23 Kuaaccudukaims cCOCTOTHUN MHOTO3JIEKTPOHHBIX
aTOMOB

B mpeapiaymeit romaBe MBI y2Ke THCAIA O TOM, UTO ypaBHenue [llpeaunre-
pa /i aToMa I'ejidsl He MMEET aHAJUTUIECKOro pertenud. [ljas MHOTO3/1€K-
TPOHHBIX ATOMOB He MMeeT CMBICIA IMOMBITKA TaykKe THUC/JTEHHOTO PEIeHus
[IOJIHOI'O ypaBHEHUst 6€3 yUPOLIEHUil, B 4eM JIerKo yOejuThCst Ha CJIe/lyIoIeM
npumepe. B ypasuenun [IIpennnarepa, onmuchBaiomneM KyJI0HOBCKOE B3AMMO-
netictBre N 971€KTPOHOB

A+ T (B - U =0,

Jlarjiacuan Depercs 10 BCeM KOOP/MHATAM BCEX 3JIEKTPOHOB, CJI€/I0BATEILHO,
BosiHOBasi pyHKIug 3aucut ot 3N koopaunat. llorenrumanbuas sHeprud
COCTOUT U3 JIBYX 4YaCTeil:

N
U= U+ ) Uy
i=1 i>j

B sroit dopmyne U; — sueprus NpuTSyKeHus i-T0 37IeKTpoHa K aapy, Ui —
SHePTusd OTTAJKUBAHULA ¢—TO U j—TO 3JEKTPOHOB!

Ze? e2
Ui=——, Uj=—,

r; r; j

a7jj, KK 0OBITHO — PACCTOAHNE MeXK 1y 37eKTpoHamu (cM. puc. 23.1). Orennm

Puc. 23.1. KymonoBckoe B3anMoAefiCTBIE 3TEKTPOHOB U SAPA

TeXHUYECKUE TPYIHOCTU JIJisi MHOT'O3JIEKTPOHHBIX CHCTEM. Y aToMa Keje3a
26 3/1eKTPOHOB, CJI€0BATE/ILHO ypaBHEeHUEe Oy/IeT 3aBUCETH OT 78 HPOCTPaH-
CTBEHHBIX TIEPEMEHHBIX. ,ZLOHYCTI/IM HaM Ha/I0 TOCYHUTATH IIO 10 TOYEK JIJIA
KazK /10 TepeMeHHO, 3HAYUUT JIJIsI TOT0, YTOOBI OMUCATH BOJTHOBYIO (DYHKITHIO,
mam ronaqo6urest 1078 wncesr. Copemennbrit DVD- ek MOKeT 3aOMHATE
okoi0 10 I'6 mudopmanuu, To ects, morpebyercsa mopsaka 10% xommaxt-
JHCKOB. ECJII/I BpeMd CIUTBIBaHUA C JUCKa MPUHATH PaBHBIM O)IHOI‘/JI CEeKyH/ie,
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TO W B 3TOM CJIydvae 3alnch WHMOPMAINN PO TATCS 1058

TTOPSIKOB TIPEBLITIIAeT BO3pacT Bcemennoii.

ITosTomy Bce Teopermyeckue pacdeTbl HOCAT MPUOIN3UTEHHBIN XapaK-
Tep U TPEeJOIAraioT, YTO B PACCMATPUBAEMOI CUCTEME PEATN3YeTC I TOT WIN
uHo#t Tun cummerpun. Ocobyio PoJib B aTOMHON (DU3WKE UTPAET TUIOTEe3a
IIeHTPATEHO~CUMMETPUIHOTO, W ITEHTPATBLHOTO TTOJIS.

C, 9TO Ha MHOTO

23.1 IlenTpajbHOE TIOJI€ U JIEKTPOHHAA KOHQMUTYpPAIUAT

Moiesib MEHTPATBLHOTO TIOJIsT UCXOAUT U3 MPE/INOI0KEHNsT, ITO KAZK IbIi
9JIEKTPOH B aTOMe JBUXKETCS B MOTEHIINAsIe, 3aBUCAIIEM TOJTBKO OT PACCTO-
guug 710 syapa. Ha 9Toit Mojesau OCHOBaHA W3JIOXKEHHAs BBIIIE KJiacCudu-
KaIs ypOBHEN BaJIEHTHOTO 3JIEKTPOHA B IMEJOYHBIX MeTasaX. ['mmorezoit
[EHTPAIBLHOIO TI0JIsi MbI, 110 CYTH, [I0JIb30BAJIUCh B MPEALIAYIINEH I/1aBe mpu
pacudére COCTOAHMIT aTOMA T'eJiUsl, TaM YK€ BBEJIEHbI MOHATHS KOH(MUTYPATUT
U TepMa. 3J1eCh Mbl X PACIIUPUM TAaKUM 00PA30M, 9TO OHU CTAHYT [PUME-
HUMBI He TOJILKO K &TOMY TeJiis, HO U K JIIOOOMY MOHY WJIN aTOMY.

Cremaem ob11ee peInoIoKeHne, ITo KaHcoovili STEKTPOH B PACCMATPUBA~
eMOM WOHE WMJIM aTOMe HAXOAWTCHA B T0JIe, 00/IaIal0NuM IeHTPAILHON CHUM-
MeTpuelt oTHocuTebHO sapa. CorylacHO MOjenn, ecjau B cucreme ectb N
9JIEKTPOHOB, TO dJIEKTPUUIECKUe moJid Jiroboit moacucrembl w3 N —1 3j1eKTpO-
HOB CKJIQIBIBAIOTCA TaK, ITO HATPIKEHHOCTD T0JId, B KOTOPOM OKAa3bIBAETCSI
[OCJIeHUN SJEKTPOH, HAIIPAB/ICHA BJIOJIb IIPAMOl, COCIUHSIONIEN ero C sji-
poum. g ciyyas N=4 onmcbiBaemMasi CUTYyallusl CXeMaTUIeCKu m300parkeHa
Ha puc.23.2, 1j1e KPACHbIM [IBETOM OTMEYEHO $i/IP0, a 3€JIEHBIM — DJIEKTPOHbDI.
DTy I'UIoTe3y HEBO3MOXKHO 0DOCHOBATH AIPUOPHO, K TOMY K€ OHa He BCerja

N 7/

/ N

Puc. 23.2. KaxapIit 9/IeKTPOH HAXOJIUTCA B TOJIE C MEeHTPAJIbHON CUMMeTpuei

OKa3bIBaeTCd cripaBeiuBoii. Tem He MeHee, OHA IMUPOKO MPUMEHSIETCS Ha
MPAKTHUKE, TAK KAK TO3BOJISET CIETATh NEPeuill waz B CIEKTPATHHON KJIac-
cudukanuu. OUbIT UCCAEIOBAHUN CTPYKTYPHl ATOMHBIX CIIEKTPOB TOKA3AJI,
YTO T'uioTe3a HEeHTPAJIbHO—CUMMETPUYHOI'O II0JId, KaK IIPaBWUJIO, OIIPpAaB/IbI-
Baercd. Ciydaun, KOrjja 3Ta MOJe/Ib MPUBOUT K KAYECTBEHHO HEIIPABUILHOM
kj1accuUKAIIN COCTOSTHII, BECbMa HEMHOTOUYUCIEHHBI, U MbI UX Oy/IeM Oro-
BapuBaTh 0CO00.
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BakubIM ceacTBIEM COETAHHOTO TIPEATTONOKEHTST STBISIETCST COXPAHEHTe
SHEpPrun U OPOUTAJIHLHOTO MOMEHTA KayKJIOr0 3JIEKTPOHA B OTAEILHOCTH. Ta-
KM 00pa3oM, B MOJEIN ITeHTPATbHO—CUMMETPUTHOTO TTOJsT TOUHBIMI KBaH-
TOBBIMU YHCJIAMHU OKa3bIBAIOTCS TJIABHOE KBAHTOBOE YHCJIO N JEKTPOHA, a
Tak»Ke ero opobuTaabHOe [ M MarHWTHOE M; KBAaHTOBBIE JYUCIA.

I'nnoresa MmeHTpaIbHO-CUMMETPUYIHOTO TTOJIA TT0O3BOJISIET BBECTH TTOHSITHE
JIEKTPOHHON KoHPuypayuu. Ilycrs arom comep:xkut k smekTponos. llepe-
GHUC/IMM 10 MOPSAIKY BCE 3HAYEHUs 1 U [ J/Id KaXKJI0T0 3JIEKTPOHA:

nili, nalo, ... ngly,

HPpUYEM Jiisi [ Mbl IPUBOJAUM HE CAMO YKCJIO, & €10 CUMBOJL, COIJIACHO TaD/IULE
B pasgene 16.7.

DJIEKTPOHBI C OJIMHAKOBBIMU 3HAUEHUSIMU 000MX KBAHTOBBIX UUCEN, N U [,
Ha3BIBAIOTC «dKBUBaJIeHTHBIMUY. [Ipwatun [Tayim mnemaer wx cBoiicTBa Cy-
IIIECTBEHHO WHBIMU, YeM Y «HEIKBUBAJEHTHBIX» DJIEKTPOHOB, TO €CTh, JI€K-
TPOHOB, PA3INYAIOIINXCST 3HATEHUSIMU XOTsI ObI OJTHOTO W3 JIBYX KBaHTOBBIX
quces. st 9KBUBAJIEHTHBIX 3JIEKTPOHOB TPUHSAT YIPOIIEHHBIN CI1OCOO 3a-
[IUCH: PUBOJNTCA TIAPa Iucesa nl, OJUHAKOBAs JJIs BCEX DJICKTPOHOB, & HA
MECTE TIPABOT0 BEPXHEr0 MHIEKCA — YUC/I0 3eKTponoB. Hampumep, koudu-
IypaIs U3 IsTH SKBHBAJCHTHBIX 2p-9€KTPOHOB 0003HAUAECTCS KAK 2p°.

Knaccudukariust 3/1eKTPOHHBIX COCTOSIHUN OIIPEJIe/IAeTCsi, B OCHOBHOM,
OpOUTAJIbHBIM KBAHTOBBIM YHCJIOM [, B TO BpEMsi KaK 3HAYEHUE IJIABHOIO
KBAHTOBOTO YHUCJIA 7 9aCTO OKA3BIBAETCSA HECYIECTBEHHBIM. B Takmx ciyda-
SIX TPUOEraoT K yIpoIméHHo (popMe 3amucn, yKa3biBas TOJILKO HAb0Op opou-
Ta/IBHBIX 9HCesI, HApuMep, spd2. 3/ech uMeercst B BUJLY KOH(UTYPAIAS 13
YeTBIPEX DJIEKTPOHOB: OJHOTO S$—3JIEKTPOHA, OJHOTO P—3JTEKTPOHA U JIBYX K-
BUBAJIEHTHBIX d-371eKTpOoHOB. Ec/im He yKazaHo rjiaBHOE KBAHTOBOE HUUCJIO 1,
TO HEODOXO/IUMO YMETh PA3IuvaTh SKBUBAJIEHTHBIE I HEIKBUBAJIEHTHBIE JI€K-
TPOHBI C OJIHUM U TeM Ke 3HAUEHUeM [. DTO JIeIaeTCsl CAeYIOmM 00pa3oM:
B Cjlyuae HEeSKBUBAJIEHTHBIX 3JIEKTPOHOB CUMBOJI YUC/A | THUIIETCA CTOIBKO
pa3, CKOJIbKO €CTh 3JIEKTPOHOB, a MEXK/ly CHUMBOJAMHU CTABUTCH TO4YKaA. Ha-
[pUMep, CUCTEMA U3 TPEX HEIKBUBAJEHTHDLIX JIEKTPOHOB 0003HAYAETCH KaK
P.p.p, & JBYX HEIKBUBAJIEHTHBIX d-3JIEKTPOHOB Kak d.d.

Craructudecknii BeC KOHMUTYPAINN ¢, MO-PA3HOMY BBIUUCISIETCS ISt
SKBUBAJIEHTHBIX U HEOKBUBAJEHTHBIX 9JEKTPOHOB. ECn OTCyTCTBYIOT SKBU-
BaJIEHTHBIE 3JIEKTPOHBI, TO BEJIMINHA, (. PABHA YUCIY BCEX BO3MOYKHBIX MTPO-
eKIuii 060X MOMEHTOB: OPOUTAJBHOTO U CHMHOBOTO. Tak Kak WHC/IO MPO-
eKIuii OpOUTAIBLHOTO MOMEHTA [-3/IeKTPOHA paBHO 2[-+1, TO, yuanuTbhiBas JiBe
[POEKINK ero CIWHA, MOJIyYaeM, UTO CTATUCTUYECKUl BEC OJHOTO JIEKTPO-
Ha ¢ momenToM | pasen 2-(20+1). Crarucrnyeckue Beca HEIKBUBAJIEHTHBIX
3JIEKTPOHOB MIPOCTO MEPEMHOYKAIOTCs, TI09TOMY BeC KOH(UTYpaIun

lidods .. g
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paBeH
Gneq = 2820 +1)(202 + 1) ... (2, + 1). (23.1)

Hanpuwmep, ais koudurypamnuu s.p.d moaydaem gneq:23-1-3-5:120.

B ciydae sxBUBaIEHTHBIX [-97IEKTPOHOB HEOOXOIMMO YUUTHIBATH MTPUH-
uur [Maysm. B paccmarpusaemoM ciiydae 9ncjio BO3MOYKHBIX COCTOSHUI yMEHb-
mmaercst 10 2-(2(41), mo3TOMY YHC/I0 SKBUBAJEHTHBIX 3JIEKTPOHOB C 3a/IaH-
HBIM 3HAYEHUEM l OTrPaHMYEeHO: OHO HE MOZKET IIPEBBLINIATH BEJINYINHBI

Ny =2(20+1). (23.2)

Tax, B arome He MOXKeT OBITH 00JIee IBYX SKBUBAJIEHTHBIX S—IJIEKTPOHOB,
MECTH p— U JECITU SKBUBAJEHTHBIX d—3/71eKTpoHoB. Habop makcumasbHO
BOBMOXKHOTO YHCJIa, SKBUBAJIEHTHBIX JJIEKTPOHOB HA3BIBAIOT NOAHOCMBIO 30~
noAnennot nin 3amrnymot obosouxoit. Hampumep, 3amMkHyTast p—00009Ka
COJIEPYKUT TIIECTH DJIEKTPOHOB.

Craructudecknit Bec cucrteMbl u3 k</N; 95KBUBAJEHTHBIX JIEKTPOHOB C
opOuTaIbHBEIM MOMEHTOM | PaBEH YUC/IY CIIOCODOB, KOTOPBHIMU MOYKHO PaCIIO-
JIOKUTH k HEpazIuIuMBbIX IIApOB 10 [N; OJMHAKOBBIM srukam. OHO paBHO
qncty coderannii u3 N mo k:

!

prTATE (23.3)

geq = C]]i[l =

Ha npumepe xoudwuryparuii p.p.p u p° CpaBHUM UHCIO0 COCTOSHUIT SKBUBA-
JIEHTHBIX U HESKBUBAJIEHTHBIX 3/IEKTPOHOB C OJHUM U TEM K€ 3HAUEHUeM Op-
OUTANIBHOrO KBAHTOBOTO uuc/ia. Bec neproit konduryparum, cormacuo (23.1)
PaBeH (neq = 2333=216, a BTOpOIi — BCEro IBaIATH, KAK 3TO CJIEIyeT I3
(23.3) npu k=3 u N,=6. IIpunuun [Taysm B HECKOJBLKO pa3 OrpaHUIMBAET
YUCJIO JIOIYCTUMBIX COCTOSIHUIN 3JIEKTPOHOB.

®opmyna (12.7.6) nokasbiBaer, 410 Y4ETHOCTH COCTOSIHUS OJIHOIO DJIEK-
TPOHA TOJTHOCTHIO OTIPEIENISIETCST ero oponTamahbHbIM MoMeHTOM [. Tak Kaxk
B MOJIJIA IEHTPATBHOTO TI0JIsI COXPAHAETCST OPOUTATBHBIN MOMEHT KayKIO0TO
SJIEKTPOHA, [;, TO IETHOCTH CUCTEMBI W3 k SJIEKTPOHOB OTIPEIEIsSIeTCsT aared-
pamIecKoil CyMMOil UX MOMEHTOB Zle l;. Ecnu sTra cymma paBHA 9€THOMY
YUCITY, TO COCTOSTHUE CUCTEMBbI OTUCHIBAET YETHAST BOJTHOBAsT (DYHKIIWST, U Ha-
o6opor. Tax, kordurypanun spd, p> u df apagrOTCa HeUSTHEIME, a P, sd U
d? — géTHBIM.

YETHOCTD M30JIMPOBAHHOIO ATOMA $IBJISETCS €r0 TOYHBIM MHTErPAJIOM
JIBU2KEHUsI, B TO BPEMsI KK CaMO MOHSITIE KOH(MUTYPAIMA HMEET CMBICT TOJIb-
KO B MOJIEJIM IEHTPAIbHOTO 1M0jigd. COCTOdHIEe aToMa UMEET OIPE/IeEHHY 0
YETHOCTb U B TOM CJIy4ae, KOrJa PUII0TEe3a, [EeHTPAJIBHOIO 110/ HEIIPUMEHU-
Ma ¥ KBAHTOBBIE UMCJIA N U [ JJIs KaXKJI0r0 3JIEKTPOHA JIMIEHBI CMbIcTa. B
9TOM CJIydae I6THOCTb COCTOSTHUS OTIPEJIE/ISIeTCS APYTUMU CIOCODAMU.
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23.2 Maubie OTKJIOHEHUS OT IEHTPAJbHOIl CUMMETPUN

B mozenn meHTpasbHOTO 1M0JIsT BCE COCTOSHUSI, MPUHA/IEZKAIINE OHOM
KOH(UTY AT, UMEIOT OJIMHAKOBYIO SHEPTHUIO, KAK B ATOMaX IIET0UHBIX 3/1e-
MEHTOB. DTO B 3HAYUTEJLHON CTeneHu 00eHAeT OmUMCaHue COCTOAHUI DoJiee
CJIOXKHBIX cucTeM. [jis qaibHeiinero pa3suTus Kiaccudukanuu HeoOXo Mo
0CJIADUTH CUMMETPHUIO MO/IEJIN, YTO MbI BBIIIOJIHUM B JIBa dTalia. Bo-1epBbix,
KaK MaJIyio J00aBKY K IEHTPAJbHOMY IIOJII0 YUTEM HEIEHTPAIbHYI0 9acTb
KYJIOHOBCKOI'O I10JIS 3JI€KTPOHOB, YTO JACT JIBa HOBBIX IlapaMerpa: CyMMap-
HBIIT OpOUTAJIBHBIT MOMEHT W cyMMapHbIil criivH. CJIeIyIOuM I1aroM siBJisi-
eTcs yIET CIUH-OPOUTATHLHOTO B3AUMOIEHCTBUS, TPUIEM KAaK MaJjoro mapa-
MeTpa yzKe MO CPAaBHEHUIO C HEIEHTPAJBHBIM 3JIeKTPOCTATUYECCKAM TIOJIEM.
OH jacT HAM TTOC/IeTHUI TapaMeTp KaacCuUKAIUT: TIOJTHBII MOMEHT aToOMA.

HeueHTpa.anaﬂ YaCTb 3JIEKTPOCTATUYIE€CKOI'O II0JIA

Cremaem ciieiytonuii mar B CHEKTPAJIbHON KJjacCuUKAIUUT U yITEM
HEIEHTPAIbHYIO 9aCTh KYJIOHOBCKOIO B3aUMO/IENCTBU JEKTPOHOB. B 60/1b-
IINHCTBE TMPAKTUIECKN WHTEPECHBIX CAyUaeB €€ BeINIMHA OKA3BIBAETCI B
HECKOJIBKO Pa3 MEHBIIIE HeHTpaJ’[bHO*CI/IMMeTpI/I“IHOI‘/’I YaCTu IOTEHINaJIa, KaK
9TO IPOWLTIOCTPUPOBAHO HA puc.23.3. YepHbIe CTpe/KN, KaK U HA IPETBITY-

NS

<«
e

Puc. 23.3. Cnabble OTKJIOHEHUST OT MEHTPATBHON CHMMETPUH

1IeM PUCYHKe, CXeMaTUYecKN yKa3bIBAIOT HAIpaBJeHue CUJI, JIeMCTBYIONINX
Ha, KaXK/IbIl 9JIEKTPOH CO CTOPOHBI JIPYTUX 3JIEKTPOHOB. B 0CHOBHOM, CHJIO-
BbIe JIMHUU HAIMPABJIEHBI OT Pa, HO CTh HEOOJBIIOE OTKIOHEHHE.

IIpucyrcrBue TanreHnnaabHON KOMIIOHEHTHI O3HAYAET, UYTO BEJIUMIUHBI 1)
u | yKe HeJjib3sd CIYNTATh TOYHBIMU MapaMeTpaMi, & WHTerpajaMu JIBUKe-
HUS SBJIAIOTCSA TOJIBKO SHEPIHsl aTOMa U €r0 MOJIHBIH MOMEHT (IOMUMO y7Ke
yrmoMsiHyTOii uérHocTr aroma). Ho masias BeJnYnHA MOMPABKU TTO3BOJISIET
[10JIb30BATHCA BeJIMIUHAMEU N ¥ | KaK MPUOJIU3UTETbHBIMUA KBAHTOBBIMU 9HC-
JIAMH.
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IIpex e, vem BBeCTH B KJIACCU(MDUKAINIO MOJTHBIH MOMEHT aTOMa, BOC-
TTOJIL3YEMCS €ITE OJTHUM YIIPOIIIEHNEM, CBI3AHHBIM C OTHOCHTETHHO MAaJIoi
BEJIMYINHON CriuH-0pPOUTAIBHOTO B3anMomeiicTeus. s ciaydas aroma BOJI0-
posia U BOZOPOIOMOIOOHBIX MOHOB, coryacHo dopmyse (18.8.1), oma 3unaun-
TEJIbHO MEHBIIe YHePTuu ODOPOBCKOW OPOUTHI, W B MIEPBOM MPUOJIVKEHUH €10
MOzkHO Tiperebpeun. Koneano (18.8.1) Helb3s pacipoCTpaHsTh HA BCE HOHBI
M aTOMBI, HO MbI CHA4Ya/d OUPAHUYUMCS TEMU, BECbMA MHOTOYUCIEHHBIMU
cAydasgMu, KOT/a CIIMH—-OPOUTAIbHOE B3aMMO/IefiCTBIE JIeiiCTBUTE/IHHO MaJI0.
Tounee, mbr Oy/eM camTaThb €ro NPEHEOPEKUMO MAJIBIM 10 CPABHEHUIO C
HEeIeHTPATbHOI JaCThI0 KYJOHOBCKOTO TIOJIS JIEKTPOHOB U g7pa. Takas Mo-
JleJIb OIKUCHIBAET OCHOBHBIE W MHOI'ME TUIIbI BO30YK/IEHHBIX COCTOSHUIT BCEX
xuMmmaeckux daementoB [lepuoanaeckoit cucremsbr MemmeneeBa 10 aToOMOB
TCPYIIBI JKejae3a BKIIYUTETBHO, TO eCTh OOTBITHHCTBO COCTOSTHU, MHTEpec-
HBIX B aCTPOMPUINIECKUX MPUIOKEHUIX.

[Ipu orcyTcTBUM CHUH-OPOUTATBLHOTO B3AWMMO/IEHCTBUS MO OTAEJTHHOCTH
COXPAHAIOTCS Cpaldy /IBa MOMEHTA: CyMMAaPHbI OpPOUTAIBHBI MOMEHT BCEX
971eKTPOHOB L 1 mX cyMMapHbBIil CIMHOBBII MOMEHT S:

L=)1 S=)>s. (23.4)

i=1 =1

[Tapa kBanToBbIX YKcen L u S oupejensier mepm.

Urax, B paccMaTpwBaeMoM TPUOINKEHUN HEIEHTPAJIbHAT TACTh KYJIO-
HOBCKOTO B3aUMOJEHCTBUS JIEKTPOHOB, C OJTHONW CTOPOHBI, COCTABJISAET JTUIIh
MaJIyI0 9aCTh TOJIHOTO 3JIEKTPOCTATUIECKOTO TTOTEHITNAIA, & C IPYTOil CTOPO-
HBI — 3HAYNTEILHO MPEBBIMIAET CINH-0pPOUTAIbHOE B3amMomeiicTeue. B Ta-
KOM HpI/I6J'II/I)KeHI/II/I MBI MOYKEM BECTN K.HaCCI/Id)I/IKaL[I/IIO COCTOHHI/Iﬁ, TOJIB3YACh
KaK MOHATHEM KOH(MUTYPAITHMH, TaK U YTOYHSIIONNM €€ IMOHATHEeM TepMma. B
cuny (23.4) BCe TepMbI, NPUHA/IEKAIINE 3a/aHHOT KOHMUTYpAIMK, MOy T
OBITH BBIUMC/IEHBI C IIOMOIIBIO IIPABMIA CJA0KEHNsT MOMEHTOB. Ecan kondn-
rypanud COAEPzKUT IKBUBAJIEHTHDIC 9JICKTPOHDBI, TO HeO6XO,ZLI/IMO y4auThiBaTH
npuaTan [layan.

[TostHast 3amuck TepMa, BBIIOJIHIETCS Cieytoinmm obpasom. CHadasia ciie-
JIyeT 3aIUCh KOHMUTYPAINN, KOTOPOl TPUHAIEKUT TePM & 3aTeM B KOHIIE
CTPOKM — CHMBOJIMYECKAS 3aMNCh COOCTBEHHO TEPMA:

nlllfl ngllgo .. .nmlf,{” *L . (23.5)

Cumsosiom L 3ammdgpoBaHO HEOTPUIIATEIBHOE €10 YUCI0 — ZHAUEHUE OP-
OUTAILHOTO MOMEHTA B eauHuIax moctosHuoil [Lmanka. Cucrema obozmatde-
HUil IOJTHOCTBIO COOTBETCTBYET TadJiuie pasdzeia 16.7 rperbeit yacTtu KHUry,
HaJ/I0 TOJIbKO 3aMEHUTh CTPOYHBbIE JJATUHCKUE OYKBBI Ha npornucHbie. Tak, S
COOTBETCTBYET HYJEBOMY 3HAUEHUIO MOMeHTa, a P — 3mavenmio L=1. Ha me-
CTe JIEeBOTO BEPXHETO WHIEKCA CTOUT 3 — MYJIBTUILIETHOCTH, paBHast 25+1.
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Ecmu me ykazama xomudwurypaius, T0 96THOCTH T€PMa HEW3BECTHA U €€
HaJ0 yKasaTh 0co60. Ilpuaar caemyrommii cmocod 0003HadeHns: I HeIET-
HOTO COCTOSTHUSI Ha MeCTe TPABOTO BEPXHEr0 WHIEKCA CTABUTCS OYKBA «0»
(or coBa «odd» — mewéTHLIT), HampuMep, 'P°, a USTHBII TepM OTIMYAeTCS
OTcyTCTBI/IeM KaKOT'O—TO HUu 6I)I.HO CHUMBOJIA Ha 9TOM MeCTe.

VY4yér cnuH-0pOUTATHPHOTO B3aNMOAEHCTBUSA

Tenepp yurém u cnima—0opOuTaibHOE B3aUMOEHCTBUE, TPAKTYs €ro, CO-
TVIACHO CKa3aHHOMY BBIIIe, KaK MaJIbIi mapaMeTp. B aToM cirydae MBI MOYKeM
[IPEJICTABUTH I[OJHBIE MOMEHT cucreMbl J Kak cymMmy mpuO/inmzKEHHO COXpa-
HSIOMMXCsTt MOMeHTOB L 1 S:

J=L+S8. (23.6)

[TosHbBIE MOMEHT YEeINHEHHOIO ATOMA ABJISETCS TOYHBIM KBAHTOBBIM IHCIOM
U MMeeT CMBIC/I JIaXKe B TOM CJjiydae, eciim Bekropa L u S He cOXpaHSIOTCs.
Tpotika uucen L,S,.J obpasyer yposensv. Cucremy ypoBHEil, mpuHaIekKa-
X OJTHOMY Te€PMY, Ha3bIBAIOT MOoHKoU cmpyxmypol Tepma.

Crernenb IPUMEHEMOCTH PACCMATPUBAEMON MOJEIN B KaXKJI0M KOHKDET-
HOM CJIydae I[POBEPSETCs 110 B3AUMHOMY PACIOJIOKEHUIO KOH(UIYpaluii,
TepMoB u ypoBueit. Ha puc. 23.4 paccrosinre Mex) Ty TepMaMu OITHON KOHMW-
CypaIui 3HAYUTETHHO MEHBIIE, YeM MKy OJNHAKOBBIMHU TEPMAMU PA3HBIX
kouduryparuii. Kaxxapiii TepM, 3a UCKIIOYEHNEM CUHTJIETHBIX U S-TEPMOB,

IP |
npn's 3p 2
«—1
"0

IS 0

1

np? D 2
3p 2
«—1
“—0

Puc. 23.4. T'pynnuposka ypoBHEil B MOJEIH IEHTPAIBHOIO M0Jist s LS—cBsa3u

UMeeT TOHKYIO CTPYKTYPY. DHEPreTuvIecKast Meb MeXX Iy YPOBHSIME OHOTO
TepMa 3HAUYATEJTHHO MEHBINE, 9eM PACCTOTHIAE MEKY OTAEJTbHBIMA TePMaMU.
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IMepexon Mexy pasawnaabivu yposasivu (J — J') maswpisaercsa qmmmeii.
CoBOKyTIHOCTD TIEpex0I0B Mexk 1y aByms tepmamu (SL — S'L') — mymbru-
mIeT. A COBOKYTTHOCTE TIEPEXOIOB MEKIY JABYMST KOH(DUTYPATTHSTMH (nzlfZ —
nilfi_l nyl,) — wabop mepexonos (cMm. puc. 23.5). OTHOCHTEIBHOE PACIOTIO-

\ SV3LV3

shLL', n'l'
SvlLvl

HaboOp
L) MePEX0JIOB
’ 7 7
7 7
7 7
. \ MYJIbTUILIET

Puc. 23.5. Jluruu, MyIbTUILIETHI U HAOOPHI TEPEXOIOB

nl

JKeHue JIMHUMA SBJIsdeTCsi Kpurepuem IIPpUMEeHUMOCTU MOJC/IN B IIEJIOM. EC.HI/I
KTEPENMYTHIBAIOTCA» JIMHUW, TPUHAJIEZKAIINE PDA3SHBIM MYJIBTUTLIETAM, TO 3TO
o3HavUaeT OOJIBIINYIO POJIb CIMH-OPOUTAJBHOTO B3aUMOJIEHCTBUS, a OJU3KOE
OJIO?KEeHWe JIMHUIT Pa3HBIX Ha60pOB Tepexoa0B — 3HaYUTEeJIbHBIE OTKJIOHE-
HUSI 3JIEKTPOCTATUIECKOTO TIOJIsI OT TEHTPAIBHON CUMMETPHUN.

B paccmarpuBaemoit Mojies i KBAaHTOBBIE Unca L u S ONpeIessiioTcst Cy M-
MOi#1 OPOUTATBHBIX U CIIHHOBBIX MOMEHTOB OT/I€/IbHBIX JIEKTPOHOB, & IMOJTHBIH
MoMeHT — ciioxkeaneM MoMeHTOB L u S. Takum obpaszom, kiaccudukarims
COCTOsAHUI B aTOMHOI (puzuke Tpedyer MHOIMOKPATHOTO CJIOZKEHUST MOMEHTOB.
BbIH.[e 9TY 3a/[a49y Mbl y2K€ HEOJHOKPATHO DEHIaJ/In JIJid PA3HbIX KOHKPETHDBIX
cuTyaluil, HO B JlajbHeiiieil pabore HaM OTpedyeTcs 0biee MPaBUIIO CJI0-
JKeHMsi MOMEHTOB B KBAHTOBOM Teopuun.

B mekoroprix ciayuasx 3ajady MOXKHO PENnTh, He mpuderas K OO
MeTo/laM, KakK, HApUMeEp, B Caydae 3aMKkHyToi kouduryparuu. [lo ompe-
JeJICHUIO B Heit TPUCYTCTBYIOT BCE BO3MOZKHBIE TTPOEKIINN IJIEKTPOHHBIX MO-
MeHToB (¢ 3amanabM (). CreqoBaTesbHO, KasKI0i TMPOEKINH COOTBETCTBY-
€T TPOEKIs, PaBHAs €il 10 MOJYJ/II0, HO C OOPATHBIM 3HAKOM; CyMMa, dTUX
JIBYX TPOEKIHil paBHA HYJi0. EJIMHCTBEHHO BO3MOXKHON Hpoekiueil 6e3 or-
pI/IL[aTeJII)HOfI TTapbl ABJIACTCA HYJIEBAs. HpI/I BBIYUCJIEHUN CYMMbI HpOQKHI/IfI
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pa3obBéM caraemMble Ha TaKWe KOMIIEHCUPYIOIIUE JPYT APyTa Mapbl U CTa-
HOBUTCS SICHBIM, 9TO MCKOMasg cyMMa papHa mHymio. CremoBaTeabHO, paBeH
HYJII0 ¥ MOIY/Jb MOMeHTa. Takmm obpazom, B J000i 3aMKHYTOI 0007104-
K€ CyMMAapHbIe CIIMHOBBIA M OPOUTAJBHBIN MOMEHTHI PAaBHBI HY/I0. VIHBIMEI
c0BaMu, 3aMKHyTas KoHdurypamun ¢ JjiodbiM [ 006/1aaeT €IuHCTBEHHBIM
TepMoM 'S. Brimre 5T0T pesysbTar GBI MOy UIeH i KOH(MUIYPAIUIHE 2 IPH
aHa/In3e OCHOBHOI'O COCTOSHUS aTOMa rejnd. pyrumu nmpuMepamu saBJIsioT-
cst kouduryparuu p® u d'0.

Ho B GosibmmaCTBE CIy9aeB MPEOYTUTEIbHEE T0/Ib30BATHCS Perysisap-
HBIM METOJIOM, K M3JI02KEHUI0 KOTOPOTO MBI IIEPEXOIIM.

23.3 Kouadurypanuu He3KBUBAJEHTHBIX JIEKTPOHOB

W3102keHHOE BBIIIE TPABUJIO CJI0ZKEHUST MOMEHTOB IT03BOJISIET PEIIUTD 3a-
Jlady O BCEX TepMaxX W ypPOBHHAX Ji000i 3/1eKTpoHHOM Kouduryparuu. Ho
METO/Ibl PEIIeHNs PA3JIUYHbI JIJI HE9KBUBAJIEHTHBIX M 9KBUBAJIEHTHBIX JIEK-
TpoHOB. B mepBoM ciiyuae Mbl MOXKEM BBIYUC/IATDL CyMMAapPHbBINA CIIUH U 0pou-
TAJTbLHBI MOMEHT HE3aBUCUMO IpyT OT apyra. IlokaxkeMm, Kak 9TO [eraeTcsd
Ha HECKOJHKNX KOHKPETHBIX MPUMepPax.

Ilonublii civH U YepegOBaHUE MYJIbTUILIETHOCTU

Byﬂ;eM pacCMaTpUBaThL BO3MO2KHBIE MYJIBTUIIJIETHOCTU CHUCTEM SJIEKTPO-
HOB, TIOCTETIEHHO yBeININBasg KOJMIECTBO 3/1eKTpoHoB. Ha pmc.23.6 mpuse-
JACHBI CXEMbl CJIOZKCHUA CHUHOB JIJIsd CUCTEM, COCTOAIIUX M3 OJHOI0, JIBYX
u TPEX 3JIeKTPOHOB. JIBa 3/ieKTpoHA 00pa3yIOT OJMH CUHIJIETHBINH W OJUH

(T 7 B 7 e

C pa3HOM reHeayioruei

JlBa nyOJeTHBIX TepMa

/|¢N| 5=1/2 | °L |
\|¢M| s=32|4 |

Puc. 23.6. CriuHbl OHOTO, IBYX U TPEX JEKTPOHOB

TPUILIETHBIH TepMbl. [lpu mo0aBjeHnr TPeThero 3JEKTPOHA IMOJYyIUM JIBa
JIYILUIETHBIX TE€PMa C PA3/INYHON reHeasiorueil u ojaun kBaprernbiii Tepm. Ha
puc.23.7 moxkazaHa cxeMa YepeIOBaHud MYJILTUIIETHOCTHA B 3aBUCUMOCTH OT
HHUCJIA HJIEKTPOHOB I UX ITPOU3BOJILHOIO YHUC/IA.
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25+1(S)

6(5/2) ‘ o5 CEKCTET
5(2) $ KBUHTET
4(3/2) g KBapTeT
3(1) $ TPUILIET
2(1/2) nyoner
1(0) g >

1 2 3 4 5 n

Puc. 23.7. Cxema depemoBaHus MyJIbTUILIIETOB

KosmaecrBo jimauil, ncxoadaimx u3 KpyzKKa, 0003HA4YaeT YUCA0 TEPMOB
COOTBETCTBYIOIIEH MYJIbTUILIETHOCTU. 1€PMbI C MYJIBTUILIETHOCTHIO 00J1b-
meit, 1eM Ha puc.23.7 UMeIOT CAeTyIONne HA3BAHWI:

» =T cemnrer x =8 OKTer
» =9 HoHeT » =10 gexrer.

ATOMBI ¢ IETHBIM HOMEPOM COJIEPKAT UETHOE UUCIO TEKTPOHOB, MOITOMY
MX CIIMH BCErJ[a UMeeT TOJIbKO Iejibie 3Hadenus. I Haob0poT, HeYETHBIM HO-
MepaM COOTBETCTBYET IMOJIYIEJIbIi CIIUH.

Iouiabiii opbuTAIBHBI MOMEHT

PaccmoTrpum cucreMy u3 ABYyX HESKBUBAJIEHTHBIX 3/1eKTPOHOB: [1.l2. Co-
rinacuo (21.17"), cymmapubiit MomenT L mpuHUMAaeT 3HAYEHUS:

i =l <L <lh+1.

[Tocrpoum Tab/uity BOBMOXKHBIX TEPMOB JIjis TAKOH CHCTEMBbI. Y Ka3aHHBIE B
TabJIIe TepMBI BXOJST TI0 JIBA Pas3a 3a CUYeT CIUHA (CHHIJIETH U TPUILIETHI).
ITocrpoum Tenepn TepMbl it KOHMDUIYypaluy U3 TPeX HEIKBUBAJIEHTHbBIX
9JIEKTPOHOB UCXO/Isi U3 TOr0, YTO TEPMbI [I/isd KOHMUrypaluu p.p HAM yKe
n3BeCTHBI n3 sueiikn [1=Ily=1 1a6s1.23.1. Pesysbrar npusenén B 1ab1.23.2.
B caydae cucrembl 13 Tpex HEIKBHUBAJIEHTHBIX SJEKTPOHOB MOYKET OKa-
3aThCS BAYKHBIM TOPSIIOK CA0YKEHUs MOMEHTOB. Qmepanuio CIoKeHus

L=L+L+1;
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Tabauma 23.1. CymmapHbie MOMEHTHI IBYX HEIKBUBAJEHTHBIX JIEKTPOHOB

1S 2P

lp 2p282p

lD +n//p 2P 2D ZF

3S QP 4P

3p 282p2p | 484p4D
3D 2p2D2F | ‘PADAF

Tabauna 23.2. Tepmbl TPEX HEIKBUBAJIEHTHBIX 3JIEKTPOHOB

MOZKHO BBIIIOJTHUTHL TPEMA criocobaMu

L/:11+12, L:L,—|-13,
L/:12—|—13, L:L,—Fll,
L/:13—|—11, L:L,—Flg.

XoTsT OKOHYIATETHHBI PE3yIbTAT BO BCEX TPEX Caydasx OyIeT OJWH W TOT
JKe, HO MMPOMEKyTOUHBIE MOMEHTBI L/ MOTYT pas/maaThes, eciu pas3andaior-
cd MOMEHTHI [1, lo u [3. B Takmx ciydasix IPUHATO TOBOPUTH, UTO TEPMBbI
UMEIOT PA3HYI0 2€Hean0zulo, Wi TpoucxoxkaeHue. [IpoMeKyTounbiit Tepm
HA3BIBAIOT UCTOOHBIM, W POOUMEALCKUM T B CIydae HEOOXOINMOCTH TO-
MEIAaoT ero B CKOOKU (KpyrJible, OO KBaJpaTHBIE) mepes 0O603HAueHneM
OKOHYATETBHOTO TePMa.

Beimmosinum mporie/rypy cjioxenus B cijejyionieM nopsake. Caadaga cjio-
KuM BekTopa Iy m 1, a K mosydennoit mpomMeRyTodanoit cymme jobdasum ls:

L/=ll+12, LZL/+13.
Cornacuo (21.17"), L’ u L npuHAMAIOT 3HAYEHUS:
i =lo| S L' <ly+1p, |L'=I3]<L<L'+13.

[Monoxum 11=0, lo=1 u l3=2, T0 ectb, 3amasum koudurypamuio spd. Co-
craBuM TADJIUILY TEPMOB, MOJydalonmxcsd B 3roM ciaydae: [loyunm Bcero 9
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Tabauma 23.3. Tepmbr koudurypanun spd

TEPMOB, U3 HUX JIBA OJIMHAKOBBLIX 2D TepMa, OTIMYAIONIMNXCS 110 [€HEATOIHHL:
sp(*P)d 2D u sp(*P)d ?D. JIe TaKIX CIydaeB CYIECTBYIOT 2eHEaA02UMECKUE
Koapdruyuermot, 0603HAIAOIINE JIOJIFO0 IPUCYTCTBUS B TEPME PA3JIMIHBIX PO-
JIUTEJIbCKIX TEPMOB.

23.4 TepMbl 9KBUBAJIEHTHBIX 3JIEKTPOHOB

Yuér npunnuna [layau tpedyer odnospementozo aHam3a NPOEKINii CIIu-
Ha u opbUTaIHLHOTO MOMeHTa. 1HC/I0 TEPMOB OKa3bIBAETCH 3HAYUTEIHHO MEHb-
UM, IeM JIJIsT CUCTEeMbI HEeIKBUBAJEHTHBIX JJIEKTPOHOB.

IIpomemoncTpupyem MeTo ] OmpeeIeHnsl TEPMOB Ha puMepe KOHMUry-
paruit p-31eKTpoHoB. 1o, CyIecTBy, J0CTATOYHO pa306paTh JBa CAyHas: p°
u p3. Konduryparms p! cocTonT n3 0HOTO 3JI€KTPOHA U €ff COOTBETCTBYET
€IJUHCTBEHHLII TepM IP, TaK Kak JII00OH CyMMapHbBIii MOMEHT 37eCh COBIIa-
JIa€T C COOTBETCTBYIOIMM MOMEHTOM 3jeKTpona. Kondurypamun p° u p' B
CyMMe JIal0T 3aMKHYTYI0 0060/104uKy. Tak Kak Bce MOMEHTHI MOC/IeIHENl paB-
HBI HYJIIO, TO TepMbl 00enx Koudurypamuii copmagaor. 1o 2Ke camMoe MOXKHO
CcKazaTh 1po mapy Koudwurypammii p? u pt.

Cocrasum Tabaniy st koudurypammu p2. Ipu sToM yemoBuMmcs 060-
3HAYATDH IPOEKITUU CIIMHA CTPEJKAMU: MOJIOKUTETbHYI0 IIPOEKITUIO Mg = —i—%
CTPEeJIKOI, HampaBaeHHoil BBepxX |, a OTPHUIATETLHYI0 Mg = —% CTPEeJIKOM
BHU3 |. UTOOBI cOKpaTuTh paszMepbl TAOIUIBI, Oy/IeM PACCMATPUBATD TOJIb-
KO HEOTPHUIATEIbHBIE TPOEKITNN CyMMapHBIX MoMenToB: My, Mg > 0. Harma
3a/a4a CBOJUTCI K TOMY, 9TOOBI PACCMOTPETH BCE CIOCOOBI, KOTOPBIMU MOZK-
HO PACIOJIOKUTH JIBE CTPEJKHU, COOTBETCTBYIOIIUE TTPOEKITUSIM CIINHOB JIBYX
9JIEKTPOHOB, [0 TPEM KJIETOYKaM, 0003HATAIONINM PA3IUIHBIE TPOEKIIUN OP-
buraabHOTO MOMeHTa. [Ipu 9TOM HYXKHO CIeUTH 33 CODJIIO/IEHNEM TTPUHITUIIA
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B sroit Tabaune umeerca 3uavenue Mp=2. Ilostomy g0/mKeH OBITH TEpM
¢ OpOUTATBLHBIM MOMEHTOM PaBHBIM JABYM. Temephb HAL0 PEIINTH BOIPOC O
crmHOBOM MoMeHnTe S. B mabsuie npucyrcerByior npoekinn Mg, paBHbie TubO
HysI0, 1160 eaunnte. Ho coueranusa Mp,=2, Mg=1 B 07HO0ii 1 TOi1 2Ke CTPOKe
Het, moyromy crpoka My, =2, Mg=0 MOXKeT 0THOCUTHLCH TOIBKO K Tepmy 2D.
EMy cOOTBETCTBYIOT CTPOYUKH CO CASAYIONIUMY 3HAYCHUSIMA TPOEKITHIL:

M, =2 Mg=0
1 0
0 0

Tperbs cTpoka, KOTOpas HE UCIOIB3YETCS 17t (DOPMUPOBAHUS TEPMA 2D, co-
nepxkut napy Mp,=1, Mg=1, KoTopas TOBOPUT O BO3MOXKHOM IIPUCYTCTBUN
TepMma, 3P, eMy COOTBETCTBYIOT CJIE/IYIOIIHe CTPOUKH TAOIHILBL:

Mp=1 Mg=

S O = =
O = O =

Teneps B Tabmm1Ie ocTaeTcs eauHcTBeHHAs cTpouka ¢ M =Mg=0. [losyuaem
Tepm 'S.

Urax, xoudurypamus p> obpasyer Tepmel: “P, 1S, 'D. Dru xe Tepmbr
nmeer kouduryparmst pt. JIas cpaBHeHWs HAIOMHIM, 9TO /(B HESKBHBA-
JIHTHBIX 7IeKTPOHA JaloT Imectsb Tepmos: 'S, 1P, 1D, 38, 3P, 3D.

Konduryparmmio p?> B OCHOBHOM COCTOSHHE HMEIOT ATOMBI yIJIEPOJa I
KpPEMHUs, & TaKyKe MHOIOYMC/IEHHBIE MOHBI, IPUHAJIEXKAIINE U303/ IEKTPOH-
ueiv nocsiegiosarenbuoctam [C] u [Si]. Kondurypanuio p? umeror arombr
KUCTOPOA T CepPhl, TaKyKe BMECTe ¢ MOHAMHW WX M309JEKTPOHHBIX MTOCTIET0-
BaTeJILHOCTEA.

Tt Kondurypamun n3 Tpex SKBUBAJEHTHBIX 3JEKTPOHOB p° MOCTPONM
anajoruvuyo Tabmiy. Kak u Bbiie, paccMaTpuBaeM TOJBKO HEOTPHUITATE b=
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HBIE TIPOEKITNH, TO3ITOMY B Tabsnie 7 CTPOUex.

my
—1[ 0 [+1] M | Mg

T 2 |1/2
T Thf 1 |1/2

LT 112
T 11 [ 1] 0 [3/2
LTl 1o 1/2
T L[]0 |1/2
T 111 ]of1/2

ObpaTuM BHUMAaHNE HA MEPBYI0 U YeTBEPTYIO CTpoku. OHU yKA3bIBAIOT HA
TO, 4YTO JIOJI2KHBI IIPUCYTCTBOBATH TEPMBI 2D u *S. MakcnMasibHOe 3HAYEHE
My, = 2 npu stom Mg = % Tepny 2D COOTBETCTBYIOT CTPOUKH:

Mp=2 Mg=1/2
1 1/2
0 1/2

a Tepmy 1S — crpoxn My, = 0, Ms = 3/2 u My, = 0, Mg = 1/2. Tenepn
OCTAIOTCS MAKCUMAJTHLHOE 3HAUEHUE TPOEKINY CyMMapHoro MomenTa My, = 1
upu 3tom Mg = % D10 Tepm 2P. I emy coorsercrByior crpouku My, = 1,
Mg =1/2u My, =0, Mg =1/2.

Taxum o6pazom, xouduryparmms p° nveer tepmsr 1S, 2P u 2D. Tepwm
4S mpousomes u3 TepMa 3P kordurypanum p?, a oCTaabHbIEe TEPMbI HMEIOT
6oJ1ee CI0YKHYIO N€HEAJIOTHUIO.

Kouduryparmio p? nmeror aromsr azora u dhocdopa, a TaKKe HOHBI UX
M309JIEKTPOHHBIX TTOCJIEI0BATETLHOCTEH.

[Tonrygennbie pe3ybTaThl MO3BOJIAT HAM B CJIE/YIOIIell IylaBe IOCTPOUTD
TepMbl OCHOBHBIX COCTOSIHUI JIJIs 9JIEMEHTOB TaO uIbl MeH1emeena.

ITonnbiii MOMeHT aToMa

B cxeme LS—cBst3u miosiHblil MOMEHT J BBIUUC/ISIETCS KaK CYyMMa TOJTHOTO
OpOUTAIBHOTO U CIIMHOBOTO MOMEHTOB CHUCTEMBI:

J=L+S.

CoorBercrBeHHO, €ro abCOJTOTHAST BEIUINHA TPUHUMAET CJICYIOIi Psij
3HaYEeHN:

IL-S|<J<L+S.

B Tabsuiie mpuBejieHbl YPOBHU, COOTBETCTBYIOIINE TEPMaM C OPOUTAIBHBIM
KBAHTOBBIM YHCJIOM OT HYJIsl JI0 TPEX U CIMHOM OT HyJid /10 JByX. Hamomuanm,
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qTo L TPUHUMaET TOJIBKO IIeJIble 3HAYCHNA, B TO BPEMd KaK CITUH — IIeJIbIe
" TOJyTeable. HamoMenM, 9T0 MyJBTHILIETHOCTH > He BCETa PABHA UNC-
JIy ypoBHeii, KoTopoe, cormacuo (21.17'), onpemensiercs MEHBIIUM W3 JBYX
qucen, L u S. HQuaronans L=S genut tabaury 23.4 Ha gaBe vactu. Huxe

S
0 1/2 1 3/2
L
1 2 3 4
0 S, S, S, S,
2 2
1 'p 2P1 3 ’p 4P] 35
! 2 0,12 223
2 1D2 ZDQ,Q 3Dl 2.3 4D1,3,§,z
22 = 2222
1 2 3 4
3 Fy Fs Fys4 F3579
22 2222

Tabauna 23.4. YpoBHU HECKOJIbBKUX TEPMOB

UaroHaJN W Ha Hel BBIMOJHsSETCH ycaosue L>S, u 4ucjiio ypoBHeN pas-
HO 3HAYEHUIO MYJIbTUILIETHOCTH x=2S5-+1. Beite guaronaim cripaBeinBo
HepaBeHcTBO L <SS, unc/io ypoBHeit 3/1ech paBHo 2L+1 u otyindaercs oT .

IIpaBuso Xyuma

s 3agannoit KoHUryparuu 37eKTPOHOB Mbl HAYYUIUCH CTPOUTH BCE
TepMmbl. Teneps Ha O yHOPSI0UNTE UX 110 3HAYECHUSM SHEPIUn. DTO JeTALTCs
¢ nomortpio npasus Xyrnda. OHU BBIBEJIEHBI [TOIYIMIUPUIECKUM IIyTEM, HO
MOJTBEPKIAIOTCH PACYETAMU.

1. MuHUMAJIBHYIO SHEPTUIO0 UMEET TEPM C MAKCUMAJBHBIM CTuHOM S. VHBI-
MW CJIOBaMU, OH PACIIOJIOKEH HUZKE BCEX.

2. Ecim mmeercs HECKOJIBKO TEPMOB C OJMHAKOBON MYJIBTUILIETHOCTHIO,
TO CAMBIM HU3KNM U3 HUX ABJISIETCSI TEPM C MAKCHMAJILHBIM OpONTAIb-
HbIM 4ucCaoM L.

69



3aBUCHMOCTH SHEPTUN TEPMa OT B3ANMHOI OPUEHTAIINN 3JIEKTPOHHBIX OpOU-
TaJbHBIX MOMEHTOB MOXKHO HATJIAIHO O0bICHATHL B paMKax Moaean bopa. Ha
puc.23.8 cjieBa MOMEHTHI DJIEKTPOHOB TTapaJle/IbHbI, a CITPaBa — aHTHUIIapaJI-
JIeTbHBI. EC/TH 3IeKTPOHBI BPAIAIOTCS B OJTHOM HAITPABJICHUU, TO OHU TOJIsI-
PU3YIOTCH, BHICTPANBASICHh HA MPOTUBOIOIOKHBIX KOHIAX JIraMeTpa OpOuThI
n obecrmeunBasi, TAKIM 00pa3oM, MEHHMAaJIbHOE B3anMoeiicTeue. Bparasach

Puc. 23.8. Ilapaniensubie u aHTUNAPAJLIIETbHBIE MOMEHTBI 3JIEKTPOHOB

HaBCTPpEYY JAPYyT APYTY, 9JJEKTPOHBI BHIHYZKJICHBI B3aI/IMOrB;eI‘/JICTBOBaTB CUJIb-
Hee, COOTBETCTBEHHO, TEPM PACIIOJIOXKEH BHIIIIE.

B xBanTOBOi1 TEOpPUN 3aBUCUMOCTD IHEPTUH T€PMa, OT L 00bsIiCHAETCS CTe-
nytoruM obpazom. Bemanna L onipe/iesnisgeTcss B3auMHON opreHTalueit opou-
TaJbHBIX MOMEHTOB JIEKTPOHOB, a CPeJIHEee 3HAUEHUE PAJNYCa SJIEKTPOHHOM
OopOUTHI 3aBUCUT OT BeJinduHbl MOMeHTa [. [losToMy m3MeHneHnne KBaHTOBOTO
uncia L 03Ha9aeT mepecTpoiiKy pacioioKeHust 97eKTpoHoB. OHM OKa3biBa-
I0TCd HA JPYTUX PACCTOSIHUSAX JIPYD OT JIpyra, 9To BJIEYET 3a coboil m3me-
HEHNE BEJIMYUHDBI 9JICKTPOCTATUYICCKOTO OTTAJIKUBAHWA M, KaK CJI€JACTBUC —
SHEPTUU TepMa.

Ponw cymmapnoro cmaa S onpejensercst 0OMEHHBIM B3aUMO/I€HCTBIEM.
[Mocennee He mMeeT aHAJIOTA B KJIACCHIECKON MEXaHUKe, MO3TOMY Jlayke Ka-
YeCTBEHHBIN aHAJN3 BO3MOXKEH TOJILKO CPE/ICTBAMU KBAHTOBOI TEOPUN.

CpaBHI/IM B3aNMHYIO OPUMEHTAIWIO CUHIJVIETHBIX W TPUIJIETHBIX TEPMOB
KOHMDUTYpAIUU U3 JBYX S5KBUBAJEHTHBIX P—3JEKTPOHOB. ¥ Tpuriera (S=1)
BO3MOXKHO COCTOSIHHE C IIaPaJl/IeIbHBIMU CIMHAMEU 3JIEKTPOHOB: Mg =M, .
IIpu sToMm B cuty npunimna Ilayin J0M2KHO BEIIOTHATECS YCIOBHE My, My, .
DJIEKTPOHHBIE 00/1aKa, OTBEYAIONINE PA3HBIM OPUEHTAIIMsIM MOMEHTa, [epe-
KpbIBaIOTCH C1ab0, U B3anUMOJIEICTBLUE B 9TOM Cjydae MUHUMA/IbHO. Tak Ha
puc.23.9 upusenén upumep, xorga my, =0, a my,=1. Ilepsoe obsaxo 1pej-
craBjiger coboil raHTe b, OPUEHTUPOBAHHYIO 110 BEPTUKAJIBHO OCH, & BTOPOE
PACIIOIOKEHO B TOPU3OHTAIBHOI TIIOCKOCTH.

B ciyuae cunrnernoro tepma (S = 0) mpoeknum CimHOB 00SI3aHBI PA3JIU-
JaThCd, U 37ech npuHIun llaynmm me 3ampemaer paBeHCTBO My, =my,. Lemeps
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Foegho-ce

Puc. 23.9. Cnaboe mepekpbITHe JIEKTPOHHBIX 00JAKOB B TPUILJIETHOM TEpMe

g

Puc. 23.10. CunbHoe mepekpbiTre 0O6JTAKOB CHHTIIETHOIO TepMa,

00e TaHTe/ I OPUEHTHPOBAHBI OJINHAKOBO U IIEPEKPBITHE 3JIEKTPOHHBIX 00J1a-
KOB OKa3bIBACTCSI MAKCUMAJBHBIM. DTy CATYAIUIO WLTIOCTpUpyeT puc.23.10.

IIpaBusio uarepsBasioB Jlangé

Pacrionioxkenne ypoBHEil BHYTPHU TepMa TOIUUHSIETCS TPABUIY UHMED-
6ano06 Jlande, cormacHO KOTOpoMy sHepreTmdeckas menb AKj ;1 Mexiy
cocemuuMu ypoBuaMu J—1 u J mpomoprimonaibHa HOMepPY YPOBHS J:

AEj ;1 = A(LS)J. (23.7)

[Mocrosinnast Myabrumiernoro pacmenienus A(LS) onpepensiercs repmom
7 MOXKET UMeTh Ji000i 3HaK. [Ipn e€ momoKuTeTEHOM 3HAYEHNN HUKE BCEX
JIEZKUT YyPOBEHb ¢ HauMenbinuM 3uadenuem J. Takoe pacrosiokenue ypos-
Heil HA3BIBAIOT HOPMaAbHbLM. Fcemm A oTpunaresbHO, TO BHU3Y HAXOIUTCS
YPOBEHD ¢ HAUOOJIBITNM MOMEHTOM, U MOPSITOK YPOBHEH CUNTAETCA 00paiéh-
HOLM .

DMIUPUIECKN YCTAHOBJEHO, UTO TOPSIOK CJIEIOBAHUS YPOBHEN B KOH-
durypanumr 3 k 3KBUBAJIEHTHBIX DJIEKTPOHOB 3aBUCHUT OT CTEIEHU 3AI0JI-
HeHwsa 000709Ku. Ecmm 0b600UKa 3amoHena MeHee, UeM Ha MOJOBUHY, TO
ectb, k<2l+1, TO uMeeT MeCTO HOPMAALHHIT TTOPAI0K ypoBHeil. B jeBoit ga-
cru puc.23.11 HapmEcoBaHa TOHKas CTPYKTypa OCHOBHOIO TepMa P aToma
yruieposa. CiieBa OT JiHMiE, 0003HAYAIOMINX YPOBHU, TPUBEJICHBI 3HAUCHUS
TOJTHOTO MOMEHTA J, CIipaBa — 9HEPIrus ypOBHEil, BhIpaykeHHasT B OOPATHBIX
CaHTHMETPaxX. XOPOIIO BUIHO HOPMAALHOE PACIOJIOKeHHe ypoHeit. MaTep-
Ban AF) o pasen 16.40 cm™1, a AEy 1=27.00 cu™ 1. Jlerko y6eauTbes, 9To
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Vrnepon Kucnopon
J E, em ! J E, em !
43.40 0 226.5
AE, —AE)
1 16.40 1 158.5
AEq g —AE,
0 0 2 0

Puc. 23.11. Toukas crpyKTypa OCHOBHOI'O T€pPMa ATOMOB yriiepoja (CjeBa) u Kuc-
Joposia (crpasa)

IPABU/IO HHTEPBAJIOB (23.7) 3/71eCh BBIIOIHSIETCS C TOYHOCTHIO JI0 OJTHOTO IIPO-
TIEHTA.

B ciaywae k>2[+1 mabiromaercs obpawérmoe pacioioKeHne ypOBHE.
[Ipumepom MOKET CJIYKUTH aTOM KHUCJIOPOA, CXeMa YPOBHEH KOTOPOTO TPH-
BejleHa Ha mpapoii dactu puc.23.11. B srom cayuae orkionenne or (23.7)
JIOCTUTAET JIeCATKOB MPOIIEHTOB, HO PACIIEILJIEHUE, TeM He MeHee, PACTET C
yBesimaeHuem J.

IIpu k=2I+1 ocroBHBIM TepMOM Kondurypanuu p3 asigercs *S°. Y Hero
TOJTGKO OJINH YPOBEHB, ¥ BOTIPOC O MYJIBTUILIETHOM DACIIEIJIEHIH 3/1eCh JIH-
mén cMpicaa. Bozbyxaérnsie Tepmbl 2D u 2P° umeror mo 1Ba yposns. Mx

ZDO 2P0
J E, em ! J E, em !
3/2 19233.177 3/2 28839.306
—AEsp 31 AE3p 11
5/2 19224.464 1/2 28838.920

Puc. 23.12. Yposuu Tepmos 2D° u 2P° aroma azoTa

PpacCIieIlJIeHne 3HaAIYUTE/IbHO ocaabJIeHO 110 CpaBHEHUIO C OCHOBHBIMH T€pMa-
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MW PACCMOTPEHHBIX BBITITE AaTOMOB W MOYKET MMeTh 11000 3nak. Hampmvep,
tepum 2D° aTtoma az0Ta nMeeT 0GpAIEHHBI MTOPSI0K YPOBHEil, a Tepm 2P? —
npsimoii. CkazanHoe nirocrpupyercst puc. 23.12.
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