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YIJIOBOUI MOMEHT M I'PYIIIA %,
IIPHJIOSKEHUE R CTPYRTYPE ATOMA

B ra. 7 Ml mccaenosanm cBoiicTBa TpyHmel Ry W OTMe-
THJIA CBA3D MEKy MHEPUHNTE3UMAIbHEIMHA OIepaTopaMn 9Toi
TPYIIB X OTieparopaMu yriopoTo MoMeHTa. B namHoil riase
MBI PACCMOTPHM 3Ty CBA3EL nompo0Hee Ha IpAMEpe cHadasa
0LIOM YaCTULEl, a8 3aTE€M W CUCTeMHl FaCTWI], IpHYeM BBeEJEM
nmoEATHe BHyTpeHHero cmmHAa. Jlamee OymeT paccMOTpeH
PCAJILHHEM HpUMED aTOMHOA CTPYKTYDH, B KOTOPOM HEOIHO-
KpaTHO IPOABIAETCA Hajgmame cuMMmMerpmm ARz Mur He or-
PAHEIUMCA ATOMOM BOXOPOHA, HO PACCMOTPHUM TaKyKe MHOTO-
3JMEKTPOHHBIE ATOMUI.

§ 1. BPAUIATEJIbHAl HHBAPUAHTHOCTh U EE CJEJICTBUA

Ecnn raMmnproEman chepAu9ecKu-CAMMETPUICH, UTO 03-
Had9aeT OTCYTCTBYWE BHIENEHHHX HANPABJIEHAN B HPOCTpPAH-
CTBE, TO €ro TPYOHOH CHMMETPHE ABJIAETCS TPynma Ra.
Ilosromy mna Hero GymyT cupaBeJiMBEL Bce OOMme CJef-
CTBHA, NepeIucIeHHsle B . 5. llo3HAKOMEBIIEACE ¢ rpymmoi
Rs B Ta. T, MBI MOKeM Tenephb Goiee METaNbHO PACCMOTPETh
3TH CJENCTBH.

IMpesmme Bcero, Kammgoe cOOCTBEHHOE 3HAYEHHE HECET
nagekc j=0, Y/,, 1, . . . genpuBomMoro upexcrasiaenns DY
rpynosl R Kamusiii yposens sreprun £ GymeT BEHpOKIEH-
HEIM € KPATHOCTBIO 2j-+1, mpmueMm cooTBercTBYIOIIHe cOGCT-
BeHHKe (QyHENEE ofpasywoT O6asmc npencTabienma DY,
dtr cobcTBeHHBle (YHKIME MOKHO pasiaudath IO HX IOBE-
JeHMI0 TIPHM IOBOPOTAX BOKpPYr HEKOTOPOi#l BHIOPAHHOH OCH
(HazoBeM ee 0ChHIO z). JTO COOTBETCTBYET pasioxenmio (7.38)

i
DV= 3 T (8.1)

m=—j
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npencrapnenns DV ma Hempmpopmwmpe mpefcTaBieHHmA Tom
moarpynubt R .. HlosroMy Bce yposmm smeprmm MOKHO 060-
suagaTh zepes F (yj), a BomHOBRe Qynrmun — gepes P (yim),
rje y — COBOKYIHOCTh BCEX OCTAJBHEIX KBAHTOBHIX WHCEI,
He IMEUIEX OTHOUIEHWA K BPaNlaTesbHOH MHBAPHAHTHOCTH.
Ilosromy BOaHOBasi QYHKIEA P (yjm), Kax MH BHIEIZ B
ra. 7, apasiercs coOCTBEHHOH (YHKumeli HBYX olepaTOpOB:
omeparopa J, 0eCKOHEYHO MalbIX BPANEHUHA BOKPYF OCH 2
m omeparopa Iasmmmpa J2. 3 pasemcts (7.39) m (7.36)
ciaegyer, 4ToO
1 (pjm) =mp (vjm), 5.2)
32 (pim) = J (7 + 1) ¥ (pim). '

Ha pamsoM arame Mpl He yTOUHAJE HWKAKHX CBOHCTB pac-
cMaTpuBaeMol (U3NIeCKOH cHCTEMEBI, KpoMe ee chepumiecKoi
CEMMeTpHZ, TAK UT0 IIOKA HEIh3A TOBOPHTH O ABHOM BHUJe
u puamiecKoM cMeIcie oilepaTopoB J,. Ho TeM He Menee yixe
MOYRHO yTBEpKIaTh CIPaBeRIHBOCTE paBencTs (8.2).

Beuny maBapmasTHOCTH TaMWMJIBTOHHAHA OLEPATOPH J,,
Jy, 1z, a Taxiwe ouepaTop 3* KOMMYTHpPYIOT ¢ HMM H NO-
3TOMY COXPAHSANTCA B 00BIYHOM CMEBICIE 8TOTO TepMHUHA (Fa. D,
§ 9).

Ecou Mm maaccmpumupyeM Bce ONEpaTophl  ILepexopa
COOTBETCTBEHHO HX MOBEICHWIO IPH BPANICHMAX, TO IIPABHIA
o16opa 1o j cIeqyIT HeoCpeICTBeHHO W3 Pe3yNBTATOB TJ. 9,
§ 4 cosmectHO ¢ mpasumoMm (7.44) nusa pasmoiKeHNA WPOHS-
BeleHUs IPeJCTABJICHWHE rPynnsl Rs. llycrs, maupuwep, j
B j° — mHJEKCH, XapaKTepu3yloniie HAaYaIbHOE B KOHETHOE
COCTOAHUSA CHCTEMH 10 OTHOIMEHWIO K Ipynme A, pmalee,
IycTh paccMarpuBaeMell omepaTop mepexoga Iipeo0pasy-
erca mo mpepctasiaermo D® . Torga npu mamEOM 3HaweHUM
j WHJEKC KOHOTHOr0o COCTOSHWUA j MOKeT NPUHNMATH INIOb
OJfHO W3 CIEAYIOMMX 3HATeHW:

F=G4R), G+k—1), .o [Tkl (8.9)

Hamomumm (ra. 7, § 4, n. [1), 9ro cdepudeckas rapMOHEKA
Y mpeoSpasyercs mo mpepcrasaenmo D®. B =actmocrm,
AMIOIBHKE olepaTophl mepexoxa (ra. 5, § 4), mpeoGpasyio-
Muecs 0 BEKTOPHOMY IIPEICTABICHUI0 A3, COOTBETCTBYIOT
suagenmio k=1. Pasnosxenume (7.49) mpomsBonpHOH (QyHK-
ouE O0 chepmiecKuM TapMOHWKAM 9YACTO HASHBAEGTCSH MYJTh-
THIOJBHNM DA3NO/KeHWeM, LpHIeM wWieH ¢ Y% coornerct-



214 Taasa 8

Byer MyapTanodo crenenn 2¢, (MomHo momasars, wro 2% —
9T0 MUHEMAJBHOE HHCJIO TOTEUHHX 3aPAKOB, HeOOXONEMEIX
AJaA CO3JAHOA HOTEHIUAJHHOIO IOJS, HPONOPHEOHAIHHOTO
opHOH cepmaeckoii rapmonmke Y* ¢ ¢mrcmposammmM k.)
Ilepexom, BHIBBIBaEeMEIl OIEpPaToOpoM, IPEOGPABYIONUMCH IO
opencrapaeEmio D™ | masmpBanT 2%-TONBHEIM, a EMEHHO:
IUmoNbHMM nupn k=1, KsagpymoabEmM mpm k=2, oKTy-
MOJBHBIM OpH k=3 u T. ..

Ecnm pacmuputs rpymny ¢ As g0 Og, BRINOYAB B Hee
HEBepcuIo (OTpaskeHue), T0, MOCKONBE;y rpymmna Oz=R ;X S,
ecTh mPAMOe HPOM3BELeHMe IPYIL, CHcieMa GyfeT Hapamy co
CBOMCTBAMH, ONHMCAHHBIMH BHIOIE B Cjaydae TpyHns R,
BMETh TaK:Ke CBOHCTBa, COOTRETCTBYIOINEE TpyHme S, (Ti. O,
§ 6). Mmnivu ciosamum, coctomama 6ynyT 0603HAUATHCA HH-
geKcanm jm, a Tam:ke geTHocThio 1. B wacTtmocTm, He-
TPYZIO BHIETH, 9TO B CHIY CBOEro HocTpoeruA (ra. 7, § 4,
n. JI) cpepuueckne rapmoHmKE Y% mveior werHocTs (—1)F.

§ 2. OPBUTANLHDLIN YIJOBONT MOMEHT CHCTEMBI YACTHIY

B wBamroBoil Mexammke OpOHTANBHEII YIJOBOH MOMEHT
OAHOH 9acTHIH IOJAYYAIOT IyTeM 3aMeHHl p——ily B Kiac-
cmieckoM BopakeEmm rXp. Takmm obpasom, unMeeMm (B
equEnnax 7i)

. . d a° , 0
lz=——z[r><V]z=——t<:z5§—y %/\)r-——z%, (8.4)

rge ¢ — yroa B HOASApHOM cmcTeMe KOODAWHAT Ha IJIOCKO-
CTH, NOPHeHANKYIsipHOA ocm 2. B 1o Ke BpeMs, Kak sas-
creyer w3 (opmyas: (7.20), BHpaskeHme miis omeparopa Gec-
KOHEYHO MaJIMX BpameHmd B OPOCTPAHCTBE COGCTBEHHEIX
QyHKIHA OJHONX YACTHIEL AMEET BHL
J,=—i5%=lz. (8.5)
Taxmm oGpasom, B caydae OJHOH WacTuIhl HHQUHUTE3H-
ManbHHH ONEpaTop BpaldeHHH HAEHTHYEH ONOeparopy yrI-
;oBOTO MOMeHTa (B exuBHNaX fi). (BBEay Toro 4ro BHIeIeHMe
OCH z He AMeeT 0C000To CMEICHA, TOT 7K€ BEIBOJ| B PaBHOH Mepe
CUpaBeJuB AJsi BCeX TPeX KOMIIOHEHT YIJIOBOTO MOMEHTA.)
BoapoBHe (QYHKOWEH ¢ DONYHENHM BHAUCHHEM YTJIOBOTO
MOMeHTA HEIpHeMJeMH B KadecTBe pememmit (ri. 7, § 3,





