ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI» no PUSUKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2018 roaa

BUNET Ne 15 (MOCKBA): Bo3moxHble pelueHUa n Kputepum oueHUBaHuA

Kpurtepuu onenuBanus:

15l BOIPOCOB:
EcTb oTAenpHbIE TpaBUIIbHBIE cOOOpaykeHus — 1 6asI.
OTBeT B 1LEIOM MpaBWIEH, HO COJEPKUT CYIIECTBEHHbIE HETOYHOCTH, WM CYHIECTBEHHO
HETIOJIOH, HJIM OTCYTCTBYET 000CHOBaHME (IJI1 BOIPOCOB, B KOTOPBIX HEOOXOIMMO 0OOCHOBAHHE)
— 2 baJuna.
OTBeT npaBWIEH, HO MPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WJIM OTBET HEIOCTATOYHO MOJIOH, WIN
OTCYTCTBYET J10CTATOYHOE 00OCHOBaHHKE (/17151 BOIIPOCOB, B KOTOPBIX HEOOXOAMMO 00OCHOBAHUE) —
3 dasa.
OTBeT MOJHOCTHIO MPABHIbHBIN, HO HEJOCTaTOUHO OOOCHOBAHHBIN (/71 BOIIPOCOB, B KOTOPBIX
HeoOxoauMo 000cHOBaHKE) — 4 DaJia.
[TpaBUIBHBIN, MOJHBIN 1 00OCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC paBuiibHBIE cOOOpaskeHus — 1-2 6asuia.
EcTb 4acTh HEOOXOIMMBIX JUIsl pEHIEHUs] COOOpPaKEHUM, PEIIEHNE HE 3aKOHYEHO WMJIU COJEPIKUT
cepbe3Hble omuoku — 3-4 daswia.
[TpucyrcTBYyeT GOJbINasi 4aCTh HEOOXOIUMBIX IJIsl pEIICHHs] COOOpakeHUH, MPAaBUIIBHO 3arycaHa
4acTb HEOOXOAMMBIX COOTHOIICHUH, PEIICHHWE HE 3aKOHYEHO WM COAEPXKUT OommOku — 5-7
0aJI0B.
[TpucyTCTBYIOT Bce HEOOXOAMMBIE ISl PEelIeHUs] COOOpakeHUs, IPABUIBHO 3alKUCaHbl TOYTH BCE
HEOOXOIUMBIE NIl PEIICHUs UCXOAHbIE YPAaBHEHHUS, HO PELICHUE HE 3aKOHUYEHO WJIM COJEPIKUT
o6k — 8-10 6ann0B.
[TpucyTCTBYIOT BCE€ HEOOXOAMMBIE Ul DELICHUS COOOpa)KeHUs, IMPaBWJIBHO 3alMCaHbl BCE
HEOOXO/AUMBIE Il pPELIeHHUs HWCXOAHBbIE YpaBHEHHs, peIIEHHUE BBICTPOCHO TPABHIIBHO C
(bu3nYECKOM U JOrNYECKON TOUKU 3pEHUS], HO COAEPKUT omnoOku — 11-14 6anmos.
[TpucyTcTBYIOT BCE HEOOXOMUMBIE JIs pelIeHHs COOOpa)KeHMsl, NPaBHJIBHO 3alMCaHbl BCE
HEOOXOIUMBIE JUIsl pPELICHUS HUCXOIHbIE YpPAaBHEHHUS, pEIICHWE BBICTPOCHO TMPABUIBHO C
¢u3nUecKoil M JOrMYecKOoW TOYKU 3pEHHUs, HO COJCPKHUT OJHY-IBE MEJIKHUE HETOUYHOCTH, HE
MO3BOJIMBIIKE TOJyYUTHh IPABHIBHBIA OTBET, WM TPABWIBHOE DEHICHHE C HEIOCTaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB..
[TpaBuiibHOE O0OOCHOBAaHHOE pEIIEHHWE C BEPHBIM AaHAJUTHUYECKUM OTBETOM, HO MEJIKOU
HETOYHOCTBIO IPU MOJTYYEHUH YHCICHHOTO OTBETa, JTMOO MPaBUWIIbHOE PELICHHE ¢ MPaBUIbHBIMU
OTBETAMHU C HEJJOCTATOUYHBIM OOOCHOBAHUEM OJIHOTO M3 MCIIOJIb30BAHHBIX PE3yNbTAaTOB (U3 YUCIa
HE KJIFOUYEBBIX JUIs PeleHUs, HO HeoOxoaumbIx) — 18-19 6asioB.
[TonHoe, mpaBWIIbHOE, OOOCHOBAaHHOE pEIlIeHHWE C MPaBUIbHBIMU OTBeTamu — 20 OajlioB
(MakcMMaJIbHAS OLIEHKA).

3ananue 1.

Bomnpoc: /I[Ba Tena oguHAKOBOW MacChl JIETEIU BO B3aWMHO-TIEPIEHAUKYJISIPHBIX HAMpPAaBICHUSIX C
OJIMHAKOBOM IO MOJIYJIO CKOpPOCThIO. [Ipom3ommio aGcomoTHO Heympyroe cToikHoBeHHe. Kakas
4acTh KHHETUYECKOM SHEPTUU Mepelnia B TErio?

3amaua: CHapsn, jeresiumii co ckopocthio V = 300Mm/C, pa3opBajicst Ha Tpu OCKOJIKA. J[Ba ocKoJka
MMEJIM OWHAKOBBIE MAacChl M =2Kr KaXIblii, U OHU IOJIETEIA C OJWHAKOBOM I10 MOZYJIIFO
CKOpOCTBhIO. Macca TpeThero Ockojka Oblla B JBa pa3za Oolbllle, U OH TOJETeN BIOJb JTHHHUH
JABVOKCHUA CHapsaa 0 B3PbIBA. I/ISBCCTHO, 4TO B PE3YJIBTATC B3pPbIBA CyMMapHas KUHCTUYCCKas
sHeprus ockoykoB yBenuuminack Ha W =810k/[x. /IBrkeHHe BCEX OCKOJIKOB MOCTyMAaTeIbHOE, a
Macca MOPOXOBBIX ra3oB MpeHeOpexxuMo Majia. Haiinure MakcUMalbHO BO3MOXHYIO BEIMYUHY
CKOPOCTH TPCTHETO OCKOJIKA MMPHU TAKUX YCIIOBUAX.

OtBer Ha Bompoc: [Ipu HeympyroMm yaape coxpaHsieTcsi HUMIYJIbC — MPOEKLUUU HMITyJIbCca
00pa3oBaBIIEroCs Tela YABOCHHOW Macchl (2M) Ha B3aWMHO-TIEPICHAUKYJISPHBIC HAMPABICHHS



JBUKEHMS TeNl A0 yJapa paBHbI uMIyiabcaM Tea (MV). Iloaromy mpoeknuu CKOpocTH 3TOro Tena

2 2
v , VY (vY V2
paBHBI 2 a MOJylb CKopocTu V = > + > :7V. BeinenuBiieecss TEIo paBHO YyObUIH

mv2  2m(v/+/2)2  my?
2 2 2
Teruio nepenuio 50% HavaabHOW KMHETUYECKOW SHEPTHUH.

KuHeTHdeckon sHeprum: Q=E, -E'=2 =0,5-E,. Takum oOpasom, B

Pemenne 3agaum: M3 yciioBus 3amaun ClieAyeT, YTO Macca CHapsjga paBHsuIach 4M, U HO3TOMY
3aKOH COXpaHEHUsS MMITYJIbCa JUIs Ipoliecca B3phIBa MOXKHO 3amucarh kKak 4mV = mv, + mv, +2mv,

(3mech V,,, — CKOPOCTH OCKOJIKOB, mpudeM |V, |=|V, |=V). 3akoH coxpaHeHHs >HEpPIuM [aeT:

2
4mV 2 mv
Ty W=2—+
2 2
OOJIBIITYIO JIOTIO HAYAJIBHOW SHEPTHH OTPAHUYMBACTCS TPEOOBAHUSMHU 3aKOHA COXPAaHEHHS UMITYJIbCa
(HaHpI/IMep, C TOUKH 3peHI/I5{ OJHOT'O 3aKOHa COXpaHeHI/II/I BHCpFI/IH MOXHO HOI[YMaTB — KakK cacjiajiu

HCKOTOPBIC YYACTHHUKU — YTO MAKCUMYM V3 JOCTHUTacTCs Mpu V = O, OJHaKO JICTKO Y6€I[I/ITI)C$I, 4qTo

2mv;

. Kak BUJHO, BO3MOXHOCTb NECPEAATh TPETbEMY OCKOJIKY KaK MOXHO

IpU TaKOM 3HAYCHUH V 3aKOH COXPAHEHHUs] MMITYJIbCa HE MOXET ObITh BbIMONHEH). [loaToMy st
JIOCTIDKCHUSI MakCHMyMa V, HE0O0XOOuMO oO0ecHeyuTh Iepefadyy eMy Kak MOXKHO OOJbIIero
UMITYJIbca. DTO JOCTUTAeTCsA, €CIAM 3-i OCKOJIOK IOJICTHT B HANpaBJIICHUH JBUXKCHUS CHapsaa 10
B3pbIBa, a 1-if U 2-if — B MPOTHBOIMOJIOKHOM HampaBJIeHHH. B 3TOM ciiydae U3 3aKOHA COXPaHCHHUS
UMIyIbca B MPOCKIMH HA JHMHHUIO JABWKCHHUS cHapsma 4mV =-2mv+2mv, Haxomum, 4YTO

Vv=V,—-2V. 3HaudT, C  Yy4Y4eTOM  YpaBHEHHs  3aKOHA  COXPAHCHHsS  OJHEPTHU
W (v -V v W

V24 om = % +2 =V - 2W, + 2V = (v, —V) P = o BriOupass HaunOONIBIIMI KOPEHb
m m

[W
3TOrO ypaBHeHHs, moiaydaeM: (V,) ., =V + o= 750 m/c.
m

OTBET: (V3), =V +1/;N—m =750wm/c.

B03MOHBIN BapHaHT PEHICHUS: PACCMOTPETh MPOLECC B3phIBA B CUCTEME OTCUETA, CBA3AHHOU €O
CHapSIOM TIepe]] B3PHIBOM.

3ananmue 2.
Bonpoc: Kakum 00pa3oM MOXHO T0OUTBCs, 4TOOBI BOJA OCTaBajach JKUJAKOM MPH TeMIeparype
— 5°C? IIpennoxute OAUH BapuaHT, 0ObSICHUB €TO.
3amauya: B tpexmmTpoByro 0anky maccoir M =250r Habpocamu IOBEpXY MOKpPOTO CHera, He
yTpamOoBsIBas ero. Oka3zanock, 4to Macca O0aHku co cHeroM paBHa M = 2550r. Ecnu cHer mioTHO
yrpamboBath, ero oobeM craneT paBeH V = 2,571. Kakoe KOJIMYeCTBO TEIIOTHI HY)KHO COOOIIHMTH

CHETYy, 4TOOBl OH TONHOCThIO pacTasn? IlmoTHOCTH BOIBI g =1r/cM®; IUIOTHOCTD JIGISHBIX

KPUCTAIJIOB, U3 KOTOPBIX COCTOUT CYXOW CHET, P = 0,9r/cm’, ylenbHas TeIIoTa TUIABJICHHS JIbJa
A ~ 340 JIx/r.

OtBer Ha Bonpoc: [Ipu HEynpyroM ynape coxpaHseTcsl UMITYJIbC — IPOEKLIUN UMITyJIbCa

Pemenue 3agaun. B mponecce YTpaMGOBBIBaHI/I}I MOKpPOTO CHEra M3 HEro BBITCCHUIIM BO3AYyX, U

ocTamach CMech BOABI (Maccod M) W nemsHbIX KpuctamuioB (maccoit M —m-—my). TTostomy
M-m-m, m,

="+ BeipaxkaeM ~ u3  3TOrO0  COOTHOWICHHWS ~ Maccy  BOJBI:
P Po

Vv



m, =L(M —m-—pV)=0,5kr u Maccy mbia M —m—m, :L(pov -M +m):1,81<r. Huis

Po—P Po—P
TUIaBJICHUS JIbJIA TIOTPEOyeTCsl KOJIMYECTBO TEIUIOTH Q = /I—p(pOV -M + m) =612 x/Ix.
Po —
Ap

OTBET: Q = ——(p,V =M +m) =612 kJI.

Po —

3amanmue 3.

Bonpoc: /IBe mammbl, mMMeromue OIUHAKOBYIO MomHOCTh P =4,5Bt1, paccuntanel Ha pasHble

Hanpspkerus: U; =3B u U, = 6 B. Uemy paBHBI X CONPOTUBICHHS B HOMHHAIEHOM pEKUME?

3apauva: Hccnenays moBeneHWE JIaMITBl B IIEMH, H300pa)KEHHOW Ha ®
PUCYHKE, IIKOJIBHUK OOHAPYXKUJI, YTO SIPKOCTh CBEUEHHUS JIaMIIbl HE 1.E
3aBUCHUT OT IOJIOKEHHUS JIBH)KKA peocTaTta — jiamIia Bcerjga padoTaeT B |I 2

HOMHUHAJIBHOM pE&XHME, B KOTopoM ee MomHocts P =90Br.
Homunanenoe  Hanpsokenne  Jstamnel U =36B.  Buyrpennue _;I
CONPOTHUBJICHUS] 00OMX HMCTOYHHKOB OJMHAKOBBI M paBHBI I =2 OMm. I
Yemy paBHBI HANPSHKEHHsI, KOTOPBIC KaXKAbIH M3 HMCTOYHHKOB CO3AeT HAa CBOMX KJIEMMax IpH
Pa30MKHYTOH 1ienu?

Otser Ha Bompoc:

Pemenne 3amaum: O003HAYMM IOJHOE COMPOTHBIICHHWE BEeTBH ¢ peoctaroM R . ComporuBieHue
2

JaMIlbl B HOMHHAJIBHOM pexkume R, = B 14,4 Om. Toxk B BeTBH peoctatoMm |, = U TOK B
E,-U
BETBU CO BTOPBIM HCTOYHHKOM |, = - B CyMME JalT TOK yepes  JaMIy
E-U E,-U
l=1,+1, = +—2 , KOTOpBIi He 3aBUCUT OT R TompKko B TOM cirydae, korga E=U =36
u E,-U r re
B (Tok uepes peocrat He Teder). Hotorma | =—=—2%—=E, =U+U —=U +— =41B.
R, r T U
r rP
OTBET: E=U =36B, E, =U +U — =U +— = 41B.
R, U
3ananmue 4.

Bonpoc: CymiecTByeT — «305I0TO€ MpaBWIIO KOpaOJeCTPOSHMs», COTIACHO KOTOPOMY LIEHTP
IIaBy4decTu (TOYKa MPUIIOKEHUS CUIbl ApXxuMmena, AeMCTBYIoledl Ha Kopalib) B IOJOKEHUU
paBHOBECHSI JOJDKEH HAXOJUThCA BBILIE LIEHTpa Macc Kopabist. OObSICHUTE CMBICI 3TOTO MPaBUIIa.

3apaua: CrepxeHb, UMEONUH (GOPMY TOHKOTO HMUJIUHIPA MOCTOSIHHOTO CEYEHUs, HEOTHOPOICH.

1

Ero neHtp macc HaxoauTCsa Ha PACCTOSHUU X = § YaCTH €ro JUIMHBI OT OJIHOTO W3 KOHIOB. CpeaHsis

IUIOTHOCTh CTEPXKHs paBHa o . Ero omyckaroT B OOJBINOI COCYA € )KUIKOCTBIO C INIOTHOCTBIO L .

['myOuHa >KMIKOCTH B COCYZA€ 3aMETHO Oojbllle JUIMHBI CTepxkHsA. lIpm Kakux 3HaYeHUsX P
CTEPXKEHB MOCJIE YCTAHOBJIEHUS PABHOBECHUS PACIIOJIOKUTCS BEPTUKAIBHO?

OtrBer Ha Bompoc: I oOBACHEHHS pPacCMOTPUM JiBa Kopabisi: OauH (PUCYHOK CIIEBA)

VIIOBJIETBOPSIET «30JI0TOMY» MPABUITY, a IPYroi (PUCYHOK cripaBa) — HET. B monoxeHnn paBHOBECHS
cuia ApxuMmena paBHa MO0 MOAYIIO U

/ MPOTHBOMOJIOXHA [0 HANpPAaBICHUIO CHIIC /
I Tsokectd.  Ilycth  kopabib  HEMHOTO

OTKJIOHUJICSL OT BEPTUKAIBHOI'O MOJIOKEHHS.

B mepBom ciydae, Kak BHJHO W3 pUCYHKa II
CJIeBa, MOMEHT 3TOW Mapbl CHJI BO3BPALIAET
KOpalJib B BEPTUKAIBHOE MTOJIOKEHHE, a BO




BTOPOM — YBEJIMYMBAET OTKJIOHEHHWE Kopabis oT BepTUkaimu. CrenoBaTenbHO, BBINOJHEHHE
«30JI0TOTO» TpaBWJa OOECIEYMBAECT YCTOMYMBOCTH pPAaBHOBECHS KOpaOyii B BEPTUKAIHLHOM
HOJIOKEHHUU.

Pemenne 3agaun. BaxHo 06paTI/ITb BHUMAHHUC, YTO BCPTHUKAJIBHOC ITOJIOKCHHUE CTCPIKCHbL MOXKCT
3aHATH B JIBYX ClIy4dasdX: KOr'Jla IINIOTHOCTb KHUAKOCTU MCHbLIIC CpCI[HCfI IUIOTHOCTH CTCPIKHA

(py < p), ¥ CTEP)KCHb TOHET M ONUPACTCS Ha JTHO, M KOT/a IUIOTHOCTD KHUAKOCTH OOJIbIIe CpeaHeH

IUIOTHOCTH CTEpXHSA (0, > p ), ¥ CTEpXKEHb IUIaBaeT Ha MOBEPXHOCTH. PaccMoTpuM cHavana mepBbIi

CIIy4aii: BBIYUCIMM CYMMY MOMEHTOB CHJI, JEUCTBYIOLIUX Ha
CTEP)KEHb, OTHOCHUTEJIBHO TOYKH ONOPBI, NPU OTKJIOHEHUU
CTEpKHS OT BEpTUKaJIM Ha HeOoNbIION yron « . [lnedo cumbl

—

HOpManbHOW peakumu nHa N paBHO HYNIO, IUIEYO CHUIBI
Apxumena (ToUKa MPUIOKEHNUS — CEPEANHA CTEPKHSI JJIMHOU

L .
L) I, = ESIn(a) , TUIEYO CHJIBI TSHKECTH (TOYKA TPHIIOKEHUS

L .
— ueHtp mace) |y = ESIn(a). Kpowme Toro, F, = p,LSg, a
mg = pLSg. IlosTOMy CymMMapHbIii MOMEHT, BO3BPAINAIONIMNA CTEPKEHb K BEPTUKAILHOMY

nonoxenuro, M =+F,l, —mgl

_ 2
= %—% L?Sgsin(e). Tostomy M >0 mpu p, >§,0, u

CTEpXeHb Oy/eT yCTONYMB B BEPTUKAJIBLHOM IOJIOKEHUU IIpU 3 P < p, <p. Paccmorpum Ttenepn

BTOpOM cityyail. B 3TOM cilydae B BEpTUKaJIbHOM IOJIOKEHUHU
paBnosecus F, = p,L'Sg =mg = pLSg, orkyzna cnenyer, 4o
aMHa morpyxkennod wactu L'= plL/p,. Teneps mwieuo
CHJIBl ApXUMeJa OTHOCHTEIBHO HIIKHETO KOHIA CTEPXKHS

!

I, = Esin(a) , u CYMMapHBIii MOMEHT

1 .
M=| L 2 pL?Sgsin(@) >0 upu  p, <§p. 3HauuT,
2p, 3 2

BEPTUKANBHBIA CTEpKEeHb yCTOWYMB M TIpu P < P < Ep. HerpynHo mMOHSATH, YTO YCTOWYMBOCTH

COXPaHUTCS M IpU P, = P (CTep:KeHb LEINKOM IOrPYKEH B BOJY, HO HE ONMPAECTCAd Ha IHO).
OObenuHsss Bce cCiy4yaW, HaxoJIuUM: CTEp>KeHb 3aliMeT BEpPTHKAJbHOE IIOJIOKEHUE IPHU

2,cp <3
3/0 Po 2,0-

2 3
OTBET: npu §p<p0 <§p

MAKCHUMAJIBHASA OLHEHKA 3A PABOTY: 100 BAJIJIOB



