Omnvnuana « IOMOHOCOB» o MexaHnke 1 MaTeMaTHYeCcKoOMY MoaeaupoBanuio — 2017/2018
10 - 11 kaaccewl
Kputepumn omneHok 3axau:

Kaxxnas 3amaua onienuBaercs B 20 6amio. Onenka 20 6amioB cTaBUTCS 3a TPABUIIBHOE H
MOJIHOE PElICHUE 33a]Ia4M U MTPABUIIbHBII OTBET.

3a pelieHue ¢ pa3InYHbBIME HeJ09eTaMu (HeT0CTaTK 000CHOBaHHMS, HETOUHOCTH M T. [I.)
craButcs 15 6ayuioB. B HEKOTOPBIX 3a/1auax CTaBUIIMCH Takke oleHKH 5 1 10 6amioB 3a yacTuyHOE
MIPOJIBUKEHHE B PEIICHUU.

Buumanue! Hmozoewlit 0ann yuacmuuka pasen cymme 041106 3a nsamo 3a0ay u3 wiecmu, mo

ecmp Xyouasn u3 uiecmu OUeHOoK 3a 3a0a4u 6 Cymmy 0ai106 He 6X00Um.

Pemienus 3ana4y BapuanrTa 182

1. ABTOMOOMIIb, MOTOLIMKJIUCT U BEIOCUIIEIUCT BbIEXaIU OJHOBPEMEHHO C ITOCTOSHHBIMU
CKOPOCTSIMH U3 MyHKTa A B IyHKT 5. ABTOMOOWUJIb, 10€XaB JI0 IyHKTa b5, cpasy ke pa3BepHYJICs U
moexail Ha3aJl, BCTPETHB MOTOIMKIIMCTA B 9 KM, a BelocunennucTa — B 15 kM ot myHkTa b.
MOTOLMKIIUCT, 10€XaB 10 IyHKTa b, cpa3y jke pa3BepHYJICs, oexall Ha3al U BCTPETUII
BesocunenucTa B 12 km ot nyHkra b. Haiinute pacctosHue Mexay myHKTaMu 4 U b B KMJIOMETpax.

Oxpyriure OTBET 0 OJIMKAMIIEro LEI0ro Yuca.

Oteer: 3v30 wm. brmxkaiiriee enoe: 16. Pemenue. [TycTh HCKOMOE paccTOSIHHE eCTh X (KM),

a CKOPOCTH TPAHCIIOPTHBIX CPeACTB: &, b u € km/uac. [IpupaBHsieM Bpemsi 10 KaX/I0H U3 BCTpEY:

X+9 x-9 x+15 x-15 x+12 x-12
= s = , = . OTC}OI[a . . = :1, qTo
a b a c b c X—9 x-12 x+15 b c a

MIPUBOJNT K YPABHEHUIO (X+9)(X2 —3X —180) = (X—9)(X2 +3X—180) & X2 =270, X= 3430 wm.

Tak kak 162 < 270, a 172 > 270, 0 16 < x <17. Tak kak 16,5° = 272,25> 270, T0
16 < X <16,5, To ecTh OMMKAWIITNM IICITBIM 3HaUYeHHEM sBiseTcs 16. OkpyriaeHue 10 OirKanIiero

I[EJIOr0 MOKHO MPOBOJIUTH pa3HbIMU criocobamMu. ['TaBHOE TpeOoBaHME: OHO TOMKHO OBITH OCHOBAHO
Ha CTPOTHUX OIIEHKaX, a He Ha MPHUOJMKEHHBIX BRIYUCIICHHUIX 0€3 OIEHKH TOYHOCTH. B ciydae
HEOOOCHOBAHHOTO OKPYTJIeHHUs (1a)e Py MPaBUIBHOM PEIIEHUH U OTBETE) 3a 3a7auy CTaBHJIACh

ouenka 10 0asoB.

2. Ha ropusonTanbpHOE JHO cocyaa MMIMHAPHYIECKOH (POPMBI, COAEPIKAIIETO HEKOTOPOe
KOJIMYECTBO BO/JIbI, MOJIOKHUIIN CTAIBHOM MIap. Y POBEHb BOJBI B COCY/IE IMOJHSJICS A0 BBICOTBI, PABHOM
nuaMeTpy mapa. Lllap BEIHYIM U TOJOKUIIM Ha THO COCY/Ia BTOPOH CTaJIbHOM IIap pa3MepoM Ooublie
IIEPBOT0. Y POBEHb BOJBI OIISITh OKA3aJICs HA BBICOTE, PABHOM AMAMETPY HAXOIAIIErocs B COCyAe 1apa.

Haiigure oTHOLIEHHME pasnyca JHA COCya K pafinycy IIEpBOro 1iapa, €Ciii paguyc BTOPOTro

rapa B IoJITopa pas3a 0oJbllie paaryca MepBoro mapa.



.19
OrBer: e Pemenne. O603HaunM panuyc AHa cocyaa yepes R, panuychl nepBoro u
BTOpPOTO IIapoB yepes I u Kr (k > 1) COOTBETCTBEHHO. [10CKOIBKY KOJIMYECTBO BOJIBI B COCY/JIE HE

MeHSIeTCs, TIONTyJaeM ypaBHeHue 7R22r —gﬁr?’ = 7R?*2kr —gﬂk3r3 = R?2r(k-1) = g r*k®-1).

Torna R_ {%(kz +k+1), uro npu K :g MPUBOJUT K OTBETY R_ % .
r r

3. lllecTpaecsT mecTh cepBEPOB OJMHAKOBON MOITHOCTHU JOJKHBI 00padoTaTh ABa MacCUBa
nHpopmanuu. Brauane Bce oHM 00pabaThIBalOT MepBbIli MaccuB. B MoMeHT, korna Obliia 06paboTana
MIOJIOBHHA TIEPBOTO MAcCHBa, 22 cepBepa MEePeKIIOUMINA Ha 00paboTKy BTOPOro MaccuBa. B MOMEHT,
Kora 010 00pabdoTano emie 25% mepBoro MaccuBa, Ha 00padOTKY BTOPOTO MaccHBa ObLIO
nepexroueHo eme 11 cepsepos. [Tocie 3Toro o6padboTka 060MxX MacCHBOB ObLiIa 3aKOHYCHA

OJIHOBPECMCHHO. Kaxoii MmaccuB 0oJbIIIE  BO CKOJIBKO pa3?

. 8 2 .
OrtBeT: niepBbIil MaccuB OOJIbIIE B 3= 2§ pa3. Pemenue. 3a Kax/blii U3 TpeX TAnoB pabOTHI

obpaboTtana 1/2, 1/4 u 1/4 nepBoro maccuBa cOOTBeTCTBEHHO. [1ycTh mepBbIii MaccuB paBeH A

A
(emuHMI HHPOpMaLKK). 3a BpeMs IIepBOro 3Tana 66 cepepoB oOpadboTanu Y eMHUIl HH(pOpMaIUU B

A
Mmaccuse |. 3a Bpems Broporo sTamna 44 cepsepa o0padboTanu 7 enuHuI] uHpopmaluu B maccuse |, a

3Ha4MT, 22 cepBepa obpaboTanu % % = % A enunun uadopmaruu B Mmaccuse |l.
Oransl paboTh Maccus | Maccus I
1 (1/2 nepBoro maccuBa) 66 cepepoB 0 cepBepoB
2 (1/4 mepBorO MaccuBa) 44 cepepa 22 cepBepa
3 (1/4 nepBoro maccuBa) 33 cepBepa 33 cepBepa

A
3a BpeMs TpeThero stana 33 cepBepa odpadoTanu 7 enuHUIl nH(popManuu MaccuBa |, a

A
3HAYUT, Ipyrue 33 cepBepoB oOpaboTanu 7 enuHull nHpopmanuu maccusa ll.

A A
B cymme o6pabortano A eaunaui HHGOpMauu MaccuBa | u 3 + i g A enuHMIl HHPOPMAILTUT

8

. 3
maccuBa |l. 3naunT, nepBbiit MaccuB Gosbiie B A 8 A= 3 pas.



4. VineanbHbIN Ta3 COBEpIIACT ITUKJIMYECKHUI TIPOIIECC, B KOTOPOM JaBJICHUE U TeMIeparypa
2 2 2 2 212
cBsi3aHbl cooTHomenueM: T, (P—5R)" + P, (T —10T,)* =4R, T, , rne Py, T, — mocTosiHHBIC BEIUYHHBI,
IIpUYEM peau3yroTcs Bce nomyctumbie napsl (P, T) . Onpenenure oTHOLIEHHE MAaKCUMAaJIbHOTO

SHAYCHUA IIJIOTHOCTH I'a3a K MUHUMAJIbHOMY, CPCAN NOCTHUTAOIUXCA B IIPOLECCE.

Otser: ? . Pemenne. Beenem o603nauenus: T (P —aP,)? + P (T —bT,)’ =c’P/T; . B ocax

P/PR,, T /T, npouecc onuceiBaercst OKpyxHOCTbIO ¢ ientpom P/ Py =a, T /T, =b pamuyca c.

JIMHUKM TOCTOSHHOTO 00beMa — MMPAMBIC, BBIXOAAIIHUEC U3 HaYaJla KOOpAUHAT. MaKCI/IMaHLHOMy u
MUHHUMAJIbHOMY 06’LeMy COOTBETCTBYIOT TOUKH Ha OKPYKHOCTH, KaCaTCJIbHBIC B KOTOPBIX IIPOXOIAT
4epe3 Ha4YaJI0 KOOpAHUHAT. 3HaueHne 00bEMA CBA3AHO C KOOpI[PIH&TOfI TOYKH COOTHOICHHUEM

T vRT, T/T vRT
V=vR—= 0 0 — O ctgar, TAE @ — YrOa MEXIy u30xopoii u ocko T /T, .
PR PR R yr Y H30X0p )

B Toukax, rae o6beM MakcuManeH (MUHUMAJIEH), 3TOT Yol HETPYAHO HAWTH U3
reOMETPUYECKHUX COOOPaKEHMIA: OH SIBJIAETCS Pa3HOCTHIO (CyMMO#) yriioB Mexy ocbto T /T u
OTPE3KOM, IIPOBEACHHBIM M3 Hauaja KOOPJIUHAT B LIEHTP OKPYKHOCTHU ( £ ) U MEXKAY ITUM OTPE3KOM U
KacaTeJIbHOW K OKPY)KHOCTH, TIPOBEJCHHON M3 Hayasia KoopauHar ( y ):

_ ctgpetgy 1

Ctg nax(min) = Ctg (ﬂ + }/) Ct97/ F Ctgﬂ .

Mycts d =+/a’ +b® —¢* — wmna orpeska kacarensHoit. Torna ctgf =b/a, ctgy=d/c,n

1+ctgpctgy ctgf+ctgy ac+bd cb+ad 18

HCKOMO€ OTHOLICHUE: N = —.

ctgpctgy —1 ctgy —ctgf bd —ac ad—cb 7

. . A
5. Mty nofanu m3 yria A Bonei00JIbHOM MJIOIAAKH CO CKOPOCTBIO  # 7
20 M/c mog yrinoM o K OOKOBOM JIMHUM B HAalpaBJIEHUH 110 BETPY (BU[ BeTeD p
CBEpXy MOKa3aH Ha puCyHKe). Tak Kak BIOJb IUIOMIAAKH AYET BETEP, TO
M4 uepes3 2 CEeKyH/Ibl OKa3aJcs B Touke B u BbuieTeN 3a mpesensl 1 oL

]

1

ionaaky. Cuuras, 4To ASHCTBYIONIAs HA MsIY CHJIa COIPOTUBIIEHUS BO3/1yXa 3aBUCHUT OT €r0
CKOPOCTH OTHOCHUTEJIBHO BO3/1yXa M HAIIPABIIEHA TOYHO IIPOTUB BEKTOPA OTHOCUTEIBHOU CKOPOCTH
Ms4a, onpeaenuTe ckopocTh Berpa. [llupuna Bonei6onbHoi miomanku d =9 M, paccrosiaue a =16

M, Sina =0,6. BepTukaibHBIM IBMKEHHEM Ms4a peHeOpeyb.

Ortger: 3,2 M/c. Pemmienne. [lepeiinem B cucremy oTcdera, B KOTOPOH BO3/AyX MOKOUTCA (TO €CTh
ABIKYIIYIOCS cO cKopocThbio Betpa W). HarpaBuMm och Y BI0JIb KpaeB IUIOIMAAKH IO HAITPABICHUIO
BETPa, OCh X — B NIEPIIEHAUKYIISIPHOM HarpaBieHuH. B mokosmieiics cucreme oTcueTa X- KOMIOHEHTa

CKOpPOCTH MsYa B MOMEHT I0Jjauu paBHa V Sin ¢, Y-KOMITIOHEHTa paBHa V COS« . B cucreme orcuera,



CBSI3aHHOM C BO3/1yXOM, X-KOMIIOHEHTa CKOPOCTH HE U3MEHUTCS, a Y-KOMIIOHEHTa CTaHeT paBHa
V cosa—W . B 3T0i1 cucteme oTcyeTa CHila CONPOTUBIICHHS U CKOPOCTh KOJUIMHEAPHBI, @ 3HAYUT,

TpaeKTOpHus Msiua mpsiMoiiHerHa. To ecTh, eciu 1o X OH npoJieten d, TO 1Mo Y OH MmepeMecTHIICS Ha

q V cosa -W
Vsina
. V cosa -W
B HemoBmxkHOMW cHCTeMe OTcYeTa CMeIleH e 110 Y paBHO d Veing +Wrz=a (mo
SIno

V (asina-dcosa)

ycnoButo). Otrcroma W = -
Vzsinag —d

=3,2 Mm/c.

Ba)KHO, 4TO pCHICHUC TOJIKHO OBITh MMOCTPOCHO I IMTPOMU3BOJIBHOI'O 3aKOHA CHJIbL
COIIPOTUBJICHHA. Ecnau B peICHUHN UCITIOJIB3YCTCA Kako#-To KOHerTHHﬁ 3dKOH, HAIIpUMCECD,
IIOCTOsAHHAA CuJjia COIIPOTHUBIICHUSA, IIPU KOTOpOﬁ ABUIKCHUC PABHOYCKOPECHHOC, I

IIPONOPLIMOHAIIbHASL MOJLYJII0 OTHOCUTENIBHONW CKOPOCTH, TO 3a/1a4a OLlEHUBaJIach He Bble 10 6amios.

6. Memiok ¢ Myko# crioiizaet 6€3 HaualbHOW CKOPOCTH I10 JIOCKE, HAKJIOHEHHOMU Mo yrioMm 45°
K ropu30oHTY. COCKOJIb3HYB C JIOCKH, OH CBOOOJHO Ia/1aeT Ha TOPU30HTAJIbHBIN 11011 U IOCie yaapa
CKOJIB3UT 10 Hemy. Koadduiuent tpenus menika o qocky u noi pasen 0,6. Ha kakom paccTosiHud OT
MecCTa MajJieHus1 Ha MOJI MEIIOK OCTaHOBUTCS, €CJIM Kpail TOCKU HaxoauTcs Ha BeicoTe 0,5 M oT mozna, a

MEIIIOK 10 HaJaJia ABVKEHNS HaXOMWIICS Ha BEICOTE 5,5 M?

OTtBeT:

77-30\6 . y .
T ~ 0,12 m. Pemenne. Haiinem ckopocTh B KOHIIE HAKJIOHHOM MJIOCKOCTH:

mgH = FTlO L+ (mVlz) /2, tne L — paccrosiHue, KOTOPOE MEIIOK MPOE3KaeT BI0Jb HAKIIOHHOM
IocKocTH, paBHoe L =H /sina. U3 nunamunku (3akon Kynona-Amonrona) F = umgcosa . Toraa:

V> =2gH -2ugH -ctga = 2gH (1— uctg @) .

Ilocne ydacTka CBO60,Z[HOFO MaaCHUsA rOpUu30HTAIbHAA COCTABJIAIOIAsl CKOPOCTU HEC U3MCHUTCA

U ocraHercs paBHOH V,, =V, = \/ 2gH (1— uctg @) COS & , a BepTHKAIbHAS YBEIUIHUTCS 32 CUET

JICHCTBHUS CUJIbI TSOKECTH U CTaHET PaBHOH V, = \/Vlf, +2gh = \/ 2gH (1 uctgar)sin® a+2gh .

V map Heympyrui, mo3ToMy BepTHKAIbHAS KOMIIOHEHTA HMITYJIbCA MEIIKa NCYEe3aeT B PE3y/IbTaTe
yaapa. DTo JaeT HaM OIEHKY BEJIMYMHBI MMITYJILCA CHITBI HOPMaJIbHOM peaknuu omopsl Py mpu ymape:
Py =MV, ; nMnysbe cuitbl TPEHUs 38 BpeMst y1apa (MPeJIoaraeM, 4To CKOJbKEHUE He
npekpamaercs): P, = uR, =umV, .

ITO MO3BOJIACT ¥Y3HaTh, Ha CKOJIBKO U3MCHHMJIACh T'OPHU30HTaJIbHAasA KOMIIOHCHTA UMITYJIbCa MCIIKa

3a Bpems ynapa: P, =m(V,, —U), U =V,, —/V, , rne U — ckopocTs Melmka nocie ysapa.



2 o
Janee xunernueckas sHeprus memka (MU )/ 2 momHocTsio nepeiiaer B paboTy CHIIbI TPEHMS, U

OH OCTaHOBHTCS, PO HcKkoMoe paccrosame S: (MU?)/2=umgS, S=U?/(2ug),

S = E[szx + ﬂzvzzy -2 ,Uszsz] . Orcrona:
7

_ H(@-uctga)(cos® a + u*sin® a) + u°h
y7,

S —ZCOSa\/H(1—,uCtga)<H(1—,uCtga)Sin2a+h).

wzw "

IMoacrasnss croma H =5, h=0,5, #=0,6, a:%,nonyqaeM S=



