2013 _3MM6-13-3__ PaxmatyanmH M.M.

1. YépHoe Teno Harpenu ot Temnepatypbl T; = 600 K go temnepatypbl T, = 2400 K. Onpegenvte, BO CKONbKO pas
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. Ha umHKoBYlO NAacTuHy (Ag.x=3,74 3B) HanpaBaeH MOHOXPOMATUYECKMIA Ny4YoK cBeTa. POTOTOK NpekpalLaeTcs

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

NAACTUHY. OtBeT: A=2,16 10" Mm.
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3. CKONbKO KBAHTOB COAEPKMUT M3/yYeHue C AJIMHAaMU BOJIH Ay = IMKM M A, = 2:107°°M B NOTOKe C sHepruen
E=0,5:K? Otset: N; = 2,52 10* yactuu; N, =5,04 10" yacTumu,

4. ®OTOH C ANMHOW BOAIHbI A = 2,04 Nnm 6bin paccesH Ha CBOBOAHOM 3/1EKTPOHE, KMHETMYECKAn SHEPrMA OTAQuM
KoToporo coctasuna T = 0,103 M3B. Onpegenntb yron paccesHuna GoToHa. OTBeT: 0 = 34°,

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

OteeT: Av/v ~ 10-",

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

Onpeaennte HaMMeHbLUYO PA3HOCTb ABYX COCEAHUX SHEPTEeTUYECKMX YPOBHEN. OTtset: AE,;,=1,1 M3B.

8. ®oToH c 3Heprnent E = 12,12 3B, nornoweHHbIM aTOMOM BOAOPOAA, HAXO4ALWMMCA B OCHOBHOM COCTOAHMUMW,
nepeBoAnT aTOM B BO3OYKAeHHOe cocToAHUe. OnpeaennTb raBHOE KBaHTOBOE YMC/I0 3TOFO COCTOSIHUA.
OtBeT: n=3.

9. CKonbKo aToMOB pajoHa pacnagérca 3a cyTkun u3 1 maH. atomos? lMepuop nonypacnaga pagoHa Ty, = 3,8 gHA.

OTBeT: AN = 1,67-105 aTOMOB.
10. CneaytolLyto AAepHYI0 peakLMIo HanMwnTe B pa3sepHyTom Buae n onpegenute X: X (t, o) “Na .
.23
Otser: ;,M(.
11. Onpegennte sHepruto E, KOTOpYO HYXKHO 3aTPaTUTb 415 OTPbIBA HEMTPOHA OT A4pa ffNa.

OtBeT: E=12,41 M3B.

12. OnpepenuTb 3HEpPruo AAepHON peakumnm fBe (p, o) 36 Li, agpo-muweHb fBe CYMTATb HEMOABUKHbIM.

OTBeT: Q =2,13 M3B.



2013 3MM6-13-3__ PeBuH A.B.

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. ®oToadpdeKT NnponcxoamT nog gencremem msydeHuns ¢ A=0,09mkm. Onpegenuntsb paboTy BbIXOAa 31EKTPOHOB U3
MeTanna, ecnn GOTOTOK NPeKpPaLLAETCA NPY 3a4epKMBatoLLe pasHoCTK noTeHumanos U,=3,8B.

OTtBeT: A,,x=103B.
3. OnpegennTte sHEPTUIO € U UMNYALC P GOTOHOB A5 NyYen C ANMHAMM BOAH: 1) A= 3,5-10" m; 2) A= 2,34-10 °w.
OtBeT: €, = 35,5 K3B; p; = 1,89-10'23 Kr-m/c;e,=533B; p, = 2,83-10‘26 Kr-m/c.

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

5. 3apsKeHHan YacTmua, YCKopeHHas pa3HocTbio noTeHumanos U=200 B, umeeT AnHy Bo/HbI ge bpoina A = 2 nm.
o -27
Hangute maccy YacTmubl, ecau ee 3apag YMC/IEHHO PaBeH 3apAagy 3/1EKTPOHa. OtBeT: m=1,7-10"" Kr.

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

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

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

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 yMeHbWaeTcA B NATb pa3 3a 14 aHeit. OnpedenuTb ero nepuog
nonypacnaga. OteeT: T = 6 gHell.

10. CrieayioLLLyto SAEPHYIO peaKLMIo HaNULWKTe B passepHyTom suae 1 onpegennte X: Al (o, n) X.
30
Otset: | P.
11. OnpepenuTe, Kakas HEO6XOANUMa SHEPTUS, YTOBLI PA3AENTL AAPO 2C Ha TPU 0-4aCTULLbI.

OtBeT: E=7,27 M3B.

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

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



2013 3MM6-13-3__ PesuH B.1O.

1. A6CONIIOTHO YepHOEe Teo HarpeTo Ao TemnepaTtypsbl t; = 327 °C. MNocne NoBbIWEHUs TeMNepaTypbl CymMapHan
MOLLHOCTb €ro TeMJIOBOro U3/y4eHWUa yBenndunacb B 2,5 pasa. Ha cko/ibKo rpagycoB NoBbicuMAacb TemnepaTypa
Tena? OtseT: AT = 154 K.

2. Ha noBepxHOCTb Ka/ina nagaeT yAbTpadpuroneToBblit CBET C ANIMHON BOAHbI A = 0,04 MKM. Onpeaenuntb BEIMYNHY
3a/lepKMBatoLLel Pa3HOCTM MOTEHLMANO0B, KOTOPYIO HYXHO NPUAOKUTbL K ¢oToanemeHTy, 4tobbl HOTOTOK
npekpatuaca. Pabota Bbixoaa Ag.x = 2 3B. OtBeT: U, = 29B.

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

4. ®OTOH C ANMHOM BOMIHLI A; = 4,3 nm paccesncAa Ha cBoO6OAHOM 3/1eKTpoHe. Yron paccesiHna coctasun Ti/2.
OnpenennTb 3HEPrUI0 PaccesHHOro GoToOHa M SHEPTUIO, MPUXOAALLYIOCA Ha S/IEKTPOH OTAauK.

Otsert: €' =0,185 M3B; T.= 0,106 M3B.

5. Onpefnenntb ANUHY BOAHbI Ae Bpoina Ag Ana aneKkTpoHos, 6oMbapAMpPYOWNX aHTUKATOA PEHTreHOBCKOW
TPYBKK, ecnu rpaHMLLa CNIOLLIHOMO PEHTTEHOBCKOro CNeKTpa NPUXoANUTCA Ha ANUHY BOJIHbI A = 3 HM.

OTBeT: Az = 0,06 HM.

6. AnnHa BOAHbI U3Nyyaemoro atomom ¢oToHa coctaBnseT 0,6 MKM. Bpems KuM3HM aToma B BO3OYKAEHHOM
_8 v
coctoAHun 10 c. Onpenennte OTHOLWIEHME eCTEeCTBEHHOWM LWMPUHbI 3HEPreTUYECKOro YPOBHA K 3Hepruu,
v 8
W3/lY4EHHOM aTOMOM. OtseT: AE/E ~3:10-".

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

abCo/IOTHO HENPOHMLLAEMbIMW CTEHKAMU. HaliTU HaMMeHbllUee 3HaYeHNE SHEPTUN NEKTPOHa.
OtBeT: E;nin = 3.7 K3B.

8. Bo CKOJNBKO pa3 MU3MEHUTCS TIEPUO/] BPAIICHUS IEKTPOHA B aTOME BOAOPOJIa, €CIH IPH MEepPexo/ie B OCHOBHOE
COCTOSIHHE aTOM H3JIy4al (pOTOH ¢ JUIMHOH BOJMHEI A =97, 5 HM? OtBer: B 64 pasa.

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

10. B pe3synbTate cepuun paanmoaKTUBHbIX pacnagos aH 235U npespaLLaeTcsa B NOJOHUN 215PO Kakoe
- B pesy. puv pag p Aos yp 92 pespaly, 84 .

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OteeT: 5amn2p".
11. KaKyto HaUMeHbLLY SHEPTUIO HYXKHO 3aTPaTUTb, YTOObI pa3aennTb A4po ;He Ha ABe OAMHAKOBbIE YaCTU.

OtBeT: E =23,85 M3B.

12. Mpu coyfapeHun y—KBaHTa C AEMTPOHOM, MOCNEAHWUI MOMET pacLLenuTbCA Ha ABa HyKAOHa. HanucaTtb
ypaBHeHWe AAepHON peakuun U onpenenntb MUHMMANbHYIO SHEPIUI0 Y—KBaHTA, CNOCOBGHOrO BbI3BATb TaKoe

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



2013 _3MM6-13-3__ Peseps_1

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

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

4. OnpefennTb 3HEPruo, NPUXOAALLYIOCA Ha SNEKTPOH oTAaum npu addekte KomntoHa, ecnmn pacceaHne poToHa
npoucxoamT Ha yron 8=m/3? dHeprua ¢oToHa A0 pacceaHus £,=0,46 M3B. OTtget: T, =0,14 MaB.

5. dnekTpoH obnasaeTt KMHeTuyeckon aHeprnent T = 1,02 M3B. Bo CKONbKO pa3 U3MEHUTCA AJ/IMHA BOJIHbI Ae
Bpoins, ecin ero KNHeTMYECKas IHePrMa YMeHbLIUTCS BABOE? OTBeT: n =1,63.

. -8
6. AnutenbHoCTb BO36YKAEHHOMO COCTOAHMA aTOMa BOLOPOAA COOTBETCTBYeT npumepHo At =10 c. Onpegenunts

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

7. B npamoyronbHon “noteHumanbHoli ame” WnpuHon L ¢ abcontoTHO HenpoHMLaeMbIMKU “CTEHKaMKU” Haxo4uTCA
YyacTMUa B OCHOBHOM COCTOSIHMM. HaliTV BEpOATHOCTb HaxoMKAeHWUA 3TOM uacTuupl B obnactm L/4 < x < 3L/4.
MoAcHUTe OGM3NYECKUA CMbICA MOAYYEHHOro  pe3ynbTata, M306pasvB rpaduyeckM MAOTHOCTb BEPOATHOCTU

0bHapyKeHMa YacTULbl B SAHHOM COCTOAHUM. OTtBeT: ® =0,818.

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

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

=1,39-10" ner. Oreet: N, = 1,29-10%°.

10. OnpegennTe, C KAKUM aTOMHbIM A4POM Oblna OcyL,ecTB/ieHa peakuma X + Oln - 1;'2 Xe + §§Sr +2 Oln .
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Otset: ‘o, U .

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

12. Onpepgenunte, Kakas aHeprus Heobxoanma, YtTobbl PasLennTb A4P0 fBe Ha AiBe 0-4acCTULbl U HENTPOH.

OteBet: Q=1,57 MaB.



2013 3MM6-13-3__ PesepB_2

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPKAHUA HEU3MEHHOM TeMMepaTypbl PacniaBAeHHOro
Hukensa 1453 °C, ecnm nnowagb ero nosepxHoctu 0,5 em’. CyunTaTtb, YTO U3Ty4YEeHUEe PacnNaBNEHHOro HUKena
NPOUCXOANT MO 3aKOHAM abCoNOTHO YEPHOTO Tesla, NOTEPAMM SHEPTUN NpeHebpeyb. OTBeT: N =
25,2 BrT.

2. PaboTa BbIXO4a 3N1EKTPOHA C MOBEPXHOCTU ULe3ua paBHa A, =1,89 3B. C KakKol CKOPOCTbIO BblETaloT
3NEKTPOHbI U3 LLe3UA, eCIM MeTa/Il OCBELLEH KENTbIM CBETOM C A/IMHHOMN BOIHbI A=0,589 MKm?

OTBET: Vo= 2,76 10° m/c.

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

4. Onpenenntb CKOPOCTb 3/IEKTPOHA OTAAYM Npu 3ddekTe KomnToHa, ecnn GOTOH € SHepruen, paBHOM aHeprum
8
NOKOS 3/IEKTPOHa, HbIN paccenH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

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

6. OnpeaennTb HETOYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABUIKYLLErocAa B aTome BOA0POAA CO
6 .
cKopocTbio v=2,2-10°m/c, ecnn ponyckaemass HeTouyHocTb Av coctasnser 10 % oT e€ BesnMuMHbl. YKasatb,

NPUMEHVMMO 1 NOHATME TPAEKTOPUM B AAHHOM Caydae. OtBeT: Ax=0,5 HM.

1/2
)

7. BonHoBasa ¢yHKuma ¥(x)=(2/L)” “sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME 4YacTULbl B HECKOHEYHO ry6oKom

NPAMOYTO/IbHOM fALUMKE LWMPUHOM L. BbluMcante BEpOATHOCTb HAXOXKAEHMA YACTULLbI B Manom UHTepsane AL=0,01L
B cpeaHen vactu AawmKa (L-AL)/2 < x < (L+AL)/2. MNoacHuTe GU3MYECKUIA CMbICA MONYYEHHOro pesynbTaTa,
n306pa3unB rpapuyeckm NNOTHOCTb BEPOATHOCTU OBHAPYKEHMA YacTULbl B JAHHOM COCTOAHUW.

Otset: ® = 0,02.

8. HaiiTi »Hepruo0 MOHM3AIUHM BOAOPOJOIOAOOHBIX MOHOB, B CIIEKTPE KOTOPHIX JUIMHA BOJHBI TPETHEH JTHHUU
cepun banemepa paBHa 108,5 HM. OtseT: E;=54,4 3B.

238

U maccoin 1kr? MNepunog nonypacnaga Ty, = 4,51-109 nert.

9. CKoNbKO Afep pacnagaetca 3a 1c B KycKke ypaHa
OtseT: AN = 1,23-107 pacn/c.

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

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OTeeT: 8an6P".
11. OnpenenuTte yaenbHyo 3HEPruio CBA3N ANA Agep fH " 13H .

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

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

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



2013 3MM6-13-3__ PesepB_3

1. MOTOK M3y4eHUsA NepBOM NABMALHOM MeYyn Yepe3 CMOTPOBOE OKOLWIEYKO naowaapto S; = 8 cm® coctagnset

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

®,, =51 BT. Yemy paBHO OTHOLIEHME TEMMEPATYPbI BHYTPM NEPBOI NeYM K TeMnepaType BHYTPW BTOPOM neuun?.
OtBeT: n=1,2.

2. Onpeaenvtb MakCMMAJIbHYHO CKOPOCTb POTOINEKTPOHOB U KPACHYHO rpaHuLy ¢oToaddeKTa, ecnm 31eKTPOHbI

BbIPbIBAOTCA C NOBEPXHOCTU HUKENN yAbTPadMONETOBbIM U3/TyYEHUEM C AJMHOM BOAHbI 0,2MKM. PaboTa Bbixoaa
5

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

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. Ha Kakoit yron 6bin1 paccesH GOTOH € 3Hepruneit €; = 1,36 MaB Ha cB060AHOM 3/1EKTPOHE, €C/IM KMHETUYECKAS
3Heprma oTAaumn aNeKTpoHa coctasnset T, = 0,68 M3B. OtBeT: B = 51°.

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

-12

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

6. CpegHee Bpems U3HWM aToMa B BO36YKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, CpefHAA ANMHA BOAHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUK, ECU HE MPOUCXOAMT YIUMPEHUA IMHUM 33 CHET
APYrMX NpoLeccos. OtseT: AE/E ~ 2-10-%,

v o o o - -10
7. HelTpoH HaxopuTcAa B OAHOMEpPHOM 6eCKOHeYHOo ryboKon noTeHumanbHoW Ame wupuHo d = 107 m C
abCoMIIOTHO HenpoHMUAeMbIMU CTEHKaMW. HahguTe HauMMeHblUyl PasHOCTb ABYX COCEAHWX 3HepreTUYecKkux
YPOBHEN HEMTPOHaA. OtserT: AE,,;, = 0,062 3B.

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

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

9. OnpegenuTe nepuog noaypacnaga T1/, PaAnoakTUBHOTO U30ToNa, eciM 5/8 HauaNbHOro KOAWYECTBA AAEP 3TOTO
M30TONa pacnanoch 3a spema t =849 c. Otser: Ty/, = 10 MUH.

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

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

OtBerT: E = 20,58 M3B.

12. Appo atoma AUTMA 37Li bombapanpyloTca MNPOTOHAMM, KWMHEeTMYecKkana aHeprua 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 3MM®6-13-3__ CadpoHos W.E.

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

OtBeT: n=0,676.

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

$OTO31EeKTPOHOB HblN1a paBHa vmax=3.~106 m/c? PaboTa Bbixo4a 415 HUKeNA paBHa A, =4,84 3B.
OtBeT: v=17,36 10" Mu.

3. OnpeaennTb sHEpPreTUYecKyo ocBeLWwEHHOCTb (061y4EHHOCTL) E, 3epKanbHOM NOBEPXHOCTU, €CU AABNEHUE P,
npoussoaMmoe usnydeHmem, pasHo P=80 mklla. U3nyyeHne nagaet HOPMANbHO K MOBEPXHOCTH.

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

4. ®oTOH paccessicA Ha CBOBOAHOM 3/1EKTPOHE, U3MEHEHME AMNHbI cocTaBaseT AN = 1,44 nm. Onpegenntb yron
paccesaHusa ¢poToHa. OTBeT: 6 = 66°.

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

6. DNEKTPOH C KMHEeTUYeCcKom aHeprmel T = 15 3B HaxoguTca B MeTanMyeckol nblanHke guametpom d = 0,5 mkm.
OLEHUTb OTHOCUTENbHYI0 HETOYHOCTb AL/V, C KOTOPOW MOXKET BbITb ONpeaeneHa CKOPOCTb 3/1EKTPOHaA.

OTseT: Av/u ~ 10-*,

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

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

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUU, COOTBETCTBYIOLLLEN Nepexoay 3/1eKTpoHa B aToMe BoA0poAa C
LIECTOro 3HepPreTMYeCcKoro YpoBHA Ha BTOPOM. K KaKoW Cepun OTHOCUTCA 3Ta IMHMA U KaKaa OHa Mo CYETY B 3TOW
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. MNpenapaTt U**® maccbl 1,0 r nsnyyaetr AN = 1,24-104 o-4acTuy, B cekyHay. Hantm nepuopg nonypacnaga aToro
M30TOMa U aKTUBHOCTb Npernapara. Otset: Ty = 4,5-109116T,' A= 1,24-104 pacn./c.
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10. Agpa paamoaKTMBHOIO M30TOMNA TaNAUA 81T| npeTepnesaloT Noc/ieA0BaTeNbHO TpU B -pacnaga v oamnH

o-pacnag. Onpegenute KOHeYHbIM NPOAYKT pacnaga. OtserT: ng Pb.

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

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

A0epHy peakumto. Kakasa sHeprus BbiceoboxkaaeTca B Hel? OTteeT: Q = 2,79 M3B.



2013 _3MM6-13-3___CemeHos B.B.

1. Mpu Kakmx TemnepaTtypax abcontoTHO YEPHOTO Tesla MaKCMMYMbl SHEPTUU TEMIOBOTO U3yYEHMA NMPUXOAATCA 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. 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.

2 18 -1
3. Ha nosepxHocTb niowagbio S=10 cm” nagaeT exkecekyHAHO Ny4yok $OTOHOB B KoamyectBe n=10" ¢ . OauHa
BO/IHbI Nagatouero cseta A= 500 HM. OnpenenuTb CBETOBOE AaBAeHME Ha MOBEPXHOCTb, ecan KoabouumeHT
oTpaxkeHna p=0,7. OTseT: p = 2,25 mKlla.

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

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

5. D/IeKTPOH, HayaNbHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPOoLLIEeN YCKOPAIOLWYO Pa3HOCTb NOTEHLMAOB
U =511 kB. Hangute ganHy BonHbl ge bpoina ans aToro afieKTpoHa. OtBeT: A\; = 1,4 nm.

6. CpegHee Bpems U3HW aTOMa B BO36YKAEHHOM COCTOAAHUM COCTaBNAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, CpefHAA AAMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WKUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUK, eCAN HE MPOUCXOAMUT YIUMPEHUA NHUM 33 CHET
APYrMx NpoL.eccos. OtseT: AE/E ~ 2-10-%,

7. YactMua B OAHOMEPHOW MNPAMOYro/sbHOM “noTeHuManbHon aAme” wWupuHOM L ¢ 6ecKoHeYHO BbICOKMMU
“CTeHKamKn” HaxogmuTcA B BO3OYKAEHHOM cocTosiHMM (n=2). OnpesennTb BEPOATHOCTb OBHAPYIKEHWUA YacTULbl B
obnactn 3L/8 <x <5L/8. OtseT: » = 0,091.

8. 9J'IGKTpOH BBEIOMBAeTCs M3 aToMa BOAOPOJA, HAXOAALICIOoCsd B OCHOBHOM COCTOSIHHMHU, q)OTOHOM C 3H€p1"l/I617[

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

9. CKoNbKO aTOMOB NOMIOHWUA pacnagérca 3a cyTkn u3 1 maH. atomos? Mepuog nonypacnaga nonoHua Ty, = 138
o 3
AHen. OTtBeT: AN = 5-10" aTOMmOB.
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10. Onpegenute, € KaKMM aTOMHbIM AAPOM Bbla OcylLecTBAeHa peakuna X+ g, Pu —» 104 Ku +4 on.

2
Otser: ;5 Ne.

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

12. OnpefenvTb 3HepPruio A4epPHON peaKkuuu fBe(n, y)lfBe, €C/IN U3BECTHO, UYTO 3Heprus cBA3u agpa fBe

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



2013 3MM6-13-3__ CuByxuH A.B.

o " 2
1. HaiiTn, KaKoe KoAn4ecTso aHeprumn B 1 ¢ usnydaer abcosloTHO YEPHOE TesI0 C MOBEPXHOCTU miowaabio 1 cm*,
€C/IN M3BECTHO, YTO MaKCMMaJsibHasA CMeKTPasibHas MAOTHOCTb €ro SHepPreTMYeckoi CBETMMOCTM MPUXOAUTCA Ha

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

2. Onpenenntb MAaKCMMa/IbHYIO CKOPOCTb, KOTOPYH MOMKET MOYYUTb I/IEKTPOH, BbIPBAHHbIE M3 NAATUHbLI NOA,
[EeNCTBMEM U3NIYYEHUA C A/IMHOM BOAHbI A =203HM. PaboTa BbIxoAa 3neKTpoHa Ag,, =5,293B.

OteeT: V.. 5,4-10° m/c.

o 2 v
3. Ha noBepxHOCTb, nnowaab Kotopon S=0,01 m° exeMuHyTHO napaetT E=63[)K CBETOBON 3Heprun (B
HanpasneHWU, NepneHAMKYNAPHOM NOBEPXHOCTM ). BbluMCAUTL cBETOBOE AaB/JieHMEe Ha 3Ty MOBEPXHOCTb, €CAU
-7 -7
OHa: a) NO/NIHOCTbIO OTPaXaeT cBeT; 6) NONHOCTbIO NOr/NoLWAET CBeT. OtseT: P,=7 10" Na; Pg=3,5 10
MNa.

4. ®otoH npu apdekte KomnTtoHa paccesasncs Ha CBOGOAHOM 3/1€KTPOHE Ha yron 1/4. Onpenenntb 3HEPruio
nagatolero ¢oToHa, eciv AIMHaA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTseT: £,=0,12M3B.

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

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

o v v o -12
7. DNEeKTPOH HaxoauTca B OLHOMEPHON 6GecKOHeyHo rNyboKon noTeHuuanbHoW Ame wupuHon d = 107 m.

Onpepgennte HaMMeEHbLLYIO Pa3HOCTb ABYX COCeAHMNX IHEPreTUYECKUX YPOBHEN. OtseT: AEmin=1,1 M3B.

8. OnpepenuTb ANMHY BOHbI CMEKTPANbHOM IMHWUK, COOTBETCTBYHOLLEN Nepexoay 31eKTPoHa B aToMe BO40poaa C
LIECTOro 3HEepPreTMYecKoro ypoBHsA Ha BTOPON. K KaKkol cepuMm OTHOCUTCA 3Ta JIMHWUS M KaKas OHa Mo CYETy B 3TOM

cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. Halitn NOCTOAHHYIO pacnaja pagoHa, ecin U3BEeCTHO, YTO YMCI0 aTOMOB YMeHbLUAeTcA 3a CYyTKM Ha 18,2 %.

OtBeT: A = 2,3-10_6 ct
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10. Algpa paamoaKTMBHOIO M30TOMNa TOpPUA 90'I'h npeTepnesaloT Noc/sen08aTeNbHO oi-pacnag, Asa 3 -pacnaga u

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

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

12. MNpwn coypapeHUn y—KBaHTa C AEATPOHOM, MOCNAEAHUIA MOMKET pacLenuTbCA Ha [ABa HyKnoHa. HanwucaTtb
YypaBHEHME ALEPHON peakumn U onpenennTb MUHUMANbHYIO SHEPIUI0 Y—KBaHTa, CNOCOOHOro BbI3BaTb TaKoe

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



2013_ 3MM6-13-3__CupgHes A.W.

1. OnpegennTe MOLWHOCTb TEM/IOBOIO W3/ydeHUA abCONOTHO YepHOro Tena, eciv AJIMHAa BOJIHbI, KoTopas

COOTBETCTBYET MAaKCUMYMY SHEPTUWN B CMIEKTPE U3NYyYeHUs, A, = 680 HM, a naoLwWwanb U3aydatoLLen NoBepxHocTn S
2

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

2. Ha meTannuyeckylo NNacTMHy HanpasaeH MNy4yok ynbTpaduonetoBoro usaydeHusa (A=0,25 mKm). PoTOTOK
NnpeKkpalaeTca Npu 3ajepuBatolern  pasHoctM noTeHumanos Us=0,96 B. Onpegenntb paboty Bbixoga A

3/IEKTPOHOB U3 MeTasina. OTseT: A= 4 9B.
o . 2
3. Onpeaenntb KoabdULMEHT OTPaXKeHMSA p MOBEPXHOCTU, €C/IM NPU dHepreTMyeckon ocseléHHocTn E.=150 BT/m

AaBneHue CBeTa Ha Heé okasanocbk P = 0,65 mkla. Otset: p=0,3.

4. B pe3synbTtate addekrta KomntoHa Ha cBo60aHOM 31eKTpoHe GpoToH 6bin paccesH Ha yron 1/3. dHeprua poToHa
0o paccesHus 6bina €,=0,59M3B. OnpeaennTb ANNHY BOMHbI pacceaHHOro ¢poToHa. OtBeT: A,=3,3 Nm.

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.

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

7. DNEeKTPOH B OOAHOMEPHOW MNPAMOYrosbHOM “noTteHumanbHon 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. Ompenenuts YHEPTrUto (OTOHA, COOTBETCTBYIOIIYIO CAMOW JITHHHOBOJHOBOW JTHMHUU cepru JlafimaHa.
OTseT: 10,2 5B.

9. 3a Kakoe Bpems NPou3onaET pacnag maccbl Am = 3 Mr KasibLms E'OSCa, €C/IM B HaYa/bHbIi MOMEHT ero macca

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

10. B i 2 Th i 2Tl Kk
. pe3ynbrate cepun pagnoakTUBHbBIX pacnagoB TOpUn 9 npespauwiaeTca B Tananu 81 . RaKoe

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OtgeT: 7amn5p".
11. Onpepnenute sHepruto E, KOTOPYO HYXKHO 3aTPaTUTb ANA OTPbIBA HEMTPOHA OT AApa ;‘He.
OtBeT: E =20,58 M3B.

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

(d, oc)lslB , €C/IM KUHETUYECKan aHeprua AenTpoHa pasHa 1,5 M3B. A4po-MmuLeHb CYMTaTb HEMOABUMKHbBIM.

OtBeT: T=6,67 M3B.



2013 3MM6-13-3__ CmeTaHuH K.N.

1. YeMy paBHO OTHOLIEHME NOTOKOB SHEPIUU, U3/TyYaeMbIX U3 CMOTPOBbIX OKOLLEK ABYX MNIaBU/bHbIX NeYent, ecnm

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

S; =8 cm”, a TemnepaTypa BHyTpU BTopow neun T, = 1000 K 1 nnowaab CMOTPOBOrO OKoweYKa S; =9 cm™?

OtBeT: n=1,3.

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

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

2
OtseT: E.= 37,5 MBT/m
4. ®oToH npu s3ddekTe KomntoHa 6bi1 paccesH Ha CcBOBOAHOM 3/1eKTPOHe Ha yron 6=m/2. Onpegennts AJNHY
BOJIHbl paccesHHOro GoToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.

—12

OtseT: A=3,58 10 “m.
5. OnpenennTb AJUHY BOAHbI e Bpoina Ag Ana 31eKTpoHOB, 6oMbapAMPYIOLIMX aHTUKATOM, PEHTIEHOBCKOM
TPY6KM, ecam rpaHnLLa CnaoWHOIO PEHTIEHOBCKOrO CNeKTpa NPUXOAMUTCA Ha AJIMHY BOAHbI A = 3 HM.

OtBeT: Ag = 0,06 HM.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHun KOOPAMHATbl 3NEeKTPOHa, ABMIKYLLErocA B aTOme BOAOPOAA CO
6 .
cKopocTbio v=2,2-10°m/c, ecnn ponyckaemass HeTouHocTb Av coctasnser 10 % oT e€ Be/nuMHbl. YKasatb,

NPUMEHMMO 1 NOHATME TPAEKTOPUM B AaHHOM Cay4dae. OteeT: Ax=0,5 HM.

7. B npamoyronbHoOi “noteHumanbHoi ame” wWnpuHoi L ¢ abcontoTHO HenpoHMLAeMbIMKN “CTeHKammK” HaxoamTcs
YacTULA B OCHOBHOM COCTOSIHMM. HaliTy BEpPOATHOCTb HaxXOMAEeHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MosicHUTe U3UYECKUI CMbICA NONYYEHHOro  pesy/abTaTa, W306pa3uB rpadMyeckn MNAOTHOCTb BEPOATHOCTU
obHapyKeHua YacTuLbl B JA@HHOM COCTOAHUM. OTtBeT: ® =0,818.

8. Onpeaenutb AJ/IMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CMEKTPanbHOM MHWUKM B cepumn MMaweHa ans atoma

BOZOpOAA. OteeT: A =1,28 MKMm.

14

C
y Hux coctasaseT 0,6 yaenbHOM aKTMBHOCTM 3TOrO0 M30TOMa B TONbKO 4YTO CPyb/ieHHbIX aAepesbsAx. lMepuos

9. OnpenennTb BO3PaCT APEBHUX JepeBAHHbIX MPeAMeTOB, €C/IM U3BECTHO, YTO YAeNbHaA aKTUBHOCTb U30ToMNa
nosypacnaga agep e T1/2=5570 ner. OtBeT: t = 4,1-103neT.
10. CneaytoLLyto AAepHYI0 PeaKLMIo HaNULLUTE B pa3BEPHYTOM BUAE W onpeaenuTe X: 0 (d, n) X.

OTser: 1§F .
11. OnpegennTte yoenbHy 3HEPIULO CBA3KM 4N1A A4Pa 1§C . OtBeT: g, = 7,68 M3B/HyK/OH.

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

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



2013 3MM6-13-3__ Cmonsp E.T.

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

2. PaboTa BbIXxoAa 31EKTPOHOB C NOBEPXHOCTM HATpUA paBHa A, =2,3 3B. Kakolt AnMHbI BOJIHbI CBET HEOHXOAUMO
6
HanpasMTb, YTOBbl MaKCMMaibHasA CKOPOCTb 3/1eKTPOHOB 6bina pasHa 1,5:10°m/c? OtBeT: A =143 Hm.

3. Onpegennte aHepruto ¢oToHOB Ana: 1) KpacHoro ceeta (v, = 4,1-1014 lu); 2) nHdpakpacHoro nsnyyeHun

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

4. B pesynbtate adpdekta KomntoHa Ha cBO60AHOM 31eKTpoHe GOTOH 6bin paccesH Ha yron /3. IHeprua GoToHa
[0 paccesHus 6bina €,=0,59M3B. OnpegennTb A/MHY BO/IHbI PAcCEAHHOIO POTOHA. OTBeT: A,=3,3 Nm.

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

6. DNIEKTPOH C KMHETUYECKoM aHeprmelt T = 15 3B Haxo4MTCca B MeTaNIMYecKol nblivHke anametpom d = 0,5 MKM.

OueHUTb OTHOCUTEIbHYIO HETOYHOCTb AU/U, C KOTOpOVI MOKET bbITb onpeaeneHa CKOpPOCTb 3/1IEKTPOHA.

OTseT: Av/u ~ 10-*.

1/2
)

7. BonHoBasa ¢yHKuma F(x)=(2/L)” “sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME 4YacTULpbl B 6ECKOHEYHO rN1yBoKoMm

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

Otset: ® = 0,02.

8. ®oToH c aHeprnent E = 12,12 3B, nornoweHHbIM aTOMOM BOAOPOAA, HAXOAALWMMCA B OCHOBHOM COCTOAHMUU,
nepeBoAnT aTOM B BO3OYKAEeHHOe cocToAHUe. OnpeaennTb raBHOE KBaHTOBOE YMC/I0 3TOFO COCTOSIHUA.
OtBeT: n=3.
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a3 Bl , €C/IN N3BECTHO, YTO BMCMYT Maccoit m = 1 r BbibGpacbiBaeT

9. OnpegennTb Nnepmog noaypacnaga BUCMyTa

N =4,6-10" B-yactuy 3at=1c. Oreet: T = 4,32-10° c.

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

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

11. Onpepenute, Kakas HeobxoaMMma aHeprus, YTobbl pasfennTb A4p0 1§C Ha TP al-4acTULLbI.

OtBeT: E=7,27 M3B.

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

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



2013 3MM6-13-3__ CopokuH HO.B.

1. A6contoTHO 4Y€pHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MaKCUMYMY CMEKTPaNbHOM NAOTHOCTU IHEPreTUYeCcKoM CBETUMOCTU, U3MEHUAACh HA A
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

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

3. Onpeaenute 3HEPIUI0 € M UMMYAbC P KBaHTa M3y4eHMWA C AJIMHOMN BOAHbI A = 5,5 MKM.
OteeT: £ =0,2263B; p = 1,2-10"28 Kr-m/c.

4. ®OTOH paccesanca Ha CBOOOAHOM 3/1EKTPOHE, UBMEHEHME A/INHbI cocTasnseT AN = 1,44 nm. Onpegennts yron
pacceaHus ¢oToHa. OTBeT: 0 = 66°.

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

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

7. YacTMua B OAHOMEPHOW MNPAMOYro/bHOM “noTeHuManbHon aAme” wWupuHoi L ¢ 6ecKoHeYyHO BbICOKMMU
“CTeHKamMKn” HaxoguTCA B BO3OYKAEHHOM cocTosiHMM (n=2). OnpesennTb BEPOATHOCTb OBHaPYIKEHWUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. Y Kakoro sofopoaonoAo6bHOro MoHa pasHOCTb AJIMH BOJIH MEXAY FON0BHbIMM AVHMAMKU cepuin Banbmepa m

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

9. KaKkas gons paAMoaKTUBHbIX Afep KobanbTa, nepuog nonypacnaga Kotopbix 71,3 gHA, pacnagaercsa 3a ABa
mecsaua?
OTeeT: 44%.
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10. PapoaKTUBHbIN M30TON paans ‘g RA npetepresaet nocneposatensHo B-pacnag, YeTbipe o-pacnaja v elye

Ba B -pacnaga. Kakoi n3oton obpasyeTcs B pe3ysibTaTe 3TON cepum pacnagos? orser: 22 Bi
A p Aa. pasy pesy puu p fatel=x + g3 bl

11. Onpepennte yoenbHy 3HEPrULO CBA3KM 4NA Aapa ;He. OtBeT: g, = 7,07 M3B/HyK/OH.

12. Appo 6opa 1gB 3axBaTblBaeT HENTPOH, B pe3y/ibTaTe Yero rnoJsiyyaercs AP0 AUTuA 37Li n reama. Hanvwure

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



2013 3MM6-13-3__ CrtenaHos 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. Mpn nccnepoBaHun ¢otoaddeKkTa C NOBEPXHOCTU HATpUA OblAM NOYYEHbl AaHHbIE: MPU YACTOTE W3/YyYEHUN
14 o 14

vy = 6,92 107 Ty 3agepxuBatowmin noteHuman U, = 1,02 B, a npu vactote um3nyyeHua v, = 7,41 107 Ty

3a4eprkmBatowmii noteHuman U, = 1,22 B. icnonb3ya 3Tn AaHHble, ONpeaenTb 3Ha4YeHMe NoCToAHHOM MnaHKa.

Otset: h=5,9 10 X c.

3. [laBneHue cBeTa C AJ/IMHOM BOAHbI A=600 HM, NajatoLEero HOpPMaabHO Ha YEpHyK noBepxHocTb, P=3 kMa.
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. KaKas 4acTb sHepruun nagatoulero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NPU KOMNTOHOBCKOM 3ddeKTe, ecnu
paccesaHue $oTOHa NPOM3OLLIO Ha yYron 1t/6. JanHa BoiHbI Nagatollero ¢otoHa A;=12nm. OrtseT: T/£,=0,03.

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

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABUNKYLLMUXCA BAOb Oocu abcumce, coctasnsetT Av=100m/c. Kakosa

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

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

abconoTHO HenpoHMUaemMbiMN CTEHKaMW. HanTn HanmeHbluee 3HayeHune 9HEePrnun sNeKTpoHa.

OtseT: Ejnin=3.7 K3B.

8. Bo CKOJNBKO pa3 M3MEHUTCS TIEPUO/] BPALICHUS IEKTPOHA B aTOME BOAOPOJIa, €CIH IPH MEePeXo/ie B OCHOBHOE
COCTOSIHHE aTOM H3JIy4al (pOTOH C JUIMHOH BOJMHBI A =97, 5 HM? OtBer: B 64 pasa.

9. AKTMBHOCTb A HeKoToporo usotona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpepenutb nepuog,
nonypacnaga aToro usortona. OtBert: Ty/,= 31,4 cyTOK.
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10. Onpepgenute, € KakMM aTOMHbIM AAPOM Bblna ocywecTaeHa peakuma X+ ‘o5 Am - 103 Lr +5 oN.

OTseT: 1:0 .

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

OteeT: E=12,41 M3B.

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

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



2013 3MM6-13-3__ CynelimaHos A.M.

2
1. MydenbHasa neyb, notTpebaaowan mowHocts 1 KBT, umeeT oTBepcTMe naowagbto 40 cm”™. OnpesennTs SO0
MOLLHOCTW, PACcCeMBAEMOM CTEHKaMW Me4yu, ecim TemMnepaTypa ee BHYTPeHHel noBepxHocTu pasHa 1200 K.
CumnTaTb, UTO OTBEPCTME NEYN MU3/1yHaEeT Kak abCcoNOTHO YepHoe Teo. OteeTt: n =0,53.

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

4. OnpeaenvTb 3HEPruio, NPUXOAALLYIOCA HA SNEKTPOH oTAaum npu adpdekte KomntoHa, ecnm pacceaHne GpoOToHa
npouncxoauT Ha yron 8=m/3? dHeprua ¢poToHa Ao paccesaHmns £,=0,46 M3B. OTtset: T, =0,14 M3B.

5. HaiguTe anuHy BosiHbI Ae bpolina A ans anekTpoHa, 061a4atoLLero KMHeTUu4Yeckom sHepruen E, = 3 MaB.
OtBeT: A =0,36 nm.

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

OteeT: Av/v ~ 10-",

o o o o o -10
7. HelTpOH HaxoguTcA B OAHOMEpPHOM 6eCKOHEeYHOo r1yboKon noTeHumanbHoW Ame wupuHo d = 107 m C
abCoIIOTHO HenpoHMUAeMbIMU CTEHKaMW. HalguTe HaMMeHbLUyl PasHOCTb ABYX COCEAHUX 3SHepreTuyeckux
YPOBHEN HEMTPOHaA. OtserT: AE,,;, = 0,062 3B.

8. B voHe antna Li*" anekTpoH nepewén c yeTBEPTOro sHEpPreTMUYECKoro ypoBHs Ha BTOpoi. OnpeaennTb AANHY
BOJIHbI A U3/ly4eHUA, UCNYLLEHHOTO MOHOM NNTUA. OtBeT: A = 54 HMm.

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

10. CneaytoLuyto A4ePpHYI0 PeakLMo HanMwnTe B pa3BepHyTom Buae v onpegennte X: X (o, p)170 .
orser: ¥ N .

11. OnpenennTte sHepruto CBA3M ANA A4pa aToMma CBUHLUA ngPb . OTBeT: E,; = 1,622 3B.

12. OnpepgenuTte, Kakasa sHeprusa Heobxoanma, YTobbl pasgennTb A4po fBe Ha ABe Q-4aCTMLbl U HEUTPOH.

OTBeT: Q=1,57 M3B.



2013 3MM®6-13-3__ TapaceHko E.B.

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. MaKkcumanbHan cCKopocTb GpOTO3NIEKTPOHOB, BbINETAKOWMX M3 MeTanNa Npu 0baydyeHnn ¢otoHamu, V., = 0,88c.
OnpepennTb aHeprmo GOTOHOB. OTtgeT: € = 0,565 M3B.

o 2
3. CBeToBOM NOTOK MOLWHOCTbI0 N=9 BT HOpMa/ibHO NajaeT Ha NOBEPXHOCTb Naowaabio S=10 cm” , KoapPuuneHT
oTparkeHns Kotopon p=0,8. Kakoe aaBaeHne NCNbITbIBAET NPU 3TOM AaHHAsA NOBEPXHOCTL? OTBeT: p=54 mkla.

4. doTtoH npu adpdekte KomntoHa 6bin paccesH Ha cBO6OAHOM 3/1eKTPOHe Ha yron B=m/2. Onpeaenntb AauHY
BOJIHbI paccesiHHOro GoToHa, eciv 3Heprma GOToHa [0 paccesaHus bbiia €,=1,08 MaB.

Otset: A=3,58 10 “m.

5. Onpe,qenMTe, NPpn Kakom 4YNCNOBOM 3HAYEHUU KMHETUYECKOM Heprmm T ANMHa BOJIHbI AOe EpOVIﬂﬂ 3/1IEKTPOHa

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

6. JAnHa BOJIHbI M3y4aemoro atomom ¢oToHa cocTaBnseTr 0,6 MKM. Bpemsa »KM3HM aToma B BO3OYKAEHHOM
_8 o
coctosHun 10 c¢. OnpeaenuTte OTHOLIEHME €CTECTBEHHOW LIMPUHbI 3HEPreTUYECKOrO YPOBHA K 3Hepruw,

N3/ly4EHHOM aTOMOM. OTseT: AE/E ~ 3-10-%,

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

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

8. BbluMCAUTbL NOCTOAHHYIO Puabepra R’, ecan M3BecTHO, UTo AnA MoHOB renna He' pasHocTb AnunH BoMH Mexay
o o 7 1
ro/I0BHbIMM IMHUAMM cepuii banbmepa 1 MlalimaHa AA = 133,7 Hm. OteeT: R'=1,097'10" m~.

90

9. OnpeAaennTb NOCTOAHHYIO A PaAMOaKTUBHOTO pacnaja CTPOHUMA 4

Sr. Kakas A0NAa OT NnepBOHA4Ya/IbHOro 4Yncna

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

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

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

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

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

OTBeT: Q =2,13 M3B.



2013 3MM®6-13-3__ Tepsakos A.C.

" 5 o -
1. MowHocTb n3nydeHns abcontoTHO YEpPHOro Tena pasHa 10° KBT. HallTn naowaap Msnyyatowein nNoBepxXHOCTH
TeNa, ecnn M3BEeCTHO, YTO [AJIMHA BOJIHbI, HA  KOTOPYH NPUXOAUTCA MAKCMMYM CMEeKTPasibHOM NAOTHOCTH

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

2. OnpeaennTb MAKCUMMA/bHYO CKOPOCTb V. GOTO3/IEKTPOHOB, BblJIETAOWMX M3 MeTanna nof AencTBUEM Y-
v -11 8
W3lyYEHUA C ASIMHOM BOAIHbI A=0,2 107" m. OTBeT: Ve = 2,68 10° m/c.

3. JneKTpMYecKas flaMna paccumtaHa Ha molHocte N=45 BT. BblumMcauTb AaBfeHUE NYYUCTON 3IHEPrMU Ha
3epKa/ibHYl0 MOBEPXHOCTb C KO3GOULMEHTOM OTparKeHMA p=1, pacnosOKEHHYO HOPMAbHO K NafaloLLMM yvam
Ha paccToAHMU r =1 m OT Namnbl. OTBeT: p=24 Hla.

4. Ha kako# yron 6bin paccesH $oTOH ¢ aHeprueit €, = 1,36 MaB Ha cB0604HOM 3/1EKTPOHE, EC/IN KMHETUYECKAA

SHeprua oT4adymn aNeKTpoHa coctasaset T, = 0,68 MaB. OTBeT: 6 = 51°.
5. HanguTe annHy BoHbI Ae Bpoinns aneKkTpoHa, ABMiKyLeroca co ckopoctbto V = 0,3-c, rge ¢ — CKOpoCTb CBeTa.
OTBeT: A\ = 7,7-10’12 M.

6. OUEHUTBb C NOMOLLBIO COOTHOLLIEHMA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPTUI0 SNEKTPOHa,
v -10
ABUKyLLeroca B obnactu, pasamep Kotopoit L=10"" m. OtseT: Trin = 3,8 3B.

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

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

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

210

P Bi maccoi m =1 mr pacnagérca B TeueHue

9. Onpenenntb, CKONbKO A4EP PAANOAKTMBHOIO M30TONA BUCMYyTa

t =35 yacos. MNepuop nonypacnaga Ty, = 5,02 cyToK. OTtBeT: AN = 5,23-1017.
1 104 132 1
10. Onpegennte, C KAKUM aTOMHbIM A4POM Bblna ocyllecTB/ieHa peakuma X + oN = 4y Mo + 50 Sn +3 on.
orser: U .

11. KaKylo HaMMEHbLUYIO SHEPTUIO HY}KHO 3aTPaTUTb, YTOBbI Pa3genuTb AAP0 gHe Ha Be OAMHaKOBble YacTy.

OtBeT: E = 23,85 M3B.

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

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



2013 3MM6-13-3__ TeTiowmnHa A.A.

1. CKONbKO 3HEpruM msnyyaer abCoNOTHO YepHoe Tesio 3a Bpema t = 2 ¢, NiowWadb 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. Ha noBepxHOCTb Ka/ina nagaeT yAbTpadpuroneToBblit CBET C A/IMHON BOAHbI A = 0,04 MKM. OnpeaennTs BeINYMHY
3a/lepKMBatoLLeil Pa3HOCTM MOTEHLMANO0B, KOTOPYI HYXHO NPUAOKUTbL K ¢oToanemeHTy, 4tobbl HOTOTOK
npekpatuaca. Pabota Bbixoaa Ag.x = 2 3B. OtseT: U, = 29B.

-2 2
3. Onpenenntb KO3GOUUMEHT OTPAKEHNA P MOBEPXHOCTU, Naowaapto S=107" m°, eciv NpU MOLLHOCTU U3/YyYeHUs
N=12 BT gaBsieHue cBeTa Ha 3Ty NOBEPXHOCTb OKa3anock p=7,02 mka. OtseT: p=0,755.

4. Onpenenntb yron 6, Ha KoTopblii 6bin pacceaH GoOTOH ¢ sHeprnel €,=1,43M3B npu apdekTe KomntoHa, ecam
0
KMHETUYeCKasa sHeprma aNeKTpoHa otaaum T,=0,55 MaB. OtBeT: 6 ~ 39",

5. Mpw Kakoi ckopocTn V aneKkTpoHa ero aAebpoiieBckas ANnHa BOAHbI byaeT paBHa: 1) 650 Hm, 2) 3 nm?
Otset: V; = 1,1-10° m/c, V, = 1,9-10° m/c.

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

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

7. HaliTh HaumeHbllee 3HAYEHWE 3SHEPruM HEeWTPOHA, HaxoAAWEeroca B OAHOMEPHOW GeCKOHeyHo raybokoi

NOTEeHUMAIbHON AMe WupurHoW d = 107 m. OTBeT: Epin = 3.26-107" LK.

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

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

9. CKO/IbKO aTOMOB MOJIOHMA pacnaférca 3a cyTku u3 1 maH. aTomos? Mepuog nosypacnaga nonoHna Ty, = 138

OHEN. OtseT: AN = 5-10% aTomos.
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10. PaanoaKTMBHbIN M30TON YpaHa 92U npeTepnesaeT NocAeA0BaTe/IbHO O-pacnag, Aga [ -pacnaja v elle aga

o o 5 226
o-pacnaga. Kakoit nsoton obpasyercs B pesynbraTe 3TON cepun pacnasos? OtgeT: ‘g Ra.

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

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

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

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



2013 3MM6-13-3__ TuweHKo E.A.

1. OnpefennTe MOLWHOCTb TEM/IOBOIO W3/ydeHUA 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. Kakoi A/nHbI BOJIHbI CBET C/leAyeT HamnpaBUTb HAa NOBEPXHOCTb cepebpa, Y4ToObl MaKCMMasbHAA 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. MoHoxpomaTuyeckuii nyyok cseta (A=0,58 MKM) nagaeT HOpmasbHO Ha MOBEPXHOCTb C Ko3abouuneHTOM
2 o
oTpaxkeHua p= 0,7. onpenenntb 4nucio GOTOHOB, €XKECEeKyHAHO Majalowmx Ha 1 cm” 3TON NMOBEPXHOCTW, ecau
16 -1
JaB/ieHue cBeTa Ha 3Ty noBepxHOCTb p =1,2 mkIa. OtseT:n=6,2-10"¢c .

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

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

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

OTBeT: AXx = 1,15 MKM.

7. DNEeKTPOH B OAHOMEPHOW MNPAMOYrosbHOM “noTeHumanbHon 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. Bo CKOJIBKO pa3 M3MEHHUTCS NIEPUO/] BPAILCHHUS JIEKTPOHA B aTOME BOAOPOJIA, €CIH IIPU MEePEX0/ie B OCHOBHOE
COCTOSTHUE aTOM H31y4as (POTOH C AJTUHON BOJHBI A = 97, 5 HM? OtBeT: B 64 paza.

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

OtBeT: AN = 1,67-105 aTOMOB.
10. CneaytoLLyto afepHYI0 PeaKLMIo HanULLUTE B pa3BEPHYTOM BUAE W onpeaenuTe X: ZTAl (o, n) X.
OTser: 132 P.
11. Onpepenute aHepruio E, KOTOPYIO HYXKHO 3aTPaTUTL A9 OTPbIBA HEMTPOHA OT AApa 1213Na.

OtBeT: E=12,41 M3B.

12. MNpw coypapeHUn y—KBaHTa C AEATPOHOM, MOCNAEAHUIA MOMKET paclenuTbCA Ha fBa HyKnoHa. Hanwucatb
YypaBHEHME ALEPHON peakuMm U onpenennuTb MUHUMASbHYIO 3HEPrut0 Y—KBaHTa, CNOCOBHOro BbI3BAaTb TaKoe

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



2013 3MM6-13-3__ TkaueHko B.C.

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

3N1EeKTPOHbI U3 Le3UsA, eCN METaN/l OCBELLEH KENTbIM CBETOM C A/IMHHOM BOHbI A=0,589 MKM?
5
OTBET: Viax= 2,76 10° m/c.

3. JaBneHue cBeTa Ha abCcoNOTHO YEPHYIO NOBEPXHOCTb, PACMO/IOKEHHYIO NMEPNeHAUKYAAPHO NyYam C AJIMHOM
-7 o 2 v
BOMHbI A=5-10" m, paBHo p=10 mkIa. Haitn uncno ¢otoHos N, nagatowmx 3a t=1 c Ha S=1 cm” 3TO NOBEPXHOCTM.
17
OTtseT: N=7,55-10"".

4. Onpenenntb CKOPOCTb 3/IEKTPOHA OTAAYM Npun addekTe KomntoHa, ecam GOTOH € sHepruemn, paBHOM 3Hepruun
8
NOKOS 3/IEKTPOHa, HbIN paccenH Ha yron 6 = 180°. OtBeT: L =2,4 10" m/c.

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

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

7. HaliT HammeHbluee 3Ha4YeHWe 3HepruM HeWTpoHa, HaxodAleroca B oAHOMepHOW 6eckoHeyHo riyboKou
o o —15 —11
noTeHUnanbHom ame wmpuHon d =10~ m. oTBeT: Enin =3.26-10 7 K.

8. ®oToH c 3Heprueir E = 12,12 3B, nornouwieHHbIM aTOMOM BOA0POAA, HAaXOA4AWMMCSA B OCHOBHOM COCTOAHWMU,
nepeBoAUT aTOM B BO3bYKAEeHHOe cocTosHMe. OnpeaenmnTb rNaBHOE KBaHTOBOE YMC/10 3TOrO COCTOAHUS.
OTteeT: n=3.
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26 Rn . Nepuopa nonypacnaga 3,823 gHs. OTBeT: A= 5,69-1015 pacn/c.

9. HanTn akTMBHOCTb 1 I pagoHa

10. B pesy/ibTaTe Cepun paAMoaKTUBHBIX Pacnaaos ypaH U npespataetcs B nonoHmii 4 PO . Kakoe
- b pesy. pun paj, p AoB yp % pespaly 84 .

KOJIMYECTBO O U 37 -pacnaZoB OH UCMbITbIBAET NPU 3TOM? OtBeT: 5amn2p".

11. Onpepenute, Kakas Heobxoauma aHeprus, YTobbl pasaenuTb AAPO 1§C Ha TP al-4acTULLbI.

OtBeT: E=7,27 M3B.

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

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



2013 3MM®6-13-3__ TpeTbsikos [.B.

1. A6CONIOTHO YepHOe TeNo HarpeTo Ao TemnepaTtypbl t; = 327 °C. MNocne NoBbIWEHUs TeMnepaTypbl CymMapHasn
MOLLHOCTb €ro TEMJIOBOrO U3/ly4eHnA yBenmumnack B 2,5 pasa. Ha ckosibko rpaZlycoB noBbicMiacb TemnepaTtypa
Tena? OtseT: AT = 154 K.

2. OnpefenvTb MAKCMMANbHYIO CKOPOCTb, KOTOPYIO MOXKET MOAYYUTb INEKTPOH, BblpBaHHbIE U3 MAATUHbI NOA
OENCTBMEM U3NIYYEHMUA C A/IMHOM BONHbI A =203HM. PaboTa Bbixoaa 3/1eKTpoHa A, =5,293B.

OteeT: V.. 5,4-10° m/c.

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

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

OTtBet: €' =0,185 M3B; T.= 0,106 M3B.

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

6. [AnHa BOJIHbI M3y4aemoro atomom ¢oToHa coctasnser 0,6 MKM. Bpems KM3HM aToMa B BO3OYKAEHHOM
_8 o
coctosHun 10 c¢. OnpeaennTte OTHOLIEHME €CTECTBEHHOW LUMPUHbI 3SHEPreTUYEeCKOrOo YPOBHA K 3Hepruw,

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

o o “ o —11
7. DNEKTPOH Haxo4MTCAa B OAHOMEPHOW 6ecKoHeyHo rnyboKol noTeHumanbHoi sme wnpmHon d = 100 m ¢
abCoNOTHO HENPOHMLAEMbIMW CTEHKAaMM. HaliTU HanMeHbLUIee 3Ha4YeHNe SHEPTUN 3/1EKTPOHa.

OtseT: Ejnin=3.7 K3B.

8. HaiiTu sHepruio MOHM3AIMH BOAOPOAONOAOOHBIX MOHOB, B CIEKTPE KOTOPHIX JUIMHA BOJHBI TPEThEH JIHMHHUH
cepun banbmepa paBua 108,5 HM. OtseT: E; =54,4 3B.

14
9. OnpenennTb BO3pacT APEBHUX AepPeBAHHbIX NPeaAMETOB, €C/IM U3BECTHO, YTO YAe/IbHAas aKTUBHOCTb n3otona ~ C
y Hux coctaBnsfeTr 0,6 yaenbHOM aKTMBHOCTM 3TOrO M30TOMA B TOJIbKO 4YTO cpybsieHHbIX aepesbsx. lepuog,
14 3
nonypacnaga agep - CT,y/, = 5570 nert. OtseTt: t=4,1-10" ner.

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

Ba B -pacnaga. Kakoi n3oton obpasyeTcs B pesysibTaTe 3TON cepum pacnagos? orser: 22 Bi
A p Aa. pasy pesy puu p falel=E - g3 bl

11. Onpepenute yaenbHYIO 3HEPrUIO CBA3M ANA AAep fH " 13H .
OtBeT: g, = 1,11 MaB/HYKNOH; €4, = 2,82 M3aB/HYK/IOH.

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

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



2013 3MM6-13-3__ TyicuH P.3.

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

2. Onpefenntb MaKCMManbHY0 CKOPOCTb V., $OTO3/NEKTPOHOB, BbLIETAOWMX M3 MeTaana npu obsydeHun
v 8
doToHamu ¢ aHeprueli 1,4 MaB. OtBeT: Viax = 2,89 10° m/c.

o -19 o
3. Onpegenute panavMHy BoAHbI $OTOHA, obnagatouwiero sHeprmeit  2,5:107° [K. K KakoM 4yacTu cnekTtpa
NPUHAANEXKMUT 3Ta A/IMHA BOJIHbI? OtBeT: A =0,796 MKM; KpacHasa 4acTb BUAMMOIO CNeKTpa.

4. ®OTOH C ANMHHOM BOAHbI A;=10 nNm paccesnca Ha cBOHGOAHOM 3/1E€KTPOHE, NMPUYEM Yroa paccesHus O=m/4.
OnpepennTb gAMHY BONHbI PacCeAHHOro GOTOHA M ero aHepruto. OteeT: A=10,7 nm; € =0,116 M3B.

5. DIeKTPOH, HayabHOM CKOPOCTbIO KOTOPOro MOXKHO NpeHebpeyb, NPOoLIEeN YCKOPAIOLWYO Pa3HOCTb NOTEHLMA/OB
U =511 kB. Hangute ganHy BonHbl ge bpolina ans sToro anNeKkTpoHa. OtBeT: A\; = 1,4 nm.

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

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

B CpPeLHelN TpeTu AWwmKa. OTtBeT: ©=0,33.

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

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

9. OnpenennTb NOCTOAHHYIO A PaaAn0aKTUBHOIO pacnada CTPpoOHUMA ggsr Kakaa gonda oT nepBoHavyabHOro Y1Mcnaa

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

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

23
Otser: ;,MQ.

11. OnpegennTte yaenbHy 3HEPIUIO CBA3KM 4N1A A4Pa lgC . OtBeT: g, = 7,68 M3B/HyK/OH.

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

OTBeT: Q =2,13 M3B.



2013 3MM®6-13-3__ YnaHoBcKas K.I.

1. A6contoTHO 4YépHoe Teno Haxogutca npu Temnepatype T, = 290 K. Mpu HarpeBaHUM Tena AJIMHA BOJIHbI,
COOTBETCTBYIOLLLAA MaKCUMYMY CMEKTPaNbHOM NAOTHOCTU IHEPreTUYeCcKoM CBETUMOCTU, U3MEHUAACh HA A
=6 MKM. Onpegenntb Temnepatypy T,, 4,0 KOTOPOW Harpenoch Teno. OtseT: T, = 725 K.

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

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

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

OtBet: £=0,17 M3B, v =1,99 10° m/c.

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

6. CpepHee Bpems KM3HWM aTOMa B BO3OYXAEHHOM COCTOSIHUM COCTaBNAET OKO/I0 10-°% c. Mpu nepexone aToma B
HOpManbHOe CcOCTOAHME ucnyckaeTca GOTOH, CpeaHAs AJIMHA BOJIHbI KoToporo pasHa 400 Hm. OueHuTb
OTHOCMTE/IbHYIO WUPUHY AE/E M3nydaemoit CneKkTpasibHOM IMHUK, ECIN HE MPOUCXOAMT YILIMPEHWA JIMHUK 33 CHeT
APYrMX NpoLLeccos. OtseT: AE/E ~ 2-10-%,

7. DNEeKTPOH HaxoauTca B 6ECKOHEYHO ryboKomM 04HOMEPHOM NPSAMOYTro/IbHOM MOTEHLNANBHOM ALLMKE WNPUHOM
I. BbluMCAUTE BEPOATHOCTb TOrO, YTO 3NEKTPOH, HaxoAAwMmica B BO3BYKAEHHOM cocToaHuM (n=2), 6yaet

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

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

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

9. OnpegenuTe nepuog noaypacnaga Ti/, PaAnoakTUBHOTO U30TONa, ec/iM 5/8 HauaNbHOro KOAWYECTBA AAEP 3TOTO
M30TONa pacnanocb 3a spema t =849 c. OtBet: T1/2= 10 MUH.

10. OnpegenuTe, C KAKUM aTOMHbIM AAPOM Oblna OcyLLlecTBNEHa peakuma X + Oln - 1;'2 Xe + sgSI’ +2 Oln .
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Otset: ‘o, U .

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

12. OnpefennTb CyMMapHYHO KUHETUYECKYIO 3Hepruio agep, 06pa3oBaBLUMXCA B pe3y/ibTaTe peakumnu 163C

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

Otset: T=6,67 M3B.



2013 3MM6-13-3__ datxynnuH T.A.

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

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

3. SHeprua doToHa 1,2 M3B. Onpegennte nmnyabc ¢poToHa. Kakoro Tmna sto nsnyuexHue?

OTtBeT: p = 6,4-10'22 Kr-m/C; y-u3nyyeHue.

4. ®OTOH ¢ gMHOW BONHbI Ay = 2,04 Nm Bbln paccesaH Ha CBOBOAHOM 3/IEKTPOHE, KUHETUYECKAs IHEPrua oTgaumu
KoToporo coctasuna T = 0,103 MaB. OnpeaennTtb yron pacceaHma GoToHa. OTBeT: 6 = 34°.

5. Haigute anuHy BosHbl Ae bpolina A gns anekTpoHa, o61afalolero KUHeTM4Yeckon sHepruen E, = 3 MaB.

OTBeT: A =0,36 Nm.

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

NOMOLLbKO COOTHOLWEHUA HeOI'Ipe,Cl,e}'IEHHOCTeﬁ OTHOCUTENbHYIO HEeoNnpeaeneHHOCTb ero CKOpPoCTw.

OTseT: Av/u ~ 10-*,

)1/2

7. BonHosaa ¢yHkuma F(x)=(2/L)”“sin(nx/L) onucbiBaeT OCHOBHOE COCTOAHME 4YacTuLbl B 6ecKoHe4Ho riy6okom

NPAMOYTO/IbHOM fALIMKE WMPUHOM L. BbluMcanTe BEPOATHOCTb HAXOMKAEHMSA YacTULLbl B Manom uHTepsane AL=0,01L
B cpeaHein yactu awmka (L-AL)/2 < x < (L+AL)/2. NoscHWUTE GU3MYECKMI CMBIC/ MOJIYYEHHOTO pesy/bTaTa,
n306pasuns rpadmyeckm NAOTHOCTb BEPOATHOCTM OBHaPYKEHMA YacTULLbl B JAHHOM COCTOAHMM.

Ortset: o = 0,02.

8. OnpeaennTb ANIMHY BOHbI CMEKTPANbHOM IMHWUW, COOTBETCTBYHOLLLEN Nepexoay SN1EeKTPOHa B aTOMe BOAOPOAaA C
LIECTOro 3HepPreTMYECKOro YpoBHA Ha BTOPOM. K KaKoW cepumn OTHOCUTCS 3Ta JIMHMA W KaKas OHa Mo CYETY B 3TOM
cepumn? OtseT: A =0,41 MKM; 4-as "MHUA cepumn banbmepa.
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3 B mMaccoit m =1 mr pacnagérca B TeueHue

9. OnpenennTb, CKONIbKO AAep PaLNOaKTMBHOIO M30TONA BUCMYTa

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

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

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

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

12. OnpegenuTte, Kakasa sHeprusa Heobxoanma, YTobbl pasaennTtb A4P0 fBe Ha ABe a-4acCTMLbl U HEUTPOH.

OTBeT: Q=1,57 M3B.



2013 3MM6-13-3__ depynkuH A,

1. Ha Kakylo AAMHY BOJIHbI MPUXOAMTCA MAKCMMYM CMEKTPasibHOW MNOTHOCTU 3HEPreTUHECKOW 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 BbIXx0Aa 31EKTPOHOB C NOBEPXHOCTM HATpUA paBHa A, =2,3 3B. Kakolt AnMHbI BONHbI 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 U3NIYYEHUS, eClM 3HePrua GOTOHOB PaBHA SHEPrMM MOKOA 371eKTpoHa. Kakoro
-12 20
TMMa 3TO U3nyyeHune? OtBeT: A=2,4 107" m, v =1,2 107" Ty, y-u3nyyeHue.

4. ®OTOH paccesanca Ha CBOOOAHOM 3/1EKTPOHE, UBMEHEHME A/INHbI cocTasnseT AN = 1,44 nm. Onpenenntb yron
pacceAaHus ¢oToHa. OTBeT: 6 = 66°.

5. Onpenenntb AAUHY BOAHbI Ae Bpoiina Ag Ana anekTpoHos, 6oMb6apAMpYOWNX aHTUKATOL PEHTreHOBCKOW

TPY6KK, eCNn rpaHMLA CNIOLIHOTO PEHTIEHOBCKOMO CNEeKTPa NPUXoOANTCA Ha ANUHY BOJIHbI A = 3 HM.
OtBeT: Ag = 0,06 HM.

6. OnpeaennTb HETOUYHOCTb AX B onpeneneHun KOOPAMHATbl 3NEeKTPOHa, ABMIKYLLErocAa B aToOme BOAOPOAa CO
6 .
cKopocTbio v=2,2-10°m/c, ecnn ponyckaemas HeTouHocTb Av coctasnser 10 % oT e€ BesnMuMHbl. YKasatb,

NPMMEHMMO 1 NOHATME TPAEKTOPUM B AAHHOM Cay4yae. OtBeT: Ax=0,5 HM.

7. B npamoyronbHoi “noteHumanbHoi ame” wnpuHoi L ¢ abcontoTHO HeNpoHMULAeMbIMKN “CcTeHKamn” HaxoauTca
YacTMLA B OCHOBHOM COCTOSIHMM. HallTu BEpPOATHOCTb HaXOMAEeHMA 3TOW YacTuubl B obnactm L/4 < x < 3L/4.
MosicHUTe U3NYECKUI CMbICA MNONYYEHHOro  pesy/abTaTa, W306pa3uB rpadMyeckn MNAOTHOCTb BEPOATHOCTU
obHapyKeHna YacTUUpbl B J@HHOM COCTOAHUM. OTBeT: ® =0,818.

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

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

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

KO/IMYECTBO O- U B -pacnagos OH UCMbITbIBAET MPU 3TOM? OTeeT: 8an6P".

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

12. Appo 6opa lgB 3axBaTblBaeT HEWTPOH, B pe3y/ibTaTe Yyero noayyaeTcs A4pPO NUTUS 3?Li n renus. Hanuwwure

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



2013 3MM6-13-3__ duamneHok U.A.

1. A6contoTHO 4YépHoe Tesno umeeT Temnepatypy T, = 500 K. Kakosa 6ypet Temnepatypa T, Tena, ecavm B
pesynbTaTe HarpeBaHWA NOTOK U3y4YeHUA yBeAnYnTca B h =5 pas. OTtset: T, =748 K.

2. Ha umHKoByo nnactuHy (Ag..=3,74 3B) HanpaB/ieH MOHOXPOMATUYECKUI Ny4YOK cBeTa. POTOTOK NpeKpallaeTcs

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

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

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

4. KaKas 4acTb sHeprumn nagarouiero ¢oToHa NPUXOANTCA HA SNEKTPOH OTAAYM NPU KOMNTOHOBCKOM 3¢ deKTe, ecnun
paccesiHme GpOTOHA NPOU30LWLIO Ha yron 1t/6. lnnHa BoHbI nagatowero ¢oTtoHa A;=12nm. Orsert: T/,=0,03.

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

6. HeonpenenéHHOCTb CKOPOCTU 3/1IEKTPOHOB, ABMMYLLMXCA BAOMb OCcu abcumcc, coctasnser Av=100m/c. Kakosa
npu 3TOM HeonpeaenéHHOCTb KOOPANHATLI AX, onpeaenatowein MecTonoNoXeHNe 3N1eKTPoHa?

OTBeT: AXx = 1,15 MKM.

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

8. Y Kakoro sofopoaonoAobHOro MoHa pasHOCTb AJIMH BOJIH MEXKAY FOJIOBHbIMU NMHUAMM cepuidi Banbmepa u

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

9. AKTMBHOCTb A HeKoToporo usortona 3a Bpema t = 10 cyTok ymeHbwwunacb Ha 20 %. Onpepenutb nepuog,
nonypacnaga 3Toro nsortona. Orset: Ty/2=31,4 cyTOK.

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

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

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

OTBeT: E =23,85 M3B.

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

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



2013 _3MM6-13-3__ XakeeBa 3.A.

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 BTopo 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 U3/y4eHUEM C ANNHOW BONHbI 0,2MKm. PaboTa Bbixoaa
5

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

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

4. ®otoH npu sddekte KomntoHa paccesancs Ha cBOBOAHOM 3/1EKTPOHe Ha yron /4. OnpeaennTtb 3HEPruio
nagatolero ¢oToHa, eciv A/IMHA BOJIHbI pacceaHHoro ¢otoHa A,=11,3nm. OTseT: £,=0,12M3B.

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

6. CpegHee Bpems XU3HWM aTOMa B BO36YKAEHHOM COCTOAAHUM COCTaBNSAET OKOJ/I0 10-° c. Mpu nepexoge aToma B
HOpPMasbHOE COCTOAHWE ucnycKaeTcA (OTOH, CpefHAA AAMHA BOJIHbI KOToporo pasHa 400 Hm. OueHuTb
OTHOCUTE/IbHYIO WUPUHY AE/E M3ny4aemoi CneKkTpasbHOM IMHUKN, ECU HE MPOUCXOAMT YIUMPEHUA IMHUM 33 CHET
APYrMx NpoLeccos. OtseT: AE/E ~ 2-10-%,

o o v v —12
7. DNEKTPOH Haxo4MTCA B OAHOMEPHON 6ecKoHeyHo rAyboKon noTeHumanbHoM aAme wupuHon d = 107" m.
Onpegennte HaMMEHbLLYIO Pa3HOCTb ABYX COCEAHUX IHEPTETUUYECKUX YPOBHEMN. OtseT: AEmin=1,1 M3B.

8. BbluMCAUTbL NOCTOAHHYIO Puabepra R’, ecan n3BecTHO, 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~.

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

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

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

OTseT: 1:0 .

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

12. Appo aToma NnTKA ,fLi _ 3axBaTblBasA AEWTPOH, pacnafaeTca Ha ABe a-yacTuubl. Hanucatb AAepHYyo peakumio

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



2013 _3MM6-13-3__ XacaHos B.9.

2
1. MydenbHasa neyb, noTpebasiowans mowHocTb 1 KBT, nmeet otBepctue naowaapto 40 cm”. Onpeaenvtb 4oAO
MOLLHOCTW, PACCEMBAEMOM CTEHKAaMW Meyn, ecin TeMnepaTypa ee BHYTPeHHel noBepxHOcTM pasBHa 1200 K.
CumnTaTb, UTO OTBEPCTME NEYN MU3/1yHaEeT Kak abCcoNOTHO YepHoe Teo. OteeTt: n =0,53.

2. Ha noBepxHOCTb MeTanna nafaeT MOHOXPOMATUYECKUI CBET C A/IMHHON BoHbI A=0,08 mKm. KpacHasa rpaHuua
doToapdekta Ap=0,3 MKM. HailTu 3HauyeHWe 3ageprKuBatoller pasHOCTM noTeHumanos Us, KOTOPYH HYXKHO
NPUNOKUTL K POTO3N1EMEHTY, UTOObLI NPEKPATUTL POTOTOK. OTseT: U3=11,38 B.

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

4. OnpeaennTb 3HEPruto, NPUXOAALLYIOCA HA 3NEKTPOH oTAauun npu apdekte KomntoHa, ecnmn paccesaHne GoToHa
npoucxoaut Ha yron 8=m/3? dHeprua ¢oToHa A0 pacceaHus £,=0,46 M3B. OtseT: T, =0,14 M3s.

5. MNpw Kakoi ckopocTn V aneKkTpoHa ero AebpoiineBckas ANMHa BONHbI 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,
v -10
ABUKyLLeroca B obnactu, pasamep Kotopoit L=10"" m. OtseT: Thyin = 3,8 3B.

7. YacTMua B OAQHOMEPHOW NPSAMOYro/sbHOM “noTteHuManbHoi Ame” WupuHOW L ¢ 6ecKoHeYHO BbICOKMMU
“CTeHKamMKn” HaxoguTCA B BO3OYKAEHHOM cocTOsiHMM (n=2). OnpesennTb BEPOATHOCTb OBHaPYIKEHWUA YacTULbl B
obnactn 3L/8 <x <5L/8. OTseT: ® = 0,091.

8. OnpeaennTb A/IMHY BOJIHbI A, COOTBETCTBYIOLLYIO BTOPOW CNEKTPanbHOW NMHWUM B cepum lalleHa ans atoma
BOZOpOAA. OteeT: A =1,28 MKm.

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

=1,39-10" ner. orser: N, = 1,29-10.
10. CneaytoLLyto AAEPHYIO peaKLMIo HanuwmuTe B pa3sepHyToM Buae 1 onpegenurte X: 0 (d, n) X.
Otser: OF .

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

12. OnpenennTb SHEPrUIO AAEPHON peakunm fBe (p, &) 36 Li, aapo-muweHb fBe CYUTaTb HEMOABUMKHbIM.

OtBeT: Q =2,13 M3B.



2013 3MM®6-13-3__ XacaHosa J1.P.

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

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

2. Kakol u4actoTbl CBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HWKeNa, 4YTobbl MAKCMMasibHAaA CKOPOCTb

$OTO3/1EeKTPOHOB HblN1a paBHa vmax=3~106 m/c? PaboTa Bbixo4a 415 HUKeNA paBHa A, =4,84 3B.
OTtBeT: v=17,36 10" Mu.
3. OnpegenvTe sHEPIUI0 € U UMMYAbC P KBaHTA U3/yYEHUA C AJIMHOM BONHbI A = 5,5 MKM.
OtBeT: £=0,2263B; p = 1,2-10_28 Kr-m/c.

4. Ha kako# yron 6bin paccesH ¢oTOH ¢ sHepruent €; = 1,36 M3B Ha cBO6OAHOM 3N1EKTPOHE, eC/iM KUHEeTUYeCKan

SHeprua oT4a4yun aNeKTpoHa coctasnset T, = 0,68 MaB. OTtBeT: 6 = 51°.

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

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

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

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

8. ®oToH c 3Heprueir E = 12,12 3B, nornoweHHbIM aTOMOM BOAOPOAA, HAXOAALMMCA B OCHOBHOM COCTOSIHUM,
nepeBoANUT aToOM B BO3bOyKAeHHOe cocTosHMe. OnpeaenmnTb rNaBHOE KBAaHTOBOE YMC/I0 3TOrO0 COCTOAHUSA.
OTBeT: n=3.

9. AKTMBHOCTb HEKOTOPOro rfpenapaTa yMeHblaeTcA B NATb pa3 3a 14 aHeit. 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 on.

2
orset: ;o Ne.

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

12. Appo 6opa 1gB 3axBaTblBaeT HENTPOH, B pe3y/ibTaTe Yero rnosiyyaercs AP0 AUTuA 37Li n reama. Hanmwute

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



2013 3MM6-13-3__YepHoB AA.

1. OnpenennTb MOLLHOCTb, HEOBXOAMMYIO ANA NOAAEPHKAHUA HEU3MEHHOM TeMNepPaTypbl Pacn/iaBAeHHOrO
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. KaKylo MaKCMMasibHYH CKOPOCTb MOFYT MOJIYYUTb BbiPBaHHbIE W3 Ka/MA 3/1EKTPOHbI NPU 06y4eHUn ero
YyNbTPadnoNeTOBbIM CBETOM C AMHHOM BOMHbI A=0,2MKM? PaboTa BbiXxoAa AN Kanua pasHa A, =2 3B.

OTBET: Vo= 1,22 10° m/c.

2 18 -1
3. Ha nosepxHocTb niowagbio S=10 cm” nagaeT exkecekyHAHO Ny4yok $OTOHOB B KoamyectBe n=10" ¢ . OauHa
BO/IHbI Nagatolero cseta A= 500 HM. OnpegenuTb CBETOBOE AaBAeHME Ha MOBEPXHOCTb, ecan KoabouumeHT
oTpaxkeHna p=0,7. OTseT: p = 2,25 mKla.

4. lnnHa BOJHbI A ¢OTOH3 paBHa KOMMNTOHOBCKOW anvHe )\C 3/1EKTPOHa. doToH pacceanca Ha CBO6OLI,HOM

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

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

6. JAnHa BOJIHbI M3y4aemoro atTomom ¢oToHa cocTasnseT 0,6 MKM. Bpemsa »KM3HM aToma B BO3OYKAEHHOM
_8 o
coctosHun 10 c¢. OnpeaenuTte OTHOLIEHME €CTECTBEHHOW LUMPUHbI 3SHEPTeTUYECKOrOo YPOBHA K 3Hepruw,

N3/ly4EHHOM aTOMOM. OTseT: AE/E ~ 3-10-%,

v o o o —11
7. DNEKTPOH Haxo4MTCA B OQHOMEPHON 6eCcKOHeYyHOo rnyboKol noTeHumManbHoi ame wupuHon d = 100 m ¢
abCoNOTHO HENPOHMLAEMbIMW CTEHKAaMM. HaliTU HanMeHbLUIee 3Ha4YeHNe SHEPTUN 3/1EKTPOHA.

OtseT: Ejnin=3.7 K3B.

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

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

i 2N 209
10. B pe3sysibTate cepuu pafMoaKkTUBHbIX Pacnagos HENTYHUI o N npespawaeTca B BUCMYT g DI . Kakoe

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

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

12. Haiti 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 M3B.



2013 _3MM6-13-3__ lllarnBaneesa U.B.

v . 2
1. HanTuK, KaKoe KOMMYecTBO 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. MaKkcuMManbHan cKopocTb GPOTOINIEKTPOHOB, BbINETAKOWMX U3 MeTanna Npu 0b6ayvyeHun doToHamu, V.., = 0,88c.
Onpenenntb 3Hepruto GpoTOHOB. OTBeT: € = 0,565 M3B.

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

OtserT: E.= 37,5 MBT/M’

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

NOKOS 3/IEKTPOHa, HblN pacceaH Ha yron 6 = 180°. OtBeT: V=24 10® m/c.

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

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

OTBeT: Av/v ~ 10",

7. DNEeKTPOH B OZHOMEPHOW NPSAMOYronbHOM “noteHumManbHol ame” wWwupuHoW L c GECKOHEYHO BbICOKMMU
“cTeHKamKn” HaxoamuTca B BO3bYKAEHHOM cocTosHMM (n=4). OnpeaennTe BEPOATHOCTb OOHAPYMKEHMA INEKTPOHA B
nepson YeTeepTn “ambl”. OteeT: ® = 0,25.

8. Onpeaenntb AJ/IMHY BOJHbI A, COOTBETCTBYIOLLYIO BTOPOI CMEKTPanbHON MHWM B cepum MMaweHa ans atoma

BO4OPOAA. OteeT: A =1,28 MKM.

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

6b1na pasHa my= 0,3 r? Mepunopa nonypacnaga Ty, = 164 cyTok. OTgeT: t = 2,38 cyTOK.
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10. Agpa pasmoaKTMBHOIO M30TOMNa TOpPUA 90'I'h npeTepnesaloT Nocaea08aTeNbHO oi-pacnag, Asa B -pacnaga u
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onAatb a-pacnag. Onpeaennte KOHEYHbIN NPOAYKT pacnaaa. OTBeT: “gg Ra.

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

OtBerT: E = 20,58 M3B.

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

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



2013 3MM6-13-3__ Llapwunos P.P.

o - 2
1. TemnepaTtypa BHYTPEHHEN NOBEPXHOCTU MydeIbHOM Meyn Npu OTKPbITOM oTBepcTuM niowaapto 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. ®oToadpdeKT nponcxoant nog aenctemem nsyderHmsa ¢ A=0,09mkm. Onpesenntb paboTy BbIXOAA 3N1EKTPOHOB M3
MeTanna, ecnn GoTOTOK NpeKpaLLaeTca Npu 3aepKuBatoLLEel pasHOCTM noTeHumanos U,=3,8B.

OTtBeT: Ag.x=103B.

3. [laBneHune cBeTa Ha abCONOTHO YEPHYIO MOBEPXHOCTb, PACMOJIONKEHHYIO NEPMNEHANKYAAPHO /ly4am C AJIMHOMN
-7 o 2 o
BOMHbI A=5-10" m, paBHo p=10 mkla. HaiTtn uncno dotoHoB N, nagatowmx 3a t=1 c Ha S=1 cm” 3TOI NOBEPXHOCTMU.
17
OTseT: N=7,55-10"".

4. ®OTOH C ANMHOM BOMIHLI A; = 4,3 nm paccesncAa Ha cBoO6OAHOM 3/1eKTpoHe. Yron paccesiHna coctasun /2.

OnpepennTb 3HepPruio pacceaHHOro GoToHa U SIHEPruto, MPUXOAALLYIOCA Ha 9/IEKTPOH OTAAYMN.
OtBert: €' =0,185 M3B; T.= 0,106 M3B.
5. Mpu Kakoli ckopoctu V anekTpoHa ero aebpoiisieBckas AMHa BO/HbI byaeT paBHa: 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 OTHOCUTENbHYIO HETOYHOCTb AL/V, C KOTOPOI MOXKET BbITb ONpeaeneHa CKOPOCTb 31EKTPOHa.

OTseT: Av/u ~ 10-*,

7. B npamoyronbHoi “noteHumanbHoi ame” wWnpuHoi L ¢ abcoNtoTHO HeMpoHMLLA@eMbIMKN “CTeHKammK” HaxoamTcs
YacTMLA B OCHOBHOM COCTOSIHMM. HallTM BEpPOATHOCTb HaXOMAEHMA 3TOW YacTuubl B obnactn L/4 < x < 3L/4.
MoAcHWUTE M3MYECKUIA CMbICA MOAYYEHHOro  pesynbTaTa, M306pasuB rpaduyeckM MAOTHOCTb BEPOATHOCTU

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

8. HaiiTu sHepruio MOHM3AIMM BOAOPOAONOAOOHBIX HMOHOB, B CIIEKTPE KOTOPBIX JUIMHA BOJHBI TPEThEH JTHHHUU

cepun banbmepa paBua 108,5 HM. OtseT: E; =54,4 3B.
9. HaiATu nocTosHHy0 pacnaga pagoHa, eciv U3BECTHO, YTO YMC/I0 aTOMOB YMEHbLUAETCA 33 CYTKM Ha 18,2 %.

OTtBeT: A = 2,3-10_6 ct
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10. Agpa paamoaKTMBHOIO U30TOMNa TaNAua 81T| npeTepnesaloT Noc/ieA0BaTeNbHO TpU B -pacnaga v oamnH

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

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

OteeT: E=12,41 M3B.

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

OTBeT: Q=1,57 M3B.



2013 3MM6-13-3__ Ulapwunos Pyctam.P.

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. Mpn nccnepoBaHun ¢otoaddeKkTa C NOBEPXHOCTU HATpUA OblAM NOYYEHbl AaHHbIE: MPU YACTOTE W3/YyYEHUN
14 v 14

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

3a4eprkmBatowmii noteHuman U, = 1,22 B. icnonb3ya 3Tn AaHHble, ONpeaenTb 3Ha4YeHMe NoCToAHHOM MnaHKa.

Otset: h=5,9 10 X c.

—2 2
3. Onpenenntb KO3GOUUMEHT OTPAKEHNA P MOBEPXHOCTU, Naowaapto S=107" m°, eciv NpPU MOLLHOCTU U3NyYeHUA
N=12 BT gaBneHue cBeTa Ha 3Ty NOBEPXHOCTb OKaszanocb p=7,02 mklla. OTseT: p=0,755.

4. ®oTtoH npu adpdekte KomntoHa 6bin paccesH Ha cBOGOAHOM 3/1eKTPOHe Ha yron 0=m/2. Onpegennts AAUHY
BOJIHbl paccesHHOro GoToHa, eciv 3Heprua GOToHa A0 pacceaHus bbina €,=1,08 MaB.

Otser: A=3,58 10 ’m.
5. Haigute gnunHy BosiHbl Ae bpolina A gns anekTpoHa, o61afatolero KUHeTM4Yeckon sHepruen E, = 3 MaB.
OTBeT: A =0,36 Nm.

6. OnpeaennTb HETOYHOCTb AX B onpeneneHun KOOPAMHATbl 3/NEeKTPOHa, ABUIKYLLErocAa B aTome BOA0POAA CO
6 .
cKopocTbio v=2,2-10°m/c, ecnn ponyckaemass HeTouyHocTb Av coctasnser 10 % oT e€ BesnMuMHbl. YKasatb,

NPUMEHVMMO 1 NOHATME TPAEKTOPUM B AAHHOM Caydae. OtBeT: Ax=0,5 HM.

1/2 .
)/sm(nx/L) OMMCbIBAET OCHOBHOE COCTOSIHME YacTuLbl B BECKOHEYHO ry6oKoM

7. BonHoBasa ¢yHKuma F(x)=(2/L
NPAMOYTO/IbHOM fALUMKE LWMPUHOM L. BbluMcante BEpOATHOCTb HAXOXKAEHMA YACTULLbI B Manom UHTepsane AL=0,01L
B cpeaHen vactu AwmKa (L-AL)/2 < x < (L+AL)/2. MoacHuTe GU3MYECKUIA CMbICA MONYYEHHOro pesynbTaTa,

n306pasmB rpadpUYeckn NJIOTHOCTb BEPOATHOCTU OBHAPYIKEHUA YACTULLbI B LAHHOM COCTOAHUM.

Otset: ® = 0,02.

8. OnpeaenuTb ANMHY BOHbI CMEKTPaNbHOM IMHUW, COOTBETCTBYIOLLLEN Nepexoay 3/1eKTpoHa B aToMe BoA0poAa C
LIECTOro 3HepPreTMYeCcKoro YpoBHA Ha BTOPOM. K KaKoW cepumn OTHOCUTCA 3Ta IMHMUA U KaKasa OHa No CYETY B 3TOM
cepun? OtseT: A = 0,41 mKM; 4-aa nMHUA cepun banbmepa.

9. MNpenapaTt U*® maccel 1,0 r nanyyaet AN = 1,24-104 O-4acTuL, B CEKyHAy. HailTu nepuog nonypacnaga sToro
M30TOMa M aKTMBHOCTb NpenaparTa. Otset: Ty = 4,5-109}16‘T,' A= 1,24-104 pacn./c.

10. CneaytoLyto AAepHYI0 PeakLMo HanMwnTe B pa3BepHyTom Buae n onpegennte X: X (p, o) 2 Ne .
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Orser: ;;Na.

11. OnpenennTte sHepruto CBA3M ANA A4pa aToMma CBUHLUA ngPb . OTBeT: E,; = 1,622 3B.

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 3MM6-13-3__ LllnHKapes U.B.

1. ABCONOTHO YEpPHOe Teso HaxoauTcs npu Temnepatype T, = 2900 K. Mpu OCTbIBaHUM Tena A/IMHA BOJIHbI,
COOTBETCTBYIOLLLAA MaKCUMYMY CMEKTPaNbHOM NAOTHOCTU IHEPreTUYeCcKoM CBETUMOCTU, U3MEHUAACh HA A
=4 mKkMm. Onpegenntb Temnepatypy T,, 40 KOTOPOW OXNaANA0CH TENO. OtBerT: T, = 580 K.

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

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

4. ®OTOH ¢ gMHOW BONHbI A; = 2,04 Nm 6bln paccesaH Ha CBOBOAHOM 3/1EKTPOHE, KMHETUYECKAsA SHEPTUA OTAQUM
KoToporo coctasuna T = 0,103 MaB. OnpeaennTtb yron pacceaHma ¢oToHa. OTBeT: 6 = 34°.

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

6. OLEHUTb C NMOMOLLbIO COOTHOLWEHUA HeonpeaeNéHHOCTEN MUHUMANbHYIO KMHETUYECKYIO SHEPIUIO 3/1EKTPOHA,
JIOKaNIM30BaHHOro B 06nactu pasamepom L = 0,20 Hm. OTseT:
Tmin~ 1 3B.

7. YacTua B OAQHOMEPHOW MNPAMOYro/bHOM “noTeHuManbHon Ame” wWupuHoi L ¢ 6ecKoHeYyHO BbICOKMMU
“CTeHKamMKn” HaxoguTCA B BO3OYKAEHHOM cocTOsiHMM (n=2). OnpesennTb BEPOATHOCTb OBHaPYMKEHWUA YacTULbl B
obnactn 3L/8 <x < 5L/8. OTeeT: ® = 0,091.

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

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

1 104 132 1
10. Onpepsenute, € KaKMM aTOMHbIM AAPOM Bblna ocywecTeneHa peakumua X+ N — 75 Mo + 50 Sn +3 oN.
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Otset: ‘o, U .

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

12. OnpefennTb CyMMapHYHO KUHETUYECKYIO 3Hepruio agep, 06pa3oBaBLUMXCA B pe3y/ibTaTe peakumnm N

(d, oc)lslB , €C/IN KMHETUYECKAA IHeprua AeUTpoHa paBHa 1,5 MaB. Aapo-muiieHb cyuTaTh HEMNOLABUMKHbBIM.

Otset: T=6,67 M3B.



2013 3MM®6-13-3__ Arodapos U.P.

1. CKONbKO 3Hepruu msnyyaer abColOTHO YepHoe Teno 3a Bpema t = 2 ¢, N/iowWadab 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. Kakoli uyactoTbl cBeT c/ie4yeT HanpaBWUTb Ha MOBEPXHOCTb HUKeNs, 4YTobbl MaKCMManbHas CKOPOCTb
6
$OTO31EKTPOHOB BbiNa PaBHA Vma,=3-10" M/c? PaboTa BbiXxoAa 414 HUKeNA paBHa Ay, =4,84 3B.

OtseT: v=17,36 10" M.

—12
3. AnvHa BOAHbI mM3nyyenns 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. Onpegenntb yron 6, Ha KoTopblii Bbln paccedaH GoToH ¢ sHepruen £,=1,43M3B npu apdekTe KomntoHa, ecam

0
KMHEeTU4YecKan sHeprua aNeKTpoHa otaayum 1,=0,55 MaB. OTBeT: 6 ~ 39",
5. HanguTe annHy BoHbl Ae Bpoins anekTpoHa, ABMKyLLEeroca co ckopoctbio V = 0,3-¢, rge ¢ — CKOpoCTb CBeTa.
-12
OtBeT: A\;=7,7:10 " m.

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

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

7. DNEeKTPOH HaxoguTca B 6ECKOHEYHO rNyboKOM O4HOMEPHOM NPSAMOYTrO/IbHOM NOTEHLMWAIbHOM SLLMKE WNPUHOM
I. BbluMcAuTe BEPOATHOCTb TOrO, YTO 3NEKTPOH, HAXOAAWMICA B BO3OYKAEHHOM CcOCTOAHUM (n=2), byaeT
obHapyKeH B cpeaHei TpeTu ALLMKa. OTtseT: ® =0,195.

8. B voHe nantna Li*" anekTpoH nepelwén c 4eTBEPTOro sHEPreTMUYECKOro YpoBHA Ha BTOpoi. OnpeaennTb AANHY
BOJIHbI A U3/ly4eHUA, UCNYLLEHHOTO MOHOM NNTUA. OtBeT: A = 54 HMm.
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N = 4,6-1015 B-yactMuzat=1c. OtBeT: T = 4,32-105 C.

9. OnpeaennTb Nepuoa noaypacnaga sucmyta <. Bi, ecaM nssectHo, 4To BUCMYT Maccoir m = 1 r BbibpacbiBaeT
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10. Ainpa paAMoOaKTUBHOIO M30TONa PafloHa ‘g RN npetepnesatot nocneposatensHo ABa a-pacnaja, Asa

- o 207
B -pacnaga v onATtb a-pacnag,. OnpegenmTe KOHEYHbIW NPOAYKT pacnasa. OtseT: g, Pb.
11. OnpegennTte yoenbHy 3HEPIULO CBA3KM 4N1A A4Pa 162C . OtBeT: g, = 7,68 M3B/HYK/OH.
12. OnpefennTb CyMMApHYI KMHETUYECKYIO SHEPTUIO Afep, 06pa30oBaBLUMXCA B pe3ynbTaTe peakumm N

6

(d, oc)lslB , €C/IM KUHETUYECKan aHeprua AenTpoHa pasHa 1,5 M3B. A4po-MmuLleHb CYMTaTb HEMOABUMKHbBIM.

Otset: T=6,67 M3B.



