

7.1lets u Bacs urpatot B cienyrouryto urpy. Ilepen Humu aexxar Tpu Kydku kamHel. B nepBoil kyuke
50 xamuei, Bo BTopoit — 100 kamHei, B TpeTbeit — 150 kaMHei#l. 3a 0JIMH X0 MOXKHO B35ITh OJIMH
WM JIBa KaMHS U3 OJHOM Kyuku. Henmb3st OpaTh KaMHH U3 TOW KYyYKH, OTKY/Ia Ha MPEABIIYIIEM X0y
opan conepuuk. Haunnaer Ilets, nanee xoasat no ouepenu. [lobGexmaer TOT, KTo OepeT mocieHui
kaMeHb. KTo MokeT mobeauTh, Kak Obl HU UTPaAJl CONIEPHUK?

8. B xaxnayro kinetky kBagpata 1000x1000 3amucano cioBo jmmHbI N U3 cuMmBoiioB 0 u 1. HazoBém
paccmosanuem MEXIy KIeTKaMUd HauMeEHbIIee KOJWYECTBO €IUHUYHBIX XOJOB IO BEPTHKAIH U
TOPU30HTAIH, HE0OX0UMOE, YTOOBI J0OpaThes U3 MepBOil BO BTOpyro. OKazanock, YTO MpH JII000M
d < 100 nroObie aBe KICTKH Ha paccTosHuM 0 comepkar ClioBa, pa3indaroiiuecs poBHO B d OuTax.
[Tpu kakoM HaMMEHBIIEM N 3TO BO3MOXKHO?

9. Haiinure Bce menble b Takue, uro npu mo6oM HatypaibHOM @ uucio (a2+1)1%+b-a nenurcs na
2
a“+tatl.

10. Haiinute Bce KBaapaTHbie TpexwieHbl P(X) ¢ BemecTBeHHBIMU KO3 HUITUCHTAMHU, TSI KOTOPBIX
BEINONHEHO ycnosue P(x—1)P(x+1)>P?(X)—1 114 Bcex BeleCTBEHHBIX X.



