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Nekunn 9.

H3omonuueckoe cmeweHue amoMHbIX YPOGHElU, CEA3AHHOe C KOHEeUHbIM pa3MepoM
amomHoz20 0pa.

B kaudecTBe mpumepa HCHOJB30BaHUS TEOPUU BO3MYILEHUN PACCMOTPUM BOIPOC O
BJIMSIHUM KOHEYHOI'O pa3Mepa aTOMHOTO siApa Ha MOJOKEHHE SHEPreTUUYECKUX YPOBHEH B BO-
JIOpOJIONIOJOOHOM MOHE C 3apsiaoM Z . J[eWCTBUTENbHO, MPHU ONPEAEIEHUN SHEPreTHUYECKOro
CIEKTpa BOJOPOIONOJOOHBIX HOHOB C 3apsaoM Z (cMm. JI 7) Mbl UCXOAMIN U3 MPEIIONIONKe-
HUS, YTO SAPO sABIAeTcs TodeuHbIM. Ha camMom niene sapo uMeeT KOHEUHbI pazmep (mopsaka
107" em st merkmx sanep u ~10"% em - mst TsDKenBIX). B pe3yibTaTe NOTEeHIUAIbHAs SHEPIUs
B3aMMOJICHCTBHSI SJICKTPOHA C SIIPOM OTHCHIBACTCST (hOPMYJIIOit

Ze®
Viry=—- 9.1)
r
JMIIG TpUOIMKeHHO. ToYHOe BhIpakeHUE JIJIsl JHEPTUHU B3aUMOJICHCTBUS MOKET OBIThH 3armca-
HO B BUJIC

V(r)=—eq(r), 9:2)
rae ¢(7) - MEeKTPOCTAaTHUSCKHUN IMOTSHITNAJ, CO3IaBacMbIi SIpOM B MpocTpaHCTBe. Pacmpee-
nenue ((7) ymoBieTBopsieT ypaBHeHHIO [lyaccona

2 —

Vip=—-4np(r), 9.3)
rae GyHKIus p(7) ompenensercs pacipeleiIcHHeM 3apsiaa B aTOMHOM sape. Benencreue ma-
JOCTU pa3Mepa sipa R, IO CpPaBHEHUIO C pa3MepoM OOIaCTH JOKaIMU3alUM 3JIEKTPOHHOU
BOJIHOBOW (PyHKIIMHM MOKHO 0XHAaTh, uTo (9.1) u (9.2) naror Onuskue pacnpeneneHus. B ta-
KO CHUTyallull UCTHHHOE TTOJIOKEHUE YHEPTeTUYECKUX YPOBHEH OyleT MpHOIH3UTEIBHO OIH-
ceiBaThbes hopmyron

ZZ
E, =-Ry=, (9.4)
n
a CMeLIeHNUEe YPOBHEH, 00YCIOBICHHOE KOHEUHBIM Pa3MepPOM spa, MOXKHO PAacCUUTATh 10 TEO-
pun Bo3MylleHHH. PaccmaTtpuBas B KauecTBe HEBO3MYIIEHHOTO aTOMHOTO TaMHJIBTOHHAHA
oreparop
~ . Ze*
Hy=T-——,
r
3aMuIleM MOJHBIA TaMUIBTOHUAH BOJOPOAONOI00HOTO HOHA B BUJIE

H=T-ep(r)=H,+3V.
31ech B KayecTBe orepaTopa BO3MYIIECHHUS BBICTYMAET PA3HOCTh MEXy MOTEHUIUATBHON SHEp-
THel B3aUMOJICHCTBHUS AJIEKTPOHA C PEATbHBIM U TOYSUHBIM SIIPOM:

8V =V (F) -V (r) = —ep(F) + Ze*r,
3aMuIleM BBIPAKESHHUE IS TOTPABKHU K DHEPTeTUYECKOMY YPOBHIO B BUJIE

2 - 3

SE,, = [v, (7| 8V (F)d*r. 9.5)
Mg OyzeM cuMTaTh, 4YTO paclpeesieHue 3apsiia B aTOMHOM Si/Ipe SIBISIETCsl CPeprUuecKu cuM-
METPUYHBIM, TO eCTh P(7) = p(|17|). Bun ¢ynkuuit V(r) u —e@(r) st 3TOr0 ciydas mpuBe-
nenbl Ha puc.9.1. Kak BugHo, BHE siapa Beipakenus (9.1) u (9.2) copnagarot u unTerpai B (9.5)
Oepercs Mo 00bEeMy aTOMHOTO spa, TO €CTh CMEIICHUE YHEPTETUYECKOTO YPOBHS 00yCIIOBIIe-
HO TEM, YTO C HEKOTOPOU BEPOSTHOCTHIO SJICKTPOH MOXKET OBbITh JIOKAJIM30BaH BHYTPH aTOMHO-
ro siapa. [lpu 3TOM CymiecTBEHHO, YTO HETOYEYHOCTh Sapa MPHUBOAMUT K TOMY, YTO IOTCHIIU-
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ajbHas siMa CTAaHOBHTCS 00JIe€ MEJIKOM 1O CPaBHEHUIO C MOJIENbI0 ToueyHoro sapa. Crienona-
TEJIbHO, BeTMYMHA BO3MYyIleHust 0V > 0, U ypOBHU JOJDKHBI CMECTUTHCS BBEPX OTHOCHTEIIBHO
MOJIOJKEHUs, orpeaensieMoro u3 (9.4).

3amMeTuM, YTO BCJEACTBHE MAJOCTH pa3Mepa aTOMHOTO sipa MO CpaBHEHHIO ¢ 00Ja-
CTBIO JIOKAJTU3AIMH AJIEKTPOHHON BOJHOBOM (pyHKITHH

R, <<a,/Z,

MO>XHO CUYHTATh, YTO B 00JIACTH MHTETPUPOBAHUS 3HAYCHHUE AJICKTPOHHOW BOJIHOBOW (PYHKIIUU
IPaKTUYECKU ITOCTOSIHHO U onpenenseTcsa Beauuunoit v, (r = 0) . Ilosromy nepenumiem (9.5)

B BUJC

8E,, = ey, ) [(o(r)—Ze/r)d’r. (9.6)

Y
[IpuHMMas BO BHUMaHUE TIOBEACHNE PaHaIbHBIX BOJHOBBIX (DYHKIHMI BOMU3U TOUKH 7 = 0
R,(r)~r",(£#0)u R (0)=0,
R HAXOJUM, 4TO B HallleM MPUOIMKEHUU
M OyIyT CMEIIEHBI TOJBKO § - COCTOS-
HUSI, BCE COCTOSIHHSI C HEHYJICBBIM 3Ha-
YeHHEeM OpOUTAIILHOTO MOMEHTa OCTa-

HYTCs HCIIOABUIKHBI, TO €CTh
OF ., =0.

Tak mnony4yusioch NOTOMY, YTO II€H-
TPOOEKHBIN TOTEHIMANIBHBIN Oapbep
OT)KUMAeT 3JIEKTPOH OT LIEHTpa U Je-
JaeT BEPOATHOCTh OOHAPYXUTHh €ro
BHYTpU aTOMHOIO SiJjpa HcCue3arollee
Maion. UTo kacaeTcs S - COCTOSHHIA,
TO ANl HUX UEHTPOOEKHBIH Oapbep
OTCYTCTBYET, U JIEKTPOH C HEKOTOPOU
BEPOATHOCTHIO MOXET ObITh OOHapy-
KEH BHYTPU aTOMHOTO $pa, YTO M MPUBOAMT K CMEILEHUIO YPOBHEN C HYJIEBBIM 3HAUEHHUEM
OpOUTATLHOTO MOMEHTA.
Jlist Beruncnenust uarerpaia (9.6) Bocmoab3yeMcst CIEyOIIIM TOXKIECTBOM

Puc.9.1. BnekTpocTaTuUdeckuidi noTeHUMan,
cosfasaemblil aToMHbIM SAPOM.

v3(r*)=6. (9.7)
C yuerom (9.7) nepenuiiem (9.6) B Bune
SE,, = —ée|\|1m o) Vj V2 (2 Ko(r) - Ze/r)d’r . 9.8)
Hurerpupys (9.8) mo yactsam, mosrydum :
SE,, = —%em O [r* -V (o)~ Ze[r)d’r. (9.9)

Vy
VYutem Teneps, 4To V{l) =4nd(7), u r*8(7) =0 . Torna u3 Berpaxenus (9.9) ¢ ygerom (9.3)
r

HanaeMm

SE, = %ehyns O [r*pr)d’r = %ehpm (0’ ZeR?, (9.10)

Vv
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D2 1 2 3 9] 9]
rae R° = e I r°p(r)d’r - IpOTOHHBIN CpeTHEKBAAPATHUHBIN paauyc sapa. [lockoabky
e

23
0 =—2—
|\I]ns( )| na3n3 b

0
AJI TIOIPAaBKU K YPOBHIO DHCPIUU 1S OKOHYATCIIbHO HAXOAUM
R*> 1
SE, =—Z"——Ry. (9.11)
Kaxk BUHO, IIOIIpaBKa 6I>ICTp0 y6bIBaeT C YBCIIMYCHUEM TJIABHOT'O KBAHTOBOI'O 4YHCJIa, YTO CBSI-
3aHO C YMEHBIIEHUEM BEPOSITHOCTU OOHAPYKUTH JIEKTPOH BHYTPH siipa IO MEPE YBEIUUEHUS
n . JlanpHeiiee yToOUHEHHE TMONYYEHHOTO pe3yJibTaTa 3aBHCUT OT KOHKPETHOTO BUAA (PYHK-
LMY, ONMCBIBAIOLIECH paclpelereHUue IUIOTHOCTH 3apsia BHYTpU sAnpa. Hampumep, B ciaydae

PaBHOMEPHOTO pacIpeieIeHus 3apsiaa

p(r) = _Ze = const

(4/3)mRy;
uMeeM R’ = %R;

Nrak, yuer kOHeYHOro pasmepa sapa MpUBeEIl K CMEIICHUIO S - YPOBHEN BBEPX OTHOCHU-
TEJIBHO UX TMOJIOKEHHS, PACCUUTAHHOTO B MPUOIMKEHUN TOYEYHOTO si/ipa. YPOBHH C HEHYJIe-
BbIM 3HaUY€HUEM OPOUTAILHOTO MOMEHTA OCTAJIUCh HECMELIEHHBIMHU. TakuM o0pa3oM, «cCiry-
4qaifHOE» BBIPOXKACHUE MO OPOUTAIHLHOMY MOMEHTY OKa3aJloCh YAaCTMYHO CHATHIM. Bennumna
CMEIIEHNs TOCTaTOYHO Mana. Hampumep, [ OCHOBHOTO COCTOSIHMSI aTOMa BOAOPOJa, MoJja-
ras, 4yTo JJis IPOTOHA R~08-10" cm', m3 (9.11) naxonum

4 R*
OF, = EER)} ~3-10""Ry,
OJIHaKO, MOIpaBKa OBICTPO PACTET ¢ yBEIUYEHHUEM 3apsaa aapa. Ilockosbky pa3iuuHble U30-
TOIIBI OJHOT'O U TOT'O K€ XMMHUYECKOI'O 3JIEMEHTA UMEIOT HECKOJIBKO OTIMYAIOIIMECS pa3MepPbl
A11pa, TO MOJIOKEHUE § - YPOBHEUW y HUX HECKOJBKO OTJIMYAeTCsA. TO eCTh, KOHEYHBIH pa3Mep
A1pa, Tak K€ Kak M KOHe4yHas Macca sjapa (cM. JI 3), sBisercss npUYMHON HM30TONUYECKOro
C/IBUTa aTOMHBIX ypoBHEW. PaccMaTpuBaembiii Hamu () (heKT OKa3bIBACTCS TEM CYIIECTBEHHEH,
4YeM TsDKEJIee AIpo aToMa.

ToHkasi cTpyKTypa crieKTpa aToMa BOJ0poAA.

BeIme Ml y)e TOBOPWIIH, YTO HAJHYUE Y DJEKTPOHA B aTOME MOMHUMO OpOUTAIILHOTO
elle U COOCTBEHHOI0 MEXaHMUYECKOro U CBA3aHHOIO ¢ HUM MAarHMUTHOTO MOMEHTA BEJET K I0-
SIBJICHHUIO CIIHH - OPOUTAIBLHOTO B3aMMO/ICHCTBHSI, KOTOPOE MBI HE YUYHUTHIBAJIHM paHee NpU aHa-
Jau3e crekTpa atoMa Bojopoaa. Camblif mpoCTOM B3MVIAJ Ha MPUPOJIY CIUH — OPOUTAIBHOTO
B3aMMOJEHCTBHSI 3aKJIFOUAETCSl B MOMBITKE MPEICTAaBUTh €0 KaKk B3aWMOJAEHCTBUE JIBYX Mar-
HUTHBIX MOMEHTOB, OJIMH U3 KOTOPBIX CBA3aH C OPOUTANIBHBIM, a APYroi — CO CIIMHOBBIM JIBU-
KEHHUEM 3JIEKTpoHa. B 3ToM citydae sHeprusi B3auMo1eCTBUS MOKET ObITh OLIEHEHA KaK

ﬁ/ﬁs
E,~—+. (9.12)
r
Taxast ouieHKa He BIoJHE 000CHOBaHA. JlefiCTBUTENBHO, BBIPAXKEHUE I TUMOJIb — JUMOIBHO-
ro B3aumojieicTBus Buaa (9.12) nomyyaercs B MPEANONOKEHUH, YTO XapaKTEPHOE pacCTOSHUE

r MCXKAY NPOCTPaHCTBECHHBIMU O6J'IaCT$IMI/I, B KOTOPBIX JIOKAJIM30BAHbI TOKH, CO3JAI0IINC Mar-

' Cm., nanpumep, M.M.Kannrono «Bseenne B Gusmky sapa u actuiy, M.: YPCC, (2002), ¢.23-24.
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HUTHBIC MOMEHTBI, CYIIIECTBEHHO OOJIBIIIE pazMepa ATuX obnacteit (cm puc.9.2). B namewm ciy-
yae 3TO He TaK. DTU MPOCTPAHCTBEHHBIE Pa3MEpPhl COBMAAAIOT MO MOPSAKY BEIUYUHBI U MOTYT
OBITH OLICHEHBI KaKk a, - OOpOBCKUil paauyc. bosee crporoe paccMOTpeHUe MPUPOJbI CIIMH —
OpOUTATLHOTO B3aUMOJICHCTBUS OyJe JaHO IMO3kKe. A ceiddac OICHUM BEIUYHHY JHEPTHH C
nomonibio BeipaxeHus (9.12). ITlona-
ras, 94T0 W, = U, Zu, =eh/2mc wu

H;

r= a,, NoJIydYuM

2
:M_B:%OLZR)/, (9.13)

ls — 3 =
0

rae a:ez/hc - MOCTOSHHAsI TOHKOH

P1c.9.2. MarHuTHOE AMNonb - AUNOMbLHOE B3auMOAEeACTBUE.
CTpyKTyphl. Kak BUIHO, SHEpPrusi CIuH

— OpOUTAIBHOTO B3aMMOJICHCTBHS IPUMEPHO HA YETHIPE MOPs/IKa MEHBIIIE, YEM SHEPTHUS HIICK-
TPOCTATUYECKOTO B3aMMOJICHCTBUS 3JEKTPOHA C SIIPOM, YTO IO3BOJSET pemaTh 3agady o0
ydeTe CIUH - OpOUTAIBHOTO B3aUMO/ICHCTBHUS B aTOME 110 TEOPUU BO3MYIICHHH.

C npyroit CTOpOHBI, BCIIOMHHUM, YTO CKOPOCTh 3JIEKTPOHA Ha MepBOil 00OpOBCKOM opouTe
OmpeseNsAeTcss Kak v, /¢ = o, a, CICHOBATEIBHO, YYET PENSTHBUCTCKOM CBSI3M KHHETHYECKOM

OHCEPIUur U UMITYJIbCa YaCTUIbI

T =p°c* +m’c* —mc? (9.14)

JIACT TaKke J00aBKy Hmopsiaka o” Ry B SHEpTHIO cucTeMbl. JlelicTBUTeNbHO, pasiaras BhIpaxKe-
HHE B PAJI [I0 MAJIOMY TIApaMETPy p/mc , MOIydnuM

T = mcz(wll-i-(p/mc)2 —lj = mcz(l+%(p/mc)2 —%(p/mc)4 +...—1j ~ p—z—M

2m 2mc
2 2
=T, -1} /2mc* . (9.15)
31ech MePBBIi YieH PasioKeHHs 1aeT «OObIYHYI0» HEPEIATUBUCTCKYIO sHepruio T, = p’ / 2m,
a BTOPOU — PEIITUBUCTCKYIO IIONPABKy. YUYUTBIBAsA, 4TO B aToMe Bojopona 7, = Ry, mid no-

IIPaBKH [10Jy4aeM

8T ~ Ry* [2mc* ~ o’ Ry, (9.16)
T.€. BEIMYMHY MOPSJIKA SHEPTUU CIIUH — OpOUTANBHOTO B3anuMojeiicTeus. Takum o6pazom, obe
HONPABKU UMEIOT PENIATUBUCTCKYIO IPUPOAY U JOJKHBI ObITh YUTEHBI OJHOBpeMeHHO. Kak Mbl
YBUJIUM, YUET 3THX MOMNPABOK NPUBOJIUT K BOSHUKHOBEHHUIO TaK HA3bIBAEMOM TOHKOM CTPYKTY-
pBI CIEKTpa aToMa BOJOPOJA, IPUYEM BEIMYHMHA TOHKOI'O PACUICIUICHHS ONPENEISIeTCS KBaj-
paTOM MOCTOSIHHOM TOHKOM CprKTysz.

Ilocne mpoBeNEHHBIX Ka4EeCTBEHHBIX PACCYKICHHW IpPEHJeM K IOCIEA0BATEIBHOMY
paccMOTpeHHI0 00erX MOMPaBOK B paMKaxX KBAaHTOBOMEXaHMYECKOW TeOpUU BO3MYIIEHHH. by-
JIEM paccMaTpuBaTh BOAOPOIONOAO0HBINA HOH ¢ 3apsaoM Z . HeBO3MYIIEHHBII TraMUILTOHUAH
3TOU CUCTEMEI UMEET BUJT

(9.17)

Pemenue 3amaun Ha COOCTBEHHBIE 3HAUEHHUS U COOCTBEHHEIE (bYHKI_II/II/I raMmmujabTOHHAHa HO

xoporo u3BecTHo (JI 7). Hama 3agaua HailTi monpaBKu K yPOBHSM SHEPrHH, 00yCIOBICHHbIE
pensTuBUCTCKUMU dhhexTamu.

* OTCrO/Ia IPOMCXOJK/IEHNE HA3BAHHS — OCTOSHHAS TOHKOH CTPYKTYpBL.
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1) Yuem penamusucmcrkoti céa3u umnyivca u SHepeuy 21eKmpoHda.

Haunem c ydera mompaBKU K SHEPIUU 3JIEKTPOHA, OOYCIIOBIEHHOM DPEISTUBUCTCKON
CBS3bIO DHEPTUU U UMITyJIbca 3JeKTpoHa. [lepexon Kk KBaHTOBOW MEXaHUKE O3HAYAET, YTO BbI-
paxxenue (9.15) mpuoOperaeT CMBICI COOTHOLIEHHS MEXIy oleparopamu. Bemuunny

~2 2 o o
-7, / 2mc” , KoTopas ¢ PU3NYECKON TOUKH 3PCHHS MIPEACTABISIET COO0N PENATUBUCTCKYIO T10-
IIpaBKy K KUHETUUYECKON OHEPIUU SJICKTPOHA, MbI 6y,HeM TPAKTOBATH KAK OIICPATOP BO3MYIIIC-

Hus 07 . Torma mompaBka K IMOJOKEHUIO YHEPTeTUYECKUX YPOBHEH MOXKET OBITh 3amrcaHa B
BUC

AE, :<n£|8f\n€>:—2 : <nf|(1%0 + 20 /r)? |n€>. (9.18)

2
mc

VYuuteiBas, 4ToO |n€> ecTh cOOCTBEHHbIE (PyHKIMU raMuiabToHuaHa H , u3 (9.18) nomyuyaem

1
AE, = —W(Ejg +2E,,Ze* <1/r > +Zze4<1/r2>). (9.19)

3nech
2 2
E,=-Z"Ry/n (9.20)
- YPOBHHU 3HCPIrur HCBO3MYIUICHHOTO T'AaMHUJIbTOHUAHA, 4 3HAK < > O3HA4Ya€cT KBAHTOBOMCXAaHMU-

YEeCKOE YCPEHEHUE MO COCTOSHHIO |n£> V4ureIBasi, 4T0°

1 5 VA 1 5 Z?
N=VR2(Nrdr = , (—)=|R, (rdr=———7—— 9.21
r '[ n[( ) nzao rz j n[( ) n3a§(£+1/2) ( )
(3nech R, ,(r) - panuanbHas BOJTHOBAs (QYHKIHs BOJOPOJONOA00HOIO aTOMa), HOTy4UM
272
Ap, %L p | L3 (9.22)
n (+1/2  4n

rae E,, onpenensiercs popmyioit (9.20). Kak BunHO, monpaska pacTeT Kak 4eTBEpTasl CTEHIECHb

Z ¥ OBICTPO YMEHBIIIAETCS C YBEJIUUCHHUEM TJIaBHOTO KBAHTOBOT'O YKcCia. BakHO, 4TO yueT pe-
JISTUBUCTCKOW TMOIMPAaBKUA CHUMAET «CIyYallHOE» BBIPOXKICHHE MO OPOUTATHLHOMY MOMECHTY.
Bce ypoBHM CMEIIatOTCsl BHU3 110 SHEPTHU, IPUYEM YPOBHH C OOJIBIIUM 3HAYCHUEM OpPOUTAIIb-
HOTI'0 KBAaHTOBOT'O YHMCJIA UCTIBITHIBAIOT MEHBIIIEE CMEIICHHUE, YUEM YPOBHHU C MaJIbIM /.

2) Cnun — opbumanvHoe 83aumooeticmaue.

PaccmoTpuM Tenephb ApYryio PelsSTHBHCTCKYIO MOMPABKY, MPUBOAIIYIO HE TOJBKO K
CHIBUTY, HO M PACIICIIICHHUIO SHEPTETHYECKUX YPOBHEH, a IMEHHO CITHH — OpOMTAIbHOE B3au-
mojeiicTBre. Hara 3aada Tenepsb 3anucaTh BRIpKCHHE IS OIIEpaTopa CIIiH — OPOUTAILHOTO

B3aHMOHeﬁCTBHﬂ V . KaK K€ OTMECYAJIOCh, IIPECACTABIICHUEC O CIIMH — O 6HTaﬂBHOM B3anMo-
ls y s

I[eﬁCTBHH, KaK O BBaHMOHCﬁCTBHH ABYX MAarnvuTHBIX I[I/IHO.HGI\/'I HC BIIOJIHC YAOBJICTBOPUTCIIBHO.
CnuH — opOUTaIbHOE B3aMMOJICUCTBHE MOYKHO paccMaTpUBaTh KaK PENSTUBUCTCKUN d(DQeKT,
3aKJ'IIO‘IaIOH_II/II\/JIC$I BO BBaHMOHCﬁCTBHH COGCTBCHHOI‘O MAaroiuTHOIrO MOMCHTA J3JICKTpOHA C Mar-
HUTHBIM TIOJIEM, BO3HUKAIOIIMM B €ro COOCTBEHHOH CHUCTEME OTCUeTa, ONpeAeisieMoi opOu-
TaJIbHBIM JBIDKEHHEM. B 3Toil cucteme orcdera siipo ¢ 3apsaoM Ze IBWKETCS BOKPYT DJICK-

TPOHA U CO3JaCT MArHUTHOC I10JIC H , KOTOpPOC MbI MOXXEM 3alncaTb B BUJIC

H = 1[5,\7 , (9.23)
C

* DT HHTErpaIbl BEIYUCIAIOTCA AHATATHUECKH C Y4ETOM CBOMCTB 0600IIEHHBIX TI0TMHOMOB Jlareppa.
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. Ze.
I1€ € =— 7 - 3JEKTPOCTATHYECKOE MOJIE, CO31aBAEMOE aTOMHBIM SApOM. DAKTUIECKH BbIpa-
r

xxenue (9.23) ectb GpopMyna nmpeoOpa3oBaHUs MOJIEH B HEPEIATUBUCTCKOM Cilydae MpH Tepe-
XO0JI€ U3 OJHOU CUCTEMBI OTCUETA B ;[pyryfo4. [TosTOMY BBIpask€HHE JUIsl 3HEPTUH CIIUH - OpOU-
TAJIGHOTO B3aMMOJICHCTBHSI MBI MOKEM 3aIHCaTh B BHJIE

v, =-(5.4), (9.24)

- e . o o o
rme p, =—mm8 - COOCTBEHHBIN MardHUTHBI MOMEHT OJICKTPOHA. B JaJIbHCUIIIEM HaM 6yneT
mc

yZ10OHO BBIpAaXKaTh CIIMHOBBIN M OPOUTAIbHBIN MEXaHUYECKUH MOMEHTHI B €IUHHIIAX MOCTOSH-
Holt [InaHka, Mo3TOMY BBIpaXEHUE Ul |, IEpENuIleM B BUE

L, =—2H,S . (9.25)
[Moxcrapnsis B (9.24) Beipakenus (9.23) u (9.25), nomyunm
S Ze . .1
I/é’s = _(“SH): 2“8 ?([F,V],S).

VuuteiBas, uro £ = [77 ,my ], Y BBIpAKasi MOMEHT TAKXe B MOCTOSHHBIX [[aHka, OKOHYaTEIbHO
JUTSL SHEPTUU CIIHH — OPOUTATBHOTO B3aUMOJCHCTBHS MOTYYUM

v, =4} %(’M)

[Tepexon kK KBaHTOBOW MEXaHUKE O3HA4YaeT 3aMEHbl (PU3NUYECKUX BEITMUYUH COOTBETCTBYIOLUIMMHU
oneparopamu. [1o3ToMy MMeeM BbIpaX€HHE JJIsl ONepaTopa HEPTUU CIUH — OpOUTATIBHOTO
B3aUMOJICUCTBU
. Z (5 A
— 2 <
Vie=4pu,—| 1,5 |.
r
[IpaBunbHOE BbIpaXXEHHE 7Sl ATOTO onepaTropa (OHO MOKET OBITh MOJIYYEHO B paMKaX peisTH-
BUCTCKOM Teopuu Jupaka) oTiiMyaeTcsi OT NPUBEAEHHOIO BhIIIE POBHO B JIBa pa3a:
. Z (5 A
2 —
V, :2u3r—3 0,5 |. (9.26)
JIOTOTHUTENbHBI MHOXKHTETh («IBa») Ha3pBAiOT mompaBkoii Tomaca® — dpenxens’. s
JanpHeimero Ham OyneT ynoOHO Mepenucarh OnepaTop CluH — OpOUTAIBLHOIO B3aUMOJEHCT-

BHU B BUJIC:
. 7 ( ]A-z _ zz _§2 )
2
Vi =23 — , (9.27)
r 2
roe /°, §° - orepaTopsl KBagpara OpOMTAIBHOTO M CIIMHOBOTO MOMEHTOB, | 2 . oreparop

KBaJ[paTa MOJHOTO MEXaHWYECKOrO0 MOMEHTa AJIeKTpoHa j = /+ s . HamomHuM, 9TO BCe 3TH

MOMCHTBI BBIpaXXarOoTCA B CAMHULAX mocrossaHoM Ilmanka. I[HSI OMpCACIICHHA MOIIPAaBKU K I10-
JIO)KCHHUIO DHEPICTUYCCKOIO YPOBHA HaM HAJAO0 TCHICPh NOCUUTATh BCIIMUYUHY MATPUYHOI'O 3JIC-

MeHTa orneparopa ¥V, B 06a3uce cOOCTBEHHBIX (DyHKIMI HEBO3MYILIEHHOIO raMUJIbTOHHAHA.

* Ha camom Jene BeIpaxenue (9.23) crpaBeyIuBO TP HEPEXOe U3 OJHON HHEPIMATLHON CHCTEMBI OTCUETa B
JPYTYIO, U HE MOXET OBITh HCIOJIB30BAHO IIPU TIEPEX0/Ie BO BPAIIAIOIIYIOCS cucTeMy koopauHat. C 3THM 00cTos-
TEJILCTBOM CBSI3aHa HEOOXOIMMOCTH BBEJICHHS IONPABKH B HEPTHIO CHMH — OPOMTAIBHOIO B3aHMMOJECHCTBHSA,
HazbIBaeMoi nonpaskoil Tomaca — Openkens.

> L. Thomas (1910- ) — amepHKaHCKHiT QUMK — TEOPETHK.

6 .11.Dpenxens (1894-1952) — coBeTcKuil (PH3NK-TEOPETHK.
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IIpesxne 4eM mepedTH K BBIYHMCICHUIO COOTBETCTBYIOIEIO MATPUYHOIO 3JIEMEHTA
BCIIOMHHUM, 4TO B aTOME BOAOPOAA (Ha caMOM Jiejie — JUIsl AJIEKTPOHA B JIF0OOM LIEHTPAJIBHO —
CUMMETPUYHOM MOTEHIIMAJIE) MBI CyMEII TIOCTPOHTD JIBA PA3TUYHBIX Habopa 0a3MCHBIX (yHK-

807071 n,f,m[,ms> u

n,t,j,m j> . Kako#i u3 HUX HaMm celvac ciieyeT UCIOoIb30BaTh? 3aMeTUM,
4TO 3TH JBa HaOopa ObUIM BBEIEHBI U1 aTOMa B IPEANOI0KEHUH, YTO CIIMH — OPOUTANIbHOE
B3aUMOJIeHicTBUE OTCYTCTBYeT. Hanuuue criuH — opOUTAIbHOIO B3aUMOAEHCTBUS B aTOME Me-
HSET CUTyaluto. JIerko BUIETh, YTO IOJIHBII aTOMHBIA FaMWIbTOHMAaH H = H  +V, He KoM-

MYTHUPYCT C Olli€paTopaM z - IPOCKIUHN Op6I/ITaJ'ILHOFO A CIMHOBOT'O MOMEHTOB. A 3HAa4UT, B
CTallUOHApPHOM COCTOSAHUHM aTOMa 3TH BCIHWYHMHBI TOYHO HE OIIPCACIICHBI, T.C. CTAlMOHAPHOC
COCTOSIHHE HE MOXKET OBITH 0XapaKTCPU30BaAHO Ha60p0M KBAHTOBBIX YHCCII n,E, m,,mg. B T0

K€ BpCMs JICTKO Y66I[I/ITBC$I, YTO ITOJHBIM aTOMHBIN TaMHJILTOHUAH KOMMYTHUPYCET C OIICpaTo-
pamMu ] n jZ . Ha »TOM oCHOBaHUH MBI NIpUXOAUM K BbIBOAY, UTO B IPHUCYTCTBUC CIIMH — OP-

OUTaNBLHOTO B3aMMOJICHCTBUS MBI IOJDKHBI pab0TaTh B 06a3uce COCTOSHUM |n,/l, j,m j>. Torna,

Y4UThbIBaA, 4TO

J? n,ﬁ,j,mj>:j(j+1) n,ﬁ,j,mj>,
Pn,t,jom,) = 00+ D|n,t, jom)),
§? n,f,j,m_/.> =s(s+1) n,E,j,mj>,

3aMuIleM BBIpAKEHHUE JI MOMPABKU K DHEPTHMH COCTOSIHHSI, OOYCIOBIEHHYIO yUY€TOM CHHH -
OpOUTAILHOTO B3aMMOJICUCTBUS, B BUJIC

1
AE, = Zps(— )G+ D=L +1) = s(s +1)), (9:28)
r
1\ ¢l ;
rae (— )= J. —R,,(r)dr - ycpenqHeHHOE 110 KBAHTOBOMY COCTOSIHUIO 3HAUCHHE 1/ r” . 3HaYeHUe
r r
9TOI'0 UHTCIrpajia TAKIKC U3BCCTHO!:
1 z

— )= . 9.29
o Rlalt(f+1)(+1/2) ©-29)
Torna, yuuTsiBas, uto s =1/2, j=/0+1/2,u3 (9.28) nonyuum
272
- " V;@ % J= )2,
n + +
SR PRV 1
E, - : j=10-12.
n " 20(0112)
OKoHYATENBHBIN OTBET MOYYaeTCs, ECIIH IIPOCYMMHUPOBATh 00€ HOMPABKH
254
AEM=AEﬂwﬁm=—a21@ ! 3 (9.30)

n’ Jj+1/2 4n
®dopmyna (9.30) nHazpiBaeTcst GOpMyII0i TOHKOU CTPYKTYPHI (hopmyrioit Jlupaka) u omuceIBaeT
PESTUBUCTCKHE TOMPABKHU B MOJOXKEHUE YHEPreTHUECKUX YPOBHEH B CIEKTPE BOJOPOJIOIO-

n06HO0ro MoHa' . Kak BHJIHO, CITUH — OPOUTAIPHOE B3aUMOJICHCTBHE MMPUBOIUT K PACHICIUICHUIO
YpOBHEH 10 3HAYEHUIO TIOJTHOTO MEXaHUYECKOT0 MOMEHTa aToMa. Y POBEHb ¢ OOJBIITNM 3HaYe-

7 C TOUKM 3pEHHs TEOPETHUECKOH (M3MKH MoNMyueHHas (OpMyla SBISETCS PA3IoKEHHEM 110 mapamerpy OZ
penienus ypaBHeHus Jlnpaka Juis 4acTUIBI B KyJIOHOBCKOM IIOJIE.
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HUeM j =/ +1/2 JexuT BbIIE, YeM ypOBEHb C MEHBIIUM 3HaueHueM j = ¢ —1/2. Takas cu-
Tyalusi ©UMeeT MOHATHYIO (U3UYECKYI0 MHTEpIpeTannio. BeanmunHa sHEpruu crnuH - opOu-
TaJIBHOTO B3aUMOJCHCTBUS ONPEACIACTCA CKAISPHBIM IpOM3BEAeHUEM V, ~ (EE ) Ecnu Bek-

Topa / ¥ § «mapauIenbHb ApyT Apyry (T.€. j = ¢ +1/2), Benuuuna sHeprun V,, oKa3bIBaeT-

d csi monoxurenbHoi. HaoGopor, mpum

«aHTHUMApAJUIETbHONY) OPUEHTALUU BEK-
ad TOPOB CKaJSIPHOE MPOU3BEIECHUE MEHSET

T —" 3/2,5/2

n=3 - 3HAK, U 3Heprus V, OKa3bIBaeTCs OTPH-

5 P

= 3p
38, 12,34

L[ATEJIbHOM. 3aMETUM, OJIHAKO, 4TO BBI-

5 2., PO’KJICHAE CHUMAETCA HacTH'IHO. B co-
- S 2., OTBETCTBUU C HAIIEd TEOpUEH COCTOs-
HUS C PA3NMYHBIMU 3HAYEHUsAMU [, HO

OJIHUM U TEM K€ 3HaUeHHeM j (HaIpu-

4 mep, 2s,, ¥ 2p,,) OKa3blBAKOTCS IO-

MIPEKHEMY BBIPOXKICHHBIMH.

OOmuit BUI CIEKTpa aroma BO-
0poAa € YYETOM TOHKOM CTPYKTYpbI
npuBegeH Ha puc.9.3. Kak BuIHO, Bce
YPOBHU C HEHYJICBBIM 3HAYCHHEM OpOU-
TaJbHOTO MOMEHTAa pACIIENWINCh Ha-
nBoe (ctanmu myoneramu). BenwmunHa 3T0ro MyO0JIeTHOTO pacHICIUICHUS MOXKET OBITh JISTKO OTI-
peneneHa ¢ nmomouibio hopmynsl Jupaxa:

n=1 f——1s

12

Puc.9.3. ToHKaqa CTpyKTypa cnekTpa atoma Bogopoga.

a’Z*Ry
(0 +1)

B wacTHOM ciyuae juis ayneta 2p,,;, B aTome Bosiopona nmeeM SE =o’Ry/16~4.5-107°

SE=AE, (j=(+1/2)—AE,,(j=(—-1/2) = (9.31)

3B. DTo MakcuMmainbHas BeMYMHA TOHKOI'O pacilerieHHusl B aToMe Bojxopoaa. Kak BumHo u3
(9.31), ona ObICTpO yOBIBACT C YBEIHMUEHUEM TTIABHOTO U OPOUTATILHOTO KBAHTOBOT'O YHCEIL.

Tonkas cmpykmypa chekmpog MHO2091eKIMPOHHbIX AmMOMO8.

MpI oka He paccMaTpHUBalId OCOOEHHOCTH CTPOEHHUS MHOTOJIEKTPOHHBIX aTOMOB. Of1-
HAKO, HEKOTOPBIE COOOpaKEHUS O TOHKOW CTPYKTYpe HMX CIEKTPOB MOXKHO BBICKA3aTh YiKe
ceiiyac. Tak, B oTaMyue OT aToMa BOJAOPOAA, TNI€ JI pacuyeTa TOHKON CTPYKTYphbl HaJ0 MpH-
HUMaTh BO BHUMAaHHUE CIIMH — OpOUTAIBHOE B3aUMOJICHCTBUE M PENSTUBUCTCKYIO CBS3b HM-
MyJibCa U DHEPIUU, B MHOTO3JIEKTPOHHBIX aTOMax TOHKAas CTPYKTypa cIieKTpa o0ycIlOBIIeHA
TOJILKO CIIMH — OpOUTAThHBIM B3aUMOJCHCTBHEM B aTOME. JTO CBS3aHO C OTCYTCTBUEM «CITY-
YaifHOro» BBIPOKICHHS B CIIEKTPaX MHOTOIEKTPOHHBIX aromax. JleMcTBUTEIbHO, PacCMOT-
pEHHas Hamu MepBas PENsATUBUCTCKAs MOIpaBKa JHIIb CJIETKa CMEIIAeT MOJIOKEHUE YPOBHS,
HO HE MPUBOAMT K €ro pacuierieHuio. B Takoil cuTyaluu ee BIUSHUEM Ha IMOJIOKEHUE YPOB-
HEll C pa3iMYHBIMU 3HAYEHUSIMU OpPOUTAIBLHOTO MOMEHTa ¢ B MHOTORJIGKTPOHHOM aTOMe
MOJKHO TpeHeOpeyb. B To e BpeMsi ciMH — opOUTaIbHOE B3aUMOJICHCTBUE MPUBENET K pac-
HICTJICHUIO YPOBHSI B MYJIBTUIUIET, YHUCIO KOMIIOHEHT KOTOPOIO OIpeNesseTcs] YUCIOM BO3-

MOYKHBIX OpPHUEHTALNI BEKTOPOB ¢ W S B MPOCTPAHCTBE, T.€. YHCIOM PAa3JIMYHBIX 3HAYCHUH ] .

Bonee moapoOHO C TOHKOM CTPYKTYpO#l CIIEKTPOB MHOTOZJIEKTPOHHBIX aTOMOB MBI ITO3HAKO-
mumces B JI 11.
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IlonsiTHE O CBEPXTOHKOM CTPYKTYpPE ATOMHBIX CIIEKTPOB.

ATOMHOE AP0, TaK K€ KaK U DJIEKTPOH, 00NanaeT COOCTBEHHBIM MEXaHUIECKHM MO-
MEHTOM KOJIMYECTBA ABMKEHHUs. OH CKIIaIbIBAETCS U3 COOCTBEHHBIX MEXAHMYECKMX MOMEHTOB
(CIMHOB) M OpOMTATBLHBIX MOMEHTOB TIPOTOHOB M HEHTPOHOB. M3BECTHO, YTO CIIMHBI MPOTOHA
u HeliTpona pasubl [, =, =1/2. Tlostomy, criuH sitpa aToma Bogopona 1, =1, =1/2, ciun

anpa aroma aentepus I, =1 (B JeWTpoHE CHIUHBI IPOTOHA U HEUTPOHA «I1apajuIeIbHBD) APYT
npyry). Hanmnuue opOUTaIbHOTO ABMKEHUS MPOTOHOB B aTOMHOM sIIp€ MIPUBOAUT K CYIIECTBO-
BaHUIO HEHYJIEBOTO MarHUTHOTO MOMEHTa aTOMHBIX sanep. KpoMe Toro, y HyKJIOHOB €CTh C00-
CTBEHHBIN MarHUTHBIM MOMEHT, CBSI3aHHBIN CO CITUHOM:

l‘_iN :gN,"LNBIn’ (932)
34ECh gN - TakK Ha3BIBaeMLII>’I g — (baKTOp HyKﬂOHa, ,"LNB = eh/2mpc - H[[epHLIﬁ MAar"duc€ToH BO-

pa, m, - macca nporoHa. OkaspIBaeTCs JUlsl IPOTOHa g, ~ 5.6, a Juist HelTpona g, ~—3.8.

OTMmeTHM, 4TO HaJIM4Yue€ HEHYJEBOIO MarHUTHOIO MOMEHTa y 3JIEKTPUYECKH HEHTpaibHOIro
HEUTPOHA KOCBEHHO CBHJIETEIBCTBYET O HAJIWYUMU Yy HEro HEKOTOPOW IPOCTPAHCTBEHHOMU
CTpyKTypbl. [10CKOJIBKY MPOEKIHs CIMHOB HYKJIOHOB Ha HEKOTOPYIO BBIJICJICHHYIO OCh paBHA
1/2, TO IPOEKIMK MATHUTHBIX MOMEHTOB Ha TY XK€ OCh, OYEBUJIHO, ONIPEIEISIOTCS KaK

Mpz =2'8MNB’

W,, = —1.90 -
KaK BHUJIHO CO6CTBCHHBIC MAardmuTHBIC MOMCHTBI HYKJIOHOB HpI/IMepHO Ha TpI/I HOpHI[Ka MCHBIIIE,
4eM MardHuTHBIH MOMEHT JJICKTPOHA. To ke camoe kKacaeTcss ¥ MarHUTHOTO MOMCHTA, CBA3aH-
HOTO C Op6I/ITaJII)HBIM JABHUKCHUEM HpOTOHa.
quT B3aHMOHeﬁCTBHH MAarauTHbIX MOMCHTOB ATOMHOI'O 3JICKTPOHA (I/UH/I BCEl COBO-
KYHHOCTI/I ATOMHBIX 3HeKTpOHOB, €CJIU MBI FOBOpI/IM (0] MHOFOBHGKTPOHHOM aTOMe) U aTOMHOI'O
AApa NpUBOAUT K BO3HUKHOBCHHUIO CBerTOHKOﬁ CTPYKTYPBI ATOMHBIX CIICKTPOB. Bennunna
JIOTIOTHUTEIIFHONW DHEPTHH aTOMa, OO0YCJIOBICHHOW B3aMMOJCHCTBHEM SIICPHOTO MAarHUTHOTO
MOMCHTA C MAIrHUTHBIM MOMCHTOM 3J'ICKTpOHHOI>i O6O.TIOLIKI/I aToMa, MOXCET 6BITB OIICHCHA KaK
SE ~Fsbmw ™ 2Ry ~107° 5B, (9.33)
Clo mp
C prrOﬁ CTOPOHBI IO AHAJIOTHUU CO CIIMH — Op6I/ITaJ'IBHBIM B3aHMOI[efICTBHeM MBI MOXXEM 3a-

nUcaTh ONEPaTop B3aUMOJCHCTBUS, IPUBOASILIETO K CBEPXTOHKOM CTPYKTYpE, B BUJIE

V,=B(JI), (9.34)

A ~

rae J u [ - omepaTopsl MOJHOTO MEXaHMYECKOrO0 MOMEHTA 3JIEKTPOHHOM 000JIOUKH aToma U
CIUHa siipa, B - KOHCTAHTa CBS3H, €€ YUCICHHOE 3HAYCHHE MOXKET OBITh OIICHEHO 10 (hopMyJIe

- —

(9.33). Benmnuuna suepruu (9.34) 3aBUCHT OT OpUCHTAIIMH BEKTOPOB J W [ B MPOCTPAHCTBE
OTHOCHUTENILHO JIpYT Apyra. YUCIIo TaKuX OpUEHTAIMH OmpenesieTcss KBAaHTOBBIM YHuciIoM F |
OTIPEICIIAIONIAM 3HAUYCHIE CYyMMAPHOTO MEXaHHIECKOr0 MOMeHTa atoMa F =J +1. U3  06-
X TPABWII CJIOXKEHUs MOMEHTOB (cM. JI 8) umcio pasnuuHbiX 3HadeHUW F ompenensercs
KaK min{(ZJ +1),(21 + 1)}. D710 1 OyIeT YUCI0 KOMIOHEHT CBEPXTOHKOTO PACIICTIIICHHS.

B kauectBe mpumMepa uyTh 6oJiee MOAPOOHO OCTAHOBUMCS Ha CBEPXTOHKOM CTPYKType
OCHOBHOTO COCTOSIHUsI aToMa Bogopoza s, . B aToM ciryyae MosHbIi MEXaHHYECKHil MOMEHT

aToOMa paBeH CIMHOBOMY MOMEHTY €IWHCTBEHHOI'O aTOMHOIO 3JIEKTPOHA, a CIHH Apa Ompe-
JIESIeTCSl CIIMHOBBIM MOMEHTOM TMpOTOHA. [103TOMYy KBaHTOBOE UMCIO F MOXET MPUHUMATh
IBa 3HaueHUs: F' =1 ecnu CIMHBI 3JIEKTPOHA U MPOTOHA «IMApaJUIeNbHb) U F =0 B ciiydae
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«aHTHUMAPAJUIEIbHONY) OPUEHTALMU CIIMHOB. B COOTBETCTBUU C 3TUM IPUXOAUM K BBIBOAY, UTO
CBEPXTOHKAsI CTPYKTYpa OCHOBHOT'O COCTOSIHUSI aTOMa BOJIOPOJIa COCTOUT U3 JIByX KOMIIOHEHT.
I[J'II/IHa BOJIHBI IIEPEX0Ja MCKAY 3THUMU IMOAYPOBHAMU JICKUT B paJHOYaCTOTHOM JUAIIA30HC U
coctaBisieT A =21 cM. M3nydyeHne aToMOB BOAOPO/Ja HA 3TOM JUIMHE BOJHBI IIMPOKO HCIIONb-
3yeTcsl B COBPEMEHHOW pain0acTpOHOMUH HPU W3YUYEHUH MPOCTPAHCTBEHHOTO PACIIPEaCIICHUS
aTOMapHOro BoAopozaa Bo Beenennoi.

E1te ofHOM NpUYMHON CMEIIEHHs] aTOMHBIX YPOBHEH SIBJISIETCS] HAJTMYUE Y MHOTHUX sJIEP
IEKTPUUYECKOTO KBAAPYIMOJIBHOTO MOMEHTA, OOYCIIOBIEHHOIO OTJIMYMEM HX (POpMBI OT ce-
puueckoif. Kak mpaBuiio, 3ToT 3¢ ekt ciaenyer yuuThIBaTh, IPEXkIe BCErO, IS TKEIbIX aTo-
MOB (Z >>1).

OTMeTuM, YTO CIIMHBI U MAarHUTHBIE MOMEHTHI, & TaK)XKe 3JEKTPUUECKUE KBAIPYIOIb-
HbIE MOMEHTHI ATOMHBIX SIJIEp Pa3JIUYHBIX U30TONOB OJHOTO M TOTO K€ XUMHUYECKOTO JIEMEHTA
UMEIOT pa3Hble 3HaueHus. [103ToMy OKa3bIBaeTcs pa3IMYHON M UX CBEPXTOHKAas CTPYKTYpa
(KaKk Mo BEIMYMHE pacLICIUICHHs], TaK U 10 YUCIYy KOMIIOHEHT). B 3TOM cMbIcie cBepXTOHKas
CTPYKTYypa TaKKe SBIAETCS OJHUM M3 MPOSBICHUH M30TONMUYECKUX 3(P(PEKTOB B aTOMHBIX
CHEKTpax. DTO O3HAYAET TAKXKe, YTO M0 XapaKTepy CBEPXTOHKOIO PACILEIUIEHHUsS 4acTO OKas3bl-
BAETCS BO3MOKHBIM OIPENENINUTh CIIMH U MarHUTHBI MOMEHT aTOMHOTO s/pa, T.€. METOJdaMHU
aTOMHOM pafOCIEKTPOCKOIINMH UCCIIE0BAaTh CBOMCTBA ATOMHBIX sJIED.

3agaun.

9.1.  Omnpenenuts 3apsa sapa Z BOJOPOAONOAOOHOTO MOHA, MPU KOTOPOM BEITUYUHBI U30-
TOMHMYECKOTO CBUTA 1S COCTOSIHMSA, CBSI3aHHBIE C KOHEYHOW MaccOi M KOHEYHBIM pa3-
MEpOM sifipa, coBmanaroT. OUEHKY MPOBECTH B MPEANIOIOKCHUH, YTO YUCIIO TIPOTOHOB
U HEHUTPOHOB B SAApe OJAMHAKOBO, a PAUYC sIIpa CBSA3aH C €r0 MACCOBBIM YHCIIOM COOT-
HomrerneM R =1.4-10""- 4" cm.

9.2. OmnpenenuTb BEJIWYMHY PACHICIIIICHUS 28 U 2P COCTOSHHMA, 00YCIIOBIEHHYIO KOHEYHBIM
pa3MepoM sipa, B BOJOPOIOTIONOOHOM HOHE ¢ 3apsiaoM Z (cMm. 3amady (9.1)).

9.3.  Mioou (m, =207m,) HAXOAUTCS B MOJIE TSHKENOTO aTOMHOTO snpa (Z =92, 4=238).

Onpenenuth MPUOIMKEHHBIN BUA BOJHOBOM (D)YHKIIMM OCHOBHOT'O COCTOSIHHS M OlLie-
HUTh MOTEHIMAJ MOHM3AalMK Takoi cucteMbl. CUnuTaTh paclpenesieHue 3apsaa B mpe-
JieNax siipa paBHOMEpPHBIM. Panuyc spa cBsi3aH ¢ €ro MacCOBBIM YMCIIOM COOTHOILIE-
HieM R=1.4-10""-4"° cm.

9.4. O1eHUTh BETUYMHY PHEPrEeTUUYECKOTO CIBUTAa OCHOBHOTO COCTOSIHMSI aTOMa BOJOPOJIa
IpU €ro NOMEIICHNUH B MTOCTOSIHHOE OJHOPOAHOE 3jekTpuueckoe noie (3 dext Hlrtap-
Ka).

9.5. B pamkax mozenu bopa st KpyroBoit opOUTHI ONPENENUTh BEIMYUHY MONPABKU K MO-
JIOKEHUIO SHEPreTUYECKOro YPOBHSI B BOJOPOJIONOJ00HOM HOHE C 3apsiioM Z, 00y-
CJIOBJIGHHOW PENSTUBUCTCKOM CBSI3bI0 SHEPrMU U uMmyJsibca. [lomyueHHbI pe3ynbraT
CPaBHUTbH C KBAHTOBOMEXAHUYECKUM PAaCUETOM.

9.6. Hcnonw3ys Gpopmyay TOHKOW CTPYKTYphl HANTH OTHOIIEHHE SHEPTUN TOHKOTO paciiie-
ruieHus 4p u 4f ypoBHeli atoma BO0po/a.

9.7.  OueHHUTH OTHOLICHHE PHEPTUN TOHKOTO pacuieryieHus 3p u 3d ypoBHeW aToma JIUTHS
(Z=3).

9.8.  OueHuTh BENMYMHY TOHKOTO paciueruieHus aybnera 2p,,, B BOAOPOLONOI00HOM
uoHe ypana (Z =92).

9.9. Omnpenenutrb YUCIO KOMIIOHEHT CBEPXTOHKOW CTPYKTYpPbl OCHOBHOT'O COCTOSIHUSI aTo-
MOB geiitepust u Tputus. Crivuel siaep paBubl [ =1 u [ =1/2 cOOTBETCTBEHHO.



