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

BUNET Ne 12 (HENABUHCK): BO3MOXHble pelleHusa 1 oTBeTbl

Kpurepun oueHuBanmsi:
151 BONIPOCOB:
EcTp oTnensHbIC paBHIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B LEJIOM NIPAaBWIEH, HO COAEPKUT CYLIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
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 MOJHOCTHIO NPABWIBHBIA, HO HEIOCTaTOYHO OOOCHOBAHHBIM (AJI1 BOMPOCOB, B
KOTOPBIX HE00X0IMMO 000CHOBaHNKE) — 4 GaJLia.
[IpaBunBHBIN, MOTHBIN 1 0O0CHOBAHHBINA OTBET — S5 0AJI0B (MAKCHMAJILHASA OLIEHKA).
Jlisi 3anay:
EcTb oTAenpHbIE TpaBUIIbHBIE cOOOpakeHus — 1-2 6aJuia.
Ectb yacth HEOOXOOUMBIX ISl PEIICHUS COOOpa)KeHWM, pelIeHHe He 3aKOHYEHO WU
COJICPIKUT Cepbe3HbIC OMMUOKHU — 3-4 GaJjlia.
[TpucyrcTByeT Ooublas 4acThb HEOOXOJUMBIX U PEUICHHS COOOpa)K€HWil, MPaBUIBHO
3amycaHa 4YacTh HEOOXOJUMBIX COOTHOIICHHWW, PEIICHHE HE 3aKOHYCHO WM COJEPIKUT
omuoKku — 5-7 6aJ/I0B.
[TpucyTCcTBYIOT Bce HEOOXOAMMBIE JUIsl PEIIeHUs] COOOpakeHU s, IPABUIIBHO 3alIMCaHbl IOYTH
BCE HEOOXOAMMBIC N7l PEHICHHs] WCXOJHBbIE ypaBHEHUS, HO pELICHHE HE 3aKOHYEHO WIU
coJlepkuT omuoOky — 8-10 6a10B.
[TpucyTCTBYIOT BCe HEOOXOIUMBIE ISl PEUICHHs] COOOpakKeHMsl, MPAaBUILHO 3alMCaHbl BCE
HEOOXOIUMBIE Ui PEIICHUS HCXOIHbIE YpPaBHEHUS, DPELICHUE BBICTPOEHO IPABUIBHO C
(bu3nUecKoil 1 TOrnYecKoi TOUKH 3pEHHsI, HO COePKUT omnoku — 11-14 6asioB..
[TpucyTCTBYIOT BCE HEOOXOIUMBIE UIsl pPEUIeHHs] COOOpakKeHMsl, MPAaBUIbHO 3alHCaHbl BCE
HEOOXOIUMBIEC IS PEIICHUs HWCXOIHBbIE ypaBHEHUS, DPELICHHE BBICTPOSHO MPABUIBHO C
(bu3NYECKON U JOTMYECKON TOUKU 3PEHHUs, HO COAEPKUT OJHY-/JBE MEJIKHE HETOYHOCTH, HE
MO3BOJIMBILIME MOJYYNUTh MPABUJIBHBIN OTBET, WM MPaBUIbHOE PEIIEHHE C HEAOCTATOYHBIM
000CHOBaHHEM CYIIECTBEHHBIX HCIIOIb30BAHHBIX Pe3ynbTaToB — 15-17 6anJioB.
[TpaBuiibHOE OOOCHOBAHHOE pEUIEHHE C BEPHBIM AHAJIUTUYECKUM OTBETOM, HO MEJKOMN
HETOYHOCTBIO TMpPHU TOJYYEHUH UHCICHHOTO OTBETa, JHOO TMPaBUIBHOE pEIIEHUE C
MPAaBWIBHBIMU OTBETAMHM C HEJOCTATOYHBIM OOOCHOBAHHMEM OJHOTO W3 HCHOJIb30BAaHHBIX
pe3ynbTaToB (M3 YKCIa He KJIFOUEBBIX JUIS PElIeHus, HO Heo0XoaumbIx) — 18-19 6anios.
[TonHOE, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU oTBeTaMu — 20 6ajjioB
(MakcuMaJIbHas OLl€HKA).
3aganue 1.

Bonpoc: Tspkenelii rpy3 NOAHMMAKOT Ha IIPOYHOM BEPEBKE, INEPEKUHYTOM 4Yepe3  JIETKUH

HETIOABWIKHBIM  OJOK, Bpamaromuiics 0e3 Tpenus. CHavama, AeicTBys ¢ cwiod Fi, Tpy3

PasroHSAIOT C YCKOPEHHEM 1m/c?, a 3atem, NecTBys ¢ cuiioi Fo, rpy3 mepemMenaoT ¢ MoCTOSHHON

cKopocThio 2 M/c. Kak M3MEHSTCS BENMYMHBI CHJI, €CIM OJOK 3aMEHHUTh Ha TaKOW XK€, HO C

CYIIECTBEHHO OoJblIeil Maccoil (yBemuyaTcsi, YMEHbIIATCS, OCTaHyTcS Heu3MeHHBbIMH)? OTBeT

OOBSCHUTD.

3agaua: Jlerkas HepacTshKMMasi BepeBKa IMEPEKUHYTa uyepe3 JIETKUW ONOK, Bpamiaromuics 6e3




TpeHusi. Ha olHOM KOHIIE BEpEBKH MPUKPEIUIEH I'Py3, KOTOPBIN yIEpKUBAIOT Ha

Mecte. Ha npyrom KoHIlE HEMOJBM)KHO TOBHCIA 00€3bsHKA. B HEKOTOpHIH

MOMEHT BPEMEHHU 00€3bsSHKa HAYWHACT, mepedupasi Jaramu, BBITATUBATH MHUMO

ce0sl BEPEBKY C MOCTOSHHOW CKOPOCThI0 U=2 M/c, U cpasy HOCe 3TOro Ipys3
aKKypaTHO oTnyckarT. CHycTs Kakoe BpeMsi CKOPOCTH OO0E3bsSHKH H Tpy3a
okaxxyTcsi paBHbl? Macca o6e3bsHku Ha 10% Oonbiie Maccel rpy3a. BepeBka mo ul
OJIOKY HE CKOJIB3HT, YCKOpeHHUe cBOOoaHOTO naaenus ¢ ~10 M/,

OtBer Ha Bonpoc: [Ipu pa3rone rpys3a ckopocTh BpallleHusi 0J0kKa ToXe JODKHA yBEINYMBATHCS.
JJist 5TOr0 CyMMa MOMEHTOB CHUJI, MPUJIOKEHHBIX K MACCUBHOMY OJIOKY, TOJDKHA OTIMYATHCS OT
HyJsl — CWJIa, C KOTOpPOM JEMCTBYIOT Ha BEPEBKY, NOJKHA OBITH Ooubllle Beca rpy3a. Takum
o0pa3om, NpU 3aMeHE Tpy3a Ha MACCHUBHBIA CHiIa, HEOOXOAMMAs Ul pa3roHa Ipysa, JOJDKHA

yBennuuthest: F > F. Tlpu paBHOMEPHOM JBHMXEHUH TPy3a BpALEHHE GII0KA TOXKE JOIDKHO OBITh

PaBHOMEPHBIM (€CITU BEpEeBKa HE CKOJB3UT MO OJIOKY), U B 3TOM CJlydae MOMEHT CHJI HATSKEHUS
BEPEBKM [IOJDKEH paBHATbCA  Hymo. lloaToMy cuima HaTsbKeHHMsT BEPEBKHM CO  CTOPOHBI
MOTHUMAIOIIETO YCTPOWCTBA JIOJDKHA PABHATHCS BECy Tpy3a, HE3aBUCHMO OT MAacChl OJIOKa, TO

ectb F, =F,.
Pemrenne 3amaum: HampaBuM KOOpAMHATHYRO OChb X BepTHKaibHO BHH3. Cymma [UivH
BEPTHKAIBHBIX OTPE3KOB HUTH OT OJIOKAa 10 TPy3a M O00E3bsHBI JODKHA YMEHBIIATHCS CO

ckopocTbio U. CrenoBarenbHO, KOOPJMHATHI Ipy3a X; M KOOpJIMHATa 00€3bAHBI X, JOJKHBI
YAOBJICTBOPATL ~ COOTHOLICHUIO X+ X5 =const—ut. CnegoBareabHO, HW3MEHEHHUS OTHX
KoopAuHAT 3a Manoe BpeMms Al cBsa3anbl cooTHomeHHeM AX; +AX, =—UAL, koTopoe o3Hauaer,
4TO B JIF0OOH MOMEHT BPEMEHU NPOEKLIUHU CKOPOCTEH Ha OCbh X CBA3aHbl: V) +V, =—U. [IBuxkeHHe,
COIJIaCHO YCJOBHIO, HAauMHACTCS TakuM obOpasom, uro mpu t=0 ckopocts rpy3a V;(0)=0.
3uaunt, V,(0) =—U. Paccyxnaas aHaJOrn4HO, 3aMeYaeM, 4TO POCKIUN YCKOPEHUIT TPY30B TAKKE
cBs3aHBl: & +8, =0. Kpome TOro, 3T ycKOpeHHS yHOBIETBOPSIOT YPAaBHEHUSIM IBUIKCHHS,
cremyronmM u3 |l 3akona Hetotoma: ma =mg—-T u 11-ma, =11-mg—T (rme T — cuna
HaTspkeHHs HuTH). C y4eToM CBA3M YCKOPEHMI IepBOe ypaBHEHHE IaeT —Ma, =mg—T .

9

BblunTast 3TO COOTHOIICHHE U3 BTOPOrO ypaBHEHHWs, Hainem, uro 21-ma, =01-mg=a, ==

21

CoOTBETCTBEHHO a.l = —%-, M 3aKOHbI U3MCHCHU A CKOpOCTeﬁ Irpy3a n 00€3bSHKH 3aIMCHIBAIOTCS B

gt MomMeHT BpEMCHH, KOIrJa CKOPOCTH pPaBHBI,

21
ONPEACIISIETCS u3 yYpaBHEHUSA - gt =-U+ gt , OTKYyJa t= @ =2lc.

21 21 29

BHJIC Vl(t):—%t u Vy(t)=—u+

OTBET: t = 22U _ 21c.

29

3aganmue 2.
Bonpoc: Kak npousBogurcs usmepenue temneparypsl? Onummre mkainy Temnepatyp Llenbcus.
3agaua: Yuenuk 8 kiacca Ha 1a00paTOpHON paboTe HAIUII B KAJIOPUMETP KUITSILYIO BOZY, U CTal
OpocaTh Tyda 4ailHOW JIOKKOW MOKpBINA cHerT (cocrosimuii Ha 80% M3 KPUCTAJUTMKOB JIbJIa M Ha
20% w3 KUJIKOW BOJBI, HAaXONAIIMXCSA B paBHOBecuu). llocnme TasHUS NBYX JIOKEK CHera
TemIeparypa BoAbl B Kamopumerpe craia paBHa U, =80°C. Kakoe MuHMManbHOE KOJIHYECTBO

JIO’KEK HYXKHO e1ie OpPOCUTh B KAJIOPUMETP, YTOOBI CHET MepecTan TasiTb? MOXKHO CUMTaTh, 4TO B
KaXJO0M JIOKKE BCErJa OJHO U TO K€ KOJUYECTBO CHETa, U KaJOPUMETP HE MEPENOJIHSIETCS.



TennoemMKoCThIO KalopuMeTpa NpeHeOpedb. YAenbHas TeIuloTa IUlaBleHus Jbpaa A = 336
kJK/Kr, ynenmpHas TerimoeMKOCTh Boabl C = 4,2 kJ[x/(kr-°C).

OtBer Ha Bonpoc: [ u3MepeHus: TeMIepaTypsl Tejla OHO IPUBOAUTCS B TEINIOBOE PAaBHOBECHE C
TEPMOMETPOM — CTaHAAPTHBIM TEJIOM C HMHAMKAlUeH TemIeparypsl, NpOrpaglypoBaHHOH B
COOTBETCTBUHM C HEKOTOPOM TeMIlepaTypHOH MIKanoi. g TpalyMpOBKM TEPMOMETPA IO IIKAJIE
Ienbcus MCTIONB3YIOTCS JIBE «PETEPHbIE» TOUKU: TEMIIEpaTypa IJIaBJIECHUS JIbJa TP HOPMaJIbHOM
aTMocqepHOM aaBieHuH nmpuHumaercs 3a 0°C, a Temmeparypa KUIEHUS BOJBI IPU HOPMATLHOM
atMocdepHoM aaBieHuU npuHuMaercs 3a 100°C. Mexay 5THMH TOYKaMU IIKaJla pa3aesiseTcs Ha
Ipajychl paBHOMEPHO, U OT HUX B 00€ CTOPOHBI PACIIPOCTPAHSIECTCS C TAKUM K€ IIaroM.

Pemenne 3agaun: O603Ha4nM Maccy 100aBIsieMON OpIMK cHera M, a HavyaJIbHYI0 Maccy BOJBI B
kanmopumerpe M. fIcHo, 4TO HaxojsMecs B PaBHOBECHH KOMIIOHEHThI MOKPOTO CHETa MMEJn
temmeparypy 0°C, a xumsmias Boja umerna temmeparypy to=100°C. Torma ypaBHeHwme
TEIJIOBOTO OajaHca JJsl YCTAHOBJICHUSI PaBHOBECHS IMOCJE J0OaBJICHUS ABYX MOPLUH MO3BOJISET

y CM(t, -t
Haiiti maccy mopumu:  A-16m+c-2mt, =cM(t, —t,) =>m= MG —t)
2(0,8- A +cty)
TasTh Mocje A00aBIeHUs N-0 JIOKKH, eciM TeMieparypa ctaHer paBHa 0°C (mocneaHss nopuus
IIPU 3TOM MOJKET M HE pacTasiTh HETUKOM). TakuM 00pazoMm, JODKHO BEHIIOIHATECS TpeOoBaHME
cMt 2t ct
n-4-08m=cMt, =>n= 0 —_~0 11412522 |=225.
08im t,-t, A

3HauuT, nocie 23-ei J0KKHU CHET MepecTaeT TadTh (23-5 JOXKKa pacTaeT YaCTHU4YHO, a 24-1 BOBCe
He Oynet TasTh). To ecTh «eme» (KpoMe IByX HadalbHbIX) HY’)KHO JOOaBHUTH 21 JIOXKKY.

OTBET: 21 noxky.

. CHer nepecra”er

3aganue 3.
BOHpOC: Korz{a CBCTOAMOA HAXOOUTCA B «OTKpBITOM» COCTOsIHHUH, HaprI)KeHI/IC Ha HCM HpaKTI/I‘IeCKI/I HC
3aBUCUT OT npOTeKa}omero TOKaA. HYCTB 3TO HaHpSDKQHHe paBHO 6 B KaKOBa BCJINYHHA CHUJIbI TOKa,
MPOTEKAIOIIETO Yepe3 CBETOAMOI, €CIIH OH MOTpedsieT MouHoCcTh 9 BT?

33[[3‘[3: HCHB IIUTAaHUs CBETOANOAA co6paHa 10 CXEMC, HOKa3aHHOﬁ Ha pI/ICYHKe. ﬂpKOCTB €Iro CBCUCHUA
peryiaupyercsi ¢ MNOMOIIBI0 peoctata. llpu compoTuBieHUMH peocTarta f

R, =100m mommocts, noTpebisiemas ceeroanonoM, pasia Py =4,5Br, R R
mpu R, =150m - P, =51Brt. Kakyoo momuocTs Gymer morpedisith + 0 ’
CBETOAMOJ MPM MAKCUMAILHOM CONpPOTUBJIEHMH pEOCcTaTa, paBHOM - U
R; =300M? MoxHO cuntath, YTO HCTOYHMK HACAIBHBIH, W 4YTO T E I |
HANpsHKEHKUE HA CBETOJMO/E He 3aBUCHT OT IIPOTEKAIONIEr0 TOKA.
Otser Ha Bonpoc: [TorpebGisemas snemMenToM nenu MomHocts P =U - | . 3naunt, | =— =15A.
0

Pemrenne 3agaum: [lycte U — manpskenue Ha kieMmax ucrounuka, a U, — Hampsokenuwe Ha
CBETOJIMOJIe, KOTOPOE, COIJIACHO YCJOBMIO, MOCTOSSHHO. Toraa TOK B BETBU C HCTOYHUKOM

Uu-u U
| =——%  Cuna toxa wuepes peoctar |, =—C, u [OITOMY TOK uepe3 CBETOUOL
RO RX
U-U, U, .
Ilp=1-1, =——————. CunenoBarenbHo, 3aBUCUMOCTb  MOIIHOCTH, MOTPEOIAEMOI
RO Rx
CBETOINO/IOM, oT COTPOTHBIICHHS peocrara ONHCHIBACTCS dopmyoit
2 2
:UO(U -Up) U U

Po

— 0 o
= Py ——. 3amumem sty Gopmyiy M TpeX 3HAYEHUH CONPOTUBIICHUS

R, R R,

X
peocrara:



UZ
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UlZ PZ_Rl.:UO E_R_
2 P,-P, =U¢| = ——
U2 R, R
BEhR,
3
Ri(Rs —R;)

3nech Z= . B Hamem ciywae Z =1, u Py =2P, — P, =5,7 Br. 3agauy MoxHO pemrath

Rs(R —Ry)
«B 4HCIax» (cpa3y MOJCTABIAA B 3TH YPAaBHEHMs BEIUYMHBI CONPOTUBIICHUIN) — TOTJa BBIKJIAIKU
CTaHOBSTCA Oosiee MPOCTHIMU. TakKe MOXKHO 3aMETHTh, YTO MOIIHOCTh €CTh JUHEWHas (YHKIUSA

1 1 1

06paTHOFO COIIPpOTUBJICHUA pe€oCTara, U YTO B HAIIEM CJIy4a€ — —— = ———. TOF,Z[a cpasy
R R R R

OTBET: P, =2P, —P, =5,7Br.

3aganmue 4.

Bomnpoc: B uem cocTout yciioBue TUIaBaHUs Tela Ha TOBEPXHOCTHU TITyOOKOTo BojgoeMa?

3agaua: Ha TOHKMIT mpOYHBI cTep)KeHb HAaCa)XEeHbI JBa HEOOJBIINX IIapa OJIMHAKOBOTO paauyca:
OUYCHb JIETKUH — HAa KOHIIC CTEPIXKHS, TSHKEIBIA — Ha PACCTOSHUW YETBEPTH JUTMHBI CTEPIKHS OT
JAPyroro KOHIA. Macchl CTEp)KHS M JICTKOTO IIapa HaMHOI'O MEHBIIE Macchl Tspkesoro. Ham
HY)KHO YOCIUTBHCS, YTO 3Ta KOHCTPYKIUS Oy/eT IJIaBaTh HA MMOBEPXHOCTH B TIIyOOKOM BOJIOEME.
Ecnu momecTuth ee B HernyOOKHiA OacceiH, TO OHa pacrojaracTcs B HEM Tak, YTO CBOOOIHBIN
KOHEI[ yIUpaeTcs B JHO, a JISTKWH IIap IUIaBaeT Ha IMOBEPXHOCTH. MBI M3MEPUIN OTHOIICHUE
o0bemMa ero BbICTYyMaroIieil yactu Kk 00beMy Bcero 3toro miapa K. Ilpu kakux K KOHCTpyKIus
JENCTBUTENHLHO OY/ET M1aBaTh Ha r1yOnuHe?

OtBer Ha Bonpoc: [Ipy maBaHuM Tella Ha MOBEPXHOCTH TIYOOKOTO BOZOEMA TEJIO HE KacaeTcs
JTHa, U TIO9TOMY BEC Teja JOJIKEH YPaBHOBEIIMBATHCS TONBKO cujiod Apxumena. MakcumanbHas
BEJIMYMHA 3TOI CHUIIBI AOCTUTACTCA MPU IMOJHOM IOTPYKCHHUU TECJIld, U paBHa BECY BEITECHSIEMOU
TEJIOM KUJKOCTH. J[71s1 3TOro Heo0X0 MO, YTOOBI Macca Tella He MPEeBhIIIalia MacCy KHUJIKOCTH B
o0beMe Tena. DTo TpeOoBaHNWE MOXKHO Takke COPMYIHPOBATH B BUJIE «CPEIHSS TUIOTHOCTH TEa
HE JIOJDKHA TPEBBIIATH MIOTHOCTU KHUIKOCTH.

Pemenne 3agaum: Tak kak mapbl OJAMHAKOBBI MO 00BEMY, TO BEIMYMHA CUIBI ApXHMENa,

JeiicTByIOIIas Ha Jerkuil map B OacceifHe () cBs3ama ¢ BenmumHOW cHibl ApxuMmena,

nefictByromeit Ha Tskensii mwap (F,) coornomenuem F =(1—-k)F,. Ilpenebperas Becom

JICTKOr'0 mapa, 3aruuicM yCJIOBHUEC paBHOBECHUA MOMCHTOB CUJI OTHOCHTECIIBHO TOYKH OITIOPHBI (SICHO,
YTO IIJICHYO CHJIbI ApXI/IMe,I[a 1 CHJIbI TAXKCCTH, HeﬁCTBYIOHIHX Ha TSKENBIN mrap, B 4CTBIPEC pasa

| |
MeHEbIIle, YeM IUIedo cuibl ApxmuMena, AeiicTyromeii Ha nerkumii map): Fl +F, Zl = Mgzl. C
Mg
5-4k

BOJIOEME HY)KHO, 4YTOOBI MaKCUMalibHasi cuiia ApxuMenaa (korja 06a mapa morpy>KeHbl LEeTUKOM)
MpeBbIlIalla BeC BCEX Tel, MPUMEPHO PaBHBIM Becy TspKenoro mapa. Takum oOpa3oM, JOKHO

BBINONHATLCS Tpebosanue 2F, > Mg = % >Mg=k> % :

Y4YCTOM IMPEAbIAYHICTO COOTHOMICHUSA HAXOAWUM, YTO F2 = I[J'ISI IIJIaBaHUuA B FHyGOKOM

OTBET: npu k > %



