OZIMMMUAJA LLIKOJIbHUKOB «MMOKOPU BOPOBbLEBbI FOPbI» no ®U3UKE
3AKNIOYUTE/NIbHbINA (PUHANBHbLIN) 3TAN 2018 roaa

BUJIET N2 18 (YDA): 803MOXKHbIE peLueHnsa U KpUTEp1MN OLLeHMBaHUA

Kpurtepuu oneHnBanus:

JJ1s1 BONIPOCOB:
Ectb oTnenbHbIe paBUiIbHbIE cOOOpaskeHus — 1 6asLI.
OTBeT B 1LEJIOM MpPaBHIEH, HO COJEPKUT CYIIECTBEHHbIE HETOYHOCTH, WM CYHIECTBEHHO
HEMOJIOH, WJIK OTCYTCTBYET 00OCHOBaHUE (JI1 BOIIPOCOB, B KOTOPBIX HEOOXOAMMO 0OOCHOBAHHE)
— 2 dasia.
OTtBeT npaBuiieH, HO IPUCYTCTBYIOT MEJIKWE HETOYHOCTH, WJIM OTBET HEJIOCTATOYHO TOJIOH, WX
OTCYTCTBYET JIOCTATOYHOE 0OOOCHOBAHUE (7151 BOIIPOCOB, B KOTOPBIX HEOOXOAUMO 00OCHOBaHUE) —
3 damna.
OTBeT MOJHOCTHIO MPABUIIBHBIM, HO HEJOCTATOYHO OOOCHOBAHHBIN (IIJIsI BOIIPOCOB, B KOTOPBIX
HE00X0aUMO 000CHOBaHME) — 4 DaJLIa.
[IpaBUIBHBIN, TOJHBIN 1 0O0OCHOBAHHBINA OTBET — S5 0AJI0B (MAKCHMAJILHAS OLIEHKA).

s 3apay:
EcTh oTaensHbIe paBuiibHbIE cooOpakenus — 1-2 faJuia.
EcTp yacTh HEOOXOAMMBIX Il PEIICHUS COOOpPaKECHUH, pelIeHue HEe 3aKOHYCHO WM COJCPKHT
cepbe3Hble omuoku — 3-4 GaJia.
[IpucyrcTByeT OoJbIas 4aCcTh HEOOXOAUMBIX ISl PEIICHUS] COOOpaKEHUH, MTPABUIILHO 3arucaHa
4acTb HEOOXOAMMBIX COOTHOUICHHH, pEelIeHHe HE 3aKOHYEHO WM COICPKHUT OIUOKH — 5-7
0aJlJ10B.
[TpucyTcTBYIOT BCE HEOOXOAUMBIC IS PEUICHUSI COOOPaKECHNUs, MPABIIILHO 3aIMCAHBI TIOYTH BCE
HEO0OXOIUMBIE JJIsl PEHICHHs] UCXOHbIC YPAaBHEHHsI, HO PEIICHUE HE 3aKOHYEHO WU COAEPIKHUT
omuOku — 8-10 6asi10B.
[IpucyTcTBYIOT BCE HEOOXOIMMBIE Ul pEIIEHUs COOOpa)keHHs, MPABWJIBHO 3alMCaHbl BCe
HEOOXOJMMBIC Ul PEIIeHHs WCXOAHbIE YpPaBHEHUS, PEIICHHWE BBICTPOCHO NPABUIBHO C
¢bu3nyeckoil 1 JOruueckoi TOUKH 3peHHs], HO COJIEPKUT omnoku — 11-14 6annos.
[IpucyTcTBYIOT BCE HEOOXOIMMBIC Ul pEIICHUS COOOpakeHWs, MPABWIBHO 3alllICaHbl BCE
HEOOXOAMMBIE Ul pELIeHUs MWCXOAHbIE YPaBHEHUS, PpEIICHHWE BBICTPOCHO NPAaBUIBHO C
(GU3NYECKONl W JIOTHYECKOW TOYKM 3pPEHHS, HO COJNIEPKHUT OJHY-IBE MEIKHE HETOYHOCTH, HE
MO3BOJIMBIIME TOJIYYUTh TMPABWIBHBIA OTBET, WJINM MPABUIIBHOE DELIEHHE C HEeJAO0CTaTOYHBIM
000CHOBaHHEM CYIIECTBEHHBIX MCIIOJIb30BAaHHBIX Pe3yJbTaToB — 15-17 GanJioB.
[IpaBunbHOE O0OOCHOBaHHOE pEIIEHHWE C BEPHBIM aHAJTUTHMYECKUM OTBETOM, HO MEJKOU
HETOYHOCTBIO TIPH TIOJTYYCHUH YUCIEHHOTO OTBETA, JINOO MPAaBMWIIBHOE PEUICHHUE C IPAaBUIHHBIMU
OTBETaMHM C HEJOCTATOUYHBIM OOOCHOBAaHMEM OJIHOTO M3 MCIIOJIb30BAaHHBIX PE3yJIbTaTOB (M3 UMCIIA
HE KJIFOUEBBIX JUIS PEIIeHHs, HO HeoOXomuMbIX) — 18-19 6asios.
[lonHoe, mpaBUIIbHOE, OOOCHOBAHHOE pEUICHWE C MpaBUIbHBIMH OTBeTamMu — 20 06ajjioB
(MakcuMaJIbHaA OlLlEHKA).

3aganue 1.

Bonpoc: Ha mokosimuiicst mapuk Maccel 1 T' HajeTaeT co CKopocThio 2 M/c KyO maccoit 10 kr.
CkopocTh Ky0a TMepreHIuKyaspHa TpaHH, KOTOPOH OH HAHOCUT yaap mo mapuky. C Kakoit
MIPUMEPHO CKOPOCTHIO OyJIET JBUTAThCS IIApUK MOCie ynapa?

3amaua: CHapsia Maccel M = 8 KT, JIETEBIINIA BEPTHKAIBLHO, B30PBAJICS B BEPXHEH TOUKE TPACKTOPHH.
IIpu sTOM 00pa3zoBaUCh JABa OCKOJIKA, MOJIETEBIINE MOCTYyNaTeabHO. V3BeCTHO, UTO B pe3ylsibTaTe
B3pbIBA CyMMapHasi KHHETHYecKas SHeprusi ockojkoB yBenmuuminach Ha W =360k/[x, a macca
00pa30BaBIIMXCS IOPOXOBBIX Ta30B MNpeHeOpexumo Mmana. OTHOCHTENbHAas CKOpPOCTh pasjiera
OCKOJIKOB Cpa3y IOCJie B3phIBa OKa3amach B 5/3 pa3a Oosbllle MUHUMAJIBHO BO3MOXKHOU. Haiiaure
3Ty CKOPOCTh. KakuM OBLIIO OTHOIIEHHE MACC OCKOJIKOB?

OtBer Ha Bompoc: PaccMoTpuM mporiecc B CUCTEME OTCUeTa, CBS3aHHOW ¢ KyOoMm. B Hell oueHb
TSDKETIBI KyO MOKOWTCS, a JITKMHM MIapuK HaJeTaeT Ha HEr0 CO CKOpOoCcThio 2 Mm/c. U3meHeHue
UMIIYJIbCOB TEJ MPHU yJape OJMHAKOBO IO BEJIWYMHE, HO KWHETHYecKas SHEprusi Kydoa MpH 3TOM



OyIeT 3HAaYUTEeNHbHO MEHBIIE KWHETHYECKOW SHepruu mapuka. Ecnu ymap Oyaer ympyrum, To
CIIEYeT CYHMTaTh, YTO KHHETHYECKAsh DHEPrusl IIapHKa IMOYTH HE W3MEHSETCS, W IIapUK IOCIe
OTpaXeHUs OT KyOa OyleT IBUTAThCS B MPOTUBOIOIOKHYIO CTOPOHY MPUMEPHO C TOH K€ CKOPOCTHIO
— OKOJIO 2 M/C OTHOCHTENIBHO Ky0a. 3HAUUT, OTHOCUTEIHHO MCXOJHOW CHCTEMBI OTCYETa OH OyAeT
JIBUTATBCS CO CKOPOCTHIO oKoJio 4 m/c. Ilpu Heynpyrom ymape 4acth SJHEPTHH TEPSETCs, U CKOPOCTh
JBIDKEHUS IIapHKa IMocie yaapa OyneT MEeHbIle, HO HE MEHbIIEe CKOPOCTH Kyba (okoyio 2 M/c) —
PaBEHCTBO CKOPOCTEH Tl MOCIIe yJapa OTBEYaeT a0COIIOTHO HEYIIPYTrOMY yaapy.

Pemenne 3amaum: B BepxHell TOYKe TpPAaCKTOPUU CHapsll, JETEBIIUA BEPTUKAIBHO,
ocraHaBiuBaeTcs. [I0aTOMy CKOpOCTh CHapsa nepel B3pbIBOM paBHa Hymo. IloaTomy, no 3akony
COXpaHEHUS HMITYJIbCa, CyMMa HMITYJIbCOB OCKOJIKOB Cpa3y IOCIe B3pblBa paBHA HYIO. JTO
O3HAyaeT, YTO OHHU IIOJIETENM BJOJIb OJHOW mpsiMod. OOO3HAYMM OTHOIIEHHE MacC OCKOJIKOB

m, M, =Z, npudeM OyAeM CUHTAaTh «IIEPBBIM» Ooiee TSHKENbId OCKONoK (To ectb Z2>1). U3

z
yCiioBUd 3ada4yu CICAYET, 4YTO ml + m2 =M, U DO3TOMY ml = —1m n mz = —1m . 3anuniem
Z+ Z+

3aKOHBI COXpPaHEHHUS HMITYJIbCa W JHEPTMU B MPOIECCe B3PbIBA KaK YpaBHEHUS Ui BEIMYUH
CKOpPOCTEH:
L mv. L mv Vv
L 2 Lo 1) 2w
z+1 z+1 =X \/_ m o =14V, = N7 F = | [

R mvar 1 mv; 2 7N m
z+1 2 z+1 2 Y2 =

Kax BHUIHO, BCIMYMHA OTHOCHUTEIbHOM CKOPOCTH OCKOJIKOB ITPH 3aJdHHBIX W ©u M 3aBUCHT TOJBKO
OT OTHOIICHHA MAaCC OCKOJIKOB. HOE)TOMy SICHO, 4YTO «MHUHHMAJIBHOC)» 3HAYCHHC 3TON BEIUYMHEI
HYXHO BLI6I/IpaTb KaKk MUHUMYM IIpU BCCBO3MOKHBIX N3MCHCHHAX Z . MuHuMansHOE BO3MOXKHOE

1
3HaYeHHe BEJIUUUHBI /7 +— nocturaercs npu Z =1 u paBuo 2. I[losTomy, coriiacHO yCJIOBHIO,

Vo ==Viin = 1/ 101/ =500 m/c. Kpome Toro, sicio, uto +/z +%= . Pemas sto
z

YpaBHCHHUE OTHOCHUTCIIBHO \/E , HAXOJUM: \/; =3=17=09.

OTBET: v,, 10 =500 m/c, —:9.
3 2m

2

3aganue 2.

Bompoc: B cocyzne Haxoaunuch 2 1 HACBIIIEHHOTO BOSTHOTO Tapa. Cocyl CKaju pH HEM3MEHHOU
temmeparype 100°C Tak, uro o0beM yMeHbIIWiICS BABoe. Kakoe KOJMMUeCTBO Tersia OTBENU MpH
3TOM OT COJEP)KUMOTO cocyaa? Vcmonb3yiiTe He0OX0UMbIC JaHHBIE U3 3aa4H.

3agaua: Ilpu cobmogeHNN HEOOXOAMMBIX MPEIOCTOPOKHOCTEH BOAY MOJ JAaBleHHEM | aT™m
MOXHO HarpeTb g0 Ttemneparypsl t; =103°C. B V =21 Takodi BOIbI, HaxoJsIIeHcs B
TETUIOU30JIUPYIONIEM COCYJIe, «CIYYaiiHO» (HampuMep, MoJ JEeHCTBUEM KOCMUYECKOTO H3TYUCHHS)
MOSIBUBLIEICSI HEOJHOPOJHOCTH 00pa3zoBajicss MUKPOCKOIMMYECKHUH My3bIpeK BOJAsSHOro mapa. Haiitu
00BEM BOJASIHOTO Mapa IOC/Ie YCTAaHOBIEHUS paBHOBeCHUs ([aBJICHHE Ha TOBEPXHOCTH BOJIbI
MOJJIEP)KUBACTCS HEM3MEHHBIM). YJIelbHasi TeriaoeMKocTh Bonabl C=4200 [x/xr-K, ynenpHas

TerioTa napoobpazoBanus Bojbl I' = 2480 x/[X/Kr, TUIOTHOCTh HACBIIIEHHOTO BOASIHOTO Mapa NpHu
t, =100°C paBHa p, ~0,58 kr/M°, ITOTHOCTE BOJBI CYMTATH PaBHOH p ~1000 Kkr/Mm°,

OtBer Ha Bonpoc: [Ipu cxxaTuu HaCBIIEHHOTO BOJSHOTO Mapa 0e3 M3MEHEHUs TeMIIepaTypbl €ro
IUIOTHOCTh HE HW3MEHseTcs (OHa 3aBHCHT TONBKO OT Temrieparypbl). [loaToMy mpu cxkatuu
KOHJIGHCUPOBAJICS | J1 HACBHIIMIEHHOTO Tapa, TOo ecTh (corjacHo AaHHBIM 3anadun) 0,58 r mapa. [1pu
3TOM oT cocyla HGOGXOIII/IMO OTBOJAUTH TCILIOTY KOHACHCAIluH, TO €CTh

Q=2,48-10°-0,58-10"° ~ 1,44 x]Ix.



Pemenne 3agaun: J)KuakocTh, ONMCAHHYIO B YCIIOBUH, HA3bIBAIOT «IIEPErPETOi» — B YCTOWYMBOM
COCTOSIHUU IIPU HOPMAJIbHOM aTMOC(EPHOM [JaBJIIEHUHU BOJAa HE MOYKET UMEET TeMIIepaTypy BbIIIE
t, =100°C. To ecTh 3TO COCTOSIHME HEYCTOMYMBOE M IpPU JIIOOOM BO3MYILEHHHM Boja OynaeT

OCTBIBATh [0 TCEMIICPATYPhI tO’ a 3a CYCT BBIACIAKOIICIOCA TCIlIa 6y):[eT MMPOUCXOJUTH

napooOpa3oBaHue. YpaBHEHHE TeIUIoBoro Oamanca CpV (t, —t;) = rAm mno3BossieT HalWTH Maccy

coV(t —t,)
r

~175m.

oOpa3oBasiierocs napa: Am = ~10r. C y4eroMm W3BECTHOM IUIOTHOCTH Iapa HaXOJIUM

coV(t, -t
ero oobem: V, :A_m :M

Lo Pol
OTBET: V, = eVt —t) 17,51
Pol

3anganmue 3.
Bonpoc: Hanpsbkenue Ha KiieMMax akKyMyJsiTopa IpU pa30MKHYTOH 1ienu paBHO 36B, a ecnu uepes
AKKyMYJISITOp T€UeT TOK 2A, TO OHO yMeHbInaercs 10 32B. UeMy paBHO BHYTpEHHEE CONTPOTUBIICHHE
aKyymynsaropa?

3agaya: B cxeme, mnoka3zaHHOW Ha pucyHke, o0a peocrara _T_
OJIMHAKOBBI: MX MakKcHMaibHOe compotuBieHne R, =36 Owm, v T A’
mmHa L =24 cwm. [lonokenne ABHKKOB TOKE OIMHAKOBO: OHU r!::—' L
nocraBjeHbl B X =8cM OT KpaliHuX JIEBBIX MoyoxeHui. Haiitu : Ex : Ex
it o

TOK B BETBU C HCTOYHHKOM, HarnpsbkeHue Ha koropoir U = 20 B.

OtBer Ha Bonpoc. YMEHbIICHUE HANPSHKEHUs Ha KJIEeMMax MCTOYHUKA MPHU MPOTEKaHUU Toka (36B
— 32B = 4B) cooTBeTCTBYET HANPSHKEHUIO HA BHYTPEHHEM CONPOTUBJICHUU UCTOUHUKA IPU TOKe 2A.
3HAuUT, 3TO CONPOTUBJIEHHE paBHO 2 OM.

Pemenne 3agaun: HeTpyaHo 3aMeTHTh, 4YTO B cXeMe o00€ YacTH KaXJ0ro peocraTa
MOJIKJIIOUYEHBl K HCTOYHHUKY MapajUieIbHO JpYr JpYyry. 3HA4MT,
KaKIbIH  peocTaT  DKBUBAJICHTEH  OJHOMY  PE3UCTOPY C

xR, - (L-X)R, _ X(L —X) R

T

conpotuBieHneM R = =80wm. -
P DR, +(L-xR. L " xR XRm
. U L? U .
CyMMapHbIii TOK uepe3 obe dacTu ogHoro peocrara |, =—=————=25A. Takoii ke TOK
R x(L-x)R,
TeyeT M uyepe3 obe YacTH BTOPOrO peOCTaTa, MO3TOMY MHOJNHEIA TOK B BETBH C HCTOYHHKOM
2
=21, =2t Y 5y
X(L-X) R,
2
OTBET: | = Li =
X(L-X) R,
3aganue 4.

Bonpoc: Chopmynupyiite ycioBHs paBHOBECHS TBEPIAOTO Tea.
3agaua: CrepxkeHb, UMEIOMUNA (HOpPMY TOHKOTO HUIUHAPA MOCTOSHHOTO CEYECHHs, HEOJTHOPOJICH.

1

Ero HEHTP MAaCC HAXOJUTCA Ha paCCTOAHUHU X= Z 4aCTHu €10 JJIMHBI OT OJHOI'O M3 KOHIIOB. CpCI[H?UI

IUIOTHOCTh CTCPXKHA paBHaA O . Ero OIyCKAaroT B OOJIBIIION COCy] C JKUAKOCTBIO C INIOTHOCTBIO L .

I'myOuHa >KMIKOCTH B COCYZA€ 3aMETHO OOJbIle JUIMHBI CTepKHA. [Ipu Kakux 3HAUEHHSX P

CTEPKEHb I10CJIE YCTAHOBJIEHHS] PABHOBECHS PACIIOJIOKUTCS BEPTUKAIBHO?

OtBer Ha Bompoc: HeoOXoauMbIMH YCIOBUSMH HaxXOXICHHMsS TBEPAOIO Tella B PaBHOBECHUHU
aBistoTCs: (1) paBeHCTBO HYJMIO BEKTOPHOM CyMM BHEIIHHX CHJI, HPWIOKEHHBIX K Tely; (2)



PaBEHCTBO HYJIO anre0panveckoil CyMMbl MOMEHTOB BHEIIHUX CHJI, NPHJIOKEHHBIX K Tenmy. Bo
BTOPOM YCJIOBHH HUCIOJIB3YIOTCS ONPEECIICHHUSA:

+ Ilnedo cuabl || — paccrosiHue OT ocu BpallieHus 10 JTMHUN

O JICHCTBUS CHJIBI.
/ﬁ’ MOMEHT CHJIbI — IIPOM3BEJICHUE BEIMYMHBI CHIIBI HA €€
h IJIEYO, B3ATOE CO 3HAKOM + (), €C/IM CUIa BPAIAET TEJIO

BOKPDYT OCH B  IIOJIOKHTEIBHOM  (OTPHLATEIHLHOM)
HanpasiaeHun: M =+ | F ||

Pemenue 3agaun. BaxHo O6paTI/ITb BHUMAHHC, YTO BCPTUKAJIBHOC ITOJIOKCHHUEC CTCPIKCHb MOXCT
3aHATh B ABYX ClIydasdX: Koraa IINIOTHOCTb JKHUAKOCTH MCHBIIEC CpCI[HCﬁ IIJIOTHOCTHU CTCPIKHA

(py < p), ¥ cTEp>KEHb TOHET M OIMPACTCS HA JHO, ¥ KOTAA INIOTHOCTD JKUJIKOCTH OOJIBIE CpeaHei
IUIOTHOCTH CTEepKHSA (0, > 0), U CTEpKEHb IUIaBaeT Ha MOBEPXHOCTH. PaccMoTpuM — cHayana

MEPBBIN ClIydal: BBIYMCIUM CYMMY MOMEHTOB CHJI, JE€HCTBYIOIIMX HA CTEPKEHb, OTHOCUTEIBHO
TOYKU ONOPBI, IPU OTKJIOHEHUHU CTEP’KHS OT BEPTUKAIN HA
HeOombIIoN yron « . Ilneyo cuiibl HOpMaNbHON peakuu

naa N paBHO Hym0, Twiedo cwiibl Apxumena (Toduka
OPWIOKEHHUS —  CepelAMHa  CTepXKHS  JuiHONM L)

L .
I, = Esm(a), IJIEYO CHJIBI TSHXKECTH (TOYKA MPUIIOKEHUS —

L .
ueHtp mace) | =ZS|n(a). Kpome Toro, F, =p,LSg, a

mg = pLSg. IlosToMy cymMMapHbIi MOMEHT, BO3BPALIAIONIMNA CTCPKEHb K BEPTHUKAIBHOMY

nonoxenuto, M =+F,l, —mgl

. 1
¢ = %—% L*Sgsin(a). [Mostomy M >0 mpu ,00>§p, u

CTEP’KEeHb Oy/IeT YCTOWYUB B BEPTUKAIHHOM TIOJIOKEHUH TIPH §< Py < p. PaccmoTpum Tenepn

BTOPOM  Clly4ai. B »srtomMm ciywae B BEPTHKAIBHOM MOJIOKEHUU  PABHOBECHS
F,=p,L'Sg=mg=pLSY, orkyma caemyer, uro yIMHa
norpyxkensoil yactu L'=pL/p,. Teneps miedo cuibl

Apngena OTHOCUTCIIBHO HMXXHETO KOHIA  CTCPIXKHA

!

I, = Esin(a) , u CyMMapHBIii MOMEHT
e 1) e
M=| ——-=|pL°Sgsin(a) >0 pu Lo <2p.
2p, 4

3HAYNT, BEPTUKAILHBIN CTEPKEHb YCTOWUMB U pu P < P, < 2p . HeTpyaHO NOHSTH, YTO YCTONYMBOCTD

COXpaHUTCA U MIpU O, = P (CTCp)KCHL HCJIUKOM IIOIPY’KEH B BOAY, HO HC OINMUPACTCA Ha ILHO).

" P
OObenuHss Bce cilyyau, HAXOAUM: CTEP>KEHb 3aliMeT BEPTUKAIIbHOE MOJIOKEHUE MTPU 9 < po <2p.

OTBET: nipn §< po <2p.

MAKCHUMAJIBHAS OIIEHKA 3A PABOTY: 100 BAJI'IOB



