COPOK YETBEPTHIN TYPHUP I'OPOI0B

Ocennnit Typ,

8 — 9 Kyaccol, 6a30BbIi BapuanT, 9 okTaOpsa 2022 1.
(Uror nomsoauTest mo TpEM 3ajiadaM, 110 KOTOPBIM JIOCTHIHY Tl HAHJLYYIIIHe PE3YJIbTATHI. )

OaIBl  3a1a49K
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MokHO Jin paccTaBUTh B KJIE€TKaX TaOIHUILI 6 X 6 Tucsa, cpeju KOTOPbIX HET

OJIMHAKOBBIX, TaK, 9TOObI B KaXKJOM HPSMOYToJbHUKE 1 X 5 (KaK BepTHKAJIb-

HOM, TaK U POPU30HTATIBHOM) CyMMa unces 6blia paHa 2022 win 20237
FEzop Baxaes

CymiecTByeT Jin HaTypaabHOE YHCIO, KOTOPOE MOYKHO TPEJICTABUTH B BHJE
pou3BejieHust IBYX HajuHapoMos 6osiee uem 100 criocobamu? (ITammaapomom
Ha3bIBACTCA HATYPAJIBLHOE UUCJI0, KOTOPOE OJMHAKOBO YNTAETCS KaK C/IeBa Ha-
[IPaBO, TAK U CIpaBa HAJeBO.)

FEzop Baxaes

[Maruyroneauk ABC'DE onucan OKOJIO OKPY?KHOCTH. YTJIBI IIPH €r0 BEPIIIH-
nax A, C' u E pasust 100°. Haitaure yron ACE.
Muzaus Fedokumos

MozkHO /I pacKpacuTh Bce HATYPaJIbHbIE UNC/Ia, O0JIbINe 9eM 1, B Tpu 1BeTa
(KazKJ0e IHCII0 — B OJIMH I[BET, BCe TPH IIBETa JIOJXKHBI HCIOIb30BATHC ) TaK,
9TOOBI 1IBET MPOU3BEIEHUsT JTIOOBIX JIBYX UNCET PA3HOTO I[BETA OTINYIAJICST OT
[IBeTa KazKJI0r0 U3 COMHOXKUTEIeH !

Muxaun Fedoxumos

Y Iletn ecTtb 8 MOHET, PO KOTOPbIE OH 3HAET TOJHKO, UTO 7 M3 HUX HACTOs-
e ¥ BeCAT OJMHAKOBO, & OJHa (rasbIIuBas U OTJANIACTCSI OT HACTOMIIEH 110
BeCy, HEM3BECTHO B KaKyIO CTOpoHY. Y Bacu ecThb ualmevdnbie BeCbl — OHU TI0-
Ka3bIBAIOT, KaKasl JalllKa TsrKe/Iee, HO He TTOKA3bIBAIOT, HACKOJIbKO. 3a KaXK10e
B3BemuBanue [lers mrarur Bace (10 B3BemmBaHus) OJHY MOHETY U3 HMEFO-
muxcsd y #Hero. Ecyim yiuradena nacrosinas MoHeTa, Bacs coobmut Ilere Bep-
HBII pe3yJIbTaT B3BEIUBAHUS, & e€CJIu (babinBasd, To ciaydaiiabiii. [lersa xoder
OIIPEJIE/IUThL D HACTOANIUX MOHET U He OT/aTh HU OJIHY u3 3Tux MoHeT Bace.
Moxket jmn [lerst rapaHTHPOBAHHO 9TOTO HOOUTHCS !

Anexcandp I'pubanro, Anexcetd Bacrasckudl



COPOK YETBEPTHIN TYPHUP I'OPOI0B

Ocennnit Typ,

10 — 11 kJraccel, 6a30BbIil BapuanT, 9 okTaopsa 2022 r.

( Hror nonsourcest mo TpéMm 3aja9aM, 10 KOTOPBIM JIOCTHTHY ThI HAHJIY IIITHE PEe3YJIbTATHI; OAJL/IbI
3a8 IYHKTBI OJHOH 3a/1a4u cyMMI/IpyIOTCH.)

OaJIbl  3aJ1a9u

1. Ilpm kakom HambosibIieM HaTypasibHOM M uducjao m! - 2022! 6yxer dpaxkropua-
JIOM HATYpPaJbHOTO 9uc/ia’
Bopuc Pperrun

2. DBosbimas okpyXKHOCTH BIMCaHA B
poMO, KaxKjasg u3 JBYX MEHBIINX
OKPY?KHOCTEH KAcaeTCs JByX CTOPOH
pomba 1 OOJIBITION OKPYXKHOCTU, KaK

5 HA DPHUCYHKe crpaBa. depe3 TOUKH
KacaHusd OKPYXKHOCTEH CO CTOpOHA-
MU poMOa MIPOBEJIN YeThIPE MITPUXO-
BbIE IIPSIMbIE, Kak Ha pucyHke. Jloka-
JKUTE, 9TO OHU 00pa3yroT KBaIpar.
FEzop Baxaes

3. Ha npamoit ormeveno 2022 ToYKM Tak, YTO KazKJIble JIBE€ COCEIHUE TOYKU Pac-
IIOJIO’KEHBI Ha OJIMHAKOBOM paccTosHuu. [losoBrHA TOUEK IOKpaIleHa B Kpac-
HBII I[BET, a Jpyras I0JOBUHA — B cuHuii. MoxKeT jin cymma JJIMH BCEBO3-
5 MOKHBIX OTPE3KOB, Y KOTOPBIX JICBBIA KOHEl KpacHbI, a IIpaBblii — CUHUN,
PaBHATHCA CyMMe JIJIMH BCEX OTPE3KOB, Y KOTOPBIX JIEBBIN KOHEI[ CUHUI, a
npaBblii — Kpacublii? (KoHIbl paccMaTpuBaeMbIX OTPE3KOB — HE 003aTeIbHO
COCEJIHIE OTMEYEHHBIE TOYKMN. )
Anexcandp I'pubanko

4. Jlan ocTpOyroJibHBIII HepaBHOOEIpPEHHBIH TpeyroabHuk. OmaHuM JeificTBreM
paspelleHo paspe3arb OAUH U3 UMEIOIIUXCS TPEYrOJIbHUKOB II0 MeJIuaHe Ha

g JIB& TpeyroJibHuKa. MoryT jin 4epe3 HEeCKOJIbKO JIeHCTBUI BCE TPEYrOJbHUKHI
0Ka3aThCsl PABHOOEIPEHHBIMUI !
Feop Baxaes
5. ocka 2N x 2N moxpbITa HellepeKpbIBaforuMucs gjoMuaorkamu 1 x 2. ITo goc-
Ke MPOIILIa XPoMast JIa Ibst, II0OBIBAB Ha KAXKJION KJIETKE 10 OJIHOMY pa3y (KarK-
JIBII XOJ, XPOMOIi JIaJIbll — Ha KJIETKY, COCEIHIOI 1o cTopoHe). HazoBéM xo7
nPodoALHBIM, €CIIK ITO IIEPEeXOJ U3 OMHON KJIETKH JIOMHHOIIKKA Ha JIPYIYIO
KJIETKY TOM »Ke JIOMUHOIIKU. KakoBo
1 a) HauboJIbIIee;
4 6) HamMeHbIIee BO3MOXKHOE YHCJIO [TPOJIOJIBHBIX XOJ0B?

BLopuc Openxun



COPOK YETBEPTHIN TYPHUP I'OPOJIOB

Ocennnit Typ,

8 — 9 KJ1acchl, CJIOXKHBIH Bapuant, 23 okTa0Ops 2022 r.

(Uror moaBoguTest 10 TPEM 3ajia9aM, 10 KOTOPBIM JOCTHIHYTHI HAUJLY YIIIHE PE3YJIbTAThI; OAJIBI 38 IYHKTHI OJHOM
3a/1a41 CyMMHPYIOTCSI. )

OaslIbl  3aJa9u

1.  Cro gpyseii, cpeaun Koropbix ecTh Ilerst m Bacst, »KuUByT B HECKOJILKUX ropomaax. llers ysHas pac-
CTOSTHHE OT CBOEr0 TOPOJIa J0 TOPOJIa KayKI0ro u3 ocTaBmmxcs 99 npyseit n caoxui 3tu 99 gucert.
4 Anajornuno nocrynun Bacst. Ilers mosyumin 1000 km. Kakoe naubosibliiee 4rcjio MOr IIOJIYYUTh
Baca? (Fopo,ua cunuTaiiTe TOYKaMU IIJIOCKOCTH; €CJIM JABOE >KUBYT B OJHOM M TOM 2Ke I'Opoe, pac-

CTOSTHHME MEXKJIy WX MOPOJIAMHU CUUTACTCST PABHBIM HYJIIIO. )
Bopuc Ppenxun

2. g xaxaoro us gucen 1, 19, 199, 1999 u T.71. n3roToBUIn OAHY OTACIbHYIO KAPTOUKY U 3aIlICAIN
Ha HEE 3TO UUCJIIO.
a)  MoxkHO Jin BBIOpaTh He MEHee TPEX KApTOYeK TaK, 9TOObl CyMMa YUCe/l HA HUX PABHSLIACH YUCILY,
Bce Mudpbl KOTOPOro, KpoMe OTHON — ABOMKMI?
6) Ilycrh BbIOpa/n HECKOJIBKO KApPTOYEK TakK, YTO CyMMa YUCE] HA HUX PABHA YUCILY, BCe IUQPBI
KOTOPOIr'o, KpoMe OfHOMi — ABoiiku. Kakoil MoxkeT OLITH ero nudpa, OTaudHast OT JIBOMKHU?
Cepeeti Mapxenos

3.  Bapon Mrouxray3eH yTBepK/IaeT, YTO HAPUCOBAJ MHOTOYTOJbHUK U TOYKY BHYTPH HErO TakK, UTO

6 Ji00ast TIpsiMast, MPOXOJISIasi Yepe3 3Ty TOUKY, JEJUT ITOT MHOIOYTOJBHUK HA TPU MHOIOYTOJIb-
uuka. Moxker i 6apon ObITH pan?

Tamvara KasuuyviHa

4. Ilyctsb n > 1 — menoe yucio. B oxmoit u3 kjieToxk 6ecKOHEYHOH 0ejioil KJIeTIaTol TOCKU CTOUT
Jaabst. KaKIpIM XOIOM OHa COBUTAETCs IO JOCKE POBHO HA 7 KJIETOK II0 BEPTUKAJIN WU II0
POPHU30HTAJIN, 3aKPAIINBas IPOIIeHHbIE 1 KJIETOK B Y€pHBI 11BeT. Cre1aB HECKOJIBKO TaKUX X008,
HE IIPOXO/IsT HUKAKYIO KJIETKY JBaKJbI, JIaJIbs BEPHYJIACh B MCXOMHYIO KJIETKY. UEpHDbIE KJIeTKH
00pas3yoT 3aMKHYTHI KOHTYD. JloKaxKuTe, 9To 9ucio 6eJIBIX KJIETOK BHYTPHU 9TOr0 KOHTYpPa JaéT
IIPU JIeJIeHUN Ha 71 OCTAaTOK 1.

Auanexcardp I'pubanxo

5. Ha croporax mnpaBMJIBHOIO JIEBSITUYTOJIBHUKA
ABCDEFGHI Bo BHEIIHIOI CTOPOHY IOCTPO-
wn tpeyroisauku X AB, Y BC, ZCD u TDE.
Wssectro, uro yribt X, Y, Z, T 3TuX TPEyroJib-
HUKOB paBHbI 20° KaxK b1, a cpean yrios X AB,
YBC, ZCD u TDFE xaxiplil cegyomuii Ha
20° 6osbImre mpeapayero. Jokaxkure, 9T0 TOUI-
ku X, Y, Z, T nexar Ha OJHON OKPY2KHOCTH.

FEzop Baxaes

6. Ilera npubaBun k HarypasbHOMy unciy N HarypasbHOe unciao M u 3ameTwi, 9To cymma nudp

10 y pesynbrara Ta e, 9ro u 'y N. Torna on cHoBa npubasuit M K pe3yabTaTy, IOTOM — €IIé pa3, 1
T.71. O6s3aTeIHHO JIN OH KOTIA-HUOYIh CHOBA TIOJIYYUT YIHUCIO C TOH ¥Ke cymMMoit udp, aro uy N7

Aanexcandp Illanosanos

7.  U3BecTHO, 4TO Cpeu HECKOILKUX KYIIOP, HOMUHAJILI KOTOPBHIX — ITONAPHO PA3JIMIHLIE HATYPAIb-
Hble YHCa, ecTb poBHO N daapmuBbix. /leTekTop 3a OJHYy NIPOBEPKY OIpeessieT CyMMy HO-
MUHAJIOB BCEX HACTOSIIUX KYITIOP, BXOJSIINX B BbIOpaHHBIH Hamu Habop. lokaxkure, aro 3a N
[IPOBEPOK MOKHO HaiTH Bce (DAIBIINBLIE KYIIIOPHI, €CIH
3 a) N =2;
8 6) N =3.

Cepeeti Toxapes



COPOK YETBEPTBII TYPHUP I'OPO/IOB

Ocennnit Typ,

10 — 11 xuraccel, CI0XKHBIN BapuanT, 23 okTs0ops 2022 r.

(Uror moaBoguTest 10 TPEM 3ajia9aM, 10 KOTOPBIM JOCTHIHYTHI HAUJLY YIIIHE PE3YJIbTAThI; OAJIBI 38 IYHKTHI OJHOM
3a/1a41 CyMMHPYIOTCSI. )

OaslIbl  3aJa9u
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Kakoit HanboIbIIHil pAIMOHAIBHEI KOPEHb MOYKET UMETh ypaBHeHue Buia ax’ + bx 4 ¢ = 0, rie
a, b u ¢ — HaTypaJibHBIE YnCa, He npepocxosiue 1007
Muzaun Fedoxumos

JlaHbI J1Ba B3aUMHO NPOCTBIX YHUCA P, ¢, bobmux 1 u paziaugatonuxcst 6osbine, em Ha 1. [o-
KaykKnTe, YTO HalJeTCsd HATYPAJIbHOE 1, JIJIT KOTOPOT'O

HOK(p +n,q+ n) < HOK(p, q).

Muzaua Manrxur

JlaHbI IBe KOHIIEHTpUUIecKue OKpykHOCTH ) 1 w. Xopma AD okpyxkHocTH §2 Kacaercst w. BayTpn
MeHbItero cermenta AD Kpyra ¢ rpamnuneit {2 B3sita mponsBoJibHasg Touka P. Kacaremabubie uz P
K OKPY?KHOCTH W TepeceKaroT 6ombinyio ayry AD okpyxuoctu {2 B Ttoukax B u C'. Otpesku BD
n AC mepecekatorcs B Touke Q. Jlokaxkure, uto orpesok PQ nenut orpe3ok AD Ha jiBe paBHBIE
YACTH.

Hearn Kyxapuyx

B kneryarom KBagpaTe MEXKAY JIIOOBIMH ABYMS COCEIHUMU IO CTOPOHE KJIETKAMHI €CTh 3aKPBITAS
JnBepb. 2KyK HauMHAET ¢ KAKOM-TO KJIETKH U XOIHUT I10 KJETKAM, IIPOXO/s depe3 JIBEPU. 3aKpbl-
TYIO JBEPb OH OTKPBLIBAET B Ty CTOPOHY, B KOTOPYIO MJET, M OCTABJSAET JABEPb OTKPBITOH. Uepes
OTKPLITYIO IBEPDb KyK MOXKET IPOATH TOJILKO B Ty CTOPOHY, B KOTOPYIO IBEPL ObLIA OTKPLITA.
Jokaxkure, 9TO €CIM KyK B KAKOH-IMO0 MOMEHT 3aX09eT BEPHYThCHA B MCXOAHYIO KJETKY, TO OH
CMOYKET 3TO CHEJIATh.

Anexcandp Ilepeneuxo

B 6eckoneunoit apudmerndeckoit mporpeccu, rje BCe UNC/Ia HATYPAJIbHBIE, HAIJINCD JBa UUC/Ia, C
OMHAKOBOI cyMmoit mudp. Obs3aTesbHO M B Hell HalIETCs eIlé OJHO YHCJIO C TaKOU »Ke CyMMOit
uundp?

Anexcandp Llanosanos

M3BecTHO, 9TO Cpein HECKOJBKUX KYITIOP, HOMUHAJIBI KOTOPBIX — IOMapHO Pa3/IuvdHble HATYPaJIb-
HbIE YHCJIa, ecTh poBHO N dabmuBbix. /lerekTop 3a 0/IHY MPOBEPKY OIpeIesIsieT CyMMYy HO-
MHWHAJIOB BCEX HACTOSIIINX KYITIOP, BXOJSIINX B BRIOpaHHBIM Hamu Habop. [loxkaxkure, uro 3a N
[IPOBEPOK MOXKHO HaiiT Bce (DasIbIIUBLIE KYIIIOPHI, €CJII
N = 2;
N =3.

Cepeeti Toxapes

Y N npyseit ectb Kpyrias numma. Paspenraercs mposectn He 6ostee 100 mpsiMOTMHEHHBIX pa3pe30B,
He MepeKJIaIbIBasi TacTH J0 OKOHIYAHUSI PA3Pe3aHuil, IOC/e Yero PacipeleTUTh BCe Oy INBITAECs
KYCOUKH MEXKJIy BCEMU JAPY3bsIMH TaK, ITOOBI KAXKIBIH MOIYIN CYMMApPHO OJHY U TY 2Ke JOJIIO
UG 10 mtommaau. HalimyTes jin Takue paspesaHusi, €CIu
N = 201;
N = 4007

Andpeti Aporcarues



BA30BbIl BAPUAHT

8-9 Ky1acchl

1. [3] MoxHO JM pacCTaBUTb B KJIETKaX TabJUlbl 6x6 4YHCaa, CpeAud KOTOPbIX HET
OJIMHAKOBBIX, TaK, YTOObl B KaXKJJOM MNpAMOYrojJbHUKe 1x5 (Kak BepTUKaJbHOM, TaK MU
TOPU30HTAJbHOM) CyMMa uuces 6bla paBHa 2022 vnau 20237

(E. bakaes)

OTBeT: Hesb3d. Pemienue. [lyctb 3T0 yaanoce. Yucsia B cocelHUX yryax pasaydyaroTcd Ha 1,
TaK KaK KaXK/l0e U3 HUX JONOJIHAET YeThlpe KJIETKU MeX/Ay HUMHU [0 IpsiMoyrojibHUKa 1 x 5.
[lycTb a — HauMeHblllee YMC10 U3 YIa0BbIX. Torjga B coceJHUX € HUM yrJjlax CTOAT Yyucaa a + 1.
[IpoTuBOpeyne.

2. [4] CymecTByeT JM HaTypaJbHOE YHCJO, KOTOpPOE MOHO NpeJCTaBUTb B BH/lE
npou3BeJleHUs ABYX NaiuHApoMoB 6oJiee yeM 100 cnoco6amu? (IlaiuHApOMOM Ha3bIBaeTCsA
HaTypaJbHOE 4YMCJIO, KOTOpOe OJWHAKOBO YWUTAEeTCA KaK CJieBa HalpaBo, TaK U CIpaBsa
HaJIeBo.)

(E. bakaes)

OTBeT: cymecrByet. PaccmoTpum naansapom 1, = 1...1.
n

Cnoco6 1. Eciu n kpaTHo k, To 1, AendTca Ha NajJuHAPOM 1p, NpUYEM YACTHOE — TOXKeE
HaJUHAPOM, COCTOSILUM U3 eJUHUL, pa3fie/l€éHHbIX rpynnamMu u3s k - 1 nHysasa. Ocrtanoch
BbIOPATh YUCJI0 n, UMetolee 6oJiee 100 co6cTBEeHHBIX AenuTeneld. Hanpumep, 2101,

3amevanue. Yucio 6, geJauTcsd He TOJbKO Ha 1k, HO U Ha 2k 3k U 6k ITO NO3BOJISET
YMEHBIIUTH N 0 YKCJIa, UMewlero 6oJiee 25 co6CTBEHHBIX Ae/UTe/el, HalpuMep, TOAUTCS
n=720=24325,

Hpesa cmoco6a 2. 3aMeTHM, YTO €CJU NPU YMHOKEHUH MNaJMHAPOMOB HE MPOUCXOJUT
IIEPEHOCOB M3 OJIHOTO pa3psiZia B APYroi, To Npou3BeJieHre — Toxe NaJMHApoM. PaccMoTpum

IpOU3BeJIeHHE 11~101-1%1-1&&1-1&(&1-1&&11@1-1&&1 = 1256. MOXXHO J0Ka3aTh, YTO
3 7 15 31 63 127

OpU YMHOXXEHHWM JIIDOOTO 4YHC/Aa 3THUX COMHOXKUTeJIed IepeHOCOB He MPOUCXOAUT U
noJiy4yaeTcs NaJIMHAPOM M3 HyJied M eAuHUL. [locKkosibKy 8 MHOXUTeser MoxHO 27 = 128
cnoco6baMu pa3bUTb Ha /JBe TPYNNbl, MOXHO MOJy4ATb 128 pas3/MuHbIX (MIOCKOJIbKY
MHOXHUTEJM B3aWUMHO IMpPOCThl) NpeJCTaBJeHUH uucaa lzss B BHJAE NPOU3BEJEHUS [ABYX
HNaJIMHAPOMOB.

3ameyaHue 2. CoobGpakeHUs] M3 3aMedyaHUs K crnocoby 1 NOKasbIBalOT, YTO TOJUTCS
4UCa0 664. MOXKHO MOKA3aTh, UYTO NOAXOAUT JaXKe YUCJIO

11-101'1001'10...01-10...01-10...01-10...01-1w1.
3 4 5 6 7

3. [5] llatuyronburuk ABCDE onucaH OKOJIO OKPY>KHOCTH. YTJibl Ipy ero BepuidHax 4, C u E
paBHbl 100°. Haiigure yros ACE.

(M. Eedokumos)



OtBeT: 40°. Hec/10’)kHO MOHATD, YTO TAKOM NATHUYTOJIBHUK CYLLECTBYET.

Pewenue 1. [Ipamele, coeguHALLME BEpIIMHBI ¢ LeHTPOM O BIMCAaHHOW OKPYXKHOCTH O,
ABJISAIOTCA O6ucceKTpUcaMu yIJIOB NATHYTOJIbHUKA. [ToaTomy
ZOAE = ZOEA = 50°, LAOE = 80°. llyctb ® kacaetcs ctopoH BC u AE B Toukax K u M
cootBeTcTBeHHO. Torga ZOCK = 50°, u npsMoyroJibHble TpeyroibHUku OMA, OKC u OME
PaBHBI 10 KaTeTy U NpoTUBOJIexaleMy yray. 3Ha4uT, OA = OC = OE, T. e. ToukU 4, C v E nexar

Ha OKpYyHocCTHU ¢ ueHTpom 0. CiiegoBartenbHo, LZACE = % ZAOE = 40°.

Pemenue 2. Tak kak yrael A, C, E paBHBbI, BCe KacaTeJbHble K A
OKPY>XHOCTHU M3 3THUX BepLIMH paBHBIL. [l0CKOJIBKY KacaTesibHble W3
BEpPILIUHbI B TOXe paBHbI, TpeyroJbHUK ABC paBHOOEJpEHHBbIH, U
TpeyroibHUK CDE Toxe (aHanoruyHo). Cymma yryioB B u D paBHa
540° - 3-100° = 240°, nostomy LACB + ZECD = (2-:180° - 240°):2 =
=60°,a LACE = 100° - 60° = 40°. E D

4. [5] MoXxHO JIM pacKpacuUTb BCe HaTypaJibHble YMC/a, 6osblide 1, B TpU IBeTa (Kaxjaoe
4YHuCcJ0 - B OJWUH IBET, BCe TpPHU IBeTa JAOKHbI MCIOJIb30BaTbCS) TakK, 4YTOObI LBET
Npou3BeJleHUs] JIIOObIX JIBYX 4YHCeJ pPa3HOro IBeTa OTJMYaICAd OT IBeTa KaXKAO0ro U3
COMHOXHUTeJIen?

(M. Esdokumos)

OTBeT: Hesib3s. Pemienue. [lycTh yZjan0Cch pacKpacUTh YMCJa B CUHUM, KPAaCHBIA U 3€JIEHbIN
BeTa. MOXKHO CYUTATh, YTO YUCJIO 2 CUHEE, a 4 He KpacHoe. Bo3bMéM kpacHoe yuciio k. Toraa
yucao 2k 3enéHoe, a 2-(2k) kpacHoe. C gpyroit cTopoHbl, 4-k He KpacHoe. [IpoTuBopeune.

5.[5] ¥ [leTu ecTb 8 MOHET, IPO KOTOPbIEe OH 3HAET TOJIbKO, YTO 7 U3 HUX HACTOSILNE U BECAT
OJIMHAKOBO, a 0/jHa Qa/bIIKBasg U OTJHUYAETCS OT HACTOSILEN MO Becy, HEU3BECTHO B KaKYO
cTOpoHy. Y Bacu ecTh yallleuHble Becbl — OHU MOKAa3bIBAIOT, KaKasl 4Yallka TsKeJjiee, HO He
MOKa3bIBAIOT, HACKOJIbKO. 3a Kax/oe B3BelunBaHUe [leTs muatuT Bace (o B3BellMBaHUSA)
OIHY MOHETY U3 UMeIUXcs y Hero. Eciiy ynuiayeHa HacTosias MoHeTa, Bacst coo6iuT [leTe
BepHbI pe3yJbTaT B3BelIUMBaHWs, a ecad QanblinBasi, TO Cay4allHbIk. [leTsa xouer
onpejesUTh 5 HACTOSILIMX MOHET U He OTJAThb HU OJIHY U3 3TUX MOHeT Bace. MoxeT siu [leTs
rapaHTUPOBAHHO 3TOr0 O0GUTHCS?

(A. I'pubasko, A. 3acaasckuti)

OTBeT: MmoxxeT. PemieHne. 0603Hayum MoHeThl 4, B, C, D, E, F, G, H. llets oTgaét H u npocut
Bacto cpaBHUTB A + Bc C + D.

1) Bacs oTBeuaeT, UTO Bechbl B paBHOBecuHU. Torsa MoHeThl 4, B, C, D HacTosiuue (He3aBUCUMO
OT TOTO, Kakasg MoHeTa jJocTtajiacb Bace). [lets oTrmaét G 3a cpaBHeHue A c E. Eciu Bacs
OTBETUT, YTO UX Beca He paBHbI, TO MOHeTa F HacTosias. B npoTuBHOM ciyyae MoHeTa E
HacTosIas.

2) Baca otBeuaeT, uTo A + B Tsxkesiee. Toraa MmoHethl E, F, G HacTosuue. [letsa otnaét D 3a
cpaBHeHUe A ¢ B. Ecnu Baca oTBedaeT, 4TO UX Beca He paBHbI, TO 60Jiee JIETKast U3 3TUX JBYX U
MOHeTa C HacTosAlMe. B IpoTUBHOM ciy4yae MOHeThbl A U B HacTosuue.

Cnyqaﬁ, Koraa C + D Tsaxxenee paccMaTpUBAETCA aHAJIOTHYHO.
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10-11 kiacchl

1. [3] Ilpu kakoM HauboJjblIeM HaTypajibHOM m 4uciao m!-2022! 6ynetr dakTopuaioMm
HaTypaJIbHOTO YyKcsaa?
(b. ®peHkuH)

OTBeT: npu m=2022! - 1.
Pemenmue. (2022! - 1)!-2022! = (20221 Eciu m > 2022!, o m! < m!-:2022! < (m + 1)\.

2. [5] Bosbliasg OKpY»HOCTb BIMCaHa B POMO, KaxJas U3 JABYX
MEHbBIIIMX OKPY>KHOCTEN KacaeTcsl IByX CTOPOH poM6ba U 60JIbILION
OKPY’KHOCTH, KaK Ha pHUCYHKe cmpaBa. Yepe3 TOYKM KacaHUA
OKPY>XHOCTEHN CO CTOPOHAMU poMba MPOBEJH YeThIpe ITPUXOBbIE
npsiMble, KaK Ha pUCYHKe. /loKaXXUTe, YTO OHU 00pa3yroT KBaJpar.
(E. bakaes)

Pemenue. [losiyyeHHass ¢urypa - npsiMoyroJibHUK, IOCKOJIbKY €eé
CTOPOHBbI U3 CUMMETPUH NMEPNEHAUKYISAPHbI JUaroHaasM pomoba. -
OcTasoch NPOBEPUTH PABEHCTBO €ro CTOPOH. JI/11 3TOro NpoBesEM
HECKOJIbKO  JIOMOJIHUTE/IbHBIX MNPSAMBIX, MepleHUKYJISPHbIX

auaroHasu AC, 1 0603Ha4YUM HEKOTOpPbIEe TOYKH (CM. PUCYHOK).

Pewmenue 1. JlokaxxeMm, uyto KL = LM.

Cnoco6 1. RQ = RL = RS Kak KacaTeJibHble, IPOBEJIEHHbIE U3
ofHOW To4ykU. M3 paBeHcTBa RQ = RS mno Teopeme ®Paneca
nosiyyaeM KL = LM. ]

Cnoco6 2. /KQL = ZRQL (oHU H3MepSAOTCA MOJOBHHAMH
paBHBIX Jayr), To ecTb QL - Ouccektpuca yriaa KQR.
AnasnornuyHo SL - 6uccektpuca yryaa ASM. CienoBaTesbHO.
TOYKa L paBHOyaJsieHa oT npsAMbIX KQ, AB v SM, T.e. KL = LM. [

[lanee, opHa M3 CTOPOH TOJYYEHHOTO B  YCJOBUHU
npsAMoyroJibHMuKa paBHa KN. U3 cumMmetrpuu LM = NP. Torga KN = LP, TOo ecTb AuaMeTpy
BIIMCAHHOU B pOM06 OKPY>KHOCTH.

AHaZIOTUYHO U Apyrasi CTOpOHA NPSIMOYTOJIbHHKA paBHA 3TOMY IMAMETPY.

Pemenue 2. PaccMOTpYM rOMOTETHUIO C LIEHTPOM L, epeBOJALYI0 MaJeHbKYI0 OKPY>KHOCTB,
BIIMCAaHHYI0 B yroj A, B 00JibLIyI0 OKpyKHOCTb. OHa nepeBogUT AQ B mapa/ijieJibHYI0 el
KacaTeJIbHYI0 K 60JIbIIIOW OKPY>KHOCTH, TO eCcTb B CU. [Ipu aTOM Touka Q nepexoJUT B TOUKY U,
TO ecTb TOuku Q, L, U nexat Ha oxHou npsmou. Janee, LVUL = ZLUS Kak BNHCaHHble
onuparolecs Ha CHMMeTpPHUYHbIe IYTH, I03TOMY IPSAMOYT0JIbHbIe TpeyroJabHUKU QUW u QUS
pPaBHBI 110 TUNIOTEHY3e U ocTpoMy yriay. CiaepgoBaTtenbHo, UW = US. AHaZIOTUYHO U CMeXHad C
UW cTopoHa IoJIy4eHHOTr 0 NpsAMOyroJibHUKa paBHa US.

3. [5] Ha npsimoit oTMeudeHo 2022 TOYKHU TaK, YTO KaXK/ble IBE COCeJHUE TOUYKHU PaCIOJI0KeHbI
Ha OJJUHAaKOBOM paccTosiHUM. [losl0BMHA TOYek MOKpalleHa B KpacHbIM LBeT, a Jpyras
NOJIOBMHA — B CUHUW. MOXeT /i1 cyMMa JAJIMH BCEBO3MOXXHBIX OTPE3KOB, y KOTOPBIX JIEBBIU
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KOHel| KpacCHbIH, a IpaBbl¥ — CHHUH, PABHATBHCA CyMMe JJIMH BCeX OTPE3KOB, Y KOTOPBIX JIEBbIU
KOHel| CHHUH, a paBblil — KpacHbIi? (KoHLbI paccMaTpuBaeMbIX OTPE3KOB — He 0653aTe/IbHO
coce/iHMe OTMeYeHHble TOYKU.)

(A. I'pubasko)

OTBeT: He MoXKeT. PemmmeHne. M0o>XHO CUHUTaTh, YTO OTMe4YeHHbIe TOYKH — IieJible yrc/a oT 1 10
2022. JlocTaTO4YHO MOKa3aThk, YTO CyMMa S AJIMH BCeX OTPE3KOB C Pa3HOLBETHbBIMU KOHILIAMHU
He4yETHa.

Cnoco6 1. IlycTh KpacCHO-YETHBIX TOYEK X, TOrJla KPACHO-HEUYETHBIX U CUHE-YETHBIX — IO
y = 1011 - x, 3HAYUT, CUHe-HEeYETHbIX — X. «Pa3HOLBEeTHbIE» OTpPE3KU YETHOM [JJUHBI He
BJIMSIIOT Ha YETHOCTb S, a KOJIMYECTBO TAKUX OTPE3KOB HEYETHOW AJIMHBI PaBHO X2 + )2,
OcTasoch 3aMeTUTh, YTO YMCJIA X U Y Pa3HOU YETHOCTH.

Cnoco6 2. Ilyctb k - KoopAMHATA KPacHOr0 KOHIIA OTPe3Ka, a C — CUHEro. 3aMeHUM JIJIMHY
|k - c| aToro oTrpe3ka Ha k + ¢ - 4ETHOCTb S He U3MeHUTCcH. Ho Temepb B cymMMe MO BCeM
«pa3HOLBETHLIM» OTPe3KaM Kax/o0e YUcJo BCTpeTUTca poBHO 1011 pas, To ecTb cyMMa paBHa
1011(1 + 2 + ... + 2022). OHa He4€THa, TaK KakK B cko6kax 1011 HEYETHBIX C/1araeMbIX.

Cnoco6 3. [IpuBeaéM TOJILKO HAe0. MOXXHO NPOBEPUTH, YTO S 4YETHA, AJ KAKOU-TO
KOHKpPETHOM pacKpacku (HampuMep, KOrja cjeBa HalpaBo UAYT CHayasia BCe CHHHE TOYKH, a
IIOTOM BCe KpacHbIe), Mocje Yero NpOBepUTh, YTO YETHOCTb y S COXpPAHSAETCs, eCIh MEHSThb
MeCTaMH liBeTa COCeJHUX TOYEK.

4. [5] laH ocTpOyroJibHbIK HEPAaBHOOEPEHHbIA TPEYroJbHUK. OJHUM JIENCTBUEM pa3pelleHo
pa3pes3aTh O/IMH U3 UMEIOLIMXCS TPEeyroJbHUKOB 10 MeJiMaHe Ha JiBa TpeyrojbHUKa. MOTyT Jid
yepes HECKOJIbKO JIeMCTBUM BCe TPeyroJIbHUKU 0Ka3aThCsl paBHOOEpeHHbIMU?

(E. Bakaes)

OtBeT: He MoryT. PemeHue. /[okakeM, YTO BCerja CpeAu HMEIOUIMXCS TPeyroJbHUKOB
HalZleTcsl HepaBHOOEJpEHHbIN HENpPsSMOYTOJIbHbIM TpeyroJbHUK. B Haya/sbHbIA MOMEHT 3TO
TaK.

[lyctTb Ha oyepefHOM XoJe UMEIOLUNWCA HepaBHOOEJPEHHbI HENpPSAMOYTroJbHbIU
TpeyrosbHUK ABC 6611 pa3pes3aH 1o MeguaHe BM. Tak kak oH HepaBHOOeApEeHHbIM, MeJluaHa
BM He coBmaZiaeT C BbICOTOM, TO €CTb OJAUH U3 yrjioB AMB, CMB - Tyno#. [lyctb aTo yron AMB.
[TokaxkeM, 4yTo AMB - HyXHbIH HaM TpeyrojbHUK. OH TyNnoyrojibHbli (M 3HAYHT,
HenpsiMoyroJibHbi). Tak kak ZABC # 90°, MmenuaHa BM He paBHa Mo0JIoOBMHe CTOpPOHbI AC,
cnenoBatenbHo, AM # BM. Kpome Toro, AB > AM u AB > BM (AB - cTopoHa HampoOTHUB
HauboJIbLIEro yrjaa B TpeyrojibHuke AMB). 3HauuT, TpeyroJibHUK AMB - HepaBHOOe/IpeHHBbIH.

5. Jlocka 2Nx2N mokpbiTa HellepeKpbIBAOIMMUCA AoMUHOIIKaMU 1x2. [lo gocke mpoia
Xpomasi 1afbsl, T0ObIBAaB Ha KaXK/I0UM KJIeTKe [0 0JHOMY pa3y (KaxKAbIHd X0 XpOMOH JIaJibu — Ha
KJIeTKY, COCe[HIOI0 Mo cTopoHe). Ha3oBéM xoa npodosibHbIM, €clyd 3TO Nepexo] U3 OJHOU
KJIeTKH JJOMUHOIIKU Ha JAPYTYIO KJIEeTKYy TOU e JJOMUHOIIKU. KakoBo

a) [1] Haubo/b1IIEE;

0) [4] HauMeHbllIee BO3MO>KHOE YU CJIO MPOJ0JIbHBIX X010B?
(b. DpeHKuH)
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a) OrBet: 2N? xo0B. Pemenne. Oyenka. KosinuecTBO MpPO/IOJIbHBIX X0JJ0B HE MPEBOCXOAUT
KoJinuecTBa 2N? JOMUHOLIEK (TaK KaK B KaX/JI0U IOMUHOIIKE He 60Jiee 0JJHOTO MPOJ0JIbHOTO
x0za).

IIpumep. Bo3bMéM J1t060M 00X0[, J1a/ibed U 3aHyMepyeM KJeTKH B mopsjke o6xozga. Ilycts
kaeTku 2k - 1 u 2k 06pasy0T JOMUHOUIKY s Bcex k oT 1 o 2N2. Toraa 4vcio npoJoJibHbIX
X0/I0B PaBHO YUCJY JOMUHOIIEK.

6) OtBeT: 1 xox ipu N = 1; 2 xoza npu N > 2. Pemienue. Cayyail N = 1 oueBU/J€H.

[lyctb N > 2. Oyenka. llpu npoxoje yrja oJyH U3 JBYX XOJ0B OyJeT
npoAo0abHbIM. OZIMH YToJ1 MOXeT ObITh HayaJloM MYTH JaJibH, APYro —
KOHI|OM, a OCTaBIUMECS YIJibl NPUAETCA NPOXOAUTh. [loaTOMy Gyaer
X0T$ Obl 1Ba NP0/ 0JIbHBIX X0/14.

Ipumep. TloN0KUM B BepxHUE YIJbl JOCKM [0 BepPTHUKAJIbHOM
JIOMMHOUIKE, a BCe OCTa/IbHbIe MOJI0OXKHUM TOPU30HTANbHO. [IyCcThb Jajbs :
UET 3MEHKOM U3 JIEBOTO HUXKHETO yria (cM. pucyHok). [Ipogoabapivu || L L
6yAyT JUIIb /iBa X0/a — B BEpTUKa/IbHbIX JOMUHOLIKAX.

CJIOKHBIA BAPUAHT

8 - 9 xJ1acchl

1. [4] CTo apysel, cpear KOTOpbIX ecThb [leTs U Bacs, »KMBYT B HECKOJIbKUX ropojax. [leTs
y3HaJl pacCTOSIHHE OT CBOEro ropo/ia 0 ropoZia KaKA0ro U3 oCTaBLINXCcA 99 Apyser U CI0XKUII
3T 99 4yuces. AHasoruyHo noctynua Bacs. Iletsa nmoaydusa 1000 kM. Kakoe HaubGoJibliee
yycao Mor nosyduTh Baca? (Fopojga cuuTaliTe TOYKAMM IJIOCKOCTH; €CJIM JIBO€ >XUBYT B
OJZIHOM U TOM >Ke ropo/ie, pacCTOSTHUE MEXAY UX TOPOJJaMHU CUUTAETCS PaBHBIM HYJIIO.)

bopuc Ppenkun

OtBeT. 99000 kM.

Pemienue. Oyenka. [lycte Bacsa xuBét B ropoge V, a Iletra - B ropoge P. PaccmoTpum
npousBoJibHOTO BacrHoro apyra (aTo MoxeT ObITh U [leTs), nycTh oH »UBET B ropoze X. [lo
HepaBeHCTBY TpeyroJyibHUKa VX < PV + PX, a 3Ta cymMa He 6oJblie cyMMbl [leTy, T. e. 1000 kM.
3Ha4yuT, cyMMa paccTossHUM oT V 10 ropooB Bcex 99 npysei Bacu He 60s1ee 99-1000 kM.

IIpumep. Bce, kpoMe Bacu, )kMBYT B ofJHOM ropozie, a Bacs - B 1000 kM OT HUX.

2. lnsa kaxgoro u3 yuces 1, 19, 199, 1999 u T. 4. U3rOTOBUJIU OJHY OTZAEJIbHY0 KapTOUKY U
3amnucajv Ha Her 3TO YUCJIO.

a) [2] MoxxHO Jin BbIOpaTh He MeHee TPEX KapTO4YeK TaK, YTOObl CyMMa 4ucCesJ Ha HUX
paBHSAJIACh YUCJLY, BCe [UPPBI KOTOPOT0, KPOMeE OJHOU, — IBOMKU?

6) [3] [lycTb BbIOpa/iM HECKOJIBKO KapTOY€eK TaK, YTO CyMMa 4MceJl Ha HUX paBHA YUCJLY, BCe
nudpbl KOTOPOro, KpoMe OJHOM, — ABOWKU. Kakol MoxeT ObIThb ero nudpa, OTJUYHAsA OT
JABOWKH?

Cepzeli Mapkesos

a) OTrBeT. MoxxHo. Pemnenue. Hanpumep, 19 + 199 + 1999 + ... + 199999999 = 222222212.

6) OTBeT. 0 usiu 1. Pemenue. [Ipumep c Hyném: 1 + 19 = 20; npumep c 1 gaH B IyHKTe a).
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Oyenka. 3amerum, 4yro 10" < 19..9 < 2-10" IlosToMy cymma S 4uces Ha BbIGpPaHHBIX K

n
KapTo4Kax yAoBJjeTBopsieT HepaBeHCTBY E < § < 2E, rae uucio E cocrout u3 k eguHur y,
BO3MOXXHO, HECKOJIbKUX HyJied. 3HauuT, B 3anucu S u 2E oJMHAKOBOEe KOJIMYecTBO LUD,
npruyéM XOTs Obl 0fHa LUdpa yucaa S MeHblle COOTBETCTBYWILel nudpbl uuciaa 2E, T. e.
MeHblle 2. ITO MOXeT O6bITh TOJbKO nudpa 0 uau 1.
3amMeyanue. Kak BUJHO M3 pelleHHs, CyMMa YMCeJ, HAYMHAKOUIMXCA C eAUHHUIBI U
MMEeIIUX MTONapHO Pa3IMyHOe KOJMYECTBO LUdp, BCeraa coAep>UT B cBoei 3anucu 0 uiu 1.

3. [6] bapoH MrioHxray3eH yTBepXJaeT, YTO
HAapHCOBaJl MHOTOYTOJbHHUK W TOYKY BHYTpPH
Hero Tak, 4To Jitobasl npsiMasi, Npoxo/sias yepes
3TY TOYKY, AEeJUT 3TOT MHOTOYTOJIbHUK Ha TpH
MHOTOYTOJIbHUKA. MOoXeT Jih 6apoH ObITh NpaB?

TamvsHa Kasuyvina | . ©

OTBeT: MmoxeT. Pemienue. CM. npuMephl cripasa.
Ha BTOpoM pucCyHKe CyleCTBEHHO, YTO Ha OJJHOM
NpsIMOM JIEXKUT TpPoMKa Touek 4, 0, A', Tpoiika B,
0, B'u tpotika C, O, C".

4. [7] Nyctb n > 1 - uesnoe yucao. B ogHON K3 KJIeTOK 6eCKOHEYHOU 6esioil KjeTyaToMn
JIOCKH CTOUT JiaAbs. KaAbIM X0JJ0OM OHa CJBHUraeTCs MO J0CKe POBHO Ha N KJETOK IO
BepTHUKaJIU UM 10 TOPU30HTAJIH, 3aKpalllMBasi POii/leHHble N KJIETOK B YEpPHbIH 11BeT. C/les1aB
HECKOJIbKO TaKHUX XOJ0B, He MpOX0Js HHUKAaKyl KJeTKy JBaxJbl, JiaJibsg BepHyJach B
UCXOAHYI0 KJIeTKy. UépHble KJIeTKHM 06pa3yroT 3aMKHYTbIM KOHTYpP. JlOKaXHTe, YTO 4YHUCJIO
6eJIbIX KJeTOK BHYTPH 3TOT0 KOHTYpa JaéT NPHU JleJIeHUH Ha n 0CTaToK 1.

Anekcaudp I'pubasko

Pemenue 1. [lycTb cTopoHa K/1eTOK AOCKU paBHA 1. OTMEeTUM LIeHTP Ha4aJbHOM KJIETKU U
LeHTPBI BCEX KJIETOK, 10 KOTOPBIX JIaJibsd MOXeT A00paThbCs 3a OJWH UJIM HECKOJBKO XOJ0B.
[IpoBenéM 4yepe3 HHUX CHUHUE TMpsAMble MapajjeJbHO JHUHUAM ceTKU. O6pasyetcd
BCIIOMOTraTeJIbHas CUHSAS CeTKa, pa3bruTas Ha KJIeTKH CO CTOpoHOU n. Ecain nafbsa npeirana us
KJIeTKA A B KJeTKy B, coel[MHMM LIeHTpbl 3TUX KJIETOK OTPe3KOM. ITU OTPEe3KU 00pasyloT
3aMKHYTbI MHOTOYTOJIbHUK; €ro BEpPLIWHBI JieXKaT B y3J/1aX CUHEW CeTKH, a CTOPOHBI UAYT IO
JIMHUSIM CUHeH ceTKHU. [103ToMy mJowaib MHOTOYTOJIbHUKA KpaTHA n? (IyCcTh OHA paBHa an?).
[lepumeTp ero kpaTteH 2n (BeAb IIAaryd JiaAbu KpaTHBI N, NMPUYEM CABUTU JaJlbU BJIEBO
KOMIIEHCUPYIOTCS CABUTaMU BIIPaBO, a CABWUTU BBepX — CABUraMH BHHU3). [lajiee MOXHO
paccyJaThb 0-pa3sHOMY.

Cnoco6 1. Ilynomab MHOTOYTOJIbHUKA COCTOUT U3 6eJIoM KJeT4aTOW 4acTH U U3 YEPHOU
KaéMKH, OKpy»Karolel 6esyto 4acTb. Pa306bEM KOHTYpP MHOTOYTOJIbHUKA Ha OTPE3KU MEXAY
y3/aMHU CHHeW ceTKU. K KakJoMy M3 HUX HM3HYTPHU MpUJeraeT 4€pHasg NPsSMOYToJibHas

1 . n ,
IMOJIOCKA IIHUPHHBI E .Eé Iiomaab paBHa E . Tak Kak 4MCJI0 TaKUX MOJIOCOK YETHO, UX 06I_I_[aH

IJIOLWA/Ab — LeJ0e YUCI0, KpaTHoe n (nmycTb bn). Ho 3Ta «ob1as nowaab» He COBHAJaeT C
YEépHOW IJIOLIA/IbI0 BHYTPU MHOrOyroJibHUKa. HecoBmaZeHHWsi BO3HUKAIOT HM3-3a YEPHBIX
KJIETOK B yrJlax MHOTOYroJIbHHUKa: ecJu yros paBeH 90°, TO NOJIOCKU NepeKpbIBAIOTCA IO
YyeTBEPTHU YEPHOM KJIETKH; a Npu yrje B 270° BHYTPU OCTA€TCA 4YeTBEPTb KJETKH, He
HNOKpbITasi MOJOCKaMU. BHelHHe yryibl MHOTOYTOJIbHUMKA paBHbl £90° a MOCKOJIbKY cyMMa

-7 -



BHEIIHUX YIJ0B (Cc yuéToM 3HaKoB) paBHa 360°, To BHelHHUX yIi0B B 90° Ha 4 6oJiblie, yeM
BHEIIHUX YIrJ0oB B -90° TO ecTb BHYTpeHHUX YyrjoB B 90° Ha 4 6oJiblue, yeM yrjoB B 270°.
[ToaToMy muiomasb 4€PHOU KaéMKH BHYTPHU KOHTYpa MeHblle CYMMapHOU IJIOLIAHU I10J0COK
Ha 1. 3Ha4uT, 4épHad MJIOLAAb BHYTPU MHOTOYroJbHUKA paBHa bn - 1, a Gesasd miowajb
BHYTpHU paBHa Torga an? — (bn - 1) = n-(an - b) +1. Ho 3Ta miouajb paBHa 4UCay GesbIxX
KJIETOK!

Cnoco6 2. [lpoBeséM uyepe3 IeHTPbl BCeX KJIETOK MCXOJHOW [JOCKU KpacHble MpsiMble
napajjieJ;lbHO JIMHUSIM CeTKH, obpasyeTcl KpacHasd CeTKa C €JAUHUYHbIMU KJETKaMH.
MHOroyrosipbHMK, pacCMOTpPEHHBIM BbIllle, — KJETYaTbld MHOTOYrOJIbHUK Ha 3TOW CeTKe,
II03TOMY KOJIMYeCcTBO ' KpacHBIX y3/I0B Ha €ro rpaHUlle PaBHO €ro NnepuMeTpy, a 3HAUMT,
KpaTHO 2n. LleHTpoM BCAKOW KJIETKH HUCXOJHOW JIOCKU SIBJSIETCA KPACHBIK y3eJs, O3TOMY
TakKas KJIeTKa LeJIMKOM JIEXKUT BHYTPU 3TOTO MHOTOYI'OJIbHUKA TOTZA U TOJIBKO TOT/Ja, KOrjaa
BHYTPH 3TOr0 MHOTOYTroJIbHUKA JIEXKUT eé 1eHTp. [loaToMy KosiMmyecTBO B 6esbix KJeTOK
BHYTPH MHOTOYT0JIbHMKA PAaBHO KOJIMYECTBY KPAaCHBIX Y3/10B BHYTpH Hero. [lo dopmy.ie [Tuka

. r
JUIS1 3TOT0 MHOTOYTOJIbHUMKA U KPaCHOU CeTKH, B + 5~ 1 = an? otkyaa B =1 (mod n).

Pemenue 2. Ha30BéM KJIeTKH, B KOTOPbIX MOXeT OCTaHABJIUBATbLCA Jabs, y31amu. KieTka
ABJISIETCA Y3JI0M, €CJIMA [0 KaKOr0-TO APYroro y3Jja pacCTOsHUe KaK 110 BEPTUKAJIH, TaK U 110
TOPU30HTANU KPaTHO n. YEpHBIN KOHTYP BMecCTe ¢ 6eJIbIMU KJIeTKaMH BHYTPH HEro o6pa3yroT
KJIETYaTbl MHOTOYTOJIbHUK M.

WUuaykuus no nepuMetpy M. basza. HaumeHblinil nepuMeTp paBeH 4(n + 1) y kBajpara,
BHYTpPH Hero HaxoAuTcs (n - 1)% 6esbIX KJIeTOK.

lllae undykyuu. Ilyctb nepumMeTp 60b111e 4(n + 1).

Cnoco6 1. Torja HalAETCa KJaeT4yaTass BepTUKa/Ib UJIU TOPU30HTA/Ib, COJlepKallas y3Jbl,
o 06e CTOPOHbI OT KOTOPOM ecTh YépHble KJIeTKU. OHA COJleP>KUT HECKOJIbKO MHTEpPBaJOB
BHYTpPEHHUX O6eJIbIX KJeTOK C KOHIIAMM B 4YEpHBbIX y3/aX. BbibepeM Jt060d M3 3THUX
WHTEpBaJIOB, OH pa3buBaeT YEPHbIM KOHTYpP Ha JBa KOHTypa MeHblued AjauHbl I[lo
peJoJ0KEHUI0 UHAYKIIMA BHYTPU KQXK/I0T0 U3 HUX YMCJIO 6esIbIX KJIETOK CpaBHUMO C 1, a Ha
«pa3buBarollleM» UHTepBaJe CpaBHUMO € -1 mo Moayso n. [1o3ToMy 4ucio 6GesbIX KJIETOK
BHYTPHU UCXOQHOTO KOHTYypa cpaBHUMO c 1 + 1 -1 =1 (mod n).

Cnoco6 2. MHoroyrosibHUK M wuMeeT BbinykJble (90°) u HeBbinykjble (270°) yribl
Ha30BéM CTOpOHY MHOrOYroJibHUKa KpaliHell, eCcld OHa
COeMHsIeT [iIBA paBHbIX yrJja 3TOr0 MHOTOyroJibHUKa. || B c
KpaiiHue cTOpoHbI, 04€BU/IHO, ECTh, MyCTh BC - y4acTOK NyTH,
COOTBETCTBYIOUIMM KpaTyailied u3 HUX. be3 orpaHuyeHus
OOGILHOCTH MOXXHO CYUTATh, YTO OH TOPU3OHTAJIEH, A JIaJbs
npuiia B B cHU3y U3 6Jikaiiero y3aa A u yuia u3 C BHU3 B
6J1>Karun y3esa D (cM. pUCYHOK CIIpaBa, rje n = 3).

Ecnu u3 D KOHTYyp nmoBopaduBaeT B cTOpoHy A (Mau U3 A B ctopoHy D), To CD - kpalHss
ctopoHa. 3HauyuT, BC = CD, To ectb ABCD - MHHMMaJIbHbIM KBaJpaT, YTO MPOTHUBOPEYHUT
paccMaTpUBaeMoMy CJIy4alo.

B mpoTHBHOM cJiydyae BHYTpU «OTpe3ka» AD HeT ApPYyrux y4yacTKOB NMYTH JIaJJbU: TaKOH
y4acTOK 00s13aH ObITb KpaWHUM (IyThb BBEPX K3 €ro KOHIIOB HEBO3MOXEH), HO 3TO
IPOTUBOPEYUT BbIOOPY BC. TakuM 06pa3oM, Bce KIETKU Mexy A u D Gesible JIM60 BCe OHU
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Jie)KaT BHE MHOTIOyroJbHHKa. 3aMeHUM d4acTb nytu ABCD «oTpe3kom» AB. Ilpu 3TOM
MHOTOYroJbHUK M mnoTtepser (puc. cieBa) JiMbo mnpuobpereT (puc. chpaBa) Oesbld
IPSAMOYTOJIbHUK BbICOTBI N, TO €CTh, KOJIUYECTBO OesIbIX KJETOK [10 MOAYJII0O N He U3MEHUTCH.
(Ha pucyHnkax KpacHble KJIETKH 3aBelOMO JieXKaT BHe MHOI'OYTOJIbHUKA, a T/ie JieXaT KETble
KJIETKU 3aBUCUT OT TOTO, KyZia IPOJ0J/KAETCS YEPHBbIA KOHTYp M3 ToyeK A u D.)

B o6oux CJydadx nepuMeTp MHOIo-yroJjibHMKa YMEHbIIHUTCA, II0O3TOMY 11O TPEeAITIOJIOKEHHU IO
HWHAYKIOHUH YUCJIO OeJIbIX KJIETOK B HEM CpaBHHUMO C 1 1o MOAYJIIO Nn.

5. [9] Ha cTtopoHax mpaBUJILHOTO J€BSATUYTOJbHUKA
ABCDEFGHI BO BHEIIHWK CTOPOHY IOCTPOUJIU
TpeyroabHUuku XAB, YBC, ZCD v TDE. V3BeCTHO, 4YTO
yrabl X, Y, Z, T 3TUX TpeyroJbHUKOB paBHbI 20° KaXKAbIH,
a cpeau yriaoB XAB, YBC, ZCD wn TDE xaxabli
cneayromid Ha 20° 6osbuie npefbiayiiero. Jokaxure,
yTo ToukM X, Y, Z, T 1exkaT Ha OJHON OKPYKHOCTH.

Ezop Bakaes

Pemienue 1. OtTpa3suB TOYKY X OTHOCUTEJIBHO
cepeaUHbl AB, mojlyduM TOUYKY K, jiexKalyto Ha 60JblIen
ayre AC ONHWCAaHHOW OKpPYKHOCTH [eBATUYTOJIbHUKA
(BnMcaHHBIA yroJi, onuparoumuiica Ha xopay AB, paBen 20°, a LKBA =/XAB= ZYBC- 20°<
<160° - 20° = ZCBA). llanee, LKCB = ZKCA+
+ ZACB = ZKBA + 20° = ZXAB + 20° = LYBC.
3HayuT, TpeyroJbHUKU KCB v YBC paBHBbI 110
yrjiaMm W cropoHe. IlosTomy Toyka Y
CMMMeTpU4YyHa To4yke K OTHOCHUTEJbHO
cepeavHbl BC. AHasorM4HO TOYKA Z U T
CUMMETPUYHbl TouKe K OTHOCHUTEJbHO
cepesaiH  CD w DE  COOTBETCTBEHHO.
CnepoBaTtenbHo, Touku X, Y, Z, T nexxaT Ha
OKPY>KHOCTH, noJiyyarouiemcs U3
OKPY>XHOCTH, NPOXOJsIleld yepe3 cepeauHbl
CTOPOH [eBAATUYrOoJbHUKA TOMOTETHEH C
1eHTpoM K ¥ KoabPUuiueHToM 2.




Pemenue 2 (koHcnekT). [lyctb O - 1eHTp AeBATUYrosbHUKA, Ox, Oy, Oz, Or — 1leHTPbI
ONKCAHHBIX OKPYXHOCTeU Qy, Qy, Qz, Qr TpeyronbHUKOB XAB, YBC, ZCD, TDE cOOTBETCTBEHHO.
YkasaHHble ONKCaHHbIe OKPYXHOCTH paBHbI B CUJy paBeHcTBa xoph AB, BC, CD u DE u
ONMUPAIOLUXCA Ha HUX BIIMCAHHBIX YIJIO0B, N03TOMY TOYKHU O, Oy, Oz, Ot JieKaT HAa OKPY>KHOCTHU
Q cyentpom O.

[Ipu noBopoTre Bokpyr O Ha 360°:9 = 40° mo 4yacoBou cTpesike, {dy nepexoAuT B Qy, a
TpeyroJbHUK XAB - B TpeyrosbHUK X BC, BniucanHbid B Qy. [lo ycnosurw, LYBX’'= 20°, oTKyza

—_

ZYOyX’ = 40°. Takum o6pasoM, Bektop O, X mnepexogut B O,Y mnpu KOMNO3ULHUU [BYX

noBopotoB BOKpyr O Ha 40° B pasHbix HanpaBieHusx. CnegosatenbHo, O,Y =0, X.

AnanornyHo O;T =0,Z =0,Y . 3Hauyut, Touku X, Y, Z, T jnexaT Ha OKPYXHOCTH, HOJIy4a-

romerica u3s Q capurom Ha Bektop O, X .

6. [10] MMeTsa npubaBua K HaTypaJbHOMY Yucay N HaTypasibHOe 4YUCa0 M U 3aMeTHJI, 4YTO
cymMa nudp y pesy/bTaTa Ta ke, uyTo Uy N. Torjja oH cHoBa npu6aBu M K pe3y/ibTaTy, IOTOM
- ellé pa3, u T. 4. 06513aTe/IbHO JIM OH KOTZja-HUOY/1b CHOBA MOJIYyYUT YUCJIO C TOU K€ CYMMOM
nudp, ytouy N?

Anekcandp llanosasos

OTBeT: He 06s3aTesibHO. Pemenue. [Ipumep. [lycte N = 2, M = 1008. Yucao M kpaTHo 16,
03TOMY Bce MoJiydeHHble [leTell ynciaa gawT octaTtok 2 mod 16. Yuciao ¢ cymmoint nudp 2
NpeACTaBJsAeTCA Kak cyMMa JIByX cTeneHel aecaTkd. Ctenenu 1, 10, 102 u 103 garoT ocTaTKu
1,10, 4 u 8 npu fesieHry Ha 16, ocTasibHbIe cTeneHU KpaTHbI 16. OcTaTOK 2 MOKHO MOJIYYUTh
Julllb AByMsA cnoco6amu: 1 + 1 uaum 10 + 8, oHu cooTBeTcTBYIOT yucaaM 2 U 1010. 3HauwurT,
JIpyrux yuces ¢ cyMmmon iudp 2 IeTs noay4yuTh He CMOXKET.

7. 3BeCTHO, UTO CpeJjd HECKOJIbKUX KYIIOp, HOMHUHaJ/bl KOTOPBIX — NONAPHO pa3JIMyHble
HaTypasbHble YUCIA, eCTb pOBHO N ¢dasnblIMBbIX. /leTeKTOp 3a OJHY NMPOBEPKY ONpeJessieT
CYMMY HOMHHAQJIOB BCEX HACTOSLIMX KYIIOP, BXOASLMX B BbIOpaHHbIM HAMU Ha6op. JlokaxuTe,
4yTo 3a N NpOBEPOK MOKHO HAaWTH BCe QpasiblIMBbIe Kynopshl, ecau a) [3] N=2; 6) [8] N =3.

Cepeelti Tokapes

Pemenue. M0OXXHO CYHUTATh, YTO J€TEKTOP BbIAET CYMMY HOMHUHAJIOB (ha/1bWUBbIX KYIIOP
B IpoBepsieMoM Ha6ope. [lepBas nmpoBepka — BeCb Habop - AacT CyMMy S HOMHHAJIOB BCeX
basbLIUBBIX.

S
a) Bropasa npoBepka - Bce KyIIOpbl, MeHblIMe —, — JacT 4ucjao X. B aToM Habope poBHO
2
o/iHa ¢pasbUIMBas, NO3TOMY KyIIOpbI C HOMHMHaJAMu X U S - X panblunBble.
3ameyaHue. Bo BTOpyI0 NMpoOBepKy MOXHO ObLIO B3fIThb IO KyIIOpe M3 KaXKJO0W Maphl C
CyMMOH S.
. S
6) HazoBéM Kymniopsl 4 YKCIa, MEHbLIME E,Me/mumu, a oCTaJIbHble — KPYNHbIMU.

BTopass mpoBepka - Bce MeJIKHe KYMIOpPbl — JacT 4yucjao M. Temepb M3BeCTHa U CyMMa
HOMUHaJIOB K = § - M KpynHbIX Gpa/bIIUBBIX KYMIOP. 3aMeTUM, UTO QasblIMBbIe €CTh U Cpeiu
MeJIKUX, U CpeJid KPYIMHbBIX Kymop. [103TOMy BO3MOXKHBI JIBa BHU/Ia TPOeK GabLIUBbIX KYIIOP:
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(M1, M2, K), rae yucia M1 u Mz menkue ¢ cymmoil M, u (M, K1, Kz2), rae K1 v Kz KpynHble ¢
cymmou K, a M mesikoe.

M K
TpeTbsa nmpoBepka — BCe KyNIOpbl, MEHbIIHUE > Y BCe KpyIIHble, MeHblIHe 5 JlacT

yucso X. BusiHo, 4To B 3TOM Habope poBHO ojiHa ¢asblirBas Kynwopa. [loaTomy, ecan yucao X
MeJIKOe, TO TPOMKa ganbluBbIX — 3TO (X, M - X, K), a ecniu kpynHoe, To - (M, X, K - X).

3aMeyaHnue. Bo BTOpy10 NpOBepKy MOXXHO B3ATb HAaMMEHBILIYIO KYIIOPY OT KKA0W TPOUKHU
C CcyMMOH S. B TpeTh10 NpOBEPKY MOXKHO B3SITh II0 OJHOU KYIMIOpPE U3 KaX/J0U Napbl MeJKHUX C
CYMMOW M ¥ U3 KaxXJ01 Mapbl KPYNHBIX C CyMMOH K.

Bapuanus pemieHus nNyHKTa 0).

[lepBasg mpoBepka - Bce Kynwpbl. [locie Heé Mbl y3HaeM CyMMY HOMMHaJIOB BCeX
HACTOSAUIMUX KYMIOp, 2 3HAYUT, U CYMMY HOMUHAJIOB Bcex ¢aniblIMBbIX. 0603HAYUM 3Ty CYMMY
yepe3 Si. [loctpouM Tabusuily, B KOTOPOW TPU CTOJIOIQ, @ B CTPOKAX 3alMCaHbl B MOpsSAKe
BO3pacTaHMUs BCe BO3MO>KHble TPOMKHU 4HCeJl, paBHble HOMUHaJIaM KyNIOp, KOTOPble JalOT B
cyMmMe Si1.

BTopass mpoBepka - Bce KyMNIOpbl, HOMHUHaJbl KOTOPBIX MONaJld B MeEPBbIA cToJbel]
Tabsnnpbl. [locse 3TOM MpoBepKy Mbl Gy/eM 3HAaTb CyMMY HOMHHAJIOB HEKOTOPBIX KYNIOP B
«banpuiuBoi» Tpoiike. [lycTh 3Ta cymMMa paBHa Sz2. B He€ TOYHO BXOJUT YMUCJIO U3 MEPBOrO
CT0JI01a, TAaK KaK COOTBETCTBYIOLIAsA KyMopa y4acTBOBaJa B MpoBepKe. Takke B HEE MOXKeET
BXO/JIMTb YMCJIO M3 BTOPOrO CTOJIONA. A BOT 4YMCJa U3 TPeThero CToJibla B HEH TOYHO HET,
IIOCKOJIbKY BCe 4YMCJ/Ia IepBOro CTOJ101,a MeHblle S1/3, a TpeTbero — 6oJblle S1/3, I03TOMY HU
O/IHO M3 4YHMCeJ TPeTbero CTo/01a He MOXKeT IPUCYTCTBOBATh B IEPBOM. YJaJIUM U3 TaOJIALbI
BCe CTPOKH, B KOTOPBIX HU NIePBOE YUCJIO, HA CYMMa IIEpBOT0 U BTOPOTO He PaBHBI S».

TpeTbss nmpoBepka - BCe KYyMIOPbl, HOMHUHaJ/Ibl KOTOPbIX HAaXOJASATCSI BO BTOPOM CTOJiOLe
OCTaBlIeMCS TabJUIbl. 3aMETHUM, UTO B KaXKJA0U CTPOKE JIM6O MepBOe YUCJI0 PaBHO Sz U TOrJa
BTOpPOE YMCJIO 60JiblIe Sz, IMOO CyMMa MEPBOTO M BTOPOTO YMCJIA paBHA Sz U TOr/a NEpBoOe
YUCJIO MeHblle S2/2, a BTopoe — 6oJibllie S2/2, HO MeHblle Sz. 3HAYUT, HUKAKOe YUCJIO U3
NepBOT0 CTOJIOIA HE MOXKET CTOSITh BO BTOPOM CT0J1611e. KpoMe TOro, u3 sToro ciaeayert, 4yTo
BCe 4YHCJAa BO BTOPOM CTOJIOLlE Pa3/IMuHbl, KHA4Y€ COOTBETCTBYHWILIHUE TPOUKU MOJHOCTbHIO
CcoBNajaJiu Obl.

JlokakeM, 4TO W 4YMCJa U3 TPeThero CTOJiblla He MOTJIM I0NacTb BO BTOPOM CToJIGel,.
[IpeanoJio’kuM, 4TO 3TO He TaK, U B TPOHKax (ai, az, a3) v (b1, bz, b3) coBnagaoT 4yucaa az u be.
Torgaai <az<az=bz< b3z, aTakkKak a1 +dz + azs=b1+ b2+ b3 =S, Tobi <a1<b1+ b n
ai +az > b1+ bz > b1. 3TO NPOTUBOPEYUT TOMY, UTO B 06€UX TPOHMKAX €CTh YMCJIa C CyMMOU S>.

TakuM 06pa3oM, pe3y/ibTaTOM TpPeTbel MPOBEPKU SIBJSETCS HOMHHAJI BTOPOM KYyMIOPHI B
«banplIMBOW» TpPoHKe. A TaK KaK Mbl y>Ke JJ0Ka3aJikd, YTO BO BTOPOM CTOJIOLle HET PaBHBIX
4HceJi, TO Mbl OZJHO3HAUYHO OIPEEUM 3Ty TPOUKY.

10-11 kiacchl

1. [5] Kakoii HaubosblIMK palMOHaJbHBIA KOPEHb MOXET HMeTb ypaBHEHUEe BH/a
ax?+ bx+c=0,rge a, b u c - HaTypaJibHble YKCJIa, He peBocxoadaue 1007
Muxausa Eedokumos
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1 1
OTBeT: — —. Pemienue. 3aMeTUM, YTO — — - KOpeHb ypaBHeHHs 99x2 + 100x + 1 = 0.
99 99
JlokakeM MaKCUMaJbHOCTb. fICHO, 4TO KOpeHb X TAaKOTO YypaBHEHHUS, KaK B YCJIOBUH,
1 .
oTpuuareJseH. [lycts |x| < % Torpa 3HaMeHaTesb ¢ HECOKpAaTUMOU Apo6H |x| 6osbiae 99. Ho,

KaK U3BECTHO, ¢ — [leJIUTe b cTapliero koappuiiMeHTa a, To ecTb OH He 60siblie 100. 3HA4UT,
q =100, a |x| =0,01. CrempoBaTesbHO, ax? + bx + c >0 - 100-0,01 + 1 = 0. [I[poTuBOpeyHUe.

2. [5] JaHbl fBa B3aUMHO NPOCTBIX YMCJIA p, g, 60/bIIUX 1 U pa3/iMyarIIUXCcs 60JIblie, YeM
Ha 1. JlokaxuTe, 4TO HalIETCA HaTypasibHOe n, AJs kotoporo HOK(p + n, g + n) < HOK(p, q).
Muxausa MaakuH

PemieHne. M0>XHO CYMTaTh, UTO YUCAO0 M = q — p He MeHblue 2. [Ipu atom HO/J(p, m) =
=HO/(p, q) = 1. Yucna p u q cpaBHUMBI 110 MOJYJID M, HO He KpPaTHbI m, 3HA4YUT, MoOCje
yBeJIMYEeHUS UX HA HEKOTOPOE HAaTypa/IbHOE YUCJIO N < M, CTAaHYT KPAaTHLIMU m.

JlokaxkeM, 4TO Takoe n 6yJeT UCKOMBbIM. 3aMeTuM, uTo (p-1)(q-1)>1-m>n+1, To ecThb
pq>p+q+n.Iloatomy pgm=>pq(1l+n)>pq+n(p+q+n)=(p+n)(q+n).

[Togenus Ha m = HO/(p + n,m) = HO/(p + n, q + n), nony4yum pq > HOK(p + n, g + n).

3. [6] /JaHbl /Be KOHIleHTpUYeCKHe OKpYKHOCTH Q U o. Xopaa AD okpyxHocTu Q
KacaeTcd ®. BHyTpu MeHbuiero cermeHta AD Kpyra ¢ rpaHuned () B3fiTa NPOU3BOJIbHAsA
To4yka P. KacaTesbHble U3 P K OKPY>KHOCTH ® NepeceKaT 00Jiblyo Ayry AD okpyKHOCTH Q
B TouKax B u C. OTpe3ku BD u AC nepecekarotcd B Touke Q. /lokaxkyTe, 4TO OTpe30K PQ fesuTt
oTpe30K AD Ha JiBe paBHbIe YaCTH.

HeaH Kyxapuyk

Pemenue. Ilyctb O - ueHTp OKpyxHocTeu, AD
KacaeTcd w B Todke Z, a PB u PC KacaroTcd o B To4YKax X P
v Y v nepecekaroT AD B Toykax K U L COOTBETCTBEHHO. K/j\f
Toyku A U D cuMMeTpHUYHBl OTHOCUTeJbHO OZ,
nosToMy Z — cepenuna AD.

KacaresnbHble PX v PY cMMMeTpHUYHbI OTHOCHUTEJIBHO
PO, 3nauuT, XY || BC. AnanoruuHo XZ || BD, ZY || AC.
PaccMoTpuM roMoTeTHIo ¢ LeHTpOM P, epeBOJsLLYI0
oTpe30ok BC B XY. OHa nnepeBOAUT TOUYKY NepecedyeHus Q
npsAMbIX BD 1 AC B TOUYKY nepeceyeHus MapaJjijiebHbIX
YM npsAMbIX XZ v YZ, To ecTb B TOUKy Z. C/iej0BaTeJIbHO,
TOYKU P, Z v Q 1exaT Ha OJHOM MPSIMOM, UYTO U TPeO6OBaJIOCH.

4. [7] B kyeT4yaTOM KBaZipaTe MeX/y KKAbIMU JIByMsl COCEJHUMU IO CTOPOHE KJIETKaMU
eCTb 3aKpbITas ABepb. JKyk HAaUMHAET ¢ KAKOW-TO KJIETKU U XOJJUT 110 KJIeTKaM, IPOXOo/is yepes
JiBepU. 3aKpPBITYIO IBEPb OH OTKPBIBAET B Ty CTOPOHY, B KOTOPYIO UJIET, U OCTABJISIET ABEPH
OTKpBbITOH. Yepe3 OTKPBITYIO ZBEPD KYK MOXKET MPOUTHU TOJIBKO B TY CTOPOHY, B KOTOPYIO
JIBepb ObLIa OTKPBITA. JIOKAXKUTE, UTO €CJIM KYK B KaKON-IM60 MOMEHT 3aX04YeT BEPHYThCS B
HCXO/IHYIO KJIETKY, TO OH CMOXKET 3TO CAeJaTh.

AnexcaHdp [lepeneuko
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Pemenue. Eciu 10 KaKOW-TO 3aKpBITOX ABEPU MOXKHO 00paThCs, HAIPABUM KYyKa K Hell U
oTkpoeM. [IpogomkuM 3TOoT nporecc. O61Iee KOJUYECTBO 3aKPBIThIX JBEPEN YMeHbIIAETCH,
3HAUYUT, B HEKOTOPBIA NpeKkpacHbvlli MOMEHT He OCTAHETCS 3aKPBIThIX JIBepei, 0 KOTOPhIX
MOXKHO JOMUTH.

[IpesnosiokuM, 4TO B 3TOT MOMEHT OCTaJIOCh HENyCTOe€ MHOXeCTBO N HeJOCTUXKUMBIX
ka1eToK. OcTaBLIMeC KJIEeTKU 06pa3yloT MHOXeCTBO D JOCTHXXUMBIX KJIETOK. 3aMeTHUM, UTO
Bce JiBepu Mexay N u D oTKpbITHI B CTOPOHY D. fIcHO, 4YTO Takux JABepel XOTA Obl JBe. ITO
3HAYUT, YTO XYK KOTZA-TO OTKPBLI OJHY U3 HUX, nonaja B D, a IOTOM CMOT BepHYThbCA B N,
YyTOObl OTKPBITH BTOPYI0 JABepb. Ho HeT ABepH, 4yepe3 KOTOpyw OH Mor mnomactb B N.
[IpoTuBOpeyne.

CiepoBaTe/IbHO, B MPEKPACHbIM MOMEHT BCe KJIETKH JOCTHXKUMBI U KYK MOKET BEPHYTbHCA
B UCXOHYIO KJIETKY.

3amMeyaHMe. AHaJIOTUYHO pellaeTcsd 3a/iayda, T/ie XKyK IyjseT 10 NPpOoU3BOJbHOMY rpady 6e3
MOCMO8, PUCYsl CTPEJIKM Ha pEOpax B HalpaBJeHUHU UX NMPOX0/ia, C 3aPeTOM XOAUTb NPOTUB
CTpEeJIOK.

5. [8] B 6eckoHeuHOW apudMeTHUUECKOW MPOTrPECCUHU, TJle BCe YHCJa HaATypaJibHbIE,
HAIJIMCh IBA YMCJIA C OJUHAKOBOU cyMMoU 1up. 06513aTesIbHO JIM B HeW HAUJETCs elé 0/HO
YHCJIO C TaKOM e cyMMoi udp?

Anekcandp llanosasos

OTtBeT. He o6s13aTenibHO. Pemenune. CM. 3a71auy 6 /151 8-9 KJiaccos.
6.[2 + 7] CM. 3azauy 7 asia 8-9 kJaccos.

7.Y N npysei ectb KpyrJas nuuna. Paspeiaercs npoBecty He 60Jiee 100 npssMoJIMHEHHbIX
pa3pe30B, He NepeK/IaJblBast 4aCTH [0 OKOHYaHUs pa3pe3aHui, [0cJie Yero pacupeseuThb Bce
NOJIyYMBLIMECA KYCOUYKU MEXAY BCEMU APY3bSIMH TaK, YTOObl KaXKAbIMA MOJYYHUJ CyMMapHO
OZHY U Ty Ke [J0JII0 MULLbI 0 I1o1aAgu. HallyTca v Takue pa3pesaHus, eciu

a) [5] N=201; 6) [5] N =4007?
AHOpeli Apaxcanyes

OTBeT: HauayTtcd. Pemenue. a) Ilycteb miomaabs nunubl paBHa 201. Toraa muomajb

. 402
BIIMCAHHOTO B Heé KBaJijpaTa paBHa —— > 121. HapucyeM BHyTpW NUIIbl KBaJpaT CO
T

ctopoHo#l 11 Tak, 4YTOObI LIEHTPbI KBaApaTa WU MUIlLbI coBna/u. [IpoBeas no 12 paspesos,
napaJijieJibHbIX CTOPOHAM KBajpara, noayduM 121 Kycok 1x1. MbICIIEHHO CKJIeMM KyCKU
NUILbl BHe KBaZjpaTa U pa3obbém 3Ty ¢urypy 40 paspesamu uepe3 ueHTp Ha 80
PaBHOBEJIMKUX KYCKOB (B CUJIy HEIIPEPBIBHOCTU 3TO MOXHO CZeJ1aTh, Bpalas guameTp). Bcero
XBaTUJIo 64 paspesa.

6) Ilyctp myowazap nuunbl paBHa 400. Torga miowmwazb BOMCAHHOTO MPAaBUJIBHOTO

600-/3
T

1IeCTUYTOJIbHUKA paBHa 294. HapucyeM BHYTPM MNHUILbl [PaBUJIbHBIN

IIEeCTUYTOJbHUK TIomAaAu 294 Tak, 4TOObI ero LEeHTP U LEHTP NUILbl coBnaad. OTMeTUM
BepIIUHbI U TOYKH Ha CTOPOHAX IIECTUYTOJbHUKA TAK, YTOOBI KaXK/Aasi CTOPOHA pa3buiach Ha
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7 paBHbIX YyacTed. Ecaiu npoBecTy paspessl, napasijiebHble CTOPOHAM ILIECTUYT0JbHUKA Yepe3
BCe OTMeYyeHHble TOYKU (Bcero Takux paspe3oB 3-15 = 45), pa300béM 11eCTUYroJbHUK Ha
6-72 = 294 paBHbBIX IPaBUJIbHBIX TPeyroJbHUKA M101aAN 1. MBICJIEHHO CKJIEUM KYyCKHU MULIbI
BHE LIECTUYTOJIbHMKA W pa3ob6béM 3Ty ¢urypy 53 paspesamu 4yepe3 ueHTp Ha 106
pPaBHOBEJIMKUX KyCKOB. Bcero xsatuso 98 paspe3os.

3ameuyaHue. KosimyeCcTBO pa3pe30B MOXXHO CUJIbHO YMEHbLIUTb, €CJIM BOCIHO0JIb30BAaTbhCS
ciaenyrwolleil obield uaeeil. IlooKUM NULLY HYXHOW IJIOLAAXM Ha E€JUHUYHYIO CETKY,
COBMECTHUB LIEHTP MULLbI C LLeHTPOM OJHOM U3 KJeTOK. [I[poBe/iéM Bce pa3pe3bl M0 JUHUAM
CEeTKH, IepeceKarwouuM nuuuy. B pesysbTaTe oHa paspexeTcs Ha eJUHUYHble NMOPLUU U
KYCOYKM IO KpasiM, COCTaBJsINe KaéMKy. C KaeMKOUM NOCTYNUM, KaK B BbILIEU3JI0KEHHOM
pelieHMd. Ho mo cpaBHEHUIO C HUM IUIOIIQ/lb KaeMKH CHUJIBHO YMEHBLIUTCA U pa3pes30B
notpebyeTtcs MeHbllle. HanpuMep, B MyHKTe a), MOJIOKMB NULLY HAa KBaZpaT 15x15 u npoBes
32 pa3pesa Mo JMHUAM CETKH, Mbl 0OHAPYKUM, 4YTO KpoMe KBajpaTa 11x11, oHa coaepKuT
eué 56 kiaetok. [liiouaap kKaéMku OyZieT paBHa 24, M03TOMY Bcero norpebyercs 32 + 12 = 44
paspesa.



COPOK YETBEPTHII TYPHIUP T'OPOJIOB

Becennnit Typ,

8 — 9 kyaccel, 6ba3oBbIil BapuanT, 26 despastsa 2023 r.

(Uror nomsoanTest o TpéM 3ajadaM, 110 KOTOPBIM JIOCTUTHY ThI HAMJLY IIIIHE PE3YIbTaThl; OAJLIbI 34
IYHKTBI OJJHOH 3818491 CyMMHPYIOTCSI. )

OaJIBl 3818491

1. B kabunere cumar N HepsiX, y KaxKJIOrO Ha €ro CTOJIE CKOIMJIOCH HEHYJIEBOE KOJIM-
qecTBO Mycopa. Hepsixu BeIxogsaT 06e1arh 1o oJHOMY (II0CJIe BO3BPAIIECHUS PEIbl-
JIYIIEr0), a B 9TO BPeMs KarK/Iblil N3 OCTAJIbHBIX [EPEKJIAIbIBAET MOJOBUHY MyCOpa
€O CBOETO CTOJIa Ha CTOJI BhIMIeanero. MoxkeT Jin CIydauThes, 9TO MOC/Ie TOrO, Kak
BCe 1000e1a/Ii, KOJIMIeCTBO Mycopa Ha CTOJIe Y KarxKJIoro Oy/eT TaKuM rKe, Kak 1
710 0obejia, ecn
1 a) N=2;
3 6) N =107
Anexceti 3acrascruil

2. B rpeyronpuuke ABC nposenu meauanbt BK u C'N, nepecekaroriuecs B Touke M.

4 Kakoe nanboJibIiee KOJTUIECTBO CTOPOH deThipéxyroybauka AN M K Moxker nMerh
qumny 17

Feop Baxaes

3. Ha crome mexar 2023 urpanbHbix Kyomka. 3a 1 pyO/b MOXKHO BBIOpaTh OO0
KyOMK M IIEPecTaBUTh ero Ha JIOOYI0O M3 YeThIPDEX I'paHeil, KOTopble ceildac i
Hero OOKOBBIE. 3a KaKoe HauMEHbIIee KOJIMIeCTBO pybJieil rapaHTHPOBAHHO YIACTCS
[IOCTABUTh BCe KYOUKM TaK, 9TOObI Ha, BEPXHUX I'PAHSIX y HUX OBLIO IIOPOBHY TOYEK !
(KommraecTBa TOYEK Ha TpaHAX KaxKJOrO UTPATBHOIO KyOWKa paBHBI dmcyaaMm 1, 2,
3, 4, 5, 6, cyMMapHOe YHCJIO TOYeK Ha MPOTUBOIOJIOKHBIX TPAHAX BCETJa PABHO 7.)

FEeop Baxaes

4. JIjag mpou3BOJILHOTO YUCJIA T PACCMOTPUM CYMMY

x T T x
5 T I ) e T e
Q) = Lo] 2 3 4 10000
Haiiure pasnocts ((2023) — (Q(2022).
(Bmech || obosHauaeT 1eIyr0 YacTh YUCTIA T, TO €CTh HAMOOJIBINEE IEI0e THCIIO0,
He MTPEBOCXO/IAIIEE . )
Aunexceti Toanwvizo

5. Ha xaxkjioif KjieTke JOCKH 5 X 5 JIEXKUT [0 OJHON MOHEeTe, BCE MOHETHI BHEIIHE

onnHakoBbI. Cpen HUX POBHO 2 MOHETHI (hasbIINBbIe, OHU OJMHAKOBOTO Beca 1

Jlerde HaCTOSIIIX, KOTOPbIE TOXKe BeCST OJUHAKOBO. PaJIbIITUBbIE MOHETHI JIeXKaT B

KJIETKaX, UMEOIINX POBHO OJHY O0IINyIo BepimuHy. MozKHO JIi 3a OJHO B3BEIIMBAHNIE

Ha YallledHbIX Becax 0e3 rupb rapaHTUPOBAHHO HANTH

2 a) 13 HACTOSIIIIX MOHET;
15 macrogamux MOHET;
2 B) 17 macrosimux MoHeT?

Pycmoam 2Kenodapos, Anexcandp I'pubanro, Cepeeti Toxapes

w
o\
~—



COPOK YETBEPTHII TYPHIUP T'OPOJIOB

Becennnit Typ,

10 — 11 xuraccsl, 6a30Bbiit BapuanT, 26 dhespass 2023 .

(Uror nomsoanTest o TpéM 3ajadaM, 110 KOTOPBIM JIOCTUTHY ThI HAMJLY IIIIHE PE3YIbTaThl; OAJLIbI 34
IYHKTBI OJJHOH 3818491 CyMMHPYIOTCSI. )

OaJIBl 3818491

1. Ha crone nexar 2023 urpasbHbix KyOuka. 3a 1 pyOJib MOKHO BbIOpaTh JIIO0OI
KyOUK U II€pecTaBUTh €ro Ha JIIOOYI0 W3 YeThIPEX I'paHeil, KOTOpble cefivac s
HEero OOKOBBIE. 3a KAKOe HAMMEHbBIIee KOJTMIeCTBO PyOIIeil rapaHTUPOBAHHO Y/IaCTCs
[IOCTABUTD BCE KYOMKH TaK, YTOOBI HA BEPXHUX I'PAHAX Y HUX OBLIO TIOPOBHY TOYEK?
(KosmmuecTBa TOYeK Ha TpaHAX KarKJOro UTPAJBHOrO KyOuKa paBHBI ducyiaMm 1, 2,
3,4, 5, 6, cyMMapHOe YHCJIO TOYEK Ha MPOTUBOIIOJIOKHBIX IPAHIX BCErJa PABHO 7.)

FEeop Baxaes

2. Hamno marypasbHoe 9ucso n. g mIpou3BOJIBHOIO YHCIa £ PACCMOTPUM CYMMY

x x x
4 = 1+ 1|3 Sl | =
Haiture pasnocrs Q(10") — Q(10" — 1).
(Baecw || obosHauaeT 1eIyr0 YacTh YUCIA T, TO CTh HAMOOJIbINEe IeJ0e YHCIIO,
He [IPEBOCXOJIAIIEE . )
Aunexceti Toanwvizo

3. Ilycrs I — menTp BumcaHHO# OKpyzKHOCTH TpeyrojbHuka ABC, N — ocHOBaHue
buccekTpucol yria B. KacaresbHast K OIICaHHON OKPYKHOCTH Tpeyroabunka AN
) B BepinHe A n Kacare/ibHasi K OIMUCAHHON OKpyzkHOCTU TpeyrosibHuka C'I N B Bep-
muHe C' niepecekatorcst B Touke D. Jlokaxkure, aro npsmbie AC u DI neprieHuKy-

JISIDHBI.
Muzxaun Fedoxumos

4. DBeckoneunble Bo3pacraiome apudMeTndecKue IMIpPOTPECCHH  dq,dg, A3, ... WU

5 b1, bg, b, ... COCTOAT U3 MOJOKUTEILHBIX uuces. VI3BecTHO, 4TO OTHOIIEHUE Ay /by,
1eJioe mpu JiroboM k. BepHOo Jii, ITO 9TO OTHOIIEHNE HE 3aBUCHT OT k7

BLopuc @penxun

5. Hanbl 5 TOYeK, paccTosiHUEe MEXK/Iy JIIOOBIMU JBYMs U3 HUX GoJibire 2. Bepuo Jin,
YTO PACCTOSIHUE MEXKJIy KaKUMHU-TO JIByMsl M3 HUX OOJIbINE 3, €CJId 3TH 5 TOUYeK
PaCIIOJIOXKEHbI
3 a) Ha IJIOCKOCTH,;
3 6) B mpocTpaHcTBe?
Aunexcett Toanvieo



COPOK YETBEPTHII TYPHUP I'OPO/IOB

Becennunit Typ,

8 — 9 kyaccel, ca0XKHBII BapualnT, 12 mapra 2023 r.
(Uror nonsogurcest 1o TpéM 3a/1a4aM, 10 KOTOPBIM JIOCTHIHY ThI HAHUJLY YIIIHE DE3YJIbTaTHI. )

0OaJLIbI

10

3a/1a41

JlokaxkuTe, 9TO B IPSIMOYTOJIBHOM TpPeyroJibHuKe ¢ yrioMm 30° ojHa u3 OUCCEKTPUC B JBA
pas3a Kopoue KaKOi-TO JPYyroii OMCCEKTPUCHI.
FEeop Baxaes

Ha xureruaroit gocke 10 x 10 B ofiHO# U3 KJIETOK CHAUT GakTepusi. 3a OJUH X0/ GaKTepust
CJIBUTAETCS B COCEJIHIOIO 110 CTOPOHE KJIETKY U JIEJINTCs Ha JBe Gakrepun (00e ocTaoTcs B
TOI 2Ke KJIeTKe). 3aTeM CHOBA OJIHA U3 CHJISIIIX HA JIOCKE OAKTEPHIl CABUIACTCS B COCETHIOK
[0 CTOPOHE KJIETKY U JIEJINTCsI Ha J(Be, M Tak jajiee. MoeT Jin 1mMocjie HECKOJIBKUX TAKUX
XOJIOB BO BCEX KJIETKaX OKA3aThCdA IMOPOBHY OakTepwmii?

Aanexcandp I'pubanko

HazoBéMm HaTypajbHOE YUCIO 3aYPAOHBIM, €CITH B €r0 JECITUIHON 3allUCH BCTPEUYAIOTCS
TOJIBKO HyJIX U euHuiibl. 1lycrsh nponssejienne JIByX 3aypsIHbIX UUCET 0KA3aJI0Ch 3ayPsiJi-
HbIM uncjioM. O0si3aTelbHO JIM TOTJA CyMMa P MPOU3BEICHNUS PaBHA ITPOU3BEIECHUIO
CcyMM Iudp COMHOXKHUTEIEH?

Buxmop Kaenuwvn, Koncmarwmur Knon

Ha croponax pasnocroponnero Tpeyrojabuuka A BC' OCTPOeHbI BO BHEITHIOI CTOPOHY Tpe-
yroneauku AB'C, CA'B, BC'A rak, uro noayuuica mectuyronbiuk AB'CA’BC’, B xo-
TopoMm Kaxkapli n3 yrinos A'BC’, C'AB', B'C A’ 6onbme 120°, a 1t CTOPOH BBIIOJHEHBI
pasenctea AB' = AC', BC' = BA', CA' = CB’. Jokaxure, uro u3 orpeskos AB’, BC',
C A’ MOXKHO COCTaBUTDH TPEYTOJTHHUK.

Zlasud Bpodcruti

Harypaspabie gucia or 1 mo 100 packparienbl B Tpu nBera: 50 dmces — B KpacHBIH, 25
qucesl — B XKEATHIN 1 25 4nces — B 3eyiéHbBIN. 3BecTHO, 9TO BCe KpacHBIE U YKEITHIE TNCIIa
MOXKHO pa3duTh Ha 25 TPOEK TaK, YTOOBI B KaXK0U TPOMKe OBLIO JIBa KPACHBIX YUC/Ia U OJTHO
JKEJITO€E, KOTOPOe DOJIBIIIE OJJHOIO KPACHOI'O U MEHbIIE JPYTroro. AHAJOIHYIHOE YTBEPXKIeHe
BEPHO I KpacHBIX ¥ 3eJI6HbIX unces1. Obs3areabno jau Bece 100 dmcesr MOXKHO pa3buTh Ha
25 4eTBEPOK, B KaXKJION M3 KOTOPBIX JIB& KPACHBIX YHUCJIA, OJIHO YKEJITOE W OJHO 3eJIEHOE,
[IPH 9TOM XKEJITOE U 3eJIEHOE UMCJIa, JIEXKAT MEXKJYy KPACHBIMU?

Anexcandp I'pubanko

IIycte X — HEKOTOpPOE MHOYKECTBO IIEJIBIX JHCEJI, KOTOPOe MOXKHO pa3buTh Ha N Hemepece-

KAIOIIUXCs BO3PACTAIONINX apudMeTHIeCKIX Iporpeccuii (6eCKOHEIHBIX B 06€ CTOPOHBI), a

MenbIte yeM Ha N — Hemabad. Jjs moboro jin Takoro X Takoe pazdouenue na N mporpeccuit

€TMHCTBEHHO, €CJTH

N =2;

N =37

(Bospacrarorias apudmernaeckasi Iporpeccusi — 3T0 MOC/IEI0BATETLHOCTD, B KOTOPOii KayK-

J10€e 9HCI0 GOJIbIIIE CBOETO COCEeNIa CJIeBa HA OJHY U TY JKe IIOJIOKUTEIHHYIO BEJININHY. )
Buxmop Kaenuwvin

[IpaBusibmbiit 100-yroapHuK paszpe3asn Ha HECKOIHKO MAapaJIIeIOTPAMMOB U JIBA TPEYTOIb-
unka. JlokayKuTe, 9TO 9TU TPEYTOJHHUKNA PABHBI.
Aanexcandp FOpan



COPOK YETBEPTHI TYPHUP roro10B

Becennunit Typ,

10 — 11 kuaccel, cioxubIl BapuanT, 12 mapra 2023 .

(Uror noisoauTest 110 TpéM 3aa49aM, 110 KOTOPBIM JIOCTHTHY Tl HAUJIY IIIHE De3YJIbTATHI; OaJlIbl 38 IYHKThI
OJIHOI 3aJ1a9H CYMMUDYIOTCS. )

OaJlIbl  3aJa9u

1. ansl aBe mocJiemoBaTesbHOCTH 13 OYKB A 1 B, B Kaxk10it u3 KoTopbix 1o 100 6ykB. 3a oaHy
OIIEPAITNIO PA3PEIIAETCs UM BCTABUTH B KAKOE-TO MECTO TOC/IEI0BATETLHOCTH (BO3MOXKHO,
4 B HAYaJI0 WM B KOHeIl) J060e KOJMYeCTBO OJMHAKOBBIX OYKB, WM yOparTb M3 MOCJE0-
BaTEeJIbHOCTH JII000€ KOJMYECTBO IOAPSII UIYIINX OJMHAKOBBIX OYKB. [lokaxkure, 9T0o M3

IIePBOii TTOCIEI0BATEIHFHOCTH MOYKHO IOJIyIUTh BTOPYIO He Oosee deMm 3a 100 omeparimii.
Baaducaas Hosuros

2. Ilepumerp Tpeyrompuuka ABC pasen 1. OkpyKHOCTH w KacaeTcst ctopousl BC', mpomo-
2KeHusi croporbl AB B Touke P u nipomoskennst cropoubl AC B Touke Q). [psimast, mpoxoisi-
mast gepes cepenunl ctopor AB u AC, iepecekaeT OMMCAHHYIO OKPYKHOCTH TPEYTOIbLHUKA,
APQ B toukax X u Y. Haiigure nymny orpeska XY

Jlasud Bpodcxuti

3. Han muorowren P(z) crenenu n > 5 ¢ nesabiMu K03 OUIHEHTaMI, IMEIOIIHIT 1 PA3IMIHBIX

6 neJibix KopHeit. Jlokaxkure, 4o MHOrOowIeH P(x)+ 3 uMeer n pa3iudHbIX JI€fCTBUTEIbHBIX
KOpHeil.

Muxaun Manxunr

4. Tlpaswnbubiii 100-yroapHIK paspesay Ha HECKOIHKO MapalIeIorPAMMOB U JIBA TPEYTOIb-
Huka. Jlokaxkure, 4TO 3TU TPEYTOJbHUKKA PABHEIL.
Aunexcandp FOpan

5. Hamno nemnoe gncio h > 1. HazoBéM mosoKuTeIbHYI0 0OBIKHOBEHHYTO IPOOD (He 00s3aTe b
HO HECOKDPATUMYIO) Topowed, ec/iu CyMMa €€ ducjuTelist 1 3HameHaresisi pasaa h. Ckaxkew,
YTO YUCJO h 3aMenamenvroe, eciii KaxKIyio MOJIOKUTETbHYI0 OOBIKHOBEHHYIO JIPOOb, 3HA-
MeHaTeIb KOTOPOii MeHbIe h, MOXKHO BBIPA3UTh 4Yepe3 xXopoirue Jpobu (He 00si3aTe/bHO
pa3JIndHble) C MOMOIIBIO Onepanuii cIoKeHus: U BblunTanus. Jokaxkure, aro h 3ameda-
TEJILHOE TOTJIA U TOJBKO TOT/Ia, KOTJA OHO IIPOCTOE.
(HamomuuM, 910 y OOBIKHOBEHHOM JIPOOH YNCJIUTEb [EIblii, 8 3HAMEHATEb HATYPAJIbHBIIA. )
Tamvara Kasuuvira

10 6. CepeauHbl BceX BBICOT HEKOTOPOI'O TETpaspa JiexKaT Ha ero BrucanHoii cdepe. Obs3aresib-
HO JIX TOTJIa 9TOT TETPasap NPaBUJIbHBIN !

Muzaun Esdoxumos

7.  Ha ocTpoBe XKUBYT XaMeJI€OHBI ITATU 1IBeTOB. Korga oInH XaMeJIeoH KycaeT APYTOoro, IBEeT
YKYIIIEHHOTO XaMeJIeOHa MEHSEeTCd Ha OJUH U3 9TUX ISATHU IIBETOB IO HEKOTOPOMY ITPABUILY,
IPUIEM HOBBIH IIBET 3aBUCUT TOIBKO OT IBETA YKYCUBIIIETO U I[BeTa YKYyIIeHHOT0. I3BecTHO,
410 2023 KpacHBIX XaMeJIEOHa MOTYT JIOTOBOPUTHCS O IOCJIETOBATEILHOCTU YKYCOB MEXK LY
co0oli, 1ocJie KOTOPOit Bce oHM cTaHyT cuHuME. [Ipn KakoM HamMmeHbIieM k& MOXKHO rapan-
THPOBaTh, 9TO k KPaCHBIX XaMeJICOHOB, Kycasi TOJbKO APYT JpyTa, CMOI'YT CTaTh CUHUMMU?!
(Hampumep, mpaBmia MOryT OBITH TAKMMU: €CJIM KPACHBIN XaMEJICOH KyCaeT 3eJIEHOTO0, YKY-
IIEHHBI MEHSET IIBET HA CHHUI; eCJIM 3eJIEHBI KycaeT KPAaCHOTO, YKYIIEHHBIH OCTaéTCs
KpacCHBIM, TO €CThb «MeHsIET IIBET Ha KPAaCHBII»; eclIi KPacHBIN KycaeT KPacHOro, YKYIIIeH-
HBII MeHsieT IBeT Ha KEIThI, u T. j1. [IpaBuia cMeHbI IBETOB MOTYT ObIThH JIPYIUMHU. )

Muxaus Packxun
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COPOK YETBEPTHII TYPHUP I'OPOJI0OB

11 xnacc, yerabrit Typ, 26 mapra 2023 roma

1. dana tpeyrombuas nupamuga SABC, ocHoBaHme KOTOPOil — PaBHOCTO-
pounwmit Tpeyrobauk ABC a Bce m10cKue yriibl Ipu BepiiuHe S paBHbI o [Ipu

KaKOM HaMMEHBITIEM (v MOXKHO YTBEPXKIaTh, ITO 9Ta MUPAMUIA TTPABUIHLHAL !
M. Maaxun

2. CymecTByer Jiu 1ejioe n > 1, yJA0BJIETBOPSIONIEe HEPABEHCTBY

[Vn—2+2vVn+2] < [vVIn+6]?

(3aech [x] obo3HAUAET HEJIYI0 YaCTh YUC/IA T, TO CTh HAUOOJIbIIee 1eJI0e YUCIIO0,

He TIPEBOCXO/IAIIee )
M. Maarxun

3. B Tabsmiie 44 x 44 yacTh KJIETOK CHHUE, a OCTajJbHbIe KpacHble. Hukakue
CHHUE KJETKHM He IpaHuvaT JAPYT ¢ JAPYroM IO CTOpOoHEe. MHOXKECTBO KpaCHbBIX
KJIETOK, HAOOOPOT, CBA3HO 1O CTOPOHAM (OT Jit000i KPaCHON KJIETKH MOYKHO
J00paThest JI0 JI00O0I JIpyroii KpacHoil, mepexojs U3 KJIETKH B KJIEeTKYy Uepes
0OIILyt0 CTOPOHY ¥ He 3aX0Jld B cuHue KjaeTKn). JlokaxKuTe, 9TO CHHUX KJIETOK
B TaOJ/IUIEe MEHBINE TPETH.

B. Openxun

4. Jlan tpeyronbauk ABC. Ilyctb [ — 1meHTp ero BIMCAHHON OKPYKHOCTH,

P — makas Touka Ha cropone AB, uro yron PIB upsivoii, () — ToYKa, CUM-

MerpudHas Touke I orHocuTebHO Bepiuabl A. lokaxkure, uro rouku C, I, P,
() J1ezkaT Ha OJHONW OKPYKHOCTH.

. Kyzapuyx, A. FOpan

5. Hazoém paccajiky N Ky3HEUMKOB Ha NPAMON B Pa3IUYHbIe €€ TOYKU
k-ydaurofi, ecim Ky3HEUUKHU, CJIeJIaB HEOOXO/IMMOE YUCJIO XOJO0B IO MPABUJIAM
gexap/Ibl, MOTYT JIOOUTHCA TOTO, YTO CyMMa TOIapPHLIX PACCTOAHUN MEXK Iy HU-
MH yMeHbIuTca xoTsd Obl B k£ pas. IIpn kakux N > 2 cyiiecTByeT paccajka,
SBJIsTIONIAasiCs k-yIadHoil cpa3y JUid BceX HaTypaibHbIX k7 (B uexapse 3a xon
OJINH U3 Ky3HEYMKOB IPHITAET B TOYKY, CAMMETPUYHYIO €My OTHOCUTEIHLHO JIPY-
roro Ky3HeJHKa. )

M. Csamaoscruil

6. B psizt ciieBa HammpaBo ctodaT [N KOpOOOK, 3aHYMEPOBAHHBIX ITOIPSIIT TUCIa-
mu 1, 2, ..., N. B Hekoropble KOpoOKHU, CTOSAIINE TTOAPSII, ITOJOKAT 110 MAPHUKY,
OCTaBUB OCTAJIbHBIE IMYCTHIMU. VIHCTPYKIMS COCTOUT U3 TOCJIEI0BATEILHO BbI-
IOJIHAEMbIX KOMaH/I BUJ/Ia «IIOMEHSTb MeCTaMH COJIiepKumMoe KOpoObok Ne ¢ m Ne
J», vae ¢ u j — uncia. g kaxiaoro qu N cyecTByeT HHCTPYKIIHA, B KOTOPOI
ne 6osibire 100N KomaH 1, cO CBORCTBOM: JIjIs JTIOOOI HAaUaIbHON PaCKJIaJIKN yKa-
3aHHOI'O BHUJIa MOXKHO OV/ET, BBIYEPKHYB U3 MHCTPYKIINKA HEKOTOPbIE KOMAaH/IbI,
MOJIYYUTh MHCTPYKIIAIO, TIOCJIE BBITIOJIHEHUS KOTOPO BCe KOPOOKH C ITapuKaMu
OyIyT JIeBee KOPOOOK 6€3 MapuKOB?!

. Mumpoganos



COPOK YETBEPTEI TYPHIUP I'OPO/IOB

11 xnacc, yerabrit Typ, 26 mapra 2023 roga

PEHNIEHNA 3AJAY

1. Jlarna mpeyzorvrasn nupamuda SABC, ocnosanue xomopoti — pasHOCTNOPOHHULT MPEY20ibHUK
ABC, a sce naockue yeav, npu eepwure S pasnol . IIpu Kakom HauMeHbULEM @ MONCHO YMBEP-

orcdamo, wmo ama nupPamMuda NPasUNLHAA?
M. Maaxun

OrBet: 60°.

Jokazxkem, aro npu o = 60° nmupamuga npapuibHasd. [lycTts cropons! Tpeyronbauka ABC papHb 1.
3ameTum, 9TO B JIOOOM TpeyroJjibHuKe ¢ yriom 60° mpOTUB 9TOroO yriia JIEXKHUT CPEJIHSSA 110 JIJTHHE
CTOPOHA (IIPUUYEM €CJIM OHA CTPOrO MEHbIIe OJ[HOl U3 CTOPOH, TO cTporo GoJibIie Japyroii). [Tycrs omHo
u3 60KOBBIX pEGep nmupamusl He paBHo 1: manpumep, SA > 1. Torna B rpansax SAB u SAC pébpa
SB u SC 6ynyr menbire 1, u 3aaqut, B rpann S BC pedbpo BC' — He cpejHsIs CTOPOHA, TPOTHBOPETHE.

[Tokazkem Terepb, Kak MOCTPOUTH HEMPABUJIBHYIO MUPAMUJILY C IJIOCKUMHU yriamu o« < 60° mpum
Bepiune S.

Ilepssiii cmocob. Chauasa Gokosoe pebpo SA ymajasgem, a HeydaJéHHyo O0oKoByio rpaub SBC
BparaeM BOKpyT e€ pebpa ocHoBanus BC', moKa 9Ta rpaHb He OKAXKETCs B IJIOCKOCTU OCHOBAHUS TaK,
9TO OyIeT co/lepKaTh TPEYroJBHUK OCHOBaHUS. B mporiecce JBUzKeHNs OYIYT «TEKyIue» MUPAMUILI,
Y KOTOPBIX JIBa PABHBIX [JIOCKUX yTIJIa CHaYaja PABHBI (v, IOTOM GOJIbIIe v (B MOMEHT, KOIJIa BEpPIIUHA,
[IPOEKTUPYETCS B BEPIIMHY OCHOBAHUSI — IIOCKOJIBKY B 9TOT MOMEHT CHHYC yIJia IIpU BepiiuHe S B
60okoBbIX Tpauax SAC u SAB pasen 1 : SB, a B rpaun SBC paBeH OTHOIIEHUIO GOKOBOI BBICOTHI
9TOTO TPEyroJbHUKA K S B, KoTopas MeHbIe 1), a B KOHIE Y «BBIPOXKJICHHON» MTUPAMUIbI OHU DABHBI
«/2. 3HAYWT, B CHJIy HENPEPBIBHOCTH, OyJIeT eIé pas «.

Bropoii cioco6. Pacemorpum tpeyronsauk SAB ¢ SA = SB u /S = a. Tak xak AB < SB,
Ha cropore SA cymectByer Takas Touka C, uro BC' = AB. Tenepb Bo3bMeM TPEXTPAHHBIN yTOJ, ¥
KOTOPOT'O BCE ILJIOCKUE YIJIbI PABHBI (v, U OTJIOKUM Ha ero peopax orpesku SA, SB, SC. ITupamusia
SABC — uckomasi.

Tpernii ciocob. (Cepeeti Komapos, 11 kaacc, CYHI] MI'Y) Ilycrs S’ABC — upaBusibHasi mupa-
MUJIa ¢ IIOCKUM yrjioMm « upu Bepmuae S, ITycrs X, Y — roukwm, takue, yro XY = AB, nocrpoum
na XY tpeyrompuukn XY Z n XY'T rak, uro LZXY = ZZYX = 90° — 5, /TXY = 90° + ¢,
ZTY X =90° — 37‘", torja nouatHo uro L XTY = /ZXZY = «a. B cuity TeopeMbl CUHYCOB JIJIsT 9THX
TPEYTOJIbHUKOB UMEEM

TY XY ZX zY

sin(90°+2)  sina sin(90° —2)  sin (90° — 2)’

uro BiedeT 1Y = ZX = ZY, TOCKOJbKY CUHYCBhI CMEXKHBIX YIJIOB PABHBI.

[TycTh Tenepb S — Takasd ToYKa Ha UPOJOJzKeHuu orpeska S’'B 3a touky B, yro SB = TX.
Torpa ZSBC = ZSBA = 90° + § = ZTXY, BC = BA = XY, u SB = SB = TX, Torma
ASBC = ASBA = ATXY, otkyna SC = SA =TY = ZX = 7Y, u snaunr ASCA = AZXY
(o Tpém croporam). I3 Becex yKasaHHBIX DABEHCTB TPEYTOJBHUKOB CJIe/lyeT, 4To y nupamubl SABC
BCe IJIOCKHE YIJIbI P BePIIHHe S PaBHBI (v, 3HAYUT OHA YJIOBJIETBOpsET ycjoBusM 3ajaqdu. Ho ona
He NpaBUJIbHasl, TIOCKOILKY NpsaMas S'B e nepnenuukyisapia ABC, u Ha Hell TOJBKO OJ[HA TOYKA
npoenupyercs B neHTp rpeyrobiuka ABC, 91o Touka S’, a 3HaunT He TOYKa S.



2. Cywecmsyem au uyeaoe n > 1, ydosaemeoparousee HEPABEHCNEY
[Vn—2+2vVn+2] < [VIn+6]?

(Bdecw [x] obosnauaem yeayto wacmv wucaa T, mo ecmov HAUOOALUEE YEAOE YUCAO, HE NPEBOCTOOAUEE

M. Maaxun
OTBer: HeT.

[Ipeanonoxkum 1ejioe n > 1 yjosjiersopser sToMy HepaseHcTBy. Vimeem [v9n + 6]2 < 9n + 6,
HO KBaJpaT IIEJ0r0 YhCja He MOXKeT JaBaTh HU OCTATOK 6, HM OCTaTOK b5 OT JlesieHHd Ha 9, OTKyJa
[V9n + 6]? < 9n+4, smauur [v/9n + 6] < [v/9n + 4]. Torga ncxoquoe HEPABEHCTBO BIECYET HEPABEHCTBO
Vn —2+2vn+2 < /9n + 4. Bossoag B KBaJpaT U IPUBOJIA HOJA00HbIE cjaraeMble, 10JIy4aeM, YTO
4vn? —4 < 4n — 2, orkyna n® —4 < n®> —n+ 1, a Torma n < 4,25. OHako, npsAMas TPOBEPKa
HOKa3bIBAET, 4To Tpu 1 € {2, 3,4} UCX0[HOE HEPABEHCTBO He BBIMIOJIHAETCS — IIPOTHBOPEYNE.

3. B mabauue 44 X 44 wacmov Kaemox cunue, a ocmansvhovie kpactve. Huxaxue cunue xaemxu me
eparusam dpye ¢ dpyzom no cmopore. Mrootcecmso KpacHvLr KAemMok, Haobopom, c8A3HO NO CIMOPOHAM
(om a10600 Kpackol Kiemku MmoccHo dobpamuvcea do a060T Opyzotl KpacHol, NePerods u3d KAemKu 6
KAEMKY “epes 00uyyto Cmopony U He 3ax00s 6 cunue kaemku). Jlokascume, 4mo cunux kiemox 6
MAOAUUE MEHDBULE MPETU.

b. Openxun

[Monoxkum N = 44, u nyctb b m r — KOJIUYIeCTBa CUHUX U KPACHBIX KJIETOK. OIEHUM CBEpPXY
KoJTm4ecTBO M OOIMX CTOPOH KPACHBIX KJIETOK C CUHUMU.

Bcero y kpacubIX KjeTok 41 ctopoH, otkyna M < 4r. Broyib kpaés TabIuIbl cTOUT He MenbIie 2N
CTOPOH KPACHBLIX KJj1eTOoK, rnodromy M < 4r — 2N. Teneps paccmoTpuM rpad, BEPHIMHLI KOTOPOI'O —
KpacCHbIE KJIETKH, a pEOpa COeIMHAIOT KJIETKH, uMeromiue obiryio cropony. [lo ycmoBuio rpad csszew,
[I0O3TOMY KOJIMYECTBO ero pédbep He MenbIne r — 1. KaxkjoMmy m3 HUX oTBedaeT obIas CTOPOHA JIBYX
KPACHBIX KJIETOK, 3aCUYUTaHHAs B BeJUYUHE 47 JBa pas3a, modromy u3 M MoxKHO BbruecTb 2(r — 1).

[Tonyuaem
M <4r —2N —2(r—1)=2r —2N + 2. (1)

Omnenum Teniepb M cauzy. CJ10:KUB KOJIMYECTBA CTOPOH BCEX CHHUX KJIETOK, mosydanm 4b. fcHo,
9TO Ha OJIHOIN cTOpOoHe Tabsmipl He Gosbie N/2 cTOpoH cuHUX KJIeToK. [losromy

M > 4b — 2N. (2)

s (1) u (2) caeayer, uto 4b — 2N < M < 2r — 2N + 2. IockonbKy b+ 1 = N2, mosydaem orcrosia
6b < 2N? + 2, wm
b< N?/3+1/3.

[Tockonbky N? = 44%2 =1 (mod 3), a b nesoe, noyyaeM HyZKHBIH Pe3y/IbTAT.

4. Jlan mpeyzorvnux ABC. Ilycmo I — uenmp e2o enucarnnoti oxpyscrnocmu, P — makxas mouxa
na cmopone AB, umo yeon PIB npamot, Q — mouka, cummempuyras mouxe I ommuocumensvro
sepwunv, A. Jloxaorcume, wmo mouxu C, I, P, Q) sescam Ha 00H0T 0OKPYHCHOCTNAU.

U. Kyzxapuyx, A. FOpan

[Iycte CT nepecekaer AB B Touke N. Yron AIB Tynoii, a yron NIB ocrpsriii, 3HaunT P jexur

mexkiny A u N. danee LZAIP = ZAIB —90° = LZACB/2 = LACI, ZCAI = ZIAP, 3ua4ur tpe-

_ C _ PL _ PI
yronbuuku CAI m TAP nonobubl. YuuThiBast 310 u pageHcTso QA = Al, nmeem 3z = 57 = Oi-



Kpome Toro,
LAIP + ZAIC = ZACB/2 + (90° + LABC/2) = 180° — LCAB/2,

torma LPIC = 180° — LCOAB/2 = 180° — LCAI = ZQAC. Torma tpeyronmbuukn QAC u PIC
110/TIOOHBI 110 YTUIy U OTHOIIEHUIO MpuJieskanux ctopoH, 3uaunt /I PC = ZAQC = ZIQC, u Toukn
C, I, P, () nexxat Ha OJHON OKPYKHOCTH.

3ameuanue. [locse mokasarenbersa moa00us TpeyroabHukoB C Al u [ AP M0XKHO 1eificTBOBATD I10-
npyromy. Boeibepem Touky R na mpogoskenun orpeska C'A 3a touky A tak, uro AP = AR; Torna
tpeyrosibiuku [ AP u QAR pasubl (1A = QA, AP = AR, ZQAR = ZC Al = ZIAP). 3uauur, QRPI
— paBHOOOKast Tparmerus, u ona Brucana. C apyroit croponsl, mockoyibky ZCIQ) = LCTA = ZCRQ,
rouku C, I, R, () nexar Ha 0/HO# OKpyKHOCTH. 3HAYUT, Bce maATh Touek C', I, P, (), R nexar Ha
okpyzxuoctu (QRI).

5. Haso6ém paccadxy N KysHeuurxos Ha NPamot 6 padiudnvie e€ mouwku k-yIadHOW, ecau Ky3He-
yuku, cdeaas Heobrodumoe Yucao xodos no NPABUNAM HeXapdvl, Mo2ym JoOUMDBCA MO20, YMO CYMMQ
NONAPHVIT PACCMOAHUT MeAHCIY HUMU YMEHbWUMCA Toms 0wl 6 k pas. IIpu xaxuxr N > 2 cyuecmey-
em paccadka, asasowanca k-ydawnot cpasy dan ecex namypasvhuix k¢ (B wexapde 3a xod odun us
KYSHEUUKOS NPul2aem 6 MoKy, CUMMEMPUYHYIO eMY OMHOCUMEAbHO 0PY2020 KY3HEUUKA. )

M. Ceamaoscruii

OrBert: ipu N > 3.

IlepBoe pemenwme. [Ipu N = 2 Kak Obl Ky3HEUYUKH HU NPBITaIN, PACCTOSHUE MEXKJIYy HUMH He
MEHAETCH.

[Iycte N > 3. Paccagum 1-ro, 2-ro u 3-r0 Ky3HEUMKOB Ha MPSMON B TOYKAX C KOOPJIUHATAMU
0, 1, v/2, HazoBéM s1ux KysuednkoB V, @, R. OcTasbHble MPOU3BOJIBLHO PACCAKHBAIOTCS B IIPYTHE
[OTIAPHO pas3jnydHble TOUKU. [Tokarkem, ITO ijisi BCAKOTO k KY3HEUUKHU jajiee CMOTYT IpbIraTh Tak,
9TO0BI CyMMa MOMAPHBIX PACCTOSHUI yMEHbIINIACh XOTst Obl B k pa3 (MCXOTHYIO CyMMY OOO3HATMM
gepes P).

Jlemma. Ilycth Tpu Ky3HedmKa CHAAT Ha MPIMOIl B MOMAPHO PAa3/IMIHBIX TOYKAX U OTHOIIEHUE
PACCTOSTHUI OT OJIHOIO U3 HUX JIO JBYX JPYIUX UppalnoHajibHO. Torna cKoJbKO Obl OHU HU Cleiajin
MPBIKKOB JIPYT Yepe3 JIpyra, OHU BCE PABHO OYIyT B MOMAPHO PA3IUIHBIX TOYKAX, U OTHOIIECHUE
PACCTOSTHII OT OJHOTO M3 HUX JIO JBYX JIPYTUX OyJIeT UpparnoHaIbHO.

Jloka3aresbcTBO JeMMbI. [[oKaxkeMm, 9TO 9TU YCJIOBHS COXPAHSAIOTCS TPHU NpbikKe. [Ipesmoaoxnm,
JIJIsT HEKOTOPOT'O KY3HEUNKa OTHOIIIEHNE PACCTOSHUI 10 JIBYX JPYTHUX PAIMOHAILHO, TOTJIA ITH PACCTO-
SIHUSI UMEIOT BUJ| @ U aq, TJe ¢ parnuoHaabHo. Torga paccrosame MexK Iy JAPYyTUMU JIBYMs Ky3HEUHKaAMU
HEHyJIeBOe U UMeeT BH/J[ |a £ ag|, Torjia OoTHOIIEHUEe JIIOOBIX JIBYX PACCTOSHUI MEXK/y Ky3HETHKaMU
paIoHaIBHO, TpoTHBOpedne. [1ycTh KaKoii-T0 Ky3HEUNK epPenphITHYIT Yepe3 Ky3HednKa A, Toraa pac-
cTosiHust OT A J10 000MX Ky3HEYNKOB HEe M3MEHWINCh, & 3HAYUT OTHOIIEHNE STUX PACCTOSHUN 0CTaI0Ch
UPPAIMOHAIBHBIM, B 9aCTHOCTU PACCTOSHUA PA3JIMIHBI, U [IOTOMY KY3HEUUKH MO-ITPEXKHEMY HAXOJIAT-
Csl B TOMAPHO-PA3JINYHBIX TOUKAX.

[epeitném x 3aymade. [lycTs nepBbie HECKOJIBKO XOJ0B OYIYT MPBITaTh TOJIHKO Ky3ueduku V', @), R
U TOJIBKO 1epe3 JPYT JPyra, COIJIACHO JIEMMe IPHU TAKWX MPBIXKKAX OHU BCerja OyyT OCTaBAThCS B
MIOIIAPHO PA3JIMIHBIX ToUYKaxX. [[oKkaxkeM, 9TO CITycTs JI000€ KOJIMIeCTBO TAKUX XOJI0B OHU CMOTYT Jlajiee
[IPBITATh TaK, 9TOOBI TEKyIlee MUHUMAJbHOE U3 IONAPHBIX PACCTOAHUI MEXKy HUMH yMEHBIITUIOCh
He MeHee YeM B JIBa pasa.

[IycTh, HE yMassgs OOITHOCTH, B TEKYIIHI MOMEHT MUHUMAJIBLHO PACCTOSHIE MEXK/Iy Ky3HEIUKaMU
V, @ c koopaunatamu a u b, a R umeer koopjauuaty c¢. OTMeTnM Ha MIPSIMOIl BCe TOYKU C KOOPIHU-
HATAMU, OTJIMIAIONIMMICSA OT @ Ha Yucao, kpaTHoe (a — b). [loHsaTHO, 9TO mpbITast Apyr depes JApyra
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Ky3HedrKn V', () cMOIyT 3aHATH JIIOObIE JIBé COCEHUE OTMEUYEHHBbIe TOYKHU, TOrja R He HaXOIUTCs
B OTMEYEHHOH Touke (10 JieMMe Hpbirasi TOJLKO depe3 JApyr japyra V., @, R ocraiorcs B momapHo
Pa3JINIHBIX TOYKAX ), Torma V', () MOTYT 3aHATH J[BE COCETHUE OTMEUYEHHBIE TOUKU MEXKJIy KOTOPBIMU
JIEXKUT ¢, U PACCTOsAHUE OT R 110 OXHOro U3 Ky3He4nKoB Oyer He 6osee |a —b|/2, To ecTh HanMeHbIIIee
PacCTosiHUEe YMEHBIIIIOCH XOTs Obl B 2 pasa.

Tora 3a HECKOIBKO XOJI0B Ky3Heunkn V', (), R MOTYyT YMEHBIINTH HANMEHbBIIEe PACCTOSHUE MEXK LY
HUMHI XOTs ObI B 2 pasa, HOTOM 3a HECKOJILKO XOJ0B €IIé XOTd Obl B 2 pa3a, IOTOM €IIE, U T.J, MOTYT
3a HECKOJILKO XOJIOB JOOUTHCS TOIO, YTOOBI PACCTOSHIAE MEKy KAKUME-TO JBYMs U3 HUX OBLIO PABHO
HeKoTopoMmy uuciy t, meabiiemy P/(2N(N — 1) - k) — nycts orn Tak u cuenaior. HazoBém Kakmx-
HUOY/Ib IBYX KY3HEUUKOB, MEZKJLy KOTOPLIMHU PACCTOHUE ¢, XOPOIIMMHE, ¥ OJHOIO U3 HUX Ha30BEM D,
Jlajiee 9T Ky3HEYUKHU y7Ke He IPBLITaroT.

Hanee, 110600t Ky3HEUNK He U3 APl XOPOITHX MOXKET MPbIrasi Yepe3 napy XOPOIuX (B IOXOJIsIIIEM
HOPSIJIKE) CMEIAThCsI Ha 2t B JIOYIO CTOPOHY Ha IPSIMOI, 1 TOT/[a MOXKeT 3a HECKOJILKO TIPBIZKKOB Yepe3
HUX OKa3aThCd Ha PACCTOSHUU MeHbIIeM 2t oT D, IycTh BCe Ky3HEYMKH KPOME XOPOIIUX CJEJIAI0T
NPBRKKKU TakuM oOpasoM. Toria paccrosgnue ot JiI060ro Ky3uneduka g0 [ Oyjier MeHbline 2¢, a 3HAYUT,
BCe IHONAapHBbIE PACCTOSHIs MeHbIIe 4¢, a 3nadnt, ux cymMma Mmenbie 4t - N(N —1)/2 < P/k.

Bropoe pemenue. (Eseenuti Indexa, 11 kaace, Bapnaya) g moboro N > 2 npeiabsaBuM siBHO
HAYAJIBHYIO PACCAJIKY, KOTOpas ABJISETCA k-yIaqHON JjIs JTI000T0 HATYPaILHOTO Ynucia k.

Crauasa jyig gannoro N > 2 1IocTponM KOHEYHYIO IeoMeTpHdecKyio mporpeccuio 1,q, ..., q" 1,
co 3HamenareseM g € (0, 1), 11 KOTOPOIi BBITIOJHEHO yCIOBUE

1:q—|—q2+...+qN_1.

Tpebyemblit HAOOP CyIeCTBYET TPH JIIOOOM 1iesioM [N > 2, TIOCKOJIbKY ypaBHEHUe
g+ +. N —1=0
nmeer perenne Ha uaTepsase (0, 1), Tak Kak JieBasi 4acTh MEHsET 3HAK Ha ero KOHIAX.
Pacronoxkum Teneps N Ky3HEUMKOB B CJIEIYIONINX HAYAIbHBIX TOYKAX:
0,1, (1+q), I4+qg+¢), ..., A4+qg+...+¢"?), I+q+...+¢"7).

PaccMoTpuM mpBIKOK TEPBOTO Ky3HEUHKa UYepe3 BTOPOro; TOIJia €ro HOoBas KOoop/uHaTa OyJeT
pasHa 2 = 1+ 1=1+q+ ¢ + ... + ¢ Iomyuniocs, 9TO IPBLITHYBIINI Ky3HEUHK CTAJ CAMBIM
IIpaBbIM, a BCe KY3HEUUKHU Telephb PACIOJI0KEHbI B TOUKaX

1, (1+9q), (1—|—q+q2), o (1—|—q+...—{—qN_2), (1—|—q+...—{—qN_1).
CupuHyB Ha4aJI0 KOOPAMHAT Ha 1 BIPaBO, HOJIYYIMM KOODIUHATHI KY3HEUUKOB
0, q, (Q+q2)a ceey (Q+---+QN_2>7 (Q+---+qN_1)-

Taxum 0Opa3oM, Ky3HEUNKH YMEHBITUIM CBOM KOOPJMHATHI POBHO B ¢ pa3. Ecin ykazaHHBIN 1ar
(IPBIZKOK CAMOT0 JIEBOTO Ky3HEUHKa depe3 OJIMKAMIIero coceia) moBTOPATh I pas, TO TONapHbIe pac-
CTOSIHUSI U3MEHATCSI B ¢ Pa3, YTO MO3BOJIUT JOCTUYb JIIOOOr0 HyKHOrO yMeHbInenus 1/K.

6. B pad caesa nanpaso cmosm N Kopobok, 3aHYMepPoSaHHLT nodpad wucsamu 1, 2, ..., N.
B nexomopuie xopobru, cmoswue nodpad, nosodcam no wapury, 0Cmasus 0CMasbHLe NYCMbLMU.



Hnempyryus cocmoum u3d nocaedosamesvHo SunOAHACMBLET KOMAHO 6UdG «NOMEHAMb MECMAMU CO-
deporcumoe xopobox Ne i u Ne j», 2de i v j — wucaa. Jlas xaosicdozo au N cywecmsyem uHCmMpyKyuA,
6 komopoti ne boavwe 100N xomand, co ceoticmeom: Ois 110007 HAUANOHOT PACKAGOKU YKAZAHHO20
suda ModtcHo bydem, 8vIMEPKHYE U3 UHCMPYKUUL HEKOMOPBIE KOMAHIDL, NOAYUUMD UHCPYKUUIO, NO0-
CAE BLINOAHEHUA KOMOPOT 6ce Kopobku ¢ wapukramu 6ydym jsesee Kopobok 6e3 wapuros?

. Mumpoganos

OtBer: ja.

JlaBaiiTe cumTarh, YTO BCE MAPUKH cuHUE. B mycThle KOPOOKHU IMOJIOKUM IO KPACHOMY IIapUKY.
Teneps mycToix kKopobok HeT. [Tokaxkem maxke 6ojiee CHIbHOE YTBEPKJIEHUE: 9TO i JiIo60ro N ecTb
UHCTPYKIM He jjuHnee 4eM 3N €O CJIeIyIONUM CBOMCTBOM.

[Iycte B N KOpoOOYKax, CTOANINX B P/, JEKAT KPACHbIE U CUHUE ITAPUKH, IIPUIEM JIJIsT XOTsI Obl
OJIHOTO W3 I[BETOB IAPUKK ITOrO IBETA JIesKaT TMOpsii (Takie KOHMUIYpAIMd HA30BEM HEIPePbIBHbI-
mu). Torja MOYKHO BBIYEPKHYTH YaCTh CTPOK U MOJIYYUTh WHCTPYKIIUIO, MOCJIE BBIOJHEHUsT KOTOPOIi
BCE CUHHE MIAPUKH OY/IyT JieBee BCeX KPACHDLIX IMAPUKOB, & TaKKe MOXKHO MOJyIUTh WHCTPYKIIHIO,
HocJie KOTOpoii Bce KpacHbIe MAapUKK JieBee BCeX CHHUX (HyMepalius KOPOOOK CJIeBa HAIPABO).

[Tonsrao, uto juis N = 1 Takasg wHCTPYKIUd ecTb. [[okaxkem, Kak u3 wHCTpyKmuu g k > 1
¢sies1aTh MHCTPYKIWIO i 2k n ajia 2k — 1, sroro Oyner gocrtaroano. Obosnadanm N = 2k nan 2k — 1.

WNucrpyknus qiusa N Oyzer BBINISJIETH Tak:

[ rpynmna: cHadasia Bce naper Buja (i, k + 1) B JI060M TIOpsIJIKe

Ecaun N nederno, cioa npuxoiuTes j1006aBuTh Bee mapbl Buja (i + 1,7 + k) npu ¢ > 1 (Ha30BéM
ST KOMAH/IbI JIOMOTHUTETHHBIMMA ).

IT rpynmna: uHCTPYKIU /It k TIEPBBIX KOPOOOUEK U3 MH/LYKIIMOHHOTO ITPEIIOIOKEHUS

[T rpynma: Bee mapbl pasiandabix duces suja (i, N + 1 — ¢) B J1060M mopsijiKe

[Ipu N = 2k mjmna 310l MHCTPYKIUHU He tpeBbimaer k + 3k + k = bk < 3N.

[Ipu N = 2k—1 ayuna sroit uactpykiun He npesbimaet 2(k—1)43k+(k—1) = 6k—3 = 3N. Teneps
1ovueMy oHa paboTaeT. EcTb TOT 1mBeT, KOTOPOro He OoJibIlle k, HA30BEM €ro OCHOBHBIM. Ilokaxkem, 4To
MOXKHO BBITIOJIHATH YacTh MHCTPYKINH [ rpymmbl Tak, 9TOOBI Bce KaAMHU OCHOBHOTO IIBETa JIEXKaJIl
cpejin IMepBbIX k KOpPOoOOUYEK, W IPU ITOM KOH(MUTYpaIUs Cpeiu MepBbIX k KOpPobodeK OyJ/ieT ToxKe
HEIIPEPbIBHOI.

Ectb uernipe BapuanTa TOro, KaK MOT'YT PAacCIo/iaraTbCd KAMHU OCHOBHOIO IIBETA.

1) oHU WYT MOMApPsiJ, ¥ BCE OHU CPEJIH JIEBBIX k KOPOOOK — HUYErO JieIaTh He HAJO;

2) OHU WJIYT TIOJPSIIT, U BCe OHU CPEJIM MPaBBIX KOPOOOK — UCIOJIb3yeM Bee mapbl Bujia (i, k + 7);

3) OHU €CThb U CPeJiu JIEBbIX k KOPOOOK, U CPEJIM OCTAJIbHBIX MPABbIX, IPU 9TOM OHU UJYT MOJPSL.
BameTnm, 9T0 HU B Kakoil mape Bumga (i,7 + k) HeT aByX KaMHell OCHOBHOrO IBeTa. Bce ocHoBHBIE
KaMHHU TOIJIa [IEPEHeceM CIIpaBa HaJieBO (TOrja KaMHU HE OCHOBHOIO IiBeTa OYJyT Cpeju MmepBbX k
KaMHeR JiezKaTb HOJIPAJI.

4) KaMHE OCHOBHOTO IIBeTa — CaMble IIepBble U camble TocaeqHne. [lepeHecs mocsieiHie BJIEBO
(mpu HewérHOM N WCIOJIB3YS JIONOJHUTEIbHbBIE OEPAIIHT ), TOJTydaeM Tpebyemoe.

(ITpo 910 BCE TpoIIEe JyMaTh, €CJIH MBICJIUTh PACIOJIOKEHNE KOPODOUYEK He B PAJl, & 110 OKPYIKHO-
CTH.)

[Tocse aToro mpumenum yactb uHCTpYKImit II rpynmbl, 4ToObI cpejiu nepBbiX k KOpobodek ciieBa
OKa3aJIMCh BCe KAMHHU OCHOBHOT'O I[BETA.

[Toce sToro okaxkercst, uto cpeau N KOpoOOdUeK CHadasa UIYT MMOAPs] KaMHU OJHOIO I[BETA, a
nmoToM Kamuu Jpyroro. To ecTb Mbl punin OO0 K KICKOMOI cUTyaluu, Jinbo K 3epkKaabnoii. [lepecra-
HOBKAMU TPEThell IPYIIIbI, €C/IU HAJI0, OTPA3UM KOH(MUI'YPAIUIO, U MOJIYIUM UTO XOTEU MOy IUTh.



