LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATUYECKUN BOM Ne4. 31.10.2023
CTAPIITAY I'PVIIIIA, BBICIIIAS JIUTA, BOU 3A 1-4 MECTA

1. ITycTh p — mpocToe 9uciio, T, y — HATYPAJbHBIE YHCIIA, & MTOCIEI0BATEBHOCTD (ay, )
3a/laHa COOTHOUICHUSMU

ap=a1 =0 u apy2=2 any1 +vy-a,+1 ama Bcex nesbix n = 0.

okaxkurte, uro HO/I(a,, a,1) unu paBen 1, uim 60JibIe :
P> Ap+ p p

2. Jlanbpr HaTypaJibHBIE Yncaa n 1 j < n. PaccMoTpuM Bce epecTaHOBKH duces OT 1 10
n. B mepecranoBke ajas...a, pa3peliaeTcs IIOMEHSTh MeCTaMU JIFOObIe JBa COCETHUX
YUCIIA G; U (41, €CTH |a; —a; 11| = j. Takyto onepanuio OyaeM Ha3biBaTh ghaunom. Kocrs
BBIIIICHIBAET IIEPECTAHOBKHU YKCes] OT 1 /10 m Ha JIMcTe OyMaru «B JIMHEEeUKY». Boimnucas
OYEpeTHYIO TEPECTAHOBKY A1G3 . ..d, (W3 TeX, 4TO elle He OBLIN BBINUCAHBI paHee),
KocTst B Ty 2Ke CTPOKY BBIIHCHIBAET BCE IEPECTAHOBKU, KOTOPbIE M3 HEE MOXKHO KaK-
TO MOJIyYNUTh, IPUMEHsIsT (DJIUTBI (ITU MEPECTAHOBKYU TOXKE paHee BBIMUCAHBI HE ObLIN).
Ckoabko cTpok mnorpedyercss Kocre, 4To0b! BhIICATh Bee n! mepecTaHoBOK?

3. B kaxx0Mm 300mapke ooutaer poBHO 100 BUI0B KUBOTHBIX. 300IIAPKH OBIBAIOT JIBYX
TUTIOB: C Baiidaem u Oe3 Baiidpas. s mr060if Mapbl 300IaPKOB Pa3HOrO TUTA €CTh
BUJ] »KUBOTHBIX, KOTOPBIN COMEPXKUTCS B 000MxX 300mapkax. Jlokaxkure, 9TO BCe BUJIBI
JKUBOTHBIX MOXKHO Pa3/IeJIUTh Ha TPU HENIEPECEKAIONUXCS CIIUCKA TaK, YTOObI B KaXKJI0M
300IMapKe 0OUTAJIM YKUBOTHBIE HE MEHee 9eM U3 JIBYyX CITHMCKOB.

4. B tpeyronbuanke ABC ¢ yrimom ZC = 60° cropora BC' 6oubiie croponbr AC. Touka,
D # A na orpeske AC TakoBa, uto AB = BD, a touka F # B na upssmoit BC' TtakoBa,
uro AB = AFE. Haiinure Benuauny yria Z/DEC.

5. JlokaxkuTe, 9TO CYIIECTBYIOT TaKnie HATypaJbHblEe UNCJIa @ W b, YTO HU OJHO W3
ances b+ 1,04+ 2,...,b+ 100 He menuTca HE Ha OaHO U3 ducea a+ 1,a+2,...,a+ 100,
1o 1pu 3toM (b+ 1)(b+2)...(b+ 100) memmres na (a + 1)(a +2)...(a + 100).

6. Jlano marypasibaoe n. JlokaxknuTe, 9TO MOXKHO 3aKPaCUTh HEKOTOPHIE KJIETKNA OECKO-
HEYHOI KJI€TYATON IJIOCKOCTU B 3€JIEHBIN IIBET TaK, YTOOBI JIIOOOH MPSIMOYTOJBHUK W3
N KJIETOK COJIepzKaJl HEYETHOE YUCJIO 3€JIEHBIX KJIETOK.

7. Ilyctb A — MHOXKECTBO BCeX HATYPAJIbHBIX TUCETT 11 TAKUX, ITO PACCTOTHUE OT IUCIIA,

nyv2023 — % JIO OJTM2KAMIIIETO TEJIOr0 HE TTPEBOCXOINUT ﬁ. Jlokaxkute, 9TO0 ypaBHEHUE

20z + 21y = 22z

He WMeeT peIleHnii B Yncjiax &, 1, z € A.

8. Ha croponax BC, C A u AB paBHOCTOPOHHEIO TPEYTOJbHIKA PACIIOJIOXKEHBI PaBHbBIE
orpesku A1 Ay, B1By u C1(Cy coorBercTBeHHO Tak, uro Touku Ai, B; u C; npunai-
jgexkar orpeskaMm BAs, OBy u ACy coorBercrBenno. Ilpsmbie BoCh, Co A1 u Ay By
00pa3yroT B IlepecevueHnn TpeyroabHuk. Jlokaxkure, aro orpe3kun Bo(Ch,Co A1 n As By
IIPOIIOPIIMOHAIBHBI CTOPOHAM 9TOI0 TPEYTOJIbHUKA.



LXI YVPAJIbCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATUYECKUN BOM Ne4. 31.10.2023
CTAPIIIA Y I'PVYIIIIA, BBICIIIAS JIUTA, BOU 3A 5-8 MECTA;
IMEPBAS JIUTA

1. IlocmemoBaTelbHOCTD Pg,P1, P2, ... COCTOUT M3 IMPOCTHIX YHCEJ, He 00s3aTeIbHO
pasmIHbIX. [IpemosoKuM, 9T0 CyIeCTBYIOT TaKue Iejble 9ucia dg, .. ., 04, TPHIeM
aq # 0, aTo

agPn + A1Pn+1 + ... + AdPntd = 0

71 BceX n. JloKaxKuTe, YTO B MOCJIEA0BATETLHOCTH Po, P1, P2 - - - KOHETHOE KOJIMIECTBO
Pa3JINYIHBIX IIPOCTBIX YUCEJI.

2. /lambl HaTypaJgbHbIe Yncaa n u j < n. PaccMoTpuM Bce mepecTaHOBKY dmcest OT 1 10
n. B mepecranoBke ajas . ..a, pa3periaeTcs MOMEHSTbh MECTaMU JIFOObIE JIBa COCETHUX
TUCIIA A; U (41, €CTH |a; —a;41| = j. Takyto oneparmio 6yaeM Ha3bBaTh haunom. Kocrs
BBIIIICHIBAET TIEPECTAHOBKM YHces OT 1 JI0 n Ha JIMCTe OyMaru «B JIMHEEeUKY». Bpimucan
OYEePEIHYI0 TEPECTAHOBKY 1G9 . . .G, (W3 TeX, 4TO elle He ObLIM BBIMUCAHBI PaHee),
KocTss B Ty ke CTPOKY BBIIUCHIBAET BCE TEPECTAHOBKU, KOTOPbIE M3 HEE MOXKHO KaK-
TO MOJIYYUTh, IIPUMEHsIsi (DJIUIBI (ITH [TEPECTAHOBKH TOXKE paHee BBIUCAHBI He ObLIN).
Ckousbko cTpok moTpebyercst Kocre, 9To0bI BhIIcaTh Bce n! mepecTaHoBOK ?

3. B kaxxaom 300mapke oburaer poBHO 100 BUAOB »KUBOTHBIX. 300IIAPKH OBIBAIOT JIBYX
TUIIOB: ¢ BaiidaeM u 0e3 Baiidas. [lmg moboii mapbl 300IapKOB Pa3HOrO THIIA €CTh
BUJI YKUBOTHBIX, KOTOPBIl COJIEPKUTCS B 00ouX 300IapKax. /lokaxkKure, 9TO BCE BU/IBI
>KUBOTHBIX MOXKHO Pa3/Ie/INTh HA TPU HEIIEPECEKAIOMINXCSI CITNCKA TaK, YTOOBI B KaXKIOM
300I1apKe OOUTAJIM KUBOTHBIE HE MEHee UeM U3 JIBYX CITMCKOB.

4. B tpeyrosbauke ABC' ¢ yriom ZC = 60° cropona BC 6ouibiiie croponst AC. Touka
D # A na orpeske AC takoBa, uro AB = BD, a touka F # B na upsmoit BC' TtakoBa,
uro AB = AFE. Haiinure Benuuuny yria ZDEC.

5. Jlokazkure, 9TO CYIIECTBYIOT TaKye HATypaJibHbIE YUCIa a U b, 9TO HU OIHO W3
qncen b+ 1,0+ 2,...,b+ 100 me menurcs vy Ha omHO U3 uncea a+ 1, a+2,...,a+ 100,
Ho 1ipu 3toM (b+ 1)(b+ 2)...(b+ 100) memmres va (a + 1)(a+2) ... (a + 100).

6. JloxakuTe, 9TO MOXKHO 3aKPaCUTh HEKOTOPbIE KJIETKH OECKOHEYHON KJIeTYATOM
IJIOCKOCTH B 3€JIEHBIN IIBET TaK, YTOOBI JII0OO MpsiMOyToJbHUK 13 100 KJIETOK copepKad
HEYETHOE YMCJIO 3€JIEHBIX KJIETOK.

7. Ilyctb A — MHOXKECTBO BCeX HATYPAJIbHBIX TUCEJT 1l TAKUX, ITO PACCTOSTHUE OT TUCIIA,

nyv 2023 — % JIO OJIMZKAMIIEro 1ejI0ro He IIPEBOCXOIUT ﬁ. Jokazkute, 9T0 ypaBHEHHE

20z + 21y = 22z

He UMeeT PeIleHuil B 9ucjiax r,y, z € A.

8. Ha cropone AC tpeyronbauka ABC' ormedena touka D, Touka M — cepeanHa
orpeska BD. Ilpsmass AM nepecekaer cropony BC' B Touke F. Oka3zajioch, uro AB =
DE u /BAFE = 2/AFEB. Touka F ormedeHa Ha IpoIoJiKeHHn orpe3ka DE 3a TOUKy
FE rak, uro AB+ AM = EF. Jlokaxkure, aro Tpeyrojbauk BM F — paBHOOEIpEHHBII.



LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATNUYECKUN BOM Ne4. 31.10.2023
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. IlocnemoBaresrbHOCTL Po, P1,P2, ... COCTOUT U3 IMPOCTHIX YHCE], HE 00g3aTeTbHO
pazauaabiX. [Ipemosoxkum, 9T0 CymecTBYIOT TaKue IeIble UUCIa dg, . . . , (g, [IPUIEM
aq # 0, 910

aoPn + a1Pnt1 + ...+ agPnyd =0

71 BceX n. JloKaxKuTe, YTO B MOCJIE0BATEILHOCTH Po, P1, P2 - - - KOHETHOE KOJIMIECTBO
Pa3IMIHBIX TPOCTHIX TNCEJT.

2. /lanbr HaTypaJibHBIE Yncaa n 1 j < n. PaccMoTpuM Bce epecTaHOBKH duces OT 1 10
n. B mepecranoBke aias ... a, pa3periaercs IOMEHSITh MECTAMU JIIOObIE JBa COCEIHUX
TUCIA a; U G;41, €CTH |a; —a; 11| = j. Takyto oneparuio OyneM Ha3biBaTh haunom. Kocrs
BBIIIICHIBAET IIEPECTAHOBKU YKces] OT 1 /10 m Ha JIMCTe OyMaru «B JIMHeEeUKY». Boimnucas
OYEPEJIHYI0 TIEPECTAHOBKY 1G9 . . .0, (U3 TeX, 4TO elle He ObLIM BBIIMUCAHBI PaHee),
KocTst B Ty 2Ke CTPOKY BBIIIUCBIBAET BCE IEPECTAHOBKU, KOTOPbIE M3 HEE MOXKHO KaK-
TO MOJIyYNUTh, IPUMeHsIsT (DJIUIBI (ITU MEPECTAHOBKYU TOXKE paHee BBIMUCAHBI HE ObLIN).
CkoabKo cTpoK 1orpedyercss Kocre, 9To0bI BhIlICaTh Bee n! mepecTaHoBOK?

3. Ha oKpy2KHOCTH PACIIOJIO?KEHO HECKOJbKO TodeK. HeKoTopble mapbl 3TUX TOYEK
COeJITMHEHBI OTPE3KaMM, KaxKJIblii OTpe30K okparneH B oauH n3 10 mBeros. Oka3asoch,
YTO U3 KAXKJIOW TOYKM BBIXOJUT POBHO IO OJHOMY OTPE3KY KaXKJOT'O IBETA, IMPUUIEM
OJTHOI[BETHBIE OTPE3KW He MMEIOT 00IuX ToueK (jaxke KOHIOB). Jlokaxkure, 4ro BCe
TOYKU MOXKHO pPa30UTh Ha JIBE€ TI'PYIIbI TAKUM OOpPa30M, YTOOBI OTPE3KU COCTIMHSIIIH
TOJIBKO TOYKU U3 PA3HBIX T'PYIIII.

4. B tpeyrosbauke ABC' ¢ yriom ZC = 60° cropona BC 6ouibiite croponst AC. Touka
D # A na orpeske AC takoBa, uto AB = BD, a touka F # B na upsmoit BC' Ttakosa,
uro AB = AFE. Haiinure Benuuuny yria ZDEC.

5. CymiecTByIOT JIi MONAPHO PA3JIUYHbIE HATYpPAJbHBIE YUCIa G, b, ¢, s KOTOPBHIX
qncaa ab+ 1, bc + 1, ca + 1 aBasirorcsa bakToprajaMi HATYPAJIbHBIX THCETT!

6. JloxkakuTe, 9TO MOXKHO 3aKPACHUTh HEKOTOPbIE KJIETKH OECKOHEYHON KJIeTYATOM
ILJIOCKOCTH B 3€JIEHBIN IIBET TaK, YTOObI JII000M mpsiMOyTrobHUK 13 100 KJIeTOK comepKal
HEYETHOE YMCJIO 3€JIEHBIX KJIETOK.

7. Ilyctb A — MHOXKECTBO BCeX HATYPAJIbHBIX TUCETT 11 TAKUX, ITO PACCTOTHUE OT TUCIIA,

nyv2023 — % JI0 OJIM>KAMIIEro 1ejIoro He IIPEeBOCXOINUT ﬁ. JokaxxuTe, 9TO ypaBHEHHUE

20z + 21y = 22z

He UMeeT peIleHnii B Yncjiax &, 1, z € A.

8. Ha cropone AC tpeyronbuuka ABC ormevena Touka [, Touka M — cepeamHa
orpe3ka BD. Ilpamas AM mnepecekaer cropony BC B Touke E. Okazasoch, uro AB =
DE n /BAFE = 2/AFEB. Touka F ormedeHna Ha mpojoskennn orpe3ka DFE 3a Todky
FE rak, uro AB+ AM = EF. Jlokaxkure, aro Tpeyrojbauk BM F — paBHOOEIpEHHBII.



LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATUYECKUN BOM Ne4. 31.10.2023
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Harypasbhbie uncia a u b takosbl, uro HOK(a, b) + HO/(a, b) nenurcsa va a + 1.
Hoxkaxkure, aro ecjm b < a, T0 b — HOJHBIN KBaIpar.

2. Ona kopmut KoKy Kaitto pazabiMu kKopmamu. CpoK TOJTHOCTA OTKPBITON YIIAKOBKH
KopMa — 8 jHeil (T.e. Ji0OO YIAKOBKOW MOYKHO IOJIb30BATHCS B TedeHWe 8 jHEi ¢
[IEPBOIO0 MOMEHTA WCIIOJIb30BAaHUs, CINTasl UCXOAHBIN 1eHb). Kaiis orkasbiBaercst ecThb
KODM, €CJIA eJ1a KOPM U3 TOil »Ke YIIaKOBKH BYepa WJIN ITo3aBdyepa. Kakoro HamMeHbITIero
KOJIMYECTBA, YIIAKOBOK JIOCTATOYHO KyIruTh OJie, 9T00b KOpMuTh umu Kaiito B Tedenue

366 mueit?

3. Ha okpyxKHOCTH PACIOIOKEHO HECKOJBKO TOodeK. HeKoTopble mapbl 3TUX TOYEK
COEJIMHEHbI OTPEe3KaMU, KaK/blii OTpe30K okparieH B oauH u3 10 mBeroB. OKa3ajochk,
YTO U3 KaKJON TOYKHU BBIXOJIUT POBHO IO OJTHOMY OTPE3KY KaKJI0TO IBeTa, MPUIEM
OJTHOIIBETHBIE OTPE3KM HE MMEIT ODOIMuX TodeK (/axke KOHIOB). Jlokaxkute, 94T0 BCe
TOYKH MOYKHO pas3bUTh Ha JBe T'PYINbl TAKUM OOPa3oM, 9TOOBI OTPE3KU COETUHSIIIN
TOJBKO TOYKU W3 PA3HBIX TPYIIIL.

4. B tpeyrosbanke ABC ¢ yrimom ZC = 60° cropona BC' 6oubiite croponbr AC. Touka
D # A na orpeske AC takoBa, uto AB = BD, a touka F # B na npssmoit BC' TtakoBa,
uro AB = AFE. Haiinure Benuuauny yria ZDEC.

5. CyIecTByIOT JIi HONAPHO pa3/IMYHble HATYypPaJbHbIE YHUCJIA @, b, ¢, JJII KOTOPBIX
qncia ab 4+ 1, bc + 1, ca + 1 gaBastorcsa dpaxkTopruaiaMu HATYPAJIbHBIX UHCEJT!

6. Jlokazkure, 9TO MOYXKHO 3aKpPaCUThb HEKOTOPbIE KJIETKA OECKOHEYHON KJIETYATON
ILJIOCKOCTH B 3€JIEHBIN IIBET TaK, YTOObI JII000M HpsiMOyTroabHUK 13 100 KJIeTOK comepKall
HEYETHOE YMCJIO 3€JIEHBIX KJIETOK.

7. Uenbie uyncnaa a, b u ¢ orangHb! oT Hyasd. Halianre HamMeHbIlee BO3MOXKHOE 3HAUYEHUE

BBLIPAYKCHUS
2 2 2
a—1 b c+1
(1+—) +<1+-) +(1+ ) .
b c a
8. B mapammenorpamme ABCD AB > AD. Ha nyay BD ormedennsl Toun X u Y Tax,
aro CX = CB u AY = AB. Jlokaxure, auro DX = DY




