Jlsaduyamsv namuii momemamuueckuli mypHup cmapwersaccruros «Kybox namamu A.H. Koamozoposas
Teepv, 28 noabpa—h dexabps 2022 zoda

Bropoit Typ 01.12.2022. Beicritaga aura.

1. Buccekrpuca yrina B mepasnobenpennoro Tpeyroiabanka ABC nepecekaer orpe3ok AC u ommcaHHyTo
OKpyKHOCTH B Toukax P u D coorBercrBenno. Touku K, L, M u N — cepemnuanr orpesko AD, AP, PC
u C'D coorBercrBenno. /luaronaan gersipexyroiabuauka K LM N nepecekaiorcs B Touke O. Jokaxkute, 4T0
OKPY2KHOCTH, ONHUCAaHHbIEe 0KOJIO TpeyroabuukoB BK L, BMN u ON K, uMeloT 00IIYI0 TOYKY.

A. Kysneuos

2. Jlan HemocTOAHHEL MHOTOWIeH P(x) ¢ BemecTBeHHBIME Kodbdunuentamu. [JoKazKuTe, 4T0 CyIIECTBY-
eT HATypPaIbHOE YHCJIO 1 TaKOe, 9TO i JI000ro NpuBeA¢HHOro muorowtena ()(z), cremens d KOTOPOro
He MEHBIIE 1M, KOJHIeCTBO IeJbx pemtennil HepasencTsa |P(Q(x))| < 1 e mpesocxogur d.

U3 wrueu N. Safaes

3. Harypasnbubie unc/ia moKpalienbl B CTO 1IBeTOB. /lokaxKuTe, 9T0 HaWAETCH TaKkas OeCKOHeYHas BO3pac-
Talomas MOC/IeJ0BATEIbHOCTh HATYPAJIbHBIX YUCET a1 < g < ..., YTO PA3HOCTHU d;i1 — (; OUPAHUYIEHDI,
U ]I BCIKOI'O HATYPAJIBHOIO N HAWIETCS HATYpaJIbHOE T TaKoe, YTO BCe YUCIAA a1 + T,y + X, ..., 0, + T
UMEIOT OJIMH U TOT YK€ IIBET.

@. Ilempos no momusam Poroki0Pa

4. Ha mjiockocT HapuCOBaH BBILYKJ/bIHT MHOrOyroJbuuK M u ormedena ero sepimuna V. Ilycrs P — nau-
OoJIbINHil IepuMeTp TPEyroJbHUKa, cojepzKainierocs B M, a Py — HanbobInuii nepuMeTp TpeyroabHuKA,
cofepxatierocst B M, ogra w3 BeprimH Koroporo — V. Kakne 3Hauenns moxker npuaumars P/Py7?

MathQuerflow, U. Boadaros

5. Kirerkn 6ecKOHEYHOM KJIeTYaTOl MOJIOCKH IPOHYMEPOBaHbI IIOC/IE/I0BATEIbHO BCEMHE TEJIBIMU YACTAMU.
N3ravanpHo B KJeTKax 1,2,...,n CTOUT IO YeJIOBEKY. Y KaxKJI0ro W3 HUX eCTh MOHETKa, Ha KOTOPOM
«OPEJT» BBIIAJAET ¢ HEKOTOPO# BEPOATHOCTHIO (pasHON JIs pasHbIX Jojeii). Ha Kaxkmoil MuHyTe OHE 110
odepe/i (CIpaBa HAJIEBO) KHJAIOT CBOM MOHETKH; €CJIU y YeJ0BeKa BBHINAI «OPEI» M COCEHssT KIEeTKa
crpaBa cBOOO/HA, OH TIEPEMEIAeTCs B Heé, nHave ocTaérest Ha Mecte. [lycth f(z,y) — BEpOSTHOCTH TOTO,
9TO 3a & MUHYT CaMBbIii JIEBBIN 4eJIOBEK CABUHETCA POBHO Ha Y KJETOK BIIPDaBO.

PacemoTpuM aHAIOTIIHBIM TPOIECC ¢ TOH ¥Ke HauaJIbHOM PacCTaHOBKOIM; JIIOAN KMIAIOT MOHETKH B IIOPIIKE
cJeBa HAIIPABO M B CJydae «OpJay JABUTAIOTCS HA KJIETKY BJEBO, €CJIU 9Ta KJeTKa cBoOoaHa. /lokaxkwure,
4T0 BEpOdATHOCTHL TOI'O, 4TO 3a ' MHUHYT CaMblii HpaBbeI qeJIOBEK CABHMHETCA POBHO Ha Y KJIETOK BJIEBO,
Takzke paBHa f(x,y).

H. Bozdanos, JI. Ilempos

6. Ha miockocTn napucoBajiu (puoeToBblil HEPABHOOEIPEHHDBIN TPEYTOJLHUK U €r0 BIUCAHHYIO OKPY K-
HOCTh. 3aTeM TOJIyOBIM I[BETOM TMPOBEIN TPU OTPE3KA, COEMMHSIONNE BEPITNHBI (DUOJIETOBOTO TPEYTOIh-
HUKA W TOYKH KAaCaHWs BIHCAHHON OKPYYKHOCTHU C MPOTHUBOIOJIOXKHBIMH CTOPOHAMHU. PaccMOTpPUM JITUHBI
BCceX 9 OTPE3KOB, HA KOTOPBIE TOJIyOble OTPE3KN Pa3dUBAIOTCS APYT APYTOM W BIHCAHHON OKPYZKHOCTBIO.
Kakoe MunnMa/ibHOE KOJTMYECTBO PA3JIMIHBIX JJIUH MOLJIO Oy YUTHCs !

@. Usres, H. Pposoes

7. N3navanbuo B 999 kiierkax KJaeT4aTol KOOPJAMHATHON IJIOCKOCTHM TocTaBuau 1o duiike. Keau Tpu
KJIETKH @, b, ¢ CTOAT MOAPSAJL 10 TOPU3OHTAIN WM BEPTHKAJM, IIPUIEM B @ 1 b cToaT (BUIIKH, & ¢ MyCTa,
TO (pUIIKA U3 ¢ MOMKET 32 XOJ| IEePEHPHITHYTh B ¢. MOKeT Jin 0Ka3aThCsd, 4TO /i JII0OOr0 HATYpPAILHOTO
N MOXKHO COBEPIIUTH HECKOJIBKO XOJIOB TaK, 4To B nosocax |r| < N u |y| < N He ocTaHeTcss HE OTHOM
dbumknu?

MathOverflow, ycurerno

8. Jlano narypanbnoe a > 10, [Tocae1oBaTeIbHOCTh HATYPAIBLHBIX YHCET T1, Ta, . . . 3aJaHa PEKYyPPEHTHO:
T1 = a, Tniq = T2 — 3T, I8 KaKA0r0 HATYpaabHOro n. Jlokaxkure, 4ro cpejau nepsbix [(a + 1)/2] uienos
10C/IE/I0BATE/ILHOCTH HAfi/yTCS JiBa YUC/IA ¢ OJMHAKOBBIM OCTATKOM OT JleJIeHust Ha 2a — 5.

M. Anmunos

9. Ha orpeske [A, B] BoiGpanbl n > 2 4ucesi Xy,...,T,; He BCe OHH HYJIHM, a UX CYMMa DaBHA HYJIIO.
Oxazaoch, 9To JJist JTI0O0TO MOJOKUTENLHOIO BEMECTBEHHOTO YHCJa ¢ KOJIUYECTBO MAp HATYpPAJIbHBIX
ancest (4, ) takux, 9ro 1 < i,j < nu |v; —x;| > 1/t, ne npesocxoxur t. JJokazkure, 9To

B-A
< —.

N N
1 2 n n

N. Safaei



10. Ha crose crosar 486 oanHaKOBBIX CTAKaHOB, B HUX HAJIMTA BOJA. 3a X0/ MOXKHO BHIOpaTh 480 cTakaHOB
U IIepepacipe/ieJIUTh UMEIONIYIOCS B HUX BOJY MEK/Iy HUMHU Tak, 9TOObI BO BeeX 3TuX 480 cTakaHax CTaJIo
HOpPOBHY BOAbI. [Ipu J1060M Jin HAYAJIHLHOM paclpee/IeHUN BOJIBI 110 CTaKaHaM MOYKHO 3a HECKOJIBKO XOJI0B
JOOUTHCA TOTO, YTOOBI BO BCEX CTaKaHAX CTAJI0 MOPOBHY BOJIBI!

MathQuverflow, H. Bozdanos
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Bropoit Typ 01.12.2022. IlepBaga jawura.

1. Buccekrpuca yrina B mepasuobenpennoro Tpeyroiabanka A BC nepecekaer orpe3ok AC u ommcaHHyTO
OKpyzKHOCTB B ToUKax P u D coorBercrBenno. Touku K, L, M u N — cepemunsr orpeskoB AD, AP, PC
u C'D coorsercTBenno. Iuaronaan gersipexyroiabuuka K LM N nepecekaiorcs B Touke O. Hokaxkute, 4T0
OKPY2KHOCTH, ONKUCAHHbIE 0KOJIO TpeyroabuukoB BK L, BMN u ON K, uMeioT 00IIYI0 TOYKY.

A. Kysneuos

2. /Tan nenocrosinublii MHOrOwIeH P(x) ¢ BemmectBennbiMu Koadb dunuenravu. JTokaxkuTe, 9T0 CyIECTBY-
eT HaTypaJbHOE YHCJIO0 M TaKoe, 4TO JJIs JIOOro MPUBEIEHHOr0 MHOTOUIeHa (Q)(z), crenenb d KOTOPOro
He MeHbIIe M, KOJUIeCTBO TeJbiX pemtenuil HepasencTsa |P(Q(z))| < 1 He mpeBocxomut d.

U3 xnueu N. Safaei

3. HarypaJsipable uncia mokpalnieHsl B ABa neta. JlokaxKuTe, 9T0 HallI€éTCcd Takasd OeCKOHedYHAs] BO3paC-
TAIOIAs MOCAEI0BATETHLHOCTD HATYPAJBHBIX YUCET a1 < Uy < ..., YTO PA3HOCTHU ;41 — ; OTPAHUYEHBI,
U JIJ1d BCAKOI'O HATYPAJbHOIO N HAMWAETCS HATYPAJIbHOE X TAKOE, YTO BCE YUCIA (1 + L, 03 + Xy. .., 0y + T
UMEIOT OJIUH U TOT YK€ I[BET.

Obaezuenue 3adavu u3 svicwet, Auzy

4. Ha miiockocTn HapuCcOBaH BBIMYKIBIHT MHOTOYTOTBHUK M 1 oTMedeHa ero BepmuHa V. Ilycts P — nan-
OoJIbINIKiT IepUMeTp TPEYIroJibHUKA, cojepzKaiierocs B M, a Py — nauboJibinuii nepuMeTp TpeyrojbHuKa,

cofepzarierocst B M, ogaa u3 Beprmd Koroporo — V. Kakne 3nauenns moxker npuaumarb P/ Py
MathQuverflow, H. Bozdanos

5. Kirerku 6ecKoHEIHOI KJIeTYaTON MOJIOCKN TPOHYMEPOBAaHbI TOCJIEI0BATEIHHO BCEMHU TEJTBIMU YACTAMUA.
N3ravanpHO B KJI€eTKaX 1 W 2 CTOUT 10 JeJIOBeKY. Y KaxKI0TO W3 HUX eCTh MOHETKa, Ha KOTOPOH «Opér»
BBIIIAJIAET ¢ HEKOTOPO BEPOATHOCTHIO (PA3HOI it pa3HbIX Jojeil). Ha Kayk10il MHHYTE OHU 110 OYepejin
(cupaBa HaJIeBO) KHJAIOT CBOM MOHETKH; €CJIHM Y 9YeJOBEKA BBILAJ «ODEJ» M COCelHssl KJeTKa ClpaBa
cBODO/THA, OH T€pEMEIaeTcs B Heé, nHaue ocTaérest Ha Mecte. Ilycrb f(z,y) — BEPOSITHOCTBH TOTO, 9TO 3a
r MUHYT JIEBBIT 9eJIOBEK CABUHETCA POBHO Ha Y KJIETOK BIIPABO.

PaccymoTpumM aHATOTIIHBIM TPOIECC ¢ TOH yKe HauaJIbHOM pacCTaHOBKOIM; JIIOAN KIIAIOT MOHETKH B IIOPIIKE
cJeBa HAIIPABO M B CJIydae «OpJay JBUTAIOTCS HA KJIETKY BJIEBO, €CJU 9Ta KJeTKa cBoOoaHa. /lokaxkwure,
4YTO BEPOATHOCTH TOTO, UYTO 34 & MHUHYT NPAaBBIl UeJIOBEK CABUHETCSI POBHO HA Y KJIETOK BJEBO, TaKXKe
pasna f(z,y).

H. Bozdanos, JI. Ilempos

6. Ha miockocTn napucoBajiu (puoeToBblii HepaBHOOEIPEHHDBIN TPEYTOJLHUK U €r0 BIUCAHHYIO OKPY K-
HOCTb. 3aTeM rojyObIM IBETOM IMPOBEJH TPU OTPe3Ka, COeTUHSIONINE BEPIIUHBI (PHOJIETOBOIO TPEyroib-
HUKA W TOYKHM KaCaHWS BIUCAHHON OKPY?KHOCTH C NMPOTUBOIMOJOKHBIMHA CTOPOHAMHU. PaccMOTpUM JIJTHHBI
BcexX 9 OTPe3KOB, HA KOTOPBIE TOJIyOble OTpe3Ku pa3ObUBAIOTCS JAPYT JAPYTOM U BIUCAHHOU OKPYKHOCTBIO.
KaKOG MHHHUMaJIbHOE KOJIMYE€CTBO Pa3/JIMYHbIX JJIMH MOIJIO HOJIy‘H/ITbCH?

@. Usres, H. Pposoes

7. N3navanbuo B 999 KijeTkax KJAeTYaTOl KOOPAHMHATHON IJIOCKOCTH TocTaBuan 1o duiike. K Tpu
KJETKU @, b, ¢ CTOST TOAPSIL TT0 TOPHU3OHTAJN WJIM BEPTUKAJIN, TTPUIEM B @ U b cTOST DUIIKHI, a ¢ MyCTa,
TO (DUITKA U3 @ MOZKET 3a XOJI HePeHphIrHYTh B ¢. MOKeT JIn 0Ka3aThCsl, 9TO JIJIsl JII0OOTO HATYPAIBLHOIO
N MOXKHO COBEpPIIUTHL HECKOJIBKO XOIOB Tak, 4To B mosocax |z| < N u |y| < N me ocranercs HH OHON
durku?

MathOverflow, ycuneno

8. Harypaspnoe guciao a > 10 TakoBo, uro umncjio p = 4a — 5 — mnpocroe. [locsienoBaresibHOCTH HATY-
paJIbHBIX YHCeJ T1, To, - . . 3aJlaHa PeKYPPEHTHO: T = 2a, Ty i1 = To — 3T, IS KA JIOTO HATYPAIBLHOTO 7.
JlokaxkuTe, 9TO CpeJu IEPBBIX @ WICHOB MOCJIEI0BATEIbHOCTH HANIyTCA JABa YHCJIA C OJUHAKOBBIM OCTAT-
KOM OT JIeJIEHHs Ha P.

M. Anmunos, ynpowerue



9. Ha orpeske [A, B] BoiOpanbl n > 2 9ucesn xy,...,T,; He BCe OHW HYJIHW, a UX CyMMa DaBHA HYJIIO.
Oxa3ay0ch, 4TO IJIg JI000T0 IOJOXKATENIBHOTO BEeIECTBEHHOrO YHUC/Ia ¢ KOJIMYECTBO Hap HATYpPAJIbHBIX
ancest (4, 7) takux, uro 1 < i,j < nu |r; — x| > 1/t, He npesocxonur t. JJokazkure, 4To

B-A

N. Safaei

10. Ha crose crogar 32 oauHAKOBBIX CTaKaHa, B HUX HAJHATA BOJA. 3a XOJ MOXKHO BbeIOparh 30 cTakaHOB
U HepepacipegeuTh UMEOIIYIOcsd B HUX BOJIY MEXKJIy HEUMH Tak, YTOOBI BO BeeX THX 30 cTakaHaxX CTAaJIO
HOPOBHY BO/bI. [Ipu J11000M Jin HaAYAJIBHOM paclpeIeJeHUH BOJIbI 110 CTaKaHaM MOXKHO 3a HECKOJIbKO X0JI0B

JMOOUTHCSA TOTO, 9TOOBI BO BCEX CTAKAHAX CTAJIO HOPOBHY BOJBI?
MathQuverflow



