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

MATEMATUYECKIIT BOM Ne1. 28.11.2023
FOHNOPHI, BBICIIIA S JIUTA

Tn(Tn+n)

i1 upu n > 1. Jlokaxure, 4To

1. [MocsieoBaTeIbHOCTD (X7,) OUPEIEJICHA YCJIOBUIMU L1 = 2, Tpy1 =
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2. Cymma yncen z, y u z paBua 1. Jlokaxkure, 9T0 ecji 3HaMeHAaTeJ M He 0OPAIAlOTCd B HOJIb, TO

(1:—yz>2 (y—zaz)z (z—xy)Q 3
— | | —) =
r+yz Y+ zx z+xy 4
3. PaBuobeapennsiii Tpeyronbauk ABC (AB = AC) Buucan B oKpykHOCTH w. Touka D Ha jgyre AC' okpyKHOCTH
w, He cojiepkKaiteii Touky B, takosa, uro DA - BC = DC - AB. OkpyxHocTh w1 mpoxoaut depe3 C u D n kacaercs
BC'. Okpyxuocth wo mpoxomauT depes A u D u xacaerca C'D. Touka X — BTOpasi TOUKa MEpecevUeHUs Wi U Wo

(orsmmanast or Touku D). Ilyers I — nenrp Bnmcannoit okpyzkuoctu ABC. Jlokaxure, uro Touku B, C, I, X jmexar
Ha OJHOU OKPY2KHOCTHU.

4. JTnst KaKuX B3aMMHO IPOCTBIX IEJBbIX P U ¢, |p| < |g|, CylecTByOT Takue YETHBIE [eJIble YUCIA ag, A1, A2, - - - , Oy,
9TOo 1
p

6 = ap + 1 ?
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5. B ocrpoyroasuom tpeyroiapauke ABC AB — mauMmenbinas cropoHa. Touka P ma orpeske BC Takopa, 4TO
/APB = /BAC. KacareinbHas K onucanuoi okpyzkuocru ABC B Touke A mepecekaeT ONUCAHHYIO OKPYXKHOCTD
TpeyroibauKa AP B Bropmano B Touke ) # A. [Ipsimast, mpoxopsiast depe3 A napaJiieabao B(Q), mepecekaeT oTpe3ok

PQ B Touke S. Hokaxkure, 410
1 1 1

AB T AC~ TS
6. Beckoneunast BIpaBo ¥ BHU3 TAOJIUIA 3AIIOTHSIETCA YUCTAMHE CJICIYIOMUM 00pa30oM: JIjIs KaXKJI0T0 HATYPAJILHOTO
k B k-10 ceBa KJIeTKY BepxHeil CTpOKH U B k-I0 CBepXy KJIETKY CaMOro JIEBOTO CTOJIONA CTABUTCA IHCIIO k (B JIeBOil
BepxHeil KieTke crout 4ncyio 1). OcrampHble ducia B TaOJIUIE PACCTABIISIIOTCS MO CIEYIONEMY IIPUHITAILY: KazK10€e
YUCJIO PABHO IIPOU3BEJIEHUIO €0 COCEIA CIeBA U COCeJia CBepXy. Jlokakure, 94TO YUCI0, CTOdAIIEE B IlepecedeHnu 2"-it
CTPOKH U (2”’1 — 1)-ro croubra, sIBJISETCS TOUHBIM KBaJIPATOM.

7. Haiinure Bce Takue dynkmun f : N — N, uro npu Bcex HarypajbHbix a u b, mis koropbix f(a) # b, ducio
f(a)®> +2b+1— f(b)? xpatro f(a) — b.

8. Haszosém éorcurxom purypy, coCTOSIYIO M3 TOYKH U JBEHAIATH OTPE3KOB JITUHBLI 1, BBIXOJAINIUX U3 HEe Tak,
YTO yroJl MEeXKJy JIOObIME JByMsi cocenaumu orpeskamu paseH 30°. B kpyre pajmyca 10 paciosio:keHO HECKOJIBKO
€XKMKOB, He mMeImux obmux Tovuek. /lokaxkure, aro ux #He 6osee 300.

9. Croponsl npsimoyroJibarKa 20 x 1000 mokpaliieHbl B KpacHblil 1mBeT. lleTs moKpacuj CHHUM IIBETOM HEKOTOPBIE
TPAHUIBI MEXKTY KJIETKAME TOrO MPSMOyTroJibHIKa. OKa3a/0Ch, YTO Ha IJIOCKOCTU HET HU OJIHOTO KJIETYATOIO KBa/I-
paTa, y KOTOPOro Bce CTOPOHBI MoK pairieHbl. Kakoe HanbobIiriee BO3MOXKHOE KOJIUIECTBO CUHUX TPAHUI] MOT IIOKPACUTH
ITers?

10. Ha crome mexkut 2023 xoudersnl. Ilerss u Bacst xomaar mo odepenu, naunaaeT [lersi. Urparor 1o ciemyromnmm
IIpaBUJIaM: €CJIA cefiuac n-i 1Mo cUeTy XOJ, TO XOASIINNA B JAHHBIH MOMEHT UIPOK MOXKET ChECThb JII000E KOJIMIECTBO
koHdeT oT o/1Hoi 10 1 (T.e. Ilersi mepBbIM CBOMM XOJIOM CheJIaeT OJIHY KOHDeTy, najbiie Bacs MOKeT ¢heCcTb OJIHY WIn
nBe KoudeTsl, 3areM [leTst MOXKeT C¢bhecThb OJHY, JiBe WM TPH KOHMETHI U T. 11.). IIpourpbiBaeT ¢heBIImii OC/IEHIO0
koH(dery. KTo BbIMTpBIBaeT Mpu IpaBubHON urpe?



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

MATEMATUYECKIIT BOM Ne1. 28.11.2023
FOHNOPHI, TIEPBA Y JIUTA

Tn(Tn+n)

i1 upu n > 1. Jlokazxure, 4To

1. [MocsienoBaTeIbHOCTD (Xy,) OUPEIEJICHA YCJIOBUIMU L1 = 2, Tpy1 =

L @t t. +n)?
Tn41 '

n(n+1)

2. TlosoxkuTenbuble 9ucia T, Yy U 2 yJAOBIETBOPSIOT YCJIOBUIM & > Yz, Yy > 2z, 2 > ay u ¢ +y + z = 1. Jlokaxkure

HEPABEHCTBO
2 2 2

T —yz —zr z—x

TV ) () <

T+ yz Y+ 2x zZ+xy

3. PaBnobeapennsiit tpeyronsauk ABC (AB = AC) Bumcan B oKpyKHOCTb w. Touka M — cepemuna AC. Touka

D na nyre AC okpy»KHOCTH w, He cojepxKameil Touky B, takosa, uro ZABM = /DBC u ZADM = /BDC.
Oxkpy:kHOCTb Wi npoxoaut depe3 C' u D u Kacaercs BC. OKpy»KHOCTB wo npoxoaut depe3 A u D u kacaercst CD.

Touka X — BTOpasi TOYKa Iepecevdenns wi U wy (ormdnast or Touku D). Ilycrs I — 1eHTp BIMCAHHONW OKPYKHOCTU
ABC'. Hokaxwure, aro Touku B, C, I, X nexar Ha OJHOI OKPY2KHOCTH.

4. O603HauMM Uepe3s d(n) KOJMYeCTBO HATYPAJIbHBIX jlesinTesieil uncia n. HarypasbHble dncia a u b y10BIeTBOPSIOT
pasenctBy 4a + d(a) = 4b% + 1. Haiiaure a u b.

5. B ocrpoyroisaom tpeyrosibauke ABC AB — HaumMenbinast cropoHa. Touka P Ha orpeske BC TakoBa, 4TO
/ZAPB = /BAC. Kacarempuas K onucanuoit okpyxkuoctu ABC' B Touke A mepeceKaeT OMUCAHHYIO OKPYXKHOCTH
rpeyrosibHuKa AP B Bropuuno B Touke () # A. Ilpsimast, npoxopsimas depe3 A nmapasuienbio BQ), mepecekaer 0Tpe30K

PQ B Touke S. Hokaxkure, 9410
1 1 1

AB T AC~ TS
6. Beckoneunas: BipaBo n BHU3 TaOJIMIA 3AIIOHAETCA YUCIAMU CJIEIYIOMIM 00Pa30M: JJisi KaXKJI0r0 HATYPaJIbHOIO
k B k-10 ciieBa KJIeTKy BepxHeil CTPOKHM U B k-0 CBEPXY KJIETKY CAMOI'O JIEBOI'O CTOJIONA CTaBUTCs dncio k (B JieBoit
BepxHeii kierke crout ynucyo 1). OcranbHble Yncaa B TabJIUIE PACCTABIISIIOTCS MO CJIEYIONIEMY IIPUHIIUILY: KaXK10€
YHCJIO PABHO IPOU3BEICHUIO €0 COCella CJEBa U cocela cBepXy. JlokazKuTe, 4TO CYIIECTBYeT TaKOe HATYypPaJLHOE
YHCIIO X, YTO YUCII0, CTOsIIee Ha, mepecedennn 60-it crpokn u 60-ro crosibia, pasao 36002

7. Ha mocke mamucano 100 HATYpaJIbHBIX YHCEN. 3a OIUH XOJ pa3pelraeTcss BBIOpaTh JIFOOble HECKOJIBKO UHUCET U
HpI/I6aBI/ITb K KazKJI0My M3 HHUX JIIO60€ neJsioe KpaTHOE KOJIMYeCTBa BI)I6paHHI)IX Ha 9TOM XO/y YHcCeJI (BOSMO}KHO7 K
Pa3HBIM YUC/IAM IPUOABJISIOTCS DA3HbIE KDATHBIE). 3a KaKoe HaMMEeHbIIee KOJIMIECTBO MAroB MOXKHO FrapaHTHPOBAHHO
caenaTh Bee dncia paBHbiME 07

8. Hazosém éorcurom burypy, cOCTOSIIYIO U3 TOYKH M JIBEHANATA OTPE3KOB JJIMHBLI 1, BBIXOISAIIUX U3 Hee Tak,
YTO YTOJI MEXKJy JIIOOBIMU AByMs coceauumu orpeskamu paseH 30°. B kpyre pamnyca 10 pacmosioKeHO HECKOJBKO
€2KMKOB, He mMerommux obmux Touek. /lokaxkure, uro ux #e 6osee 300.

9. CropoHbl mpsMoyToabHuKa 20 X 23 MoK palleHbl B KpACHBI 1[BeT. I1eTsI MoKpacui CHHIM IIBETOM HEKOTOPBIE TPaHU-
bl MEXKTy KJIETKAMU 9TOT0 IpsSMOyTrojbHEKa. OKa3a/I0Ch, YTO Ha IJIOCKOCTH HET HU OJHOIO KJIETYATOr0 KBaJIpaTa,

Yy KOTOPOT'O BCEe CTOPOHBI IMOKpalleHbl. Kakoe HamboJibillee BO3MOXKHOE KOJUYIECTBO CHHHUX I'DAHUI] MO IOKPACHTH
ITera?

10. Ha crone nexur 2023 xoudetnl. Ilers n Baca xomar mo odepenu, naanaaer llers. Vrparor mo ciemyronmm
IIpaBUJIaM: €CJIU cefidac n-fl o cUeTy X0, TO XOMSIIUN B JTaHHBI MOMEHT UTPOK MOXKET ChEeCTb JII000€ KOJIHIECTBO
koHdeT 0T 0/1HO 10 N (T.e. [leTst mepBbIM CBOMM XOJI0OM CheIaeT OJIHY KOHbeTY, najbiine Bacs MOKeT ¢heCTh OJIHY UJIn
JBe KoHdeTbI, 3areM [leTsi MOXKeT ChecThb OJHY, JiBe WU TPU KOHMETHI U T. 11.). [IpourpbBaeT ¢heBimii mOC/ 16/ IHIO0
koH(pery. KTo BBIMIpBIBaeT IpHU IPaBUILHON urpe?



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

MATEMATUYECKIIT BOM Ne1. 28.11.2023
FOHNOPHI, BTOPA S JIUTA

Tn(Tn+n)

i1 upu n > 1. Jlokazxure, 4To

1. [MocsienoBaTeIbHOCTD (Xy,) OUPEIEJICHA YCJIOBUIMU L1 = 2, Tpy1 =

L @t t. +n)?
Tn41 '

n(n+1)

2. JTokazkute, 4TO Jjist JIFOOBIX BEIIECTBEHHBIX YUCEN A1, 42, - . ., An, b1, b2, ..., by, npuHauIeskamux orpesky [—1, 1],
MMeeT MECTO HEPABEHCTBO

|a1—b1|+|a27b2|+...+|an—bn|2 |a1a2...anfb1b2...bn|.

3. B tpeyronsuuke ABC AB < AC. Touka D ma orpeske AC Ttakosa, uro BD = CD. llpsmas, mapasienbHast
BD, nepecekaer orpe3ok BC B Touke F u npsmyio AB B Touke F. Otpeskun AE u BD mepecekatorcst B Touke G.
Hoxaxure, auro /BCG = /BCF.

4. O603Ha1NM Uepe3 d(n) KOJMIeCTBO HATYPAIbHBIX JlesnTelieit uncia n. HarypasibHble qucia a u b y10BIeTBOPSIOT
pasenctBy 4a + d(a) = 4b% + 1. Haiigure a n b.

5. B ocrpoyrosibaoM Tpeyrosibauke A BC usectHbl juinabl ctopod AB =5, BC = 6, AC = 7. Touka P Ha oTpeske
BC rakosa, uto ZAPB = /BAC. KacarenpHas K onucanHoi okpyx)Hoctu ABC B Touke A mepecekaeT OIMUCAHHYIO
OKpYy2KHOCTb Tpeyroibanka APB Bropuuno B Touke () # A. llpsimasi, npoxossiias uepe3 A napasnensuo BQ),
nepecekaeT orpe3ok PQ B Touke S. Haitmure nauay orpeska CS.

6. Deckoneunast BIIpaBO M BHU3 TAOJIUIA 3AII0IHIETCH YUCIAMU CJIEIYIOMNUM 00Pa3oM: JJIs KayKJI0r0 HaTypPaJIbHOIO
k B k-10 ciieBa KjIeTKy BepxHeil cTpOKU U B k-10 CBEpXy KJIETKY CaMOT'O JIEBOTO CTOJIONA CTABUTCS IHUCIIO k (B JieBOil
BepxHeil kierke crout ynucyio 1). OcraibHble Yncia B TabJIUIE PACCTABIISIIOTCS MO CJIEYIOMIEMY IIPUHIIAILY: KaXK10€e
YHCJIO PABHO IPOU3BEIEHUIO €r0o COCella CJIEBa U cocela cBepXy. lokazKWTe, UTO CYIIECTBYeT TaKOe HATYypPaJIbHOE
YHCIIO T, YTO YUCIIO, CTOsIIee Ha, Iepecedennn 60-it crpokn u 60-ro crosbia, pasuo 36002,

7. Ha nocke nmamucano 100 HaTypaJbHBIX 9HCET. 3a OJMH XOJ Pa3peIIaeTcsl BLIOPATH JIIOObIE HECKOJIBKO HUCEN U
npubaBUTh K KaXKJIOMY M3 HHUX JIH000€ IeJI0€ KPATHOE KOJIMYECTBA BBHIODAHHBIX HA 9TOM XO/y 4Hces (BO3MOXKHO, K
pa3HBIM YHCIAM [PUOABIISIIOTCS pasHble KpaTHble). Beerga i MOXKHO 3a TPU XOJa CIeJIaTh BCE YUCJA Ha JIOCKE
paBubiMu 07

8. HazoBém énrcurom purypy, COCTOSINYIO U3 TOUYKH U JBEHAAIATA OTPE3KOB JJIUHBI 1, BBIXOIAIIUX U3 Hee Tak,
9TO YIoJl MEXKJy JIOOBIMHU JByMsl coceaHnMHu oTpeskamu paseH 30°. B kpyre paanyca 10 pacmosiosKeHO HECKOJBKO
€>KIMKOB, He UMeIux obmux Tovyek. /lokaxkure, aro ux #e dosee 400.

9. Croponbl psiMoyToibHIKa 20 X 23 MoK pallieHbl B KPACHBIN 1[BeT. [leTst moKpacui CHHIM IIBETOM HEKOTOPBIE TPaHU-
bl MEYKTy KJIETKAMU TOT0 IPsSMOyToJibHIKa. OKa3a/0Ch, YTO Ha IJIOCKOCTH HET HU OJHOIO KJIETYATOr0 KBaJIpaTa,
Yy KOTOPOT'O BCE CTOPOHBI MOKpalieHbl. Kakoe HanboJIbillee BO3MOXKHOE KOJUYIECTBO CHHUX I'DAHUI] MO ITOKPACHTH
ITers?

10. Ha crone nexur 2023 xoudetnl. Ilerss u Baca xomar nmo odepenun, naunnaer llers. VrparoTr mo ciemyronmm
IIpaBUJIaM: eCJii cefiuac n-i Mo cUeTy XOJ, TO XOASIINNA B JAHHBI MOMEHT UTPOK MOXKET CheCThb JIF000e KOJIMIECTBO
koHdeT oT 0/1HOi 110 N (T.e. [leTsi mepBbIM CBOMM XOJIOM CheJIaeT OJHY KOHDeTY, najbiie Bacs MOKeT ¢heCcTh OJIHY WIn
nBe KoHdeTwl, 3areM [leTsi MOXKeT C¢hecThb OJHY, JiBe WM TPU KOHMETHI U T. 11.). [IpourpbiBaeT ¢heBimii mMOC/IEHIO0
koH(pery. KTo BBIMIpBIBaeT Ipu IpaBUIbHON urpe?



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

MATEMATUYECKIIT BOM Ne1. 28.11.2023
IOHNUOPHI, TPETh4A JINTA

1. [MocsienoBaTeIbHOCTD (Xy,) OUPEIEJICHA YCJIOBUIMU L1 = 2, Tpy1 = %ﬂn) npu n > 1. Jlokaxkure, 4T0
(x1 4+ 22+ ... +2,)?
n(n+1) > .
LTn+1
2. JTokazkute, 4TO Jjist JIFOOBIX BEIIECTBEHHBIX YUCEN A1, 42, - . ., An, b1, b2, ..., by, npuHauIeskamux orpesky [—1, 1],

nMeeT MeCTO HepaBEHCTBO
|CL1 *b1|+|a2*b2|+...+|an*bn| > |a1a2...anfb1b2...bn|.

3. B tpeyronsuuke ABC AB < AC. Touka D ma orpeske AC Ttakosa, uro BD = CD. llpsmas, mapasienbHast
BD, nepecekaer orpe3ok BC B Touke F u npsmyio AB B Touke F. Otpeskun AE u BD mepecekatorcst B Touke G.
Hoxaxure, auro /BCG = /BCF.

4. O603HAYUM KOJIMIECTBO JlesiuTesieii HarypajbHoro uucia n 3a d(n). HarypajibHble ducia pasHoil 4eTHOCTH @ U b
yaoBIeTBOPHIOT yeaosuio a + d(a? + 7) = b? + 4. Haitmure a u b.

5. B ocrpoyrossaoM Tpeyrosibauke A BC usectHbl juinabl cropod AB =5, BC = 6, AC = 7. Touka P Ha oTpe3ke
BC rakosa, uto ZAPB = /BAC. KacarenpHas K onucanHoi okpyx)Hoctu ABC B Touke A mepecekaeT OMUCAHHYIO
OKPYKHOCTb Tpeyroibanka APB Bropuuno B Touke () # A. llpsimasi, npoxomsiias uepe3 A napasnensuo BQ),
nepecekaeT orpe3ok PQ B Touke S. Haitmure nuay orpeska CS.

6. Beckoneunas BnpaBo u BHU3 TaOJIMIA 3AIIOJHACTCA YUCJIAMU CJICIYIOMMIM 00Pa3oM: JJisi KazKJI0r0 HaTyPaJIbHOIO
k B k-10 ciieBa KjeTKy BepxHeil CTpOKU U B k-10 CBEpXy KJIETKY CaMOrO JIEBOTO CTOJIONA CTABUTCS IHUCIIO k (B JIeBOil
BepxHeil kierke crout uncyo 1). OcraibHble Yncia B TabJIUIE PACCTABIISIIOTCS MO CJIEIYIOMIEMY IIPUHIIAILY: KaXK10€e
YHCJI0 PABHO NMPOU3BEJIEHUIO €0 COCE/Ia CJIeBa U cocesia cBepxy. MoXKHO Jin B 9T0ii Tabiuiie (3a UCKII0YeHeM IepBOi
CTPOKH U 11epBoro croJibia) Beibpars 10 duces Tak, 9T0 HU OJHO U3 HUX HE JIEJTUTCS Ha JApyroe’?

7. Ha nmocke mamucano 100 HaTypaJbHBIX 9HCET. 38 OJMH XOJ Pa3peIIaeTcsl BLIOPATH JIIOObIE HECKOJIBKO HUCEN U
npubaBUTh K KaXKJIOMY M3 HHUX JIH000€ IeJI0€ KPATHOE KOJIMYEeCTBA BBHIODAHHBIX HA 9TOM XOJy 4HCes (BO3MOXKHO, K
pa3HBIM YHCIaM [PUOABIISIIOTCS pasHble KpaTHble). Beerma i MOXKHO 3a TPU XOJa CIeJIaTh BCE YUCJA Ha JIOCKE
paBubiMu 07

8. Ilycts n — marypasbnaoe uucyo. [locienoBaresibHOCTD a1, G2, a3 ... TAKOBA, 9TO 4] = M U JJIs KaXKJOTO TUCJIA
k > 1 a; paBHO IPOU3BEIEHUIO UMD B YUCTE ak_1. ILyCTh KAKOE-TO 9IHCJIO TOCIe0BaTeibHOCTH paBHO 1. JlokaxkuTre,
9TO TOTJIA Bee MU Pl Yucaa 1 PaBHBI 1.

9. CropoHbI IpsiIMOYTOJIbHUKA 2 X 2023 moKpallieHbl B KpacHbIA mpeT. [leTs OKpacui CHHUM I[BETOM HEKOTOPBIE
PPAHUIBI MEXKTY KJIETKAME TOrO MPsSMOyTroJibHIKa. OKa3a/0Ch, YTO Ha IJIOCKOCTH HET HU OJIHOTO KJIETYATOIO KBa/I-
paTa, y KOTOPOT'o BCe CTOPOHBI oK paItieHbl. Kakoe HanboJIbIiee BO3MOXKHOE KOJTMYECTBO CUHUX T'PAHUIL MOT TIOKPACUTH
ITers?

10. Ha crone nexur 2023 xoudetnl. Ilerss u Baca xomar mo odepenu, naunnaer llers. VrparoT mo ciemyronmm
IIpaBUJIaM: eCJii cefiuac n-i Mo cUeTy XOJ, TO XOASIINNA B JTAHHBI MOMEHT UTPOK MOXKET CheCThb JIF000e KOJIMIECTBO
koHdeT oT 0/1HOi 10 N (T.e. [leTsi mepBbIM CBOMM XOJIOM CheJIaeT OJHY KOHDeTY, najbiie Bacs MOKeT CheCcTh OJIHY UJIn
nBe KoHdeThl, 3areM [leTsi MOXKeT ¢hecThb OJHY, JiBe WM TPU KOHMETHI U T. 11.). [IpourpbiBaeT ¢heBIImii mMOC/IEHIO0
koH(pery. KTo BHIMIpBIBaeT Ipu IpaBUIbHON urpe?



