Omnvnuana «JIOMOHOCOB» no MexaHuke 1 MaTeMaTH4YecKoMYy Moaeupoanunio — 2019/2020
10 - 11 kaaccwl
Kputepun onenok 3agau:

Kaxxnas 3amaua onienuBaercs B 20 6amio. Onenka 20 6amioB CTaBUTCS 3a TPABUIIBHOE
MIOJIHOE pPEIICHUE 33]]Ja4l U IPABUIIbHBIN OTBET.

3a pelieHre ¢ pa3TUYHBIMU HeloYeTaMu (HeI0OCTaTKH 0OOCHOBAHWS, HETOYHOCTHU U T. 11.)
craButcs 15 6ayuioB. B HEKOTOPHIX 3a/1auax CTaBMIIMCH TaKkoke oueHKU 5 1 10 6aymioB 3a yacTuyHOE
MIPOJIBUKEHHE B PEIICHHUU.

Buumanue! Hmozogwlit 6ann yuacmuuka pagen cymme 041106 3a namep 3a40a4 u3 uiecmu, mo

ecmp Xyouasn u3 wecmu OYeHoK 3a 3a0auu 6 CymMmy 0ain06 He 6xooum.

Pemenns 3agau Bapuanta 201. OTBeTHI KO BCeM BapHaHTaM

1. ToBapusIii moe3a mmHON 300 M ABMKETCS CO CKOPOCTHIO 72 KM/ B HANPABIICHUU
HeperyaupyeMoro nepeesaa. [lo neprneHauKyIspHOMY K 5KEJIE€3HOM 10pore NpsIMOIMHEHHOMY
I0Ccce C MOCTOSTHHOM CKOpPOCThIO V K mepee3y ABMxkeTcsa aBToMoOmib. Korna ronoBHoil Baron
noesza Haxoauics Ha paccrossHur 600 M OT mepeesia, aBTOMOOUITIO [0 TIepee3/ia 0CTaBaloCh
npoexatb 700 M. A) Ilpu kakux 3HaueHUsIX V aBTOMOOMIIb HE CTOJIKHETCS C 110€310M?

b) KakoBo Oyzer MEHUMaIbHOE PACCTOSTHUE B METPAX MEXTy aBTOMOOHIIEM M OJIMKalIIeld K HeMy
TOYKOM Toe37a, €CITM aBTOMOOMIIb OyI€T IBUTATHCS CO CKOPOCTHIO 36 KM/4? OKpyrinTe OTBET 10
OnypKaiIIero 1enoro 3Ha4YeHusl.

Pemenue. PaCCMOTpI/IM 3aaavy B CUCTCME KOOPpAWHAT, CBS3aHHOM ¢ moe3a0M. B Hell moe3n CTOHUT, a

aBTOMOOWJIb JIBIKETCS CO CKOPOCTHIO A/ V1722 (xM/4), HaIIPaBJIEHHOM MOJ YIJIOM & K
72 . . .
HAaIpaBJICHHUIO III0cce, IpU 3ToM tga = v Touka nepecedeHust 3TOM MPSIMOH C JKeNe3HOH

. 72 50,4
JOpOToi HaxoauTcs Ha pacctostHuu 0,7 - IVEREY KM OT Tiepeesa.

A. CtonkHOBeHUS He OyIeT, eclin 53—4 < 0,6 wm 5(\)/—4 >0,6+0,3, 10 ecth eciit V >84 km/4 mnn

V <56 km/u.

72
b. TIpu ckopoctu V =36 km/4 monyunm tga = % = 2, ¥ yKa3aHHas TOYKa MePECCUCHUS HaXOTUTCS

Ha paccrossaun 700-2=1400 M ot mepee3za, TO eCTh M03aqu Moe3/a. PaccTosHIE OT XBOCTOBOTO

BaroHa JI0 3TOM NPsIMOM JIMHUH PAaBHO JVIMHE MEPHEHIUKYJIIAPA, TO €CTh PABHO

(1400 -300- 600) -cosa =500- . 1005 ~ 224 m.

N3



OnuH U3 COCOO0B MOTYYCHHUS MOCISTHEro Ynciia (BO3MOXKHBI M IPYTHE): MOKa3aTh, 4TO

223,5° = 49952, 25 < /50000 < 50176 = 224°.

Oter: A) V >84 xm/u win V <56 km/4. B) 100/5 ~ 224 w.

Oxpyrienue 10 OJKaiIero neixoro MoKHO MPOBOJUTE pa3HbIMU criocobaMu. ['maBHOE TpeOoBaHMe:
OHO JIOJKHO OBITh OCHOBAHO Ha CTPOTHX OIICHKaX, a He Ha MPUOIM)KEHHBIX BBIYUCIICHUAX 03

OIICHKH TOYHOCTH.

OrtBer k Bapuanty 202: A) V >90 xm/4 uim V <60 xm/4. b) 404/5 ~ 89 m.
Otset k BapuanTty 203: A) V >60 xm/u umu V <50 km/4. b) 20~/5 ~ 45 .
Oteer k Bapuanty 204: A) V >105 xv/a wm V <60 km/a. B) 4045 ~ 89 m.

2. JIpa mikuBa ¢ paguycamu I =2 cM U1 R =10 cM nomkHBI OBITH
COCIMHEHBI PEMEHHOM Tepenaveii. PaccTossHue Mexay ocsmMu e
Bpamenus mkuBoB O, u O, paBHO 16 cMm.
Pemenb i iepeaun UMEET BUJ] KOJIbIIA U U3TOTABJIMBACTCS MTyTEM
CIIMBAHMS KOHIIOB JUIMHHOTO PE3MHOBOTO IIIHYpa (CYMTAEM, UTO JUITMHA PEMHS paBHA JUTMHE 3TOTO

LIHypa). XBaTUT JIU AJI U3TOTOBJIEHUSI pEMHS PE3MHOBOTIO IIHYpa JUIMHOHN 75 cM?

Pemenue. BBuny cuMMeTpuu nojaoBUHA JJIMHBI pEMHS paBHa cymMMme JUIHH AByX Ayr AC u DB u

otpeska CD mexty Toukamu kacarus. Otpesok CD pasen /@’ — ( R— r)2 ; tyra AC paBHa

r [% - aj ; iyra BD paBHa R [% + aj . [ToaTromy nynHa

pEMHS paBHa

L:2m+2r[g—aj+2R(%+aj
:2m+ﬁ(R+r)+2a(R—r),rne

sina = nor 2% (Bo Bcex Bapuanrax). [lostomy L = 2\/§(R — r)+ﬂ(% R+§rj

= 2\/§(10—2)+7r(%-10+§-2j =16\/§+4—:7r [u1s uapopmanuu: 510 ~ 73,79 ].

Tak kak L :16\/§+447ﬂ<16-1,8+ 44-315

=75, TO mHYypa JUIMHOM 75 cM xBaTuT. OTMETHM, YTO MPH

HCIIOJIb30BAHUU IJIA CPABHCHUA BCPXHUX (I/IJ'II/I HI/I)KHI/IX) OLCHOK JId 77 U '\/§ 000CHOBaHUE

sBIIsieTcs cTporuM. Eciin ske ucmonb30BaTh npuOImKeHus tuna 7 ~ 3,14 (u naxe 7 ~ 3,14159)

nim \/§ = 1, 73 ; CPABHCHUC 6y,[[eT HECTPOIrUM H3-3a OTCYTCTBHU OLICHKU TOYHOCTU HpI/I6J'II/I)KCHI/I$I.



Otser: a) 16+/3 + 4—;72' cM; 0) XBaTHT.
OTtBet k Bapuanty 202: 20\/_ 3+ ?72' (101,66 cm); 6) HE XBaTHT.
OTtBet k BapuanTy 203: 22\/§+ ?7[ (=109,31 cm); 6) XBaTuT.

OTtBet k Bapuanty 204: 2243 +?7r (= 96,75 cm); 0) He XBATHUT.

3. benblit MeaBe b BHINICN U3 TOYKHA A, TTpoies 3 KM Ha CeBep, MTOTOM 3 KM Ha BOCTOK, IIOTOM 3 KM Ha
0T ¥ OKa3ayics CHOBa B Touke A. Jlpyroit Oenbiii MeABeb BBIIET U3 TOUKU b, mpormien 5 kM Ha
ceBep, MOTOM 5 KM Ha 3amaj, IOTOM 5 KM Ha 0T U 0Ka3aJicsd CHOBa B TOUKE b.

Haiinure MakcumManbHO BO3MOXKHOE PAaCCTOSHUE MEXly ToukaMu A u b, eciiu jonyctuth, yto 3emist
uMeeT Gopmy mapa paauycoM 6370 KM U 4TO ONUCAHHBIE COOBITHSI TPOU3OIILIA CEBEPHEE
9KBATOpA. YKAXKHUTE KaK TOYHOE 3HAYCHHE ITOTO PACCTOSHUS, TAK M €0 MPUOIMIKCHHOE 3HAYCHHE
¢ ToYHOCTBIO 10 0,1 KM.

Pemenue. Bo3moskHast Touka ctapta Ha FOKHOM mosroce oTBepraercs nocjaeaHuM ycioBueM. Takxke
HEBO3MOJKHO CTapTOBAaTh HAa 3 KM (MM COOTBETCTBEHHO Ha 5 KM) t0’kHee CEeBEpHOTo MOJIt0ca, Tak
KaK Ha TOJIFOCe JBIKCHUE Ha BOCTOK WIIHM 3araj HEBO3MOXKHO.

EnuncTBEeHHAst BO3MOXKHOCTD JIJIs1 IEPBOTO MEJABEAS: CTAPTOBATh Uy Th JAJIbIIE, YeM 3a 3 KM JI0
CeBepHOro nojroca, 3aTeM COBEPIINTh OJIMH WM HECKOJIBKO MOJIHBIX KPYTOB BOKPYT MOJIIOCA
CyMMapHOU JUIMHOM 3 KM U BEpPHYTHCS B UCXOJHYIO TOUKY. Eciu fenaercst poBHO N Kpyros, TO

3 P
Nn-27zr =3, To ecTh pagnuyc Kpyra paBeH I = Py [Tpu 3TOM (CM. B et
zn

>

. r
pucynok) BC =r, AB=3. [lonyuaercs Sina = R’ rne R — pannyc
3emuti. 3HAYHT, PACCTOSIHUE OT OKPYKHOCTH 110 nontoca BP paBuo

. r
Ra =R-arcsin (Ej . Torna paccTostHEE OT TOUKH A 110 TIoJIFOCa

paBHo 3+ R-arcsin 3 .
27nR

AHaJIOrMYHO TOYKA c¢TapTa BTOpPOIro MCABCASA HAXOAUTCA OT CCBCpHOTO IMOJIF0Ca HAa paCCTOSIHHUU

5+ R-arcsin( S
2

j (rme K — Komu4ecTBO KPyros).

Paccrostaue AF 6yz[eM MaKCUMAJIbHBIM, €CJIM MCABCIU MPUXOOAT K MOJIFOCY C PA3HBIX CTOPOH U IIPpU

stoM N=k =1. Torna

AB =3+ R -arcsin i +5+ R-arcsin i =8+R-| arcsin i +arcsin i
27R 27R 27R 27R



Tax Kak Mpu MajbIX @ HWMEET MECTO PaBEHCTBO SINQ ~ ¢ , TO MONy4YaeM NPUOIMKEHHOE 3HAYCHHE

Ab ~8+R- i+i ZS+iz9,3 KM.
27zR  2xR T

. 2 _
3ameTuM, 4To 371eCh SIN @ UMEET MOPSI0K _R <10™. [TosToMy naHHas OLIEHKA OKa3bIBAETCS OYEHD
Vs

TOYHOM. OmmMbKa COCTaBIISIET TOPa30 MEHEe MIJUTUMETpa (ISl 3HATOKOB: BTOPOH YJIieH

pasioKeHus B P UMeeT opsAAoK Kyba aprymenTa, To ecth 1077).

OtBeTt: 8+6370-| arcsin 3 +arcsin L ~8+ 4 ~ 9,3 kM.
127407z 25487 T

OrtBer k Bapuanty 202: 5+6370-| arcsin L +arcsin 3 ~ 5+i ~ 5,8 kM.
63707 127407 2z

Otset k Bapuanrty 203: 7+6370-| arcsin L +arcsin L D ~7 +l ~ 8,1 xm.

25487 63707 2
. 1 . 1 9
OrtBet Kk Bapuanty 204: 9+6370-| arcsin +arcsin ~9+—=~ 104 km.
25487 31857 2

4. C oTHUM MOJIEM HJICATFHOTO OJTHOATOMHOTO T'a3a OCYIIECTBIIIETCS 3AMKHYThIH ITUKII, B KOTOPOM:

1-2 — mpoliecc paclIMpeHHs ra3a ¢ KBaApaTHYHON 3aBUCHMOCTBIO TEMIIEpaTypsl oT o6bema T = yV?,

2-3 — 130X0pa, IPU 3TOM TeMIlepaTypa YMEHbILACTCS B N pas,

3-1 — u300apa, mpu 3TOM 00HEM YMEHBIIIACTCS B N pa3s.

Omnpenemure KIT/] mukoa, ecomm n = 3.

Pemenue. o ycnosuro 3anaun T = yV2. Torna u3 3akona Meneneesa - Knaneiipona PV = RT
cienyet, uto P = YRV, 1o ectb nporecc 3-1 — 310 nuneitHas ¢pyHkuus B ocax P — V. Ucxoxas u3
3akoHa M-K, nerko noxy4uts, yTo B Touke 2 1 3 Temneparypa oyaer paBHa T2 = 3To, T3 = 970

cooTBeTcTBeHHO. [lepecTponm rpaguk nporuecca B ocsix P — V (cM. pUCYHOK).
Paccmotpum nponecc 1-2. Haiinem nsmenenue BHyTpeHHel sneprun AU = g R-8T, =12RT, u paboty

1
A= 3 4P, -2V, = 4RT,. Toraa KoIM4ecTBO TEIUIOTHI, HEPEaHHOE B cucTeMy, paBHO Q, =16RT).

Ha yuactke 2-3 numeem AU = —g R-6T,=-9RT;,A=0wu Q,; =—-9RT,.

Ha yuactke 3-1: AU =—gR-2T0 =-3RT,, A=—%~2P0 V, =—2RT; u Q,, =-5RT,.

Torna ob1ree KOTMYECTBO TETUIOTHI, OTJTAHHOE CUCTEMOM, OYIET paBHO

Q, =|Q,|+|Q;;|=5RT, +9RT, =14RT,.



Orcroa nojxyyaem KIij & = Q-Q = 16-14 = 1. 0, 125. O6uias Gpopmyia uist KIig & = _n-t )
Q 16 8 4(n+1)

Ortser: 1/8.

OrBer k Bapuanty 202: 1/20.
OrBer k Bapuanty 203: 1/12.
Otset k Bapuanrty 204: 3/28.

5. Ha mmockoctu OXY KpacHBIM IIBETOM HapycoBaHa kpuBas Y = X' +2020 . B 5Toif ’&e ImI0CKOCTH
nerokeTcst 2020 xenThIX YacThl] ¢ Homepamu 1, 2, 3, ..., 2019, 2020 coOTBETCTBEHHO.
TpaekTopHeil IBUKEHHS YACTUIBI ¢ HOMEPOM N sBJIseTCs KpuBast Y = 2n° —71—61n+ (n + 92) X2,
Ecnu xakas-To 4yacTULA IEpECEKAET KPACHYIO JIMHUIO (MJIN KAacaeTcsl €€) TONbKO B TAKMX TOYKaX,
a0CIMCChI KOTOPBIX SIBIISFOTCS MOCIIEAOBATEIFHBIMU WICHAMHU HEKOTOPOH apu(MeTHISCKOM

mporpeccuu (coaepkaiieil He MEHee TPEX YJICHOB), TO OHA MEePEKPAIIUBACTCS B KPACHBIH IIBET.

Ykaxure HOMEpa BCCX KPACHBIX YaCTHII.

Pemenue. 3anucas ypasHenue X' +2020=2n° —71-61n+ (n + 92) X* , IPUXOJIUM K 3ajiaue: HaiTH BCe
Takue 3Ha4eHHs napamerpa N, Py KaKAOM U3 KOTOpbIX ypasHerune X' —(N+92) x?
—(2n2 —-61n- 2091) =0 uMeeT He MEHEee TPeX Pa3IMYHbIX KOPHEH, U BCE 3TU KOPHHU SIBJIIOTCS
HOCJIeIOBATEIbHBIMU WICHAMH HEKOTOPOH apu(METHYECKON MIPOrPECCUH.

JUMCKPUMHHAHT KBaJ[PaTHOTO ypaBHeHus t* —(N+92)t— (2n2 —61n— 2091) =0 pasen
D=(n+ 92)2 — 4(2n2 —61n— 2091) =(3n —10)2 . 3HAYUT, 3TO ypaBHEHHE UMEET KOPHHU:

n+92+(3n-10)
2

,Toectb t, =2n+41; t,=51-n.

Ecmu D=0, TOo KOpeHb OIMH, HO TOTJIa HCXOIHOE YPaBHEHHE HMEeT He Ooliee IBYX KOPHEH, 4To Hac
He ycTpauBaeT. Eciin kopHel 1Ba, HO XOTs Obl OJJMH U3 HUX OTPHULATEIbHBIN, TO Y HCXOJHOTO
ypaBHEHHMs Takxke OyJieT He OoJiee IBYX KOPHEH, 4TO HAaC HE yCTPanuBaer.

Eciu KOpHGfI JABa, 1 OJJVH U3 HUX HOHO)KHTCHBHLIﬁ, a BTOpOfI paBCH O, TO UCXOJHOC YPABHCHUC UMCET

51-n>0,
3 KOpHS: —\/E ; 0; \/tj , 4TO Hac ycrpauaet. [Toaromy n1bdo on4dl=0 (4TO HEBO3MOXKHO MPH
n+41=0,
2n+1>0,
n>0), mbo oTtkynma n=>51.
51-n=0,

ITpu n=>51 nomyuarorcs xopuu t, =143, t, =0, nopoxxgaromnire KOPHA HCXOTHOTO yPaBHEHHS

—\143,0u 143,



Ecnm 06a KopHS TOJIOKHUTENIBHBI, TO UCXOHOE YPABHEHUE UMEET KOPHH: —4 /tl ; —Jtz X ,/tz X Jtl . OHn

6YI[yT MOCJICAOBATCIIbHBIMU YJICHAMU IPOIrpeCCUM, €CJIN BLIITOJHCHBI YCIIOBUS ‘“:l - \,tz

:\/E+\/tjz—\/t:+\/t:. Otcrona \/t::3 t,, Toects t, =9t, >0.
3HauuT, 60 51-n= 9(2n + 41) (uTo HEBO3MOXKHO 1ipr N>0), mubo 2n+41= 9(51— n) , OTKyJ1a

n=38. [Ipu sTom nomyyatorcst kopau t, =117, t, =13, noposkaaroniye KOPHA UCXOTHOTO

ypaBHeHus X =13v13, X =++/13, aBjsromyecs mporpeccueii ¢ nepsbiM wieHoM —3+/13 u

Pa3HOCTBIO ZJE )
OtBet: 38 u 51.
OrtBer k Bapuanty 202: 41 u 54.
OTteet k Bapuanty 203: 29 u 42.
OrtBer k Bapuanty 204: 47 u 60.

6. 'anTenp JJINHBI 2| ¢ ToueuyHBIMU MaccaMH M U 2M Ha KOHLax JCXHUT Ha

TJIaIKOM JIbAY MapaJlyICJIbHO JIMHUWU BOPOT (CM. pI/ICYHOK). Paccrosnue ot " "

TaHTeJH JI0 JIMHUK BOPOT paBHoO L, mupunHa BopoT d = J3:1.Ha .
TOYEYHYIO Maccy M HaJeTaeT MajeHbKas I1aiba Takou xe Macchl M,

JBUTAIOIIASACSA CO CKOPOCTHIO V MEPIeHIUKYISIPHO TaHTeNu. Y 1ap et
m1aitobl U TOYEUHON MacChl a0COIOTHO HEYNIPyTuid. BkaTuTcs 1 ranTens

B BOPOTa, HE 3aJ1eB HU OJHOW mTaHru? TpeHruem Mexay raHTesblo U JIbJOM MpeHeOpeyb.
CreprkeHb, COEUHSAIONINN TOUEYHBIE MACCHI, )KECTKHI U HEBECOMBIH.

Yucnossie gagnsle: | =1 M, m=100 r, V =10 m/c.

Pemenune. M3 3akoHa cOXpaHEHHs HMITYJIbCA TIOJYYAETCsl, YTO ABE TOYEUHBIE MACChl HAYHYT
COBMECTHO JIBUTAThCS CO CKOpocThio V/2. LleHTp Macc, paciooKeHHbIH mocepe/InHe FaHTelH,
OyneT nBUraThesi co ckopocthio V/4. TIpu 5TOM raHTellb HaYHET BPAIIAThCs C YIIIOBOM CKOPOCTHIO

\Y
W= o 3aKOHBI JBMKEHUS KOHIIOB FaHTENHN (OCh X HaIpaBjIeHa K BOPOTaM, OCh Y HapayljiebHO

BOpOTaM):

Vit .
X, = " +1-sinwt u y, =1-cosmt — s BepxHero (Ha pUCyHKe) KOHIIA;

t .
X, = X_I Sinwt u y, = —l-coswt — w1 HUKHEro KOHIIA.

OtBer Ha BOIIPOC, YAAPUTCH JIM TAHTECJIb O HITAHTY WJIM BKAaTUTCA B BOPOTA, 3aBUCUT OT pACCTOAHUA 10O

Bopot L. Harmpumep, paccmorpum ciyyait L = 21.



PaccmoTrpum niepBeIii 000poT ranTenu. Haliem MOMEHT BpeMeHH, KOT/1a BEPXHHUI KOHEI] TaHTEN

J3l

d T 27l
WMEET OpJIUHATY Y = 7 Tornma y, =I-coswt = - = ot= 5’ TO €CTh t = EVE [Ipu sTOM

Vit . 7l
X, = 7 +l-sinot = o + 5 < 2l = L. D10 03HayaeT, YTO raHTENb II0KA HE J0JIETENA 10 BOPOT, U

yZlapa BEpXHEro KOHIIA O IITaHT'y HE IPOU30UJET.

Amnanoruuso, eciu Y, =—I -COSa)t:ﬁ,To ot :5_7r, t:@, B 5TOT MOMEHT X, =\£+I -Sin ot
2 6 3V 4
:5—7r|+|—>2I:L u xzz\ﬂ—l-sina)t :5—”I—|—>2I:L.
6 2 4 6 2

To €CTh, €CJIM paCCTOSIHHUE PABHO L= 2|, TO I'aHTCJIb IIPU BPpAIICHHUHU HE 3aJICHET CTCHKY W BKaTUTCA B
BOpoOTa. I[JISI OIICHKHU BBINIOJIHCHUS NPUBCACHHBIX BLIIIC HCPABCHCTB H€O6XOI[I/IMO HCIIOJIB30BaTh

BCPXHHUEC U HUKHUE I'paHULIbl JJIA 7T .

zZl 1 I(7+3) . .
Ecimm xe L<—+ > = . TO BEpXHHI KOHEL TAHTEJH YKE Ha IepBOM 000pOTE HE MIPOUJIET B
BOpOTA.
zl | 51 1 |(7+3) | (57 -3) .
Ecmn —+—-<L<———, 10 ecThb <L< , TO FAHTENb IPOIIET uepe3 BOpoTa, He
6 2 6 2 6 6
3aJeBast UXx.
52 | 1(57-3) 77l 1 (77+3) 5
Ecnn 5 3 = 5 <L< : + 5 = 5 , TO HUYKHUM KOHELl TaHTEeIHN Ha IEpBOM 000poTe

3aJIeHET 3a BEPXHIOI0 (Ha pUCYHKE) TPaHUILy.

Hanee nmporecc OyAeT NepuoIuIecKy TOBTOPSATHCA.



