Oaumnuaga mkoapbHukoB CII6I'Y mo maremaTtuke.

BakJsrounTtenbHbrii atan. 2020/2021 yuyebusiii rox. 10 — 11 kJaccsl.

Harypasibabie ancita or 1 1o 2021 3anmcanbl B psiJi B HEKOTOPOM 1opsike. OKa3aoch, 9To y JIIo00ro
YHCJIa €ro JIEBBIH U ero MpaBblii cOCeT UMEIOT Pa3HYI0 YeTHOCTh. Kakoe Iuc/io MOXKeT ObITh Ha TIEPBOM

mecre?

IIpu a,b,c > 0 HaiijuTe MaKCHMAIbHOE 3HAYCHHUE BHIPAZKEHNUSI
_ a4+ b+
~ (a+b+c)3 — 26abc’

OKpy?KHOCTH W1 ¥ Wy TIEPECEKAIOTCSI B TOUKaxX A n B, a OKPYKHOCTD ¢ IIeHTPOM B Touke () 0XBaTHIBAET
OKPY?KHOCTH Wi U Wsy, Kacasch uX B Toukax C' u D coorBercrBenHo. Okazasoch, aro Toukun A, C' n

D nexar na oauoit npsamoit. Haiture yron ABO.

[lerst Hammca Ha JOCKe MOJAPS/L N JIBY3HAYHBIX BOCBMEPUUHBIX duces (n > 2), obpasyomux apud-
MEeTHYEeCKYyIO IPOI'PECCHIO ¢ pas3HoCcThbio —8&. Baca momymasi, 9To 3TO BOCBMEPHYHAs 3alliCh HaTYy-
PaJIBHOTO YUCIA X, W PA3JIOKWI & Ha MpocTble MHOKHUTE . OKa3a/10Ch, 9TO WX BCErO JIBA, U OHU

Pa3/IMdatoTCd Ha 6. Yro mammcano Ha ,ZLOCKG?

B crpane Jlumonnu B oOpallleHUU KCIIOIb3YIOTCS MOHETHI JOCTOMHCTBOM 3n — 1, 6n + 1, 6n 4+ 4 n
6n + 7 macTpoB, IJe n — HaTypaJjbHoe uucio. ZKurenb cTpaHbl 3aies B OaHK, He UMes Ipu cede

HaJIMIHBIX JeHer. Kakyto HanboIbIyI0 CyMMy eMy He CMOT'YT BbIIATh B OaHKe?
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3amaya Ne 2.

OrtgerT: 3

Pewienue:

ITpumep :

[lyctba=1b=1c=1Tormaa”"3+b"3+c”"3=3 u(atb+c)"3 -26abc =1, Torna A=3/1=3
Ounenka: [Tycts A> 3.

Torma (a3 +b"3 + ¢ "3)/((atb+c)*3 -26abc) > 3 (HepaBeHCTBO **)

[To ycnoButo a,b,c > 0.Toraa Mbl MOXkeM IPUMEHATH Hep-Bo Ko 111t n uncen.

(atb+c)*3 -26abc=a "3 +b"3 +c " 3+ 3*(@"2*b+a2*ct+b 2*a+b 2*c+c 2*a+c 2*b) + 6abce-
26abc =a "3 +b"3 + ¢ " 3 + 3*(a"2*b+a’2*ct+b 2*at+b"2*ct+c2*a+c2*b) — 20abe

[To nep-By Kot a * 3 + b3 + ¢ 3 >= 3*kopens ct 3(a"3*b"3*c"3) = 3abc

ITo nep-By Komu a*2*b+a”2*c+b"2*a+b"2*c+c 2*a+c2*b >= 6* kopens cT 6(a6*b"6*c"6)=
6abc

3nauut a * 3 + b3 + ¢ 3 + 3*¥(a”2*b+a2*c+b2*a+b 2 *c+c 2 *a+c2*b) — 20abe >= 3abe +
3*6abc-20abc = abe > 0 (1o yci ) 3HauuT 3HaMEHATeNb TOJI0KHUTEIbHBIN, TOTIa TOMHOXKHM 00€
YacTH HEpaBeHCTBA ** Ha 3HamMeHarenbp — a 3 + b3 + ¢ 3 > 3*((atb+c)*3 -26abc) =3*(a "3 +
b*3 + ¢ *3) + 9*( a"2*b+a2*ct+b 2*atb2*c+c2*at+c 2*b) — 3*20abc «» B3aUMHO
yHUYTOKaeTcss mo a ™ 3 + b3 + ¢ 3 u mepeHocuM B Apyryro dactb 60abc ,momyqaem :

60abc >2*(a”™ 3 +b"3 + ¢ " 3) + 9*( a"2*b+a"2*c+b"2*a+b 2*c+c N2 *a+c2*b) >= 2*(3abc) +
9*(6abc) = 60abc (Bocmonmb3oBamch Hep-BoM Koru kak u panee) [lomydaercst 60abc>60abc.
ITporuBopeune. 3Haunt A <= 3. OLeHKa J0Ka3aHa.

3amaua Ne 3

Otset: yron ABO=90

Pemenue: OKpyXHOCTB ¢ IEHTPOM Toukoi O- q

[TpoBenem obmiue kacaTenbHbIE K OKPY>KHOCTSIM W1 1 q — mpsimast a; w2 U q — npsimas b ,B
toukax C u D cooTBeTCTBEHHO.

D)ITycts a u b napannensHsl . Bo3bMeM Torna Takue Toukd X MY Ha IPSMBIX a U b
COOTBETCTBEHHO,YTOOBI OHH HAXOJWJIUCh B Pa3HBIX MOIYIUIOCKOCTIX € TOUKOM B oTHOCHTENBHO
npsimoii CD.

N3 mapamnensroctr yron XCD + yron YDC= 180

Tak kak CX kacarenbHas K wl, o yron XCD = yron CBA(mo Teopeme 00 yrie Mexy
KacaTeJIbHON M XOPIOH. )

Tak kak YD kacatenpHast kK w2, To yron Y DC= yron DBA(mo Teopeme 00 yrie Mexay KacaTeabHON
U XOpAOH.)

ITonmyuaercs yron CBA + yron DBA = 180 — Touku C, B, D nexar Ha 1 npsMoii , Ho Toraa 1o
ycnosuro ke Touku C,A,D nexar Ha | npamon. Torna Ha okpykHOCTH W1 ecTh Tpu Touku A,B,C
nexamue Ha | npsimoit — Ilnoxo. 3nauur a , b — He mapansenbHbI.

2)[Iyctb a u b nepecekatorcs B Touke Y. Tak kak YC u YD kacarensubie,ro YC=YD —

yroa DCY= yron YDC = x1 — yron CYD=180-2x1.

(C, A,D — nexar Ha | npsiMoOii 110 yCIIOBHIO).

VYron DCY= yron ACY = x1 u yron ACY = yron ABC = x1 (1o Teopeme 00 yrie Mex1y
KacaTeIbHON M XOPIOH. )

AHanorun4so nony4daercs, 4to yroia YDC= yron YDA u yron YDA = yron DBA =x1.

— yron DBA + yroin ABC = yron DBA=2%x1.

Tak kak CY u YD kacatorcs q , To OC nepnenguxyisipao CY u OD nepnenaukynsprHo YD —
touku Y,D,0,C — nexar Ha 1 okpyxHoctu. — yroia DOC = 180 — yron CYD = 180-(180-2x1) =
2*x1

[Momyuwmum , gto yron DOC = yron DBA= 2*x1 ->touku D,0,B,C — nexar Ha 1 okpyxHOCTH. —


moonstyle
Штамп


yroa OBD= yron OCD= x2 . Tak kak 1.0 nentp q , 7o OC=0D — yron OCD = yron CDO= x2
[Tocmotpum Ha TpeyronpHuk OCD cymma ero ymoB paBHa X2 + x2 + 2*x1 =180 — x1 +x2 =90
.Yron OBA = yronn OBD + yron DBA =x1 +x2 =90

3uauut orBeT 90 rpagycoB. MoxkeM cuuTaTh, YTO CUeT ObUT B HAIpPaBJICHHBIX yIJIax.

Sagaua Ne 1.
Ortger : Bece Heuernsle uncna or 1 g0 2021 (Bkirouas 2021).
Pemenne: - H- HedeTHOE uncio , Y — deTHoe uncno . Y Hac B criucke 1010 Y m 1011 H.
ITycts B psae ectb YU — crnenyromee uncio H , Tk JOMKHBI OBITh COCEAM Pa3HOM YETHOCTHU 1O
ycnoButo u iocne YYH Toxe eme 1 H (ecnu psig He 3aKkOHYEH) ,TK JTOJDKHBI OBITH COCEAH pa3HOM
4yeTHOCTH 10 ycioBuio. To ecth mociie YU Oynmyt HH ecnu psin He 3akoHumIcs.
Amnanorununo ecnu B psae HH ,to motom YY.(1oka3pIiBaeTCs Tax xe)
[TycTts Ha mepBoM MecTe moboe H. Torna npexbsBuM npuMep MOAXOIAIIETO psijia.->
HH Y4 HH Y4 HH ......HH Y4 H.I'ne MHororoune tam uepenosanue asyx HH ¢ Y4. Tk 2020
nenutcs Ha 4 ,To Oynet omuHakoBoe yrcio nap Y4 u HH. 3rauut nmap Oyner mo 505 u B KOHIIE O/THO
MOCJIEIHEE HEYETHOE YUCIIO . 3aMETUM, UYTO YCJIOBHUE TOTO ,YTO COCEAMN Pa3HOU YETHOCTH
cobmonaetcs. [Ipumep noctpoeH . 3HaYUT HA IEPBOM MECTE MOXKET ObITh Jito6oe H uucio.
[TycTh Ha IEpBOM MeCTe MOXKET ObITh U,pacCMOTPHUM TaKOU psif .
1) na BTOpoMm U
Torna ucnomp3yto panee nokasaHHbli akt nociae Y4 — HH u tak nanee momyyaem ,4to
Ham psax 1o yepenoBanne Y4 u HH ,maumnas ¢ Y4 ,torna Ha 2019-om n 2020-om mecre
oynyt HH ,tk 2020 nenutcs Ha 4, HO TOTIa OCTAIOCHh BCEro OAHO H 4nciio 1 oHO 3HAYMUT Ha
nocienneMm mecte. Ho Torma ycnosue nist 2020-0ro 4riciia He BBITIONHAETCS,TK 00a ero
cocequ H.IIporusopeuue.
2) na Bropom H
[Tonyuaetcs YH ,rorna cnenyromiee gucio H , Tk cocenu JOMKHBI OBITh pa3HOM YETHOCTH.
3naunt YHH , a ganee no pannee nokazanHoMy 3Ha4uT Oynet uepenoBanne HH ¢ Y4.
YUHHYY HHYY ...... Tk 2020 nenutcs va 4 , To Ha 2020-oMm u 2021-om mecte Oyayt YU. Torma
oOuree xon-Bo Y Oomnbie ,yem koin-Bo H . IIpotuBopeune.
3HAYHUT HA IEPBOM MECTE YETHOE YHCIIO HE MOXKET OBITh.

3amaua Ne 4

Pewienue :

[TycThs mepBoe uncio nmocneaoareabHOCTH a0 = 8z + y (B ACCATUYHOM 3anucu | Z,y < 8)u
MONTy4aeTCs Zy B BOCBMUPHYHOM 3amucu . Torma 3aMeTuM, 4To TOra MOCIeI0BaTeIbHOCTh OyIeT
Buna 8z+ty, 8(z-1)ty, 8(z-2)ty, ..... 8(z-n+1) +y.

Bacs momyman 9to 3To BOCBMUpPHYHAS 3alUCh YKCIA YUCIA X, TO €CTh 3TO 9ucio (8z+y)*8 ~(2n-2)
+ (8(z-1) + y)*8"(2n-4) + ...... (8(z—n+ 1) + y)*8"* 0 = p*(p+6) (3TO yXe mepeBeIn YUCIIO B
JIECSATUYHYIO CUCTEMY U IO YCJIOBHIO 3TO YMCIIO — MPOU3BEAEHUE ABYX MPOCTHIX YUCEI C
pa3HOCTBIO 6 ,T€ p U p+6)

3amMeTHuM ,4TO JIeBasi 4aCTh PABEHCTBA 110 MOJYJIIO § UMEET OCTATOK Y, a mpasasi ?

3amMeTuM, 4TO TK p ¥ p+ 6 NPOCTHIE U OAMHAKOBOW YETHOCTH ,TO OHM HEYETHBIE . 3HAYUT P MO
MOJYITIO 8 MOXET JlaBaTh ocTatku 1 ,3,5,7 — p*(p+6) = 1*7; 3*1; 5*%3; 7*5 =3 ; 7 mo momymto 8
3HAuUT y paBeH au00 3, 160 7. 3HAYUT HAIIA MOCIEA0BATETLHOCTh 3TO N MOAPSIT UAYIIUX TUCET
6o u3 nocnenaoBatenbHOCTH 73,63,53,43,33,23,13 -(yncna B 800if 3amucy U IBy3HAYHBIE) , THOO
67,57,47,37,27,17 - (uncna B 8001 3anMCH U IBY3HAYHBIE).



3aMeTHM ,4To p 1Mo MOAYIIO 3 aeT octarok 1 nmubo 2 unade 0 ,HO Torna p+6 aenurcs Ha 3 U
6onpiie 3 u pocroe,mioxo. Torma p*(p+6) = 1*7; 2*8 = 1 mo momysro 3.

Paccmotrpum nocnenoBatensHocth 73,63,53,43,33,23,13 .IlycTh U3 Hee B psAl BEITUCAHO N YUCET.
(8z+3)*8 "(2n-2) + (8(z-1) + 3)*8*(2n-4) + ...... 8(z—n + 1) + 3)*8"* 0 =p*(p+6) = 1 mo moxayto
3 3amerumM ,uto (8z+3)*8 N(2n-2) + (8(z-1) + 3)*8"(2n-4) + ......(8(z—n+ 1) + 3)*8* 0 =(82)*8
2n-2) + (8(z-1) )*8"(2n-4) + ...... (8(z—n + 1))*8 0 = z*8 * (neuetHom) + (z — 1)*8"(HeueTHOI)
+...... T (z—n+ 1)*8 MueuetHoit) =2*(z + (z— 1) +.....+(z — n+1)) mo Mmoxaymto 3. u 3TO ¢ APyroi
ctopoHsbl 1 mo Moy 3 - z+(z—1)+.....+(z-n+ 1) =2 no monymto 3. n >= 2 10 yCIOBUIO

To ectb U3 nmocnenoparenbHocTu 7,6,5,4,3,2,1 = 1,0,2,1,0,2,1 mo Mmoaymto 3 BeIOpaiu HECKOIBKO
MOJPSAT UAYIIMX YHCET , a IYMEHHO N M UX CyMMa JIOJKHAs JaBaTh OCTATOK 2 IO MOAYJIO 3.
3aMeTHM,YTO CyMMa JIFOOBIX 3-X MOAPSA UAYIIUX JeNuTcs Ha 3. 3Ha4uT J100 n MO MOAY/IO 3 paBeH
1 1 TorAa MOCIE0BATEILHOCTD U3 N YKCeN pa3ouBaeTcs Ha Tporku uncel (u3 0 1 2 B kakoMm TO
HOpsiZIKe M UX CyMMa JIenuTes Ha 3) | emie ofHa 2,100 n 1o Moxymio 3 = 2 ,Toraa
MOCJIEZI0BATEIbHOCTh M3 N YKCcell pa3duBaercs Ha Tpoiuk yncen (u3 0 1 2 B kakoM To HOpsiAKe ,u
WX CyMMa JIeNUTCs 3 ) U ellle ABa 9ucia , a uMeHHo 0 u 2 ,9To0BI CyMMa JaBajia OCTaToK 2 To
monyito 3 . [lomyuaercs ato nmubo (6,5), mi6o(3,2), mu60(6,5,4,3,2), mu60(5,4,3,2). To ecTh
BO3MOYKHBIC YHCIIa X ,KOTOpPBIE MOTIIM OBITh 3alMCaHbl Ha TOCKe 3T0 6353, 3323,6353433323,
53433323 — B §-0i1 3anucH.

[TocmoTpuM Ha ocTaTku Mo Moy 7 uucia p*(p+6), (p He paBHO 0 11O MOYAIO 7,TOTBKO €CIH P
=7wu p+6 =13, up+6 "He paBHo 0 mo moxnymto 7 uHaue p+6 =7 — p = 1 wI0X0)

p*(pt6) = 0*6(0ocobsbrii cyuait) ; 1*0(mmoxo); 2*1; 3*2; 4*3;5%4;6*5 = 0;2;6;5 mo momymto 7 .
[Tocmotpum Ha ymncio 6353 B 8-oii cucreme . OHO IO MOnyJIrO 7 aet octatok 6 +3 +5+3 =3, 1k
8 mo moaynto 7 paBHO 1. M 3T0 uKco nonyyaeTcs He MOJIXOAUT ,TK OCTATOK APYTOH.

UYucno 3323 B 8-0¥ 3anucu Mo MOAYNw 7 gaet octatok 3 + 3 + 2 + 3 =4 .[1noxo,Tk He 2,5,6.
Yucno 53433323 B §-oii 3anucu o Mogymo 7 Aaet octarok 5 + 3+4+3+3+3+2+3 =5 . Bo3amoxxHO
TTOJTXO/THT.

Uucno 6353433323 B §8-0if 3anucu o MOAYIO 7 JaeT ocTarok 6+3+5+3+4+3+3+3+2+3 =
0.0Oco0b1it citydail BO3MOXKEH TOJIBKO ecliu p = 6 , HO yucio 6353433323 B 8-oii 3anucu Oombliie
yricna 6*13 B gecsITHUHON . 3HAYUT HE TIOAXOIHNT.

3HAUUT €Cu y = 3 ,TO MOXKET MOJXOAUTH TOJIBKO BO3MOXKHO YKCIO X = 53433323,

3amaga Ne 5.

Pemenue :

3n-1, 6nt+1, 6n+4,6n+7

3n-1+ 6n + 1 = 9n. 3HaunTt 6aHK MOXET BBIAATh JTI00YI0 cymMy Buaa 9nk (k — memnoe , He
OTPHUIIATETHHOE)

ITycts X =9nq + 3p, rae 3p ocratok o moayito 9n ,te 3p <9n — p <=3n-1

Ecnu q >=p Torna X =9n(q-p) + p*(3n-1 + 6n+4) — 6aHk MOXKET BBIIATH . 3HAYUT q <p <=3n- | —
q<=3n-2 — X<=9n(3n-2)+3(3n-1) = 27n"2 -9n-3

ITycts X=9nq + (3p+1) u3p+1<9n— p<=3n-1.

X=9n(q—1) + (6n+4) + 3n+3p — 3) = (6n+4) + In(q-1) + 3*(n + p — 1) u GaHK MOXKET BBIAATH ITY
cymMmy eciii g-1>=n+p—1 < q>=n+ p. Torma eciin q <=n+p — 1 <=4n-2,70 BO3MOXKHO YUCJIO
X Hemb3s BbIIATh B OAHKE .



