2013 _3MM®6-13-2__ BapaBHoB A.T.

1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MAKCMMYM CMEKTPasbHOW MNOTHOCTM 3HEPreTUYecKoW CBETUMOCTM

abcosloTHO YepHoro Tesa npu Temnepatype 0 °C? Yemy paBHa SHepreTMyeckas CBETMMOCTb Tena npu 3ToM
2

Temnepatype? OTBeT: Ay, = 10,6 MKM; R, =315 BT/m".

2. Ha meTannuyeckylo NNacTMHy HanpasneH nyyok ynbTpaduonetosoro usaydeHusa (A=0,25 mKm). PoTOTOK
NnpeKpallaeTca Npu 3adepXuBalowein pasHocTM noTeHumanoB Us=0,96 B. Onpegenutb paboTy Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTBeT: A, = 4 3B.

3. CBeToBOM MNOTOK C MOLWHOCTbIO M3nydyeHuAa N=2,3 BT nagaeT HOPMaNbHO Ha 3epKasibHYyl MOBEPXHOCTb.
v -8
Onpepenntb cuay AaBAEHUA, UCMbITbIBAEMYHO STOM NOBEPXHOCTHIO. OTset: F=1,5-10 " H

4. AnvHa BoAHbI A ¢$OTOHa paBHA KOMMTOHOBCKOM AJIMHE A. 3/neKTpoHa. POTOH paccesnca Ha cBobogHOM

a71eKTpoHe Ha yron 8 = 60°. OnpeaennTb 3HEPTUI0 U CKOPOCTb 3/IEKTPOHA OTAauYMN.
OtBeT: £€=0,17 M3B, v =1,99 10° m/c.

5. dnekTpoH obnasaeT KMHeTuyeckon sHeprneit T = 1,02 M3B. Bo CKONbKO pa3 U3MEHUTCA AJIMHA BOJIHbI Ae
Bpoins, ecin ero KNHeTUYECKan SHepPrMa YMeHbLIMUTCA BABOE? OTBeT: n =1,63.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aToOme BOAOPOAA CO
6 .
cKopocTbio v=2,2-10°m/c, ecan ponyckaemas HeTodHOCTb Av cocTasniser 10 % oT e€ Be/inumHbl. YKasatb,

NPMMEHMMO SN NOHATUE TPAEKTOPUN B JAHHOM C/yyae. OtBeT: Ax= 0,5 Hm.
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7. BonHoBasa ¢yHKuma F(x)=(2/L)” “sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME 4YacTULbl B HECKOHEYHO ry6oKom

NPAMOYIO/IbHOM fLLMKE WUPUHOW L. BbluncanTe BEPOATHOCTb HAaXOXKAEHWUS YacTULbl B Masiom nHTepsane AL=0,01L
B cpeaHei uactu AuwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKUIA CMbICA MONYYEHHOro pesynbTaTa,
n306pa3unB rpadpuyeckm NJIOTHOCTb BEPOATHOCTU OBHAPYKEHMA YACcTULLbI B LJAHHOM COCTOSHUM.

Otset: ® = 0,02.

8. Bo CKOJNBKO pa3 M3MEHUTCS TIEPUO/] BPAIICHUS IEKTPOHA B aTOME BOAOPOJIa, €CIH IPH MEePexXo/ie B OCHOBHOE
COCTOSIHME aTOM H3JIy4al (pOTOH ¢ JUIMHOH BOJMHBI A =97, 5 HM? OtBer: B 64 pasa.
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9. OnpepnenuTb BO3PacT APEBHUX AePEBAHHbIX NPeAMETOB, €C/IM U3BECTHO, YTO yAe/IbHaA aKTUBHOCTb nsotona = C
y Hux coctasnsfeT 0,6 yAeNnbHOW aKTMBHOCTM 3TOrO M30TOMA B TO/IbKO YTO cpybneHHbix aepesbsax. lMepuop
14 3
nonypacnaga agep - CT,/, = 5570 ner. OTBeT: t=4,1-10" ner.

10. CheaytoLLyto AAEPHYIO peakLMIo HanMwmuTe B pa3BepHyToOM Buae U onpegenute X: o (d, n) X.
OTseT: 198F .

11. Onpepgenute aHepruto E, KOTOPYIO HYXKHO 3aTPaTUTL AN OTPbIBa HEWTPOHA OT A4pa ffNa.

OtBeT: E=12,41 M3B.

12. Aapo atoma nTuA gLi ~ 3axBaTblBasA AEWTPOH, PacnafaeTca Ha ABe a-4acTuubl. HanucaTtb AAEpHYI0 peakLuio

M onpeaennTb SHepPruto, BblAENAOWYOCA NPY 3TON peakuunu. OTBeT: Q =22,38 M3B.



2013 3MM6-13-2__ 3aBbsanosa E.A.

1. MOTOK M3y4eHUA NepBOM NABUALHOW MeYyn Yepe3 CMOTPOBOE OKOLIEYKO mowanablo S; = 8 cm® coctagnset

®., = 94 BT. A N3 CMOTPOBOI0 OKOLLIEYKA BTOPOI Neun, Mmetoero naowanb S, =9 CMZ, M3y4aeTca NOTOK SHeprum

®,, =51 BT. Yemy paBHO OTHOLIEHWE TEMMEPATYPbI BHYTPU NEPBON MeYM K TeMMepaType BHYTPM BTOPOM Neumn?.
OtBeT: n=1,2.

2. Onpeaenvtb MakCMMAJIbHYHO CKOPOCTb POTOINEKTPOHOB U KPACHYHO rpaHuLy ¢oToaddeKTa, ecnm 31eKTPOHbI

BbIPbIBAOTCA C NOBEPXHOCTU HUKENA YAbTPadMONETOBbIM U3/yYEeHUEM C OIMHOM BOAHbI 0,2MKM. PaboTa Bbixoaa
5

Agx =53B. OTBeT: Viax=6,5-10°M/C; Apax=248HM.

3. Onpegennte aHepruto ¢oToHOB Ana: 1) KpacHoro ceeta (v, = 4,1-1014 lu); 2) nHdpakpacHoro nsnyyeHun

(v,=2,5:10" ru). Otset: €, = 1,7 3B; €, = 0,1 3B.

4. OnpefenvTb CKOPOCTb 3NEKTPOHA oTaaum npu adpdekte KomnToHa, ecnn GOTOH C SHEpruen, paBHOW aHeprum
8
NOKOS 3/IEKTPOHa, HblN paccenH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

5. Haigute gnuHy BosiHbl Ae bpolina A gns anekTpoHa, o61afatolero KUHeTM4Yeckon sHepruent E, = 3 MaB.

OTBeT: A =0,36 Nm.

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABUMMKYLLMXCA BAOAb Oocu abcumcc, coctasnsetr Av=100m/c. Kakosa

npu 3TOM HeoNpeaenEHHOCTb KOOPAMHATbl AX, ONpeaenAloLLell MEeCTONONOKEHNE 3/IEKTPOHA?
OTBeT: AX = 1,15 MKM.

7. YacTMua B OAHOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon aAme” wWupuHOM L ¢ 6ecKoHeYHO BbICOKMMM
“CTeHKamKn” HaxogmuTcA B BO3OYKAEHHOM cocTosiHMM (n=2). OnpefennTb BEPOATHOCTb OBHaPYIKEHUA YacTULbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUW, COOTBETCTBYIOLLLE Nepexoay 31eKTpoHa B aTome BoAopoaa C
LIECTOro 3HepPreTMYEeCcKoro ypoBHA Ha BTOPOM. K KaKoW cepun OTHOCUTCA 3Ta IMHMA M KaKaa OHa Mo CYETY B 3TOM
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. CKO/IbKO a-4acTuy, BbibpacbiBaeT Topuit 2:;;%)Th maccon m=1kr3a t=1roa? Nepnog nonypacnaga ropua Ty,

=1,39-10" ner. Orser: N, = 1,29-10%.

10. Onpepnenute, C KakMM aTOMHbIM AAPOM bbina ocyuiecTeneHa peakuua X + Oln - 15461 Ba + gg Kr +3 Oln.
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Otset: ‘o, U .

11. dHeprua cBA3M aapa, COCTOALLENO U3 ABYX NPOTOHOB U OAHOrO HEMTPOHA, paBHa 7,72 MaB. Onpeaenute maccy
HEeNTPaNbHOro aTomMa, UMeLLEro 3To AAPO. OTtBeT: m, = 3,01603 a.e.m.

12. Agpo 6opa 1§B 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yyero noayyaeTca AP0 AUTUSA 37Li n renns. Hanuwwure

A0epHy peakumto. Kakasa sHeprus BbiceoboxkaaeTca B Hel? OTtseT: Q = 2,79 M3B.



2013 _3MM6-13-2__ 3apunos A.b.

1. AbcontoTHO Y€pHoe Teno Haxoautca npu Temnepatype T; = 290 K. Mpu HarpeBaHWW Tena AAUHA BOJIHbI,
COOTBETCTBYIOLLAA MaKCUMYMY CMEKTPAsIbHON NAOTHOCTU IHEPreTUYECKON CBETUMOCTU, U3MEHUIACh Ha AN
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

2. Ha noBepxHOCTb Ka/iuA nagaeT yabTpadproaeTosblit CBET C AANHON BOAHbI A = 0,04 MKM. Onpeaenntb BEUYUHY
3a/lepKMBatoLLleit PasHOCTM MOTEHLMANOB, KOTOPYIO HYXHO NPUAOKUTb K doToanemeHTy, 4Tobbl HOTOTOK
npekpatuacs. PaboTa Bbixoaa Ag,.x = 2 3B. OTtseT: U, = 29B.
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3. AnvHa BOAHbI mM3nydenms A = 5,4-10 M. OnpegennTb KOAMYECTBO KBAHTOB, COAEPXKALWMXCA B MOTOKe
o 18
N3ny4yeHna c aHepruen € =127 Kx. OtseT: N =3,45-10" yactuu,

4. KaKas 4acTb sHepruun nagarouero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NPU KOMNTOHOBCKOM 3ddeKTe, ecnm
paccesiHme GpOTOHa NPOU30LWLIO Ha yron 1t/6. AnnHa BoHbI nagatowero ¢oTtoHa A;=12nm. OtserT: T/,=0,03.

5. DneKkTpoH obnagaer KMHeTuyeckon sHepren T = 1 KaB. Onpeaenute AnvHy BO/HbI Ae Bpolina ana Takoro
3/1eKTPOHA. OTBeT: Ag = 38,8 nm.

. -8
6. AnntenbHOCTb BO3BYKAEHHOIO COCTOAHMA aTOMa BOAOPOAA COOTBETCTBYET NpumepHo At =107 c. OnpegennTb
. -8
HeonpeaenEHHOCTb SHEPTMN B STOM COCTOAHMUMN. OTseT: AE 2 6,6-10 " 3B.

7. DNEeKTPOH B OAHOMEPHOW MNPAMOYrosbHOM “noTeHuMancHoin Ame” wWupuHol L ¢ HeCcKOHEYHO BbICOKMMM
“CTeHKamKn” HaxoguTcA B BO3BYKAEHHOM cocTosHUK (n=4). Onpeaennte BepOATHOCTb 0BHAPYKEHUA INEKTPOHA B

nepBou YyetsepTn “ambl”. OtseT: ® =0,25.

8. HaiTu aHepruo MoHU3aummn Bogo0poL0NoL00HbIX MOHOB, B CNEKTPE KOTOPbIX AJIMHA BO/HbI TPETbEN
AnHuu cepumn banbmepa pasHa 108,5 Hm.
OTtseT: E;=54,4 3B.

9. Hal'Tn NoCTOAHHYIO pacnaja paZoHa, eC/iv U3BECTHO, YTO YMC/I0 aTOMOB YMEHbLLIAETCA 3a CYTKM Ha 18,2 %.

OTBeT: A = 2,3-10’6 ¢t
10. CneaytolLyto A4epHYI0 peakLMo HanMwnTe B pa3BepHyTom Buzae n onpegenute X: X (t, o) 2 Na .
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Otset: ;,MQ.

11. OnpegennTte yaenbHy 3HEPIULO CBA3KM 414 A4Pa 1§C . OtBeT: g, = 7,68 M3B/HyK/OH.

12. Onpepgenunte, Kakas aHeprus Heobxoanma, YtTobbl Pas3LennTb A4P0 fBe Ha ABe 0-4acCTULbl U HENTPOH.

OteBet: Q=1,57 MaB.



2013 3MM®6-13-2__ U6parmumos C.10.

1. CKONbKO 3HEprum msnyyaer abCoNOTHO YepHoe Teno 3a Bpema t = 2 ¢, NIowWaab CBETALLENCA NOBEPXHOCTM
2
KOTOPOro S =3 cM*, eC/IM MaKCMMYM 3HEPrMU B €ro CNEKTPE U3NYYeHUA NPUXOANUTCA Ha AANHY BOHbI Ay, = 750 HM?

OtBeT: AE = 7,6 KIXK.

2. OnpefenvTb MAKCMMANbHYIO CKOPOCTb, KOTOPYIO MOXKET MOAYYUTb INEKTPOH, BblpBaHHbIE U3 MAATUHbI NOA
OENCTBMEM U3NIYYEHMA C A/IMHOM BONHbI A =203HM. PaboTa Bbixo4a 3/1eKTpoHa A, =5,293B.

OteeT: V.. 5,4-10° m/c.

-2 2
3. Onpenenntb KO3GOUUMEHT OTPAXKEHUA P MOBEPXHOCTU, Naowaapto S=107" m°, eciv Npu MOLLHOCTU U3/YyYeHUs
N=12 BT gaBneHue cBeTa Ha 3Ty NOBEPXHOCTb OKa3zanocb p=7,02 mklla. OtseT: p=0,755.

4. ®oToH npu apdpekTe KomntoHa 6bia paccesH Ha CBOGOAHOM 31eKTPOHe Ha yron 6=m/2. OnpeaennTts AANHY
BOJIHbI paccesHHOro GoToHa, eciv 3Heprua GoToHa A0 pacceAaHus 6bina €,=1,08 MaB.

Otset: A=3,58 10 “m.

5. Onpegenutb AAvHY BOJIHbI Ae Bpoina Ag 4N8 371eKTPOHOB, 60MBapAMPYIOWMX AHTUKATOL PEHTreHOBCKOWM
TPY6KM, ecam rpaHmLa CNAOLWHOMO PEHTIEHOBCKOro CNeKTPa NPUXOAMTCA Ha AJMHY BOHbI A = 3 HM.

OTBeT: Az = 0,06 HM.

6. DNEKTPOH C KMHeTUYecKon aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHuTb C

MOMOLLBIO COOTHOLLEHWUA HeonpeaeeHHOCTeN OTHOCUTENbHYIO HeONpPeAeNeHHOCTb er0 CKOPOCTH.
4
OtseT: Av/v ~ 10-".

7. B npamoyronbHon “noteHumanbHol ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTeHKamK” HaxoauTcA
YyacTMUa B OCHOBHOM COCTOSIHMM. HallTV BEpOATHOCTb HaxoMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MoAcHUTe OGU3MYECKUIA CMbIC MOAYYEHHOro  pesynbTata, M306pasvB rpadmyeckn MNAOTHOCTb BEPOATHOCTU

0bHapyKeHua YacTUubl B SAHHOM COCTOAHUM. OTtseT: ® =0,818.

8. ®OTOH c 3Heprven E = 12,12 3B, NOrNoLEHHbIA aTOMOM BOAOPOAA, HAXOAALMMCA B OCHOBHOM
COCTOSIHMM, NEePeBOAMT aTOM B BO3BYKAeHHOe cocToAHMne. OnpeaenunTb rnaBHOe KBaHTOBOE YMC/I0 3TOMO
cocTonaHuMA.OTseT: n = 3.
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U maccoin 1kr? Mepuog nonypacnaga Ty, = 4,51-109 ner.

9. CKonbKO Afep pacnagaetca 3a 1 ¢ B KycKe ypaHa
OtBeT: AN = 1,23-107 pacn/c.

o 237 N 209 B'
10. B pesynbTaTe cepun paamnoakTUBHbIX PacnafoB HENTYHUI oo NP npespalyaetca B BUCMYT oo DI . Kakoe

KOJIMYECTBO O U 3 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OteeT: 7an4p.
11. Onpegennte aHepruto E, KOTOPY HY)KHO 3aTPaTUTb AN OTPbIBA HEMTPOHA OT AApa ;He.
OtBeT: E =20,58 M3B.

12. OnpepenuTb 3HEpPruo AAepHON peakumnm fBe (p, o) 36 Li, agpo-muweHb fBe CYMTATb HEMOABUKHbIM.

OTBeT: Q =2,13 M3B.



2013 3MM6-13-2__ KanuHuH K.M.

o - 2
1. TemnepaTtypa BHYTPEHHEN NOBEPXHOCTU MydeNIbHON Meym Npu OTKPbITOM oTBepcTUM niowaabto 30 cm”™ paBHa
1300 K. CunTan, 4To OTBEPCTME NEYM U3/TyYaeT KaK abCcoNtoTHO YEPHOE TeNo, ONPEAEUTb, KaKas YacTb MOLLHOCTU
W3/ly4EHUA paccemnBaETCA CTEHKaMM neyn, ecnn notpebasemasn et MOWHOCTb cocTasnseT 1,5 KBT.

OtBeT: n=0,676.

2. doToadpdeKT nponcxoanT nog, aenctemem usydeHumsa ¢ A=0,09mkm. Onpeaenntb paboTy BbIXOAa 3N1EKTPOHOB U3
MeTanna, ecnn GoTOTOK NpeKpaLLaeTca Npu 3aepKuBatoLLEel pasHOCTM noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.

v 2
3. CBeToBOWM NOTOK MOLWHOCTbIO N=9 BT HOpMasibHO NaZaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoadpduumneHT
oTpaxeHus kotopoi p=0,8. Kakoe gaBieHMe NCMbITbIBAET NPM 3TOM AaHHAs NMOBEPXHOCTb? OTBeT: p=54 mklla.

4. Onpenenntb yron 6, Ha KoTopblii 6bin pacceaH GoOTOH ¢ sHeprnel €,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHETUYeCKasa sHeprma aNeKTpoHa otaaum T,=0,55 MaB. OtBeT: 6 ~ 39",

5. HaliguTe oAvHy BONHbI Ae Bpoina anekTpoHa, ABUXKYLLEroca co ckopocTbto V = 0,3-c, rae ¢ — CKOpoCTb CBeTa.
OTBeT: A\ = 7,7-10’12 M.

6. DNIEKTPOH C KMHETUYEeCKoM aHeprmelt T = 15 3B HaxoguTca B MeTaIMYecKon nbiiHKe guameTpom d = 0,5 MKM.

OueHUTb OTHOCUTEIbHYIO HETOYHOCTb AU/U, C KOTOpOVI MOKET bbITb onpeaeneHa CKOpPOCTb 3/IEKTPOHaA.

OteeT: Av/v ~ 10-",

o o o o —12
7. DNEKTPOH HaxoauTcA B OLHOMEPHOM GecKoHeyHo r1yboKoi mnoTeHuuanbHoW ame wupuHon d = 107 m.

Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTeTUYECKUX YPOBHEN. OTtseT: AE,;,=1,1 M3B.

8. BbluMCcAUTb MOCTOAHHYIO Puabepra R’, ecam M3BECTHO, YTO ANnA MOHOB reama He™ pasHocTb AAMH BoH Mmexay

rONIOBHbIMU IMHMAMU cepuii Banbmepa u NlaimaHa AA = 133,7 HM. OtseT: R’ = 1,097'107 M.

222

% Rn. Nepwopg nonypacnaga 3,823 gHs. OTBeT: A= 5,69-1015 pacn/c.

9. Havitn akTMBHOCTb 1 1 pafoHa

219
10. Appa pagnoaKTUBHOIO M30TONA pagoHa 86 Rn npetepneBardT nocnegosaTtesibHO ABa O-pacnaja, ABa

- o 207
B -pacnaga u onatb a-pacnag. OnpesenvTe KOHeYHbIM NPOAYKT pacnaja. OtseT: g, Pb.

11. OnpepennTte yaenbHy IHEPrUto CBA3KU 4N1A A4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. Appo atoma AuUTUA ;Li bombapanpyroTca NPOTOHAMK, KUHETUYecKas 3Heprua Kotopbix 1,4 MaB.

O6pasylolmecs Npu 3TOM ABe 0-4acTULbl IETAT C O4MHAKOBOW CKOPOCTbI0. ONpesennTe KUHETUYECKYIO SHEPTUI0
KaXKAoM 0-4acTumLbl. OtBet: T=9,37 M3B.



2013 3MM6-13-2__ KacaTkuH A.M.

o " 2
1. HaiiTn, KaKoe Konn4ectso aHeprumn B 1 ¢ usnydyaet abco/IlOTHO YEPHOE TE0 C MOBEPXHOCTM naowaabto 1 cm*,
€C/IN M3BECTHO, YTO MaKCMMaJsibHasA CMeKTPasibHas MAOTHOCTb €ro SHepPreTMYeckoi CBETMMOCTM MPUXOAUTCA Ha

O/VHY BONHbI 484 HM. OtBet: AE = 7,3 k.

2. Mpwn nccneposaHun ¢otoaddeKkTa € NOBEPXHOCTU HATpMA OblAn NoyYeHbl AaHHbIE: MPU YACTOTE U3/YYEHUA
14 o 14

vi = 6,92 107 Ty 3agepxuBatowmii noteHuman U, = 1,02 B, a npu yactote msnyyenua v, = 7,41 107 Ty

3aaeprkuBatowmnii noteHuman U, = 1,22 B. icnonb3ya 3TM AaHHble, ONPeAeIUTb 3HaYEHME NOCTOAHHOM MnaHKa.

OtBeT: h=5,9 10* X c.

3. Onpepenntb MOLWHOCTL M3nydyeHMA N CBETOBOro NOTOKa, KOTOPbIM, Najad HOPMasbHO HA 3epKasjbHYyH
2
NOBEpPXHOCTb Naowaaun S=1 cm”, okasbiBaeT gasaeHune p=30 mMa. OTtseT: N =450 Br.

4. ®OTOH C ANMHHOM BOAHbI A;=10 nNm paccesnca Ha cBOHGOAHOM 3/1E€KTPOHE, MPUUYEM Yron paccesHus O=rm/4.
OnpepennTb gNMHY BONIHbI PacCEAHHOro GOTOHA M ero aHepruto. OtseT: A=10,7 nm; € =0,116 M3B.

5. 3apsKeHHan YacTmua, YCKopeHHas pa3HocTbio noTeHumanos U=200 B, umeeT aanHy BoHbl ge bpoina A = 2 nm.
o -27
HanguTte maccy 4acTmubl, ecau ee 3apas YMCIEHHO PaBeH 3apAaay 3/1EeKTPOHa. OtBeT: m=1,7-10"" Kr.

6. OLEHUTb C NMOMOLLbIO COOTHOLEHUA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPIUIO 3/1EKTPOHA,
JIOKaNIM30BaHHOro B 061actu pasamepom L = 0,20 Hm. OTseT:
Tmin~ 1 3B.

7. HaliT HammeHbluee 3Ha4YeHWe 3HepruM HewTpoHa, HaxoAAlWeroca B OAHOMEPHOW GecKoHeuyHo raybokol
o o —15 —11
noTteHunanbHom ame wmpuHon d =10 m. oTBeT: Enin =3.26-10 7 K.

8. B uoHe nntna Li*™" aneKkTpoH nepelwén c 4eTBEpTOro sHepreTUHECKOro ypoBHA Ha BTOPOW. OnpeaenuTsb AJnHY
BOJIHbI A U3/1ly4eHUA, UCNYLLEHHOTO MOHOM NNTUA. OtBeT: A = 54 HMm.

9. HaliTu maccy pafoHa, aKTMBHOCTb KoToporo paBHa 1 Kiopu = 3,7-107 pacn/c. MNepuoa nonypacnaga pagoHa
Ty2=3,8 AHA. OtseT: m = 6,5-10  kr.

10. B pe3ynbTaTe cepuu pagmoaKkTUBHbLIX PacnafoB paauit 2;: Ra npespauyaetca B cBuHey, 2:3)27 Pb. Kakoe

KOJIMYECTBO O U 3 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OteeT: 4amn2p.

11. Onpegenute, Kakas Heobxoanma sHeprus, YtTobbl PasaennTb A4P0 1§C Ha TPM Ol-4acCTULLbI.

OTBeT: E=7,27 M3B.

12. Haiitn 3Hepruio agepHbIX peakuuit: 1) 13H (p, y)g‘He, 2) fH (d, y)gHe. BolioensaeTca uam nornaoliaetca

SHEeprus B 3TUX peakumnax? OTtseT: Q; = 19,81 M3B; Q, = 23,85 M3B.



2013 _3MM6-13-2__ Kutaes A.C.

1. A6CONIOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypsbl t; = 327 °C. MNocne NoBbIWEHUs TeMNepaTypbl CymMapHasn
MOLLHOCTb €ro TeMJIOBOro U3/y4eHWUa yBenndunacb B 2,5 pasa. Ha cko/ibKo rpagycoB NoBbicuMAacb TemnepaTypa
Tena? OtseT: AT = 154 K.

2. Npu doToadpPeKTe c NOBEPXHOCTU NAATUHbI BENMYMHA 334EPKMBAIOLLErO NOTEHLMANA OKasanocb paBHoi 0,8 B.
BblYMCANUTL ANMHY BOJIHbI UCMO/Ib3YEMOrO CBETa, ecin paboTa Bbixoaa Ag,,,=5,29 3B. OtseT: A=204 Hm.
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3. Ha noBepxHOCTb nnowagbto S=10 cm” MagaeT execekKyHOHO ny4yok GoToHOB B Konauuvectse n=10" ¢ . AaunHa
BOMHbI Nagatouero ceeta A= 500 Hm. OnpeaenvTb CBETOBOE AaB/EHWE Ha MOBEPXHOCTb, €cin Ko3dpdUUMEHT
oTpaxkeHus p=0,7. OtBeT: p = 2,25 mkla.

4. ®otoH npu sddekte KomnTtoHa paccesanca Ha cBo60AHOM 31eKTpoHe Ha yron T/4. Onpeaenntb 3HeEPruio
nagatolero ¢oToHa, eciv ANMHa BO/HbI pacceaHHoro ¢potoHa A,=11,3nm. OTBeT: €,=0,12M3B.

5. Onpe,qenMTe, NPpn Kakom 4YnMcnoBom 3HaA4Y€HUU KMHETUYEeCKOoM HEeprmun T ANMHa BOJIHbI Oe BpOl‘/llﬂﬂ 3/1EKTPOHa

paBHa ero KOMNTOHOBCKOM AJ/IMHE BOJIHbI A, = h/mc . OTtBeT: T=0,212 M3B.

6. CpepHee BpemMA XMU3HM aTOMa B BO3OYXAEHHOM COCTOAHMUM COCTABNAET OKOO 10-°c. Mpu nepexone aToma B
HOpMa/sbHOe COCTOAHME ucnyckaeTcA (OTOH, CpegHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTtb
OTHOCWTENbHYIO WKPpUHY AE/E n3nyyaemoii cnekTpanbHOW IMHUW, €CAN HE MPOUCXOAUT YIUMPEHUA INHUK 33 cYeT
APYr1Mx NpoL,.eccos. Otset: AE/E ~ 2-10-%.
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7. DNEeKTPOH Haxo4MTCA B OAHOMEPHON 6eCKOHeYHOo rnyboKol noTeHumanbHoi same wupuHon d = 100 m ¢
abCONOTHO HENPOHMLAEMbIMW CTEHKAMMU. HaliTU HaMmeHbLLee 3HaYeHMe SHEPTUN I1EKTPOHA.

OTBeT: E;nin = 3.7 K3B.

8. OnpeaenuTb ANIMHY BOMHbI A, COOTBETCTBYIOLLYIO BTOPOM CNEKTPa/sibHOW NNMHUKM B cepun MNalleHa Ana atoma
BO4OPOAA. OteeT: A =1,28 MKM.

9. AKTMBHOCTb HEKOTOpPOro npenapaTa yMeHblaeTcA B NATb pa3 3a 14 pHeit. Onpepenutb ero nepuog
nonypacnaga. OteT: T = 6 aHeM.

10. B pesynibTaTe CepUn PaAMOaKTUBHBIX Pacnaaos ypaH U npespaujaercs B canrel, o PD . Kakoe
- b pesy. pun paj, p A0B yp % pespaly U g .

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OTeeT: 8anb6p".

11. OnpenennTte sHepruto CBA3M ANA A4pa aToOMa CBUHLUA Zgng . OTBeT: E,; = 1,622 3B.

12. OnpefenvTb 3HePruio A4EepPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO 3Heprus cBA3u agpa fBe

E, =58,16 M3B, a agpa ', Be E, = 64,98 MaB. Oteet: Q = 6,82 M3B.



2013 3MM6-13-2__ Konecos E.K.

2
1. MydenbHasa neyb, notpebaawwan mowHocte 1 KBT, umeeT oTBepcTme naowagbio 40 cm™. OnpesennTs SO0
MOLLHOCTH, paccemBaemol CTeHKaMW Meyun, ecan TemnepaTypa ee BHYTPeHHel noBepxHOCTM paBHa 1200 K.
CumnTaTb, UTO OTBEPCTME NEYN MU3/1yHaEeT Kak abCcoNOTHO YepHoe Teo. OteeTt: n =0,53.

2. PaboTa BbIXxOAa 31EKTPOHOB C NOBEPXHOCTU HATPUA paBHa Ay, x =2,3 3B. Kakoit 4nnHbl BONHbI CBET HEOBX0ANMMO
6
HanpaBuTb, 4TOBbI MaKCMMasibHasn CKOPOCTb 3/IEKTPOHOB Bbina pasHa 1,5-10°m/c? OtBeT: A =143 HMm.

3. OnpeaenuTb O/NMHY BONHbI GOTOHOB, KOTOPblE MMEIOT TaKYl e 3HEPruio, YTO M 3NEKTPOH, npolweawuni
-7
Pa3HOCTb NOTeHUManos 5B. OtseT: A =2,48 10" m.

4. OnpefennTb 3HEPruo, NPUXOAALLYIOCA Ha 3NEKTPOH oTAaum npu adpdekte KomntoHa, ecnm pacceaHme GoToHa
npoucxoauT Ha yron 8=m/3? dHeprua doToHa A0 pacceaHus £,=0,46 M3B. OTtget: T, =0,14 MaB.

5. D/IeKTPOH, HayaNIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, MPOLIEN YCKOPAIOLLY Pa3HOCTb NOTEHLMAN0B
U =511 kB. Haitaute aivHy BosiHbI ge bpoiina aAna sToro snekTpoHa. OtseT: A; = 1,4 nm.

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems KM3HM aToMa B BO3OYKAEHHOM
-8 o
coctosHun 10 c¢. Onpeaenute OTHOLIEHME €CTECTBEHHOW LIMPUHbI 3SHEPreTUYEeCKOro YPOBHA K 3SHeprum,

N31y4eHHON aTOMOM. OtBeT: AE/E ~ 3-10-%,
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7. HelTpoH HaxoguTca B oAHOMEpHOM 6eckoHeuyHo rAyboKoin noTeHumanbHoi aAme wupuHoit d = 107 m ¢
abCoNOTHO HENPOHMLAEMbIMKM CTEHKamMMW. Hailgute HauMMeHbllylo Pa3HOCTb ABYX COCEAHUX 3HEpPreTUYecKux
YPOBHEeMN HelUTpOHa. OtseT: AE i, = 0,062 3B.

8. VY Kakoro BO,CI,OpO,CI,OFIO,CI,OGHOFO MOHa Pa3HOCTb AJZIMH BOZIH MeXay ronioBHbIMU NTMHUAMU cepmﬁ Banbmepa un

Naiimana pasHa 59,3Hm? OtseT: Z=3, Li*".

9. MNpenapaTt U*® maccei 1,0 r nanyyaetr AN = 1,24-104 o-4acTuy, B cekyHay. Hantm nepuog nonypacnaga 3Toro
M30TOMa M aKTMBHOCTb NpenaparTa. Otset: Ty = 4,5-109}16‘T,' A= 1,24-104 pacn./c.

10. CneaytolLyto AAepHYI0 peakL Mo HanuwnTe B pa3sepHyTom Buae n onpegennte X: X (p, o) 2 Ne .
23
Otser: ;;Na.

11. KaKyto HaMMeHbLUYO SHEPTUI0 HYXHO 3aTPaTUTb, YTO6bl Pa3aenunTb A4P0 ;He Ha Be 04MHAKOBble YacTu.

OtBeT: E =23,85 M3B.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWI MOMET pacLLenuTbca Ha ABa HyKAoHa. HanwucaTb
ypaBHeHWe AAepHON peakuun U onpeaenntb MUHMMANbHYIO 3HEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

pacwienneHue. Otset: T,=2,22 M3B.



2013 3MM6-13-2__ KoHosaso C.H.

1. YépHoe Teno Harpenu ot Temnepatypbl T; = 600 K o temnepatypbl T, = 2400 K. Onpegenute, BO CKONIbKO pas3
YBE/IMYMNACh SHEepreTMyeckas CBETMMOCTb Tesla U Ha CKOJIbKO M3MeHWNacb AJ/IMHA BOJIHbl, COOTBETCTBYHOLLAA

MaKCUMyMYy CMeKTPasibHOM NAOTHOCTM 3HEPTrEeTUYECKON CBETUMOCTU? OTBeT: n = 256; AA = —3,63 MKM.

2. KaKkoi u4acToTbl CBeT c/iegyeT HanpaBuUTb Ha MOBEPXHOCTb HUKena, 4Tobbl MaKCMManbHaA CKOPOCTb

$OTO3/1EeKTPOHOB HblN1a paBHa vmax=3.~106 m/c? PaboTa Bbixo4a 415 HUKeNA paBHa A, =4,84 3B.
OTtBeT: v=17,36 10" Mu.

3. JneKTpuyeckas flamna paccuutaHa Ha molHocTb N=45 BT. BbluMCAMTb OaBNEHME NYYUCTOM 3SHEPTUMM Ha
3epKa/ibHYt0 NOBEPXHOCTb C KOIPPULMEHTOM OTparKeHUA p=1, PacnoNOXKEHHYI0 HOPMANbHO K NafatoWwum aydam
Ha PaccToAHUU r =1 m OT Kamnbl. OtBeT: p=24 Hlla.

4. Ha Kakoit yron 6bin paccesiH ¢OTOH € 3Hepruel €; = 1,36 MaB Ha cB0O60AHOM 3/1EKTPOHE, €C/IM KMHETUYECKAS
3HEeprma oT4aumn aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: B = 51°.

5. MpoToH ob6nagaeT KMHETUMYECKOW 3Hepruen, pasHol E = 78 3B. Onpeaenute AnvHy BOAHbI Ae bponna gns
NPOTOHa. OtBeT: A\; =3,2 nm.

6. OUEHUTb C NOMOLLBIO COOTHOLLIEHMA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUI0 SNEKTPOHaA,
v -10
ABUKyLLeroca B obnactu, pasamep Kotopoit L=10"" m. OTseT: Tryin = 3,8 3B.

7. DNEeKTPOH HaxoguTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSMOYTrO/IbHOM MOTEHLNAIbHOM SILLIMKE WNPUHOM
. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM coOCTOoAHUM (n=2), 6yaet
obHapyKeH B cpeaHei TpeTu ALLMKa. OTtseT: ® =0,195.

8. OnpenenuTb sHepruto GoToHa, COOTBETCTBYIOLLYIO CAMOWN AJMHHOBOJIHOBOM IMHMK cepun JlalimaHa.
OTseT: 10,2 5B.
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9. Onpenenntb, CKONbKO AAep PALNOAKTMBHOIO M30TOMA BUCMYTa a3

Bi maccoi m =1 mr pacnagérca B TeueHue

t =35 yacos. MNepuop nonypacnaga Ty, = 5,02 cyToK. OTtBeT: AN = 5,23-1017.
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10. Algpa paamoaKTMBHOIO U30TOMNa TaNAua 81T| npeTepnesaloT Noc/ieA0BaTeNbHO TpU B -pacnaga v oamnH

o-pacnag. Onpeaenvte KOHeYHbI NPOAYKT pacnaja. OTBeT: ng Pb.
11. OnpenenuTte sHepruto cBA3M ANA Agpa atoma 1213Na. OtBeT: E; = 186,56 M3B.
12. OnpeaennTb CyMMapHYt0 KMHETUYECKYIO 3Hepruto saep, 06pa3oBaBLUNXCA B pe3yabTaTe peakuumm fC

(d, oc)lslB , EC/IN KMHETUYECKAA IHeprua AeUTpoHa paBHa 1,5 MaB. Aapo-muieHb c4MTaTb HEMNOLBUMKHbLIM.

Otset: T=6,67 M3B.



2013__3MM6-13-2__KyBaHablkoB H.M.

1. MowHoCTb n3nyyeHna abcontoTHO YepHoro Tena paBHa 34 KBT. Halitn TemnepaTypy 3TOro Tena, eciv U3BECTHO,
2
YTO ero NoOBEepPXHOCTb M3nydYeHusa pasHa 0,6 m”. OtseT: T = 1000 K.

2. Ha noBepxHOCTb MeTanna NagaeT MOHOXPOMATUYECKUIN CBET C A/IMHHON BoAHbI A=0,08 MKM. KpacHas rpaHuua
doToapdpekta Ap=0,3 MKM. HallTu 3HaYeHWe 3a[eprKMBAOWEN PA3HOCTM MOTEeHUManoB U, KOTOPYHO HYXKHO
NPUNOKUTL K POTOIN1EMEHTY, YTODbI NPEKPATUTL POTOTOK. OtseT: U3=11,38 B.

3. JaBneHue cBeTa Ha abCcoONOTHO YEPHYIO MNOBEPXHOCTb, PACMO/IOKEHHYIO NMEPNEeHANKYAAPHO Sydam C AJNHOM
-7 o 2 v
BOMHbI A=5-10" m, paBHo p=10 mklla. HainTtu uncno ¢otoHoB N, nagatowmx 3a t=1 c Ha S=1 cm” 3TOM NOBEPXHOCTM.
17
OTtseT: N=7,55-10"".

4. ®OoTOH paccesnicA Ha CBOBOAHOM 3/1EKTPOHE, U3MEHEHME A/INHbI cocTaBnseT AN = 1,44 nm. OnpenennTtb yron
paccesaHusa ¢poToHa. OTBeT: 6 = 66°.

5. Mpw Kakoi ckopocTn V aneKkTpoHa ero AebpoiineBckas ANMHa BoNHbI byaeT paBHa: 1) 650 HM, 2) 3 nm?
Oreer: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. DNIEKTPOH C KMHeTUYeckon aHeprmneit T = 15 3B HaxoguMTca B MeTaIM4ecKkon nbliMHKe guameTpom d = 0,5 MKM.

OueHUTb OTHOCUTE/IbHYIO HETOYHOCTb AU/U, C KOTOpOVI MOKET bbITb onpeaeneHa CKOpPOCTb 3/IEKTPOHA.

OteeT: Av/v ~ 10-",

7. YacTMua HaxoguTCs BO BTOPOM BO3BYXAEHHOM cocToAHMM (N = 3) B 0OAHOMEPHOM MOTEHLMANbHOM ALUKE
WKMpKHOM L c abcontoTHO Henpo3spauHbiMm cTeHKamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHaAPYKEHUS YacTuLbl
B CpeaHeln TpeTu AlWmKa. OtBeT: ®=0,33.

8. D/IeKTpOH BblbMBaeTCA M3 aToOMa BOAOPOAa, HaXO4ALLErocs B OCHOBHOM COCTOSIHMM, (OTOHOM C
aHeprueit 17,7 3B. OnpeaennTb CKOPOCTb 3/1EKTPOHa 3a Npedenamm aToma. OrtseT:
v =1,2:10° m/c.
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9. BbluncAUTb yaenbHble akTUBHOCTU M30TOMNOB Mpuama ~ Ir uypaHa U, nepuoapbl nonypacnaza KOTopbiX pPaBHbI
8
COOTBETCTBEHHO 75 cyToK 1 7,1-10° ner.

OtBeT: A= 3,35-1017 pacn/c-Kr; Ay, = 7,93-107 pacn/c-Kr.
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10. PapuoakT1BHbIN U30TON ypaHa ‘o, U npetepnesaer nocnegosatensHo a-pacnag, Aga B -pacnaga v ewe Asa
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o-pacnaga. Kakolt nsoton obpasyercs B pesy/ibTaTe 3TOi cepun pacnasos? Otset: GRa.

11. OnpepenuTte yaenbHyo 3HEPruio CBA3N ANA Agep fH " 13H .
OtBeT: g1 = 1,11 MaB/HYKNOH; €4, = 2,82 M3aB/HYK/IOH.
12. OnpegennTb aHEPruto A4epHOMN peakLmnm fBe (p, o) g Li, agpo-muweHb fBe CYMTATb HEMOABMMKHbIM.

OTBeT: Q =2,13 M3B.



2013 3MM6-13-2__ KytyKos U.A.
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1. MowHocTb n3nydeHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HallTn naowaap Msnyyatowein nNoBepxXHOCTH
TeNa, ecnn M3BEeCTHO, YTO [AJIMHA BOJIHbI, HA  KOTOPYH NPUXOAUTCA MAKCMMYM CMEeKTPasibHOM NAOTHOCTH

v -5 2
9HepreTUYeCcKom CBETMMOCTH, paBHa 7-10 ~ cm. OteeT:S=6Mm".

2. Ha umHKoBYlO NAacTuHY (Ag.x=3,74 3B) HanpaBaeH MOHOXPOMATUYECKMIA Ny4oK cBeTa. POTOTOK NpeKpaliaeTca

npy 3afep:KuBatolleit pasHocT noTeHuuanos Us=2 B. Onpepenutb A/AvMHY BOJIHbI A CBeTa, MafaloLLEro Ha
-7

NAACTUHY. OtBeT: A=2,16 10" Mm.

3. [laBneHue cBeTa C AJ/IMHOM BOHbI A=600 HM, NajatoLEero HOpPMasbHO Ha YEpHYK MoBepxHocTb, P=3 Klla.
2 o
Onpegenntb uncno N ¢oToHOB, Nagatowmx 3a spems t=20 cek Ha naowagb S=1 MM”~ 3TOM NOBEPXHOCTU.

OTseT: N =5,43 10>,

4. ®OTOH C ANMHOW BOAIHbI A = 2,04 nm 6bin paccesH Ha CBOBOAHOM 3/1EKTPOHE, KMHETMYECKAn SHEepPrua oTaaum

KoToporo coctasuna T = 0,103 M3B. Onpegenntb yron paccesHuna GoToHa. OTBeT: 0 = 34°,
5. HanguTe annHy BoAHbl Ae Bpoinns aneKkTpoHa, ABMiKyLeroca co ckopoctbto V = 0,3-c, rge ¢ — CKOpoCTb CBeTa.
OTBeT: A\ = 7,7-10’12 M.
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6. Cpeﬂ,Hee Bpema XN3HM aToma B BO36y)+(p,EHHON| COCTOAHWUM cocTaBaAeT okoso 10~ c. an nepexoge atoma B
HOpPMa/ZibHOE€ COCTOAHMUE WUCNYCKaeTCA d)OTOH, cpeaHAAa O/1IMHa BOJIHbI KOTOPOro paBHa 400 HMm. OueHuTb
OTHOCUTENIbHYIO WWNPUHY AE/E M3ﬂyanMOVI CI'IEKTpaI'IbHOl\/'I NTIMHUN, eCin HE NPOUCXOAUT YWWMNPEHUA TMHUN 3a CHET

APYr1Mx NpoL.eccos. Otset: AE/E ~ 2-10°%.

7. B npamoyronbHoi “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HeMpoHMLAeMbiMKN “CTeHKammK” HaxoamTcs
YacTULA B OCHOBHOM COCTOSIHMM. HalTW BEPOATHOCTb HAXOMAEHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MoAcHMUTE U3MYECKUIA CMbICA MOAYYEHHOro  pesynbTaTa, M306pasvB rpaduyeckM MAOTHOCTb BEPOATHOCTU

06HapyKeHMa YacTuLbl B LAHHOM COCTOSHUM. OTtseT: ® =0,818.

8. HaiTu aHepruo MoHU3auumn Boao0poa0noa06HbIX MOHOB, B CNEKTPE KOTOPbIX AJIMHA BOJIHbI TPETbel
AnHum cepmnmn banbmepa pasHa 108,5 Hm.
OTtseT: E;=54,4 3B.

9. AKTMBHOCTb A HeKoToporo usortona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpepenutb nepuog,
nonypacnaga 3Toro nsoTtona. Ortset: Ty/2=31,4 cyTOK.

10. CheaytoLLyto AAEPHYIO peakLUMIo HanMwmuTe B pa3BepHyToOM Buae U onpegenute X: 2 Al (a, n) X.
Otser: WP
11. Kakyto HaMMEHbLLYIO SHEPTUIO HYXKHO 3aTPaTUTb, YTOObI pa3aenuTb AAPO ;‘He Ha fiB€ OAMHAKOBbIE YaCTU.

OtBeT: E = 23,85 M3B.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyK/OHa. Hanmucatb
YpaBHeHVe A4EePHON peakuun U OonpesenuTb MUHMMAAbHYIO 3HEepPruio y—KBaHTa, CNocoBHOro BbI3BATb TaKoe

pacwienaeHme. Otset: T,=2,22 M3B.



2013_ 3MM6-13-2__ Nlasapes E.B.

1. A6contoTHO 4yepHoe Teno Harpeto Ao TemnepaTypbl 227 °C. Mocie NOHWMKEHUA TemnepaTypbl CymmapHan
MOLLHOCTb €ro Tena0BOro U3jy4yeHnsa ymeHbluunacb B 3 pasa. Ha cKonbKo rpafycoB MOHWM3MIACch TemnepaTypa
Tena? OtseT: AT =120 K.

2. PaboTa BbIxoAa AN UMHKA Ag.= 3,74 3B. Bo3HuKaeT n $poToaddekT nos AeACTBUEM U3NYYEHMUA, UMEIOLLLETO
ANVHY BOAHbI A=0,5 MKMm? OTBeT: Aax=0,33 MKM; A >\ = HET.

3. CKONIbKO KBAHTOB COAEPKMUT U3/yYeHUe C AMHAMM BOAH Ay = IMKM U A, = 2:10%m B notoke ¢ 3Hepruen
E=0,5[k? OtBeT: N; = 2,52 10" yactuy, N, =5,04 10" yacTtuuy,

4. ®OTOH C AAMHOM BOAHbI A; = 4,3 Nm paccesnca Ha cBob6OAHOM 31eKTpoHe. Yron paccesHusa coctasun 1/2.
OnpeaennTb SHEPruto pacceaHHoro GoToHa M SHEPrnio, NPUXOAALLYIOCA Ha 3NEKTPOH OTAAYM.

OTBet: €' =0,185 M3B; T.= 0,106 M3B.

5. MpoToH ob6nagaeT KMHETUMYECKOW 3Hepruen, pasHol E = 78 3B. Onpeaenute gnuHy BoJIHbI Ae Bpoina ans
NPOTOHa. OtBeT: A\; =3,2 nm.

6. AnnHa BOAHbI U3Nyyaemoro atomom ¢GoToHa coctaBnsieT 0,6 MKM. Bpems KM3HM aToma B BO3DOYKAEHHOM
_8 o
coctoaHun 10~ c. OnpeaennTte OTHOLIEHUWE eCTEeCTBEHHOW LMPUHbI 3HEPreTUYEeCKOro YpOBHA K 3Heprum,
o 8
U3/ly4eHHON aTOMOM. OtseT: AE/E ~3-10-".

7. DNeKTPOH HaxoauTcA B 6eCKOHEYHO ryboKOM O4HOMEPHOM MPAMOYIrOJIbHOM MOTEHLMAIbHOM ALWMKE WNPUHOMU
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM CcoOCTOAHUM (n=2), 6yaeT
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTseT: ® =0,195.

8. Bo CKOJNBKO pa3 M3MEHUTCS TIEPUO/] BPAILICHUS IEKTPOHA B aTOME BOZOPOJIa, €CIH IPH Mepexo/ie B OCHOBHOE
COCTOSIHME aTOM H3JIy4al (pOTOH C JUIMHOH BOJMHEI A =97, 5 HM? OtBer: B 64 pasa.

9. CKoNbKO aTOMOB NOMIOHWUA pacnagérca 3a cyTkn u3 1 maH. atomos? MNepuog nonypacnaga nonoHua Ty, = 138
o 3
AHen. OTtBeT: AN = 5-10" aTomoOB.

10. CnepytoLLyto AAEPHYIO PEaKLMIO HanuLWLnTe B pa3BepHyTOM Buae v onpegeaute X: X (o, p)l7O .

1
omser: ;N .

11. OnpepennTte yaenbHy IHEPruto CBA3KN 41A A4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. OnpepgenuTe, Kakasa sHeprusa Heobxoanma, YTobbl pasgennTb A4pPo fBe Ha ABe Q-4aCTULbl U HEUTPOH.

OteBet: Q=1,57 MaB.



2013 3MM®6-13-2__ NaTtbiwesa M.A.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEU3MEHHOM TeMMepaTypbl PacniaBAeHHOro
Hukenna 1453 °C, ecnv nnowagb ero nosepxHoctu 0,5 em’. CyunTaTtb, YTO U3Ty4YEeHUEe PacnNaBNEHHOro HUKena
NPOUCXOANT MO 3aKOHAM abCoNOTHO YEPHOTO Tesla, NOTEPAMM SHEPTUN NpeHebpeyb. OTBeT: N =
25,2 BrT.

2. Kakoi ANHbI BOJIHbI CBET cnegyetr HanpasuUTb Ha MNOBEPXHOCTb cepe6pa, YyTO6bl MaKCcMMasbHaA CKOPOCTb

$OTO3/1EKTPOHOB 6bl/1a PABHA Viayx= 2 105N\/C. PaboTa Bbixoaa ans cepebpa paBHa A, =7,6 10" LK.

OTtBeT: A = 2,55 107 m.

3. HaliTu panHy BOJIHbI M 4ACTOTY U3NIyYEHUA, eCAn SHeprus GOTOHOB pPaBHA IHEPTMM MOKOA 3/7eKTPoHa. Kakoro
-12 20
TMMa 3TO U3nyyeHune? OtseT: A=2,4 10 “"m, v=1,2 10" T'u, y-u3ny4yeHue.

4. B pesynbTtate addekta KomntoHa Ha cBo60aHOM 31eKTpoHe GoToH bl paccesH Ha yroa 1t/3. dHeprus ¢oToHa
0o paccesHus 6bina €,=0,59M3B. OnpeaennTb ANNHY BOMHbI pacceaHHOro ¢poToHa. OtBeT: A,=3,3 nm.

5. DIeKTPOH, HayaIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, NPOoLIen YCKOPAOLWY Pa3HOCTb MOTEHLMAIOB
U =511 kB. Haitaute aanHy BosHbI ge bpoiinsa ana sToro snekTpoHa. OtBeT: A\; = 1,4 nm.

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABMMYLLMXCA BAOMb OCK abcumcc, coctasnser Av=100m/c. Kakosa

npuv 3TOM HeonpeaenEéHHOCTb KOOPAMHATbI AX, ONpeaenAtoLLell MEeCTONONOXKEHNE 3/IEKTPOHA?
OTBeT: AXx = 1,15 MKM.

7. YactMua B OAHOMEPHOWN MNPAMOYro/sibHOW “noTeHumanbHo Ame” wupuHOM L ¢ BEeCKOHEeYHO BbICOKMMM
“cTeHKamKn” HaxoamuTcA B BO3bYKAEHHOM cocTosHUM (n=2). OnpeaennTb BePOATHOCTb OBHAPYMKEHMA YacTulbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. BbluMcanTb nocTosaHHylo Puabepra R’, ecam n3BecTHo, 4To Ana noHos reans He' pasHocTb anunH BofH mexay

rONIOBHbIMU IMHMAMU cepuii Banbmepa u NlaimaHa AA = 133,7 HM. OTtBeT: R’ = 1,097'107 M-

9. 3a Kakoe Bpems NPou3onaET pacnag maccbl Am = 3 Mr KasbLms ;05Ca, €C/IM B HaYa/bHbIi MOMEHT ero macca

6b1na pasHa my= 0,3 r? Mepunopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.

i 2*Th i 2%7T]
10. B pesy/ibTaTe cepun paiMoakTUBHbIX pacnagos Topuin "o I N npespawaetca g Tanaunii "5 Il . Kakoe

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OtgeT: 7amn5p".

11. OnpeaenuTe SHePruio CBA3W ANA A4Pa aTOMa CBUHLA % PD . OtBeT: E¢, = 1,622 I3B.

12. Appo aToma NnTUA :fLi _ 3axBaTblBasA AEWTPOH, pacnafaeTca Ha ABe a-yacTuubl. Hanucatb AAepHYI0 peakLmio

N onpeaennTb SHEepPruto, BblAENAOLWYOCA NPY 3TON peakuunu. OTBeT: Q =22,38 M3B.



2013 3MM®6-13-2__ JlornHa H.A.
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1. DHepreTuyecKas CBETMMOCTb abco/loTHO YepHoro Tena R, = 10 kBT/m°. Onpegenuntb AsMHY BOJIHbI, KOTOpas
COOTBETCTBYET MaKCUMYMy CNEKTPA/IbHOM NAOTHOCTU SHEPTeTUYECKOM CBETUMOCTU 3TOrO Tena.

OTBeT: A, = 4,48 MKM.

2. Onpenenntb MaKCUMAJIbHYHO CKOpPOCTb Vi OTO3/IEKTPOHOB, BbINETAOWMX U3 MeTanna npu obayvyeHuu
v 8
doToHamu c aHepruen 1,4 MaB. OTtBeT: Vinax = 2,89 10° m/c.

3. OnpeaennTb sHepreTUYeckyto ocBewWwEHHOCTb (06ay4EéHHOCTb) E. 3epKanbHOM NOBEPXHOCTM, €Cv AaBAeHUE P,
npoussoamMmoe m3nydyeHnem, pasHo P=80 mkla. N3nyyeHne nagaet HOPMabHO K MOBEPXHOCTU.

Otset: E, =1,2 10 Br/m>.

4. Onpepenntb yron 6, Ha KoTopbli 6bin pacceaH GOTOH ¢ sHepruei €,=1,43M3B npu apdekTe KomntoHa, ecau
0
KMHETUYeCKasa sHeprma aNeKTpoHa otaayum T,=0,55 MaB. OtBeT: 6 ~ 39",

5. Mpu Kakoli ckopoctu V anekTpoHa ero aebpoiisieBckas A/MHa BOHbI byaeT paBHa: 1) 650 Hm, 2) 3 nm?
Otset: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. OnpeaennTb HETOUYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABUIKYLLErocAa B aTome BOA0POAA CO
6 .
cKopocTblo v=2,2-10°m/c, ecnn ponyckaemass HeTouHocTb Av coctasnser 10 % oT e€ BesnuMHbl. YKasatb,

NPUMEHVMMO 1 NOHATME TPAEKTOPUM B AAHHOM Cay4ae. OtBeT: Ax=0,5 HM.

o o o o —12
7. DNEKTPOH HaxoauTcA B OLHOMEPHON 6GecKoHeyHo rnyboKon noTeHuumanbHoW Ame wupuHon d = 107 m.

Onpegennte HAaMMEHbLLYIO Pa3HOCTb ABYX COCEAHUX IHEPTETUUYECKUX YPOBHEMN. OtseT: AEmin=1,1 M3B.

8. DneKTpoH BblbMBaeTcA M3 aTOMa BOAOPOAA, HaXOAALLErocA B OCHOBHOM COCTOAHMM, (OTOHOM C
aHeprueit 17,7 3B. OnpeaennTb CKOPOCTb 3/1IEKTPOHA 3a NpegesiaMmn aToma. OTBeT:
v =1,2-10° m/c.
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9. Onpefenutb nepuos nosnypacnaga BucmyTta .

Bi, ecnn nsBecTHO, 4TO BUCMYT Maccoit m = 1 r BbibpacbiBaeT

N = 4,6-1015 B-yactuzat=1c. OteeT: T = 4,32-105 c.

243 256 1
10. Onpegenunte, € KaKMM aTOMHbIM AAPOM bblna ocylwecTBneHa peakumua X+ "o Am > 103 Lr +5 on.

OTser: 1880 )
11. OnpegenuTe SHepruio cBA3n ANA aapa atoma ~*Na. Ortser: E., = 186,56 M3B.

12. OnpefenvTb 3HEPruo A4EPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO 3Heprus ceA3u agpa fBe

E,=58,16 M3B, a agpa ' Be E, = 64,98 M3B. OtseT: Q = 6,82 M3B.



2013 3MM6-13-2__ NoruHos E.B.

1. A6contoTHO 4YépHoe Tesno umeeT Temnepatypy T, = 500 K. Kakosa bypet Temnepatypa T, Tena, ecav B
pesynbTaTe HarpeBaHWA NOTOK U3y4YeHUA yBeAnYnTca B h =5 pas. OTtset: T, =748 K.

2. MaKkcumanbHan cKopocTb GpOTOINIEKTPOHOB, BbINETAKOWMX M3 MEeTanNa Npu 0b6aydyeHun doToHamu, V.., = 0,88c.
OnpepennTb aHeprmo GoToHOB. OTtgeT: € = 0,565 M3B.

3. SHeprua doToHa 1,2 M3B. Onpegenute nmnyabc ¢poToHa. Kakoro Tvna sTo usnyyeHue?
OTtBeT: p = 6,4-10'22 Kr-M/C; y-n3nyyeHue.

4. Ha Kako# yron 6bin1 paccesiH GOTOH C 3Heprueit €, = 1,36 MaB Ha cB0604HOM 3/1EKTPOHE, EC/IM KMHETUYECKAS
3Heprua oTAauun aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: 6 = 51°.

5. Onpegenute, NpyM KakoOM YMCAOBOM 3HAYEHUN KMHETUYECKOM 3Heprum T aAnnHa BOAIHbI Ae bpolina anekTpoHa
paBHa ero KOMNTOHOBCKOM A/iHE BOAHbI A = h/mc . OTBeT: T=0,212 M3B.

6. DNEKTPOH C KUHETUYEeCKoM aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbIO COOTHOLLIEHMA HEONPeAEeNeHHOCTEN OTHOCUTE/IbHYIO HeoNpeAeNeHHOCTb ero CKOPOCTY.

OteeT: Av/v ~ 10-",

7. DNEeKTPOH B OAHOMEPHOW MNPAMOYrosbHOW “noTeHumanbHon ame” WUpUHOM L c HECKOHEYHO BbICOKMMM
“CTeHKamMKn” HaxoguTcA B BO3BYKAEHHOM cocTosHUM (n=4). Onpeaennte BepoATHOCTb OBHAPYKEHUA 3/EKTPOHA B

nepeon YyeTsepTn “ambl”. OtseT: ® =0,25.

8. Y Kakoro sofopoaonoAo6bHOro MoHa pasHOCTb AJIMH BOJIH MEXKAY FONIOBHbIMU NMHUAMM cepuidi Banbmepa m

Nalimana pasHa 59,3HMm? Otset: Z=3, Li*".

9. KaKkas gons paAMoaKTUBHbIX AZep KobanbTa, nepuog nonypacnaga Kotopblx 71,3 gHA, pacnagaercsa 3a ABa
mecsaua?
OTeeT: 44%.

10. Onpegennte, C KAKUM aTOMHbIM A4POM Bblna ocyllecTB/eHa peakumns X + Oln - léf Xe + §§Sr +2 Oln .
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Otset: ‘o, U .
11. OnpepenuTe, Kakas HeOBXOANUMa SHEPTUA, YTOBLI PA3AEUTb AAPO > C Ha TPU 0-4aCTULLbI.

OtBeT: E=7,27 M3B.

12. HaliTn 3Hepruto sgepHbix peakuui: 1) 13H (p, y);He, 2) fH (d, y)gHe. BbigenseTrca uau noraowaercs

3Heprus B 3TUX peakumnax? OTtseT: Q; = 19,81 M3B; Q, = 23,85 M3B.



2013 3MM6-13-2__ Jloces B.P.

1. ABCONOTHO YEpHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena A/IMHA BOJIHbI,
COOTBETCTBYIOLLAA MaKCUMYMY CMEKTPAsIbHON NAOTHOCTU IHEPreTUYECKON CBETUMOCTU, U3MEHUIACh Ha AN
=4 mkm. Onpegenntb Temnepatypy T,, 4,0 KOTOPOI OXNaANAOCH TeNo. OtseT: T, = 580 K.

2. OnpeaennTb MAKCUMA/bHYO CKOPOCTb V., GOTO3/IEKTPOHOB, BblJIETAOWMX M3 MeTanna nog AeUcTBUEM Y-
v -11 8
W3lyYEHUA C ASIMHOW BOAIHbI A=0,2 107" m. OTBeT: Ve = 2,68 10° m/c.

-11

3. OnpegenuTe aHEPruto € U UMNYIbC P GOTOHOB A/1A NyYen ¢ AAMHAMM BOAH: 1) A1=3,5:107 " m; 2) A= 2,34'10_8M.
OtBeT: £, =35,5K3B; p; = 1,89-10'23 Kr-m/c;e,=533B; p, = 2,83-10'26 Kr-m/c.

4. ®OTOH paccesnnca Ha CBOOOAHOM 3/1EKTPOHE, UBMEHEHME A/INHbI cocTasnseT AN = 1,44 nm. Onpenenntb yron
pacceAaHus poToHa. OTBeT: 0 = 66°.

5. Onpefnenntb AAUHY BOAHbI Ae Bpoina Ag Ana aneKkTpoHos, 6oMbapAMpPYOWNX aHTUKATOA PEHTreHOBCKOW

TPY6KK, ecnu rpaHMLA CNIOLIHOTO PEHTTEHOBCKOMO CNEeKTPa NPUX0OANTCA Ha ANUHY BOJIHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

6. OLEeHUTb C MOMOLLIO COOTHOLIEHUA HeonpeaenEHHOCTEN MUHUMAbHYIO KUHETUYECKYIO SHEPTUIO 3/1IEKTPOHA,
JIOKaNIN30BaHHOro B 061acTu pasamepom L = 0,20 Hm. OTseT:
Tmin = 1 3B.

o o o o o -10
7. HelTpOH HaxoguTcA B OAHOMEpPHOM 6eCcKOHeYHOo rnybokol noTeHumanbHon ame wupuHon d = 107 m C
abCoNIIOTHO HENpPOHMUAEMbIMU CTEHKaMW. HaiguTe HauMMeHblUyl PasHOCTb ABYX COCEAHWX 3SHEepreTUYecKux
YPOBHEN HEMTPOHaA. OtserT: AE,,;, = 0,062 3B.

8. B uone antna Li™™" anekTpoH nepelnén c ueTBEpPTOro sHepreTMYECKOro ypoBHA Ha BTOPOI. OnpeaenuTb AMHY

BOJIHbI A U3/ly4eHMUs, UCTYLLEHHOTO MOHOM INTUS. OTseT: A = 54 Hm.

9. HainTn aktmBHOCTb 1r pagmsa, ecau ero nepuog nonypacnaga Ty, = 1620 ner. OtBeT: A= 3,7~1010 pacn./c.
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10. B pesynbTaTe cepum paamoaKTUBHbIX pacnafos ypaH g, U npespaliaeTca B NonoHwii ‘g, PO . Kakoe

KOJIMYECTBO O U 3 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OtBeT: 5aun2p".

11. Onpepenute aHepruto E, KOTOPYIO HYXKHO 3aTPaTUTL AN OTPbIBa HEWTPOHA OT A4pa ffNa.

OtBeT: E=12,41 M3B.

12. OnpefennTb CyMMapHYHO KUHETUYECKYIO 3Hepruto agep, obpasoBaBLUMXCA B pe3y/ibTaTe peakuum 1§'C

(d, oc)lslB , €C/IM KUHETUYEeCKan aHeprua AenTpoHa pasHa 1,5 M3B. A4po-MuLleHb CYMTaTb HEMOABUMKHbBIM.

OtBeT: T=6,67 M3aB.



2013 3MM®6-13-2__ J/ltobumosa T.B.

1. YeMy paBHO OTHOLIEHME NOTOKOB SHEPIUU, U3/TyYaeMbIX U3 CMOTPOBbIX OKOLLEK ABYX MNIaBU/bHbIX NeYent, ecnm

BHYTPW NepBOM Neun nogaepxusaerca tTemnepatypa T, = 1100 K v niowazb ee CMOTPOBOrO OKOLIEYKa COCTaBAAET
2 o 2

S; =8 cm”, a TemnepaTypa BHyTpU BTopow neun T, = 1000 K 1 nnowaab CMOTPOBOrO OKoweYKa S; =9 cm™?

OtBeT: n=1,3.

2. KaKylo MaKCMMasibHYHO CKOPOCTb MOFYT MOJIy4UTb BblPBaHHblE W3 KA/MA 3/1EKTPOHbI NPU 06y4eHUU ero
YNbTPadUONETOBbIM CBETOM C AJIMHHOM BO/HbI A=0,2MKM? PaboTa BbiXxoAa A4 Kanusa paBHa A, =2 3B.

OTBeT: Vya= 1,22 10° m/c.
3. Ha noBepxHocTb, naowagb Kotopoh S=0,01 m’ €XeMUHYTHO nagaetT E=63[ cBeTOBON 3Hepruun (B

HanpasaeHun, nepneHaAnKya1apHOM NOBEPXHOCTU ) Bbluncnmtb cBeToBoe AassieHUe Ha 3Ty NOBEPXHOCTb, €C/n

-7 -7
OHa: a) NO/NIHOCTbIO OTpaXKaeT cBeT; 6) NO/NIHOCTbIO NOrNOLWaAET CBET. OTtseT: P,=7 10" Ma; Ps=3,5 10

Ma.

4. ®otoH npu addekte KomnTtoHa paccesanca Ha cBo60AHOM 31eKTpoHe Ha yron Tt/4. Onpeaenntb 3HeEpPruio
nagatolero ¢oToHa, eciv ANMHa BO/HbI pacceaHHoro ¢potoHa A,=11,3nm. OTBeT: €,=0,12M3B.

5. HailgmTe anuHy BosiHbI Ae bpolina A gns anekTpoHa, ob6n1agatolLero KUHeTM4Yecko sHepruen E, = 3 MaB.
OTBeT: A =0,36 Nm.

6. OLEeHUTb C NMOMOLLbIO COOTHOLIEHMA Heonpe,a,enéHHOCTeVl MUHUMA/IbHYIO KUWHETUYECKYIO SHEPIrno 3/1eKTPOHa,

ABUKyLeroca B obnactu, pasamep Kotopok L= 10 m. OTseT: Thyin = 3,8 3B.

7. YactTvua HaxoauTcA BO BTOPOM BO36YKAEHHOM cocToAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKMHOW L c abCcoNtoTHO HenpospadHbiMm cTeHKamu (0 < x < L). Onpegenunts BEpOATHOCTb OBHaPY»KEeHUA YacTmLbl

B CpeLHel TpeTu AWwmKa. OTtBeTt: »=0,33.

8. OnpeaennTb ANMHY BOHbI CMEKTPANbHOM IMHWUM, COOTBETCTBYHOLLLEN Nepexoay 3/eKTpoHa B aToMe Bo4opoaa C
LLIECTOro 3HEePreTMYecKoro ypoBHA Ha BTOpoM. K KaKol cepum OTHOCUTCA 3TA IMHMA U KaKaa OHa MO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-ad NMHMA cepun banbmepa.

9. OnpegenuTe nepuog nonypacnasaa T, PaAVOaKTMBHOTO U30TONA, ec/in 5/8 HayaNbHOTrO KoIMYecTBa AAep 3TOro
M30TOMa pacnanocb 3a Bpema t =849 c. Otsert: Ty/,= 10 MuH.
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10. OnpeaenuTe, C KaKUM aTOMHbIM AAPOM 6bina ocyllecTBneHa peakuma X+ oN — ' MO + ;7SN +37n.

238
Otset: ‘o, U .

11. Onpepenute yaenbHYIO 3HEPrUIO CBA3M ANA AAep fH " fH .
OtBeT: €y,1 = 1,11 M3B/HYKNOH; €4, = 2,82 M3B/HYKNOH.

12. Appo atoma AuUTMHA 37Li 6oMbapanpytoTCA NPOTOHaMW, KWHETMYecKasa 3Heprua KoTopbix 1,4 MaB.

Obpasylowmecs nNpu 3TOM ABe A-4acTuLbl JIETAT C OAMHAKOBOMN CKOPOCTbI0. Onpeaennte KMHETUYECKYIO SHEpPruio

KaXkgomn a-4actuubl. OteeT: T=9,37 M3B.



2013 3MM6-13-2__ Maragues A.P.

1. OnpegennTe MOLWHOCTb TEM/IOBOIO W3/ydeHUA abCONOTHO YepHOro Tena, ecivM AJIMHa BOJIHbI, KoTopas

COOTBETCTBYET MAKCUMYMY SHEPTUUN B CIEKTPE U3AYyYeHUs, A, = 680 HM, a NaoWwaab U3ydatoLen noBepxHocTn S
2

=10cm". OTtseT: N = 19 KBT.

2. PaboTa BbIXO4A 3N1EKTPOHA C MOBEPXHOCTU Le3nA paBHA Ay, =1,89 3B. C KakoW CKOPOCTbIO BblieTaloT

3N1EeKTPOHbI U3 Lie3us, eCIN METaN/ OCBELLEH KENTbIM CBETOM C ANMHHOM BOIHbI A=0,589 MKM?
OTBeT: Vya= 2,76 10° m/c.
3. Onpegenute aHepruto ¢otoHa gna A= 0,43 MKM U A= 2,4 HM.
OTBeT: €, =2,893B; ¢, =518 3B.

4. ®OTOH C A/IMHHOM BOAHbI A;=10 nm paccesnca Ha CBOGOAHOM 3/IEKTPOHE, NpuYém yron pacceaHus 0=rm/4.
Onpeaenntb AJIMHY BOJIHbI pacceAHHOro GOTOHa W ero sHepruto. OtBeT: A=10,7 nm; € =0,116 M3B.

5. DneKTpoH obnagaet KuHeTuuyeckon sHeprmeit T = 1,02 Ma3B. Bo CKOMbKO pa3 U3MEHUTCA OJ/IMHA BOJIHbI Ae
Bpoiins, ecin ero KNHeTUYECKan SHepPrMa YMeHbLIUTCA BABOE? OTBeT: n =1,63.

. -8

6. AnntenbHOCTb BO3BYKAEHHOMO COCTOAHMA aTOMa BOA4OPOAA coOTBETCTBYET NnpumepHo At =107 c. OnpegennTb
. -8

HeonpeaenEHHOCTb SHEPTMN B STOM COCTOAHMUMN. OTseT: AE 2 6,6-10 " 3B.

7. HallTu HammeHbliee 3HaYeHWE 3SHEepPryu HEeWTPOHa, HAXOAALLEerocs B OAHOMEPHOW 6ecKOoHe4YHo ray6oKoi

NoTeHUNaNnbHOM AMe WwnpuHomn d = 107" m. oTBeT: Enin = 3.26:107" LK.

8. Onpeaenuntb ANMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CMEKTPanbHON AnHUKM B cepuu lMaweHa ana aToma
BO4OPOAA. OteeT: A =1,28 MKM.

9. CKONbKO aTOMOB pafioHa pacnaaérca 3a cyTkun u3 1 maH. atomoB? Mepuog nonypacnaga pagoHa Ty, = 3,8 gHA.

OTBeT: AN = 1,67-105 aTOMOB.
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10. Agpa pasmoaKTMBHOIO M30TOMNa TOpPUA 9OTh npeTepnesaloT Nocaea08aTeNbHO oi-pacnag, Asa B -pacnaga u

o 224
onAaTtb a-pacnag,. OnpesenvTe KOHeYHbIA NPOAYKT pacnasa. Otset: G Ra.

11. DHeprua cBA3M aapa, COCTOALLENO U3 ABYX NPOTOHOB M OAHOrO HEMWTPOHa, paBHa 7,72 MaB. Onpeaenute maccy
HEeNTPaNbHOro aTomMa, UMeLLEro 3To AA4PO. OTBeT: m, = 3,01603 a.e.m.

12. Agpo 6opa 1§B 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yyero noayd4aeTca A4PO AUTUSA 37Li n renns. Hanuwwure

anepHyto peakuuto. Kakas sHeprua BbicBoboXKaaeTca B HEl? OTBet: Q =2,79 M3B.



2013 3MM6-13-2__MakKwakosa A.U.

1. OnpegenuTtb TemnepaTypy Tena, Npu KOTOPOM OHO NPU TeMMepaType OKpy»KatoLLel cpegpl to =23 °C usnyyaet B
10 pa3 6o/bLLe 3HEPTUK, YEM MOT/IOLLAET. OtBeT: T =526 K.

2. PaboTa BbIxoAa AN UMHKA Ag.,= 3,74 3B. Bo3HUKaeT n $poToaddekT nos AeUCTBUEM U3NYYEHMUSA, NUMEIOLLLETO
ANVHY BOAHbI A=0,5 MKMm? OTBeT: Aax=0,33 MKM; A >\ = HET.
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3. Onpegenute pAnAvMHy BOAHbI $OTOHA, obnagawouwiero sHepruen  2,5:10° [K. K KakoM yacTu cnekTtpa
NPUHAANEXKMUT 3Ta A/IMHA BOJIHbI? OtseT: A =0,796 MKM; KpacHasa 4acTb BUAMMOIO CNeKTpa.

4. ®OTOH C ANMHOM BOMIHLI A; = 4,3 nm paccesncAa Ha cBo6OAHOM 3/1eKTpoHe. Yron paccesHus cocTasua Ti/2.
Onpenenntb SHEPTUIO pacceaHHOro GOTOHa U IHEPTUIO, MPUXOAALLYIOCA Ha 3/IEKTPOH OTAAuM.

OTtBet: €' =0,185 M3B; T.= 0,106 M3B.

5. DneKkTpoH obnagaer KMHeTUyYeckon sHepren T = 1 KaB. Onpeaenute ganHy BOMHbI Ae bpoins gns Takoro
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

" -8
6. AnnTenbHOCTb BO3OYKAEHHOMO COCTOAHMA aTOMa BOAOPOLA COOTBETCTBYET npumepHo At =107 c. OnpegenvTb
. -8
HeonpeaenEHHOCTb SHEPTMN B STOM COCTOAHMUMN. OTseT: AE 2 6,6-10 " 3B.

1/2
)

7. BonHoBasa ¢yHKuma ¥(x)=(2/L)” “sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME 4YacTULbl B HECKOHEYHO rNy6oKom

NPAMOYroZIbHOM fiLLMKeE WUpPUHOIM L. BbluMcinTe BEPOATHOCTb HAaXOXAEHMUS YacTULbl B Manom uHTepsane AL=0,01L
B cpeaHen uactu AwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKUIA CMbICA MONYYEHHOro pesynbTaTa,
n306pa3unB rpadpuyeckm NNOTHOCTb BEPOATHOCTU OBHAPYKEHMA YaCcTULLbl B JAHHOM COCTOAHUM.

Ortset: o = 0,02.

8. ®OTOH C 3HeprMenn E = 12,12 3B, NOrnoLeHHbIA aTOMOM BOAOPOAA, HaXOAAWMMCA B OCHOBHOM
COCTOSIHMM, NEePeBOAMT aTOM B BO3BYKAeHHOe cocToAaHMne. OnpeaenunTb rnaBHoe KBaHTOBOE YMC/I0 3TOMO
COCTOAHMA.

OTBeT: n=3.

9. OnpenennTb NOCTOAHHYIO A PagnoaKTUBHOIO pacnaga CTPpoHUMA ggsr Kakaa gonda oT nepBoHavyabHOro Y1Mcnaa

aTomoB pacnagaetcs 3a 10 net? Mepuog nonypacnaga 28 ner. OTBeT: A = 7,85-10_10 c_l; 22%.

o 225 _
10. PagnoaKT1BHbIM M30TON pagma 88 Ra npertepnesaeT nocnegoBaTtesibHO B -pacnag, YeTbipe o-pacnaja n ewe

Ba B -pacnaga. Kakoii nsoton obpasyetcs B pesynbTaTe 3TOM cepuv pacnazos? Otser: %% Bi
4 p Aa. pasy pesy. pun p 408 ‘o83 .

11. Onpepgenute aHepruto E, KOTOPYIO HYXKHO 3aTPaTUTL AN OTPbIBa HEWTPOHA OT A4pa ;He.

OtBerT: E = 20,58 M3B.

12. OnpeaennTb CyMMapHYt0 KMHETUYECKYIO 3Hepruto saep, 06pa3oBaBLUNXCA B pe3ybTaTe peakumm 1§’C

(d, oc)lslB , €C/IN KMHETUYECKAA IHeprua AeUTpoHa paBHa 1,5 MaB. Aapo-muieHb c4uTaTh HEMNOLBUMKHbLIM.

Otset: T=6,67 M3B.



2013 3MM6-13-2__ MapkuH A.B.

1. Mpu Kakmx TemnepaTtypax abcontoTHO YEPHOTO Tesla MaKCMMYMbl SHEPTUU TEMIOBOTO U3yYEHMA NMPUXOAATCA Ha
rpaHuULpbl BUAMMOrO crekTpa: gpuoneTtosyto (Ay = 380 HM) U KpacHyto (A, = 760 HM)? Bo CKO/MbKO OT/IMYatOTCA
3HepreTUYeCcKne CBETUMOCTU TeN NPU ITUX TemMepaTypax? OtBeT: Ty = 7632 K, Ty, =3816 K; n = 16.

2. Ha umHKoBYlO NAacTuHy (Ag.x=3,74 3B) HanpaBaeH MOHOXPOMATUYECKMIA Ny4YoK cBeTa. POTOTOK NpekpalLaeTcs

npy 3afep:KuBatolleit pasHocT noTeHuuanos Us=2 B. Onpepenutb A/AvMHY BOJIHbI A CBeTa, MafaloLLEro Ha
-7

NAACTUHY. OtBeT: A=2,16 10" Mm.

3. Onpegenute sHEPrui0 € M MMMY/bC P KBAHTa U3NIYYEHUA C AJIMHOMN BOJIHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2-10_28 Kr-m/c.

4. ®OTOH C A/MHOW BOAIHbI A = 2,04 nm 6bln paccesH Ha CBOBOAHOM 3/1EKTPOHE, KMHETMYECKAn SHEpPrua oTaaum

KoToporo coctasuna T = 0,103 M3B. Onpegenntb yron paccesaHuns ¢oToHa. OTBeT: 0 = 34°,

5. 3apsKeHHana YacTmua, YCKopeHHas pa3HocTbio noTeHumanos U=200 B, umeeT aanHy Bo/HbI ge Bpoinaa A = 2 nm.
v -27
HanguTte maccy yactuubl, eciu ee 3apad YMC/IEHHO paBeH 3apAaay 3/1eKTPOHa. OtBeT: m=1,7-10"" Kr.

6. OLEHUTb C NMOMOLLbIO COOTHOLWEHUA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/1EKTPOHA,
JIOKaNIN30BaHHOro B 061actu pasamepom L = 0,20 Hm. OTserT:
Tmin~ 1 3B.

v v o o -11
7. DNEeKTPOH Haxo4MTCAa B OQHOMEPHON 6ecKoHeuyHo ryb6oKoW noTeHumanbHol ame wupuHot d = 107 m ¢
abCoNOTHO HENPOHMLLAEMbIMW CTEHKAMMU. HaliTU HaMmeHbLLee 3HaYeHMe SHEPTUM 31EKTPOHA.

OtBeT: E;nin = 3.7 K3B.

8. OnpeaenuTb aHeprnio GoToHa, COOTBETCTBYHOLLYIO CaMOM AIMHHOBOIHOBOWM NMHMM cepum JlalimaHa.
Ortsert: 10,2 3B.
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9. BbluncAUTb yaenbHble akTUBHOCTU M30TOMNOB Mpuama ~ Ir u ypaHa U, nepuoabl nonypacnaza KoTopbixX pPaBHbI
8
COOTBETCTBEHHO 75 cyToK 1 7,1-10° ner.

OteeT: Ay = 3,35-10" pacn/c-Kr; A= 7,93-10" pacn/c-kr.
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10. Onpegenute, € KaKMM aTOMHbIM AAPOM Bblna ocylecTeneHa peakumua X+ g, Pu —» 104 Ku + 4,N.

2
Otset: ;5 Ne.

11. OnpegennTte yaenbHy 3HEPIUIO CBA3KM 4N1A A4Pa 1§C . OtBeT: g, = 7,68 M3B/HyK/OH.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyKNOHa. HanwucaTb
ypaBHeHWe AAEpHON peakuun U onpesenntb MUHMMANbHYIO SHEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BaTb TaKoe

pacwienaeHme. Otset: T,=2,22 M3B.



2013 3MM®6-13-2__ Hukudopos M.B.

1. A6contoTHO 4YépHoe Tesno umeeT Temnepatypy T, = 500 K. Kakosa bypet Temnepatypa T, Tena, ecav B
pe3ynbTaTe HarpeBaHWA NOTOK U3y4YeHUA yBeANYUTCA B N =5 pas. OTtset: T, =748 K.

2. OnpefennTb MAKCMMANbHYIO CKOPOCTb, KOTOPYIO MOXKET MOAYYUTb INEKTPOH, BblpBaHHbIE U3 MAATUHbI NOA
OENCTBMEM U3NIYYEHMUA C A/IMHOM BONHbI A =203HM. PaboTa BbixoAa aneKkTpoHa A, =5,293B.

OteeT: V.. 5,4-10° m/c.

o o 2
3. Onpegenuntb KO3GOUUMEHT OTParKEHMSA P NOBEPXHOCTM, C/IM NPU SHEpPreTuYeckon oceeléHHocTn E.=150 BT1/m

JaBneHue cBeTa Ha Heé oka3sanocb P = 0,65 mklla. OtseTt: p=0,3.

4. ®oToH npu addekTe KomntoHa 6bi1 paccesH Ha cBOGOAHOM 31eKTPOHe Ha yron O=m/2. OnpegennTts AJANHY
BOJIHbI paccesiHHOro ¢oToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.

Otset: A=3,58 10 “m.

5. dneKkTpoH obnagaet KMHeTMYecKon sHeprnen T = 1 KaB. Onpenenute gaunHy BONHbI Ae bpoins gns Takoro
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

6. CpegHee Bpems KU3HWM aTOMa B BO36YKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOPMa/sibHOE COCTOAHWE ucCnycKaeTcA (OTOH, cpefHAA AAMHA BOJIHbI KoToporo paBHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUKN, ECU HE MPOUCXOAMT YIUIMPEHUA INHUM 33 CHET
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

7. HaliTh HaumeHbllee 3HAYEHWE 3HEPruM HEWTPOHA, HaxoAAWEeroca B OAHOMEPHOW OGeCKOHeyHo rayboKoi

NOTEHUMAIbHON AMe WupuHOoW d = 107 m. OTBeT: Epin = 3.26:107" LK.

8. OnpeaennTb ANMHY BOHbI CMEKTPANbHOM IMHWUW, COOTBETCTBYHOLLLEN Nepexoay 3/1eKTpoHa B aToMe BO40poaa C
LLIECTOro 3HEepPreTM4YecKoro ypoBHA Ha BTOpoM. K KaKol cepum OTHOCMTCA 3Ta IMHUA U KaKaA OHAa NO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa NMHMA cepun banbmepa.

9. OnpeaennTb NOCTOAHHYIO A Pagno0aKTUBHOIO pacnaga CTPOHUMA sgsr Kakaa ponsa oT nepBOHayaNbHOro Yncna

aTomoB pacnagaetca 3a 10 net? MNepuog nonypacnaga 28 ner. OTBeT: A = 7,85~10’10 c’l; 22%.
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10. Appa pagnMoaKTMBHOrO M3oToNa Tannma BlTI npetepneBardT NnocnenosaTteslbHO TpU B -pacnaga n oaunH

o 26 py,
o-pacnag. Onpegenute KOHEYHbIN NPOAYKT pacnaja. Otset: g, PD.

11. OnpenennTte yaenbHy aHEPruto CBA3U 4NA A4pa 1§C . OtBeT: €, = 7,68 M3B/HyKnOH.

12. HaliTn 3Hepruto sgepHbix peakuui: 1) 13H (p, y);He, 2) fH (d, y);He. BbigenseTrca uau noraowaercs

SHEeprus B 3TUX peakumnax? OTBeT: Q; = 19,81 M3B; Q, = 23,85 M3B.



2013 _3MM6-13-2_ Ho3apuH A.K.

1. A6CONOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypsbl t; = 327 °C. MNocne NoBbIWEHUs TeMNepaTypbl CymMapHasn
MOLLHOCTb €ro TeMJIOBOro U3/y4eHWUa yBenndunacb B 2,5 pasa. Ha cko/ibKo rpagycoB NoBbicuMAacb TemnepaTypa
Tena? OtseT: AT = 154 K.

2. Ha noBepxHOCTb MeTanna NagaeT MOHOXPOMATUYECKUI CBET C A/IMHHON BoAHbI A=0,08 MKM. KpacHas rpaHuua
doToapdpekta Ap=0,3 MKM. HallTu 3HayeHWe 3ajeprKuBatolel pPasHOCTU noTeHunanoB U, KOTOPYHO HYXKHO
NPUNOKUTL K POTOINEMEHTY, YTODObI NPEKPaTUTL GOTOTOK. OtseT: U3=11,38 B.

3. MoHoxpomaTuyeckuii nyyok cseta (A=0,58 MKM) nagaeT HOpmasbHO Ha MOBEPXHOCTb € Ko3abouuneHTOm
2 o
oTpaxkeHua p= 0,7. onpenenntb 4ynucio GOTOHOB, €XeCeKyHAHO Mnajatowmx Ha 1 cm” 3TON NMOBEPXHOCTW, ecau
16 -1
JaB/ieHue cBeTa Ha 3Ty NoBepxHOCTb p =1,2 mkIa. OtseT:n=6,2-10"¢c .

4. KaKas 4acTb sHepruun nagarouiero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM MPU KOMNTOHOBCKOM 3¢ddeKTe, ecn
paccesiHme GpOTOHa NPOU30LWLIO Ha yron 1t/6. AnnHa BoHbI nagatowero ¢oTtoHa A;=12nm. OtserT: T/,=0,03.

5. DIeKTPOH, HayabHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPOoLIEeN YCKOPAIOLWYO Pa3HOCTb NOTEHLMAOB
U =511 kB. Hangute ganHy BonHbl ge bpoiina ansa sToro aneKkTpoHa. OtBeT: A\; = 1,4 nm.

6. DNIEKTPOH C KMHETUYEeCKoM aHeprmeli T = 15 3B HaxoguTca B MeTaIMYecKon nbiiMHKe guameTpom d = 0,5 MKM.

OueHUTb OTHOCUTE/IbHYIO HETOYHOCTb AU/U, C KOTOpOVI MOKET bbITb onpeaeneHa CKOpPOCTb 3/IEKTPOHaA.

OteeT: Av/v ~ 10-",

7. YacTMua B OAHOMEPHOW MNPAMOYro/sbHOM “noTteHuManbHoi Ame” WwupuHO L ¢ 6ecKoHeYHO BbICOKMMM
“CTeHKamKn” HaxogmuTcA B BO3OYKAEHHOM cocTosiHMM (n=2). OnpefennTb BEPOATHOCTb OBHAPYIKEHWUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. OnpenennTb AJIMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CMEKTPasbHON AMHMM B cepum MaweHa ana atoma
BOZOpOAA. OteeT: A =1,28 MKMm.

9. CKO/IbKO a-4acTuy, BbibpacbiBaeT Topuit 2:;;%)Th maccon m=1kr3a t=1roa? Nepunog nonypacnaga ropua Ty,

=1,39-10" ner. Oreet: N, = 1,29-10%°.
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10. B pe3ynbTaTe cepun paAnoaKTUBHbIX Pacnaaos ypaH o, U npespaliaetca B NoNoHuiA ‘g, PO . Kakoe

KOJIMYECTBO O U 37 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OtBeT: 5amn2p".

11. OnpegaenuTe SHepruio cBA3n ANA aapa atoma ~*Na. OrtseT: E., = 186,56 M3B.

12. Appo 6opa 1gB 3axBaTblBaeT HEMTPOH, B pe3y/ibTaTe Yero rnoJsiyyaercs AP0 AUTuA 37Li n reama. Hanmwute

anepHyto peakuuto. Kakas sHeprua BbicBob6oXKaaeTca B HE? OTBeT: Q =2,79 M3B.



2013 3MM6-13-2__ Hypranues P.P.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEU3MEHHOM TeMMepaTypbl PacniaBAeHHOro
Hukenna 1453 °C, ecnm nnowagb ero nosepxHoctn 0,5 oM’ CyunTaTtb, YTO U3Ty4YEeHUEe PacnNaBNEHHOro HUKena
NPOUCXOANT MO 3aKOHAM abCoNOTHO YEPHOTO Tesla, NOTEPAMM SHEPTUN NpeHebpeyb. OtseT: N =
25,2 BrT.

2. KaKylo MaKCMMa/ibHYyH CKOPOCTb MOTYT MOJIYYUTb BbIPBaHHbIE W3 Ka/iMAa 3NEKTPOHbI NMpU 06ayYeHUn ero
YyNbTPadnoNeTOBbIM CBETOM C AMHHOM BOMHbI A=0,2MKM? PaboTa BbiXxoAa AN Kanua pasHa A, =2 3B.

OTBET: Vo= 1,22 10° m/c.

3. CBeTOBOM MOTOK MafaeT HOPMA/NbHO Ha MOBEPXHOCTb C KoadduumeHToM oTpaxkeHua p=0,6, npu 3TOomM OH
npoussoaut aasneHue p=0,2 Ma. OnpenennTb SHEPreTUYECKy OCBELLEHHOCTb MOBEPXHOCTY.

OtserT: E.= 37,5 MBT/Mm’

4. Onpefenutb CKOPOCTb 3/IEKTPOHA OTAauM npu adpdekte KomnToHa, eciv GOTOH C SHEpruei, paBHOW sHeprum

NOKOS 3/IEKTPOHa, HbIN paccenH Ha yron 6 = 180°. OtBeT: V=24 10® m/c.

5. MNpw Kakoi ckopocTn V aneKkTpoHa ero AebpoiineBckas ANMHa BoNHbI byaeT paBHa: 1) 650 HM, 2) 3 nm?
Otset: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. OUEHMTb C MOMOLLbIO COOTHOLWEHUS HEeonpeaesEHHOCTEN MUHMMANbHYIO KMHETUYECKYIO SHEPTUIO 3/1IEKTPOHA,

ABUXKyLLeroca B 061actu, pasmep Kotopoi L= 107 m. oTseT: Thin = 3,8 3B.

7. B npamoyronbHoi “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HENPOHULLAEMbIMKM “CTEeHKamMK” HaxoauTca
YacTMLA B OCHOBHOM COCTOSIHMM. HallTM BEpPOATHOCTb HaXOMAEHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MoAcHMUTE GU3MYECKUIA CMbICA MOAYYEHHOro  pesynbTaTa, M306pasuB rpaduyecknm MNAOTHOCTb BEPOATHOCTM

0bHapyKeHua YacTuubl B JAHHOM COCTOAHUM. OTtseT: ® =0,818.

8. Bo CKOIBKO pa3 U3MEHHUTCS IIEPUO/] BPAILCHHUS JIEKTPOHA B aTOME BOJOPOJIA, €CIH NPH MEepexo/ie B OCHOBHOE
COCTOSIHUE aTOM H3J1y4asl (OTOH C ATUHON BOJMHBI A = 97, 5 HM? OtBeT: B 64 paza.

9. HainTn aktmBHOCTb 1r pagmsa, ecnu ero nepuog nonypacnaga Ty, = 1620 ner. OtBeT: A= 3,7~1010 pacn./c.
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10. Onpegenute, € KakMM aTOMHbIM AAPOM Bblna ocylecTaeHa peakuma X+ "o Am — 103 Lr +5 oN.

OTseT: 1:0 .

11. OnpedenuTe SHepruio CBA3W ANA A4Pa aTOMa CBUHLA % PD . OtBeT: E¢, = 1,622 I3B.

12. OnpegennTb 3Hepriio sgepHoi peakunn Be (n, v)' Be, ecan ussectHo, uTto sHeprua ceasu agpa , Be

E,=58,16 M3B, a agpa ' Be E, = 64,98 M3B. OteeT: Q = 6,82 M3B.



2013__3MM6-13-2__ Masnos A.B.

2
1. DHepreTuyecKkas CBETMMOCTb abcotoTHO YepHoro Tena R, = 10 kBT/m°. Onpegenuntb AsMHY BOJIHbI, KOTOpas
COOTBETCTBYET MAaKCUMYMY CNEKTPAIbHOM NAOTHOCTU SHEPTreTUYECKOM CBETUMOCTM 3TOrO Tena.

OTBeT: A, = 4,48 MKM.

2. Kakoi A/MHbI BOJIHbI CBET C/lelyeT HanpaBUTb HAa NOBEPXHOCTb cepebpa, YToObl MaKCMMaNbHas CKOPOCTb

$OTO3/1EKTPOHOB HblS1A PABHA Viyayx= 2 105M/c. PaboTa BbIxoaa ans cepebpa pasHa Ay, x =7,6 10" LK.

OtseT: A =2,55 107 m.

- 2 -~
3. Ha noBepxHoCTb, naowagb Kotopoih S=0,01 m°~ exemuHyTHO nagaetr E=63[K cBeToBOl 3Hepruu (B
HanpasAeHWUM, NepneHAMKYNIAPHOM MOBEPXHOCTM ). BblUMCAUTL CBETOBOE AaB/JeHMEe Ha 3Ty MOBEPXHOCTb, €CAu
-7 -7
OHa: a) NO/NIHOCTbIO OTpaXKaeT cBeT; 6) NO/NIHOCTbIO NOrNOLWAET CBET. OTtseT: P,=7 10" Ma; Ps=3,5 10
Ma.

4. OnpeaennTb 3HEPruto, NPUXOAALLYIOCA HA 3NEKTPOH oTaaumn npu adpdekte KomntoHa, ecnm paccesHne ¢poToHa
npoucxoaut Ha yron 8=m/3? dHeprua ¢oToHa A0 pacceaHus £,=0,46 M3B. OtseT: T.=0,14 M3s.

5. HaiguTe anuHy BosHbI Ae bpolina A gns aneKkTpoHa, 061aatoLLero KUHeTUYeckom sHepruen E, = 3 MaB.
OTBeT: A =0,36 Nm.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABUIKYLLErocAa B aTome BOAOPOAA CO
6 .
cKopocTbio v=2,2-10°m/c, ecnn ponyckaemass HeTouHocTb Av coctasnser 10 % oT e€ Be/nuMHbl. YKasatb,

NPUMEHVMMO 1 NOHATME TPAEKTOPUM B AaHHOM Cay4ae. OteeT: Ax=0,5 HM.

o v v o v -10
7. HelTpoH HaxoguTca B oAHOMepHON 6eckoHeuyHo ray6oKoin noTeHumManbHoi Ame wwupuHon d = 107 m ¢
abCoNOTHO HENPOHMLAEMbIMKM CTEHKamMMW. Halgute HauMMeHbllylo Pa3HOCTb ABYX COCEAHUX 3HEpPreTUYecKux
YPOBHEeMN HelUTpOHa. OtseT: AE i, = 0,062 3B.

8. HaliTi aHeprunio MoHmsaummn BoLopoaonofobHbIX MOHOB, B CNEKTPE KOTOPbIX AJIMHA BOJIHbI TPETbEM
AnHum cepnmn banbmepa pasHa 108,5 Hm.
OTtseT: E;=54,4 3B.
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9. OnpeaennTb Nepuog nonypacnaga BUCMyTa ‘g

Bi, ecnv nsBecTHO, 4TO BUCMYT Maccoit m = 1 r BbibpacbiBaeT

N = 4,6-1015 B-yactuzat=1c. OteeT: T = 4,32-105 c.

o 238 -
10. PapuoakTUBHbIN U30TON ypaHa ‘o, U npetepnesaer nocnegosatensHo a-pacnag, Aga B -pacnasa v ewe Asa

o o 226
o-pacnaga. Kakolt nsoton obpasyercs B pesy/ibTaTe 3TOi cepun pacnasos? Otset: wRa.

11. OnpenennTte yaenbHy aHEPruto CBA3KN 4NA a4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. Appo atoma AUTUA 37Li bombapanpyloTca MNPOTOHAMM, KUHETMYecKkasa 3Heprua KoTopbix 1,4 M3B.

Obpasytlolwmeca Npu 3ToOm ABe a-4acCTULbl NETAT C OANHAKOBOM CKOPOCTblo. OnpesenmTe KMHETUYECKYHO SHepruto
KaXkaomn a-4actuubl. OteeT: T=9,37 M3B.



2013 3MM6-13-2__ MNawkKos B.A.

1. A6CONOTHO 4YepHoe Teno Harpeto Ao Temnepatypbl 227 °C. Mocie NOHWMKEHUA TemnepaTypbl CymmapHan
MOLLHOCTb €ro Tenn0BOro W3jy4eHnsa ymeHblinnacb B 3 pasa. Ha CKONbKO rpaaycoB MOHW3WMAAch TemnepaTtypa
Tena? OtseT: AT =120 K.

2. Mpn nccnepoBaHun ¢otoaddeKkTa € NOBEPXHOCTU HATpUA OblAM NOMYYEHbl AaHHbIE: MPU YACTOTE WU3/yYEHUN
14 v 14

vy = 6,92 107 Ty 3agepuBatowmin noteHuman U, = 1,02 B, a npu vactote um3nydyeHusa v, = 7,41 107 Ty

3a4eprkmBatowmii noteHuman U, = 1,22 B. icnonb3ya 3T1 AaHHble, ONpeaeinTb 3Ha4YeHMe NOCToAHHOM MnaHKa.

Otset: h=5,9 10 X c.

3. CBeTOBOW NOTOK MajaeT HOPMaJbHO HA MOBEPXHOCTb C KOIpPUUMEHTOM oTpaxkeHua p=0,6, npu 3Tom OH

npoussoaut aasneHue p=0,2 Ma. OnpenennTb SHEPreTUYECKy OCBELLEHHOCTb MOBEPXHOCTU.
2
OtBeT: E.= 37,5 MBT/m

4. B pesynbrate adppexkta KomntoHa Ha cBo6oaHOM 31eKTpoHe GOTOH 6bin paccesH Ha yroa 1/3. SHeprusa oToHa
[0 paccesHus 6bina €,=0,59M3B. OnpegennTb AANHY BO/HbI PacCEAHHOTO GOTOHA. OtseT: A,=3,3 nm.

5. Onpegenute, NpyM KakoOM YMCAOBOM 3HAYEHUN KUMHETUYECKOM 3Heprum T AnnHaA BOAIHbI Ae bpolina anekTpoHa
paBHa ero KOMNTOHOBCKOM A/iHE BOAHbI A = h/mc . OTBeT: T=0,212 M3B.

6. DNEKTPOH C KUHETUYEeCKoM aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbHO COOTHOLLIEHMA HEONPeAEeIeHHOCTEN OTHOCUTEIbHYIO HEONPEeAENEHHOCTb ero CKOPOCTY.

OteeT: Av/v ~ 10-",

7. YactTvua HaxoAuTcA BO BTOPOM BO36YXKAEHHOM cocToAHMM (N = 3) B 0OAHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKUHOW L c abCcotoTHO HenpospadHbiMu cTeHKamu (0 < x < L). Onpeaennts BEpOATHOCTb 0BHaPYEHUA HacTULbI

B CpPeLHel TpeTu AWwmKa. OTtBeT: »=0,33.

8. OnpeaenvTb aHepruto GoToHa, COOTBETCTBYIOLLYIO CAMOWN A/IMHHOBOJ/IHOBOM NMHMK cepun SlalimaHa.
OTseT: 10,2 5B.

9. AKTMBHOCTb A HeKOTOoporo m3otona 3a Bpema t = 10 cyTok ymeHbwwmnacb Ha 20 %. Onpepenntb nepuog,
noJsiypacnaga 3Toro nsorona. Orsert: Ty/,= 31,4 cyTOK.

10. B pe3ynbTaTe cepunu pagmoaKkTUBHbIX PacnafoB pagui 25;’ Ra npespauaetca B cBuHey, 2327 Pb. Kakoe

KOJIMYECTBO O U 37 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OteeT: 4an2p.

11. Onpegenute 3Hepruio E, KOTOPYIO HY)KHO 3aTPATUTb A/1sl OTPbIBA HENTPOHA OT AApa ~-Na.

OtBeT: E=12,41 M3B.

12. Aapo atoma AnTua gLi _ 3axBaTblBasA AEWTPOH, pacnafaeTca Ha ABe a-yacTuubl. Hanucatb AAepHYIo peakLmio

M onpeaennTb SHepPruto, BblAENAOWYOCA NPY 3TON peakuunu. OTBeT: Q =22,38 M3B.



2013 3MM®6-13-2__ MNonxapoes A.3.
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1. MowHocTb n3nyy4eHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HallTn naowaap vsayyatowein nNoBepxXHOCTU
TeNa, ecnn M3BEeCTHO, YTO [AJIMHA BOJIHbI, Ha  KOTOPYK MPUXOAUTCA MAKCMMYM CMEKTPasbHON NAOTHOCTU

v -5 2
9HepreTUYeCcKom CBETMMOCTH, paBHa 7-10 ~ cm. OteeT:S=6Mm".

2. OnpeaennTb MaKCMMasbHYO CKOPOCTb V.. $OTO3/MEKTPOHOB, BblIETAOWMX M3 MeTaana npu 0b6/yyeHun
v 8
doToHamu ¢ aHeprueli 1,4 MaB. OtBeT: Viay = 2,89 10° m/c.

3. HaliTu gAnHy BOJIHbI U YaCTOTY U3NIyYEHUA, eCAU SHeprus GOTOHOB paBHA 3HEPTMM MOKOA 3/NEKTpPoHa. Kakoro
-12 20
TMMA 3TO U3nyyeHune? OtBeT: A=2,4 107" m, v =1,2 10”" Ty, y-u3nyyeHue.

4. OnuHa BonHbl A GOTOHA paBHAa KOMNTOHOBCKOM AauHe A, 3nekTpoHa. POTOH pacceancs Ha cBob6oAHOM
371eKTpOoHe Ha yron 6 = 60°. OnpegennTb 3HEPTUI0 U CKOPOCTb 3/1EKTPOHA OTAAUM.

OtBeT: £=0,17 M3B, v =1,99 10° m/c.

5. MpoToH ob6nagaeT KMHETMYECKOM 3Hepruen, pasHol E = 78 3B. Onpegenute AnvHy BoaHbl e bponna gns

NnpoToHa. OtBeT: A\; =3,2 nm.

6. AnnHa BOAHbI U3ny4aemoro atomom ¢GoToHa coctaBnsieT 0,6 MKM. Bpems KM3HM aToma B BO3DOYKAEHHOM
_8 o
coctoaHun 10~ c. OnpeaenuTte OTHOLIEHME eCTeCTBEHHOW LWWMPUHbI SHEPreTUYeCcKoro YpPOBHA K 3Hepruwm,
o 8
U3/ly4eHHOMN aTOMOM. OtseT: AE/E ~3-10-".

112
)

7. BonHosaa ¢yHkuma F(x)=(2/L)”“sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME YacTuLbl B 6ecKoHe4YHo riy6okom

NPSAMOYTO/IbHOM ALWMKE WWMPUHON L. BbluMCIMTE BEPOATHOCTb HAaXOXAEHUA YacTULbl B Manom nHTepeane AL=0,01L
B cpeaHein yactu awmka (L-AL)/2 < x < (L+AL)/2. NoscHWUTE GU3MYECKMI CMBIC/ MOJIYYEHHOTO pesy/bTaTa,
n306pasuB rpaduyeckm NIOTHOCTb BEPOATHOCTM OBHaPYKEHMA YacTULLbl B AHHOM COCTOAHMUMU.

Ortset: o = 0,02.

8. DNeKTpOH BblbMBaETCA M3 aTOMa BOAOPOAA, HaXO4ALLEroCs B OCHOBHOM COCTOAHMM, (OTOHOM C
aHeprueit 17,7 3B. OnpeaennTb CKOPOCTb 3/1IEKTPOHA 3a NpegesiaMmn aToma. OTBeT:
v =1,2-10° m/c.

238

U maccoin 1kr? MNepuog nonypacnaga Ty, = 4,51-109 nert.

9. CKonbKO Afep pacnagaetca 3a 1c B KycKke ypaHa
OtBeT: AN = 1,23-107 pacn/c.

219
10. fiapa pafMoaKTMBHOrO U30TONa pagoHa ‘g RN npetepnesatoT nocnegosatensHo 4ga o-pacnasa, Asa

B -pacnaga v onATtb a-pacnag,. OnpegenmTe KOHEYHbIW NPOAYKT pacnasa. OTBeT: 2327 Pb.
11. Onpegenute yaenbHYIO 3HEPIrMIO CBA3M ANA AAep fH " fH .

OtBeT: g, = 1,11 MaB/HYKNOH; €4, = 2,82 M3aB/HYK/IOH.
12. OnpegennTb aHEpPruto A4epHOMN peakLmnm fBe (p, ) g Li, sapo-muweHb fBe CYMTaATb HEMNOABUMKHbIM.

OTBeT: Q =2,13 M3B.



2013 3MM6-13-2__ MNpyaHukosa H.A.

1. CKONbKO 3HEprum msnyyaer abCoNOTHO YepHoe Teno 3a Bpema t = 2 ¢, NIowWaab CBETALLENCA NOBEPXHOCTM
2
KOTOPOro S =3 cM*, eC/IM MaKCMMYM 3HEPrvM B €ro CNeKTpe U3NyYeHUsA NPUXOANUTCA Ha AANHY BOHbI Ay = 750 HM?

OtBeT: AE = 7,6 KIXK.

2. Ha noBepxHOCTb Ka/ina nagaeT yabTpadpuoneToBblit CBET C ANMHON BOAHbI A = 0,04 MKM. Onpeaenuntb BEIMYNHY
334EePKMBAIOWEN PA3HOCTM MOTEHUMANOB, KOTOPYK HYXHO MNPUAOXKUTb K OTo3NeMeHTy, 4Tobbl ¢oTOTOK
npekpatuaca. Pabota Bbixoaa Ag.x = 2 3B. OtseT: U, = 29B.

-12 v
3. CKONbKO KBAHTOB COAEPKMUT M3/yYeHue C AJMHAMMU BOAH Ay = IMKM M A, = 2:107°°M B MOTOKe C 3Hepruen
E=0,5:K? Otset: N; = 2,52 10* yactuu; N, = 5,04 10" yacTumu,

4. ®OTOH C A/IMHHOM BOAHbLI A;=10 nm paccesnca Ha CBOGOLHOM 3/IEKTPOHE, NpuYém yron pacceaHus 0=r/4.

Onpeaenntb AJIMHY BOJIHbI pacceAHHOro GOTOHa W ero sHepruto. OtBeT: A=10,7 nm; € =0,116 M3B.
5. HanguTe annHy BoHbI Ae Bpoinns anekTpoHa, ABMKYLLEroca co ckopoctbio V = 0,3-c, rge ¢ — CKOpoCTb CBeTa.
-12

OtBeT: A\;=7,7:10 " m.

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABVMMYLLMXCA BAOMb OCu abcumcc, coctasasetr Av=100m/c. Kakosa

npuv 3TOM HeonpeaAenEHHOCTb KOOPAMHATbl AX, ONpeaenAtoLLell MECTONONOXKEHNE 3/IEKTPOHA?
OTBeT: AX = 1,15 MKM.

7. JNeKTPpOH B OOHOMEPHOW NPSAMOYronbHOM “noTeHumManbHoi ame” WupuHon L ¢ 6ECKOHEYHO BbICOKMMM
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHMA 3NEKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

8. B uoHe antna Li™ anekTpoH nepelwén c 4eTBEpPTOro sHEpPreTUHECKOro YPoBHA Ha BTOPOIi. OnpeaenunTs AANHY

BOJIHbI A U3/ly4eHMUs, UCTYLLEHHOTO MOHOM INTUS. OTseT: A = 54 Hm.

9. CKoNbKO aTOMOB NOMIOHUA pacnaaérca 3a cyTkn u3 1 maH. atTomos? Mepuog nonypacnaga nonoHua Ty, = 138
o 3
AHen. OTtBeT: AN = 5-10" aTOMmOB.

o 225 _
10. PagnoaKT1BHbIM M30TON pagma 88 Ra npertepnesaeT nocnegoBaTtesibHO B -pacnag, YeTbipe o-pacnaja n ewe

ABa B -pacnaga. Kakoii nsoton obpasyeTcs B pesysbTaTe 3TON cepun pacnasos? orser: 2B
p . pasy pesy. pum p f ‘o83 .

11. KaKyto HaMMeHbLUYO SHEPTUI0 HYXKHO 3aTPaTUTb, YTO6bI pa3aennTb AP0 ;‘He Ha Z1Be O4MHAKOBbIE YacTy.

OtBerT: E = 23,85 M3B.

12. Onpepgenunte, Kakas aHeprus Heobxoanma, YtTobbl PasLennTb A4P0 fBe Ha AiBe 0-4acCTULbl U HENTPOH.

OTBeT: Q=1,57 M3B.



2013 3MM6-13-2__ Nygos A.B.

2
1. MydenbHasa neyb, noTpebasiowans mowHocTb 1 KBT, nmeet otBepctue naowaapto 40 cm”. Onpeaenvtb 4oAO
MOLLHOCTW, PAcCeMBaemMoli CTEHKaMW Meyn, ecim TemMrepaTypa ee BHYTPEeHHen MnoBepxHOCTM paBHa 1200 K.
CumnTaTb, UTO OTBEPCTME NEYN MU3/1yHaEeT Kak abCcoNOTHO YepHoe Teo. OteeTt: n =0,53.

2. Kakol u4acToTbl CBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HWKeNa, 4YTobbl MAKCMMasibHAaA CKOPOCTb

$OTO3/1EKTPOHOB HblN1a paBHa vmax=3~106 m/c? PaboTa BbIxoAa A1 HUKeNA paBHa A, =4,84 3B.
OtBeT: v=17,36 10" Mu.

-2 2
3. Onpenenntb KO3GOUUMEHT OTPAKEHNA P MOBEPXHOCTU, Naowaapto S=107" m°, eciv NpU MOLLHOCTU U3/YyYeHUs
N=12 BT gaBneHue cBeTa Ha 3Ty NOBEPXHOCTb OKaszanocb p=7,02 mklla. OTseT: p=0,755.

4. OnpeaennTb 3HEPruto, NPUXOAALLYIOCA HA SNEKTPOH oTAaum npu sdpdekte KomnToHa, ecnm paccesHne GoOToHa
npoucxoaut Ha yron 8=m/3? dHeprua ¢poToHa Ao pacceaHus £,=0,46 M3B. OTtseTt: T, =0,14 M3B.

5. 3apsKeHHana YacTmua, YCKopeHHas pa3HoCTbio noTeHumanos U=200 B, umeeT aanHy Bo/HbI ge Bpoina A = 2 nm.
v -27
HanguTte maccy yactuubl, eciu ee 3apad YMC/IEHHO paBeH 3apAaay 3/1EKTPOHa. OtBeT: m=1,7-10"" Kr.

6. OnpeaennTb HETOUYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABUIKYLLErocAa B aTome BOA0POAA CO
6 .
cKopocTblo v=2,2-10°m/c, ecnn ponyckaemass HeTouHocTb Av coctasnser 10 % oT e€ BesnuMHbl. YKasatb,

NPUMEHVMMO 1 NOHATME TPAEKTOPUM B AAHHOM Cay4ae. OtBeT: Ax=0,5 HM.

o v o v -12
7. DNEeKTPOH HaxoauTca B OLHOMEPHON 6GecKoHeyHo r1y6oKoM MnoTeHumanbHOM ame wupuHon d = 107 m.

OnpegennTte HaMMeEHbLUYHO PA3HOCTb ABYX COCEAHUX IHEPTreTUYECKMX YPOBHEN. OTset: AE,in=1,1 M3B.

8. VY Kakoro BO,CI,OpO,CI,OFIO,CI,OGHOFO MOHa Pa3HOCTb AJZIMH BOZIH MeXay ronioBHbIMU NTMHUAMU cepm71 Banbmepa un

Naiimana pasHa 59,3Hm? OtseT: Z=3, Li*".

9. HaiiTn nocTosHHYy0 pacnaga pagoHa, eciv U3BECTHO, YTO YMC/IO aTOMOB YMEHbLLAETCA 3a CYTKM Ha 18,2 %.

OtBeT: A = 2,3-10_6 ct

10. CneaytoLwyto agepHY0 PeakLmio HanuwnTe B pasBepHyTOM BUAE U onpeaenuTe X: ZTAl (o, n) X.

30
Otset: c P.

11. dHeprua cBA3M aapa, COCTOALLENO U3 ABYX NPOTOHOB U OAHOrO HEMTPOHA, paBHa 7,72 MaB. Onpeaenute maccy
HEeNTPaNbHOro aTomMa, UMeLLEro 3To AA4PO. OTtBeT: m, = 3,01603 a.e.m.

12. OnpeaennTb CyMMapHYt0 KMHETUYECKYIO 3Hepruto saep, 06pa3oBaBLUNXCA B pe3ybTaTe peakumm 1§’C

(d, oc)lslB , EC/IM KMHETUYECKan IHeprua AenTpoHa pasHa 1,5 MaB. Aapo-mulleHb cuMTaTb HEMOABUMKHBIM.

Otset: T=6,67 M3B.



2013 3MM6-13-2__ Peseps_1

1. ABCONOTHO YEpPHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena A/IMHA BOJIHbI,
COOTBETCTBYIOLLAA MaKCUMYMY CMEKTPAsIbHON NAOTHOCTU IHEPreTUYECKON CBETUMOCTU, U3MEHUIACh Ha AA
=4 mkm. Onpegenntb Temnepatypy T,, 4,0 KOTOPOI OXNaANAOCH TeNo. OtseT: T, = 580 K.

2. MaKkcuMManbHan cKopocTb GOTOINIEKTPOHOB, BbINETAOWMX U3 MeTanna Npu 0b6ayvyeHun ¢oToHamu, V., = 0,88c.
Onpepenntb sHepruto GoToHOB. OTBeT: € = 0,565 M3B.

v -19 o
3. Onpegenute pavHy BOSHbI $OTOHA, obnagawowero sHeprneir  2,5:107° K. K KakoM vacTu cnektpa
NPUHAANEXKMUT 3Ta A/IMHA BOJIHbI? OtBeT: A =0,796 MKM; KpacHasA 4acTb BUAMMOTO CNeKTpa.

4. OnvHa BonHbl A GOTOHA paBHAa KOMNTOHOBCKOM AauHe A, 3nekTpoHa. POTOH pacceancs Ha cBoB6OAHOM
371eKTpOoHe Ha yron 6 = 60°. OnpeaennTb 3HEPTUI0 U CKOPOCTb 3/1EKTPOHA OTAAUM.

OtBeT: £€=0,17 M3B, v =1,99 10° m/c.

5. Onpeaenutb AAvMHY BOAHbI Ae Bpoina Ag ANna 371eKTPoHOB, 60MBapAUPYIOWMX aHTUKATOL PEHTreHOBCKOW

TPY6KK, eCnn rpaHMLA CNIOLIHOTO PEHTIEHOBCKOMO CNEeKTPa NPUXoANTCA Ha ANUHY BOJIHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

6. DNEKTPOH C KUHETUYEeCKoM aHeprmeit T =4 3B nokanusosaH B o6iactn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbIO COOTHOLLIEHMA HEONPeAEeNeHHOCTEeN OTHOCUTE/IbHYIO HeoNpeAeNeHHOCTb ero CKOPOCTY.

OteeT: Av/v ~ 10-",

v v o o —11
7. INEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEeYHO ryboKoW MoTeHumanbHoW ame wupuHoi d = 100 m c

abconoTHO HenpoHMUaemMbiMN CTEHKaMWN. HanTn HaMmeHbLLee 3HaYyeHne SHEPrnn sNeKTpPpoHa.

OtBeT: E;nin = 3.7 K3B.

8. ®oTOH c 3Heprneinn E = 12,12 3B, nornoweHHbIi aTOMOM BOAOPOAA, HAXOAALWMMCA B OCHOBHOM
COCTOSIHMM, NEPEBOAMT aTOM B BO3OYKAEHHOE cocToAHUe. OnpenennTb rNaBHoOe KBaHTOBOE YMC/I0 3TOro
COCTOAHMA.

OTtBeT: n=3.

9. AKTMBHOCTb HEKOTOPOro rnpenapaTa yMeHblaeTca B NATb pa3 3a 14 pHel. OnpepenvTtb ero nepuog,
nonypacnaga. OteeT: T = 6 AHeM.

10. OnpegenunTe, C KAKUM aTOMHbIM A4POM Oblna ocyllecTBAeHa peakuua X + Oln - 1;2 Xe + sgSI’ +2 Oln .

23
otset: ‘L, U .

11. Onpepenute aHepruto E, KOTOPYIO HYXKHO 3aTPaTUTL AN OTPbIBa HEWTPOHA OT A4pa ;He.

OtBeT: E = 20,58 M3B.

12. MNpw coypapeHUn y—KBaHTa C AEWTPOHOM, MOCNAEAHUIA MOMKET paclenuTbCA Ha fABa HyKnoHa. Hanwucatb
ypaBHEHME AOEPHON peakuMm U onpefennTb MUHUMANIbHYIO 3HEpruio y—KBaHTa, CNocobHOro BbI3BaTb TaKoe

pacwienneHue. Otset: T,=2,22 M3B.



2013 3MM6-13-2__ PesepB_2

1. A6contoTHO YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MaKCUMYMY CMEKTPaNbHOM NAOTHOCTU IHEPreTUYeCcKoM CBETUMOCTU, U3MEHUAACh HA A
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

2. Mpu doToaddeKTe c NOBEPXHOCTM NIATUHbI BEANYMHA 334ePKMUBAIOLLErO NoTeHLMaNa oKasanocb pasHoin 0,8 B.
Bbl4MCAUTL ANMHY BOJIHbI UCMOIb3YEMOTO CBETa, ecan paboTa Bbixoaa Ag,,=5,29 3B. OTBeT: A=204 HMm.

3. Onpefnenntb A/NHY BOJHbI GOTOHOB, KOTOPbIE MMEIOT TaKyl e 3HEPrUto, YTO M 3/IEKTPOH, MpoLleaLwnit
-7
pa3HOCTb NoTeHuManos 5B. OtseT: A =2,48 10 "' m.

4. ®OTOH C ANMHOM BOMIHbI A; = 4,3 nm paccesncAa Ha cBO6OAHOM 3/1eKTpOHe. Yron paccesHus cocTasumn 1/2.
Onpenenntb SHEPTUIO pacceaHHOro GOTOHa U IHEPruIo, NPUXOAALLYIOCA Ha 3/1IEKTPOH OTAAuM.

OtBert: €' =0,185 M3B; T.= 0,106 M3B.

5. DneKTpoH obnagaet KnHeTuyeckoi sHeprmenn T = 1,02 MaB. Bo CKO/MbKO pas M3MEHWUTCA AJIMHA BOJIHbI Ae
Bpoins, ecin ero KNHeTUYECKan SHepPrMa YMeHbLIMTCA BABOE? OTBeT: n =1,63.

6. AnHa BOJIHbI M3y4aemoro atomom ¢poToHa coctaBnser 0,6 MKM. Bpems XU3HM aToma B BO3BYyKAEHHOM
_8 v
coctosHun 10 c. OnpeaennTte OTHOLIEHME €CTECTBEHHOWM LWMPUHbI 3HEPreTUYECKOro YPOBHA K 3Hepruu,
o 8
W3/Ty4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSIMOYTrO/IbHOM MOTEHLNAIbHOM SLLMKE WNPUHOM
. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM coOCTOoAHUM (n=2), 6yaet
obHapyKeH B cpeaHei TpeTu ALLMKa. OTtseT: ® = 0,195.

8. BbluMcanTb nocTosaHHylo Puabepra R’, ecam n3BectHo, 4to Ana noHos reana He' pasHocTb anunH BofH mexay

rONIOBHbIMU IMHMAMU cepuii Banbmepa u NlaimaHa AA = 133,7 HM. OTtBeT: R’ = 1,097'107 M-
9. CKonbKo aToMOB pajoHa pacnagérca 3a cyTku u3 1 maH. atomos? lMepuog nonypacnaga pagoHa Ty, = 3,8 gHA.

OTBeT: AN = 1,67-105 aTOMOB.

10. B i 24 Th i 2Tl Kk
. pe3ynbrate cepun pagnoakTUBHbBIX pacnagoB TOpUn 9 npespauiaeTca B Tannanu 81 . RaKoe

KOJIMYECTBO Oi- U 3 -pacnafoB OH UCMbITbIBAET NPK 3TOM? OTBeT: 7001503,

11. Onpepenute, Kakas HeobXo4MMa 3Heprus, YTobbl pasaenvTb A4Po fC Ha TPU al-4acTULLbI.

OtBeT: E=7,27 M3B.

12. Apgpo atoma AUTMA 37Li 6ombapanpyroTcA NPOTOHAaMKM, KUHETUYecKasa 3Heprua Kotopbix 1,4 MaB.

Obpasytlolwmeca Npu 3Tom ABe a-4acCTULbl ETAT C OANHAKOBOM CKOPOCTblo. OnpesenmTe KMHETUYECKYHO SHepruto
KaXkaomn a-4actuubl. OteeT:T=9,37 M3B.



2013 3MM6-13-2__ PesepB_3

1. MOTOK M3y4eHUA NepBOM MIABUIBHOW MeYn Yepe3 CMOTPOBOE OKOLIEYKO miowaapto S; = 8 cm’ cocTasnser

®., = 94 BT. A N3 CMOTPOBOI0 OKOLLIEYKA BTOPOI Neun, Mmetoero naowanb S, =9 CMZ, M3y4aeTca NOTOK SHeprum

®,, =51 BT. Yemy paBHO OTHOLIEHME TEMMEPATYPbl BHYTPU NEPBOM NeYM K TeMnepaType BHYTPM BTOPOM neuun?.
OtBeT: n=1,2.

2. PaboTa BbIXO4A 3N1EKTPOHA C MOBEPXHOCTU Le3nA paBHA A, =1,89 3B. C KakoW CKOPOCTbIO BblieTaloT
3NEKTPOHbI M3 LLe3UA, C/IM MeTal OCBELEH KENTbIM CBETOM C AJIMHHOM BOHbI A=0,589 MKm?

OTBeT: Vo= 2,76 10° m/c.

3. OnpeaennTb sHEpPreTUYecKyo ocBeWwEHHOCTb (061y4EHHOCTL) E, 3epKanbHOM NOBEPXHOCTU, €CU AABNEHUE P,
npoussoaMMoe nsnydyeHmem, pasHo P=80 mkIa. M3nyyeHne nagaeT HOPMaIbHO K MOBEPXHOCTY.

Otset: E, =1,2 10 Br/m>.

4. Ha Kakoit yron 6bin1 paccesH GOTOH € 3Heprueit €, = 1,36 MaB Ha cB0O60AHOM 3/1EKTPOHE, €C/IM KMHETUYECKas
3HEeprma oT4aumn aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: B = 51°.

5. DnekTpoH obnagaet KMHeTMyecKon sHeprunen T = 1 KaB. Onpeaenute oAnHy BONHbI Ae bpoins gns Takoro
3/1eKTPOHA. OTBeT: Ag = 38,8 nm.

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABMMYLLMXCA BAOMb Ocu abcumcc, coctasaset Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTonoI0XKeHNE 3N1eKTPoHa?

OTBeT: AXx = 1,15 MKM.

7. YactMua B OA4HOMEPHOW MNPAMOYro/bHOM “NnoTeHuManbHon Ame” wWupuHoii L ¢ 6ecKoHeYyHO BbICOKMMU
“cTeHKammn” HaxoauTca B BO3byXKAEHHOM cocTosHMM (n=2). Onpeaenntb BeEPOATHOCTb OBHAPYMKEHMA YacTuLbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. ®oTOH c 3Heprnenn E = 12,12 3B, nornoweHHbIi aTOMOM BOAOPOAA, HAXOAALWMMCA B OCHOBHOM
COCTOAAHMM, MePEBOAMT aTOM B BO3OYXAeHHOe cocToAHue. OnpeaennTb rnaBHoOe KBaHTOBOE YMC/I0 3TOro
COCTOAHMA.

OTBeT: n=3.

9. OnpegenuTe nepuog noaypacnaga T1/, PaAnoaKkTUBHOIO M30ToNa, eciM 5/8 HauaNbHOro KOAWYECTBA AAEP 3TOTO
M30TONa pacnanocb 3a Bpema t =849 c. OtBet: T1/2= 10 MUH.

10. B pesynibTaTe CEpUN PaAMOaKTUBHBIX Pacnaaos ypaH U npespaujaercs B canrel, o PD . Kakoe
- b pesy. pun paj, p A0B Yp % pespaly U g .

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OTeeT: 8an6P".
11. OnpeaenuTe SHepruio CBA3W ANA ALpa aToma CBUHLA % PD. OtBeT: E¢, = 1,622 I3B.
12. OnpepenuTte, Kakasa aHeprua Heobxoanma, 4Tobbl pasgennTb AAPO fBe Ha ABe 0-4acCTULbl U HENTPOH.

OtBeT: Q=1,57 M3B.



2013 _3MM6-13-2__ PesepB_4

1. OnpepennTte MOLWHOCTb TEMJIOBOIO W3/ly4eHMA abCONOTHO YepHOro Tena, ecnuM AJIMHA BOJIHbI, KOTOopas

COOTBETCTBYET MAKCUMYMY SHEPTUUN B CIEKTPE U3AYyYeHUs, A, = 680 HM, a NaoWwaab U3ydatoLen noBepxHocTn S
2

=10cm". OTtseT: N = 19 KBT.

2. doToadpdeKT nponcxoanT nog, aenctemem usydeHumsa ¢ A=0,09mkm. Onpeaenntb paboTy BbIXOAA S1EKTPOHOB U3
MeTanna, ecnn GoTOTOK NpeKpaLLaeTca Npu 3aLepKuBatoLLEelN pasHOCTM noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.

3. Onpepenntb MOLWHOCTb M3nydyeHMA N CBETOBOro MNOTOKa, KOTOPbIM, Nagas HOPMasbHO Ha 3epKasibHyk
2
NOBEpPXHOCTb Naowaam S=1 cm”, okasbiBaeT gasnaeHue p=30 mla. OTtseT: N =450 Br.

4. ®OTOH ¢ gIMHOW BONHbI Ay = 2,04 Nm Bbln paccesaH Ha CBOBOAHOM 3/1EKTPOHE, KUHETUYECKAs IHEPrua oTgaumu
KoToporo coctasuna T = 0,103 MaB. Onpeaenntb yron pacceaHma poToHa. OTBeT: 6 = 34°.
5. HaliamTe anvHy BONHbI Ae bpoinna sanekTpoHa, ABMKyLLeroca co ckopocTbto V = 0,3-c, rae ¢ — CKOpocTb CBeTa.

-12

OtBeT: A\;=7,7:10 " m.

" -8
6. AnnTenbHOCTb BO3OYKAEHHOMO COCTOAHMA aTOMa BOLOPOAA COOTBETCTBYET npumepHo At =107 c. Onpegenntb
. -8
HeonpeaenEHHOCTb SHEPTMN B STOM COCTOAHMUMN. OTseT: AE 2 6,6-10 " 3B.

v v v v -11
7. DNEeKTPOH Haxo4MTCA B OQHOMEPHON 6eCcKOHeYyHOo rnyboKol noTeHumanbHoW Ame wupuHoit d = 107 m ¢
abCoNOTHO HENPOHMLAEMbIMW CTEHKAMMU. HaliTU HaMmeHbLLee 3HaYeHMe SHEPTUN I1EKTPOHA.

OtBeT: E;nin = 3.7 K3B.

8. VY Kakoro BO,CI,OpO,CI,OFIO,CI,OGHOFO MOHa Pa3HOCTb AJZIMH BOZIH MeXAay roa1oBHbIMU NTUHUAMU cepmﬁ Banbmepa un

Naiimana pasHa 59,3Hm? OtseT: Z=3, Li*".
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9. OI'IpE,CI,EﬂMTb BO3pPacCT ApeBHUX AepeBAHHbIX NpeaAMeTOoB, eC/1IM U3BeCTHO, YTO yae/ibHaAa aKTUBHOCTb U30TONaA C
Y HUX CocCTtaBnAaer 0,6 yp.eanoil'l dKTUBHOCTU 3TOro M30TOMNA B TOJZIbKO 4YTO CDY6ﬂeHHbIX aepeBbAax. I'Iepmo,u.

nonypacnaga agep e T1/2=5570 ner. OTBeT: t = 4,1-103neT.
10. CneaytolLyto AAepHYI0 peakL Mo HanuwnTe B pa3sepHyTom Buae n onpegennte X: X (p, o) 2 Ne .

23
Orser: ;;Na.

11. KaKyto HaMMeHbLUYO 3HEePTUI0 HYXKHO 3aTPaTUTb, YTO6bl Pa3aenuTb AAPO ;‘He Ha Z1Be O4MHAKOBbIE YacTy.

OtBeT: E =23,85 M3B.

12. Aapo atoma nTuA gLi ~ 3axBaTblBasA AEeWTPOH, PacnafaeTca Ha ABe a-4acTuLbl. HanucaTtb AAEPHYIO peaKkLmio

W onpeaennTb SHEPruto, BblAENAOLLYIOCA NMPU STON pPeakuum. OTtBeT: Q = 22,38 M3B.
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1. TemnepaTtypa BHYTPEHHEN MNOBEPXHOCTU MydeNbHOMN Mevn Npu OTKPbITOM OTBepcTUM niowaabto 30 cm”™ paBHa
1300 K. CunTan, 4To OTBEPCTME NEYM U3/IyYaeT KaK abCcoOTHO YEPHOE Teslo, ONpesennTb, Kakaa YacTb MOLLHOCTH
W3/ly4EHUA paccemMBaeTCA CTEHKaMM neyn, ecam notpebaseman et MOWHOCTb cocTasnseT 1,5 KBT.

OtBeT: n=0,676.

2. OnpeaennTb MAKCUMMA/bHYO CKOPOCTb V., GOTO3/IEKTPOHOB, BblJIETAOWMX M3 MeTanna nog AeUcTBUEM Y-
v -11 8
W3lyYEHUA C AIMHOM BOAIHbI A=0,2 107" m. OTBeT: Ve = 2,68 10° m/c.

3. Onpegenute aHepruto GoToHOB ana: 1) KpacHoro ceeTa (vq = 4,1-10" ru); 2) MHPPAKPACHOIO U3TyYeHUA
(v,=2,5-10" ru). OtserT: €, = 1,7 3B; £, = 0,1 3B.

4. KaKas 4acTb sHepruun nagatouero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NPU KOMNTOHOBCKOM 3ddekTe, ecnu
paccesaHue $oTOHa NPOM3OLLIO Ha yYron 1t/6. JanHa BoAHbI Nagatollero ¢otoHa A;=12nm. OrtseT: T/£,=0,03.

5. 3apsKeHHana YacTmua, YCKopeHHas pa3HoCTbio noTeHunanos U=200 B, nmeeT aanHy Bo/HbI ge Bpoina A = 2 nm.
v -27
HanguTte maccy yactuubl, ecau ee 3apad YMC/IEHHO paBeH 3apAaay 3/1eKTPOHa. OtBeT: m=1,7-10"" Kr.

6. OUEHMTb C MOMOLLbIO COOTHOLIEHUA HEeonpeaenEHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/IEKTPOHA,

ABUKyLeroca B 061actu, pasmep Kotopoi L= 10 m. OtseT: Thin = 3,8 3B.

o v v o -12
7. DNEeKTPOH HaxoauTca B OLHOMEPHON 6GeCcKOHeyHo ryboKon noTeHuumanbHoW Ame wupuHon d = 107 m.

Onpeaennte HaMMeHbLUYIO PA3HOCTb ABYX COCEAHUX SHEPTETUYECKMUX YPOBHEN. OTtseT: AE,;,=1,1 M3B.

8. OnpenenuTb sHepruto GoToHa, COOTBETCTBYIOLLYIO CAMOWN AJMHHOBOJIHOBOM IMHMK cepun JlalimaHa.
OTseT: 10,2 5B.

9. MNpenapaTt U*® maccel 1,0 r nanyyaet AN = 1,24-104 O-4acTuL, B CEeKyHAay. HailTu nepuog nosypacnaga sToro
M30TOMa M aKTMBHOCTb NpenaparTa. Otset: Ty = 4,5-109}16‘T,' A= 1,24-104 pacn./c.

10. OnpegenunTe, C KAKUM aTOMHbIM A4POM Oblna ocyllecTBAeHa peakuua X + Oll‘l - 15461 Ba + 362 Kr +3 Oln.

orser: U .
11. OnpenenuTte yaenbHyo 3HEPruio CBA3N ANA Agep fH " 13H .

OtBeT: €y,1 = 1,11 M3B/HYKNOH; €4, = 2,82 M3B/HYKNOH.

12. Halit 3Hepruto sgepHbix peakuui: 1) 13H (p, y);He, 2) fH (d, y)gHe. BbigenseTrca uau noraowaercs

SHEeprus B 3TUX peakumnax? OTBeT: Q; = 19,81 M3B; Q, = 23,85 M3B.



