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ELJ.HHbiH rocyLJ.apcTseHHbiH 3K3aMeH no <DH3HKE 

HHCTPYKUHSI no BbiDOJIHeHHIO pa6oTbi 

,IJ:JJH BhinOJJHeHI1~ 3K3aMeHaf.\110HHOH pa60Thl DO <jli1311Ke OTBOLJ,I1TC~ 

235 MI1HyT. Pa6oTa COCTOI1T H3 3 YaCTeH, BKJIIOI.JaiOW,I1X 35 3aLJ,aHI1H. 

qacTh 1 coLJ.ep)J(HT 21 JaLJ,aHHe (A1- A21). K Ka)I(LJ.OMy JaLJ,aHHIO LJ.ai!TcH 

LfeThipe Bap11aHTa OTBeTa, 113 KOTOphiX npaBI1JlhHhiH TOJlhKO OLJ,I1H. 

qaCTh 2 COLJ,ep)J(HT 4 3aLJ,aHI1H (B1- B4), B KOTOphiX OTBeT He06XOLJ,HMO 

Jan11caTh B BI1LJ.e Ha6opa f.\11<jlp. 

qaCTh 3 COLJ,ep)J(11T 10 3aLJ,aLJ: A22- A25 C Bhi60pOM OLJ,HOfO BepHOfO OTBeTa 

11 C1-C6, MH KOTOphrx Tpe6yeTcll LJ,aTh pmsepHyThle peweH~. 

Ilp11 BhiLJI1CJJeHI1~X pmpewaeTCH 11CUOJlh30BaTh HenporpaMM11pyeMhiH 

KaJJhKymTOp. 

Bee 6naHKI1 Er3 JanoJJHHIOTCH ~pKHMI1 LJepHhiMI1 LJepH11JJaMI1. 

,IJ:onycKaeTC~ 11CUOJlh30BaHI1e reJJeBOH, KaDI1JlJJHpHOH 11J111 nepheBOH pyLJeK. 

Ilp11 BhinOJJHeHI1H JaLJ,aHHH Bhl MO)J(eTe UOJlh30BaThCH YepHOBI1KOM. 

06paw,aeM Bawe BHI1MaHI1e Ha TO, LJTO 3aDI1CI1 B LJepHOBI1Ke He 6yLJ.YT 

yYI1ThiBaThCH np11 Of.\eHI1BaHI111 pa60Thl. 

COBeTYeM BhinOJl~Th 3aLJ,aHI1ll B TOM nopliLI,Ke, B KOTOpOM OHI1 LJ,aHhl. ,IJ:m1 

3KOHOMI111 BpeMeHI1 nponyCKaHTe 3aLJ,aHI1e, KOTOpOe He yLJ,aeTC~ BhinOJ1HI1Th Cpa3y, 

11 nepexoLJ.I1Te K cneLJ.YIOW,eMy. Ecn11 nocne BhinOJJHeHI1ll scetl pa6oThl y Bac 

ocTaHeTc~ speMH, Bhi CMO)J(eTe sepHyThC~ K nponyw,eHHhiM JaLJ,aHI1HM. 

naJJJJhi, nonyLJeHHhie BaMI1 Ja BhmOJJHeHHhie JaLJ,aHI1H, cyMM11py10TCH. 

IlocTapaHTeCh BhinOJIHHTh KaK MO)J(HO 60JJhWe 3aLJ,aHI1H 11 Ha6paTh HaH60JJhWee 

KOJ111LJeCTBO 6aJJJJOB. 

)J(eJiaeM ycnexa! 

HH)J(e npHBeLJ,eHhl cnpaBOI.JHhle LJ,aHHhle, KOTOphle MOryT UOHaLJ,0611ThCll 

BaM np11 BhmOJJHeHI111 pa60ThJ. 

,IJ:eCHTI1LJHbiC np11CT3BK11 

HaHMeHo- 0603HaYeHMe MHOlKMTenb HaHMeHo- 06o3HaYeHMe MHOlKMTenb 
BaHMe srume 

rHra r 109 CaHTH c 10- 2 

Mera M 106 MHJJJJH M 10-3 

KHJJO K 10 3 MHKPO MK 10 6 

reKTO r 102 HaHO H 10 9 

,1.\eUH ).\ 10 I OHKO n 10- ,2 
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Koncmanmbt 

I.JHCJJO 7t 

ycKopeHHe cso6o;moro na).leHH~ Ha 3eMJJe 

rpaBHTaUHOHHaH OOCTOHHHaH 

YHHBepcanhHaH raJOBaH nocTO~HHaH 

nocTO~HHaH nOJJhUMaHa 

nocTOHHHaH Asora,l.lpo 

CKOpOCTh CBeTa B BaKyyMe 

K03<jl<jlHUHeHT nponopuHOHaJJhHOCTH B JaKOHe KynoHa 

MO).lyJJ h 3apH,l.la 3JleKTpOHa (3JJeMeHTapHhiH 

3JJeKTpHYeCKHH 3apH.Ll) 

OOCTOHHHaH IlJJ aHKa 

Coomnomenue Me:Jici>y pa3!1U'lltbl.lltu ei>unut((IJitU 

n = 3,14 

g= 10 M/c2 

G = 6,7·10-11 H ·M21Kr2 

R = 8,31 ,IJ:JK/(MOJlh·K) 
k = I ,3 8 ·10- 23 ,IJ:JK/K 
NA = 6·1023 MOJlh-l 

c = 3·108 M/c 

I 
k = --= 9 ·109 H ·M2/KJJ2 

4m:0 

e = 1,6·10-19 KJJ 

h = 6,6·10-34 ,IJ:JK·c 

TeMnepaTypa 0 K =- 273 oc 
aTOMHaH e,l.lHHHUa MaCChi 

I aTOMHaH e.LlHHHUa MaCChi 3KBHBaneHTHa 

I 3JJeKTpOHBOJJhT 

1 a.e.M. = 1,66·10-27 Kr 

931 ,5 M 3B 

Macca 'lacmut( 
3JJeKTpOHa 

npOTOHa 

HeHTpOHa 

llJZomnocmb 

BO,l.\hl 

.LlpesecHHhl (cocHa) 

KePOCHHa 

I 3B = 1,6 ·10- 19 ,IJ:JK 

9, l·l0-31Kr::e 5,5·10-4 a.e.M. 

1,673 ·10-27 Kr::e 1,007 a.e.M. 

1,675 ·10- 27 Kr::e 1,008 a.e.M. 

1000 Kr/M3 

400 Kr/M3 

800 Kr/M3 

00,1.\COJJ Hei.JHOfO MaCJJa 

aJJIOMHHH~ 

JKeJJe3a 

PTYTH 

Yi>e.nbnaJt melt!loi!MKocmb 

900 Kr/M3 

2700 Kr/M3 

7800 Kr/M3 

J3 600 Kr/M3 

BO,l.\hl 4,2·10 3 ,IJ:JK/(Kr·K) aJJIOMHHHH 900 ,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

JJ h.Lla 2,1·10 3 ,IJ:JK/(Kr·K) 

JKeJJe3a 460 ,IJ:JK/( Kr· K) 

CBHHUa 130 ,IJ:JK/(Kr·K) 

Yi>e.nbnaJt melt!loma 
napoo6pmosaHH~ BO.L\hi 

0JlaBJJeHI1~ CBHHUa 

nnasneH~ JJh).la 

2,3 ·10 6 ,IJ:JK/Kr 

2,5·1 0 4 ,IJ:JK/Kr 

3,3·10 5 ,IJ:JK/Kr 

Me).(H 380 

LJyryHa 500 

I HopfttUJlbltbte yCJZ06UJI' ,1.\aBJJeHHe 105 ITa TeMnepaTypa 0 oc - , -

MoJZRpnaJt Macca 
moTa 28·10-3 Kr/MOJlh reJJHll 4·10-3 

aproHa 40·10-3 Kr/MOJlh KHCJJOpO.Lla 32·10-3 

BO,l.lOpO,l.la 2-10- 3 KrfMOJlh JJHTH~ 6·10-3 

B03.Llyxa 29·10- 3 Kr/MOJlh HeOHa 20·10-3 

BO).lhl 18·10- 3 KrfMOJlh yrneKHCJJoro rma 44·10-3 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJl h 
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llpu BbtnoJlueuuu 3aiJanuii •tacmu 1 B 6JlaHKe omBemoB .M! 1 noiJ IWM.epoM. 
BbtnOJlllReM.ozo BaM.u 3aiJauuR (A1-A21) nocmaBbme 3HaK «X» B KJlemo<tKe, 
HOM.ep Komopoii coomBemcmByem HOM.epy Bbl6pannozo BaM.u omBema. 

Ha rpa<j>HKe npHse.ueHa JaBHCHMOCTb cKopocTH 

TeJJa OT BpeMeHH npH npliMOJIHHeHHOM ,UBH)I(eHHH. 

Onpe.uenHTe no rpa<j>HKY ycKopeHHe Tena. 

1) 15 Ml c 2 

2) 10 M/ C2 

3) 20 Ml c 2 

4) 5 Ml c 2 

v, M/ c 

45 

30 

15 

0 

1/ 

1/ 

2 3 4 t, c 

MaJJb411K Me,UJJeHHO nO,UHI1MaeT r11p10, .ueilCTBYll Ha Hee c CI1JIOH 100 H . r11pll 

.ueilcTsyeT Ha pyKy MaJJb411Ka c CI1JJOH 

1) MeHbllle 100 H , HanpaBJJeHHOH BHH3 

2) 6oJJbllle 100 H , HanpasneHHOH BHH3 

3) 100 H , HanpasneHHOH BHH3 

4) 100 H , HanpasneHHOH ssepx 

KaMeHb Maccoll 0,2 Kr 6pollleH non yrnoM 60° K ropH3oHry. Mo.uynb CHJJbl 

Tlf)l(eCTI1, ,UeHCTBYIOI.l.leH Ha KaMeHb B MOMeHT 6pOCKa, paBeH 

1) 1,73 H 2) 0 3) 1 H 4) 2 H 

~ JlerKOBOH aBTOM0611Jib 11 rpy30BI1K .UB11)1(YTCll CO CKOpOCTliMI1 U1 = 108 KM/ 4 

11 ~ = 54 KM/ 4 cooTBeTCTBeHHO. Macca rpy30BI1Ka m = 3000 Kr. KaKosa Macca 

JJerKOBOrO aBTOM06HJJ51, eCJJH HMnyJJbC rpy30BHKa 60Jlbllle HMnyJJbCa JJerKOBOrO 

aBTOM0611Jill Ha 15 000 Kr·M/ C? 

1) 800 Kr 2) 1200 Kr 3) 1000 Kr 4) 1500 Kr 

TeJJo, 6pollleHHoe sepT11KaJJbHO BBepx oT nosepxHOCTH 3eMJJH , .uocTHrJJo 

MaKCI1MaJJbHOH BbiCOTbl 20 M. C KaKOH Ha4aJJbHOH CKOpOCTbiO TeJJO 6biJIO 

6pollleHo BBepx? ConpoTHBJJeHHeM BOJ.uyxa npeHe6pe4b. 

1) 10 M/ c 2) 20 M/ c 3) 4,5 M/ c 4) 40 M/ c 
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MaTeMaTH4eCKHH Mal!THHK c nepHO.UOM Kone6aHHH T 
OTKJIOHHJIH Ha He60JJblliOH yrOJJ OT nOJJO)I(eHH51 paBHOBeCHll 

H OTnyCTHJIH 6e3 Ha4aJJbHOH CKOpOCTH (eM. pHCYHOK). qepe3 

KaKoe speMll nocne :noro KHHeTH4eCKall 3HeprH» Ma»THHKa 

B nepBbiH pa3 .UOCTHrHeT MHHHMyMa? ConpOTHBJJeHHeM 

BOJ.uyxa npeHe6pe4b. 

1) .!.r 
8 

2) .!_ T 
4 

3) ...!..r 
16 

ffi-
1 
I 

d ....... b ... .. 

4) .!_ T 
2 

~ .1J:H<j><j>y3Hll B )I(H,UKOCTH npOHCXO.UHT 6bJCTpee npH nOBblllleHHH TeMneparypbl , 

nOTOMY 4TO C nOBblllleHHeM TeMneparypbl 

1) yseJJH4HBaJOTCll CHJibl B3aHMO,UeHCTBHll MOJJeKyJJ 

2) yseJJH4HBaeTCll CKOpOCTb TenJJOBOrO ,UBH)I(eHHll MOJJeKyJJ 

3) )1(11,UKOCTI1 paClll11pli10TCll 

4) yMeHblllaiOTCll CI1Jibl B3ai1MO,UeHCTBI1ll MOJJeKyJJ 

~ KaK 113MeHI1TCll .uasneHI1e pa3pe)l(eHHoro O.UHOaTOMHoro raJa, ecn11 a6coJJIOTHall 

TeMneparypa raJa yMeHblliHTCll B 2 pa3a, a KOHU,eHTpaU,J1ll MOJJeKyJJ yBeJJH4HTCll 

B 2 pa3a? 

1) yBeJJJ14HTCll B 4 pa3a 

2) yMeHbllii1TCll B 4 pa3a 

3) yseJJI1411TCll B 2 pa3a 

4) He 113MeHI1TCll 

0THOCHTeJJbHall BJJa)I(HOCTb BOJ.uyxa B JaKpblTOM cocy.ue 30%. KaKoil cTaHeT 

OTHOCHTeJlbHall BJla)I(HOCTb, eCJJH 06'beM cocy.ua npH HeH3MeHHOH TeMneparype 

yMeHbllii1Tb B 2 pa3a? 

1) 60% 2) 45% 3) 15% 4) 30% 
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I AlO I Ha p11cyHKe npe,!l,CTasneH rpa<\>11K f..\11KJla, npose,!l,eHHoro 

c O,!l,HOaTOMHbiM 11,!l,eaJlbHbiM raJoM. Ha KaKoM 113 y'laCTKOB 

BHyTpeHH»ll 3Hepr11ll raJa yMeHblllaJlaCb? Konl14eCTBO 

Bell.leCTBa raJa nOCTOliHHO. 

1) DA 
2) AB 
3) CD 
4) BC 

3/7 

p 
B 

T 

I All I C11J1E.J 3JleKTpocTaTI14eCKoro B3ai1MO,!l,ei1cTBI1» MelK,!l,y ,!l,BYMll TO'Ie'IHbJMI1 

3aplllKeHHbiMI1 TenaMI1 paBHbl no MO,!l,yJlJO F. KaK 113MeHI1TCll MO,!l,YJlb c11n 

3JleKTpOCTaTI14eCKOrO B3ai1MO,!l,eHCTBI1ll MelK,!l,y 3TI1MI1 TeJlaMI1, eCJ111 paCCTOliHI1e 

MelK,!l,y HI1MI1 yBeJ111lJI1Tb B 2 pa3a? 

1) yMeHbllii1TCll B 2 pa3a 

2) yBeJ111lJI1TCll B 2 pa3a 

3) yMeHbllii1TCll B 4 pa3a 

4) yBeJ111lJI1TCll B 4 pa3a 

I Al2 I BpeMll npoTeKaHI1ll TOKa B npoBO,!l,HI1Ke yseni1411Jll1 B 2 pa3a. Ilp11 3TOM BeJ111411Ha 

npollle,!l,lllero no npoBO,!l,HI1KY 3apll,!l,a TOlKe yseni1411Jlacb B 2 pa3a. KaK 

113MeHI1JlaCb CI1Jla TOKa B npOBO,!l,HI1Ke? 

1) yseni1411Jlacb B 4 pa3a 

2) He 113MeHI1JlaCb 

3) yseJ111411JlaCb B 2 pa3a 

4) yMeHbllii1JlaCb B 4 pa3a 

- - -
MarHI1THoe none B = B 1 + B2 co3,!l,aHo B TOlJKe 

A ,!l,BYMll napannenE.HbJMI1 ,L\Jli1HHbJMI1 

npOBO,!l,HI1KaMI1 C TOKaMI1 ] 1 11 h, pacnOJ10-

lKeHHbiMI1 nepneH,!1,11KYJillpHO nJlOCKOCTI1 
- -

'lepTelKa. BeKTOpbl B 1 11 B2 B TOlJKe A 

HanpaBJleHbl B nJlOCKOCTH lJepTelKa CJle,!l,yJOI.l.IHM 

o6pa3oM: 

- -
1) B 1 - BBepx, B2 - ssepx 

- -
2) B 1 - ssepx, B2 - BHI13 

- -
3) Bl - BHH3, B2 - BHH3 

- -
4) B 1 - BHI13, B2 - ssepx 

A 
-(gr------·------~-
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KaK 113MeHI1TCll nep11o,L1, co6cTBeHHbiX 3JleKTpoMarHI1THbJX 

KOJle6aHI1H B KOHrype ( CM. p11CYHOK), eCJ111 KJlJOlJ K 

nepesecTI1 113 nonolKeH1151 1 B nonolKeHI1e 2? 

1) yMeHbllii1TCll B 2 pa3a 

2) yBeJ111lJI1TCll B 4 pa3a 

3) yBeJ111lJI1TCll B 2 pa3a 

4) yMeHbllii1TCll B 4 pa3a 

ylJo6palKeHI1eM TOlJKI1 S (eM. p11CYHOK), 

,!l,aBaeMbiM TOHKOH C0611pa101.1..1eH Jli1H30H 

c <PoKycHbiM paccTOliHI1eM F, liBJllleTcll 

TOlJKa 

1) 1 2) 2 3) 3 

2 • 
2F 

• 1 

4 • 
F 

~ 
4L 2 

F 

4) 4 

2F 

~ 
s 

I Al6 I MoHoxpoMaTI14eCKI1H ny'l csem na,!l,aeT no HOpMM11 Ha HaXO,!l,llll.IYJOCll B saKyyMe 

CTeKJlliHHYIO np113MY C nOKa3aTeJleM npeJlOMJleHI1ll n = 1,51. C KaKOH CKOpOCTbJO 

pacnpOCTpaHlleTCll CBeT no BbiXO,!l,e 113 np113Mbl? CKOpOCTb CBeTa OT 

HenO,!l,BI1lKHOrO 11CTOlJHI1Ka B BaKyyMe pasHa C. 

1) c 
1 

2) - nc 
2 

c 
3) 

n 
4) c(n - 1) 
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I A17 I Ha pHcyHKe H3o6pa)J(eHa cxeMa HH3WHX 3HepreTH4ecKHx 

yposHeH aToMa. B Ha4aJibHbiH MOMeHT speMeHH aTOM 

HaXO.UHTCll B COCTOliHHH C 3HeprHeH E2 ). CorJJaCHO 

nocrynaTaM Eopa .uaHHbiH aTOM MO)J(eT H3Jly4aTh <jloTOHbi 

c 3HeprHeH 

1) 5·10-19 .ll:)J( 

2) 6·10-19 .n:)J( 

3) 1·10-19 .n:)J( 

4) 3·10-19 .n:)J( 

E, .ll:)J( 

4/7 

0 

- 2·10- 19 

- 5·10-19 

- 8·10- 19 

I A18 I Ha pHCYHKe npe.ucTasneH <jlparMeHT ITepHO.UH4eCKOH CHCTeMhi 3JJeMeHTOB 

,n:.H. MeH.ueneesa. ITo.u Ha3BaHHeM Ka)J(.uoro 3JJeMeHTa npHse.ueHhi MaccOBhie 

4HCJla ero OCHOBHbiX CTa6HJlbHbiX H30TODOB. IlpH 3TOM HH)J(HHH HH,UeKC OKOJlO 

Maccosoro 4HCJJa YKaJbiBaeT (s npol.leHTax) pacnpocTpaHeHHOCTb H30Tona B 

npHpo.ue. 

Li 3 Be 4 5 B 
2 II JU1THA DEPI1JIJU111 WP 

793 67.4 9100 llso 102o 

Na 11 Mg 12 13 AI 
3 III HATPHPI MArnHtl AJ110MHHHf1 

23100 247926112510 27100 

K 19 Ca 20 Sc 21 
IV KAJ]]{t\ KAJlbL{J{tl CKAH)(Ht\ 

4 
3993 41 6.7 4097 442 I 45 100 

29 Cu 30 Zn 31 G~ v ME)lb l111HK rNI.JIHtl 

6369 6531 6449662868 19 6960 7140 

qHCJlO npOTOHOB H 4HCJlO HeHTpOHOB B li.Upe CaMoro pacnpOCTpaHeHHOrO H30TOna 

raJIJJHll COOTBeTCTBeHHO paBHO 

1) 31 npOTOH, 38 HeHTpOHOB 

2) 69 npOTOHOB, 31 HeHTPOH 

3) 38 npOTOHOB, 31 HelhpoH 

4) 38 npOTOHOB, 60 HeHTpOHOB 
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I A19 I Ha pHcyHKe npHse.ueH rpa<jlHK JaBHCHMOCTH 4HCJJa 

HepacnaBWHXCll li,Uep 3p6mi 1 ~~Er OT BpeMeHH. 

KaKos nepHO.U nonypacna.ua 3Toro H30Tona? 

1) 60 c 2) 160 c 3) 120 c 

N 1025 
' ---,--,---,---

1 I I ---.----.---,---
1 I I 

- -r-- ;--- ,_--
I I I 

---1----1---
1 I 

---1---

0 60 120 

4) 25 c 

I A20 I .lJ:oM CTOHT Ha Kpmo nonll. C 6a.nKoHa c BbJCOTbJ 5 M MaJib4HK 6pocHJJ KaMeweK 

B ropH30HTaJibHOM HanpasneHHH. Ha4aJihHall cKopoCTb KaMewKa 7 Ml c, ero Macca 

0,1 Kr. qepe3 2 c nocne 6pocKa KHHeTH4ecKall 3HeprHll KaMewKa npH6JJH3HTeJJbHO 

pasHa 

1) 15,3 .n:)J( 

2) 0 
3) 7,4.1J:)J( 

4) 22,5 .n:)J( 

I A21 I Ha pT-.uHarpaMMe OTo6pa)J(eHa nocne.uosa­

TeJJbHOCTb Tpex npOI..IeCCOB ( 1 ~ 2 ~ 3) 
H3MeHeHHll COCTOliHHll 2 MOJlb H,UeaJibHOrO 

rma. KaKosa 3Ta nocne.uosaTeJJhHOCTb 

npo1..1eccos B rme? 

1) C)J(aTHe ~ HarpeBaHHe ~ OXJla)J(,UeHHe 

p 

2) HarpeBaHHe ~ paCWHpeHHe npH DOCTOliHHOH TeMneparype ~ C)J(aTHe 

3) OXJla)J(,UeHHe ~ paCWHpeHHe npH DOCTOliHHOH TeMneparype ~ C)J(aTHe 

4) pacwHpeHHe ~ HarpesaHHe ~ oXJJa)J(.ueHHe 
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Om6emoM. K 3ai>auuRM. 'Jmou •wcmu (Bl-B4) R6!1RemcR noC!leOo6amenbiWCmb 
u,uljJp. Bnuu/Ume om6embl cua'la!la 6 meKcm pa6ombl, a 3ameM. nepeuecume 
ux 6 6!laHK om6emo6 .N!! 1 cnpa6a om uoM.epa coom6emcm6ywU{ezo 3ai>auuR, 
ua'luHaR c nep6ou KJlemo'lKu, 6e3 3anRmbtX, npo6e!lo6 u KaKux-!lu6o 
i>ono!luumenbHbtX CUM60!I06. Kami>y1o u,uljJpy nuUtume 6 omi>enbuou 
KJlemo•tKe 6 coom6emcm6uu c npu6eOi!UHbtM.u 6 6!laHKe o6pa3U,a.MU. 

B U,I1Jli1H,!l,p114ecKoM cocy,!l,e no,!l, nopwHeM HaXO,L\11TCll raJ. 

ITopweHh MO)I(eT nepeMeLUaThCll B cocy,!l,e 6e3 TpeHI1ll. Ha 

,!l,He COCy,!l,a Jle)I(I1T CTaJlhHOH wap11K (CM. p11CYHOK). fa3 
HarpesaJOT. KaK 113MeHI1TCll B pe3yJJhTaTe 3Toro o6beM 

ra3a, ero ,!l,aBJJeHI1e 11 ,!l,ei1cTBYJOLUa» Ha wap11K apx11Me,!l,OBa 

CI1Jla? 

.lJ:ml Ka)l(,!l,OH BeJli1411Hhl onpe,!l,eJli1Te COOTBeTCTBYIOIUI1H 

xapaKTep 113MeHeHI1ll: 

1) yBeJli1411TCll 

2) yMeHhllii1TCll 

3) He 113MeHI1TCll 

3anl1llii1Te B Ta6Jli1UY Bh16paHHhle U,11cjlphl ,!l,Jlll Ka)l(,!l,OH cjll13114eCKOH BeJli1411Hhl. 

l..J,11cjlphl B OTBeTe MOryT nOBTOpliThCll. 

,n:asJJeHI1e raJa Apx11Me,!l,OBa CI1Jla 
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~ rpy3 11306pa)l(eHHOrO Ha p11CYHKe npy)I(I1HHOrO MaliTHI1Ka 

COBeprnaeT rapMOHI1LJeCKMe KOJle6aHI1ll Me)K,L(y TOLJKaMI1 1 
11 3. KaK MeHlleTcll noTeHU,I1aJJhHall 3Hepmll npy)I(MHhl ~//.b.f'///.d 
MaliTHI1Ka, KI1HeTI1l.JeCKall 3HeprHll rpy3a 11 )l(eCTKOCTh 

1 2 3 

npy)I(I1Hhl np11 ,!l,BI1)1(eHI111 rpy3a Ma51THI1Ka OT TOLJKM 1 K TOLJKe 2? .lJ:Jlll Ka)l(,!l,OH 

BeJli1411Hhl onpe,!l,eJli1Te COOTBeTCTBYIOIUI1H xapaKTep ee 113MeHeHI1ll: 

1) yseJJHl.JI1BaeTCll 

2) yMeHhwaeTCll 

3) He 113MeH51eTCll 

3anl1llii1Te B Ta6Jli1UY Bh16paHHhle U,11cjlphl ,!l,Jlll Ka)l(,!l,OH cjll13114eCKOH BeJli1411Hhl. 

l..J,11cjlph1 B OTBeTe MOryT nOBTOpliThCll. 

f10TeHU,11aJlhHall 
K11HeTI1LJecKall 

3Hepr1151 npy)I(I1Hhl 
3Hepmll rpy3a 

MaliTHI1Ka 

Ha p11cyHKe 113o6pa)l(eHa ,!1,11arpaMMa 4eThlpex 

nOCJle,!l,OBaTeJlhHhiX 113MeHeHI1H COCTOliHI1ll 

2 MOJlh 11,!l,eaJJhHOro raJa. KaKMe npou,ecchl 

CBll3aHhl C Hai1MeHhllii1M nOJl0)1(11TeJlhHhiM 

3Ha4eHI1eM pa60Thl raJa 11 Hai160Jlhllii1M 

nOJl0)1(11TeJlhHhiM 3HaLJeHI1eM pa60Thl BHelliHI1X 

CI1Jl? 

YcTaHOBI1Te 

npoueccaMI1 

,!1,11arpaMMe. 

COOTBeTCTBI1e Me)l(,!l,Y TaKMMI1 

11 HOMepaMI1 npou,eCCOB Ha 

)l{eCTKOCTh 

npy)I(MHhl 

p 

0 v 

K K~,!l,OH n0311U1111 nepsoro CTOJJ6u,a n0,!1,6ep11Te COOTBeTCTBYIO!UYIO n0311l.l,l110 

BTOporo 11 3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U,11cjlphl no,!l, COOTBeTCTBYIOIUI1MI1 

6yKBaMI1. 

ITPOIJ,ECChl 
A) pa6oTa raJa noJJO)I(J1TeJlhHa 11 MI1HI1MaJJhHa 

E) pa6oTa BHeWHI1X CI1Jl noJJO)I(I1TeJlhHa 

11 MaKCI1MaJlhHa 

A 

HOMEP A ITPOIJ,ECCOB 
1) 1 
2) 2 
3) 3 
4) 4 
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Ha Heno.UBI1)J(HOM npoBO.llll!lleM ye.UHHeHHOM 

KOeyce BbiCOTOH H H pa.UHYCOM OCHOBaHIUI 

H 
R = - Haxo.uHTCll 3apli.U Q. To'-IKa 0 - 1..1eHTP 

2 
ocHoBaHHll Koeyca, OA = OC = 2R, OB = R, 
yron AOC npliMOH, oTpe3KH OA 11 OC Jle)((aT 

B nJlOCKOCTH OCHOBaHHll Koeyca. MonyJlb 

Hanp5I)((eHHOCTH ::meKTpOCTaTH'-IeCKOfO nOJ151 

3apll.ua Q B TO'-IKe C paseH Ec. l..leMy paseH 

MO.llYJlb Hanpl!)((eHHOCTH 3JleKTpOCTaTH'-IeCKOfO 

nOJlll 3apll.ua Q B TO'-IKe A 11 TO'-IKe B? 

A ·-----

6/7 

Y CTaHOBHTe COOTBeTCTBHe Me)((ny <j:lH3H'-IeCKHMH BeJlH'-IHHaMH H HX 3Hal.feHHliMH. 

K Ka)((,llOH n03HLIHH nepsoro CTOJ161..1a no.u6epHTe COOTBeTCTBYIOlliYIO n03HLIHIO 

BTOpOrO H 3anHlliHTe B Ta6J1HLIY Bbi6paHHbie LIH<j:lpbl non COOTBeTCTBYIOlliHMH 

6yKBaMH. 

<1>113I1l..JECKI1E BEJII1l..JI1Hbl 

A) MO.llYJlb Hanpll)((eHHOCTH 3JleKTpocTaTH'-IecKoro 

nonll Koeyca B TO'-IKe A 
E) MO.llYJlb Hanpll)((eHHOCTH 3JleKTpocTaTH'-IecKoro 

nonll Koeyca B TO'-IKe B 

A 

MX 3HA l..JEHIDI 

1) 0 
2) Ec 
3) 2 Ec 
4) 4 Ec 

E 
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3aiJanuR •tacmu 3 npeiJcma6!1RIOm co6oii 3aiJa'lu. PeKoM.eniJyemcR npo6ecmu 
ux npeiJ6apume.nbnoe pemenue na 'lepHo6uKe. llpu 6btnO!IHenuu 3aiJanuii 
(A22-A25) 6 6!laHKe om6emo6 .N'!! 1 noiJ HOM.epoM. 6btnO!IHRe.Mozo BaM.u 3aiJanuR 
nocma6bme 3HaK «X» 6 K.!lemo'l«e, noM.ep «omopoii coom6emcm6yem HOM.epy 
6bl6pannozo BaM.u om6ema. 

I A22 I MHMO ocTaHOBKH no npliMOH ynHLie npoe3)((aeT rpy30BHK co CKopoCTbiO 10 M/ c. 

l..Jepe3 5 C OT OCTaHOBKH B,llOfOHKY rpy30BHKY OTbe3)((aeT MOTOLIHKJlHCT, 

.UBH)I(Yll.IHHCll C nOCTOliHHbiM ycKopeHHeM, H .llOfOHlleT rpy30BHK Ha paCCTOliHHH 

150M OT OCTaHOBKH . l..JeMy paBHO YCKOpeHHe MOTOLIHKJla? 

1) 2 Ml c 2 2) 1 Ml c 2 3) 4 Ml c 2 4) 3 Ml c 2 

I A23 I C H.UeMbHbiM ra30M npoHCXO.UHT 
~ p,Kaa 

LIHKJlHl.fecKHH npol.lecc, .UHarpaMMa 

p-V KOToporo npencTasneHa Ha 

pHCYHKe. HaHHH3lllall TeMneparypa, 

.llOCTHraeMall fa30M B 3TOM npOl.leCce, 

cocTaBJllleT 300 K. OnpenenHTe 

KOJlH'-IeCTBO semecTsa 3Toro raJa. 

1) 0 ,36 MOJlb 2) 0,18 MOJlb 

200 

100 1--------1--+---+--+--

0 2 3 4 V, n 
3) 0 , 12 MOJlb 4) 0 ,24 MOJlb 

I A241 B O.UHOPO.UHOM ropH30HTMbHOM MarHHTHOM none c HH.llYKLIHei1 0 ,01 Tn 
HaXO,llHTCll npliMOJlHHeHHbiH npOBO,llHHK, pacnOJlO)((eHHbiH B rOpH30HTaJlbHOH 

nJlOCKOCTH nepneH,llHKYJlllpHO JlHHHliM HH.UYKUHH nOJlll. KaKOH TOK CJlenyeT 

nponyCTHTb no npOBO,llHHKy, '-IT06bi CHJla AMnepa ypaBHOBeCHJla CHJlY Tlf)((eCTH? 

Macca enHHHLibi .llJlHHbi npoBO.UHHKa 0,01 Kr/ M. 

1) 10 A 2) 5 A 3) 7 A 4) 20 A 

I A25 I TioTOK <j:loTOHOB Bbi6HBaeT 113 MeTanna c pa6oTOi1 Bbixo.ua 5 3B <j:loT03JleKTpOHbi. 

3HeprHll <j:lOTOHOB B 1,5 pa3a 60J1bllle MaKCHMMbHOH KHHeTH'-IeCKOH 3HeprHH 

<j:loT03JleKTpOHOB. KaKosa MaKCHMMbHall KHHeTH'-IeCKa» 3HeprHll 

<j:lOT03JleKTpOHOB? 

1) 5 3B 2) 15 3B 3) 30 3B 4) 10 3B 
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llonuoe pemeuue 3aiJa'l Cl-C6 ueo6xoiJuMo 3anucamb 6 6naHKe om6emo6 .H!! 2. 
llpu ofjJopMneuuu pemeuu11 6 6naHKe om6emo6 .H!! 2 3anumume cHa'lana IWMep 
3aiJauu11 (Cl, C2 u m. iJ.), a 3ameM pemeuue coom6emcm6yww.eu 3aiJa'lu. 
Om6embt 3anucbwaiime •ti!mKo u pa36op•tu6o. 

K Kone6aTenbHOMY KOHTYPY not:~coet:~HHHnH HCT04HHK TOKa, Ha KneMMax 

KOTOporo Hanpll)l(eHHe rapMOHHlJeCKH MeHlleTCll C lJaCTOTOH V. 

3neKTpOeMKOCTb C KOH):IeHCaTOpa KOne6aTenbHOrO KOHrypa MO)I(HO nnaBHO 

MeHliTb OT MHHHMaJibHOro 3Ha4eHHll Cmin ):10 MaKCHMaJibHOro Cnax, a 

HH):IyKTHBHOCTb ero KaryWKH nOCTOliHHa. 

Y4eHHK nOCTeneHHO yBenH4HBaJI eMKOCTb KOH):IeHCaTOpa OT MHHHMaJibHOrO 

3Ha4eHHll ):10 MaKCHMaJibHOrO H 06Hapy)I(Hn, 4TO aMnnHry):la CHnbl TOKa B KOHrype 

BCe BpeMll B03paCTaJJa. 0nHpaliCb Ha CBOH 3HaHH.ll no 3neKTpO):IHHaMHKe, 

06'bliCHHTe Ha6niO):IeHHll y4eHHKa. 

llonuoe npa6U!lbHoe pemeuue KaJICiJoii U3 3aiJa•t C2-C6 iJo!IJICHO coiJepJICamb 
3aKOilbl u fjJopMynbl, npUMeueuue KomopblX ueo6xoiJuMo u iJocmamo'IHO iJnR 
peuteHUR 3aiJa'lu, a maKJICe MameMamu'lecKue npeo6pa3o6aHuR, pac'li!mbt c 
'IUC!leUUblM om6emoM u npu ueo6xoiJuMocmu pucyuoK, noRCilRIOUI,Uii 
pemeuue. 

IlpH60p Ha6niO):IeHH51 06Hapy)I(H.n neT511.1..1HH 

CHapliLI H 3a<[lHKCHpOBaJI ero ropH30HTaJJbHYIO 

KOOp):IHHary x 1 H BbiCOTY h1 = 1655 M Ha):l 

3eMneH ( CM. pHCYHOK). qepe3 3 C CHapliLI ynaJJ 

Ha 3eMniO H B30pBaJJCll Ha paCCTOliHHH 

I = 1700 M OT MecTa ero o6Hapy)l(eHH». 

' ' ' ' 
\ 

\ 

IlpH6op 

Ha6niO):IeHHll 

J13BeCTHO, 4TO CHapliLibl ):laHHOrO THna BbJneTaiOT H3 CTBOna nyWKH CO CKOpOCTbiO 

800 M/ C. Ha KaKOM paCCTOliHHH OT T04KH B3pb1Ba CHapll):la HaXO):IHnacb nywKa, 

eCnH C4HTaTb, 4TO COnpOTHBneHHe B03):1yxa npeHe6pe)I(HMO MaJJO? IlywKa H 

MeCTO B3pb1Ba HaXO):IliTCll Ha O):IHOH ropH30HTaJIH. 
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Hat:~ OLIHOaTOMHbJM HAeaJJbHbJM raJoM npoBOLIHTCll 

UHKnWieCKHH npou,ecc, nOKa3aHHbiH Ha pHCYHKe. 

Ha y4aCTKe 1- 2 raJ coBepwaeT pa6ory 

A12 = 1000 ,n:)l(. Y4aCTOK 3- 1 at:~Ha6am. 

KonH4eCTBO TennoTbJ, OTLiaHHoe raJoM 3a UHKn 

XOnO):IHnbHHKy, paBHO IQxonl = 3370 .lJ:)I(. 

KonH4eCTBO Bell.leCTBa raJa B xot:~e npouecca He 

MeH»eTcll. Hai:ft:~HTe pa6ory IA31 I BHeWHHX cHn Ha 

at:~Ha6aTe. 

J10H B 3neKTpH4eCKOM none 

C pa3HOCTbiO noTeHU,HaJIOB U = 10 KB 
H nona):laeT B O):IHOpO):IHOe MarHHTHOe none 

nepneH):IHKynllpHO K BeKTOpy ero HH):IyKUHH jj 

0 

( CM. pHCYHOK). Pa):leyC TpaeKTOpHH ):IBH)I(eHH51 HOHOB 

Vo 2V0 V 

+ -
HOHa B MarHHTHOM none R = 0,2 M, MOLiynb HH):IyKUHH MarHHTHOrO nonll paBeH 

m 
0,5 Tn. Onpet:~enHTe OTHoweHHe MaccbJ HOHa K ero 3neKTpH4ecKoMy 3apll):ly 

q 
KHHeTH4eCKOH 3HeprHeH HOHa npH ero BbJneTe H3 HCT04HHKa npeHe6perHTe. 

3aMKHYTbJH KOHTYP nnoll.la):lbiO S H3 TOHKOH npoBonoKH noMell.leH B MarHHTHoe 

none. flnOCKOCTb KOHrypa nepneH):IHKynllpHa BeKTOpy MarHHTHOH HHLIYKUHH 

non». B KOHrype B03HHKaiOT KOne6aHHll TOKa C aMnnHry):IOH iM = 35 MA, ecnH 

MarHHTHall HH):IyKIJ,H.ll nonll MeHlleTCll C TelJeHHeM BpeMeHH B COOTBeTCTBHH C 

<[JopMynotl B = acos(bt), rt:~e a= 6·10-3 Tn, b = 3500 c- 1. 3neKTpH4eCKoe 

conpoTHBneHHe KoHrypa R = 1,2 OM. qeMy paBHa nno1.1..1aLib KoHrypa? 

MeTaJJnH4eCKall nnaCTHHa o6ny4aeTCll CBeTOM lJaCTOTOH v = 1,6·10 15 ru. Pa6oTa 

BbJXO):Ia 3neKTpOHOB H3 t:~aHHoro MeTaJJna paBHa 3,7 3B . BbJneTaiOI.l.IHe H3 

nnaCTHHbl <[loT03neKTpOHbl nona):laiOT B O):IHOpOLIHOe 3neKTpH4eCKOe none 

Hanpll.)l(eHHocTbiO 130 B / M, npH4eM BeKTop Hanpll)l(eHHocTH E HanpaBneH K 

nnacTHHe nepneHLIHKYJillpHo ee noBepxHOCTH. KaKoBa MaKCHMaJJbHa» 

KHHeTWieCKM 3HeprH51 <[lOT03neKrpOHOB Ha paCCTOliHHH 10 CM OT nnaCTHHbl? 
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ELJ.HHbiH rocyLJ.apcTseHHbiH 3K3aMeH no <DH3HKE 

HHCTPYKUHSI no BbiDOJIHeHHIO pa6oTbi 

,IJ:JJH BhinOJJHeHI1~ 3K3aMeHaf.\110HHOH pa60Thl DO <jli1311Ke OTBOLJ,I1TC~ 

235 MI1HyT. Pa6oTa COCTOI1T H3 3 YaCTeH, BKJIIOI.JaiOW,I1X 35 3aLJ,aHI1H. 

qacTh 1 coLJ.ep)J(HT 21 JaLJ,aHHe (A1- A21). K Ka)I(LJ.OMy JaLJ,aHHIO LJ.ai!TcH 

LfeThipe Bap11aHTa OTBeTa, 113 KOTOphiX npaBI1JlhHhiH TOJlhKO OLJ,I1H. 

qaCTh 2 COLJ,ep)J(HT 4 3aLJ,aHI1H (B1- B4), B KOTOphiX OTBeT He06XOLJ,HMO 

Jan11caTh B BI1LJ.e Ha6opa f.\11<jlp. 

qaCTh 3 COLJ,ep)J(11T 10 3aLJ,aLJ: A22- A25 C Bhi60pOM OLJ,HOfO BepHOfO OTBeTa 

11 C1-C6, MH KOTOphrx Tpe6yeTcll LJ,aTh pmsepHyThle peweH~. 

Ilp11 BhiLJI1CJJeHI1~X pmpewaeTCH 11CUOJlh30BaTh HenporpaMM11pyeMhiH 

KaJJhKymTOp. 

Bee 6naHKI1 Er3 JanoJJHHIOTCH ~pKHMI1 LJepHhiMI1 LJepH11JJaMI1. 

,IJ:onycKaeTC~ 11CUOJlh30BaHI1e reJJeBOH, KaDI1JlJJHpHOH 11J111 nepheBOH pyLJeK. 

Ilp11 BhinOJJHeHI1H JaLJ,aHHH Bhl MO)J(eTe UOJlh30BaThCH YepHOBI1KOM. 

06paw,aeM Bawe BHI1MaHI1e Ha TO, LJTO 3aDI1CI1 B LJepHOBI1Ke He 6yLJ.YT 

yYI1ThiBaThCH np11 Of.\eHI1BaHI111 pa60Thl. 

COBeTYeM BhinOJl~Th 3aLJ,aHI1ll B TOM nopliLI,Ke, B KOTOpOM OHI1 LJ,aHhl. ,IJ:m1 

3KOHOMI111 BpeMeHI1 nponyCKaHTe 3aLJ,aHI1e, KOTOpOe He yLJ,aeTC~ BhinOJ1HI1Th Cpa3y, 

11 nepexoLJ.I1Te K cneLJ.YIOW,eMy. Ecn11 nocne BhinOJJHeHI1ll scetl pa6oThl y Bac 

ocTaHeTc~ speMH, Bhi CMO)J(eTe sepHyThC~ K nponyw,eHHhiM JaLJ,aHI1HM. 

naJJJJhi, nonyLJeHHhie BaMI1 Ja BhmOJJHeHHhie JaLJ,aHI1H, cyMM11py10TCH. 

IlocTapaHTeCh BhinOJIHHTh KaK MO)J(HO 60JJhWe 3aLJ,aHI1H 11 Ha6paTh HaH60JJhWee 

KOJ111LJeCTBO 6aJJJJOB. 

)J(eJiaeM ycnexa! 

HH)J(e npHBeLJ,eHhl cnpaBOI.JHhle LJ,aHHhle, KOTOphle MOryT UOHaLJ,0611ThCll 

BaM np11 BhmOJJHeHI111 pa60ThJ. 

,IJ:eCHTI1LJHbiC np11CT3BK11 

HaHMeHo- 0603HaYeHMe MHOlKMTenb HaHMeHo- 06o3HaYeHMe MHOlKMTenb 
BaHMe srume 

rHra r 109 CaHTH c 10- 2 

Mera M 106 MHJJJJH M 10-3 

KHJJO K 10 3 MHKPO MK 10 6 

reKTO r 102 HaHO H 10 9 

,1.\eUH ).\ 10 I OHKO n 10- ,2 
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Koncmanmbt 

I.JHCJJO 7t 

ycKopeHHe cso6o;moro na).leHH~ Ha 3eMJJe 

rpaBHTaUHOHHaH OOCTOHHHaH 

YHHBepcanhHaH raJOBaH nocTO~HHaH 

nocTO~HHaH nOJJhUMaHa 

nocTOHHHaH Asora,l.lpo 

CKOpOCTh CBeTa B BaKyyMe 

K03<jl<jlHUHeHT nponopuHOHaJJhHOCTH B JaKOHe KynoHa 

MO).lyJJ h 3apH,l.la 3JleKTpOHa (3JJeMeHTapHhiH 

3JJeKTpHYeCKHH 3apH.Ll) 

OOCTOHHHaH IlJJ aHKa 

Coomnomenue Me:Jici>y pa3!1U'lltbl.lltu ei>unut((IJitU 

n = 3,14 

g= 10 M/c2 

G = 6,7·10-11 H ·M21Kr2 

R = 8,31 ,IJ:JK/(MOJlh·K) 
k = I ,3 8 ·10- 23 ,IJ:JK/K 
NA = 6·1023 MOJlh-l 

c = 3·108 M/c 

I 
k = --= 9 ·109 H ·M2/KJJ2 

4m:0 

e = 1,6·10-19 KJJ 

h = 6,6·10-34 ,IJ:JK·c 

TeMnepaTypa 0 K =- 273 oc 
aTOMHaH e,l.lHHHUa MaCChi 

I aTOMHaH e.LlHHHUa MaCChi 3KBHBaneHTHa 

I 3JJeKTpOHBOJJhT 

1 a.e.M. = 1,66·10-27 Kr 

931 ,5 M 3B 

Macca 'lacmut( 
3JJeKTpOHa 

npOTOHa 

HeHTpOHa 

llJZomnocmb 

BO,l.\hl 

.LlpesecHHhl (cocHa) 

KePOCHHa 

I 3B = 1,6 ·10- 19 ,IJ:JK 

9, l·l0-31Kr::e 5,5·10-4 a.e.M. 

1,673 ·10-27 Kr::e 1,007 a.e.M. 

1,675 ·10- 27 Kr::e 1,008 a.e.M. 

1000 Kr/M3 

400 Kr/M3 

800 Kr/M3 

00,1.\COJJ Hei.JHOfO MaCJJa 

aJJIOMHHH~ 

JKeJJe3a 

PTYTH 

Yi>e.nbnaJt melt!loi!MKocmb 

900 Kr/M3 

2700 Kr/M3 

7800 Kr/M3 

J3 600 Kr/M3 

BO,l.\hl 4,2·10 3 ,IJ:JK/(Kr·K) aJJIOMHHHH 900 ,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

JJ h.Lla 2,1·10 3 ,IJ:JK/(Kr·K) 

JKeJJe3a 460 ,IJ:JK/( Kr· K) 

CBHHUa 130 ,IJ:JK/(Kr·K) 

Yi>e.nbnaJt melt!loma 
napoo6pmosaHH~ BO.L\hi 

0JlaBJJeHI1~ CBHHUa 

nnasneH~ JJh).la 

2,3 ·10 6 ,IJ:JK/Kr 

2,5·1 0 4 ,IJ:JK/Kr 

3,3·10 5 ,IJ:JK/Kr 

Me).(H 380 

LJyryHa 500 

I HopfttUJlbltbte yCJZ06UJI' ,1.\aBJJeHHe 105 ITa TeMnepaTypa 0 oc - , -

MoJZRpnaJt Macca 
moTa 28·10-3 Kr/MOJlh reJJHll 4·10-3 

aproHa 40·10-3 Kr/MOJlh KHCJJOpO.Lla 32·10-3 

BO,l.lOpO,l.la 2-10- 3 KrfMOJlh JJHTH~ 6·10-3 

B03.Llyxa 29·10- 3 Kr/MOJlh HeOHa 20·10-3 

BO).lhl 18·10- 3 KrfMOJlh yrneKHCJJoro rma 44·10-3 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJl h 
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llpu BbtnoJlueuuu 3aiJanuii •tacmu 1 B 6JlaHKe omBemoB .M! 1 noiJ IWM.epoM. 
BbtnOJlllReM.ozo BaM.u 3aiJauuR (A1-A21) nocmaBbme 3HaK «X» B KJlemo<tKe, 
HOM.ep Komopoii coomBemcmByem HOM.epy Bbl6pannozo BaM.u omBema. 

~ Ha rpa<jl11Ke np11se,~:~eHa 3aBI1CI1MOCTh cKopoCTI1 

TeJJa OT BpeMeHI1 np11 npliMOJJI1HeHHOM 

,[IBmKeHI111 . Onpe,~:~eJJI1Te ycKopeHI1e TeJJa. 

V, M/ C 

40 

20 

0 

I' 
~ 

1/ 

;' 

1 2 3 4 5 t, c 
4) 6 M/ c 2 

ABTOM06HJJb MaCCOH 103 Kr ,[IBI1)1(eTCll C nOCTOliHHOH no MO,[IyJJIO CKOpOCTbiO no 

BbinyKJJOMY MOCry. ABTOM06HJJb ,[leHCTByeT Ha MOCT B BepxHeH ero TO'IKe C CHJJOH 

F = 9000 H. C11na, c KOTopotl MOCT ,~:~etlcTBYeT Ha aBTOM0611JJb, pasHa 

1) 1000 H 11 HanpaBJJeHa sepT11KaJJbHO BBepx 

2) 19 000 H 11 HanpaBJJeHa sepT11KaJJbHO BHI13 

3) 9000 H 11 HanpaBJJeHa sepT11KaJJbHO BHI13 

4) 9000 H 11 HanpaBJJeHa sepT11KaJJbHO BBepx 

M»'l MaCCOH 300 r 6poweH nO,[I yrJJOM 60° K ropH30HTY C Ha'laJJbHOH CKOpOCTbiO 

U = 20 M/ C. MO,[IyJJb CHJJbl T»)l(eCTH, ,[leHCTBYIOI.l.\eH Ha Mll'l B BepxHeH TO 'IKe 

TpaeKTOp1111,paBeH 

1) 3,0 H 2) 0 3) 6,0 H 4) 1,5 H 

JlerKosotl aBTOM0611JJb 11 rpy3oBI1K ,[IBI1)1(YTCll co cKopocTliMI1 u1 = 108 KMI 'I 

H Uz = 54 KM/ '1 COOTBeTCTBeHHO. 11x MaCCbl COOTBeTCTBeHHO m1 = 1000 Kr 

H m 2 = 3000 Kr. Ha CKOJJbKO HMnyJJbC rpy30BHKa 60JJbWe HMnyJJE.Ca JJerKOBOrO 

aBTOM0611Jlll? 

1) 

2) 

3) 

4) 

Ha 15 000 Kr·M/ C 

Ha 30 000 Kr·M/ c 

Ha 60 000 Kr·M/ C 

Ha 45 000 Kr·M/ c 
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Teno Maccotl 1 Kr, 6poweHHoe sepntKaJJbHO BBepx c nosepxHOCTI1 3eMJJI1, 

,[IOCTI1rJJO MaKCI1MaJJbHOH BbiCOTbi 20 M. KaKoi1 KI1HeTI1'1eCKOH :mepmetl o6na,~:~ano 

TeJJo TOT'Iac nocne 6pocKa? ConpOTI1BJJeHI1eM B03,[1yxa npeHe6pe'lb. 

1) 400 ,Il;)l( 3) 200 ,Il;)l( 4) 2 K,Il;)l( 

~ MaTeMaTI1'1eCKHH MaliTHHK c nepHO,[IOM KOJJe6aHHH T 
OTKJJOHHJJH Ha He60JJbWOH yrOJJ OT nOJJO)I(eHHll paBHOBeCH» 

11 OTnycTI1JJI1 C Ha'laJJbHOH CKOpOCTbiO, paBHOH HYJJIO 

(eM. pHcyHoK). llepe3 KaKoe speMll nocne :noro noTeHI..J,HaJJE.Hall 

3Hepr11JI MaliTHI1Ka B nepBbiH pa3 BHOBb ,[IOCTI1rHeT MaKCI1MyMa? 

ConpoTHBJJeHHeM B03,[1yxa npeHe6pe'lb. 

1) lr 
4 

2) _!_ T 
8 

3) _!_ T 
2 

4) T 

~ B KaKHx Tenax - TBep,[lbiX, )I(H,[IKHx HJJH ra3oo6pa3HbiX - npoHcxo,[IHT 

,[IH<jl<jly3H»7 

1) TOJJbKO B )1(11,[1KJ1X 

2) TOJJbKO B TBep,[lbiX 

3) TOJJbKO B ra3006pa3HbiX 

4) B TBep,[lbiX, )I(J1,[1KJ1X H ra3006pa3HbiX 

~ KaK 113MeHI1TCll ,[laBJJeHI1e pa3pe)l(eHHoro O,[IHOaTOMHoro raJa, ecn11 np11 

yseJJH'IeHHH KOHLJ,eHTpaU,HH MOJJeKyJJ raJa B 3 pa3a ero a6COJJIOTHall TeMneparypa 

yseJJH'IHTC» B 2 pa3a? 

1) yBeJJI1'111TCll B 6 pa3 

2) yBeJJI1'111TCll B 2 pa3a 

3) yMeHbWI1TCll B 6 pa3 

4) OCTaHeTC» 6e3 H3MeHeHHH 

~ 0THOCI1TeJJE.Hall BJJa)I(HOCTb B03,[1yXa B 3aKpblTOM cocy,~:~e 30%. KaKoi1 cTaHeT 

OTHOCHTeJJbHall BJJ~HOCTb, eCJJH 06'heM COCy,[la np11 HeH3MeHHOH TeMneparype 

yMeHbWHTb B 3 pa3a? 

1) 60% 2) 90% 3) 120% 4) 100% 
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I AlO I Ha p11cyHKe noKa3aH rpa<jl11K '-111KJlWiecKoro npo'-lecca, p 
npose,!l,eHHoro c O,!l,HOaTOMHbiM 11,!l,eaJJhHbiM rmoM. Ha KaKOM 

113 y'laCTKOB BHYTpeHHllll 3Hepmll rma yseJJI1411BaJJacb? 

KoJJI14eCTBO seweCTBa ra3a nocTOliHHO. 

1) DA 

2) BC 

3) AB 

4) CD 0 

3/7 

B 

A 
' 
' 

T 

~ CI1Jlbl 3JleKTpocTaTI14ecKoro B3ai1MO,!l,eticTBI1» Me)((,!l,y ,!l,BYMll TO'Ie'IHbiMI1 

3apl!)((eHHbJMI1 TeJJaMI1 paBHbJ no MO,!l,yJliO F. 
3JleKTpOCTaTI14eCKOf0 B3ai1MO,!l,eHCTBI1ll Me)((,!l,y 

Ka)((,!l,oro TeJJa yseJJI1411Tb B 3 pma? 

1) yBeJli1411TCll B 3 pa3a 

2) yBeJli1411TCll B 9 pa3 

3) yMeHbWI1TCll B 9 pa3 

4) yMeHbWI1TC51 B 3 pa3a 

KaK 113MeHI1TCll MO,!l,YJJb CI1Jl 

3TI1MI1 TeJlaMI1 , eCJll1 3apll,!1, 

I A12 I KaK 113MeHI1TCll BeJJI1411Ha 3apll,!l,a, npowe,!l,wero 4epe3 nonepe4Hoe celJeHI1e 

npOBO,!l,HI1Ka, eCJll1 CI1Jla TOKa yMeHbWI1TC51 B 2 pa3a, a BpeMll npOTeKaHI1ll TOKa 

B npOBO,!l,HI1Ke yBeJli1411TCll B 2 pma? 

1) He 113MeHI1TCll 

2) yBeJli1411TCll B 4 pa3a 

3) yBeJli1411TCll B 2 pa3a 

4) yMeHbWI1TCll B 4 pa3a 

- - -
MarHI1THoe noJJe B = B1 + B2 co3,!l,aHo 

B TO'IKe A ,!l,BYM» napaJJJJeJJhHbiMI1 

,L\Jli1HHbiMI1 npOBO,!l,HI1KaMI1 C TOKaMI1 ] 1 

11 h pacnoJJO)((eHHbiMI1 nepneH,!1,11KYJJ»pHo nJJOCKOCTI1 4epTe)((a. BeKTOpbi B1 

11 B2 B TO'IKe A HanpaBJJeHbJ B nJJocKOCTI1 4epTe)((a cJJe,!l,yiOI.l.II1M o6pmoM: 

1) B1 - BHI13, B2 - BBepx 

2) B1 - ssepx, B2 - ssepx 

3) B, - BHI13, jj2 - BHI13 

4) B1 - BBepx, B2 - BHI13 
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I A14 I KaK 113MeHI1TCll nep11o,L1, co6cTBeHHbJX 3JleKTpoMarHI1THbJX 

KOJle6aHI1H B KOHrype ( CM. p11CYHOK), eCJll1 KJliO'I K nepeBeCTI1 

113 nOJlO)((eHI1ll 1 B nOJlO)((eHI1e 2? 

1) yMeHbWI1TCll B 4 pa3a 

2) yBeJli1411TCll B 4 pa3a 

3) yMeHbWI1TCll B 2 pa3a 

4) yBeJli1411TCll B 2 pa3a 

IDe 
L 2 

K 

I A15 I ¥bo6pa)((eHI1eM TO'IKI1 S, KOTopoe ,!l,aeT TOHKall co611pa10wall Jli1H3a c <jloKycHbJM 

paccTOliHI1eM F (eM. p11cyHoK), liBJJlleTCll TO'IKa 

1) 1 

S 2F 

~ 

2) 2 

F ~ 

4 
• 

F • 2F 
2 3 

3) 3 4) 4 

I A16 I IIy'loK cseTa na,!l,aeT Ha co611pa101.1..1YJO Jli1H3Y napaJJJJeJlbHO ee maBHOH 

OnTI1l.JeCKOH OCI1 Ha paCCTOliHI111 h OT 3TOH OCI1. J111H3a HaX0,!1,11TC51 B BaeyyMe, ee 

<jloKyCHOe paCCTOliHI1e paBHO F. C KaKOH CKOpOCTbiO pacnpOCTpaHlleTCll CBeT 3a 

Jli1H30H? CKOpOCTb CBeTa OT HenO,!l,BI1)((H0fO 11CTO'IHI1Ka B BaKyyMe paBHa C. 

2) c 

3) 
ch 

F 

F 

Fe 
4) F + h 

I A17 I Ha p11cyHKe 113o6p~eHa ,!1,11arpaMMa 3HepreTI14eCKI1X yposHeH 

aToMa. KaKOH 1..111<jlpotl o6o3Ha'leH nepexo,!l,, KOTOpbiH 

COOTBeTCTByeT 113Jl)'lJeHI110 <jlOTOHa C Hai1MeHbWeH 3Hepr11eH? 

1) 1 
2) 2 

3) 3 
4) 4 

Es 
£4 

£3 

£2 

~ 
£ 1 4 3 2 1 
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I A18 I Ha pHcyHKe npe,L\cTaBJJeH rj:lparMeHT IIepHO.L\H4ecKoil cHcTeMbJ 3JleMeHTOB 

,IJ, .H. MeH,[(eJJeesa. Ilo,[( Ha3BaHHeM Ka)I(,[(Oro ::meMeHTa npHBe,[(eHE.J MaccoBE.Je 

4HCJla ero OCHOBHbiX CTa6HJlbHbiX 1130TOnOB. fipH 3TOM HH)I(HHH HH,[(eKC OKOJlO 

Maccosoro 4HCJla YKa3bJBaeT (B npoueHTax) pacnpocTpaHeHHOCTb H30Tona B 

npHpO,L\e. 

Li 
,., 

Be 4 5 B .) 

2 II mmm EEPHJIJitill bOP 

793 67,4 9100 11 80 1020 

Na 11 Mg 12 13 AI 
3 III HATPI1A MAfHHii AJllO IVI11Hl1.H 

231 00 2479 26112510 271 00 

K 19 Ca 20 Sc 21 
IV KAJU1i1 KAJ1bUI11'1 CKAJ-I.llHtl 

4 
3993 41 6.7 4097 442.1 451 00 

29 Cu 30 Zn 31 G~ v ME/1h lji{HK CAJUlilll 

6369 6531 64496628681 9 6960 7140 

YKa)I(HTe 4HCJlO npoTOHOB 11 4HCJlO HeilTpOHOB B li,L\pe caMoro 

pacnpocTpaHeHHoro H30Tona MarHH51. 

1) 12 npOTOHOB, 24 HeHTpOHa 

2) 12 npOTOHOB, 12 HeHTpOHOB 

3) 24 npOTOHa, 12 HeHTpOHOB 

4) 12 npOTOHOB, 13 HeHTPOHOB 

I A19 I Ha pHcyHKe npe.L\CTaBJJeH rparj:lHK 

113MeHeHI1ll 4HCJla ll,[(ep 

HaXO.L\llll.lerocll B npo6HpKe 1\ 
pa,L\HOaKTHBHOrO H30Tona c 

' 1"\ 
1"-

....... 
)'... ,._ --

Te4eHHeM BpeMeHH. 4 

KaKos nepHO.L\ noJJYpacna,L\a 3Toro 

H30Tona? 2 

1) 1 MeCliU 

2) 2 MeCliUa 0 12345678 t, Mec. 

3) 4 MeCl!Ua 

4) 8 MeCl!UeB 
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I A20 I ,lJ,oM CTOHT Ha Kpmo nom1. C 6MKOHa c BbJCOTbJ 5 M MaJJb4HK 6poCHJl KaMeweK 

B ropH30HTaJJbHOM HanpaBJleHHH. Ha4aJJbHall CKOpOCTb KaMelliKa 7 M/ c , ero Macca 

0,1 Kr. lJepe3 2 C nOCJle 6pOCKa HMnyJlbC KaMeWKa npH6JlH3HTeJlbHO paBeH 

I A2tl 

1) 0 

2) 2,1 Kr·M/ c 

3) 0,7 Kr·M/ c 

4) 1,4 Kr·M/ c 

Ha pV-,L\HarpaMMe oTo6pa)l(eHa 

nOCJle,[(OBaTeJlbHOCTb Tpex npoueCCOB 

(1 ---+ 2 ---+ 3) 113MeHeHHll COCTOliHI1ll 2 MOJlb 

H,L\eME.Horo raJa. KaKoBa 3Ta 

nOCJle,[(OBaTeJlbHOCTb npoueCCOB B ra3e? 

1) pacwHpeHHe---+ HarpesaHHe---+ OXJl~,[(eHHe 

2) paCWHpeHHe ---+ OXJla)l(,[(eHHe ---+ C)l(aTHe np11 nOCTOliHHOH TeMneparype 

3) HarpeBaHHe---+ C)l(aTHe npH nOCTOliHHOH TeMneparype---+ OXJla)I(,L\eHHe 

4) HarpesaHHe---+ pacwHpeHHe---+ C)l(aTHe 
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Om6emoM. K 3ai>auuRM. 'Jmou •wcmu (Bl-B4) R6!1RemcR noC!leOo6ameJZbiWCmb 
u,uljJp. BnuUiume om6embl cua'la!la 6 meKcm pa6ombl, a 3ameM. nepeuecume 
ux 6 6!laHK om6emo6 .N!! 1 cnpa6a om uoM.epa coom6emcm6ywU{ezo 3ai>auuR, 
ua'luHaR c nep6ou KJlemo'lKu, 6e3 3anRmbtX, npo6e!lo6 u KaKux-!lu6o 
i>ono!luumeJZbHbtX CUM60!I06. Kami>y1o u,uljJpy nuUiume 6 omi>eJZbHOu 
KJlemo•tKe 6 coom6emcm6uu c npu6eOi!UHbtM.u 6 6!laHKe o6pa3U,a.MU. 

[!!] B U11J111H,llp114ecKoM cocy,lle no,ll nopwHeM HaXO,lli1TCll raJ. 

IIopweHh MO)J(eT nepeMewaThCll B cocy,lle 6e3 TpeHI1ll . Ha 

,llHe COCy,lla Jle)J(HT CTaJlhHOH wapHK (CM. pHCYHOK). 113 

COCy,lla BhlnyCKaeTCll nOJ10BI1Ha raJa np11 Hei13MeHHOH 

TeMneparype. KaK 113MeHI1TCll B pe3yJlhTaTe 3Toro o6oeM 

raJa, ero ,llaBJleHI1e 11 ,llei:fcTBYIOlllall Ha wap11K apxHMe,lloBa 

CI1J1a? 

~Jlll Ka)J(,llOH BeJ1H411Hhl onpe,lleJ111Te COOTBeTCTBYIOlllHH 

xapaKTep 11 3MeHeHI1J~: 

1) yBeJ111411TCll 

2) yMeHhWI1TCll 

3) He H3MeHHTCll 

3ani1WI1Te B Ta6J111UY Bh16paHHhle U11cjlph1 ,ll.Jlll Ka)J(,llOH cjll13114eCKOH BeJ111411Hhl . 

l..J,11cjlph1 B OTBeTe MOryT nOBTOpliThCll. 

06oeM raJa ~aBJleHI1e raJa Apx11Me,lloBa c1111a 
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~ rpy3 11306pmKeHHOrO Ha p11CYHKe npy)J(HHHOrO MaliTHI1Ka 

COBepwaeT rapMOHH4eCKHe KOJle6aHWI Me)J(,lly T04KaMI1 

1 11 3. KaK MeHlleTCll KHHeTI14eCKall :mepmll rpy3a 

MaliTHI1Ka, noTeHU11aJlhHall 3Hepr11ll 11 )J(eCTKOCTh 

npy)J(HHhl np11 ,llBI1)J(eHHH rpy3a MaliTHI1Ka OT T04KH 2 K 

T04Ke 1? 

2 

~JUI Ka)J(,llOH BeJ111411Hhl onpe,lleJ111Te COOTBeTCTBYIOllli1H xapaKTep 113MeHeHWI: 

1) yBeJ111411BaeTCll 

2) yMeHhwaeTCll 

3) He 113MeHJ~eTCll 

3 

3ani1WI1Te B Ta6J111UY Bh16paHHhle U11cjlph1 ,ll.Jlll Ka)J(,llOH cjll13114eCKOH BeJ111411Hhl. 

l..J,Hcjlphl B OTBeTe MOryT nOBTOpliThCll . 

K11HeTI14ecKall floTeHU11aJlhHall 

3Hepmll 3HeprHll npy)J(HHhl 

rpy3a MaliTHI1Ka MaliTHI1Ka 

[J!D Ha pHCYHKe 113o6pa)J(eHa ,lll1arpaMMa 4eTh1pex 

nOCJle,llOBaTeJlhHhiX 113MeHeHI1H COCTOliHI1ll 

2 MOJlh 11,lleaJlhHOro raJa. KaKHe npouecchl 

CBll3aHhl C HaHMeHhWI1MH nOJ10)J(HTeJlhHhiMH 

3Ha4eHI1liMI1 pa60Thl raJa 11 pa60Thl BHeWHI1X 

CHJ1? 

Y CTaHOBI1Te COOTBeTCTBI1e Me)J(,lly TaKHMI1 

npoueccaMI1 11 HOMepaMI1 npoueccoB Ha 

,lll1arpaMMe. 

)l(eCTKOCTh 

n py)J(H H hi 

v 
K Ka)J(,llOH n0311U1111 nepBoro CTOJ16Ua no,ll6ep11Te COOTBeTCTBYIOlllYIO n0311U1110 

BTOpOrO H 3ani1WI1Te B Ta6J1HUV Bh16paHHhle UHcjlphl nO,ll COOTBeTCTBYIOlllHMH 

6yKBaMI1. 

IIPOIJ,ECCbi 
A) pa60Ta raJa nOJ10)J(HTeJlhHa H MHHHMaJlhHa 

E) pa6oTa BHeWHI1X CHJl noJlO)J(HTeJlhHa 

H MHHI1MaJlhHa 

A 

HOMEP A IIPOIJ,ECCOB 
1) 1 
2) 2 
3) 3 
4) 4 
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Ha Heno.UBI1)KHOM nposo.u~meM ye.UHHeHHOM 

wapHKe pa.ueycoM R HaXO.UHTC~ 3ap~.u Q. 

To'!Ka 0 - u,eHTp wapHKa, OA = 3: , 

OB = 3R, OC = 3R 2 . Mo.uynh 

Hanp~~eHHOCTH 3neKTpOCTaTH'IeCKOrO non~ 

3ap~.ua Q B TO'IKe C paseH Ec. lleMy paseH 

<ll~3~KA 6/7 

'c • 
________ _]}. __ 

MO,Uynb Hanp~~eHHOCTH 3neKTpOCTaTH'IeCKOrO non~ 3ap~.ua Q B TO'IKe A 
H TO'IKe B? 
YCTaHOBHTe COOTBeTCTBHe Me~.uy <j>H3WieCKMMH BenH'mHaMH H HX 3Ha'leHH~MH. 

K Ka~,UOH n03Hl.I,HH nepsoro CTOn6u,a no.u6epHTe COOTBeTCTBYIOll.IYIO n03Hl.I,HIO 

BTOpOrO H 3anHlliHTe B Ta6nHUY Bbi6paHHbie UH<j>pbl nO,U COOTBeTCTBYIOll.IHMH 

6yKBaMH. 

<l> 11311liECKI1E B EJII1lli1Hbl 
A) Mo.uynh Hanp~~eHHOCTH 3neKrpocTaTH'IecKoro 

no~ wapHKa B TO'IKe A 

E) Mo.uynh Hanp~~eHHOCTH 3neKTpocTaTH'IecKoro 

non~ wapHKa B TO'IKe B 

A 

11X3HAlJEHI1.5I 
1) 0 

2) 4Ec 

3) Ec 

2 
4) Ec 

4 

E 
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3aiJanuR •tacmu 3 npeiJcma6!1RIOm co6oii 3aiJa'lu. PeKoM.eniJyemcR npo6ecmu 
ux npeiJ6apume.nbnoe pemenue na 'lepHo6uKe. llpu 6btnO!IHenuu 3aiJanuii 
(A22-A25) 6 6!laHKe om6emo6 .H!! 1 noiJ HOM.epoM. 6btnO!IHReM.ozo BaM.u 3aiJanuR 
nocma6bme 3HaK «X» 6 I<Jlemo'l«e, noM.ep «omopoii coom6emcm6yem HOM.epy 
6bl6pannozo BaM.u om6ema. 

MHMO ocTaHOBKH no np~Moi1 ynHue npoe3~aeT rpy30BHK co cKopoCTbiO 10 M/ c. 

lJepe3 5 C OT OCTaHOBKH B,UOrOHKY rpy30BHKY OTbe3~aeT MOTOU,HKJlHCT, 

.UBH)I(Yll.IHHC~ C ycKopeHHeM 3 M/ c 2. lJeMy paBHa CKOpOCTb MOTOU,HKnHCTa B 

MOMeHT, KOr,Ua OH ,UOrOHHT rpy30BHK? 

1) 20 Ml c 2) 40 Ml c 3) 30 Ml c 

C H,UeaJJbHbiM ra30M npOHCXO.UHT UHKnH'IeCKHH p, Kfla 

npouecc, pT-.uHarpaMMa KOToporo npe.ucTasneHa 

Ha pHCYHKe. HaHMeHblliHH o6oeM , KOTOpbiH 

3aHHMaeT ra3 B 3TOM npoyecce, COCTaBn~eT 6 n. 

Onpe.uenHTe KonH'IeCTBO semecTBa 3Toro raJa. 

1) 0,56 MOnb 

2) 0,12 MOnb 

3) 0,36 MOnb 

4) 0,48 MOnb 

200 

100 

0 

4) 50 Ml c 

300 600 T, K 

I A24 I Ilp~MonHHeHHbiH npoBO.UHHK no.useweH ropH30HTMbHO Ha .usyx HHT~x B 

O.UHOPO.UHOM MarHHTHOM none c HH,UyKU,Hei1 10 MTn. BeKTOp MarHHTHOH 

HH,UyKl.I,HH ropH30HTaJJeH H nepneH.UHKyn5~peH npOBO.UHHKy. Bo CKOnbKO pa3 

H3MeHHTC~ CHna HaT~~eHH~ HHTeH npH H3MeHeHHH HanpaBneHH~ TOKa Ha 

npOTHBOnOnO~HOe? Macca e,UHHHU,bl ,UnHHbl npOBO,UHHKa 0,01 Kr/ M, CHna TOKa B 

npoBO.UHHKe 5 A. 

1) 3 pa3a 2) 1,5 pa3a 3) 2,5 pa3a 4) 2 pa3a 

I A25 I IloToK <j>oTOHOB Bbi6HsaeT H3 MeTanna <j>oTmneKTpOHbl, MaKCHMMbHa~ 
KMHeTH'IeCKa~ 3Hepnl~ KOTOpbiX 10 38. 3Hepnl~ <j>OTOHOB B 3 pa3a 6onbllle 

pa60Tbi Bhixo.ua <j>oTo3neKTpOHOB. KaKosa 3HeprH~ <j>oToHos? 

1) 5 3B 2) 15 3B 3) 10 3B 4) 30 3B 
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llonuoe pemeuue 3aiJa'l Cl-C6 ueo6xoiJuMo 3anucamb 6 6naHKe om6emo6 .H!! 2. 
llpu ofjJopMneuuu pemeuu11 6 6naHKe om6emo6 .H!! 2 3anumume cHa'lana IWMep 
3aiJauu11 (Cl, C2 u m. iJ.), a 3ameM pemeuue coom6emcm6yww.eu 3aiJa'lu. 
Om6embt 3anucbwaiime •ti!mKo u pa36op•tu6o. 

K KOJJe6aTeJlhHOMY KOHTYPY no,~:~coe,[II1HI1Jll1 11CT04HI1K TOKa, Ha KJleMMax 

KOTOporo Hanpll)l(eHI1e rapMOHI14eCKI1 MeHlleTCll C 4aCTOTOH V. 

11H,[IyKTI1BHOCTb L KaryWKH KOJle6aTeJlbHOf0 KOHrypa MO)I(HO nJlaBHO MeHliTb OT 

MaKCI1MaJlbHOro 3Ha4eHI1ll Lmax ,[10 MHHI1MaJlbHOro LmnB a eMKOCTb ero 

KOH,[IeHCaTopa nOCTOliHHa. 

Y4eHI1K nocTeneHHO yMeHhwan 11HLIYKTI1BHOCTb KarywKH OT MaKCHMaJlbHOro 

3Ha4eHI151 ,[10 MHHI1MaJlbHOfO 11 06Hapy)I(I1Jl , 4TO aMnJli1TYLia CI1Jlbl TOKa B KOHrype 

see speMll B03pacTana. On11paliCb Ha cso11 3HaHH.ll no ::meKTPOL111HaMI1Ke, 

06'b5ICHI1Te Ha6JliO,[IeHI151 y4eHI1Ka. 

llonuoe npa6U!lbHoe pemeuue KaJICiJoii U3 3aiJa•t C2-C6 iJo!IJICHO coiJepJICamb 
3aKOilbl u fjJopMynbl, npUMeueuue Komopbtx ueo6xoiJuMo u iJocmamo'IHO iJnR 
peuteHUR 3aiJa'lu, a maKJICe MameMamu'lecKue npeo6pa3o6aHuR, pac'li!mbt c 
'IUC!leHHblM om6emoM u npu ueo6xoiJuMocmu pucyuoK, noRCURIOUI,Uii 
pemeuue. 

flp116op Ha6JliO,[IeHI1ll o6Hapy)I(J1Jl JleTlllli,I1H 

CHapll,l:l 11 3a<jli1KC11p0BaJl ero rOp1130HTaJlbHYIO 

KOOp,[111Hary x 1 11 BbiCOTY h1 = 1655 M Ha,[l h, 
3eMJleH ( CM. p11CYHOK). qepe3 3 C CHapll,l:l ynan 

Ha 3eMJliO 11 B30pBMCll Ha paCCTOliHI111 x 1 

/ = 1700 M OT MeCTa ero 06Hapy)l(eHI1ll. qeMy 

' ' ' ' ' ' 

Ilp116op 

Ha6mo,~:~eHI1ll 

paBH51Jl0Cb BpeMll nOJlfua CHapll,l:la OT nyWKH ,[10 MeCTa B3pbiBa, eCJll1 C4HTaTb, 4TO 

conpoTI1BJleHI1e B03Ayxa npeHe6pe)I(I1MO Man6? IIywKa 11 MecTo B3pb1Ba 

HaXO,[IliTCll Ha O,[IHOH rop1130HTaJ111. 
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Ha,~:~ O,[IHOaTOMHbiM 11,1:1eaJ1hHbiM rmoM npoBOLII1TCll 

U11KJJI14eCKJ1H npouecc, noKa3aHHbiH Ha p11cyHKe. 

Ha y4aCTKe 1- 2 rm cosepwaeT pa6ory 

A 12 = 1000 ,n:)l(. Ha a,1:111a6aTe 3- 1 BHeWHI1e CI1Jlbl 

C)I(I1MaiOT rm, cosepwall pa6ory lA 3d = 3 70 LJ:)I(. 

KoJJI14eCTBO Belll,eCTBa rma B xo,~:~e npouecca He 

MeH5IeTC51. HaH,[II1Te KOJll14eCTBO TenJlOTbl IQxonl, 
OT,[IaHHOe fa30M 3a U11KJJ XOJl0,[111JlbHI1KY. 

110H YCKOplleTCll B ::meKTp114eCKOM nOJle 

c pmHOCTbiO noTeHU11MOB U 10 KB 
11 nona,~:~aeT B O,[IHOpO,I:IHOe MarHI1THOe nOJle 

nepneH,[II1KyJUipHO K BeKTopy ero 11H,[IyKU1111 B 
(eM. p11cyHoK). Pa,~:~eyc TpaeKTOp1111 LIBI1)J(eHI1ll 

110Ha B MarHI1THOM nOJle R = 0,2 M, 

P. 

2 

P ··------~<] 0 ' ' , .. " : 
, ' ' 

...... ' : 3 
, " I I 

0 Vo 2Vo V 

110HOB + -

OTHOllleHI1e MaCChi 110Ha K ero ::meKTp114eCKOMY 3ap51,1:1Y m = 5·10-7 Kr/KJJ. 
q 

Onpe,~:~emiTe 3Ha4eHI1e MOLIYJlll 11H,[IyKU1111 MarHI1THoro nOJlll . K11HeTH1.feCKOH 

3HeprHeH 110Ha np11 ero BbiJleTe 113 11CT04HI1Ka npeHe6peri1Te. 

3aMKH)'TbiH KOHTYP 113 TOHKOH npoBOJlOKI1 noMelll,eH B MarHI1THoe noJJe. 

fiJlOCKOCTb KOHrypa nepneH,[II1KYJJ51pHa BeKTOpy MarHI1THOH 11H,[IyKUI111 nOJlll. 

fiJlOlll,a,[lb KOHrypa S = 2·10-3 M2. B KOHrype B03HI1KaiOT KOJle6aHI151 TOKa C 

aMnJJI1TYLIOH iM = 35 MA, ecJJI1 MarHI1THall 11H,[IyKU11ll noJJll MeH5IeTCll c Te4eHI1eM 

speMeHI1 B cooTBeTCTBI111 c <jlopMyJJoH B = acos(bt), r,~:~e a= 6·10-3 TJJ, 

b = 3500 c- 1. qeMy paBHO 3JleKTp114ecKoe conpoTI1BJleHI1e KoHrypa R? 

~ MeTaJ1Jll14eCKall nJlaCTI1Ha o6JJy4aeTC51 CBeTOM 4aCTOTOH v = 1,6·1015 ru. 

BbiJleTaiOlll,l1e 113 nJJaCTI1Hbi <jloT03JleKTPOHbi nona,~:~aiOT B O,[IHOpo,~:~Hoe 

3JleKTp114ecKoe noJJe Hanpll)l(eHHocTbiO 130 B / M, np114eM seKTop Hanpll)l(eHHocTI1 

E noJUI HanpaBJJeH K nJJaCTI1He nepneH,[II1KYJJllpHo ee nosepxHOCTI1. I13MepeHH51 

nOKa3aJ111, 4TO Ha paCCT05IHI111 10 CM OT nJlaCTI1Hbl MaKC11MaJlbHall KHHeTHl.feCKall 

3Hepr1151 <jloT03JleKTpoHoB pasHa 15,9 3B. Onpe,~:~eJJI1Te pa6ory BbLXO,[Ia 

3JleKTpOHOB 113 ,[laHHOfO MeTaJlJla. 
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ELJ.HHbiH rocyLJ.apcTseHHbiH 3K3aMeH no <DH3HKE 

HHCTPYKUHSI no BbiDOJIHeHHIO pa6oTbi 

,IJ:JJH BhinOJJHeHI1~ 3K3aMeHaf.\110HHOH pa60Thl DO <jli1311Ke OTBOLJ,I1TC~ 

235 MI1HyT. Pa6oTa COCTOI1T H3 3 YaCTeH, BKJIIOI.JaiOW,I1X 35 3aLJ,aHI1H. 

qacTh 1 coLJ.ep)J(HT 21 JaLJ,aHHe (A1- A21). K Ka)I(LJ.OMy JaLJ,aHHIO LJ.ai!TcH 

LfeThipe Bap11aHTa OTBeTa, 113 KOTOphiX npaBI1JlhHhiH TOJlhKO OLJ,I1H. 

qaCTh 2 COLJ,ep)J(HT 4 3aLJ,aHI1H (B1- B4), B KOTOphiX OTBeT He06XOLJ,HMO 

Jan11caTh B BI1LJ.e Ha6opa f.\11<jlp. 

qaCTh 3 COLJ,ep)J(11T 10 3aLJ,aLJ: A22- A25 C Bhi60pOM OLJ,HOfO BepHOfO OTBeTa 

11 C1-C6, MH KOTOphrx Tpe6yeTcll LJ,aTh pmsepHyThle peweH~. 

Ilp11 BhiLJI1CJJeHI1~X pmpewaeTCH 11CUOJlh30BaTh HenporpaMM11pyeMhiH 

KaJJhKymTOp. 

Bee 6naHKI1 Er3 JanoJJHHIOTCH ~pKHMI1 LJepHhiMI1 LJepH11JJaMI1. 

,IJ:onycKaeTC~ 11CUOJlh30BaHI1e reJJeBOH, KaDI1JlJJHpHOH 11J111 nepheBOH pyLJeK. 

Ilp11 BhinOJJHeHI1H JaLJ,aHHH Bhl MO)J(eTe UOJlh30BaThCH YepHOBI1KOM. 

06paw,aeM Bawe BHI1MaHI1e Ha TO, LJTO 3aDI1CI1 B LJepHOBI1Ke He 6yLJ.YT 

yYI1ThiBaThCH np11 Of.\eHI1BaHI111 pa60Thl. 

COBeTYeM BhinOJl~Th 3aLJ,aHI1ll B TOM nopliLI,Ke, B KOTOpOM OHI1 LJ,aHhl. ,IJ:m1 

3KOHOMI111 BpeMeHI1 nponyCKaHTe 3aLJ,aHI1e, KOTOpOe He yLJ,aeTC~ BhinOJ1HI1Th Cpa3y, 

11 nepexoLJ.I1Te K cneLJ.YIOW,eMy. Ecn11 nocne BhinOJJHeHI1ll scetl pa6oThl y Bac 

ocTaHeTc~ speMH, Bhi CMO)J(eTe sepHyThC~ K nponyw,eHHhiM JaLJ,aHI1HM. 

naJJJJhi, nonyLJeHHhie BaMI1 Ja BhmOJJHeHHhie JaLJ,aHI1H, cyMM11py10TCH. 

IlocTapaHTeCh BhinOJIHHTh KaK MO)J(HO 60JJhWe 3aLJ,aHI1H 11 Ha6paTh HaH60JJhWee 

KOJ111LJeCTBO 6aJJJJOB. 

)J(eJiaeM ycnexa! 

HH)J(e npHBeLJ,eHhl cnpaBOI.JHhle LJ,aHHhle, KOTOphle MOryT UOHaLJ,0611ThCll 

BaM np11 BhmOJJHeHI111 pa60ThJ. 

,IJ:eCHTI1LJHbiC np11CT3BK11 

HaHMeHo- 0603HaYeHMe MHOlKMTenb HaHMeHo- 06o3HaYeHMe MHOlKMTenb 
BaHMe srume 

rHra r 109 CaHTH c 10- 2 

Mera M 106 MHJJJJH M 10-3 

KHJJO K 10 3 MHKPO MK 10 6 

reKTO r 102 HaHO H 10 9 

,1.\eUH ).\ 10 I OHKO n 10- ,2 
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Koncmanmbt 

I.JHCJJO 7t 

ycKopeHHe cso6o;moro na).leHH~ Ha 3eMJJe 

rpaBHTaUHOHHaH OOCTOHHHaH 

YHHBepcanhHaH raJOBaH nocTO~HHaH 

nocTO~HHaH nOJJhUMaHa 

nocTOHHHaH Asora,l.lpo 

CKOpOCTh CBeTa B BaKyyMe 

K03<jl<jlHUHeHT nponopuHOHaJJhHOCTH B JaKOHe KynoHa 

MO).lyJJ h 3apH,l.la 3JleKTpOHa (3JJeMeHTapHhiH 

3JJeKTpHYeCKHH 3apH.Ll) 

OOCTOHHHaH IlJJ aHKa 

Coomnomenue Me:Jici>y pa3!1U'lltbl.lltu ei>unut((IJitU 

n = 3,14 

g= 10 M/c2 

G = 6,7·10-11 H ·M21Kr2 

R = 8,31 ,IJ:JK/(MOJlh·K) 
k = I ,3 8 ·10- 23 ,IJ:JK/K 
NA = 6·1023 MOJlh-l 

c = 3·108 M/c 

I 
k = --= 9 ·109 H ·M2/KJJ2 

4m:0 

e = 1,6·10-19 KJJ 

h = 6,6·10-34 ,IJ:JK·c 

TeMnepaTypa 0 K =- 273 oc 
aTOMHaH e,l.lHHHUa MaCChi 

I aTOMHaH e.LlHHHUa MaCChi 3KBHBaneHTHa 

I 3JJeKTpOHBOJJhT 

1 a.e.M. = 1,66·10-27 Kr 

931 ,5 M 3B 

Macca 'lacmut( 
3JJeKTpOHa 

npOTOHa 

HeHTpOHa 

llJZomnocmb 

BO,l.\hl 

.LlpesecHHhl (cocHa) 

KePOCHHa 

I 3B = 1,6 ·10- 19 ,IJ:JK 

9, l·l0-31Kr::e 5,5·10-4 a.e.M. 

1,673 ·10-27 Kr::e 1,007 a.e.M. 

1,675 ·10- 27 Kr::e 1,008 a.e.M. 

1000 Kr/M3 

400 Kr/M3 

800 Kr/M3 

00,1.\COJJ Hei.JHOfO MaCJJa 

aJJIOMHHH~ 

JKeJJe3a 

PTYTH 

Yi>e.nbnaJt melt!loi!MKocmb 

900 Kr/M3 

2700 Kr/M3 

7800 Kr/M3 

J3 600 Kr/M3 

BO,l.\hl 4,2·10 3 ,IJ:JK/(Kr·K) aJJIOMHHHH 900 ,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

JJ h.Lla 2,1·10 3 ,IJ:JK/(Kr·K) 

JKeJJe3a 460 ,IJ:JK/( Kr· K) 

CBHHUa 130 ,IJ:JK/(Kr·K) 

Yi>e.nbnaJt melt!loma 
napoo6pmosaHH~ BO.L\hi 

0JlaBJJeHI1~ CBHHUa 

nnasneH~ JJh).la 

2,3 ·10 6 ,IJ:JK/Kr 

2,5·1 0 4 ,IJ:JK/Kr 

3,3·10 5 ,IJ:JK/Kr 

Me).(H 380 

LJyryHa 500 

I HopfttUJlbltbte yCJZ06UJI' ,1.\aBJJeHHe 105 ITa TeMnepaTypa 0 oc - , -

MoJZRpnaJt Macca 
moTa 28·10-3 Kr/MOJlh reJJHll 4·10-3 

aproHa 40·10-3 Kr/MOJlh KHCJJOpO.Lla 32·10-3 

BO,l.lOpO,l.la 2-10- 3 KrfMOJlh JJHTH~ 6·10-3 

B03.Llyxa 29·10- 3 Kr/MOJlh HeOHa 20·10-3 

BO).lhl 18·10- 3 KrfMOJlh yrneKHCJJoro rma 44·10-3 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJl h 
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llpu BbtnoJlueuuu 3aiJanuii •tacmu 1 B 6JlaHKe omBemoB .M! 1 noiJ IWM.epoM. 
BbtnOJlllReM.ozo BaM.u 3aiJauuR (A1-A21) nocmaBbme 3HaK «X» B KJlemo<tKe, 
HOM.ep Komopoii coomBemcmByem HOM.epy Bbl6pannozo BaM.u omBema. 

Ha rpa<jl11Ke 3aBI1CI1MOCTh 

npoeKU,I111 CKOpOCTI1 Vx Tena OT BpeMeHI1. 

Onpe!l,eni1Te ycKopeHI1e Ten a ax. 

1) 10 Ml c 2 

2) 8 Ml c 2 

3) 2,5 Ml c 2 

4) 15 Ml c 2 

V0 M/ C 

0 

-15 

-30 

~ J111<jlT nO)J,HI1MaeTCll BBepx C ycKopeHI1eM a. qenoBeK MaCCOH 

70 Kr )J,eHCTByeT Ha non n11<jlTa C Cl1nOH 800 H ( CM. p11CYHOK). 

C11na, C KOTOpOH non )J,eHCTByeT Ha 4enoBeKa, paBHa 

1) 800 H 11 HanpasneHa BBepx 

2) 1500 H 11 HanpasneHa BBepx 

3) 100 H 11 HanpasneHa BHI13 

4) 800 H 11 HanpasneHa BHI13 

1 2 3 4/ 5 t, c 

v 

~ Mll4 MaCCOH 300 r 6pollleH no)J, yrnoM 45° K rop1130HTY C Ha4aJlhHOH CKOpOCThiO 

V = 20 M/ C. MO)l,ynh Cl1nhi Tll)l(eCTI1, )J,eHCTBYIOI.l.\eH Ha Mll4 Cpa3y nocne 6pOCKa, 

paseH 

1) 6 H 2) 1,5 H 3) 3 H 4) 0 

~ JlerKOBOH aBTOM0611nh 11 rpy30BI1K )J,BI1)1(YTCll CO CKOpOCTliMI1 COOTBeTCTBeHHO 

v 1 = 108 KM/ 4 11 Vz = 54 KM/ 4. 11X MaCChi: m1 = 1000 Kr 11 m2 = 3000 Kr. Bo 

CKOnhKO pa3 11MnynhC rpy30BI1Ka 60nhllle 11MnynhCa nerKOBOrO aBTOM0611n51? 

1) B 1,5 pa3a 

2) B 3 pa3a 

3) B J3 pa3a 

4) B 6 pa3 
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~ KaMeHh MaCCOH 1 Kr na)J,aeT Ha 3eMniO C BhiCOThl 30 M 113 COCT05IHI151 nOK051. 

KaKyiO KHHeTI14ecKyiO 3HepmiO 11MeeT KaMeHh nepe!l, y !l,apoM o 3eMniO? 

ConpOTI1BneHI1eM B03)J,yxa npeHe6pe4b. 

1) 300 ,Il;)l( 2) 45 ,Il;)l( 3) 450 ,Il;)l( 4) 3000 ,Il;)l( 

MaTeMaTI14eCKI1i1 Ma»THI1K c nep110)J,OM Kone6aHI1i1 T 
OTKJ10HI1nl1 Ha He60nhlli0H yron OT nonO)I(eHI151 paBHOBeCI151 

11 OTnycTI1nl1 C Ha4aJlhHOH CKOpOCThiO, paBHOH eyn10 
(CM. p11CYHOK). qepe3 KaKOe BpeM51 nocne 3TOrO KI1HeTI14eCKa51 

3Hepr11JI Ma5ITHI1Ka B nepBhiH pa3 )J,OCTI1rHeT MaKCI1MyMa? 

ConpoTI1BneHI1eM B03)J,yxa npeHe6pe4b. 

~ 
( ~ .~ d~ ..... b ..... 

1) .!.r 
8 

2) _!_ T 
16 

3) _!_ T 
2 

4) _!_ T 
4 

KaKoe(-11e) 113 yTsep)I()J,eHI1H npaBI1nhHo(-h1)? 

A. CKopoCTh )J,I1<jl<jly31111 yseni1411BaeTC» c pocTOM TeMneparyphi. 

E. CKopOCTh )J,Bf.l)l(eHH51 6poyHOBCKOH 4aCTI1l.l,hl He 3aBI1CI1T OT ee MaCChi. 

B. ,Il;11<jl<jly31151 Ha6niO)J,aeTCll B raJaX, )1(11)J,KOCTliX 11 TBep)J,hiX Tenax. 

1) TOnhKO A 

2) TOnhKO D 

3) A 11B 

4) E 11 B 

KaK 113MeHI1TCll )J,asneHI1e pa3pe)l(eHHoro raJa, ecn11 np11 ero HarpesaHI111 

11 C)l(aTI111 a6coniOTHall TeMneparypa raJa 11 KOHU,eHTpaU,I1ll MOneKyn ysenl14aTCll 

B 2 pa3a? 

1) yseni1411TCll B 8 pa3 

2) He 113MeHI1TCll 

3) yseni1411TCll B 4 pa3a 

4) yseni1411TCll B 2 pa3a 

~ 0THOCI1TenhHall sna)I(HOCTh B03)J,yXa B 3aKphiTOM cocy)J,e 25%. KaKoi1 6y)J,eT 

OTHOCI1TenhHall Bna)I(HOCTh, ecn11 06'beM cocy)J,a np11 Hei13MeHHOH TeMneparype 

yMeHhllii1Th B 3 pa3a? 

1) 75% 2) 8% 3) 100% 4) 25% 
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I AlO I Ha p11cyHKe np11se,L1eH rpa<jl11K '-111KJ1WiecKoro npo'-lecca, 

npose,L\eHHoro c O.L\HOaTOMHbiM 11,L\eaJlbHbiM ra.JOM. Ha KaKOM 

113 y4aCTKOB BHyTpeHHllll 3Hepnlll raJa yBeJ111411BaJlaCb? 

KOJ1114eCTBO sewecTsa ra3a nocTOliHHO. 

1) BC 

2) CD 
3) DA 

4) AB 

v 
B 

T 

~ ,lJ,Ba O,L\11HaKOBbiX T04e4Hb!X 3ap»,L\a pacnOJlO)((eHbl Ha HeKOTOpOM paCCTOliHI111 

.L\pyr oT .L\pyra. PaccTOliHI1e Me)((,Liy HI1MI1 yseJ111411BaiOT B 4 pa3a. KaK HY)((HO 

113MeHI1Tb BeJ111'-li1HY Ka)((,L\OfO 113 3apli,L\OB, 4T06bl MO,L\yJlb CI1J1 11X 

3JleKTpOCTaTI14eCKOfO B3ai1MO,L\eHCTBI1ll OCTaJlCll npe)((HI1M? 

1) yseJ111411Tb B 4 pa3a 

2) yseJ111411Tb B 2 pa3a 

3) yMeHbWI1Tb B 4 pa3a 

4) yseJ111411Tb B 16 pa3 

I A12 I KaK 113MeHI1TCll BeJ111411Ha 3JleKTp114ecKoro 3apli.L\a, npowe,L\wero 4epe3 

nonepe4HOe Ce4eHI1e npOBO,L\HI1Ka, eCJ111 CI1Jla TOKa B03paCTeT B 2 pa3a, a BpeM51 

npoTeKaHHll TOKa B npOBO,L\HI1Ke yMeHbWI1TCll B 2 pa3a? 

1) yseJ111411TCll B 2 pa3a 

2) yMeHbWI1TCll B 2 pa3a 

3) yseJ111411TCll B 4 pa3a 

4) He 113MeHI1TCll 

- - -
MarHI1THOe noJle B = B1 + B 2 C03,L\aHo 

B T04Ke A .L\BYMll napanJ1eJ1bHbiMI1 

,L\J111HHbiMI1 npOBO,L\HI1KaMI1 C TOKaMI1: 11 

11 12. pacnOJ10)((eHHbiMI1 nepneH,L\HKYJlllpHO nJlOCKOCTH 4epTe)((a. BeKTOpbl B1 

11 B2 B T04Ke A HanpasJleHbl B nJ10CKOCTI1 4epTe)((a CJ1e,L\yiOI.l.II1M o6pa3oM: 

1) B1 - BBepx, B2 - BHI13 

2) B1 - BHI13, B2 - BBepx 

3) B1 - ssepx, B2 - ssepx 

4) B1 - BHI13, B2 - BHI13 
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I A14 I KaK 113MeHI1TCll nep110.L\ co6cTBeHHbrx 3JleKTpoMarHI1THbrx 

KOJ1e6aHI1H B KOHrype ( CM. p11CYHOK), eCJ111 KJ1104 K 

nepeseCTI1 113 noJ10)((eHI1» 1 B noJ10)((eHI1e 2? 

1) yMeHbWI1TCll B 3 pa3a 

2) yBeJ111411TCll B 9 pa3 

3) yseJ111411TCll B 3 pa3a 

4) yMeHbWI1TCll B 9 pa3 

I AlS I Ha co611pa10wyiO J111H3Y napanJleJlbHO 

onTI14eCKOH OCI1 na,L\aeT J1Y4 CBeTa 

(CM. p11CYHOK). IlOCJle npOX0)((,L\eHI151 

4epe3 J111H3Y J1Y4 npOH,L\eT B,L\OJlb J111HI111 

1) 

2) 2 

3) 3 
4) 4 

I A16 I Ha 3epKano, .L\BI1~ll.leecll s saKyyMe OTHOCI1TeJ1bHO 

11Hep'-111aJlbHOH CI1CTeMbl OTC4eTa (11C0) CO CKOpOCTbiO 

V, HanpaBJleHHOH BHI13 (CM. p11CYHOK), na,L\aeT J1Y4 

CI1Hero cseTa. KaKosa cKopoCTb cseTa B 3TOi1 HCO 

nocJle oTpa)((eH1151 oT 3epKana, ecJ111 yroJl na,L\eHI1ll paseH 

60° ? CKOpOCTb CBeTa OT HenO,L\BI1)((H0f0 11CT04HI1Ka B 

saKyyMe pasHa c. 

1) c - 2v 

2) c 

3) c + 2v 

4) 

I A17 I Ha p11cyHKe 113o6pa)((eHa ,L\HarpaMMa 3HepreTI14eCKI1X 

yposHei1 aToMa. KaKoi1 1..111<jlpoi1 o6o3Ha4eH nepexo,L\, 

KOTOpbiH COOTBeTCTByeT nOfJ10!UeHI110 <jJOTOHa 

Hai160J1bWeH 4aCTOTbl? 

1) 1 
2) 2 

3) 3 
4) 4 

t! Ia~ ~ 

Es 

E4 

E3 1\ 
E2 

1 ' \ 

EJ 1 2 3 4 
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I A18 I Ha p11cyHKe npe,L\cTaBJJeH rj:lparMeHT Ilep110.L\114ecKoi1 CI1CTeMhl 3JleMeHTOB 

,1J, .I1. MeH,[(eJJeeBa. Ilo,[( mrmaHI1eM Ka)I(,[(Oro 3JleMeHTa np11Be,[(eHhl MaccOBhle 

411CJla ero OCHOBHhiX CTa611JlhHhiX 1130TODOB. flp11 3TOM HI1)1(HI1H 11H,[(eKC OKOJlO 

MaccoBoro 411CJla YKa3hiBaeT (B npou,eHTax) pacnpocTpaHeHHOCTh 1130Tona B 

np11po,L\e. 

Li 3 Be 4 5 B 
2 II JIHTHt\ EEPHJI.JIHI1 GOP 

7 93 67,4 9100 II so I 02o 

Na 11 Mg 12 13 AI ,., 
III .) HATPHH MAfl-UiH NIJOMHHHH 

23100 24792611251 0 27100 

K 19 Ca 20 Sc 21 
IV KNIHA KAJlbl\HH CKAH,ll.Hti: 

4 
3993 41 6.7 4097 442.1 45100 

29 Cu 30 Zn 31 Ga v ME)Jh UHHK rAJJJJHil 

6369 6531 64496628681 9 6960 7140 

YKa)I(HTe 411CJlO Hei1TpOHOB B li,L\pax yKa3aHHhiX cTa611JlhHhiX 1130TonoB KaJJHll. 

1) 391119 2) 39 11 41 

I A19 I Ha pHcyHKe npHBe,L\eH rparj:lHK 

411CJla li.L\ep 

B npo611pKe 

113MeHeHI1ll 

HaXO.L\llll.\erocll 

pa,L\110aKTHBHOrO 

Te'leHI1eM BpeMeHI1. 

1130Tona c 

IlepHO.L\ noJJypacna,L\a 3Toro 1130Tona 

1) 1 MeClll.l, 

2) 2 Mecllu,a 

3) 4 Mecllu,a 

4) 8 MeClll.l,eB 

3) 20 11 22 4) 19 11 19 

N,l01s 

3 
1\ 

2 
\ 
~ 
I' 

!'.... 
r-

0 12345678 t, Mec. 

,lJ,OM CT011T Ha Kpa!O DOJlll. C 6aJJKOHa C BhiCOThl 5 M MaJlhlJI1K 6pOCI1Jl KaMellleK 

B ropH30HTaJlhHOM HanpaBJleHHI1. HalJaJlhHall CKOpOCTh KaMelliKa 7 M/ C. qepe3 2 C 

DOCJle 6pOCKa CKOpOCTh KaMelliKa npH6Jli1311TeJlhHO paBHa 

1) 21 M/ c 2) 14 M/ C 3) 7 M/ c 4) 0 
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I A21 I Ha pV-,[(11arpaMMe 

nocJJe,L\oBaTeJlhHOCTh Tpex npou,eccoB 

(1 ~ 2 ~ 3) 113MeHeHIUI COCTOliHIUI 2 MOJlh 

11,L\eaJJhHoro raJa. KaKoBa 3Ta 

nOCJle,[(OBaTeJlhHOCTh npou,eCCOB B ra3e? 

p 

3po 1----. 

0 

1) HarpeBaHI1e ~ pacumpeHI1e np11 nocTOliHHOH TeMneparype ~ C)l(aTI1e 

2) C)l(aTI1e ~ HarpeBaHI1e ~ OXJla)l(,[(eHI1e 

3) HarpeBaHI1e ~ OXJla)l(,[(eHI1e ~ C)l(aTI1e 

4) pacumpeHI1e ~ OXJla)l(,[(eHI1e ~ C)l(aTI1e np11 DOCTOliHHOM ,[(aBJleHI111 

v 
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Om6emoM. K 3ai>auuRM. 'Jmou •wcmu (Bl-B4) R6!1RemcR noC!leOo6ameJZbiWCmb 
u,uljJp. BnuUiume om6embl cua'la!la 6 meKcm pa6ombl, a 3ameM. nepeuecume 
ux 6 6!laHK om6emo6 .N!! 1 cnpa6a om uoM.epa coom6emcm6ywU{ezo 3ai>auuR, 
ua'luHaR c nep6ou KJlemo'lKu, 6e3 3anRmbtX, npo6e!lo6 u KaKux-!lu6o 
i>ono!luumeJZbHbtX CUM60!I06. Kami>y1o u,uljJpy nuUiume 6 omi>eJZbHOu 
KJlemo•tKe 6 coom6emcm6uu c npu6eOi!UHbtM.u 6 6!laHKe o6pa3U,a.MU. 

[!!] B UHJ111H.L\pH4ecKoM cocy,[(e no,[( nopwHeM HaXO.L\HTCll raJ. 

IIopweHb MO)J(eT nepeMewaTbCll B cocy,L\e 6e3 TpeHI1ll . Ha 

,[(He cocy,[(a Jle)J(HT CTMbHOH wapHK (eM. pHcyHoK). B 

cocy,L\ 3aKa411BaeTcll ewe TaKoe )J(e KOJ1H4eCTBO raJa np11 

HeH3MeHHOH TeMneparype. KaK H3MeHHTC» B pe3yJlbTaTe 

:noro o6beM raJa, ero ,[(aBJleHHe 11 ,L\eHCTBYIOI.l.la» Ha wapHK 

apX11Me,[(OBa CI1J1a? 

):J:J151 Ka)J(,[(OH BeJ1H411Hbl onpe,[(eJ111Te COOTBeTCTBYIOI.l.IHH 

xapaKTep H3MeHeHH51: 

1) yseJ111411TC» 

2) yMeHbWHTCll 

3) He H3MeHHTC51 

3anHWHTe B Ta6J111UV Bb16paHHble L1,11cjlpbl ,L\Jl51 Ka)J(,[(OH cjll13114eCKOH BeJ1H411Hbl . 

U11cjlpb1 B OTBeTe MOryT noBTOpHbC». 

06beM raJa ):J:asJleHHe raJa Apx11Me,[(oBa c1111a 
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~ rpy3 11306pa)J(eHHOrO Ha p11CYHKe npy)J(I1HHOrO Ma51THI1Ka 

COBepwaeT rapMOHI14eCKI1e KOJle6aHI1ll Me)J(,[(y T04KaMI1 1 
11 3. KaK MeHlleTC» KHHeTI14eCKa» :mepm» rpy3a 

Mal!THI1Ka, CKOpOCTb rpy3a 11 )J(eCTKOCTb npy)J(HHbl np11 

,[(BH)J(eHI1H rpy3a Ma51THI1Ka OT T04KH 1 K T04Ke 2? 

):J:J151 Ka)J(,[(OH BeJ111411Hbl onpe,[(eJlHTe COOTBeTCTBYIOI.l.IHH 

xapaKTep ee 113MeHeH1151: 

1) yseJ1WIHBaeTC51 

2) yMeHbWaeTCll 

3) He H3MeH51eTC51 

3 

3ani1WHTe B Ta6J1HUV Bb16paHHble l.I,Wjlpbl ,[(Jill Ka)J(,[(OH cjlH3114eCKOH BeJ1114HHbl. 

U11cjlpbl B OTBeTe MoryT noBTOp51TbCll. 

KHHeTH4ecKa» 
CKOpOCTb 

3Hepr1151 
rpy3a 

rpy3a Mal!THHKa 

[!D Ha pHcyHKe H3o6pa)J(eHa ,L\11arpaMMa 4eTblpex 

nOCJle,L\OBaTeJlbHbiX H3MeHeHHH COCTOliHI1ll 

2 MOJlb H,[(eaJlbHOro raJa. KaKHe npouecCbl 

CBll3aHbl C HaHMeHbWI1M nOJ10)1(11TeJlbHbiM 

3Ha4eHI1eM pa60Tbl raJa 11 HaH60JlbWI1M 

nOJ10)J(J1TeJlbHbiM 3Ha4eHI1eM pa60Tbl BHeWHHX 

CI1J1 ? 

YcTaHOBHTe 

npoueccaMI1 

,[(11arpaMMe. 

COOTBeTCTBI1e Me)J(,[(y TaKHMI1 

11 HOMepaMI1 npoueccos Ha 

)l(eCTKOCTb 

npy)J(HHbl 

v 

K Ka)J(,[(OH n03Hl.l,l111 nepsoro CTOJ16l.l,a n0,[(6ep11Te COOTBeTCTBYIOI.l.IYIO n0311l.I,HIO 

BTOporo 11 3ani1WI1Te B Ta61111uy Bb16paHHble L1,11cjlpbl no,[( COOTBeTCTBYIOI.l.II1MI1 

6yKBaMH. 

IIPOUECChl 

A) pa6oTa raJa noJlO)J(HTeJlbHa 11 MI1HI1MMbHa 

E) pa6oTa BHeWHI1X c1111 noJlO)J(I1TeJlbHa 

H MaKC11MaJlbHa 

A 

HOMEP A IIPOUECCOB 

1) 1 
2) 2 
3) 3 
4) 4 

E 



EAIIIHbl~ rOcyAapCTB6HHbl~ 3K3aMeH , 2013 r. 

~ Ha Henot:~BIDKHOM npoBOLillllleM 

yeAHHeHHOM wapHKe pat:~HycoM R 
Haxot:~HTCll 3apliLI Q. To4Ka 0 - u,eHTP 

R 
wapHKa, OA = - , OB = 4R, OC = 2R. 

2 
Mo):lym. Hanpli)J(eHHocTH 3JleKTpo­

CTanr'-lecKoro nOJlll 3apllt:~a Q B T04Ke 

C paseH Ec. lJeMy paseH MO):IyJlb 

Hanpli)J(eHHOCTH 3JleKTpOCTaTH'-IeCKOfO 

nOJlll 3apllt:~a Q B T04Ke A H T04Ke B? 

<ll~3~KA 6 / 7 

-----------------· 
B 

' ec 

Y CTaHOBHTe COOTBeTCTBHe Me)J():Iy <j:lH3H4eCKHMH BeJ1H4HHaMH H HX 3Ha4eHH51MH. 

K Ka)J():IOH n03HLI,HH nepBOrO CTOJ16U,a nO):I6epHTe COOTBeTCTBYIOlliYIO n03HU,HfO 

BTOporo H 3anHWHTe B Ta6J1HUV Bb16paHHble U,H<j:lpbl nOLl COOTBeTCTBYIOlliHMH 

6yKBaMH. 

<l>l13l1lJECKl1E BEJ1l1lJl1Hbl 

A) MO):IyJlb Hanpli)J(eHHOCTH 3JleKTpocTaTH4ecKoro 

nom1 wapHKa B T04Ke A 
E) MO):IyJlb Hanpli)J(eHHOCTH 3JleKTpocTaTH4ecKoro 

nOJlll wapHKa B T04Ke B 

A 

l1X3HAlJEHl1.51 

1) 0 
2) 4Ec 

3) Ec 

2 

4) Ec 

4 

E 
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3aiJanuR •tacmu 3 npeiJcma6!1RIOm co6oii 3aiJa'lu. PeKoM.eniJyemcR npo6ecmu 
ux npeiJ6apume.nbnoe pemenue na 'lepHo6uKe. llpu 6btnO!IHenuu 3aiJanuii 
(A22-A25) 6 6!laHKe om6emo6 .H!! 1 noiJ HOM.epoM. 6btnO!IHRe.Mozo BaM.u 3aiJanuR 
nocma6bme 3HaK «X» 6 I<Jlemo'l«e, noM.ep «omopoii coom6emcm6yem HOM.epy 
6bl6pannozo BaM.u om6ema. 

I A22 I MHMO ocTaHOBKH no npliMOH y11Hu,e npoe3)J(aeT rpy30BHK co cKopoCTbiO 10 M/ c . 

lJepe3 5 C OT OCTaHOBKH B):IOfOHKY rpy30BHKY OTbe3)J(aeT MOTOLI,HKJlHCT, 

LIBH)I(YlliHHCll C ycKopeHHeM 3 M/c2. CKOJlbKO BpeMeHH noTpe6yeTCll 

MOTOLI,HKJlHCTY, 4T06bl ):IOrHaTb rpy30BHK? 

1) 7,5 c 2) 10 c 3) 5 c 

I A23 I C HAeaJlhHbiM ra30M B KOJ1H4eCTBe 0,24 MOJlll 

npOHCXO):IHT LI,HKJ1H4eCKHH npou,ecc, 

VT-t:~HarpaMMa KOToporo npet:~cTaBJleHa Ha 

pHCYHKe. Onpet:~eJlHTe HaHMeHhwee t:~aBJleHHe 

raJa B 3TOM npou,ecce. 

1) 24 Klla 

2) 12 Klla 

3) 3 Klla 

4) 6 Klla 

4) 15 c 

v, J] 

100 

50 

0 300 600 T, K 

I A24 I IlpliMOJlHHeHHbiH npoBOLIHHK not:~seweH ropH30HTMbHO Ha LIBYX HHTliX B 

OLIHOPOLIHOM MarHHTHOM no11e c HHLIYKI..IHeH 20 MTJl. BeKTOp MarHHTHOH 

HH):IyKLI,HH ropH30HTaJleH H nepneH):IHKY11llpeH npOBOLIHHKy . KaKOH TOK CJle):lyeT 

nponyCTHTb no npOBOLIHHKy, 4T06bl CHJla HaTl!)J(eHHll HHTeH yBeJ1H4HJlaCb BLIBOe? 

Macca et:~HHHU,bl LIJlHHbl npoBOLIHHKa 0,04 Kr/ M. 

1) 20 A 2) 2 A 3) 4 A 4) 8 A 

flOTOK <j:lOTOHOB Bbi6HBaeT H3 MeTaJlJla <j:lOT03JleKTp0Hbl, MaKCHMaJlbHall 

KHHeTH'-IeCKall 3HeprHll KOTOpbrx 10 38. 3HeprHll <j:lOTOHOB B 3 pa3a 60J1bllie 

pa6oThl BbiXO):Ia. KaKosa pa6om BbiXO):Ia? 

1) 15 3B 

2) 5 3B 

3) 10 3B 

4) 30 3B 
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llonuoe pemeuue 3aiJa'l Cl-C6 ueo6xoiJuMo 3anucamb 6 6naHKe om6emo6 .H!! 2. 
llpu ofjJopMneuuu pemeuu11 6 6naHKe om6emo6 .H!! 2 3anumume cHa'lana IWMep 
3aiJauu11 (Cl, C2 u m. iJ.), a 3ameM pemeuue coom6emcm6yww.eu 3aiJa'lu. 
Om6embt 3anucbwaiime •ti!mKo u pa36op•tu6o. 

~ K Kone6aTenbHOMY KOHTYPY no,~:~eoe,1:111H11n11 11eTO'-IHI1K TOKa, Ha KneMMax 

KOTOporo HanplDKeHI1e rapMOHI1'-IeeKI1 MeHl!eTell e '-laeTOTOH V. 

11H,[IyKTI1SHOeTb L KaryWKI1 KOne6aTenbHOrO KOHrypa MO)I(HO nnasHO MeH51Tb OT 

MI1HI1Ma.JlbHOro 3Ha'-leHI1ll Lmm ,[10 MaKei1Ma.JlbHOro Lmaxo a eMKOeTb ero 

KOH,[IeHeaTopa noeTOliHHa. 

Y4eHI1K nOeTeneHHO ysen11'-111Sa.Jl 11H,[IYKTI1SHOeTb KaryWKI1 OT MI1H11Ma.JlbHOrO 

3Ha'-leHI151 ,[10 MaKei1Ma.JlbHOrO 11 06Hapy)l(l1n, '-ITO aMnn11ry,1:1a el1nbl TOKa S KOHrype 

see speM51 S03paeTa.Jla. 0n11pa51eb Ha es011 3HaHI151 nO 3neKTp0,[111HaMI1Ke, 

06o51eHI1Te Ha6niO,[IeHI151 y'-leHI1Ka. 

llonuoe npa6U!lbUOe pemeuue KaJtciJoii U3 3aiJa'l C2-C6 iJonJtcuo coiJepJtcamb 
3aKOHbl u fjJopMy!lbl, npUMeueuue KomopblX ueo6xoiJuMo u iJocmamo•mo O!IR 
pemeuu11 3aiJa'lu, a maKJtce MameMamu'lecKue npeo6pa3o6auuR, pac'li!mbl c 
'IUC!leUUblM om6emoM u npu ueo6xoiJuMocmu pucyuoK, noRCilRIOUI,Uii 
pemeuue. 

ITD Ilp116op Ha6niO,[IeHHll o6Hapy)l(l1n neTlllUI1H 

eHapll,l:l 11 3a<jli1Ke11p0Sa.Jl ero rop1130HTa.JlbHYIO 

K00p,[111Hary X1 11 SbleOry h1 = 1655 M Ha,[l h, 
3eMneH (eM. p11eyHoK). qepe3 3 e eHapll,l:l yna.Jl 

Ha 3eMniO 11 S30psa.Jle51 Ha paeeT051HI111 x 1 
/ = 1700 M OT MeeTa ero 06Hapy)l(eHI151. qeMy 

' ' ' ' 
\ 

I 

Ilp116op 

Ha6niO,[IeHI151 

paSHllnaeb Ha'-la.JlbHall eKOpOeTb u0 eHapl!,[la np11 SblneTe 113 nyWKI1, een11 e411TaTb, 

'-ITO eonpOTI1SneHI1e S03,[1yXa npeHe6pe)I(I1MO Ma.JlO? flywKa 11 MeeTO S3pb1Sa 

HaXO,[Il!Tell Ha O,[IHOH rop1130HTa.Jll1. 

[§] Ha,1:1 O,[IHOaTOMHbiM 11,/:lea.JlbHbiM raJ OM 

npOS0,[111Te51 U11Knl1'-leeKI1H npoueee, nOKa3aHHbiH 

Ha p11eyHKe. Ha y'-laeTKe 1- 2 raJ eosepwaeT 

pa6ory A12 = 1000 ,[()((. Ha a,1:111a6aTe 3- 1 
sHeWHI1e e11nb1 e)I(I1MaiOT raJ, eosepwa» pa6ory 

IA3d = 370 ,[()((. Konl14eeTso setUeeTsa raJa 

s xo,~:~e npoueeea He MeH»eTe». Hail,~:~11Te KIT,[( 

U11KJla. 

2 

Po --------~-(] , .. ' : 
,' ' 

,,'' : 3 
,.' I I 

0 Vo 2V0 V 
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110H yeKOp51eTe51 S ::meKTp11'-1eeKOM none 

e pa3HOeTbiO noTeHU11a.JlOS U 10 KB 
11 nona,~:~aeT s O,[IHOpo,~:~Hoe MarHI1THOe none 

nepneH,[II1Kyn»pHO K seKTOpy ero 11H,[IYKU1111 jj 
(eM. p11eyHOK). 0THOWeHI1e Maeebl 110Ha K ero 110HOS 

3neKTp11'-1eeKoMy 3ap»LIY !!!. = 5·10-7 Kr/Kn. Onpe,~:~en11Te 
q 

+ -

pa,~:~J.!Ye TPaeKTOp1111 

,[ISI1)1(eHI151 110Ha s MarHI1THOM none, een11 B = 0,5 Tn. K11HeTI1'-IeeKoil 3Hepr11eil 

110Ha np11 ero SblneTe 113 11eTO'-IHI1Ka npeHe6peri1Te. 

3aMKH)'TbiH KOHTYP 113 TOHKOH nposonoKH noMetUeH s MarHI1THoe none. 

IlnoeKOeTb KOHrypa nepneH,[II1Kyn»pHa seKTOpy MarHI1THOH 11H,[IyKU1111 nOJI51. 

IlnotUa,[lb KoHrypa S = 2·10-3 M2, ero 3neKTp11'-1eeKoe eonpoTI1sneHI1e R = 1,2 OM. 

MarHI1THall 11H,[IyKU11ll nonll MeHl!eTell e Te'-leHI1eM speMeHI1 S eOOTSeTeTSI111 

e <jlopMynoll B = A eos(bt), r,~:~e A = 6·10-3 Tn, b = 3500 e-1. qeMy pasHa 

aMnn11ry,1:1a KOne6aHI1H TOKa S KOHrype? 

~ MeTa.Jln114eeKa» nnaeTI1Ha o6ny'-laeTe» eseTOM. Pa6oTa sbtxo,~:~a 3neKTpoHos 113 

,~:~aHHoro MeTa.Jlna pasHa 3,7 3B. BbtneTaiOtU11e 113 nnaeTI1Hbl <jloTo3neKTpOHbl 

nona,1:1a10T s O,[IHopo,~:~Hoe 3neKTp114eeKoe none Hanpll)l(eHHOeTbiO 130 B /M. 

BeKTop Hanpll)l(eHHOeTI1 E nonll HanpasneH K nnaeTI1He nepneH,[II1KYJillpHo ee 

nosepXHOeTI1. I13MepeHI1ll nOKa3a.Jll1, '-ITO Ha paeeTOliHI111 10 eM OT nnaeTI1Hbl 

MaKe11Ma.JlbHa51 KMHeTI1'-IeeKa51 3HeprH51 <jlOT03neKTpOHOS pasHa 15,9 3B. 

Onpe,~:~en11Te '-laeTory na,~:~aiOtUero Ha nnaeTI1HY eseTa. 



EAIIIHbl~ rOcyAapCTB6HHbl~ 3K3aMeH , 2013 r. <ll~3~KA 1/7 

ELJ.HHbiH rocyLJ.apcTseHHbiH 3K3aMeH no <DH3HKE 

HHCTPYKUHSI no BbiDOJIHeHHIO pa6oTbi 

,IJ:JJH BhinOJJHeHI1~ 3K3aMeHaf.\110HHOH pa60Thl DO <jli1311Ke OTBOLJ,I1TC~ 

235 MI1HyT. Pa6oTa COCTOI1T H3 3 YaCTeH, BKJIIOI.JaiOW,I1X 35 3aLJ,aHI1H. 

qacTh 1 coLJ.ep)J(HT 21 JaLJ,aHHe (A1- A21). K Ka)I(LJ.OMy JaLJ,aHHIO LJ.ai!TcH 

LfeThipe Bap11aHTa OTBeTa, 113 KOTOphiX npaBI1JlhHhiH TOJlhKO OLJ,I1H. 

qaCTh 2 COLJ,ep)J(HT 4 3aLJ,aHI1H (B1- B4), B KOTOphiX OTBeT He06XOLJ,HMO 

Jan11caTh B BI1LJ.e Ha6opa f.\11<jlp. 

qaCTh 3 COLJ,ep)J(11T 10 3aLJ,aLJ: A22- A25 C Bhi60pOM OLJ,HOfO BepHOfO OTBeTa 

11 C1-C6, MH KOTOphrx Tpe6yeTcll LJ,aTh pmsepHyThle peweH~. 

Ilp11 BhiLJI1CJJeHI1~X pmpewaeTCH 11CUOJlh30BaTh HenporpaMM11pyeMhiH 

KaJJhKymTOp. 

Bee 6naHKI1 Er3 JanoJJHHIOTCH ~pKHMI1 LJepHhiMI1 LJepH11JJaMI1. 

,IJ:onycKaeTC~ 11CUOJlh30BaHI1e reJJeBOH, KaDI1JlJJHpHOH 11J111 nepheBOH pyLJeK. 

Ilp11 BhinOJJHeHI1H JaLJ,aHHH Bhl MO)J(eTe UOJlh30BaThCH YepHOBI1KOM. 

06paw,aeM Bawe BHI1MaHI1e Ha TO, LJTO 3aDI1CI1 B LJepHOBI1Ke He 6yLJ.YT 

yYI1ThiBaThCH np11 Of.\eHI1BaHI111 pa60Thl. 

COBeTYeM BhinOJl~Th 3aLJ,aHI1ll B TOM nopliLI,Ke, B KOTOpOM OHI1 LJ,aHhl. ,IJ:m1 

3KOHOMI111 BpeMeHI1 nponyCKaHTe 3aLJ,aHI1e, KOTOpOe He yLJ,aeTC~ BhinOJ1HI1Th Cpa3y, 

11 nepexoLJ.I1Te K cneLJ.YIOW,eMy. Ecn11 nocne BhinOJJHeHI1ll scetl pa6oThl y Bac 

ocTaHeTc~ speMH, Bhi CMO)J(eTe sepHyThC~ K nponyw,eHHhiM JaLJ,aHI1HM. 

naJJJJhi, nonyLJeHHhie BaMI1 Ja BhmOJJHeHHhie JaLJ,aHI1H, cyMM11py10TCH. 

IlocTapaHTeCh BhinOJIHHTh KaK MO)J(HO 60JJhWe 3aLJ,aHI1H 11 Ha6paTh HaH60JJhWee 

KOJ111LJeCTBO 6aJJJJOB. 

)J(eJiaeM ycnexa! 

HH)J(e npHBeLJ,eHhl cnpaBOI.JHhle LJ,aHHhle, KOTOphle MOryT UOHaLJ,0611ThCll 

BaM np11 BhmOJJHeHI111 pa60ThJ. 

,IJ:eCHTI1LJHbiC np11CT3BK11 

HaHMeHo- 0603HaYeHMe MHOlKMTenb HaHMeHo- 06o3HaYeHMe MHOlKMTenb 
BaHMe srume 

rHra r 109 CaHTH c 10- 2 

Mera M 106 MHJJJJH M 10-3 

KHJJO K 10 3 MHKPO MK 10 6 

reKTO r 102 HaHO H 10 9 

,1.\eUH ).\ 10 I OHKO n 10- ,2 
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Koncmanmbt 

I.JHCJJO 7t 

ycKopeHHe cso6o;moro na).leHH~ Ha 3eMJJe 

rpaBHTaUHOHHaH OOCTOHHHaH 

YHHBepcanhHaH raJOBaH nocTO~HHaH 

nocTO~HHaH nOJJhUMaHa 

nocTOHHHaH Asora,l.lpo 

CKOpOCTh CBeTa B BaKyyMe 

K03<jl<jlHUHeHT nponopuHOHaJJhHOCTH B JaKOHe KynoHa 

MO).lyJJ h 3apH,l.la 3JleKTpOHa (3JJeMeHTapHhiH 

3JJeKTpHYeCKHH 3apH.Ll) 

OOCTOHHHaH IlJJ aHKa 

Coomnomenue Me:Jici>y pa3!1U'lltbl.lltu ei>unut((IJitU 

n = 3,14 

g= 10 M/c2 

G = 6,7·10-11 H ·M21Kr2 

R = 8,31 ,IJ:JK/(MOJlh·K) 
k = I ,3 8 ·10- 23 ,IJ:JK/K 
NA = 6·1023 MOJlh-l 

c = 3·108 M/c 

I 
k = --= 9 ·109 H ·M2/KJJ2 

4m:0 

e = 1,6·10-19 KJJ 

h = 6,6·10-34 ,IJ:JK·c 

TeMnepaTypa 0 K =- 273 oc 
aTOMHaH e,l.lHHHUa MaCChi 

I aTOMHaH e.LlHHHUa MaCChi 3KBHBaneHTHa 

I 3JJeKTpOHBOJJhT 

1 a.e.M. = 1,66·10-27 Kr 

931 ,5 M 3B 

Macca 'lacmut( 
3JJeKTpOHa 

npOTOHa 

HeHTpOHa 

llJZomnocmb 

BO,l.\hl 

.LlpesecHHhl (cocHa) 

KePOCHHa 

I 3B = 1,6 ·10- 19 ,IJ:JK 

9, l·l0-31Kr::e 5,5·10-4 a.e.M. 

1,673 ·10-27 Kr::e 1,007 a.e.M. 

1,675 ·10- 27 Kr::e 1,008 a.e.M. 

1000 Kr/M3 

400 Kr/M3 

800 Kr/M3 

00,1.\COJJ Hei.JHOfO MaCJJa 

aJJIOMHHH~ 

JKeJJe3a 

PTYTH 

Yi>e.nbnaJt melt!loi!MKocmb 

900 Kr/M3 

2700 Kr/M3 

7800 Kr/M3 

J3 600 Kr/M3 

BO,l.\hl 4,2·10 3 ,IJ:JK/(Kr·K) aJJIOMHHHH 900 ,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

JJ h.Lla 2,1·10 3 ,IJ:JK/(Kr·K) 

JKeJJe3a 460 ,IJ:JK/( Kr· K) 

CBHHUa 130 ,IJ:JK/(Kr·K) 

Yi>e.nbnaJt melt!loma 
napoo6pmosaHH~ BO.L\hi 

0JlaBJJeHI1~ CBHHUa 

nnasneH~ JJh).la 

2,3 ·10 6 ,IJ:JK/Kr 

2,5·1 0 4 ,IJ:JK/Kr 

3,3·10 5 ,IJ:JK/Kr 

Me).(H 380 

LJyryHa 500 

I HopfttUJlbltbte yCJZ06UJI' ,1.\aBJJeHHe 105 ITa TeMnepaTypa 0 oc - , -

MoJZRpnaJt Macca 
moTa 28·10-3 Kr/MOJlh reJJHll 4·10-3 

aproHa 40·10-3 Kr/MOJlh KHCJJOpO.Lla 32·10-3 

BO,l.lOpO,l.la 2-10- 3 KrfMOJlh JJHTH~ 6·10-3 

B03.Llyxa 29·10- 3 Kr/MOJlh HeOHa 20·10-3 

BO).lhl 18·10- 3 KrfMOJlh yrneKHCJJoro rma 44·10-3 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJl h 
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llpu 6btnO!lHeHuu 3aiJaHuii <tacmu 1 6 6!laH«e om6emo6 .M! 1 noiJ HOMepoM 
6btnO!lHReMozo Ba.Mu 3aiJaHUR (A1-A21) nocma6bme 3Ha« «X» 6 KJZemo•t«e, 
HOMep «omopoii coom6emcm6yem HOMepy 6bt6paHHOZO Ba.Mu om6ema. 

Ha rpacj:JHKe npHBe,[leHa 3aBHCHMOCTb cKopocTH 

TeJla OT BpeMeHH npH npliMOJlHHeHHOM ,[IBH)I(eHHH. 

Onpe,~:~eJlHTe no rpacj:JHKY ycKopeHHe TeJla. 

2) 20 Ml c 2 3) 15 Ml c 2 

v, Mlc 
45 

30 

15 

v 
v 

v 

0 2 3 4 t, c 
4) 10 Ml c 2 

ManbLJHK paBHOMepHO onycKaeT rHpiO, ,[leHCTBYll Ha Hee c CHJlOH 50 H . rHpll 

,~:~ei1cTsyeT Ha pyKy MMbLJHKa c CHJlOH 

1) 6oJlbWe 50 H , HanpaBJleHHOH BHH3 

2) 50 H , HanpaBJleHHOH BHH3 

3) 50 H , HanpasJleHHOH ssepx 

4) MeHbWe 50 H , HanpaBJleHHOH BHH3 

MliLJ MaCCOH 300 r 6poweH no,[l ymoM 45° K ropH30HTY C HaLJMbHOH CKOpOCTbiO 

U = 20 M/ C. MO,[IyJl b CHJlbl Tll)l(eCTH, ,[leHCTBYIOI.l.\eH Ha MliLJ Cpa3y nOCJle 6pOCKa, 

paseH 

1) 3 H 2) 0 3) 6 H 4) 1,5 H 

~ JlerKOBOH aBTOM06HJlb H rpy30BHK ,[IBH)I(YTCll CO CKOpOCTliMH COOTBeTCTBeHHO 

v 1 = 108 KMI LJ H v2 = 54 KMI LJ. 11x MaCChi : m1 = 1000 Kr H m2 = 3000 Kr. Bo 

CKOJlbKO pa3 HMnyJlbC rpy30BHKa 60JlbWe HMnyJlbCa JlerKOBOrO aBTOM06HJ1ll? 

1) B 3 pa3a 2) B 1,5 pa3a 3) B f3 pa3a 4) B 6 pa3 

~ KaMeHb MaCCOH 1 Kr na,[laeT Ha 3eMJ110 C BbiCOTbl 30 M H3 COCTOliHHll nOKOll. 

KaKyiO KHHeTHLJecKyiO 3 HeprHIO HMeeT KaMeHb nepe,1:1 y,~:~apoM o 3eMJ1IO? 

ConpoTHBJleHHeM Bo3eyxa npeHe6pe4b. 

3) 3000 )]:)!( 4) 450 )]:)!( 
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MaTeMaTH'IeCKHH MaliTHHK c nepHOLIOM KOJle6aHHi1 T 
OTKJlOHHJlH Ha He6oJ1E,WOH yroJl OT nOJlO)I(eHWJ paBHOBeCHJI 

H OTnyCTHJlH C HaLJaJlbHOH CKOpOCTbiO, paBHOH HYJliO 

( cM. pHcyHoK). qepe3 KaKoe speMll nocJle ::noro 

KHHeTHl.JeCKall :meprHJI MaliTHHKa BO BTOpOH pa3 ,[IOCTHrHeT 

MaKCHMyMa? ConpoTHBJleHHeM B03,~:~yxa npeHe6pe4b. 

ffi-
1 
I 

d ....... <) ...... 

1) l r 
4 

2) _!_ T 
4 

3) l r 
8 

~ KaKoe(-He) H3 YTBep)l(,[leHHi1 npaBHJlbHO(-bl)? 

4) _!_ T 
2 

A. CKopocn. ,[1Hcj:Jcj:Jy3HH yseJlHLJHBaeTcll c pocToM TeMneparypbl . 

li. CKOpOCTb ,[IBH)I(eHHJI 6poyHOBCKOH LJaCTHI..Ibl He 3aBHCHT OT ee MaCChi. 

B. ):J:Hcj:Jcj:Jy3H51 Ha6JliO,[IaeTCll B ra3aX, )I(H,[IKOCTliX H TBep,[lbiX TeJlaX. 

1) TOJlbKO A 

2) TOJlbKO E 

3) A H B 
4) E H B 

KaK H3MeHHTCll ,[laBJleHHe pa3pe)l(eHHoro raJa, ecJlH npH ero HarpesaHHH 

H C)l(aTHH a6COJliOTHall TeMneparypa raJa H KOHI..IeHTpal.IHll MOJleKyJl yBeJlHLJaTCll 

B 2 pa3a? 

1) He H3MeHHTCll 

2) yBeJlHLJHTCll B 8 pa3 

3) yBeJlHLJHTCll B 4 pa3a 

4) yBeJlHLJHTCll B 2 p a3a 

~ 0THOCHTeJlbHall BJla)I(HOCTb B03,[1yxa B 3aKpb1TOM cocy,~:~e 30%. KaKoi1 cTaHeT 

OTHOCHTeJlbHall BJla)I(HOCTb, eCJlH 06'beM COCy,[la npH HeH3MeHHOH TeMneparype 

yMeHbWHTb B 3 pa3a? 

1) 90% 2) 120% 3) 60% 4) 100% 
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I AIO I Ha p11cyHKe noKa3aH rpa<[l11K '-111KJlWiecKoro npo'-lecca, P 
npoBe,[(eHHoro c O.L\HOaTOMHhiM 11,L\eaJJhHhiM rmoM. Ha KaKoM 

113 yLfaCTKOB BHYTpeHH»» :mepm» rma yBeJJI1411BaJJach? 

KoJJI1LfeCTBO BemecTBa rma nocTOliHHO. 

1) CD 
2) DA 

3) AB 

4) BC 

A , , 

3/7 

B 

T 

~ CI1Jlhl 3JleKTpocTaTI1LfeCKoro B3ai1MO,[(elicTBI151 Me)((,[(y .L\BYMll TOLfe4HhiMI1 

3apl!)((eHHhiMI1 TeJJaMI1 paBHhl no MO,[(yJliO F. KaK 113MeHI1TCll MO.L\YJJh CI1Jl 

3JleKTpOCTaTI1LfeCKOfO B3ai1MO,L\eHCTBI1ll Me)((,[(y 3TI1MI1 TeJlaMI1 , eCJll1 paCCTOliHI1e 

Me)((,[(y HI1MI1 yBeJli1411Th B 2 pa3a? 

1) yMeHhllii1TCll B 2 pa3a 

2) yBeJli1411TCll B 2 pa3a 

3) yBeJli1411TC51 B 4 pa3a 

4) yMeHhllii1TC51 B 4 pa3a 

I A12 I KaK 113MeHI1TCll BeJJI1411Ha 3JleKTp114ecKoro 3apli.L\a, npollle,L\lllero 4epe3 

nonepe4HOe CeLfeHI1e npOBO,[(HI1Ka, eCJll1 CI1Jla TOKa B03paCTeT B 2 pa3a, a BpeM51 

npOTeKaHI151 TOKa B npOBO,[(HI1Ke yMeHhllii1TC51 B 2 pma? 

1) yBeJli1411TCll B 2 pa3a 

2) yBeJli1411TCll B 4 pa3a 

3) He 113MeHI1TCll 

4) yMeHhllii1TC51 B 2 pa3a 

- - -
MarHI1THOe noJJe B = B1 + B2 C03,[(aHo 

B TOLfKe A .L\BYM» napaJJJJeJJhHhiMI1 

,L\Jli1HHhiMI1 npoBO.L\HI1KaMI1 c TOKaMI1: 11 

11 h, pacnoJJO)((eHHhiMI1 nepneH.L\11KYJJ»pHo nJJOCKOCTI1 4epTe)((a. BeKTOpht B1 

11 B2 B TOLfKe A HanpaBJJeHhl B nJJOCKOCTI1 4epTe)((a cJJe,[(yiOll.I11M o6pmoM: 

- -
1) B1 - BBepx, B2 - BBepx 

- -
2) B, - BHI13, B2 - BHI13 

- -
3) B1 - BHI13, B2 - BBepx 

- -
4) B1 - BBepx, B 2 - BHI13 
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I A14 I KaK 113MeHI1TC» nep110.L\ co6cTBeHHhiX 3JleKTpoMarHI1THhiX 

KOJle6aHI1H B KOHrype ( CM. p11CYHOK), eCJll1 KJliOLf K 

nepeBeCTI1 113 nOJlO)((eHI151 1 B nOJlO)((eHI1e 2? ~ 
4L 2 

1) yMeHhllii1TCll B 2 pa3a 

2) yBeJli1411TCll B 4 pa3a 

3) yBeJli1411TCll B 2 pa3a 

4) yMeHhllii1TCll B 4 pa3a 

I AIS I Ha co611pa1011.1Y10 Jli1H3Y napaJJJJeJJhHO 

OnTI1LfeCKOH OCI1 na,[(aeT JJY4 CBeTa 

(CM. p11CYHOK). IlOCJle npOX0)((,[(eHI1ll 

4epe3 Jli1H3Y JJYLf npOH,[(eT B,L\OJlh Jli1HI111 

1) 1 2) 2 3) 3 

MoHOXpOMaTI14eCKI1H JJY4 CBeTa na,[(aeT no HOpMaJJI1 Ha HaXO,L\llll.IYIOCll B BaKyyMe 

CTeKJl51HHYIO np113MY C nOKa3aTeJleM npeJJOMJleHI151 n = 1,51. C KaKOH CKOpOCThiO 

pacnpOCTpaH51eTCll CBeT no BhiXO,[(e 113 np113Mhl? CKOpOCTh CBeTa OT 

HenO,L\BI1)((H0fO 11CT04HI1Ka B BaKyyMe paBHa C. 

1) c(n - 1) 2) c 
1 

3) -nc 
2 

4) 

I A17 I Ha p11cyHKe noKa3aHa cxeMa Hl13llii1X 3HepreTI1LfeCKI1X ypoBHeli 

aTOMa. B HaLfaJJhHhiH MOMeHT BpeMeHI1 aTOMhl HaX0,[(51TCll B 

cocTOliHI111 c 3Hepmel1 £ 3l. CorJJacHo nocryJJaTaM Eopa aTOMhl 

MOryT 113JlyLfaTh <[lOTOHhl C 3Hepr11eH 

1) TOJlhKO 0,3 11 0,5 3B 

2) OT 0,5 ,L\0 1,5 3B 

3) 0,3 3B 11 JJI06o11, 6oJJhlllel1 11Jll1 paBHOH 0,5 3B 

4) TOJlhKO 0,5 11 1,0 3B 

c 

n 

E,3B 
0 

- 0,2 

- 0,5 

- 1 

- 1,5 
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I A18 I Ha pHCYHKe npe,L\CTaBJleH <J>parMeHT ITepHO,L\H'IeCKOH CHCTeMbi ::meMeHTOB 

,IJ,.H. MeH,L\eJleesa. Ilo,L\ Ha3BaHHeM Ka)((,ll,Oro ::meMeHTa npHBe,L\eHbi MaccOBbie 

'IHCJla ero OCHOBHbiX CTa6HJlbHbiX 1130TODOB. IlpH 3TOM HJ.I)((HJ.IH HH,L\eKC OKOJlO 

Maccosoro 'IHCJla yKa3biBaeT (s npol.leHTax) pacnpocTpaHeHHOCTb H30Tona B 

npHpO,L\e. 

Li 3 Be 4 5 B 
2 II JU1THA DEPI1JIJU111 DOP 

7 93 67,4 9100 118o I Ozo 

Na 11 Mg 12 13 AI 
3 III HATPHPI MArHHtl AJIJOMHHHf1 

23100 2479 26112510 27100 

K 19 Ca 20 Sc 21 
IV KAJll1.H KAJibUHA CKAHllHH 

4 
3993 416.7 4097 442.1 45100 

v 29 Cu 30 Zn 31 G~ 
ME.[(h ljHHK rAJIJJHtl 

6369 6531 644966286819 6960 7140 

qHCJlO npOTOHOB 11 4HCJ10 HeHTpOHOB B li,L\pe CaMOfO pacnpOCTpaHeHHOfO 1130TODa 

faJ!JlHll COOTBeTCTBeHHO paBHO 

1) 38 npOTOHOB, 31 HeHTpOH 

2) 69 npOTOHOB, 31 HeHTPOH 

3) 31 npOTOH, 38 HeHTpOHOB 

4) 38 npOTOHOB, 60 HeHTPOHOB 

I A19 I Ha pHcyHKe npe,L\cTaBJleH rpa<j>HK 

113MeHeHH51 4HCJla li,L\ep 

HaXO.L\lii.Lierocll B npo6HpKe 
~ 

pa,L\HOaKTHBHOfO H30Tona c \ 
I"\ 

1"-
"'r-.,. 

r-

Te4eHHeM BpeMeHH. 4 

KaKos nepHO.L\ noJlypacna,L\a 3Toro 

H30Tona? 2 

1) 1 MeClll.l 
-r--

2) 2 MeClll.la 0 2345678 t, Mec. 

3) 4 MeClll.la 

4) 8 MeClll.leB 
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I A20 I ,lJ,oM CTOHT Ha Kpmo nOJlll. C 6MKOHa c BbiCOTbi 5 M MaJlb'IHK 6poCHJl KaMeweK 

B ropH30HTMbHOM HanpasJleHHH. Ha'IMbHall cKopoCTb KaMewKa 7 Mlc, ero Macca 

0,1 Kr. qepe3 2 c nocJle 6pocKa HMnyJlbC KaMewKa npH6JlH3HTeJlbHO paseH 

I A2tl 

1) 0,7 Kr·M/ c 

2) 1,4 Kr·M/ c 

3) 2,1 Kr·M/c 

4) 0 

Ha pV-,L\HarpaMMe oTo6pa)((eHa 

DOCJle,L\OBaTeJlbHOCTb Tpex npOI..IeCCOB 

(1 ~ 2 ~ 3) 113MeHeHf.I.ll COCTOliHHll 2 MOJlb 

H,L\eMbHOro rma. KaKosa 3Ta 

nocJle,L\oBaTeJlbHOCTb npo1..1eccos B rme? 

p 

1) paCWHpeHHe ~ OXJla)((,L\eHHe ~ C)((aTHe npH DOCTOliHHOM ,L\aBJleHHH 

2) C)((aTHe ~ HarpeBaHHe ~ OXJla)((,LieHHe 

3) HarpesaHHe ~ oXJla)((,L\eHHe ~ C)((aTHe 

4) HarpeBaHHe ~ paCWHpeHHe npH DOCTOliHHOH TeMneparype ~ C)((aTHe 
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Om6emoM. K 3ai>auuRM. 'Jmou •wcmu (Bl-B4) R6!1RemcR noC!leOo6ameJZbiWCmb 
u,uljJp. BnuUiume om6embl cua'la!la 6 meKcm pa6ombl, a 3ameM. nepeuecume 
ux 6 6!laHK om6emo6 .N!! 1 cnpa6a om uoM.epa coom6emcm6ywU{ezo 3ai>auuR, 
ua'luHaR c nep6ou KJlemo'lKu, 6e3 3anRmbtX, npo6e!lo6 u KaKux-!lu6o 
i>ono!luumeJZbHbtX CUM60!I06. Kami>y1o u,uljJpy nuUiume 6 omi>eJZbHOu 
KJlemo•tKe 6 coom6emcm6uu c npu6eOi!UHbtM.u 6 6!laHKe o6pa3U,a.MU. 

B U11Jli1H.L\p11'1ecKoM cocy,L\e no,L\ nopwHeM HaXO.L\11TCll raJ. 

IIopweHh MO)I(eT nepeMemaThCll B cocy,L\e 6e3 TpeHI1ll. Ha 

,[\He COCy,L\a Jle)I(I1T CTaJlhHOH wap11K (CM. p11CYHOK). ra3 

oxJJa,L\11Jll1. KaK 113MeHI1TCll B pe3yJJhTaTe 3Toro o6oeM raJa, 

ero ,L\aBJleHI1e 11 ,L\eHCTBYIOUlall Ha wap11K apX11Me,L\OBa 

CI1Jla? 

)J,Jlll Ka)I(,LIOH BeJli1'111Hhl onpe,LieJli1Te COOTBeTCTBYIOllli1H 

xapaKTep 113MeHeHI1ll: 

1) yseJJI1'111TCll 

2) yMeHhllii1TCll 

3) He 113MeHI1TCll 

3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U11cjlphl ,L\Jlll Ka)I(,LIOH cjll1311'1eCKOH BeJli1'111Hhl. 

l..J,11cjlphl B OTBeTe MOryT nOBTOpliThCll. 

)J,asJJeHI1e raJa Apx11Me,L\OBa CI1Jla 
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~ rpy3 11306pa)l(eHHOrO Ha p11CYHKe npy)I(I1HHOrO MaliTHI1Ka 

COBeprnaeT rapMOHI1'-IeCKI1e KOJle6aHI151 Me)l(,rzy TO'IKaMI1 

1 11 3. KaK MeH51eTCll noTeHU11aJJhHall 3Hepmll npy)I(I1Hhl 

MaliTHI1Ka, MO,L\YJlh CKOpOCTI1 rpy3a 11 )l(eCTKOCTh npy)I(I1Hhl 

np11 ,L\BI1)1(eHI111 rpy3a MaliTHI1Ka OT TO'IKI1 2 K TO 'IKe 1? 

3 

[ill 

,I:Vlll Ka)I(,L\OH BeJli1'111Hhl onpe,L\eJli1Te COOTBeTCTBYIOllli1H xapaKTep ee 113MeHeHH51: 

1) yseJJH'II1BaeTCll 

2) yMeHhwaeTCll 

3) He 113MeH51eTCll 

3anl1llii1Te B Ta6Jli1UY Bh16paHHhle U11cjlphl ,L\Jlll Ka)I(,LIOH cjll1311'1eCKOH BeJli1'111Hhl. 

l..J,11cjlph1 B OTBeTe MOryT nOBTOpliThCll. 

fiOTeHU11aJlhHall 
MO.L\YJlh )l(eCTKOCTh 

3HeprH51 npy)I(I1Hhl 
CKOpOCTI1 rpy3a npy)I(I1Hhl 

Mal!THI1Ka 

Ha p11cyHKe 113o6pa)l(eHa ,L\11arpaMMa 'leThipex p 
nocJJe,L\oBaTeJlhHhiX 113MeHeHI1H COCTOliHI1ll 

2 MOJlh 11,L\eaJJhHOro raJa. KaKI1e npouecchl 

CBll3aHhl c Hai1MeHhllii1MI1 nOJl0)1(11TeJlhHhl M 11 

3Ha'leHI151MI1 pa60Thl raJa 11 pa60Thl BHelliHHX 

CI1Jl? 

YcTaHOBI1Te COOTBeTCTBI1e Me)l(,izy TaKJ.IMI1 
0 

npoueccaMI1 11 HOMepaMI1 npoueccos Ha v 
,L\11arpaMMe. 

K Ka)I(,L\OH n0311U1111 nepsoro CTOJ16Ua no,L\6ep11Te COOTBeTCTBYIOlllYIO n0311U1110 

BTOpOrO 11 3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U11cjlph1 nO,[\ COOTBeTCTBYIOUl11MI1 

6yKBaMI1. 

IIPOIJ,ECCbi 
A) pa6oTa raJa noJJO)I(I1TeJJhHa 11 MI1HI1MaJJhHa 

E) pa6oTa BHernHI1X CI1Jl noJJO)I(J.ITeJJhHa 

11 MI1HI1MaJlhHa 

A 

HOMEP A IIPOIJ,ECCOB 
1) 1 

2) 2 
3) 3 
4) 4 
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Ha Heno,UBI1)J(HOM npoBO.Ullll.leM ye.UHHeHHOM 

KOH)'Ce BbiCOTOH H H pa,nHyCOM OCHOBaHIUI 

H 
R = - Haxo,nHTCll 3apli.U Q. Tol.fKa 0 - 1..1eHTP 

2 
ocHoBaHHll Koeyca, OA = OC = 2R, OB = R, 
yron AOC npliMOH, oTpe3KH OA 11 OC ne)((aT 

B nnOCKOCTH OCHOBaHHll KOH)'Ca. Mo.uynb 

Hanp5I)((eHHOCTH ::meKTpOCTaTHl.feCKOfO nOn» 

3apll,na Q B TOl.fKe C paseH Ec. l..leMy paseH 

MO,Uynb Hanpl!)((eHHOCTH 3neKTpOCTaTHl.feCKOfO 

nonll 3apll,na Q B TOl.fKe A 11 TOl.fKe B? 

A ·-----

6/7 

Y CTaHOBHTe COOTBeTCTBHe Me)((.uy <j:lH3Hl.feCKHMH BenHl.fHHaMH H HX 3Hal.feHHJIMH. 

K Ka)((,UOH n03H1..1HH nepBOrO CTOn61..1a no,n6epHTe COOTBeTCTBYIOll.IYIO n03Hl.IHIO 

BTOpOrO H 3anHlliHTe B Ta6nHLIY Bbi6paHHbie l.IH<j:lpbl nO,U COOTBeTCTBYIOll.IHMH 

6yK.BaMH. 

<I>H3l1l..JECKI1E BEJllil..Jl1Hbi 

A) Mo.uynb Hanpll)((eHHOCTH 

3neKTpocTaTHl.fecKoro non~ 

KOH)'Ca B TOl.fKe A 

E) MO,Uynb Hanp5I)((eHHOCTH 

3neKTpOCTaTHl.feCKOf0 nOnll 

KOH)'Ca B TOl.fKe B 

A 

HX 3HA l..JEHI151 

1) 0 

2) Ec 

3) 2 Ec 

4) 4Ec 
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3aiJanuR •tacmu 3 npeiJcma6!1RIOm co6oii 3aiJa'lu. PeKoM.eniJyemcR npo6ecmu 
ux npeiJ6apume.nbnoe pemenue na 'lepHo6uKe. llpu 6btnO!IHenuu 3aiJanuii 
(A22-A25) 6 6!laHKe om6emo6 .N'!! 1 noiJ HOM.epoM. 6btnO!IHRe.Mozo Ba.Mu 3aiJanuR 
nocma6bme 3HaK «X» 6 K!lemo'l«e, noM.ep «omopoii coom6emcm6yem HOM.epy 
6bl6pannozo Ba.Mu om6ema. 

I A22 I MHMO ocTaHOBKH no npliMOH yn111..1e npoe3)((aeT rpy30BHK co cKopoCTbiO 10 M/c. 

l..Jepe3 5 C OT OCTaHOBKH B,UOfOHKY rpy30BHKY OTbe3)((aeT MOTOI..IHKJlHCT, 

,UBI1)J(Yll.IHHCll C nOCTOliHHbiM ycKopeHHeM, H ,UOfOHlleT rpy30BHK Ha paCCTOliHHH 

150M OT OCTaHOBKH. l..JeMy paBHO YCKOpeHHe MOTOI..IHKna? 

I A23 I C H,neanbHbiM rmoM npoHcxo,nHT LIHKnHl.feCKHH 

npOI..IeCC, pT-,UHarpaMMa KOTOpOrO npe,UCTaBneHa 

Ha pHCYHKe. HaHMeHblliHH 06'beM, KOTOpbiH 

3aHHMaeT fa3 B 3TOM npOI..IeCCe, COCTaBnlleT 6 n. 
Onpe.uenHTe KonHl.feCTBO semecTBa 3Toro rma. 

p, Kfla 

200 

100 

0 

1) 0,48 MOnb 2) 0,36 MOnb 3) 0,12 MOnb 

300 600 T, K 

4) 0,56 MOnb 

I A24 I IlpliMOnHHeHHbiH npoBO.UHHK no.usellleH ropH30HTMbHO Ha .usyx HHTliX B 

o,nHopo,nHOM MarHHTHOM none c HH,UyK1..1Hei1 10 MTn. BeKTOp MarHHTHOH 

HH,UyKLIHH rOpH30HTaJ1eH H nepneH,UHKynllpeH npOBO,UHHKY. Bo CKOnbKO pa3 

H3MeHHTCll CHna HaTl!)((eHHll HHTeH npH H3MeHeHHH HanpaBneHHll TOKa Ha 

npOTHBOnOnO)((HOe? Macca e,UHHHI..Ibl ,UnHHbl npOBO,UHHKa 0,01 Kr/ M, CHna TOKa B 

nposo,nHHKe 5 A. 

1) 3 pma 2) 1,5 pma 3) 2 pma 4) 2 ,5 pma 

I A25 I IloTOK <j:loTOHOB Bbi6HsaeT H3 MeTanna <j:loTo3neKTpOHbi, MaKCHMMbHall 

KI1HeTJ1'1eCKall 3HeprHll KOTOpbiX 10 38. 3HeprHll <j:lOTOHOB B 3 pma 6onbllle 

pa60Tbi Bbixo.ua <j:loTo3neKTpOHOB. KaKosa 3HeprHll <j:loToHos? 

1) 5 3B 2) 15 3B 3) 30 3B 4) 10 3B 
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llonuoe pemeuue 3aiJa'l Cl-C6 ueo6xoiJuMo 3anucamb 6 6naHKe om6emo6 .H!! 2. 
llpu ofjJopMneuuu pemeuu11 6 6naHKe om6emo6 .H!! 2 3anumume cHa'lana IWMep 
3aiJauu11 (Cl, C2 u m. iJ.), a 3ameM pemeuue coom6emcm6yww.eu 3aiJa'lu. 
Om6embt 3anucbwaiime •ti!mKo u pa36op•tu6o. 

K Kone6aTenhHOMY KOHTYPY no,~:~coe,[II1HI1nl1 11CTOl.fHI1K TOKa, Ha KneMMax 

KOTOporo HanplllKeHI1e rapMOHI1l.feCKI1 MeHlleTCll C l.faCTOTOH V. 

11H,[IyKTI1SHOCTb L KaryWKH KOne6aTenbHOf0 KOHrypa MOlKHO nnasHO MeH5ITb OT 

MI1HI1MaJlbHOro 3Ha4eHI1ll Lmm ,[10 MaKCHMaJlbHOro Lmaxo a eMKOCTb ero 

KOH,[IeHCaTopa nOCTOliHHa. 

Y4eHI1K nOCTeneHHO ysenf11.IHSaJl 11H,[IYKTHSHOCTb KaryWKH OT MI1HHMaJlbHOf0 

3Ha4eHI1ll ,[10 MaKCI1MaJlbHOfO 11 06HapylKI1n, 4TO aMnnl1ry,[la Cl1nbl TOKa S KOHrype 

see speMll so3pacTana. OnHpaliCb Ha csoH 3HaHHll no ::meKTPOAHHaMHKe, 

06'bliCHI1Te Ha6niO,[IeHHll y4eHHKa. 

llonuoe npa6U!lbHoe pemeuue KaJICiJoii U3 3aiJa•t C2-C6 iJo!IJICHO coiJepJICamb 
3aKOilbl u fjJopMynbl, npUMeueuue Komopbtx ueo6xoiJuMo u iJocmamo'IHO iJnR 
peuteHUR 3aiJa'lu, a maKJICe MameMamu'lecKue npeo6pa3o6aHuR, pac'li!mbt c 
'IUC!leHHblM om6emoM u npu ueo6xoiJuMocmu pucyuoK, noRCURIOUI,Uii 
pemeuue. 

ITD Ilp116op Ha6niO,[IeHI1ll o6HapylKHn neTlllUI1H 

CHapll,[l H 3a<jli1KC11p0SaJl ero rOp1130HTaJlbHYIO 

KOOp,[111Hary x 1 11 SbiCOTY h1 = 1655 M Ha,[l 

3eMneH (CM. pHCYHOK). qepe3 3 C CHapll,[l ynan 

Ha 3eMniO 11 S30pSMCll Ha paCCTOliHI111 

/ = 1700 M OT MeCTa ero 06HapylKeHI1ll. qeMy 

... 
' ' ' ' \ 

I 

Ilp116op 

Ha6JIIO,[IeHI1ll 

paSHllnOCb speMll nonfua CHapll,[la OT nyWKH ,[10 MeCTa S3pbiSa, ecn11 C4HTaTb, 4TO 

conpoTI1sneHI1e so3,~:~yxa npeHe6pelKI1MO Man6? IIywKa 11 MecTo s3pb1Sa 

HaXO,[IliTCll Ha O,[IHOH rop1130HTaJ111. 
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Ha,~:~ O,[IHOaTOMHbiM 11,[1eaJlhHbiM ra30M nposO,[II1TCll 

1..111Knf11.IeCKI1H npOI..IeCC, nOKa3aHHbiH Ha p11CYHKe. 

Ha a,1:111a6aTe 3- 1 sHeWHI1e c11nb1 ClKI1MaiOT raJ, 

cosepwa» pa6ory IA 3d = 370 .lJ:lK. Konw-IecTso 

TennOTbl, OT,[IaHHOe ra30M 3a 1..111Kn XOnO,[II1nbHI1KY, 

pasHo IQxon l = 3370 .lJ:lK. Konl1l.feCTSO sewecTsa 

raJa S XO,[Ie npOI..IeCCa He MeHlleTCll. HaH,[II1Te 

pa6ory ra3aA 12 Hayl.faCTKe 1- 2. 

110H yCKOplleTCll S ::meKTpHl.feCKOM none 

c pa3HOCTbiO noTeH1..111anos U = 10 KB 
11 nona,~:~aeT s O,[IHOpo,~:~Hoe MarHHTHOe none 

nepneH,[II1KynllpHO K SeKTOpy ero 11H,[IyK1..11111 

P. 

2 

Po --------~(] , .. ' : 
,' ' 

.. .... ' : 3 
, ' I I 

0 Vo 2V0 V 

jj (eM. p11CYHOK). 0THOWeHI1e MaCChi 110Ha K 110HOS 
+ -

ero 3neKTpH4eCKOMY 3apll,[ly m = 5·10-7 Kr/Kn. Onpe,~:~en11Te pa,1:111yc TPaeKTOpH11 
q 

,[ISI1lKeHHll 110Ha s MarHHTHOM none, ecn11 B = 0,5 Tn. KHHeTI14eCKOH 3Hepr11eH 

110Ha np11 ero SbiJleTe 113 11CT04HI1Ka npeHe6peri1Te. 

3aMKHYTbiH KOHTYP 113 TOHKOH nposonoKI1 noMeweH s MarHI1THoe none. 

flnOCKOCTb KOHrypa nepneH,[II1KynllpHa seKTOpy MarHHTHOH 11H,[IyK1..11111 nOnll. 

flnowa,[lb KOHrypa S = 2·10-3 M2. B KOHrype S03HI1KaiOT KOne6aHI1li TOKa C 

aMnn11ry,~:~otl i" = 35 MA, ecn11 MarHHTHall ~HAYKLIHll nonll MeHlleTCll c Te4e_~l1eM 
speMeHI1 s cooTseTCTSI111 c <jlopMynol1 B = acos(bt), r,~:~e a= 6·10 Tn, 
b = 3500 c- 1. qeMy pasHo 3neKTp114ecKoe conpoTI1sneHI1e KoHrypa R? 

MeTannl14ecKall nnacTHHa o6ny4aeTCll cseToM 4aCTOTOH v = 1 ,6·1 0 15 r1..1. Pa6oTa 

Sbi XO,[Ia 3neKTpoHos 113 ,~:~aHHoro MeTanna pasHa 3,7 3B. BblneTaiOwl1e 113 

nnaCTI1Hbl <jlOT03neKTpOHbl nona,[laiOT S O,[IHOpO,[IHOe 3neKTp114eCKOe none, SeKTOp 

HanplllKeHHOCTH E KOTOpOrO HanpasneH K nnaCTI1He nepneH,[IHKynllpHO ee 

nosepXHOCTI1. I13MepeHI1ll nOKa3aJ111, 4TO Ha paCCTOliHI111 10 CM OT nnaCTI1Hbl 

MaKCI1MaJlbHall KHHeTI14eCKall 3Heprl1ll <jlOT03neKTpOHOS pasHa 15,9 38. qeMy 

paseH MO,[Iynb Hanpll)l(eHHOCTI1 3neKTPI14eCKOrO nOnll? 
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ELJ.HHbiH rocyLJ.apcTseHHbiH 3K3aMeH no <DH3HKE 

HHCTPYKUHSI no BbiDOJIHeHHIO pa6oTbi 

,IJ:JJH BhinOJJHeHI1~ 3K3aMeHaf.\110HHOH pa60Thl DO <jli1311Ke OTBOLJ,I1TC~ 

235 MI1HyT. Pa6oTa COCTOI1T H3 3 YaCTeH, BKJIIOI.JaiOW,I1X 35 3aLJ,aHI1H. 

qacTh 1 coLJ.ep)J(HT 21 JaLJ,aHHe (A1- A21). K Ka)I(LJ.OMy JaLJ,aHHIO LJ.ai!TcH 

LfeThipe Bap11aHTa OTBeTa, 113 KOTOphiX npaBI1JlhHhiH TOJlhKO OLJ,I1H. 

qaCTh 2 COLJ,ep)J(HT 4 3aLJ,aHI1H (B1- B4), B KOTOphiX OTBeT He06XOLJ,HMO 

Jan11caTh B BI1LJ.e Ha6opa f.\11<jlp. 

qaCTh 3 COLJ,ep)J(11T 10 3aLJ,aLJ: A22- A25 C Bhi60pOM OLJ,HOfO BepHOfO OTBeTa 

11 C1-C6, MH KOTOphrx Tpe6yeTcll LJ,aTh pmsepHyThle peweH~. 

Ilp11 BhiLJI1CJJeHI1~X pmpewaeTCH 11CUOJlh30BaTh HenporpaMM11pyeMhiH 

KaJJhKymTOp. 

Bee 6naHKI1 Er3 JanoJJHHIOTCH ~pKHMI1 LJepHhiMI1 LJepH11JJaMI1. 

,IJ:onycKaeTC~ 11CUOJlh30BaHI1e reJJeBOH, KaDI1JlJJHpHOH 11J111 nepheBOH pyLJeK. 

Ilp11 BhinOJJHeHI1H JaLJ,aHHH Bhl MO)J(eTe UOJlh30BaThCH YepHOBI1KOM. 

06paw,aeM Bawe BHI1MaHI1e Ha TO, LJTO 3aDI1CI1 B LJepHOBI1Ke He 6yLJ.YT 

yYI1ThiBaThCH np11 Of.\eHI1BaHI111 pa60Thl. 

COBeTYeM BhinOJl~Th 3aLJ,aHI1ll B TOM nopliLI,Ke, B KOTOpOM OHI1 LJ,aHhl. ,IJ:m1 

3KOHOMI111 BpeMeHI1 nponyCKaHTe 3aLJ,aHI1e, KOTOpOe He yLJ,aeTC~ BhinOJ1HI1Th Cpa3y, 

11 nepexoLJ.I1Te K cneLJ.YIOW,eMy. Ecn11 nocne BhinOJJHeHI1ll scetl pa6oThl y Bac 

ocTaHeTc~ speMH, Bhi CMO)J(eTe sepHyThC~ K nponyw,eHHhiM JaLJ,aHI1HM. 

naJJJJhi, nonyLJeHHhie BaMI1 Ja BhmOJJHeHHhie JaLJ,aHI1H, cyMM11py10TCH. 

IlocTapaHTeCh BhinOJIHHTh KaK MO)J(HO 60JJhWe 3aLJ,aHI1H 11 Ha6paTh HaH60JJhWee 

KOJ111LJeCTBO 6aJJJJOB. 

)J(eJiaeM ycnexa! 

HH)J(e npHBeLJ,eHhl cnpaBOI.JHhle LJ,aHHhle, KOTOphle MOryT UOHaLJ,0611ThCll 

BaM np11 BhmOJJHeHI111 pa60ThJ. 

,IJ:eCHTI1LJHbiC np11CT3BK11 

HaHMeHo- 0603HaYeHMe MHOlKMTenb HaHMeHo- 06o3HaYeHMe MHOlKMTenb 
BaHMe srume 

rHra r 109 CaHTH c 10- 2 

Mera M 106 MHJJJJH M 10-3 

KHJJO K 10 3 MHKPO MK 10 6 

reKTO r 102 HaHO H 10 9 

,1.\eUH ).\ 10 I OHKO n 10- ,2 
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Koncmanmbt 

I.JHCJJO 7t 

ycKopeHHe cso6o;moro na).leHH~ Ha 3eMJJe 

rpaBHTaUHOHHaH OOCTOHHHaH 

YHHBepcanhHaH raJOBaH nocTO~HHaH 

nocTO~HHaH nOJJhUMaHa 

nocTOHHHaH Asora,l.lpo 

CKOpOCTh CBeTa B BaKyyMe 

K03<jl<jlHUHeHT nponopuHOHaJJhHOCTH B JaKOHe KynoHa 

MO).lyJJ h 3apH,l.la 3JleKTpOHa (3JJeMeHTapHhiH 

3JJeKTpHYeCKHH 3apH.Ll) 

OOCTOHHHaH IlJJ aHKa 

Coomnomenue Me:Jici>y pa3!1U'lltbl.lltu ei>unut((IJitU 

n = 3,14 

g= 10 M/c2 

G = 6,7·10-11 H ·M21Kr2 

R = 8,31 ,IJ:JK/(MOJlh·K) 
k = I ,3 8 ·10- 23 ,IJ:JK/K 
NA = 6·1023 MOJlh-l 

c = 3·108 M/c 

I 
k = --= 9 ·109 H ·M2/KJJ2 

4m:0 

e = 1,6·10-19 KJJ 

h = 6,6·10-34 ,IJ:JK·c 

TeMnepaTypa 0 K =- 273 oc 
aTOMHaH e,l.lHHHUa MaCChi 

I aTOMHaH e.LlHHHUa MaCChi 3KBHBaneHTHa 

I 3JJeKTpOHBOJJhT 

1 a.e.M. = 1,66·10-27 Kr 

931 ,5 M 3B 

Macca 'lacmut( 
3JJeKTpOHa 

npOTOHa 

HeHTpOHa 

llJZomnocmb 

BO,l.\hl 

.LlpesecHHhl (cocHa) 

KePOCHHa 

I 3B = 1,6 ·10- 19 ,IJ:JK 

9, l·l0-31Kr::e 5,5·10-4 a.e.M. 

1,673 ·10-27 Kr::e 1,007 a.e.M. 

1,675 ·10- 27 Kr::e 1,008 a.e.M. 

1000 Kr/M3 

400 Kr/M3 

800 Kr/M3 

00,1.\COJJ Hei.JHOfO MaCJJa 

aJJIOMHHH~ 

JKeJJe3a 

PTYTH 

Yi>e.nbnaJt melt!loi!MKocmb 

900 Kr/M3 

2700 Kr/M3 

7800 Kr/M3 

J3 600 Kr/M3 

BO,l.\hl 4,2·10 3 ,IJ:JK/(Kr·K) aJJIOMHHHH 900 ,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

JJ h.Lla 2,1·10 3 ,IJ:JK/(Kr·K) 

JKeJJe3a 460 ,IJ:JK/( Kr· K) 

CBHHUa 130 ,IJ:JK/(Kr·K) 

Yi>e.nbnaJt melt!loma 
napoo6pmosaHH~ BO.L\hi 

0JlaBJJeHI1~ CBHHUa 

nnasneH~ JJh).la 

2,3 ·10 6 ,IJ:JK/Kr 

2,5·1 0 4 ,IJ:JK/Kr 

3,3·10 5 ,IJ:JK/Kr 

Me).(H 380 

LJyryHa 500 

I HopfttUJlbltbte yCJZ06UJI' ,1.\aBJJeHHe 105 ITa TeMnepaTypa 0 oc - , -

MoJZRpnaJt Macca 
moTa 28·10-3 Kr/MOJlh reJJHll 4·10-3 

aproHa 40·10-3 Kr/MOJlh KHCJJOpO.Lla 32·10-3 

BO,l.lOpO,l.la 2-10- 3 KrfMOJlh JJHTH~ 6·10-3 

B03.Llyxa 29·10- 3 Kr/MOJlh HeOHa 20·10-3 

BO).lhl 18·10- 3 KrfMOJlh yrneKHCJJoro rma 44·10-3 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJl h 
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llpu BbtnoJlueuuu 3aiJanuii •tacmu 1 B 6JlaHKe omBemoB .M! 1 noiJ IWM.epoM. 
BbtnOJlllReM.ozo BaM.u 3aiJauuR (A1-A21) nocmaBbme 3HaK «X» B KJlemo<tKe, 
noM.ep Komopoii coomBemcmByem HOM.epy Bbl6pannozo BaM.u omBema. 

Ha rpa<jl11Ke 3aBI1CI1MOCTb 

npoeKU,I111 CKOpOCTI1 Vx TeJla OT BpeMeHI1. 

Onpe,~:~en11Te ycKopeHI1e Ten a ax. 

1) 15 Ml c 2 

2) 10 Ml c 2 

3) 2,5 Ml c 2 

4) 8 Ml c 2 

V0 M/ C 

0 

-15 

-30 

t- 1 2 3 4/ 5 t, c 
lL 

io"' 

~ ABTOM0611Jlb MaCCOH 103 Kr ,[1811)J(eTCll C nOCTOliHHOH no MO,I:IyJliO CKOpOCTbiO no 

BbinyKJlOMY MOCry. ABTOM0611Jlb ,[leHCTByeT Ha MOCT B BepxHeH ero T04Ke C CI1Jl0H 

F = 9000 H. C11na, c KOTopotl MOCT ,~:~etlcTBYeT Ha aBTOM0611Jlb, pasHa 

1) 19 000 H 11 HanpasneHa sepT11KaJibHO BHI13 

2) 9000 H 11 HanpasneHa sepT11KaJibHO BHI13 

3) 1000 H 11 HanpasneHa sepT11KaJibHO BBepx 

4) 9000 H 11 HanpasneHa sepT11KaJibHO BBepx 

KaMeHh Maccotl 0,2 Kr 6poweH no,~:~ ymoM 60° K rop1130Hry . Mo,~:~ynh CI1Jlbi 

Tlf)J(eCTI1, ,[leHCTBYIOll.leH Ha KaMeHb B MOMeHT 6pOCKa, paBeH 

1) 2 H 2) 0 3) 1,73 H 4) 1 H 

~ JlerKOBOH aBTOM0611Jlb 11 rpy30BI1K ,[IBI1~TCll CO CKOpOCTliMI1 V 1 = 108 KM/ 4 

11 Vz = 54 KM/ 4 COOTBeTCTBeHHO. lfx MaCChi COOTBeTCTBeHHO m1 = 1000 Kr 

11 m2 = 3000 Kr. Ha CKOJlbKO 11MnyJlbC rpy30BI1Ka 60Jlbllle 11MnyJlbCa JlerKOBOrO 

aBTOM0611Jlll? 

1) Ha 45 000 Kr·M/ c 

2) Ha 15 000 Kr·M/ c 

3) Ha 60 000 Kr·M/ c 

4) Ha 30 000 Kr·M/ c 

© 2013 <lleAepanbHa51 cnylK6a no HaA30py e ccjlepe o6pa3oeaHI!I51 111 HayKIII Pocci!I~CKO~ <lleAepa4111111 
Konl!lpoeaHI!Ie He AonycKaeTcR 

Teno, 6poweHHOe sepn1KaJibHO ssepx c nosepxHOCTI1 3eMJ111, ,[IOCTI1fJlO 

MaKC11MaJibHOH BbiCOTbl 5 M. C KaKOH Ha4aJibHOH CKOpOCTbiO TeJlO 6biJ10 6poweHO 

BBepx? ConpoTI1BJleHI1eM B03Ayxa npeHe6pe4b. 

1) 40 M/ c 2) 10 M/ c 3) 5 MIC 4) 20 M/ C 

MaTeMaTI14eCKHH MMTHHK c nep110,[IOM Kone6aHI1H T 
OTKJlOHI1JlH Ha He60JlblliOH yroJl OT nOJlO)J(eHI1ll paBHOBeCI151 

11 OTnyCTI1Jll1 C Ha4aJibHOH CKOpOCTbiO, paBHOH HYJliO 

(eM. p11cyHoK). qepe3 KaKoe speMll nocne :noro noTeHU,I1aJibHall 

:mepr11ll MaliTHI1Ka B nepBbiH pa3 BHOBb ,[IOCTHrHeT MaKCI1MyMa? 

ConpoTI1BJleHI1eM B03Ayxa npeHe6pe4b. 

1) .!.r 
4 

2) T 3) .!. T 
2 

4) .!. T 
8 

~ )]:11<jl<jly311ll B )1(11,[1KOCTI1 np011CX0,[111T 6biCTpee np11 nOBbillleHI111 TeMneparypbl, 

nOTOMY 4TO C nOBblllleHI1eM TeMneparypbl 

1) )1(11,[1KOCTI1 paClll11pli10TCll 

2) yBeJ111411BaeTCll KHHeTI14eCKall 3Hepr11JI TenJlOBOrO ,[1811)J(eHI151 MOJleKyJl 

3) yBeJ111411BaeTCll 3Hepr11JI B3ai1MO,[IeHCTBI1ll MOJleKyJl 11 yMeHblllaeTCll 

paCCTOliHI1e Me)J(,I:Iy MOJleeyJlaMI1 

4) yMeHblllaeTCll 3HeprHll B3ai1MO,[IeHCTBHll MOJleKyJl 

KaK H3MeHHTCll ,~:~asneHI1e pa3pe)J(eHHoro O,[IHOaTOMHoro raJa, ecn11 a6coniOTHall 

TeMneparypa raJa yMeHbllii1TCll B 3 pa3a, a KOHU,eHTpaU,1151 MOJleKyJl yBeJ111411TCll 

B 3 pa3a? 

1) yBeJ111411TCll B 4 pa3a 

2) yBeJ111411TCll B 2 pa3a 

3) yMeHbllii1TCll B 4 pa3a 

4) He 113MeHI1TCll 

0THOCI1TeJlbHall BJla)J(HOCTb B03,1:1yXa B 3aKpbiTOM cocy,~:~e 25%. KaKoH 6y,~:~eT 

OTHOCI1TeJlbHall BJla)J(HOCTb, eCJ111 06'beM cocy,1:1a np11 Hei13MeHHOH TeMneparype 

yMeHbllii1Tb B 3 pa3a? 

1) 8% 2) 100% 3) 25% 4) 75% 
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H a p11cyHKe npe,L\CTasneH rpa<\>11K f..\11KJla, npose,L\eHHoro 

c O,L\HOaTOMHbiM 11,L\eMbHbiM raJOM. Ha KaKOM 113 yLiaCTKOB 

BH)'TpeHHllll 3Hepr11ll ra1a yMeHbwanacb? KoJ1114eCTBO 

BeweCTBa raJa nOCTOliHHO. 

1) AB 2) DA 3) CD 

3/7 

p 
B 

T 

4) BC 

KaK 113MeHI1TCll MO,L\yJlb CI1Jl KYJlOHOBCKoro B3ai1MO,L\etlcTBI151 ,L\Byx TOLfeLIHbiX 

3apli,L\OB, eCJ111 paCCTOliHI1e Me)((,Liy HI1MI1 yBeJ111411Tb B 1, 5 pa1a? 

1) yMeHbWI1TC51 B 2 ,25 pa3a 

2) yMeHbWI1TCll B 1, 5 pa3a 

3) yseJ111411TCll B 1,5 pa1a 

4) yseJ111411TCll B 2 ,25 pa1a 

KaK 113MeHI1TCll seJ111Lfi1Ha 3JleKTPI1LiecKoro 3ap5I,L\a, npowe,L\wero Liepe3 

nonepeLIHOe CeLfeHI1e npOBO,L\HI1Ka, eCJ111 CI1Jla TOKa B03paCTeT B 2 pa3a, a BpeM51 

npoTeKaHI1ll TOKa B npOBO,L\HI1Ke yMeHbWI1TCll B 2 pa1a? 

1) yMeHbWI1TC51 B 2 pa3a 

2) He 113MeHI1TC51 

3) yseJ111411TCll B 4 pa1a 

4) yseJ111411TCll B 2 pa1a 
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- - -
MarHI1THoe none B = B1 + B2 co3,L\aHo 

B TOLIKe A .L\BYMll napanneJlbHbiMI1 

.L\Jli1HHbtMI1 npoBO.L\HI1KaMI1 c TOKaMI1 11 

11 12, pacnonmKeHHbiMI1 nepneH,L\11KYJ15IpHo nnocKOCTI1 LiepTe)((a. BeKTOpbi B1 

11 B2 s TOLIKe A HanpasneHbi B nnocKOCTI1 LiepTe)((a cne,L~yiOil.II1M o6pa3oM: 

- -
1) B, - BHI13, B2 - BHI13 

2) B1 - BBepx, B2 - BHI13 

3) B1 - BHI13, B2 - BBepx 

4) B1 - ssepx, B2 - ssepx 

KaK 113MeHI1TC51 nep11o,L\ co6cTBeHHbiX 3JleKTpoMarHI1THbiX 

KOJle6aHI1H B KOHrype ( CM . p11CYHOK), eCJ111 KJliOLf K nepeBeCTI1 

113 noJlo)((eH1151 1 B noJlo)((eHI1e 2? 

1) yMeHbWI1TCll B 4 pa3a 

2) yseJ111411TCll B 4 pa1a 

3) yMeHbWI1TCll B 2 pa3a 

4) yseJ111411TCll B 2 pa1a 

J1Jo6pa)((eHI1eM TOLfKI1 S (CM. p11CYHOK), 

,L\aBaeMbiM TOHKOH C0611pa!Oil.leH Jli1H30H 

c <PoKycHbtM paccTOliHI1eM F, liBJUieTcll 

TOLfKa 

2 • 4 • 
2F F 

• 1 

IDe 
L 2 

K 

F 2F 
¢­

s 

1) 1 2) 2 3) 3 4) 4 
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I A16 I Ha 3epKano, ,[IBIDKYI.l.\eec» B saKyyMe OTHOCI1TeJ1hHO 
11HepU,11aJibHOH CI1CTeMbl OTC4eTa (11C0) CO CKOpOCTbJO 

U, HanpaBJleHHOH BHI13 ( CM. p11CYHOK), na,[laeT J1Y4 
CI1Hero CBeTa. KaKOBa CKOpOCTb CBeTa B :noi:f 11C0 
nocJle oTpa)l(eHHll oT 3epKana, ecJ111 yroJl na,~:~eHI151 paseH 
60°? CKOpOCTb CBeTa OT HenO,[IBI1)1(H0f0 11CT04HI1Ka B 
BaKyyMe paBHa C. 

1) c 

2) c + 2u 

3) (~+2u J +~c2 
4) c - 2u 

I A17 I Ha p11cyHKe 113o6pa)l(eHa ,[111arpaMMa 3HepreTI14eCKI1X ypoBHei:f 
aToMa. KaKoi:f u,11<Ppoi:f o6o3Ha4eH nepexo,~:~, KOTOpblH 
COOTBeTCTByeT 113Jl)'4eHI110 <\>OTOHa C Hai1MeHbllleH 3Hepmei:f? 

1) 

2) 2 
3) 3 
4) 4 

4/7 

Es 
£4 

£3 

£2 

~ 
£ 1 43 2 I 

I A18 I Ha p11cyHKe npe,~:~cTaBJleH <\>parMeHT Ilep110A114ecKoi1 CI1CTeMbJ 3JleMeHTOB 
):J: .I1. MeH,[IeJleesa. ITo,~:~ Ha3BaHI1eM Ka)I(,[IOro 3JleMeHTa np11se,~:~eHhJ MaccOBhJe 
411CJ1a ero OCHOBHbiX CTa611JlbHbiX 1130TOnOB. flp11 3TOM HI1)1(HI1H 11H,[IeKC OKOJ10 
Maccosoro 411CJ1a yKaJbJBaeT (B npou,eHTax) pacnpocTpaHeHHOCTb 1130Tona B 
np11po,~:~e . 

Li 
,., 

Be 4 5 B .) 

2 II JIHTHtl bEPHJIJIHP! bOP 

7 93 67.4 9100 11 80 1020 

,., Na 11 Mg 12 13 AI 
.) III HATPHtf MAri-111fr AJIIOMHI-IHH 

231 00 2479 26112510 271 00 

K 19 Ca 20 Sc 21 
IV KAJ!Ht\ KAJ!bl{Htl CKAH.!1Htl 

4 
3993 41 6.7 4097 442.1 451 00 

29 Cu 30 Zn 31 Ga v ME)lb L{HHK D\.JlJIHti 

6369 6531 64496628681 9 6960 71 40 

YKa)I(I1Te 411CJ1o Hei:fTpoHoB B ll,[lpax yKaJaHHbJX cTa611JlbHbJX 1130TonoB KaJII1ll. 

1) 391141 2) 20 1122 3) 19 11 19 4) 39 11 19 
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I A19 I Ha p11cyHKe noKaJaH rpa<\>11K 
113MeHeHJ1ll MaCChi HaX0,[\511.1..\efOCll 
B np0611pKe pa,[1110aKTI1BHOf0 
1130TOna C Te4eHI1eM BpeMeHI1. 
Ilep110A noJJypacna,~:~a :noro 
1130TOna 

1) 1 4aC 

2) 2 4aca 

3) 4 4aca 

4) 8 4aCOB 

m, Mr 
2 

0 

1\. 
i'., 

......... 
I'-. -

4 8 10 12 t, 'I 

I A20 I ):J:oM CTOI1T Ha Kpmo nOJl». C 6anKoHa c BbJCOTbJ 5 M MaJib411K 6poc11J1 KaMeweK 
B rop1130HTaJibHOM HanpaBJ1eHI111. Ha4aJibHall CKOpOCTb KaMelliKa 7 M/C. 4epe3 2 C 
nOCJle 6pOCKa KaMellleK 6y,[leT HaXO,[II1TbC51 Ha BbiCOTe 

1) 0 
2) 14M 

3) 15M 

4) 25M 

I A21 I Ha pV-,1:111arpaMMe oTo6pa)l(eHa 
nocJle,[loBaTeJlbHOCTb Tpex npou,eccos 
(1 --+ 2 --+ 3) 113MeHeHI151 COCT051HI151 2 MOJlb 
11,[1eanbHoro raJa. KaKoBa 3Ta 
nOCJle,[IOBaTeJlbHOCTb npou,eCCOB B raJe? 

1) paClll11peHI1e--+ OXJ1a)l(,[leHI1e--+ C)l(aTI1e np11 nOCTOliHHOH TeMneparype 

2) pacw11peH11e --+ HarpesaHI1e --+ oXJ1a)l(,[leHI1e 

3) HarpeBaHI1e--+ C)l(aTI1e np11 nOCTOliHHOH TeMneparype--+ OXJ1a)l(,[leHI1e 

4) HarpesaHI1e--+ pacw11peH11e--+ C)l(aTI1e 
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Om6emoM. K 3ai>auuRM. 'Jmou •wcmu (Bl-B4) R6!1RemcR noC!leOo6amenbiWCmb 
u,uljJp. Bnuu/Ume om6embl cua'la!la 6 meKcm pa6ombl, a 3ameM. nepeuecume 
ux 6 6!laHK om6emo6 .N!! 1 cnpa6a om uoM.epa coom6emcm6ywU{ezo 3ai>auuR, 
ua'luHaR c nep6ou KJlemo'lKu, 6e3 3anRmbtX, npo6e!lo6 u KaKux-!lu6o 
i>ono!luumenbHbtX CUM60!I06. Kami>y1o u,uljJpy nuUtume 6 omi>enbuou 
KJlemo•tKe 6 coom6emcm6uu c npu6eOi!UHbtM.u 6 6!laHKe o6pa3U,a.MU. 

B U,I1Jli1H,!l,p114ecKoM cocy,!l,e no,!l, nopwHeM HaXO,L\11TCll raJ. 

IIopweHh MO)I(eT nepeMeLUaThCll B cocy,!l,e 6e3 TpeHI1ll. Ha 

,!l,He cocy,!l,a JJe)I(I1T CTaJJhHOH wap11K (eM. p11cyHoK). B 
cocy,!l, 3aKa411BaeTcll elll,e TaKoe )l(e KOJll14eCTBO raJa np11 

Hei13MeHHOi1 TeMneparype. KaK 113MeHI1TCll B pe3yJJhTaTe 

3Toro o6beM raJa, ero ,!l,aBJJeHI1e 11 ,!l,ei1cTBYJOLUall Ha wap11K 

apX11Me,!l,OBa CI1Jla? 

.lJ:Jlll Ka)l(,!l,OH BeJli1411Hhl onpe,!l,eJli1Te COOTBeTCTBYIO!U11H 

xapaKTep 113MeHeHI151: 

1) yseJJI1411TCll 

2) yMeHhllii1TCll 

3) He 113MeHI1TCll 

3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U,11cjlphl ,!l,Jlll Ka)l(,!l,OH cjll13114eCKOH BeJli1411Hhl. 

l..J,11cjlph1 B OTBeTe MOryT nOBTOpliThCll. 

06beM raJa .lJ:asJJeHI1e raJa Apx11Me,!l,oBa c11J1a 
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~ rpy3 11306pa)l(eHHOrO Ha p11CYHKe npy)I(I1HHOrO MaliTHI1Ka 

COBeprnaeT rapMOHI1LJeCKMe KOJle6aHI1ll Me)K,L(y TOLJKaMI1 1 
11 3. KaK MeHlleTcll noTeHU,I1aJJhHall 3Hepmll npy)I(MHhl ~//.b.f'///.d 
MaliTHI1Ka, KI1HeTI1l.JeCKall 3HeprHll rpy3a 11 )l(eCTKOCTh 

1 2 3 

npy)I(I1Hhl np11 ,!l,BI1)1(eHI111 rpy3a Ma51THI1Ka OT TOLJKM 1 K TOLJKe 2? .lJ:Jlll Ka)l(,!l,OH 

BeJli1411Hhl onpe,!l,eJli1Te COOTBeTCTBYIOIUI1H xapaKTep ee 113MeHeHI1ll: 

1) yseJJHl.JI1BaeTCll 

2) yMeHhwaeTCll 

3) He 113MeH51eTCll 

3anl1llii1Te B Ta6Jli1UY Bh16paHHhle U,11cjlphl ,!l,Jlll Ka)l(,!l,OH cjll13114eCKOH BeJli1411Hhl. 

l..J,11cjlph1 B OTBeTe MOryT nOBTOpliThCll. 

fiOTeHU,11aJlhHall 
K11HeTI1LJecKall 

3Hepr1151 npy)I(I1Hhl 
3Hepmll rpy3a 

MaliTHI1Ka 

~ Ha p11cyHKe 113o6pa)l(eHa ,!1,11arpaMMa LJeThlpex 

nOCJle,!l,OBaTeJlhHhiX 113MeHeHI1H COCTOliHHll 

2 MOJlh 11,!l,eaJJhHOro raJa. KaKMe npou,ecchl 

CBll3aHhl C Hai1MeHhllii1M nOJl0)1(11TeJlhHhiM 

3HaLJeHI1eM pa60Thl raJa 11 Hai160Jlhllii1M 

nOJl0)1(11TeJlhHhiM 3HaLJeHI1eM pa60Thl BHelliHI1X 

CI1Jl? 

YcTaHOBI1Te 

npou,eccaMI1 

,!1,11arpaMMe. 

COOTBeTCTBI1e Me)l(,!l,Y TaKMMI1 

11 HOMepaMI1 npou,eCCOB Ha 

)l{eCTKOCTh 

npy)I(MHhl 

p 

0 v 

K Ka)l(,!l,OH n0311U1111 nepsoro CTOJJ6u,a n0,!1,6ep11Te COOTBeTCTBYIO!UYIO n0311l.l,l110 

BTOporo 11 3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U,11cjlphl no,!l, COOTBeTCTBYIOIUI1MI1 

6yKBaMI1. 

IIPOIJ,ECChl 

A) pa6oTa raJa noJJO)I(J1TeJlhHa 11 MI1HI1MaJJhHa 

E) pa6oTa BHeWHI1X CI1Jl noJJO)I(I1TeJlhHa 

11 MaKCI1MaJlhHa 

A 

HOMEPA IIPOIJ,ECCOB 

1) 1 
2) 2 
3) 3 
4) 4 
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Ha Heno,UBI1)J(HOM npoBO.Ullll.leM ye.UHHeHHOM 

KOH)'Ce BbiCOTOH H H pa,nHyCOM OCHOBaHIUI 

H 
R = - Haxo,nHTCll 3apli.U Q. Tol.fKa 0 - 1..1eHTP 

2 
ocHoBaHHll Koeyca, OA = OC = 2R, OB = R, 
yron AOC npliMOH, oTpe3KH OA 11 OC ne)((aT 

B nnOCKOCTH OCHOBaHHll KOH)'Ca. Mo.uynb 

Hanp5I)((eHHOCTH ::meKTpOCTaTHl.feCKOfO nOn» 

3apll,na Q B TOl.fKe C paseH Ec. l..leMy paseH 

MO,Uynb Hanpl!)((eHHOCTH 3neKTpOCTaTHl.feCKOfO 

nonll 3apll,na Q B TOl.fKe A 11 TOl.fKe B? 

A ·-----

6/7 

Y CTaHOBHTe COOTBeTCTBHe Me)((.uy <j:lH3Hl.feCKHMH BenHl.fHHaMH H HX 3Hal.feHHJIMH. 

K Ka)((,UOH n03H1..1HH nepBOrO CTOn61..1a no,n6epHTe COOTBeTCTBYIOll.IYIO n03Hl.IHIO 

BTOpOrO H 3anHlliHTe B Ta6nHLIY Bbi6paHHbie l.IH<j:lpbl nO,U COOTBeTCTBYIOll.IHMH 

6yK.BaMH. 

<t>I13Hl..JECKI1E BEJII1l..JI1Hhl 

A) Mo.uynb Hanpll)((eHHOCTH 

3neKTpocTaTHl.fecKoro non~ 

KOH)'Ca B TOl.fKe A 

E) MO,Uynb Hanpl!)((eHHOCTH 

3neKTpOCTaTHl.feCKOf0 nOnll 

KOH)'Ca B TOl.fKe B 

A 

11X3HAl..JEHIDI 

1) 0 

2) Ec 

3) 2 Ec 

4) 4Ec 
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3aiJanuR •tacmu 3 npeiJcma6!1RIOm co6oii 3aiJa'lu. PeKoM.eniJyemcR npo6ecmu 
ux npeiJ6apume.nbnoe pemenue na 'lepHo6uKe. llpu 6btnO!IHenuu 3aiJanuii 
(A22-A25) 6 6!laHKe om6emo6 .N'!! 1 noiJ HOM.epoM. 6btnO!IHRe.Mozo Ba.Mu 3aiJanuR 
nocma6bme 3HaK «X» 6 K!lemo'l«e, noM.ep «omopoii coom6emcm6yem HOM.epy 
6bl6pannozo Ba.Mu om6ema. 

I A22 I MHMO ocTaHOBKH no npliMOH yn111..1e npoe3)((aeT rpy30BHK co cKopoCTbiO 10 M/ c. 

l..Jepe3 5 C OT OCTaHOBKH B,UOfOHKY rpy30BHKY OTbe3)((aeT MOTOI..IHKJlHCT, 

.UBH)I(Yll.IHHCll c ycKopeHHeM 3 Mlc2. CKonbKO speMeHH noTpe6yeTcll 

MOTOLIHKnHCTY, l.fT06bi ,UOrHaTb rpy30BHK? 

1) 7,5 c 2) 15 c 

I A23 I C H,UeMbHbiM ra30M npoHCXO.UHT 

1..111KnHl.feCKI1H npOI..IeCC, ,UHarpaMMa 

p-V KOToporo npe.ucTasneHa Ha 

pHCYHKe. HaHHH3lllall TeMneparypa, 

,UOCTHraeMall fa30M B 3TOM 

npo1..1ecce, cocTaBnlleT 300 K. 

Onpe.uenHTe KOnHl.feCTBO semecTsa 

3Toro raJa. 

1) 0,24 MOnb 2) 0,18 MOnb 

3) 10 c 4) 5 c 

p, KIIa 

200 

100 l------1f---+----+--.,._-

0 2 3 4 V, n 

3) 0,36 MOnb 4) 0,12 MOnb 

I A24 I ropH30HTaJlbHbiH npliMOnHHeHHbiH npOBO,UHHK pacnono)((eH B O,UHOpO,UHOM 

ropH30HTMbHOM MarHHTHOM none c HH,UyKUHei1 20 MTn nepneH,UHKynllpHo 

nHHHliM HH,UyKLIHH nonll. Onpe.uenHTe Macey, npHXO.Ullll.IYIOCll Ha e,nHHHLIY ,nnHHbi 

npOBO,UHHKa, ecnH TOK, npH KOTOpOM CHna AMnepa ypaBHOBellJHBaeT CHJlY 

Tlf)((eCTH, .uei1cTBYIOll.IYIO Ha npoBO.UHHK, paseH 10 A. 

1) 0,01 Kr/ M 2) 0,04 Kr/ M 3) 0,02 Kr/ M 4) 0,03 Kr/ M 

IIOTOK <j:lOTOHOB Bbi6HBaeT <j:lOT03neKTp0Hbl 113 MeTanna C pa60TOH BbiXO,Ua 5 3B. 

3HeprHll <j:lOTOHOB B 1,5 pa3a 6onbllle MaKCHMMbHOH KHHeTHl.feCKOH 3HeprHH 

<j:loTo3neKTpOHOB. KaKosa 3Hepm» <j:loToHos? 

1) 15 3B 2) 5 3B 3) 10 3B 4) 30 3B 
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llonuoe pemeuue 3aiJa'l Cl-C6 ueo6xoiJuMo 3anucamb 6 6naHKe om6emo6 .H!! 2. 
llpu ofjJopMneuuu pemeuu11 6 6naHKe om6emo6 .H!! 2 3anumume cHa'lana IWMep 
3aiJauu11 (Cl, C2 u m. iJ.), a 3ameM pemeuue coom6emcm6yww.eu 3aiJa'lu. 
Om6embt 3anucbwaiime •ti!mKo u pa36op•tu6o. 

~ K Kone6aTenbHOMY KOHTYPY not:~coe):II1HHnH HCTO'IHHK TOKa, Ha KneMMax 

KOTOporo Hanpli)J(eHI1e rapMOHI1'1eCKI1 MeHlleTCll C 'laCTOTOH V. 

3neKTpOeMKOCTb C KOH):IeHCaTOpa KOne6aTenbHOrO KOHrypa MO)J(HO nnaBHO 

MeHl!Tb OT MI1HI1MaJlbHOro 3Ha'leHI1ll Cmin ):10 MaKCI1MaJlbHOro Cnax, a 

11H):IyKTI1BHOCTb ero KarylliKH nOCTOliHHa. 

Y'leHI1K nOCTeneHHO yseni1'111BaJl eMKOCTb KOH):IeHCaTOpa OT MI1HHMaJlbHOrO 

3Ha'leHI1H ):10 MaKCI1MaJlbHOrO 11 06Hapy)J(I1n, 'ITO aMnnl1ry):la Cl1nbl TOKa B KOHrype 

see speM» B03pacTMa. OnHpa»Cb Ha CBOH 3HaHH» no 3neKTPOAHHaMHKe, 

06"h»CHI1Te Ha6JliO):IeHH» y'leHHKa. 

llonuoe npa6U!lbHoe pemeuue KaJICiJoii U3 3aiJa•t C2-C6 iJo!IJICHO coiJepJICamb 
3aKOilbl u fjJopMynbl, npUMeueuue KomopblX ueo6xoiJuMo u iJocmamo'IHO iJnR 
peuteHUR 3aiJa'lu, a maKJICe MameMamu'lecKue npeo6pa3o6aHuR, pac'li!mbt c 
'IUC!leUUblM om6emoM u npu ueo6xoiJuMocmu pucyuoK, noRCilRIOUI,Uii 
pemeuue. 

Ilp1160p Ha6niO):IeHH51 06Hapy)J(Hn neT»JQI1H 

CHapl!A 11 3a(jli1KC11pOBaJl ero rop1130HTMbHYIO 

KOOp):I11Hary x1 11 BbiCOTY h1 = 1655 M Ha):l hl 
3eMneil ( CM. pHCYHOK). qepe3 3 C CHap»A ynM 

Ha 3eMniO 11 B30pBMCll Ha paCCTOliHI111 X 1 

/ = 1700 M OT MeCTa ero 06Hapy)J(eHHH. qeMy 

' ' ' ' ' \ 
I 

Tip116op 

Ha6JIIO):IeHI1ll 

paBH»naCb Ha'laJlbHa» CKOpOCTb U0 CHap»):la np11 BblneTe 113 nylliKH, eCnH C'111TaTb, 

'ITO conpOTI1BneHI1e B03):1yXa npeHe6pe)J(HMO MMO? IlylliKa 11 MeCTO B3pb1Ba 

HaXO):I»TC» Ha O):IHOH rOpH30HTaJl11. 
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~ Hat:~ OAHOaTOMHbiM 11):1eaJlbHbiM raJOM npoBO):II1TC» 

Q11Kn11'1eCKI1H npOQeCC, nOKaJaHHbiH Ha p11CYHKe. 

2 Ha y'laCTKe 1- 2 raJ coseplllaeT pa6ory 

A 12 = 1000 ):J:)J(. Y 'laCTOK 3- 1 at:~l1a6am. 

Konl1'1eCTBO TennOTbl, OT):IaHHOe raJOM 3a Q11Kn 

XOnO):II1nbHI1KY, paBHO IQxonl = 3370 ,l:J:)J(. 

Konl1'1eCTBO seJQeCTBa raJa B xot:~e npoQecca He 

MeH»eTcll. HailA11Te pa6ory IA31 I BHelliHI1X c11n Ha 

at:~Ha6aTe. 

Po --------!<] ,.,' : 
,' ' 

,,'' : 3 

110H yCKOp»eTC» B 3neKTpH'IeCKOM none 

C pa3HOCTbiO noTeHU,HaJlOB U = 10 KB 
11 nonat:~aeT B OAHOPOAHOe MarHI1THOe none 

nepneH):II1Kyn»pHO K BeKTOpy ero 11H):IyKQ1111 

0 

jj ( CM . p11CYHOK). Pat:~I1YC TpaeKTOp1111 110HOB 

,' I I 

Vo 2V0 V 

AB11)J(eHWI 110Ha B MarHI1THOM none R = 0,2 M, Mot:~ynb 11HAYKU1111 MarHI1THoro 

non» paseH 0,5 Tn. Onpet:~eni1Te OTHOllleHI1e MaCChi 110Ha K ero ::meKTp11'1eCKOMY 

3ap»):ly !!!_. K11HeTI1'1eCKOH 3HeprHeH 110Ha np11 ero BblneTe 113 11CTO'IHI1Ka 
q 

npeHe6peri1Te. 

~ 3aMKHYTbiH KOHTYP 113 TOHKOH nposonoKH noMeJQeH B MarHI1THoe none. 

IlnOCKOCTb KOHrypa nepneH):II1Kyn»pHa BeKTOpy MarHHTHOH 11H):IyKQI111 nOJI». 

IlnoJQa):lb KOHrypa S = 2·10-3 M2. B KOHrype B03HI1KaiOT KOne6aHI151 TOKa C 

aMnnl1ry):IOH iM = 35 MA, ecn11 MarHHTHa» HH):IyKQH» non» MeH»eTC» C Te'leHI1eM 

speMeHI1 B cooTBeTCTBI111 c cj:JopMynoll B = acos(bt), rt:~e a = 6·10-3 Tn, 

b = 3500 c- 1. qeMy paBHO 3neKTp11'1ecKoe conpoTI1BneHI1e KoHrypa R? 

~ MeTMn11'1eCKa» nnacTHHa o6ny'laeTc» CBeTOM 'laCTOToil v = 1,6·10 15 rQ. 

BbJneTaiOJQI1e 113 nnacTI1Hb1 cj:JoTo3neKTpOHb1 nonat:~aiOT B OAHopot:~Hoe 

3neKTp11'1ecKoe none Hanp»)J(eHHOCThiO 130 B / M, npH'IeM seKTop Hanp»)J(eHHOCTI1 

E nOn» HanpasneH K nnaCTHHe nepneH):IHKyn»pHO ee nOBepXHOCTI1. 113MepeHH» 

nOKa3aJll1, 'ITO Ha paCCTOliHI111 10 CM OT nnaCTI1Hbl MaKCI1MaJlbHall KHHeTH'IeCKall 

3Hepr11» cj:JoTmneKTpoHoB paBHa 15,9 3B. Onpet:~eni1Te pa6ory Bbrxot:~a 

3neKTpOHOB 113 ):laHHOrO MeTaJlna. 
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ELJ.HHbiH rocyLJ.apcTseHHbiH 3K3aMeH no <DH3HKE 

HHCTPYKUHSI no BbiDOJIHeHHIO pa6oTbi 

,IJ:JJH BhinOJJHeHI1~ 3K3aMeHaf.\110HHOH pa60Thl DO <jli1311Ke OTBOLJ,I1TC~ 

235 MI1HyT. Pa6oTa COCTOI1T H3 3 YaCTeH, BKJIIOI.JaiOW,I1X 35 3aLJ,aHI1H. 

qacTh 1 coLJ.ep)J(HT 21 JaLJ,aHHe (A1- A21). K Ka)I(LJ.OMy JaLJ,aHHIO LJ.ai!TcH 

LfeThipe Bap11aHTa OTBeTa, 113 KOTOphiX npaBI1JlhHhiH TOJlhKO OLJ,I1H. 

qaCTh 2 COLJ,ep)J(HT 4 3aLJ,aHI1H (B1- B4), B KOTOphiX OTBeT He06XOLJ,HMO 

Jan11caTh B BI1LJ.e Ha6opa f.\11<jlp. 

qaCTh 3 COLJ,ep)J(11T 10 3aLJ,aLJ: A22- A25 C Bhi60pOM OLJ,HOfO BepHOfO OTBeTa 

11 C1-C6, MH KOTOphrx Tpe6yeTcll LJ,aTh pmsepHyThle peweH~. 

Ilp11 BhiLJI1CJJeHI1~X pmpewaeTCH 11CUOJlh30BaTh HenporpaMM11pyeMhiH 

KaJJhKymTOp. 

Bee 6naHKI1 Er3 JanoJJHHIOTCH ~pKHMI1 LJepHhiMI1 LJepH11JJaMI1. 

,IJ:onycKaeTC~ 11CUOJlh30BaHI1e reJJeBOH, KaDI1JlJJHpHOH 11J111 nepheBOH pyLJeK. 

Ilp11 BhinOJJHeHI1H JaLJ,aHHH Bhl MO)J(eTe UOJlh30BaThCH YepHOBI1KOM. 

06paw,aeM Bawe BHI1MaHI1e Ha TO, LJTO 3aDI1CI1 B LJepHOBI1Ke He 6yLJ.YT 

yYI1ThiBaThCH np11 Of.\eHI1BaHI111 pa60Thl. 

COBeTYeM BhinOJl~Th 3aLJ,aHI1ll B TOM nopliLI,Ke, B KOTOpOM OHI1 LJ,aHhl. ,IJ:m1 

3KOHOMI111 BpeMeHI1 nponyCKaHTe 3aLJ,aHI1e, KOTOpOe He yLJ,aeTC~ BhinOJ1HI1Th Cpa3y, 

11 nepexoLJ.I1Te K cneLJ.YIOW,eMy. Ecn11 nocne BhinOJJHeHI1ll scetl pa6oThl y Bac 

ocTaHeTc~ speMH, Bhi CMO)J(eTe sepHyThC~ K nponyw,eHHhiM JaLJ,aHI1HM. 

naJJJJhi, nonyLJeHHhie BaMI1 Ja BhmOJJHeHHhie JaLJ,aHI1H, cyMM11py10TCH. 

IlocTapaHTeCh BhinOJIHHTh KaK MO)J(HO 60JJhWe 3aLJ,aHI1H 11 Ha6paTh HaH60JJhWee 

KOJ111LJeCTBO 6aJJJJOB. 

)J(eJiaeM ycnexa! 

HH)J(e npHBeLJ,eHhl cnpaBOI.JHhle LJ,aHHhle, KOTOphle MOryT UOHaLJ,0611ThCll 

BaM np11 BhmOJJHeHI111 pa60ThJ. 

,IJ:eCHTI1LJHbiC np11CT3BK11 

HaHMeHo- 0603HaYeHMe MHOlKMTenb HaHMeHo- 06o3HaYeHMe MHOlKMTenb 
BaHMe srume 

rHra r 109 CaHTH c 10- 2 

Mera M 106 MHJJJJH M 10-3 

KHJJO K 10 3 MHKPO MK 10 6 

reKTO r 102 HaHO H 10 9 

,1.\eUH ).\ 10 I OHKO n 10- ,2 
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Koncmanmbt 

I.JHCJJO 7t 

ycKopeHHe cso6o;moro na).leHH~ Ha 3eMJJe 

rpaBHTaUHOHHaH OOCTOHHHaH 

YHHBepcanhHaH raJOBaH nocTO~HHaH 

nocTO~HHaH nOJJhUMaHa 

nocTOHHHaH Asora,l.lpo 

CKOpOCTh CBeTa B BaKyyMe 

K03<jl<jlHUHeHT nponopuHOHaJJhHOCTH B JaKOHe KynoHa 

MO).lyJJ h 3apH,l.la 3JleKTpOHa (3JJeMeHTapHhiH 

3JJeKTpHYeCKHH 3apH.Ll) 

OOCTOHHHaH IlJJ aHKa 

Coomnomenue Me:Jici>y pa3!1U'lltbl.lltu ei>unut((IJitU 

n = 3,14 

g= 10 M/c2 

G = 6,7·10-11 H ·M21Kr2 

R = 8,31 ,IJ:JK/(MOJlh·K) 
k = I ,3 8 ·10- 23 ,IJ:JK/K 
NA = 6·1023 MOJlh-l 

c = 3·108 M/c 

I 
k = --= 9 ·109 H ·M2/KJJ2 

4m:0 

e = 1,6·10-19 KJJ 

h = 6,6·10-34 ,IJ:JK·c 

TeMnepaTypa 0 K =- 273 oc 
aTOMHaH e,l.lHHHUa MaCChi 

I aTOMHaH e.LlHHHUa MaCChi 3KBHBaneHTHa 

I 3JJeKTpOHBOJJhT 

1 a.e.M. = 1,66·10-27 Kr 

931 ,5 M 3B 

Macca 'lacmut( 
3JJeKTpOHa 

npOTOHa 

HeHTpOHa 

llJZomnocmb 

BO,l.\hl 

.LlpesecHHhl (cocHa) 

KePOCHHa 

I 3B = 1,6 ·10- 19 ,IJ:JK 

9, l·l0-31Kr::e 5,5·10-4 a.e.M. 

1,673 ·10-27 Kr::e 1,007 a.e.M. 

1,675 ·10- 27 Kr::e 1,008 a.e.M. 

1000 Kr/M3 

400 Kr/M3 

800 Kr/M3 

00,1.\COJJ Hei.JHOfO MaCJJa 

aJJIOMHHH~ 

JKeJJe3a 

PTYTH 

Yi>e.nbnaJt melt!loi!MKocmb 

900 Kr/M3 

2700 Kr/M3 

7800 Kr/M3 

J3 600 Kr/M3 

BO,l.\hl 4,2·10 3 ,IJ:JK/(Kr·K) aJJIOMHHHH 900 ,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

,IJ:JK/( Kr· K) 

JJ h.Lla 2,1·10 3 ,IJ:JK/(Kr·K) 

JKeJJe3a 460 ,IJ:JK/( Kr· K) 

CBHHUa 130 ,IJ:JK/(Kr·K) 

Yi>e.nbnaJt melt!loma 
napoo6pmosaHH~ BO.L\hi 

0JlaBJJeHI1~ CBHHUa 

nnasneH~ JJh).la 

2,3 ·10 6 ,IJ:JK/Kr 

2,5·1 0 4 ,IJ:JK/Kr 

3,3·10 5 ,IJ:JK/Kr 

Me).(H 380 

LJyryHa 500 

I HopfttUJlbltbte yCJZ06UJI' ,1.\aBJJeHHe 105 ITa TeMnepaTypa 0 oc - , -

MoJZRpnaJt Macca 
moTa 28·10-3 Kr/MOJlh reJJHll 4·10-3 

aproHa 40·10-3 Kr/MOJlh KHCJJOpO.Lla 32·10-3 

BO,l.lOpO,l.la 2-10- 3 KrfMOJlh JJHTH~ 6·10-3 

B03.Llyxa 29·10- 3 Kr/MOJlh HeOHa 20·10-3 

BO).lhl 18·10- 3 KrfMOJlh yrneKHCJJoro rma 44·10-3 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJlh 

Kr/MOJl h 
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llpu BbtnoJlueuuu 3aiJanuii •tacmu 1 B 6JlaHKe omBemoB .M! 1 noiJ IWM.epoM. 
BbtnOJlllReM.ozo BaM.u 3aiJauuR (A1-A21) nocmaBbme 3HaK «X» B KJlemo<tKe, 
HOM.ep Komopoii coomBemcmByem HOM.epy Bbl6pannozo BaM.u omBema. 

Ha rpa<j>HKe npHse.ueHa 3aBHCHMOCTb cKopocTH 

TeJJa OT BpeMeHH npH npliMOJIHHeHHOM ,UBH)I(eHHH. 

Onpe.uenHTe no rpa<j>HKY MO.uyJJb ycKopeHHll Tena. 

1) 5 Ml c 2 

2) 15 M/ C2 

3) 10 Ml c 2 

4) 20 Ml c 2 

v, M/ c 

45 

30 

15 

0 

!'.. 

!'.. 

2 3 4 t, c 

MaJJb411K paBHOMepHO onycKaeT r11p10, .ueilCTBYll Ha Hee c CI1JIOH 50 H. r11pll 

.ueilcTsyeT Ha pyKy MaJJb411Ka c CI1JJOH 

1) 50 H , HanpasneHHOH BHH3 

2) 6oJJbllle 50 H , HanpasneHHOH BHH3 

3) MeHbllle 50 H , HanpaBJJeHHOH BHH3 

4) 50 H , HanpasneHHOH ssepx 

KaMeHb Maccoll 0,1 Kr 6pollleH non yrnoM 45° K ropH3oHry. Mo.uynb CHJJbl 

Tlf)l(eCTI1, ,UeHCTBYIOI.l.leH Ha KaMeHb B MOMeHT 6pOCKa, paBeH 

1) 1 H 2) 1,73 H 3) 2 H 4) 0 

~ JlerKOBOH aBTOM0611Jib 11 rpy30BI1K .UB11)1(YTCll CO CKOpOCTliMI1 U1 = 108 KM/ 4 

11 ~ = 54 KM/ 4 cooTBeTCTBeHHO. Macca rpy30BI1Ka m = 4500 Kr. KaKosa Macca 

JJerKOBOrO aBTOM06HJJ51, eCJJH HMnyJJbC rpy30BHKa 60Jlbllle HMnyJJbCa JJerKOBOrO 

aBTOM0611Jill B 1,5 pa3a? 

1) 1200 Kr 2) 1000 Kr 3) 800 Kr 4) 1500 Kr 

TeJJo, 6pollleHHoe sepTHKaJJbHO BBepx c nosepxHOCTH 3eMJJH, .uocTHrJJo 

MaKCI1MaJJbHOH BbiCOTbl 5 M. C KaKOH Ha4aJJbHOH CKOpOCTbiO TeJJO 6biJIO 6pOllleHO 

BBepx? ConpoTHBJJeHHeM B03.uyxa npeHe6pe4b. 

1) 20 M/ c 2) 10 M/ c 3) 5 M/ c 4) 40 M/ c 
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MaTeMaTH4eCKHH Mal!THHK c nepHO.UOM Kone6aHHH T 
OTKJIOHHJIH Ha He60JJblliOH yrOJJ OT nOJJO)I(eHH51 paBHOBeCHll 

H OTnycTHJIH C Ha4aJJbHOH CKOpOCTbiO, paBHOH HYJJIO 

(eM. pHcyHoK). qepe3 KaKoe speMll nocne :noro 

KHHeTH4eCKall 3Hepnlll MaliTHHKa BO BTOpOH pa3 .UOCTHrHeT 

MaKCHMYMa? ConpoTHBJJeHHeM B03.Uyxa npeHe6pe4b. 

1) lr 
4 

2) .!. T 
8 

3) .!. T 
2 

ffi-
1 
I 

d ....... b ... .. 

4) .!. T 
4 

~ .1J:H<j><j>y3Hll B )I(H,UKOCTH npOHCXO.UHT 6biCTpee npH nOBblllleHHH TeMneparypbl, 

nOTOMY 4TO C nOBblllleHHeM TeMneparypbl 

1) yMeHblllaeTCll 3HeprHll B3aHMO,UeHCTBH51 MOJJeKyJJ 

2) yseJJH4HBaeTCll KI1HeTI14eCKall 3Hepr11ll TenJJOBOrO ,UBI1)1(eHI1ll MOJJeKyJJ 

3) )1(11,UKOCTI1 paClll11pli10TCll 

4) yseJJI1411BaeTCll 3HeprHll B3ai1MO,UeHCTBI151 MOJJeKyJJ 11 yMeHblllaeTCll 

paCCTOliHI1e Me)l(.uy MOJJeeyJJaMI1 

KaK H3MeHHTCll .uasneHHe pa3pe)l(eHHoro o.uHoaTOMHoro raJa, ecJJH a6coJJIOTHall 

TeMneparypa raJa yMeHbllii1TCll B 3 pa3a, a KOHL\eHTpai.\11ll MOJJeKyJJ yseJJI1411TCll 

B 3 pa3a? 

1) yBeJJH4HTCll B 4 pa3a 

2) yBeJJH4HTCll B 2 pa3a 

3) yMeHblliHTCll B 4 pa3a 

4) He 113MeHI1TCll 

0THOCHTeJJbHall BJJa)I(HOCTb B03.Uyxa B 3aKpb1TOM cocy.ue 30%. KaKoil cTaHeT 

OTHOCI1TeJJbHall BJJa)I(HOCTb, eCJJI1 06oeM COCy,na np11 Hei13MeHHOH TeMneparype 

yMeHblliHTb B 1,5 pa3a? 

1) 15% 2) 60% 3) 45% 4) 20% 
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I AlO I Ha p11cyHKe npe,L\cTaBJJeH rparjmK U,I1KJJa, npoBe,[(eHHoro p B 
c O.L\HOaTOMHbiM 11,[(eaJJbHbiM raJOM. Ha KaKOM 113 yLiaCTKOB 

BHyTpeHHJill 3HeprHJI ra1a yseJJI1Lfi1Banacb? KoJJI1LfeCTBO 

Bell.leCTBa raJa nOCTOliHHO. 

1) BC 
2) AB 
3) CD 
4) DA 

3/7 

A 

T 

~ KaK 113MeHI1TCll MO,[(yJJb CI1JJ KYJJOHOBCKoro B3ai1MO,[(ei:fcTBI1» .L\BYX TOLfeLIHbiX 

3apli.L\OB, eCJJI1 paCCTOliHI1e Me)((,[(y HI1MI1 yBeJJI1Lfi1Tb B 1, 5 pa1a? 

1) yMeHbllii1TCll B 2 ,25 pa3a 

2) yMeHbllii1TCll B 1, 5 pa3a 

3) yBeJJI1Lfi1TCll B 2,25 pa3a 

4) yseJJI1Lfi1TCll B 1,5 pa1a 

I A12 I BpeMll npoTeKaHI1ll TOKa B npoBO.L\HI1Ke yseJJI1LfHJJI1 B 4 pa1a. I1p11 3TOM BeJJI1Lfi1Ha 

npollle,[(lllero no npoBO.L\HI1KY 3apli,L\a TO)((e yseJJI1Lfi1JJaCb B 4 pa1a. KaK 

113MeHI1JlaCb CI1Jla TOKa B npOBO,L\HI1Ke? 

1) yseJJI1Lfi1JJacb B 2 pa1a 

2) yseJJI1411JJacb B 4 pa1a 

3) yMeHbllii1JJacb B 4 pa3a 

4) He 113MeHI1JlaCb 

- - -
MarHI1THOe none B = B 1 + B2 C03,[(aHo B TO LIKe 

A .L\BYMll napanneJJbHbiMI1 ,L\Jli1HHbiMI1 

npoBO.L\HI1KaMI1 c TOKaMI1 11 11 h, pacno­

JJO)((eHHbiMI1 nepneH,L\11KYJJ5IPHO nJJOCKOCTI1 
- -

LiepTe)((a. BeKTOpbl B 1 11 B2 B TOLfKe A 

HanpaBJJeHbl B nJJOCKOCTI1 

CJJe,[(yiOil.II1M o6pa30M: 

- -
1) B 1 - ssepx, B2 - BHI13 

- -
2) B 1 - BBepx, B2 - BBepx 

- -
3) Bl - BHI13, B2 - BHI13 

- -
4) B 1 - BHI13, B2 - ssepx 

A 
-~-----~------·-
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I A14 I KaK 113MeHI1TCll nep11o,L\ co6cTBeHHbiX 3JJeKTpoMarHI1THbiX 

KOJJe6aHI1H B KOHrype ( CM. p11CYHOK), eCJJI1 KJUOLf K nepeBeCTI1 

113 nOJJQ)KeHI1ll 1 B nOJJO)((eHI1e 2? 

1) yMeHbllii1TCll B 16 pa3 

2) yseJJI1Lfi1TCll B 4 pa3a 

3) yseJJHLfi1TCll B 16 pa3 

4) yMeHbllii1TCll B 4 pa3a 

I Atsl Ha co611pa10Il.IYJO JJI1H3Y 

napaJJJJeJJbHO OnTI1LfeCKOH OCI1 

na,[(aeT JJYLf CBeTa ( CM. p11CYHOK). 

IIocne npoXO)((,L\eHHJI Liepe3 JJI1H3Y 

Jl)'Lf npOH,[(eT B,L\OJlb Jli1HI111 

3 

~ 
16L 2 

F 

1) 1 2) 2 3) 3 4) 4 

I A16 I Ha 3epKano, .L\BI1~Il.leecll B saKyyMe OTHOCI1TeJJbHO 

11HepU,11aJJbHOH CI1CTeMbl OTCLfeTa (lfCO) CO CKOpOCTbiO V, 

HanpaBJJeHHOH BnpaBO (CM. p11CYHOK), na,[(aeT JJYLf CI1Hero 

cseTa. KaKosa cKopoCTb cseTa B 3TOH HCO nocne 

oTpa)((eHI151 oT 3epKana, ecn11 yron na,[(eHI1ll paBeH 60° ? 

CKOpOCTb CBeTa OT HenO,[(BI1)((HOrO 11CTOLfHI1Ka B BaeyyMe 

pasHa c. 

1) ( ~ + 2v r + %c2 

2) c 
3) c - 2v 
4) c + 2v 

Ia/ 
~ 
-~ u 
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I A17 I KaKoe npe.ucTaBJJeHHe o cTpoeHHH aToMa cooTBeTCTByeT Mo.uenH aToMa 

Pe3ep<jlop.ua? 

1) 51,npo - B U,eHTpe aTOMa, 3apli,U li,Upa IIOJIO)K.HTeJJeH, 66JJhWall 4aCTh MaCChi 

aToMa cocpe,noT04eHa B 3JJeKTpoHax. 

2) 51,Up0 - B U,eHTpe aTOMa, 3ap51,U li,Upa OTpHU,aTeJJeH, 60JJhWall 4aCTh MaCChi 

aTOMa COCpe,UOT04eHa B 3JieKTpOHHOH 060JJ04Ke. 

3) 51,Up0 - B U,eHTpe aTOMa, 3ap51,U li,Upa IIOJIO)KHTeJJeH, 60JJhWa51 4aCTh MaCChi 

aToMa cocpe.uoTo4eHa B ».upe. 

4) 51,Up0 - B u,eHTpe aTOMa, 3ap51,U li,Upa OTpHU,aTeJJeH, 60JJhWall 4aCTh MaCChi 

aToMa cocpe.uoTo4eHa B li,Upe. 

Ha pHCYHKe npe,ncTaBJJeH <jlparMeHT IlepHO.UWieCKOH CHCTeMhl 3JJeMeHTOB 

)J,.l1. MeH.ueneesa. Ilo.u HaJBaHHeM Ka)J(.uoro 3JJeMeHTa npHBe,neHhl MaccoBhle 

4HCJJa ero OCHOBHhfX CTa6HJJhHhiX H30TOIIOB. flpH 3TOM HH)J(HHH HH,UeKC OKOJIO 

Maccosoro 4HCJJa yKaJhiBaeT (s npou,eHTax) pacnpocTpaHeHHOCTh H30Tona B 

npHpo.ue. 

Li 3 Be 4 5 B 
2 II JIHTHti DEPHJIJIHI1 WP 

793 67,4 9100 llso l02o 

Na 11 Mg 12 13 AI ,., 
III .) HATPHti MA!W!tl A.JllOMI1HHtl 

23100 24792611251 0 27100 

K 19 Ca 20 Sc 21 
IV KAJJHtl KAJlbL{Htl CKAH)1HJ.1 

4 
3993 41 6.7 4097 442.1 45100 

29 Cu 30 Zn 31 G~ v ME)lb L{I1HK rAJIJU1ll 

6369 6531 6449662868 19 6960 7140 

YKa)J(HTe 4HCJIO IIpOTOHOB H 4HCJIO HeHTpOHOB B li,Upax IIpHBe,UeHHhiX B Ta6JJHU,e 

H30TOIIOB Me,UH. 

1) 4HCJIO npOTOHOB O,UHHaKOBO H paBHO 29, 4HCJIO HeHTpOHOB paBHO 63 H 65 
2) 4HCJIO HeHTpOHOB O,UHHaKOBO H paBHO 29, 4HCJIO IIpOTOHOB paBHO 34 H 36 
3) 4HCJIO HeHTpOHOB O,UHHaKOBO H paBHO 29, 4HCJIO IIpOTOHOB paBHO 63 H 65 
4) 4HCJIO IIpOTOHOB O,UHHaKOBO H paBHO 29, 4HCJIO HeHTpOHOB paBHO 34 H 36 
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I A19 I Ha pHcyHKe noKaJaH rpa<jlHK 

H3MeHeHH51 MaCChi HaXO,U511.1..\erOC51 

B npo6HpKe pa,UHOaKTHBHOrO 

H30TOIIa C Te4eHHeM BpeMeHH. 

IlepHO.U nonypacna.ua 3Toro 

H30TOIIa 

1) 1 4ac 

2) 2 4aca 

3) 4 4aca 

4) 8 4aCOB 

m, Mr 

2 

" 
0 

"' ......... r--..... 
r-

4 8 10 12 t, 4 

)J,OM CTOHT Ha Kpa!O IIOJlll. C 6aJJKOHa C BhiCOThl 5 M MaJJh4HK 6pOCHJI KaMeWeK 

B rOpH30HTaJJhHOM HanpaBJJeHHH. Ha4aJJhHall CKOpOCTh KaMeWKa 7 M/ C. qepe3 2 C 

IIOCJJe 6pocK.a KaMeWeK 6y ,UeT HaXO,UHThCll Ha BhiCOTe 

1) 25M 
2) 0 
3) 14M 
4) 15M 

I A21 I Ha pT-.uHarpaMMe oT06pa)J(eHa nocne,noBa­

TeJJhHOCTh Tpex npou,eCCOB (1 ---+ 2 ---+ 3) 
H3MeHeHHll COCTOliH1151 2 MOJih H,UeaJJhHOrO 

raJa. KaKosa 3Ta nocne.uosaTeJJhHOCTh 

npou,eccos B raJe? 

p 

1) paCWHpeHHe---+ OXJJa)J(,UeHHe---+ paCWHpeHHe npH IIOCT051HHOH TeMneparype 

2) paCWHpeHHe ---+ OXJJa)J(,UeHHe ---+ C)J(aTHe npH IIOCTOliHHOH TeMneparype 

3) C)J(aTHe---+ HarpeBaHHe---+ OXJJa)J(,UeHHe 

4) HarpesaHHe---+ pacwHpeHHe---+ C)J(aTHe 
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Om6emoM. K 3ai>auuRM. 'Jmou •wcmu (Bl-B4) R6!1RemcR noC!leOo6ameJZbiWCmb 
u,uljJp. BnuUiume om6embl cua'la!la 6 meKcm pa6ombl, a 3ameM. nepeuecume 
ux 6 6!laHK om6emo6 .N!! 1 cnpa6a om uoM.epa coom6emcm6ywU{ezo 3ai>auuR, 
ua'luHaR c nep6ou KJlemo'lKu, 6e3 3anRmbtX, npo6e!lo6 u KaKux-!lu6o 
i>ono!luumeJZbHbtX CUM60!I06. Kami>y1o u,uljJpy nuUiume 6 omi>eJZbHOu 
KJlemo•tKe 6 coom6emcm6uu c npu6eOi!UHbtM.u 6 6!laHKe o6pa3U,a.MU. 

B U11Jli1H.L\p11LJecKoM cocy,L\e no,L\ nopwHeM HaXO.L\11TCll raJ. 

ITopweHh MO)I(eT nepeMemaThCll B cocy,L\e 6e3 TpeHHll. Ha 

,[\He COCy,L\a Jle)I(I1T CTaJlhHOH wap11K (CM. p11CYHOK). ra3 

oXJJa,L\11Jll1. KaK 113MeHI1TCll B pe3yJJhTaTe 3Toro o6oeM raJa, 

ero ,L\aBJleHI1e 11 ,L\eHCTBYIOUlall Ha wap11K apX11Me,L\OBa CI1Jla? 

)J,Jlll Ka)I(,L\OH BeJli1LJI1Hhl onpe,LieJli1Te COOTBeTCTBYIOllli1H 

xapaKTep 113MeHeHI1JJ: 

1) yBeJli1LJI1TCll 

2) yMeHhllii1TCll 

3) He 113MeHI1TCll 

3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U11cjlphl ,L\Jlll Ka)I(,L\OH cjli1311LJeCKOH BeJli1LJI1Hhl. 

l..J,11cjlphl B OTBeTe MOryT nOBTOpliThCll. 

06oeM raJa )J,asJJeHI1e raJa Apx11Me,L\oBa c11J1a 
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~ rpy3 11306pmKeHHOrO Ha p11CYHKe npy)I(I1HHOrO Ma51THI1Ka 

COBeprnaeT rapMOHWieCKI1e KOJle6aHI1ll Me)l(,ny TOLJKaMI1 

1 11 3. KaK MeHlleTcll noTeHU11aJJhHall 3Hepri-UI npy)I(I1Hhl 

MaliTHI1Ka, MO,L\YJlh CKOpOCTI1 rpy3a 11 )l(eCTKOCTh npy)I(I1Hhl 

np11 ,L\BI1)1(eHI111 rpy3a MaliTHI1Ka OT TOLJKI1 2 K TOLJKe 1? 

3 

,I:Vlll Ka)I(,L\OH BeJli1LJI1Hhl onpe,L\eJli1Te COOTBeTCTBYIOllli1H xapaKTep ee 113MeHeHIUI: 

1) yseJJWII1BaeTCll 

2) yMeHhwaeTCll 

3) He 113Mei-UieTCll 

3anl1llii1Te B Ta6Jli1UY Bh16paHHhJe U11cjlphl ,L\Jlll Ka)I(,LIOH cjli1311LJeCKOH BeJli1LJI1Hhl. 

l..J,11cjlph1 B OTBeTe MOryT nOBTOpliThCll. 

IlOTeHU11aJlhHall 
MO.L\YJlh )l(eCTKOCTh 

3HeprHll npy)I(I1Hhl 
CKOpOCTI1 rpy3a n py)l(l1 H hi 

MaliTHI1Ka 

Ha p11cyHKe 113o6pa)l(eHa ,L\11arpaMMa LJeThJpex p 
nocJJe,L\oBaTeJlhHhJX 113MeHeHI1H COCTOliHI1ll 

2 MOJlh 11,L\eaJJhHOro raJa. Ka1<11e npouecchJ 

CBll3aHhl c Hai160Jlhllii1MI1 nOJl0)1(11TeJl hHhiM 11 

3HaLJeHI1liMI1 pa6oThJ raJa 11 pa60Thl BHelliHI1X 

CI1Jl? 

YcTaHOBI1Te COOTBeTCTBI1e Me)I(,L\y TaKI1MI1 

npoueccaMI1 11 HOMepaMI1 npoueccos Ha 
0 v 

,L\11arpaMMe. 

K Ka)I(,L\OH n0311U1111 nepsoro CTOJ16Ua no,L\6ep11Te COOTBeTCTBYIOlllYIO n0311U1110 

BTOpOrO 11 3anl1llii1Te B Ta6JJ11UV Bh16paHHhle U11cjlphl nO,[\ COOTBeTCTBYIOUl11MI1 

6yKBaMI1. 

ITPOIJ,ECChl 
A) pa6oTa raJa noJJO)I(I1TeJJhHa 11 MaKCI1MaJJhHa 

E) pa6om BHernHI1X CHJJ noJJO)I(I1TeJJhHa 11 

MaKCI1MaJlhHa 

A 

HOMEP A ITPOIJ,ECCOB 
1) 1 
2) 2 
3) 3 
4) 4 
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~ Ha HenonBI1)J(HOM 
npoBon~ll..leM yeni1HeHHOM 
np»MoyronhHOM 6pycKe 
ABCDAIBICIDI Haxoni1Tc~ 

3ap»n {2. To4Ka 0 - 1..1eHTP 
6pycKa, A 

f---~~----~,~---r-oc 
OC =CA1= DJN,A1P = - . 

2 
HanplDKeHHOCTI1 

A I 3neKTpOCTaTI14eCKOf0 nOn» 
Monynh 

3ap~na {2 B T04Ke A1 paBeH 
EM. qeMy paBeH Monynh 

;""' ', 
' ' ' ' 

6/7 

A1 -· 

Hanp»)J(eHHOCTH 3neKTpocTaTI14ecKoro non~ 3ap~na {2 B T04Ke N 11 B T04Ke P? 
Y CTaHOBI1Te COOTBeTCTBI1e Me)J(ny <j:ll13114eCKI1MI1 Beni1411HaMI1 11 11X 3Ha4eHH»M I1. 
K Ka)J(nOH n03111..11111 nepBOrO CTOn61..1a non6ep11Te COOTBeTCTBYIO!I..IYIO n03111..11110 
BTOporo 11 3ani1WI1Te B Ta6n11UY Bhi6paHHhle U11<j:lphl non COOTBeTCTBYIO!I..II1MI1 
6yKBaMI1. 

<l>l1311qECKI1E BEJIJ1qi1Hbl 

A) Monynh Hanp~)J(eHHOCTI1 3neKTpocTaTI14ecKoro 
non~ 6pycKa B T04Ke N 

E) Monynh Hanp~)J(eHHOCTI1 3neKTpocTaTI14ecKoro 
non» 6pycKa B T04Ke P 

A 

11X3HAqEHI151 
1) 0 
2) EM 
3) 4EM 
4) 16EM 

E 

© 2013 <lleAepanbHa51 cnylK6a no HaA30py e ccjlepe o6pa3oeaHI!I51 111 HayKIII Pocci!I~CKO~ <lleAepa4111111 
Konl!lpoeaHI!Ie He AonycKaeTcR 

3aiJanuR •tacmu 3 npeiJcma6!1RIOm co6oii 3aiJa'lu. PeKoM.eniJyemcR npo6ecmu 
ux npeiJ6apume.nbnoe pemenue na 'lepHo6uKe. llpu 6btnO!IHenuu 3aiJanuii 
(A22-A25) 6 6!laHKe om6emo6 .H!! 1 noiJ HOM.epoM. 6btnO!IHRe.Mozo BaM.u 3aiJanuR 
nocma6bme 3HaK «X» 6 K!lemo'l«e, noM.ep «omopoii coom6emcm6yem HOM.epy 
6bl6pannozo BaM.u om6ema. 

I A22 I M11Mo ocTaHOBKH no np»MOH yn111..1e npoe3)J(aeT rpy30BI1K co cKopoCThiO 10 M/c. 
qepe3 HeKOTOpOe BpeM» l OT OCTaHOBKI1 BnOrOHJ<Y rpy30BI1KY OThe3)J(aeT 
MOTOU11Kni1CT, nBI1)1(YlJ..I I1HC~ C nOCTO~HHhiM ycKopeHI1eM 3 M/c2. 0H norOHJ~eT 
rpy30BI1K Ha paCCT051HI111 150M OT OCTaHOBKH. qeMy paBHO 1? 

1) 15 c 2) 5 c 3) 20 c 4) 25 c 

I A23 I C 11neanhHhiM raJoM B KOnl14eCTBe 0,48 MOnh p, Kfla 
np011CXOni1T L111Kn114eCKHH npOl.leCC, 
pT-n11arpaMMa KOToporo npencTaBneHa Ha 
p11cyHKe. OnpenenHTe Hai160nhwi1H o6oeM, 
KOTOphlH 3aHI1MM fa3 B 3TOM npoyecce. 

1) 0,048 M3 2) 0,192 M3 3) 0,096 M3 

200 

100 

0 300 600 T, K 

4) 0,024 M3 

I A24 I rop1130HTMhHhiH np~MOni1HeHHhiH npoBonHI1K pacnono)J(eH B onHoponHOM 
rop1130HTMhHOM MarHI1THOM none c 11HnyK1..111etl 20 MTn nepneHnl1eyn~pHo 

ni1HH»M 11HnyKL11111 non~. Onpenen11Te Macey, np11xon~li..IYIOC~ Ha en11H11ey nni1Hhi 
npOBOnHI1Ka, ecn11 TOK, np11 KOTOpOM Cl1na AMnepa ypaBHOBeWI1BaeT Cl1flY 
T~)J(eCTI1 , netlcTBYIO!I..IYIO Ha npoBonHI1K, paBeH 10 A. 

1) 0,03 Kr/M 2) 0,02 Kr/M 3) 0,01 Kr/M 4) 0,04 Kr/M 

I A25 I IIoToK <j:loTOHOB Bhi611BaeT <j:loTmneKTpOHhl 113 MeTanna c pa6oToH Bhixona 5 3B . 
3HeprH» <j:lOTOHOB B 1,5 pa3a 60nhwe MaKC11MMhHOH KHHeTI14eCKOH 3HeprH11 
<j:loTmneKTpoHoB. KaKoBa 3Hepnt~ <j:loToHoB? 

1) 15 3B 2) 30 3B 3) 10 3B 4) 5 3B 
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llonuoe pemeuue 3aiJa'l Cl-C6 ueo6xoiJuMo 3anucamb 6 6naHKe om6emo6 .H!! 2. 
llpu ofjJopMneuuu pemeuu11 6 6naHKe om6emo6 .H!! 2 3anumume cHa'lana IWMep 
3aiJauu11 (Cl, C2 u m. iJ.), a 3ameM pemeuue coom6emcm6yww.eu 3aiJa'lu. 
Om6embt 3anucbwaiime •ti!mKo u pa36op•tu6o. 

K Kone6aTenbHOMY KOHTYPY no,ncoe,n11H11n11 11CTO'IHI1K TOKa, Ha KneMMax 

KOTOporo HanplllKeHI1e rapMOHI1'1eCKJ1 MeHlleTCll C 'laCTOTOH V. 

3neKTpOeMKOCTb C KOH)J,eHCaTOpa KOne6aTenbHOrO KOHrypa MOlKHO nnasHO 

MeHl!Tb OT MaKCI1MaJlbHOro 3Ha'leHI151 Cmax ,no MI1HI1MaJlbHOro Cm1m a 

11H)J,yKTI1SHOCTb ero KarylliKI1 nOCTOliHHa. 

Y'leHI1K nOCTeneHHO yMeHblllaJl eMKOCTb KOH)J,eHCaTopa OT MaKC11MaJlbHOro 

3Ha'leHHll )1,0 MI1HI1MaJlbHOrO 11 06HapylKI1n, 'ITO aMnn11ry,na CI1Jlbl TOKa S KOHrype 

see speMll so3pacTana. On11paliCb Ha cso11 3HaHI1ll no 3neKTPOA11HaMI1Ke, 

06'bl!CHI1Te Ha6niO,neHI1ll y'leHI1Ka. 

llonuoe npa6U!lbHoe pemeuue KaJICiJoii U3 3aiJa•t C2-C6 iJo!IJICHO coiJepJICamb 
3aKOHbl u fjJopMy!lbl, npUMeueuue KomopblX ueo6xoiJuMo u iJocmamo•mo O!IR 
pemeuu11 3aiJa'lu, a maKJtce MameMamu'lecKue npeo6pa3o6auuR, pac'li!mbl c 
'IUC!leHHblM om6emoM u npu ueo6xoiJuMocmu pucyuoK, noRCHRIOUI,Uii 
pemeuue. 

Ilp1160p Ha6niO,neHI1ll 06HapylKI1n neTlll1.111H 

CHapliA 11 3a<jli1KC11p0SaJl ero rOp1130HTaJlbHYIO 

K00p)J,11Hary x 1 11 SbiCOTY h1 = 1655 M Ha,n h, 
3eMnei1. llepe3 3 c cHapll,n ynan Ha 3eMJJIO 

11 S30pSMCll Ha paCCTOliHI111 / = 1700 M OT x 1 

MeCTa ero 06HapylKeHI151. I13SeCTHO, 'ITO 

' ' ' ' ' ' 

IIp116op 

Ha6JIJO,neHI1ll 

CHapli)J,bl ,naHHOrO Tl1na SbJneTaiOT 113 CTSOna nylliKI1 CO CKOpOCTbiO 800 M/ C. 

KaKosa 6btna MaKCI1MMbHall SbtcoTa H TpaeKTOp1111 cHapl!,na, ecn11 C'II1TaTb, 'ITO 

COnpOTI1SneHI1e S03,nyxa npeHe6pelKI1MO MaJIO? fiylliKa 11 MeCTO S3pb1Sa 

HaXO)J,liTCll Ha O)J,HOH rOp1130HTaJl11. 
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Ha,n o,nHoaTOMHbJM 11,neanbHbJM ra1oM nposo,ni1TCll 

1..111KnJ.fl.JeCKI1H npOI..IeCC, nOKa3aHHbiH Ha p11CYHKe. 

Ha a,n11a6aTe 3- 1 sHelliHI1e c11nb1 ClKI1MaiOT ra1, 

coseplllall pa6ory IA 3d = 370 .lJ:lK. Konl1'1eCTso 

TenJJOTbl, OT)J,aHHOe ra30M 3a 1..111Kn XOnO)J,I1nbHI1KY, 

pasHO IQxonl = 3370 .lJ:lK. Konl1'1eCTSO Sell.leCTSa 

raJa s xo,ne npo1..1ecca He MeHlleTCll. Hai1,ni1Te 

pa6ory ra1aA 12 Hay'laCTKe 1- 2. 

11oH ycKOplleTCll S 3neKTpW!eCKOM 

none C pa3HOCTbiO nOTeHI.111aJIOS U 11 

nona,naeT s o,nHopo,nHoe MarHI1THoe none 

nepneH)J,I1KynllpHO K seKTOpy ero 11H)J,yK'-\1111 B 
(eM. p11cyHoK). Pa,neyc TpaeKTOp1111 ,ns11)1(eHI1ll 

110Ha S MarHI1THOM none R = 0,2 M, MO)J,ynb 

2 

Po -- - -----~-(] , .. ' : 
,' ' 

.. .... ' : 3 
,/ I I 

0 Vo 2V0 V 

110HOS + -

11H,lJ,YK'-\1111 MarHI1THoro nOJJll B = 0,5 Tn, OTHOllleHI1e 3neKTp11'IecKoro 3apll,na 

110Ha K ero Macce !1.. = 2·106 K.rr/ Kr. Onpe,nen11Te '111CneHHOe 3Ha'leHI1e U. 
m 

K11HeTI1'1eCKOH 3HeprHeH 110Ha np11 ero SbJneTe 113 11CTO'IHI1Ka npeHe6peri1Te. 

3aMKHYTbJH KOHTYP 113 TOHKOH nposonOKI1 noMell.leH s MarHI1THOe none. 

finOCKOCTb KOHrypa nepneH,lJ,I1KynllpHa SeKTOpy MarHI1THOH 11H)J,yK1..11111 nOJJll. 

IIno11.1a,nb KOHrypa S = 2·10-3 M2, ero 3neKTpWJecKoe conpoTI1sneHI1e R = 1,2 OM. 

B KOHrype S03HI1KaiOT KOne6aHI1ll TOKa C aMnnl1ry)J,OH iM = 35 MA, ecn11 

MarHI1THall 11H)J,YK'-\11ll nOJJll MeHl!eTCll C Te'leHI1eM speMeHI1 S COOTSeTCTSI111 

c <jlopMYnOH B = acos(bt) , r,ne b = 3500 c- 1. lleMy pasHa aMnn11ry,na Kone6aHI1H 

MarHI1THOH 11H)J,yK'-\1111 nOJJll? 

MeTMnl1'1eCKall nnaCTI1Ha o6ny'!aeTCll CSeTOM 'laCTOTOH v = 1,6·10 15 r~..~. Pa6oTa 

sbtxo,na 3neKTpoHos 113 ,naHHoro MeTanna pasHa 3,7 3B. BblneTai011.111e 113 

nnaCTI1Hbl <jlOT03neKTp0Hbl nona,naiOT S O)J,HOpOAHOe 3neKTPI1'1eCKOe none, seKTOp 

HanplllKeHHOCTI1 jj; KOTOpOrO HanpasneH K nnaCTI1He nepneH)J,I1KynllpHO ee 

nosepXHOCTI1. I13MepeHI1ll nOKa3aJll1, 'ITO Ha paCCTOliHI111 10 CM OT nnaCTI1Hbl 

MaKC11MaJlbHall KI1HeTI1'1eCKall 3HeprHll <jlOT03neKTpOHOS pasHa 15,9 3B. lJeMy 

paseH MO)J,ynb HanplllKeHHOCTI1 3neKTPI1'1eCKOrO nOnll? 
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