Mockoeckull 2cocydapcmeeHHblll yHugepcumem umenu M. B. /lomoHocosa

OJiMMNHuaZa MKOJIbHUKOB «JIOMOHOCOB»
0 MeXaHMKe U MaTeMaTHYeCKOMY MO/ e/JTHPOBAHUIO

3ajlaHus 3ak/aounTebHOro atana 2023/2024 yye6Horo roja AJis 7 — 8 KJ1accoB

Bapuanr 24-78

I"aBpuiia, cOerast BHU3 110 IBHXKYIIEMYCs BBEpX dcKanaTopy, Hacuurtai 60 crynenek. [ madupa, ma-
rast BBEpX 10 3TOMY ke dcKanaropy, Hacuutana 30 cryneHek. CoOCTBeHHast CKOPOCTh | aBpuIIbI B
TpH pasa 6obiie coocTBeHHON ckopocTH [ nmagupsl. CKOJIBKO CTYIIEHEK BHIHO HA 3CKajIaTope B
JAaHHBI MOMEHT BPEMEHH, €CJIM €I0 CKOPOCTh JIBM)KEHUS IIOCTOSIHHA?

CrepkeHb, TIOCTOSIHHOI'O CEYEHHUsI COCTaBJIEH M3 JIBYX CTEp)KHEH, pa3au4Hoi mioTHocTH. CieBa
CTep>KeHb Oosiee Jerkuil, cripaBa Oonee Tspkenblid. [ImoTHOCTH MaTepuanoB oTHocATcs Kak 1:3.
JUIMHBI JIEBOTO U PABOTO CTEPKHS OTHOCATCS Kak 2:1. B kakoM OTHOILIEHUH LIEHTP MACC COCTaBHOTO
CTEPXKHS I€TUT €ro JUINHY?

B o3epe mnaBaer xMbIxX B popme kyduka maccoit 160 r. Ty gacTs KyOuKa, KoTopasi HaXOIUTCS 10/
BOJIOM, HAYMHAET €CTh PhIOKa CO CKOPOCTHIO 15 T B MUHYTY. OZTHOBpEMEHHO C HEll HAJBOIHYIO YacTh
HAa4YMHAET €CTh NTUYKA CO CKOPOCThIO 5 I' B MUHYTY. CKOJbKO IpaMM cbecT nrtuuka? [InoTHocTs
sxMbixa 0,6 r/cM?, ioTHOCTB Bozibl 1 I/cMm>.

®epmep mpuodpen KBaIpaTHOE IOJIe, Yepe3 KOTOPOe MPOXOAUT y3Kast D

TponuHka. OcMmaTpuBas Moje, OH MPOIIEN 110 y4acTKy 4B 3a 15 MuHYT,
3aTe€M CBEPHYJ MOJ NPSMBIM YIVIOM HaJIEBO M Mpolen 1o yyactky BC 3a
8 muHyT. Ilocae 3Toro oH cBepHys 1O NPSAMBIM YIVIOM HalpaBo U Mpo-
mien no ydactky CD 3a 6 MmuHyT. BC€ 3TO BpeMs OH 1€ ¢ MOCTOSHHOM
CKOpPOCTHIO 3 kM/49ac. OH pemn, 9To Ha BEpXHEH YacTH 1moJis (OKparieHa

CBETJIBIM) OH TOCA/IUT JBIHH, KOTOPbIE B 3TUX KpasiX AAal0T yPOKaHHOCTb
300 11/ra, ¥ KOTOPBIE MOXKHO TIPOJIATH 110 1eHe 4 Thic. py6./i1. Ha nmknenn 4
YacTH 1o (OKpaleHa TEMHBIM) OH MOcaauT apOys3bl, ypokaitHOCTh KoTophix 400 11/ra, ieHa npo-
naxu — 3 TeIC. py0./11. Onpenenure CyMMapHYIO BBIDYUYKY depmepa.

Kocmuueckuii anmapat oOHapysKuiI cucteMy U3 1ByX 3Be31 Alpha u Beta, paccrosiHne Mexay KOoTo-
pbeIMu 2L He MeHsIeTCsI CO BpeMEHEM M MOOJIM30CTH OT KOTOPBIX HET IPYTMX MACCUBHBIX OOBEKTOB.
Bbbutn m3mMepeHs! ASHCTBYIONIME HA amapar co CTOPOHBI 3Be3/] CyMMapHbIE CHJIBI B JIBYX Pa3HbBIX
TOYKaX MPSIMOU, IPOXOASAIIECH Yepe3 ITU 3BE3/bI:

--- KOI'/Ia anmapar HaXOJWJICS Ha paBHOM PAacCTOSHUM OT 3THX JIBYX 3BE3J;

--- KOT'/Ia anmapar HaXxoauwics Ha paccTostHuu L oT 3Be3ab1 Alpha.

OTHo1IeHNE TEPBOM CyMMapHOM CHJIbI KO BTOPOI 0Ka3aJIoCh PaBHO M.

Haiigure oTHOmeHne Maccel 3Be3/161 Alpha k Macce 3Be3nbl Beta, eci n=1/2.

Jns cnpaBku. Criia rpaBUTAIIMOHHOTO IPUTSDKEHUS MEXKIY ABYMS TeJlaMU MPOMOPIUOHATIbHA Mac-
caM 3THX Tell 1 00paTHO MPOIOPIIMOHAIBHA KBAAPATy PACCTOSHUS MeX 1y HUMU. J[nsa chepuyeckux
TEJI PACCTOSIHUS MEKAY HUMHU OIPEENISAETCS pACCTOSTHUSAMU MEXIY LIEHTPaAMU 3THX TEJ.

18 gpespans 2024 2.



Pemenue.
1. Orset:7,5.
MycTb cobCTBEHHAA CKOPOCTb KaTepa U CKOPOCTb TEYEHUA PEKM PaBHbl COOTBETCTBEHHO X KM/Y 1 y KM/u.
Ecav nnoT npeogoneer pacctosHme S KM mexKay npuctaHamu A u b 3a t yacos, To

tY—(t—6)(x+Y)—(t—5)(x—J’) =
x+y t xX—y
y “t-6 y _t—S'

Tornma
_xty x—-y t t _
2= ) 5 Ct—6 t—% = 2(t-5(t—-4) =t

15
"3 nocnem{ero KBaJIpaTHOI'O ypaBHEHHUs NojlydyaeM t = 4 unu t = - ITo ycnoButo 3amauu t > 6, no-

sTomy t = — = 7,5 (uacos).
2. OTBeT: 19:11.
M3 ycnoBua 3agauv cneayert, YTo AnvHa | 6onee NJOTHOrO CTEPXKHA B 2 pa3a MeHblUe, YeM AANHA MeHee
NAOTHOrO CTEPXKHSA, @ NIOTHOCTb IEFKOTO CTEPXKHSA P B TPU Pa3a MeHbLLE NIOTHOCTU TAXKenoro. U3 aTux ycno-
BMI NONYYNUM COOTHOLLEHME Macc cTepxkHen (21 - p): (1 - 3p) =2:3. U3 ycnosua pasHoBecus byaem umeTb

ng(l—x)_Bmg<l+x>:>2(l—x)—3<é >:>x=%

Torma OTHOIIIEHHE YacTe COCTABHOTO CTEPXKHS CIIEBa U CIIpaBa OT LIEHTpa Macc OyAeT paBHO

Ly _19,11_ g
(21 — 1/10): (l +—) =22 =19:11
OtseT: 19:11
X
[ | l || y | |
2mg 3mg
3. OtseTt:40rT.

[Toka >KMBIX HE ChENIM IOTHOCTHIO, YacTh €ro OyJIeT HaXOAUTKLCS MO BOJIOH, a 4acTh HaJ BOJOU (TIpH
ATOM HE UMEET 3HaueHUs, B Kakoil mpornopuwn). [losTomy pbiOka u HTI/I‘-IKa 3aKOHYAT €CTh OJJHOBpE-

MEHHO. 3a 3TO BpeMs pbIOKa ChecT % 160 = 120 r, a nTuka 5— 160 = 40.

HucneHHble 3HaYEHU INIOTHOCTEN 3ECH POJIM HE UTPAOT.

4. Otset: 75,75 MAH. py6.

Jlnnnel yuactkoB AB, BC u CD (0HM IIOJIy4ar0TCs YMHOKEHUEM CKOPOCTH Ha COOTBETCTBYIOLLEE
15 _ 3 8 6
BpEMsi) paBHbI COOTBETCTBEHHO 3 s g KM= 750 M, 3- P 0,4xkMm =400mM, 3 i 0,3 kM =
300 m.
IIponomxum napannensHble npsmeie 4B u CD u npoBeieM NEPIEHUKYIIIPHbIE UM JIMHUN Yepe3

ToukH A ¥ D. B pe3ynbTaTe NoayduM IPAMOYTOJIBHUK C AUaroHanbo AD. CTOpOHBI IPIMOYTOJILHUKA
paBubl 750 + 300 = 1050 M 1 400 M. 3atem no Teopeme Iudaropa naxomum: AD? = 10502 + 4002 =



1262 500. ITockonpKy KBajpaT AUArOHAIN PaBEH YJBOCHHOW IUIOIMIAAN KBAaPAaTHOTO MOJsI, TO TUIO-
maab nojs pasHa 631 250 k8. M. = 63,125 ra.

Heran npusocst 1o 300 -4 = 1200 Teic. py0. ¢ rexrapa. Tak kak u 400 - 3 = 1200, To apOy3sI ¢
reKTapa MpUHOCST TaKyIo K€ BBIPYUKY, UTO U IbIHU. [loaTOMY cCyMMapHas BeIpy4Ka epmepa paBHa
63,125 - 1200 = 75 750 ThIC. py0. = 75,75 MuH. pyo.

19
5"

PeweHune. B nepBom caydae CUbl NMPUTANKEHNA AENCTBYIOT B Pa3Hble CTOPOHbI M AaTYMKKN GUKCUPYIOT BEN-
YUHY:

5. OrtseT: A) % WIn

F; =G (m|My—Mp |)/L2»
roe m — macca annapata, My, Mg — maccol 38e3g,.

Bo BTOpOM cnyyae

m

Mo ycnosuio

Mag—M (lx=1D) 9 ]x-1]) M
n:lAMBlz ~ = ,raex =-424>0,n>0.

Ma+2B (x+—) (9x+1) Mg

9 9
9-n
Ecrm 0 < x < 1, 70 umeem ypaBHeHMe Inx +n =9 —9x, nx = p— 3TO pelleHne UMeeT CMbICA, eCn
0<n<o.
9+n

Echm x = 1, To umeem ypaBHeHUe Inx +n =9x — 9, nx = P——

370 peweHne umeet cmbica, ecrn 0 < n < 1.
9+n

9-9n

9-n
eeml< n< 1, TO MMeeTCA OBa peleHnAa m u . OHKn coBnagaloT, ecaimn = 0.



Mockoeckull 2cocydapcmeeHHblll yHugepcumem umenu M. B. /lomoHocosa

OJiMMnMaZa MKOJIbHUKOB «J/IOMOHOCOB»
[0 MEXaHHKE U MaTeMaTHYeCKOMY MO/ eJTHPOBAHUIO

3ajaHus 3ak/aounTebHOro sTana 2023/2024 yyebHoro roga A 9 - 10 kiaccoB

BapuaHnt 24-910

I"aBpuiia, cOerast BHU3 110 IBHXKYIIEMYCs BBEpX dCKanaTopy, Hacuurtai 60 crynenek. [ madupa, ma-
rast BBEpX 10 3TOMY ke dcKanaropy, Hacuutana 30 cryneHek. CoOCTBeHHass CKOPOCTh | aBpuIIbI B
TpH pasa 6obiie coocTBeHHOU ckopocTH [ nagupsl. CKOIBKO CTYNEHEK BHIHO HA 3CKajaTope B
JAaHHBIA MOMEHT BPEMEHH, €CJIM €r0 CKOPOCTh JIBMYKEHUS IIOCTOSIHHA?

CrepkeHb, TIOCTOSIHHOI'O CEYEHHUsl COCTaBJIEH M3 JIBYX CTEp)KHEH, pa3au4Hoi mioTHocTH. Ciea
CTep>KeHb Oosiee Jerkuil, cripaBa Oonee Tspkenblid. [ImoTHOCTH MaTepuanoB oTHocATcs Kak 1:3.
JUIMHBI JIEBOTO U PABOTO CTEPKHSA OTHOCATCS Kak 2:1. B kakoM OTHOILIEHUH LIEHTP MAacC COCTaBHOTO
CTEPHS I€IUT €ro JUINHY?

B o3epe mnaBaer xMbIX B popme kyduka maccoit 160 r. Ty gacTs KyOuKa, KoTopasi HaXOIUTCS 110/
BOJIOM, HAYMHAET €CTh PhIOKa CO CKOPOCTHIO 15 T B MUHYTY. OZTHOBpEMEHHO C HEMl HAJBOIHYIO YacTh
HAa4YMHAET €CTh NTUYKA CO CKOPOCThIO 5 I' B MUHYTY. CKOJIbKO IpaMM cbecT nrtuuka? [lnoTHocTs
sxMbixa 0,6 r/cM?, mioTHOCTH Bozibl 1 I/cMm?.

®epmep mpuobpen KBagpaTHOE IOJIe, Yyepe3 KOTOPOe MPOXOAUT y3Kas D

TponuHka. OcMmarpuBas MoJje, OH MPOIIEN 110 y4acTKy 4B 3a 15 MuHYyT,
3aTe€M CBEPHYJ MOJ NPSMBIM YIJIOM HaJIEBO U Mpolen 1o yyactky BC 3a
8 muHyT. Ilocae 3Toro oH cBepHys MO NPSAMBIM YIVIOM HalpaBo U Mpo-
mien no ydactky CD 3a 6 MuHyT. BC€ 3TO BpeMs OH 1€ ¢ MOCTOSHHOM
CKOpOCTHIO 3 kM/49ac. OH pemmn, 9To Ha BEepXHEH YacTH 1mouis (OKparieHa

CBETJIBIM) OH TIOCAJIUT JbIHH, KOTOPbIE B 3TUX KpasiX AAl0T yPOKaiHOCTb
300 1/ra, ¥ KOTOPBIE MOXKHO TIPOJIATH 110 11eHe 4 Thic. py6./it. Ha mikneit 4
Y4acTH 1o (OKpalleHa TEMHBIM) OH MOCaauT apOy3bl, yposkaitHOCTh KoTophix 400 11/ra, ieHa npo-
naxku — 3 TeIC. py0./11. Onpenenure CyMMapHYIO BBIPYUYKY depmepa.

Kocmuueckuit anmapar o6Hapyxui cucreMy U3 AByx 3Be3l Alpha u Beta, paccrosnue mexay ko-
TOpPBIMU 2L He MEHSETCSI CO BpEMEHEM U MOOIM30CTH OT KOTOPBIX HET APYTUX MAaCCUBHBIX OOBEKTOB.
Bbbutn m3mMepeHs! ACHCTBYIONIME HA amapar co CTOPOHBI 3Be3/] CyMMapHbIE CUJIBI B JIBYX Pa3HbBIX
TOYKaX MPSIMOU, IPOXOASAIIECH Yepe3 ITU 3BE3/bI:

--- KOI'/Ia anmapar HaXOJWJICS Ha paBHOM PAacCTOSHUM OT 3THX JIBYX 3BE3J;

--- KOT'/Ia anmapar HaXxoauwics Ha pacctostHuu L oT 3Be3ab1 Alpha.

OTHo1IEHNE TEPBOM CyMMapHO# CHJIBI KO BTOPOH 0Ka3aJloCh PaBHO N.

A) Haiigure otHomenue Macchl 3Be371b1 Alpha k macce 3Be3nbl Beta, eciin n=1/2.

B) OnpeneJmTe BO3MOJXHBIC 3HAYCHUA OTHOLICHUA MACC 3THUX ABYX 3BC3 JIS KAXKAOT'O HCOTpHUILIA-
TCJIBHOI'O 3HAYCHUA 1.

18 gespans 2024 2.



Pemenue.
1. Ortset:7,5.
MycTb cobCcTBEHHAA CKOPOCTb KaTepa U CKOPOCTb TEYEHUA PEKM PaBHbl COOTBETCTBEHHO X KM/Y U y KM/u.
Ecav nnoT npeogoneer pacctosHme S KM mexKay npuctaHamu A u b 3a t yacos, To

ty=(t—-6)x+y)=0t-5k-y) =
x+y t X—=y t
= U

y t—6 y t =5
Tornma

X+y x-—y t
2 = —_ = —_
y y t—6 t—5
W3 nocneqHero KBagpaTHOro ypaBHEHMs nonydaem t = 4 win t = 12—5 ITo ycnoButo 3amauu t > 6, no-
aToMy t = 12—5 = 7,5 (4acoB).
2. OrtseTt: 19:11.

M3 ycnosua 3agaun cieayert, 4to AnvHa | 6onee NAOTHOrO CTEPXKHA B 2 pasa MeHblle, Yem AMHA MeHee

= 2(t-5(t—-4) =t

NNOTHOIO CTEePXKHA, @ NN1OTHOCTb JIEFKOTO CTEPXKHA P B TPU pa3a MmeHblle NN10OTHOCTU TAXKENO0ro. M3 aTtux ycno-

BMI NONY4NUM COOTHOLLEHME Macc cTepkHen (21 - p): (L - 3p) =2:3. U3 ycnosua pasHoBecus byaem umeTtb
l

l l
2mg(l—x)=3mg<z+x>:>2(l—x)=3<E+x>:>x=ﬁ

Torma OTHOIIICHHE YacTe COCTABHOTO CTEPXKHS CIIEBa U CIpaBa OT LIEHTpa Macc OyAeT paBHO

l 19 11
(21 — 1/10): (l + E) =22 =19:11
Otset: 19:11
X
[ | l || y | |
2mg 3mg
3. OtseTt:40rT.

[Toka >KMBIX HE ChENIM IOTHOCTHIO, YacTh €ro OYJIeT HaXOAUThLCS O] BOJIOH, a 4acTh HaJ BOJOU (TIpH

3TOM HE UMEET 3HAUYeHUs, B Kakoi npomnopiun). [loaTomy ppiOka 1 NTHYKaA 3aKOHYAT €CTh OJHOBpE-

5

MEHHO. 3a 3TO BpeMs pbIOKa ChecT 25 .160 = 120 r, antuuka — - 160 = 40 .
15+5 15+5

HucneHHble 3HaYEHUS IUIOTHOCTEN 3€Ch POJIM HE UTPAIOT.
4. Otset: 75,75 MAH. py6.



Jlnnnel yuactkoB AB, BC u CD (0HM IIOJIy4ar0TCs YMHOKEHUEM CKOPOCTH Ha COOTBETCTBYIOLLEE
15 3 8 6
BpEMsi) paBHbI COOTBETCTBEHHO 3 s g M= 750 M, 3- P 0,4xkMm =400mM, 3 i 0,3 kM =

300 m.

[Tpomomxum napasmienbHble npsiMbie AB u CD 1 IpoBeieM MepIeHANKYIISIpHbIC UM JTMHUAU Yepes3
TOukU A 1 D. B pe3yibTare moiny4uM NpsMOyToJIbHUK C TUaroHainbio AD. CTOPOHBI IPSIMOYTOJIbHUKA
paBubl 750 + 300 = 1050 M 1 400 M. 3atem no Teopeme Iudaropa naxomum: AD? = 10502 + 4002 =
1262 500. ITockonpKy KBajpaT AUArOHAIN PaBEH YBOCHHOW IUIOMIAAN KBAaPAaTHOTO TOJsI, TO TUIO-
maab nojst pasxa 631 250 kB. M. = 63,125 ra.

Hbran npunocst 1o 300 -4 = 1200 Tteic. py©. ¢ rektapa. Tak kak u 400 - 3 = 1200, To apOy3sI ¢
reKTapa MpUHOCST TaKyIo K€ BBIPYUKY, UTO U IbIHU. [loaTOMY cCymMMapHas BeIpy4Ka epmepa paBHa
63,125 - 1200 = 75 750 TbIC. pyb. = 75,75 MuH. pyo.

19

17
5. OtseT: A) — uau—.
27 9

5) 9-n

In+9

, ecinn € {0} U [1;9);

9-n
Iin+9

9+n
wim ———, ecimn € (0; 1);
CUTYaLMA HEBO3MOXKHa, ecimn = 9.

PeweHune. B nepBom caydae CUbl NMPUTANKEHNA AENCTBYIOT B Pa3Hble CTOPOHbI M AaTYMKN GUKCUPYIOT BEN-
YUHY:

F; =G (m|My—Mp |)/L2»
roe m — macca annapata, My, Mg — maccol 38e3g.

Bo BTOpOMm cayyae

m

Mo ycnosuio

My-M (Ix=1D) _ (9lx-1D M
n:lAMBlz ~ = ,roex =-424>0,n>0.

Ma+2B (x+—) (9x+1) Mp

9 9
9-n
Ecrm 0 < x < 1, 70 umeem ypaBHeHMe Inx +n =9 —9x, nx = p— 37O pelleHne UMeeT CMbICA, eCn
0<n<o.
9+n

Echm x = 1, To umeem ypaBHeHUe Inx +n =9x — 9, nx = P——

370 peweHne umeet cmbica, ecrmn 0 < n < 1.

Taknum obpasom, ecam n = 9, To cUTyaLMa HEBO3MOKHa;

9-n
eeml< n< 9, TO OTHOWEeHNe MacC HaxoanTcA OAHO3HAYHO U PaBHO m;

9+n
9-9n

9-n
eeml< n< 1, TO MMeeTCA OBa peleHnAa m u . OHKn coBnagatloT, ecaimn = 0.



