LX VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATUYECKUI BOM Ne2. 06.05.2023
CTAPIITIA Y I'PVYIIIIA, BBICIIIAS JINUTA

1. Ha orpeske [0; 1] BBIOpaHbI BEIECTBEHHBIE YUCIA (1, G2, - - - , Gy (1 > 2). JlokaxkuTe,
YTO MOXKHO BBIOpaTh umciia by, bo, ..., b,, Kaxkaoe u3 KOTOpbix paBHo 0 mim 1, Tak,
9TOOBI Jj1s1 BceX HATypaabHbIX k 1 £, 1 < k < £ < n, BBINOJIHSIIOCH HEPABEHCTBO

n
. —b;)| < :
> (4= b)| < —=

i=k

2. Ha memuane AM tpeyronbauka ABC ormedena Touka O takasi, uro MO = M B =
MC. Ilepnenmukynsapol u3 Toukn M uwa BO u CO nepecekaror orpesku AB u AC
B TouKax P u () coorBercTBenHO. 13 Toyek P u () omycTtunau nepreHanKyasapbl PK
u QN na orpesok BC. Ha orpeskax AP u A(Q) Bue Tpeyrosbauka ABC mOCTPOEHBI
upsamoyroiabHuku APXY un AQZT. llpambie KT u AB mnepecekaioTcss B Todke D,
upsimbie NY u AC nepecekatorcss B Touke F. Jlokaxkure, aro npsmbie DE, X7 nu P(Q)
IIePECEKAIOTCS B OJTHON TOYKE WK HapaJleTbHBI.

3. Ha mtockocTn oTMedeHO 1 TOYEK, HUKAKHe TPU M3 KOTOPBIX HE JIEYKAT Ha, OJIHOM
npsimoit. Obo3HauMM 1Uepes ¢, e k = 3,4, ..., n, KOJIUIeCTBO BBIITYKJIbIX k-yTOJIbHUKOB
C BEpIIMHAMHU B JIAHHBIX N TOYKAX, BHYTPU KOTOPBIX HET JPYTUX TodeK. JloKaxKuTe, 4TO
IHCJIO

—c3t+cs—cg+ ...+ (1) ",

3aBUCHUT TOJIBKO OT 7T, HO HE€ OT TOI'O, KaK PacCIIOJIO?KE€HbI TOYKH.

4. Muoxecrso S = {4,8,9,16,...} cocrour u3 Bcex uncen Buga n', rae n,m € N
u n,m > 2. Oboznaunm depe3 f(t) KOJIMIECTBO PA3IUIHbBIX [IPeJCTaBIeHUi dncyia t B
BUJIE CYMMBbI pa3iudHbix ducesn u3 S. Hanpumep, f(5) = 0 u f(17) = 1 (17 = 8+9).
Haiiure Hanbosbiiee HaTypasbHoe ¢ Takoe, ato f(t) = 3.

5. JlokaxkuTe, 9TO CyIIECTBYIOT Pa3jMvyHble HaTypaJibHble a 1 b, 6osbimue 1000 000,
1151 KoTopbix a’ + 1 nesmres Ha b + 1.

6. CyIecTBYIOT JIM HATYPAJIbHBIE YUCTA 1, A2, - - . , A100 (HE OOS3ATEIBHO PA3IUIHBIE),
OJITHOBPEMEHHO YJIOBJICTBOPLAIOIINAE CJICAYIOIUM YCIOBUAM:
(i) amcso ajas . .. ajpo Aeaurces Ha a; + a; npu Beex 1 < i < j < 100;
(ii) ms kaxkgoro k = 1,2,...,100 HaiiayTcs uHIEKCH i, j Takue, 9to 1 < ¢ < j < 100
u 9ucJjio ai1as ...Aag—10k+1 - .- @100 HE JCJIUTCI Ha a; + aj?

7. Kaxkiple 1Ba U3 1 rOPOJIOB COEIMHEHBI OTHON OPUEHTUPOBAHHON CUHEN MU KPACHOM

noporoii. /IokazkuTe, 9T0O HaMIETCS TAKOW TOPOJI, U3 KOTOPOTO B JIIOOOH JPyTroil ropos
MOZKHO IIPOEXaTh 110 OJJHOIIBETHOMY IIyTH.

8. /IBe HemepeceKarIuecss OKPYKHOCTH IIEPECEKAI0T MPSIMOYTOJILHUK, KaK ITOKA3aHO
Ha KapTUHKe (Ha HIKHEH U BepXHell CTOpOHAX MPSIMOYTOJHHUKA MO 4 TOYKM Tepecede-
HUS ¢ OKpY:KHOCTsMHU). Jlokaxkure, ato a —b+c—d+e— f =0.
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LX VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATUYECKUI BOM Ne2. 06.05.2023
CTAPIITA Y I'PVIIIIA, IIEPBAS JIUTA

1. /lokaxkure, 9TO CyIIECTBYeT OECKOHETHO MHOI'O HATYPAJJIbHBIX UHUCEJI N TaKHX, 9TO
gncso n® + 1 He nuMmeer menmreneit Buna k3 + 1, ommmasbix or nd 4+ 1.

2. Ha meaunane AM tpeyronpuuka ABC ormedena Touka O takast, ato MO = M B =
MC'. Ilepunengukynspsl u3 Touku M mwa BO um C'O nepecekaror orpesku AB n AC
B Toukax P m () coorBercrBenHo. 3 Touek P u () omycrunn nepreHanKyasspbl PK
u QN na orpesok BC. Ha orpeskax AP u A(Q) BHe Tpeyrosbauka ABC mocTpOeHbI
npsimoyronbaukn APXY u AQZT. llpsvmeie KT u AB mnepecekatorcst B Todke D,
npsimbie NY u AC' nepecekatorcst B Touke F. Jlokaxkurte, aro npsmeie DE, X7 u P(Q)
IIEPECEKAIOTCS B OJIHON TOYKE WMJIU HapaJlIeTbHBI.

3. Ha mockocTn OTMEYEeHO N TOYEK, HHMKAKWe TPHU U3 KOTOPBIX HE JIeXKAT Ha OIHOM
upsimoit. Obo3HaIMM 1Uepes ¢, riae k = 3,4, ..., n, KOJIUIeCTBO BBIIYKJIBIX k-yTOJIbHUKOB
C BEpPIIMHAMHU B JJAHHBIX N TOYKAX, BHYTPU KOTOPBIX HET APYTruxX Todek. Jlokakure, 4TO
IUCJIO

—c3+cg—ca+ ...+ (—1)"¢c,

3aBUCHUT TOJIBKO OT T, HO HE€ OT TOI'O, KaK PaCIIOJIOZK€Hbl TOYKH.

4. Muoxecrso S = {4,8,9,16,...} cocrour u3 Bcex umcesn Buga n', vae n,m € N
u n,m > 2. Obozraunm depe3 f(t) KOJIMIECTBO PA3IUIHBIX [IPEJCTABICHUN Uncya t B
BUJIe CyMMBbI pa3iuanbix aucesn u3 S. Hampumep, f(5) = 0 u f(17) = 1 (17 = 8+9).
Haiimure nanbosbiee HaTypaJsbHoe ¢ Takoe, ato f(t) = 3.

5. JlokaxxuTe, UTO CYIIECTBYIOT pa3jndHble HaTypaJbHble a u b, 6oabiue 1000 000,
151 KoTopbix a’ + 1 mesurest Ha b + 1.

6. CyI1ecTBYIOT JI HATYPAJIbHBIE YUCTIA 1, A2, - - . , G100 (HE OOSI3ATEJIBHO PA3IUIHbBIE),
OJIHOBPEMEHHO YJIOBJIETBOPSIONINE CJIELYIONUM YCAOBUSIM:
(1) ameio ajay . .. ajpo menures Ha a; + a; upu Bcex 1 <4 < j < 100;
(ii) mrst Kaxkgoro k = 1,2,...,100 =Haiigyrcs wHeKCH 4, j Takue, 9ro 1 < i < j < 100
u 9uCJIo a1ag .. .0—10+1 - - - @100 HE JEJUTCA Ha G4 + CLj?

7. Kaxkible 1Ba U3 n rOPOJA0B COEIMHEHBI OAHON OPUEHTUPOBAHHON CUHEN NIl KPACHOM
Joporoit. JIokaxKuTe, 9TO HAMIETCS TaKO ropoji, U3 KOTOPOTO B JIIOOOM JIPyTroif TOPO.T
MO2KHO ITPO€XaTh MO OJHOIIBETHOMY IIyTH.

8. /IBe HemepeceKaromuecs: OKPYKHOCTH MIEPECEKAIOT MPSAMOYTOJILHUK, KAK ITOKA3aHO
Ha KapTUHKe (HA HUXKHEH U BepXHeil CTOpOHAX MPSIMOYTOJBHUKA IO 4 TOYKH Tiepecede-
HUS ¢ OKpyKHOCTsiMU). Jlokaxkure, ato a —b+c—d+e— f =0.
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LX VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATUYECKUN BOM Ne2. 06.05.2023
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. /lokaxkure, 9TO CYyIIECTBYeT OECKOHETHO MHOI'O HATYPAJJIbHBIX UHUCEJ N TaKHX, 9TO
gncsto n° + 1 He uMmeer meimreneit Buna k3 + 1, ommmanbix or nd + 1.

2. BC' — menbmags cropona tpamenuun ABCD. Ha 6okoBbix croponax AB u CD Bo
BHEIITHIOIO CTOPOHY mocTpoenbl KBaipatbl ABPQ u CDEF. JlokaxXurte, 9TO cepeIiH-
HBII HepreHanKyasap K orpe3ky BC meaut orpe3ok PF' 1omoJiam.

3. Ilyctn
P(n,k)=(kn+1)-(kn+2)-(kn+3)-...-(kn+k—1)- (kn+ k).
JokaxkuTe, 9TO JJId JIIOOBIX HATYPAJbHBIX N, k, { ©MeeT MecTO HepaBeHCTBO

P(n,k+0)-kF - 08 < P(n,k) - P(n,0) - (k+0)*

4. Muoxecrso S = {4,8,9,16,...} cocrour u3 Bcex umcesn Buga n', viae n,m € N
u n,m > 2. Jlokaxkure, 9To J000e uncyo, oosbiiee 100, MOXKHO HpeICTaBUTH B BHUIIE
CYMMBbI PA3JIMYHBIX YHCE] U3 S.

5. Baitnab u3roroBumiia oxkepeJsibe u3 1734 OycuH, Ha HUX B HEKOTOPOM IIOPsiJIKEe HAIINCA~
HbI yncia 290, 291, ..., 2023. JlokaxXuTe, 9TO B 9TOM OXKepeJIbe HAlIyTCs TPHU HIYIIHe
IIOJIPSA OYCUHBI, UMCJIa Ha KOTOPBIX SIBJSIIOTCS JJIMHAMUA CTOPOH TPEYTOJIbHUKA.

6. Toukn D u F pacmonoxenbl Ha cropoHax AB u BC' cOOTBETCTBEHHO TPEYTOJHLHIKA,
ABC takum oOpa3oM, 9TO 2% = ﬁ—g. Touka P nexxut ua cropone AC. /loxkaxkure,
uyro DFE nepunenaukynasipao PE Toria m ToJabKo Toria, Korjga PE — OuccekTpuca yria

DPC.

7. Kaxkiple 1Ba U3 1 TOPOJIOB COEIMHEHBI OHON OPUEHTUPOBAHHON CUHEN MU KPacHOM
Joporoii. JlokaxkuTe, YTO HaMIETCs TaKO ropoji, U3 KOTOPOTO B JII0OOH JIPyTroif TOPO
MOZKHO IIPO€XaTh 10 OJHOIIBETHOMY IIyTH.

8. B xBaapaTHoii Tab mIie n X n 3aKpalleHo HeCKOJIbKO KJIeTOK TaK, YTO KJIeTKHI CIPaBa,
U CHU3Y OT KaXKJIOW 3aKpallleHHOl — Toxke 3aKpalnieHbl. [IycTh B cTos01Iax TaduIbl 3a-

KPAIIEHO a1, A2, 43, - - - , &p KJIETOK (IIPU MIEPEYNCTIEHUN CJIaBa HAIIPABO), & B CTPOKAX —
b1, ba, b3, ..., b, KIeTOK (CcBepxy BHM3). JloKaxkuTe, 9TO HAOOPHI TUCET
ai, as—1, asz—2, ...,ap—n—+1 151 by, by—1, b3—2, ..., b,—n—+1

COBIAIAIOT (T.€. OTJIUYAIOTCSA TOJBKO MOPsIKOM [ncest). Hampumep, paccMorpuMm Tab-
JIAILY

a 0 2 3 3 4 4 5 8
ar —k+1: 01100 -1 —-11
by, : 1 11246 77
- b, —k+1: 10 -1 —-1.01 10
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LX VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATUYECKUN BOM Ne2. 06.05.2023
CTAPIIIAY I'PVIIIIA, TPETHhSA JIUTA

1. /lokaxkuTe, 9TO CYyIIECTBYeT OECKOHETHO MHOI'O HATYPAJJIbHBIX UHUCEJI N TaKHX, 9TO
gncsto n° + 1 He uMmeer menmreneit Buna k3 + 1, ommmasbIx oT nd 4+ 1.

2. BC' — menbmags cropona tpamenuun ABCD. Ha 6okoBbix croponax AB u CD Bo
BHEIITHIOIO CTOPOHY mocTpoenbl KBaipatbl ABPQ u CDEF. JlokaxXurte, 9TO cepeIiH-
HBII HepreHauKyasap K orpe3ky BC meaut orpe3ok PF' 1omosiam.

3. Conparsl CTOAT B BHUJE UPAMOYTOJBHUKA 1 X (n + 2) ¢ 1 cTOJIOIAMHU, PaCCTOsI-
HIe MEKJIy COCETHUMH COoJiJiaTaMu ofuH mar. [lo komane ceprKaHTa KaxKIbIi comar
CJIeJIaJT OJTUH IIIar BBEPX, WX BJIEBO, WX BIPABO, WM BHU3. B pe3ysbraTe COIIaTh OKa-
3aJIMCh BBICTPOEHHBIME B IPSMOYTOJLHUK (1 + 2) X n ¢ n + 2 cronbmamu. Jlokaxkure,
9TO 711 YETHO.

4. TlonoxkureyibHbIE BEIIECTBEHHBIE YnCIa @, b, ¢, d yIOBJIETBOPSIOT HEPABEHCTBAM
a+b+c+d< g u ab+ be+ cd + da > 1. Jokaxwure, uro |a — b+ ¢ — d| < %

5. Baitnab n3roroBmIa oxKepesibe 3 1734 OycuH, Ha HUX B HEKOTOPOM IIOPSIJIKE HAIINCA~
ubl gucaa 290, 291, ..., 2023. /lokaxkuTe, 9TO B 9TOM OKepeJjibe HalIyTcd TPU UIYIIHe
IIOJIPSAI OYCHUHBI, IMCJIa Ha KOTOPBIX SIBJASIOTCS JJIMHAMU CTOPOH TPEYrOJIbHUKA.

6. Touku D u E pacrnojoKeHbl Ha CTopOHaX AB u BC cooTBeTCTBEHHO TPEYTOJIbHUKA,
CE _
ABC Takum 00pazoMm, 4To 255 = A B Touka P nexxut Ha cropone AC. Jlokakure,

uyro D FE nepnenpukynasipao PFE Torjga m ToJILKO Tor/aa, Korjga PE — OuccekTpuca yria
DPC.

7. Umeerca 100 ropomoB, Mexkay koropbiMu 2400 gopor, KaxKble JIBa rOpoja COEIH-
HEHBI He O0JIee YeM OJIHOM JIOPOroil. DTU JOPOTH 0OCTYKUBAIOTCS 80 TOPOKHBIMUA KOM-
nanusgMu, 1o 30 Jopor y KaxKjao# komnanuu. Fcam KoMmanusg oOCIyKUBaeT KaKyI-TO
JIOPOT'Y, COEJIMHSIIONTYIO Ba I'Opo/ia, TO B KaXKJOM U3 3TUX I'OPOJIOB OHA JIOJI?KHA UMETh
PEMOHTHBIN TYHKT. JlOKaKuTe, YTO B KAKOM-TO T'OPOJie XOTsd Obl y 8 KOMITAHWI €CTb
PEMOHTHBIE ITYHKTHI.

8. B xBapaTHOiT TabIUIIE N X N 3aKPAIeHO HECKOJIBKO KJIETOK TaK, 9YTO KJIETKHU CITPaBa,
U CHU3Y OT KaXKJOi 3aKpallleHHONW — ToXKe 3aKpallieHbl. [IycTh B cTosibmax Tadbauis 3a-

KpAIIeHo a1, 4z, A3, . - . , Gy KJAETOK (IIPpU MEPEICIEHNN CIaBa HAIIPABO), & B CTPOKAX —
b1, ba, b3, ..., b, KIeTOK (cBepxy BHU3). JloKazkuTe, 4T0 HADOPHI YKCET
ai, as—1, az3—2, ...,a,—n—+1 n by, by—1, b3—2, ..., b,—n—+1

COBIAIAIOT (T.€. OTJIMIAIOTCS TOJBKO MOpsIKOM [ncest). Hampumep, paccmMorpuMm tab-
Jaany

ay : 0 2 33 445 8
ap,—k+1: o1 100 -1 —-11
////%% by, 1112 46 77

b, —k+1: 10 -1 -1 01 1 O




