O/IMMNUALA WKOJ/IbHUKOB «MOKOPU BOPOBbLEBbI NOPbI» no ®USUKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDIN) 3TAN 2020 roaa

BUJET Ne 11 (7-9 knaccbl, YenabuHCK): BO3MOXKHbIE peLueHUsa U Kputepum

Kpurtepuu oneHnBanus:

J1JIs1 BOIIPOCOB:

EcTb oTAenpHbIE TpaBUIbHBIE cOOOpaykeHus — 1 6as.

OTBeT B LEJIOM NIpPaBWIEH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
HETOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHWE (Ui BOMPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 2 GaJuia.

OTtBeT npaBuiIeH, HO NMPUCYTCTBYIOT MEJIKUE HETOYHOCTH, WJIM OTBET HEJOCTATOYHO TMOJIOH,
WIH OTCYTCTBYET JOCTaTO4YHOE OOOCHOBaHME (IUIsi BOIPOCOB, B KOTOPBIX HEOOXOAMMO
obocHoBaHue) — 3 H6aJa.

OTBeT NOJHOCTHIO MPABUIbHBIA, HO HEJOCTaTOYHO OOOCHOBAaHHBIM (Ui BOIIPOCOB, B
KOTOPBIX HE0OX0IMMO 000CHOBaHKE) — 4 GaJa.

[IpaBUIBHBIN, TOJHBIN 1 00OCHOBAHHBIN OTBET — S 0AJJI0B (MAKCHMAJILHASN OLIEHKA).

EJIH 3a7au.

EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.

Ectp 4WacTh HEOOXOIMMBIX MJIsi pEIICHUS COOOpaKEHW, pelIeHHe HEe 3aKOHYEHO WU
COJICPXKUT Cepbe3HbIC OMUOKK — 3-4 faJia.

[TpucyrcTByer Oosiblasi 4yacTb HEOOXOAUMBIX Ul PEUIEHHs COOOpa)K€HWil, MpaBUIIbHO
3alucaHa 4acTb HEOOXOIUMBIX COOTHOILIEGHUH, pElIeHHWE HE 3aKOHYEHO WM COJEPXKUT
omnoOku — 5-7 6a/110B.

[TpucyTCTBYIOT Bce HEOOXOAUMBIE ISl PEeIIeHUsl COOOpaKeHUs, TIPABUIIBLHO 3alKUCaHbl TOUTH
BCE HEOOXOAMMBIEC JJISi PEIICHHs] MCXOAHBIC YpPaBHEHHWS, HO peIIeHHEe He 3aKOHYEHO WIIN
coiepuT omuoku — 8-10 6asL/I0B.

[TpucyTcTBYIOT BCe HEOOXOAMMBIE Ul PEIICHHS COOOpaKeHWs, NMPaBUIBHO 3aIHMCaHBI BCE
HEOOXOMUMBIC Ui PEIICHUs HWCXOIHbIE ypaBHEHUS, DPELICHHE BBICTPOSHO MPABUIBHO C
($U3NIECKO U JTIOTUYECKON TOUKH 3pEHHS, HO COAePKHUT omnoOku — 11-14 6asoB.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul PELeHHs COOOpakeHUs, MPaBUIBHO 3alMCaHbl BCe
HEOOXOIMMBIC ISl pEIIeHUS WMCXOIHBIE YpPaBHEHHs, PEIICHHE BHICTPOSHO NPABMIIBHO C
(Gu3M4ecKoil M JIOTHYEeCKOM TOUKH 3pEHUs, HO COJIEPKUT OJHY-/IBE MEJKHE HETOYHOCTH, HE
MIO3BOJIMBINUE MOJMYYUTH TMPABWIBHBIA OTBET, WIN NPABHIFHOE pPEIIEHUE C HEAOCTATOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJios..

[IpaBunbHOE OOOCHOBAaHHOE PEIICHHE C BEPHBIM AHATUTUYECKHM OTBETOM, HO MEJIKOU
HETOYHOCTBIO MpPU TOJIYYEHUH UHUCIEHHOI'O OTBeTa, JHUOO NpPaBWIbHOE pEIIEHUEe ¢
NPaBUWIBHBIMA OTBETAMH C HEIOCTATOYHBIM OOOCHOBAaHHMEM OJHOTO W3 HCIIOJIE30BAaHHBIX
pe3ynbTaToB (M3 YKCa He KIFOUEBBIX JUIS PElIeHus, HO Heo0XoaumbIx) — 18-19 6anios.
[TonHOE, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU OTBeTaMu — 20 6ajjioB
(MakcuMaJIbHas OIl€HKA).

3amanmue 1.

Bonpoc: Kak cBszanbl Mexny co0oil CKOPOCTH JIBYX TOYEK JKECTKOT'O CTEP)KHSI, CKOJIB3SIIIETO O

POBHOI IOBEPXHOCTH (B OAVH MOMEHT BPEMEHN)?

OTtBer: YciioBUE HEU3MEHHOCTH JJIMHBI 11000r0 yY4acCTKa KCCTKOT'O CTCPIKHA Tpe6yeT, 4yTOOBI 32
OYCHBb MaJio€ BPEMA PACCTOAHUEC MCKIY JIFOOBIMU ABYMA €0 TOYKaMH OCTaBaJIOCh HCU3MCHHBIM,
TO €CThb MPOCKIUH CKOpOCTCﬁ 9TUX TOUYCK Ha MNpAMYIO, UAYIIYIO BIOJIb CTCPIKHA, AOJIKHBI

COBIIAJATH.

3agaua: J[BHOKYIIUICS IPAMBIM KypcoM cO cKopocThio U = 25 km/u katep Gykcupyer 6aken (1)

U CIIOPTCMEHA Ha BOIHBIX JibDKax (2). Mcrmonb3yeTcs OJMH MPaKTUIeCKH
HEpacTsDKUMBIH ~ OyKCHpPOBOYHBIM ~ TpoC, TepeOpOLIeHHbIH  depe3
HeOOJIbIION OJIOK, 3aKperjieHHbIH Ha KopMe KaTepa. B HekoTopblit
MOMEHT BpeMEeHH OakeH JIBIKETCS OJHMM KypCcoM C KaTepoM Co
CKOPOCTBIO Vj, PAaBHOH NOJOBHHE CKOPOCTH KaTepa, a BEKTOP CKOPOCTH

croprcMena cocrasiser yron o =60° ¢ manpasinenueM Tpoca, mpuuem

-
u

B

v



tpoc cocrasisier yron [ =135 ¢ wanpasienuem aBukeHus karepa (cM. pucyHok). Haiimure
BEJIMYUHY CKOPOCTH CIIOPTCMEHA B TOT MOMEHT BPEMEHH.

Pemrenne: /yinHa Tpoca B pouecce IBUKEHUS OCTAETCS HEM3MEHHOM, TaK UTO CyMMa U3MEHEHUN
JUIMH €r0 OTPE3KOB OT OJIoKa 10 OakeHa W JIbDKHUKA 3a Bpemsi Al mommkHa OBITH paBHA HYIIO.

Takum obpaszom, [U—V;]At+[ucos(L8C°— ) —V, cosa]At =0, u ¢ yaerom V; = % T0JIy4aeM:

) = ul=2cosf5) = (v2 +1)u ~ 60,4 km/x.
2C0Sx
OTBET: Vv, = u(—2cosf) = (V2 +2)u ~ 60,4 xm/u.
2C0S
3amanue 2.

Bonpoc: CornacHo 3akoHy Dypbe, KOJUYECTBO TEIUIOTHI, MPOTEKAIOIIEEe B CAMHHUILY BPEMEHHU
gyepe3 CIIOM BEIIeCTBAa, MPSIMO MPOTOPIHOHATICH Pa3HOCTU TEMIIEpaTyp MO pPa3HbIE CTOPOHBI OT
Hero. Kornma OpicTpee pacTeT TeMiieparypa BOJbI B YallHUKE — B HAa4yalle HarPEBaHUS HIIU IEPe]
sakunanuemM? OTBeT 000CHOBATE.

OrtBert: bynem cuutarhb, 4TO BhIIETIsieMasi B HArPEBaTEIbHOM AJIEMEHTE YallHUKa MOIIHOCTh Cl1abo
3aBUCUT OT TeMHepaTypr. MOH_IHOCTI) TCIIJIOBBIX HOTepb n3-3a TGHHOHpOBOIIHOCTI/I SABHO paCTeT C
pPOCTOM TeMIIEpaTypbl BOJbI B yaifHHKe. [103TOMY KOJMYECTBO TEIUIOTHI, HAYIIEE B CIUHUILY
BPEMEHHM Ha HarpeB BOJIbl, MaJaeT C POCTOM TEMIIEpaTypbl. 3HAYUT, TeMIepaTypa B HalHUKE
pacTer ObICTpee B Hayaje HarpeBaHHs. B J0MoJHEHHE MOXKHO 3aMETUTh, YTO Iepe]] 3aKUIIaHUEM
CYHIGCTBeHHO paCTeT I/ICHapeHI/IC BOJHBI, KOTOpOG HpI/IBOI[I/IT K OOIIOJIHUTCIBbHBIM HOTepSIM
MOIITHOCTH, UIYIIeH HA HArpeBaHUE, TaK YTO y4ET UCHAPEHHS TOXE CIOCOOCTBYET 3aMEICHUIO
pocTta TeMIepaTyphl epeT 3aKUTaHHEM.

3agaua: Jlerkuil aqOMMHHMEBBIA KOTEJIIOK HAIOIHUIM CYXHUM CHETOM, M 3aKpbUTU KPBIIIKOH.
BHauasie cHer MMeN Takylo K€ TEMIIEpATypy, YTO M OKPYXKarouiuii Bo3ayX, pasayto t, =-9°C.
Ot Havasa TasHUS CHEra JI0 MOMEHTa, KOT/[a OH PacTasul MOJHOCTBIO, TIponuIo Bpems 7, =128c.
OpHako MOTOM MPOILIO HEMAlIO BPEMEHM, a BOJA TaK U HE 3aKuIlena — POCT TeMIEepaTypbl
ocranosmics Ha otmeTke §; =96°C. Torma MOIIHOCTE TOPENKH YBEIHUYNIIH, U KOJINYECTBO TEILIa,
MOCTYIAIOIIETO0 B KACTPIOJIO B EAMHHILY BpeMeHH, yBenuuuioch Ha 35%. Kakoe Bpems
noTpedyeTcs Teneph sl HarpeBa BOJAbBI B KoTeske 0 TeMieparypsl kunenus (100°C)? VY nenbHas

TerioTa TuiaBlieHus Jibaa A = 336 kJk/Kr, yneiapHas TeroeMKocTh Boabl C = 4,2 kJIx/(kr-°C).
[Torepeli Macchl BO/IBI M3-3a BEIKUTIAHUS TIPEHEOPEYb.

Pemenune: B mporecce TasHUS JICASHBIX KPUCTAJUIOB TEMIIEpAaTypa COJAEPKHUMOTO KOTENKa He
usMmensiercst (oHa paBHa 0°C), M0ITOMY HE M3MEHSETCS U OTOK KOJIMUYECTBA TEIUIOTHI HAPYKY U3
kotenka. C yuetoM 3akoHa @ypbe M3 BOIPOCA, MOIIHOCTH MOTEPh H3-3a TEILIONPOBOJIHOCTH

P, =a-Aty. 3necs Aty =0°C—t, =9°C. Torna (Fy—a-Aty)ro =Am., rne P, — navansnas
MOIIHOCTh HAarpeBa COAEPIKUMOTo KOTelKa, a M — macca cHera. Korza temmeparypa nepecraia
MEHSATHCS, [OTEPH  CPaBHAIACH ¢  TOABOIMMBIM  TEIUIOM, TO €cTh Py =a- Al

Am _Am
(At —Ato)zy b7

(At =t —t, =105°C). 3uaunr, a= Jlnst HarpeBa JI0 TEMIIEPATYphI

At
KUIIEHUST TP YBEJIWYEHHON MOIIHOCTH P1=:L35-05-At1=l35-@—1 TpebyeTcss BpeMs,
o L
At te +t, -2t
ONpENEIIEMOE W3  ypaBHEHHS l35-@—1-1zcm(t,< —t) + Am b ; 7. B oartom
o b 170

YpaBHCHHUU IJId YBCIIMYCHHA TOYHOCTHU HMCIIOJIb30BaHA CPCAHAA MOMIHOCTD TCIJIOBBIX MOTCPb IJIA

HavalbHOM [ m KoHewHoil ty Temmeparyp. M3 Hero momydaem 7= —

7.
A 17t —0,7t, —t,

96
IMoacTasiss YMCIIOBBIE 3HAYEHUS, HAXOAUM, YTO T ~ @5% ~177c.



OTBET: Tz& bt —t) Ty = % 7o =17,7c.

3aganmue 3.
Bomnpoc: BoiabT™MeTp, NOAKIFOYEHHBIN K YYACTKY LIETH, 3AMEHUJIM HA JIBA TAKUX K€, BKIIOUECHHBIX
MapajuieJbHO, U MX IOKa3aHWS OTIMYAIMCh OT TMOKazaHuil mepBoro. C 4eM 3TO MOXET OBITh
cBsi3aH0? OTBET OOBSICHUTD.

OtBer: C HEWICATBHOCTHIO BOJBTMETPOB. Y HJICATLHOTO BOJBTMETPA COMPOTHBIICHUE IOJKHO
ObITh OECKOHEYHO OOJIBIIMM, W TOTJa OH HE BIMSET HAa TOK B YYacTKe IIeNH, K KOTOPOMY OH
MOJKITIOYEH. [Ipn KOHEYHOM CONPOTHBIICHUH IMapauIeIbHOE MOAKIIOUYSHHE BTOPOTO BOJIBTMETPA
MOHIKaeT odiiee (B JBa pasa) oOIiee CONMPOTHUBIECHUE OJOKA BOJBTMETPOB, YTO MPUBEACT K
M3MEHEHHIO TOKA B YUaCTKE LM U KaK CJICJICTBHE — K M3MEHEHHIO IOKa3aHUI BOJIBTMETPOB.

3agava: Ha BHEIIHUX KJIeMMax €M, CXeMa KOTOPOW I0Ka3aHa Ha PUCYHKE, MOICPKUBACTCS
nocrosinHoe Hanpspkenune U =48B. ComporusieHus: Bcex
pE3nCTOpPOB B cxeMe oaWHakoBbl W paBHel R =100wm,
CONPOTHUBJICHHUS BCEX JIAMIT B CXEME TaK)K€ MOYKHO CUHUTATh
ommHakoBbiMu ¥ paBHeiMH R, ®3R=300m. K wuemn

MOJK/IFOUYEHBI aMIIEPMETP M BOJIBTMETP, KOTOPHIC MOXKHO
CUUTATh MPAKTHYCCKH HACATLHBIMH, COMPOTHBICHUS COCANHUTEIBHBIX MPOBOIOB MTPEHEOPESIKUMO
Mabl. Haiitu mokaszanus mpruoopoB.

Pemenue: IIpexae Bcero Hy>KHO 3aMETUTh, YTO COIIPOTUBIICHUH UCAIBHOIO aMIIEpPMETPA PABHO
HYJIO0 (COOTBETCTBYIOIIMN YYacTOK LENH MOXKHO 3aKOPOTUTh), a WJCAJIbHOIO BOJBTMETpA -
0ECKOHEUHO BEJIMKO (Y4acTOK MOXKHO Pa30MKHYTb), U JIJIsl pacyeTa TOKOB U HAINPSDKEHUM MOKHO
HCIIOJIB30BaTh CXEMY

3R R
F— ——2
3R 9R
[TomHoe compotuBneHue nenun R, = 3R-3R + R-9R =24R =240M, ¥ NoNHBIA TOK B LENH
3R+3R R+9R
U U
| =—— =2A. DT0T TOK JIeTUTCs HOPOBHY Mexy conpotusieHnsiMu 3R (mo |,=——=1A)us
12R 24R
U U
cootHomeHnn 1:9 mexny comporusienusmu 9R u R (I, :ﬁ:O,ZA u :ﬁ:lSA
COOTBETCTBEHHO). I3 OamaHca TOKOB B y3Jax <«3aKOPOYCHHOW» BETBH BHIHO, YTO 4Yepe3
aMmIepMeTp TedeT ToK («cHusy BBepx») |, =1,—1; =% =0,8A. Hanpspkenue Ha BOJIBTMETPE

paBHO pa3sHOCTH HANpsDKEHUH Ha TpeX JaMIaxX «cClIeBa» M OJHOIO PE3HCTOpa «CIeBay:

U, =1,.3R+1,6R—1,R=[32 461 — > |y -2y =328,
24" 24 24)° "3

OTBET: 1, =:—R _08A, U, :%u _32B.

3ananue 4.
Bonpoc:  ChopmynmupyiiTe 3akOH BCEMHUPHOTO TiroTeHus. Kakum o0pa3oM MOXKHO €ro
MPUMEHATD JIJISl TPOTSXKEHHBIX TeN?

OtBer: 3aKkoH BCEMUPHOTO TATOTCHHA B paMKaXx MCXaHHUKU HproTona omnuceIBaeT
IrpaBUTAllUOHHOC BSaHMOJIeﬁCTBHe, B KOTOPOM YYaCTBYIOT BCC MACCHUBHBIC TCJa. B naubonee
IIpoCTOM BHUIC OH (bopMyanyeTc;I JJIS B3aUMOACUCTBUS TCJI, Pa3MEPbl KOTOPBIX npeHe6pe>i<1/IMo
Majibl IO CPAaBHCHUIO C paCCTOAHUAMHA MCKAY HUMU (MaTepI/Ia.]'H)HBIX TO'-IeK)Z JABC MaTCpHaJIbHBIC



TOYKH MPUTITUBAIOTCA APYT K OPYTY C CHIJIOH, HallpaBJICHHON BIIOJIb COEOUHSIOUICH WX JIMHUH,

BEIMYMHA KOTOPOW TMpsIMO MPONOPLMOHAJIbHA MPOU3BEICHHIO HMX Macc M 0OpaTHO
B Gm,m,
OPOIMOPIUOHATBHA KBAIPATy PACCTOSHUS MeK Ay HuMH: by, = ———3 hy.3nece [ =N, -0, a
2
ko3 durenT mpornopuroHanbHocTH G Ha3BIBAIOT TPABUTAIMOHHON MOCTOSHHOM. Jlis
BBIUMCIICHUS] CUJIBI TPABUTALIMOHHOTO MNPHUTSDKEHUs MPOTSHKEHHBIX TEJN HYXHO pa3OUTh UX Ha
«MAaTEpHUAIIbHBIE TOYKU» U IIPOCYMMHUPOBATh CUJIbI B3aUMOACUCTBUI JUIsl BCEX Iap TaKuX To4yek. B
cllydae CHMMETPUYHBIX TeJl 3Ta Ipouenypa ynpomaerca. Hanpumep, cuily B3auMOIEHCTBUS Tena
C wuaeanbHOM cdepuuecKkod CHUMMETpUEH U MaTepualbHONH TOYKM MOXKHO BBIYHCIATH
HEIOCPEJCTBEHHO 1O (OpMyJe 3aKOHA BCEMHUPHOI'O TATOTEHMsI, MCIIOJIb3Ys] BMECTO PACCTOSHMS

MEXIy TeJIaMU PACCTOSIHHE O TOYKH JIO IICHTPa CPEPUUECKU-CUMMETPUIHOTO TEIIA.

3agaya: AcTpoHOMBI OOHApYXWJIM B IPOCTOpaX KOCMOCA YAAJICHHYK OT JAPYIMX OOBEKTOB
JBOMHYIO cUCTEMY (TO €CThb CUCTEMY M3 ABYX 3BE3[, pa3Mepbl KaKIOW M3 KOTOPHIX HAMHOTO
MEHbILIE PAcCTOSIHUA MEXAY HHUMH). 3Be3lbl B HEH BpallaloTCs € OOLUM IEepHOI0M
T =5000cymox, ocraasch Ha nocrosHHOM paccrosuuu L=2-10° xu gpyr ot apyra. Haiitu
MOJIHYI0 MacCy CHCTEMbl. 3HAuU€HHWE TPABUTALMOHHON IOCTOSIHHOM MPUHATH PaBHBIM
G~6,67-10" 3 /(e - c?).

Pemenne: Cummerpusi cucTeMbl NO3BOJSIET YTBEpXKAaTh, YTO MacChl BCE TpeX €€ 3Be3]
OJIMHAKOBHI (MHAUE OHA HE coXpaHsuia Obl HopMy PaBHOCTOPOHHETO TPEYrojbHUKA). B ciryuae ke
PaBHBIX MAcC pPaBHOJICHCTBYIOIIAs CUJI IPUTSDKEHUS KaxX 101
3BE3/bI K ABYM APpyrum 3BE3JaM-KOMIIaHbOHaM»
HarpaBJIeHa 110 PaAnyCy U OAHOBPEMEHHO — 10 OUCCEKTpHCe
CBOET0 yria (SICHO, YTO LIEHTPOM BpALICHUS SBISETCS LEHTP

TPEYrojbHUKa, MO3TOMY paJUyC BpaIICHUS pPaBEH ﬁ)

Ilyctb M- macca KaxIOW U3 3Be3X CUCTeMbl. Torxma
PaBHOJCHCTBYIOIIAsl CWJI IPUTSKEHUS OJHOM M3 3BE3] K
JIBYM JIPYTUM «3B€3/1aM-KOMIIaHbOHAM» pPaBHA

Gm? /3 J—sz
= 3 >
L= 2 L
3HAUUT, YpaBHEHUE ABUKEHUS ISl LIEHTPOCTPEMUTENBHOM KOMIIOHEHTBl YCKOPEHUSI UMEET BU:

L 73 Gm? 4723
— =43 —Sm=——
J3 L2 3GT?

4723

cucreme). [Tonnas macca cucremsl pasia M =3m=———~2, 103 kr.

F1:F2:F3:2

27
ma? (3mech a)=T — yIJIOBass CKOPOCTh BpAIE€HHs 3BE3J B

213
OTBET: M = % ~25.10%kr.
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