KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 133
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI U Tapa ocraercs HeM3MeHHOW. Kak OyzeT MEHATHCS IpH 3TOM Macca
KHUJIKOCTU B cocye? OTBET NOSICHUTE.

OtBer:

OO0paser BO3MOKHOTO PEIICHUS

Boma W BOISHOW map HaXOMATCS B 3aKPBITOM COCYIE UIMTEIBHOE BpeMs,
[MO3TOMY BOJSIHOWM Map SBISCTCS HACHIEHHBIM. [Ipy BIBUTaHWUHM MOPIIHS
MPOUCXOAUT H30TEPMHYECKOE CXKATHE IMapa, JaBICHHE U I[UIOTHOCTh
HACBIIICHHOTO Tapa B 3TOM Ipolecce He MeHstoTcs. CrepoBaTensHo, Oyner
MPOUCXOAUTH KOHJCHCAIMS MapOB BOIBI. 3HAYMT, MAcca KUAKOCTH B COCYIIE
OyJeT yBeTMIUBAThCA.
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Ha rnagkoit FOpHBOHTaﬂBHOﬁ IUTOCKOCTH HaXOJWTCS JJIMHHAS JTOCKAa MacCOU

M=2xr. Tlo nocke ckomp3ur maitba maccout m = 0,5 kr. Kosddumumenrt
TpPEeHUsI MeXIy mmaitboi n mockoit u=0,2. B HavambHBI MOMEHT BpPEMCHH
CKOpocTh MmaiOel Uy =2M/c, a pocka moOkKouTcs. CKOJIBKO BpPEMEHU
HOEG6yGTC$I JUIS TOTO, 9TOOBI IIaiba mepecTansa CKOIb3UTh 10 JOCKe?

v

e

Ot1BeT:

O06paser] BO3MOXKHOT'O PELICHHUS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BHemHme cwibl, ICHCTBYIONIME HA CHUCTEMY Tel «IOcka — Imnaiibay,
HaIIpaBJICHBI 110 BEPTHKAJIH M B CyMME PaBHBI HYIIO. VIMIyIIbC CHCTEMBI Tex
«ITOCKa — Iaiba» OTHOCUTENBHO 3eMITH coxpaHsercs:  muy = (M + m)o,

IJie U — CKOPOCTh MIAHOBI M JJOCKH MOCIIE TOr0, KaK Iaiida mepecrana CKONb3UTh
IO JTOCKe.

2. Cuna TpeHHs, IeHCTBYIOIMAs Ha JOCKY CO CTOPOHBI IAi0bI, TOCTOSHHA
Fip=pmg.

Ilon melicTBMEM 3TOH CHIBI JIOCKA IBHXKETCS C YCKOPEHHEM a:u% gu

M
JIOCTHTaeT CKOpoCTH v 3a Bpems T=Y = Mv _ ) =0,8 (¢).
a pmg pg(M+m)

Oteer: 1=0,8 C.

KpI/ITepI/II/I OLICHKHU BBIITOJITHCHUS 3alaHUsA Bbamner

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL 1
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0
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[TpuBeneHO MONHOE NMPaBHIBHOE PEIEHHE, BKIIOYAIOIIEe CIIeyIOIIne 3
3JIEMEHTHI:

1) mnpaBunbHO 3amucaHbl (OPMYJBI, BBIpAXKAOMUE (U3NUCCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UISl pELICHMs 3a/laduu

BEIOpPAaHHEIM CIIOCOOOM (B HaHHOM PELIEHUH — 3AKOH COXPAHEeHUs
umnynvca, emopou saxon Hviomona, gopmyna ona pacwema cunvi
Mpenus);

2) TpOBEICHBI HEOOXOAWMBIC MaTeMaTHYeCKHE IpeoOpa3oBaHUS U
pacueTsl, MPHUBOJAIIME K TPABWILHOMY YHCIOBOMY OTBETY, U
npeacrasieH oTBeT. [Ipu 3ToM nomyckaercs pemienue "mo yactaM" (¢
MIPOMEKYTOYHBIMA BBIYUCIICHHUSMH ).

— IlIpencraBiieHo MpaBIIIFHOE pEIICHHE TOJIBKO B o0meM Buue, 0e3 2
KaKHX-TM00 YUCIOBBIX PACUETOB.

NI
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OpPMYJBI,  3amucaH
NMpaBWIBHBI OTBET, HO HE MpPEICTaBICHB MpeoOpa3OBaHMs,
TIPHUBOJISIINE K OTBETY.
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KpuTepuu OICHUBAHHS BbBINMOJITHEHU S 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM
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Bapuant: 133
(ctp 3/10)

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM

Bapuant: 133

NI
— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
N
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
N
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 4/10)
A
OtBer: —2 ~0,5.
123
Kputepun olieHKH BBINOJIHEHUS 3aJaHUs Bbamel

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

O,I[I/IH MOJIb  OAHOATOMHOI'0  MACAJIBLHOIO rasa |/

MepexXoAUT M3 COCTOsSHUA 1 B cocrosiHME 3 B
COOTBETCTBUU C TpaMKOM 3aBUCUMOCTH €ro o0béma
V ot temneparypst T (T = 100 K). Ha ygactke 2 — 3
K ra3y mnoasomar 2,5 k/Dx temnorsl. Haitnure
OTHoOIIeHNE paboTHI Ta3a Ajp; KO BCeMy KOJIHYECTBY
MOJIBEZICHHOM K Ta3y TeIIoThl J)73.

OTtBeT:

0 To 2Ty 3Tp

T

[IpuBeneHO MOTHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIEE CIISIyOLIHe
9IIEMEHTHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKArOUIMe (PU3NYCSCKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HeOOXOMMO JUISI PEIICHHUS 3a/1a91 BEIOpPaHHBIM
croco0oM (B JAHHOM pEIICHUH — NEepebill 3aKOH MepMOOUHAMUKL,
gopmyna ons  pacuema eHympenHel IHepeUU  0OHOAMOMHO20
UOeanbHO20 2a3d, PABEHCMBO MY pabomel 2a3d NPU U30XOPHOM
npoyecce);

2) mpoBeleHbl HEOOXOMMMbIE MaTeMaTHYeCKHe MpeoOpa3oBaHus U
pacyersl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTaBieH oTBeT. [Ipu 3ToM momyckaercs perieHue "mo gactaM" (¢
MIPOMEKYTOYHBIMH BEIYHCIICHHUSIMH).

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B o0mmeM Buue, Oe3
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (HOpPMYJBI,  3amucaH
MpaBWIBHBI OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartmueckux — TpeoOpa3’OBaHMSAX I BBIYHCICHHAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

OO0paszer BO3MOKHOTO PEIICHUs

CornacHo mepBOMY 3aKOHY TepMOAUHAMUKH, Q23 = AUjp; + Ajp;, THE

A123 = A12 + A23 u AU|23 = AUlz + AU23. B N30XOPHOM ITPOLIECCE A12 = 0,

a B uzorepMuyeckoM mpouecce AU,z = 0. Iloatomy Qg3 = AU, + Ap;

A123 = Ags. Tlpu mepexone 2 — 3: Qu3 = AUy + Axs = A
CnenoBarensHo, Q23 = AU, + Qus.

W3MmeHeHue BHYTpEeHHEHN 3HEpruu ra3a npu nepexone 1 — 2:

3
AUIZ = ? VRAle. HOCKOHLKy ATIZ = 2T0 , TO AUlz = 3VRTO.

Aps _ Qy3 ~0.5.

IMostomy: Qi3 = 3VRTj + Qys. ~
Q123 3VRT0+ Q23

u

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (POPMyNbI, HEOOXOAUMBIE AT PEIICHHS
3aJ1a4d, HO B OZ[HOﬁ W3 HUX JIOMYIICHA OITHOKA.
5 0)041
— OtcyTerByeT oaHa U3 GopMyJl, HEOOXOAUMBIX ISl PELICHUS 3314 H.

Bce ciyuan penieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (Mcroip30BaHHE
HETPIMEHUMOTO 3aKOHA, OTCYTCTBHE Ooliee OIHOTO HCXOMHOTO
ypaBHEHMs], pa3pO3HEHHbIE 3aKCH H T.I1.).
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HanpskeHHOCTb  3JIEKTPUYECKOTO  IOJSI  IJIOCKOrOo
KOHJeHCaTopa (CM. pHUCYHOK) paBHa 24 kB/m.
BayTtpennee comnporupiieHne w#croyHuka 7= 10 Om,
SC € =308, CONIPOTHUBJIEHUSI ~ PE3UCTOPOB
Ry =20 Om, R,=40 OmM. Haiigure paccrosiHue Mexay
IJTACTUHAMU KOHJEHCATopa.

OtBeT:
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— 3amnmcaHbl Bce MCXOMHBIE (OPMYJIbI, HEOOXOANUMBIE Ul PEIICHUS
3amaun, Ho B OJIHOM 13 Hux momymena omuoKa.

NI
— OtcyTcTByeT oiHa U3 GopMyJI, HEOOXOANMBIX [UIsl PEIICHNUS 33/1a4H.

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTaBJICHHS OLEHOK B 1, 2, 3 Gamma (Mcroip30BaHHE
HENPUMEHHMOI'0 3aKOHA, OTCYTCTBHE 0ojiee OJHOIO HCXOIHOTO
ypaBHEHHUs, pa3pO3HECHHBIE 3aMHCH H T.I1.).

O6pazer; BO3MOXKHOT'O PELICHHUS

DNEeKTpUYecKHid TOK uepe3 MOocieaoBaTebHO BKioueHHbie Ry u C He wuuer,
MIO3TOMY HAaNpsDKEHHs Ha KOHIEHCATOpEe W pe3nucTope R, ONMMHAKOBHI U paBHBI:
U=1IR,, U=Ed, rne E — HampsskeHHOCTb moJisi B KoHAeHcaTope. OTcrona

d= IR,
€ ER
CornacHo 3akoHy Oma, = —— = d= ——2
r+R, (R,+1)E
Omer: d=10"mM=1mm.
Kputepun olieHKY BBINOJIHEHYS 33 JaHUs Banel
IIpuBeneHo MomHOE MPaBUIIBHOE PELICHHE, BKITIOYAIOIIEE CIIETYIONIHE 3
JJIEMEHTBHI:

1) BepHO 3amucaHbl (GOpPMYJIbI, BbIpaKalolmue (U3NYECKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HEOOXOIMMO JUIS PEIICHHUS 3a/1a9i BEIOpPaHHBIM
CIocoOoM (B ITaHHOM pemeHud — 3akon Oma 01 NOIHOU yenu u
yuacmka — yenu,  paseHcmeo  HANPAJICEeHUU  HA  NAPALIeNbHO
COEOUHEHHbIX DNIeMEeHMax Yyenu, C6A3b PA3HOCMU NOMEHYUAN08 C
HANPAICEHHOCbIO NOA);

2) TpOBEICHBI HEOOXOAWMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHU WU
pacueTbl, MpPUBOASIIME K IPaBWIBHOMY YHCIOBOMY OTBETY, U
npeacTaBieH oTBeT. [Ipu 3ToM Jormyckaercst pemreHue "mo gactsaM” (¢
IIPOMEKYTOUHBIMH BBIYHCICHUIMH).

— IlpencraBiieHo MpaBIIIBHOE PEIIEHHE TOIBKO B 0o0IIeM Buue, 0e3 2
KaKHX-JTH0O YUCIOBBIX PaCUETOB.

NI
— IlpaBuiapHO  3ammcaHbl  HeoOXoAWMble — (OPMyINBI,  3alHCaH
NPaBUIbHBIA ~ OTBET, HO He IPEACTaBICHBl INPeoOpa3oBaHM,
MIPUBOJISILIE K OTBETY.

50151
— B maremaTuMueckux  NpeoOpa3’oOBaHMAX WM  BBIYHUCICHUSX
JIOMyIleHa OMKOKa, KOTOpask IPUBENA K HeBEPHOMY OTBETY.

— B pemennn cogep>kutcsi ommodka B HEOOXOIMMBIX MaTeMaTHYeCKHX 1
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIHOO YHCIIOBBIE PACUETHL.
WJIn
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 133 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapwuant: 133

Enunblit rocynapctBeHHsli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 7/10) Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 8/10)
Ha HempoBOAAIIEH TOPU3OHTAIBHON TOBEPXHOCTH — IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (GOpPMYJbI,  3amucaH | 2

cToJIa JISKUT TMPOBOJAIIAs >KECTKAas paMKa U3 Q NMpaBWJIBHBI  OTBET, HO HE TPEJACTaBICHBI Mpeodpa3oBaHus,

OJIHOPOJHOM TOHKOM IIPOBOJIOKHU, COTHYTOM B BUJIE / /\ NPUBOIALIUE K OTBETY.

paBHOCTOpOHHero  TpeyroabHuka ADC  co \ nim

CTOPOHOM, paBHON a (CM. pHUCYHOK). Pamka, 1o / ? — B MaremaTHdeckux nmpeobpa3oBaHHAX JOIYIIEHA OIIMOKa, KOTOpas

KOTOPOH TeueT TOK [/, HaXOAUTCS B OJHOPOJHOM \ MIpUBEJa K HEBEPHOMY OTBETY.

TOPU30HTAIILHOM MaFHI/I’gOM moJyie,  BEKTOP / \ — 3anucaHbl BCE HCXOJHBIC (dhopMyIIBl, HEOOXOIMMBIC IS PEIICHUS 1

WHAYKIMH ~ KOTOPOro B mepreHamkyispen d . D 3agaun, Ho B OJJHOU u3 HuX nomymieHa ommoKa.

cropoe CD. Kakum pomkeH ObITb — MOAYJb nm

WHAYKIIUA MarHUTHOTO TOJIsI, 4TOOBI paMKa Hadayia TIOBOPAYMUBATHCS BOKPYT — OrcyTeTByer o 13 GOpMyII, HEOOXOMMBIX /IS PEIICHNS 3a/1a4H.

croponst CD, eciu Macca paMKH m? Bce cnywaun pemieHusi, KOTOpble HE COOTBETCTBYIOT BbIII€yKa3aHHbIM | 0

KpUTEpHUSIM  BBICTaBIIEHUs OLEHOK B 1, 2, 3 Oamna (MCHONb30BaHUE
Otger: HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJTHOTO
O6pa3zerr BO3MOXHOTO PEIICHHS ypaBHEHHS], pa3pO3HEHHBIE 3aMICH H T.II.).

ITo pamxke Teuet Tok I. IlycTs MOysIb BEKTOpAa MATHUTHOM MHAYKLIUU paBeH B.
Ha cTopons! pamku geiicTByeT cuna Ammepa.

. 1
Ha cropory AD: Fa; =1aB sin(t — o) = EIGB’ rae o = 30°;

. 1
Ha cTopony AC: Fx, = 1aB sina = E IaB;

Ha ctopony CD: Fp; = 1aB.
CyMMapHBI MOMEHT 3THX CHJI OTHOCUTENBHO ocu CD:

a3 1a’B

N, =, B E
AT ATy A2y, 4
mga
Mowment cuist Tsprectd: N, = —m. Venoeus orpeBa: Np + N,e = 0,

2m
Orcroma B > 3—;‘; JHomyckaercst OTBET B BHJIC PABEHCTBA.
a

31a’B _ mga
_— .
4 243
Kputepun o1ieHKY BBINOJIIHEHUS 3aJaHUs banel
[MpuBeneHo MmoNHOE MPaBHIBHOE PEIICHHUE, BKIIOYAlONee cienyoomue | 3
9JIEMEHTBHI:
1) BepHO 3amucaHbl (GOpPMYIIbI, BbIpaKalolmue (U3NYECKUE 3aKOHBI,
IIPUMEHEHHNE KOTOPBIX HEOOXOIMMO JUIS PEIICHHUS 3a/1a9i BEIOpPaHHBIM
CIocoOoM (B TaHHOM cIydae — ¢popmynsl 0as pacuema cuivl Amnepa,
MOMEHMO8 CUTL);
2) mpoBeneHBl HEOOXOAMMBIC MaTeMaTHYeCKHe MpeoOpa3oBaHMUs,
IIPUBO/ISIINE K [TPABUIBHOMY OTBETY, M IIPEJICTaBIEH OTBET.

© 2009 DenepanbHas ciyxk6a mo Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepannn © 2009 dDenepanbHas ciyx6a mo Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepannn
Kornmposanue ne gomyckaercs Konmposanue ne gomyckaercs



Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 133 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapwuant: 133
Enunblit rocynapctBeHHsli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 9/10) Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 10/10)

150151
— IlpaBunbHO ~ 3ammcaHbl  HeoOXoauMbIe  (OPMYJBI,  3ammcaH
NpaBUJIBHBII  OTBET, HO HE TPEACTaBIEHBl MpeoOpa3oBaHus,
OTIBITaX MaKCHMAJIbHBIE CKOPOCTH (POTOIIEKTPOHOB OTINYAIHCH B % =2 paza. MIPUBOJISIIUE K OTBETY.

B aByx ombiTax 1o (GoTodpdexTy MeTalummdeckas IUIaCTHHKA 00Iydaiach
CBETOM C JUIMHAMU BOJIH COOTBETCTBEHHO A = 350 HM U A, = 540 M. B sTux

W

KakoBa pa60Ta BbIXOZa C TIOBEPXHOCTHU MeTtaia?
—B MaTeMaTH4YCCKUX r[peo6pa3013aHI/I;{x W BBIYHCJICHUAX

OtBer:
— JOTIyIIIeHa OMMOKa, KOTOpasi MPUBEIA K HEBEPHOMY OTBETY.
O0pasel BO3MOKHOIO pEIIECHHS — B pemrennu copepxutcst ommOka B HEOOXOIMMBIX MaTEMATHIECKHX 1
VpasHeHue DiiHmTelHa 1711 poTodddexTa B IEPBOM ONBITE: peoOpa3oBaHMAX M OTCYTCTBYIOT KaKHe-JIHOO YHCIOBbIE PACUETHI.
2
hv, = A MU | max (1) Wi
1 6bIx 5 — 3anucaHel Bce HCXOAHBIE (DOPMyNbI, HEOOXOMUMBIE AT PEIICHHS
VYpasHenue DitHmTeitHA 111 (OTOIhPEKTa BO BTOPOM OIBITE: sagaun, Ho B OJTHOM w3 Hux nomyiena ommoka.
mo; NI
hv, =4, +%. ) — OrcyrerByet onHa u3 GopMyl1, HeOOXOMMBIX AJIS PEIIeHHS 3a1a4H.

Bce ciyuan penieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKA3aHHBIM 0

¢ KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroip30BaHHE

Ay :V_I. 3) HETIPIMEHUMOT'0 33aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOMHOTO
ypaBHEHMsI, Pa3pO3HEHHBIE 3aIHCH U T.I1.).

CBs13b JUIMHBI BOJIHBI CBETA C YaCTOTOM B TIEPBOM OIIBITE:

CBs13b JJIMHBI BOJIHBI CBETa C YaCTOTOM BO BTOPOM OIIBITC:

__c
by =L @)
Va
OTHOIIEHNE MaKCUMAITBHBIX CKOPOCTEH (POTOIINEKTPOHOB:
v
n= 1 max . (5)
U2 max
A
he(n 2o ?Tz
- ) _ 1
Pewast cucremy ypasrenuit (1) — (5), nomysaem: 4, =—————.
Ay(n”—1)
-1
OtBeT: Ay = 3,0:10"° Tk ~ 1,9 9B.
Kputepun olieHKH BBINOJIHEHUS 3aJaHUs bamel
IIpuBeneHo MomHOE MPaBUIIBHOE PELIEHHE, BKIIOYAIOIEe CIETyIOLIHe 3

9IIEMEHTEHI:
1) npaBwiIbHO 3amucaHbl (OPMYJIBI, BBIpaXKAIOMIKE (GU3HUECKUE
3aKOHBI, IIPUMECHEHHE KOTOPBIX HEOOXOIMMO /sl PEIICHHS 3a/1a4d
BEIOpaHHBIM  CIOCOOOM (B JAaHHOM pEIIeHUH —  VpasHeHue
Dunwmerina 0 gomosgpgpexma u gopmyna, ceszviearowas OAUHY
60JIHbL JIEKMPOMASHUMHBIX B0JIH C YACMOMOL);

2) TpOBEICHB HEOOXOAWMBIE MaTeMaTHYecKHe IpeoOpa3oBaHU W
pacueTsl, NPHUBOJAIIME K TNPABHILHOMY YHCIOBOMY OTBETY, U
MpeacTaBieH oTBeT. [Ipu 3ToM Jomyckaercs penieHue "mo gactaM” (¢
[IPOMEKYTOYHBIMH BBIYHCIICHHUSIMH).

— IlIpencraBiieHoO MpaBIIIBHOE PEIIEHHE TOIBKO B 0o0ImeM Buuae, 0e3 2
KaKHX-JTH0O0 YHCIOBBIX PACUCTOB.
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 134
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI M Mapa ocTaeTcss Hen3MeHHoH. Kak OyaeT MeHATbCA NpH 3TOM Macca
napa B cocyge? OTBET MOSICHUTE.

OtBeT:

OO0paser BO3MOKHOTO PEIICHUS

Boxa u BonsHOH map HaXxoIATCs B 3aKpbITOM COCYyZE€ [UIMTEIILHOE BpeMs,
IIO3TOMY BOJSHOW Iap ABISETCA HACBILECHHBIM. lIpy BABUraHMM MHOPIIHSA
IIPOMCXOJUT HM30TEPMHUYECKOE C)KAaTUE I1apa, JaBICHUWE M IUIOTHOCTh
HACBIIIEHHOTO Tapa B 3TOM Ipolecce He MeHsoTcs. CrenoBaTenpHO, Oyner
IIPOUCXOANTH KOHJICHCALMsI apoB BOJbI. 3HAYMT, Macca Iapa B cocyne Oyner
YMEHBIIATHCSL.

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 134
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rmagkoil ropu30HTaIbHON MJIOCKOCTH HAaXOAMTCS JUIMHHAS JIOCKA Maccoi
M=2xr. Tlo ngocke ckomp3ur maitba maccout m = 0,5 kr. Kosddumuenrt
TpPeHUsI MeXIy Imaitdoi n mockoit u=0,2. B HavambHBI MOMEHT BpPEMCHH
CKOpOCTh IIalObI paBHA Uy, a JOocka MmokouTcs. B Moment T = 0,8 ¢ mraiiba
TIEPECTALT CKONB3UTE 11O J10CKE. UeMy paBHa HadaibHasi CKOPOCTh AKOBI Uy?

1%
—_

[ nm s e s
A

OTtBeT:

O6paszelr BO3MOXKHOTO PeIeHHs

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BuemHue Cuibl, JEMCTBYIOIIME HAa CUCTEMY Tel «IOCKa — IIaibay,
HaIpaBJIeHbl 10 BEPTUKAIM U B CyMME paBHbl Hy/I0. IMIIyJIbC CUCTEMBI Tel
«Jl0CcKa — 11aii6a» OTHOCUTENBHO 3eMiIH coxpaHsercs: muy = (M +m)o,

I7ie U — CKOPOCTh IAi0ObI U JOCKH MOCIE TOTO, KaK 1aii0a mepecTaina CKOJIb3UTh
10 JOCKE.

2. Cuna TpeHHs, IeHCTBYIOMAs Ha IOCKY CO CTOPOHBI IAH0BI, TOCTOSHHA

F, = umg.

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Konmposanue ne gomyckaercs

Ilon nelicTBHeM 3TOH CHIBI OCKA JBHIKETCA C YCKOPEHHEM g = u%g u
Mv
JIOCTUTAET CKOPOCTH U 3a Bpems T=X = Mo _ L __.
a pmg ug(M+m)
M+m)gt

Otcrona vy = %:2 (m/c). OtBer: vy =2 Mm/c.

Kputepun o1ieHKH BBINOJIHEHUS 3aJaHUs bamnel
IIpuBeneHo MomHOE MPaBUIIBHOE PELIEHHE, BKIIOYAIOIIEE ClETyIOLIHe 3
3JIEMEHTBI:

1) mnpaBuibHO 3amucaHbl (OPMYJBI, BBIpaXaromue (UINYSCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO IUISl pEUICHHs 3a/add

BEIOpaHHBIM CIOCOOOM (B JaHHOM PEUICHUU — 3aKOH COXPAHEHUs.
umnyavca, emopoui 3akon Hvromowna, ¢opmyna ona pacuema cunvi
Mpenus);

2) TpoBEJCHBI HEOOXOJMMBIC MaTeMaThieckhe mpeoOpa3oBaHus U
pacueTsl, NPHUBOIAIIME K TMPABHIBHOMY YHCIOBOMY OTBETY, U
MpeacTaBieH oTBeT. [Ipu 3ToM JmomyckaeTcs perieHue "mo gactam" (¢
MPOMEKYTOUYHBIMU BBIYHCICHUSMH).

— IlpencraBieHo MpaBIIIBHOE PEIICHHE TOJIBKO B 00ImeM Buue, 0e3 2
KaKUX-TH0O0 YHCIIOBBIX PAacYETOB.

NI
— IIpaBunbHO  3ammcaHbl  HeoOXoAuMble  (OpMynbI,  3amMcaH
NPaBWIBHBIA ~ OTBET, HO HE IPEACTaBICHbl MpeoOpa3oBaHus,
MIPUBOJISIIIIE K OTBETY.
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 134
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)
nin

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 134
Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 4/10)

KpI/ITepI/II/I OLCHKHU BBINTOJIHCHHUSA 3a1aHUA bammer

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX 1
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
NI
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
WJIN
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

IIpuBeneHo MoTHOE MPaBMIIBHOE PEIICHHE, BKIIOYAIOIee CIISTyOIHe 3
AIIEMEHTBHI:

1) BepHO 3ammcaHb! (GOpMyIbI, BBIpaXkaromue (HU3UUECKHE 3aKOHHI,
NPHMEHEHNE KOTOPhIX HEOOXOAUMO SISl PelICHUs 3a1a49K BEIOpaHHBIM
CTIocoO0OM (B JTaHHOM PCUICHUH — Nepsblil 3aKOH MepMOOUHAMUKU,
Gopmyna 0Ons  pacuema  6HYMpeHHell 3Hepeuu  OOHOAMOMHO20
UOeanbHO20 2a3d, PAGEHCMEO HYNIO pabomvl 2a3d Npu U30XOPHOM
npoyecce);

2) mpoBelieHbl HEOOXOJMMble MaTeMaThdyeckue NpeoOpa3oBaHUs M
pacdeTsl, TPHBOIAIIME K TPAaBUIBHOMY YHCIOBOMY OTBETY, H
mnpeacTasieH oTBeT. [Ipu 3ToM jgomyckaercs pemieHue "mo dactam” (¢
MIPOMEKYTOUYHBIMH BEIYHCIICHHUSMH).

OpauH MOJIb OJHOATOMHOTO HICATHLHOIO ra3a COBEpIIaeT r
mpouecc 1-2-3 (cm. PHUCYHOK, rae 3T
To=100 K). Ha ydwacTke 2-3 x rasy momsomiar 2To
2,5 x/Ix rteruorel. Halinure oTHomeHWe paboTHI A3, To

COBEpIIaEMON Ta30M B XOJE€ IPOIecca, K KOJIHYECCTBY
TIOTJIONIEHHOM Tra30M TeTIOTH (J1)3.

Ot1BeT:

— IlpencraBneHo mpaBUIIBHOE peElIEHHE TOIBKO B 00IeM Buue, 0e3 2
KaKHX-JTN0O0 YHCIOBBIX PACUETOB.

NI
— [lpaBunbHO  3ammcaHbl  HEOOXOAWMBIC  (POPMYJIBI,  3alMCaH
NpaBWIBHBI  OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISINE K OTBETY.

N
— B Maremartumueckux IpeoOpa3’OBaHMAX MM BBIYUCICHUAX
JIOMyIIeHa ouTiOKa, KOTopast IpHBelia K HEBEPHOMY OTBETY.

OO6pazel] BO3SMOXHOTO PEIICHHUs

CornacHo TepBOMY 3aKOHY TepMOAUHAMUKH, Q23 =AUy + Ajps, €
Aipz=Ap+Ay; u AU = AUp + AUy, B uzoxopnom nponecce A =0,
a B uzorepmuueckoM mnpouecce AU,; = 0. Iloatomy Q3 =AU+ Ay u
Az =Ay.  Tlpumepexome 2 — 3: Qu= AUy + Ap = Aj.

CnepoBarenbHo, Qo3 = AUj; + Qp;. M3MeHeHue BHyTpeHHEH 3Hepruu rasa

3
npu nepexoge 1 — 2: AU, = > VRAT),. Tlockonmbky AT, =2T,, TO

A Qx3
AUy, =3VvRT,. IMoatomy Q3= 3vRTp+ Qs ; 123 _ .
Q123 3VRT0+ Q23

A
Otser: —2 ~(,5.
123

— B pemennn conmepxutcs ommoOKa B HEOOXOAUMBIX MaTeMaTHYCCKUX 1
IIpeoOpPa30BaHMIX U OTCYTCTBYIOT KaKHE-JIHOO YHUCIIOBBIE PACUETHI.
W
— 3ammcaHBl Bce MCXOAHBIE (POPMYIBI, HEOOXOMUMBIC IS PEIICHUS
3aJ1a4yM, HO B OﬂHOfI 13 HUX JOMylIeHa omuoKa.
NI
— OtcyTtcTByeT 07Ha U3 HOpMyJI, HEOOXOIUMBIX IS PELICHNUS 3aa4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEpHsIM  BBICTaBJICHUs OLEHOK B 1, 2, 3 Oamia (Mcnonb30BaHUE
HETIPIMEHUMOTO 33aKOHA, OTCYTCTBHE 0oJiee OIHOTO WCXOIHOTO
ypaBHEHHsI, pa3pO3HECHHbIC 3aIHCH H T.I1.).
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Uemy paBeH DJIEKTPUYECKMM 3aps]  KOHIEHcaTtopa

Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 134
Enunblit rocynapctBeHHsli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 5/10)

anekTpoeMKkocThio C'= 1000 Mk® (CM. PHCYHOK), €CIIH
BHYTPEHHEE CONpPOTUBJIECHHE HUCTOUHHKA ToKa » = 10 Om,
OJIC € =30 B, a comporusnenus pe3ucropos R; =40 Om
n R, =20 Om?

OTtBeT:

e, r

O6paszerr BO3MOXHOTO PEIICHHS

DNEeKTpUYECKUil TOK depe3 MOocienoBaTeNibHo BKiItoyeHHble Ry u C He wuzer,
II03TOMY HaIIpsDKEHMsI Ha KOHZIEHCATOpE U pe3ucTope R, olMHAKOBBI U paBHbI:

U=1R,, :%, = Q=IR,C.

. €
3axkon Oma amst mojHOM nenn: [ = ——.

r+R,

ER,C
CnenoBatensio, Q=—-=2— =2.107(Kn). Otser: Q=2-10>Ku.

R,y+r

Kputepuu olieHKH BBINOJIHEHUS 3aJaHUs bamel

[IpuBeneHO MOTHOE MPAaBUIIBHOE PEIICHIE, BKITIOYAIOIICE CIICTYFOLIHE 3
9JIEMEHTBHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKAMOUIME (PU3NYESCKUE 3aKOHBI,
IIpUMCHEHHE KOTOPBIX HEOOXOMMO JUIS PEIICHHUS 3a/1a9i BEIOpPaHHBIM
croco0oM (B JaHHOM peIIeHHH — 3axkoH Oma Ona noaHou yenu u
VUacmKa — yenu,  PAGEHCMBO  HANPANCEHUN  HA  NAPATLIETbHO
COCOUHEHHBIX 2NEMEHMAX Yenu, C6513b HANPANCEHUs. HA KOHOeHcamope
€ €20 3apa0oM U eMKOCbIO);,

2) TpOBEICHBI HEOOXOAWMBIC MaTeMaTHYecKHe IpeoOpa3oBaHUS U
pacyeTbl, MpPUBOASINME K NPABWILHOMY YHCIOBOMY OTBETY, U
npezacrapiieH oTeeT. [Ipu aToM pomyckaercst pemieHue "mo gactsam" (¢
[IPOMEIKYTOUHBIMH BBIYUCICHHSIMH).

— IIpencraBiieHoO MpaBIIIFHOE pEIIEHHE TOIBKO B 0o0ImeM Buue, 0e3 2
KaKUX-TH0O0 YHCIIOBBIX PACYETOB.

501171
— IIpaBunpHO  3ammcaHbl ~ HEoOXoAMMBIE  (DOPMyNBI,  3amMCaH
NPaBWIBGHBIA ~ OTBET, HO HE Ipe]CTaBlIeHbl HpeoOpa3oBaHus,
MPUBOJISILIE K OTBETY.

NI
— B  Marematmueckmx  IpeoOpa3OBaHMAX  WIM  BBIYHUCICHUIX
JIOTyIIieHa onOKa, KOTOpasi MpUBENa K HEBEPHOMY OTBETY.

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 134

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 6/10)
-B PCIICHUHN COOCPKHUTCS omubKa B H606XOQI/IMHX MaTEMaTHYCCKUX 1
npeo6pa3013aHI/I51x " OTCYTCTBYIOT KaKKe-I100 YKCIIOBEIC PacUeTHhI.

nim

— 3ammcaHBl Bce MCXOAHBIE (POPMYIBI, HEOOXOMUMEBIC IJIS PEIICHHS
3anaun, Ho B OJIHOM u3 Hux nonymena omuoKa.

i
— OtcytcTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1auH.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KPHUTEpUSM BBICTABIICHHs OLCHOK B 1, 2, 3 Oamna (UCmoib30BaHHE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIHCH U T.I1.).
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 134 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 134
Enunblit rocynapctBeHHsli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 7/10) Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 8/10)

— 3amnmcaHbl Bce MCXOMHBIE (OPMYIIBI, HEOOXOAMMBIE Ul perieHns | 1
A C 3amaun, Ho B OJTHOU u3 HuUX nomyIneHa ommnoKa.

W
— OtcyTcTBYeT 0/1Ha M3 POPMYJTI, HEOOXOAMMBIX TSI PEIICHHS 33/1a4H.

Ha HenpoBogsmieil ropu3oHTaIbHOW MOBEPXHOCTH
CTOJAa JIEXHUT IpoBOAsIIas XKECTKas paMmKa U3
OJIHOPOJHOM TOHKOM IIPOBOJIOKH, COUHYTas B BUJE

kBagpatra ACDE co cropoHoil a (CM. pPHCYHOK). @ z
PaMKka HaXOIUTCS B OXHOPOTHOM FOPH3OHTATBHOM Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICyKa3aHHBIM | 0
> KpUTEpHUSIM BBICTaBIEHHs OLEHOK B 1, 2, 3 Oamna (MCHOIb30BaHUE
MarHUTHOM [0JIe, BEKTOP HHAYKIHHA B KOTOpOro E D
HETPIMEHUMOTO 33aKOHa, OTCYTCTBHE OoJiee OIHOTO HCXOIHOTO

nepnenaukyssipen croponam AE u CD. Tlo pamke

ypaBHEHHUs], pa3pO3HEHHBIE 3aHCH H T.II.).

IIPOTUB 4YacOBOM CTpENKH INpPOTEKaeT TOK [, mMacca paMmku m. IIpu kxakom
3HAQUEHUH MOXyJIsl BEKTOpa MArHUTHOW MHAYKIMM paMKa HadMHaeT
[IOBOPAYUBATHCSL BOKPYT CTOpOoHbI CD?

OTtBeT:

O6paszerr BO3MOXKHOTO PEIICHHS
ITycts MOIynh BEKTOpa MarHUTHOW nHIykuuu paBeH B. Ha ctoponrst AE u CD
OynyT neiictBoBaTh cHuTbl AMmriepa Fay = Far = 1aB.
MomMmeHT cuitbl AMIiepa OTHOCHUTENTBHO OCH, MPOXOAseil yepe3 ctopony CD,

N, = Ia’B.
1
MOMEHT CHIIBI TSKECTH OTHOCHTENEHO och CD: N, = — Emga.
2. mga m
Venosue orpeBa: Ny + Ny, = 0, IaB = g OTcroma B > _g'
2al

,HOHYCKaeTCH OTBET B BU/IC paBeHCTBa.

KpI/ITepI/II/I OILICHKH BBIIIOJIHCHUS 3aJaHUS BaIIJ'IBI
[IpuBeneHO MOTHOE MPAaBUIIBHOE PEIICHHE, BKITIOYAIOIICE CIICIYOIIHE 3

9JIEMEHTEHI:
1) BepHO 3amucaHbl (OPMYIBI, BEIpaXaromMe (PU3NYIECKHE 3aKOHBI,
IPUMEHEHHNE KOTOPBIX HEOOXOIMMO ISl peLIEHHs 3a/1aull BEIOpaHHBIM
croco0oM (B JaHHOM cIlydae — (hopmyasl 051 paciema cuivl Amnepa,
MOMEHMO8 CUl),

2) TmpoBeneHBl HEOOXOAWMBIC MaTeMaTHYecKHe MpeoOpa3oBaHMs,
MIPUBOJISIIINE K [IPABUIBHOMY OTBETY, U IPEJICTAaBICH OTBET.

— IIpaBunbHO  3ammcaHbl ~ HeoOXoaumble  (opMynbl, 3amucaH | 2
NPaBWIBGHBIA ~ OTBET, HO HE IpeAcTaBlIeHbl HpeoOpa3oBaHus,
MPUBOJISIIIE K OTBETY.

N
— B maremarnueckux npeoOpa3oBaHUAX JOMyIIEeHa OIHOKa, KOTopas
IIpHUBeEJa K HEBEPHOMY OTBETY.
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 134
Enunblit rocynapctBeHHsli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 9/10)

B 1Byx ombiTax mo ¢otoadexry MerauiMyeckas IUIACTHHKA O0Iydaiach

CBETOM C JUIMHAMHU BOJH COOTBETCTBEHHO A; = 350 HM u A, = 540 um. Kakum
o U

OBUIO OTHOIICHHE MAaKCHUMAJIBHBIX CKOPOCTEH (HOTODIECKTPOHOB U—l B OTHX
2

OTIBITAX, €CJIM PabOoTa BHIXO/A C TIOBEPXHOCTH METAIA Ay = 1,9 9B?
OtBeT:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 134

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 10/10)

O6paszerr BO3MOXKHOTO PEHICHHS

VYpaBHenue DitHmTeltHA A1 (0TOIhEKTa B IEPBOM OIBITE:

2
MO max

hv, =4, +—1&, 1
Vi 6bIX 2 ()

YpaBHenue DiiHmureiiHa 11 porodrhdHexra BO BTOPOM OIBITE:
2

MO oy
hv,=A4,, +%. )

CBs13b JJINHBI BOJIHBI CBC€TA C YacTOTOU B TICPBOM OIIBITE:

_C
A =< 3)
Vi
CBs3b JUIMHBI BOJHBI CBETA C YACTOTON BO BTOPOM OIIBITE:

Ay = < 4)
Va
Pemas cucremy ypaBHenuit (1) — (4), moiydyaeM OTHOIIEHHE MaKCHMaIbHBIX
cKopocTeil (hOTOITEKTPOHOB:

— IlpencraBneHo mpaBUIBHOE PEIICHHE TOJBKO B 00IIEM Buue, 6e3
KaKHX-TN00 YHCIOBBIX PACUCTOB.

W
— [IpaBmnbHO  3ammcaHbl  HEOOXOAWMEBIE  (OpMyNbBI,  3amHcaH
NpaBWIBHBI  OTBET, HO HE MpPEICTaBICHb MpeoOpa3oBaHUA,
MIPUBOJIAIIHE K OTBETY.

NI
— B Maremaruueckux  npeoOpa3’oBaHMSAX MM BBIYUCICHUAX
JIONyIIeHa onInOKa, KOTopas IpHBeJia K HEBEPHOMY OTBETY.

2

— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THOO0 YUCIOBbIE PACUETHL.
NI
— 3ammcaHBl Bce MCXOAHBIE (POPMyNbI, HEOOXOMUMBIC AT PEIICHUS
3aaun, Ho B OJIHOM u3 Hux nomyuieHa ommoka.
i
— OtcyTcTBYeT 0jHa U3 PopMy, HEOOXOAUMBIX JUIS PEIlIeHHs 3a/1a4H.

Bce ciryuan peleHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM
KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroiIp30BaHHE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOIHOTO
YpaBHEHUsI, pa3pO3HCHHbIC 3aIICH H T.I1.).

v
n= Imax _
U2 max
Kputepun o1ieHKH BBINOJIHEHUS 33 JaHUS bamel

[IpuBeneHO MOTHOE MPAaBUIBHOE PEIICHIE, BKITIOYAIOIICE CIICTYIOLIHE 3
SJIEMEHTEHI:

1) npaBwiIbHO 3amucaHbl  (OPMYJIBI, BbIpaKaomue Quanyeckue
3aKOHBI, IPUMCHEHHE KOTOPBIX HEOOXOIMMO /ISl PEIICHHS 3a/1a4d
BBEIOpaHHBIM  CIIOCOOOM (B JAHHOM peIIeHUH —  YpasHeHue
Dunwmerina ons omosgpgpexma u gopmyna, ceszviearowas OAUHY
BOJIHbI NIEKMPOMAZSHUMHBIX GOJIH C YACMOMO),

2) TpOBEICHBI HEOOXOAWMBIC MaTeMaTHYecKHe IpeoOpa3oBaHUI WU
pacyersl, MPHUBOIAIIKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTBeT. [Ipu 3ToM momyckaercs pemieHue "mo gactsam” (¢
[IPOMEKYTOYHBIMH BBIYHCIICHHUSIMH).
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 135
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

u ee map. [lopmeHs HaunHAIOT BABUTaTh B cocyd. IIpu 3ToM Temmeparypa
BOJABI M TMapa ocTaerca HeusMeHHOW. Kak Oyner MeHSTbcs TpH 3TOM
OTHOULIEHHE MACChI Iapa K Macce XKUAKOCTH B cocye? OTBET MOSICHUTE.

Ot1BeT:

OO6pazen; BO3MOXKHOTO PEILICHUS

Boxa u BoAsHOM map HaxomsTCs B 3aKpBITOM COCYIE UIMTENIBLHOE BpeMH,
IIO9TOMY BOJSHOW Map SBJIAETCS HAchILEHHbIM. IIpy BABUraHuM MOPLIHS
IIPOMCXOIUT M30TEPMHUYECKOE CXKATUE Iapa, JAaBICHHE U IJIOTHOCTh
HACHIIIEHHOTO Tapa B 3TOM Iporiecce He MeHsrorcs. CienoBaTenbHo, Oyaer
MPOUCXOAUTH KOHJAEHCAUUs I1apoB BOJbl. Macca )HAKOCTH OyAeT Mpu 3TOM
YBEJIMYMBATHCS, & MACCa N1apa YMEHbUIATLCS. 3HAUUT, OTHOILIEHHE MACChl IIapa
K Macce )KHIKOCTH B cocyie OyaeT YMEHbIIAThCSI.

KpuTepuu OLCHUBAHUS BbINMOJHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTHIM OTBETOM BapnaHT: 135
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rmagkoll ropu30HTanbHON IJIOCKOCTH HAaXOAMTCS JJIMHHAs JOCKa Maccoi

M =2 xr. TTo nocke ckomb3uT maiida Maccoit m. KoapduumeHT TpeHus Mexry
maiboi u gockor p=0,2. B HaYaabHBII MOMEHT BPEMEHH CKOPOCTh MIAHOBI
vy =2 M/c, a nocka mokoutcs. B moment T = 0,8 ¢ mraiiba mepecTaeT CKOJIB3UThH
10 J10cKe. Yemy paBHa Macca 1aiob1 m?

O06pazer] BO3MOXKHOT'O PELICHHUS

Kputepun oLieHKY BBIIOJIHEHUS 33 JaHUs Bbanunbt

IlpuBeneHO  TONHOE  MPABHIBHOE  PEIICHHE,  BKIIOYAIOIIEE
CITC/TYFOIITHE SJICMEHTBI:

1) BepHO yKa3aHBI (M3WUYECKHC SBICHUS U 3aKOHBI (B JaHHOM
clydae —  GOOAHOU  NApP — CMAHOBUMCS — HACLIUWEHHBIM, 3
He3a8UCUMOCMb NIOMHOCMU (0A8NIeHUs) HACBIWEHHO20 napa om
0bvema npu 0aHHoU memnepamype) v TIOJIy4eH BEpHBINA OTBET;

2) IpHUBEICHBI PACCYKACHHS, IPUBOIAIINE K IPABIIIBHOMY OTBETY.

IIpencraBieHo IpaBUIIBHOE PELICHUE U NIOJIYUYEH BEPHBI OTBET, HO

—YyKa3aHbl He Bce (U3MUCCKUE SBJICHUS MM 3aKOHBI, HEOOXOJUMbIE

Ul IOJTHOTO IIPaBUJIBHOTO OTBETA,; 2
i

— He [IPEJCTABIEHbI PaCCY)KICHUS, IPUBOJSIIINE K OTBETY.

1. BHemHue cuibl, OEHCTBYIONIME Ha CUCTEMY Tel «JIocka — Imnaiibay,
HaIpaBJICHBI 110 BEPTHKAIN M B CyMME PaBHBI HYIIO. VIMITyJIbC CHCTEMBI TeX
«J0cKa — maiiba» OTHOCHTENBbHO 3eMiu coxpansiercs:  muyy = (M + m)o,

IJIe U — CKOPOCTh LIAaHOBI M JIOCKH MOCIIE TOTO, KaK I1aii0a nepecraia CKOJIb3HUTh
IO JIOCKE.

2. Cuna TpeHHs, AeicTByIOIAs Ha JOCKY CO CTOPOHBI Iaii0bl, TOCTOSHHA
Frp = umg.

m

Ilon pmelicTBMEM 3TOH CHIBI JIOCKA JIBMIKETCA C YCKOPEHHEM a = i gu
Mv
JOCTHTaeT ckopocTr v 3a Bpems 1=L =ML — I—
a pmg pg(M+m)

o)
Otcrona m :M(—O— lj =0,5 kr. Orset: m =0,5 K.

ngt

Kpurepuu OIEHKH BBITOIHEHHUS 3a[aHus Basnbr

— IlpaBunbHO yKa3aHBI (pU3MYECKHE SBICHHS, HO B PACCYKACHHIX
COZIEPXKUTCS OIIMOKa, KOTOpasi MPHUBEJa K HEBEPHOMY OTBETY.

NJIn
— ComepXHUTCS TONBKO TIPAaBWIBHOE YKa3aHHE Ha (HU3MUECKHe 1
SIBJICHHSI.

NI

— IlpeacraBiieH TONBKO IPAaBUJIBHBINA OTBET.

Bce ciryuan pemieHust, KOTOpbIe HE COOTBETCTBYIOT BBIIMICYyKAa3aHHBIM
KPHUTEPHUsIM BBICTABJICHU OLICHOK B 1, 2, 3 Oayia. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Konmposanue ne gomyckaercs

IIpuBeneHo MomHOE MPaBUIIBHOE PEIIEHHE, BKIIOYAIOIee CIeTyoHe 3
3JIEMEHTHI:

1) mpaBunbHO 3amucaHel (OPMYJBI, BBIpAXKAOMUEe (UINUSCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UIsi pELIeHHs 3aladudt

BEIOpAaHHEIM CIIOCOOOM (B HaHHOM DPELIEHHUH — 3AKOH COXPAHEHUs
umnynvca, emopou saxon Hviomona, gopmyna ona pacwema cunvi
mpeHus);

2) mpoBeleHbl HEOOXOIMMBIE MaTeMaTH4eCKHe INpeoOpa3oBaHHs U
pacdeTsl, TPHUBOIAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npenacTasieH oTBeT. [Ipu 3ToM nomyckaercst pemieHue "mo yactam" (¢
TTPOMEKYTOUHBIMH BEIYHCICHHUSIMH).

— IlpencraBiieHO MpaBIIIFHOE pEIIEHHE TOJIBKO B o0mmeM Buue, 0e3 2
KaKHX-JTM0O YUCIOBBIX PACUETOB.

W
— [MpaBunbHO  3ammcaHbl  HeoOXoauMbIe  (HOPMYIBI,  3amucaH
MPaBWIBHBI  OTBET, HO HE TMPEICTAaBICHBI MpeoOpa3oBaHus,
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 135
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapHaHT: 135

MIPUBOJISIILME K OTBETY.
NI

— B  maremaTnueckux  INpeoOpa3OBaHMSAX  WIM  BBIYHUCICHUSX

JIOTIyIIieHa OmmnOKa, KOTOpasi MpUBENa K HEBEPHOMY OTBETY.

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)
Ortser: Qs = 2.
123
Kputepun olieHKH BBINOJIHEHUS 3aJaHUs bamiel

— B pemrennn conmepxutcs ommoOKa B HECOOXOAUMBIX MaTeMaTHICCKUX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-THOO YMCIOBEIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (DOPMYIIBI, HEOOXOJMMBIE UIS pPEIICHUS
3agaun, Ho B OJIHOM u3 Hux nomyiieHa ommoKa.
i
— OtcytcTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KpUTEpHUSIM  BBICTaBJIEHUs] OLEHOK B 1, 2, 3 Oamia (ucHonb3oBaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUS, Pa3pO3HEHHBIE 3aIHCH U T 11.).

OnuH MOIIb OJTHOATOMHOTO WJEaThbHOTO Ta3a COBEpINAET 7T A

poriecc 1-2-3 (cm. PHUCYHOK, e .| 2 3
To=100K). Ha yuactke 2 -3 K razy mHoJaBOAAT ZT?) 1

2,5k/bx  temmorel. Haligure OTHONIEHHE  IIOJNHOTO o
II0/IBEIEHHOTO K ra3y KonmdecTsa TemnoTsl O)y; K pabore 1

A\23, COBEpPIIEHHON T'a30M B XO/I€ TIpoIlecca. 0 vV

Ot1BeT:

[IpuBeneHo MoOMHOE MPAaBUIBHOE PELICHHE, BKIIOYAIOIIEE CIISIYOLIHe 3
SIIEMEHTEHI:

1) BepHO 3amucaHbl (OPMYIBI, BEIpaXarolue (U3NYECKUE 3aKOHBI,
IIpUMCHEHHE KOTOPBIX HEOOXOIMMO JUISI PEIICHUS 3a/1a9i BEIOpPaHHBIM
croco0oM (B JAHHOM PEIICHUH — NEepebill 3aKOH MepMOOUHAMUKL,
gopmyna ons  pacuema eHympenHel IHepUU  0OHOAMOMHO20
UOeanbHO20 2a3a, PABEHCMBO MY pabomsl 2a3d NPU U30XOPHOM
npoyecce);

2) TpOoBEINCHBI HEOOXOAWMBIE MaTeMaTHYeCKHe IpeoOpa3oBaHU U
pacyeTsl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCJIOBOMY OTBETY, H
npeacTasieH oTBeT. [Ipu 3ToM nomyckaercst pemeHue "mo yactam" (c
MIPOMEKYTOUHBIMH BEIYHCIICHHUSMH ).

— IlIpencraBiieHO MpaBMIIFHOE pEIIEHHE TOJIBKO B o0mmeM Buue, 0e3 2
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

W
— [MpaBunbHO  3ammcaHbl  HeoOXoaAuWMBIE  (HOPMYJBI,  3amucaH
NMpaBWIBHBIL OTBET, HO HE MpPEICTaBICHbI MpeoOpa3oOBaHMUs,
MIPUBOISIIHUE K OTBETY.

nim
— B Maremartuueckux — TpeoOpa3’OBaHMSAX UM BBIYHCICHHAX
JIOTyTIIeHa OIMNOKa, KOTOpasi MpUBeNia K HEBEPHOMY OTBETY.

O6paszert BO3MOXHOTO PEIICHHS

CoriacHo mepBOMY 3aKOHY TepMOAUHAMHKH, Q23 = AUjp; + Ajp;, 1€
Aps=Ap+Ay u AUy = AUy, + AUy, B u3oxopHom mporecce Aj, =0,
a B uzorepmuyeckoMm mpouecce AU,; = 0. IMoatomy Q3 =AU+ Ay u
A3 = Ay, Tlpu nepexone 2 = 3: Q= AUn + Ayz = Aps.

CrnenoBarenbHo, Q3 = AU, + Qos.

W3MeHeHue BHYTpEeHHEH dHEpruy ra3a npu nepexone 1 — 2:
3
AUIZ = ? VRAle. HOCKOHI)Ky ATIZ = 2T0 , TO AUlz = 3VRTO.

Qi _ 3vRTy+Qy
A Qs

IMostomy: Qa3 = 3vRTy+ Qys, ~2.

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
IIpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (DOPMYNBI, HEOOXOAUMBIE AT PEIICHHS
3anaun, Ho B OJIHOM u3 Hux nomymena ommoKa.
Wi
— OtcyTcTBYeT 0/1Ha U3 HOPMYI, HEOOXOAUMBIX AJSI PELIeHHs 331a4H.

Bce ciyuan pelieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KPHUTEpUsM BBICTaBIICHHs OLEHOK B 1, 2, 3 Oamma (MCroip30BaHHE
HETPIMEHUMOTI'O 3aKOHA, OTCYTCTBHE OoJiee OIHOTO HCXOMHOTO
YpaBHEHHUs], pa3pO3HEHHBIE 3aHCH U T.I1.).
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 3a}1aHm7| C Pa3BepHYTBHIM OTBETOM BapnaHT: 135
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10)
C4 7
B cxeme Ha pucyHke snekTpuuyeckuil 3apsag (O Ha R,
06Kna111<ax KOHJACHCATOpa SJICKTPOCMKOCTBIO
C=1000 mx® pasen 10 MK Buytpennee

COTNIPOTHUBJICHHE ucrouyHuka  Toka =10 Om,
compoTuBieHue pe3nuctopoB R; =10 Om, R, =20 Om
u R3; = 30 Om. KakoBa DJIC ucrounuka Toka?

OtBet:

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapHaHT: 135

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)
-B PEIICHUMN COOCPKHUTCS omubKa B HeO6XOgI/IMHX MAaTEMaTHYCCKUX 1
HpCO6p330BaHI/I${X 1 OTCYTCTBYIOT KaKHe-I100 YKCIOBEIC PacUCThI.

nim

— 3ammcaHBl BCe MCXOAHBIE (POpMyIbI, HEOOXOMUMBIE IJIS PEIICHUS
3anaun, Ho B OJIHOM u3 Hux momymena omuéKa.

NJIn
— OtcytcTBYeT 07Ha U3 HOpPMYJ, HEOOXOIUMBIX JUIS PEIICHHUS 3a/1a4H.

O6paszel BO3MOXKHOIO PeIIeHHs

DJNeKTpUUeCKuil TOK 4epe3 MOocienoBaTesibHO BKiItoyeHHble Ry u C He uzer,
TI03TOMY HAIpPSKEHHs Ha KOHIEHCATOpe U pe3ucTope R, 0aMHaKOBBI:

Bce cnyyan pernieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTABJICHHs OLCHOK B 1, 2, 3 Oamna (UCmoib30BaHHE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIHCH U T.I1.).

U =1IR,, Tak kak U = Q T0 1= Q .
C R,C
€ R+ R +r
3akon Oma g monHoii nemu: [=—— = €= M
R,+R;+r R,C
Oteer: DJIC =30 B.
Kpurepun onieHKY BBITIOTHEHMS 3a1aHUS Bamner
[IpuBeneHo monHOE MPaBUIBHOE PELIEHHE, BKIIOYAIOIIEe CIeIyIOIue 3

3IIEMEHTHI:
1) BepHO 3amucaHbBl (OPMYIBI, BEIpAXAOMME (PU3NIECKUE 3aKOHBI,
[IPUMEHEHHE KOTOPLIX HEOOXO0AMMO JUIsl PEIICHUs 331a4l BHIOPAaHHBIM
CrIocoOoM (B ITaHHOM peIIeHHH — 3akoH Oma 01 NOIHOU yenu u
yuacmka — yenu, paseHcmeo — HANPAJICEHUU  HA  NAPALIENbHO
COEOUHEHHBIX INeMEHMAX Yenil, CEA3b HANPANCEHUs. HA KOHOeHcamope
€ €20 3apsa0oM U eMKOCHbIO);

2) mpoBeleHbl HEOOXOIVMBbIE MaTeMaTH4eCKHe IpeoOpasoBaHHs H
pacueThl, MPUBOASAIINE K MPABWILHOMY YHCIOBOMY OTBETY, H
npezAcTasieH oTeT. [Ipu 3ToM fgomyckaercs pemuieHue "mo gactsam" (¢
IIPOMEKYTOUYHBIMH BBIYUCIICHHSAMH).

— IlpencraBiieHO MpaBMIIFHOE pEIICHHE TOJIBKO B o0ImIeM BHUue, 0e3 2
KaKHX-JTM00 YUCIOBBIX PACUECTOB.

150151
— IlpaBunbHO  3ammcaHbl  HeoOXoauMble  (OPMYJBI,  3amucaH
MpaBUJIBHBI  OTBET, HO HE TPEACTaBIEHBl MpeoOpa3oBaHus,
TIPUBOJISIINE K OTBETY.

nim
— B  Marematuueckux — TpeoOpa3’OBaHHSAX M BBIYHCICHHUSIX
JIOTTYIIIeHa OIMMOKa, KOTOpasi IpUBeJia K HEBEPHOMY OTBETY.
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]aHMﬁ C Pa3BepHYTBHIM OTBETOM BapnaHT: 135
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 7/10)

Ha nmenposogameil ropu3oHTaabHON MOBEPXHOCTH

OJTHOPOJHON TOHKOH IIPOBOJIOKH, COTHYTasi B BHJIE
paBHOCTOpOHHEero  TpeyroapHuka  ADC  co

CTOpPOHOM, paBHOM a (cM. pucyHok). Pamxa / \\

CTOJIa JICKUT MPOBOAALIASA xkEcTKas paMKa wu3 &
=
B

HaxXoauTCA B OIHOPOIHOM TOPHU30HTAJIbHOM

MArHuTHOM II0JIE, BEKTOP HHIAYKIHNU KOTOPOTO ?
nepren MKy spen cropone CD u o Moayimo paBen € — D
B. Tlo pamke mpoTekaeT TOK / 110 4acOBOW CTpEJIKE.

IIpy kakoM 3HaYE€HUM MAacChl PaMKU OHA HAYMHAET I1OBOPAYUBATBHCS BOKPYI
croponsl CD?

Ot1BeT:

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM Bapnal—rr: 135
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 8/10)

— [lpaBunbHO  3ammcaHbl ~ HeoOXOmWMBbIE — (OPMYJIBI,  3ammcaH | 2
MpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISIILIE K OTBETY.

NI
— B maremarnueckux npeobpa3oBaHUAX JOMyIIEHa OIIMOKa, KOTopas
IIpUBENIA K HEBEPHOMY OTBETY.

— 3anmcaHbl Bce HCXOMHBIE (OPMYIIBI, HEOOXOAMMBIE Ul perieHns | 1
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

WJIn
— OtcyTcTBYeT 0/1Ha M3 POPMYIT, HEOOXOMMMBIX JUTS PEIICHHS 33/1a9H.

O6pa3zer BO3MOXHOTO PEIICHHS

Bce cnmydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICyKa3aHHBIM | 0
KpUTEpHUSIM  BBICTaBIIEHUs OLEHOK B 1, 2, 3 Oamna (MCHONb30BaHUE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJTHOTO
ypaBHEHWUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).

Ha croponsl pamku neiicTByeT cuiia AMiepa.

Ha ctopony AC: Fu; = 1aB sin(n — o) = %IaB, rae o = 30°;

Ha ctopony AD: Fu; = 1aB sina = %IaB;

Ha cropony CD: Fa; = 1aB.
CyMMapHBI MOMEHT 3THX CHJI OTHOCHTENBHO ocr CD:

a3 a\/g_\/gIaZB
A = .

N, =F +F
A 4 Mg 4
Ilycth Macca pamMKu paBHa m, TOTAa MOMEHT CHJIBI  TSKECTH
J314°B 5 mga
2 >

23

__mga
mg 2\/5

3a
Otcroma m <

VYcnoBus oTpeiBa: Na + N 20,

. ﬂOHyCKaCTCﬂ OTBET B BUAC PAaBCHCTBA.

Kputepun o1ieHKY BBINOJIHEHUS 3aJaHUs banel

[MpuBeneHo monHOE MPaBHIBHOE PEIICHHUE, BKIIOYAlONEee cienymoomue | 3
9JIEMEHTBHI:

1) BepHO 3amucaHbl (GOpPMYIIbI, BbIpaKalolue (U3NYECKUE 3aKOHBI,
IIPUMEHEHNE KOTOPBIX HEOOXOMMO JUIS PEIICHHUS 3a/1a9l BEIOpPaHHBIM
CTIocoOoM (B TaHHOM cIydae — ¢popmynsl 0as pacuema cuivl Amnepa,
MOMEHMO8 CUTL);

2) mpoBeneHBl HEOOXOAMMBIC MaTeMaTHYeCKHe MpeoOpa3oBaHMUs,
IIPUBOJISIINE K [TPABUIBHOMY OTBETY, M IIPEJICTAaBIEH OTBET.
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 135
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 9/10)

B nByx ombitax mo ¢oTodddekTy MeTarmyeckas IUIACTHHKA, IS KOTOPOH

paboTa BBIXOAA C MOBEPXHOCTH MeTaa Ag= 1,9 3B, obmyyanacs cBeToM ¢
JUTMHAMH BOJTH COOTBETCTBEHHO A U A,. Kakoii Obuta IJIMHA BOJHEI B IEPBOM
OTBITE Aj, €CIIM BO BTOPOM OHAa COCTaBsla A,= 540 HM, a OTHOIICHHE

v 1%
MaKCHMAJIBHBIX CKOPOCTEH (hOTOIIEKTPOHOB U—l =27
2

OTtBeT:

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapHaHT: 135

O6paszelr BO3MOXKHOIO PeIIeHHs

VYpaBHenue DitHinTeiina uist Gporodddexra B HIepBoM OnbITe:

2
MU max

th :A5b1x+ ) . (1)
YpaBHenue DiiHmTeiHa 11 poTodrhdHexra BO BTOPOM OIIBITE:
2
MY max
hvy =4, +T. 2)
CBs13b UTMHBI BOJIHBI CBETA C YACTOTOM B IIEPBOM OIIBITE:
_c
A =—. 3)
Vi

CBs13b JUTMHBI BOJIHBI CBETA C YaCTOTOM BO BTOPOM OIIBITC:

_ _C
A, =5 “4)
Va
OTHOIIEHNE MaKCUMAITBHBIX CKOPOCTEH (POTOIIEKTPOHOB:
19
n= 1 max . (5)
U2 max
hch,

Pemas cucremy ypasuenuii (1) — (5), monydaem: A, = .
Y %he+ A, 0 (1-n2)

8blX

OtBeT: A; ~ 360 HM.

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)
— Hpe,HCTaBJ'ICHO TIpaBUJIIBHOC PEUICHUE TOJIBKO B o01IEeM BUIE, 6e3 2
KaKUX-ITH0O0 YHMCIIOBBIX pacuecToB.

N

— [IpaBunpHO  3ammcaHBl  HEOOXOAWMEBIE  (OPMyNBI,  3amHcaH
NpaBWIBHBI  OTBET, HO HE MpEeACTaBICHb MpeoOpa3oBaHMUA,
MPUBOJSAIIHIE K OTBETY.

NI
— B Maremarumueckux IpeoOpa3’oBaHMAX MM BBIYUCICHHUAX
JIONyIIeHa onmnOKa, KOTopas IpHBeJia K HEBEPHOMY OTBETY.

— B pemennn conepxutcs ommoOKka B HEOOXOANMBIX MaTeMaTHIECCKUX 1
IIpeoOpa3oBaHMUIX U OTCYTCTBYIOT KaKHe-TIHOO YHUCIIOBBIE PACUETHL.
NN
— 3anucaHel BCe MCXOAHBIE (DOPMYIBI, HEOOXOAMUMBIE AN PEIICHHS
3anaun, Ho B OJIHOM u3 Hux momymena ommoKa.
nim
— OtcyTcTBYeT 0fiHa U3 HOPMYJII, HEOOXOAUMBIX AJSI PELICHHs 331a4H.

Bce ciyuan pemieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KPHUTEpUSIM BBICTaBIICHHS OLECHOK B 1, 2, 3 Oamna (MCIoip30BaHHE
HETIPIMEHUMOTO 33aKOHA, OTCYTCTBHE OoJiee OIHOTO HCXOJHOTO
ypaBHEHUsI, Pa3pO3HEHHBIE 3aIMCH U T.I1.).

Kputepun o11eHKY BBINOJIHEHUS 33 JaHUs banel

[IpuBeneHo MoTHOE MPaBUIIBHOE PEIICHHE, BKIIOYAIOINIESe CIISTyOIHe 3
JJIEMEHTBHI:

1) mnpaBmwiIbHO 3amucaHel (OPMYJBI, BBIpaXKaromue (UINYSCKHE
3aKOHBI, IIPUMEHEHHE KOTOPBIX HEOOXOIMMO s PEIICHHS 3aJadd
BBHIOpaHHBIM  CIIOCOOOM (B JAaHHOM pEIIeHUH — YpaseHeHue
Dunwmetina o gomoagpgpexma u gopmyna, ceazviearowyas OAUHY
60JIHbL SNIEKMPOMASHUMHBIX BOJIH C YACMOMOL);

2) TpOBEICHBI HEOOXOAWMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacyersl, NPHBOIAIIKE K TPABHIBHOMY YHCIOBOMY OTBETY, H
npenctaBieH oTeeT. [Ipu 3ToM normyckaercst pemeHue "mo gactsam” (¢
[IPOMEKYTOYHBIMH BBIYHCICHHUSIMH).
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 136
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

u ee nap. Ilopuens HauMHAIOT BBIABUIaTH U3 cocyna. Ilpu atoMm Temmnepartypa
BOJBI M Iapa ocTaeTcsi Hem3MeHHOW. Kak Oyner MeHAThbCs HpH 3TOM Macca
KHUIKOCTU B cocye? OTBET NOSICHUTE.

OtBer:

OO0paser BO3MOKHOTO PEIICHUS

Bona u BomsgHOM map HaxoAsATCd B 3aKPBITOM COCYAC MJIMTCIIBHOC BpPCMA,
TIO2TOMY BOJASHOM nap ABJSCTCSA HACBIIICHHBIM. HpI/I BbIIBUT'AaHUU TIOPIIHA
OPOUCXOAUT H30TCPMUYCCKOC pACHIMPCHUC TI1apa, OJaBJICHUEC W IINIOTHOCTb
HACBIMICHHOTO TIapa B 3TOM IPOLECCE HE MEHAIOTCA. CJ'Ie,ZIOBaTeJ'H)HO, 6y£[eT
IPOUCXOAUTH UCIIAPCHUC XUAKOCTH. 3Ha‘II/IT, Macca XHUJAKOCTU B COCYyaC 6y,£[eT
YMCHBIIATHCA.

KpuTepuu OLCHUBAHUS BbINMOJHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTHIM OTBETOM BapnaHT: 136
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rnagkoit FOpHBOHTaﬂBHOﬁ IUTOCKOCTH HaXOJWTCS JJIMHHAS JTOCKAa MacCOU

M. Tlo nmocke ckomb3uT maiba maccoit m = 0,5 kr. Koaddumuenr tpenus
MeXIy Imaiboit u mockoif p=0,2. B HauambHBI MOMEHT BPEMEHH CKOPOCTH
maiosl vy =2 M/c, a gocka mokoutcs. B MomeHT T = 0,8 ¢ mraiiba mepecraet
CKOIIL3UTD 10 JI0CKe. UYemy paBHa Macca gocku M?

1%
_

Ot1BeT:

O0bpaszer BO3MOXHOTO PEIICHHS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BHemmHme cmiel, AEHCTBYIONIME HA CHCTEMY TeJI «JOCKa — Imaibay,
HAIPABJCHBI 110 BEPTHKAIH M B CyMME PaBHBI HYIIO. VIMIyJIbC CHCTEMBI T
«IIOCKa — [Iaii0a» OTHOCUTENBHO 3eMitn coxpaHsiercs:  muy = (M + m)o,

IZie U — CKOPOCTH MIAHOBI M JOCKH MOCIIE TOTO, KaK IIaiida rmepecTana CKONb3UTh
IO JOCKE.

2. Cua TpeHusi, IEHCTBYIOIAs Ha JOCKY CO CTOPOHBI IIal0bI, MOCTOSIHHA

Frp = pmg.

Ilox neficTBHEM O3TOH CHIBI JOCKA ABHXKETCS C YCKOPEHHEM a:p% g u

M
nocTHraeT ckopoctu v 3a Bpems =2 =40 - Do
a wng pg(M+m)

Otcrona M = m—e > (xr). OtBer: M =2 K.
g1

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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UO -
KpuTepun olieHKH BBITIOJHEHYSI 32 TaHS Bamner
[IpuBeneHO MOMHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIICE CIICIYOLIHe 3

3JIEMEHTHI:
1) mnpaBunbHO 3amucaHbl (OPMyYJBI, BBIpAXarOMue (U3NUECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UIsi pEUICHHs 3aladud

BEIOpPAaHHBIM CIIOCOOOM (B HAHHOM PELIEHUH — 3AKOH COXPAHEeHUs
umnynvca, emopou saxon Hviomona, gopmyna ona pacwema cunvi
Mpenus);

2) TpOBEICHBI HEOOXOAWMBIC MaTeMaTHYeCKHe IpeoOpa3oBaHUS U
pacueTsl, NPHUBOJAIIME K TMPABHILHOMY YHCIOBOMY OTBETY, U
npezacrapieH oTeeT. [Ipu aToM gomyckaercst pernieHue "mo gactsam" (¢
MIPOMEKYTOYHBIMI BBIYUCIICHHUSMH ).

— IlpencraBiieHO MpaBIIIFHOE PEMICHHE TOIBKO B 00meM Buue, Oe3 2
KaKUX-T10O0 YHCIIOBBIX PAaCYETOB.

NJIn
— IIpaBunpHO  3ammcaHbl  HeoOXoauMmble  (opMynbl,  3ammcaH
NPaBWIBGHBIA  OTBET, HO HE TpeAcTaBleHbl NpeoOpa3oBaHus,
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 136
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM BapnaHT: 136
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)

MIpUBOAAIINEC K OTBCTY.

N
—B MaTCMaTHYCCKUX HpeoﬁpaSOBaHHﬂX nJIn BBIYHCIICHUAX
JA0IyHicHa OI.HI/I6K3., KOTOpas NpuBecjia K HECBEPHOMY OTBCTY.

— B pemennn conepxutcs OommOKa B HEOOXOAUMBIX MaTeMaTHYCCKUX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKUe-THOO YMCIOBEIE PacyeThl.
WJIn
— 3ammcaHbl BCe HMCXOIHBIE (DOPMYIBI, HEOOXOJMMEBIE JUIS pPEIICHUS
3aJ1a4yM, HO B OﬂHOI71 13 HUX JOMylIeHa omuoKa.
NI
— OtcyTtcTBYeT 07Ha U3 HOPMYJI, HEOOXOIUMBIX [UIS PELICHNUS 3aIa4H.

NPHMEHEHHE KOTOPhIX HEOOXOAMMO IS PeIICHUs 3a1a9H BEIOpaHHBIM
crocoOoM (B JaHHOM DPEUICHHU — HepPEblil 3aKOH MePMOOUHAMUKY,
Gopmyna Ons  pacuema pabomvl 2aza, GHYMPEHHEU IHepeuu
O0OHOAMOMHO20 — UOEANbHO20 — 2a3d; HEU3MEHHOCMb  6HYMpPEeHHel
9HepeUuU 2aza npu U30mepMu4eckom npoyecce),

— TpOBeCHBl HEOOXOIMMBIE MaTeMaTHYeCKHE NpeoOpa3oBaHHS H
pacdeThl, MPUBOASIINE K MPABWIBHOMY YHCIOBOMY OTBETY, H
npeacrasieH oTeeT. [Ipu 3ToMm nomyckaercst pemieHue "mo yactam" (¢
MIPOMEIKYTOYHBIMHU BbIYHCICHHSIMH).

Bce cnyyan penieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEpHsIM  BBICTaBJICHUs OLEHOK B 1, 2, 3 Oamia (Mcnoib30BaHUE
HETIPIMEHUMOTO 33aKOHA, OTCYTCTBHE Ooliee OIHOTO WCXOIHOTO

ypaBHEHHs], pa3pO3HEHHbIE 3aMHCU U T II.).

O,HI/IH MOJIb OAHOATOMHOI'O MZICAJIbHOI'O ra3a COBEPIIACT p.

npouecc 1 — 2 — 3. Ha yuactke 2 — 3 k raszy moaBoJsT
2500 Ix Temnotel, Ip=300 K. Halimure oTHOIICHHE
KOJIMYECTBA MOJBEJICHHON K ra3y TerioThl (J),3 K pabore
A\23, COBEpIIaEMOii ra30M B X0JI€ Tpolecca.

OrtBer: 0 Ty 2T, 3Ty T

— IlpencraBiieHO MpaBIIIFHOE PEIICHHE TOJIBKO B o0IeM Buue, 0e3 2
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMbIe  (OPMYJBI,  3amucaH
MpaBUIBHBIL  OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
MIPUBOISIINE K OTBETY.

nim
— B Maremartuueckux  TpeoOpa3’OBaHMSAX UM BBIYHCICHHUAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

O06pasel; BO3MOXKHOTO PELICHHUS

— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
peoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIM0O YHCIIOBbIE PaCUEThI.
NJIn
— 3anucaHsl Bce HCXOAHBIE (DOPMYNBI, HEOOXOMUMBIE AT PEIICHHS
3anaun, Ho B OJIHOM u3 Hux jomymena omu6Ka.
NI
— OtcyTcTByeT oaHa U3 GopMyJI, HEOOXOANMBIX ISl PEIICHUS 3314 H.

Az =App+ Ay, U3 pV =vVRT nonyuaem: p;AV,; =vRAT, =

A =VRAT; = 2vRT,, nockosnbky AT, =2T,.

B mpouecce 2 — 3 Q3 =AU,; + A,;. Ho on m3orepmuueckuii. [loatomy
AUy =0, Ayp=Qxn, u Ap;=2VRTi+ Q. Qi3 = Q2+ Qus.

CornacHo nepBoMy 3akoHy TepmMoanHaMuku, Q= AUj, + Ay,

3
npuuem AU, = 5 VRAT, = 3vRT,. Tak kak A, =2vRT,, 10 Qi = 5vRT,,

Qi _ SVRTy+Qy ~2. Ortser: Qo ~2.

Qi23 = 5VvRTj + Qus. .
Ay 2VRTH+Qy A

Bce cnyyau perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM 0
KPHUTEpUsM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamia (MCIoIh30BaHHE
HETIPIMEHHMOTO 3aKOHA, OTCYTCTBHE OoJiee OIHOTO HCXOIHOTO
ypaBHEHMsI, Pa3pO3HEHHBIE 3aIHMCH U T.I1.).

Kputepun o11eHKY BBIIOJIHEHUS 33 JaHUsI banel

IpuBeneHo MoNHOE MPaBUIBHOE PEIICHHUE, BKIIOYAIONIEE CIIEAYIOIINe 3
9JIEMEHTHI:
— BEPHO 3amnmcaHbl (OPMYJIBl, BRIpaXAoMue (PHU3MUSCKHE 3aKOHBI,
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 136 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 136
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10) Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)

— B pemrennu copepxutcst ommoOka B HEOOXOIMMBIX MAaTEMAaTHIECKHX 1
R, C== peobpa3oBaHUAX M OTCYTCTBYIOT KAKUE-THUOO0 YHCIIOBBIE PACUETHL.
T R WJIn
! — 3amnucaHbl Bce HCXOMHBIC (OpPMYIIbl, HEOOXOAUMBIC LISl PELICHHUS
3anaun, Ho B OJIHOM u3 Hux nonymena omuoKa.
WJIn
— OtcytcTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1auH.

KakoBo  paccrosHme d  MexXODy — OOKJIAQJKaMH
KOH/IeHCaTopa (CM. PHUCYHOK), €CJIH HampsHKeHHOCTh
INEKTPUUYECKOTO TMOJIiA Mexay HuMmu £ =15 kB/M,
BHYTPEHHEE COIIPOTHUBIIEHUE UCTOYHUKA TOKa 7 = 10 OM,
ero DJIC € =20B, a compoTHBIECHHUS pPE3UCTOPOB
Ry =100Mu R, =20 OMm?

m

~

Qreer: Bce ciyuan pemieHnsi, KOTOpbIE HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0

O6pasen BO3MOKHOIO PEIIEHUs KpUTEpHUSIM  BBICTaBJIEHHUs] OLEHOK B 1, 2, 3 Oamna (ucHonb3oBaHUE
3HaveHNs HaNpsDKeHHS Ha KOHAEHCATOpEe M TapailielbHO IOJCOCTMHEHHOM HETPIMEHUMOTO 33aKOHA, OTCYTCTBHE OoJiee OIHOTO WCXOIHOTO
pesucrope onuHakoBel: U =1R,, U=Ed, rne E — HampsxeHHOCTH OIS B ypaBHEHHUs], pa3pO3HEHHBIE 3aMHCU U T.II.).

IR,
koHjeHcatope. CnemoBarenpHo, d = —=.

3akoH Oma: I:L. IMostomy d= __&Ry
R, +R, +r ER;+R,+1)

OtBer: d=2 MMm.

Kpurepny oneHKH BEITOTHEHHS 33 TaH Bamsr
[IpuBeneHO MOTHOE MPAaBUIIBHOE PEIICHHE, BKITIOYAIOIICE CIICTYOLIHe 3
9JIEMEHTHI:
— BEPHO 3alMCaHbl ()OPMYJIBI, BRIpAXAOMKE (PU3UUECKHE 3aKOHBI,
NIPUMEHEHNE KOTOPHIX HEOOXOMUMO IS peIIeHHs 3aa9H BEIOpaHHBIM
crocoboM (B JaHHOM pemieHuH — 3akoH Oma 018 NoHOU yenu u
VUACMKA — Yenu,  PAGEHCMBO  HANPSJCEHUN  HA  NAPATLIEIbHO
COCOUHEHHbIX JNEeMEHMAX Yenu, C6A3b PA3HOCMU NOMEHYUAI08 C
HANPSIICEHHOCMbIO NOJIS),
— TIpOBe/ICHB HEOOXOIMMBIC MaTeMaTHYCCKHE NpeoOpa3OBaHUS H
pacdeTsl, TNPHUBOIAIIHME K TPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTBeT. [Ipu 3ToMm nomyckaercst pemieHue "mo yactam" (c
TIPOMEKYTOUHBIMH BEIYHCICHHUSIMH).
— IlIpencraBiieHo MpaBIIIFHOE pEIIEHHE TOIBKO B o0ImeM Buue, 0e3 2
KaKHX-TH0O0 YHCIOBBIX PACUETOB.

NI

— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (HOPMYJBI,  3amucaH
NMpaBWIBHBIL OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
MIPUBOISIINE K OTBETY.

=2-10" (m).

NI
— B  maremaTnyeckmx  IpeoOpa3OBaHMAX  WIM  BBIYHUCICHUSX
JIONyIIeHa onmnOKa, KOTopas IpHBeia K HeBEPHOMY OTBETY.
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 136 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 136
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 7/10) Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 8/10)

Bce cnywan perieHusi, KOTOpble HE COOTBETCTBYIOT BbllIeyKa3zaHHbIM | 0
A C KpUTEpHUSIM BBICTaBIIEHHS OIEHOK B 1, 2, 3 Oamna (Mcmonbp3oBaHUe
HENPUMEHUMOI'O 33aKOHa, OTCYTCTBHE OoOJiee OIHOTO HCXOIHOTO
YpaBHEHUS], pa3pO3HEHHBIC 3aITUCH U T.I1.).

Ha nenpoBoasmiell ropu30HTaIbHON IOBEPXHOCTH
CTONa JEXHUT TNpoBOAAIIAs >KECTKas paMKa U3
OJIHOPOJIHOW TOHKOM IIPOBOJIOKH, COTHYTasi B BHJE

kBagpata ACDE co cTtopoHO# a (CM. PHCYHOK). @
Pamka HaxomuTcsi B OJHOPOAHOM TOPH30HTAIBHOM
9

o

MarHUTHOM TIOJe, BEKTOp MHAYKIWH B koroporo YE D
nepnenaukysped croporaM AE u CD u pasen no

Monyio B. Ilo pamke npoTuB 4acoBoil cTpeiku npotekaeT Tok /. Ilpu kakom
3HAUYEHUU MACChl PAMKU OHa HAYHET IOBOPAYMBATHCS BOKPYT cTOPOoHBI CD?

OtBeT:

OO6pazel] BO3SMOXHOT'O PEIICHUs
Ha croponst AE u CD 0Oynyrt neiictBoBath cuiibl AMnepa Fay = Fap = 1aB.
MowmeHT cunbl AMIiepa OTHOCHTENBHO OCH, MPOXoJsiie yepe3 cropony CD,
Nu = 1a’B.
ITycTs Macca paMKH paBHa m, TOTIa MOMEHT CHJIBI TSDKECTH OTHOCHTEIBHO

1
ocu CD: Ny =-— Emga.

Vcaosue orpeiBa: Np + N> 0, 1a°B > w. Otcroma m< @.
2 g
Jonyckaercst OTBET B BHJIC PABCHCTBA.
Kpurepuu OLIEHKH BBIMTOTHECHUS 3aaHUs Baiisl
[IpuBeneHoO MONHOE MPABUIIBHOE PEIlieHHe, BKIIOYAIOIIEe CIIeTyIOIIIe 3

JJIEMEHTBHI:
1) BepHO 3amucaHbl (OPMYIIbI, BbIpakaromue (U3NYECKUE 3aKOHBI,
NIPUMEHEHNE KOTOPEIX HEOOXOAMMO AJIS PEIICHUS 3a1a9H BEIOpaHHBIM
CIocoOoM (B TaHHOM ciIydae — popmynsl a5 pacuema cuivl Amnepa,
MOMEHMO8 CUT);

2) mpoBeneHbl HEOOXOAMMBIE MaTeMaTHYeCKue MpeoOpa3oBaHMUs,
IIPUBO/ISIINE K [TPAaBUIBHOMY OTBETY, M IIPEJICTABIECH OTBET.

— [lpaBunbHO  3ammcaHbl  HeoOXogWMBbIE  (OpMYJIBI,  3amucaH | 2
MpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISIILME K OTBETY.

NI
— B maremarnueckux npeoOpa3oBaHUIX JOIyIIEHa OMIMOKa, KOTOpas
IIpUBENA K HEBEPHOMY OTBETY.
— 3anmcaHbl Bce MCXOMHBIE (OPMYIIBI, HEOOXOAMMBIE Ul perieHns | 1
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

NI
— OtcytcTByeT 07Ha U3 HOpMYJ, HEOOXOIUMBIX JUIS PEIICHUS 33/1a4H.
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]aHMﬁ C Pa3BepHYTBHIM OTBETOM BapnaHT: 136
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 9/10)

B nByx ombiTax mo ¢oTodddexry MeTamudeckas IUIACTUHKA, IS KOTOPOH

paboTa BBIXOA C TIOBEPXHOCTH MeTaa Ay, = 1,9 3B, obmydanacs cBeTOM ¢
JUTMHAMH BOJIH COOTBETCTBEHHO A1 U A, . Kakoii Oblia yIMHA BOJHBI BO BTOPOM
OMBITE A, €CIM B IEPBOM OHa COCTaBisia A;=350 HM, a OTHOIICHHE

=29

MaKCHMaJIBHBIX CKOPOCTEH (POTOIIEKTPOHOB o
2

Ot1BeT:

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapHaHT: 136

O6pa3zert BO3MOXHOTO PEIICHHS

VYpaBHenue DitHmTeHA 111 (OTOIh(EKTA B IEPBOM OIBITE:

2
MO max
hvl _ABblirT' (1)
YpaBHGHI/IC OliHmTeiina JJIA (I)OTOi)q)(I)CKTa BO BTOPOM OIIBITE:
2
MU7 max
hv, =4, +—2 . 2)
CBs13b JJINHBI BOJIHBI CBE€TA C qacTOTOH B TICPBOM OIIBITEC:
_ _C
Ap=—. 3)
Vi
CB}I3L JJIMHBI BOJIHBI CBE€TA C YaCTOTOH BO BTOPOM OIIBITE:
__C
Ay =C. @)
Va
OTHOIIICHNE MaKCUMAaJIbHBIX CKOpOCTefI (I)OTOSJ'IGKTpOHOBZ
1%
n= 1 max . (5)
U2 max
n*hen 1

Pemras cucremy ypasuenuii (1) — (5), monmydaem: A, = .
2 he+ Ay, hy(n® 1)

BblX

O1BeT: A, ~ 540 HM.

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)
— Hpe,HCTaBJ'ICHO IPABUJIBHOC PCHICHUEC TOJIBKO B oo1IeM BUJIE, 6e3 2
KaKUX-JTH0O YHMCIIOBBIX pacucToB.

N

— [IpaBminbHO  3ammcaHBl  HEOOXOAWMEBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI  OTBET, HO HE MpPEACTaBICHB MpeoOpa3oBaHHUA,
MIPUBOJALIUE K OTBETY.

nim
— B Maremartuueckux NOpeoOpa3’OBaHMAX MM BBIYUCICHHUAX
JIONyIIIeHa onmnOKa, KOTopast IpuBeia K HEeBEPHOMY OTBETY.

— B pemennn cogepKUTCs OMMOKa B HEOOXOMMBIX MaTeMaTHISCKHX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-T1u00 YMCIOBBIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (HOPMYIBI, HEOOXOIMMEBIE JUIS PEIICHUS
3aJ1a4d, HO B OZIHOI71 U3 HUX JOMyLIeHa OUIMoKa.
NI
— OtcytcTByeT oHa U3 GopMyJs, HEOOXOAUMBIX IS PELISHHUS 3a0a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEPHUSIM  BBICTABJICHHUS OIEHOK B 1, 2, 3 Oamna (MCHOIb30BaHUE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO WCXOIHOTO
yYpaBHEHUsI, pa3pO3HCHHbIC 3aICH H T.I1.).

Kputepun o11eHKH BBIIOJIIHEHUS 33 JaHUs bamel

[IpuBeneHo mMomHOE MPaBHIIBHOE PEIICHHE, BKIIOYAIOIIee CIIeTyOMIHe 3
JJIEMEHTBHI:

1) mnpaBmwiIbHO 3amucaHel (OPMYJBI, BBIpaXaromue (UINISCKHE
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOIMMO ISl PEIIeHHS 3aJadn
BBHIOpaHHBIM  CIOCOOOM (B JaHHOM pEIIeHUH — YpasHeHue
Dunwmerina 0na gomoagpgexma u gopmyna, ceazvigarowas OAUHY
60JIHbL DNIEKMPOMASHUMHBIX BOJIH C YACMOMOL);

2) TmpoBEICHBI HEOOXOAWMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacyersl, TNPHUBOIAIIKEC K TPABHIBHOMY YHCIOBOMY OTBETY, H
npencTaBieH oreeT. [Ipu 3ToM normyckaercst pemneHue "mo gactsam” (¢
MPOMEKYTOYHBIMH BBIYUCIICHHUSIMH).
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 137
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI U Tapa ocraercs HeM3MeHHOW. Kak OyzeT MEHATHCS IpH 3TOM Macca
KHUJIKOCTU B cocye? OTBET NOSICHUTE.

OtBer:

OO0paser BO3MOKHOTO PEIICHUS

Boma W BOISHOW map HaXOMATCS B 3aKPBITOM COCYIE UIMTEIBHOE BpeMs,
[MO3TOMY BOJSIHOWM Map SBISCTCS HACHIEHHBIM. [Ipy BIBUTaHWUHM MOPIIHS
MPOUCXOAUT H30TEPMHYECKOE CXKATHE IMapa, JaBICHHE U I[UIOTHOCTh
HACBIIICHHOTO Tapa B 3TOM Ipolecce He MeHstoTcs. CrepoBaTensHo, Oyner
MPOUCXOAUTH KOHJCHCAIMS MapOB BOIBI. 3HAYMT, MAcca KUAKOCTH B COCYIIE
OyJeT yBeTMIUBAThCA.

KpuTepuu OLCHUBAHUS BbINMOJHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTHIM OTBETOM BapnaHT: 137
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rmagxoil ropu30HTanbHON IJIOCKOCTU HAaXOAMTCS JJIMHHAS JOCKA Maccou

M=2xr. Tlo gocke ckomp3ur maitda maccort m = 0,5 kr. Kosddumuenr
TpPeHUsI MEXIy IIaii0oi u mockoit pu=0,2. B HavambHBIi MOMEHT BpPEMCHHU
CKOpOCTh IIaOBI paBHA U, a Jocka mokouTcs. B moment t = 0,8 ¢ maiiba
TIEPECTACT CKOML3UTE 110 10CKE. Yemy paBHa HaYaJIbHAS CKOPOCTH MIAHOBI Uy?

—_—

Ot1BeT:

O06paszerr BO3MOXHOTO PEIICHHS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BuemHme cwibl, IEHCTBYIONINE Ha CHCTEMy Tel «JIocka — Imaiibay,
HAINpaBJICHBI 110 BEPTHKAIN M B CyMME PaBHBI HYTIO. VIMIyJIbC CHCTEMBI Tl
«ITOCKa — IIait0a» OTHOCUTENBHO 3eMiTH coxpaHsiercs:  muy = (M + m)o,

IJIe U — CKOPOCTh LIAaHOBI M TOCKH MOCIIE TOTO, KaK Iaii0a rnepecrana CKOJIb3HUTh
10 JOCKE.

2. Cuna TpeHus1, AeHCTBYIOMIAst Ha JOCKY CO CTOPOHBI IIai0bl, TOCTOsIHHA

Fp = pmg.

Ilon melicTBMEM 3TOH CHIBI OCKA IBHIKETCS C YCKOPEHHEM a = u% gu

M M
JIOCTHTAeT CKOPOCTH v 3a Bpems 1=2 =L = 2o
a wng pg(M+m)

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL 1
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

M +
Orcrona vy = % =2 (m/c). OrtBer: vy=2Mm/C.
KpuTepuu oleHKU BBIMOJIHEHUS 3a1aHUs Basl

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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IIpuBeneHo MoNHOE MPABUIBHOE PEIICHHUE, BKIIOYAIONIEE CIIEMYIOIINe 3
9JIEMEHTHI:

1) mpaBwipHO 3amucaHBl (OPMyINBI, BBIpAKAIOIIUE (H3HICCKUE
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOAMMO AT PEUICHUS 3a4adu
BBIOPaHHBIM CIIOCOOOM (B JaHHOM PELICHHH — 3AKOH COXPAHEHUs
umnynvca, émopou sakon Hviomona, gopmyna Ona pacuema cunsi
mpenust);

2) mpoBeleHbl HEOOXOJMMble MaTeMaThdyeckue mpeoOpa3oBaHus M
pacdeTsl, MpPUBOAAIIME K MPABWIBHOMY YHCIOBOMY OTBETY, U
mnpeacTtasieH oTeT. [Ipu 3ToM fgomyckaercs pemieHue "mo dactam” (¢
HPOMEXYTOYHBIMH BBIYUCIICHHSAMH).

— IlpencrariieHO MpaBWIIBHOE PELICHHE TOJIBKO B o0IeM Buue, 0e3 2
KaKHX-JTN0O0 YHCIOBBIX PACUCTOB.

i
— [IpaBmnbHO  3ammcaHbl ~ HEOOXOAWMEBIE  (OpMyNbBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MPEACTaBICHBl MpeoOpa3oOBaHMUA,
MIPUBOSILLIME K OTBETY.
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Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapHaHT: 137

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 137
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)
nim

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX 1
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
NI
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
WJIN
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)
OtBert: Qs = 2.
123
Kputepun olieHKH BBINOJIHEHUS 3aJaHUs Bbamel

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

OnuH MOJb OJHOATOMHOTO HJCAIBHOTO rasa CoBepliaeT T

rpoiiecc 1-2-3 (cm. PHUCYHOK, rae
To=100K). Ha yuactke 2-3 K razy HOABOJAT
2,5k/x Temnmorel. Haiinure OTHOUIEHHE  MOJIHOTO
MIOJIBEZICHHOTO K Ta3y KOJIMYecTBa TEIUIOTH (i3 K paboTe
A\23, COBEpIICHHON T'a30M B XO/I€ TIpoIlecca. 0

3T
2Ty
To

Ot1BeT:

[IpuBeneHO MOTHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIEE CIISIyOLIHe 3
9IIEMEHTHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKArOUIMe (PU3NYCSCKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HeOOXOMMO JUISI PEIICHHUS 3a/1a91 BEIOpPaHHBIM
croco0oM (B JAHHOM pEIIEHUH — NEpabill 3aKOH MepMOOUHAMUKY,
Gopmyna ons  pacuema GHympenHel IHepUU  0OHOAMOMHO20
UOeanbHO20 2a3a, PABEHCMBO HYNH0 pabomel 2a3d Npu U30XOPHOM
npoyecce);

2) mpoBeleHbl HEOOXOMMMbIE MaTeMaTHYeCKHe MpeoOpa3oBaHus U
pacyersl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTaBieH oTBeT. [Ipu 3ToM momyckaercs perieHue "mo gactaM" (¢
MIPOMEKYTOYHBIMH BEIYHCIICHHUSIMH).

OO0pasen BO3MO>KHOTO PeIICHUS

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B o0mmeM Buue, Oe3 2
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
MpaBWIBHBI OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartmueckux — TpeoOpa3’OBaHMSAX I BBIYHCICHHAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

CornacHo mepBOMY 3aKOHY TepMOAMHAMUKH, Q23 = AU|p; + Ajp;, THE
Aps=Apn+Ay u AUy = AU+ AUy, B m3oxopHOM mporecce A, =0,
a B uzorepmuyeckoMm mpouecce AU,; = 0. IMoatomy Q3 =AU+ Ay u
A2 = Ajs. Ipu mepexome 2 — 3: Q= AUy + Ay = Aps.

CnenoBarenbHo, Q3 = AU, + Qos.

W3meHeHue BHYTpeHHEHN sHEpruu ra3a npu nepexozae 1 — 2:

3
AU12 = ? VRAT]Z. HOCKOHLKy Ale = 2T0 , TO AUlz = 3VRTO.

Qi _ 3vRTy+ Qs ~2

IMosromy: Qa3 = 3VRTy + Qu;,
Ay Qs

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
IpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (POPMyNbI, HEOOXOAUMBIE AT PEIICHHS
3aJ1a4d, HO B OZ[HOﬁ W3 HUX JIOMYIICHA OITHOKA.
5 0)041
— OtcyTerByeT oaHa U3 GopMyJl, HEOOXOAUMBIX ISl PELICHUS 3314 H.

Bce ciyuan penieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (Mcroip30BaHHE
HETPIMEHUMOTO 3aKOHA, OTCYTCTBHE Ooliee OIHOTO HCXOMHOTO
ypaBHEHMs], pa3pO3HEHHbIE 3aKCH H T.I1.).
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 137 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapwuant: 137

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10) Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)
KakoBo  paccrosame d  Mexay — oOKIamkaMu — B pemrennn conmepxutcs OommOKa B HECOOXOAUMBIX MaTeMaTHYCCKUX 1
KOHJIeHcaTopa (CM. PHUCYHOK), €CJIHM HamlpsHKeHHOCTh € Ry ¢ peoOpa3oBaHUAX U OTCYTCTBYIOT KaKUe-THOO YMCIIOBEIE PacyeThl.
UIEKTPUUECKOTO TIoNIsl  Mexnxy Humu FE =5 kB/Mm, rT R, nim
BHYTpPEHHEE COMPOTHUBIIEHHE UCTOYHUKA TOKa 7 = 10 OmM, — 3amucaHbl BCe HMCXOIHBIE (DOPMYIIBI, HEOOXOIMMBIC UISA pPEIICHUS
ero DJIC € =20B, a comnpoTUBIEHUS PEZUCTOPOB 3amaun, Ho B OJIHOM u3 Hux nomyiieHa ommoKa.
R =100mu R, =20 Om? W
OrBer: — OtcytcTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1auH.
Bce ciywaun pemieHusi, KOTOpble HE COOTBETCTBYIOT BbIII€YKa3aHHBIM 0

OBpasent BOSMOYKHOTO pellIeHHs KpUTEpHUSIM  BBICTaBJIEHHUs] OLEHOK B 1, 2, 3 Oamna (ucHonb3oBaHUE
3HaueHHs HANPSDKCHUST Ha KOHJCHCATOPE M MapajUieNIbHO MOJCOCAMHEHHOM HETPHMEHNUMOTO  3aKOHa, OTCYTCTBHe GOJee OJIHOTO HCXOIHOTO
pesucrope onuHakoBel: U =1R,, U =Ed, rne E — HanpsykeHHOCTH oSl B ypaBHEHHS, pa3po3HEHHbIE 3aMHCH U T.IL).
koHzaeHcaTope. CnenopatenpHo, d= IR?z
3akon Oma: 1= L IMoaromy d= __&R, 2:107 (m).

R, +R, +r ER;+R,+r)
OtBer: d=2 MMm.
Kputepun o11eHKM BBINOJIHEHUS 3 JaHUs Banel

[IpuBeneHo MONHOE MPAaBUIBHOE PELICHUE, BKIIOYAIOIIEE CIIELyIOIe 3
3JIEMEHTBI:

— BEPHO 3amlMCaHbl (OPMYJIBI, BBIpaXAOMKe (DU3UUCCKHE 3aKOHBI,
IIpUMEHEHHE KOTOPBIX HEOOXOIMMO JUTS PEIICHNUS 3a/1a9i BEIOPaHHBIM
crnocoboM (B JaHHOM pemieHuH — 3akoH Oma 0na noiHol yenu u
VuacmKa — yenu,  PAGEHCMBO — HANPANCEHUN  HA  NAPATLIETbHO
COCOUHEHHBbIX DNeMEHMAx Yenu, C6A3b PA3HOCU HOMEHYUAI08 C
HANPSIHCEHHOCMbIO NOJIS),
— TIpOBEIEHBI HEOOXOIWMBIE MaTeMaTHYeCKHEe NpeoOpa3oBaHHSA H
pacyersl, TMPHUBOIAIIKMEC K IPABUIBHOMY 4YHCIOBOMY OTBETY, H
MpeacTaBieH oTBeT. [Ipu 3ToM Jomyckaercst pemieHue "mo gactsaM” (¢
[IPOMEKYTOYHBIMH BBIYHCIICHHUSIMH).
— IlpencraBieHo MpaBWIIBHOE PEIIEHHE TOIBKO B 00IIeM Buue, 6e3 2
KaKAX-JTNOO0 YHCIOBBIX PACUCTOB.

Wi
— IlpaBunbpHO  3ammcaHbl  HEOOXOAMMBIE  (OpMyNbI,  3amKCaH
MpaBWIBHBI  OTBET, HO HE TMPEICTaBICHb MpeoOpa3oBaHMUA,
TIPUBOSIINE K OTBETY.

NI
— B Maremarmueckmx  TpeoOpa3’oOBaHMAX WM BBIYMCICHHAX
JlonyIieHa oumbka, KoTopas IpuBelia K HeBEPHOMY OTBETY.
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 137
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 7/10)

Ha sHenpoBonsiiell TOpu30HTaNbHON TOBEPXHOCTU

OJIHOPOJIHOM TOHKOI IPOBOJIOKU, COTHYTOH B BUJIE
paBHOCTOpoHHero  TpeyrompHuka ADC  co \

CTOpPOHOW, paBHOW a (cM. pucyHOK). Pamka, 1o / \

. A

CTOJIa JICKHAT IIpOBOIANIAs JXKECTKasd paMKa H3 /\
=

B

KOTOpOH TedeT TOK /, HaXOAUTCA B OJHOPOAHOM
TOPU30HTAJILHOM  MarHUTHOM  IIOJIe,  BEKTOp
9

HHIYKIAH ~ KOTOPOro B meprneHIuKyispeH 2
cropone CD. Kakum pomkeH OBITH  MOAYIb

MHAYKIMHA MarHATHOTO TOJIsI, 4TOOBI paMKa Hadajia MOBOPAYHUBATHCS BOKPYT
croponsl CD, eciii Macca paMku m?

OtBeT:

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM BapnaHT: 137
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 8/10)

— [lpaBunbHO  3ammcaHbl  HeoOXomuMBble  (OPMYJIBI,  3ammcad | 2
MpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISIILIE K OTBETY.

NI
— B maremarnueckux npeobpa3oBaHUAX JOMyIIEHa OIIMOKa, KOTopas
IIpUBENIA K HEBEPHOMY OTBETY.

— 3ammcaHBl BCe MCXOAHBIC (DOPMyIBI, HEOOXOMUMBIC IS PEIICHHS 1
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

150151
— OtcyTcTBYeT 0/1Ha M3 POPMYIT, HEOOXOMMMBIX JUTS PEIICHHS 33/1a9H.

OO0pasen BO3MOKHOTO PEIICHUS

Bce cnmydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICyKa3aHHBIM | 0
KpUTEpHUSIM  BBICTaBIIEHUs OLEHOK B 1, 2, 3 Oamna (MCHONb30BaHUE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJTHOTO
ypaBHEHWUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).

ITo pamxke Teuer Tok I. ITycTh MOysIb BEKTOpa MarHUTHOM MHIAYKIMU paBeH B.
Ha croponsl pamku JeiicTByeT cuiia AMiepa.

. 1
Ha cropony AD: Fa; = 1aB sin(t — o) = EIaB, rae a = 30°;

. 1
Ha ctopony AC: Fx, =1aB sina = EIaB;

Ha ctopony CD: Fp; = 1aB.
CyMMapHbIil MOMEHT 3TUX CHJI OTHOCUTENBHO ocu CD:

a\/§+F a«/g_x/gIaZB

N, =Fy 2 A2y 4
mga
MOMEHT CHIIBI TSKECTH: ng =——=—. VYcnoBus orpeBa: Nj + N, = 0,
23
314*°B _ mga 2m;
f— > g . Orcroga B > g. Jlomyckaercst OTBET B BUJI€ PAaBEHCTBA.
4 23 3al
Kputepun olieHKH BBINOJIHEHUS 3aJaHUs bamel

[IpuBeneHo moiHOE IPaBHIIBHOE PElICHHUE, BKIIOYalOIee cienyoomue | 3
SIIEMEHTEHI:

1) BepHO 3amucaHbl (OPMYIBI, BEIpaXarolMe (U3NYECKUE 3aKOHBI,
IIPUMEHEHNE KOTOPBIX HEOOXOJMMO ISl pELICHHs 3a/1aull BEIOpaHHBIM
croco0oM (B JaHHOM cllydae — (popmyasl 051 paciema cuivl Amnepa,
MOMEHMO8 CUl),

2) TmpoBeneHBl HEOOXOAWMBIC MaTeMaTHYeCKHe MpeoOpa3oBaHMs,
MIPUBO/ISIIINE K [TPABUIBHOMY OTBETY, M IIPEJICTaBIEH OTBET.
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Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS ZaﬂaH"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 137

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp

9/10)

B nByx ombitax mo (oTodddexTy Merammdeckas IUIACTUHKA 0OTydaiach

CBETOM C JUIMHAMHU BOJIH COOTBETCTBEHHO A; = 350 HM u A, = 540 M. Kakum

o U;
ObUIO OTHOIIEHHE MAaKCHUMAJIBHBIX CKOpOCTeHl (HOTODIEKTPOHOB U—'

OTIBITAX, €CJIM PA0OTa BBHIXOA C TIOBEPXHOCTH METAIIA Ay = 1,9 9B?

Ot1BeT:

B OTHX

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapHaHT: 137

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)

OO0paser BO3MO>KHOTO PEIICHUS

VYpaBHenue DitHmTeHA 111 (OTOIhEKTa B IEPBOM OIBITE:

2
+ MU max
8blX 2 *

th :A

VYpasHenue DitHmTeitHa A1 (HoTodhPEeKTa BO BTOPOM OIBITE:
2

_ mU2max
hv, =4, +—2 .

CBs13b JJIMHBI BOJIHBI CBE€TA C YacTOTOH B NIEPBOM OIIBITE:

__C
}\«1 - .
Vi

CBs13b JJIMHBI BOJIHBI CBC€TA C YacTOTOM BO BTOPOM OIIBITE:

(1

@

3)

“4)

Pemas cucremy ypaBHenuit (1) — (4), mosyyaeM OTHOIIEHHE MaKCHUMaJIbHBIX

cKopocTeil (POTOITEKTPOHOB:

— IlpencraBneHo mpaBUIBHOE PEIICHHE TOJBKO B 00IIEM Buue, 6e3
KaKHX-TN00 YHCIOBBIX PACUCTOB.

W
— [IpaBunbHO  3ammcaHbl  HEOOXoAWMEBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MpEeICTaBICHb MpeoOpa3oBaHUA,
MIPUBOJISILIHIE K OTBETY.

N
— B Maremaruueckux  IpeoOpa3’oBaHMSAX MM BBIYUCICHHUAX
JIONyIIeHa ontnOKa, KOTopas IpHBeia K HEBEPHOMY OTBETY.

2

— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THOO0 YUCIOBbIE PACUETHL.
NJIN
— 3ammcaHBl Bce MCXOAHBIE (POPMyNbI, HEOOXOMUMBIC AT PEIICHUS
3anaun, Ho B OJIHOM u3 Hux jomymena omuGKa.
i
— OtcyTcTBYeT 0jHa U3 PopMy, HEOOXOAUMBIX JUIS PEIlIeHHs 3a/1a4H.

Bce ciryuan peleHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM
KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroiIp30BaHHE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOIHOTO
YpaBHEHUsI, pa3pO3HCHHbIC 3aIICH H T.I1.).

OTBeT: n ~ 2.
KpuTepun olleHKH BBIMOJHEHMS 3aJaHHs Baibt
[IpuBeneHo MoNMHOE MPAaBUIBHOE PELISHHE, BKIIOYAIOIIEE CIeTyIOIne 3

3JIEMEHTHI:
1) mpaBmipHO 3amucaHBl (HOPMyNBI, BBIpaKAIOIINE (QHU3UIECKUE
3aKOHBI, [IPUMEHEHHE KOTOPBIX HEOOXOIMMO [UIsi pELIeHHs 3a/ladd
BBIOpaHHBIM CHOCOOOM (B IaHHOM pEHICHHH — ypasHeHue
Duinwmetina ona gomoaghpexma u gopmyna, ceazvisarowas OnuHy
6OJIHbL INEKMPOMASHUMHBIX 60IH C YACMOMOIL);

2) mpoBeleHbl HEOOXOIMMBbIE MaTeMaTH4ecKHe IpeoOpa3oBaHMs H
pacdeTsl, TPHBOIAIIHAE K TIPAaBHIBHOMY YHCIOBOMY OTBETY, H
mnpeacTasieH oTeT. [Ipu 3ToM fpomyckaercs pemieHue "mo dactam" (¢
IIPOMEKYTOYHBIMH BBIYUCIICHHUSAMH).
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI M Mapa ocTaeTcss Hen3MeHHoH. Kak OyaeT MeHATbCA NpH 3TOM Macca
napa B cocyge? OTBET MOSICHUTE.

OtBeT:

OO0paser BO3MOKHOTO PEIICHUS

Boxa u BonsHOH map HaXxoIATCs B 3aKpbITOM COCYyZE€ [UIMTEIILHOE BpeMs,
IIO3TOMY BOJSHOW Iap ABISETCA HACBILECHHBIM. lIpy BABUraHMM MHOPIIHSA
IIPOMCXOJUT HM30TEPMHUYECKOE C)KAaTUE I1apa, JaBICHUWE M IUIOTHOCTh
HACBIIIEHHOTO Tapa B 3TOM Ipolecce He MeHsoTcs. CrenoBaTenpHO, Oyner
IIPOUCXOANTH KOHJICHCALMsI apoB BOJbI. 3HAYMT, Macca Iapa B cocyne Oyner
YMEHBIIATHCSL.

KpuTepuu OLCHUBAHUS BbINMOJHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTHIM OTBETOM BapnaHT: 138
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rmagkoll ropu30HTanbHON IJIOCKOCTH HAaXOAMTCS JJIMHHAs JOCKa Maccoi

M =2 xr. TTo nocke ckomb3uT maiida Maccoit m. KoapduumeHT TpeHus Mexry
maiboi u gockor p=0,2. B HaYaabHBII MOMEHT BPEMEHH CKOPOCTh MIAHOBI
vy =2 M/c, a nocka mokoutcs. B moment T = 0,8 ¢ mraiiba mepecTaeT CKOJIB3UThH
10 J10cKe. Yemy paBHa Macca 1aiob1 m?

O06pazer] BO3MOXKHOT'O PELICHHUS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BHemHue cuibl, OEHCTBYIONIME Ha CUCTEMY Tel «JIocka — Imnaiibay,
HaIpaBJICHBI 110 BEPTHKAIN M B CyMME PaBHBI HYIIO. VIMITyJIbC CHCTEMBI TeX
«J0cKa — maiiba» OTHOCHTENBbHO 3eMiu coxpansiercs:  muyy = (M + m)o,

IJIe U — CKOPOCTh LIAaHOBI M JIOCKH MOCIIE TOTO, KaK I1aii0a nepecraia CKOJIb3HUTh
IO JIOCKE.

2. Cuna TpeHHs, AeicTByIOIAs Ha JOCKY CO CTOPOHBI Iaii0bl, TOCTOSHHA

Frp = umg.

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Ilon melicTBMEM 3TOH CHIBI JIOCKA IBMIKETCS C YCKOPEHHEM a = u% gu
Mv
JOCTHTaeT ckopocTr v 3a Bpems 1=L =ML — I—
a pmg pg(M+m)

o)
Otcroma m=M| —>—1|=0,5 kr. Otser: m=0,5 K.

ngt

Kpurepuu OIEHKH BBITOIHEHHUS 3a[aHus Basnbr

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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IIpuBeneHo MomHOE MPaBUIIBHOE PEIIEHHE, BKIIOYAIOIee CIeTyoHe 3
3JIEMEHTHI:

1) mpaBunbHO 3amucaHel (OPMYJBI, BBIpAXKAOMUEe (UINUSCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UIsi pELIeHHs 3aladudt

BEIOpAaHHEIM CIIOCOOOM (B HaHHOM DPELIEHHUH — 3AKOH COXPAHEHUs
umnynvca, emopou saxon Hviomona, gopmyna ona pacwema cunvi
mpeHus);

2) mpoBeleHbl HEOOXOIMMBIE MaTeMaTH4eCKHe INpeoOpa3oBaHHs U
pacdeTsl, TPHUBOIAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npenacTasieH oTBeT. [Ipu 3ToM nomyckaercst pemieHue "mo yactam" (¢
TTPOMEKYTOUHBIMH BEIYHCICHHUSIMH).

— IlpencraBiieHO MpaBIIIFHOE pEIIEHHE TOJIBKO B o0mmeM Buue, 0e3 2
KaKHX-JTM0O YUCIOBBIX PACUETOB.

W
— [MpaBunbHO  3ammcaHbl  HeoOXoauMbIe  (HOPMYIBI,  3amucaH
MPaBWIBHBI  OTBET, HO HE TMPEICTAaBICHBI MpeoOpa3oBaHus,
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM BapnaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)

MIPUBOJISIILME K OTBETY.
NI

— B  maremaTnueckux  INpeoOpa3OBaHMSAX  WIM  BBIYHUCICHUSX

JIOTIyIIieHa OmmnOKa, KOTOpasi MpUBENa K HEBEPHOMY OTBETY.

— B pemrennn conmepxutcs ommoOKa B HECOOXOAUMBIX MaTeMaTHICCKUX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-THOO YMCIOBEIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (DOPMYIIBI, HEOOXOJMMBIE UIS pPEIICHUS
3agaun, Ho B OJIHOM u3 Hux nomyiieHa ommoKa.
W
— OtcytceTByeT oHa U3 HopMyJs, HEOOXOAUMBIX IS PEIICHHUS 3a0a4H.

NPHMEHEHHE KOTOPhIX HEOOXOMNUMO IS pelleHHs 3aa9H BEIOpaHHBIM
crocoOoM (B JaHHOM DPEUICHUU — HepPEblil 3aKOH MePMOOUHAMUKU,
Gopmyna 0Ons  pacuema pabomvl 2aza, GHYMPEHHEU IHepeuu
OOHOAMOMHO20 — UOEANbHO20 — 2a3d; HEU3MEHHOCMb  GHYMpPeHHel
SHepeuU 2a3a npu U30mepMu4eckom npoyecce),

— TpOBeCHB HEOOXOIMMBIE MaTeMaTHYEeCKHE NpPeoOpa3OBaHUS H
pacdeThl, MPUBOASIINE K MPABWIBHOMY YHCIOBOMY OTBETY, H
npezacTasieH oTBeT. [Ipu 3ToM jgomyckaercs penieHue "mo dactsam" (¢
MIPOMEKYTOUHBIMH BEIYHCICHHUSIMH).

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KpUTEpHUSIM  BBICTaBJIEHUs] OLEHOK B 1, 2, 3 Oamia (ucHonb3oBaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUS, Pa3pO3HEHHBIE 3aIHCH U T 11.).

OpauH MOJIb OJJHOATOMHOTO HICAJBLHOrO rasa COBCpHIACT p.

npouecc 1 — 2 — 3. Ha yuactke 2 — 3 k rasy moaBoOJsT
2500 x Temnotel, 1o =300 K. Haiimute oTHOmIEHME
KOJIMYECTBA MOJBEICHHON K Ta3y TemioThl O3 K pabore
A\»3, COBEpIIIAEMOIi Ta30M B XOJIe IpoIiecca.

O1BeT:

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B oOImIeM Buue, 0e3 2
KaKHX-JTM0O0 YUCIOBBIX PACUETOB.

Wi
— IMpaBunbHO  3ammcaHbl  HeoOXoaWMbIe  (HOPMYIBI,  3amucaH
MpaBWJIBHBI  OTBET, HO HE TPEACTaBICHBl MpeoOpa3oBaHus,
MIPUBOISIIUE K OTBETY.

Wi
— B Maremartuueckux — TOpeoOpa3OBaHMSAX MM BBIYHCICHHUAX
JIOTyTIeHa OIMMUOKa, KOTOpasi IpUBeJia K HEBEPHOMY OTBETY.

O06pa3zer BO3MOXHOTO PEIICHHS

— B pemennn cogep>kuTcs ommOKa B HEOOXOIMMBIX MaTeMaTHIECKUX 1
peoOpa3oBaHMsIX U OTCYTCTBYIOT KaKHE-THOO YHUCIIOBBIC PACUCTHI.
W
— 3ammcaHbl BCe HMCXOIHBIE (DOPMYIBI, HEOOXOIAMMEBIE UIS PELICHUS
3azaun, Ho B OJIHOM u3 Hux nomyiieHa ommoKa.
W
— OtcyteTByeT oHa U3 GopMyJs, HEOOXOAUMBIX JUIS PELICHUS 3a0a4H.

A=A+ Ay, U3 pV=vRT nomyuaem: p;AV,, =VRAT;;, =

Ay, = vVRAT}; = 2vRT,, nockonbky AT, =2T,.

B mponecce 2 — 3 Q2 =AUy; + Ay;. Ho on uzorepmuueckuii. [ToaTomy
AUp =0, A»;=Qxn, u Az =2VRT+ Q. Qi3 = Q2+ Q.

CornacHo nmepBoMy 3aKOHY TepMoAuHaMuKu, Q= AUj, + Apy,

3
npuuem AU, = > VRAT}, =3VRT,. Tak kak A, =2vRT,, o Qi = 5vRT,,

Bce ciyuan penieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KPUTEPUSIM BBICTABJICHUSI OLEHOK B 1, 2, 3 Gamma (MCHOJIB30BaHUE
HETIPIMEHUMOT'O 33aKOHA, OTCYTCTBHE OoJiee OIHOTO HCXOXHOTO
ypaBHEHHUs], pa3pO3HEHHbIE 3aHCU U T.I1.).

RT,+
Q123 = 5vRTy + Qps. Qs = SVRTy* Qs ~2. Ortser: % ~ 2.
Ay 2VRT+Qys Ay
Kpurtepuy OlleHKH BBITOJHEHUS 33 aHUsI Baibt

[TpuBeneHo MoNHOE MPaBHIIBHOE PEIICHHUE, BKIIOYAIONIEE CIIETyIOIINe 3
JNIEMEHTHI:
— BEpHO 3amucaHbl (OpMyJibl, BbIpaxkalouie (U3UUECKUE 3aKOHBI,
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10)

HanpspkeHHOCTh  ANIEKTPHUYECKOTO  MOJNS  IIOCKOTO
KOHJeHcaTopa (CM. pHCYHOK) paBHa 24 kB/M. ¢ C==
BHyTpennee comportuBieHne ucTtouHmka 7= 10 Owm,
OJC € =308, COIIPOTUBIIEHUS  PE3UCTOPOB
Ry =20 0wm, R,=40 Om. Haiinure paccrosiHue MEXIY
IUTAaCTUHAMU KOHJIGHCATOPA.

Ry

~

Ry

OTtBeT:

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM BapnaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)

— 3amnmcaHbl Bce MCXOMHBIE (OPMYJIbI, HEOOXOANUMBIE Ul PEIICHUS
3amaun, Ho B OJIHOM 13 Hux momymena omuoKa.

NI
— OtcyTcTByeT oiHa U3 GopMyJI, HEOOXOANMBIX [UIsl PEIICHNUS 33/1a4H.

O6paszerr BO3MOXKHOTO PEIHICHHS

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTaBJICHHS OLEHOK B 1, 2, 3 Gamma (Mcroip30BaHHE
HENPUMEHHMOI'0 3aKOHA, OTCYTCTBHE 0ojiee OJHOIO HCXOIHOTO
ypaBHEHHUs, pa3pO3HECHHBIE 3aMHCH H T.I1.).

DNeKTpUUecKuil TOK depe3 MOocienoBaTeNibHO BKiItoueHHble Ry u C He uzer,
MMOATOMY HATPsDKEHHS Ha KOHJICHCATOpE M pe3rcTope R, OAWHAKOBBI M paBHEL:
U=1R,, U=Ed, rne E — HanpspkeHHOCTH moJIs1 B KOHAeHcarope. Otciona

a=22
CornacHo 3akony Oma, [ = L = d= &
r+R, (Ry+1)E
Otser: d=10"M=1mm.
KpuTepnu oLileHKN BBINOJTHEHUS 331aHNS baus
IIpuBeneHo MoTHOE MPAaBMIIBHOE PEIICHHE, BKITIOUAIOIISE CIICTYOIHe 3

3JIEMEHTBI:
1) BepHO 3amucaHBl (OPMYJBI, BRIpaXarommue (U3NIECKHE 3aKOHBI,
[IpUMEHEHHE KOTOPhIX HEOOXO0AMMO JUlsl PEIIeHNs 33a1a4i BHIOpaHHBIM
crioco0oM (B JaHHOM pemeHHn — 3akon Oma O0na noaHou yenu u
yuacmka — yenu, paseHcmeo — HANPAJICEHUU  HA  NAPALIENbHO
COEOUHEHHBIX DJIeMEHMAax Yenu, CA3b PA3HOCMU NOMEHYUAL08 C
HANPAICEHHOCMbIO NOJIA);

2) mpoBeleHbl HEOOXOIMMBIC MaTeMaTH4eCKHe IMpeoOpa3oBaHHs H
pacdeTsl, TPHBOIAIINE K TIPAaBHIBHOMY YHCIOBOMY OTBETY, H
npeacTtasieH oTeT. [Ipu 3ToM fgomyckaercs pemieHue "mo gactsam" (¢
MIPOMEKYTOYHBIMH BBIYNCIICHHSMH).

— IlpencraBneHo mpaBUIBHOE PEIICHHE TOJBKO B 00IIeM Buue, 6e3 2
KaKHX-TN0O0 YHCIOBBIX PACUCTOB.

N
— [IpaBunbHO  3ammcaHBl  HEOOXOoAWMEBIE  (OPMyNBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MpPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOAALINUE K OTBETY.

N
— B Maremaruueckux  IpeoOpa3’OBaHMSAX MM BBIYMCICHHUSAX
JIONyIIeHa onInOKa, KoTopas IpHBeJia K HEBEPHOMY OTBETY.

— B pemmennn conepxutcs ommoOka B HEOOXOANMBIX MaTeMaTHIECKUX 1
IpeoOpPa30BaHMIX U OTCYTCTBYIOT KaKHe-THOO YUCIOBBIE PACUETHL.
NJIN
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 138 Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 138

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 7/10) Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 8/10)
Ha HenpoBojsiieil TOPU30OHTANBHON MOBEPXHOCTH — 3anucaHbl BCe MCXOAHBIC (OPMYIIbI, HCOOXOLUMBIC IS PELICHUS 1

CTOJIa JIEXKHUT NpOBOASIIAs KECTKAas pamMKa U3 A C 3azaun, Ho B OJIHOM u3 Hux nomyuieHa ommoka.

OJHOPOJHOM TOHKOH MPOBOJIOKH, COTHYTasi B BUIE nin

kBagpata ACDE co cropoHoil a (cM. pUCYHOK). @ > — OtcyTcTBYeT 0tHa U3 POpMYIT, HEOOXOMMMBIX JUIS PEIICHHS 3a/1a9H.

Pamxka HaXOIUTCA B OLHOPOJHOM TOPU30HTAJIBLHOM Bce CiIyd4an pCII€HHA, KOTOPBIC HE COOTBETCTBYIOT BBIINICYKA3aHHBIM 0

%
MATHHTHOM TIONe, BEKTOp MHIYKIHMH B KOTOPOTO E > KpPHUTEpUSM BBICTABJICHHUS OLEHOK B 1, 26, 3 Gamnma (UcCHOIB30BaHHE
TIepIICHMKYIISPEH CTOPOHAM AE u CD. Ilo pamKke HCIIPUMCHUMOI'0 3aKOHa, OTCYTCTBHC 0JIEE OJAHOIO0 HCXOOHOIrO
ypaBHEHHUs, pa3pO3HEHHBIC 3aMHCH H T.II.).

MIPOTHB YaCOBOW CTPENKH TPOTEeKaeT TOK [, Macca pamku m. [Ipu Kakom
3HAaYCHUU MOJYJsI BEKTOpa MArHUTHOM WHAYKUUM paMKa HaYMHAET
IIOBOPaYMBATHCS BOKPYT cTOpoHbI CD?

Ot1BeT:

O06paszer BO3MOXHOTO PEIICHHS
ITycte Monyns BekTOpa MarHuTHOM uHAykuuu paseH B. Ha ctoponsr AE u CD
OynyT neiictBoBaTh cuiibl Amnepa Fay = Fa, = 1aB.
MowmeHT cuibl AMIiepa OTHOCHTENBHO OCH, NIPOXOJsiiei yepe3 cropony CD,

N, = 1a’B.
1
MoMeHT CHIIBI TSKECTH OTHOCHTENBHO och CD: N, = — Emga.
mga m,
Vcnoeue orpeBa: Ny + Ny, = 0, | IS g OTcrona B > _g.
2al

Jomyckaercst OTBET B BHJIC PABECHCTBA.

Kpurepuy OLieHKY BBITOTHEHS 33 TaHUsI Baibl
[IpuBeneHo MONHOE MPaBUIBHOE PEIICHHE, BKIIOYAIOIIEe CIETyIOIne 3

AJIEMEHTBHI:
1) BepHO 3ammcaHbl (GOpMyIbl, BBRIpaXkaromue (U3MUECKHE 3aKOHHI,
NPUMEHEHNE KOTOPBIX HEOOXOIMMO JUIS pelIeHus 3aAa4l BRIOpaHHBIM
croco0oM (B JaHHOM CIlydae — (popmyasl Oisi paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mnpoBeneHbl HEOOXOOMMble MaTeMaTHuYecKue mpeoOpa3oBaHus,
IIPUBOISIINE K IPABHIFHOMY OTBETY, U IIPEJICTaBIICH OTBET.

— IlpaBunbHO  3ammcaHbl  HeoOXomuMmble  (OpPMYJbI,  3ammcaH | 2
MpaBWIBHBIL OTBET, HO HE MpPEACTABICHBI MpeoOpa3OBaHMs,
MIPUBOJISIINE K OTBETY.

NI
— B MaremaTnueckux npeoOpa3oBaHHsX JOIYyILIEHA OIIMOKA, KOTOpas
IIpUBeJIa K HEBEPHOMY OTBETY.
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]3H"ﬁ C Pa3BepHYTBHIM OTBETOM BapMaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 9/10)

B nByx ombiTax mo ¢oTodddekTy MeTanmamyeckas INIACTHHKA, IS KOTOPOH

paboTa BBIXOAA C MOBEPXHOCTH MeTaia Ay, = 1,9 3B, obmyyanach cBeTOM ¢
JUTHHAMH BOJIH COOTBETCTBEHHO A U A,. Kakoil Obuia JUTMHA BOJHBI B IEPBOM
OMBITE A, €CIHM BO BTOPOM OHAa COCTaBsia A, =540 HM, a OTHOILEHHE

o 1%
MaKCHMAIIBHBIX CKOPOCTEH (POTOIICKTPOHOB U—l =27
2

OT1BeT:

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM BapnaHT: 138
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)

OO0paszer BO3MOKHOTO PEIICHUS

VYpaBHenue DitHmTEHHA 11 (OTOIDPEKTA B IEPBOM OIBITE:
2

— IlpencraBneHo mpaBUIBHOE PEIICHHE TOJBKO B 00IIEM Buue, 6e3
KaKHX-TN00 YHCIOBBIX PACUCTOB.

W
— [IpaBunbHO  3ammcaHbl  HEOOXoAWMBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MpEeICTaBICHb MpeoOpa3oBaHUA,
MIPUBOJISILIHIE K OTBETY.

N
— B Maremaruueckux  IpeoOpa3’oBaHMSAX MM BBIYUCICHHUAX
JIONyIIeHa ontnOKa, KOTopas IpHBeia K HEBEPHOMY OTBETY.

2

— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THOO0 YUCIOBbIE PACUETHL.
NJIN
— 3ammcaHBl Bce MCXOAHBIE (POPMyNbI, HEOOXOMUMBIC AT PEIICHUS
3anaun, Ho B OJIHOM u3 Hux jomymena omuGKa.
i
— OtcyTcTBYeT 0jHa U3 PopMy, HEOOXOAUMBIX JUIS PEIlIeHHs 3a/1a4H.

Bce ciryuan peleHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM
KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroiIp30BaHHE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOIHOTO
YpaBHEHUsI, pa3pO3HCHHbIC 3aIICH H T.I1.).

MV | max
hv, _A8b1x+T' )
VYpaBHenue DitHmTeitHa A1 (oTO3hPEKTa BO BTOPOM OIBITE:
2
MO3 max
hV2 = Aeblx s (2)
2
CBs13b IIMHBI BOJIHBI CBETA C YACTOTON B IEPBOM OIBITE:
_c
A =—. 3)
Vi
CBs3b JUTMHBI BOJIHBI CBETA C YaCTOTOH BO BTOPOM OIIBITE:
_c
Ay =< @)
Va
OTHOIIEHNE MaKCUMAJIBHBIX CKOPOCTEH (POTORIEKTPOHOB!
v
n= 1 max . (5)
U2 max
. heh,
Pemas cucremy ypasaenuit (1) — (5), momyuaem: A, = .
2 2
n hc+ Ay h,(1-n7)
Ortsert: A; = 360 HM.
Kpurepun olieHKH BBIITOJHEHUS 3a0aHUs bannsr
IIpuBeneHO MoTHOE MPAaBUIIBHOE PEIICHHE, BKIIOYAIOIEe CIIeIyOHe 3

3JIEMEHTHI:
1) mnpaBuUIBHO 3amMCaHBl (OPMYJBI, BBIpAXKAOMUe (UIMIECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UISl pPELICHHs 3a/ladd
BBIOpaHHBIM  CITIOCOOOM (B JAHHOM pEIICHUH —  YpaeHeHue
Diinwmetina ons ghomospgpexma u Gpopmyna, ceazvieawas ONUHY
6OJIHbL IIEKMPOMASHUMHBIX 60IH C YACMOMOIL);

2) mpoBeleHbl HEOOXOIMMBIC MaTeMaTH4eCKHe IpeoOpa3oBaHHs H
pacdeTsl, TPHBOIAIINE K TIPAaBHIBHOMY YHCIOBOMY OTBETY, H
npeacrasied oreeT. [Ipu aToMm nomyckaercst pemeHue "mo yactam” (c
IIPOMEKYTOYHBIMH BBIYUCIICHHUSAMH).
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KpuTepuu OLCHUBAHUS BbINMOJTHCHUS 33}]aHMﬁ C Pa3BepHYTBHIM OTBETOM BapnaHT: 139
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

u ee map. [lopmeHs HaunHAIOT BABUTaTh B cocyd. IIpu 3ToM Temmeparypa
BOJABI M TMapa ocTaerca HeusMeHHOW. Kak Oyner MeHSTbcs TpH 3TOM
OTHOULIEHHE MACChI Iapa K Macce XKUAKOCTH B cocye? OTBET MOSICHUTE.

Ot1BeT:

OO6pazen; BO3MOXKHOTO PEILICHUS

Boxa u BoAsHOM map HaxomsTCs B 3aKpBITOM COCYIE UIMTENIBLHOE BpeMH,
IIO9TOMY BOJSHOW Map SBJIAETCS HAchILEHHbIM. IIpy BABUraHuM MOPLIHS
IIPOMCXOIUT M30TEPMHUYECKOE CXKATUE Iapa, JAaBICHHE U IJIOTHOCTh
HACHIIIEHHOTO Tapa B 3TOM Iporiecce He MeHsrorcs. CienoBaTenbHo, Oyaer
MPOUCXOAUTH KOHJAEHCAUUs I1apoB BOJbl. Macca )HAKOCTH OyAeT Mpu 3TOM
YBEJIMYMBATHCS, & MACCa N1apa YMEHbUIATLCS. 3HAUUT, OTHOILIEHHE MACChl IIapa
K Macce )KHIKOCTH B cocyie OyaeT YMEHbIIAThCSI.

KpuTepuu OLCHUBAHUS BbINMOJHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTHIM OTBETOM Bapnal—rr: 139
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rnaaxoil ropu3oHTaJIbHON MJIOCKOCTH HaXOAMTCSA JUIMHHAsA JOCKA Maccou

M. Tlo pmocke ckonb3uT maiba maccoir m = 0,5 kr. Koaddunuenr tpenus
MexIy maiiboit u mockoit = 0,2. B HayanpHBI# MOMEHT BpPEMEHH CKOPOCTb
maiosl vy =2 M/c, a gocka mokoutcs. B Mmoment t = 0,8 ¢ maiiba mepecraet
CKOJIL3UTD 110 JIOCKE. Yemy paBHa Macca 1ocku M?

O0pasel] BO3MOXKHOTO PELICHHUS

Kputepun oLieHKY BBIIOJIHEHUS 33 JaHUs Bbanunbt

IlpuBeneHO  TONHOE  MPABHIBHOE  PEIICHHE,  BKIIOYAIOIIEE
CITC/TYFOIITHE SJICMEHTBI:

1) BepHO yKa3aHBI (M3WUYECKHC SBICHUS U 3aKOHBI (B JaHHOM
clydae —  GOOAHOU  NApP — CMAHOBUMCS — HACLIUWEHHBIM, 3
He3a8UCUMOCMb NIOMHOCMU (0A8NIeHUs) HACBIWEHHO20 napa om
0bvema npu 0aHHoU memnepamype) v TIOJIy4eH BEpHBINA OTBET;

2) IpHUBEICHBI PACCYKACHHS, IPUBOIAIINE K IPABIIIBHOMY OTBETY.

IIpencraBieHo IpaBUIIBHOE PELICHUE U NIOJIYUYEH BEPHBI OTBET, HO

—YyKa3aHbl He Bce (U3MUCCKUE SBJICHUS MM 3aKOHBI, HEOOXOJUMbIE

Ul IOJTHOTO IIPaBUJIBHOTO OTBETA,; 2
i

— He [IPEJCTABIEHbI PaCCY)KICHUS, IPUBOJSIIINE K OTBETY.

1. BuemHue cuibl, JOEMCTBYIOIIME HAa CUCTEMY Tel «IOCKa — IIaibay,
HaIpaBJICHBI 110 BEPTHKAJIM M B CyMME PaBHBI HYIIO. VIMIyIIbC CHCTEMBI Te
«0CKa — Iaiiba» OTHOCHTENBHO 3eMin coxpansiercs:  muy = (M + m)o,

I7ie U — CKOPOCTH IMAaii0bl ¥ JOCKH MOCIIEe TOro, KaK IIaitda rnepecrana CKOJIb3UTh
IO JOCKE.

2. Cuna TpeHHs, JIeHCTBYIOIMAs Ha JOCKY CO CTOPOHBI IAi0BI, TOCTOSHHA

Fip, = umg.

HO}I )ICfICTBPIeM S9TOH CHJIBI A0CKa IBHIKETCA C YCKOPCHHEM a=u%g )4

M
JI0CTHTaeT ckopocTu v 3a pems 1 =2 =ML - Yo
a wmg pg(M+m)

Otcrona M = m—YeT __» (xr). OtBer: M =2 xT.
Dy — gt

0

Kpurepun oneHKr BBIIOIHEHUS 3a4aHUS bannst

— IlpaBunbHO yKa3aHBI (pU3MYECKHE SBICHHS, HO B PACCYKACHHIX
COZIEPXKUTCS OIIMOKa, KOTOpasi MPHUBEJa K HEBEPHOMY OTBETY.

NJIn
— ComepXHUTCS TONBKO TIPAaBWIBHOE YKa3aHHE Ha (HU3MUECKHe 1
SIBJICHHSI.

NI

— IlpeacraBiieH TONBKO IPAaBUJIBHBINA OTBET.

Bce ciryuan pemieHust, KOTOpbIe HE COOTBETCTBYIOT BBIIMICYyKAa3aHHBIM
KPHUTEPHUsIM BBICTABJICHU OLICHOK B 1, 2, 3 Oayia. 0
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[IpuBeneHo mMoTHOE MPAaBUIIBHOE PEIICHHE, BKIIOYAIOIIee CIISTyOIHe 3
9JIEMEHTHI:

1) mpaBmiIbHO 3amucaHel (OPMYJBI, BBIpaXKaromue (UINISCKHE
3aKOHBI, MPUMEHEHHE KOTOPBIX HEOOXOMWUMO JUIS pEIIeHUs 3aaadu

BBIOpaHHBIM CIIOCOOOM (B JaHHOM PEIIEHUU — 3aKOH COXPAHEHUs.
umnyasca, emopou sakon Hviomowna, ¢opmyra ona pacuema cunvl
mpenust);

2) mpoBeIEeHBI HEOOXOAMMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHHUS U
pacyeTsl, MNPHUBOIAIIME K TNPABUIBHOMY 4YHCIOBOMY OTBETY, H
mpeacTaBieH oTBeT. [Ipu 3ToM Jormyckaercst pemieHue "mo gactaM" (¢
MIPOMEXKYTOUHBIMH BBIYUCICHUAMH).

— IlpeacraBieHo mpaBUIbHOE PELIEHHE TOJBKO B o0mieM Buue, 06e3 2
KaKHX-JTU0O YUCIOBBIX PACUCTOB.

NN
— IlpaBunpHO  3ammcaHbl  HeoOXoauMmbie  (GOpPMYJbI,  3amucaH
MpaBWJIBHBI  OTBET, HO HE TIPEJACTaBICHBI Mpeodpa3oBaHus,
MIPUBOISIIIUE K OTBETY.
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nim

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

A
OtBer: —2 ~0,5.
123

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
N
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
N
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

KpI/ITepI/II/I OLICHKH BBINIOJIHCHUS 3a1aHUA

Bamer

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

O,I[I/IH MOJIb  OAHOATOMHOI'0  HMACAJIBLHOIrO Trasa |~

MepexoAUT M3 COCTOsHUA 1 B cocrosiHMe 3 B
COOTBETCTBUU C TpaMKOM 3aBUCUMOCTH €ro o0béma
V ot temneparypst T (Tp = 100 K). Ha ygactke 2 — 3
Kk ra3y mnoaeomar 2,5 k/bx rtemnorsl. Haitnure
OTHOIIeHNE paboTHI Ta3a Ajp; KO BCeMy KOJHMYECTBY
MIOJIBEZICHHOM K Ta3y TeIIoTH J)73.

OTtBeT:

0 To 2Ty 3Tp

[IpuBeneHO MOTHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIEE CIISIyOLIHe
9IIEMEHTHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKArOUIMe (PU3NYCSCKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HeOOXOMMO JUISI PEIICHHUS 3a/1a91 BEIOpPaHHBIM
croco0oM (B JaHHOM pEIIEHUH — NEepebill 3aKOH MepMOOUHAMUK,
gopmyna ons pacwema eHympenHelu IHepeUU  0OHOAMOMHO20
UOeanbHO20 2a3d, PABEHCMBO HYNIO pabomel 2a3d NPu U0XOPHOM
npoyecce);

2) mpoBeleHbl HEOOXOMMMbIE MaTeMaTHYeCKHe MpeoOpa3oBaHus U
pacyersl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTaBieH oTBeT. [Ipu 3ToM momyckaercs perieHue "mo gactaM" (¢
MIPOMEKYTOYHBIMH BEIYHCIICHHUSIMH).

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B o0mmeM Buue, Oe3
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
MpaBWIBHBI OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartmueckux — TpeoOpa3’OBaHMSAX I BBIYHCICHHAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

OO0pasen BO3MOKHOTO PEIICHUS

CoriacHo mepBOMY 3aKOHY TepMOAMHAMUKH, Q23 = AUjp; + Ajp;, THE

A123 = A12 + A23 u AU|23 = AUlz + AU23. B N30XOPHOM ITPOIIECCE A12 = 0,

a B uzorepMuyeckoM mpouecce AU,z = 0. Iloatomy Qg3 = AU, + Ay

Ay = Ags. Tpu nepexoze 2 — 3: Qu3 = AUy + Az = Aps.
CnenoBarensHo, Q123 = AUy, + Qus.

W3meHeHue BHYTpeHHEHN sHEpruu ra3a npu nepexone 1 — 2:

3
AUIZ = ? VRATIZ. HOCKOHLKy ATIZ = 2T0 , TO AUlz = 3VRTO.

Aps _ Qy3 ~0.5.
Qi3 3VRT;+Qy;3

IosTomy: Q23 = 3VRT, + Qas.

u

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (POPMyNbI, HEOOXOAUMBIE AT PEIICHHS
3aJ1a4d, HO B OZ[HOﬁ W3 HUX JIOMYIICHA OITHOKA.
5 0)041
— OtcyTerByeT oaHa U3 GopMyJl, HEOOXOAUMBIX ISl PELICHUS 3314 H.

Bce ciyuan penieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (Mcroip30BaHHE
HETPIMEHUMOTO 3aKOHA, OTCYTCTBHE Ooliee OIHOTO HCXOMHOTO
ypaBHEHMs], pa3pO3HEHHbIE 3aKCH H T.I1.).
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UeMy paBeH OJJIEKTPUYECKMH 3apsJ  KOHIEHCATopa
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anektpoeMkocThio C=1000 Mk® (cM. pUCYHOK), eciu
BHYTPEHHEE COIPOTUBJICHUE HUCTOYHHKA Toka 7= 10 Owm,
OJC € =30 B, a conpoTtuBaeHus pe3ucropos R; =40 Om
u R, =20 Om?

Ot1BeT:

e, r

O06paszer BO3MOXHOTO PEIICHHS

DNEeKTpUUecKUi TOK 4epe3 MOocea0BaTelbHO BKiIoueHHble Ry u C He uuer,
[IOATOMY HAIPsDKEHHS Ha KOHICHCATOPE U pe3rcTope R, OMHAKOBBI M PaBHBEIL:

U=1IR,, U:%, = Q=IR.C.

o €

3axon Oma mis monHo# memu: [ = ——.
r+R,

ER,C g ~
Cremosarensio, Q=——2— =2.107(Kx). Orser: Q=2-10"Ku.

R,y+r

KpuTepun olieHKH BBITIOJIHEHVSI 32 TaHHS Basr

[IpuBeneHO MOMHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIESE CISIYOLIHe 3

JNIEMEHTHI:
1) BepHO 3amucaHbl (OPMYIBI, BEIpaXaoMMe (PU3NUIECKUE 3aKOHBI,
NIPUMEHECHHE KOTOPBIX HEOOXO0AMMO JUIsl PEIICHUs 33a1a4i BHIOPaHHBIM
crocoboM (B JaHHOM pemieHun — 3akoH Oma 018 NoaHoU yenu u
yuacmka — yenu,  paseHcmeo  HANPAJICEHUU  HA  NAPALIENbHO
COEOUHEHHBIX INIeMEHMAx Yeni, CeA3b HanPANCeHUs. Ha KOHOeHcamope
€ e20 3apsa00oM U eMKOCMbIO);

2) mpoBeleHbl HEOOXOIMMBbIE MaTeMaTH4eCKHe IpeoOpa3oBaHHs U
pacdeTsl, TPHUBOIAIIHME K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTeeT. [Ipu 3ToM nomyckaercst pemieHue "mo yactam” (c
IPOMEIKYTOYHBIMHU BbIYUCICHHSIMH).

— IlIpencraBiieHO MpaBIIIFHOE pEIIEHHE TOIBKO B o0mmeM Buue, 0e3 2
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

W
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (HOPMYJBI,  3amucaH
MpaBWIBHBIL OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartuueckux — TpeoOpas’OBaHMSAX UM BBIYHCICHHUAX
JIOTyTIIeHa OIMUOKa, KOTOpasi IpUBeJia K HEeBEPHOMY OTBETY.
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-B PCIICHUHN COOCPKHUTCS omubKa B H606XOQI/IMHX MaTEMaTHYCCKUX 1
npeo6pa3013aHI/mx 1 OTCYTCTBYIOT KaKKe-I100 YKCIIOBEIC PacUeTHhI.

nim

— 3ammcaHBl Bce MCXOAHBIE (POPMYIBI, HEOOXOMUMEBIC IJIS PEIICHHS
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

i
— OtcytcTByeT oaHa U3 HopMys, HEOOXOAUMBIX TS PEIISHHS 3a1a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEpHUSIM  BBICTaBJIEHHUs] OLEHOK B 1, 2, 3 Oamna (ucHonb3oBaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).
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Ha nempoBoxsmiell rOpU30HTAIbHON MOBEPXHOCTH

OIHOPOIHON TOHKOW NPOBOJIOKH, COTHYTasi B BHIC
paBHOCTOpoHHero  TpeyromsHuka  ADC  co

CTOpPOHOH, paBHOH a (cM. pHUCYHOK). Pamxa / \\

CTOJIa JIEKHUT IpOBOAsAIIAs >KECTKAas paMKa H3 /{
=
B

HaXoaUuTCsA B OJHOPOJHOM TOPU3OHTAJIBHOM
>

MarHUTHOM IO, BEKTOp MHIYKIUH KOoToporo B \
nepnenmKyspen cropore CD u mo moxymo pasen d D
B. Ilo pamke nmpoTekaeT TOK / 110 4acOBOM CTpeJIKe. ¢

IIpn xakoM 3Ha4eHHMH Macchl paMKH OHA HAYWMHAET MOBOPAYUBATHCS BOKPYT
ctoponsr CD?

OtBeT:

KpuTepuu OLCHUBAHUS BbINMOJTHCHUS SaﬂaHﬂﬁ C Pa3sBepHYTBHIM OTBETOM BapnaHT: 139
Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 8/10)

— [lpaBunbHO  3ammcaHbl ~ HeoOXOAWMBIC — (OPMYJIBI,  3ammcad | 2
MpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISIILIE K OTBETY.

NI
— B maremarnueckux npeobpa3oBaHUAX JOMyIIEHa OIIMOKa, KOTopas
IIpUBENIA K HEBEPHOMY OTBETY.

— 3ammcaHBl BCe MCXOAHBIC (DOPMyIBI, HEOOXOMUMBIC IS PEIICHHS 1
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

150151
— OtcyTcTBYeT 0/1Ha M3 POPMYIT, HEOOXOMMMBIX JUTS PEIICHHS 33/1a9H.

O06paser; BO3MOXKHOT'O PELICHHUS

Bce cnmydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICyKa3aHHBIM | 0
KpUTEpHUSIM  BBICTaBIIEHUs OLEHOK B 1, 2, 3 Oamna (MCHONb30BaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE OoJieeé OJHOTO HCXOJTHOTO
ypaBHEHWsI, Pa3pO3HEHHBIC 3aIHCH U T.I1.).

Ha cTopoHbl pamMKku JIeHcTByeT crila AMnepa.

. 1
Ha cropony AC: Fa; =1aB sin(n — o) = EIaB, rae o = 30°;

. 1
Ha cropony AD: Fu, = IaB sino = EIaB;

Ha cTopony CD: Fp3; = 1aB.
CyMMapHBI MOMEHT 3THX CUJI OTHOCHTENsHO ocu CD:

a\/g a\/§ \/3 I1a°B
N, =F, +F, = .

4 4 4
Ilycth Macca paMKu paBHa M, TOTJa MOMEHT CHJIBI  TSDKECTH
14a*B _ mga

4 23

. ,Z[OHyCKaeTCﬂ OTBCT B BUAC PaBCHCTBA.

mga
me =————- YCIOBUS OTpBIBA: Na+ Ny 20,
PN Ao

3alB

Orcroma m <

KpI/ITCpI/II/I OLCHKH! BBINIOJIHCHHUS 3a1aHUA banist

[puBeneHo MoOJHOE MPABUIIBHOE PElleHHe, BKIOYarolee cieayomue | 3
AIIEMEHTBHI:

1) BepHO 3ammcaHb! (GOpMyIbl, BRIpaXkaromue (GU3NYECKHE 3aKOHHI,
NPUMEHEHHE KOTOPhIX HEOOXOAUMO ISl PEIICHHUs 3a1a9l BEIOpaHHBIM
croco0oM (B JaHHOM Cllydae — (popmyasl Oist paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mpoBeneHBl HEOOXOAWMBIC MaTeMaTHYECKHE MpeoOpa3oBaHMs,
MIPUBO/ISIINE K [TPABUIBHOMY OTBETY, M IPE/ICTABJICH OTBET.
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B nByx ombiTax mo ¢oTodddexry MeTamudeckas IUIACTUHKA, IS KOTOPOH

paboTa BBIXOAA C TIOBEPXHOCTH MeTaa Ay, = 1,9 3B, obmyyanacs cBeTOM ¢
JUTMHAMH BOJIH COOTBETCTBEHHO A1 U A, . Kakoii Oblia yIMHA BOJHBI BO BTOPOM
OMBITE A, €CIM B IEPBOM OHa COCTaBisia A;=350 HM, a OTHOIICHHE

=29

MaKCHMaJIBHBIX CKOPOCTEH (POTOIIEKTPOHOB o
2

Ot1BeT:

Kpl/lTepl/ll/l OLCHUBAHUS BbINMOJTHCHUS SaﬂaH"ﬁ C Pa3sBepHYTBHIM OTBETOM BapMaHT: 139

O6pa3zert BO3MOXHOTO PEIICHHS

VYpaBHenue DitHmTeHA 111 (OTOIh(EKTA B IEPBOM OIBITE:

2
MO max
hvl _ABblirT' (1)
VYpaBuenue Ditninreiina st GorosddexTa BO BTOPOM OIbITE:
2
MU7 max
hv, =4, +—2 . 2)
CBs3b JJIMHBI BOJIHBI CBETA C 4acTOTOU B TICPBOM OIIBITEC:
_ _C
A =< 3)
Vi

CBs13b JJINHBI BOJIHBI CBC€TA C 4acTOTOH BO BTOPOM OIBITE:

__C
by =< 4)
Va
OTHoOIICHNE MaKCUMAaJIbHBIX CKOpOCTefI (I)OTOSJ'IeKTpOHOBI
19
n= 1 max . (5)
U2 max
n*hen 1

Pemias cucremy ypasuennii (1) — (5), monmygaem: A, = .
2 he+ Ay, hy(n® 1)

BblX

O1BeT: A, ~ 540 HM.

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 10/10)
— Hpe,HCTaBJ'ICHO IPABUJIBHOC PCHICHUEC TOJIBKO B oo1IeM BUJIE, 6e3 2
KaKUX-JTH0O YHMCIIOBBIX pacucToB.

N

— [IpaBminbHO  3ammcaHBl  HEOOXOAWMEBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI  OTBET, HO HE MpPEACTaBICHB MpeoOpa3oBaHHUA,
MIPUBOJALIUE K OTBETY.

nim
— B Maremartuueckux NOpeoOpa3’OBaHMAX MM BBIYUCICHHUAX
JIONyIIIeHa onmnOKa, KOTopast IpuBeia K HEeBEPHOMY OTBETY.

— B pemennn cogepKUTCs OMMOKa B HEOOXOMMBIX MaTeMaTHISCKHX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-T1u00 YMCIOBBIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (HOPMYIBI, HEOOXOIMMEBIE JUIS PEIICHUS
3aJ1a4d, HO B OZIHOI71 U3 HUX JOMyLIeHa OUIMoKa.
NI
— OtcytcTByeT oHa U3 GopMyJs, HEOOXOAUMBIX IS PELISHHUS 3a0a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEPHUSIM  BBICTABJICHHUS OIEHOK B 1, 2, 3 Oamna (MCHOIb30BaHUE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO WCXOIHOTO
yYpaBHEHUsI, pa3pO3HCHHbIC 3aICH H T.I1.).

Kputepun o11eHKH BBIIOJIIHEHUS 33 JaHUs bamel

[IpuBeneHo mMomHOE MPaBHIIBHOE PEIICHHE, BKIIOYAIOIIee CIIeTyOMIHe 3
JJIEMEHTBHI:

1) mnpaBmwiIbHO 3amucaHel (OPMYJBI, BBIpaXaromue (UINISCKHE
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOIMMO ISl PEIIeHHS 3aJadn
BBHIOpaHHBIM  CIOCOOOM (B JaHHOM pEIIeHUH — YpasHeHue
Dunwmerina 0na gomoagpgexma u gopmyna, ceazvigarowas OAUHY
60JIHbL DNIEKMPOMASHUMHBIX BOJIH C YACMOMOL);

2) TmpoBEICHBI HEOOXOAWMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacyersl, TNPHUBOIAIIKEC K TPABHIBHOMY YHCIOBOMY OTBETY, H
npencTaBieH otreeT. [Ipu 3ToM normyckaercst pemieHue "mo gactsam” (¢
MPOMEKYTOYHBIMH BBIYUCIICHHUSIMH).
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 140
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

u ee nap. Ilopuens HauMHAIOT BBIABUIaTH U3 cocyna. Ilpu atoMm Temmnepartypa
BOJBI M Iapa ocTaeTcsi Hem3MeHHOW. Kak Oyner MeHAThbCs HpH 3TOM Macca
KHUIKOCTU B cocye? OTBET NOSICHUTE.

OtBer:

OO0paser BO3MOKHOTO PEIICHUS

Bona u BomsgHOM map HaxoAsATCd B 3aKPBITOM COCYAC MJIMTCIIBHOC BpPCMA,
TIO2TOMY BOJASHOM nap ABJSCTCSA HACBIIICHHBIM. HpI/I BbIIBUT'AaHUU TIOPIIHA
OPOUCXOAUT H30TCPMUYCCKOC pACHIMPCHUC TI1apa, OJaBJICHUEC W IINIOTHOCTb
HACBIMICHHOTO TIapa B 3TOM IPOLECCE HE MEHAIOTCA. CJ'Ie,ZIOBaTeJ'H)HO, 6y£[eT
IPOUCXOAUTH UCIIAPCHUC XUAKOCTH. 3Ha‘II/IT, Macca XHUJAKOCTU B COCYyaC 6y,£[eT
YMCHBIIATHCA.

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 140
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rnaaxoil ropu3oHTaJIbHON IJIOCKOCTH HAaXOAMTCA JUIMHHAsA JOCKA Maccou
M=2xr. Tlo mocke ckomp3uT mraiiba maccoir m = 0,5 kr. Koaddumment
TpeHHUs MeXIy Iaiooit u mockor p=0,2. B HayanbHBII MOMEHT BpPEMEHHU
CKOpocTh malObl Uy =2 M/c, a pocka mnokourcs. CKOJIBKO BpEMEHU
HOE@6yCTCH JUTSL TOTO, 9TOOBI [Taiiba mepecTaia CKOIb3UTh IO JOCKe?

[

O6paszerr BO3MOXKHOTO PEIHICHHS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BuemHme cwuibl, AEHCTBYIONIME Ha CHCTEMy Tel «Jocka — Imaiibay,
HaINpaBJIEeHbl 110 BEPTHKAIM M B CyMME PaBHBI HYMIO0. MIMIyIbC CHCTEMBI Tl
«Jl0CKa — [1aiiba» OTHOCUTENBHO 3eMiIn coxpaHsiercs:  muy = (M +m)o,

IZie U — CKOPOCTH MIAai0BI M JOCKH MOCIIE TOT0, KaK IIaifda rmepecTana CKONb3UTh
IO JOCKe.

2. Curna TpeHHs, IEHCTBYIOMAs Ha TOCKY CO CTOPOHBI IAHOBI, TOCTOSHHA

F., = umg.

Ilon peiicTBHeM 3TOH CHIBI OCKA JBHKETCS C YCKOPEHHEM a = u% gu

M
JIOCTHTaeT CKOPOCTH U 3a Bpems T=X = Mo _ ) =0,8 (c).
a pmg pg(M+m)

OtBer: t1=0,8 c.

KpI/ITCpI/II/I OLICHKH! BBINOJIHCHUS 3a1aHUA banast

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0
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IpuBeneHo MONHOE MPABUIBHOE PEIIEHHUE, BKIIOYAIONIEE CIIEMAYOIINe 3
9JIEMEHTHI:

1) mpaBmiIBbHO 3amucaHel (OPMYJBI, BBIpaXKaromue (UINIECKHE
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOAMMO AT PEUICHUS 3a4adu
BBIOPaHHBIM CIIOCOOOM (B JaHHOM PELICHUH — 3AKOH COXPAHEHUs
umnynvca, eémopou 3akon Hviomona, gopmyna ona pacuema cunvi
mpenus);

2) mpoBeleHbl HEOOXOJMMbIE MaTeMaThdyeckue mpeoOpa3oBaHUs M
pacdeTsl, MpPUBOASAIINE K NPABWIBHOMY YHCIOBOMY OTBETY, U
mnpeacrtasieH oTeT. [Ipu 3ToM fpomyckaercs pemieHue "mo dactam” (¢
HPOMEXYTOYHBIMH BBIYUCIICHHSAMH).

— IlpeacraBieHo mpaBUIbHOE PELIEHHE TOJIBKO B o0mieM Buue, 6e3 2
KaKHX-JITN0O0 YHCIOBBIX PACUCTOB.

NI
— [IpaBmnbHO  3ammcaHbl  HEOOXOAWMEBIE  (OpMyNbBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOSILLINE K OTBETY.
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nin

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapwuant: 140
Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 4/10)

KpI/ITepI/II/I OLCHKHU BBINTOJIHCHHUSA 3a1aHUA bammer

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX 1
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
NI
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
WJIN
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

IIpuBeneHo MoTHOE MPaBMIIBHOE PEIICHHE, BKIIOYAIOIee CIISTyOIHe 3
JJIEMEHTHI:

1) BepHO 3ammcaHb! (GOpMyIbI, BBIpaXkaromue (HU3UUECKHE 3aKOHHI,
NIpPUMEHEHNE KOTOPhIX HEOOXO0AMMO JUIsl PEIICHUs 33a1a4i BHIOpaHHBIM
CTIocoO0OM (B JTaHHOM PEUICHUH — Nepsblil 3aKOH MepMOOUHAMUKU,
dopmyna ona  pacuema eHympeuHeu IHepeUu  OOHOAMOMHOZ0
UOeAIbHO20 2a3d, PABEHCMBO MY padomvl 2azd NPU U30XOPHOM
npoyecce);

2) mpoBelieHbl HEOOXOAMMBIE MaTeMaTH4ecKHe IpeoOpa3oBaHUs U
pacdeTsl, TPHBOIAIIME K TPAaBUIBHOMY YHCIOBOMY OTBETY, H
mnpeacTasieH oTBeT. [Ipu 3ToM jgomyckaercs pemieHue "mo dactam” (¢
TIPOMEKYTOUHBIMH BBIYHCIICHHAMH).

OnuH MOJIb OJHOATOMHOTO HICATBLHOIO ra3a COBEpIIaeT r
rpouecc 1-2-3 (cm. PHUCYHOK, roe 37
To=100 K). Ha ydvacTke 2-3 k razy nomsomar 2To
2,5 x/lx Tteruorel. Haligure oTHomeHWe pabOTHI A3, To

COBepIIaeMOi Tra3oM B XOJe Mpolecca, K KOJIUYECTBY
TIOTJIOIIEHHOM ra30M TerioThl 3.

Ot1BeT:

— IlpencraBneHo mpaBUIIBHOE peElIEHHE TOIBKO B 00IeM Buue, 0e3 2
KaKHX-JTN0O0 YHCIOBBIX PACUETOB.

NI
— [lpaBunbeHO  3ammcaHbl  HEOOXOAMMBIC  (POPMYJIBI,  3alMCaH
NpaBWIBHBI  OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISINE K OTBETY.

N
— B Maremartumueckux IpeoOpa3’OBaHMAX MM BBIYUCICHUAX
JIOMyIIeHa ouTiOKa, KOTopast IpHBelia K HEBEPHOMY OTBETY.

O6paszel BO3MOXKHOTO PeIIeHHs

CoriacHO TepBOMY 3aKOHY TepMOAMHAMUKH, Q23 = AU|p; + Ajp;, TaE
A=A+ Ay u AUy = AUy, + AUy B uzoxoprom mpouecce Ap, =0,
a B m3otepmuueckoM mnpouecce AU,; = 0. TToatomy Q3 =AU+ Ay u
A=Ay, Tlpumepexome 2 — 3: Q= AUy + Ap = App.

CnepoBarenbHo, Qo3 = AUj; + Qp;. M3MeHeHue BHYTpeHHEH 3Hepruu rasa

3
rpu niepexoge 1 — 2: AU, = 5 VRAT},. Tlockonmbky AT, =2T,, TO

A Qs
AU, =3VRT,. IMoatomy Q3= 3vRTp+ Qs 123 _ .
Q]23 3VRTO+ Q23

A
Otser: —2 ~(,5.
123

— B pemennn conmepxutcs ommoOKa B HEOOXOAUMBIX MaTeMaTHYCCKUX 1
IIpeoOpPa30BaHMIX U OTCYTCTBYIOT KaKHE-JIHOO YHUCIIOBBIE PACUETHI.
W
— 3ammcaHBl Bce MCXOAHBIE (POPMYIBI, HEOOXOMUMBIC IS PEIICHUS
3aJ1a4yM, HO B OﬂHOfI 13 HUX JOMylIeHa omuoKa.
NI
— OtcyTtcTByeT 07Ha U3 HOpMyJI, HEOOXOIUMBIX IS PELICHNUS 3aa4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEpHsIM  BBICTaBJICHUs OLEHOK B 1, 2, 3 Oamia (Mcnonb30BaHUE
HETIPIMEHUMOTO 33aKOHA, OTCYTCTBHE 0oJiee OIHOTO WCXOIHOTO
ypaBHEHHsI, pa3pO3HECHHbIC 3aIHCH H T.I1.).
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 140
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C4 i
B cxeme Ha pHCyHKE B3IEKTpHYECKHH 3apsn ¢ Ha R;
06Kna;[1<ax KOHACHCATOopa 3JICKTPOEMKOCTBIO
C=1000 Mmx® pasern 10 mKi. Buytpennee

CONPOTUBIEHHE  HCTOYHHMKAa  Toka  »= 10 Om,
conpotuBieHne pe3uctopoB R; =10 Om, R, =20 Om
u R; = 30 Om. KakoBa 3/]C ncrounuka Toka?

OtBet:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapwuant: 140

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 6/10)
-B PEIICHUMN COOCPKHUTCS omubKa B HeO6XOgI/IMHX MAaTEMaTHYCCKUX 1
HpCO6p330BaHI/I${X 1 OTCYTCTBYIOT KaKHe-I100 YKCIOBEIC PacUCThI.

nim

— 3ammcaHBl BCe MCXOAHBIE (POpMyIbI, HEOOXOMUMBIE IJIS PEIICHUS
3anaun, Ho B OJIHOM u3 Hux momymena omuéKa.

NJIn
— OtcytcTBYeT 07Ha U3 HOpPMYJ, HEOOXOIUMBIX JUIS PEIICHHUS 3a/1a4H.

O6pa3zerr BO3MOXHOTO PEIICHHS

DONeKTpUYecKUi TOK 4epe3 IOocieA0BaTeNbHO BKiIoueHHble Ry u C He uuer,
MOATOMY HamlpsDKEHHS Ha KOHICHCATOPE U pe3ucTope Ry 0JIMHAKOBBI:

U=1R,, TaKKaKU:g TO I:&.
C R,C
R,+R
3axon Oma 1St TTOMHOM HEMH: Iz—g. = Szw.
R,+R3+r R,C

Otsetr: DJIC =30 B.

Bce cnyyan pernieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTABJICHHs OLCHOK B 1, 2, 3 Oamna (UCmoib30BaHHE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIHCH U T.I1.).

Kpurepun olleHKH BBIOTHEHUS 3a0aHUs basiel

[IpuBeneHo mMoTHOE MPAaBUIIBHOE PEIICHIE, BKIIOYAIOIIee CIIeTyOIIHe 3
JJIEMEHTBHI:

1) BepHO 3amucaHBl (OPMYJIBI, BRIpaXalomye (U3NYECKHE 3aKOHBI,
NIPUMEHEHNE KOTOPEIX HEOOXOAMMO AJIS PEIICHUS 3a1a9H BEIOPAaHHBIM
crocoOoM (B IaHHOM peleHUn — 3akoH Oma 0na noaHou yenu u
yuacmka — yenu,  PpaGeHCmMeo  HANPAJICEHUW  HA — NapaiielbHO
COEOUHEHHBIX dNIeMEHMAX Yenu, C6:3b HANPANCEHU HA KOHOeHcamope
€ €20 3aps0oM U eMKOCbIO);

2) mpoBeIECHBI HEOOXOAMMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacueTsl, MNPUBOJAIIME K TMPaBWIBHOMY YHCIOBOMY OTBETY, U
npencTaBieH oTeeT. [Ipu 3ToM Jormyckaercst pemieHue "mo gactsam” (c
MIPOMEKYTOUHBIMU BBIYUCICHUSIMH).

— IlpeacraBieHo mpaBUIBHOE PELIEHHE TOJNBKO B 0oOIIeM Buze, 6e3 2
KaKHX-JTM0O YUCIOBBIX PACUCTOB.

NIm
— [IpaBunpHO  3ammcaHbl  HEOOXOAMMBIE  (OpMyNBI,  3amHCcaH
MPaBWJIBHBI  OTBET, HO HE TIPEJICTaBJICHBI MpeoOpa3oBaHus,
MIPUBOISIIIUE K OTBETY.

NN
— B maremaTmueckux —NpeoOpa3’OBaHMAX WM BBIYUCICHHAX
JIOTTyIIIeHa ONMOKa, KOTOpas MpHUBeJia K HEBEPHOMY OTBETY.
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Ha mempoBozsieli ropuM30OHTANILHON MOBEPXHOCTH Bce cnywan peiieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
CTONa JIEXKUT IPOBOIALIAA JKECTKas paMKa U3 KpUTEpHUSIM BBICTaBIIEHHS OIEHOK B 1, 2, 3 Oamna (Mcmonbp3oBaHUe
OJHOPOAHON TOHKOM IIPOBOJIOKH, COTHYTas B BHJIE T HENPUMEHUMOI'O 33aKOHa, OTCYTCTBHE OoOJiee OIHOTO HCXOIHOTO
kBagpata ACDE co croponoii a (cM. pucyHOk). @ YpaBHEHMs, pa3pO3HEHHEIE 3AMHCH U T.IL.).

oV

Pamka HaxoguTCd B OAHOPOAHOM T'OPHU30HTAJIBHOM
9

MarHUTHOM TMOJe, BEKTOp MHAyKuuu B kotoporo YE D
nepreHauKysipeH croponaMm AE u CD u pasen 1o

Monyio B. Ilo pamke npoTuB 4acoBo# cTpeiku mnpotekaeT Tok /. Ilpu kakom
3HAUYE€HUU MACChl PAMKU OHa HAYHET TOBOPAUYUBATHCS BOKPYT cTOPOHBI CD?

Ot1BeT:

O06pasel] BO3MOXKHOTO PEIICHHUS
Ha croponst AE u CD OyayT neiictBoBaTh cvitbl AMriepa Fay = Fa, = 1aB.
MomMeHT cuiibl AMIiepa OTHOCHUTEIBHO OCH, MPOXOAsei yepe3 ctopony CD,
N, =1a’B.
ITycth Macca paMKH paBHa m, TOT/Ia MOMEHT CHJIBI TSKECTH OTHOCUTEIBHO

ocu CD: Ny, =— %mga.

Vcnosue orpeiBa: Nj + Npe> 0, 1a°B > w. Otcroma m< 2a1B .
2 g
Jonyckaercst OTBET B BHJIC PABECHCTBA.
Kpurtepuy OLIEHKY BBITOTHEHU 3aIaHuUs Baiisl
[IpuBeneHo MONHOE MPAaBUIBHOE PEIIeHHE, BKITIOYAIOIIEe CIIeTyIOIIne 3

DJIEMEHTHI:
1) BepHO 3amucaHbl (QOPMYJIbI, BhIpXKAIOMIHE (U3UICSCKUE 3aKOHBI,
NPUMEHEHUE KOTOPhIX HEOOXOANMO ISl PEIICHUs 3aa4K BEIOpaHHBIM
croco0oM (B JaHHOM CIIydae — (popmyasl Oisl paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mnpoBeneHbl HEOOXOOUMble MaTeMaTHUecKue MpeoOpa3oBaHus,
MIPUBOJIIINE K IPABHIFHOMY OTBETY, U MIPEJICTaBIICH OTBET.

— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH 2
MpaBWIBHBII OTBET, HO HE MPEICTABICHBI MpeoOpa30OBaHMs,
TIPUBOJISIINE K OTBETY.

N
— B marematuueckux npeoOpa3oBaHUAX JOMYIIEHA OIKHOKa, KOTopas
IIpHBeJIa K HEBEPHOMY OTBETY.
— 3amucaHbl BCe HCXOIHBIE (DOPMYIIBI, HEOOXOJMMBIC JUIS pPEIICHUS 1
3agaun, Ho B OJIHOM u3 Hux momyuieHa ommoka.

NI
— OtcytcTByeT 07Ha U3 HOpMYJI, HEOOXOIUMBIX JUIS PELICHUS 33/1a4H.
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B 1Byx ombiTax mo ¢otoadexry MerauiMyeckas IUIACTHHKA O0JIydaiach

CBETOM C JUIMHAMH BOJIH COOTBETCTBEHHO A = 350 HM u A, = 540 M. B sTux

1%
OIIbITaX MaKCUMAaJIbHBIC CKOPOCTHU (1)0T03J'ICKTp0HOB OTJINYAJIUCh B U—l =2 pasa.
2

KakoBa paboTa BbIX0/1a ¢ TOBEPXHOCTH MeTaa?
Ortsert:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapwuant: 140
Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 10/10)

O6paszerr BO3MOXKHOTO PEHICHHS

150151
— IlpaBunbHO ~ 3ammcaHbl  HeoOXoauMbIe  (OPMYJBI,  3ammcaH
NpaBUJIBHBII  OTBET, HO HE TPEACTaBIEHBl MpeoOpa3oBaHus,
MIPUBOJISIIUE K OTBETY.

nim
— B  Maremartuueckux — TpeoOpa3’OBaHHSAX UM BBIYHCICHHAX
JIOTyTIIeHa OINOKa, KOTOpasi IpUBeNia K HEBEPHOMY OTBETY.

VYpaBHenue DitHmTeitHa A1 (oTOIhPEKTa B IEPBOM OIBITE:
2

mo
_ 1max
hvl _A3b1x+T' (1)
YpaBHenue DiiHmureiiHa 11 porodrhdHexra BO BTOPOM OIBITE:
2
M) max
hv, = ABle +T' @)
CBsI3b UTMHBI BOJTHBI CBETA C YACTOTOH B IIEPBOM OITBITE:
_c
Ap=—. 3
Vi
CBs13b UIMHBI BOJIHBI CBETA C YACTOTOH BO BTOPOM OIIBITE:
_c
A, =5 “4)
Va
OTHOIIEHNE MaKCUMAITLHBIX CKOPOCTEH (POTOIIEKTPOHOB:
v
n= 1 max . (5)
U2 max
A
he(n 2_22
Ay

Pewast cucremy ypasuenuii (1) — (5), momygaem: A4, =—————.
Ly(n”=1)

OtBeT: Ay = 3,0-107"° Tk ~ 1,9 9B.

— B pemennn conmepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
IpeoOpa3oBaHMUIX U OTCYTCTBYIOT KaKHe-TTHOO YUCIIOBBIE PACUETHL.
NJin
— 3anucaHel Bce HCXOAHBIE (DOPMyNbI, HEOOXOMUMBIE AT PEIICHHS
3anaun, Ho B OJIHOM w3 Hux momymena ommoKa.
NI
— OtcyTerByeT oHa U3 GopmyJ1, HEOOXOAUMBIX JUISL PELICHHUS 3a1a4H.

Bce ciyuan penieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKA3aHHBIM 0
KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroip30BaHHE
HETIPIMEHUMOT'0 33aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOMHOTO
ypaBHEHMsI, Pa3pO3HEHHBIE 3aIHCH U T.I1.).

KpI/ITepI/II/I OLICHKH! BBINOJIHCHHUS 3alaHUA bannst

IIpuBeneHo momHOE MPaBMIIBHOE PEIICHHE, BKIIOYAIOIee CIIeIyoIHe 3
9JIEMEHTHI:

1) mpaBwipHO 3amucaHBl (OPMyNBI, BBIpAKAIOIINE (GH3HIECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO JUIsl pELIeHHs 3a/layudt
BBIOpaHHBIM CHOCOOOM (B IaHHOM pELICHHH — ypasHeHue
Duinwmetina ona omosaghexma u gopmyna, ceazvisarowas OnuUHy
6OJIHbL IIEKMPOMASHUMHBIX 60IH C YACMOMOIL);

2) mpoBeleHbl HEOOXOIMMBIC MaTeMaTH4eCKHe IpeoOpa3oBaHHs H
pacdeTsl, TPHBONAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTtasieH oTeT. [Ipu 3ToM jpomyckaercs pemieHue "mo dactam'" (¢
MIPOMEKYTOYHBIMH BBIYHCICHHUAMH).

— HpCHCTaBHGHO MPaBUJIBHOC PCIICHUC TOJBKO B 06II.I€M BHUIC, 0e3 2
KaKMX-TH00 YHCIOBBIX PpacucToB.
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B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

u ee map. [lopmeHs HaunHAIOT BABUTaTh B cocyd. IIpu 3ToM Temmeparypa
BOJABI M TMapa ocTaerca HeusMeHHOW. Kak Oyner MeHSTbcs TpH 3TOM
OTHOULIEHHE MACChI Iapa K Macce XKUAKOCTH B cocye? OTBET MOSICHUTE.

Ot1BeT:

OO6pazen; BO3MOXKHOTO PEILICHUS

Boxa u BoAsHOM map HaxomsTCs B 3aKpBITOM COCYIE UIMTENIBLHOE BpeMH,
IIO9TOMY BOJSHOW Map SBJIAETCS HAchILEHHbIM. IIpy BABUraHuM MOPLIHS
IIPOMCXOIUT M30TEPMHUYECKOE CXKATUE Iapa, JAaBICHHE U IJIOTHOCTh
HACHIIIEHHOTO Tapa B 3TOM Iporiecce He MeHsrorcs. CienoBaTenbHo, Oyaer
MPOUCXOAUTH KOHJAEHCAUUs I1apoB BOJbl. Macca )HAKOCTH OyAeT Mpu 3TOM
YBEJIMYMBATHCS, & MACCa N1apa YMEHbUIATLCS. 3HAUUT, OTHOILIEHHE MACChl IIapa
K Macce )KHIKOCTH B cocyie OyaeT YMEHbIIAThCSI.

KpuTepun oueHnBaHus BbINOJIHEHHUs 32/1aHUI ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 141
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Ha rnaaxoil ropu3oHTaJIbHON IJIOCKOCTH HAaXOAMTCA JUIMHHAsA JOCKA Maccou

M=2xr. Tlo mocke ckomp3uT mraiiba maccoir m = 0,5 kr. Koaddunment
TpeHHUs MeXIy Inaiooit u mockor p=0,2. B HayanbHBIH MOMEHT BpEMEHHU
CKOpOCTb IIAalOBI paBHA Uy, a Jocka mokoutcs. B moment t = 0,8 ¢ maiiba
TIEPECTACT CKOMB3UTE 11O 0CKE. Uemy paBHa HadaibHasi CKOPOCTh MAKOBI Uy?

Y

Ot1BeT:

O06paszer BO3MOXHOTO PEIICHHS

Kputepun oLieHKY BBIIOJIHEHUS 33 JaHUs Bbanunbt

IlpuBeneHO  TONHOE  MPABHIBHOE  PEIICHHE,  BKIIOYAIOIIEE
CITC/TYFOIITHE SJICMEHTBI:

1) BepHO yKa3aHBI (M3WUYECKHC SBICHUS U 3aKOHBI (B JaHHOM
clydae —  GOOAHOU  NApP — CMAHOBUMCS — HACLIUWEHHBIM, 3
He3a8UCUMOCMb NIOMHOCMU (0A8NIeHUs) HACBIWEHHO20 napa om
0bvema npu 0aHHoU memnepamype) v TIOJIy4eH BEpHBINA OTBET;

2) IpHUBEICHBI PACCYKACHHS, IPUBOIAIINE K IPABIIIBHOMY OTBETY.

IIpencraBieHo IpaBUIIBHOE PELICHUE U NIOJIYUYEH BEPHBI OTBET, HO

—YyKa3aHbl He Bce (U3MUCCKUE SBJICHUS MM 3aKOHBI, HEOOXOJUMbIE

Ul IOJTHOTO IIPaBUJIBHOTO OTBETA,; 2
i

— He [IPEJCTABIEHbI PaCCY)KICHUS, IPUBOJSIIINE K OTBETY.

1. BHemmHne cmiel, AEHCTBYIOIIME HA CHCTEMY TeJI «JOCKa — Imaibay,
HanpaBjeHbl MO0 BEPTUKAIM M B CyMME€ paBHBI HYIIO. IMIyJIbC CUCTEMBI Tel
«JIIOCKa — [Iaitba» OTHOCUTENBHO 3eMitn coxpaHsiercs:  muy = (M + m)o,

IZie U — CKOPOCTH MIAHOBI M JOCKH MOCIIE TOTO, KaK MIaifda rmepecTana CKONb3UTh
10 JTOCKE.

2. Cuna TpeHusi, JeHCTBYOIAs Ha JOCKY CO CTOPOHBI IIali0bl, MOCTOsIHHA

Frp = pmg.

IMox neficTBHEM STOH CHIBI JOCKA ABUXKETCA C YCKOPEHHEM a:p% g u

M
JIOCTHTaeT CKOPOCTH v 3a Bpems T=X = Mo _ Y0
a wng pg(M+m)

M+m)gt
Otcrona vy = H(T)g:Z (m/c). Ortser: vy=2 M/c.
Kpurepuy oneHKY BHIITOIHEHHS 33 TaHs Baer

— IlpaBunbHO yKa3aHBI (pU3MYECKHE SBICHHS, HO B PACCYKACHHIX
COZIEPXKUTCS OIIMOKa, KOTOpasi MPHUBEJa K HEBEPHOMY OTBETY.

NJIn
— ComepXHUTCS TONBKO TIPAaBWIBHOE YKa3aHHE Ha (HU3MUECKHe 1
SIBJICHHSI.

NI

— IlpeacraBiieH TONBKO IPAaBUJIBHBINA OTBET.

Bce ciryuan pemieHust, KOTOpbIe HE COOTBETCTBYIOT BBIIMICYyKAa3aHHBIM
KPHUTEPHUsIM BBICTABJICHU OLICHOK B 1, 2, 3 Oayia. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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IIpuBeneHo MoTHOE MPaBMIIBHOE PEIICHHE, BKIIOUAIOIISe CIISTyOIHe 3
9JIEMEHTHI:

1) mpaBwipHO 3amucaHBl (OPMyNBI, BBIpKAIOIIUE (GH3HIECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO Ul pELIeHHs 3aladuu

BEIOpAaHHEIM CIIOCOOOM (B HaHHOM PEUICHUH — 3AKOH COXPAHEHUs
umnynvca, emopou saxon Hviomona, gopmyna ona pacwema cunvi
Mpenus);

2) mpoBeleHbl HEOOXOIMMBbIE MaTeMaTH4ecKHe IMpeoOpa3oBaHHs U
pacdeTsl, TPHUBOIAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTBeT. [Ipu 3ToM pomyckaercst pemeHue "mo yactam" (¢
MIPOMEKYTOUHBIMH BBIYHCICHHSAMH).

— IlpencraBiieHO MpaBIIIFHOE PEICHHE TOJIBKO B o0IIeM Buue, 0e3 2
KaKHX-TN0O0 YHCIOBBIX PACUCTOB.

N
— [IpaBunpHO  3ammcaHbl  HeoOXoaWMBIE  (OpMyNbI,  3ammcaH
MpaBUJBHBI  OTBET, HO HE TPEACTaBIEHBl MpeoOpa3oBaHus,
TIPUBOJSAIIME K OTBETY.
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NI

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

A
OtBer: —2 ~0,5.
123

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
N
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
N
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

KpI/ITepI/II/I OLICHKH BBINIOJIHCHUS 3a1aHUA

Bamer

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

O,I[I/IH MOJIb  OAHOATOMHOI'0  HMACAJIBLHOIrO Trasa |~

MepexoAUT M3 COCTOsHUA 1 B cocrosiHMe 3 B
COOTBETCTBUU C TpaMKOM 3aBUCUMOCTH €ro o0béma
V ot temneparypst T (T = 100 K). Ha ygactke 2 — 3
Kk ra3y mnoaeomar 2,5 k/bx rtemnorsl. Haitnure
OTHOIIEeHNE paboTHI Ta3a Ajp; KO BCeMy KOIHMYECTBY
MIOJIBEZICHHOM K Ta3y TeIIOTH J)73.

OTtBeT:

0 To 2Ty 3Tp

[IpuBeneHO MOTHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIEE CIISIyOLIHe
9IIEMEHTHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKArOUIMe (PU3NYCSCKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HeOOXOMMO JUISI PEIICHHUS 3a/1a91 BEIOpPaHHBIM
croco0oM (B JAHHOM pEIIEHUH — NEpabill 3aKOH MepMOOUHAMUKY,
Gopmyna ons  pacuema GHympenHel IHepUU  0OHOAMOMHO20
UOeanbHO20 2a3a, PABEHCMBO HYNH0 pabomel 2a3d Npu U30XOPHOM
npoyecce);

2) mpoBeleHbl HEOOXOMMMbIE MaTeMaTHYeCKHe MpeoOpa3oBaHus U
pacyersl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTaBieH oTBeT. [Ipu 3ToM momyckaercs perieHue "mo gactaM" (¢
MIPOMEKYTOYHBIMH BEIYHCIICHHUSIMH).

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B o0mmeM Buue, Oe3
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
MpaBWIBHBI OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartmueckux — TpeoOpa3’OBaHMSAX I BBIYHCICHHAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

OO0pasen BO3MOKHOTO PEIICHUS

CoriacHo mepBOMY 3aKOHY TepMOAMHAMUKH, Q23 = AUjp; + Ajp;, THE

A123 = A12 + A23 u AU|23 = AUlz + AU23. B N30XOPHOM ITPOIIECCE A12 = 0,

a B uzorepMuyeckoM mpouecce AU,z = 0. Iloatomy Qg3 = AU, + Ap;

Ay = Ays. Tpu nepexoze 2 — 3: Qu3 = AUy + Az = Aps.
CnenoBarensHo, Q123 = AUy, + Qus.

W3meHeHue BHYTpEeHHEHN sHEpruu ra3a npu nepexone 1 — 2:

3
AUIZ = ? VRATIZ. HOCKOHLKy ATIZ = 2T0 , TO AUlz = 3VRTO.

Aps _ Qy3 ~0.5.
Qi3 3VRT;+Qy;3

IosTomy: Q23 = 3VRT, + Qas.

u

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (POPMyNbI, HEOOXOAUMBIE AT PEIICHHS
3aJ1a4d, HO B OZ[HOﬁ W3 HUX JIOMYIICHA OITHOKA.
5 0)041
— OtcyTerByeT oaHa U3 GopMyJl, HEOOXOAUMBIX ISl PELICHUS 3314 H.

Bce ciyuan penieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (Mcroip30BaHHE
HETPIMEHUMOTO 3aKOHA, OTCYTCTBHE Ooliee OIHOTO HCXOMHOTO
ypaBHEHMs], pa3pO3HEHHbIE 3aKCH H T.I1.).
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KakoBo  paccrosmue d  mexay — oOkiagkamu e R C — B pemenun coaepKUTCs OIMOKa B HEOOXOIMMBIX MaTeMaTHICCKHX 1
KOHJICHCATOpa (CM. PHCYHOK), €C/IH HANpXKEHHOCTH — : IIpeoOPa30BAHIIX U OTCYTCTBYIOT KaKHe-JIHOO YHUCIIOBBIE PACUETHI.
AIEKTPUUECKOTO TONs  Mexnay Humu FE =5kB/Mm, r R, Wit
BHYTPCHHEE CONPOTHBIICHHE HCTOYHMKA ToKa = 10 Owm, — 3ammcaHBl Bce MCXOAHBIE (POPMYIBI, HEOOXOMUMEBIC IJIS PEIICHHS
ero DJIC € =20B, a conpoTUBIEHUS PEUCTOPOB 3anaun, Ho B OJHOU u3 HuX nomyIieHa omuoKa.
Rl =10 OMI/IR2:20 Om? NJIn
OTBeT: — OtcytceTByeT oaHa U3 HopMys, HEOOXOAUMBIX TS PEIICHHS 3a1auH.
Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
O6paszer BO3MOXKHOTO PeIIeHHs
KpUTEpHUSIM  BBICTaBJIEHHUs] OLEHOK B 1, 2, 3 Oamna (ucHonb3oBaHUE
3HaueHHs HANpsDKCHUST Ha KOHJCHCATOpPE U MapajlieNIbHO MOJCOCAMHEHHOM
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
pesuctope onuHakoBel: U =1R,, U=Ed, rne E — Hanps»KeHHOCTb IOJIS B
IR ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).
KoHzaeHcarope. CnenoBarenbHo, d= =2
€ ER _
3akon Oma: [=————— Tlostomy d= ———2—— =2.10" (m).
R, +R, +r ER;+R,+r)
OtBer: d=2 MM.
Kputepun olleHKH BBINOIHEHHS 3aJaHUs Bamer
[IpuBeneHO MONHOE MPABUIIBHOE PEIeHHE, BKIIIOYAIOIEe CIIeIyIOIre 3
9JIEMEHTHI:

— BEPHO 3amlHCaHbl (OPMYIBI, BRIpaXKaomue (hU3NUSCKHE 3aKOHEI,
NPUMEHEHNE KOTOPBIX HEOOXOIMUMO TS pEIICHUS 3a7a4l BRIOpaHHBIM
crnocoboM (B JaHHOM pelieHUH — 3akoH Oma 0na nonHou yenu u
yuacmka — yenu,  paeeHCmeo  HANPAJICEHUW  HA  NapaiielbHo
COEOUHEHHBbIX DNeMEeHmax yenu, ceA3b PA3HOCMU HOMEHYUANI08 C
HANPAHCEHHOCMbIO NOJIA);
— TMPOBEACHBI HEOOXOIUMBIE MaTeMaTWiecKue NpeoOpa3oBaHUS W
pacueTsl, NPUBOJAIIME K TMPABWIBHOMY YHCIOBOMY OTBETY, U
TpeIcTaBlieH OTBeT. [Ipu 3TOM Jormyckaercst pemieHue "mo gactsam” (¢
MIPOMEKYTOUHBIMU BBIYUCICHUSIMH).
— IlpeacraBieHo mMpaBUIbHOE PELIEHHE TOJBKO B 0oOIIeM Buue, 6e3 2
KaKHX-JTN0O0 YHCIOBBIX PAacCueTOB.

Wi
— [IpaBunbpHO  3ammcaHbl  HEOOXOAMMBIE  (OpMyNbI,  3amHcaH
MPaBWJIBHBI  OTBET, HO HE TIPEJICTaBJICHBI MpeoOpa3oBaHus,
MIPUBOMSIINE K OTBETY.

NN
— B  Maremarmueckmx  IpeoOpa3’oOBaHMAX WM BBIYMCICHHSIX
JIOTyIlieHa OmnOKa, KOTOpasi MpUBENa K HEBEPHOMY OTBETY.
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Ha nempoBoxsmiell rOpU30HTAIbHON MOBEPXHOCTH

OIHOPOIHON TOHKOW NPOBOJIOKH, COTHYTasi B BHIC
paBHOCTOpoHHero  TpeyromsHuka  ADC  co

CTOpPOHOH, paBHOH a (cM. puCYHOK). Pamxa / \\

CTOJIa JIEKHUT IpOBOAsAIIAs >KECTKAas paMKa H3 /{
=
B

HaXoaUuTCsA B OJHOPOJHOM TOPU3OHTAJIBHOM
>

MarHUTHOM IO, BEKTOp MHIYKIUH KOoToporo B \
nepnenmKyspen cropore CD u mo moxymo pasen d D
B. Ilo pamke nmpoTtekaeT TOK / 110 4acOBOM CTpeJIKe. ¢

IIpn xakoM 3Ha4eHHMH Macchl paMKH OHA HAYWMHAET MOBOPAYUBATHCS BOKPYT
ctoponsr CD?

OtBeT:

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 141
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— [lpaBunbHO  3ammcaHbl ~ HeoOXOAWMBIC — (OPMYJIBI,  3ammcad | 2
MpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISIILIE K OTBETY.

NI
— B maremarnueckux npeobpa3oBaHUAX JOMyIIEHa OIIMOKa, KOTopas
IIpUBENIA K HEBEPHOMY OTBETY.

— 3ammcaHBl BCe MCXOAHBIC (DOPMyIBI, HEOOXOMUMBIC IS PEIICHHS 1
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

150151
— OtcyTcTBYeT 0/1Ha M3 POPMYIT, HEOOXOMMMBIX JUTS PEIICHHS 33/1a9H.

O06paser; BO3MOXKHOT'O PELICHHUS

Bce cnmydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICyKa3aHHBIM | 0
KpUTEpHUSIM  BBICTaBIIEHUs OLEHOK B 1, 2, 3 Oamna (MCHONb30BaHUE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJTHOTO
ypaBHEHWUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).

Ha cTopoHbl pamMKku JIeHcTByeT crila AMnepa.

. 1
Ha cropony AC: Fa; =1aB sin(n — o) = EIaB, rae o = 30°;

. 1
Ha cropony AD: Fu, = IaB sino = EIaB;

Ha cTopony CD: Fp; = 1aB.
CyMMapHBI MOMEHT 3THX CUJI OTHOCHTENsHO ocu CD:

a\/g a\/§ \/3 I1a°B
N, =F, +F, = .

4 4 4
Ilycth Macca paMKu paBHa M, TOTJa MOMEHT CHJIBI  TSDKECTH
14a*B _ mga

4 23

. ,Z[OHyCKaeTCﬂ OTBCT B BUAC PaBCHCTBA.

mga
me =————- YCIOBUS OTpbIBA: Na+ Ny 20,
PN Ao

3alB

Orcroma m <

KpI/ITCpI/II/I OLCHKH! BBINIOJIHCHHUS 3a1aHUA banist

[puBeneHo MoOJHOE MPABUIIBHOE PElleHHe, BKIOYarolee cieayomue | 3
AIIEMEHTBHI:

1) BepHO 3ammcaHb! (GOpMyIbl, BRIpaXkaromue (GU3NYECKHE 3aKOHHI,
NPUMEHEHHE KOTOPhIX HEOOXOAUMO ISl PEIICHHUs 3a1a9l BEIOpaHHBIM
crocoOoM (B JaHHOM Cllydae — (popmyasl Oisl paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mpoBeneHBl HEOOXOAWMBIC MaTeMaTHYECKHE MpeoOpa3oBaHMs,
MIPUBO/ISIINE K [TPABUIBHOMY OTBETY, M IPE/ICTABJICH OTBET.
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B nByx ombiTax mo ¢(orodddexry MeraquipdecKkas MIACTHHKA OOJydanach

CBETOM C JUIMHAMHU BOJH COOTBETCTBEHHO A; = 350 HM u A, = 540 M. Kakum

o 1%
OBLIO OTHOIICHHE MaKCHMaJIbHBIX CKOpOCTEU q)OTOSJ'IeKTpOHOB U—l B OTHUX
2

OTIBITAX, €CIIM PadOTa BHIXO/A C TIOBEPXHOCTH METAIA Ay = 1,9 9B?
OTtBeT:

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 141

O6paszer BO3MOXHOTO PEIHICHHS

VYpasHenue DitHmTeitHA 111 (OTOIh(EKTa B IEPBOM OIBITE:

2
muv
— 1 max
hvl - ABblx + 2
VYpaBHenue DitHmTeiHa 17151 GoToI(PPEeKTa BO BTOPOM OMBITE:
2
MU7 max
hvy, =4, +—2 .
CBsi3b JUJIMHBI BOJIHBI CBE€TA C qacTOTOH B TICPBOM OIIBITE:
_ _C
7\41 - .
Vi
CB}I?:I) JJINHBI BOJIHBI CBE€TA C 4acTOTOH BO BTOPOM OIIBITE:
C
)\4 2=
Va

Pemas cucremy ypaBHenuii (1) — (4), mosyyaeM OTHOIIEHHE MaKCHMAaIbHBIX

CKOpOCTEH (HOTOIIEKTPOHOB:

()

@)

)

(4)

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 10/10)
— Hpe,HCTaBJ'IeHO IPABUIIBHOC PCHICHUE TOJIBKO B oo1emM BUJIE, 6e3 2
KaKUX-TH0O0 YHMCIIOBBIX pacucToB.

N
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
NpaBWIBHBI OTBET, HO HE MpEeICTaBICHb MpeoOpa3oBaHUA,
TIPUBOAIIHNE K OTBETY.

nim
—B MAaTEMaTHYICCKUX HpeOﬁpa30BaHI/I${X 501058 BBIYUCJICHUAX
JOITyIICHa OII_H/I6K8., KOTOpas IpUBeEJIa K HCBEPHOMY OTBETY.
— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THOO0 YUCIOBbIE PACUETHL.

NI
— 3ammcaHBl Bce MCXOAHBIE (POPMyNbI, HEOOXOMUMBIC AT PEIICHUS
3aJ1a44, HO B OZ[HOP'I M3 HUX JI0yIICHa oImuoKa.

nin
— OtcyTcTBYeT 0jHa U3 PopMy, HEOOXOAUMBIX JUIS PEIlIeHHs 3a/1a4H.
Bce cimyyau penieHusi, KOTOpble HE COOTBETCTBYIOT BbIIICYKa3aHHBIM 0

KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroiIp30BaHHE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOIHOTO
YpaBHEHUsI, pa3pO3HCHHbIC 3aIICH H T.I1.).

v
p o= —max — OtBeT: n = 2.
U2 max
KpI/ITepI/II/I OIICHKMH BBIIIOJIHCHUS 3aJaHUS Ba.HJ-H)I
[IpuBE/ICHO MONHOE MPABHIIBHOE PEIICHHE, BKIIOUAIONIee CICAYIOIHe | 3

3JIEMEHTHI:
1) mnpaBuUNBbHO 3amucaHbl (OPMYJBI, BBIpaXKarOMue (U3MIECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UISi pPEUICHHs 3a/ladd
BBEIOpaHHBIM  CIOCOOOM (B JTAHHOM pEIICHUH —  VpaeHeHue
Dtinwmetina ons ghomospgpexma u popmyna, ceazvieawas OAUHY
BONIHbL INEKMPOMASHUMHBIX B0H C YACMOMOIL);

2) mpoBeleHBl HEOOXOIMMBIC MaTeMaTH4eCKHe IpeoOpasoBaHHs H
pacdeTsl, TNPHUBOIAIINAE K TIPABUIBHOMY YHCIOBOMY OTBETY, H
npeacrasieH oreeT. [Ipu 3ToMm nomyckaercst pemeHue "mo yactsam” (c
TIPOMEKYTOUHBIMH BEIYHCICHHUSIMH).
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KpuTepun oueHnBanusi BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 142
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

u ee nap. Ilopuens HauMHAIOT BBIABUIaTH U3 cocyna. Ilpu atoMm Temmnepartypa
BOJBI M Iapa ocTaeTcsi Hem3MeHHOW. Kak Oyner MeHAThbCs HpH 3TOM Macca
KHUIKOCTU B cocye? OTBET NOSICHUTE.

OtBer:

OO0paser BO3MOKHOTO PEIICHUS

Bona u BomsgHOM map HaxoAsATCd B 3aKPBITOM COCYAC MJIMTCIIBHOC BpPCMA,
TIO2TOMY BOJASHOM nap ABJSCTCSA HACBIIICHHBIM. HpI/I BbIIBUT'AaHUU TIOPIIHA
OPOUCXOAUT H30TCPMUYCCKOC pACHIMPCHUC TI1apa, OJaBJICHUEC W IINIOTHOCTb
HACBIMICHHOTO TIapa B 3TOM IPOLECCE HE MEHAIOTCA. CJ'Ie,ZIOBaTeJ'H)HO, 6y£[eT
IPOUCXOAUTH UCIIAPCHUC XUAKOCTH. 3Ha‘II/IT, Macca XHUJAKOCTU B COCYyaC 6y,£[eT
YMCHBIIATHCA.

KpuTepun oueHnBaHus BbINOJIHEHHUs 32/1aHUI ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 142
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rmagkoll ropu30HTanbHON IJIOCKOCTH HAaXOAMTCS JJIMHHAs JOCKa Maccoi

M =2 xr. TTo nocke ckomb3uT maiida Maccoit m. KoapduumeHT TpeHus Mexry
maiboi u gockor p=0,2. B HaYaabHBII MOMEHT BPEMEHH CKOPOCTh MIAHOBI
vy =2 M/c, a nocka mokoutcs. B moment T = 0,8 ¢ mraiiba mepecTaeT CKOJIB3UThH
10 J10cKe. Yemy paBHa Macca 1aiob1 m?

O06pazer] BO3MOXKHOT'O PELICHHUS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BHemHue cuibl, OEHCTBYIONIME Ha CUCTEMY Tel «JIocka — Imnaiibay,
HaIpaBJICHBI 110 BEPTHKAIN M B CyMME PaBHBI HYIIO. VIMITyJIbC CHCTEMBI TeX
«J0cKa — maiiba» OTHOCHTENBbHO 3eMiu coxpansiercs:  muyy = (M + m)o,

IJIe U — CKOPOCTh LIAaHOBI M JIOCKH MOCIIE TOTO, KaK I1aii0a nepecraia CKOJIb3HUTh
IO JIOCKE.

2. Cuna TpeHHs, AeicTByIOIAs Ha JOCKY CO CTOPOHBI Iaii0bl, TOCTOSHHA

Frp = umg.

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Ilon melicTBMEM 3TOH CHIBI JIOCKA IBMIKETCS C YCKOPEHHEM a = u% gu
Mv
JOCTHTaeT ckopocTr v 3a Bpems 1=L =ML — I—
a pmg pg(M+m)

o)
Otcroma m=M| —>—1|=0,5 kr. Otser: m=0,5 K.

ngt

Kpurepuu OIEHKH BBITOIHEHHUS 3a[aHus Basnbr

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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IIpuBeneHo MomHOE MPaBUIIBHOE PEIIEHHE, BKIIOYAIOIee CIeTyoHe 3
3JIEMEHTHI:

1) mpaBunbHO 3amucaHel (OPMYJBI, BBIpAXKAOMUEe (UINUSCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UIsi pELIeHHs 3aladudt

BEIOpAaHHEIM CIIOCOOOM (B HaHHOM DPELIEHHUH — 3AKOH COXPAHEHUs
umnynvca, emopou saxon Hviomona, gopmyna ona pacwema cunvi
mpeHus);

2) mpoBeleHbl HEOOXOIMMBIE MaTeMaTH4eCKHe INpeoOpa3oBaHHs U
pacdeTsl, TPHUBOIAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npenacTasieH oTBeT. [Ipu 3ToM nomyckaercst pemieHue "mo yactam" (¢
TTPOMEKYTOUHBIMH BEIYHCICHHUSIMH).

— IlpencraBiieHO MpaBIIIFHOE pEIIEHHE TOJIBKO B o0mmeM Buue, 0e3 2
KaKHX-JTM0O YUCIOBBIX PACUETOB.

W
— [MpaBunbHO  3ammcaHbl  HeoOXoauMbIe  (HOPMYIBI,  3amucaH
MPaBWIBHBI  OTBET, HO HE TMPEICTAaBICHBI MpeoOpa3oBaHus,
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MIPUBOJISIILME K OTBETY.
NI

— B  maremaTnueckux  INpeoOpa3OBaHMSAX  WIM  BBIYHUCICHUSX

JIOTIyIIieHa OmmnOKa, KOTOpasi MpUBENa K HEBEPHOMY OTBETY.

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 142

— B pemrennn conmepxutcs ommoOKa B HECOOXOAUMBIX MaTeMaTHICCKUX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-THOO YMCIOBEIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (DOPMYIIBI, HEOOXOJMMBIE UIS pPEIICHUS
3agaun, Ho B OJIHOM u3 Hux nomyiieHa ommoKa.
i
— OtcytcTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KpUTEpHUSIM  BBICTaBJIEHUs] OLEHOK B 1, 2, 3 Oamia (ucHonb3oBaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUS, Pa3pO3HEHHBIE 3aIHCH U T 11.).

Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 4/10)

KpI/ITepI/II/I OILICHKH BBIITOJTHCHUA 3a1aHUs bammer
HpI/IBeI[eHO TI0JTHOC MPaBUJIIBHOC PCIICHUE, BKIIFOYAIOMICE CICAYIOIIUE 3
3JICMCHTHI:

1) BepHO 3ammcaHb! (GOpMyIbl, BBRIpaXkaromue (GU3NUECKHE 3aKOHHI,
MPUMEHEHHE KOTOPhIX HEOOXOAUMO IS PeIICHUs 3a1a9K BEIOpaHHBIM
CIocoO0OM (B JTaHHOM PCUICHUH — Nepsblil 3aKOH MepMOOUHAMUKU,
Gopmyna 0Ons  pacuema  HYMpeHHell 3Hepeuu  OOHOAMOMHO20
UOeanbHO20 2a3d, PAGEHCME0 HYNIO pabombl 2a3d Npu U30XOPHOM
npoyecce);

2) mpoBelieHbl HEOOXOJMMble MaTeMaThdyeckue NpeoOpa3oBaHUs M
pacdeTsl, TPHUBOIAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTBeT. [Ipu 3ToM fpomyckaercss pemieHue "mo gactam'" (¢
MIPOMEKYTOUHBIMH BEIYHCIICHHSIMH ).

OnuH MOJbh OIHOATOMHOTO WAEATBHOTO Ta3a COBEPIIAECT r
porecc 1-2-3 (cm. PHUCYHOK, rae 37
To=100K). Ha yuacTke 2-3 k razy nomsomar 2To
2,5 x/Ix rteruorel. Haligure oTHOmeHWE paboTHI A3, Ty

COBEpLIaEMON Ta30M B XOJE€ IPOIecca, K KOJIMYECTBY
TIOTJIONIEHHOM ra30M TeroThl (3.

OTtBeT:

— IlpencraBneHo npaBUIBHOE PEIICHUE TOJBKO B 00IIeM Buue, 6e3 2
KaKHX-JTN0O0 YHCIOBBIX PACueTOB.

58)141
— [IpaBunbpHO  3ammcaHbl  HEOOXOMMMBIC  (OPMYJIBI,  3alMCaH
NpaBIWIBHBIM ~ OTBET, HO HE MPEACTABICHBI IpeoOpa3oBaHus,
TIPUBOJISILE K OTBETY.

i
—B Maremartmueckux IpeoOpa3’OBaHMAX MM BBIYUCICHHUAX
JOTyIieHa OmunOKa, KOTOpasi PUBENa K HEBEPHOMY OTBETY.

OOpasen BO3MO>KHOTO PeIICHUs]

CornacHo TepBOMY 3aKOHY TepMOAUHAMHUKH, Qo3 =AU 3+ Ajps, €
Aipz=Ap+Ay u AU = AU + AUy B uzoxopnom nponecce Ajp =0,
a B uzorepmuueckoM mnpouecce AU,; = 0. Iloatomy Q3 =AU+ Ay u
Az =Ay.  Tpumepexome 2 — 3: Qu= AUy + Ap = Ajs.

CnepoBarenbHo, Qo3 = AUj; + Qp;. M3MeHeHue BHyTpeHHEH 3Hepruu rasa

3
npu niepexoae 1 — 2: AU, = > VRAT),. TMockombky AT, =2T,, TO

A Qs
AU, =3VRT,. Mostomy Q3= 3VRTo+Qy; —2 = )
Q123 3VRTO+ Q23

A
Otger: —2 ~0.5.
123

— B pemrennn conmepxutcs ommoOKa B HEOOXOAUMBIX MaTeMaTHICCKUX 1
IIpeoOPa30BAHIIX U OTCYTCTBYIOT KaKHe-JIHOO0 YHUCIIOBBIE PACUETHI.
150151
— 3ammcaHsl Bce MCXOAHBIE (OPMYIBI, HEOOXOMUMEBIE IJIS PEIICHHS
3aJla4yd, HO B OZIHOI71 U3 HUX JOMylLIeHa OUIHOKa.
W
— OtcytceTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1auH.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEpHUsIM  BBICTaBJIeHUs] OLEHOK B 1, 2, 3 Oamna (ucHonb3oBaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIE 3aIHCH U T.I1.).
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HanpspkeHHOCTh  ANIEKTPHUYECKOTO  MOJNS  IIOCKOTO
KOHJeHcaTopa (CM. pHCYHOK) paBHa 24 kB/M. ¢ C==
BHyTpennee comportuBieHne ucTtouHmka 7= 10 Owm,
OJC € =308, COIIPOTUBIIEHUS  PE3UCTOPOB
Ry =20 0wm, R,=40 Om. Haiinure paccrosiHue MEXIY
IUTAaCTUHAMU KOHJIGHCATOPA.

Ry

~

Ry

OTtBeT:

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 142
Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 6/10)

— 3amnmcaHbl Bce MCXOMHBIE (OPMYJIbI, HEOOXOANUMBIE Ul PEIICHUS
3amaun, Ho B OJIHOM 13 Hux momymena omuoKa.

NI
— OtcyTcTByeT oiHa U3 GopMyJI, HEOOXOANMBIX [UIsl PEIICHNUS 33/1a4H.

O6paszerr BO3MOXKHOTO PEIHICHHS

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTaBJICHHS OLEHOK B 1, 2, 3 Gamma (Mcroip30BaHHE
HENPUMEHHMOI'0 3aKOHA, OTCYTCTBHE 0ojiee OJHOIO HCXOIHOTO
ypaBHEHHUs, pa3pO3HECHHBIE 3aMHCH H T.I1.).

DNeKTpUUecKUil TOK 4epe3 MOocienoBaTeNibHO BKiItoueHHble Ry u C He wuuer,
MOATOMY HATPsDKEHHS Ha KOHICHCATOpE M pe3rcTope R, OAWHAKOBBI M paBHEL:
U=1R,, U=Ed, rne E — HanpspkeHHOCTH 1oJIs1 B KOHAeHcarope. Otciona

a=22
CornacHo 3akony Oma, [ = L = d= &
r+R, (Ry+1)E
Otser: d=10"M=1mm.
KpuTepnu oLileHKN BBINOJTHEHUS 331aHNS baus
IIpuBeneHo MoTHOE MPAaBMIIBHOE PEIICHHE, BKITIOUAIOIISE CIICTYOIHe 3

3JIEMEHTBI:
1) BepHO 3amucaHBl (OPMYJBI, BRIpaXarommue (U3NIECKHE 3aKOHBI,
[IpUMEHEHHE KOTOPhIX HEOOXO0AMMO JUlsl PEIIeHNs 33a1a4i BHIOpaHHBIM
crioco0oM (B JaHHOM pemeHHn — 3akon Oma O0na noaHou yenu u
yuacmka — yenu, paseHcmeo — HANPAJICEHUU  HA  NAPALIENbHO
COEOUHEHHBIX DJIeMEHMAax Yenu, CA3b PA3HOCMU NOMEHYUAL08 C
HANPAICEHHOCMbIO NOJIA);

2) mpoBeleHbl HEOOXOIMMBIC MaTeMaTH4eCKHe IMpeoOpa3oBaHHs H
pacdeTsl, TPHBOIAIINE K TIPAaBHIBHOMY YHCIOBOMY OTBETY, H
npeacTtasieH oTeT. [Ipu 3ToM fgomyckaercs pemieHue "mo gactsam" (¢
MIPOMEKYTOYHBIMH BBIYNCIICHHSMH).

— IlpencraBneHo mpaBUIBHOE PEIICHHE TOJBKO B 00IIeM Buue, 6e3 2
KaKHX-TN0O0 YHCIOBBIX PACUCTOB.

N
— [IpaBunbHO  3ammcaHBl  HEOOXOoAWMEBIE  (OPMyNBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MpPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOAALINUE K OTBETY.

N
— B Maremaruueckux  IpeoOpa3’OBaHMSAX MM BBIYMCICHHUSAX
JIONyIIeHa onInOKa, KoTopas IpHBeJia K HEBEPHOMY OTBETY.

— B pemmennn conepxutcs ommoOka B HEOOXOANMBIX MaTeMaTHIECKUX 1
IpeoOpPa30BaHMIX U OTCYTCTBYIOT KaKHe-THOO YUCIOBBIE PACUETHL.
NJIN
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Ha mempoBozsieli ropuM30OHTANILHON MOBEPXHOCTH Bce cnywan peiieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
CTONa JIEXKUT IPOBOIALIAA JKECTKas paMKa U3 KpUTEpHUSIM BBICTaBIIEHHS OIEHOK B 1, 2, 3 Oamna (Mcmonbp3oBaHUe
OJHOPOAHON TOHKOM IIPOBOJIOKH, COTHYTas B BHJIE T HENPUMEHUMOI'O 33aKOHa, OTCYTCTBHE OOJiee OIHOTO HCXOIHOTO
kBagipata ACDE co croponoii a (cM. pucyHOK). @ YpaBHEHMS, pa3pO3HEHHEIE 3AMHCH U T.IL.).

oV

Pamka HaxoguTCd B OAHOPOAHOM T'OPHU30HTAJIBHOM
9

MarHUTHOM TMOJe, BEKTOp MHAyKuuu B kotoporo YE D
nepreHauKysipeH croponaMm AE u CD u pasen 1o

Monyio B. Ilo pamke npoTuB 4acoBo# cTpeiku mnpotekaeT Tok /. Ilpu kakom
3HAUYE€HUU MACChl PAMKU OHa HAYHET TOBOPAUYUBATHCS BOKPYT cTOPOHBI CD?

OtBeT:

O06pasel] BO3MOXKHOTO PEIICHHUS
Ha croponst AE u CD OyayT neiictBoBaTh cvitbl AMriepa Fay; = Fa, = 1aB.
MomMeHT cuiibl AMIiepa OTHOCHUTEIBHO OCH, MPOXOAsIei yepe3 ctopony CD,
N, =1a’B.
ITycth Macca paMKH paBHa m, TOT/Ia MOMEHT CHJIBI TSKECTH OTHOCUTEIBHO

ocu CD: Ny, =— %mga.

Vcnosue orpeiBa: Nj + Npe> 0, 1a°B > w. Otcroma m< 2a1B .
2 g
Jonyckaercst OTBET B BHJIC PABECHCTBA.
Kpurtepuy OLIEHKY BBITOTHEHU 3aIaHuUs Baiisl
[IpuBeneHo MONHOE MPAaBUIBHOE PEIIeHHE, BKITIOYAIOIIEe CIIeTyIOIIne 3

DJIEMEHTHI:
1) BepHO 3amucaHbl (QOPMYJIbI, BhIpXKAIOMIHE (U3UICSCKUE 3aKOHBI,
NPUMEHEHUE KOTOPhIX HEOOXOANMO ISl PEIICHUs 3aa4K BEIOpaHHBIM
croco0oM (B JaHHOM CIIydae — (popmyasl Oisl paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mnpoBeneHbl HEOOXOOUMble MaTeMaTHUecKue MpeoOpa3oBaHus,
MIPUBOJIIINE K IPABHIFHOMY OTBETY, U MIPEJICTaBIICH OTBET.

— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH 2
MpaBWIBHBII OTBET, HO HE MPEICTABICHBI MpeoOpa30OBaHMs,
TIPUBOJISIINE K OTBETY.

N
— B marematuueckux npeoOpa3oBaHUAX JOMYIIEHA OIKHOKa, KOTopas
IIpHBeJIa K HEBEPHOMY OTBETY.
— 3amucaHbl BCe HCXOIHBIE (DOPMYIIBI, HEOOXOJMMBIC JUIS pPEIICHUS 1
3agaun, Ho B OJIHOM u3 Hux momyuieHa ommoka.

NI
— OtcytcTByeT 07Ha U3 HOpMYJI, HEOOXOIUMBIX JUIS PELICHUS 33/1a4H.
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KpuTepun oueHnBanusi BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 142
Enunblit rocynapctBeHHsli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 9/10)

B nByx ombiTax mo ¢oTodddexTy MeTamamyeckas IUTACTHHKA, AT KOTOPOH

paboTa BBIXOZA C TOBEPXHOCTH MeTaia Ay, = 1,9 3B, obmyyanach cBeTOM ¢
JUTHHAMH BOJIH COOTBETCTBEHHO A U A,. Kakoii Obuia JUTHHA BOJNHBI B IEPBOM
OTBITE A, €CIM BO BTOPOM OHa cOCTaBsia A,= 540 HM, a OTHOIIEHHE

o 1%
MaKCHMAJIBHBIX CKOPOCTEH (POTOIIEKTPOHOB U—l =27
2

OtBeT:

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 142
Enunblit rocynapcTBeHHbli 3xk3amen, 2009 © OU3UKA, 11 knacc (ctp 10/10)

OO0paszen BO3MOKHOTO PEIICHUS

VYpaBHenue DitHmTEHA 11 (OTOIDPEKTA B IEPBOM OIBITE:
2

— IlpencraBneHo mpaBUIBHOE PEIICHHE TOJBKO B 00IIEM Buue, 6e3
KaKHX-TN00 YHCIOBBIX PACUCTOB.

W
— [IpaBunbHO  3ammcaHbl  HEOOXoAWMBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MpEeICTaBICHb MpeoOpa3oBaHUA,
MIPUBOJISILIHIE K OTBETY.

N
— B Maremaruueckux  IpeoOpa3’oBaHMSAX MM BBIYUCICHHUAX
JIONyIIeHa ontnOKa, KOTopas IpHBeia K HEBEPHOMY OTBETY.

2

— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THOO0 YUCIOBbIE PACUETHL.
NJIN
— 3ammcaHBl Bce MCXOAHBIE (POPMyNbI, HEOOXOMUMBIC AT PEIICHUS
3anaun, Ho B OJIHOM u3 Hux jomymena omuGKa.
i
— OtcyTcTBYeT 0jHa U3 PopMy, HEOOXOAUMBIX JUIS PEIlIeHHs 3a/1a4H.

Bce ciryuan peleHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM
KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroiIp30BaHHE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOIHOTO
YpaBHEHUsI, pa3pO3HCHHbIC 3aIICH H T.I1.).

MV | max
hv, _A8b1x+T' )
VYpaBHenue DitHmTeitHa A1 (oTO3hPEKTa BO BTOPOM OIBITE:
2
MO3 max
hV2 = Aeblx T (2)
2
CBs13b IIMHBI BOJIHBI CBETA C YACTOTON B IEPBOM OIBITE:
_c
A =—. 3)
Vi
CBs3b JUTMHBI BOJIHBI CBETA C YaCTOTOH BO BTOPOM OIIBITE:
_c
Ay =< @)
Va
OTHOIIEHNE MaKCUMAJIBHBIX CKOPOCTEH (POTORIEKTPOHOB!
v
n= 1 max . (5)
U2 max
. heh,
Pemas cucremy ypasaenuit (1) — (5), momyuaem: A, = .
2 2
n hc+ Ay h,(1-n7)
Ortsert: A; = 360 HM.
Kpurepun olieHKH BBIITOJHEHUS 3a0aHUs bannsr
IIpuBeneHO MoTHOE MPAaBUIIBHOE PEIICHHE, BKIIOYAIOIEe CIIeIyOHe 3

3JIEMEHTHI:

1) mnpaBuUIBHO 3amMCaHBl (OPMYJBI, BBIpAXKAOMUe (UIMIECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO [UISl pPELICHHs 3a/ladd
BBIOpaHHBIM  CITIOCOOOM (B JAHHOM pEIICHUH —  YpaeHeHue
Diinwmetina ons ghomospgpexma u Gpopmyna, ceazvieawas ONUHY
6OJIHbL IIEKMPOMASHUMHBIX 60IH C YACMOMOIL);

2) mpoBeleHbl HEOOXOIMMBIC MaTeMaTH4eCKHe IpeoOpa3oBaHHs H
pacdeTsl, TPHBOIAIINE K TIPAaBHIBHOMY YHCIOBOMY OTBETY, H
npeacrasied oreeT. [Ipu aToMm nomyckaercst pemeHue "mo yactam” (c

ITPOMCIKYTOUHBIMU BLI‘{I/ICJ'IGHI/IHMI/I).
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI U Tapa ocraercs HeM3MeHHOW. Kak OyzeT MEHATHCS IpH 3TOM Macca
KHUJIKOCTU B cocye? OTBET NOSICHUTE.

OtBer:

OO0paser BO3MOKHOTO PEIICHUS

Boma W BOISHOW map HaXOMATCS B 3aKPBITOM COCYIE UIMTEIBHOE BpeMs,
[MO3TOMY BOJSIHOWM Map SBISCTCS HACHIEHHBIM. [Ipy BIBUTaHWUHM MOPIIHS
MPOUCXOAUT H30TEPMHYECKOE CXKATHE IMapa, JaBICHHE U I[UIOTHOCTh
HACBIIICHHOTO Tapa B 3TOM Ipolecce He MeHstoTcs. CrepoBaTensHo, Oyner
MPOUCXOAUTH KOHJCHCAIMS MapOB BOIBI. 3HAYMT, MAcca KUAKOCTH B COCYIIE
OyJeT yBeTMIUBAThCA.

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rnaaxoil ropu3oHTaJIbHON MJIOCKOCTH HaXOAMTCSA JUIMHHAsA JOCKA Maccou

M. Tlo pmocke ckonb3uT maiba maccoir m = 0,5 kr. Koaddunuenr tpenus
MexIy maiiboit u mockoit = 0,2. B HayanpHBI# MOMEHT BpPEMEHH CKOPOCTb
maiosl vy =2 M/c, a gocka mokoutcs. B Mmoment t = 0,8 ¢ maiiba mepecraet
CKOJIL3UTD 110 JIOCKE. Yemy paBHa Macca 1ocku M?

O0pasel] BO3MOXKHOTO PELICHHUS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BuemHue cuibl, JOEMCTBYIOIIME HAa CUCTEMY Tel «IOCKa — IIaibay,
HaIpaBJICHBI 110 BEPTHKAJIM M B CyMME PaBHBI HYIIO. VIMIyIIbC CHCTEMBI Te
«0CKa — Iaiiba» OTHOCHTENBHO 3eMin coxpansiercs:  muy = (M + m)o,

I7ie U — CKOPOCTH IMAaii0bl ¥ JOCKH MOCIIEe TOro, KaK IIaitda rnepecrana CKOJIb3UTh
IO JOCKE.

2. Cuna TpeHHs, JIeHCTBYIOIMAs Ha JOCKY CO CTOPOHBI IAi0BI, TOCTOSHHA

Fip, = umg.

HO}I )ICfICTBPIeM S9TOH CHJIBI A0CKa IBHIKETCA C YCKOPCHHEM a=u%g u

M
JI0CTHTaeT ckopocTu v 3a pems 1 =2 =ML - Yo
a wmg pg(M+m)

Otcrona M = m—YeT __» (xr). OtBer: M =2 xT.
Dy — gt

0

Kpurepun oneHKr BBIIOIHEHUS 3a4aHUS bannst

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL 1
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Konmposanue ne gomyckaercs

[IpuBeneHo mMoTHOE MPAaBUIIBHOE PEIICHHE, BKIIOYAIOIIee CIISTyOIHe 3
JJIEMEHTBHI:

1) mpaBmiIbHO 3amucaHel (OPMYJBI, BBIpaXKaromue (UINISCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOAMMO A PEUICHUS 3aJadn
BBIOpaHHBIM CIIOCOOOM (B JaHHOM PEIIEHUU — 3aKOH COXPAHEHUs.
umnyasca, emopou saxkon Hviomouna, ¢opmyra ona pacuema cunvl
mpenust);

2) mpoBeIEeHBI HEOOXOAMMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHHUS U
pacueTsl, NPUBOJAIIME K TPAaBWIBHOMY YHCIOBOMY OTBETY, U
mpeacTaBieH oTBeT. [Ipu 3ToM Jormyckaercst pemieHue "mo gactaM" (¢
MIPOMEXKYTOUHBIMU BBIYUCICHHUSMU).

— IlpeacraBieHo mpaBUIbHOE PELIEHHE TOJBKO B o0mieM Buue, 06e3 2
KaKHX-JTU0O YUCIOBBIX PACUCTOB.

NN
— IlpaBunpHO  3ammcaHbl  HeoOXoauMmbie  (GOpPMYJbI,  3amucaH
MpaBWJIBHBI  OTBET, HO HE TIPEJACTaBICHBI Mpeodpa3oBaHus,
MIPUBOISIIIUE K OTBETY.
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Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)

Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)
nin

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

Qi3

123

Ortser: ~2.

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
N
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
N
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

KpI/ITepI/II/I OLICHKH BBINIOJIHCHUS 3a1aHUA

Bamer

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

OIuH MOJIb OJTHOATOMHOTO HJICaJbHOIO rasa CoBCpmacT

rpoiiecc 1-2-3 (cm. PHUCYHOK, rae
To=100K). Ha yuactke 2-3 x razy HOABOIAT
2,5kJlx  Temnorel. Haiinure OTHOIIGHWE ITOJHOTO
MIOJIBEZICHHOTO K Ta3y KOJIMYecTBa TEIUIOTH (i3 K paboTe
A\123, COBEPIICHHOM ra30M B X0JI¢ Tpolecca.

OTBeT:

[IpuBeneHO MOTHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIEE CIISIyOLIHe
9IIEMEHTHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKArOUIMe (PU3NYCSCKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HeOOXOMMO JUISI PEIICHHUS 3a/1a91 BEIOpPaHHBIM
croco0oM (B JaHHOM pEIIEHUH — NEepebill 3aKOH MepMOOUHAMUK,
gopmyna ons pacwema eHympenHelu IHepeUU  0OHOAMOMHO20
UOeanbHO20 2a3d, PABEHCMBO HYNIO pabomel 2a3d NPu U0XOPHOM
npoyecce);

2) mpoBeleHbl HEOOXOMMMbIE MaTeMaTHYeCKHe MpeoOpa3oBaHus U
pacyersl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTaBieH oTBeT. [Ipu 3ToM momyckaercs perieHue "mo gactaM" (¢
MIPOMEKYTOYHBIMH BEIYHCIICHHUSIMH).

O6paser; BO3MOXKHOT'O PELICHUS

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B o0mmeM Buue, Oe3
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
MpaBWIBHBI OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartmueckux — TpeoOpa3’OBaHMSAX I BBIYHCICHHAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

CornacHo TepBOMY 3aKOHY TepMOAUHAMHUKH, Qo3 =AU ;3 + Ajps, €

Aipz=Apn+Ay u AU = AU+ AUy, B uzoxopnom nponecce Ajp =0,

a B uzorepmuueckoM npouecce AUp; = 0. Iloatomy Qi =AU, + Ay

Ay = Ay;. TIpu mepexozme 2 — 3: Q3= AUnp + Ay; = Ay,
CrnenmoBarenbHo, Q3 = AU, + Qas.

M3meHenne BHyTpeHHEH SHEpryy rasza npu nepexojae 1 — 2:

3
AU, = 5 VRAT},. Tockomsky AT, =2Ty,, To  AU;; =3VRT,.

Qs _ 3VRT+ Qs ~2
Aps Qx

IMostomy: Qa3 = 3vRTy+ Qus,

u

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (POPMyNbI, HEOOXOAUMBIE AT PEIICHHS
3aJ1a4d, HO B OZ[HOﬁ W3 HUX JIOMYIICHA OITHOKA.
5 0)041
— OtcyTerByeT oaHa U3 GopMyJl, HEOOXOAUMBIX ISl PELICHUS 3314 H.

Bce ciyuan penieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (Mcroip30BaHHE
HETPIMEHUMOTO 3aKOHA, OTCYTCTBHE Ooliee OIHOTO HCXOMHOTO
ypaBHEHMs], pa3pO3HEHHbIE 3aKCH H T.I1.).
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UeMy paBeH OJJIEKTPUYECKMH 3apsJ  KOHIEHCATopa

Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10)

anektpoeMkocThio C=1000 Mk® (cM. pUCYHOK), eciu
BHYTPEHHEE COIPOTUBJICHUE HUCTOYHHKA Toka 7= 10 Owm,
OJIC € =30 B, a conpoTtuBieHus pe3ucropos R; =40 Om
u R, =20 Om?

OtBeT:

e, r

O06paszer BO3MOXHOTO PEIICHHS

DONeKTpUUecKnii TOK 4epe3 MOocea0BaTeNbHO BKiIoueHHble Ry u C He uuer,
[IOATOMY HAIPsDKEHHS Ha KOHICHCATOPE U pe3rcTope R, OJMHAKOBBI M PaBHBEIL:

U=1IR,, U:%, = Q=IR.C.

o €

3axon Oma mis monHo# memu: [ = ——.
r+R,

ER,C g ~
Cremosarensio, Q=——2— =2.10>(Kx). Orser: Q=2:10"Ku.

R,y+r

KpuTepun olieHKH BBITIOJIHEHVSI 32 TaHHS Basr

[IpuBeneHO MOMHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIESE CISIYOLIHe 3

JNIEMEHTHI:
1) BepHO 3amucaHbl (OPMYIBI, BEIpaXaoMMe (PU3NUIECKUE 3aKOHBI,
NIPUMEHECHHE KOTOPBIX HEOOXO0AMMO JUIsl PEIICHUs 33a1a4i BHIOPaHHBIM
crocoboM (B JaHHOM pemieHun — 3akoH Oma 018 NoaHoU yenu u
yuacmka — yenu,  paseHcmeo  HANPAJICEHUU  HA  NAPALIENbHO
COEOUHEHHBIX INIeMEHMAx Yeni, CeA3b HanPANCeHUs. Ha KOHOeHcamope
€ e20 3apsa00oM U eMKOCMbIO);

2) mpoBeleHbl HEOOXOIMMBbIE MaTeMaTH4eCKHe IpeoOpa3oBaHHs U
pacdeTsl, TPHUBOIAIIHME K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTeeT. [Ipu 3ToM nomyckaercst pemieHue "mo yactam” (c
IPOMEIKYTOYHBIMHU BbIYUCICHHSIMH).

— IlIpencraBiieHO MpaBIIIFHOE pEIIEHHE TOIBKO B o0mmeM Buue, 0e3 2
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

W
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (HOPMYJBI,  3amucaH
MpaBWIBHBIL OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartuueckux — TpeoOpas’OBaHMSAX UM BBIYHCICHHUAX
JIOTyTIIeHa OIMUOKa, KOTOpasi IpUBeJia K HEeBEPHOMY OTBETY.

© 2009 dDenepanbHas ciyxk06a o Hag3opy B chepe oOpasoBanus u Hayku Poccuiickoit denepanmn
Konmposanye ne gomyckaercs

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 143

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)
-B PCIICHUHN COOCPKHUTCS omubKa B H606XOQI/IMHX MaTEMaTHYCCKUX 1
npeo6pa3013aHI/mx 1 OTCYTCTBYIOT KaKKe-I100 YKCIIOBEIC PacUeTHhI.

nim

— 3ammcaHBl Bce MCXOAHBIE (POPMYIBI, HEOOXOMUMEBIC IJIS PEIICHHS
3anaun, Ho B OJIHOM u3 Hux nonymena omuoKa.

i
— OtcytcTByeT oHa U3 HopMyJ, HEOOXOAUMBIX TS PEIISHHS 3a1auH.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEpHUSIM  BBICTaBJIEHHUs] OLEHOK B 1, 2, 3 Oamna (ucHonb3oBaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).

© 2009 dDenepanbHas ciyxk06a o Hag3opy B chepe oOpasoBanus u Hayku Poccuiickoii Denepannn
Konmposanye ne gomyckaercs




Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 7/10)

Ha HenmpoBonsiiell TOpu30HTaNbHON OBEPXHOCTU

OJIHOPOJIHOM TOHKOH IIPOBOJIOKU, COTHYTOH B BUJIE
paBHOCTOpOHHero  TpeyrompHuka ADC  co \
CTOPOHOM, paBHOH a (cM. puCyHOK). Pamka, mo / \

. A

CTOJIa JICKUT MPpOBOJAAIIAA XKCCTKAasA paMKa U3 \
=

B

KOTOpPOW Te4yeT TOK [/, HAXOJHUTCS B OJHOPOIHOM

TOPU30OHTAILHOM  MarHHUTHOM  TIOJIe,  BEKTOp
e d

HHOYKIAH ~ KOTOPOro B meprneHIuKyIspeH 2 D

cropoe CD. Kakum pomkeH OBbITH — MOAYIb

WHAYKIIMA MarHUTHOTO TOJIsI, 9TOOBI paMKa Hadajia MOBOPAYHUBATHCS BOKPYT

croponsl CD, ecu macca pamku m?

Ot1BeT:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 8/10)

— [lpaBunbHO  3ammcaHbl ~ HeoOXOmWMBblE  (OpMYyJBI,  3amucad | 2
MpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOJISIILIE K OTBETY.

NI
— B maremarnueckux npeobpa3oBaHUAX JOMyIIEHa OIIMOKa, KOTopas
IIpUBENIA K HEBEPHOMY OTBETY.

— 3anmcaHbl Bce HCXOMHBIE (OPMYIIBI, HEOOXOAMMBIE Ul perieHns | 1
3anaun, Ho B OJIHOM u3 Hux nomymena omuoKa.

WJIn
— OtcyTcTBYeT 0/1Ha M3 POPMYIT, HEOOXOMMMBIX JUTS PEIICHHS 33/1a9H.

O6paszer BO3MOXHOTO PEIICHHS

Bce cnmydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBINICyKa3aHHBIM | 0
KpUTEpHUSIM  BBICTaBIIEHUs OLEHOK B 1, 2, 3 Oamna (MCHONb30BaHUE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOJTHOTO
ypaBHEHWUsI, Pa3pO3HEHHBIC 3aIKCH U T.I1.).

Ilo pamxke Teuet Tok I. IlycTs MOysIb BEKTOpa MArHUTHOM MHAYKIUU paBeH B.
Ha cropons! pamku neiicTByeT cuiia Amiepa.

. 1
Ha cropony AD: Fa; = 1aB sin(nt — o) = EIGB’ rae o = 30°;

. 1
Ha cTopony AC: Fa, = 1aB sina = EIaB;

Ha cTopony CD: Fp; = 1aB.
CyMMapHBI MOMEHT 3THX CHJI OTHOCHTENsHO ocu CD:

a3 B1a’B

N, =, B E
AT ATy A2y, 4
mga
Mowment cuist Tspkectd: N, = —m. Venoeus orpeBa: Na + N,e = 0,

2m
Orcroma B > 3—;‘; JHomyckaercst OTBET B BHJIC PABEHCTBA.
a

314°B _ mga

4 T2z

Kputepun o1ieHKY BBINOJIIHEHUS 3aJaHUs banel

[MpuBeneHo MmoNHOE MPaBHIBHOE PEIICHHUE, BKIIOYAlONee cienyoomue | 3
9JIEMEHTBHI:

1) BepHO 3amucaHbl (GOpPMYIIbI, BbIpaKalolmue (U3NYECKUE 3aKOHBI,
IIPUMEHEHHNE KOTOPBIX HEOOXOIMMO JUIS PEIICHHUS 3a/1a9i BEIOpPaHHBIM
CIocoOoM (B TaHHOM cIydae — ¢popmynsl 0as pacuema cuivl Amnepa,
MOMEHMO8 CUTL);

2) mpoBeneHBl HEOOXOAMMBIC MaTeMaTHYeCKHe MpeoOpa3oBaHMUs,
IIPUBO/ISIINE K [TPABUIBHOMY OTBETY, M IIPEJICTaBIEH OTBET.

© 2009 denepanbHas ciayxk6a o Hag3opy B cepe oOpasoBanus u Hayku Poccuiickoit denepannn
Konmposanye ne gomyckaercs

© 2009 dDenepanbHas ciyxk06a o Hag3opy B chepe oOpasoBanus u Hayku Poccuiickoii Denepannn
Konmposanye ne gomyckaercs




Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 143
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 9/10)

B nByx ombiTax mo ¢oTodddexry MeTamudeckas IUIACTUHKA, IS KOTOPOH

paboTa BBIXOAA C TIOBEPXHOCTH MeTaa Ay, = 1,9 3B, obmydanacs cBeTOM ¢
JUTMHAMH BOJIH COOTBETCTBEHHO A1 U A, . Kakoii Oblia yIMHA BOJHBI BO BTOPOM
OMBITE A, €CIM B IEPBOM OHa COCTaBisia A;=350 HM, a OTHOIICHHE

=29

MaKCHMaJIBHBIX CKOPOCTEH (POTOIIEKTPOHOB o
2

Ot1BeT:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 143

O6pa3zert BO3MOXHOTO PEIICHHS

VYpaBHenue DitHmTeHA 111 (OTOIh(EKTA B IEPBOM OIBITE:

2
MO max
hvl _ABblirT' (1)
YpaBHGHI/IC OliHmTeiina JJIA (I)OTOi)q)(I)CKTa BO BTOPOM OIIBITE:
2
MU7 max
hv, =4, +—2 . 2)
CBs13b JJINHBI BOJIHBI CBE€TA C qacTOTOH B TICPBOM OIIBITEC:
_ _C
Ap=—. 3)
Vi
CB}I3L JJIMHBI BOJIHBI CBE€TA C 4acTOTOH BO BTOPOM OIBITE:
__C
hy = @)
Va
OTHoOIICHNE MaKCUMAaJIbHBIX CKOpOCTefI d)OTOBHCKTpOHOBZ
1%
n= 1 max . (5)
U2 max
n*hen 1

Pemias cucremy ypasuennii (1) — (5), monmygaem: A, = .
2 he+ Ay, hy(n® 1)

BblX

O1BeT: A, ~ 540 HM.

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)
— Hpe,HCTaBJ'ICHO IPABUJIBHOC PCHICHUEC TOJIBKO B oo1IeM BUJIE, 6e3 2
KaKUX-JTH0O YHMCIIOBBIX pacucToB.

N

— [IpaBminbHO  3ammcaHBl  HEOOXOAWMEBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI  OTBET, HO HE MpPEACTaBICHB MpeoOpa3oBaHHUA,
MIPUBOJALIUE K OTBETY.

nim
— B Maremartuueckux NOpeoOpa3’OBaHMAX MM BBIYUCICHHUAX
JIONyIIIeHa onmnOKa, KOTopast IpuBeia K HEeBEPHOMY OTBETY.

— B pemennn cogepKUTCs OMMOKa B HEOOXOMMBIX MaTeMaTHISCKHX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-T1u00 YMCIOBBIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (HOPMYIBI, HEOOXOIMMEBIE JUIS PEIICHUS
3aJ1a4d, HO B OZIHOI71 U3 HUX JOMyLIeHa OUIMoKa.
NI
— OtcytcTByeT oHa U3 GopMyJs, HEOOXOAUMBIX IS PELISHHUS 3a0a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEPHUSIM  BBICTABJICHHUS OIEHOK B 1, 2, 3 Oamna (MCHOIb30BaHUE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO WCXOIHOTO
yYpaBHEHUsI, pa3pO3HCHHbIC 3aICH H T.I1.).

Kputepun o11eHKH BBIIOJIIHEHUS 33 JaHUs bamel

[IpuBeneHo mMomHOE MPaBHIIBHOE PEIICHHE, BKIIOYAIOIIee CIIeTyOMIHe 3
JJIEMEHTBHI:

1) mnpaBmwiIbHO 3amucaHel (OPMYJBI, BBIpaXaromue (UINISCKHE
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOIMMO ISl PEIIeHHS 3aJadn
BBHIOpaHHBIM  CIOCOOOM (B JaHHOM pEIIeHUH — YpasHeHue
Dunwmerina 0na gomoagpgexma u gopmyna, ceazvigarowas OAUHY
60JIHbL DNIEKMPOMASHUMHBIX BOJIH C YACMOMOL);

2) TmpoBEICHBI HEOOXOAWMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacyersl, TNPHUBOIAIIKEC K TPABHIBHOMY YHCIOBOMY OTBETY, H
npencTaBieH oreeT. [Ipu 3ToM normyckaercst pemneHue "mo gactsam” (¢
MPOMEKYTOYHBIMH BBIYUCIICHHUSIMH).
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KpuTepun oueHnBanusi BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI M Mapa ocTaeTcss Hen3MeHHoH. Kak OyaeT MeHATbCA NpH 3TOM Macca
napa B cocyge? OTBET MOSICHUTE.

OtBeT:

OO0paser BO3MOKHOTO PEIICHUS

Boxa u BonsHOH map HaXxoIATCs B 3aKpbITOM COCYyZE€ [UIMTEIILHOE BpeMs,
IIO3TOMY BOJSHOW Iap ABISETCA HACBILECHHBIM. lIpy BABUraHMM MHOPIIHSA
IIPOMCXOJUT HM30TEPMHUYECKOE C)KAaTUE I1apa, JaBICHUWE M IUIOTHOCTh
HACBIIIEHHOTO Tapa B 3TOM Ipolecce He MeHsoTcs. CrenoBaTenpHO, Oyner
IIPOUCXOANTH KOHJICHCALMsI apoB BOJbI. 3HAYMT, Macca Iapa B cocyne Oyner
YMEHBIIATHCSL.

KpuTepun oueHnBaHus BbINOJIHEHHUs 32/1aHUI ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rnaaxoil ropu3oHTaJIbHON IJIOCKOCTH HAaXOAMTCA JUIMHHAsA JOCKA Maccou
M=2xr. Tlo mocke ckomp3uT mraiiba maccoir m = 0,5 kr. Koaddumment
TpeHHUs MeXIy Iaiooit u mockor p=0,2. B HayanbHBII MOMEHT BpPEMEHHU
CKOpocTh malObl Uy =2 M/c, a pocka mnokourcs. CKOJIBKO BpEMEHU
HOE@6yCTCH JUTSL TOTO, 9TOOBI [Taiiba mepecTaia CKOIb3UTh IO JOCKe?

[

O6paszerr BO3MOXKHOTO PEIHICHHS

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHGHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6XO,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BuemHme cwuibl, AEHCTBYIONIME Ha CHCTEMy Tel «Jocka — Imaiibay,
HaINpaBJIEeHbl 110 BEPTHKAIM M B CyMME PaBHBI HYMIO0. MIMIyIbC CHCTEMBI Tl
«Jl0CKa — [1aiiba» OTHOCUTENBHO 3eMiIn coxpaHsiercs:  muy = (M +m)o,

IZie U — CKOPOCTH MIAai0BI M JOCKH MOCIIE TOT0, KaK IIaifda rmepecTana CKONb3UTh
IO JOCKe.

2. Curna TpeHHs, IEHCTBYIOMAs Ha TOCKY CO CTOPOHBI IAHOBI, TOCTOSHHA

Fip, = umg.

Ilon peiicTBHeM 3TOH CHIBI OCKA JBHKETCS C YCKOPEHHEM a = u% gu

M
JIOCTHTaeT CKOPOCTH U 3a Bpems T=X = Mo _ ) =0,8 (c).
a pmg pg(M+m)

OtBer: t1=0,8 c.

KpI/ITCpI/II/I OLICHKH! BBINOJIHCHUS 3a1aHUA banast

— IIpaBunpHO ykKa3aHbl (HU3MYECKUE SBICHUS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

N
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL
WU 3aKOHBI.

nim
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Konmposanue ne gomyckaercs

IpuBeneHo MONHOE MPABUIBHOE PEIIEHHUE, BKIIOYAIONIEE CIIEMAYOIINe 3
9JIEMEHTHI:

1) mpaBmiIBbHO 3amucaHel (OPMYJBI, BBIpaXKaromue (UINIECKHE
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOAMMO AT PEUICHUS 3a4adu
BBIOPaHHBIM CIIOCOOOM (B JaHHOM PELICHUH — 3AKOH COXPAHEHUs
umnynvca, eémopou 3akon Hviomona, gopmyna ona pacuema cunvi
mpenus);

2) mpoBeleHbl HEOOXOJMMbIE MaTeMaThdyeckue mpeoOpa3oBaHUs M
pacdeTsl, MpPUBOASAIINE K NPABWIBHOMY YHCIOBOMY OTBETY, U
mnpeacrtasieH oTeT. [Ipu 3ToM fpomyckaercs pemieHue "mo dactam” (¢
HPOMEXYTOYHBIMH BBIYUCIICHHSAMH).

— IlpeacraBieHo mpaBUIbHOE PELIEHHE TOJIBKO B o0mieM Buue, 6e3 2
KaKHX-JITN0O0 YHCIOBBIX PACUCTOB.

NI
— [IpaBmnbHO  3ammcaHbl  HEOOXOAWMEBIE  (OpMyNbBI,  3amHcaH
NpaBWIBHBI OTBET, HO HE MPEACTaBICHB MpeoOpa3oBaHMUA,
MIPUBOSILLINE K OTBETY.
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KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)

KpuTepun oueHnBanusi BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)
NI

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX 1
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
NI
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
WJIN
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

NPHMEHEHHE KOTOPhIX HEOOXOAMMO IS PeIICHUs 3a1a9H BEIOpaHHBIM
crocoOoM (B JaHHOM DPEUICHHU — HepPEblil 3aKOH MepMOOUHAMUKY,
Gopmyna Ons pacuema pabomel 2aza, GHYMPEHHEU SHepeuu
OOHOAMOMHO20 — UOEANbHO20 — 2a3d; HEU3MEHHOCMb  GHYMpeHHel
9HepeuU 2a3a npu U30mepMuyeckom npoyecce),

— TpOBeCHBl HEOOXOIMMBIE MaTeMaTHYeCKHE NpeoOpa3oBaHHS H
pacdeThl, MPUBOASIINE K MPABWIBHOMY YHCIOBOMY OTBETY, H
npeacrasieH oTeeT. [Ipu 3ToMm nomyckaercst pemieHue "mo yactam" (¢
MIPOMEIKYTOYHBIMHU BbIYHCICHHSIMH).

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO

YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

OnMH MOIE OJHOATOMHOTO MJICATBHOTO I'a3a COBEPIIACT p

npouecc 1 — 2 — 3. Ha yuactke 2 — 3 k rasy moaBoJsT
2500 Ix Temmotel, To =300 K. Hailigute oTHOmIECHHE
KOJIMYECTBA MOJIBEJCHHON K raszy TemioTsl ()3 K pabore
Aj»3, COBEpIIIaEMOl Ta30M B XOJIe Ipoliecca.

OTtBeT:

— IlpencraBiieHO MpaBIIIFHOE PEIICHHE TOJIBKO B o0IeM Buue, 0e3 2
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMble  (HOPMYJBI,  3amucaH
MpaBUIBHBIL  OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
MIPUBOISIINE K OTBETY.

nim
— B Maremartuueckux  TpeoOpa3’OBaHMSAX UM BBIYHCICHHUAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

O6paszerr BO3MOXHOTO PEHICHHS

— B pemennn conepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
peoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIM0O YHCIIOBbIE PaCUEThI.
NJIn
— 3anucaHsl Bce HCXOAHBIE (DOPMYNBI, HEOOXOMUMBIE AT PEIICHHS
3anaun, Ho B OJIHOM u3 Hux jomymena omu6Ka.
NI
— OtcyTcTByeT oaHa U3 GopMyJI, HEOOXOANMBIX ISl PEIICHUS 3314 H.

A=A+ Ay U3 pV=vRT nomyuaem: p;AV,, =VRAT;; =

A = VRAT; = 2vRT,, nockonbky AT, =2T,.

B mpomecce 2 — 3 Qp =AUy + A,;. Ho o m3orepmuueckwmii. [TosTomy
AUy =0, A»=Qu, u Aps=2vRTo+ Q. Qi23=Qu2+ Qa.

CoriacHo nepBoMy 3aKOHY TepMOAHHAMUKH, Qp; = AU, + Ay,

3
npuuem AU, = 5 VRAT}, =3VRT,. Tak kak A, =2vRT,, o Q= 5vRT,,

Bce cnyyau perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM 0
KPHUTEpUsM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamia (MCIoIh30BaHHE
HETIPIMEHHMOTO 3aKOHA, OTCYTCTBHE OoJiee OIHOTO HCXOIHOTO
ypaBHEHMsI, Pa3pO3HEHHBIE 3aIHMCH U T.I1.).

RT,+
Qi3 = 5VRTy+ Qps. Qs _ SVRT Qs ~2. Orser: Qs ~2.
Ay 2VRT;+Qys Ay
KpuTepuu oLeHKH BBITOJIHEHUS 381aHUs Baisl

[IpuBeneHo MoOTHOE MPAaBHIIBHOE PEIICHIE, BKIIOYAIOIIESe CIISTyIOIIHe 3
SJIEMEHTHI:
— BEPHO 3ammcaHbl (OPMYJIBI, BRIpaXAONKE (U3UUCCKHE 3aKOHBI,
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10)
C4 i
B cxeme Ha pHCyHKE B3IEKTpHYECKHH 3apsn ¢ Ha R;
06Kna;[1<ax KOHACHCATOopa 3JICKTPOEMKOCTBIO
C=1000 Mmx® pasern 10 mKi. Buytpennee

CONPOTUBIEHHE  HCTOYHHMKAa  Toka  »= 10 Om,
conpoTtuBieHne pe3uctopos R; =10 Om, R, =20 Om
u R; = 30 Om. KakoBa 3/]C ncrounuka Toka?

OtBeT:

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)
-B PEIICHUMN COOCPKHUTCS omubKa B HeO6XOgI/IMHX MAaTEMaTHYCCKUX 1
HpCO6p330BaHI/I${X 1 OTCYTCTBYIOT KaKHe-I100 YKCIOBEIC PacUCThI.

nim

— 3ammcaHBl BCe MCXOAHBIE (POpMyIbI, HEOOXOMUMBIE IJIS PEIICHUS
3anaun, Ho B OJIHOM u3 Hux momymena omuéKa.

NJIn
— OtcytcTBYeT 07Ha U3 HOpPMYJ, HEOOXOIUMBIX JUIS PEIICHHUS 3a/1a4H.

O6pa3zerr BO3MOXHOTO PEIICHHS

DONEeKTpUYecKUi TOK 4epe3 IOociea0BaTeNbHO BKiIoueHHble Ry u C He uuer,
MOATOMY HamlpsDKEHHS Ha KOHICHCATOPE U pe3ucTope Ry 0JJMHAKOBBI:

U =1R,, TaKKaKU:g TO I:&.
C R,C
R,+R
3axon Oma 1St TTOMHOM HEMH: Iz—g. = Szw.
R,+R3+r R,C

Otsetr: DJIC =30 B.

Bce cnyyan pernieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTABJICHHs OLCHOK B 1, 2, 3 Oamna (UCmoib30BaHHE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIHCH U T.I1.).

Kpurepun olleHKH BBIOTHEHUS 3a0aHUs basiel

[IpuBeneHo mMoTHOE MPAaBUIIBHOE PEIICHIE, BKIIOYAIOIIee CIIeTyOIIHe 3
JJIEMEHTBHI:

1) BepHO 3amucaHBl (OPMYJIBI, BRIpaXalomye (U3NYECKHE 3aKOHBI,
NIPUMEHEHNE KOTOPEIX HEOOXOAMMO AJIS PEIICHUS 3a1a9H BEIOPAaHHBIM
crocoOoM (B IaHHOM peleHUn — 3akoH Oma 0na noaHou yenu u
yuacmka — yenu,  PpaGeHCmMeo  HANPAJICEHUW  HA — NapaiielbHO
COEOUHEHHBIX dNIeMEHMAX Yenu, C6:3b HANPANCEHU HA KOHOeHcamope
€ €20 3aps0oM U eMKOCbIO);

2) mpoBeIECHBI HEOOXOAMMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacueTsl, MNPUBOJAIIME K TMPaBWIBHOMY YHCIOBOMY OTBETY, U
npencTaBieH oTeeT. [Ipu 3ToM Jormyckaercst pemieHue "mo gactsam” (c
MIPOMEKYTOUHBIMU BBIYUCICHUSIMH).

— IlpeacraBieHo mpaBUIBHOE PELIEHHE TOJNBKO B 0oOIIeM Buze, 6e3 2
KaKHX-JTM0O YUCIOBBIX PACUCTOB.

NIm
— [IpaBunpHO  3ammcaHbl  HEOOXOAMMBIE  (OpMyNBI,  3amHCcaH
MPaBWJIBHBI  OTBET, HO HE TIPEJICTaBJICHBI MpeoOpa3oBaHus,
MIPUBOISIIIUE K OTBETY.

NN
— B maremaTmueckux —NpeoOpa3’OBaHMAX WM BBIYUCICHHAX
JIOTTyIIIeHa ONMOKa, KOTOpas MpHUBeJia K HEBEPHOMY OTBETY.
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KpuTepun oueHnBanusi BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144 KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 7/10) Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 8/10)
Ha HenpoBojsiieil TOPU30OHTANBHON MOBEPXHOCTH — 3anucaHbl BCe MCXOAHBIC (OPMYJIbI, HCOOXOLUMBIC IUIS PELICHUS 1

CTOJIa JIEXKHUT NpOBOASIIAs KECTKAas pamMKa U3 A C 3azaun, Ho B OJTHOM u3 Hux nomyuieHa ommnoka.

OJHOPOJHOM TOHKOH MPOBOJIOKH, COTHYTasi B BUIE nin

kBagpata ACDE co cropoHOil a (cM. pUCYHOK). @ > — OtcyTcTBYeT 0/1Ha M3 POPMYJTI, HEOOXOAMMBIX TSI PEIICHHS 33/1a4H.

Pamxka HaXOIUTCA B OLHOPOJHOM TOPU30HTAJIBLHOM Bce ClIydyan peHICHUs, KOTOPBIC HC COOTBCTCTBYIOT BbIIICYKAa3aHHBIM 0

%
MATHHTHOM TIONe, BEKTOp MHIYKIMH B KOTOPOTO E > KpUTEpPUSM BBICTABIICHHUS OLECHOK B 1, 26, 3 Gamuia (UCIONIB30BAaHHE
TIepIICHMKYIISPEH CTOPOHAM AE u CD. Ilo pamKke HCIIPUMCHUMOI'0 3aKOHa, OTCYTCTBHC 0JIECEC OAHOTO HCXOJHOIO
ypaBHEHHUs], pa3pO3HEHHBIE 3aHCH H T.II.).

MIPOTHB YaCOBOW CTPENKH TPOTEeKaeT TOK [, Macca pamku m. [Ipu Kakom
3HAaYCHUU MOJYJsI BEKTOpa MArHUTHOM WHAYKUUM paMKa HaYMHAET
IIOBOPaYMBATHCS BOKPYT cTOpoHbI CD?

Ot1BeT:

O06paszer BO3MOXHOTO PEIICHHS
ITycte Monyns BekTOpa MarHuTHOM uHAykuuu paseH B. Ha ctoponsr AE u CD
OynyT neiictBoBaTh cuiibl Amnepa Fay = Fa, = 1aB.
MowmeHT cuibl AMIiepa OTHOCHTENBHO OCH, IIPOXoJsiiei yepe3 cropony CD,

N, = 1a’B.
1
MoMeHT CHIIBI TSKECTH OTHOCHTENBHO och CD: N, = — Emga.
mga m,
Vcnoeue orpeBa: Ny + Ny, = 0, | IS g OTcrona B > _g.
2al

Jonyckaercst OTBET B BHJIC PABEHCTBA.

KpuTepuu olieHKH BBIMOJHEHMS 3aIaHHsI Bauibl
[IpuBeneHo MONHOE MPAaBUIBHOE PEIIeHHe, BKIIOYAIOIIEe CIIeTyIOIne 3

AJIEMEHTBHI:
1) BepHO 3ammcaHbl (GOpMyIbl, BBRIpaXkaromue (U3UUECKHE 3aKOHHI,
MPUMEHEHHE KOTOPhIX HEOOXOANUMO IS PEIICHUs 3aaYK BEIOpaHHBIM
croco0oM (B JaHHOM Cllydae — (hopmyasl Oist paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mnpoBeneHbl HEOOXOOMMble MaTeMaTHuUecKue mpeoOpa3oBaHus,
IIPUBOIIINE K IPABHIFHOMY OTBETY, U IIPEJICTaBIICH OTBET.

— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OpMYJbI,  3ammcaH | 2
MpaBWIIBHBIL  OTBET, HO HE MPEACTABICHBI MpeoOpa3OBaHMs,
TIPUBOJISIINE K OTBETY.

N
— B maremaTndeckux npeoOpa3oBaHHSIX JOIYIIEHA OIIMOKa, KOTOPas
IIpUBEJIa K HEBEPHOMY OTBETY.
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KpuTepun oueHnBanusi BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 9/10)

B 1Byx ombiTax mo ¢otoadexry MerauiMyeckas IUIACTHHKA O0Iydaiach

CBETOM C JUIMHAMU BOJIH COOTBETCTBEHHO A = 350 HM u A, = 540 um. B sTux

1%
OIIbITaX MaKCHUMaJIbHBIEC CKOPOCTHU (1)0T03J'IeKTp0HOB OTJINYAJIUCh B U—l =2 pasa.
2

KakoBa paboTa BbIX0/1a ¢ TOBEPXHOCTH MeTaa?
Ortser:

KpuTepuu oueHnBaHus BbINOJIHEHHUs 3a/1aHUI C Pa3BePHYTHIM 0TBETOM Bapuant: 144
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)

O6paszerr BO3MOXKHOTO PEHICHHS

150151
— IlpaBunbHO ~ 3ammcaHbl  HeoOXoauMbIe  (OPMYJBI,  3ammcaH
NpaBUJIBHBII  OTBET, HO HE TPEACTaBIEHBl MpeoOpa3oBaHus,
MIPUBOJISIIUE K OTBETY.

nim
— B  Maremartuueckux — TpeoOpa3’OBaHHSAX UM BBIYHCICHHAX
JIOTyTIIeHa OINOKa, KOTOpasi IpUBeNia K HEBEPHOMY OTBETY.

VYpaBHenue DitHmTeltHA A1 (0TOIhEKTa B IEPBOM OIBITE:
2

mo
_ 1max
hvl _A3b1x+T' (1)
YpaBHenue DiiHmureiiHa 11 porodrhdHexra BO BTOPOM OIBITE:
2
M) max
hv, = ABle +T' @)
CBsI3b UTMHBI BOJTHBI CBETA C YACTOTOH B IIEPBOM OITBITE:
_c
Ap=—. 3
Vi
CBs13b UIMHBI BOJIHBI CBETA C YACTOTOH BO BTOPOM OIIBITE:
_c
A, =5 “4)
Va
OTHOIIEHNE MaKCUMAITLHBIX CKOPOCTEH (POTOIIEKTPOHOB:
v
n= 1 max . (5)
U2 max
A
he(n 2_22
Ay

Pewast cucremy ypasuenuii (1) — (5), momygaem: A4, =—————.
Ly(n”=1)

OtBeT: Ay = 3,0-107"° Tk ~ 1,9 9B.

— B pemennn conmepxutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX 1
IpeoOpa3oBaHMUIX U OTCYTCTBYIOT KaKHe-TTHOO YUCIIOBBIE PACUETHL.
NJin
— 3anucaHel Bce HCXOAHBIE (DOPMyNbI, HEOOXOMUMBIE AT PEIICHHS
3anaun, Ho B OJIHOM w3 Hux momymena ommoKa.
NI
— OtcyTerByeT oHa U3 GopmyJ1, HEOOXOAUMBIX JUISL PELICHHUS 3a1a4H.

Bce ciyuan penieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKA3aHHBIM 0
KPHUTEpUSIM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (MCroip30BaHHE
HETIPIMEHUMOT'0 33aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO HCXOMHOTO
ypaBHEHMsI, Pa3pO3HEHHBIE 3aIHCH U T.I1.).

KpI/ITepI/II/I OLICHKH! BBINOJIHCHHUS 3alaHUA bannst

IIpuBeneHo momHOE MPaBMIIBHOE PEIICHHE, BKIIOYAIOIee CIIeIyoIHe 3
9JIEMEHTHI:

1) mpaBwipHO 3amucaHBl (OPMyNBI, BBIpAKAIOIINE (GH3HIECKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO JUIsl pELIeHHs 3a/layudt
BBIOpaHHBIM CHOCOOOM (B IaHHOM pELICHHH — ypasHeHue
Duinwmetina ona omosaghexma u gopmyna, ceazvisarowas OnuUHy
6OJIHbL IIEKMPOMASHUMHBIX 60IH C YACMOMOIL);

2) mpoBeleHbl HEOOXOIMMBIC MaTeMaTH4eCKHe IpeoOpa3oBaHHs H
pacdeTsl, TPHBONAIINE K TIPAaBUIBHOMY YHCIOBOMY OTBETY, H
npeacTtasieH oTeT. [Ipu 3ToM jpomyckaercs pemieHue "mo dactam'" (¢
MIPOMEKYTOYHBIMH BBIYHCICHHUAMH).

— HpCHCTaBHGHO MPaBUJIBHOC PCIICHUC TOJBKO B 06II.I€M BHUIC, 0e3 2
KaKMX-TH00 YHCIOBBIX PpacucToB.
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 145
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 1/10)

B MUWIMHAPUYICCKOM COCYAC IO MOPIIHEM AJIUTCIBbHOC BPEMS HAXOAATCS BOJaA

n ee nap. Ilopmenp HauuHarOT BABUTaTh B cocyx. IIpu 3Tom TeMmepaTypa
BOJBI M Mapa ocTaeTcss Hen3MeHHoH. Kak OyaeT MeHATbCA NpH 3TOM Macca
napa B cocyge? OTBET MOSICHUTE.

OtBeT:

OO0paser BO3MOKHOTO PEIICHUS

Boxa u BonsHOH map HaXxoIATCs B 3aKpbITOM COCYyZE€ [UIMTEIILHOE BpeMs,
IIO3TOMY BOJSHOW Iap ABISETCA HACBILECHHBIM. lIpy BABUraHMM MHOPIIHSA
IIPOMCXOJUT HM30TEPMHUYECKOE C)KAaTUE I1apa, JaBICHUWE M IUIOTHOCTh
HACBIIIEHHOTO Tapa B 3TOM Ipolecce He MeHsoTcs. CrenoBaTenpHO, Oyner
IIPOUCXOANTH KOHJICHCALMsI apoB BOJbI. 3HAYMT, Macca Iapa B cocyne Oyner
YMEHBIIATHCSL.

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 145
Enunblit rocynapcTBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 2/10)

Ha rmagkoil ropu30HTaIbHON MJIOCKOCTH HAaXOAMTCS JUIMHHAS JIOCKA Maccoi
M=2xr. Tlo ngocke ckomp3ur maitba maccout m = 0,5 kr. Kosddumuenrt
TpPeHUsI MeXIy Imaitdoi n mockoit u=0,2. B HavambHBI MOMEHT BpPEMCHH
CKOpOCTh IIalObI paBHA Uy, a JOocka MmokouTcs. B Moment T = 0,8 ¢ mraiiba
TIEPECTALT CKONB3UTE 11O J10CKE. UeMy paBHa HadaibHasi CKOPOCTh AKOBI Uy?

1%
—_

[ nm s e s
A

OTtBeT:

O6paszelr BO3MOXKHOTO PeIeHHs

KpI/ITepI/II/I OLICHKHU BBINTOJIHCHUS 3a1aHUsA banmsr

[prBeeHO MONHOE MPABUIIBHOE PEIICHHE, BKIOYAIOIIEE CIEAYIOIINe
AIIEMEHTBHI:

1) BepHO yKa3aHbl (H3HYECKUE SIBJICHHS W 3aKOHbI (B JaHHOM CIydae
—  BOOAMOU NAp  CMAHOGUMCSL — HACLIWEHHBIM, — HE3A8UCUMOCMb| 3
niomuocmu (0a6ieHust) HACLIYEHHO20 napa om o00vemMa npu OaAHHOU
memnepamype) v JIaH BEPHbIH OTBET;

2) IPHUBEICHBI PACCYIKICHHS, IPUBOJIAIINE K IPABIIBHOMY OTBETY.

Hpe}ICTaBHCHO NPpaBUJIBHOC PCIICHUC U ITOJIYYCH BCpHBIﬁ OTBET, HO

— YKa3aHbl HE BCE (1)I/I3I/I‘IGCKI/IG SIBJICHUA HJIW 3aKOHBI, HCO6X0,ZII/IMI)IC

JJIs1 TIOJIHOT'O ITPaBHUJIBHOT'O OTBCTA, 2
nim

— HE IMPCACTABJICHBI PACCYXKACHUS, MPUBOJAAIINE K OTBETY.

1. BuemHue Cuibl, JEMCTBYIOIIME HAa CUCTEMY Tel «IOCKa — IIaibay,
HaIpaBJIeHbl 10 BEPTUKAIM U B CyMME paBHbl Hy/I0. IMIIyJIbC CUCTEMBI Tel
«Jl0CcKa — 11aii6a» OTHOCUTENBHO 3eMiIH coxpaHsercs: muy = (M +m)o,

I7ie U — CKOPOCTh IAi0ObI U JOCKH MOCIE TOTO, KaK 1aii0a mepecTaina CKOJIb3UTh
10 JOCKE.

2. Cuna TpeHHs, IeHCTBYIOMAs Ha IOCKY CO CTOPOHBI IAH0BI, TOCTOSHHA

F, = umg.

— IlpaBmibHO yKka3aHbl (PU3MYECKHE SBIEHHMS WM 3aKOHBI, HO B
pacCyXICHHUAX COICPIKUTCS ONIMOKa, KOTOpasl NMpHBeNa K HEBEPHOMY
OTBETY.

WJIn
— Cozmepsxutcst TOIBKO MPaBHIBHOE yKa3aHNE Ha (U3MUECKUE SBICHUSL

WU 3aKOHBI.
nimn
— IlpencraBieH TONBKO IPAaBUIBHBINA OTBET.

Bce cmydam pemieHusi, KOTOpPbIE HE COOTBETCTBYIOT BBHINICYKAa3aHHBIM
KPHUTCPHUsIM BBICTABICHHS OLICHOK B 1, 2, 3 Gasura. 0

© 2009 dDenepanbHas ciyxk6a o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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Ilon nelicTBHeM 3TOH CHIBI OCKA JBHIKETCA C YCKOPEHHEM g = u%g u
Mv
JIOCTUTAET CKOPOCTH U 3a Bpems T=X = Mo _ L __.
a pmg ug(M+m)
M+m)gt

Otcrona vy = %:2 (m/c). OtBer: vy =2 Mm/c.

Kputepun o1ieHKH BBINOJIHEHUS 3aJaHUs bamnel
IIpuBeneHo MomHOE MPaBUIIBHOE PELIEHHE, BKIIOYAIOIIEE ClETyIOLIHe 3
3JIEMEHTBI:

1) mnpaBuibHO 3amucaHbl (OPMYJBI, BBIpaXaromue (UINYSCKHE
3aKOHBI, NIPUMEHEHHE KOTOPBIX HEOOXOIMMO IUISl pEUICHHs 3a/add

BEIOpaHHBIM CIOCOOOM (B JaHHOM PEUICHUU — 3aKOH COXPAHEHUs.
umnyavca, emopoui 3akon Hvromowna, ¢opmyna ona pacuema cunvi
Mpenus);

2) TpoBEJCHBI HEOOXOJMMBIC MaTeMaThieckhe mpeoOpa3oBaHus U
pacueTsl, NPHUBOIAIIME K TMPABHIBHOMY YHCIOBOMY OTBETY, U
MpeacTaBieH oTBeT. [Ipu 3ToM JmomyckaeTcs perieHue "mo gactam" (¢
MPOMEKYTOUYHBIMU BBIYHCICHUSMH).

— IlpencraBieHo MpaBIIIBHOE PEIICHHE TOJIBKO B 00ImeM Buue, 0e3 2
KaKUX-TH0O0 YHCIIOBBIX PAacYETOB.

NI
— IIpaBunbHO  3ammcaHbl  HeoOXoAuMble  (OpMynbI,  3amMcaH
NPaBWIBHBIA ~ OTBET, HO HE IPEACTaBICHbl MpeoOpa3oBaHus,
MIPUBOJISIIIIE K OTBETY.
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Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 145
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 4/10)

Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 145
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 3/10)
nin

— B Maremarmueckux  TpeoOpa3’OBaHMAX WM BBIYMCICHHAX
JionyIieHa ourMbka, KOTopas IpuBeia K HeBEPHOMY OTBETY.

Ortser: h ~2.

123

— B pemennn cogepxutcs omuOka B HEOOXOAUMBIX MaTeMaTHYECKUX
peoOpa30BaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBBIE PACUETHI.
N
— 3anmcaHbl Bce UCXOMHBIE (OPMYIIb, HEOOXOAUMBIE Ul PELICHUS
3amaun, Ho B OJIHOM 13 Hux momymiena omuoKa.
N
— OtcyTcTBYeT 0/1Ha U3 POPMYIT, HEOOXOMMMBIX JUIS PEIICHHS 33/1a9H.

KpI/ITepI/II/I OLICHKH BBINIOJIHCHUS 3a1aHUA

Bamer

Bce ciyuan perieHns, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSAM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcrmoiap30BaHHE
HENPUMEHMMOI0 3aKOHAa, OTCYTCTBHE 0o0Jiee OIHOTO HCXOJHOTO
YpaBHEHHS], Pa3pO3HEHHBIC 3aITHUCH M T II.).

OIuH MOJIb OJTHOATOMHOTO HJICaJbHOIO rasa CoBCpmacT

rpoiiecc 1-2-3 (cm. PHUCYHOK, rae
To=100K). Ha yuactke 2-3 x razy HOABOIAT
2,5kJlx  Temnorel. Haiinure OTHOIIGHWE ITOJHOTO
MIOJIBEZICHHOTO K Ta3y KOJIMYecTBa TEIUIOTH (i3 K paboTe
A\123, COBEPIICHHOM ra30M B X0JI¢ Tpolecca.

OTBeT:

[IpuBeneHO MOTHOE MPAaBUIIBHOE PELICHHE, BKIIOYAIOIIEE CIISIyOLIHe
9IIEMEHTHI:

1) BepHO 3amucaHbl (POPMYJIBI, BhIpaXKArOUIMe (PU3NYCSCKUE 3aKOHBI,
IIPUMEHEHHE KOTOPBIX HeOOXOMMO JUISI PEIICHHUS 3a/1a91 BEIOpPaHHBIM
croco0oM (B JAHHOM pEIIEHUH — NEpabill 3aKOH MepMOOUHAMUKY,
Gopmyna ons  pacuema GHympenHel IHepUU  0OHOAMOMHO20
UOeanbHO20 2a3a, PABEHCMBO HYNH0 pabomel 2a3d Npu U30XOPHOM
npoyecce);

2) mpoBeleHbl HEOOXOMMMbIE MaTeMaTHYeCKHe MpeoOpa3oBaHus U
pacyersl, TMPHUBOMAINKMEC K TMPABUIBHOMY YHCIOBOMY OTBETY, H
npeacTaBieH oTBeT. [Ipu 3ToM momyckaercs perieHue "mo gactaM" (¢
MIPOMEKYTOYHBIMH BEIYHCIICHHUSIMH).

O6paser; BO3MOXKHOT'O PELICHUS

— IlpencraBiieHO MpaBIIIFHOE pEIICHHE TOJIBKO B o0mmeM Buue, Oe3
KaKHX-TM0O0 YUCIOBBIX PACUETOB.

WJIn
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
MpaBWIBHBI OTBET, HO HE MpPEICTaBICHBI MpeoOpa3OBaHMs,
TIPUBOJISIIITUE K OTBETY.

nim
— B  Maremartmueckux — TpeoOpa3’OBaHMSAX I BBIYHCICHHAX
JIOTyIIIeHa OIMOKa, KOTOpasi MpUBeJia K HEBEPHOMY OTBETY.

CornacHo mepBOMY 3aKOHY TepMOAUHAMHUKH, Qo3 =AU ;3 + Ajps, €

Aipz=Ap+Ay u AU = AU+ AUy, B uzoxopnom nponecce Ajp =0,

a B uzorepmuueckoM npouecce AU,; = 0. Iloatomy Qi =AU, + Ay

A3 = Ay;. TIpu mepexoze 2 — 3: Q3= AUnp + Ay; = Ay,
CrnenmoBarenbHo, Q3 = AU, + Qas.

M3meHenne BHyTpeHHEH SHEpryy rasza npu nepexojae 1 — 2:

3
AU, = 5 VRAT,. Tockomeky AT, =2Ty, To  AU;; =3VvRT,.

Qs _ 3VRT+ Qs ~2
Aps Qx

IMostomy: Qa3 = 3vRTy+ Qus,

u

— B pemennn conep)xutcs ommoOKa B HEOOXOANMBIX MaTeMaTHIECKUX
IpeoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-JIMOO YHCIIOBbIE PaCUEThI.
NI
— 3anucaHbel Bce HCXOAHBIE (POPMyNbI, HEOOXOAUMBIE AT PEIICHHS
3aJ1a4d, HO B OZ[HOﬁ W3 HUX JIOMYIICHA OITHOKA.
5 0)041
— OtcyTerByeT oaHa U3 GopMyJl, HEOOXOAUMBIX ISl PELICHUS 3314 H.

Bce ciyuan penieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPHUTEpUSM BBICTaBIICHHS OLEHOK B 1, 2, 3 Oamma (Mcroip30BaHHE
HETPIMEHUMOTO 3aKOHA, OTCYTCTBHE Ooliee OIHOTO HCXOMHOTO
ypaBHEHMs], pa3pO3HEHHbIE 3aKCH H T.I1.).
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 145
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 5/10)
C4 %
B cxeme nHa PUCYHKE DJICKTPUYCCKUU 3apsin Q Ha R3
06Knam<ax KOHAEHCATOpa QJIEKTPOEMKOCTBIO
C=1000 mx® pasen 10 MK Buyrpennee

CONPOTHUBJICHHE ucrounuka  Toka =10 Om,
conpoTuBieHue pe3uctopos R; =10 Om, R, =20 Om
u R; = 30 Om. KakoBa DJIC ucrounuka Toka?

OtBet:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 145

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 6/10)
-B PEIICHUMN COOCPKHUTCS omubKa B HeO6XOgI/IMHX MAaTEMaTHYCCKUX 1
HpCO6p330BaHI/I${X 1 OTCYTCTBYIOT KaKHe-I100 YKCIOBEIC PacUCThI.

nim

— 3ammcaHBl BCe MCXOAHBIE (POpMyIbI, HEOOXOMUMBIE IJIS PEIICHUS
3anaun, Ho B OJIHOM u3 Hux momymena omuéKa.

NJIn
— OtcytcTBYeT 07Ha U3 HOpPMYJ, HEOOXOIUMBIX JUIS PEIICHHUS 3a/1a4H.

O6paszel BO3MOXKHOTO PeIIeHHs

DJeKTpUUECKUil TOK Yepe3 MOcCienoBaTesibHO BKiItoyeHHble Ry u C He uzer,
TI03TOMY HAIPSKEHHsI Ha KOHAEHCATOpe U pe3ucTope R, 01MHaKOBEI:

Bce cnyyan pernieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPHUTEpUSM BBICTABJICHHs OLCHOK B 1, 2, 3 Oamna (UCmoib30BaHHE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jieeé OJHOTO HCXOIHOTO
ypaBHEHHUsI, Pa3pO3HEHHBIC 3aIHCH U T.I1.).

U=1IR,, tak kak U = Q 0 I= Q .
C R,C
€ R+ R +r
3akon Oma g monHoii nemu: [=—— = €= M
R,+R;+r R,C
Oteer: DJIC =30 B.
Kpurepun onieHKY BBITIOTHEHMS 3a1aHUS Bamner
[IpuBeneHo monHOE MPaBUIBHOE PELIEHHE, BKIIOYAIOIIEe CIeIyIOIue 3

3IIEMEHTHI:
1) BepHO 3amucaHbBl (OPMYIBI, BEIpAXAOMME (PU3NIECKUE 3aKOHBI,
[IPUMEHEHHE KOTOPLIX HEOOXO0AMMO JUIsl PEIICHUs 331a4l BHIOPAaHHBIM
CrIocoOoM (B ITaHHOM peIIeHHH — 3akoH Oma 018 NOIHOU yenu u
yuacmka — yenu, paseHcmeo  HANPAJICEHUU  HA  NAPALIENbHO
COEOUHEHHBIX INeMEHMAX Yenl, C8A3b HaANPANCEHUs. HA KOHOeHcamope
€ €20 3aps0oM U eMKOCIbIO);

2) mpoBeleHbl HEOOXOIVMBbIE MaTeMaTH4eCKHe IpeoOpasoBaHHs H
pacueThl, MPUBOASAIINE K MPABWILHOMY YHCIOBOMY OTBETY, H
npezAcTasieH oTeT. [Ipu 3ToM fgomyckaercs pemuieHue "mo gactsam" (¢
IIPOMEKYTOUYHBIMH BBIYUCIICHHSAMH).

— IlpencraBiieHO MpaBMIIFHOE pEIICHHE TOJIBKO B o0ImIeM BHUue, 0e3 2
KaKHX-JTM00 YUCIOBBIX PACUECTOB.

150151
— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH
MpaBUJIBHBI  OTBET, HO HE TPEACTaBIEHBl MpeoOpa3oBaHus,
TIPUBOJISIINE K OTBETY.

nim
— B  Marematuueckux — TpeoOpa3’OBaHHSAX M BBIYHCICHHUSIX
JIOTTYIIIeHa OIMMOKa, KOTOpasi IpUBeJia K HEBEPHOMY OTBETY.
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Ha mempoBozsieli ropuM30OHTANILHON MOBEPXHOCTH Bce cnywan peiieHusi, KOTOpble HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
CTONa JIEXKUT IPOBOIALIAA JKECTKas paMKa U3 KpUTEpHUSIM BBICTaBIIEHHS OIEHOK B 1, 2, 3 Oamna (Mcmonbp3oBaHUe
OJHOPOAHON TOHKOM IIPOBOJIOKH, COTHYTas B BHJIE T HENPUMEHUMOI'O 33aKOHa, OTCYTCTBHE OoOJiee OIHOTO HCXOIHOTO
kBagpata ACDE co croponoii a (cM. pucyHOk). @ YpaBHEHMs, pa3pO3HEHHEIE 3AMHCH U T.IL.).

oV

Pamka HaxoguTCd B OAHOPOAHOM T'OPHU30HTAJIBHOM
9

MarHUTHOM TMOJe, BEKTOp MHAyKuuu B kotoporo YE D
nepreHauKysipeH croponaMm AE u CD u pasen 1o

Monyio B. Ilo pamke npoTuB 4acoBo# cTpeiku mnpotekaeT Tok /. Ilpu kakom
3HAUYE€HUU MACChl PAMKU OHa HAYHET TOBOPAUYUBATHCS BOKPYT cTOPOHBI CD?

OtBeT:

O06pasel] BO3MOXKHOTO PEIICHHUS
Ha croponst AE u CD OyayT neiictBoBaTh cvitbl AMriepa Fay = Fa, = 1aB.
MomMeHT cuiibl AMIiepa OTHOCHUTEIBHO OCH, MPOXOAsei yepe3 ctopony CD,
N, = 1a’B.
ITycth Macca paMKH paBHa m, TOT/Ia MOMEHT CHJIBI TSKECTH OTHOCUTEIBHO

ocu CD: Ny, =— %mga.

Vcnosue orpeiBa: Nj + Npe> 0, 1a°B > w. Otcroma m< 2a1B .
2 g
Jonyckaercst OTBET B BHJIC PABECHCTBA.
Kpurtepuy OLIEHKY BBITOTHEHU 3aIaHuUs Baiisl
[IpuBeneHo MONHOE MPAaBUIBHOE PEIIeHHE, BKITIOYAIOIIEe CIIeTyIOIIne 3

DJIEMEHTHI:
1) BepHO 3amucaHbl (QOPMYJIbI, BhIpXKAIOMIHE (U3UICSCKUE 3aKOHBI,
NPUMEHEHUE KOTOPhIX HEOOXOANMO ISl PEIICHUs 3aa4K BEIOpaHHBIM
croco0oM (B JaHHOM CIIydae — (popmyasl Oisl paciema cuivl Amnepa,
MOMEHMO8 CUT);

2) mnpoBeneHbl HEOOXOOUMble MaTeMaTHUecKue MpeoOpa3oBaHus,
MIPUBOJIIINE K IPABHIFHOMY OTBETY, U MIPEJICTaBIICH OTBET.

— IlpaBunbHO  3ammcaHbl  HeoOXoauMmble  (OPMYJBI,  3amucaH 2
MpaBWIBHBII OTBET, HO HE MPEICTABICHBI MpeoOpa30OBaHMs,
TIPUBOJISIINE K OTBETY.

N
— B marematuueckux npeoOpa3oBaHUAX JOMYIIEHA OIKHOKa, KOTopas
IIpHBeJIa K HEBEPHOMY OTBETY.
— 3amucaHbl BCe HCXOIHBIE (DOPMYIIBI, HEOOXOJMMBIC JUIS pPEIICHUS 1
3agaun, Ho B OJIHOM u3 Hux momyuieHa ommoka.

NI
— OtcytcTByeT 07Ha U3 HOpMYJI, HEOOXOIUMBIX JUIS PELICHUS 33/1a4H.
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Kputepun onleHHBaHMsI BBINOJIHEHHS 3a/1aHHH ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 145
Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacc (ctp 9/10)

B nByx ombiTax mo ¢oTodddexry MeTamudeckas IUIACTUHKA, IS KOTOPOH

paboTa BBIXOA C TIOBEPXHOCTH MeTaa Ay, = 1,9 3B, obmydanacs cBeTOM ¢
JUTMHAMH BOJIH COOTBETCTBEHHO A1 U A, . Kakoii Oblia yIMHA BOJHBI BO BTOPOM
OMBITE A, €CIM B IEPBOM OHa COCTaBisia A;=350 HM, a OTHOIICHHE

=29

MaKCHMaJIBHBIX CKOPOCTEH (POTOIIEKTPOHOB o
2

Ot1BeT:

Kputepun onleHHBaHMs BBINOJIHEHHS 3a/1aHHH ¢ Pa3BePHYTHIM 0TBETOM Bapuant: 145

O6pa3zert BO3MOXHOTO PEIICHHS

VYpaBHenue DitHmTeHA 111 (OTOIh(EKTA B IEPBOM OIBITE:

2
MO max
hvl _ABblirT' (1)
YpaBHGHI/IC OliHmTeiina JJIA (I)OTOi)q)(I)CKTa BO BTOPOM OIIBITE:
2
MU7 max
hvy, =4, +—2 . 2)
CBs13b JJINHBI BOJIHBI CBE€TA C qacTOTOH B TICPBOM OIIBITEC:
_ _C
A =< 3)
Vi
CB}I3L JJIMHBI BOJIHBI CBE€TA C YaCTOTOH BO BTOPOM OIIBITE:
__C
Ay = @)
Va
OTHOIIICHNE MaKCUMAaJIbHBIX CKOpOCTefI (I)OTOSJ'IGKTpOHOBZ
1%
n= 1 max . (5)
U2 max
n*hen 1

Pemras cucremy ypasuenuii (1) — (5), monmydaem: A, = .
2 he+ Ay, hy(n® 1)

BblX

O1BeT: A, ~ 540 HM.

Enunblit rocynapctBeHHsli 3x3amen, 2009 r OU3UKA, 11 knacce (ctp 10/10)
— Hpe,HCTaBJ'ICHO IPABUJIBHOC PCHICHUEC TOJIBKO B oo1IeM BUJIE, 6e3 2
KaKUX-JTH0O YHMCIIOBBIX pacucToB.

N

— [IpaBminbHO  3ammcaHBl  HEOOXOAWMEBIE  (OpMyNBI,  3amHcaH
NpaBWIBHBI  OTBET, HO HE MpPEACTaBICHB MpeoOpa3oBaHHUA,
MIPUBOJALIUE K OTBETY.

nim
— B Maremartuueckux NOpeoOpa3’OBaHMAX MM BBIYUCICHHUAX
JIONyIIIeHa onmnOKa, KOTopast IpuBeia K HEeBEPHOMY OTBETY.

— B pemennn cogepKUTCs OMMOKa B HEOOXOMMBIX MaTeMaTHISCKHX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKue-T1u00 YMCIOBBIE PacyeThl.
W
— 3ammcaHbl BCe HMCXOIHBIE (HOPMYIBI, HEOOXOIMMEBIE JUIS PEIICHUS
3aJ1a4d, HO B OZIHOI71 U3 HUX JOMyLIeHa OUIMoKa.
NI
— OtcytcTByeT oHa U3 GopMyJs, HEOOXOAUMBIX IS PELISHHUS 3a0a4H.

Bce cnyyan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEPHUSIM  BBICTABJICHHUS OIEHOK B 1, 2, 3 Oamna (MCHOIb30BaHUE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE Oo0Jiee OIHOTO WCXOIHOTO
yYpaBHEHUsI, pa3pO3HCHHbIC 3aICH H T.I1.).

Kputepun o11eHKH BBIIOJIIHEHUS 33 JaHUs bamel

[IpuBeneHo mMomHOE MPaBHIIBHOE PEIICHHE, BKIIOYAIOIIee CIIeTyOMIHe 3
JJIEMEHTBHI:

1) mnpaBmwiIbHO 3amucaHel (OPMYJBI, BBIpaXaromue (UINISCKHE
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOIMMO ISl PEIIeHHS 3aJadn
BBHIOpaHHBIM  CIOCOOOM (B JaHHOM pEIIeHUH — YpasHeHue
Dunwmerina 0na gomoagpgexma u gopmyna, ceazvigarowas OAUHY
60JIHbL DNIEKMPOMASHUMHBIX BOJIH C YACMOMOL);

2) TmpoBEICHBI HEOOXOAWMBIC MaTeMaTH4ecKHe IpeoOpa3oBaHUS U
pacyersl, TNPHUBOIAIIKEC K TPABHIBHOMY YHCIOBOMY OTBETY, H
npencTaBieH oreeT. [Ipu 3ToM normyckaercst pemneHue "mo gactsam” (¢
MPOMEKYTOYHBIMH BBIYUCIICHHUSIMH).
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