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Nekuuna 14.

ITepexoanl BHYTPEHHUX 3JIEKTPOHOB B aTOMaX. XapaKTePHCTHYECKOE PEHTIeHOB-
CKO0€ U3JIyICHHE.

I[O CHUX HOp MBI paCCManI/IBaJ'II/I C‘)J'IeKTpOMaFHI/ITHBIC HepeXOIH)I, CBJ3aHHBIC C UBMCHC-
HHUEM COCTOAHUA BHCIIITHUX (BaJ'ICHTHLIX) SHGKTPOHOB B aToMax. ZL]'II/IHa BOJIHBI I/I3J'Iy"IeHI/I$I JJIA
TaKHUX HepeXOI[OB JIC)KUT B OIITUYCCKOM IOHAITA30HC qaCTOT]. OCTaHOBI/IMCﬂ TeHepB Ha HepeXO-
JaX, CBA3aHHBIX C UBMCHCHHUECM COCTOSAHHA BHYTpeHHI/IX AdTOMHBIX SHCKTpOHOB. B 3TOM CJ'IyLIaC
BO3HHUKACT XapaKTepI/ICTquCKOC peHTFeHOBCKOC I/I3J'IyquI/Ie. KaK MBI YBI/II[I/IM B [[aHBHeﬁHIeM,
3HepFI/I$I TAKHUX KBAHTOB pCHTFCHOBCKOFO I/I3J'IyquI/I$I MOXET JOCTHUTAaTh 105 3B.

B OTJINYHUEC OT OIITHYCCKHUX CHCKTpOB, KOTOpI)Ie SABIIAKOTCA I/IHI[I/IBI/II[yaJ'H)HBIMI/I IJIs Ka-
KIAOIro KOHKpCTHOFO 3JICMCHTA, peHTFeHOBCKI/IC CHeKTpLI pa3HI/I‘IHLIX SJIEMCHTOB ITOXO0OXH z[pyr
Ha Jpyra. DTO CBA3aHO C TEM, YTO M3MEHCHHE KOJUYECTBA AJICKTPOHOB BO BHEIIIHEH aTOMHOM
O6OJ'IO‘-IKC Kap):[I/IHaHLHBIM 06p2130M CKa3bIBACTCiA Ha SHGPFCTI/ILIeCKOM CHeKTpC CHUCTCMBI. B TO
Ke BpeM?I BHYTpeHHI/IC ATOMHBIC BHCKTPOHI)I HaxoasTcCA, Hpe)KI[e BCCIo, B IIOTCHIIMAJIC, CO3/1a-
BAa€MOM aTOMHBIM H,HpOM, KOTOpBIﬁ JINIIIBb YaCTHUYHO 3KpaHI/IpyeTCH 3HeKTpOHHOI>’I O6OHO‘{KOI>’I.
HOC‘)TOMY nux 3HeprI/I$[ IINIABHO MCHJICTCA C U3MCHCHHUCM 3ap$[z[a ;[I[pa, OJHAKO KAaYCCTBCHHBIX
NIEPECTPOUKH CIIEKTPa HE MTPOUCXOJTUT.

TOT (baKT, qT0 :')J'ICKTpOHI)I, HaXoAIInueCsa Ha BHYTpeHHI/IX ATOMHBIX O6OJ'I0‘-IK3.X, «‘-IYB-
CTBYIOT», HIPEXK/IE BCEro, KyJIOHOBCKHI MOTEHIIMAI aTOMHOTO sIpa — Ze” /7, a yaeT MexaIeK-
TpOHHOFO BSaHMOHCﬁCTBHH MOIKET 6BITB CICJIaH B paMKaX TeOpI/II/I BOSMYHlCHHﬁ, O3Ha4dacT
BO3MOXHOCTBH OIIMCAHUA BHYTpeHHI/IX ATOMHBIX :')J'IeKTpOHOB B OIHOYACTUYHOM HpI/I6fH/DKeHI/H/I,
HpI/ILIeM X BOJIHOBBIC (I)YHKI_[I/II/I H TIOJIOKCHUC 3HepFCTI/ILICCKI/IX ypOBHeﬁ SBIIAKOTCA BOI[OpOI[O-
HOI[O6HI)IMI/I. O6BILIHO IJIsI OITUCAaHUA :')HepreTI/IquKOFO CHeKTpa BHYTpeHHI/IX ATOMHBIX DJJICK-
TPOHOB UCTIONIB3YIOT NPUOIMKeHUe 3 (HEKTUBHOTO 3apsia:

R R
E, = —n—;vzjﬁ. - —n—f(Z—csmZ ). (14.1)
3I[CCB n nu E - TJTIAaBHOC U Op6I/ITaJIBHOC KBAHTOBBIC 4YHCJIa aTOMHOI'O 3HeKTpOHa, HaxXogAmero-
csl Ha BHYTpEeHHEH 000JI0uKe, G,, - TOCTOSIHHAs SKpaHHpoBaHM. Hampumep, s amekTpoHa,
Haxozsmierocss Ha K - obonouke, o, ~ 1, 9TO 03HAYaeT YaCTUYHYIO YKPAaHUPOBKY OIS sIpa
JPYTHM JICKTPOHOM, HaxomsmMes Ha K - oGonouxe’. IIpu mepexone K 060I0YKaM, COOT-
BeTCTBYIOH_[I/IM 60J'IBH_H/IM 3HAUCHUAM TI'JIAaBHOI'O KBAHTOBOI'O 4HCJIa (L,M - O6OJ'IOLIKI/I) BCIIN-

YHHA MOCTOSIHHOM 3KPAHUPOBAHMS BO3PACTAET 3a CUET yBEIMYEHUS YMCa BHYTPEHHHUX AJIEK-
TPOHOB, IMMIPUYICM TCM CHUJIBHCC, YCM 60.]1]9]_]_[6 3HAa4YCHUC Op6I/ITaJ'H>HOFO MOMCHTAa pacCMaTpuBac-
MoOro 31eKTpoHa. OHAKO, UIsl HAC BayKHO, YTOOBI OBLIO BBIIIOJHEHO YCIOBUE G,, << Z .

[TycTp KakuM-TO 00pa3oM OBUT yJaJeH OIWH M3 AJICKTPOHOB, Haxonsdmuics Ha K -
000JI0YKe MHOTO3JIEKTPOHHOTO aToMa’ . Torja oka3plBalOTCs BO3MOXKHBIMM Tlepexonbl Ha K -
0001104Ky c Oosee BbICOKUX L, M ,... aTOMHBIX 000104yeK. Tak Bo3HUKaeT K - cepusi peHTre-

HOBCKOT0 u3ny4yeHus (cM. puc.14.1). IIpu 3Tom HOMepa JIMHUIA B cepun 0003HaYaIOT OyKBaMU

' Tlox onTHYECKHM JMAMA30HOM YACTOT MbI MOHMMAeM MH(pPAKPACHYIO, BHAUMYIO M YIbTPa(QHUONETOBYIO YacTh
CIeKTpa U3Ny4yeHHs. XapaKTepHas BEJIMYMHA KBaHTA M3JyYeHHUsS B ONTHYECKOM JHAMa30HE COCTaBIIET OT JOJeH
31eKTpoHBoOIbTa 10 HECKOIBKUX ANIEKTPOHBOIBT.

2 3aMCTI/IM, YTO B TSXKEJIBIX aTOMax IPHU BBIYMCICHUN ITOITPAaBKU Gn(’, Ooiee CYHECTBEHHBIM SABJISICTCA YUCT CIIMH-

Op6I/ITaHBHOFO B3aHMOH€ﬁCTBHH, YCM JJICKTPOCTATUYICCKOT'O B3aHMO,HeI710TBHS[ ATOMHBIX 3JICKTPOHOB.
3 9TO MOXKHO JOCTHUYb, BO3I[€fICTByH Ha aTOMbI JJICKTPOHHBIM ITYYKOM C 3Hepr1/1e171 B HECKOJIBKO COTCH KHJIOJJICK-
TpOHBOHBT, nim 06J1yqa}1 HX PCHTICHOBCKHUM HJIU y - U3JTyY€HHUEM C ,Z[HI/IHOI>'I BOJIHBI, IIOCTaTO‘lHOﬁ JUISL yAaJICHUSA

anekTpoHa u3 K — 000JI0UKH.
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rpedeckoro aidasura, Hanpumep, nepexon ¢ L- Ha K- obonouky ¢opmupyer K JUHHIO
PEHTTEHOBCKOTO m3nydeHus, ¢ M — Ha K - 000109Ky - K, -nmHuio, W Tak janee. AHAIOTHY-

HO, ecii ObljIa co3/1aHa AJIEeKTPOHHAs BakaHcUsd Ha L - 000JIouke aToMa, TO Mepexobl U3 pac-
MOJIO’KEHHBIX BBIIIE aTOMHBIX 000JI0YeK 00pa3yloT L CepHro PeHTTEHOBCKOTO M3ITy4YeHHs. 3a-
TeM unetr M - cepusi XapaKTepUCTUYECKOTO PEHTICHOBCKOTO M3iydeHus (cm. puc.14.1). Ho-
Mepa JMHUK B 3THUX CepUsIX Takke 0003HaualoT OykBaMu rpedeckoro aidasura. Vcnonb3ys
BeIpakeHue (14.1) mis SHepruM BHYTPEHHETO AJICKTPOHA B aTOME, MBI MOXKEM JIETKO HaWTH
oOmiee BBIpOKEHUE /I YaCTOT KBAHTOB XapaKTEPUCTHUECKOTO H3TYUYEHUS, CBOWCTBEHHBIX
3JIEMEHTY C 3aJIaHHBIM 3apsAJIoM s1pa Z :

(Z_Gl)z _(Z_Gz)z

2
n n,

ho = Ry (14.2)

31ech G, U G, €CTb IOCTOSIHHBbIE SKPAaHUPOBAHHUS JUIsl HUJKHETO M BEPXHETO COCTOSTHUM, MEX-
Iy KOTOPBIMU COBEpIIAETCS MEPEXO] ¢ MCIIyCKaHUEM PEHTI€HOBCKOro kBaHTa. Kak Mbl yxe
OTMEYaJH, 3TH MOMNPABKU JOCTATOYHO Majbl IO CPABHEHUIO C 3apsAlOM spa, O3TOMY 4acToO
OKa3bIBaeTCsl yIOOHBIM BBECTH 3(PPEKTUBHYIO MOCTOSIHHYIO G cpa3y JUlsl 000X COCTOSHUI.
Torpaa Beipaxkenue (14.2) Mbl MOXeEM nepenucaTb B BUJIE

1 1

2

ho=Ry-(Z—-o0) — - | (14.3)
"

B TakoM Bue BBIpaKEHUE JJII BO3MOXKHBIX 3HAYCHHN YaCTOT XapaKTEPUCTHYECKOTO PEHTIe-

HOBCKOTO M3IydYeHHsl (haKTHUECKH COBIaZaeT ¢ 00obmennoi Gopmynoii bamsmepa, ompee-

HﬂIOHIef/i CHeKTpaJH)HLIe 3aKOHOMepHOCTI/I B aTOMC BOI[OpOI[a n BO)IOpOI[OHOZ[O6HBIX HNOHAaXx.

B Boipaxkenuu (14.3) caywait n, =1, n, > 2 coorBercTByeT K -CEpUU PEHTI€HOBCKOIO
W3JIy4€eHUsl, aHAJIOTU4YHO 1, =2, n, =23 - L-cepun, n, =3, n, 24 - M -cepun. B yactHOoCTH
ux (14.3) nomyyaem, 4To SHEPIrUs PEHTITEHOBCKOIO KBaHTa K - IMHUU €CTh

3
Ky
U C TOYHOCTBIO J10 ITOCTOSTHHON SKpaHH-
poBaHus G, ~1 coBHagaer ¢ BbIpaXKe- M

ho Ry-(Z-c,)’

o [74
HUEM [UUIsl SHEPruu KBaHTa TOJIOBHOM M
auHuM cepun JlaitMana B BOJOPOJIOIO- Lz
JO0OHOM HOHe. AHanoruyso, anst L, - B

JINHUW PCHTICHOBCKOI'O M3JIYUYCHUS NMC- L
€M

5
tha=£Ry'(Z_GL)2' K K K

YucneHHOE 3HAYEHHE IIOCTOSIHHOW JK-
pPAHUPOBAaHUS G, MOXET OBITh OmIpese-
JICHO 00 3KCTIEPUMEHTAIBHO, JIN0O U3
KBaHTOBOMEXAHMUYECKUX PACUETOB AJIEK- K
TPOHHOM CTPYKTYPbl MHOT'O3JIEKTPOHHO-
ro aromMa. Mpl MOXEM JIMIIb OXKHUIATh,
yro 2<0, <9. Huwxuaa rpanuua aua-

Puc.14.1. Cepui xapakTepuUcTU4ECKOro PEHTIEHOBCKOIo
W3rydYeHns aToMOB.
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[Ia30Ha OIpeJieIeHa U3 MPEATNOJIOKEHUs, YTO B SKPAHUPOBKY si/ipa BHOCAT BKJIAJ TOJIBKO JIBa
3JIEKTPOHA, HaxosAmmxcst Ha K -0005104Ke, a BEpXHssl TpaHUIA COOTBETCTBYET MPEAIOJIOKe-
HUIO, UTO B 3KPaHUPOBKY BHOCST BKJIa/l BCE MEKTPOHbI K - U L -0005104eK.

3akon Moszau.

[Tepenuiem Beipaxkenue (14.3) B cienyromeM Buae
Vo ~(Z-0),

T.€. KOPEHb M3 YaCTOThl M3Iy4YEeHHMs SBIIAETCSA JMHEWHON (PYHKIMEH 3apsia aTOMHOTrO sjpa.

10 20 30 40 50 B0 70 80
sapaa agpa

Puc.14.2. JOuarpamma Moanu.
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100

CTEIIEHBIO TOYHOCTH OIHUCHIBAIOTCS 3aKOHOM (14.4).

Dddexm Ooxes.

(14.4)

[Tony4yenHast 3aBUCUMOCTh ObLlIa BIEP-
BbI€ TIoJtyueHa B 1913 roay smnupude-
ckuMm nyrem I’ Moz’ IIpU aHalu3e
SKCIEPUMEHTAIBHBIX JAaHHBIX O JJIH-
HaM BOJIH XapaKTEPUCTUUYECKOTO PEHT-
T€HOBCKOI'O M3Jy4Y€HHs 3a10JIT0 JI0
CO3/1aHUS KBAaHTOBOH TEOpPUM U HOCHUT
Ha3BaHue 3akoHa Mosznu. Ha puc.14.2
npuBe/eHa nuarpamma Mo3nu - 3aBU-
CUMOCTh 4YacTOT TOJIOBHBIX JIMHUI
PEHTTEHOBCKUX CEpUI OT MOPAIKOBOTO
HOMepa djeMeHTa B Tabmuie Menne-
neeBa (3apsaa aToMmHOro sjapa). Kak
BHUJIHO, 9TH 3aBUCUMOCTH C BBICOKOU

Jlo cux mop Mbl 00CY’KJaJli CUTYaIIHIO, KOTJa IPU Mepexoie 3JIEKTPOHA ¢ OAHON BHYT-
peHHell aTOMHO# 000JIOUKH Ha JPYTYIO BBIACIMBINASCS dHEPTUs M3IY4aeTCs B BUJIE PEHTTE-

4

7
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\
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Puc.14.3. KoHkypupyowre npoyecchl: UCnyckaHue
PEHTreHOBCKOro KBaHTa W O3e - aneKTpoHa.

HOBCKOro kBaHTa. OHAKO, BO3MOXHA H
Ipyras CUTyalus. JTa SHEPTUs MOXKET
OBITH TepeqaHa OJHOMY WJIM HECKOJIb-
KUM 3JIEKTPOHAM, HaXOMSIIUMCS Ha BbI-
me JeKaIluX aTOMHBIX 00oiioukax. B
pe3ysbTare 3TOT IEKTPOH (AIEKTPOHBI)
MMOKHUJIA€T aTOM, YHOCS C COOOM 3Hep-
THIO, KOTOpasi MOTJia Obl OBITH M3Ty4YeHa
MIPU SJIEKTPOMArHUTHOM Tiepexoje. Ta-
KOM croco0 Je3aKTHBAIlMM CUCTEMBI HO-
cut HazBaHue sddekra Oxe’, Mo UMeHH
YYEHOTO €ro OOHApYKUBIIETO KCIEepHU-
MeHTaIbHO. CaM# AJIEKTPOHBI, KOTOPHIC
HCITYyCKAIOTCSl TIOJIOKUTEIBHO 3apsKeH-
HBIM HOHOM C BaKaHCHEH Ha OJHOM H3

BHYTPEHHUX aTOMHBIX 000J104Y€K, Ha3biBatoTCs Ox3-31ekTpoHamMu. [Ipu 3TOM 0JlHOKpaTHO 3a-
PSAKEHHBIN MOJIOKUTEIbHBIA HOH CTAHOBUTCS JIBYKPAaTHO 3apsiKeHHbIM. CXeMaTHUeCKH UCITyC-
KaHME KBaHTa PEHTTEHOBCKOr0 U3y4eHHus U O3 — 2JIEKTpOHA NpeacTasieHo Ha puc.14.3. He-
TPYAHO BUAETH, 4TO 3PPekT Oxe MpeacTaBiseT coO0i sBICHNE aBTOMOHHU3AIMN HOHA C DJICK-

* H.Moseley (1887-1915) — anrmuiicknit u3MK.
> P.Auger (1899 - 1993) — ppaHiy3ckuii (Gpu3mK.
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TPOHHOW BaKaHCHEH Ha BHYTpEHHEW aTOMHOW obOosouke. Ha mpakTuke ucIyCKaHWe peHTre-
HOBCKOT0 KBaHTa U 3¢ ekt Oxe SBISIOTCS KOHKYPHPYIOIMIMMH TMpOIlecCaMu Je3aKTHUBALIUN
HAYaJILHOTO CHJIBHO BO30YKICHHOTO COCTOSIHUSI KBAHTOBOM crucTeMbl. Kakoit mx 3Tux mporiec-
COB siBJIsieTCsl OoJiee BEpOSITHBIM, 3apaHee He O04eBHAHO. KOIWYecTBEeHHBIN pacueT BEpOSTHO-
cta Oxe — 3pdexra u B 6osee MUPOKOM CMBICIIE TPOIIecca aBTOMOHHU3AILINH SIBIISIETCS JOCTa-
TOYHO CJIOKHBIM U JIKHUT 3a MpeJeIaMi HalllMX KBAHTOBOMEXaHUYECKUX BO3MOKHOCTEH.

ATOM B MArHUTHOM IIOJIE.

IIpu paccmorpenun onbiToB HITepHa u I'epnaxa (cM. JI_8) Mbl yke ocTaHaBIUBAIKCh
Ha M3yYEHUM CBOWCTB aTOMa, MOMELIEHHOTO0 BO BHEIIHEe MarHuTHoe noisie. OaHako, Mbl HE
IPUHUMAJIU BO BHUMaHHE HAJIMYUE Y aTOMHOIO 3JIEKTPOHA CIIMHOBOI'O MEXAHUYECKOIO U CBSI-
3aHHOTO C HUM MarHUTHOrO MOMEHTOB. [1o3ToMy B AaHHOM paszzene Mbl paccMOTpUM OoJiee
001Nl MOAXO0/ K OIPEJEIICHUIO CIIEKTPa aTOMa BO BHELITHEM MarHUTHOM IIOJIE.

byzneM cumrtaTth, 4TO 3JIEKTPOCTATHUECKOE B3aUMOJEHCTBUE aTOMHBIX JIEKTPOHOB CY-
IIECTBEHHO TPEBBIIIAET SHEPTHIO CHHH-OPOUTAIBHOTO B3aWMOJICHCTBHA B arome. B Takom
cllydae MOXHO HCIIONIb30BaTh MpHOMmKeHne LS - CBS3H, TO €CTh BBECTH IOHSATHE aTOMHOTO
TE€pMa — COBOKYITHOCTH COCTOSIHUH C TOYHO OIpe/IeIEHHbIMU 3HAYCHUSMU CyMMapHOTro opOu-
TaJbLHOTO M CITMHOBOTO MOMEHTOB 3JICKTPOHHOU 000s10ukH aToma. CrivH - OpOUTAIbHOE B3aH-
MOJEHUCTBUE

V,s = A(LS)
IPUBOJUT K MOSIBJICHUIO TOHKOM CTPYKTYpBI TEpPMa - paCUICIUIIET €ro Ha IPYIIy COCTOSHUM,
KOJIMYECTBO KOTOPBIX ONpPEIENAETCS YHUCIOM BO3MOXKHBIX 3HAUEHUN KBAaHTOBOro uucia J
CYMMAapHOI0 MEXaHMYECKOI0 MOMEHTAa. DHEPIHsl TOHKOIO PaCILEIUIEHUs ONPEIENsAeTCs KOH-
CTaHTOI cBA3M A ¥ MOKET ObITh OllEHEHA KaK BeJUduHa ~ o.°Ry. C Jpyroil CTOpOHSI, TIpH
IIOMEIIEHNU aTOMa BO BHEIIHEE MAarHUTHOE IOJIE C HAIPSKEHHOCTbIO / aToMm mpuoOperaer
JIOTIOJTHUTENBHYIO SHEPTUIO ~ W,/ . B 3aBUCUMOCTH OT BEITMYHMHBI MarHUTHOT'O MOJIS 3Ta J0-
HOJTHUTENbHASL SHEPT U MOXKET ObITh KaK OOJIbllle, TAK U MEHBIIIE SHEPIMH TOHKOIO pacliernJie-
HUs. B 3aBUCHMOCTH OT TOTO, Kakasi U3 JBYX ITHUX SHEPruil Ooiblle, KapTHHA PACHICTIIICHUS
aTOMHBIX YPOBHEH B MarHUTHOM Ioje OyJeT pa3nu4yHoil. BBenem moHsATHE KpUTHYECKOW Ha-
NPSKEHHOCTH MarHUTHOT'O TIOJISl, ONIPEIEsieMON U3 COOTHOLLEHUS
w,H =V, ~a’Ry. (14.5)
[Tons, 1 KOTOPHIX HANPSYKEHHOCTh MarHUTHOTO IOJIS MPEBBIIAET KPUTHUUYECKOE 3HAYEHUE,
OyzeM Ha3bIBaTh CHUJIbHBIMM, B IPOTUBOIIOJIOKHOM ciydae OyJieM T'OBOPHUTb, YTO BJIEKTpHUYE-
cKoe moiie sBisgercss ciadbiM. OLEHUM YHUCIEHHOE 3HAauY€HUE KPUTHUECKOW HampsyKEHHOCTH
MarauTHOTro noJist. U3 (14.5) umeem
2

o= o’ Ry .

Hp

* 3
9T0 Ke BBIPAKCHUC MOXKHO ICPCIIMCATh U MHAYC: H = MB/CZO . yLII/ITI:.IBaH, qTo K|, ~ Qeaq,,

MOJTyYrM €IIe OJIHY YJIOOHYIO OLIEHKY JJIsi KpUTHUECKON HAMPSKECHHOCTH:

H =aFE, (14.6)
(E, = e/ a, - aTOMHas HAIPSKEHHOCTh JIEKTPUYECKOTO T0JIs), TO €CTh KPUTHUECKAs Harps-
’KEHHOCTh MAarHUTHOTO TOJII MPUMEPHO B CTO pa3 MEHbIIE aTOMHOro 3HaueHus. [lockoibky
ATOMHO} HANPSHKEHHOCTH 3JIEKTPUUECKOro 1ot ecth ~ 5-10° B/em, To ecth ~1.7-107 abe.

* 5 (V]
en. CGSE, 1o u3 (14.6) naxoqum A =10° 3. [lony4yeHHas oLieHKa AJI1 KPUTUYECKOM Hamps-
KEHHOCTH JIOCTaTOYHO YCJIOBHA, IOCKOJIBKY PEalbHOE 3HAYCHUE BEINYHMHBI TOHKOTO PacIIen-
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JICHUSI MOKET 3HAYUTENIHHO (BIUIOTH A0 HECKOJBKUX MOPSAKOB) OTIHMYATHCS MCIIOIH30BAHHOTO
B (14.5). [elicTBuTENBbHO, B COOTBETCTBUU C Teopuei Jupaka st atoma Boopo/ia
1
(0 +1)°
TO €CTh DHEPIHsi TOHKOTO pacIleIyIeHus OBICTPO yOBIBAET C BO3pacTaHWEM 3HAUCHUS TJIABHOTO
1 OpOUTaTHLHOTO KBAaHTOBOTO 4HceNl. Ha KauecTBEHHOM ypOBHE TakKas 3aBUCHMOCTH CIIPaBE/I-
JUBA U IS APYyTUX aTOMOB. [loaTOMY MOKET 0Ka3aThCsl, 4TO AJI1 KOHKPETHOU CUTyanuu (aToM
HaxXOJIUTCS B CHJIBHO BO30YXKICHHOM COCTOSIHUW) 3HAYCHHE KPUTHYECKOW HAMPSHKEHHOCTH
MOJKET OBITh Ha HECKOJBKO TMOPSAKOB MEHbBIIE MPUBEACHHOTO BbIlIe 3HaUeHus. Haoboport, B
CiIy4ae IMOJOKUTEIBHO 3apsHKEHHBIX MOHOB (OCOOCHHO MHOTO03apsIHBIX) BEJIMUYMHA KPUTHYC-
CKOM HaIPsKEHHOCTH CYILIECTBEHHO BO3PACTAET.
OcTtaHoBUMCS TETEph HA pacyeTe SHEPreTHUECKOro CIEKTpa aToMa B cllydae, €Clu OH
HAaXOOMUTCSA BO BHEIIHEM CHJIBHOM HIIH CJIa00M MarHUTHOM moJie. I1oIHBIM raMIIBTOHHAH CHC-
TEMBI MBI MOYKEM 3aIlMCaTh B BUJIE

H=H,+V, +V,, (14.8)

(14.7)

LS

rac aTOMHBIM TaMUJIbTOHMAH H o YUYUTBIBACT, B TOM YHCIIC, DHEPIHUIO0 DJICKTPOCTATHICCKOIO

A A

B3aUMO/ICHCTBUS JIEKTPOHOB, V¢ - SHEPrusi CIMH — OpOUTAILHOrO B3auMojehcTsus, a V,, -
SHEPTHUsl B3aUMOJCHCTBUS C BHELITHUM MarHUTHBIM I10JIEM.

PaccmoTpuM cHauana ciydail CHIIBHOTO MarHuTHoro mojsi. ITockonbky VM > VLS, B
ramuiabToHHaHe (14.8) Mbl He OyZieM yUMTBhIBATh CIIUH — OPOUTAIbHOE B3aUMOJIEHCTBHE B aTo-
me. Toraga B OTCYTCTBHE BHEITHETO MAarHUTHOTO ITOJISI CTAIIMOHAPHBIE COCTOSIHUSI aTOMHOTO Ta-
MIIbTOHHaHa H , MBI OyzieM paccMaTpuBaTh B 6a3uce QyHKIUH |LM 1 SM S> . YUeT BHEIIHEro

MATHHTHOTO TIOJIS MbI IIPOBEEM [0 TEOPHH BO3MYIIEHHIL . 3aIHIIeM SHEPIHio B3aHMOACHCT-
BHs aTOMa C BHEIIHUM MarHUTHBIM 110J1eM V), B BUJIE

v, =—(id)=—(i, +ii,. &). (14.9)
3nech

b, =-p,L, Hy ==2U,S
- MAaroHuTHbIC MOMCHTHBI, CBA3aHHBIC C 0p6I/ITaJILHI>IM " CIITMHOBBIM IBUXXCHHUEM MECXAaHNYCCKHUMHN
MOMeHTaMH7. BI)I6I/Ipa$I HaHpaBJ'IeHI/Ie OCHU Z BOOJIb HaHpaBHeHI/Iﬂ MArdimuTHOT O IT10JIs H , 1 IIC-
pexons OT (bI/ISI/I"IeCKI/IX BCJIIMYHUH K OII€paTopaMm, MMOJYYHUM BBIPAXKCHUC IJIA OIICPpAaTOpPa B3aW-
MOHeﬁCTBI/Iﬂ aToMa C MAarHUTHBIM IT1OJIEM

V, =u,H(L, +25.). (14.10)
Torpa aii nonpaBky K SJHEPTUU TEPMa, I1OIy4aeM
AE = (LM SM s |V\,|LM ,SM ) = u, H(M, +2M ). (14.11)

TakuM 06pa3oM, aTOMHBIH TepM ~° "' L B HPUCYTCTBHH CHIIBHOTO MATHUTHOTO MOJIS PACIIETIs-
CTCA IO 3HCPruM, MpUYCM YMUCIIO KOMIIOHCHT OMPCACIIACTCA YUCIIOM BO3MOKHBIX 3HA4YCHUHU
CyMMbl M, +2M ;. B obmem ciydae, Ka3anoch Obl, 3TO YUCIIO ONPEEINIAETCS] KOJIUYECTBOM

% 310 03HAUAET, YTO HAIIE «CHILHOE» MATHUTHOE MOJIE SABIIACTCS CIa0BIM B TOM CMBICIIE, YTO XapaKTepHAs YHep-
rusl B3aMMOZEHCTBHs atoMa ¢ oTuM moiteM V), = |, [/ Mana no cpaBHEHHIO ¢ S9HEPrUeil KYJIOHOBCKOTO MEX)-

JIEKTPOHHOTO B3aUMOJEHUCTBUS B aTOME, T.€. MaJia 110 CPABHEHHUIO C PA3HOCTHIO YHEPTUM pa3IUUHbBIX TEPMOB, IIPH-
Ha/IJICKAIINX OJHOW U TOM XKe ANEKTPOHHON KOH(UTYpAITHH.

" 311ech U aJee BETMUYUHbI OpOHTANBEHOTO U CIIMHOBOTO MOMEHTOB 3JICKTPOHHOM 00OJIOUKH aTOMa U3MEPIIOTCS B
eUHUIAaX NoCcTOSHHOM [Imanka.
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BO3MOXHBIX KOMOMHALMN KBaHTOBBIX uMcen M, u M, U MOXET ObITb ONpPENEIECHO Kak
(2L+1)(2S +1). OnHako, cienyeT y4uThIBaTh, UTO CPEAM BCEX BO3MOXKHBIX TaKMX KOMOWHa-
Ui MOryT OBITh Takue, KOTOpbIE MNPHUBOIAAT K MOBTOPSIIOIIUMCS 3HAYCHHUSM CYMMBI
M, +2M;.

B kauecTBe nmpuMepa pacCMOTPUM pacCILEIUIEHUE YPOBHA 2p aToMa BOJOPOJA B CHUIIb-
HOM MAarHuTHOM Tosie. B paccmarpusaemom ciyuae umeem m, = 0,21, m, =+1/2. Tlostomy
JUISl YMCIIa KOMIIOHEHT paclleryieHus Moiay4duM (cM. puc.14.4)

m,+2m_ =0,£1,+2,

TO €CTh YPOBEHb 2p pacUICIUIAETCS HA NATh KOMIOHEHT. OTMETUM ellle pa3, HalpsyKEHHOCTh

MarguTtHoro mons H JOJDKHAa

my mg oyt 20 g Takol, 4ToObl BEIUYMHA

1 12 2 pacuieryieHus] MEXIy COCEIHU-
2p 0 1/2 1 MU KOMIIOHEHTaMu W,/ Oblna
Leh -L2el72) o 3aMETHO OOJIBIIIE TOHKOI'O pac-

0 -1/2 -1 P
; o LWIEMJICHUs, KOTOpoe it 2p

-1 - -2
YpPOBHSI B aroMe BOJOpOAa CO-
Puc.14.4. PaclwenneHne 2p ypoBHA aTtoma Bojopoaa CTaBJISICT OLZRy/16.

B CMNBHOM MarHMTHOM rMone, HepeﬁﬂeM TeHCpL K aHa-

JAU3Yy PacCIICIUIEHUs aTOMHOTO ypOBHS B CJ1aOOM MarHMUTHOM Ioje. B aTom ciydae sHeprus
B3aUMOJICHCTBHS C BHEIIHUM MArHUTHBIM II0JIEM CYIIECTBEHHO MEHbIIE SHEPruH CIIUH-
opbutanbHOro B3ammozeicTBus. [losTomy B rammibroHnane (14.8) Mbl 00s3aHBI y4ecThb Bce

cllaraeMble, IpUYeM, Kak U paHblile, BEIUMYUHY V), Mbl OyJeM paccMaTpUBaTh Kak Majoe BO3-
MYIIICHHE, & B KAUECTBE BOJHOBBIX (DYHKIIMI HEBO3MYIIEHHOTO T'aMUJIBTOHHAHA CIICAYET UC-
H0JIb30BAaTh COOCTBEHHBIE COCTOsIHUA onepatopa H + V. Panee (cm. JI 9,11) mb1 Bugenu,

YTO TaKUMU (QYHKIHUSMHU SBISIOTCS |LSJM J>. HanoMmHuM, 4TO B 3THUX COCTOSHUSAX 3HAUYCHUS

HpOGKL[I/Iﬁ Op6I/ITaJ'IBHOFO " CIIMHOBOI'0O MOMCHTOB HC UMCIOT TOYHO ONPCACICHHOIO 3HAUYCHU .
—_ CyIiecTBeHHOH ~ 0COOCHHO-
CTBIO paccMaTpHUBAEMOrO  CiIydas
(cm. puc.14.5) sBasercs TO, UTO
BCJICACTBUC PA3JIMYHBIX 3HA4YCHUHU
TUPOMArHUTHBIX OTHOIICHMH ISt
OPGI/ITaJILHOFO 1 CIIMHOBOT'O IBHKEC-
HUSL BEKTOP CYMMapHOI'0 MarHMTHO-
ro MOMEHTa aToMa
H, =H, +Hg
HE KOJUIMHEApPEeH BEKTOpPY MOJHOTrO
MEXaHHYEeCKOTO MOMEHTA
J=L+S.
B Takon curyanum s ompenene-

HHU BHUIA OIICpaTopa B3aUMOCHCT-

Puc.14.5. OpureHTauua BEKTOPOB MEXaHNUYECKOTO U BUS aToMa C BHEIIHHM MACHUTHBIM
MATHUTHOrO MOMEHTOB 3MEeKTPOHHOKW 0B0MoYKN aToMa.

ﬁ}

IIOJIEM BOCIIOJIB3YEMCs CIICAYIOIIU-

MU cooOpakeHusMU. CIiuH — opOHUTaIbHOE B3aUMOJICHCTBUE CBA3BIBACT BA BekTopa L U S B

—

BEKTOp IOJIHOTO MOMEHTa J , mpuyeM BekTopa L U S mpeneccupyroT BOKPYT HallpaBlICHUS,



193

3aJ]aBaéMOro BEKTOpoM J , MOJI00HO TOMY Kak JIBa CBA3aHHBIX TMPOCKOIIA MPELECCUPYIOT BO-
KpyT HaIlpaBJICHUS BEKTOPA MX CYMMapHOIO MOMEHTa KOJIMYECTBA JIBMKEHHUA. B pesyibrare
BEKTOPa OPOUTAIBHOIO M CIIMHOBOTO MarHUTHOIO MOMEHTOB [, M [ig TaKke HPeLecCUpPYIOT

BOKpYT HampaBiIeHUsl BekTopa J. DTO HNPUBOAUT K HPELECCUM BEKTOPA [, OTHOCUTEIBHO

BEKTOpa J . Yacrora 510l MIPEIIECCUU MOXKET OBITh OLICHEHA KaK
Q=V,/h~o’Ry/h~d’w,,.

XapakTepHoe 3HAaUEHHE ITOM YaCTOTHI JEXKHUT B PaJMOYaCTOTHOM JUAINA30HE U COCTABIISIET BE-

JUYUHY MOpsAJIKa 10" ¢!, Dro o3mauaer, 4o MIPU BO3JICUCTBUM HA aTOM CTaTHUYECKOTO (WIIH

IJIaBHO U3MCHAIOLIECTOCSA BO BpeMeHI/I) MAarHuTHOI'O I1OJIA C HUM 6YIlCT BSaI/IMOILeI\/'ICTBOBaTB ycC-

pEIHEHHBIN 10 BpEMEHU aTOMHBIH MarHUTHBIH MOMeHT. HetpyaHo BuaeTs (cM. puc.14.5), uto

STHM MOMEHTOM® SIBJISIETCS POEKIIMS BEKTOPA [i , Ha HampasieHue Bextopa J . /g Benndn-

HBI 3TOM TIPOEKITUH 3aIUIIEM CIEAYIOIIEE BhIpAKECHUE

Hy =—8UgJ, (14.12)
I7Ie MHOXKUTENIb g OINpeAessieT TaK Ha3bIBaeMbli aTOMHBIN g -(hakrop. Breipaxenue (14.12)
(akTHUECKH MOYKHO pacCMaTpHUBaTh, KaK OINpelesieHue aToMHoro g -¢akropa. Hama 3agaua
Teneph — HAWTH SIBHOE BBIpaXKeHHE Js g -(hakropa. Micxons uz onpenenenus 3¢pdekruBHOro
MarHUTHOT'O MOMEHTa aToMa, 3aIuIIeM

1 (i, J)

7 :—i(Lﬂ—;]). (14.13)
Mg J Hp J
Bcnomunas, uto
Hy=H, +Hg =—Ha(L+28)=—p,(J +9),
nepenumiem (14.13) B Buae
V+S.J)_, (57)

g= = = (14.14)
ITockonbKy
(517):%(.72 +§2-12),
u3 (14.14) nonyuum
Jr 481
=1+ —— 14.15
g Nz ( )

Tenepsb, BEIOUpasi OCh z BIOJb HANpPaBICHUS NOJS / , MBI MOXEM 3aIlucaTh ONepaTop B3au-
MOJCHUCTBUSA aTOMa C BHELTHUM MarHUTHBIM I10JIEM:

VAM = _(ﬁ'gﬁ’ﬁ): gHBH}Z'
Brplunciaenue MaTpuyHOro 3JIEMEHTa Oleparopa I}M B 0a3uce BOJHOBBIX (PYHKLHUH |LSJM J>
JIaeT TIONPABKy K SHEPrUHM cOCTOSHUA > 'L

AE =(LSIM , V,,|LSIM , ) = gu, HM ,, (14.16)

rIe

1 JUADESES D - LEL+D)

= 2D (14.17)

¥ 3roT MOMEHT MbI Gy/ieM Ha3bBaTh 3PPEKTUBHBIM MATHUTHBIM MOMEHTOM aTOMA.
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- atroMHbI g -pakTop (paxtop Jlanzne). Kak BuaHO, B c1aboM MAarHUTHOM IOJIE COCTOSIHUE

»*1L  pacmemnuisieTcst 1o HepruM Ha 2.J +1 KOMIOHEHTY MO YHCITy BO3MOKHBIX 3HA4EHHUI

KBaHTOBOI'O 4HCJia MJ, OMPCACIIAIOIICTO 3HAUCHUC Z - MPOCKIHUHU IMOJIHOTO0 MEXAaHUYCCKOI'O

MOMEHTA 3JIEKTPOHHON 000JIOYKHU aToMa.
3aMeTUM, YTO €CJIM Mbl pacCMaTpUBaeM CHHIJIETHOE cocTostHue (S =0), 10 J =L, n
u3 (14.17) naxonum g =1, 94TO COOTBETCTBYET TMPOMATrHUTHOMY OTHOIIEHUIO ISl OPOUTAITb-

HOTO JIBMIKCHHSI JIEKTpOHA B aToMe. AHanoruyHo, anst S - repmoB (L =0) u3 (14.17) nomny-
4aeM g =2, 9TO COOTBETCTBYET CHMHOBOMY THPOMAarHUTHOMY OTHOIICHHIO. B o0miem cirydae

g -(hakTop eCcTh HEKOTOPOE YUCII0, KOTOPOE OIpeeseT CBA3b MKy () (HEKTUBHBIM MarHUT-

HBIM U MEXaHMUYECKUM MOMEHTAMU JIEKTPOHHON 000JI0UYKM aToMa M (PAKTUYECKH OIpEeesieT-
Csl yIJIOM MEKJY BEKTOpPaMU MarHUTHOTO U MEXaHMYECKOI'O MOMEHTOB COBOKYIIHOCTH aTOM-
HBIX JIEKTPOHOB (CM. pHc.14.5). Ba)kHO OTMETHTH, 4TO g -(haKTOp MOKET MPUHUMAThH Pa3Ind-

Hbl€ 3HAYECHMS; MOXKET OKa3aThCsl, B YACTHOCTHU, YTO0 g <1 m g > 2. Haubonee yUBUTEIbHbI-
MM BBITTISIAT CHTYAIHH, JUIS KOTOPsIX g <0 mmm g = 0. Tlocexnnii ciyuaii’ nmpeacTapiser

0cOOBIif MHTEpEC B CBSA3U C TEM, YTO aTOM B TAaKOM COCTOSIHUHM 00JIaJaeT HyJIEBbIM d(PPEKTHB-
HBIM MarHUTHBIM MOMEHTOM, HECMOTPSI Ha TO, YTO UMEET HEHYJIEBOW MEXaHNYECKUI MOMEHT.

PaccmoTpuM Tenepb HECKONBKO (pu3ndeckux 3(pQeKToB, 00yCIOBICHHBIX CBOWCTBAMH
aTOMOB B MAarHUTHOM TIOJIE.

Dghexm 3eemana.
Msl yxe roBopuiu (cM. JI 1), uro addexT 3eemana 3akio4aeTcsi B PacIICIUICHUN JIH-
HUY M3JIy4YCHHs aTOMa IPU IIOMEUICHUH €ro BO BHEIIHEE MAarHUTHOE Ione. B cooTBeTcTBUM €
KJIACCUYECKOM BJIEKTPOHHOM Teopuel JIopeHIia B MarHUTHOM I10JI€ IIPOUCXOAUT PACILEILICHUE
JUHUY Ha TPU KOMIOHEHTHI (CM. puc.14.6), olHa U3 KOTOPBIX XapaKTEPU3YETCsl HECMEIICHHON
4acTOTOM ®,, a B APYrHMe CMELICHbI HA BEIUYU-

Hy Q2=eH/(2mc): ®=0,+ 2. Takas KapTuHa

pacierieHus MPEACTaBIseT cOO0W HOPMabHBIN
(mpoctoit) a¢dexkT 3eemaHa W Ha3bIBACTCS HOP-
MaJlbHbIM TpuIiuieToM JlopeHna. 3HaUUTENbHO Ya-
e, OJHaKo, HaOJoIaeTcs aHOMaJbHBIM (CIIOXK-
HbIi) 3¢dekr 3eemana, Koraa YUCIO KOMIIOHEHT
pacileryieHust OTIIMYHO OT TPEX, JINOO paBHO TpeM,

@, —£2 @y W@y + 2 HO BEJIMYMHA PACILICIUIEHUS] HE COBIAJAET C MIpel-

Pwc.14.6. HopmanbHbIA TpunneT JlopeHua. CKa3aHUAMU KIIACCUYECKOU TEOPHH.

PaccMoTpuM Tenepb KBaHTOBOMEXaHHUYE-
ckyro Teoputo dddexra. byneM cuntaTh MarHuTHOE 1MOJIe CIabbIM B PACCMOTPUM SJIEKTpOMar-
HUTHBII nepexoz[10 MEXy KaKOi-HUOYAb Mapoi COCTOSHHIA, XapaKTEePU3YIOIINXCSI KBAHTOBbI-
mu uucnamu L,,S,,J, u L,,S,,J, coorBercTBeHHO. IIyCcTh 3HEprUM aTOMHBIX COCTOSIHMM CO-

OTBETCTBEHHO paBHbl £, u E,, (E, > E, ). Torna yactora aTOMHOI0 epexoja B OTCYTCT-

BHE MarHUTHOTO MoJst ectb ®, = (Ey, — E,, )/ . Ilpn Hanu4uy MarHuTHOTO MOJSL KXKL0E U3

. 4
? B kadecTBe MpHMepa yKaKeM OHO M3 aTOMHBIX COCTOSHHIA C HYJIEBbIM 3HAYCHHEM g-(paKTopa: D, /> - Hynesoe

3Ha4YeHHE g-(hakTopa MOITyYaeTcsl B pe3yabTaTe TOrO, YTO BEKTOPa MarHUTHOTO ¥ MEXaHUYECKOTO MOMEHTOB aTo-
Ma OKa3bIBAIOTCS MEPICHANKYJISIPHBI APYT APYTY.
' Mb1 monaraem, 4To TOT MEPEX0J pa3pelleH B EKTPUIECKOM JUMIONBHOM TIPHOIIKEHHIH.
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cocTosiHuM pacwerusiercd Ha 2J, +1 u 2J, +1 KOMIOHEHT, IPUYEM SHEPTUHA COOTBETCTBYIO-
IIUX MMOAYPOBHEN OMPENIETSIOTCS KaK
E =E, +g1MJl“'BH’ E,=Ej, +g2MJ2“BH .

Torna ans 4acToThI nepexoaa nmpu HaJIM4Yuu MaratuTHOTO ITOJIA ITOJIyJacM

_ oyt ( )
0=, + - &M, —gM, ). (14.18)
HerpyaHo BHIETH, YTO MOJHOE YHUCIO KOMIIOHEHT M BEIMUYMHA PACILEIUICHUS ONpPENeNsatoTCs
BO3MO>KHBIMH 3HAUEHUSIMU pa3HOCTH
. . m;
(gzM 5, —&M, ) Beruncnenue 3Ha4YeHUN 3TOHU 3/21
BEJIMYMHBI CIIEyeT NPOBOJUTH C YYETOM IpaBUIiIa P

i} 2
ot6opa 2%

AM , =M, -M, =0x1. (14.19) -2
OueBuaHO, UTO MU g, = g, =1 oblIee BbIpaxke- -32
Hue (14.18) maer HopmanbHBIN 3 deKkT 3eeMaHa.

JIeHiCTBUTENBHO, B 3TOM CilIydae B COOTBETCTBUU C
npaBuiaMu (14.19) Bo3HUKaeT BCero TpH JIMHUM, 2p,, 2
IpUYeM, YUUThIBas, uto W,H /h =2, nomydyaem 12

HOpMalbHBIN JlopeHueB Tpuruier. Takoil ciyvain
peanusyercss BCAKHI pa3 MpU MEpexole Mexay
CHHIJIETHBIMU TepMaMu. M, Hao6opoT, ecinu Myiib-
TUIUIETHOCTh TEPMOB HE PaBHA €JUHHIIE (TO €CTh >
MarHUTHBII MOMEHT aToMa XOTsl Obl YACTUYHO CBS-
3aH CO CIIMHOBBIM JBIKEHHUEM DJIEKTPoHA) Y PeKT
3eeMaHa OKa3bIBaCTCS aHOMaJIbHBIM. OTMETHM, YY) YYY 1
YTO MMEHHO HECOBIAJEHHE TUPOMArHUTHOTO OT- Yy
HOUICHHUS JJIi OPOUTAILHOTO U CIIMHOBOTO JIBHIKE- Is,,
HUSl AJIEKTpOHA JeNlaeT BO3MOXKHBIM CYIIIECTBOBa- PUC.14.7. OchebexT Seemara Ha L. i
HHe aHOMalbHOTO 3¢ ¢dekra 3eemana. Eciau Obl ru- atoma onopona.
POMarHUTHOE OTHOIICHUE IJIi CIIMHOBOIO JBHKE-
HUS Takke ObUIO OBl paBHO €IMHUIIE, HA JIF0OOOW aTOMHOMW JIMHUM BCET/1a BO3HHKAJIO OBl HOP-
MajbHOE pacuieruienne (Tpuruiet Jlopenma), u st monuManus g dexra 3eeMana J0CTaTOYHO
ObL10 OBl KITaccuueckux npeacrapneHuit (cm. JI 1). Ha 3170 006cTosATENbCTBO YKa3hIBAET TAKKE
TOT (akT, uto BeIpaxenue (14.18) hakTHIeCKH HE COTEPKUT ITOCTOSHHOMN [LmaHka ',

B xauecTBe mpumMepa pacuera aHOMaJbHOTO 3¢ ¢ekTa 3eeMaHa PacCMOTPUM KapTUHY
pacLieIuieHus TOJIOBHOM JIMHUM cepuu JlaliMaHa B ClieKTpe aToMapHOro Bojopozaa. B orcyrcr-
BH€ BHEIIHETO MarHUTHOTO TIOJISl yKa3aHHAas JIMHUS UMEET AyOIETHYIO CTPYKTYPY

2p1/2 - 151/29 2p3/2 - 151/2'

-12

Hama 3agaua teneps paccuuTaTh CTPYKTYpY pacllleIUIEHUs KaXJI0i U3 KOMIIOHEHT ayoiera. B
COOTBETCTBHUH C MOJIyYCHHBIMH BBIIIE PE3yIbTaTAMH OCHOBHOE COCTOSIHHE s, pacIIeruIseTcs

B MarHUTHOM I10JIC Ha JIBE KOMIIOHEHTBI, COCTOSHUS 2p,, U 2p,, PACIICILIIOTCS COOTBETCT-

" Mpu stom crmexyer mommmth, uyto mepexox ¢ AM ; =0 sBusiercs 3anpelieHHBIM, €CIU OIHOBPEMEHHO

AJ=0,1e. J,=J,.
"2 310 3aMeuanue GyaeT He MeHee aKTYaIbHBIM M IPH PACCMOTPEHHH JIPYTHX MarHUTHBIX CBOWCTB aTOMOB, B Ua-
CTHOCTH SIBJICHHS 3JIEKTPOHHOTO MTapaMarHUTHOTO pe3oHaHca u omnbiToB IlItepHa n 'epnaxa.
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BEHHO HA JIBE M YeTHIpe KOMIOHEHTHI . KapTHHa pacuierieHns M pasperieHHbIe Mepexojibl
MEXJy 3€€MaHOBCKMMH IIOAypOBHAMHM IpuBeAcHBI Ha puc.14.7. Kak BuIHO, IHHUA
2py, —>1s), pacuieruiseTcst Ha YeThIPE KOMIIOHEHTBI, a IMHUS 2p,, —> 1s;, - Ha MIECTh KOM-

noHeHT. OO011ee YMCII0 KOMIIOHEHT OKa3bIBAE€TCS PaBHO AeciaTH (cM. puc.14.8).
P> 15y, > 15y,

Ddpexm Hawena u baxa.

B 1912 rony Ilamen u Bak'* IIpy Ha-
=g Omonennn spdekra 3eemaHa B CHIBHOM Mar-
HUTHOM TI0JIe OOHApY’KWIIM, YTO JI00ast CIieK-
‘ ‘ TpajbHasl JIUHUS PACHISIUISIETCS Ha HOpMasb-

| | Helid Tpuruiet JlopeHma, T.e. Bcerga Habmoaa-
i i eTcsi HopMallbHBIA A dexT 3eemana. ITo sB-
| || H=0
| |

<— a’Ry/16 —=

nenue HasbiBaercs dpdextom [amena u baka.
PaccMoTpuM Temneps NpUUYUHY 3TOTO SBICHHUS.

@ MBI BUAEIM, YTO B CUJIBHOM MarHMTHOM IIOJIE,
Puc.14.8. CnekTpanbHbIi cOCTaB roNeBHOM NUHUK KOT/[a MOXHO MpeHedpeyb CIUH — OpOuTallb-
cepun NlakmaHa B cnabom mMarHWTHOM rone. HBIM B3aUMOJICHCTBHEM B aToMe, nomnpaBkKa K

SHEPTUM AaTOMHOTO TEpMa, 3alHCHIBACTCS B
Bujsie (14.11). Torga, oueBUIHO AJIA YACTOTHI MEPEX0/Ja B CUILHOM MarHUTHOM MOJI€ MbI MO-
’KEM 3aIncaTh:
ho = ho, + W, H(AM | +24M ).

my my (14.20)
1 172 ITOCKONBKY COTTIACHO MpaBHIaM OTOO-
2p 0 172 pa AM, =021, a AM; =0, 10 u3
TED 2120 4 90) nonyuaen
0 -1 ' yaae L0
WY, ©= Do, B =22
TO €CTh HOpMaJibHbIA TpUIUIeT Jlopen-
1a.
Uyte Oonee moapoOHO pac-
cmotpuM >¢dekt Ilamena u baka nHa
L, - nmuaum atoma Bomopopa. Ilo-
CKOJIbKY BEJIMYMHA TOHKOTO paciier-
nenus jaybnera 2p,,, COCTaBIAET
a’Ry/16, 10 >dpdext Iamena u baka
OyJIeT HaOII0AaThCS B MOJIAX
2
« _O°R
Is 0 1z H> H =2 ~10' 9.
l6p,
0 -12 CxeMa aTOMHBIX ypOBHEilw C yd4eToM

pacHICIVICHUA B CUJIBHOM MArHUTHOM

Puc.14.9. SdgpekT MaweHa v Baka Ha ronoBHOW NMMHWK
10JIe W BO3MOXKHBIE IIE€PEXOIbl IIpea-

cepun llakimaHa B Bogopoae.

" daxTopsl JIan/e BCeX YKa3aHHBIX COCTOSIHHIT OTIIHYHEI OT HYJIS.
' E Back (1881-1959) — Hemenknii YU3NK-IKCIEPHMEHTATOP.
> Ormernm eme pas, uto npu HaGmoneHHH >bdekTa 3eeMana B CHILHOM MArHHTHOM T10J1¢ BEMYHHA TOHKOTO

paciuerieHust NPeHeOPeRUMO Masa, O3TOMY B JAHHOM CIly4ae Mbl HTHOPUPYeM JAyOleTHsli xapakrep L iw-

HHH.
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craBieHa Ha puc.14.9. Kazanoch Obl, UMCI0 KOMIIOHEHT, Ha KOTOPBIE TTPOU30MIET pacIieruie-
HUE JUHUM 2p —> s, paBHO mectH. OJHAKO, CPEAM YACTOT ATUX MEPEXOJIOB €CTh MOMAPHO

COBIAAIONINE MEX Ty COOO0H, Tak 4TO 00IIee YUCIO HaOII0JaeMbIX JIMHUM OKa3bIBA€TCS PaBHO
TpPEM.

INIeKMPOHHBII NAPAMACHUMHBLIL PE3OHANC.

SIBneHue ANIEKTPOHHOTO MapamMarHuTHoro pesonanca (OI1P) 3akimtodaercs B pe3oHaHC-
HOM TIOTJIOIIEHUH MOUTHOCTH CBepXBbIcOKOoUacToTHOTO (CBY) m3nyuenust onpeaeneHHoi yac-
TOTHI (OOBIYHO 10° — 10" c'l) MPU €ro MPOXOKJICHUU Yepe3 NMapaMarHUTHYIO cpenym, rnoMe-
HICHHYIO BO BHEIIHEE OJHOPOJHOE MarHUTHOE ToJie. DIEKTPOHHBIN MapaMarHUTHBIA PE30HAHC
6611 obHapyxen E.K.3apoiickum'’ B 1944 romy. Cxema ombita o Habmonexuio JIIP mpuse-
nena Ha puc.14.10. O6pa3zer (O), 00bIYHO 3TO TBEPJOE TENO, IOMEIIAETCS] BHYTPh 00BEMHOTO
pe3onaropa (P), k kotopomy uepe3 BosiHOBO (B) moasoautcst CBY uznyuyenue, co3maBaemoe
kucTpoHHbIM reHepatopoM (K). IIpomremas yepe3 oOpaszer; MOIIHOCTh U3MEPSETCS IETEKTO-
pom (1), curnan ¢ kotoporo uepe3 ycunutens (Y) nmogaercs Ha ociuuiorpad (Ocir). Baemnee
OJIHOPOJHOE MAarHUTHOE TOJIE CO3/IaeTCs C MOMOUIBIO dNeKTpoMarHuTa (OM), mpudeM Hampsi-
KEHHOCTb JTOTO TOJISI MOXKET M3MEHSTHCS B OINPENENICHHBIX Tpeiesax, Tak 4ToObl ObUIH BBI-
MOJTHEHBI YCIIOBUS Pe30HAHCa (CM. HUXKE).

®dusznyeckas npuuuHa Bo3HuKHOBeHUs OIIP 3akmiouaercs B cienyromeM. B ciabom
MarHUTHOM TI0JIE YPOBEHb C JTAaHHBIM 3HaueHweM J pacmieruisiercs Ha 2J +1 KOMIIOHEHT 1o

YKCIIy BO3ZMOXKHBIX 3HAYEHHUI MAarHUTHOIO KBaHTOBOIro uucia M ;. PaccTosHue Mexay cocen-

HUMHU KOMIOHEHTaMHu (cM. Boipaxkenue (14.16)) ectb
AE = gu H . (14.21)
Pe3onancHoe moryomieHue Majaroiero Ha CUCTEMY HM3JIyYeHHUs BO3MOXKHO MPHU COBIAJICHUU
4acTOThI Mepexona, cooTBeTcTBymomei (14.21), ¢ 4acToTOi BO3AEHUCTBYIOIIETO 3JIEKTpOMAr-
HHUTHOTI'O 1/13nyqu1/15118. [TosTomy Haxoanm
nH eH

O=g——=g . (14.22)
h 2mc
Kak BugHo, B BbIpaxkeHHE
JUTSl 9aCTOTHI U3TYyUEHUs, TIPU
KOTOpOH HaOmogaercs mo-
rmomenne CBY momHOCTH,
HE  BXOJHUT  IOCTOSTHHAs
IInaska. OTO O3HaA4aeT, 4YTO
paccMaTtpuBaeMblii 3¢ ekt
(hakTUYECKH SIBIIAETCS Kiac-
CHYCCKHUM, a KBAHTOBas CIIC-
nuduka 3aKIOYaeTCs JUIIh

B HanMuuK g -(hakTopa, 3Ha-
YeHHE KOTOpOTO B 0O0IIEM
clyyae OTJIMYHO OT €JAMHH-
1bl. JIeHCTBUTEIBHO, C TOUKH

Puc.14.10. CxemMa akcnepuMeHTa no HabnoaeHuo 3M1P.

' [TapamMarHUTHBIME HA3BIBAIOT CPEIbl, ATOMBI KOTOPHIX HMEIOT HEHyIIEBbIC 3HAUCHHS MATHHTHBIX MOMEHTOB. B
JTAHHOM CJIy4aeMbl [1ojlaraeM, 4To apaMarHeTu3M cpery 0OyCIIOBJIEH 3JIEKTPOHAMH.

'7'E K.3aBoiicknii (1907 -1976) — coeTckuii UMK — IKCIEPHUMEHTATOP.

'8 3ameTHM, 4TO TIEPEXO MEXKITy COCEIHHUMH 36eMAHOBCKHMMH KOMIIOHEHTAMH 3alpElleH B AJIEKTPHUYECKOM JIH-
HOJIFHOM NIPHOJIMKEHHHU. B paccMaTprBacMoM citydae peyb UIET O MAarHUTHO-AUIIOIBHOM H3JTyYCHUH.
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3peHus Kiaccuueckoil Teopun 3¢ eKT 3aKiarovaeTcs B pa3BOpPOTE BEKTOpa MAarHUTHOTO MO-
MEHTA, CBSI3aHHOTO C OPOUTANBHBIM JBUKEHHEM SJIEKTPOHA MPU COBMAJIEHUU YaCTOTHI BHEIII-
HETro MOoJIsl C YaCTOTOM JIapMOPOBCKOM Ipelieccuy OpOUTHI BO BHEILIHEM MAarHUTHOM MoJje. Yc-
JIOBHE PE30HAHCA, OYEBUIIHO, UMEET Bua ® = eH /(2mc), uto coBnanaer ¢ (14.22) npu 3uave-
HUM g =1. 3aMeTuM, 4YTO KBAaHTOBas TEOPHS J1ae€T KAUeCTBEHHO TaKyIO XK€ KapTHUHY 3¢ deKTa.
[Ipy mocTaToOYHO HUBKUX TEMIIEpaTypax aTOMbI BEHIECTBA HAXOJATCA B COCTOSIHUM C MUHH-
MaJIbHOM DHEPIUEH, TO €CTh 3aHMMAIOT 3€€MaHOBCKUM NogypoBeHs ¢ M , = —J . Ilox aeicTBu-

€M BHEIIHETO 3JEKTPOMArHUTHOTO TOJISi OHHU MEPEXOAST B COCTOSIHUS ¢ 0oJiee BHICOKUM 3Ha-
yeHussMu M ,, BIUIOTb 10 M , = J, 4TO COOTBETCTBYET IIEPEOPUEHTALIMM BEKTOpPA MEXaHUYE-

CKOT'O MOMEHTA 3JIEKTPOHHOM 000JIOUKH aToma.

B 3akmroueHune oTMeTHM, YTO AJIEKTPOHHBIN MapaMarHUTHBINA PE30HAHC SIBIIAETCS B Ha-
CTOSIILIEEC BPEMSI OJHUM M3 IIMPOKO HCIHOJIb3YEMbBIX METOJOB HMCCIEIOBAHUSA HE TOJIBKO AJIEK-
TPOHHOU CTPYKTYpPbI TBEPABIX T€J, HO U JUHAMUYECKHX PEIaKCAlMOHHBIX MPOLECCOB B HUX.
HetvictBurensHo, nornomieHue CBY MOImHOCTH MPUBOAUT K 3aCEICHHIO TOJYPOBHEH CO Bce
Oonbmnmu 3HaueHussMu M ;. C Opyrodl CTOpPOHBI HPOLECCHI pPelaKcallid B TBEPIOM Telle

CTPEMATCA BEPHYTb CUCTEMY B COCTOAHUC TCPMOANHAMHNYCCKOTI'O PaBHOBCCHL. HOSTOMy BCIIHN-
YHHA IIOTJIOIIa€MOI'0 CMIHaJla M OTKJIMK O3TOI'0 CHIrHajla Ha U3MCHCHHEC MOIIIHOCTH CBUY rene-
paropa 3aBUCAIT, B TOM YHUCJIC, U OT XapaKTEpa U CKOPOCTHU ITpOoLeCCa pCilakCalluu B 06pa3ue.

Onvimut [llmepna u I epraxa.

MBI y’Ke TOBOPHIIM O BO3MOXKHOCTH M3MEPEHHS] aTOMHBIX MAarHUTHBIX MOMEHTOB IO
BEJIMYMHE PACIIEIUICHUS MyYKa aTOMOB IIPU MpoJIETe Yepe3 00JacTb HEOAHOPOIHOTO MarHUT-
Horo noss (onbIThl Tepna u I'epnaxa). Opnako panee (cm. JI_8) MbI npeanonaraid TOJIbKO
CYIIIECTBOBaHME OpPOMTAIBHOIO MEXAaHMUYECKOTO U CBA3aHHOTO C HUM MarHUTHOTO MOMEHTa
JNIeKTpoHa. B maHHOM paszene MBI yuTeM TakkKe HaJIMYHe CITMHOBOTO MEXaHHMYECKOTO M Mar-
HUTHOTO MOMEHTOB 3JIEKTPOHHOH 000J0YKH aToMa U pacCMOTPUM OCOOCHHOCTH PacCLIEIICHUS
aTOMHOTI'O IIy4YKa B 3aBUCUMOCTHU OT BEJIMYMHBI HAPSHKEHHOCTH MarHUTHOTO TIOJIS.

Kax mbI YK€ OTMCUAJIH, B cJ1a0BIX MOJIIX BCKTOpA L u S cBgI3aHBI CIIMH - Op6I/ITaJ'H:>—

HBIM B3aMMOJECHCTBHEM B NOJHBIA MOMEHT J . [Io3TOMy ¢ BHEIIHMM MarHUTHBIM IOJIEM B3au-
MOJIEHCTBYET 3O()EKTUBHBIA MATHUTHBIA MOMEHT [, . B Takoi cutyaumu cuna, neicTByromast

Ha IMY4YO0K aTOMOB B HCOAHOPOJHOM MarHMTHOM IIOJIC (OCI) Z HalpaBJICHa BAOJb I'paavcHTa
MAar"dmTHOTI' O HOJIﬂ) MOXET OBITh 3allMcaHa B BHUJIC
oH
Fz ZgMJMBE. (1423)

Kak pesynbrar, B ciyuae, ecinu g -(akTop OTIMYEH OT HyJIsd, Iy4OK aTOMOB PAacCILENUTCS Ha
2J +1 KOMIIOHEHTY 110 YUCIly pa3IMYHbIX 3HAYCHUI KBAHTOBOrO yucna M .

Jlpyrasi cutyanus BO3HUKAeT MPHU MpPOJIeTe aTOMHOTO My4yKa 4epe3 00J1acTh CHIBHOTO
HEOJHOPOAHOI0 MarHUTHOTO NOJsl. B 3TOM citydae cniuH-opOHTaibHas CBsI3b OKa3bIBAETCs He-
CYILIECTBEHHOM, U C BHEIIHHUM I10JIEM HE3aBUCUMO JAPYT OT Apyra B3aMMOJEHUCTBYIOT MArHUT-
HbI€ MOMEHTBI, 00YCIIOBJIEHHbIE OPOUTAIBHBIM U CIIMHOBBIM JBM)KEHHEM aTOMHBIX 3JIEKTPO-
HOB. B 3TOM city4ae 1is Cuibl, JE€MCTBYIOIIEH HA aTOMHBIN ITy40K, UMEEM

F.o=(M, +2M ), %—i[, (14.24)

TO €CTh ITy4OK PACLICHHUTCS Ha YMCJIO KOMIIOHEHT, ONpPE/EIIeMbIX HAOOPOM pa3jIMYHbIX 3HA-
4eHuil cymmbl M, +2M g .
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3amaun.
OneHuTh BEIMYKMHY TOHKOIO paciueruieHuss K, JIMHUM XapaKTEPUCTHYECKOIO PEHTIre-

HOBCKOT'O M3;TyueHus: aroma ptyTu ( Z = 80).

Onpenenuth 4UCI0 KOMIOHEHT TOHKOM CTPYKTYpbI FOJIOBHOM JIMHUU L - CEpUU PEHT-
TE€HOBCKOTO U3JIy4CHUS.

OnpenenuTh HEPTUU U BOJHOBBIC (YHKLIHHU CTAIIMOHAPHBIX COCTOSIHUN 3apsKEHHOU

o 2
OeccnuHOBOM YaCTUlbl B KYJIOHOBCKOM ITOTCHIMAJIC V(r) =—¢€ /l’ IIpU HAJIOKCHUUN

BHEIIIHETO ¢J1a00ro OAHOPOJIHOTO MarHUTHOI'O TOJISL.

Kakue u3 nmpuBeneHHbIX 3HaueHu# dakropa Jlange (g=2, g=1, g=0, g=-1) BO3MOXHBI?
Kaxoii pusnueckoit cuTyaluu OHU COOTBETCTBYIOT?

Paccmotpets 3¢ dextsr 3eemana u Ilamena — baka Ha roj0BHON JIMHUM OCHOBHOM ce-
puu cepun aroma HaTpus. OLIEHUTh BETUYUHY HANPSDKEHHOCTH MArHUTHOTO MOJIs, TpU
KoTopoM 3¢ dekT 3eemana cMmensiercsa 3pdextom [lamena u baka, ecnu U3BECTHO, 4TO
JUIMHBl BOJIH KOMIIOHEHT AIyOJyieTa yKa3aHHOro mnepexoje paBHbl A, =5890 A wu

A, =5896 A.

5 5
HapucoBaTh kapTHHY 3e€€MaHOBCKOTO pacIleIUieHHs Ha mepexomax Py = "Dy u
nd’n' p 5D4 > nd? 5D4 B ci1aboM MarHUTHOM mojie. CKoJbKO JUHUN OyaeT HabJro-

JIaThCs HA yKa3aHHOM nepexoje? OnpenenuTs BeINUYUHY PacIleIICHHUS.

Hamummmre snekTpoHHbIe KOH(UTYpay 351eMeHTOB Tabnuisl Menaeneesa (Z=11-20).
VY Kak®X W3 3TUX 3JIEMEHTOB IPH MEPEX0e M3 BO30YKIESHHOTO COCTOSIHUS B OCHOBHOE
MOYHO HaOIr0/1aTh HOpMaNbHBINH 3d ekt 3eemana’?

JiHa BOJHBI M3ITyYEHHsI, COOTBETCTBYIOUIAs TMEpEXoJaM MEXIy KOMIIOHEHTaMHU
CBEPXTOHKOH CTPYKTYPBI OCHOBHOTO COCTOSIHHSI aTOMa BOJIOPOAA, paBHa A, =21 cMm.

OnpenenuTts JUIMHY BOJHBI IIEPEX0/a MEKIY KOMIOHEHTaMU CBEPXTOHKOM CTPYKTYpBI
aroma JedTepus A, , €CIM U3BECTHO CIUH mpoToHa [, =1/2, cnuH aeiitpona 1, =1,

a TMPOMarHUTHbIC OTHOLICHHMS JUIs IPOTOHA M HEWTpOHA paBHbI g, =5.6, g, =-3.8

COOTBETCTBEHHO.
Omnpenenuts yacrory CBY uznyyenus, npu KOTOpoit Oy1eT HabI0aaTbCsl pe30HAaHCHOE

norsomenne CBY MOIIHOCTH BEIECTBOM, CoJepsKanuM HOHbI Xxpoma Cr* (9JIEKTpOH-

Hasg KoHdurypanus 3d’) U HOMENIEHHBIM BO BHEIIHEE MAaTHUTHOE TI0e HAMPSKEHHO-
cThi0 H .

Ha ckoybkO KOMIIOHEHT pacIienuTcs my4ok atoMoB (ocdopa (Z=15), Haxoasmuxcs B
OCHOBHOM COCTOSIHMH, B 3KkcrniepumenTe LlltepHa u I'epiaaxa B cityyae ¢1aboro u Cuiib-
HOI'O0 MarHMTHBIX nojei. B cunbHOM mone LS B3aumoneiictBueM npenedpeusb. Ore-
HUTbH BEJIMYMHY KPUTUYECKOTO MArHUTHOTO MOJIS.

Ha ckombko KOMIIOHEHT pacUICTUTCS My4YOK aTOMOB Tenus (Z=2) B HU3LIEM BO30YX-
JIEHHOM coCTOsiHMM B 3kcniepuMenTe llItepna u ['epnaxa B ciyuyae caboro v CUibHOTO
MarHuTHBIX mojed. B cunbHOM Tosie LS B3ammogelicTBreM npeHeOpeub. OLEeHUTh Be-
JUYMHY KPUTUYECKOTO MATHUTHOIO MOJIS.

[Tyuox HEBO30YX/IEHHBIX aTOMOB Na , IBHKYLIUXCS B HAIIPABICHUU OCH X , TIPOJICTAET
yepes Mocie0BaTe’abHOCTh Tpex npudopos LltepHa — I'epinaxa, rpaJUeHT MarHUTHOTO
10JIs1 B KOTOPBIX HAINpaBjeH

a) BJIOJIb Z, BAOJb Y, BJOJb Z;

0) BAOJb Z, BAOJb Y, BIOJb Y,

B) BJIOJIb Z, BJIOJIb Y, TTOJ YIJIOM T/ 4 K OCH Z B IUIOCKOCTH ZY.

OnpeaenuTs YMCI0 KOMIIOHEHT, Ha KOTOpbIe OY/JIeT paclleieH MyYyoK B 3THX CIydasX.



