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

YerBepThiit Typ 04.12.2022. Boicinag jgura, 6ou 3a 1 u 3 Mmecra.

1. OKpyKHOCTH TIEPeceKaeT MJIOCKOCTh KazKJOi TpaHu TeTpa’apa B AByX Todkax. (OKa3ajgocTh, 9TO B
TPEX U3 3TUX YeTBHIPEX IIOCKOCTEH JIBe TOUKH IepeceYeHrs M30MOHAJIBHO CONPSZKEHBI OTHOCHTEJBHO CO-
OTBETCTBYIOIIEH Tpann. [JJoKaxkuTe, YTO B OCTABIIEHCH ILIOCKOCTH TOYKH HEPECEUIeHHs TOKE M30TOHAIBLHO
COIPSIZKEHBI OTHOCUTEIBHO COOTBETCTBYIONIEH IpaHu.

A. Cxymun

2.V 6ora Panmoma ecTb HECKOJBKO 30JI0THIX CJAMTKOB OOIIMM BECOM B 2 Kujiorpamma. JTo0bl moompuTh
CBOErO PEBHOCTHOTO aJenTa, OH [/ KakKJ0ro CJAWTKA KHJIAeT MOHETKY, Ha KOTOPOH OpE&n BHINAJIAET C
BEPOATHOCTBIO p < 1/2, U B ciiydae opsia OTAAET 9TOT CIAUTOK ajenty. JloKaxKuTe, 9T0 BEPOATHOCTD TOTO,
YTO AJIENT IMOJYUUT OOJIBIINE KUIOIPAMMA 30J10Ta, HE MPEBOCXOIUT P.

HU. Bozdanos no momusam omepumoz0 60Npoca

3. Ha mrockocTn 1aHO KOHEYHOE MHOYKECTBO TOUEK, HIKaK/e TPH U3 KOTOPBIX He JieyKaT Ha OJHOM MPAMOil.
Hekoropble ux mnapbl COCJIMHUIN OTPE3KAMU TaK, YTO HOJIYYHUJIOCH JIEPEBO, HPUYEM CyMMa JJIMH ITUX
OTPE3KOB — HAMOOJIbINas BO3MOXKHasA. JloKkazkuTe, 4T0 BCe KPYTH, IIOCTPOCHHBIE HA TTPOBEAEHHBIX OTPE3KAX
KaK Ha JItaMeTpax, UMeioT ODIIYI0 TOYKY.

A. K. Abu-Affash, P. Carmi, M. Maman

4. B xireTrax Tabaumsl n X n (n > 2) paccTaBIeHbl HOJOKATEIbHBIE YHCIA. 1IyeTh a;; — YHCI0 B KITeTKe,
Haxojdleficad Ha HepecedeHHU i-if CTPOKH H j-To cTosbma. V3Bectno, 4To a;; - aj; = 1 A4 1100bIX ¢ H
rakux, 910 1 <1 < j < n. llycrs S; = a;1 + app + ... + a;,. JJoKazkure, 910

Momnzoaus, orumnuada um. 11.Inxborda, 2018, 12 xaracc, Romania TST 2022

5. Jlano marypaJibHoe uucjio n. Ero pezbuenue — 3TO LpejcTaBjeHue N B BHJAE CYMMbl HECKOJbKHX
HATYDAJbHBIX YuCes ([IPeJCTABICHNsI, OTIHYAINTHKCS MOPSAKOM CJIAraeMbiX, CAUTAIOTCS OHHAKOBBIMIE;
TaK, ;g quciaa 4 ectb b pasouennii: 4, 1 +3,2+2, 1+1+2wu 14+ 141+ 1). Becom pasbuennsi Ha30BEM
poU3Be/ieHne OOPATHBIX KBAJIPATOB €ro cjaraeMbiX (Tak, Bec pasbuenus 2 + 2 + 3 aunciaa 7 pasen 1/144).
JlokazkuTe, 9TO CyMMa, BECOB BcexX pa3OHeHHH Iucia n MeHbIe 2.

T. Amdeberhan, @. Ilempos

6. /Tust marypaibHOro k 0603uauum udepes f(k) ApobHYIO 4acThb YucIa

11 1
(k+1)(1+§+...+g>.

Jokaxure, aro f(k) # f(n) upu n # k.

MathOverflow
7. Han Beimyk/abiit dersipexyronbank ABCD taxoit, uro LZABC = ZADC > 90°, AD < AB < BC.
Touku O,, Oy, O, Oy — nenrpnt okpyxuocreit (BCD), (ACD), (ABD), (ABC) coorsercrBenno, a M —
cepeauna guaronau AC. Jlyu M B uepecekaer okpyxuoctb (ACD) B rouke E. CepeuHHbIl neprieHu-
kyasap Kk BE nepecekaer ouccexrpucy yria Op,0.04 B Touke G, a BremHO© Ouccekrpucy yriaa 0,004 —

B Touke [. Jlokaxkure, uro LFO,G = ZABC.
M. Judun

8. /laHo HaTypaJbHoe n. JloKaxkKuTe, 4TO B N-3JEMEHTHOM MHOXKECTBE MOXKHO BBIOPATH IIOJMHOXKECTBA
Ay, Ay, ... A, Takme, uto (1) |Ax| = @(k) mpu Becex 1 < k < n, u (2) A; u A; He comepkar 00X
ssteMenToB, ecaim 1 < @ < j < n u HOK(4,j) < n. (Kak ob6brano, gepe3 ¢(k) 0603Ha4€HO KOJMIECTBO
HATYDAJbHBIX YHCE], HE MPEBOCXOJAATINX k W B3AHMHO MPOCTHIX € k. )

P. Cameron, V. Phan



9. B cTpane ecTh HECKOJIBKO a3pOMOPTOB, MEYK/Iy HEKOTOPHIMHU 13 HUX OPraHU30BaHbI JIBYCTOPOHHUE peii-
coi. Typucrudeckas KOMIOAHUS HPEJJIATAeT BCEBO3MOXKHBIE mypb, w3 d MOCTeJOBATEIbHBIX PeiicoB (Typh
MOTYT 3aXOJIUTh B TOPOJI HECKOJIBKO Pa3 U Jiazke UCIOJIB30BATH OJMH aBUapeic HECKOJIbKO pa3). Kommanus
YTBEPKJIAET, UTO JJist JIIOOBIX JABYX (He 06sS3aTeqbHO PA3JUYHBIX) TOPOJOB KOJIUIECTBO TYPOB, HAUXHAIO-
MUXCH B IIEPBOM I'OPO/Ie M 3aKAHYUBAIOIIUXCA BO BTOPOM, HeuéTHO. MoxKer Jim 310 ObITh IpaB/oil, XOTs
OBl I KAKoro-to d?f

Z. Hunter, T. Chow, @. Ilempos, asemermapusosaro H. Bozdarosvim

10. Ha Mapce B X0y KyIIOpbI, JTOCTOMHCTBA KOTOPBIX PaBHBI a, b uau ¢ 6abocos, riae a, b u ¢ — HaTy-
pasibHble 4dncsa. Mapcuanua oOHAPYZKKUJI, YTO y HEr0 MMEIOTCs KyHIopbl 001meir cymmoit 2A 6ab0coB, riae
A = HOK(a, b, ¢). Tokazkure, 9T0 OH MOKET PA3JI0KHUTH BCe CBOM 6abOCHI 10 JIByM KapMaHaM Tak, IT00bI
B HUX OBLJIO TOPOBHY 0a0OCOB.

MathOverflow, @. llempos
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1. OKpyKHOCTH MepecekaeT IIOCKOCTh KaxKI0#l rpaHd TeTpasdapa B JABYX Todkax. OKa3aaocTb, UTO B
TPEX M3 9TUX UYETHIPEX IJIOCKOCTEH JIBe TOUKH MEPEeCeueHus] H30TOHATBLHO COMPSIZKEHBl OTHOCHTEIBHO CO-
oTBeTCTBYIONIEH Tpann. JlokaxKuTe, YTO B OCTABIIEHCs IOCKOCTH TOYKH HEPECETIeHUs] TOXKE M30TOHAIBLHO
CONPSIZKEHBI OTHOCUTEBHO COOTBETCTBYIOMIEH IPAHH.

A. Crymun

2. ¥V 6ora PanjoMa ecTb HECKOJIBKO 30JI0TBIX CJMTKOB OOIIMM BECOM B 2 KHJIorpamMMa. UToObl MOOIPUTH
CBOEIr0 PEeBHOCTHOT'O aJIeNTa, OH JJId KaryKJIOTO CJIUTKA KHJ/JaeT MOHETKY, Ha KOTOPOH OpE€] BBINMAJIAET C
BEPOSTHOCTHIO %, U B caydae opJa OTJAAET ITOT CJAUTOK aJIenTy. JloKaskKwTe, 4TO BEepPOATHOCTH TOTO, UTO
aJenT MOJIyIuT DOJbINe KUJIOTPAMMa 30J10Ta, He ITPEeBOCXOANT %

H. Bozdarnos no momusam omrpuimoz20 60npoca

3. [damno narypaabHoe ducio k > 2. Haiiiure HauMeHbIIee HATYPAJIbHOE YHUCJIO0 1 TAKOE, 9TO U3 JIOOBIX 7

TOUYEK HA MJIOCKOCTH MOYKHO BBIOpATh kK TAKUX TOYEK, UTO WU BCE PACCTOSHUS MKy HUMHU He IPEBOCXOIST

2, WK BCE PACCTOSIHUA MEXKJIy HUMHU CTPOro Gosibire 1.
Romanian TST 2022

4. B xireTrax Tabaumsl n X n (n > 2) paccTaBIeHbl HOJOKATEIbHBIE YHCIA. 1IyeTh a;; — YHuCI0 B KITeTKe,
HaxojdIeficad Ha IepecedeHHU i-if CTPOKH H j-To cTojbma. V3Bectno, 4To a;; - aj; = 1 Ajg 1100bIX ¢ H
rakux, 910 1 <1 < j < n. llycrs S; = a;1 + app + ... + a;,. JJokazkure, 910

Momnzoausa, orumnuada um. 11.Inxborda, 2018, 12 xaacc, Romania TST 2022

5. Jlano marypaJibHoe 4ducjio n. Ero pezbuenue — 3TO LpejcTaBjeHue N B BHJAE CYMMbl HECKOJbKUX
HATYDAJbHBIX YuCes (IPeJCTABICHNsI, OTIHYAINTHKCS MOPSIKOM CJIAraeMbiX, CAUTAIOTCS OHHAKOBBIMIE;
TaK, ;g quciaa 4 ectb b pasbuennii: 4, 1+3,2+2, 1+1+2wu 14+ 141+ 1). Becom pasbuennsi Ha30BEM
pou3BeieHne OOPATHBIX KBAJIPATOB €ro cjaraeMbiX (Tak, Bec pasbuenus 2+ 2 + 3 auciaa 7 pasen 1/144).

JlokazkuTe, 4T0 CyMMa BECOB BCeX pa3OHeHHMH JHCJa n MeHbIe 2.
T. Amdeberhan, @. Ilempos

6. HazoBéM HaTypaibHOE YUCJI0 YEMHOBAMbIM, €CJIM B €10 PA3JI0ZKEHUU HA 1POCTbIe MHOKUTEJH YETHOE
qucyio comuoxkuresnei. Hanpumep, uncia 1,6, 60 gernoatsl, a 12 — net. [locsieoBaresibHOCTD aq, do, . . .
COCTOWT W3 YeTHOBATHIX YHCEJ W YIOBJIETBOPSET TPHU BCEX HATYPAJHLHBIX M U N YCIOBHIO

Umtn = Qm + ap + 2mn.

Haiinure BCce Takue moc/ieq0BaTeJILHOCTH.
Benunroxe, 2009

7. Han Beimyk/abiil dersipexyronbank ABCD rtaxoit, uro ZABC = ZADC > 90°, AD < AB < BC.
Touku O,, Oy, O, Oy — nenrpn okpyxuocreit (BCD), (ACD), (ABD), (ABC) coorsercrBenno, a M —
cepeauna guaronau AC. Jlyu M B nepecekaer okpyxkuoctb (ACD) B rouke E. CepeuHHbIl nepieH -
kyasap Kk BE nepecekaer ouccexrpucy yria O,0.04 B Touke G, a BremHOW Ouccekrpucy yriaa 0,004 —
B Touke I'. Jlokazxkure, uro L FO,G = ZABC.

M. JTudun

8. Jlano marypaabHoe n. JoKaxkKuTe, 4TO B N-3JI€MEHTHOM MHOXKECTBE MOXKHO BBIOPATh IIOIMHOXKECTBA,
Ay, Ay, ... A, Takme, uto (1) |Ax| = @(k) mpu Becex 1 < k < n, u (2) A; u A; He comepkar 00X
ssteMenToB, ecaim 1 < @ < j < n u HOK(4,7) < n. (Kak o6brano, gepe3 ¢(k) 0603HAU€HO KOJMIECTBO

HATYDAJbHBIX YHCET, HE MPEBOCXOAATINX k W B3AHMHO MPOCTHIX € k.)
P. Cameron, V. Phan



9. B cTpane ecTh HECKOJIBKO a3pOMOPTOB, MEYK/Iy HEKOTOPHIMHU 13 HUX OPraHU30BaHbI JIBYCTOPOHHUE peii-
cbl. 113 KazK10r0 roposia ecTb Y€THOE YHCI0 peiicoB. TypucTrndeckas KOMIIAHUS TPeIIaraeT BCEBO3MOYKHBIE
mypve U3 d MOCJTETOBATEIbHBIX PEHCOB (Typbl MOI'YT 3aXOJUTH B TOPOJ HECKOJIBKO pPa3 M JIAyKe HCIIOJIb-
30BaTh OJIMH aBUAPEC HECKOTBKO pa3). KoMmaHus yTBepKIAET, U4To Jisl JIOOBIX JBYX (He 00sa3aTeabHO
Pa3AMYHbBIX) TOPOIOB KOJMYECTBO TYPOB, HAYMHAIOIMXCA B IIEPBOM I'OPOJE M 3aKAHUYUBAIOIHXCSA BO BTO-
pom, HeuéTHO. MOoZKeT jin 310 OBITH MPABIOH, XOTA OBl JJIsI KAKOTO-TO !

Z. Hunter, T. Chow

10. Ha Mapce B X0y KyIIOpbI, JTOCTOMHCTBA KOTOPBIX PaBHBI a, b uau ¢ 6abocos, rie a, b u ¢ — HaTY-
pasibHble dncsa. Mapcuanud oOHAPYZKKUJI, YTO y HEro MMEIOTCsl KyHIopbl 001meir cymmoit 2A 6ab0coB, rie
A = HOK(a, b, ¢). Tokazkure, 9T0 OH MOKET PA3JI0KHUTH BCe CBOM 6abOCHI 110 JIByM KapMaHaM Tak, IT00bI
B HUX OBLJIO TOPOBHY 0a0OCOB.

MathOverflow, @. Ilempos



