XXV KYBOK ITAMATI A.H.KOJIMOTI'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOUM Ne4. 4.12.2022
IOHNOPHBI, BBICIITA 4 JIUTA

1. Jlanwr narypaibuble uncia k = 2, n > k u t. Kaxjaomy ynopsiiodeHHOMY HAOOPY HATYPAJIbHBIX YHUCET
r1 < Ty < -+ < Ty, HE TMPEBOCXOJSIIIX N, YAAJIOCh CONOCTABAThH HATypasbHOe duciao f(zy,xs,...,Ty), HE

npesocxoJidinee t, 4To ft(xl,xg,...,xk) # flxo, w3, ., xpp) tpu 1 < 27 < g < +++ < X < Ty < N

2
oxkaxure, uto n < 227 (k — 1 japoiika).

2. Jlano marypaJsibHoe uucyio k > 2. Haiiiure HanMenbiiee HaTypaabHOE YUCJIO 1 TAKOE, YTO U3 JIIOOLIX N
TOYEK Ha IJIOCKOCTH MOXKHO BhIOpaTh k TaKUX TOYEK, 9TO JTUOO BCE PACCTOTHUS MEXK/Iy HUMU HE ITPEBOCXOIAT
2, 0O BCe PACCTOSTHUSA MEXKYy HUMHU CTPOro 6o0Jibiie 1.

3. B rpeyronbauke ABC 6uccekrpuca yriia A nepecekaer BHEBIMCAHHYIO OKPY?KHOCTD (KACAIOILYIOCS CTO-
poubl BC') B Toukax D u F takux, yro D jexur Ha orpeske AE. Jlokaxkure, 9ro

AD _ BC?
AE = DE?

4. Cubast K0ObLIa 0001 BCe KJIETKU JTOCKH 1 X 1 (n = 3), KaxkKIblil pa3 mepexo/is U3 KJIeTKH B COCEHIO0
10 CTOPOHE W ITOCETUB KazkKJyI0 KJIETKY POBHO OJMH Pa3. Bpes MoKeT CIIpOCUTh KOOBLTY, KaKoii 10 CYETY Ha
eé MapiipyTe ObLia J0basi BRIOpaHHAd UM KJIETKa, a KOOBLIa YeCTHO eMy OTBETUT. Bpej XxoueT y3HaTh, Ije
KOOBLIa CTapTOBaJIA, 3aJaB MeHee 3n BOIPOocoB. KOHEUHO M OECKOHEYHO MHOXKECTBO TAKUX 7, IIPU KOTOPHIX
Bpen saBemoMo MoxkeT 10CTUYBL CBOEH e’

5. IloceioBaTe IbHOCTD @1, A2, ... COCTOUT U3 KBaJIPATOB HATYPAJBLHBIX YHCET U YIOBJICTBOPIET IIPU BCEX
HATYPAJIbHBIX M U N YCIOBUIO Uypyiyy = Gy + @y + 2mn. HalinuTe Bce Takme ToOC/I€I0BATETHHOCTH.

6. /lano GeckoHedHOE MHOXKECTBO A, cocTosiimee M3 MeJbIX 4dnces. Jlokaxkure, 9T0 B HEM MOXKHO BBIOpaTh
takue 20 3JIeMEHTOB, UTO cpejiHee apudMeTnieckoe J0bX 11 n3 HUX He NPUHAIJIEKUT MHOXKECTBY A.

7. B xierkax tabammpsl n X n (n > 2) paccTaBiIeHbl HOJIOKUTEIbHbE THcIa. 1IycTh a;; — Iuciio B KIeTKe,
Haxojdmeiics Ha nepecedeHun i-if CTpoKu u j-ro crosodna. Issecrno, 9To a;j-aj; = 1 Jyia M100bIX ¢ U j TaKHX,
gro 1 < i < j < n. Ilyers S; = a1 + - - - + a,. Jokaxkure, ato

8. /lano marypasibnoe uncjio n > 1. B KoJiofe ecTh KapThl 1 Pa3IUYHbIX MACTEil M 1 pa3IuYdHbIX JOCTO-
WHCTB, U B KaXKJOH MACTH eCTh POBHO OJHa KapTa KaxKJ0ro JOCTOMHCTBA. DAaHKOMET pa3maéT n UrpoKam
o n kKapT. [loce 3Toro urpoku BeIOUpAIOT MecTa 3a KPYIVIBIM CTOJIOM U TBITAIOTCH BBLIOXKHUTH HA CTOJI BCE
KapThl, JIEHCTBYS TAKUM 0Opa30M: OJIMH U3 UI'POKOB BBIKJIAJIBIBAET IIPOU3BOJILHYIO KAPTY, & 3aTeM KazK/IbIil
CJIEJIYIONINIA 110 YaCOBO# CTpeJIKe UI'POK BBIKJIQJIBIBACT KapTy, OTVIMYAIONLYIOCAd U MAaCTbhIO, U JOCTOMHCTBOM
OT TPEJbLIYIIEeil BBLIOKEHHON KapThl. /[yig Kakux n 6aHKOMET MOXKET TaK pas3/laTh KapThl, YTOObI BCE KaPThI
BBLIOXKUTH He yianock? (Mrpoku paboTatoT BMecTe, ¥ OHU MOIYT BHUJETH KapThl IPYT JIPyra).

9. Ilycre ABC DE — ngartuyrojibHUK, BIUCAHHBIN B OKpyKHOCTE §2. [Ipsmast, mapasiensras orpesky BC,
nepecekaer orpeskn AB n AC' B toukax S u T’ coorBerctBenHo. [lycts X — Touka nepecedennst npsmbix BE
n DS, aY — Touka nepecedennus npsambix CE u DT. Jlokaxkure, 910 ecyn npsamas AD siBjisieTcst KacaTeb-
HOI K OIMCAHHON OKpyzKHOCTH Tpeyrojabanka DXY, To npamas AE sBisiercs KacaTeabHON K ONMCAHHOI
OKPY2KHOCTHU Tpeyrojbuuka KXY .

10. B Bepmunax npaBusibHOro (2n + 1)-yroapHuKa paccTaBUIIN BEIECTBEHHbBIE YUC/IA, CPEIN KOTOPBIX €CTh
XOTsI ObI OJTHO TTOJIOKHUTEILHOE U XOTs OBbI O7HO oTpuiaTeabHoe. OKa3aJI0Ch, 4TO CyMMa 9HCET B JIIOOBIX JIBYX
COCEJTHUX BepIIMHAX HeoTpurareabHa. [Iycts S — cymMma MOJIOXKUTETBHBIX YUCes B BepIinHax, a T’ — cyMmMma
orpunareabubix. Jlokaxure, aro nS + (n+ 1)1 > 0.



XXV KYBOK ITAMSATHU A.H.KOJIMOTI'OPOBA. Tgeps, 28.11 — 05.12.2022
MATEMATUYECKUN BOM Ne4. 4.12.2022
IOHUOPHI, IIEPBASI JIUTA,
BTOPAS JIUTA. BOU 3A 1-4 MECTA.

1. Jano mHOXKecTBO HarypaiabHbIX uncen A = {ay,as,...,a,}. I3BecTHO, 4TO CyIIECTBYET MHOXKECTBO Iie-
JIBIX 4gmces B Takoe, UTO JH000€ HATYpaJbHOE YHCIO k eIUHCTBEHHBIM O0pa30M IPEJICTABIISETCI B BHJIE
CYMMI)I JIEMEHTA MHOZKECTBA A " dJIEMEHTa MHOXKECTBa B ZLOK&)KI/ITe, 9T0 CYH_[eCTByeT MHOZKECTBO IIEJIBIX
quces1 C' Takoe, 9To JII000e Te10e YUCI0 k eJMHCTBEHHBIM 00Pa30M IPEJICTAB/IAETC B BUJIE CYMMBbI 3JIEMEHTA
MHOXKecTBa A u ssiemenTa muoxkecrsa C.

2. Jlano marypaJsibHoe uucyo k > 2. Haiiure HanMenbiiee HaTypaabHOE YUCJIO 1 TAKOE, YTO U3 JIIOOLIX N
TOYEK Ha IIJIOCKOCTU MOYKHO BbIOpATh k TaKUX TOYEK, 9TO JIMOO BCe PACCTOSTHUSI MEYKy HIMU HE TIPEBOCXOIAT
2, 0O BCe PACCTOSHUSA MEXKIY HUMHU CTPOro 60Jbiie 1.

3. B tpeyronbauke ABC 6uccekrpuca yriia A nepecekaer BHEBIMCAHHYIO OKPY?KHOCTD (KACAIONLYIOCS CTO-
porbl BC') B Toukax D u F takux, uro D jexur Ha orpeske AE. Jlokaxkure, 9ro

AD . B(C?
AE = DE?

4. CuBast KoObLIa 000IILIa BCe KJIETKH JOCKH 15 X 15, KaykJplil pa3 mepexojist U3 KJIETKH B COCEIHIOI0 II0
CTOPOHE M ITOCETUB KarK/Iyl0 KJIETKY POBHO OJIMH pa3. Bpes MoxKeT cIpocuTh KOOLLITY, KaKOil 1o CYETy Ha
eé MapIipyTe ObLia J0basi BRIOpaHHAsS UM KJIETKa, a KOOBLIa YeCTHO eMy OTBETUT. Bbpej XodyeT y3HaTh, IJe
KOOBLIa cTapToBaJjia, 3ajaB He Oosee 45 Bonpocos. Cmozker i Bpes 3aBeoMo qocTUYb CBOEi 1€ !

5. [locieioBare IbHOCTD @1, A2, ... COCTOUT U3 KBaJIPATOB HATYPAJLHBIX YHCET U YIOBJICTBOPIET IIPU BCEX
HATYPAJbHBIX M U N YCJOBUIO Gyt = U + G + 2mn. Haiiure Bce Takume 1moc/ie/1oBaTeIbHOCTH.

6. /[19 MOOKUTETLHBIX YUCETT X1, T2, - - ;L1005 Y1, Y2,- - - ,Y100 JTOKAXKUTE HEPABEHCTBO

100 1 1000

2 > m———
i=1 Vit i Zjﬂ? Ti + legi Yi

7. JloKazKnTe, 9TO CYIIECTBYeT GECKOHETHO MHOTO HATYpasbHBIX YHCeT k TaKWX, UTO 9ucIo k¥ MOKHO
[IPEJICTABUTH B BUJIE CYMMbI KYOOB JIByX HATYPaJbHBIX THCEI.

8. lano marypasabHoe umncjao n > 1. B Kosoje ecTh KapThl N pa3judIHbIX MacTeill W N Pa3JMIHbIX JTOCTO-
WHCTB, U B KaKJIOil MAacTU €CTh POBHO OJIHA KapTa KazKJOro JOCTOMHCTBA. DAaHKOMET pa3jlaéT n UrpOKaM
o n kapt. [locsie 3T0ro UrpoKm BLIOMPAIOT MecTa 3a KPYIJIBIM CTOJIOM U IIBITAIOTCH BBLIOXKHUTHL Ha CTOJI BCE
KapThl, JICHCTBYS TaKUM OOPA30M: OJUH U3 MUI'POKOB BBIKJIAIBIBACT IIPOU3BOJILHYIO KAPTY, a 3aTeM KayK bl
CJIEJTYIONINIM TI0 YaCOBOI CTpeJIKe UTPOK BBIKJIAJIBIBAET KapTy, OTJINYAIONIYIOCI U MACTbIO, M JOCTOMHCTBOM
OT TPeJbLIyIeil BhLIOKeHHOH KapThl. [l Kakux n 6aHKOMET MOXKET TaK pas3/iaTh KapThl, YTOObI BCE KAPThI
BBUIOKUTH He yjanock? (Mrpoku paboraror BMeCTe, M OHH MOTYT BHJIETH KAPThI JIPYT JIPyTa).

9. B ocrpoyrosbaom Tpeyronbauke ABC, AB < AC. Cepeaunnblii nepresukysisip K cropore BC' mepe-
cekaer npsambie AB u AC' B Toukax D, E coorsercrBenno. Touka M — cepemuna orpeska DE. Jlya M A
IepeceKaeT ONMMCAHHYI0 OKPYKHOCTH Tpeyroibunka ABC BropmaHO B Touke P, jexameit Ha jyre AB, He
comepxkareit Touky C. Jlokaxkwnre, uro /ZDPE = /BAC.

10. B Bepmunax npaBusbHOro (2n + 1)-yrojabHuKa paccTaBUId BEIECTBEHHbIE YUC/IA, CPEJIM KOTOPBIX €CTh
XOTs ObI OJIHO ITOJIOXKUTEJILHOE U XOTs ObI OAHO oTpuiareabaoe. OKa3ajIoch, YTO CyMMa 9UCEI B JIIOOBIX JIBYX
COCEeJIHUX BepIIMHaxX HeoTpunareabHa. Ilycrs S — cyMMa HOI0KUTEIbHBLIX YACeI B BepimuHax, a 1 — cymMMa
orpuriaresbabiX. JJokaxure, aro nS + (n+ 1)T > 0.



XXV KYBOK ITAMATI A.H.KOJIMOTI'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOUM Ne4. 4.12.2022
IOHNOPHBI, BTOPAZ4 JIUTA. BOUN 3A 5-8 MECTA.

1. B tpeyrosbauke ABC' Touka I — HeHTp BIMCAHHOW OKPYKHOCTH. BrmcaHHasi OKPY>KHOCTH KAaCAETCsI
cropoubl BC' B Touke D u cropoubt AB B Touke F. Ilycts J — TOUKa KacaHusi BHEBIIMCAHHOW OKPYKHOCTHU
co croponoit BC'. Hakoner, Touka V' takosa, uro FIC'V — mapasrenorpamm. lokazkure, aro BI || JV.

2. Jlano marypaJsibHoe uucjo k > 2. Haiiiure HanMenbiiee HaTypaabHOE YUCJIO 1 TAKOE, YTO U3 JIIOOLIX N
TOYEK Ha IIJIOCKOCTU MOYKHO BbIOpaTh k TaKUX TOYEK, 9TO JIMOO BCe PACCTOSTHUST MEXK Iy HIMU HE TIPEBOCXOIAT
2, 0O BCe PACCTOSHUSA MEXKIY HUMHU CTPOro 60Jbiie 1.

3. B rpeyronbauke ABC 6uccekrpuca yriia A nepecekaer BHEBIMCAHHYIO OKPY?KHOCTD (KACAIOILYIOCS CTO-
poubl BC') B Toukax D u F takux, uro D jexur Ha orpeske AE. Jlokaxkure, 4ro

AD . BC?
AE = DE?

4. Ang mamrer uncaa 1,2, ...,100 B kirerku tabaunbt 10 X 10, KaxkKji0e 9uCI0 MO OJHOMY pas3y, B IMPOU3-
BOJILHOM IOpsifiKe. 3a oJuH X0/ Bops BbIOMpaeT JUHUIO U TPOCUT AHIO YIIOPSIIOYUTD YHC/Ia: 110 BO3PACTAHUIO
cJIeBa HAIIPaBO, €CJIM 9TO CTPOKa, U 110 BO3PACTAHUIO CBEPXY BHU3, ecyii 9T0 crosberl. [Ipu stom Bopst Tabm-
1y He BuuT. Uepes 11 x0/10B OH JIOJI?KEH yKa3aThb KJIETKY, Ha KOTOpOi Oyser Halmcano ducso ot 30 mo 71.
Cmoxker s Bopst rapanTupoBaHHO TOOEINTH, KaK ObI HU paccTaB/isiia duciaa AHs?!

5. IlociieoBaTe IbHOCTD @1, A2, ... COCTOUT U3 KBaJIPATOB HATYPAJBLHBIX YHCET U YIOBJETBOPAET IIPU BCEX
HaTyPaJbHBIX M U N YCIOBUIO Gty = Gy + Q. + 2mn. HaiiuTe Bce Takme 10C/I€/10BaATETHHOCTH.

6. IlocienoBarenbaocts {a,} — apudmerndeckasi IPOrpeccusi, a MOCJIeJI0BaTEIbHOCTE { g, } — reomerpude-
ckas. B nociemosarensnoctu {a, + g,} nepsoie dersipe wiena — 0, 0, 1, 0 (B Takom mopsizke). Haitaure
JTEeCATBIA 9JIEH 3TOW ITOCJAEI0BATEIBHOCTH.

7. JloKazKnTe, 9TO CYIIECTBYeT GECKOHEYHO MHOTO HATYpasbHBIX YHCeT k TaKWx, YTO 9uciao k¥ MOKHO
[IPEJICTABUTD B BUJIE CyMMbI KYOOB JIByX HATYPaJbHBIX THCEI.

8. Jlano marypaJjbHoe umncjao n > 1. B koJsojie ecTh KapThl N pa3/jUdIHbIX MacTeill W N Pa3JIMIHbIX JTOCTO-
WHCTB, U B KaKJI0Oil MAacTH €CTh POBHO OJIHA KapTa KazKJIOro JOCTOMHCTBA. DAaHKOMET pas3jiaéT n UrpOKaM
o n kapt. [locsie 3T0ro UrpoKM BHIOMPAIOT MecTa 3a KPYIJIBIM CTOJIOM U IBITAIOTCH BBLIOXKHUTH Ha CTOJI BCE
KapThl, JIEHCTBYs TaKUM OOPA30M: OJIMH U3 MUI'POKOB BBIKJIAJBIBACT ITPOU3BOJILHYIO KapTy, & 3aTeM KaKJIbIii
CJIEJIYIONINIM TI0 YaCOBOI CTpeJIKe UTPOK BBIKJIAJIBIBAET KapTy, OTJINYAIONIYIOCI U MAaCTbIO, M JOCTOMHCTBOM
OT TPEJbLIYIeil BBLIOKeHHOH KapThl. [l Kakux n 6aHKOMET MOXKeT TaK pas3aTh KapThl, YTOOBI BCE KAPThI
BBLIOKUTH He yjayuock? (Mrpoku paboraror BMeCTe, M OHU MOTIYT BHJIETH KAPThI JIPYT JIPyTa).

9. Tpu kBaparHbix Tpexwiena P(x), Q(z) u R(x) co crapmumu koddduimeHTaMu, paBHbIME 1, IMEIOT 110
JIBa BEIIECTBEHHBIX KOPHS U Y/IOBJIETBOPAIOT YCJIOBUSAM

PQ(x)) = (z = 1)(x =3)(z =5)(x = 7), QR(x)) = (v —2)(z —4)(x - 6)(x —8)
[P BCeX BelecTBeHHbIX . Hemy Moxer 6biTh pasHo unciao P(0) + Q(0) + R(0)?

10. B Bepmunax npaBusibHOro (2n + 1)-yroapbHuKa paccTaBUJIN BEIECTBEHHbIE YUC/IA, CPEJIN KOTOPBIX €CTh
XOTs OBl OJIHO IIOJIOYKUTEJIbHOE U XOTs Obl 0JIHO oTpuliarebHoe. OKa3a10Ch, 9T0 CyMMa YUCeJT B JIFOOBIX JBYX
COCEJIHUX BepIIMHAX HeoTpuiarenbHa. IlycTs S — cyMma HOJ0KUTENBLHBIX YUCe/I B BepiuHax, a 1’ — cyMMa
orpuriaresbubiX. JJokaxure, aro nS + (n+ 1)T > 0.



