ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBEbEBbI FOPbI» no PUSUKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2020 roaa

BUJET N2 06 (11 Knacc): BO3MOXKHble peLleHUsa U Kputepumn

Kpurepuu onenuBanus:

15l BOIPOCOB:
EcTb oTAenpHbIE TpaBUIbHBIE cOOOpaykeHus — 1 0asI.
OTBeT B LEJIOM MpaBWIEH, HO COJEPXKUT CYLIECTBEHHbIE HETOYHOCTH, WJIM CYLIECTBEHHO
HEMOJIOH, WM OTCYTCTBYeT OOOCHOBaHME (IUIsI BONPOCOB, B KOTOPBIX HEOOXOIMMO
obocHoBaHue) — 2 GaJuia.
OTBeT npaBuiIeH, HO MPUCYTCTBYIOT MEJIKHUE HETOUHOCTH, HJIM OTBET HEIOCTATOYHO MOJIOH, MK
OTCYTCTBYET JOCTAaTOYHOE 0OOCHOBAaHUE (JUIsl BOIIPOCOB, B KOTOPBIX HEOOXOIUMO 0OOCHOBAHME)
— 3 dasna.
OTBeT MOJIHOCTBIO MPABUIIBHBIN, HO HEIOCTaTOYHO OOOCHOBAHHBIN (11 BOIPOCOB, B KOTOPBIX
HeoOxoauMo o0ocHOBaHKE) — 4 GaJia.
[TpaBUIBHBIN, MOJHBIN 1 00OCHOBAHHBIN OTBET — S 0AJJI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTnenpHble npaBuiibHbIe coOoOpakeHus — 1-2 fania.
EcTh yacTh HEOOXOAUMBIX JUIS PEUICHUsI COOOPAXEHHUH, pelIeHHE He 3aKOHYEHO WJIN COAEPIKUT
cepbe3Hble omuoku — 3-4 daswa.
[TpucyrcTByeT OobIIas 4acTh HEOOXOIUMBIX JUIS PELICHHUS COOOpaKEHUI, MPABIIILHO 3allMCaHa
4acTh HEOOXOJMMBIX COOTHOILUCHWH, peIIeHHEe HEe 3aKOHYEHO WM COAEpPXKUT OMIMOKH — S5-7
0aJ110B.
[TpucyTcTBYIOT Bce HEOOXOIUMBIE /Il peIIeHUs] COOOpaXKeHUs1, IPABUIbHO 3allMCaHbl IOYTH BCe
HEOOXOMMBIE ISl PEUICHUs] UCXOIHBIC YPAaBHEHHUS, HO PEIICHHE HE 3aKOHYCHO WM COJEPKHT
o6k — 8-10 6ann0B.
[TpucyTcTBYIOT BCE HEOOXOIMMBIE Ui PEHICHUS COOOpaXCHHs, MPABWIIBHO 3allMCaHbl BCE
HEOOXOAUMBIE [yl PEIICHUS HCXOAHbIE YPABHEHUS, pEIICHHE BBICTPOCHO IPABUIBHO C
(GU3NIECKO U JTIOTUYECKON TOUKH 3pEHHS, HO COAePKHUT omnoOku — 11-14 6asnoB.
[TpucyTcTBYIOT BCE HEOOXOJMMBIE Ui PELICHUS COOOpa)KeHMs, MPAaBWIIBHO 3allHCaHbl BCE
HEOOXOJMMBIE [UIS PEIICHUS WCXOJHBIE YPAaBHEHUS, pPEIICHHE BBICTPOCHO MPABUIBHO C
¢Gu3nuecKkoil M JOrMyeckol TOUKM 3PEHUs, HO COAEPKUT OAHY-IBE MEJKHE HETOYHOCTH, He
MIO3BOJIMBINKE TIONTYYUTh TPABUIIBHBIN OTBET, WM TPABHIBHOE DPEIICHHE C HEeIO0CTaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anioB..
[IpaBuinbHOE OOOCHOBAaHHOE pEIIEHHE C BEPHBIM AHATUTHYECKHM OTBETOM, HO MEJKOH
HETOYHOCTBIO MPH MOJIYYE€HUH YUCIEHHOTO OTBETA, TMOO MPaBUIbHOE PELICHUE C MPAaBUIIbHBIMU
OTBETAMH C HEIOCTATOYHBIM OOOCHOBAaHHMEM OJHOTO W3 HCIIOJIB30BAHHBIX PE3yIbTaTOB (U3
YHciIa He KIIIOYEBBIX JUIS peleHHs, HO HeoOXoauMmbIX) — 18-19 6aJliioB.
[TonHoe, mpaBuUIbHOE, OOOCHOBAaHHOE pEIIEHHE C NpPaBUIbHBIMM oOTBeTaMu — 20 OaJuioB
(MakcuMaJIbHas OIl€HKA).

3ananue 1:
Bomnpoc: ABTOMOOWIB MPOXOAUT MOBOPOT CO CKOPOCThIO 30 M/C MO TPaeKTOPUU C PATHLYCOM
3akpyriaenus 40 M B ropusoHTansHO# miockoctH (g ~10 M/CZ). [Tpu KakOM MUHUMAIILHOUN BETHYNHE

yIJla HaKJIOHA MOJIOTHA TPeKa OH CMOXKET 3TO CHIENaTh, €CIM KO3(B(PUIMEHT TPEHHUS KOJIEC O MOJOTHO
u=1?
OTBer: mpu JABMKEHUU 10 OKPYKHOCTHM HAa TpPEKEe YIVIOM HAKJIOHAa ¢ K TOPHU30HTAIN

HEHTPOCTPEMUTEIILHOC YCKOPECHUE CO3AACTCA TOPHU3OHTAIBHBIMU KOMIIOHCHTaAMU CHJIBI HOpMaHBHOﬁ
2

v .
peakuuu M CHJIBI TPCHHS: mE:Nsm(H I:mp COSa (mpu 3aJaHHBIX 3HAUEHUSAX CKOPOCTH H

pajuyca Cuia TPEHHs JOJDKHA MPOTHBOJEHCTBOBATL IPOCKAIb3bIBAHUIO ABTOMOOWIIS BBEPX IO

Tpeky oT ocu BpamieHus). C JApyroil CTOPOHBI, TMOCKOJIBbKY TPAEKTOPHsS TOPU3OHTAIbHA, TO
: v2

mg=Ncosa—F,,sina. W3 otux ypasnennit cnexyer, uro N=m gCOSa+ES|na , a



2
\ . o
F,,=m ECOSa—gsma . ABTOMOOWJIb HE CKOJIb3HUT, YXOIs C HYXHOH TpaeKTOPHH, €CIH

R 5
Frp<u#N. W3 ororo TpeGoBanns  HaXOAMM,  4TO '[goc>—g 3Haynr,
w? +gR 13°
5 . (5
O min = arcty — |=arcsin — |= 25°.
13 12
3amaya: ManeHbKU MAacCCUBHBIM IIAPUK MPUKPEIUIEH ABYMS OJWHAKOBBIMU d j
JETKUMH JKECTKMMM CTEPXKHSAMHU K IIapHUPAM Ha KOHIAX TOPU30HTAIbHOMN @
wTadry JmHo d =24 cM, CUMMETPUYHO 3aKpEIUICHHOM Ha BEPTHKAIbHOM d

. -1
ocu (cM. pucyHok). Och Bpamaercs ¢ yIriioBOW CKOPOCTbIO @) =/ €, JUIMHA

kaxgoro u3 crepkHeir L=37cm. Ilpu 3TOM cHia HATSDKCHUSI KaKIOTO
crepkHs paBHa [, =49H. Kakoil craHeT cuia HaTsDKEHHS, €CIM YMEHBIINTD

CKOPOCTb BPAILCHHs IO BENMHIUH @, =6 clu w3 =5 ¢ ConpoTuBII€HUEM
2
BO3/yXa MpeHeOpeyb, yCKOPEHUE CBOOOJHOTO TaICHHS B 3a1a4e IPUHSATH paBHbIM J ~ 9,8 m/c”.
Pemenue: Ilycte ¢ — yromn Mexy OCbIO BpPallleHHs U INIOCKOCTBIO, B KOTOPOM JIEXkKAT CTEP)KHU, a
p — yron Mexny crepxHsmu. Ha rpy3 [AeHCTBYIOT CHIIBI HATSDKCHUS

(BeNMYMHBI KOTOPBIX O4eBHAHO paBHbl B cuiay cummerpun: |T, [T, [ET) u
cwia Tsokectd/  YpaBHEHME UL LCHTPOCTPEMHUTENIBHOW  KOMIIOHEHTBI

yekopenus  Ma?Lcos(B/2)sin(cr) = 2T cos(f/2)sin(e)) nossomsier  Haiit

1
BEJIMYMHY CHJI HATSDKCHHS: Tzzma)ZL. YcnoBue OajlaHca BEpTHKAIBHBIX

komronent cuii Mg = 2T cos(F/ 2) CoS(«) npuBOAUT K YpaBHEHHUIO HA YIOJ

g 29

OTKJIOHEHHS: cos(@) = = (3mech YUTEHO, 4TO

@’Lcos(B12) 242 — g2
ﬂ (d JP-(d/2)? y

co ————————). HenyneBble yIibl OTKJIOHECHUS IIOCKOCTH CTEPXKHEH OT BEPTHKAIA
29 1

(cos(ex) <1) coorsercTByrOT @ > —_— ~53c™. Tosromy monyueHHas (hopmyna Juis CHII

4L° —d

HATsHKEHUS CIPaBeIIMBa IPU ) M @,, HO HE CIpaBednuBa 1 ;. CormacHo 3Toi (opmyie,

2
T, —(—j T,=36H. Jlna @y =5c¢" yron a=0, u U3 ypaBHEHHS JUIs BEPTHKATLHBIX KOMIIOHEHT

mg g 29
T, = = T, =28H.
s T c0s(812) a)lLCOS(ﬂ/2) a)fw/4L2—d2 '

2
0] 29
OTBET: T, :(—2j T,=36H, T,=——— T, =28H.
@, o} VAL? —d?
3amanmue 2:

Bonpoc: B mwmHapudyeckom cocyie Noja IMOPIIHEM HaXOAWICS BOASHOM map € TEMIepaTypou
100°C wu nasnenmem 0,4 Atm. O6BeM Tapa U30TEPMUYECKH YMEHBIIMIN BTpoe. Kakum crano ero
naBleHue?

Otger: /[aBneHne HACBHIIEHHOTO BOJSHOIO Mapa Mpu 3TOW TemMneparype paBHO 1 ATM, TO3TOMY IIpU
yMeHbIIIeHnH o0beMa B 2,5 pa3a map CTAaHOBUTCS HACBHILIEHHBIM, a JalbHeiIee ckaTue IPUBOIUT K
KOHJICHCAllUd Tnapa O0e3 YyBelIMuYeHHUs /JaBlieHUs (llaBJeHHE Ha4yHeT pacTd, KOrja Bech Iap
CKOHJICHCHUPYETCs, a JUIi 3TOro 00beM HYKHO yMeHbIIHTh HpumepHo B 1000 pa3). Ilostomy
KOHEYHOE JaBjeHuEe paBHO 1 ATMm.



3amava: ['epMeTHUYHBINA TTIAJAKUNA BEPTUKAIBHBIA IMIHHIP CEYEHHEM S pa3[eiicH Ha JIBE YaCTH
TSOKEIIBIM TETJIOU30JIUPYIONIMM MOIBHKHBIM mopirHeM Macchl M . Tloa mopiiiHeM HaXOAUTCS TENni,
HayaJbHOE JaBJICHUE KOTOPOrO paBHO [, a HaJ MOPIIHEM — HACBHIEHHBIA BOJASHOM map C
temreparypoir T . ['enuii MeJIeHHO HAarpeBaroT, a TEMIIEPaTypy Hapa MOAACPIKUBAIOT MOCTOSHHOM.
Bo ckosbko pa3z oTiMYaeTcsi KOJIMYECTBO TEIJIOThI, OTBEAECHHOE OT Mapa, OT KOJIMYECTBA TEIUIOTHI,
COO0LIeHHOro Tennio? MOISIpHYIO MacCy f/ W YIOCIbHYIO TEIUIOTY MapooOpa3oBaHus A BOIbI, a

TaK)Ke YHHBEPCAJIbHYIO Ta30BYIO MOCTOSIHHYI0 R ¥ yckopeHHe cBOOOIHOro majeHus § CyHMTaTh
W3BECTHBIMU.

Pemenue: Tak kak nmap HachIIIEHHBIH, TO €r0 JIABJICHUE ONPEAEIAETCS TOIBKO TEMIIEpaTypoil (paBHO
JaBJICHUIO HACBIILEHHOro mapa [P, npu Temmeparype | ). IlosTomy HauyanbHOE [aBieHHE Ienus

P=py +% =Py =P —?g . [Ipu HarpeBanuu renust oH OyIeT pacUIMPATHCA, cOoBepIIas paboTy
MIPOTUB Beca MOPIIHS U CUJIbl JaBiieHUs napa. JaBieHue mapa HU3MEHSThcs He Oyaer (Tak Kak
TeMIepaTypa HeM3MeHHa), HO OyJeT MPOUCXOIUTh ero KoHaeHcanus. Yacte oOpa3oBaBIICHCs BOJIBI
OCSIIET Ha MOPILHE, YBEINYUBas ero Maccy. OJIHaKo, MOCKOJIbKY 110 YCIOBHUIO OPUIEHb «TSIKEIbIIN»,
MOXHO CYHTaTh, YTO Macca rapa MHOTO MEHbIIIE MACChl TTOPIIHS U U3MEHEHHUEM MacCChl TTOPIIHS U3-
3a KOHJACHCALIMU MOXHO IpeHeOpeus. Toraa pacumpeHue refus MpOUCXOAUT MOUYTH N300apUyecKH,
M TOJBEICHHOE K  HEMy TNpd  yBelIWYeHWH  ero  obbema Ha AV TEII0

Q, =A+AU = pAV + g A(pV) zg PAV . [lns coxpaHeHHs HOCTOSIHHO TeMIIepaTyphl mapa OT Hero

HYXXHO OTBOJHTH TeILIO KoHAeHcamun Q, =A-Am, rae AM - macca CKOHIEGHCHPOBABIIEICS BOMBL.
[TockonbKy MIOTHOCTH HACBHIIIEHHOT'O BOJSHOTO Mapa MOXKHO BBIPA3UTh Yepe3 JaBJICHHE, UCIIONb3Ys

ypaBHeHue Menneneesa-Kmaneiipona py :ﬂ _ P , TO Am= HPw AV =# (p—Mg/S) AV |, u
AV RT RT RT
Q, :E-MAV . 3uaumr, Q _24u 1_m
RT Q, B5RT pS
oTBET: 2 - 2*#[1_M9
Q, 5RT pS
3aganue 3:

Bomnpoc: Kakoe KoTM4ecTBO TEIIIOTHI BBIACTSETCS B PE3UCTOPE, Yepe3 KOTOPBIN MpoTek 3apsia AJ, u

IPH 3TOM IO Mepe TepeMeIeHN 3apsiia HaupspKeHHe Ha HeM JIMHEeWHo ymenbmmanock ot Uy no U;.

OrtBert: Boiienenue Temia B pe3ucTope MPOUCXOIUT 3a CUET pabOThl BHEUTHUX 3JIEKTPOCTATHUYECKUX
CHJI TIO TNepeMeIleHuI0 3apsaa uepe3 pesuctop. Ecmum paccMmoTpers mepemenieHne «OeCKOHEYHO
masioroy» 3apsiga A0 npu HanpsbkeHuu Ha pesucrope, paBuom U (), TO BblenMBILIEECS KOJIUYECTBO

Aq

remwtorel dQ=U(Q)dq. 3naunur, nmoaHoe xoau4yecTBo TemaoThl Q= IU(q)dq. Ecam 3aBMCUMOCTE
0

w Aq.

U(Q) nuneiina, To 3TOT MHTErpaj YUCIEHHO paBeH miomany tpamnenun: Q =

3anaua: B cxeme, n300pakeHHON Ha PHCYHKE, KIFOY JIOJITOe 1. 2
BpeMs Haxoawics B mnojoxeHun 1. Kakoe konndecTtBo —K\._”_:'_
TEIUIOTHI BBIJCIHUTCS B PE3UCTOpE IOCHE IEPeBOJa €ro B

nonoxkenne  2? &=12B, C=10mMx®d, BHyTpeHHHE T oo

COMPOTHBJICHHS aKKyMYJSITOPOB OIMHAKOBBI U B N=3 pasa
MEHBILIE  CONMPOTHBIEHHs pe3ucropa.  CoONMpOTHUBICHUE
MPOBOJIOB, & TAKXKE HMHIYKTUBHOCTH KOHTYPa C KOHIEHCATOPAMHU TIPEHEOPEKUMO MaIBI.

c Jc ¢

Pemenue: [Toka k104 HaXOIUJICS B MOJOKEHUH 1, JIEBBIM (IO cXeMe) KOHJICHCATOP 3apsSauiics 10
HanpspkeHuss 2&, a mpaBblii — g0 HanpsbkeHus &. Ilocie mepeBoga Kiroya B TOJIOKEHHE 2 B



KOHTYpE C KOHJEHCAaTOpaMH, TMPAKTUYECKU JIMIIEHHOM CONPOTUBJICHHUS M WHIYKTHUBHOCTH,
MIPOUCXOJIUT «OYEHb OBICTPBI» MpOLEcC pacHperesieHUs 3apsaa MEXIy KOHACHCATOpaMu — JI0
BBIpaBHMBaHMS HAINpsDKEHUH 0 HUX. B pe3ynbrate mosiydaercs 6aTapes U3 JBYX KOHAEHCATOPOB C

3
o6meit emrocteio 2C , 3apshKeHHAs 10 HATPSHKECHHS 58 . SIcHO, 4UTO Ha 3TOM cTaguu OOIMH 3apsi

KOHJ/ICHCAaTOpPOB HE HM3MEHSETCS, a CyMMapHas SHeprus yObIBaeT, HO 3TH IMOTEPH SHEPIHU HE
3aTparuBarOT PE3UCTOP — 32 «OYEHb Majoe» BPEMs Uepe3 HEro He yCIeBaeT MPONUTH HUKAKOW 3apsl.
Opnnako OanaHC HANpsHKCHUH B CXEME €Ille HEe YCTaHOBWJICS, M TOCIE «OYEHb OBICTPOI» CTaguu
CllelyeT «MeAJIeHHasi» - OaTapesi KOHIEHCATOPOB Pa3psKAETCsl 4epe3 PEe3UCTOp € CONPOTUBICHUEM

R u akkymynsTop ¢ BHYTPEHHHUM CONPOTHBICHUEM I =— JI0 paBHOBECHOTO HanpspkeHus &. s
n

3

3TOrO Oarapee KOHICHCATOPOB HYXKHO «M30aBUTHCs» OT JuinHero 3apsaa AgQ=2C - > &E-&|=C¢&,

KOTOpBIM IPOTEKAET uepe3 pe3uctop. HampsbkeHue Ha pe3ncTope B Havalle «MEIJICHHOW» CTauu
R 1 n
- —E=—— &,
0 R+r2 2(n+1)
HaIlpsDKEHUE Ha PE3UCTOpe mnajgaer a0 Hyid. [Iu 3ToM HanpspkeHHWe Ha KOHACHCATOpE JIMHEWHO
3aBUCUT OT 3apsAAa, IMNOITOMY HAIPAXKCHUC Ha PE3UCTOPC JINHENHO y6bIBaeT C YBCINYCHHEM

a TII0CJI€ YCTAaHOBJICHUA PpPaBHOBECHUA TOKHW IPEKpallaroTCsa, U

U n 2
MIPOTEKIIETO 3apsana. [ToaToM =—A=——-C&° =0,27TMm]Tx.
p p y Qr > Ad 2 +1) |
n 2
OTBET: =——C&°=0,27m/x.
Qs 4(n+1) a
Ipumeuanue: IIpu pemieHUU yepe3 3aKOH COXPAHCHUS SHEPIHU €ro HY)KHO 3alUCHIBATH OTAEIBHO
R n
I «MejieHHouM» cramguu!  Torma = = , a =A —AE., TO ecth
QR R +r Q n+ 1Q Q cm C

Q=&-(-AQ) + % % _1)lg2-= % ce?.B pe3yabTaTe IMOIy4aeM TOT XKE OTBET.

3ananue 4:
Bonpoc: Onumure crmocod TOCTPOSHUS MPOJOKEHHS IMPOU3BOJIBHOTO TapaKkCHaIbHOTO Jyya,
MaJarolIero Ha TOBEPXHOCTh TOHKON paccenBarolel JIMH3bI (B T000M TOUKE MO THOOBIM yTIOM).

OtBer: Ui moCTpoeHUs NPOAOJDKEHUS IPOM3BOJIBHOIO JIy4a MOKHO
UCMOJb30BaTh TOT (PaKT, YTO TOHKAas paccerBarollas JMH3a IMPeTOMIISeT
napajulesibHbIe JIy4d TaK, YTO UX MPOJOJIKEHMSI MEepeceKaroTcs B OMMKHEH
¢dokanpHOW  MIOCKOCTH  JUH3BL.  [lo3TOMYy  JOCTaTOYHO  MOCTPOMTH
BCIIOMOTI'aTeJIbHBIN JIy4, ITApaUICIbHBIA PAaCCMATPUBAEMOMY U ITPOXOISIIHAN
Uepe3 ONTHYECKUi IIEHTP JIMH3BI 0e3 npenomiieHus. [IpogomkeHus aTux
JIy4€H JOJDKHBI Iepecedbcs B POKATBHON TIIOCKOCTH (CM. PUCYHOK).

3apavya: TodeuHBII HCTOYHMK CBETAa HAaXOIWUTCA MEPE] pacCEeHBarOLIEH Y,

TuH30M. JIyd OT 3TOro UCTOYHMKA, NaJatonIuil Ha TUH3Y B Touke O, uaer /{
MOCJI€ JIMH3bI BJIOJb €€ IJIaBHOW ONTHYEeCKOM ocu. Jlyd, majgarommi Ha AF—=---- %
a3y B Touke A (paccrosiune |OAl=1=2cwm), BEIXOAUT U3 JMH3BI TIO] ) —>---
yrioMm o =6° x onTtudeckoir ocu. DOKYyCHOE pacCTOSHHE JIMH3BI

F =25cM. Ha kakoM pacCTOSIHMH OT JIMH3BI HAXOIUTCS HCTOYHUK?

Pemrenune: Ilpexne Bcero 3ameTum, 4TO Jy4, BBIXOASLIMH M3 ONTHYECKOrO LEHTPA JUH3BL, HJIET
BJOJIb TJIABHOM ONTHYECKOM OCH. DTO O3HAYAET, YTO UCTOUYHHK HAXOAUTCS Ha INIABHOM ONTHYECKOMH



ocu auH3bL. [ToCTpOHB MPOIOIKEHHE Tyda, BRIXOISIIETO U3 TOUYKHU A,
HalJeM TMOJIOKEHHE W300paKeHHsI HMCTOYHUKA, HAXOJSIIETOocs OT

nuu3el Ha paccrosiuun D =—| - Cctg(ar) (3roT MHEMOE H306paKeHue).
CormacHo  ¢opMmyie JHMH3BI, pAcCTOSHHE OT HCTOYHHKA JI0
1
JMH3BI @ ONpPEAENSACTCS W3 COOTHOMIEHHS — +—=——, TO €CTh
a b F A
Fb Fl

HOI[CT&BJBI}I 3Ha4YCHUA (HpI/I BBIYMCJICHHUHU TaHI'CHCA MOXHO HMCIIOJIB30BaTh

"F+b Figla)-1
npubimkeHre Maisix yriios: tg(6°) = 3£0 ~0105), naxogum: a~80cwm.

Fl

———~80cm.
Ftg(a) -1

OTBET: a=



