O/IMMMUAJA LLKOJZIbHUKOB «NOKOPW BOPOBbLEBbBI FOPbI» no ®U3UKE
3AKMIOYUTE/NIbHDBIN (PUHANBHbLINA) 3TAM 2018 ropaa

BUNET N2 02 (MOCKBA): BO3MOKHble pelleHnA U KpUTepumn npoBepKu

Kpurtepuu onenuBanus:

1Sl BOIIPOCOB:
Ectb oTnenbHbIe TpaBUiIbHBIE cOOOpaskeHus — 1 6asL.
OTBeT B LIEJIOM IIPABUJIEH, HO COJEPXKUT CYLIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO HEIOJIOH,
WJIM OTCYTCTBYET 000CHOBaHHE (JJIs1 BOIPOCOB, B KOTOPHIX HEOOX0AMMO 000CHOBaHKE) — 2 faJiia.
OtBer npaBUiICH, HO NMPHUCYTCTBYIOT MEJIKHE HETOYHOCTH, MM OTBET HEJOCTAaTOYHO IOJIOH, WU
OTCYTCTBYET JOCTATOYHOE OOOCHOBAHHE (I BOIIPOCOB, B KOTOPHIX HEOOXOAMMO 00OCHOBaHHE) — 3
0aJua.
OTBET MOJHOCTHIO TPABWIbHBIA, HO HEIOCTaTOYHO OOOCHOBAaHHBIM (A1 BOMPOCOB, B KOTOPBIX
Heo0XoauMo 000CHOBaHKE) — 4 DaJla.
[IpaBunbHBIN, TOJHBIN 1 000OCHOBAHHBINA OTBET — S 0AJJI0B (MAKCHUMAJILHAA OLIEHKA).

[ast 3anay:
EcTb oTAenbHbIe paBuiibHbIE cOOOpaXkeHus — 1-2 faJuia.
Ectb yacTh HEOOXOAMMBIX ISl PELICHHs COOOpa)KeHW, pelleHue He 3aKOHUEHO WU COIEPKUT
cepbe3Hble omuoKu — 3-4 6ajJa.
[IpucyrcTByeT Oojblluas yacTb HEOOXOJUMBIX AJsl PELIeHHs COOOpaKeHW, NMpaBWIIBHO 3alKcaHa
4acTh HEOOXOIMMBIX COOTHOLIEHHM, pellIeHnEe HE 3aKOHUYEHO UJIU COAEPKUT OLIMOKH — 5-7 0aJ10B.
[IpucyTcTBYIOT BCe HEOOXOOUMBIE JIJISl PEUICHUs COOOpakKeHUs, NPaBUIbHO 3allUCaHbl MOYTH BCE
HEOOXOAMMBIC Uil PEUICHHUS WCXOAHBIC YpaBHEHHs, HO pEIICHHWE HE 3aKOHYCHO WM COHCPIKUT
ook — 8-10 6an10B.
[IpucyTcTBYIOT BCE HEOOXOOUMBIE /IS PEUICHHS COOOpaKeHWs, NPaBWIBHO 3allMCaHbl BCE
HEOO0XOAMUMBIE JIJIsl PeLLICHHUs] UCXO/HbIE YPaBHEHHUS, PEIIEHUE BBICTPOECHO MPABUIIBHO C (PU3HUYECKOM
Y JIOTUYECKOM TOYKU 3PEHHUsI, HO COACPKUT ommOKku — 11-14 6asioB.
[IpucyTcTBYIOT BCE HEOOXOOUMBIE JJs PEUIeHHS COOOpaKeHUs, MPaBUIbHO 3allMCaHbl BCE
HEOOXOMMBIE JIJISl PEIICHHs] NCXO/IHbIE YPaBHEHHUS, PEIICHNE BBICTPOCHO MPABHIBHO C (hU3NIECKOM
U JIOTUYECKOM TOYKM 3pEHMs, HO COJCPKHUT OJHY-ABE MEJIKHE HETOYHOCTH, HE IO3BOJUBIINE
MONyYUTh TPABWIBHBIA OTBET, WM MPAaBUIBHOE pEIICeHHE C HEJOCTAaTOYHBIM O00OCHOBAaHHEM
CYLIECTBEHHBIX MCIIOJIb30BaHHBIX pe3ynbTaToB — 15-17 6anJios.
IIpaBuiabHOE 00OCHOBAHHOE PEIIEHUE C BEPHBIM aHATUTUYECKHM OTBETOM, HO MEJIKON HETOYHOCTHIO
NP TIOJIyYEHHH YHUCIEHHOTO OTBETA, JIMOO MpPaBHIBHOE pPEUICHWE C TNPaBUIBHBIMH OTBETAMHU C
HE/I0CTaTOYHBIM 0OOCHOBAHUEM OJIHOTO M3 MCIIOJB30BAaHHBIX PE3yJIbTaTOB (M3 YUCIA HE KIIIOUEBBIX
JUTSL pelieHus, Ho HeoOXoaumbIx) — 18-19 6anios.
ITomHoe, mpaBuiIbHOE, OOOCHOBAaHHOE pELIEHME C NpaBWIbHBIMM oOTBeTamMu — 20 0ayioB
(MakcuMaJIbHAA OLIEHKA).

3aganmue 1.
Bonpoc: HazoBem «mHuel yaapa» OpsiMyro, BJIOJIb KOTOPOM HampaBi€Hbl CHJIbI B3aUMOJIEUCTBUS
coymapsiromuxcsi Teia. Ilpm KakoMm TIOJNIOKEHWW OSTOM JHMHUH Tela, N0 yAapa JIBUTABIIHECS
MOCTyNaTeNbHO, MOCIIe yIapa HAYHYT BPaIaThCs?

331[3‘13: FaHTeJ’IB, cocrodmas mu3 ABYX MACCHUBHBIX MAJICHBKHUX HlapI/IKOB N JICTKOI'O )KCCTKOTI' O CTep)KHSI
IUMHBl L, mokownace Ha riagkou TOPU30HTAIILHOW MOBEPXHOCTU. B ouH u3 ee o—>
IIAPUKOB BPE3aeTCsl TPETUil (TaKoW Ke), CKOPOCTh KOTOPOro V, HampaBlicHa O[T \_/>0

yriaoM 30° k crepxkHio. [IpoucxoauT 1060Boe aOCOMIOTHO HEYIPYTOE COyAapeHHeE.
HaiiTi yrinoByo cKOpoCTh BpallleHUs «YTSKEJIEHHOM raHTeln» Mociie yuapa.

OtBer Ha Bompoc: [lyig TOoro, 4roObl COCTOSIHHE BpallleHHs TeJl U3MEHUJIOCh B XOJE COyIapeHus,
MOMEHT CWJI OTHOCHTEIIBHO LIEHTPa Macc, MPUIIOKEHHBIX K KaKJIOMY M3 Te€J, JOJDKEH OTIMYaThCS OT
HyJs. JI7s 3TOro JoCTaTo4Ho, 4TOOBl «JIMHUS yAapa» He MpOXOoAuiia 4epe3 LEeHTphl Macc Ten. Takoi
yaap B (U3MKe Ha3bIBAIOT HEIICHTPAJIBHBIM.

Pemenue 3agauu: [TockonbKy 3/1€Ch «IMHUS yapa» HE MPOXOAUT Yyepe3 LIEHTP Macc raHTelNu, TO ocie
COyIapeHHUsi OHAa HayHeT Bpamarbca. M3 3akoHa COXpaHEHHs HMIYJIbCa MOXHO OMNPENEIUTh, UTO



CKOpPOCTb LCHTpAa MACC ((YTH)KG.HGHHOI\/'I FaHTCIIN» IMOCJIC yAdapa COHaIlpaBJICHA C \70, a €€ BCIMYHNHAaA

1 \Y;
V :3—mv0 =2 (rme M —Macca Kakaoro W3 MIApUKOB). PaccMOTpMM JBHIKCHHME TaHTEIH IOCTC
m

3

yliapa Kak JBHKEHHE IIEHTpa Macc C 3TOM CKOPOCTBbIO M BpallleHUE BOKPYT
HEro C YrjoBOM CKOpOCThi0 @ . Cuia, JACHCTBYIOIIAs HAa «BTOPOM» IIApUK
raHTenu (Ha TOT, IO KOTOPOMY HE HAaHOCHUT yJap HAJIETAIOMINI IIApUK) — 3TO
CWJIa YIPYroCTU JKECTKOI'O CTEp)KHs, HaNpaBlieHHAas BJOJIb CTEPXKHS.
[ToaToMy ero ckopocTb cpa3y MOCJIE «MIHOBEHHOIO» yJapa HalpaBiieHa

BOOJb CTCPXKHA W IIPpU OTOM SABJISICTCA CYMMOﬁ CKOpOCTH MLEHTpAa MacC M CKOPOCTH BpalllCHUA

—

V, =V +V,_ , KOTOpas NepneHIMKyYIApHA PAIUyCy BPALICHUS U 110 BEJIMYMHE paBHa V, = @r,. Tak Kak

IIOCJIC ydapa Ha «II€PBOM» KOHIEC TaHTCIM HAXOJATCA JBa CIHMIINIMXCA IIapuKa, TO paCCTOAHUE OT

. 2
LEHTPa MacC «yTSDKEJIEHHOW TaHTeIu» OO0 BTOPOro IIapuka I, ZEL' IIpu 3TOM U3 BEKTOPHOIO

2 . Vo . Vo .
TPEYroJbHUKA CKOPOCTeH BHAHO, 4YTO Of, = a)g L=Vsin(a) = gosm(a) S w= Z—‘IJ_Sln(a). [Tpu

V
3a7aHHOM 3Ha4YeHuu yria « = 30° momydyaem: @ = 4—;’_ .

Vo
OTBET: o =—.
4L

3aganue 2.
Bomnpoc: Yemy paBHa TEIUIOEMKOCTh OJJHOT'O MOJISI OJJTHOATOMHOT'O HJICAIBHOTO ra3a B MPOIIECCE CHKATHUS
ra3a, B KOTOPOM €Tro0 JIaBJIcHUE YOBbIBaeT MPOMOPIHUOHAIEHO 00beMy? OTBET 000CHOBATD.

3agaya: IlocTOsSHHOE KOJMYECTBO Te€lMsl Y4acTBYEeT B IpOLEcCe, B KOTOPOM €ro JaBlieHHE cCHavaja
OCTaeTCsl TIOCTOSIHHBIM, 3aTeM Bo3pactaeT B N=2 pa3a Tak, 4YTO €ro OObEM H3MEHSIETCS
IIPONOPLIMOHANIBHO JABJIEHUIO, a 3aTEM CHOBA OCTAETCA ITOCTOSHHBIM. 3Has, YTO KOHEYHAsl TeMIepaTypa
remust B K=12 pasa Gonbllic Ha4aTbHOW, M YTO MONHOE KOJUYECTBO TEIUIOTHI, KOTOPBHIM TENHii
OOMEHSIICS C OKPYKaloIMMM TeJaMd B O3TOM MPOLECCE, PaBHO HYJIK, HalAUTEe OTHOLICHHE
MaKCHUMaJIbHOT'O 1 MUHUMAaJIbHOTO 00beMa Tefivsl B 3TOM Mpoliecce.

OTtBer Ha Bonpoc: 3anuuieM ypaBHeHHe mporecca 1—2 B Bune p =V . KonnuecTBo TEMIOTH B TAKOM

nporecce, B COOTBeTcTBUM ¢ 1-biIM Hawamom tepmomunamuku, Q, = A, +AU . Ilmomans mox

+ P,

. a
AMarpaMMof Tpolecca — IUIOMIAAL Tpamemuu: A, = Py > (A —Vl):E(\/Z2 ~V,?). Wsmenenue

BHYTpeHHeH sHeprun AU :g(pz\/z -pV,) = 3705(\/22 —V,%). CnenoBarensro, A, = %AU , ¥ TIOATOMY

Q, = gAU . JAns ognoro Mo AU = g RAT . 3naunt, . Q, =2RAT =c=2R.

Pemenne 3agaum: 3amanHsblii npouecc 1—2—3—4 cocTouT u3 u300apbl (MONSpHAS TEIIOEMKOCTh

5 .
C, =ER), mporiecca ¢ p=aV (C=2R) u eme omHoit m300apel. Takum 00Opa3oM, TeMIepaTypbl

COCTOSIHUH yJIOBJIETBOPSIIOT COOTHOLICHHUIO g R(T, -T,)+2R(T, -T,) + g R(T,-T,)=0. U3 »storo

cooTHowenust cnenyer, yro 5T, +T,—T,—5T, =0. Ilo ycmosuro T, =KT,, a B mpomecce 2—3

JaBJIeHWE BO3pacTaeT B N pa3, U BO CTOJBKO K€ pa3 Bo3pacTaeT o00OBEM, IOITOMY
1 1 . 5(k -1 1

T, =—pV, = n®— p,V, = N°T,. O6beqUHSS 3TH COOTHOLICHNUS, HaiaeM, uto T, = QT ==T,.

3 VR 3'3 VR 2V2 2 2 r]2 _1 1 3 1

C ywerom 5TOro M xapakrepa mpoueccos V, :%Vl, V, =2V, :%Vl uV, :%Vl. Takum oOpazom,

V vV, T 2
Vo =V, 1V, =V,. 3uauwur, Ve Vi _ LMol
V, T, 5k-1

min



2
OTBET: Ymx - N =1 _
Vmin 5(k _1)
3aganmue 3.

Bonpoc: Kontyp B ¢opme OKpYKHOCTH 3aKperuieH IIApHUPHO Ha BEPTUKAJIBHOW OCH U IMOMEIEH B
TOPU3O0HTAIILHOE MAarHUTHOE 1oJie. ONMUILUTE ero MOBECHUE MTOCIIE MOSBICHUS B HEM TOKA.

3agaua: 113 MenHOM NPOBOJIOKU U3TOTOBJIEH KBAJpaTHBIM KOHTYp C IepeMblukoil. KOHTyp moakitoueH
K UCTOYHHMKY TocTosiHHOrO Hampspkenus U =15B mexny toukamu A u D un C

MOMEIIICH B MarHUTHOE TOJie ¢ uHAyKIimer B =8wmTin, npudyeM cuiioBbie JTMHUN
JICKAT B IUIOCKOCTH KOHTYpa W IMapaulejbHBI ABYM €ro croponam. Haiimure D
BEIMYMHY W HAMpaBICHUE CHWIIbI, JCHCTBYIOIIEH HA KOHTYp CO CTOpPOHBI
MArHUTHOTO TIOJsI, a TaKKe BCIMYMHY W HampaBJIeHHE MOMEHTA CHII, _;\
MOBOpauMBaroniero KoHTyp BOKpyr ocu AC. VYienbHOe CONpPOTUBICHUE B
npoBosioku o = 0,018 MxOm-M, miomiaas cedeHust poBoioku S =18 MM2,

JJIHWHaA CTOPOHBI KBaJpara a = Im.

OtBer Ha Bompoc: CymmapHas cuia Amiiepa, JEHCTBYIOIIas Ha KOHTYP C TOKOM B MarHUTHOM IIOJIE,
YPaBHOBEUIMBAETCS CUJION peaklMu OcU (€CiH I0Jie OJHOPOJHO, TO 3Ta CHJa U BOBCE paBHA HYIIO).
OpHako cyMMapHbII MOMEHT CUJI OTHOCHUTEIBHO OCH PaBEH HYJIO TOJBKO MPU OJHOM IOJOKEHUH
KOHTypa — KOIJa IIJIOCKOCTb KOHTypa IEpPHEHAMKYISIPHA JUHUSAM MarHUTHOM HHAYKIMH. Takux
MIOJIOXKEHUH 1B, U B OJIHOM M3 HUX PABHOBECHE YCTOMYMBO (IIPM MajlOM OTKJIOHEHMH MOMEHT CHII
BO3BpalaeT KOHTYP B 3TO MOJIOKEHHUE), @ B IPYroM — HeycToiuuBo. [loaToMy nBMXKEHHE KOHTYpa — 3TO
KojeOaHusT BOKPYI YCTOWYMBOIO TIIOJOXEHHS paBHOBECHS (IIPM HAIUYMKU NOTEPh MEXAHUYECKOU
SHEPI'UU — 3aTyXarollue).

a
Pemenne 3agaun: ConpoTHBIEHHE CTOPOHBI KBajapata R = pg, Toraa conporusieHue ydactka AC

paBHO R2 , a yuactka ABC — 2R. Ilpumem, yTo moTeHnMan A BbIllIe
noteHnmana D. HampaBneHusi TOKOB MoKa3aHbl Ha PUCYHKE. BemuuuHbl cui

Toka 0003HauMM ciepyromum oopasom: |l,p =, 1o =l,, lu =l; #
I =l,. SlcHo, w0 I =2, l=1,+1,= J _Y2+1U
o ’ "RYOY PP U RY2RIV2+1) 3442 R’

J2 U 1 U

e F B
3

3++2 R 3++42 R

CD, paBubl Hymo. Cunbl Ammepa, JEHCTBYIONIME Ha OCTAIbHBIE YYaCTKH, HAIPABIEHbI «Ha

Hanee HaxoauM, uto |, = . Cunel AMrniepa, neiictByromue Ha yuactku AB u

aBU  BUS
HaOmogarenss» or IUNIOCKOCTH ~ KOHTypa. Bemnmumnsr ostux cun  F=aBl, =——=——,
P
F,= av/2B IZL:L%, F,=aBl, :L% CymmapHas cuina
V2 3442 p 3+v2 p
F=F, +F,+F, _4+2V2BUS oy
3442 p

Touxamu npunoxenus cun F, u F,; MoxHO cuutars cepeaunsl yuactkoB AD u BC, nosromy oHH

HUMCIOT OAMHAKOBBIC IIJICYH 110 OTHOIICHUIO K OCHU AC, PpaBHBIC | = , a4 HaIllpaBJICHUSA CO31aBac€MOTr0

a
242
UMM BpalieHus npotuBomnonoxueie. [lnedo cunsl F, paBHO Hymo. Takum o0pa3omM, MOMEHT CHI

A (£ Fy_aBl, - J2+1 BUSa
22 23++2) p

BpallleHus, MpH KOTopoM Touka D nBmwxkercs «ua HaOmomarens». llpu u3MeHEHHMH NOJSPHOCTH
HaIIpsSDKEHUs BEIWYMHBI CWJIBI U MOMEHTBI OCTAIOTCSA NPEKHUMH, a HAIlpaBIE€HUsS HU3MEHSIOTCA Ha
[IPOTUBOIIOJIOKHBIE.

M =

~0,46 H'M. DrtOoT MOMEHT CO3/7aeT HalpaBJICHHE



OTBET: F = 4+ 2\/5 % ~19H, nanpasienue cuibl Ipu @ ,> @ «HA HAOIIOAATENSD OT MIOCKOCTU

3+4/2 P

J2+1 BUSa
23+~/2) p
ABHXKETCA «HaA Ha6J'II-OI[aT€J'I${)). HpI/I N3MCHCHHNU HOJ'IHpHOCTI/I HaprI}KeHI/IH BCIINYUHBI CUJIBI U MOMCHTHBI
OCTAaKTCA Hpe)KHI/IMI/I, a HaHpaBJ’IeHI/ISI HN3MCHAKOTCA HA HpOTI/IBOHOJIO)KHBIG.

KoHTypa, M = ~ 0,33H'M, co3mgaer HampaBiicHHE BpAlllEHHs, PH KOTOPOM Touka D

3aganmue 4.
Bonpoc: Huth 1aMnodky HakalIuBaHUs JUIMHOM | pa3menieHa BIOJb TTIABHON ONTUYECKON OCH TOHKOM
cobuparomeil ymH3bl ¢ | F [>>1. U300paxkenue HutH uMeer 5-kpaTHoe yBenuueHue. Kakum craner

YBEJIMUEHUE, €CIM HUTh OBEPHYTH Ha 90°, HE MEH €€ MOJI0KEHUS?
3agava: MasieHbKul Ipy3 COBEPILACT Majble BEPTUKAJIbHbIE TADMOHMUYECKUE KOJIOaHUs Ha MPYKUHE.

Amiuityna kojeOaHU paBHa X,,. 3a 3TUMH KOJeOaHHSIMU
HaOMIOAI0T Yepe3 TOHKYIO COOMpAIOIIyI0 JMH3Y C (POKYCHBIM
paccrostanem F >> X . JIuH3a OTKJIOHEHA OT BEPTUKAIM HA «HE
CITMIIKOM OOJBIIONW» yrol «, a ee TJaBHAas ONTHYECKas OCh

IIPOXOAUT 4Yepe3 IIOJIOKEHHE paBHOBecHs rpys3a. Haiitu
aMIUTUTYy KoJieOaHUM M300pa’keHHs Tpy3a, €ClId PACCTOSHUE

OT TOYKH PAaBHOBECHS I'py3a 0O JIMH3bL a= E F.

OTBeT Ha BOIIPOC: B MEPBOM Cliydac IJid «JaJIbHETO» Kpasd HUTHU, HAXOAAIETOCA Ha PaCCTOSAHUA a oT
JIMH3BI, H306pa>1<eHHe HaxoauTCs Ha PacCTOSIHUU b or JIMH3bI, KOTOPOC MOKHO HaWTU II0 Q)opMyne

o 1 1 1 aF
TOHKOM JINH3BL: —+-==—=b= : AHaNornyHo TSt JPYroro Kpast
a b F a-F
= F?2

1 + ! - = 1 =b+l'= u CriemoBarenbHo, pasmep uzobpaxenus |’ = l.

a-l b+l" F a-l1-F (a-F)@a-1-F)
F 2

C yuerom manoctu | mponombnoe ysenmuenwe I = ﬁ . Tlocne moBopoTa COOTHOIICHHE
—a

MOTEPEYHbIX Pa3MEPOB H300pa)KeHHsI M MpeaMeTa pPaBHO COOTHOIIEHUIO PACCTOSHUN 10 JIMH3BL:
b F
===V =5.
|F-a

a
[Ipumeyanue: HEKOTOPbIE YHACTHUKHA MOTYT AaTh OTBET * V5 , UMes B BUJIy ONIPEJEIIEHNE YBEIIMUCHUS C
y4eTOM 3HakKa (TO €CTh OpUEHTAIIMHN H300pakeHus). Takoi OTBET TOXKE HYKHO CUUTATH MTPABUIIBHBIM.
Pemenue 3agaun: Konebanus rpy3a MOKHO TIPEJICTaBUTh KaK HaJOKEHHE KOJEOaHUHN BIOJb ONTUYECKON
OCH aMIUIUTYIOH X, SIN¢ ¥ TepIeHIUKYISPHO OCH C aMIUIUTYIOW X, COSa . B coorBercTBhu c

n =

F 2
pe3y/ibTaTtaMu OTBETA HA BONPOC, MNPOJOJIbHOE yBemuuenue |, =-———=4, a nomepeynoe
(F-a)
F )
YBEIUYECHUE rN=——=2 IToaTOoMy aMIUIUTY/1a Kosie0aHuit M300paxeHust
|F-a

X, = \/(me cosa)® +(4x, sina)? =2x_1+3sin’a .
OTBET: X, =2x,/1+3sin’ « .

MAKCHUMAJIBHAS OLHEHKA 3A PABOTY: 100 BAJIJIOB



