ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2019 roaa, 7-9 Knaccbl

BUNET Ne 19 (HUXXHUI HOBIFOPO/1): BO3MOKHble peLleHUs U OTBETbI.

Kpurepun oueHuBanmsi:

151 BONIPOCOB:
EcTp oTnensHbIC paBHIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B LEJOM MpaBHJIEH, HO COAEP)KUT CYIIECTBEHHbIE HETOUYHOCTH, MM CYLIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHUE (Ui BOMPOCOB, B KOTOPHIX HEOOXOAUMO
obocHOBaHue) — 2 GaJuia.
OTBeT MpaBWJICH, HO NMPUCYTCTBYIOT MEJIKME HETOYHOCTH, UJIU OTBET HEAOCTATOYHO IMOJIOH,
WIA OTCYTCTBYET JIOCTaTOYHOE OOOCHOBaHME (IUIi BOIPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 3 GaJa.
OTBeT NOJHOCTHIO MPAaBUIbHBIA, HO HEJOCTaTOUYHO OOOCHOBAaHHBIM (U1 BOIIPOCOB, B
KOTOPBIX HE00X0IMMO 000CHOBaHHUE) — 4 OaJwLia.
[IpaBunBHBIN, MOTHBIN 1 0O0CHOBAHHBINA OTBET — 5 0AJI0B (MAKCHMAJILHASA OLIEHKA).

Jlisi 3anay:
EcTb oTAenpHbIE TpaBUIiIbHBIE cOOOpakeHus — 1-2 6aJuia.
Ectb yacth HEOOXOOUMBIX ISl PEIICHUS COOOpa)KeHWM, pelIeHHe He 3aKOHYEHO WU
COJICPIKUT Cepbe3HbIC OMUOKHU — 3-4 GaJjlia.
[TpucyrcTByeT Ooubliasi 4acTb HEOOXOJUMBIX Ui PEUICHHS COOOpa)KeHUM, MPaBUIBHO
3amycaHa 4YacTh HEOOXOJUMBIX COOTHOIICHHWW, PEIICHHE HE 3aKOHYCHO WM COJEPIKUT
omuoKku — 5-7 6aJ/I0B.
[TpucyTcTBYIOT BCe HEOOXOAUMBIE TSI PELICHUST COOOPaKEHUs, MPABIIILHO 3aIMCAHBI TIOYTH
BCE HEOOXOAMMBIC NJISi PEHICHHs] MCXOJIHBbIC ypaBHEHUS, HO pPEIICHHE HE 3aKOHYEHO WIIU
COJIepKUT omuOKy — 8-10 6a10B.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul pElIeHHs] COOOpa)KeHUs, MPAaBUIBHO 3allMCaHbl BCE
HEOOXOIMMBIC ISl pEIICHUS HMCXOIHBIE YpPAaBHEHHs, PEIICHHE BHICTPOSHO NPABWIIBHO C
(bu3nUecKoil 1 TOrnYecKoi TOUKH 3pEHHsI, HO COePKUT omnoku — 11-14 6asnoB.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE JUIS PEIICHHs] COOOpa)XeHWs, MPaBUIBHO 3allMCaHbl BCE
HEOOXO/UMBbIE JJIsl pEIleHUs] MCXOIHbIE YPAaBHEHMs, PELICHHE BBICTPOCHO MPAaBUIIBHO C
(GU3NIECKOI M JIOTHYECKON TOYKH 3PEHUS, HO CONEPKUT OJHY-IIBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBILIKE MOJYYUTh MPABUIBHBIM OTBET, WIM NMPaBUIBHOE pPEIIEHUE C HEAOCTATOUYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB.
[IpaBuinbHOE OOOCHOBAaHHOE PEIICHHE C BEPHBIM AHATMTUYECKHM OTBETOM, HO MEJIKOU
HETOYHOCTBIO MpPHU TOJIYYEHHUH UHUCIEHHOI'O OTBeTa, JMOO MpaBUIbHOE peIIeHHe ¢
NPaBUIBHBIMA OTBETAMH C HEIOCTATOYHBIM OOOCHOBAaHHMEM OJHOTO W3 HCIIOJIb30BAaHHBIX
pe3ybTaToB (M3 YMCIIAa HE KIFOYEBBIX JJIS peIIeHus], HO Heo0XoauMbIX) — 18-19 6annoB.
[TonHoe, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHHE C TMpaBWIbHBIMU oTBeTaMu — 20 GajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.

Bomnpoc: /IBa Tena, OpolIeHHBIE MOJA YIIIOM K TOPU30HTY C OJAMHAKOBOM CKOPOCTBIO, MUMEIOT
OJIMHAKOBYIO JAJILHOCTH IOJIETAa, HO pa3HOE BpeMs mnosera. CUilbl CONPOTUBIIEHUS BO3JyXa HET.
Kak cBsi3aHbI yIiibl, 10J1 KOTOPBIMU 3TH Teja ObLTH OpOoIIeHbI?

3agaya: J[Be yacTuIbl OAHOBPEMEHHO HAYaly JABUIaTbCA B OJHOPOAHOM IIOJIE TSDKECTH (.
HavanbsHple X CKOPOCTH PABHBI IO MOJYJIIO Vo U JIEXKAT B OJHON BEPTHKAIBHOM IUIOCKOCTH. YTOI
HaKJIOHAa BEKTOPa OJHON M3 CKOPOCTEeH K TOPU30HTY paBeH a, a Ipyroil — 2a. B xakoil MOMEHT
BPEMEHH T OT Hadaja [JBWKEHHS CKOPOCTHM 4YacTHL] OKa)XyTCS COHAaIlpaBJICHHBIMU?
ComnpoTuBjIeHHEM BO3]lyXa PEHEOPEUb.



OtBer Ha Bompoc: JlanpHOCTH ToyieTa Tena, OPOIIEHHOTO TOJ YIJIOM o K TOPH30HTY CO
2

Vg . o
CKOpPOCTBIO Vy, onpezensercs popmyoit L = —%sin(2a) . MosToMy coBIaneHHE NATBHOCTEH WIS
g

ABYX TN TMPH OJMHAKOBOH HaYallbHOW CKOPOCTH BO3MOXHO, ecimu SiN(2«a,) =Sin(2a,). Oto
o3Havaer, 4to o, =90° - ;.

Pemenne 3agaun: BygeMm HMCHONB30BaTh CHCTEMY KOOPIMHAT, B KOTOPOM OCh X HalpaBieHa
TOPU30HTAILHO B IUIOCKOCTH JBHIKEHHUS, & OCh Y — BEPTUKAIBHO BBEPX. [10 OCH X TENIO JBHKETCS
PaBHOMEpPHO, @ IO OCH Y paBHOYCKOPEHHO (C YCKOpEHHEM CBOOOJHOIO NajeHus). 3aKOoH
M3MEHEHHUs KOMIIOHEHT CKOPOCTH V, =V, C0S(a2) u V, =V, Sin(a) — gt. Yron HakiaoHa ckopocTH

K TOPU3OHTY B MOMEHT BpPEMCHU t OIPEACIIACTCA COOTHOILICHHUEM
v
tg(p) = = tg(a)— Lt . IloaTOMy CcOHampaBIEHHOCTb CKOPOCTEH O3HAYaeT, YTO
v, V, cos(x)
tg(a) — 9 .- tg(2a) — 9 7. Clef10BaTeNbHO,
V, cos() V, €0s(2cx)
L Vo [t9(2a) — tg(e)] cos(a) cos(2a) _ Vo sin(a)
g cos(ar) — cos(2ax) g cos(a) —cos(2ar)

910 BBIPAKCHUC MOXKHO CIIC YIIPOCTUTH, BOCIIOJIB30BABIIUCH TPUT'OHOMETPUICCKUMU Q)OPMYJ'I&MI/I
_ Vg cos(a/2)

cos(a) — cos(2a) = Zsin(%jsin(%J u sin(a) = 23in(%}cos(%j. Torpa 7 = 9 —sin(3a/2) :

OTBET: 7 = Yo ¢0s(@/2)
g sin(3a/2)

3aganue 2.

Bomnpoc: Ilpu cobmronennn HeOOXOAMMBIX MPEIOCTOPOKHOCTEH BOIY MOYKHO TP HOPMAaJIbHOM
atMochepHoM naBieHun oxnaauth Hike 0°C. Jlo kakoil TeMneparypbl HYKHO OXJIQJAUTh TaKyIO
«IIePEOXITAKACHHYIO» BOMY, YTOOBI IPH BO3BPAIIEHUH B YCTOHUNBOE PABHOBECHOE COCTOSTHIE OHA
BCA 3aMmep3na? YaenbHas TersioTa IuiaBleHus nbaa A = 336 kJ[K/Kr, yaenbHas TermIoeMKOCTh
Bozbl C = 4,2 xJIx/(xr-°C).

3apgava: Yuenuk 8 kiacca Ha jabopaTtopHoil pabore Hamuin B Kajgopumerp 100 r Boabl ¢
temrnepatypoit 0°C u cranm Opocarh TyAa TOJNYEHBIN Jied W3 JaOOPaATOPHOTO MOPO3WIIBHHUKA C
temneparypoit 11 = —40°C. Ham wu3BecTHO, 4YTO yXe TOcCie MepBOH MHopuMHU 7,5 T BOABI
MPEeBPATUINCH B Jiea. Ho MIKOJIBHUK 3TOTO HE 3HAJ, U OH OTIPABHJ B KaopuMmeTp emie 13 Takux
Ke TOPHHUHA JbAa, KOKIABIA pa3 BCTPAXUBAS KaJOPUMETP AJIsS MEPEMEUIUBAHUS COJAEPKUMOTO U
JOXHIAsICh YCTAHOBJICHHS TEIJIOBOTO paBHOBecHs. KakoBa B WTOre OKaszajgach TeMIleparypa
coziepkuMoro kanopumerpa? Kamopumerp He mnepenonHseTca. TemnoeMKOCTbIO KallopuMeTpa
npeHeOpeusb. YaenpHas TeIioTa IUIaBieHus Jbaa A = 336 kJ[K/Kr, yAelbHas TEIIOEMKOCTh
apaa C = 2,1 xJx/(xr-°C).

OtBer Ha Bompoc: SICHO, YTO ISl MOJHOTO 3aMep3aHusi BOJbI HY)KHO, YTOOBI KOJMYECTBA
TEIUIOTHI, KOTOPOE BBIIACIINTCS JaXe IPHU IOJHOM 3aMEp3aHNU, HE XBATWUJIO AJI MPOTpeBa BCeH
BOJBI BbIIIE paBHOBeCHOW TemriepaTypbl 0°C. 3HauWT, Temmeparypa NepeoXJIaKIEHHOM BOJIbI
JI0JDKHA OBITh MEHbIE «KPUTHYECKON» t¢, ompeaensieMoil U3 ycnoBus . 3Ha4MT, BOJAa 3aMEp3HET
BCA TIPH .

Pemenue 3agaun: 3anuiieM ypaBHEHHE TEIJIOBOro OayaHca Ui J00aBlIEHHs MEPBON MOPLHUHU C
Maccoil m u obpazoBaHueM Jbaa Maccoit Am. Iloka Boja 3amep3ia He BCsl, TEeMIIepaTypa CUCTEMBbI

ocraetci paBHOH 1y =0°C. Ilostomy cm(t, —t;)=AAmM=m= _AAm__ 30r. Tak kak

c(to —t,)
TEMIIEpaTypa HEM3MEHHA, TO KakzIas M3 IOCIEAYIOIMX MOPLUA TOM K€ MacChl NPUBOAUT K



m 1 .
3aMep3aHuio 7,5 T Boabl. Bcero ans momHOro 3amep3aHusi TpeOyeTcs A—:13— nopuuu, a

IIKOJIBHUK J00aBW B 00IIel ciokHoctu 14 mopuwmii (420 r) TosrueHoro apaa. [TosTomy mocie
no6asnenust 400 r npa y Hero B kanopumerpe noayuniauck M=500 r npaa ¢ temneparypoit 0°C,
K KOTOpBhIM emie Obuto mo6asineHo M’ =20r napaa ¢ temmeparypoii ;. YpaBHeHue TemioBoro
OanaHca JuIsl yCTaHOBJIEHHS paBHOBecus umeeT BUI: CM (t, —t) =cm’(t —t;), u u3 Hero HaxoxuM
Mty +m't; 20

——°C=-154°C.

KOHEYHYIO TEMIIepaTypy COAECPKUMOro Kajopumerpa: t =
M+m’ 13

OTBET: t = —%"C ~ -154°C.

3aganue 3.
Bonpoc: AmnepMerp NOAKIIOYWIM MOCIEIOBATENIBHO C pe3ucTopoM Ha 98 Owm, u u3Mepwiu
MIPOTEKAOIYIO YEPE3 HEro cuily Toka. [loToM nmoaximounian nocieqoBaTeabHO C HUMU €1IE OJUH
TaKoOW K€ PEe3UCTOp, M MOJAIM Ha HUX TO ke camoe HampspkeHue. Cuia TOka, perucrpupyemast
amMIiepMeTpoM, YMEeHbIIIIACh B 1,98 pa3a. Uemy paBHO BHYTpEHHEE CONPOTUBIICHUE aMIIepMeTpa?
3agaua: B cxeme, MOKa3aHHON Ha pPHUCYHKE, UCIOJB3YIOTCS MPOrpaayupOBaHHBIA peocTar,

aMIiepMeTp C O4YEHb MajbiIM BHYTPCHHHUM COIPOTUBIICHHEM | —
NpakTUYecKu uaeanbHeld ucrounuk ¢ JJC 24 B. UW3mensas R, b
COIIPOTHBIIEHUE peocTaTa, (PUKCUPYyeM IOKa3aHUs aMIIepMETpa: IMpH «—@—5
R, =300m cuma toxka |, =0,4A, a npu R, =600m ona paBHa L:IR Ry
1
I, = 0,24 A. Haiinute conpoTuieHus pe3uctopoB R, u R,. Ir
U U
Otser Ha Bonpoc. Cuia Toka B repBoM ciydae |, = , a BO BTopoM |, =— (U —
2R+r
10JIaBaeMoe HampspKeHHe, I' — CONPOTUBIICHHE aMrepMmerpa). M3 3THX COOTHOIICHUI HAaXOHM,
I, 2R+r 1
yro — = ——— =198 . 3naunr, r =— R =20Mm.
I, R+r 49

Pemenne 3agaun: 3anuiieM ypaBHEHUE TEIUIOBOrO OanlaHca AJis 100aBIeHHs EPBOil MOPIUH €
[Tyctes E — D/1C ucrounmka (HanpspDKeHHUE Ha €ro KiIeMMax IpH pa3oMKHYTOH menu). Criia Toka B
E

R, +R,R, (R, +R,)
TOK OACIIUTCSA O6paTHO HpOHOpHI/IOHaHBHO COHpOTI/IBJ'IeHI/HIM, TO €CTh TOK B BCTBHU C aMHepMCTPOM
= R, | = E

R, + R, RR, +R,(R, +R,)

B€TBHU C MCTOYHUKOM paBHa | = Mexcny napajjiCJIbHbIMH BETBAMU STOT

A 3HAuUUT, COINPOTUBIEHUS PEIUCTOPOB YIAOBIECTBOPSIOT

E E R
cHCcTeMe ypaBHEHHU R =R, +R, + R—l R, m —=R +R, + R—l R, . Bblunras 5TH ypaBHEHHS,
a 2 b 2
R, 1 E E 1
noirydaeM, 4ro — =————|——— |=—. lcnome3yeM 3TO COOTHOIICHHE B IEPBOM
2 Rb - Ra Ib Ia 3
E 4
ypaBHeHuH 1 HaxomuMm: Ry = ———R, = 200m. CoorserctBenno R, =3R; =600m.

a

OTBET: R, =200m, R, =600m.

3ananue 4.
Bonpoc: Onumunre npupoay cui cyxoro TpeHus. Yem pas3inyaroTcs cujia TPEHHs IOKOs ¥ cuja
TPEHUS CKOJIbKEHUS?



3apava: [mamkuit map maccoi M=05kr pammycom R =5cMm L
MOJIOKUIN TaK, YTO OH OMNHPAETCA HAa BEPTUKAIbHYIO CTEHKY WU
JUIMHHBIA ~ Opycok Maccod M =2kr (cMm. pucyHok). bpycok
HaXOJUTCS Ha paccTosHUU L =8cM OT CTEeHKH U JIeKUT Ha
TOPU3OHTAIBHOM  IIEPOXOBaToOM  moBepxHocTh. llpm  kakoi
MUHUMAaJIbHON BenuuuHe Kod(dduimenta TpeHus Mexay OpyckoMm U
MIOBEPXHOCTBHIO TAKOE PABHOBECUE BO3MOKHO?

OTtBer Ha Bompoc: Bce cunbl TpeHUs: €cTh pe3ysbTaT MEKMOJIEKYISIPHBIX B3aUMOJIEUCTBUH, HO
OOBIYHO Pa3NESIIOT CHJIBI TPEHUS TOKOSI M CHJIBI TPEHHS CKONbxeHHs. Cuia TpeHHs MOKOs
MPENSATCTBYET IPOCKAIb3bIBAHUIO IIOBEPXHOCTEM M BCErJa HANpaBlIeHAa MPOTUB CHIIBI,
MBITAIOIIEHCS BBI3BATh CKOJIbkeHHe. OHa paBHA ATOM CWiIe MO BEJIMYUHE M €€ MOMEHT
YpaBHOBEUIMBAET (BMECTE C CHJION HOPMAaJbHOM peakMi) MOMEHT BHEIIHUX CHJI, IEHCTBYIOIINX
Ha TeJo (4T0OBI 00ECIeYnTh BBIMIOJHEHUE YCIOBUN paBHOBecHs). [Ipy 3TOM cuia TpeHHS MOKOsS
HE MOKET OBbITh MMPOU3BOJIBHON — OHA MPUHUMAET 3HAYCHUS B UHTEpBAJIe OT HYJS 10 HEKOTOPOTO
MaKCUMaJIbHOTO 3HAYEHUsI, 3aBUCSIIETO OT CBOMCTB MOBEPXHOCTEH M CHJIbI MPUXKATUSA UX JAPYT K
Ipyry (OT BETUYHMHBI ACHCTBYIOLIEH MEXIy HUMHU CHJIBI HOpMaJbHOW peakiuu). Ecnu BHeIIHsSA
JIBUTAIONAS CUJIA TIPEBOCXOIUT 3TO MAKCUMAJIbHOE 3HAYCHUE, TTOKOW HAapylIaeTcsl 1 HAaUMHACTCs
cKoibxkeHue. Cuna TpeHMs CKOJIBKEHHMST — CWUJIa, HAaIlpaBlIeHHas MPOTHB CKOPOCTH
OTHOCUTENILHOTO JBWKEHHUS TOBEPXHOCTEH (OHA MPEMSATCTBYET CKOJBXEHHIO, KOTOPOE YKe
cyuiecTByer). BenuumHa CHIIBI TpPEHUS CKOJBXKEHHSI B HEKOTOPOM HHTEpBale CKOpocTel
OTHOCHUTEIILHOTO JIBIDKCHHSI CJIa00 3aBUCHUT OT 3TOM CKOPOCTH W BBIYUCISETCS 1O (dopmyrie
Fop =N, rae N - cuia HOPMalbHOM peakuuu, a BeJIM4MHA 4 - KOO(QQUUMEHT TpeHus,

KOTOPBIN 3aBUCHUT OT CBOMCTB MOBEpXHOCTEH. OOBIYHO CUMTAETCs, YTO MaKCUMajbHasl BEIMYUHA
CHJIBI TPEHHS TTOKOSI IPUMEPHO COBIAIACT C BEIMYMHON CHIIBI TPEHHSI CKOJBKEHUS, HO Ha CAMOM
nene Juis OOJIBIIMHCTBA IMOBEPXHOCTEH OHa HecKosbko Ooisbmie 4N  (3TOT 3(pdexkT HocuT
Ha3zBaHHe «3PPEKT 3aCTOsI»).

Pemenune 3agaun: PaccMOTpuM cHavana paBHOBecueE apa. BepTukanbHas COCTaBIIAIONIAs CUIIbI
F, ¢ xoTopo#t Opycok AaBUT Ha IIap, JAOHKHA YPAaBHOBEIIMBATH BEC
mapa, nodromy Fsin(a)=mg. W3 reomerpum SCHO, dYTO
L-R_3 [Toatomy sin(a) =
R 5
TOYHO TaKOH ke Mo BelW4YMHe cuiod F' miap maaBUT Ha OpYyCOK.
['opu3oHTanpHasE COCTaBIAONIAs STOW CHJIOW YPaBHOBEIIMBAETCS
CHJION TPEHHUS Opycka 0 MIOBEPXHOCTb. [ToaTomy

cos(x) =

(RN

. 3HaumnTt, F :§mg. C
4 N
=S

Fl

Frp YMG
3
Fmp = F cos(«) = Z mg . Cuna HOPMaJIbHOW PEaKLUU IIOBEPXHOCTH

YpaBHOBEIIMBAeT CYMMY BEpTHKalIbHOW cocTaBuswoomeid F' u Beca Opycka, MOITOMY
N = Fsin(a) + Mg = (m+M)g. PasaoBecue Bo3moxkHo, ecin F., < /N . Takum obGpasom,

3m 3
Am+M) 20’
Hmin = 0,15. OT™MeTHM, 4T0 OPYCOK «JUIMHHBII», TO €CTh HApYHIEHHUE PAaBHOBECHE 3a CYET TOTO,
YTO CHJIA 3aCTaBUT OPYCOK MOBOPAYMBATHCS BOKPYT TalIbHETO pedpa, HEBO3MOXKHO.

3m
OTBET: 4, =——" __—015.
"N 4(m+ M)

HEO0OXOJIMMO  BBIMIOJIHEHUE TpeOOBaHUS %mg <u(M+M)g = u=> 1581071



