2013__3MMT63-1__Aknnosa M.C.

1. A6contoTHO 4YépHoe Tesno umeeT Temnepatypy T, = 500 K. Kakosa 6ypet Temnepatypa T, Tena, ecav B
pe3ysbTaTe HarpeBaHWA MOTOK U3/y4YeHUA yBEINYNTCA B h =5 pas. OtBet: T, =748 K.

2. Kakoi ANMHbI BOJIHblI CBET cneadyer HanpaBuUTb Ha NOBEPXHOCTb cepe6pa, yTo6bl MaKCcMMasibHasA CKOPOCTb

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

OTtBeT: A = 2,55 107 m.

3. DnekTpuyeckas famna paccyMTaHa Ha MoWHOCTb N=45 BT. BbluMcauTb daBneHue Jy4UCTOM 3IHEprun Ha
3epKasibHYl0 NOBEPXHOCTb C KO3PPULUMEHTOM OTpaxkeHua p=1, pacnosoKeHHY0 HOPMANbHO K NajaloWwmm ayvam
Ha paccToAHMU r =1 m OT Namnbl. OTBeT: p=24 HMa.

4. OnvHa BonHbI A GOTOHA paBHAa KOMMNTOHOBCKOM AauHe A, 3nekTpoHa. POTOH pacceancs Ha cBoH6oAHOM
371eKTpOoHe Ha yron 6 = 60°. OnpegennTb 3HEPTUI0 U CKOPOCTb 3/1EKTPOHA OTAAUM.

Oteet: € = 0,17 MaB, v = 1,99 10° m/c.
5. Haigute gnuvHy BosiHbl Ae bpolina A gns anekTpoHa, ob61afatolero KUHeTM4Yeckon sHepruen E, = 3 MaB.
OtseT: A = 0,36 Nm.

6. CpepHee BpemA XM3HM aTOMa B BO3OYKAEHHOM COCTOAHUM COCTABNAET OKONO 10-°c. Mpun nepexone atoma B
HOpManbHOe CcOCTOAHME ucnyckaeTcA (OTOH, CpegHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCHTENbHYIO WNPUHY AE/E n3nyyaemoi cnekTpanbHOWM IMHUK, €CAN HE MPOUCXOAMT YILUMPEHUS IMHUM 33 cYeT
APYrMx NpoL.eccos. Otset: AE/E ~ 2-10°%.

7. B npamoyronbHon “noteHumManbHoli ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTeHKamK” HaxoauTcA
YyacTMUa B OCHOBHOM COCTOSIHMM. HallTV BEpOATHOCTb HaxoMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MosicHUTe U3MYECKUI CMbICA MONYYEHHOro  pesynbTata, u3o6pasmB rpaduUyeckn MNAOTHOCTb BEPOSTHOCTU
obHapyKeHua YacTuLbl B JA@HHOM COCTOAHUM. OTBeT: ® =0,818.

8. HaiiTi »Heprui0 MOHM3AIMHN BOAOPOAONOAOOHBIX MOHOB, B CHEKTPE KOTOPHIX [UIMHA BOJHBI TPEThEH JIMHUH
cepun banmbmepa pasHa 108,5 HM. OtseT: E;=54,4 3B.

9. CKoNbKO aTOMOB NOMIOHWUA pacnaAéTca 3a cyTkn u3 1 mnH. atomos? epuog nonypacnaga noaoHua Ty, = 138
o 3
OHeu. OTtBeT: AN =5-10" aTOMmOB.

10. CneaytoLuyto A4ePpHYI0 PeakLMo HanMwnTe B pa3sBepHyTom Buae u onpegennte X: X (o, p)l7O .
orser: ¥ N .
11. OnpegenuTe SHepruio cBA3n ANA aapa atoma ~-Na. Ortser: E., = 186,56 M3B.

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

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



2013 3sMMT63-1__ BaiiryxuHa C.C.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEM3IMEHHOM TeMNEPATYPbl PaAcn/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. Ha noBepxHOCTb Ka/ina nagaeT yabTpadproneToBblit CBET C ANMHON BOAHbI A = 0,04 MKM. Onpeaenuntb BEIMYNHY
3a/lepKMBatoLLeil Pa3HOCTM MOTEHLMANO0B, KOTOPYIO HYXHO NPUAOKUTbL K ¢oToanemeHTy, 4tobbl HOTOTOK
npekpatuaca. PaboTa Bbixoaa Ag.x = 2 3B. OtseT: U, = 29B.

3. DHeprua ¢oToHa 1,2 MaB. Onpeaennte umnynbc ¢potoHa. Kakoro TMna aTo usnyyeHue?
OTBeT: p = 6,4-10'22 Kr-m/c; y-u3nyyeHue.

4. ®OTOH paccessnca Ha CBOBOAHOM 3/71EKTPOHE, U3MEHEHME A/IMHbI cocTaBnseT AN = 1,44 nm. Onpegenuts yron
pacceAaHus poToHa. OTBeT: 0 = 66°.

5. Onpefenutb ANUHY BOAHbI Ae Bpoina Ag Ana aneKkTpoHos, 6oMbapAMpYOWMNX aHTUKATOA PEHTreHOBCKOW

TPY6KK, ecnn rpaHMLA CNIOLIHOTO PEHTTEHOBCKOMO CNEeKTPa NPUX0O4UTCA Ha AJIMHY BOAHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

6. DNEKTPOH C KUHETUYEeCKoM aHeprmeit T =4 3B nokanusosaH B ob6iactn paamepom € = 1 mkm. OueHUTb C
NMOMOLLbHO COOTHOLLIEHMA HEONPeAEeNeHHOCTEN OTHOCUMTENbHYIO HEONPEeAENEeHHOCTb ero CKOPOCTH.

OteeT: Av/v ~ 10-",

v v o o —11
7. DNEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEeYHO ryboKoW MmoTeHumasnbHoW Ame wupuHon d = 100 m c

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

8. OnpeaenvTb OJ/IMHY BOJIHbI A, COOTBETCTBYIOLLYHO BTOPOW CMEKTPasbHOW NNMHWUM B cepum lalleHa ans atoma
BOZOpOAA. OteeT: A =1,28 MKm.

9. CKonbKO Agep pacnagaetca 3a 1 ¢ B KycKe ypaHa ZSEU maccoit 1 Kkr? Mepwuog nonypacnaga Ty, = 4,51-109 ner.
OtBeT: AN = 1,23-107 pacn/c.

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

2
orser: ;o Ne.

11. KaKyto HaMMeHbLUYO SHEPTrUI0 HYXHO 3aTPaTUTb, YTO6bl Pa3aenunTb A4P0 ;He Ha Be 04MHAKOBble YacTu.

OtBeT: E = 23,85 M3B.

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

anepHyto peakuuto. Kakas aHeprua BbicBoboXKgaeTtcs B Hel? OteeT: Q = 2,79 M3B.



2013 3MMT63-1__be3spykosa M.B.

2
1. MydenbHasa neyb, noTpebasiowans mowHocTb 1 KBT, nmeet otBepctue naowaapto 40 cm”. Onpeaenvtb 4oAO
MOLLHOCTW, PAcCeMBaemMOli CTEHKaMW Meyn, ecin TeMrepaTypa ee BHYTPeHHel noBepxHocTM pasHa 1200 K.
CumnTaTb, UTO OTBEPCTME NEYN MU3/1yHaEeT Kak abCcoNOTHO YepHoe Teo. OteeTt: 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 3ageprKuBatolLler pasHOCTM noTeHumanos Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObLI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.

3. Onpepenntb MOLWHOCTL M3nydyeHMA N CBETOBOro MNOTOKa, KOTOPbIM, Nafas HOPMASbHO HA 3epKasibHYH
2
NOBEPXHOCTb Naowaaun S=1 cm”, okasbiBaeT gasaeHune p=30 mMa. Otset: N =450 Br.

4. OnpefenvTb CKOPOCTb 3N1EKTPOHA oTaaum npu adpdekte KomnToHa, ecnn GOTOH C SHEpPruen, paBHOW SHeprum
8
NOKOS 3/IEKTPOHA, HbIN paccenH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

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

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

cKopocTbio v=2,2-10°m/c, ecnn ponyckaemas HeTouyHocTb Av coctasnser 10 % oT e€ Be/nMuMHbl. YKasatb,

NPUMEHUMO I NMOHATUE TPAEKTOPMM B AaHHOM C/yyae. OteeT: Ax=0,5 Hm.

o v v “ v -10
7. HelTpoH Haxogutca B oaHOMepHOo 6eckoHeuyHo ray6oKoin noTeHuManbHoW ame wupuHoit d = 107 m ¢
abCoNOTHO HENPOHMLAEMbIMM CTEHKamMMW. HailgutTe HauMMeHbllylo Pa3HOCTb ABYX COCEAHUX 3HEpPreTUYecKux
YPOBHEeMN HelUTpOHa. OtseT: AE i, = 0,062 3B.

8. B voHe nantna Li*" anekTpoH nepelwén c 4eTBEPTOro sHEPreTMUYECKOro YpOBHA Ha BTOpoi. OnpeaennTb AAVNHY
BOJIHbI A U3/1ly4eHUA, UCNYLLEHHOTO MOHOM NNTUA. OtBeT: A = 54 HM.

9. HaiiTn akTBHOCTb 11 pagua, ecan ero nepuog nonypacnaga Ty, = 1620 ner. OTBeT: A= 3,7-1010 pacn./c.

10. B pe3ynbTaTe cepun pagmoaKkTUBHbIX pacnagos HenTYHUN 237N npespawaeTca B 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. OnpenennTte sHepruto cBA3M ANA A4pa aToMa CBUHLUA 2gzePb . OTBeT: E,; = 1,622 3B.

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

OTBeT: Q =2,13 M3B.



2013 3sMMT63-1__BbenoHoros A.B.

1. MOTOK M3y4eHUA NepBOM MAABUILHOW MeYyn Yepe3 CMOTPOBOE OKOLIEYKO miowanblo 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. OnpeaennTb MaKCUMMA/bHYO CKOPOCTb V. GOTO3/IEKTPOHOB, BblJETAOWMX M3 MeTanna nog AeUcTBUEM Y-
o -11 8
W3yYEHUA C AIMHOM BOAIHbI A=0,2 107" m. OTBeT:V o = 2,68 10° m/c.

3. JaBneHue cBeTa Ha abCcoONOTHO YEPHYIO NOBEPXHOCTb, PACMO/IOKEHHYIO NMEPNeHAUKYAAPHO 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” 3TO NOBEPXHOCTMU.
17
OTtseT: N=7,55-10"".

4. ®OTOH C ANMHHOM BOAHbI A;=10 Nm paccesnca Ha cBOBOAHOM 3/1E€KTPOHE, NMPUUYEM Yron paccesHus O=m/4.
OnpepennTb gNMHY BONHbI PacCeAHHOro GOTOHA U ero sHepruto. OtseT: A=10,7 nm; € =0,116 M3B.

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

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABMMYLLMXCA BAOMb OCcu abcumce, coctaBasetr Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowent MecTonoNoXeHne 3N1eKTPoHa?

OTBeT: Ax = 1,15 MKM.

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

8. VY Kakoro BO,CI,OpO,CI,OFIO,CI,OGHOFO MOHa Pa3HOCTb AJZIMH BOZIH MeXAay ro1oBHbIMUA NTUHUAMU cepmﬁ Banbmepa un

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

9. KaKas gons paAmnoaKTUBHbIX afep KobanbTa, nepuod nonypacnaga Kotopbix 71,3 AHA, pacnagaercsa 3a ABa
mecaua?
OTBeT: 44%.

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

235
Otset: ‘o, U .
11. OnpegenuTe 3Hepruio E, KOTOPYIO Hy}HO 3aTPATUTL /4119 OTPbIBA HelTpoHa OT Aapa , He.

OtBeT: E =20,58 M3B.

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

(d, oc)lslB , €C/IN KUHETMYECKan IHeprna AeUTpoHa pasHa 1,5 MaB. Aapo-muiieHb cUUTaTb HEMOABUMKHBIM.

Otset: T=6,67 M3B.



2013 3sMMT63-1__boTanosa tO.B.

o " 2
1. HaiiTn, KaKoe KoAM4ecTBo aHeprumn B 1 ¢ u3yyaet abcosloTHO YEPHOE Te/I0 C MOBEPXHOCTM Mmaowaabio 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. 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. [aBneHue cBeTa C A/MHOM BOHbI A=600 HM, NajalroLLEr0 HOPMAJIbHO HA YEPHYK MNoBepxHOCTb, P=3 Klla.
2 o
Onpepenntb uncno N poToHOB, Nagatowmx 3a Bpemsa t=20 cek Ha naowaab S=1 Mm” 3TOM NOBEPXHOCTW.

OTseT: N =5,43 10>,

4. ®OTOH C A/IMHOW BOAIHbI Ay = 2,04 nm 6bln paccesiH Ha CBOBOAHOM 3/1EeKTPOHE, KMHETMYECKasA SHepPrus otTaaum

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

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

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

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

7. YactTvua HaxoAuTcs BO BTOPOM BO36YKAEHHOM cocToAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKMHOW L c abCoMOTHO HenpospadHbiMm cTeHKamu (0 < x < L). Onpeaenunts BEpPOATHOCTb OBHaPY»KEeHUA YacTmLbl

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

8. OnpeaennTb ANMHY BOHbI CMEKTPANbHOM IMHWUW, COOTBETCTBYHOLLLEN Nepexoay 3/1eKTpoHa B aToMe Bo40poaa C
LLIECTOro 3HEepPreTMYecKoro ypoBHA Ha BTOpoM. K Kakol cepum OTHOCUTCA 3TA IMHUA U KaKaa OHa MO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa NMHMA cepun banbmepa.

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

OtBeT: AN = 1,67-105 aTOMOB.

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

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

11. Onpegenute aHepruto E, KOTOpYO HYXKHO 3aTPATUTL A4/1A OTPbIBA HEMTPOHA OT AApPa ffNa.
OteeT: E=12,41 M3B.
12. OnpegenuTe, Kakasa aHeprna Heobxoanma, YTobbl pasaennTb A4P0 fBe Ha ABe a-4acTuLbl U HEMTPOH.

OteBet: Q=1,57 MaB.

2013 3sMMT63-1__ byautko C.B.



Bynutko C.B. sMMT6-13-1

1. MoLwWHOCTb M31y4eHUa abcoNtoTHO YepHOoro Tena pasHa 34 KBT. HaliTn TemnepaTypy 3TOro Tena, ecaiv U3BecTHo,
2
YTO ero NOBEepPXHOCTb U3nydYeHusa pasHa 0,6 m”. OtseT: T = 1000 K.

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

OTBET: Vo= 1,22 10° m/c.
3. OnpegenuTte aHepruto ¢otoHa g A= 0,43 MKM U Ay= 2,4 HM.
OTBeT: €, =2,893B; ¢, =518 3B.

4. KaKas 4acTb sHepruun nagatoLlero GoToHa NPUXOANTCA HA SNEKTPOH OTAA4YM NPU KOMNTOHOBCKOM 3ddeKTe, ecnum
paccesaHue $oTOHa NPOM3OLLIO Ha yron 1t/6. JanHa BoiHbI nagatollero ¢otoHa A;=12nm. OrtseT: T/£,=0,03.

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

6. DNIEKTPOH C KMHETUYecKoM aHeprmeli T = 15 3B HaxoguTca B MeTaAIMYecKon 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. YactMua B OAHOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon Ame” wWupuHOM L ¢ 6ecKoHeYHO BbICOKMMM
“CTeHKamKn” HaxogmuTcA B BO3OYKAEHHOM cocTosiHMM (n=2). OnpefennTb BEPOATHOCTb OBHAPYIKEHWUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. Bo CKOJNBKO pa3 M3MEHUTCS TIEPUO/] BPAIICHUS JIEKTPOHA B aTOME BOZOPOJIa, €CIH IPH MEepexoe B OCHOBHOE
COCTOSIHHE aTOM H3JTy4al (pOTOH ¢ JUIMHOH BOJMHEI A =97, 5 HM? OtBer: B 64 pasa.

45

9. 3a Kakoe Bpems NPOMU3OMAET pacnas maccel Am = 3 Mr Kanbuusa

Ca, ecnun B Ha4ya/lbHbIt MOMEHT ero macca

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

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

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

11. SHeprus cBA3W aapa, COCTOALWErO U3 ABYX NPOTOHOB U OAHOIO HEWTPOHA, paBHa 7,72 M3aB. Onpegennte maccy
HeWlTPasIbHOro aTOMa, MMELLLEro 3TO AAPO0. OTBeT: m, = 3,01603 a.e.m.

12. Appo atoma AuUTUA 37Li bombapanpyroTca NPOTOHAMK, KUHETUYecKas 3Heprua Kotopbix 1,4 MaB.

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



2013__3MMT63-1__ Baiic .M.

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

COOTBETCTBYET MAKCUMYMY SHEPTUWN B CMIEKTPE U3YyYeHUs, A, = 680 HM, a NaoWaab 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. OnpeaenuTb O/NMHY BONHbI GOTOHOB, KOTOPbIE MMEKOT TaKyl K€ 3HEPruto, YTO M 3/IEKTPOH, MpoLeaLnia
-7
Pa3HOCTb NOTeHUManos 5B. OtseT: A =2,48 10'm.

4. Onpepnenntb yron 6, Ha KoTopblii 6bin pacceaH GOTOH ¢ sHeprnei €,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHETUYeCKasa sHeprma aNeKTpoHa otaayum T,=0,55 MaB. OtBeT: 6 ~ 39",

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

6. AnnHa BOAHbI U3Ny4aemoro atomom ¢GoToHa coctaBnsieT 0,6 MKM. Bpems KU3HM aToma B BO3OYXKAEHHOM
_8 o
coctoaHun 10~ c. OnpeaennTte OTHOLIEHME eCTeCTBEHHOW LWMPUHbI 3SHEPreTUYEeCKOro YPOBHA K 3Hepruw,
o 8
U3/ly4eHHON aTOMOM. OtseT: AE/E ~3-10-".

o v v v —12
7. DNEKTPOH Haxo4MTCA B OAHOMEPHOW 6ecKoHeyHo ryboKoW noTeHuManbHoOM Ame wupuHon d = 1077 m.
Onpegennte HaMMEHbLLYIO Pa3HOCTb ABYX COCEAHUX IHEPTETUUYECKUX YPOBHEMN. OtseT: AEmin=1,1 M3B.

8. BbluMCAUTb NOCTOAHHYIO Puabepra R’, ecnn M3BeCTHO, UTO AnA MOHOB renna 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. AKTMBHOCTbL A HeKoToporo usortona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpepenutb nepuog,
nonypacnaga aToro usorona. Ortset: Ty/2=31,4 cyTOK.

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

o-pacnag. Onpegenute KOHeYHbIM NPOAYKT pacnaga. OtserT: 2§§ Pb.

11. Onpepenute, Kakas HeobxoaMma aHeprus, YTobbl pasfennTb AAPO 1§C Ha TPU al-4acTULbI.

OtBeT: E=7,27 M3B.

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

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



2013 3sMMT63-1__ Nwaasnetos U.WN.

1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MAKCMMYM CMEKTPa/ibHOW MNOTHOCTM 3HEPreTUYeCKoW CBETUMOCTU

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. Kakoli u4actoTbl cBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HWKeNs, 4Tobbl MaKCMMasibHasa CKOPOCTb
6
$OTO31EKTPOHOB BbiNa PaBHA Vma,=3-10" M/c? PaboTa BbIXxoAa 414 HUKeNA paBHa Ay, =4,84 3B.

OtseT: v=17,36 10" M.

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

4. B pe3synbTtate addekta KomntoHa Ha cBo60AHOM 31eKTpoHe GOoToH bl paccesH Ha yroa 1t/3. dHeprus ¢oToHa
0o paccesHus 6bina €,=0,59M3B. OnpegennTb ANNHY BOMHbI pacceaHHOro ¢poToHa. OtBeT: A,=3,3 nm.

5. MpoToH ob6iagaeT KMHETMYECKOM 3Hepruen, pasHoh E = 78 3B. Onpepenute gavHy BOsIHbI ae Bpoina gns
NnpoToHa. OtBeT: A\; =3,2 nm.

6. OUEHMTb C MOMOLLbI0 COOTHOLIEHMA HEomnpeaenEHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/1EKTPOHA,

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

7. BonHoBas ¢yHKUMA \I’(x)=(2/L)1/2

sin(mx/L) onucbiBaeT OCHOBHOE COCTOSIHUE YacTuubl B GECKOHEYHO r1y6oKom
NPAMOYIO/IbHOM fALWMKE WUPUHOW L. BbluncanTe BEpOATHOCTb HAaXOXKAEHWUS YacTULbl B Masiom uHTepBane AL=0,01L
B cpeaHei vactu AuwmKa (L-AL)/2 < x < (L+AL)/2. MoacHute GU3MYECKMIA CMbICA MONYYEHHOro pesynbTaTa,

M306pa3MB Fpad)quCKM NNOTHOCTb BEPOATHOCTU O6Hapy)KEHMF| YacTuubl B AaHHOM COCTOAHUN.

Otset: ® = 0,02.

8. ®oToH c 3Heprnent E = 12,12 3B, NornoweHHbIM aTOMOM BOAOPOAA, HAXO4AWMMCA B OCHOBHOM COCTOSIHUM,
nepeBoANUT aTOM B BO3OYKAeHHOe cocToAHUe. OnpeaennTb raBHOE KBaHTOBOE YMC/I0 3TOFO COCTOSIHUA.
OTBeT: n=3.

14C

y Hux coctasaset 0,6 yaenbHON aKTMBHOCTM 3TOr0 M30TOMa B TO/IbKO 4YTO cpy6/ieHHbIX aepesbax. Mepuosa

9. OnpepnenuTb BO3PacT APEBHUX AepeBAHHbIX NPeAMETOB, eC/IM U3BECTHO, YTO yAe/IbHaA aKTMBHOCTb M30TOoMa
14 3
nonypacnaga agep - CT,/, = 5570 nert. OTtseT: t=4,1-10" ner.

10. B pe3ynbTate cepun pagnmoaKkTUBHbIX pacnagos aH 235U npespaLLaeTcsa B NOJOHUN 21SP0 Kakoe
- B pesy. puv pag p Aos yp 92 pespaly, 84 .

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OteeT: 5amn2p.

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

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

W onpeaennTb SHepPruto, BblAeNSAOWYCA NPU 3TON peakumu. OTBeT: Q =22,38 M3B.



2013 3MMT63-1__KaHucesa C.A.

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 CMEeKTPasbHOM NAOTHOCTU

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

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

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

4. OnpeaennTb 3HEPruio, NPUXOAALLYIOCA HA 3NEKTPOH oTAaum npu addekTe KomntoHa, ecnm pacceaHne GoOToHa
npoucxoamt Ha yron 8=m/3? dHeprua ¢oToHa Ao pacceaHuns £,=0,46 M3B. OTtget: T, =0,14 MaB.

5. dnekTpoH obnasaeT KMHeTuyeckon aHeprnent T = 1,02 M3B. Bo CKONbKO pa3 U3MEHUTCA AJIMHA BOJIHbI Ae

Bpoiins, ecin ero KNHeTUYECKan SHepPrMa YMeHbLIUTCA BABOE? OTBeT: n =1,63.

6. OLEeHUTb C MOMOLLbIO COOTHOLIEHUA HeonpeaenEHHOCTEN MUHUMAbHYIO KUHETUYECKYIO SHEPTUIO 3/IEKTPOHA,
JIOKaNIM30BaHHOro B 061acTu pasamepom L = 0,20 Hm. OTseT:
Tmin = 1 3B.

7. JNeKTpOH B OOHOMEPHOW NPSAMOYrosbHOM “noTeHumManbHol ame” WUpuHON L ¢ BECKOHEYHO BbICOKMMMU
“cTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaennTe BEPOATHOCTb OOHAPYMKEHMA INEKTPOHA B
nepsou YyeTeepTn “ambl”. OtseT: ® = 0,25.

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

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

10. B pe3y/nbTaTe cepuu pagmoakTUBHbIX Ppacnagos pagui zgg Ra npespauaetca s cauHen, 2327 Pb. Kakoe

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

11. OnpegennTte yoenbHy 3HEPIULO CBA3KM 4N1A A4Pa 1§C . OTBeT: €, = 7,68 M3B/HYK/OH.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCAELHUIA MONKET pacLienuTbCA Ha ABa HyKAOHa. Hanwucatb
ypaBHeHWe A4epHON peakuun U onpeaenntb MUHMMANbHYIO 3HEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

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



2013 3MMT63-1__MeneHTbeBa A.A.

1. OnpegenuTtb TemnepaTypy Tena, Npu KOTOPOW OHO NPU TEMMEPATYPE OKPYKatowel cpeabl to =23 °C usnyyaet B
10 pa3 6o/bLLEe 3HEPTUM, YEM MOT/IOLLAET. OtBeT: T =526 K.

2. MaKkcumanbHan CKopocTb GpOTOINIEKTPOHOB, BbINETAIOWMX M3 MEeTanNa Npu 0b6aydyeHun doToHamu, V.., = 0,88c.
OnpepennTb aHeprmo GOTOHOB. OTgeT: € = 0,565 M3B.

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

4. Ha Kakoit yron 6bin1 paccesiH GOTOH € 3Heprueit €, = 1,36 MaB Ha cBO60AHOM 3/1EKTPOHE, €C/IM KMHETUYECKaA
3Heprua oTAauun aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: 6 = 51°.

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

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, ECU HE MPOUCXOAMT YIUMPEHUA IMHUM 33 CHET
LPYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

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

8. 9J'IGKTpOH BBEIOMBaeTCs M3 aToMa BOAOPOJAA, HAXOAALICIOCd B OCHOBHOM COCTOSIHHHU, q)OTOHOM C BHSPFHCﬁ

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

9. OnpesennTb NOCTOAHHYIO A Pagno0aKTUBHOIO pacnaga CTPOHLUMA sgsr Kakaa nona oT nepBOHa4yaNbHOro Yncna

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

1 104 132 1
10. Onpegenute, € KaKMM aTOMHbIM AAPOM Bblna ocywecTeneHa peakuua X+ N — 75 Mo + 50 Sn +3 oN.

238
Otset: ‘o, U .

11. Onpepenute yaenbHYIO 3HEPruIo CBA3M ANA AAep fH " 13H .

OtBeT: g, = 1,11 MaB/HYKNOH; €4, = 2,82 M3aB/HYK/IOH.

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

anepHyto peakuuto. Kakas sHeprua BbicBob0oXKaaeTca B HE? OteeT: Q = 2,79 M3B.



2013 3MMT63-1__ MawHwnHa O.H.

1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MAaKCUMYMY CMEKTPaNbHOM NAOTHOCTU SHEPreTUYecKoM CBETUMOCTM, U3MEHMNACH Ha A
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

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

—12 o
3. CKOMbKO KBAHTOB COAEPKUT M3/NyYeHue C AJMHAMU BOAH Ay = IMKM U A, = 2:107°°M B MOTOKe C 3Hepruen
E=0,5:K? Otset: N; = 2,52 10* yactuu; N, = 5,04 10" yacTumu,

4. ®OTOH C ANMHOM BOMHLI A; = 4,3 nm paccesncAa Ha cBO60AHOM 3/1eKTpoHe. Yron paccesaHus cocTasun 1/2.
Onpenenntb SHEPTUIO pacceaHHOro GOTOHA U SHEPTUID, NPUXOAALLYIOCA Ha 3/IEKTPOH OTA3A4M.

OtBert: €' =0,185 M3B; T.= 0,106 M3B.

5. DIeKTPOH, HayaIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, NPOoLIen YCKOPAOLWY Pa3HOCTb MOTEHLMAIOB
U =511 kB. Haitaute aavHy BosiHbI ge bpoiaa ana aToro anekTpoHa. OtBeT: A\; = 1,4 nm.

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

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

v v v o -11
7. INEKTPOH HaxogMTcA B OAHOMEPHOW OGECKOHEYHO TNybOoKOW MoTeHuuasnbHOW ame wupuHon d = 10 m ¢

abcontoTHO HeNPOHWUAEeMbIMUN CTEHKaMW. HaliTn HaumeHbLUee 3HaYeHne SHEPIrnn aNEKTPOHa.

OtseT: Ejnin=3.7 K3B.

8. HaiiTi sHepruro MOHM3AIUHN BOAOPOJONOAOOHBIX MOHOB, B CHEKTPE KOTOPBIX JUIMHA BOJHBI TPETHEH ITMHUH
cepuu banbmepa paBHa 108,5 HM. OtseT: E;=54,4 3B.

9. AKTMBHOCTb HEKOTOPOro mnpenapaTa yMeHblaeTcA B NATb pa3 33 14 aHeit. OnpegenuTb ero nepuog
nonypacnaga. OteeT: T = 6 AHeM.

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

2%
otser: ‘L, U .
11. OnpegenuTe sHepruto E, KOTOPYIO Hy}HO 3aTPATUTL N7 OTPbIBA HelTpOHa OT Aapa “ Na.

OteeT: E=12,41 M3B.

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

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



2013 3sMMT63-1__Monoga 0.A.

1. CKONbKO 3Heprum msnyyaer abCco/IlOTHO YepHoe Teso 3a Bpema t = 2 ¢, N/iowWadab CBETALLENCA NOBEPXHOCTH
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. Onpeaenntb MakCMMasibHYO CKOPOCTb GOTO3/EKTPOHOB M KpacHyto rpaHuuy ¢oToaddeKTa, ecim 31eKTPOHbI

BbIPbIBAIOTCA C MOBEPXHOCTM HUKENA ybTPadUONeTOBbIM M3/TyYeHMEM C ANMHON BOJIHbI 0,2MKM. PaboTa Bbixoaa
5

Ag,=53B. OtserT: Vmax=6;5'10 M/C; )\max=248HM.

3. HaliTu ganHy BOJIHbI U 4aCTOTY U3/lyYEHUA, eCAU SHeprua GOTOHOB paBHA IHEPrUM MOKOs 3neKTpoHa. Kakoro
-12 20
TMMA 3TO U3nyyeHune? OtBeT: A=2,4 107" m, v =1,2 10”" Ty, y-u3nyyeHue.

4. ®dotoH npu adpdekte KomntoHa 6bin paccesH Ha cBO6OAHOM 3/1€KTPOHe Ha yron 6=r/2. Onpegenuts AAUHY
BOJIHbI paccesHHOro ¢oToHa, eciv 3Heprua GoToHa A0 pacceAaHus 6biia €,=1,08 MaB.

-12

OtseT: A=3,58 10 “m.

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

. -8
6. AnutenbHOCTb BO3BYKAEHHOFO 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 HaxoguTca B oAHOMEpPHOM 6eckoHeuyHo rAyboKoil noTeHumanbHoi Ame wwupuHo d = 107 m ¢
abCoNOTHO HENPOHULAEMbIMU CTEHKamMM. Hailgute HauMMeHblylo Pa3HOCTb ABYX COCEAHUX 3SHEpPreTUYecKux
YPOBHEeN HelTpOHa. OtseT: AE i, = 0,062 3B.

8. ®oToH c sHepruein E = 12,12 3B, nornoweHHbIM aTOMOM BOA0POAA, HAaXOA4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoANUT aToOM B BO3bOyKAeHHOe cocToAHMe. OnpeaennTb raBHOE KBaHTOBOE YMCI0 STOFO COCTOAHMUA.
OTBeT: n=3.

9. CKONbKO 0-4acCTuL, BbibpacbiBaeT Topuii ng)Th maccoit m=1kr3a t=1rog? Nepuoa nonypacnaga topua Ty,

=1,39-10" ner. Oreet: N, = 1,29-10%°.

243 256 1
10. Onpegenunte, € KaKMM aTOMHbIM AA4POM bblna ocylwecTBaeHa peakuua X+ "o Am > 103 Lr +5 on.

18
orger: 50O

11. SHeprus cBA3M aapa, COCTOALErO U3 ABYX NPOTOHOB M O4HOTO HEWTPOHA, paBHa 7,72 M3aB. OnpeagenvTte maccy
HeWlTPasIbHOro aTOMa, MMEILLLEro 3TO AAPO. OtBeT: m, =3,01603 a.e.m.

12. Appo atoma AuUTUA 37Li bombapanpyroTca NPOTOHAMK, KUHETUYecKas 3Heprua Kotopbix 1,4 MaB.

O6pasytolmecs Npu 3TOM ABe 0-4acTULbl IETAT C O4MHAKOBOW CKOPOCTbI0. ONpesaennTe KUHETUYECKYIO SHEPTUI0
KaXKaoW o-4acTuLbl. OtBet: T=9,37 M3B.



2013 3MMT63-1__ Peseps_1

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

OteeT: V.. 5,4-10° m/c.

v 2
3. CBeTOBOWM NOTOK MOLWHOCTbI0 N=9 BT HOpMasibHO NaZaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoadpduuneHT
oTpaxeHus kotopoi p=0,8. Kakoe AaBieHWe UCMbITbIBAET NPU 3TOM AaHHAA NOBEPXHOCTL? OtBeT: p=54 mkKMa.

4. ®otoH npu addekte KomntoHa paccesancs Ha cBO6OAHOM 3/1eKTpOHe Ha yron 1/4. OnpegennTtb 3HEPruio
nagatolLero ¢oToHa, eciv AIMHA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTtseT: £,=0,12M3B.

5. DNeKTpoH obnagaet KuHeTudeckon aHeprneit T = 1,02 MaB. Bo CKONbKO pas U3MEHWUTCA AJIMHA BO/HbI Ae
bpoiina, ecnn ero KUHETUYECKAA SHEPIUS YMEHbLUIUTCA BABOE? OTseT: n=1,63.

6. DNEKTPOH C KMHEeTUYecKon aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHnTb C
MOMOLLbIO COOTHOLLIEHUA HeonpeaeeHHOCTe OTHOCUTENbHYIO HeoMNpeaeleHHOCTb ero CKOPOCTH.

OteeT: Av/v ~ 10-",

7. HaliTh HaumeHbllee 3HAYEHWE 3SHEPrMM HEWTPOHA, HaxoAAWEeroca B OAHOMEPHOW GeCKOHeyHo rayboKoi

NOTEHUMAIbHON AMe WUpKHOW d = 107" m. OtBeT: Epin = 3.26:10° JIRS

8. OnpeaennTb ANMHY BOJHbI CMEKTPANbHOM IMHWUW, COOTBETCTBYHOLLLEN Nepexoay 31eKTpoHa B aToMe Bo40poaa C
LLIECTOro 3HEepPreTM4YecKoro ypoBHA Ha BTOPOM. K KaKol cepum OTHOCUTCA 3Ta IMHUA U KaKaAa OHAa NOo CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa NMHMA cepun banbmepa.

9. OnpeaennTb, CKObKO AA4ep PaAMO0aKTUBHOIO U30ToMNa BUCMYTa 2;gBi macco m =1 mr pacnagérca B TeueHune

t =35 yacos. MNepuop nonypacnaga Ty, = 5,02 cyToK. OTtBeT: AN = 5,23-1017.
10. CneaytouLyto AAepHYI0 peakLMIo HanMwnTe B pa3sepHyTom Buae n onpegenute X: X (t, o) 2 Na .
23
Otser: ;,MQ.

11. OnpenennTte yaenbHy aHEPruto CBA3U 4NA A4pa 162C . OtBeT: €, = 7,68 M3B/HYKNOH.

12. OnpegennTb aHEPruto A4epHOMN peakLmnm fBe (p, o) 36 Li, aapo-muweHb fBe CYMTATb HEMOABMMKHbIM.

OTBeT: Q =2,13 M3B.



2013 3MMT63-1__ Pe3eps_2

1. AbcontoTHO Y€pHOe Teno HaxogmuTca MNpu TemnepaType T; = 2900 K. lNpu ocTbiBaHUW Tena AjIMHA BOJIHbI,
COOTBETCTBYIOLLAA MaKCUMYMY CMEKTPA/IbHON NNOTHOCTU IHEPTETUYECKON CBETUMOCTU, U3MEHUACH HA AN
=4 mkm. Onpegenntb Temnepatypy T,, 40 KOTOPOW OXNaAna0Ch TENO. OTtget: 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.

3. CBeToBOM MNOTOK C MOLWHOCTbIO M3nyyeHuAa N=2,3 BT nagaeT HOPMasbHO Ha 3€pKasibHYyl MOBEPXHOCTb.
v -8
Onpeaenntb cMay OaBAeHUA, UCMbITbIBAEMYIO 3TON NOBEPXHOCTLIO. OTtset: F=1,5-10"H

4. ®OTOH C A/IMHOW BOAIHbI A = 2,04 nm 6bia paccesiH Ha CBOBOAHOM 3/1EKTPOHE, KMHETMYECKasA SHeprus otaaum

KoToporo coctasuna T = 0,103 M3sB. Onpegenntb yron paccesHuna GoToHa. OTBeT: 0 = 34°,

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

6. OUEHMTb C MOMOLLbIO COOTHOLIEHMA HeomnpeaenEHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUIO 3/IEKTPOHA,

ABuxyleroca B 0bnactu, pasmep Kotopon L = 107 m. OtBseT: Thyin = 3,8 3B.

7. Yactvua HaxoAuTcs BO BTOPOM BO36YKAEHHOM cocToAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALLUKE
WMpKHOW L c abCcotoTHO HenpospadHbiMm cTeHKamu (0 < x < L). Onpeaenunts BEpOATHOCTb 0BHaPYKEHMA HacTULbI

B CpPeLHelN TpeTu AWwmKa. OTtseT: ®=0,33.

8. Y KaKkoro soopoaonoAo6bHOro MoHa pasHoOCTb AJIMH BOJIH MEXAY FONOBHbIMM AVHMAMKU cepuin Banbmepa m

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

9. HanTn akTMBHOCTb 1 I pagoHa 2562 Rn . Nepuopa nonypacnaga 3,823 gHA. OtBeT: A= 5,69-1015 pacn/c.

10. B pesynbTaTe Cepun PaMOaKTUBHbIX PacnafoB Topuit o Th npespawaetca 8 Tanauit "o T1 . Kakoe
- b pesy. pun paj, p A p 90 pespaly, gr!l-

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

11. OnpenennTte yaenbHy IHEPrUto CBA3KU 414 A4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWI MOMET pacLLenuTbca Ha ABa HyKAoHa. Hanwucatb
YpaBHeHVe A4EePHON peakuun U onpesenntb MUHMMA/bHYIO 3HEpPrui y—KBaHTa, CNocobHOro BbI3BATb TaKoe

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



2013 3MMT63-1__ Peseps_3

1. A6CONOTHO 4YepHoe Teno Harpeto Ao Temnepatypbl 227 °C. Mocne NOHWMKEHUA TemnepaTypbl CymmapHan
MOLLHOCTb €ro Tena0BOro U3jy4yeHnsa ymeHbluunacb B 3 pasa. Ha cKonbKo rpafycoB MOHWM3MIACch TemnepaTypa
Tena? OtseT: AT =120 K.

2. Npu doTo3dPeKTe c NOBEPXHOCTU NAATUHbI BENMUYMHA 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, €C/IM NPU dHepreTMyeckon ocseléHHocT E.=150 BT/m
AaBneHue CBeTa Ha Heé okasanocbk P = 0,65 mka. Otset: p=0,3.

4. OnpegenuTb yron B, Ha KoTopbl 6bin paccedaH GOTOH € sHepruel €,=1,43MaB npu sdpdpekte KomnToHa, ecnmn
0
KMHETMYeCKana sHeprmna afieKTpoHa otaaum T,=0,55 M3B. OtBeT: O~ 39".

5. Onpefenntb ANUHY BOAHbI Ae Bpoina Ag Ana aneKkTpoHos, 6oMbapAMpYOWNX aHTUKATOA PEHTreHOBCKOW
TPYBKK, ecnu rpaHMLLa CNIOLIHOIO PEHTIEHOBCKOro CNeKTpa NPUXoANTCA Ha ANUHY BOSIHbI A = 3 HM.

OtBeT: Ag = 0,06 HM.

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

OTBeT: Av/v ~ 10",

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSMOYTrO/IbHOM MOTEHLNMAIbHOM SILLMKE LWNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM coCToAHUM (n=2), byaeT
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTseT: ® =0,195.

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

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

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

OTBeT: A = 2,3-10_6 ct

10. CnegaytoLyto AAePHYIO PEAaKLUMIo HaNMLWKTe B pa3BepHyToM Buae v onpegenute X: X (p, o) “Ne .
.23
Orser: ;;Na.
11. OnpegenuTe, Kakasa HeobxogMma sHeprus, YTobbl pasaennTb A4P0 1§C Ha TPW O-4acTULLbI.

OtBeT: E=7,27 M3B.

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

OTBeT: Q=1,57 M3B.



2013 3sMMT63-1__ datTtaxos P.3.

1. Yemy paBHO OTHOLLEHWE NMOTOKOB SHEPIUM, U3/IYHAEMbIX U3 CMOTPOBbLIX OKOLLEK ABYX NAaBU/bHbIX NeYel, ecam

BHYTPM NepBoi neun noaaepxunsaerca Temnepatypa T, = 1100 K 1 naowaab ee CMOTPOBOrO OKOLIEYKA COCTaBAAET
2 o 2

S1: =8 cMm’, a TemnepaTypa BHyTpu BTOpoi neun T, = 1000 K n naowasb CMOTPOBOrO OKoWeYKa S, =9 cm™?

OtBeT: n=1,3.

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

3N1EeKTPOHbI U3 Lie3ns, eCIN METaN/ OCBELLEH KENTbIM CBETOM C ANMHHOM BOIHbI A=0,589 MKM?
5
OTBET: Viax= 2,76 10° m/c.
14
3. Onpegenute aHepruto ¢poToHoB gna: 1) KpacHoro ceeta (v, =4,1-10"" Tu); 2) MHOPaAKpacHOro U3NyyeHus

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

4. OnpeaennTb CKOPOCTb 3NEKTPOHA oTAauun npu adpdekte KomntoHa, ecam GOTOH C aHepruels, PpaBHOM 3Heprum
8
NMOKOS 3/1EKTPOHa, HblN paccesH Ha yron 6 = 180°. Otset: v = 2,4 10" m/c.

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

6. OLEeHUTb C MOMOLLIO COOTHOLEHMA HeonpenenéHHOCTEN MUHUMAJIbHYIO KMHETUYECKYHO SHEPIUI0 3/1eKTPOHA,
JIOKaNIM30BaHHOro B 061actn pasamepom L = 0,20 Hm. OTseT:
Tmin ~13B.

7. DNEeKTPOH B OAHOMEPHOW MNPAMOYrosbHOM “noTteHumanbHon ame” WUpUHOM L c HECKOHEYHO BbICOKMMM
“CTeHKammn” HaxogmuTca B BO3BYKAEHHOM cocTosiHMM (n=4). OnpeaennTe BepOATHOCTb 0BHAPYKEHUA INEKTPOHA B

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

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

9. OnpegenuTe nepuog nonaypacnaga Ty, PaAMOaKTUBHOIO U30TOMa, ecin 5/8 HauasibHOroO KONMYECTBa AfEpP 3TOro
M30TOMa pacnanocb 3a Bpema t =849 c. OtBet: T1/2= 10 muH.

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

_ . . 209
ABa B -pacnaga. Kakoit nsoton o6pasyeTca B pesy/bTaTe 3TOM CepUm pacnazfos? OtseT: g, Bi .
11. OnpegenuTe SHepruio cBA3n AnA aapa atoma > Na. OrtseT: E., = 186,56 M3B.

12. OnpesennTbL CyMMapHYIO KMHETUYECKYIO SHEpPTUIo AAep, 06pasoBaBLUMXCA B pe3ynbTaTe peaKLmum e

(d, oc)lslB , €C/IN KUHETMYECKan IHeprna AeUTpoHa pasHa 1,5 MaB. Aapo-muiieHb cUUTaTb HEMOABUMKHBIM.

OtBeT: T=6,67 M3aB.



2013 3MMT63-1__ XuanmynauH P.A.

2
1. DHepreTuyecKkas CBETMMOCTb abcoiloTHO 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. Kakol u4acToTbl CBEeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HWUKeNa, 4YTOObl MaKCMMasibHaa 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. MoHoxpomaTtuyeckunin ny4ok cseta (A=0,58 MKMm) nagaeT HOPManbHO Ha MOBEPXHOCTb C Ko3dpduumeHToM
2 o
oTpaxenus p= 0,7. onpeaenntb 4ncno GOTOHOB, EXKeCeKyHAHO Majatowmx Ha 1 cm” 3TOM NOBEPXHOCTU, ecau
16 -1
[aB/eHMe CBeTA Ha 3Ty NOBEpPXHOCTb p =1,2 mKIa. OTBeT: N =6,2-10"¢c .

4. OnpeaennTb 3HEPruto, NPUXOAALLYIOCA Ha 3/1IeKTPOH oTaaum npu a¢pdekte KomnToHa, ecnn pacceaHme $oToHa
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 aebpoineBckas ANnHa BONHbI ByaeT pasHa: 1) 650 Hm, 2) 3 nm?
Otset: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. OLEeHUTb C MOMOLLbIO COOTHOLIEHMA HeonpeaenEHHOCTEN MUHUMAbHYIO KUHETUYECKYIO SHEPTUIO 3/1IEKTPOHA,
JIOKaNIn30BaHHOro B 061acTu pasamepom L = 0,20 Hm. OTseT:
Tmin ~ 1 3B.

7. YactMua B OA4HOMEPHOW MNPAMOYro/sbHOM “NnoTeHuManbHon ame” wWupuHoi L ¢ 6ecKoHeYyHO BbICOKMMU
“cTeHKamKn” HaxoamuTcA B BO3bYXKAEHHOM cocTosHUM (n=2). OnpeaennTtb BEPOATHOCTb OBHAPYMKEHMA YacTUlbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. Onpeaenuntb ANMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CMEKTPanbHON AnHUKM B cepuu lMaweHa ana aToma
BO4OPOAA. OteeT: A =1,28 MKM.
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9. OnpesennTb NepuoA nonypacnaga BUCMyTa o,

Bi, eciv nsBecTHO, 4TO BUCMYT Mmaccoi m = 1 r BbibpacbiBaeT

N = 4,6-1015 B-yactMuzat=1c. OtBeT: T = 4,32-105 C.

10. CneaytoLLyto AAEPHYIO peakLMIo HanmwmuTe B pa3BepHyToM BMUAe U onpeaenure X: ZTAl (a, n) X.

Otser: % P.
11. OnpepennTte sHepruto cBA3M ANA A4pa aToMa CBUHLUA 2§§Pb . OtBeT: E;; =1,622 '3B.
12. OnpepenuTb 3HEpruio AAEPHON peakunm fBe (p, o) g Li, aapo-muweHb fBe CYMTaTb HEMOABUMKHbIM.

OtBeT: Q =2,13 M3B.



2013 3sMMT63-1__ WowwuHa K.T.

1. Mpu Kaknx TemnepaTtypax abcontoTHO YEPHOTO TeNa MaKCUMYMbl SHEPTUM TEMIOBOIO U3y4YEHUA MPUXOAATCA 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. MNpu poToaddeKTe c NOBEPXHOCTU NAATUHBI BENMYMHA 334EPKMBAIOLLErO NOTEHLMANA OKA3anocb pasHoin 0,8 B.
Bbl4MCANUTL ANMHY BOJIHbI UCMO/Ib3YEMOrO CBETa, ecan paboTa Bbixoaa Ag,,=5,29 3B. OtBeT: A=204 HMm.

3. OnpeaennTb sHepreTUYecKyto ocBewWwEHHOCTb (061y4EHHOCTL) E. 3epKanbHOWM NOBEPXHOCTM, €CM AaBAeHUE p,
npoussoaMmoe mnsnyyeHnem, pasHo P=80 mkla. N3nydyeHne nagaet HOPMaANbHO K NOBEPXHOCTH.

Orset: E, =1,2 10" Br/m’.

4. ®oTtoH npu adpdekte KomntoHa 6bin paccesH Ha cBOGOAHOM 3/1eKTPOHe Ha yron 0=m/2. Onpegennts AAUHY
BOJIHbI paccesHHOro GoToHa, eciv 3Heprma GOoToHa [0 pacceAaHus bbiia €,=1,08 M3B.

Otset: A=3,58 10 “m.

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

6. CpegHee Bpems XU3HWM aTOMa B BO36YXKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, CpefHAA AAMHA BOJIHbI KOTOoporo paBHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WKUPUHY AE/E M3ny4aemow CneKkTpasbHOM IMHUK, ECAU HE MPOUCXOAMT YLUMPEHUA IMHUM 33 CHET
APYrMx NpoLeccos. OtseT: AE/E ~ 2-10-%,

7. BonHoBaa ¢yHKUMA \I’(x)=(2/L)1/2

NPAMOYTo/IbHOM ALMKE LWWMPUHON L. BbluMCaMTE BEPOATHOCTb HAXOXAEHUA YacTULbl B Manom HTepsane AL=0,01L

sin(mx/L) onucbiBaeT OCHOBHOE COCTOSIHME YacTuubl B GECKOHEYHO r1y6oKom

B cpeaHei uactu AwmKa (L-AL)/2 < x < (L+AL)/2. MNoacHuTe GU3MYECKMI CMbICA MOJIYYEHHOro pesynbTaTa,
n306pa3uns rpadpuyeckm NAOTHOCTb BEPOATHOCTU OBHAPYKEHMA YacTULLbl B JaHHOM COCTOAHUM.

Ortset: o = 0,02.

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

rONIOBHbIMU IMHMAMU cepuii Banbmepa u NlaimaHa AA = 133,7 HM. OTtBeT: R’ = 1,097'107 M-
9. HaltTh nocToAHHy0 pacnaja pafoHa, eCv U3BeCTHO, YTO YMC/I0 aTOMOB YMeHbLUAeTCa 3a CYTKU Ha 18,2 %.

OteeT: A =2,3-10°c™.
10. CheaytoLLyto A4EPHYIO peakLMIo HanuwmuTe B pa3BepHyToOM Buae U onpegenute X: o (d, n) X.

18
OtseT: 4 F .

11. KaKyto HaMMeHbLUYO SHEPTUI0 HYXHO 3aTPaTUTb, YTO6bl Pa3aenunTb AAP0 ;He Ha Be 04MHAKOBble YacTu.

OtBerT: E = 23,85 M3B.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyK/OHa. HanucaTtb
ypaBHeHWe AAEpPHON peakuuu u onpeaenuTb MUHUMANbHYIO 3HEPrUI0 Y—KBaHTa, CMOCOBGHOrO Bbi3BaTb TaKoe

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



