IlepBblii (3204HBbIN) OHJIAH-ITANl AKAJEMUY€CKOT0 COPEBHOBAHMS
Ommmnuanpl KOJILHUKOB «Illar B Oyaymee» mo npopuia «KomnbroTepHoe MoaeJMpOBaHUe
U rpajduka) o6ueodpasoBarenbHbIN Npeamer «MaremaTnka», ocenb 2020 r.

10 kaace

Bapuanm 2

Nel. JIBa BEJIOTrOHIIMKA CTapTOBAJIM OJHOBPEMEHHO ¢ OOIIEro Hayaja Beslonpolera, OMH CO CKOPOCThIO
40 km/4, apyroi co ckopocthio 30 km/4. Uepes moidaca ¢ TOro K€ MEcCTa 10 Tpacce Benonpodera Beiea
32 HUMU BbleXaJl MOTOLIMKJINCT. HaliiuTe ckopocTh MOTOLMKIIMCTA (B KM/4), €CITHM U3BECTHO, UTO OH JIOTHAJI
MepBOTo ToHIKKa Ha 1 yac 15 MUHYT 103Ke, 4eM BTOPOTO.

Ne2. JTana npsimoyrosbHas Tpanenus ABCE, ocnoBanus kotopoit BC u AE paBHbI 5 11 7, COOTBETCTBEHHO.
Mensbmias 6okoBasi ctopona AB paBana BC. Ha AB ormeuena touka F tak, yto BF:FA=2:3, na AC
ormeueHa Touka G Tak, utro AG:GC=4:1; na AE ormeuena touka D Ttak, uro AD:DE=5:2. Onpenenure
rpagycHyio mepy yria DFG.

Ne3. B reomeTpuyecKkoil mporpeccuu cymma TpeX MEPBbIX YWICHOB M CyMMa BEJIWYUH, OOPATHBIX ITHM
4yuciaM, oJuHakoBbl M paBHBl 1580. Haiftn HamMeHblllee BO3MOXXHOE 3HAYEHHUE BTOPOTO WIIEHA 3TOU
MIPOTPECCHH.

A4, BB,,CC,
BBM

0
Ned. B T1peyroinbHUKe ABC C yriom £B =120 MIPOBEICHBl OMCCEKTPHUCHI

Otpe3ox AB, nepeceKaeT OMCCeKTpUCy CC, B Touke M. Haiitu rpagycHyro Mepy yria

Ne5. Xo3siika 1 3aCOJIKH OT'YpPLIOB HUCHOJIB3YET Paccoi, KOTOPbIi roToBUT Tak: Ha 350 r Boasl 6eper 90 r
comu. [IbITasice ucnpaBuTh OMIMOKY HEONBITHON MOMOITHUIIBI, X03s1Ka BCTalla epe1 npodiemon: 1 1utp
9%-ro coseBOro pacTBOpa HajJo JIOBECTH JI0 HYKHOH KOHIIeHTpannu. CKOJIbKO TpaMMOB COJIM OHA JO0JDKHA
100aBUThL?

Ne6. {151 Bcex HeOTpHUILaTeNbHbIX 3HAYCHUI BELIECTBEHHOW MnepeMeHHoN x QpyHKIH f (x) BBIIOIHSAETCS

20 2019
yenosue f(x+ 1) +1 = f(x) + DG Brerauciure 2019 ° ecim f(0) = 2019.

Ne7. Kakoe HauMeHbIIIee YMCII0 KIETOK Ha/I0 3aKpacuTh B KBaJIpaTe co CTOpoHOH 35 kieTok (35x35 —Bcero
B KBajipaTe 1225 kieTok), 4ToObI Cpe/in JIIOOBIX YEThIPEX ero KJIETOK, 00pa3zyromux yrojok (purypy «I'»),
00s13aTenbHO OblIa XOTs Obl OIHA 3aKpalleHHAs!.

Ne8. Haiinnute cymMmMmy BCexX IENBIX 3HAYSHHUH S, TPH KOTOPBIX YpaBHEHHE
11|g + 1| — 4q = ||q —s|+ 2q|
OTHOCHUTEIIBHO @ HE UMEET HU OJTHOTO KOPHSI.

Ne9. (crapunHas 3ana4a). M.B. JIoMOHOCOB B 10HBIE T'OJIbI TPATUJI OJHY JCHEXKKY Ha Xje0 u kBac. Kornia
1eHsl Beipocau Ha 20%, To Ha Ty Xe JACHEXKY OH mpuoOpeTan moixieda u kBac. Eciau niensr emé pas
BbIpacTyT Ha 20%, TO CKOJIbKO Oy/IeT CTOUTh KBac?



Pemenne Bapuanra 2

Nel. JIBa BEJIOrOHIIMKA CTaPTOBAIM OJHOBPEMEHHO ¢ OOIIEro Hayaja Besnonpolera, OMH CO CKOPOCTbIO
40 xm/4, pyroii co ckopocthio 30 km/4. Yepes mosgaca ¢ TOro ke MecTa Io Tpacce Belonpoodera Beies 3a
HUMH BbleXaJl MOTOLMKIUCT. HaliinTe ckopocTh MOTOLMKIIMCTA (B KM/4), €CIIM U3BECTHO, YTO OH JIOTHAJ
MepBOTo ToHIKKa Ha 1 yac 15 MUHYT 103Ke, 4eM BTOPOTO.

Pemienue
O06o3HauUM: ¥ — CKOpPOCTh MOTOLMKIWCTA, ty,t, — BpeMs, dYepe3 KOTOPOEe MOTOIMKIMCT HarHal
COOTBETCTBEHHO MEPBOTO M BTOPOTO BeIOroHIMUKOB. [lo ycnoButo vty — 40t; = 20 u vt, — 30t, = 15.
Bripasum u3 ypaBHeHuil tq, t, U NpUpPaBHAB UX PA3HOCTH K 1,25 yaca, Moay4nuM ypaBHEHHUE
20 15 5

v—40 v-30 4
KOTOpOe€ MpeoOdpa3yercst K KBaApaTHOMY YPaBHEHHIO

v? —74v + 1200 = 0,
v; = 50 KM/4, v, = 24 KM/4 — He noaxomut (24 < 30) 1o YCIIOBHIO 3a/1a4H.
OrtBet: 50.

Ne2. JTana nmpsimoyrosbHas Tpanenus ABCE, ocnoBanus koropoit BC u AE paBHbI 5 11 7, COOTBETCTBEHHO.
Mensbmiast 6okoBasi ctopona AB paBana BC. Ha AB ormeuena touka F tak, yto BF:FA=2:3, na AC
ormeueHa Touka G Tak, utro AG:GC=4:1; na AE ormeuena touka D Ttak, uro AD:DE=5:2. Onpenenure
rpagycHyio mepy yria DFG.

Pemenue
[Toctpoum nepnenaukymspsl Gl u GH.

B C
®
H G
@
E
45°
A I D E
@

1) AGID-AGFH - IO IBYM KaTeTam, TaK KaK Gl =GH =4; FH =1D =1, MOATOMY FG=GD,
/FGH = /DGl =a_

2) GUH _ ganpar, swaemr 216H =90, ZIGH = ZFGH + ZIGF = + ZIGF.

3) ZDGF = /DGl + ZIGF = a + ZIGF =90"
4) ADFG . NPSIMOYTOJIbHBIM paBHOOEIPEHHBIM TPEYroJlibHUK, TaK Kak FG=GD,

/DFG =45°,
OTtBeT: 45.

n 3HaA4YuT



Ne3. B reomerpuyeckoil mporpeccuy cymMma Tpex HEpPBbIX WICHOB U CyMMa BEJIIMYMH, OOPATHBIX 3TUM
yuciaaM, OJWHAKOBbI M paBHbl 1580. HailiThi HanmmeHblllee BO3MOXKHOE 3HAYEHHWE BTOPOTO YJIEHA 3TOM

[IPOTrPECCHUH.
Pemenne: [1o ycioButo 3amauu:

b, +b, +b, =1580 b, +b,q +b,q? =1580 b(1+q-+q?)=1580

1 1 1 2

=424 21580 1,11 1580 1+4+9 1589

b b, b < (b bg bg = bq

2.2 _ _ _
[Tomenum mepBoe paBEHCTBO HA BTOPOE, MOIYIUM: bl =l blq o il, CJIeIOBATEILHO, b2 o il, u
HaMMEHBIIICE 3HAYCHUE b2 paBHO -1,
[TpoBepuM, CYIIECTBYIOT JIX 3HAYCHUS q , YAOBJICTBOPSIOINIUE YCIOBHUIO 3a1a4H, IIOJACTAaBUM blq =-1 BO
2
1+0+9° _ 15 ) )

BTOPOE yPaBHEHUE CUCTEMBI: —q < 140+9°=-15800 « q" +1581q+1=0 :

JIMCKpUMHHAHT 3TOr0 YpPaBHEHHUS MOJIOKUTEIICH, 3HAYUT, PELIEHUS CYIIECTBYIOT.
Otser: -1.

BB, CC,

0
Ne4. B TpeyronbHuKe ABC . yroM £ZB =120 MIPOBEICHBI 6HcceKTpHCLIAA1’ . Otpe3ok

AB, nepeceKkaeT OUCCEKTpUCY CC, B Touke M. Haiitu rpagychyio Mepy yria B,BM

Penrenue

c1 120° A1

B1

B /BBK

HpO,Z[OJ'DKI/IM CTOPOHY AB 3a TOYKY ' TOrza BC 6I/ICCGKTpI/Ica yriia , 4 3HAYUT TOYKa A&-

paBHOYyZaJleHa OT CTOPOH BB u BK VYuuThIBas, 4TO TOYKa A JISKUT Ha OUCCEKTpHCE LBAC, a

3HAYUT U paBHOYAAJICHA OT €0 CTOPOH IMOJIy4acM, 4TO Ai paBHOYJAJICHA OT CTOPOH Bl u Bl , A 3BHAYHUT

/BBC /BBC.

B
B TPCYTrOJIbHUKC BBlC TOYKa M - TOUKa NepeCCUCHUA 61/ICCCKTpI/IC 1A1 u CCl’

/B,BM = /MBC =30-.

JIEKUT HA OMCCEKTpHCE . Takum oGpa3zom, 1A& - OuccekTpuca
a snaunt, 1 BM

TOXKE OMCCEeKTpuca ABlBC , CIIEJOBaTEIbHO
OTtBer: 30.



Ne5. Xo3siika 1 3aCOJIKU OT'YPLIOB UCIOJIB3YET Paccoi, KOTOPbI roToBuT Tak: Ha 350 r Boxsl 6eper 90 r
conu. [IpITasick UCTIpaBUTh OMMOKY HEOTIBITHON IMTOMOIIIHHIIBI, X03s1Ka BCTajaa mepen npoodaeMoi: 1 autp
9%-r0 coseBOro pacTBOpa HaJO JIOBECTH JI0 HY)KHOH KOHIIeHTpanuu. CKOJIBKO TPaMMOB COJIM OHA JOJDKHA
1100aBUTH?

Pemienue

IIycTh K pacTBOPY HyXHO 100aBUTH X TpaMMoB comn. ITocie 3TOro KOHIEHTPAIHs JODKHA CTAaTh TaKOi
e, KaK y Xo3aiiku. ITomyunM ypaBHeHHe (Macca pacTBOpa TaKKe YBEIHUUTCS Ha X TPaMMOB):

90 _ 90+ x
350+90 1000+X , grgypa 9 (1000+X)=(90+X)-44. 5040=35x. x=144
OtBer: 144 T,

Ne6. Jl1st BcexX HEOTpHUIaTeIbHBIX 3HAYCHUH BELIECTBEHHOW mepeMeHHoN X GpyHKIuu f (x) BBIIOTHSIETCS

yernosue f(x +1) +1 = f(x) + — 2 Brrunciute —— eciu f(0) = 2019.

(x+1)(x+2) £(2019) °’

Penienue.

3aMeTuM, 4TO

f(x +2019)- f(x) = (f(x +2019)- f(x + 2018)) + (f(x + 2018)- f(x + 2017)) + -+ (f (x +

20
D-f(0) = (x+2019)(x+2020) 1+ (x+2018)(x+2019) T4t i+ D(x+2)

Takum  obpasom, f(2019)- (0) = 20 (—— — — + ... + 1-2) — 2019 = 20 (1-—) — 2019.
2

2019 2020 2020
2019 _ 2020

£(2019) 20 = 101.

CnenoBartenbHO,
OtBet: 101.

Ne7. Kakoe HanMeHbIllee YHCIO KIETOK HAJA0 3aKpacuTh B KBajapaTe cO CTOpOHOW 35 kierok
(35x35 —Bcero B kBazpate 1225 KI€TOK), 4TOOBI Cpeau JHOOBIX YETHIPEX €0 KJIETOK, 00pa3yIoluX YTroIoK
(purypy «I'»), o0s3aTenbHO OblIa XOTs ObI OIHA 3aKpalllCHHAS.

Pemenue.

3akpaluBaTh HaJ0 MO JAUArOHaIN KXY 3-10 (CM. puC.), IpUYEeM KIIETKH, 3aKpallleHHbIE IBAXKIbl — HE
NZ

3aKkpamuBaroTcs. Takum oOpa3oM, OyaeT 3akpalieHo [?] KJIETOK. OTO MHHHMMAJIBHO BO3MOXHOE

KOJIMYECTBO, TaK Kak B JIIOOOM KBajpaTe 3X3 BHYTPH HCXOJHOIO MEHbBINIE TPEX KIIETOK 3aKpalluBaTh

HCJIb34.

Otser: 408.



Ne8. Haitgute cyMMy Bcex IEbIX 3HAYEHUH S, TIPU KOTOPBIX YpPaBHEHUE
11|g + 1| — 4q = ||q —s|+ 2q|
OTHOCHUTECIIBHO  HE UMECT HU OJHOT'O KOPH.

Pemenue

Paccmorpum ¢yukmmio f(q) = 11|q + 1| — 4q — ||q —s|+ 2q|. Koaddumment npu nepBomM mopyie
0OJIBIIIE CYMMBI MOJTYJIEH OcTalmbHBIX KO3 dummenToB npu q (11>4+1+2). Orcroaa ciieayer, 4To Ha BCex
uHTEpBaIaX 10 q = —1 K03QPUIMEHT B TUHEHHOM BBIPOXEHUHM OTPHIATEICH, a mocie q = —1 -
MOJIOKUTENCH, ¢ = —1 - Touka Munumyma. J{ist Toro, utoObl ypaBHenue f(q) = 0 He UMEIO HU OHOTO
KOPHSI HEOOXOMMO U JIOCTATOYHO, YTOOBI BEIIOIHSIIOCH HepaBeHCTBO: f(—1) > 0. PemnM HepaBeHCTRBO.
O6o3naunM |q + 1| = t, momyunm:

4—|t—2]>0,(t—2)>—-4%2 <0,

(t—6)(t+2)<0,te(—2;6),|lg+1|<6,q€(-7;5),

CyMMma LieJIbIX 3HaueHuu q: —11.

OtsBer: —11.

Ne9. (crapunHas 3agaya). M.B.JJoMOHOCOB B IOHBIE T'OJIbl TPATUJI OJHY JCHEKKY Ha Xj1e0 u kBac. Korna
1eHbI BeIpocan Ha 20%, TO Ha Ty e JICHeXKY OH mpuoOpetan monxieda u kBac. Eciu nensl emé pas
BbIpacTyT Ha 20%, TO CKOJIbKO OyZ1eT CTOMTh KBac?

Pemenne: IIpuMeM JeHeXKy 3a €AHHHUITY, CTOUMOCTh XJe6a 00603HadnM 32 X a CTOMMOCTB KBaca 3a Y,

x+y=1 1,2(0,5x+y)=1 0,6x+12y=1

. A TI0C]I€ TIOBBIIIICHUS . To ecTh

1 2

Torma 10 mOBBIIIEHUS [IEH

) 1,2-1,2
Pemas cucremy, Haxomum Xy y . 3 , 3 . Jlaiee, cuuTtas 3HAYCHUE BBIPAKECHUSA ’ y,
MOJIYYrM, YTO TOCIIE MOBBIMIEHUS IIeH Ha XJ1eb u kBac emé pa3 Ha 20%, Ha KkBac BCE Taku OyJeT XBaTaTh.

12.12y=12.12.2-24
3 25

Otser: 0,96.



