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IlepBoiii Typ 30.11.2022. Tperbs Jura, perieHust U1 yKa3aHus JJisi >KIOPHU.

¢ Orenka B 6 0a/JIOB B KPUTEPHUAX O3HAMAECT OTCYTCTBUE DEIIEHUsI, €CJIM SIBHO HE OTOBOPEHO OOpATHOE.

¢ Hepasbop ciiydyaeB B KJIaCCHYIECKO MeOMETPUU IPHU YCJIOBUU, UTO XOTsI OBl OJIMH CYIIECTBEHHBIN ciiydail paso-
6pan — sibipa He 6oJiee 4 6as0B, ecyn obparaoe He oropopeno. dror kpurepuit HE OTHOCUTCH « 3azadam o
KOMOUHATOPHON NeOMEeTpPUN U NeOMETPUICCKUM HEPABEHCTBAM.

Konkypc kanuranoB. Kakue mpocTble 3HAYEHHS MOYKET IPHHIMATDH BhIpaskenue 2P + p2, Tie p — ToxKe Ipo-
croe?
Orser. 17.

1. Ha cmoae 6 pad pacnoaosicervt N AamMnover, x xasicdotli 6edém nepexatonamens. Bee nepexaovament pacnoso-
orcervl 6 cocedneti Kommame. Idaexkmpur I0yapd snaem, 4mo pPosHo 00UH NEPEKMOUAMEND CAOMGH, U €Ml HYHCHO
HAUMU 9MOM NePexAouament (Aamnowku I0yapd ne sudum, Ho 3naem, Kakol Nepexsovament x KaKkol AaMNouKe
6edém). Ba 00ny cexyndy on ycnesaem npodesamsv 00Ho u3 d6yx deticmeud:

e Haovicamv 1a nepexsovament, NOMEHAE COCMOAHUE AGMNOYKY, K KOMOPOU OH NOOKAMOUEN (€cAal, KOHEUHO,
NEPERAOUAMEND HE CAOMAN,);

° Hsmepumb nomped/LeHue INERKMPOIHEP2UU, Y3HAEB, CKOADKO NAMNOYUEK cetinac 8KAN0UEHO.

Hsnavanvro ece aamnouru suksovens. Jas xarxozo naubosvuezo n Idyapd cmoscem 2aparmuposaHHo Hatimu
caomannoili nepexatouamens 3a n+ 10 cexynd?

OtrBeT: 2048.

Perrenne. HazoséM pasHUIly MeXy KOJMIECTBOM JIEHCTBUI U KOJTUIECTBOM IOJO3PUTETHHBIX JIAMIIOUYEK Jomn.
sonpocamu. Beeném dbyukimo f(k), kotopas Oyaer 0603HAYATD, J1Jisi KAKOTO HANOOJIBIIIErO KOJIUIECTBA TOI03PH-
TEJIbHBIX JIAMIIOUEK IIPU U3BECTHOM M3HAYAJBHOM OTPEOICHIH JIEKTPOIHEPIUY Mbl MOYKEM BBISIBUTH CJIOMAaHHBII
HepeKJIoYaTes b, UMesl B 3a11ace k JIOI. BOIPOCOB (TakuM o0pa3oM, HaM Hy»KHO Haiitu B 3amade f(10)). OgeBumHo,
qro f(0) = 2. Haitném snavenns f(1), f(2), ..., f(10) no unaykmum.

IIycre MBI mepexsounan k U3 n JIAMIIOYEK U IIOCJTE STOTO BIIEPBbIE U3MEPUJIN MOTPeb/IeHre 3JIeKTPOIHEPIUN.
ITo sTM U3MepeHusIM MBI IIOHUMAEM JIMIIh, B KaKOil M3 JABYX I'PYII — B TOH, KOTOPYIO IEPEKII0Ya/IN, UId B TOMH,
YTO MbI HE TPOraJii — HaXO/IUTCA CJOMAHHBIN nepeK/IroIaTesIb. MO)KHO CUNUTAaThb, YTO OH HaXO/IUTCA B 60J'[b]l[e171 nus3
aByx rpymi. Takum obpasoM, Mbl MCIOIL30BAJIA OJUH JOI. BOIPOC U YMEHDBIIMIM KOJUIECTBO I[IOJ03PUTEIbHBIX
JlaMIIo4ueK He 06oJjiee, ueM BiiBoe. Bojiee TOTo, Ipu 96 THOM KOJIUIECTBE JIAMIIOUEK, IEPEKJIIOUNB [TOJIOBUHY U IIPOBEPUB
moTpebJieHrne, MOXKHO YMEHBIIUTH KOJUYECTBO ITOJ03PUTEIbLHBIX JIAMIIOYEK POBHO BBOE 3a OJMH JOII. BOIIPOC.
Taxum obpasom, f(1) =4, f(2) =8, ..., f(10) = 21! = 2048.

¢ Tosibko npumep: 2 6aAaa, TOJLKO OleHKa (M3 KOTOPOI MOYeMy-TO He cJjiejlyer npumep): 6 6a.106.

2. Ha naockocmu nposeau 2022 npamvie max, 4mo Hukakue 08e nposedeHtvie NPAMDBLE He NAPAAAEALHDL, HUKAKUE
MPU He NEPECEKAOMCs 8 0010t MouKke. IMU NPAMbBLE PA3OUAU NAOCKOCTNG HA KOHEUHDIE U OECKOHEYHDIE 00AGCTNU.
Moorcem au oka3amuves, 4mo 6ce KoHeuHbvle 00AaACTU UMENM UEAYIO NAOULA0D ¢

OTBeT: 1a, MOXKET.

Pemntenne. Ilpoeném 2022 mpsiMbie OOIETrO MOJOXKEHUSA C PA3JUIHBIMUA PAIMOHAIBLHBIMU KOI(MDPUITHEHTAMM.
[TosryunmM, 9TO BCe TOYKM HX IIEpPecedeHys] UMEIOT pallMOHaJbHble KoopauHarbl. CrejaeM IOMOTETHIO B HadaJle
KOOPJAMHAT ¢ KO3(MPUIMEHTOM, paBHBIM, HAIpUMep, IIPOU3BEIEHUIO BCEX 3HaAMeHaTejeill BCeX KOODIMHAT TOUYEK
IIepecevenns, MOCje 9TON0 BCE STH KOOPAUHATHI CTAaHYT IeJbiMU. Torda mo dgopmyre Ilnka kaxKkmgas IIomab
KOHeUHO# vacTtu Oymer mosytenoil. CraejaaB TOMOTETHIO ¢ KOI(M@UIIMEHTOM 2, IO UTOTY CJejlaeM BCe ILIOMIAIH
IIEJIBIMU.

¢ Texuuueckue npobsieMbl (HAIpUMeD, 3a0bLIM B KOHIE JOMHOXKHUTH Ha 2): dvipa He bosee 4 6a.106.

3. Hatidume sce wybuueckue vemuvpéruens ° —ax® + (a+d)x — (a+2d), 2de a u d — yeavie wucaa, y KOMOPwLT
8Ce MPU KOPHA — PA3AUMHBLE HEOMPUUATMEALHDIE UEADIE YUCAD.

Otser: 3 — 3622 + 2612 — 486 n 23 — 2622 + 1812 — 336.

Pemenne. Ilycrs kopaun — 310 A > B > C. Torma A+ B+C =a, AB+ BC+CA=a+du ABC = a+ 2d.
Taxum obpazom, A+ B+ C+ ABC =2(AB+ BC+CA) um (A—1)(B—-1)(C—1) = AB+BC+CA—1. Ecin
C=0,tro A+ B=2ABu(2A—-1)(2B—1)=1. Tak kak A, B >0, 70 A= B = 1. Yro He BO3MOXKHO.



Eciim C=1,170 AB=1u A= B = 1. Yro TakKe He BO3MOKHO.

Ecim C =2, 10 A+ B+2+2AB =2(AB+2B+2A) u2=3(A+ B). Yro onsars Takn He BO3MOxKHO. Ecim
C=31m0A+B+3+3AB=2(AB+3B+3A)u AB—-5A+B)+3=0.Toecrs, (A-5)(B—5)=22mu
mmbo A =27, B =6; 6o A =16, B = 7. B nepsom ciayuae noiayuaem — x° — 3622 + 2612 — 486, Bo BTOpoM —
a® — 262 + 181z — 336.

Ecin C =4, 170 A+ B+4+4AB =2(AB+4B+4A)n2AB—7(A+B)+4 =0. To ecr, (2A—-7)(2B—T7) =41
u A=24, B=C =4, 910 He BO3MOXKHO.

Ecimn C =5, 10 A+ B+5+5AB = 2(AB+ 5B +5A) u 3AB — 9(A+ B) +5 = 0. YT0o HE BO3MOXKHO 110
MOJTYJTIO 3.

Ecm C > 6, To

(A-1)(B-1)(C—1) >5(A—1)(B—1)=5AB — 54 — 5B + 25 > 3AB > AB + BC + AC — 1.

¢ Ilosyueno Bepxuee orpanmdenue Ha C: 4 6aana. PasobpaHbl He Bce ciydand, W UX pa3bop HE ITPOBOIUTCS
AHAJIOTUYHO y K€ pa300paHHbIM: He 6oaee 6 6a.a406 3a 3adany. ApudmeTndeckas ommbdKa: dwpa 6 2 6aiia.

4. Jlokastcume, wmo 0as A006T MPET HAMYPAANOLHYIT HYUCEA A, T, N MAKUT, MO N 0EAUMCHA HA T, CYUECTEYEM,
namypanvnoe k < - maxoe, wmo HO/(a,m) = HO/(a + km,n).

Pewenmne. [Tycre HO/I(a,m) = d. Herpynuo nousite, yro HO/(a + km,n) nemurcs na d. Ilycrs a = aid,
m = mid, n = bm u HO/ (a1, m;) = 1. Torma vam Hy:KHO J0Ka3aTh, 4T0 Haiigercsa Takoe k < b, uro HO/(a; +
kmy,bmy) = 1. Ilycts k — npoussejieHne BeeX IPOCTBIX YHUCE]I, HA KOTOPBIE JIEJIUTCS IUCIIO b, HO He Je/ISTCs ICIa,
a1 u my. fdcuo, aro k < b. C apyroit ¢cTOpOHBI, IIyCTh by JIEJUTCS Ha IIPOCTOe 9ucyio p. Ecim my jgenurcs Ha p,
TO @1 HE NeJUTCS Ha p U a1 + kmy He geanurcs Ha p. Ecau b menurcs Ha p, a mq He JEIUTCs, TO U3 Yucesa a1 U k
POBHO OJTHO JIEJIUTCST HA P M 9UCJIO a1 + kmy ousrh He jenurcs Ha p. Takum obpasom, HO(ay + kmq,bmy) = 1.

¢ Banaua pemena st HO(a,m) = 1: ne 6oaee 6 barnos.

5. Ocmpoyzorvroili mpeyzorvrurx ABC enucan 6 oxpystchocms w ¢ yenmpom 6 mouke O, e20 6vicomovl nepece-
xaromes 6 mouxe H. Ha npodoarscenuu cmoponve BC' 3a mouxky B ommevwena mouxa X max, wmo HX 1 AO.
Hepnenduxyarap, soccmasaennvili 6 mouke X x npamoti BC, emecme ¢ npamvmu AB u AC oeparuvusaem mpe-
yeoavrur A. Touxa S — uewmp oxkpyotchocmu, onucannot oxoro mpeyzosvhuka A. Hoxascume, wmo npamas SX
KAcaemcs oKpYHCHOCMU W.

Permrenne. [lycts Touka P cummerpuuna H orHocuTesibHO mpsimoit BC'. Kak n3BecTHO, Takast TOUKa JIEXKUT Ha
OKPYKHOCTH W, ONMUcaHHON okosio Tpeyronbanka ABC. 3amernm, uro Z/OPX = /OPA + /APX = ZOAP +
/PHX = 90°, To ectb X P Kacaercs w.

[Tycts mepnenmukyasap B Touke X k mpsamoit BC mepecekaer mpsimble AB u AC' B Toukax Y u Z. Torma
/XYB = /BAP = /XPB, orkyna cjeayer, 9ro 4eTbipexyrojbHuk X BPY — Brnucan#biit. 3Hauur, P — To4-
Ka Mukens mjst derBepku npsmbix AB, BC, CA, YZ. B gactHoctu, P JleXXUT Ha ONHCAHHOW OKPYKHOCTH §
TPEyroJbHuKa A.

Ocraercst JoKasaTh, 910 S JIEXKUT Ha KacaTeabHOW K w B Touke P. Ilockonbky ZOPX = 90°, mocTarodHo
MPOBepUTH, uTo npsimast PO kacaercs ¢. st sroro mocuuraeMm yribl: ZOAB = 90° — ZACB = /AZY , nostomy
npsimast AQO kacaercst ¢. Torma, mockoabky AO = OP u AS = SP, o npsimass PO Takxe Kacaercst §.

¢ [lokazano, uyro HX xacaercst okpyxuocru (BHC): 0 6aanos.
¢ Ilocrpoena Touka P u pokaszano, uro PX kKacaercs w: 2 6aana.
¢ Jokaszano, uro Touka P jexur Ha okpyxuoctu (AXY): 4 6asnra.

6. Jokasicume, wmo 0aa M06020 HAMYPAALHO20 N CYWECMEYem namypaisvioe k maxoe, wmo sce wucaa k, k2, ..., k"
UMENM 8 C80el decaAmMUMHOT 3aNUCY Yemubipe nodpad udyusue yugdpo, obpasyrousue wucro 2022.

Pemrenne. JlokaxkeMm yTBepK/ieHHe 3a/[@9n MHIYKIMel 110 1, IIpuyYeM JO0NoJHUTebHO norpedyem (k,10) = 1.
s n =1 Bosbmem ky = 20221.
[Tycrb Mbl noctpomitu ky—1 ¢ (kp—1,10) = 1, y KoToporo crenenu ot 1-oit 10 k — 1-0ii comepkar B cBoeil 3anucu
2022. Ilycts n = 2€5mn0, rie (10,m9) = 1. Bysem uckarh cie/yiorniee 9ucjio B BUJIe

k, = 10%a + k,—1.

)

IIpu mocrarouano GombiaioM z qucio (10%a+ k,—1)" Gymer 3akanduBaThCs Ha ki, |, TO €CTh Oy/ieT UMETb B CBOEil

zamucu 2022. Ocrajoch pa3odbpaThes ¢ N-0i CTEIEHBIO.



(10%a + kp—1)" = n10%ak™ 1 + k", (mod 10**)

n—1 _
n—1 —

Bosbmem a = 2™5¢qyg, a ap nogbepenm rax, 4Tobbl agnok 20221 (mod 10°). Torma mpu 10CTATOYHO GOJIL-

oM x B HarmmeM ducje Oymer dpparment 2022.

7. Cymma 100 NOAOHCUMEAOHBIT YUCEA PABHA CYMME UL 0OPAMHOIT Sesudut. Jlokasxcume, wmo cymma ux no-
napror npouseedenudi ne menee 4950.
Pemenne. O6oznaunm uucia ay,...,aj00. llyers » a; = Y a% = s, nyctb 1. = 100. JIOMHOXKHM CYyMMYy IIO-
" 1y
MApPHBIX TPOU3BEJEHUN a; HAa CYMMYy OOpDATHBIX K @;, W packpoeM ckoOKu. Ilomyuanm (Z aiaj)(z cTi) = (n —
1,5 i
_ (n—1)(n—2) _
1) > ai + 3 (aiaj/ar + ajan/a; + agaifaj) = (n—1)s + > (ai +aj +ap) = (n— L)s + 55— a; =
i 1,5,k 1,5,k (
1) o (=D=2)y Ds/o. 10 .
(n—1) + —5—>)s =n(n —1)s/2. llome/mm Ha §, TOJTYINM, 9TO CyMMa TIONAPHLIX MTPOU3BEICHII HE MeHbIIe
n(n —1)/2 = 100 - 99/2 = 4950.
8. Ilems evinucwvieaem na docky ece 279 cmpor daunwve 99, cocmoswus us myaet u edunuy, KarHcyo — Aubo
KPACHM, AUO0 CUHUM Maprepom. 3amem Bacsa ewvibupaem nenycmot nabop nosuuyul u pa3busaem 6ce cmpoku
Ha Napvl, 6 KaHcAol U3 KOMmopuix Cmpoky OMAUNGIOMCA POSHO 6 8bOPAHHLIT No3uyuar. Beeeda au Bacsa cmoorcem
sulOpaMb IMOM HAbOP NO3UUULT MAKUM 00PA3OM, 4MOOL CPEU IMUL NAP KOAUHECTNEO 0OHOUBEMHLLT OMAUYALOCH
0OM KOAUMECTNEA PAZHOUBEMHLL Y

OTBer: 1a, BCerma.

Pemntenune. Bynem paccyxmarb or mporuBHOro. Iloctpoum rpad, B KOTOPOM CTPOKH OyayT KpPaCHBIMU HJIN
CHHUMU BepIrHaMu. MexK 1y BepIInHAMEI OJHOTO I[BETA IIPOBEIEM YEPHBIE PEOPA, a MEXK/Iy BEPITUHAMHI PA3HOTO —
3eJIEHOTO.

BadukcupyeM HemycTo# HabOP MO3UIKHI U Pa300bEM CTPOKH HA ITAPhI, OTJIMIAIONIHECS B 9TOM HAOOPE MO3UIIHIA.
[To mpemoIoXKeHno, KOJIMIeCTBO YEPHBIX U 3€JIEHBIX PEOED B 9TOM MapocoveTaHuu ouHakoBo. CpaBHUBAsT KOJIU-
9eCcTBa YEPHBIX M 3eJIEHBIX PEOEp JjIst BceX HADOPOB IMO3WIU, IOJydaeM, 9TO YEPHBIX U 3eJIEHBIX PEOGEp BO BCEM
rpade nopoBHy (Kazki0e pedpo y9acTBOBAJIO B OJIHOM IAPOCOYETAHUH, TaK KaK JIJIs €r0 BEPIIUH-CTPOK €CTh POBHO
O/IH HAOOP MO3UIUIL, B KOTOPBIX OHH OTIHYIAIOTCS ).

JlokarkeM, ITO Ha CAMOM Jiejie YEPHBIX U 3eJIEHBIX PEOGEp He MOXKeT ObITh o/inHaKoBoe KoyimdecTBo. [lycTh [leTsa
nokpacmi k cTpok B kpacubiii et u 2°9 — k B cunmit. Toraa KomaecTBo pa3sHONBETHLIX PEOGEp MOIKHO COCTAB/IATD
IIOJIOBUHY OT OOIIEro KOJIMYECTBO PEOEp, TO ecTh

k(2% — k)= (29 —1)-2%9/4 = (2% —1).2%".

Ho uncia k u 2% —k npu 1 < k < 299 —1 nenarcs Ha 0/1MHAKOBYIO CTEIIeHb JIBOKH, IO9TOMY B UX IIPOU3BEICHIE
JBOMKA BXOJAWUT B YETHOU CTENEHU, IPOTUBOPEINE.

¢ oxazaHo, 9YTO OZHOLBETHLIX U PA3HOLBETHLIX pEOEp MOPOBHY: 4 0G4,

9. Uava xowem ommemums Ha KAEMUAmMOot NAOCKOCMU HECKOAKO Kaemox. Tlocae amozo npodeaviearomes cae-
dyrowue onepatuL: ecal Y KaKOU-mo HeomMeweHHot KACMKU eCmb TOMsA 0vl 4 COCEOHUT MO CMOPOHE UM Y2y
OMMEUEHHBIT, MO €€ mooice ommenarom. Bepro au, wmo Havsa moorcem svibpams namypaavroe n, boavwee 1000,
U OMMEMUMD USHAUANDHBIE TV KAETNOK MAKUM 00DA30M, 4IMO0OvL TOCAE HECKOALKUL ONEPAUUTE 0KA3AAOCS HE MEHEE

2
% — 4 ommeuernnvr KAemox?

Oreer: /la. Pemtenne. Haz0BéM npasusvHviM KAEMUGMBIM BOCOMUYLOALHUKOM CO CMOPOHOT k KIIETIATHIH

BOCBMUYTOJBHUK, CTOPOHBI KOTOPOT'O IapaJljie/IbHbl CTOPOHAM WJIM JIMArOHAJIAM KJIETOK, U IIPU 3TOM BEPTUKAJIbHbIE
¥ TOPU3OHTAJILHBIE CTOPOHBI COCTOSIT U3 N KJIETOK, & JuaroHabubie — u3 n+ 1. Ilmomaas mpaBuibHOTO KIeTIaToro
BOCBMEYTOJILHIKA CO CTOPOHOI 4k pasusterca 112k% — 8k. ITokarkeM MHYKIHEH 110 k, 9TO MOKHO OTMeTuTh 14k + ¢
KJIETOK TaK, YTOOBI ITOCIE HECKOJBKIX OIEPAIUil MOJTYYM/ICs HAIl BOCBMUYTOJNbHUK. [l BoImoHeHUs 6a3bl k = 1
MO2KHO BBIOpDATh COOTBETCTBYIOINLYIO KOHCTaHTY. llepexo/ moka3aH Ha KapTUHKE: OTMETHB yKa3aHHbe 14 KJIETOK,

MOXKHO YBEJUYATDH JJIUHY CTOPOHBI MPABUJILHOIO BOChMUyTOJbHUKA Ha 4. Hakoner, maiinércs k, st KOTOPOro
14k+c)?
11252 — 8k > L _ 4
3aMeanI/Ie. B pemeHnn BbINIE€ aCUMIITOTHKA POCTa YUCJIa OTMEYECHHBIX KJICTOK pPaBHa 77,2 . 4/7 Ecte n Apyrue
2
n- __

2 MUMEHHO JIJIsd TOT'O, 4TOOLI OHUI IIOAXO/INJIN, B YCJIOBUE ,HO6&BJI€H& KOHCTaHTa

IIPUMEPBI, C ACUMIITOTUKOI POBHO
—4.



10. Ha cmopone BC' ocmpoyzoavhozo mpeyzosvrura ABC ewbparna mouka D. Onucannas oxkpysicHocms mpe-
yeonvrura ADB nepecexaem ompesox AC 6 mouke E, u onucannas oxpyscrocms mpeyzororura ADC nepecexa-
em emopuuno ompesox AB e mouxe F. I[Ipamvie AD, BE, u CF nepecexaiom 6mopuumno onucaihyio oKpysHcHoCmD
ABC 6 mouxax D1, E1 u Fy, coomeemcmeenno. [lycmv I u [y — ueHmpol 6nucarHbix oxkpyscrocmets mpeyzono-
nuxoe DEF u D1 E1Fy, coomseemcmeenno. Hoxaoicume, wmo mowku E, F, I, Iy aesrcam na 00noti oxpyosrcrocmu.

Pemrenne. Ilocunraem yrawt £D1EW\B = ZD1AB = /DAF = /DCF = /BCF, = ZBE | F;. CienoBarejbHo,
FE1 B — 6uccekrpuca yria Dy EqFy. Ananoruano, FyC — 6uccexkrpuca yria FqFyDq. Torna I; = F1CNEB. Kpome
toro, /FK1D\A = /FE\BA = /EBA = /EDA, /FWD\A = /FNWCA = /FCA = ZFDA. Orkyna ZF\D1E, =
/ZFDE kak cymmbl paBubix yryioB. Ocranoch 3amerurs, uro ZFIE = 90° + /FDE/2 uw /ZFL1E = /F1\[L1Ey =
90° + ZF1 D1 E1 /2 kax yriasl Mex ity ouccekrpucamu. Uroro, /ZF 1 E = /FIE, a snaunrt, toukn F, F'| I, I} sexar
Ha, OJHOI OKPY>KHOCTH.



