2013__3l4-13-1__ AxkyauHuH B.K.

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
3aflep}KMBatoLLel Pa3HOCTM MOTEHLMANO0B, KOTOPYIO HYXHO MNPUAOKWUTb K ¢oToanemeHTy, 4tobbl GHOTOTOK
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 sHeprumn nagarouiero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NPU KOMNTOHOBCKOM 3¢ deKTe, ecnun
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
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

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

OTBeT: Av/v ~ 10",
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7. HeWTpoH HaxoguTcs B OAHOMEPHON 6eckoHeyHo rnyboKoW noTeHuManbHol same wupuHoi 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 JIMHUU
cepun banbmepa paBua 108,5 HM. OtseT: E;=54,4 3B.

9. OnpegenuTe nepuog noaypacnaga Ti/, PaAM0aKTUBHOTO U30TONa, ecM 5/8 HauaNbHOro KOAWYECTBa AAEP 3TOTO
M30TONa pacnanocb 3a Bpema t =849 c. OtBet: T1/2= 10 MUH.

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

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

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

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



2013__3l4-13-1__ ApcnaHos P.P.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPHKAHUA HEM3IMEHHOM TEMNEPATYPbl PACM/IaBAEHHOTO
Hukenna 1453 °C, ecnv nnowagb ero nosepxHoctu 0,5 em’. CyunTaTtb, YTO U3Ty4YEeHUEe PacnNaBNEHHOro HUKena
NPOUCXOANT MO 3aKOHAM abCoNOTHO YEPHOTO Tesla, NOTEPAMM SHEPTUN NpeHebpeyb. OTBeT: N =
25,2 BrT.

2. 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 0=m/2. Onpegenntb ANUHY
BOJIHbl paccesHHOro GoToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.
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OtseT: A=3,58 10 “m.

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

6. CpepHee BpemMA XM3HM aTOMa B BO3OYKAEHHOM COCTOAHUM COCTaBNAET OKOO 10-°c. Mpu nepexone aToma B
HOpMasbHOEe COCTOAHME ucnyckaeTcA (OTOH, CpefHAA AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTENbHYIO WNPUHY AE/E n3nyyaemoi cneKTpanbHOWM IMHUK, €CAN HE MPOUCXOAMT YILUMPEHUS IMHUM 33 CYeT
APYr1Mx NpoL.eccos. Otset: AE/E ~ 2-10°%.

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

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

BO4OPOAA. OteeT: A =1,28 MKM.

9. CKONbKO aTOMOB NOMIOHWUA pacnagéTca 3a CyTku M3 1 maH. atomos? Mepuog nonypacnaga nonoHua Ty, = 138
v 3
nHen. OtseT: AN =5-10" aTomoOB.
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10. Appa pafMoaKTMBHOIO U30TOMNA TaNAua 81-|'| npeTepnesatoT Noc/ieA0BaTeNbHO TpU B -pacnaga v oanH

o-pacnag. Onpegenute KOHeYHbIM NPOAYKT pacnaga. OtserT: 2;);5 Pb.

11. OnpepennTte yoenbHyo SHEPrULO CBA3M ANA Agpa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

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

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



2013 3rA-13-1_ Aptbikbaes K.K.
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1. MydenbHasa neyb, notpebaawowan mowHocts 1 KBT, umeeT oTBepcTMe naowaabto 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. MoHoxpomaTuyeckmin ny4ok cseta (A=0,58 MKMm) nagaeT HOPManbHO Ha MOBEPXHOCTb C KO3hOULMEHTOM
2 v
oTpaxkeHua p= 0,7. onpenenntb 4yucio GOTOHOB, EKECEeKYHAHO Mnagatowmx Ha 1 cm” 3TOM NMOBEPXHOCTW, ecnu

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 sapdekTe KomnToHa, ecan
0
KMHeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",

5. Onpe,qenMTe, NPpn Kakom 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. OUEHMTb C MOMOLLbIO COOTHOLIEHMUS HEONpPeaeIEHHOCTEN MUHMMAbHYIO KUHETUYECKYHO SHEPTUI0 3/1eKTPOHa,

ABuxylerocs B 0bnactu, pasmep Kotopon L = 10 m. OtBseT: Thyin = 3,8 3B.

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

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

8. Bo CKOJIBKO pa3 MU3MEHHUTCS NIEPUO/] BPAILCHHUS JIEKTPOHA B aTOME BOAOPOJIA, €CIH MPHU INEPeXoJie B OCHOBHOE
COCTOSIHUE aTOM H3J1y4asl (OTOH C ATUHON BOJMHBI A = 97, 5 HM? OtBeT: B 64 paza.

9. Hal'Tn NoCTOAHHYIO pacnaja paZoHa, eC/iv U3BECTHO, YTO YNC/I0 aTOMOB YMEHbLLIAETCA 3a CYTKM Ha 18,2 %.
6 -1
OteeT: A=2,3-10 "¢ .
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10. fiapa pafMoaKTMBHOrO U30TONa pagoHa ‘g RN npetepnesatoT nocnegosatensHo Aga o-pacnasa, Asa
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B -pacnaga u onatb a-pacnag. OnpefenvTe KOHeYHbIM NPOAYKT pacnaja. OtseT: g, Pb.

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

OtBeT: E = 20,58 M3B.

12. OnpegenuTte, Kakasa sHeprusa Heobxoanma, YTobbl pasgennTb A4PO fBe Ha ABe a-4aCTULbl M HEUTPOH.

OtBeT: Q=1,57 M3B.



2013__3l4-13-1__ AxmepbaHoBa 3.A.

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

®.; = 94 BT. A N3 CMOTPOBOIr0 OKOLLUEYKA BTOPOM Neyn, MMetoLLero naowaab 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. Kakol u4actoTbl cBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HUKeNA, 4YToObl MaKCMManibHas CKOPOCTb

$OTO31EeKTPOHOB HblN1a paBHa vmax=3.~106 m/c? PaboTa BbIxoAa A1 HUKeNA paBHa A, =4,84 3B.
OtBeT: v=17,36 10" Mu.

—12 v
3. CKONbKO KBAHTOB COAEPMUT M3/ydYeHue C AJAMHAMU BOSIH 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 Kkako# yron 6bin paccesH GOTOH ¢ sHepruent €; = 1,36 M3B Ha cBO6OAHOM 3N1EKTPOHE, €C/IM KMHEeTUYecKan

SHeprua oT4a4ymn aneKTpoHa coctasnset T, = 0,68 MaB. OTBeT: 6 = 51°.
5. Haigute anuHy BosiHbl Ae bpolina A gns anekTpoHa, ob61afatolero KUHeTM4Yeckon sHepruen E, = 3 MaB.
OtBeT: A =0,36 Nm.
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6. JAnTenbHOCTb BO36YKAEHHOMO COCTOAHMA aTOMa BOAOPOAA COOTBETCTBYET NpumepHo At =10 c. OnpeaennTb

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

7. BonHoBas ¢GyHKUUSA \I’(x)=(2/L)1/2

NPAMOYTo/IbHOM ALMKE WMPUHON L. BbluMCIMTE BEPOATHOCTb HAaXOXAEHUA YacTULLbl B Manom nHTepeane AL=0,01L

sin(ntx/L) onucbiBaeT OCHOBHOE COCTOAHME YacTUUbl B 6€CKOHEYHO rny6oKom

B cpeaHein yactu awmka (L-AL)/2 < x < (L+AL)/2. NoscHWUTE GU3MYECKMI CMBIC MOJIYYEHHOTO pesy/bTaTa,
n306pasmB rpaduyeckm NAOTHOCTb BEPOATHOCTM OBHaPYKEHMA YaCTULLbI B LAHHOM COCTOAHMMU.

Ortset: o = 0,02.

8. BbluMCAUTbL NOCTOAHHYIO Puabepra R’, ecan M3BecTHO, UTo AnA MoHOB renna He' pasHocTb AnunH BoMH mexay
o o 7 1
roNI0BHbIMM IMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OteeT: R'=1,097'10" m~.

9. KaKas gons paAnoaKTUBHbIX afep KobanbTa, nepuod nonypacnaga Kotopbix 71,3 gHA, pacnagaercsa 3a ABa
mecaua?
OTBeT: 44%.
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10. B pe3ynbTaTe cepun paAuoaKTUBHbIX Pacnafos ypaH g,\UJ npespaliaeTca B CBUHeL, ‘g, . Kakoe

KOJIMYECTBO Oi- U 3 -pacnafoB OH UCMbITbIBAET NPK 3TOM? OTBeT: 8aM6[ .
11. Onpepgennte, Kakaa Heobxoanma sHeprua, 4Tobbl pa3aenunTb A4po 1§C Ha TPU O-4acTuUpbl.
OtBeT: E=7,27 M3B.

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

OTBeT: Q =2,13 M3B.



2013 3rA-13-1_ bamyxameTos A.P.

v I 2
1. HanTK, KaKoe KONMYeCcTBO 3Heprum B 1 ¢ M3ayvaeT abcontoTHO YEPHOE TeNo C NOBEPXHOCTM niowagbio 1 cm”,
€C/IN U3BECTHO, YTO MAKCMMa/IbHaA CrMeKTpasbHas MAOTHOCTb €ro SHEPreTMYecKoW CBETMMOCTM MPUXOOMUTCA Ha
OJIMHY BOMHbI 484 HM. OteeT: AE = 7,3 K.

2. KaKylo MaKCMMasibHYH CKOPOCTb MOTYT MOJIYyYUTb BbiPBaHHbIE W3 Ka/MA 3/1EKTPOHbI NPU 06y4eHUn ero
YyNbTPadn0oNeTOBbIM CBETOM C AIMHHOM BOHbI A=0,2MKM? PaboTa BbiXxoAa AN Kanua pasHa A, =2 3B.

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

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

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

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABUMKYLLMXCA BAOMAb Oocu abcumcc, coctasnsetT Av=100m/c. Kakosa

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

7. JNeKTPOH B OZHOMEPHOW NPSAMOYronbHOM “noteHumanbHol ame” wupuHoM L c 6ECKOHEYHO BbICOKMMMU
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHMA 3N1EKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUM, COOTBETCTBYIOLLLEN Nepexoay 3/1eKTpoHa B aToMe BoA0poAa C
LIECTOro 3HepPreTMYeCcKoro ypoBHA Ha BTOPOW. K Kakoi cepuMm OTHOCMTCA 3Ta IMHUA M KaKas OHa Mo CYETY B 3TOM
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.
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9. BbluncAnTb yaenbHble akTUBHOCTU M30TOMNOB Mpuama ~ Ir u ypaHa U, nepuoapbl nonypacnaza KOTopbixX pPaBHbI
8
COOTBETCTBEHHO 75 cyToK 1 7,1-10° ner.

OtBeT: Ay = 3,35-1017 pacn/c-Kr; A= 7,93-107 pacn/c-Kr.
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10. Appa pasMoaKTMBHOIO U30TOMNa TOpPUA 9OTh npeTepnesaloT Noc/iea0BaTeNbHO ¢i-pacnag, ABa 3 -pacnaga v
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onATb a-pacnag,. OnpesenvTe KOHEYHbIV NPOAYKT pacnasa. OtseT: ‘g Ra.

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

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

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



2013__3r[4-13-1_ BtopbirnH AN.

1. MoLwWHOCTb M3/y4eHUA abcoNtoTHO YepHOoro Tena pasHa 34 KBT. HaliTu TemnepaTypy 3TOro Tena, ec/im U3BeCTHO,
2
4YTO ero NOBEpPXHOCTb U3NyYeHuA pasHa 0,6 m”. OTgeT: T = 1000 K.

2. ®oToadpdeKT NnponcxoamT nog gencremem msydeHuns ¢ A=0,09mkm. Onpegenuntsb paboTy BbIXOAa 31EKTPOHOB U3
MeTanna, ecnn GOTOTOK NPeKpPaLLAETCA NPY 3a4epKMBatoLLeN pasHOCTM 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
JaBieHue cBeTa Ha Heé okasanocb P = 0,65 mkIa. OtseTt: p=0,3.

4. ®OTOH C ANMHOM BOMHLI A; = 4,3 nm paccesncAa Ha cBO60AHOM 3/1eKTpoHe. Yron paccesaHus cocTasun 1/2.
OnpeAennTb SHEPruIo pacceaHHOro GOTOHA U IHEPTUIO, MPUXOAALLYIOCA Ha IEKTPOH OTAAYM.

OTBet: €' =0,185 M3B; T.= 0,106 M3B.

5. HanguTe annHy BoHbl Ae bpoinns aneKkTpoHa, ABMiKyLeroca co ckopoctbto V = 0,3-¢, rge ¢ — CKOpoCTb CBeTa.
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OtBeT: A\;=7,7:10 " m.
6. OLEeHNTb C MOMOLLbIO COOTHOLIEHUA HeonpeaenEHHOCTEN MUHUMAJIbHYIO KUHETUYECKYIO SHEPTUIO 3/IEKTPOHA,
JIOKaNIM30BaHHOro B 061actu pasamepom L = 0,20 Hm. OTseT:
Tmin~ 1 3B.

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

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

8. ®oToH c sHepruenr E = 12,12 3B, nornouwieHHbIM aTOMOM BOA0POAA, HAaXO4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoANUT aToM B BO3bOyKAeHHOe cocTosHMe. OnpeaenmnTb rNaBHOE KBAaHTOBOE YMC/I0 3TOrO0 COCTOAHUSA.
OTBeT: n=3.
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9. OnpeaennTb Nepuog nonypacnaga BUCMyTa ‘g

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

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

o 225 _
10. PagnoaKTUBHbIM U30TON paama 88 Ra npertepnesaeT nocnegoBaTtesibHO B -pacnag, YeTbipe o-pacnaja n ewe

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

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

12. Apgpo atoma AUTMA 37Li 6ombapanpyroTca NPOTOHAaMKM, KUHETUYecKasa 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 3rA-13-1_ la66acos I.LL.

1. OnpegennTe MOLWHOCTb TEMAOBOrO W3/y4eHWA abCONOTHO YepHOro Tena, eciu 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 MOLWHOCTbI0 N=9 BT HOpMa/ibHO NadaeT Ha NOBEPXHOCTb Naowaabto S=10 cm” , KoapPuumneHT
oTpaxkeHus Kotopol p=0,8. Kakoe AaB/ieHMe UCMbITbIBAET NPM 3TOM AaHHAA NOBEPXHOCTb? OTBeT: p=54 mklla.

4. ®otoH npu addekte KomntoHa pacceancs Ha cBOBOAHOM 3/1eKTPOHe Ha yron /4. OnpeaennTtb 3HEPruio
nagatolLero ¢oToHa, eciv AIMHA BOJIHbI pacceaHHoro ¢potoHa A,=11,3nm. OTseT: £,=0,12M3B.

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

TDY6KVI, €C/In rpaHnua CN/IOWHOro PEHTreHOBCKOIO CNEKTPa NPUxXoaAnTCa Ha A/IMHY BOJTHbI 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). OnpesennTb BEPOATHOCTb OBHAPYIKEHUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. Ompenenuts dHEPrut0 HOTOHA, COOTBETCTBYIOIIYIO CaMO¥ JJTMHHOBOJHOBOM JTMHUU cepun Jlalimana.
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.
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Otset: ‘o, U .

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

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

12. Aapo 6opa 128 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe yero noayyaeTca AP0 AUTUSA 37Li n renns. Hanuwwure

A0epHyo peakumto. Kakasa sHeprus BbiceoboxkaaeTca B Hell? OTtseT: Q = 2,79 M3B.



2013 3rA-13-1_ labutos B.A.

1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MAKCMMYM CMEKTPasibHOW MNOTHOCTM 3HEPreTMYecKol CBETMMOCTM

abcontoTHO 4epHoro Tena npu Temnepatype 0 °C? Yemy paBHa 3HepreTMyeckas CBETMMOCTb Tena Npwu 3TOWM
2

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

2. PaboTa BbIXx0Aa 31EKTPOHOB C NOBEPXHOCTM HATpMA paBHa A, =2,3 3B. Kakolt AnnHbI BONHbI CBET HEOBX0ANMO
6
HanpasMTb, YTOBbl MaKCMMaibHaA CKOPOCTb 3/1eKTPOHOB 6bina pasHa 1,5:10°m/c? OteT: A =143 Hm.

3. HaliTu panHy BOJIHbI U 4ACTOTY U3NIyYEHUA, eCnn 3Heprus GOTOHOB paBHa 3HEPTUKU MOKOS 3neKTpoHa. Kakoro
-12 20
TMMa 3TO U3nyyeHune? OtseT: A=2,4 10 “"m, v=1,2 10" T'u, y-u3nyyeHue.

4. ®OTOH C ANMHOW BOAHbI Ay = 2,04 nm 6bin paccesH Ha CBOBOAHOM 3/1EKTPOHE, KMHETMYECKAn SHEpPrua oTaaum

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

5. DIeKTPOH, HayaIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NMpeHebpeyb, NPOLE YCKOPAIOLLYI0 Pa3HOCTb NOTEHLMANO0B
U =511 kB. Haitaute anvHy BosiHbI ge bpoiina aAna sToro snekTpoHa. OtBeT: A\; = 1,4 nm.

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems KM3HM aToMa B BO3OYKAEHHOM
-8 o
coctosHun 10 c¢. OnpeaennTte OTHOLIEHME €CTECTBEHHOW LUMPUHbI 3HEPTeTUYECKOrOo YPOBHA K 3Hepruw,

N31y4eHHON aTOMOM. OtBeT: AE/E ~ 3-10-%,

o v v o -12
7. DNEKTPOH HaxoauTca B OLHOMEPHON 6GecKoHeyHo r1y6oKoi noTeHumanbHOM ame wupuHon d = 107 m.

Onpegennte HaMMEHbLLYIO Pa3HOCTb ABYX COCEAHUX IHEPTETUUYECKUX YPOBHEN. OtseT: AEmin=1,1 M3B.

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

17,7 3B. Onpenenuts CKOPOCTh AJIEKTPOHA 32 MpeiejaMH 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 6bina ocyllecTBneHa peakuma X+ oN — ,,’ MO + ;7SN +37n.
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Otset: ‘o, U .

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

OtBerT: E = 23,85 M3B.

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET PacLLenuTbCA Ha ABa HyK/OHa. HanucaTtb
ypaBHeHWe A4EpHOM peakuun U onpefenuTb MUHUMAJIbHYIO SHEPTUI0 Y—KBaHTA, CNOCOBHOro BbI3BaTb TaKoe

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



2013__3rA-13-1_ rabosa E.10.

" 5 o v
1. MowHocCTb n3nydeHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HaliTn naowaap vsnyyatrowein NoBEPXHOCTU
TeNa, ecAn M3BEeCTHO, YTO AJIMHA BOJIHbl, Ha  KOTOPYK MPUXOAUTCA MAKCMMYM CMEeKTPasbHOM NAOTHOCTU
v -5 2
9HepreTUYeCcKon CBETMMOCTH, paBHa 7-10 ~ cm. OteeT:S=6Mm".

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

3. Onpegennte aHepruto ¢poToHOB 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. lnnHa BOJHbI A CbOTOHa paBHa KOMMTOHOBCKOM anvHe )\C 3/1EKTPOHa. doToH pacceanca Ha CBO6OLI,HOM

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

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

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

NPUMEHMMO NN NOHATUE TPAEKTOPUUN B JaHHOM Cayyae. OtseT: Ax= 0,5 HMm.

7. HaliT HammeHbluee 3Ha4YeHWe 3HepruM HewWTpoHa, HaxoAAWeroca B OAHOMEPHOW GecKoHeuyHo raybokol
o -~ —15 —11
noTeHUnanbHom ame wnpuHon d =107 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 Bpemsa NPoM30oMAET pacnag maccbl Am = 3 Mr Kaibuus ;‘gCa, €C/IM B HaYyaNibHbIi MOMEHT ero macca

6bl1a paBHa mp= 0,3 r? Mepuopa nonypacnaga Ty, = 164 cyToK. OTgeT: t = 2,38 cyTOK.

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

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

11. dHeprua cBA3M aapa, COCTOALLENO U3 ABYX NPOTOHOB M OAHOr0 HEMTPOHA, paBHa 7,72 MaB. Onpeaennte maccy
HEeNTPaNbHOro aTomMa, UMeLLEro 3To AA4PO. OTtBeT: m, = 3,01603 a.e.m.

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

(d, oc)lslB , €C/IM KUHETMYECKan IHepPrna AeUTpoHa pasHa 1,5 MaB. Aapo-muiieHb cUUTaTb HEMNOABUMKHBIM.

OtBeT: T=6,67 M3B.



2013__3r[4-13-1_ lfanamos A.P.

1. OnpegenuTtb 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. Ha noBepxHOCTb MeTanna NafaeT MOHOXPOMATUYECKUIN CBET C ASIMHHON BoAHbI A=0,08 MKM. KpacHas rpaHuua
doToapdekta Ap=0,3 MKM. HailTu 3HauyeHWe 3azeprKuBatolLler pasHOCTM MoTeHumanos Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.

3. OnpeaenunTb sHepreTUYecKyto ocBewWwEHHOCTb (061y4éHHOCTL) E. 3epKanbHOWM NOBEPXHOCTM, €CM AaBAeHUE p,
npoussoanMmoe nsnyyeHnem, pasHo P=80 mklMa. N3nydyeHne nagaet HOPMaAAbHO K NOBEPXHOCTH.

Otset: E, =1,2 10" Br/m’.

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

5. DneKTpoH obnafaeT KnHeTuyeckon sHeprmend T = 1,02 MaB. Bo cKo/MbKO pa3 M3MEHWUTCA AJIMHA BOJIHbI Ae
Bpoins, ecin ero KNHeETUYECKan SHepPrMa YMeHbLIMUTCA BABOE? OTBeT: n =1,63.

. -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.

v v v o -11
7. INEKTPOH HaxoguTcA B OAHOMEPHOW OECKOHEYHO ryboKoW MmoTeHumanbHoW ame wupuHo d = 100 m c
a6CcoIIOTHO HEMPOHULL@EMbBIMWU CTEHKaMU. HaTM HaMMeHbLLee 3HAaYEHNE SHEPTUUN I/TEKTPOHa.

OtseT: Ejnin=3.7 K3B.

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

Naiimana pasHa 59,3Hm? OtseT: Z=3, Li*".
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o Rn. Nepuwopg nonypacnaga 3,823 gHs. OtBeT: A= 5,69-1015 pacn/c.

9. Havitn akTMBHOCTb 1 1 pafoHa

10. CneaytolLyto A4epHYI0 peakLMo HanMwnTe B pa3BepHyTom Buzae n onpegenute X: X (t, o) 2 Na .

23
Otset: ;,MQ.

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

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET pacLLenuTbCA Ha ABa HyKOoHa. Hanucatb
YpaBHeHVe A4EePHON peakuun U onpesenntb MUHMMA/bHYIO 3HEpPrui y—KBaHTa, CNocobHOro BbI3BATb TaKoe

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



2013 3r4-13-1_ F'pubosckuii B.B.

1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLAA MaKCUMYMY CMEKTPA/IbHON NNOTHOCTU IHEPTETUYECKON CBETUMOCTU, U3MEHUACH HA AN
=6 MKM. Onpegenntb Temnepatypy T,, 40 KOTOPOW Harpenoch Teno. OTtseT: T, =725 K.

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

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

4. OnpeaenvTb 3HEPruio, NPUXOAALLYIOCA HA SNEKTPOH oTAauM npu adpdekte KomntoHa, ecnm paccesHue GpoToHa
npoucxoaut Ha yron 8=m/3? dHeprua ¢poToHa Ao paccesaHmns £,=0,46 M3B. OTtseTt: T, =0,14 M3B.

5. DNeKTpoH obnagaet KuHeTudeckon aHeprneit T = 1,02 MaB. Bo CKONbKO pas U3MEHWUTCA AJIMHA BOJHbI Ae
bpoiina, ecnn ero KUHETUYECKAA SHEPrUsA YMEHbLIUTCA BABOE? OTBeT: n=1,63.

6. OLEeHUTb C MOMOLLIO COOTHOLIEHUA HeonpeaeNEHHOCTEN MUHUMAIbHYIO KUHETUYECKYIO SHEPTUIO 3/IEKTPOHA,
JIOKa/IN30BaHHOroO B 061acTu pasamepom L = 0,20 Hm. OTseT:
Tmin = 1 3B.

7. B npamoyronbHoOM “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HEMPOHMLLAEMbIMKN “CTeHKammK” HaxoamTcs
YacTML@ B OCHOBHOM COCTOSIHMM. HallTM BEpPOATHOCTb HaXOMAEeHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MoAcHWUTE U3MYECKUIA CMbICA MOAYYEHHOro  pesynbTata, M306pasvB rpaduyeckM MAOTHOCTb BEPOATHOCTU

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

8. HaiiTu »Hepruio0 MOHM3AIMH BOAOPOAONOAOOHBIX HMOHOB, B CIIEKTPE KOTOPBIX JJIMHA BOJIHBI TPEThEH JTHHHUU
cepun banbmepa paBua 108,5 HM. OtseT: E; =54,4 3B.
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92U maccoit 1 kr? Mepuop nonypacnaga Ty, = 4,51-109 ner.

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

i BTN 209
10. B pesynbTaTe cepun paamnoakTUBHbIX PacnafoB HENTYHUN o NP npespalyaetca B BUCMYT oo DI . Kakoe

KOJIMYECTBO Oi- U B -pacnafos OH UCMbITbIBAET NPK 3TOM? Otset: 7am4f .
11. Onpegenute yaenbHYIO 3HEPrUIO CBA3M ANA AAep fH " fH .

OtBeT: €y,1 = 1,11 M3B/HYKNOH; €4, = 2,82 M3B/HYKNOH.
12. OnpepenvTe, Kakan aHeprus Heobxoauma, 4Tobbl pasgenunTb AAP0 fBe Ha ABe a-4acTULbl U HEWTPOH.

OTBeT: Q=1,57 M3B.



2013__3r4-13-1_ fdaywes U.N.

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
N3/1ly4eHUs 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
NPUHAANEXKWUT 3Ta A/IMHA BOJIHbI? OtseT: 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. OAnHa BOJIHbI M31y4aemoro atomom ¢poToHa coctaBnser 0,6 MKM. Bpems XM3HM aToma B BO36YKAEHHOM
_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 BO36YXAEHHOM 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 PagnoaKTMBHOIO pacnaga CTPoOHUMA ;?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. CneaytoLLyto afepHYI0 PeaKLMIo HanuLIUTE B pa3BEPHYTOM BUAE W onpeaenuTe X: ZTAl (o, n) X.
OTser: ng.
11. KaKyto HaMMeHbLUYO SHEePruto HYXKHO 3aTPaTUTb, YTOObI Pa3aennTb AAPO ;He Ha ABe OAMHAKOBbIe YacTu.
OtBerT: E = 23,85 M3B.
12. OnpegennTb aHEpPruto A4epHOMN peakLmnm fBe (p, ) 36 Li, sapo-muweHb fBe CYMTaATb HEMNOABUMKHbIM.

OTBeT: Q =2,13 M3B.



2013 3rA-13-1_ Oy6posuH H.A.

1. A6CONIOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypbl t; = 327 °C. MNocne NoBbIWEHUs TeMnepaTypbl CymMapHasn
MOLLHOCTb €ro TeMJIOBOro U3/Ny4eHuna yBenndunacb B 2,5 pasa. Ha cko/ibko rpasycoB nNoBbicuMAacb TemnepaTypa
Tena? OtseT: AT = 154 K.

2. MNpu doToadpdeKTe c NOBEPXHOCTU NAATUHbI BENMYMHA 334€PKMBAIOLWLErO NOTEHLMANA OKa3anocb 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. OnpefennTb CKOPOCTb 3NEKTPOHa 0T4aumn npu sdpdekte KomntoHa, ecam GOTOH C IHEPruen, paBHOM aHeprun
8
NMOKOS 3/1EKTPOHa, HblN paccesH Ha yron 6 = 180°. Otset: v = 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 KMHEeTMYecKoM aHepruei T =4 3B nokanunsosaH B ob6nactv pasmepom € =1 mKm. OLeHuUTb ¢
MOMOLLbIO COOTHOLIEHUS HEONPEeAeIEHHOCTEN OTHOCUTE/IbHYIO HEONPELENEHHOCTb ero CKOPOCTHU.

OTseT: Av/u ~ 10-*,

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM 04HOMEPHOM NPSMOYTrO/IbHOM MOTEHLNAIbHOM SILLMKE WNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM CcoOCTOAHUM (n=2), 6yaeT
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTtseT: ® =0,195.

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

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

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

=1,39-10" ner. Oreet: N, = 1,29:10%°.

10. OnpegenunTe, C KAKUM aTOMHbIM A4POM OblNa OocyllecTBAeHa peakuua X + Oln - 1;2 Xe + §§Sr +2 Oln .

23
Otset: ‘o, U .
11. OnpesennTe sHepruio E, KOTOPYIO HYXHO 3aTPATUTbL 15 OTPbIBA HeliTpoHa oT agpa , He.

OtBeT: E =20,58 M3B.

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

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



2013__3r4-13-1_ UnbuHa HO.B.

1. ABCONOTHO YEpHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM 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. MaKkcuMManbHan cKopocTb GOTOINIEKTPOHOB, BbINETAOWMX U3 MeTasNa Npu 0bnyyeHmn ¢otoHamu, V., = 0,88c.
Onpenenutb 3Hepruto GpoTOHOB. OTBeT: € = 0,565 M3B.

3. [aBneHue cBeTa C A/MHOM BOHbI A=600 HM, NajaroLLEr0 HOPMAJIbHO HA YEpPHYK MNoBepxHOCTb, P=3 Kla.
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. Onpenenntb AAUHY BOAHbI Ae Bpoina Ag Ana anexkTpoHos, 6oMbapAmMpyOWNX aHTUKATOL PEHTreHOBCKOW

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

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABUMNKYLLMXCA BAOMAb Oocu abcumcc, coctasnsetr Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTononoXeHne 3N1eKTPoHa?

OTBeT: AXx = 1,15 MKM.

7. DNeKTPOH B OOHOMEPHOW NPSAMOYronbHOM “noteHumanbHoi ame” wWwupuHoW L ¢ 6ECKOHEeYHO BbICOKMMU
“CTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHMA 3NEKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ® = 0,25.

8. ®oToH c aHepruent E = 12,12 3B, nornoweHHbIM aToOMOM BOAOPOAA, HAXOAALMMCA B OCHOBHOM COCTOAHMUU,
nepeBoANT aTOM B BO3OYKAEHHOE cocToAHUe. OnpeaennTb r1aBHOe KBAHTOBOE YMC/I0 3TOFO COCTOAHMS.
OtBeT: n=3.

9. OnpeaennTb, CKOIbKO AAEP PaLMOaKTUBHOIO M30TOMA BUCMYTA 2é,i,’Bi macco m =1 mr pacnagérca B TeueHune

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

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

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

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

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

O6pasytolmecs Npu 3TOM ABe 0-4acTULbl IETAT C O4MHAKOBOW CKOPOCTbi0. ONpesaennTe KUHETUYECKYIO SHEPTUI0
KaXKaoW o-4acTuLbl. OtBet: T=9,37 M3B.



2013__3l4-13-1_ Uckakos A.A.

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

2. 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 paBHa A, =7,6 10" LK.
OTtBeT: A = 2,55 107 m.
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3. Onpegenntb KO3GOUUNEHT OTPaAXKEHNA P MOBEPXHOCTH, Naowaapto S=10"" m°, ecnM Npu MOLLHOCTU U3NYyYeHUa
N=12 Bt paBsieHue cBeTa Ha 3Ty NOBEPXHOCTb OKa3anocb p=7,02 mkMa. Otser: p=0,755.

4. Onpegenntb yron 6, Ha KoTopblii Bbln paccedaH GoToH ¢ sHepruel €,=1,43M3B npu apdekTe KomntoHa, ecam

0
KMHEeTU4YecKan sHeprua aNeKTpoHa otaaum 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 MOMOLLbIO COOTHOLWEHMUS HEoNpPeaesIEHHOCTEN MUHMMAbHYIO KMHETUYECKYHO SHEPTUIO 3/1IEKTPOHA,

ABuxylerocs B 06nactu, pasmep Kotopon L = 10 m. OtBseT: Tryin = 3,8 3B.
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7. HelTpoH HaxoguTcAa B OAHOMEpPHOM 6eCKOHeYHOo ryboKoin noTeHumanbHoW Ame wupuHon d = 107 m C
abCoMIIOTHO HenpoHMUAeMbIMU CTEHKaMW. HaiguTe HauMMeHblUyl pPasHOCTb ABYX COCEAHWX 3SHepreTUYecKkux
YPOBHEN HEMTPOHaA. OtserT: AE,,, = 0,062 3B.

8. DnexTpoH BHIOMBAeTCA U3 aTOMa BOAOPOAA, HAXOJSIIErocs B OCHOBHOM COCTOSHMH, (OTOHOM 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. MNepuoa nonypacnaga pagoHa
Ty2=3,8 OHA. OtseT: m = 6,5-10  kr.

243 256 1
10. Onpegenunte, € KakKMM aTOMHbIM AA4POM bblna ocylwecTBneHa peakuua 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-13-1__ Uckakos M.P.

1. YépHoe Teno Harpenu ot Temnepatypbl T; = 600 K go temnepatypbl T, = 2400 K. Onpegenute, BO CKONIbKO pa3
yBe/MYMNacb 3HepreTMyeckaa CBETMMOCTb Tesla M Ha CKOJIbKO M3MEHWAcb AJIMHA BOJIHbI, COOTBETCTBYHOLLAA
MaKCMMyMy CMeKTpasibHOM NAOTHOCTM 3HEPreTUYECKON CBETUMOCTI? OtBeT: n = 256; AA = —3,63 MKM.

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

OteeT: V.. 5,4-10° m/c.

3. CBeToBOM MNOTOK C MOLWIHOCTblO M3nyyeHuAa N=2,3 BT nagaeT HOPMaA/NbHO Ha 3epKasibHYyl MOBEPXHOCTb.
o -8
Onpegenutb cuay OaBAeHUA, UCMbITbIBAEMYIO 3TON NOBEPXHOCTbLIO. OTtseTt: F=1,5-10"H

4. B pe3synbrate 3dppekta KomntoHa Ha cBo60AHOM 31eKTpoHe GOTOH 6bin paccesH Ha yron 1/3. dHeprua GoToHa
[0 paccesHus 6bina €,=0,59M3B. OnpegennTb AANHY BO/HbI PAacCEAHHOIO GpOTOHA. OTseT: A,=3,3 Nm.

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

OTseT: Av/u ~ 10-*,

7. Yactmua B OA4HOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon ame” wWupuHoii L ¢ 6ecKoHeYyHO BbICOKMMU
“cTeHKamKn” HaxoauTcA B BO3byKAEHHOM cocTosHMM (n=2). OnpeaennTb BEPOATHOCTb OBHAPYMKEHMA YacTUlbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. OnpeaenvTb ANMHY BO/HbI CNEKTPAIbHON IMHUK, COOTBETCTBYIOLLEN Nepexoy 3/1eKTpoHa B aTOMe BOLOpOAa C
LIECTOrO 3HEePreTMYEeCcKoro ypoBHA Ha BTOPOM. K KaKol cepuMm OTHOCMTCA 3Ta IMHUA W KaKas OHAa NO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.
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9. OnpenennTb BO3pacT APEBHUX AepPeBAHHbIX MPeaMETOB, €CAU U3BECTHO, YTO yAeNbHaA aKTUBHOCTb M3oTtona ~ C
y Hux coctaBnsfeTr 0,6 yAeNbHOW aKTMBHOCTM 3TOrO0 M30TOMA B TO/IbKO YTO cpybneHHbIXx gepesbsx. lepuog
14 3
nonypacnaga agep - CT,y/, = 5570 nert. OtBeTt: t=4,1-10" ner.

10. CrieayioLLLyto SAEPHYIO PeaKLMIo HaNULKTE B pasBepHyTOM Buae 1 onpegenmte X: X (o, p) = O .
OTseT: l;N .

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

OtBeT: 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.
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1. TemnepaTtypa BHYTPEHHEN NOBEPXHOCTU MydeNbHON Meym Npu OTKPbITOM oTBepcTUM niowaabto 30 cm”™ paBHa
1300 K. CunTan, 4To OTBEPCTME NEYM U3NYyYaeT Kak abCcosloTHO YEPHOE TeNo, oNpeae/MTb, Kakan 4acTb MOLLLHOCTU
N3/ly4eHNs paccemnBaeTca CTEHKaMM neyu, ecam notpebasemasn el MoLWHOCTb cocTaBaseT 1,5 KBT.

OtBeT: n=0,676.

2. PaboTa BbIXO4A 3N1EKTPOHA C MOBEPXHOCTU Le3nA paBHA Ay, =1,89 3B. C KakoW CKOPOCTbIO BblieTaloT
3NEeKTPOHbI U3 Le3Us, eCIN METaN/ OCBELLEH KENTbIM CBETOM C A/IMHHOM BOHbI A=0,589 MKM?

OTBeT: Vya= 2,76 10° m/c.
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3. AnvHa BoAHbI mM3nyyenms A = 5,4-10 M. OnpegennTb KONMYECTBO KBAHTOB, COAEpXallMXcA B MOTOKe

U3Ny4eHunn c sHepruen € =127 kx. OtseT: N = 3,45-1018 yactumu,

4. ®OTOH C ANMHHOM BOAHbI A;=10 nNm pacceanca Ha cBOBOAHOM 3/1E€KTPOHE, MPUUYEM Yron paccesHus O=rm/4.
OnpepennTb gMHY BONHbI PaccCeAHHOro GOTOHA M ero sHepruio. OtseT: A=10,7 nm; € =0,116 M3B.

5. DIeKTPOH, HayabHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPOoLIEN YCKOPAIOLWYO Pa3HOCTb NOTEHLMAOB
U =511 kB. Hangute ganHy BonHbl ae bpolina ans sToro aneKkTpoHa. OtBeT: A\; = 1,4 nm.

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

NPMMEHMMO SN NOHATUE TPAEKTOPUN B AHHOM C/yyae. OtBeT: Ax= 0,5 HMm.
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7. DNeKTPOH HaxoguTcA B OAHOMEPHOW 6ecKoHeuyHo rnyboKol MnoTeHuManbHOU sime WupuHon d = 107" m.
Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTeTUYECKUX YPOBHEN. OTtseT: AE,;,=1,1 M3B.

8. B uone antna Li™™" anekTpoH nepeluén c ueTBEpTOro sHepreTMYECKOro YpoBHA Ha BTOPOI. OnpeaenuTb AMHY

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.
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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 aToMa, 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

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



2013 3r4-13-1_ UcAHrMnbamH P.O.

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 neum T, = 1000 K n naowasb CMOTPOBOro OKoWwedKka S, =9 cm™?

OtBeT: n=1,3.

2. Ha meTannuyeckylo NNacTMHy HanpasaeH MNy4yok ynbTpaduonetoBoro usaydeHusa (A=0,25 mKm). PoOTOTOK
NnpeKpallaeTca Npu 3adepXuBalowein pasHocTM noTeHumanoB Us=0,96 B. Onpeaenutb paboTy Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTBeT: A, = 4 3B.

3. Onpeaenute 3HEPIUI0 € M UMMYAbC P KBaHTa M3/y4eHMA C AJIMHOMN BOAHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2:10 8 kr-m/c.

4. ®OoTOH 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 AnnHy Bo/HbI ge bpoina A = 2 nm.
o -27
HanguTte maccy 4acTmubl, ecau ee 3apas YMCIEHHO PaBeH 3apaay 3/1EKTPOHa. OtBeT: m=1,7-10"" Kr.

6. CpegHee Bpems XU3HWM aTOMa B BO36yKAEHHOM COCTOAAHUM COCTaBNAAET OKONO 10-° c. Mpu nepexone aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, cCpefHAA AAMHA BOJIHbI KOToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WKpUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUK, eCAN HE NPOUCXOAUT YIUMPEHUA NHUM 33 CcYeT
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

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

8. Bo CKOJIBKO pa3 U3MEHHUTCS 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. NpenapaTt U*® maccel 1,0 r nanyyaet AN = 1,24-104 0-4acTuL, B CEKyHAay. HallTu nepuog nonypacnaga 3Toro
M30TOMNa M aKTMBHOCTb NpenaparTa. OtBeT: Ty = 4,5-109neT; A= 1,24-104 pacn./c.
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10. B pe3ynbTaTe cepuu paAnoaKTUBHbIX Pacnaaos ypaH o, U npespaiiaetca B NoNoHMiA ‘g, PO . Kakoe

KOJIMYECTBO O U 3 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OtBeT: 5aun2p".
12 . -

11. Onpegenute yaenbHyto aHepruto ceasu ansa agpa C. OTBeT: €, = 7,68 M3B/HYK/OH.

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

(d, oc)léB , €C/IN KMHETUYECKan aHeprua AenTpoHa pasHa 1,5 M3aB. Aapo-mulueHb cyuTaTb HENOABUKHBIM.

OtBeT: T=6,67 M3B.



2013__3r4-13-1_ Kanyruu C.B.
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1. DHepreTuyecKkas CBETMMOCTb abcoloTHO YepHoro Tena R, = 10 kBT/m°. Onpegenuntb AsMHY BOJIHbI, KOTOpas
COOTBETCTBYET MAaKCUMYMY CNEKTPAIbHOM NAOTHOCTU SHEPTreTUYECKOM CBETUMOCTM 3TOrO Tena.

OTBeT: A, = 4,48 MKM.

2. doToadpdeKT nponcxoanT nog aenctemem usydeHumsa ¢ A=0,09mkm. Onpeaenntb paboTy BbIXO4a 31EKTPOHOB U3
MeTanna, ecnn GoTOTOK NpeKpaLLaeTca NpuY 3aepKuBatoLLElN pasHOCTM noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.
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3. Ha nosepxHocTb niowagbio S=10 cm™ nagaeT exkecekyHAHO Ny4yoKk $OTOHOB B KoamyectBe n=10" ¢ . OauHa
BO/IHbI Nagatouero cseta A= 500 HM. OnpefenvTb CBETOBOE AaB/E€HWE Ha MOBEPXHOCTb, ecnn KoadduumueHTt
oTpaxkeHna p=0,7. OTseT: 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 3HEPTUI0, MPUXOAALLYHOCA 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 Bpoina gns

NpoToHa. OTtBeT: A\; =3,2 nm.

6. OLEeHUTb C MOMOLLIO COOTHOLIEHUA HeonpeaenEHHOCTEN MUHUMAIbHYIO KUHETUYECKYIO SHEPTUIO 3/IEKTPOHA,
JIOKa/I30BaHHOTO B 06.1acTu pasmepom L = 0,20 Hm. OTseT:
Tmin ~ 1 3B.

v o -~ “ —11
7. DNEKTPOH Haxo4MTCA B OQHOMEPHON 6ecKOoHeyHo rnyboKol noTeHumanbHoW Ame wupuHoit d = 100 m ¢
abCoNOTHO HENPOHMLAEMbIMW CTEHKAaMM. HaliTU HaMmeHbLUee 3HaYeHMe SHEPTUN I1EKTPOHA.

OtBeT: E;nin = 3.7 K3B.

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

9. CKonbKo aToMOB pajoHa 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. PapuoakT1BHbIN U30TON ypaHa ‘o, U npetepnesaer nocnegosatensHo o-pacnag, Aga B -pacnasa v ewe Asa

o o 226
o-pacnaga. Kakoi nsoton obpasyetca B pesynbraTte 3TOM cepun pacnagos? OTBeT: “gg Ra.
11. OnpegenunTe, Kakasa Heobxoanma sHeprus, YTobbl pasaennTb A4P0 1§C Ha TPW O-4acCTULLbI.

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__3r4-13-1_ KocynuH MN.H.

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.

1/2 .
)/sm(nx/L) OMNUCbIBAeT OCHOBHOE COCTOSIHME YacTuLbl B 6ECKOHEYHO rnybokom

7. BonHosaa ¢yHkuma F(x)=(2/L
NPAMOYIO/IbHOM fLLMKE WUPUHOW L. BbluncanTe BEpOATHOCTb HAaXOXKAEHUS YacTULbl B Masiom uHTepBane AL=0,01L
B cpeaHen vactu AwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKMIA CMbICA MOYYEHHOro pesynbTaTa,

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

Otset: ® = 0,02.

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*".

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

9. OnpegennTb Nnepmog noaypacnaga BUCMyTa Bi, ecan nssectHo, uto BUCMYT maccoir m = 1 r BbibpacbiBaeT

10. CheaytoLLyto AAEPHYIO peakLMIo HanMwmuTe B pa3BepHyToOM Buae U onpegenute X: o (d, n) X.
Otser: OF .
11. OnpepennTe 3HEPrUIO CBA3N ANA AAPA aTOMA CBUHLA oo PD . OtseT: E., = 1,622 3B,

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

OTBeT: Q =2,13 M3B.



2013__3lA4-13-1__ Kpacukosa O.A.

1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MaKCUMYMY CMEeKTPasibHOM NAOTHOCTU SHEPreTUYECKOM CBETUMOCTU, U3MEHUNACH 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
HanpasneHWu, NepneHAMKYNAPHOM NOBEPXHOCTM ). BblMMCAUTL CBETOBOE AaBNEHME 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. doTtoH npu adpdekte KomntoHa 6bin paccesH Ha cBO6OAHOM 3/1eKTpPOHe Ha yron B=m/2. Onpeaenntb AAnHy
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. DNEKTPOH C KMHeTUYecKkon aHeprmelt T = 15 3B HaxoguMTca B MeTaIM4eckon nbiimHKe guameTpom d = 0,5 MKM.

OueHUTb OTHOCUTENIbHYIO HETOYHOCTb AU/U, C KOTOpOl‘/'I MOKET bbITb onpeaeneHa CKOpPOCTb 3/IEKTPOHaA.

OTseT: Av/u ~ 10-*,

7. JNEeKTPOH B OZHOMEPHOW NPSAMOYrosbHOM “noTeHumanbHoi ame” wupuHoW L c 6ECKOHEeYHO BbICOKMMMU
“CTeHKamKn” HaxoamuTcA B BO3BYKAEHHOM cocTosHMM (n=4). OnpeaenuTe BEPOATHOCTb OBHAPYKEHMA 3N1EKTPOHa B
nepson YeTsepTn “ambl”. OtseT: ®» =0,25.

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

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

9. CKONbKO aTOMOB NOMIOHWUA pacnagérca 3a cyTkn u3 1 maH. atomos? Mepuog nonypacnaga nonoHua Ty, = 138
v 3
nHen. OtseT: AN =5-10" aTomoOB.

10. OnpepgennTe, C KAKUM aTOMHbIM A4POM Oblna Ocyl,ecTB/ieHa peakuma X + Oln - 15461 Ba + 3?; Kr +3 Oln.

OtseT: zggu .
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);He. BolioensaeTtca uaum noraoliaeTca

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



2013__3r4-13-1_ KpoxuH A.C.

v o 2
1. HaitTn, Kakoe KonuuectBo aHeprum B 1 ¢ n3nyyaet abcontoTHO YEPHOE TeNo C NOBEPXHOCTU naowanbo 1 cm”,
€C/IN N3BECTHO, YTO MAKCMMa/IbHAA CMeKTpasbHasA MNJOTHOCTb €ro SHEePreTUYecKoW CBETMMOCTU MPUXOAMUTCA Ha

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

2. MNpu poToaddeKTe c NOBEPXHOCTU NAATUHBI BENMYMHA 334EPKMBAIOLLErO NOTEHLMANA OKA3anocb pasHoin 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 AaBfeHME NYYUCTON 3SHEPruuM Ha
3epKa/ibHYl0 MOBEPXHOCTb C KO3OOULMEHTOM OTparKeHMA p=1, pacnosOKEHHYO HOPMANbHO K NafatoLLmMM ayvam
Ha paccToAHMU r =1 m OT N1amnbl. OTBeT: p=24 Hla.

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

5. HanguTe annHy BoHbI Ae Bpoins aneKkTpoHa, ABMIKyLLEeroca co ckopoctbio V = 0,3-¢, rae ¢ — CKOpOCTb CBeTa.

-12

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

6. DNEKTPOH C KUHETUYECKoM aHeprmeit T =4 3B nokanusosaH B obiactn pasmepom € = 1 mkm. OueHUTb C
NMOMOLLbHO COOTHOLLIEHMA HEONPeAENEeHHOCTEN OTHOCUTE/IbHYIO HEOMNPeAeNeHHOCTb 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,
n306pa3unB 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
M30TOMa 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-13-1_ Kynbbaes T.A.

1. OnpegennTe MOLWHOCTb TEM/IOBOIO M3/ydeHWUA abCONOTHO YepHOro Tena, eciv AJIMHa BOJIHbI, KoTopas

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

=10cm". Otset: N = 19 KBrT.

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. CBeTOBOW MOTOK MagaeT HOPMa/NbHO Ha MNOBEPXHOCTb C Ko3adpouuMeHTOm oTpakeHua p=0,6, Npu 3TOM OH
npoussoauT aasneHune p=0,2 MNa. OnpesennTb SHEPreTMYECKYH OCBELLEHHOCTb MOBEPXHOCTH.

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

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 pa3 U3MEHUTCA A/IMHA BOJIHbI Ae
bpoiina, ecnn ero KUHETUYECKAA SHEPIUS YMEHbLUIUTCA BABOE? OTBeT: n=1,63.

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABMMYLLMXCA BAOMb OCu abcumce, coctaBaset Av=100m/c. Kakosa
npu 3TOM HeonpeaeNEHHOCTb KOOPANHATLI AX, onpeaenatowein MecTonoNoXeHNe 3N1eKTPoHa?

OTBeT: AXx = 1,15 MKM.

7. DNEeKTPOH HaxoauTca B 6€CKOHEYHO ryboKOM O4HOMEPHOM NPSMOYTrO/IbHOM MOTEHLMAIbHOM SILLMKE WNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXoAAWMICA B BO3OYKAEHHOM cocToAHUM (n=2), 6yaet
obHapyKeH B cpeaHeit TpeTu ALLMKa. OTtseT: ® =0,195.

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

9. 3a Kakoe Bpemsa NPoM30MAET pacnas maccbl Am = 3 Mr Kasibuus ;‘gCa, €C/IM B HaYyaNlbHbIi MOMEHT ero macca

6bl1a paBHa mp= 0,3 r? Mepuopa nonypacnaga Ty, = 164 cyToK. OTBeT: t = 2,38 cyTOK.
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10. PagnoaKTUBHbIM M30TON ypaHa 92U npeTepnesBaeT NocnefoBaTeslbHO O-pacnag, ABa B -pacnaga v ewe ABa
. o 226
o-pacnaaa. Kakom nsoton obpasyertca B pe3ybTaTe 3TON cepun pacnagos? OTBeT: “gg Ra.
11. Onpegenute aHepruto E, KOTOpYO HYXKHO 3aTPATUTL A4/1A OTPbIBA HEMTPOHA OT AApPa ;‘He.
OtBerT: E = 20,58 M3B.

12. Appo atoma AuUTMHA 37Li 60MbapanpytoTCA NPOTOHAaMW, KUHETUYEeCKana 3Heprua KoTopbix 1,4 MaB.

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



2013 3rA-13-1_ Kynbbaesa A.X.

1. ABCONOTHO YEpPHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena A/MHA 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. KaKylo MaKCMMasibHYHO CKOPOCTb MOFYT MOJIYyY4UTb BblPBaHHbIE W3 KAJIUA 3/1EKTPOHbI NPU 06/y4eHUU ero

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

3. CBeTOBOW MOTOK MagaeT HOPMaNbHO Ha MNOBEPXHOCTb C KO3pduUMeHTOM oTpaskeHua p=0,6, Npu 3TOM OH
npounssoauT gasneHune p=0,2 Na. OnpesennTb S3HEPreTMYECKYH OCBELLEHHOCTb NOBEPXHOCTH.

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

4. OnpefennTb CKOPOCTb 3NEKTPOHa 0T4aumn npu sdpdekte KomntoHa, ecam GOTOH C SHEPruen, paBHOM aHeprun
8
MOKOS 3/1eKTPOHa, Hbln paccesH Ha yron 6 = 180°. Otset: v = 2,4 10" m/c.

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

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

6. OUEHMTb C MOMOLLbI0 COOTHOLIEHUA HEONPeAeNEHHOCTEN MUHUMA/IbHYIO KMHETUYECKYIO SHEPTUIO 3/IeKTPOHa,

ABuxylerocs B 0bnactu, pasmep Kotopon L = 10 m. OtBseT: Thyin = 3,8 3B.

o o v o v -10
7. HeTpoH Haxoautca B ogHOMepHOo 6eckoHeuyHo rAy6oKoi noTeHumanbHoi Ame wwupuHon d = 107 m ¢
abCoNOTHO HEMPOHULAEMbIMM CTEHKamMM. Halgute HauvmeHblyl Pa3HOCTb [ABYX COCEAHUX 3SHEpPreTUYecKux
YPOBHEeMN HelTpOHa. OtseT: AE i, = 0,062 3B.

8. ®oToH c sHepruenr E = 12,12 3B, nornoweHHbIM aTOMOM BOA0POAA, HAaXOA4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoAUT aTOM B BO3bYKAEeHHOe cocTosHMe. OnpenenvTb raBHOe KBaHTOBOE YNCN0 3TOrO COCTOSHMA.
OTteeT: n=3.

9. CKO/bKO a-4acTuu, BbibpacbiBaeT Topuit 2'g'f)Th macco m=1kr3a t=1roa? Nepuoa nonypacnaga topua Ty,

=1,39-10" ner. Oreet: N, = 1,29:10%°.

10. CneaytolLyto AAepHYI0 peakLMIo HanMwnuTe B pa3sepHyTom Buae n onpegenute X: X (t, o) 2 Na .
.23
Otser: ;,Mg.
11. KaKyto HaUMeHbLLYH SHEPTUIO HYXKHO 3aTPaTUTb, YTODObI pa3aenntb A4PO ;He Ha ABe OAMHAKOBbIE YaCTU.

OtBeT: E =23,85 M3B.

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

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



2013_ 3l-13-1_ Jlotakos C.M.

1. YépHoe Teno Harpenu ot Temnepatypbl T; = 600 K go temnepatypbl T, = 2400 K. Onpenenute, BO CKOMIbKO pa3
yBe/MYMNacb 3HepreTMyeckaa CBETMMOCTb Tesla M Ha CKOJIbKO M3MEHWAcb AJIMHA BOJIHbI, COOTBETCTBYHOLLAA
MaKCMMyMy CMeKTpasibHOM NAOTHOCTM 3HEPreTUYECKON CBETUMOCTI? OtBeT: n = 256; AA = —3,63 MKM.

2. MaKkcumanbHas cKopocTb GpOTOINIEKTPOHOB, BbINETAKOWMX M3 METaANa Npu 0b6aydyeHun doToHamu, V.., = 0,88c.
OnpepennTb aHeprmo GOTOHOB. OTtgeT: € = 0,565 M3B.

v 2
3. CBeTOBOWM NOTOK MOLWHOCTbIO N=9 BT HOpMasibHO NaZaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoadpduumneHT
oTpaxeHus kotopol p=0,8. Kakoe AaBieHMe UCMbITbIBAET NPU 3TOM AaHHAA NOBEPXHOCTL? OTBeT: p=54 mKlla.

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

SHeprua oT4auyun aNeKTpoHa coctasasaet T, = 0,68 MaB. OTBeT: 6 = 51°.
5. Mpu Kakoli ckopoctn V anekTpoHa ero aebpoiisieBcKas ANMHA BOIHbI byaeT paBHa: 1) 650 Hm, 2) 3 nm?
Oreer: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

6. CpegHee Bpems U3HW aTOMa B BO36OYXAEHHOM COCTOAHUM COCTaBAAET OKOO 10-° c. Mpu nepexoge aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, cCpefHAA AAMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTENIbHYI0 WUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUK, ECAN HE NPOUCXOAMUT YUMPEHNUA INHMUM 33 CcHeT
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

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

8. BbluMCcAUTb MOCTOAHHYIO Puabepra R’, ecam M3BECTHO, YTO A1 MOHOB reama He™ pasHocTb AnMH BoH Mmexay

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

9. AKTMBHOCTb A HeKOoToporo m3otona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpemenntb nepuog,
noJsiypacnaga 3Toro nsorona. OtseT: Ty/2=31,4 cyTOK.

10. CneaytoLuyto A4ePpHYI0 PeakLMo HanMwnTe B pa3sepHyTom Buae v onpegennte X: X (o, p)l70 .
orser: ¥ N .

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

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.

Otset: T=6,67 M3B.



2013__3l4-13-1_ NbiceHKko A.B.

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

®., = 94 BT. A N3 CMOTPOBOI0 OKOLIEYKA BTOPOI Neun, MMetoLlero 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 upHKoBYlO NAacTuHY (Ag.x=3,74 3B) HanpaBaeH MOHOXPOMAaTUYECKUIA Ny4OK cBeTa. POTOTOK NpekpaliaeTca

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 MpeiejaMH aToMa. Otset: v =1,2-10° m/c.

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

OtBeT: AN = 1,67-105 aTOMOB.

o 225 -
10. PapuoakT1BHbIN U30TON paans ‘g RA npetepresaet nocneposatensHo B-pacnag, YeTbipe o-pacnaja v elye

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

11. SHeprus cBA3W Aapa, COCTOALWErO U3 ABYX NPOTOHOB M O4HOrO HEMTPOHA, paBHa 7,72 MaB. Onpeaenute maccy
HeWlTPasIbHOro aTOMa, MMEIOLLLEro 3TO AAPO0. OTBeT: m, =3,01603 a.e.m.

12. Aapo 6opa 128 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yyero noayyaeTca A4PO AUTUSA 37Li n renns. Hanuwwure

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



2013__3r4-13-1_ Manblwes K.A.

1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MaAKCMMYM CMEKTPa/ibHOW MNOTHOCTM 3HEPreTUYecKoW CBETMMOCTM

abcontoTHO 4epHoro Tena npu Temnepatype 0 °C? Yemy paBHa 3HepreTMyeckas CBETMMOCTb Tena Npwu 3TOWM
2

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

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

3. Onpegenute aHepruto GoToHOB aNa: 1) KpacHoro ceeTa (vq = 4,1-10" ru); 2) MHPPAKPACHOIO U3yYeHUA
(v,=2,5-10" ru). OtseT: €, = 1,7 3B; £, = 0,1 3B.

4. ®OTOH ¢ gANHOW BONHbI Ay = 2,04 Nm Bbln paccesaH Ha CBOBOAHOM 3N1EKTPOHE, KMHETUYECKas IHEPIUs OTAAUM
KoToporo coctasuna T = 0,103 MaB. Onpeaenntb yron pacceaHma poToHa. OTBeT: 6 = 34°.

5. D/IeKTPOH, HayaNIbHOM CKOPOCTbIO KOTOPOIro MOXKHO NpeHebpeyb, MPOLIEN YCKOPAIOLLYO Pa3HOCTb NOTEHLMANO0B
U =511 kB. Hangute ganHy BonHbl ge bpoina ans aToro afieKTpoHa. 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¢. OnpeaennTte OTHOLWEHME eCTeCTBEHHOW LWWMPUHbI SHEPreTUYEeCKOro YPOBHA K 3SHeprum,

N3ly4eHHOW aTOMOM. Otset: AE/E ~ 3-10-%.

7. B npamoyronbHoi “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HeNpoHMLL@eMbIMKN “CTeHKaMKn” HaxoanTcs
YacTULA B OCHOBHOM COCTOSIHMM. HallT BEpPOATHOCTb HaXOMAEeHMA 3TOW YacTuubl B obnactm L/4 < x < 3L/4.
MoAcHWUTE U3MYECKUIA CMbICA MOAYYEHHOro  pesynbTaTa, M306pasuB rpaduyeckM MAOTHOCTb BEPOSATHOCTU

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

8. OnpeaennTb A/IMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CNEKTPanbHOW AMHWUM B cepum lalleHa 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
T12=3,8 AHA. OTBeT: m = 6,5-10 " Kr.

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

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OtgeT: 7amn5p".
11. Onpegenute sHepruto E, KOTOPYHO HYXKHO 3aTPaTUTb A5 OTPbIBA HEMTPOHA OT AApPa ffNa.

OteeT: E=12,41 M3B.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET pacLLenuTbCA Ha ABa HyKoHa. HanucaTtb
YypaBHeHVe A4EePHON peakuum U onpesennTb MUHUMAIbHYIO 3HEPruio y—KBaHTa, CNocobHOro BbI3BATb TaKoe

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



2013__3r4-13-1__ _Maxmytos A.C.

1. A6CONOTHO 4YepHoe Teno Harpeto Ao Temnepatypbl 227 °C. Mocie NOHWMKEHUA TemnepaTypbl CymmapHan
MOLLHOCTb €ro Tenn0BOro W3jy4yeHnsa ymeHblinnacb B 3 pasa. Ha CKONbKO rpaaycoB MOHW3WMAACch TemnepaTtypa
Tena? OtBeT: AT =120 K.

2. PaboTa BbIxoAa AN UMHKA Ag.= 3,74 3B. Bo3HUKaeT in $poToaddekT nos AeNCTBUEM U3NYYEHMA, NUMEIOLLLETO
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 NOBEPXHOCTU.

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 OTAAUMN.

OtBeT: £=0,17 M3B, v =1,99 10° m/c.

5. dnekTpoH obnagaer KMHeTM4YecKon sHeprmen T = 1 KaB. Onpegenvte anvHy BosIHbI e Bpolina ana Takoro
3/1IeKTPOHa. OTtBeT: A = 38,8 nm.

6. AnnHa BOAHbI M3nyyaemoro atomom ¢oToHa coctaBnsieT 0,6 MKM. Bpems KuM3HM aToma B BO3OYKAEHHOM
_8 v
coctoAHun 10 c. Onpepenute OTHOLWIEHME eCTEeCTBEHHOWM LWMPUHbBI 3HEPreTUYECKOro YPOBHA K 3Hepruu,
v 8
W3/IY4EHHOM aTOMOM. OtseT: AE/E ~3:10-".

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

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

8. Bo CKOJNBKO pa3 MU3MEHUTCS TIEPUO/] BPAILICHUS IEKTPOHA B aTOME BOAOPOJIa, €CIH IPH MEePexXo/ie B OCHOBHOE
COCTOSIHME aTOM H3Iy4al (pOTOH C JUIMHON 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.

OtserT: 1§F .
11. OnpepennTte yaenbHy IHEPrUto CBA3KU 4N1A A4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

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

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



2013__3l[4d-13-1__ Mepseaesa 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. 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 sHepruen, pasHol E = 78 3B. Onpeaenute AauHy BoJIHbI e Bpoiina ans
NPOTOHa. OTBeT: A\; =3,2 nm.

6. OLEHUTb C NMOMOLLbIO COOTHOLWEHUA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPIUIO 3/1EKTPOHA,
JIOKaNnM30BaHHOro B 061act pasmepom L = 0,20 Hm. OTseT:
Tmin~ 1 3B.

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

8. Ompenenuts YHEPTrUt0 (OTOHA, COOTBETCTBYIONIYIO CAMOW JITHHHOBOJHOBOW JTHHUU cepru JlafimaHa.
OTseT: 10,2 5B.

222

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

9. HanTn akTMBHOCTb 1 I pagoHa
10. Cneaytolyto AAepHYI0 peakLMIo HanuwnTe B pa3sepHyTom Buae n onpegennte X: X (p, o) 2 Ne .
.23
Orser: ;;Na.
11. OnpegenuTte, Kakaa HeobxogMma sHeprua, 4Tobbl pasgennTb A4PO 1§C Ha TPU O-4acTuLbl.

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. OrTseT: Q = 6,82 M3B.



2013__3r4-13-1_ Mwupacos M.P.

. 5 o -
1. MowHocTb nsnydeHns abcontoTHO YEpHoro Tena pasHa 10° KBT. HallTn naowaap vsayyatowein nNoBepxXHOCTH
TeNa, ecnn M3BEeCTHO, YTO [AJIMHA BOJIHbI, Ha  KOTOPYK MPUXOAUTCA MAKCMMYM CMEKTPasbHON NAOTHOCTU

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

2. Onpenenntb MAaKCMMa/IbHYIO CKOPOCTb, KOTOPYHD MOMKET MOJIYYUTb I/IEKTPOH, BbIPBAHHbIE M3 MAATUHbLI NOA,
[EeNCTBMEM U3NIYYEHUA C A/IMHOM BONHbI A =203HM. PaboTa BbIxoAa 3neKTpOHa Ag,, =5,293B.

OteeT: V.. 5,4-10° m/c.
3. Onpegenute sHEPIUI0 € M UMMYAbC P KBaHTa M3/y4eHWa C AJIMHON BOAHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2:10 % 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 gnunHy BosiHbl Ae bpolina A gns anekTpoHa, ob61afatolero KUHeTM4Yeckon sHeprueit E, = 3 MaB.
OTBeT: A =0,36 Nm.

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

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

o o o v —12
7. DNEKTPOH HaxoauTcA B OLHOMEPHON 6GecKoHeyHo r1y6oKoi noTeHumanbHoM ame wupuHon d = 107 m.

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

8. HaiiTu sHepruio MOHM3AIMM BOAOPOAOINOAOOHBIX HMOHOB, B CIIEKTPE KOTOPBIX JUIMHA BOJHBI TPEThEH JIMHUH
cepun banbmepa paBua 108,5 HM. OtseT: E; =54,4 3B.

9. HainTn aktmBHOCTb 1r pagmsa, ecau ero nepuog nonypacnaga Ty, = 1620 ner. OtBeT: A= 3,7~1010 pacn./c.
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10. Onpegenunte, € KaKMM aTOMHbIM AAPOM bblna ocylecTBaeHa peakumua X+ "o Am —» 103 Lr +5 on.

18
orger: 50O

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

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

OTBeT: Q=1,57 M3B.



2013__3r4-13-1__MwupmaHos A.K.

1. Yemy paBHO OTHOLLEHME NMOTOKOB SHEPIUM, U3/TyYaeMblX U3 CMOTPOBbIX OKOLIEK ABYX MJIaBU/bHbIX Neven, ecam

BHYTPW NepBOM neun nogaepxusaerca tTemnepatypa T, = 1100 K n 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 MakCUMAJIbHYIO CKOPOCTb GOTOI/IEKTPOHOB M KPaCHYHO rpaHuuy ¢oToaddekTa, ecim 3N1eKTPOHbI

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 pacceaH GoToH ¢ sHepruel €,=1,43M3B npu appekTe KomntoHa, ecam
0
KMHeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",

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. DNEKTPOH C KMHeTMYecKoi sHepruei T = 15 3B HaxoanuTcA B MmeTanimMyeckoi nblinHke guametpom d = 0,5 MKM.
OLEHUTb OTHOCUTENbHYIO HETOYHOCTb AL/V, C KOTOPO MOXKET BbITb OMNpeaeneHa CKOPOCTb 3NEKTPOHa.

OTseT: Av/u ~ 10-*,

7. YacTiua HaxoguTcs BO BTOPOM BO36YKAEHHOM cocToAHWMM (N = 3) B OAHOMEPHOM MOTEHLMANbHOM ALUKE
WKMpKHOM L c abcontoTHO Henpo3spayHbiMK cTeHKamu (0 < x < L). Onpeaenntb BepoATHOCTb OBHaAPYXKEHUS YacTuLbl
B CpeaHeln TpeTu AlWmKa. OtBeT: ®=0,33.

8. OnpeaennTb ANMHY BOHbI CMEKTPANbHOM IMHWUW, COOTBETCTBYHOLLLEN Nepexoay 3/1eKTpoHa B aToMe Bo40poaa C
LLIECTOro 3HEepPreTM4YecKoro ypoBHA Ha BTOpoM. K KaKol cepum OTHOCMTCA 3Ta IMHUA U KaKaA OHAa NO CYETY B 3TOM
cepumn? OtseT: A = 0,41 mKM; 4-ad NMHMA cepumn banbmepa.
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»U maccoin 1kr? MNepuog nonypacnaga Ty, = 4,51-109 ner.

9. CKonbKO Agep pacnagaetca 3a 1 ¢ B KycKe ypaHa
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. Apgpo atoma AUTUA 37Li 6ombapanpyroTcA NPOTOHAaMK, KUHEeTU4YecKkasa 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__3l4-13-1_ MyxopTtmkos M.C.

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 MEYU 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?
5
OTBET: Viax= 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?
otset: V, = 1,1-10° m/c, V, = 1,9-10° m/c.

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

7. HaliT HammeHbluee 3Ha4YeHWe 3HEepPruM HeWTpoHa, HaxoAAWeroca B OAHOMEPHOW GEeCKOHeuyHo rayboKol
v o —15 -11
noTteHUnanbHou ame wmpuHon d =10~ m. oTBeT: Enin =3.26-10 7~ K.

8. B0 CKOJNBKO pa3 U3MEHHUTCS MEPUO/] BPAICHHUS JJIEKTPOHA B aTOME BOAOPO/IA, €CIIH IPHU MEPEeX0/ie B OCHOBHOE
COCTOSTHUE aTOM H31y4as (POTOH C AJTUHON BOJHBI A = 97, 5 HM? OtBeT: B 64 paza.

14
9. OI'IpE,CI,EﬂMTb BO3pPacCT ApeBHUX AepeBAHHbLIX NpeaAMeTOoB, eC/1IM U3BeCTHO, YTO yae/ibHaAa aKTUBHOCTb U30TOMNa C
Y HUX CoCTaBnAaer 0,6 yp.eanoil'l dKTUBHOCTU 3TOro M30TOMNA B TOJZIbKO 4YTO CDY6ﬂeHHbIX aepeBbAax. I'Iepmo,u.

nonypacnaga agep e T1/2=5570 ner. OTBeT: t = 4,1-103neT.
10. CnegyoLLyto A4EPHYIO peakLMIo HanMWmnTe B pa3BepHYTOM BMAE U onpegenute X: Al (at, n) X.

30
Otset: c P.

11. OnpegennTte yaenbHy 3HEPIUIO CBA3K 4N1A A4pa ;He. OtBeT: g, = 7,07 M3B/HyKNOH.

12. OnpenennTb SHEPrUIo AAEPHON peakunm fBe (p, &) g Li, aapo-muweHb fBe CYMTaTb HEMOABUNKHbIM.

OTBeT: Q =2,13 M3B.



2013__3l4-13-1__ OBuMHHMKOBA 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 musaydeHusa (A=0,25 mMKm). 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 ob6nagaeT KMHETMYECKOW 3Hepruen, pasHoli E = 78 3B. Onpepenute panHy BOSIHbI Ae Bpoiina ana
NpoToHa. OTBeT: A; =3,2 nm.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABMIKYLLErocAa B aToOme BOAOPOAa CO
6 .

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

NPUMEHUMO NI NMOHATME TPAEKTOPMM B AAHHOM C/yyae. OtBeT: Ax=0,5 HM.

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

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

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

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

1 104 132 1
10. Onpegenunte, € KaKMM aTOMHbIM AAPOM bblna ocyuwiecTsaeHa peakuma X+ g N — 75 Mo + 50 Sn +3 on.
238
Otset: ‘o, U .
11. OnpegenuTe, Kakasa HeobxogMma sHeprus, YTobbl pasaennTb A4P0 1§C Ha TPW O-4acCTULLbI.

OtBeT: E=7,27 M3B.

12. Appo 6opa 1gB 3axBaTblBaeT HEMTPOH, B pe3y/ibTaTe Yero rnoJsiyyaerca A4po AUTUA 37Li n reama. Hanvwute

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



2013__3rA4-13-1_ MNepeHey 4.P.

1. Mpu Kaknx TemnepaTtypax abcontoTHO YEPHOTO TeNa MaKCUMYMbl SHEPTUM TEMNOBOIO 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. OnpeaennTb MaKCUMMA/bHYO CKOPOCTb V., GOTO3/IEKTPOHOB, BblJIETAOWMX M3 MeTanna nog AeUcTBUEM Y-
v -11 8
W3yYEHUA C ASIMHOM BOAIHbI A=0,2 107" m. OTBeT: Ve = 2,68 10° m/c.

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

4. ®oToH npu addekTe KomntoHa 6bii1 paccesH Ha cBOBOAHOM 3/1eKTPoHe Ha yron 0=m/2. OnpeaennTts AJAVHY
BOJIHbI paccesiHHOro ¢oToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.

Otset: A=3,58 10 ’m.
5. HailgmTe anuHy BosiHbl Ae bpolina A gns anekTpoHa, o61agatolLero KUHeTMYeckon sHepruen E, = 3 MaB.

OTBeT: A =0,36 Nm.

8
6. Cpeﬂ,Hee Bpema XN3HM aToma B BO36y)+(p,EHHON| COCTOAHWUKM cocTaBaAeT okono 10~ c. an nepexoge atoma B
HOpPMa/ZibHOE€ COCTOAHMUE WUCNYCKaeTCA d)OTOH, cpegHAA AO/1IMHA BOJIHblI KOTOPOro paBHa 400 HMm. OueHuTb
OTHOCUTENIbHYIO WWNPUHY AE/E M3ﬂyanMOVI CHEKTpaﬂbHOVI NTMHUNU, eCin HE NPOUCXOAUT yWNpEeHUA IMHUU 3a CHET

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

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. Y KaKkoro soaopoaonofobHOro MoHa PasHOCTb AJIMH BOJIH MEXAY FO/IOBHbIMU ANMHUAMK cepuit Banbmepa u

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

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

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

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

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

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

12. Mpu coydapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUIA MOMET PacLLenuTbCA Ha ABa HyK/OHa. Hanmucatb
ypaBHeHWe A4epHON peakuun U onpenenntb MUHMMANbHYIO 3HEPrUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BaTb TaKoe

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



2013__3r4-13-1_ MNonepekos A.C.

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

OtBeT: n=0,676.

2. Kakoi A/nHbI BOJIHbI CBET CleAyeT HanpaBUTb HAa NOBEPXHOCTb cepebpa, 4Tobbl MaKCMManbHAA CKOPOCTb
5 -19
$0T03/1eKTPOHOB 6bina paBHa V.= 2 10°m/c. PaboTa Bbixoaa ans cepebpa pasHa A, =7,6 10 [x.

OtseT: A =2,55 107 m.

3. JneKTpMyeckas fNamna paccymtaHa Ha molHocTb N=45 BT. BbluMCAMTb OaBfEHME NYYUCTOM 3SHEPTUMM Ha
3epKa/ibHY0 NOBEPXHOCTb C KOIPPULMEHTOM OTparKeHUA p=1, PacnoNOXKEHHYI0 HOPMANbHO K NafatoWwum aydam
Ha PaccToAHUU r =1 m OT Kamnbl. OtBeT: p=24 Hlla.

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

Onpenenntb AJIMHY 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
NMOMOLLbIO COOTHOLLIEHMA HEONpPeAeNeHHOCTEeN OTHOCUTE/IbHYIO HeoNpeAeNeHHOCTb ero CKOPOCTY.

OTseT: Av/u ~ 10-*.

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

a6CoIIOTHO HEMPOHMLLAEMbBIMWU CTEHKaMW. HaTM HaMeHbLUIee 3HaYEeHNE SHEPTUMN STEKTPOHa.
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 ocywecTeneHa peakumna X+ g, Pu —» 104 Ku + 4,N.

2
Otser: ;5 Ne.

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

12. OnpefennTb CyMMapHYHO KMHETMYECKYIO 3Hepruio agep, o6pasoBaBLUMXCA B pe3y/ibTaTe peakumnm 163C

(d, oc)léB , €C/IN KMHETUYECKan aHeprua AenTpoHa pasHa 1,5 M3aB. Aapo-mulueHb cyuTaTb HENOABUKHBIM.

OtBeT: T=6,67 M3aB.



2013__3lAd-13-1__ MNonos A.B.

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. Mpn nccnepoBaHun GotoaddeKTa € NOBEPXHOCTU HATpUA Oblan NoayyYeHbl AaHHbIE: NPU YACTOTE W3/yYeHUA
14 v 14

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

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

Otset: h=5,9 10 X c.

3. MoHoxpomaTuyeckuii nyyok ceeTa (A=0,58 MKM) nagaeT HOPManbHO Ha MOBEPXHOCTb C Ko3ddUUMEeHTOM
2 v
oTpaxkeHua p= 0,7. onpeaennts Yucno GOTOHOB, EXKEeCEeKYHAHO Mafalowmx Ha 1 cm” 37O NOBepXHOCTH, ecnu

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 ANMHa 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 bpoiina ansa sToro aneKkTpoHa. 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 “noteHuManbHoli ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTEHKaMKU” Haxo4uUTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HallT¥ BEPOATHOCTb HaxOMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MosicHUTe U3UYECKUI CMbICA MNONYYEHHOro  pesy/abTaTa, U306pa3uB rpaduyeckn MNAOTHOCTb BEPOATHOCTU
obHapyKeHua YacTuLpbl B JA@HHOM COCTOAHUM. OTBeT: ® =0,818.

8. BbluMcAnTb NocToAHHYI0 Puabepra R’, ecn n3secTHo, 4To A4nA noHos reama He™ pasHocTb AnVH BOMH mexay

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

192 235
9. BbluMCAUTb yaeNbHble aKTUBHOCTU M30TOMNOB MpuaMa ~ Ir uypaHa U, nepuoabl noaypacnaza KoTopbixX PaBHbI
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. OnpegenunTe, C KAKUM aTOMHbIM A4POM Oblna ocyLllecTBAeHa peakuua X + Oln - léf 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. Aapo aToma nuTuA §Li _ 3axBaTblBasA AEMTPOH, pacnajaeTca Ha ABe a-4acTuubl. Hanucatb AAepHYyIo peakuumio

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



2013__3l[4-13-1_ Peseps_1

1. A6contoTHO 4YépHoe Tesno umeeT Temnepatypy T, = 500 K. Kakosa 6ypetr Temnepatypa T, Tena, ecam 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
NnpeKpalLaeTca Npu 3adepXuBalowein pasHocTM noTeHumanoB Us;=0,96 B. Onpegenutb paboty Bbixoga A
3/1eKTPOHOB M3 MeTanna. OTBeT: A, x= 4 3B.

o 2 o
3. Ha noBepxHOCTb, nnowaab Kotopoi S=0,01 M~ exeMuHyTHO napaetT E=63[K cBeTOBOW 3Heprun (B
HanpasaeHWUM, NepneHAMKYNAPHOM NOBEPXHOCTM ). BbluMCAUTL CBETOBOE AaB/JieHME Ha 3Ty MOBEPXHOCTb, €CAU
-7 -7
OHa: a) NO/NIHOCTbIO OTPaXKaeT cBeT; 6) NONHOCTbIO NOrNoOLWAEeT CBeT. OtseT: P,=7 10" Na; Pg=3,5 10

Ma.

4. KaKas 4acTb sHepruu nagarouiero ¢oToHa NPUXOANTCA HA 3IEKTPOH OTAA4YM NPy KOMNTOHOBCKOM 3ddeKTe, 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.

8
6. Cpeﬂ,Hee Bpema XN3HU aToma B BO36y)+(p,EHHON| COCTOAHWUKM cocTaBaAeT okono 10~ c. an nepexoge atoma B
HOpPpMa/ZibHOE€ COCTOAHUE WUCMYCKaeTCA d)OTOH, cpeaHAA A/1IMHa 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°%.
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7. HelTpoH HaxopuTca B oAHOMEpPHOM 6eckoHeuyHo rAyboKoin noTeHumanbHoi Ame wwupuHo d = 107 m ¢
abCoNOTHO HENPOHMLAEMbIMKM CTEHKamMMW. Halgute HauMMeHbllylo Pa3HOCTb ABYX COCEAHUX 3HEpPreTUYecKux
YPOBHEMN HeUTPOHa. OtseT: AE i, = 0,062 3B.

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

9. Hal'Tn NoCTOAHHYO pacnaja paZioHa, 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. Appa pagnMoaKTMBHOrO n3oTona Tannma 81T| npetepneBardT NnocnenosaTteslbHO TpU B -pacnaga n oaunH

o 26py,
o-pacnag,. Onpefenute KOHeYHbI NPOAYKT pacnaaa. Otset: g, PD.

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

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

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



