Heaoyams mpemuil mamemamudeckuti mypHup CmapuexiaccHuKos8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8—14 oexabpsa 2019 200a
Bropoii Typ 10.12.19. Beicmias jiura.

1. IIpotuBononoxusie pédpa TeTpasapa ABCD pasuwl. Terpasap Bmucan B chepy Q. Touky X,
Jexalnyro Ha (2, OTpa3uii OTHOCUTENBHO INIOCKOCTEN rpaneit Terpaspa. [lycts Y — nentp cohepsl,
MPOXOJIAIICH Uepe3 YeThIpe MOMyUYeHHBIX TOUKH. JlokaxuTte, 9o Y Jexut Ha Q.

2. B s3bIKe ecThb JABC 6yKBBI, Au B, 1 OECKOHEYHOE MHOKECTBO CJIOB, HU OAHO U3 KOTOPBIX HEC ABJIACTCA
MMOJACJIOBOM APYroro. Mosxet 1m 0Ka3aTbCs, 4TO AJIA KaXXJ0Iro JOCTATOYHO 0O0JIBIIOr0 N B SI3BIKE HE

Menblne, yeM 1,999" cinoB aauHe! N?

3. lano nartypampHOe umcio N. PaccmMoTpum Bce HEyMOpsaO4YeHHBIE pa30uWeHHs 4Yucia N Ha
HATypaJibHBIC ClIaraeMble; IMYCTh P — HX 00Ilee KOJWYeCcTBO (Hampumep, mpu N =3 umeem P = 3,
oCKOJIbKy 3 = 2+1 = 1+1+1). [1ycth K — HaTypanbHOE YnciI0, He peBocxoasiiee P. JIoKaKuTe, 4To
CYIIECTBYET TAKOE MHOXKECTBO HATYPAIBHBIX YUCET S, UTO KOJIUIECTBO HEYIIOPSIOUYCHHBIX pa30reHUI
N Ha cJaraeMble, KaXKJ0€ U3 KOTOPBIX JISKHUT B S, paBHO K.

4. Crpana umeeT (popMmy BBIMYKIOTO MHOTOYTOJIbHUKa mepumerpa P. MUHUCTp cOTOBO# CBsi3U
BBISICHWII, YTO B CTPAHE MOXKHO IOCTAaBUTh BHIIIKY C PaJlyCOM TOKPBITUS 1, KOTOpasi He MOKPHIBACT
TOYEK BHE CTPaHbl; OJAHAKO Jisi JHOOOro OOMJBIIEro paaudyca MOKPHITHS 3TO yxke HeBepHo. Kakue
3HAYCHHSI MOXKET IPUHUMATh TUIOMIAb CTPAHbI?

5. [locnenoBarensHOCTh HenpepblBHBIX GyHKuui f :[0,1] - R, n=12,..., TakoBa, 4TO U1 KaXJI0T0

a € [0,1] HariayTCsl pa3In4HbIe HATYpalbHbIC Yrciaa N U M, mpu KoTophix fn(a) = fm(a). Jokaxure, uto
HAMTyTCS JIBa Pa3InYHbIX HATYpaIbHBIX YKcia S U t, mpu koTophix GyHkiwH fs(X) u fi(X) coBnagaror Ha
HEKOTOPOM HHTEPBAJIC.

6. Jlano HeuérHoe mpoctoe umcio P. Ilembie umcna ai, ..., @ TAKOBBL, 4TO CyMMa @ +a, +...+a,

KpaTHa P ipu KaxaoM i = 1, 2, ..., S. [Ipx kakoM HaMMEHBIIIEM S U3 ITOTO CICIYET, YTO YHUCIA ay, ..., p
JAt0T MO0 OJJMHAKOBbIE, TUOO MOMAPHO pa3IUYHbIe OCTATKH MIPH JEJICHUHU Ha P7?

7. Haiigure Bce pyukimu f : R™ — R", ynosnersopsromiue Toxaectsy f(x+f(y+xy)) = (y+1)f(x+1)-1

+ + <
npu BceX X,Y € R". (3mece R™ — MHOXECTBO BCEX MOJIOKHUTEIBHBIX JICHCTBUTEIBHBIX YUCEIL. )

8. Jlan Brnmcanublil yeTbipexyroiabHuk ABCD. Ilpsimas, npoxonsmias yepe3 Touky D mapannensHo
npsimoit AC, mepecekaet nyun BA u BC B Toukax Ag u Co coorBercTBeHHO. JIlya CD BTOpHMYHO
nepeceKkaeT OMMCaHHYI0 OKPYKHOCTh TpeyroibHuka AgCCo B Touke Ci. JIya AD BTOpHYHO mepecekaet
OMMHCaHHYI0 OKPYXHOCTH TpeyrosbHuka AoACo B Touke Ai. Jlokaxute, uro npsmas A1Ci kacaercs
OKPYKHOCTH, ONKUCAHHOU 0K0JI0 TpeyronbHuka AoBCo.

9. B omHokpyroBom ¢yTOONIBHOM TYpHHpPE YYacTBOBaJO 2N KOMaHJ, W BCE HaOpaliu pa3HbIe
KOJIMYECTBA OYKOB (3a mobOeny AaBaimu 3 ouka, 32 HU4YbI0 — 1, a 3a mopaxkenue — 0). Ecnu Ob1 3a
noOey aBaJid HE TPH, a JIBA OYKA, TO KOJIMYECTBA OYKOB Y BCEX TOXKE OKa3aJUCh Obl pa3HBIMHU, HO B
pEeUTHHre TepBas KOMaHIa IMOMEHsJach Obl MecTaMH CO BTOPOM, TpeThsi C YETBEPTOH, ...,
npeanocientss — c nocieaHen. [lpu kakoM HauMeHbIIeM N 3TO BO3MOXKHO?

10. JlokaskuTe, uTO [ JIFOOOr0 HATypaabHOro N HaiieTcs HaTypanbHoe K Takoe, uto 51%-17 nenutcs
Ha 2",



Heaoyams mpemuii mamemamudeckuti mypHup CmapuexiaccHuKo8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8§—14 oexabpsa 2019 2o0a
Bropoiu typ 10.12.19. IlepBas Jura.

1. IlpotuBononoxusie pédpa Terpadapa ABCD pasubl. Tetpasap Bnucan B chepy Q. Touky
X, Aexanryto Ha ), oTpa3ujM OTHOCUTENBHO IUIOCKOCTEW rpaHeil terpasgpa. Ilycte Y —
HEHTP cdepbl, MPOXOIAIICH Yepe3 YeThIpe MOMYyUYEeHHBIX TOUKH. JloKaxkuTe, 4yTo Y JIEKUT Ha
Q.

2. B s3p1K€ ecTh aBe OykBBI, A 1 B, 1 6eCKOHEUHOE MHOXKECTBO CJIOB, HM OJTHO M3 KOTOPBIX HE
SIBIIICTCS TIOJICTIOBOM JIPYroro. MoKeT JIM 0Ka3aThCsl, YTO JIJIS KaXKI0T0 JOCTATOYHO OOJIBIIIOTO

N B s3bIKe He MeHblIe, yeM 1,999" cnoB nuuHb! N?

3. Ha mocke Nxn cTosAT N HEBUAMMBIX Ja/Iei, KOTOPhIE MOTYT OUTH APYT ApyTra. 3a OJUH X0
MO>KHO yKa3aTh Ha KJIETKY, MTOCJIE Yero BaM CKaXXyT, HAXOJUTCS JIM OHA MOJl 60eM XOTs Obl
oaHo nanapu. Urpa 3akaHuuBaeTcs, Kak TOJBKO YKa3aHa KJIeTKa, Ha KOTOPOUW CTOMT JiaJbs. 3a
KaKO€ HaMEHBIIEE YUCIIO XOJA0B MOKHO FTapaHTUPOBAHHO 3aKOHYUTh UTPY?

4. Ctpana umeet (popMmy BBIYKIIOTO MHOTOYTOJIbHUKA TiepuMeTpa P. MUHUCTp cOTOBOII CBsI3U
BBISICHUJI, YTO B CTPaHE MOKHO IMOCTaBUTh BBIIIKY C PaguycoOM MOKPBITHUS 1, KOTOpas He
MOKPBIBAET TOUYEK BHE CTPAHBI; OJHAKO IS JTFOOOr0 OOJBIIEro pajuyca MOKPBITUS ITO YKe
HeBepHO. Kakue 3HaueHHs] MOKET MMPUHUMATH TUIOMIAh CTPaHbI?

5. Jokaxute, dYro Uil JIFOOOTO  HATYpaJbHOTO N BBIMOJHEHO  HEPABEHCTBO
1 1 1 2

- +— tob———<—.
1°+2019 2°+2019 n°+2019 45

6. Jlano HeuérHoe mpoctoe umciao P. Llembie umcma @y, ..., 8, TAKOBBL, YTO CyMMa
a +a,+...+a, KpaTHa P Tpu Kaxzaom i=1,2,...,s. IIpu KakoM HaHMEHBIIEM S U3 HTOTO
CJIE/IyeT, YTO YKCIIA 8y, ..., 8p JAIOT JIMO0 OJMHAKOBBIE, MO0 MOMAPHO Pa3InYHbIC OCTATKH IIPH

JIeJICHU! Ha P?

1. Haitgure BCE dbyHKIIUN f:R>R, YIAOBIIETBOPSIOIINE TOXIECTBY
f(x+f(y+xy)) = (y+1)f(x+1)—1 mpu Bcex X,y eR.

8. Han Brnucannwii yetbipexyronbHuk ABCD. Ilpsimas, mpoxopsimas uepe3 Touky D
napauiensHo npsimoit AC, niepecekaer iyun BA u BC B Toukax A u Cy cooTBeTcTBeHHO. JIyu
CD BTOpHUHO IepeceKaeT OMUCAHHYI0 OKPYKHOCTh TpeyroibHuka AgCCo B Touke Cy. JIyu AD
BTOPUYHO TEPEeCceKaeT OMUCAHHYIO0 OKPY>KHOCTh TpeyroibHuka AgACy B Touke A;. [lokaxure,
yto npsimast A;C; kacaetcst OKpy>KHOCTH, OMTMCAaHHOM 0KOJI0 TpeyroyibHuKa AqBCo.

9. B ogHOKpyroBoM (hyTOOJIEHOM TYpHUPE Y4acTBOBAJIO 2N KOMaHJ, U BCE HAOpaaM pa3HbIe
KOJIMYECTBA OYKOB (3a moOey aBajid 3 ouka, 3a HU4bt0 — 1, a 3a nmopaxkenue — 0). Eciu Ob1
3a 1moOemy JaBajad HE TPH, a JBa OYKA, TO KOJMYECTBA OYKOB Yy BCEX TOXKE OKA3aJUCh OBl
pasHBIMH, HO B PEUTHHTE IMepBas KOMaHAa MOMEHSIACh Obl MECTaMU CO BTOPOMW, TPEThS C
YETBEPTOH, ..., MPEANOCICIHSS — ¢ TocheaHel. [Tpr kakoM HauMEeHBIIEM N 3TO BO3MOXKHO?

10. JlokasxkuTe, 4TO IS HOOOTO HATYpalbHOro N Halinercsa HaTypanbHoe K Takoe, uto 51%-17
nenurcs Ha 2".



Heaoyams mpemuii mamemamudeckuti mypHup CmapuexiaccHuKo8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8§—14 oexabpsa 2019 2o0a
Bropoii Typ 10.12.19. Bropas jaura.

1. ITpaBunbHBIN MHOTOYTOJBHUK A1A...An BITHCAH B €AUHUYHYIO OKPY>KHOCTH C IIeHTpoM O, BHYTpH
HEro oTMe4eHa npou3BojpHas Touka M. O6o3HaunM uepe3 Bk BTopyro TOUKy nepecedyeHus npsaMon
4n

AM ¢ enHIYHOl OKpyKHOCTBIO. Jlokaxute, uto AB? + A B2 +...+ AhBﬁ}W :
+

2. B s13p1ke ecTh aBe OykBbI, A 1 B, 1 GeCKOHEUHOE MHOXECTBO CJIOB, HU OJTHO U3 KOTOPBIX HE SIBIISICTCS
MOJICJIOBOM JIpyroro. MosKeT JM 0Ka3aTbCs, YTO IS KaXKJOro JOCTATOYHO OOJBIIOrO N B SI3bIKE HE

Menblne, yeM 1,999" ciaoB aauHe! N?

3. Ha mocke NxNn cTosIT N HEBUAUMBIX JIAJICH, KOTOPhIE MOTYT OUTh JIPYT JApyra. 3a OJAWH X0l MOXKHO
yKa3aTh Ha KJIETKY, MMOCIE YeTrO BaM CKaXXyT, HAXOJIUTCS JU OHA MoJa 00eM XOTs Obl OJIHOW JaJbH.
Urpa 3akanumBaeTcs, Kak TOJIBKO yKa3aHa KJIETKa, HA KOTOPOM CTOMT Jia/ibsl. 3a KaKOe HauMEHbBIIIee
YHCJIO XOJIOB MOXXHO TapaHTUPOBAHHO 3aKOHYUTH UTPY?

4. Boimykabiid 2019-yronsauk A1Az... Azo19 pa3pe3aH Ha KyCOYKH IO BCEM JIMAroHaJsiM 4yepe3 JBe
BepiiuHbl. Kakoe HauMeHsblee KOITMYeCTBO KYCOUKOB MOTIIO MOJTYIUTHCS ?

5. PaccmoTpumM Bce mocnenoBaTenbHOCTH ai, a2, ..., 8200, B KOTOPOM Kaxkaoe uucio paBHO 0 miam
1. TTocnenoBarenbHOCTH D1, D2, ..., D200 cCTpOHTCS MO CilenyrOMIEMY TTPABHITY:
a +a., =1
b =<a,+a+a, 1<i<200.
a, +a I =200

CkoJabKo mocneaoBaTebHocTe (Dn) mosryuaroTcst 0os1ee yeM U3 OJHOM MOCIeA0BaTEIbHOCTH (8n)?

6. lano HarypambHoe umucio N> 10 u Bce ero HarypaibHble aenutenu | =aip<az<..<ak=n.
JlokaxuTe, uTo a1dz+azas+t...+aka1 < n2.

7. Haitmute Bce pynkmuu f :R — R, ynosaersopsitomniue ToxaectBy f(x+f(y+xy)) = (y+1)f(x+1)-1
npu Bcex X,y eR.

8. Jlan BrnmcanHblil yeTbipexyroiabHuk ABCD. Ilpsimas, npoxonsmias yepe3 Touky D mapannensHo
npsimoit AC, mepecekaet nyun BA u BC B Toukax Ag u Co coorBercTBeHHO. JIlya CD BTOpHMYHO
nepeceKkaeT OMMCaHHYI0 OKPYKHOCTH TpeyroibHuka AgCCo B Touke Ci. JIya AD BTOpHYHO mepecekaet
OMMHCaHHYI0 OKPYXHOCTH TpeyrosbHuka AoACo B Touke Ai. Jlokaxute, uro mpsmas A1Ci kacaercs
OKPY>KHOCTH, ONKUCAHHOU 0K0JI0 TpeyronbHuka AoBCo.

9. B oaHokpyroBoM (yTOOJIBHOM TYpHHpE YYacTBOBaJIO 2N KOMaHA, W Bce HalOpald pas3Hble
KOJIMYECTBA OYKOB (3a mobOeny AaBanu 3 ouka, 32 HU4YbI0 — 1, a 3a mopaxkenue — 0). Ecnu Ob1 3a
noOey aBaJid HE TPH, a JIBa OUKa, TO KOJIMYECTBA OYKOB Y BCEX TOXKE OKA3aJIMCh Obl pa3HbIMHU, HO B
peUTHHre TmepBas KOMaHJIa IOMEHsAJach OBl MeCTaMH CO BTOpPOH, TpPEThS C YETBEPTOH, ...,
npeanocientss — c nocieaHen. [lpu kakoM HauMeHbIIeM N 3TO BO3MOXKHO?

10. B mocnenoBaTenbHOCTH S1, S2, S3, ... HATYPAJIBHBIX YKCEN S1 = 2, U TP KaKJIOM HaTypajlbHOM N
YJieH Sp+1 MOJIy4aeTcsl MpUOaBICHUEM K Sp IPOU3BENICHUS BCEX MPOCTHIX aenuteneit Sn. Jlokaxure,
410 npou3BeacHue nepBbiXx 2019 MPOCTHIX YKCEN SBISETCSA YWICHOM IOCISI0BATEILHOCTH (Sn).



Heaoyams mpemuii mamemamudeckuti mypHup CmapuexiaccHuKo8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8§—14 oexabpsa 2019 2o0a
Bropoii Typ 10.12.19. Beicmiasi ioHHOpCKAsi JIUra.

1. Ilets 3akpacun HekoTopble KieTku Tadbmumbl 100x100, momcuuTan KOJIMYECTBO 3aKpalICHHBIX KJIETOK B
KaKJIOM CTPOKE M KaXKJIOM CTOJIOIE M cooOmTmiI 3Tu naHHble Bace. Bacs, mogymaB, ckaszall, 4To TOYHO 3HAET,
KaKWe KJIETKU 3aKpaiieHbl. JIokaXuTe, 4To eCIu 3HaTh, 4TO Bacs MOXeT 0JJHO3HaYHO BOCCTAHOBUTH, KaKHE
KJICTKH 3aKpalleHbl, TO MOXKHO 3TO C/I€JIaTh, 3Has TOJIHKO, CKOJIBKO 3aKpaIICHHBIX KJIETOK B KXKI0W CTPOKE U
KaK yIOpPsA0YeHbI CTOJIOIIBI 110 KOJIMYECTBY 3aKPAIICHHBIX KIIETOK.

2. lauwl HaTypasbHbIe unciia N u K. Ha BeuepuHKy HpHILM N rocTeil, HEKOTOPbIe U3 KOTOPBIX 3HAKOMBI IPYT
¢ apyrom. Oka3anaoch, 4TO Ha BEYEPHHKE Y KaXI0r0 rocTs He 0oJiee 2K 3HAKOMBIX, HO Y KaXKbIX IByX TOCTEH,
HE 3HAKOMBIX JIPYT C IpYroM, He MeHee K 00X 3HakombiX. Jlokaxwure, uto N < 6K.

3. lan Bnucauuslii yetbipexyroisHuk ABCD. Ilpsmas, npoxonsmas yepe3 Touky D mapannensHo npsmoit
AC, nepecekaet 1yun BA u BC B Toukax Ag 1 Co coorBeTcTBeHHO. JIyd CD BTOpUYHO MepecekaeT OnucanHyIo
okpyxHOCTh TpeyroibHuka AgCCo B Touke Ci. Jlyd AD BTOpHUYHO mepecekaeT OMUCAHHYIO OKPY>KHOCTb
tpeyrompHuKa AoACo B Touke Ai. Jlokaxwure, uro mpsimast A1C1 KacaeTcs OKpY)KHOCTH, ONIMCAHHON OKOJIO
TpeyroiapHuKa AoBCo.

4. Cto MypaBb€B MON3YT C Pa3HbIMHU MOCTOSIHHBIMU CKOPOCTSIMH IO KOHTYpPY KBajpara, 00XOJs €ro Io
4acoBOM cTpenke. MOoXeT JIn 0Ka3aTbes, YTO OHU OyAyT BCTpEYaThbCsl APYT C APYroM TOJIBKO B BEpILMHAX
kBazpara? (HauanpHoe 1osioxkeHne MypaBbEB MOXKET OBbITh TPOU3BOJIBHBIM).

5. CymectByer Jin MHOrowieH f(X) 4eTBEpTOM CTENECHHU C LEIBIMU KO PHUIIMESHTAMH TaKOH, YTO JUIS JTF000T0
nenoro k muorowien f(x)+k He mpencramisercs B BUAE NPOU3BEICHUS IBYX KBaJPATHBIX TPEXWICHOB C
HENbIMU KO3 puiieHTamu?

a N b N C
1+2b® 1+2c® 1+2a®

6. [TonoxuTenbHbIe Yncia a, b u ¢ TakoBel, uto a+b+c = 3. Jlokaxkwure, uro

7. Jlansl HaTypaigbHOe unciio K u Hekoropsie ero aenutenu Ky, Ko, ..., kn. I3BecTHO, 4TO CyIIECTBYIOT IENIbIe
qucia X1, X2, ..., Xn, yAOBJIETBOPSIONINE YCIOBUIO KiX1+KoXa+...+KnXn = 1. JloKaXuTe, 4TO CYIIECTBYIOT IIEJIbIC
qucna i, Y2, ..., Yn, YIOBICTBOpstomine yeaoBusm Kiyi+kayo+...+Kknyn = 1 1 [Kiyi| < K mpu Bcex i = 1, 2, ..., n.

8. B tpeyronbauke ABC BnucanHas okpyxHocTb kacaercsi ctopoH BC, CA u AB B Toukax D, E u F
cooTBeTcTBeHHO. [leprnenaukynspsl k cropoHe BC, BoccraBnennsie B Toukax B u C nepecekaror npsmyro EF
B Toukax M u N cooterctBenHo. [Ipsimbie DM u DN nepecekaroT BIMCaHHYIO OKPYXHOCTbh TPEYrOJbHUKA
ABC BropuuHo B Toukax P u Q coorserctBeHHo. [Ipsimbie BQ u CP nepecekatorcs B Touke R. Jlokaxure, 4To
npsamast DR nenmut orpezox MN nonomnam.

9. IIpaBuibHBIA MHOTOYTONBHUK A1Az...An BIUCAH B €MHUYHYIO OKPYKHOCTH C eHTpoM O, BHYTpU HeEro
OoTMeYeHa Mpou3BojbHasg Touka M. OGo3HaunM uyepe3 Bk BTopyro Touky mepecedenus npsamoit AkM c
4n

1+OM? "’

10. [lano HatypanpHOe uncio N. PaccMoTpuM Bce HeynopsaoueHHble pa3OueHus yuciaa N Ha HaTypajibHbIe
cllaraemele; MycTh P — HMX o0miee Ynciio (Harmpumep, npu N = 3 uMeeM P = 3, HOCKONbKyY 3 = 2+1 = 1+1+1).
IMycte kK — HarypanbpHOE 4HCIIO, HE mpeBocxoxasmiee P. JJokaxuTe, YTO CyHIECTBYET TAaKOE€ MHOXKECTBO
HATYpaJIbHbIX YHCEJ S, UTO KOJIMYECTBO HEYOPSAAOUCHHBIX pa30MEeHUH N Ha cilaraeMble, KaX10€ U3 KOTOPBIX
JeXKHT B S, paBHO K.

€IMHIYHOI OKPYKHOCTBIO. Jlokaxute, uro AB + AB. +...+ A B*>



Heaoyams mpemuii mamemamudeckuti mypHup CmapuexiaccHuKo8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8§—14 oexabpsa 2019 2o0a
Bropoii Typ 10.12.19. IlepBasi oHHOpCKAast JIUra.

1. Ilets 3akpacun HekoTopble KieTku Ta0auiel 100x100, momcuuTan KOMMYECTBO 3aKpalCHHBIX KJIETOK B
KaKJIOM CTPOKE M KaXKJIOM CTOJIOIE M cooOmTmiI 3Tu naHHble Bace. Bacs, mogymaB, ckaszall, 4To TOYHO 3HAET,
KaKWe KJIETKU 3aKpaiieHbl. JIokaXuTe, 4To eCIu 3HaTh, 4TO Bacs MOXeT 0JJHO3HaYHO BOCCTAHOBUTH, KaKHE
KJICTKH 3aKpallieHbl, TO MOYKHO 3TO C/I€JIaTh, 3Has TOJIBKO, CKOJIBKO 3aKpaIICHHBIX KJIETOK B KXKI0W CTPOKE U
KaK yIOpPsA0YeHbI CTOJIOIIBI 110 KOJIMYECTBY 3aKPAIICHHBIX KIIETOK.

2. lauwl HaTypasbHbIe unciia N u K. Ha BeuepuHKy HpHILM N rocTeil, HEKOTOPbIe U3 KOTOPBIX 3HAKOMBI IPYT
¢ apyrom. Oka3anaoch, 4TO Ha BEYEPHHKE Y KaXI0r0 rocTs He 0oJiee 2K 3HAKOMBIX, HO Y KaXKbIX IByX TOCTEH,
HE 3HAKOMBIX JIPYT C IpYroM, He MeHee K 00X 3HakombiX. Jlokaxwure, uto N < 6K.

3. lan Bnucauuslii yetbipexyroisHuk ABCD. Ilpsmas, npoxonsmas yepe3 Touky D mapannensHo npsmoit
AC, nepecekaet 1yun BA u BC B Toukax Ag 1 Co coorBeTcTBeHHO. JIyd CD BTOpUYHO MepecekaeT OnucanHyIo
okpyxHOCTh TpeyroibHuka AgCCo B Touke Ci. Jlyd AD BTOpHuHO mepecekaeT OMUCaHHYIO OKPYKHOCTb
tpeyrompHuKa AoACo B Touke Ai. Jlokaxwure, uro mpsimast A1C1 KacaeTcs OKpY)KHOCTH, ONIMCAHHON OKOJIO
TpeyroiapHuKa AoBCo.

4. Cto MypaBb€B MON3YT C Pa3HbIMHU MOCTOSIHHBIMU CKOPOCTSIMH IO KOHTYpPY KBajpara, 00XOJs €ro Io
4acoBOH cTpenke. MOXET JIn 0Ka3aTbes, YTO OHM OyIyT BCTpEYarbcsl APYr C JAPYroM TOJIBKO B BEPIIMHAX
kBazpara? (HauanpHoe 1osioxkeHne MypaBbEB MOXKET OBbITh TPOU3BOJIBHBIM).

5. CymectByert Jin MEHOTOUIeH f(X) 4eTBEPTOM CTEIECHH C LEIBIMU KOA(PPHUIIMESHTAMH TaKOM, YTO VIS JIF0O0TO
nenoro k muorowien f(x)+k He mpencramisercs B BUAE NPOU3BEICHUS IBYX KBaJPATHBIX TPEXWICHOB C
HENbIMU KO3 puiieHTamu?

a b C

6. [TonoxuTenbHbIe Yncia a, b u ¢ TakoBel, uto a+b+c = 3. Jlokaxkwure, uro S+ =+ =
1+2b° 1+2c° 1+2a

7. Jlansl HaTypaigbHOe unciio K u Hekoropsie ero aenutenu Ky, Ko, ..., kn. I3BecTHO, 4TO CyIIECTBYIOT IENIbIe
qucia X1, X2, ..., Xn, yAOBJIETBOPSIONINE YCIOBUIO KiX1+KoXa+...+KnXn = 1. JloKaXuTe, 4TO CYIIECTBYIOT IIEJIbIC
qucna i, Y2, ..., Yn, YIOBICTBOpstomine yeaoBusm Kiyi+kayo+...+Kknyn = 1 1 [Kiyi| < K mpu Bcex i = 1, 2, ..., n.

8. B tpeyronbauke ABC BnucanHas okpyxHocTb kacaercsi ctopoH BC, CA u AB B Toukax D, E u F
cooTBeTcTBeHHO. [leprnenaukynspsl k cropoHe BC, BoccraBnennsie B Toukax B u C nepecekaror npsmyro EF
B Toukax M u N cooterctBenHo. [Ipsimbie DM u DN nepecekaroT BIMCaHHYIO OKPYXHOCTbh TPEYrOJbHUKA
ABC BropuuHo B Toukax P u Q coorserctBeHHo. [Ipsimbie BQ u CP nepecekatorcs B Touke R. Jlokaxure, 4To
npsamast DR nenmut orpezox MN nonomnam.

9. [IpaBunpHbIN TpeyronbHUK ABC BIMcaH B eIMHUYHYIO OKPY>KHOCTB C IIeHTpoM O, BHYTpH HEro oTMeueHa
npous3BosibHas Touka M. O6o3naunm yepe3 A', B', C' Bropsie Touku nepeceuenus npsmoix AM, BM, CM ¢
12

1+0OM?
10 B IIOCJICI0BATCIbHOCTHU Sl, 32, 33, HaTypaJILHLIX YyHucei Sy = 2, nu HpI/I KaxXK10M HaTypaJILHOM N 4JI€H Sn+1

MOJTy4aeTcs MPUOaBIEHUEM K Sp MIPOU3BEACHUS BCEX MPOCTHIX AenuTeneit Sn. JJokaxute, 4To MpOu3BeIeHUE
niepBbixX 2019 MPOCTHIX YKCEN SIBISETCS WICHOM TOCICI0BATEIILHOCTH (Sn).

€IMHUYHOU OKPYXHOCTBIO COOTBETCTBEHHO. JIOKa)KUTE, UTO AA? + BB* +CC'"*>



Heaoyams mpemuii mamemamudeckuti mypHup CmapuexiaccHuKo8
“Kybox namamu A.H. Konimoeoposa™

Hboicesck, 8§—14 oexabpsa 2019 2o0a
Bropoii Typ 10.12.19. Bropasi ioHHOpcKasi Jiura.

1. Ilets 3akpacun HekoTopble KieTku Tadbmumbl 100x100, momcuuTan KOJIMYECTBO 3aKpalICHHBIX KJIETOK B
KaKJIOM CTPOKE M KaXKJIOM CTOJIOIE M cooOmTmiI 3Tu naHHble Bace. Bacs, mogymaB, ckaszall, 4To TOYHO 3HAET,
KaKWe KJIETKU 3aKpaiieHbl. JIokaXuTe, 4To eCIu 3HaTh, 4TO Bacs MOXeT 0JJHO3HaYHO BOCCTAHOBUTH, KaKHE
KJIETKH 3aKpalleHbl, TO MOYKHO 3TO C/I€JIaTh, 3Has TOJIBKO, CKOJIBKO 3aKpPAIICHHBIX KJIETOK B KXKI0W CTPOKE U
KaK yIOpPsA0YeHbI CTOJIOIIBI 110 KOJIMYECTBY 3aKPAIICHHBIX KIIETOK.

2. lauwl HaTypasbHbIe unciia N u K. Ha BeuepuHKy HpHUILm N rocTeil, HEKOTOPbIe U3 KOTOPBIX 3HAKOMBI JIPYT
¢ apyrom. Oka3anaoch, 4TO Ha BEYEPHHKE Y KaXI0r0 rocTs He 0oJiee 2K 3HAKOMBIX, HO Y KaXKbIX IByX TOCTEH,
HE 3HAKOMBIX JIPYT C IpYroM, He MeHee K 00X 3HakombiX. Jlokaxwure, uto N < 6K.

3. B octpoyronsHom Tpeyronsuuke ABC touka H — oprouentp, a Touka M — cepenuna croponst AC.
[Tpsmast, mpoxoasmas yepe3 H mepnenauxynspHo BM, mepecekaer mpsmyro AC B Touke T, a mpsimas,
npoxosias yepe3 T napamienbHo BM, nepecekaer npsimpie BA u BC B Toukax K m L COOTBETCTBEHHO.
HoxaxwuTe, uro Touku B, K, L 1 H nexat Ha 01HO# OKpYKHOCTH.

4. Yerblpe MypaBbsi OJ3YT C Pa3HBIMU MTOCTOSSHHBIMHM CKOpPOCTSMHM 110 KOHTYPY KBajpara, 00XOJs €ro Io
4acoBOM cTpenke. MOXET JIn 0Ka3aTbCs, YTO OHM OyIyT BCTpEUaTbcs JIPYr C JAPYroM TOJIBKO B BEPIIMHAX
kBazpara? (HauanpHoe mosioxkeHne MypaBbEB MOXKET OBbITh TPOU3BOJIbHBIM).

5. CymectByer Jin MEHOrowIieH f(X) 4eTBEpTON CTENECHHU C LEIBIMU KO PHUIIMESHTAMH TaKOH, YTO JUIS JTIF000Tr0
nenoro k muorowien f(x)+k He mpencramisercs B BUAE NMPOU3BEICHUS IBYX KBaJPATHBIX TPEXUICHOB C
HensiMu Ko dunmenramu?

6. Joxaxwure, 4TO JUIS 100010 HaTypaJIbHOTO n BBIIIOJIHEHO HEPaBEHCTBO
1 1 1 2

2 + 2 +...+2—<—.
1°+2019 2°+2019 n-+2019 45

7. JlokaxkuTe, YTO HU IS KAKOTO MPOCTOTO YMCHA P UKciIo P>+P+1 He ABJIAETCS TOYHBIM KyOOM.

8. B omumcannom uyerbipéxyronpauke ABCD cropona BC BaBoe Gosbme croponsl AB. CepenuHHBIN
neprieHaukyIsip k BC u 6uccekrpuca yrita DCB nepecekarorcst B Touke X. Jlokaxute, uto nipsimeie AX u BD
NepIeHIUKYIISPHBI.

9. [IpaBunpHBIN TpeyronbHuK ABC BIMICaH B eIMHUYHYIO OKPY)KHOCTB ¢ IeHTpoM O, BHYTpH HEro oTMeueHa
npou3BoiibHas Touka M. O6o3naunm gepe3 A', B', C' Bropeie Touku nepeceuenns npsmbix AM, BM, CM ¢
12

€JIMHMYHON OKPYKHOCTBIO COOTBETCTBEHHO. JlokaxuTe, uto AA”® + BB'> + CC!Z}ZLOW'
+

10. B nociieoBaTenbHOCTH Si, S2, S3, ... HATYPAIBHBIX YHACEN S1 = 2, ¥ TIPU KaKIOM HATYPaTbHOM N 4WIEH Sn+1
MOJTy4aeTcsl MpUOaBIEHUEM K Sp MPOU3BEACHUS BCEX MPOCTHIX AenuTeneit Sn. Jlokaxure, 4To Mpou3BeIeHUE
niepBbIX 2019 MPOCTHIX YKCEIT ABJISETCS YWICHOM TOCIIEA0BATEILHOCTH (Sn).



