2013 3r-13-3_ Peseps_1

1. ABCONOTHO YEpPHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena A/IMHA BOJIHbI,
COOTBETCTBYIOLLLAS MAaKCUMYMY CMEKTPaibHOM NAOTHOCTU SHEPTreTUYECKOW CBETUMOCTU, U3MEHWNACH Ha AA
=4 mkm. Onpegenntb Temnepatypy T,, 4,0 KOTOPOI OXNaAnAOCH Teno. OtseT: T, = 580 K.

2. KaKylo MaKCMMasibHYH CKOPOCTb MOTYT MOJIYYUTb BblpBaHHblIE M3 Ka/JWsA 3NEKTPOHbI Npu obayyeHun ero

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

3. CBeTOBOW MOTOK MagaeT HOPMa/NbHO Ha MNOBEPXHOCTb C Ko3pduuMeHTOM oTparkeHusa p=0,6, nNpu 3TOM OH
npounssoauT gasneHune p=0,2 Na. OnpeaennTb SHEPreTMYECKYH OCBELLEHHOCTb NOBEPXHOCTH.

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

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

NMOKOS 3/1EKTPOHa, HblN paccesH Ha yron 6 = 180°. Otset: v = 2,4 10° m/c.

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

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

o o v o v -10
7. HelTpoH HaxoguTca B ogHOMepHO 6eckoHeuyHo rAy6oKoi noTeHumanbHoi Ame wwupuHon d = 107 m ¢
abCoNOTHO HEMNPOHULAEMbIMM CTEHKaMMU. HaiauTe HaMMEHbLIY0 Pa3sHOCTb ABYX COCEAHWUX 3SHEepreTMyecKux
YPOBHEeN HelTpOHa. OtseT: AE i, = 0,062 3B.

8. ®oToH c 3Heprueint 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. CKO/IbKO a-4acTuy, BbibpacbiBaeT Topuit 239%Th maccon m=1kr3a t=1roa? Nepnog nonypacnaga ropua Ty,

=1,39-10" ner. Orser: N, = 1,29-10%.
10. Cneaytolyto A4epHYI0 peakLMo HanMwnTe B pa3BepHyTom Buzae un onpegenute X: X (t, o) “Na .

23
Otset: ;,MQ.

11. KaKyto HaMMeHbLUYO SHEPTUI0 HYXHO 3aTPaTUTb, YTO6bI Pa3aenunTb AAP0 ;He Ha iBe 04MHAKOBble YacTu.

OtBerT: E = 23,85 M3B.

12. OnpegennTb 3Heprio 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 3rA-13-3__ Apenvbrapsies ©.0.

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. Ha noBepxHOCTb Ka/ina nagaeT yabTpadproneToBblit CBET C ANMHON BOAHbI A = 0,04 MKM. Onpeaenuntb BEIMYNHY
33EPKMBAIOWEN PA3HOCTM MOTEHUMANOB, KOTOPYK HYXHO MNPUAOKUTL K (GOTO3NEeMeHTy, 4Tobbl (OTOTOK
npekpatuaca. PaboTa Bbixoaa Ag.x = 2 3B. OtseT: U, = 29B.

3. OnpegenuTe aHEPruto € U UMNYAbC P GOTOHOB A/ Ny4Yen ¢ AMHAMM BOAH: 1) A= 3,5-10_11:\/\; 2) A= 2,34'10_8M.
OtBeT: £, =35,5K3B; p; = 1,89-10"% kr-m/c;e, = 53 3B; p, = 2,83-10% kr-m/c.

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

5. dneKkTpoH obnagaet KMHeTMyecKon sHeprnen T = 1 KaB. Onpenenute gaunHy BONHbI Ae bpoins gns Takoro

3/1eKTPOHA. OTBeT: Az = 38,8 nm.

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

OTBeT: Av/v ~ 10",

. o o o o -10
7. HeWTpoH HaxoguTcs B OAHOMEPHON 6eckoHeyHO ryboKolM noTeHumanbHoi ame wwupuHok d = 107 m €
abCoOMIIOTHO HEMpPOHMLAEMbIMU CTEHKaMWU. HaguTe HauMMeHbLUyto PasHOCTb ABYX COCEAHWX 3SHEePreTU4ecKux
YPOBHEN HeMTPOHa. OtseT: AE,j, = 0,062 3B.

8. HaiiTu sHepruio MOHM3AIMH BOAOPOAONOAOOHBIX HMOHOB, B CIIEKTPE KOTOPBIX JUIMHA BOJHBI TPEThEH JITHHHUN
cepun banbmepa pasua 108,5 HM. OtseT: E; =54,4 3B.

9. OnpegenuTe nepuog noaypacnaga Ti/, PaAM0aKTUBHOIO M30ToNa, ecn 5/8 HauasbHOro KOAWYECTBa AA4EP 3TOTO
M30TONa pacnanoch 3a Bpema t =849 c. OtBet: T1/2= 10 MUH.

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

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

12. OnpefenvTb 3HePruo A4EepPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, UYTO 3Heprus ceA3u agpa fBe

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



2013__3l[4-13-3__ AptemeHko A.A.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEM3IMEHHOM TeMMNEPATYPbl 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. Onpegenntb MakCMMasibHYO CKOPOCTb GOTO3/IEKTPOHOB M KPACHYHO rpaHuuy ¢oToaddeKTa, ecim 3NeKTPOHbI

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

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

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. doTtoH npu adpdekte KomntoHa 6bin paccesH Ha cBO6OAHOM 3/1eKTPOHe Ha yron B=m/2. Onpegenutb AJuHY
BOJIHbI paccesHHOro ¢oToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.

Otset: A=3,58 10 m.

5. MpoToH ob6nagaeT KMHETMYECKOM 3Hepruen, pasHol E = 78 3B. Onpepenute AnvHy BoAHbl e bponna gns
NpoToHa. OTBeT: A; =3,2 nm.

6. CpepHee BpemMA XM3HM aTOMa B BO3OYKAEHHOM COCTOAHUM COCTABNAET OKOO 10-°c. Mpun nepexone atoma B
HOpMasbHOe COCTOAHME ucnyckaeTcA (OTOH, CpegHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTENbHYIO WNPUHY AE/E n3nyyaemoit cnekTpanbHOWM IMHUK, €CAN HE MPOUCXOAMT YILIMPEHUS IMHUM 33 cYeT
APYrMx NpoL.eccos. Otset: AE/E ~ 2-10-%.

7. YacTiua HaxoguTCs BO BTOPOM BO3BYXAEHHOM cocTOAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALUKE
WKMpKHOM L c abcontoTHO Henpo3spauHbiMK cTeHKamu (0 < x < L). Onpeaenntb BepOATHOCTb OBHaAPYKEHUS YacTuLbl
B CpeaHel TpeTu AlWmKa. OtBeT: ®=0,33.

8. OnpeaenvTb AJIMHY BOJIHbI A, COOTBETCTBYIOLLYHO BTOPOW CNEeKTpasabHOW AMHMM B cepuu lalleHa Ans atoma
BOAOpPOAA. OteeT: A =1,28 MKm.

9. CKONbKO aTOMOB NOMIOHWUA pacnagéTca 3a CyTku M3 1 maH. atomos? MNepuog nonypacnaga nonoHua Ty, = 138
v 3
nHen. OtseT: AN =5-10" aTomoOB.

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

a-pacnag. Onpefennte KOHEYHbIM NPOAYKT pacnaja. OTBeT: ng Pb.
11. OnpepennTte yoenbHyo SHEPruto CBA3M 4Na agpa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. Haiitn sHepruo sgepHbix peakunii: 1) *H (p, y);He, 2) 2H (d, v),He. Boigensetca uan nornowaetcs

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



2013__ 3l A4-13-3__ bukrtopos E.H.

2
1. MydenbHasa neyb, notpebaawowan mowHocts 1 KBT, umeeT oTBepcTMe naowagbto 40 cm”. OnpesennTs SO0
MOLLHOCTM, PaccemBaemol CTeHKaMW Meyn, ecan TemnepaTypa ee BHYTPEeHHel noBepxHOCTM paBHa 1200 K.
CunTaTb, UTO OTBEPCTME MEYM U3NIYYaET KaK abCcoNOTHO YepHoe Teso. OTseT: n =0,53.

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

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

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

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

3. MoHoxpomaTuyeckuii nyyok cseTa (A=0,58 MKM) nagaeT HOpPMasbHO Ha MOBEPXHOCTb C Ko3bouUMeHTOM
2 o
oTpaxeHuna p= 0,7. onpeaenntb 4ncno GOTOHOB, €XKEeCEeKyHAHO Magaklwmx Ha 1 cm” 3ToM NOBepxHOCTW, ecau
16 -1
JaB/ieHue cBeTa Ha 3Ty NoBepxHOCTb p =1,2 mKlla. OtBeT: N =6,2-10"C .

4. Onpegenntb yron 6, Ha KoTopblii Bbln paccedaH GoToH ¢ sHepruel €,=1,43M3B npu apdekTe KomnToHa, ecan
0
KMHeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",

5. Onpe,qenMTe, NPpn KakoOm 4YNCNoBOM 3HaYEHUU KMHETUYECKOM HEprum T ANMHAa BOJIHbI Oe 5pOl7II'IF| 3/1EKTPOHa

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

6. OULeHUTb C NMOMOLLIO COOTHOLWEHUA HeOHpe,ﬂ,eﬂéHHOCTEVI MWUHUMA/ZIbHYHO KMHETUYECKYHO dHEPTIUKO 3N1EKTPOHa,

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

7. B npamoyronbHon “noteHumanbHoli ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbiMKU “cTeHKammn” HaxoauTcA
YyacTMUa B OCHOBHOM COCTOSIHMM. HaliTy BEPOATHOCTb HaxOMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MoAcHUTe OGU3MYECKUIA CMbIC MONYYEHHOro  pe3ynbTata, M306pasvB rpaduyeckM NNOTHOCTb BEPOATHOCTM

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

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

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

OTBeT: A = 2,3-10_6 ct

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

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

11. Onpegennte aHepruto E, KOTOPY HYXKHO 3aTPaTUTb AN OTPbIBA HEMTPOHA OT AApa ;He.
OtBerT: E = 20,58 M3B.
12. Onpegennte, Kakan aHeprua Heobxogmma, YTobbl pa3aennTb A4p0 fBe Ha ABe a-4acTULbl U HEUTPOH.

OtBeT: Q=1,57 M3B.



2013__3r4-13-3__bunanos b.I.

1. MOTOK M3y4eHUA NepBOM NIABMALHOM MeYyn Yepe3 CMOTPOBOE OKOLIEYKO mowanbio S; = 8 cm’ cocTasnser

®.; = 94 BT. A ©3 CMOTPOBOIr0 OKOLLUEYKA BTOPOM Neyn, MmetouLero niowaab S, =9 crv\z, M3/1ly4aeTcA NOTOK SHeprum

@, = 51 BT. Yemy paBHO OTHOLUEHWE TEMNEPATYPbl BHYTPM NEPBOI Neun K TemnepaType BHYTPWU BTOPOM neumn?.
OTBeT: n=1,2.

2. Kakoli u4acToTbl CBET c/ieAyeT HanpaBWUTb Ha MOBEPXHOCTb HUKeNs, 4YToObl MaKCMManbHas CKOPOCTb

$OTO3/1EeKTPOHOB HblN1a paBHa vmax=3.~106 m/c? PaboTa Bbixo4a 415 HUKeNA paBHa A, =4,84 3B.

Otser: v =7,36 10" Iy,

—12 v
3. CKONbKO KBAHTOB COAEPKMUT M3/yYeHMe C AJIMHAMU BOJIH Ay = IMKM U A, = 2:107°°M B NOTOKe C 3Hepruen
E=0,5[K? OTBeT: N; = 2,52 10 yactuy, N, =5,04 10" yacTtuuy,

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

SHeprua oT4a4yun aNeKTpoHa coctasnset T, = 0,68 MaB. OTBeT: 6 = 51°.
5. Haigute gnunHy BosiHbl Ae bpolina A gns anekTpoHa, o61a4alolero KUHeTM4Yeckon sHepruen E, = 3 MaB.
OtBeT: A =0,36 nm.

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

)1/2

7. BonHosaa ¢yHkuma F(x)=(2/L)”“sin(nx/L) onncbiBaeT 0OCHOBHOE COCTOAHME YacTuLbl B 6ecKoHe4Ho riy6okom

NPSAMOYTo/IbHOM ALMKE LWWMPUHON L. BbluMCIMTE BEPOATHOCTb HAaXOXAEHUA YacTULbl B Manom nHTepeane AL=0,01L
B cpeaHein yactu awmka (L-AL)/2 < x < (L+AL)/2. NoscHWUTE GU3MYECKMI CMBIC/ MOJIYYEHHOTO pesy/bTaTa,
n306pasmB rpaduyeckm NAOTHOCTb BEPOATHOCTM OBHaPYKEHUA YacTULLbI B LAHHOM COCTOAHMMU.

Ortset: o = 0,02.

8. BbluMCAUTb NOCTOAHHYIO Puabepra R’, ecnn n3BecTHO, UTo AnA MoHoB renna He' pasHocTb anunH BonH mexay
o o 7 1
ro/I0BHbIMM ANMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OteeT: R'=1,097'10" m~—.

9. KaKkas gons paAnoaKTUBHbIX agep KobanbTa, nepuod nonypacnaga Kotopbix 71,3 AHA, pacnagaercsa 3a ABa
mecaua?

OtBeT: 44%.10. B pe3ynbtate cepmn pagnoaKTUBHbIX pacnagos ypaH 293§U npespaLlaeTca B CBUHeEL, 2;)26pb . Kakoe

KOJIMYECTBO O U 37 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OTBeT: 86"
11. Onpegennte, Kakana Heobxoanma sHeprus, YTobbl pa3aennTb S4p0 1§C Ha TpU O.-4acTULbl.
OtBeT: E=7,27 M3B.

12. OnpepenuTb 3HEpPruo AAepPHON peakumnm fBe (p, o) ?‘f Li, agpo-muweHb fBe CYMTATb HEMOABUKHbIM.

OTBeT: Q =2,13 M3B.



2013 __ 3r4-13-3_ BactkuH M.WU.

v . 2
1. HanTK, KaKoe KONMYecTBO aHeprum B 1 ¢ M3nyvaeT abCcotoTHO YEPHOE TENO C NOBEPXHOCTM naowagbo 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. 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.

OTBeT: Vo= 1,22 10° m/c.

3. Onpegenute aHepruto ¢otoHa gna A= 0,43 MKM U A= 2,4 HM.

OTBeT: €1 =2,893B; €, =518 3B.

4. ®OTOH pacces/icA Ha CBOBOAHOM 3/1EKTPOHE, UIMEHEHME ANMHBI cocTasnseT AN = 1,44 nm. Onpenenutb yron
pacceaHus ¢oToHa. 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. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABUNKYLLMXCA BAOMAb Ocu abcumcc, coctasnsetr Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatoweint MecTononoXeHe 3NeKTPoHa?

OTBeT: AXx = 1,15 MKM.

7. JNeKTPOH B OOHOMEPHOW NPSMOYronbHOM “noTeHumanbHol ame” wupuHoW L ¢ GECKOHEeYHO BbICOKMMM
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BePOATHOCTb OBHAPYMKEHMA IN1EKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

8. OnpeaenvTb ANMHY BOHbI CNEKTPAIbHOM IMHUK, COOTBETCTBYHOLLLEM NEpeXoy 3/IeKTPOHa B aTOMe BOA0pPOAa C
LLIECTOro 3HEepPreTMYecKoro ypoBHA Ha BTOpOM. K KaKoi cepum OTHOCUTCS 3Ta JIMHUA M KaKas OHa Mo CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

192 235
9. BblunCAUTb yaenbHble aKTUBHOCTU M30TOMNOB Mpuama ~ Ir u ypaHa U, nepuoabl noaypacnaza KoTopbixX 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.

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

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

11. Onpegenute aHepruto E, KOTOpYo HYyXKHO 3aTPATUTL 4/1A OTPbIBA HEMTPOHA OT AApPa ffNa.
OtBeT: E=12,41 M3B.

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

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



2013__3r[4-13-3__ BeHukos W.A.

1. MoLwWHOCTb M31y4yeHUA abcotoTHO YepHOro Tena pasHa 34 KBT. Halitn Temnepatypy 3TOro Tena, ecinm U3BecTHo,
2
4YTO ero NOBEpPXHOCTb U3NyYeHuA pasHa 0,6 m”. OTgeT: T = 1000 K.

2. ®oTo3dpdeKT NponcxoauT nog genctamem msydeHns ¢ A=0,09mkm. Onpenenntb paboTy BbIXOAA 3NEKTPOHOB U3
MeTanna, ecnn GOTOTOK NPeKpPaLLAETCA NPU 3a4epKMBatoLLei pasHoCTK noTeHumanos U,=3,8B.

OTtBeT: A,,x=103B.

o o 2
3. Onpegenuntb KO3GOULMEHT OTPAXKEHUSA P NOBEPXHOCTU, ECIN NPU IHEpPreTUYecKoi ocseLéHHocTu E.=150 Bt/m

[aBJ/ieHMe cBeTa Ha Heé okasanocb P = 0,65 mkla. OtseTt: p=0,3.

4. ®OTOH C ANMHOMN BOMIHLI A; = 4,3 nm paccesncAa Ha cBO60AHOM 3/1eKTpOHe. Yron paccesHus cocTasun 1i/2.
Onpenenntb 3HEPrUI0 PaccesHHOro GOTOHa M SHEPTUIO, MPUXOAALLYIOCA Ha S/IEKTPOH OTAauu.

OTBeTt: €' =0,185 M3B; T.= 0,106 M3B.

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

-12
OtBeT: A\;=7,7:10 " m.
6. OLEeHUTb C MOMOLLbIO COOTHOLIEHMA HeonpeaenEHHOCTEN MUHUMAJIbHYIO KUHETUYECKYIO SHEPTUIO 3/IEKTPOHa,
JIOKann3oBaHHOro B obnactm pasamepom L = 0,20 Hm. OTseT:
Tmin ~13B.

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKoOM 04HOMEPHOM NPSAMOYTro/IbHOM MOTEHLNANbHOM ALLMKE WNPUHOM
|. BbluMCAUTE BEPOATHOCTb TOrO, YTO 3NEKTPOH, HaxoAAwMmica B BO3BYKAEHHOM cocToaHuM (n=2), 6yaet

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

8. ®oToH c 3Hepruenr E = 12,12 3B, nornouweHHbIM aTOMOM BOA0POAA, HAaXO4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoAUT aTOM B BO3bYKAEHHOE cocTosHMe. OnpeaenunTb rNaBHOEe KBaHTOBOE YMC/I0 3TOrO COCTOAHMS.

OTteeT: n=3.
210
83
N = 4,6-1015 B-yactuzat=1c. OteeT: T = 4,32-105 c.

9. OnpepennTb nepmog noaypacnaga BUCMyTa Bi, ecan nssectHo, uto BUCMYT maccor m = 1 r BbibpacbiBaeT

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

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

11. OnpepennTe 3HEPTUIO CBA3N ANA AAPA aTOMA CBUHLA o PD . OtseT: E., = 1,622 3B.

12. Apgpo atoma AUTMA 37Li 6ombapanpyroTca NPOTOHAaMK, KUHEeTU4Yeckasa 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__3l-13-3_ loHuapos A.Jl.

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. 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.

o 2
3. CBeToBOM NOTOK MOLWHOCTbIO N=9 BT HOpMa/ibHO NaZaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoapPuuneHT
oTpaxkeHus Kotopol p=0,8. Kakoe AaB/ieHMe UCMbITbIBAET NPM 3TOM AaHHAA NOBEPXHOCTb? OTBeT: p=54 mklla.

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

5. Onpeaenutb AAvHY BOJIHbI Ae Bpoina Ag 4N8 371eKTPOHOB, 60MBapAMPYIOWMX AHTUKATOA PEHTreHOBCKOWM

TDY6KVI, €C/In rpaHnua CN/IOWHOro PEeHTreHOBCKOro CNEKTPa NpuxoanTcAa Ha A/IMHY BOJIHbI A =3 Hm.

OtBeT: Ag = 0,06 HM.

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

OteeT: Av/v ~ 10-",

7. YacTMua B OAHOMEPHOW MNPAMOYro/bHOM “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. Ompenenuts dHEPrut0 HOTOHA, COOTBETCTBYIOIIYIO CAMOl JUTMHHOBOJIHOBO# JTMHKUK cepun JlalimaHa.
Ortsert: 10,2 3B.

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

10. Onpegennte, C KAKUM aTOMHbIM A4POM Bblna ocyllecTB/eHa peakuma X + Oln - 15461 Ba + 395 Kr +3 Oln.

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

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

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

A0epHy peakumto. Kakasa sHeprus BbiIcBObOXKaaeTca B HE? OTtBeT: Q = 2,79 M3B.



2013__3r4-13-3_ Ayraes C.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 BbIXxoAa 31EKTPOHOB C NOBEPXHOCTM HATpUA paBHa A, =2,3 3B. Kakolt AnMHbI BO/IHbI CBET HEOBX0ANMMO
6
HanpasMTb, YTOBbl MaKCMMaibHasA CKOPOCTb 3/1eKTPOHOB 6bina pasHa 1,5:10°m/c? OteT: A =143 Hm.

3. HaliTu panHy BOJIHbI M 4ACTOTY U3NIyYeHUA, eCan sHeprus GOTOHOB PaBHA IHEPTMM MOKOA 3/7eKTpPoHa. Kakoro
-12 20
TMMa 3TO U3nyyeHune? OtBeT: A=2,4 107" m, v =1,2 107" Ty, y-u3nyyeHue.

4. ®OTOH C ANIMHOW BOAIHbI Ay = 2,04 Nnm 6bln paccesH Ha CBOHBOAHOM 3/1EKTPOHE, KMHETMYECKAA IHEPIMUA OTAAYUN
KoToporo coctasuna T = 0,103 MaB. Onpeaenutb yron pacceaHus GoToHa. OtseT: 0 = 34°.

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

6. AnHa BOJIHbI M31y4aemoro atomom ¢poToHa coctaBnser 0,6 MKM. Bpems XU3HM aToma B BO36YyKAEHHOM
_8 v
coctosHun 10 c. Onpeaennte OTHOLIEHME €eCTECTBEHHOW LWWMPUHbI 3SHEPreTUYECKOro YPOBHA K 3HEpruu,
o 8
W3/ly4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

o o o o —12
7. DNEKTPOH HaxoAuTcA B OLHOMEpPHON 6GecKoHeyHo rnyboKon noTeHuumanbHoW Ame wupuHon d = 100 m.

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

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

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

9. HainTn aktmBHOCTb 1r pagmsa, ecau ero nepuog nonypacnaga Ty, = 1620 ner. OtBeT: A= 3,7~1010 pacn./c.
1 104 132 1
10. OnpeaenuTe, C KaKUM aTOMHbIM AAPOM bbina ocyllecTBneHa peakuma X+ oN — .’ MO + 57Sn +37n.
OTBeT: 293§U .
11. KaKyto HaMEHbLLYIO SHEPTUIO HYXKXHO 3aTpaTUTb, YTOObI pa3aenuTb A4pP0 ;He Ha ABe OAMHAKOBbIE YaCTU.
OtBeT: E = 23,85 M3B.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET pacLLenuTbCA Ha ABa HyKoHa. Hanucatb
ypaBHeHWe AAepHON peakuuu u onpeaenuTb MUHUMANbHYIO 3HEPrUI0 Y—KBaHTa, CNOCOBGHOro BbI3BaTb TaKoe

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



2013__3rA4-13-3__ _Enwnctpatos U.H.

. 5 o -
1. MowHocTb n3nydeHns abcontoTHO YEpHoro Tena pasHa 10° KBT. HaliTn 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=6Mm".

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

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

4. AnvHa BoAHbI A $OTOHa paBHA KOMMTOHOBCKOM AJIMHE A. 3neKTpoHa. POTOH paccesncs Ha cBobogHOM

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

5. 3apsaKeHHana YacTmua, yCKopeHHas pasHoCTbio noTeHumnanos U=200 B, umeeT aanHy Bo/HbI ge Bpoina A = 2 nm.
v -27
HanpguTte maccy yactuubl, eciu ee 3apad YMC/IEHHO paBeH 3apAaay 3/1eKTPOHa. OtBeT: m=1,7-10"" Kr.

6. OnpeaennTb HETOYHOCTb AX B OnpeneneHnn KOOpPAMHATbl 3/1EKTPOHA, ABUMKYLLEroca 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 JAHHOM C/yyae. OtBeT: Ax=0,5 HMm.

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

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

9. 3a Kakoe Bpems NPou3oNAET pacnag maccbl Am = 3 M KasibLms ;‘g’Ca, €C/IM B HaYabHbIi MOMEHT ero macca

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

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

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

11. dHeprua cBA3M aapa, COCTOALLENO U3 ABYX NPOTOHOB M OAHOro0 HEMTPOHA, paBHa 7,72 MaB. Onpeaennte maccy
HEeNTPaNbHOro aToMa, UMeLLEro 3To AAPO. OTtBeT: m, = 3,01603 a.e.m.

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

(d, oc)lslB , €CNIN KMHETUYECKan sHeprua aentpoHa pasHa 1,5 M3aB. Agpo-muiueHb cunTaTb HEMOABUMKHbIM.

OtBeT: T=6,67 M3B.



2013 3l4-13-3_ 3axapuyk A.B.

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 MeTanna NafgaeT MOHOXPOMATUYECKUI CBET C A/IMHHON BoAHbI A=0,08 MKM. KpacHas rpaHuua
doToapdpekta Ap=0,3 MKM. HallTu 3HayeHWe 3ajeprKuBatowWei pPasHOCTU noTeHuuanoB Us;, KOTOPYHO HYXKHO
NPUNOKUTL K POTOINEMEHTY, YTODbI NPEKPATUTL POTOTOK. OtseT: U3=11,38 B.

3. OnpeaennTb sHepreTUYecKyto ocBewWwEHHOCTb (061y4éHHOCTL) E. 3epKanbHOWM NOBEPXHOCTM, €CM AaBAEHUE P,
npoussoanMmoe nsnyyeHnem, pasHo P=80 mkla. N3nydyeHne nagaet HOPMaANbHO K NOBEPXHOCTH.

Orset: E, =1,2 10" Br/m’.

4. B pesynbtate adppekta KomntoHa Ha cBO60AHOM 31eKTpoHe GOTOH 6bin paccesaH Ha yron /3. dHeprua GoToHa
[0 paccesHus 6bina €,=0,59M3B. OnpegennTb AANHY BO/HbI PAcCEAHHOTO GOTOHA. OtseT: A,=3,3 nm.

5. DneKTpoH obnagaeT KuHeTudeckon sHeprmeit T = 1,02 MaB. Bo CKONbKO pa3 U3MEHWUTCA AJIMHA BOJIHbI Ae
bpoiina, ecnn ero KUHETUYECKAA SHEPrUS YMEHbLIUTCA BABOE? OTBeT: n=1,63.

. -8
6. AnutenbHOCTb BO3BYKAEHHOFO COCTOAHMA aTOMa BOA4OPOAA cOOTBETCTBYET NnpumepHo At =107 c. OnpegennTb
. -8
HeonpeaenEHHOCTb SHEPTMN B STOM COCTOAHMUMN. OTtset: AE 2 6,6-10 " 3B.

v v o o —11
7. JNEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEeYHO ryboKoW MoTeHuManbHoW ame wupuHoi d = 100 m c
a6CcoNOTHO HENPOHMLAEMbIMK CTEHKaMU. HallTM HauMeHbLLee 3HaYeHMe SHEPIUn 3NEKTPOHA.

OtseT: Ejnin=3.7 K3B.

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

Naiimana pasHa 59,3Hm? OtseT: Z=3, Li*".
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- Rn . Nepuopa nonypacnaga 3,823 aHA. OTBeT: A= 5,69-1015 pacn/c.

9. HaTn akTMBHOCTb 1 I pagoHa

10. Cneaytolyto A4epHYI0 PeakLMo HanMwnTe B pa3BepHyTom Buzae un onpegenute X: X (t, o) 2 Na .

23
Otset: ;,MQ.

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

12. MNpwu coypapeHUn y—KBaHTa C AEATPOHOM, MOCAEAHWIA MOXKEeT paclLenuTbCA Ha [ABa HyKNoHa. Hanwucatb
YypaBHEHME ALEPHON peakumm U onpenennuTb MUHUMANbHYIO 3HEPrUI0 Y—KBaHTa, CNOCOOHOro BbI3BaTb TaKoe

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



2013__3r4-13-3__ Konocos A.B.

1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MAaKCUMYMY CNEKTPaNbHOM NNOTHOCTU SHEPreTUYECKOM CBETUMOCTU, U3MEHWUIACh Ha A
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

2. Onpepenntb MaKCUMAJIbHYHO CKOpPOCTb Vi, OTO3/EKTPOHOB, BblNETAOWMX M3 MeTanna npu obayyeHun
v 8
doToHamu c aHepruen 1,4 MaB. OTtBeT: Vinax = 2,89 10° m/c.

3. Onpepenntb MOLWHOCTL M3nydyeHMA N CBETOBOro MOTOKa, KOTOPbIM, Nafas HOPMANbHO HA 3epKasibHYH
2
NoBepxXHOCTb naowaam S=1 cm”, okasbiBaeT gasneHune p=30 mlla. OTtseT: N =450 Br.

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

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

6. OLEHUTb C MOMOLLbIO COOTHOLLEHUA HeonpeaeNéHHOCTEN MUHUMANbHYIO KUHETUYECKYIO SHEPTUIO 3/1EKTPOHA,
JIOKanNn3oBaHHOro B obnactu pasamepom L = 0,20 Hm. OTseT:
Tmin ~13B.

7. B npamoyronbHoi “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HEMpPOoHMLL@eMbIMKN “CTeHKamn” HaxoanTcs
YacTUL@ B OCHOBHOM COCTOSIHMM. HallTu BEpPOATHOCTb HaXOMAEeHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MoAcHWUTE U3MYECKUIA CMbICA MOAYYEHHOro  pesynbTaTa, M306pasvB rpaduyeckM MAOTHOCTb BEPOATHOCTU

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

8. HaiiTi sHepruro MOHM3AUHN BOAOPOAOIOAOOHEIX MOHOB, B CIIEKTPE KOTOPBIX JUIMHA BOJHBI TPEThEW JIMHUHU
cepun banbmepa paBHa 108,5 HM. OtseT: E;=54,4 3B.
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U maccoin 1kr? MNepuog nonypacnaga Ty, = 4,51-109 ner.

9. CKonbKO Afep pacnagaetca 3a 1 ¢ B KycKe ypaHa
Otset: AN = 1,23-10 pacn/c.

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

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OteT: 7amnd .
11. Onpepenute yaenbHYO SHEPrUIO CBA3M ANA AAep fH " 13H .

OtBeT: €y,1 = 1,11 M3B/HYKNOH; €4, = 2,82 M3B/HYKNOH.
12. OnpegenuTe, Kakasa aHeprna Heobxoamma, YTobbl pasaennTb A4P0 fBe Ha ABe a-4acTuLbl U HEMTPOH.

OTBeT: Q=1,57 M3B.



2013__3r4-13-3__ Kontakos W.E.

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 MakCMMaabHYO CKOPOCTb V., GOTO3/IEKTPOHOB, BblJIETAOWMX M3 MeTanna nog OeUCcTBUEM 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 sHeprmert  2,5-10°7° K. K KakKoM 4YacTm cnekTtpa
NPUHAANEXUT 3Ta A/IMHA BONIHbI? OtBeT: A =0,796 MKM; KpacHas 4acTb BUAMMOTO CNeKTpa.

4. ®OTOH C A/MHHOM BoAHbI A;=10 nm paccessnca Ha CBOBOAHOM 3/7IEKTPOHe, NpuYém yron paccesHus 0=m/4.
Onpenenntb AJIMHY BOJIHbI pacceAHHOro GOTOHa W ero sHepruto. OtBeT: A=10,7 nm; € =0,116 M3B.

5. dneKkTpoH obnagaet KMHeTMyecKon sHeprnen T = 1 KaB. Onpenenute gaunHy BONHbI Ae bpoins gns Takoro

3/1eKTPOHA. OTBeT: Az = 38,8 nm.

6. AnHa BOJIHbI M3y4aemoro atomom ¢poToHa coctaBnser 0,6 MKM. Bpems XU3HM aToma B BO3BYKAEHHOM
_8 v
coctosHun 10 c. Onpeaennte OTHOLIEHME €CTECTBEHHOWM LWMPUHbI 3SHEPreTUYECKOro YPOBHA K 3HEpruu,
o 8
W3/Ty4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

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

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

8. Onpeaenntb AJ/IMHY BOJHbI A, COOTBETCTBYIOLLYIO BTOPOI CMEKTPanbHOM MHWUKM B cepumn MMaweHa ans atoma

BOZOpOAA. OteeT: A =1,28 MKm.

9. OnpesennTb NOCTOAHHYIO A Pagno0aKTUBHOIO pacnaga CTPOHLUMA 39§Sr Kakaa nona oT nepBOHayaNbHOro Yncna

aTomoB pacnagaetcs 3a 10 net? Mepuog nonypacnaga 28 ner. OTBeT: A = 7,85-10_10 c_l; 22%.
10. CnesytoLLyto AAEPHYIO PEaKLMIO HAaNMLWNTE B Pa3BEPHYTOM BUAE 1 onpesenuTe X: ZTAl (o, n) X.

30
Otset: c P.

11. KaKyto HaMMEHbLLYIO SHEPTUIO HYKHO 3aTPaTUTb, YTOObLI Pa3aennTb A4PO0 ;He Ha ABe O4MHAKOBbIE YacTu.
OtBeT: E = 23,85 M3B.
12. OnpenennTtb aHEPTUIO AAEPHON peakLmm fBe (p, &) g Li, sapo-muweHb fBe CYMTaTb HENOABUMKHbIM.

OTBeT: Q =2,13 M3B.



2013_ 3l4-13-3__ KocteHko B.A.

1. A6CONIOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypbl t; = 327 °C. MNocne NoBbIWEHUs TeMnepaTypbl CymMapHasn
MOLLHOCTb €ro TEMJIOBOrO U3/ly4eHUa yBesnndunack B 2,5 pasa. Ha cko/ibKo rpagycoB nNoBbicuaacb TemnepaTypa
Tena? OtseT: AT = 154 K.

2. MNpu doToadpdeKTe c NOBEPXHOCTU NAATUHbI BENMYMHA 334EPKMBAIOLLErO NOTEHLMANA OKa3anochb pasHol 0,8 B.
BblYMCANUTL ANMHY BOJIHbI UCMO/Ib3YEMOrO CBETa, ecin paboTa Bbixoaa Ag,,,=5,29 3B. OtseT: A=204 Hm.

3. OnpeaenuTb O/NMHY BONIHbI GOTOHOB, KOTOPbIE MMEKOT TaKyl K€ 3HEPruto, YTO M 3/IEKTPOH, MpoLweaLnia
-7
Pa3HOCTb NOTEHUManos 5B. OtseT: A =2,48 10"'m.

4. OnpenennTb CKOPOCTb 3/IEKTPOHA OTAAYM Npu 3ddekTe KomnToHa, ecnn GOTOH C SHEpruen, paBHON 3Heprum
8
NMOKOS 3/71eKTPOHa, Hbln pacceaH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

5. Onpe,qenMTe, NPY KakoOmM 4YNCNOBOM 3HAYE€HUN KMHETUYECKoM HEeprmmn T ANVHa BOJIHbI ge BpOVIﬂﬂ 3/1EKTPOHA

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

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

OTBeT: Av/v ~ 10,

7. DNEeKTPOH HaxoguTca B 6€CKOHEYHO ryboKOM O4HOMEPHOM MPSAMOYTr0/IbHOM MNOTEHLLMANbHOM ALLMKE LUMPUHON
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOoAAWMMICA B BO3OYKAEHHOM CcoOCTOoAHUM (n=2), byaeT
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTtseT: ® =0,195.

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

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

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

=1,39-10" ner. Oreet: N, = 1,29:10%°.

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. Appo aToma NnTuA gLi ~ 3axBaTblBasA AEWTPOH, pacnafaeTca Ha ABe a-yacTuubl. Hanucatb AAepHYI0 peakLuio

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



2013__3r4-13-3_ J/lncmua A.B.

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

2. MaKkcuManbHan cKopocTb GOTOINIEKTPOHOB, BbINETAIOLWMX U3 MeTaNa Npu 0bnyyeHun dotoHamu, V., = 0,88c.
Onpenenutb 3Hepruto GpoTOHOB. OTBeT: € = 0,565 M3B.

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 npu addekte KomntoHa paccessnca Ha cBOGOAHOM 3/1€KTpPOHe Ha yron 1/4. OnpeaennTtb 3HEPruio
nagatolero ¢oToHa, eciv A/IMHA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTseT: £,=0,12M3B.

5. Onpeaenutb AAvMHY BOMHbI Ae Bpoiina Ag ANs 371eKTPoHOB, 60MBapAUPYIOWMX aHTUKATOL PEHTreHOBCKOW

TPY6KK, CNn rpaHMLLa CNIOLIHOTO PEHTTEHOBCKOMO CNEeKTPa NPUXoANTCA Ha ANUHY BOJIHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

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

OTBeT: AXx = 1,15 MKM.

7. DNEeKTPOH B OAHOMEPHOW MNPAMOYrosbHOM “noTeHumancHon ame” WUpUHOM L c HECKOHEYHO BbICOKMMM
“CTeHKammn” HaxogmuTcA B BO3BYKAEHHOM cocTosHUK (n=4). Onpeaennte BepOATHOCTb 0BHAPYKEHUA INEKTPOHA B

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

8. ®oToH c sHepruenn E = 12,12 3B, nornouwieHHbIM aTOMOM BOA0POAA, HAaXOA4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoAUT aTOM B BO3bYKAEeHHOEe cocTosHMe. OnpenenvTb raBHOe KBaHTOBOE YMCN0 3TOrO COCTOSHMA.
OTteeT: n=3.
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a3 Bi maccoin m =1 mr pacnagértcs B TeyeHue

9. Onpenenntb, CKONbKO AAep PaANOAKTUBHOIO M30TOMa BUCMYTa

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

10. B pe3ynbTaTe cepuu pagmoaKkTUBHbIX Ppacnagos pagui 2;; Ra npespauaetca s cauHen, 2327 Pb. Kakoe

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

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

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

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



2013 3rA-13-3_ Mypgpbin M.HO.

1. A6CONOTHO 4YepHoe Teno Harpeto Ao Temnepatypbl 227 °C. Mocie NOHWMKEHUA TemnepaTypbl CymmapHan
MOLLHOCTb €ro Tenn0BOro W3jy4yeHnsa ymeHblunnacb B 3 pasa. Ha CKoNbKo rpagycoB NoHM3MAAcb Temnepartypa
Tena? OtseT: AT =120 K.

2. Kakoi ANHbI BOJIHbI CBET Ccneadyetr HanpaBUTb Ha NOBEPXHOCTb cepe6pa, yTobbl MaKCcMMasibHas 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.

-2 2
3. OnpegennTtb KOIGPULMEHT OTPAXKEHNA P MOBEPXHOCTH, Nowwagbto S=10"" m°, ec/iv NPy MOLLHOCTM U3ayYeHuA
N=12 BT paBneHue cBeTa Ha 3Ty NOBEPXHOCTb OKasanocb p=7,02 mka. OrtserT: p=0,755.

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

5. HaiguTe anuHy BosHbI Ae bpolina A ans anekTpoHa, o61agatolLero KUHeTM4Yeckon sHepruen E, = 3 MaB.
OtBeT: A =0,36 nm.

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

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

o o v o o -10
7. HellTpOH HaxopuTcA B OAHOMEpPHOW 6ecKoHeYHo rnybokoli noTeHumanbHon Aame wupuHon d = 107 m C
abCoNIIOTHO HENpOHMUAEMbIMU CTEHKaMWU. HaiguTe HauMMeHblUyl PasHOCTb ABYX COCEAHWX 3SHEepPreTUYecKux
YPOBHEN HENTPOHaA. OtBerT: AE,,;, = 0,062 3B.

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

17,7 3B. Onpenenuts CKOPOCTh DIIEKTPOHA 32 Mpe/ieJiaMH aToMa. OtseT: v =1,2:10° m/c.

9. HainTm maccy pafoHa, aKTMBHOCTb KoToporo pasBHa 1 Kiopu = 3,7~107 pacn/c. Mepuoa nonypacnaga pagoHa
Ty2=3,8 OHA. OtseT: m = 6,5-10  kr.

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

18
otset: 5O.

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

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

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



2013__3l[4-13-3__ MyxameTwuH B.K.

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

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

2. Onpenenntb MAaKCMMa/IbHYIO CKOPOCTb, KOTOPYHD MOMKET MOJIYY4UTb I/IEKTPOH, BbIPBAHHbIE M3 MAATUHbLI NOA,
[EeNCTBMEM U3NIYYEHUA C A/IMHOM BOAHbI A =203HM. PaboTa BbiIxoAa 3neKTpoHa A, =5,293B.

OteeT: V.. 5,4-10° m/c.

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

4. B pesynbtate addekta KomntoHa Ha cBo60aHOM 31eKTpoHe GOoToH bl paccesH Ha yroa 1t/3. dHeprusa ¢oToHa
0o paccesHus 6bina €,=0,59M3B. OnpeaennTb ANNHY BOMHbI pacceaHHOro GpoToHa. OtBeT: A,=3,3 Nm.

5. Mpw Kakoi ckopocTn V aneKkTpoHa ero aAebpoiieBckasn ANMHa BOAHbI ByaeT pasHa: 1) 650 HMm, 2) 3 nm?

OteeT: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

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

OTBeT: Av/v ~ 10",

7. Yactmua B OA4HOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon ame” wWupuHoii L ¢ 6ecKoHeYyHO BbICOKMMU
“cTeHKamKn” HaxoauTca B BO3byXKAEHHOM cocTosHMM (n=2). Onpeaenntb BEPOATHOCTb OBHAPYMKEHMA YacTUlbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. OnpeaenuTb AMHY 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.

14
9. OnpenennTb BO3pacT APEBHUX AepPeBAHHbIX MPeaMETOB, €CAU U3BECTHO, YTO YAeNbHaA aKTUBHOCTb M3oTtona ~ C
Yy Hux coctasnsfetr 0,6 yAeNbHOW AKTMBHOCTM 3TOrO M30TOMA B TO/IbKO YTO cpybnieHHbIXx gepesbsx. lMepuog
14 3
nonypacnaga agep - CT,y/, = 5570 nert. OtBeTt: t=4,1-10" ner.
17
10. CneayioLLyIO AAEPHYIO PeaKLMIo HanuLLIUTe B pasBepHYTOM Buae u onpegenute X: X (a, p)~ O .
14
Orser: ;N .

11. Onpepenute aHepruto E, KOTOPYIO HYXKHO 3aTPaTUTL 4J1A OTPbIBA HEMTPOHA OT AApPa ffNa.

OTtBeT: E=12,41 M3B.

12. finpo 6opa 'JB 3axBaTbiBaeT HEITPOH, B pe3y/ibTaTe Yero nosyvaerca AApo autna [Li v reaua. Hanuwmre

A0epHyo peakumto. Kakasa sHeprus BbiIcBOboXKaaeTca B HE? OTtseT: Q = 2,79 M3B.



2013__3r4-13-3__ Hukonaes A.C.

o - 2
1. TemnepaTtypa BHYTPEHHEN NOBEPXHOCTU MydeNIbHON Meym Npu OTKPbITOM oTBepcTUM niowaabto 30 cm”™ paBHa
1300 K. CunTan, 4To OTBEPCTME NEYM U3NYYaEeT Kak abCcoloTHO YEPHOE Teno, onpeaeiMTb, Kakasa 4acTb MOLLHOCTU
W3/ly4EHUA paccemnBaETCA CTEHKaMM neyn, ecnn notpebasemasn et MOWHOCTb cocTasnseT 1,5 KBT.

OtBeT: n=0,676.

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

3N1EeKTPOHbI U3 LLe3UsA, eCIN METaN/ OCBELLEH KENTbIM CBETOM C A/IMHHOM BOHbI A=0,589 MKM?
5
OTBET: Viax= 2,76 10° m/c.

—12
3. AnvHa BoAHbI mM3nyyenma A = 5,4-10 M. Onpenenvtb KOMYECTBO KBAHTOB, COAEP)KALLMXCA B MOTOKe
o 18
N3ny4eHna c aHepruen € = 127 kKx. OTtseT: N =3,45-10" yactuu,.

4. ®OTOH C ANMHHOM BOAHbI A;=10 nNm paccesnca Ha cBOBGOAHOM 3/1E€KTPOHE, MPUUYEM Yroa paccesHus O=m/4.
OnpepennTb gNMHY BONHbI paccesHHOro GOTOHA M ero aHepruto. OtseT: A=10,7 nm; € =0,116 M3B.

5. DIeKTPOH, HayalbHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPOoLLIEN YCKOPAIOLWYO Pa3HOCTb NOTEHLMA/OB
U =511 kB. Hangute ganHy BonHbl ge bpoiina gnsa sToro aneKkTpoHa. OtBeT: A\; = 1,4 nm.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHnM KOOPAMHATbl 3NEKTPOHa, ABMIKYLLEroca B aToOme 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 JAHHOM C/yyae. OtBeT: Ax=0,5 HMm.

" v o o —12
7. DNeKTPOH HaxoguTcs B OAHOMEPHOM 6eckoHeyHo rnyboKol MnoTeHuManbHOU sime WupuHon d = 107" m.
Onpeaennte HaMMeHbLUY PA3HOCTb ABYX COCEAHUX SHEPTeTUYECKMX YPOBHEN. OTtseT: AE,;,=1,1 M3B.

8. B voHe antna Li*" anekTpoH nepelwén c 4eTBEPTOro sHEPreTMUYECKOro YPOBHA Ha BTOpoi. OnpeaennTb AAVNHY

BOJIHbI A U3/Tly4eHMUSA, UCTYLLEHHOTO MOHOM INTUS. OTseT: A = 54 Hm.

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

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

2
Otset: ;5 Ne.

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

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

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



2013__ 3l 4-13-3_ MecTpsakos E.B.

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. Ha meTannuyeckylo NNacTMHy HanpasaeH MNy4yok ynbTpaduonetoBoro usaydeHusa (A=0,25 mKm). PoOTOTOK
NpeKkpalaeTca Npu 3ajepKuBatolern  pasHoctM noTeHumanos Us=0,96 B. Onpegenntb paboTy Bbixoga A
3/IEKTPOHOB U3 MeTasna. OTseT: A= 4 9B.

3. Onpegenute 3HEPIUI0 € M UMMYAbC P KBaHTa U3y4eHMA C AJIMHOMN BOMHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2:10 8 kr-m/c.

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

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

6. CpepHee BpemA XM3HM aTOMa B BO3OYXAEHHOM COCTOAHUM COCTABNAET OKONO 10-°c. Mpu nepexone aToma B
HOpMa/sbHOe COCTOAHME ucnyckaeTcA (OTOH, CpegHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTtb
OTHOCHTENbHYIO WKNPUHY AE/E n3nyyaemoit cnekTpanbHOW IMHUM, €CAK HE MPOUCXOAMT YILMPEHUA INHUK 3a cYeT
APYrMx NpoL.eccos. Otset: AE/E ~ 2-10°%.

7. HaliTh HaumeHbllee 3HAYeHWe 3SHepPruM HeWTPOHa, HaxoAAWEeroca B OAHOMEPHOW OGecKoHeyHo rayboKoi

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

8. Bo CKOJIBKO pa3 MU3MEHHUTCS MEPUO/] BPAILCHHUS JIEKTPOHA B aTOME BOAOPOJIA, €CIH IIPU MEePEX0/ie B OCHOBHOE
COCTOSIHUE aTOM U3J1y4as (POTOH C ATUHON BOJHBI A =97, 5 HM? OtBeT: B 64 paza.

9. MNpenapaTt U*® maccel 1,0 r nanyyaet AN = 1,24-104 O-4acTuy, B CEeKyHAay. HailTu nepuog nonypacnaga 3Toro
M30TOMNa M aKTMBHOCTb NpenaparTa. OtBeT: Ty = 4,5-1091'IET; A= 1,24~104 pacn./c.
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10. B pesynbTaTe cepuu paanoaKTMBHbIX pacnagos ypaH o, U npespaluaetca B NofoHuid g, PO . Kakoe

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OteeT: 5amn2p".
11. Onpepennte yaenbHy IHEPruto CBA3M Ana aapa 1§C . OtBeT: €, = 7,68 M3B/HYKNOH.
12. OnpeaennTb CyMMapHYt0 KMHETUYECKYIO 3Hepruto saep, 06pa3oBaBLUNXCA B pe3ybTaTe peakuumm 1§’C

(d, oc)lslB , €C/IN KMHETUYECKan aHeprua AenTpoHa pasHa 1,5 MaB. Aapo-MulueHb cyuTaTb HENOABUMKHBIM.

OtBeT: T=6,67 M3B.



2013__3r4-13-3_ MNonkos H.C.

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. doToadpdeKT nponcxoanT nog, aenctemem nsydeHumsa ¢ A=0,09mkm. Onpeaenntb paboTy BbIXOAA 3/1IEKTPOHOB U3
MeTanna, ecnn GoTOTOK NpeKpaLLaeTca NpuY 3aepKuBatoLLElN pasHOCTM noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.

2 18 -1
3. Ha noBepxHOCTb nnowagbto S=10 cm” MagaeT execekKyHAHO ny4yok GoToHOB B Konauuvectse n=10" ¢ . OaunHa
BOMHbI Nagatouwero ceeta A= 500 Hm. Onpeaenvto CBETOBOE [AaBJ/IEHWE HA MOBEPXHOCTb, ecn KoaddpuumeHTt
oTpaxkeHua p=0,7. OTBeT: p = 2,25 mKla.

4. ®OTOH C ANMHOM BOMHLI A; = 4,3 nm paccesncAa Ha cBO60AHOM 3/1eKTPOHe. Yron paccesHus cocTasun 1i/2.
OnpenennTb 3HEPrUI0 PaccesHHOro GoToHa M SHEPTUIO, MPUXOOALLYHOCA HA 3/IEKTPOH OTAAYM.

OtBert: €' =0,185 M3B; T.= 0,106 M3B.

5. MpoToH ob6nagaeT KMHETMYECKOM 3Hepruen, pasHol E = 78 3B. Onpeaenute ganHy BoJsIHbI e Bpoinna gns
npoOTOHa. OTBeT: A; =3,2 nMm.

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

v o o -~ —11
7. DNEKTPOH Haxo4MTCA B OQHOMEPHON 6ecKOHeYyHOo rnyboKol noTeHumManbHoi Ame wupuHoit d = 100 m ¢
abCoNOTHO HENPOHMLAEMbIMW CTEHKAaMM. HaliTU HanMeHbLUIee 3Ha4YeHNe SHEPTUN 3/1EKTPOHa.

OtBeT: E;nin = 3.7 K3B.

8. Ompeaenuth 3HEPTHUIO POTOHA, COOTBETCTBYIOIIYIO CAaMOMW JJIMHHOBOJIHOBOM JIMHUU cepuu JlaiiMaHa.
Ortsert: 10,2 3B.

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

OtBeT: AN = 1,67-105 aTOMOB.
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10. PaAMOaKTMBHbIN M30TON YpaHa 92U npeTepnesaeT NocNef0BaTeIbHO O-pacnag, Aga 3 -pacnaja u elle ABa

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

11. OnpegenunTe, Kakasa Heobxoanma sHeprus, YTobbl pasaennTb A4P0 1§C Ha TPW O-4acCTULLbI.

OtBeT: E=7,27 M3B.

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

OTBeT: Q=1,57 M3B.



2013 3rA-13-3_ PeunHckuin M.T.

1. Mpu Kaknx TemnepaTtypax abcotoTHO YEPHOTO Tesla MaKCUMMYMbl SHEPTUM TEMIOBOIO U3y4EeHUA 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. Ha noBepxHOCTb Ka/inA nagaeT yaAbTpaduoneToBblit CBET C A/IMHON BONHbI A = 0,04 MKM. OnpesennTb BEANYUHY
3a/lepKMBatolLleit PasHOCTM MOTEHLMANOB, KOTOPYIO HYXHO NPUAOKUTbL K doToanemeHTy, 4Tobbl HOTOTOK
npeKkpatuacs. PaboTa Bbixoaa Ag,.x = 2 3B. OTtseT: U, = 29B.

3. JaBneHue cBeTa Ha abCcoONOTHO YEPHYHO MOBEPXHOCTb, PACMONONKEHHYIO NEPNEHANKYAAPHO NiyYam C AJUHOM
-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 NOBEPXHOCTM.
17
OTtseTt: N=7,55-10"".

4. OnpeaennTb 3HEPruto, NPUXoAALLYOCA Ha 3NEeKTPOH oTgaum npu a¢pdekte KomntoHa, ecnm paccesHme ¢poToHa
npoucxoaut Ha yron 8=m/3? dHeprua ¢oToHa A0 pacceaHus £,=0,46 M3B. OtseT: T.=0,14 M3s.

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

-12
OtBeT: A\;=7,7:10 " m.
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,

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

7. BonHoBas ¢yHKUMSA ‘P(x)=(2/L)1/zsin(nx/L) OMNMUCbIBAeT OCHOBHOE COCTOSIHME YacTuubl B 6ECKOHEYHO rnyboKkom
NPAMOYTO/IbHOM fALMKE WMPUHOM L. BbluMcanTe BEPOATHOCTb HAXOXAEHMA YacTULLbl B Manom UHTepeane AL=0,01L
B cpeaHei uactu AuwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKMI CMbICA MOSYYEHHOro pesynbTaTa,
n306pa3unB rpadpuyeckm NJIOTHOCTb BEPOATHOCTU OBHAPYKEHMA YACcTULLbI B LJAHHOM COCTOSHUM.

Otset: ® = 0,02.
8. Y KaKkoro BoAopoAonoao6HOro moHa pasHoCcTb A/IMH BOMH MEXAY roNI0BHbIMU NMHUAMKM cepuit Banbmepa u

Naiimana pasHa 59,3Hm? OtseT: Z=3, Li*".
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N = 4,6-1015 B-yactuzat=1c. Oteet: T = 4,32-105 c.

9. OnpeaennTb Nepuoa noaypacnaga sucmyta <. Bi, ecav UsBecTHo, 4To BUCMYT Maccoir m = 1 r BbibpacbiBaeT

10. CneaytoLLyto SAEPHYIO PEAKLMI0 HaNMILUTE B pa3BepHYTOM BUAE M onpegenute X: o (d, n) X.

18
Otset: ¢ F .

11. OnpepennTe 3HEPrUIO CBA3N ANA AAPA aTOMA CBUHLA o PD . OtseT: 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__3r4-13-3__PomaHuos B.C.

1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MAaKCUMYMY CMEKTPAIbHOM MNNOTHOCTU SHEPreTUYECKON CBETUMOCTU, M3MEHUAACh 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 c aHepruen 1,4 MaB. OTtBeT: Vinax = 2,89 10° m/c.

o 2 o
3. Ha noBepxHOCTb, nnowaab Kotopoir S=0,01 m° exemumHyTHO nagaetr E=63[K cBeTOBOM 3Heprun (B
HanpasneHuu, NepneHAMKYJAPHOM MOBEPXHOCTU ). BblUMCAUTL CBETOBOE AaBiAeHME Ha 3Ty MOBEPXHOCTb, €C/M
-7 -7
OHa: a) NO/NIHOCTbIO OTPaXKaeT cBeT; 6) NONHOCTbIO NOrNoOLWAEeT CBeT. OtseT: P,=7 10" Na; Pg=3,5 10
MNa.

4. dotoH npu adpdekte KomntoHa 6bin paccesH Ha cBO6OAHOM 3/1eKTpoHe Ha yron B=1/2. Onpeaenuts AaAuUHY
BOJIHbl paccesHHOro ¢oToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.

Otset: A=3,58 10 “m.

5. Onpegenutb AAvHY BOAIHbI Ae Bpoina Ag A4n8 371eKTPOHOB, 60MBapAMPYIOWMX AHTUKATOL PEHTreHOBCKOWM
TPY6KM, ecam rpaHmLa CNAOLWHOMO PEHTIEHOBCKOIO CNeKTpa NPUXOAMUTCA HA AJIMHY BOMHbI A = 3 HM.

OTBeT: Ag = 0,06 HM.

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

OUEHUTb OTHOCUTE/NIbHYIO HETOUYHOCTb AL/V, C KOTOPOI MOXET BbITb OnpeaeseHa CKOPOCTb 3/IEKTPOHa.
4
OTBeT: Av/v ~ 10-".

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

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

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

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

10. OnpegennTe, C KAKUM aTOMHbIM A4POM Oblna OCyLecTB/IeHa peakumnsa X + Oln - 1:61 Ba + 3; Kr +3 Oln.
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Otset: ‘o, U .

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

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

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

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



2013__3r4-13-3__ Canasatosa J1.K.

o . 2
1. HaiiTn, KaKoe Koan4ecTso aHeprumn B 1 ¢ usnydaet 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. Mpu doToaddeKTe C NOBEPXHOCTU NAATUHDI BEIMUMHA 3a4EPKMBAIOLLErO NOTEHLMaNA OKasanocb pasHon 0,8 B.
Bbl4MCANUTL ANMHY BOJIHbI UCMOIb3YEMOrO CBETa, ecan paboTa Bbixoaa Ag,,=5,29 3B. OtBeT: A=204 HMm.

3. JneKTpuyecKas flaMna paccymtaHa Ha molHocte N=45 BT. BblumMcauTb AaBfeHUME NYYUCTON 3SHEPruu Ha
3epKa/ibHYl0 MOBEPXHOCTb C KO3GOULMEHTOM OTparKeHUA p=1, pacnosOKEHHYO HOPMANbHO K NafatoLLnMM ayHam
Ha paccToAHMU r =1 m OT N1amnbl. OTBeT: p=24 Hla.

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

5. HanguTe annHy BoAHbI Ae Bpoins anekTpoHa, ABMIKyLLEeroca co ckopoctbio V = 0,3-c, rge ¢ — CKOpoCTb CBeTa.

OTBeT: A\ = 7,7-10’12 M.

6. DNEKTPOH C KUHETUYEeCKoM aHeprmeit T =4 3B nokanusosaH B ob61actn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbIO COOTHOLLIEHMA HEONpPeAEeNeHHOCTEeN OTHOCUTE/IbHYIO HeoNpeAeNeHHOCTb ero CKOPOCTY.

OTseT: Av/u ~ 10-*,

1/2
)

7. BonHoBasa ¢yHKuma ¥(x)=(2/L)” “sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME HYacTULbl B HECKOHEYHO ry6oKom

NPAMOYIO/IbHOM fILLMKE WUPUHOW L. BbluncanTe BEpOATHOCTb HAaXOXKAEHWUS YacTULbl B Masiom nHTepsane AL=0,01L
B cpeaHen vactu AuwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKUIA CMbICA MONYYEHHOro pesynbTaTa,
n306pa3nB rpadpuyeckn NAOTHOCTb BEPOATHOCTU OBHAPYKEHMA YACTULLbI B JAHHOM COCTOSHUM.

Otset: ® = 0,02.

8. Onpeaenvtb ANMHY BOHbI CNEKTPA/IbHON IMHUK, COOTBETCTBYHOLLLEM NEpPEXOY 3/IEKTPOHA B aTOMe BOA0pPOLa C
LLIECTOro 3HEepPreTMYecKoro ypoBHA Ha BTOpoM. K KaKoW cepumn OTHOCUTCS 3Ta JIMHUA M KaKaa OHa MO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. OnpegenuTe nepuog nonaypacnaga Ty, PaAMOaKTUBHOIO U30TOMa, eciv 5/8 HaualbHOro KoAWYecTBa AAep 3Toro
M30TOMNa pacnanocb 3a Bpema t =849 c. OtBet: T12= 10 muH.

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

o 224
onATb a-pacnag. Onpegennte KOHEYHbIV NPOAYKT pacnaja. OTBeT: “gg Ra.
11. OnpegennTte yaenbHy 3HEPIUIO CBA3KM 4N1A A4Pa 1§C . OTBeT: €, = 7,68 M3B/HYK/OH.

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

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



2013__3rA-13-3__CaduH AA.

1. OnpefgennTe MOLWHOCTb TEM/IOBOrO M31ydeHUA abCONOTHO YepHOro Tena, eciv AJIMHa BOJIHbI, KoTopas

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

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

2. PaboTa BbIXxOAa 3N1EKTPOHOB C NOBEPXHOCTM HATPUA paBHa Ay, x =2,3 3B. Kakoit 4nnHbl BONHbI CBET HEOBX0ANMMO
6
HanpaBuTb, 4TOBbI MaKCMMasibHasn CKOPOCTb 3/IEKTPOHOB Bbina pasHa 1,5-10°m/c? OtBeT: A =143 HMm.

3. CBeTOBOW MOTOK MagaeT HOPMa/NbHO Ha NOBEPXHOCTb C KoadduuUMeHTOM oTpaxkeHua p=0,6, Npu 3TOM OH

npounssoamnT aasneHune p=0,2 MNa. OnpeaennTb 3HEPreTUHECKYH OCBELLLEHHOCTb MOBEPXHOCTH.
2
OtseT: E.= 37,5 MBT/m

4. OnvHa BonHbl A GOTOHA paBHAa KOMMNTOHOBCKOM AnuHe A, 3nekTpoHa. POTOH pacceancs Ha cBob6oAHOM
371eKTpoHe Ha yron 6 = 60°. OnpegennTb 3HEPTUI0 U CKOPOCTb 3/1EKTPOHA OTAAUM.

OtBet: £€=0,17 M3B, v =1,99 10° m/c.

5. DNeKTpoH obnagaet KuHeTudeckon aHeprneit T = 1,02 MaB. Bo CKONbKO pa3s U3MEHUTCA A/IMHA BOJIHbI Ae
bpoiina, ecnn ero KUHETUYECKAA SHEPIUS YMEHbLUIUTCA BABOE? OTBeT: n=1,63.

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

OTBeT: AXx = 1,15 MKM.

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

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

BOJIHbI A U3/1ly4eHUA, UCNYLLEHHOTO MOHOM NNTUA. OtBeT: A = 54 HMm.

9. 3a KaKoe Bpems NPou3onAET pacnag maccbl Am = 3 Mr KasibLms gg’Ca, €C/IM B HaYa/bHbIi MOMEHT ero macca

6b1na pasHa my= 0,3 r? Mepunopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.
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10. PaanoaKTMBHbIN M30TON ypaHa 92U npeTepnesaeT NocAeA0BaTeIbHO O-pacnag, Aga [ -pacnaja v elle asa

o o 226
o-pacnaga. Kakoi nsoton obpasyercs B pesy/ibTaTe 3TOW cepun pacnagos? Otset: g Ra.

11. Onpegenute aHepruto E, KOTOpYO HYXKHO 3aTPATUTL A4/1A OTPbIBA HEMTPOHA OT AApPa ;‘He.
OtBeT: E = 20,58 M3B.

12. Appo atoma AuUTMUA 37Li bombapanpyroTca NPOTOHAMK, KUHETUYecKasa 3Heprua Kotopbix 1,4 Ma3B.

O6pasytolmecs Npu 3TOM ABe 0-4acTULbl IETAT C O4MHAKOBOW CKOPOCTbI0. ONpesennTe KUHETUYECKYIO SHEPTUIo
KaXKAoM 0-4acTumLbl. OtBet: T=9,37 M3B.



2013__3r4-13-3__ Cmakkos B.T.

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

2. KaKylo MaKCMMasibHYHO CKOPOCTb MOFYT MOAYYUTb BbIPBAHHbIE W3 KaNWUA 3NEKTPOHbI Npu 06ayvyeHUU ero
YNbTPadUONETOBbIM CBETOM C AJIMHHOM BO/HbI A=0,2MKM? PaboTa BbiXxoAa A4 Kanusa paBHa A, =2 3B.

OTBeT: Vya= 1,22 10° m/c.

3. CBeToBOW MOTOK MagaeT HOPMaNbHO Ha MNOBEPXHOCTb C Ko3adpouuMeHTOM oTpakeHua p=0,6, Npu 3TOM OH
npoussoauT aasneHune p=0,2 MNa. OnpesennTb SHEPreTUYECKYH OCBELLEHHOCTb MOBEPXHOCTH.

Otsert: E.= 37,5 MBT/Mm’

4. Onpefenutb CKOPOCTb 3/1IEKTPOHA OTAauM npu adpdekte KomnToHa, eciv GOTOH C IHEpruei, paBHOW sHeprum

MOKOS 3/1EKTPOHA, HblN paccesH Ha yron 6 = 180°. Otset: v = 2,4 10° m/c.

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

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

o o v o v -10
7. HelTpoH HaxoguTca B ogHOMepHO 6eckoHeuyHo rAy6oKoi noTeHumanbHoi Ame wwupuHon d = 107 m ¢
abCoNOTHO HENPOHULAEMbIMM CTEHKaMMU. HaiauTe HaMMEHbLIY0 Pa3sHOCTb ABYX COCEAHMX SHepreTMYyecKkux
YPOBHEeN HelTpOHa. OtseT: AE i, = 0,062 3B.

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

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

=1,39-10" ner. orser: N, = 1,29-10.
10. CneaytolLyto AAepHYI0 peakLMIo HanMwnuTe B pa3sepHyTom Buae n onpegenute X: X (t, o) 2 Na .
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Otser: ;,MQ.

11. KaKyto HaMMeHbLUY0 3HEePTUI0 HYXKHO 3aTPaTUTb, YTO6bI Pa3aenuTb AAPO ;‘He Ha Z1Be O4MHAKOBbIE YacTy.

OtBeT: E =23,85 M3B.

12. OnpefenvTb 3HePruio AAEPHON 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__3r4-13-3_ CrenaHos A.C.

1. YépHoe Teno Harpenu ot Temnepatypbl T; = 600 K go temnepatypbl T, = 2400 K. Onpegenute, BO CKONIbKO pa3
YBEe/MUYMAACh SHEepreTMyeckas CBETMMOCTb Tesla U Ha CKOJIbKO M3MEHWIacb AJ/IMHA BOJIHbI, COOTBETCTBYHOLLAA

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

2. MaKkcuMManbHan cKopocTb GPOTOINIEKTPOHOB, BbINETAKOWMX U3 MeTanna Npu 0b6ayvyeHun doToHamu, V.., = 0,88c.
Onpenenntb sHepruto GoToHOB. OTBeT: € = 0,565 M3B.

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

4. Ha Kako# yron 6bin1 paccesiH GOTOH C 3Heprueit €, = 1,36 M3aB Ha cB0O604HOM 3/IEKTPOHE, EC/IM KMHETUYECKAS
3Heprua oTAauun aNeKTpoHa coctasaset T, = 0,68 M3B. OtBeT: 6 = 51°.

5. Mpw 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. CpepHee BpemA XM3HM aTOMa B BO3OYKXAEHHOM COCTOAHUM COCTaB/AET OKOO 10-°c. Mpu nepexone aToma B
HOpMa/sbHOe COCTOAHME ucnyckaeTcA (OTOH, CpegHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCWTENbHYIO WKPpUHY AE/E n3nyyaemoii cnekTpanbHOW IMHUW, €CAW HE NMPOUCXOAMT YILIMPEHUS IMHUM 33 CYeT
APYrux NpoL,.eccos. Otset: AE/E ~ 2-10-%.

7. YacTiua HaxoguTCs BO BTOPOM BO3BYXAEHHOM cOCTOAHMM (N = 3) B OAHOMEPHOM MOTEHLMANbHOM ALUKE
WKpKHOM L c abcontoTHO Henpo3payHbiMm cTeHKamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHaAPYKEHUS YacTULbl
B CpegHel TpeTu AWmKa. OtBeT: = 0,33.

8. BbluMcanTb nocTosaHHylo Puabepra R’, ecam M3BecTHO, 4To Ana noHoB reana He ' pasHocTb anunH BofH mexay

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

9. AKTMBHOCTb A HeKOoTOoporo m3otona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpemenntb nepuog,
noJsiypacnaga 3Toro nsorona. OtseT: Ty/;=31,4 cyTOK.

10. CnepytoLLyto AAEPHYIO PEeaKLMI0 HanuLWLUTe B pa3BepHYTOM Buae 1 onpegenute X: X (o, p)l7O .

1
orser: ;N .

11. OnpepennTe 3HEPrUIO CBA3N ANA AAPA aTOMA CBUHLA o PD . OtseT: E., = 1,622 3B.

12. OnpefennTb CyMMapHYO KUHETUYECKYIO 3Hepruto agep, obpasoBaBLUMXCA B pe3y/ibTaTe peakuuu 1§’C

(d, oc)lslB , €CNIN KMHETUYECKan dHeprua aentpoHa pasHa 1,5 M3aB. Agpo-muiueHb cunTaTb HEMOABUMKHbIM.

OtBeTt: T=6,67 M3B.



2013__3rA4-13-3__ CrenaHosa W.C.

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

®., = 94 BT. A N3 CMOTPOBOI0 OKOLIEYKA BTOPOI Neyn, MMetoLwero naowaab 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. 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 BOAIHbI A CBeTa, MafaloLLero Ha
-7

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

o . 2
3. Onpeaenntb KoabdULMEHT OTPaXKEHMS p MOBEPXHOCTU, €C/IM NPU dHepreTMyeckon ocseléHHocT E.=150 BT/m
AaBNeHue CBeTa Ha Heé okasanock P = 0,65 mklla. Otset: p=0,3.

4. ®OTOH ¢ gAMHOW BONHbI Ay = 2,04 Nm Bbln paccesaH Ha CBOBOAHOM 3/1EKTPOHE, KUHETUYECKAs IHEPrusa oTgaumu
KoToporo coctasuna T = 0,103 M3aB. Onpeaenntb yron pacceaHma GoToHa. OTBeT: 6 = 34°.

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

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

" -8
HeonpeaenéHHOCTb S3HEPTMN B 3TOM COCTOAHUMN. OTseT: AE 2 6,6-10 ~ 3B.

7. YactMua B OA4HOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon ame” wWupuHoii L ¢ 6ecKoHeYyHO BbICOKMMU
“cTeHKammn” HaxoauTca B BO3byKAEHHOM cocTosiHMM (n=2). Onpeaenntb BEPOATHOCTb OBHAPYMKEHMA YacTUlbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

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

17,7 3B. Onpenenuts CKOPOCTh AJIEKTPOHA 32 MpeieaMH aToMa. Otset: v =1,2-10° m/c.
9. CKONbKO aTOMOB pafioHa pacnaaérca 3a cyTkun u3 1 maH. atomoB? Mepuog nonypacnaga pagoHa Ty, = 3,8 gHA.
OtserT: AN = 1,67-10° aTomoB.

. 225 -
10. PaanoaKTUBHbI M30TON Paana ‘g Ra npetepnesaet nocnegosatensHo B -pacnag, yeTbipe ci-pacnaja U etle

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

11. SHeprus cBA3M aapa, COCTOALWErO U3 ABYX NPOTOHOB M OAHOIrO HEMTPOHA, paBHa 7,72 MaB. Onpeaenute maccy
HeWlTPasIbHOro aTOMa, MMEIOLLLEro 3TO AAPO. OtBeT: m, =3,01603 a.e.m.

12. Aapo 6opa 125 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe yero noayyaeTca AP0 AUTUSA 37Li n renns. Hanuwwure

AOepHy peakumto. Kakasa sHeprus BbiIcBObOXaaeTca B HE? OTtBeT: Q = 2,79 M3B.



2013___3l[4-13-3__ TaHrataposa I'.K.

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. Ha noBepxHOCTb MeTanna nagaeT MOHOXPOMATUYECKUI CBET C A/IMHHON BoHbI A=0,08 mKm. KpacHas rpaHuua
doToapdpekta Ap=0,3 MKM. HallTu 3HayeHWe 3ajeprKuBatolel pPasHOCTU noTeHunanoB U, KOTOPYHO HYXKHO
NPUNOKUTL K POTOIN1EMEHTY, YTODbI NPEKPATUTL POTOTOK. OtseT: U3=11,38 B.

3. Onpegenute aHepruto ¢oToHOB ana: 1) KpacHoro ceeta (vq = 4,1-10" ru); 2) MHPPAKPACHOIO U3yYeHUA
(v,=2,5-10" u). OtserT: €, = 1,7 3B; £, = 0,1 3B.

4. ®OTOH ¢ gMHOW BOMHbI Ay = 2,04 Nm 6bln pacceaH Ha cBOBOAHOM 3N1EKTPOHE, KMHETUYECKas IHEPTUS OTAAUM
KoToporo coctasuna T = 0,103 MaB. Onpeaenntb yron pacceaHma poToHa. OTBeT: 6 = 34°.

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

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems XU3HM aToMa B BO3OYKAEHHOM
-8 o
coctosHun 10 c¢. OnpeaenuTte OTHOLWEHME eCTEeCTBEHHOW LWWMPUHbI SHEPreTUYEeCKOro YPOBHA K 3SHeprum,
v 8
W3/Ty4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

7. B npamoyronbHoi “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HEMPOHMLLAEMbIMKN “CTEHKaMK” HaxoanUTCA
YacTULA B OCHOBHOM COCTOSIHMM. HallT BEpPOATHOCTb HaXOMAEeHMA 3TOW YacTuubl B obnactm L/4 < x < 3L/4.
MosicHuTe OU3MYECKUI CMBICA MOJIYYEHHOTO  pes3y/bTaTa, u306pasuB rpadmyeckM MNAOTHOCTb BEPOATHOCTU
obHapyKeHua YacTuLbl B JA@HHOM COCTOAHUM. OTtBeT: ® =0,818.

8. Onpeaenutb AJ/IMHY BOJHbI A, COOTBETCTBYIOLLYIO BTOPOI CMEKTPanbHOM MHKUK B cepumn MMaweHa ans atoma

BOZOpOAA. OteeT: A =1,28 MKMm.

9. HainTn maccy pafoHa, aKTMBHOCTb KoToporo pasHa 1 Kiopu = 3,7~107 pacn/c. Mepuoa nonypacnaga pagoHa
T1/2=3,8 aHA. OTBeT: M = 6,5-10 " Kr.

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

KOJIMYECTBO Oi- U 3 -pacnafoB OH UCMbITbIBAET NPK 3TOM? OTBeT: 700150,

11. Onpegenute aHepruio E, KOTOPYIO HYXHO 3aTPaTUTbL A5 OTPbIBA HEWTPOHA OT A4pPa ffNa.

OteeT: E=12,41 M3B.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyK/OHa. Hanmucatb
YpaBHeHVe A4EePHON peakuun U onpesenutb MUHMMA/bHYIO 3HEPruio y—KBaHTa, CNocobHOro BbI3BATb TaKoe

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



2013 3rA-13-3_ TaHupbepruH b.K.

1. A6CONOTHO 4YepHoe Teno Harpeto Ao Temnepatypbl 227 °C. Mocie NOHWMKEHUA TemnepaTypbl CymmapHan
MOLLHOCTb €ro Tenn0BOro W3jy4yeHnsa ymeHblunnacb B 3 pasa. Ha CKONbKO rpaaycoB MOHW3MAACh TemnepaTtypa
Tena? OtBeT: AT =120 K.

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

3. [laBneHue cBeTa C OJ/IMHOM BOAHbI A=600 HM, NajaloLEero HOpmasjsbHO Ha YEpHyl MnoBepxHocTb, 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. OnuHa BonHbl A GOTOHA paBHAa KOMNTOHOBCKOM AnuHe A, 3nekTpoHa. POTOH pacceancs Ha cBoH6OAHOM
371eKTPOHe Ha yron 6 = 60°. OnpegennTb 3HEPTUI0 U CKOPOCTb 3/1EKTPOHA OTAAUM.

OtBeT: £=0,17 M3B, v =1,99 10° m/c.

5. dneKkTpoH obnagaer KMHeTMYecKon sHeprmen T = 1 KaB. Onpegenvte anvHy BosIHbI e Bpolina ana Takoro
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

6. AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctaBnser 0,6 MKM. Bpems XU3HM aTomMa B BO3BYyKAEHHOM
_8 v
coctosHun 10 c. OnpeaennTte OTHOLIEHME €CTECTBEHHOW LWMPUHbI 3SHEPreTUYECKOro YPOBHA K 3Hepruu,
o 8
W3/ly4EHHOM aTOMOM. OtseT: AE/E ~3-10-".

v v o o -11
7. DNEeKTPOH HaxoguTCcA B OQHOMEPHOM BeckoHeyHo rnybokow noTeHuuanbHon Ame wwupuHoi d = 100 m ¢

abCo/IOTHO HENPOHMLLAEMbIMW CTEHKAMU. HaliTU HaMMeHbllee 3HaYeHNe SHePrumn 31eKTPoHa.
OtBeT: E;nin = 3.7 K3B.

8. Bo CKOJNBKO pa3 MU3MEHUTCS TIEPUO/] BPAILICHUS JIEKTPOHA B aTOME BOAOPOJIa, €CIH IPH MEePexXo/ie B OCHOBHOE
COCTOSIHHE aTOM H3JIy4al (pOTOH C JUIMHOH BOJMHBI A =97, 5 HM? OtBer: B 64 pasa.

9. OnpeaennTb, CKOIbKO AAEP PaAMOaKTUBHOIO M30TOMA BUCMYTA ZslgBi macco m =1 mr pacnagérca B TeueHune

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

10. CneaytoLLyto AAEPHYIO peakLMIo HanMwmuTe B pa3BepHyToOM Buae W onpegenute X: 0 (d, n) X.
OTser: 1§F )

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

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

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



2013 3rA-13-3_ Ysb6ekos U.WN.

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

2. Kakoli u4actoTbl CBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HWKeNs, 4YTobbl MaKCMMasibHasa CKOPOCTb
6
$OTO31EKTPOHOB BbiNa PaBHA Vma,=3-10" M/c? PaboTa BbiXxoAa 414 HUKeNA paBHa A, =4,84 3B.

OtseT: v=17,36 10" M.

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

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

5. MpoToH ob6nagaeT KMHETMYECKOW 3Hepruen, pasHol E = 78 3B. Onpeaenute gauHy BOJIHbI e bpoiina ans
NPOTOHa. OTBeT: A\; =3,2 nm.

6. OLEHUTb C NMOMOLLbIO COOTHOLWEHUA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPIUIO 3/1EKTPOHA,
JIOKaNnM30BaHHOro B 06nactu pasamepom L = 0,20 Hm. OTseT:
Tmin~ 1 3B.

7. HallTu HammeHbliee 3HaAYeHME SHEPrM HEeWTPOHa, HAXOAALLEerocs B OAHOMEPHOW 6ecKOoHe4YHo ray6oKoi

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

8. Ompenenuts dHEPrut0 HOTOHA, COOTBETCTBYIOIIYIO CaMO¥ JJTHHHOBOJHOBOM JTMHUU cepun Jlalimana.
Ortsert: 10,2 3B.

222

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

9. HanTn akTMBHOCTb 1 I pagoHa

10. CneaytolLyto AAepHYI0 peakLMIo HanuwnTe B pa3sepHyTom Buae n onpegennte X: X (p, o) 2 Ne .

23
Otser: ;;Na.

11. Onpepenute, Kakas HeobxoaMma aHeprus, YTobbl pasfennTb A4P0 1§C Ha TPU a-4acTULbI.

OtBeT: E=7,27 M3B.

12. OnpefenvTb 3HePruio A4EepPHON peakuun fBe(n, y)lfBe, €C/IN U3BECTHO, UYTO 3Heprus ceA3u agpa fBe

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



2013 3r4-13-3_ Ytuukux C.B.

v 5 o -
1. MowHocTb n3nydeHns abcontoTHO YEpHOro Tena pasHa 10° KBT. HallTn naowaap vsnyyatowein NoBepxXHOCTH
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. 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. Onpeaenute 3HEPrUI0 € M UMMYAbC P KBaHTa M3Ny4eHMWA C AJIMHON BOIHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2-10_28 Kr-m/c.

4. ®OTOH 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, ob61afatolero KUHeTM4Yeckon sHepruen E, = 3 MaB.
OTBeT: A =0,36 Nm.

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

npuv 3TOM HeonpeaenEHHOCTb KOOPAMHATbl AX, ONpeaenAloLLell MEeCTONONOXKEHNE 3/IEKTPOHA?
OTBeT: AX = 1,15 MKM.

o o o o -12
7. DNEKTPOH HaxoauTca B OLHOMEPHON 6GecKOHeyHo ryboKoW noTeHuManbHOM sme wupuHoin d = 107 m.

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

8. HaiiTu »Hepruio MOHM3AIMN BOJOPOAONOAOOHBIX HMOHOB, B CIIEKTPE KOTOPBIX UIMHA BOJHBI TPEThEH JTHHHUU
cepun banbmepa paBua 108,5 HM. OtseT: E; =54,4 3B.

9. HainTn akTmBHOCTb 1r paaumsa, ecau ero nepuog nonypacnaga Ty, = 1620 ner. OtBeT: A= 3,7~1010 pacn./c.

243 256 1
10. OnpegennTe, C KAKUM aTOMHbIM A4POM Bblna ocyllecTBieHa peakuma X + 05 Am - 103 Lr +5 on.

18
Orser: 5 O.

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

12. Onpegenute, Kakas aHeprus HeobxoamMma, YtTobbl pasaennTb S4p0 fBe Ha ABe 0-4acCTULbl U HENTPOH.

OteBet: Q=1,57 MaB.



2013 3r4-13-3_ dapees [.H.

1. Yemy paBHO OTHOLLEHME NMOTOKOB SHEPIUW, U3/lyHaEMbIX U3 CMOTPOBbIX OKOLLEK ABYX NJIABU/bHbIX NeYel, 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. OnpeaenvTb MakCMMAJIbHYHO CKOPOCTb POTO3NEKTPOHOB U KPACHYHO rpaHuLy ¢oToaddeKTa, ecnm 31eKTPOHbI

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

Agx =53B. OTBeT: Vi0x=6,5-10°M/C; Apax=248HM.

3. OnpegenuTte aHepruto ¢otoHa gnsa A= 0,43 MKM U A= 2,4 HM.
OTBeT: €1 =2,893B; ¢, =518 3B.

4. Onpegenntb yron 6, Ha KoTopblii bbln paccedaH GoToH ¢ sHeprmnel €,=1,43M3B npu sapdekTe KomntoHa, ecam

0
KMHeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",
5. HaliamTe oavHy BonHbI Ae bpoinna snekTpoHa, ABMKYyLLLEeroca co ckopocTbio V = 0,3-c, rae ¢ — CKOpocTb CBeTa.
~12
OtBeT: A\;=7,7:10 " 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 3EKTPOHaA.

OTBeT: Av/v ~ 10,

7. YacTrua HaxoguTCs BO BTOPOM BO3BYXAEHHOM cocTOAHMM (N = 3) B 0AHOMEPHOM MOTEHLMANbHOM ALUKE
WKMpKHOM L c abcontoTHO Henpo3pauHbiMm cTeHKamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHaAPYKEHUA YaCTULLbI
B CpeaHeln TpeTu AlWmKa. OtBeT: ®=0,33.

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

9. CKonbKO Afep pacnagaetca 3a 1 ¢ B KycKe ypaHa ngU maccoit 1 kr? Mepuop nonypacnaga Ty, = 4,51-109 ner.

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

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

- N 207
B -pacnaga v onATtb a-pacnag,. OnpesenmTe KOHEYHbIW NPOAYKT pacnasa. OtseT: g, Pb.
11. OnpenenuTte sHepruto cBA3mM ANA A4pa atToma 1213Na. OtBeT: E; = 186,56 M3B.

12. Appo atoma AUTUA ;Li bombapanpyloTca MNPOTOHAMM, KUHEeTMYecKkasa 3Heprua KoTopbix 1,4 MaB.

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



2013 3rA-13-3_ daisyanuH T.A.

2
1. MydenbHasa neyb, notpebaawan mowHocte 1 KBT, umeeT oTeBepcTve naowaapto 40 cm”. OnpesennTs SO0
MOLLHOCTW, PACcCeMBAEMOM CTEHKaMW Me4yu, ecim TemMnepaTypa ee BHYTPeHHel noBepxHocTu pasHa 1200 K.
CunTaThb, UTO OTBEPCTME NEYU U3NIYYAET KaK abCcoNOTHO YepHoe Teno. OtseT: n =0,53.

2. PaboTa BbIXO4A 3N1EKTPOHA C MOBEPXHOCTU Le3nA paBHA Ay, =1,89 3B. C KakoW CKOPOCTbIO BblieTaloT
3N1EeKTPOHbI U3 Lie3us, eCIN METaN/ OCBELLEH KENTbIM CBETOM C ANMHHOM BOIHbI A=0,589 MKM?

OTBeT: Vya= 2,76 10° m/c.

2 18 -1
3. Ha noBepxHOCTb nnowagbto S=10 cm” MagaeT execekKyHAHO ny4yok GpoToHOB B Konauuvectse n=10" ¢ . AaunHa
BOMHbI Nagatouero ceeta A= 500 Hm. OnpeaenvTb CBETOBOE AaB/EHWE Ha MOBEPXHOCTb, €cin Ko3dpdUUMEHT
oTpaxkeHus p=0,7. OtBeT: p = 2,25 mkla.

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

5. Mpu Kakoli ckopoctn V anekTpoHa ero aebpoiisieBcKas A1MHA BOJIHbI byaeT paBHa: 1) 650 Hm, 2) 3 nm?

OteeT: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

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

7. HaliT HaumeHbluee 3Ha4YeHWe 3HepruM HewTpoHa, HaxoAAlWeroca B OAHOMEPHOW GecKoHeuyHo raybokol
o o —15 —11
noTteHUnanbHom ame wmpuHon d =107~ m. oTBeT: Enin =3.26-10 7 K.

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

14
9. OnpegennTb BO3PACT APEBHUX AEPEBAHHbIX NPeAMETOB, C/IN U3BECTHO, YTO yAe/bHaA aKTMBHOCTb M30TOMNA C
y Hux coctasnset 0,6 yp.eanoil'l AKTMBHOCTM 3TOro M30TOMa B TOJZIbKO 4YTO prﬁﬂeHHbIX aepesbax. [llepuopg

nonypacnaga agep e T1/2=5570 ner. OTBeT: t = 4,1-103neT.
10. Cnepytollyto AAepHYIO peaKkLUmMio HanuwmnTe B pa3BepHyTOM BMAE M onpeaenute X: Al (at, n) X.

30
Otset: | P.

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

12. OnpenennTb SHEPrUIo AAEPHOI peakunm fBe (p, &) g Li, aapo-muweHb fBe CYUTaTb HEMOABUMKHbIM.

OTBeT: Q =2,13 M3B.



2013__3l4-13-3_ Xopowwunos A.A.

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

2. Ha meTannuyeckylo NNacTMHy HanpasaeH My4yok ynbTpaduonetosoro msaydeHusa (A=0,25 mKm). DoTOTOK
NnpeKkpalLaeTca Npu 3adepXuBalowein pasHoctM noTeHumanoB Us;=0,96 B. Onpegenutb paboTy Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTBeT: A, x= 4 3B.

—12
3. AnvHa BOAHbI mM3nyyenms A = 5,4-10 M. OnpegennTb KOAMYECTBO KBAHTOB, COAEPXKALWMXCA B MOTOKe
o 18
N3ny4yeHna c aHepruen € =127 Kx. OTtseT: N =3,45-10" yactuu,

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

5. MpoToH ob6iagaeT KMHETMYECKOW 3Hepruen, pasHoh E = 78 3B. Onpepenute ganHy BOJIHbI Ae Bpoina ana
NpoToHa. OTBeT: A; =3,2 nm.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHun KOOPAMHATbl 3/MEeKTPOHa, ABMIKYLLErocAa B aTome BOAOPOAA CO
6 .

cKopocTtbio v=2,2-10°M/c, ecnn pgonyckaemasa HeTouyHOCTb Av cocTasnseT 10 % oOT e€ BenuuMHbl. YKasatb,

NPUMEHUMO NI NOHATUE TPAEKTOPMM B AaHHOM C/yyae. OtseT: Ax=0,5 Hm.

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSMOYTro/IbHOM MOTEHLNANbHOM SLLMKE WNPUHOM
I. BbluMCAUTE BEPOATHOCTb TOrO, YTO 3NEKTPOH, HaxoAAwMica B BO3BYKAEHHOM cocToaHuM (n=2), 6yaet

0obHapyKeH B cpeaHen TPeTU ALLMKaA. OTtseT: ® =0,195.

8. ®oToH c 3Hepruent E = 12,12 3B, nornoweHHbIN aToOMOM BOAOPOAA, HAXOAALWMMCA B OCHOBHOM COCTOAHMUU,
nepeBoANT aTOM B BO3OYKAEeHHOe cocToAHue. OnpeaenunTb rMaBHOE KBaHTOBOE YMC/I0 STOFO COCTOAHMSA.
OTBeT: n=3.

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

1 104 132 1
10. Onpepenute, € KaKUM aTOMHbIM AAPOM Bbina ocywectsneHa peakuua X+ N — 7 Mo + 50 Sn +3 on.
238
Otset: ‘g, U .
11. OnpegenuTe, Kakasa HeobxogMma sHeprus, YTobbl pasaennTb A4P0 1§C Ha TPW O-4acCTULLbI.

OtBeT: E=7,27 M3B.

12. Appo 6opa lgB 3axBaTblBaeT HENTPOH, B pe3y/ibTaTe Yero rnosiyyaercs AP0 AUTuA 37Li n reama. Hanmwute

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



2013 3rA-13-3_ Uunbusos K.W.

1. Mpu Kaknx TemnepaTtypax abcotoTHO YEPHOTO Tesla MaKCUMMYMbl SHEPTUM TEMIOBOIO U3y4EeHUA 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. OnpeaennTb MAaKCUMMA/bHYO CKOPOCTb V. GOTO3/IEKTPOHOB, BblIETAOWMX M3 MeTanna nog AeucTBUEM Y-
v -11 8
W3lyYEHUA C ASIMHOM BOAIHbI A=0,2 107" m. OTBeT: Ve = 2,68 10° m/c.

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

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

Otset: A=3,58 10 “m.

5. HaiguTe anuHy BosiHbI Ae bpolina A ans anekTpoHa, o61agatolLero KUHeTM4Yeckon sHepruen E, = 3 MaB.

OTBeT: A =0,36 Nm.

8
6. Cpeﬂ,Hee Bpema XU3HM aToma B BO36y)+(AEHHON| COCTOAHWUM cocTaBaAeT okoso 10~ c. an nepexoge atoma B
HOpPpMa/ZibHOE€ COCTOAHUE WUCNYCKaeTCA d)OTOH, cpeaHAAa O/1MHa BOJIHbI KOTOPOro paBHa 400 HMm. OueHuTb
OTHOCUTENbHYIO LWWNPUHY AE/E VI3J1yHBEMOi;I CI'IeKTpaJ'IbHOl‘/'I NMHUN, eCin HE NPOUCXOAUT YWMNPEHUA TUMHUN 3a CHET

APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

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

8. Y Kakoro sofopoaonoAo6bHOro MoHa pasHoOCTb AJIMH BOJIH MEXAY FON0BHBIMM AVHMAMK cepuin Banbmepa m

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

9. OnpeaennTb NOCTOAHHYIO A PagMoaKTUBHOMO pacnaga CTPOHLMA sgSr. Kakas fonA OT NepBOHaYaNbHOro Yncna

aTomoB pacnagaetcs 3a 10 net? Mepuopa nonypacnaga 28 ner. OTBeT: A = 7,85-10’10 c’l; 22%.

AN 209
10. B pe3sysibTate cepuu pafMOaKTUBHbIX Pacnafos HENTYHUI o N npespawaeTca B BUCMYT g DI . Kakoe

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

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

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyK/OHa. HanucaTtb
ypaBHeHWe A4EpHOM peakuun U onpesenntb MUHMMANbHYIO SHEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

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



2013__3r4-13-3_ Yekanos H.U.

o - 2
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
N3/ly4EHUA paccemMBaeTCA CTEHKaMM neyn, ecam notpebasemasn et MoWHOCTb cocTasnseT 1,5 KBT.

OtBeT: n=0,676.

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

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

OtseT: A =2,55 107 m.

3. DNeKTpuyeckas namna paccymtaHa Ha mouwHocTb N=45 BT. BbluMCAUTb AaBnAeHME AYyYUCTOM IHEeprumM Ha
3epKasibHYO0 NMOBEPXHOCTb C KO3pPULMEHTOM OTpaxKeHMA p=1, pacnoNoXKeHHY HOPMAbHO K MagaloWwmnm ayvam
Ha PaccToAHUU r =1 m OT Kamnbl. OtBeT: p=24 Hlla.

4. ®OTOH C A/IMHHOM BOAHbI A;=10 nm paccesnca Ha CBOBOAHOM 3/IEKTPOHE, NpuYém yron paccesHus 0=m/4.

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

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

6. DNEKTPOH C KUHETUYEeCKoM aHeprmeit T =4 3B nokanusosaH B ob6iactn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbO COOTHOLLIEHMA HEONPeAEeNeHHOCTEN OTHOCUTEIbHYO HEONPeAEeNeHHOCTb ero CKOPOCTy.

OTseT: Av/u ~ 10-*.
—11

7. INEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEeYHO ryboKoW MoTeHUMasnbHoM Ame wupuHon d = 100 m c
a6COIIOTHO HEMPOHMLL@EMbBIMWU CTEHKaMU. HaiTM HaMMeHblLLee 3HaYEeHNE SHEPTUMN 3/IEKTPOHa.

OtseT: Ejnin=3.7 K3B.

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

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

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

242 260 1
10. Onpegenute, € KaKMM aTOMHbIM AAPOM Bblna ocylecTeneHa peakuma X+ g, Pu » 104 Ku +4 oN. Otser:

22
1o Ne.

11. Onpegenute yaenbHyl0 SHepPruto CBA3WM ANA agep fH 7] fH .0OtBeT: g, = 1,11 MaB/HyKNOH; €, = 2,82

M3B/HYKNOH.

12. OnpefennTb CyMMapHYH KMHETUYECKYIO SHEPIUIO Aaep, 06pa3oBaBLUMXCA B pe3yabTaTe peakumm 1§’C
(d, o) 1518 , EC/IN KUHETUYECKaA sHeprua AenTpoHa pasHa 1,5 MaB. Aapo-muiweHb cuntatb HenoasuKHbIM.OTBeT: T

=6,67 M3B.



2013 3rA-13-3_ WHakaep B.C.

1. CKONbKO 3Heprum msnyyaer abCoNOTHO YepHoe Tesio 3a Bpema t = 2 ¢, N/iowWadb 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. Mpn nccnepoBaHun ¢otosaddeKkTa C NOBEPXHOCTU HATPMA OblAM NOAYYEHbl AaHHbIE: MPU YACTOTE WU3/yYEeHUs
14 v 14

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

3a4eprkmBatowmii noteHuman U, = 1,22 B. icnonb3ya 3TK AaHHble, ONpeaennTb 3HaYeHME NOCTOHHOM lNnaHKa.

Otset: h=5,9 10 X c.

3. MoHoxpomaTuyeckuii nyyok ceeTa (A=0,58 MKM) nagaeT HOPManbHO Ha MOBEPXHOCTb C Ko3ddUUMEeHTOM
2 v
oTpaxkeHua p= 0,7. onpeaenuts Yucno GOTOHOB, EXKECEeKYHAHO Majalowmx Ha 1 cm” aToi NoBepxHOCTH, ecnun

16 -1
[aB/eHMe CBeTA Ha 3Ty NOBepPXHOCTb p =1,2 mKa. OTBeT: N =6,2-10"¢c .

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

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

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

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

7. B npamoyronbHon “noteHuManbHoi ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTEHKaMKU” Haxo4uTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HaliTV BEPOATHOCTb HaxOMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MosicHUTe U3MYECKUI CMbICA MNONYYEHHOro  pesynbTaTa, M306pa3vB rpaduyeckm NAOTHOCTb BEPOSATHOCTU
obHapyKeHua YacTuLbl B J@HHOM COCTOAHUM. OTBeT: ® =0,818.

8. BbluMcanTb NocToAHHY0 Puabepra R’, ecn n3secTHo, 4To 4nA noHos reama He™ pasHocTb AnWH BOMH mexay

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

192 235
9. BbluncAnTb yaenbHble akTUBHOCTU M30TOMNOB Mpuama ~ Ir u ypaHa U, nepuoapbl nonypacnaza KOTopbIiX pPaBHbI
8
COOTBETCTBEHHO 75 cyToK 1 7,1-10° ner.

OtseT: A= 3,35-1017 pacn/c-Kr; A= 7,93-107 pacn/c-Kr.

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. 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 AAepHYI0 peakLmio

M onpeaennTb SHepPruto, BblAENAOWYOCA NPY 3TON peakuunu. OTBeT: Q =22,38 M3B.
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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. Ha meTannuyeckylo NNacTMHy HanpasaeH Myyok ynbTpaduonetoBoro usaydeHusa (A=0,25 mKm). PoTOTOK
NnpeKkpalLaeTca Npu 3adepXuBalowein pasHoctM noTeHumanoB Us;=0,96 B. Onpegenutb paboTy Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTBeT: A, x= 4 3B.
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3. Ha noBepxHOCTb, nnowaab Kotopoin S=0,01 M~ exeMuHyTHO napaetT E=63[K cBeTOBON 3Heprun (B

HanpasaeHnn, nepneHAnKYy1apHOM NOBEPXHOCTU ) BbluncnmTb cBETOBOE AaB/ieHME Ha 3Ty NOBEPXHOCTb, ecnu

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

Ma.

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

5. 3apsKeHHana YacTmua, YCKopeHHas pa3HocTbio noTeHumanos U=200 B, umeeT aanHy Bo/HbI ge Bponna A = 2 nm.
v -27
HanguTte maccy yactuubl, eciu ee 3apad YMC/IEHHO paBeH 3apAaay 3/1eKTPOHa. OtBeT: m=1,7-10"" Kr.
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6. Cpeﬂ,Hee Bpema XN3HU aToma B BO36y)+(p,EHHON| COCTOAHWUKM cocTaBaAeT okono 10~ c. an nepexoge atoma B
HOpPpMa/ZibHOE€ COCTOAHME WUCMYCKaeTCA d)OTOH, cpeaHAA AOJ/iIMHa BOJIHbI KOTOPOro paBHa 400 HMm. OueHuTb
OTHOCUTENIbHYIO LWWNPUHY AE/E M3ﬂyanMOVI CI'IEKTpaI'IbHOl\/'I NTMHUN, eCn HE NPOUCXOAUT yWNpPEHUA IMHUN 3a CHET

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

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

8. OnpeaennTb AJIMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CNEKTPanbHOW AMHMM B cepum lalleHa ans atoma
BOZOpOAA. OteeT: A =1,28 MKMm.

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 ¢t
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10. Aapa pagnMoaKTMBHOrO n3oTona Tannma 81T| npetepneBardT NnocnegoBaTtesibHO TpyU B -pacnaga n ogunH
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o-pacnag. Onpegenute KOHEYHbIN NPOAYKT pacnaja. OtseT: g, Pb.

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

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

W onpeaennTb SHEPruto, BblAENAOLLYIOCA NMPU 3TON pPeakuum. OTtBeT: Q = 22,38 M3B.



