Ommmnunana «JIOMOHOCOB» no MexaHnke 1 MaTeMaTH4YeCKOMY MojeupoBanuio — 2022/2023
10 — 11 kaaccenl
Kpurtepuu onenox 3agayu:

Kaxxnas 3amaua onenuBaercst B 20 6amwioB. Onenka 20 6amioB CTaBUTCS 3a MPaBUIIBHOE U
IIOJIHOE pPEIICHHE 33Ja4l U IPABUIJIbHBIN OTBET.

3a pelnieHue ¢ pa3InyHbIMU HeloueTaMu (HEI0CTaTKU 0OOCHOBaHMSI, HETOUHOCTH U T. [1.)
craButcs 15 OansioB. B HEKOTOPHIX 3aauax CTABIIIUCH TaKkke oleHKH S 1 10 6ayuioB 3a yacTuyHOE
MIPO/IBIKEHHE B PELICHUU.

Buumanmue! Hmozoswiit 6ann yuacmunuka pagen cymme 01106 3a nams 3a0ay4 U3 wiecmu, mo

ecmp Xyouasn u3z wecmu OYeHoK 3a 3a0auu 6 cymmy 0annoe He 6xooum.

Pemenust 3aga4 BapuaHTa 231. OTBeTBI KO BCEM BapuaHTaM.

3agauya 1. XoKkkeHcT cierka yaapui 1o Jiexalleid HemoABMKHO Ha JIbJy 11aiide u npujan ei
HEKOTOPYIO TOPU30HTAIbHYIO CKOPOCTh, B pe3yJbTaTe 11aiida nepeMecTiiiach Ha 6 M U
octaHoBumiIack. [Tocne storo maiibe Oblila mprugaHa Ipyras TOpU30HTaNIbHAs CKOPOCTH,
neprneHukyispHas nepoi. I1yTe 10 ocranoBku coctaBuin 8 M. Hakoner, maiibe Obuta mpuiaHa
CKOpOCTb, paBHasi FEOMETPUUYECKON CyMME BEKTOPOB MEPBBIX ABYX CKOpocTeil. Halinure niuny

IyTH 70 MOJIHOW OCTAHOBKH IIAHOBI TTOCIIE TPETHETO yaapa.

mv? v?2
Pemenmne. I1o 3akoHy coxpaHEHUs SHEPTUU - = kmgs, S = 2% Torma

_ _ Vi R _ _
51——,52——2kg, 37 kg - 2kg —51+SZ—6+8—14-(M).
OtBeT: 14 M.

OTtBeT k Bapuanty 232: 17 m.

3agauya 2. Ha nepeBe BUCHUT CKBOpPEUHHUK B (popme nmapasuienenunena co croponamu 20 cMm, 15 cm u 15
cMm. [locne oTreneny u 3aMOPO3KOB Ha HEM CO BCEX CTOPOH Hapoc cioil ipaa. Touku Ha
MIOBEPXHOCTH JIbJ]a OTCTOSIT OT IOBEPXHOCTU CKBOpPEUHHUKA Ha paccTosiHue 4 cM. Ha ckosibko
BBIPOCIA Macca CKBOpeuHHka? CUUTaTh IIIOTHOCTH JbJa paBHoii 0,9 r/cm®. OTBer naiite B
kusorpammax. IIpuBennre kak TOUHBIN OTBET, TaK U OTBET C TOUHOCTBIO JIO COTBIX.

Pemenune. OOpa3oBaBIIMiics HAPOCT COCTOUT U3 LHIECTH MapalIeNenueaoB (KakIbli uMeeT
OCHOBaHMUE, COBIA/IAIOIIEe C OJHOM U3 CTEHOK CKBOPEUHHUKA, U BBICOTY 4 cM), 12 ueTBepTeit
HWIMHAPOB (KaX bl IIMHAP UMEET OCh, PaBHYIO peOpy MCXOAHOTO Mapasuiesenunena, u
panuyc 4 cM) U 8 MIapOBBIX CEKTOPOB, KOTOPBIE B CYMME COCTABJISIIOT LIap PaguycoM 4 cM.

CyMmMapHbIit 00b€M 3TOr0 HapOCTa PaBEH

(20-15+20-15+15'15)'2'4+7T'42'(20+15+15)+£T['4-3=
3



256m 19800+26567 3
= 3 CM".

. 19—0 = 5940+ 796,8m r = 5,94 + 0,79687 kr. Tak xak

= 6600 + 800w +

19800+2656m
Torna macca HapocTa paBHa ———————

3,141 < m < 3,142, T0 3TO YUCIO JSKUT B poMexyTke oT 8,4427488 no 8,4435456. 3uauwur,
OKpyTJIeHHOE 3HaueHue paBHO 8,44 kr. (OtMeTum, uTo onenka 3,14 < w < 3,15 He mo3BomseT
c/IenaTh HYKHBINA BBIBOI)

OrtBet: a) 5,94 + 0,7968m; 6) 8,44 kr.

OrtBet k Bapuanty 232: a) 5,76 + 0,7968m; 6) 8,26 kr.

OxpyriieHHe MOXKHO IPOBOJIUTE Pa3HBIMU criocobamu. [ 1aBHOE TpeOOBaHKE: OHO JOHKHO OBITh

OCHOBAHO Ha CTPOTHUX OLCHKAX, a HC HAa HpI/I6J'II/I)K€HHI>IX BBIYMCJICHUAX 0€3 OILICHKHU TOYHOCTH.

3agayva 3. ['aBpuia 4acTo €3/1WII B IIKOJIY HA BEJIOCHIIEE, TOTOMY YTO PACCTOSHUE OBIIIO HeManoe — 3
KM — IEIMKOM UATH Joaro. OHaxabl OH BbleXal B LIKOJY, 3a0bIB JoMa nopTdens. [1ana uepes
KaKoe-TO BpeMs 3aMeTuJ1 opTdenb, cesl Ha MONe U, BbiexaB Ha 6 MUHYT MO3K€ ChIHA, JOTHAJ
€ro 1o JJOpore B IIKOJY, OCJIE Yero TYT ke pa3BepHyJICcs U rnoexain aomMoi. Okaszanoch, 4To namna
BEpHYJICS JOMOM B TOT K€ MOMEHT BpeMeHH, B KOoTophblii ["aBpuia noOpasics o mikonsl. Ha kakom
paccTOsTHUM OT JioMa Tamna JorHan ['aBpuity, eciii ero CKopocTh Ha Moniezie Obuta paBHa 20 km/4?

Pemenne. YcioBue 3a1aud MOKHO BBIPa3uTh CUCTEMOM ypaBHEHHMIA (S — HCKoMoe paccrosiaue, V —

CKOPOCTh BeslocuInesna, t — mpoMexxyToK BpeMEHH, 3a KOTOpbIi ['aBpuiia ycren mpoexath myTh S):
S =V,

S—ZO(t 1)
N 10

3 S—V(t 1)
N 10/°

Uckmrouas S, mpusieM K CUCTEME IBYX YPaBHEHUM:

1
Vt=20(t—E> (20—V)1t=2, 2.2 3 1 40 30 .
= ——== = - = 1,
V=V (t——) V(Zt—ﬁ>—3 20—V vV 10 20—V VvV
OTKy,Z[aV—].Ot—gs Vt = 2 km.

OTtBerT: 2 KM.

OrtBer k BapuaHTy 232: 2 KM.

3anaua 4. [Toe3q kypcupyeT Mexay ropojgamu Anbdorpan u beToBck, paccTosHue MEXLy KOTOPBIMH
paBHO 100 KM, ¢ MOCTOSIHHOM CKOpOCTHIO. [IpHOBIB B KOHEUHBIH ITyHKT, OE3]1 Pa3BOpaYNBACTCS U
YXOJUT 00paTHO, B CIIEIYIOLIEM KOHEUHOM ITyHKTE CHOBA Pa3BOpayMBaeTcs U Tak janee. Ha
CTaHLUAX MOE3/1 IPOBOJUT MPEeHEOPEKUMO MaJIo BpeMeHH. [ aBpuiia, )KUBYIIMNA B TIOCENIKE

I'aMMOBO psAIOM C JKEJIE3HOU JOPOTrOH, KaKIbIi I€Hb BBIXOAUT U3 I0MA B CIIy4alHbI MOMEHT



BPEMEHH, CAJJUTCS Ha MEPBBIN MPHUILIEALINHI TOE3/1 ¥ €IeT B OIMH U3 IBYX 3TUX ropoaoB. OH
MOJICUMTAI, YTO B TEUEHHE rojla OH mpuexai B Anbdorpan 221 pa3, a B berosck 144 pasa.
Haiigure Hanbosee BEpOsSTHOE PACCTOSIHUE BJIOJIb XKEIIE3HON JOPOTH MEXAY Albporpaaom u
I'ammoBo.

Pemenne. Jlonmyctum, CKOpoCTh moe3a paBHa p km/4dac. [lycts paccrossaue Al' paBHO X, Toraa
paccrosinue bI" paBHo 100 — x. Cuutaem, 4To noe3 oTnpanisercs U3 A B MOMEHT BpemeHnu 0.
Torpma mumo nocenka I moesn, uaymmii u3 A B b, npoxoauT B MOMEHT BpeMeHH x/p, a oe3 1,
uaymuid u3 b B A, B Moment Bpemenu (100 + 100 — x)/p = (200 — x)/p. B moment Bpemenu 200/p
1oe31 IpUOBIBAaET B KOHEUHBIN MMyHKT b, mocie 4ero nporecc moBTopseTcs.

Torna anunHa npomexxyTka BpemeHu u3 uarepaia ot 0 1o 200/p, korjaa nepBeIM NpUIET TOE37 U3 A B
b, pasna x/p + 200/p — (200 — x)/p = 2x/p. A mmHa npoMexyTKa BpeMeHH U3 uHTepBaia ot 0 10
200/p, xorna nepBeiM npueT noe3q u3 b B A, pasaa (200 — x)/p — x/p = (200 — 2x)/p.

ITo ycnoBuro,

(200—-2x)-p 221 100 —x 221
p-2x 144 T x 144

2880

3naun, 144(100 — X) = 221, 365 = 14400, x = 22 ~ 39,45 K.

2880 33 .
OTBer: — = 39 s 39,45 kM = 39,4 kM (mpuHUMAETCs JII000H U3 ITUX OTBETOB).

2860

OTBeT k BapuanTy 232: — = 39% ~ 39,18 xm =~ 39,2 KM.

3agaua 5. C oJHIM MOJIEM OJIHOATOMHOTO HJICATLHOTO Ta3a
OCYIIECTBIISCTCS UK, KOTOPBIN B ocsix P —V (1aBrnenue —
00BeM) IpeACTaBISIET COOOM TPEYTrOIbHUK (CM. PUCYHOK). B

cocTosiHuM 2 3HadeHue oowvema V, € [V, 3V, ]. Haiinure obnactb

BO3MOJKHBIX 3HAUYEHHI K.II.J. IUKJIa, €CJIIM U3BCCTHO, YTO HA

HCKOTOPOM Yy4aCTKE OTPEC3Ka 2-3 [UKJIA I'a3 IMoJIy4aceT TCILIO. \

. A
Pemenne. J{ns 3aMKHYTOr0 LKA K.I1.JI. ITUKJIA onpesensercs GopMyIion n = o rae A — pabora rasza
1

3a UK, J; —“KOJIMYECTBO TEIjia, MOJIyYeHHOE ra3oM 3a UK. Pabota A BIYHCIsAETCS KakK
ionaap TpeyrompHukal-2-3: A = 2p, V.
Jl1a onpenienienus: BETUYUHBI (; TTpoaHaIM3upyeM, Ha KaKMX ydacTKax IMKJIA ra3 moiydan terio. Ha

MaJjioM ayeMeHTe yuacTka 1-2 umeem AQ = AA + AU > 0, Tak kak AA = pAV > 0 (o6bem
pacrert), AU = ZRAT > 0 (c pocToM JaBieHus 1 00beMa Temreparypa | yBeTHUUBACTCSA).

Takum 06pa30M, Ha OTPE3KE 1-2 ras BCrOAY IIOJIY4acT TCILIO. O6mee KOJIMYCCTBO MMOJIYYCHHOI'O HA
9TOM YYACTKEC TCILJIa OMPECACIIACTCA B COOTBCTCTBUU C MEPBBIM HAYaJIOM TCPMOJANHAMHUKNU le =

A12 + AUIZ' O0603HaunM VZ = xVO (x € [1,3])



3akon M-K B cocrosituu 1 (P,V; = RT,, P, = Py, V; = V,) u B cocrosinuu 2 (P,V, = RT,, P, =
3Py, V, = xV}) NO3BOJSIOT BBIPA3UTh U3MEHEHNUE BHYTPEHHEH 3HEPTUU U padOThI Yepes

HayvaJbHbIC 3HAUCHHS JJaBJICHUS U 00beMa.

W3meneHne BHYTpeHHEH 3Hepruu Oynet paBuo AU, , = SR(TZ —T)) = z (3x — 1)pyV,. Pabora rasza,
KaK IJIOIIAIb 10 KPUBOH A1, = %(SPO + Py)(xVy — V) = 2(x — 1)pyV,. Takum obpasom,

Q12 = %(1395 — 7)PoVs.

Paccmotpum niepexon u3 coctosinust 3 (3PyV, = RT3) B cocrosinue 1 (P,V, = RT;). B atom citydae
paboTa ra3a oTpuIaTeNbHa, TaK Kak ero 00beM yMeHbInaercs. Ml n3MeHeHne BHyTpEeHHEH SHEPTUN
TO’XKE OTPULIATENIBHO, TaK KaK TEMIEpaTypa YMEHbBIIAETCS U3-3a YMEHBUICHUS 00beMa U 1aBJICHUSI.

N3menenue BHyTpeHHel sHeprun 0yaet pasHo AUs; = —3PyV,,. Pabora raza, kak miomuaap 1noj
KpuBoii A3, = —2PyV,. Torna u3 nepBoro Havana: Q3; = —5P,V,. 3ameTum, 4T0 H3MEHEHNE
BHYTPEHHEH 3HEPI'UH 3a LIMKJI PaBHO HYJIIO, a pabota paBHa A = 2P,V.

Paccmotpum nepexon u3 cocrosiaus 2 (3P,V, = RT,) B coctosiaue 3 (3P,V, = RT3). Otpe3ok 2—3
JISKUT Ha IPSIMOH, siBIsitomeiics rpadukoM auHerHo gynkuun P = € — BV. Tak kak
KoopauHaThl Touek 2 u 3 uzBectHsl 2(xVy; 3Py) u 3(3Vy; Py) , To KoHCTaHTHI C, B paBHBI:

_ (9—X)P0 2P0

u = f
3—x Vo(3—x)

A

Jlnst Kaka0ro Majoro mara Bosib 3Toil npsimoit 2—-3 umeeM: AQ =AA + AU =P AV + % RAT =P AV +
A(PV)=2 PAV +2 V AP,

Ho P = C — BV = AP =—BAV. Takum obpazom, AQ = % (5C — 8BV) AV. Ycnoue AQ > 0 BBIIIOJTHEHO

5C 5
mpnV <V, =_—= FECEsT Jlerko BUzETH, uTo Ipu Beex x € [1; 3] umeem V, < 3V,

45
TpeboBanue V, > xV, npuBOAMUT K OTPaHUYCHHIO X < T DTO 3HAYUT, YTO TOJIBKO MPU X €

45
[1 ; Z) Ha OTpe3Ke 2—3 UMeeTcs y4acTOK, Ha KOTOPOM ra3 MoJlydaeT Ter1o. DTOT y4acTok 2—4
coorBerctByeT V € [Vy; V,]. ITonydennoe razoM Ha 2—4 TEIIO MOKHO HalTH 100 110 GopMmyIie
1
Q24 = Ay + AU,,, U060 KaK TIIOMIAH O] TPAPUKOM 5 (5C —8BV) upuV € [V,; V,].

9 25x2-418x+1353

B pesynbrare nomyuum Q.4 = ” -

. Torma TCIIO, ITOJTYYCHHOC I'a30M 34 HUKIJI, paBHO:

1 25x% — 418x + 1353

Q1 = Q12 + Q24 :f(x)POVO'FAef(x):a 3 _ x

1 25x2-250x-99 1 324-25(x—3)2
64 (3-x)2 64 (3—x)2

[IpousBonHas f’(") = — > 0 mst Bcex x € [1; g)

o o o 45
CJ'IC,Z[OBE[TCJ'ILHO, 00J1aCThIO 3HAYCHUI HCIIPCPBIBHONM U MOHOTOHHO BO3PACTAIOIIICH HA [1, Z) (byHKHHH

73

f(x) sBISETCS IPOMEKYTOK [f (D); f (g)) Nmeem f(1) = 12—5, f (g) =—

7

3HAUNT. 1 = A 2PV, (14. 4]
1 01 f(x)PyV, 73’ 151"



OTtBer: (E' 4].

73’ 15

OrtBer K BapuaHTy 232: (%; %]

3anaya 6. B Toukax A u B pacnoioeHbl MaTepUaIbHBIE TOYKH C MaccaMi 1 T U 2 T COOTBETCTBEHHO.
Tperbs MmaTepuanbHas TOUKA C Maccoil 3 r HaxouTCs B Takol Touke C OKpPY>KHOCTH,
IIOCTPOCHHOM Ha AB kak Ha AuaMeTrpe, B KOTOPOM BEIMYMHA CyMMAapHOM CuJlbl, A€UCTBYIOLIEH Ha
TPETHIO0 MaTEPUAIbHYIO TOUKY CO CTOPOHBI TOUEK, PAacOI0KEeHHBIX B A 1 B, MunumaibHa.
Haiinure yrnosyto mepy nyru BC.

Pemenne. O603HauMM Macchl IByX TOUYEK KaKk M U ym, Maccy TPeThel TOUKH M.

O6o3naunm AB = d, O — uentp okpyxHocti, UBC = ZCOB = a. Torna ZCAB = %, ZACB =90°,

AC=d, = dcosg, BC=d, = dsing.

D __ Dy _
E, FZ = d_%’ Trac D= Gmmo.

JeticTByrommue cunsr: F; =
CyMmmapHas cuna F= Fl’ + FZ’ Tax KaKE)J_I?Z, 10 F2 = F2 + F2,

a 1 2
OGo3Haume z = cos? =, nonyunm F2 = D% (= + L) =
2’ ai = d;

prf 1 o v _D_z(i ve ) :
( + = Z) =w\zta . Tak xkak ¢ € (0; ), TO

2

Ee npousBoanas f'(z) = — 22—3 + (12_)/2)3

.yZ
(1-2)%

1
Paccmorpum dyrkimio f (z) = = + paBHa HYJIIO IPU
2
3 — 2,3 3 1 u
1=-2P=y?z23=1—-z=ysz=>z= . B TaHHOI TOYKE MPOU3BOAHAS MEHSIET 3HAK C «—»
1+y3

Ha «t», TO €CTh 3TO TOYKA MHUHHUMYMaA.

a 1 1
3Ha‘H/IT, MUHHUMAJIbHOC 3HAYCHUEC CUJIbI JOCTUTACTCA IIpU COS; = —2 = a = 2 arccos —2
J1+y3 J1+y§

1
[IpuaaHHBIX YUCIOBBIX JaHHBIX: @ = 2 arccos | ——
/1+3§/1

1-32
OTBer: 2 arccos = arccos T

+¥a

1

OrtBer Kk BapuaHTy 232: 2 arccos

= arccos 1-¥9
1+30 )

1



