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JIEKIINSI 6

KBanToBasi pmnsmuka

Ha HpOH.UIOfI JIeKI_[I/H/I MBI BbIHCHI/IIH/I, 9TO MOMEHT I/IMHYJIBC& KB&HTyeTCHI
M, = mh,

a MaKCHUMaJIbHOe 3HadeHue m oboznadmau depes [. [lomydaercs, 4To BEKTOp B IPOCTpaH-
CTBE HE MOYKET OBITh ITPOU3BOJILHBIM, & 3aHUMAET JIUIIb OIPE/ICICHHDIC TOJIOKEHIA. DTO
HA3bIBAETCS MPOCTPAHCTBEHHBIM KBAaHTOBaHUEM. Takxke

M? = RA(1+ 1),

T. €. cCaM MOMEHT TO2K€ KBaHTYETC. MomeHT He MOXKET OBITb PacCIIOJIOZKEHHBIM CTPOT'O
BJOJIb BbI6paHHOI7I OCH M3 COOTHOIIICHUMA HeOHperZLeﬂeHHOCTGI'?'I.

Puc. 6.1.
i BpaIaTe/bHOIO JIBUYKEHUST
L?  h?
To— = —Il(+1).
Bp 2] 2] ( )
3/1eCb j — MOMEHT WHEPIUH.
Konebarenbubiit criekTp:
1 N
Teon = (n+ 5)7%) — 9KBUJIMCTAHTHBII.
Kynonoeckwuit morenuadt:
mc?
Egop = Ta = Ry o« — — JyIs1 1epBOro ypOBHSL.
n
B obmem cirydae
1

[TosrygaeTcst, 9TO B CIIEKTPE MOJIEKYJIbI TPOMaTHOE YUCJIO JUHUE. B Hero BXogdr:
1. DaekTpoHHOEe BO3OYyXKJaeHUe F ~ Ry.
2. KonebareanrHoe aBuxkeHune. Bejmunna KoiebaTeILHOIO KBAHTA:

hiweon = Ry %

HO.HyLIaIOTCH 9KBUJIUCTAHTHBIC YPOBHHU HEPIUH MeE2KAYy OCHOBHBIMU
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Puc. 6.3.

3. BpamiaTesbHOe NBU>KEHUE
m
M.

Ora QHEPIrudd €me MeHbIIe, ITIO9TOMY YPOBHU HAaXOAATCA ME2KIY KoJ1e0aTeILHBIMA

T,, = Ry

Wy @ Wion & Wyp A2 1 ¢ % : % ~ 105B : 0,535B : 0,0255B

Ecim syrekTpon BpalmaeTcs, TO yIJIOBOM MOMEHT HE MOYKET OBbITh paBeH HYJIIO.
l, = myh, (m;=0,+£1,+2,---£1),

e m — MarHUTHOC KBaHTOBOEC YHCJIO.
HOJIyLIaeTCH, 9TO IIOMHUMO T'JIaBHOI'O KBaAHTOBOI'O YUCJIa, HaM €I1e HY2KHO Op6I/ITa.HbHO€
KBaHTOBO€ 4YHCJIO

| = 0s(sharp) 1p(principal) 2d(diffuse) 3 f (fundamental).

[Tonyuaercs, uro B ypasuenuu lllpenunrepa, Ha camom jerie

ID - ¢(T) = ¢<T’ 0, 90) = R(T> * Y(97 @)

[lepBast dpyHKIHES OTBeUaeT 3a HaXOXKICHUE JIEKTPOHA MPHU JAHHOM PaJHyCce, a BTO-
pasd — IpH JJAHHOM yILJIE.

R(r) — n, — opburajbHOE KBAHTOBOE UHCIIO,

Y(0,9) -1 — pammanbHoe KBAHTOBOE HTHCJIO.

SHGPFI/IH JOJIZKHa 3aBUCETh HE TOJIBKO OT pPaJuaJIbHOI'O KBaAHTOBOI'O 4YMCJIa, HO W Op-
OUTAJIBLHOTO. HO, OKa3bIBa€TCdA, 9TO B KYJIOHOBCKOM IIOJI€ dHEPrud 3aBUCHUT TOJIBKO OT
I'JITaBHOI'O KBaHTOBOI'O YHCJIa

1

n=n,+I0, n=123..., n.=123..., [=0,1,2,3..., Ex—.
n
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YPpOBeHBb SHEPIUN U COCTOsIHIE — 3TO pas3Hble Bemm. COoCTosTHIE — 9TO Teé KBAHTOBBIE
YUCJIa, KOTOPBIME peaju3yercs coctosiane. OIHOM 1 Toil 2Ke SHEPTUH MOKET COOTBETCTBO-
BaTh MHOT'O pa3HbIX COCTOAHMIA. Ec/im 3a/1aH0 T/IaBHOE KBAHTOBOE YHUCTIO N

0<li<n—1.

Ho npu 3agannom [, moxkeT ObITh 2/ + 1 cocToginme ¢ pa3jimyHbIMU TPOEKITUAMI MOMEHTA
MMILYJIbCA.

[TocmoTpuM, KaK BBIPOXKIEH YPOBEHD S9HEPTUN, TO €CTh CKOJIBKO PA3INIHBIX COCTOSHIIA
COOTBETCTBYeT OJIHOI U TOW Ke 3HEepIruu:

i
L

1+@2n—-1
(2l+1):_|_(+)n:n2'
]

Il
=)

To ecTh ypOBEHb HEPIUH € IJIABHBIM KBAHTOBLIM YHCJIOM N BRIpozKien n? pas. Ha camom
Jiesie 3TO YUCIo yaBouTes (2n?) B CBA3U ¢ HAJIMUMEM CIIMHA, HO 00 9TOM IO37Ke.
Pacemorpum cocrosiame | = (0. 9TO 3HAYMT, 9TO yIJIOBOIO MOMEHTA HET, KakK OyITO
9JIEKTPOH TIPOXOJINT Yepe3 sipo. B ciaydae Kaaccuku, 3JeKTPOH MOKET KPYTUThCS JTHOO
110 9aCOBOii cTpeJike, 0o npoTuB. CoCTOsiHUE ¢ HYJIEBBIM yIJIOBBIM MOMEHTOM HEBO3MOK-
HO. B KBaHTOBOI MeXaHUKe S-COCTOSTHIE COOTBETCTBYET CheprIeCKU-CHMMETPUIHOMY Pac-
[IpEeJIEJICHUIO IJIOTHOCTHU 3JIEKTPOHHOTO 3apsja. B ciaydae momenn aroma Bopa, ssiekTpon

Puc. 6.4.

3aHIMAeT (PUKCHPOBAHHYIO OPOUTY M HAXOJUTCH TaM C BEPOATHOCTHIO 1. A B KBAHTOBOM
cJydae Ha 9Ty OpOUTY IPOCTO MPUXOIUTCS MAKCUMYM 1)-(DYHKITHH.

Puc. 6.5.

Ecmu [ = 1, To 9T0 IHUII0JIb. DTO COOTBETCTBYET P-COCTOSHUIO.

Ecmu | = 2, To KBaJIpy110/ib. TO COOTBETCTBYET d-COCTOSTHHIO.

Ho kak To/IbKO MOgBJIAETCA HEHYJIEBON OPOUTAIBLHBIE MOMEHT Y 3JIEKTPOHA, TO JIEK-
TPOH, ABIKYIINNCS IO OpOUTE, CO3aeT HEHY/IeBOe MarHUTHOE IT0JIe. ¥ aToMa eCTh Mar-
HUATHBIN MOMeHT. ZlcHo, 9To eciu 1=0, TO MArHUTHBIII MOMEHT OTCYTCTBYET.

Eciu aiekTpon jiBuzkercs mo opoure, 1o M = m[rv| — yrioBoit MOMeHT.
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Puc. 6.6.
1. 9 . v
= —1iS, S =nre, 1= —e—— — 3aps/[ Ha YUCJIO0 O0OPOTOB =
c 27r
N e e M e
a 2c 2cm 2mc

Puc. 6.7.

STO 3HAYUT, 9TO MalrHeTUu3M aTOMa CKJIa/JIbIBAaCTCA U3 MalHCTHU3Ma 3JIEKTPOHOB, MME-
IOIINX pa3HbI€ MOMEHTDI. FI/IpOMaI‘HI/ITHOe COOTHOIIIEHUE:
1 e
_ = g_
M 2me’
e g — g-gakrop.
st opburabHOro ABUKEHUS g-haKTOp paBeH exuHuie g = 1
KaK KBaHTYETCA MAIrHUTHBIA MOMEHT:

I I -

ﬂz = T 5 iV ﬂl - __lz‘
2me : 2me
[Tockousbky [, = hl,, TO
eh
[, = ——my — COOCTBEHHBIE 3HAYECHUS,
2mc
eh
—— = up — Margeton Bopa,
2mc
i, = —HBTMY.

KsanTosoe unciao m HasblBaeTcd MarHUTHBIM KBAaHTOBBIM 4YucJIOM. OHO OKa3bI-
BaeT KBaHTOBaHHE IIPOCKIIMN MalrHUTHOI'O MOMEHTa Ha OCb.
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Ho na camowm jiesie cyrecTByer u si/iepHbIii Mmaraeton Bopa

eh

Hap = 2MNC7

e My — macca maykioHa. Ou B 2000 pa3 MeHbIe, 9eM aTOMHBIN, HO BCE PABHO 3aMETEH.

6.1. dneprbrit Marautusiii Pe3onanc

[Iycrs jterut myvok gacTuil, ¢ opoutagsbabiM MoMmenToM [ # 0. [Ipu 3amannom 3Hate-
HUM dHeprum, oHa Oyzer 2/ + 1 pa3 BeIpoxkaeHa. Ho eciim MbI cMOXKeT ompeaenTh opou-
TaJbHOE KBAHTOBOE YUCJIO, TO OJIHON M TOil 2Ke 3Heprum coorBeTcTByeT 2! + 1 cocrognue.
Ho ects marnnuTraga sneprusa E)yy = puB. To ecTh MBI MOXKeM OIIPENENNTH (i 1 MATHUTHOE
KBaHTOBOe 4ncjio. [Ipu ojHoit u Toit »Ke KyJIOHOBCKOI Hepruu, OyJleT paclielicHue Ha
20 + 1 ypoBHeil n3-3a MArHUTHON SHEPTHH.

B aromubIx criekTpax HabJr01a10Cch MHOTO anoMasinii. OiHa U3 HUX — KeJIThI 1y0/1er
HaTpus. OKa3aja0Ch, 9TO KeJTasl JIMHUS HATpHus 00/1a1aeT 1yOJIeTHON CTPYKTYpOoil. 9ToT
JIyOJIeT ecTh OoTparkeHue Toro pakTa, 4TO €CTh MarHuTHbIH MomeHT. Ho pas mybser, To
[TOJTy YAETCS

1
A+1=2 = I[=-.

Ho gucio | 10/12KHO ObITEH 1e/1bIM!

Puc. 6.8.

[TostButOCH TIPEIIIOIOKEHNE, UTO €CTh ellle KaKOW-TO MarHUTHBII MOMEHT, paBHBIi 110-

JIOBHHE MarHUTHOIO MOMeHTa aToMa. 1IosiBUThCsI OH MOT' TOJIBKO U3 34 TOIr'o, 9TO Yy 3JIEK-

TpOHa €CTb COOCTBEHHBIM MOMEHT KOJIUYECTBa, JABU2KCHIMA. Crun paB€H g, a €Tro IIPOEKI KA

Puc. 6.9.

Ho, nmocunrasm, ¢ KaKoit CKOPOCTHIO JIOJIZKEH BPAIATHCS SJIEKTPOH, U MOy YUJIOCh, YTO
OHAa JIOJI?KHA OBITH 0OJIbIIIE CKOPOCTHU CBETA.
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6.1.1. Onbit IllTepna —I'epsiaxa

[Mrepn u ['epiax pemuan moMepsaTb MArHUTHBIM MOMeHT atoma. Ha wacruity Oyrer
JIEICTBOBATH MATHUTHOE TI0JIE C CUJION

0B

Puc. 6.10.

ATombl cepebpa pa3orpeBaJin, a 3aTeM OHH TONAJIAN B IIEPEMEHHOE MArHUTHOE TI0JIe,
B KOTOPOM JIOJI?KHBI ObLIN MPOCTPAHCTBEHHO PACIIEINUTHCA B COOTBETCTBUU C aTOMHBIMU
MATHUTHBIMI MOMEHTAMH. DTU MOMEHTBI MOTYT OBITh HAIPABJIEHBI XAOTUIECKHU, TOIJIA
Ha (pOTOILTACTHHKE JIOJI2KHA ObLTa MOABUTHCA HEIPEephIBHAS MOJI0Ca, 110 IMUPUHE KOTOPOI,
MOXKHO OIIPeJIe/INTh MarHUTHBII MOMEHT aToMa.

Ho BMmecTo 3T0i1 110J10CHI, OHU TOJIyYWJIM JiBe y3Kue Juauu. V1 3ra KapTuHa COOTBET-
cTByeT Mojiesin Bopa, Korjia 3/IeKTpOoH BpalaeTcs Jinbo Mo 4acoBoil, OO0 MPOTUB YacoBOi
cTpesiku. B j1eficTBUTEIbHOCTH, TIOC/IEe PacdeTa BCe OKA3a/0Ch HE TaK.

Pesyiibrarsbl, KOTOpbIE OHU TTOJTYYUIN U3 SKCIIEPUMEHTA!

1. duckperHocTh JimHMHI. 10 ecTh MarHUTHBINE MOMEHT B IIPOCTPAHCTBE HE MOYKET

3aHNMaTh IIPOU3BOJILHOE IIOJIOKEHNE, & CYIIeCTBYET MPOCTPAHCTBEHHOE KBAHTOBa-
HUe.

Puc. 6.11.

1 1
2041 =2= s, £ —, s = t—.
+ S 5 m 5

CruH 9/1eKTpOHA PaBeH eJIMHUIE — 9TO KaproH. Ha camoMm jejie Haj 0 TOBOPUTH, 9TO
NPOEKUUA METAHUMECKO20 MOMEHMA INEKMPOHA HA 3A0GHHYIO OCH MOHCEM NPUHUMAMD
MOALKO 3HAYEHUE % N coorBeTcTBEHHO MarHUTHOE KBAHTOBOE YHCJIO TOXKE IMPUHUMAET
TOJIbKO JIBa 3HAYEHUd, T. K. OHO KBAHTyeTCd TaK Ke.

Tenepb MOXKHO IOCYUTATH BEJIMYUHY PACHIEIUIEHUS, TO €CTh BEJIUYMHY MATrHUTHOI'O
MOMEHTa I

Hs, = —2—5, = —2upms.
m
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HOJIyLIaeTCH, 9TO r'MpOMarinuTHOE OTHOIIIeHUe

Hs _ o, — _
5. HB = —gGHB-
To ecTb cMHOBEI g-daKTOp gs = 2.

loBopsT, 9TO CIIMHOBBIN g-(haKTOp — aHOMAJIbHBIN. [loTOM IpoOBE/ N SKCIIEPUMEHTHI,
OTIPEJIETISIONINE STOT ¢-haKTOp ¢ TOUYHOCTHIO 10 ceMu 3HakoB. OH He TOYHO paBeH JIBOIi-
ke. B masbHeiinem, pacdeTr ¢ Takoi K€ TOYHOCTBIO MOATBEPIUIN SKCIEPUMEHTAJIbHbIE
JaHHbIe.

Korma mHamm crinH 3/IeKTPOHA, TO BCIOMHUIN ONBIT DifHinTeiHa ne-I'aaza. Onu
CMOTpEJIM MarHUTHBIIE MOMEHT aToMa KeJjie3a. B urore y HUX MOJIydnics g-paKkTop, pas-
HbI JiBoiiKe. To ecTh BOBHUKHOBEHHE MarueTusMa B (peppoMarHeTukax oOyCIOB/IE€H CIIU-
HaMU 9JIEKTPOHOB.

B gem mpobiiema mocunTaTh MarHUTHBIA MOMeHT aToMa? EcTh cOOCTBEHHBIN MarHUT-
HBIIl MOMEHT, eCcTb opOuTa/IbHBIH. Kak mx mpaBuIbHO CKJIaIbIBaTh! BeKTopHAsT MOIe/h
aToMa.

B neHTpasibHO-CUMMETPUYIHOM I10JI€ TTOJIHBIH MOMEHT coxpansgercd. [loHblii MoMeHT
COCTOUT U3 OPOUTAIBLHOIO U CIIMHOBOTO:

j:f+§v #:#14'2#5,

TakK KakK CIUHOBBIN g-bakTop paser jByM. [losyuaercs, 910 MOTHBIIT MATHUTHBIIE MOMEHT
HE ITapaJijiesieH ITOJHOMY YIJIOBOMY MOMEHTY.

Ho moablit yrioBoit MOMEHT COXpaHSAETCs, & JIjiT MArHUTHOI'O MOMEHTa — 9TO OyJIeT
€ro IIPOCKINA Ha YIJIOBOI MOMEHT.

Puc. 6.12.

MarauTHBIM MOMEHTOM aTOMa Ha3bIBAETCA IIPOEKIUA [ Ha j, T. €. [i;.

MBI cjies1amm TOBKO IS 97IEKTPOHA. Ternepsb Ha10 Hay YNThCS CKJIa/IbIBaTh. BeKTopHAasd
MO/IeJIb 3aKJII0YaeTCsd B TOM, YTO CYMMY BEKTOPOB MBI JlejlaeM KaK B KJIACCUKE, a 3aTeM
HaKJIa/IbIBa€M KBAHTOBBIE YCJIOBUSI.

= gilps = lus, s = gsSpB = 2SpB, pw = M;

— VIJIOBOIl MOMEHT, 9TO IPOEKITUsI TIOJTHOTO MArHUTHOTO MOMEHTa Ha MOJHBIH yTJIOBOIA.
p=M; = pycos(l 7) + pscos(57) = psll cos(l J) + scos(2s J)]
Tenepb HY>KHO HATH KOCUHYCHI:
J=1+5,

(G—1)?=s>= s> —2jlcos(l j) +1? = &2,
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. _j2+12—52

l
cos(T ) = 5
222
. 2 2 o2 Vi + s —1
ITpaBuia KBAHTOBaHUS:
7F =30 +1),
P=11+1),
s =s(s+1).
Torta moyty4aeTcs, 9T0 MATHUTHBI MOMEHT:
2 2 2 222
e +1F—=s 77+ s =1
M;) = 2
p(M;) = ps TR T ,
222
+s° =1
b= gaps, TIe gy =1+ jT — dakrop Jlange.

[Tosry4gaeTcs, 970 MArHUTHBIM MOMEHT HE BbIpakKaeTcsd U3 MaraeTona bopa ¢ momorisbio

1IeJIOT0 YUCJIA.
Hyxkonbr Toxke 00/1a/1al0T MATrHUTHBIM MOMEHTOM, B TOM YHCJIe HEWTPOH, KOTOPDIN

HezapsKeHublil. IX g-pakTopbl JJOBOJBLHO CJIOXKHBIE.
CemenoB u Karmiia Toxke xoresin nmposectu onblT Kak [lltepn u T'epiiax, HO orpanu-

YUJIMCHb TOJIbBKO TECOPETUICCKUMU BbIKJIA/JIKaMH.
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