ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2019 roaa, 7-9 Knaccbl

BUJIET N2 16 (MOCKBA): BO3MOKHble pelleHnA U OTBETbI.

Kpurepun oueHuBanmsi:

151 BONIPOCOB:
EcTp oTnensHbIC paBHIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B LEJOM MpaBHJIEH, HO COAEP)KUT CYIIECTBEHHbIE HETOUYHOCTH, MM CYHIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHUE (Ui BOMPOCOB, B KOTOPHIX HEOOXOAUMO
obocHOBaHue) — 2 GaJuia.
OTBeT MpaBWJICH, HO NMPUCYTCTBYIOT MEJIKME HETOYHOCTH, UJIU OTBET HEAOCTATOYHO IMOJIOH,
WIA OTCYTCTBYET JIOCTaTOYHOE OOOCHOBaHME (i1 BOIPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 3 GaJa.
OTBeT NOJHOCTHIO MPABUIbHBIA, HO HEJOCTaTOYHO OOOCHOBAaHHBIM (U1 BOIIPOCOB, B
KOTOPBIX HE00X0IMMO 000CHOBaHHUE) — 4 OaJwLia.
[IpaBunBHBIN, MOTHBIN 1 0O0CHOBAHHBINA OTBET — S5 0AJI0B (MAKCHMAJILHASA OLIEHKA).

Jlisi 3anay:
EcTb oTAenpHbIE TpaBUIiIbHBIE cOOOpakeHus — 1-2 6aJuia.
Ectb yacth HEOOXOOUMBIX ISl PEIICHUS COOOpa)KeHWM, pelIeHHe He 3aKOHYEHO WU
COJICPIKUT Cepbe3HbIC OMMUOKHU — 3-4 GaJLia.
[TpucyrcTByeT Ooublas 4acThb HEOOXOJUMBIX U PEUICHHS COOOpa)K€HWil, MPaBUIBHO
3amycaHa 4YacTh HEOOXOJUMBIX COOTHOIICHHWW, PEIICHHE HE 3aKOHYCHO WM COJEPIKUT
omuoKku — 5-7 6aJ/I0B.
[TpucyTcTBYIOT BCe HEOOXOAUMBIE TSI PELICHUsT COOOPaKEHHUs, MPABIIILHO 3aIMCAaHBl TIOYTH
BCE HEOOXOAMMBIC N7l PEHICHHs] WCXOJHBbIE ypaBHEHUS, HO pELICHHE HE 3aKOHYEHO WIU
COJIepKUT omuOKy — 8-10 6a10B.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul pElIeHHs] COOOpa)KeHUs, MPAaBUIBHO 3allMCaHbl BCE
HEOOXOIMMBIC ISl pEIICHUS HMCXOIHBIE YpPAaBHEHHs, PEIICHHE BHICTPOSHO NPABWIIBHO C
(bu3nUecKoil 1 TOrnYecKoi TOUKH 3pEHHsI, HO COePKUT omnoku — 11-14 6asnoB.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE JUIS PEIICHHs] COOOpa)XeHWs, MPaBUIBHO 3allMCaHbl BCE
HEOOXO/UMBbIE JJIsl pEIleHUs] MCXOIHbIE YPAaBHEHMs, PELICHHE BBICTPOCHO MPAaBUIIBHO C
(GU3NIECKOI M JIOTHYECKON TOYKH 3PEHUS, HO CONEPKUT OJHY-IIBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBILIKE MOJYYUTh MPABUIIBHBIM OTBET, WIM NMPaBUIBHOE pEIIeHUE C HEAOCTATOUYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB.
[IpaBuibHOE OOOCHOBAaHHOE PEIICHWE C BEPHBIM AHAIMTUYECKHM OTBETOM, HO MEJKOU
HETOYHOCTBIO MpPHU TMOJIYYEHHWH UHUCJIEHHOIO OTBeTa, JMOO NpPaBUIbHOE pEIIeHHEe C
NPaBUIBHBIMA OTBETAMH C HEIOCTATOYHBIM OOOCHOBAaHHMEM OJHOTO W3 HCIIOJIb30BAaHHBIX
pe3ybTaToB (M3 YMCIIAa HE KIFOYEBBIX JJIS peIIeHus], HO Heo0XoauMbIX) — 18-19 6annoB.
[TonHoe, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C TMpaBWIbHBIMU oTBeTaMu — 20 GajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.
Bomnpoc: I[Tox Becom rpy3a BepeBka qmHOM 1 M pactsaruBaercss Ha 1 cm. Ha ckosibko pacTsiHeTcs
MI0JT BECOM ATOTO € Ipy3a Takas ke (0 MaTepually U CE€UYeHHUI0) BepeBka mHou 2M? OTBer
OOBSICHUTD.
3amaua: /[Ba rpys3a ¢ onuHakoBoii Maccoid M =10 Kr mpUKpernyieHbl K pa3HbIM KOHIIAM JIETKOW U
MPOYHOW JJIMHHOW BEpEeBKH, MEPEKUHYTOM uepe3 cBOOOAHO Bpamiaromuiica Omok. I'pys 1
yIEP)KUBAIOT Ha TOPU3OHTAJIBHOM MOBEPXHOCTH (KO3(DUIMEHT TpeHus
MEXJy HUM M MoBepxHOCTbi0 4 =0,6), a BTOpoi BHCHUT cBOOOAHO. Bes
cucreMa rnomeiieHa B JUQT. JIudt moexas BBEpX ¢ yCKOpeHHeM a =5 m/c?,
a Tpy3bl OTIYCTHJIU, U OHY NPUILIM B IBUXKEHUE (TEPBBIN IOEXajl BIPaBo, 2
HaOupas CKOpOCTb, @ BTOpOW — BHM3). HaiiTu yanuHeHHe BepeBKH BO



Bpemst IBUKeHus. M3BectHo, uto ee Kod(p¢uuuent sxecrkoctu K =4000H/m. VYckopenue
2

cBoOoHOTO MajgeHus g ~10wm/c”.

OtBer Ha Bomnpoc: I3 Bonpoca sICHO, 4TO BEC BEPEBKM HE YUMTHIBAeTCs. Torjaa cuiia HaTSKEHUS
BEPEBKH B 00OMX Cilydasx B Ka)/JOM CEUEHHM paBHa BECy Ipy3a, M KakJas IOJOBHHA BEPEBKHU
JUIMHON 2 M pacTsAruBaeTcsd Tak e, Kak oJHa BepeBka JuiMHOW 1 M. CienoBaTenbHO, BEpEBKa
JUTMHOM 2 M pacTsSHETCS Ha 2 CM.

Pemenne 3agaun: HanpaBuM KOOpAMHATHYIO OCh X TOPU30HTAIBHO BIPABO, & OCh Y BEPTUKAIBHO
BHU3. 3allUIIeM ypaBHEHUs JBYOXKEHUS AJ Ipy3a | B MPOEKLUMHU Ha 3TU OcU (SICHO, YTO 10 Y OH
JIBIOKETCS.  BMECTE € NOBEPXHOCTBIO ¢ yckopenuem smdra): ma, =T-F, wu

ma=mg—N = N =m(g +a) (3zecb T — cuna HaTsDKeHUs] HUTH, N — CHJIa HOpPMaJIbHOW PeaKkuu
noBepxHocTn). ITockonbky rpy3 1 ckombsut, To Fpp = 4N = zm(g +a). lns rpysa 2 ypaBHeHue

JBMKEHMS B IIPOEKLUM Ha Y ma, = mg—T . [Ipu 3TOM HepacTsHKUMOCTh HUTH MIPUBOJUT K CBSI3H
YCKOPEHUH: OTHOCHTENBHO JU(Ta 00a Tpy3a JOKHBI JBUTATHCS C OJMHAKOBBIMH IO BEIHMYHUHE
yckopeHusiMu. Takum oOpasom, a, =a, —a. [lostomy ma, =m(g+a)—T , u, MOACTABISSA 3TO

1+u
COOTHOIIICHUE B TIEPBOC YPaBHCHHE, HAXOIUM: T = Tm(g +a). Ilo 3akony ['yka ymimHeHHe
BepeBkH Al = ]';r—k’um(g +a) = 3cMm.
OTBET: Al = 1;—k“ m(g +a) ~ 3cm.

3aganmue 2.

Bomnpoc: YTo npousoiier, eciam MOKPYIO CHapyKH KacTPIOJIIO C BIQXKHBIM CHETOM MOCTaBUTh HA
CTOJI U ILIEAPO MOCOJIUTH CHET, omeraB ero? OTBeT 000CHOBATb.

3apaya: Kakyroo Maccy raza Hy)XKHO CKe€db, YTOOBI MOMYYUTh V = 3 JHUTpa KUIISIIEH BOIBI U3
MOKporo cHera (macca koroporo Ha 60 % cOCTOMT M3 NEASHBIX KpucTaIuKkoB U Ha 40 % u3
BO/BI), WMeromiero Temmepatypy to=0°C? CHer momemeH B JKEIE3HBIH KOTEJIOK MacChl
M =500 r, a 17151 ero HarpeBaHus UCIIOJIb3YeTCs ra3oBas Topenka. KOHCTpyKIMs ropeiku TakoBa,
YTO Ha HarpeB KoTeiaka M ero cojaepxkumoro Tpatutcs 50% KonuuecTBa TEIUIOTHI,
BBIJICJISIFOLIETOCs MpU CropaHuu rasa. ILIOoTHOCTH BoAbl p = 1 r/em’, yAenbHas TeIIOEMKOCTh
Boabl Cy = 4,2 xJ[x/(kr-°C), ymenpHas TEIUIOEMKOCTh kene3a Cy = 0,46 x/x/(kr-°C), ymenbHas
TeruioTa riasiaeHus abja A = 330 kJx/Kr, yaenpHas TerioTa cropanus raza q = 34 M/Dx/kr.

OtBer Ha Bompoc: Kactpronst mpumeps3HeT k crtoiy. JloGaBka coiiv MPUBENET K TMOHUKEHUIO
TEMIIEPaTyphl TUIABJICHUS JIbJA, U JIASHBIE KPUCTAJUIbI, BXOSIINE B COCTAB CHETa, HAUHYT TasTh.
Temnnora nnaBienust Oyner 3a0paHa y OKpPYKaloIIMX Tell, M MOITOMY KacTprojii U BOJAa Ha ee
BHEIIIHEW MOBEPXHOCTH M MEXKJY CTOJIOM U KacCTPIOJEH 3aMETHO OXJIAJATCsA, U BOJA, KOTOpas
ObL1a o Temreparype 0nm3ka k 0°C, 3amep3Her.

Pemenue 3agaum: Macca BOJbl, KOTOPYIO TpeOyeTcss MOlMyduTb, M, = pV =10%.3.102 =3 kr,
Macca JbJla, KOTOpBIH HYXHO pactonuTb, M, =m, -0,6 =18 kr. KonuuectBo TemioTsl,
TpeOytomeecs i pacrammBanus spaa npu 0 C, pasao Q =m A =18-330 =594 x/[x.
KonnuecTBo Temotsl, Tpedyroleecs A HarpeBaHus KoTelaka U Bojbl A0 Temneparypsl 100 C,
Q, =(Mc, +m,c,)-(t—t,)=(0,5-0,46+3-4,2) - 100 =1283 /I x. KonnuectBo TEIUIOTHI,

_Q+Q,

KOTOpO€ JIOJDKHO BBIAEIUTCS IpU CropaHuu rasa, Qs = = 3754 x/I)x. Macca rasa

m:%z85,3r.

q



OTBET: m= % ~ 85,3 .

q

3aganue 3.

Bomnpoc: 3akon J[xoynsa-Jlenua.

3apava: llenp nuTaHus HarpeBaTENBHOTO 3JIEMEHTa IOKa3aHa Ha PUCYHKE. Ero MomHocTh

peryiaupyercss ¢ noMolplo peoctara. Ilpu compoTuBieHun peocrarta, | 2N
L 3 $ | I
paBHoM R; =50M, wMomHocTh, mnOTpeOnseMas HarpeBaTeIbHBIM l Ro R
X
snemeHToM P, =25Bt, a mpu R, =120m ona paBHa P, =36BT.

Ry

Kakyro MomrHOCTh OyneT moTpeOJisAiTh HarpeBaTeIbHBIH JJIEMEHT IpU T—
R, = R; =180m?

OtBer Ha Bompoc: [Ipu nporekaHun TOka B Cpele C CONPOTHBICHUEM BBIIEIAETCA TEILIO.
[IpyunHa y 53TOro TEIUIOBBLACIECHUS Ta K€, YTO M y TOSBJIEHUS CONPOTUBIECHUA — 3TO
B3aUMOJICHCTBUE TOJBIKHBIX HOCHTENICH 3apsijga C aTOMaMH cpeabl (Hampumep, 3JIEKTPOHOB
MIPOBOAMMOCTH C KPUCTANIMYECKON pelIeTKol MaTepuana). B cranuonapHOM pexXuMe MOITHOCTD
TEIUTIOBBIICTICHUS PaBHA MOIIHOCTH PA0OTHI AJIEKTPOCTATUYECKUX CHJI IO TIEPEMEIICHUIO 3apsia,
TO €CTh , [JI¢ U — HANPSIKEHWE HAa PacCMaTPUBAEMOM Yy4yacCTKe LIENH, a U — CUjla TOKa B 3TOM
yuyactke. JlJiss JIMHEWHBIX JJIEMEHTOB IIeMH, MNOMYUHSAIOMUXCA 3akoHy Owma (, rme um —
COINPOTHUBIIEHUE YYaCTKa), MOKHO HCIIOJIb30BATh BHIPAYKEHUS .
Pemenne 3apaum: Ilycte U — HampsbkeHMe Ha KJIeMMax HMCTOYHHMKA. Torjga TOK B BETBU C
U
ucrounukom | = . DTOT TOK JEIUTCS MEKY HarpeBaTeIbHbIM 3JIEMEHTOM
R, + R,Ry (R, +Ry)
U peocTaToM OOpaTHO MPOMOPLHOHATBLHO COMPOTUBICHUSAM, M TI0O3TOMY TOK uepes
R, | - UR, .
R, +Ry RoRy + R, (Ry +Ry)
MOIIHOCTH, TIOTPEOIsIEeMONl HArpeBaTeNbHBIM JJIIEMEHTOM, OT CONPOTHUBJIIEHHUS peocTara

R 2

HarpeBaTeNnbHBI  dmeMeHT |y = Torma 3aBUCUMOCTH

ormchiBaercst opmymoii Py = 12R, =U %R X . 3anumeMm 3ty hopMyi
(opmy. b= laRy M RR + R (Ry+Ryy) y hopmyiy
JUIE  BEJTWYUHBI = + —=A+—, KoTtopas TpoIle 3aBHCUT OT

o U U ROUR

COIMPOTHUBJICHHUA peOoCTaTa. Tenepb PacCMOTPpHUM €€ IJIA TPEX 3HA4YEHHUH 3TOTO CONIPOTUBJICHUS.
B

1 1 1 1

TR [t 1

B JBJR \R R, 1 14z 2
_:> -

B R B NCRENCEINCN
1 E VP, P (R R

=

T
T

Taxum obpazom, P; = AP > - 3aecy Z = M B namewm ciiywae P; = 42,2
[A+2)P, —2|/P,] Rs(R, —Ry)

Br. 3amauy MOXHO pemaTth «B 4Mclax» (Cpa3y MOJCTaBlsgsl B 3TH YpPaBHEHUS BEJIMYMHBI
COTIPOTUBIICHUI) — TOT/1a BBIKJIAJIKM CTAHOBSITCSI 00OJIE€ TPOCTHIMH.

OTBET: P, ~ 42,2Br.

3aganue 4.



Bonpoc: IIpounslii cTakaH NepeBEpHYJIN BBEPX AHOM M OIYCTHIJIM LEIUKOM B Boxy. Oka3anocsh,
qTro cuja Apxumesna Oosblile ero Beca. MOXeT 1M ObITh, YTO MPHU OMYCKAHUM HAa HEKOTOPYIO
rIIyOWHY OHA CTaHET MEHbIIE Beca ctakaHa? OTBET OOBSICHUTD.

3agaya: B mmpokuil cocyd ¢ BOJOM TMOMENIEH TOHKHM CTEp>KEHb T l
IIOCTOSIHHOT'O CEYEHHs M3 OYEHb JIETKOIO0 MaTepuana — €ro IUIOTHOCTh B

N=9 pa3 MeHblIe MWIOTHOCTH BOAbI. CTep)KeHb MIAPHUPHO 3aKPEIUIEH Ha L=ho
nHe cocyaa (TO ecTb OH MOXeT 0e3 TpeHHs BpamaThCsi BOKPYT
TOPU30HTAJIHON ocu 1mapHupa). [lepBoHauanbHO ypOBEHb BOABI B COCYE
PaBHSICS AJIMHE CTEPXKHS, U CTEPKEHb PACIIONIArajics BEPTUKAIBHO. 3aTEM YPOBEHb BOJIbI Ha4aIu
TUTABHO (C MOCTOSIHHOM CKOPOCTBIO U, KOTOPasi 3HAYUTEIBHO MEHBIIIE CKOPOCTH, KOTOPYIO HaOpal
OBl CTEp)KEHb, MaJas B OTCYTCTBUE BOJbl) MOHIKATh. HaiiiuTe 3aKOH M3MEHEHHS C TCUCHHEM
BPEMEHH yTJIa OTKJIOHEHUsI CTepskHs OT Beprukamu o(t) .

OtBer Ha Bonpoc: [Ipu onyckaHuu crakaHa B BOAY BBEPX JIHOM B HEM ocTaeTcs Bo31yX. MIMeHHO
o0beM BoO3Jyxa oOecreuyuBaeT OONBLIYI0 YacTh CHJIbI Apxumena (IUIOTHOCTh MaTrepuana
«IIPOYHBIX» CTAKAHOB OOBIYHO OOJIBINE TUIOTHOCTH BOJIBI). OTHAKO MPH MOTPYKEHUH HA OOJIBIITYIO
IyOMHY JaBJI€HHE BOJbl YBEJIMYMBAETCS, U BO3AYyX OYyIeT CXKHUMaTbCsi, 4YTO IpPHUBEIET K
YMEHBIIECHUIO CHJIbI ApxXuMela, JACWCTBYIOIIEWM Ha crakaH ¢ Bo3ayxoMm. Ilostomy onHa
JeMCTBUTENILHO MOXKET OKa3aThCsl MEHbILIE Beca CTaKaHa — C «OOJIbIION» ITyOUHBI CTAaKaH MOYKET
Y HE BCILIBITH!

Pemenne 3agaun: Tak kak ypoBEHb BOJbI IIOHWKAECTCS IJIABHO U C MAJIOW CKOPOCTBIO, TO MOXHO
CUMTaTh, YTO B KaXXIbIi MOMEHT BPEMEHM CTEPKEHb HAXOJIUTCS NPAKTUYECKH B PABHOBECHOM
(11 maHHOM TiIyOMHBI cllost BOJbl) moisiokeHuH. IlosTomy cymma
MOMEHTOB CHJI, IPUJIOKEHHBIX K CTEPKHIO (OTHOCHUTENBHO IIAPHUPA),
paBHa HYJIO B 110001 MOMEHT BpeMeHU. PaccMOTprM MOMEHT BpEMEHH,
KOTJIa TJTyOMHA CII0s1 BOJIbI paBHA N, M CTep)KEeHb HAXOAUTCS B HAKIIOHHOM
nosio>keHnu. Ha crepikeHb NEMCTBYIOT CUIla TSKECTH, cuila Apxumena u
cuJla peakIMM IIapHupa (Ha PUCYHKe He IOKa3zaHa — €€ IUICYO OTHOCHTENbHO LIapHUpPA PaBHO
HYJIIO, U B YpaBHEHHE OajlaHCa MOMEHTOB OHa HE BXOJUT). Touka MpUIIOKEHUS! CUIIbI TSXKECTH —

L .
LEHTp CTepXkHs (IJIEYO PpaBHO ESIH(O{) ), TOUKa TNPHIOKEHUs CHIbl ApxuMmelda — cepeauHa

h
MOTPYKEHHOW  4YacTH  CTepkHs  (Iuiedo > tg()). Bemuumna cunel  Apxumena

h  mg h
0 =n mg
cos(a) pSL L cos(ax)
h m hsin(e) L .

— ——sin(a)mg = 0. Kak BunHo, COS(ex) = \/ﬁD = % SIcHo, YTO TIyOMHA
Lcos(er) =~ 2cos(xx) 2 L L

Fa=p IToaTomy yCIIOBUE paBHOBECHS JIaeT

L
crost u3MmensieTcst mo 3akony h(t) =L—ut. Tloka h> 3’ TO ecTh < TR CTEpKEHb OCTAETCS
u

BEPTUKAJIBHBIM (KOCUHYC HE MOXeT ObITh OoJbiue 1), a mpu 0 <1< — yron HakJOHa CTEpPXKHS
u u

3(L —ut)
a(’[) = arccos ? . Jlane1ie Boma YXOIUT MOJHOCTBIO, M CTEP)KEHD JICKUT Ha JHE.
0, <2t
_ 3u
OTBET: Ot(t) = 3(L—ut) oL L
arccos| —————= |, —<t<—

3u u



