O/IMMNUALA LWKOJ/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI» no ®U3UKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2018 roaa

BUNET Ne 14 (AKENE3HOBO/CK): 8o3mosKHble pelueHnsa U KpUTepmmn oLeHMBaHmnA

Kpurtepuu onenuBanus:

11 BOIpOCOB:
EcTb oTenpHbIE TpaBUIIbHBIE cOOOpaykeHus — 1 6asI.
OTBeT B 1I€JI0OM NPAaBUJICH, HO COJIEPKUT CYIIECTBEHHBIE HETOYHOCTH, WM CYIIIECTBEHHO HETIOJIOH, HIIH
OTCYTCTBYET 000OCHOBaHUE (11 BOIIPOCOB, B KOTOPHIX HEO0X01MMO 000CHOBaHKE) — 2 faJlia.
OTBeT NpaBWICH, HO MPHCYTCTBYIOT MEJKHE HETOYHOCTH, WJIM OTBET HEAOCTATOYHO IIOJIOH, WM
OTCYTCTBYET JIOCTaTOYHOE 0OOCHOBaHME (ISl BOMPOCOB, B KOTOPHIX HEOOXOAUMO 0OOCHOBaHHE) — 3
0aJL1a.
OTBeT MONHOCTBIO TMPaBHIBHBIA, HO HEJOCTATOYHO OOOCHOBAHHBIA (IJI1 BOIPOCOB, B KOTOPBIX
HeoOXoauMo 000CHOBaHKE) — 4 faJia.
[IpaBunbHBIN, MOTHBIN U 000CHOBAHHBIN OTBET — 5 0A/I0B (MAKCHMAJILHASA OLIEHKA).

s 3aiay:
EcTb oTenpHbIE TpaBUIbHBIE cOOOpakeHus — 1-2 6aJuia.
Ectp vacTp HEOOXOAMMBIX U pElIeHUs COOOpaKEHWiH, pelieHne He 3aKOHYEHO WM COJCPKHUT
cepbe3HbIe OmuOKU — 3-4 faJja.
[IpucyrcTByeT OombIlast yacTh HEOOXOAUMBIX ISl pEIIeHUsT COOOpaKEeHMH, TPAaBIIILHO 3alMCaHa YacTh
HEOOXOUMBIX COOTHOIIEHUH, PEILICHUE HE 3aKOHUEHO UJIU COACPKUT OIINOKU — 5-7 OaJLII0B.
[IpucyTcTBYIOT BCe HEOOXOIUMBIC Ui DPEIICHHS COOOpaKCHWUS, NMPAaBHJIBHO 3allMCaHbl MOYTHU BCE
HEOOXOIMMBIE JIJISl PEIICHUS] HCXOTHbIC YPAaBHEHUS, HO PEIICHUE HEe 3aKOHUYEHO WIIH COJIEPKHUT OIIUOKH
— 8-10 6a/10B.
[TpucyrcTByIOT BCE€ HEOOXOAMMBIE JJsi pEUICHHS COOOpakKeHWs, NPaBWIBHO 3allUCaHbl BCE
HE00XO/IUMBIE JUIsl PELIeHUs] UCXOJHbIE YPAaBHEHMS, PEIIEHNE BHICTPOECHO MPABMIIBHO € (pU3nUYecKol U
JIOTUYECKON TOYKU 3pEHUs], HO COAEPKUT ook — 11-14 6anmnos.
[TpucyTcTBYIOT BCEe HEOOXOOMMBbIE JJsi pELICHHs COOOpakeHUs, NPaBWIbHO 3allUCaHbl BCE
HEOOXOMMBIC JUTSl PEUICHUS HCXOHBIE YPAaBHEHHS, PEIICHNE BBICTPOCHO MPABMWIIBHO ¢ (pU3HUYECKON H
JIOTMYECKOW TOYKHU 3PEHUs, HO COAEPKUT OJHY-/IBE MEJIKHUE HETOYHOCTH, HE MO3BOJMBIINE MOITYYUTh
NPaBWIBHBIA OTBET, WIHM TMPAaBHIBHOE DPEIICHHWE C HEJOCTATOYHBIM OOOCHOBAaHHEM CYIIECTBEHHBIX
UCIIOJIb30BaHHBIX pe3yibTaToB — 15-17 6annoB.
[IpaBuibHOE 0OOCHOBAHHOE PEIICHHE C BEPHBIM aHATUTHYECKHUM OTBETOM, HO MEIIKOH HETOYHOCTHIO
OpU TOJYYEHWH YHCIEHHOTO OTBETa, JIMOO NPABWIIBHOE pElIeHHE C MPAaBWIBHBIMU OTBETAMH C
HEIOCTaTOYHBIM 00OCHOBAaHHEM OJHOTO W3 HCIOJB30BAaHHBIX PE3yJIbTATOB (U3 YHMCIA HE KIFOYEBBIX
JUTSI pelIeHus, HO HeoOxoauMbIx) — 18-19 6anJioB.
[TonHoe, mnpaBUIbHOE, OOOCHOBAaHHOE pEIIEHWE C TNpaBUIbHBIMU oOTBeTaMu — 20 0OajiioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.
Bomnpoc: /IBa mapuka 0JIMHAKOBOM MaccChl, JETEBUIME HABCTPEUy APYr APYry BIOJIb OJHOW IPSIMOU CO
ckopoctsMu 1 M/c u 2m/c, cronknynuck. [Iponsomen abcomoTHO ynpyruii yaap. Kakumu cranm ckopoctu
rapoB?
3amaua: CHapsi Maccel M = GKr, JeTeBIINI BEPTUKAIBHO, B30OPBAJICS B BEpXHEW Touke Tpaekropuu. [1pn
3TOM OOpa30BaJIUCh J[Ba OCKOJIKA, MOJIETEBIIME MOCTyNareiabHO. M3BECTHO, YTO B pe3ynbTare B3pbIBa
CyMMapHasi KWHETH4ecKasi SHeprusi ockoykoB yBenuuminach Ha W = 480k/x, a macca oOpa3oBaBIIMXCS
MOPOXOBBIX Tra3oB NpeHeOpexumMo Mana. OTHOCUTENbHAas CKOPOCTh pasjieTa OCKOJKOB cpa3y Mocie
B3pbIBa OKazajach Ha 25% Ooibllle MUHMUMAaJIbHO BO3MOKHOW. Haiiaure 3Ty ckopocts. Kakum ObL10
OTHOLIEHHE MacC OCKOJIKOB?

Otser Ha Bonpoc: [Ipu abcoOTHO YIIPYroM yaape COXpaHsAIOTCS UMITYJIbC U 3HEprus. Tak Kak MacChl
TEJ OJIMHAKOBBI, TO 3TO O3HAYAET, YTO CyMMa MPOEKIUNA CKOPOCTEHN Te Ha JIMHUIO JBUXKEHUS U CyMMa UX
KBaJIpaTOB OCTAlOTCsl Heu3MeHHBIMU. [lockonbky mpu 71000BOM yAape IIApOB CKOPOCTH HE MOTYT



OCTaTbCs MPEXKHUMH, TO, KaK HETPYIHO AOTrajgaThbCs, JOJDKEH MPOU30OUTH «OOMEH CKOpPOCTSMU». B
pe3yabpTaTe yaapa Kaxabli [apuK pa3BOPavyuBaCTCA, U MOCIE yAapa IBHXKETCS B TOYHOCTH CO CKOPOCTBIO
JIpyroro 1o ynapa. Mrak, mapuky IOMEHSIOT HallpaBJIEHUWE JIBUKEHHS, U IPU 3TOM TOT WIAPUK, YTO
JIBUTAJICSL CO CKOPOCTBIO 1 M/c, OyIeT IBUTaThCsl CO CKOPOCTHIO 2 M/C, U1 HA00OPOT.

Pemienue 3agauyu. B BepxHeW TOYKE TPACKTOPUU CHAPAJ, JICTEBIIMHM BEPTUKAIBHO, OCTAHABIMBACTCS.
[ToaTomMy cKOpOCTBH CHapsla Iepes B3phIBOM paBHa HYIIO. [109TOMY, O 3aKOHY COXpaHEHUS UMIIYJbCa,
CyMMa UMITYJIbCOB OCKOJIKOB Cpa3y IIOCJIE B3pbIBAa paBHA HYJI0. DTO 03HAYACT, YTO OHU IIOJIETENIU BIOJb
oJlHOM npsiMoii. O603HaYUM OTHOLIEHHWE MAacC OCKOJKOB My :M, = Z, npu4eM OyJIeM CUUTATh «I1€PBBIM)»

Oonee TsoKENbIN OCKOJIOK (TO ecTh Z>1). U3 ycioBus 3agaum ciemyer, 4To M, +M, =M, U HOITOMY

Z
ml =—mMu m2 =—-m. 3al‘II/IIHeM 3dKOHbI COXPAHCHUA HMITYJIbCA U SHCPIrUU B IIPOHCCCC B3pPbIBA
z+1 z+1

KaK YpaBHCHUS JJIs1 BEJINYNH CKOpOCTCﬁZ

Z 1
——my, =——mv, vy =

/ 1) 2w
z+1 z+1 = m o =V1HV, = NZ+ =

2 2
Z mv 1 mv
W = L4 2 _1//
z+1 2 z+1 2 V2

Jz )i m
KaK BHUIHO, BCJIMYHWHA OTHOCI/ITCJII)HOfI CKOpOCTI/I OCKOJIKOB HpI/I 3aJaHHBIX W U M 3aBUCUT TOJIBKO OT
OTHOIIICHHUA MAacCC OCKOJIKOB. HOSTOMY JCHO, 4YTO «MHHHMAJIBHOC) 3HAYCHHC 3TOH BEJINYHHEI HY)KHO
BI)I6I/IpaTI) KakK MI/IHI/IMYM HpI/I BCEBO3MOXHBIX HU3MEHECHUAX Z. MI/IHI/IMaHI)HOG BO3MOXKHOC 3HAQUCHHC

BCINMYHMHBI \/_ + —— HOOCTUracTCia IIpH z=1 mu PaBHO 2. HOBTOMy, COTJIaCHO  YCJIOBHIO,

Vomu: Viin = 1/ 1/ —1000m/c. Kpome Toro, sicHo, 4to ~/z +%=g. Pemas st1o
z

YpaBHCHHUEC OTHOCUTCIIBHO \/E , HAXOIHUM: \/_ =2=17=4.

OTBET: v, =5 /;N—m ~1000w/c, & = 4.

m,

3ananmue 2.
Bomnpoc: B cocynme monx mopmHeM HaxXOOWTCS HACBIMIEHHBIA BOISHOW map, KOTOPBIA CKHUMAIOT,
MOJJICPKUBasE TeMIEparypy HEUM3MEeHHOW. UTo mpu 3TOM NpOUCXOAUT ¢ AaBieHueM mapa? OTBer
000CHOBATB.
3apaya: B TtemmonzonupyromeM IWIHHAPUYECKOM COCYAE MO CKOJB3SIIeM 0€3 TPeHHUs MOPIITHEM
Haxomwmch B paBHoBecmn My =200r npma mw M, =800r Bombl mpu HOpManbHOM arMochepHOM

JIaBJICHUU. B HEro 3akaunBarOT HACKIIIEHHBIN BOJSHOM Map MoJi TaKuM e 1aBieHneM. Kakyro maccy mapa
HYXXHO 3aKayarh, 4yTOOBI TeMIepaTypa cojepxumoro yeenuumiach no t=50°C? VnenbHas Tteruiora
riaBnenus gpaa A ~ 340 x/x/kr, yaenpHas TeruioeMKocTh Bojbl C=4200 [[x/kr-K, ynenbnas temiora

napooOpa3oBaHus BoJbl I = 2480 kJ[x/kr.

OTtBeT Ha Bonpoc: HachlleHHBIN TTap — 3TO Map, HAXOASIINICA B pABHOBECUU C KHUJIKOCTBIO. [IMOTHOCTE 1
JIaBJICHUE TAKOIr'0 Iapa 3aBUCAT TOJBKO OT TEMIIEPATYpPhI, ITIOATOMY IMPH HEU3MEHHOM TEMIIEpaType W
JIaBJICHUE HACBIIIEHHOTO Mapa OCTAaeTCsl HEM3MEHHBIM, HECMOTPS Ha ckatue. B xone cxkatust KOIM4ecTBO
napa (ero Macca) yMEHbBIIAeTCs MPOMOPIIMOHATBHO O0BEMY — MPOUCXOJUT KOHJEHCAIMs TMapa ¢
00pazoBaHUEM KHJIKOW BOJIBI.

Pemenne 3amaum: [lockonbKy B HayallbHOM COCTOSIHUM BOJAa W JieJd HaXOAWJIUCh B PAaBHOBECUU IPHU
HOpPMaJIbHOM aTMOC(epHOM JaBICHHM, TO HayallbHAs TEMIEpaTypa COJIEPKUMOIO COCyJda paBHSIIACH

=0°C. Temmeparypa HACBIIICHHOTO Tapa, JABJICHHE KOTOPOTO PAaBHO HOPMAILHOMY arMochepHOMY,

paBHa TemIlepaType KHIICHUs BOJbI IPU TakoM jaaBiennd, To ects t, =100°C . [Ipu momamanuu B cocyn ¢



0oJie HU3KOW TeMIlepaTypol map cpa3y HauMHAEeT KOHJACHCUPOBATHCSA, U 3a CYET TEIUIOTH KOHACHCAIIUU U
TEIJIOTHl OCTHIBAaHMSI OOpA30BaBIICHCS BOABI TaeT Ji€Jd W HArpeBaeTCsl XOJIOAHAs BOAA. 3HAYWT,
HeoOXouMasi Macca mapa JI0JDKHA 00eCIeYnTh TassHUE BCETO JIbJIa U HarpeB BCEH BOJMBI (M TOM, 4TO ObLIa

M3HAYaIbHO, M 00pasoBaBileiics B pesyinbrare TasHus nbaa) ot t, =0°C mo t=50°C. CocraBum
ypaBHeHHe TerioBoro 6amanca: M-r+m-c(t, —t)=4-m, +(m, +m,)c(t —t,) u BbIpasum u3 Hero maccy
A-m; +(m +m,)c(t-t,)

mapa: M= ~ 88r.
r+c(, -t
A-m+(mM +m,)c(t—t
OTBET: m= o+ (my -+ m ) O)z88r.
r+c(, -t
3amanue 3.

Bompoc: YV 1ByX MocCienoBareabHO COEIMHEHHbBIX pe3uctopoB R, /R, =4. Bo ckoibko pa3 oTiMyarTes
MOIIIHOCTH TEIUIOBBIX MOTEPh B 3TUX PE3UCTOPAX?

3agaya: B cxeme, T1OKa3aHHOW Ha  pPUCYHKE,
COTIPOTUBIICHUS JIBYX PE3UCTOPOB OJTUHAKOBBI

R, =R, =R, a y ocranpubix — ommuatores: R, =7R,
R;=3R, a R;=5R. Bo ckompko pa3 MOIIHOCTbH

TCIUIOBBIX IIOTEPb B PE3HUCTOPC R3 6OJ'ILH_IC, 4cM B

pesucrope R;?

OTBer Ha BOIIPOC. Tok B IOCIEIOBAaTEIbLHO COCTMHEHHBIX pe3ucTopax OAMHAKOB. Cormacuo 3aKOHY

2
I[)KOYHH-.HGHH&, MOIIHOCTb TCIJIOBBIX IIOTEPb B PE3UCTOPC P=IR. HOSTOMy OTHOLICHHUE JOTHUX
MOIITHOCTEH  JIJISI JABYX IOCJICAOBATCIBHO COCAUMHCHHBIX PE3UCTOPOB PABHO OTHOWICHHUIO HX

conpoTtusienuii, To ectb P, /P, =4.

Pemienue 3agauu. 3aHymepyeM TOKH, TEKYIIME B KaXKJIOM U3 PE3UCTOPOB, TEMHU K€ HOMEpamMH, 4TO U
pesucropel: |, |, wm T.a. Hanpskenue, co3gaBaeMoe MCTOYHHMKOM Ha KOHIIAX y4acTKa C

CONPOTUBJIEHUSIMU, MOKHO 3amucaTh AByms crnocodamu: U =RI1, +3RI; =7Rl, +Rl,. N3 »storo

cooTHouleHus Haxoaum, uro |, +31, =71, +1,. Takxke aByms ciocobamMu MOYKHO BBIYUCIUTb U TOK B

BeTBU ¢ ucrounukom: | =1, +1,=1,+1,. BoluteM nmowieHHO 3TO PaBEHCTBO U3 MPEABIAYLIETO, U

nomydyuM ypaBHeHue cBsasu |, wm |: xak BumHo, 3l,—1, =71, —1; =1, =2l,. CaenosatensHo,
2

B_LR 43 12

=— . Urak, P, Gonpme P, B 12 pasa.
P IR, 7 7

OTBET: P, Gomnsime P, B %pma.

3ananue 4.

Bompoc: Ilpu kakux yclOBUAX TEJIO MOXET YCTOMYMBO IUIaBaTh Ha MOBEPXHOCTU BOIbI? OTBET
OOBSCHUTB.

3amaya: Ha TOHKOM METayUIMYECKOM CTEP>KHE 3aKPEIUICHBI /IBa JEPEBSHHBIX IIapHKa, Macca KaxJa0ro U3
KOTOpBIX B K =2 pa3a Gosbilie Macchl cTepkHs. LIeHTp TepBoro mapa coBIagacT ¢ CePeANHON CTEPIKHS,
a IEHTP BTOPOTO — C OJHOM M3 KOHIIOB CTEPXKHs. DTy KOHCTPYKIIUIO TIOMECTHJIA B Boxy. [[ns oGomx
[IapOB HAWIUTE OTHOIIEHUE O0beMa MOTPYKEHHOW YacTh K oO0beMy mapa (B mporeHTax). [ImoTHOCTH
JnepeBa B N = 2,5 pa3a MeHbILIE IOTHOCTH BOJBI.

OrtBer Ha Bonpoc: /i1 nnaBaHus HEOOXOIUMO, 4TOOBI cula ApXUMeaa ypaBHOBEIINBAIA CUITY TSKECTH
Jla)ke TIpU HETOJIHOM IOTPY)KEHUHU Tena. Takum o0pa3oMm, IepBoe TpeOOBaHME COCTOMT B TOM, 4TO
CpedHsisi ITUIOTHOCTh Tefla JOJDKHAa OBITh MEHbIIEe IUIOTHOCTH Bojabl. Ho He Bcerga muiaBaHue Tena
YCTOMYMBO — B HEKOTOPBIX IIOJIOKEHUSAX IPH MAaJbIX OTKJIOHEHUSAX OT IIOJIOXKCHHUS PaBHOBECHUS




BO3HHKAIOIINE HEKOMIIEHCUPOBAHHbBIE CHUJIBI MOTYT €lle OOJbIIe YBOAWUTH TEJIO OT 3TOTO IOJIOKEHHUS.

3Ha4yuT, Ui yCTOWYMBOIO IJIaBaHHUA B OJHOM IOJIOKEHMHM HEOOXOJMMO TAK)KE€ BBIIOJIHEHHE BTOPOTrO

TpeOOBaHUSA: MOMEHT Haphl CHJ (CHJIBI TSDKECTH M CHIIBI ApXMMeZna) Mpu

/v MaQJIOM OTKJIOHEHHHU Te€jJa OT IIOJOXEHUs PAaBHOBECHUS JOJDKEH BO3BPALIATh

TEJNI0O OOpaTHO B ATO MOJOXKEHHE. DTOMY TPEOOBAHUIO MOXHO MpPHUIATh U

I Apyryro (GopMmy: Kak BHUAHO U3 pPHCYHKA, OHO O3HA4aeT, 4YTO TOYKa

MIPUIIOKEHHUS CUJIBI TSKECTH JJIs TUIABAIOIIETO TeJa (TO €CTh €ro LEHTP Macc)

JIOJKEH HAXOAUTBHCS HUXKE TOUKM MPUIIOKEHUS CHilbl Apxumena (3Ty TOUKY
9YaCcTO HA3bIBAIOT IEHTPOM IUIABYYECTH).

Pemenne 3agauu: OOO3HAYMM WCKOMBIE BEIWYUHBI X (HoJii oObeMa TOTPY)KEHHOH YacTu st
«KpaiiHero» mapa) u Yy (s «cpemHeroy» miapa). [lycte Macca crepHs paBHa M (3TO 3HAYMT, YTO MACCHI
IapoB paBHBI KM= p-V , TI€ p — INIOTHOCTH JiepeBa, a V. — 00beM 0IHOTO
mapa). Cymma cuin  ApxuMmena, JISHCTBYIONIMX Ha WIApbl, JOJDKHA

ypaBHOBeIuBaTh Bec Bcex Tel: Np(XV + yW)g = (2k +1)mg = 2k +1pV |

M3 3TOr0 cOoTHOIIEHUS onpeacisieM, 4tTo X+ Yy = =1. KpOMe TOTO,

AO0JDKHA PaBHATHCA HYJIIO CyMMa MOMCHTOB CHJI, ITPUJIOKCHHBIX K CTCPIKHIO. Kak BUJHO U3 pUCYHKaA, 3TO
BO3MOJXHO TOJIBKO B TOM CJIy4da€, KOTla OTHOILICHUC CHUJI ApXI/IMeI[a paBHO OTHOLICHHIO CUJI TAXKCCTH, C

np - xVg kmg X k 2
KOTOPBIMH Y HHX COBIIAJaeT TOYKA MPHIIOKCHUS: = , OTKyma — = —— = — . Pemmas
no-yvg (k+1)mg y k+1 3
MOJIYYCHHYIO CUCTEMY YPaBHEHUM, HAXOAUM: X = 1 =04=40%un y= k+l =0,6 =60%.
n

OTBET: nnsa xpaiiHero mapa X = 1 =40%, a u1st cpeHero Yy = kk—+1 =60% .
n n

MAKCHMAJIBHAS OIIEHKA 3A PABOTY: 100 BAJIJIOB



