2013 39AY6-13-1__ AutbHaesa A.A.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEU3MEHHOM TeMMepaTypbl PacnIaBAEHHOIO
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. PaboTa BbIXx0Aa 3N1EKTPOHOB C NOBEPXHOCTM HATpuUA paBHa A, =2,3 3B. Kakolt 4nnHbI BONHbI CBET HEOBX0ANMMO
6
HanpasuTb, YTOBbl MaKCMMaibHasA CKOPOCTb 3/1eKTPOHOB 6bina pasHa 1,5:10°m/c? OteT: A =143 Hm.

3. OnpeaennTb sHEpPreTUYecKyo ocBewEHHOCTb (061y4EHHOCTD) E. 3epKanbHOM NOBEPXHOCTU, €CU AABNEHUE P,
npoussoaMmoe nsnydeHmem, pasHo P=80 mkla. U3nyyeHne nagaeT HOPMANbHO K MOBEPXHOCTMH.

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

4. KaKas 4acTb sHepruun nagawoLero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NMPU KOMNTOHOBCKOM 3ddeKTe, ecn
paccesaHue $oTOHa NPOM3OLLIO Ha yYron 1t/6. JanHa BoiHbI Nagatollero ¢otoHa A;=12nm. OrtseT: T/£,=0,03.

5. dnekTpoH obnagaeTt KMHeTuyeckon aHeprneit T = 1,02 M3B. Bo CKONbKO pa3 U3MEHUTCA A/IMHA BOJIHbI Ae
Bpoins, ecin ero KNHeETUYECKAs SHePrMa YMeHbLIUTCA BABOE? OTBeT: n =1,63.

6. DNEKTPOH C KMHEeTUYecKon aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHunTb C
MOMOLLbIO COOTHOLLIEHUA HeoMNpeaeeHHOCTEel OTHOCUTENbHYIO HeomnpeaeeHHOCTb ero CKOPOCTY.

OTBeT: Av/v ~ 10",

7. DNEeKTPOH HaxoguTca B 6€CKOHEYHO rybOKOM O4HOMEPHOM NPSMOYTrO/IbHOM MOTEHLNAIbHOM SLLMKE LWNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM cocTosiHMM (n=2), byaet
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTtseT: ® =0,195.

8. B uoHe antna Li*™" anekTpoH nepewwén c 4eTBEPTOro sHepPreTUYECKOro ypoBHS Ha BTOPOii. OnpeaenunTb AAMHY

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. MNepuwoa nonypacnaga pagoHa
Ty2=3,8 OHA. OtseT: m = 6,5-10  kr.

10. OnpegenuTe, C KAKUM aTOMHbIM AAPOM Oblna ocyllecTBNeHa peakumsa X + Oln - 1;2 Xe + §§Sr +2 Oln .

235
Otset: ‘o, U .
11. OnpegaenuTe 3Hepruio E, KOTOPYIO Hy}HO 3aTPATUTL 4115 OTPbIBaA HeTpOHa OT Aapa , He.

OtBeT: E = 20,58 M3B.

12. Appo 6opa lgB 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yyero nojayyaeTca AP0 NUTUSA 37Li n renus. Hanuwwure

anepHyto peakuuto. Kakas aHeprua BbicBoboXKgaeTtcsa B Hel? OTBeT: Q =2,79 M3B.



2013 39AY6-13-1_ bakaes K.C.

1. A6CONIOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypbl 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 Kaina nagaeT yAbTpaduoneToBblit CBET C ANHON BOAHbI A = 0,04 MKM. Onpeaenntb BEIMYNHY
3a/lepKMBatoLLel Pa3HOCTM MOTEHLMANO0B, KOTOPYIO HYXHO NPUAOKUTbL K ¢oToanemeHTy, 4tobbl HOTOTOK
npekpatuaca. PaboTa Bbixoaa Ag.x = 2 3B. OtBeT: U, = 29B.

3. CKONbKO KBAHTOB COAEPKMUT M3/yYeHue C AJAMHAMM BOAH Ay = IMKM U A, = 2:10%m B notoke ¢ 3Hepruen
E=0,5:K? Otset: N; = 2,52 10* yactuu; N, = 5,04 10" yacTumu,

4. OnpeaennTb 3HEPruto, NPUXOAALLYIOCA HA SNEKTPOH oTAaum npu adpdekTe KomnToHa, ecnm pacceaHne GpoToHa
npoucxoauT Ha yron 8=m/3? dHeprua ¢poToHa Ao paccesaHmns £,=0,46 M3B. OTtset: T, =0,14 M3B.

5. Onpegenutb AAvHY BOJIHbI Ae Bpoina Ag AN8 371eKTPOHOB, 60MBapAMPYIOWMX AHTUKATOA PEHTreHOBCKOWM
TPY6KM, ecam rpaHmLa CNAOLWHOMO PEHTIEHOBCKOrO CNEKTPpa NPUXOAMUTCA HA AJIMHY BOHbI A = 3 HM.

OtBeT: Az = 0,06 HM.

6. OnpeaennTb HETOUYHOCTb AX B onpeneseHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aTome BOAOPOAA CO
6 .
cKopocTtbio v=2,2-10°M/c, ecnn pgonyckaemasa HeTouyHOoCTb Av cocTasnseT 10 % oOT e€ BenuuMHbl. YKasatb,

NPMMEHMMO SN NOHATUE TPAEKTOPUN B JAHHOM C/yyae. OtBeT: Ax= 0,5 Hm.

)1/2

7. BonHosaa ¢yHkuma F(x)=(2/L)”“sin(nx/L) onucbiBaeT 0OCHOBHOE COCTOSAHME 4YacTuLbl B 6ecKkoHe4Ho riy6okom

NPAMOYTO/IbHOM fALMKE WMPUHOM L. BbluMcanTe BEPOATHOCTb HAXOMKAEHMSA YacTULLbl B MafoM UHTepBane AL=0,01L
B cpeaHein yactm awmka (L-AL)/2 < x < (L+AL)/2. NosacHWUTE GU3MYECKMI1 CMbIC/I MOJIYYEHHOTO pe3y/bTaTa,
n306pasuns rpadmyeckm NAOTHOCTb BEPOATHOCTM OBHaPYKEHMA HYacTULLbl B JAHHOM COCTOAHMM.

Ortset: o = 0,02.

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

9. OnpegenuTe nepuog nonypacnaga Ty, PaAMOaKTUBHOIO U30TOMa, eciv 5/8 HaualbHOro KoAWYecTBa AAep 3Toro
M30TOMa pacnanocb 3a Bpema t =849 c. Otsert: Ty/,= 10 MuH.

10. CheaytoLLyto AAEPHYIO peakLUMIo HanMwmuTe B pa3BepHyToOM Buae U onpegenute X: 2z Al (a, n) X.
Otser: % P.

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

12. OnpenennTb 3HEPruio A4EpHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO 3HEeprua CBA3WU aapa j’Be

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



2013 39AY6-13-1__ BopoTHukoB M.A.
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1. HaiiTn, KaKoe KoAn4ecTso aHeprumn B 1 ¢ usnyyaet abcosloTHO YEPHOE TesI0 C MOBEPXHOCTM Miowaabio 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. MNpu dpoToadpdeKTe c NOBEPXHOCTU NAATUHBI BEIMUMHA 334EPKMBAIOLLETO NOTEHLMANA OKa3anocb pasHon 0,8 B.
Bbl4MCANUTL ANMHY BOJIHbI UCMOIb3YEMOrO CBETa, ecan paboTa Bbixoaa Ag,,=5,29 3B. OtBeT: A=204 HMm.

3. Onpegennte aHepruto ¢oToHOB Ana: 1) KpacHoro ceeTa (v = 4,1-1014 lu); 2) nHdpakpacHoro nsnyyeHusn
(v,=2,5:10" ru). Otset: €, = 1,7 3B; €, = 0,1 3B.

4. AnvHa BoAHbI A $OTOHa paBHA KOMMNTOHOBCKOM A/IMHE A. 3neKTpoHa. 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. MpoToH ob6nagaeT KMHETMYECKOW 3Hepruen, pasHol E = 78 3B. Onpeaenute ganHy BoJIHbI e Bpownna gns
NpoToHa. OTBeT: A; =3,2 nm.

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems XM3HM aTomMa B BO3OYKAEHHOM
-8 o
coctosHun 10 c¢. OnpeaenuTte OTHOLIEHME €CTECTBEHHOW LUMPUHbI 3SHEPTeTUYECKOrO YPOBHA K 3Hepruw,
v 8
W3/Ty4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

7. YactTvua HaxoAuTcs BO BTOPOM BO36YKAEHHOM cocToAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKHOW L c abCcotoTHO HenpospadHbiMM cTeHkamu (0 < x < L). Onpeaennts BEpOATHOCTb 0BHaPYKEHMA H4acTULbI

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

8. 3I'IEKTpOH BbI6VIBaeTCFI M3 aTOmMa BOAOpOAa, HaxogAulerocA B OCHOBHOM COCTOAHWUWU, d)OTOHOM C
aHeprueit 17,7 3B. OnpeaennTb CKOPOCTb 3/1EKTPOHa 3a Npedenamm aToma. OrtseT:
v =1,2:10° m/c.

9. CKonbKo aToMOB pafoHa pacnagérca 3a cyTku u3 1 maH. atomos? Mepuopa nonypacnaga pagoHa Ty, = 3,8 gHA.

OTBeT: AN = 1,67-105 aTOMOB.

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 pacnagos? otser: % Bi
4 p Aa. pasy pesy. pun p 408 ‘o83 .

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

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

12. OnpefennTb CyMMapHYHO KUHETMYECKYIO 3Hepruio agaep, 06pa3osasLUMXCA B pe3y/ibTaTe peakumnu N

(d, oc)lslB , EC/IN KMHETUYECKAA IHepPrMa AeUTpoHa paBHa 1,5 MaB. Aapo-muieHb cyuTaTb HEMNOLABUMKHbBIM.

Otset: T=6,67 M3B.



2013 39AY6-13-1_ loHuapyk 4.C.
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1. MydenbHasa neyb, notpebaawan mowHocte 1 KBT, umeeT oTeBepcTve naowaapto 40 cm”. OnpesennTs SO0
MOLLHOCTW, PAcCeMBaAEeMOli CTEHKaMW Me4yn, ec/im TeMnepaTypa ee BHYTPeHHel noBepxHocTM pasBHa 1200 K.
CunTaTb, UTO OTBEPCTME MEYU U3NIYYAET KaK abCoNOTHO YepHoe Teno. OtseT: n =0,53.

2. Ha noBepxHOCTb MeTanna NafaeT MOHOXPOMATUYECKUIN CBET C ASIMHHON BoAHbI A=0,08 MKM. KpacHas rpaHuua
doToapdekta Ap=0,3 MKM. HailTu 3HauyeHWe 3ajeprKuBatolLler PasHOCTM noTeHuManoB Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObLI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.

3. OnpegennTte sHEPTUIO € U UMNYALC P GOTOHOB A5 yYe C ANMHAMM BOAH: 1) A= 3,5-10™" m; 2) A= 2,34-10 %m.
OTBeT: €, = 35,5 K3B; p; = 1,89-10"* kr-m/c;e, = 53 3B; p, = 2,83-10"°° kr-m/c.

4. ®oToH npu addeKkTe KomntoHa 6bii paccesH Ha CBOBOAHOM 31eKTPOHe Ha yron B=m/2. OnpeaennTts AAuHY
BOJIHbI paccesHHOro ¢oToHa, eciM 3Heprua GoToHa A0 pacceAaHus 6biia €,=1,08 MaB.

-12

OtseT: A=3,58 10 “m.

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

. -8
6. AnutenbHOCTb BO3BYKAEHHOMO COCTOAHMA aTOMa BOA4OPOAA COOTBETCTBYET NnpumepHo At =107 c. OnpegennTb
. -8
HeonpeaenEHHOCTb SHEPTMN B STOM COCTOAHMUMN. OTseT: AE 2 6,6-10 " 3B.

o o v o v -10
7. HelTpoH HaxopuTca B oAHOMEpPHOM 6eckoHeuyHo rAyboKoin noTeHumManbHoi Ame wwupuHo d = 107 m ¢
abCoNOTHO HENPOHMLAEMbIMKM CTEHKaMMU. HailgutTe HauMMeHblylo Pa3HOCTb ABYX COCEAHUX 3SHEpPreTUYecKux
YPOBHEeMN HelUTpOHa. OtseT: AE i, = 0,062 3B.

8. HaliTn aHeprunio MoHmsaummn BoLopoaonofobHbIX MOHOB, B CNEKTPE KOTOPbIX AJIMHA BOJIHbI TPETbEM
AnHum cepmnmn banbmepa pasHa 108,5 Hm.
OTtseT: E;=54,4 3B.

192 235
9. BbluncAnTb 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.

210 _
10. Appa pasMoaKTMBHOIO U30TOMNa TaNAuA 81-|'| npeTepnesatoT NOC/ieA0BaTeNbHO TPU B -pacnaga v oanH

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

11. OnpepennTte sHepruto cBA3M ANA A4pa aToMa CBUHLUA Zgng . OTBeT: E,; = 1,622 3B.

12. Aapo atoma AnTua ?‘fLi _ 3axBaTblBasA AEWTPOH, pacnafaeTca Ha ABe a-yacTuubl. Hanucatb AAepHYI0 peakLmio

W onpeaennTb SHEepPruto, BblAENAOLLYIOCA MPU 3TON peakuunu. OTtBeT: Q = 22,38 M3B.



2013 39AY6-13-1__ [xaKcblibaeBa A.A.

1. MoLwWHOCTb M31y4eHUA abcontoTHO YepHOro Tena pasHa 34 KBT. Halitn Temnepatypy 3Toro Tena, ecinm U3BecTHo,
2
4YTO ero NOBEpPXHOCTb U3NyYeHuA pasHa 0,6 m”. OTgeT: T = 1000 K.

2. KaKylo MaKCMMasibHYH CKOPOCTb MOFYT MOJIYyYUTb BbiPBaHHbIE W3 Ka/MA 3/1EKTPOHbI NPU 06/y4eHUn ero
YyNbTPadn0NeTOBbIM CBETOM C AIMHHOM BOMHbI A=0,2MKM? PaboTa BbiXxoAa A1 Kanua pasHa A, =2 3B.

OTBET: Vo= 1,22 10° m/c.

2 18 -1
3. Ha nosepxHocTb niowagbio S=10 cm” nagaeT exkecekyHAHO Ny4yoKk $OTOHOB B KoamyectBe n=10" c¢ . OauHa
BO/IHbI Nagatolero cseta A= 500 HM. OnpenennTb CBETOBOE AaBAeHME Ha MOBEPXHOCTb, ecan KoabouumeHT
oTpaxkeHna p=0,7. OTseT: p = 2,25 mKla.

4. ®otoH npu apdpekte KomnToHa paccesancs Ha CBOGOAHOM 3/1€KTPOHE Ha yron 1/4. Onpenenuntb 3HEPruio
nagatolero ¢oToHa, eciv A/IMHA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTseT: £,=0,12M3B.

5. D/IeKTPOH, HayaNIbHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPoLLes YCKOPAOLLYI0 Pa3HOCTb NOTEHLMANO0B
U =511 kB. Hangute ganHy BonHbl ae bpoina ans aToro afieKTpoHa. OtBeT: A\; = 1,4 nm.

6. OUEHUTb C NOMOLLBIO COOTHOLLIEHMA HeonpeaeNéHHOCTEN MUHUMANbHYHO KMHETUYECKYIO SHEPTUIO SNEKTPOHaA,
o -10
ABUKyLLeroca B obnactu, pasamep Kotopoit L=10"" m. OTseT: Thyin = 3,8 3B.

v v o o -11
7. DNEKTPOH Haxo4MTCA B OQHOMEPHOM 6eCKOHeYHOo rnyboKol noTeHumanbHoi same wupuHon d = 100 m ¢
abCONOTHO HENPOHMLAEMbIMW CTEHKAaMM. HaliTU HaMmeHbLUee 3HaYeHNe SHEPTUKN 31eKTPOHa.

OTBeT: Ejnin = 3.7 K3B.

8. BbluMcAMTb MOCTOAHHYIO Puabepra R’, ecan M3BECTHO, YTO ANnA MOHOB reana He™ pasHocTb AAMH BoH Mexay

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

9. OnpeaennTb, CKObKO AA4ep PaaAMO0aKTUBHOIO M30ToMNa BUCMYTa 2§§Bi macco m =1 mr pacnagérca B TeueHune

t =35 yacos. MNepuop nonypacnaga Ty, = 5,02 cyToK. OTtBeT: AN = 5,23-1017.

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

18
Otset: 5 O.

11. OnpenennTte yaenbHy aHEPruto CBA3U 4NA a4pa 1§C . OtBeT: €, = 7,68 M3B/HyKNOH.

12. Apgpo atoma AUTMUA 37Li 6ombapanpyroTcA NPOTOHAaMK, KUHEeTU4YecKkasa 3Heprua Kotopblx 1,4 MaB.

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



2013 39AY6-13-1_ 3arutos P.P.

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. Onpefenntb MaKCMMasnbHY0 CKOPOCTb V., $OTO3/NEKTPOHOB, BbLIETAOWMX M3 MeTaasa npu obaydeHun
v 8
doToHamu ¢ aHeprueli 1,4 MaB. OtBeT: Viax = 2,89 10° m/c.

o -19 o
3. Onpegenute panMHy BONHbI $GOTOHA, obnagatowero sHepruer  2,5:107° K. K KaKoM 4YacTm cnekTtpa
NPUHAANEXUT 3Ta A/IMHA BONHbI? OtBeT: A =0,796 MKM; KpacHasA 4acTb BUAMMOTO CNeKTpa.

4. ®OTOH C ANMHHOM BOAHbI A;=10 Nm pacceanca Ha cBOHGOAHOM 3/1€KTPOHE, NPUYEM yron pacceaHusa O=m/4.
OnpepennTb gNMHY BONHbI paccesHHOro GpOTOHA M ero aHepruto. OtseT: A=10,7 nm; € =0,116 M3B.

5. Onpegenute, NpyM KakoM YUCAOBOM 3HAYEHUN KUHETMYECKOM 3Heprim T aAsnHa BOAIHbI Ae bpoiina snekTpoHa
paBHa ero KOMNTOHOBCKOM A/inHE BOAHbI A = h/mc . OTtBeT: T=0,212 M3B.

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABMMYLLMXCA BAONAb Oocu abcumcc, coctasnsetr Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTonoNoXeHNe 3NeKTPoHa?

OTBeT: Ax = 1,15 MKM.

v v o o —12
7. JNEeKTPOH HaxoauTcA B OAHOMEPHOW 6ecKoHeyHo rnyboKolM MoTeHUManbHOU sMme WupuHon d = 107" m.
Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTeTUYECKMX YPOBHEN. OTtseT: AE,;,=1,1 M3B.

8. Bo CKOJIBKO pa3 MU3MEHHUTCS NIEPUO/] BPAILCHHUS JIEKTPOHA B aTOME BOJOPOJIa, €CIH IPHU MEepeXo]e B OCHOBHOE
COCTOSTHUE aTOM H31y4as (POTOH C ATUHON BOJHBI A = 97, 5 HM? OtBeT: B 64 paza.

210
83

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

9. OnpegennTb Nepuog noaypacnaga BucmyTta .. Bi, ecam u3BecTtHo, 4To BUCMYT maccoit m = 1 r BbibpacbiBaeT

232 _
10. Appa pasMoaKTMBHOIO U30TOMNa TOpPUA 9OTh npeTepnesaloT Noc/iea0BaTeNbHO oi-pacnag, Asa 3 -pacnaga v

. 224
onATb a-pacnag,. OnpesenvTe KOHEYHbIV NPOAYKT pacnasa. OtseT: ‘g Ra.

11. Onpegennte, Kakana Heobxoanma sHeprus, YTobbl pasaennTb S4p0 1§C Ha TpU Q.-4acTULbl.
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 39AY6-13-1__ KonbiToB A.A.
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1. TemnepaTtypa BHYTPEHHEN MOBEPXHOCTU MydENbHOMN MeYn Npu OTKPbITOM OTBepcTUM naowaapto 30 cm”™ paBHa
1300 K. CunTan, 4To OTBEPCTME NEYM U3/IyYaeT KaK abCcoOTHO YEPHOE Teslo, ONpesennTb, Kakaa YacTb MOLLHOCTH
W3/ly4EHUA paccemMBaeTCA CTEHKaMM neun, ecam notpebasemasn et MowHoOCTb coctasnseT 1,5 KBT.

OtBeT: n=0,676.

2. OnpeaenvTb MakCMMAJIbHYHO CKOPOCTb POTO3NEKTPOHOB U KPACHYHO rpaHuLy ¢oToaddeKTa, ecnm 31eKTPOHbI

BbIPbIBAOTCA C NOBEPXHOCTU HUKENN YAbTPadMONETOBbIM U3yYEHUEM C AMHOM BOHbLI 0,2MKM. PaboTa Bbixoaa
5

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

3. HaliTu panHy BOJIHbI M 4ACTOTY U3NIyYeHUA, eCan 3Heprus GOTOHOB PaBHA IHEPTMM MOKOA 3/7eKTpPoHa. Kakoro
-12 20
TMMa 3TO U3NyyeHune? OteeT: A=2,4 10 “m, v =1,2 10° T'u, y-nu3nyyeHue.

4. Onpegenntb yron 6, Ha KoTopblii bbln paccedaH GoToH ¢ sHepruel €,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHEeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",

5. HanguTe annHy BoHbI Ae Bpoinns aneKkTpoHa, ABMiKyLeroca co ckopoctbto V = 0,3-c, rge ¢ — CKOpoCTb CBeTa.

-12

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

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

7. YactMua B OAHOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon Ame” wWupuHOMW L ¢ 6ecKoHeYHO BbICOKMMM
“CTeHKamKn” HaxogmuTcA B BO3OYKAEHHOM cocTosiHMM (n=2). OnpesennTb BEPOATHOCTb OBHaPYIKEHUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUM, COOTBETCTBYIOLLEN NEpPexoay 31eKTPOoHa B aToMe BOA0pPOoAa C
LIECTOro 3HepPreTMYEeCcKoro ypoBHA Ha BTOPOM. K KaKoW cepun OTHOCUTCA 3Ta IMHMA W KaKaa OHa Mo CYETY B 3TOM
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. Kakas [ona paAmnoakTMBHbIX Agep KobanbTa, nepuos nonypacnaga Kotopbix 71,3 gHA, pacnagaeTtca 3a ABa
mecaua?

OtBeT: 44%.

10. CnegnytoLlyto AAEPHYIO PEaKLMIo HaNMLWMTe B pa3BepHyToM Buae v onpegenute X: X (o, p)lYO .

14
Orser: ;N .

11. OnpegennTte yoenbHy 3HEPIULO CBA3KM 4N1A A4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCAELHUIA MONKET pPacLLenuTbCA Ha ABa HyKAOHa. Hanwucatb
ypaBHeHWe AAEpHON peakuun U onpesenntb MUHMMANbHYIO SHEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BaTb TaKoe

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



2013 39AY6-13-1__ KysbmeHko M.A.

1. Mpu Kaknx TemnepaTtypax abcotoTHO YEPHOTO Tesla MaKCUMMYMbl SHEPTUM TEMIOBOIO U3y4EeHUA NPUXOAATCA Ha
rpaHULbl BUAMMOTO crekTpa: ¢puonetosyto (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 meTannuyeckylo NNacTMHy HanpasaeH MNy4yok ynbTpaduonetoBoro usaydeHusa (A=0,25 mKm). PoOTOTOK
NnpeKkpalLaeTca Npu 3adepXuBalowein pasHoctM noTteHumanos Us=0,96 B. Onpegenutb paboTy Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTtBeT: A, x= 4 3B.

o 2 o
3. Ha noBepxHOCTb, nnowaapb Kotopoir S=0,01 m° exemumHyTHO nagaet E=63[K cBeTOBOM 3Heprun (B

HanpasaeHnn, nepneHAnKYyI1aApHOM NOBEpPXHOCTU ) Bblumcantb cBeToBoe gaB/ieHMe Ha 3Ty NOBEPXHOCTb, eCcnu

-7 -7
OHa: a) NOJIHOCTbIO OTParKaeT CBeT; 6) NOAHOCTbIO NOrNOLWAET CBET. Otset: P,=7 10" Ma; Pg=3,5 10

Ma.

4. Onpefenntb CKOPOCTb 3/IEKTPOHA OTAauM npu addekTe KomnToHa, eciv GOTOH C 3HEeprueit, PpaBHOM Heprum

NOKOS 3/IEKTPOHa, HbIN paccenH Ha yron 6 = 180°. OtBeT: V=24 10® m/c.
5. Haigute gnuHy BosHbl Ae bpolina A gns anekTpoHa, ob61agatolero KUHeTM4Yeckom sHeprueit E, = 3 MaB.
OTBeT: A =0,36 NMm.

6. DNIEKTPOH C KMHETUYeCcKon aHeprmelt 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/IEKTPOHA.

OteeT: Av/v ~ 10-",

7. HaliTh HavmeHbllee 3HAYeHWe 3HeprMM HeWTPOHa, HaxoAAWeroca B OA4HOMEPHOW GecKoHeyHo raybokoi

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

8. Y Kakoro sofopoaonoAobHOro MoHa pasHoOCTb AJIMH BOJIH MEXAY FOJIOBHbIMU IMHUAMM cepuii Banbmepa m

Navimana pasHa 59,3Hm? Oteer: Z=3, Li"".

9. HaitTh nocTosHHYO pacnaja pafoHa, eC/v U3BECTHO, YTO YMC/I0 aTOMOB YMEHbLLAETCA 3a CYTKM Ha 18,2 %.
6 -1
OteeT: A=2,3-10 "¢ .

242 260 1
10. Onpegenunte, € KaKMM aTOMHbIM AAPOM bblna ocylecTBeHa peakuua X+ g, Pu -» 104 Ku + 4,N.

Orser: 22 Ne.

11. SHeprus cBA3M aapa, COCTOALWENO U3 ABYX NPOTOHOB M O4HOTO HEWTPOHA, paBHa 7,72 MaB. OnpeaenuTe maccy
HeWlTPasIbHOro aTOMa, MMEIOLLLEro 3TO AAPO0. OtBeT: m, =3,01603 a.e.m.

12. OnpepennThb 3HEpruio AgepHoi peakumn ; Be (p, o) SLi , AApo-muweHb , Be cunTaTh HENOABMAKHBIM.

OTBeT: Q =2,13 M3B.



2013 39AY6-13-1__ HaKoHeuHas B.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. Kakoi ANMHbI BOJIHblI CBET Ccneadyer HanpaBuUTb Ha NOBEPXHOCTb cepe6pa, yTo6bl MaKCcMMasibHasA CKOpPOCTb

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

OTtBeT: A = 2,55 107 m.

3. [laBneHune ceeTa Ha abCONOTHO YEPHYIO MOBEPXHOCTb, PACMO/IOKEHHYIO NEPNeHANKYNAPHO Jy4am C AAUNHOMU
-7 o 2 o
BOMHbI A=5-10" m, paBHo p=10 mklla. Haitn uncno ¢otoHoB N, nagatowmx 3a t=1 c Ha S=1 cm” 3TOI NOBEPXHOCTMU.
17
OTtseT: N=7,55-10"".

4. B pe3synbtate adppexta KomntoHa Ha cBo60aHOM 31eKTpoHe GOTOH 6bin paccesH Ha yroa 1/3. dHeprus ¢oToHa
[0 paccesHus 6bina €,=0,59M3B. OnpegennTb ANHY BO/IHbI PAcCEAHHOIO GpOTOHA. OTseT: A,=3,3 nm.

5. Mpu Kakoli ckopoctn V anekTpoHa ero aebpoiisieBcKas ANMHA BOIHbI byaeT paBHa: 1) 650 Hm, 2) 3 nm?
Oreer: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. CpegHee Bpems XU3HWM aTOMa B BO36YXKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, cCpefHAA AAMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemow CneKkTpasbHOM IMHUK, ECAU HE MPOUCXOAMT YLUMPEHUA IMHUK 33 CHET
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

7. JNeKTPOH B OZHOMEPHOW NPSAMOYrosbHOM “noTeHumManbHol ame” WUpUHON L c BECKOHEYHO BbICOKMMMU
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHMA IN1EKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ®» = 0,25.

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

9. OnpesennTb NOCTOAHHYIO A Pagno0aKTUBHOIO pacnaaa CTPOHLUMA sgsr Kakaa nona oT nepBOHayaNbHOro Yncna

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

10. B pe3ynbTaTe cepmun pagmoaKkTUBHbIX pacnanos TOpuUi 234Th npespaLLaeTca B Tanaum 206T| Kakoe
- B pesy. puv pag p i p 9 pespaly g !l

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

11. Onpegenute aHepruto E, KOTOpYo HYyXKHO 3aTPATUTL A/1A OTPbIBA HEMTPOHA OT AApPa ffNa.
OteeT: E=12,41 M3B.
12. Onpepgennte, Kakan aHeprua Heobxogmma, 4Tobbl pa3aennTb A4p0 fBe Ha ABe a-4acTULbl U HENTPOH.

OTBeT: Q=1,57 M3B.



2013 39AY6-13-1__ Owenkos H.A.

1. ABCONOTHO 4YepHoe Teno Harpeto Ao Temnepatypbl 227 °C. MMocie NOHWMKEHUA TemnepaTypbl CymmapHas
MOLLHOCTb €ro Tena0BOro U3jy4yeHnsa ymeHbluunacb B 3 pasa. Ha cKonbKo rpasycoB MOHWM3MIAch TemnepaTypa
Tena? OtseT: AT =120 K.

2. MaKkcumanbHan CKopocTb GpOTOINIEKTPOHOB, BbINETAKOWMX M3 MeTanNa Npu 0b6aydyeHun ¢otoHamu, V., = 0,88c.
OnpepennTb aHeprmo GOTOHOB. OTtgeT: € = 0,565 M3B.

3. Onpegenute sHEPIU0 € M UMMYAbC P KBaHTa M3/ly4YeHUA C AJIMHOMN BOMHbI A = 5,5 MKMm.
OteeT: £ =0,2263B; p = 1,2-10"28 Kr-m/c.

4. ®OTOH C A/MHOW BOAIHbI A = 2,04 nm 6bin paccesH Ha CBOBOAHOM 3/1EKTPOHE, KMHETMYECKAn SHEPrua oTAaaum

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

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

6. OLEHMTb C MOMOLLbI0 COOTHOLUEHUA HEONPeAeNEHHOCTEN MUHUMA/bHYIO KMHETUYECKYHO SHEPTUIO 3/1IEKTPOHA,

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

7. B npamoyronbHoON “noteHumanbHoi ame” wnpuHoi L ¢ abcontoTHO HEMPOHMLLAEMbIMKN “CTeHKammK” HaxoamTcs
YacTULA B OCHOBHOM COCTOSIHMM. HalT! BEPOATHOCTb HaXOMAEHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MoAcHWUTE U3MYECKUIA CMbICA MOAYYEHHOro  pesynbTaTa, M306pasvB rpaduyeckM MAOTHOCTb BEPOATHOCTU

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

8. ®OTOH c 3Hepruent E = 12,12 3B, nornoweHHbIM aTOMOM BOAOPOAA, HAaxo4AWMMCA B OCHOBHOM
COCTOAHUM, NEepeBOAMT aTOM B BO36YyKAeHHOe cocToaHMe. OnpeaennTb raBHOE KBaHTOBOE YMC/I0 3TOro
COCTOAHMUA.

OTteeT: n=3.

14C

y Hux coctasaseTt 0,6 yaenbHOM aKTMBHOCTM 3TOr0 M30TOMa B TO/MbKO 4YTO CpybaeHHbIX aepesbax. Mepuopg,

9. OnpepnenuTb BO3PacT APEBHUX AepeBAHHbIX NPeAMETOB, €C/IM U3BECTHO, YTO yAe/IbHaA aKTMBHOCTb M30ToMNa
14 3
nonypacnaga agep - CT,/, = 5570 nert. OTtseT: t=4,1-10" ner.

10. Onpepnenunte, C KakMM aTOMHbIM A4poM bblna ocyulecTeneHa peakuua X + Oln - 15461 Ba + 3; Kr +3 Oln.

235
Otset: ‘o, U .

11. KaKyto HaMMeHbLUYO SHEPTrUI0 HYXHO 3aTPaTUTb, YTO6bl Pa3aenunTb AAP0 ;He Ha Be 04MHAKOBble YacTu.

OtBeT: E =23,85 M3B.

12. OnpefenvTb 3HePruio A4EepPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO 3Heprus ceA3n agpa fBe

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



2013 39AY6-13-1_ MeH3uH K.C.

2
1. DHepreTuyecKkas CBETMMOCTb abcosiloTHO 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. PaboTta BbIXO4A 3N1EKTPOHA C MOBEPXHOCTU Le3nA paBHA A, =1,89 3B. C KaKoW CKOpPOCTbIO BblIETAOT

3N1EeKTPOHbI U3 Lie3ns, eCIN METaN/ OCBELLEH KENTbIM CBETOM C ANMHHOM BOIHbI A=0,589 MKM?
5
OTBET: Vinax= 2,76 10° m/c.

3. [laBneHne cBeTa C AJ/IMHOM BO/HbI A=600 HM, NajalroLEero HOpmassbHO Ha YEpHyl noBepxHocTb, P=3 KMa.
2 v
Onpegenntb uncno N ¢oToHOB, Nagatowmx 3a spems t=20 cek Ha naowagb S=1 MM~ 3TOM NOBEPXHOCTK.

Otset: N =5,43 10%.

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

5. 3apsKeHHan YacTuua, YCKopeHHas pa3HocTbio noTeHumanos U=200 B, umeeT AAnHy Bo/HbI ge bpoina A = 2 nm.
o -27
HanguTte maccy 4acTmubl, ecau ee 3apag YMCIEHHO PaBeH 3apAaay 3/1EKTPOHa. OtBeT: m=1,7-10"" Kr.

6. CpepHee BpemMA XM3HM aTOMa B BO3OYKAEHHOM COCTOAHUM COCTaBNAET OKO/O 10-°c. Mpun nepexone aToma B
HOpMa/sbHOe COCTOAHME ucnyckaeTcA (OTOH, CpegHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTtb
OTHOCUTENbHYIO WNPUHY AE/E n3nyyaemoi cnekTpanbHOWM IMHUK, €CAN HE MPOUCXOAMT YILUMPEHUS IMHUM 33 cYeT
APYr1Mx NpoL,.eccos. Otset: AE/E ~ 2-10°%.

7. Yactmua B OA4HOMEPHOW MNPAMOYro/bHOM “NnoTeHuManbHon ame” wWupuHoi L ¢ 6ecKoHeYyHO BbICOKMMU
“cTeHKammn” HaxoauTcA B BO3bYXKAEHHOM cocTosiHUM (n=2). Onpeaenntb BEPOATHOCTb OBHAPYMKEHMA YacTUlbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. BbluMCcAMTb MOCTOAHHYIO Puabepra R’, ecam M3BECTHO, YTO ANA MOHOB reana He™ pasHocTb AAMH BOH Mexay

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

9. HaltTn akTMBHOCTb 1 T pagoHa zgg Rn. Nepuwopa nonypacnaga 3,823 gHs. OTBeT: A= 5,69-1015 pacn/c.

. 238 _
10. PaAMOaKTMBHbIN M30TON ypaHa 92U npeTepnesaeT NocNef0BaTe/IbHO O-pacnag, Aga 3 -pacnaja v elle ABa

o o 226
o-pacnaga. Kakolt nsoton obpasyerca B pesy/ibTaTe 3ToW cepun pacnasos? OtseT: ‘g Ra.

11. OnpenenuTte yaenbHyo 3HEPruio CBA3KN ANA agep fH " 13H .

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

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

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



2013__335AY6-13-1_ Pakos A.B.

v 5 o -
1. MowHocTb n3nydeHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HallTn naowaap Msnyyatowein nNoBepxXHOCTH
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. Onpenenntb MAaKCMMa/IbHYIO CKOPOCTb, KOTOPYHD MOMKET MOJIYY4UTb I/IEKTPOH, BbIPBAHHbIE M3 MAATUHbLI NOA,
[EeNCTBMEM U3NIYYEHUA C A/IMHOM BONHbI A =203HM. PaboTa BbixoAa 3/11eKTpoHa A, =5,293B.

OteeT: V.. 5,4-10° m/c.

-2 2
3. Onpeaenntb KO3GOUUNEHT OTPaAXKEHNA P MOBEPXHOCTH, Naowaapto S=10"" m°, ecnm Npu MOLLHOCTU U3NYyYeHUs
N=12 Bt gaBneHue cBeTa Ha 3Ty NOBEPXHOCTb OKa3anocb p=7,02 mka. OtseT: p=0,755.

4. Ha Kako# yron 6bin paccesH GoOTOH ¢ sHepruent €; = 1,36 M3B Ha cBO6OAHOM 3N1EKTPOHE, €C/IM KMHEeTUYecKan

SHeprua oT4avyun aNeKTpoHa coctasaset T, = 0,68 MaB. OTBeT: 6 = 51°.
5. HaliauTe anvHy BonHbI Ae bpoinna sanekTpoHa, ABMKyLLeroca co ckopocTbto V = 0,3-c, rae ¢ — CKOpocTb CBeTa.
OTBeT: A\ = 7,7-10’12 M.

6. DNEKTPOH C KMHEeTUYeCcKom aHeprmel T = 15 3B HaxoguTcAa B MeTaNINYECKOM NblIMHKe anameTtpom d = 0,5 mkm.
OLEHUTb OTHOCUTENbHYIO HETOYHOCTb AL/V, C KOTOPOW MOXKET BbITb ONpeaeneHa CKOPOCTb 3/EKTPOHa.

OTBeT: Av/v ~ 10",

7. BonHoBas ¢yHKUUSA ‘P(x)=(2/L)1/zsin(nx/L) OMMUCbIBAeT OCHOBHOE COCTOSIHME YacTuLbl B BECKOHEUYHO rNyboKom
NPAMOYTO/IbHOM fALMKE WMPUHOM L. BbluMcanTe BEPOATHOCTb HAXOMKAEHMSA YacTULLbl B Manom uHTepsane AL=0,01L
B cpeaHein yactu awmka (L-AL)/2 < x < (L+AL)/2. NoscHWUTE GU3MYECKMI CMBIC/ MOJIYYEHHOTO pesy/bTaTa,
n306pasuns rpadmyeckm NAOTHOCTb BEPOATHOCTM 0BHaPYKEHMA YacTULLbl B JAHHOM COCTOAHMM.

Otset: ® = 0,02.

8. OnpeaennTb A/IMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CNEKTPanbHOM NMHMM B cepum lalleHa ansa atoma
BOZOpOAA. OteeT: A =1,28 MKMm.

9. 3a Kakoe Bpemsa NPou3onaET pacnag maccbl Am = 3 Mr KasibLms ;gCa, €C/IM B HaYa/bHbIi MOMEHT ero macca

6blna pasHa my= 0,3 r? Mepunopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.
10. CneaytoLLyto AAEPHYIO peakLMIo HanmwmuTe B pa3BepHyToM BMUAe W onpeaenure X: 0 (d, n) X.

OtserT: 198F .
11. Onpepenute, Kakaa Heobxoanma aHeprusa, 4Tobbl pasaennTb AAPO 1§C Ha TPW Oi-4acTULbl.

OtBeT: E=7,27 M3B.

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

AnepHyo peakumto. Kakasa sHeprusi BbiceoboxkaaeTca B Hell? OTteeT: Q = 2,79 M3B.



2013 39AY6-13-1_ Pezeps_1

1. ABCONOTHO YEpPHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena AJIMHA 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. Kakol u4acToTbl CBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HUKeNA, 4YTobbl MaKCMManbHas 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.

3. Onpepenntb MOLWHOCTb M3nydyeHMs N CBETOBOro MNOTOKa, KOTOPbIM, Nagas HOPMasbHO Ha 3epKasibHyH
2
NOBEpPXHOCTb Naowaam S=1 cm”, okasbiBaeT gasnaeHune p=30 mla. OTtseT: N =450 Br.

4. ®OTOH C ANMHOMN BOMHLI A; = 4,3 nm paccesancA Ha cBO60AHOM 3/1EKTpOHe. Yron paccesHus cocTasun 1i/2.
OnpeaennTb 3HEPrUI0 PaccesHHOro GOTOHa M SHEPTUIO, MPUXOAALLYIOCA Ha S/IEKTPOH OTAauK.

OtBert: €' =0,185 M3B; T.= 0,106 M3B.

5. Onpenenntb AAUHY BOAHbI Ae Bpoina Ag Ana anekTpoHos, 6oMb6apAMpyOWMX aHTUKATOL PEHTreHOBCKOM
TPYBKK, ecnu rpaHMLLa CNIOLIHOIO PEHTTEHOBCKOro CNeKTpa NPUXoANTCA Ha ANUHY BOJIHbI A = 3 HM.

OtBeT: Ag = 0,06 HM.

6. AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctaBnser 0,6 MKM. Bpems XM3HM aToma B BO36YKAEHHOM
_8 v
coctosHun 10 c. OnpeaennTte OTHOLIEHME €CTECTBEHHOM LWMPUHbI 3SHEPreTUYECKOro YPOBHA K 3Hepruw,
o 8
W3/Ty4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

7. DNEeKTPOH HaxoguTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSMOYTrO/IbHOM MOTEHLMAIbHOM SILLIMKE WNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM coCToAHUM (n=2), 6yaeT
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTseT: ® =0,195.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUM, COOTBETCTBYIOLLLEN Nepexoay 3/1eKTpoHa B aToMe BoAopoAa C
LIECTOro 3HepPreTMYEeCcKoro YpoBHA Ha BTOPOM. K KaKoW cepun OTHOCUTCA 3Ta IMHMA W 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‘Z’,?)Th maccon m=1kr3a t=1roa? Nepnop nonypacnaga ropua Ty,

=1,39-10* ner. Orset: N, = 1,29-10%°.

10. B pe3ynbTaTe cepuu pagmoaKkTUBHbIX PacnafoB pagui 2;;’ Ra npespauyaetca B cBuHey, 2:3)27 Pb. Kakoe

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OtgeT: 4an2p.

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

OtBeT: E=12,41 M3B.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET pacLLenuTbCA Ha ABa HyKoHa. HanucaTtb
ypaBHeHWe AAEpPHON peakuuu U onpesenntb MUHWMANbHYIO SHEPTUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

pacwienneHue. Otset: T,=2,22 M3B.
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1. OnpegenuTtb TemnepaTypy Tena, Npu KOTOPOM OHO NPU TeMMepaType OKpy»KatoLLel cpegpl to =23 °C usnyyaet B
10 pa3 6o/bLLEe 3HEPTUM, YEM MOT/IOLLAET. OtBeT: T =526 K.

2. ®oToadpdeKT NnponcxoamT nog gencremem msydeHuns ¢ A=0,09mkm. Onpegenuntsb paboTy BbIXOAa 31EKTPOHOB U3
MeTanna, ecnn GOTOTOK NPeKpPaLLAETCca NPU 3a4epKMBatoLLei pasHocTK noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.

o . 2
3. Onpeaenntb KoabdULUMEHT OTpaXKeHMsa p MOBEPXHOCTU, €C/IM NPU dHepreTMyeckon ocseléHHocT E.=150 BT/m

AaBneHue CBeTa Ha Heé okasanocbk P = 0,65 mk(a. Otset: p=0,3.

4. B pesynbTtate a¢ddekta KomntoHa Ha cBo60AHOM 31eKTpoHe GOTOH 6bin paccesH Ha yron 1/3. dHeprus ¢boToHa
0o paccesHus 6bina €,=0,59M3B. OnpegennTb ANNHY BOMHbI pacceaHHOro GpoToHa. OtBeT: A,=3,3 nm.

5. HaiguTe anuHy BosiHbl Ae bpolina A ans anekTpoHa, o61aaatolero KMHeTuYeckom sHepruei E, = 3 MaB.
OtBeT: A =0,36 nm.

6. OLEeHUTb C MOMOLLIO COOTHOLIEHUA HeonpeaenEHHOCTEN MUHUMAbHYIO KUHETUYECKYIO SHEPTUIO 3/1IEKTPOHA,
JIOKanIM30BaHHOro B 061acTu pasamepom L = 0,20 Hm. OTseT:
Tmin = 1 3B.

7. HaliT HaumeHbluee 3Ha4YeHWe 3HEepruM HewWTpoHa, HaxoAAWeroca B OAHOMEPHOW GEeCKOHeuyHo rayboKol
o o —15 —11
noTeHunanbHom ame wmpuHon d =10~ m. oTBeT: Enin =3.26-10 7 K.

8. ®oTOH c sHeprueint E = 12,12 3B, NOrnoWeHHbIM aTOMOM BOAOPOAA, HAXOAAWMMCA B OCHOBHOM
COCTOSIHMM, NEPEBOAMT aTOM B BO3OYKAEHHOE cocToAHUe. OnpenennTb rNaBHoOe KBaHTOBOE YMC/I0 3TOro

COCTOAHMUA.
OtBeT: n=3.

9. HainTn aktmBHOCTb 1r pagmsa, ecnu ero nepuog nonypacnaga Ty, = 1620 ner. OtBeT: A= 3,7~1010 pacn./c.

219
10. Ainpa paAMoOaKTMBHOIO M30TONa PafloHa ‘g RN npetepnesatot nocneposatensHo ABa a-pacnaja, Asa

- o 207
B -pacnaga 1 onatb a-pacnag. OnpeaenvTe KOHeYHbIM NPOAYKT pacnaja. OtseT: g, Pb.

11. OnpegennTte yaenbHy 3HEPIULO CBA3KM 4N1A A4Pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. Onpepgenute, Kakas aHeprus Heobxoanma, YTobbl PasLennTb A4P0 fBe Ha [iBe 0-4acCTULbl U HENTPOH.

OtBeT: Q=1,57 M3B.
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1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MaKCUMYMY CNEKTPaNbHOM NAOTHOCTU SHEPreTUYeCcKoM CBETMMOCTU, U3MEHWUIACh Ha AN
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

2. PaboTa BbIxoAa ANA UMHKA Ag.= 3,74 3B. Bo3HUKaeT an ¢poToaddekT nos AecTBUEM U3YYEHUS, UMEIOLLETO
AJVMHY BONHbI A=0,5 MKm? OTBeT: Anayx=0,33 MKM; A >Apa = HeT.

3. CBeTOBOM MOTOK MafaeT HOPMA/NbHO Ha MOBEPXHOCTb C KoadduumeHToM oTpaxkeHua p=0,6, npu 3TOmM OH
npounssoaut aasneHue p=0,2 Ma. OnpeaennTb SHEPreTUYECKy OCBELLEHHOCTb MOBEPXHOCTU.

Otser: E.= 37,5 MBT/M’

4. Onpenenntb CKOPOCTb 3/1IEKTPOHA OTAA4YM nNpu sddekTe KomnTtoHa, ecan GOTOH C SHepruen, paBHOW aHeprum
8
NOKOS 3/IEKTPOHa, HblN paccenH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

5. MpoToH ob6iagaeT KMHETMYECKOM 3Hepruein, pasHoh E = 78 3B. Onpegenute ganHy BoJsIHbI e Bpownna gns
NnpoToHa. OTBeT: A; =3,2 nm.

6. OnpeaennTb HETOUYHOCTb AX B onpepeneHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aTome BOAOPOAa CO
6 .
cKopocTblo v=2,2-10°m/c, ecnn ponyckaemass HeTouyHocTb Av coctasnser 10 % oT e€ Be/nuMHbl. YKasatb,

NPMMEHMMO JIN NOHATUE TPAEKTOPUN B AHHOM C/yyae. OtBeT: Ax= 0,5 Hm.

7. YactTvua HaxoAmuTcA BO BTOPOM BO36YXKAEHHOM cocToAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKHOW L c abCcotoTHO HenpospadHbiMu cTeHkamu (0 < x < L). Onpeaenunts BEpOATHOCTb 0BHaPYKEHMA HacTULbI

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

8. DNeKTPOH BblbMBaEeTCA 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.

9. CKO/IbKO aTOMOB MOJIOHMA pacnafértca 3a CyTki u3 1 msH. aTomos? Mepuog nosypacnaga nonoHna Ty, = 138

OHEN. Otser: AN = 5-10% aTomos.
10. CneaytouLyto AAepHYI0 peakLUMIo HanMwnTe B pa3sepHyTom Buae n onpegenute X: X (t, o) 2 Na .
23
Otser: ;,MgQ.

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

12. HaWti sHepruio agepHbIX peakuuin: 1) fH (p, y);He, 2) fH (d, y);He. Boloenserca uauM norsoliaeTca

3Heprus B 3TUX peakumnax? OTseT: Q; = 19,81 M3B; Q, = 23,85 M3B.
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1. Yemy paBHO OTHOLLUEHME NOTOKOB SHEPIUU, U3/IyHAEMbIX M3 CMOTPOBbLIX OKOLLEK ABYX NAAaBU/IbHbIX NeYei, ecan

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

S; =8 cm”, a Temnepatypa BHyTpM BTOpoi neun T, = 1000 K 1 naowaab CMOTPOBOro OKoLweYKa S, =9 cm™?

OtBeT: n=1,3.

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.

—12
3. AnvHa BoAHbI mM3nyyenma A = 5,4-10 M. Onpegenvtb KOMYECTBO KBAHTOB, COAEPKALUMXCA B MOTOKe
v 18
N3y4yeHnn c sHepruen € = 127 kx. OtseTt: N =3,45-10"" yactumu.

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. Mpw Kakoi ckopocTn V aneKkTpoHa ero aAebpoiieBckan ANMHa BOAHbI ByaeT paBHa: 1) 650 HMm, 2) 3 nm?
Otset: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. DNEKTPOH C KUHETUYeCcKoM aHeprmeit T =4 3B nokanusosaH B obiactn paamepom € = 1 mkm. OueHUTb C
NMOMOLLbHO COOTHOLLIEHMA HEONpeAeNeHHOCTEN OTHOCUTE/IbHYIO HeoNpeaeNeHHOCTb ero CKOPOCTH.

OteeT: Av/v ~ 10-",

v v v o -11
7. INEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEeYHO ryboKoW MoTeHumanbHoOW ame wupuHo d = 10 m ¢
a6CoIOTHO HEMPOHMLL@EMbBIMWU CTEHKaMU. HaiTM HaMMeHbLLee 3HaYEeHNE SHEPTUMN 3/IEKTPOHa.

OtseT: Ejnin=3.7 K3B.

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

9. AKTMBHOCTb A HeKOoToporo u3otona 3a Bpema t = 10 cyTok ymeHbwwmnacb Ha 20 %. Onpepenntb nepuog,
noJsiypacnaga 3Toro nsorona. Orsert: Ty, = 31,4 cyTOK.

10. B 280 2%pp . K
. pe3ynbrate cepun pagnoaKTUBHbLIX pacnaaoB ypaH 92 npespawlaeTca B CBUHEL, 82 . RaKoe

KOJIMYECTBO Oi- U 3 -pacnafoB OH UCMbITbIBAET NPK 3TOM? OTBeT: 8aM6[ .

11. dHeprua cBA3M aapa, COCTOALLENO U3 ABYX NPOTOHOB U OAHOrO HEMTPOHA, paBHa 7,72 MaB. Onpeaenute maccy
HEeNTpPaNbHOro aTomMa, UMeLLEero 3To 84p0. OTtseT: m, = 3,01603 a.e.m.

12. OnpefennTb CyMMapHYHO KUHETUYECKYIO 3Hepruto agep, obpasoBaBLUMXCA B pe3y/ibTaTe peakuum 1630

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

OtBeT: T=6,67 M3B.



