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®usuka 11 xnace Bapumant ®HU1401

N

HNHcTpykuus no BHIMOJTHEHUIO PadoThI

Jns BRIMONHEHHST SK3aMEHALMOHHOM palboTHl 1Mo (u3nke oTBOAMTCS 235 MUHYT.
Pabora cocrout u3 3 yacteit, BKIroyaromux B ceds 35 3amaHuid.

Yacte 1 comepxut 21 3amanme (A1-A21). K kaxmoMmy 3amaHuio HaéTcs dYeThIpe
BapuaHTa OTBETa, U3 KOTOPBIX TOJBKO OJMH MPaBHIIbHBII.

Yacts 2 conepxut 4 3ananus (B1-B4), Ha koTOpble HAIO0 AaTh KPaTKUil OTBET B BH/E
10CJIeJ0BaTeIbLHOCTH LU(P

Yactp 3 conepxut 10 3anau: A22—A25 ¢ BeIGOpOM oJiHOTO BepHOoro oTBeta u C1-C6,
JUTS KOTOPBIX TpeOyeTcs AaTh pa3BEPHYTHIC PEIICHSI.

[Ipu BBIUMCIEHUSAX pa3pellaeTcsl MCIOIb30BaTh HEMPOrpaMMHUPYEMBI KalbKyJAToOp.
Bce Omanku EI'D 3anonssroTcst SpKUMH  4€pHBIMH  YepHWiIamu. Jlomyckaercs
UCTIOJIb30BaHNE TeJIEBOM, KaMIUIIPHON WIIN NIEPBEBON pyUeK.

[Ipu BeIMonHeHnY 3ananuii Bel MoxkeTe nosnb3oBarbes yepHoBuKkoM. Obpamaem Bare
BHUMaHHE Ha TO, YTO 3allUCH B YSPHOBHUKE He OYIyT YYHTHIBATbCS MpPU OLEHUBAHUH
paboTHL.

CoBeTyeM BHINONHATH 33J]aHUsI B TOM MOpPsAKe, B KOTOPOM OHM JaHbl J{js1 SKOoHOMHUHU
BpPEMEHHU TpOIyCKaiiTe 3aJaHne, KOTopoe He yIaéTcsl BBIMOJHUTE Cpasdy, U MEpexoquTe K
cnenyromemy. Ecnu mocrie BbimosHeHus Bcedl pabotel 'y Bac ocranercs Bpems, Bbi
CMOXeTe BEepHYThCS K TIPOMYIIEHHBIM 331aHUSIM

bamnel, momydennsie Bamu 3a BeIMoTHEHHBIE 3a1aHus], cyMMHpyoTes. [locrapaiitecs
BBITIOJTHUT KaK MOKHO 0OJIbIIle 3aJaHnil 1 HaOpaTh HauboJIblIee KOJHMYECTBO OaLIOB.

Kenaem ycnexa!

© Cratl'pax 2013 r.
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Hwxe npuseneHsl
BBITIOJTHEHUU Pa0OTHI.

CIIPAaBOYHBIC JTAaHHBIC,

KOTOpBIE MOTYT MOHanoOuThcs Bam mpu

JecsiTHYHBbIE PUCTABKU
HaunmeHno- Haumeno-
O6o3HaueHue MHoOKHTEIb O0o3HaueHue MHOKHTETb
BaHHe BaHHe
rura r 10° CaHTH c 102
mera M 106 MUJIIIA M 1073
KWJIO K 10 3 MHKPO MK 10*6
TeKTO r 102 HaHO H 1072
aeuun i 107! KO I 10712
KoHcTaHTBI
YUCIIO 7T r=73,14
YCKOpEHHUe CBOOOTHOTO Ma/IeHUs Ha 3emiie g=10 M/c2

I'paBUTAllMOHHAS ITOCTOSAHHAA

G= 6,7'10711 H-m2/kr?

YHUBEpCaJIbHas ra3oBas MOCTOSIHHAA

R = 8,31 [Ix/(monbK)

ITOCTOsSTHHAasA EOJ'IBLIMaHa

Ousuka 11 knacc Bapuant ®H1401

Macchl YacTHIY

MEKTPOHA |9 1-10 3 kr~5.510%a. e. m.
npotoHa  |1,673-10 %7 kr = 1.007 a. e. m.
HedTpoHa |1 675-1027 kr =~ 1.008 a. e. m.
Il1oTHOCTH
BOJIBI 1000 xr/M° | mOmCOMHETHOTO MacTa 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M° | aTFOMHHUS 2700 kr/M>
KepocuHa 800 kr/mM>  |xenesa 7800 kr/m>
pTYTH 13 600 xr/m>
YaenabpHas TeNJI0éMKOCTh
BOJIBI 4,210 3 Jx/(xr-K) AITFOMUHHAS 900 JTx/(xr-K)
nbJa 2,1-10 3 Jix/(xr-K) MeTH 380 Jlx/(xrK)
xkenesza 640 x/(xr-K) YyryHa 500 JIx/(kr-K)
ceunna |130 x/(xr-K)

k=13810"2 /K

MOCTOSsTHHAsT ABOTaIpO

N, = 6102 moms ™!

IIEKTPUYECKHI 3apsii)

CKOPOCTb CBETA B BAKyyMe c=310% m/c
KO3 UIMEHT TPONOPIIHOHATBHOCTH k= 1 _ 9-10° H-m2/K 12
B 3akoHe KynoHa 4meg
MOJYJIb 3apsAa dJIEKTPOHa (AIeMEHTapHBIN
JyJTb 3apsi]l poHa ( p e=1.610"1Kn

nocrosguHas [lmanka

h=6,6107% Ixc-c

CooTHoIIeHUs MEKAY Pa3/INYHBIMHA € AMHULAMHA

YaeabHas TeMJI0Ta

napooGpazoBanus Bojbi|2,3-10 © JIx/xr

IIJIaBJICHUA CBUHIIA

2,5:10 % JTk/xr

IIJIaBJICHUA JIbJ1a

3,3:10 2 Jlx/kr

HopmagbHble ycj10BHS

nasienne: 10° Ia, temmepatypa: 0 °C

MoJasipaasi Mmacca

TeMIepaTypa

0K=-273°C

aToMHas €IMHUIIA MACChI

la e M= 1,66~10_27 KT

1 aromHas CIHMHHIIa MaCChbl DKBUBAJICHTHA

931,5 M»B

1 21EeKTPOHBOIBLT

15B=1,610"1 JIx

© Crarl'pan 2013 r

aszora 28102 kr/MoIB renus 41073 kr/moub
aprosa 40-107 kr/monb KHCITOpO/ia 32107 kr/monb
BOJOpOJIa 2-1073 kr/Momnb JINTHS 61073 kr/mMomb
BO31yXa 291073 kr/Moub HEOHa 20-1073 kr/moub
BO/JIbI 18-1073 kr/momnb YTJIEKUCJIOTO ra3a 44-1073 xr/Momb

© Cratl'pan 2013 r
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Yacrs 1

IlIpu evinonnenuu 3adanuii yacmu 1 6 oOnanke omeemos Ne 1 noo nomepom
evinonnaemozo Bamu 3adanua (A1-A21) nocmaevme 3naxk «%x» 6 Kiemouke, HomMep
KOMopoil coomeemcmeyem Homepy vlopannozo Bamu omeema.

KoopzmHaTa X MaTepPIaJ'ILHOﬁ TOYKH M3MEHSICTCS C TCUCHUMEM BPEMCEHHU [ M0 3aKOHY

x=3-2¢t. Kakoif u3 mnpuUBeAEHHBIX HIKE TPAPUKOB COOTBETCTBYET ITOU
3aBUCHUMOCTH?

w
-

3 ¢
D1 2) 2 33 4) 4

JluHaMOMETp JIEKHUT Ha IIaJKoM cToie (Ha pUCyHKe MoKa3aH BHJ cBepxy). Kopmyc
JMHAMOMETpa MpUBsA3aH JErKOW HUThIO N K BOUTOMY B CTOJ T'BO3[IO, a K KPIOKY
JIMHAMOMETPA MIPUJIOKEHA TIOCTOSIHHAS cuyla. UeMy paBeH MOJLYJIb CHIIbI HATSKEHHUSI

HUTH N?
H P
N
—— OO0
01234
1) 3H
2) 6H
3) 0H

4) moxer nexars B uuTepsane ot 3 H go 6 H

© Crarl'pan 2013 r
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BpycOK paBHOMEPHO IBUIalOT MO MIEPOXOBATOMY TOPH3OHTAIBHOMY CTONY. Jlys
TOrO 4TOOBI YBENMYMTH MOJYIb JeHCTBYIOMEH Ha GPYCOK CHJIBI CYXOTO TPEHMS,
HYKHO

1) yBenMuuTH CKOPOCTH OpyCcKa
2) YMEHBIIUTh CKOPOCTh OpycKa
3) yBeJIMYUTH IJIONIA/Ib COPUKOCHOBEHHSI OPYCKa CO CTOJIOM

4) yBEJIMYUTH MOJIYJIb CHIIBI HOPMAaJILHOTO JIaBlIcHHs OpycKa Ha CTOI

[llap CKONB3WUT MO CTONYy M HAJETAET Ha BTOPOM TaKOH Ke MOKOSAIIMICS miap.
VueHUKU M300pa3suin BEKTOPbl HMITYJIHCOB IAPOB 10 COyJapeHHs (BEepXHsisd 4acTh
pHCYHKa) M TOCje Hero (HWKHsis 4acTh pUcyHKa). Kakoll pPHCYHOK BBINOJHEH

MIpaBUIBHO?
@ ® ® O
| | | N
N | 'l |

\ I TN

N i
D1 2)2 3)3 4) 4

Kakas equHHIA CITYKUT U1 N3MEPEHHS MOIIHOCTH?

1) Jx 2) kBrt'uac 3) Bt 4) ITx-c

Ha pucyHke U300pa)&H y4acTOK HATSHYTOrO PE3MHOBOrO IIHYpa, IO KOTOPOMY

pacrpocTpaHsieTcsl MmonepedHas BoJiHa, uMmeromas vactory 1,25 I'm. Yemy paBHa
CKOpPOCTH PaclpOCTPaHEHHUS BOJTHBI?

—

25 cMm
3) 0,625 m/c

1) 0,8 m/c 2) 0,4 m/c 4) 1,25 m/c

© Cratl'pan 2013 r




@usuka 11 knace Bapuant OU1401 7

W jiealbHblii a3 HAXOAUTCA B COCYE OCTOSHHOro 00b&Ma. Ha pucynke npusenén
rpaduK 3aBHCUMOCTH CpEJHEH KUHETUUYECKOW IHEPruu £ XaOTHUECKOTO JIBUKCHUS
MOJIEKYJI Ta3a OT BPEMEHH £,

E

0 '

Ha xakom u3 PUCYHKOB MNPaBUJIBHO ITOKa3aHa 3aBUCUMOCTb HAaBJICHUA p Ta3a OT

BpemeHn?
P @® P @
0 t 0 t
P ©) P @
0 t 0 t
D1 2) 2 3)3 4 4

JlBa yueHUWKa, Kejas NPUBECTH NPUMEPHI HU300ApHOTO TIpoIecca, M300pasuiIu
rpaduKy  3aBUCUMOCTH 0O0BEMa V' upeanbHOro Tra3a OT ero abOCOJMIOTHOH
temneparypsl 7. Dtu rpaduku moka3zaHsl Ha pucyHkax A) u b). Kakoii u3 pucyHkos
SBISIETCS IPABUIIBHBIM?

A)
2) tombko B)

1) tonbko A) 3)uA),ub) 4) au A) , un B)

© Crarl'pan 2013 r
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[1pu mIaBIeHUH TBEPIOTO mapaduHa SHEPTUSL
1) BrImensercs
2) mormomaercs
3) He BbIHENACTCS U HE TOTIIOMAETCS
4) MOXeT KaK BBIJICIIATHCS, TAK U MOTIIONMATHCS

IleppoMy Teloy COOOLIMIM KOIMYECTBO TemuoThl 1 kJIx, a Bropomy — 2 KJIK.
Maccsl Ten oJMHaKoBbL. B pe3ynbrare Temieparypa NepBOro Teja IOBLICHIACH HA
100 K, a Broporo — moBbicmiack Ha 50 K. MoXHO yTBep»kaaTh, 4TO yJesIbHAs
TEIIOEMKOCTB Y BEILECTBA IEPBOTO Tela

1) Gosblie, yeM y BelecTBa BTOPOro Tela
2) MeHBIIE, YEM y BEMIECTBA BTOPOTO TENA
3) Takas ke, KaK y BEIIeCTBA BTOPOTO Tea

4) He MOXKeT OBITh COOTHECEHA C YACIbHON TEIIOEMKOCTHIO BEIIECTBA BTOPOTO
Tena

[To0KUTENBHBIN TOUEYHBIH 3aps)] ¢ HAXOJUTCS HA OKPYIKHOCTH. TOUEUHBIH 3apsi
Q Toro Xe 3HaKa MEPEMEMIAIOT MO TOH OKPYXKHOCTH. MoOJy/lb HanmpskKEHHOCTH
5JIEKTPHYECKOTO TOJISI, CO3/ABAEMOTO JTHMH 3apsJaMM B IEHTPE OKPYKHOCTH,
OysileT MUHUMaJIeH, Kora 3apsaa O OyleT HaXOAUThCs B TOUKE

C

1) 4 2) B 3)C 4) D

© Cratl'pan 2013 r
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Ha pucyHke mokasaH y4acTOK BOJIBT-aMIICPHOM XapaKTePHCTHKU JUIS CBApPOYHOM
nyru. 13 pucyHka cnenyet, 9TO MpU yBEIMYEHUU CHIBI TOKa B ayre ot 15 A mo
70 A moTpebisiemast 1yroi MOIIHOCTb

0710 20 30 40 50 60 70 80 90 , .

1) yBenuuuBaercs 2) yMmeHbIlIaeTcs

3) He uzMeHsieTcs 4) cTaHOBHTCS PaBHOM HYJIIO

Bozne monocoBoro MarHmTta, B3SATOTO B IIKOJBHOM KaOMHeTe (DU3UKH,
pacmosioXeHa MarHuTHas cTpenka. 3 mpuimaraemMoil Kk MarHuTy HMHCTPYKINU
clelyeT, YTO OH HaMarHW4eH BJOJb CBOEH JUIMHBI. PasMepbl CTpelkd HaMHOTO
MeHbIIIe pazMepoB MaranTta. CTpeika B COCTOSTHUM PaBHOBECHS OPHMEHTHPOBAIACH
TaKk, KakK II0OKa3aHo Ha pucyHke. CeBepHBIH MarHUTHBIA TIOJNIOC TI0JIOCOBOTO
Mar"ura

Ce ja

S == N

1) maxonurcs B Touke A
2) HaXOIUTCS B TOUKE B
3) naxomurcs B Touke C
4) He MOKeT OBITh OMPEIEIEH MPH TOMOIIH JaHHOTO OIBITa

© Crarl'pan 2013 r
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Yepes KaTyIIKy TEUET ICKTPUICCKHUI TOK, Chila / KOTOPOTO 3aBUCHUT OT BPEMEHU !
TaK, Kak nokazaHo Ha rpaduke. MunykruBnocts karymku 10 m['H. Kakas sneprus
OymeT 3amaceHa B KaTyIIKe B MOMEHT BpeMeHH ¢ = 3 ¢?

LA
6
3
0 1 2 3 4 1c
1) 15 m/Ix 2) 30 m/Ix 3) 45 m/Tx 4) 180 m/Ix

Ha pucyHke mokazan X0 CBETOBOro Jyda JI mocie ero maacHusi Ha TPaHUILY
ggguena JIBYX CPEl ¢ MOKA3aTeNAMHU MPENOMICHHUA 1, U 1,. VI3 pucyHka crenyer,

1) n >n,
2) n;<n,
3) ny=n,

4) MOKeT OBITh KaK Ny > Ny, TaK U 1y < n,

Hcroynuk wu3iaydaer cBeT ¢ JuiMHOM BosHbl 600 HM. KakoBa uacrora cBera,
U3JIy4aeMOr0 BTOPHIM HMCTOYHHMKOM, €CIIM CBET OT 3TUX HCTOYHHMKOB IIO3BOJISET
HaOJIOIaTh YCTOWYMBYIO HHTEP()EPEHIIMOHHYIO KApTHHY?

1) 5103 g 2) 51017 Iy 3) 2-1014 1 4) 510141

Ha noBepxHocTh MeTaiuia nomaji (pOTOH, XapaKTepU3yeMblil YacTOTOM V, ¥ BbIOHII
13 METaJIa DJIEKTPOH C KWHETHUYECKOU dHeprueil £. Eciin Ha TOBEPXHOCTb TOTO XKe
MeTaia monajaér GOToH, XapaKTepru3yeMblii 4acTOTOH 2V, TO OH

1) MoXeT BEIOWTH U3 METaJuIa JBa AJIEKTPOHA
2) He MOXKET BbIOMTbH U3 MeTalla HU OJHOI0 2JIEKTPOHA
3) MoeT BBIOUTH U3 METaJlIa JEKTPOH C dHepruei, dospmiei £

4) MOXeT BBIOUTH U3 METaJlIa DJIEKTPOH C dHEpruei, MeHbplIel £

© Cratl'pan 2013 r
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Pesepdopa, HNpoBOAsS ONBITHI MO OOIYyYEHMIO TOHKOH 30710TOH (oibru anbda-
YacTULIAMH, OOHAPYKHJI, YTO MOUTH BCE alib(ha-4acTUIbI MPOJIETAIOT Yepe3 Poabry
HACKBO3b, W JIUIIb HEKOTOPbIE OTCKAKUBAIOT OT (oibru oopaTHo. Kakoil BEIBOI OH
czenan u3 3Toro?

1) pasmep sipa aToMa 30JI0Ta HAMHOTO MEHBLIE Pa3MEPOB CaMOI'0 aTOMa

2) AApO aToMa 30JI0Ta U aJ'IL(i)a—‘IaCTI/IL[a HUMCIOT 3apsAbl NPOTHBOIIOJIOKHBIX
3HaKOB

3) macca sijipa aroma 30J0Ta HAMHOT'O MEHBIIIE MACChl alb(a-4acTUILIbI

4) npu TpoxoxaeHUH Yepe3 (oibry anb(a-yacTUIBl B3aUMOACHCTBYIOT
C IEKTPOHAMHU

Ol-4aCTHIIA TIPEICTABISAET COOOM
1) sapo aroma Bogoposa 2) sapo aTroma renust

3) sapo aToma JTUTHS 4) sapo aroma GepuiLIUs

Jlns u3mepeHus auaMerpa 3y00UMCTKU B €€ Haubosiee TOJICTONW YacTH HEKOTOPOE
KOJIMYECTBO 3yOOUHCTOK BBUIOXKHIIM HA MUJTHMETPOBYIO OyMary B psill — CTOpPOHA
K ctopone. Okazanock, 4ro 20 3yOOYMCTOK 3aHMMAlOT Ha Oymare mHUpUHY 34 MM.
Uemy paBeH, COTIIACHO TPOBEJICHHBIM NU3MEPEHUSIM, AUAMETP 3yOOUNCTKH?

1) (3,4+0,5) mm
3) (1,7+0,1) mm

2) (1,7 +£1,0) mm
4) (1,70 £0,03) Mm

[IKOJIPHUK HM3ydYal MPOIECC MPOTEKAHMS MOCTOSIHHOIO TOKA Yepe3 MPOBOJIOKY

2

IOCTOSIHHOTO ITOMEPEYHOTO CEUYCHUA 2 mM”“. H3menss JUIMHY TIPOBOJIOKH L, OH

U3MepsUI TPH MOMOIIM MHIJUTHOMMETpa e€ comporuBieHune R. Pesymbratsl ero
M3MEpEeHHH PUBEICHBI B TAOINIIE.

L,cMm 50 70 90 110 130 150
R, MOM 103 140 175 228 260 298

[one3ysicb Tabnuueit, ompegenure yIeIbHOE CONPOTUBICHHE MeTalla, M3
KOTOPOTro Oblla U3rOTOBJIEHA IPOBOJIOKA.

1) = 0,02 Om-mM2/m 2) = 0,03 Om-MM2/Mm

3) =04 Om-MM2/M 4) = 1,1 OM-MM2/M

© Crarl'pan 2013 r
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Yactp 2

Omeemom K 3aoanusam Imou uacmu (BI1-B4) aenaemca nocredoeamensnocmov yugp.
Bnuwiume omeemut cnHauana 6 mexcm padomvl, a 3amem hepeHecume Ux 6 OIAHK
omeemoe Ne 1 cnpasea om HOmMepa cOOmMEEemMCmEyIOUie20 3a0aHus, HAYUHAA C Nepeoil
KlemouKku, 0e3 3anamolX, Npoo6enos u KaKux-audo O0O0NOJIHUMEIbHbIX CUMB0JI08.
Kasicoywo yugpy nuwiume 6 omoenvnoil Kiemouke 6 COOMEEMCHEUN C NPUBCOEHHBIMU
6 b1anke obpazyamu.

Jlérkuii crepxeHb AB TMOJBEIIEH B I'OPU30HTAIBHOM IOJOKEHUU IIPU MTOMOLIU
BEPTHKAJIBHBIX HUTEH, MNPUBSA3aHHBIX K €ro KoHmaM. K cepenunHe crepkHs
nojasemieH rpy3. [py3 mnepeBemmBaroT Onke K koHiy A crepxHs. Kak
B pe3yJibTaTe HM3MEHSIOTCS CleAylomue (U3NYecKUe BEIMYWHBL: MOJYJb CHIIBI
HaTSDKEHUS JIEBOM HWUTH, MOJYJb CHJIBI HATSDKEHHS TpaBOW HHUTH, MOMEHT
JIeHCTBYIONIEH Ha TPY3 CHIIBI TSDKECTH OTHOCUTEIEHO TOUKH A7

Jl1s KXol BEJIMUMHBI OIPEIEIUTE COOTBETCTBYIOLIMNA XapaKTep N3MEHEHUS:

1) yBenuuuBaercs;

2) yMeHbIIAeTCs;

3) He U3MCHSICTCS.

3anumuTe B Tabnuily BbIOpaHHBIE MU(PBI A KOKIOH (U3MYECKOH BETHMYUHBI.
Lndpse! B 0OTBETE MOTYT ITOBTOPATHCA.

OU3NYECKHUWE BEJNYHUHbI

A) MOOYJIb CHUJIbI HATSXKCHUA JICBOI HUTHU

X N3MEHEHHUE

1) ypenuuupaercs

B) Monynb cunbl HaTsKEHUS PaBON HUTH 2) ymenbmaercs

B) MOMEHT JeicTByIOLIEH Ha Ipy3 CHJbl TKECTH  3) ye pusmeHsiercs
OTHOCHTENBHO TOUKH A

A b B

OTBer:

© Cratl'pan 2013 r
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[TmacTHHEI TIOCKOTO KOHAEHCATOpa, MOAKIIOUEHHOTO K Oarapee, CAETaHBl W3
METaJNTMYECKUX JINCTOB B BHUIE KBaJpara cO CTOPOHOH a. KBagpaTHbIE IIaCTHHEI
3aMEHHIIM Ha KPYTJIbIe AHaMeTpoM a. [Ipu 3TOM paccTosHHE MEKIy MIacTHHAMU
YBEJNIMYWIM, a Oarapero ocTaBWIM IpexHeid. Kak B pesyibrare W3MEHSATCS
cnenyoumye (U3MUECKUE BEIMYMHBL: 3JIEKTpUYecKas EMKOCTb KOHIEHCATOpa,
MOJYJb ~ HANmpsHKEHHOCTH — 3JCKTPUYECKOTO  TOJNS  MEXKIY  IUTACTHHAMH
KOHJIEHCATOopa, 3apsl KOHAeHcaTopa?

Jl1s KXol BETMUMHBI OIPEIEIUTE COOTBETCTBYIOUIMN XapaKTep N3MEHEHUS:

1) yBennunres;

2) yMEHBIIUTCS;

3) HE U3MEHUTCSI.

3anumuTe B Tabnuily BbIOpaHHBIE MH(PBI A KOKAOH (U3MYECKON BEITHMYUHBI.
L{udpsl B OTBETE MOTYT MOBTOPSATHCA.

OU3NYECKHWE BEJIWUYNHbI X M3IMEHEHHUE

A) snexTpryecKas EMKOCTh KOHIECHCATOPA 1) yBemmumrcst

B) momyns HanpspKEHHOCTH  AIIEKTPUYECKOTO IOMSL  2) YMCHBIIUTCS

MCXKIAY IIaCTUHAMHM KOHJACHCATOpa 3) He U3MEHHUTCS

B) 3apsna xongencatopa

A b B

OTBerT:

WneanpHblid  KOJNIEOATSNBHBIA KOHTYp COCTOMT U3 KOHJEHcAaTopa EMKOCTBIO
0,2 Mx®, 3apspxeHHOrOo 10 HanpspkeHus 10 B, kaTymku uHIyKTHBHOCTBIO 2 MI'H 1
pa3oMKHyTOro kitoua. ITocie 3aMblkaHMs KIIFOYa, KOTOPOE IPOU30LUIO B MOMEHT
BpemenH ¢ = 0, B KOHTYpE BO3HHUKIN COOCTBEHHBIE MIEKTPOMArHUTHBIE KOJICOAHUS.
YcTaHOBUTE  COOTBETCTBHE MEXAY 3aBUCHUMOCTSAMH, IIOJYYEHHBIMH  IIpH
UCCIIEIOBAaHUU JTUX KojeOaHui (cM. JeBbli croiOew), u Qopmyrnamuy,
BBIPQXKAIOIIUMU 3T 3aBUCHUMOCTH (CM. TmpaBblii  cronberr; ko3 duimeHTs
B popMyJiaX BBIp@KEHBI B COOTBETCTBYIOIMX enuHMnax CH 0e3 KpaTHBIX H
JOJBHBIX MHOKHUTEJICH).

K kaxmoil MOo3uIMM MEpBOTro CTONOLA MOJOEpPUTE COOTBETCTBYIOILYIO MO3UIHIO
BTOPOTO CTOJNIOIAa W 3alUIIUTe B TaONWIly BeIOpaHHBIC MHQPHEI  TIOT
COOTBETCTBYIOIIMMHU OyKBaMH.

3ABUCUMOCTD DOPMYVYJIA

A) 3aBHCHMOCTb HATIPSUKEHHS HA KOHJIEHCATOPE OT 1) f{z) = 10sin(5-10%+)
BpEMEHU

— 104
B) szaBucumocTs CHIIBI TOKa, TEKYIIEro depes 2) fit) = 10cos(5-1071)
KaTyIIKYy, OT BDEMEHU 3) 1) = 0,1sin(5-104-t)

4) f{1) = 0,1cos(5:10%7)

OTBer:

© Cratl'pag 2013 ¢
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Ha pucyHkax wn300paskeHbl CXeMbl (H3MUYSCKHX O3KCIIEPUMEHTOB. Y CTaHOBHTE
COOTBETCTBHE MEXJy ITHUMH 3KCHEPUMEHTaMU M UX Ienbto. K kaxaoi mo3unnu
[IEPBOro CTOJIOLA MOJOEPUTE COOTBETCTBYIOIIYIO MO3MLHUIO BTOPOrO U 3alUIINUTE
B TaOJIHUIYy BRIOpaHHBIE U(PBI IO COOTBETCTBYIOMIMMHU OYKBaMU.

CXEMA JSKCHEPUMEHTA ET'O HEJb
A) 1) yctaHoBieHHE 3aBUCHUMOCTH HSHEPruu

KOHJACHCATOpAa OT HAIIPSHKCHUSA MEKIAY
€ro 1mjiaCcTuHaMu

2) YCTaHOBIIEHUE 3aBUCUMOCTH  MOIYJS
CUJIBI B3aMMOJICHCTBUSI TOYEUHBIX 3aps-
JIOB OT PACCTOSIHUS MEXKIY HUMU

3) yCTaHOBIIEHHE 3aBUCHMOCTU HaIpsKe-
HUSL MEXIy IJIaCTUHAMHU KOHJEHCATopa
OT PacCTOSTHUSI MEXKAY HUMH

4) yCTaHOBIIEHHWE 3aBUCUMOCTH IIOTEHIU-

+q I“‘f
aJTbHOM SHEPruu B3aMMOJECHCTBHS
TOYCYHBIX  3apsioOB OT  PACCTOSHUS
—q
- | )

MEXKAY HUMHU

OTBer:

Yacts 3

3aoanua uwacmu 3 npeocmaegnaiom coooit 3aoauu. Pexomendyemcs nposecmu ux
npeosapumenvHoe peuieHue Ha uepHosukxe. Ilpu evinonnenuu 3adanuii A22-A25
6 onanke omeemog Ne 1 noo Homepom 6vlnonanaemozo Bamu 3adanua nocmagovme 3nax
«X» 6 KilemouKe, HOMep KOMOpPOU COOmMEemcmeyem Homepy 6vlopannozo Bamu
omeema.

ManeHbkuii IMAPUK HAYMHAET MMAaTh Ha TOPU3OHTAIBHYIO MOBEPXHOCTH IOJIA
C BBICOTHI 2 M. M3-3a Je(eKTOB MOBEPXHOCTH CTOJA INAPHK IIPH yAape O HEro
tepseT 20 % cBoeil MEXaHUUYECKOI HEpIun U OTCKaKUBAEeT OT CTOJIA IOoA yrioM 60°
K Topu30HTY. Ha Kakyro MakCHMalbHYIO BBICOTY IMOJHUMETCS IIAPUK MOCIE yaapa
o cron?

1) 04m™m 2) 1,5m 3)12m 4) 1,6 m

© Cratl'pan 2013 r
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WpeanbHblil OAHOATOMHBIN ra3 u300apHO pacumpuid ot ooséma 11 10 00béma
3 11, 3aTE€M M30XOPHO OXJAJWUIHN TaK, YTO €ro JaBJIICHHE YMEHBIIUIOCH OT 2-10° Ia

10 10° Ia, nocie ero ras BEPHYJIM B UCXOJJTHOE COCTOSHHUE TaK, YTO €r0 JABJIEHUE

JUHEHHO BO3pacTano Mpu yMeHbIIeHHH o0béma. Kakyro paboTy coBepmimi ras
B 9TOM Tporiecce?

2. 10° Tla
2 !

1) 100 I 2) 200 Jix 4) 2 Ix

[Ipr nomomy HepBOro 3IEKTPOKUIATHIIBHUKA MOXKHO BCKUMIATUTH 200 I BOXBI
B CTaKaHe 3a 2 MUHYTBI, @ TIPH TIOMOIIX BTOPOTO, BKIIOYEHHOTO B Ty JK€ PO3ETKY, —
3a 3 MHMHYTBHL. 3a Kakoe BpeMs 3aKMIHMT Ta K€ Macca BOJbl B CTaKaHe, €CIH
TTO/IKITIOYUTH OTH KUTISITHILHUKY TTapaijiesIbHO?

1) 5 muH. 2) 3 MuH. 3) 2 muH. 4) 1,2 mun.

Konnexknnonep pas3risiibIBacT MpW MTOMOIIM JIyIBI JIEMEHT MapKd ¥ BUAHUT €ro
MHUMOE H300pa)keHue, yBEIUYeHHOe B 5 pa3. PaccmarpuBaeMblii 3JeMeHT
pacroNoXeH Ha PAacCTOSIHUM 8§ MM OT Jymbl. Ha KakoM paccTOSHMM OT JIMH3BI
HaXOJIUTCS €ro m3o00pakeHue?

1) 1,6 mm 2) 40 mm 3) 32 mm 4) 48 mm

He 3a0y0bme nepenecmu 6ce omeemult 8 01aHK omeemog Ne 1.

© Cratl'pag 2013 ¢
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Ilonnoe pewmenue 3a0au CI1-C6 neodxooumo 3anucamsy ¢ onanxe omeemog Ne 2. Ilpu
oopmaenuu peuienus 6 Oaanke omeemos N 2 zanumiume cHavana Homep 3A0aHUA
(Cl, C2 u m. 0.), a 3amem peuwienue coomeemcmeyouieii 3aoauu. Omeemuvt
3anucwleaiime 4émko u pazoopuueo.

3MMOM O KpasM 3aCHEKEHHBIX HAKIOHHBIX KpBIII JOMOB 4acTo 00pa3yroTcs
COCYJIBKH, KOTOPBIE TP HE CIMIIKOM MOPO3HOMN TOroje OBICTPO PACTyT MW MOTYT
COpBAThCS U YMACTh, MPEICTABIIsIS OOJBIIYIO OMACHOCTH JUISL TIPOXOISIINX BHU3Y
mosiel. Ha KphIliax MHOTUX COBPEMEHHBIX 3arOPOIHBIX JTOMOB COCYIIBKH, OJHAKO,
He oOpa3yroTcst Onaronmapst CHEeNMaIbHOW KOHCTPYKIMHM OTHX KpBIIL: OHHU
JBYXCIIOMHBIE, U MEXKIY BEPXHUM W HUKHHM CIOSMH MMEETCS 3a30D, B KOTOPOM
BO3/IyX MOKET CBOOOIHO LUPKYJIUPOBATEL U BBIXOJUTH HAPYKY.
OObsICHUTE,  OCHOBBIBASICH  HAa  HW3BECTHBIX  (DU3HUYECKUX  3aKOHAX |
3aKOHOMEPHOCTSX, TMPUYMHY OOpa3OBaHHA COCYJIEK B MEPBOM CIy4ae W HUX
OTCYTCTBHE BO BTOPOM CIIydae.

Ilonnoe npasunvrnoe pewenue kaxncoou uz 3aoay C2—C6 d0onxncro codeprcams 3aKOHbL U
dopmynsl, npumenenue KOMOPHLIX HEOOXOOUMO U 0OCHMAMOUHO O PeUieHUA 3a0aul, a
makoice mamemamuyecKue npeodpaz0eanus, pacuémol ¢ YUCIEHHbIM OMEEMOM U Npu
HeoOX00uUMOCmU PUCYHOK, NOACHAIOW UL peulenue.

Ha Ttenexke maccoi M =400 r, KoTopas MOKET KaTarbCs 0O€3 TpeHHs II0
TOPU30HTAIBHON INIOCKOCTH, UMEETCs JIETKUH KPOHIITEHH, Ha KOTOPOM HOJBELICH
Ha HUTH MajieHbKUHM mrapuk macco m = 100 r. Ha Tenexky mo ropuszoHTaIn
HajeTaeT U abCONIOTHO YNPYro CTAJKUBAETCs ¢ Hel Imap maccoil M, neTsammi co

CKopocTbi0 V) =2 M/c (cMm. pucyHok). Uemy OyaeT paBeH MOIYJIb CKOPOCTH
TCICKKHNU B TOT MOMCHT, KOrjga HUThb, Ha KOTOpOﬁ MOJABCIHICH MIapUK, OTKJIOHUTCS Ha

MaKCUMaNbHBIA yTrod OT BepTUkanu? JIIUTETbHOCTh CTOJKHOBEHMS IIapa
C TEJIEKKON CUUTATh OYEHb MaJIOH.

B TemnoM30JMpPOBAHHOM ILMIMHIApE, Ppa3[eNEHHOM Ha JBE 4YacTH TOHKHM
HEBECOMBIM TEIIOMPOBOASIIMM MOPIIHEM, HAXOAUTCS MealbHBIA OJHOATOMHBIH
ras. B HauanbHeI MOMEHT BpeMeHHM TOpIIEHb 3aKPerIéH, a HapaMeTphl COCTOSHUS
rasa — JaBlieHHe, oObEM M TeMmIepaTypa — B OJHOH YacTM IMIMHAPA DPaBHBI

py=lamm, V,=2n u T, =300 K, a B 1pyroif, COOTBETCTBEHHO, p, =2 aTM,

Vy=1nu T, =600K. Ilopmenb OTIYCKAIOT, U OH HAYMHACT JABUraThCs 0e3

Tperus. Kakas TtemmepaTypa raza yCTaHOBUTCS B IWJIMHAPE CIYCTS JOCTATOYHO
JIOJNITOE BpeMs, Kora OyIeT JOCTUTHYTO COCTOsTHHE paBHOBecHs? TermnoéMKocTIMH
LUWJIMH/PA U TIOPITHS MOKHO TIpeHeOpeyb.

© Cratl'pan 2013 r
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BHyTpr He3apsHKeHHOTO MeETaJUTUYecKoro mrapa
paauycoMm 1 = 40 cM uMmeroTcst JBe cdepudeckre

MOJIOCTH  pajguycamMu Iy < r—ZZ PacrosioKeHHbIE g g 8 g
TakuM 00pa3oM, YTO WX [OBEPXHOCTH MOYTH
COMNPHKACAIOTCS B IEHTpe miapa. B meHTpe oxHOiM
nosioctd nmomectin 3apsig O = +1 uKu, a 3atem B
HeHTpe apyroi — 3apsg o = +2 uKn (oM. pucynok). Haiigure Moaynb u

=

HaIpaBJIeHHEe BeKTopa HanpsbkéHHocTH E snektpocratnueckoro mosst B Touke O,
HaxoJsuieicss Ha paccTosiHUM R = 1 M OT ueHTpa mapa Ha MepHeHIUKYJsIpe K
OTPe3Ky, COeAMHSIONIEMY LEHTPbI MOJIOCTEH.

B mermw, cxema kKoTopoii m300paxxeHa Ha pHCyHKe, BHayajle 3aMbIKaloT Kirod K Ha
BpeMs, 3a KOTOpOe TOK B KaTylIKe HMHAYKTUBHOCTH JOCTHUTaeT MaKCHMalbHO
BO3MOXHOTO 3Ha4yeHHUs, a 3aTeM pa3MbIKaloT ero. Kakoe KoJIM4ecTBO TEIIoThl
BBLIENIUTCS moclie 3Toro B pesuctope R? [Napamerps menu: € = 3B, r = 10w,
R=100wm, L = 10mI'H. ConpoTuBiieHre KaTyIlIKM HMHAYKTUBHOCTH OY€Hb Mallo.

K

5. Mg

ToueuHslil HcTOYHUK MoLHOCTBIO P = 1 MBT u3nyyaer MoHOXpoMaTHueckuil cBet
¢ 1utHO# BoJIHBI A = 600 HMpaBHOMEPHO BO BCeX HalpaBieHHsX (Takoil HCTOYHHK
HasblBaeTcs HM30TPONHBIM). Ha KakoMm paccTOSHMM [ OT Hero KOHLEHTpalus

5 -3
boToHOB (TO ecTh umciao (GOTOHOB B eauHuie obbema) paBHa n=210"wm ?
o 2
OOBeM cdepruecKoro ciost paguycoM I v TOIIHHON Ar paBeH 4mr"Ar.

© Cratl'pan 2013r.
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HNHcTpykuus no BHIMOJTHEHUIO PadoThI

Jns BRIMONHEHHST SK3aMEHALMOHHOM palboTHl 1Mo (u3nke oTBOAMTCS 235 MUHYT.
Pabora cocrout u3 3 yacteit, BKIroyaromux B ceds 35 3amaHuid.

Yacte 1 comepxut 21 3amanme (A1-A21). K kaxmoMmy 3amaHuio HaéTcs dYeThIpe
BapuaHTa OTBETa, U3 KOTOPBIX TOJBKO OJMH MPaBHIIbHBII.

Yacts 2 conepxut 4 3ananus (B1-B4), Ha koTOpble HAIO0 AaTh KPaTKUil OTBET B BH/E
10CJIeJ0BaTeIbLHOCTH LU(P

Yactp 3 conepxut 10 3anau: A22—A25 ¢ BeIGOpOM oJiHOTO BepHOoro oTBeta u C1-C6,
JUTS KOTOPBIX TpeOyeTcs AaTh pa3BEPHYTHIC PEIICHSI.

[Ipu BBIUMCIEHUSAX pa3pellaeTcsl MCIOIb30BaTh HEMPOrpaMMHUPYEMBI KalbKyJAToOp.
Bce Omanku EI'D 3anonssroTcst SpKUMH  4€pHBIMH  YepHWiIamu. Jlomyckaercs
UCTIOJIb30BaHNE TeJIEBOM, KaMIUIIPHON WIIN NIEPBEBON pyUeK.

[Ipu BeIMonHeHnY 3ananuii Bel MoxkeTe nosnb3oBarbes yepHoBuKkoM. Obpamaem Bare
BHUMaHHE Ha TO, YTO 3allUCH B YSPHOBHUKE He OYIyT YYHTHIBATbCS MpPU OLEHUBAHUH
paboTHL.

CoBeTyeM BHINONHATH 33J]aHUsI B TOM MOpPsAKe, B KOTOPOM OHM JaHbl J{js1 SKOoHOMHUHU
BpPEMEHHU TpOIyCKaiiTe 3aJaHne, KOTopoe He yIaéTcsl BBIMOJHUTE Cpasdy, U MEpexoquTe K
cnenyromemy. Ecnu mocrie BbimosHeHus Bcedl pabotel 'y Bac ocranercs Bpems, Bbi
CMOXeTe BEepHYThCS K TIPOMYIIEHHBIM 331aHUSIM

bamnel, momydennsie Bamu 3a BeIMoTHEHHBIE 3a1aHus], cyMMHpyoTes. [locrapaiitecs
BBITIOJTHUT KaK MOKHO 0OJIbIIle 3aJaHnil 1 HaOpaTh HauboJIblIee KOJHMYECTBO OaLIOB.

Kenaem ycnexa!

© Cratl'pax 2013 r.
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Hwxe npuseneHsl
BBITIOJTHEHUU Pa0OTHI.

CIIPAaBOYHBIC JTAaHHBIC,

KOTOpBIE MOTYT MOHanoOuThcs Bam mpu

JecsiTHYHBbIE PUCTABKU
HaunmeHno- Haumeno-
O6o3HaueHue MHoOKHTEIb O0o3HaueHue MHOKHTETb
BaHHe BaHHe
rura r 10° CaHTH c 102
mera M 106 MUJIIIA M 1073
KWJIO K 10 3 MHKPO MK 10*6
TeKTO r 102 HaHO H 1072
aeuun i 107! KO I 10712
KoHcTaHTBI
YUCIIO 7T r=73,14
YCKOpEHHUe CBOOOTHOTO Ma/IeHUs Ha 3emiie g=10 M/c2

I'paBUTAllMOHHAS ITOCTOSAHHAA

G= 6,7'10711 H-m2/kr?

YHUBEpCaJIbHas ra3oBas MOCTOSIHHAA

R = 8,31 [Ix/(monbK)

ITOCTOsSTHHAasA EOJ'IBLIMaHa

Ousuka 11 knacc Bapuant ®11402

Macchl YacTHIY

MEKTPOHA |9 1-10 3 kr~5.510%a. e. m.
npotoHa  |1,673-10 %7 kr = 1.007 a. e. m.
HedTpoHa |1 675-1027 kr =~ 1.008 a. e. m.
Il1oTHOCTH
BOJIBI 1000 xr/M° | mOmCOMHETHOTO MacTa 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M° | aTFOMHHUS 2700 kr/M>
KepocuHa 800 kr/mM>  |xenesa 7800 kr/m>
pTYTH 13 600 xr/m>
YaenabpHas TeNJI0éMKOCTh
BOJIBI 4,210 3 Jx/(xr-K) AITFOMUHHAS 900 JTx/(xr-K)
nbJa 2,1-10 3 Jix/(xr-K) MeTH 380 Jlx/(xrK)
xkenesza 640 x/(xr-K) YyryHa 500 JIx/(kr-K)
ceunna |130 x/(xr-K)

k=13810"2 /K

MOCTOSsTHHAsT ABOTaIpO

N, = 6102 moms ™!

IIEKTPUYECKHI 3apsii)

CKOPOCTb CBETA B BAKyyMe c=310% m/c
KO3 UIMEHT TPONOPIIHOHATBHOCTH k= 1 _ 9-10° H-m2/K 12
B 3akoHe KynoHa 4meg
MOJYJIb 3apsAa dJIEKTPOHa (AIeMEHTapHBIN
JyJTb 3apsi]l poHa ( p e=1.610"1Kn

nocrosguHas [lmanka

h=6,6107% Ixc-c

CooTHoIIeHUs MEKAY Pa3/INYHBIMHA € AMHULAMHA

YaeabHas TeMJI0Ta

napooGpazoBanus Bojbi|2,3-10 © JIx/xr

IIJIaBJICHUA CBUHIIA

2,5:10 % JTk/xr

IIJIaBJICHUA JIbJ1a

3,3:10 2 Jlx/kr

HopmagbHble ycj10BHS

nasienne: 10° Ia, temmepatypa: 0 °C

MoJasipaasi Mmacca

TeMIepaTypa

0K=-273°C

aToMHas €IMHUIIA MACChI

la e M= 1,66~10_27 KT

1 aromHas CIHMHHIIa MaCChbl DKBUBAJICHTHA

931,5 M»B

1 21EeKTPOHBOIBLT

15B=1,610"1 JIx

© Crarl'pan 2013 r

aszora 28102 kr/MoIB renus 41073 kr/moub
aprosa 40-107 kr/monb KHCITOpO/ia 32107 kr/monb
BOJOpOJIa 2-1073 kr/Momnb JINTHS 61073 kr/mMomb
BO31yXa 291073 kr/Moub HEOHa 20-1073 kr/moub
BO/JIbI 18-1073 kr/momnb YTJIEKUCJIOTO ra3a 44-1073 xr/Momb

© Cratl'pan 2013 r
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Yacrs 1

IlIpu evinonnenuu 3adanuii yacmu 1 6 oOnanke omeemos Ne 1 noo nomepom
evinonnaemozo Bamu 3adanua (A1-A21) nocmaevme 3naxk «%x» 6 Kiemouke, HomMep
KOMopoil coomeemcmeyem Homepy vlopannozo Bamu omeema.

KoopzmHaTa X MaTepPIaJ'ILHOﬁ TOYKH M3MEHSICTCS C TCUCHUMEM BPEMCEHHU [ M0 3aKOHY

x=2+3t. Kakoit u3 mnpuBeAEHHBIX HIKE TPAPUKOB COOTBETCTBYET ITOU

3aBUCUMOCTH?
® @
1 2 = S 1 2 3 ¢
© @
| 2 B WE 1 2 3¢
1)1 2)2 3)3 4) 4

Kopryc muHamMoMeTpa IIPUKIEEH K CTONy (Ha PHCYHKE MOKa3aH BHI CBEDPXY).
K kproky nuHamomeTpa mpuBsizaHa JErkash HUTH N, KO BTOPOMY KOHILy KOTOPOH
MPUJIOKEHA TTOCTOSTHHAA cuia. YeMy paBeH MOAYJb CHIIbI HATSDKEHUS HUTH N?

1 H i
] N &
01 2 3 4
1) 3H
2) 6H
3) 0H

4) wmoxer nexath B nHTepBane ot 3 H 10 6 H

© Crarl'pan 2013 r
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BpycOK paBHOMEPHO IBUIalOT MO MIEPOXOBATOMY TOPH3OHTAIBHOMY CTONY. Jlys
TOTrO YTOOBI YMEHBIIUT MOJYJIb JeHCTBYIOIIEl Ha GPYCOK CHJIBI CyXOTO TPEHHS,

HYXKHO
1) yBenuuuth CKOPOCTH OpyCKa
2) YMEHBIIUTH CKOPOCTH OpycKa
3) yMEHBIIUTE IUIOMAIb COIPUKOCHOBEHUS OPyCKa CO CTOJIOM

4) YMEHBILUTH MOJYJIb CHJIbI HOPMAJILHOTO JaBJIeHHs OpycKa Ha CTOJI

[llap CKONB3WT MO CTOMYy M HAJETAET Ha BTOPOM TaKOH Ke MOKOSIIMICS miap.
VueHUKN M300pa3suin BEKTOPbI HMITYJIHCOB IAPOB 10 COyJapeHus (BEpXHss 4acTh
pUCYHKa) M HOCIe Hero (HHKHAS 4acTh puCyHKa). Kakoil pUCYHOK BBHIMOJNHEH

MIPaBUIBHO?
0] @ ® @
I 1 ] \
TN ~ i~ N
™ N N
y
]
1)1 2) 2 3)3 4) 4
Kakas equHHIA CIIYKUT AJI U3MEpeHUs padoThl?
1) Tx/c 2) kBtu 3) Bt 4) x-c

Ha pucyHke U300pa)éH y4acTOK HATSHYTOrO PE3MHOBOIO IIHYpa, IO KOTOPOMY
pacrpocTpaHseTcsl TomepeyHasl BOJHA, uMmeromas dactory 1,6 I'm. Uemy paBHa
CKOPOCTb PAacIpOCTPAHEHHs BOJIHbI?

I
.

20 o™

1) 0,5 m/c 2) 0,25 m/c 3) 1,28 m/c 4) 0,64 m/c

© Cratl'pan 2013 r
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W jiealbHblii a3 HAXOAUTCA B COCYE OCTOSHHOro 00b&Ma. Ha pucynke npusenén
rpaduK 3aBHCUMOCTH CpEJHEH KUHETUUYECKOW IHEPruu £ XaOTHUECKOTO JIBUKCHUS

MOJIEKYJI Ta3a OT BPEMCHU 7.

E

0 '

Ha xakom u3 PUCYHKOB MNPaBUJIBHO ITOKa3aHa 3aBUCUMOCTb HAaBJICHUA p Ta3a OT

BpemeHn?
P @® P @
0 t 0 t
P ©) P @
0 t 0 t
D1 2) 2 3)3 4 4

8 | [IBa ydenuka, »xemas NPHUBECTH MPHUMEPHI H30XOPHOTO Mpolecca, H300pasuin
rpaduKy 3aBHUCUMOCTH JaBJICHHMS p HWACAIBHOIO Ta3a OT ero abCoJMI0THOH
temneparypsl 7. Dtu rpaduku moka3zaHsl Ha pucyHkax A) u b). Kakoii u3 pucyHkos
SBISIETCS IPABUIIBHBIM?

0
A) b)

1) tonbko A) 2) tombko B) 3) uA), ub) 4) au A), un b)

© Crarl'pan 2013 r
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I[Ipy1 KPUCTAUIM3AlMK PACILIABIEHHOTO TUIIOCYIb(GHUTA SHEPTHS

1) BblIessieTCS
2) norjouiaercs
3) He BBIIEISACTCS U HE IIOIVIOLAeTCs

4) MOYET Kak BBIJIEJSATHCS, TaK U MOTJIOLIATHCS

OT nepBoro Tena OTBENM KOJIMYECTBO TEoThl 2 KJ[K, a ot BrOoporo — 1 kJIk.
Macchl Tenn oAMHaKOBEL. B pesynbTare Temneparypa MepBOro Tejla IOHHU3UIACh Ha
40 K, a Broporo — monmsmiack Ha 10 K. MoxHO yTBepkKaaTh, YTO yJeibHas
TEIIOEMKOCTb Y BEILECTBA EPBOTO Tela

1) Gosblue, ueM y BelecTBa BTOPOTO TEla
2) mMeHblie, YeM Yy BELIECTBa BTOPOro Tela
3) Takas ke, KaKk y BEIeCTBA BTOPOrO Teia

4) HE MOYKET OBITh COOTHECEHA C y,Z[CJ'ILHOﬁ TEINIOEMKOCTBIO BEILIECTBA BTOpPOI'0
TClIa

[To0KUTENBHBIN TOUEYHBIH 3aps)] ¢ HAXOJUTCS HA OKPYIKHOCTH. TOUEUHBIH 3apsi
O NpOTHBOMNOJIOKHOTO 3HAKA TIEPEMEIIAIOT MO 3TOH OKPYKHOCTH. Moyib
HATIPSHKEHHOCTH DJIEKTPUYECKOTO MOJIS, CO3IaBAEMOTO STHMH 3apsaMU B LEHTPE
OKPYXKHOCTH, Oy/IeT MaKcuMaJleH, Koria 3aps Q Oy/leT HaXOJUThCs B TOUKE

C

1) 4 2) B 3)C 4) D

© Cratl'pan 2013 r
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Ha puCyHKe MOKa3aH y4acTOK BOJIBT-AMIIEPHOIM XapaKTEPHCTUKU JUIS CBAPOYHON
nyru. M3 pucyHka ciiefyer, uTo MpH yBeIMUYEeHUH HampsokeHud Ha ayre oT 10 B go
30 B motpebinsiemast IyTroit MOITHOCTh

0710 20 30 40 50 60 70 80 90 , .

1) yBenuuuBaercs 2) yMmeHbIIaeTcs

3) He uzmensiercs 4) cTaHOBHTCSI PaBHOM HYJIIO

Bosjie MONOCOBOrO MArHUTAa, B3SATOIO B LIKOJALHOM KaOuHeTe (DU3MKH,
pacronokeHa MarHuTHas cTpeika. M3 mpumaraeMoil K MarHMTy MHCTPYKIHH
ClIe/lyeT, uTO OH HaMarHW4eH BJOIb CBOEH JUIMHEL PasMepsl CTPEIKH HAMHOTO
MeHbIIIEe pa3MepoB MarHuTa. CTpelka B COCTOSIHMHM PABHOBECHS OPMEHTHPOBAIACH
Tak, Kak TMoKa3aHo Ha pucyHke. FOKHBIH MarHUTHBIH TIOJIFOC TI0JI0COBOTO MarHUTA

Ce ja

S <= N
1) HaxoauTcs B TOUKe A
2) HaxoAuTCs B TOUke B
3) naxomurtcs B Touke C
4) He MOXeT OBbITh ONpeesEH MPH TOMOIIH JJAHHOTO OIbITa

4 | Yepe3 Karymky Te4ET AIIEKTPUUECKUHN TOK, CHila / KOTOPOTO 3aBHCHT OT BPEMEHH !
TaK, Kak IMOKa3aHO Ha rpaduke. B MOMeHT BpeMeHu ¢ =4 ¢ B KaTyIIKe 3amaceHa
sHeprus 40 m/[x. Uemy paBHa MHAYKTUBHOCTb KaTYILIKH?

LA

0 1 2 3 4.5c¢

1) 40 MT'u 3) 20 MTH 4) 160 MTH
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Ha pucyHKe MOKazaH XOJ CBETOBOTO Jjiyda JI 1OCI€ €ro majeHds Ha TPaHHUILy

pasziena JBYX Cpei ¢ MoKasaTelsiMH IPEJIOMICHHS 1y U n,. M3 pucyHka ciexnyer,
4TO

Ha

1) ny>n,
2) ny<n,
3) n;=n,

4) MOXeT OBbITh KaK ny >Ny, TaK U Ny <N,

VcTOYHMK H3IIydaeT CBET C 4acTOTOM BOJIHBI 6:10' I'n. Kaxosa ammma BonHBI

CBETa, M3JIy4aeMOr0 BTOPBIM HCTOYHHMKOM, €CIIH CBET OT 3TUX HCTOYHHKOB
M03BOJIACT HAOIIOAATh YCTOMUUBYIO HHTEP(HEPEHIIMOHHYIO KApTHHY ?

1) 5 MM 2) 5000 M 3) 180 M 4) 500 M

Ha moBepxHOCTh MeTaiuia moman (OTOH, XapaKTepH3yeMBbId UIMHON BOJHBI A, U
BBIOMJI M3 METajlla JJIEKTPOH C KUHETHYECKOM dHeprueit £. Ecnu Ha MOBEpXHOCTh

TOTO K€ MCTaJljia ImonajacT (1)0TOH, xapaKTepmyeMLIﬁ JUIMHOM BOJIHBI —, TO OH
2

1) MoxeT BHIOUTH M3 MeTalIa J(Ba dIEKTPOHA

2) He MOXeT BBIOWTB M3 METa/lIa HH OJJHOTO 3JIEKTPOHA

3) MoXeT BLIOUTH U3 METAIlIa DIEKTPOH C dHEepruei, oonbiei £
4) MOXeT BLIOUTH U3 METAIIa DIIEKTPOH C DHEPIrUei, MEHbIIEH £

Pesepdopa, HpoBOIs ONBITHI 110 OOIyYEHMIO TOHKOH 30I0TOH (oIbru anbda-
4acTHI[AMH, OOHAPYKUII, YTO MOYTH BCe anb(a-uyacTUIIBI IPOIETAIOT Yepe3 QOoIbry
HACKBO3b, 1 JIMIIh HEKOTOPHIE OTCKAKUBAIOT OT (hosbru oOpaTrHO. Kakoil BHIBOJ OH
caenan u3 3Toro?

1) siipo aToMa 30JI0Ta UMEET 3apsiJ] TOT'O K€ 3HAKa, UTO U anb(a-yacTuia
2) pasmep spa aToMa 30J10Ta CPABHUM C pa3MepaMH CaMOro aToma
3) macca siipa aroma 30J0Ta HAMHOTO MEHBIIIE MacChl alb(a-4acTULIbI

4) npu NpOXOXKIeHUU uepe3 (oabry anb(ha-dyacTHLBl HE B3aUMOICHCTBYIOT
C siipaMH aTOMOB 30JI0Ta
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B-vacTuua npeacTasnser coboii

1) snexTpoH 2) NpOTOH

3) HeilTpon 4) sapO aToMa renus

s n3MepeHust TONIIMHBI CIIUYKM Y HEKOTOPOIO KOJWYECTBA CIHYEK OTPe3alu
CEpHBIEC TOJOBKH, a 3aTEM IUIOTHO YJIOXKWIIHU Pl 3TUX CHMYEK HA JHO CIIMYEYHOTO
kopoOka. Okazanock, 4to 20 cruyek Kak pas BJIe3aroT B KOPOOOK MMpHHON 30 MM.
[Mupuaa xopoOka wu3MepsiIach MPH TOMOIIM JIMHEHKH C MIJIJTUMETPOBBIMHU
nenenusiMu. UeMy paBHa, COrNIaCHO MPOBEAEHHBIM U3MEPEHUSIM, TOJIIINHA CITUYKN?

1) (3,0+1,0) Mm
3) (1,5+0,1) mm

2) (I,5+1)mm
4) (1,50 0,03) M

[[IxoNBbHUK U3yYal NPOLECC NPOTEKAHUS TOCTOSHHOIO TOKA Yepe3 METAIINUECKYIO
poBoJIOKY. OH Opasl KyCKH MPOBOJIOKH OJAMHAKOBOH UTMHON 50 ¢M, HO C Pa3HbIM
nonepeyHbiM ceueHueM S. ConpoTuBieHne R IPOBOJIOK OH U3MEPST MPU TOMOIIN
MUJITIMOMMETPA. Pe3yl‘[LTaTBI €ro I/I3MepeHHﬁ IIPUBECHBI B Ta6J‘[I/ILIe.

S, Mm> 1 1,5 2 2,5 3 3,5
R, MOm 553 368 275 218 184 156

HOJ'IL3y5ICI: Ta6n1/1ueﬁ, onpeaejanTe YACJIbHOE COIPOTUBJICHHUE MCETAJlJIa, U3
KOTOpPOTO ObL1a U3rOTOBJICHA IIPOBOJIOKA.

2) = 0,03 Om-MM2/m
4) ~1,1 Om-MM2/M

1) = 0,02 OmM-MM%/M
3) 0,4 Om-MM2/M

© Crarl'pan 2013 r
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Yactp 2

Omeemom K 3ao0anusam Imou uacmu (BI1-B4) aenaemca nocredoeamensnocmo yugp.
Bnuwiume omeemut cnauana 6 mexcm pabdomvl, a 3amem hepeHecume UxX 6 OIAHK
omeemoe Ne 1 cnpaea om HOmMepa cOOmMEEmMCmMEYIOUe20 3a0aHUsA, HAYUHAA C NePeoil
KlemouKku, 0e3 3anamolX, npoo6enos u KaKUux-audo O0O0NOJIHUMEIbHbIX CUMB0J108.
Kasicoywo yugpy nuwiume 6 omoenvnoil Kiemouke 6 COOMEEMCHEUN C NPUBCOEHHBIMU
6 b1anke obpazyamu.

Jlérkuii crepxeHb AB TNOJBEIIEH B I'OPU30HTAIBHOM IOJIOKEHUU IIPU MTOMOLIU
BEPTHKAJIBHBIX HUTEH, MNPUBSA3aHHBIX K €ro KoHmaM. K cepenuHe crepkHs
nojaBemieH rpy3. [py3 mnepeBemmBaroT Onke K KoHIy B crepxHs. Kak
B pe3yJibTaTe HM3MEHSIOTCS CleAylomue (U3NYeCKUe BEIMYWHBL: MOJYJb CHIIBI
HaTSDKGHUS JIEBOM HWUTH, MOJYJb CHJIBI HATSDKEHHS TpaBOW HHUTH, MOMEHT
JIEHCTBYIOIIEH Ha TPY3 CHUJIIBI TSDKECTH OTHOCUTEIEHO TOUKH B?

Jlns KaXk0i BEIMYUHBI OIIPEIEIUTE COOTBETCTBYIOIIUI XapaKTep U3MEHEHHUS:

1) yBenuumnBaercs;

2) yMeHbIIaeTcs;

3) He u3MeHseTCs.

3anumuTe B Tabiauiy BbIOpaHHBIE MU(PBI A KOKAOH (U3MYECKON BETMYUHBI.
Ludpsr B OTBETE MOTYT ITOBTOPSATHCS.

OU3NYECKHWE BEJINYNUHBI

A) MOIyJb CUJIBI HATSDKEHUS JIEBOM HUTH

X N3MEHEHHUE

1) yBemuuuBaercs
B) Moaynb CHIIBI HATSDKEHUS TPABOM HUTH 2) yMEHbIIAETC

B) MoMeHT pAeicTBylomel Ha Tpy3 CHUJIbl TSDKECTH  3) HE U3MEHsEeTCs
OTHOCHUTEIILHO TOYKHU B

A b B

OTBer:
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[TmacTHHBI TUIOCKOTO KOHJIEHCATOPa, IMOIKIYEHHOTO K Oarapee, CHIENaHBl W3
METaJNTNYECKUX JINCTOB B BUJE KPyra AHaMeTpoM a. Kpyrible miacTHHBI 3aMEHUIH
Ha KBaJpaTHble CO CTOPOHOW a. [Ipu 3TOM paccTosiHHE MEXIy IUTACTHHAMH
YMEHBIIMIM, a OaTapero ocTaBWwIM mpexHei. Kak B pe3yipraTte W3MEHATCS
cnenyouye (U3MUECKUE BEIMYMHBL: 3JIEKTpUYecKas EMKOCTb KOHIEHCATOpa,
MOJIyJlb PA3HOCTH IOTCHIMAJIOB MEXIy IUTACTHHAMHM KOHJCHCATOpa, 3apsij
KOHJIeHcaTopa?

Jl1s KXol BETMUMHBI OIPEIEIUTE COOTBETCTBYIOUIMN XapaKTep N3MEHEHUS:

1) yBenuuures;

2) yMEHBIIUTCS;

3) HE U3MECHUTCSI.

3anummTe B Tabnuily BbIOpaHHBIE MH(PBI A KOKAOH (U3MYECKON BEITHMYUHBI.
L{udpsl B OTBETE MOTYT MTOBTOPATHCS.

OU3NYECKHWE BEJIWUYNHbI X M3IMEHEHHUE

A) snexTpryecKas EMKOCTh KOHIECHCATOPA 1) yBemuamtcst

B) Momyns pasHOCTH TOTEHIMATOB MEXKAY IUIACTH-  2) YMCHBIIUTCS

HaMH KOHACHCATopa 3) He U3MECHHUTCS

B) 3apsna xongencatopa

A b B

Ortser: |

WneanbHblid KONEOATENBHBIA KOHTYpP COCTOMT H3 3apsDKEHHOTO KOHAEHcAaTopa
émkocthio 0,02 Mk®, KaTyImKi HHAYKTUBHOCTHIO 0,2 MI'H ¥ pa30MKHYTOTO KIIIOYaA.
[Tocme 3aMbIkaHWsI KITFOYa, KOTOPOE TIPOM3OINIIO B MOMEHT BpeMeHu f=0,
B KOHTYpE BO3HHMKIN COOCTBEHHBIE AJIEKTPOMAarHUTHBIE KosneOanus. [Ipu stom
MakCHMallbHas CHJa TOKa, TEKyIero uepe3 Karymky, Obuta paBHa 0,01 A.
YcTaHOBHTE  COOTBETCTBHE MEXKAY  3aBUCHMOCTSAMH, IOIYYCHHBIMH  TIpH
WCCIIEJIOBAHNN OTUX KoneOaHwii (cM. JeBbI cromben), W  QopmyiamH,
BBIPQKAIOIIUMH  3TH 3aBUCHUMOCTH (CM. TIpaBbIid  cTONOEI; KO PHIIMCHTHI
B (popMyJiaX BBIp@KEHBI B COOTBETCTBYIOIIMX enuHHmax CH 0e3 KpaTHBIX H
JOJIbHBIX MHOXKUTEJCH).

K xaxaoil mo3uiuu mepBoro CTosidua mnoadepuTe COOTBETCTBYIOIIYIO MO3UIUIO
BTOpOTO CTOJOLA ¥ 3amuiiMre B TaOMMIly BbIOpaHHbIE HH(PBI  TOJ
COOTBETCTBYIOITUMH OyKBaMH.

3ABUCUMOCTDb DOPMYVYJIA

A) 3aBHCHMOCTb HANpsKEHUs Ha KOHAeHcaTope 1) fz) = 0,01sin(5:10°)

OT BPEMEHH 5
bB) 3aBucuMoOCTb CHIIBI TOKa, TEKYIIEro dYepes 2) ft) = 0,01cos(5-10°7)
KaTyIIKy, OT BpEMEHHU 3) fir) = 1~sin(5-105 ‘1)

4) (1) = 1-cos(5:10°)

OTBerT:
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Ha pucyHkax wn300paskeHbl CXeMbl (H3MUYSCKHX O3KCIIEPUMEHTOB. Y CTaHOBHTE
COOTBETCTBHE MEXJy ITHUMH 3KCHEPUMEHTaMU M UX Ienbto. K kaxaoi mo3unnu
[IEPBOro CTOJIOLA MOJOEPUTE COOTBETCTBYIOIIYIO MO3MLHUIO BTOPOrO U 3alUIINUTE
B TaOJIHUIYy BRIOpaHHBIE U(PBI IO COOTBETCTBYIOMIMMHU OYKBaMU.

CXEMA SKCIIEPUMEHTA EIr'O IHEJb
A) 1) mposepka 3axona Kynona

2) HalburojieHHEe paclpeie/ieHus] MTOTEHIH-
aja BJOJb NPSAMOrO MPOBOJHHUKA C MIPO-
i TEKAIOUIMM 110 HEMY BJEKTPUYECKUM
i TOKOM

3) nabmoseHre KapTHHBI CHIOBBIX JMHUIM
DJIEKTPOCTATHUECKOTO TIOJNST  TOYCUHBIX

| 3apsAJI0B
b) K)\ 4) mposepka 3akoHa Oma
A b
OTBerT:
Yacrtp 3

3aoanua uwacmu 3 npedocmaenarwm cobdou 3adauu. Pexomenoyemcsa nposecmu ux
npedeapumensvnoe peuienue Ha uepnosuxe. Ilpu ewvinonnenuu 3adanuii A22-A25
6 on1anke omeemog Ne 1 nod nomepom 6vinonnsaemozo Bamu 3adanus nocmagvme 3nax
«X» 6 Kilemouke, HOMep KOMOPOU COOMEEMCmEyen Homepy 6vlopannozo Bamu
omeema.

MasieHpKHH TIapUK HAaYMHAET TaJaTh Ha TOPU3OHTAIBHYIO IOBEPXHOCTH IIOJa
¢ BEICOTH 4 M. M3-3a nepexTOB MOBEPXHOCTH CTOJA MIAPWK TPH yaape O HETo
tepsieT 10 % cBoell MEXaHNYECKOM 3HEPTUU M OTCKAaKUBAET OT cToJIa moJ yriom 30°
K TOpH30HTY. Ha Kakyro MakcMMajbHYIO BBICOTY TOAHMMETCS IIAPHK ITOCIIE yaapa
o cton?

1) 3,6 m 2) 0,9Mm 3 1m 4) 0,4m
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WeanpHbIH OJHOATOMHBIN a3 W300apHO CKamu OT 00BéMa 3 1 10 06BéMa 1 i,
3aTeM HM30XOPHO HArpeid TaK, YTO €ro JaBJICHUE YBEIUYUIOCH OT 10° Ma 1o

2:10° Tla, mocie yero ras BEPHYJIM B UCXOJHOE COCTOSIHHE TaK, YTO €r0 JaBICHUE

JHHEHHO yOBIBajo MpH yBennueHun o0béMa. Kakyro paboTy coBepIum ra3 B 3TOM
nporuecce?

2. 10° Ta

0 1 2 . 3 F.oa
1) 1 dx 2) 2 Ix 3) 100 JIx 4) 200 JIx

IIpy NOMOLIM HIEPBOTO SIEKTPOKMIATHILHUKA MOKHO BCKUNATUTH 200 I' BOABI
B CTaKaHe 3a 2 MUHYTHI,  IPH OMOMIX BTOPOTO, BKIFOUEHHOTO B Ty %K€ PO3ETKY, —
3a 3 MHHyTHL 3a KakOe BPEMsS 3aKUIIMT Ta K€ Macca BOJBI B CTAKaHE, €CIH
TIOJIKIIIOUMTh TH KHIATUILHUKH OCIEI0BATEIBbHO?

1) 5 mu=n. 2) 3 muH. 4) 1,2 muH.

Konnmexkunonep pasrnisasiBaeT MpU TOMOIIM JIYNBI 3JIEMEHT MapKH, HUMEIOMINN
pazmep 0,2 MM, MU BWJHT €ro MHHUMOE H300pa)KeHHe, YBelIHueHHOe 0 1,2 MM.
PaccmarpuBaeMblil 2JIEMEHT PACHOIOKEH Ha PAcCTOSIHUU 7 MM OT Jiynbl. Ha kakom
PacCTOSIHUM OT JIyIbl HAXOAUTCS H300pakeHne?

1) 7 mm 2) 9,8 Mm 3) 35 MM

3) 2 muH.

4) 42 mm

He 3a0y0bme nepenecmu éce omeéemul 8 01aHK omeenoe Ne 1. |

Ilonnoe pewenue 3a0au C1-C6 neodxooumo 3anucamsy ¢ onanxke omeemos Ne 2. Ilpu
opopmnenuu pewrenusn ¢ onanke omeemoe Ne 2 zanuwiume chauana Homep 3a0aHus
(Cl, C2 u m. 0.), a 3amem peuwieHue coomeemcmeyouieii 3aoauu. Omeemuvt
3anucvléaiime 4émKo u pazoopuuso.

3UMOM 1O KpasM 3aCHEKEHHBIX HAKJIOHHBIX KPBIII JOMOB 4acTo 00pasyroTcs
COCYJIBKH, KOTOPbIE MPH HE CIMIIKOM MOPO3HOHN TOrojie OBICTPO PACTyT M MOTYT
COpPBAThCS U YMACTh, MPEICTABIIsIA OOJBIIYIO OMACHOCTH JUISl TPOXOISIINX BHU3Y
moziel. Kpbilii MHOIHX COBPEMEHHBIX 3arOPOJHBIX JIOMOB MMEIOT CIENUATBHYIO
KOHCTPYKI[HIO: OHH JIBYXCJIIOWHbIE, U MEX/Y BEPXHUM U HHXXHUM CIIOSIMH HMEETCS
3a30p, B KOTOPOM BO3/yX MOXET CBOOOIHO IIUPKYJIUPOBATEH U BHIXOIUTH HAPYIKY.
OOBsACHUTE,  OCHOBBIBAsCh  HAa  W3BECTHBIX  (DU3MUECKUX  3aKOHAX |
3aKOHOMEPHOCTSIX, IPUUYMHY 00Pa30BaHUS COCYJIEK B TIEPBOM CIIydae U BIUSHUE HA
HUX BO3JIYIIHOIO 3a30pa MEKAY HUKHUM U BEPXHHM CIOSMH KPBILIA BO BTOPOM
ciydae.

© Cratl'pag 2013 ¢
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Ilonnoe npasunsrnoe peuienue kaxcooi u3 3aoau C2—C6 00axcHo cooeprcams 3aKOHbL U
dopmynsl, npumenenue KOMOPLIX HEOOXOOUMO U 0OCHAMOYHO 01 peuleHus 3a0adu, a
mMaKice mamemamuyeckue npeodpas0eanus, pacuémsol ¢ YUCIEHHBIM OMEEMOM U NPU
Heo0X00uMocmu pucyHoK, ROACHAIOWUI peuteHue.

Ha Ttenexke wmaccoii M =400T, KOTOpas MOXET KaTaTbcs O€3 TPEHUs 110
TOPU30HTAIBHOM TUIOCKOCTH, HMEETCs JIETKUH KPOHLITEHH, Ha KOTOPOM HOABELICH
Ha HUTH MaJleHbKHH miapuk macco m =200 r. Ha Tenexky mo ropus3oHTaiIn
HajeTaeT M aOCOJIOTHO HEYIpPYro CTalKHBaeTcs ¢ Hel map maccod M (cm.
pucyHok). [Tocie cTonkHOBEHUS, B TOT MOMEHT, KOTJla HUTh, HA KOTOPOI MO/BEIIECH
LIapUK, OTKJIOHWJIACh Ha MaKCHUMAJbHBIH YroJl OT BEPTHKAJIH, CKOPOCTb TEJIEKKU

Obita paBHa V=4 wm/c. KakoBa Oblia ckOpocTb V|, mwapa 10 CTOJIKHOBCHHS?

JIUTEIbHOCTh CTOJIKHOBEHUS 111apa ¢ TEJICKKOW CUMTATh OU€Hb MaJIOM.

m

M

e

V
M. "0
O—=

B TEMmIoOM30JMPOBAHHOM LMIMHIAPE, Ppa3leIEHHOM Ha JBE 4YacTH TOHKHM
HEBECOMBIM TETIOMPOBOJSIIMM MOPIIHEM, HAXOAUTCS MCalbHBIA OJHOATOMHBIH
ras. B HayanbHbI MOMEHT BPEMEHH MOPIIEHb 3aKPEMIEH, a MapaMeTphl COCTOSHHUS
rasa — JaBlieHde, oObEM M TemIepaTypa — B OJHOH YacTHM IHMIMHIPA DPaBHBI

py=2arm, V=2 nu T;=300 K, a B Apyroi, COOTBETCTBEHHO, p,=4 aTMm,

Vo=3n u T,=450 K. IlopueHb OTIYCKAalOT, U OH Ha4YMHAET JBHUraThCs 0e3

Tpenus. Kakoe maBieHme Ta3a YCTAaHOBHTCA B IWJIMHAPE CIYCTS JOCTATOYHO
JIOJITOE BpeMsi, Korjia OyJIeT IOCTUTHYTO COCTOsIHUE paBHOBecHs? TeroémkocTsMu
IWIAHAPA U TIOPIITHSI MOXKHO TIPEHEOPEUb.

BHyTpH HE3apS)KEHHOTO METAJUIMIECKOTO IIapa
pamuycom r; =40 cM uMeroTCs JBe cheprucckue
i

OJIOCTH  paguycaMu 71, <E’ PACIIOJIOKCHHBIC (?

TakuM 00pa3oM, 4YTO HUX MOBEPXHOCTH IIOYTH
CONPHUKACAIOTCA B LIEHTpe mapa. B menrpe ogHou

IIOJIOCTU ITOMECTHUJIN 3aps]g ql =+2 HKJ'I, a 3aTCM

B ueHTpe Jpyroift — 3apsan g, =+3uKn (cm. .

pucyHok). Haiiaure wMoayns, ¥ HampaBlIeHHE BEKTOpa HaIpsDKeHHOCTH —F
ANEKTPOCTATUUECKOTO MO B Touke O, HaXondIeics Ha paccTosHUU R =1 M ot
LEHTpa II1apa Ha IPOJAOIDKEHIH OTPe3Ka, COSTUHSIIONIETO IEHTPHI MOJIOCTEH.
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B nenu, cxema KOTOpo# M300pakeHa Ha PUCYHKE, BHAYAJIE 3aMbIKAIOT K04 K Ha
BpeMs, 3a KOTOpOE TOK B KAaTylIKe HHIYKTUBHOCTH [OCTHTaeT MaKCHMaJlbHO
BO3MOXKHOTO 3HAUEHHUs, a 3aTeM pa3MbIKaloT ero. Kakoe KOJIMYECTBO TEIIOTHI
BBIICIUTCSE TTOCIie 3Toro B pesucrope R? IMapamerpst nemu: &£ =10 B, =2 Owm,
R =20 0Owm, L =20 mI'H. ConpoTuBieHnEe KaTyIIKA UHIYKTUBHOCTH OYEHb MaJlo.

K

L B [ &

ToueuHbIii HCTOYHHMK  M3Ay4aeT MOHOXPOMATHYECKHI CBET C  UIMHOM
BOJHBI A = 600 HM pPaBHOMEPHO BO BCEX HANPABICHUAX (TAKOH MCTOYHHUK
Ha3bIBaeTCs M30TPOMHBIM). Ha paccTosHUM = | M OT HETO KOHIIEHTpanus (GOTOHOB

(TO ecTb unciIO (OTOHOB B eauHHIC 00BEMA) paBHA n = 2:10% M3, Uemy paBHa
MOLIHOCTE P 3toro wucroynuka? OO0BEM chepudeckoro clos paauycoM 7 H

TONIIKMHON Ar paBeH 4 Ar.
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HNHcTpyknus no BHIMOJTHEHUIO PaboThl

Jlns BRIMONHEHHST SK3aMEHALMOHHOM paboTHl Mo (u3nke OTBOAUTCS 235 MHHYT.
Pabora cocrout u3 3 yacteit, BKiroyaromux B ceds 35 3amaHuii.

Yacte 1 comepxut 21 3amanme (A1-A21). K kaxmoMmy 3amaHuio maéTcs dYeThIpe
BapuaHTa OTBETa, U3 KOTOPBIX TOJBKO OJHMH MPaBHIIbHBII.

Yacts 2 conepxut 4 3ananus (B1-B4), Ha KoTOpbIe HA0 AaTh KPaTKHUil OTBET B BHE
10CJIeJ0BaTeIbHOCTH LU(P

Yactp 3 conepxut 103amau: A22-A25 ¢ BeIGOpoM ojiHOTO BepHOoro otBeta 1 C1-C6,
JUTSL KOTOPBIX TpeOyeTcs AaTh pa3BEPHYTHIC PelIeHHS.

[Ipu BBIUMCIEHUSAX pa3pellaeTcss MCIOJIb30BaTh HEMPOrpaMMHUPYEMBIH KalbKyJAToOp.
Bce Omanku EI'D 3anonssfoTcst  SpKUMH  4€pHBIMH  YepHWwiamMu. Jlomyckaercs
UCTIOJIb30BaHME TeJIEBOH, KalMIUIIPHON WU NTEPhEBON pyUeK.

[Ipu BbImoNHEeHUHU 3aJaHuil Bel MokeTe mosib30BaThesl YepHOBHKOM. OOpariaem Bare
BHUMaHHe HA TO, YTO 3allliCH B YEPHOBHKE He OyIyT YUMTHIBaTbCS MpPU OLEHUBAaHUU
paboTHL.

CoBeTyeM BBIMOJHSTD 33/1aHKs B TOM MOPsAKe, B KOTOPOM OHH JaHbl JIJisl SKOHOMHHU
BpeMEeHH MpOMycKaiiTe 3aJjaHue, KOTopoe He yAa&Tcs BBIIOJHUTH cpasy, U Mepexogure K
cienytomieMy. Ecnu mocne BblmonHeHHs Bceeil paboTel y Bac ocraHercss Bpems, Bbl
CMOKeTe BEpHYThCS K TIPOIMYILEHHBIM 331aHUsIM

Bbannel, nonyuennsie Bamu 3a BhlllONIHEHHBIE 3aaHus, cymmupytores. [loctapaiitech
BBINOJIHUTH Kak MOXHO OoJiblle 3aJaHuil 1 HaOpaTh HanboblIee KOJMUeCTBO OasIoB.

Kenaem ycnexal

© Cratl'pax 2013r.




®usnka 11 kiacc Bapuant ®H1403

Hwxe npuseneHsl
BBITIOJTHEHUU Pa0OTHI.

CIIPAaBOYHBIC JTAaHHBIC,

KOTOpBIE MOTYT MOHanoOuThcs Bam mpu

JecsiTHYHBbIE PUCTABKU
HaunmeHno- Haumeno-
O6o3HaueHue MHoOKHTEIb O0o3HaueHue MHOKHTETb
BaHHe BaHHe
rura r 10° CaHTH c 102
mera M 106 MUJIIIA M 1073
KWJIO K 10 3 MHKPO MK 10*6
TeKTO r 102 HaHO H 1072
aeuun i 107! KO I 10712
KoHcTaHTBI
YUCIIO 7T r=73,14
YCKOpEHHUe CBOOOTHOTO Ma/IeHus Ha 3emiie g=10 M/c2

I'paBUTAllMOHHAS ITOCTOSAHHAA

G= 6,7'10711 H-m%/kr?

YHUBEpCalIbHas ra3oBas IOCTOSAHHAA

R = 8,31 [Ix/(monbK)

ITOCTOsSTHHAasA EO.]'IBLIMaHa

®usnka 11 kracc Bapuant ®11403

Macchl YacTHIY

MEKTPOHA |9 1-10 3 kr~5.510%a. e. m.
npotoHa  |1,673-10 %7 kr = 1.007 a. e. m.
HedTpoHa |1 675-1027 kr =~ 1.008 a. e. m.
Il1oTHOCTH
BOJIBI 1000 xr/M° | mOICOMHETHOTO Maca 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M° | aTFOMHHUS 2700 kr/M>
KepocuHa 800 kr/mM>  |xenesa 7800 kr/m>
pTYTH 13 600 xr/m>
YaenabpHas TeNJI0EMKOCTD
BOJIBI 4,210 3 Jlx/(xr-K) AITFOMUHHAS 900 JTx/(xr-K)
nbJa 2,1-10 3 JIx/(xr-K) MeTH 380 Jlx/(xrK)
xkenesza 640 x/(xr-K) YyryHa 500 JIx/(kr-K)
ceunna |130 x/(xr-K)

k=13810"2 /K

MOCTOSsTHHAsT ABOTaIpO

N, =610 moms ™!

IIEKTPUYECKHI 3apsii)

CKOPOCTb CBETa B BAKyyMe c=310% m/c
KO3 UIMEHT TPONOPIIHOHATBHOCTH k= 1 _ 9-10° H-m2/K 2
B 3akoHe KynoHa 4meg
MOJYJIb 3apsAa JIEKTPOHa (AIeMEHTapHBIN
JyJTb 3apsi]l poHa ( p e=1.610"1Kn

nocrosguaas [lmanka

h=6,6107% Ixc-c

CooTHoIIeHUs MEKAY Pa3/INYHbIMHA € AUHULIAMHA

YaeabHas TeMJI0Ta

napooGpazoBanus Bojbi|2,3-10 © JIx/xr

IIJIaBJICHUA CBUHIIA

2,5:10 % JTk/xr

IIJIaBJICHUA JIbJ1a

3,3:10 2 Jlx/kr

HopmaJjbHble ycJ10BHS

nasienne: 10° Ia, temmepatypa: 0 °C

Moasipaasi Macca

TeMIepaTypa

0K=-273°C

aToMHas €IMHUIIA MACChI

la e M= 1,66~10_27 KT

1 aromHas CIMHHIIa MaCChl DKBHBAJICHTHA

931,5 M»B

1 21EeKTPOHBOIBLT

19B=1,6:10"1 JIx

© Crarl'pan 2013 r

aszora 28102 kr/MoIB renus 41073 kr/moub
aprosa 40-107 kr/monb KHCITOpO/ia 32107 kr/monb
BOJOpOJIa 2-1073 kr/Momnb JINTHS 61073 kr/mMomb
BO31yXa 291073 kr/Moub HEOHa 20-1073 kr/moub
BO/JIbI 18-1073 kr/momnb YTJIEKHUCJIOTO rasa 44-1073 xr/Momb

© Cratl'pan 2013 r




@usuka 11 knace Bapuant O11403 5

Yacrs 1

IlIpu evinonnenuu 3adanuii yacmu 1 6 oOnanke omeemos Ne 1 noo nomepom
evinonnaemozo Bamu 3adanua (A1-A21) nocmaevme 3naxk «%x» 6 Kiemouke, HomMep
KOMopoil coomeemcmeyem Homepy vlopannozo Bamu omeema.

Koopaunara x MaTepruaabHON TOUKH MU3MEHSETCSl C TEYEHHEM BPEMEHH ! 110 3aKOHY
x=3-2¢t. Kakoif u3 mnpuBeAEHHBIX HIWKE TPAPUKOB COOTBETCTBYET 3TOU
3aBUCHUMOCTH?

w
-

3 ¢
D1 2) 2 33 4) 4

Kopryc muHamMoMeTpa INPUKIEEH K CTONy (Ha PHCYHKE MOKa3aH BHI CBEPXY).
K kproky nuHamomerpa mpuBsizaHa JErkasi HUTH N, KO BTOPOMY KOHILy KOTOPOH
MPUJIOKEHA TTOCTOSTHHAA cuja. YeMy paBeH MOAYIb CHIIbI HATSDKCHUSI HUTH N?

1 H i
] N &
01234
1) 3H
2) 6H
3) OH

4) moxer nexath B uaTepBaie ot 3 H no 6 H

© Crarl'pan 2013 r
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BpycOK paBHOMEPHO IBUIalOT MO MIEPOXOBATOMY TOPH3OHTAIBHOMY CTONY. Jlys
TOrO 4TOOBI YBENMYMTH MOJYIb JeHCTBYIOMEH Ha GPYCOK CHJIBI CYXOTO TPEHMS,
HYKHO

1) yBenuuuth CKOPOCTH OpyCKa
2) YMEHBIIUTH CKOPOCTH OpycKa
3) yBEIMUUTH TUIOLIAAL COIPUKOCHOBEHUS OPyCKa CO CTOJIOM

4) yBEJMYUTH MOJYJIb CHJIbI HOPMAJILHOTO JaBjieHHst OpycKa Ha CTOJ

[llap CKONB3WT MO CTONY M HAJETAET Ha BTOPOH TaKOW K€ MOKOSIIMICS mIap.
VyeHHKH M300pa3suiu BEKTOPbl HMITYJICOB IAPOB 10 COyJapeHHs (BEpXHss 4acTh
pUCYHKa) M TOCIe Hero (HMKHAS 4acTh pHCyHKa). Kakoil pUCYHOK BBHIMOJNHEH

MIPaBUIBHO?
0] @ ® @
M | | T I N\
BANE N EANE R EANE
™ N N
y
]
1)1 2) 2 3)3 4) 4
Kakast equHHUIA CITYKUT U1 N3MEPEHUS MOIIHOCTH?
1) JTx 2) kBt'uac 3) Br 4) x-c

Ha pucyHke U300pa)éH y4acTOK HATSHYTOrO PE3MHOBOIO IIHYpa, IO KOTOPOMY
pacrpocTpaHseTcsl TomepeyHasl BOJHA, uMmeromas dactory 1,6 I'm. Uemy paBHa
CKOPOCTb PAacIpOCTPAHEHHs BOJIHbI?

I
.

20 o™
1) 0,5 m/c 3) 1,28 m/c

2) 0,25 m/c 4) 0,64 m/c

© Cratl'pan 2013 r
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W jiealbHblii a3 HAXOJAUTCA B COCYE OCTOSHHOIO 00bEMa. Ha pucynke npusenén
rpaduK 3aBUCUMOCTH CpEJHEH KUHETUUYECKOW SHEpruu £ XaoTHUECKOTo JIBUKCHUS
MOJIEKYJI Ta3a OT BPEMEHH £

E

0 '

Ha xakxom u3 PUCYHKOB IPaBUJIBHO IIOKa3aHa 3aBUCUMOCTbL AAaBJICHUA p Tas3a OT

BpemeHn?
P @® P @
0 t 0 t
P ® P @
0 ] 0 r
11 2) 2 3)3 4) 4

JlBa yueHWKa, Kelas TPUBECTH TPUMEPHI H30XOPHOTO TPOLECCa, HM300pasuiiu
rpauKy  3aBHCUMOCTH JaBJICHHMS p HACAIBHOIO Ta3a OT ero aOCOMIOTHOH
temneparypsl 7. Dtu rpaduku moka3zaHsl Ha pucyHkax A) u b). Kakoii u3 pucyHkos
SBISICTCS IPABUIIBHBIM?

0
A) b)

3) uA), ub)

1) tonbko A) 2) tombko B) 4) au A), un b)

© Crarl'pan 2013 r
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I[1pu mIaBIeHUH TBEPIOTO HapaduHAa SHEPTUSL
1) BrImensercs

2) mormomaercs
3) He BbIJEIAETCS U HE MOJIOIIAETCS
4) MO’KET KaK BBIJEIATLCS, TaK U IIOTJIOLAThCS

OT mepBoro Tejaa OTBENIM KOJIWYECTBO TeruioThl 2 kJ[k, a oT Broporo — 1 x/Ix.
Maccsl Ten ouHakoBbl. B pesynbTaTe TemmnepaTrypa NepBoro Teila NOHHU3MIIAch Ha
40 K, a Broporo — monusmwiack Ha 10 K. MoxHO yTBepkaaTh, 4TO yjaelbHas
TEIIOEMKOCTD y BEILIECTBA IEPBOTo Tella

1) Gombiie, YeM y BEIIeCTBa BTOPOTo Tea
2) MeHblIle, YeM y BELIECTBA BTOPOTO Teja
3) rtaxas ke, KaK y BEIECTBA BTOPOTO Tela

4) He MOXKeT OBbITH COOTHECEHA C YEIBHON TEIIOEMKOCTBIO BEIIECTBA BTOPOIO
Tema

[To0KUTENBHBIN TOUEYHBIH 3aps)] ¢ HAXOJUTCS HA OKPYIKHOCTH. TOUEUHBIH 3apsi
Q TOro Xe 3HaKa MEPEMEMIAIOT MO 3TOH OKPYKHOCTH. MoOy/lb HanmpsKEHHOCTH
3JIEKTPHYECKOTO TOJISI, CO3/ABAEMOTO JTHMH 3apslaMM B IEHTPE OKPYKHOCTH,
OysileT MUHUMaJIeH, Kora 3apsaa O Oy/leT HaXOAUThCs B TOUKE

C

1) 4 2) B 3) C 4 D

© Cratl'pan 2013 r
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Ha pucyHke moka3aH y4acTOK BOJIbT-aMIICPHON XapaKTEPUCTHKH JJISI CBapOYHOU
nyru. M3 pucyHka cliefyer, uTo MpH yBeIMUYeHUH HampsokeHud Ha ayre oT 10 B go
30 B motpebmasiemast 1yroif MOIIHOCTh

0710 20 30 40 50 60 70 80 90 , .

1) yBenuuuBaercs 2) yMmeHbIIaeTcs

3) He uzmensieTcs 4) cTaHOBHTCSI PaBHOM HYJIIO

Bosje MONOCOBOrO MArHUTAa, B3SATOIO B LIKOJALHOM KabuHeTe (DU3MKH,
pacronoskeHa MAarHuTHas cTpeika. M3 mpumaraeMoil K MarHMTy MHCTPYKIHH
CIIe/lyeT, uTO OH HaMarHW4eH BJONb CBOEH JUIMHEL PasMepsl CTPENKH HAMHOTO
MeHbIIIe pa3MepoB MarHuTa. CTpenka B COCTOSHMH PABHOBECHS OPMEHTHPOBANACH
Tak, Kak MOKa3aHO Ha pucyHKe. CeBEepHBIH MArHUTHBIA TIOIOC HOJOCOBOTO
MarHuTa

of ¥

5 <= N
1) maxomurcs B Touke A
2) HaxoaWTCs B TOUKE B
3) naxomurcs B Touke C
4) He MOKET OBITh OMPEICIECH IPH TOMOIIH JAHHOTO OIBITA

© Crarl'pan 2013 r
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Uepes KaTylIKy TEYET HJIEKTPUUECKHIT TOK, CHila / KOTOPOTO 3aBHCHT OT BPEMEHH [
TaK, KaK MoKa3aHo Ha rpaduke. B MOMEHT BpeMeHH f=4 ¢ B KaTyllIKe 3anaceHa
sneprus 40 mJlx. Yemy paBHa WHAYKTUBHOCTH KaTyIIKN?

LA

0 | 2 3 4.1

1) 40 MI'un 2) 10 m['H 3) 20 M’ 4) 160 MI'n

Ha pucynke moka3aH XOI CBETOBOrO nyda JI Tocjie ero maaeHuss Ha TPaHMIly
g??)z[ena JIBYX CpPeJl C MOKa3aTeJs MU TIPEJIOMICHHs 1, U 1. U3 pucynka crenyer,

J

1) n;>n,
2) ny<n,
3) ny=n,

4) MOXeT ObITb KaK 1| > 7y, TAK U 1| <71,

HcTouHMK H37TydaeT CBET C YacTOTOM BOJIHBI 6-1014 I'm. KakoBa mimHa BOJIHBI

CBETa, M3JIy4aeMOro BTOPBIM HCTOYHHKOM, €CJIH CBET OT 3THUX HCTOYHUKOB
MO3BOJISICT HAOIIOAATh YCTOMUUBYIO UHTEP(HEPEHIIMOHHY IO KAPTHHY ?

1) 5 mxMm 2) 5000 um 3) 180 um 4) 500 um

Ha noBepxHOCTh MeTamia momnaji (OTOH, XapaKTepU3yeMblil 4aCTOTOW V, U BBHIOMI
W3 MeTalla 3JEKTPOH ¢ KHHeTHuYecKor 3ueprueil £. Eciu Ha TOBEPXHOCTH TOTO KeE
MeTajia nonaaér GoToH, XapaKTepu3yeMblil 4acTOTOi 2v, TO OH

1) MoskeT BBIOWTH M3 METaJlIa [Ba SIEKTPOHA

2) He MOXeET BBIOWTH M3 META/lIa HH OJJHOTO 3JIEKTPOHA

3) MoXeT BBIOUTH W3 METAllIa IIEKTPOH C dHEeprueii, oonpei £
4) MoXeT BLIOUTH W3 METAIlIa DIIEKTPOH C DHEPrUel, MEHbIIEH £

© Cratl'pan 2013 r
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Pesepdopa, HNpoBOAsS ONBITHI MO OOIYyYEHMIO TOHKOH 30710TOH (oibru anbda-
YacTULIAMH, OOHAPYKHJI, YTO MOUTH BCE alib(ha-4acTUIbI MPOJIETAIOT Yepe3 Qoiabry
HACKBO3b, W JINIIb HEKOTOPbIE OTCKAKUBAIOT OT (oabru oopaTHo. Kakoil BEIBOI OH
clienan u3 3Toro?

1) aapo aroma 30510Ta UMEET 3aps]] TOrO XKe 3HAKA, YTO U alb(a-yacTuia
2) pasmep sapa aToMa 30J10Ta CPABHUM C pa3MepaMu CaMoro aToma
3) macca sapa aToMa 30J10Ta HAMHOI'O MEHbIIE MacChl allb(pa-uacTUIIbI

4) mpu mpoxoxaeHun depe3 (oabry anbha-4acTHIBl HE B3aUMOACHCTBYIOT
C SApaMU aTOMOB 30JI0Ta

Ol-4acTHUIIa IPEICTABIIET COOOM

1) sapo atoma Bojopoaa 2) sppo aToma resusl

3) sapo aTroma JUTHS 4) sipo aroMa GeprILIUs

Jlnst ¥3MepeHust TONIMHBI CIIMYKA Y HEKOTOPOTO KOJIMYECTBA CIIMYEK OTPE3ATU
CEPHBIE TOJOBKH, @ 3aTEM IUIOTHO YJIOXKHJIM PsJl OTHX CIHMYEK Ha JHO CIIUYEYHOTO
KopoOka. Oxa3zanock, 4to 20 cu4ek Kak pa3 BIe3aloT B KOPOOOK MUPHHON 30 MM.
[lupura KopoOKa H3MEpANach TPU TIOMOIIM JIMHEHKH C MUJUTMMETPOBBIMH
neneHusMu. YeMy paBHa, COTJIACHO MPOBEAEHHBIM U3MEPEHHUAM, TOIMINHA CIINYKK?

1) (3,0+1,0) mm
3) (1,5+0,1) mm

2) (LS+1)mm
4) (1,50 £0,03) mm

[IKOJIPHUK HM3y4Yal MPOLECC MPOTEKAHMS MOCTOSIHHOIO TOKA 4Yepe3 MPOBOJIOKY

2

MIOCTOSTHHOTO TIOTIEPEYHOr0 cedeHuss 2 MM~. M3MmeHss IIuHy IpOBOJOKH L, OH

U3MEpsUl TIpU MOMOIIM MWLIMOMMeTpa €€ conpoTrusieHue R. Pe3ynbrarel ero
U3MEpEeHHUH pUBEIEHBI B TAOIHLIE.

L,cMm 50 70 90 110 130 150
R, MOM 103 140 175 228 260 298

[one3ysicb Tabnuuei, ompegenure yIeIbHOE CONPOTUBICHHE MeTaula, M3
KOTOPOTro Oblla U3rOTOBJIEHA IPOBOJIOKA.

1) = 0,02 Om-MM2/m 2) 0,03 Om-Mm2/u

3) =04 Om-MM2/M 4) = 1,1 OM-MM2/M

© Crarl'pan 2013 r
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Yactp 2

Omeemom K 3ao0anusam Imou uacmu (BI1-B4) aenaemca nocredoeamensnocmo yugp.
Bnuwiume omeemut cnauana 6 mexcm pabdomvl, a 3amem hepeHecume UxX 6 OIAHK
omeemoe Ne 1 cnpasa om Homepa cOOmMEEemMCmEyIOUie20 3a0aHus, HAYUHAA C Nepeoil
KlemouKku, 0e3 3anamolX, npooenos u KaKUux-iudo O0O0NOJIHUMEIbHbIX CUMB0J108.
Kasicoywo yugppy nuwiume 6 omoenvhoil Knemouke 6 cOOmMeemMcmeuu ¢ NPUEEOEHHbIMU
6 b1anke obpazyamu.

Jlérkuii crepxeHb AB TNOJBEIIEH B I'OPU30HTAIBHOM IIOJIOKEHUU IIPU MTOMOIIU
BEPTHKAJIBHBIX HUTEH, MNPUBSA3aHHBIX K €ro KoHmaMm. K cepenunHe crepkHs
nojaBemieH rpy3. [py3 mnepeBemmBaroT Onmke K KoHIy B crepxus. Kak
B pe3yJibTaTe HM3MEHSIOTCS CIeAyIomue (U3NYECKHUEe BEIMYWHBL: MOJYJb CHIIBI
HaTSDKEHUS JIEBOM HWUTH, MOJYJb CHJIBI HATSDKEHHS TpaBOW HHUTH, MOMEHT
JIEHCTBYIOIIEH Ha TPY3 CHUJIIBI TSDKECTH OTHOCUTEIEHO TOUKH B?

Jlns KaXk0i BEIMYUHBI OIIPEIETIUTE COOTBETCTBYIOIIUI XapaKTep U3MEHEHHUS:

1) yBenuumnBaercs;

2) yMeHbIIaeTcs;

3) He U3MEHSeTCS.

3anumuTe B Tabauiy BbIOpaHHBIE MU(PBI A KKAOH (U3NUECKON BEIHMYUHBI.
Ludpsr B OTBETE MOTYT ITOBTOPSATHCS.

OU3NYECKHWE BEJNYNUHBbI

A) MOOYJIb CHUJIbI HATSYKCHUA JICBOI HUTHU

X N3MEHEHHUE

1) yBemuuuBaercs

B) Monynb cunbl HaTsKEHUS PaBON HUTH 2) yMEHbIIaeTCs

B) moment JIEUCTBYIOIIEH Ha TIpy3 CHIBl TSXKECTH  3) HE U3MEHSEeTCS
OTHOCHUTEIILHO TOYKHU B

A b B

OTBer:

© Cratl'pan 2013 r
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[InacTUHBI TIOCKOrO KOHIEHCATOPa, MOIAKIIOYEHHOTO K Oarapee, CAENaHbI M3

METaJNTMYECKUX JINCTOB B BHUIE KBaJpara cO CTOPOHOH a. KBagpaTHbIE IIaCTHHEI
3aMEHHIIM Ha KPYTJIbIe AHaMeTpoM a. [Ipu 3TOM paccTosHHE MEKIy MIacTUHAMU
yBEJNIMYWIM, a Oarapero ocTaBWIM IpexHeid. Kak B pesyibrare W3MEHSATCS
cnenyoumye (U3MUECKUE BEIMYMHBL: 3JIEKTpUYecKkas EMKOCTb KOHIEHCATOpa,
MOJYJb  HANmpsHKEHHOCTH  3JCKTPUYECKOTO  TOJNS  MEXIY  IUTACTHHAMH
KOHJIEHCATOopa, 3apsl KoHAeHcaTopa?

Jl1s KXo BETMUMHBI OIPEIEIUTE COOTBETCTBYIOUIMNA XapaKTep N3MEHEHNUS:

1) yBennunres;

2) yMEHBIIUTCS;

3) HE M3MEHUTCSI.

3anummTe B Tabiuiy BbIOpaHHBIC HH(PBI AT KaKAOH (HU3MYecKOil BETHMYUHBI.
L{udpsl B OTBETE MOTYT MOBTOPATHCA.

OU3NYECKHWE BEJWUYNHbI X M3IMEHEHHUE

A) srexTpudeckas EMKOCTb KOHAEHcaTopa 1) yBenuuurcs

b) Moaynp HampsOKEHHOCTH JJIEKTPUYECKOrO0 MO  2) YMEHBIIUTCSH

MCXKIAY IUIaCTUHAMHM KOHJACHCATOpa 3) He U3MECHHUTCS

B) 3apsza KoHIEHcaTOpa

A b B

OTBerT:

WneanbHblid KoeOAaTENbHBIA KOHTYP COCTOMT W3 3apsDKEHHOTO KOHAEHcaTtopa

émkocthio 0,02 Mk®D, kaTymku HHIYKTUBHOCTHIO 0,2 MI'H U pa30MKHYTOTO KJIIOYa.
[locne 3aMbIkaHUs KJIFOYa, KOTOPOE INPOM3OILIO B MOMEHT BpemeHH f=0,
B KOHTYpEe BO3HHMKIM COOCTBEHHBIC OJIEKTPOMAarHUTHbIE KoineOaHus. [Ilpu sTom
MakcHMalbHas CHJa TOKa, TEKYIIEero uepe3 Karymky, Obuta paBaa 0,01 A.
VYCTaHOBHTE  COOTBETCTBHE MEXJAY 3aBUCHMOCTSIMH, MOJYYCHHBIMH  IIPH
WCCIIeIOBAaHUN DJTUX KoneOaHuil (cM. JeBbI  crosben), u  dopMmyiamu,
BBIPQKAIOIIMMH OTH 3aBUCUMOCTH (CM. TMpPaBbIi  CTONOEI; KO PHUIMEHTHI
B (hopMyJiaxX BBIp@KEHBI B COOTBETCTBYIOmMX exuHunax CH 6e3 KpaTHBIX H
JIOJIbHBIX MHOMKUTENEH).

K xaxxmoil mo3uIuM MepBOro CToidna mogdepuTe COOTBETCTBYIOIIYIO TO3HIHIO
BTOPOTO CTONOLIA ¥ 3amuIiiuTe B TAONUIly BBIOpaHHBIE IU(PPHI  TOJ
COOTBETCTBYIOITUMH OyKBaMH.

3ABUCUMOCTDb DPOPMYJIA

A) 3aBHCHMOCTh HANPSDKCHHsA HA KOHJCHCATOpE 1) f{t) = 0,01sin(5~105't)

OT BpEMEHHU 5
B) 3aBUCUMOCTH CHJIBI TOKa, TEKYIIEro uepes 2) f{) = 0,01cos(5-10"1)
KaTyIlIKy, OT BDEMEHHI 3) fir) = 1~sin(5-105-t)

4) f{1) = 1-cos(5:10°7)

OTBerT:

© Cratl'pag 2013 ¢
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Ha pucynkax wu300pakeHbl CXeMbl (DH3MUECKHUX DSKCIEPUMEHTOB. Y CTaHOBUTE
COOTBETCTBHE MEXJy ITHUMH 3KCHEPUMEHTAMU M uX Ienbto. K kaxaoi mo3unnu
[IEPBOro CTOJIOLA MMOJOEPUTE COOTBETCTBYIOLIYIO MO3ULHUIO BTOPOrO U 3alUIINTE
B TaOJIHUIYy BRIOpaHHBIC U(PBI IO COOTBETCTBYIOIIMMHU OYKBaMHU.

CXEMA JSKCHEPUMEHTA ET'O HEJb
A) 1) yctaHoBieHHE 3aBUCHUMOCTH HSHEPIruu

KOHJACHCATOPA OT HAIPSIKCHUSA MEKIAY
€ro 1mjiacTuHaMu

2) YCTaHOBIIEHUE 3aBUCUMOCTH  MOIYJS
CUJIBI B3aMMOJICHCTBUSL TOYEUHBIX 3aps-
JIOB OT PACCTOSIHUS MEXKYy HUMU

3) yCTaHOBIIEHHE 3aBHUCHMOCTU HaIpsKe-
HUSL MEXIy IUIACTUHAMH KOHJIEHCATopa
OT PacCTOSTHUSI MEXKAY HUMH

4) yCTaHOBIIEHHUE 3aBUCUMOCTH IIOTEHIU-

+q I“‘f
aJTbHOM SHEPrun B3aMMOJECHCTBHS
TOYCYHBIX  3apsioB OT  PACCTOSHUS
—q
- | )

MEXKAY HUMHU

OTBer:

Yacts 3

3aoanua uwacmu 3 npeocmaegnaiom coooit 3aoauu. Pexomendyemcs nposecmu ux
npeosapumenvHoe peuieHue Ha uepHosukxe. Ilpu evinonnenuu 3adanuii A22-A25
6 onanke omeemog Ne 1 noo Homepom 6vlnonanaemozo Bamu 3adanua nocmagovme 3nax
«X» 6 KilemouKe, HOMep KOMOpPOU COOmMEemcmeyem Homepy 6vlopannozo Bamu
omeema.

ManeHbkuii IMAPUK HAYMHAET MMajaTh Ha TOPU3OHTAIHHYIO MOBEPXHOCTH MOJA
¢ BBICOTHI 4 M. M3-3a Je(eKTOB MOBEPXHOCTH CTOJA INAPHK IIPH yAApe O HEro
TepseT 10 % cBoeil MexaHUUYEeCKOI SHEpIun U OTCKaKUBAeT OT CToJIA oA yrioM 30°
K Topu30oHTY. Ha Kakyio MakCHMalbHYIO BBICOTY IMOJHUMETCS IIAPUK MOCIE yaapa
o cron?

1) 3,6m 2) 0,9m 3 1wm 4) 0,4 ™
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WpeanbHblil OAHOATOMHBIN ra3 u300apHO pacumpuid ot ooséma 11 10 00séma
3 11, 3aTe€M M30XOPHO OXJAJWUIN TaK, YTO €ro JaBJIIEHHE YMEHBIIUIOCH OT 2-10° Ia

10 10° Ia, mocie uero ras BEPHYJIU B UCXOJHOE COCTOSIHME TaK, YTO €0 JABJIEHUE

JUHEHHO BO3pacTano Mpu yMeHbIIeHHH o0béma. Kakyro paboTy coBepmimi ras
B 9TOM Tporiecce?

2. 10° Tla
2 !

0 I 2 3 ¥
1) 100 Ix 2) 200 JIx 3) 1 Ox 4) 2 Ix

IIpy MOMOLIM HEPBOTO IEKTPOKUIATHILHAKA MOKHO BCKUMATUTH 200 I' BOABI
B CTaKaHe 3a 2 MUHYTHI, & IPH TIOMOLIX BTOPOTO, BKIIOYEHHOTO B Ty K€ PO3ETKY, —
3a 3 MHMHyTBL 3a KakOe BPEMs 3aKMIIMT Ta )K€ Macca BOJBl B CTAaKaHe, eCIH
TIOJIKIIIOYMTh 3TH KMIATUILHUKH MOCIEN0BATEIBHO?

V.a

1) 5 mun. 2) 3 muH. 4) 1,2 muH.

KOJUTEKIMOHEP Pa3mIsAbIBAET TIPU MOMOIIM JIyTbI DJIE€MEHT MapKH M BUIHMT €TO
MHHMOE H300paXKeHHEe, yBEIMYEHHOe B 5 pa3s. PaccmaTpuBaeMmblili 31eMeHT
PACMoNOKeH Ha PAcCTOSHUM 8 MM OT JyHbl. Ha KakoM pacCTOSHHM OT JIMH3bI
HAXOJMTCS ero u3o00pakeHue?

1) 1,6 mm 2) 40 MM

3) 2 muH.

3) 32 mm 4) 48 mm

He 3a0y0bme nepenecmu éce omeemut 6 01anK omeenos Ne 1. ‘

Ilonnoe pewenue 3aoau CI-C6 neodoxooumo 3anucams 6 d1anke omeemos Ne 2. Ilpu
opopmnenuu pewenusn ¢ dnranke omeemoe Ne 2 3anuwiume cHauana Homep 3a0aHus
(Cl, C2 u m. 0.), a 3amem peuwienHue coomeemcmeyouieii 3aoauu. Omeemuvt
3anucvléaiime 4émKo u pazoopuuso.

3UMOM TO KpasM 3aCHEKEHHBIX HAKJIOHHBIX KpPBIII JOMOB 4acTo 00pa3yloTcs
COCYJIbKH, KOTOPBIE TIPY HE CIHUIIKOM MOPO3HOW IOTojie OBICTPO PaCTyT W MOTYT
COpBATbCS M YNacTh, MPEACTABIISAA OOJBINYIO OMACHOCTH JUIS NPOXOISAIIUX BHHU3Y
moned. Kpblllin MHOTMX COBPEMEHHBIX 3arOpOJIHBIX JOMOB MMEIOT CIIELUAIBHYIO
KOHCTPYKIMIO: OHU JIBYXCJIOHHBIC, © MEX/TY BEPXHUM M HUKHUM CJIOSIMH HMMEETCS
3a30p, B KOTOPOM BO3AyX MOXET CBOOOIHO LUPKYJIUPOBATH M BEIXOJUTH HAPYKY.
OOBsICHUTE,  OCHOBBIBASICh ~ Ha  M3BECTHBIX  (DM3WUYECKMX  3aKOHAX M|
3aKOHOMEPHOCTSIX, IPUUUHY 00pa30BaHMUs COCYJIEK B MIEPBOM CiTydae U BIMSHHE Ha
HUX BO3AYIIHOTO 3a30pa MEXKIY HIKHUM M BEPXHHM CIIOSIMH KPBILIIM BO BTOPOM
ciydae.

© Crarl'pan 2013 r
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Ilonnoe npasunsrnoe peuienue kaxcooi u3 3aoau C2—C6 00axcHo cooeprcams 3aKOHbL U
dopmynsl, npumenenue KOMOPLIX HEOOXOOUMO U 0OCHAMOYHO 01 peuleHus 3a0adu, a
mMaKice mamemamuyeckue npeodpas0eanus, pacuémsl ¢ YUCIEHHBIM OMEEMOM U NpuU
Heo0X00uMocmu pucyHoK, ROACHAIOWUI peuteHue.

Ha Ttenexke wmaccoii M =400 1, KoTropas MOXET KaraTbCs 0€3 TpeHHs IO
TOPU30HTAIBHOM TUIOCKOCTH, UMEETCs JIETKUH KPOHLITEHH, Ha KOTOPOM HOABELICH
Ha HUTH MaJleHbKHH mapuk macco m = 100 r. Ha Tenexky mo ropusoHTaIn
HaJleTaeT U abCOJIOTHO YIIPYro CTaJIKHBAaeTCs ¢ HEW IIap mMaccodl M, jersmmid co

CKOpocTbio  Vy=2wm/c (cM. pucyHOK). Yemy Oyzaer paBeH MOAYJb CKOPOCTH
TENEeKKU B TOT MOMEHT, KOTIa HUTh, Ha KOTOPO¥ MOABEIICH LIAPUK, OTKIOHUTCS Ha

MaKCUMaJIbHBIH yTON OT BepTUKanu? [IMUTENbHOCTh CTOJKHOBEHHUS IIapa
C TEJICKKON CUNTATh OYCHb MAJIOH.

B Temnou30JUMpOBAHHOM LUIMHApE, pa3ledSHHOM HAa JIBE YACTH TOHKHM
HEBECOMBIM TEIIOMPOBOASIIMM MOPIIHEM, HAXOAUTCA MAeaTbHBIH OJHOATOMHBIIA
ra3. B HauanbHBIA MOMEHT BpeMeHH MOpIIEHb 3aKPEIIEH, a MapaMeTphbl COCTOSHHS
rasa — jaBieHHe, 00BEM M TEMIeEpaTypa — B OJHOH 4YacTH IMIMHAPA DPABHBI

py=2amm, V=2 1 u T;=300 K, a B Ipyroii, COOTBEICTBEHHO, p,=4 aTM,

Vo=3n u T,=450 K. IlopiieHb OTIYCKAIOT, M OH Ha4YMHACT JABHUrarthcs 0e3

Tpenus. Kakoe namieHue ra3a YCTAaHOBHUTCS B LWJIMHJIPE CIYCTS JOCTATOYHO
JIOJITOE BpeMs, Koryia OyeT JOCTUTHYTO COCTOsIHHE paBHOBecHs? TemnoéMKoCcTIMU
LUITHH]IPA ¥ TOPIIHS MOKHO peHeOpeyb.

BHYTpU He3apsKEHHOTO METaJIMYecKoro Iapa
pamuycom r; =40 cm nmerores siBe chepuueckue

’
HOJOCTH  paguycaMHu 7 < 51, PpacIooKeHHbIE i

TakuM 00pa3oM, 4YTO HX IIOBEPXHOCTH MOYTH
COonpUKacaloTca B IEHTpe mapa. B meHTpe omgHOI

TOJIOCTH TIOMeCTHIM 3apan g, = +1 uKu, a satem B

LeHTpe JApyroil — 3apsn ¢, =+2uKn (cMm. pucyHok). Haiimure Monyns u

HaTpaBlieHHE BEKTOpa HANpPsHKEHHOCTH £ AJIEKTPOCTATHUECKOTO Toist B Touke O,
HaxXoJfIIeHCcsT Ha paccTOSIHMM R=1M OT ILeHTpa LIapa Ha MEPIEeHAUKYIIpe
K OTPE3KY, COCMHSIOMEMY LIEHTPbI ITOJIOCTEH.

© Cratl'pan 2013 r
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B nemnu, cxema koTopoil n3o0paxkeHa Ha pUCyHKe, BHayalle 3aMbIKatOT K04 K Ha
BpeMsl, 3a KOTOpOe TOK B KaTylIKe HHIYKTHMBHOCTH JOCTMIaeT MAaKCUMAaJbHO
BO3MOXKHOI'O 3HAueHUs, a 3areM pa3MblKaloT ero. Kakoe KoIMuecTBO TEILIOTHI
BBLIIENIUTCS TIocie 3Toro B pesuctope R? Ilapamerprr nenu: € = 10B, r = 2 Owm,
R =20 Om, L = 20MI'H. ConpoTHBiIeHHe KaTyIIKN HHAYKTHBHOCTH OYeHb MaJIo.

K

s Mg

TodeuHbIii UCTOYHMK MOITHOCTBIO P = 1 MBT U3iIy4aeT MOHOXpOMAaTHYECKHIl CBET
¢ JuinHo# BosHbl A = 600 HMpaBHOMEPHO BO BCeX HarpaBlieHUsX (TaKod MCTOYHHK
Ha3bIBaeTCsl H30TPOMHBIM). Ha KakoMm paccTOsSHUM [ OT HEro KOHIIEHTpalust

5 -3
boToHOB (TO ecTh umciao (GOTOHOB B eauuuie obbema) paua n=210"wm ?
o 2
O06beM cheprdeckoro cios paguycoM I u TomamuHoi Ar paBen 4mr~Ar.

© Cratl'pan 2013r.
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HNHcTpyknus no BHIMOJTHEHUIO PadoThI

Jlns BEIMONHEHHST SK3aMEHALMOHHOM paboTel 1o (usuke oTBoAguTcs 235 MHHYT.
Pabora cocrout u3 3 yacteit, BKiroyaromux B ceds 35 3amaHuii.

Yacte 1 comepxut 21 3amanme (A1-A21). K kaxmoMmy 3amaHuio maéTcs dYeThIpe
BapuaHTa OTBETa, U3 KOTOPBIX TOJBKO OJHMH MPaBHIIbHBII.

Yacts 2 conepxut 4 3ananus (B1-B4), Ha KoTOpbIe HA0 AaTh KPaTKHUil OTBET B BHE
10CJIeJ0BaTeIbHOCTH LU(P

Yactp 3 conepxut 103amau: A22-A25 ¢ BeIGOpoM ojiHOTO BepHOoro otBeta 1 C1-C6,
JUTSL KOTOPBIX TpeOyeTcs AaTh pa3BEPHYTHIC PelIeHHS.

[Ipu BBIUMCIEHUSAX pa3pellaeTcss MCIOJIb30BaTh HEMPOrpaMMHUPYEMBIH KalbKyJAToOp.
Bce Omanku EI'D 3anonssfoTcst  SpKUMH  4€pHBIMH  YepHWwiamMu. Jlomyckaercs
UCTIOJIb30BaHME TeJIEBOH, KalMIUIIPHON WU NTEPhEBON pyUeK.

[Ipu BbImoNHEeHUHU 3aJaHuil Bel MokeTe mosib30BaThesl YepHOBHKOM. OOpariaem Bare
BHUMaHHEe HA TO, YTO 3alliCH B YEPHOBHKE He OyIyT YUMTBHIBATbCS MpPU OLEHUBAHUU
paboTHI.

CoBeTyeM BBIMOJHSTD 33/1aHKs B TOM MOPsAKE, B KOTOPOM OHH JaHbl JIJisl SKOHOMHHU
BpeMEeHH MpOMycKaiiTe 3aJjaHue, KOTopoe He yAa&Tcs BBIIOJHUTH cpasy, U Mepexogure K
cienytomieMy. Ecnu mocne BblmonHeHHs Bceeil paboTel y Bac ocraHercss Bpems, Bbl
CMOKeTe BEpHYThCS K TIPOIMYILEHHBIM 331aHUsIM

Bbannel, nonyuennsie Bamu 3a BhlllONIHEHHBIE 3aaHus, cymmupytores. [loctapaiitech
BBINOJIHUTH Kak MOXHO OoJiblle 3aJaHuil 1 HaOpaTh HanboblIee KOJMUeCTBO OasIoB.

Kenaem ycnexal

© Cratl'pax 2013r.
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Hwxe npuseneHsl
BBITIOJTHEHUU Pa0OTHI.

CIIPAaBOYHBIC JTAaHHBIC,

KOTOpBIE MOTYT MOHanoOuThcs Bam mpu

JecsiTHYHBbIE PUCTABKU
HaunmeHno- Haumeno-
O6o3HaueHue MHoOKHTEIb O0o3HaueHue MHOKHTETb
BaHHe BaHHe
rura r 10° CaHTH c 102
mera M 106 MUJIIIA M 1073
KWJIO K 10 3 MHKPO MK 10*6
TeKTO r 102 HaHO H 1072
aeuun i 107! KO I 10712
KoHcTaHTBI
YUCIIO 7T r=73,14
YCKOpEHHUe CBOOOTHOTO Ma/IeHus Ha 3emiie g=10 M/c2

I'paBUTAllMOHHAS ITOCTOSAHHAA

G= 6,7'10711 H-m%/kr?

YHUBEpCalIbHas ra3oBas IOCTOSAHHAA

R = 8,31 [Ix/(monbK)

ITOCTOsSTHHAasA EO.]'IBLIMaHa

®usnka 11 kiacc Bapuant ®11404

Macchl YacTHIY

MEKTPOHA |9 1-10 3 kr~5.510%a. e. m.
npotoHa  |1,673-10 %7 kr = 1.007 a. e. m.
HedTpoHa |1 675-1027 kr =~ 1.008 a. e. m.
Il1oTHOCTH
BOJIBI 1000 xr/M° | mOICOMHETHOTO Maca 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M° | aTFOMHHUS 2700 kr/M>
KepocuHa 800 kr/mM>  |xenesa 7800 kr/m>
pTYTH 13 600 xr/m>
YaenabpHas TeNJI0EMKOCTD
BOJIBI 4,210 3 Jlx/(xr-K) AITFOMUHHAS 900 JTx/(xr-K)
nbJa 2,1-10 3 JIx/(xr-K) MeTH 380 Jlx/(xrK)
xkenesza 640 x/(xr-K) YyryHa 500 JIx/(kr-K)
ceunna |130 x/(xr-K)

k=13810"2 /K

MOCTOSsTHHAsT ABOTaIpO

N, =610 moms ™!

IIEKTPUYECKHI 3apsii)

CKOPOCTb CBETa B BAKyyMe c=310% m/c
KO3 UIMEHT TPONOPIIHOHATBHOCTH k= 1 _ 9-10° H-m2/K 2
B 3akoHe KynoHa 4meg
MOJYJIb 3apsAa JIEKTPOHa (AIeMEHTapHBIN
JyJTb 3apsi]l poHa ( p e=1.610"1Kn

nocrosguaas [lmanka

h=6,6107% Ixc-c

CooTHoIIeHUs MEKAY Pa3/INYHbIMHA € AUHULIAMHA

YaeabHas TeMJI0Ta

napooGpazoBanus Bojbi|2,3-10 © JIx/xr

IIJIaBJICHUA CBUHIIA

2,5:10 % JTk/xr

IIJIaBJICHUA JIbJ1a

3,3:10 2 Jlx/kr

HopmaJjbHble ycJ10BHS

nasienne: 10° Ia, temmepatypa: 0 °C

Moasipaasi Macca

TeMIepaTypa

0K=-273°C

aToMHas €IMHUIIA MACChI

la e M= 1,66~10_27 KT

1 aromHas CIMHHIIa MaCChl DKBHBAJICHTHA

931,5 M»B

1 21EeKTPOHBOIBLT

19B=1,6:10"1 JIx

© Crarl'pan 2013 r

aszora 28102 kr/MoIB renus 41073 kr/moub
aprosa 40-107 kr/monb KHCITOpO/ia 32107 kr/monb
BOJOpOJIa 2-1073 kr/Momnb JINTHS 61073 kr/mMomb
BO31yXa 291073 kr/Moub HEOHa 20-1073 kr/moub
BO/JIbI 18-1073 kr/momnb YTJIEKHUCJIOTO rasa 44-1073 xr/Momb

© Cratl'pan 2013 r
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Yacrs 1

IlIpu evinonnenuu 3adanuii yacmu 1 6 oOnanke omeemos Ne 1 noo nomepom
evinonnaemozo Bamu 3adanua (A1-A21) nocmaevme 3naxk «%x» 6 Kiemouke, HomMep
KOMopoil coomeemcmeyem Homepy vlopannozo Bamu omeema.

KoopzmHaTa X MaTepPIaJ'ILHOﬁ TOYKH M3MCHSETCS C TCUCHHMEM BPEMEHH [ MO0 3aKOHY

x=2+3t. Kakoit u3 mnpuBeAEHHBIX HIKE TPAPUKOB COOTBETCTBYET ITOU

3aBUCUMOCTH?
® @
1 2 = S 1 2 3 ¢
© @
| 2 B WE 1 2 3¢
1)1 2)2 3)3 4) 4

JluHaMOMETp JIEKHUT Ha IIaJKkoM cTole (Ha pUCYHKe MoKa3aH B cBepxy). Kopmyc
JMHAMOMETpa MpHUBA3aH JErKOW HUThIO N K BOUTOMY B CTOJ T'BO3[IO, a K KPIOKY
JIMHAMOMETPA MIPUJIOKEHA TIOCTOSIHHAS cuila. UeMy paBeH MOJLyJIb CHIIbI HATSKEHHUSI

HUTH N?
H P
Nk =
01234
1) 3H
2) 6H
3)0H

4) MosxeT nexath B untepBaie or 3 H 1o 6 H

© Crarl'pan 2013 r
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BpycOK paBHOMEPHO IBUIalOT MO MIEPOXOBATOMY TOPH3OHTAIBHOMY CTONY. Jlys
TOTrO YTOOBI YMEHBIIUT MOJYJIb JeHCTBYIOIIEl Ha GPYCOK CHJIBI CyXOTO TPEHHS,

HYXKHO
1) yBenuuuth CKOPOCTH OpyCKa
2) YMEHBIIUTH CKOPOCTH OpycKa
3) yMEHBIIUTE IUIOMAIb COIPUKOCHOBEHUS OPyCKa CO CTOJIOM

4) YMEHBIIUTH MOJLYJIb CHJIbI HOPMAJILHOTO JaBJIeHHs OpycKa Ha CTOJ

[llap CKONB3WUT MO CTONYy M HAJETAET Ha BTOPOH TaKOW ke MOKOSAIIMICS miap.
VueHUKN M300pa3suin BEKTOPbl HMITYJIbCOB IHAPOB 10 COyJapeHHs (BEpXHss 4acTh
pHCYHKa) M TOCje Hero (HMkKHsis 4acTh pUCyHKa). Kakoll pPHCYHOK BBINOJHEH

MIpaBUIBHO?
0 ® ® 0
] | R
N
D1 2) 2 3) 3 4) 4
Kakas equHHIA CITYKUT AT U3MEpeHNs paboThI?
1) JIx/c 2) kBtu 3) Br 4) JTx-c

Ha pucyHke U300pa)&H y4acTOK HATSHYTOrO PE3MHOBOrO IIHYpa, IO KOTOPOMY
pacrmpocTpaHsieTcsl MonepedHas BoJiHA, uMmeromas yactory 1,25 I'm. Yemy paBHa
CKOpPOCTH PaclpOCTPaHEHHUS BOJTHBI?

—

25 cMm
3) 0,625 m/c

1) 0,8 m/c 2) 0,4 m/c 4) 1,25 m/c

© Cratl'pan 2013 r
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W jiealbHblii a3 HAXOJAUTCA B COCYE OCTOSHHOIO 00bEMa. Ha pucynke npusenén
rpaduK 3aBUCUMOCTH CpEJHEH KUHETUUYECKOW SHEpruu £ XaoTHUECKOTo JIBUKCHUS
MOJIEKYJI Ta3a OT BPEMEHH £

E

0 '

Ha xakxom u3 PUCYHKOB IPaBUJIBHO IIOKa3aHa 3aBUCUMOCTbL AAaBJICHUA p Tas3a OT

BpemeHn?
P @® P @
0 t 0 t
P ©) P @
0 t 0 t
D1 2) 2 3)3 4 4

JlBa yueHWKa, Kejas NPUBECTH NPUMEPHI H300apHOrO TpolEecca, M300pasuiu
rpaduKy  3aBHUCUMOCTH 00BEMa V' upealbHOro Tra3a OT ero aOCOJMIOTHOH
temneparypsl 7. Dtu rpaduku mokaszaHsl Ha pucyHkax A) u b). Kakoii u3 pucyHkos
SBISIETCS IPABUIIBHBIM?

A)
2) tombko B)

1) tonbko A) 3) uA), ub) 4) au A), un b)

© Crarl'pan 2013 r
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I[Ipy1 KPUCTAUIM3AlMK PACILIABIEHHOTO TUIIOCYIb(GHUTA SHEPTHS

1) Brimensercs
2) noryioniaercs
3) He BbIAEIAETCS U HE MOTIIOIAETCS

4) MOXKEeT KaK BBIIEIATHCS, TaK U IIOTJIOMAThCS

[lepBomMy Temy cOOOUIMIM KOJIMYECTBO TermoThl 1 kJIk, a BTOpomy — 2 KJ[K.
Macchl Ten olMHaKoBBL. B pesyibrare TeMrepaTypa IepBOro Teja MOBbICKIIACh Ha
100 K, a Broporo — moBbeicmiack Ha 50 K. MoXHO yTBepXmaTh, 4TO yJeibHas
TETIOEMKOCTD Y BELIECTBA MIEPBOTO Tejla

1) Gombiie, YeM y BeIIeCTBa BTOPOTo Tea
2) MeHblIle, YeM y BELIECTBA BTOPOTO Teja
3) rtaxas ke, KaK y BEIECTBA BTOPOTO Tela

4) He MOXKeT OBbITH COOTHECEHA C YEIBHON TEIIOEMKOCTBIO BEIIECTBA BTOPOIO
Tema

[To0KUTENBHBIN TOUEYHBIH 3aps)] ¢ HAXOJUTCS HA OKPYIKHOCTH. TOUEUHBIH 3apsi
O NpOTHBOMNOJIOKHOTO 3HAKA IIEPEMEINAIOT MO 3TOH OKPYkKHOCTH. Moyib
HATIPSHKEHHOCTH DJIEKTPUYECKOTO MOJIS, CO31aBAEMOTO STHMH 3apsJaMU B LEHTPE
OKPYXKHOCTH, Oy/IeT MaKCUMaJleH, Koria 3aps Q Oy/leT HaXOJUThCs B TOUKE

C

1) 4 2) B 3)C 4) D

© Cratl'pan 2013 r
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Ha pucyHKe Mmoka3aH y4acTOK BOJIbT-aMIICPHON XapaKTEPUCTHKH JJISI CBapOYHOU
nyru. 13 pucyHka cnenyet, 9TO MpU yBEIMYEHUU CHIBI TOKa B ayre ot 15 A mo
70 A moTpebisiemast 1yroi MOIIHOCTb

0710 20 30 40 50 60 70 80 90 , .

1) yBenuuuBaercs 2) yMmeHbIIaeTcs

3) He uzmeHsieTcs 4) cTaHOBHTCSI PaBHOM HYJIIO

Bosje MONOCOBOrO MArHUTAa, B3SATOIO B LIKOJALHOM KabuHeTe (DU3MKH,
pacronoskeHa MAarHuTHas cTpeika. M3 mpumaraeMoil K MarHMTy MHCTPYKIHH
CIIe/lyeT, uTO OH HaMarHW4eH BJONb CBOEH JUIMHEL PasMepsl CTPENKH HAMHOTO
MeHbIIIe pa3MepoB MarHuTa. CTpenka B COCTOSHMH PABHOBECHS OPMEHTHPOBANACH
Tak, Kak TMoKa3aHo Ha pucyHke. FOKHBIH MarHUTHBIH TIOJOC TI0JI0COBOTO MarHUTA

Ce ja

S <= N
1) maxonurcs B Touke A
2) Haxomurcs B TOUKE B
3) naxomurcs B Touke C
4) ne MOXKeT OBITH ONPENENIEH TPH TOMOLIM JAHHOIO OIBITA
4 | Yepe3 katymky Teu€T 3JCKTPHUUCCKUI TOK, CHIla [ KOTOPOTO 3aBHCHT OT BPEMEHH !

TaK, Kak nokazaHo Ha rpaduke. MunykruBHOCTh Katymku 10 MI'H. Kakas sHeprus
Oyzer 3amaceHa B KaTyIIKEe B MOMEHT BpeMeHHU ¢ = 3 ¢?

LA _
6 | |
3
0 1 2 3 41¢
1) 15 m)Tx 2) 30 m/Ix 3) 45 m/Ix 4) 180 m/Ix

© Crarl'pan 2013 r
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Ha pucyHKe MOKa3aH XOJ CBETOBOTO Jjiyda JI TOCI€ €ro majeHus Ha TPAaHHUILY
g?gnena JBYX CpEJl C TOKa3aTeIs MU NIPENOMICHHS 1y W 1. W3 pucyHka cuenyer,

Ha

1) n > n,y
2) ny<n,
3) n;=n,
4) MOXeT OBbITh KaK ny >Ny, TaK U Ny <N,
16 | Uctounuk wm3nywaer cBer ¢ anuHOM BonmHBI 600 HM. KakoBa uacTtoTa cBeTa,

U3]Iy4aeMOro BTOPBIM HMCTOYHHMKOM, €CJIM CBET OT 3THUX HCTOYHHKOB IO3BOJIIET
HaAOJFOIaTh YCTOWYMBYIO HHTEP()EPEHIIMOHHYIO KapTHHY ?

1) 5103 g 2) 51017 3) 2-1014 T 4) 51041

Ha noBepxHOCTh MeTauta moman (OTOH, XapaKTepU3yeMblil UIMHON BOJHBIA, U
BBIOMJI M3 METaJlIa BIIEKTPOH ¢ KUHeTHYecKol sHepruerd E. Ecnu Ha MOBEpXHOCTD

TOTO K€ MeTallIa MomnaieT GoToH, XapakTepu3yeMblil JUIMHON BOJIHBI > TO OH

1) MosxeT BBIOUTH U3 MeTalljla [iBa JJIEKTPOHA
2) He MOXET BBHIOWTH U3 METAJUIa HU OAHOTO 3JIEKTPOHA
3) MOXeT BBIOUTH U3 METaJlIa IIEKTPOH C dHEepruei, dospmiei £

4) MOXeT BbIOUTH M3 METajllla QJIEKTPOH C dHEPrUeil, MeHbIleH £

Pesepdopa, MpoBOAS OMBITHI 110 OOJyYEHHIO TOHKOH 305I0TON (ONbru aibda-
YacTULIaMH, OOHAPYKHJI, YTO MOUTH BCE alib(ha-4acTHUIBI TPOJIETAIOT Yepe3 Poabry
HACKBO3b, U JIMIIb HEKOTOPBIE OTCKaKMBAIOT OT (oibru odpaTHo. Kakoi BEIBOA OH
caenai u3 3Toro?

1) pa3MeEp Aapa atoMa 30J10Ta HAMHOTO MEHBIIC PasME€POB CaMOIr'o aroMa

2) AApO aToMa 30J1I0Ta U anb(ba-qaCTnua HMCIOT 3apsAbl MNPOTHBOIIOJIOKHbBIX
3HaKOB

3) macca spa aTomMa 30JI10Ta HAMHOTO MEHBIIIE MAcChl alb()a-4acTHIIBI

4) mpu mpoxokaeHun uepe3 (HONbry  anb(a-4acTHII B3aHMOJECHCTBYIOT
C BJIEKTPOHAMH
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B-vacTuua npeacrasuser coboii

1) snekrpon 2) nporon

3) ueittpon 4) aapo aTroma renus

Jlns u3mepenust auaMerpa 3y00uMCTKU B €€ Haubosiee TOJICTOW YacTH HEKOTOPOE
KOJIMYECTBO 3y0OUMCTOK BBUIOKHIIM HA MHJUTUMETPOBYIO OyMary B s — CTOpOHa
K cropone. Okazanock, uTo 20 3y0OYHCTOK 3aHUMAIOT Ha OyMare IMUpUHY 34 MM.
YeMy paBeH, COTJIACHO MPOBEIEHHBIM H3MEPEHHSAM, TUAMETD 3yO0UHCTKH?

1) (3,4+0.,5) Mmm
3) (1,7+0,1) mm

2) (1,7 £ 1,0) mm
4) (1,70 £ 0,03) Mmm

[IIKOMIBHUK H3yYasl IPOIECC MPOTEKAHHUS TIOCTOSHHOTO TOKA Y€PE3 METAIUTHYECKYIO
npoBoJIOKY. OH OpaJl KyCKH TPOBOJIOKH OJMHAKOBOW JUTMHOHM 50 cM, HO C pa3HBIM
rorniepeyHbIM cederneM S. ConporuBieHne R MPOBOJIOK OH W3MEPSUT TPY TIOMOIIN
MUIIHOMMETpa. Pe3ynbraTel ero u3MepeHuil MpuBeICHbI B Ta0IHUIIe.

S, MM2 1 1,5 2 2,5 3 3,5
R, MOM 553 368 275 218 184 156

[Tonb3ysice Tabmumei, ompeaenuTe YIOEIbHOE CONPOTHBICHHE METaLIa, U3
KOTOPOTO ObLIa U3rOTOBJIEHA IIPOBOJIOKA.

1) =0,02 OM-MMZ/M
3) 0,4 Om-MMZ/M

2) ~ 0,03 Om-MM%/M
4) =1,1 OM-MMZ/M

© Crarl'pan 2013 r
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Yactp 2

Omeemom K 3ao0anusam Imou uacmu (BI1-B4) aenaemca nocredoeamensnocmo yugp.
Bnuwiume omeemut cnauana 6 mexcm pabdomvl, a 3amem hepeHecume UxX 6 OIAHK
omeemoe Ne 1 cnpasa om Homepa cOOmMEEemMCmEyIOUie20 3a0aHus, HAYUHAA C Nepeoil
KlemouKku, 0e3 3anamolX, npooenos u KaKUux-iudo O0O0NOJIHUMEIbHbIX CUMB0J108.
Kasicoywo yugppy nuwiume 6 omoenvhoil Knemouke 6 cOOmMeemMcmeuu ¢ NPUEEOEHHbIMU
6 b1anke obpazyamu.

Jlérkuii crepxeHb AB TNOJBEIIEH B I'OPU30HTAIBHOM IIOJIOKEHUU IIPU MTOMOIIU
BEPTHKAJIBHBIX HUTEH, MNPUBSA3aHHBIX K €ro KoHmaMm. K cepemunHe crepkHs
nojasemieH rpy3. [py3 mnepeBemmBaroT Onke K koHiy A crepxHs. Kak
B pe3yJibTaTe HM3MEHSIOTCS CIeAyIomue (U3NYECKHUEe BEIMYWHBL: MOJYJb CHIIBI
HaTSDKEHUS JIEBOM HWUTH, MOJYJb CHJIBI HATSDKEHHS TpaBOW HHUTH, MOMEHT
JIEHCTBYIOIIEH Ha TPY3 CHJIIBI TSDKECTH OTHOCUTEIEHO TOUKH A7

Jlis Ka)x10i BEJIMUMHBI OIIPEAEIUTE COOTBETCTBYIOIUNA XapaKTep N3MEHEHNUS:

1) yBennuuBaercs;

2) yMeHbIIaeTCs;

3) He U3MCHSICTCS.

3anumuTe B Tabnauily BbIOpaHHBIC H(PBI A KKAOH (HU3MYECKON BEITHYUHBI.
udpse! B 0OTBETE MOTYT ITOBTOPATHCA.

OU3NYECKHWE BEJINYHUHBI X N3MEHEHHUE

A) Momynb CHITBI HATSKEHMS T€BOM HUTH 1) yBenmuuBaercs

B) Monynb cunbl HaTsKEHUS PaBON HUTH 2) yMEHbIIaeTCs

B) MOMEHT JCHCTBYIOIICH Ha Ipy3 CHIBI THKECTH  3) He H3MEHSETCS
OTHOCHUTEIBHO TOYKU A

A b B

OTBer:

© Cratl'pan 2013 r
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[InacTuHBI TIOCKOrO KOHIEHCATOPa, MOIAKIIOYEHHOTO K Oarapee, CAENaHbI M3

METaJNTHYECKUX JIMCTOB B BUJE KPyra AMaMeTpoM a. Kpyrible miacTHHBI 3aMeHUIH
Ha KBaJpaTHble CO CTOPOHOW a. [Ipu 3TOM paccTosiHHE MEXIy IUTACTHHAMHU
YMEHBIIMIHM, a OaTapero OCTaBWIM mpexHei. Kak B pe3ynpraTe H3MEHSTCS
cnenyouye (U3MUECKUE BEIMYMHBL: 3JIEKTpUYeckas EMKOCTb KOHIEHCATOpa,
MOJyJlb PA3HOCTH IOTCHIMAJIOB MEXIYy IUIACTHHAMH KOHJCHCATOpa, 3apsj
KOHJIeHcaTopa?

Jl1s KXo BETMUMHBI OIPEIEIUTE COOTBETCTBYIOUIMN XapaKTep N3MEHEHUS:

1) yBenuuures;

2) yMEHBIIUTCS;

3) HE M3MEHUTCSI.

3anummTe B Tabiuiy BbIOpaHHBIE H(PBI AT KaKAOH (HU3MYeCKOl BEITHMYUHBEI.
L{udpsl B OTBETE MOTYT MOBTOPATHCA.

OU3NYECKHWE BEJIWUYNHbI X M3IMEHEHHUE

A) snexTpryeckas EMKOCTh KOHIEHCATOPA 1) ysenmuurcs

b) Momyns pasHOCTHM NOTEHIHMANOB MEXAy IUIACTH-  2) YMEHBIIHTCS

HaMH KOHACHCATOopa 3) He U3MEHHUTCS

B) 3apsna xongencatopa

A b B

Ortser: |

WpneanbHplid  KONEOATENbHBIA KOHTYp COCTOMT U3 KOHJAEHcAaTtopa EMKOCTHIO
0,2 Mx®, 3apspkerHoro a0 HanpsbkeHus 10 B, kaTymiku HHIYKTUBHOCTBIO 2 MI'H 1
pa3zoMKHyTOro Kiroda. [locie 3aMbIKaHUs KII09a, KOTOPOE MPOU3O0III0 B MOMEHT
BpeMeHH ¢ = 0, B KOHType BO3HHKIN COOCTBEHHBIC JIEKTPOMATrHUTHBIE KOJICOaHMS.
YcTaHOBUTE  COOTBETCTBHE MEXKAY  3aBUCHUMOCTSMH, IONYYCHHBIMH  TIPH
UCCIICIOBAHUU JTHX KoneOaHWi (CM. JeBbId crojiber), W dopmyrnamu,
BBIP@XAIOIIMMHU  3TH 3aBUCUMOCTH (CM. IIpaBblii  cronber; KodpGHULUUEHTHI
B (popMyJiaX BBIpOKEHBI B COOTBETCTBYIOIIMX enuHHUIax CH 6e3 KpaTHBIX H
JIOJIbHBIX MHOXKHTEJICH).

K kaxxpoil mo3uuuu nepBoro crojadua MnogdepuTe COOTBETCTBYIOILYIO MO3UIHIO
BTOPOrO CTOJNIOIIA M 3amuiiuTe B TaOnMIy BBIOpaHHBIE LUQPPHL  TOX
COOTBETCTBYIOLIMMHU OyKBaMH.

3ABUCUMOCTDb DPOPMVYJIA

A) 3aBHCHMOCTb HANPSKCHHs HA KOHACHCATOPE OT 1) f{t) = 1()5111(5.104-;)
BpEMEHHU

_ 104
b) 3aBuCUMOCTBb CHIIBI TOKa, TEKYLIErOo 4Yepes 2) f(t) = 10cos(5-1077)
KaTyIIKy, OT BpEMEHHU 3) fit) = 0,lsin(5'104't)

4) f(1) = 0,1cos(5:10*7)

© Cratl'pag 2013 ¢
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Ha pucynkax wu300pakeHbl CXeMbl (DH3MUECKHUX DSKCIEPUMEHTOB. Y CTaHOBUTE
COOTBETCTBHE MEXJy ITHUMH 3KCHEPUMEHTAMU M uX Ienbto. K kaxaoi mo3unnu
[IEPBOro CTOJIOLA MMOJOEPUTE COOTBETCTBYIOLIYIO MO3ULHUIO BTOPOrO U 3alUIINTE
B TaOJIHUIYy BRIOpaHHBIC U(PBI IO COOTBETCTBYIOIIMMHU OYKBaMHU.

CXEMA S3KCHHEPUMEHTA ET'O IIEJIb

1) mposepka 3akoHa Kynona

2) HaONIOJIGHUE paCIpeiesieHus] TMOTEHIH-
aya BJIOJIb MPSIMOTO MPOBOJHUKA C IPO-
TEKAIOIIUM [0 HEMY JJIEKTPUYECKHM
TOKOM

3) nalOmoneHne KapTUHBI CHJIOBBIX JIMHHA
AJIEKTPOCTATUYCCKOTO TONS TOYCUHBIX
3apsiI0B

4) nposepka 3akoHa Oma

Yacrp 3

3aoanua uwacmu 3 npedocmaenarwm cobdou 3adauu. Pexomendyemcsa nposecmu ux
npedeapumensvnoe peuienue Ha uepnosuxe. Ilpu ewvinonnenuu 3adanuii A22-A25
6 on1anke omeemog Ne 1 nod nomepom 6vinonnsaemozo Bamu 3adanus nocmagvme 3nax
«X» 6 Kilemouke, HOMep KOMOPOU COOMEEMCmEyen Homepy 6vlopannozo Bamu
omeema.

MasieHpKHH IIapUK HAaYMHAET Ta/JaTh Ha TOPHU3OHTAIBHYIO ITOBEPXHOCTH TOJa
C BEICOTHI 2 M. M3-3a neexTOB MOBEPXHOCTH CTOJA MIAPWK TPH yaape O HETo
tepsieT 20 % cBoel MEXaHUYECKON 3HEPTUU M OTCKAaKMUBAET OT CTOJIA O] yryioMm 60°
K TOpH30HTY. Ha Kakyro MakCHMajbHYIO BBICOTY TOJHMMETCS IIAPHK TTOCIE yaapa
o cton?

1) 0,4 M 2) I,5m 3)12wm 4) 1,6 m
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WneanpHbIH OJHOATOMHBIN a3 M300apHO CKaiu OT 00BéMa 3 11 10 00BéMa 1 i,
3aTeM HM30XOPHO HArpeild TaK, YTO €ro JaBJICHUE YBEIUYUIOCH OT 10° Ma 1o

2:10° Tla, mocne yero ras BEPHYJIA B UCXOJHOE COCTOSHUE TaK, YTO €r0 JaBICHUE

JHHEHHO yOBIBajo MpH yBennuyeHun o0béMa. Kakyro paboTy coBepIuu ra3 B 3TOM
nporuecce?

2. 10° Ta

0 1 2 3 Fa

1) 1 dx 2) 2 Ix 3) 100 Ix 4) 200 JIx

Ilpyd MOMOIIM TEPBOrO 3JIEKTPOKMIATHILHIUKA MOKHO BCKUAISATATE 200 T' BOIBI
B CTaKaHe 3a 2 MUHYTHI, & I[P [OMOIIX BTOPOTO, BKIFOYEHHOTO B Ty € PO3ETKY, —
3a 3 MHHYTHL. 3a Kakoe BpeMs 3aKUIUT Ta XK€ Macca BOJbl B CTAKaHE, €CIH
MOJIKITIOYUTE 3TH KUISTUIBHUKY TTAPAIUIETIBHO?

1) 5 mu=H. 2) 3 MmuH. 3) 2 muH. 4) 1,2 mun.

Komneknuonep pasrispiBaeT NMPU IMOMOIIN JIYNBI AJIEMEHT MapKd, WMEIOIIUi
pasmep 0,2 MM, ¥ BHAWT €r0 MHHUMOE HM300pa)Ke€HHE, yBeIMueHHoe 10 1,2 MM.
PaccmaTtpuBaeMblil 3J1€MEHT PacIoyIoKeH Ha pacCTOSIHUM 7 MM OT Jynibl. Ha kakom
PacCTOSTHUM OT JIYTIBl HAXOIUTCSI M300pakeHune?

1) 7 mm 2) 9.8 MM

3) 35 Mm 4) 42 mm

He 3a0yobme nepenecmu ¢ce omeemul 6 01anK omeenog Ne 1. ‘

© Crarl'pan 2013 r
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Ilonnoe pewenue 3aoau CI1-C6 neodxooumo 3anucamop ¢ dnranxe omeemos Ne 2. Ilpu
opopmaenuu peuienus 6 dnanke omeemos Ne 2 zanuwiume chavana Homep 3a0aHUA
(Cl, C2 u m. 0.), a 3amem peuwienue coomeemcmeyuieii 3aoauu. Omeemuvt
3anucwleaiime 4émko u pazoopuueo.

3UMON MO KpasM 3aCHEKEHHBIX HAKJIOHHBIX KpPBIII JOMOB 4YacTO 0OGpasyroTcs
COCYJIbKH, KOTOPbIE MPU HE CIMIIKOM MOPO3HOI I0rojie ObICTPO pacTyT U MOTYT
COpBAaThCA M YIACTb, MPEICTABIAS OOJBIIYIO OMACHOCTh JUIS MPOXOISAIINX BHU3Y
mozeit. Ha Kpblliax MHOTUX COBPEMEHHBIX 3arOPOJHBIX JIOMOB COCYJBKH, OJHAKO,
He 00pasyloTcs Onarojaps CUENMalIbHOM KOHCTPYKIMH OTHX KpBIIL OHH
JIBYXCIOWHBIE, H MEKIY BEPXHHM M HWKHMM CIOSMH MMEETCS 3a30p, B KOTOPOM
BO3/IyX MOET CBOOOIHO LIMPKYJIMPOBATH U BBHIXOAHTH HApYKy.
OObsicHUTE,  OCHOBBIBASCh  Ha  M3BECTHBIX  (U3MYECKMX  3aKOHaX W
3aKOHOMEPHOCTSIX, TPHYMHY OOpasoBaHUs COCYJNEK B IIEPBOM ClIydae M HX
OTCYTCTBHE BO BTOPOM CJIy4ae.

Ilonnoe npasunvnoe peuwtenue Kaxcoou usz 3aoay C2—C6 00axcno codeprcams 3aKOHbL U
opmynvl, npumenenue KOmopuvix HeOOXOO0UMO U 00CMANOYHO ONA PeuleHUA 3a0auu, a
makce mamemamuyeckue npeodpa306anus, pacuémsl ¢ YUCIEHHBIM OMEEMOM U Npu
Heo0X00uMocmu pucyHoK, HOACHAIOWUIL peuteHue.

Ha Ttenexke maccoii M =400T, KoTOpas MOXET KaraTbCsi 0e3 TpeHHs Io
TOPU30HTAIHHON TNIOCKOCTH, UMEETCsI JIETKUHA KPOHIITEHH, Ha KOTOPOM TIOJBEIICH
Ha HUTH MaJleHbKHi mapuk maccor m =200 r. Ha Tenexky mo ropusoHTaIn
HaJIeTaeT M aOCOJIOTHO HEYNpYyro cTrajkuBaeTcss ¢ Hed map maccoidl M (cM.
pucyHok). [Tocne cTronkHOBEHUS, B TOT MOMEHT, KOTJ[a HUTh, HA KOTOPOH MOJIBEIICH
IIapHUK, OTKJIOHWJIACh Ha MaKCHUMAaJbHBIH YroJl OT BEPTHKAJIH, CKOPOCTb TEJICHKKH

Obuta pasHa V=4 wm/c. KakoBa Oblia CKOpoCTb V|, mwapa 10 CTOJIKHOBEHHS?

)IJ'II/ITeJ'ILHOCTL CTOJIKHOBCHHS 1Iapa C TEIEIKKOI CUMTATh OYEHb MAJIOM.

B TEIIOM30JMPOBAHHOM IJMHAPE, Pas3sAeNEHHOM Ha JIBE€ YacTH TOHKHMM
HEBECOMBIM TEIIONPOBOJISIIMM MOPIIHEM, HAXOMUTCS HJealbHbIA OJHOATOMHBI
ra3. B HauanbHBIH MOMEHT BPEMEHH MOPIIEHb 3aKPEMUIEH, a MapaMeTphl COCTOSHHUS
rasa — jaBieHde, oObEM M TeMIepaTypa — B OJHOH YacTM ILMIMHAPA DPaBHBI

py=larm, V=2 u T} =300 K, a B Opyroii, COOTBETCTBCHHO, p,=2 aTM,

Vy,=1anu T, =600K. IlopueHs OTIYCKAalOT, W OH Ha4YMHAET IABHUraThCs Oe3

Tpenus. Kakast TemmepaTypa raza yCTaHOBUTCS B IMUJIMHAPE CIYCTS JOCTATOYHO
JOJIroe BpeMs, Korja OyAeT JOCTUTHYTO COCTOsIHUE paBHOBeCH:? TemmoéMKoCTAMU
WIMHIPA ¥ TIOPIIHS MOKHO TIPEeHeOpeyb.
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BHyTpY HE3apIKEHHOTO METALIMYECKOTO IHapa
pamuycoM 7| =40 cM HMEIOTCs JBe ChepHUecKue

()

1
IIOJIOCTU  paauycamMu <5], PaCIIOJIOKCHHBIC

TakuM o00pa3oM, 4YTO WX IIOBEPXHOCTH TOYTH
CONPUKACAIOTCA B LIEHTpE Iapa. B meHtpe omgHou

TOJIOCTH TIOMeCTHIM 3apsn ¢, = +2 uKu, a 3atem

i}

B LEHTpPe Apyrod — s3apinx ¢, =+3 HKun (cm.

pucyHok). Haiigure Moaysip M HampaBlIeHHE BEKTOpa HAMPSIKCHHOCTH F
9IEKTPOCTATUIECKOTO MO B Touke O, HaXONAIIEHCS Ha paccTosSHUU R = 1M or
[EHTpA IIapa Ha MPOJIOIDKEHUH OTPE3Ka, COSTUHSIONIETO [IEHTPHI MOJIOCTEH.

B nenu, cxema KOTOpOH M300pakeHa Ha PUCYHKE, BHAYAIE 3aMBIKAIOT K04 K Ha
BpeMs, 3a KOTOPOE TOK B KAaTyIIKe HHIYKTHBHOCTH JOCTHTaeT MaKCHMaJIbHO
BO3MOJKHOTO 3HAQUCHHMS, a 3aT€M pa3MbBIKaoT ero. Kakoe KOJMYECTBO TEILIOTHI
BBLIEIUTCS TOCie 9Toro B pesucrope R? IMapamerpel nermu: £=3 B, r=1 0w,
R=100wm, L =10 mI'n. ConpoTuBieHnE KaTyIIKA HHIYKTUBHOCTH OYEHb MaJlo.

ToueuHbIii HCTOYHMK  HM3Ay4aeT MOHOXPOMATHYECKHHA CBET C  [UIHHOM
BOJIHBI 4 = 600 HM paBHOMEPHO BO BCEX HAMpPaBIEHHUSIX (TaKOW HCTOYHHK
Ha3bIBaeTCs M30TPOIHBIM). Ha paccTosiHuu 7 = 1 M OT HEero KOHIeHTpanus GoTOHOB

(To ecth unciio (HOTOHOB B enuHHIE 00BEMA) paBHA n = 2100 M3, Uemy paBHa
MOIIHOCTb P 3Toro ucroyHuka? OO0bEM chepudeckoro cios paauycoMm 7 H

TONIIMHON Ar paBeH 4P Ar.
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KpuTepun oneHuBanusl 3a1aHil ¢ pa3sBEPHYTHIM 0TBETOM

3UMOli N0 KpasM 3aCHEKEHHBIX HAKIOHHBIX KDBIII AOMOB 4acTo 0GpasyroTCA
COCYJIbKH, KOTOPBIC NPH HE CJIHMIIKOM MOPO3HOHM moroge GhICTPO PacTyT W MOTYT
COpBaThCA U yHnacTh, NMPEACTABIIAA 60.]'[5].].[}’1'0 ONMacHOCTh A IMPOXOJAIIMX BHHU3Y
moaei. Ha kpbliax MHOTHX COBPEMEHHBIX 3arOPOAHBIX JOMOB COCYJIbKH, OJHAKO,
He oOpasyworcs Omaromaps COCLHATBHOH KOHCTPYKLMHM STHX KpPBIUL OHH
Z[ByXCJ'IOﬁHbIe, H MOXKAY BECPXHUM H HHUXHHUM CJIOAMH HUMECTCA 3a30p, B KOTOPOM
BO3IYX MOKET CBOOOIHO LIUPKY IHPOBATH U BHIXOJUTH HAPYKY.
OObacHUTE, OCHOBBIBAACH HA  H3BSCTHBIX  (U3WUCCKMX  3aKOHAX M
3aKOHOMEPHOCTAX, NMPHYHMHY OOpa3OBaHHA COCYJIEK B IEPBOM ClIy4ae W HX
OTCYTCTBHE BO BTOPOM ClIyYac.

Bo3mo:kHOE pelenue

1. Xunple goma 3UMOH OTAIUIMBAIOTCA, TEIUIBIM BO3AYX MOAHHMAETCA BBEPX, U depes
KPBILIY, IIOKPHITYI0 CHETOM, TIOCTOSHHO MAET TEIUIOOTAAYA.

2. Crnoii cHera Ha KpbILIE HMEET MAJIY IO TEIIONMPOBOJHOCTD, TAK YTO MEXKIY BHY TPEHHEH U
BHEIIHEH MOBEPXHOCTAMHU 3TOTO CJIOA BO3HHMKAeT OoJIblag pPa3HOCTh TEMIIEPATYpP, U CHET,

MIPUNICTAIOIMH K KDBIIIE, HATPEBACTCA 10 TEMIECPATVDHI IUIABICHHA U HAYHHACT TasTh 3a
CuéT TMOJYYCHHA TEIUIOTHI IUIABJICHMA [P TEIUIOOTHAYE 4YEPe3 KpBIIy JoMa
B OKPY XKAIOLIYIO Cpey .

3. O6pazoBaBLuascs MPHU TaSHUH CHETa BOAA CTEKACT MOX CJIOCM CHEra BHH3 N0 HAKIOHHOH
KpBIILIE H, BRIXOIA HA €€ KParo Hapy»Ky, Ha XOJIOA, CHOBA 3aMep3acT, oopa3ys 1&a, TO eCTh
OBICTPO PACTYILHE COCYJIbKH.

4. Tlpu aBY XCIOMHOM KpBIILIE ¢ BO3AYIIHBIM 3a30POM TEIUIOTAa U3 AOMA YHOCHTCH HAapyIKy,
BBEPX, B OKPY>KAIOIIYIO CPEAy, 3a CUET BO3HHKAKOUINX KOHBEKLHOHHBIX MOTOKOB BO3JyXa
B 3a30PC M MPAKTHYCCKH HEC HArPEBACT CHCT HA BEPXHCM CJIOC Kpbimu., Taxum oGpaszoM,
CHET HE MOATAMBAET, U COCYIbKH HE 00pasyoTCs.

K])l/lT(’,l)l'll/l OLICHKM BbINOJIHCHUA 3a1aHNS banibl

[TpuBeAcHO MONHOE MPABUIBHOC PELICHHE, BKJIIOYAKOIICE IMPABHIBHBIM OTBET
(B manHOM ciayvyac nn. 1-4) M HCUCPIBIBAKOILMC BCPHBIC PACCYIKIACHHA
C yKazaHUEM HaOJFOJacMbIX ABJICHUH (B JAHHOM CITy4ac — YIIOMUHAHKE SBICHUMI 3
TCIUIONPOBOAHOCTH M KOHBCKLMH, TUIABJICHUA H 3aTBCPACBAHHA JbJA, @ TAKKCe
yKa3aHHE HampaBJICHWUH MABIDKEHHA TEIUIOTO BO3AyXa M BOABI B IIOJIE CHJIBI
TSDKECTH).

Vkazanel BCce HEOOXOOMMEBIC [ OOBACHEHHMSA SBICHHS M 3aKOHBI,
3aKOHOMEPHOCTH, M JAHO MPABMJIbHOS OOBACHECHHE, HO COACPKHUTCS OJUH U3
CJIC IYIOIIHX HEJOCTATKOB.
B npeacraBieHHBIX 3amUCAIX COACPXKATCA JHIIb OOMME pacCykacHus Oe3 2
MPUBS3KH K KOHKPETHON CUTYaLUU 32Ja4H.

Win
PaccyskacHus, MPUBOAAIINE K OTBETY, MPSACTABIACHBI HE B MOJTHOM OOBEME, WITH
B HHUX COJEPXKATCS JIOTHYSCKUE HETOYETHL
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[MpeacTaBacHBI 3aMUCH, COOTBETCTBY IOIKE OIHOMY H3 CJICIY FOILUX CIIy4Yacs.
VYka3aHsl HE BCe HCOOXOAUMBIC SIBJICHHUS U (PU3UMECKHC 3aKOHBI, JaKE CCIU JaH
MPABUIBHBIN OTBET HA BOIPOC 3aJaHHSI.
HJn
VYka3zaHsl Bce HEOOXOIUMBIE SIBICHUA U (PHU3HUCCKUE 3aKOHBI, HO B HEKOTOPHIX U3
HUX JOIYLIEHA OLHMOKa, AaXe €ClIU AaH IMPABHIBHBIN OTBET HA BONPOC 3aJaHHA.
N
VkazaHel BCe HEOOXOAMMBIE I OOBACHEHMS ABJCHHMA M 3aKOHBI,
3aKOHOMEPHOCTH, HO HMCIOIIMECS PACCY>KACHHA, HANPABJICHHBIC HA IOJYUYCHUE
OTBETA Ha BOTPOC 3aAaHMs, HE AOBEACHBI A0 KOHIIA.
NI
Vkazanel BCE€ HEOOXOAMMEBIE I OOBACHEHHMA SBJIEHHA W 3aKOHBI,
3aKOHOMEPHOCTH, HO UMCIOTIIHECS PAcCy K ACHUs, MPUBOIAIIME K BEPHOMY OTBETY,
COmEpIKaT OLUHOKM.

Bce cnyuau peieHus, KOTOpbIe HE COOTBETCTBYIOT BHILUCY KA3AHHBIM KPHTCPHAM 0
BBICTABJIEHH OLEHOK B 1, 2, 3 6anna.

Ha Ttenexxe maccoii M =400 r, xotopas MOXKET KataThCs 0€3 TPECHUS MO
TOPH30HTAILHON TUIOCKOCTH, HUMEETCS JNETKUH KPOHIUTEHH, HA KOTOPOM MO/IBELIEH
HA HUTU MaIEHBKHMH IHAapUK Maccor m = [UU r. Ha TenaeKKy MO TrOpU30HTaIU
HaNeTacT ¥ abCOMIOTHO YIPYro CTAAKMBACTCS C HEH IIap Maccou M, neTsimui co

CKOpOCTBIO V=2 Mm/c (cM. pucyHok). Uemy OyaeT paBeH MOAYJIb CKOPOCTH
TEJISKKH B TOT MOMEHT, KOI/la HUTh, HA KOTOPOH INOJBEIUCH IUAPUK, OTKIOHHUTCA

Ha MAaKCHUMAJbHBIH yroMl OT BEpTHKaIH? J{IMTENbHOCT CTOJIKHOBCHHSA Iapa
C TEJICKKOH CUYMTATHh OYCHb MAJIOH.

m

M

7 (s ”
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BoimokHoe pelienue

CornacHo yCnoBmiO, 32 BpEMA CTONKHOBEHHA TENENKA MPAKTHIECKU HE CMECTUTCA, 8 HUTh
OCTAHCTCA Bepmxanwoﬁ. B CHJIYy 3TOrO rOPHU30OHTAIbHAA MPOCKLUA CHIIbI HATAKCHHUA HUTH
BO BPEMA CTOJIKHOBCHHA OTCYTCTBYCT, M I'OPU3OHTAJIbHAA MPOCKIMUA HUMILY JIbCA CHCTEMBI
«wap + TenexkKa» coxpamsercsa: MVy=Muj+ Mu,, tae 4, U u, — MOAYNH CKOPOCTEH

uiapa H TCJC)KKHU MOCJIE CTOJIKHOBCHHUA. HpPI abCcoMoOTHO YHOnpyroMm CTOJIKHOBCHUH LIapa U
MV Mu?  Muj
TCICKKH COXPAHACTCA H HX MCXaHHUCCKAsA J3HCPTHA! ) = > +
CICAy€CT, YTO LIAP H TCJICIKKA «06M6HI/IBEI}OTC§I» CKOPOCTAMH: ITIOCJIC CTOJKHOBCHHA LIAp
OCTAaHABIIMBACTCA M NAfACT Ha IUIOCKOCTD, A TEJIEXKKa MPHOOPETAET CKOPOCTb V.

. Orcroma

ITpu nanpHelnieM ABHXKSHHH TENEXKKA «ye3aeT» U3-NOA MOJABEIICHHOTO LIapHKa, H HUTb
HauMHAET OTKJIOHATHCA OT BEPTHKAIM, IOCTENEHHO TOPMO3d TEJIeXKKYy. B  MOMEHT
MaKCHMAaJIBHOTO OTKJIOHCHHSI HHUTH OT BEPTHKAIH CKOPOCTH V TeNe)KKH M 1apuka OyayT
OJMHAKOBBI, TaK KAK B IMPOTMBHOM CIy4ac, NMPH CKOPOCTH TENEKKH OONbIICH, uYeM
y IIApUKa, OTKIOHCHHE HUTH OyAeT MpoaoJuKaThCsa. B JaHHOM MHpoLECcCe COXpaHsETCs
TOPU30HTAIBHAA MPOCKLUMA HMITY IBCA CHCTEMBI (ILAPHK + TENEKKAN:

MVy=(M+m)V. Orcroma V = My
M+m

=1, 6 M/c.

Kpurepiu oueHKH BbIIOJHEHUS 32JAHUS Bauibl

[TpuBeneHO NOTHOE PEILECHHE, BITIOYAKOIIEE CJIeAY FOIIHE 3JEMEHTDI:

[) sammcanbl MOJOKEHUSA TEOPUHM M (PU3HYECKHME 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMCHCHHE KOTOPBIX HCOOXOAMMO I PELICHUA 3aAa4H BHIOPAHHBIM CIIOCOOOM
(B JAHHOM CJIy4ae — 3GKOHbl COXPAHEHUS UMNYIbCA U MEXAHUYECKOU SHepauu, U
NPasUIbHO 0OOCHOBAHO UX NPUMEHEHUe HA PASHLIX 3MAanax O8uUNCeHUs OGHHOI
cucmemvl me),

IT) omucaHbl BCce BBOAUMBIE B pemieHHe OyKBEHHbIE O0O3HAYEHUSA (PU3HMUECKUX
BCIMUMH (30 UCKIIOYEHUEM, GUSMONCHO, OOO3HAQYEHULI KOHCMAHM, YKU3UHHbIX 3
6 eapuarme KHM, u 0603Hauenuti, UCnOLb3yeMbIX 8 YCAOBUU 300aUU),

IIT) mpoBeaeHBI HEOOXOAMMBIC MaTeMaTHUYECKUE TpeoOpa3oBaHUsA (JOMyCKACTC
BepOANBHOE YyKasaHHE HAa HX TNPOBEACHHE) M PacuéThl, MPUBOJALIME
K MMPaBUJIbHOMY YHCJIOBOMY OTBETY (JIOIYCKAcTCs pEIICHHE «II0 YacTaM»
C MPOMCEXKY TOUHBIMHU BquI/ICJIeHPlﬂMI/I);

IV) npenctaBneH nmpaBUIbHBIH OTBET C YKAa3aHHEM CAMHHL U3MEPEHHA HCKOMOK
BEJIMYHUHBIL.

[MTpaBunsHO 3amucaHbl HEOOXOUMBIE TOJOKEHHUA TEOPHH H (PH3HUECKHE 3aKOHBbI,
3aKOHOMCPHOCTH, MPOBEACHBI HEOOXOIMMBIC MPEOOpa3oBaHUi, U MPEACTABJICH
IIPABHJIBHBIA OTBET C YKA3AHHMEM €IMHMIL M3MEPCHHI MCKOMOH Bemwmuuubel. Ho 2
HMEETCS OIMH U3 CIICAYIOLIIX HEAOCTATKOB.

3arucy, COOTBETCTBY OIS oxHOMY Wiu BceM ItyHkrtaMm: 11 u III, — npencrasiexs
HE B MOJAHOM 00bEME HIIH OTCY TCTBYIOT.
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WJIN
[Ipu noyHOM NPaBHIBHOM PEILEHUM JIMIIHUE 3aMHCH, HE BXOIIIUE B PEILCHHE
(BO3MOKHO, HEBEPHBIE), HE OTACIEHBI OT peIleHHA (HEe 3aUEpKHYTbI, HE
3aKIIOUYCHBI B CKOOKH, paMKy H T. IL.).

WJIN
[Mpu IIOJIHOM pemeHuu B HEOOXOAMMBIX MATEMATHUYCCKHMX IMPEOOpasOBaHUAX
WM BBIMHUCICHUSX JOIMYIIEHBI OMMOKY, U (MITH) mPeoOpa3oBaHusA/BBIMHCICHUS HE
JIOBEJCHBI 10 KOHLIA.

HJI
[Tpu [TOJTHOM pemenuu o1cy TeTBYET MyHKT [V, Mau B HEM JomynieHa onruoka.

ITpeacTaBieHBI 3aMMMCH, COOTBETCTBY FOLIME OIHOMY U3 CIEYFOLIHX CIIyYacB.
IIpencTaBneHsl TONMBKO TOJIOKEHUA U (OPMYIBI, BbIpakaromue (Qusmaeckue
3aKOHbI, MPUMEHEHNE KOTOPbIX HEOOXOAHUMO A pEelUeHHUs 3aJayuu, Oe3 Kakux-
aubo mpeoOpa3oBaHHII € UX HCIONb30BAHMEM, HAMPABICHHBIX HA PELICHHE
3aJa4M, U OTBECTA.
WJIHN

B pemenuu otcytcteyer OJHA wu3 ucxXogHeix (opmyn, HeoOxoaumas it
pelieHus 3amaud (MIM yTBEPXKACHHE, JICKAILEE B OCHOBC pPCIICHHA), HO
MPUCYTCTBYIOT JIOTHYECKH BEPHBIC MPe0OPazoBaHUA ¢ UMCIOIIUMUCS HOPMY IaMH,
HATPABIICHHBIC HA PELLCHUE 3aJauH.

. WJIN
B OJHOH u3 ucxoaHeix (GopMys, HEOOXOAMMBIX I pEUICHHA 3adauu (WU
YTBCPXKACHUM, JIC)KAIUEM B OCHOBE pPEIUCHHA), JOmylucHa omudka, HO
MPUCY TCTBYIOT JIOTHYECKH BEPHBIE MPEOOPa30BaHMUs C UMEIOIUMHUCS (POPMY 1aMH,
HANPaBICHHBIC HA PEILICHUE 3aJa4H.

BCC CIydyaHu pCUICHHUA, KOTOPBIC HE COOTBCTCTBYHOT BHIIICY KA3AHHBIM KPHTCPUAM
BBICTABJICHHA OLECHOK B 1, 2, 3 Ganna.
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B TemnouzonuMpoBaHHOM LMIMHAPE, pa3geIEHHOM HA [OBS YacTH TOHKUM
HEBECOMBIM TEIUIOMPOBOAAILNM ITOPLIHEM, HAXOAUTCA HACATbHBIH OJHOATOMHBIH
ras. B HauanbHBIH MOMEHT BPEMEHH NOPILEHB 3aKPEIUIEH, a apaMeTPhl COCTOSHUSA
raza — JaBicHHE, OOBEM M TeMmeparypa — B OHOH 4YacTH LMIMHAPA PABHBI

P = 1 at™m, Vl =21wu T1 =300 K, a B mpyroi, cOOTBETCTBEHHO, p2=2aTM,

V,=1nu T, =600K. llopiieHp OTHyCKAarOT, H OH HAYMHACT JBUIATHCA 6e3

TpeHus. Kakas Temmeparypa raza yCTaHOBHTCS B LMIMHAPE CIyCTA JOCTATOUHO
Joiroe  BpeMmdA, Koraa OyAeT  JOCTHTHYTO  COCTOSHHME  paBHOBECH:A?
Tenno€MKOCTAMH LIUIHHAPA U IOPIIHA MOKHO IpeHeOpeyb.

Bo3Mo:xHO€ pelueHue

3anumem ypaBHeHHe KnanmelipoHa—MeHneneesa nnd rasa B o0eHMX 4YacTAX LHJIHHAPA
B HAYa/IbHBIH MOMEHT BpeMeHH: p W =VRT), p,V>=wRT, Orcroma caeayer, 4To
KOJIMYECTBO BEIUECTBAa (YHMCIO MOJEH Vv ra3a) B O3THX YacTAX LMJIHHIAPA DaBHO,
% P,V
171y = 22 2

COOTBETCTBCHHO, V| = = .
RT RT,

W3 mepeoro Hauvama TEpMOAMHAMHMKH CIEIYET, YTO BHYTPEHHSS JHEPrHi ra3a B 3TOM
MPOLIECCE COXPAHAETCA, TaK Kak ra3 He OOMEHHMBACTCS TEILIOTOH ¢ OKPY KAIOLUMHU TEJIaMU
U He coBepuaeT paGoTel. [103TOMY MPUPABHICM BBIPAXKCHHS U1 BHY TPCHHEH JHEPTUH
B HAYQJbHBIH MOMEHT BPEMCHH W B YCTAHOBUBIUEMCS COCTOSHHH DPAaBHOBECHS:

3 3 3
—vRT + =v,RT,==|v, +v,|RT.
21 1 2 2 2 2(1 2)

V] Ti + V2T2

Ortcrona YCTaHOBUBILASCS TeMIIeparypa

B HIWJIMHAPE paBHaA T= » 1 C YUCTOM IIOJTYUYCHHBIX BBIIIC Bpra)Kele[I‘;I A4 Vl H

(P +0,75) LT
L +p T

Vit Vy

=400 K.

V, TOIy4aeM OKOHYATENBHO: T =
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Kpl/lTepl/lI’l OLICHKH BbIMMOJIHCHHSA 3adaHHA

Banawl

[1puBeaeHO MOTHOE peLEeHHE, BIJIIOYAOUIEE CJIE/IY FOIHE JIEMEHTHI:

) 3amicanbl MOJOKECHHSA TCOPUH U (PU3MYECCKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMCHECHHE KOTOPBIX HEOOXOAMMO IS PECLICHHMS 3aAa4U BHIOPAHHBIM CIIOCOOOM
(B maHHOM Cliy4ae — 3anucansl ypasrenue Knaneiipona—-Menoeneesa, svipaicenue
0114 @HympeHHell IHepaul UOeANbHO20 OOHOAMOMHO20 2a3Q, nepeoe HaUaNo
mepMoOUHAMUKUL),

II) onmcanbl Bce BBOOMMBIE B PEIUCHHE OyKBEHHBIC 00O03HAUCHMS (DPUIHHUECKHX
BCIMMUH (30 UCKAIOUEHUEM, GOIMONCHO, OOO3HAUEHULl KOHCIOHM, YKU3GHHBIX
6 eapuanme KHUM, u 0603HaueHuti, Ucnonb3yemsix 6 yCloeul 3a0a4u);

IIT) mpoBeaeHBI HEOOXOAMMBIC MaTCMaTHUYCCKHE Tpeobpa3zoBaHus (IOMyCKACTCS
BepOabHOE YKa3aHHE HA MX [POBEICHHE) U pacyéThl, NPHUBOAALINE
K MPaBUJILHOMY YHCJIOBOMY OTBETY (JOMyCKACTCS PELICHHE «IO HacTIM»
C TIPOMEIKY TOUHBIMY BBIYHCICHHAMH ),

IV) mpeacTaBieH MpaBMIIbHBIA OTBET C YKAa3aHHEM SAMHHULL H3MECPEHHUA HCKOMOU
BEJIUYHUHBIL.

[MpaBunsHO 3amucaHbl HEOOXOUMBIE MOJOKEHUA TEOPUH U (PU3HUECKUE 3aKOHbI,
3aKOHOMEPHOCTH, IMPOBEACHBI HEOOXOIUMBIC MPeoOpa3oBaHUA, U TPEICTABJICH
MPaBHIBHBIH OTBET ¢ YKa3aHHEM CIUHMIl M3MEpPESHMA HCKOMOH BeauuuHbl. Ho
HMEETCA OJAVH U3 CIEAYIOIHX HEAOCTATKOB.
3amucy, COOTBETCTBYIOLUME OMHOMY WIH OOOHMM ITyHKTaM:
MPEACTABJICHBI HE B TIOJTHOM 00BEME HIIH OTCY TCTBYIOT.

WJIN
[Mpu ITOJTHOM nipaBujibHOM PELICHHUH JIMIIHUE 3AIMCH, HE BXOIILUE B PEILICHUE
(BO3MOXKHO, HCBEPHBIC), HE OTACJICHBI OT pPCLICHHA (HE 3aUEPKHYTHI, HE
3aKTFOUYCHBL B CKOOKH, paMKy H T. I.).

HJIN
IMpu ITOJIHOM peweHrun B HEOOXOAUMBIX MATEMAaTHUSCKUX IMMPEOOpPa3OBaHHAX
WJTH BBIUUCICHUAX JOITYIUCHBI OIUOKH, U (WIH) mMpeoOpa3oBaHuUs/BEIMUCICHHUS HE
JOBEJICHBI IO KOHLIA.

I wa I, -

HJIHU
ITpu [TOJIHOM pemeHuu o1cy TcTBYET MyHKT [V, itu B HEM formyiieHa omudka.

[MpeacraBicHsI 3aMMCH, COOTBE TCTBY FOLLME OIHOMY U3 CJICIY FOLIUX CIIy4acB.
[IpencTaBacHb TOMBKO TMOJNIOKEHUA U (OPMYJIBI, BhIpa)Karomue (usmieckue
3aKOHBI, ITPUMCHCHUE KOTOPBIX HeO6X0,HI/IMO A pCIICHUA 3aJa4H, 663 KaKHuXx-
mubo mpeoOpa3oBaHMI C MX HCIONb30BAHHMCM, HAMPABICHHBIX Ha PCLICHHE
3aJauH, ¥ OTBETA.
WJIn

B pewenun orcyrcteyer OJJHA wu3 ucxoxmusix Qopmyn, HeoOxomumas i
pelieHus 3aJayd (WIH YTBEPXKACHHE, JICKAIIEC B OCHOBE PCIUCHMA), HO
MPUCYTCTBYIOT JIOTHUCCKH BEPHBIC MPeOOPasoBaHUI ¢ UMCIOIUMHUCS (OPMY TaMHu,
HAIpPaBJICHHBIC HA PCILCHUE 3aa4H.

. HJIU
B OAHOHW wu3 ucxomusix (GopMyn, HCOOXOOUMBIX IS PEUICHMs 3aJauu (MU
YTBEPXKICHHH, JICKAIUEM B OCHOBE DEIUCHHA), JOMyIIeHAa omuOKa, HO
MPHUCY TCTBYIOT JOTHUYCCKH BEPHBIE MPEOOPa3OBaHusI ¢ HMEIOIUMHCS (PopMy TamH,
HAIPaBJICHHBIC HA PCILCHHUE 3a0a4H.

Bce ciyuyau pelieHus, KOTOpbIe HE COOTBETCTBYIOT BHILLCY KA3AHHBIM KPHTEPHIM
BBICTABJICHHUA OLIEHOK B 1, 2, 3 Gaya.
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BHyTpu He3apsKEHHOIO METAIMYECKOrO Iuapa
pamuycom r; =40 cm umeroTes ase cheprueckue

-
MONOCTH pajuycamu 7, < ?1, PacHoIOKEHHBIC

TakuM 00pa3oM, YTO MX TOBEPXHOCTH IIOYTH
COMPHUKACAKTCA B LCHTpe Iapa. B ueHTpe oxHoM

TMOJIOCTH TMOMECTHIH 3apsia g = +1 uKu, a 3atem

B LICHTpE Apyrod — 3apsan g, =+2 uKa (cM. pucyok). Haiaure Moxy:ib u

HaITPaBJICHUE BEKTOPa HANPSXKEHHOCTH E 3JIEKTPOCTATHUYECKOTO Mo B Touke O,
HaXOJAILCHCS HA pPacCTOSHHH R = 1M OT LEHTpa Imapa Ha NEPHCHIMKYIAPE
K OTPE3KY, COCAMHSIOILEMY LICHTPHI MOIOCTCH.

Bo3M0:KHO€E peleHye
B ICKTPOCTATUKEC CHHUTACTCA, YTO JJICKTPHUCCKOC IMOJIC BHY TPH MCTA/iIa OTCY TCTBYET, TaK

KaK HHaue cBOOOIHBIC 3aps/bl BHY TPH MeTania Asuranuchk Obl. [lo3ToMy mpu noMeineHHu
3apaa ¢; B NEPBYIO MOJOCTh HA €€ CTCHKAX MHAYLMPYETCS 3apAA —¢, W MO MPUHLMIY
CYNEPNO3ULIMKA CYMMapHOE IOJie 3THX ABYX 3apAJOB B MeTalie lapa paBHO Hy:mo. [lo
3aKOHY COXPAaHCHHS JJICKTPHYCCKOIO 3apaja M B CHIY JJICKTPOHCHTPAIbHOCTH IUapa
u30BITOYHBIA 3apsaa paBeH ¢;. OH BBITECHAETCA Ha NMOBEPXHOCTh ILAPa W PABHOMEPHO
pacnpcae/seTCs Mo HEH, Tak Kak 3apsiabl BHY TPU METajIa HE CO3AAN0T MO H HE BIHAHOT
Ha pacnpee/CHHUE 3apsAJ0B HA MOBEPXHOCTH Iapa.

ITocne nomemeHus 3apsga ¢, BO BTOPYHE) IOJOCTh BCC HMPOHUCXOAHT AHAIOTHYHBIM

06pa3zoM, U Ha NMOBEPXHOCTD LIAPA BHITECHICTCS AOTIONHUTENBHO 3apsa g5, TaK YTO TENephb

Ha TIOBEPXHOCTH 11apa PABHOMEPHO PACTIPEENAETCA Cy MMapHBIH 3apan ¢, + g,.

[Tore paBHOMEPHO 3apPSHPKCHHOTO 1APA BHE €r0 COBMAAACT C MOJIEM TOUYCYHOIO 3apsja,
MOMEWEHHOTO B LEHTD INADa, NMOITOMY, COIIAacHO 3akoHV Kyjowa, mone B Touke O,

Nt Y2 BRI Jep; JRFIDAY, YRV 20RVNY e 3 saesY

HaXOAAIICHCS HAa paccTosHMM R OT UEHTpa 1apa, MmO MOAY.HO  PaBHO
Il 4*+%
E= m . T =27 B/M W HampasJICHO BJONb pamdyca OT LCHTIpa mapa K touke O.

31eCh €, — IMEKTPHYECKAd NOCTOSHHAS.

L 1

Omeem: E = = 27 B/M, BeKkTOp E HAIpaBJIEH OT LIEHTPa 1apa Kk Touke 0.

4meg R
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KpnTepnn OLICHKH BbLIMMOJIHCHHSA 3adaHHA

Banibl

[1puBeneHO NOTHOE PEILCHHE, BKIIOYAKOILES CJICAY FOIIMC 3JICMEHTHI:

I) 3armicaHbl MONOXKCHHUS TCOPUH U (PUBHUYCCKHE 3aKOHBI, 3aKOHOMCPHOCTH,
MPUMEHEHHE KOTOPBIX HEOOXOAMMO AJIA PEIICHHA 3a4a4H BRIOPAHHBIM CTIOCOOOM
(B OaHHOM CJIy4ae — OMCYMCmene 34eKmMpOCMAmuUecKo20 Nos  6HYmpu
Memaniu4eckux NPOBOOHUKOE, NPUHYUN CYNepro3uyuy INeKmpuyecKux nonet,
3QKOH COXPaHeHUS 3NleKmpuuecko2o 3apada u saxoH Kyiona),

II) onmcaHbl Bce BBOOMMBIC B PCLUCHHE OYKBEHHBIC 0003HAUCHMS (DUBHUCCKHX
BEJIWYUH (30 UCKIIOUEHUEM, GOIMONCHO, O00O03HAYeHUNl KOHCMAHM, YKA3AHHbIX
6 eapuarme KUM, u 0603Hauenuti, UCHONbL3YeMbIX 8 YCA08UU 300aul),

IIT) mpoBeaeHsI HEOOXOAMMBIE MaTEMAaTHUYECKHE MpeoOpa3zoBaHuUsA (IOMYCKACTCH
BepbalbHOE YKa3aHHE HA WX T[POBEACHHME) U  pacyéThl, NPHUBOAAIIME
K [MPAaBMJILHOMY YHCIIOBOMY OTBETY (JOIYCKAETCs pEIUEHHE «IIO HacTIM»
C MPOMEKY TOUHBIMH BbIYHUCICHUAMH );

IV) mpeactaBneH mpaBUIbHBIA OTBET C YKA3aHHEM CAMHUL] H3MECPEHHI HCKOMOU
BEJIUYHUHBI.

[MpaBunpHO 3amucaHbl HEOOXOIUMBIC MOJIOKEHUA TEOPUH U (PU3HUECKHE 3aKOHbI,
3aKOHOMEPHOCTH, MPOBEACHBI HEOOXOAHMBIE MpeoOpa3oBaHHUA H IPEIACTABIEH
MPAaBHIbHbIA OTBET C YKa3aHHUECM CIUHHLI M3MEPCHMSA HCKOMOH BenuuuHsl. Ho

HMEETCH OAMH H3 CJICTYHOIIHX HEAOCTATKOB.
3anucH, COOTBETCTBYIOIIME OJHOMY MIH oOouM myHktam: I
TIPEACTABIICHBI HE B TIOJTHOM 00BEME HJTH OTCY TCTBYHOT.

WJIU
[MTpu NOJIHOM npaBuibHOM PCIUCHHH JIMIUHKUE 3AIUCH, HC BXOUIILHC B PCILCHUC
(BO3MOXKHO, HCBCPHBIC), HE OTICJICHBI OT PCLICHHUA (HC 3a4EPKHYTBI, HC
3aKIH0YCHBI B CKOOKH, pAMKY M T. I.).

HJIn
[Mpu TTOJIHOM peeHuu B HCOOXOAUMBIX MAaTEMAaTHUCCKUX MPEOOpPa3OBaHUX
WJTH BBIYHCJICHUAX JOITY ICHBI OIUMOKH, U (HJIH) peoOpazoBaHHsl/BbIMUCICHUS HE
JOBCICHBI A0 KOHL@.

u II -

nJn
[Tpu [TIOJIHOM pemeHuu otcy TeTBYET MyHKT [V, nin B HEM Jomy1ieHa omuoka.

HpeZ[CTaBJ'IeHBI 3amicu, COOTBETCTBY OIIHUEC OJAHOMY M3 CJICAYHOIIUX CJIIy1acB.

[TpeacTaBACHBI TOJBKO TMOJOKCHHUA H (OPMYJIBI, BBIPAKAIIME (PUIMYCCKUS
RAKOHR

T
U101y AP KIAVAIVAIIKAY AN AU AR Ak

aubo mpeoOpa3oBaHUii ¢ HMX HCMOJb30BAHHEM, HAMPABICHHBIX HA PCLICHHUC
3aJayy, 1 OTBETA.
WJn

B pemennu orcyrcteyer OJJHA wu3 ucxomueix (opmyn, HeoOxoaumas i
pelieHu 3aza4yu (MIH YTBEPXKAEHHE, JIe)KAILEE B OCHOBE pELICHHA), HO
MPUCY TCTBYIOT JIOTHYECKH BEPHBIE MPEOOpazoBaHus ¢ HMEIOIUMUCA (hOpMy TaMH,
HAIPABJICHHBIC HA PECLICHUE 3aa4H.

. WJIn
B OJHOHM wu3 wcxoaueix (popMmys, HEOOXOAMMBIX IS pEILICHHS 3aJaud (KU
YTBEPAKACHUH, JIEKAIIEM B OCHOBE pPEIICHHA), JOMyIIeHAa OmuOKa, HO
MPUCY TCTBYIOT JIOTHYECKH BEPHBIC MPEOOPa3sOBaHMA C HMEIOILUMHUCA (POPMY IaMH,
HAMNPAaBJICHHBIC HA PELICHHE 3aa4H.

Bce Cciiydyan peLICHHA, KOTOPBIC HE COOTBCTCTBYHOT BBILICY KA3AHHBIM KPUTCPHUAM

BBICTaBJICHUS OLCHOK B 1, 2, 3 Oana.
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B nerm, cxema kotopoii uzobpaxkeHa Ha PUCYHKE, BHAYAJE 3aMbIKAOT Koy K Ha
BpeMs, 3a KOTOPOE TOK B KaTyIKE HMHIYKTHBHOCTH JOCTHUIacT MaKCHUMAaJbHO
BO3MOJKHOTO 3HA4WEHUd, a 3aTeéM Pa3MBIKAKOT Ero. Kakoe xonuuecTBO TEmIOTHI
BBIJCIUTCSA MOCJE 3TOro B pesuctope R? INapametpnl nermu: &£ =3B, r=10um,
R=100wm, L =10 mI'n. ConpoTHBIeHHE KATY KU UH/YKTUBHOCTH O4YEHb Ma.10.

| = |
L‘uu_n:mJ

Bo3mMoxHO€ peruenue

INocne 3ampikanus xmova K B 001ueH 4acTH LIETH YCTAHOBUTCS, COIAcHO 3akoHy Oma md

. . . &
MOJTHOU JJICKTPUYECKOH LCNH, MAKCHMAJ/IbHO BO3MOXHBIM TOK I= —, TIOCKOJIBKY
r

COMPOTHBJICHHE IPaBOi YacTH LEIH, B COOTBETCTBHUH C (DOPMYJIOH I COMPOTHBICHHUA
napajuic/IbHO COCIUHCHHBIX PE3UCTOPOB, ONH3KO K HYIH0. DTOT TOK OyJAeT MPOXOIUTH
TOMBKO YCPE3 KATYIUKY MHIyKTUBHOCTH, BBMAY €¢ OYEHb MANOTr0 COMPOTHBICHHS MO
CpPaBHEHHIO C COMPOTUBICHHEM pe3HcTopa R.

B xaTy1uke HHIYKTHBHOCTH IPH TOKE uepe3 He€, paBHOM MaKCHMajbHOMY, Oy IeT 3amaceHa
2 2
LT LE
HEPrHUsi MATHUTHOTO MOJIsL, paBHas W = - = —-, KOTOPas MOCIIC Pa3MbIKAHMA K1H04a K]
2r
BBIACJIMTCS, COTIacHO 3akoHy JDkoyma—JleHua, B BUAEC TCIUIOTHI B MPaBOM 4YacTH LEMH
B pe3uctope R. CoriacHO 3aKOHY COXPAaHCHHS SHEPTHH, 3TO KOJHYECTBO TEILIOTHI OyaeT

LE?
27’2 '

PaBHO 3HEPrUHU MarHUTHOTO nond: Q = W =

IMoacTaBasg YMCACHHBIC 3HAYCHUA napaMEeTpoOB LICIHU H MPOBEPAA Pa3sMCPHOCTD, ITOJTY YacM:

Le? 10%.32 >
=—=———7/x=4,5-10" Ix =45 mIx.
© 272 2.1
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KpuTeplm OLCHKHU BbINMOJIHEHMS 3aaHUA

Banasl

[1puBeneHO NMOTHOE pelleHHe, BKIIOYAIOIIEE CJIEAYOMME 3JIEMEHTHI:

I) 3amucaHbl MOJOKECHHA TEOPUHM H (PU3MYESCKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHHE KOTOPBIX HEOOXO0AMMO [UIS PELICHHUS 3aAa4H BHIOPAHHBIM CIIOCOOOM
(B JaHHOM cllydyae — 3akoH OMa 044 NOJHOL yenu, Npasuno noocuema
CONPOMUBTEHUA  NAPATNETILHO COCOUHEHHBIX Pe3UCmopoes, evipadicenue O
IHEPZUU MUSHUMHOZ0 NS, 3aNACEHHOL 8 KamyuiKe UHOYKMUBHOCMU, 3UKOH
\/[oicoyna—JSlenya);,

II) omucaHbl BCE BBOOUMBIC B pEILCHHE OYKBEHHBIC OO0O3HAYCHHSA (PH3IHUECKHX
BCIMMUH (30 UCKNIOUCHUEM, BOIMONCHO, O0O3HAUeHUL KOHCMAHM, YKUIAHHbIX
6 eapuanme KHUM, u 0603navenuti, UCHONb3YeMbIX 8 YCA0GUU 3a0aul),

IIT) mpoBeaeHs HEOOXOAKMMBIE MAaTEeMATHUSCKUE MPeoOpa3oBaHus (AOIMyCKaeTCs
BepOalbHOE YKa3aHHE HA MX [POBEACHHME) U pacyéThl, NPUBOAALIHE
K PABHJIBHOMY YHMCJIIOBOMY OTBETY (JOMYCKAGTCH PEIUCHHE «IMO HaCTiAM»
C IMPOME>KY TOUHBIMH BBIYHCICHUIMH );

IV) mpeactapieH npaBUIIbHBIH OTBET C YKa3aHHEM €AMHHUL] U3MEPEHHS HMCKOMOM
BEJIUUHHBI.

[IpaBuabHO 3amucaHbl HEOOXOMMBIC MOJIOKEHUA TCOPHH U (DU3HUYCCKHE 3aKOHBI,
3aKOHOMEPHOCTH, IMPOBEJCHBI HEOOXOIUMBIE NMPeOoOPa3OBAHUA, U NPEICTABJICH
MPaBUIBHBIN OTBET C YKA3aHHUEM €AMHULI H3MEPEHHA HCKOMOH BenmuuHBL Ho
HMEETCA OJUH U3 CJIEAYIOLIUX HEAOCTATKOB.
3amucu, COOTBETCTBYIOILME OMHOMY WJIH OOOMM ITyHKTaM:
MPEACTABJICHBI HE B MIOJTHOM 00BEME HIIH OTCY TCTBYIOT.

HJIN
[Tpu ITOJIHOM npaBUIBHOM pPEIIEHHH JHMIIHHE 3aIMCH, HE BXOIAIIHE B PELLICHHE
(BO3MOXKHO, HCBCPHBIC), HC OTACJCHBI OT PCLICHUS (HC 3a4EpPKHYTHI, HC
3aKJIIOYCHBI B CKOOKH, paMKy H T. I1.).

HJIN
IMpu TTOJIHOM peuwieHuu B HEOOXOAUMBIX MATCMATHUCCKHX MPCOOPA3OBAHUIX
HJIH BBIYMCJICHUAX JOITY LICHBI OIMOKH, U (HIH) Mpeodpa3oBaHUs./BBIYUCICHUS HE
JOBEJCHBI 10 KOHLIA.

I u I, -

U
Mpu [NOJIHOM pemeHuu 0TCY TCTBYET MyHKT [V, wiin B HEM momylieHa onruoKa.

o

[MpeacraBiicHs! 3aMUCH, COOTBE TCTBY FOLLME OIHOMY U3 CJIC/Iy FOILHX CJIy Yacs.
[IpeacTaBiacHsl TONBKO TMOJOXKCHHSA U (OPMYJIbI, BbIpaXaroiUHC (UIHMUCCKUE
3aKOHBI, MPUMCHCHHUC KOTOPBIX HCOOXOMUMO [UIS PCIUCHMA 3amayuH, 03 KaKHX-
aubo npeoOpa3oBaHM ¢ WX HCMOJB30BAHHEM, HAMPABJICHHBIX HA PELICHUE
3aJa4u, U OTBETA.
HJIN

B pewenun orcyrcteyer OJHA wu3 ucxomusix Qopmyn, Heobxomumad and
pemeHua 3a7aud (UIM YTBEPHKACHHE, JIEKAIEE B OCHOBE DEIUCHHA), HO
MPUCYTCTBYIOT JIOTHYECKH BEPHBIC MPeoOpasoBaHUA ¢ UMEIOIIUMHCA HOpMY IaMH,
HAMpPAaBJICHHBIC HA PCLLUCHUE 3aJauH.

. UJIN
B OJHOHM wu3 ucxoaHeix (opMys, HEOOXOAMMBIX M1 PELICHUA 3aJaud (MIH
YTBEP)KACHHM, JIGKAIIleM B OCHOBE pCIUCHHA), JOMylueHa oummbka, HO
MPHUCYTCTBYIOT JIOTHYECKH BEPHBIC MPe0OpasoBaHUs ¢ UMEIOIKMMHCS (POPMY IaMH,
HAIpPAaBJICHHBIC HA PEILICHUE 3aJa4H.

Bce ciyuau penieHus, KOTOpbie HE COOTBETCTBYIOT BHIILICY KA3AHHBIM KPHTECPHAM
BBICTABJICHUA OLIEHOK B 1, 2, 3 Gayna.
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ToueyHbIH UCTOYHHUK MOIMHOCTHIO P = | MBT H3jry4yaeT MOHOXpOMaTHYECKHUH CBET
¢ ATMHOH BOJHKI A = 600 HM paBHOMEPHO BO BCEX HANPABICHUAX (TAKOH HCTOYHMK
Ha3bIBacTCs M30TpONHbIM). Ha kaxoM paccTOSHMH » OT HEro KOHLECHTpaLMs

¢otoHOB (TO ecTh uucao (OTOHOB B eauHuLe 00BbEMa) paBHA n=210° M2

O0béM cdhepuuecKkoro cos paauyCcoM 7 U TOMIUMHOM Ar paBeH 4rr?Ar.

Bo3MoxHOe pemenye

C
OHeprus oaHoro (OToHA paBHa £ = hv = hz, T V — 4acToTa, & — mocTosHHas [lnanka, a A

— JAJIMHA BOJIHEBI CBCTA.

PAt PA
3a BpeMs At HCTOYHMK H3Ty4aeT AN = Z = h—At (hOTOHOB, pa3NETAIOIIMXCS U30TPOITHO
C

BO BCC CTOPOHBI CO CKOPOCTBHIO CBETA C.

Ha paccrosHum » OT MCTOUHMKA B TOHKOM C(epHYecKOM ciaoe 00BEMOM
AV = 4712 Ar = 4ur2cAt KOHLICHTPaLH (hoTOHOB Oymet paeHa

AN PAAt A
=== 2 4. 272

AV hc-4mrcdAr  Amhctr

i PA
Takum 06pa3oM, HCKOMOE PacCTOSHHE PABHO 7 = i ——=— =~ 2 M.
\ 4rthe*n
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KpuTeplm OLICHKH BbINTOJTHCHUSA 3A0aHHUSA

Bbanabi

[1puBeeHO MOMHOE PEUICHHE, BKIIIOYAIOIIEE CJIE Ty FOILME 3IEMEHTHI:

) 3amcaHbl MONOXKEHHA TEOPUH U  (PUBHUECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
NPUMEHEHHE KOTOPBIX HEOOXOIUMO I peIUCHMA 3a1a4d BHIOPAHHBIM CIIOCOOOM
(B maHHOM ciyuae — opmyna Ihanka 0na ceasu Hepeun u Hacmomsel omoua,
dopmyna 03 ceasu yacmomul ¢ ONUHOL BOJIHbL c8emMda, a MAKdice opmyra 0
onpeoeneHus KOHYeHmpayuu yacmuy),

II) onucaHel Bce BBOAUMBIE B PELICHHE OYKBEHHBIE ODO3HAYECHMSA (HUBHUCCKUX
BEJIMUUH (30 UCKIIOUEHUEM, 603MONCHU, OOO03HAYEHUli KOHCMAHM, YKAZOHHGIX
6 eapuanme KM, u o6o3nauenuil, ucnonb3yemblx 6 ycioeuu 3a0a4u);

IIT) mpoBeaeHBI HEOOXOAUMBIE MaTEMATHUECKHE MPeoOpa3oBaHUs (IOIMyCKAaeTCs
BepOaNbHOE yKa3aHHE HAa UX MPOBEACHHE) U PacuéThl, MNPHUBOIAIIHE
K [IPaBUJIBHOMY YHCIIOBOMY OTBETY (JOIMYCKAETCS PELICHHE «I0 YacTAM»
C MPOMEKY TOYHBIMH BBIYHUCIICHHUAMH };

IV) npeactaBieH MpaBUIBHBIN OTBET ¢ YKA3aHHMEM CAMHHUI] U3MEPSHHA HCKOMOMU
BEJIMYHHBI,

[MpaBUIBHO 3amHCaHbl HEOOXOUMBIE MOJMKEHUS TCOPHH U (PU3HUECKUC 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEAEHBI HEOOXOMUMBIC MPEOOpPa3OBaHHS, U MPEACTABJICH
NMPAaBUIBHBIN OTBET C YKA3aHHEM €IUHMIl M3MEPEeHUS HCKOMOH Benamuuubl. Ho
HMEETCS OAMH U3 CICAYIOIIMX HEAOCTATKOB.

3anucH, COOTBETCTBYKWIUME OAHOMY MiIM obouMm myHkram: I u III, —
MPEACTABJICHH HE B MOJIHOM 00BEME HIIH OTCY TCTBYIOT.

Mpu ITIOJIHOM npaBuiIbHOM PEINCHHUH JMIIHUE 3aIUCH, HE BXO/IIIIHE B PCILICHUE
(BO3MOXKHO, HCBEPHBIC), HE OTHCJICHBI OT pCLICHHA (HE 3a4épKHYTHI, HE
3aKITI0YEHBI B CKOOKU, paMKY H T. I.).

HJIn
[Mpu ITOJIHOM pemieHuu B HEOOXOAUMBIX MAaTEMaTHUCCKUX MPEOOPa3OBaHMIX
WJTH BBIMHCJICHUAX JOITY IICHBI OLIUOKY, U (HIIH) MpeoOpazoBaHus/BbIMUCICHUS HE
JOBEICHBI A0 KOHLIA.

WJIHU
[MTpu [IOJIHOM pemeHun o1cy TCTBYeT MyHKT [V, nnn B HEM JomyiueHa omuoka.

[IpencTaBneHsI 3aIHMCH, COOTBE TCTBY FOLLHE OJHOMY W3 CIICAYIOIIHX CITyyaes.
[IpencTaBacHBl TONBKO MOJOKEHUA H (DOPMYJIBI, BBIpa)Karomue (HU3HUECKUE
3aKOHBI, IPUMEHEHHUE KOTOPBIX HEOOXOAMMO Ui PELICHUA 3aJauH, 0e3 KaKux-
aubo mpeoOpa3oBaHMII C HX HCIONB30BAHHEM, HAMPABICHHBIX HAa pPELICHUE
3aJa4H, 1 OTBETA.
WJ1n

B pemwenun orcyrcteyer OJHA w3 ucxommeix Qopmyn, ueobxomumas i
pewmieHHd 3aJayd (WIH YTBEPXKACHHE, JeXKallee B OCHOBE pEIICHHA), HO
IIPUCY TCTBYIOT JIOTHYECKH BEPHBIE MPe0OPa3oBaHUs ¢ HMCIOIIUMUCA (POPMY TaMH,
HANPABICHHBIC HA PCLICHUC 32 JaYH.

. WJIN
B OJHOHM wu3 ucxoaueix (opmys, HCOOXOAMMBIX [UIS PEIICHHS 3aJaud (HIu
YTBEPAKIACHUH, JICKallEeM B OCHOBE pPEIICHHA), JOmMyIneHa oOmuOKa, HO
IIPUCY TCTBYIOT JIOTHYECKH BEPHBIE MPe0OPa30BaHUs ¢ HMEIOIIUMHUCA (POPMY TaMH,
HaNPABJICHHBIC HA PCIICHUE 32 JaYH.

Bce cnyuau pelieHus, KOTOpbIE HE COOTBETCTBYIOT BBIILEY KA3aHHBIM KPUTEPUAM
BBICTABJICHUS OLCHOK B 1, 2, 3 Oana.
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KpuTepun onleHUBaHUS 32JaHUIA ¢ Pa3BEPHYTHIM 0TBETOM

3uMOli MO KpasM 3aCHEKCHHBIX HAKIOHHBLIX KPHIII JOMOB YacTo oOpasyloTcs
COCYJIBKH, KOTOPBIE IPH HE CIMIUKOM MOPO3HOM moroge GBICTPO PacTyT M MOTYT
COPBATLCA M yNACTh, NPEACTAB/IAA OONBLIYI0 ONACHOCTh I MPOXOJALUHX BHU3Y
monei. Kpblliy MHOTHX COBPEMEHHBIX 3arOPOJHBIX JOMOB MMEKT CIELHAIBHYIO
KOHCTPY KLHIO: OHH ABY XCJIOUHBIE, U MKy BEPXHUM M HHDKHHM CJIOSIMU HUMEETCS
3a30p, B KOTOPOM BO3AyX MOKET CBOOOAHO LIMPKYJIHPOBATh H BBIXOAUTH HAPY XKy .
OO0bACHUTE, OCHOBBIBAACH HA  M3BECTHBIX  (MU3MYECKMX  3aKOHaX U
3aKOHOMEPHOCTAX, IPHIUHY 0Opa30BaHUs COCYJIEK B IIEPBOM CJIyyae U BIMSHHE HA
HHX BO3AYILHOTO 3a30pa MEXAY HWKHHM W BEPXHHM CJIOSMH KDPBIIUH BO BTOPOM
ciy4ae.

Bo3mokHOE peleHue

1. Xunele goma 3MMOH OTaIUIMBAIOTCH, TENJIBIM BO3AYyX INOAHHUMAETCA BBEPX, M depes
KPBIILY, IIOKPHITYIO CHETOM, TIOCTOSHHO MAET IOTOK TEIUIO0TIaYa.

2. Crnofi cHera Ha KpbIlle HMEET MaJIy 0 TEIUIONPOBOAHOCTh, TAK YTO MEXKAY BHY TPEHHEH U
BHELIHEH MOBEPXHOCTAMH 3TOTO CJIOS BO3HHMKAET OOJbIUAsA Pa3HOCTh TEMIIEPATYDP, U CHET,
IPUICTAIOMI K KPBILIE, HATPEBACTCA AO0 TCMIEPATYPhI IUIABJICHHA H HAUYHUHACT TasATh 32
CuéT TONY4YEHHS TEIUIOTHl IUIaBIEHMA MPH TEIJIOOTAAYE uepe3 Kpbly JoMa
B OKpY KaloILyo cpely .

3. O0OpazoBaBILAsCS MPH TaTHUH CHEra BOAA CTEKACT MOA CJIOEM CHETA BHU3 M0 HAKIOHHOM
KpBillle, H, BBIXOIS Ha €€ Kpalw Hapy’Ky, Ha XOJOJ, CHOBa 3aMepaaeT, o0pa3ys néx, To ecThb
OBICTPO PACTYILUE COCYIBKH.

4. Ilpu ABY XCTIOHHOH KpBILIE C BO3AYLIHBIM 3a30pPOM TEILUIOTA M3 AOMA YHOCHTCH HApyKy,
BBEPX, B OKPYKAIOLIYIO0 CPeJly, 33 CUET BOSHMKAOIINX KOHBEKIMOHHBIX MOTOKOB BO3/IyXa
B 3a30p€, ¥ MPAKTHUCCKH HE HArPEBAacT CHEr HA BEPXHEM Cjioe kpoimm. Takum obpasom,

CHET HE TMOATAUBAET, M COCYJIbKU Y KPaéB TaKOH KPBIIIH HE 00pa3yoTCs.
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Kpl/lTepl/lI’l OLICHKH BbINMOJIHCHHUSA 3aAaHHUA

Banabi

[lpuBeneHO TONHOE NPABUIBHOE PEILEHHE, BKIIIOYAIOLIEE NMPABUIBHBIN OTBET
(B JaHHOM ciydae MO, 1-4) M HCUCPNBIBAIOILME BEPHBIC PACCyKICHHS
C YKa3aHHEM HaOJFOAAaeMbIX SBJICHUH (B JAHHOM CIIy4Yae — YHOMUHAHUE ATeHUl
MeNIONPOBOOHOCY U KOHBEKYUU, NIAGNEHUA U 3aMBepOesanis 1b0d, d MAKINCE
VKasanue HanpaeneHuti OUXCeHUs MENI020 6030yXa U 600bi 6 Noje CUilbl
MANCECTUL).

Ykazauel BCE€ HEOOXOAMMBIE JIA OOBACHEHMA SABJIECHUA H  3AKOHBI,
3aKOHOMEPHOCTH, H JaHO TNpaBUIbHOE OOBACHEHHE, HO COACPXKHTCS OAUH U3
CIICAYIOIMX HEJOCTATKOB.
B mpeacTaBieHHBIX 3amMCAX COACPXKATCA JMIUL OOwWHMe paccyxacHus 0Oe3
TPUBA3KH K KOHKPETHOH CUTYallMM 3a1a4H.

WNJIN
PaccyxaeHus, MPUBOAAIIME K OTBETY, NPEACTABICHBI HE B MOJHOM 00BEME, UK
B HHUX COACPKATCA JTJOTUYCCKHUC HeﬂO‘-{éTLI

[TpeacTaBiieHsI 3aMMCH, COOTBE TCTBY FOLLME OIHOMY M3 CJICY FOLKX CIIy4acs.
VYka3aHel HE BCE HEOOXOAUMBIC SBICHHS U (DH3MUYECKHE 3aKOHBI, AXE CCIH JaH
MPaBUJILHBIA OTBET HA BOMPOC 3aJaHUSL.
HJIN
Vxa3aHbl BCe HCOOXOIUMBIC SBJICHUI U (PU3HIECCKUE 3aKOHBI, HO B HEKOTOPHIX U3
HUX JOIYLIECHA OIIHOKA, JaXKe €CIIH JaH MPABHIbHBIH OTBET HA BOIPOC 3aJaHHA.
WJIn
Vka3anel BCe HeOOXOaMMble Auf  OOBACHEHMS  SBJICHUA W 3aKOHBI,
3aKOHOMEPHOCTH, HO HMCIOIIHECS PACCY KACHUS, HATPABJICHHBIC HA TOJTYYCHHE
OTBETA HA BOIIPOC 3aJaHUs, HE JOBEIEHBI 40 KOHIIA.
NN
Vkazanbl BCe HEOOXOAMMBIC IS OOBSCHEHMS SBJIICHMS M 3aKOHBI,
3aKOHOMEPHOCTH, HO HMCIOLIIHECA PACCy K ACHUS, MPHBOAAIIHE K BEpDHOMY OTBETY,
comepsKaT OIMHOKH.

Bce ciyuau pelieHNA, KOTOpbIe HE COOTBETCTBYIOT BHILLCY KA3AHHBIM KPHTEPHAM
BBICTABJICHHUA OLIEHOK B 1, 2, 3 Ganna.
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Ha renexke maccodl M=400r, KOTOpas MOMET KaTaThCi O€3 TPEHHA IO
TOPU30HTAIBHOMN MIOCKOCTH, UMEETCA JErKuH KPOHIUTCHH, Ha KOTOPOM IOJBEILCH
HA HUTH MaJcHbKUH wapuk maccodt m =200 r. Ha Teaekky mo ropu3oHTAIU
HaneTaeT U abCOMOTHO HEYNMPYro CTAIKUBAETCS C Helt wap Maccod M (oM.
pucyHok). Ilocme CTONKHOBEHHMA, B TOT MOMEHT, KOTJa HHTb, Ha KOTOPOH
NOJBEILUCH WAPUK, OTKIOHWJIACh HA MAKCHMAJbHBIA YTOJI OT BEPTUKAIH, CKOPOCTh

Tenesxku Obina pasHa V=4 wm/c. Kakoea Obuta ckopocts V), mapa xo

CTOJKHOBEHHUA? J{MIUTENILHOCTh CTONKHOBEHMA IIApa C TEICKKOH CUHUTATh OUCHD
MaJiou.

m

O M
ST LELTE 7

Bosmo:kHOe pelieHue

CornacHo yCIOBUIO, 32 BPEMS CTOJIKHOBEHHUS TEJIEXKKA MPAKTHUECKH HE CMECTUTCS, 2 HUTh
OCTAHCTCA BepTHKaJ‘IbHOﬁ. B CHUIIy 3TOrO rOpU30HTaJIbHAA NMPOCKIMA CHIBI HATAXKCHUA HUTHU
BO BpPEMs CTOJNKHOBEHHS OTCYTCTBYET, U FOPHU3OHTAIIbHAA IMPOEKLMA HUMITYJIbCA CHCTEMBI
«map + tenexka» coxpangercs: MVy=2Mu, rae u — MOAYJNb CKOPOCTH TENCKKH

C MPHJIMITIIMM K HCH IIAPOM ITOCJIC COY AAPCHUA.

HpI/I IIaJILHCi/iHJeM ABHDKCHHUHU TECJIC)KKA «YE€3KacT» U3-NOA MOABCIICHHOIO LIAPHKA, U HUTh
HAYUHACT OTKIOHJATBCA OT BCPTHUKAIHU, IMOCTCICHHO TOPMO3A TCJICKKY. B MomeHT
MAaKCHMAJIBHOTO OTKJIOHCHHS HHUTH OT BEPTHKAJIH CKOPOCTH V TeNe)KKM U mapuka OyayT
ONMHAKOBBI, TaK KaKk B MNPOTHBHOM CJy4ae, NMPH CKOPOCTH TENCIKKH OONbIIECH, 4eM
y LIAPHKA, OTKJIOHCHUC HUTH OyACT MPOJAOKATBCA. B TaHHOM MpOLECCe COXPAHICTCA
FOPHU3OHTAJIbHASA MPOSKLIMI HMITY IbCA CHCTEMBI IIAPHK + TEICIKKA»:

2Mu=(M+m)V.

2M+m

Otcrona v = V=10wm/c.

Dusuxa. |1 kiaace. Bapuant ©H1402

KI)HTC[)I/II/I OLHCHKH BbLINTOJIHCHUSA 3a1aHHUA

Bbanwibl

[NpuBeaeHO MOTHOE peIEHHE, BKIIOYAIOIIEE CJIE/ Iy IOIIHE JIEMEHTHI:

I) sarmicaHbl MOJNIOXKEHHS TEOPUH M (PHM3UYECKHE 3aKOHbI, 3aKOHOMEPHOCTH,
IIPUMEHECHHE KOTOPBIX HEOOXOMMO JUIA PCIICHHA 3a4a4M BBIOPAHHBIM CTIOCOO0M
(B TAHHOM CIIy4ae — 3UKOH COXPUHEHUs UMVYIbCd, U NPABULLHO 00OCHOBAHO €20
NpUMeHeHUe Ha Pa3HbIX IMANAXx O8UNCEHUS OAHHOU cucmeMbl mei),

II) omicanbl Bce BBOMUMBIC B peleHUe OyKBeHHbIC O0O3HAUCHMA (DM3MUECKHX
BEIMMUH (30 UCKAIOUECHUEM, GOIMUNCHO, OBO3HAHeHUDi KOHCMOHM, YKUIOHHBIX
6 eapuanme KVIM, u 0603nauenuii, ucnonb3yeMblx 6 YCA08UU 3a0a4u),

III) mpoBeaeHb HEOOXOAUMBIE MaTeMaTHUSCKUE IMpeoOpa3oBaHus (AOIyCKaeTCs
BepOabHOE YKa3aHHE HA HMX TIPOBEACHHME) W  pacyéThl, NPHBOAALIMC
K MPaBHJIBHOMY 4YMCJIOBOMY OTBETY (HOMYCKACTCA pPELICHHE «IO YacTAM»
C MPOMEXY TOUHBIMU BEIYHCIICHUIMH );

IV) mpeacTaBieH npaBHIBHBIH OTBET ¢ YKa3aHHEM €AUHHUL] U3MEPEHHS HUCKOMOM
BEJIMYMHBI.

[MpaBunsHO 3anHCaHBI HEOOXOMMBIC MOJIOKCHHUS TCOPUM U (PU3HUCCKUE 3AKOHbI,
3aKOHOMEPHOCTH, INMPOBEACHBI HEOOXOAUMBIC MPeoOpa3oOBaHHUs, W MPEACTABJICH
MPABHIBHBIA OTBET C YKA3aHHEM CIUHHLI M3MEpPCHHS HCKOMOH BeawuuHsl. Ho
HMMEETCS OJAMH U3 CIIEAYIOIHX HEAOCTATKOB.
3anucH, COOTBETCTBYIOLIME OJHOMY HUIM BCEM ITyHKTaM: 11 u 111, — mpeacTaBie Hul
HE B MOJHOM 00BbEME HITH OTCY TCTBYIOT.

HJIn
IIpu moMHOM NPaBHIBHOM PEILEHUH JIHIIHHE 3aIHCH, HE BXOIAIIHE B PEILCHHE
(BO3MOXKHO, HEBCPHBIC), HE OTACJICHBI OT PCIUCHHA (HEC 3a4EPKHYTHI, HE
3aKJIIOYCHBI B CKOOKH, paMKy U T. IL.).

NN
IMpu ITOJIHOM peweHyun B HEOOXOAMMBIX MATEMATHYCCKHUX MPCOOPA3OBAHHUIX
WJIH BBIYMCJICHUAX JOITY LICHBI OMOKH, 1 (HiIK) Mpeodpa3oBaHus/BEIMHUCICHHS HE
JOBCJCHBI IO KOHIL@.

I
[Mpu [TOJIHOM pemieuu 0Ty TCTBYET My HKT [V, mn B HéM monyiiueHa oumnbKa.

[MpeacTaBieHs! 3aMHUCH, COOTBETCTBY FOILHE OJIHOMY U3 CIIE/Y FOLIMX CJIy HaeB.
[pencTaBieHsl TOJNBKO MONOXKEHHS H (DOPMyJbl, BbIpAXKAOIHE (U3MIECKHES
3aKOHBI, MPUMEHCHHUC KOTOPBIX HECOOXOMUMO Ui PELUCHHS 3amayud, 063 KaKkux-
nub0 mpeoOpasoBaHHi C HX KCMONB30BAHHEM, HAMPABICHHBIX HA PELICHHE
3aJa4H, H OTBETA.
W

B pemenuu otcytcteyer OJHA wu3 ucxomaweix ¢opmyn, HeoOxoaumas LBt
pelreHHA 3ajayd (MIM YTBEPHKIACHHE, JEXKAIEe B OCHOBE PELICHHA), HO
MPHUCYTCTBYIOT JIOTHYECKH BEPHBIC MPE0oOPas0BaHUs ¢ UMEIOIUMHCS (POPMY IaMH,
HAIMpaBJICHHBIC HA PEILCHHUE 3a a4 .

. W
B OAHOHU wu3 ucxoaueix (popMyi, HCOOXOMMMBIX IS PEIUCHHS 3aiavd (HId
YTBEPXKACHHM, JC)KAalleM B OCHOBE pEIUCHHs), JOMylueHa owmubka, HO
MPUCYTCTBYIOT JIOTHUCCKH BEPHBIC MPEOOPasOBAHUA ¢ HMCIOIIUMHUCS (OPMY JIaMH,
HANPAaBJCHHBIC HA PCLLCHUE 3aJa4H.

Bce cayuyau peuieHds, KOTOPbIe HE COOTBETCTBYIOT BHIILEY KA3AHHBIM KPHUTEPHAM
BBICTABJICHHA OLIEHOK B 1, 2, 3 Ganna.
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B TenIOM30IMPOBAHHOM LWMIHHADE, DA3JENEHHOM HA JBE 4YacTH TOHKHM
HEBCCOMBIM TCIUIOMPOBOAAILMM IOPIIHEM, HAXOAUTCA I/[Z[ea.]'ILHBII\/II OﬂﬂoaTOMHbIﬁ
ra3. B HauanbHbIH MOMEHT BPEMEHH MOPLIEHD 3aKPETUIEH, @ TAPAMETPbI COCTOSHHUS
raza — JaBlieHHE, OOBEM M TEMIEPaTypa — B OJHOM YAaCTH LUATMHAPA PaBHBI

py=2arm, V=2 nu 7,=300 K, a B Apyroi, COOTBETCTBEHHO, p, =4 aT™,

V,=3n u T,=450 K. Tlopwens OTMyCKalOT, U OH HAaYMHACT ABUraThCsi 0e3

Tpenus. Kakoe maepneHue rasa yCTaHOBUTCA B LMJIMHAPE CIYCTA AOCTATOYHO
Joiaroe  Bpems, Kkoraa OyJAeT  JOCTHUTHYTO  COCTOSHHE — PaBHOBECHS?
TennoéMKOCTAMH HUIHHAPA U MOPIIHA MOXKHO MpeHeOpeyb.

Bo3moxHoe pemeHue

3amumeM ypaBHeHHe cocTosHUA (ypaBHeHue KnanefipoHa—MeHaeneeBa) aas raza B 06eux
YaCTAX LMIMHADPA B HAYANbHBIA MOMCHT BpeMeHu: p V1 = ViRT}, p,Vs =voRT,.

H3 ncpBoro Havajga TCPMOIWHAMHKH CIACOYCT, YTO BHYTPCHHAA J3IHCPrHA rasa B 3TOM
NpoLCCCE COXpAaHACTCA, TaK KakK ra3 HE 0OMEHHUBAETCS TETIOTOM C OKpPYKarOILUMH TCIaMHU
U He coBepmiacT padoThl. JamuiueM BBIPAKCHMA AAd BHYTpeHHEH sHepruu U rasa.

B navanbHbii MOMEHT U = %Vl RT = %pl s U, = ) WRT, = Epz Vs, a

B YCTAHOBHMBIIEMCS COCTOSIHHH PaBHOBECHS:
3 3
U=§p V1+V2=U1+UZZEP1VI+PQVZ-

N+, 7

=3,2arm.
n+h

O1cro1a OKOHYATEIBHO MONTYYaeM: p =

dusuka. |1 knace. Bapuant OK1402

Kpl/lTepl/ll’l OLICHKH BbINMOJIHCHUSA 3adaHHUA

banabi

[MpuBeaeHO MOMHOE PEeLICHHE, BKJIIOYAIOIIEE CJIE/IY FOIIME YNEMEHTHI:

) sarmcanbl TONOXKEHHA TCOPHH H (PU3MYECKUE 3aKOHBI, 3aKOHOMEPHOCTH,
IIPUMEHEHHE KOTOPBIX HEOOXOAMMO Ui PELICHHUS 3aAa4U BHIOPAaHHBIM CITOCOOOM
(B maHHOM CIIy4ae — 3anucanbl ypasrenue Kuaneiipona-Menoeneesa, evipadcenue
0114 @HympeHHell IHepaull UOeANbHO20 OOHOAMOMHO20 2430, nepeoe HAUAN0
mepMOOUHAMUKIL),

II) onmmcaHbl Bce BBOOUMBIE B pelleHHE OYKBEHHbIE O0O3HAUCHMSA (PUIMUECKUX
BCIMMUH (30 UCKAIOUEHUEM, GOIMONCHO, OOO3HAUEHULI KOHCHOHM, YKU3AHHBIX
6 eapuanme KUM, u 0603nauenuti, ucnoib3yemolx 6 YCA06uU 3a0auu),

III) mpoBeneHsl HEOOXOAUMBIE MaTeMAaTH4ECKHE NPeoOpa3oBaHUsA (IOIyCKACTCS
BepObalbHOE YKa3aHHE HA UX [POBEACHHE) U  Pacy€éThl, NPHUBOAALINEC
K MPaBHJIBHOMY 4YMCJIOBOMY OTBETY (JONMYCKAeTCA PELICHHE «IO YacTiIM»
C TPOMEKY TOUHBIMHU BBIYHCICHUIMH );

IV) mpeactaBneH MpaBMIIbHBIA OTBET C YKA3aHHEM CAMHHULL H3MECPEHHA HCKOMOU
BCJIMMHHBI.

[TpaBHIbHO 3amUcaHbl HEOOXOMMBIC MONOKEHUA TEOPHH U (PU3NYECKHE 3aKOHBI,
3aKOHOMCPHOCTH, TPOBEJACHBI HCOOXOMUMBIC MPEOOpPa3OBaHHS, U MPECACTABIICH
MPABUWIBHBIA OTBET C YKA3aHHEM €IHHMI{ M3MEPESHHMS HCKOMOU BenuuuHbl. Ho
HMEETCS OAUH U3 CJICTYIOUX HEIOCTAaTKOB.

3anucH, COOTBETCTBYIOIIME OJHOMY HJIH OOOHM ITyHKTaM:
MpeACTABICHBI HE B MOJHOM 00BEME HITH OTCY TCTBYIOT.

m u I,

IMpu ITOJIHOM npaBHIBHOM PEIICHHUH JIMIIHUE 3AIMCH, HE BXOAAINUE B PEILICHUE
(BO3MOXKHO, HEBEPHBIC), HE OTHACJICHBI OT pCEIUCHHA (HE 3a4€pKHYyTHI, HE
3aKJTIOYCHBI B CKOOKM, paMKy M T. I).

HJIHU
IMpu ITOJIHOM pemeHru B HEOOXOAUMBIX MATEMaTHYCCKUX IMMPEoOpa3OBaHHAX
WJIH BBIYMCICHUAX JOIMYILEHBI OmMUOKY, U (MIH) mpeoOpa3oBaHUA/BEIMHCICHUSA HE
JOBEICHBI 10 KOHLIA.

HJIH
[Tpu [TOJIHOM pemenun otcy TeTByeT MyHKT [V, niu B HEM omynieHa omuoka.

ITpeacTaBicHBI 3aMMCH, COOTBE TCTBY FOLIME OIHOMY 3 CIICYFOIIHX CIIy4acB.
[pexcraBiacHsl TOMBKO MMOJOKEHUSI K (POPMYIBI, BBRIPAXKAOIUEC (UIHICCKUE
3aKOHBI, MPUMEHEHHE KOTOPBIX HEOOXOAHUMO AN PEINCHHA 3aJauu, Oe3 KaKux-
abo mnpeoOpa3oBaHMii ¢ WX HCIOJNB30BAHHEM, HAMPABICHHBIX HAa pCIICHHUC
3aJa4H, ¥ OTBETA.
Wiin

B pemenuun orcyrcteyer OJHA w3 ucxomueix (opmyn, HeoOxoaumas Uit
pelieHus 3aJavyd (WIM yTBEPXKICHHE, JeE)Kalllee B OCHOBE pPCILUCHMS), HO
MIPUCY TCTBYIOT JIOTHHMECKH BEPHBIE MPEOOPa30BaHus ¢ UMEIOILUMHUCS (HOPMyY TaMH,
HAIPABJICHHBIC HA PCLICHUE 3aJa4H.

. Wi
B OAHOHU wu3 ucxoaueix GopMmyi, HEOOXOAMMBIX IS PELUCHHA 3aJauu (HIH
YTBEPKACHUH, JIC)KAIUEM B OCHOBE pEIUCHHA), JomymeHa omubka, HO
MIPUCY TCTBYIOT JIOTHYECKH BEPHBIE MPEOOPa30BaHuMsI ¢ UMEIOILUMHUC (POPMY TaMH,
HAIPaBJICHHBIC HA PCILCHHUE 3aa4H.

Bce ciIyvyau pCHICHHA, KOTOPBIC HE COOTBETCTBYKOT BBILICY KA3AaHHBIM KPUTCPUAM
BBICTABJICHUA OLIEHOK B 1, 2, 3 Ganna.
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BHyTpU HE3apMKEHHOIO METAIIMYECKOro Iuapa
pamuycom r; =40 cM UMEWTCA ABE ChepHuecKue

TaKUM 06p330M, YTO HX TMOBCPXHOCTH IIOYTH
COMPHKACATCA B LIEHTPe mapa. B nieHTpe onHou
TOJIOCTH MOMECTHIHM 3apsia g, = +2 HKu, a 3atem

MOJIOCTH pagHycaMH 1 <2—1, pacronOoKeHHbIE mm | R 0
N
L

B LCHTpe APYroW — 3apiaa ¢, =+3 HKn (cm. K

pucyHok). Haligute MOOyns M HampaBJCHHE BEKTOpPAa HAmNpsHKEHHOCTH F
31EKTPOCTATHYECKOTO MO B Touke (), Haxondweics Ha paccTodHuu R = | M oT
LIEHTpa IIapa Ha MPOJO/DKEHHH OTPE3KA, COe AMHAIOIIETO LEHTPHI MOJIOCTEH.

Bo3mo:kHoe PEICHNEC

B snekTpocTaTHKS CUMTACTCS, UTO JJICKTPUUCCKOE TIOJIC BHY TPH META/IIA OTCY TCTBYET, TaK
KaK WHaye CBOOOMHbIE 3apsabl BHY TPH METallla ABUraauch Obl. [T03TOMY MpH MOMEIICHHH

3apaga ¢, B IEPBYIO MOJOCTh HA €€ CTCHKAX UHAYLUUPYETCA 3apsaj — g, , U MO MPUHLUITY
H - it ) ) T ! R

CYIEPIO3HIHKM CYMMapHOE TIOJIE 3THX JBYX 3apsAl0B B MeTajie Iuapa pasHoO Hy.mo. [lo
3aKOHY COXPAHCHHS JMCKTPHYECKOTO 3apija M B CHIY 3JCKTPOHCHTPAIBHOCTH IIapa

M3OBITOUHBIA 3apsA paBeH ¢;. OH BBITECHAETCA HA NMOBEPXHOCTb LUAPa M PaBHOMEPHO

pacmpeaesaeTca Mo Hell, Tak Kak 3apsAbl BHY TPH METaLIa HE CO3JAI0T MO M HE BIUAKT
Ha PacTpec/iCHHE 3apsAI0B Ha MOBEPXHOCTH LIapa.

Ilocne momenicHus 3apsga ¢, BO BTOPYH IOJOCTh BCE MPOMCXOAHT aHAIOTHHHBIM
00pa3om, U Ha MOBEPXHOCTD 1IAPA BHITCCHACTCS AOMONHUTEILHO 3apAa G5, Tak 4TO TETEPb

Ha MIOBEPXHOCTH 11apa PABHOMEPHO PACTIPEIENAETCA Cy MMapHBIH 3apaa ¢, +¢,.

[Tone paBHOMEPHO 3apPSHKCHHOTO ILIApa BHE €rO COBIAJACT ¢ MOJCM TOYCHHOrO 3apsiia,
MOMEIIEHHOTO B LICHTP Iapa, MO3TOMYy, COrjiacHO 3akoHy Kysowa, mome B Touke O,

H&XO;[}IHIGFICH Ha paCCTOHHI/[H R oT ueHTpa mapaj o MOHy."lIO paBHO
1 +

E= e ql—zqz =45B/M ¥ HampaBJIcHO BIOJb paauMyca OT LEHTpa mapa Kk Touke O.
7[80 R

31eCh &y — INCKTPHUCCKAs MOCTOSTHHASL

1 4t

Omeem: FE = = 45 B/m, BexTOp E HaIpaBJieH OT LEHTPa wapa k Touke O.

4me R?
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KpuTepuu OLCHKMH BbIMTOJTHCHUSA 3aJaHNSA

Bannabl

[1puBeIEHO MONHOE PEILCHUE, BKJIIOYAKOILEE CJIC Y FOLIHE SJICMCHTHI:

) 3armucaHbl TMONOXKCHHS TCOPHH U (PUBHYECKHE 3aKOHBI, 3aKOHOMCPHOCTH,
NPUMEHEHHE KOTOPBIX HEOOXOAMMO AJIA PCIICHHA 3a4a4H BEIOPAHHBIM CHIOCOOOM
(B JAaHHOM CJliy4dyac — Omcymemeue JEKmpocmamuvecKkozo nost 6Hympu
MemanIuueckux NpoBOOHUKOE, NPUHYUN CYNEPROZUYUU ITeKMPUYECKUX noeil,
3QKOH cOXpaHeHUa dnekmpuyecko2o 3apaoa u 3axoun Kynouay,

I1) omrcaHsl BCe BBOMMBIE B pellcHHE OyKBEHHBIE 00O3HAUYEeHMS (DH3HUECKHX
BCJIWYHUH (30 UCKNHOYEHUEM, 603MOMNCHO, obos3nayenuil KOHCMAHm, YKA3AHHbIX
6 eapuanme KUM, u 0603Ha4enull, UCHOAbIYEMbIX 6 YCA06UU 3a0aul);

IIT) mpoBeaeHsl HeOOXOAMMBIE MaTeMaTHUECKHE MpeoOpa3oBaHus (IOIMyCKaeTCA
BepOaTbHOE VKa3aHWE HA WX MPOBEJACHHE) U pacyéThl, MPUBOIALIME
K IIPaBUJIBHOMY YHCIIOBOMY OTBETY (JOIMYCKAETCS PELICHHE «II0 YacTIM»
C MPOMEKY TOUHBIMH BHIYHCICHUSIMH };

IV) npeacraBieH MpaBMIbHBIN OTBET ¢ YKA3aHHEM CAMHHUI M3MEPCHHI HCKOMOH
BCJIMYUHBI.

[MpaBUABHO 3amUCaHBI HEOOXOIUMBIC MMONIOKEHUA TEOPUH U (PU3HUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEACHBI HEOOXOMUMBIC MPeoOpa3oBaHHi, U MPEIACTABJICH
NpPaBHIBHbIN OTBET C YKA3aHHEM CAMHHUI M3MECPSHHS HCKOMOH BemmuuHbl. Ho
HMEETCS OANH U3 CICAYOIINX HEAOCTATKOB.
3anucH, COOTBETCTBYKOIUHME OAHOMY HIH OOOHUM ITyHKTaM:
NPEACTABIICHBI HE B MOJTHOM 00BEME HITH OTCY TCTBYIOT.

HJIn
[Tpu [TOJIHOM mnpaBUIbHOM PCILICHHH JHUITHUE 3AMUCH, HE BXOIILHE B PCLICHUC
(BO3MOXHO, HCBCPHBIC), HEC OTACJCHBI OT PCIICHUS (HC 3aYCPKHYTHI, HC
3aKIFOYCHBI B CKOOKH, pAMKY H T. ).

W
[Mpu IIOJIHOM pemieHuu B HEOOXOAUMBIX MAaTEMATHUSCKUX IMPEOOPa3OBaAHMIX
WJIH BBIYMCJICHUAX JOIMYIUCHBI OMOKY, U (Hau) mpeoOpa3oBaHUs/BBIYUCIICHUS HE
JOBCOCHBI 10 KOHLA.

I n III,

WJIN
[Tpu [TOJIHOM pemeHuu 0Ty TCTBYET My HKT IV, 1iau B HEM JOmyHieHa onnoKa.

[TpeacTaBieHbI 3aIMCH, COOTBETCTBY FOLLIME OHOMY U3 CJISYIOLIUX CIIyYacB.
[TpencTaBacHbl TONBKO TMOIOXKEHUA U (POPMYIIBI, BBIPANKAKIIME (PUIMIECKUE
aubo mpeoOpa3oBaHHii C WX HCMOJNB30BAHHCM, HANPABICHHBIX Ha pPELICHUE
3aJa4yH, H OTBETA.
WJn

B pewennu otrcyrcteyer OJHA wu3 ucxomueix ¢(opmyn, HeoOxoaumas s
pelicHusd 3aJayd (WIH YTBEPXKACHHE, JIGKALICE B OCHOBE PCIUCHMSA), HO
MPUCY TCTBYKOT JIOTHUYECKH BEPHBIE MPEOOpa3oBaHMA ¢ HMEIOIUMUCA (POPMY TaMH,
HaMpaBJICHHBIC HA PECIICHHUE 3aJa4H.

. WJIU
B OJHOH wu3 wucxoaueix ¢opmys, HEOOXOAUMBIX MIA PELICHHS 3aJaud (MU
YTBEPXKICHHH, JIC)KAIUEM B OCHOBC DCIUCHHA), JOMyIUEHAa OmmMOKa, HO
MPUCYTCTBYIOT JIOTHUECKH BEPHBIE MPeoOPasoBaHUs ¢ UMEIOIIUMHCA (OPMY TaMH,
HANPABICHHBIC HA PCIICHUE 3aJa4H.

Bce ciyuau pelueHuns, KOTOpblE HE COOTBETCTBYIOT BBIILIEY KA3AHHBIM KPHTEPHAM
BBICTaBJICHU OUEHOK B 1, 2, 3 Gana.
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B uenu, cxema KOTOPOH u300pakeHa HA PUCYHKE, BHAYaJE 3aMBIKAIOT Koy K Ha
BpeMdA, 32 KOTOpOE TOK B KATyLUKE WHAYKTMBHOCTH AOCTHUIaeT MAaKCHMAJIbHO
BO3MOXKHOTO 3HAYCHHUA, a 3aTEM pasMbIKaloT ero. Kakoe KonHMYecTBO TEIUIOTHI
BBIJCIUTCSA MOcje 3Toro B pesuctope R? [lapamerpst uermu: &= 10 B, r =2 Oum,
R =200wm, L =20 mI'n. ConmpoTHBICHHE KATYIIIKU UHAY KTHBHOCTH O4YEHb Ma:10.

Bo3mo:kHOE pelneHue

IMoce 3ambikanus witoua K B 001ue# yacTi uenu yCTaHOBUTCA, CoryiacHo 3akoHy Oma mis

MAaKCHMaJbHO BO3MOXHBIH TOK I=§, TIOCKOJIBKY
r

COIMPOTHBJICHHE NMPABOH YacCTH LIEIMH, B COOTBETCTBHH C (DOPMYJIOH A1 CONMPOTHBICHUA

TMOJHOM  3JCKTPHUYECKOM LienH,

napauIe/bHO COSAMHEHHBIX PE3HCTOPOB, ONM3KO K HYMIO. DTOT TOK OYAET NMPOXOAMTH
TOJIBKO 4Y€pPE€3 KaTy Ky HWHAYKTHBHOCTH, BBHUAY €€ OuYeHb Majoro CONMPOTHUBJICHHUA IO
CPaBHEHHIO C COMPOTHBICHHEM pesHcTopa R.

B kaTy1uike HHIyKTHBHOCTH MPHU TOKE Yepe3 He€, paBHOM MakCHUMaJIbHOMY, Oy IeT 3amaceHa
L L&?
SHEPTHUSA MAarHUTHOTO IOJIA, paBHas W = T = 7, KOTOpas Mocjie pa3Mbikanusa K1o4a K|
7
BBIACIIUTCA, COrJIaCHO 3aKOHy B,)KO}’JIH—J]CHI.IEI, B BHAC TCIIJIOTHI B HpaBOﬁ YacTH LCIH

B PE3UCTOPE R. CornacHo 3aKOHY COXPaHCHMA 3HCPIHH, 3TO KOJIHYCCTBO TCIT.IOTHI 6YI[CT
2

PaBHO 3HEPTUH MarHUTHOro moma: Q=W = PR IloacTaBnsas YMCIEHHBIE 3HAYCHMSA

p
MapaMeTpoB LICTIH H MPOBEPAA Pa3MEpPHOCTb, MOy YaeM
LE? 21072102
Q0= 52 = > 2 Jox = 0,25 Ik = 250 m]Ix.
’/‘_ Z -
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KpuTeplm OLCHKHU BbINTOJIHEHMS 3aaHUA

banael

[1puBeaeHO MOJTHOE pelLIEHHE, BKIIIOYAIOIIEE CJIE/ Iy FOIIHE JIEMEHTHI:

I) 3amucaHbl MOJOKECHHUA TEOPUH H (PU3MUESCKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHHE KOTOPBIX HEOOXOIMMO AN PELIEHHS 33434l BBIOPAHHBIM CIIOCOOOM
(8 mauHOM ciyuyae — 3axkoH Oma Ons nonHoli yenu, npaswio nodcuemd
CONpOMUBLEHUS NAPALIENIGHO COCOUHEHHBIX pe3ucmopos, ewvipadicenue O
IHEP2UU MUSHUMHOZ0 MO, 3GNACEHHON 6 KamyuiKe UHOYKIMUBHOCMIU, 3UKOH
\/Incoyna—JSlenya),

II) onmcaHbl BCe BBOOMMBIC B pelLeHHE OYKBEHHBIE 0003HAUCHHS (DUBHUECKHX
BEIMMUH (30 UCKNIOUECHUEM, GO3MONCHO, OBO3HAUeHUNl KOHCMAHM, YKUIOGHHBIX
6 eapuanme KHM, u 0b6o3Hauenuti, ucnons3yemsix @ yC1o8ul 3a0a4u);

III) mpoBeneHsl HEOOXOAUMBIE MATEMATHMCCKUE MPEOOpasoBaHusA (IOIYCKACTCS
BepOalbHOE YKa3aHWE HA HX TMPOBECACHHE) U  pacyéThl, NPHUBOAAIIME
K MPAaBHJIBHOMY 4YMCIIOBOMY OTBETY (MOMyCKACTCA PEHICHHE «IO YacTIM»
C IMPOMEXKY TOUHBIMHU BBIYHCICHUIMH );

IV) npeactapneH mpaBuUNbHBIN OTBET ¢ YKa3aHUEM CAUHMIL U3MEPEHHA HCKOMOH
BEJIMYMHBI.

[TpaBunsHO 3amucaHbl HEOOXOMMBIC MTOJOKEHHUS TCOPUM U (PU3HUSCKHE 3AKOHbI,
3aKOHOMEPHOCTH, NMPOBEAEHBI HEOOXOAUMBIE MPeoOpa3OBaHHUi, U IMPEACTABJICH

NpABMIBHBIN OTBET € VKARAHHEM EOMHHL M3MEDEHHMI MCKOMOH BeIMYMHEL. Ho
HMECTCA OfAMH H3 CICAYIOIUX HEAOCTATKOB.
3amMcH, COOTBETCTBYIOIUME OJHOMY MM OOOHMM ITyHKTam:
TIPEICTABJICHBI HE B MOJTHOM 00BEME HIIH OTCY TCTBYIOT.

WJIn
[Mpu TTOJIHOM npaBHIBPHOM PEILCHHH JHIIHUE 3aIHCH, HE BXOJAIINE B PELLCHHUE
(BO3MOXXHO, HCBCPHBIC), HC OTACJICHBI OT PCHICHUS (HC 3a4EPKHYTHI, HC
3aKTIOYCHBI B CKOOKH, paMKy H T. IL.).

WJIn
[Mpu IMOJIHOM perueHuu B HEOOXOAUMBIX MATCMATHYCCKHUX IPEOOpPa3OBaAHUIX
WM BBIYMCIICHWAX JOITYILUEHBI OMOKH, U (WaH) mpeoOpa3oBaHUsA/BbIYHCICHUA He
JOBEICHBI A0 KOHLIA.

I n I, -

nin
[MTpu [TOJIHOM pewmeHuu oTcy TCTBYeT MyHKT [V, nnu B HEM JomnyliueHa omuoka.

[\

[TpeacTaBieHbI 3aIMCH, COOTBETCTBY FOILKME OAHOMY U3 CJISYIOLIUX CJIyYacB.
[IpeacTaBaeHBl TONBKO MOJOKEHHA H (OPMYJBI, BbIpakaroluue (H3HYECKUE
3aKOHBI, TIPHMEHEHUE KOTOPHIX HEOOXOMHMO Il PEUICHHA 3a4aYH, OE3 KaKHX-
aubo mpeoOpa3oBaHHII C WX HCIOJb30BAHHEM, HAMPABICHHBIX HA PCLICHUC
3aJa4H, 1 OTBETA.
WJIn

B pewennu otcyrcteyer OJHA wu3 ucxomueix ¢opmyn, HeoOxomumas i
pemicHHA 3azayd (WIM YTBCPXKACHME, JICKAICC B OCHOBE PCIUCHMA), HO
NPUCYTCTBYIOT JIOTHYECKH BEPHBIC MPeoOpa3oBaHUs ¢ UMCIOIUUMHCS (OPMY IaMH,
HaMpaBJICHHBIC HA PCLICHUE 3aa4H.

. UJIn
B OJJHOHM wu3 wcxoausix GopMys, HEOOXOAMMBIX IS PEUICHUS 3amaud (KIu
VTBCPKACHHH, JICKAIUEM B OCHOBE PCIUCHUA), JOMyLICHA ouwmbKa, HO
MPUCYTCTBYIOT JIOTHYECKH BEPHBIE MPeoOpasoBaHUs ¢ UMEIOIIUMHUCA (HOpMy TaMH,
HATPaBJCHHBIC HA PELICHUE 3aJa4H.

Bce cayuau penieHusa, KOTOpPhIE HE COOTBETCTBYIOT BhILICY KA3AHHBIM KPHUTEPHAM

BRICTaBJICHUS OLUCHOK B 1, 2, 3 Oana.
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TOuCHUHBIM HCTOMHUK M3Ty4acT MOHOXPOMATHYECKHMH CBET C  AJMHOM
BOJHBI A = 600 HM paBHOMEPHO BO BCEX HANPABICHUAX (TAKOH HCTOYHHK
HasplBacTCsl H30TponHbIM). Ha pacctosHuM »=1M OT HEro KOHLEHTpauus

(hOTOHOB (TO €CTh YUCIO POTOHOB B €IUHMLIE 0OBbEMA) paBHa 1 = 2-1 00 M3 Uemy
paBHa MOIIHOCTL P 3T0oro uctoyHuka? O6BEM cdepryeckoro ciod pagHycoM r H

TOJNIILMHOU Ar paBeH 4nr? Ar.

Bo3Mo:kHOE peieHye

C
Oueprus oaHoro GpoToHa pagHa E = hv = hI’ rIc V — 4acToTa, # — mocTosuHas [lnauka, a A

— JJIMHA BOJIHBI CBCTA.

PAt  PA
3a Bpems At HCTOUHMK H3Ty4aeT AN = z h—A ¢t (hoTOHOB, Pa3NETAOLIMXCA H3OTPOITHO
c

BO BCE CTOPOHBI CO CKOPOCTHIO CBETA C.

Ha paccroaHmm #» OT MCTOYHMKA B TOHKOM cdepHueckoM cloe 0OBEMOM
AV =42 Ar = 4nr2cAt KOHLIE HTPALMA (oToHOB Oyner paBHa
AN Pt A
n==—= 2 = 2 2‘
AV he-dmrScAr  Amhcr
Anhe?r*n

Taxum o6pa3om, HCKOMAasA MOILHOCTh paBHa P = ~2,5MBT.

Pusuxa. || kiaace. Bapuaut ®H1402

KpuTeplm OLICHKHU BbINMOJIHCHUSA 3a0aHHUA

Bbanabi

[puBeAeHO MOIHOE pEelIEHHE, BKIIOYAIOUIEE CJIE/Iy FOILHE NEMEHTHI:

[)zanucansl MOJOKEHUSA TEOPHHU M (PU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
TIPUMEHEHHE KOTOPBIX HEOOXOAMMO I PELICHHUS 3aAauu BHIOPaHHBIM CIIOCOOOM
(B maHHOM ciyvae — opmyna [lianka 0na ceasu sHepeuu u vacmomvl pomona,
chopmyna ona ceasu yacmomvl ¢ OAUHOL BONHBL C8eMA, a MAKdCe YOpMyAa O
onpeodeneHus KOHyeHmpayuy vacmuy);

II) onmcaHbl Bce BBOOMMBIE B pELICHHEC OYKBEHHBIE 00O3HAUCHMSA (DUIMUCCKUX
BCIIMMUH (30 UCKAIOUCHUEM, GOIMONCHO, OOO3HAUEHULI KOHCMAHM, YKUZAHHBIX
6 eapuarme KUM, u 0603HaueHuti, UCNONb3YeMbIX 8 YCI08UU 300aul);

IIT) npoBeaeHb HeOOXOAMMBIE MaTeMaTHUECKHE Mpeobpa3oBaHus (IOIMYCKaeTCA
BepbalbHOE YKa3aHUE HA MX [POBEACHHME) U  Pacy€Thl, MPHUBOAALINC
K MPaBHJIbHOMY 4YMCJIOBOMY OTBETY (JONMyCKAacTCA PELIEHHE «IO0 YacTIM»
C MPOMEIKY TOUYHBIMY BBIYHCICHUAMH ),

IV) mpeactaBneH mpaBMIIbHBIA OTBET ¢ YKA3aHHEM CAMHHULL H3MEPEHHSI HCKOMOU
BCJIMMHHBI,

[MpaBuabHO 3anucaHsl HEOOXOIUMBIE MONIOXKEHHUS TEOPHUH U (DUBMUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, IMPOBEJACHBI HEOOXOIUMBIC NMPEOOpa3OBaHHUA, U MPEICTABJICH
NMPaBHIBHBIA OTBET C yKa3aHHEM CIUHHL M3MEPCHMA HCKOMOH BenwuuHsl. Ho
HMEETCS OAVH U3 CICAYIOMHX HEAOCTATKOB.

3amucy, COOTBETCTBYIOINME OJHOMY HWJIH OOOHMM ITyHKTaM:
NP ACTABJICHBI HE B OJIHOM 00BEME HIIH OTCY TCTBYIOT.

M wu I, -

IMpu ITOJIHOM npaBUIBHOM PEIICHUM JIMIIHHUE 3ATMCH, HE BXOAAIIUC B PEILICHUC
(BO3MOXKHO, HEBEPHBIC), HE OTHAEJCHBI OT PCIUCHHUA (HE 3a4EpKHYyTHI, HE
3aKTFOUCHBI B CKOOKU, PAMKY H T. IL.).

HJIU
Mpu [TOJIHOM peuieHuu B HEOOXOAMMBIX MATEMaTHYCCKUX IMPEOOpa3sOBaHHAX
WJTH BBIYMCJICHUAX JOIMYIUCHBI OINHOKH, U (MIK) MpeoOpa3oBaHus/BHIMUCICHUS HE
JOBEICHBI 10 KOHLA

WJIN
[Tpu [IOJIHOM pewmeHun o1cy TCTBYET MyHKT [V, M B HEM oIy HieHa omuoka.

[MTpeacTaBIcHBI 3aMMCH, COOTBE TCTBY FOLIME OIHOMY U3 CIICYFOIIUX CIIyYacB.
[IpencTaBaeHb TONBKO IOJNIOKEHUA U (OPMYJBI, BhIpa)karomue (Qusmdeckue
3aKOHbI, MPUMEHEHHE KOTOPBIX HEOOXOOHUMO [UIA PEIUCHHA 3aJayuH, 0e3 KaKux-
aubo npeoOpa3oBaHM C HX HCIOJNL30BAHHEM, HAMPABJICHHBIX HA pEIICHUE
3aJa4H, ¥ OTBETA.
HJIH

B pemrenuun orcyrcteyer OAHA w3 ucxomueix ¢opmyn, neodOxoaumas it
pemieHus 3agayd (WIH YTBEPXKACHHE, JeXalllee B OCHOBE pPEIICHMA), HO
MPUCYTCTBYIOT JIOTHYECKH BEPHBIC MPeoOpazoBaHUs ¢ UMCIOIIUMUCS (HOPMY 1aMH,
HATIPABJICHHBIC HA PCLICHUE 32 Ja4H.

. WJIHU
B OJHOH u3 ucxoaueix (GopMys, HCOOXOAMMBIX M1 peUICHHA 3adauu (MU
YTBEPXKACHUH, JICKAIUEM B OCHOBE pPEIICHHA), JomymeHa omubka, HO
MPUCYTCTBYIOT JIOTHYECKH BEPHBIE MPeoOPa3oBaHUA ¢ UMEIOIIUMHCA (POPMY IaMH,
HAIPABJICHHBIC HA PCIICHUE 32 Ja4M.

Bce cmyuau penieHus, KOTOpble HE COOTBETCTBYIOT BBIILEY KA3AHHBIM KPUTEPHIM
BBICTABJICHHA OLEHOK B 1, 2, 3 Ganna.
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Kpurepun ouennBanus 3aganuii ¢ pa3BépHyTHIM 0TBETOM

3uUMOH MO KpasM 3aCHEKEHHBIX HAKIOHHBIX KpBII JJOMOB YacToO 00pa3yroTcs
COCYJIbKH, KOTOpBIE NP HE CIHUIIKOM MOPO3HOH TOrojae OBICTPO PAaCTyT U MOTYT
COpBATbCS M YMacTh, NPEACTABIsAsA OOJNBIIYIO OMACHOCTH JUIS MPOXOIANIMX BHHU3Y
mozel. Kppllm MHOTHX COBPEMEHHBIX 3arOpPOJIHBIX JOMOB MMEIOT CIICIHATBHYIO
KOHCTPYKIIMIO: OHH JIBYXCIIOWHBIE, M MKy BEPXHUM M HIDKHUM CIOSIMU HUMEETCS
3a30p, B KOTOPOM BO3JYX MOXKET CBOOOJHO LIUPKYJIUPOBATh U BBIXOIUTH HAPYKY.
OOBbsicHATE,  OCHOBBIBaACh  HAa  M3BECTHBIX  (U3MYECKUX  3aKOHaX W
3aKOHOMEPHOCTSIX, IPUYMHY 00pa30BaHMs COCYJIEK B IEPBOM Cllydyae U BIUSHHE Ha
HUX BO3JYILIHOTO 3a30pa MEXJIy HWKHUM M BEPXHHUM CJIOSMH KPBILIIM BO BTOPOM
ciydae.

Bo3moxkHoe pemienne

1. XKumeie moMa 3UMOM OTAIUTMBAIOTCS, TEIUIBIA BO3IYyX TOMHAMACTCS BBEPX, W Uepe3
KPBIILY, TOKPBITYIO CHETOM, IIOCTOSTHHO UJIET MOTOK TEIUIO0TAAYa.

2. Crioii cHera Ha KphbIIlle UMEET MaJy0 TEIJIONPOBOJAHOCTbD, TaK YTO MEX1y BHYTPEHHEH 1
BHEIIHEW MOBEPXHOCTSIMH 3TOTO CJIOS BO3HUKAET OOJbIIas Pa3HOCTh TEMIIEPaTyp, U CHET,
MPWJIETAIOUN K KpBIIlIe, HarpeBaeTcsl O TeMIepaTyphl IJIaBJICHUS U HauWHAeT TasiTh 3a
CYET TMOJYYEHUS TEIUIOThl IUIABJEHUSI NpHU TEIJIOOTJAYE 4Yepe3 KphIlly JIoMa
B OKPY’KaIOIIYIO CpPEey.

3. OOpa3oBaBmiasicst TPy TasTHAM CHETa BOJ[a CTEKAET IO CJIOEM CHeTa BHU3 110 HAKJIOHHOU
KpBIIIIe, U, BBIXOJI Ha €€ Kpalo HapyxKy, Ha XOJI0JI, CHOBA 3aMep3aeT, o0pa3ys JE, TO eCTh
OBICTPO pacCTyIINE COCYIIbKH.

4. Tlpu nBYXCIIOMHON KpBIMIE C BO3AYIIHBIM 3330pOM TEIUIOTAa M3 JIOMa YHOCHUTCSI HApYyXKy,
BBEPX, B OKPYXAIOILIYIO CPENy, 3a CUET BOSHUKAIOINX KOHBEKIIMOHHBIX MMOTOKOB BO3IyXa
B 3a30pe, M MPAKTUYECKH HE HarpeBaeT CHET Ha BEPXHEM CJIO€ KpbImu. Takum oOpazom,

CHET He TIOATAuBAeT, U COCYJIbKH Yy KpaéB TaKOH KPBIIIN HEe 00pazyIoTCs.

© Crarl'pan 2013 r
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Kputepun onieHKku BHINOJTHEHUS 3aJaHUS Banabl

[IpuBeneHo TONHOE TPABWIBHOE pPEIICHHE, BKIIOYAIOIIee MPABUIBHBIA OTBET
(B maHHOM ciywyae IL.I. 1—4) U MCuepIBIBAIOIIUE BEPHBIE PACCYKICHUS
C yKa3aHHeM HaOJII0IaeMbIX SIBJICHHM (B TaHHOM CIy4Yae — VIOMUHAHUE SAGTeHULl 3
Meni1onposoOHOCU U KOHBEKYUU, NIABNIeHUsA U 3aMBepOesanus 1bod, a MaKice
VKazaHue HanpagieHuul O8UdiCeHusi MENio20 6030yxa U 600bl 8 NOAE CUTbL
msicecmit).

Vka3zaHel Bce HEOOXOAUMMBIE JUIS OOBACHEHHS SIBJIEHUS W 3aKOHBI,
3aKOHOMEPHOCTH, M JIaHO MPABHIILHOEC OOBSCHEHHE, HO COJCPKUTCS OMHUH W3
CIEAYIOIUX HETOCTATKOB.
B mpencraBieHHBIX 3amucAX COAEpKATCA ML OOIIMe pacCyXieHus 0Oe3 2
MIPUBS3KY K KOHKPETHOHN CUTYalllH 33a1auu.

nJIn
Paccyxnenus, mpuBoOAsAIIME K OTBETY, MPEJCTABICHBI HE B MTOJHOM 00BEME, WIIH
B HUX COJIEPAKATCS JJOTMUECKHUE HETOUYETHI

IIpencraBieHbl 3anKCH, COOTBETCTBYIOIIME OAHOMY K3 CIECAYIOUINX CIIy4aes.
Vka3zaHbl HE BCE HEOOXOJMMbBIC SIBJICHUS M (PU3UUECCKHUE 3aKOHBI, JaXKe CIIH JlaH
MPaBUJIbHBINA OTBET Ha BOIPOC 3aaHUSI.
NJIn
VYka3zaHbl Bce HEOOXOIUMBIC SIBJICHUSI U (PU3NYECKHE 3aKOHBI, HO B HEKOTOPBIX M3
HUX JIOITyIIleHa ONIMOKa, J1a)Ke €CIU JIaH MPaBUIIbHBIN OTBET Ha BOIIPOC 3aJIaHMSL.
nJim
Vka3zanel BCe HEOOXOAWMBIE I OOBSCHEHHS  SBIECHHUS W 3aKOHBI,
3aKOHOMEPHOCTH, HO MUMEIOMINECS PACCY)KICHHsI, HAMPaBJICHHBIE Ha TMOJyYeHUE
OTBETa Ha BOTIPOC 3aJaHus, HE TOBEACHBI JO KOHIIA.
%0051
Vka3zaHel Bce HEOOXOAUMBIC JUIS OOBACHEHHMS  SIBJICHHUS U 3aKOHBI,
3aKOHOMEPHOCTH, HO IMEIOIIUECS PACCYKICHUS, TPUBOIAIINE K BEpHOMY OTBETY,
COJIepIKaT OMIMOKH.

Bce ciydan pemeHusi, KOTOpbIe HE COOTBETCTBYIOT BBHIIICYKAa3aHHBIM KPUTEPHUSIM 0
BBICTABJIEHUS OIEHOK B 1, 2, 3 Oaia.

Ha Ttenexke maccor M =400 T, KOTOpas MOXKET KaTaThCsi 0€3 TpEeHHUS IO
TOPU30HTAIBHON TIOCKOCTH, UMEETCS JIETKUN KPOHIITEHH, Ha KOTOPOM IMOABEIICH
Ha HUTU MayeHbkuil mapuk maccod m =100 r. Ha Tenexky mo ropusoHTanu
HaJIeTaeT ¥ a0COJIIOTHO YIPYro CTAJKWBAETCs C HEl map maccold M, nersmuid co

ckopoctbro V=2 wm/c (cM. pucyHok). Yemy Oyzxer paBeH MOAYNb CKOPOCTH
TEJISKKUA B TOT MOMEHT, KOTZla HUTh, Ha KOTOPOH MOABEIICH LIAPHUK, OTKIOHUTCS

Ha MaKCHMAIBHBI Yroil OT BepTUKaIH? JIIUTEIHHOCTH CTOJNKHOBEHHS Iapa
C TEJIEKKON CUMTATh OUYE€Hb MAaJIOM.

© Cratl'pan 2013 r
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Bo3moxkHoe pemienne

CornacHo yCIIOBHIO, 32 BPEMSI CTOJIKHOBEHUSI TEJIEkKKa NMPAKTUUYECKU HE CMECTHUTCS, & HUTh
OCTaHETCs BEpTUKAIBHOM. B cHity 3TOro ropu30HTaIbHAS TPOESKIUS CHIIBI HATSDKCHUST HUTH
BO BpPEMSI CTOJIKHOBEHHUSI OTCYTCTBYET, M TOPH3OHTAIbHAS MPOCKIUS WMITYJIbCA CHCTEMBI
«urap + Tenexka» coxpansercs: MVy=Muy+Mu,, TAe u; U u, — MOLYIH CKOpOCTEii
rapa M TEJIEeKKH IMOCIe CTONKHOBEHUs. [Ipn abCcoOTHO yIpyroM CTOJIKHOBEHHUH Iapa u
2 2 2
MVy  Muj N Mu;
2 2
CJIEZlyeT, UTO IAp M TENIeKKAa «OOMEHHMBAIOTCS» CKOPOCTSAMH: IIOCJE CTOJKHOBEHHUS ILIap
OCTaHaBIMBACTCS U M/IACT HA IIOCKOCTb, @ TENEKKA PHOOpeTaeT CKOpocTs V.

TCIIC)KKH COXPAHACTCA U HNX MCXAaHHUYCCKasA ODHCPTUs: OTCIOI[a

[Ipu nanpHEHIIEM JBMKEHHH TEIIEKKA «ye3)KaeT» M3-T0J] MOJIBEIICHHOTO [IapyuKa, 1 HUTh
HAaYMHAET OTKJIOHATHCS OT BEPTHKAIM, IOCTEIEHHO TOPMO3sl TENEeXKKYy. B MomeHT
MaKCHMaJbHOTO OTKJIOHEHUS] HHTH OT BEPTUKAIH CKOPOCTH V TENEeKKU W HIapuka OynyT
OJIMHAKOBBI, TaK KaKk B IIPOTUBHOM Clly4dae, HNPU CKOPOCTH TENEeXKH OOJbLIeH, deM
y IIapuKa, OTKJIOHEHHE HUTH OyJIeT MpOJOKaThCsi. B JAaHHOM mporecce coxpaHseTcs
TOPU30HTAJIbHASI IPOEKIIMS UMITYJIbCA CUCTEMBI «IIAPUK + TEIICKKAN:

M
MVy=(M+m)V. Otciona V = Mo _ 1 6w,
M+m
KpI/ITepl/Il/I OICHKHM BBINNOJIHCHUSA 3aT1aHUSA banabl

[IpuBeneHo MoIHOE pellIeHHe, BKIIIOYAIOLIee CIEAYIOIINE JIEeMEHTHI:

) 3anmcanbl MONOXKEHUS TEOPUHM W (U3HYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHNE KOTOPBIX HEOOXOUMO JIJIsl PEIICHUs 3a/1a4i BRIOPAHHBIM CIIOCOOOM
(B NaHHOM Cllyyae — 3aKOHbl COXPAHEHUs UMNYIbCA U MEeXAHUYECKol IHepauu, u
NPAsUIbHO 0OOCHOBAHO UX NPUMEHEHUEe HA PA3HLIX dMANAX OBUNCEHUS. OAHHOU
cucmemol mern);

IT) orrcanbl Bce BBOAWMBIE B pelIeHHE OYKBEHHBIE 00O3HAUeHUS (PU3MUECKHUX
BEJIMYMH (3 UCKIIOYEHUEM, 603MONMCHO, 00O3HAUEHUUl KOHCMAHM, VKA3AHHbX| 3
6 éapuanme KHUM, u 0b6o3nauenutl, ucnonb3yemvix 8 yCio8uu 3a0a4uL);

I11) mpoBeneHbl HEOOXOAMMBIE MaTeMaTHYECKHe MpeoOpa3oBaHMsl (JIOMyCKaeTCs
BepOalbHOE YyKa3aHWE Ha HUX I[pOBeIeHHE) M  pacu€Tbl, IPUBOIALINE
K MPaBWJIBHOMY YHCJIOBOMY OTBETY (JOMYyCKAaeTCs pEIICHHE «II0 YacTsIM»
C IPOMEKYTOUYHBIMH BBIUYUCIICHUSAMH );

IV) mpencraBien mpaBWIBHBIA OTBET C yKa3aHUEM EAMHHUI] U3MEPEHHSI NCKOMOM
BEJIMYMHBL.

[IpaBuibHO 3amucaHbl HEOOXOAUMBIE MOJIOKEHUS TEOPHH M (PU3NUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEACHBI HEOOXOAWMBIE TPeoOpa3oBaHus, U TPEICTABICH
MPAaBUJIBHBIN OTBET C yKa3aHHEM EIUHUI] U3MEPEHHs] MCKOMOHM BenuuuHbl. Ho P
UMeEETCs] OIMH U3 CIEYIOIUX HETOCTATKOB.

3ammcH, COOTBETCTBYIOMIME OqHOMY Mk BceM nyHkram: I u 111, — mpexcraBiens
HE B [IOJJTHOM 00BEME HIIN OTCYTCTBYIOT.

© Crarl'pan 2013 r
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Wi
[Ipu momHOM IPaBWIBHOM PELICHUH JIMIIHKME 3aIllUCH, HE BXOMSIINE B PELICHHE
(BO3MOXKHO, HEBEpHbIE), HE OTHEJEHbl OT peleHus (He 3auépKHyTbl, He
3aKJIFOUEHBI B CKOOKH, PAMKY U T. I1.).

W
[pu [IOJTHOM perieHun B HEOOXOAMMBIX MAaTEMaTHYECKUX MPeoOpazoBaHUSX
WJIM BBIYMCIICHUSIX JIOMYIIEHBI OMIMOKHY, U (WIK) TpeoOpa3oBaHMs/BHIYUCICHUS HE
JIOBEJICHBI JIO KOHIIA.

Wi
[Tpu ITOJIHOM periennu oTCYTCTBYET NYHKT 1V, uiau B HEM ponyleHa omnoka.

ITpencraBieHsl 3alMCU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLIUX CIIy4aes.
[IpencraBieHsl TOMBKO TOJIOKEHHS W (HOPMYJBI, BBIpAXKAIOIIUE (U3MUSCKHUE
3aKOHBI, IPUMEHEHNE KOTOPHIX HEOOXOMUMO JUIS pelleHus 3aaadu, 0e3 Kakux-
nub0 mpeoOpa3oBaHMl ¢ WX HCIOJB30BAHNEM, HANPABICHHBIX Ha peElIeHUE
3aJlauu, U OTBETA.
NI

B pewenun orcyrcrByer OJHA w3 ucxomsbelx ¢opmyi, HeoOXoaumas s
pemwienus 3agaud (WIM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIIEHHs), HO
MPUCYTCTBYIOT JIOTHYECKH BEpHBIC TPeoOpa3oBaHus ¢ UMEIOLIMMUCS (POpPMyIIaMH,
HalpaBlIeHHbIE HA PEeILICHHUE 3a/1a4H.

. NI
B OJJHOM w3 ucxomuwix (Gopmyll, HECOOXOIUMBIX IS PEHICHUsS 3amadyd (HiIH
YTBEP)KICHUH, JIeKAIeM B OCHOBE peELIeHMs), [OIylleHa oImubKa, HO
MPHUCYTCTBYIOT JIOTHUECKH BEPHBIE MPeo0pa3oBaHus ¢ UMEIOMMMHUCS (HopMyiaMu,
HaIrpaBlICHHbIE Ha PeIICHHUE 3a/1a4H.

Bce cityyan perieHusi, KOTOPble HE COOTBETCTBYIOT BBIIICYKA3aHHBIM KPUTCPHSIM
BBICTABJIEHUS OIEHOK B 1, 2, 3 Oaa.
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B rTemion3onupoBaHHOM IWIMHApE, pa3JeJéHHOM Ha [JBE YacTH TOHKUM
HEBECOMBIM TETUIONPOBOSIINUM MTOPUIHEM, HaXOIUTCS MI€aIbHBIN OJTHOATOMHBIN
ra3. B HauaabHBIM MOMEHT BPEMEHU MOPILIEHD 3aKPEILIEH, a TAPAMETPBI COCTOSHUS
rasa — jgaBjeHue, oOBbEM W TeMmIepaTypa — B OJHOW YacTH LWJIMHAPA PaBHBI

py=2amm, V=2 nu T;=300 K, a B 1pyroii, COOTBETCTBCHHO, p, =4 atm,

V,=3n u T,=450 K. TlopuieHb OTIyCKarT, U OH HAYMHACT JBUIAThCs 0e3

Tpenusi. Kakoe maBieHHe ra3a YCTAHOBUTCS B IMIIMHIPE CIYCTS IOCTATOYHO
JoiToe  BpeMs, Korga  OyneT  JIOCTHTHYTO  COCTOSHHE  PaBHOBECHS?
TennoémMKoCTAMM UIMHAPA U ITOPIIHSA MOXKHO IIPpeHeOpeyb.

Bo3MoskHOe pelieHne

3anumem ypaBHeHHE cocTossHHA (ypaBHeHue Knaneipona—Menjeneesa) s raza B 00enx
4acTSIX LMIMHIPA B HAYallbHBI MOMCHT BpeMeHu: p\ V] = viRT}, p,V) = v,RD.

W3 nepBoro Havama TEPMOJUHAMUKH CIELYET, YTO BHYTPEHHSS JHEPrus rasa B HTOM
Hpouecce COXpaHi[eTCH, TaK KakK a3 HC O6MCHI/IBaeTCH Tel'IJ'IOTOI\;I C Opr)Ka}OH_II/IMI/I TCIaMH
W HE coBepmiaeT paboThl. 3amuiieM BBIpaKEHHUS A BHyTpeHHed sHeprunm U rasa.
3 3
U=-wRTi==-pNh
2 2 FITE
B yCTaHOBI/IBHJCMCSI COCTOIHHUN paBHOBeCI/ISIZ

B nauanbHbIi MOMEHT U, = 5 WRT,= ) PV a

3 3
U= EP[VI + Vz)Z U+U,= E(prl +P2V2)'

nh+p,s

=3,2arM.
Nn+n

OTCIOZ[a OKOHYATECJIbHO TTOJIy4YaeM: p =
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KpnTeplm OICHKH BbINOJHCHUSA 3aJaHUA

Bbanabl

[IpuBeneHo nosHoOE perieHne, BKIFOYAIOIIee CIeIyI0IINE SIEMEHTHI:

) 3armmcanbl MONOXKEHUS TEOpUH M (U3MUYECKUE 3aKOHBI, 3aKOHOMEPHOCTH,
NMPUMEHEHUE KOTOPBIX HEOOXOMMO JJIsl PEIICHHUS 3a/1a4ui BEIOPaHHBIM CIIOCOOOM
(B 1aHHOM ciydae — 3anucanvl ypasuenue Kianeiipona—Menodeneesa, svipasicenue
04 GHYMpeHHel dHepaul U0eanbHo20 O00HOAMOMHO20 2a3d, Nnepeoe HAaAualo0
MepMOOUHAMUKU);

II) onucanbl Bce BBOAMMBIE B pelIeHHEe OyKBEHHbIE 00O03HAUEHUs (PU3UUECKUX
BEJIIMYHMH (32 UCKAIOUEHUEM, B03MONCHO, OOO3HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0b6o3nauenuil, ucnonb3yemvlx 8 yCio8uu 3a0a4u);

IIT) mpoBeneHbl HEOOXOAUMBIE MaTEeMAaTHUYECKHE IpeoOpa3oBaHusl (JIOMYyCKaeTCs
BepOaIbHOE yKa3aHWe Ha UX TPOBEAEHHE) M PACUYETHI, TMPUBOJSIIME
K IPaBUJILHOMY YHCIIOBOMY OTBETY (JOMYCKaeTCsi pelIeHHEe «I0 YacTsIM»
C IPOMEKYTOYHBIMH BBIUYNCIICHUSIMH );

IV) npexncraBneH npaBUIbHBIE OTBET ¢ yKa3aHHEM €AMHHIl U3MEPEHUS UCKOMOM
BEJIMYNHBI.

[TpaBuabHO 3amMcaHbl HEOOXOIUMBIE TIOJOKEHHS TEOPHH U (PU3HUECKHE 3aKOHBHI,
3aKOHOMEPHOCTH, IPOBEIEHbl HeoOXOoIuMble MpeoOpa3oBaHMs, M IPEJCTaBICH
MPaBWJIGHBIM OTBET C YKa3aHWEM EIWHHII U3MEPEeHHs MCKOMOW BeianmduHbl. Ho
HUMeeTCsl OIMH U3 CJICYIOINX HETO0CTATKOB.
3amucy, COOTBETCTBYIOIME OJHOMY WM OOOMM IyHKTaMm:
MPEJICTABJICHBI HE B TIOJIHOM 00BbEME HITH OTCYTCTBYIOT.

NI
ITpu ITOJITHOM npaBuIbHOM pEIICHUH JUITHUE 3aMICH, HE BXO/SIINE B PEIICHUE
(BO3MOXHO, HEBEpHbIE), HE OTIEJIEHbl OT peueHus (He 3a4EpKHYTH, HeE
3aKJIFOUEHBI B CKOOKH, PaMKY U T. I1.).

oI wn I,

NI
[Tpu TTOJIHOM pemieHun B HEOOXOJUMBIX MAaTEMaTHUYECKUX MPEOoOPa30OBaAHUAX
WJIM BBIYMCIICHUSIX JOTYIIEHBI OMMOKHU, U (W) TpeoOpa3oBaHMs/BHIYUCICHUS HE
JOBEJICHBI JI0 KOHIIA.

N
ITpu IIOJIHOM pemiennn oTcyTcTBYET NyHKT IV, nim B HEM momynieHa omuoka.

[IpencTaBieHsl 3aMUCH, COOTBETCTBYOIINE OAHOMY U3 CJIEIYIOIINX CIIy4YaeB.
[IpencraBiieHbl TOJBKO MOJOXKEHHUS W (OPMYIbI, BBIpaXKarolue QGU3NYECKUe
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOJIMMO JUIS PEUICHHUS 3a1aud, 0e3 KaKux-
mn00 TpeoOpa3zoBaHMil C WX HCIOJIb30BAHUEM, HAIPABICHHBIX Ha pEIICHHE
3a/1a4M, ¥ OTBETA.
W

B pemenun otcyrcrByer OJIHA w3 ucxomseix Qopmyn, HeoOxomumas st
pemeHust 3amaund (WM yTBEpXKJAEHHWE, JieXKallee B OCHOBE pEIICHHUS), HO
HNPUCYTCTBYIOT JIOTHYECKH BEpHbIE IPe0OPa30oBaHus ¢ UMEIOLIUMUC POpMyIaMH,
HaIlpaB/IeHHbIC Ha PEeILICHHUE 3a1a4H.

. W
B OJHOU w3 ucxomubix (GopMyi, HEOOXOIUMBIX JUIsl PEIIeHHs 3a1add (Miau
YTBEPXKJACHUHM, JIeXKAIIEM B OCHOBE PpCIICHUS), JOMyIIeHa OmudKa, HO
NPUCYTCTBYIOT JIOTHYECKH BEpHBIE MTPeoOpa3oBaHUs ¢ UMEIOLIUMUCS POpMyIaMH,
HaIpaBJICHHbIC HA PEIICHUE 3a/1auH.

Bce crmydan perieHns, KOTOpbIe HE COOTBETCTBYIOT BEHITIICYKA3aHHBIM KPUTCPUSIM
BBICTABJICHHS OLICHOK B 1, 2, 3 Oasia.
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BuyTpu He3apsyKEHHOr0 METAUTMYECKOIo Iapa
paguycom 7, =40 cM uMeroTCs 1Be chepudeckue

7
HOJIOCTH  PajuycaMu 75 < L pacnonoxennsie i ! k 0
2

TaKuM 06pa30M, 4YTO HX IOBCPXHOCTHU IOYTH
COMPHUKACAIOTCS B IIEHTpE Miapa. B menrpe omHol

TOJIOCTH [IOMECTHIIN 3apsif ¢, = +1 uKu, a 3arem
B LEHTpe Apyro — sapsa ¢, =+2 HKn (cMm. pucynok). Haiimure moayins u

HaIpaBJICHHE BEKTOpa HANPSIKEHHOCTH £ 3JIEKTPOCTaTUYECKOro Mojs B Touke O,
HaxoAmelcs Ha paccTosHUM R=1M OT LeHTpa Mmapa Ha NEPICHIUKYISIpe
K OTPE3KY, COSIUHSIIOIEMY LIEHTPhI MOIOCTEH.

Bo3mo:xHoe peuieHue

B SJICKTPOCTATHUKE CHUTACTCA, YTO DJICKTPHUIECKOEC 110JI€ BHYTPU METaJIa OTCYTCTBYET, TaK
KaK mHa4dec CBOGO}IHLIG 3apsaAabl BHYTpU ME€Tajljla ABUTAIIMCh OBI. HOBTOMy IIpyu MOMCEIICHUN

3apsiaa B IIEPBYIO IOJIOCTh Ha €€ CTCHKAX MHAYIUPYETCH 3apsij —¢,, U IO IPUHIUII
p 91 pBY yuupy p q, p y

CYIEPIIO3UIINH CYyMMapHOE IoJe 3THX JBYX 3apsioB B MeTa/ule Iapa paBHO Hymo. Ilo
3aKOHY COXpaHEHHUs IEKTPUYECKOTO 3apsiia M B CHIIy DJICKTPOHEHTPaJbHOCTH IIapa

I/I36I>ITO‘«IHI>IfI 3apsaa paBEH . OH BBITCCHSCTCA HaA IIOBCPXHOCTH IIapa U PaBHOMEPHO
9,

pacmpenenseTcsi o Heif, Tak Kak 3apsiibl BHYTPH METaJUIa HE CO3JAIOT ITOJIST U HE BIUSIOT
HAa paclpe/esieHre 3apsJ0B Ha MOBEPXHOCTH MIapa.

Tlocne IMOMCIHICHUS 3apsaa qz BO BTOpPYIO IIOJIOCTH BCC IPOUCXOAUT aAHAJIOTIMYHBIM
06pa30M, 1 Ha NIOBEPXHOCTH MIapa BBITCCHACTCS AOIOJIHUTCIBHO 3apsAa q2, TaK 4YTO TCIIEPb

Ha TMOBEPXHOCTH 1Iapa PABHOMEPHO PACIPEEIIAETCsl CyMMapHBIiA 3apiai g + q,.

Tlone PAaBHOMEPHO 3apsKC€HHOI'0 Iapa BHE €ro COBHaAac€T C IIOJEM TOYEYHOI'O 3apsnaa,
MOMEIIEHHOTO B HOCHTp Mmapa, MmO3TOMY, COTJIACHO 3aKOHY Ky.]'IOHa, IIOJIC B TOYKC 0,

HaxoJsfIelcs Ha  pacCTOSHMM R OT LeHTpa Mmapa, IO MOAYJI0  PaBHO
1 +

E= o ‘11_;42 =27 B/M ¥ HampaBlleHO BJIOJIb paauyca OT LeHTpa mapa K Touke O.
e R

3[{60}) 80 — DJICKTpHUYECKas MOCTOsTHHAA.

L k)

2 22 = 27 B/M, BexTOp E HaIlpaBJIeH OT IIeHTpa mapa K Touke O.
TE()

Omeem: E =
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KpnTeplm OICHKH BbINOJHCHUSA 3aJaHUA

Bbanabl

[IpuBeneHo nosHoOE perieHne, BKIFOYAIOIIee CIeIyI0IINE SIEMEHTHI:

) 3armmcanbl MONOXKEHUS TEOpUH M (U3MUYECKUE 3aKOHBI, 3aKOHOMEPHOCTH,
NPUMEHEHUE KOTOPBIX HEOOXOMMO JJIsl PEIICHHUS 3a/1aui BEIOPaHHBIM CIIOCOOOM
(B maHHOM cly4dae — omcymcmeue 391eKmpoCmamuieckoeo nojs GHYmpu
Memaniuueckux Nnpo8oOHUKO8, NPUHYUN CYNEPROUYUU INEKMPUHECKUX nouel,
3aKOH COXpAHeHUs dNeKMPUYecKozo 3apaoa u 3akon Kynouna);

II) onucanbl Bce BBOAMMBIE B pelLIeHHEe OyKBEHHblE 0003HAUEHUs (PU3UUECKUX
BeJIIMYHMH (32 UCKAIOUEHUEM, B03MONCHO, OOO3HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0b6o3nauenuil, ucnonb3yemvix 8 yCioguu 3a0a4u);

II1) mpoBeneHbl HEOOXOAUMBIE MaTEeMAaTHYECKHE MpeoOpa3oBaHusl (JIOMyCKaeTCs
BepOaIbHOE yKa3aHWe Ha UX TPOBEAEHHE) M  PACUYETHI, TPUBOJSIIME
K IPaBUJILHOMY YHCIIOBOMY OTBETY (JOTYCKaeTCsi pelIeHHEe «I0 YacTsIM»
C IPOMEKYTOYHBIMH BBIUYNCIICHUSIMH );

IV) npexncraBieH npaBUIbHBIE OTBET ¢ yKa3aHHEM €AMHHI U3MEPEHUS UCKOMOM
BEJIMYNHBI.

[TpaBuibHO 3amMcaHbl HEOOXOIUMBIE TIOJIOKEHHSI TEOPHH U (PU3HUECKHE 3aKOHBI,
3aKOHOMEPHOCTH, TPOBEICHbI HEOOXOIMMble NPeoOpa3oBaHUS U IPENCTABICH
MPaBWJIGHBIM OTBET C YKa3aHWEM EIWHHII U3MEPEeHHs MCKOMOW BeianmduHbl. Ho
HUMeeTCsl OIMH U3 CJICYIOINX HETO0CTATKOB.
3amucy, COOTBETCTBYIOIME OAHOMY MM OOOMM ITyHKTaM:
MIPEJICTABJICHBI HE B TIOJIHOM 00BbEME HITH OTCYTCTBYIOT.

NI
ITpu ITOJIHOM mnpaBuIbHOM peIICHUH JIUITHUE 3aMHCH, HE BXO/ISIINE B PEIICHUE
(BO3MOXHO, HEBEpHbIE), HE OTIEJIEHbl OT peueHus (He 3a4EpKHYTH, HeE
3aKJIFOUEHBI B CKOOKH, PaMKY U T. I1.).

oIz I -

NI
[Tpu TTOJIHOM pemieHun B HEOOXOJUMBIX MAaTEMaTHUYECKUX MPEOoOPa30OBaAHUAX
WJIM BBIYMCIICHUSIX JOTYIIEHBI OMMOKHU, U (W) TpeoOpa3oBaHMs/BHIYUCICHUS HE
JOBEJICHBI JI0 KOHIIA.

N
ITpu IIOJIHOM pemiennn oTcyTcTBYET NyHKT IV, nim B HEM momynieHa omuoka.

[IpencTaBieHsl 3aMUCH, COOTBETCTBYOIINE OAHOMY U3 CJIEIYIOIINX CIIy4YaeB.
[IpencraBiieHbl TOJBKO MOJOXKEHHUS W (OPMYIbI, BBIpaXKarolue QGU3NYECKUe
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOJIMMO JUIS PEUICHHUS 3a1aud, 0e3 KaKux-
mn00 TpeoOpa3zoBaHMil C WX HCIOJIb30BAHUEM, HAIPABICHHBIX Ha pEIICHHE
3a/1a4M, ¥ OTBETA.
W

B pemenun otcyrcrByer OJIHA w3 ucxomseix Qopmyn, HeoOxomumas st
pemeHust 3amaund (WM yTBEpXKJAEHHWE, JieXKallee B OCHOBE pEIICHHUS), HO
HNPUCYTCTBYIOT JIOTHYECKH BEpHbIE IPe0OPa30oBaHus ¢ UMEIOLIUMUC POpMyIaMH,
HaIlpaB/IeHHbIC Ha PEeILICHHUE 3a1a4H.

. W
B OJHOU w3 ucxomubix (GopMyi, HEOOXOIUMBIX JUIsl PEIIeHHs 3a1add (Miau
YTBEPXKJACHUHM, JIeXKAIIEM B OCHOBE PpCIICHUS), JOMyIIeHa OmudKa, HO
NPUCYTCTBYIOT JIOTHYECKH BEpHBIE MTPeoOpa3oBaHUs ¢ UMEIOLIUMUCS POpMyIaMH,
HaIpaBJICHHbIC HA PEIICHUE 3a/1auH.

Bce crmydan perieHns, KOTOpbIe HE COOTBETCTBYIOT BEHITIICYKA3aHHBIM KPUTCPUSIM
BBICTABJICHHS OLICHOK B 1, 2, 3 Oasia.
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B nemnu, cxema KoTOpoii n300pa)keHa Ha pUCYyHKe, BHayalle 3aMbIKaloT Kito4 K Ha
BpeMs, 32 KOTOpPO€ TOK B KaTyIIKe HWHIYKTUBHOCTH JOCTUTACT MaKCHMAaJIbHO
BO3MOKHOTO 3HA4€HHs, a 3aTeM pa3MbIKaloT ero. Kakoe KOJUYECTBO TEIUIOTHI
BBIJIEIIUTCS TIOCTe TOro B pesucrope R? Ilapamerpsr nermu: £ =10 B, r=2 Owm,
R =200wm, L =20 wmIn. ConpoTuBicHne KaTyIIK1 HHIYKTUBHOCTH OYEHb MaJo.

K

il A4

Bo3moxkHoe perienne

[Mocne 3ambikanus kiroda K B o01ieit yacTu nenu ycTaHOBUTCS, COTJIACHO 3aKoHy OMa Juist

. . . &
IMMOJIHOM  JJICKTPUYCCKOMU ICIMHU, MAKCUMaJIbHO BO3MOXHBIM TOK 1= —, IIOCKOJIBKY
r

CONPOTHUBJICHUE MPABOM YACTH LENHU, B COOTBETCTBUU C (OPMYNOH Al COMPOTUBICHUS
napajjiesIbHO COEIUHEHHBIX PE3UCTOPOB, OJIM3KO K HYII0. DTOT TOK OylIeT IpOXOIUTh
TOJBKO uepe3 KAaTyIIKy HHIyKTHBHOCTH, BBHIY €€ OUCHb MaJoOro CONPOTUBICHHS IO
CPaBHEHHIO C CONMPOTUBIEHUEM Pe3UcTOpa R.

B kaTynike MHIYKTUBHOCTH TPU TOKE qepe32 HEE, pazBHOM MaKCUMaJbHOMY, OyJIeT 3amaceHa
LI LE

9HEPIUs MArHUTHOTO TOJIsA, paBHast W = - = 7, KOTOpast TIOCJIe pa3MbIKaHHsI KiTtoda K]
r

BBIJICJIUTCS, COTIacHO 3akoHy Jlxoyns—JIeHna, B BHAE TEIUIOTHI B MPABOW YaCTH IIETTH

B pesuctope R. CoriacHO 3aKOHY COXPaHEHHS 3HEPTHH, 3TO KOJHYECTBO TEIJIOTHI OyIeT

2

LE

paBHO SHepruu MarHutHOro mnomst: Q= W= ——-. TloacTaBiss YHMCIECHHBIC 3HAYCHUA
2r

rnapamMeTpoB Lenu u poBepsis Pa3MEpHOCTb, MoJIy4aem
2 —2 2
L 2-10°-1
0= 82 = 0 5 0 Jox =0,25 Ik =250 m/Ix.
2r 2.2
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KpnTeplm OICHKH BbINOJHCHHUSA 3aJaHUA

Bbanabl

[IpuBeneHo MoTHOE pelleHre, BKIIOYAOIIee CIeAYIOINE dJIeMEHTHI:

I) 3anMcanbl MOJIOKEHUST TEOPUHM W (DU3MYECKHUE 3aKOHBI, 3aKOHOMEPHOCTH,
PUMEHEHUE KOTOPBIX HEOOXOMMO JJIsl PEIICHHUS 3a/1a4l BEIOPaHHBIM CIIOCOOOM
(B manHOM cny4dae — 3axon Oma 07 NOMHOU Yenu, Npaguio noocdemad
CONpOMUGIEHUs. NAPANIENbHO COCOUHEHHBIX PEe3UCHOPO8, BbIPAdICeHUe Ol
9Hepeul MASHUMHO20 NOJIA, 3ANACeHHOU 6 KamywiKe UHOYKIMUSBHOCMU, 3AKOH
orcoynsi—Jlenya);

II) onrcanbl Bce BBOJAMMBIC B pELICHHWE OYKBEHHbIC 00O3HAYCHHUS (DU3UUYCCKUX
BEJIMYMH (3 UCKIIOYEHUEM, 603MONCHO, 00OO03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KHUM, u obo3nauenuii, ucnonb3yemuix @ yciosuu 3a0a4u);

IIT) mpoBeneHbl HEOOXOIUMBIE MaTeMaTHYecKue MpeoOpa3oBaHus (TOIMYCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMpOBEACHHE) U pacu€Thl, MPUBOIAIINE
K IPaBWJIBHOMY YHCIIOBOMY OTBETY (JIOITyCKAaeTcsi PEHICHHE «II0 YacTsAM»
C IPOMEKYTOUHBIMH BBIUUCIICHUAMH );

IV) npencraBneH NpaBUIbHBIN OTBET ¢ yKa3aHHEM CIMHHII H3MEPCHUS UCKOMOM
BEJIMYMHBL.

[TpaBuibHO 3amKcaHbl HEOOXOAUMBIE MOJOKEHUS TEOPUU U (PU3MUYECKUE 3aKOHBI,
3aKOHOMEPHOCTH, TPOBEIACHBI HEOOXOAWMBIE TPeoOpa3oBaHus, U TPEJCTABICH
MPaBUJIBHBIM OTBET C YKa3aHHEM CJMHHII U3MEPEHHUS HUCKOMOHW BennduHbl. Ho
HUMEETCsl OIMH U3 CJIEIYIOINX HETOCTATKOB.
3anucu, COOTBETCTBYIOIIME OJHOMY WJIH OOOMM ITyHKTaM:
IPECTaBJICHBl HE B IOJHOM 00BbEME HITH OTCYTCTBYIOT.

NI
ITpu ITOJIHOM npaBuiIbHOM pelIeHUH JUIITHNE 3aMICH, HE BXO/SIINE B PEIICHUE
(BO3MOXKHO, HEBEpHbIE), HE OTHEJECHbl OT peleHus (He 3auépKHyThl, He
3aKITIOYCHBI B CKOOKH, paMKy H T. II.).

0 u I,

WJIn
IIpu ITOJIHOM perienun B HEOOXOAMMBIX MaTEeMAaTHUYECKUX IPeoOpa30BaHUSIX
WITH BBIYUCIICHUSIX JOMYIIEHBI OMUOKNY, U (MIIH) MpeoOpa30BaHus/BEIUNCICHHS HE
JIOBEJICHBI 710 KOHIIA.

WJIn
[pu [TOJIHOM peniennn oTcyTCTBYeT NYHKT 1V, nian B HEM gonyiieHa omuoKa.

[IpencraBieHsl 3aMKUCH, COOTBETCTBYIOIINE OAHOMY U3 CIIEIYIOIIUX CIIyYaes.
[IpencraBieHbl TONBKO TIOJNIOKEHHS W (HOPMYJIBI, BBIpAXKAIOIIUE (UIMUSCKHUC
3aKOHbI, MPUMEHEHUE KOTOPBIX HEOOXOIMMO JJIs PelIeHHs 3a/1adyu, 0e3 KaKhX-
b0 TpeoOpa3oBaHMl ¢ WX WCIOJB30BAHNWEM, HANpPABICHHBIX Ha pelIeHUe
3aJlauM, ¥ OTBETA.
NI

B pemennn otcyrcrByer OJIHA w3 mcxomseix (opmyn, HeoOxomumas st
peuieHust 3agaund (WM yTBEpXKJCHUE, JieXKallee B OCHOBE pEIICHHUs), HO
MPHUCYTCTBYIOT JIOTHUECKU BEPHBIE Mpeo0pa3oBaHus ¢ UMEIOMIUMHUCS GopMyiamu,
HaIpaBJCHHbIC HA PEIICHUE 3a/1auH.

. N
B OJIHOU w3 ucxomaHpix (GopMyi, HEOOXOIMMBIX Ul pEIIeHHs 3a1add (WIn
YTBEPXKJACHUHU, JIeXKAIIEM B OCHOBE PpCIICHHS), JOMyIIeHa OInu0Ka, HO
MPHUCYTCTBYIOT JIOTHUECKN BEPHBIE MPeo0pa3oBaHus ¢ UMEIOMUMHUCS (hopMyiaMu,
HANpaBJICHHBIC HA PEIICHUE 3a/1aUH.

Bce ciyuau peieHusi, KOTOpbIe HE COOTBETCTBYIOT BBIINICYKA3aHHBIM KPUTEPHUSIM
BBLICTABJICHHUS OLICHOK B 1, 2, 3 Oauia.
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ToueuyHblil UCTOYHUK MOIIHOCTHIO P = 1 MBT u3znydaer MoHOXpoMaTH4YEeCKUN CBET
¢ JUTHHOH BOJIHEI A = 600 HM paBHOMEPHO BO BCEX HAIIPABJICHHUIX (TAaKOH MCTOUYHUK
Ha3bIBACTCSI M30TPOINMHBIM). Ha KakoM pacCTOSIHMM 7 OT HEro KOHICHTpalus
¢oroHOB (TO ecTh 4ucio (GOTOHOB B equHHIle 00BEMA) paBHA 71 = 2:10° M2

O0BEM chepruyecKoro Caos paguycoM » U TOJIIUHONW Ar paBeH 4P Ar.

Bo3moxkHoe pemienne

C
Oueprus onHoro goTtoHa paBHa E = hy = hz, rJe v — 4yactora, h — nocrosgunas Ilimanka, a A

— JJIMHA BOJIHBI CBETA.

PAt P
3a Bpemsi Af uCTOYHMK n3imydaet AN = = = h—At (hOTOHOB, PA3NETAIOLIMXCS H30TPOITHO
c

BO BCC CTOPOHBI CO CKOPOCTBIO CBETA C.

Ha paccrosnum 7» 0T HMCTOYHHMKA B TOHKOM cdepuueckoM cioe 00bEMOM
AV = 4nr2 Ar = 4nr2cAt KOHLIEHTpaIus ¢oToHOB Oyner paBHa
_ AN PAAt P

n=——= = .
AV he-dartedt  Amhe*r?

Pi
Taxum 00pa3oM, HCKOMOE PaCCTOSIHUE PaBHO 7' = , | ———»— =~ 2 M.

drche’n
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KpnTeplm OICHKH BbINOJHCHUSA 3aJaHUA

Bbanabl

[IpuBeneHo MOTHOE pelleHre, BKIIOYAONIee CIeAYIOINE SJIeMEHTHI:

I) 3anMcanbl MOJIOKEHUST TEOPUHM W (DU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
NPUMEHEHUE KOTOPBIX HEOOXOMMO JJIsl PEIICHHUS 3a/1a4ui BEIOPaHHBIM CIIOCOOOM
(B manHOM cnyuae — ¢popmyna Ilnanxa 015 ces3u dHepeuu u yacmomol omonda,
Gopmyna ons ceazu wacmomsl ¢ OIUHOU BOJHbL c8emd, d makdice Gopmyna O
onpeoeneHus KOHYeHmpayuu 4acmuy);

II) onucanbl Bce BBOAMMBIE B pelLIeHHE OyKBEHHblE 0003HAUEHUs (PU3UUECKUX
BeJIMYHMH (32 UCKIIOUEHUEM, B03MONCHO, OOO3HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUMm, u obo3nauenuil, ucnoivb3yemvix 8 yCioguu 3a0auul);

II1) mpoBeneHbl HEOOXOAUMBIE MaTEeMAaTHUYECKHE MpeoOpa3oBaHusl (JIOMYyCKaeTCs
BepOalpHOE YyKa3aHWE Ha WX I[pOBEAEHHE) M  pacu€Thl, MPUBOISALINE
K IPaBUJILHOMY YHCIIOBOMY OTBETY (JIOyCKAaeTCsi PEHICHHE «II0 YacTsAM»
C IIPOMEKYTOYHBIMH BBIUUCIICHHUSMH );

IV) npexncraBineH npaBUIbHBIE OTBET ¢ yKa3aHHEM €AMHHI U3MEPEHUS UCKOMOM
BCJIMYMHBL;

[TpaBuabHO 3amMcaHbl HEOOXOIUMBIE TIOJOKEHHS TEOPHH U (PU3HUECKHE 3aKOHBHI,
3aKOHOMEPHOCTH, IPOBEIEHbl HeoOXOoIuMble MpeoOpa3oBaHMs, M IPEJCTaBICH
MPaBWJIGHBIM OTBET C YKa3aHWEM EIWHHII U3MEPEeHHs MCKOMOW BeianmduHbl. Ho
HUMeeTCsl OIMH U3 CJICYIOINX HETO0CTATKOB.
3anucu, COOTBETCTBYIOIIME oOJHOMY WM obomm mnyHkram: I u I
MPEJICTABJICHBI HE B TIOJIHOM 00BbEME HITH OTCYTCTBYIOT.

NI
ITpu ITOJITHOM npaBuIbHOM pEIICHUH JUITHUE 3aMICH, HE BXO/SIINE B PEIICHUE
(BO3MOXHO, HEBEpHbIE), HE OTIEJIEHbl OT peueHus (He 3a4EpKHYTH, HeE
3aKJIFOUEHBI B CKOOKH, PaMKY U T. I1.).

NI
[Tpu TTOJIHOM pemieHun B HEOOXOJUMBIX MAaTEMaTHUYECKUX MPEOoOPa30OBaAHUAX
WJIM BBIYMCIICHUSIX JOTYIIEHBI OMMOKHU, U (W) TpeoOpa3oBaHMs/BHIYUCICHUS HE
JIOBE/ICHBI 10 KOHIIA.

NI
ITpu IIOJIHOM pemiennn oTcyTcTBYET NyHKT IV, nim B HEM momynieHa omuoka.

[IpencTaBieHsl 3aMUCH, COOTBETCTBYOIINE OAHOMY U3 CJIEIYIOIINX CIIy4YaeB.
[IpencraBiieHbl TOJBKO MOJOXKEHHUS W (OPMYIbI, BBIpaXKarolue QGU3NYECKUe
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOJIMMO JUIS PEUICHHUS 3a1aud, 0e3 KaKux-
mn00 TpeoOpa3zoBaHMil C WX HCIOJIb30BAHUEM, HAIPABICHHBIX Ha pEIICHHE
3a/1a4M, ¥ OTBETA.
W

B pemenun otcyrcrByer OJIHA w3 ucxomseix Qopmyn, HeoOxomumas st
pemeHust 3amaund (WM yTBEpXKJAEHHWE, JieXKallee B OCHOBE pEIICHHUS), HO
HNPUCYTCTBYIOT JIOTHYECKH BEpHbIE IPe0OPa30oBaHus ¢ UMEIOLIUMUC POpMyIaMH,
HaIlpaB/IeHHbIC Ha PEeILICHHUE 3a1a4H.

. W
B OJHOU w3 ucxomubix (GopMyi, HEOOXOIUMBIX JUIsl PEIIeHHs 3a1add (Miau
YTBEPXKJACHUHM, JIeXKAIIEM B OCHOBE PpCIICHUS), JOMyIIeHa OmudKa, HO
NPUCYTCTBYIOT JIOTHYECKH BEpHBIE MTPeoOpa3oBaHUs ¢ UMEIOLIUMUCS POpMyIaMH,
HaIpaBJICHHbIC HA PEIICHUE 3a/1auH.

Bce crmydan perieHns, KOTOpbIe HE COOTBETCTBYIOT BEHITIICYKA3aHHBIM KPUTCPUSIM
BBICTABJICHHS OLICHOK B 1, 2, 3 Oasia.
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Kpurepun ouennBanus 3aganuii ¢ pa3BépHyTHIM 0TBETOM

3uUMOH MO KpasM 3aCHEKEHHBIX HAKIOHHBIX KpBII JJOMOB YacToO 00pa3yroTcs
COCYJIbKH, KOTOPbIE IIPU HE CIMIIKOM MOPO3HOH HOroje ObICTPO PacTyT U MOTYT
COpBaThCS U YHACTh, MPEICTABISAA OONBIIYI0 OMACHOCTH UISI TIPOXOISIINX BHU3Y
mrozeit. Ha kpbliiax MHOTMX COBPEMEHHBIX 3arOPOIHBIX JIOMOB COCYJIbKH, OJHAKO,
He o00pa3syloTcs Onaromaps CICNHMATbHOM KOHCTPYKIMH 3THX KpBII: OHHU
JIByXCJIOMHBIE, U MEXJly BEPXHUM M HUKHHUM CIOSMH MMEETCS 3a30p, B KOTOPOM
BO3J/lyX MOXKET CBOOOIHO LUPKYJIUPOBATH U BEIXOJUTH HAPYXKY.
OOBsCHHTE, OCHOBBIBASICH Ha  H3BECTHBIX  (U3MYECKUX  3aKOHAX M
3aKOHOMEPHOCTSIX, NPUYUHY OOpa3oBaHHUs COCYJEK B IE€PBOM Cilydyae M HX
OTCYTCTBHE BO BTOPOM CIIydae.

Bo3MmoxkHoe pemienne

1. Kunbie noma 3uMON OTAIUTMBAIOTCS, TEMJIBIA BO3AYX IOJHHUMAETCS BBEpX, W dYepes
KPBITTY, TOKPBITYI0 CHETOM, TIOCTOSTHHO HIET TEIUIOOT/Aaua.

2. Crioii cHera Ha KphblIIlie UMEET MaJy0 TEIJIONPOBOJAHOCTb, TaK YTO MEXIYy BHYTPEHHEH 1
BHEIIHEW MOBEPXHOCTSIMH 3TOTO CJIOS BO3HUKAET OOJIbIIas Pa3HOCTh TEMIIEpaTyp, U CHET,
MPUIETAIOIIMN K KpBIIIe, HAarPeBaeTCs JI0 TeMIIEPATyphl TUIABJICHHS] ¥ HAUYWHACT TasTh 32
CY€éT TIONy4YeHHs TEIUIOTHl IUIABJIEHUS TMPH TEIUIOOTAAade uepe3 KphIy JoMa
B OKPYIKAaIOIIYIO CPEy.

3. O0OpasoBaBiiasicst IpU TasiHUKM CHEra BOJa CTEKAET I0J1 CJI0OEM CHEera BHU3 10 HAKJIOHHOU
KpBIIIC U, BRIXOMS Ha €€ Kparo HapyXKy, Ha XOJIOJ, CHOBA 3aMep3acT, 00pasys JEM, TO ecTh
OBICTPO PACTYIIHE COCYIIbKH.

4. Tlpu nBYXCIIOWHOW KpBINIE C BO3AYIIHBIM 3a30pOM TEIUIOTAa U3 JIOMa YHOCHUTCSI HapyxKy,
BBEPX, B OKPYXKAIOIIYIO CPEay, 3a CIET BOSHUKAIOIMINX KOHBEKITMOHHBIX IMTOTOKOB BO3TyXa
B 3a30pe W MPAKTUYECKH HE HArpeBaeT CHEr Ha BEPXHEM clioe Kpbimu. Takum oOpazom,
CHET He MOJITANBACT, U COCYJIbKH HE 00pa3yroTcs.

Kpurtepun onieHKu BbINOJHEHHUS 3aJaHUS Banabl

[IpuBeseHO TOTHOE MPaBWIIBHOE PEIICHHE, BKIIIOYAIOIIee NMPAaBUIBHBINA OTBET (B
JTAHHOM ciyd4ae 1 1. 1—4) U nCYepIbIBAIONINE BEPHBIC PACCYK/ICHUS C yKa3aHUEM
HaOJIOaeMbIX SBJIEHUM (B JaHHOM clyyae — YIOMHHAaHUE SIBJICHHUH 3
TETUIONPOBOJIHOCTA W KOHBEKIIMH, TUIABICHHUS W 3aTBEPJAEBAHUS JIbJa, @ TaKKe
yKa3zaHHe HamnpaBlIeHUH ABMXKEHUS TEMIOr0 BO3AyXa M BOABI B TIOJIE€ CHIIBI
TSDKECTH ).

Vka3zanel Bce HEOOXOAUMBIE JUIS OOBSCHEHHS  SIBJIEHUS U 3aKOHBI,
3aKOHOMEPHOCTH, W JIAHO IPAaBWIBHOE OOBSCHEHHE, HO COACPKUTCS OAHH W3
CJIEIyIOIINX HEJOCTaTKOB.
B mpencraBieHHBIX 3alHCAX COACPIKATCS JIMIIb OOIIMe pacCykjaeHus 0e3 )
MPUBSI3KH K KOHKPETHON CUTYyallUH 33]]a4H.

nJIn
Paccysxaenusi, IpUBOISIIINE K OTBETY, IPEJICTABICHBI HE B TIOJHOM 00BEME, UITH B
HUX COZIEPIKATCS JIOTHYECKUE HETOUETHI.
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[IpencTaBieHs! 3aMMch, COOTBETCTBYIONINE OJIHOMY W3 CICIYIOIINX CITyJacs.
VYka3zaHbl HE BCce HEOOXOJUMBIC SBICHHUS M (PU3NYECKHE 3aKOHBI, aXKe eCIH JIaH
MPaBHJIBHBIA OTBET Ha BOIPOC 3aaHUSI.
N
Yka3zaHbl Bce HEOOXOUMBIE SIBJICHUS M (U3NYECKUE 3aKOHBI, HO B HEKOTOPBIX H3
HUX JIOIYIIIeHA ONIMOKA, Ia)Ke €CIU JIaH MPABUIIbHBIN OTBET HA BOMIPOC 33 JaHMSL.
40051
Vka3zanel Bce HEOOXOAUMBIC JUIS OOBSCHEHHS  SIBJICHUS W 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOIINECS PACCYKIEHUs, HAIllPaBICHHBIE HAa TOyYCHUE
OTBETa Ha BOIPOC 3aJaHMsI, HE TOBEJICHBI 10 KOHIIA.
nJIn
VkazaHbl Bce HEOOXOAuMMBbIE 179 OOBSCHEHUS  SBICHHS W 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOIINECS PACCYKICHHSI, TPUBOJISIINE K BEDHOMY OTBETY,
COJIEPKAT OMIMOKH.

Bce cnyuan perieHusi, KOTOpbIe HE COOTBETCTBYIOT BBIIICYKA3aHHBIM KPUTCPHSIM 0
BBLICTABJIEHHUS OLICHOK B 1, 2, 3 Oaia.

Ha Ttenexke maccoi M =400r, xoTOpas MOXET KaTaTbCsi 0€3 TPEHUs [0
TOPU30HTAIBHON IUIOCKOCTH, UMEETCs JETKUM KPOHIITEHH, Ha KOTOPOM IO/BELIECH
Ha HUTH MaJleHbKMi mapuk maccoil m =200 r. Ha Tenexxky Mo ropu3oHTaIH
HajeraeT ¥ a0COJIIOTHO HEYHpPYro CTaJKMBaeTcs C Heill map maccoid M (cMm.
pucynok). Ilocrme CTONKHOBEHHWS, B TOT MOMEHT, KOTJla HHUTb, Ha KOTODPOM
MTOJIBEIIICH IIApHK, OTKJIOHMJIACh HA MAaKCHMAJIbHBIN yToJl OT BEPTHKAIIN, CKOPOCTh

Telnexkku Obula paBHa V=4 wm/c. Kakosa Obuia ckopocts V, wapa 10

CTOJIKHOBEHUSA? JITUTEIBbHOCTh CTOJIKHOBEHHUS IIapa C TENEKKON CUUTAaTh OYCHBb
MaJlou.

Bo3mo:xHoe peuieHue

CoracHo yCIIOBHIO, 32 BpeMs CTOJKHOBEHHS TeNe)KKa MPAKTUYECKU HE CMECTHTCS, a HUTh
OCTAHETCs] BEPTUKAJIBHOW. B CHITy 3TOTr0 TOpHU30HTANBHAS MPOCKITHSI CHITBI HATSIKCHUST HUTH
BO BpeMs CTOJIKHOBEHHSI OTCYTCTBYET, U TOPH30HTAJbHAS MPOSKIUS MUMITYJIbCA CUCTEMBI
«uap + Tenexka» coxpansercsa: MVy=2Mu, tae u — MOLyIb CKOPOCTH TEJEKKU

C IIPUJIUTIIINM K Hel IIapom 1mocJi€e cCoygapeHus.

IIpn nanpHeleM IBM)KEHHUH TENEKKa «YE3XKaeT» U3-10J MOJBEIICHHOIO IApUKA, U HUTh
HAaYMHAET OTKJIOHATHCA OT BEPTUKAIM, IIOCTENEHHO TOPMO3s TENEXKKY. B MOMEHT
MaKCHUMaJIbHOTO OTKJIOHEHUsI HUTH OT BEPTUKAIM CKOPOCTH V TeNeKKU W Lapuka OynyT
OJIMHAKOBBI, TaK KAaK B IIPOTUBHOM Clly4ae, NPU CKOPOCTH TENEeKKH OOJNbLICH, YeM
y LIapuKa, OTKJIOHEHHE HHUTU OyJeT NpoJoDKaThcid. B IaHHOM mpolecce coxpaHsercs
TOPHU30HTAJIbHAS IPOEKIU UMITYJIbCA CUCTEMBI (IIAPUK + TEJIEHKKA»:

2M
2Mu = (M +m)V. Orcrona by = JV= 10 m/c.

© Cratl'pan 2013 r




®usnka 11 kiacc Bapuant ®H1404

KpnTepnn OIICHKH BBINOJTHCHHUSA 3aJaHUA

banabl

[IpuBeneHO MOTHOE pelleHHe, BKIIIOYAOIIee CIEAYIOINE SJIeMEHTHI:

I) 3anMcanbl TMOJOKEHUS TEOPUHM W (DU3MYECKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMEHEHNE KOTOPBIX HEOOXOIUMO JUIS PEIICHHS 3a/1a4i BBIOPAHHBIM CIIOCOOOM
(B IaHHOM CIIy4ae — 3aKOH COXPAMEHUs UMNYIbCA, U NPABUTLHO 0OOCHO8AHO €20
npuMeHenue Ha PA3HLIX SIMANAX OGUNCEHU OAHHOU CUCEeMbl Mell);

IT) onucanbl Bce BBOJMMBIE B pellieHHEe OyKBEHHbIE 00O3HAUCHUS (PU3UUECKUX
BEJIMYMH (3 UCKIIOYEHUEM, 603MONMCHO, 0003HAUEHUUl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603Hauenutl, ucnois3yemuvlx 6 yciosuu 3a0a4il);

II1) mpoBeneHbl HEOOXOAMMBIE MaTeMaTHYECKHe MpeoOpa3oBaHusl (JIOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHUE) W  pacu€Thl, MPHBOMISIIIHE
K IPaBUJIBHOMY YHCJIOBOMY OTBETY (HOIYCKaeTCs pElIeHHE «II0 YacTAM»
C MPOMEKYTOUHBIMH BBIUUCIICHUSMH );

IV) mpencraBieH mpaBUIBHBIA OTBET ¢ YKAa3aHUEM CIMHHI] U3MEPCHUS HCKOMOU
BEJIMYMHBIL.

[IpaBwibHO 3amucanbl HEOOXOAUMBIE TIOJIOKEHUSI TEOPUH U (PU3NIECKHE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEACHBI HEOOXOAWMBIE TPeoOpa3oBaHus, U TPEICTABICH
NPAaBUIIBHBIA OTBET C yKa3aHMEM E€IMHUIl M3MEpEeHHs HUCKOMOH BenuuuHsl. Ho
HMMeEeTCs O/IMH U3 CIIETYIOIINX HEJTOCTATKOB.
3anucH, COOTBETCTBYIOIME OqHOMY Miu BeeM nyHkTaMm: I u 111, — mpencraBienst
HE B [I0JJTHOM 00BbEME M OTCYTCTBYIOT.

W
[Ipu momHOM NPaBMIIBHOM PELICHWHU JMIIHKWE 3allCH, HE BXOASIIME B PEIICHHE
(BO3MOXHO, HEBEpHBIC), HE OTJCJICHBI OT peueHus (He 3a4EpKHYTH, HE
3aKITI0YEHBI B CKOOKH, PaMKy H T. I1.).

NI
[Ipu IIOJITHOM pemieHnn B HEOOXOJIMMBIX MAaTeMaTHUYECKHX MPeoOpa3zoBaHMAX
WJIM BBIYMCIICHUSIX JIOMYIIEHBI OMMOKHU, U (WIK) TpeoOpa3oBaHMs/BHIYUCICHUS HE
JIOBEJICHBI JI0 KOHIIA.

W
[Tpu [TOJTHOM pemrennn oTcyTcTBYeT NyHKT [V, nnn B HEM onyIieHa ommoka.

[IpencraBieHbl 3aNIMCH, COOTBETCTBYIONINE OAHOMY W3 CIIEAYIONINX CITy4aeB.
[IpencraBneHsl TOJMBKO MOJMOXKEHHS W (HOPMYIBI, BBIpaXKAroOIUue (GU3MYECKHE
3aKOHBI, MPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHHs 3amayd, 0e3 KaKux-
n1n00 TpeoOdpa3oBaHUl C WX HCIIOJIH30BAHUEM, HAIPABICHHBIX Ha pEIICHHUE
3aJla4u, U OTBETA.
NI

B pemenun otcyrcrByer OJIHA w3 ucxomsbix Qopmyi, HeoOxoaumas st
pemieHus 3amayd  (WIM yTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIIEHHs), HO
MIPUCYTCTBYIOT JJOTHYECKH BEPHBIE TIPE0Opa3zoBaHMs ¢ UMEIOITUMHUCS (OpMyIaMH,
HaIpaBJICHHbIC HA PEeILICHHUE 3a/1a4H.

. NI
B OJJHOM wu3 ucxomueix (GopMys, HEOOXOIUMBIX JUIS PElIeHUs 3amadyd (MiIH
YTBEP)KICHUH, JIekKalleM B OCHOBE pelIeHHs), [OIylleHa oIuOKa, HO
MIPUCYTCTBYIOT JIOTHYECKH BEPHBIE MPEOOPA30OBAHUS C UMEIOIIUMHUCS (HOPMYIIaMHu,
HaNpaBJICHHbIE HA peIlICHHUE 3a/1a4H.

Bce crnyuau perieHus, KOTOpbIe HE COOTBETCTBYIOT BBIIICYKAa3aHHBIM KPUTEPHSIM
BBICTABJIEHUS OIEHOK B 1, 2, 3 Oaina.
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B Temnow3onMpoBaHHOM IMIMHIPE, pa3leI€HHOM Ha [JBE€ 4YacTM TOHKHUM
HEBECOMBIM TETUIONPOBOSIIUM [TOPLUIHEM, HaXOIUTCS M1€adbHbIN OJTHOATOMHBIN
ra3. B HauanbHBI MOMEHT BPEMEHU MOPILIEHB 3aKPEIUIEH, a TApaMETPhl COCTOSHUS
rasa — JgaBjeHHe, 0OOBEM W TeMIlepaTypa — B OJHOW YacTH LWJIMHAPA PaBHBI

py=lam, V;=2nu T, =300 K, a B 1pyroif, COOTBETCTBEHHO, p, =2 amm,

Vy=1unn T, =600K. [lopueHp OTIyCKAaOT, U OH HAYMHACT JBUraThCs 0e3

Tpenust. Kakas TemnepaTtypa raza yCTaHOBHUTCSl B IHJIMHIPE CITyCTS AOCTATOYHO
Jlonroe  Bpems, Korja  OyneT — JOCTHTHYTO  COCTOSIHHE — paBHOBECHs?
TernmoéMKocTIMHU IUIMHAPA U MOPIIHS MOKHO IPeHeOpeyb.

Bo3moskHOe penienne

3ammmewm ypasHenue Kiameiipona—MenzeneeBa s ra3za B 0o0enMX dYacTAX NHIMHIpA
B HayalbHbIi MOMEHT Bpemenu: p V) =viRT, p,V,=wRT, Orciona caenyer, 49ro

KOJIMYECTBO BEIIECTBA IS'—II/ICJIO MOJIEW Vv Tra3a) B OTUX YaCTIX [WIUHIPA PaBHO,
_pin P

COOTBETCTBEHHO, V| = —— U Vp = —=——,

RT, RT,

W3 mepBoro Havama TEPMOAWHAMUKH CIEIyeT, YTO BHYTPECHHSS JHEPrus rasa B ITOM

MPOIIECCE COXPAHSETCS, TaK KaK ra3 He 0OMEHUBAETCS TETUIOTON C OKPYIKAIOIIUMHU TeJIaMH

u He coBepiiaeT paboThl. [103TOMY TpUpaBHSIEM BBIPAKEHUS i BHYTPEHHEH 3HEpPruu

B Ha4YaJbHbIi MOMEHT BpPEMEHM W B YCTAHOBMBLIEMCA COCTOSHUM DPaBHOBECHS:
3 3 3
> VRT + 5 VWRT, = ) v+ vy |RT. Otcrona YCTaHOBHBILIAACS TeMIeparypa
Vi Ti + V2T2 .
B IIIMH/PE paBHa [’ = ————==, U C y4eTOM IOJIy4CHHBIX BBIIIC BBIPAKCHHIT IS V| U
VI +W

V2 HOHy‘{aCM OKOHYATCJIbHO: T=
nhh+p,nh
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KpnTepnn OIICHKH BBINOJTHCHHUSA 3aJaHUA

banabl

[IpuBeneHo MoyHOE perIeHue, BKIFOYAIOIIee CIIEyIOIINE JIEMEHTHI:

) 3armmcanbl MONOXKEHUS TEOpUH M (U3MUYECKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMEHEHNE KOTOPHIX HEOOXOIUMO JUIS PEIICHHS 3a/1a4i BBIOPAHHBIM CITIOCOOOM
(B maHHOM ciy4ae — 3anucansl ypasnerue Kianetipona—Mendeneesa, svipasicenue
014 GHYMpeHHel SHepeul UdeanbHo20 O00HOAMOMHO20 2a3d, Nnepeoe HAaAuaNo
mepmoOUHAMUKLUL);

II) onucanbl Bce BBOAMMBIE B pelIeHHEe OyKBEHHblE 0003HAueHUs (U3UUECKUX
BEIIMYUH (3d UCKTIOUEHUEM, B03MONCHO, O00O03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 éapuanme KUM, u ob6o3nauenutl, ucnonb3yemvix 8 yCioguu 3a0a4u);

[IT) mpoBenmeHB HEOOXOAMMBIC MaTEMAaTHUYCCKUE MPeoOpa3oBaHus (HOMyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHUE) W  pacuéThl, NPHBOMASIIIHNE
K MPaBWJILHOMY YHCJIOBOMY OTBETY (JOMyCKaeTcss peHIeHHe «I0 YacTsIM»
C TIPOMEKYTOYHBIMH BBIUNCIICHUSIMH );

IV) npexncraBnen npaBUIbHBIA OTBET € yKa3aHMEM €AMHHI U3MEPEHUS MCKOMOH
BEIIUYHHBI.

[IpaBmiIbHO 3amMCcaHbl HEOOXOAUMBIC MOJIOKECHUS TEOPHH M (PU3UUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHbl HEoOXOoQuMble MpeoOpa3oBaHMs, U NPeNCTaBICH
MPaBWIBHBI OTBET C YKa3aHWEM EJIWHUI] U3MEPEeHHs HCKOMOHW BeanmuuHbl. Ho
HMMeeTCsl OIMH U3 CJIETYIOINX HEOCTATKOB.
3amnucu, COOTBETCTBYyIOIIME OJHOMY WM oboum mynktam: I u I
MPECTaBIICHBI HE B IOJHOM 00BEME HITH OTCYTCTBYIOT.

NN
[Tpu ITOJITHOM mnpaBrJIbHOM pEIICHUH JIUIITHUE 3AIICH, HE BXO/ISIINE B PEIICHUE
(BO3MOXKHO, HEBEpHbIE), HE OTJEJIEHbl OT peueHus (He 3a4EpKHYTH, HeE
3aKJIIOUEHBI B CKOOKH, PaMKY U T. I1.).

NN
[Tpu TIOJITHOM peuieHnu B HEOOXOJIMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIM BBIYMCIICHUSIX JOMYIIEHBI OMMOKHU, U (MIIN) TpeoOpa3oBaHMs/BBIYUCICHUS HE
JIOBE/ICHBI /10 KOHIIA.

NN
[Tpu ITOJIHOM pemennn oTcyTCTBYET IyHKT IV, mnm B HEM nomymieHa ommoka.

[IpencraBieHbl 3aNKCH, COOTBETCTBYIOIIME OJTHOMY K3 CIEAYIOUIMX CIIy4aes.
[IpencraBieHbl TOJIBKO TOJOXKEHHS W (HOPMYIIbI, BbIpaxkaroliue (usnyeckue
3aKOHBI, PUMEHEHUE KOTOPBIX HEOOXOJUMO JUIs PEIICHUs 3a1auu, 0e3 Kakux-
nub0 mpeoOpa3oBaHUil ¢ WX KCIOJNBb30BAHUEM, HANPABICHHBIX HAa pPEIICHUE
3a/1a4M, ¥ OTBETA.
N

B pemenun otcyrcrByer OJIHA w3 ucxomsbix Qopmyn, HeoOxomumas st
pemienust 3amaund (WM yTBEpXKJIEHHWE, JieXKallee B OCHOBE pEIICHHUs), HO
MPUCYTCTBYIOT JIOTHYECKH BEPHbIE IPE0Opa30BaHMsI C UMEIOLIUMHUCS POpPMYyIaMH,
HaIpapJeHHbIC HA PEIICHUE 3a/1a4H.

. N
B OAHOUM wu3 ucxomubix (opmyii, HEOOXOIUMBIX JUIsl PEIIeHHs 3aj1adn (Miau
YTBEPXKJACHUHM, JIeXKAIIeM B OCHOBE PpEIICHHUS), JOMyIIeHa OmudKa, HO
MPUCYTCTBYIOT JIOTHUECKH BEPHbIE MIPE0Opa30BaHUsl ¢ UMEIOLIUMHUCS POpPMyIaMH,
HaIlpaBJICHHBIC HA PEIICHUE 3a/1a4H.

Bce ciygan permieHus, KOTOpbIE HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTEPHSAM
BBICTABJICHH OLICHOK B 1, 2, 3 Gasua.
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BHyTpHu He3aps)KEHHOI'0 METaJUIMYECKOro Iiapa
pamuycom r; =40 cm umerotes aBe cdepuueckue

(}

”
MOJIOCTH  paauycamMu rp < 2—1, PpacmnojIoKECHHBIC

TakUM O00pa3oM, 4YTO HX IOBEPXHOCTH IOYTH
CONpUKacaloTCa B LIEHTpe mapa. B nentpe oanoi

II0JIOCTH TIOMECTHIIH 3apsif ¢, = +2 uKui, a 3arem

il

B LEHTpe Ipyrod — 3apsan ¢, =+3uKn (om

pucyHok). Haiinute MoIynp W HampaBlIeHHE BEKTOpa HAaNpsDKEHHOCTH E
AJIEKTPOCTATUUECKOTO ToJIsi B Touke O, HaXOo/AsIIecst Ha pacCTossHUU R =1 M oT
LIEHTpA I1apa Ha IPOJOKEHUH OTpe3Ka, COSIUHSIIONIETO LEHTPhI MOJIOCTEH.

Bo3MmoxkHoe penienne

B snexrpocraTtuke cuuTaercs, 4To MIEKTPUUECKOE M0JI€ BHYTPH METajllla OTCYTCTBYET, TakK
Kak MHa4ye cBOOOHBIE 3apsiibl BHYTPH MeTaija ABUraauch Obl. [loaToMy mpu nomenieHuu

3apsaaa B IIEPBYIO ITOJIOCTH HA eé CTCHKAaX UHAYIIN €TCA 3apsaa — , 1 TI0 TIIPHUHITUIT
pana q, pBY yImpy pan—q, p y

Cynepro3sugu CyMMapHOC II0JIE ODTUX ABYX 3apsAJ0B B MCTAJUIC IIapa paBHO HYIIIO. Ilo
3aKOHY COXpaHCHHUA DJICKTPUYECCKOro 3apsjia W B CHUITY SHGKTpOHCﬁTpaJIBHOCTH mapa

M30BITOUHBIN 3apsa paBeH ¢;. OH BBITECHAETCS HA TOBEPXHOCTH IIAPA M PABHOMEPHO

pacnpezensercs 1o Hel, Tak Kak 3apsiibl BHYTPU METajula HE CO3/a0T TOJS U HE BIUSIOT
Ha pacHpe/esICHUE 3aps10B Ha IOBEPXHOCTH 1Iapa.

[Toce momeweHust 3apsiia ¢, BO BTOPYHO MOJOCTH BCE MPOMCXOAMT aHAIOTMYHBIM
00pa3zoM, U Ha MOBEPXHOCTH LIApa BBITECHAETCS JIOMOIHUTENBHO 3apsil ¢,, TaK YTO TEnepb

Ha MOBEPXHOCTH 1Iapa PABHOMEPHO PAaCIpPE/eiseTCss CyMMapHbIi 3apsia g + ¢,.

[To;rle paBHOMEPHO 3apsKEHHOTO IIapa BHE €ro COBIANAET C MOJEM TOYEYHOIO 3apsja,
MOMENIEHHOTO B LIEHTP IIapa, MO3TOMY, corjacHo 3akoHy Kymona, mome B Touke O,

Haxondmencs Ha  paccTosHuM R OT  1HeHTpa 1mapa, IO MOAYJII  PaBHO
1 +

E= e % =45B/mM u HampaBiIeHO BAOJNH pajnyca OT LEeHTpa Imapa K Ttouke O.
e

321605 80 — JJICKTpHUYCCKas MMOCTOSIHHA.

1 + —
. hTh 45 B/m, BekTop E HampaBieH OT IEHTpa mapa K Touke O.

Omeem: E = 5
477.'80 R
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KpnTepnn OIICHKH BBINOJTHCHHUSA 3aJaHUA

banabl

[IpuBeneHo MoyHOE perIeHue, BKIFOYAIOIIee CIIEyIOIINE JIEMEHTHI:

) 3armmcanbl MONOXKEHUS TEOpUH M (U3MUYECKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMEHEHNE KOTOPHIX HEOOXOIUMO JUIS PEIICHHS 3a/1a4i BBIOPAHHBIM CIIOCOOOM
(B maHHOM cIy4dae — omcymcmeue 91eKmpoCmamuieckoeo nojs HYmpu
Memaniuueckux Nnpo8OOHUKO8, NPUHYUN CYNEePRO3UYUY INeKMPUecKux noiel,
3aKOH COXpaHeHUs IeKMPUYecKo2o 3apaoa u 3akoH Kynoua);

II) onucanbl Bce BBOAMMBIE B pelIeHHEe OyKBEHHbIE 0003HAueHUs (U3UUECKUX
BEIIMYUH (3d UCKTIOUEHUEM, B03MONCHO, O00O3HAUEHULl KOHCMAHM, VKA3AHHbIX
6 éapuanme KUM, u ob6o3nauenuil, ucnonb3yemvix 8 yCio8uu 3a0a4uL);

[IT) mpoBenmeHB HEOOXOAMMBIC MaTEMAaTHUYCCKUE MPeoOpa3oBaHus (HOMyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHUE) W  pacu€Thl, NPHBOASIIIHE
K MPaBUJILHOMY YHCJIIOBOMY OTBETY (JOMyCKaeTcss peHIeHHe «I0 YacTsIM»
C TIPOMEKYTOYHBIMH BBIUNCIICHUSIMH );

IV) npencraBnen npaBUIbHBIA OTBET ¢ yKa3aHMEM €AMHHI U3MEPEHUS MCKOMOH
BEITUYHHBI.

[IpaBmiIbHO 3amMCcaHbl HEOOXOAUMBIC MOJIOKECHUS TEOPHH M (PU3UUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHbl HEoOXOoQuMble MpeoOpa3oBaHMs, U NPeNCTaBICH
MPaBWIBHBI OTBET C YKa3aHWEM EJIWHUI] U3MEPEeHHs HCKOMOHW BeanmuuHbl. Ho
HMMeeTCsl OIMH U3 CJIETYIOINX HEOCTATKOB.
3amnucu, COOTBETCTBYyIOIIME OJHOMY WM oboum mynktam: I u I
MPECTaBIICHBI HE B IOJHOM 00BEME HITH OTCYTCTBYIOT.

NN
[Tpu ITOJITHOM mnpaBrJIbHOM pEIICHUH JIUIITHUE 3AIICH, HE BXO/ISIINE B PEIICHUE
(BO3MOXKHO, HEBEpHbIE), HE OTJEJIEHbl OT peueHus (He 3a4EpKHYTH, HeE
3aKJIIOUEHBI B CKOOKH, PaMKY U T. I1.).

NN
[Tpu TIOJITHOM peuieHnu B HEOOXOJIMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIM BBIYMCIICHUSIX JOMYIIEHBI OMMOKHU, U (MIIN) TpeoOpa3oBaHMs/BBIYUCICHUS HE
JIOBE/ICHBI /10 KOHIIA.

NN
[Tpu ITOJIHOM pemennn oTcyTCTBYET IyHKT IV, mnm B HEM nomymieHa ommoka.

[IpencraBieHbl 3aNKCH, COOTBETCTBYIOIIME OJTHOMY K3 CIEAYIOUIMX CIIy4aes.
[IpencraBieHbl TOJIBKO TOJOXKEHHS W (HOPMYIIbI, BbIpaxkaroliue (usnyeckue
3aKOHBI, PUMEHEHUE KOTOPBIX HEOOXOJUMO JUIs PEIICHUs 3a1auu, 0e3 Kakux-
nub0 mpeoOpa3oBaHUil ¢ WX KCIOJNBb30BAHUEM, HANPABICHHBIX HAa pPEIICHUE
3a/1a4M, ¥ OTBETA.
N

B pemenun otcyrcrByer OJIHA w3 ucxomsbix Qopmyn, HeoOxomumas st
pemienust 3amaund (WM yTBEpXKJIEHHWE, JieXKallee B OCHOBE pEIICHHUs), HO
MPUCYTCTBYIOT JIOTHYECKH BEPHbIE IPE0Opa30BaHMsI C UMEIOLIUMHUCS POpPMYyIaMH,
HaIpapJeHHbIC HA PEIICHUE 3a/1a4H.

. N
B OAHOUM wu3 ucxomubix (opmyii, HEOOXOIUMBIX JUIsl PEIIeHHs 3aj1adn (Miau
YTBEPXKJACHUHM, JIeXKAIIeM B OCHOBE PpEIICHHUS), JOMyIIeHa OmudKa, HO
MPUCYTCTBYIOT JIOTHUECKH BEPHbIE MIPE0Opa30BaHUsl ¢ UMEIOLIUMHUCS POpPMyIaMH,
HaIlpaBJICHHBIC HA PEIICHUE 3a/1a4H.

Bce ciygan permieHus, KOTOpbIE HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTEPHSAM
BBICTABJICHH OLICHOK B 1, 2, 3 Gasua.
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B memnn, cxema KoTOpoii n300pa)keHa Ha PUCYHKe, BHaYalle 3aMbIKalOT K04y K Ha
BpeMs, 3a KOTOpO€ TOK B KaTyLIKe HHIYKTHMBHOCTH JOCTHIaeT MaKCHMAalbHO
BO3MOXKHOT'O 3HA4€HHUs, a 3aTe€M pa3MbIKaloT ero. Kakoe KOJIMYECTBO TEIIOTHI
BBIICJIUTCS TI0Cie 3TOro B pesucrope R? IMapamerpsr nenu: £=3 B, r=1 Owm,
R =10 0w, L =10 m['H. ConpoTHBIEHNE KAaTYIIKN HHyKTUBHOCTH OYE€Hb MJIO.

™
~

=
i
| S

Bo3moskHOe penienne
ITocne 3aMpikanus Kit04a K B 0OILIEH 4acTH 1I€MH yCTAHOBUTCS, COTVIACHO 3aKOHY OMa Juist

MOJIHOW  DAIIEKTPHUYECKON Ienu, MaKCHMallbHO BO3MOXHBIM TOK [ = —, TIOCKOJIBKY

r
COIIPOTHBJICHNE NPABON YaCTH LENH, B COOTBETCTBUH C (HOPMYJIOH U CONPOTHUBICHUS
MapajuleIbHO COEJAMHEHHBIX PE3UCTOPOB, OJM3KO K HYIIO. JTOT TOK OYyIeT NMpOXOAWTH
TOJIBKO Yepe3 KaTyLIKy HWHIyKTHBHOCTH, BBHIY €€ OYEHb MaJIOTO CONPOTHBIICHUS IO
CPAaBHEHHUIO C CONIPOTUBIICHUEM pe3HCcTOpa R.

B karymike HHAYKTUBHOCTH IIPU TOKE Yepe3 He€, paBHOM MaKCHMaJIbHOMY, OyIeT 3armaceHa

LI> LE?
SHEPIHsi MArHUTHOTO TOJIs, paBHas W = — = ?,
r

BBIZICIUTCS, cOornacHo 3akoHy Jlxoyns—JleHna, B BHIE TEIUIOTHI B MPAaBOM YacTU LEMHU
B pesnuctope R. CorjacHO 3aKOHY COXPaHCHHUS SHEPTHH, 3TO KOJIHMYECTBO TCTUIOTHI OYyIET

LE?
2r2 ’

KOTOpas 1mocCJi€ pasMbIKaHUs KIIrO4Ya K]

PAaBHO 3HEPrMM MarHUTHOTO nojist: Q = W=

IToxcraBisist uncneHHble 3HaYEHUSI TAPAMETPOB LENH U TPOBEPSIsl pa3MEPHOCTb, MOTYUYaeM:

_LET 1073

= _WI[;K=4,5.10_2]_'[>K = 45 mJDx.
P .

0
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®usnka 11 kiacc Bapuant ®H1404

KpnTepnn OII€HKH BBINOJHCHUSA 3aJaHUA

banabl

[IpuBeneHO MOTHOE pellIeHHe, BKIIIOYAOIIee CIeAYIOINE SJIeMEHTHI:

I) 3anMcanbl TMOJOXKEHUS TEOPUHM W (DU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMEHEHNE KOTOPBIX HEOOXOIUMO JUIS PEIICHHS 3a/1a4i BBIOPAHHBIM CIIOCOOOM
(B manHOM cny4dae — 3axon Oma 07 NONHOU Yenu, Npagulo Noocdemd
CONPOMUGTCHUsL NAPATLIEIbHO COCOUHEHHBIX PE3UCMOPO8,  BbIpAdICeHUe O
OHepeuu MASHUMHO20 NOJIA, 3ANACEHHOU 6 KAMywKe UHOYKMUSBHOCMU, 3AKOH
\icoyna—Jlenya);

II) onucanbl Bce BBOJAMMBIC B pELICHHWE OYKBEHHbIC 00O3HAYCHUS (UIUUICCKUX
BEIMYMH (3 UCKIIOUCHUEM, B03MONCHO, 0OO3HAUEHUNl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603Hauenuil, ucnonb3yemulx 8 yciosuu 3a0a4u);

III) mpoBeeHbl HEOOXOAUMBIE MaTeMaTHYECKHE MPeoOpa3oBaHUs (JOIyCKaeTCs
BepOalbHOE YKa3aHWE Ha WX [pOBeIeHHE) U  pacu€Thl, MPUBOIAIINE
K IPaBUJIBHOMY YHCJIOBOMY OTBETY (HOIYCKAeTCsS pEIICHHE «IO YacTsiM»
C MPOMEKYTOUHBIMH BBIUHCICHUSMH );

IV) npescrariieH mpaBUIIbHBIN OTBET C YKa3aHHEM CAMHUII H3MEPCHUS UCKOMOM
BEJTMYHHBI.

[IpaBuibHO 3amycaHbl HEOOXOAUMBIE MOJIOKEHUS TEOPHH M (PU3NUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIeHbl HEOOXOIMMBble MpeoOpa3oBaHUs, U IPEICTaBIeH
MPAaBUIBHBIN OTBET C yKa3aHWEM CIUHUI] W3MEPECHHUs HMCKOMOHM BenumuuHbl. Ho
UMeeTCs OAMH U3 CIIEAYIOMINX HeIOCTaTKOB.
3amucH, COOTBETCTBYMOIIME OJHOMY Wid obomM mnyHkram: 11 wu III,
MIPEICTaBJICHBI HE B TOJHOM 00BEME MM OTCYTCTBYIOT.

W
[Ipu ITOJITHOM npaBusibHOM pelIeHUH JUIITHUE 3aMHCH, HE BXO/SIINE B PEIICHUE
(BO3MOXKHO, HEBEpHbIE), HE OTHEJEHbl OT peleHus (He 3auépKHyTbl, HE
3aKITIOYCHBI B CKOOKY, paMKYy | T. II.).

NI
[Tpu ITOJIHOM perennu B HEOOXOAMMBIX MaTEeMAaTHUYECKUX IPeoOpa30oBaHUAX
WM BBIYMCIICHUSAX JOMYIICHBI OIMOKH, U (MIIN) MpeoOpa3oBaHMs/BEIYUCICHHS HE
JOBEJICHBI 710 KOHIIA.

W
[pu [TOJIHOM peniennn oTcyTCTBYET NYHKT 1V, Him B HEM AomylieHa OmuoOKa.

[IpencraBieHbl 3anKCH, COOTBETCTBYIOIIME OTHOMY W3 CIIEAYIOUINX CIIy4aes.
[IpencraBieHbl TONBKO TMOJNOKEHHS W (HOPMYIBI, BBIPAXKAIOIIUEC (U3HYSCKHE
3aKOHBI, IPUMEHEHUE KOTOPBIX HEOOXOMUMO JUIs pEIlleHUs 3a1auu, 0e3 Kakux-
mnb0 TpeoOpa3oBaHWil C WX WCIOJB30BAHNEM, HANPABICHHBIX Ha pelIeHUe
3a/1a4M, ¥ OTBETA.
NI

B pemennn otcyrctByer OJIHA wu3 umcxomsbeix (opmyn, HeoOxommmas st
peuieHus 3amaun (WM YTBEPXKJCHHUE, JieXkallee B OCHOBE pEIICHHUs), HO
MPHUCYTCTBYIOT JIOTHYECKU BEPHBIE MPeo0pa3oBaHus ¢ UMEIOIIUMHUCS (HopMyiaMHu,
HaIlpaBJIEeHHbIC Ha PEIlICHUE 3a/1auH.

. N
B OJJHOM wu3 ucxomubix (Gopmyl, HEOOXOIUMBIX JUIS PEHICHUs 3amadd (HIH
YTBEPXKJCHUM, JIeXkKAlleM B OCHOBE pEIICHHUs), JIOMyIIeHa OmuOKa, HO
MPUCYTCTBYIOT JJOTHYECKH BEPHBIE IIPE0Opa3oBaHMs C UMEIONTUMHUCS (POpMyIaMH,
HaIlpaBJICHHBIC HAa PEIICHUE 3a/1a4H.

Bce cnywau peineHusi, KOTOpbIe HE COOTBETCTBYIOT BBIIICYKA3aHHBIM KPUTEPHUSIM
BBLICTABJICHHUS OIICHOK B 1, 2, 3 Gaia.
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TodeuHblil HMCTOYHMK HU3JIy4aeT MOHOXPOMAaTHMYECKHMM CBET C  JUIMHOH
BOJIHBI 4 =600 HM paBHOMEPHO BO BCEX HANpPaBICHUSIX (TAKOM HUCTOYHHK
Ha3bIBaeTCsl HM30TPONMHBIM). Ha paccrossHum r=1M OT HEro KOHIEHTpanus

($oTOHOB (TO €CTh YHCI0 POTOHOB B eAMHUIIE 00BEMa) paBHa 1 = 2100 M3, Uemy
paBHa MOIIHOCTH P 3Toro uctoyHuka? O0bEM CPEepUUecKoro Cios paguycoM 7 H

TOJNIIKUHON Ar paBeH 4P Ar.

Bo3MoxkHoe pemienne

c
Oueprus onHoro GortoHa paBHa E = hy = h;’ IJIe V — 4acToTa, i — nocrosinHas [linanka, a A

— JJIMHA BOJIHBI CBETA.

pAtr P
3a Bpemsi Af uCTOYHMK m3iydaeT AN = = = h—At (hoTOHOB, pa3NeTarONINXCS H30TPOITHO
c

BO BCC CTOPOHBI CO CKOPOCTBIO CBETA C.

Ha paccrosnum 7» 0T HMCTOYHMKa B TOHKOM cdepudeckoM cioe 00bEMOM
AV = 4nr2 Ar = 4nr2cAt KOHLIEHTpaIus ¢oToHOB Oyner paBHa
AN Pt Pi
n=—= 2 = 2 2.
AV he-drrcedt  Amhcr
4zhc?r*n

Takum 06pa3oM, HCKOMasi MOILITHOCTh paBHA P = ~ 2,5MBT.
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KpnTepnn OIICHKH BBINOJTHCHHUSA 3aJaHUA

banabl

[IpuBeaeHO MOTHOE peIlIeHHe, BKIIIOYAOIIee CIICAYIOINE SJIeMEHTHI:

[)3amucaHbl TMOJOXKEHUS TEOPUM W (PU3MYCCKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHNE KOTOPHIX HEOOXOIUMO JUIS PEIICHHS 3a/1a4i BBIOPAHHBIM CIIOCOOOM
(B manHOM cnyuae — ¢popmyna Ilnanxa 0ns cesa3u duepeuu u 4acmomol omoud,
Gopmyna ons cesazu wacmomsl ¢ OIUHOU BOJIHBL c8emd, d makdice gopmyna O
onpeoeneHus KOHYeHMmpayuu 4acmuy);

II) onucanbl Bce BBOAMMBIE B pelIeHHEe OyKBEHHbIE 0003HAUeHUs (U3UUECKUX
BEIIMYUH (3d UCKTIOUEHUEM, B03MONCHO, O00O3HAUEHULl KOHCMAHM, VKA3AHHbIX
6 éapuanme KUM, u 0b60o3nauenuil, ucnonb3yemvix 8 yCio8uu 3a0a4u);

[IT) mpoBenmeHB HEOOXOAMMBIC MaTEMAaTHUYCCKUE MPeoOpa3oBaHus (HOMyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHUE) W  pacuéThl, NPHBOASIIIHE
K MIPaBUJIBHOMY YHCJIOBOMY OTBETY (JOMYCKAeTCs pPEHICHHE «IO YacTiM»
C IIPOMEKYTOYHBIMH BBIUUCIICHHUSIMH );

IV) npencraBnen npaBUIbHBIA OTBET ¢ yKa3aHMEM €AMHHI U3MEPEHHUS MCKOMOMH
BCJIMYHHBI,

[IpaBmiIbHO 3amMCcaHbl HEOOXOAUMBIC MOJIOKECHUS TEOPHH M (PU3UUECKUE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHbl HEoOXOoQuMble MpeoOpa3oBaHMs, U NPeNCTaBICH
MPaBWIBHBI OTBET C YKa3aHWEM EJIWHUI] U3MEPEeHHs HCKOMOHW BeanmuuHbl. Ho
HMMeeTCsl OIMH U3 CJIETYIOINX HEOCTATKOB.
3amnucu, COOTBETCTBYyIOIIME OJHOMY WM oboum mynktam: I u I
MPECTaBIICHBI HE B IOJHOM 00BEME HITH OTCYTCTBYIOT.

NN
[Tpu ITOJITHOM mnpaBrJIbHOM pEIICHUH JIUIITHUE 3AIICH, HE BXO/ISIINE B PEIICHUE
(BO3MOXKHO, HEBEpHbIE), HE OTJEJIEHbl OT peueHus (He 3a4EpKHYTH, HeE
3aKJIIOUEHBI B CKOOKH, PaMKY U T. I1.).

NN
[Tpu TIOJITHOM peuieHnu B HEOOXOJIMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIM BBIYMCIICHUSIX JOMYIIEHBI OMMOKHU, U (MIIN) TpeoOpa3oBaHMs/BBIYUCICHUS HE
JIOBEJICHBI 1O KOHIIA

NN
[Tpu ITOJIHOM pemennn oTcyTCTBYET IyHKT IV, mnm B HEM nomymieHa ommoka.

[IpencraBieHbl 3aNKCH, COOTBETCTBYIOIIME OJTHOMY K3 CIEAYIOUIMX CIIy4aes.
[IpencraBieHbl TOJIBKO TOJOXKEHHS W (HOPMYIIbI, BbIpaxkaroliue (usnyeckue
3aKOHBI, PUMEHEHUE KOTOPBIX HEOOXOJUMO JUIs PEIICHUs 3a1auu, 0e3 Kakux-
nub0 mpeoOpa3oBaHUil ¢ WX KCIOJNBb30BAHUEM, HANPABICHHBIX HAa pPEIICHUE
3a/1a4M, ¥ OTBETA.
N

B pemenun otcyrcrByer OJIHA w3 ucxomsbix Qopmyn, HeoOxomumas st
pemienust 3amaund (WM yTBEpXKJIEHHWE, JieXKallee B OCHOBE pEIICHHUs), HO
MPUCYTCTBYIOT JIOTHYECKH BEPHbIE IPE0Opa30BaHMsI C UMEIOLIUMHUCS POpPMYyIaMH,
HaIpapJeHHbIC HA PEIICHUE 3a/1a4H.

. N
B OAHOUM wu3 ucxomubix (opmyii, HEOOXOIUMBIX JUIsl PEIIeHHs 3aj1adn (Miau
YTBEPXKJACHUHM, JIeXKAIIeM B OCHOBE PpEIICHHUS), JOMyIIeHa OmudKa, HO
MPUCYTCTBYIOT JIOTHUECKH BEPHbIE MIPE0Opa30BaHUsl ¢ UMEIOLIUMHUCS POpPMyIaMH,
HaIlpaBJICHHBIC HA PEIICHUE 3a/1a4H.

Bce ciygan permieHus, KOTOpbIE HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTEPHSAM
BBICTABJICHH OLICHOK B 1, 2, 3 Gasua.
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