JIABOPATOPHAS PABOTA Ne 3 3
CIIEKTP U3JIYYEHUSA ATOMAPHOI'O BOAOPOJA
10.B. Tuxomupos
O3HakoMbTECH C Teopuel B KoHcnekTe u yueOHuke (Casenbes, 1.3, §12, §28).
3anyctute nporpammy (PHYSICS\BOOKS.exe). Haxmure MBIIIBIO KHOIKH
“KBant®, “Cnextp Bonopona“, “@u3nuka” Ha dKpaHe. 3anuIIuTe HEOOXOAUMOE
B CBOM KOHCIIEKT JIaOOpaTOPHOM pabOTHI.

[IEJIb PABOTBI:
J 3HAKOMCTBO C IIJIJAHETApPHOM M KBAHTOBOW MOJEIISIMU aToMa IMpU MOJIEIIU -

POBaHUM MPOILIeCcCca UCITYCKAHUS SJIEKTPOMATHUTHOTO U3JIyYEHUs BO30YKICHHBI-
MU aTOMaMH BOJOPOJA.

. OKCNepUMEHTAIbHOE MOATBEPKICHUE 3aKOHOMEPHOCTEN (POopMUpOBaHUS
JMHEWYATOro CIEKTpa U3JIYyYEHHS] aTOMAPHOr0 BOJOPOJa IPU HU3KUX JABIICHU-
AX.

. DKCIepUMEHTAILHOE OMpe/ieiieHre nocTosiHHon Punbepra.

KPATKASA TEOPUA:

CIIEKTPOM osnektpomarauTHoro usnydeHuss (OMMU) Ha3biBaeTCs COBOKYII-
HOCTb JJIEKTPOMArHUTHBIX BOJIH, W3JIy4a€MbIX WA MOIVIOLIAEMbIX aTOMaMu
(MonekyIamMu) TaHHOTO BEIIECTBA.

JIMHEWYATBIN CHEKTP COCTOWT U3 OTJEIbHBIX KOMIIOHEHT (JIMHUMN), OIM3KUX
K TApMOHHMYECKUM. PaccTosiHie Mexay TUHUSAMHU (MO IIKaJe JUIMH BOJH WUJIU Ya-
CTOT) MHOTO OOJIbIlIe IMUPUHBI JUHUN. TakoW CHEKTp HM3ITy4aloT aTOMAapHEIC
rasbl.

Kpome nmuHeNyaToro BIICISIOT €1Ie [TIOJIOCATBIN CIIEKTp, KOTOPBIA U3JIy4a-
10T Monekynspable rassl 1 CITJIOITHOM crekTp, M3TydaeMblii HarpeTbIMH
TBEPJIBIMU TEJIAMH.

IJIAHETAPHASA MOJIEJIb aroma: B LIEHTpe aToMa pacroJio)K€HO OYEHb Ma-
JIO€ TOJOXKHUTENBHO 3apsKEHHOE SPO, BOKPYT KOTOPOIO IO ONpEeeTIeHHBIM
(pa3pelieHHbIM) CTallMOHAPHBIM OpPOUTAM JIBHXKYTCSL AJIEKTPOHBI, Macca KOTO-
pPBIX BO MHOTO pPa3 MEHbIIE Macchl siapa. [Ipu nBrkeHuu mno opouTe 3JIEKTPOH
HE MCIyCKaeT 3JIEKTpOMaraHuTHoro uznyuenus (OMUN). [Ipu nornomennn MU
(poToHA) PNIEKTPOH MEPEXOTUT Ha 00JIee «BBICOKYIO» Pa3pelIeHHYIO0 OpOUTY, Ha
KOTOPOM €ro 3Heprus CTaHOBUTCS Ooibliie Ha BenuuuHy AE5;, paBHYIO 3HEprun
norjomeHHoro ¢oroHa Ee. Ilpu oOpaTHOM mepexoje 3JeKTPOH HCITyCKAeT
(boTOH ¢ TakoH xe 3Hepruu Eq = |AE5y |.

KBAHTOBAS mMonens aroMa OTJIMYAETCS OT IJIAHETAPHOM B MEPBYIO OYEPEIb
TEM, UYTO B HEH 3JIEKTPOH HE UMEET TOYHO OMNPEIECICHHOW KOOPJIMHATBI U CKOPO-
CTH, MOATOMY OECCMBICIEHHO TOBOPUTH O TPACKTOPUHU €ro JBHKEHUS. MOKHO
onpenenuTh (M HApUCOBATh) TOJIBKO TPAHUIIBI 00JIACTH €r0 MPEUMYIIECTBEHHO-
ro JIBM>KeHUs (opOuTtanu).

YPABHEHUE HPEJIVHI'EPA nna nBuUKEHUS SJIEKTPOHA B KYJIOHOBCKOM
oJIE si/ipa aToMa BOAOPO/Ia UCTIOIb3YEeTCs sl aHAIM3a KBAHTOBOU MOJEINH aTo-
Ma. B pesynbrare pemieHus 3toro ypaBHeHus mnonydaercs BOJIHOBAS




OYHKIMS, koTopast 3aBUCUT HE TOJIBKO OT KOOPAUHATHI T W BPEMEHHU t, HO U
0T 4-X mapaMeTpoB, UMEIOUINX JUCKPETHbIN HaOOp 3HAUEHUN M HAa3bIBAEMBIX
KBaHTOBbIMH unciaMu. OHM MMEIOT Ha3BaHUA: TJIABHOE, a3MMYTaJIbHOE, Mar-
HUATHOE Y MAarHUTHOE CIIMHOBOE.

I''TABHOE kBaHTOBO€ 4MCIIO N MOKET NMPUHUMATh LIEJIOYUCIECHHBIE 3HAYECHUS
1,2, ... OHO ompenensieT BEIUYNHY SHEPTUH JJICKTPOHA B ATOME

E.
E, = - —, rae E;- sHeprus nonusanuu aroma Bogopona (13.6 3B).
n

ABUMYTAJIBHOE (OPBUTAJIBHOE) kBanTOoBO€ umcio [/ omnpenensier Mo-
OyJb _MOMEHTa HKMIMYJbCAa JJEKTPOHA TMPU _E€ro OpOUTaIbHOM JIBUKEHUU
|Z|:h VI(/+1) . OHO mpuHUMAET HenouncieHuble 3Hauenns [=0, 1,2, ... n-1 .
MAT'HUTHOE kBaHTOBOE€ 4MCIO M; ONPENEsAeT NPOSKIMI0 BEKTOPA MOMEHTA
HMMITYJIbca OPOUTATBHOTO JIBMXKEHUS DJEKTpoHa [; Ha HampaBiieHHE BHEUIHErO
MarauTHOro moyis B . OHO IPUHMMAET IOJIOKUTEIbHEIE U OTPUIIATEIILHBIE 1IE-
JIOUMCIIEHHBIE 3HAYEHUs, 110 MOIYJII0 MeHbne uiu pasasie [ . Ly = imy, rue

m=0,x1,+2, ..., .

MAT'HUTHOE cnirHOBOE KBAHTOBOE YMCIIO Mg ONPEACISAET IPOCKIINIO BEKTOPa
coOCTBEHHOr0 MoMeHTa mmmyibca dekTpona (CIIMHA S) Ha HampaBicHHE
BHEIIIHEr0 MArHUTHOTO IMOJIsA B :

Sz = /i mg U MpUHUMAET TOJNBKO 2 3HaUeHHs: ms= +1/2, -1/2. JIy11 MOy CIIH-
Ha |S|=AVs(s+1), e S — CIHHOBOE KBAHTOBOE YHCIIO, KOTOPOE Yy KAKIOH da-

1
CTHIIBI MMEET TOJIbKO OJHO 3HaueHue. Hanpumep, 11 o1eKTpoHa s = - (anano-

TUYHO, IJIs1 TPOTOHA U HelTpoHa). J{ns doTona s = 1.

BBIPOX/IEHHBIMU Ha3biBatoTCS COCTOSIHUA DJICKTPOHA C OJMHAKOBOW dHEP-
TUEN.

KPATHOCTD BbIPOXJIEHM S paBHa KOJIWYECTBY COCTOSHUM C OJHOW U TOU
K€ DHEPrUei.

KPATKAA 3anuce cocrosaus anektpona B atome: LIMDOPA, paBHas riiaBHOMY
KBaHTOBOMY uucity, 1 bBYKBA, onpenensionmas a3uMyTalbHOE KBAHTOBOE YHC-
J10:

byksa S p d e f
3nauenue / 0 1 2 3 4
[TPABNJIO OTBOPA a3umytanbHOro kBantoBoro yucia Al = 1. DnexkTpoH B
aTOME MOXET NEPEXOJAUTh TOJBKO MEXAY COCTOSHUSIMH, YJIOBJIETBOPSIOIIEMY
yKa3aHHOMY IpaBUILy.

CIEKTPAJIBHOI CEPUEN Ha3biBaeTCs COBOKYIHOCTH JIMHHIl M3JTydeHUs,
COOTBETCTBYIOIIUX MEPEXO0/ay 3JIEKTPOHA B aTOME Ha OJIMH U TOT K€ HUKHUU
YPOBEHb SHEPIUHU:

Cepus Jlarimana banemepa [Tamena bpakera
ITepexo bl np - 1s ns - 2p, nf - 3d, ng - 4f,
nd - 2p np - 3d nd - 4f




Haxxmute Mplbio KHOTIKY «CTapT» BBEpXY dKpaHa. 3apuCyiiTe HE0OX0aUMOe ¢
9KpaHa B CBOM KOHCIEKT JJaOOPATOPHOM padOTHI.

KBEaHTOBAA (M3MKA MNocTynatu Bopa
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IoayunTe y npenonapaTeisi A0MYCK JJisl BBITIOJTHEHUs] H3MEPeHHid.
METOIAUKA u TIOPANOK USMEPEHUU

. ITonBeauTe Mapkep MBIIIH K YPOBHIO SHEPTUU JIEKTPOHA C HOMEPOM Ny,
yKa3aHHBIM B Ta0auue 2 Uil Baleil Opuraibl 1 HAXKMUTE JIEBYO KHOIIKY MBILIH.
. HaGnrogaiiTe u 3apucyiiTe MUTAIOLIME CTPEJIKK Ha MOJIEIN aTOMa BOJOPO-

1a (B JJEBOM BEpXHEM M0JI€), a TAKXKE CTPEJIKH B MPABOM IOJIe U OTMETKHU B HIX-
HEM I10JI€, COOTBETCTBYIOIIME JINHUSIM B JAHHON CEPUMU.

J 3anummuTe B Tabnauiy 1 BEeTWYWHY TJIABHOTO KBAHTOBOTO YHCIA Ny JIJIS
HIDKHETO YPOBHS SHEPIrUM JAHHOM CEpUM, HA3BAHWE CEPUM W JUJIMHBI BOJH
OTJEIbHBIX JIMHUH.



TABJIMLA 1.Pe3ynbratsl usmepenuit  TABJIMIIA 2 nns BbiOOpa Ha4aJIbHBIX

Cepus . N,= yCJ0BUH (HE NEPEPUCOBBIBATS)
Homep | n A, 1/, Howmep ['n.xB.4ncH0
JIAHUN MKM | MKM’ Opurajasl | HHXK.yPOBHS Ng

i=

1 1,5 1
2 2,6 2
3 3,7 3
4 4,8 4

OBPABOTKA PE3VYJIBTATOB U O®POPMJIEHUE OTYETA:
1. Boeruucnure v 3anuiuTe B Ta0auity 1 oOpaTHbIE IJIMHBI BOJH.
2. Onpenenute, nNepexoay Mexay KaKUMH KBAHTOBBIMH COCTOSTHUSIMU DJICK-
TpOHA B aTOME BOJIOPOJia COOTBETCTBYET Kaxasl JUHUS U3JTyUYCHHUsI. 3alUIIUTE
B Ta0JIMILy 3HAYEHUS N.
3. [Moctpoiite rpaduk 3aBUCUMOCTH OOpaTHOW uHBI BOJIHBI (1/A) oT
0OpaTHOro KBajapaTa TIIIABHOTO KBaHTOBOro uucia (1/n” ) ans maHHOM criek-
TPaJIbHOU CEPUMU.
4. Omnpenenute Mo HaKJIOHY rpaduka 3HaUeHUE MOCTOsTHHON Punbepra
_AQ@/N)
S A(1/n?)
5. 3anuimuTe OTBET U MPOaHATU3UPYUTE OTBET U TpaduKu.

TABJIMYHOE 3HAYEHUE: Ilocmosnnas Puobepea R = 1.100" m”

Bonpocsl u 3a1anus 1JIsi CAMOKOHTPOJIA 10 padore 3 3

UTto Takoe CHEKTp AJAEKTPOMarHuTHOTro u3iaydenus (OMUN)?

Urto Takoe nuHenHyaThii ciektp DMMN?

YTo gBIsI€TCA HCTOYHUKOM JIMHENYaToro cnekrtpa OSMUN?

Yo Takoe nosiocathiii criekTp MU 1 uTO ABIAETCS €r0 UCTOYHUKOM?

[Ipu KaKUX yCIOBUSX U3TYy4aeTCs CIUIOMHON criekTp OMIN?

Onummre miaHeTapHyo MOJIETIb aTOMA.

[Ipu KakuX yCIIOBHSX AJIEKTPOHBI B aTOME M3JIy4aroT WK noryiouatot OMN?
Kak cBs3aHbl Ipyr ¢ IpyroM XapakTepUCTUKHU (OTOHA U 3JIEKTPOHA, KOTO-
pBIii U3JIy4aeT TaHHbIA GOTOH?

9. Kakoe ypaBHEHUE UCIIONIB3YETCS I AaHAJIN3a KBAHTOBOW MOJIENIN aToma’?
10.YTo siBNsI€TCS pEMIEHUEM ITOTO YPABHEHHUS?

11.Kak onuchIBaeTcs 3JEKTPOH U €r0 IBUKECHUE B KBAHTOBOW MOJIENIM aTomMa?
12.Yt0 onpenensier KBaapaT MOLyJisl BOJIHOBOM (QyHKIMN?

13. laiiTe onpeneneHne opoUTaIn HNEKTPOHA B aTOME.

N LD =

*



14.Yto ompenenseT riaBHOEe KBaHTOBOe umcio? Hammmmre Gopmyny mis ero
HaXO0XICHUSI.

15.Yto onpeaensieT a3uMyTalibHOE KBaHTOBOE unciao? Hamumure dopmyiy as
€ro HaXOXICHUS.

16.Yto onpenensier MarHUTHOE KBaHTOBOE unciio? Hanummure dhopmyity mist ero
HaXOXKJEHUS.

17.910 Takoe CHuH 3JIEKTpOHA?

18.YUto onpenensier ciuHOBOE KBaHTOBOE uncio? Hamumure Gpopmyiny ans ero
HaXO0XJICHUSL.

19.Yto ompexenser MarHUTHOE CIIMHOBOE KBaHTOBoe uucio? Hanwumure ¢op-
MYy JUISl €T0 HAXOXKIEHUS.

20.4YT1o Takoe BBIPOXKICHHBIE COCTOSIHHS?

21.Kak onpenenutb KpaTHOCTb BBIPOXKICHUSI COCTOSTHUA?

22.PacummdpyiiTe KpaTKyIo 3aluch COCTOSHHUS JJIEKTPOHA B aToMe (2s”, 2p°).
23.Mo3eT JI1 3NEeKTPOH UMETh cocTosiHUE 2d 1 mouemy?

24.ChopmynupyiiTe npaBuio oToopa.

25.Y10 Takoe cnekTpaibHas cepus?

26.Ha3oBuTe Ha3BaHMS CHEKTPAIBHBIX CEPHUM M3TyYEHHUsS] aTOMApHOTO BOJOPO-
na. 3anuuImTe YCI0BUS AJI1 UX BOZHUKHOBEHHUS.



