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DoH/1 OLIEHOYHBIX 3HAHU MO TUCHUILIMHE KATOMHAaA (PU3UKA)»

Teoperuyeckue BONPOCHI.

dororpdext. O0bsacHenne Gporoaddexra. YpaBHeHue DUHIIITEHHA.

2. ®OTOHBI. DKCHEPUMEHTAIBHOE TOATBEPIKICHUE TEOpUU  (POTOHOB.
XapakTepucTUKu (POTOHOB.

3. Paccesnue anwsba-yactuil. Aaepnas monens atoma. [loctynarsl bopa. OnbiT
Opanka-I 'epua.

4. BopoBckoe YycliOBHE KBAaHTOBaHUS. JJeMEHTapHas OOpOBCKas Teopus
BOJOPOJHOTO aTOMa.

5. BonHoBele cBoiictBa uactull. I'unore3a  me-bpoitns. KopnyckymnspHo-
BOJIHOBOM AyaJIN3M.

6. [lpuammn  HeompeneneHHOCTH.  COOTHOIIEHHE  HEOMPEICICHHOCTEH

["aiizenOepra.

VYpasuenue peaunrepa. Bonnoas Gyukius. Ee pusnyeckuii cMbIC.

8. Yactuma B OJMHOMEpHOH MOTeHIMATbHOW sMe. [loTeHImanpHBI Oapbep.
TyHHenbHbIN 2 PEKT.

9. VpaBuenue Illpeamnrepa mis atoma Boaopoja. KBaHTOBaHWE PHEPTHH U
MOMEHTa uMIyJbca. BomHoBas (yHkuus atoma Boaopoaa. KBaHTOBbIE
qyucia.

10.CrexTpsl IIENOYHBIX METALIOB. MYyJIbTUIJIETHOCTh CIEKTpoB. CruH.

11.Pe3ynbTupyronmii MEXaHU4ECKU MOMEHT MHOTO3JIEKTPOHHOTO aToMa.
CnimH-opOuTaIbHOE B3aMMO/ICHCTBUE. KBaHTOBEIE YHCIa
MHOT'03JIEKTPOHHBIX aTOMOB.

12. 1Tpuaumn  Ilaynu. PacnpeneneHue 3JIEKTPOHOB IO SHEPrEeTUYECKUAM
ypoBHsM. [lepuoanueckas cucrema 3JIEMEHTOB.

13. XapakTepuCTUUYECKOE  PEHTTCHOBCKOE  m3iydeHue. OnTuyueckue U
PEHTT€HOBCKHE CIIEKTPBHI.

14, MarHUTHBII MOMEHT aroMa. | HMpoMarHuTHbIE COOTHOWIECHUs. DakTop
Jlanne.

15. ATom B MarHuTHOM Mojie. DPpdekT 3eemana.

16.9Heprust monekybl. MOIEKyISIpPHBIE CIEKTPBI.

17.Beiny)1eHHOE u3nydeHue. Jlazepsl.
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3agaum IS CAMOCTOSITEILHOTO pPeleHus
K snekrpoagam peHTreHOBCKOW TpyOKH NMPHIIOKEHA Pa3HOCTh MOTEHIMAIOB 60
kB. HauMenbmasg qiuvMHa BOJIHBI PEHTICHOBCKUX JIY4YEH, MOJIYYa€MBbIX OT 3TOMU
TpyOKu, paBHa 0,0194xm. HaliTu 13 3TUX JaHHBIX MOCTOAHHYIO [1naHKa.

HaiiTi KOpOTKOBOJHOBYIO TPaHHUIly HENPEPHIBHOTO PEHTTEHOBCKOTO CIEKTPA,
€CJIM M3BECTHO, YTO YMEHBIICHUE NPUIIOKEHHOTO K PEHTTEHOBCKOW TpyOKe
HanpsbkeHust Ha 23kB yBeIMYrMBaeT UCKOMYIO JTMHY BOJIHBI B 2 pasa.

[Ipu HEeKOTOpOM HANPSHKEHUM Ha PEHTICHOBCKON TpPYyOKE C alrOMHUHHEBBIM
AHTUKATOJAOM JITMHA BOJIHBI KOPOTKOBOJIHOBOM TpaHUIIbl  CILJIOIIHOTO
peHTreHoBcKkoro crekrpa paBHa 0,50nu. byner nu nabmogatsest npu 3ToM K-
cCepHsl XapaKTEPUCTHUUYECKOr0 CHEKTpa, MOTEHUUal BO30YXIAEHUS KOTOPOTO
paBeH 1,56xB?

[Tpu uzyuennn dorodddexra, okazaaock, 4To Je-OpoilsieBCKas JJIMHA BOJIHbI
(OTORJIEKTPOHA COBMAAAET C JJIMHOM BOJHBI BO3ACHCTBYIOUIETO M3Iy4YEHUS A.
Onpenenuts A, eciii padoTta Beixoga marepuana A = 4 3B.

Kakyro ckopocTh nmpuoOpeTaeT nepBoHaYaIbHO MOKOSIIUNACS CBOOOTHBIN aTOM
PTYTH TIPU TMOIJIOMIEHUU UM (POTOHA PE30HAHCHOW YAaCTOTHI M IEpPEeXojie Ha
NEepBBI BO30YKIACHHBIN ypoBeHb? [lepBriif moTeHIIMan BO30YKIEHHOTO aToMa
prytu 4,9B.

6/10 kKaKkoro MakKCMMaJIbHOTO MOTEHIHUAJIA 3aPSAAUTCSA YAAIEHHBIN OT APYTUX Tl
MEJHBIM IIAPUK TpU OOITYYECHUHU €ro DJIECKTPOMATHUTHBIM H3JIYYCHHEM C
JUTMHOU BOJIHBI A = 140mMm.

7 DJEeKTpOoH, MPOUIs pa3HOCTh MOTeHIUaNoB 4,98, CTalKUBaeTcs ¢ aTOMOM
PTYTH U NEPEBOJUT €ro B IMepBoe BO30ykJeHHOe cocTosHue. Kakyro nmuHy
BOJIHBI UM€ET (DOTOH, COOTBETCTBYIOIIUI MTEPEXOAY aTOMa PTYTH B HOpMaJIbHOE
COCTOSIHHE?

Onpenenute: 1) 4acTOTy BpallleHHs SJEKTPOHA, HAXOJISAILIErocs Ha MEPBOM
O0pOBCKOI1 OpOUTE; 2) SKBUBAJIECHTHBIN TOK.

MakcumanbHas [UIMHA BOJHBI CIHEKTPAIBHOM BOJOPOAHOW JIMHUU CEPUU
Jlaitmana paBna 0,12ukm. Ilpennonaras, uro noctosHHas Punoepra Hem3BecTHa,
OTNPEJENIUTh MAKCUMAJIbHYIO JUIMHY BOJHBI JUHUU cepun banbmepa.

Haiitu: 1) mepuon oOpaleHus 3J€KTpoHA Ha MEpBOM OOPOBCKOM opOUTE B
aToOMe BOJIOpOa; 2) €ro yrioByr CKOPOCTb.

OnpenenuTes 4acTOTYy CBETA, M3IYy4a€MOTO aTOMOM BOAOPOJA, MPHU IMEPEXOAE
AJIEKTPOHA HAa YPOBEHb C IJIABHBIM KBAHTOBBIM YHUCJIOM N = 2, €clu paanyc
OpOUTHI BJIeKTpOHa u3MeHmIcs B K = 9 pas.

ATOM BOJOpOJIa HAXOAUTCA B BO30YKICHHOM COCTOSTHMH, XapaKTepHU3yeMOM
IJIABHBIM KBaHTOBBIM 4MCIIOM N = 4. Onpeaenutb BO3MOXKHBIE CIEKTPAIbHbIC
JUHUM B CIEKTPE BOJOPOJA, NOSBISAIOIIMECS IpU MEpPEXoJe aroma U3
B030Y>KJIECHHOTI'O COCTOSIHHSI B OCHOBHOE.

OCHOBBIBasICh Ha TOM, YTO PHEPrUs MOHM3aLUU atoma Bojxopoaa Ei = 13,6 o5,
ONPEIENNUTh B 3JIEKTPOH-BOJIBTAX SHEPTUIO (POTOHA, COOTBETCTBYIOILIYIO CaMOM
JUTMHHOBOJIHOBOM JIMHUU cepuu banbmepa.
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[IpoTOH ABMXKETCS B OJJHOPOJHOM MAarHUTHOM ToJie ¢ uHAyKuuen B=15mT7 no
OKpykHOCTH paguycoM R=1,4u. Onpenenuts MIMHY BOJHBI A€ bpoins mis

MPOTOHA

2.0, Omnpenennuth, Kakyl YCKOPSIOUIYIO pPa3HOCTh MOTEHIMATIOB
JIOJKCH TIPONTH TPOTOH, YTOOKI JJIMHA BOJHBI J1e bpoiins A st Hero Obiia
paBHa 1 nm.

3apspKeHHas 4acTUlla, YCKOPEeHHas pa3sHocThio noteHuuanoB U=500 B, umeer
JIIuHY BOJIHBI 1e bpoiinsa A=1.282xnm. [Ipunumas 3aps 3ToM 4acTUIBl PaBHBIM
3apsiAy AIEKTPOHA, OIPEACIIUTh €€ Maccy.

Onpenenuth, Kak W3MEHUTCA JJIMHA BOJHBI A€ Dpoins sJIeKTpoHa aToma
BOJIOPO/Ia IIPU NIEPEXO/IC €ro C YETBEPTOM OOPOBCKOI OPOUTHI HA BTOPYIO.
MOHO3HEPreTHYECKUI Iy4YOK HEMTPOHOB, MOJIy4Ya€MbI B PE3yJIbTaTe SIACPHOU
peaknuu, magaet Ha kpuctami ¢ nepuogom d=0,15mum. Onpenenuts CKOPOCTh
HEHUTPOHOB, €ciii OpErroBCKOE OTpakKeHHE MEpBOTO Mopsaka Habmronaercs,
Kora yron ckonbxkenus ¢ =30,

[IpyHuMas, 4YTO OJEKTPOH HAXOAUTCA BHYTpU artoma auameTpoM 0,3mHm,
onpenenuTh (B AJIEKTPOH-BOJBTaX) HEOIPENEICHHOCTh DSHEPIUU  HTOrO
AIIEKTPOHA

DJEeKTPOHHBIN TyYOK YCKOPEH Pa3HOCThIO noTeHuuanoB U=1xB. U3BecTHO, 4TO
HeomnpeaeneHHocTh ckopoctu coctapisieT 0,1 % oT ee 4YHMCIOBOrO 3HAYCHHS.
OueHuTh HEONPEJAEIEHHOCTh KOOPAMHATHI AJIEKTPOHA. SBIISIOTCS JIU 3JE€KTPOHbI
B JIaHHBIX YCJIOBUSX KBAHTOBOM WJIM KJIACCHUYECKOW YACTULEH.

OnpenenuTs OTHOLIEHWE HEOIPEAEIIEHHOCTEN CKOPOCTH 3JIEKTPOHA, €CIIH €T0
KOOP/JMHATA yCTAHOBJIEHA C TOYHOCTHIO 10 10°x, n nblmHku Maccoit m=10" ke,
€CJIM KOOP/IMHATA YCTAHOBJIEHA C TAKOW YK€ TOUHOCTBIO.

ONEKTPOHHBIA TYYOK BBIXOJUT U3 OJJIEKTPOHHOM MYyIIKH TOJA ACHCTBHEM
pasnoctn nortenimanoB U=200B. OmpenenuTh, MOXHO JH OJHOBPEMEHHO
U3MEPUTHh TPACKTOPHIO IJIEKTpoHa ¢ TOYHOCTHIO A0 100nm (c TOYHOCTHIO
NOpsZIKa IMaMeTpa aToMa) U €ro CKopocTh ¢ TouHoCcThIo 10%.

DJIEKTPOH JBHXKETCS B aTOME BOJIOpOJia IO TMEpBOM OOpPOBCKOW opOuTe.
[IpuHHUMas, 4TO TOoMycKaeMas HEOINPEIEIEHHOCTh CKOpOoCcTH cocTaBiisaeT 10%o0T1
€€ YMCJIOBOI0 3HAYEHHUs, HAUTHU HEOIPENEIEHHOCTh KOOPAMHATHI 3JIEKTPOHA.
[IpuMeHnuMO JIi B JAHHOM clly4dae JUisl 3JIEKTPOHA MIOHATHE TPACKTOPHH.
Hcnonb3yst cOOTHOLIEHUE HeomnpeaeneHHocTel B hopme APy AX >7 , OLEHUTH
MUHHUMAJIbHO BO3MOXHYIO TOJHYIO HEPIHIO 3JIEKTPOHA B aToOM€ BOAOPOJA.
[TpuHATH HEONpEAENIeHHOCTh KOOPAMHATHI paBHON paauycy atoma. CpaBHHUTH
IIOJIyYEHHBIN pe3ynbTaT ¢ Teopueit bopa.

Bocrnonb3oBaBmmch COOTHOLIEHUEM HEONPEEICHHOCTEN, OLICHUTh
Pa3MBITOCTh HEPTETUYECKOTO YPOBHS B aTOME BOAOPOJIA AJsi BO30YKICHHOTO
cocTossHus (BpeMs ero xu3uu pasHo 1078¢).

YacTuia B OJTHOMEPHOH MPSIMOYTOJIEHOW «ITOTSHIUATBHON siMe» mupuHOu | ¢
OECKOHEYHO BBICOKMMHM «CTE€HKaMH» HAXOJHUTCSI B OCHOBHOM COCTOSIHUU.
Omnpenenutb BEpOATHOCTh OOHAPYKEHUS YACTULIBI B JIEBOM TPETH «SIMBD.
DJIEKTPOH HAXOAUTCA B OJHOMEPHON MPSIMOYTOJIBHOM «MOTEHIUATIBHOM SIME»
mprHO# | ¢ 0ECKOHEYHO BBICOKMMHU «CTeHKamMmu». ONpeaeauTb BEPOSITHOCTD
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OoOHapy>KeHHUsI DJIEKTPOHA B CPEHEN TPETHU «SIMbD», €CIIH JJIEKTPOH HAXOJUTCS B
B030yx1eHHOM cocTosiHuM (N = 3). [TosICHUT PU3HUECKUIT CMBICITIONYYCHHOTO
pe3ynpTaTa, M300pa3uB TpadUUYecKd IJIOTHOCTh BEPOATHOCTH OOHAPYKCHHS
3JIEKTPOHA B JAHHOM COCTOSTHHUH.
YacTuia B OJTHOMEPHOHN MPSIMOYTOJIEHOW «ITOTCHIMATBHON siMe» mupuHOu | ¢
OCCKOHEYHO BBICOKUMHU «CTEHKAMI» HAXOJUTCS B BO3OYXICHHOM COCTOSHUU
(n = 3). Onpenenuth, B KakuxX Todkax «IMb» (0<x<l) IIIOTHOCTb BEPOSTHOCTH
OOHapyXXeHHsI 4YacTHIBl: 1) MakcMMalbHa; 2) MHHUMaJbHA. [lOSCHUTH
MOJIYYeHHBIN pe3yNbTaT rpaduyecKu.
Onpenenutb, TMNpuU  KAaKOW  [IUPUHE  OJHOMEPHOM  MIPSIMOYTOJLHOM
«IOTEHITUATBLHON SIMBDY C OCCKOHEYHO BBICOKMMH «CTEHKAMM» THUCKPETHOCTH
HEPreTHYECKOTO CHEKTpa dJIEKTPOHA CPaBHUMA C €ro CpeIHEH KUHETUIECKOU
sHepruen npu temmeparype T.
Jloka3aTh, 4TO PHEpPrusi CBOOOJIHBIX JJIEKTPOHOB B METalJIe HE KBAHTYETCS.
[TpuHATH, 4TO MIKMPHHA | IPSIMOYTOIBHON «IOTECHIIMAIBLHOMN MBI ¢ OECKOHCUHO
BBICOKMMU «CTEHKaMU» JJI 3JIEKTPOHA B MeTaluie coctaisieT 10cm.
Brinucath criekTpalibHble 0003Ha4Y€HHsI TEPMOB aTOMa BOJOPOJA, AJIEKTPOH
KOTOPOTO HAXOJIUTCS B COCTOSIHUH C TJIAaBHBIM KBAHTOBBIM YHCIIOM N=3.
CKOJBKO W Kakue 3HA4YCHHS KBAaHTOBOTO dYHCIa J MOXET WMETh aToM B
COCTOSIHUM ¢ KBAaHTOBBIMHU YHciiaMu S 1 L, paBHBIMH COOTBETCTBEHHO: a) 2 U 3;
6)3u3;8)52u2?
Haiiti BO3MOXHBIC MYyJIBTHILIETHOCTH V TepMoB Tuma: a)'D,; 6)'P | B)"F,.

#
CKOJIBKO CTHIEKTPAJIbHBIX JTMHUH, pa3pelIeHHbIX IPaBIIaMi 0TOOPA, BO3HUKAIOT
IpHU TIepexojie aTOMOB JUTHS B OCHOBHOE COCTOSIHHE W3 BO30YXIACHHOTO 4s
COCTOSIHUS?
BrimucaTts BO3MOXHBIE TEPMBI aTOMOB, COJ. KpOME 3alOJHEHHBIX 000JI0YeK, 2
DIIEKTPOHA: S U .
BrImicats BO3MOYKHBIC TEPMBI aTOMa, KOTOPBIH KPOME 3aTOJTHEHHBIX 000JI0UEK
UMEET JBa p AJICKTPOHA C Pa3HBIMU TJIaBHBIMU KBaHTOBBIMH YHCJIAMHU.
Kakyto MUHUMAaJIbHYIO SHEPTHIO MOKET MMETh 3JICKTPOH B HoHe He™, umerormii
opOuTaIbHOE KBAaHTOBOE uucio | = 3?
HapucoBaTth cxeMy mepexo/ioB, ONPENCIUTh YUCIO KOMIIOHEHT U BEIMYHUHY
pacmeruienns B 3p¢pekre 3eemana Ha auaMK 4 Dy o —*Py » . MarautHoe mose
CUHUTATh CITA0BIM.
Paccmotpute >gdext 3eemana s nepexona °G; — °F;. [Tokaxute Ha cxeme
pacIIeTieHHe KaXKJOor0 W3 YPOBHEM B MarHUTHOM TIOJIE W pa3pericHHBbIC
nepexonl. Onpeaenure CMeeH!s PacIeTICHHBIX TTOTypOBHEH OTHOCUTEIIHHO
MEPBOHAYAIILHOTO COCTOSHUS M YaCTOTHI, HAOTI0JaeMbIe B CTIEKTpe. MarHuTHO®
M0JIE CYUTATh «CIA0BIM.
ATOM HaxoJWTCS B MarHUTHOM moJjie ¢ uHaykiued B = 177, Haittu momHoe
pacmeruienne AE (2B) tepmos 'S, 'P,'D.
Ha cKOJIbKO KOMITIOHEHT PacHIEIUTCs B MArHUTHOM T1oJie Tepm: 'S; 'P;'D; 2D, , ?
?ga} 2(|):KOJ:IIZII§0 %Ioz[ypOBHeﬁ pacuienuTcss B ci1adOM MarHMUTHOM IIOJIE TEPM:

0 5/2 1/2 o
BBIUHCIUTE TIOJHOE pacIIeluleHrne A® CHeKTpalIbHOW JinHMH D — 3P B

3 2
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c1ab0M MarHUTHOM TI0JI€ C MHIYKIIUEH B=34-10"Tun.

HCKOTOpaH CIICKTpaJIbHAA JIMHHUA, 06YCJIOBJI€HHaSI IIepexoaoM B ’S - COCTOAHHC,
pacmicniniiaCb B ci1aboM MarHuTHOM IIOJIE Ha IIeCTh KoMmoHeHT. Hammcathb
CHCKTp&JIBHBIﬁ CUMBOJI HCXOOHOI'O TEpMaA.

I/I306paBI/ITI> CXCMY BO3MOJKHBIX IICPCXOI0B B c71a00M MarHMTHOM IIOJIC MCIKIAY

TepMaMu 2P3 ] u °S 14 Beraucante qig marautHoro mnoiit B = 4.5x/¢
-1 o
cMelneHus (B ¢ ) 3¢eMaHOBCKMX KOMITOHEHT 3TOM JIMHHUH. 5
BeramcnuTh mosHOE pacmierieHue A CIIeKTpaabHOW JIMHUHU D 5P B
3 2

c1aboM MarHUTHOM T10Jie ¢ uHaykiuen B = 3,4x/[ c.

HaueptuTh, cXeMy 3€eMaHOBCKOIO DACIICIUICHHUS CIEKTPAIbHOW JMHUM IS
nepexona S <> P U ONpeieNuTh CABUT OTAEIbLHBIX KOMIOHEHT OTHOCUTEILHO

1 1

HEBO3MYLIEHHOM JIMHUU. Hanps»KeHHOCTh MAarHUTHOTO 10JIsA /9A4/M.

9 1
CKOIBKO CHEKTPabHBIX JHHHUI OyaeT HaOmomathes npu nepexogax D <> P
2 1

1 3D <°P B ¢1a60M MarHUTHOM TOJIE?
2 1

) 4 4
N306pa3uth rpaduyecku paciierjieHue ypoBHEH D, ] u F72‘ B clabom

MAarauTHOM IIO0JIC U YKa34aTb BO3MOJKHBIC IICPCXObI.



