2013__3r4-13-2_ AmaHrenam A.A.

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. ®oToadpdeKT NnponcxoamT nog gencremem msydeHuns ¢ A=0,09mkm. Onpegenuntsb paboTy BbIXOAa 31EKTPOHOB U3
MeTanna, ecnn GOTOTOK NPeKPaLLAETCA NPU 3a4epKMBatoLLeN pasHOCTK noTeHumanos U,=3,8B.

OTtBeT: A,,x=103B.

3. OnpefennTb A/NMHY BOJIHbI GOTOHOB, KOTOPbIE MMEIOT TaKyl e 3HEPruto, YTO M 3/IEKTPOH, MpoLleaLwnii
-7
pa3HOCTb NoTeHuManos 5B. OtseT: A =2,48 10 "' m.

4. Onpepnenntb yron 6, Ha KoTopblii Bbin paccesaH GoOTOH € sHeprnen €,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHETUYeCKasa sHeprma aNeKTpoHa otaayum T,=0,55 MaB. OtseT: 6 ~ 39",

5. Onpenenntb AAUHY BOAHbI Ae Bpoina Ag Ana anexkTpoHos, 6oMbapAmMpyOWNX aHTUKATOA PEHTreHOBCKOM
TPYBKK, ecnm rpaHMLLa CNIOLIHOIO PEHTTEHOBCKOro CNeKTpa NPUXoAMUTCA Ha ANUHY BOJIHbI A = 3 HM.

OTBeT: Az = 0,06 HM.

6. OUEHUTb C NOMOLLBIO COOTHOLLIEHMA HeonpeaeNéHHOCTEN MUHMMANbHYIO KMHETUYECKYIO SHEPIUIO 31EKTPOHA,
v -10
ABUKyLLeroca B obnactu, pasamep Kotopoit L=10"" m. OTseT: Thyin = 3,8 3B.

7. YactMua B OAHOMEPHON NPAMOYro/fbHOM “noTeHuManbHoM aAme” wWupuHOW L ¢ BECKOHEeYHO BbICOKMMU
“cTeHKammn” HaxoguTca B BO3OYKAEHHOM cocTOAHMM (n=2). OnpeaenvTb BepPOSTHOCTb OBHAPYXKEHUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. B uone antna Li™™" anekTpoH nepelnén c ueTBEpTOro sHepreTUYECKOro ypoBHA Ha BTOPOi. OnpeaenuTb AMHY

BOJIHbI A U3/Tly4eHMUS, UCTNYLLEHHOTO MOHOM /INTUS. OTseT: A = 54 Hm.

9. CKO/IbKO aTOMOB MOJIOHMA pacnaférca 3a cyTki u3 1 maH. atomos? Mepuog nosypacnaga nonoxHna Ty, = 138

OHEN. Otser: AN = 5-10% aTomos.

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

- o 207
B -pacnaga 1 onatb a-pacnag. OnpeaenvTe KOHeYHbIM NPOAYKT pacnaja. OtseT: 5, Pb.

11. dHeprua cBA3M aapa, COCTOALLErO U3 ABYX NPOTOHOB U OAHOrO HEMTPOHA, paBHa 7,72 MaB. Onpegenute maccy
HEeNTPaNbHOro aToMa, UMeLLEro 3To AAPO. OTBeT: m, = 3,01603 a.e.m.

12. Aapo atoma nTuA 36Li ~ 3axBaTblBasA AEWTPOH, PacnafaeTca Ha ABe a-4acTuLbl. HanucaTtb AAEPHYIO peaKkLuio

W onpeaennTb SHEPruto, BblAENAIOLLYIOCA NMPU 3TON pPeakuuu. OTtBeT: Q = 22,38 M3B.



2013__3r4-13-2__Anesanos [1.B.

1. Onpenenntb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEM3MEHHOM TeMMepaTypbl Pacn/iaBAeHHOro
Hukenna 1453 °C, ecnv nnowagb ero nosepxHoctu 0,5 em’. CyunTaTtb, YTO U3Ty4YEeHUEe PacnNaBNEHHOro HUKena
NPOUCXOANT MO 3aKOHaM abCcoItOTHO YEPHOTO Tela, NOTEPAMM IHEPTUU NpeHebpeyb. OTBeT: N =
25,2 BrT.

2. OnpenennTb MakCMMaabHYKO CKOPOCTb V., GOTO3/IEKTPOHOB, BblJIETAOWMX M3 MeTanna nog OeUCcTBUEM Y-
o -11 8
N3/1ly4eHUs C AIMHOM BOAIHbI A=0,2 107" m. OTBeT:Vma = 2,68 10° m/c.

3. JaBneHue cBeTa Ha abCcoNOTHO YEPHYIO NOBEPXHOCTb, PACMO/IOKEHHYIO NEPNeHAUKYAAPHO NyYam C AJIMHOM
-7 o 2 v
BOMHbI A=5-10" m, paBHo p=10 mklla. Haintu uncno ¢otoHoB N, nagatowmx 3a t=1 c Ha S=1 cm” 3TON NOBEPXHOCTM.
17
OTtseTt: N=7,55-10"".

4. B pesynbtate addekrta KomntoHa Ha cBo60aHOM 31eKTpoHe GOoToH bl paccesH Ha yroa 1t/3. dHeprua ¢oToHa
0o paccesHus 6bina €,=0,59M3B. OnpeaennTb AANHY BOMHbI paccesHHoro ¢poToHa. OtBeT: A,=3,3 nm.

5. dnekTpoH obnasaeTt KMHeTuyeckon aHeprnent T = 1,02 M3B. Bo CKONbKO pa3 U3MEHUTCA A/IMHA BOJIHbI Ae
Bpoins, ecin ero KNHeTUYECKan SHepPrMa YMeHbLIUTCA BABOE? OTBeT: n =1,63.

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

npu 3TOM HeonpeaenEHHOCTb KOOPAMHATbl AX, ONpeaenAtoLLell MECTONONOXKEHWNE 3/IEKTPOHA?
OTBeT: AX = 1,15 MKM.

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

8. Y Kakoro soopoaonogobHOro MoHa PasHOCTb AJIMH BOJIH MEXAY FO/IOBHbIMU AMHUAMK cepuit Banbmepa m

Nalimana pasHa 59,3HMm? Otset: Z=3, Li*™".
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9. OI'IpE,CI,EﬂMTb BO3pPacCT ApeBHUX AepeBAHHbLIX NpeaAMeTOoB, eC/1In U3BeCTHO, YTO yae/ibHaAa aKTUBHOCTb U30TOMNa C
Y HUX CoCTaBnAaer 0,6 yp.eanoil'l dKTUBHOCTU 3TOro M30TOMNA B TOJZIbKO 4TO CDY6ﬂeHHbIX aepesBbAax. I'Iepmo,u.

nonypacnaga agep e T1/2=5570 ner. OTBeT: t = 4,1-103neT.

o 225 -
10. Pap1oaKTUBHbIN U30TON paans ‘g RA npetepresaet nocneposatensHo B-pacnag, YeTbipe o-pacnaja v elye

Ba B -pacnaga. Kakoii nsoton obpasyetcs B pesynbTaTe 3TOM cepuv pacnazos? Otser: %% Bi
4 p Aa. pasy pesy. pun p 408 ‘g3 .

11. Onpepenute, Kakas HeobxoaMMma aHeprus, YTobbl pasfenuTb A4PO 1§C Ha TP al-4acTULLbI.

OtBeT: E=7,27 M3B.

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

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



2013___3r[4-13-2_ baxtuapos P.P.

2
1. MydenbHasa neyb, noTpebasiowans mowHocTb 1 KBT, nmeet otBepctue naowaapto 40 cm”. Onpeaenvtb 4oAO
MOLLHOCTW, PACcCeMBAEMOM CTEHKaMW Me4yu, ecim TemMnepaTypa ee BHYTPeHHel noBepxHocTu pasHa 1200 K.
CumnTaTb, UTO OTBEPCTME NEYN MU3/1yHaEeT Kak abCcoNOTHO YepHoe Teo. OteeTt: n =0,53.

2. PaboTa BbIxoAa ANA UMHKA Ag.= 3,74 3B. Bo3HuKaeT n $oToaddekT nos AeACTBUEM U3NYYEHUA, NMEIOLLETO
AJMHY BONHbI A=0,5 MKm? OTBeT: Anayx=0,33 MKM; A >Apa = HeT.

3. JneKTpuyeckas flaMna paccymtaHa Ha molwHocte N=45 BT. BblumMcauTb AaBfieHUME NYYUCTON 3SHEPruu Ha
3epKa/ibHYl0 MOBEPXHOCTb C KO3GOULMEHTOM OTparKeHMA p=1, pacnosOKEHHYO HOPMAbHO K NafaloLLMM yvam
Ha paccToAHMU r =1 m OT Namnbl. OTBeT: p=24 Hla.

4. AnvHa BoAHbI A $OTOHaA paBHA KOMMTOHOBCKOM A/iMHE A. aneKTpoHa. POTOH paccesnca Ha cBobogHOM

3N1eKTpoHe Ha yron 8 = 60°. OnpeaennTb SIHEPIUIO U CKOPOCTb 31EKTPOHA OTAAYM.
Otset: £ =0,17 M3B, v = 1,99 10° m/c.

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

6. OnpeaennTb HETOUYHOCTb AX B onpeneseHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aTome BOAOPOAa CO
6 .
cKopocTbio v=2,2-10°m/c, ecnn ponyckaemass HeTouHocTb Av coctasnser 10 % oT e€ BesMuMHbl. YKasatb,

NPUMEHMMO NN NOHATUE TPAEKTOPUMN B AaHHOM Cayyae. OtseT: Ax= 0,5 HMm.

7. B npamoyronbHon “noteHuManbHol ame” WnpuHon L ¢ abcontoTHO HenpoHMLAeMbIMKU “CTEHKaMKU” Haxo4uTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HaliT BEPOATHOCTb HaxXOMKAEeHWA 3TOM uyactmubl B obnactm L/4 < x < 3L/4.
MoAcHUTe OGU3MYECKUIA CMbICA MOAYYEHHOro  pesynbTata, M306pasvB rpaduyeckM NAOTHOCTb BEPOATHOCTU

06HapyKeHMA YacTULbl B LAHHOM COCTOSHUMN. OTtseT: ® =0,818.

8. Bo CKOJIBKO pa3 MU3MEHHUTCS MEPUO/] BPAILCHHUS JIEKTPOHA B aTOME BOAOPOJIA, €CIIH IIPU MEPEX0/e B OCHOBHOE
COCTOSIHHE aTOM M3J1y4ai (GOTOH C [UIMHON BOJAHBI A =97, 5 HM? OtBeT: B 64 paza.

9. AKTMBHOCTb A HEKOTOporo m3otona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpepenntb nepuog,
nonypacnaga 3Toro usortona. Ortsert: Ty/2=31,4 cyTOK.

10. OnpegenunTe, C KAKUM aTOMHbIM A4POM Oblna ocyllecTBAeHa peakuua X + Oln - léel Ba + Sgg Kr +3 Oln.

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

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyK/OHa. Hanmucatb
YypaBHeHVe A4EePHON peakuun U onpesenntb MUHMMAIbHYIO 3HEPruio y—KBaHTa, CNocobHOro BbI3BATb TaKoe

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



2013__3r[-13-2__ Boakos J1.A.

1. MOTOK M3y4eHUsA NepBOM NIABMALHOM MeYyn Yepe3 CMOTPOBOE OKOLIEYKO njowaabo S; = 8 cm’ cocTasnser

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

®,, =51 BT. Yemy paBHO OTHOLWIEHME TEMMEPATYPbI BHYTPU NEPBOM NeYn K TemrnepaType BHyTpW BTOPOM neun?.
OtBeT: n=1,2.

2. Kakoil A/MHbI BOJIHbI CBET C/leyeT HanpaBWUTb HAa NOBEPXHOCTb cepebpa, YToObl MAaKCMMasibHAA CKOPOCTb

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

OtseT: A =2,55 107 m.

—12
3. AnvHa BoAHbI mM3nyyenma A = 5,4-10 M. Onpenenvtb KOMYECTBO KBAHTOB, COAEPKALUMXCA B MOTOKe
o 18
N3ny4yeHna c aHepruen € =127 kKx. OTtseT: N =3,45-10" yactuu,

4. OnpeaenuTb CKOPOCTb 3NEKTPOHA oTAaumn npu adpdekte KomntoHa, ecam GOTOH C 3Hepruels, PpaBHOM 3Heprmum
8
NMOKOS 3/1EKTPOHa, Hbln paccesH Ha yron 6 = 180°. Otset: v = 2,4 10° m/c.

5. Onpe,qenMTe, NPn KakoOmM 4YNCNOBOM 3HAYE€HUUN KMHETUYECKoM Heprmm T ANVHa BOJIHbI e BpOVIﬂﬂ 3/1EKTPOHa

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

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

o o o o o -10
7. HelTpoH HaxoguTcA B OAHOMEpPHOM 6eCKOHeYHOo ryboKon noTeHumanbHoW Ame wupuHo d = 107 m C
abCoMIIOTHO HenpoHMUAeMbIMU CTEHKaMW. HaiguTe HauMMeHblUylo PasHOCTb ABYX COCEAHWX 3SHEepreTUYecKux
YPOBHEN HEMTPOHaA. OtserT: AE,,;, = 0,062 3B.

8. ®oToH c aHeprueint E = 12,12 3B, nornoweHHbIM aToMoOM BOAOPOAA, HAXOAALMMCA B OCHOBHOM COCTOAHMUU,
nepeBoANUT aTOM B BO3OYKAeHHOe cocToAHUe. OnpeaennTb raBHOE KBaHTOBOE YMC/I0 3TOFO COCTOSIHUA.
OTBeT: n=3.

9. OnpeaennTb, CKObKO AL4ep PaaAn0aKTUBHOMO M30TOMNa BUCMYTA 2§§Bi macco m =1 mr pacnagérca B TeueHune

t =35 yvacos. lNepuopa nonypacnaga Ty, = 5,02 cyTok. OTtBeT: AN = 5,23-1017.

10. B pesynbTaTe CepuN PaaMOaKTUBHbIX PacnazgoB Topuit o Th npespawaetca 8 Tanauit "o T1 . Kakoe
- B pesy. pun paj, p A p 90 pespaly, gr!l-

KOJIMYECTBO Oi- U 3 -pacnafos OH UCMbITbIBAET NPW 3TOM? OTset: 70150

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

OtBeT: E = 20,58 M3B.

12. OnpefennTb CyMMapHYI0 KUHETMYECKYIO SHepruio saep, 06pasoBaBLUMXCA B pe3y/bTaTe peakuun 163C

(d, oc)lslB , €C/IN KMHETUYECKan SHeprus AenTpoHa pasHa 1,5 M3B. Aapo-mulleHb cuMTaTh HEMOABUMKHBIM.

Otset: T=6,67 M3B.



2013 3rA-13-2_ Tanuakb6epos [.A.

v " 2
1. HanTK, KaKoe KONMYecTBO 3Heprum B 1 ¢ u3nyvaeT abcontoTHO YEPHOE TENO C MOBEPXHOCTU MowWwaabio 1 cm”,
€C/IN U3BECTHO, YTO MaKCMMaAJIbHasA CMEeKTPasibHaA MAOTHOCTb €ro SHepPreTUYecKoi CBETUMOCTU MPUXOAMUTCA Ha

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

2. Onpeaenvtb MakCMMAJIbHYHO CKOPOCTb POTOSNEKTPOHOB M KPACHYHO rpaHuLy ¢oToaddeKTa, ecnm 3n1eKTPOoHbI

BbIPbIBAOTCA C NOBEPXHOCTU HUKENs yAbTPadMONETOBbIM U3yYEHUEM C A/MHOM BOAHbI 0,2MKM. PaboTa Bbixoaa
5

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

-11

3. OnpegenuTe aHEPruto € U UMNYIbC P GOTOHOB ANA NyYel ¢ AAMHAMKM BOAH: 1) A= 3,5:107 " m; 2) A= 2,34'10_8M.

OtBeT: €, = 35,5 K3B; p; = 1,89-10" kr-m/c;e, = 53 3B; p, = 2,83-10"°° kr-m/c.

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. HaliouTe oaivHy BONHbI Ae bpoina sanekTpoHa, ABMKyLLeroca co ckopocTbto V = 0,3-c, rae ¢ — CKOpocTb CBeTa.
-12
OtBeT: A\;=7,7:10 " m.
. -8
6. AnutenbHOCTb BO3BYKAEHHOMO COCTOAHMA aTOMa BOA4OPOAA COOTBETCTBYET NpumepHo At =107 c. OnpegennTb
. -8
HeonpeaenéHHOCTb SHEPTMN B 3TOM COCTOAHUMN. OTseT: AE 2 6,6-10 "~ 3B.
-12

7. DNEeKTPOH HaxoauTca B OLHOMEPHON 6GecKOHeyHo ryboKon noTeHuumanbHoW Ame wupuHon d = 107 m.
Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTETUYECKMX YPOBHEN. OTtset: AE,;,=1,1 M3B.

8. HaiiTi »Hepruro MOHM3AIUHM BOAOPOJOIOAOOHEIX MOHOB, B CIIEKTPE KOTOPHIX JUIMHA BOJHBI TPETHEH JTHHUU
cepun banbmepa paBHa 108,5 HMm. OtseT: E;=54,4 3B.

90

9. OnpeAaennTb NOCTOAHHYIO A PaAMOaKTMBHOTO pacnaga CTPOHUMA .

Sr. Kakan A0NA OT NnepBOHA4YaNbHOrro 4Yncna

aTomoB pacnagaetca 3a 10 net? MNepuog nonypacnaga 28 ner. OTBeT: A = 7,85~10’10 c’l; 22%.

235 L 215
10. B pesynbTaTe cepum paAMoaKTUBHbIX pacnagos ypaH ‘g, U npespalaetcs 8 nononuit 5, PO . Kakoe

KO/JIMYecTBO Oi- U 3 -pacnafoB OH UCMbITbIBAET NPU 3TOM? OteT: 5012

11. OnpenenuTte sHepruto CBA3M ANA A4pa atToma 1213Na. OTtBeT: E; = 186,56 M3B.

12. OnpenenunTb SHEPrUIo AAEPHOI peakunm fBe (p, &) 36 Li, aapo-muweHb fBe CYMTaTb HEMOABUNKHbIM.

OtBeT: Q =2,13 M3B.



2013 3rA-13-2_ mbagynnuu P.P.

1. MowHoCTb n3nyyeHna abcontoTHO YepHoro Tena paBHa 34 KBT. HailTu TemnepaTtypy sTOro Tena, ecim U3BecTHO,
2
4YTO ero NOBEpPXHOCTb U3NyYeHuA pasHa 0,6 m”. OTgeT: T = 1000 K.

2. Ha umHkKoByo nnactuHy (Ag..=3,74 3B) HanpaB/ieH MOHOXPOMATUYECKUI NYy4OK cBeTa. POTOTOK Npekpalwaercs

npu 3afepXuBaroliert pasHocTM noTeHumanos Us=2 B. Onpegenvtb AJIMHY BOJIHbI A CBeTa, NajatoLero Ha
-7

NNaCTUHY. OteT: A=2,16 10" m.

3. CBeToBOM MNOTOK C MOLWHOCTbIO M3nydyeHuAa N=2,3 BT nagaeT HOPMa/NbHO Ha 3epKasibHYyl MOBEPXHOCTb.
o -8
Onpepenntb cuay AaBAEHUA, UCMbITbIBAEMYHO STOM NOBEPXHOCTbIO. Otset: F=1,5-10"H

4. Ha Kakoi yron 6bin1 paccesH GOTOH C 3Heprueit €, = 1,36 M3aB Ha cB0O604HOM 3/1EKTPOHE, EC/IM KMHETUYECKAS

3Heprua oTAauun aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: 6 = 51°.

5. DnekTpoH obnagaer KMHeTudYeckon sHepruen T = 1 KaB. Onpeaenute ganHy BOAHbI Ae bpoiinsa gna Takoro
3/1eKTPOHA. OTBeT: Ag = 38,8 nm.

6. DNEKTPOH C KMHEeTUYecKom aHeprmel T = 15 3B HaxoguTca B MeTanMyeckol NblanHke guametpom d = 0,5 mkm.
OLEHUTb OTHOCUTENbHYI0 HETOYHOCTb AL/V, C KOTOPOI MOXKET BbITb ONpeaeneHa CKOPOCTb 3/EKTPOHaA.

OTBeT: Av/v ~ 10,

v v o o -11
7. INEKTPOH HaxogMTcA B OAHOMEPHOW OECKOHEYHO ryboKoW MoTeHuManbHoM Ame wupuHon d = 10 m c

abcontoTHO HENPOHWUAEMbIMU CTEHKaMWN. HaliTn HaumeHbLUee 3Ha4YeHne SHEPIrnUn 3NEKTPOHa.

OTBeT: Enin= 3.7 k3B.

8. Onpeaenntb AJ/IMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOI CMEKTPanbHON MHWKM B cepumn MMaweHa ans atoma

BOZOpOAA. OteeT: A =1,28 MKMm.

9. HainTm maccy pafoHa, aKTMBHOCTb KoToporo pasHa 1 Kiopu = 3,7~107 pacn/c. Mepuoa nonypacnaga paaoHa
Ty2=3,8 AHA. OteeT: m = 6,5-10 " kr.

1 104 132 1
10. OnpegennTe, C KAKUM aTOMHbIM A4POM bBblna ocyllecTBieHa peakuma X + oN = 4y Mo + 50 Sn +3 on.

238
Otset: ‘g, U .

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

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

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



2013 3rA-13-2_ TmnbmaHos A.@.

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. Onpepenntb MAaKCMMA/IbHYIO CKOPOCTb, KOTOPYHD MOMKET NOJIYY4UTb I/IEKTPOH, BbIPBAHHbIE M3 NAATUHbLI NOA,
[EeNCTBMEM U3NIYYEHUA C A/IMHOM BOAHbI A =203HM. PaboTa BbIxoAa 3neKTpoHa Ag,, =5,293B.

OteeT: Vo 5,4-10° m/c.
3. 3Heprua ¢poToHa 1,2 M3B. Onpegenute umnyabc GoToHA. Kakoro Tmna aTo usnyyexHue?
OTBeT: p = 6,4-10'22 Kr-m/c; y-usnyyeHue.

4. ®OTOH C A/IMHHOM BOAHbI A;=10 nm paccesnca Ha CBOGOAHOM 3/IEKTPOHE, NpuYém yron paccesHus 0=m/4.
Onpeaenntb AJIMHY BOJ/IHbI pacceAHHOro GOTOHa W Ero SHEPruio. OtBeT: A=10,7 nm; € =0,116 M3B.

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

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems XU3HM aToMa B BO3OYKAEHHOM
-8 o
coctosHun 10 c¢. OnpeaennTte OTHOLIEHME €CTECTBEHHOW LUMPUHbI 3HEPTeTUYECKOrO YPOBHA K 3Hepruw,
o 8
U3/ly4eHHOMN aTOMOM. OtseT: AE/E ~3-10-".

7. DNEeKTPOH B OZHOMEPHOW NPSAMOYronbHOM “noTeHumanbHol ame” wupuHoW L c 6ECKOHEYHO BbICOKMMM
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHUA SNEKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

8. 9J'IGKTpOH BBEIOMBAeTCs M3 aToMa BOJOPOJA, HAXOAALICTOCd B OCHOBHOM COCTOSIHHH, q)OTOHOM C 3H€p1“PICI>i

17,7 3B. Onpenenuts CKOPOCTh AJIEKTPOHA 32 MpeieaMH aToma. Otset: v =1,2-10° m/c.
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9. OnpesennTb NepuoA nonypacnaga BUCMyTa ‘o,

Bi, ecnv nsBectHo, 4TO BUCMYT Maccoi m = 1 r BbibpacbiBaeT

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

10. B pe3ynbTaTe cepunu pagmoaKkTUBHbIX PacnafoB pagui 25: Ra npespauyaetca B cBuHey, 2:3)27 Pb. Kakoe

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

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

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

12. ippo Gopa ')B 3axBaTblBaeT HEMTPOH, B Pe3y/ibTaTe Yero noayvaetca AApo amtua [Li v reaua. Hanuwure

A0epHy0 peakumto. Kakasa sHeprus BbIcBObOXKaaeTca B HE? OTtseT: Q = 2,79 M3B.



2013__3r[d-13-2_ ToptoHoB A.B.

1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MaAKCMMYM CMEKTPaibHOW MAOTHOCTM 3HEPreTUYEecKoW CBETMMOCTM

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. PaboTa BbIXO4a 3N1EKTPOHA C MOBEPXHOCTU Ue3nsa paBHa A, =1,89 3B. C KaKol CKOPOCTbIO BblETaloT
3N1EKTPOHbI U3 LLe3UA, eCIM MeTaIll OCBELLEH KENTbIM CBETOM C A/IMHHOMN BOAIHbI A=0,589 MKm?

OTBET: Vo= 2,76 10° m/c.
3. Onpeaenute 3HEPIUI0 € M UMMYAbC P KBaHTa M3/y4eHMA C AJIMHOMN BOMHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2-10_28 Kr-m/c.

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

5. HailgmTe anuHy BosiHbI Ae bpolina A ans anekTpoHa, o61agatolLero KUHeTMYecko sHepruen E, = 3 MaB.
OtBeT: A =0,36 nm.

6. DNEKTPOH C KUHETUYECKoM aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbO COOTHOLLIEHMA HEONpPeAeNeHHOCTEN OTHOCUTENbHYIO HEONPEAENEeHHOCTb ero CKOPOCTH.

OteeT: Av/v ~ 10-",

1/2
)

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

NPAMOYTO/IbHOM fALUMKE LWMPUHOM L. BbluMcante BEpOATHOCTb HAXOXKAEHMA YACTULLbI B Manom UHTepsane AL=0,01L
B cpeaHen vactu AuwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKUIA CMbICA MONYYEHHOro pesynbTaTa,
n306pa3uns rpadpuyeckm NAOTHOCTb BEPOATHOCTU OBHAPYKEHMA YacTULLbl B JaHHOM COCTOAHUM.

Otset: ® = 0,02.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUM, COOTBETCTBYIOLLLEN Nepexoay 3/1eKTpoHa B aToMe BoAopoAa C
LIECTOro 3HepPreTMYECcKoro YpoBHA Ha BTOPOM. K KaKoW cepumn OTHOCUTCA 3Ta /IMHMA M KaKaa OHa Mo CYETY B 3TOM
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

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

OtBeT: AN = 1,67-105 aTOMOB.

10. CneaytolLyto AAepHYI0 peakLMIo HanMwnuTe B pa3sepHyTom Buae n onpegenute X: X (t, o) 2 Na .

23
Otser: ;,MQ.

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

12. OnpefenvTb 3HEPruio A4EPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO 3Heprus CeA3n agpa fBe

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



2013__3r4-13-2_ Tyces A.B.

v 5 o -
1. MowHocTb n3nydeHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HallTn naowaap vsnyyatowein nNoBepxXHOCTU
TeNa, ecnn M3BEeCTHO, YTO [AJIMHA BOJIHbI, Ha  KOTOPYK MPUXOAUTCA MAKCMMYM CMEKTPasbHON NAOTHOCTU

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

2. KaKyro MaKCMMalbHYIO CKOPOCTb MOTYT NOJIY4UTb BbliPpBaHHbIE U3 KaAUA SNEKTPOHblI Npu o6nyL|eva| ero

YNbTPapUONETOBbIM CBETOM C AJIMHHOM BO/IHbI A=0,2MKM? PaboTa BbiXxoAa A4 Kanusa paBHa A, =2 3B.
6
OTBeT: Viax= 1,22 10° m/c.

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

4. OnpeaennTb 3HEPruto, NPUXOSALLYIOCA HA SNEKTPOH oTAaum npu adpdekte KomnToHa, ecnm paccesHne GpoOToHa
npoucxoauT Ha yron 8=m/3? dHeprua ¢poToHa Ao pacceaHms £,=0,46 M3B. OTtset: T, =0,14 M3B.

5. DIeKTPOH, HayaNbHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPOLLIEN YCKOPAIOLWYO Pa3HOCTb NOTEHLMAOB
U =511 kB. Hangute ganHy BonHbl ge bpoiina ans aToro afieKTpoHa. OtBeT: A\; = 1,4 nm.

6. CpegHee Bpems XU3HW aToMa B BO36YKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, cpefHAA AAMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemow CneKkTpasbHOM IMHUK, ECU HE MPOUCXOAMT YIUMPEHUA IMHUM 33 CHET
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

7. DNEeKTPOH HaxoauTca B 6ECKOHEYHO rNy6OKOM O4HOMEPHOM NPSAMOYTro/IbHOM NOTEHLMWA/bHOM fLLMKE WNPUHOM
I. BbluMCAUTE BEPOATHOCTb TOrO, YTO 3NEKTPOH, HaxoAAwMmica B BO3BYKAEHHOM cocToaHuM (n=2), 6yaet

0obHapyKeH B cpeaHein TPeTu ALLMKa. OTtseT: ® =0,195.

8. BbluMcAMTb MocToAHHYI0 Puabepra R’, ecam M3BECTHO, YTO ANnA MOHOB reama He™ pasHocTb AnMH BoH Mexay

roNI0BHbIMM IMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OTtseT:R' = 1,097'107 M.

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

OtBeT: A = 2,3-10_6 ct

210 _
10. Appa pafMoaKTMBHOIO U30TOMNA TaNAuA 81-|'| npeTepnesatoT Noc/ieA0BaTeNbHO TpU B -pacnaga v oanH

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

11. KaKyto HaMMeHbLUYIO 3HEPTUIO HYXKHO 3aTPaTUTb, YTO6bI Pa3aennTb A4P0 ;‘He Ha Z1Be O4MHAKOBbIE YacTy.

OtBeT: E = 23,85 M3B.

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

OTBeT: Q=1,57 M3B.



2013__3r4-13-2_ [asnetos A.A.

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. Ha noBepxHOCTb Ka/ina nagaeT yabTpadpuoneToBblit CBET C ANMHON BOAHbI A = 0,04 MKM. Onpeaenuntb BEIMYNHY
33EPKMBAOWEN PA3HOCTM MOTEHLUMANOB, KOTOPYK HYXHO MNPUAOKUTL K (GOTO3NeMeHTy, 4Tobbl ¢GOTOTOK
npekpatuaca. PaboTa Bbixoaa Ag.x = 2 3B. OtBeT: U, = 29B.

o -19 o
3. Onpegenute panMHy BONHbI $OTOHA, obnagawowero sHeprmert  2,5-10°° K. K KaKoM 4Yactm cnekTtpa
NPUHAANEXUT 3Ta A/IMHA BONHbI? OtBeT: A =0,796 MKM; KpacHaa 4acTb BUAMMOIO CMEeKTpa.

4. ®OoTOH paccessica Ha CBOBOAHOM 3/1EKTPOHE, U3MEHEHME O/INHbI cocTaBnseT AN = 1,44 nm. Onpegenntb yron
pacceaHus ¢poToHa. OTBeT: 6 = 66°.

5. MpoToH ob6nagaeT KMHETUYECKOW sHepruei, pasHoh E = 78 3B. Onpeaenute anuHy BoJsiHbI Ae Bpoiina ans
NPOTOHa. OTBeT: A\; =3,2 nm.

6. OnpeaennTb HETOYHOCTb AX B onpeneseHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aTome BOAOPOAa CO
6 .
cKopocTblo v=2,2-10°m/c, ecnn ponyckaemass HeTouHocTb Av coctasnser 10 % oT e€ BesnuMHbl. YKasatb,

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

7. YacTiua HaxoguTCs BO BTOPOM BO3BYXAEHHOM cOCTOAHMM (N = 3) B OAHOMEPHOM MOTEHLMANbHOM ALUKE
WKMpKHOM L c abcontoTHO Henpo3spayHbiMm cTeHKamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHaPYKEHUS YacTuLbl
B CpeaHeln TpeTu AlWmKa. OtBeT: ®=0,33.

8. Ompenenuts YHePTruto (OTOHA, COOTBETCTBYIOIIYIO CaMOW JITHHHOBOJHOBOW JTHMHUU cepru JlafimaHa.
OTseT: 10,2 5B.

9. OnpegenuTe nepuog noaypacnaga Ti/, PaAM0aKTUBHOIO M30ToNa, ecn 5/8 HauaNbHOro KONWYECTBa ALEpP STOro
M30TONa pacnanocb 3a spema t =849 c. OtBet: T1/2= 10 MUH.

10. Cneaytolyto AAepHYI0 peakLMIo HanuwnTe B pa3sepHyTom Buae n onpegennte X: X (p, o) 2 Ne .
23
Orser: ;;Na.

11. Onpepenute aHepruto E, KOTOPYIO HY)KHO 3aTPaTUTb A4/19 OTPbIBA HEMTPOHA OT AAPA ffNa.

OtBeT: E=12,41 M3B.

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

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



2013 3r4-13-2_ Nombaesa A.A.

1. A6contoTHO 4YépHoe 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. Ha meTannuyeckylo NNacTMHy HanpasaeH MNy4yok ynbTpaduonetoBoro usaydeHusa (A=0,25 mKm). PoTOTOK
NnpeKkpalaeTca Npu 3ajepuBatollern  pasHoctM noTeHumanos Us=0,96 B. Onpegenntb paboTy Bbixoga A
3N1eKTPOHOB N3 meTansna. OTBeT: A,.x= 4 3B.

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

4. ®dotoH npu adpdekte KomntoHa paccesnca Ha cBO6OAHOM 31eKTpoHe Ha yron /4. OnpepenvTb 3HEpruto
nagatolero ¢oToHa, eciv ANMHa BO/HbI pacceaHHoro ¢potoHa A,=11,3nm. OTBeT: €,=0,12M3B.

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

6. OLEeHUTb C MOMOLLIO COOTHOLIEHUA HeonpeaeNEHHOCTEN MUHUMAbHYIO KUHETUYECKYIO SHEPTUIO 3/IEKTPOHA,
JIOKann3oBaHHoro B 061actu pasmepom L = 0,20 Hm. OTseT:
Tmin = 1 3B.

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

abcontoTHO HeNPOHWUUAEMbIMU CTEHKaMWN. HaliTn HaumeHbLUee 3HaYeHne 3HEPIrnn aNEKTPOHa.

OtseT: Ejnin=3.7 K3B.

8. BbluMCAUTbL NOCTOAHHYIO Puabepra R’, ecnn M3BecTHO, UTO AnA MOHOB renna He' pasHocTb AnunH BoMH Mexay
o o 7 1
roNI0BHbIMM MMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OteeT: R'=1,097'10" m~.

9. MNpenapaTt U**® maccbl 1,0 r nsnyyaetr AN = 1,24-104 o-4acTuy, B cekyHay. Hantm nepuog nonypacnaga 3Toro
M30TOMNa M aKTMBHOCTb NpenaparTa. OtseT: Ty = 4,5-109neT; A= 1,24-104 pacn./c.

10. OnpegenuTe, C KAKUM aTOMHbIM AAPOM Oblna ocyllecTBNeHa peakumsa X + Oln - 1:2 Xe + §§Sr +2 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 AA4PO. OTtBeT: m, = 3,01603 a.e.m.

12. OnpegenuTe, Kakasa sHeprusa Heobxoanma, YTobbl pasgennTb A4pPo fBe Ha ABe a-4acCTMLbl U HEUTPOH.

OtBeT: Q=1,57 M3B.



2013__3r4-13-2_ _Eneycusos A.M.

1. CKONbKO 3HEprum msnyyaer abCoNOTHO YepHoe Teno 3a Bpema t = 2 ¢, NIowWaab CBETALLENCA NOBEPXHOCTM
2
KOTOPOro S =3 cM*, eC/IM MaKCMMYM 3HEPrMM B €ro CNeKTpe U3NyYeHUsa NPUXOANUTCA Ha AANHY BOHbI Ay, = 750 HM?

OtBeT: AE = 7,6 KIXK.

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

3. OnpeaennTb sHEepPreTUYecKyo ocBewEHHOCTb (061y4EHHOCTL) E. 3epKanbHOM NOBEPXHOCTU, €CU AABNEHUE P,
npoussoaMMmoe nsnydeHmem, pasHo P=80 mkla. U3nyyeHne nagaeT HOPMANbHO K MOBEPXHOCTMH.

Otset: E, =1,2 10 Br/m’.

4. ®oToH npu apdpekTe KomntoHa 6bia paccesH Ha CBOBOAHOM 31eKTPOHe Ha yron 6=m/2. OnpeaennTts AANHY
BOJIHbI paccesHHOro GoToHa, eciiM 3Heprua GoToHa Ao pacceaHua bbina £,=1,08 M3B.

OtseT: A=3,58 10 %m.
5. Haigute gnuHy BosiHbl Ae bpolina A gns anekTpoHa, ob6n1afatolero KUHeTM4Yeckon sHepruen E, = 3 MaB.

OtBeT: A =0,36 Nm.

6. CpegHee Bpems U3HWM aTOMa B BO36YKAEHHOM COCTOAAHUM COCTaBNSAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOPMa/sbHOE COCTOAHWE ucnycKaeTcAa (OTOH, cpefHAA AAMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUK, eCU HE MPOUCXOAMT YLUMPEHUA IMHUM 33 CHET
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

v o o o o -10
7. HelTpoH HaxopuTcAa B OAHOMEpPHOM 6ecKOHeYHo r1yboKoi noTeHumanbHoW Ame wupuHon d = 107 m C
abCoMIIOTHO HenpoHMUAeMbIMU CTEHKaMW. HaiguTe HauMMeHblUylo PasHOCTb ABYX COCEAHWX 3SHEepreTUYecKux
YPOBHEN HEMTPOHaA. OtserT: AE,,, = 0,062 3B.

8. Bo CKOJNBKO pa3 M3MEHUTCS IEPHO/]] BPAIICHUS JIEKTPOHA B aTOME BOAOPOJIa, €CIH P Mepexo/ie B OCHOBHOE
COCTOSIHME aTOM H3JIy4al (pOTOH C JUIMHOH BOJMHEI A =97, 5 HM? OtBer: B 64 pasa.
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9. BbluncAUTb yaenbHble akTUBHOCTU M30TOMNOB Mpuama ~ Ir u ypaHa U, nepuoabl nonypacnaza KOTopbiX PaBHbI
8
COOTBETCTBEHHO 75 cyToK 1 7,1-10° ner.

OteeT: Ay = 3,35-10" pacn/c-Kr; A= 7,93-10" pacn/c-kr.

242 260 1
10. Onpegenute, € KaKMM aTOMHbIM AAPOM Bblna ocylecTeneHa peakumua X+ g, Pu —» 104 Ku + 4,N.

2
Otset: ;5 Ne.

11. Onpegenute aHepruto E, KOTOpYo HYXKHO 3aTPATUTL A/1A OTPbIBA HEMTPOHA OT AApPa ;‘He.
OtBeT: E =20,58 M3B.

12. Aapo atoma AnTua ,fLi _ 3axBaTblBasA AEWTPOH, pacnafaeTca Ha ABe a-yacTuubl. Hanucatb AAepHYo peakumio

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



20133l [4-13-2_ *Kamankyn K.E.

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

2. Mpn nccnepoBaHun ¢otosaddeKkTa € NOBEPXHOCTU HATPMA OblAM NMOAYYEHbI AaHHbIE: MPU YAcTOTE WU3/yYEeHUs
14 v 14

vy = 6,92 107 Ty 3agepxuBatowmin noteHuman U, = 1,02 B, a npu yactote um3nydeHusa v, = 7,41 107 Ty

3a4eprKmBatowmii noteHuman U, = 1,22 B. Micnonb3ya 3Tn AaHHble, ONpeaennTb 3HaYeHMUe NoCcTosHHOM NnaHKa.

Otset: h=5,9 10 X c.

v 2
3. CBeTOBOW NOTOK MOLWHOCTbIO N=9 BT HOpMasibHO NaZaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoadpduuneHT
oTpaxeHus kotopoi p=0,8. Kakoe AaBieHNe UCMbITbIBAET NPM 3TOM AaHHAA NOBEPXHOCTL? OtBeT: p=54 mkla.

4. ®OTOH C ANMHOM BOAHbLI A; = 4,3 nNm paccesanca Ha cBob6OAHOM 3/1eKTpoHe. Yron paccesHusa coctasun 1/2.
Onpeaenntb SHEPruio pacceaHHoOro GoToHa M SHEPTUI0, NPUXOAALLYIOCA Ha NEKTPOH OTAAuM.

OtBert: €' =0,185 M3B; T.= 0,106 M3B.

5. DNIeKTPOH, HayaIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, NPOoLIen YCKOPAOLWY Pa3HOCTb MOTEHLMAIOB
U =511 kB. Haitaute anvHy BosiHbI ge Bpoiinsa ana sToro snekTpoHa. OtBeT: A\; = 1,4 nm.

6. AnnHa BOAHbI U3ny4aemoro atomom ¢GoToHa coctaBnsieT 0,6 MKM. Bpemsa XU3HM aToma B BO3OYXKAEHHOM
_8 o
coctoaHun 10~ c. OnpeaennTte OTHOLWIEHME eCTeCTBEHHOW LWMPUHbI 3SHEPreTUYEeCKOro YPOBHA K 3Hepruw,
o 8
U3/ly4eHHOMN aTOMOM. OtseT: AE/E ~3-10-".

7. B npamoyronbHon “noteHumanbHol ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTEHKaMKU” Haxo4uUTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HaliTV BEPOATHOCTb HaxOMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MosicHUTe U3MYECKUI CMbICA MNONYYEHHOro  pesy/abTaTa, M306pa3uB rpadMyeckn NAOTHOCTb BEPOATHOCTU
obHapyKeHua YacTuLbl B JA@HHOM COCTOAHUM. OTBeT: ® =0,818.

8. Y Kakoro sofopoaonoAobHOro MoHa pasHoOCTb AJIMH BOJIH MEXAY FONOBHbIMM AVHMAMKU cepuin Banbmepa m

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

9. HaiiTn akTBHOCTb 1r pagua, ecau ero nepuog nonypacnaga Ty, = 1620 ner. OTBeT: A= 3,7-1010 pacn./c.

10. B pe3ynbTaTe cepun pagmoaKkTUBHbIX pacnagos HenTYHUMN 237N npespawaeTca B BUCMYT 2OgBi Kakoe
. B pesy pum pag, pacnag, y 93 NP npespauy yT ‘g3 BI.

KOJIMYECTBO Oi- U 3 -pacnafoB OH UCMbITbIBAET NPK 3TOM? OTBeT: 70014,

11. Onpepenute, Kakas HeobXoaMMa 3Heprus, YTobbl pasaenvTb A4PO 1§C Ha TP al-4acTULLbI.

OtBeT: E=7,27 M3B.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWI MOMET paclLenuTbCa Ha ABa HyKAOHa. HanucaTtb
ypaBHeHWe A4EpHON peakuun U onpesenntb MUHWMANbHYIO SHEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

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



2013 3r4-13-2_ KanauH A.A.

1. ABCONOTHO YEpPHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena A/IMHA BOJIHbI,
COOTBETCTBYIOLLAA MaKCUMYMY CMEKTPAsIbHON NAOTHOCTU SHEPreTUYECKON CBETUMOCTU, U3MEHUIACH Ha AA
=4 mkm. Onpegenntb Temnepatypy T,, 4,0 KOTOPOI OXNaANAOCH TeNo. OtseT: T, = 580 K.

2. PaboTa BbIXxOAa 31EKTPOHOB C NOBEPXHOCTM HATPUA paBHa Ag.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. CBeTOBOW MOTOK MagaeT HOPMa/NbHO Ha MOBEPXHOCTb C KOapdpuUMeHTOM oTparkeHua p=0,6, Npu 3TOM OH

npoussoamnT aasneHune p=0,2 MNa. OnpeaennTb 3HEPreTUHECKyH OCBELLEHHOCTb NOBEPXHOCTU.
2
OtseT: E.= 37,5 MBT/m

4. Ha Kakoit yron 6bin paccesH GOTOH C 3Heprveit €, = 1,36 MaB Ha cB060AHOM 3/1EKTPOHE, €C/IM KMHETUYECKAS
3HEeprma oTAaumn aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: B = 51°.

5. Onpegenutb AAvHY BOMIHbI Ae Bpoina Ag 4n8 371eKTPOHOB, 60MBapAMPYIOWMX AHTUKATOL PEHTreHOBCKOWM
TPY6KM, ecam rpaHmLa CNAOLWHOMO PEHTIEHOBCKOrO CNeKTpa NPUXOAMUTCA HA AJIMHY BOHbI A = 3 HM.

OtBeT: Ag = 0,06 HM.

" -8
6. JAnTenbHOCTb BO36YKAEHHOMO COCTOAHMA aTOMa BOAOPOAA COOTBETCTBYET NnpumepHo At =10 c. OnpegennTb

. -8
HeonpeaenéHHOCTb SHEPTMN B 3TOM COCTOAHUMN. OTseT: AE 2 6,6-10 "~ 3B.

7. YacTiua HaxoguTcs BO BTOPOM BO3BYXAEHHOM cOCTOAHMM (N = 3) B OAHOMEPHOM MOTEHLMANbHOM ALUKE
WKMpKHOM L c abcontoTHO Henpo3payHbiMm cTeHKamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHAPYKEHMA YacTULLbI
B CpegHel TpeTu AWmKa. OtBeT: ®=0,33.

8. 9J'IGKTpOH BBEIOMBAeTCs M3 aToMa BOAOPOJA, HAXOAALICIOCd B OCHOBHOM COCTOSIHHU, q)OTOHOM C BHSPFHCﬁ

17,7 3B. Onpenenuts CKOPOCTh AJIEKTPOHA 32 MpeieaMH aToMa. Otset: v =1,2-10° m/c.

9. CKO/IbKO a-4acTuy, BbibpacbiBaeT Topuit 2:’g;f)Th maccon m=1kr3a t=1roa? Nepnog nonypacnaga ropua Ty,

=1,39-10" ner. OteeT: N, = 1,29-10°.
10. CnegyoLLyto A4EPHYIO peakLMIo HanMWmnTe B pa3BepHYTOM BMAE U onpegenute X: Al (at, n) X.

OTser: 132 P.
11. Onpepenute aHepruio E, KOTOPYIO HYXKHO 3aTPATUTL AN1A OTPbIBA HEMTPOHA OT AApa ffNa.

OteeT: E=12,41 M3B.

12. Apgpo atoma AUTUA 37Li 6ombapanpyroTca NPOTOHAaMK, KUHEeTU4Yeckasa 3Heprua Kotopbix 1,4 MaB.

Obpasytolwmeca nNpu 3Tom ABe a-4acTULbl NETAT C OANHAKOBOM CKOPOCTblo. OnpesenmTe KMHETUYECKYHO SHepruto
KaXXaom a-4acTuubl. OteeT:T=9,37 M3B.



2013__3l4-13-2__ Kapumos A.A.

1. A6CONOTHO 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. 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.

o . 2
3. Onpeaenntb KoabdULMEHT OTPaXKEHMSA p MOBEPXHOCTU, €CAIU NPU dHepreTMyeckon ocseléHHocT E.=150 BT/m
AaBneHue CBeTa Ha Heé okasanocbk P = 0,65 mka. Otset: p=0,3.

4. AnvHa BoAHbI A $OTOHa paBHA KOMMNTOHOBCKOM A/IMHE A. 3neKTpoHa. POTOH paccesnca Ha cBobogHOM
3NeKTpoHe Ha yron 8 = 60°. OnpeaenvTb SIHEPIUIO U CKOPOCTb 31EKTPOHA OTAAYM.

Otset: £ =0,17 M3B, v = 1,99 10° m/c.

5. DNeKTpoH obnagaeT KuHeTudeckon aHeprmeid T = 1,02 M3B. Bo CKONbKO pa3 U3MEHWUTCA AJIMHA BOJIHbI Ae
bpoiina, ecnn ero KUHETUYECKAA SHEPIUs YMEHbLIUTCA BABOE? OTBeT: n =1,63.

6. OUEHMTb C MOMOLLbI0 COOTHOLIEHMA HEoMNpPeAeNEHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/IEKTPOHA,

ABUKyLeroca B 061actu, pasmep Kotopoi L= 107 m. OTtseT: Trin = 3,8 3B.

7. BonHoBas ¢yHKUMA ‘P(x)=(2/L)1/zsin(nx/L) OMNUCbIBAeT OCHOBHOE COCTOSIHME YacTuubl B 6ECKOHEYHO rnyboKkom
NPAMOYroZIbHOM fiLLMKe WUpPUHOIM L. BblumMcinTe BePOATHOCTb HAaXOXAEHMUS YacTULbl B Manom uHTepsane AL=0,01L
B cpeaHei yactm awmka (L-AL)/2 < x < (L+AL)/2. NoscHMUTE GU3MYECKMI CMBIC/ MOJIYHYEHHOTO pesy/bTaTa,
n306pa3unB rpadpuyeckm NJAOTHOCTb BEPOATHOCTU OBHAPYKEHMA YaCcTULLbI B JAHHOM COCTOAHUM.

Ortset: o = 0,02.

8. HaiiTu »Hepruo MOHM3AIMM BOAOPOAONOAOOHBIX HMOHOB, B CIIEKTPE KOTOPBIX JIMHA BOJHBI TPEThEH JTHHHUU
cepun banbmepa paBua 108,5 HM. OtseT: E; =54,4 3B.

9. CKonbKO Agep pacnagaetca 3a 1 ¢ B KycKe ypaHa 293§U maccoit 1 kr? lMepuop nonypacnaga Ty, = 4,51-109 ner.

Otset: AN = 1,23-10 pacn/c.

10. CheaytoLLyto A4EPHYIO peakLMIo HanuwmuTe B pa3BepHyToOM Buae U onpegenute X: 0 (d, n) X.

18
Otset: ¢ F .

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

12. Agpo 6opa lgB 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yyero noayyaeTca A4PO NUTUSA 3?Li n renns. Hanuwwure

anepHyto peakuuto. Kakas sHeprua BbicBoboXKaaeTca B HE? OteeT: Q = 2,79 M3B.



2013__3lA4-13-2_ KyaHgbikos A.P.

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. OnpeaennTb MaKCMMasbHYO CKOPOCTb V.. $OTOS/MEKTPOHOB, BblIETAOWMX M3 MeTaana npu 0b6/yyeHun
v 8
doToHamu ¢ aHeprueli 1,4 MaB. OtBeT: Viay = 2,89 10° m/c.
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3. Onpenenntb KO3GOUUMEHT OTPAXKEHNA P MOBEPXHOCTU, Naowagbio S=10"" m°, eciv NpPU MOLLHOCTU U3/YyYeHUs
N=12 BT gaBneHue cBeTa Ha 3Ty NOBEPXHOCTb OKa3zanocb p=7,02 mklla. OTseT: p=0,755.

4. Onpepenntb yron 6, Ha KoTopblii Bbin paccesaH GoOTOH ¢ sHepruen £,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHeTUYeCcKasa sHeprma aNeKTpoHa otaayum T,=0,55 MaB. OTtseT: 6 ~39.

5. DnekTpoH obnagaer KMHeTUyeckon sHepruen T = 1 KaB. Onpeaenute ganHy BOAHbI Ae bpoins gna Takoro
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

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

OUEHUTb OTHOCUTE/IbHYIO HETOYHOCTb AL/V, C KOTOPOW MOKET BbITh OMpeaeneHa CKOPOCTb 3/IEKTPOHa.
4
OTtBeT: Av/v ~ 10-".

7. DNEeKTPOH B OAHOMEPHOW MNPAMOYrosbHOM “noTteHumanbHon sme” WHUPUHOW L c HECKOHEYHO BbICOKMMM
“CTeHKamKn” HaxoguTca B BO3BYKAEHHOM cocTosHUK (n=4). Onpeaennte BepOATHOCTb OBHAPYKEHUA INEKTPOHA B

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

8. ®oToH c sHepruein E = 12,12 3B, nornoweHHbIM aTOMOM BOA0POAA, HAaXO4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoAUT aTOM B BO3bYKAEHHOEe cocTosHMe. OnpenenmnTb raBHOEe KBaHTOBOE YMC/I0 3TOrO COCTOAHMUA.
OTteeT: n=3.

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

6bina pasHa my= 0,3 r? Mepunopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.
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10. Appa pasMoaKTMBHOIO U30TOMNa TOpPUA 9OTh npeTepnesaloT Noc/iea0BaTeNbHO oi-pacnag, Asa 3 -pacnaga v

o 224
onAatb a-pacnag. Onpeaennte KOHEYHbIN NPOAYKT pacnaaa. OTBeT: “gg Ra.

11. OnpegennTte yaenbHy 3HEPIULO CBA3KM 4N1A A4pa 162C . OtBeT: g, = 7,68 M3B/HyK/OH.

12. OnpegennTb aHEPruto A4epHOMN peakLmnm fBe (p, o) g Li, aapo-muweHb fBe CYMTATb HEMOABMMKHbIM.

OTBeT: Q =2,13 M3B.



2013 3MA-13-2_ JlykmaHos 0.0,

v o 2
1. TemnepaTtypa BHYTPEHHEN MOBEPXHOCTU MydeNbHOM 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 neyn, ecam notpebasemasn et MoWHOCTb cocTasaseT 1,5 KBT.

OtBeT: n=0,676.

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

$OTO31EeKTPOHOB HblN1a paBHa vmax=3~106 m/c? PaboTa Bbixo4a 415 HUKeNA paBHa A, =4,84 3B.
OtBeT: v=17,36 10" Mu.
3. Onpegenute aHepruto ¢otoHa gna A= 0,43 MKM U A= 2,4 HM.
OtBeT: €1 =2,893B; ¢, =518 3B.

4. ®OTOH paccesnsica Ha CBOBOAHOM 3/1EKTPOHE, UBMEHEHME ANUHbI cocTasaseT AN = 1,44 nm. Onpegenntb yron

pacceAaHus poToHa. OTBeT: 0 = 66°.
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. DNEKTPOH C KUHETUYEeCcKoM aHeprmeit T =4 3B nokanusosaH B obiactn paamepom € = 1 mkm. OueHUTb C
NMOMOLLbIO COOTHOLLIEHMA HEONpPeAeNeHHOCTEN OTHOCUTE/IbHYIO HeONpeAeNeHHOCTb ero CKOPOCTY.

OTseT: Av/u ~ 10-*.
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7. DNEKTPOH HaxoAuTca B OLHOMEpPHON 6GecKoHeyHo rNyboKon noTeHuumanbHoW Ame wupuHon d = 100 m.

Onpegennte HaMMeEHbLLYIO Pa3HOCTb ABYX COCEAHUX IHEPreTUYECKMX YPOBHEN. OtseT: AEmin=1,1 M3B.

8. OnpeaennTb ANMHY BOJIHbI CMEKTPANbHOM IMHWUW, COOTBETCTBYHOLLLEN Nepexoay 3/1eKTpoHa B aToMe Bo40poaa C
LLIECTOro 3HEepPreTMYecKoro ypoBHA Ha BTOpoOM. K KaKol cepum OTHOCMTCA 3Ta IMHUA U KaKaA OHAa NO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa NMHMA cepun banbmepa.

222

- Rn . Nepuopa nonypacnaga 3,823 aHA. OTBeT: A= 5,69-1015 pacn/c.

9. HaTn akTMBHOCTb 1 I pagoHa

o 238 -
10. PapuoakT1BHbIN U30TON ypaHa ‘o, U npetepnesaer nocnegosatensHo a-pacnag, Aga B -pacnasa v ewe Asa

o o 226
o-pacnaga. Kakoi nsoton obpasyercs B pesy/ibTaTe 3TOW cepun pacnagos? Otset: ‘g Ra.
11. KaKyto HaMMeHbLUYO SHEPTUI0 HYXHO 3aTPaTUTb, YTO6bl Pa3aenunTb A4P0 ;He Ha Be 04MHAKOBble YacTu.

OtBeT: E =23,85 M3B.

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

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

Otset: T=6,67 M3B.



2013 3l4-13-2_ JlykoHeHKo A.T1.

1. YeMy paBHO OTHOLIEHME NOTOKOB SHEPIUM, U3/TyYaeMbIX U3 CMOTPOBbIX OKOLUEK ABYX MNIaBU/IbHbIX 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. Ha noBepxHOCTb MeTanna NafaeT MOHOXPOMATUYECKUIN CBET C ASIMHHON BoAHbI A=0,08 MmKM. KpacHas rpaHuua
doToapdekta Ap=0,3 MKM. HailTu 3HauyeHWe 3ageprKuBatoller pasHOCTM noTeHumanos Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObLI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.
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3. Ha nosepxHocTb niowagbio S=10 cm” nagaeT exkecekyHAHO Ny4yok $OTOHOB B KoamyectBe n=10" c¢ . OauHa
BO/IHbI Nagatolero cseta A= 500 HM. OnpegenuTb CBETOBOE AaBAeHME HA MNOBEPXHOCTb, €CcAn KoabduumeHTt
oTpaxkeHna p=0,7. OTseT: p = 2,25 mKla.

4. ®OTOH C ANMHOM BOAHbLI A; = 4,3 Nm paccesanca Ha cBob6OAHOM 3/1eKTpoHe. Yron paccesHusa coctasun 1/2.
Onpeaenntb SHEPruio pacceaHHoOro GoToHa M SHEPTUI0, NPUXOAALLYIOCA Ha NEKTPOH OTAAuM.

OTBet: €' =0,185 M3B; T.= 0,106 M3B.

5. MpoToH ob6nagaeT KMHETMYECKOW sHepruen, pasHol E = 78 3B. Onpeaenute gnuHy BoJIHbI e Bbpoiina ans
NPOTOHa. OTBeT: A\; =3,2 nm.

6. HeonpenenéHHOCTb CKOPOCTU 3M1IEKTPOHOB, ABUKYLLMXCA BAOAb Oocu abcumce, coctasnsetr Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTonoNoXeHNe 3N1eKTPoHa?

OTBeT: AX = 1,15 MKM.

7. HaliTu HaumeHbllee 3Ha4YeHWe 3HepruMM HemTpoHa, HaxoAAlleroca B OAHOMEPHOW GeckoHeyHo raybokoi
o o —15 —11
noTeHunanbHom ame wmpuHon d =10~ m. oTBeT: Enin =3.26-10 7 K.

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

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

10. B 280 2%pp . K
. pe3ynbrate cepmnn paagnoakKTUBHDLIX pacnaaos ypaH 92 npespawlaeTca B CBUHEL, 82 . RakKoe

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

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

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__3l4-13-2__ NlbiceHko M.O.

2
1. DHepreTuyecKkas CBETMMOCTb abcosiloTHO YepHoro Tena R. = 10 kBT/m°. Onpegenuntb AsvHY BOJIHbI, KOTOpas
COOTBETCTBYET MaKCUMYMy CNEKTPA/IbHOM NAOTHOCTU SHEPTeTUYECKOM CBETUMOCTU 3TOrO Tena.

OTBeT: A, = 4,48 MKM.

2. PaboTa BbIXxOAa 3N1EKTPOHOB C NOBEPXHOCTM HATPUA paBHa Ag.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. MoHoxpomaTuyeckuii nyyok cseta (A=0,58 MKM) nagaeT HOpmasbHO Ha MOBEPXHOCTb € Ko3abouuneHTOm
2 o
oTpaxkeHua p= 0,7. onpesenntb 4ynucno GOTOHOB, €XKECEeKyHAHO Majalowmx Ha 1 cm” 3TON MOBEPXHOCTW, ecau
16 -1
JaB/ieHue cBeTa Ha 3Ty NoBepxHOCTb p =1,2 mkIa. Otsem:n=6,2-10"¢c .

4. B pe3synbTate adppexta KomntoHa Ha cBo6oaHOM 31eKTpoHe GOTOH Bbi1 paccesH Ha yron 1/3. dHeprus ¢poToHa
[0 paccesHus 6bina €,=0,59M3B. OnpegennTb AANHY BO/HbI PacCEAHHOTO GpOTOHA. OtseT: A,=3,3 nm.

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

6. DNEKTPOH C KMHEeTUYecKom aHeprmel T = 15 3B HaxoguTca B MeTannMyeckol nblanHke guametpom d = 0,5 mkm.
OLEHUTb OTHOCUTENbHYIO HETOYHOCTb AL/V, C KOTOPOW MOXKET BbITb ONpeaeneHa CKOPOCTb 3/EKTPOHaA.

OteeT: Av/v ~ 10-",

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO rNyboKoOM 04HOMEPHOM NPSAMOYTro/IbHOM MOTEHLNANbHOM ALLMKE WNPUHOM
I. BbluMCAUTE BEPOATHOCTb TOrO, YTO 3NEKTPOH, HaxoAAwMica B BO3BYKAEHHOM cocToaHuM (n=2), byaet

0obHapyKeH B cpeaHen TPeTH ALLMKa. OTtseT: ® =0,195.

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

BOJIHbI A U3/Tly4eHMUS, UCTYLLEHHOTO MOHOM NINTUS. OTseT: A =54 Hm.

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

10. CneaytoLyto AAePHYI0 peakuMIo HanulnTe B pa3BepHyToM Buae u onpegenunte X: X (o, p)lYO .

14
Orser: ;N .

11. Onpegenute yaenbHYIO 3HEPruIO CBA3M ANA AAep fH " 13H .

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

12. OnpefenvTb 3HEPruio A4EPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO 3Heprus ceA3n agpa fBe

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



2013__3r4-13-2_ _Manos M.C.

1. Mpu Kakmx TemnepaTtypax abcontoTHO YEPHOTO Tesla MaKCUMYMbl SHEPTUM TEMNNOBOIO U3y4YEHUA NPUXOAATCA 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. KaKyro MaKCMMalbHYIO CKOPOCTb MOTYT NOJIY4UTb BbliPpBaHHbIE U3 KaAUA SNEKTPOHblI Npu o6nyL|eva| ero

YNbTPadUONETOBbIM CBETOM C AJIMHHOM BO/HbI A=0,2MKM? PaboTa BbiXxoAa A4 Kanusa paBHa A, =2 3B.
6
OTBeT: Viax= 1,22 10° m/c.

3. [laBneHue cBeTa C AJ/IMHOM BOAHbI A=600 HM, NajaloLLEro 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 NOBEPXHOCTK.

Otset: N =5,43 10%.

4. ®otoH npu apdekte KomntoHa pacceancs Ha CBOBOAHOM 3/1eKTPOHE Ha yron 1/4. Onpenenntb 3HEPruio
nagatolero ¢oToHa, eciv AIMHA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTtseT: £,=0,12M3B.

5. 3apsKeHHan YacTuua, YCKOpeHHas pa3HoCTbio noTeHumnanos U=200 B, umeeT AnnHy Bo/HbI ge bpoina A = 2 nm.
o -27
HanguTte maccy 4acTmubl, ecau ee 3apag YMCIeHHO paBeH 3apAaay 3/1EeKTPOHa. OtBeT: m=1,7-10"" Kr.

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

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

8. Ompenenuts YHePTruto (OTOHA, COOTBETCTBYIOIIYIO CaMOW JITHHHOBOJHOBOW JTHHUU cepru JlafimaHa.
OTseT: 10,2 5B.

222

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

9. Havitn akTMBHOCTb 1 1 pafoHa

243 256 1
10. OnpepgennTe, C KAKUM aTOMHbIM A4POM Oblna Ocyl,ecTB/ieHa peakuma X + o5 Am - 103 Lr +5 oN.

OTseT: 1:0 .

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

12. Appo 6opa lgB 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yero nojyyaerca A4p0 UTUSA 37Li n renus. Hanuwwure

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



2013__3r4-13-2__ MwuTsaes E.B.

1. A6contoTHO 4YépHoe 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. Onpepenntb MaKCUMAJIbHYHO CKOPOCTb Vi, OTO3/IEKTPOHOB, BblNETAOWMX U3 MeTanna npu obayvyeHuu
v 8
doToHamu ¢ aHepruen 1,4 MaB. OTtBeT: Vinax = 2,89 10° m/c.

3. Onpepenntb MOLWHOCTL M3nydyeHMA N CBETOBOro MNOTOKa, KOTOPbIMA, Nagasd HOPMasJbHO Ha 3epKajbHYyHo
2
NOBEpPXHOCTb naowaaun S=1 cm”, okasbiBaeT gasneHune p=30 mMa. OTtseT: N =450 Br.

4. Onpenenntb CKOPOCTb 3/IEKTPOHA OTAAYM Npu addekTe KomnToHa, ecnn GOTOH C SHEepruei, paBHOM 3HepPruun
8
NOKOS 3/1IEKTPOHa, HbIN paccesH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

5. 3apsKeHHan YacTmua, YCKopeHHas pa3HocTbio noTeHumanos U=200 B, umeeT AanHy Bo/HbI ge bpoina A = 2 nm.
o -27
HanguTte maccy YacTmubl, ecau ee 3apaa YMCNeHHO paBeH 3apaay 3/1eKTPOHa. OtBeT: m=1,7-10"" Kr.

6. OnpeaennTb HETOUYHOCTb AX B onpenesieHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aTome BOAOpPOAa CO
6 .
cKopocTtbio v=2,2-10°M/c, ecnn pgonyckaemas HeTouyHocTb Av cocTasnseT 10 % oOT e€ BenMuMHbl. YKasatb,

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

o o v o —12
7. JNEeKTPOH HaxoguTcs B OAHOMEPHOW 6ecKoHeyHo rnyboKoi MoTeHUMaNbHOM AMe WupuHon d = 107" m.
Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTETUYECKMX YPOBHEN. OTtseT: AE;;,=1,1 M3B.

8. OnpeaennTb ANMHY BOJHbI CMEKTPANbHOM JIMHUWN, COOTBETCTBYIOLLLEM Nepexoay 3/1eKTPOHa B aToMe BOA0POAa C
LLIECTOro 3HEepPreTMYecKoro ypoBHA Ha BTOPOM. K KaKol cepuMm OTHOCMTCA 3Ta IMHUA U KaKaA OHAa NO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa NMHMA cepun banbmepa.

9. OnpepenuTe nepuog, nonypacnasaa T, PaAVOAKTMBHOTO U30TONA, ec/n 5/8 HayaNbHOTrO KoIMYecTBa AAep 3TOro
n30ToMNa pacnanocb 3a Bpema t =849 c. OtBet: Ty, = 10 muH.

243 256 1
10. Onpepgenute, € KakMM aTOMHbIM AAPOM Bblna ocylecTBaeHa peakuma X+ "o Am - 103 Lr +5 oN.

OTseT: 1:0 .

11. Onpegenute aHepruio E, KOTOPYIO HYXHO 3aTPaTUTbL A5 OTPbIBA HEWTPOHA OT A4pa ;‘He.

OtBeT: E =20,58 M3B.

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

O6pasytolmecs Npu 3TOM ABe O-4acTULbl IETAT C O4MHAKOBOW CKOPOCTbI0. ONpesaennTe KUHETUYECKYIO SHEPTUI0
KaXKaoW o-4acTuLbl. OTBet: T=9,37 M3B.



2013__3r4-13-2_ lpoxopos B.B.

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. Ha noBepxHOCTb Ka/iuA nagaeT yabTpadproaneTosblit CBET € AAMHON BOAHbI A = 0,04 MKM. Onpeaenntb BEUYUHY
3a/lepKMBatoLLleil PasHOCTM MOTEHLMANOB, KOTOPYIO HYXHO MNPUAOKWUTb K doToanemeHTy, u4Tobbl $oTOTOK
npeKkpatuacs. PaboTa Bbixoaa Ag,.x = 2 3B. OTtseT: U, = 29B.

- 2 “
3. Ha noBepxHoCTb, niowagb Kotopoih S=0,01 m°~ exemuHyTHO nagaetr E=63[)K cBeToBOM 3Hepruu (B
HanpasAeHWUM, NepneHAMKYNIAPHOM MOBEPXHOCTM ). BblUMCAUTL CBETOBOE AaBieHMEe Ha 3Ty MOBEPXHOCTb, eciu
-7 -7
OHa: a) NONIHOCTbIO OTpaXKaeT cBeT; 6) NO/JIHOCTbIO NOr/NOWAET CBET. OTtset: P,=7 10" Ma; Ps=3,5 10
MNa.

4. KaKkas 4acTb sHepruun nagatouiero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NPU KOMNTOHOBCKOM 3ddekTe, ecnu
paccesaHue $oTOHa NPOM3OLLO Ha Yron 1t/6. JanHa BoiHbI Nagatolero ¢poTtoHa A;=12nm. OrtseT: T/£,=0,03.

5. DNIeKTPOH, HayaIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, NPoLIen YCKOPAOLWY Pa3HOCTb NOTEHLMAIOB
U =511 kB. Haltaute anvHy BosiHbI ge bpoiinsa ana sToro sneKkTpoHa. OtBeT: A\; = 1,4 nm.

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

o o o o -11
7. INEKTPOH HaxoguTcA B OAHOMEPHON HBEecKOHeYHO TrNyboKoW MoTeHumanbHoN Ame wupuHon d = 10 m c

abcontoTHO HeNPOHWUUAEeMbIMU CTEHKaMW. HaliTn HaumeHbLUee 3Ha4YeHne SHEPrnn aNEKTPOHa.

OtseT: Ejnin=3.7 K3B.

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

6bl1a paBHa mp= 0,3 r? Mepuopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.
1 104 132 1
10. Onpegenute, € KakKMM aTOMHbIM AAPOM Bblia ocyulecTBaeHa peakuna X+ N — 75 Mo + 50 Sn +3 oN.
orser: 2U. .

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

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET pacLLenuTbCA Ha ABa HyKOHa. HanucaTtb
ypaBHeHWe A4EpHOM peakuun U onpenenntb MUHMMANbHYIO SHEPrU0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

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



2013__3r4-13-2_ NytmHues C.C.

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. Mpwn nccneposaHun ¢otoaddeKkTa € NOBEPXHOCTU HATpMA OblAn NOYyYEHbl AAHHbIE: NPU YACTOTE U3/TYYEHUA
14 o 14

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

3agaeprkuBatowmnii noteHuman U, = 1,22 B. icnonb3ya 3TU AaHHble, ONPeAEeIUTb 3HaYEHME NOCTOAHHOM MnaHKa.

OtBet: h=5,9 10* X c.
3. Onpegenute aHepruto $oToHOB ana: 1) KpacHoro ceeTa (vq = 4,1-10" ru); 2) MHPPAKPACHOrO U3/y4eHUs
(v,=2,5-10" ru). Otset: €, = 1,7 3B; €, = 0,1 3B.

4. ®oToH npu apdpekTe KomntoHa 6bia paccesH Ha CBOBOAHOM 3N1EKTPOHe Ha yron 6=m/2. OnpeaennTts AANHY
BOJIHbI paccesHHOro ¢oToHa, eciv 3Heprma GoToHa A0 pacceaHua bbina £,=1,08 MaB.

Otget: A=3,58 10 ~m.
5. MNpw Kakoi ckopocTn V aneKkTpoHa ero AebpoiineBckas ANnHa BoNHbI byaeT paBHa: 1) 650 HM, 2) 3 nm?
Otset: V, = 1,1-10° m/c, V, = 1,9-10° m/c.

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems XM3HM aTomMa B BO3OYKAEHHOM
-8 o
coctosHun 10 c¢. OnpeaenuTte OTHOLIEHME €CTECTBEHHOW LUMPUHbI 3SHEPreTUYEeCKOrOo YPOBHA K 3Hepruw,
v 8
W3lY4EHHOM aTOMOM. OtseT: AE/E ~3:10-".

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSAMOYTro/IbHOM MOTEHLNANbHOM ALMKE WNPUHOM
I. BbluMCAUTE BEPOATHOCTb TOrO, YTO 3NEKTPOH, HaxXoAAWMICA B BO3OYKAEHHOM cocTosHuMM (n=2), byaeT

0obHapyKeH B cpeaHein TPeTu ALLMKa. OTtseT: ® =0,195.

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

9. CKonbKO Agep pacnagaetca 3a 1 ¢ B KycKe ypaHa zgfu maccoit 1 Kr? Mepwuog nonypacnaga Ty, = 4,51-109 ner.
Otser: AN = 1,23-10’ pacn/c.

10. B pesy/ibTaTe CEpUN PaAMOaKTUBHBIX Pacnaaos ypaH U npespaujaercs B canrel, o PD . Kakoe
- b pesy. pun paj, p AoB yp % pespaly U g .

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

11. KaKyto HaMMeHbLUYO 3HEePTUI0 HYXKHO 3aTPaTUTb, YTO6bI Pa3aenuTb AAPO ;‘He Ha [1Be O4MHAKOBbIE YacTy.

OtBeT: E =23,85 M3B.

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

W OnpeaennTb SHEPruto, BblAENAOLLYIOCA NMPU 3TON pPeakuuu. OTtBeT: Q = 22,38 M3B.



2013 3rA-13-2_ PacumbeTtos A.M.

1. ABCONOTHO YEpPHOe Teso HaxoauTca 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. Ha umHKoBYlO NAacTuHy (Ag.x=3,74 3B) HanpaBaeH MOHOXPOMATUYECKMIA Ny4YoK cBeTa. POTOTOK NpekpalLaeTcs

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

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

—12
3. AnvHa BoAHbI mM3nyyenma A = 5,4-10 M. Onpegenvtb KOMYECTBO KBAHTOB, COAEPKALUMXCA B MOTOKe
o 18
N3ny4yeHna c aHepruen € =127 kKx. OTtseT: N =3,45-10" yactuu,

4. OnpeaennTb 3HEPruio, NPUXOAALLYIOCA HA 3NEKTPOH 0TAauun npu apdekte KomnToHa, ecam paccesHne GoToHa
npoucxoaut Ha yron 8=m/3? dHeprua ¢oToHa A0 pacceaHus £,=0,46 M3B. OtseT: T, =0,14 M3s.

5. Onpenenntb AAUHY BOAHbI Ae Bpoina Ag Ana anexkTpoHos, 6oMbapAMpyOWMX aHTUKATOA, PEHTreHOBCKOM

TPY6KK, ecnn rpaHMLA CNIOLIHOTO PEHTTEHOBCKOMO CNEeKTPa NPUX0ANTCA Ha ANUHY BOJIHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

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. HaliTh HavmeHbllee 3HAYEHWE 3HEpPruM HEWTPOHA, HaxoAAWeroca B OAHOMEPHOW 6GecKoHeyHo raybokoi

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

8. Y KaKkoro sofopoaonoAo6bHOro MoHa pasHOCTb AJIMH BOJIH MEXKAY FONIOBHbIMU NMHUAMM cepuidi Banbmepa u

NamaHa paBHa 59,3HM? Otset: Z=3, Li*".

9. CKO/IbKO aTOMOB MOJIOHMA pacnaférca 3a CyTkM u3 1 msH. aTomos? Mepuog nosypacnaga nonoxHna Ty, = 138

OHEN. OtgeT: AN = 5-10% aTomos.

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

- . 207
B -pacnaga v onaTtb a-pacnag,. OnpegennTe KOHEUHbIM NPOAYKT pacnaja. Otser: g, PD.
11. OnpedenuTe SHepruio CBA3W ANA A4PA aTOMa CBUHLA o PD . OtBeT: E¢, = 1,622 I3B.

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

OtBeT: Q=1,57 M3B.



2013 3l[4-13-2_ Peseps_1

1. YépHoe Teno Harpenu ot Temnepatypbl T; = 600 K o temnepatypbl T, = 2400 K. Onpegenute, BO CKONIbKO pas3
YBEe/IMYMAACh SHEepreTMYecKas CBETMMOCTb Tesla M Ha CKOJIbKO M3MEHWIacb AJ/IMHA BOJIHbI, COOTBETCTBYHOLLAA

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

2. PaboTta BbIXO4A 3N1EKTPOHA C MOBEPXHOCTU Le3na paBHA Ay, =1,89 3B. C KakoW CKOPOCTbIO BblieTaloT

3NEeKTPOHbI U3 Lie3Us, eCIN METaN/ OCBELLEH KENTbIM CBETOM C ANMHHOM BOJIHbI A=0,589 MKM?
OTBeT: Vya= 2,76 10° m/c.
3. Onpegenute aHepruto GotoHa gna A= 0,43 MKM U A= 2,4 HM.
OTBeT: €1 =2,893B; €, =518 3B.

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

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

5. dnekTpoH obnagaeTt KMHeTnyeckon sHeprneit T = 1,02 M3B. Bo CKONbKO pa3 U3MEHUTCA AJ/IMHA BOJIHbI Ae
Bpoins, ecin ero KNHETUYECKas SHepPrMa YMeHbLINUTCS BABOE? OTBeT: n =1,63.

6. OLEeHUTb C MOMOLLbIO COOTHOLIEHUA HeonpeaenEHHOCTEN MUHUMAbHYIO KUHETUYECKYIO SHEPTUIO 3/1IEKTPOHA,
JIOKanIn30BaHHOroO B 061acTn pasamepom L = 0,20 Hm. OTBeT:
Tmin = 1 3B.

7. DNeKTpOH B OJHOMEPHOW NPAMOYroAbHOM “noTeHumanbHon ame” WUpuHOM L c BECKOHEYHO BbICOKMMM
“cTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaennTe BEPOATHOCTb OOHAPYMKEHMA I/1EKTPOHA B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

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

9. CKONbKO aTOMOB pafiloHa pacnagérca 3a cyTkn u3 1 maH. atTomoB? lMepuog nonypacnaga pagoHa Ty, = 3,8 gHA.

OTseT: AN = 1,67-10° aTomoB.

10. Cneaytolyto AAepHYIO peakL Mo HanuwnTe B pa3sepHyTom Buae n onpegennte X: X (p, o) 2 Ne .

23
Orser: ;;Na.

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

12. Haiitn 3Hepruio agepHbIX peakuuit: 1) 13H (p, y);He, 2) fH (d, y)gHe. BolioensaeTtca uaum noraoliaeTca

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



2013 3l[-13-2_ Peseps_2

1. MOTOK M3y4eHUA NepBOM NAABMALHOM Mevyn Yepe3 CMOTPOBOE OKOLIEYKO mowanbio S; = 8 cm® coctagnset

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

®,, =51 BT. Yemy paBHO OTHOLWIEHWE TEMMEPATYPbI BHYTPU NEPBOM NeYn K TeMnepaType BHYTPM BTOPOM neumn?.
OtBeT: n=1,2.

2. MaKkcuMManbHan cKopocTb GOTOINIEKTPOHOB, BbINETAIOWMX U3 MeTanna Npu 0b6ayvyeHun ¢oToHamu, V., = 0,88c.
Onpenenntb 3Hepruto GpoTOHOB. OTBeT: € = 0,565 M3B.

v 2
3. CBeTOBOW NOTOK MOLWHOCTbIO N=9 BT HOpMasibHO NaZaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoadpduumneHT
oTpaxeHus kotopoi p=0,8. Kakoe AaBieHWe UCMbITbIBAET NPU 3TOM AaHHAA NOBEPXHOCTL? OtBeT: p=54 mkKMa.

4. ®OTOH C ANMHHOM BOAHbI A;=10 nNm paccesnca Ha cBOBOAHOM 3/1E€KTPOHE, NMPUUYEM Yroa paccesHus O=m/4.
OnpepennTb ANMHY BONHbI PpacCeAsHHOro GOTOHA U ero aHepruto. OtseT: A=10,7 nm; € =0,116 M3B.

5. MpoToH ob6nagaeT KMHETUYECKOW 3Hepruen, pasHol E = 78 3B. Onpepenute oanHy BONHbI Ae bpoina ans
NPOTOHa. OTBeT: A\; =3,2 nm.

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

OTBeT: Av/v ~ 10",

7. B npamoyronbHon “noteHumanbHol ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTEHKaMKU” Haxo4uTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HaliTy BEpOATHOCTb HaxOMAeHWA 3ToW 4yacTmubl B obnactm L/4 < x < 3L/4.
MosicHUTe U3MYECKUI CMbICA MNONYYEHHOro  pesy/abTaTa, W306pa3uB rpadMyeckn MNAOTHOCTb BEPOATHOCTU
obHapyKeHua YacTuLbl B JA@HHOM COCTOAHUM. OTtBeT: ® =0,818.

8. DnexTpoH BHIOMBAaeTCA U3 aTOMa BOAOPOAA, HAXOJSIIErocs B OCHOBHOM COCTOSHMH, (OTOHOM C 3Heprueil

17,7 3B. Onpenenutb CKOPOCTh DIIEKTPOHA 3a MpeiesIaMH aToMa. OtseT: v =1,2:10° m/c.

9. MNpenapaTt U*® maccei 1,0 r nanyyaet AN = 1,24-104 o-4acTuy, B cekyHay. Hantm nepuog nonypacnaga 3Ttoro
M30TOMNa M aKTMBHOCTb NpenaparTa. OtBeT: Ty = 4,5-109neT; A= 1,24-104 pacn./c.

10. Cneayolilyio aAepHYIO peakLIMio HanuIuTe B pa3BepHyTom Buge 1 onpeaenute X: X (a, p)l7O .
OTseT: l;lN .
11. Onpepenute yaenbHYIO 3HEPruIo CBA3M ANA AAep fH " fH .

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

12. OnpefennTb CyMMapHYHO KUHETMYECKYIO 3Hepruio agep, o6pa3osasLUMXCA B pe3y/ibTaTe peakumnm 163C

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

Otset: T=6,67 M3B.
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1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MAKCMMYM CMEKTPasibHOW MNOTHOCTM 3HEPreTMHeCKOW CBETMMOCTM

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. Npu doToadPeKTe c NOBEPXHOCTU NAATUHbI BENMUYMHA 334ePKMBAIOLLErO NOTEHLMANA OKasanocb paBHoin 0,8 B.
BblYMCANUTL ANMHY BOJIHbI UCMO/Ib3YEMOrO CBETa, ecin paboTa Bbixoaa Ag,,,=5,29 3B. OtseT: A=204 Hm.

3. CKONbKO KBAHTOB COAEPKMUT M3/yYeHME C AJAMHAMMK 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. B pesynbTtate a¢dekta KomntoHa Ha cBo60aHOM 31eKTpoHe GOTOH bl paccesH Ha yroa 1i/3. dHeprus ¢oToHa
[0 paccesHus 6bina €,=0,59M3B. OnpeaennTb ANHY BOMHbI pacceaHHOro ¢poToHa. OtBeT: A,=3,3 nm.

5. Onpe,qenMTe, NPY KakoOmM 4YNCNOBOM 3HAYE€HUN KMHETUYEeCKoMm Heprmum T ANVHa BOJIHbI e BpOVIﬂﬂ 3/1EKTPOHa

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

6. CpegHee Bpems U3HWM aTOMa B BO36YXKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpun nepexoge aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, CpefHAA AAMHA BOAHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUKN, ECAU HE MPOUCXOAMT YLUMPEHUA IMHUM 33 CHET
APYrMx NpoL.eccos. OtseT: AE/E ~ 2-10-%,

7. YacTMua HaxoguTcs BO BTOPOM BO3BYXAEHHOM cOCTOAHMM (N = 3) B OAHOMEPHOM MOTEHLMANbHOM ALUKE
WKpKHOM L c abcontoTHO Henpo3payHbiMm cTeHkamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHaAPYKEHUS YacTULbI
B CpeaHeln TpeTu AlWmKa. OTtseT: = 0,33.

8. ®oToH c aHepruent E = 12,12 3B, nornoweHHbIM aToOMOM BOAOPOAA, HAXOAALMMCA B OCHOBHOM COCTOAHMUU,
nepeBoAnT aTOM B BO3OYKAeHHOe cocToAHUe. OnpeaennTb raBHOE KBaHTOBOE YMC/I0 3TOFO COCTOSIHUA.
OTBeT: n=3.
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9. OnpepennTb BO3pacT APEBHUX AePEeBAHHbIX NPeAMETOB, €C/IM U3BECTHO, YTO YAe/IbHAsA aKTUBHOCTb n3otona = C
y Hux coctaensaeT 0,6 yaenbHOM aKTMBHOCTM 3TOr0 M30TOMa B TOJIbKO 4TO CpybneHHbIXx pepesbsax. Mepuos
14 3
nonypacnaga agep - CT,y/, = 5570 ner. OtBeT:t=4,1-10" ner.
27 I
10. CneayioLLYy0 AAEPHYIO PeaKLMio HanuwWmMTe B pasBepHyTom Buge u onpegenute X: = Al (o, n) X.
30
Otset: c P.

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

OTBeT: E=7,27 M3B.

12. OnpegennTb aHEpPruto A4epHOMN peakLmnn fBe (p, o) § Li, aapo-muweHb fBe CYMTATb HEMOABMMKHbIM.

OTtBeT: Q =2,13 M3B.



2013__3rA4-13-2_ PoanHos A.U.

" 5 o -
1. MowHocTb n3nydeHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HallTn naowaap Msnyyatowein nNoBepxXHOCTH
TeNa, ecnn M3BEeCTHO, YTO [AJIMHA BOJIHbI, HAa  KOTOPYK MNPUXOAUTCA MAKCMMYM CMEeKTPasbHOM NAOTHOCTH

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

2. Ha noBepxHOCTb MeTanna NafaeT MOHOXPOMATUYECKUIN CBET C A/IMHHON BOAHbI A=0,08 MKm. KpacHasa rpaHuua
doToaddekta Ap=0,3 MKM. HailTu 3HauyeHWe 3ageprKuBatoller pasHOCTU noTeHumanos Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObLI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.

3. Onpegenute sHEPrU0 € M UMMY/AbC P KBaHTa M3y4EHMSA C AJIMHON BOJIHbI A = 5,5 MKM.
OteeT: £ =0,2263B; p = 1,2-10"28 Kr-m/c.

4. ®otoH npu addpekte KomntoHa pacceancs Ha CBOBOAHOM 3/1€KTPOHe Ha yron 1/4. Onpenenntb 3HEPruio
nagatolLero ¢oToHa, eciv AIMHA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTtseT: £,=0,12M3B.

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

6. DNEKTPOH C KMHEeTUYeCcKom aHeprmel T = 15 3B HaxoguTca B MeTanMyeckol nblanHke guametpom d = 0,5 mkm.
OLEHUTb OTHOCUTENbHYIO HETOYHOCTb AL/V, C KOTOPOW MOXKET BbITb ONpeaeneHa CKOPOCTb 3/1EKTPOHa.

OTBeT: Av/v ~ 10,

o o v o v -10
7. HelTpoH Haxogutca B oaHOMepHo 6eckoHeuyHo rAy6oKoi noTeHumanbHoi Ame wwupuHon d = 107 m ¢
abCcoNOTHO HENPOHMLAEMbIMKM CTEHKamMMW. Hailgute HauMMeHbllylo Pa3HOCTb ABYX COCEAHUX 3HEpPreTUYecKux
YPOBHEMN HeUTpOHa. OtseT: AE i, = 0,062 3B.

8. BbluMCAUTb NOCTOAHHYIO Puabepra R’, ecan M3BecTHO, UTO AnA MOHOB reana He' pasHocTb AnunH BOMH Mexay
o o 7 1
roNI0BHbIMM IMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OteeT: R'=1,097'10" m~.

210

9. Onpefenutb nepuos nonypacnasa BucmyTa .

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

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

o 225 _

10. PagnoakTmBHbIN M30TON paaus ‘g RA npetepnesaet nocnesosatensHo B-pacnag, YeTbipe a-pacnada v ele
Ba B -pacnaga. Kakoii nsoton obpasyetcs B pesynbTaTe 3TOM cepuv pacnagos? Otser: % Bi

i pacnasa. pasy pesy puM pacnanos? : ‘g Bl .

11. SHeprus cBA3M Aapa, COCTOALWENO U3 ABYX NPOTOHOB U OAHOIO HEWTPOHA, paBHa 7,72 M3aB. Onpegennte maccy
HeWlTPasIbHOro aTOMa, MMEILLLEro 3TO AAPO. OTBeT: m, =3,01603 a.e.m.

12. Appo atoma AuUTMHA ;Li 60MbapanpyoTCA NPOTOHAaMW, KUHETMYecKasa 3Heprua KoTopbix 1,4 MaB.

Obpasytlolwmeca Npu 3Tom ABe a-4acTULbl NETAT C OANHAKOBOM CKOPOCTblo. OnpesenmTe KMHETUYECKYHO SHepruto
KaXkaomn a-4actuubl. OteeT: T=9,37 M3B.
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1. Yemy paBHO OTHOLLEHME NMOTOKOB SHEPIUM, U3/TyYaeMblX U3 CMOTPOBbIX OKOLIEK ABYX MJIaBU/bHbIX Neven, ecam

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. Kakoi A/MHbI BOJIHbI CBET C/lefyeT HanpaBWTb HAa NOBEPXHOCTb cepebpa, YTobbl MAaKCMMasibHAA CKOPOCTb
5 -19
$0T03/1eKTPOHOB 6bina paBHa V.= 2 10°m/c. PaboTa Bbixoaa ans cepebpa pasHa A, =7,6 10 .

OtseT: A =2,55 107 m.

3. HaliTu gAnHy BOJIHbI U 4aCcTOTY U3/IyYEHUA, eCAU SHeprus GOTOHOB paBHA 3HEPTMM MOKOA 3/MEKTpPoHa. Kakoro
-12 20
TMNa 3TO U3nyyeHune? OteeT: A=2,4 10 “m, v =1,2 10" T'u, y-U31y4yeHue.

4. OnuHa BonHbl A GOTOHA paBHAa KOMNTOHOBCKOM AnuHe A, 3nekTpoHa. POTOH pacceanca Ha cBoboaHOM
371eKTPOHe Ha yron 6 = 60°. OnpegennTb 3HEPTUI0 U CKOPOCTb 3/1EKTPOHA OTAAUM.

OtBeT: £€=0,17 M3B, v =1,99 10° m/c.

5. Onpe,qenMTe, NPpn KakoOmM 4YNCNOBOM 3HAYEHUU KMHETUYECKOM HEprum T ANMHAa BOJIHbI Age BpOVIﬂﬂ 3/1EKTPOHa

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

6. DNEKTPOH C KMHEeTUYecKon aHeprueit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHnTb C

NOMOLbK COOTHOLWEHUA HeOI'Ipe,CI,e}'IEHHOCTeﬁ OTHOCUTENIbHYIO HEONpeaeNneHHOCTb ero CKOpPOCTw.

OTseT: Av/u ~ 10-*,

o o v v —12
7. DNeKTPOH HaxoguTcs B OAHOMEPHOW 6ecKoHeyHo rnyboKoi MoTeHUManbHOU AMe WupuHon d = 107" m.
Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTeTUYECKMX YPOBHEN. OTtseT: AE,;,=1,1 M3B.

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.

210

s Bl mMaccoit m =1 mr pacnagérca B TeueHue

9. Onpenenntb, CKONbKO AAep PAaANOAKTUBHOIO M30TOMa BUCMYTa

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

i 2*Th i 2%6T]
10. B pesy/nbTaTe Cepun paaMoakTUBHbIX pacnafos Topuid "o I N npespawaetcs 8 Tanauin “g, 11 . Kakoe

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OtgeT: 7amn5p".
11. Onpegenute aHepruto E, KOTOPYHO HYXKHO 3aTPaTUTb AN1A OTPbIBA HEMTPOHA OT AAPa ffNa.
OtBeT: E=12,41 M3B.

12. MNpw coypapeHUn y—KBaHTa C AEATPOHOM, MOCNAEAHUIA MOMKET pPacLenuTbCA Ha [ABa HyKAoHa. Hanucatb
ypaBHEHME ALEPHON peakuMm U onpefennTb MUHUMANIbHYIO 3HEpruio y—KBaHTa, CNOCOBHOro BbI3BaTb TaKoe

pacwienneHue. Otset: T,=2,22 M3B.
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2
1. MydenbHasa neyb, noTpebasiowans mowHocTb 1 KBT, nmeet otBepctue naowaapto 40 cm”. Onpeaenvtb 4oAO
MOLLHOCTW, PAcCeMBaemMOli CTEHKaMW Meyu, ecinm TemrepaTypa ee BHYTPeHHel NoBepxHOCTM pasHa 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.

3. [laBneHue cBeTa C AJ/IMHOM BOHbI A=600 HM, NajatoLEero HOpPMasbHO Ha YEpHyl MoBepxHocTb, P=3 Klla.
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 cocTaBnseT AN = 1,44 nm. Onpegenntb yron
paccesaHusa ¢poToHa. OTBeT: 6 = 66°.

5. Haigute gnuHy BosiHbl Ae bpolina A gns anekTpoHa, o61afatolero KUHeTM4Yeckon sHepruent E, = 3 MaB.
OTBeT: A =0,36 Nm.

6. OUEHMTb C MOMOLLbIO COOTHOLIEHMA HEeomnpeaenEHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/1EKTPOHA,

ABuxyleroca B 0bnactu, pasmep KoTopoi L = 10 m. OtBseT: Thyin = 3,8 3B.

7. YactTvua HaxoAuTcs BO BTOPOM BO36YKAEHHOM cocToAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKHOW L c abCcotoTHO HenpospadHbiMu cTeHKkamu (0 < x < L). Onpeaenunts BEpOATHOCTb OBHaPY»KEHMA YacTULbl

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

8. BbluMCAUTb NOCTOAHHYIO Puabepra R’, ecan M3BecTHO, UTO AnA MOHOB reana He' pasHocTb AnunH BOMH Mexay
o o 7 1
ro/I0BHbIMM IMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OteeT: R'=1,097'10" m~.

9. Halitn NOCTOAHHYIO pacnaja pagoHa, ecin U3BeCTHO, YTO YMCI0 aTOMOB YMeHbLUAeTcA 3a CYyTKM Ha 18,2 %.

OTBeT: A = 2,3-10_6 ct

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

o o 226
o-pacnaga. Kakoi nsoton obpasyercs B pesyibTaTe 3TOW cepun pacnagos? Otset: ‘g Ra.

11. OnpegennTte yaenbHy 3HEPIULO CBA3KM 4N1A A4pa 1§C . OtBeT: g, = 7,68 M3B/HyK/OH.

12. OnpegenuTe, Kakasa saHeprua Heobxoanma, YTobbl pasaennTb A4P0 fBe Ha ABe a-4acTuLbl U HEMTPOH.

OtBeT: Q=1,57 M3B.
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1. MoLwWHOCTb M31y4eHUA abcontoTHO YepHOro Tena pasHa 34 KBT. Halitn Temnepatypy 3Toro Tena, ecinm U3BecTHo,
2
4YTO ero NoBEpPXHOCTb U3NyYeHuMa pasHa 0,6 m”. OTgeT: T = 1000 K.

2. PaboTa BbIxoAa AN UMHKA Ag.= 3,74 3B. Bo3HUKaeT in $poToaddeKT nos AeACTBUEM U3NYYEHMUSA, NUMEIOLLLETO
ANVHY BOAHbI A=0,5 MKMm? OTBeT: Aax=0,33 MKM; A >\ = HET.

3. OnpeaennTb sHEpPreTUYecKyo ocBeWwEHHOCTb (061y4EHHOCTD) E. 3epKanbHOM NOBEPXHOCTU, €CU AABNEHUE P,
npoussoaMMmoe usnydeHmem, pasHo P=80 mkla. M3nyyeHne nagaeT HOPMANbHO K MOBEPXHOCTMH.

Otset: E, =1,2 10 Br/m’.

4. KaKkas yacTb sHepruun nagawolero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NMPU KOMNTOHOBCKOM 3ddeKTe, ecm
paccesaHue $oTOHa NPOM3OLLO Ha yron 1t/6. JanHa BoiHbI nagatollero ¢otoHa A;=12nm. OrtseT: T/£,=0,03.

5. HanguTe annHy BoHbI Ae Bpoinns aneKkTpoHa, ABMAKyLLeroca co ckopoctbto V = 0,3-¢, 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 OAQHOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon ame” wWupuHoi 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. Onpeaenntb AJ/IMHY BOJHbI A, COOTBETCTBYIOLLYIO BTOPOM CMEKTPanbHOM MHKUKM B cepum MMaweHa ans atoma

BOZOpOAA. OteeT: A =1,28 MKMm.

9. AKTMBHOCTb HEKOTOPOro rfpenapaTa yMeHblaeTcA B NATb pa3 3a 14 aHeit. OnpedenuTb ero nepuog
nonypacnaga. OteeT: T = 6 gHell.

10. Onpegenute, € KakMM aTOMHbIM AAPOM bblna ocyuecteneHa peakuna X + Oln - 15461 Ba + gg Kr +3 Oln.
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Otset: ‘o, U .

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

12. OnpenennTb 3HEPrui0 AAEpPHON peakumun fBe(n, y)lfBe, €C/IN U3BECTHO, YTO SHEeprua CBA3WU aapa j’Be

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



2013__3rA-13-2__CaduH A.H.

1. Mpu Kaknx TemnepaTtypax abcontoTHO YEPHOTO Te/la MaKCUMYMbl SHEPTUM TEMNOBOIO MU3y4YEeHUA NPUXOAATCA 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. Onpenenntb MAaKCMMa/IbHYIO CKOPOCTb, KOTOPYHD MOMKET MOJIYY4UTb I/IEKTPOH, BbIPBAHHbIE M3 MAATUHbLI NOA,
[EeNCTBMEM U3NIYYEHUA C A/IMHOM BOAHbI A =203HM. PaboTa BbIxoAa 3neKTpoHa Ag,, =5,293B.

OteeT: V.. 5,4-10° m/c.
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. ®OTOH C A/IMHHOM BOAHbLI A;=10 nm paccesnca Ha CBOGOAHOM 3/IEKTPOHE, NpuYém yron paccesHus 0=m/4.

Onpeaenntb AJIMHY BOJIHbI pacceAHHOro GOTOHa W ero sHepruto. OtBeT: A=10,7 nm; € =0,116 M3B.

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

6. OnpeaennTb HETOUYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABMIKYLLErocAa B aTome BOA0POAA CO
6 .

cKopocTbio v=2,2-10°M/c, ecnn pgonyckaemasa HeTouyHoCTb Av cocTasnseT 10 % oOT e€ BenMuMHbl. YKasatb,

NPUMEHUMO 1N NOHATME TPAEKTOPUN B JAHHOM C/ly4ae. OtBeT: Ax=0,5 Hm.

7. BonHoBas ¢yHKUMA ‘P(x)=(2/L)1/zsin(nx/L) OMNUCbIBAeT OCHOBHOE COCTOSIHWE YacTuLbl B BECKOHEUYHO TyH6oKoM
NPAMOYroZIbHOM fiLLMKe WUpPUHOIM L. BbluMcinTe BePOATHOCTb HAaXOXAEHMUS YacTULbl B Manom uHTepsane 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. Ompenenuts dHEPrut0 HOTOHA, COOTBETCTBYIOIIYIO CaMO¥ JJTMHHOBOJHOBOM JTMHUU cepun Jlaiimana.
Ortsert: 10,2 3B.

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

aTomoB pacnagaetca 3a 10 net? Nepuog nonypacnaga 28 ner. OTseT: A = 7,85-10_10 c_l; 22%.

10. CneaytolLyto A4epHYI0 peakLMo HanMwnTe B pa3BepHyTom Buzae n onpegenute X: X (t, o) 2 Na .
23
Otset: ;,MQ.
11. Onpegenute sHepruto E, KOTOPYHO HYXKHO 3aTPaTUTb A5 OTPbIBA HEMTPOHA OT AApPa ;He.

OtBeT: E = 20,58 M3B.

12. Aapo atoma nTuA §Li ~ 3axBaTblBasA AEWTPOH, pacnajaeTca Ha ABe a-4acTuLbl. HanucaTtb AAEPHYIO peakLmio

M onpeaennTb SHEPruto, BblAENAIOLLYIOCA NMPU 3TON pPeakuuu. OTtBeT: Q = 22,38 M3B.



2013__3lA4-13-2__ CesoctbAHOB .M.

o - 2
1. TemnepaTtypa BHYTPEHHEN NOBEPXHOCTU MydeNbHON Meyn Npu OTKPbITOM oTBepcTUM naowaabto 30 cm™ paBHa
1300 K. CunTan, 4To OTBEPCTME NEYM U3/IyYaeT KaK abCcoOTHO YEPHOE Teslo, ONpesennTb, Kakaa YacTb MOLLHOCTH
W3/ly4EHUA paccemnBaETCA CTEHKaMM neyn, ecnn notpebasemasn et MOWHOCTb cocTasnseT 1,5 KBT.

OtBeT: n=0,676.

2. ®oToadpdeKT npomcxoant nog aenctenem nsydeHuns c A=0,09mkm. OnpesennTb paboTy BbixoAa 3/IEKTPOHOB U3
MeTanna, ecnn GoTOTOK NpeKpaLLaeTca Npu 3aepKuBatoLLEel pasHOCTM noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.
3. Ha nosepxHocTb, naowapb Kotopoi S=0,01 m’ eXeMUHYTHO nagaet E=63[k cBeTOBOW 3Heprun (B

HanpasaeHnn, nepneHAnKYy1aApHOM NOBEPXHOCTU ) Bbluncnmtb cBETOBOE AaB/ieHWE Ha 3Ty NOBEPXHOCTb, €Cau

-7 -7
OHa: a) NO/IHOCTbIO OTParkaeT CBeT; 6) NOAHOCTbIO NOrNOLWAET CBET. OTtset: P,=7 10" Ma; P4=3,5 10

Ma.

4. Onpegenntb yron 6, Ha KoTopbin 6bin pacceaH ¢OTOH ¢ 3Hepruein €,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",

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

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABVMMYLLMXCA BAOMb OCu abcumcc, coctasnsetr Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTononoXeHe 3NeKTPoHa?

OTBeT: Ax = 1,15 MKM.

7. DNEKTPOH B OZHOMEPHOW NPSMOYroAbHOM “noTeHumanbHoM ame” WupuHOM L c BECKOHEeYHO BbICOKMMU
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHMA 3NEKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

8. doToH c aHeprueint E = 12,12 3B, nornoweHHbIM aToOMOM BOAOPOAA, HAXOAALWMMCA B OCHOBHOM COCTOAHMUU,
nepeBoANT aTOM B BO3OYKAEeHHOe cocToAHUe. OnpeaenunTb rNaBHOE KBaHTOBOE YMC/I0 3TOTO COCTOAHMS.
OTBeT: n=3.

9. HaiiTn akTBHOCTb 1r pagua, ecau ero nepuog nonypacnaga Ty, = 1620 ner. OTBeT: A= 3,7-1010 pacn./c.

10. OnpegenunTe, C KAKUM aTOMHbIM A4POM Oblna OocyLllecTBAeHa peakuua X + Oll‘l - 1;2 Xe + ;?SI’ +2 Oln .
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otser: ‘L, U .
11. OnpenennTte sHepruto cBA3M ANA A4pa aToMa CBUHLUA ngPb . OTBeT: E,; = 1,622 3B.

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

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



2013__3l4-13-2_ Ckosopuos A.C.

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. OnpenennuTb MakCMMasbHY CKOPOCTb V., GOTO3/IEKTPOHOB, BblJIETAOWMUX M3 MeTanna nog OeUCTBUEM Y-
o -11 8
N3/ly4eHUs C AIMHOM BOAIHbI A=0,2 107" m. OTBeT:Vma = 2,68 10° m/c.

o -19 o
3. Onpegenute panMHy BONHbI $GOTOHA, obnagawowero sHepruen  2,5-107 K. K KaKoM 4Yactm cnektpa
NPUHAANEXUT 3Ta A/IMHA BONIHbI? OtBeT: A =0,796 MKM; KpacHasA 4acTb BUAMMOTO CNeKTpa.

4. ®OTOH C ANMHOM BOMIHLI A; = 4,3 nm paccesncAa Ha cBo6OAHOM 3/1eKTpoHe. Yron paccesHus coctasu Ti/2.

OnpeaennTb sHEPruio pacceaHHoro GoToHa M SHEPTUI0, NPUXOAALLYIOCA Ha 31EKTPOH OTAAYM.
OtBert: €' =0,185 M3B; T.= 0,106 M3B.

5. DIeKTPOH, HavyaIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, MPOoLIEN YCKOPALWY Pa3HOCTb NOTEHLMANO0B
U =511 kB. Haitante anvHy BosiHbI ge bpoiina Ana sToro snekTpoHa. OtBeT: A\; = 1,4 nm.

. -8
6. AnutenbHoCTb BO36YKAEHHOMO COCTOAHMSA aTOMa BOLOPOAA COOTBETCTBYeT npumepHo At =10 c. Onpefenunts

" -8
HeonpeaenéHHOCTb SHEPIrMN B 3TOM COCTOAHUMN. OTseT: AE 2 6,6-10 ~ 3B.

o v o o v -10
7. HelTpoH HaxoguTca B ogHOMepHO 6eckoHeuyHo rAy6oKoi noTeHumanbHoi Ame wwupuHon d = 107 m ¢
abCoNOTHO HENPOHULAEMbIMM CTEHKamu. Halgute HaMMeHbLUy0 PasHOCTb ABYX COCEAHUX SHEPreTUHeCKUX

YPOBHEMN HelTpOHa. OtseT: AE i, = 0,062 3B.

8. DnexTpoH BHIOMBAETCA U3 aTOMa BOAOPOAA, HAXOJSIIErocs B OCHOBHOM COCTOSHMH, (POTOHOM C 3Heprueil

17,7 3B. Onpenenutb CKOPOCTh DJIEKTPOHA 3a MpeieiaMH aToMa. OtseT: v =1,2:10° m/c.

9. KaKas gons paAMoaKTUBHbIX Afep KobanbTa, nepuog nonypacnaga Kotopblx 71,3 gHA, pacnagaercsa 3a ABa
mecaua?
OtBeT: 44%.

210 _
10. Algpa paamoaKTMBHOIO U30TOMNa TaNAua 81T| npeTepnesaloT Noc/ieA0BaTeNbHO TpU B -pacnaga v oamnH

o-pacnag. Onpegenute KOHeYHbIM NPOAYKT pacnaga. OtserT: 2:3);3 Pb.

11. KaKyto HaMMeHbLUY0 3HEePTUI0 HYXKHO 3aTPaTUTb, YTO6bI Pa3aenuTb AAPO ;‘He Ha [1Be O4MHAKOBbIE YacTy.

OtBeT: E =23,85 M3B.

12. OnpenenuTb SHEPrUIO AAEPHOM peakunm fBe (p, &) 36 Li, aapo-muweHb fBe CYMTaTb HEMOABUMKHbIM.

OTBeT: Q =2,13 M3B.



2013 3rA-13-2_ Tyrysb6aes LU.P.

1. A6contoTHO 4YépHoe Teso umeet Temnepatypy T, = 500 K. Kakosa bypetr Temnepatypa T, Tena, ecam B
pesynbTaTe HarpeBaHWA NOTOK U3y4YeHUA yBeAnYnTca B h =5 pas. OTtset: T, =748 K.

2. PaboTa BbIXO4a 3N1EKTPOHA C MOBEPXHOCTU Ue3nsa paBHa A, =1,89 3B. C Kakol CKOpOCTbIO Bbl/eTatoT
3N1EKTPOHbI U3 LLe3UA, eCIM MEeTa/I1 OCBELLEH KENTbIM CBETOM C A/IMHHOMN BOIHbI A=0,589 MKm?

OTBET: Vo= 2,76 10° m/c.

3. Onpepenntb MOLWHOCTL M3nydyeHMA N CBETOBOro MOTOKa, KOTOPbIM, Nafas HOPMANbHO HA 3epKasibHYH
2
NOBEPXHOCTb naowaaun S=1 cm”, okasbiBaeT gasaeHune p=30 mMa. OTtseT: N =450 Br.

4. ®oToH npu apdpekTe KomntoHa 6bia paccesH Ha CBOGOAHOM 3N1EKTPOHe Ha yron B=m/2. OnpeaennTtb AANHY
BOJIHbI paccesHHOro ¢oToHa, eciiM 3Heprua GoToHa A0 pacceAaHus 6biia €,=1,08 MaB.

Otset: A=3,58 10 “m.

5. Onpeaenutb AAvHY BOJIHbI Ae Bpoina Ag AN8 371eKTPOHOB, 60MBapAMPYIOWMX AHTUKATOA PEHTreHOBCKOWM

TPY6KM, ecam rpaHnLa CnIoOWHOIO PEHTTEHOBCKOrO CNEKTPa NPUXOAMTCA Ha AJIVHY BOJIHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

6. OUEHMTb C MOMOLLbI0 COOTHOLIEHUA HEomnpeaenEHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/IEKTPOHA,

ABuxylerocsa B 06nacTu, pasmep Kotopon L = 10 m. OtBseT: Tryin = 3,8 3B.

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM O4HOMEPHOM NPSMOYTrO/IbHOM MOTEHLNAIbHOM SLLMKE WNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYXKAEHHOM cocTosiHMM (n=2), byaeT
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTtseT: ® =0,195.

8. Bo CKOJNBKO pa3 MU3MEHUTCS TIEPUO/] BPAIICHUS IEKTPOHA B aTOME BOAOPOJIa, €CIH IPH MEepexo/ie B OCHOBHOE
COCTOSIHHE aTOM H3Iy4al (POTOH C JUIMHOU BOJMHBI A =97, 5 HM? OtBer: B 64 pasa.

9. AKTMBHOCTbL A HeKoToporo usortona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpepenutb nepuog,
nonypacnaga 3Toro usorona. OtseT: Ty/,= 31,4 cyTOK.

242 260 1
10. Onpegenute, € KaKMM aTOMHbIM AAPOM Bblna ocylecTeneHa peakumua X+ g, Pu —» 104 Ku + 4,N.

2
orser: ;o Ne.

11. OnpepenuTe, Kakas HeO6XOANUMa SHEPTUS, YTOBLI PA3AENTb AAPO 2C Ha TPU 0-4aCTULLbI.
OtBeT: E=7,27 M3B.
12. OnpepenuThb 3HEpruio AgepHoil peakumn ; Be (p, o) SLi , AApo-muweHb , Be cunTaTh HENOABMAKHBIM.

OTBeT: Q =2,13 M3B.



2013__3r4-13-2_ Xamagues P.X.

2
1. DHepreTuyecKkas 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. Kakoi u4acToTbl CBeT c/iegyeT HanpaBuTb Ha MOBEPXHOCTb HUKena, 4Tobbl MaKCMManbHaA CKOPOCTb

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

3. CBeToBOM MNOTOK C MOLWHOCTbIO M3nyyeHua N=2,3 BT nagaeT HOpMa/sbHO Ha 3€epKa/ibHYyl MOBEPXHOCTb.
v -8
Onpeaenuntb cMay OaBAeHUA, UCMbITbIBAEMYIO 3TON NOBEPXHOCTLIO. OTtget: F=1,5-10"H

4. ®OTOH C A/IMHOW BOAIHbI Ay = 2,04 nm 6bla paccesiH Ha CBOBOAHOM 3/1EKTPOHE, KMHETUYECKAsA SHEPrus otaaum

KoToporo coctasuna T = 0,103 M3B. Onpegenntb yron paccesHuna GoToHa. OTBeT: 0 = 34°,

5. MpoToH ob6nagaeT KMHETMYECKOW 3Hepruen, pasHol E = 78 3B. Onpeaenute ganHy BoJsIHbI e Bpoinna gns
NnpoToHa. OTtBeT: A\; =3,2 nm.

6. AnnHa BOAHbI U3yyaemoro atomom ¢GoToHa coctaBasieT 0,6 MKM. Bpems KM3HM aToma B BO3DOYKAEHHOM
_8 o
coctoAHun 10 c. Onpepenute OTHOLWIEHME eCTEeCTBEHHOWM LWMPUHbI 3HEPreTUYEeCKOro YPOBHA K 3Hepruu,
o 8
W3/ly4EeHHOM aTOMOM. OteeT: AE/E ~3-10-".

7. B npamoyronbHon “noteHuManbHol ame” WnpuHon L ¢ abcontoTHO HenpoHMLAeMbIMKU “CTEHKaMKU” Haxo4uTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HallTM BEpOATHOCTb HaxOMAeHWa 3ToW 4yacTmubl B obnactu L/4 < x < 3L/4.
MosicHUTe U3UYECKUI CMbICA NONYYEHHOro  pesy/abTaTa, W306pa3uB rpadMyeckn MNAOTHOCTb BEPOATHOCTU
obHapyKeHua YacTuLbl B JA@HHOM COCTOAHUM. OTtBeT: ® =0,818.

8. B uone antna Li™™" aneKkTpoH nepeluén c ueTBEPTOro sHEPreTUYECKOro YPOBHA Ha BTOPOit. OnpeaenunTb AAMHY

BOJIHbI A U3/1ly4eHUA, UCMYLLEHHOTO MOHOM NNTUA. OteeT: A = 54 HM.

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

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

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OtgeT: 4an2p.
11. Onpegenute yaenbHYO 3HEPIrUIO CBA3M ANA AAeP fH " fH .
OtBeT: €y,1 = 1,11 M3B/HYKNOH; €4, = 2,82 M3B/HYKOH.

12. Appo atoma AUTMA 37Li bombapanpyloTca MNPOTOHAMM, KUHEeTMYecKkasa 3Heprua KoTopbix 1,4 M3B.

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



2013__3r[-13-2_ Xammartosa P.P.

1. A6CONIOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypbl t; = 327 °C. MNocne NoBbIWEHUs TeMnepaTypbl CymMapHasn
MOLLHOCTb €ro TEMJIOBOrO U3/ly4eHUA yBenmumnack B 2,5 pasa. Ha ckosibko rpaZlycoB noBbicuMiacb TemnepaTtypa
Tena? OtseT: AT = 154 K.

2. Ha meTannuyeckylo NNacTMHy HanpasnaeH Myyok ynbTpaduonetosoro usaydenHusa (A=0,25 mKm). PoTOTOK
NnpeKkpallaeTca Npu 3adepXuBalowein pasHocTM noTeHumanoB Us;=0,96 B. Onpegenutb paboTy Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTBeT: A, = 4 3B.

3. MoHoxpomaTtuyeckunin ny4ok cseta (A=0,58 MKMm) nagaeT HOPManbHO Ha MOBEPXHOCTb C Ko3adpduumeHTom
2 o
oTpaxenua p= 0,7. onpeaenntb 4ncno GOTOHOB, EXKeCeKyHAHO Magatowmx Ha 1 cm” 3TOM MOBEPXHOCTU, ecau
16 -1
JaB/ieHue cBeTa Ha 3Ty NoBepxHOCTb p =1,2 mK(la. OtBeT: N =6,2-10"C .

4. Onpenenntb CKOPOCTb 3/1IEKTPOHA OTAQ4YM nNpu sbdekTe KomnTtoHa, ecan GOTOH C SHEepruen, paBHOW 3Heprum
8
NOKOS 3/IEKTPOHA, HblN paccenH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

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

. -8
6. AnutenbHOCTb BO36YKAEHHOMO COCTOAHMSA aTOMa BOLOPOAA COOTBETCTBYeT npumepHo At =10 c. Onpesenunts

" -8
HeonpeaenéHHOCTb SHEPIrMM B 3TOM COCTOAHUMN. OTseT: AE 2 6,6-10 "~ 3B.

7. HaliTh HaumeHbllee 3HAYeHWe 3SHepruM HeWTPOHa, HaxoAAWeroca B OAHOMEPHOW OGecKoHeyHo rayboKoi

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

8. HaiiTi »Hepruro MOHM3AIUHM BOJOPOIOIOAOOHEIX MOHOB, B CIIEKTPE KOTOPHIX JUIMHA BOJHBI TPETHEH JTHHUU
cepun banbmepa paBHa 108,5 HM. OtseT: E;=54,4 3B.

9. OnpeaennTb, CKObKO A4ep PaAMOaKTUBHOrO M30ToMNa BUCMYTa 2§§Bi macco m =1 mr pacnagérca B TeueHune

t =35 yvacos. MNepuopa nonypacnaga Ty, = 5,02 cyTokK. OTtseT: AN = 5,23-1017.
10. CheaytoLLyto AAEPHYIO peakLMIo HanMwmuTe B pa3BepHyToOM Buae U onpegenute X: o (d, n) X.
Otser: OF .

11. SHeprus cBA3M Aapa, COCTOALWENO U3 ABYX NPOTOHOB U OAHOIO HEWTPOHA, paBHa 7,72 M3aB. Onpegennte maccy
HeWTPasIbHOro aTOMa, MMEHLLLEro 3TO AAPO0. OTBeT: m, = 3,01603 a.e.m.

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

(d, oc)lslB , EC/IN KUHETUYECKAA IHepPrua AeUTpoHa paBHa 1,5 MaB. Aapo-muiieHb cyMTaTh HEMNOLABUMKHbLIM.

Otset: T=6,67 M3B.
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1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEM3MEHHOM TEMNEPATYPbl PAcM/IaBAEHHOTO
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. ®oToadpdeKT NnponcxoamT nog gencremem msydeHus ¢ A=0,09mkm. Onpegenuntsb paboTy BbIX0Aa 31EKTPOHOB U3
MeTanna, ecnn GOTOTOK NPeKpPaLLAETCA NPY 3a4epKMBatoLLei pasHocTK noTeHumanos U,=3,8B.

OtBeT: Ag.x=103B.

3. CBeTOBOW MOTOK MagaeT HOPMa/NbHO Ha MOBEPXHOCTb C KO3dOUUMEHTOM oTpaxkeHua p=0,6, Npu 3TOM OH
npoussoauT gasneHune p=0,2 MNa. OnpesennTb S3HEPreTMYECKYH OCBELLEHHOCTb MOBEPXHOCTH.

Otsert: E.= 37,5 MBT/Mm*

4. Onpepnenntb yron 6, Ha KoTopblii 6bin pacceaH GOTOH € sHepruei €,=1,43M3B npu apdekTe KomntoHa, ecau
0
KMHeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",

5. dneKkTpoH obnagaet KMHeTMYecKon sHeprnen T = 1 KaB. Onpegenvte ANMHY BOJIHbI Ae Bpolina ana Takoro
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

6. HeonpenenéHHOCTb CKOPOCTM 3/1IEKTPOHOB, ABUMKYLIMXCA BAOb Oocu abcumce, coctasnsetT Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTonoNoXeHNe 3N1eKTPoHa?

OTBeT: AX = 1,15 MKM.

v v o o —11
7. INEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEeYHO ryboKoW MoTeHumasnbHoW ame wupuHo d = 100 m ¢

a6COIIOTHO HEMPOHMLL@EMbBIMWU CTEHKaMU. HaiTM HaMMeHblLLee 3HaYEeHNE SHEPTUMN 3/IEKTPOHa.
OtseT: Ejnin=3.7 K3B.

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

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

9. OnpesennTb NOCTOAHHYIO A Pagno0aKTUBHOIO pacnaga CTPOHLUMA ggSr Kakaa oonAa oT nepBoHa4aNbHOro Ymcna

aTomoB pacnagaetca 3a 10 net? Nepuog nonypacnaga 28 ner. OTseT: A = 7,85-10_10 c_l; 22%.

10. B pe3ynbTaTte cepun pagmoaKkTUBHbIX pacnagos HeNTYHUM 237N npespawaeTca B8 BUCMYT 2OgBi Kakoe
. B pesy pum pag, pacnag, y 93 NP npespauy yT ‘g3 BI.

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OteT: 7amnd .

11. OnpenenuTte sHepruto cBA3M ANA A4pa atToma 1213Na. OtBeT: E; = 186,56 M3B.

12. Mpu coydapeHun y—KBaHTa C AEUTPOHOM, MOCAEAHWUIA MOMKET pPacLLenuTbCA Ha ABa HyK/AOHa. HanwucaTtb
YypaBHeHVe A4EePHON peakuun U onpesenntb MUHMMAAbHYIO 3HEpPruio y—KBaHTa, CNocobHOro BbI3BATb TaKoe

pacwienaeHme. Otset: T,=2,22 M3B.
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1. TemnepaTtypa BHYTPEHHEN NOBEPXHOCTU MydeNIbHON Meym 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 paccemnBaETCA CTEHKaMM neyn, ecnn notpebasemasn et MOWHOCTb cocTasnseT 1,5 KBT.

OtBeT: n=0,676.

2. Ha noBepxHOCTb MeTanna NagaeT MOHOXPOMATUYECKMIA CBET C A/IMHHOM BOHbI A=0,08 mkmM. KpacHasa rpaHuua
doToapdekta Ap=0,3 MKM. HailTu 3HauyeHWe 3ageprKuBatoller pasHOCTM noTeHumanos Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObLI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.

3. DHeprusa ¢oToHa 1,2 MaB. Onpeaennte umnynbc ¢poToHa. Kakoro TMna aTo usnyyeHue?
OTBeT: p = 6,4-10'22 Kr-M/C; y-n3nydeHue.

4. OnpeaennTb 3HEPrUI0, NPUXOAALLYIOCA HA 3NEKTPOH oThaumn 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. Onpe,qenMTe, NPpn KakoOmM 4YNCNOBOM 3HAYE€HUN KMHETUYECKoM Heprmum T ANVHa BOJIHbI e BpOVIﬂﬂ 3/1EKTPOHa

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

6. DNEKTPOH C KMHEeTMYecKoM aHepruei T =4 3B nokanunsosaH B ob6nactv pasmepom € =1 mKm. OLeHUTb ¢

MOMOLLIO COOTHOLLEHWA HeonpeaeIeHHOCTE OTHOCUTENbHYIO HEONPeAeNeHHOCTb ero CKOPOCTH.
4
OTBeT: Av/v ~ 10-".

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM O4HOMEPHOM MPAMOYTrOJIbHOM MNOTEHLMANbHOM ALWMKE WMPUHOMN
. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM coOCTOoAHUM (n=2), 6yaet
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTtseT: ® =0,195.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUW, COOTBETCTBYIOLLEN Nepexoay 31eKTPoHa B aToMe BoAopoaa C
LIECTOro 3HEepPreTMYECcKoro YpoBHA Ha BTOPOM. K KaKoW cepumn OTHOCUTCA 3Ta IMHMA U KaKaa OHa Mo CYETY B 3TOM
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. 3a Kakoe Bpemsa NPou3oNAET pacnag Maccbl Am = 3 mMr Kaabuma ;‘g’Ca, €C/N B Haya/ibHbI1 MOMEHT ero macca

6b1na pasHa my= 0,3 r? Mepunopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.
10. CneaytouLyto AAepHYI0 PeaKLMIo HanuLLUTE B Pa3BEPHYTOM BUAE U onpeaenuTe X: ZTAl (o, n) X.

OTser: ng.
11. KaKyto HaMMeHbLUYO SHEePruto HYXKHO 3aTPaTUTb, YTOObI Pa3aennTb AAPO ;He Ha ABe OAMHAKOBbIe YacTu.

OtBeT: E = 23,85 M3B.

12. HaWti sHepruio agepHbIX peakuuin: 1) 13H (p, y);He, 2) fH (d, y);He. Boloenserca uauM norsoliaeTca

3HEeprus B sTUX peakumnax? OTBeT: Q; = 19,81 M3B; Q, = 23,85 Ma3B.



