TpenupoBouHbId BapuaHT Ne3
EI'D no ®UBUKE 2011r.

NHCcTpyKUus 10 BHINOJHEHUI0 PA00THI

JIs1 BBITIOJTHEHUST dK3aMEHAIMOHHONW paboThl Mo (hM3MKe OTBOAMUTCS 4 daca
(240 munyT). PaboTa cocTouT 13 3 yacTtel, BKIIIOYAOMuUX 35 3a1aHHi.

Yacts 1 comepxut 25 3amanuii (A1-A25). K kaxmomy 3agaHuio aaercs
4 BapuaHTa OTBETa, N3 KOTOPHIX MPABUIHHBIN TOJHKO OJTUH.

Yacte 2 coaepxut 4 3amanus (B1-B4), B KOTOpBIX OTBET HEOOXOIMMO
3anucarb B BUe Habopa uudp.

Yacte 3 coctoutr u3z 6 3amau (C1-C6), nns koTOphIX TpedyeTrcd aarhb
pa3BEpHYTHIC PEIICHMUS.

[lpy BBIYUCIIEHUSX pa3pelIaeTcs UCIOJIb30BaTh
KaJIbKYJISITOP.

BHumarensHO TpOYMTANTEe KaXAO€ 3allaHue M MpeajiaracMble BapHaHThI
OTBETa, €CIM OHM uUMerTCs. OTBeUalWTe TOJBKO IOCJE TOTO, KaK BBl TMOHSJIH
BOIPOC Y MPOAHATIM3UPOBAIIM BCE BapUAHTHI O TBETA.

BeimosnHsiite 3aganust B TOM HOpsiJIKe, B KOTOPOM OHU JaHbl. Ecin kakoe-To
3a/laHAE BBI3BIBAECT Yy Bac 3aTpyAHEHHE, MpoIycTuTe ero. K mnpomyieHHbIM
3aIaHUSM MOYKHO OYZIET BEpHYTHCS, €CJIM Y BAC OCTAHETCS BPEMSI.

bamel, mosyyeHHble BaMHM 32 BBINOJIHEHHBIE 3aJaHUs, CYMMHUP YIOTCS.
[locTapaiiTech BBINOJHUTh KaK MO>KHO OOJIbIlIE 33JjJaHuil U HaOpaTh HamOOJbIIIEe
KOJIMYECTBO OAJUIOB.

HEMPOTPAMMUPYEMBIN

Kenaem ycnexa!

Huxe mpuBeieHbI CIIpaBOYHbIE TaHHBIE, KOTOPhIE MOT'YT OHAJ00UTHCS BaM
IIPU BBITIOJIHEHUN PA0OTHI.

I[eCﬂTI/I‘IHI)Ie NPUCTAaBKHA

Haumeno- | O0o3Haue- MHoxu- Haumeno- | Ob6o3Hauve- MHo:xu-
BaHHe HHe TeJIb BaHHe HHe TeJIb
rura r 10° CaHTH C 1072
Mera M 10° MUJUTH M 10°°
KWIO K 10° MUKPO MK 10°
TeKTO r 102 HaHO H 10°°
Ienu I 101 ITUKO i 107




Koncmanmut
YUCIIO T

yCKOpeHue CBOOOTHOTO NaJie HUS Ha 3eMiie
rpaBUTALMO HHAS TIOCTOS HHAS
YHUBE pcajbHasi Ta30Basi OCTOSI HHAsI

nocrossHHas boipMana
MOCTOSIHHAsA ABOTazpo
CKOPOCTb CBETA B BAKyYyM€

k02 uie HT PO MOPIMO HAJILHOCTH B 3aKoHe KyoHa

MO/1yJIb 3apsijia IEKTPO HA
ANEKTPUIECKHIA 3apsi])
nocrosiHHas [1manka

n =314

g=10 m/c*
G=6,7-10""* Hm*/kr*
R=28,31 x/(Mmonp-K)
k=1,38-10"% Iw/K

N, = 6-10%° moms *

c=310°m/c
k=1 =9:10° Hw¥/Kr
4me,
(3nemMeHTapHbIN e=1610"Kn

h=6,6-10"%* JIxc

Coomnowenue mexcoy pa3iudHoIM U eOUHUUAMU

TeMIeparypa
aToOMHasl eIMHUIA MaCChl

1 aromHas CAHHUIIa MaCcChl DKBHUB aJICHTHA

1 351eKTPO HBOJIBT

0 K=-273°C

laem =1,6610% kr
931,5 MaB
15B=1,610"° Ix

Macca yvacmuy

MEKTPO HA 9,110 *kr~ 5,510 *a.e.m.

POTOHA 1,67310 % kr ~ 1,007 a.e.m.

He iTpoHa 1,67510 %" kr ~ 1,008 a.e.m.

ITnomnocmo IIOJICOJITHEY HOT'O MacJia 900 kr/m>
BOJIbI 1000 kr/m® aITFOM UHUS 2700 kr/m°
npeBecunsl (cocra) 400 Kr/M° Kesesa 7800 xr/m°
KEepOCHHa 800 kr/m° pryTH 13600 xr/m®
Yoenvnas mennoemkocmo

Boabl  4,2:10° JI/(xr-K) amomurna 900 IT/(xr-K)
maa  2,110° JTx/(xr-K) Me/u 380 I/(xrK)
Kenesa 460 JTx/(xr-K) HyryHa 500 Iw/(xr-K)
CBUHIIA 130  Jx/(xr-K)

Yoenvnaa mennoma

napooOpa3oBaHus BOIbI 2,310 ® Jiw/kr

IIJIaBJIC HUS CBUHIIA 25104 JIK/KT

TIJ1aBJIC HUS JIbJ1a 3,3:10 ° JIk/kr

HOlelJl bHbleE yciiosus:

nasinerne 10° Ila, temnepatypa 0°C

Monapnaa maCca

a30Ta 2810 Kr/mMoJb KHCIIOPOJa 32.10°° Kr/moub
aproHa 4010 xr/moJb JIUTHA 6-10°% Kr/moub
BOJOpOJA 210 kr/moim MOJIHO 1€ HA 96-10° Kr/mMmoub
BO31yXa 20.10°° kr/™moub HEoHa 20102 kr/™moub
reus 4-10°° kr/mMonb YIJIEKHUCIIOTO T'a3a 4410°° Kr/mMomb




Yacte 1

Ilpu evinonnenuu 3adanuii yacmu 1 6 o6nanke omeemos Ne 1 noo nomepom
6bInonHAEM020 éamu 3a0anus (A1-A25) nocmaevme 3HaK «X» 6 Kllemouke,
HOMep KOm Opoll COOM 6€m CI 8Yent HOMepPY 6blOPAHHOZ0 6AMU Om 6ema.

Al

A2

A4

Ha pucynke cmnpaBa mnpuBeleH
3aBUCUMOCTM  IPOEKUUU  CKOPOCTH
JBWKYLIErOCs BAOJIb OCH OX OT BpEMEHH.
['paduk 3aBUCUMOCTH OT BpEMEHH YCKOPEHUS
ATOTO TeJa a, B uHTepBajie BpeMenu ot 10 1o 15
C COBMAJIAET C rpapuKomM

rpadux A
Tena, 1

1) ay, M/c° 2) Ay, w/c?
A A
5 5 4
0 > 0 >
-5 4 t1 C -5 1 t, C
3) ay, M/c? 4) ay, M/c?
A A
51 5
0 > 0 >
_5 1 t, C -5 1 t, C

3eMJIs IPUTIATUBAET K ce0e BHUCATITYIO Ha KphIIie cocyabKy C cunoi 10 H. C kakoi
CUJION 3TO COCYJIbKa MPUTATHUBAET K ce0e 3emMito?

1) 0,1H 2) 2,5H 3) 5H 4) 10H

Macca FOnutepa B 318 pa3 Gompie Macchl 3emin, paauyc opoutsl FOmmrepa B
5,2 pasa Oompie paguyca opOuThl 3emud. Bo CKOJbKO pa3 cujia TPUTSIKCHUS
FOnurepa xk Cosnity O6ombine cuibl nputikeHus 3emin kK Counity? (Cyutarh
op6uTts! FOnmrepa n 3eMim OKpyKHOCTSIMH. )

1) B 5,2 paza 2) B 11,8 pa3 3) B 61 pa3 4) B 1653 pa3za

Teno nBmxercs Mo NpsIMOM B OAHOM HAIIPABIICHUM IOJ JCHCTBUEM ITOCTOSHHOU
cuibl, paBHOU 1o moxymo 8 H. Mmnynbe Tena n3menuscs Ha 40 kr-m/c. CKOJBKO
BpEMEHU MOTPeOOBAIOCH I 3TOT0?
1) 0,5¢ 2) 5¢

3) 48¢ 4) 320 ¢



A5 | JIBe mpyXuHBI UMEIOT OJIMHAKOBYIO JKECTKOCTh. llepBasi m3 HUX pacTsaHyTa Ha
4 cm. [ToTeHmanbpHas SHEPTHS BTOPOU MPYKUHBI B 2 pa3a MEHBIIIE, YeM Yy TTEPBOH.
Bropas npyxuna
1) cxaraHa 2 cM
2) coxara Ha 242 cM
3) pactsayta Ha 0,5 cMm
4) pactaHyTa Ha 4 cM
CKoOpOoCTh Telna, COBEPIIAIOIIEIO TrapMOHNIECKHE KOJIe0aHusl, MEHSETCS C TCUCHUEM

A6 | Bpemenn mo 3akony o(t) = 3-10 °sin2nt, rme Bce BenmuuHBI BhIpaxeHsl B CHL
AMIIIUTY1a KOJIeOaHW CKOPOCTH pPaBHA
1) 310° m/c 2) 6-10° m/c 3) 2m/c 4) 2m m/c

AT - MaccuBHblii Opycok JIBHKETCS MOCTYIATEIbHO 1o
m E TOPU30HTAJILHON TUIOCKOCTH TOJ JIEUCTBUEM MOCTOSHHOW CHJIBI,
> { HarpaBJIeHHOW moj yrjioM o = 30° K ropu30HTY (CM. PUCYHOK).
T Moayne stoit cunmel F =12 H. KoadduiiueHT TpeHus Mexmty
OpyckoMm U mockocThio W = 0,2. Moaynb cuiibl TpeHuUs, JEHCTBYIOIIEH Ha OPYCOK,
F.,= 2,8 H. Uemy paBHa Macca Opycka?
1) 1,4xr 2) 2,0 kr 3) 2,4 xkr 4) 2,6 kr
A8 | Kakoe yTBep KaeHre CpaBeAIMBO Al KPUCTAUINY€CKUX TEN?
1) B mporiecce miaBieHus TEMIIEpaTypa Tejia U3MEHICTCS
2) ATOMBI KpUCTaJIa PACIOJIOKEHBI YIOPSIOUCHHO
3) B pacrmioJiosxeHrH aTOMOB KPHCTAIA OTCYTCTBYET MOPSI0K
4) Atombl CBOOOIHO TEpEMEIIAIOTCS B MpeeiaX KpUcTaia
A9 | Kakomy mpomeccy B UIEATbHOM Tra3e COOTBETCTBYET v
rpaduK Ha pUCYHKE, €CJIM Macca ra3a He MEHSETCS ? /
1) H3obapHoMy ,
0 T

2) W3otepmudeckomy
3) MzoxopHomy
4) AnumabatHomy



Al10

All

Al2

Al3

Al4

Tepmoe Teno HarpesaroT. Ha pucyHKe MPUBEICH T, K
rpaduK 3aBUCHMOCTH TEMIIEpaTypbl Tejla OT 410
MEepPEIaHHOT0 €My KOJIM4ecTBa TEIIoThl. Macca
Tena 2 Kr. YaenabHas TEMJ0EMKOCTh BeEIecTBa B

380 |

5TOM TIPOLIECCE paBHA 2‘:2' i
1) 250 JTx/(xr-K) ,Y_:_:_:_:->
2) 375 JIx/(xr-K) 0 20 40 60 Q, K/l

3) 500 JIx/(xr-K)
4) 600 Tx/(xr-K)

["a3 coBepum padoty 10 Ik 1 nosyuni koanuecTBo TerioTsel 6 [[x. BHyTpeHHss
SHEprus rasa

1) yBemmumiach Ha 16 [k

2) ymenbimiach Ha 16 Jx

3) yBemmumiach Ha 4 J[x

4) ymenbmmnachk Ha 4 JIx

13 cocyma HayaaM BBIMYCKATh CXKATHIH BO3IYX, OJHOBPEMEHHO OXJIAXIast COCYI.
B konile ombita abCOJIOTHAS TEMIIEpaTypa BO3AyXa CHU3MIACh B 2 pasa, a ero
JIaBJICHHE YMEHBIIIMIOCH B 3 pa3a. Macca Bo3yxa B COCY/I€ YMEHBIINIACH B

1) 6pa3 2) 3 pasa 3) 2paza 4) 1,5 paza

Ecnu paccTostHre MEXIy IBYMsSI TOYCYHBIMHU 3apsiaaMy YBEJIMYUTh B 3 pasa u
KaXIbIH 3aps]] yBEUYHUTh B 3 pa3a, TO CHJIa UX B3aUMOJICHCTBUS

1) ymeHbimuTCcs B 4 paza

2) yMEHBIIMTCS B 2 pa3a

3) HE U3MEHUTCS

4) yBennmuuTcs B2 pasa

Ha doTtorpaduu — sanekrpuueckas niens. [lokazanus BojbTMETpa JaHbl B BOJIbTaX.

Yemy OyayT paBHBI TOKa3aHUS BOJILTMETPA, €CJIM €0 TOIKIIOUYNUTh TapayuieIbHO

pe3uctopy 2 Om? BoabTMETp CUUTATH UICATTLHBIM.
1) 0,3B 2) 0,6B 3) 1.2B 4) 1,8B



A15 | [IpsMonvHeHHbBIN NPOBOIHMK JIMHON L, Mo koTopomy TedeT ToK |, momereH B
OJIHOPOJIHOE€ MAarHUTHOE MOJIE MEPHEHIMUKYSIPHO JMHUAM MHAykunu B. Kak
U3MEHUTCS cuiia AMriepa, TeHCTBYIOIIAs Ha MPOBOAHUK, €CJIU €ro JJuHa Oy/aeT B 2
paza 0oJibllle, UHAYKIUS MarHUTHOTO MOJISi YMEHbIIUTCS B 4 pa3a, a cujia ToKa B
MIPOBOTHAKE OCTAHETCS MPEKHEH ?

1) ymeHbimMTCS B 2 pasza
2) yBenM4uTCs B 2 paza
3) ymenbImTCs B 4 pa3s
4) HEe U3MCHHUTCS
A16 | Ilnmockass »dieKTpOMarHUTHasE BOJHA pacmpocTpaHsercs Baodb ocu Ox B
MOJIOXKUTENILHOM HanpasiieHnu. KakoBa pasHocTh ¢a3 kosieOaHuil Hanps>KeHHOCTH
AIIEKTPUYECKOr0 MOJI B Hadaie KOOpAUHAT U B Touke M ¢ KOOpauHATaMU
x=3M, y=2M, Z= 1M, €clid AJ1HA BOJIHbI paBHA 4 M?
7T
1) < 2) n 3) 3, 4) 2n
2 2
A17 | T'me HaxoawTtcs m3oOpakeHHWE TOUYKH S (CM. A L )
o o [ ]
PHCYHOK), CO3/1aBaeMO€ COOHMparolle JTUH30M ¢ R
dbokxycHbIM paccTosiHueM F? ! 1 ! !
F
1) BTOuke 1 S 3®
2) B TOYKE 2 v
3) B TOUKE 3
4) Ha 0ECKOHEYHO OOJIHIIIOM PACCTOSTHUU OT
JIMH3bI
A18 | B uHeprnmanbHOM cucTeMe OTCUYETa CBET OT HETOABUKHOTO

UCTOYHHUKA pACIPOCTPAHAETCS CO CKOpPOCThIO C (CM.
pUCYHOK). EciM HMCTOYHMK CBETa M 3€pKalO0 JABUKYTCS
HaBCTpeuy Jpyr JApPyry C OJWHAKOBBIMU [0 MOJIYJIIO
CKOPOCTAMM U, TO CKOPOCTb OTPaXEHHOIO CBETa B
VMHEPLUHUAIBHOM CUCTEME OTCUYETA, CBA3aHHOM C UICTOYHUKOM, PaBHA

1) ¢ 2) c—2v 3) c+2v



Al19

A20

A23

A24

B oanektpudeckoi 1enu, M300paXEHHOW HA PHUCYHKE,
BOJIbTMETP, TMOACOEAUHEHHBIH K PESUCTOPY Ry, Ry
nokazbiBaet Hanpsibkeane U = 2 B. 3JIC uctounuka Toka €, r
5 B, a compotuBieHus pesuctopoB R; = R, = 2 Owm. R,
KakoBo BHyTpeHHEE CONPOTUBIEHUE UCTOUHHUKA TOKA?
1) 0,1 Om 2) 20m 3) 30m 4) 10m
YacToTsl CBETA OT JBYX UCTOYHUKOB CBSI3aHbI COOTHOIIIEHUEM V; = 3V
. E
OTHoO1IEHUE SHEPTHI POTOHOB fz , UICITyCKA€MbIX 3TUMH UCTOYHUKAMH, PABHO
1
1) 0,75 2) 1 3) 3 4) 9
S npo kpunroHa ggl{r COLEPIKUT
1) 72 npoToHa, 36 HEUTPOHOB
2) 108 npoToHOB, 36 HEUTPOHOB
3) 72 npotona, 108 HeliTpoHOB
4) 36 npoTOHOB, 36 HEUTPOHOB
PagnoakTuBHBIN CBUHELL %%2 Pb, ucneiTaB oquH a-pacnan u aBa [3-pacnana,
MPEBPATUIICS B U30TOT
1) cpunua 2% Ph 2)  nononws 2°Po 3) BUCMYyTa 332 Bi 4 ramms 298]
OnuH M3 CcrocoOOB M3MEPEHMs TMOCTOSTHHOW Ilmanka OCHOBaH Ha OMpENCICHUH
MaKCUMaJIbHOW KMHETHUYECKON SHEpruM (OTOAIEKTPOHOB C TIOMOIIBIO M3MEPEHUs
HaNpsHKEHUsI, 3a1€pKUBAIOLLIETO UX. B Tabnmile npeacTaBiaeHbl pe3ynbTaThl OJHOTO
Y3 MEPBBIX TAKUX OIIBITOB.
3anepxuBaromiee Hamnpspkenne U, B (0,4 0,9
Yactora cera v, 10 I 55 6,9
ITocTosannas [lnanka no pe3ynbTaTam 3TOTO SKCIIEPUMEHTA PaBHA
34 34 34 34
1) 6,6-10 " Ixk-c 2) 6,310 Ix-c 3) 6,010 Ix-c 4) 57-10 Ix-c
3apsbl 00KIAI0K TUIOCKOTO KOHJEHCATopa, eMKOCTh koToporo C, paBHBI ( U

— (. Kakyo u3 npHBEIEHHBIX HMXKE BEIMYUH MOKHO OMPEACIUTh IO 3TUM
JTaHHBIM ?

1) mnomaak 0OKIAmI0K

2) HampshDKEHUE MEXITy OOKIIaIKaMu

3) paccTosHHE MEXITY OOKIIaIKaMU

4) HanpsHKEHHOCTH YJICKTPUUECKOTO TOJIS MEXTY 00KIaIKaMu



° Y4eHuk npeanosioxXui, 4To JJis CIUIOIIHBIX
TE1 W3 OJHOrO0 M TOTO >K€ BEHIeCTBA MX
o Macca TMpsAMO  MPOTOPIHMOHAIbHA WX
o0bemy. s mpoBepKU ATOM THIIOTE3bI OH
! B3sJI OpPYCKHM pa3HbIX Pa3MEpOB U3 Pa3HbIX
d . BemecTB. Pe3ynmpTaThl mM3MepeHus oObema
OpyCKOB M WX MAacChl YYE€HHK OTMETHII
0 5 0 15 v CM? TOYKAaMH Ha KOOPJMHATHOM TuIocKOCTU {V,
’ m}, Kak T1IOKa3aHO Ha  pPHUCYHKE.
TTOrpemHoCTH H3MepeHHst 00BbeMa M MAcChl PaBHBI COOTBETCTBEHHO 1 cMm® u 1T,
Kaxo# BbIBO MOKHO CIe€IaTh O pe3ybTaTaM dKCIep UMEHTa?
1) VYcioBus MNpOBEACHHS SKCIIEPUMEHTAa HE COOTBETCTBYIOT —BBIJIBHHYTOM
TUIIOTE3E.
2) C yyeroM TMOTPEHIHOCTH M3MEPEHHH  OKCIIEPUMEHT  IOJTBEPIMI
MPaBUIILHOCTH TUTIOTE3bL.
3) TlorpemHoCTH M3MEPCHHH CTOJIb BCIMKH, YTO HE IMO3BOJIMIM IPOBEPUTH
TUIIOTE3Y.
4) DKCIEPUMEHT HE IMOATBEPIUI THIIOTE3Y.

20

10

Yactb 2

Omeemom K  3a0anuam  3moil yacmu (BI-B4)  saenaemcs
nociedosamenvHocms uyugp.  Bnuwume omeemwvr cHauana 6 mexcm
pabombul, a 3amem nepenecume ux 6 O1aHK omeemog Ne 1 cnpasa om Homepa
COOm 6em C 8yI0U4€20 3A0aHUs, HAYUHAA C NEPBOU K1em 0YKU, 0e3 npoodenos
U Kakux-aubo 0onojiHumenvHvlx cumeonos. Kaswoyro uyugpy nuwume 6
OmOeNbHOU KlemouKke 6 COOMmEemcmeuu ¢ HNPUGEOEHHbIMU 6 OnaHKe
oopazuamu.

Kamenp ypoHwmm ¢ kpbimm. Kak MEHSIOTCS TI0 Mepe MaJicHUs] KaMHsI MOJYJIb €T0
YCKOpPEHHMSI, TMOTCHUHAIbHAs SHEPTHs B TOJIE TAKECTA M MOIYJIb HMITyJIbCa?
ConpoTuBIICEHHE BO3/1yXa HE YUUTHIBATh.

JIJ1s KaK101 BETMYUHBI ONIPEAEIUTE COOTBETC TBYIOIIAM XapaKTep U3MEHEHUS:

1) yBemuuuBaercs
2) yMeHbIIaeTcs
3) He MeHsIeTCs

3anummTe B Ta0IMITy BEIOpaHHBIC UQPPHI I KKI0H GU3NIECKON BEITMYUHBI.
[{udppsl B OTBETE MOT'YT OBTOPSITHCS.

Monynb yckopeHus [loTeHumansHas Monyine umiynbca
KaMHSI SHEPTUS] KaMHA KaMHS




B2

B3

NneanbHbld OAHOATOMHBIM T'a3 B TEIUIOM30JIAPOBAHHOM
COCyZle C MOpIIHEM TMEPEXOAUT U3 COCTOssHUS | B 1 9=
coctosiHue 2 (cM. auarpammy). Macca raza He MeHsIeTCS.
Kak wmeHst0TCI B XOI€ YKa3aHHOTO Ha JHarpaMme
IpoLECCa AABJICHHUE ra3a, ero TeMneparypa u BHYTPEHHSS

sHEpTUs? 0
JIst KaXKJTI0M BEJTMYHUHBI OTIPEICIIUTE COOTBETC TBYIOIIUI
XapakTep U3MEHEHUS:

1) yBemuumBaeTcs
2) yMeHbIIAeTCs
3) He MeHseTcs

3anumuTe B Ta0 MIy BRIOpaHHBIC IUGPHI I KAKTONW GU3NIECKOU BEIIMYHHBI.
[udpsl B 0OTBETE MOT'YT TOBTOPSITHCS.
JlaBiieHue Temneparypa BHyTpeHHsAs dHeprus

VYcTaHoBUTE COOTBETCTBUE MEXIY (PU3MUECKUMU BeIUYMHAMHU U (POpMYJamMu, 110
KOTOPBIM UX MOXHO paccyuTaTh (A — JJIMHA BOJIHBI POoTOHA, h — mocTosHHAs
ITnanka, ¢ — ckopocTh cBeTa B BakyyMme). K kax 10 mo3uumuy nepBoro cToJona
10A0EpUTE COOTBETCTBYIOUIYIO MTO3ULIMIO BTOPOrO U 3AIMUILUTE B TAOJIUILY
BbIOpaHHbIE U(PHI TIOJT COOTBETCTBYIOIIMMH OYKBAMHU.

OU3NYECKHUE BEJIMYMHBI DOOPMVIJIBI
A) Wmnynsc poToHa 1)  hch
b) DOuneprus dotona 2) Mhc
3) hci
4)  h/h

A b




B4

JIBa pe3ucTopa NOJKIIOYEHbI K UICTOYHUKY Toka ¢ DJIC —

€ W BHYTPEHHUM COTPOTHUBJICHHEM I (CM. PUCYHOK). R,
Hampsixkenne Ha mepBoMm pesuctope paBHo U;, a ma _-— Rz
BTOPOM PE3UCTOPE PABHO U.. Yemy paBHBI

COTIPOTHUBJIEHUS IEPBOTO ¥ BTOPOTO PE3UCTOPOB?
YcTaHOBUTE COOTBETCTBHE MEXKTY (PU3MIECKUMU BEIMYUHAME U (POpMYJIaMu, T10
KOTOPBIM MX MOKHO paccunTtath. K Kaxmaoil mo3uiuu nepBoro cTojdia nogoepure
COOTBETCTBYIOLIYIO MTO3ULIMIO BTOPOrO U 3alUILIUTE B TAOJUILY BHIOPAHHBIE LIU(PPHI
10J1 COOTBETCTBYIOIIMMHU OYKBAMHU.

OU3NYECKAA BEJIMUMHA OOPMVIIA

A) Conporusnenue pesuctopa R; 1) [ U,
&-U,-U,
b) Compotuiienue pesuctopa R, 2) . e-U,-U,
U,
3 U,
&-U,-U,
4 . &-U,-U,
U,
OtBer: A b
Yacmo 3

3aoanua CI-C6 npeocmaenawom coboit 3adauu, nojiHoe peuieHue Kom opubix
HeoOxo0umo 3anucamov 6 Onanke omeemog Ne 2. Pexomenodyemca npoeecmu
npeosapumenvruoe peuienue Ha uepHoeuke. Ilpu ogopmnenuu pewenusn 6
onanke omeemog Ne 2 3anuwume cuavana nomep 3aoanusn (Cl, C2 u m.o.), a
3amem peuieHue coomeemcmeyrouiei 3adoauu. Omeemot 3anucoviéaiime 4emKo u
pa3zbopuueo.

C1

Ha pucyHke mokazaHa TpUHIMNHAIbHAS CcXeMa
AIIEKTPUIECKON IIeTIH, COCTOSIICH M3 MCTOYHHKA —

TOKa C OTIMYHBIM OT Hyls BHYTPEHHHM —
COINPOTHBIICHUEM, PE3UCTOPOB U M3MEPHUTEILHBIX &1 - -~
IpuOOpOB. YKaXKHTE, KaK M3MEHSATCS TOKa3aHUs (A)
BOJBLTMETPA IPH 3aMBbIKAHMU KIFoua. MCronb3ys R,

3aKOHBI IOCTOSIHHOTO TOKa, IPOAHATU3UPYHTE 3Ty —}—

CXeMy U 000CHYHTE CBOM OTBET.

10




IHonnoe npasunvhoe pewenue kadxcoou u3 3aoau C2—C6 oonxcno eéxnroyams
3aKOHbBL U (POPMYTIbl, NDUMEHEHUE KOM OPBIX HEe0OX00UMO U OOCH AMOYHO 01
peuienusa 3a0auu, a makKice mamemamuydeckue npeodpa3oeanus, paciuensvl c
YUCIEHHbIM OMGEEMOM U, NPU HEOOXO00UMOCMU, PUCYHOK, NOACHAIOW{ULL
peuienue.

C2 Kycok miacTuiMHa CTaIKUBAETCSA CO CKOJIB3SIIIMM HABCTPEUY MO TOPU30HTAILHOM

MOBEPXHOCTH CTOJa OpycKoM U mpwiunaeT Kk Hemy. CKOpPOCTH TUIACTUJIIMHA U
Opycka mepes yaapoM HampaBjIeHbl MPOTUBOIOJIOKHO U paBHBI V., = 15 M/Cc u
Ve, =9 M/c. Macca Opycka B 4 pasa Ooubiie Macchl macTuinHa. Kosddumuent
TPEHUSI CKOJIbXEHUSI MeXIy Opyckom u ctojioM W = 0,17. Ha xakoe pacctosiHue
MIEPEMECTSTCS CIUIIIIMECS OPYCOK C MIACTUIMHOM K MOMEHTY, KOTJla UX CKOPOCTh
YMEHBIIUTCS B 2 pa3a?

C3 10 MoJp OJHOATOMHOIO WAECAJIHLHOIO ra3a CcHaJyajia v
OXJIQIWJTH, YMEHBIIMB JaBJICHUE B 3 pa3a, a 3aTeM Harpeim
no nepBoHadanbHOM Temmnepatypsl 300 K (cM. puCYyHOK).
Kakoe koiamuecTBO TEIUIOTHI MOTYYWII ra3 Ha yyactke 2 — 37 ) !
0 300K T

c4 DJIEKTpOH BJIETAa€T B IUIOCKUM KOHJIEHCATOp CO
L+ + + =+ 1 ropoctio vy (U << ¢), MAPAUIENbHO IUIACTHHAM
e S — (cM. pHUCYHOK), paccTosiHue Mexay kotopbimu d. Ha
—_— KAKOM  yYroJ  OTKIOHUTCS TPA  BBUIETE W3
KOHJICHCATOpPa BEKTOP CKOPOCTH JJEKTpPOHA OT
NEPBOHAYAILHOTO HANpaBJICHUS, €CJIM KOHJEHCATOp 3apsbKeH N0 Pa3HOCTH

noteHiranoB A@? Jlnuna mractun L (L >> d).

Cs

I'opusoHTanbHBIN IIPOBO AN CTEpPIKECHb
q, IIPSIMOYTOJIBHOI'O CEYEHHMsI TOCTYIIATENBHO JIBUKETCS C
E / YCKOPEHHUEM BBEPX IO INIAJIKOW HAKIIOHHOM TIJIOCKOCTH B
BEPTUKAILHOM OJHOPOJHOM MAarHWTHOM I0jie (CM.
pucyHok). Ilo ctepxkHio mporekaer Tok |= 4A. Yron
HakjgoHa Iwiockoctd o = 30°. OTHOLIEHHE MAacChl
CTEpPXKHS K €ro JJuHE % = 0,1 xr/Mm. Moaynb WHIYKIIMU MarHUTHOTO TIOJIS

B =0,2 Tin. Onpenenute yCKOpEHUE, C KOTOPHIM JIBIKETCS CTEPIKEHbD.
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Coé

®dOTOH ¢ UIMHOW BOJHBI, COOTBETCTBYIOIIEH KpacHOW rpanuie (otodrddekra,
BBIOMBACT AJIEKTPOH M3 METAUTMYECKOM IUIACTUHKH (KaTo/a) COCy/a, U3 KOTOPOTo
OTKauaH BO3AYyX. ODJIEKTPOH Pa3rOHSETCS OTHOPOIHBIM JIIEKTPUYCCKUAM IOJIEM
HaIPSKEHHOCThIO £ = 5-10* B/m. Kakoii IIyTh MPOJIETENI B 3TOM DJIIEKTPUYECKOM
[OJIe MIEKTPOH, eClM OH mprobpen ckopocts v = 3-10° m/c. PemsTuBHCTCKHE
3¢ EKTh HE YYUTHIBATD.
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Hucmpykyusa no npogepke u oyenke padoom yuaumuxcsa no usuke
Bapuant 3
Yacts 1
3a npaBWIbHBINA OTBET HA KaX10€ 3a7aHue 4acT 1 ctaBurcs 1 6as.

Ecnu yka3aHbl 1Ba 1 00Jiee OTBETOB (B TOM YHUCJIE MPABUIbHBIN ), HEBEPHBIH
OTBET WJIK OTBET OTCYTCTBYET — 0 Oa/IoB.

Howmep 3ananus| IIpaBuibHBIN OTBET
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Yactb 2
3agaHue ¢ KpaTKUM OTBETOM CYMWTAETCS BBIMOJHEHHBIM BEPHO, €CJIH B
3ananusax B1-B4 npaBuiibHO yka3aHa 1mocyieoBaTelbHOCTh HUp.
3a NmoJIHbIN NMPAaBWIbHBIN OTBET CTaBUTCS 2 Oamwa, 1 6ann — gomyileHa oJ1Ha
ommOKa; 3a HEBEpHBIM OTBeT (OoJiee OMHON OMMOKHM) WM €r0 OTCYTCTBHE —
0 6amtoB.

C1

Howmep 3ananus IpaBuibHbIN OTBET
B1 321
B2 311
B3 43
B4 31
YacTts 3
KPUTEPHWM OLHEHKHM BBITIOJIHEHMA 3A]1AHI/II71
C PASBEPHYTBHIM OTBETOM

Pemenust 3amanuii C1-C6 yactu 3 (C pa3BepHYTbIM OTBETOM) OLEHHMBAIOTCS
AKCTIEpTHOM KoMuccuel. Ha ocHOBe kpuTepueB, PEICTABICHHBIX B IIPUB €ICHHBIX
HUKE TaOJMIIaX, 32 BBITIOJHEHUE KAKIOTO 3aaHusl B 3aBUCUMOCTH OT TIOJIHOTHI U
MPaBUIILHOCTH JIAHHOT'O YJallluMCs OTBETA BbIcTaBJsieTcst oT 0 10 3 6aos.

Ha pucyHke noka3zaHa NpUHLMIUAIbHAS CXEMa
ANEKTPUYECKON IIEMU, COCTOSIIEN W3 HMCTOYHHUKA - —

TOKAa C OTIMYHBIM OT HyJId BHYTPEHHHM —
CONPOTHUBJICHUEM, PE3UCTOPOB U U3MEPUTEIBHBIX 8—__— -
npubOpOB. YKAXKHTE, KaK HM3MEHATCS MOKA3aHMs <A>
BOJLTMETPA IPU 3aMBIKAHMU Kioda. Mcnomb3ys R,

3aKOHBI ITOCTOSHHOTO TOKA, MPOAHAIM3UPYHITE 3Ty —

CXeMy U 00OCHYHTE CBOM OTBET.

OO0pa3zelr BO3MOKHOTO OTBETa (PUCYHOK HE 00513aTEIICH)

o

. [Ipy 3aMbIkaHUM KJTFOYA MTOKa3aHUs BOJLTMETPA YMEHbIIIATCSL.
2. [lpm pa3oMKHyTOM KJIO4e, coryiacHO 3akoHy Oma JJisi ydacTka  IIeTH,

HanpsDKEHUWE Ha BHEIHeM ydacTtke nenu U=1- R +R, , roe | — cuna Toka B
uenu, a R +R, — oOuiee cONPOTUBICHNE BHEUIHETO y4acTKa 3JIEKTPUUECKOM

v &
uenu. CornacHo 3akoHy Oma 11 HOoJIHOM nenu: | = ———
R +R,+r
Orcioma ¢=1- R+R, +Ir=U+Ir wu, cinegoBareibHo, U =¢—Ir
3. Ilpu 3aMbBIKaHUU KIIFO4a pe3UCTOp R; OKa3pIBaeTCs HAKOPOTKO 3aMKHYTHIM. B
1 yT
pe3yJbTaTe COMPOTUBIIEHUE OTOTO YYacTKa CTAaHOBHUTCS PAaBHBIM HYIIIO.
CrnenoBarenbHO, 00111€€ CONPOTUBIICHUE IIEMU YMEHbBIIIACTCS.
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4. COOTBETCTBEHHO, COrJIaCHO 3akOoHY Oma Il TIOJIHOM 1IETH, CHUJla TOKa B LENHU
BO3pAacTaeT, a 3HAYUT, BO3PACTET 3HAYEHHUE mpomsBedeHus Ir B Qopmyne
U=e-Ir. Takum oOpazom, mockoiapky 3HadeHue IJIC mocTosiHHO, TIpU
3aMbIKaHUU KJIIOYA HaAMpsH>KEHUE HA BHEIIHEM YYacTKE ILENU YMEHBIIWTCS, a
3HAYUT, YMEHbBIIATCA TIOKa3aHUs BOJTMETPA.

Kputepun onieHKH BBITIOJIHEHUS 33JaHUS bamer

[IpuBeneHo moJiHOE MpaBUIILHOE pPEIICHHE, BKIIIOYAIOIIee MPaBWIbHBIN | 3
OoTBeT (B JaHHOM ciiyyae — 1.1), ¥ mosiHO€ BepHOE OOBsICHEHHE (B
JaHHOM cllydyae — IM.2-4) ¢ yka3aHWeM HaOJIOJacMbIX SBJICHHA W
3aKOHOB (B TaHHOM ciy4dae — 3akoH Oma 0714 yuacmka yenu u noaHou
yenu, pageHcmeo My CONPOMUBIeHUs y4acmKa Yenu npu 3aMblKaHuu
KI04Q).

Jla" BepHBIN OTBET U MPUBEICHO 0O0CHOBAHWE, HO UMEETCS OJIUH W3 2
CJIETYIOIIUX HETOCTATKOB:
— B OOBSICHEHHH COJIEPIKATCS JIUIIb OOIIHE PacCyKICHHS 0€3 TPUBSI3KU
K KOHKPETHOW CHTyallud 3aJadd, XOTsA yKa3aHbl BCE HEOOXOIHUMBIC
dbu3nUecKue SBJICHUS U 3aKOHBI;

NJIN
— paccyXJIeHUs, MPUBOJSIINE K OTBETY, NMPEJACTABICHB HE B IOJHOM
o0beMe WM B HUX COJIEPIKATCS JIOTHYESCKUE HEJI0UCTHI,

NJIN
— yKa3zaHbl HE Bce (pu3nueckue sSBJICHUS M 3aKOHBI, HEOOXOIUMBIE IS
TIOJTHOTO TPABWIILHOTO OTBETA.

[IpencTaBieHbl 3a1IMCH, COOTBETCTBYIOIIME OTHOMY U3 CIEAYIOLIUX 1
CITy4acB:
— TIPUBEICHBI PACCYXKIICHUS C YKa3aHHEeM Ha (U3MUYECKHUE SBIICHUS U
3aKOHBI, HO JIaH HEBEPHBIW WUJIN HETIOJHBIN OTBET;

NN
— MPUBEACHBI PACCYXKJEHUS C yKa3aHWEeM Ha (PU3UYECKUE SBJICHUS U
3aKOHBI, HO OTBET HE JIaH;

N
— MPEJACTABJICH TOJIbKO MPaBUJIbHBINA OTBET 0€3 000CHOBAHUM.

Bce ciyuan penienusi, KOTOpble HE COOTBETCTBYIOT BhIIICYKa3aHHBIM 0
KPHUTEPHUSIM BBICTABIICHUS OIIEHOK B 1, 2, 3 6ama. 0

C2

Kycox mmacTwimMHa  CTalKMBAeTcsi CO  CKOJIB3SIIIMM  HAaBCTpEYy IO
TOPU30HTAILHON MOBEPXHOCTH CTOJIa OpYCKOM M Ipwmnaer Kk Hemy. CKopocTu
IUTIACTWIIMHA W Opycka Tepel yAapoM HaIpaBieHbl MPOTUBOTIONOHO M PaBHBI
Vi = 15 M/c m Vg, =5 M/c. Macca Opycka B 4 pasza 00JbIIE MacChl IUIACTHIIMHA.
KoadduimeHTt TpeHus CKoJibkeHus: Mexay opyckom u ctosiom p = 0,17. Ha kakoe
pPacCTOSIHUE MEPEMECTATCS CIUNIIMECS OPYCOK C MUIACTUWIMHOM K MOMEHTY, KOrja
UX CKOPOCTb YMEHBIINUTCS B 2 paza?
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OO0pa3zelr BO3MOXKHOTO pellieHus: (PUCYHOK HE 00s13aTENIeH)

[Tyctp M — Macca Kycka rmactuimHa, M — Macca Opycka, Uy — HadanbHasi CKOPOCTh
Opycka ¢ IIaCTHIMHOM TOCJIe B3aUMOICHCTBUSL.
CornacHo 3aKOHY COXpaHeHUs uMITyinbca:  Mvg, — mv,, = (M + m)up.

Tak kax M=4m wu Vg, = %vm, TO 4m£vm— mv,,; = 5muy,

amv,,— 3mv,=15muy, u Uy = %vm.

[To ycioBuIO KOHEUHAsE CKOPOCTh Opycka ¢ macTuimHoM U= 0,5 U.
[To 3akoHY coXpaHeHHsI ¥ U3MEHEHHS MEXaHUIECKOM YHEPTUH:

2 2
Mtm ug = M+m U% 4\ (M +m)gS, n noyuaem:
2
1\ 1 Y
Sm(vm) 5m(0,5-vm)
15 — 15 + SmMgS’ 1 .VHHZ_ 0125 'VHHZZHQS u
2 2 2.152 2.15?
g2
g=_3 V4, - 315 ~ 0,22 (m).

8157 ng 8152-0,17-10
Oter: S = 0,22 M.

KpI/ITepHI/I OICHKMH BBIIIOJIHCHUA 3adaHUA banner

[IpuBeneHo MOJMHOE MpaBUIIbHOE PEIIEHHE, BKIIOYAOIIEe Cieayronme | 3
AJIEMEHTHI :

1) npaBuIbHO 3anmUcaHbl (HOPMYITI, BRIpKAMONIHE GU3NIECKIE 3aKOHBI,
IPUMEHEHHE KOTOPBIX HEOOXOIMMO JIJISl PEUICHUS 3aJa4i BHIOpaHHBIM
CIOCOOOM (B TaHHOM PEIICHUU — 3AKOH COXPAHEHUSI UMNYIbCA, 3AKOH
COXpAHeHUsl, MeXaHUu4ecKou JHepauu, c6sa3b pabomvl C U3MEHeHUeM
SHepauuL);

2) TpoBeaeHBI HEOOXOAMMBIE MAaTEMAaTUYECKHE IMPEOOpa3OBaHUS U
pacuerbl, MNPUBOMSIIME K MPABHWILHOMY YHUCIOBOMY OTBETY, U
npexactasieH oteer. [Ipu aToM pomyckaercs pemieHue "mo vactaMm" (¢
IIPOMEXYTOYHBIMU BbIUHCIICHUSIMHU).

[IpencraBieHHOE pelIeHUE COMEPKUT M.l MOJIHOTO perieHus, HO M| 2
MMEET OJIMH U3 CJIEAYIOIMX HETOCTATKOB:

— B HEOOXOAMMBIX  MaTeMAaTHYECKHWX  MPEoOpa3oBaHUAX WA
BBIYHUCIICHUSIX JIOMYyIIEHA OIMOKa.

NI

— HeoOxoaumMele MaTemaTHueckue MpeoOpa3oBaHUs U BBHIYUCIICHUS
JIOTUYECKHU BEPHBI, HE COAEPKAT OMIMOOK, HO HE 3aKOHYEHBI.

i

— He mnpexacraBnensl npeoOpa3oBaHus, NPHUBOIAIIME K OTBETY, HO
3anycaH NpaBWIbHBIN YUCIOBOM OTBET UJIM OTBET B OOIIIEM BHUIIE.
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N

— Pemieane coaepXuT OMMOKY B HEOOXOIMMBIX MAaTeMaTHIECKHUX
npeo0pa3oBaHUAX U HE JOBEAEHO 10 YHUCIOBOTO OTBETA.

[IpencraBieHsl 3amucH, COOTBETCTBYIOIIME OJHOMY W3 CIIEAYIOIIUX
CJIy4acB:

— IlpeacTaBneHsl TOJBKO TOJIOKEHUS W (POPMYJBI, BBIpAXKAIOIIHUE
(du3nIecKre 3aKOHBI, MPUMEHEHNE KOTOPBIX HEOOXOMMO ISl PEIICHHS
3a7auM, 0e3 Kakux-JIM0o MpeoOpa3oBaHUl € HMX HUCTOJB30BAHUEM,
HalpaBJICHHBIX HA PEILCHUE 3a/]a4uH, U OTBETA.

NI

— B pemenun  orcyrctByer OJIHA w3  ucxomueix  dopmyi,
HeoOXoauMas Uil pelieHus 3a1ayu (WM YTBEp KICHHE, JeXxallee B
OCHOBE  pCIlIEHHUs), HO  TPUCYTCTBYIOT  JIOTMYECKHM  BEpPHBIC
nmpeoOpa3oBaHusl ¢ HMMCIONMMHUCS (PopMyllaMu, HampaBjCHHBIC Ha
peIlIeHne 3a/1a4H.

NI

— B OJIHOM wu3 ncXomHbIX (OpMyI, HEOOXOMMMBIX U PEIICHHs
3amaun (WM YTBEPIKICHUH, JISKAIIEM B OCHOBE PEICHHUS ), TOMyIeHa
OIMOKa, HO NPHUCYTCTBYIOT JIOTUYECKH BEpHbIE MpeoOpazoBaHUsl C
UMEIoIMMUCs (popMynaMu, HarpaBJeHHbIC HA PEIICHUE 3a/1a4H.

Bce cnyuyau pelnieHusi, KOTOpble HE COOTBETCTBYIOT BbIIIEYKa3aHHBIM
KPHUTEPUSIM BBICTABIICHUS OIICHOK B 1, 2, 3 Gayia.

C3

10 MOJHL OJHOATOMHOTO WAECAIHLHOIO Trasa cHaJyajla v

OXJIQJIWJIM, YMEHBIINB JaBJeHUE B 3 pasa, a 3aTeM Harpeiu
no nepBoHadyanbHOM Temmepatypsl 300 K (cM. pucyHOK).
Kakoe koJImuecTBO TETI0ThI MOJTy4nyI ra3 Ha ydacTke 2 — 37

O0pa3zer BO3MOKHOTO PEIIeHUs

[lepBbIit 3aKOH TEPMOIMHAMMKH B TIporiecce 2-3: Q23 =AU 2t A23
3 3
AU = EVR -AT U, B YaCTHOCTH, AU 23 = EVR : AT23

[pomnecc 2-3 — m300apHBIA.

C yuérom ypaBHeHusi  MeHneneeBa-KnanelipoHna  MoxeM
CrienoBarenbHo, dopmyna pacuera KOJINYECTBa

Q,; = ng-AT23 +VvR- AT, =2VR -AT,,.

Pa6orta raza A=A pV npu p=const MoxHO 3amucars B BUue: A=p-AV.

3alluCarthb.

TCIINIOTHI.
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5

Io ycrnosuio 3anaun T, =T,, cnenoarensHo, Qy = EVR -AT,,

Jia coctossHui 1 1 2 MOKHO 3anucarh: P % YuuteiBas yciioBue p, :% P,
P, 1,
1 1 2
MOXeM 3anmcarb: T, =—T, u, cootBercTBEHHO, AT, =T, - T, =T - =T, ==T,
3 3 3
S 5 2 3)
Takum o6pazom, Q,, = EVR AT, = EVR -§T1 = ngT1
5 5
Q,; = EVRTl = 3 -10-8,31-300=41550 JIx
Kpurepun OLIEHKHU BBINIOJIHEHUS 3a1aHuUs bamsl

[lpuBeneHo mMoiHOE MPaBUIBHOE pEIICHHE, BKIIOUAIOIIEe CIEeIyIomue | 3
DIIEMEHTHI :

1) mpaBunbHO 3amucansl (GOPMYJIBI, BRIpaKAOIIHE (HU3NISCKUE 3aKOHBI,
NPUMEHEHHE KOTOPhIX HEOOXOIUMO JJIsl PEHICHUsl 3a/1auyd BbIOpaHHBIM
criocoboM (B ganHoM petennu — | Hauano Tepmoounamuxu, ypaeueHue
Menoeneesa-Knanetipona, chopmyna ona pacuéma emympenHerl sHepuu
UOeaIbHO0 2a3d, POpMYIa pacuéma pabomol UOealIbHO20 2A3A);

2) TpoBeACHBl HEOOXOJIUMbIE MaTeMaTUYecKHe MpeoOpasoBaHus MU
pacuerbl, MNPUBOASALIME K MPaBWIbHOMY YHCJIOBOMY OTBETY, U
NPENCTABICH OTBET; MPU ITOM JOMYCKAETCS PELIEHHE «II0 4YacTIM» (C
MIPOMEXYTOYHBIMHU BBIUYHUCIICHUSIMH).

[IpencTaBiaeHHOE peIIEHUE COAEPKUT 11.1 MOJTHOTO perieHus, HO U UMEET | 2
OJIMH U3 CJIEIYIOLINX HEJOCTATKOB:

— B HEOOXOIMMBIX  MareMaTUYECKUX  MpPeoOpa3OBaHUSIX  WIH
BBIYHUCIICHUSX JIOTYIIIEHA OIIMOKA;

NI

— HEoOXOAMMbIE MaTeMaTHYeCKHE MpPeoOpa3oBaHUsI U BBIUMCIICHUS
JIOTUYECKHU BEPHBI, HE COJIEPIKaT OMMOOK, HO HE 3aKOHYCHBI,

NI

— HE TMPEACTaBJICHBI NPeoOpa3oBaHUs, MPUBOASAIIME K OTBETY, HO
3anucaH MPaBWIbHBIN YHUCIOBOM OTBET WK OTBET B 0OIIIEM BUJIE;

N

— pemIeHrue COAEPKUT OMMOKY B HEOOXOIMMBIX MaTeMaTH4eCKUX
npeoOpa3zoBaHUAX U HE JIOBEACHO JI0 YUCIOBOTO OTBETA.

[IpencraBieHsl 3amucH, COOTBETCTBYIOIIME OJHOMY M3 cCieAayrommx | 1
CITy4aeB:

— TMPEICTABICHBI TOJILKO TOJIOKEHUS ¥ (OPMYJIbI, BBIPKAIOIIHEC
bu3ndeckre 3aKOHbBI, MPUMEHEHHNE KOTOPBIX HEOOXOIUMO JIJISl PEIICHHUS
3amaun, 0€3 Kakux-TMbo TpeoOpasoBaHUN C HUX UCTOJIb30BaHUEM,

HaIIpaBJICHHBIX Ha PELICHUE 3a1a41, U OTBETA,
NI
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— B pemtennu otcytctByeT OJJIHA u3 ucxoaupix ¢popmys, HeoOxoaumast
IUTSL pelieHns 3a1a4n (MM yTBEPIKACHUE, JISKAIllee B OCHOBE PEIICHHS),
HO MPUCYTCTBYIOT JIOTUYECKH BEPHBIE MPEOOPA3OBAHUS C MMEIOIIMHICS
(dopMynamu, HanpaBJICHHbIE Ha PEILICHUE 3a/1a4H;

NI

— B OJTHOM u3 ncxomHbIX GOpMYIT, HEOOXOAMMEIX JUTA PEIICHHS 3a[auM
(UM YTBEpK/IEHUH, JISKAIIeM B OCHOBE PELICHUs ), NOMyIIEeHa OIMOKa,
HO MPUCYTCTBYIOT JIOTUYECKU BEPHBIE MPEOOPA3OBAHUS C UMEIOIMHUCS
dbopmynamu, HanpaBJIeHHbIC HA PEIICHHUE 3a/1auil.

Bce ciyudam pemeHusi, KOTOpble HE COOTBEICTBYIOT BbllIeyKa3aHHbBIM | O
KPUTEPUSIM BBICTABJICHHUS OIICHOK B 1, 2, 3 Gasuia.

C4

DJIEKTPOH  BJIETAET B IUIOCKHM  KOHIEHCATOp  CO

= CKOpPOCTBhIO Uy (Uy << ¢), MapaiebHO TUIACTHHAM (CM.
A PHUCYHOK), paccTosiHie Mexay kotopbimu 0. Ha kakoi

——] YroJi OTKJIOHUTCS NP BBUIETE U3 KOHJEHCATOPa BEKTOP
CKOpPOCTH JJIEKTPOHA OT NEPBOHAYAILHOIO HANPABJICHUS,
€CJIM KOHJICHCATOp 3apsyKeH 0 Pa3HOCTU TMOTEHIMaIoB A@? [nuHa mmactuH L

(L >>d).

OO6paszer] BO3MOKHOTO pelieHus (pUCYHOK HE 00s3aTeNeH )
1) 3aBUCUMOCTH KOOpPAMHAT JJIEKTPOHA OT ¥ T 4 >
BPEMEHHU C YYETOM HaYaIIbHBIX YCJIOBHN: T t :a
i
X =yt o
0 a y d___ﬂ_// Uy -
= at? -
2

2) YpaBHeHuUs AJ1s1 TIPOEKIUNA CKOPOCTH ~

L =0y, U, =at.

3) B MmoMeHT BbUIETA U3 KOHAEHCaTopa X = L =y, t, nostomy t = L

Uy
eA
Ilo Bropomy 3axony Herorona a, = F_eE_=2¢ , Tak kak F = eE.
m m md
eAopL
Orcrona: tgar = P >
mdo;

Kpurepuu o1ieHKH BBITIOTHEHUS 3 aaHuUs bas
[IpuBeneHo mMojHOE MpaBUIIbHOE pEIIeHHe, BKIIOYAIOIEe CICAYIONHe (3
DIIEMEHTHI ;

1) mpaBuIBHO 3amucadbl GOPMYIIBI, BhIpaKaromue (GU3nIeCKUe 3aKOHBI,
OPUMEHEHHE KOTOPBIX HEOOXOIWMO JJISi PEUICHUs 3a/1a4i BHIOPaHHBIM
crocoOoM (B JIaHHOM PEUICHUM — VPABHEHUsI KUHEMAMUKU, 6MOpOl
3axon Hviomona, 6436 HanpsdiceHnocmu noius ¢ Pa3HOCMbIO
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HOMEHUUANOB),

2) TpOBENEHbI HEOOXOAUMBIE MaTeMaTHYecKhe mpeoOpazoBaHus,
MIPUBOSILIME K PABUIBHOMY OTBETY, U ITPEACTABIIEH OTBET.

[IpencTaBiieHHOE pEIIEHUE COMEPKHUT M.l TMOJIHOTO pelIeHus, HO u | 2
MMEET OJIMH U3 CJIEAYIOIIMX HEIOCTATKOB:

— B HeoOXOAWMBIX MaTeMaTHYEeCKHUX MpeoOpa3oBaHUAX JIOIMyIICHA
ommoxa.

NI

— HeoOxomumble  MaTeMaTHUeCKHE MPeoOpa3oBaHMs  JIOTHYECKH
BEPHBI, HE COIEPIKAT OIMMOOK, HO HE 3aKOHY CHBI.

NI

— He npencraBiensl npeoOpa3oBaHUsi, MPUBOASAIIME K OTBETY, HO
3amucaH MpaBUWIbHBIN OTBET B OOILIEM BUJIE.

NI

— Pemienne conmepxut OmMMOKY B HEOOXOIMMBIX MAaTeMaTHYECKHX
peoOpa3oBaHUSIX U HE TOBEIEHO 10 OTBETA.

[IpencraBieHsl 3amucy, COOTBETCTBYIOUIME OJIHOMY U3 clienyrommux | 1
CJTy4acB:

— IIpencraBiieHpl TOJMHKO TOJIOKEHUS M (DOPMYIIBI, BBIPAKAIOIIHE
bu3nyecKkre 3aK0HbI, IPUMEHEHHNE KOTOPLIX HEOOXOAMMO IS PeIICHHS
3amaun, 0e3 Kakux-mMOo mpeoOpa3oBaHUN € HX HCIOJIb30BAHUEM,
HaIlpaBJICHHBIX HA PEICHUE 3a/1a49H, U OTBETA.

NJInN

— B pemenun otcyrctByer OJIHA w3 wucxomueix Qopmy,
HeoOXoAuMas AJis pelleHus 3a1auyul (UM YTBEp KACHUE, Jexallee B
OCHOBE  PCIICHUS), HO  TPUCYTCTBYIOT  JIOTHYECKH  BEPHBIC
npeoOpazoBaHus C HWMEIOMMMUCA (GOpMYJIaMHu, HampaBlICHHBIC Ha
pelleHNe 3aJa4H.

NJIN

— B OJIHOU u3 wmcxomubix (HOpMys1, HEOOXOMMMBIX IS P eLICHHS
3aa4uM (WA YTBEPKICHUH, JIKAIEM B OCHOBE PEICHHUS), JIOIMyIeHa
ommOKa, HO TPUCYTCTBYIOT JIOTMYECKH BEpHBbIC MpeoOpasoBaHUs C
uMeroImuMucs (GopmysaMu, HarpaBjieHHbIE Ha PEIICHHUE 3a/1a4U.

Bce cimywan pemienusi, KOTopble HE COOTBETCTBYIOT BhIlleyKazaHHbBIM | 0
KpUTEPUSIM BBICTABIICHUSI OLIEHOK B 1, 2, 3 Gauia.

I'opuzoHTanbHBIN IIPOBO AU CTEpIKEHb

q IPSIMOYTOJIBHOTO CEYEHHsI TOCTYIATENbHO JIBUKETCS C
/ YCKOPEHUEM BBEPX IO I'JIaJKOM HAKIIOHHOM IJIOCKOCTHU B
BEPTUKAIBHOM OJHOPOJHOM MAarHWTHOM I0J€ (CM.

o pucyHok). Ilo ctepxkHio mpotekaer Tok |= 4A. Yron
HakjgoHa Iwiockoct o =30°. OTHOLIEHHE MAacChl

wy
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CTCPpXKHA K C€ro AJIMHC % = 0,1 Kr/M. MOI[YJ'IB HHAYKIIUX MArduTHOTI'O IIO0JIA

B =0,2 Tn. Onpenenure yCKOpEHHE, C KOTOPBIM JBIDKETCS CTEPKEHb.

OO6pazer; BO3MOKHOTO PeIIeHUs
1) Ha pucyHke mnokazaHbl CHWIIbI, JACHCTBYIOIIME Ha W
CTEPKEHb C TOKOM:

— CHJIa TSKECTU M(, HAMpaBJICHHAS BEPTUKAIbHO BHU3;
— cwia peaknuu  omopel N,  HampaBieHHas

NEPIEHINKYIIPHO K HAaKJIOHHOM IUIOCKOCTH; YmgT

— cuna Amnepa Fp, HanpaBieHHas TOPU30HTAIBHO BIIPABO, YTO BBHITEKAET U3
YCJIOBHUS 33/1a4H.

2) Moayms cwitel Amniepa Fa = IBL, Q)

rae L — imHa cTep kHsL.

3) Cucrtemy oTcyera, CBA3aHHYIO C HAKIOHHOM IUIOCKOCTBIO, CUMTAEM
VHEpUMAIbHOM. [[ns pelieHns 3amadyu AOCTATOYHO 3amucarb BTOPOW 3aKOH

HproToHa B MpOEKIMAX HA OCh X (CM. pUCYHOK): Ma, = — mgsina + IBLcosa,
(2) rme m— macca cTepKHSL
OTcrona HaxoauM &,= - gsina.+ IBLcosalm (3)
OtBer:a~19Mm /c?

Kpurepru o1ieHKY BBITIOTHEHUS 3 aHMs] babt

[lpuBeneHo  ToONHOE  MpaBWIBLHOE  pEIIEHHE,  BKIIOUarolee | 3
CJIEYIOIINE DIIEMEHTHI :

1) npaBwibHO 3amucaHbl (HOPMYJIBI, BBIPKAMOIIME (U3UUCCKUC
3aKOHbI, MPUMEHEHHE KOTOPbIX HEOOXOMMMO [Jisl PELleHUs 3a1ayd
BBIOpaHHBIM CIIOCOOOM (B JTAaHHOM PEIICHUU — @blpadiceHue OJi
cuvl Amnepa u emopoui 3axkon Hoiomona),

2) TPOBEICHBI HEOOXOIUMBIC MaTeMaTH4eCKHe MpeoOpa3oBaHMs |
pacderbl, NPUBOASIIME K MPABWILHOMY YHCIOBOMY OTBETY, U
npeacTasieH oTBeT. [Ipu aTom nomyckaercs pemenue "o yactsam" (C
IIPOMEXYTOYHBIMU BbIYHUCIIEHUSMMU).

[IpencraBneHHOE pelieHue COAEPKUT M.l MOJHOTO pelIeHHs], HO U | 2
MMEET OJIUH U3 CJEAYIOIIMX HEJOCTATKOB:

— B HeoOXOAMMBIX MaTEeMAaTUYECKUX MPeoOpa3oBaHUAX  WIIU
BBIYHCJICHUSX JIOMyIIEHa OIIMOKa.

NJIN

— Heo6xoaumbie MaTeMaTuyeckue MpeoOpa3oBaHusi U BbIUKCIICHUS
JIOTUYECKU BEPHBI, HE COAEPKAT OIIMOOK, HO HE 3aKOHY €HBI.

NJIN

— He npeactaBnensl npeoOpazoBaHusi, MPUBOJSIIME K OTBETY, HO
3aMMcaH NMpaBUIbHBINA YUCIOBOW OTBET WJIM OTBET B OOIIIEM BHJIE.
NJIN

— Pemienne comepxHUT OmMOKY B HEOOXOIMMBIX MaTEMAaTUYECKUX
npeoOpa3soBaHUAX U HE JIOBEACHO JI0 YHNCIIOBOTO OTBETA.
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Ceé

[IpencTaBiieHbl 3alMCH, COOTBETCTBYIOLIME OJIHOMY W3 clieayrommx | 1
CJIy4aeB:

— IlpencTaBieHbl TOJBKO TMOJIOKEHUS U (POPMYIIbI, BBIPAXKAIOIIHE
¢u3nueckue 3aKOHbI, NPUMEHEHHE KOTOPBbIX HEOOXOAMMO Jis
pemieHus 3amadd, 0e€3 Kakux-mM0o mpeoOpazoBaHHl € HX
UCII0JIb30BAaHUEM, HANpPABJICHHBIX HA pEIIEHUE 3ajaul, U OTBETA.
NJIN

— B pemenun orcyrctByer OJIHA w3 wucxonseix  dopmyi,
HEoOXoAnMas AJisl pelleHus 3afa4ul (WM YTBEPIKICHUE, JieKallee B
OCHOBE pElIeHUs), HO MPUCYTCTBYIOT JIOTMYECKHM  BEpHBIC
npeoOpa3zoBaHus C HMMEIOIMMUCS (OpMYyJIaMy, HalpaBlCHHbIE Ha
pelIeHue 3a1auH.

NJIn

— B OJTHOM m3 wmcxomHBIX (OPMYJI, HEOOXOIMMBIX ISl PElIeHHUs
3a7ayd (MM YTBEP)KJEHUU, JIeKAlleM B OCHOBE pEIICHus),
JOoMylleHa OmMOKa, HO TPUCYTCTBYIOT JIOTUYECKA BEpPHBIC
npeoOpazoBaHsl ¢ UMERIMMUCA (OpMYyJIaMu, HampaBJICHHbIE Ha
pelleHne 3aJauH.

Bce ciydan perieHusi, KOTOpble HE COOTBETCTBYIOT Bblllieyka3aHHbIM | O
KPUTEPUSIM BBICTaBJICHUS OLIEHOK B 1, 2, 3 O6auia.

®dOTOH ¢ UIMHOW BOJHBI, COOTBETCTBYIOIIEH KpacHOW rpanuie (potodrddexra,
BBIOMBAET AJIEKTPOH U3 METANTMYECKOM MIIACTUHKMU (KaToJa) COCy1a, U3 KOTOPOro
OTKa4aH BO3AYX. DJEKTPOH Pa3TOHSAETICS OJHOPOJAHBIM JJIEKTPUUECKUM TOJIEM
HanpsoKeHHOCThI0 £ = 5-10* B/M. Kakoii myTh IpoJeTen B 9TOM JJIEKTPHIECKOM

6
MoJie JJICKTPOH, €Clii OH mpuobpen ckopocth v = 3-10° m/c. PenaruBuctckue

3¢ EKThl HE YUUTHIBATD.

OO0pazer; BO3MOKHOTO peIIeHuUs

HavanpHast  CKOpOCTh  BBUIETEBLIETO  3MEeKTpoHa Uy =0. dopwmyrna,
CBSI3BIBAIOIIAS M3MEHEHUE KUHETUYECKOW DHEPTruu YacTHUIBI ¢ pabOTON CHIIBI

A= mvo 2
2
PaGora cuiiel cBg3aHa ¢ HaIpA>KCHHOCTBIO IIOJIA U HpOI‘/JII[eHHLIM ITyTCM.

A=FS =¢eES.
Orcrona v° = %, S=muv?/2¢E
OtBer: S~510"* M

CO CTOPOHBI JJICKTPUICCKOI'O ITOJIA:

Kpurepun onieHKH BBITIOJTHEHWS 3a/1aHUS bamter

[IpuBeneHo MoJHOE MPaBUIILHOE PElICHUE, BKIIIOYAOIee CIAESAYonHe | 3
AJIEMEHTHI:

1) mnpaBWIBHO 3amucaHbl (OPMYJIBI, BhIpAKAONIME (UIUICCKHEC
3aKOHbl, MPUMEHEHHE KOTOPHIX HEOOXOAMMO MJis PEUICHUs 3a4auu
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BBIOpaHHBIM ~ CIOCOOOM (B J@HHOM pEIIEHUHM — YPABHEeHUe
DuHwmenna 0n1  omoappexma, Gopmynvt O UIMEHEHUs
KUHemu4eckou  oHepeuu  wyacmuyvl U 01  pabomvl  CUJbL
MEKMPULECKO20 NOJIAL);

2) TpoBeneHBl HEOOXOIMMBIE MaTeMaTHYeCKUE MpeoOpa3oBaHus U
pacyeThl, NPUBOJAIIME K MPABWIBHOMY YHCJIOBOMY OTBETY, H
npenacTtanieH oTeer. [Ipu aToM nomyckaercs pemieHue "mo yactam” (¢
IPOMEXYTOUHBIMU BbIYHUCIICHUSAMM).

[IpencraBineHHOE pELIEHUE COAEPKUT II.1 MOJHOro peumeHus, HO U
UMEET OJIH U3 CJIEAYIOUIMX HEJOCTATKOB:

— B HE0O0XOAMMBIX MaTeMaTHYeCKUX MpeoOpa3oBaHUAX WU
BBIYUCIICHUSIX JOMYIIEHA OIIMOKa.

NJIN

— HeoOxoaumeie maremarndeckue mpeoOpa3oBaHUsl W BBIUMCICHUSA
JIOTUYECKHU BEPHBI, HE COJEPKAT OIIMOOK, HO HE 3aKOHY €HBI.

WNJIN

— He npencTaBnensl npeoOpasoBaHMsi, MPHUBOAAIIME K OTBETY, HO
3aMycaH NpaBWIbHBIN YHCIOBOM OTBET WM OTBET B 00IIEM BUIIE.
NJIN

— Pemenue coaepkuT OommMOKYy B HEOOXOJHMMBIX MaTeMaTH4eCKUX
IpeoOpPa3zoBaHUAX U HE TOBEACHO 10 YKHCIOBOIO OTBETA.

[IpencraBneHsl 3amMcH, COOTBETCTBYIOIIME OIHOMY U3 CJEIYIOIIMX
CJTy4aeB:

— IIpencraBiieHbl TOJBKO MOJIOKEHHUSI W (POPMYJIbI, BBIPAKAIOIINE
¢u3nyeckre 3aKOHbBL, OPUMEHEHHE KOTOPBIX HE0OXOmuMmo s
pemicHUs  3amadd, 0€3 Kakux-TmOo TpeoOpa3oBaHWil ¢ WX
UCII0JIb30BaHUEM, HANPABJICHHBIX HA PEIICHUE 3a/1a4H, U OTBETA.

WNJIn

— B pemenun otcyrctByer O/IHA w3 wucxonseix ¢opmyi,
HeoOxonuMasl Ui pelleHus 3afaud (UM yTBEp:KIEHHUE, JexKallee B
OCHOBE  pEIIeHHUsI), HO MPHUCYTCTBYIOT JIOTUYECKH  BEpHBIC
npeoOpazoBaHusi ¢ HMMEMMMUCS (OpMyJiaMH, HaNpaBlICHHbIE Ha
pelleHre 3aJauH.

NJIN

— B OJTHOM u3 mcxomHbIX (OpMyII, HEOOXOMMMBIX IS PELICHHS
3a/1a4u (WM YTBEPIKIECHUH, JISKAILEM B OCHOBE PELLEHMSI ), TOMyIIeHa
ommrOKa, HO TPUCYTCTBYIOT JIOTMYECKH BEPHBIE MPEOOpa3oBaHUs C
uMeroImuMucs (GopmysaMu, HarpaBJIeHHbIE Ha PEIICHHUE 3a/1a4u.

Bce ciyuau perienusi, KOTOpble HE COOTBETCTBYIOT BBIIICYKa3aHHBIM
KPUTEPUSIM BbICTaBJICHUS OLIEHOK B 1, 2, 3 Oasna.
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