XXVI KYBOK ITAMATUN A.H.KOJIMOT'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne2. 30.11.2023
FOHNOPHI, BBICIIIA S JIUTA

1. Yepes Bepmmmay A tpeyrosbaunka ABC npopenena (ukcupoBaHHas HpsiMasi £, mepecekarorias orpe3ok BC u
He nepnenaukyaspaass BC. Ha Heit BoiOpana nepemenHast Touka X, jexamass BHyTpu ABC. OKpy»KHOCTH wp U
we npoxonudar depe3 Toukn X u A m xacaiorcs AB u AC coorsercrBenHo. Bropasi KacaTeabHas U3 TOYKH B K wy
KacaeTcs wy B Touke Y. Bropast kacarenbHas u3 Toukn C K w. Kacaercs W, B TOYKE Z, IPUYEM TOUYKHU Y U Z JjiexKar
BayTpu ABC'. Jlokaxkure, 4TO ONMCAHHAS OKPYKHOCTb TpeyrojbHuKa XY Z HpOoXOomuT depe3 JBe (PUKCHUPOBAHHbBIE
TOYKH, HE 3aBUCSIIUE OT BLIOOpa TOUYKH X .

2. Jlamo narypaJsbnoe k. Haiinure Bce 6eCKOHEUHBIE TOCIEI0BATEILHOCTA HATYPAJIBHBIX UUCEIT A1, A2, . . . TAKHAE, 9TO
JUTST KasKJIOTO 7 B 3TOM MOC/IEI0OBATEILHOCTH POBHO (., WIEHOB, HE ITPEBOCXOJSIIIX Gpt1 + k.

3. ITopadkom paccTosTHIST MeKIy TodkaMiu A m B Ha INIOCKOCTH HA30BEM Takoe 1mesoe k, uro 2F < |AB| < k41
JlokaxkuTe, 9TO y MONAPHBIX PACCTOSTHUI MEXKIY 7 PA3JIMIHBIMEA TOUYKAME Ha IJIOCKOCTU MOXKET OBITH He DoJiee 21 — 2
Pa3JIUYHBIX MOPAJIKOB.

4. Iycers —1 < a,b,c <1 u a? + b? + ¢ = 2abc + 1. JlokaxkuTe HEPABEHCTBO

1 n 1 1 <14 2
2 —a? 2 —abc’

2—62+2—c2 =

5. Ilerss u Bacst urpator B urpy. Cuauana Ilerss BbiOupaer cemeiictBo F mojMHO)KeCTB MHOKecTBa {1,2,...,2n}
u coobmraer ero Bace. 3arem onn mo ouepenu (HaunHaer Bacst) BBIOHpAroT 1o OJHOMY, €Il HE BBIODAHHOMY YHCILY
u3 {1,2,...,2n}, noka Bce uncia He OyjuyT BHIOpaHbI. Bacsi BHIUIPBIBAET, €CJIM OH BBIOPAJI BCE JIEMEHTHI KAKOI'O-TO
MHOYXkecTBa u3 J. Kakoe Hanbosibiliee KOJUIECTBO MOIMHOMXKECTB MOXKET COJepkaThb J, mpu ycjosuu, 9ro y [letn
€CTb BBIMTPBINIHAST CTPATET S !

6. Touka H — oprorenTp ocrpoyrosnbHoro Tpeyroibianka ABC. Touka P BuyTpu Tpeyroibunka BHC Ttakosa, 9TO
/HPC =3/HBC u /ZHPB =3/HCB. Touku X u Y cuMmMeTpu4HbI TOUKe P oTHOCHTEIbHO IpsiMbix BH n CH
coorBercTBenHO. JIyan BX u CY mnepecekatorcss B Touke 1. okaxkure, aro Touku A, T, X u Y jiexkar Ha OJHOI
OKPY?KHOCTH.

7. Jlano narypasbnoe n > 1. Jlokaxkure, 4T0 KBaIpATHBIN TPEXUIEH, Bce KOIMDMUIIMEHTHI KOTOPOrO — HATYPAJILHBIE
qrcsa, He OOJIbINue N, NMEIOIUil JBa PAa3InIHbIX KOPHs, OTJInJaoyecs He 6osee deM Ha 1/n, cymecTByeT Torja u
TOJIBKO TOTJ[A, KOTJIa Y 1 €CTh XOTs Obl JIBA PA3HBIX IIPOCTBIX JIE/IATEJIS.

8. B GeckonevHO T10CIEI0BATEIBHOCTH HATYPAJIBHBIX YUCENT a1, 42, ... BCE WIEHBI pa3jnvHbl. M3BecTHO, 4TO eciu
cyMMa ODPATHBIX BEJIUYUH HECKOJILKUX PA3JIUIHBIX HATYPAJbHBIX THCEJT k% + é +...+ ,% — IIeJI0€ YHUCJIO, TO CYMMa

n

i + i +...+ i ToXKe Tienas. Haifinnre Bce Takme mocien0BaTe/IbHOCTH.
1 2 n

9. B pay Bemucansl 2n HaTypaabHbIX dncest. [lapy gucen a < b u3 psita Ha30BeM Topowetl, €CJIU a CTOUT JieBee b u
UX Pa3HOCTBb BIBOE DOJIbIIE KOJUIECTBA TNCE] MEXKIY HUMHU B 9TOM psay. Haiiaure HanbosbIee BOSMOXKHOE THCIIO
XOPOIIUX Tap.

10. IIycte P(n) — KoamdecTBO CrocoboB pasbUTh YHUCIO N Ha HATYpAaJIbHBIE cjlaracMble (IOPSIOK HE BaxKeH), a
P(n,k) — xommdecTBO Cr1ocoboB pasbuTh n Ha He Oosee deM k HaTypaJbHBIX ciaaraeMbiX. (Ecim n okassiBaeTcs
HEIEJIbIM, TO KOJIMYeCTBO Takux pas3buenuii paso 0.) lokaxkure, 94To uérHOCTL P(N) coBIagaer ¢ Y6THOCTBIO YHUCIA

V7] ,
> P(25E k).
k=1

2



XXVI KYBOK ITAMATU A.H.KOJIMOI'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne2. 30.11.2023
FOHNOPHI, TIEPBA Y JIUTA

1. Yepes Bepmuny A tpeyrosbpauka ABC mpoBeeHa Ipon3BoJibHAsI IpsiMast £, epecekaroiiast orpe3ok BC. Ha neii
BBIOpaHa nepementasi Touka X HyTpu ABC. OKpY:KHOCTH W) U W, MPOXoasT depe3 Toukn X u A u kacatorcs AB u
AC coorBercrBeHHO. Bropasi KacarejibHast U3 TOYKA B K wp Kacaercs wy B Touke Y. Bropas Kacare/ibHas U3 TOYKU
C K w, Kacaercs w, B Touke 7, npudem Touku Y u Z jexar sayrpu ABC. lokaxkure, 9T0 OnrcanHHasi OKPYKHOCTb
rpeyrosibHuKa XY Z mpoxoauT depes (pUKCUPOBAHHYIO TOUKY, HE 3aBHUCSIIYIO OT BbiOOpa mpsimoit £ u Touku X Ha £.

2. Jlano narypaJsbnoe k. Haiiqure Bce 6eCKOHEUHBIE TOC/IEI0BATE/ILHOCTA HATYPAJIBHBIX UUCEIT A1, A2, . . . TAKHAE, 9TO
JUTST KasKJIOTO 7 B 3TOM MOCJIEI0OBATEILHOCTH POBHO (, WIEHOB, HE ITPEBOCXOJSIIIX Gpt1 + k.

3. ITopadkom paccTosHIST MerKIy ToukaMu A m B Ha INIOCKOCTH HA30BEM Takoe 1mesoe k, uro 2F < |AB| < 2k+1
JlokaxkuTe, 94TO y MONAPHBIX PACCTOSTHUI MEXKY 7 PA3JIMIHBIMEA TOUYKAME Ha IJIOCKOCTU MOXKET OBITH He DoJiee 21 — 2
Pa3JIMYHBIX MOPAJIKOB.

4. Iycers —1 < a,b,c <1 u a? + b? + ¢ = 2abc + 1. JlokaxkuTe HEPABEHCTBO

1 n 1 L 1 S 3
2—a2 2—-02 2—¢c27 2—abc’

5. Ilers u Baca urpator B urpy. Crauana Ilerss Beibupaer cemeiicrBo F u3 50000 mOIMHOXKECTB MHOYXKECTBA
{1,2,...,16} u coobmiaer ero Bace. 3arem oHu 10 ouepesu (Haumnaer Bacsi) BBIOMpAOT 1O OJHOMY, elle He Bbi-
6pannomy unciy us {1,2,...,16}, moka Bce umcsia He OymyT BhIOpaHBbl. Bacsi BBIMIDBIBAET, ecjii OH BBIOpA BCe
9JIEMEHTHI KAKOro-TO MHOXKecTBa u3 JF. Kro Bhiurpaer npu mnpasBuibHOM urpe?

6. Touka H — oprorieHTp ocrpoyroybHoro rpeyroasunka ABC. Touka P BHyTpu Tpeyronbuuka BHC takosa, 4To
/HPC =3/HBC u /ZHPB =3/ZHCB. Touku X u Y cummerpudsbl Touke P orHOCUTEbHO Ipsivbix BH u CH
coorBercTBenno. Jlyan BX u CY mepecekaiorcst B Touke T'. Jlokaxkute, uro Touku A, T, X u Y jmexar Ha omHOIM
OKPY2KHOCTH.

7. Ilycte p — npoctoe uucio, n € N. Bapon Mionxray3sen xBactaeT, YTO IPUIyMaJsl KBaIPATHBIN TPEXUIEH, YIOBJIe-
TBOPSIONIUN CJIEAYIONIAM yCJIOBUSIM:
e Bce ero KodhuImeHTh — HATypaJIbHbIE YUCTIa, He OoJibIue p”,
e TPEXUIIEH UMeEET J[Ba PA3IMIHBIX KOPHSI, OTInYaromyecs: He 6osee dem ua 1/p™.
MoryT i ero cJI0oBa 0Ka3aThCs MPaBIoit?

n2—5
n+1

9. B pss1 Beinmcanbl 2n HATYpaabHbIX dnces. [lapy ducen a < b u3 psijia Ha30BeM Topowedi, €CJI ¢ CTOUT JieBee b u
UX PA3HOCTH BJIBOE OOJIbINE KOJUUIECTBA UUCET MEXKJIY HUMH B 9TOM psiy. Haiiiure Haubosbiiiee BO3MOXKHOE YHCJIO
XOPOIIUX IIap.

8. Haﬁ,[[I/ITe BCE€ HaTypaJIbHbIE T, JIJIsI KOTOPBIX YUCJIO palruoHaJIbHO.

10. ITycrs P(n) — KOJIMYeCTBO CrOCOOOB pasOUTH 4HCIO M Ha HATypasbHbIe caracMble (LOPSJIOK He BaxKeH), a
P(n,k) — xosmaecTtBo cr1ocoboB pasbuTh n Ha He Gojee deM k HaTypasbHBIX ciaaraeMblx. (Ecim n okasbiBaercs
HEIEIBIM, TO KOJIMYIeCTBO Taknx pasbuenuii pasuo 0.) Jokaxwure, 1To 9érHOCTS P(N) COBIagaer ¢ Y6THOCTHIO THCIA

(V7]
> P2 k).
k=1

2



XXVI KYBOK ITAMATU A.H.KOJIMOI'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne2. 30.11.2023
FOHNOPHI, BTOPA S JIUTA

1. Yepes Bepmuny A tpeyrosbpauka ABC mpoBeeHa Ipon3BoJibHAsI IpsiMast £, epecekaroiiast orpe3ok BC. Ha neii
BBIOpaHa nepementasi Touka X HyTpu ABC. OKpY:KHOCTH W) U W, MPOXoasT depe3 Toukn X u A u kacatorcs AB u
AC coorBercrBeHHO. Bropasi KacarejibHast U3 TOYKA B K wp, Kacaercs wy B Touke Y. Bropas kacare/ibHas U3 TOYKU
C K w, Kacaercs w, B Touke 7, npudem Touku Y u Z jexar sayrpu ABC. lokaxkure, 9T0 OnrcanHHasi OKPYKHOCTb
rpeyrosibHuKa XY Z mpoxoauT depes (pUKCUPOBAHHYIO TOUKY, HE 3aBHUCSIIYIO OT BbiOOpa mpsimoit £ u Touku X Ha £.

2. Jlano marypasipuoe k. /lana 6eckoHedHas MOCIEI0BATEIHLHOCTD HATYPAJIBHBIX UUCETT A1, G2, - . - TaKasd, 9TO a1 = 26
U JUIsT KaXKJI0r0 7. B 3TOM IIOC/EeI0BATEIbHOCTH POBHO @, YJIEHOB, HE IIPEBOCXOISAINIUX Gn11 + k. Jokaxkure, dro
as00 < @1000-

3. lana xmeruarast mocka n X n. IIpn kakom HamboabieM k MOXKHO TaK IMOKPACUTH Kk KJIETOK 3TOH JTOCKH, ITOOBI
CyIIECTBOBAJI €MHCTBEHHBIN CIIOCO0 pacCTaBUTh Ha 3aKPAIeHHBIX KJIeTKaX 7 He OBIOIUX JIPYyT Jpyra jajeii?

4. Iycers —1 < a,b,c <1 u a? + b? + ¢ = 2abc + 1. JlokaxKuTe HEPABEHCTBO

1 n 1 L 1 S 3
2—a2 2—-02 2—¢c27 2—abc’

5. Ilers u Baca urpator B urpy. Crauana Ilerss Beibupaer cemeiicrBo F u3 50000 mOIMHOXKECTB MHOYXKECTBA
{1,2,...,16} u coobmiaer ero Bace. 3arem oHu 10 ouepesu (Haumnaer Bacsi) BBIOMpAOT 1O OJHOMY, elle He Bbi-
6pannomy unciy us {1,2,...,16}, moka Bce umcsia He OymyT BhIOpaHBbl. Bacsi BBIMIDBIBAET, ecjii OH BBIOpA BCe
9JIEMEHTHI KAKOro-TO MHOXKecTBa u3 JF. Kro Bhiurpaer npu mnpasBuibHOM urpe?

6. Touka H — optoneHTp ocTpoyroibHoro Tpeyroabauka ABC. Touka P BHyTpu TpeyrosibaHuka BHC TakoBa,
uro /ZHPC = 3/HBC v ZHPB = 3/HCB. Touku X u Y cuMmmerpudHbl ToUke P orHOCUTE/NBHO NpsiMbix BH
u C'H coorBercrBenno. JIyan BX u CY nepecekatorcss B Touke (. Jlokaxkure, 910 TOUKa () JIEXKUT HA OIUCAHHON
oKkpy)KHOCTH Tpeyroabunka ABC.

7. Ilycte p — npoctoe uucio, n € N. Bapon Mionxray3zen xBacTaeT, YTO IPUIyMaJsl KBaIPATHBIN TPEXUIEH, YIOBJIe-
TBOPSIONIUN CJIEAYIONIAM yCJIOBUSIM:
e BCe ero K03 uImeHTh — HATypaJIbHbIE YnCIa, He OoJibIue p”,
® TPEXUIIEH UMEeT J[Ba PA3IMIHBIX KOPHSI, OTInYaronyecs: He 6osee dem ua 1/p™.
MoryT it ero ¢JI0Ba 0Ka3aThCs MPaBIoit?

n2—5
n+1

9. B pss1 Beinmcanbl 2n HATYpaabHbIX dnces. [lapy ducen a < b u3 psijia Ha30BeM Topowedi, €CJI ¢ CTOUT JieBee b u

8. Haﬁ,[[I/ITe BCE€ HaTypaJIbHbIE T, JIJIsI KOTOPBIX YUCJIO palruoHaJIbHO.

UX PA3HOCTH BJIBOE OOJIbINE KOJUUIECTBA UUCET MEXKJIY HUMH B 9TOM psiy. Haiiiure Haubosbiiiee BO3MOXKHOE YHCJIO
XOPOIIUX IIap.
10. B BepmunHax npaBUWILHOTO N-YTOJbHIKA PACCTABJIEHDI YHUCIa OT 1 10 n, KaXKja0e POBHO o ogHoMy pas3y. Haitnure

KOJIM9ECTBO PAaCCTaHOBOK (paCCTaHOBKI/I OTJIMYaIoecd IOBOPOTOM MJIN CI/IMMeTpI/Ieﬁ CHHUTAIOTCA paSHI)IMI/I) TaKHNX,
9TO CyMMa MO,ZI;yHefI pa3HOCTeI7'I qHucesI B CoOCeIHUX BepIInHaX MUHUMAaJIbHO BO3MO2KHaA.



XXVI KYBOK ITAMATU A.H.KOJIMOI'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne2. 30.11.2023
IOHNUOPHI, TPETh4A JINTA

1. Yepes Bepmuny A tpeyrosbpauka ABC mpoBeeHa Ipon3BoJibHAsI IpsiMast £, epecekaroiiast orpe3ok BC. Ha neii
BBIOpaHa nepementasi Touka X HyTpu ABC. OKpY:KHOCTH W) U W, MPOXoasT depe3 Toukn X u A u kacatorcs AB u
AC coorBercrBeHHO. Bropasi KacarejibHast U3 TOYKA B K wp Kacaercs wy B Touke Y. Bropas Kacare/ibHas U3 TOYKU
C K w, Kacaercs w, B Touke 7, npudem Touku Y u Z jexar sayrpu ABC. lokaxkure, 9T0 OnrcanHHasi OKPYKHOCTb
rpeyrosibHuKa XY Z mpoxoauT depes (pUKCUPOBAHHYIO TOUKY, HE 3aBHUCSIIYIO OT BbiOOpa mpsimoit £ u Touku X Ha £.

2. Jlano marypasbHoe k. Jlama GeckoHedHAast OCJIEIOBATEILHOCTh HATYPAJBHBIX UHUCEN G1, (2, ... TaKas, ITO JJIs
KaKJIOT'0 1 B 9TOM MIOCJIEI0BATEILHOCTH POBHO dy, “IJIEHOB, HE TIPEBOCXOMISINNX ant1 + k. Jokarxkure, 910 as00 < a1000-

3. anma xmeruarast mocka n X n. Ilpm Kakom HamboabieM k MOXKHO TaK IMOKPACUTH k KJIETOK 3TOH JTOCKH, UITOOBI
CyIIEeCTBOBAJI €IUHCTBEHHBIN CIIOCO0 pacCTaBUTh Ha 3aKPAIeHHBIX KJIeTKaX 7 He OBIOIUX JApYyT Apyra jajei?

4. Ilycrs —1 < a,b,c <1 u a? 4+ b? + ¢ = 2abe + 1. JlokaKuTe HEPABEHCTBO

1 n 1 n 1 3
2—a2 2—-02 2—c27 2—abc’

5. [Terst u Bacst urpator B urpy. Cuauana Ilerst Beibupaer 7 moamuoxkects MuoxkectsBa {1,2,3,4} u coobmiaer ux
Bace. 3arem onu 1o ouepenu (Haunnaer Bacst) BBIOMpAIOT 110 OJHOMY, elrie He BbiOpanHoMmy uuciay u3 {1,2, 3,4}, noka
BCe Yucja He OyIyT BbIOpaHbl. Bacs BBIMI'PBIBAET, €CJIM OH BBIOpPAJ BCE JIEMEHTHI KAKOTO-TO U3 BBIOpaHHLIX [lereit
MHOKeCTB. KTO BBIMTpaeT mpu mpaBuibHOM urpe?

6. Touka H — oprouentp ocrpoyrosbaoro tpeyronabuuka ABC. Touka P BuyTpu Tpeyronbuuka BHC Takosa,
uro /ZHPC = 3/HBC u ZHPB = 3/HCB. Touku X u Y cuMmmerpudnbl Touke P orHOCUTE/NbHO NpsiMbix BH
u C'H coorBercrBenno. JIyan BX u CY nepecekaiorcs B Touke (. Jlokaxkute, 910 TOUKa () JIEXKUT HA OINUCAHHON
okpy)HOCTH Tpeyroapunka ABC.

7. Ilycts p — mpocroe aucio, n € N. Bapon Mionxraysen xBacraer, 9T0 TPUAYMaJ KBAIPATHBIA TPEXUIICH, YAOBIIE-
TBOPSIONTAN CJIETYIONIIM YCTOBHUSIM:
e BCe ero K03 PuImenTsr — HaTypasabHbIe 9ucia, He bosbime p',
® TPEXUIEH UMEET J[Ba PA3IMIHBIX KOPHSI, OTInYaromyecs He boee dem ua 1/p™.
MoryT i ero ¢I0Ba 0Ka3aThCs MPaBIOit?

n2-5
n+1

9. B ps Beinmcansl 2n HaTypaabHbix dnces. [lapy gucenr a < b u3 psma Ha30BeM Topowedi, €CIu ¢ CTOUT JieBee b u
UX PA3HOCTH BJIBOE OOJIbINIE KOJUYIECTBA UUCET MEXKJIY HUMH B 9TOM psiay. Haiiiinre naubosbiiiee BOSMOXKHOE YHCJIO

8. HaﬁﬂI/ITe BCE€ HaTypaJIbHbBIE 1, JIJId KOTOPbBIX 9UCJIO palnoHaJIbLHO.

XOPOIIUX Tap.

10. B Bepmnaax IpaBIWILHOTO N-YTOJBHIKA PACCTaBIEHDI YHCIa OT 1 10 n, KaXKa0e POBHO o ogHOMY pa3y. Haitnure
KOJIMYECTBO PACCTAHOBOK (PACCTAHOBKU OTIMYAIOIINECS [TOBOPOTOM WJIM CHMMETPHEl CINTAIOTCS PA3HBIMU) TAKUX,
4TO CyMMa MOJLyJeil pa3HOCTel 4ucesl B COCEIHUX BEePIINHAX MUHUMAJILHO BO3MOXKHAA.



