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B MUWIMHAPUYECKOM COCYAC MO MOPIIHEM AJTUTCIBbHOC BPEMS HAXOAATCA BOJAA

u ee nap. IlopieHs HauMHAIOT BBLABUTaTh U3 cocyna. Ilpu aTom TemnepaTypa
BOJIbI M Tapa ocTaercsi Hem3MeHHOW. Kak OyneT MEHATbCS IPH 3TOM Macca
JKUAKOCTH B cocyie? OTBET NOSICHUTE.

OTtBer:

O0paserr BO3MOXHOTO PEIICHHS

Boxga u BOmsgHOM nap HaxoOATCd B 3aKpPbITOM COCYAC TIIUTCIIBHOC BpPCMA,
TMMO3TOMY BOJISTHOM nap SABJSCTCSA HACBIIICHHBIM. HpI/I BBIJIBUTAHUW TIOPIIHS
MPOUCXOAUT H30TCPMHUYCCKOC paClIMpC€HUC IIapa, OJaBJICHHUE W IIJIOTHOCTH
HaCBhIMICHHOTO I1apa B OTOM MPOHECCE HE MCHAIOTCA. CJICI[OBaTeJ'H)HO, 6y;[eT
MPOUCXOAUTDH UCITAPCHUE KUJIKOCTH. 3Ha‘H/IT, Macca JKHUJIKOCTU B COCYIC 6y,£[€T
YMCHBIIATBHCA.
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Ha rnankoif ropu3oHTanbHON MIOCKOCTH HAaXOMUTCS UIMHHAS JOCKA Maccou
M. Tlo pmocke ckomp3uT maiba maccoir m = 0,5 kr. Koaddummenr tperus
MeXay Imaiboit u mockoit = 0,2. B HayambHEII MOMEHT BPEMEHH CKOPOCTH
manosl vy =2 M/c, a gocka mokoutcs. B MmomenT T = 0,8 ¢ maiiba mepecraer
CKOIIB3UTB TI0 JIOCKE. Uemy paBHa Macca gocku M?

L

O1BeT:

O06pa3zerr BO3MOXKHOTO PEIICHHS

KpI/ITepHI/I OLICHKHW BBINTOJTHCHUA 3aJaHUA bannsr

IIpuBeneHo MONHOE MPaBUIBHOE PELIEHHE, BKIIOYAIOLIEE CIEAYIOLINE
3JIEMEHTBI:

1) BepHO yKa3aHbBI (pH3MUYECCKUE SBICHHS U 3aKOHHI (B JAHHOM Cllydae
—  600AHOU NAp CMAHOBUMCA  HACBIWYEHHBIM, He3asucumocms| 3
nromuHocmu (0asnenus) HacblueHHo20 napa om o0vema npu OaHHOU
memnepamype) U A1aH BEPHBIN OTBET;

2) MPHUBEJICHBI PaCcCYKJICHHS, TIPUBOJIAIINE K IPABUIILHOMY OTBETY.

ITpencTaBneHo NpaBHIBHOE PELICHHE M OITYyY€H BEPHBIN OTBET, HO

— yKa3aHbl He Bce (pU3MYeCKUe SBICHHUSA WIM 3aKOHBI, HEOOXOAMMEIE

UL IIOJIHOTO NPaBUIIBHOTO OTBETA,; 2
nim

— He NPEJICTABIIEHbl PACCYXKAEHUs, IPUBOAAINNE K OTBETY.

1. BHemHme cmiel, JAEHCTBYIOIIME HA CHCTEMY Tell «JIOCKa — IHaibay,
HAIpaBJICHBI 110 BEPTHKAIM M B CyMME PaBHBI HymO. VIMIyIIbC CHCTEMBI Tel
«JI0CKa — maiba» OTHOCUTENFHO 3eMiH coxpansercs:  muy = (M + m)o,

IZie U — CKOPOCTH MIA0BI M JOCKH MOCIIE TOTO, KaK MIaiida rmepecTana CKOJIb3UTh
IO IOCKE.

2. Cua TpeHus, JeHCTBYOMAs Ha JOCKY CO CTOPOHBI IIaH0bI, MOCTOSTHHA
Fp,=pmg.

Ilon nelicTBHMEM 3TOH CHIIBI JOCKA OBHIKETCA C YCKOPEHHEM a = p%g 31

M M
JIOCTUTAeT CKOpocTH U 3a Bpemst T=Y =L = 20
a pmg ug(M+m)

Otcrona M = m—H& > (xr). OtBer: M =2 xr.
gT

— IlpaBunpHO yka3aHbl (U3NUECKHE SIBICHUS WM 3aKOHBI, HO B
PACCYKICHUSIX COIEPIKUTCS OMIMOKa, KOTOpasl IpHBela K HEBEPHOMY
OTBETY.

W
— Comep>XHuTCsl TOIBKO MPABHIBHOE yKa3aHHE Ha (M3MUECKUC SBICHUSL
WM 3aKOHBI.

nim
— IlpencraBiieH TONBKO IPAaBUIIBHBINA OTBET.

Bce ciaywan pemieHHs, KOTOpbIE HE COOTBETCTBYIOT BHIIICYKa3aHHBIM
KPUTEPHsIM BBICTABJICHH OIICHOK B 1, 2, 3 Oana. 0
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UO -
Kpurepnn o1ieHKY BHITOTHEHHS 3aaHHS Bamet
[TpyBeseHO MONHOE NPaBUIIFHOE PELIeHHE, BKIIOYAIONIee CIISTYyIOIHe 3

3JIEMEHTBI:
1) mpaBUNBHO 3amuCaHBl (OPMYJBI, BBIpaXKarOmue (U3HIECKUE
3aKOHBI, IPUMEHEHHE KOTODPBIX HEOOXOAMMO ISl pEelICHHS 3aJadu

BEIOpAaHHBIM CIIOCOOOM (B JAaHHOM DELICHHH — 3aKOH COXPAHeHUs
umnynvca, emopou 3axkon Hviomowna, gopmyra onsa pacuema cunvl
mpenus);

2) mpoBedeHB HEOOXOAWMBIC MaTeMaTHYeCKHe MpeoOpa3oBaHHUA M
pacueTpl, MPHUBOJAIIME K TMPABHIBHOMY YHCIOBOMY OTBETy, U
npeacrasieH oreeT. [Ipu aToM nomyckaercs pemenue "mo yactam" (c
MTPOMEKYTOUHBIMY BBIYMCICHHUSIMH ).

— IlpencraBneHo NMpaBHIEHOE PEUICHHE TOJBKO B o0mmIeM Buue, 0e3 2
KaKHX-TM00 YUCIIOBBIX PACYETOB.

WJIn
— I[paBunpHO  3amuicaHbl  HEOOXOAMMBIE  (OPMYJBI,  3amHcaH
NPaBWIBHBIA  OTBET, HO HE MPEACTAaBICHBI NIpeoOpa3oBaHMs,
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MPUBOJISIIIHE K OTBETY.
NI

— B  Maremartuueckux  OpeoOpa3OBaHMSAX  HWIM  BBIYHUCICHHUSX

JIOMyIIeHa omuOKa, KOoTopasi IpHBeJia K HEBEPHOMY OTBETY.

A
Otser: —2 ~0,5.
123

KpI/ITepI/II/I OIICHKH BBIINTOJIHCHUS 3aJaHUA

Bamer

— B pemrennu conepxutcs ommoOKa B HEOOXOIMMBIX MaTEMaTHYECKHAX 1
peoOpa3oBaHUAX U OTCYTCTBYIOT KaKUe-THOO YMCIOBBIE PACUETHI.
nim
— 3amucaHbl Bce MCXOIHBIE (POPMYIIBI, HEOOXOMUMBIE UIS PEUICHUS
3aJla4M, HO B OI[HOI71 13 HUX JOMyLIeHa omunoKa.
nim
— OtcyTcTBYyeT 0Ha U3 HOpMYJII, HEOOXOAUMBIX JUISI PEIICHHS 3aa4H.

Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KPUTEPHUSIM  BBICTaBIEHHUS OLEHOK B 1, 2, 3 Gayia (MCIONb30BaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jiee OJHOTO HCXOJIHOTO
ypaBHEHUsI, pa3pO3HEHHBIE 3aMUCH U T.I1.).

OmuH MOJIb OFHOATOMHOTO  HJCAIBHOTO Tasa J/

MEepeXOAuT U3 COCTOSIHMA 1 B cocTosHuE 3 B
COOTBETCTBUH C TpapUKOM 3aBUCHMOCTH €r0 00BhEMa
V ot Temneparypsl T (7o = 100 K). Ha yuactke 2 —3
Kk razy mnoasomar 2,5 xJlx Ttemmotel. HaiinuTe
OTHOILIEHHE paboThl ra3a Ajy; KO BCEMY KOJIUYECTBY
MO/IBEICHHOM K Ta3y TeroTsl Q3.

0 7, 2Ty 3T, T

OTBeT:

IIpuBeneHo MOTHOE MPABHIBHOE PEIICHHE, BKIFOYAIONICE CICTYIOIINE
JJIEMEHTBHI:

1) BepHO 3amucaHbl (OPMYJBI, BRIpaXaromue (pU3M4ecKue 3aKOHBI,
IpPUMCHEHHE KOTOPBIX HEOOXOMMO JUTS PELICHUS 3a1add BEIOPAHHBIM
crocoOoM (B JTAHHOM PEIICHUN — Nepeblll 3aKOH MePMOOUHAMUKY,
Ggopmyna Ons  pacwema 6HYmMpeHHeU IHepeUU  0OHOAMOMHOZ0
UOeanbHO2O 2a3a, PABEHCME0 HYNI0 padomvl 2aza NPU UI0OXOPHOM
npoyecce);

2) mpoBeleHB HEOOXOAWMBIC MaTeMaTHYecKHe MpeoOpa3oBaHUA W
pacyersl, NPHUBOIIIIUEC K IMPABHIBHOMY YHCIOBOMY OTBETY, H
npeacrasieH oTeeT. [Ipu aToM nomyckaercst pemeHue "mo yactam" (c
MIPOMEKYTOUHBIMH BEIYHUCIICHHUSMH).

— IlpencraBieHo NMpaBUIIEHOE PEUICHHE TOJBKO B 0o0ImIeM Buue, 0e3
KaKHX-TMOO0 YMCIOBBIX PACUETOB.

nim
— IlpaBunbHO  3amuicaHbl  HEOOXOoAMMBbIE  (OPMYJBI,  3amcaH
NPaBUIBHBIA ~ OTBET, HO HE MpPEACTABICHBI MNpeoOpa3OBaHMs,
MIPUBOJISIINE K OTBETY.

nim
— B MaremartHueckHx ~ TpeoOpa3OBaHMAX WM BBIYHCICHHUSIX
JIOTYIIEHA OIMMOKa, KOTOPasi MpUBEIa K HEBEPHOMY OTBETY.

O6pazer; BO3MOXKHOTO PeIICHHS

CorynacHo TIepBOMY 3aKOHY TepMOIUHAMUKH, Qo3 =AUjp; + Aoz, TIE
A=A+ Ay u AU = AUy, + AUy B uzoxoprnom mponecce Aj, =0,
a B morepmuueckom npomecce AU,; = 0. Tloatomy Q3 =AU, + Ay u
A3 = Ays. Ilpu mepexone 2 — 3: Qo3 = AUy + Az = Ays.

CrnenoBateibHo, Qo; = AUj; + Qps.

V3meHeHne BHyTpeHHEH 3Hepruu rasa mpu nepexozae 1 — 2:

3
AU, = 3 VRAT;,. Tlockombky ATy, =2T,, o AU, =3vRT,.

Az _ Q3 05.

[Moatomy: Qi3 = 3VvRT( + Qas. = ~
Q23 3VRTj+Qyp

— B pemennn conepxutcs ommoOKa B HEOOXOIMMBIX MaTEeMaTHIECKHAX
peoOpa3oBaHUAX M OTCYTCTBYIOT KaKHe-JIM00 YHCIIOBBIC PaCUeTHI.
nim
— 3anucaHbl BCe HCXOAHBIE (OPMYIBI, HEOOXOAUMBIE IS PELICHUS
3anaun, Ho B OJIHOW u3 Hux momymena omm6Ka.
nim
— OtcyTcTBYeT 0/1Ha U3 GopMyJ1, HEOOXOIMMBIX JUIsl pELICHHUS 3a1a4H.

Bce cnywan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM
KPHUTEpUSM BEICTaBICHHS OLEHOK B 1, 2, 3 Oamra (Mcroip30BaHHE
HETPIMEHUMOT0 3aKOHa, OTCYTCTBHE 0o0Jiee OMHOTO HCXOTHOTO
YpaBHEHMsI, pa3pO3HEHHBIE 3aIIUCH U T I1.).
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— 3amucaHbl Bce HUCXOOHBIC (I)OpMyJ'ILI, H€O6XOI[I/IMLIC UL pelieHus

C4 | HanpshkeHHOCTh  AJIEKTPUYECKOTO TOMSL  IJIOCKOTO o
P P 3amaun, Ho B OJTHOU u3 HuX nomyineHa omuoka.

KoHAeHcatopa (CM. pHCYHOK) paBHa 24 kB/m. WIN
Buytpennee conportuBieHue uctouHuka »= 10 Owm,
— OrcyTcTByeT o1Ha U3 (HOPMYJI, HEOOXOAUMBIX IS PELICHHS 3aJa9H.
S1C € =30B, COIIPOTHUBIIEHUSI ~ PE3UCTOPOB
Bce ciyyan pemieHus, KOTOpPbIE HE COOTBETCTBYIOT BEINICYKa3aHHBIM 0

Ry =20 Om, R,=40 OM. Haiigure paccrosiHue MeXay
IJIaCTUHAMU KOH/IEHCATOopa.
OTBeT:

KPHUTEpUSIM BBICTaBICHHS OLEHOK B 1, 2, 3 Oamna (Mcroiap30BaHKE
HENPHUMEHUMOrO 3aKOHa, OTCYTCTBHE 0oJiee OJHOTO HCXOIHOTO
YPaBHEHUs], pa3pO3HEHHbIC 3alIUCH M T I1.).

O0pa3ser] BO3MOXKHOTO PELICHHUS
DIIEKTPUYECKHI TOK uepe3 MociiefoBarelbHO BKiIroYeHHble R; u C He wuper,
[I03TOMY HaIlpsDKEHUS Ha KOHJIEHCATOpe W pe3ucTope R, 0lMHAKOBBI U paBHbI:
U=1R,, U=Ed, rne E — nanpspkeHHOCTh 1oJisl B KoHAeHcaTtope. Otciona

q= IR,
€ ER
CornacHo 3akoHy Oma, I = —— = d= ——2 |
r+R, (R,+1)E
Oter: d=10"m=1mm.
Kpurepun orieHKH BBINOIHEHUS 3a/1aHUS bamner
[IpuBeneHo MoJHOE MpaBUIIBHOE PEUICHHE, BKIIFOYAIOIIEE CIIEAYIOLIUE 3
3JIEMEHTHI:

1) BepHO 3amucaHbl (OPMYJIBI, BBIpaXKaOMIe (U3NYCCKHE 3aKOHHI,
IPUMEHEHHE KOTOPBIX HEOOXOIMMO JUTS PEUICHUS 3a1add BEIOPAHHBIM
crocoOoM (B JaHHOM pemieHun — 3akoH Oma 01 NoiHou yenu u
yuacmKa — yenu, PABeHCmMBO — HANPAM’CEHUll  HA  NAPALIeTbHO
COCOUHEHHBIX DNeMEeHMAx Yenu, C6A3b PA3HOCMU NOMEHYUAI08 C
HANPsIHCEHHOCMbIO NOIAL);,
2) mpoBeneHB HEOOXOAWMBIE MaTeMaTHYecKHe MpeoOpa3oBaHHI M
pacdeTsl, INPUBOMAIIME K IPABUIBHOMY YHCIOBOMY OTBETY, H
npezacrasieH oTBeT. [Ipu 3ToM momyckaercs pemeHue "o gactsam'” (c
MPOMEKYTOUHBIMH BEIIHCICHUSIMH).
— IlpencraBneHo NMpaBUIBHOE PELICHHE TOJBKO B obmeM Buae, 6e3 2
KaKUX-JINOO YHCIIOBBIX PACUCTOB.

nim
— IlpaBunbHO ~ 3ammcaHbl  HEOOXoAWMBIE  (OPMYJBI,  3alMCaH
MPaBWIBHBIA  OTBET, HO HE TMPEACTAaBICHH MpeoOpa3OBaHMs,
MPUBOJSIIIE K OTBETY.

W
— B Maremarmueckmx  mpeoOpa3oBaHMAX  MIM  BBIYHCICHHAX
JIoMyIIeHa omrbKa, KoTopas IpUBeia K HEBEPHOMY OTBETY.
— B pemennu cogepixutcs omuOka B HEOOXOAUMBIX MaTeMaTHIECKUX 1

HpeO6paSOBaHI/IﬂX " OTCYTCTBYIOT KaKue-In00 YHCIIOBBIC PpacyCThI.
NI
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— 3anmcaHBl Bce HCXOAHBIC (DOPMyIBI, HEOOXOMUMBIC IS PEIICHHS 1
A C 3amaun, Ho B OJJTHOU u3 Hux nomymieHa omuoka.

nim
— OTtcyTeTBYeT 071Ha U3 HOpMYJ1, HEOOXOIUMBIX JUISI PEIICHHS 3aa4H.

Ha nemnpoBopsmieil ropu3oHTaIbHONW MOBEPXHOCTH
CTOJIa JIKHUT TMpOBOJAIIAs JKECTKas paMKa Hu3
OJIHOPOJTHOM TOHKOW TMPOBOJIOKH, COTHYTasi B BHUJE

kBagpatra ACDE co cropoHoil a (CM. pHCYHOK). @
PaMka HaxoauTCs B OAHOPOJHOM TOPH30HTATHHOM
9

=

Bce ciyuan pemieHus, KOTOpbIe HE COOTBETCTBYIOT BhINICyKa3aHHBIM | 0
KPHUTEpUSIM BBICTaBICHUS OLEHOK B 1, 2, 3 Oamna (McHoIb30BaHME
MarHUTHOM TMOJ€, BEKTOP MHAYKIHMH B KoToporo YE D
HENPUMEHMMOT0 33aKOHAa, OTCYTCTBHE 0oJiee OIHOTO HCXOJHOTO
nepnenaukynsaper ctoponam AE u CD. Ilo pamke
YpaBHEHUS], Pa3pO3HEHHBIC 3aITUCH M T II.).

MPOTUB YacOBOW CTPENKM NpoTeKaeT TOK [, macca pamku m. Ilpu kakom
3HaYeHNW MOy BEKTOpa MArHUTHOM WHAYKIMM paMKa HadWHAET
MOBOPAYMBATHCS BOKPYT cTOpOHBI CD?

OTBeT:

O0pa3er] BO3MOXKHOTO PEIICHHS
[TycTh MOMyNIb BEKTOpa MarHUTHON MHAYKIMH paBeH B. Ha croponst AE u CD
OynyT nefictBoBaTh critbl AMriepa Fa; = Fa, = IaB.
MomMmeHT cuiibl AMIlepa OTHOCHTEIBHO OCH, MpOoXoAsueil uepe3 cropony CD,

N, = Ia’B.
1
MOMEHT CUIIBI TSAXKECTH OTHOCUTENBHO Oocu CD: Ny, = — Emga.
mga m
Vcnosue otpeiBa: Ny + Np, > 0, 1a’B > i. Orcrona B > _g.
2 2al

Jonyckaercs OTBET B BUJIE PABEHCTBA.

Kpurepun onieHKH BBINOIHEHMS 3a/1aHUS banner
[IpuBeneHo mosHOE MpaBUWIIBHOE PEUICHHE, BKIIFOYAIOIIEE CIIEAYIONIHE 3

JJIEMEHTHI:
1) BepHO 3ammcaHbl (GOPMYJIBI, BBIpakaromue (U3NIECKHE 3aKOHBI,
IPUMEHEHHE KOTOPBIX HEOOXOAMMO JUTS PELICHUS 3aadd BHIOPAHHBIM
CIOCO00M (B IaHHOM CIIy4ae — (hopmyvl 05t pacyema cunvl Amnepa,
MOMEHMO8 Cul);

2) mpoBeneHb HEOOXOAMMBIE MaTeMaTHYeCKue IpeoOpa3oBaHM,
MPUBOJISIINE K PaBUIEHOMY OTBETY, M IIPEICTABICH OTBET.

— IIpaBunbHO  3amucaHbl  HeoOXoxuMble  (GOpMyNbl, 3amucaH | 2
NPaBWIBHBIA  OTBET, HO HE MPEACTAaBICHB MpPeoOpa3OBaHMA,
MPUBOJISIIHME K OTBETY.

nim
— B mMaremaruueckux npeobpa3oBaHUAX JOMYIIEHa OMMOKa, KOTOpast
TpHUBENa K HEBEPHOMY OTBETY.
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B nByx ombiTax 1mo (oroddpdekry merauinueckas IUIACTHHKA 00Jiydyanach
CBETOM C JUIMHAMU BOJIH COOTBETCTBEHHO A; = 350 uM u A, = 540 um. Kakum

Y

OBLIIO OTHOIIEHHE MaKCHMAaJIbHBIX CKOpOCTeﬁ (bOTOBJ'ICKTpOHOB . B OTHUX

2
OTIBITAX, €CJIM PadOTa BBHIXO/A C MOBEPXHOCTH MeTaa Ay, = 1,9 29B?
OTBeT:
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O6pazerr BOZMOXKHOTO PeIICHHs

YpaBHeHue DitHmTeHA A1 HOoTO3((DEeKTa B IEPBOM OIIBITE:
2

muvo
— I max
hvl - A6b1x +
2
aBHEHUE OWHIITEeHHA 1 (POTOD €KTa BO BTOPOM OIIbITE:
y 2
2
MU) max
hvy, =4, +—="=.
2
CBs13b JUIMHBI BOJIHBI CBE€TA C JaCcTOTOH B TICPBOM OIIBITE:
_ _C
A =<
Vi

CB#13b JJIMHBI BOJTHBI CBETA C YACTOTON BO BTOPOM OIIBITE:
_c

Aa 2 —_——
Vo

CKOpocTel (POTOITEKTPOHOB:

(M

2

3)

“4)

Pemrast cucremy ypaBHenuit (1) — (4), moiydaeM OTHONICHHE MaKCHMaTbHBIX

— IlpencraBneHo nmpaBUIbHOE PEIICHHE TOJBKO B 00mieM Buie, Oe3
KaKHX-JIN0O0 YHCIOBBIX PACUCTOB.

i
— IlpaBunbpHO  3ammcaHbl  HEOOXOAWMBEIE  (OPMYJBI,  3amlHCaH
NpaBUWIBHBIA OTBET, HO HE MPEACTaBICHBl MpeoOpa3OBaHMUA,
IIPUBOJAIIME K OTBETY.

nim
—B MaremaTnueckmx mHpeoOpa3OBaHMSAX  WIM  BBIYHCICHHAX
JIOMyIIeHa omuOKa, KOTopast IpHBeJia K HEBEPHOMY OTBETY.

2

— B pemrenun conepkutTcst OMmmoOKa B HEOOXOIUMBIX MaTeMaTHIECKIX
peoOpa3oBaHUsIX U OTCYTCTBYIOT KaKHUe-TH0O0 YHCIOBBIE PACUETHI.
nim
— 3amucaHbl Bce HCXOIHBIE (POPMYIIBI, HEOOXOMUMBIE IS PEUICHUS
3aJla4i, HO B OI[HOI\/'I 13 HUX JOMyLIeHa ouroKa.
W
— OtcyTtcTBYeT oHa U3 HopMyJ, HEOOXOAUMBIX JUISI PELICHHS 3a0a4H.

Bce ciyuan pemieHusi, KOTOpbIe HE COOTBETCTBYIOT BhINICYKa3aHHBIM
KPHUTEpUSM BBICTaBIICHHS OLECHOK B 1, 2, 3 Oamia (Mcrojp30BaHUE
HETIPIMEHUMOTO 33aKOHA, OTCYTCTBHE 0oJiee OIHOTO HCXOIHOTO
ypaBHEHHsI, pa3pO3HCHHBIC 3aIIHCH H T I1.).

v
n =—Lmax — Otset: n =~ 2.
U2 max
Kputepuu olleHKH BBINOJIHEHYS 3aJaHUS banel

[IpuBeneHo MOTHOE MPABIIBHOE PEIICHHE, BKIFOYAIONICE CICTYIOIINE
SIIEMEHTEHI:

1) mpaBuUNBHO 3amucaHbl (GOPMYNBI, BBIpaXKaromue (U3HIECKUe
3aKOHBI, IPUMCHEHHE KOTOPBIX HEOOXOMMMO JUIS PEHICHUS 3aJadd
BEIOpaHHBIM  CITOCOOOM (B JAHHOM pEIIEHUH —  VpasHeHue
Dunwmenna 0 Gomosgpgpexma u gopmyna, ceazvleaowas OAUHY
60JIHbL DNIEKMPOMAZHUMHBIX BOJIH C YACMOMOL);

2) mpoBeneHB HEOOXOAWMBIE MaTeMaTHYecKHe MNpeoOpa3oBaHHUI M
pacueTpl, MPHUBOISIIKME K TMPABHIBHOMY 4YHCIOBOMY OTBETy, U
npejacrasieH oTBeT. [Ipu 3ToM momyckaercs pemieHue "o gactsam'” (c
MTPOMEKYTOUYHBIMU BBIYMCICHUSIMHU).

3
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B MUWIMHAPUYECKOM COCYAC MO MOPIIHEM AJTUTCIBbHOC BPEMS HAXOAATCA BOJAA

u ee mnap. [lopmens HauMHaOT BABUTaTh B cocyd. Ilpu 3tom Temmneparypa
BOAbl M TIIapa OCTacTCA HemsMmeHHo#. Kak 6y,Z[CT MCHATBCA IIpU 3TOM
OTHOHICHUE MACChI ITapa K MacCe XUJIKOCTHU B COCYZ[C? OTBET MMOSICHUTE.

OT1BeT:

O06paszerr BO3MOXHOTO PEIICHHS

Bona u BoasHON map HaxoIsATCA B 3aKPBITOM COCYIE UIMTENBHOE BpEMS,
[IO9TOMY BOJSHOW Map SBJIAETCS HAchILEHHbIM. IIpy BABUraHMM NOPILIHS
IIPOUCXOIUT HM30TEPMHUYECKOE CXKATUE I1apa, JAaBICHHE M IIOTHOCTb
HACBIIEHHOTO T1apa B 3TOM IIpolecce He MeHstoTcs. CiemnoBaTenbHO, OyaeT
IIPOUCXOANTH KOHIEHCAIMS MapoB BOABI. Macca >KMIKOCTH OyIeT IpH 3TOM
YBEJIMYMBATHCS, @ Macca 11apa yMEHbIIATLCS. 3HAUUT, OTHOILIEHHE MAcChl I1apa
K Macce )KUIKOCTH B cocyjie OyJeT YMEHbIIAThCS.
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Ha rnmaaxoil ropu3oHTalIbHON MIIOCKOCTU HaXOAMTCA JUIMHHAs JOCKAa Maccou

M =2 kr. [To mocke ckoib3uT miaiiba maccot m. KoahduumeHT TpeHuss MexIy
maiboi u gockoir W= 0,2. B Ha4aabHBIII MOMEHT BPEMEHH CKOPOCTh HIAHOBI
U = 2 M/c, a nocka nmokoutcs. B MomenT T = 0,8 ¢ maiiba nepectaer CKOJIb3UTh
1o J1ocKe. Yemy paBHa Macca aiob1 m?

O0paser] BO3MOXKHOTO PEeIlICHHS

Kpurepun onieHKH BbINOIHEHMS 3a/1aHUS Bamer

IlpuBeneHO  TOJNHOE  TNPaBUIBHOE  pEIIEHHE,  BKIIOUAIOIICe
CJICIYIOIIHE STIEMEHTHI:

1) BepHO yKa3aHBI (HU3WYECKHE SBICHHS W 3aKOHHI (B JaHHOM
clydyae —  GOO0AHOU — nap  CMAHOGUMCA — HACLIUJEHHBIM, 3
He3a8ucUMocms NIOMHOCMU (0a6NeHus) HACLIWEeHHO20 napa om
0bvema npu 0anHoll memnepamype) v MOITyUYEH BEPHBIIT OTBET;

2) IpUBECHBI PACCYKACHUS, TPUBOASIINE K IPaBIIIBHOMY OTBETY.

IIpencraBneHo NpaBUIIbBHOE PELICHUE U NIOIYUYEH BEPHBIN OTBET, HO

—YyKa3aHbl He Bce (pU3HUECKUE SIBJICHHS MM 3aKOHBI, HEOOXOMMBbIC

JUI IOJIHOT'O NPaBUJILHOTO OTBETA, 2
W

— He [IPEJCTaBJIEHbI pacCyKCHMS, IPUBOJSIINE K OTBETY.

1. BHemHme cuibl, ACHCTBYIONIME HAa CHUCTEMY T «IOCKa — Imnaiibay,
HAlpaBJICHBI 110 BEPTHKAIM M B CYMME PaBHBI HyIO. VIMITyJIbC CHCTEMBI Tel
«JIOCKa — Maiba» OTHOCUTENHLHO 3eMITH coxpaHsercs:  muy = (M + m)o,

rlie U — CKOPOCTb MAOBI M JOCKH MOCIIE TOTO, KaK MIaiida rmepecrana CKOJIb3UTh
IO JTOCKE.

2. Cuna TpeHus, JeHcTBYIOIAs Ha JOCKY CO CTOPOHBI a0, MOCTOSHHA

Fp = pmg.

Ilon nelicTBHMEM 3TOH CHIIBI JIOCKA IBMKETCSI C YCKOPEHHEM a = p%g 31

M M
JIOCTHTAeT CKOPOCTH U 3a Bpems 1= =4 — Jo
a pmg pg(M+m)

Orcroga m = M(i—lj =0,5 kr. Otset: m = 0,5 kr.
pgt

KpI/ITepI/II/I OIICHKH BBITNTOJIHCHUSA 3aJaHUA bammer

— IIpaBunbHO ykazaHbl (M3WYECKHE SIBICHHS, HO B PacCyXKICHHSX
COAEPKHUTCS omuOKa, KOTOpast IPHUBeJIa K HEBEPHOMY OTBETY.

WJIn
— CogmepXuTCs TONBKO TIPaBHIBHOE YKa3aHWE Ha (I3HUECKHE 1
SIBJICHHMSI.

nim

— IlpencraBiieH TOJIBKO NPaBUJIbHBINA OTBET.

Bce ciydan pemieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM
KpUTEPHSIM BBICTaBJICHHMsI OLIEHOK B 1, 2, 3 Oaina. 0
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IIpuBeneHO MOTHOE MPAaBIIBHOE PEIICHHE, BKIIOUAIONIEE CIICTYIOINe 3
3JIEMEHTBHI:

1) mpaBHUIBHO 3amMCaHBl (QOPMYJBI, BBIpAXKAOMNE (U3MIECKHE
3aKOHBI, IPUMEHEHHE KOTODPBIX HEOOXOAMMO ISl pElLICHMS 3aJadu

BBIOpAaHHBIM CITIOCOOOM (B JaHHOM DEIICHHH — 3aKOH COXPAHEHUs
umnyavca, emopou 3axkon Hviomowna, gopmyra onsa pacuema cunvl
mpenus);

2) mpoBeneHbl HEOOXOIMMBIC MaTeMaTHYECKHE IPeoOpa3oBaHMs H
pacdeTsl, TPHUBOIAIINEC K TIPABHIBHOMY YHCIOBOMY OTBETY, H
npeacrasieH oTeeT. [Ipu 3ToMm fomyckaercst pemenue "mo yactsam'" (c
POMEXYTOUHBIMH BEIYUCICHUSIMH).

— IlpencraBieHo NMpaBHIIEHOE PEUICHHE TOJNBKO B o0IIeM Buue, 0e3 2
KaKHX-TU0O0 YUCIOBBIX PACUETOB.

nim
— IlpaBunbHO  3ammcaHbl  HeoOXomuMmble  (OPMYJBI,  3amHcaH
NPaBUIBHBIA  OTBET, HO HE MPEACTAaBICHBI IpeoOpa3oBaHMs,
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MPUBOJISIIHME K OTBETY.
nim

— B Maremarnyeckux —mpeoOpa3oBaHMSX WM  BBIYMCICHHUSX

JIONyIIeHa ONINOKa, KOTOpas IPUBEJIa K HEBEPHOMY OTBETY.

— B pemennu conepxutces ommoOKka B HCOOXOIUMBIX MaTeMAaTHIECKUX 1
peoOpa3oBaHUsAX U OTCYTCTBYIOT KaKHe-THOO YMCIIOBEIE PACUETHI.
nim
— 3amucaHbl Bce MCXOTHBIE (OPMYIIBI, HEOOXOMUMBIE JUTS PEUICHHUS
3aJla4M, HO B OI[HOfI 13 HUX JOMyIIeHa omunoKa.
WJIn
— OtcyTtcTBYeT 01Ha U3 HOPMYJI, HEOOXOIUMBIX JUIS PEIICHUS 331a4H.

IPUMEHEHHE KOTOPBIX HEOOXOMMO ISl pELICHHMS 3a/1a4y BEIOPaHHBIM
crocoOoM (B JaHHOM DEIICHUH — Hepeblli 3aKOH MepMOOUHAMUKU,
Qopmyna  ons pacuema pabomvl 2asq, GHYMpeHHeU SHEpIUU
O0OHOAMOMHO20  UOEANbHO20 — 2a3d;  HEUSMEHHOCMb — 6HYMpeHHel
9Hepeul 2a3a npu U30MepMU4eckom npoyecce);

— MpPOBE/ICHBl HEOOXOAMMBIE MaTeMaTHYecKue IpeoOpa3oBaHUs U
pacdeTsl, TPHUBOIIIINEC K IIPABHIBHOMY YHCIOBOMY OTBETY, H
npeactasieH oTeeT. [Ipu 3ToM gomyckaercs pemreHue "mo dactam' (¢
POMEXYTOUHBIMHU BBIYUCICHUSIMH).

Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBHIIICYKa3aHHBIM 0
KPUTEPHUSIM  BBICTaBIEHHUs OLEHOK B 1, 2, 3 Gamna (MCmonb30BaHUE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jiee OJHOTO HCXOJHOTO

YpaBHEHUs, Pa3pO3HEHHBIE 3aIIUCH H T.IL.).

O)II/IH MOJIb OAHOATOMHOI'O MJACAJIbHOI'O rasa COBCPIIACT p.

mpouecc 1 — 2 — 3. Ha yuactke 2 — 3 k razy moaBoJsT
2500 Tx Ttemmotel, Ty =300 K. Haiigure oTHomeHue
KOJIMYECTBA MOJBEJCHHON K ra3y TemIoThl (1,3 K padoTe
A\23, COBEpIIIAEMOIA Ta30M B XO[I€ TPOILIEcca.

OTBeT: 0 Ty, 2T, 3Ty T

— IIpencraBineHo mpaBUIBHOE PEIICHHE TOIBKO B 0o0IIeM Buze, Oe3 2
KaKHX-JIN0O YHCIIOBBIX PACUCTOB.

i
— [IpaBunpHO  3ammcaHbl  HeoOXoawMmble  (opMynbl,  3ammcaH
IpaBUIBHBIA  OTBET, HO HE MpPEACTaBICHBl MpeoOpa3oBaHHUS,
IIPUBOJSAIIME K OTBETY.

i
— B Maremarmueckux  IpeoOpa3’oBaHMSAX MM BBIYUCICHUSX
JIOITyIIeHa omr0Ka, KOTopasi IpuBeJia K HEBEPHOMY OTBETY.

O6pazerr BO3MOXKHOTO PEIICHHS

— B pemennn conepkutTcst ommoOKa B HEOOXOIUMBIX MaTeMaTHIECKIX 1
peoOpa3oBaHUsIX U OTCYTCTBYIOT KaKUe-TH00 YHCIOBBIE PACUYETHI.
nim
— 3amucaHbl Bce MCXOJHBbIE (OPMYIIBI, HEOOXOMUMBIE UIS PELICHHUS
3aaun, Ho B OJIHOM u3 Hux nomyuieHa ommoka.
N
— OtcyTtcTBYeT 07Ha U3 HOPMYJI, HEOOXOIUMBIX IS PELICHHUS 331a4H.

A=A+ Ay, U3 pV =vRT nonyuaem: p;AVy; =vRAT), =

Ay, = VRAT |, =2VRT,, mockonbky AT, =2T,.

B nporiecce 2 - 3 Q3 =AUy + Ay, Ho on msorepmuyeckuii. [Tosromy
AUp =0, A =Qxn, u A3 =2VRTo+ Q. Q23 = Q2+ Q.

CornacHo NepBoMy 3aKOHY TepMOIUHAMUKU, Q= AU, + Ay,

npuueM AU, = % VRAT |, =3vRT,. Tak kak A, =2vRT,, t0 Q2= 5VRT,,

+
Qi23 = 5VRTy + Qus. Quzy VR, Qs ~ 2. OrtserT: h ~ 2.

Bce ciyuan pemeHusi, KOTOpbIe HE COOTBETCTBYIOT BbINIEYKa3aHHBIM 0
KPHUTEpUSIM BBICTABICHHUS OLEHOK B 1, 2, 3 Oamna (MCIOIb30BaHUE
HETIPIMEHUMOTO 3aKOHa, OTCYTCTBHE 0ojiee OIHOTO HCXOIHOTO
ypaBHEHHUs], pa3pO3HEHHbIE 3alKCH U T I1.).

Az 2VRT+Qy Ay
Kpurepun oLleHKH BBIITOJTHEHHS 331aHHs banbt
IIpuBeneHo MoIHOE NPaBUIBHOE PEIICHHE, BKIIOYAIONIEE CIIETYOIINE 3

OJICMCHTBI:
— BCPHO 3allMCaHbl (I)OpMyJ'IBI, BbIpa’Xaromue (I)I/ISI/I‘IGCKI/IG 3aKOHBI,
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Kakogo paccTosiHue d MEXITY 0GKIIaIKaMu — B pemennn coaep)XuTcsi OmmoOKa B HEOOXOIMMBIX MaTeMaTHIECKHX 1
KoHJieHcaTopa (cM. pHCYHOK), ecim manpskemnoets  © | Rl | C== 1peoOpasoBaHUsAX U OTCYTCTBYIOT KAKHE-IMOO YHCIIOBBIE PACUCTL.
i

JJNIEKTPUYECKOTO TOJIsI  Mexay Humu E =5 kB/M, r R,
BHYTPEHHEE COIIPOTHUBIICHUE UCTOYHUKA TOKa ¥ = 10 OmM,

ero DJIC € =20B, a compoTHBIEHUS pPE3UCTOPOB

R, =100Mmu R, =20 Om?

— 3ammcaHbl BCe HCXOAHBIC (DOPMYIIBI, HEOOXOJMMBIC IS pPEHICHUS
3aJ1a4M, HO B OﬂHOfI 13 HUX JOMylIeHa omuoKa.

NI
— OtcytcTByeT 07Ha U3 HOPMYJI, HEOOXOIUMBIX JUIS PELICHUS 331a4H.

Ouser: Bce cnydan perieHusi, KOTopble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0

O0pa3ser] BO3MOXKHOTO PEHICHHUS KPUTEPHUSIM  BBICTaBIEHHUs OLEHOK B 1, 2, 3 Gamia (MCHONb30BaHUE
3HaueHUsl HaIpsDKEHUS Ha KOHJEHCATOpe M TapajuielbHO IMOACOSAMHEHHOM HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE Oo0Jiee OJHOTO HCXOJHOTO
pesucrope oxunakoBel: U =1IR,, U=Ed, rne E — HampseHHOCTb MO B YpaBHEHUsI, pa3pO3HEHHBIE 3alUCH U T I1.).

IR,
KOHACHCATOPEC. CHC]IOBaTeHBHO, d=—=.

3akoH Oma: I:—S. IMostomy d= __&R,
R, +R, +r E(R;+R,+1)

OtBer: d=2 MM.

Kpurepun orieHKY BHITOTHEHHS 3aaHHs Bamet
[TpyBeseHO MONHOE NPaBUIFHOE PElIeHHE, BKIIOYAIOLIEe CIISIYyIOIHe 3
3JIEMEHTBI:
— BEpHO 3amHCcaHbl (OPMYIIBI, BEIpaXKamomye (pU3NUECKHe 3aKOHBI,
IPUMEHEHNE KOTOPBIX HEOOXOMMO ISl pELICHHMs 3a/lauyl BEIOpaHHBIM
crocoboM (B JaHHOM peIIeHHH — 3akoH Oma 014 NOaHOU yenu u
yyacmka — yenu,  PpAaseHCME0 — HANPAJICEHUU  HA  NAPALIENTbHO
COEOUHEHHBIX DNIEMEHMAax Yenu, C6a3b PASHOCMU NOMEHYUAL08 C
HANPAHCEHHOCMbIO NONA);
— IpoBeAEHbl HEOOXOAMMbIE MaTeMaTHYeCKHe IpeoOpa3oBaHMs U
pacdersl, MNPHUBOIAIINEC K TIPAaBWIBHOMY YHCIOBOMY OTBETY, H
npencrasieH oTeeT. [Ipu aToM nomyckaercs pemenue "mo yactsam” (c
IPOMEKYTOUHBIMH BEIIHCICHHUSIMH).
— IlpencraBneHo NpaBUIIEHOE PEUICHHE TOJNBKO B o0mmIeM Buue, 0e3 2
KaKUX-JINOO YHCIOBBIX PACUCTOB.

W

— I[paBunbHO  3amuicaHbl  HEOOXOoAMMBIE  (OPMYIBI,  3amMcaH
NpaBWIBHBIA ~ OTBET, HO HE TPEJCTaBICHBl MpeoOpa3oBaHus,
MIPUBOJISIIHE K OTBETY.

=2-10" (m).

50041
— B Maremarmdeckux  mpeoOpa3oBaHMSAX WM  BBIUMCICHUIX
JIOMyIIeHa OmOKa, KOTopasi IpHBeJia K HEBEPHOMY OTBETY.
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Ha HenpoBOsIeil TOPH3OHTATBHON MOBEPXHOCTH — IlpaBuiabHO  3amucaHbl  HEOOXOmMMble  (DOPMyJIBI,  3amucad | 2
CTONa JIEXKUT IPOBOMASIINAS KEcTKas paMka wu3 & HpaBI/IHLHHﬁ OTBCT, HO HE MpEACTABICHBI Hpeo6pa3OBaHHﬂ,
OJIHOPOJHON TOHKOI MPOBOJIOKH, COTHYTOI1 B BUIE IPUBOJAINE K OTBETY.
paBHOCTOpOHHero  TpeyromsHnka ADC  co \ i
CTOpOHOM, paBHOIl a (cM. pucyHok). Pamxka, mo / B? — B maremarnueckux npeoOpa3oBaHUSAX JOMyIIeHa OIIHOKa, KOTopas
KOTOpOH TeueT TOK /, HaXOAMUTCS B OJHOPOJHOM \ ITPUBC]IA K HCBCPHOMY OTBCTY.
rOPU30HTAILHOM ~ MATHHUTHOM  IIOJIE,  BEKTOp / \ — 3anucaHbl BCE MCXOAHBIC (OPMYIIbI, HCOOXOXMMBIC IS PELICHHS 1
e d D 3amaun, Ho B OJJTHOU u3 Hux momyiieHa omuoka.
MHIYKIMHA ~ KOTOpOro B mepneHAuKyJspeH 2 I
ctopoHe CD. Kakum pomkeH ObITH  MOIYJb
— OtcyTeTBYeT 071Ha U3 HOpMYJ1, HEOOXOIUMBIX JUISI PEIICHHS 3a1a4u.
WHIYKOIUU MarHATHOTO IIOJISI, YTOOBI paMKa Hadala IIOBOPAYMBATHCS BOKPYT
9 Bce cnydan perieHusi, KOTopble HE COOTBETCTBYIOT BblllIeyKa3aHHbIM | 0
ctoponsl CD, ecrit Macca paMku m
KPHUTEpUsIM BBICTaBICHUS OLEHOK B 1, 2, 3 Oamna (McHoiabp30BaHHE
Orger: HENIPUMEHUMOTO 3aKOHa, OTCYTCTBHE OoJee OIHOrO HCXOJHOTO
O6pa3eu BO3MOXKHOT'0 PELICHHUS YpaBHCHMA, Pa3pO3HCHHBIC 3alTUCH U T H.).

ITo pamxe Teuer Tok I. ITycTh MOIyIb BEKTOpAa MATHUTHOW MHAYKLUU PaBeH B.
Ha cTopons! pamku neficTByert cuia Amriepa.

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

. 1
Ha ctopory AC: Fa, = 1aB sina = EIaB;

Ha cropony CD: Fu; = 1aB.
CyMMapHBIif MOMEHT 3THX CHJI OTHOCcUTENbHO ocu CD:

a3 a3 31a*B
N, =Fy, 4 +Fy, 4 = 4 .
mga
Mowmenr cuisr Tkectn: N, =——=. VYcnoBust otpeiBa: Ny + N, 2 0,
23
314’B _ mga 2m
\/—— > Med Orcrona B > Zme JormyckaeTrcst OTBET B BUJIE paBEHCTBA.
4 23 3al
Kputepuu olleHKH BBITOJIHEHHS 3aJaHUS Bannbt
IIpuBeneHo moHOE MpPaBIIBHOE PEIICHNE, BKIIOUAlONee ciuexyomme | 3

AIIEMEHTBI:
1) BepHO 3amucaHBl (OPMYJBI, BRIpaXalomue (GpU3NdecKhe 3aKOHBHI,
NIPUMEHEHHE KOTOPBIX HE0OXOAMUMO AJIS PEIICHHUS 3a1a9l BEIOpPAaHHBIM
CHOCO00OM (B TaHHOM CIIy4ae — (popmyavl 05t pacyema cunvl Amnepa,
MOMEHMO8 Cul);

2) mnpoBelneHbl HEOOXOJMMbIE MaTeMaTHUecKue mpeoOpa3oBaHus,
MIPUBOJISIIIE K IPABHIGHOMY OTBETY, M IIPEICTABICH OTBET.
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B nByx ombiTax 1mo (GoTodpdPekTy MeTaumdeckas IUIacTHHKA 00IydJanach

CBETOM C JUIMHAMH BOJIH COOTBETCTBEHHO A; = 350 HM U A, = 540 uM. B aTux

U;
OITBITaX MaKCHMAJBHBIE CKOPOCTH (DOTOIIEKTPOHOB OTIMYAIIHCH B U—l =2 pa3za.
2

KaxkoBa pa60Ta BbIXOJa C ITIOBEPXHOCTHU meraiuia?
OTBeT:

Kpurtepuu oneHHBaHMs BbINOJHEHHSs 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapuant: 148
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Wi
— IlpaBunpHO  3ammcaHbl  HEOOXoAWMBIE  (OPMYJBI,  3alHCaH
NpaBUWIBHBIA OTBET, HO HE MpPEACTaBICHBl MpeoOpa3OBaHMUA,
MPUBOJSIIHIE K OTBETY.

nim
—B  MaremaTnueckux IpeoOpa3OBaHMSAX  WIM  BBIYHUCICHUSX
JIOIyIIeHa OmIiOKa, KOTopast IpuBeJia K HEBEPHOMY OTBETY.

OGpa3zel BO3MOXKHOTO peleHHs

YpasHenue DiiHiTelHa 11 Gorosddexra B IepBoOM OmbITE:
2

hv, =A6b,x+%. (1)
YpaBHeHne DitHmTelHA 171 POTO3(h(PEKTa BO BTOPOM OIIBITE:
2
hVZ = ABle +%' (2)
CB3b ATMHBI BOJHBI CBETA C YaCTOTOU B IEPBOM OIIBITE:
A= VL 3)
1

Cas13b JUIMHBI BOJIHBI CB€TA C 4acTOTOM BO BTOPOM OIIBITC!

— B pemennn conepxutcs ommoOKa B HECOOXOIMMBIX MaTEMaTHYECKHAX 1
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THO0 YHCIOBBIE PACUETHI.
i
— 3anmcaHbsl Bce HCXOAHBIE (DOPMyNbI, HEOOXOIUMBIEC IS PEIICHHS
3anaun, Ho B OJIHOW u3 Hux jonymena omm6Ka.
i
— OtcyTcTBYeT 0J1Ha U3 PopMyJ1, HEOOXOMMBIX JUIsl pELICHHMS 3a1a4H.

Bce ciyuan pemeHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KPHUTEpUSM BBICTABICHHUS OLEHOK B 1, 2, 3 Oamma (MCIoIb30BaHUE
HETIPIMEHUMOTO 3aKOHa, OTCYTCTBHE 0oJiee OIHOTO HCXOIHOTO
ypaBHEHHUs], pa3pO3HEHHbIE 3alHCU U T II.).

_c
o 4)
Va
OTHOIIEHNE MaKCUMAITLHBIX CKOPOCTEH (POTOIIEKTPOHOB:
v
n= I max . (5)
U2 max
A
he(n 2o 772
= . _ 1
Peurast cucremy ypasHenuii (1) — (5), nomydaem: 4, =——————.
Ay(n”—=1)
OtBeT: Ay = 3,0-10" Tk ~ 1,9 9B.
Kputepun olleHKH BBIIOJIHEHMS 3aJaHUS banel
IIpuBeneHo moaHOE MPaBUIBHOE PEIICHHE, BKIOUAIOIIEE CIETYIOINe 3

SIIEMEHTBHI:
1) mpaBuUNBHO 3amucaHbl (GOPMYJBI, BBIpaXKarOmue (U3MIECKHE
3aKOHBI, IPUMCHEHHE KOTOPBIX HEOOXOMMMO JUIS PEHICHUS 3aJadd
BEIOpaHHBIM  CIOCOOOM (B JAHHOM pEIIEHUH —  VpagHeHue
Dunwmenna 0 Gomosgppexma u gopmyna, ceazviearowas OAUHY
6OJIHBL DNIEKMPOMAZHUMHBIX BOJIH C YACMOMOU);

2) mpoBeneHB HEOOXOAWMBIC MaTeMaTHYeCKHe MNpeoOpa3oBaHUI M
pacueTpl, MPHUBOIAIIME K TMPABHIBHOMY YHCIOBOMY OTBETy, U
npejacrasieH oTBeT. [Ipu 3ToM pomyckaercs pemieHue "o gactsam'" (¢
MTPOMEKYTOUYHBIMU BBIYMCICHUSIMH ).

— IlpencraBneHo NMpaBHIIEHOE PENICHHE TOJBKO B obmmieM Buzae, 0e3 2
KaKHX-JIM0O YHCIIOBBIX pacueToB.
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B MUWIMHAPUYECKOM COCYAC MO MOPIIHEM AJTUTCIBbHOC BPEMS HAXOAATCA BOJAA

u ee nap. IlopieHs HauMHAIOT BBLABUTaTh U3 cocyna. Ilpu aTom TemnepaTypa
BOJIbI M Tapa ocTaercsi Hem3MeHHOW. Kak OyneT MEHATbCS IPH 3TOM Macca
JKUAKOCTH B cocyie? OTBET NOSICHUTE.

OT1BeT:

O0paserr BO3MOXHOTO PEIICHHS

Boxga u BOmsgHOM nap HaxoOATCd B 3aKpPbITOM COCYAC TIIUTCIIBHOC BpPCMA,
TMMO3TOMY BOJISTHOM nap SABJSCTCSA HACBIIICHHBIM. HpI/I BBIJIBUTAHUW TIOPIIHS
MPOUCXOAUT H30TCPMHUYCCKOC paClIMpC€HUC IIapa, OJaBJICHHUE W IIJIOTHOCTH
HaCBhIMICHHOTO I1apa B OTOM MPOHECCE HE MCHAIOTCA. CJICI[OBaTeJ'H)HO, 6y;[eT
MPOUCXOAUTDH UCITAPCHUE KUJIKOCTH. 3Ha‘H/IT, Macca JKHUJIKOCTU B COCYIC 6y,£[€T
YMCHBIIATBHCA.

Kpurtepun onleHHBaHMs BBINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 149
Enunblit rocynapctBeHHbIl 3k3ameH, 2009 © OU3UKA, 11 knace (ctp 2/10)

Ha rnagkoli roOpH30HTaNbHON IIOCKOCTH HAXOIUTCSA JUIMHHAS JOCKa Maccou

M=2xkr. Tlo gocke ckomp3uT maiba Mmaccoit m = 0,5 kxr. Koahdunuenrt
TpeHuss Mexny maitboil u mockor p=0,2. B HayaibHBIA MOMEHT BpEeMEHH
CKOpOCTh INAiOBl paBHa U), a JOCKa Mmokourtcs. B moment 1 = 0,8 ¢ maiiba
MEPECTALT CKOB3UTE MO JI0CKe. Yemy paBHa HadallbHAsI CKOPOCTb IIAHOBI Uy?

e

OT1BeT:

OGpa3zer BO3MOKHOTO pelIeHHs

KpI/ITepHI/I OLICHKHW BBINTOJTHCHUA 3aJaHUA bannsr

IIpuBeneHo MONHOE MPaBUIBHOE PELIEHHE, BKIIOYAIOLIEE CIEAYIOLINE
3JIEMEHTBI:

1) BepHO yKa3aHbBI (pH3MUYECCKUE SBICHHS U 3aKOHHI (B JAHHOM Cllydae
—  600AHOU NAp CMAHOBUMCA  HACBIWYEHHBIM, He3asucumocms| 3
nromuHocmu (0asnenus) HacblueHHo20 napa om o0vema npu OaHHOU
memnepamype) U A1aH BEPHBIN OTBET;

2) MPHUBEJICHBI PaCcCYKJICHHS, TIPUBOJIAIINE K IPABUIILHOMY OTBETY.

ITpencTaBneHo NpaBHIBHOE PELICHHE M OITYyY€H BEPHBIN OTBET, HO

— yKa3aHbl He Bce (pU3MYeCKUe SBICHHUSA WIM 3aKOHBI, HEOOXOAMMEIE

UL IIOJIHOTO NPaBUIIBHOTO OTBETA,; 2
nim

— He NPEJICTABIIEHbl PACCYXKAEHUs, IPUBOAAINNE K OTBETY.

1. BHemHWe CWIIBI, JCHCTBYIOIIUME HA CHUCTEMY Tel «JIOCKa — MIaibay,
HaTpaBJIeHbl IO BEPTHUKAIA W B CyMME€ PaBHBI HYNIO. VIMITyJIbC CHCTEMBI Tel
«JI0CKa — maiba» OTHOCUTENHLHO 3eMiiH coxpaHsiercs:  muy = (M + m)o,

rZie U — CKOPOCTP MIAHOBI M JOCKH MOCIIE TOTO, KaK MIaiida rmepecTana CKOJIB3UTh
IO JIOCKE.

2. Cua TpeHus, JeHCTBYIOLIAs Ha I0CKY CO CTOPOHBI IIAHObI, OCTOSIHHA
Fp,=pmg.

Ilon nelicTBMEM 3TOH CHIIBI JOCKA OBHIKETCA C YCKOPEHHEM a = p%g 31

M M
JIOCTHTAeT CKOPOCTH U 3a Bpems 1= =Y = 20
a pmg ug(M+m)

w(M+m)gt

Otcroma vy = i T 2 (m/c). Orter: vy =2 M/c.

— IlpaBunpHO yka3aHbl (U3NUECKHE SIBICHUS WM 3aKOHBI, HO B
PACCYKICHUSIX COIEPIKUTCS OMIMOKa, KOTOpasl IpHBela K HEBEPHOMY
OTBETY.

W
— Comep>XHuTCsl TOIBKO MPABHIBHOE yKa3aHHE Ha (M3MUECKUC SBICHUSL
WM 3aKOHBI.

nim
— IlpencraBiieH TONBKO IPAaBUIIBHBINA OTBET.

Kputepun olleHKH BBITOJIHEHHS 3aJaHUS bamnbr

Bce ciaywan pemieHHs, KOTOpbIE HE COOTBETCTBYIOT BHIIICYKa3aHHBIM
KPUTEPHsIM BBICTABJICHH OIICHOK B 1, 2, 3 Oana. 0

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
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[IpuBeneHO MONHOE MPaBUIBHOE PEIICHHE, BKIIOYAIOINICE CIIELYIOIINe 3
JJIEMEHTBI:

1) mpaBWIBHO 3amucaHBl (QOPMYJBI, BBIpAXKAIOMNE (H3MYECKHE
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOAMMO JUIS PEUICHUS 3aJadd
BBIOPaHHBIM CHOCOOOM (B JAHHOM PEUICHHH — 3aKOH COXPAHEHUs
umnynvca, emopou 3axkon Hoeiomowna, gopmyra onsa pacuema cuibl
mpenus);

2) mpoBeneHs HEOOXOAMMBIE MaTeMaTHYecKHe MpeoOpa3oBaHHUA U
pacdeTsl, MNPUBOASAIINE K IPAaBWIBHOMY YHCIOBOMY OTBETY, |
npeacTasieH oTeeT. [Ipu 3ToM pomyckaercs pemreHue "mo gactsam'" (¢
MPOMEKYTOYHBIMH BBIYNCIICHHUSIMH).

— IlpencraBieHo MpaBUIIBHOE PEIICHHE TOJIBKO B 00IIeM BHIE, 0e3 2
KaKUX-JIN0O YHCIIOBBIX PAaCUETOB.

W
— IlpaBunpHO ~ 3ammcaHBl  HEOOXOAWMBIE — (OPMYJBI,  3alHCaH
NpaBWIBHBIA OTBET, HO HE MPEACTAaBICHBl MpeoOpa3OBaHMSA,
MIPUBOASIIME K OTBETY.
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Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 149
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i

— B Maremartmueckmx  mpeoOpa3oBaHHWAX  MIM  BBIYHCICHHAX
JIOIyIIeHa omnbKa, KOTopasi IpUBeia K HEeBEPHOMY OTBETY.

— B pemennn conepxutcs ommOka B HEOOXOAUMBIX MaTeMAaTHIECKUX 1
peoOpa3oBaHUAX M OTCYTCTBYIOT KaKHe-JIO0 YHCIIOBBIE PACUETHI.
nim
— 3anucaHbl Bce MCXOIHbIE (OpMyYIIbI, HEOOXOAMMBIE UIS PEIICHUS
3anaun, Ho B OJIHOM 13 HuX fOMyIIeHa OmHGKa.
Wi
— OtcyTcTBYeT 0/1Ha U3 GopMyJ1, HEOOXOIMMBIX JUISl PEHICHUS 3a1a4H.

crocoOoM (B JaHHOM PELICHUH — HepEblil 3aKOH MEPMOOUHAMUKU,
@opmyna 0ona  pacuema pabomel 2asa, GHYmMpeHHeU dHep2uu
O00HOAMOMHO20 ~ UOEANbHO20 — 2A3A4; HEUSMEHHOCMb  BHYMpPeHHell
oHepauU 2a3a npu U30MmepMuvecKkom npoyecce);

— TpOBEAEHBl HEOOXOMMMBIE MaTeMaTH4YeCKHEe MpeoOpa3oBaHUA H
pacueTbl, MNPUBOIAIIME K MPAaBWIBHOMY 4YHCIOBOMY OTBETY, U
npencrasieH oreeT. [Ipu 3ToM normyckaercst pemieHue "mo gactsam” (¢
MIPOMEKYTOUYHBIMU BBIYUCICHUSIMH).

Bce cnydan pemieHusi, KOTOpble HE COOTBETCTBYIOT BBILICYKa3aHHBIM 0
KPUTEpUSIM  BBICTaBICHHS OILECHOK B 1, 2, 3 Oamna (Mcroibp30BaHHE
HENPUMEHHMOrO 3aKOHa, OTCYTCTBHE 0ojiee OJHOTO HCXOIHOTO

YPaBHEHUsI, pa3pO3HEHHBIE 3aIIUCH U T.IL.).

O,Z[I/IH MOJIb OAHOATOMHOI'O MZCAJIbHOI'O rasa COBCPIIACT p.

nporecc 1 — 2 — 3. Ha yugactke 2 — 3 K ra3y mOaBOIST
2500 Ix Temnotel, 1o =300 K. Halimute oTHOIICHHE
KOJIMYECTBA MOJIBEJCHHON K ra3y TeroThl (1,3 K paboTe
Aj»3, COBEpIIIAEMOii ra30M B X0/I¢ MpoLecca.

OTBert: 0 Ty 2Ty 3Ty, T

— IlIpencrasneHo mpaBUIIBHOE pPEIIEHHE TOIBKO B 0OIIeM BHIE, Oe3 2
KaKHUX-JIH0O0 YUCIOBBIX PACYETOB.

501071
— IlpaBuipHO  3ammcaHbl  HeoOXoauMble  (GOPMyNBI,  3amMCaH
NpaBWIBHBIA  OTBET, HO HEe IMPEICTaBICHbl Hpeodpa3oBaHusl,
MPUBOJISIIHME K OTBETY.

150154
— B  MaremaTnueckux —NpeoOpa3oBaHMSAX WM  BBIYHUCICHHUSIX
JIONyIIeHA OMOKa, KOTOpast IpUBeNa K HeBEPHOMY OTBETY.

O6pa3zel] BO3MOXKHOTO PELICHHUs

— B pemennn conepyxutces ommOKka B HCOOXOAUMBIX MaTeMAaTHIECKUX 1
peoOpa3oBaHMAX U OTCYTCTBYIOT KaKHe-THOO YHUCIIOBBIEC PaCUETHI.
nim
— 3anmcaHbl BCe MCXOIHBIC (OPMYIBI, HEOOXOAWMBIE IS PELICHUS
3anaun, Ho B OJIHOM 13 Hux monymieHa omuoKa.
nim
— OtcyTeTBYeT 071HA U3 HOpMYJI, HEOOXOAUMBIX JUISI PEIICHHS 3aIa4u.

A=A+ Ay, U3 pV =vRT nonyuaem: p;AV;; =vRAT;, =

Ay, = VRAT,, = 2vRT,, nockonbky AT, =2T.

B mpouecce 2 - 3 Q3 =AUy; + Ay;. Ho on m3orepmuueckuii. [Toatomy
AUy =0, A3 =Qxa, u A3 =2VRTo+ Q. Q23 = Q2+ Q.

CornacHo nepBoMy 3aKoHy TepMoauHaMuku, Q= AUj, + Ay,

3
npudem AU, = 5 VRAT, = 3VvRT,. Tak kak A, =2vRT,, 10 Q2 = 5VRT,,

Bce ciywan pemieHus, KOTOpbIE HE COOTBETCTBYIOT BEINICYKa3aHHBIM 0
KPUTEpUsIM BBICTaBICHUS OLEHOK B 1, 2, 3 Oamna (Mcrnoiabp30BaHUE
HETIPUMEHMMOTO 3aKOHa, OTCYTCTBHE Oo0Jee OIHOTO HCXOJHOTO
YpaBHEHUsI, Pa3pO3HEHHBIC 3AMUCH H T II.).

5vRT,+
Q23 = 5vRTy + Qps. Qs = 0" Qs ~ 2. OrtBerT: h ~2
Ay 2VRT+Qy Ay
Kpurepun onieHKH BbINOIHEHUS 3a1aHUS Bansr
[IpuBeneHo nosHOe MpaBUWIIbHOE PELICHHE, BKIIOYAIOLIEE CISAYIOLIUE 3

JJIEMEHTBI:
— BEpHO 3amrcaHbl (OPMYJIBI, BBIpaXKaromue (QU3NICCKUE 3aKOHBI,
IpUMEHEeHHEe KOTOPBIX HEOOXOIMMO IJIsl PeLIeHHs 3a/1a4l BHIOPaHHBIM

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
Kornmposauue He omyckaeTcs

© 2009 denepanbHas ciyxba o Hag30py B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Kornpopanue He 1omyckaercst




UYeMy paBeH ONEKTPHUECKHMH 3apsl  KOHAEHCATOpa

Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 149
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 5/10)

anekrpoeMkocteio C= 1000 Mk® (cM. pPHCYHOK), eciu e
BHyTpEHHEE COMPOTHBJIEHHE HCTOYHHKA Toka 7= 10 OM, == R,
OC € =30 B, a conporuBnenus pesuctopoB R; =40 Om R,

u R, =20 OMm?

OTBeT:

Kpurtepuu oneHHBaHMs BbINOJHEHHSs 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 149
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-B PCHICHUM COACPKHUTCA omuoKa B H€O6XOQI/IMLIX MAaTEMaTHYCCKUX 1
npeo6pa3OBaHHﬂx 1 OTCYTCTBYIOT KaKHe-I1u00 YKCIOBEIE pacUCThI.

i

— 3anmcaHbl BCe WCXOXHBIE (GOPMYIBI, HEOOXOMUMEIC IS PEIICHUS
3anaun, Ho B OJIHOM 13 Hux momymiena omuoKa.

WJIn
— OtcytcTBYeT 071Ha U3 HOPMYJ, HEOOXOIUMBIX JUIS PEIICHHUS 331a4H.

OGpa3zer BO3MOKHOTO peleHHs

SHCKTPI/I‘IGCKI/Iﬁ TOK Y€pe3 IMOCICA0BATCIBbHO BKIIHOYCHHBIC R] u C He nacrT,
TIO3TOMY HAIPSHKEHUA Ha KOHIACHCATOPE U PE3UCTOPC Rz OJIMHAKOBBI U PAaBHBI:

U=IR,, U=%, - Q=IR,C.

Bce ciyuan pemieHus, KOTOpbIE HE COOTBETCTBYIOT BBINIECYKa3aHHBIM 0
KPUTEPHUSIM BBICTaBIEHHUsS OLEHOK B 1, 2, 3 Gamia (uMCmonb30BaHUE
HENIPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jee OIHOTO HCXOJHOTO
YpaBHEHUsI, Pa3pO3HEHHBIC 3aIIUCH H T IL.).

. e

3akon Oma [u1g moaHoH nenu: [= .
r+R,

ER,C ~ .
CnepoBarensHo, Q=——2— =2.107(Kn). Orser: Q=2-107Ku.

R,y+r

KpuTepun OlleHKH BBITMTOJHEHMS 33 JaHHs Baisr

[TpuBeneHo MONHOE MPAaBUIBHOE PEIICHHE, BKIIOYAIOIIEE CICTYIOIIHIE 3

3JIEMEHTBHI:
1) BepHO 3ammcaHBl (GOPMYIBI, BEIpaXaromue (pU3NIecKue 3aKOHH,
NIPUMEHEHHE KOTOPBIX HE00XOIMMO ATl pelICHUs 3a1a4l BEIOpPaHHBIM
crocoboM (B JaHHOM pemeHun — 3akon Oma O0na noiHou yenu u
yuacmka — yenu,  paseHcmeo — HANPAJNCEHUU  HA  NAPALIENbHO
COEOUHEHHBIX INIEMEHIMAX Yenul, C8A3b HANPSJICEHUs. HA KOHOeHcamope
€ €20 3aps0oM U eMKOCHbIO);

2) mpoBeleHBl HEOOXOAMMBIC MaTeMAaTHYECKHe MpeoOpa3oBaHHi U
pacdeTsl, MPUBOAAIINE K IPABWIBHOMY YHCIOBOMY OTBETY, H
npeacTasieH oTBeT. [Ipu 3ToM gomyckaercs pemreHue "mo gactsam'" (¢
MPOMEKYTOYHBIMH BBIYHCICHUSIMH).

— IIpencraBieHo npaBUIbHOE PEIICHHE TOJIBKO B 0o0IIeM Buze, Oe3 2
KaKHX-JIN0O YHCIIOBBIX PACUCTOB.

nin
— IlpaBunpHO  3ammcaHbl  HEOOXOoAWMBIE — (OPMYJBI,  3alHCaH
IOpaBUWIBHBIA OTBET, HO HE MPEACTaBICHBl MNpeoOpa3OBaHMUsA,
IIPUBOJAIIME K OTBETY.

nim
— B maremarmueckux — TpeoOpa3oBaHMAX MM BBIYMCICHUSX
JIONyIIeHa ONINOKa, KOTOPas IIPUBEIA K HEBEPHOMY OTBETY.
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Ha nenpoBozsmiell rOpU30HTAIbHOM IOBEPXHOCTH Bce cnydan pemieHusi, KOTOpblE HE COOTBETCTBYIOT BBIIIECYKa3aHHBIM 0

CTOJIa JIEKHUT MpoBOAsAIIAs XKECTKas pamMkKa U3 A C KPUTEpUsM BBICTaBICHHSA OLEHOK B 1, 2, 3 Oamna (Mcroip30BaHKE

OJIHOPOJHON TOHKOW NMPOBOJIOKH, COTHYTasi B BHJIE HENPUMEHUMOr0 3aKOHa, OTCYTCTBHE OoJiee OJHOTO HCXOIHOTO

kBagpata ACDE co cTopoHOW a (CM. PHUCYHOK). @ > YpaBHEHHS, Pa3pO3HEHHBIE 3aITUCH M T II.).

Pamka HaxogMTCs B OJHOPOJHOM I'OPU30HTaIbHOM

9
MarHuTHOM II0JI€, BEKTOP MHIYKIMU B KOTOPOro E D

nepneHaukynsper croporam AE u CD u paseH no
Moaynio B. [To pamke mpoTUB 4acoBO# cTpenku nporekaer Tok /. [Ipu kakom
3HAQUYEHWU MAcChl PAMKH OHA HAYHET ITOBOPAYUBATEHCS BOKPYT cTOPOHEI CD?

OTBeT:

O6pa3zel] BO3MOXKHOTO PELIeHHUs
Ha ctoponst AE u CD 0OynyTt neiictBoBaTh cruibl AMnepa Fa; = Fa, = [aB.
MowmeHT cuiibl AMIlepa OTHOCUTENIBHO OCH, IIpOoXojsiiei depe3 cropony CD,
N, =1a’B.
[Tycts Macca paMKu paBHa m, TOTJa MOMEHT CHJIBI TSDKECTH OTHOCHUTENIBHO

1
ocu CD: Ny =— Emga.

Venosue orpeiBa: Np + N> 0, 1a°B > w. Orcroga m< @.
2 g
Jonyckaercs OTBET B BUJI€ PABEHCTBA.
Kpurepun onieHKH BbINOIHEHMS 3a/1aHUS bamnbr
[IpuBeneHo mosHOE MpaBUIIBHOE PEUICHHE, BKIIOYAIOIIEE CIICAYIONUE 3

JJIEMEHTBHI:
1) BepHO 3ammcaHbl (GOPMYIIBI, BbIpa)Kalolue (U3NYECKUE 3aKOHBI,
IPUMEHEHHE KOTOPBIX HEOOXOAMMO JUTS PEUICHUS 3a1a9d BEIOPAHHBIM
CHoco00M (B IaHHOM CIIy4ae — (hopmyvl 05t pacyema cuivl Amnepa,
MOMEHMO8 Cul);

2) mpoBeneHb HEOOXOAMMBIE MaTeMaTHYeCKHe MpeoOpa3oBaHHs,
MPUBOJSIIME K PAaBHIEHOMY OTBETY, H IIPECTABICH OTBET.

— IIpaBunbHO  3ammcaHbl  HeoOXomuMble  (OPMYyNBI,  3amucaH | 2
NpaBWIBHBIA OTBET, HO HE MPEACTAaBICHBl MpeoOpa3OBaHMA,
MPUBOJISIIHE K OTBETY.

nim
— B maremaruueckux mpeobpa3oBaHUSAX JOMYyIIEHa OMHOKa, KOTopas
IIPUBENIA K HEBEPHOMY OTBETY.
— 3anmcaHbl Bce HCXONHbIE (OpPMyIIbI, HEOOXOAWMBIE Ul pemeHus | 1
3anaun, Ho B OJIHOM 13 Hux fomyIieHa omuoKa.

i
— OTtcyTeTBYyeT 071Ha U3 HOpMYJ1, HEOOXOIUMBIX JUISI PEIICHHS 3a1a4u.
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Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 149 Kpurtepuu oneHHBaHMs BbINOJHEHHSs 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 149

Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 9/10) Enunblil rocynapctBeHHbld 3k3ameH, 2009 © OU3UKA, 11 knace (ctp 10/10)
B nmByx ombitax mo (GoTodddexTy MeTayumdeckas IUIaCTHHKA 0OIydanach — TlpeacraBieHo mpaBUIBHOE PELICHHE TOJLKO B 0OIIeM BHIE, Oe3 2
CBETOM C JUIMHAMH BOJIH COOTBETCTBEHHO A; = 350 HM 1 Ay = 540 uM. Kakum KaKHX-JTMOO0 YUCIIOBBIX PACUETOB.
OBUIO OTHOIIEHHE MaKCHMAIBHBIX CKOpOCTeH (DOTORIEKTPOHOB Yg amx nm
1) — IpaBunbHO  3amuicaHbl  HEOOXOAMMBIE  (DOPMYIIBI,  3amUCcaH
OTIBITAX, €CJIM pabOTa BBIXO/Ia C IOBEPXHOCTH METAIA Ay = 1,9 3B? MpaBUJBHBI  OTBET, HO HE TPEACTaBIeHb MpeoOpa3oBaHus,
OrtBer: MIPUBOJIALIUE K OTBETY.
O0pa3ser] BO3MOXKHOTO PEUICHHUS nim
V paBHeHHe DARINTERRA 115 HOTOIDHEKTA B IEPBOM OMBITE: — B MaremartHueckMx — TpPeoOpa3OBaHUAX WM  BBIYHCICHHUSX
2 JIOTYIIIEHA OIMMOKa, KOTOPasi MpUBEIa K HEBEPHOMY OTBETY.
hvy = A, +M, (1) — B pemrenun conepkutTcst OMmmoOKa B HEOOXOIUMBIX MaTeMaTHIECKIX 1
2 peoOpa3oBaHUsIX U OTCYTCTBYIOT KaKHUe-TH0O0 YHCIOBBIE PACUETHI.
Ypasuenue DifHmrelHa 11 Gotodddekra Bo BTOPOM OIIBITE: WIN
hv,=A,, + ’"022 max ©) — 3amMCaHBl BCE MCXOMHEIC (DOPMYIIBI, HEOOXOXMMBIC IS PELICHHS
2 3agauu, Ho B OJHOU u3 Hux pomymieHa omuoka.
CBs13b JUIMHBI BOJIHBI CBETA C YaCTOTOH B TIEPBOM OIIBITE: NJIn
A =< 3) — OtcyTcTByeT oiHa U3 GOpMyYII, HEOOXOAUMBIX AT PELICHHs 331a4H.
A2 Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
CBsI3b IUTMHBI BOJIHBI CBETA C YACTOTOH BO BTOPOM OITBITE: KPUTEPHSIM BBICTaBICHHUs OICHOK B 1, 2, 3 Oayua (MCMONb30BaHUE
Ay = < ) HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE OoJieeé OJHOTO HCXOIHOTO
v, ypaBHEHHMsI, Pa3pO3HEHHBIE 3aIKCH U T 11.).
Pemast cucremy ypaBHenuit (1) — (4), moayyaeM OTHOLIEHHE MaKCHUMalbHBIX
CKOpocTeH (POTOITEKTPOHOB:
~2 . OtBeT:n=2.
Kpurepun onieHKH BBITIOTHEHMS 3a/1aHUS Bamner
[IpuBeneHo nmosHOE MpaBUIIBHOE PELICHHE, BKIIOYAIOLIEe CIICAYIOLIUE 3
3JICMEHTHI:
1) mpaBHUNBHO 3amMCcaHBl (GOPMYJBI, BBIpAKAIOMNE (H3HIECKHE
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOMMMO Ui pEIIeHHs 3aJadyd
BBIOpaHHBIM ~ CITOCOOOM (B JTAHHOM pEIICHUH —  VPAGHEeHUe
Otimwmetina ons gpomospgpexma u gopmyna, ceazvisarowas ONUHY
B0JIHbL DNEKMPOMASHUMNHBIX 8OJIH C YACTNOMOLL);
2) mpoBeleHB HEOOXOAMMBIC MAaTEMAaTHYECKHe MpeoOpa3oBaHHS U
pacueThl, MPHUBOJMIINAE K TPABHILHOMY 4YHCIOBOMY OTBETY, |
npeacTtaBieH oTeeT. IIpu 3ToM gomyckaercs pemreHue "mo dactam' (¢
MIPOMEKYTOUHBIMU BBIYUCICHUSIMU).
© 2009 denepanbHas cayxba o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn © 2009 denepanbHas ciayxba o Hag30py B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 150
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 1/10)

B MUWIMHAPUYECKOM COCYAC MO MOPIIHEM AJTUTCIBbHOC BPEMS HAXOAATCA BOJAA

u ee mnap. [lopmens HauMHaOT BABUTaTh B cocyd. Ilpu 3tom Temmneparypa
BOJIbI M Tapa ocTaeTcsi Hem3MeHHOW. Kak Oyner MEHATHCS IPH 3TOM Macca
napa B cocyie? OTBET OSCHUTE.

OTtBer:

O0paserr BO3MOXHOTO PEIICHHS

Boxa u BonsHOW map HaxXxoIATCsl B 3aKpbITOM COCYyIE UIMTENBLHOE BpeEMs,
[IO9TOMY BOJSHOM Hap SBIAETCA HACBILEHHBbIM. [Ipu BABUraHMM NOPILHS
IIPOMCXOIUT H30TEPMHUYECKOE C)KAaTHUE Iapa, [aBJI€HUE U IUIOTHOCTh
HACBIIIEHHOTO I1apa B 3TOM IIpouecce He MeHstoTcs. CrnenoBaTensHO, Oyner
MIPOUCXOAUTH KOHJEHCAlUs 1apoB BOABL. 3HAUUT, Macca Mapa B cocyae OynaeT
YMEHBILIATHCSL.

Kpurtepun onleHHBaHMs BBINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 150
Enunblit rocynapctBeHHbIl 3k3ameH, 2009 © OU3UKA, 11 knace (ctp 2/10)

Ha rmagxoii ropM30HTaIBLHON IIOCKOCTH HAXOAMTCSA JJIMHHAS JOCKa MacCod

M. Tlo pmocke ckonb3uT maitba maccoir m = 0,5 kr. Koadduuuenr tpenus
MeXIy maiboit u mockoit | =0,2. B HaganbHBII MOMEHT BpEMEHH CKOPOCTH
maiosl vy =2 M/c, a gocka mokoutcs. B MmomenT 1 = 0,8 ¢ maiiba mepecraet
CKOiI:S’I/ITb o gocke. Uemy paBHa Macca JocKu M?

O6pazerr BO3MOXKHOTO PeIICHHS

KpI/ITepHI/I OLICHKHW BBINTOJTHCHUA 3aJaHUA bannsr

IIpuBeneHo MONHOE MPaBUIBHOE PELIEHHE, BKIIOYAIOLIEE CIEAYIOLINE
3JIEMEHTBI:

1) BepHO yKa3aHbBI (pH3MUYECCKUE SBICHHS U 3aKOHHI (B JAHHOM Cllydae
—  600AHOU NAp CMAHOBUMCA  HACBIWYEHHBIM, He3asucumocms| 3
nromuHocmu (0asnenus) HacblueHHo20 napa om o0vema npu OaHHOU
memnepamype) U A1aH BEPHBIN OTBET;

2) MPHUBEJICHBI PaCcCYKJICHHS, TIPUBOJIAIINE K IPABUIILHOMY OTBETY.

ITpencTaBneHo NpaBHIBHOE PELICHHE M OITYyY€H BEPHBIN OTBET, HO

— yKa3aHbl He Bce (pU3MYeCKUe SBICHHUSA WIM 3aKOHBI, HEOOXOAMMEIE

UL IIOJIHOTO NPaBUIIBHOTO OTBETA,; 2
nim

— He NPEJICTABIIEHbl PACCYXKAEHUs, IPUBOAAINNE K OTBETY.

1. BHemHme cunbl, AEHCTBYIONINE Ha CHCTEMy Tel <«JI0CKa — Imaifbay,
HalpaBJIeHbl 110 BEPTHKAIM M B CyMME paBHbI Hym0. VIMIylIbC CHCTEMBI Tel
«JI0CKa — IIai6a» OTHOCUTENBHO 3eMIIH coxpaHsaeTca: muyy = (M +m)o,

IJie U — CKOPOCTH MAi0BI M JOCKH MOCJIE TOTO, KaK MIaiida rmepecrana CKOJIb3UTh
IO JI0CKE.

2. Cua TpeHusl, JeHCTBYOMAs Ha JIOCKY CO CTOPOHBI MIAaH0ObI, TOCTOSTHHA

Fy, = umg.

Ilon neiicTBHeM 3TOH CHIBI JOCKA JBHXKETCS C YCKOPEHHEM a = u%g u

Muv
JIOCTUraeT CKOPOCTH U 3a Bpemst T=Y = Mv _ 0

a pmg pg(M+m)’
Orcrona M =m—EEL ) (xr). OtBet: M =2 xr.
gT

— IlpaBunpHO yka3aHbl (U3NUECKHE SIBICHUS WM 3aKOHBI, HO B
PACCYKICHUSIX COIEPIKUTCS OMIMOKa, KOTOpasl IpHBela K HEBEPHOMY
OTBETY.

W
— Comep>XHuTCsl TOIBKO MPABHIBHOE yKa3aHHE Ha (M3MUECKUC SBICHUSL
WM 3aKOHBI.

nim
— IlpencraBiieH TONBKO IPAaBUIIBHBINA OTBET.

Bce ciaywan pemieHHs, KOTOpbIE HE COOTBETCTBYIOT BHIIICYKa3aHHBIM
KPUTEPHsIM BBICTABJICHH OIICHOK B 1, 2, 3 Oana. 0

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
Kornmposauue He omyckaeTcs

UO -
Kpurepun onieHKH BBINOIHEHUS 3a/1aHUS Bamsr
[IpuBeneHo MoaHOE MPAaBUWIBHOE PENIEHUE, BKIFOYAIOIIEE CIECAYIOLINE 3

JJIEMEHTBHI:
1) npaBmibHO 3amucaHbl (OPMYJIBI, BbIpaXKaiomue (Qusnyeckue
3aKOHBI, IPUMCHEHHE KOTOPBIX HEOOXOMMMO JUIS PEUICHUS 3a1add
BBIOpAaHHBIM CIIOCOOOM (B JAaHHOM DELIEHHH — 3aKOH COXPAHeHUs
umnynvca, emopou saxon Hviomona, gopmyra onsa pacuema cuivl
mpeHus),

2) mpoBeneHB HEOOXOAWMBIE MaTeMaTHYecKHe MpeoOpa3oBaHUI M
pacdeTsl, NPUBOIAIIUME K TPaBUIBHOMY YHCIOBOMY OTBETY, H
npencrasieH orBeT. [Ipu 3ToM normyckaercst pemeHue "mo gactsam” (¢
IIPOMEKYTOUHBIMH BBIYHUCICHUAMH).

— IlpencraBneHo NMpaBUIBHOE PELICHHE TOJBKO B o0meM Buae, 6e3 2
KaKHX-JIM0O0 YUCIIOBBIX PACUETOB.

W
— IlpaBuipHO ~ 3ammcaHbl  HeoOXoaumble  (GOPMyINBI,  3amMCaH
NpaBWIBHBIA ~ OTBET, HO HE MPEICTaBICHBI HpeoOpa3oBaHus,
HPHUBOJUSIIHE K OTBETY.

© 2009 denepanbHas ciayxba o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Komnmposauue He 1omycKkaeTcs




Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 150
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 3/10)
i

— B Maremartmueckmx  mpeoOpa3oBaHHWAX  MIM  BBIYHCICHHAX
JIOIyIIeHa omnbKa, KOTopasi IpUBeia K HEeBEPHOMY OTBETY.

Kpurtepuu oneHHBaHMs BbINOJHEHHSs 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 150
Enunblil rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 4/10)

KpI/ITepI/II/I OIICHKH BBITNNOJIHCHHUS 3aJaHUA

bansl

— B pemennn conepxutcs ommOka B HEOOXOAUMBIX MaTeMAaTHIECKUX 1
peoOpa3oBaHUAX M OTCYTCTBYIOT KaKHe-JIO0 YHCIIOBBIE PACUETHI.
nim
— 3anucaHbl Bce MCXOIHbIE (OpMyYIIbI, HEOOXOAMMBIE UIS PEIICHUS
3anaun, Ho B OJIHOM 13 HuX fOMyIIeHa OmHGKa.
Wi
— OtcyTcTBYeT 0/1Ha U3 GopMyJ1, HEOOXOIMMBIX JUISl PEHICHUS 3a1a4H.

Bce cnydan pemieHusi, KOTOpble HE COOTBETCTBYIOT BBILICYKa3aHHBIM 0
KPUTEpUSIM  BBICTaBICHHS OILECHOK B 1, 2, 3 Oamna (Mcroibp30BaHHE
HENPUMEHHMOrO 3aKOHa, OTCYTCTBHE 0ojiee OJHOTO HCXOIHOTO
YPaBHEHUsI, pa3pO3HEHHBIE 3aIIUCH U T.IL.).

IIpuBeneHO MOTHOE MPABIIBHOE PEIICHHE, BKIIOYAIONIEE CIIeTYIOIINe
3JIEMEHTBHI:

1) BepHO 3amucaHBl (GOPMYIBI, BEIpaXalomue (GU3NdecKre 3aKOHEHI,
[IpUMEHEHHE KOTOPLIX HEOOXOAMMO JUISl PeLIeHHs 3a/1a4i BHIOPAaHHBIM
croco0oM (B TaHHOM PEIICHUN — Nepeblll 3aKOH MepMOOUHAMUKY,
Gopmyra  Ons pacuema  GHympeHHell  dHepeuu  OOHOAMOMHOZ0
UOeANbHO20 2a3d, PABEHCMEO HYII0 pabomvl 2azd NPU U30XOPHOM
npoyecce);

2) mpoBeleHBl HEOOXOAWMBIC MaTeMAaTHYECKHE MpeoOpa3oBaHHS U
pacdeTsl, TPHUBOIAIINEC K TIPAaBHIBHOMY YHCIOBOMY OTBETY, W
npeacTasieH oTeeT. [Ipu 3ToM gomyckaercs pemreHue "mo dactam' (¢
MIPOMEKYTOUYHBIMH BBIYNCIICHHSAMH).

3

OZ[I/IH MOJIb OAHOATOMHOI'O HACAJIBHOI'O0 Ira3da COBEPIIACT

nporecc 1-2-3 (cm. PHUCYHOK, rae
To=100K). Ha yvacTke 2-3 Kk ra3y TOABOIAT
2,5 xJIx Tterumotel. Haliaure oTHomieHHWe pabOTHI A3,
COBEpIIaeMON Tra3oM B XOJe Mpolecca, K KOIUIECTBY
MOTJIOIIEHHOM Ta30M TEITOTHI Q123.

OT1BeT:

— IlpencraBieHo MpaBUIIBHOE PEIICHHE TOJIBKO B 00IIeM BHIE, 0e3
KaKHX-JIN0O YHCIIOBBIX PAaCcUETOB.

nim
— IlpaBuipHO  3ammcaHbl  HeOOXoAWMBIE — (OPMYJIBI,  3alHCaH
NpaBWIBHBIA OTBET, HO HE MPEACTAaBICHB MpPeoOpa3OBaHMS,
MPUBOJISIIHE K OTBETY.

W
— B maremaTHueckux —mpeoOpa3OBaHMAX WM BBIYUCICHHAX
JIOIyIIeHa omuOKa, KOTopasi IpuBeJia K HEBEPHOMY OTBETY.

O6pazer; BO3MOXKHOTO PEIIeHHS

CornacHO TEpBOMY 3aKOHY TepMOIUHAMUKH, Q)3 =AUy + Ajps, TOC

Az =App+ Ay u AUy = AUy, + AUy B uzoxoprnom mponecce Aj, =0,
a B uzorepmuueckoM mpouecce AU, = 0. [Moatomy Q3 =AU+ Ay u
Az =Ay.  Tlpunepexome 2 — 3: Qa3 = AUy + Ay = Aj.

CnenoBarenbHo, Qi3 = AUj; + Q3. V3MeHeHue BHYTpeHHeH sHepruu rasa

npu niepexozge 1 — 2: AU, = % VRAT},. Tockombky AT, =2T,, TO

Aps _ Q3 .
Qi3 3VRT;+Qy3

AU12 = 3VRTO. HO3TOMy Q123 = 3VRTO + Q23 5

OrTser: M ~0,5.
Q23

— B pemennn copep)XuTcsi OmmoOKa B HEOOXOIMMBIX MaTeMaTHISCKHX
peoOpa3oBaHUsAX U OTCYTCTBYIOT KaKHe-THOO YMCIIOBEIE PACUYETHI.
nim
— 3amucaHbl Bce MCXOIHBIE (POPMYIIBI, HEOOXOMUMBIE UIS PEUICHUS
3aJla4M, HO B OI[HOPI 13 HUX JOMyIIeHa omnoKa.
500041
— OtcyTcTBYeT 01HA U3 HOpMYJII, HEOOXOAUMBIX JUISI PEIICHHS 3aa4H.

Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPUTEPHUSIM BBICTaBICHHUsS OLEHOK B 1, 2, 3 Gayuia (MCHONb30BaHUE
HENPUMEHHMOT0 3aKOHa, OTCYTCTBHE Oo0Jiee OJHOTO HCXOJIHOTO
ypaBHEHMUsI, pa3pO3HEHHBIE 3aMUCH U T 11.).

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
Kornmposauue He omyckaeTcs
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KakoBo  paccrosame d  Mexay  OOKJIagKaMu

Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 150
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 5/10)

m

KOHJeHcaTopa (CM. PHUCYHOK), €CJIM HampshKeHHOCTh Ry ¢

ANIEKTPUYECKOTO  TONIsT  Mexny Humu FE =5xkB/wm,
BHYTPEHHEE CONPOTHUBICHUE UCTOUHHKA ToKa 7 = 10 Om,
ero DJIC € =20B, a comnpoTUBIEHUS PEIUCTOPOB
R1 = IOOMI/IR2:200M?

OTBeT:

~

R,

Kpurtepuu oneHHBaHMs BbINOJHEHHSs 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuant: 150

Enunblil rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 6/10)
-B PCHICHUM COACPKHUTCA omuoKa B H€O6XOQI/IMLIX MAaTEMaTHYCCKUX 1
npeo6pa3OBaHHﬂx 1 OTCYTCTBYIOT KaKHe-I1u00 YKCIOBEIE pacUCThI.

i

— 3anmcaHbl BCe WCXOXHBIE (GOPMYIBI, HEOOXOMUMEIC IS PEIICHUS
3anaun, Ho B OJIHOM 13 Hux momymiena omuoKa.

WJIn
— OtcytcTBYeT 071Ha U3 HOPMYJ, HEOOXOIUMBIX JUIS PEIICHHUS 331a4H.

O6pazerr BO3MOXKHOTO PEIICHHS

3HaueHNUs HANpsHKCHUS Ha KOHAEHCATOpEe M TMapallIelIbHO MOICOCTMHECHHOM
pesucrope omunakoBel: U =IR,, U=Ed, rne E — HanmpskeHHOCTb MOJISI B

Bce ciyuan pemieHus, KOTOpbIE HE COOTBETCTBYIOT BBINIECYKa3aHHBIM 0
KPUTEPHUSIM BBICTaBIEHHUsS OLEHOK B 1, 2, 3 Gamia (uMCmonb30BaHUE
HENIPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jee OIHOTO HCXOJHOTO
YpaBHEHUsI, Pa3pO3HEHHBIC 3aIIUCH H T IL.).

IR,
koHAeHcarope. CrenoBatensHo, d = =
S ER .
3akon Oma: [=————— . Tlostomy d= ———2—— =2.10" (m).
R, +R, +r E(R;+R,+1)
OtBer: d=2 MM.
Kpurepun onieHKH BINOIHEHUS 3a/1aHUS Bamnsr
[IpuBeneHoO MOJTHOE MPaBUIIBHOE PElICHHE, BKIFOYAIOIIEE CISAYIONHE 3
DJIEMEHTHI:

— BEpHO 3alKCaHbl (OPMYJIbI, BBIpaXKAOMIKE (HUIMYCCKAC 3aKOHBL,
IpPUMEHEHHE KOTOPBIX HEOOXOIMMO JUTS PEUICHUS 3a1add BHIOPAHHBIM
Croco6oM (B JaHHOM peIIeHHH — 3akoH Oma O01a NOAHOU yenu u
yuacmKa — yenu,  PAseHcmBO — HANPAM’CEHUll  HA  NAPALIeNbHO
COCOUHEHHbIX DNeMEeHMAx Yenu, C6A3b PA3HOCMU NOMEHYUAI08 C
HAaNPsI#CEeHHOCMbIO NOJA);,

— TIpOBEAEHHl HEOOXOIMMBIE MaTeMaTHYeCKHe MpeoOpa3oBaHUA H
pacdeTsl, MNPUBOIAIIUME K TPABUIBHOMY YHCJIOBOMY OTBETY, H
npejacTaBieH oTBeT. [Ipu 3ToM momyckaercs pemieHue "o gactsam'" (¢
MIPOMEKYTOUHBIMH BEIIHCICHUSIMH).

— IlpencraBneHo NMpaBUIBHOE PELICHHE TOJBKO B olmeM Buae, 6e3 2
KaKHX-TM0O0 YHCIIOBBIX PacYeTOB.

W
— IlpaBunbHO  3ammcaHbl  HeoOXoAWMBIE  (OPMYJBI,  3alHCaH
NpaBWIBHBIA ~ OTBET, HO HE TPEACTaBIeHBl IpeoOpa3oBaHus,
MPUBOJISIIHE K OTBETY.

W
— B Maremarudeckux  mpeoOpa3oBaHHMSAX WM BBIYHCICHHUSIX
JIONYyIIeHa OUIMOKa, KOTOpasi IPUBEJa K HEBEPHOMY OTBETY.
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— 3anucaHbl BCE HMCXOAHBIC (HOPMYJIBI, HEOOXOJMMBIC IS pPEICHHUS 1
A C 3amaun, Ho B OJJTHOU u3 Hux nmormyieHa omuoka.

401051
— OtcyTcTBYeT 0tHa U3 POPMYIT, HEOOXOMMMBIX JUTS PEIICHHS 33/1a9H.

Ha nemnpoBopsmieil ropu30HTaIbHONW MOBEPXHOCTH
CTOJIa JIKHUT TMpPOBOJAIIAs JKECTKas paMKa U3
OJIHOPOJTHOW TOHKOW INPOBOJIOKH, COTHYTasi B BHUIE

kBagpata ACDE co cropoHoil a (CM. pHCYHOK). @ =
PaMKa HAXOAUTCS B OHOPOJHOM FOPH3OHTATHHOM Bce ciyuan pemieHus, KOTOpble HE COOTBETCTBYIOT BHINICyKa3aHHBIM [ 0
> KPHUTEpUsIM BBICTaBICHUS OLEHOK B 1, 2, 3 Oamna (McHnoiap30BaHKE
MarHUTHOM TOJIe, BEKTOp MHAYKIMH B kotoporo VYE D
HENIPUMEHUMOTO 33aKOHa, OTCYTCTBHE Oojee OIHOrO HCXOJHOTO

neprenaukyisipen ctopoHam AE u CD. Tlo pamke

YpaBHEHHsI, Pa3pO3HEHHBIC 3AITHUCH M T II.).

NPOTHB YacOBOH CTPENKH IpOTeKaeT TOK [, Macca pamku m. Ilpu kakom
3HaYeHNH MOMYJS BEKTOpa MArHUTHOM WHAYKIMH paMKa HadWHAET
MOBOPAYUBATECS BOKPYT cTOPOHBI CD?

OTBeT:

O0pa3zerr BO3MOXHOTO PEIICHHS
[Tycth MOIyNIb BEKTOpa MarHUTHON MHAYKIMH paBeH B. Ha croponst AE u CD
OynyT nefictBoBaTh critbl Amriepa Fa; = Fa, = laB.
MomMeHT cuiibl AMIlepa OTHOCHTEIBHO OCH, MpOoXoAsiei yepe3 ctopony CD,

N, = Ia’B.
1
MOMEHT CuIlbI TAAKECTH OTHOCUTENBHO ocH CD: Ny, = — Emga.
mga m;
Vcnosue otpeiBa: Ny + Ny, > 0, 1a’B > i. Orcrona B > _g.
2 2al

Jormyckaercsi OTBET B BUJE PABEHCTBA.

Kpurepun onieHKH BBINOIHEHMS 3a1aHUS bamner
[IpuBeneHo MoJHOE MpaBUIIBHOE PEUICHHE, BKIIIOYAIOIIEe CIEAYIOLHE 3

JJIEMEHTHI:
1) BepHO 3ammcaHbl (GOPMYJIbI, BbIpaKaomue (U3NYECKHE 3aKOHBI,
IPUMEHEHHE KOTOPBIX HEOOXOAMMO JUTS PEUICHUS 3aadd BHIOPAHHBIM
CHOCO00M (B IaHHOM CIIy4ae — (popmyvl st pacyema cunvl Amnepa,
MOMEHMO8 Cul);

2) mpoBeneHb HEOOXOAMMBIE MaTeMaTHYeCKue IpeoOpa3oBaHM,
NPUBOJSIIME K MPaBHIEHOMY OTBETY, M IIPEACTABICH OTBET.

— [IpaBunbHO  3amucaHbl  HeoOXoxuMble  (OpMyNbl, 3amucaH | 2
NpaBWIBHBIA  OTBET, HO HE MPEACTAaBICHBl MpPeoOpa3OBaHMA,
HPUBOJISIIHE K OTBETY.

nim
— B maremaruueckux npeobpa3oBaHUAX JOMYIIEHa OMMOKa, KOTOpast
IpUBENIa K HEBEPHOMY OTBETY.
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B nByx omeitax 1o ¢orodddexry MeTannuyeckas NIACTUHKA, JUIsi KOTOPOM

pabora BBIXOJA C MOBEPXHOCTH MeTamia A= 1,9 3B, obiyyanace cBeToM ¢
JUTHHAMH BOJIH COOTBETCTBEHHO A ¥ A, . Kakoii Oblia JUIHHA BOJHBI BO BTOPOM
OMBITE A, €CIIM B TEpBOM OHa cocTaBisuia A =350 HM, a OTHOIIEHHE

. 1%
MaKCHMAJTBHBIX CKOPOCTEH (POTOIICKTPOHOB U—l =27
2

O1BeT:
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OGpaszer BO3MOKHOTO peIeHHs

VYpaBHeHue DiiHmITeHA 1711 PoTod(h(heKTa B IEPBOM OIIBITE:
2

— IlpencraBiieHo MpaBHIIBHOE PEIICHHE TOJIBKO B 00IIeM BHIE, 0e3
KaKHX-JIN0O YHCIIOBBIX PACUCTOB.

i
— [IpaBunpHO  3ammcaHbl  HeoOXoawMmble  (OpMyINBI,  3ammcaH
IOpaBWIBHBIA  OTBET, HO HE MpPEACTaBICHBl MpeoOpa3OBaHMUs,
MIPUBOASIIME K OTBETY.

nim
— B maremaTuueckux —npeoOpa3OBaHMAX WM BBIYUCICHHAX
JIOIyIIeHa omrbKa, KOTopasi IpHBeJia K HEBEPHOMY OTBETY.

2

— B pemrenun conepkuTcst OMmMOKa B HEOOXOIUMBIX MaTeMaTHIECKIX
peoOpa3oBaHUsMX U OTCYTCTBYIOT KaKHe-THOO0 YHCIOBBIE PACYETHI.
i
— 3ammcaHbl BCe HMCXOAHBIE (HOPMYIIBI, HEOOXOJMMEBIE IS pPEHICHUS
3aJla4yM, HO B OI[HOfI 13 HUX JOMylLIeHa omuoKa.
NI
— OtcyTcTBYyeT o11HA U3 HOpMYJI, HEOOXOAUMBIX sl PEIISHHS 3aJa4u.

Bce cnywan perieHusi, KOTOpble HE COOTBETCTBYIOT BBHIIICYKa3aHHBIM
KPUTEPHUSIM BBICTaBIICHHs OIEHOK B 1, 2, 3 Gaya (MCHONb30BaHUE
HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE 0ojiee OIHOTO HCXOIHOTO
ypaBHEHHsI, pa3pO3HEHHbIC 3aIHCH M T I1.).

MV | max
hv, :A6b1x+T' )
YpaBHeHue DitHmTelHa A1 HOoTO3(hEeKTa BO BTOPOM OIIBITE:
2
MU3 max
hVZ - ASle +T' (2)
CB3b ATMHBI BOJHBI CBETA C YACTOTOU B IEPBOM OIIBITE:
_c
Ay =—. 3)
Vi
CBSI3b ATIMHBI BOJHBI CBETA C 9YaCTOTOW BO BTOPOM OITBITE:
_c
Joy =C @)
Va
OTHoOLIIEHHE MAaKCUMAIIBHBIX CKOPOCTEH (hOTOIIEKTPOHOB:
v
n= 1 max . (5)
U2 max
2
. n-hch
Pemras cucremy ypasuenuii (1) — (5), momyqaem: A, = L .
he+ Ay (n® =1
¢ 8bIX 1(7’1 - )
OtBet: Ay = 540 HM.
Kputepuu olieHKY BBINOJIHEHYS 3aJaHUS Bannbt
IIpuBeneHo MoaHOE MPaBUIBHOE PEIICHHE, BKIIOUYAIONIEE CIETYIOINE 3

JJIEMEHTBHI:
1) mnpaBWiIbHO 3amucaHbl (QOPMYJIBI, BBIpAKAOIINE (UIMYCCKUE
3aKOHBI, IPUMCHEHHE KOTOPBIX HEOOXOMMMO JUIS PEUICHUS 3a1add
BBIOpaHHBIM ~ CcIIOCOOOM (B JAaHHOM pEIIeHUH —  VpasHeHue
Dunwmenna 0 Gomoagpgpexma u gopmyna, ceazvlearowas OAUHY
B0JIHbI HNIEKMPOMAZHUMHBIX BO0JIH C YACMOMOU);

2) mpoBeneHB HEOOXOAWMBIE MaTeMaTHYecKHe MpeoOpa3oBaHHUI M
pacdeTsl, NPUBOIAIINE K IPABUIBHOMY YHCIOBOMY OTBETY, H
npeacrasieH oTBeT. [Ipu 3ToM momyckaercs pemeHue "mo gactsam" (c
MIPOMEKYTOUHBIMU BBIYMCIICHUSIMH).

© 2009 denepanbHas cayxbda o Hag30py B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Kornmposauue He 1omyckaercst

© 2009 denepanbHas ciayxba o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Kornmposauue He 1omyckaercst




Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapmuanrt: 151
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 1/10)

B MUWIMHAPUYECKOM COCYAC MO MOPIIHEM AJTUTCIBbHOC BPEMS HAXOAATCA BOJAA

u ee mnap. [lopmens HauMHaOT BABUTaTh B cocyd. Ilpu 3tom Temmneparypa
BOAbl M TIIapa OCTacTCA HemsMmeHHo#. Kak 6y,Z[CT MCHATBCA IIpU 3TOM
OTHOHICHUE MACChI ITapa K MacCe XUJIKOCTHU B COCYZ[C? OTBET MMOSICHUTE.

OT1BeT:

O06paszerr BO3MOXHOTO PEIICHHS

Bona u BoasHON map HaxoIsATCA B 3aKPBITOM COCYIE UIMTENBHOE BpEMS,
[IO9TOMY BOJSHOW Map SBJIAETCS HAchILEHHbIM. IIpy BABUraHMM NOPILIHS
IIPOUCXOIUT HM30TEPMHUYECKOE CXKATUE I1apa, JAaBICHHE M IIOTHOCTb
HACBIIEHHOTO T1apa B 3TOM IIpolecce He MeHstoTcs. CiemnoBaTenbHO, OyaeT
IIPOUCXOANTH KOHIEHCAIMS MapoB BOABI. Macca >KMIKOCTH OyIeT IpH 3TOM
YBEJIMYMBATHCS, @ Macca 11apa yMEHbIIATLCS. 3HAUUT, OTHOILIEHHE MAcChl I1apa
K Macce )KUIKOCTH B cocyjie OyJeT YMEHbIIAThCS.
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Ha rnaaxoil ropu3oHTalbHOIN MIOCKOCTH HaXOAMTCA JUIMHHAs JOCKAa Maccou
M=2xkr. Tlo gocke ckonp3uT maiba Mmaccoit m = 0,5 kxr. Koahdumuenrt
TpeHuss Mexny maiiboil u mockor p=0,2. B HayaibHBIA MOMEHT BpeMEHHU
CKOpOCTh Imaibbl vy =2wm/c, a pgocka mokoutcs. CKOIBKO BpeMEHH
n0266yeTc;1 JUTSL TOTO, YTOOBI [1aii0a mepecTaia CKOIb3UTh MO JOCKe?

1%
—_

M
[ T e e i e e e e e
A

OTBeT:

OG6pa3zer BO3MOKHOTO pEeIICHHS

Kpurepun onieHKH BbINOIHEHMS 3a/1aHUS Bamer

IlpuBeneHO  TOJNHOE  TNPaBUIBHOE  pEIIEHHE,  BKIIOUAIOIICe
CJICIYIOIIHE STIEMEHTHI:

1) BepHO yKa3aHBI (HU3WYECKHE SBICHHS W 3aKOHHI (B JaHHOM
clydyae —  GOO0AHOU — nap  CMAHOGUMCA — HACLIUJEHHBIM, 3
He3a8ucUMocms NIOMHOCMU (0a6NeHus) HACLIWEeHHO20 napa om
0bvema npu 0anHoll memnepamype) v MOITyUYEH BEPHBIIT OTBET;

2) IpUBECHBI PACCYKACHUS, TPUBOASIINE K IPaBIIIBHOMY OTBETY.

IIpencraBneHo NpaBUIIbBHOE PELICHUE U NIOIYUYEH BEPHBIN OTBET, HO

—YyKa3aHbl He Bce (pU3HUECKUE SIBJICHHS MM 3aKOHBI, HEOOXOMMBbIC

JUI IOJIHOT'O NPaBUJILHOTO OTBETA, 2
W

— He [IPEJCTaBJIEHbI pacCyKCHMS, IPUBOJSIINE K OTBETY.

1. BuemHume cmiel, JAEHCTBYIOIIME HAa CHCTEMY Tell «JIOCKa — IIaibay,
HamnpaBiIeHbl IO BEPTHKAIM U B CyMME€ PaBHBI HYNIO. MIMITyJIbC CUCTEMBI Tel
«JI0CcKa — maiba» OTHOCUTENHHO 3eMiH coxpaHsercs: muy = (M + m)o,

IZle U — CKOPOCTH MIA0BI M JOCKH MOCIIE TOTO, KaK MIaiida rmepecTana CKOJIb3UTh
0 JOCKE.

2. Cua TpeHus, JeHCTBYOMAs Ha JOCKY CO CTOPOHBI IIaH0bI, MOCTOSTHHA
Fp,=pmg.

Ilon nmeiicTBHMEM 3TOH CHIIBI JOCKA OBHJKETCA C YCKOPEHHEM a = p%g 3

Mo
JIOCTHTaeT CKOPOCTH U 3a BpeMs T=4 = Mo 0 -0,8(c).

a pmg pg(M+m)

OtBet: T=0,8 C.

Kpurepun onieHKH BBINOIHEHMS 3a/1aHUS bamner

— IIpaBunbHO ykazaHbl (M3WYECKHE SIBICHHS, HO B PacCyXKICHHSX
COAEPKHUTCS omuOKa, KOTOpast IPHUBeJIa K HEBEPHOMY OTBETY.

WJIn
— CogmepXuTCs TONBKO TIPaBHIBHOE YKa3aHWE Ha (I3HUECKHE 1
SIBJICHHMSI.

nim

— IlpencraBiieH TOJIBKO NPaBUJIbHBINA OTBET.

Bce ciydan pemieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM
KpUTEPHSIM BBICTaBJICHHMsI OLIEHOK B 1, 2, 3 Oaina. 0

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
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IIpuBeneHo MoIHOE MPaBUIBHOE PELICHHE, BKIIOYAIONIEE CIETYOIINE 3
JJIEMEHTHI:

1) npaBmibHO 3amucaHbl (OPMYJIBI, BBIpaXKaromue (Qusnyeckue
3aKOHBI, IPUMCHEHHE KOTOPBIX HEOOXOAMMO JUIS PEUICHHUS 3a1add
BBIOpaHHBIM CHOCOOOM (B JaHHOM pEIIEHUH — 3aKOH COXPAMEHUs
umnynvca, emopou saxon Hviomona, gopmyra ona pacuema cuibl
mpeHus),

2) mpoBeneHB HEOOXOAMMBIE MaTeMaTHYeCKHe MpeoOpa3oBaHUA U
pacdeTsl, NPUBOIAIIUE K TPABUIBHOMY 4YHCIOBOMY OTBETY, H
npencrasieH oreeT. [Ipu 3ToM normyckaercst pemeHue "mo gactsam” (¢
IIPOMEKYTOUHBIMH BBIYHUCICHUAMH).

— IlIpencraBneHo mpaBUIIBHOE pPEIIEHHE TOIBKO B 00IIeM BHIe, Oe3 2
KaKHX-JIM0O0 YUCIOBBIX PACYETOB.

501071
— IlpaBuipHO ~ 3ammcaHbl  HeoOXoaumble  (GOPMyNBI,  3amMCaH
NpaBWIBHBIA ~ OTBET, HO HE IMPEICTaBICHBl Hpeodpa3oBaHusl,
HPUBOJSIIIME K OTBETY.
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i

— B Maremartmueckmx  mpeoOpa3oBaHHWAX  MIM  BBIYHCICHHAX
JIOIyIIeHa omnbKa, KOTopasi IpUBeia K HEeBEPHOMY OTBETY.

OrTBert: h ~2.

123

— B pemennn conepxutcs ommOka B HEOOXOAUMBIX MaTeMAaTHIECKUX 1
peoOpa3oBaHUAX M OTCYTCTBYIOT KaKHe-JIO0 YHCIIOBBIE PACUETHI.
nim
— 3anucaHbl Bce MCXOIHbIE (OpMyYIIbI, HEOOXOAMMBIE UIS PEIICHUS
3anaun, Ho B OJIHOM 13 HuX fOMyIIeHa OmHGKa.
Wi
— OtcyTcTBYeT 0/1Ha U3 GopMyJ1, HEOOXOIMMBIX JUISl PEHICHUS 3a1a4H.

KpI/ITepI/II/I OIICHKH BBIINTOJIHCHUS 3aJaHUA

Bamer

Bce cnydan pemieHusi, KOTOpble HE COOTBETCTBYIOT BBILICYKa3aHHBIM 0
KPUTEpUSIM  BBICTaBICHHS OILECHOK B 1, 2, 3 Oamna (Mcroibp30BaHHE
HENPUMEHHMOrO 3aKOHa, OTCYTCTBHE 0ojiee OJHOTO HCXOIHOTO
YPaBHEHUsI, pa3pO3HEHHBIE 3aIIUCH U T.IL.).

OpanH MOIb OZHOATOMHOTO HJEANTBHOTO Ta3a COBEPIIAET

mporiecc 1-2-3 (cm. PHCYHOK, rre
To=100K). Ha yuactke 2 -3 K rasy mnoaBOJAT
2,5x/x Temnmorel. Haiiaure OTHOLIEHWME  TOJHOTO
MOJIBEZICHHOTO K Ta3zy KOJHWYecTBa TEIUIOTH (3 K paboTe
A123, COBEpIICHHON Ta30M B XOJIe TIporiecca.

O1BeT:

IIpuBeneHo MOTHOE MPABHIBHOE PEIICHHE, BKIFOYAIONICE CICTYIOIINE
JJIEMEHTBHI:

1) BepHO 3amucaHbl (OPMYJBI, BRIpaXaromue (pU3M4ecKue 3aKOHBI,
IpPUMCHEHHE KOTOPBIX HEOOXOMMO JUTS PELICHUS 3a1add BEIOPAHHBIM
crocoOoM (B JTAHHOM PEIICHUN — Nepeblll 3aKOH MePMOOUHAMUKY,
Gopmyna Ona  pacuema 6HYmMpeHHell 3Hepeuu  0OHOAMOMHO2O
UOeanbHO2O 2a3a, PABEHCME0 HYNIO pabomvl 2aza Npu UI0XOPHOM
npoyecce);

2) mpoBeleHB HEOOXOAWMBIC MaTeMaTHYecKHe MpeoOpa3oBaHUA W
pacueTpl, MPHUBOIAIIME K TPABHIBHOMY YHCIOBOMY OTBETY, U
npeacrasieH oTeeT. [Ipu aToM nomyckaercst pemeHue "mo yactam" (c
MIPOMEKYTOYHBIMY BBIYUCICHUSMH ).

— IlpencraBieHo NMpaBUIIEHOE PEUICHHE TOJBKO B 0o0ImIeM Buue, 0e3
KaKHX-TMOO0 YMCIOBBIX PACUETOB.

nim
— IlpaBunbHO  3amuicaHbl  HEOOXOAMMBIE  (OPMYIBI,  3amcaH
NPaBUIBHBIA ~ OTBET, HO HE MpPEACTABICHBI MNpeoOpa3OBaHMs,
MIPUBOJISIINE K OTBETY.

nim
— B MaremartHueckHx ~ TpeoOpa3OBaHMAX WM BBIYHCICHHUSIX
JIOTYIIEHA OIMMOKa, KOTOPasi MpUBEIa K HEBEPHOMY OTBETY.

O6pazerr BO3MOXKHOTO PEIIeCHHS

CornacHo MEpBOMY 3aKOHY TEPMOAMHAMUKH, Qi3 =AUjp; + Ajp;, T
Aiz=Ap+Ay; u AUy = AU, + AU, B uzoxopuom npouecce A, =0,
a B uzorepmuueckoM mpouecce AU,; = 0. IMoatomy Q3 =AU+ Ay u
A3 = Ay, Tlpu nepexone 2 = 3: Qp = AUz + Axz = Aps.

CrnenoBarenbHo, Q3 = AU, + Qps.

W3MeHeHMe BHYTPEHHEH sHEpruu rasa npu nepexone 1 — 2:
3
AUIZ = ? VRAle. HOCKOHBKy Ale = 2T0 , TO AUIZ = 3VRT().

Qs _ 3VRT,+Q,, ~2
Apps Qo

[Mostomy: Q23 = 3vRTy+ Qus,

— B pemennn conepxutcs ommoOKa B HEOOXOIMMBIX MaTEeMaTHIECKHAX
peoOpa3oBaHUAX M OTCYTCTBYIOT KaKHe-JIM00 YHCIIOBBIC PaCUeTHI.
nim
— 3anucaHbl BCe HCXOAHBIE (OPMYIBI, HEOOXOAUMBIE IS PELICHUS
3anaun, Ho B OJIHOW u3 Hux momymena omm6Ka.
nim
— OtcyTcTBYeT 0/1Ha U3 GopMyJ1, HEOOXOIMMBIX JUIsl pELICHHUS 3a1a4H.

Bce cnywan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM
KPHUTEpUSM BEICTaBICHHS OLEHOK B 1, 2, 3 Oamra (Mcroip30BaHHE
HETPIMEHUMOT0 3aKOHa, OTCYTCTBHE 0o0Jiee OMHOTO HCXOTHOTO
YpaBHEHMsI, pa3pO3HEHHBIE 3aIIUCH U T I1.).
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— 3amucaHbl Bce HUCXOOHBIC (I)OpMyJ'ILI, H€O6XOI[I/IMLIC UL pelieHus

HanpsskeHHOCT ~ DNIEKTPHYECKOTO  TONS  IUIOCKOTO X
3amaun, Ho B OJTHOU u3 HuX nomyineHa omuoka.

KOHJeHcaTopa (CM. pHCYHOK) paBHa 24 kB/m.

Buytpennee conportuBieHue uctoyHuka =10 Owm, nim
C £ =308, COTPOTHBIICHHS  PE3MCTOPOB — OtcyTcTBYeT 0/1Ha U3 GopMyJI, HEOOXOIMMBIX JUISl pELICHUS 3a1a4H.
R, =20 Om, R,=40 Om. Haiigure paccTosiHue MexIy Bce ciyyan pelenus, KOTOpble HE COOTBETCTBYIOT BBILIEYKa3aHHBIM 0

KPHUTEpUSIM BBICTaBICHHS OLEHOK B 1, 2, 3 Oamna (Mcroiap30BaHKE
HENPHUMEHUMOrO 3aKOHa, OTCYTCTBHE 0oJiee OJHOTO HCXOIHOTO
YPaBHEHUs], pa3pO3HEHHbIC 3alIUCH M T I1.).

IUTACTMHAMU KOHJEHCATOpa.
O1BeT:

O6pazerr BO3MOXKHOTO PEIICHHS
DNEeKTPUYECKU TOK uepe3 MmociiefoBareabHo BKIoueHHble R; u C He wumer,
MO3TOMY HAINPSDKCHUS Ha KOHIICHCATOPE U PE3UCTOpe R, OJMHAKOBBI M paBHEI:
U=1R,, U=Ed, rne E — HanpspkeHHOCTH MOJIA B KOHAeHcarope. OTcrona

d= IR_2
E
€ ER
CornacHo 3akony Oma, [ = —— . = d= ——2—.
r+R, (R,+1)E
Orser: d=10"m=1mm.
Kpurepyu OLEHKH BBIIOIHEHHs 32 JaHHUs] Basust
IIpuBeseHO MOJHOE MPABIIFHOE PELICHHE, BKIIOYAIOIIee CACAyomue | 3
3JIEMEHTBI:

1) BepHO 3amucaHBl (GOPMYIBI, BEIpaXKaromue (pU3NIecKre 3aKOHHI,
MPUMEHEHNE KOTOPBIX HEOOXOIUMO IS PEIISHHs 3a/1a4H BHIOPAaHHBIM
crocoOoM (B JTaHHOM pemieHHuH — 3akon Oma 015 NOAHOU yenu u
yuacmka — yenu, PpAeeHCME0  HANPAJICeHUU HA  NapanieibHO
COEOUHEHHBIX DNeMEeHmMAax Yenu, C6A3b PA3HOCMU HOMEHYUAN08 C
HANPAHCEHHOCMbIO NOTA);
2) mpoBeneHB HEOOXOAMMBIC MaTeMaTHYecKHe MpeoOpa3oBaHUA U
pacueTbl, MPHUBOAAIIME K MPaBHWIBHOMY 4YHCIOBOMY OTBETY, U
npencrasieH oTeeT. [Ipu 3ToM normyckaercst pemenue "mo gactsam” (¢
MIPOMEKYTOUHBIMU BBIYUCIICHUSIMHU).
— IlpeacraBieno mpaBUIbHOE PELIEHHE TOJBKO B o0IIeM BHIe, 0e3 2
KaKHX-JINOO YHCIIOBBIX PACUCTOB.

i
— IlpaBuipHO ~ 3ammcaHbl  HEOOXOAMMBIE  (OPMYJIBI,  3alHCaH
MpaBUIBHBI  OTBET, HO HE TPEJACTaBICHB MpeoOpa3oBaHUs,
MIPUBOAAIINE K OTBETY.

nim
— B Maremarnueckux  mpeoOpa3oBaHMSX WM BBIYMCICHUSX
JIONyIIeHa OIIMOKa, KOTOpasi IIPUBEJa K HEBEPHOMY OTBETY.
— B pemrennu conepxurcst ommoOka B HEOOXOIMMBIX MAaTEMaTHIECKHX 1

peoOpa3oBaHUAX U OTCYTCTBYIOT KaKUe-THOO YMCIOBBIE PACUETHI.
in
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Ha nempoBonsiiell ropu30HTaIbHON IMOBEPXHOCTH — IlpaBunbHO  3ammcanHbl ~ HeoOXoauMmble — (OpPMyJIBI,  3amucaH | 2

CTOJNa JIeXKUT TpoBOAAMIas JKECTKas paMKa H3 A MPaBWIBHBIA OTBET, HO HE MPEACTAaBICHB MpPeoOpa3OBaHMA,

OJIHOPOJHON TOHKOW NPOBOJIOKU, COTHYTasi B BUIE ,\ MPUBOJSIIHE K OTBETY.

paBHOCTOpOoHHero  TpeyromsHuka  ADC  co \ nimn

CTOPOHOW, paBHOH a (CM. pHCYHOK). Pamxa / ralR — B maremarnueckux npeoOpa3oBaHUIX JOMYIIEHa OMKUOKa, KOTOpas

HAXOTMTCS B OJIHOPOJHOM  TOPH3OHTANLHOM \ MPUBENIA K HEBEPHOMY OTBETY.

MArHHTHOM TIOJNIe, BEKTOP HHAYKIHH KOTOPOro B / \ — 3anucaHbl BCE MCXOAHBIC (OPMYIIbI, HCOOXOXMMBIC IS PELICHHS 1

nepreHMKyIspen cropone CD u no Moxystio papen G D sagaqn, Ho B O/IHOM 3 Hux nonyiiena ommoka.

B. Tlo pamke npoTekaer TOK / 10 4aCOBOW CTpEJNKe. ¢ i

IIpy kakoM 3Ha4Y€HMM MAacChl PaMKU OHA HAaYMHAET I10OBOPAYUBATBCA BOKPYI — OrcyTcTByeT onHa U3 GopMyJ1, HEOOXOMMMBIX IS PEIICHHS 3a/1atH.

croporsr CD? Bce cnydan perieHusi, KOTopble HE COOTBETCTBYIOT BblllIeyKa3aHHbIM | 0
KPHUTEpUsIM BBICTaBICHUS OLEHOK B 1, 2, 3 Oamna (McHoiabp30BaHHE

OrtEer: HENIPUMEHUMOTO 3aKOHa, OTCYTCTBHE OoJee OIHOrO HCXOJHOTO
YpaBHEHUsI, Pa3pO3HEHHBIC 3aITUCH M T II.).

O6pazerr BOZMOXKHOTO PeIIeHHs
Ha cTopons! pamKu JeiicTByeT cuiaa AMiepa.

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

. 1
Ha cTopony AD: Fa, = 1aB sina = EIaB;

Ha ctopony CD: Fa; = 1aB.
CyMMapHBIif MOMEHT 3THX CHJI OTHOCHTENBHO ocu CD:

a\/g a\/§ _ \/§ 14°B
4 4 4
HyCTB Macca paMKH paBHa m, TOoraga MOMCHT CHUJIbI TAXKECTU

N, =F, +F,

2
mga 1a*B _ mga
N,. = —i. VYcnoBus oTpsiBa: NpA+Npg 20, ——— > & .
g
243 4 PNE)

3alB
Orcrona m < . JlomyckaeTcs OTBET B BUJIE paBEHCTBA.

Kpurepun olleHKH BBIITOTHEHHS 3aJaHHs Banmst
[IpuBeneHo MoHOE MPAaBMIBHOE PEIICHHE, BKIIOYAlONee clenyomme | 3

JJIEMEHTBI:
1) BepHO 3amucaHBl (OPMYJBI, BRIpaXalomue (pU3NIecKre 3aKOHBHI,
NIPUMEHEHHE KOTOPBIX HE0OXOAMMO AJIS PEIICHHUS 3a1a49l BEIOPAaHHBIM
CHOCO00OM (B IaHHOM CIIy4ae — (hopmyavl 05t pacyema cunvl Amnepa,
MOMEHMO8 CUlL);

2) mpoBeneHbl HEOOXOAMMBIE MaTeMaTHUecKue mpeoOpa3oBaHus,
IIPUBOJISIINE K IPABHIBHOMY OTBETY, U IIPEICTaBICH OTBET.
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B nByx ombiTax mo ¢orodddexry MeTauinueckas IIACTHHKA OO0JIydaach
CBETOM C JUIMHAMH BOJIH COOTBETCTBEHHO A; = 350 HM u A, = 540 uM. B sTux

OTBITaX MAKCUMATBHBIE CKOPOCTH (HOTOIIEKTPOHOB OTIMYAINCEH B —- = 2 pasa.

1%
)
KakoBa paboTa BBIX0/1a C TTOBEpXHOCTH MeTayna?
OTtBer:
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Wi
— IlpaBunpHO  3ammcaHbl  HEOOXoAWMBIE  (OPMYJBI,  3alHCaH
NpaBUWIBHBIA OTBET, HO HE MpPEACTaBICHBl MpeoOpa3OBaHMUA,
MPUBOJSIIHIE K OTBETY.

nim
—B  MaremaTnueckux IpeoOpa3OBaHMSAX  WIM  BBIYHUCICHUSX
JIOIyIIeHa OmIiOKa, KOTopast IpuBeJia K HEBEPHOMY OTBETY.

O6pazerr BO3MOXKHOTO PEIICHHS

YpaBHenne DitHmTeHA 11 HOTO3(D(PEKTa B TEPBOM OITBITE:

2
MU max

6blX + 2

hvl = A
ypaBHeHI/Ie OliHmTeiHa JJIsL (l)OTOB(b(l)eKTa BO BTOPOM OIIBITE:

2
_ MU max
hvy, =4, +—2 .

CBs13b JUIMHBI BOJIHBI CBE€TA C JacTOTOH B TNIEPBOM OIIBITE:

__C
}\'1 - .
Vi
CB}I?’I) JUINHBI BOJIHBI CBETA C ‘-IaCTOTOﬁ BO BTOpOM OIIBITEC:

__C
7\4 2 —_——
Va
OTHOIIEHHE MaKCUMaIbHBIX CKOpOCTeﬁ (bOTOBJ'ICKTpOHOBI
1%
n= I max .
U2 max

he(n® —%)

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

OtBeT: Ay ~3,0-10"° ik ~ 1,9 9B.

(M

@

3)

4)

)

— B pemennn conepxutcs ommoOKa B HECOOXOIMMBIX MaTEMaTHYECKHAX 1
IpeoOpa3oBaHMUAX U OTCYTCTBYIOT KaKHe-THO0 YHCIOBBIE PACUETHI.
i
— 3anmcaHbsl Bce HCXOAHBIE (DOPMyNbI, HEOOXOIUMBIEC IS PEIICHHS
3anaun, Ho B OJIHOW u3 Hux jonymena omm6Ka.
i
— OtcyTcTBYeT 0J1Ha U3 PopMyJ1, HEOOXOMMBIX JUIsl pELICHHMS 3a1a4H.

Bce ciyuan pemeHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
KPHUTEpUSM BBICTABICHHUS OLEHOK B 1, 2, 3 Oamma (MCIoIb30BaHUE
HETIPIMEHUMOTO 3aKOHa, OTCYTCTBHE 0oJiee OIHOTO HCXOIHOTO
ypaBHEHHUs], pa3pO3HEHHbIE 3alHCU U T II.).

KpMTepym OIICHKH BBIINOJIHCHUS 3aJaHUA

bamnbr

[IpuBeneHo mMoIHOE MPABIIBHOE PEIICHHE, BKIFOUAIOIIEe CIIeIYIOIINe
9JIEMEHTHI:

1) npaBmibHO 3ammcaHbl (OpPMYJIBI, BBIpaXKaromue (Qu3MUecKue
3aKOHBI, IIPUMEHEHHE KOTOPBIX HEOOXOAMMO JUIS PEHICHUS 3a1add
BBIOpaHHBIM ~cHOCOOOM (B JaHHOM pELICHHH —  ypdgHeHue
Dunwmetina 0na gpomoagppexma u opmyna, ceazvigaiowjas OaUHY
BOJIHbL INEKMPOMASHUMHBIX 80H C YACOMOIL);

2) mpoBeneHBl HEOOXOAMMBIE MaTeMaTHYeCKHe MpeoOpa3oBaHHA U
pacueTsl, MNPUBOASIINE K IPAaBWIBHOMY YHCIOBOMY OTBETY, |
npeacTasieH oTeeT. [Ipu 3ToM gomyckaercs perreHue "mo gactam' (¢
POMEKYTOYHBIMH BBIYHCICHUSIMH).

— HpC,E[CTaBJICHO MpaBUJIIBHOC PEHICHUE TOJIBKO B O6H.ICM BH/JC, 0e3

KaKHX-JTHO0 YHCIOBBIX pacyeToB.
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B MUWIMHAPUYECKOM COCYAC MO MOPIIHEM AJTUTCIBbHOC BPEMS HAXOAATCA BOJAA

n ee nap. Ilopmens HauuHAOT BABUTATh B cocyhd. IIpu 3Tom TemmepaTypa
BOJBI M TMapa ocTaeTcs HemsMeHHOW. Kak OyneT MeHSATbCS mpu 3TOM Macca
JKUKOCTH B cocyie? OTBET NOSICHUTE.

OTtBer:

O0paserr BO3MOXHOTO PEIICHHS

Boma u BOIsHONM map HaXOmATCS B 3aKPBITOM COCYIE UINTEIBHOE BpEMH,
MO3TOMY BOJSIHOW Map SIBISICTCS HACHIMCHHBIM. [IpW BABHIaHUM [OPIIHS
MPOUCXOAUT HM30TEPMHUYECKOE CXKaTHE I1apa, JaBICHHE U IUIOTHOCTb
HACBIIIEHHOTO I1apa B 3TOM Ipolecce He MeHstorcs. CremoBaTensHo, Oyner
MPOUCXOAUTH KOHJECHCAIMs MapOB BOJBI. 3HAYMUT, Macca YKHUIKOCTH B COCY[IE
OyJZeT YBEeIMYUBATHCS.

Kpurtepun onleHHBaHMs BBINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapmuanrt: 152
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Ha rnankoif ropu30HTanbHON MIOCKOCTH HAaXOMUTCS UIMHHAS JOCKA Maccou
M =2 xr. 1o nocke ckombp3UT mIaitba Maccoit m. KoaddunneHt Tperns Mexty
mraitooit n mockoi p=0,2. B HaganbHBIIT MOMEHT BPEMEHH CKOPOCTH INAHOBI
Uy = 2 M/c, a mocka mokoutcsi. B MomeHT T = 0,8 ¢ maiida nepectaet CKOJIb3UTh
1o J1ocKe. UYemy paBHa Macca maifos1 m?

OGpa3zer; BO3MOKHOTO peIICHHS

KpI/ITepHI/I OLICHKHW BBINTOJTHCHUA 3aJaHUA bannsr

IIpuBeneHo MONHOE MPaBUIBHOE PELIEHHE, BKIIOYAIOLIEE CIEAYIOLINE
3JIEMEHTBI:

1) BepHO yKa3aHbBI (pH3MUYECCKUE SBICHHS U 3aKOHHI (B JAHHOM Cllydae
—  600AHOU NAp CMAHOBUMCA  HACBIWYEHHBIM, He3asucumocms| 3
nromuHocmu (0asnenus) HacblueHHo20 napa om o0vema npu OaHHOU
memnepamype) U A1aH BEPHBIN OTBET;

2) MPHUBEJICHBI PaCcCYKJICHHS, TIPUBOJIAIINE K IPABUIILHOMY OTBETY.

ITpencTaBneHo NpaBHIBHOE PELICHHE M OITYyY€H BEPHBIN OTBET, HO

— yKa3aHbl He Bce (pU3MYeCKUe SBICHHUSA WIM 3aKOHBI, HEOOXOAMMEIE

UL IIOJIHOTO NPaBUIIBHOTO OTBETA,; 2
nim

— He NPEJICTABIIEHbl PACCYXKAEHUs, IPUBOAAINNE K OTBETY.

1. BHemHme cwiel, JAeHCTBYIOIIME Ha CHCTEMY Tell «JIOCKa — IHaibay,
HAIpaBJIEHBI 110 BEPTHKAIH M B CyMME PaBHBI HymO. VIMIyIbC CHCTEMBI Tel
«JIOCKa — maiba» OTHOCUTENHHO 3eMitn coxpansercs:  muy = (M + m)o,

Izl U — CKOPOCTh MIAiOBI M JOCKH MOCIIE TOTO, KaK MIaiida rmepecrana CKOJIb3UTh
0 JOCKE.

2. Cuna TpeHus, AeHCTBYIONIAs HA JOCKY CO CTOPOHBI IIAHOBI, TOCTOSIHHA
Fp,=pmg.

Ilon nelicTBHMEM 3TOH CUIIBI JOCKA OBHIKETCA C YCKOPEHHEM a = p%g 31

M M
JIOCTUTaeT CKOpOoCTH U 3a Bpems 1=2 =Y = 20
a pmg ug(M+m)

Otcrona m = M(i—lj =0,5 kr. OtBer: m = 0,5 KT
ngt

— IlpaBunpHO yka3aHbl (U3NUECKHE SIBICHUS WM 3aKOHBI, HO B
PACCYKICHUSIX COIEPIKUTCS OMIMOKa, KOTOpasl IpHBela K HEBEPHOMY
OTBETY.

W
— Comep>XHuTCsl TOIBKO MPABHIBHOE yKa3aHHE Ha (M3MUECKUC SBICHUSL 1
WM 3aKOHBI.

nim
— IlpencraBiieH TONBKO IPAaBUIIBHBINA OTBET.

Kputepuu oLieHKU BBINOJIHEHYS 3aJaHUS bamnel

Bce ciaywan pemieHHs, KOTOpbIE HE COOTBETCTBYIOT BHIIICYKa3aHHBIM
KPUTEPHsIM BBICTABJICHH OIICHOK B 1, 2, 3 Oana. 0

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
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[TpyBeneHO MONHOE NMpaBUIIBHOE PEIICHHE, BKIIOYAIOIIEE CIICIYIOIHe 3
3JIEMEHTBHIL:

1) mpaBWIbHO 3amucaHbl (QOPMYJIBI, BBIpAKAOIINE (UIHYCCKUC
3aKOHBI, IPUMEHEHHE KOTODPBIX HEOOXOAMMO ISl pElICHHs 3aJadu

BBIOpPAaHHBIM CIIOCOOOM (B JAaHHOM DEHICHHH — 3aKOH COXPAHeHUs
umnynvca, emopou saxon Hviomona, gopmyra onsa pacuema cunbl
mpenus);

2) mpoBeneHB HEOOXOAWMBIE MaTeMaTH4ecKHe IpeoOpa3oBaHUI W
pacdeTsl, NPUBOIAIIUME K TIPAaBUIBHOMY YHCJIOBOMY OTBETY, H
npejacTaBieH oTBeT. [Ipu 3ToM gomyckaercs pemieHue "o gactsam" (¢
TIPOMEKYTOUHBIMH BEIIHCICHUSIMH).

— IlpencraBneHo NMpaBUIBHOE PELICHHE TOJBKO B obmeM Buae, 6e3 2
KaKHX-TH0O0 YHCIIOBBIX PacyeTOB.

NI
— IIpaBunpHO  3ammcaHbl  HeoOXoauMble  (DOPMyNBI,  3amucaH
NpaBWIBHBIA  OTBET, HO HE TPEACTaBIeHb IpeoOpa3oBaHus,

© 2009 denepanbHas ciayxba o Hag3opy B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
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MPUBOJISIIHME K OTBETY.
nim

— B Maremarnyeckux —mpeoOpa3oBaHMSX WM  BBIYMCICHHUSX

JIONyIIeHa ONINOKa, KOTOpas IPUBEJIa K HEBEPHOMY OTBETY.

A
Otser: —2 ~0,5.
123

KpI/ITepI/II/I OIICHKH BBIINTOJIHCHUS 3aJaHUA

Baer

— B pemennu conepxutces ommoOKka B HCOOXOIUMBIX MaTeMAaTHIECKUX 1
peoOpa3oBaHUsAX U OTCYTCTBYIOT KaKHe-THOO YMCIIOBEIE PACUETHI.
nim
— 3amucaHbl Bce MCXOTHBIE (OPMYIIBI, HEOOXOMUMBIE JUTS PEUICHHUS
3aJla4M, HO B OI[HOfI 13 HUX JOMyIIeHa omunoKa.
WJIn
— OtcyTtcTBYeT 01Ha U3 HOPMYJI, HEOOXOIUMBIX JUIS PEIICHUS 331a4H.

Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBHIIICYKa3aHHBIM 0
KPUTEPHUSIM  BBICTaBIEHHUs OLEHOK B 1, 2, 3 Gamna (MCmonb30BaHUE
HENPUMEHUMOTO 3aKOHa, OTCYTCTBHE Oo0Jiee OJHOTO HCXOJHOTO
YpaBHEHUsI, Pa3pO3HEHHBIE 3alTUCH U T.I1.).

OxnH MONb  OXHOAQTOMHOTO  HJIEaNbHOTO Taza J/

MepexXOquT U3 COCTOSIHMA 1 B cocTosHHME 3 B
COOTBETCTBUH C TpapUKOM 3aBUCHMOCTH €ro 00bEMa
V ot temneparypsl T (7o = 100 K). Ha yuactke 2 —3
Kk razy mnoasomar 2,5 kJlx Temmorel. Haiimure
OTHOIIIEHHE PaboTHl ra3za Ajy; KO BCEMY KOJIUYECTBY
MO/IBEICHHOM K Ta3y TerIoTsl Q3.

0 7, 2Ty 3T, T

OTBeT:

[TpyBeseHO MONHOE NpaBUIIBHOE PEIICHHE, BKIIOYAIONIEEe CIICIYIOIHe
JIIEMEHTEHI:

1) BepHO 3amucaHbl (OPMYJBI, BRIpaXaomue (pU3NUecKHe 3aKOHBI,
IPUMEHEHNE KOTOPBIX HE0OXOMMO ISl pELICHHS 3a/ladyl BEIOPaHHBIM
crocoOoM (B JTAHHOM PEIICHUN — Nepeblll 3aKOH MePMOOUHAMUKY,
Gdopmyna oOns pacuema 6HympenHeu IHepeUU  0OHOAMOMHOZ0
U0eanbHO20 2a3a, PAGEHCMBO MY pabombvl 2da3a NPU U30XOPHOM
npoyecce);

2) mpoBeneHbl HEOOXOIMMBIE MaTeMaTHYECKHE IpeoOpa3oBaHMs H
pacyeTbl, NPUBOASIINE K IPaBWIBHOMY YHCIOBOMY OTBETY, U
npeacrasied oreeT. [Ipu aToM nomyckaercst pemenue "mo yactsam'" (c
MPOMEKYTOYHBIMHU BBIYUCICHUSIMH).

— IlpencraBieHo NMpaBHIIEHOE PEUICHHE TOJBKO B o0mmieM Buuae, 0e3
KaKHX-JTU0O0 YUCIOBBIX PACUETOB.

nim
— IlpaBunbHO  3ammcaHbl  HeoOXomuMmble  (QOPMYJBI,  3amHcaH
MpaBUJIBHBI  OTBET, HO HE TMpPEACTaBIeHBl MpeoOpa3oBaHus,
MIPUBOJISIINE K OTBETY.

nim
— B  Maremartuueckux — NpeoOpa3OBaHMSAX WM BBIYHCICHHUSIX
JIOMYIIIEHA OIMOKa, KOTOPasi MPUBEIa K HEBEPHOMY OTBETY.

O6pazerr BO3MOXKHOTO PEIICHHS

CoryacHo TIepBOMY 3aKOHY TepMOIUHAMUKH, Qo3 =AUjp; + Ays3, €
A=A+ Ay u AUy = AUy, + AUy B uzoxoprnom mponecce Aj, =0,
a B morepmuieckom npomecce AU,; = 0. Tloatomy Q3 =AU+ Ay u
A3 = Ays. Ilpu mepexone 2 — 3: Qa3 = AUy + Az = Ags.

CrnenoBateibHO, Qo; = AUj; + Qps.

V3meHeHne BHyTpEeHHEH 3HEpruu rasa npu nepexozge 1 — 2:

3
AU, = 3 VRAT;,. TMockombky ATy, =2T,, o AU, =3vRT,.

Aps _ Q3 0.5.

[Moatomy: Qi3 = 3vRT + Qas. = ~
Q23 3VRT;+Qy;

— B pemennn conepkutcst ommoOKa B HEOOXOIUMBIX MaTeMaTHIECKIX
peoOpa3oBaHMIX U OTCYTCTBYIOT KaKUE-THOO YHUCIOBBIC PACUCTHI.
WJIn
— 3amucaHbl Bce MCXOTHBbIE (POPMYJIBI, HEOOXOMUMBIE UISl PELIeHHUS
3aaun, Ho B OJIHOM u3 Hux nomyuieHa ommoka.
I
— OtcyTtcTBYeT 07Ha U3 GOpMYJ, HEOOXOIUMBIX Ui PELICHHUS 3a0a4H.

Bce cnywau perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM
KPUTEpUsM BBICTaBICHHS OLEHOK B 1, 2, 3 Oamna (Mcroip30BaHKE
HENPIMEHUMOT0 3aKOHA, OTCYTCTBHE 0ojiee OIHOTO HCXOIHOTO
YpaBHEHUsI, pa3pO3HEHHbIE 3alIUCH U T I1.).

© 2009 denepanbHas cayxba o Hag30py B chepe odpazoBanus u Hayku Poccuiickoit denepaunn
Kornmposauue He omyckaeTcs

© 2009 denepanbHas cayxbda o Hag30py B chepe oOpazoBanus u Hayku Poccuiickoit denepaunn
Komnmposaue He 1omycKkaeTcs




Kpurtepuu oneHnBaHus BbINOJHEHHS 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuanr: 152
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 5/10)
C4 %
B cxeme Ha pHCyHKe 3NeKTpHUecKHH 3apsa ¢ Ha R
oOKIagKax KOHJZICHCaTopa 3JICKTPOEMKOCTBIO

C=1000 Mmx® paBen 10 mKi. Buytpennee
COMPOTHUBIIEHHE  HCTOYHMKa Toka 7= 10 Owm,
conpoTuBieHne pe3uctopoB R;=10 Om, R, =20 Om
u R; = 30 Om. Kakosa 3/1C ucroununka Toxa?

OTtBer:

Kpurtepuu oneHHBaHMs BbINOJHEHHSs 3a/laHUI ¢ Pa3BEPHYTHIM 0TBETOM Bapwuanr: 152

Enunblil rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 6/10)
-B PCHICHUM COACPKHUTCA omuoKa B HGOGXOQI/IMLIX MAaTEMaTHYICCKUX 1
Hpeo6p330BaHI/IﬂX 1 OTCYTCTBYIOT KaKHe-I11u00 4KCI0BEIE PacyeTHhI.

i

— 3amucaHbl Bce MCXOIHBIE (POPMYIIBI, HEOOXOMUMBIE UIS PEUICHUS
3aJla4M, HO B OI[HOI71 13 HUX JOMyIIeHa omuoKa.

nim
— OtcyTcTBYeT 071Ha U3 HOpMYJI, HEOOXOAUMBIX TSI PEIICHHS 3aauH.

O6pazerr BO3MOXKHOTO PEIICHHS

DIeKTPUYECKU TOK uepe3 MmociiefoBareiabHO BKiIoueHHble R; u C He wuper,
MO3TOMY HAIPsDKEHHS Ha KOHACHCATOPE U Pe3UCTOpe Ry OMHAKOBEI:

Q Q

U=1R,, TaKKaKU:E T0 I=

Bce cnydan perieHusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM 0
KpUTEPHUSIM  BBICTaBIEHHs OLEHOK B 1, 2, 3 Gamna (MCHONb30BaHUE
HENPUMEHHMOTO 3aKOHa, OTCYTCTBHE OoJieeé OJHOTO HCXOJHOTO
ypaBHEHHSI, Pa3pO3HEHHBIC 3aIHCH U T 11.).

R,C
3axon Oma mis ool nenm: [ = L = E= w
R,+Rj+r R,C
Oteer: OJC =30 B.
Kpurepun onieHKH BBINOIHEHMS 3a/1aHUS banner
[IpuBeneHo mosHOE MpaBUWIIBHOE PEHICHHE, BKIIFOYAIOIIEe CIIEAYIONHE 3

JIIEMEHTHI:
1) BepHO 3amucaHBl (QOPMYIBI, BRIpaXkaromue (U3NIECKHe 3aKOHHI,
IPUMEHEHHE KOTOPBIX HEOOXOAMMO JUTS PELICHUS 3a1adi BHIOPAHHBIM
crocoOoM (B JIaHHOM pelleHud — 3akoH Oma 0ns noaHou yenu u
yuacmka — yenu,  pAeeHCMEO  HANPAJICEHUW HA  NapaiieibHo
COEOUHEHHBIX DNeMEeHIAX Yenu, C8:A3b HANPANCEHU HA KOHOeHcamope
€ e20 3apA0oM U eMKOCMbIO);

2) mpoBeneHB HEOOXOAMMBIE MaTeMaTHYecKHe MpeoOpa3oBaHHUI U
pacueTbl, MNPUBOIAIIME K MNPaBUIBHOMY 4YHCIOBOMY OTBETY, U
npencrasieH oTBeT. [Ipu 3ToM normyckaercst pemieHue "mo gactsam” (¢
MIPOMEKYTOUYHBIMU BBIYUCICHUSIMH).

— IlpencraBneHo NMpaBUIBHOE pELIEHHE TOJIBKO B olmmeM Buue, 6e3 2
KaKHX-JTH0O0 YUCIIOBBIX PaCueTOB.

501071
— IIpaBuipHO  3ammcaHbl  HeoOXoaumble  (GOpPMyNbI,  3amMcaH
NpaBWIBHBIA ~ OTBET, HO HE TMPEICTaBICHbl Hpeodpa3oBaHusl,
MPUBOJISIIIME K OTBETY.

1515
— B mMarematuyeckux  mpeoOpa3oBaHMSX WM BBIYMCICHHUSIX
JoNyIiieHa olubKa, KOTopas IpUBeNa K HeBEPHOMY OTBETY.
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Ha HenpoBosiieil Topu30HTAIbHON MOBEPXHOCTH — [IpaBunbHO  3ammcaHbl  HeoOXoaumMmble  (DOPMYINBL,  3amucaH | 2

CTOJIA JICKUT MpPOBOMAIIAs JKECTKAs paMmKa u3 & MPaBWIBHBIA OTBET, HO HE MPEACTAaBICHB MpeoOpa3OBaHMA,

OJIHOPOJIHOM TOHKOI IPOBOJIOKU, COTHYTOH B BUIIE / /\ MIPUBOIALIUE K OTBETY.

paBHOCTOpOHHero  TpeyroibHuka ADC  co \ nin

CTOpPOHO#, paBHOH a (CM. PHCYHOK). Pamka, 1o / ? — B maremaTHdeckux nmpeobpa3oBaHHAX JOMYILIEHA OIIMOKa, KOTOpas

KOTOpO# TeueT TOK [/, HaXOAUTCA B OJHOPOJHOM \ IIpUBEJIa K HEBEPHOMY OTBETY.

TOPHU30HTaIbHOM MaFHI/IgIOM moJjie,  BEKTOP / \ — 3anucaHbl BCE HCXOJHBIC (bopMyITBl, HEOOXOIMMBIC UIS PEIICHUS 1

WHAYKIMH — KOTOporo B meprenaukyispen (¢ . D 3agaqn, HO B OJJHOU u3 HuxX momymieHa omuoka.

cropoue CD. Kakum [omkeH OBITH — MOAYJNb nm

WHIYKIAN MarHATHOTO ITOJISI, YTOOBI paMKa Hadaia ITOBOPAYMBATHCS BOKPYT — OtcyTCTBYyeT oana 13 GopMy, HEOOXOMMMBIX ISt PEIICHNS 3a/1a4H.

croponst CD, eciiu Macca paMKi m? Bce cnydan perieHusi, KOTopble HE COOTBETCTBYIOT BblllIeyKa3aHHbIM | 0

KPHUTEpUsIM BBICTaBICHUS OLEHOK B 1, 2, 3 Oamna (McHoiabp30BaHHE
Otger: HENPHIMEHUMOTO 33aKOHa, OTCYTCTBHE OoJiee OIHOTO HCXOIHOTO
O6pazerr BO3MOXKHOTO PEIICHHS YpaBHEHUSI, Pa3pO3HEHHBIC 3aITUCH M T II.).

ITo pamxe Teuer Tok I. [TycTh MOIyIb BEKTOpAa MATHUTHOM MHAYKLIUU paBeH B.
Ha cropons! pamku eiicTByet cuiia Ammepa.

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

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

Ha ctopony CD: Fa; = 1aB.
CyMMapHBIii MOMEHT 3THX CHJI OTHOCHTENBHO ocu CD:

a«/§+ ax/g_x/glazB
1 .

4 4

N, =F4, Fss

mga
MOMEHT CHIIBI TSDKECTH: ng = —%. Venoeus orpeiBa: Np + N,g = 0,

2
1a*B _ mga 2m
ALLLE -1 Otcrona B > £ JomyckaeTcs OTBET B BHJIE PABEHCTBA.
4 243 I
Kputepuu oLieHKY BBINOJIHEHYS 3aJaHUS banel
IIpuBeneHo noaHoe MpaBUIBHOE PELICHHE, BKIIOUYAlOlIee caexyomue | 3

9JIEMEHTBI:
1) BepHO 3amucaHbl (OPMYJIBI, BBIpaXAIOMIKE (PU3NYECKHE 3aKOHBI,
OpUMEHEHHE KOTOPBIX HEOOXOIMMO JIJIsl pEUICHHS 3a/1a4K BEIOpaHHBIM
criocoOoM (B JaHHOM cllydae — ghopmynvl 018 pacuema cuivl Amnepa,
MOMEHMOB CUN);

2) mpoBeneHB HEOOXOAMMBIE MaTeMaTHYeCKHe MpeoOpa3OBaHMs,
MIPUBOJSIIIKE K PABHIBHOMY OTBETY, U MPEICTABICH OTBET.
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KpuTepnn oneHMBaHNUs BHINOTHEHNsI 32/IaHUIT C Pa3BePHYTHIM 0TBETOM
Enunblii rocynapctBeHHbld sk3ameH, 2009 © OU3UKA, 11 knace (ctp 9/10)

B nByx omeitax mo ¢oTodddekTy Meramaudeckas IIACTHHKA, JUIS KOTOpPOH

paboTa BBIXOAA C MOBEPXHOCTH MeTaIa Ay, = 1,9 3B, obmyyanach cBeTOM ¢
JUTMHAMU BOJIH COOTBETCTBCHHO A U A,. Kakoii ObUIa [UIMHA BOJHBI B IEPBOM
OMBITE Ay, €CITM BO BTOPOM OHAa cOCTaBisia A, =540 HM, a OTHOILIEHHE

. 1%
MaKCHMAITbHBIX CKOPOCTEH (POTOIICKTPOHOB U—l =27
2

OT1BeT:

OGpa3zer BO3MOKHOTO peleHHs

VYpaBHeHue DiiHmTeiHa 17151 poTodh(dHeKTa B IEPBOM OIBITE:
2

— Hpe,Z[CTaBJ'IeHO IpaBUJIIbHOC PCIICHUC TOJBKO B O6H.ICM BH/JIC, 0e3 2

KaKHX-JIN0O YHCIIOBBIX PACUCTOB.

nim
— IlpaBunbHO  3ammcaHbl  HeoOXoAWMBIE — (OPMYJBI,  3amlHCaH
OpaBWIBHBIA  OTBET, HO HE MpPEACTaBICHBl IpeoOpa3oBaHM,
IIPUBOJAIIME K OTBETY.

nim
—B mMaremaTnueckux IpeoOpa3OBaHMSAX WM BBIYHUCICHUAX
JIOIyIIeHa ommoKa, KOTopasi IpHBeJia K HEBEPHOMY OTBETY.

-B PCHICHUU COACPIKUTCA omuoKa B HCO6XOZ[I/IMLIX MATEMATHYCCKUX

mo
hv, =4, + % ) npeoOpa3oBaHUsAX M OTCYTCTBYIOT KaKHe-JIMO0 YHCIOBBIE PaCUeThl.
. . WJIN
YpaBHeHue DitHmTelHa A1 HOTO3(hEeKTa BO BTOPOM OIIBITE:
5 — 3anmcaHsl Bce MCXOAHBIE (hOpMynbl, HEOOXOMUMBIE A PEIICHUS
hva=A + MY max 2) 3agaun, Ho B OJJHOU u3 Hux momymieHa omuoka.
2 = “Tebix P :
NI
CBsi3b JUIMHBI BOJIHBI CBETA C YaCTOTOM B IIEPBOM OIBITE: — OtcyTcTBYeT 0/1Ha U3 (POpMYI, HEOOXOAUMBIX JUIS PElIeHHs 3a/1a4u.
A=< (3) Bce ciyuan pemieHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKa3aHHBIM 0
Vi KPUTEPHSIM  BBICTaBIICHHS OICHOK B 1, 2, 3 Oayua (MCMONb30BaHUE
CBSI3b AIIMHBI BOJHBI CBETAa C 9aCTOTOW BO BTOPOM OITBITE: HETIPIMEHUMOTO 3aKOHA, OTCYTCTBHE 0o0Jiee OIHOTO HCXOIHOTO
A, =< @) ypaBHEHHUs], pa3pO3HEHHbIE 3alKCU U T I.).
Va
OTHoOLIEHHEe MAaKCUMAIIBHBIX CKOPOCTEH (hOTOIEKTPOHOB:
v
n= 1 max . (5)
U2 max

hch 5

Pemras cucremy ypasaenuit (1) — (5), momyuaem: A, =

n*he+ A, \y(1-n?)
Otset: A = 360 HM.
Kpurepun OLEHKH BBITOJHEHHS 33 1aHHsI Bamnst
[MpuBeeHO MONHOE MPABUIILHOE PEIIEHHE, BKITIOUAIOIIEE CIIETYIOIIHE 3

3JIEMEHTBI:

1) mpaBHUNBHO 3amMCcaHBl (GOPMYJBI, BBIpAXKAIOMNE (H3MIECKHE
3aKOHBI, IPUMEHEHHE KOTODPBIX HEOOXOAMMO IJIsl pEelIeHHs 3aJadu
BEIOpaHHBIM  CITOCOOOM (B JAHHOM pEIICHUH —  VpaGHeHue
Duinwimetina ona gomosghpexma u opmyna, ceazvisaowas ONUHY
BOJIHbL NIEKMPOMASHUMHBIX 60JIH C YACMOMOIL);

2) mpoBeneHbl HEOOXOIMMBIC MaTeMaTHYECKHe IpeoOpa3oBaHMs M
pacdeTsl, IPHUBOIIIINEC K IIPAaBWIBHOMY YHCIOBOMY OTBETY, H
npencrasieH oreeT. [Ipu aToM fomyckaercs pemeHue "mo yactsam'" (c
HPOMEXYTOUYHBIMHU BBIYUCICHUSIMH).
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