ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2015 roaa

BUNET Ne 06 (MOCKBA, 10-11 Knaccbl): BO3MOXHble peLueHus.

3ananmue 1:
Bonpoc: ['magkas maitba, ckoap3smias Mo TOPU30HTAIBHON IMOBEPXHOCTH, CTOJIKHYJIACH C TaKOM
xe (o pasmepy M macce) Mokosimieics maiiboil. Bektop ee ckopoctu B pe3ynbTare yaapa
noBepHysics Ha 30°. Tlog kakuM YIJIOM K HaIPaBJIICHUIO JIBIDKCHUS HAJICTAIOMICH IIaiObI
HaIpaBJIeH BEKTOP CKOPOCTU APYrou mandsl mocie yaapa?
3apava: ['nmagkas mumMHIpUYECKas MIaiida MOKOUTCS Ha TIIATKON
FOPU30HTAJILHOM  TOBEpXHOCTH. B Hee Bpesaercs  maii0a,
W3rOTOBJICHHAs M3 TOrO € Marepuaina, TOM K€ BBICOTHI, pPaguyc
KoTopoi B N=15 paza MeHblie, 4yeMm Yy TmoOKosmencs. JluHus

JIBIDKCHMSI 1IEHTpa HajeTaromed 1maiObl  KacaeTcsi OOKOBOH
MOBEPXHOCTU TMOKosmencsa. [log kakuMu yriiamMmu K HamnpaBJICHUIO
JBIKEHUS HAJICTAIOIIEH 1aiiObl OyIyT IBUTAThCs MIAalOBI MOCTEe yIpyroro yaapa?

OtBer Ha Bonpoc: bynem cuutath yaap ynpyrum. Torja 3akKOH COXpPaHEHHUS UMIYJIbCA I JABYX
OIMHAKOBBIX A6 MV, =mV, + MV, =V, =V, +V, (V,, - CKOpOCTH HajeTaloumei u
MEepBOHAYAJILHO TOKOSIIEHc 1Iaid mocie yaapa). AHAJIOTMYHOE COKpAIleHHUE MacC MPOU30UJIET
TpM 3alMCH 3aKOHA COXPAHEHHs SHEPruu, W modtomy V. =V) +V7 =(V, +V,)* =V, -V, =0, To
€CTh CKOPOCTHU 1Iai0 rociie ynapa NepneHauKyIspHbl, 1 UckoMbli yron S =90°—30°=60°. [Ipu
YaCTUYHO HEYNPYroM YAape yroi MeXIy BEKTOpaMHu cKopocTeil moipkeH ObiTh MeHbiie 90°, u
nostoMy S <60°. OgHako cTeneHb HEYNpyrocTu JODKHA OBbITh HE CIIMIIKOM BEIMKAa — MHA4Ye Yrodl
HOBOPOTA CKOPOCTU HE CMOKET OBbITh TAKMUM 3aMETHBIM.
MakcuMaJibHas OLeHKA: S 0aJ10B.

IHPUMEYAHMUE: B coOTBETCTBUM C YKa3aHUSMH, JAaHHBIMU YYaCTHHKaM, JUJIs 3a4eTa BONIpoca
JIOCTATOYHO OBLIO pa3o0paTh Cllydail yIpyroro coyaapeHHs.

Pemenue 3agaun: PaccmorpuMm MoOMeHT coynapeHus: maii6. [IockoabKy Cuil TpeHUS HET, TO CHJIBI
B3aUMOJICHCTBUS IMIail0 HaANpaBJIECHbl MEPIEHAUKYISIPHO MOBEPXHOCTH
COMPUKOCHOBEHMSI — MO OcU X (CM. pucyHOK). [ToaToMy mpoekuuu ux
cKopocTeil Ha ock MV, COS(er) = mv, + MV, coxpansrorcs. 3amMeTnm, 4To

TPEYroJIbHUK, 00pa30BaHHbIH [IEHTPAMU A0 ¥ TOYKU KACAHUS JTUHUU
JBIDKCHMSI IIEHTpa HajeTaromeil maiObl M OOKOBOH MMOBEPXHOCTH
MOKOSIICHCS, IPAMOYTOJIbHBIA, W €ro THIIOTEHy3a paBHA CyMMe
paguycoB MIanob.

n . o
=——. 3HauMT, NPOEKLIHUU CKOPOCTeH maiid mocie ymapa Ha och Y
R+r n+1

[Tostomy sin(«) =

Vo

- M
. KpOMe TOT'0, OTHOHICHHEC MacCC maib —=n°. H03TOMy 3aKOH
m

V, =0, v, =v,sin(a) = n
COXpPAaHCHUSA NPOCKINH UMITYJIbCAa HA OCh X Haer:
mv, cos(a) =mv, + MV, =V, cos() =V, +n°V, .
Tak xak OHECPIrusa ABUKCHUA 1ai0 10 ocH Y HE U3MCHMJIACh, TO SHEPIUs ABHKCHHSA IIO OCH X TOXKE
ocTajlach HEU3MECHHOM
mv, cos® () _ mv; . MV ?
2 2

= V¢ cos? (@) =V +n?V?.



= , HaX0auM, 4TO
n+1 n+1

n jz v2n+1

Pemas nmoiydeHHyI0 cHcTeMy, M y4HTBIBasi, 4To COS(xr) = 1—(

(n* =1)v2n+1 .
x = 2 VO' CHCHOBaTCHBHO, HaJICTAaroIast marioa mocie yaapa ABHXKETCA IIOJ YyIJIOM
(n+H(n“ +1)
(n? —=)v2n+1
n(n? +1)

Hrak: IEpBOHAYATIBHO IIOKOAIIasACA maioa JABHXKCTCA nona yriom

V1 .
p= > + arctg K ocH X (mokosimasics maiiba mocsie yaapa JABHXKETCS 10 OCH X ).

. n . . .
o =arcsin (—j =arcsin(0,6) ~ 37° k HampaBJICHHUIO CKOPOCTH HajieTaromei 1maiobl. [TockombKy
n
/4 20 o . .
f =E+arctg 39 ~117°, TO BEKTOp CKOPOCTH HaJETArOIIeH NIaii0bl MOBOPAYMBACTCS HA Yroll

T 20 ;
= f —a=—+ arctg| — |—arcsin(0,6) ~ 80°.
y=p-a 5 9[3gj (0,6)

OTBeT: TNEepBOHAYAIBHO TMOKOSIIAsCS Iaiba nBumxkercs mnoj yriaom — « =arcsin(0,6) ~37° k
HAMpABJICHUIO CKOPOCTH HAJETaloUmleld IMIaiiObl, BEKTOp CKOPOCTH HAJETAIOMEH MIai0bI

T 20 .
MIOBOPAYMBAETCS. HA Yroj ;/=E+arctg 0 —arcsin(0,6) ~80° (mOCKOJIBKY KaJIbKyJIATOpaMH Ha

OJIMMITHAJIC TOJIb30BATHCS HE pa3peliaeTcsi, SIBHOC BBIYHCICHHE YHCIIOBBIX 3HAYCHHWHA OOpATHBIX
TPUTOHOMETPHYECKUX (YHKIIHI HE TPeOOBAIOCH).
MaxkcumaJjibHas ouenka: 20 6au0B.

3aganue 2:
Bonpoc: Kak BeImsiiuT quarpamMmma nu300apHOro npoiiecca HaJl 0JHOATOMHBIM HJI€aJIbHBIM I'a30M
B KoopauHatax A—U («coBepiueHHas ra3oM paboTa — BHYTPEHHSISI SHEPIHs»), BBHIXOIIAs U3
Touku (Ay,U,)?
3apgava: /laBieHue oJHOrO MOJIS OJHOAQTOMHOTO HMJI€AJIbHOIO Ta3a M30XOPHUYECKH W3MEHWIN OT
HAyaJbHOTO /10 HEKOTOPOro 3HA4YeHMs. 3aTeM H300apHyecKd YMEHbLIMIM 0o0beM raza B N=3
pasza. Ilocie 3Toro raz M30XOpHUYECKH MEPEBEIN B KOHEYHOE COCTOSHHE. 3Has, 4TO TeMIlepaTrypa
raza B KOHEYHOM cOCTOSIHUM B K =12 pa3a mpeBblIaeT €ro TeMIEpaTypy B HadyaJlbHOM
COCTOSIHUM M YTO IMOJHOE KOJMYECTBO TEIUIOTHI, KOTOPHIM OOMEHSUICS Ta3 ¢ BHEIIHUMH TelaMH,
pPaBHO HYJIO, HAalTHM OTHOIIEHHE MaKCHUMAJIbHOIO JaBJEHUS raza K MUHUMAJIbHOMY B 3TOM
porLecce.

OtBer Ha Bonpoc: BHyTpeHHss HEPIUs 0JJHOATOMHOTO UAEaJIbHOTO

rasa U :g pV. Pabora B  wm3o0apHOoM  Tpoliecce

A= pAV =A(pV) =§AU , TIOTOMY ypaBHEHHE IMAarpaMMbl 3TOTO

nporecca MOXKHO 3amucarh Kak A= Aj + % U -U,) (cMm. pucyHOK).

MakcumaJsibHas OlleHKA: 5 0aJ1J10B.
Pemenue 3amaum: Ilycte p, m V, - HavanbHble 3HAa4eHUs MOaBICHUS W oObeMa, P, -

MPOMECIKYTOUHOC 3HAYCHUC TaBJICHHUA, a p2 - KOHEeUHOoe. B cooTBeTCTBHE C YpPaBHCHUECM COCTOSAHUSA
U JaHHBIMU 3aJa4M.



v, =V, = Yo
n
p,V, =RT, =kRT, =k- p,V,

Kpome TOro, mockoyibky BO BCeM Ipolecce paboTa COBEpIIACTCS TOJBKO MPU H300apHYECKOM

V, n-1 .
THHU = —_— = =—— . N3MCHCHU BHYTPCHHECU SHEPIrUu
CxKa A=p, . V, - PV, a 3MEHEHUE yTpe P

= p2=kn-p0> Po-

AU = g (p,V, — pVy) = g (k -1)p,V,. 3Hauur, B COOTBETCTBUHM C IIEPBBIM  HAYAIOM

TEPMOUHAMUKHU Q=-p, nT_lVO + g (k-DpV, =0, T0 ectp p, = %(k -1)p, <P, -
pmin pl 3(k _1)
Ortaer: P _ 2k(n-1) =8
pmin 3(k _1)

MakcumajabHag ouenka: 20 0a1J10B.

3aganue 3:
Bonpoc: Pe3ucTop u uacanbHbIi MO COSTUHEHBI TOCIISI0BATEILHO U IOIKIFOUEHBI K MOJIFOCaM
HCTOYHHKA, BCIIMYHUHA HaprDKeHI/IH KOTOpOFO OCTaCTCsA HOCTOSIHHOI;'I, a HOJI?[pHOCTI) N3MCHACTCA
Ha MPOTHBOIOJIOXKHYIO KOKIYI CeKyHIy. Kak M3MEHUTCS TEII0, BBIACISIONIEECS B PE3UCTOPE 3a
10 cexyHJ1, €ClIv €Tro C TeM Ke TUOJIOM TOIKIIOYUTH K ITOJFOCaM 3TOTO HCTOYHUKA MMapaljIeIbHO?
3agaua: B cxeme, mokasaHHOW Ha PHUCYHKE CleBa, OWOA /[ HE SBIAETCS HACaIbHBIM — €ro
| BOJIbTAMIICPHAS XapaKTEPHUCTUKA I[IOKa3aHa Ha

i pUCYHKe crnpaBa. Bce MCTOYHMKM OJMHAKOBBI, MX
l BHYTpEHHEE  CONpOTHUBJIEHWE paBHO I, a
I R -|. U conporusnenue pesucropa R=2r. Haiigure
T U, " 3aBHCHMOCTh  MOLIHOCTH  TCIUIOBBIACICHHS B

pesucrope oT BenuuuHbl JJIC  MCTOYHMKOB.
IToporosoe Hanpsikenue auona Uy cuuTaTh H3BECTHBIM.

Otger Ha Bonpoc: [Ipu mocnenoBareaT-HOM MOAKIIOYEHUN TOK YEPE3 PE3UCTOP TEUET TOJIHKO B TOM

MOJIOBUHE KaXJOro rmnepuoja (paBHOro 2 ¢), KOrja AHOJ OTKPBHIT, a MpH MapajljieIbHOM

IIOAKIKYEHUN — TOJIBKO KOrJga AIuUo[g 3anepT (COHpOTI/IBHeHI/Ie NACaJIbHOTO AUOoJda B OTKpI)ITOM

COCTOSTHUM PaBHO HYJI0). BennumHa 3TOro Toka B 00OMX CIy4asX paBHa YaCTHOMY OT JEJEHHUS

HaHpH)KeHI/H[ NCTOYHHUKA Ha COHpOTI/IBHeHI/Ie pGSI/ICTOpa. HOBTOMy CpC]lHS[SI MOIITHOCTH TCIIJIOBBIX

MOTEPb 3a NEPHUOJ U KOJIMUYECTBO TEIUIA, BHIACISIOMIErOCs 3a S MOJTHBIX IEPUOJ0B, HE U3MEHSTCS.
MakcuMajJbHas olleHKa: 5 0aJ1710B.

Pemenne 3agaun: B 3T0il cxeme BO3MOXKHBI J]Ba COCTOSIHUSA JAMOAA: OH MOKET OBITh OTKPBIT 100
3anepT. PaccMoTpuM CHauana CUTyaluo, Korja Ao 3anepT. B aTom citydae TOK B BETBH C JUOJIOM

3E 3E
OTCYTCTBYeT, a TOK uepe3 pe3ucrop | = Rear =5— (E — Bemumumna DJIC HCTOYHHKOB).
+or r
2 2
3E 18E
CrnenoBartebHO, MOIITHOCTh TEIUIOBBIZCICHHS B pe3ucTope P = o R= el Jlnist TOrO, 4TOOBI
r r

JHOJ NEHCTBUTEIHLHO ObLI 3aIiepT, HAIPSXKCHUC HA PE3UCTOPC JOJIZKHO YIOBJIICTBOPATH TpC6OBaHI/IIO

6
IR= EE <E+U,=E<3U,. Ilpu E>5U, auox OTKpHIT, U 4epe3 HEro Te€4eT HEKOTOPBIA TOK |;.

Torna (B cuily HENpepbIBHOCTH TOKA) B BETBH C TPEMsl MCTOYHMKAMM JIOJDKEH Tedb TOK | + 1,
MO3TOMY ISl 3TOTO COCTOSIHUS TUOJa!



_18(2E+U,)?

IR=U,+E+Ir :|:3(2E+U°):>P
IR=3E—-(I +1,)3r 11r 121r
2
125E : E<5U,
Otset: P = r 2 .
18(2E+U,)  E>5U,
121r

MakcumajabHasa ouenka: 20 0a1J10B.

3ananue 4:
Bonpoc: Uemy mMoxxeT ObITh paBHO yBelnueHHE (OTHOIICHHE pa3Mepa M300pakeHHUs K pasMepy
IIpeIMeTa), JaBaeMO€e TOHKOM paccenBarollel JTMH301M?
3agauya: TodyeuHbli MCTOYHMK CBETAa pa3MElleH Ha TIJaBHOW ONTHYECKOM OCH TOHKOM
paccenBaromieil JIMH3bL. PaccTosHME MEXIy UCTOUHHKOM M ero nzoOpaxeHnueMm pasHo L,. Eciu
MepeABUHYTh UCTOUYHUK B TOUKY, TJI€ HAXOIUTCS €r0 N300pakeHHe, TO N300paKeHHUE CMECTUTCS B
Ty JK€ CTOpOHYy Ha paccrosHue L,. Halitm onThueckyro cuily JIMH3bI (HAallOMHUM, 4TO Y

pacceI/IBanmeﬁ JIMH3BI OHAa CUHUTACTCA OTpHHaTeHBHOﬁ).

OrBer Ha Bonpoc: CoracHo (opmysie TOHKOH JIMH3BI, PACCTOSIHUE OT M300pakeHus 10 JIMH3BI D
1 1 aF

CBS3aHO C pAacCTOSSHUEM OT MpeaMera 10 JIMH3bL — + b = E =b= E Jns momepeuHoro
a a—

b F .
yBenuuenust [ =——=——_ Y pacceuBaroIeil JUH3bI (HOKYCHOE PACCTOSHHE CUUTACTCSI

a F-a
|F|

|F|+a
pacceI/IBanmeﬁ JIMH3bI IJIs1 J'IIO60I‘0 I[@flCTBI/ITGJIBHOFO 06’beKTa ITOJIOKUTCIIBHO

(u300pakeHue Bceraa NpsMoe) U MeHblie 1.
MakcuMasibHasi OlleHKa: 5 6aJL10B.

OTpPUIATENbHBIM, U TO3TOMY [ = . Kak BuIHO, mOnepedyHOE YBEIMYEHUE TOHKOMU

Pemenne 3amaun: [lycte @ - paccTosiHHE JI0 JTHH3BI OT MIEPBOHAYATBHOTO MOJOKCHHS HCTOYHHKA.
JIuH3a paccenBarolasi, MO3TOMY PACIOIOKEHHOE Ha pacCTOSHUU L, OT MCTOYHMKA U300pakeHue

— MHHMOC, IIO3TOMY PpPACCTOAHHC OT 1/1306pa>1<eH1/151 A0 JIMH3bI CJIICAYCT CUHUTATb

1 1 1
oTpulaTeNbHbIM (IycTh OHO Oyaer —b). Torma —- 5= —ﬁ. AnanornysHo 0003Havast
1
paccTOosIHUE OT BTOPOTO M300pakeHUsI 10 JIMH3BI — C, I0JIyYUM ypaBHEHHE b e _ﬁ . Kpowme
toro, ouespmHo L, =a-b, L,=b-c. Pemas mony4eHHYyO CHCTEMY, HAXOJUM:
_ 1 _ (Ll — Lz)z
[FI o 2LL,(L+L,)
L, -L,)°
Otser: D= (L - L)

C2LL, (L + L)
MaxkcumaanHag ouenka: 20 0a1J10B.

NTOI'O MAKCUMAJIBHAS OLIEHKA 3A PABOTY: 100 6axno0s.



