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§ 6. CTPOEHHE MHOTO9JERTPOHHBIX ATOMOB

A. FammabroEman

Jiaa wamocTpanu® [anbHeRMHX HPOSBIEHAH { A y-CHM-
MeTpHE B QE3WYECKUX CHCTeMaX MBI OT aToMa Bojopoja Ie-
pefiieM K CIPOEHHI0 MHOTOSNEKTPOHHHIX aToMoB. [lad medr-
PaAJBHOTO aTOMa C BaPAROM Afpa Ze U Z 3JIeKTPOHAMH MOKHO
3anncatb TaMUJIBTOHHAH B BHAE

H=ZT= 22 +1Z ety + 28 () sl
(8.33)

Yermpe cnaraeMnx B8 Buparkennn (8.33) cooTseTcTBYIOT KE-
HeTHIeCKO# 9HEPran, KYJOHOBCKOMY IPHUTHKOHHIO BJIeKT-
POHOB K (HEHNOZBIIKHOMYY AAPY, KYJIOHOBCKOMY OTTRJHH-
BAHWI0 MEMIY BCEMH HapaMu 9JAeKTPOHOB H CIWH-0pOHTANB-
HOMY B3aEMOIEHCTBHIO, BBeflernoMy B § 4. IlpmbGammenwme,
B KOTOPOM fAIPO PacCMATPHBAETCA KAK HEHOLBI/KHOE, JOMy-
CTHMO, MOCKOJIBKY Macca saxpa Oosnee gem B 1800 pas mpesn-
maer Maccy saekTponoB. OweBHmAHO, 9TO BCe BKIANH B ra-
MUJIBTOHEAH (KPOME TPeTBEr0 CJAaraeMoro) IpeICcTaBiIAloT
coboli cyMMH opEOYacTHYHEX omeparopoB. llosromy, kak
n B ra. 6, § 3, 910 TpmBOEUT K cemapaleNBHOMY PpeIICHHIO
Z-gacruunoro ypapmeHusa lllpemmmrepa. [laske tperpe cia-
raeMoe 9acTAYHO HSKBHBAJEHTHO CYMMe OJHOYACTHIHBIX Olle-
PATOPOB, HOCKOJBKY CYMMa CHJI OTTAJKHEBAHEA, UCHHITHIBA-
eMEIX OT/elbHBIM BIEKTPOHOM CO CTOPOHH OCTAJNBHEIX, aHA-
JOTAYHA OAHOMY 3PPEeKTHBHOMY OTTAMKHBAHHIO CO CTOPOHE
Anpa, HAXOJAMEr0cs B MEHTPE IeKTPOHHOro 06saKa. MoskHO
€9HUTaTh, 9TO OTPUOATENBHO 3aPASKeHHBI® DJIEKTPOHH B Ka-
KO#i-TO Mepe PKPAHUPYIOT ANPO OT DAEKTPOHOR, PACHOJOKEH-
HHX Ha «mepudepum» aroMa. IT0T 3PPEKT MOKHO HCHOJb-
30Bath, A00aBafAA K TaMWIBTOHUAHY (M BHYATAA U3 HELO)
JOMOJHATEJbHOE ONHOYACTHIHOE cJjJaraeMoe ZU (r;) Torma
i

MOHHO HAIHCATH

H=H,+H,+H,, (8.34)
rae
Hy= X [T, —Ze?/r;+ U (r)], (8.35a)
Ho= 2> ¢r,;— § U(r), (8.356)
i<j

Hy= 2 E(r,)s; );- (8.358)
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3mecs Hy — cyMMa He 3aBHCANAX OT COHHA OSHOYACTHIHHIX
OIEePaTOpPoOB, B KOTOPYIO BXONUT SKPAHUPYIOIMEHE mOTeHIUAT
U(r;), a H;-— ocraroumoe B3amMoueiicTBUe, IOJYdaro-
meecd 1O0cJe BHYATAHES HSKPAHOPYOMETO HOTCHOWANA B3
CYMME KYyJI0HOBCKUX otrrajkuBaHmit. Ilosromy U (r;) Brifm-
paercs Tar, 9robn wien H;-Obln Max, HO MH He OyleMm mon-
po0HO ocTaHaBAMBATHCA HA 9TOM BOIpOCe, TAK KaK OH HE
nMeeT OTHOMIEHUA K CHMMeTpHH.

Ypasuenue llpegmnrepa pemaerca MeTOOM TeopWH BO3-
mymerrii. Ymemn H, npmamMaercs 3a HEBOBMYINEHHHIE ra-
MUTBTOHEAH, W AJA HEero CyImecTByeT TOUHOe pelmeHne B
cenapabenpro#l opme (m. B). U3 mByx ocraromuxca gacrtei
rammabTodnana H ofwgHo Hambosee CYmecTBeHHO OCTa-
TOYHOe B3amMmopelicTBme H;, @ 0HO paccmaTpzBaerTcA Haljee
B 1. B Ha ocHOBe 7e0pun BOBMYINEHUIA AJNA BHIPOKICHHOTO
ypoBHA B mepBoM mopsaxke (ra. 5, § 8). ro mpmBogHT K TAR
maseiBaeMoli LS-cpasu. B panpuefimeM ywmrThiBaercsa (Toxce
B PaMKaX TEOPHWH BOSMYMIEHWH AJNA BHPOREEHHOTO YPOBHA)
ciaraeMoe H,, xotopoe mpexmomaraercs MaJeHM 0O CpaB-
meEmio ¢ H;. B Heworoprix aToMax CcHHH-0POWTAIBHEOE
B3WMOJIeACTBHE CPABHUTEJSBHO BEJWKO, ¥ TOTGA HPUXOLATCHA
paccMmaTpuparb coBMectHO cymMmy Hi+H, mo Teopmm BO3-
MYDICHERE; 9TOT CJYIail HA3HBAIT CAydaeM IPOMEKYTOTHOR
csasm. UHorga uwnen H; oxaseiBaeTcs MaJHM IO CPaBHEHHIO
¢ H,; B srom cayduae mpome paccMaTpHmBaTh B KadIeCTBE
HEBOBMYINEHHOr0 raMmibToHuaHa cymmy Hy—+H,, Koropas,
XOTA W 3aBHCHT OT CHUHA, ABIAGTCA BCe 3Ke CYMMOHE TOJBKO
OTHOYACTHYHHX omepaTopos. OcraTodHoe B3amMomeiicTBHE
H; paccMarpmBaetca 3aTeM ¢ HOMOIIBI0 TeOpPHH Bo3MYLIeHHI
LIS BMPOMKAEHMHOTO YPOBHA KaK Majioe II0 OTHOMEHHI K
HOBOMY HEBOBMYIICHHOMY TraMEIbTOHHAHY. Llawoli mpepmen
HA3HBAIOT CAYUYAEM jj-CBA3W; MLl He OyeM ero paccMaTpHBaTh.

B. lipmmam laymm n samonnedne 09n1049eR

CoranacHo ¢opmyme (8.35a), HeBOSMYNIEHHHH TaMUJIbLTO-
mmaH Hy=>H,(i) apuserca cdepudecKn-CHAMMETPHYHEM K
i

me saBucutT o7 crnmHA. llosTomy coGcrBenHHe QyHROEE ome-
paropa Hg(i) mMeroT ToT Ke BT, \p=un,(r)Y(m’)l(e, P)x8/D,

970 B B aToMe BOZOPOAa, 3a ONHOM ACHKI0YeHHOM: paqunaabHEe
BONHOBHE (QYHKOUE U,,;(r) m sHepruum E,; Jawrcs Temepsb
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pemeHmeM paguanbaOro pudpdepeHIEATLHOTO YPaBHEHHAA,
cofep/amero MHOKETeIb Z ¥ SKPAHEDPYION[ee CJaIAraeMoe
U(r;). Takom oGpasoM, pemenwe aas Z-3J1eKTPOHHOIO Ta-
MEJIBRTOHUAHA MOKeT OHITh 3aNHCaHO B cemapabenbHoi dopme
B BHJle OPOHU3BE[eHUN OAHOYACTHYHLIX BOJHOBHX (QYHKMui

I ¥ (e, (8.36)

Ifle CEMBOJIOM Y; 0003HAYEH HaOOP OJHOYACTHIHKIX MHEEKCOB
nlmym, nna 9acTEOE §; COOTBETCTBYIOI[AN yPOBEHb HHEPIEH
oGosmagaerca gepes P Ly,

2

B cBaA3u ¢ Hepasa@mIMMOCTBIO TOMAECTBEHHEIX JaCTHIl B
KBaHTOBO# Mexamumke (ria. b, § 9) npmmiock mocTynmpoBarTs,
970 BOJTHOBAA QYHKROUA CHCTEMBl 9aCTAL HoJkHA OBITH Jub0
OOJHOCTBI0 CHMMETPHYHOH, An60 NOTHOCTBI0 AHTHCHMMET-
puanoii. llommocThi0 CHMMETPHYHOH ABAAETCA BOJHOBAHA
PyHKOEA, KOTOpasg He MeHAeTCA UPE NePecTaHoBKe 0060
mapw gactun. Torma, ecam ofosumadmth deped P;; omeparop
obMena mapsl WacTHm { H j, Moskmo mHammcats P ¥W=W.
TonnocTrI0 aATHCIMMETPEIHAA QYHKIUA OLpPeAenserca Tak,
qT00H AJIs BCeX HAap YACTUIL { W j BHOOJIHAIOCH COOTHOIIEHTE
P;;¥=—¥. Corsacuo bECHOePHMEHTRJIBHEIM MARHHEM, da-
CTHNBI ¢ HEJHM CHHHOM (HAUpuMep, Me30HH) 001afgaT CuM-
MeTPAYHEME BOJHOBHIME (YHKIIAAME, & YaCTHIH ¢ LIOJYIle-
ABIM COWHOM (HATPHUMED, SIAEKTPOHH) — AHTHCHMMETPUY-
HEIMA BOJHOBHME (yHEmusamu. Orcioga Ciegyer, 49T0 Lpo-
mssefiernsn Tuma (8.36) HempmemmeMbl AuA Z-37IeKTPOHHOTO
aroMa. OmHAKO HEIA KasKIOT0 HAG0Pa MHAEKCOB Vi, Vayeee s V2
B dopmyne (8.36) (Bce HHIEKCH OPeANOJIATAIOTCH PAasImd-
HEIME) uMeeTcss Beero 7! pasmmunmmx npoumssepenmit (S.36),
MOJYYaeMHEX ¢ HOMOIIBI0 BCeX Z! pasiimIHbIX LEePecTaHOBOR
HOMEpOoB dacTdn. EpueEcTBeHHAA KOMODHAaumWA »JTHX IIpO-
m3BepeHmii o0magaer Tpe0yeMEIM CBOLCTBOM AHTHCHMMETDHH.
91y RoMbUHANMIO yI0OHO BANMCATH B BHAE OLPENEIHTENST —
TaK HasbiBaemoro perepmmmanta Cisrepa:

Pr, (1) Yy (1) Py, ()
llJ’V:\ (2) Ip’?z (2) .. -wyz (2)
¥ (1, Yoo - - o0 2)= (21" V2|

b (Z) ¥ (D). . .y, (D) | (8.37)
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Benuguna, crosmas nepex AeTePMAHAHTOM, — 3T HOPMHDO-
BoYHbI MHOxATeNb. [Tocime pacKpoiTHA AeTepMuHadTa CTa-
Hosurcd AcHO, 910 ¥ (Y1, V2, . -+ ¥2z) 6CTb CyMma IpOA3Be-
meumii suma (8.36). [leiicrBme omeparopa P;; cocromr B
mepecTaHoBKe ARVX CTPOK NETePMUHAHTA ¥ HOTOMY HPHEBOXAT
K maMeHeHHI0O ero 3uaka CaepmosarensHo, ¢pyEkmus T (yy,
Ya» - - ., ¥z) HOXHOCTHI0 aHiuCUMVETPHYIHEA H BCe-TAKH SB-
asgercsa cobcreeRHOR PyHROEeH omeparopa Hy ¢ cobcTBeHHAM
BHAUGHHeM SHEDruau 2Eyi. (C Tourm spemma Teopm:m rpyum

MONHOCTHEI0 aHTHECHMMETPUYHAA (YHKEUA mpeoGpasyercsa HO
OJHOMEDHOMY HOIpPHBOJUMOMY MPOJCTABIGHUI0 CUMMETpH-
"gecko# rpynms f, Bcex mepecraHOBOK, & ¥ (Vi, Va,-.r » V2)
ABnAeTcA) mpoernuei mnpoumssenerus (8.36) ma »ro mpen-
crasnenzme. CBoificTBa TIpymon o, HOLpo6HO paccMaTpH-
BarTCcA B T. 2, ra. 17.)

IIpu cosmamermm moGoil maps WHAEKCOB y; ABa croiadma
perepmmHanTa (8.37) OKasnBaloTCA ONHHAKOBEIME, TaK 9Uro
gerepMmHAHT ofpamaeTca B HYJb LpPH BCEX B3HAYOHHAX
KOOPAWHAT Ty, Ty, ... . [losroMy B mpoumssegenmsax (8.36),
#3 KoTopux mocrpoeHa ¢ymrmma V¥ (yy, Va ..., Vz), 5Ba
9JIEKTPOHA HE MOrYT 3aHHMATH OJUHAKOBHIX OJHOTACTHIHHX
COCTOAHUA Y;; 5TO NOJOKeHHEe WH3BECTHO UOJ Ha3BaHUeM
opuEnuna Ilaymam.

Takmm o6pasoM, Hu3IMIAe YpOBHU DHEPTHE ATOMA MOSKHO
mOJy9dTh, BHIGpAB 3HAYEHHUS Y;, COOTBETCTBYON[He HUBMIHM
OIHOYACTHIHHM DHOPTEAM. DBHAY BHIPOKAEHEHS OJHOYA-
CTUYHHX SHOPTHUR M0 OTHOIIGHAIO K M B My NJIA Z-3JIeKTPoH-
Ho#l BomHOBOM ¢yERmum (8.37) mMmeer MecTo eme GoubImee
BEposkeHme. Hampmmep, mmecTuKpatHO® BHPOKIEHUHE p-
YpoBHA {mpEBORET K 15-KpaTrHOMY BHPORJEHHI0 BO3MOKHEIX
merepMmuHanTos (8.37) Axs ABYX 9JeRTPOHOB Ha p-op0mTax
(15 — 910 gmcmo cmoco6oB, KOTOPEIME MOKHO BHOpPaTh IBA
PasHHX OJHOYACTHYHHX COCTOSEAA MM, u3 Mecrd). Max-
CHUMAJBHOE UHCJHO 3JIeKTPOHOB, KOTOpPOE MOKHO HOMECTATEH
Ha OpGHUTH ¢ dHepruei £,; B ¢ PEKCEPOBAHHLIMEA 3HAYCHHAMU
nl, paBEojkpartHOCTH BhIposkmeHus 2(2[-+1) mamHoro opHO-
JaCTHYHOTO YPOBHA; TAKYI0 CHCTMY DIEKTPOHOB NPUHATO
HA3HBaTh T3aNONHEHHOH o6odouroii. OdeBEEHO, Wro 3amod-
HeHHAS 000J09KA *ABIACTCA HEBHPOKIEHHOH CHCTEMOH, HO-
CROABKY OHA OO ONpeJeJeHHI0 COJePHKHT YHCI0 JACTHUI,
BeoOXomEMoOe W HOCTATOYHO® GAA TOTO, YTOGH KayKmoe BO3-
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MOKHOe OFHOYACTHIHOE COCTOAHME Y ¢ HEKOTOpHMH BHOpDaH-
HHIMH 3HAYeHOAME 7 B | mosBmmochk B gerepMuBante (8.37).
MoskHO TakKe IOKAa3aTh, YTO MOJHHINA CIMH H HOJHBIA opOH-
TANBHEE YIJAOBOH MOMEHT 3amOJHeHHOH 0GONOYKE pPaBHH
Bymo0, T. . L=8=0. {15 sroro Mm mpeae Bcero 3aMeTHM,
9TO B BamOJIHEHHOH 0Gosouke B cymmn M,=>m, m M; =
='m; NONOKUTeJbHEHC K OTPUNATENbHNE BHAUEHHA M,
¥ m,; BXOLOAT B paBHOIt Mepe; caegoBareabno, M =M;=0.
Ananormano, ecad 0603ga4InTh 9epes ¥ BOAHOBYI QYHKIAIO
sanmonuenHoii obomourm, 10 L,¥=S,¥=0, a wnoromy B
cuay Gopmyas (7.31) mp mmeem L=S5=0. Pasencreo L, V=
={ cmexyer u3 Toro, 9ro oneparop L., = ZL_ (i) yBenmumsaer

3HAUeHUe 7; HEKOTOPOH HYACTHIH, #, IOCKOJBKY Bce BO3-
MOJKHH® mM; yiKe BCTPeUaloTcA B AeTepMUHAHTE, QYHKIHAA
L,V omumcwmpaerca [eTePMEHAHTOM C ABYMA OfEHAKOBHIME
cronbmaMm, a mOTOMY paBHA Hymo. Tak ke HoKasmBaeTca
paserctso S, ¥=0.

HecMorpas mHa 710 uwro Bxopgammi B H, sdderTmnuni
OOHOYACTHYHHIH NOTEHOUAJd HECKONHLKO HWHOM, HEKeIHd B
cIydae aToMa BOJOPONA, HOPAXOK CIEHOBAHHS ONHOYACTHY-
HEIX ypomHed smeprud E,; AJsA JeTKHEX aTOMOB COXPAHAETCA
teMm sie. OKaspiBaercs, YTO 3amodHeHHE 000J0YCK IPOUCXONHAT
opn spavenusax Z=2, 4, 10, 12 »m 18, 1. e. samoamamoTca
obonoukn 1s, 2s, 2p, 3s m 3p. [lua aromoB, HMewmux" ONUE
SJEKTPOH BHE B3aNOJHEHHOH 000JOYKE, TAaKEX, KaKk JAATHH
(Z=3), 6op (Z=35), marpuit (Z=11) w amommmmii (Z=13),
COMHOBHE W OpOWTAJNBHBIA YIJOBLHE MOMEHTH atoMa OyAyT B
TOYHOCTH COBIANaTh ¢ COOTBETCTBYIONEMHE 3HAYCHHAMH IS
pocaegHero snexrpona: S=*/, u L=0, 1, 0, 1 B mepeuncuen-
HEIX npEMepax. MHorme cBolicTBa aToMa OTpefeNATCH
BIEKTPOHAME, HAXONANMEMECA BHE 3ANONHEHHHX 000J0YeK,
H AMEHHO 3Ta 3aKOHOMEDHOCTL JEKAT B OCHOBE HePHOIMYe-
CKOI CHCTEMH BJEMEHTOB. D 9acTHOCTH, B aTOMaX WHEPTHHX
raszoB Bce OOOJOYKH 3amOJHEHH, & B arToMaxXx MeJOYHHX
METRJJIOB MMEEeTCA ORWH SJICKTPOH BHE 3aIOJHEEHHIX 0060-
JI0YEK, TaK HA3KHBaeMH BadeHTHHIH dIEKTPOH.

IlockoaBKY OCHOBHO® COCTOAHOE 3ATMONHEHHOH 000J09KkE
ABAfETCA HeBHPORICHHEM, ydeT Bosmymenmit Hi m H,,
BXopAmMuX B Beipaskenme (8.35), IPHBOAUT K MAJIOMy CHBHTY
ypoBHA 3Heprum 0e3 kakoro-imfo pacHienmieHHAS.

s atomMa ¢ omHEM SIEKTPOHOM BHe 3aNOJHeHHOH 000-
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JOYKW BiIUAHOEe BO3MYmeHmsA H; BHOBH CBOAUTCS HpPOCTO K
COBUrYy DHHePIHA OCHOBHOTO COCTOSAHHMA. XOTA OCHOBHOE
cocrosiEme uMeeT 2(2I4-1)-KpaTHOe BHIPOMKIEHZe OJHOTA-
CTAYHOTO YpPOBHA BAJCHTHOTO 3JEKTPOHA, OHO BCe K@ HE
pacmenisiercA BOaMymieHmeM H;, HOCKOJNBKY omeparop Hj,
mogo6HO omeparopy H,, wHBapmamTeE U0 OTHOMEHHIO K
BPaWEHHAM OTJeNBHO B CONHOBOM H KOOPAHHATHOM IIpO-
cTpaEcTBe. BimaHme BosMmymeHus H, KadecTBemmo Taxoe
sKe, KAK U paHee OIHCAHHOE JJIA aToMa Bogopoxa (pac. 8.1, 6).

Ecam paccMaTpHEBAaTL MHBEPCHH, TO UETHOCTL K&MKLOTO
OJHO3JIeKTPOHHOI0 cocrosHus paBHa (—1)', mpmuem der-
HocTh meTepMunanta Cusrepa paBHA HpPOWBBEGHHIO™ YETHO-
¢Teil BalOJHeHHHIX OFHOITeKTPOHHMX cocrosanmit. [loaTomy
3aHoNHeHHAaA 0060/09Ka 00aanaer MOJOMKHETEIbHOR YeTHO-
©TBIO O BCE COCTOAHMA, 00pasoBaHHKEe NOMeMIeHUueM [ BJIeKT-
0HOB B BaJeHTHOe cocrosHme nl, GyAyTiEMeTb OJWHAKOBYIO
germocts (—1)%.

B. AroMbl ¢ HecKOAbKHMY BaieHTHsIMz dIcKTpoHaM:, LS-
CBA3h

ITycrs B atoMe mMeeTces ¢ BIOKTPOHOB HA BAJISHTHOM YPOB-
ge nl. Torma cymecrsyer HaGop ompefeamteneit (8.37), co-
OTBETCTBYIOIUX pPAa3HBIM BLI0OpaM d@ceaI Mgy W m; Oiaa i
3aHATHX cocrosumii. Ymemo Takmx ompepmenmrteneir Gymer
PaBHO 4HCJAY CHOCO0O0B BHOOpA I PAasAUYHHX OJHOTACTHIHAIX
COCTOAHUIN MM U3 UX HOJHOTO BO3MOMKHOTO Fmcna 2(214-1),
T. €. oHO paBHO (4142)!/(4l14-2—p)!s!. Bosmymemue H,
CHAMAaeT 3TO BHPOK/EHHe, W MH KPATKO pacCMOTPHUM Xa-
PaKkTep BOBHHUKAOUIEro pacilenieHusi. lIpemme mcero yu-
pocTHM 3amady HA TOM OCHOBAHUH, 9T0 HJIA TOHUMAHHA Q-
derra pacmenieHHA AOCTATOYHO YUeCTh JHINb B3aEMOJei-
CTBHE MEKY BAJNEHTHLIMH 3JERTPOHAME, & NOTOMY HY;KHO
paccMoTpeTs JUMIB ONpEeNeNuTeNH AAS { BAJTEHTHHIX 3JIeKT-
pozoB. MoskHO mOKasaTh, 4T0 B3AWMOJEHCTBEE MEMKAY IBYMS
9JeKTPOHAME B 33DONHEHHHX 000JOUKAX HAW MEKIY JJICHT-
POHOM, HaXOAAMUMCHA B 3aMOJHEHHOH 000J09xe, w BaleHI-
HBIM BIEKTPOHOM IPHBOAHUT K ONMHAKOBOMY CIOBUTY sHEpPTHil
BCEX COCTOAHUE MM, BaJEHTHEIX HJIeKTPOHOB.

Har ormewasoch Bmme, posMmymerme H; HHBapHAHTHO
OTHOCHTeIbHO BpAmEHUi mOPOSHE B KOOPIWHATHOM W CHH-
HOBOM HPOCTPAHCTBAX, Tak 4ro H; KomMyTEpyer ¢ obomMum
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gabopaMu 0TIepaTopoB Ly S, Moxkso paske paccMat-
puBate L, Kak "mAEQUHATE3UMANBHEBE OIEPATOPH ONHOMK
rpynos .%3, a S, — Hmpyroit Taxoil ke rpymns. HaGop ms
mecTH nH(i)anTesnMaanHx onepatopos L,, S, ommcmBaer
Tpynny, SBIAKINYIOCA OPAMEM nponsae;xennem Tpynn

Rs X A3,

ee HENPHBOJUMEE NPEACTABICHHS OTMEYAIOTCA HAPAMI HHs
gexco L @ §, COOTBOTCTBYOLIMMHM KayK[0H U3 I'Pynm-co-
muoxareneii (ra. 4, § 21). B Teopmu nosmymenmit s BH-
posKeHHOro ypoBHA (ra. 5, § 8) Ml HOKHEN cHaAOTHTH Mart-
puny omeparopa H; HaGopamu ompepenumTeneii, RasKIHA u3
KOTOPHIX BHPOMKJICH IO OTHOINGHWIO K HEBOSMYIIEHHOMY Ta-
muasroHzmany H,. Ho tak wKak omeparop H; mEBapmanTeE
[0 OTHOINGHWIO K IHAHHOMY NPOW3BEIeHWI0 Ipyud, HpH HC-
moJb30BAHAN GAasMCHBHIX BEKTODPOB, HPUHAANEKANEX HEIPH-
BogmMoMy mpencTapaenuio -DS) aroro mpomssemeHnmsi, Mat-
puna ramunsrondaHa H; pazobbercsa Ha MeHBWHE MATPHIH
¢ mugexcamz LS, mpmueM MaTpWYHBIC 9JIeMEHTH MEKIY
COCTOSHEMAME ¢ PasEniMu wHEekcamu LS GyayT paBEm BymO.
Hpoxe 1oro, 6ymer orcyTcTBOBATE CBA3H MEIRIY COCTOAHWIMMA
¢ pasEmrMu sHaweHmsiva M, m Mg m Oyzer cymecTBOBaTh
BHIpO/eHre KpaTtEOCTH (2L-+1) (ZS—H), COOTBETCTBYIONEe
pasMepmocTd mpepfcraBaermsa DS, Bompoc o ToM, Kakme
sHaueHuA L m S Moryr BO3HEKATH IpHU 3a/JAHHHIX 3HAYEHHAX
! @ t, JOBOJABHO CII0O)KEH; MK KPaTKO paccmorpuM ero B O. 1.
Eme Gomee ciaoxHO# 3amaueil sBasercs QaKTHIecKoe BhI-
qUCHeHNe MATPHUIHEIX 3JeMeHTOB ramwibrtoHmana H; (cay-
gam =2 @ t=3 cM. B T. 2, mpunokenne 5). BooGme rosops,
COCTOSIHEA ¢ ONpefieJeHERMA 3madenmaMda L m S mpejcras-
AT co0of BecbMa CIHOMHEE CYMMH pmerepmmEantos Cus-
Tepa, n ¥X OOKYHO B TAKOM BHJe He BEIParKalorT.
Paccuorpernad BHIIEe cmrTyanmus HocuT HaspaHme LS-
ceaso. HaGop us (2L-+1)(2S+1) cocroanmit ¢ masamME L
o § vacro; Ha3siBaloT TepMoM. PaccMoTpmM Temeph feiicTBme
Boamymennus H,, upegmosaras, 9710 OHO HOCTATOYHO Majo H
He BH3HBAeT CMEMHUBAHUA MEKRY pasIHYEHMH CcoGCTBEH-
HEIME 3Ha4eHHAME MaTpumsl raMmibroHmama Hjp. Torga
Hefictsme BosMymeHHsa H, cpogmrcs K pacmenienmio (2L
1) (28 4-1)-xpaTHOro BHpPOMNEHAA, HIH C TOUKH apenns
TEOPWH TPYNN K CYKEHHIO IDYNIH CHMMOTPHE OT REX RS
00 TPynoumel $s; ONHOBPEMEHHHX BpPAl@HUA HPOCTPARHCTBEH-
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HEIX M CHOWHOBHIX HEPEMeHHHX, KOTOPAH ONMHECHBAETCH WH-
¢urnTesmMasbEEIME  omeparopamm  J,=L,+S,.  Boamy-
menme H,, He OynyYdm WHBAapHAHTHHM OTHOCHTEIBHO IPO-
H3BEJIeHNsl I'PYNN, WHBAPHAHTHO OTHOCHTENBHO TPYMOE Of-
HOBPeMeHHHIX BpameHHA. JT0 caegyer u3 paseHcta [Jg,
}-s]=0, xoropoe BHITeKaeT HEHOCPELCTBEHHO W3 mEepecTa-
HOBOYHHX cooTHOmeHH# 1asa | @ s (¢ yIeroM Toro, 410 ole-
patopsl | m s wommyTmpyior; sagmada S.4). Tawmm obpasom,
YPOBHHO ¢ KpaTHOCTHIO BEposkmenusa (2L-41) (28 +41) pacmen-
JSMI0TCSE Ha YPOBHE ¢ KPATHOCTBIO BHpOswieHmA 2J -1, or-
MEUeHHbIC 3HAYCHAAMH mufekca J

J=(L+S), (L+S—1), ..., |L—S|.  (8.38)

dra dopMyna muas BOSMOKHHX 3HAYeHHH J — He 9r0 WHOE,
Kak OOHYHO0® UPABWIO BEKTOpPHOTO cioxkeHms (8.9), mo-
CKOJIBKY OPH OJHOBPEMEHHOM BpAIeHAN LPeJCTABJICHEE
D& ectp mpocTo mpomsBeleHme HpexcTaBiaermi DERDS
rpyuns Rs. IIpocroe sripaskenme MJisi 3aBACHMOCTH DTOTO
pacmemyreEns oT J Opn (UKCHPOBAHHHX 3HadeHHAX LS
MO;KHO TOJY9ATH HA OCHOBaHOY® TeopeMsl Burmepa — Jk-
xapra. O6osmagmM wgepes o Bce HHJEKCH BOJHOBOH (QyHK-
nun, kpome LS m J; rtorga pacmeluierme, 0o0YyCJIOBICHHEOE
BosuymenneM H,, Jaercs BHpasKeHEmeM

Ay=<aLSTM|XE(r)l; s, ' alSIM> =
=Aars <OLLSJM|L-S]OLLSJM>=
=3 Aas{T (T +)—L(L+1)—S (S+1)}. (8.39)

3meck MBI BOCIOIB30BAJHCh TEM, 970 nOpomnasefennme L .S,
BooOme roBOops, He HPONOPOUOHAJBHEOE CHOHH-0POATAILHOMY
B3amMO/JeficTBHIO, 00/afaer Bce-TaKW TeMH ke Tpamcdopma-
MHOHHKME CBOMCTBAMH II0 OTHOIIGHHIO Kak K A%, Tak I K
A3. JorasaTb CUPaBENJMBOCTD TAKOTO BHIBONA BEHIPAKEHHA
(8.39) MoxkHO MeromaMm, H3IOMKEHHHIME B Ia. 7, § 4, m. JH.
Ioctoannse A,; s HeaAb3sA BHYNCANTH, HE B3HAA TOIHOTO
BHJAa BOJHOBHX OQyHKIu{i, HO 3aBUCEMOCTH oT J paercs,
oueBunHO, BhpaskenmeMm (8.39). B wactHocTHm, yposHEm dHep-
TUE yOopamodeHH N0 J I HX PasHOCTH JAIOTCSH BEIPAKEHHEM

As—Byy =5 Aars {7 (T + ) —(T—1) T}=T Auss.
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9ra fopmyna H3BeCTHA HOJ Ha3BaHWeM IPABLIA EHTEPBAIOB
Jlagge. BooOme rosops, Benmuman Ag;g TOJOKHETENBHE
(ommoro 3HaKa ¢ E), Korga o6oj09ka 3aHATA MeHee 4eM Ha-
OOJOBHHY, ¥ OTPHENATEIBHE B TPOTHBONOJIOMKHOM CIydae.
970 o3Ha4aer, 4YTo HawMeHpmlee smadenme |L — S| wmcaa J
COOTBETCTBYET MUHIMAJbHOH SHEPIrAN B HWKHeH IOJOBHEHE
o6onourn, a HanGonbmee L + S — B BepxHeil. ITd BHBOAK
namocrpupyioTes B 0. ' B cayuae /IByX ®W Tpex BAJEGHTHEIX
P-57eKTPOHOB.

LleficrBre MaramTHOTO IOJSI HA ATOM ¢ MHOTEME 3JEKT-
POHAMHE BHIpaJKAGTCS B TOM, 970 K TaMEJbTOHHaHY H0Gas-
JIAeTCA cJaraeMmoe

Hyary = (Lz -+ 252) BP‘B ’

MOJyYeHHOe CYMMHpPOBAHEeM cjaraeMux Buma (8.29) mo scem
SJEeRTPOHAM. 9TO NPHBONUT K pacliellieHHI0 ypoBHA J ¢
(2J +1)-xpatEEM BrIposgeHueM. [Tockonbsky omepaTop H, .
ABIAETCA Z-KOMIOHEHTOHl BeKTOpa, B cHIy TeopeMsl Bur-
Hepa'— JKKapTa ero MaTpPHUYHBIe 3JIeMeHTH (Kak # B § 5)
OpPONOPIHOHAJBHE MaTPUYIHHM DJeMeHTaM omepatropa J,
oA CoCTOAHM: u3 fagHoTO J-Myasranaeta. Ilostromy moskmo
HAm@caTh, 9TO
Hyarn =87 Jsz‘B'

B veopunm LS-cBasn KOHCTAHTY g, HasmBaeMylo g-aKropoM
Jlange, opn gasEnX L @ S MOKHO BHYHCJIATH IO (PopMyIe
(8.32):

s = +[S S+ —LEL+NDY2T (J+1). (8.40)

IMostoMy pacmenneEne J-MyJIbTHINETa NTPOHOPMEOHAIBLHO
peqmumae <J,>=M; ® coOOGCTBeHHHE COCTOSHES OTMeda~
orcs mHgercoM M. Baaromapsa maamamio dopmymm (8.40)
PKCICPUMEHTAIBHO W3MepeHHOe pacmelienme naeT HEGOp-
manuio o L m S.

I'. Rnaccmpuraimna TepMoB

ATOMBI ¢ ABYMA BAJCHTHBIMH SJIEKTPOHAMA

Ecam atoM coctout ¥3 3aMKHYTHX O00J0TEK W COXEPIKHT
BCOro [(Ba BAJCHTHHX DJeKTPOHA B COCTOAHUAX ¢ 0pO@TANDB-
HEIM YTJIOBHIM MOMEHTOM [, TO B COOTBOTCTBUH ¢ OGHIIHEIM
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OpaBuaoOM BEKTODHOTO CJOKeHHS EIWHCTBOHHBIME BO3MOK-
guMu smaveHusmu L m S moryr Omre L=0, 1, 2, ..., 2l
g §=0, 1. Ho me Bce xoMOmHanum »Tex sHademwmii L m S
OKASHBAIOTCH PaspeIleHHHME, KOT[Aa HA BOIHOBYI (YHKITHIO
HajgaraeTcg Heo0XOAWMoe YyCJIOBHe aHTHCEMMeTpum. Hak
Oymer mOKa3aHO HWKE, COCTOAHUS ¢ YeTHRIME L cHMMer-
PHYHEL OTHOCHTEJIHHO IIEPECTAHOBKE OpPOHTAIBHHIX KOOP-
AEHAT, a COCTOAHWA ¢ HEYeTHEIMZE L — aHTHCEMMETPHUYHH.
Byger moxasamo TaK:Ke, 4ro OTHOCHTENBHO IEPECTAHOBKE
COAHOBHIX IIepeMeHHHX [BYX 4dacTdm cocrosgHaa ¢ S=1
ABJAIOTCA CUMMETPHYHHIMEA, a cocToAHmA ¢ S=0 — aHTm-
coMMerpaaEEMA. Takmm o6pasoM, pAJsl TOJHOCTHIO AHTH-
CUMMETPHYHEIX COCTOAHWHA pas-
pEemIeHHHIMYE SIBISIOTCA CJAeLYIo-
mue xoMOmHammm: S=1 mpm He-
geraoM L 1 S=0 unpm wermom L.

Huag cocroanuii ¢ papsuMu L
u S, KOoTOpHe WHOTZA HA3HKIBAIOT
TepMaMu, LPHHATO 00 03uageHue
eS+17, Wrnexc 251 massBaior
MYJALTHIIETHOCTHIO TepMa, IO-
CKOJIBKY EM OMPE[esIAeTcs THCIIO
ypoBHel J, Ha KOTOpEe pacmen-
AseTcs TePM OPH BRAIeHNH BodMymernsn H,[popmyna (8.38)].
Tak, B caygae ABYX BaNeHTHHX JIeKTPOHOB ¢ l=1 (mampm-
Mep, B aTome yriaepoma ¢ Z=~0) gomxubt ObITH TepMEr 2P ,LS
n D (3mecs MH HO-IPEKHEMY HOJIB3yeMCA CHEKTPOCKOIE-
qeckuMu oGosmHawenmavz S, P, D. .. pua L=0,1, 2, . . .).
Yaer sosmymernus H, me Moyker mpuBecTE K PaCIIeIICHEIO
«cnHrAeTHREXY TepMoB 'S m D, nocKonsky npu S =0 mmeercs
eqEHECTBOHHAA BOBMOKHOCTE J=L. ONHAKO «TpHIIETHHII
TepM pacmemnusercs Ha Tpu yposus ¢ J=2, 1 m 0, sueprum
KOTOpHX jaiotess ¢opmyrnoit (8.39); yposHE IpejcTaBIeHEH
ma prc. 8.2

J=2

Pre. 8.2.

NlorasaTeasCTRG HEPecTaHoBOYHOH CHMMETPAM JBYyX9acTUuHoii
BOIHOBOI (yREIEH

3/lech MBI BEIBOJIEM YKA3aHHOE BHIIE COOTHOINCHWE MEKILY
sHaveHuAME L @ § pgusa OBYX 5IEKTPOHOB H CmMMeTpHheit
0 OTHOIIEHWIO K HE3aBHCHMOHl mepecTaHOBKe KOOPAHHATHEIX
U COMHOBHIX ~IePeMeHHHIX 9THX 5JIeKTPOHOB. PaccMorpum
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cHadajia BO3MOMHBIEC KOODAWHATHEE BOJHOBHE QyHRIIAH.
Ecam y aByx dacTdl] OJWHaKOBHIE HAGOPH OZHOYACTHYHEIX
HHAEKCOB Il, T0 ABYXYACTHYHHIE BOJHOBBIE (YHKIAW MOTYT
orMedaTnest aunbo HHAEKCOM MMy B Gasnce mpocToro mMpoms-
BegeHns, aumbo mamexcom LM, rme L=2I,62]—1,...,1,0,
B CBA3AHHOM 0aswmce. 3aMeTHM, UTO COCTOAHUE ¢ MaKCHEMAAb-
weiM 3HaueHHMeM [M=L==2] co0oTBeTCTBYeT mpOCTOMY Hpow3-
BeJeHOIO C M;=mM,=] W H03TOMY ABIAETCHA CHMMETDPWUHEIM:
ofie 9acTHUI[El HAXONATCA B OJHOM HE TOM ;Ke cocTommmm. Ilo-
CKONBRY HoHwrawomuil omepatop L_=I_(1)+I_(2) Tome
CUMMETPHUEH, SICHO, 9TO BCE COCTOSHUS ¢ MAKCHMAJIBHEIM
snavenweM L=2[] m mobnmu smaveHumavmu M TOme cmMMeT-
puann. Pacemorpuy pganee cocrosuna ¢ M=21—1. B Gasuce
OpPOCTHIX HPOUBBENCHUI WMETCS [Ba TAKAX COCTOAHUA:
¢ my=Il, my=I[—1 u ¢ m;=I1—1, my=I; B cBasaumom Ga-
suce OHH Oyxyr pasnmiarhes mupexcamu L=20 w L=2]—1.
B 6asmce mpocTsIX IpomsBefeHMil OmEpaTop IEPeCTAHOBRE
P,, Opocto MeHser MecTaMW jBa COCTOAHWS, TAK 9YTO eMY
coorBeTcTByer Martpuia () §) ¢ HyxneemM xapaxtepom. Ot-
CIONA MBI BAKJI0YAEM, 9T0 U B CAYyYae CBA3AHHOTO (a3mca, B
KOTOpOM cocrossrme ¢ L=2] cHMMerpum4HO, COCTOHHHE ©
L=2[—1 pomxHO OHTH ABTACHMMETPHIHHM, 4YT0GH obec-
meuYrEBaNoCch PABEHCTBO HyH0 Xapakrtepa. lIpogomsas raxume
paccy;RueHHEsA, MBI BafuM, 910 mp® M =2{—2 uveercsa mabop
w3 TpexX COCTOSHAU, IpWYeM XapakTep Malpupsl pased 1,
Tak d9T0 cocroAHme ¢ L=2]—2 cummmerpmuso. OGobmas
HaHHG pe3yabTaT, MH OPUXOJHM K BBHBOAY, UTO COCTOAHES
¢ deTHHM L cumMMeTpEUHBI, a ¢ HeYeTHRIM — AHTHCHEMMET-
WL

B cay4ae monymenoro cunua § AHANOTWYHEE PACCYHICHAS
HOKA3HBAIOT, UTO COCTOSHNE ¢ MAKCEMANBHEM cImueM =25
BHOBB CHMMETPHYHO, €O cHmHOM S=2s—1 aHTHCEMMeTpHUHO
m T. 1. Ho mockompry s — monymemoe, »T0 0BHagaeT, d9TO
HEUYETHHIM & COOTBETCTBYKT CHMMETPWYHEIE COCTOAHHS, a
9eTHEIM — aHTECAMMeTpHUHble. B uwacTHOCTH, [as 3iexnt-
poHa ¢ s=!/, NByXYacTHYHOE COCTOSAHHE C S=1 gpaserca
cuMMerpuuHEM, a ¢ S=0 — aHTECAMMETPUIHBIM,

ATOMEL ¢ TpemMA BaJNEHTHBIMH JJaexTpoHaMK

Kaaccudpmranua TepMoB NBYX BAJEHTHEHX 31EKTPOHOB
OBIa ycTaHOBIEHA IyTeM AHAJAM3A MEPECTAHOBOYHON CHM-
MeTpuE OpOMTaNbHOR M COIMHOBOH YacTefl BOJNHOBOH QyHK-

P
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nuu. B caydae Tpex dHacTuil CIEAyeT TOYHO TAK XKe HCHOJIb-
80Barh Ipynnmy s BceX IEePECTAHOBOK TpeX 00BeKTor. Jra
rpynna Obiia BBefeHa B ri. 2, § 2 (upmmep 10), m 6511 mo-
KasaH_ee m3oMopdusM Todeynoit rpynme D, (ra. 2, § 3; ra. 2,
§.7, u. B). CregoBarensno, ora mMeeT TAGIUNY XapaKTepos,
COBUATANINYI0 ¢ OpUBelleHHoH B Tabn. 4.2 gus Dy (tabGa. 8.1).

Tabauya 8.4
123 123
7 € (231) (313) Puss Paas Pay
T(@®) 1 q 1
Tm) 2 —1 0

Has [pasnudeHHsA HeOPEBOZHMHIX NPEACTABAGHHH MH BBe-
IeM WHJEKCH S, @&, M, COOTBETCTBYIOH[AE CHMMETPHIHOMY,
aHTHCHMMETPHYHOMY W CMeNIAHHOMY IpefcTaBieHUio. llpen-
¢raBieHEme ' ABNAETCA €AMHAYHHIM, A4 HOTOMY OHO CHM-
MeTpUYHO O OTHOWmEHW! K a00hM mepecTamoeKam. Ilpen-
craBneHue T'? gBiuseTcs’ AHTECAMMETPUIHEIM, HOCKOTBKY
mofag mapHas IepecTaHoBKAa P;; HODPHBOJWT K M3MEHEHHIO
SHAKA. 3aMeTuM, UTO0 3JEMEHTH BTOPOTO KJIACCa, mOfOGHERE
¢ 23, saBadoorcAa TmpousBefeHHeM /[ABYX HapHHX HOEpPecTa-
g0BOK (3 % })=P{Pi: ®w moToMy mMeroT wuHAeKC -1 B
Tabaame gas T, Jsymepmoe mpexcraBmenme T 00-
magaer GasucHHME (QYHKOWAMH, KOTOPHE HE SBIAKTCA HA
CHMMeTPHIHEIMHA, HO AHTHCHMMETPHYHBIMH; OHO HA3HIBAETCH
upocto cmemanusiM. ([nsa rpymou &, ¢ n>3 umeercs
fojiee OJHOTO THUOA CMEMIABHHX IPeJCTABACHH, W WX CJIe-
ayer oTMeuaTh Oosee CIOKHRME wmuFekcamud; T. 2, ria. 17.)

Moasayscy Tabmumeil XapakTepoB, MOKHO HpPOAHAJHM3H-
poBaTs (Ka® B Ta. 4, § 17) pasnoxeHne npom3BefeHnsT mpef-
cTaBmeHWi, W TOTJa OKa3KBaercs, 4T0 T'¥ BXOAAT TOABKO
B LIPOU3BEJEHHS

TORT@, TORTE), TIRTm), (8.41)
CrnenoBaTeibHo, IOJHOCTHI0 AHTACHMMETDHYHYI0 BOJIHOBYIO

GYHRIOHIO AN TPeX 9JNEKTPOHOB MOKHO HOCTPOATH H3 OT-
JierpHHIX 0pOHATAAbHOR W COMHOBOM dacTedl TOABKO IpH
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YCIAOBHH, 9TO 3TH 4YacTH npeolpasyioTcs COTJIAcCHO Ipem-
craBaeEnaM (8.41). IlepeiifeM Temeps K OMpPEAENEHHI0 BO3-
MOKHHX 3HadeHmii L m S, CBA3AHHHX ¢ mepecTaHOBOYHOR
cmMMeTpuell (DO aHAJOTHHE CO CIAyIaeM IBYX SAEKTPOHOB).
Boo6me rosops, mockonsky omepaTopst Ly (m S.) cmmmer-
pu9HE, Opd JaHHOM 3HadeHw: L (mam S) cocrosmmsa ¢ pas-
veME M; (anm Mg) o6aamaioT omHAKOBOH HepecTaHOBOY-
HOMl cuMMeTpHei.

Ecan wactaus 1 w 2 8 cuny serTOpHON cBasm gator S=1,
TO CBS3b ¢ HAacTHIEH 3 MosKeT gate S=3/,  S='/,. Ecan xe
gactEns 1 # 2 gaor $S=0, To 3a cuer YacTHOH 3 BO3HEKAET
npyroe cocrosHme — ¢ S=1/,. YUATHBAS MyJbTUIIETHOCTEH
cocrosumil 251, MH DONy9IaeM NpPABHJIBHOE NONHOE WHCJIC
cocrogumii 2°=8. Paccyskgas Tak ke, KaKk H B caydae ABYX
4acTHI, OPEXOAEM K BHBOAY, UTO I€THpE COCTOAHAA ¢ S =5/,
TONKHE OHTH CHMMETPHYHHEIMH. OJTEM H HCYePOHBAETCH
9uCcja0 CHMMETPHYHEIX COCTOSIHHI, NHOCKONBRY B obmeM
ciydae 9YHACHO CHMMETPHYHHX TPOUHBIX NPOE3BeNeHWHd, KO-
TOpEIE MOKHO 00pasoBaTh H3 7 Pa3HHX ONHOIACTHYHBIX
cocroanait, pasmo Y/ z(n--1)(r+2); opr n=2 sr0 amcioe
pPaBHO deTHIpeM. AHAJOTHYHO YHCA0 AHTHCEMMETPHYHBIX
cocrosamil pasHO Y/,n(n—1)(rn—2), npudeM mpm n=2 oHo
PAaBHO HYMK0. IJTO W HOHATHO, ©CIM HMETCH TOJBKO [Ba
OJHOYACTHUIHHX COCTOSHHUA, HOCKOJBKY B 3TOM ciayuae ABe
YaCTHIIN W3 TPeX JOKHH Onam OH HAXOZATLCH B OJHHA-
KOBHIX COCTOAHHOSX, TaR 9TO AHTHCAMMETPHS HEBO3MOMKHA.
TTosromy cocrosmus ¢ S=!/, o6magaioT CMEMAHHOH CHMMeT-
pume#t, @ To, 9T0 TAKEX COCTOAHEH AOUKHO OMTH gBa (B A0-
monHenne K MyasramaernocTa 28 -+1), Mmoskao Ghuro ckasaTh
3apaHee, TaK Kak IpefcTaBieHue T nByMepHO.

Anajormuanie paccy:KAeHAS RasA OPOHTANBHEIX COCTOA~
HEIl MOKA3HBAKT, 970 UpH [=1 mMeeTcs ogHO amTWCHMMET-
pUYHOE COCTOSHEE; HO3TOMY OHO A0MLKHO nMers L=0 n
COOTBETCTBYET IPOCTO OHPENeJATENI0, NOCTPOCHHOMY HAa
TpeX OJHOYACTHYHHX cocTogHuAX ¢ m=1, 0, —1, Ilo mpa-
BOJIy BEKTOPHOTO CJIOKeHHA 33=27 cocToAmmil ciefyiomam
of6pa3oM mofpasgensioTcsa o sgadesmam L: S-+3P+2D+F,
mpudeM BHOBBb F-cOCTOsIHAE KAK COCTOAHTE ¢ MAKCHMANBHHM L
nowkuao OwTh cmmMmerpmuHEM. Ogpmako ofmee gmemo cmM-
METPHEYHHX COCTOAHHA pPaBHO Temeps !/, X3X4X%5=10; ato
yKasHBaer Ha T0, 4T0o OfHO @3 DP-cocrosmmit [Tarme
JomkHo OHTH cmvmerpmuHEM. IloaroMy ocrammasca mapa
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P- m D-coctoanuil HoKHA oﬁnap;a:rb CMeIIaHHOH cHMMeT-
puei.

O0nenquHEAA 9TH BHBOJH ¢ nomommo dopmynst (8.41), Mu
3araI09aeM, 4T0, HampHEMep, Mis atoma asota (Z==7) ¢ TpeMmsa
BANEHTHHEIMA p-BIEKTPOHAMU BOBMOMKHEIC TEPMEL TAKOBHL:
¢S, 2P u ®D. [las1 geTalibHOTO HOCTPOSHES BOTHOBHX PyHRITHA
mocJefHUX ABYX COCTOAHWH HEOOXONAMO HCIOJIB30BATL KO-
sbpnmuentnt Knebma — Topgama gna rpynmom &, mpm pas-
J0/KeHWN Tmpom3Bejennsa mpexcrasiennit T4 )T ¢ meabio
ob6pasoBaHnsa AHTHCEMMETPUYHOW (YHKIfHA.

PesyapraTsi, noaywenHse Bhlllle B KaKOH-TO Mepe HCKYC-
CTBEHHO, MOTYT OHTh IONYYEHH TaKyke NyTeM HCIONb30-
BAaHUA XapPaKTePOB CHMMETPH30BAHHLIX LpOW3BegeHHH (T. 2,
LIPAIO KeHHe 3, §. 1; cm. ramske ra. 18, § 10). OGoGmenne
Ha caydai 6onbmero 9ACIA BATEHTHHIX dacTad, Oyaydd B
OPHHIUOe IPOCTHM, OKA3KIBAETCA 00M€e TPYHOEMKHM.

H. Yoopagouenue tepMoB

UTo05 BHYACIATH OTHOCHTENBHEIC PHEPTHER  PA3IWIHBIX
BO3MOKHEIX TEPMOB HA OCHOBE OLWCAHHEIX HIKE METOLOB, B
gacTHOCTE 4ToOH HaliTe 3Hauenusa S w L OCHOBHOIO COCTOA-
unsl, Heo0XOQmMO BHYHCANTE MATPUIY BO3MYymeHAs H; B
9THX COCTOAHEAX. B HPOCTHX mpEMepax, TIpUBe(EHEHAX BEIIIE,
EMeJoch Be §oJee OJHOrO TepMa ¢ 3ANAHHHIMEA 3HAYCHUAME
S uw L, tag 4To Marpmia, 3am@caHHAs B cBazamHoM LS-
fasuce, OymeT AmaroHaabHO. DHumcIeHme MATPHUHEX 3J6-
MEHTOB, KaR OPABHWIO, OKABHBAETCH BECHMAa CJIOKHBIM PO~
1eccoM, KOTOPHIH MBI He OyjgeM paccMaTpPHBATL JeTajbHO.
CymecrtByeT, 0QHAKO, PsA o0m{EX MOMEHTOB B TaKOT0 poOja
BHUUCJAEHAAX, O0YCIOBACHHNX HAJIAYAEM CHAMMETPHH H Ha-
XOAAMAX [POCTHE 00BACHEHAA.

NyeeTcs TecHAs ¢BA3H MERIY 3HaYeHHEM HOJTHOIO COWHA
S u cummerpmeil BosHOBOH (YHROWE HpPH IepPECTAHOBRAX
Ka® COMHOBBIX, TaK ¥ NPOCIPAHCTBEHHHIX TEPEMENHLIX,
BHIIIOMHACGMEX HOPO3Hb. B gacrHOCTW, MBI BHAENH, 9T0 BOJ-
HOBHE QYHKIEM [JS CHCTEMH £ DIEKTPOHOB ¢ MAKCAMAIHHBIM
cuaHoM S =1/,{ HomkHEH OHTh HOJHOCTBIO CHMMETPUIHEIMH
OpH HepecTaHOBKAX CHEHOBHIX HepeMeHHHX W HOTOMY MHOJ-
HOCTBI0 ' AHTECHMMETPHYHEIME IPH II€PecTAaHOBKAX HpOCT-
paHCTBeHHHX nepeMennrX. [pm npowsBoapHENX 3HaUeHHAX S
MOKHO MHOJYYHTh HEKYI0 Mepy CUMMETpPUA, eCIW 3aMeTHTh,
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970 A JA000H IapH YACTALR { W j CYmECTBYeT CIefyiOomiee
COOTHOMGHWE M1y OlIepaTopoM moJHoro cmaHa S (ij)=
=s(i)+-s(j) @ omeparopoM cm@EOBOro ofMeHa PS mepe-
CTABIAIOIAM COAHOBAE HEPeMOHANS YACTAN [ A j:

§*(if) =1+ P§. 18.42)

HeficTBUTeNbHO, B {H0IHOM HAJ0PS HSTHPAX CHOAHOBHX CO-
CTOAHEA [BYX dacTHy co comdoM !/, 006 dacTdu PABEHCTBA
(8.42) mmeoT ogumaxosyio Marpumy (3agada 8.8). Hepexoxa
AaTee K cHCTeMe ! 9ASKTPOHOB W CYyMMEpPYsS JAeBYI0 JacTh
paserdcTsa (8.42) mo BceM mapaM 9acTAN, II0JydaeMm

Zls@+s0)F= B0+ D]4+2 T3 0-30).

TOrZa Kar JJIA Ksajgpara IOJIHOTO couHa HAMesM

=(s@) =2 0+2 s 0).

B

O6begunns mocaemame aBa cootomenuA ¢ (8.42), momydmMm
st= AP+ st (0 F P2 [A—s () —s (D] =
i \l
= > P +t——t‘~' (8.43)

i<

ec;rm ydreM, qro s®(i)==%/, Aad 1050d dacranys ¢ s=1/,. Oue-
parop MS= 3P} ecrh WEKOMAd MpPAMAA MOpa UepeCTaHO-
i<j.

BOYHOH CHUMMOTPHA, MOCKOIBKY KaKAAA CUMMOTDPUIHAA Iapa
maeT coScTeemHoe 3HadeHme -1, a amTmcmMMerpmuHag —
codcreennoe smadenme —1. /I3 pasencrsa (8.43) suama cBash
Me;RAy omeparopoM MS m moamsiM cumaoM S. B wacrmocra,
COCTOSHAA ¢ MAKCAMAIBHAIM CIOmHOM S=!/,¢ ouHOBpeweHHo
ABAAIOTCS COOCTBEHHHIME (yHRIMEAME omepatopa MS, co-
OTBETCTBYIOIAMA COOCTBEHHHIM BHAUSHEAM .'/,f{{—1), deM
HOATBEP/KAeTCA MOMHAA CHMMOTPAA BCeX HAD CHEHOB. nsa
cocTosHmA ¢ S= /2 opu t=3 dopmyaa (8 43) maer, wro MS
AMeeT HyJA8BOe COOCTBOHHOE 3HAYSHHWE, TAK 4TO COCTOAHHE
CMemaHHOM cmMMerpma T @I Tpex YacTAR COXEP/RHT
CAMMETPHUYHEE M AHTACHMMETPHYHEE HNapH B OJMHAKOBOH
nponopnud. Boobme rosopsa, ms dopuyan (8.43) ascrsyer,
910 OpdA yMedbmeadd S yMeHAIIAGTCA B COJCTBOHAOE 3HA-
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genme omepatopa MS, 1. e. HOCTEMeHHO CHEKALTCA THCHO
CEMMETPWIHHX ITap CHEHOB.

Ilo ompenenenmio sobafd HOAHOCTHI0 AHTHCEMMETPHIHAA
poanoBad QyErnma ¥ momKHA YIOBIETBOPATL COOTHONIEHHIO
P;;¥=—Y, rme Py — OmepaTop ITepecTAHOBKE BCeX Ime-
pemeHHHx mas dactan { m j. Opmako Py= P,,P”, rae

{j — OIepaTop MHepecTAHOBKH TOJBKO HPOCTPAHCTBEHHHIX

rooppmEar, Tak uro P;¥=—P%¥. IlostoMy Ha Kxacce
aHTACAMMETPHYHEX BOJHOBHIX q)ynmum MH BCerga mMeeM
TOYHOE COOTHOIeHme Pl/=— P,S,. Omnpenenns Hajsee ome-

paTop M’ —ZP”, mMeeM M’=—MS, oTKyzma ¢ yweroM
COOTHOIHGH]Z(H (8 43) maxommm
@LS|W|aLSy=t—+*—S8 (S+1).  (8.44)

ITpu dmKcmpoBapHOM Umcje ! 9IEKTPOHOB YMeHbINeHHe HOJ-
moro comEa S o3mauaer yseawdendme M7 =@, cramo GHTS,
BO3pacTafme 9YUCHA Tap YacTHI, CAMMETPHYHHX IO OTHO-
MeHNI0 K IepecTaHOBKe HX IPOCTPAHCTBEHHHX KUODZWHAT.
pn MmaxcumManbHOM 3Hadenmnm cnmHa S=1/,! Beamamaa M7,
coraacuo Qopmyne (8.44), pasma —'/,t(t—1), 910 CcoorBET-
CIBYeT IOJHOH AHTHCAMMETPHH 0O OPOCTPAHCTBEHHBIM KO-
OpAMHATAM AJS BCeX Iap YacTHL.

Bepuemcst Temepb K ypOBHAM SHeprAd ATOMOB H pac-
CMOTpHUM CJENCTBHSMA, BHTEKAONINE U3 CBABH MEKAY CORUHOM X
mepecTaHOBOYHON cHMMeTpmeii. IloCKOABKY ymopsgodeHme
TEPMOB ONpefledAeTCH OTTAIKABAHAEGM MEXAY 9JeKTPOHAMH,
OCHOBHHEIM COCTOsSIHWEM OygeT T0, B KOTOPOM OTTAJIKHBAHZE
MEHEMaNBHO. Hak Dpasmno, oTTaaKmBaHEE MHAHIMATIBHO
OpH MHHAMAJIBHOW CAMMETPHUH B3JIeKTPOHOB OTHOCHTEJIBHO
mepecTaHOBOK IPOCTPAaHCTBeHHHX koopaumuar. Coraacro ¢op-
myae (8.44), 1o COOTBETCTBYeT MaKCHMAJABHOMY 3HAYCHHIO
comEa S=1!/,, KOrJa BCe HapH YaCTHI, AHTHCHEMMETPHYHEI
mo koopgmuaTaM. [losTOMy OCHOBHOE COCTOAHEE [OJGKHO
COOTBETCTBOBATE MaKCHMalbHOMY cuwmHy S=1/,f, a bHeprum
Opr ADPYrEX 3HavenwsX S JO/UKHH BO3PacTaTe ¢ yMeHBIlle-
EmeM S. 3TOT BHIBOJ HMHTEDECEH TeM, YTO OH OTHOCHTCH R
cOUHY, XOTA Bo3Mymenme H; oT cmmEa He 3aBHCHT. ITO
o0bsICHAETCH TeM, 9rT0 3HAaYeHAsME S ONpeRelsercs CIE-
HOBAas CUMMETPHS, KOTOpoH depe3 yciaoBHe MOJHOH aHTH-
CAMMETPHE BOJTHOBON (YHRUWE ompefenseTcd KOOPIUHATHAA
CHMMeTPHS CHCTeMH 3JIeKTPOHOB.
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3Havenne '/,f MaKCEMANBHOTO CHOHHA CHCTEMHI [ BAJCHT-
HHIX 5JEKTPOHOB C OJMHAKOBHIMH KBAaHTOBHIME ducAaMu nl
tTpeGyer MomudumKamuu HpPW 3amoaHeHmH o0omzodr:m Gosee
4eM HamOJOBHHY. B 060109YKe MoiKer HaxoxmThea He Ooiee
2(214-1) saexTpoHOB, HO JHWIIH HOJOBAHA H3 HUX OyHeT
aMerb 3HaveHme mg==-+'/,. lloaromy 3zmauemme S=-1/,¢
MO;KeT OHTh ROCTATHYTO JUIIb NOPW B3al0IHEHHE MIepBOH
mosioBuEs oGonourn 1< 2l4-1. Ilpu gansHedmeM 3al0NHEeHAR
MaxkcHUMajnbHOe 3HAYeHHe S yObBaer ¢ pocroM £, IpHIeM
repMil mas [2(214+-1)—t] saexTpoHOB QaKTHIECKE ORA3H-
BAIOTCS TEMU jKe, ITO U JJis £ DIEKTPOHOB.

Yuopanodenue TepMOB ¢ OJUHAKOBHME 3HAYCHAAMH &
2 S OpoaHanu3upoBATH HECKOJABKO TpYyHAHee, HO H 3[€Ch
EMeeTcs mpocroe ofmee MpaB@io. JKCIEPHEMEHTAIBHEE JaH-
Hble IMOKA3HBAlOT, YT0 B OCHOBHEIX COCTOAHEAX BeamdmeEa L
HMeeT MaKCHEMAJbHOE W3 BO3MO/KHHIX 3HAUEHHA. JT0 MOYKHO
KAa9eCTBEHHO OOBACHATH TeM, 9T0 BEPOSATHOCTh HAXOKIeHHA
IBYX dacTull BOMH3W APYr OT APYyra yMeHbHIIAETCS B COCTOM-
HAAX ¢ BHICOKWM OPOGATANBHHIM YTIOBHM MOMEHTOM. ¥ UHTHI-
Bag $opMy KYI0HOBCKOTO MOTEHIUATIA, OTCIO{A MOMKHO CJe-
JIaTh BHIBOJ O MeHLIIEeM 3HAYeHHH DHEPTWA OTTAIKABAHWSA
B COCTOSIHAAX ¢ BhcoRuM L.

To momosxenme, 970 aTOMHBIE OCHOBHEIE COCTOAHHA COOT-
BETCTBYIOT MAKCHMANBHOMY 3HAUEHW0 S H MAKCHMATIBHOMY
spadenmi0 L, coBMecTuMoMy ¢ NAHHHM 3HagueHweM O, OHIIO
sMnupuueckn ycramoieHo Xyumom B 1927 r. m mocwr Ha-
3samue mpapmira Xyuaa. Hexoropre feTanbsHEE BHIACACHAA
YyOOpATOYeHUsl ypOBHEH SHEPTAR MOKHO HAiTH B T. 2, HpH-
no:xemme 5, § 1.
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