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Nekuunsa 11.

ATOM resus.

[Iepeiinem Tenepp K paCCMOTPEHUIO IPOCTENIIEN ABYXIJIEKTPOHHON CUCTEMBI — aTOMa
TeNTUsl WIN Teuenogo0oHoro nona. OCHOBHBIE HIEH STOTO PACCMOTPEHHS 3aT€M Ha Ka4eCTBEH-
HOM YpOBHE OyAyT UCIOJIb30BaHbI JUIsl aHAJIN3a MHOTO3JIEKTPOHHBIX CUCTEM.

3anuiieM raMuJIbTOHHAH Halled cucTemMbl B BUAE (0003HaUE€HHE KOOpAWHAT CM. Ha
puc.11.1):

H=H +H,+V,, (11.1)
rue
2 2 2 2
H1:T1+V1:_h_v12_ze >H2:T2+V2:_h_v§_ze
2m 7 2m v,

- TaMUWJbTOHWAHLBI, YYWUTBIBAIOIIUC B3aUMOJCUCTBUE KaXXJOTO U3 9JICKTPOHOB C sApOM,

A

V,=¢e / 1, - MEX3JIEKTpOHHOE B3auMozeiictBue. Hama 3agaua — HaifTu coOCTBEHHBIE 3HAYE-

HUS U cCOOCTBEHHbIE QYHKIMU TaMuibToHHaHa (11.1), T.e. pemmTh creayroliee cTalioHapHOe
ypaBHeHue lllpenunrepa

Hy(#,r,) = Ey(7,r,) (11.2)
3nmech BOJHOBas (DyHKIMS OIpeliesieHa B MIECTH-
MEPHOM TPOCTpaHCTBE. B obmiem ciydae Takoe
ypaBHEHHE HE MOXET OBITh PEIICHO aHaIMTHYe-
2 r, CKH.

Jlns anamusa 3amaun (11.2) MoxHO HC-
MOJIb30BaTh TPUOIIKEHHE CaMOCOTIIACOBAHHOTO
nossi. OJTHaKo, MBI MIOCTYIIUM eliie Tpoie. byaem
UCKaTh MPHUOIMKEHHOE pEIICHHEe, BOCIOJIB30-
BaBIIMCh TeOpHeH BO3MylIcHHWH. B KkauecTBe
Ze BO3MYIICHUS OyJeM paccMaTpHBaTh OIEPATOP

]
~E D

e 111 MEXDJIEKTPOHHOIO B3aumozehcteus V), . Takoe
ne.11.1.

NpuOIKEHUE MPABOMEPHO, €CIH SAPO HMEET
JIOCTaTOYHO OOJBIION 3apsil, M SHEPrusl B3aUMOJACUCTBUS KaXKIOTO U3 AJIEKTPOHOB C SIPOM
3HAQUMUTENIbHO MPEBBIIIACT YHEPTUI0 MEXKIIEKTPOHHOTO B3auMojeicTBus. B ciyyae atoma re-
st (Z =2) yka3aHHbIe SHEPrMH UMEIOT OJIMH MOPAIOK BeauuuHbl. [lo3TOMY paccuuThIBaTh
Ha XOpOIIIee COTacHe C IKCIEPUMEHTATbHBIMU JAHHBIMHU OyAET TPYAHO, B MBI CMOXEM IIpO-
BECTHU aHAJIU3 CTPYKTYPbI CUCTEMBI JIUIIb Ha KAYECTBEHHOM ypOBHE.
Urak, B HyneBoM npuOnmkeHuu nMmeeM ypaBHenue [llpenunrepa st HEBO3ZMYIIIEHHO-
ro raMWJIbTOHHAHA

" " O =

|1, + B, 7) = EOwG o). (113)
B ypaBuenuu (11.3) nepemMeHHbIE JIETKO pa3AeisiOTCs, U BOJIHOBas GyHKuus y(7,7,) Mpen-
CTaBJISIETCS B BUJIE TIPOU3BEICHUS OTHOAICKTPOHHBIX (YHKITHIA

V(5,75) =y, (H)V, (1) . (11.4)
3neck dyHKMK (7)) U y,(7,) yIOBIETBOPAIOT OfAHOYacTHUYHOMY ypaBHeHHIo llIpeaunrepa
I:Ii\l’i(’_;l):Ei\Vi(Fl): i=12.

DHeprus CUCTEMbI B HYJIEBOM MPUOIMKEHUHM €CTh CyMMa IHEPrHil Ka)J0ro U3 AJIEKTPOHOB,
T.C.
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EY =E +E,=-Z’Ry izﬁui2 : (11.5)
nn
3nech n, U n, - IrIaBHbIE KBAHTOBBIE YMCIA KaXKAOr0 U3 AJIEKTPOHOB. B wactHoCcTH, U1 OC-
HOBHOT'O COCTOSIHMSI CUCTEMBI B HYJIEBOM IPUOIMKEHUN UMEEM
E =-27°Ry.

BcenomHuM, OHAKO, YTO AJISi CUCTEMBlI TOXKJECTBEHHBIX YACTHIl BOJHOBAas (YHKIHS
JOJDKHA OBITh WJIM CUMMETPUYHA, WIM AHTUCUMMETPUYHA OTHOCUTEIBHO INMEPECTAHOBKU HX
mectamu. [ToaTomy BMecTo BOSHOBBIX (yHKIMNA Buaa (11.4) MbI TOJMKHBI pacCMaTpUBATh UX
cUMMeTpHu30BaHHbIe KoMOuHamu (cMm. JI 10):

Voo (7)== (0, W (5) £, (5w, (7). (11.6)

2
Kazanoce Obl, 31€KTPOHBI ABISAIOTCS (PEPMUOHAMH, [TO3TOMY MBI JOJIKHBI BBIOPAaTh aHTUCUM-
MeTpuuHyto ¢yHKIMIO VY (7,7, ). OgHako, Mbl 3a0bUIM NPO CIMHOBYIO YacThb BOJHOBOM
(GyHKUMU: TOJIHAs BOJHOBAas (DYHKIUS CUCTEMbI €CTh IPOU3BEICHUE NMPOCTPAHCTBEHHOH MU
CIIMHOBOM BOJIHOBBIX (DYHKIIHIA
(&.8,) =v(r,n)(o,,0,), (11.7)

rne y(c,,0,) - CIMHOBasl BOJHOBas (DYHKIMSI CUCTEMBI U3 JIByX 3JIEKTPOHOB. AHTUCHMMET-
PUYHOM OTHOCHUTEIBHO NMEPECTAHOBKU 3JIEKTPOHOB MECTaMH JIOJKHA OBITh IOJHAs BOJIHOBAs
bynkuus ¥ (E,,§,). DTOro MOXHO JIOCTUYb JBYMS CIOCOOaMH: MPOCTPAHCTBEHHAsl 4acTb
BOJIHOBOH (D)YHKIMM SIBJISIETCSI CAMMETPUYHOM, @ CIIMHOBAasl - aHTUCUMMETPUYHOH, U, Ha000-
POT, IPOCTPAHCTBEHHAS YaCTh - AaHTUCUMMETPHYHOMN, 8 CIUHOBASI — CAMMETPUYHOM. 3anuiiemM
HO3TOMY

Y(E,8,)=vs(n,5)4(0,,0,),

Y (E,8,)=v,,)s(0,,0,).

[TocTpoum Temeps «IpaBHIbHBIE», TO €CTh CUMMETPH30BAHHBIE OTHOCUTEIBHO Tepe-
CTaHOBKH 3JIEKTPOHOB MECTaMU CITMHOBHIE BOJIHOBBIE (DYHKIIMU CUCTEMBI U3 ABYX AJIEKTPOHOB.
B o0miem ciydae 3Ta cucteMa MOXKET CIEAYIOINEe OPUEHTALIUN CITUHOB:

™, N, A1 W,
KOTOPBIM COOTBETCTBYIOT CJI€yIOIIME CIIUHOBbIE (DYHKIIUH
1) (1 1)(0O 0)(1 0)(0
‘TT>= : T¢>= : ¢T>= : ¢¢>=
0 1 0 2 0 1 1 2 1 1 0 2 1 1 1 2

31mech UHACKCHI «1» U «2» 0003HAYAFOT COOTBETCTBCHHO CITMHOBBIC COCTOSIHUS ITEPBOTO M BTO-
poro 3mekTpoHoB. Kak BUAHO, TiepBas U 4YeTBepTasi U3 BOJHOBBIX (DYHKIUI SBISIOTCS CUMMET-
PUYHBIMU OTHOCHTEIIBHO IEPECTAHOBKH JJICKTPOHOB MecTaMH. J[Be ocTaBIMXCs (PYHKIHH Tie-
PEXOAAT MPH MEPECTAHOBKE IPYT B APyra, T.€. HE YIOBIETBOPSIOT MPHUHIIUITY TOXICCTBEHHO-
cti. OJHAKO, U3 ATUX COCTOSHUH JIETKO IMOCTPOUTH JIBE CUMMETPHU30BaHHBIC JOJDKHBIM 00pa-
30M KOMOMHAIIUN, & IMEHHO

%(mi\m),

OJlHA U3 KOTOPBIX SBJISIETCS CUMMETPUYHOM, a Apyras — aHTUCUMMETPHUYHONW OTHOCHUTEIBHO
HIepECTaHOBKH JIEKTPOHOB MECTaMHU.

WTak, MBI IMEEM BCEro YEThIPE CIIMHOBBIX COCTOSIHUS CUCTEMBI JIByX AJIEKTPOHOB, U3
HHUX TPHU OIMCHIBAIOTCS CUMMETPHUYHBIMH M OJJHO — aHTHCUMMETpUYHOW (QyHKimsamu. Ilomy-
YEeHHBIE TPH CUMMETPUYHBIX BOJHOBBIX (YHKIMU 00pa3yroT HaOOp COCTOSHUH C MPOEKIUeH
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CYMMAapHOT'O CIIMHA Ha BBIIEICHHYIO OCh z paBHOU M ¢ =0,+1. Ha 5TOM OCHOBaHMH MBI ITPH-

XOUM K BBIBOAY, YTO 3TO TPHUIUICT COCTOSIHUM C ITOJIHBIM CIIMHOM S =1 . Urto kacaercsa CINH-
CTBEHHOT'O0 aHTUCUMMETPUYHOTO COCTOSHUSA, TO A Hero M, =0 u, ciefoBaTesbHo, 9TO CO-

ctosinue umeet nonHbli ciiuH S = 0. CobGepeM Ternephb Bee MOIy4YeHHbIE TaHHbIE BMECTE:

Ys(0,,0,) =‘TT>, S=1 M =],

m(sl,cz):%(m}qm) S=1. M, =0,

1s5(01.0,) =|W), s=1 M =-1, (11.8)

1
XA(01,62)=EQT~L>—HT» S=0, M, =0,

JoroBopumcst o tepmuHosniornu. Benuuuny 2S5 +1 Oynem Ha3plBaThb MYJIbTHILIETHOCTHIO. B
paccMaTpuBaeMOM HaMHM CIIy4ae CUCTEMbI U3 JABYX DJICKTPOHOB MMeeM 3HaueHust 2S5 +1=1 u
28 +1=3, T.e. HAOOP CUHTJIETHBIX U TPUIUICTHBIX COCTOSHUH.

Takum 00pa3zom, Mbl MOKa3ajid, YTO IOJIHAs BOJHOBasE (QYHKIUS JBYXIJIEKTPOHHOIO
aToMa JI0JKHA CTPOUTHCS B BUE

Y(&,,8,) =vs(,n)x,(0,,0,),
HpI/Iqu B 5TOM CJIyIIae MBI UMCEM CHUHIJICTHOC COCTOAHUC (S = 0 ), NN

Y (&,,8,)=v,(1,5)xs(0,,0,)

JUISL TPUTLIETHOTO cocTosiHus (S =1).

Mpbl NOAy4YWId NPUHIUIHAIBHO BaXKHBIA pe3ysbTaT. XOTs ONEepaTop CIHMHA HUTAE He
CTOUT B TaMWJIBTOHUAHE, IPOCTPAHCTBEHHBIC YACTH BOJHOBBIX (DYHKIIMH CTAIIHOHAPHBIX CO-
CTOSIHU SIBHO 3aBUCST OT CIIMHA U OMMCHIBAIOT COBEPILIEHHO PA3IMYHbIE PACIIPEACTICHUS AIIEK-
TPOHHOU IUIOTHOCTH B aroMe. Kak Mbl yBUIUM B JaJIbHEHUIIIEM, yUE€T MEXKIICKTPOHHOTO B3au-
MOJICHCTBUS TIPUBEACT K TOMY, SHEPTHs CTAIIMOHAPHBIX COCTOSIHUN B OJTHOM W TOM k€ KOH(DHU-
rypanuu Takke OyaeT 3aBUCeTh OT CIIMHOBOTO COCTOSIHUS JJIEKTPOHOB, XOTSI TaMIJIbTOHHAH
CUCTEMBI U HE 3aBUCHUT OT CIIHMHA.

Jlis manpHENIIero pacCMOTPEHHUsT BAXKHO 3aMETHUThH Clenytomiee o0cTosTenscTBo. Omne-
parop TI'amwmibprona (11.1), yYWTHIBAIOMUN 3JIEKTPOCTATUYECKOE B3aMMOJICHCTBHE MEXKITY

~ A 2
3JIeKTPOHAMH, KOMMYTHPYET C KBA[PATOM IIOJTHOTO MOMEHTA CHCTeMbI L = (ﬁ L 2) :

|7,17]=0.

Jloka3atenbcTBO 3TOro (axra npuseneHo B [Ipunoxkenun 5. ITo 3HAUUT, YTO MBI MOXKEM I10-
CTPOUTH CTAIllMOHAPHBIE COCTOSHUSI CHCTEMBbI, SIBISIOIIMECS OJHOBPEMEHHO COCTOSHHSMHU C
TOYHO OIPEJEICHHBIM KBaJpaTOM IOJHOTO OpOUTAIFHOTO MOMEHTa. AHAJIOTHYHO, MOXKHO
BBECTH KBAHTOBOE YHCIO S, ONpEAEIIAIONIEe CYMMAapHBIH CIIMHOBBIH MOMEHT COBOKYITHOCTH
aTOMHBIX 3JIEKTPOHOB.

[TpousnmocTpupyeM cka3aHHOE KOHKPETHBIMU IIPUMEPAMU.

PaccmoTpuM, npeskzie BCcero, OCHOBHOE cOcTosiHUe atoma renus. Ilycts o6a anekrtpoHa
HAaXOJATCS B HAUHM3ILEM YHEPIeTUYECKOM COCTOSIHUM, T.€. 1, =n, =1 u ¢/, =(, =0. O10 03-

HAYaeT, YyTO 3ajaHa >JeKTpoHHas KoHpurypamus ls°. IIpocTpaHCTBeHHas 4YacTh BOIHOBOI
(GyHKIMH B 3TON KOH(UTYpAIIMH MOXKET OBITh 3alicaHa B BUJIC

V(rRL,5) =y (v, (1) (11.9)
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Kak BuiHO, B Takoil KOH(pUrypaluu yaaercsi IOCTPOUTh TOJIbKO CUMMETPUYHYIO OTHOCUTEIb-
HO N€PECTAaHOBKU 3JIEKTPOHOB MECTaMHU IPOCTPAHCTBEHHYIO QyHKUUIO Y(7,,7,). 3HaYUT, CIIU-
HOBasl 4aCTh BOJHOBOM (DyHKIIMM JOKHA OBITh 0053aTEIbHO aHTUCUMMETPUYHOM, T.€. MOJIHBINA
CIIMH CHUCTEMBI JOJDKEH OBITh paBeH HYIIO, a TPUIUIETHOE COCTOSHHE B TaKOW KOH(MUTypanun
OKa3bIBAETCsI HEBO3MOYKHBIM.

Ilepeiinem Teneps K pacCMOTPEHHUIO KOH(MUTYpaIMu, KOTAa OAUH U3 MIEKTPOHOB HAXO-
JUTCsl B BO30YKIEHHOM COCTOSIHUM, Hanpumep n, =1, n, =2 u ¢, = ¢, =0. CnegosareibHo,
3afaHa KoHurypauus ls2s. B 3Toil KOHGUrypanuu U3 OJHOAIEKTPOHHBIX BOJHOBBIX (DyHK-
iy, (7)) 1 y, (7,) MBI MOXXEM IOCTPOUTH CUMMETPUYHYIO U AHTUCHUMMETPUYHYIO IIPO-

CTPAHCTBCHHYIO KOM6I/IH8.I_II/II/I

wsoa,@)=%(wm(a)wzs@)+wm@>wzs(a)), (11.10)
wA(a,fz)=%(wls(mwzs@)—wls@)wk(a)), (11.11)

Herpyano y0GeauThes, 4TO MONHBIA OpOUTATBHBIA MOMEHT B 3THUX COCTOSIHUSIX PaBEH HYJIIO.
OpnHako, MOMHBIN CIIUH B 3TUX cocTosiHUAX paznudeH. CocrosHue (11.10) 10omKHO OBITH CUHT-
JETHBIM, a cocTosiHue (11.11) — TpurIeTHBIM.

Mpl yke TOBOPWIIM, YTO CTAllMOHAPHBIE COCTOSHUS MOXKHO OXapaKTepH30BaTh 3Haye-
HUEM TOJTHOTO CIIMHOBOTO S U MOJIHOTO opOuTansHoro L mMomenta. Ecnu 3a1anbl cyMMapHbie
3HaueHust L U S Bcell COBOKYIHOCTU aTOMHBIX 3JIEKTPOHOB, TO FOBOPSAT, YTO 3a/1aH aTOMHBIN

TepM. 3anmuceiBaeTcs Tak: > L . BenmuuHa 2.5 + 1 Ha3bIBaeTCS MYJIBTHILIETHOCTBIO TEPMA.

B paccMaTpuBaeMOM HaMHM ciydae KOHGUTypanun ls2s TpuHaUIeKaT a8a TepMa 'S u
’S. CnuHOBBIE M TIPOCTPAHCTBEHHBIE YACTH BOIHOBHIX (DYHKIHMH 3TUX TEPMOB 3aJalOTCS
dynkmusamu (11.8) u (11.10), (11.11) coorercTBenHo. Kondurypauun 1s’, Kak MBI BUIENH,

MPUHATJICIKUT eHHHCTBCHHLIﬁ TCPpM 1S .
B o6mem cinydae xondurypauuu lsnl, cOOTBETCTBYIOMIEH OAHOAIEKTPOHHOMY B0O30Y-
XKJIEHHOMY COCTOSIHUIO aTOMa Teliusi, CUTyallls COBEPILICHHO aHaJoTHYHa. JTOW KOHQUrypa-

MM TaKoKe MPUHAJIEKAT J1Ba TepMa, Harpumep, 1 £ =1, 'P u *P.

[Toka MBI HE YYHTBIBAEM 3JIEKTPOCTATUYECKOE B3aMMOJIEHCTBHE BJICKTPOHOB APYT C
JPYrOM, SHEPIUH ATOMHBIX TEPMOB COBIIANAOT U ONPEIEIAIOTCS HIEKTPOHHON KOHPUIypaIy-
eﬁ, KOTOpaﬂ B HAIIICM HpI/I6HI/I)KeHI/H/I, qu/ITI)IBaeT JINIIb B3aHMOHeﬁCTBHe BJIGKTPOHOB C ﬂﬂpOM.
BoCII0/1b30BaBIINCh TENEPh TEOPHEi BO3MYILCHHIA, ONMPEJEINM IIONPABKH K YHEPTHSAM CTa-
HI/IOHapHHX COCTOHHI/If/'I, CBsA3AaHHBIC C 3HeKTPOCTaTI/ILIeCKI/IM B3aI/IMOZ[eI\/JICTBI/IeM BJIeKTpOHOBZ

_ e = = = = Y73 13
AE—J.\V (7,7 W G i (E L 7 )d P nd s, . (11.12)
OcTtaHoBHMCH, IIPEXKJIE BCET0, Ha MONPaBKE K YHEPTUU OCHOBHOI'O COCTOsIHMA. B 3TOM cityuae ¢
yueroMm (11.9) B mepBoM mopsIKke TECOPUU BO3MYILIEHUHN MOTYyYHUM
2 e

2
_ =\2 = 3., 93
AE = [y, G Y v, B ) = drd’r, . (11.13)
r,—r
i -7
[TomyuyeHHOMY BBIp@KEHHUIO MOXKHO TPHUAATh HATJIAIHBIN (u3mdeckuil cMmbicia. Ecim BBecTn
= 2
BenmuuuHy p(7) = e|\|fls (r)| - TUIOTHOCTH 3apsiia B MPOCTPAHCTBE, CO37aBaeMasi OTICIbHBIM

anekTpoHoM, To (11.13) nmepenucpiBaeTcs B BUAC

M:jmd%d%. (11.14)

|r1_r2|
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C TOUKM 3peHUS KJIACCUYECKOM TEKTPOAMHAMUKH 3TO €CTh HE YTO MHOE, KaK 3JIEKTPOCTaTHYe-
. 1
CKasl SHEPTruUs B3aUMOJICUCTBUSA JBYX pPaclpeAeNeHHBIX 3apsiioB . /111 OCHOBHOTO COCTOSTHUS
N z’
v )= | 2 expl-zr/ay)
na,
u unrerpan (11.14) nerko Beruucnsercs (cm. [Ipunoxenne 6). OTBET BBIMISINT TaK:

AEz%ZRy. (11.15)

Tor/:[a BBIPAXKCHUC IJIA MOTHOM OHCPIrur OCHOBHOI'O COCTOSAHHA UMECT BU/JL
5
E:—(ZZz—ZZ)Ry. (11.16)

Kak u cnenoBano oxuaarh, ¢ yBeIUUYEHUEM 3apsiia spa OTHOCUTEIbHBIA BKJIAJ] SHEPTUU Me-
AKDJIEKTPOHHOTO B3aUMOJICHCTBUS yOBIBACT, U MPUMEHEHUE TEOPUH BO3MYILEHUH OKa3bIBACTCS
Bce Oonee 000cHOBaHHBIM. B wacTHOM cityuae atoma renmust (Z =2 ) u3 (11.16) umeem

E =-5.5Ry = 74.8 3B.

Ecnu yuecTh, 4TO 3HEpPrus yJalleHusl 3JIEKTPOHA U3 BOJOPOJONOA0OHOrO HOHA I'eJihs COCTaB-
et 4Ry, To mojiy4aeM, 4TO MOTEHIMal noHu3auu atoma renust [ =1.5Ry = 20.4 3B. Dkc-

MIEPUMCHTAIBHO M3MEPEHHOE 3Ha4eHHe cocrasiser [, ~24.6 5B, T.c. MBI BBIYHCININ 3Ty

BeIMunHy npuMepHo ¢ 20%- oif TouHOCThI0. OUeHb HEMJIOXO JAJIS MEPBOro MOpsJKa TEOpUU
BO3MYILECHHH B pacCMaTpHBaeMOM ciydae.
B B030yXIEHHBIX COCTOSHUSIX pPacdeT SHEPTrUM MEXKIIEKTPOHHOTO B3aWMOJECHCTBHUS

MIPOBOJIMTCS HECKOJIBKO ciioxHee. /st kondurypanuu lsnl , Hampumep, IMEeM:
2

- =2 € 3 g3
AES(A) :HWS(A)(’”l’rz)‘ r_d nd’r, =
1

2

1 - _, . R 2
Eﬂ(‘““’ COUMCSESTNCA ) & f_d3r1d3r2 =Cx4. (1117
12
31ech
2
C= ,H\Vls 7 12|\1Uné (’72]2 |’7le_—?2|d3rld3r2

- KlIaCCUYCCKaA KYJTOHOBCKas SHEPTHUA BSaHMOHeﬁCTBHﬂ ABYX «pa3Ma3aHHBIX» 3JICKTPOHOB,

2
A= J‘\Vu (’71 )\l’n( (Fz )\V; (’72 )‘UZ( (’71 )%d3ﬁd3rz
7 =7
- Tak Ha3bpiBacMasi oOMeHHast sHeprusi. OOMeHHast SHEPTrUusi He UMEET HArJISIHOTO KiIacChue-
CKOTO MCTOJIKOBAHUA. ITO TOXKE YaCTh AJIEKTPOCTATUYECKOW IHEPTHH B3aMMOICHCTBUS ABYX
3JICKTPOHOB, CBSI3aHHAs CO CBOMCTBAMU CUMMETPHUHU BOJIHOBOM ()yHKIIMM OTHOCHUTEIIBHO Tepe-
CTaHOBKH 3JIEKTPOHOB MECTaMH, TO €CTh C MPHUHIIUIIOM TOXJIECTBEHHOCTH MHUKpodacTull. [Ipu
3TOM MBI IOMHHUM, 4YTO 3HaK «+» B (11.17) cOOTBETCTBYET CUMMETPUYHON MPOCTPAHCTBEHHON
BOJIHOBOU (DYHKITHH, TO €CTh aHTUCUMMETPUYHON CIIMHOBOMW (CHHTIIETHOMY Tepmy). 1, Hao60-
pOT, 3HAK «-» COOTBETCTBYET AHTUCUMMETPUYHOU MPOCTPAHCTBEHHOW (DYHKIMU U CUMMET-
PUYHOW CIMHOBOM (TpHUIIeTHOMY TepMy). Cre0BaTeNbHO, TPUIUIETHBIA TEPM XapaKTEPHU3yeT-

2
, KaKk 00b-

' Co6eTBenHO MMenHO Bhipaxkenue Tuna (11.14) mossonser Tpakrosats Bemmunuy P(7) = e|\|l(l7 )

€MHYIO IUIOTHOCTb 3apsA/ia, CO3AaBaEMYI0 ICKTPOHOM B ITPOCTPAHCTBE, U TOBOPHUTH O «Pa3Ma3aHHOM) JIICKTPOHE.
Ha camom fierne 351eKTpOH SIBISIETCS] TOUSYHBIM U HEIGIMMBIM, @ pa3Ma3aHa INIOTHOCTh BEPOSATHOCTH OOHApYXHUTh
€ro B Pa3IMYHBIX TOYKaX MPOCTPAHCTBA.
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Csl MEHBIIIUM 3HAYEHUEM PHEPIuu, 4eM cUHIIeTHbIH. C (pu3nueckod TOUKM 3peHHs Takasl CH-
Tyauusi IOHATHA. B ciydyae cummerpuyHOi mpocTtpaHcTBeHHON ¢yHkimu (S =0, CiuHBI aH-
TUTAPAJUIETbHBI) 3JEKTPOHBI HAXOIATCS
Onmxe APyT K Apyry, U MOTOMY SHEpPrus
X B3aMMOJCHCTBHS OOJbINE, YeM s
TPUIUIETA, KOT/1a MPOCTPAHCTBEHHAs BOJI-
HOBas (DYHKIMS AaHTUCUMMETPUYHA, U
3JIEKTPOHBI HAXOAATCSA Jajblie APYyr OT
Apyra. Takum 06p3-30M, SJICKTPOCTATHIC- Puc.11.2. PaclienneHve ABYX3NeKTPOHHOW KOHUrypaLum
CKoOe B3aHMOHeﬁCTBHe BJIeKTpOHOB HpI/I‘ Ha TepMbl E: YYETOM 3NEKTPOCTATUYECKOrO
BEJI0O K TOMY, YTO TEPMBI, MPUHAIIIEKA- BIANMOAHICTENR SNEKTPOHOS.
IIME OJTHO U TOW K€ KOH(PUTYpallUH, CTATH 00JIaJIaTh PA3IMIHON dYHEPTUEH, MPUUEM HUXKE 10
DHEPruM OKa3aJicsi TPUIUICTHBIM Tepm. OOmas cxeMa pacuierieHus: nmpuBeaeHa Ha puc.11.2.
OtmeTHM eliie pa3, UTo pacuieryieHue KOHQUrypaluu Ha TePMbl MPU yueTe 3JIeKTpoCcTaTHde-
CKOTO B3aMMOJICHCTBHSI 3JIEKTPOHOB OOYCIIOBJICHO, B KOHEYHOM CYETEe, MPUHIIUIIOM TOXKIECT-
BEHHOCTH MUKPOYACTHII, T.€. CBOHCTBAMU CUMMETPHH BOJIHOBOM (PYHKIIMH OTHOCUTEJIBHO IIe-
PECTAHOBKH 3JIEKTPOHOB MECTAMM.

[TogBoast UTOr CKa3aHHOMY, HAPUCYEM IUArpaMMy SHEPIeTHYECKHX TEPMOB aTOMa re-
mus (cm. puc.11.3). Ha aToit quarpamme mpuBeIeHbI TEPMBI, COOTBETCTBYIOIINUE TOIBKO OJTHO-
AIIEKTPOHHBIM BO30YXKACHUSIM (KOHUTYyparusM lsn/ ), 9rcia Ha quarpaMmMme 3aJar0T 3HaYCHHe

— $=0
24 o,

>B

1s2p

1525

20 — 1s2s

152

Puc.11.3. CnekTp atoma renus.
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TJIaBHOT'O KBAHTOBOTI'O YHCJIa BO36y}KI[eHHOFO SJICKTPOHA. OTMGTI/IM, YTO BCC TCPMBI ABJIAIOTCA

CHHIJIETaMH, MM TpurieTamu. OcHOBHOI TepM 'S mpuHamIesxut konpurypamuu ls”. B atoit
KOH(UTrypalmu 3T0 eAMHCTBEHHBIN TepM. Bo Bcex octanbHbIX KoHpuUrypauusx lsnl umeercs
0 JiBa T€pMa, MPUYEM B Mpeseaax OJHON KOH(UTYpaLluu BCe TPUILIETHBIE TEPMBI JIekKaT HUXKE

1o sHeprun. HiwkHuil Bo30yXKIeHHEI TepM aToMa remus - °S B koHpurypamuu 1s2s . Ero
3HEprus Bo30yxaeHus — npumepHo 19.8 3B.

Kak Mbl yBUAMM B JanbHEWIEM, 3JEKTPOMAarHUTHBIE MEPEXObl MEXIy TEpMaMu pas-
JUYHBIX MYJbTUIUIETHOCTEN 3ampemiensl (cMm. JI 12). Tlepexoasl HabMIOIAIOTCS TOJIBKO Cpeau
CUHIJIETOB U CPEIU TPUILIETOB. DTO MPUBEIO K TOMY, YTO OJIHO BPEMs JaXe CUUTAIIOCH, YTO
CYIIECTBYET /Be (OPMBI Tejusl, Kaxaas M3 KOTOPhIX XapaKTepU3yeTCs CBOMM ONTHYECKUM
CIEKTPOM.

Jlo cux mop MbI paccMaTpUBajId TOJIBKO OAHOAJIEKTPOHHBIE BO30YXKICHUS B aTOME re-
avst. Mexay TeM ecTh U ApYroi Habop COCTOSHHM, KOTJa 00a AIIeKTpOHa SBISIOTCS BO30YXK-
JEHHBIMU (TaK Ha3bIBa€Mble JBaXKIbl BO30YkKIEHHBIE cocTosiHUS ). Hampumep, mycTh 06a aiiek-

TPOHA HAXOJATCS B COCTOSIHHH 25, T.€. MBI HMEeM 3JIEKTPOHHYI0 KoHurypanmo 2s” . Oue-
BUJIHO, 7TOH KOH(UIyparuy TpHHAIICKUT eIMHCTBEHHBIH TepM 'S . OnHAKo, KakoBa €ro

SHEprusi OTHOCHTENILHO OCHOBHOTrO Tepma 'S koH¢urypauuu ls’? Kak BUIHO M3 JaHHBIX,
NpeCTaBICHHBIX Ha puc.l1.3, sHeprust Bo30yKICHHS AJIEKTPOHA M3 COCTOSHUS ¢ 7 =1 B CO-
CTOSIHHE C 1 =2 B aToMe renus coctasiseT npumepHo 20 3B. [ToaTomy 3Heprus IBaXkKabl BO3-
Oy»KIIEHHOTO COCTOSTHHSI OKa3biBaeTcs mopsiaka 40 3B, To ecTh gaxke OOJbIle MOTSHIIMANA O
HOYJICKTPOHHOW MOHU3AIMU. JTO 3HAYMT, YTO BO3MOXKCH TaK HAa3bIBAEMBII TIPOIECC AaBTOMOHH-
3a1uu
He(2s*) — He"(Is)+ e,

T.C. MOHM3AIMSI aTOMa MOKET MPOHMCXOJUTH CAMOIPOU3BOJIHHO 0€3 JOMOJHUTEIHHOTO BBOJA
SHEPrHU B CUCTeMy. Bompoc juims B TOM, KakOBa BEPOSTHOCTh TaKOTO MPOIECCa U CKOJIBKO
BpPEMEHH OyJIeT )KUTh aTOM B JIBAXIBI BO30YKICHHOM COCTOSIHHH.

B 3akirodeHue 3TOro pasaenia OTMETUM, YTO CPEId XUMHUECKUX DJIEMEHTOB IO CBOMM
CIIEKTpaM Ha TeIUi OKAa3bIBAIOTCS MOXO0XH aTOMBI, Y KOTOPHIX HAa BHEIIHEH 000J0YKEe Haxo-
JUTCSI TBA § - DJICKTPOHA. DTO, IPEKIE BCETO, aTOMBI Oeprilisl Be (91eKTpoHHas KOH(HTY-

patus 1s°2s”) u maraus Mg (3nekTponHas koHpurypanus 1s>2s>2p°3s?).

Oﬁnme NMPUHIUIBI OMTUCAHUA MHOT03JICKTPOHHBIX aTOMOB.

IlompITaeMcs MCIONL30BaTh TCIICPb NAHHBIC, IOJYUCHHBIC IIPU PACCMOTPCHUN CTPYK-
TYPbI aTOMOB IICJIOYHBIX MCTAJUIOB K aTOMa I'¢jivd, OJId IMOCTPOCHUSA Ka4yeCTBECHHOM KapTHUHBI
CTPOCHUS MHOT'OQJICKTPOHHOI'O aTOMa C IMIPONU3BOJIbHBIM YHCJIOM 3JICKTPOHOB.

3anonnenue amommvix 060104€K INEKMPOHAMU.

PaccmoTpuM mpexie Bcero ouepeiHOCTh 3al0THEHUS AIIEKTPOHHBIX 000JI0UeK U MOJI0-
00JI0YeK B MHOTORJIEKTPOHHBIX aToMax. Kazanock Obl, SHEpPTrus 0JTHOIEKTPOHHBIX COCTOSHUN
B aTOMeE OMpeJeNsieTcs Mpekae BCero 3Ha4eHHeM TTIaBHOTO KBAaHTOBOTO YMCia 7. A clieJjoBa-
TEJIbHO, aTOMHBbIE OOOJOYKH W MOJO0O0JOYKM JOJKHBI 3alOJHATHCS MO MEpe YBEITHYEHHUS
TJIABHOTO KBAaHTOBOTO 4Hclia. TO €CTh OJHOZJICKTPOHHBIC COCTOSIHUS B 000JOYKE, COOTBETCT-
BylOIlel 7 =4, HAa4YHYT 3amOJHATHCS JIIGKTPOHAMH, TOJIBKO €CIH BCE TPH OOOJOYKU C
n=1,2,3 OyayT MOJHOCTBIO 3amoyiHeHbl. OHaKo, KaK Mbl BHJEIH MPH U3YUYEHHH CIEKTPOB

ATOMOB HICJIOYHBIX MCTAJIJIOB, B MHOTO3JICKTPOHHBIX aTOMax 3HCPruss OAHOIJICKTPOHHOTO CO-
CTOAHHA CHUJIBHO 3aBHCHUT OT 3HAUYCHUA Op6I/ITaJ'ILHOl"O KBaHTOBOr0 4yncia. CoCcTOSHUS C TiaB-
HBIM KBAHTOBBIM YHCJIOM 7 W HYJICBBIM 3HAYCHUCM Op6I/ITaJ'ILHOl"O MOMCHTAa «IIPOBAJIMBAIOT-
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CsD» BHU3 TaK, YTO UX SHEPTHUS OKA3BIBACTCS Ja)Ke MEHbIIE, YeM dHEprus d - COCTOSHUM, COOT-
BETCTBYIOIINX KBAaHTOBOMY 4Hciy 7 —1. VIMEHHO 3Ta 3aKOHOMEpPHOCThH JIS)KUT B OCHOBE IIpa-
BUJIO 3alOJHEHHS SJEKTPOHHBIX 000JI0YeK U TMOJ000JI04eK B MHOTO3JIEKTPOHHBIX aToOMax
(mpaBmo MazenyHra®). DTo IPaBHIIO YTBEP/KAAET, UTO
1) u3 ABYX momo00I04YeK HUXKE 0 SHEPTUU pacroiaraeTcs Ta, Il KOTOPOW BeTUYMHA
n+ { OKa3bIBACTCS MEHBIIICH.
2) Ecnu ansg kakux-mu0o JBYX MOAOOOTOYEK 3HAUEHUS CyMM 7+ { COBIAAAIOT, TO
HUOKE 110 SHEPTUH JICKUT M01000JI09Ka C MEHBIITUM 3HAYCHUEM 71 .
B cootBercTBUU CO cHhOpMYITHPOBAHHBIMU YTBEPKACHUIMHU UMEEM:
n+/t: 1 2 3 4 5 6 7

f_/%f_/%

Is 2s 2p3s 3pd4s 3d 4p S5s 4d S5p 6s 4f 5d 6p s

VA 1 3 511 1319 21 31 37 39 49 55 57 72 82 87
B mocnenneit ctpoke Z o3HayaeT 3apsn SApa aToMa, Y KOTOPOTO0 HAYMHAETCS 3alOJTHEHUE
yKazaHHOU momo0onouku. Takum obOpa3zom, 4s u S5s MOA0O0TOYKH TOJDKHBI 3aMOJIHATHCS
panbiie, yeM 3d u 4d coorBercTBeHHO. Emie Oonee mHTEpecHO, uTo 4 f M0mM000I0YKa OKa-

3BIBAETCS JISKAIEH MO0 PHEPTHH BHIIIE Cpa3y TPEX MOJA000T0UYEK ¢ OONBIINM 3HAUCHHUEM TJIaB-
HOTO KBaHTOBOTro uucia (5s, Sp u 6s). Ha kadecTBEHHOM ypOBHE CITPaBEUIMBOCTh YKa3aH-

HOTO BBIIIE TOPS/IKA 3aIOJHEHUS TMOJ000JI0YEK MOATBEPKIACTCS MEPUOTUISCKUM 3aKOHOM
JI.VI.MenzeneeBa’. ITockoJIbKY 3a XMMHYECKHE CBOMCTBA 3JIEMEHTOB OTBEYAIOT JJIEKTPOHBI
BHEIIIHUX HE MOJHOCTHIO 3aMOJIHEHHBIX 000J0YEK, TO 10 U3BECTHBIM XUMHUYECKUM CBOMCTBaM
TOTO WJIK MHOTO 3JIEMEHTa MOKHO CYJIUTh O €ro 3JeKTPOHHOM cTpoeHuu. Hanpumep, 61m3octh
XUMUYECKHX CBOMCTB Na u K ( menodynsie metayuiel, Z=11, 19) paktuueckn moarBepxaacT,
YTO B aTOME KaJIMsl BHEIIHUHN AJIEKTPOH 3aHUMAeT MecTo B 4s mojo0oinouke, a He B 3d . O ToM
K€ CBHUJICTEIICTBYET M CXOXXECTh XMUMHUUYECKHX CBOMCTB aTOMOB MarHus (Z =12) U KajabIus
(Z =20). 3anonHenue BHyTpeHHeH 4 f 1m01000J0YKN JOIKHO MPUBOJUTH K CXOKECTH XUMHU-

YEeCKUX CBOWCTB COOTBETCTBYIOIMX 3J€MEHTOB. [leiicTBUTENBHO, 3eMeHThl ¢ Z =57 — 71 06-
pa3yloT CeMEWCTBO JAHTAHUJOB C OJM3KMMU XUMHUYECKUMH cBoicTBaMu. CremyeT, OlHaKo,
MMETh B BHJIY, UTO SHEPIHH IEKTPOHOB B 45 1 3d mopobomoukax 6mmsku’. [TosToMy s pa-
Jla SJIEMEHTOB MPOUCXOANT «IIEPENPhITMBaHUE» IEKTPOHA U3 4s mono6osnouku B 3d . Takue
OCOOEHHOCTH pacmlpeiesICHUs SJIEKTPOHOB 10 OJIM3KO PACTIONOKEHHBIM 1MO10007109KaM MOYKHO
IIPEJICKa3aTh TOJIIBKO B PE3YJIBTATE KOJNYECTBEHHBIX KBAHTOBOMEXAHUYECKUX PACUETOB.

Tepmbvl MHO20INEKMPOHHBIX AMOMOB.

IIpu paccMoTpeHHH ABYX3JIEKTPOHHOIO aToMa (aToMa Ieius) Mbl BUAEIH, YTO B IIpee-
Jax ofHOM KoHpurypauuu lsnl cymecTByeT ABa TepMa, XapaKTEpPHU3YIOLUXCS pa3IUuYHBIMU
MOJIHBIM OpOUTAJIbHBIM M IOJIHBIM CIIMHOBBIM MOMEHTOM COBOKYITHOCTHU aTOMHBIX 3JIEKTPO-
HOB. BosiHOBBIE yHKIIMU TEpMOB 00J1a1aI0T OTIIMYAIOIIEHCS POCTPAHCTBEHHON CUMMeTpueid,
YTO NMPUBOAMUT K PA3HBIM 3HAYEHUSIM CPEIHEro YJAJIECHHUS DJIEKTPOHOB JIPYr OT Apyra W, Kak
CJIEZICTBHE, Pa3HOM BEIMYUHE SHEPTUH AIIEKTPOCTATUYECKOTO B3aUMOICHCTBUS 3JIEKTPOHOB. B
pe3yJbTaTe MEeKTPOHHAs KOH(PHUTypalys pacieruisieTcst Ha TepMbl. [lpu 3ToM BennynHa sHep-
reTUYECKOI0 PacIIEIUIEHUs] TEPMOB ONpENEsIeTcs, KaKk Mbl BUEIH, OOMEHHOH 4acThlo KyJo-
HOBCKOI'0 MHTErpajia MEKJIEKTPOHHOI'O B3aUMOJICHCTBHUSL.

? E.Madelung (1881-1972) — Hemenkuii UMK — TEOPETHK.
3 .. Mennenees (1834-1907) — pycckuii XMMHUK.
* Takas xe CUTyaIls UMeeT MeCTO | I 5s, 4d - mogo0oIoUex.
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AHanornyHasi CUTyalys peaju3yercss U B aTOMax, COJEpKallluX MPOU3BOJIBHOE YHCIIO
3JIEKTPOHOB. B Kax10# 31eKTpOHHOIN KOH(UTypaluyu MOKHO OCTPOUThH ONPEAETICHHOE KOJIH-
YEeCTBO TEPMOB, XapaKTEPU3YIOLIMXCS ONpPEAeTICHHBIMHA 3HAYSHUSMH TIOJTHOTO OpOUTAIHLHOTO

L=>1, (11.18)
" ITIOJIHOT'O CITMHOBOI'O MOMECHTA
S=3Y5, (11.19)

BCEil COBOKYITHOCTH aTOMHBIX AJIGKTPOHOB. B OTCYTCTBHE BIIEKTPOCTATUYECKOTO B3aMMOJICH-
CTBHSI AJIGKTPOHOB KOH(HUTYpaIli BCE aTOMHBIE TEPMBI BHIPOXKACHBL. YUET TAKOTO B3aWMO-
JCHCTBUS TIPUBOJIUT K CHSATHIO BBIPOXKICHUS, MPHUEM BEIMYHMHA PACIICIUICHUS OMPEICIIACTCS
MIPOCTPAHCTBEHHOW CTPYKTYpOH BOJTHOBOW (DYHKIIMHM TepMa M 3aBHCHUT OT MYJIbTHILUICTHOCTU
TEpMa, XOTsI CIIMH U HE BXOJHT B OIIEPATOP MEKIIECKTPOHHOTO B3aUMOJICHCTBUSI.

B kauecTBe mpuMepa pacCMOTPUM BO3MOXHBIE TE€PMbI B KOH(UTYparuu U3 IBYX p
AIEKTPOHOB. 3/71€Ch BO3MOXHBI JIBE PA3IMYHBIC CUTYallMd — AJIEKTPOHBI HAXOASATCS B pa3ind-
HBIX HOI[O6OJIO‘~IK3.X, T.C. DJICKTPOHBI ABJIAIOTCA HEOKBUBAJICHTHBIMHA, U DJICKTPOHBI HAXOAATCA B
OJTHOW TI0JJ000JI0YKE (CITy4ail 3KBUBAJICHTHBIX DJIEKTPOHOB).

Haunewm co ciy4as 1ByX HEOKBHBAJICHTHBIX JIEKTPOHOB. MIMeeM 3IIeKTPOHHYIO KOH(H-
rypauuto npn'p (3nech n # n'). s TOro, 94TO ONMPEACIUTh TEPMBI ATOW KOH(MUTYPAIIMA MBI

JIOJKHBI ONPEAEIUTh BO3MOKHbBIE 3HAUEHHS IIOJIHOTO OPOMTAIBHOTO M IOJHOIO CHHUHOBOIO
MOMEHTa COBOKYIHOCTH 3JIEKTPOHOB. B paccmaTpuBaemMoM ciiyyae MO NpaBHJIaM CIOXKEHHUS
MomeHTa umeem: L =0,1,2 u § =0,1, T.e. peanu3yroTcs cieayronme TepMbI

1& IP, 1D,
3S, *P, *D.

TTonydeHHbIH pe3yabTaT MOXKHO 3amucarth Kopoue: 'SPD, *SPD, wmu tak SPD. Urak, B

(11.20)

paccMaTpruBaeMOil KOH(PUTYpAIMK CYIIECTBYET IISCTh TEPMOB, XapaKTEPHU3YIOIIUXCS Pa3JInd-
HBIMU 3HAYEHUSIMU SHEPIUU.

Ciydaii ByX SKBHBAJEHTHBIX SJIEKTPOHOB — KOH(Urypamus np” . Kasamock 6bI, MOX-

HO JIHICTBOBATh KaK paHblIe, U HAamucaTh TOT k€ oTBeT. OHAaKO, HEOOXOJMMO MOMHUTD PO
npuHiun [laynu: o6a 31eKTpoHa He MOTYT UMETh COBIAIAIOIIME HAOOPbl KBAHTOBBIX uucel. B
Cllydae HEIKBUBAJCHTHBIX AJIEKTPOHOB TIJIaBHbIE KBAHTOBBIE UMCJIa MPUHUMAIOT PA3JIUYHbIE
3HaueHus. [loaToMy npu omnpeneneHu BO3MOXKHbBIX 3HaueHuil L u S npunuun Ilaynau aBro-
Matuyecku coomomaetcs. Celiuac cuTyarus Apyras — KBaHTOBbIE unciia n U { 000uX 3JIeK-
TPOHOB COBIAJAOT. 3HAUUT, NPU MOCTPOECHUH TEPMOB HEOOXOJUMO yUECTh HEBO3MOXHOCTH
COBIAJICHUsl KBAHTOBBIX YUCEN M, U m, 00OMX aTOMHBIX 3JIEKTPOHOB. DTO MPUBOIUT K TOMY,

YTO 4aCTbh TCPMOB, KOTOPHIC MBI HAlllJ/IK B KOH(PUT U npn p, H JIn TCA B KOH(PUI'Y-
O Jac SpMO OTOPBIC a (6} a ' € peaIu3yeTcC (0}

pamuu np” . OkassiBaercst u3 mectd TepmoB (11.20) peammsyrores Tomsko Tpu 'S, 'D, °P.
OcranbHble, B KOHEYHOM CYETE, MPOTUBOPEYAT NMPMHLMITY [layiu, Wi¥ MPUHIUITY TOXKIECT-
BEHHOCTH MHKpouacTHIl. Bosee moapo6Ho 3ToT Bonpoc paccmoTpen B ITpunoxkennu 7. Tam xe
PaccMaTpPUBAETCS MTOCTPOEHUE BOJNHOBBIX (QYHKIMI TEpMOB KOHMHUIypalMil M3 JABYX JKBUBa-
JNIGHTHBIX ¥ JIBYX HEOKBHBAJICHTHBIX p JJIEKTPOHOB.

Touxasa cmpykmypa mepma. Cocmosanus.

BcroMHUM Teneps 0 CIMH — OpOUTANIBHOM B3aUMOJICHCTBUU B aTOME. DTO B3aUMO/IEH-
CTBUE MPUBOJUT K MOSIBICHUIO TOHKOW CTPYKTYpbl TEPMa: TEPM PACLICIUIAETCS HA TPYIITY CO-
CTOSIHUH - MYJIBTUIUIET, YUCJIO KOMIIOHEHTOB KOTOPOTO OIPEAEISETCS YMCIOM BO3MOYKHBIX
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OpHUEHTAIINI BEKTOPOB L H S B MPOCTPAHCTBE, TO €CTh YUCIOM BO3MOKHBIX 3HAUCHHI KBaH-
TOBOTO uncia J , 337ar0IIero BEIMYNHY MEXaHUYECKOT0 MOMEHTA BCEHl AIIEKTPOHHOM 0001104-
K# atoMa. Takum o0pa3om, TepM B 3aJaHHON KOH(PHUTYpAIIUU — 3TO COBOKYITHOCTh COCTOSTHUM C
3aJaHHbIMU 3HaYeHussMH L u S . [{ns 0603HaueHUs] COCTOSHUS MHOTO3JIEKTPOHHOTO aroma
NPUHSATO clieayoliee 0003HaUYCHHE

285+1
L.
HaanMep, B KOH(l)I/IpraI_[I/II/I I’lpl’l'p BO3MOHBI CJICAYIOIINE COCTOSHUA
1 1 1 3 3 3
Se» B, D,, S, "By, "Dy, (11.21)

[TomHOE YKCIIO COCTOSHUM, TPUHAATIESKAIINUX KOH(PUTYPALIUH, OKa3aJI0Ch PABHO JIECATH.
Jlerxko BWAETH, UTO YHUCIO COCTOSIHUM B TEPME €CTh min((2S +1),(2L+1)). B cayuae
L>S§ ux 25 +1, T0 ecTh MyJbTUIUIETHOCTh YKa3bIBA€T YMCJIO KOMIIOHEHT MYJbTHILIETA, Ha-

puMep, TepMbl “P U D JefiCTBUTENLHO COCTOAT U3 TpeX KOMIOHEHT. B IpOTHBOMON0KHOM
ciaydae L < § 4uciIO KOMIOHEHT TepMa paBHO 2L +1 u He cOoBIaAaeT C MyJbTUIIETHOCTBIO.

Hanpumep, TepMm S, XOTS M HAa3bIBAETCS TPUILIETHBIM, HO COCTOMT BCETO U3 OJHOM KOMIIO-
HEeHTBI. YTO KacaeTcsi CUHIVIETHBIX TEPMOB, TO OHH BCEIZla COCTOST U3 €IUHCTBEHHOW KOMIIO-
HEHTBI, TO €CTh JJI1 HUX IOHATHUS TEPMA U COCTOSIHUS COBIAJAIOT.

WHorna BBeAeHHbIE HaMHM OOO3HAYEHMs COCTOSIHUH MHOTOXJIEKTPOHHOTO aToOMa HC-
IOJIB3YIOT M JUISl aTOMa BOJOPOAA M JIPYTMX OJHOZJEKTPOHHBIX aTOMOB (HampuMep, aTOMOB
IIEJ0YHBIX METAIOB), yKa3blBasl €llleé M 3HAaue€HUE INIABHOIO KBAHTOBOro yucia. Hampumep,

OCHOBHOE COCTOSIHUE aTOMa BOOPO/A MOKHO 0003HAYMTH TaK: 1251/2 . Cetyer OTMETHUTB, 4TO

Takoe 0003HAYCHHE HECEeT M30BITOYHYIO WH(OPMAIIUIO: MYJIbTHILUIETHOCTh OIHOAICKTPOHHOU
CHCTEMBI BCET/1a PaBHA JIBYM.

Ipasuno unmepsanos Jlauoe.
PaccmoTpuM Teneph TOHKYIO CTPYKTYpY TepMa 4yTh Oosiee moapoobHo. 1o ananoruu c
aTOMOM BOJIOPO/Ia OTIEPATOP CIMH — OPOUTATHLHOTO B3aUMOJICHCTBUS MOYKHO 3aMKCaTh B BUJIE

V,s =A(LS), (11.22)
rae A- KOHCTaHTa CBSI3M, SIBJISIONIAACA HA CAMOM JieJie HEKOTOPhIM OIEpaTOpOM B MPOCTPaH-
CTBE PaJHMaJbHBIX BOJHOBBIX (D)YHKIMHA MHOTO3JEKTPOHHOTO aroma. Mcmonb3ys TeopeMy Ko-

CHUHYCOB, nepenuiieM oneparop (11.22) B Buge

2 zg(jz _i-8).

Y‘-II/ITBIBaSI, YTO KBAHTOBLIC uMcia L , SulJ 3aal0T TOYHO OIPCACIICHHBIC 3HAYCHUA 0p6I/I-
TAaJIbHOT'O CIIMHOBOI'O W ITIOJIHOI'O MEXaHHMYCCKOIT'0O MOMCHTA aTtoMa, TO BBIYUCIISAA ManI/ILIHHﬁ
9JICMCHT OT oncparopa CIIMH — Op6I/ITaJII>HOF0 B3aHUMOJICHCTBUS MoJIy4Ynum

E, :;(J(J+1)—L(L+1)—S(S+1)). (11.23)

Tornma pacctosiHEEe MEXy COCSTHIMU KOMITOHEHTAaMH MYJIBTUILIETA OTPEACIseTCs KakK
OE, =E,-E, =A4J. (11.24)
TocieHee COOTHOMICHHE HA3BIBAIOT MPABHIOM HMHTEPBAnoB JIaHIe , a caM MyJbTHILICT -
HOpMabHBIM (eciu 4 > 0) u o6pameHHbM (ipu 4 < 0).
B KadecTBe pEMepa PacCMOTPUM TOHKYIO CTPYKTYpPY TepMma P, COCTOSIIEro H3 Tpex
cocrosiamit (J =0,1,2). C ydyerom npasuna Jlanae nonyuaem (E, —E,)/(E, - E,) = 2/1. Cama

> A.Lande (1888-1975) — HemelKuii (JH3UK — TEOPETHK.
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KapTuHa paCllCIICHUA AJI1 HOPMAJIBbHOI'O U o6pameHH0ro MYJBTHUILIETOB, ITIOKAa3bIBarOIIas I10-
JIOKE€HUE COCTOSIHUI OTHOCHUTEIBHO HECMEIICHHOTO T€pMa, IMMIPpHUBCCHA Ha pI/IC114 9Kcnepn—
MCHTAJIbHBIC JAHHBIC 110 MYJIBTUIIICTHOMY PAaCHICIINICHUIO MOT'YT OBITH HCIIOJIB30BAHbI JJIsA OII-
peacJICHUA KOHCTAHTHI CBA3U B SHCPTIHUU CIIMH — Op6I/IT8.JIbHOFO BSaHMOﬂeﬁCTBHH6.

Ipubnuxcenus LS u jj cesaseil.
Jlo cux mop Mbl Opeanosiaraiv, 4To 3JIEKTPOCTATHYECKOE B3AUMOACHCTBHUE JIEKTPOHOB
B aTOME 3HAYUTENbHO OOJbIlIE CIHH-OPOUTAILHOTO B3auMOCHCTBHs. IMEHHO BO3MOXHOCTH
HE YYUTBIBaTh CIIUH — OPOUTAIBHOE B3aUMOJICMCTBUE MO3BOJIUIIO BBECTH TEPMBI, B KOTOPBIX
HopManbHbIA MyRsTHIRET BEJIMYMHBI KBAJPaTOB OPOUTAIHLHOTO U CIIMHOBOTO MOMEHTOB
P COBOKYITHOCTH aTOMHBIX 3JIEKTPOHOB MOTYT OBITH OMpeJese-
F 0,12 J=2 Hbl TOYHO. DTH OpOUTAIBHBIA M CIUHOBBIK MOMEHTBI COBO-
J=1 KYITHOCTH aTOMHBIX 3JIEKTPOHOB ONPEAEIISIOTCS KaK
J=0 = - = _
L=Y1, §=)5,.
i i

ObpaweHHbIA MynbTUINET

O,Z[HaKO TaKasa CcX€Ma MNOCTPOCHHUA AaTOMHBIX TCPMOB

3 J=0
Po,l,z J-1 (ee HA3BIBAIOT MPUOTIKEHHEM LS- CBA3M') peaamsyercs He
=2 Bcerga. s Toro utoObl yOEAUTHCS B 3TOM, CPAaBHUM IIO I1O-

PAAKY BEJIWYMHBI 3HEPTMU AJIEKTPOCTATUYECKOTO M CIUH —
OpOUTATLHOTO B3aMMOJICUCTBHS JIEKTPOHOB B aTome. JleHcT-
BUTEJIBHO, IIPU PacyeTe S3HEPTUU JIEKTPOCTATUYECKOTO B3aAMMOJIEHUCTBHS DJIEKTPOHOB B aTOMeE
TeJIAS MBI BUJIEJIH, YTO 3TA BEJINYHHA
E,~ZRy. (11.25)

JIuneliHas 3aBUCUMOCTD OT 3aps/ia sipa CBsi3aHa C TEM, YTO C YBEIUYCHUEM Z PaguyChl DJIEK-
TPOHHBIX OPOUT YMEHBILAIOTCH, T.€. MIEKTPOHBI OKa3bIBatOTCA Onmke Apyr K apyry. C npyroi
CTOPOHBI, NIPH BBIYUCICHUH YHEPTUU CIIUH — OPOUTAIBHOTO B3aUMOJICHCTBHS B aTOME MBI I10-
Ty 4YUIIH

Puc.11.4. ToHKaA CTPYKTypa TEpMA.

E, s ~Z'0’Ry. (11.26)
CpaBuuBas (11.25) u (11.26), Haxoaum, 4to npu

Z27 =0 =27
DHEPIuUsl CIUH — OPOUTAIBHOIO B3aUMOJECUCTBUS yKe OOJBIIE, YEM 3HEPrusl IEKTpOCTaTHYe-
CKOTO B3aMMOJCHCTBHs. 3HAYMUT, B TAKOM ClIydae IPU U3yYEHUU CTPOEHHs SIEKTPOHHON 000-
JIOYKH aTOMa HaJI0 CHadaja y4uThIBaTh CIIMH — OpOUTAIbHOE B3aUMOJIEICTBHE, a YKE 3aTeM —
anekTpocrarndyeckoe. CrenaHHas HaMM OLEHKA CHpaBEeIIMBa JAJsl FEIUENoJ00HOr0 HOHA, CO-
JIEPIKAIIEr0 BCETO BA JJIEKTPOHA. B MHOI0O3JIEKTPOHHBIX CUCTEMAX 3a CYET YACTUYHOU DKpa-
HHMPOBKH si7ipa 3JEKTPOHAMU BHYTPEHHHMX O0OJIOUEK PHEPTrHsl CIIUH — OPOUTAIBHOIO B3aHMO-
JEUCTBUS OKa3bIBACTCS MEHBIIE OLICHEHHOM HaMU BeauduHbl. OJHAKO, MOXHO YTBEpPXKIATh,
4YTO U B TSKENBIX MHOTOIEKTPOHHBIX aTOMax CIUH — OPOUTAlIbHBIM B3aUMOJCUCTBHE YXKe
HEJb3s1 PACCMaTPHUBATh KaK MaJIyl0 IONPABKy K aTOMHOMY FaMUJIBTOHUAHY.

PaccMoTpuM no3tomy Apyroif crnocod nmocTpoeHus: aTOMHBIX TEPMOB, KOTOPBII peanu-

3yercs npu E,o >>FE,,. B 5TOM cily4ae 3HEprueu 3IEKTPOCTATHYECKOIO B3aUMOIEHUCTBUSA

6 CneuyeT HUMCTb B BUAY, YTO 3a7ada O BbIYMCJICHUU SHEPTUU CIIUH — Op6l/ITaH]>HOF0 BSaMMOﬂeﬁCTBMﬂ Ha cCaMOM
JieTie SIBJISIeTCS 3HAUUTENbHO Oosiee ciokHOH. [ToMMMO cOOCTBEHHO SHEPrUM B3aUMOJAEHCTBUS CIIMHOBOTO U Op-
OMTATLHOr0O MOMEHTOB JJIEKTPOHOB HAJ0 NPUHATH YYUTHIBATh TAKXKE B3aMMOJECHCTBHS THUIA «CIIMH — CIIUH» U
«CcIHH — gyxas opburta». COOTBETCTBYIOIINE 3TUM B3aMMOJCHTCBUSAM ONEPATOPHI JIOJDKHBI OBITH J100aBICHBI K
BeIpnaskeHuo (11.22). Ot cinaraemele, oka3pIBaeTCs, HAaNOOIIee CYIMIECTBEHHBI I JeTKUX aToMoB. boree moa-
po6Ho cm. N.11.CobenpmiiH, «BBenieHrE B TENOPHIO aTOMHBIX CIIEKTpoB», M. Hayka, (1977), §19.

7 ToBopAT TaKke 0 HOPMATLHOM CBsA3M, MM 0 cBsi3H Peccena — Caynepca.
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aTOMHBIX JICKTPOHOB MOXKHO NpeHeOpeyb. Torma cocTosHIe KaXKa0ro U3 3JIEKTPOHOB KOH(H-
Typaluu XapakTepu3yeTCs KBAHTOBBIMM YMCIAMH j,n;. B ciydae ecnu 3a/iaHbl 3HAYECHHSA
KBAaHTOBOTO YHCJIa j BCEH COBOKYITHOCTH aTOMHBIX 3JIEKTPOHOB B 33JaHHON KOH(UTypaiuu
(j=L..,N), TO TOBOPSAT, YTO 33/1aH ATOMHBI TEPM B MPUOIIDKEHUH jj - CBSI3H. DTOT TEPM
HPUHATO 0003HAYATh TaK

Uisesdin }-
[Tocnenyromuii yuer 3JeKTpOCTaTUYECKOTO B3aUMOJICUCTBUSA JIEKTPOHOB BEAET K pacilerie-
HUIO TepMa Ha TPYIIY COCTOSHHA, YHCIO KOTOPBIX OIpPEENIAeTCS] KOJUYECTBOM 3HAYCHHN
KBAaHTOBOTO 4Mcia J, 33/1al0LIeT0 BO3MOXKHBIE 3HAUEHHS MOJHOTO MEXaHHYECKOr0 MOMEHTA
AIIEKTPOHHOW 000JIOUKH aToMa

J=>J.

i

CoctosiHre B IPUOIMKEHUU jj - CBA3H MPUHATO 0003HAYATh TaK

{.]1"'5.]N }J'
B kauectBe nmpumepa onpeneneHus BO3MOKHBIX TEPMOB U COCTOSIHMM B CXEME jj - CBSI3H pac-
CMOTpPUM CJICAYIOUIHE KOHPHUTYpAIHH.

[lyctb uMeeTcss renuenofoOHBIH MOH, DJEKTPOHHAs KOHPUIypauus KOTOpPOTro
ecTh lsnp . B npubnuxennn LS - cBs3U (Kak MbI BUJEIU 3TO IPUOTIKEHUE CIIPABEATUBO IS
HE CJIMIIKOM OONBIIMX Z ) B TOW KOH(PUTYPAITUU UMEIOTCS TEPMBbI

1 3

P, P
U COCTOSIHUS

1 3

B, TR,
TpUIUIETHBI TEPM COCTOMT W3 TPEX COCTOSHUM, IJIsi CHHIJIETA MOHATHUS TEPMa U COCTOSHUS
TOKJIECTBEHHBI.

B crnyuae TSKENBIX cHcTeM (HAampuMep, TeluenogoOHbIi uoH ypana U°’) pacuer
SHEPruil ¥ BOJHOBBIX (DYHKIIMI CUCTEMBI B TOH k€ KOHPHUTYpauu lsnp JOIKEH MPOBOAUTHCS
B NPUOIMKEHUN jj CBSI3U. BBIUMCIISAS MOMEHTBI j KaXKIOTO MX JJIEKTPOHOB, Haligem j, =1/2,

J, =1/2,3/2 . TloaToMy MMeeM B 3TOM NPUOIHKEHAN CIEAYIOIHME TEPMbI
LR O R}
2°2)7 (272
11 13
220, 272},

Kak BUIHO, MOJTHOE YUCIIO COCTOSHUN B KOH(HUIYpalud HE 3aBHCUT OT BUJA MCIIOIb3YEMOTO
npUOITMKESHUSI.

Paccmorpum eme omun mpumep. [lycTs nmeercss KoHGUrypauusi U3 IByX HEIKBHBa-
JICHTHBIX p - 3JEKTPOHOB. TpebyeTcs onpenenuTh TEPMbl U COCTOSIHUS B MPHOIMKEHUN jj -

" COCTOSAHUA

cBs3u. [ pemieHus 3ToM 3a1a4M MOCTYNHM CIEAYIOMKUM 00pazoM. OnpeenumM BO3MOXKHBIE
3HAYEHUsS TOJHBIX MEXAaHWMYECKMX MOMEHTOB KKIOTO W3 OJNEKTPOHOB: j, =1/2,3/2,

J, =1/2,3/2 . TloaToMy T0Iy4aeM CIEAYIOUHE TEPMbI

Bl b ek 3]

OTHUM TepMaM COOTBETCTBYIOT CIEAYIOLIUE COCTOSIHUS
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11 13 31 33
2°2),, 1272 272 272 '
0,1 1,2 1,2 0,1,2,3
[TomHOE YMCIIO COCTOSTHUM B KOH(PUTYpPAIIMH PAaBHO JECATH M HE 3aBUCHT OT CXEMBI MOCTPOE-
Hust TepMoB (cM. (11.21)).

OTMeTHM, 9TO B TSDKEIBIX aTOMax JHEPTUs JJICKTPOCTATUYSCKOTO B3aWMOJCHUCTBUS
AJIEKTPOHOB, HAXOSIIMXCS HA BHEITHUX aTOMHBIX 000JIOYKAX, ¥ SHEPTHsl CIIUH — OPOUTATIBHO-
T'0 B3aWMOJICUCTBHS OKA3bIBAIOTCS OJHOTO TMOPSAKA BETUYHHBL. [103TOMY B UMCTOM BUIC TIPH-
ONMVKEHUE jj - CBSI3U HE PEaM3yeTcsi, ¥ ISl aTOMHBIX TEPMOB M COCTOSIHUI 4acTO MCIOJIb3Y-

5 2

10T 0003Ha4YeHus1, NpuHsAThIe U1 LS - cBsa3u. Cienyer, OAHAaKo, UMETh B BUJy, YTO Takue 000-
3HAQ4YEHUs JI0CTaTOYHO YCJOBHBI, TaK KAaK C YY4ETOM CIHUH — OpOUTAJBHOIO B3aUMOJCHCTBUS
orneparop ['aMuibTOHa HE KOMMYTHPYET € OIepaTopaMu KBaJpaTOB CyMMapHOI'0 OpOUTaIbHO-
ro M CIIMHOBOI'O MOMEHTOB aTOMHBIX 3JIEKTPOHOB, TO €CTh B CTAllMOHAPHOM COCTOSIHUU 3TH
BEJIMYMHBI HE UMEIOT TOYHO OIpelesieHHbIX 3HaueHuil. [Ipubnmxenue jj - CBA3M 4yacTo HUC-

MOJIB3YIOT TIPH pacyeTe CIEKTPOB MHOT03apsSAHBIX MOHOB, a Tak)Ke B (DU3UKE aTOMHOTO S7pa,
IJie CIIMH - OpOUTAJIbHOE B3aMMOACHCTBUE UTPAET 3aMETHO 0ojiee BaXKHYIO POJib, YEM B aTOM-
HOU (uU3HKe.

B 3axmroyenue 3ameTuMm, 4TO B MPUOMMKEHWH LS CBSI3U METOYKa MOHSATHH «3jeK-
MPOHHAST KOHGDU2Ypayust — mepm — cOCmosiHue» PaKTUIECKH OTPaKACT UEPAPXHUIO B3aAUMOICH-
CTBUI B MHOTOJICKTPOHHOM aTOME «83auMoOelicmeaue 31eKmpoHo8 ¢ A0pOM — IeKmpocma-
muyeckoe 83aumooelicmaue 31eKmpoHO8 — CRUH - OpoumaibHoe g3aumooeticmaue». B cirydae
Jj - CBSI3M MOCJIEIOBATEILHOCTh MHTCHCUBHOCTH B3aUMOJCHCTBUIN ApyTas: «83aumooelicmaue

9NIeKMPOHO8 C SIOPOM — CRUH - OPOUMANbHOE 83AUMOOEUCEUE - INeKMPOCMamuyecKoe 83au-
MoOeticmaue 31eKmMpPOHO8.
Bcrony B manpHeiieM Mbl Oy1eM UCIONB30BaTh TOJIBKO MpuoOIxkeHue LS - cBs3u.

Ocnosuvle mepmvi amomos. Ipasuna Xynoa.

MpI BUi€nH, 4TO JJ11 KOHKPETHOM 3JIEKTPOHHON KOH(GUTYpaIlMi MOYXHO MOCTPOUTH Ha-
0Op aTOMHBIX TEPMOB, 00JIA/IAIOIIMNX PA3TMUYHON SHEPrUeH. AHATIOTMYHO, TEPM PaACHISIUISETCS
HA TPYIIY COCTOSHUN (MYJBTHUIUIET), 0Opa3yIoUIHil TOHKYIO CTPYKTYpy TepMma. HacTto oka3bl-
BAETCS BAYKHBIM OIPEICIUTh OCHOBHOW TE€PM M OCHOBHOE COCTOSIHHE IO JAHHOM 3JIEKTPOHHOU
koHburyparuu. /s onpeneneHuss OCHOBHOTO TepMa, MPUHAANIEKAIIETo JaHHONH KOHUrypa-
[[MH, CYIIECTBYIOT MPOCThIC SMIIMPUYECKUE MPaBUIIA, U3BECTHBIC KaK IMpaBuia XszIag. Ot
MpaBHJIa 3aKIFOYAIOTCS B CIEIYIOIIEM:

1) HUKE 1O PHEPTUU JICKUT TOT TEPM, Y KOTOPOTO MYJIbTUILIETHOCTD SIBJISIETCS] MAKCH-
MaJbHOMH,

2) pu PaBEHCTBE MYJIBTUIUICTHOCTEH MBYX WM 00Jiee TEPMOB MUHHUMAJILHOW YHEPTH-
et 00nasaeT TepM C MaKCUMaJbHBIM 3HAYEHHEM CYMMapHOTO OpOUTAILHOTO MOMEHTa KOH(U-
rypaiuu.

OU3NYECKU CMBICT STUX MPABUJI 3aKJIFOYAETCS B TOM, YTO B COCTOSIHUU C MaKCUMAllb-
HbIMHU 3HAQUYE€HUSIMU S M L 3IEKTPOHBI JIOKAJIW30BaHbl JajblIe APYr OT Apyra, a MOTOMY HX
SHEPTHsl AIEKTPOCTATUUECKOTO B3aUMOJICHCTBUS OKa3bIBACTCS MUHUMAJILHOM, a, CJIeJI0OBATEIb-
HO, COOTBETCTBYIOUIUI T€pM OCHOBHBIM. CIpaBeyIMBOCTh 3TOTO YTBEPXKICHUS MPU aHAIU3E
TEPMOB JIBYXAJICKTPOHHON KOHGUTYyparuu lsnf Mbl IPOBEPUITH HETIOCPEICTBEHHO.

B kadectBe mpumepa MCIONIB30BaHUA MTpaBUil XyH/Ia 00paTUMCS ele pa3 K dJICKTPOH-
HBIM KOHPUTYpalUiIM U3 JIBYX HEOKBHUBAJICHTHBIX U JBYX 3KBUBAJICHTHBIX p - NEKTPOHOB. B

nepsoM ciyuae (cM.11.20) MbI JOJKHBI, 04EBHIHO, BHIOPATH TepM ° D, BO BTOPOM - P

¥ F.Hund (1896 - 1997) — HeMenkuii UMK — TCOPETHK.
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Baxno, onHako, 4To mpaBuia XyHJa JIETKO MO3BOJISIIOT MOCTPOUTH OCHOBHOW TEPM,
ke He 3Has BceX TepMoB KoH(urypauuu. [Ipexzae, yem npoaeMOHCTPUPOBATh, KaK 3TO Je-
JIAeTCsl, TOKAKEM, YTO TOJHBIA OpOUTAIBHBIM U TOJHBIA CIMHOBBIM MOMEHTHI TIOJTHOCTBIO 3a-
MOJTHEHHOW (3aMKHYTOI) aTOMHOMW MOJ000J0YKH paHbl HYIIO, TO €CTh TePM TaKoi KOHpHUTY-

pamuu ecthb 'S .

Kondurypamuo s° MBI yke MOAPOOHO HCCIEIOBANYM IIPH W3YYEHHH OCHOBHOTO CO-
cTosHUs atoma Tenus. [109TOMy paccCMOTpHUM Terephb KoH(urypamuo np° (Takas KOH(pUrypa-
1Sl COOTBETCTBYET aTOMaM MHEPTHBIX ra3oB — Ne, Ar, Kr, Xe u Rn). JIeiiCTBUTENBHO, B COOT-
BETCTBUU ¢ MpuHIUIOM [laymu B aToMe HE MOXKET OBITh JABYX 3JCKTPOHOB C OJMHAKOBBIMU
KBaHTOBBIMHM uuciaMU. JlJi SKBUBAJIIEHTHBIX 3JEKTPOHOB JIBa KBAHTOBBIX YHMCIA, TJIABHOE U
opOuTaiabHOE, YK€ COBIaatT. [[03TOMy COBOKYMHOCTH HIECTH 3JEKTPOHOB JOHKHA UMETh
oTIMYarouecs: Habopsl KBAHTOBBIX uKcen m, U m . Kaxnoe U3 3TUX KBAaHTOBBIX YUCEI MO-
KET NpUHUMATh 3Hadenuss m, = 0,41 u m, =+1/2. [l03TOMy €IUHCTBEHHO BO3MOKHAs KOM-

6I/IHaLII/I$I 9TUX KBAHTOBBIX YHUCCJI, HC HapyHIatomias MPpUHIUIT Hame, €CThb
m,1 0 -1 1 0 -l

m, 1/2 1/2 1/2 —1/2 —1/2 —1/2.
CyMMapHble TPOEKIHMH OpPOUTATBLHOTO M CIIMHOBOIO MOMEHTOB KOJIMYECTBA JBUKCHUS
M, = Zm , 1 Mg = st MOT'YT IIPUHUMATh TOJIBKO HYJIEBBIC 3HAUYECHUS, 4, 3HAUUT, U CAMU

MOMEHTHl L ¥ S paBHBI HYIIO, T.e. Mbl HMEEM TepM 'S . AHanorudso B nd MOJ060I0OUKeE
UMeeTCs AECATh MECT, M Mbl MOXKEM PACIIONIOKUTh B HEN JAECATh 3JIEKTPOHOB JIMIIb 33/1€HCTBYS
BCE BO3MOJKHbIE 3HaueHust m, u m,. [loatomy nomyuum M, = M =0, a, ciieOBaTEIbHO, U
L=§5=0.

Jis onpezeneHs OCHOBHOIO COCTOSIHUSL B TEpME MCIOJB3YIOT IpaBuio Jlanzae (ero
MHOI'ZIa BKJIIOYAIOT B IpaBUja XyHJa), CONIACHO KOTOPOMY €CJIM aTOMHas 1oj000JI0uKa 3a-
MIOJIHEHA MEHEE YeM HarloJIOBHUHY, HAMMEHBIIYIO YJHEPIHIO0 UMEET COCTOSIHUE C MUHHUMAaJIbHBIM
3HayeHneM J (HOpPMaJbHBI MyJBTHILIET), €CIH K€ aTOMHasl 101000JI0YKa 3aroIHeHa 0olee
YeM HAaloJIOBUHY, TO HAMMEHBIIYI0 SHEPIHMI0 UMEET COCTOSHHE ¢ MakcuMmalbHbIM J (00Opa-
MICHHBIA MYJIBTUIUIET).

PaccmoTpuM Temnephb 35ieMeHThl BTOpOro nepuoja tadbuuisl MenaeneeBa (0T JIMTHS 110
HEOHa) U, BOCIOIB30BABIIUCH CPOPMYIMPOBAHHBIMH MPABHIIAMH, OTIPEICINM Yy HUX OCHOBHBIC
TEPMbI U OCHOBHBIE COCTOSIHHUS.

AToM nutus, koHpurypamus 1s>2s .

Ha BremHel 0007109Ke MMEETCsl €AUHCTBEHHBIN § - 3JeKTpoH. [loaToMy nmeem Tepm
*S u cocrosrue S, , .

ATom Geprmns, KoHurypamus 1s>2s’. ATOM UMeeT MOJTHOCTBIO 3aMOTHEHHBIE 000-
nouku. [Tostomy ero Tepm - 'S u coctosinue 'S, .

ATom 6opa, koHpuryparms 1s°2s>2p . Ha BHemHel 060510uKe MMeeTCS €IMHCTBEH-
HBI p - snekTpon. [TosTomMy umeeM Tepm ~P. TepM COCTOUT M3 JIBYyX COCTOSHHIA - 2P1/2,3/2-
[Tono6onoyka 3amojHeHa MEHbBIIE YeM HAroOJIOBHUHY, [TOTOMY MYJIBTUIUIET HOPMAaJIbHBIHN, OC-
HOBHOE COCTOSIHHE - P,

ATom yriepona, koHburyparums 1s°2s>2p*. Mbl yXke paccMaTpUBalId 3Ty 3ajady, Ofi-
HAKO celyac OIpeiesuM TepM HEIOCPEACTBEHHO 10 npaBwiaM XyHaa. FiMeem aBa 2JIeKTpOHa,
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MO3TOMY MaKCHMAaJlbHO BO3MOXHBINM cuH S =1, T.e. OCHOBHOU TepM OyneT TpuruietoM. Te-
nepb Mbl JOJIKHBI BIOpPAaTh MAaKCUMAJIbHO BO3MOKHOE 3Ha4€HHE L Yy JBYX SKBUBAJICHTHBIX P
- JIEKTPOHOB. IIpu 3TOM MBI NOKHBI HE HapywuTh npuHuun llaymu. PaccmorpumM BO3MOX-
HBIC 3HAYEHUS KBAHTOBBIX YMCEII, OIMCHIBAIOIIUX COCTOSHUS JJIEKTPOHOB

n { m,m,
2 1 11/2
21 01/2

Mzur BLI6I/IpaJ'II/I 9THU 4YHuCJIa TaK, YTO CHa4dajla MOJIYYUTb MAKCUMAJIbHO BO3MOXXHOC 3HAUCHUC
npoekuu opoburansHoro Momenta. Mmeem max(M,) =1, Ilostomy L =max(M,)=1, To

€CTh OCHOBHOI1 TepM ecThb *P . TepMm COCTOMT U3 Tpex cocTosiHuii ° P, | ,. OCHOBHBIM SIBJISETCS
3
F,.
Atom asota, kondurypauus ls’2s>2p’. HampaBuM CIUHBI BCEX TpeX 3JIEKTPOHOB B
onHy cropony. [loatomy S = max(M S)= 3/2, T.e. Mbl UMeeM KBapTeTHbIH TepM. CocTaBuMm
Terneph TaOJIMIy U3 KBAHTOBBIX YHCEI 2JIEKTPOHOB

n {m, m,
2 1 11/2
2.1 01/2
2 1 -11/2

J1st Toro, yToOBl HAlIPaBUTh BCE TPH CIIMHA B OJHY CTOPOHY, Mbl BBIHYKAEHbBI UCIIOIb30BATh
BCE TPH 3HAYEHMs KBAHTOBOTO uucia m,. B pesymbrate L =max(M,)=0, T.e. ocHOBHOII

4
TE€PM €CTh S , OCHOBHOE COCTOSIHHE 4S3/2 .

AToM Kucnoposa, kouurypamus 1s’2s>2p*. Tenepb MBI yike He MOKEM HAIPaBHUTh
BCE CIIMHBI B OJJHY CTOPOHY(CM. TaOIHILy)

n { m, m,

2 11 12
21 0 1/2
2 1 -11/2
2 1 1-1/2

Tenepb Mbl UM€EM JIBa HECKOMIIEHCUPOBAHHBIX CIIMHA, T.€. OCHOBHOH TepM OyAeT TpHUILIET-
HbIM. Kpome Toro cymMmapHslii opOUTaIbHBII MOMEHT paBeH OpOUTAILHOMY MOMEHTY MOCIIE-

HETO UeTBEPTOro HJIEKTPoHa, T.e. L =1. B pesynpraTe nMeeM ocHOBHOH TepM °P. B nanHOM
ciiyyae p -1moj000JI04Ka 3arojHeHa OoJblle YeM HaroJjoBuHY. [loaTomy mo mpaBwity Jlanme
OCHOBHBIM Oy/IET COCTOsSHME ° P, .

Atom dropa, koupurypamus 1s’2s>2p’. 3nech yao6HO paccykaaTh CIEAYIOIUM 06-
pasom. Crepyromuii 3a (QTOpOM aTOM HEOHa HMEET IOJHOCTBIO 3allOJHEHHYIO p -
110/1000JI04YKY, M, CJICIOBATEIbHO, HYJIEBbIC 3HAUYCHUSI OPOUTAIBHOTO U CIIMHOBOI'O MOMEHTOB.
3uauut, 2p° HpeiCTaBIseT coOOM «IBIPOYHYIO» KOH(PUIYPAIHMIO, IIe MOMEHT Beeil Kondury-
pauuy paBeH MOMEHTY HEJOCTAIOIIEro JIEKTPOHA — «IbIPKM». 1103TOMy aHaOrHYHO KOH(H-
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1 9] 2
rypauuu 2p  (aToM 0opa) UMeeM OCHOBHOW TepM ~P. MylbTUIUIET sIBJIsIeTCSI 0OpallleHHbIM,

TMO3TOMY OCHOBHOE COCTOSTHHE €CTh P, .

Ha atome Heona (ero Tepm 'S) 3akaHuMBaeTCs BTOPOil mepuos Tabiuisl Menneneesa

Y HAYMHAETCS TPETU, B KOTOPOM IPOUCXOAUT 3anojHeHue 3su 3p nopodosouek. OCHOBHbIE

TCPMbI U COCTOAHUSA 3THUX 3JICMCHTOB TAKHC K€, KaK Yy 3JICMCHTOB BTOPOTO IICprUoaa.

11.1.

11.2.

11.3.

11.4.

11.5.

11.6.

11.7.

11.8.

11.9.

11.10.

11.11.

11.12.

11.13.

11.14.

3agaun.

Bocnonb3oBaBmmch Teopueil BO3MYILEHUH, B paMKax NpuOImkeHust LS cBs3u ompe-
JEJIUTh YHEPTUI0 OCHOBHOT'O COCTOSIHUS aTOMa I'eJIus U TeTUenoJOOHBIX HOHOB.

B pamMkax Teopuu BO3MYLICHUI OLICHUTH IIOTEHLMANIBI MOHU3ALUU aToma He u renue-
nog06Horo noHa ypana U™ .

B npubnmkeHnn caMmocoriiacoBaHHOTO MO XapTpy KKl U3 3JIEKTPOHOB B aTOME
JIBUKETCSI B DJIEKTPOCTATHYECKOM TI0JIE, CO3aBACMOM SIIPOM C 3apsifioM Z U COBOKYII-
HOCTbIO Z —1 anexkTpoHoB. Cuntasi, 4TO IUIOTHOCTD 3apsijia, CO3/1aBaeMas B IPOCTpaH-

2 o
, IOJly4YUTh YPaBHEHUS AJIs1 BOJTHOBOW (PYHKIIMH, OIU-

CTBE DJIEKTPOHOM €CTh e|\|1(r,t)

ceIBatoliei 1s2 p KoHUTypanuio atoma reiusi.

[Ipenebperass MeX3JIEKTPOHHBIM B3aMMOJACHCTBHEM, OCTPOUTH BOJHOBBIE (YHKLIUHU
JBYX3JIEKTPOHHON KOH(urypauu ls2p aroma renus. HaliTu 3HaueHHs KyJIOHOBCKOMN

u 06MCHHOI>'I OHCPTHUU I CUHTJICTHOI'O U TPUIIJIICTHOT'O TCPMOB.
B paMkax KBaHTOBOMEXaHWYECKOW TEOPUM BO3MYIIECHUH, CUUTAs MEXIICKTPOHHOE

B3aMMOJIEHCTBHE CIIa0bIM, TI0KA3aTh, YTO B KOHGUIypamuu 2p° TPUILICTHBIA TepM SIB-

JISI€TCS. OCHOBHBIM.
JIBa HEB3aMMOICHCTBYIOIINX AJICKTPOHA HAXOJATCS B OJTHOMEPHON OECKOHEYHO Ti1y0o-
KOl IIPSMOYTOJIBHOM IOTEHLUAIBHOM IME B COCTOSIHUAX 1, =1 U n, = 2. Onpenenurs

Cpe/IHEee pPACCTOSHUE MEXIYy HUMHU B Clydae, €CJd MOJIHbIM cruH cucteMbl S =0 u
S =1. Haittu 1151 3TUX ciy4yaeB MPOCTPAHCTBEHHOE PACHPE/ICSICHHE TIIOTHOCTH AJIEK-
TPUUECKOT'0 3apsija.

Hanummure snexTpoHHbIe KOHPUTYpaIlluU MEPBBIX ABAALIATH HJIEMEHTOB TabIuIbl MeH-
neneesa. Bocnonp3oBaBUIMCh NpaBuiaaMu XyHAa ONPEASIUTh UX OCHOBHBIE TEPMBI.
Hanummure snekTpoHHy0 KOH(UTypaIuio, B KOTOPO OCHOBHOM TepM SIBIISIETCS KBap-
teToM. OmpenenuTe OCHOBHOE COCTOSIHUE B 3TOW KOH(HUTYpaIHH.

Hanummure 31eKTpoHHYI0 KOHPUTYpalrio, B KOTOPOH OCHOBHBIM SIBIIsSIETC DD — TepM.
Omnpexnenute OCHOBHOE COCTOSTHUE B 3TON KOH(UTYpaLny.

[Tpu KakMX yCNOBUSX BEIMUYMHA MYJIbTHILIETHOCTH aTOMHOTO T€PMa yKa3bIBAET YUCIIO
KOMITOHEHT TOHKOH cTpyKTyphl? [IpuBenuTe npuMepsl, HILUTIOCTPUPYIOLIHE OTBET.
KoMnoHeHTbI TOHKOM CTPYKTYypbl MHOT'O3JIEKTPOHHOTO aToMa XapaKTepU3YIOTCS 3Ha-
YeHUsIMU KBaHTOBOro yucna J = 1,2,3. HailTu Bce BO3MOKHBIE TEPMBI, JAIOLUE TAKYIO
KapTHUHY «TOHKOT'0» pacIlerIeHHs.

CBepXTOHKass CTPYKTypa OCHOBHOT'O COCTOSHHSI aToMa, MMEIOIIEro KOH(HIyparuio

4
P , COCTOUT U3 TPEX KOMIIOHCHT. OHpe,Z[eJII/ITL CIIMH spa.

Cnun sgpa atoma > Al pasen I =5/2. Onpenenurh KOJIMYECTBO KOMIIOHEHT CBEPX-
TOHKOM CTPYKTYpPbl B OCHOBHOM COCTOSIHUU.

KoMIOHEHThI CBEpXTOHKON CTPYKTYpbl HEKOTOPOIO aroMa XapaKTepHU3YIOTCSl 3Haue-
HUSAMH KBaHTOBOro uucia F = 1,2,3,4. Kakue 3HaueHUs] CIMHA MOMEHTA sIIpa BO3MOXK-
HBbI B 3TOM citydae?



