Cemecmposoe 3adanue no gusuxe Ne 3 (2 kypc, 4 cemecmp). I'p. A36-288

Homep BapmanTa omnpezensiercst o nocieaHel nudpe HoMmepa 3a4€THOM KHUKKH CTY-

JIeHTa (HyJb — CUMTaTh Kak Bapuant Nel0).

Konmponvras pa6oma 00JIICHA COO@DOfCCZmb.'

TUTyJIbHBIN TMCT, HA KOTOPOM YKa3bIBAaeTCSA Ha3BaHUE 00Pa30BaTEILHOTO yUPEXKICHHS, Ha3BaHHE yueO-
HOro Kypca, HoMmep rpymnnsl, ®.1.0. aBropa, @.1.O. npenonasarens (peLeH3eHTa), MECTO U TOJ, BBIIOJIHE-
HUS paboTHhI; (TUTYJIBHBIN JUCT ABIISETCS MEPBOM CTPAHULICH KOHTPOIBHON paboThI).

Jluct 3amanus (BTOpasi CTpaHHIAa) C HOMEPOM BapuaHTa U TPEOOBAaHUAMHU K paboTe (KCEepOKOus 3aa-
HUS).

OcHoBHasl yacTh (pelIeHue 3aaa4).
KontponpHas opopmisiercst Ha muctax Gopmarta A4, 1ub0 B OTIEIBHON TETPaIH.

KoHTpospHast perucTpupyercs B JeKaHaTe.
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Bapuant Nel

Beraucnuts uCTHHHYIO Temreparypy 7 BoJbpaMOBOIl pacKajJeHHOW JICHTHI, €CIM PaJualMOHHBIN M-
poMeTp mokas3bIBaeT TeMueparypy Ipa = 2,5 kK. IlpuHATH, uTO mHOIJOMIaTENbHAS CIIOCOOHOCTDH I
BOJIb()paMa He 3aBUCUT OT YaCTOTHI U3IIyueHus u paBHa a; = 0,35.

Kpacnas rpanuma ¢potosdpdexra aist muaka Ao = 310 am. OnpenenuTs MakCUMaIbHY0 KHHETHYECKYIO

HEPTHUIO Tmax (POTOIIEKTPOHOB B AJIEKTPOH-BOJIBTAX, €CIIM HA I[UHK MAJaeT CBET C JJMHON BOJIHBI A =
200 umMm.

HeBo30yk/IeHHBI aTOM BOJOPOJA MOTJIONIACT KBAHT M3IyYeHUsI C JIUHON BOJHBI A = 102,6 HM. BbI-
YHCIIUTh, NOJIB3YSCh Teopueit bopa, paguyc » 3IeKTpOHHOH OpOUTHI BO30YKIEHHOTO aToMa BOJIOPO/Ia.

ITpu kaxoii ckopocTu neOpoiineBcKas JIMHA BOJHBI MUKPOYACTHIIBI paBHA €€ KOMITOHOBCKOM JJIMHE
BOJIHBI?

quy paBHa MUHUMaJIbHAsA HCOMPCACIICHHOCTE KOOPANHATHI ITIOKOAIICTOCA 3JICKTpOHa?

DJIEKTPOH HaXOUTCsI B 0ECKOHEYHO ITyOOKOM 0JHOMEPHOM MOTEHIMAIBHON siMe mKpuHOM 0,1 HM.
BbIuncauTh B 3€KTPOH-BOJIBTAX SHEPTHUI0 OCHOBHOI'O COCTOSIHUS 3JIEKTPOHA.

Onpenenuts 10110 CBOOOTHBIX AJIEKTPOHOB B MeTaiute nipu Temmeparype 7 = 0 K. sHepruu KoTopbix
3aKJIFOYCHBI B MHTEPBAJIC 3HAYCHUM OT 1/2€4x 1O Epmax.

Onpenenuts TeTUIOTY O, HEOOXOTUMYO JIJIsl HArpeBaHMS KpHUCTaLIa Kaymst Maccoid m = 200 T oT Temre-
patypsl 71 =4 K no temneparypsl 7> =5 K. [Ipunsats xapakrepuctuueckyto remneparypy ledas mis
kams Bo ®p = 100 K u cuurtath ycnosue 7' << ®p BbIIIOJTHEHHBIM.

Bbrauciuth 1eeKT Macchl, SHEPTHIO CBSI3U U YIETBHYI0 SHEPTHIO CBSI3H aJib()a-uyacTHUIIBI.



Cemecmposoe 3adanue no gusuxe Ne 3 (2 kypc, 4 cemecmp). I'p. A36-288

Bapuant Ne2

Yepnoe Teno umeer temneparypy 77 = 500 K. Kakoa O0yner remnepatypa 7> Tena, €Cliv B pe3yJbTaTe
HarpeBaHusl MOTOK U3JIy4EHHs YBEIUUUTCS B n = 5 paz?

Ha nmoBepXHOCTb Kanusi MagaeT CBeT ¢ JUIMHOM BOJHBI A = 150 HM. Omnpenenuts MakCUMaJbHYIO KHHE-
THYECKYIO YHEPTHUIO Timax POTOITIEKTPOHOB.

Berunciaurs o Teopun bopa paauyc 7, BTOpo# cTalMOHaApHONW OPOUTHI U CKOPOCTH Vo JIEKTPOHA HA
3TOM opOuUTE 7151 aTOMa BOJIOPO/IA.

Kakoii KMHETHYEeCKOW >Hepruei JODKeH o0JanaTh AJIEKTPOH, YTOOBI JeOpoiineBcKas IJIMHA BOJIHBI
Obly1a paBHA €r0 KOMIITOHOBCKOM JUIMHE BOJIHBI?

Berancimmrs MHWHUMAJIBbHYIO HCONTPCACICHHOCTh KOOPAMHATHI IOKOAIICTOCA IIPOTOHA.

[IpotoH HaxonuTcsi B OECKOHEYHO TIyOOKOM OJHOMEpPHOM moTeHuuanbHOW sime mmpuHoi 0,01 mwm.
Bbruncnuts B MEra3ieKTpOH-BOJIBTaX YHEPTHIO OCHOBHOT'O COCTOSIHUS IIPOTOHA.

I'epmanueBblll KpHcTalul, mupuHa AE 3amperieHHoN 30Hbl B KoTopoM paBHa 0,72 3B, HarpeBaioT oT
temriepatypsl ¢} = 0°C o temmnepatypsl £, = 15°C. Bo ckoabpko pa3 BoO3pacTeT €ro yjeabHasi MpOoBOIH-
MOCTb?

BbIuuciuTh  XapakTepucTUHYeCKylo Temmneparypy Op Jlebas juis skenesa, eciv NpH TeMIlepaType
T'=20 K monspnas temnoemkocts xkene3a C, = 0,226 JIx/K-Mmonb. Yenosue 7' << Op cUUTaTh BbINOJI-
HCHHBIM.

Bbruncaurs qe ekt Macchl, 3HEPTHIO CBSI3U U YJI€IbHYIO SHEPTHUIO CBSI3H sIpa fg Ca.
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Bapuant Ne3

Temmneparypa abcomotHo uepHoro tena T=2kK. Onpenenurts AIUHY BOJHBI Ay , HA KOTOPYIO IPUXO-
JUTCSI MAKCUMYM 3HEPIHU W3IYUYEHUs, U CIIEKTPAJIbHYIO IJIOTHOCTh SHEPIETUYECKON CBETUMOCTH (U3-
Jy4aTeJIbHOCTH) (7, T)max AJI1 TOM JUIMHBI BOJIHBI.

®oton ¢ sHeprueit € = 10 5B magaer Ha cepeOPAHYIO IUIACTHHY U BBI3BIBAET (GoTodhdexT. Onpenenursb
UMITYJIBC p, TIOJTy4CHHBIN TIACTHHOM, €CIIM MPUHSTH, YTO HANpPABJICHUS ABMKEHHUS (OTOHA U (POTOIIEK-
TPOHA JIe)KaT Ha OJJHOM NPAMOU, NEPICHANKYJIIPHON IOBEPXHOCTH IUIACTHH.

Berauciuts 1o teopun bopa nepuo 7T BpaleHus JIEKTpOHA B aTOME BOJOPOJA, HAXOASIIETOCS B BO3-
6y)K,Z[eHHOM COCTOSAHHNU, OTIPCACIIICMOM TIJIABHBIM KBAHTOBBIM YHUCJIOM 11 = 2.

Yemy noymkHa OBITH paBHA KMHETHYECKAasl YHEPTHUS MPOTOHA, YTOOBI NeOpOiIeBCKas AJIMHA BOJHBI COB-
rmajiajga ¢ €ro KOMIITOHOBCKOM JUTMHOU BOJIHEI?

Kunernueckass sHeprus 3JIEKTpOHA paBHA €ro HPHEPTrUM Mokos. Yemy paBHA MpU 3TOM MUHUMAaJbHas
HEOTPEAEICHHOCTh KOOPAUHATHI 3JIEKTPOHA?

Anbda-yacTuria HaXOUTC B OECKOHEUHO TIIyOOKOM OJHOMEpPHOM MOTEHIMaIbHOU siMe. UeMy paBHa
IIMPUHA SIMBI, €CJIM MUHUMAJIbHAsI DHEPT Ul YACTHUIIBI cOcTaBisieT 6 MaB?

[Ipu HarpeBaHWU KPEMHHEBOTO KpHUCTaiuia oT TemmepaTtypsl £ = 0°C no temneparypsl £, = 10°C ero
yJelbHasi IPOBOAMMOCTb Bo3pacrtaeT B 2,28 pasa. [lo npuBeeHHBIM JaHHBIM ONpPEAEIUTh HUPUHY AE
3aIpeleHHON 30Hbl KpUCTalIa KPEMHUS.

Cucrema, cocrosimast m3 N = 10*° TpexMepHbIX KBAHTOBBIX OCIMIIITOPOB, HAXOIUTCS MPH TEMIIEPATYPe
T'= O (O = 250 K). Onpenenuts 3HEPruto £ CUCTEMBI.

Beruncaurs qeexT Macchl, 3HEPTHIO CBSI3U U YEIbHYIO SHEPTHUIO CBSI3H spa 2§§ U.
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BapuanTt Ne4

Onpenenuts Temnepatypy 7' U SHEPreTHYECKYI0 CBETUMOCTD (M3ITy4aTelIbHOCTh) R, aOCOIOTHO YepHO-
r'0 TeJa, €CJIM MAKCUMYM SHEPTHU U3Ty4YeHUS TPUXOIUTCS HA JIIMHY BOJHBI Ay = 600 HM.

Ha ¢orosneMeHT ¢ KaToJ0M U3 JIMTHS MalaeT CBeT ¢ IIuHOW BoJHBI A = 200 HM. Haiitu HaumenbIee
3HAUYEHHUE 3aJCPKHUBAIOIIEH PA3HOCTU MOTEHUIHUAIOB Upin, KOTOPYIO HY>KHO MPHUIIOKUTH K (POTOIIEMEH-
Ty, YTOOBI IPEKPATHUTH (POTOTOK.

Onpenenuts u3MeHeHUe dHepTun AE 3JIeKTpOoHA B aTOME BOJOPO/Aa NIPH U3ITyYEHUH aTOMOM (DOTOHA C
YacTOTOH v = 6,28- 10" T,

Kunerndeckass sHeprus 3JIEKTpOHA paBHA €r0 PHEPTUH TMOKOS. BRMUCIUTH HeOpOMIEBCKYIO UIMHY
BOJIHBI JJIEKTPOHA.

Macca ABMKYIIErocst IpOTOHA B JiBa pa3a OOJIbIE er0 MacChl MOKOsI. BEIYHCINTS MUHIUMAIIBHYIO HEOTI-
peAeNeHHOCTh KOOPANHATHI IPOTOHA.

DJIEKTPOH HAXOJUTCS B OECKOHEUHO TIIyOOKOM OJHOMEpHON MOTEHUMANbHOW sme mupuHoil 0,1 HM.
BbraucimTh JUIMHY BOJIHBI U3JIY4YEHHUS IIPU NIEPEXOJIE FIEKTPOHA CO BTOPOTO HA NEPBbIN YIHEPTreTUYECKUN
YPOBEHB.

p-n-niepexoa Haxoautcs noa oOpatHeiM HampsbkenneM U= 0,1 B. Ero conportusnenue R; = 692 Owm.
KaxoBo conpoTusienue R, nepexo/ia npu NpsiMoM Halps>KeHUHU?

Mennsiit oOpazen; Maccoit m =. 100 r Haxoaurcs npu temneparype 71 = 10 K. Onpenenurs temory Q,
HEOOXOUMYI0 JJIsl HarpeBaHus oOpasua no temneparypsl 7> = 20 K. MoHO NpHUHATH XapaKTepUCTH-
YyecKyto Temneparypy Bo i meau paBaoi 300 K, a ycnoBue 7' << ®p cuMTaTh BHITIOJTHEHHBIM.

Onpenenuts MakKCUMalbHYH0 KUHETUYECKYI0 SHEPTHUIO 3JIEKTPOHA, UCITyCKaeMOTOo MPH pacmaae HeUTpo-
Ha. Hanucats ypaBHeHue pacnaja.
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Bapuant NeS

M3 cMOTpOBOTO OKOmIeYKa Me4yd uiinydaercs notok @, = 4 k/[x/mMun. Onpenenuts temneparypy 7
[IeYH, eCJIM [UIOMIAAb OKOLedKa S = 8 cm?.

KaxkoBa JOJIKHa OBITH JAJIMHA BOJIHBI Y-U3JIYUYCHUA, MAJa0IICro Ha INIATUHOBYIO IUIACTHHY, 4TOOBI MakK-
CHUMaJIbHasi CKOPOCTH (POTOAIEKTPOHOB OBLIA Vyax = 3 MM/C?

Bo ckosbko pa3 m3meHutcs nepuoj 1’ BpalleHHs 3JIEKTPOHA B aTOME BOJOPOJIA, €CIIH NPHU MEPEX0/e B
HEBO30YKJIEHHOE COCTOSTHIE aTOM M3ITy4raI (POTOH ¢ JUTMHOM BOJHBI A = 97,5 HM?

Kunetndeckasi sHEpTysi MPOTOHA B JIBa pa3a MEHBIIE €ro SHEPTUH MoKos. Uemy paBHa JneOpoiineBcKas
JUTMHA BOJTHBI IPOTOHA?

Yemy paBHa MUHHAMAJIbHAsI HEOTIPEIEICHHOCTh KOOPAMHATHI (POTOHA, COOTBETCTBYIOIIETO: a) BUANMOMY
M3JIy4YEHUIO C JUIMHOM BOJIHBI 0,63 MKM; O) pEHTT€HOBCKOMY M3JIyUYE€HHIO C JUIMHOM BOJHBI 25 M?

ITpoToH HaxoauTCs B OECKOHEYHO TTyOOKOM 0 JHOMEpHOM noTeHIManbHOU siMe mmpuHoi 0,01 nc. Bol-
YUCIUTD JIIMHY BOJIHBI U3Iy4YEHUs MIPU NEPEX0/1€ MPOTOHA CO BTOPOTO HA NEPBBINA IHEPIETUIECKUN Y PO-
BEHb.

Mertanibl TUTUY ¥ [IUHK TPUBOAST B CONMPUKOCHOBEHHUE ApyT ¢ Apyrom mpu temmneparype 7 = 0 K. Ha
CKOJIBKO M3MEHHTCSI KOHIICHTPAIHS 3JIEKTPOHOB MPOBOIUMOCTH B 1MHKe? Kakoit u3 3TuX MeTayuioB Oy-
IeT UMETH 00JIe€ BEICOKUH ITOTEHITHAII?

Hcronb3ysi KBaHTOBYIO TEOPHUIO TEIUIOEMKOCTH DWHINTEHHA, ONMpenenuTh KOdPPUIMEHT ynpyrocTa 3
CBS3U aTOMOB B KpucTajuie amoMunus. [lpunsate ais amomunus O = 300 K.

[Tpu aHHUTWIANHMY 3JIEKTPOHA U MO3UTPOHA 00pasyroTcs [Ba ramMmma-poroHa. HalTi sHEpTuio u AmuHy
BOJIHBI KQXJIOTO M3 ()OTOHOB, €CIIM KHHETHUYECKAsI SHEPTHS AJICKTPOHA 51 TIO3UTPOHA ObLIIa MHOTO MEHb-
1I€ UX DHEPTUU MOKOS.



Cemecmposoe 3adanue no gusuxe Ne 3 (2 kypc, 4 cemecmp). I'p. A36-288

BapuanTt Ne6

[ToTok u3nyuyenus abcosntoTHo uepHoro tena @, = 10 kBr. MakcumyMm sHEpruM U3iIydeHus: pUXouT-
sl Ha ITIMHY BOJIHBI Ay = 0,8 MKkM. OnpenenuTp miomaas S u3aydaronieid moBEpXHOCTH.

Ha meraumdecKkyro TUIAaCTUHY HAIpaBJIeH My4OoK YIibTpaduoneroBoro usmyudeHus (A = 0,25 Mxm).
@DOTOTOK MpeKpauiaeTcs Npu MUHUMAJILHOM 3aJ€p KUBarOLel pa3HOCTH MOTEHIMATIOB Unin = 0,96 B.
Omnpenenuts paboTy BbIX0Ja 4 JIEKTPOHOB U3 METalIA.

Ha ckoipko M3MEHHIach KMHETHUECKasi YHEPTHS AJIEKTPOHA B aTOME BOJOPO/JA MPU M3ITyUCHUH aToO-
MoM (poTOHA ¢ ATMHOH BOJTHBI A = 435 HM?

Macca IBHXKYIIETOCs 3JICKTPOHA B JIBa pa3a OOJbIIE €ro MacChl MOKOs. BeaucnuTh 1e0poiineBCcKyIo
JJIMHY BOJIHEI 3JICKTPOHA.

CpenHee paccTosiHUE 3JIEKTPOHA OT siipa B HEBO30YKJIEHHOM aToMe BOJOpoja paBHO 52,9 mM. Ber-
YUCJIUTh MUHUMAJIbHYIO HEOTIPEIEJICHHOCTh CKOPOCTH AJIEKTPOHA B aTOME.

DNEeKTPOH HAXOAUTCS B 0ECKOHEYHO TITyOO0KO# 0JHOMEPHOH MOTEHIIMATBHOM sMe mupuHoit 0,1 m.
Bb4ucinTh OTHOIIEHHE PAa3HOCTH DHEPTHUM COCEHUX YPOBHEH, COOTBETCTBYIOLIUX CPEAHEN SJHEPTUH
TEIUIOBOTO ABMKEHUs 3JekTpoHa npu temneparype 300 K, k atoit aneprum.

Comnpotusnenue R p-n-nepexoaa, HaxoAd1erocs mnoja npsmMumM Hanpsikenuem U = 1 B pasao 10 Om.
Omnpenenuts conpoTuBiieHue R, nepexojia npyu 0OpaTHOM HalpsHKEHUH.

Haiitn oTHOIIEHNE CpETHEN DHEPTUH <Exp™> TUHENHOTO OJHOMEPHOI'O OCUMIIIITOPA, BBIYUCIICHHOH 110
KBaHTOBOM TEOPUH, K IHEPTHU <€ > TAKOTO K€ OCLUUIUIATOPA, BEBIUUCICHHOM 10 KIaCCUYECKON TEOPHH.
Beruncnenue npoussectu 11s 1Byx temnepatyp: 1) 7=0,10g, 2) T = O, rae O — xapakTepucTuye-
CKas Temneparypa DHHIITeHHa.

BbraucinTh 3HEPTHIO SAEPHON peaKIuu n+lgB—>37 Li+ ;He.
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Bapuant Ne7

Kak 1 BO CKOJIBKO pa3 M3MEHHUTCS MOTOK U3Iy4EHHUs] aOCOJIIOTHO YEPHOTO Teja, €CIM MAKCUMYM JHEp-
THY U3TY4YEHHSI TIEPEMECTUTCS C KPACHOW TPAHUIIBI BUJUMOTO CTIeKTpa (Ami = 780 HM) Ha puoIIETOBYIO
(Am2 =390 uaM)?

Ha moBepxHOCTh MeTaia majaeT MOHOXpOMaTHUECKHi cBeT ¢ JuymHOW BoyHBI A = 0,1 Mxm. Kpachas
rpanmnna gorodddexra Ao = 0,3 mxm. Kakass mons sneprun HoToHa pacxoayeTcs Ha COOOIIEHHE HJIEK-
TPOHY KHHETHYECKOM dHEpTruu?

B kakux mpenenax A, TOJDKHA JISKATh JUIMHA BOJH MOHOXPOMATHYECKOTO CBETA, YTOOBI TIPU BO30YXK-
JICHUU aTOMOB BOJOPO/Ia KBAHTAMHU 3TOTO CBETA PAINYC 7, OPOUTHI AIEKTPOHA yBeIHImics B 16 pa3?

Yemy paBHa jeOpoiiiieBcKas JUIMHA BOJIHBI MPOTOHA, JBIDKYIIETocs co ckopocThio: a) 0,05 ¢; 6) 0,5 ¢
(c—CKOpOCTh CBETA B BaKyyMe).

Cpennee BpeMsi XU3HH BO30YKICHHOTO COCTOSTHHMSI aTOMa paBHO 12 HC. BBIUHMCINTE MUHUMAIIBHYIO
HEOMPEeIeNICHHOCTD JUTMHBI BOJHBI A=0,12 MKM H3TTy4eHHs TIPU NIEPEX0/Ie aTOMa B OCHOBHOE COCTOSTHHE.

ATOM BO/I0OpOJa HAXOIUTCS B OECKOHEYHO INTyOOKOM OJTHOMEPHOM MOTEHIMANBHOM siMe mmpuHoi 0,1 M.
BbraucimTe pa3HOCTh DHEPIUM COCEIHMX YPOBHEM, COOTBETCTBYIOIIMX CPEIHEH JSHEPIMHM TEILUIOBOTIO
JBI>KeHus1 aroma nipu temreparype 300 K.

Haiitu MUHMMaJIbHYO SHEPTUIO Winin, HEOOXOAUMYIO Uil 0Opa30BaHuUs Maphl JEKTPOH—IbIpKa B KpU-

crauie CaAs, ecii ero yjaelbHash MPOBOJUMOCTD Y m3MeHsieTcs B 10 pa3 npu M3MEHCHHH TeMITepaTyphl
ot 20 mo 3°C.

3unas, uto g anmaza Op = 2000 K, BBIYHCIUTH €ro yACNbHYIO TEIJIOEMKOCTh TPH TEMIIepaType
T=30K.

BberaucinTs 3HEPTHIO AAEPHON peaKuuu p+37Li —>2§He.
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BapuanTt Ne§

OmnpenenuTs NOrIomaTeIbHy0 CIOCOOHOCTb a7 CEporo Tela, Il KOTOPOro TeMIepaTypa, U3MEepeHHast
pasnanMoOHHBIM UPOMETPOM, Tpuo = 1,4 KK, Torna kak uctuHHas temneparypa 7 rena pasna 3,2 kK.

Ha mertann namaer peHTreHOBCKOE U3ydeHue ¢ AnuHoi BoyHbI A = 1 HM. IIpeneOperas paboToii BbIXO-
714, ONPEAETIUTh MAKCUMAJIBHYIO CKOPOCTD Vygy (POTOINEKTPOHOB.

B oaHO3aps1HOM HMOHE JUTHS 3JIEKTPOH MEPELIES C YETBEPTOIO SHEPreTUUECKOr0 YPOBHS HAa BTOPOM.
Onpenenuts IJIMHY BOJIHBI A M3IyUYEHHs, HCITYIIIEHHOTO HOHOM JIUTHS.

Berauciurs 1e0pOMIeBCKYIO IJIMHY BOJIHBI 3JIEKTPOHA, MPOIICIIEIO YCKOPSIONY0 Pa3HOCTh MOTEH-
manos; a) 500 B; 6) 500 kB.

EcrectBeHHas mmpuHa ciekTpanbHOU iuHIA A=0,55 MKM, COOTBETCTBYIOIIEH TIEPEX0Iy aToMa B OC-
HOBHOE cocTosiHre, paBHa 0,01 mv. OnipenenuTs cpeTHee BpeMsl )KU3HU BO30YKICHHOTO COCTOSIHUS aTo-
Ma.

YacTriia HaxoIuTcst B OECKOHEYHO IITyOO0KOH 0OJHOMEPHOM MOTEHIMAIBHON SIME IIMPHUHON | B OCHOBHOM
COCTOSIHMHU. B Kakux TOYKax sSIMbI TUIOTHOCTH BEPOSTHOCTH OOHAPYKEHHUS YaCTHUIIBI COBIAJIAET C KIACCH-
YECKOMU TNIOTHOCTHIO BEPOSTHOCTH?

Compotusnenne R; kpuctaiua PbS npu temneparype ¢, = 20°C paBao 10 Om. Onipenenurs ero compo-
TUBIIeHUE R, mpu Temmeparype t, = 80°C.

Mousipras temnoemkocts C,, cepedbpa npu temmneparype I’ = 20 K okasanace paBHoit 1,65 Jlx/(Moinb-K).
BplunciaTe M0 3HAYEHUIO TEIUIOEMKOCTH XapaKTEPUCTHYECKYIO Temmeparypy ®Op. YcioBue 7 << Op
CUHNTAaTh BBIIIOJTHCHHBIM.

BbruucmuTh SHEPTHUIO SIAEPHON PEAKIMU ; He+1;‘N —>1§ O+ p.
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Bapuant Ne9

MydensHas meus, motpebnsionias MomHocTs P= 1 kBT, mMeer oTBepetHe miomansio S= 100 cm?.
OnpenenuTts A0JIO 1| MOIIHOCTH, PACCEMBAEMOM CTEHKaMH TeUH, €CIIU TeMIepaTypa ee BHYTpEeHHE! 1o-
BepxHocTu paBHa | kK.

Ha wmerammnueckyro IUIACTMHY HAlpaBieH MOHOXPOMATHYECKMH IMyY4OK CBEeTa C 4YacTOTOM
14

v=7,3-10" I'n. KpacHas rpanuna Ao ¢ororddekra nns gaHHOro marepuana pasaa 560 am. Onpene-

JIATh MAKCUMAIIBHYIO CKOPOCTD Vygx (POTOIIICKTPOHOB.

DJIEKTPOH B aTOME BOJOPOJa HAXOIUTCS Ha TPEThEM 3HEPreTUYECKOM ypoBHE. OnpeenuTs KUHETHYe-
cKy0 7, IOTEeHIMaJIbHY0 /] ¥ OJIHY10 E 3HEpruto eKTpoHa. OTBET BBIPA3UTh B AIEKTPOH-BOJIBTAX.

Yemy paBHa JeOpoiileBCKasi JJIMHA BOJHBI TEIUIOBOTO HEHUTPOHA, OOJAMAIOIIEro SHEprHel, pazHou
CpezHel dHePTHH TEIJIOBOro ABWKeHU npu TemnepaTtype 300 K.

CpexHee BpeMst sKH3HH [H-Hy1b-Me30Ha coctaBisier 0,8x107'%, a ero sneprust mokost pasHa 135 MaB.
YeMy paBHa MUHUMaJIbHAs! IOTPEIIHOCTD OMPEIEIECHUS MAaCcChl YaCTULIbI?

YacTriia HaxoIuTcst B OECKOHEYHO IITyOO0KOH 0OHOMEPHOM MOTEHIMAIBHON SIME IMPHUHON | B OCHOBHOM
COCTOSTHMU. YeMy paBHO OTHOIICHHE IIOTHOCTH BEPOSITHOCTH OOHAPYIKEHUS YaCTHIIBI B IIEHTPE SIMBI K
KJIACCUYECKOM MIIOTHOCTH BEPOSITHOCTU?

KaxoBo 3Hauenue snepruun @epmu € y 3JIEKTPOHOB MPOBOJUMOCTHU JBYXBaJICHTHON Menu? Bripasuthb
sHeprur0 depmu B JUKOYIIAX U JJIEKTPOH-BOJIBTAX.

Beraucurs (o [le6ar) yaenpHyI0 TEIIOEMKOCTh XJIOPUCTOTO HATpws TpU Temieparype 1 = Op/20.
VYcenosue T << ®p cUUTATh BHINIOTHEHHBIM.

BbraucinTs SHEPTHIO SAAEPHON peaKuuu p+1513 —)3§ He.



Cemecmposoe 3adanue no gusuxe Ne 3 (2 kypc, 4 cemecmp). I'p. A36-288

Bapuant Nel0

1.

CpenHsist sHEpreTUdYecKkas CBeTUMOCTh R nmoBepxHocTH 3emun paBHa 0,54 Jix/(cm?-mun). KakoBa T0MK-
Ha ObITh TeMIiepaTypa 7 TOBEPXHOCTU 3EMIIH, €CJIH YCIOBHO CYUTATh, YTO OHA M3IIy4aeT Kak cepoe Teslo
¢ ko3 urmerrom yepHoTh ar= 0,257

®oron npu 3dpdexre Komnrona Ha cBOOOTHOM 3JIEKTpOHE OBLT paccesH Ha yrou 0 = /2. Onpeaenurs
umIysiec p (B MaB/c), mpuoOpereHHbIl 37IeKTpOHOM, e€ciii 3Heprus (oToHa A0 paccesHus: Obuia
g1 = 1,02 MaB.

@®oTOH BBEIOMBAET U3 aToMa BOAOpOada, HAXOAAIICTOCA B OCHOBHOM COCTOSSHUH, 3JICKTPOH C KHMHCTUYC-
ckoit aneprueit 7 = 10 3B. Onpenenuts sHEpTHIO € POTOHA.

CpenHss KMHETHYECKas dHEpTUs 3JIEKTPOHA B HEBO30YKJIEHHOM aToMe BoJopoja pasHa 13,6 3B. Bel-
YHUCJIUTh AeOPOIIEBCKYIO UTMHY BOJIHBI 3JIEKTPOHA.

CpemHee BpeMs KH3HH 3Ta-Me30Ha coctapisier 2,4-107° ¢, a ero smeprust nokost pasna 549 M»B. Bel-
YUCJIMTh MUHHUMAJIbHYIO HCOTIPCACICHHOCTb MAaCChl HaCTHUIIBI.

YacTriia HaxoauTcsi B 0€CKOHEYHO TIyOOKOW OJHOMEPHOH MOTEHIUAIBHON sMe MIHMPUHOH | B mepBOoM
BO30YXK/IEHHOM COCTOSTHUHU. B Kakux TOUYKax sIMbI TWIOTHOCTH BEPOSITHOCTH OOHAPYKEHUS YaCTUIIBI MaK-
CUMaJIbHa, a B KaKUX - MUHMMaJIbHa?

[Tpsimoe Hampspxkenune U, TPUIIOKEHHOE K p-n-niepexoay, paBHO 2 B. Bo ckombko pas Bo3pacTer cuia
TOKa yepe3 Nnepexo/1, eciim u3sMeHuTh temneparypy ot 77 =300 K no 7, =273 K?

Beruuciute no teopun Jlebas termoeMkocTs 1mHKa Maccodt m = 100 v mpu temmnepatype 7 = 10 K.
[TpuHATH 1715 LUHKA XapaKTepucThuyeckyto temmeparypy ebdas Op =300 K. Ycenosue 7' << ®@p cuutarb
BBITIOJTHCHHBIM.

BbraucinTs 3HEPTHIO AAEPHON peaKuu 12H +13H —>§He +n.



