Ilepewtit (3a04HblLIl) OHAATUH-IMAN AKAOEMUUECKO20 COPECHOBAHUSA
OauMnmansl WK0JILHUKOB «ar B Oyaymee» nmo o0meodpaszoBaTeibHOMY NpeAMeTy
«MaremaTuka», ocenb 2020 r.

9 knacc

Bapmuanr 1
Nel. B nmorepeitHoM Oumete 8 kinetouyek. B kaxayro MOKHO MTOCTaBUTH JTr000e uncio ot 1 1o 8. Kierouka
CUMTAETCs] 3aMOJIHEHHOW YCHEIIHO, €CJIM Ballle YUCJIO COBIAJO C YHUCJIOM, CTOSIIEM HAa 3TOM MECTE
B BBIMTPHIIITHOM HOMepe (OH €IMHCTBEHHBIH M (UKCHUpPOBAHHBIN, BhI ero He 3Haere). CKOJBKO €CTh
CIIO0CO0O0B 3aIMOIHUTH JTOTEPEUHBIN OWIIET TaK, YTOOBI POBHO 3 KJICTOYKHU U3 8 OBLIN 3aIIOJHEHBI YCIIEITHO?

Ne2. HezaBucumas sKcriepTHasi 1abopaTropust onpeaessieT peHTHHT MICOPYOOK Ha OCHOBE CpeHEH IIeHbI
P (B p.3amTyky). [lokazareneii pynaknuonaabHocTH F, kauectBa Q u qu3aitna D. Pelitunr R Beruncisercs
no gopmyne R = 4(2F + 2Q + D) — kP, rae k — Hexoropsiii koaddurrent. B Tabnuie mnaHbl neHbI
U TI0Ka3aTeNy YeThIpeX Mojesel MsIcopyOoK.

Llena mscopy0Oku
Monens MscopyOku O YHKIIMOHATIBHOCTh KauectBo Juzaiin
(p.3a mrT.)
A 4400 0 4 4
b 6300 1 4 3
B 5500 2 4 3
r 5300 4 4 1

Omnpenenure HaMMEHbIIee 3HaueHHE K, MpU KOTOpOoM peHTHHT Mojenu b Oyner He Gosblie pelTHHra
monenu I.

Ne3. OnnHa U3 CTOpOH TpeyroyibHUKa paBHA 34, a KOCUHYCHI YIJIOB, IPHJIEKAIINUX K 3TOH CTOPOHE, PaBHBI

15

8 .
T, ¥ . Halinute nepumerp TpeyrosnbHUKa.

39633
Ne4, Haiinute mocnenHioro udpy dyucia 20793 .

NeS. MmeeTcs Tpu KycKa CIJIaBa MEJIU ¢ HUKeJeM B oTHoeHM:X 2:1, 3:1 u 5:1 no macce. M3 HUX crutaBieH
KYCOK Maccoi 12 Kr ¢ OTHOIIIEHUEM cojepxaHus Menu u Hukens 4:1. Haliqute maccy TpeTbero Kycka,
€CIIM Macca MepBOro U3 HUX B JIBa pa3a 00JIbIIE MacChl BTOPOTO.

Ne6. B paBHocTOpoHHEM TpeyroapHuke ABC crtopona pasHa 6. Touka K npunaanexur orpesky AB u
AK:KB=2:1, na nponomxenuu ctoponbl AC 3a Touky A B3sita Touka M Takas yto KM=KC. Onpenenure
JUIMHY oTpe3ka AM.

Ne7. YV narypansHoro uncina N HocuuTau HpoM3BeIeHHE BCEX €ro HaTypalbHBIX AenuTeneil (BKI0Yas ero
camoro). OKa3anock, YT0 MAKCUMANbHAs CTETIeHb ABOWKH, Ha KOTOPYIO JAETUTCS TOMydeHHOe Yucio — 2178,
Haiinure naumensinee N ¢ Takum cBoicTBOM. B 0TBeTe ykakuTe deThIpe mociaeanue mudps urucia N.

Ne8. Omnpenenure HauMeHblIee 3HAUYEHHUE BBIPAKEHUS X2 + Xp2, €ClU Xy U X, - KODHU ypPaBHEHHUS
x*+B8—-—a)x—a—-3=0.

Ne9. Bans, nonro ymuoxas, Beruuciaun 2020! B uucne, nonyuennom Bawneii, Kcroma cineBa HampaBo
paccraBuiia 3HaKU JEUCTBUN: MEXIy MEepBOM M BTOPOMl LudpamMHu 3HAK «-», MEXKIY BTOPOIl U TpeThei
mudpamMu 3HaK «+», MEXIY TPEThe U UETBEPTON — «-», U TaK Jaiee, 10 KOHIA. 3aTeM BaHs BBIYHCIIII
pe3ynbTaT ATuX AcicTBui. B momydennom Baneit uncne Kcromma onsite pacctaBuiia Mexy udpaMu 3HAKHA
«-» U «T» 10 TakoMy ke npasuiy. Ilocie sToro BaHs onsaTe BIUMCIUI pe3yabTar, U Tak panee. Ilocie
HEKOTOPOTO KOJIMYECTBA TAaKUX OMNEpaIfii ObLIO MOy4eHO oHO3HaYHOe uncio. Kakoe?



Pemenne Bapuanra 1

Nel. B norepeiinom omiere 8 kireTodek. B kaxayro MOXKHO IMOCTaBUTH Jr000e uucio ot 1 1o 8. Kinetouka
CUMTAETCs] 3allOJTHEHHOM YCIEIIHO, €CIM Ballle YUCJIO COBIAJIO C YKCIOM, CTOSIIEM Ha 3TOM MECTE B
BBIMTPBIIITHOM HOMEpE (OH €TMHCTBEHHBINA M PUKCHPOBAHHBIH, BB €0 He 3HaeTe). CKOJIBKO €CTh CIIOCO00B
3aIlOJIHUTh JIOTEPEHHBIN OMIIET Tak, YTOOBI POBHO 3 KJIETOUYKHU U3 8 ObUIN 3aI0IHEHBI YCIEIHO?

Penrenne.
8*7%6

3%2%1
CJIY4acB TPU YCIICHIHBIX HOMCpPaA 6yl[yT HUMECTDb (1)I/IKCI/IpOBaHHBIe 3Ha4YCHUs, a OCTAJIbHBIC 5 HOMCPOB MOT'YT

NPUHAMATh JIFOOBIE 3HAYEHMS, KpOME NpPaBHIBHBIX, TO €CTh BCEro OyaeT 7° BAPHAHTOB 3allONHHTH
OCTaBIIMECS KJIETKH HYKHBIM 00pa30M, JIsl KaXKIOTO M3 3THX 56-TH pacrpeeeHui YCIEIHbIX KIETOYEK.
[Momyaaem oTBeT 56 * 7°

Pacripesiesnienye ycenHbIX KIeTodek MoKeT npousoiitu (C3 = = 56) cnocobamu. B xax oM u3 3Tux

7° = 16807
56 * 16807 = 941192
Otser: 941192.

Ne2. HesaBucumas 3KCriepTHas JJaOOpaTOPHs OMPEeIIsieT PEUTUHT MACOPYOOK Ha OCHOBE CPEIHEN IIEHBI
P (B p.3amrtyky). [Tokazareneit pynkiumonansHoctu F, kauectBa Q u nuzaiina D. Peittunr R Beruucnsercs
mo popmyne R = 4(2F + 2Q + D) — kP, rae k — HexkoTopblii koaduient. B Tabnuiie gaHbl HeHbI U
MOKa3aTeJN YEThIPEX MOJIeNIel MICOPYOOK.

Monenb Llena msicopyOxmn
@DyHKINOHAIBHOCTD KauecTBO Ju3aitn
MSICOPYOKH (p.3a mr.)
4400 0 4 4
b 6300 1 4 3
B 5500 2 4 3
I 5300 4 4 1

Omnpenenure HaMMeHbIlee 3HaueHHE K, Mpu KOTOpoM peHTHHT Mojenu b Oyner He Gosbliie pelTHHTa
monenu I.

Pemenne.

Rp=4(2 + 8 + 3) - k-6300 = 52 - 6300k

Rr=4(8 + 8 + 1) - k-5300 = 68 - 5300k

CocraBum HepaBeHCTBO: 52 — 6300k < 68 — 5300k
-1000k <16
k>-0,016

Orer: mipu k = -0,016.

Ne3. Opna U3 CTOPOH TpeyrosibHUKa paBHa 34, a KOCUHYCBI yIJIOB, IPUJIEKAIUX K 3TOH CTOPOHE, PaBHBI

15

8 .
T, ¥ - Haiinute nepumerp TpeyronbHuKa.

Pemenne:

1) Jlns perreHus 3aga4du MPOBEAEM JOMOTHUTEIBHOE TOCTPOCHHE: BD L AC



BD sin(£A) _ 15\ 8
tg(LA)=— = . === | ==
) 9(4A)="5 COS(ZA)_sm(zA):\/l—cosz(éA)_Sm(ZA) 1 (17) 17.
8 15 8
tg(LA)=—=1—=—
9(<A) 17 17 15
BD sin(£C) 8) 15 15 8 15
tg(LC = = sin(£C) = 1—(—) =— tq(/C)="2— ==
) )=bc cos(£C). (£C) 17 17;9( =717 3
ap-8 _pc.
" BD=AD-tg(<A)  BD=DC-tg(£C) , 15 8
AD-2 —(34-AD). 2
Tak Kak DCZAC_AD, T.C. DCZ34_AD, TO 15 3HaunuT
ap 415" 215
64AD =(34—AD)-15° (64+225)AD=34-15" "~ " " 5g9 17
AD 2.15% 15
B=—"—— = :—==2.15=30
5) COS(ZA) , TO €CTh 17 17 )
. BC:\/ACZ+ABZ—2AC-AB-cos(4A);_
7 Pusc =AB+BC+AC=30+16+34=80
OtBet: 80

39633
Ne4, Haitaute nocneaHiow mudpy ducia 20793 .

Pemenne. 3ameTnm, 4yTo ocneAHss nudpa Mpou3BeIeHUS HATYPATbHBIX YHUCEN TaKasl e, KaK OCTIETHSIS
uudpa mnpousBeneHUs] MOCAEAHUX MHUPP DTUX YHCEI. [Tonp3ysice 3THM TPaBHIOM, COCTaBUM
MOCJIEIOBATEILHOCTh TOCNeTHUX Iudp cremened Ttpoiku: 3,9,7,1,3,9,7,1,--- 3ametum, 4TO B ITOM

M0CJIeI0BATEIbHOCTH OJIOKH 110 ueThipe udpsl 3, 9, 7, 1 MOBTOPSIOTCS, 3HAYUT, MOCIEAHS Ludpa yrciaa

39633
3 3aBUCHUT OT TOT'0, KAKOW OCTaTOK OyneT naBaTh urcio 39633 npu neneHun Ha 4 (Tak Kak 010k 1o 4

339633

uugpsl). Tak kak octatok 39633 npu nenenuu Ha 4 paBeH 1, To 3aKaHYMBACTCA HA TaKylO XKe

1
udpy, Kak u 3 . Takum oOpa3zoM, mocieanss nudpa uucina — 1o 3.
OtBer: 3

NeS. Mmeercs Tpu Kycka CruiaBa MeJiy ¢ HUKesleM B oTHomeHusix 2:1, 3:1 u 5:1 mo macce. M3 HUX crutaBiieH
KyCOK Maccoi 12 Kr ¢ oTHoLIeHuEM coaeprkaHus Menu U Hukens 4:1. Haiinure maccy TpeTbero Kycka,
€CIIM Macca IepBOro U3 HUX B /IBa pa3a O0JbIIE MAacChl BTOPOTO.

Pemenue:
I[TycTs Macca BTOPOro Kycka X Kr, TOTJa Macca IIEpBOro Kycka 2 Kr, a Macca TPEThEro KyCcKa y KT.
Mens Huxenb
2 1
1 Kycok —-2X —2X
3 3
3 1
2 KyCOK —X =X

4 4




3 5y 1y
KYCOK — _
Y 6 6
N 4, %8 1, 12
Macca HOBOI'O CIlJiIaBa X+ X+ y - , Macca ME€IU U HUKCEIA B HEM 5 5 n 5 5
COOTBCTCTBCHHO.
3X+y=12
-22x+§x+§y:&6
3 4 6
Ex+£x+ly:2,4
Beimuiem cucreMy ypaBHEHUI 3 4 6 ;
{16x+9x+10y:1152 {25x+10y:1152_
y=12-3x y=12-3x ' 25x+120-30x=115,2.

—-5x=-4,8. x=0,96

Macca TPeThero Kycka.
OtBer: 9,12 kr.

y=12-3x=9,12 _

Macca BTOpOTo Kycka, 1,92 — macca mepBOro Kycka,

Ne6. B paBHoctoponHeM TpeyroiabHuke ABC cropona pasna 6. Touka K npunagiexut orpesky AB u
AK:KB=2:1, na nponomkenuu ctoponsl AC 3a Touky A B3sita Touka M Takas yto KM=KC. Onpenenure
JUTHHY oTpe3ka AM.

Pemennue. B
1. IToctpoum Touky P : P€ AC, AK=AP=4.

2. tpeyronpauk AKP paBHOOempennbiif, T. k. AK=AP=4, 2A=60"
=>rpeyronbHuk AKP paBHOCTOpOHHUIT =

KP=AK=AP=4 =~PC=2.

3. £ KAM=£KPC=120¢,

4. tpeyronsHuk MKC paBHoOeapennsiif, T. k. MK=KC no ycnosuto.
5. £ MKA=2CKP=180"~ & -120-,
6. Tpeyronpank MKA = tpeyronsauky KPC aBym croponam u yriry
MexIy HUME =~ MA=PC=2.

Otser: 2

Ne7. YV narypansHoro uncna N mocuuTany Npou3BeIeHHE BCEX €ro HaTypajlbHBIX AeuTeNneii (BKIoyas ero
camoro). OKa3anock, YT0 MAKCUMANbHAS CTETIeHb ABOWKHU, Ha KOTOPYIO JAETUTCS TOMydeHHOe Yucio — 2178,
Haiinure naumensinee N ¢ TakuM cBoiicTBOM. B 0TBeTe ykakuTe deThipe nociequue nudps yncia N.

Pemenue:

[TycThb B pa3JiokeHHE STOTO YHCIIa Ha TIPOCTHIC MHOKHTEITH YHCIIO 2 BXOJIUT B CTEIIEHU a (OYCBHUJIHO,
a>1). Kpome toro, mycts y 3Toro uncia poBHO K HeueTHbIX fenuteneii (K>1, Tak kak Bcera ecTb XOTs Obl
OJTMH HEUETHBIN AenuTeNh — yuciio 1). Torma Kakaplid uX 3THX K HEYETHBIX JIEIUTENEH TPH YMHOKEHHH Ha
21, 22, ..., 2% nopoXkaaeT a YeTHBIX JenuTeNei, NpuueM MX Mpou3BeeHHe OYyIeT COoAepkKaTh UHCIO 2 B
crenenu 1+2+...+a = a(a+1)/2 = 178. Pemm 310 ypaBHEHHE B HaTypaidbHbIX uuciax. [lockonpky 178
pacKiIaapIBacTCsl Ha IPOCTHIC MHOXKUTENH Kak 2*89, ogHo u3 uncen K, a, (a+1) kpatao 89. Ho ato HE MoryT
ObITh a win (a+1), Tak Kak Toraa a(a+1)/2 > 88*89/2 > 178. 3naunrt, Kk kparHo 89. B takom cinyuae, a(a+1)/2



=1 mim 2, To ecthb a(a+1) = 2 wnu 4. BOo3MOXEH TOJIBKO MEPBBIA citydaii, mpu kotopoM a = 1. Torma k =
178. Utak, moboe uncio N, mpou3BeneHne AeIUTeIeH KOTOPOTO COAEPKUT 2 poBHO B 178 cTeneHu, nMeer
poBHO 178 HEUETHBIX JISTUTETICH U COJIEPIKUT B CBOEM Pa3JI0KEHUH Ha IPOCTHIE MHOKUTEIIH YHCIIO 2 POBHO
B mepBoii crernenu. Paccmorpum N/2 — HedetHOe umciao ¢ poBHO K = 178 penurensmu. KomamuecTBo
JeUTeNeH HaTypaibHOro uncia paBHO (x1+1)*(x2+1)*...(xm+1), rme x1, X2, ..., Xm — CTEIIEHU MPOCTHIX
MHOXHTENeH B ero pasnoxkenun. Y uncia N/2 310 BepaskeHue paBHo 178 = 2*89, tak uto mmbo N/2 = p’’
, mu6o N/2 = p®*q, rne p u q — neuetHsle npocThie uncna. Urax, moboe noaxoxsmee N BBINIAAUT 1160
kak N = 2*p177, oo xkak N = 2*p88*q, Y BCE TaKHe YKMCIIa moaxoAaT. HammeHsIee cpeiu HuX, O4eBHIHO,
gpcno 2*388%5 = 10%9*=10%(10-1)*. ITo 6urOMY Hel0TOHA: TOCTHemHue Tpu 1udps uucna (10-1)* — 1o
nociexaue Tpu muphl uncna Ci, * 102 x 142 — Cf, + 101 + 143 + €2, * 10° * 1** (ecnm cremens 10
Oospie 2, To mocienHue Tpu nudpsl B yrcie paBHbl 0 1 HE MEHSIOT TMOCIEIHUE TPU HUPPHI CyMMBI )=
22*43*100 - 44*10 + 1 = 94161, o ectb 161

OrtBet: 1610.

Ne8. Omnpenenure HauMeHblIEE 3HAYECHUE BBIPAKEHUS X2 + Xp2, €ClU Xy U X, - KODHU ypPaBHEHHUS
x*+B8—-—a)x—a—-3=0.

2
Pemenue. D =(a—8) +4(a+3):a2 —~12a +76.

kopHs. Ilo Teopeme Buera nomyuum:

D> 0 gns mr00BIX @, 3HAYNT BCEraa MMEET JiBa

X +x,=a-38,
X, x,=—(a+3) y=x"+x,"=a’—16a+64+2a+6=a’—14a+T70.
y=a’-14a +170.

OyHKIMA y KBagpaTUyHasi, rpaduk nmapadosia BEeTBU MapaboIibl HalpaBlIeHbl BBEPX.
2 2
X+ X
CnenoBaTtenbHO, HAUMEHbILIEE 3HAYEHUE BBIPAKEHUE
paBHO 21.

Otser: 21.

Oyner nmpuHUMaTh Npu a=7 u Oyner

Ne9. Bans, nonro ymHoskas, Berauciaua 2020! B yncne, nonyuenHoMm Baneid, Kcroma cneBa Hampaso
paccraBuiia 3HaKU JEUCTBUN: MEXIy MEpBOM M BTOPOHl LuppamMH 3HAK «-», MEXKIY BTOPOIl U TpeThei
udpaMu 3HaK «+», MEXy TpeThei U YeTBEpPTON — «-», U Tak jaajee, 10 KOHIa. 3ateM BaHs Bbrauciun
pe3ynbTaT ATHX JeicTBuil. B monyyennom Baneii uncne Kcromia onsate pacctaBuiia Mexay LudpamMu 3HaKH
«» U «+» mo TakoMy ke npasuity. ITocne aToro Bans onsaTe BeIYMCINI pe3ynbTaT, U Tak paiee. ITocne
HEKOTOPOT'0 KOJIMYECTBA TAKUX OINlepaluii ObLIO MOJYy4eHO OJHO3HaYHOe uKcio. Kakoe?

Pemrenne.

Uucno 2020! kparno 11. U3BecTHO, yTO uncao KpatHO 11 Torga um TOABKO TOTHa, KOT/a Pa3HOCTh ABYX
CyMM TIU(p B €ro MECATUYHOM 3alKCH: CTOSIIMX HA HEYETHBIX MECTaX W CTOSIIMX HAa YETHBIX MECTax,
kpatHa 11. [Tosromy xomOuHanms uudp, cocraBienHas Kcromelt, onsaTe naet uncio kpatHoe 11, u tak
nanee. TakuM 00pazoM, KaXKJ0€ U3 Ynces, MoJydaeMbIX B pe3yJbTaTe ONMMCAHHBIX onepanuid, kpaTtHo 11.
Cy1iecTByeT eIMHCTBEHHOE OJJHO3HAYHOE YuCio, KpatHoe 11, 3To uucino 0.

Otser: 0.



