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JIABOPATOPHAS PABOTA.

ATOM B MATHHUTHOM IIOJIE. UBYHEHHUE S30OEKTA
3EEMAHA.
[leas paOoTHI: O3HAKOMIIEHHE C TEOPETHYECKMMU OcCHOBaMU 3(pdexra 3eemana,
UCCJICIOBAaHNE  PACHICIUICHUS CICKTPAJIbHBIX JIMHMH B  MarHUTHOM  TOJIE,
OTIpe/IeJICHUE C TOMOUIBIO CIIEKTPOTPAMM BEJIMYMHBI YACIBHOIO 3apsija 3JIeKTPOHa,
npuoOpeTeHre HaBBIKOB pPAa0OThl C aBTOMATH3WPOBAHHOW cHCTeMoOW cbopa u
00paboTku uHOpMaIUu.
TEOPETUYECKOE OIIUCAHHUE.
IosTHBIM MOMEHT UMITYJIbCA JJIEKTPOHA.

DJeKTpoHHAsI KOH(UTYpaIHsi aTOMOB, 3a/laBaéMasi KBAHTOBBIMH YUCTIAMU 71 U [,
MO3BOJISIET TOHATH MEPUOIUYECKYI0 CHUCTEMY DJJIEMEHTOB M YCTAaHOBUTH OCHOBHBIC
3aKOHOMEPHOCTH ONTHYECKHX CIEKTPOB. TOHKas CTPYKTypa CIIEKTPOB 3aBUCHUT OT
MarHuTHbBIX (()EKTOB, CBSI3aHHBIX C MOMEHTOM HMMITyJbca 3JeKkTpoHa. [Ipexe uem
paccmarpuBath O3TH 3(PGEKTHl, OTMETUM, KaK OMPEACISICTCS TOMHBIA MOMEHT
UMITYJIbca 000CO0IEHHOTO (€IMHUYHOTO) JIEKTPOHA.

OpOuTanbHBIE MOMEHT MMITYJIbCA [ ¥ CIMHOBOW MOMEHT S CKIIQJBIBAIOTCS TIO
MpaBUITY CIOXKEHUSI BEKTOPOB B MOJIHBIA MOMEHT UMITYJIbCa 3JIEKTPOHA:

J=L+§ (1.1)

—_—

[Mpoekiust momHOoro MoMmenta J_ Ha n30paHHOE HarpaBicHHE (Yallle BCEro

z

6CpCTC5I IMPOCKINA HAa HAITPABIICHUC JIMHUHA HaIIpsKCHHOCTH HOJBI) MOXCT IIPUHHUMATb
AUCKPCTHOC 3HAYCHUC!

J, =f”;h. (1.2)

rne m;=m;+ mszm,ia , M; — MArHUTHOE KBAHTOBOE YHUCJIO OPOUTAIILHOIO

1

MOMEHTa, m; = =S — MArHUTHOE€ CIHHOBOE KBAaHTOBOE YHCIIO, SZE - CIIMH

IIEKTPOHA.
[ToyHBI MOMEHT UMITYJIbCA 3JEKTPOHA KBAHTYETCS OOBIYHBIM 00Pa30M:

J=h-\fjlj+]1)

IAC KBAaHTOBOC 4YHCIIO ] (€F0 HHOTIAa HAa3bIBAIOT BHYTPCHHUM KBAHTOBBIM YHCJIOM
IIOJIHOT'O MOMGHT&) PaBHACTCA MAKCUMAJIBHOMY 3HAYCHUIO ;.

TTocKoNbKy / €CTh MAKCHMABHOE 3HAYCHNE M1, , TO:
Jj=|l+s]
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npuyeM, Kak cueayer w3 gopmynsl  (1.2a), j MOXET NpPUHUMATh
HEOTpHULIATENIbHBIE LIEJIbIE TUOO0 MOy LENble 3HAYCHUS.

[Ipy 3agaHHOM 3HA4Y€HUHU j BO3MOXKHO 2j + 1 KBaHTOBBIX COCTOSIHUM,
OTIHYAIOUIMXCS 3HAYEHNEM KBAHTOBOTO MHCIIA 11, IPHIEM:

m;==j—=j+ L...0......j— L]
mjzij, + (j-1),...

Hampumep, cormacuo (1.3), B ciayuae / = 0 BO3BMOXHO TOJBKO OJHO 3HAYCHHE
j=12.Tlpu [ = 1 umeem j = 1/2, 3/2, nna [ = 2 umeem j = 3/2, 5/2. 3nadueHue B
OTIPE/ICIICHHOM COCTOSTHUHM XapaKTepHU3yeTCs WHIACKCOM y OYKBEHHOTO 0003HAYCHUS
OpOUTATHFHOTO MOMEHTA, 3aITUCHIBAEMOTO TaK K€, KaK ¥ JJI OTACIBHBIX JICKTPOHOB,
HO 3amiaBHbIMH OykBamu: S, P D, F, G, H. Tak, coctosaaue ¢ [ = 1 u j = 3/2
obo3Hayaercst Kak P, , coctosiHue ¢ /=1mnj=1/2 —xak P ,.

Beimumiem wu3BecTHBIE M3 Kypca KBAaHTOBOM (DH3MKH COOCTBEHHBIC 3HAYCHUS
YIJIIOBBIX MOMEHTOB (OPOUTAIIBHOTO CIIMHOBOTO M TIOJTHOTO) M UX MPOEKIIMU HA OCh Z
B equHOU Tabmune 1:

Tabmuma 1
i 'k
M, = afi(l + 1), 1=0,1,2,...

Mﬂz='ﬁ'mf“ m!‘—fﬂ,il.izu--:i!-

M, =hfs(s+ 1), s=1/2,
M,, = hm,, m, =+1/2, - 1.3,
M; = hfj(j + 1), j=lts=1+1/2

M;, = hm, mp= i1 .
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MexaHu4YeCKHH MOMEHT MHOTO3JIEKTPOHHOI'O aTOMA.

Pacnpoctpanum Tenepb BBEIEHHOE BBIIIE MOHATHE MTOJTHOTO MOMEHTA UMITYJIhCa
J OIHOro 9JEKTpOHA Ha Ciyyaidi MHOXKECTBAa JJIEKTPOHOB (KaKk MU OOCTOMUT JIEJ0 B
CJIOXKHOM aroMme). BBesiem cienyroiire HoBble 0003HAYCHUS:

M, - cymMapHBbIii OpOUTATIBLHBII MOMEHT CHCTEMBI JJIEKTPOHOB B aTOME;

[

MS - CYMMapHBIﬁ CHHUHOBBIM MOMEHT CHUCTEMBI QJICKTPOHOB B aTOMC.

Kak moxka3biBaeT pacuer (KOTOPBIM MbI OIYCKAE€M), CYMMAPHbIL OpOUMATbHBLL
MOMeHm CUCTEMBI OIIPENENSAETCS BbIPAKEHUEM:

M, =hJL(L +1), (1.3)

rjae L — opOuTanbHOE KBAHTOBOE YMCIIO PE3YJIbTUPYIOIIETO MOMEHTa. B cinydae
CHCTEMBbI U3 [IBYX YaCTHIl C OpOUTAIBHBIME MOMCHTaMu /; 1 [, KBaHTOBOE 4KCIIO L —

EJI0€C, MOJIOKUTCIIbHOC — MOKCT UMCThH CJICAYIOIUC 3HAYCHMUA:
L=+, (L +1y—= 1), o, iy = 1o . (1.4)

Orcrona crnemyet, 4to L (a 3HaYUT U PE3yIbTUPYIONINIT MOMEHT) MOXKET UMETh
2[; + 1 mim 2, + 1 pa3nuuHbIX 3HAYECHUH (HY)KHO B3STh MeHbULee U3 JIByX 3HAYCHUI

/). D10 JIeTKO MIPOBEPHTH; HAanpumep, Wi [, = 2 [, = 3 momy4yaem 2-2 + 1 = 5 paszHbIx

3HaueHuii L. 5,4, 2, 1.

Ecnu cucrema cocTout He U3 JIByX, @ U3 MHOTUX YacTHIl, TO KBAHTOBOE YUCIIO L,
OTPEIETSIONICe PE3YIBTUPYIOIUH OPOUTATIBLHBIA MOMEHT, HaXOJUTCA MyTeM MOclie-
JIOBATEILHOTO MpUMeHeHus npasuia (1.4), Ho Mbl He OyJIeM Ha ’TOM OCTaHABJIMBATh-
Csl, TIOCKOJIBKY B JajlbHEHIIIEM 9TO HE TTOHAJ00UTCS.

[Tpoekiust pe3yabTUPYIOIIEro OpOUTAILHOTO MOMEHTA Ha HEKOTOPOE HaIlpaBJie-
HUE Z ONpPENENseTcs aHAIOTUYHO:

M= fim, »m; =042, &L, (1.5)

[Too6HBIM e 00pa3oM OIPEAENAECTCS U CYMMAPHbLL CNUHOBBIU MOMEHN CUCTE-
MBI:

Mg =hfS(S+1), (1.6)

I7Ie KBAHTOBOE YHCIIO S pe3yIbTHPYIOMIET0 CITHHOBOTO MOMEHTA MOXKET OBITh IIC-
JIBIM WJTM TTOJYIEBIM — B 3aBUCUMOCTHU OT YHCJIa YaCTHIl — YETHOIO MJIM HEUYETHO-
ro. Ecim unciao N vactui yuemnoe, To S = Ns, Ns - 1, ..., 0, tne s = 1/2, T. €. B 3TOM
ciydae S — uensle uncna. Hampumep, npu N = 4 uncio S MoxeT ObITh paBHoO 2, 1, 0.

Ecnu xe uncio N yactui Heuemmnoe, TO S IPUHAMAET BCE MOIYLIENbIC 3HAYCHUS



5

ot Ns 1o s, tne s = 1/2.Hanpumep, npu N = 5 BO3MOKHBIE 3HaYeHUsI S paBHBI 5/2, 3/2
ul/2.

B MHOrO371€KTPOHHOM aroMe€ KaXAbIM SJIEKTPOH MOXKHO XapaKTepHU30BATh
OpOUTAIbHBIM M CIIMHOBBIM MOMEHTaMU. BO3HHMKaeT €CTECTBEHHBIM BOIPOC: YyeMy
paBEH MOJHBIA MEXAaHWYECKUM MOMEHT aroMa? OTBET Ha 3TOT BOINPOC 3aBUCUT OT
TOr0, KaKM€ MOMEHTHI B3aUMOJIEUCTBYIOT JIpYT C APYIOM CUJIbHEE: OpOUTaIbHBIE,
CIIMHOBBIE UJTU CITUH-OPOUTAIBHBIE.

OxkaspiBaercsi, HauOoliee BaXXHOM M PACHpPOCTPAHEHHOW SBISIETCS Tak
Ha3bIBa€Masi HOPMAlbHAs CBA3b, W c6a3b Peccenv-Caynoepca. ta  CBsI3b
3aKJIFOYaeTCS B TOM, YTO OpOMTAIbHBIE MOMEHTBHI AJIEKTPOHOB B3aWMOJICHCTBYIOT
MeXay coOOl CHIIbHEE, YeM CO CIIMHOBBIMH MOMEHTaMU. AHAJIOTUYHO BEAYT CeOsl U
CIIMHOBBIE MOMEHTHI. BeieacTBre 3Toro Bce opOUTAIbHBIE MOMEHTBI CKJIA/IBIBAIOTCS
B PE3yJIBTHPYIOLIHIT OPONUTATBHBI MOMEHT M, a CIMHOBBIC — B PE3YJIBTUPYOLINI

CIIMHOBBI MOMEHT M. A 3arem B3anmoneictsue M, u Msonpeaenser CyMMapHbIi

MoMeHT M 7 aroma:

M, =hJJI(J + 1), (1.7)

IJI€ KBAHTOBOE YHUCJO J IMOJHOTO MOMEHTA MOXET UMETh OJHO M3 CIIEAYIOLINX
3HAYECHUM:

J=L+8, L+S8-1,..|L-5.

3naunt, J Oyzaer menbiM, ecnu S 1enoe ( T. €. IpU YETHOM YHUCIIE 3JIEKTPOHOB)
WJIU TIOJIYUEJIBIM, €CIHU S MONyIeNnoe (Ipyu HEYETHOM Yuciie AIeKTpoHOB). Tak, Hanpu-
Mep:

L ‘ S i Boamostasle sHAYEHMA oJ
2 ] 1 I 3,21
2 | 3/2 i 7/2, 5/2, 3/2, 1/2

Takol BHJ CBA3U, KaK MPABUJIO, MIPUCYIL JETKUM U HE CIMIIKOM TSXKEIbIM aTo-
Mam.

Opnnako HOpMaJIbHAs CBSI3b SIBISIETCA HE €IMHCTBEHHO BO3MOYKHOW. DTO TOJIBKO
OJIMH W3 KPalHUX CIIy4aeB CBSA3U. pyroul kpalHUM ClIy4al TaKk Ha3bIBaeMas j-j C653b,
KOTZla CIUH-OpOUTAIbHOE B3aMMOACHCTBUE Yy KaXKJOTO 5SJIEKTPOHA OKa3bIBACTCS

OCHOBHBIM. B 3TOM ciiyyae cymMMapHbBII MOMEHT aroma M, :Z M j , T. €. paBeH
J

CYMMC OTACIIbHBIX CHI/IH-Op6I/ITaIIBHBIX MOMCHTOB M]

Takast CBs3b BCTpeEUaeTCs y TKEIBIX aTOMOB, HO JOCTaro4yHoO penako. B
OCHOBHOM € OCYUIECTBIISIOTCS 00JIee CI0KHBIE POMEKYTOUHBIE BU/IbI CBS3H.

B cJIy4dac HOpMElJ'IBHOfI CBA3HU BBOAUTCA IIOHATUC mepma anmomda, KOTOpBIfI ITOJI-



HOCTBIO XapaKTE€pPU3yeT IHEPreTUYECKOEe COCTOSHHUE BCEro aroMa B LIEJIOM, TEPMBbI
MPUHATO 0003HAYaTh CUMBOJIAMH:
(L), (1.8)
rae v = 25 + | — MyapTUIIETHOCTD, J — KBAaHTOBOE YHCJIO ITOJHOTO MOMEHTA.
Omune ¢ 0003HaYEHUEM, BBEJCHHBIMU JIS JIEKTPOHA JIUIIb B TOM, YTO MaJible OyK-
BbI S U j 3aMEHEHbI Ha COOTBETCTBRYIOIIME Oonbiue S U J.

[IpuBenem npuMepbl TEPMOB CUCTEM C ABYMS 3JEKTPOHAMH. 31€Ch BO3MOXKHBI
nBa ciyvasi: S = 0 (COUHBI 3JIEKTPOHOB MPOTUBOIIONOKHBI) U S = 1 (CIIMHBI COHAIPAB-
JICHBI).

B nepBom ciiywae J =L u 2S + 1 =1, T. e. Bce TepMmbl — cuHIETh. Bo BTopom
ciayuae 2S + 1 =3, T. e. Bce Tpu Tepma — TpurieTbl. CKa3aHHOE CBEAEHO JJIs Ha-
VISITHOCTH B TAOMUIEI 2 U 3.

Tabnuia 2 Tabnuma 3
FS"“ L F T CHHIeTH o] TL . F TpunoaeTh ’
000 18, 1] o0 | 1,0 | 3 38,
0| 1/1] 'p 1{1]210|°%, 3% %,
0| 2| 2 p, 1‘2‘3,2,1311331)231}1

CnemyeT OTMETUTh, YTO MYJIBTUIUIETHOCTh V JIa€T KOJUYECTBO IOAYPOBHEM
monvko 6 caydae S < L (B cityyae xke S > L, yucno noaypoBHel paBHo 2L + [). Cre-
JyeT TaKKe IIOMHHUTb, YTO HE BCE TEPMbI, OPMAIILHO MOJyYaeMble C TOMOIIIbIO BEK-
TOPHON MOJEIIN CIIOKEHHUSI, PEAUIU3YIOTCS B peabHbIX aroMax. [[ns neraabHOro aHa-
7132 BO3MOXKHOCTH CYILIECTBOBAHMS TOT'O WJIM MHOTO COCTOSIHUS, HY’KHO paccMarpH-
BaTh OoJiee MOAPOOHO CTPOCHUE ANIEKTPOHHON 000JI0UYKH aToMa.

Crnegyer OTMETUTBH, YTO HE BCE IEPEXOJbl MEXKIYy TEPMAMH BO3MOXKHBI. IJTH
nepexoApl JIOJDKHBI NOJUYUHATHCA MpaBujaM  oTOOpa. OMIUPUYECKH ObUIO
YCTaHOBJIEHO, YTO MPH HOPMAJIbHOW CBA3M B CIOXHBIX aToOMax MpaBuiia oTOopa Jis
KBAaHTOBBIX uncen L, S, J TaKOBBI:

AL=0,%1
o0 \ (1.9)
|AJ =0, 1.

IIpu 3ToMm, omHako, nepexon J = 0 — J = 0 3anpewyen.

VYkazaHHbIC MpaBuUiia 0T00pa 000CHOBAHBI KBAHTOBOM TEOPHUEH M HE BCETAA
ABJISIFOTCS IOCTATOYHO KECTKUMU. HanmoMHUM, CyTh 3TUX IPaBUII B TOM, YTO TOJIBKO
IIPY TAKUX U3MEHEHUSIX KBAHTOBBIX Yucel L, S, J BEpOSITHOCTh IEPEXOAOB ABISAETCS
CYILIECTBEHHOM.
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CBs3b MArHUTHOIO MOMEHTA ¢ MEXaHHYEeCKHM MOMEHTOM KOJIN4YecTBa
ABHXKCHUA aTOMA.

DJEeKTPOH, ABWXKYIUUHCA TO OpOUTE, HapsAQy C MEXaHMYECKMM MOMEHTOM
KOJIMYECTBA JIBIDKEHMsSI O00NafaeT TakKe MAarHUTHbIM MOMEHTOM. JIBHIKeHHe
AJIEKTPOHA MO OpOUTE SKBUBAJIEHTHO KOHTYPY C TOKOM, IOATOMY OH BO30YyXX/IaeT B
OKPY>KaIOIIEM MPOCTPAHCTBE MAarHUTHOE I10JI€, PABHOE IIOJIF0 MarHUTa ¢ MOMEHTOM

Pm , PaBHBIM:
Pn=1S7 2.1)

rme [ — cuiia Toka B KOHType, S — IUIONajap KOHTYpa, N — eIMHUYHBINA
BEKTOP HOPMaJIH K IJIOCKOCTH KOHTypa. HampaBieHne MarHUTHOro MOMEHTa OOBIYHO
HaxXOJUTCS IO MpaBUIy OypaBUMKa: €CJIM BpalllaTh PyYKy OypaBuHMKa B HalpaBICHUU
TOKa, TO HaIpaBJICHHE MarHUTHOTO MOMEHTa OyJeT coBHajarh C HaIpaBiICHHUEM
MIOCTYIATEIFHOTO IBHKCHUS OypaBunKa.

JIBurasice 1Mo KpyroBoi opouTe paguyca r CO CKOPOCThIO 0, YACTHIIA C 3aPSIOM

g COBepIIaeT OAuH OO0OpPOT 3a BpeMs Atzz gr , 1 co3naer 3(hPEKTUBHBIN
KpyroBoi Tok puc. 1.1:

=

I=Agf/At=qguv/2nr

P g/At=quf

—=

Lt I

0 ‘?\ ﬁ [Iromane  Takoro  TOKa S=mr’ , a co3JaBacMblii UM

MarHUTHBIA MOMEHT, corsiacHo (2.1), mo MoyJio paBeH:
qm
py =15 =qgur/2.
Puc.1.1 "

C ydyeTroM HampaBlIeHMs BEKTOPOB, YKa3aHHbIX Ha pwuc.l.l, nBmwxymascs
3apshKEHHas yacTHlla 00J1aJaeT MarHUTHBIM MOMEHTOM:

Pm =-[7. 7], (2.2)

Orta (hopMyna crpaBeIMBa HE TOJIBKO JUIsl KPyTOBOM, HO M /ISl JIFOOOM Apyrou
TpPaeKTOpUM 4YacTullbl. Eci y4ecTb, YTO MOMEHT HMITYJIbCa YACTHIIbL:

L= [F. ;':f] = m [F. E‘]’

TO OKa3bIBAaCTCs, 4TO MarHUTHbII MOMEHT U MOMEHT HMIIYJIbCa ,Z[BH)KYHIGI;'ICH
3apﬂ)KeHHOﬁ qaCTHUILbI CBA3aHbl COOTHOILICHHUCM:

- g =
Pm=75-L. (2.3)

2m
KOTOpPO€ HA3bIBAETCS THPOMATHUTHBIM OTHOIIIEHHEM.
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Ha puc. 1.2 n300pakeHO JBUKEHUE MOJIOKUTEIBHO 3apSKEHHOM Me -

qaCTUIbI. 3a A1 OJICKTPOHA = — € OTpHUUAaTCJICH, U HJId J3JICKTPOHA C -e L
161, 3ap poia q = - e otp : p _ :
MaCCoOM 1Ime BCKTOPLI p m 51 L HaIlpaBJICHbI B IIPOTHUBOIIOJOKHBIC =

cTopoHsl (puc. 1.2). P
HamarnnumBanue cpeapl MOXKET NPOUCXOAWTh MPHU TOSBICHUH Puc.1.2
SIIEMEHTAPHBIX TOKOB HAaMarHWYMBAaHU, CO3JAHHBIX JBIKEHHEM 3JEKTpOHOB. [Ipu
CJIIO)KEHMHM MAarHUTHBIX MOMEHTOB OT/AEJbHBIX JMEKTPOHOB, comlacHo Gopmyne (2.3),
CKJIQJIBIBAIOTCSI © MOMEHTHI X UMITYJIbCOB:
P =Ztﬁn.'.!' =-— Z‘L.!' =—— L.

9 2
2m, 2m,

I'MpOMarHuTHOE OTHOLIEHWE CHPABEIJIMBO HE TOIBKO JUISI  OTHAEIBHOIO
3NIEKTPOHA, HO U JIJISl BCEr0 HAMarHM4EeHHOTo 00paslia B LEJIOM.

[Tomyuyennass ¢opmyna (2.3) TOBOPUT O TOM, YTO MATHUTHBIA MOMEHT
3apSHKEHHOM MUKpOYacTULbl OydeT KBAHTOBAaTbCS BMECTE C €€ MOMEHTOM
uMITysbca. i anexkTpoHa:

By = —(E/E.WE]E

Ecnu BBecTn IMOCTOAHHYIO:

[T EF;/EmE —9.27-107* A w7, (2.4)

Ha3bIBaeMyl0 MarietoHoMm bopa (e u m. — 3apsij u mMacca dJIEKTPOHA), TO C
yaeToM (hopmyt TabiuIlsl 1, momydaem JUCKPETHBIA CIIEKTP Pa3pelICHHBIX 3HAYCHHM
BEJIMYMHBl MAarHUTHOTO MOMEHTAa M €ro IMPOEKIMU Ha BBIACICHHYIO OCh Z s
JBUKYIIETOCS AIEKTPOHA:

P =UgJI{1+1) ,tme 1=0,1.2,..; pp.=-ugm,rae m=0,21,..+£] (2.5)

Marneton bopa — 3TO KBaHT MarHUTHOT'O MOMEHTA.
Kpome opOutaiibHOrO MOMEHTa KOJIMYECTBa ABWXKEHUS L snexkTpoH oOnamaet
TaKXke COOCTBEHHBIM MOMEHTOM KOJIMYECTBA ABUXKEHUS (CTMHOM) S=L:

Ly =hyfs(s+1); (2.6)

rone S :5 - CIIMH 3JICKTPOHA.

B otnmnume ot 1enbIiX KBaHTOBBIX Yuced [ ¥ 7, CHUHOBOE YHCIIO § MOXKET OBITH
KaK LeJbM, Tak W noayuensiM. s ¢otona s = 1; mid 35eKTpoHa, MPOTOHA,

1
HEUTpOHA S§=—

2
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OneKkTpoH, oOnajaroluii CIHUHOM, JOKEH BECTU ce0si KaKk MarHuT W,
CJE0BaTEeILHO, JOJDKEH 00J1aJaTh CIIMHOBBIM MAarHMTHBIM MOMEHTOM ]7,,; , HO
TUPOMArHUTHOE OTHOUIEHHWE [IJIi HEro aHOMaJlbHO, OHO B JiBa pa3a OoJibliie
otHomeHus (2.3).

DPins = —[E’/H?E] L. (2.7)
C yuetom (2.6), (2.7) wu (2.4) dopmynabl KBaHTOBaHHS COOCTBEHHOTO
MarHUTHOTO MOMEHTA JJIEKTPOHA UMEIOT BU/I;

Pims = 2Ugafs(s+1), tne s =1/2;
w ( :I / 2.8)

pmsz:_zub"'ms

ITosHBIM MATHUTHBIM MOMEHT aToOMa.

O0603HaYUM TMOJTHBI MarHUTHBIH MOMEHT aroMma |, a TMOJHBIA MeXaHW4YeCKUU
MOMEHT — M;. BcruencrBue yIBOEHHOTO MarHeTu3ma CIHMHA TUPOMATHUTHOE
OTHOIIICHHE TMOJHBIX MOMEHTOB OKAa3bIBAETCS 3HAUMTEILHO Oosiee CI0KHBIM. OHO
3aBUCUT OT KBAHTOBBIX uucen L, S u J. COOTBETCTBYIOIIUIA pacyeT, NPOBOAUMBII B
KBAaHTOBOW TEOPHH, MTO3BOJIWJI HANTH MAarHUTHBIA MOMEHT L M €T0O MPOCKIUI0 HA OCh
Z:

b= —ppgyJ(J + 1), (2.9)
Mz = ~HpgM, (2.10)
my=d, J=1, w, ~,

roe £ — muoxumensv (nan darxmop) Jlande:

g:§+S{S+1}~L{L+1)
2 2J(J + 1) '

OTMETHM TaKe HEHDTDPHE ¢IKIOTHYEeCKHE» CJAVYHaH. Hﬁﬂpﬂ'

Mep:

1) B cocroanuu 3Py g = 0/0; ara HeolpemeJeHHOCTh He AOJIKHA
CMYIaTh, IOCKOJNBKY NIpH J = 0 MexaHW4YeCKHH MOMEHT paBeH
HYJI0, & 3HAYHT, OTCYTCTBYET M MArHHUTHBIA MOMEHT;

2) 8 cocrogunu 4D, 2 & =0, 7. e. MeXaHMYeCKNH MOMEHT eCTh, a
MaTHHTHBII QTCYTCTBYET;

3) B COCTOAHUH ﬁFlm g =—2/3, a 9TO 3PAYNUT, HUTO B JAHHOM COCTO-
AHHAHY 3HAK MHHYC B popMmyJax (2.9) # (2.10) UCUe3aeT. Ha sasbike
KJIACCHKHM 3TO 0O3HadaeTr, 4TO «BeKTopel» u ¥ M <«coHanpasie-
Hbl» (He B3AaHMMHO IIPOTHBOIOJOKHEI).

(2.11)
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4) B cocrossauu Py g = 5/2, T.e. daxrop JlaHge B HEKOTOPHIX CO-
CTOAHUAX MOXKeT ObITh U Oosibinle ABYX (BOIIPEKH YTBEPIAEHHIO
HEKOTOPBIX ABTOPOB).

Ciayuan 2) u 3), korga £ =0 n g < 0, npeacrarnaoT coboil aucTO

KBaHTOBLIe 3(pPeKThI, He MMEIOIlMe aAHaJOI'0B B KJacCHYeCKoH ¢H-

3HKe.

dPpdext 3eemana.

B 1896 . I1. 3eeman oOHapyX Ui, 4TO, €CIM MOMECTUTh UCTOYHUK CBETA MEXKITY
MOJIFOCAMU AJIEKTPOMArHuTa, TO CIEKTPaIbHbIE JIMHUM UCTOYHUKA PACILEIUISIOTCS Ha
HECKOJIbKO KOMITOHEHTOB.

Pacumieruienne ypoBHEW OHEPrMM M CHEKTPAJIbHBIX JIMHUM BO BHEIIHEM
MarHMTHOM I0JI€ MOy4unyio Ha3BaHue »pdhexta 3eemana. HcecnenoBanue
ATOrO SIBJIEHUS HA CHEKTPAJbHBIX JIMHUAX aTOMOB MpPENCTaBlseT COOOW OJIMH U3
BaXXHBIX METOJIOB ONpENEJICHUSI XapaKTepUCTUK MX YPOBHEH »HEpruu, objerdaer
MHTEPIIPETALMIO CIIOKHBIX CIIEKTPOB, IMO3BOJSAET IOJIYy4YaTh LIEHHBIE CBEICHUS O
MAarHUTHBIX CBOMCTBAX aTOMA, a TAKKE MArHUTHBIX MOJISX B UCTOUHUKAX U3ITyUEHUSI.

B mnpocreiimem cnydae sddexr 3eemaHa 3akiodaeTcss B TOM, 4YTO TMPHU
NOMEIIEHHH MCTOYHMKA CBETa B MAarHUTHOE IIOJI€ CHEKTpaJbHAas JIMHUSA
pacIIeIUIsieTCs] Ha J1BA WIM TPU KOMIIOHEHTA. TakOM THIl PpACHICIJICHHS, KOTOPBIN
HAOMIOAeTCsT Ha CHCTEME CHUHIVIETHBIX (OJMHOYHBIX) CIHEKTPaJbHbIX JIMHUM,
Ha3bIBAETCA HOPM AN bHBIM HWIM HNOPpOCTH M 3ppekrom 3eeMana. ITOT
s dext Obu1 00BsicHEeH JIopeHIleM Ha OCHOBE KJIACCHUYECKOW 3JIEKTPOHHOM TEOpuu
KaK pe3ysibTaT pacUIeIUIeHHs] YacTOThl KOJeOaHWs B aroMe€ YNPYro CBSI3aHHOTO
AJIEKTPOHA W JIMIb BIIOCIEACTBUU, Ha OCHOBE KBAHTOBBIX MPEACTABICHHUM, ObLI
MCTOJIKOBAH €CTECTBEHHBIM 00pa30M KakK pe3yJbTaT paclielieHus YPOBHEHN SHEPIHH.

JInsi MHOTHMX CHEKTpPajbHbIX JMHUK pACIICIUVIEHUE B MArHUTHOM MOJE
uMeeT Oosee CIOXKHBIM  xapaktep. O@dekr 3eemaHa, BBIPAKAOIIMICT B
MHOTOKPAaTHOM PaCILEIUIEHUH CIEKTPAJIbHBIX JIMHUM, HOCUT HA3BaHUE aHO M all
BPHOTO WIH CIOXHOTO.
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uiekTpoHHast Teopus Jlopenua. IIpocroii 3¢ppext 3eemana.

B cayudae mnpoctoro »sddexra 3eemaHa YUCIO KOMIOHEHT paCIlEIICHHUS,
CMEIIEHUE YacTOT CHEKTPaJIbHBIX JMHUH W XapakTep MOISpU3aALUU  U3IIyYSHUS
JIOCTAaTOYHO TIOJIHO OOBSACHAIOTCS C TOMOIIBIO KJIACCUYECKOM  3JIEKTPOHHOU
teopun  Jlopenma. B Teopum = H3IydyeHHME MOHOXPOMATMYECKOIO CBETa
paccMarpuBaeTCs ~ Kak ~ pe3yapTarT  ABWIKEHHS  JJIEKTPOHA 1O  IPOCTOMY
rapMOHMYECKOMY 3aKOHY, T. €. IOJ JECHCTBUEM KBa3WyIPYrodl CUJIbI, & WU3MEHEHHE
W3JIyYeHHUs] 107 JEHCTBHEM MAarHUTHOIO IIOJNSI — KAk CIEICTBUE HW3MEHEHUS
XapakTepa JABM)KEHHUS DJIEKTPOHA M3-3a MOSBICHUS J00aBOYHON CHJIBI MArHUTHOTO
BO3JICUCTBUS HA JBUKYIIANCS SJICKTPOH.

Paccmorpenue IIPOCTOTO apdekra 3eemaHa B KJIACCUYECKOM
ANIEKTPOIMHAMHUKE OCHOBBIBAETCS HA PA3jOKEHUU OpPOUTAIBHOTO  JBHKEHUS
AJIEKTPOHA HA JBa JIMHEHWHBIX TApPMOHUYECKHUX KoeOaHUs noT[ JIBYyM B3aUMHO

NEPIICH/IUKYIISIPHBIM HAMPABICHUSM, T. €. CO CIOBUraM (az Ha 5 , 4acTOTOH Vo

u ammmatynoi Eo (puc. 2.1), u3 KoTophIX mepBoe KonebaHue £, coBeprraercs

- —

BIOJIb HAJIAaraéMOT0 BHCIIHEIO MArHUTHOTO  MOJS H , a npyroe E, -

HepIeHIUKyIsipHO om0 /. B cBoro  ouepenp, KOMIOHEHTY £, MOXHO
paccmarpuBarb  KaKk  pe3yabrar  JIByX PAaBHOMEPHBIX U IIPOTUBOIIOJIOXKHO

E

o t
HaITpaBJICHHBIX KPYTOBBIX JABHUXKCHHUU C OJWMHAKOBBIM paapycoMm r=— H

4acTOTOM V¢ B INIOCKOCTH, MEPHEHANKYISPHON HAITPABICHUIO UHIYKIIMM MATHUTHOTO
nomst H .

[Ipy HaNOXXEHUM BHEIIHEN0 MAarHUTHOIO IO HA JBWXKYILIUMKCS JJIEKTPOH
nencTByeT qodaBouHas cuia Jlopenna, paBHas:

F; =—e[UB] (3.1)

IJe € — 3apsi JJIEKTPOHA, U — CKOPOCTh €ro JBHKEHUS, §=u0[_17 -
MarovuTHass HWHIYKIHWA. I[eﬁCTBHe MAarovuTHOIO II0JIA Ha MPOAOJBbHYIO KOMIIOHCHTY
l_i': OTCYTCTBYET, IOATOMY TapMOHHMYECKOE KoJieOaHHWE BIOJb TOJIA OCTaeTCs
HCU3MCHHBIM M COXPAHACT ICPBOHAYAJIIBHYIO YaCTOTY Vo. I[eﬁCTBHe KE MArHuTHOI'O
noms H Ha KpyTrOBO€ JIBIJKCHHE B IUIOCKOCTH, TEPIICHANKYJISIPHON H , Oyzet

PUBOJUTH MPU MOCTOSHHOM paguyce OpOUTHl K M3MEHEHUIO CKOPOCTH BpaIleHUS
DIIEKTPOHA.
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Z

Puc.3.1. Pa3noxeHue TUHEHHOrO ABHIKCHUS HA IBA KPYT'OIMOJIAPHU30BAHHBIX BPAIICHUA C
IMPOTHUBOIIOJIOKHBIMHA Q)aBaMH

YciaoBue MeXaHUYECKOU yCTOﬁqHBOCTH aroMa B OTCYTCTBHUC BHCIIHCTO
MAarouTHOIO I10JI IMMPpUMCT BU:

Ze?
M W3F = ————— (3.2)
dregr-

I7e O - KPyroBas 4aCTOTa JIEKTPOHA B OTCYTCTBHE MATHUTHOTO MOJIS.

IIpy HanoOX€HMM MArHUTHOIO MO LEHTPOCTPEMHUTENbHAS CHJIA  JUIA
KPYTOBBIX JBUKEHUN MU3MEHUTCS BCleACTBUE J00aBieHus cuiibl JIopeHia, 1 ycnoBus
MEXaHUYECKOM YCTOMYMBOCTH arOMa COOTBETCTBEHHO [UIsl IPABOTO M JIEBOTO
KpyTa OpUMYT BUJ:

MeWAF = M5 F + ety B, (3.3)

2 2
MeW7F = My — ey B,
e Wy U O; — KPYIOBBIC YAaCTOTHI JJICKTpOHA JIA IIPABOr0 M JICBOI'O
KPYI'OBBIX I[BI/I)KGHI/Iﬁ ITPpHU HAJIO’KCHUHW MAaIrHUTHOT'O ITOJIA.

JIuHEeWHbBIE CKOPOCTH JIBUYKEHUS 3JICKTPOHA COOTBETCTBEHHO:
Up =0pr

Ug =0gF
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MO3TOMY ypaBHeHUs (3.3) 3anuuiemM Kak:

7 eB 7
Wi —— 0y — 0 =0,

e (3.4)
., eB )
M7 +— 0y — O = 0.
1,
I/IX peﬂleHI/IH HNMCIOT BU/I.
f . 2
eB
Wy = + gl + | ——m| .
M 2mem0 |
_ 5 (3.5)
eB eB |\~
Wy =———Fmgafl +|—
2 Mg 20 |

Bennununa e/2m. =8,8-10° (B cucreme CH), eB/2m.=8,8-10°-B~102 ¢7' 1pu
[10JIIX HAlPSKEHHOCTH H~10°3. Mexay TeM w, Ul CIEKTpallbHbIX JIMHHH,
JexawMx B BUAMMOH M VIbTpaduOIeToBON 00J1acTsX CIeKTpa, UMeeT I[OPSI0K
BeJIMUMHBI 10 ¢, Cl1e10BaTeIbHO, BBINOIHIACTCS YCIOBHE eB/m. ~ wy. [Ipenedperas
10/l PAAMKAIOM YICHOM (eB/2mc.ey) 110 CPABHEHHUIO C |, U3 YeTbIpex pelueHuil s
JMHEHHBIX YaCTOT U3IIYUEHUS v, H v, UMEEM

1 [ e
Vp =V +——|—| D,
4\ m, | (3.6)
Ve = Vn _L'i.'g
T g e |

N3 snekTpoaMHAMUKKA M3BECTHO, YTO JBIKYIIMICS IO OpOUTE 3IIEKTPOH B
aTOM€ MOXKHO paccMaTpuBaTh KaK AUIOJIb — TAPMOHHYECKHM OCHMILIATOP. Takon
JUIOJb, OCHWJUIMPYIOUIMHA € OINpeNeNeHHON dYacTOTOM, MpeAcTaBiIsieT CcoOou
VMCTOYHUK MOHOXPOMATUYECKOTO M3JIyYEHUs TOW K€ 4YacTOThl. Eciim B OTCyTCTBHE
MAarHuTHOTO TOJS CHEKTPaJbHBIA  amnmapar HE3aBUCHUMO OT  HaIlpaBJICHUS
HAONMIOZEHUS B CIEKTpax MCIYCKaHUs WM  TONIOIIEHHS  OOHApyXUBaeT
HECMEILICHHYIO HEIOJIAPU30BAHHYIO CIEKTPAJIBHYIO JIMHUIO YacTOTBI Vo, TO IIPH
HAJOKEHUU MarHUTHOTO IOJI JBMIKEHUE CTAHOBUTCS CIIOKHBIM. COOTBETCTBEHHO
OyIeT CHOXHBIM M CIIEKTP HM3JIyYEHHs 3JIEKTPOHA: €r0 MOXHO IPEICTaBUTh KAk
COBOKYITHOCTb TPEX MOHOXPOMATHYECKUX BOJIH PA3IMYHON 4acTOThl — (Vo —AV ), Vo,
VorAv B Ppa3snuYHBIX COCTOSIHUAX IMOJSApU3alMU. BHemHee MarHuTHOE T1OJe
M3MEHSET XapaKTep NOJIAPU3ALNAN U3TyYCHHUS.
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B maruutHOoM noxe A npu HabiHJeHMM B HANPABIEHUH,
HEPHeHIHKYIAPHOM N0k (nonepeuslit sddexr 3eemana) B criekTpax W3ydeHus
M I[OITIOWIEHHS, CHIEeKTPalibHbli annapat odHapyAHBaeT TPUILIET — TPH JIHHEIHO

MO PU30OBAHHBIE CHEKTPATbHBIE JIMHMU! HECMELUEHHYK CHEKTPATbHYH THHHIO

[EPBOHAYATBHON YaCTOTBl vy, C FIEKTPUUYECKMM BeKTOpoM E, HalpasiIeHHBIM

BIOIb MAIHHTHOIO 1018 7, H JBE CMELUEHHbIE CIIEKTPAIbHbIE JIHHHH C YaCTOTAMHU

(vo—Av), (vo+Av) M 3ISKTPHYECKHM  BEKTOpoM £, [epleHIHKYIAPHBIM
MarHUTHOMY 1o f . PacctosHue Me® 1y KOMIIOHEHTAMH

Av;y =L.il H

dn\m. | ggc? _

(3.7)

C yderom cBsizu MO:—S > , BbIpaxkeHus (2.4 )ans marHetoHa bopa u cBs3u
c
0

HANPSHKEHHOCTH MarduTHOro nons H ¢ uagykuueid B B Bakyyme B=U H |
nepenuiineM ypaBHeHue (3.7) B cleayomeM BUujie:

I e
Av,=——B
ViT 4 m
l e Uy B
5ooL:2nAvL=—;B= ’;1 (3.8)

2th . Sh= 27(0_5(0

Taxk kak )h_ , TO B IIKaJIC JJIWH BOJH BCINMYHWHA

pacHICTUICHHs CIIEKTPAJbHBIX JIMHUN B MarHUTHOM TIOJIE BhIpaxkaeTcs (popmymnamu:

w 2
Or=1E0 (3.9)

KommoHeHTa MarHMTHOTO pAcHICTUICHUSI C HAMpaBJICHUEM KOJICOAHUH 3IieK-

TPUYECKOTO BEKTOpA E  Broms HANPABJICHUS] CUJIOBBIX JIMHWUWA MArHUTHOTO TTOJIS
H HasbiBaetcs T (mapanienbHON )-KOMIIOHEHTOM, @ KOMIIOHEHTBI C HarpaBieHU-

eMm KoneGanunii  E , TIEPIICHIUKYISAPHBIM MAarHUTHOMY TIOJTIO H -o (meprieHu-
KynﬂpHoﬁ)-KOMHOHeHTaMH. [To MHTEHCMBHOCTH T-KOMIIOHEHTa MPUMEPHO B 2 pasa
CWJIbHEE, YeM KaXKJasi U3 G-KOMITOHEHT.

OObsacHseMbIil AMEeKTpoHHON Teopueit Jlopenma mpoctoit addekr 3eemana
HAOJIOAACTCS JINIIb TSI OMHOYHBIX, TN «CHHTJICTHBIX), CIEKTPATbHBIX JIMHHM.

MarauTHoe paciieTuieHne OOJBITUHCTBA OTACIBHBIX CHEKTPATbHBIX JWHUN
MYJIBTUILIETOB (AyO0N€TOB, TPUIUIETOB U T.J.) B CIA0bIX MAarHUTHBIX TOJAX HMMEET
CIOXHBIN Xxapaktep. HaOmronaemblil 3(HEKT B 3TOM cliydae Ha3bIBAETCA CJIOKHBIM
(anomanbHBIM) 3¢ (dekToM 3eemana.

[Ipy 5TOM B CHJIBHBIX MAarHUTHBIX TOJSX CJIOKHOE paCIIeIICHHUE YITPOIIa-
€TCS W OTMEYAEeTCs MpPOCTOe paclieryieHne 3eemaHa (Tak Has3biBaeMblid 3 deKT
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[Tamena-baka).
AP deKT 3eeMaHa ¢ TOUKH 3peHHsS] KBAHTOBOH TCOPHH.

-

Bo BHEmHEM MarHuTHOM I10J€ B aToM C MarHUTHBIM MOMEHTOM [ IIPH-
oOpeTaer JOMONHUTENbHYIO SHEPIUIO:
AE=—(ji-B)=—w B-cos(u, B)=u_.B (4.1)
rae W= [lg — IPOEKLMS OJHOIO MarHUTHOTO MOMEHTA aTOMa Ha HalpaBJICHUE
momst B . Wmes BBHlY popMyny (2.10), 3anuiieM BeIpaXeHHUE 17151 SHEPTUU KaxK0-
IO TOJYpPOBHS:

E = E0+ AE = ED + ""BgBmJ? my = Jyd =1, =, (42)
rae Eg— SHEPIrusi YpOBHA B OTCYTCTBHEC MAarHuTHOT'O I10JIA.

Otcrona cinefyer, 4To YpOBHH C KBAHTOBBIM YHUCIIOM J PacUICIUISIOTCS B MArHUT-
HOM ToJie Ha 2J + 1 paBHOOTCTOAIIUX APYT OT Apyra NOAypPOBHEMN, TPUYEM BEJIMUUHA
pacIlIeIUIeHUs 3aBUCUT OT MHOXHUTeENs JlaHae g, T. €. MHTEepBajbl MEXy COCEIHUMHU
HOAYPOBHSAMH TIPONOPIHMOHANbHEL g¢ O E~ g . Takum 00pa3zoM, MarHUTHOE T10JI€ B
pe3yJbpTare paclleIUIeHUsl YPOBHEN CHUMAET BBIPOXKICHUE 110 ;.

Kpome 3T0TO, HEOOXOAMMO YYECTh, UYTO BO3MOXKHBI TOJBKO TAKHUE TEPEXOIbI
MEXKy TTOAYPOBHIMH, TPUHAICKAIIUMH Pa3HbIM YPOBHSIM, IPU KOTOPBIX BBIITOIHS-
I0TCS CIIEAYIONINE MTpaBujia 0TOopa Jisi KBAHTOBOTO YUCHA 1

Amy =0, tL 4.3)

OTMeTHM HOIYTHO, UTO KOMIOHEHTEI, coTBeTcTBYIoOIHe Am; = 0,
HAa3BIBAIOT M-KOMIIOHEHTaMH, a Amy =+ 1 — o-xomMuouenTamu. llpn
HabMOaeHHH NepnerfuKyAApHO MAarHMTHOMY IIOJIO IIPHCYTCTBYIOT
¥ 7- ¥ o-KoMnoeeHTh!. lIpu HabGmiogenum ke 6dolvy MarHUTHOrO
IOJA T-KOMIIOHEHTHI MCYe3ai0T, OCTalTCH TOABKO G-KOMIIOHEHTHI,

YJacToTH ( 3eeMaHOBCKHMX KOMIIOHEHT CIOEKTPaJbHOM JNHHHH C
4acTOTOH ©y oIpegeadoTca (GopMynoi

(o _E +ﬁ‘&b3 _5 +EM1 _ L5 ;El A ;%=mﬁ+ﬂmn- (4.5)

CornacHo (4.2), A® - 3¢eMaHOBCKOE CMEIICHHE OTHOCHTEIBHO HECMEIICH-
HOW JINHUH ®:

Aw = (mqogs — m1g1)00g, (4.6)

rae Benu49nHa dwg = pupB/h, ee HABBIBAIOT LOPEHYEELIM CMEWCHUEM.
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[TomyuyeHHOE METOOM KBAaHTOBOW TEOPHM BBIPRKEHUE ISl JIOPEHIIEBA CMeEIIe-
HUs O()) MONHOCTHIO COBIANAET C BHIBEJCHHBIM PaHEE C MOMOIIBIO AJIEKTPOHHOM
teopun Jlopenua BeipakenueM (3.8).

IIpocroii 3¢ppexT 3eeMaHa ¢ TOUKH 3peHUS] KBAHTOBOW TeOPHH.

Kak roBopmiocs BbIIIE, Tak Ha3bIBAIOT A3(EKT, B KOTOPOM CIIEKTpaIbHAS JIMHUS
pacuieTuIsieTcsl Ha mpu KOMIIOHCHTHI (ITPU HAONIOIEHUN TEPIICHIUKYIIPHO MarHUT-
HOMY TIONTI0). IIpocmoii Ighghexm npucywy cnekmpanbHboIm JTUHUAM, HE UMEIOWUM
MOHKOU cmpyKmypbl. DTH JTUHUM BO3HHUKAIOT MPH TEPEXoaX MEXITy CHHIIICTHBIMU
ypoBusimu (S =0,J = L; m; = my; g =1). [loatomy dopmyna (4.6) npuHUMaET BU/L:

Am = Amy - w0y, 4.7)
rae Amy = 0, £1, T. e. BO3HMKAIOT, feHCTBUTEAbHO, TPH KOMIIOHEH-
Thi, 3eeMaHOBCKOe CMeIlleHHe HOTOPBIX

Aw = dwg, 0, —dwg. (4.8)

Ha puc. 4.1 nokaszaHo paclienieHie ypoBHel s nepexona 'P—'S.
B=0 B#0 e B#0 L
. +1 B=0
1 ""—< 3 b, \,ﬂ" ?
-2

Wy, o T O© o S - T

¥ y
1 G ¥ L +é
JS[I H \ ) 1 ! "‘1
SR8

[ e\
W—A® Og+A®

Puc. 4.1 Puc. 4.2

B orcyrctBue nons (cieBa) HaAOMIOMAETCS OfHA JIMHUSL YacTOThl M. [Ipu BKIIIO-
YCHHUH T0JIS1 BO3HUKAIOT TPU 36€MaHOBCKHE KOMIIOHCHTBI, B COOTBETCTBUHU C (4.8).

Bosee cioXHBIN cilyyaii mokasad Ha puc. 4.2 g nepexoga 'D—'P. Dror nepe-
XOJl UIMEETCs B aToMe pTyTU 6'D;y — 6'P), Ipy 3TOM M3/1y4aroTCsi KBAHTHI CBETA C I -
HOM BOJIHBI A=579,066 HM.

Ha mepBbIif B3I MOXKET MOKa3aThCsl, YTO TIEpBOHAYAIbHASI JIMHUS JOJDKHA B
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3TOM CIJIy4ae PacIIeNuThCS Ha CeMb KOMIOHEHT. OJTHAKO Ha CaMOM JIeJie TIOTy4aeTcs,
Kak ¥ B MPEAbIAYIIEM CIIydae, JIUIIb TPU KOMIIOHEHTHI: JIMHUS C YaCTOTOU ) U JIBE
CUMMETPUYHO PACTIONIOKEHHBIE OTHOCUTENBHO HEe TMHUH C YaCTOTaMH My + d®o. ITO
OOBSICHSETCS TEM, YTO ISl MATHUTHOTO KBAHTOBOTO YHCIIA M; TAK)KE UMEETCS TIPaBH-
J0 0oTOOpa, COMTaCHO KOTOPOMY BO3MOXKHBI TOJIBKO TaKHE MEPEXObI, MPH KOTOPHIX
KBaHTOBOE YHCIIO M; JITOO OCTAETCS HEM3MEHHBIM, INOO N3MEHSETCS Ha CTUHUILY.

OnbIT MOKa3bIBAET, YTO 3TU KOMIIOHEHTHI MOJISIPU30BAHBL. XapakTep MoJisgpu3a-
IIMU 3aBUCHUT OT HampasiieHust HaOmronenus. [Ipu nonepedyHom HabmoneHuu (T. €. pu
HaAOIOZCHUH B HAIIPaBJICHUH, EPIECHAUKYISIPHOM K BEKTOPY H ) CBETOBOM (3JIEK-
TPUYECKHI1) BEKTOp HECMEIICHHONW KOMITOHEHTHI (€€ HA3bIBAIOT T-KOMITOHEHTOMN) KO-
nebnercs B HaNpaBJICHUH, MMapaJJICIbBHOM BEKTOpY H, a B CMEIICHHBIX G-KOMIIOHEH-
Tax— B HaIpaBJICHUH, TICPIICHANKYISIPHOM K H (puc. 4.3, a), Takum 00pa3oM B
JTAHHOM CITy4ae BCE€ TPU KOMIIOHEHTHI MOJIIPU30BaHbI JIMHEWHO. [Tpu npomonsHOM Ha-
OJIO/IEHUU TOITYYaroTCs TOJIBKO JIB€ CMEUICHHbIE G-KOMITOHEHTBI, a T-KOMIIOHEHTA 1C-
ye3aeT. OOe MoJIspU30BaHbI MO KPYTy: CMEIICHHAs B CTOPOHY MEHBIIUX YacTOT —
IPOTHB YacOBOM CTPENIKH, CMEIIEHHAs! B CTOPOHY OOJBIIMX YacTOT — IO YacOBOI
ctpenke (puc. 4.3,0).

» H
2) ] —
i
& bdy &
ty=dey ah*dey
OH
1 (O O
wy=day Lip+d iy

Puc. 4.3

OrnessM B JUIMHAX BOJH DachielIeHHe OA COEKTPAJBHOH JHHHH
= 550 EM B cayuae mpoctoro acdderra 3eeMaHEa B MarEHTHOM
monte ¢ mEAyxknueir B = 10* I'c (1 Txa).
Taxk kax A = 2nc/w, TO

2ne

51.:-—2" ﬁ'm'g.
o

Ilonaras, 4ro &y — JOPEHIEBO CMelneEHe, papHOe COrJIacHO
(4.6) upB/h, momywumM:

=20 4
sh= 2 BEE _55.100)2 092710 10
2nch 2n:-3-10".1,054-10"

=14-10"% en = 0,014 BM.
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Kak Buaum, pacuiemieHre BecbMa Majio Jake MpH 3HAYUTEIbHOM BHEIIHEM
MarHUTHOM II0JI€, MOATOMY ISl OOHApy>KEHHsI TaKOTrO pacIICIIEHUs HeO0OXOIUMBbI
CHEKTPOMETPHI C BBICOKOM pa3zpenaroneil CnocoOHOCTHIO.

Caoxnblii 3¢dexT 3eemana.

Tax Ha3bIBatOT AP (DEKT, KOTrNa CIeKTpaibHAs JIUHUS OT UCTOYHHKA B MATHUTHOM
noJie, pacIeruIsieTcss Ha YHUCI0 KOMIOHEHT Oojiee TpeX. DTO CBSI3aHO C 3aBUCHUMO-
CTBIO pacCHICIUICHHs] CAMUX YpOBHEW OT MHOXkuTeNs Jlanae g kak BujgHO u3 (4.2), T. €.

B KOHEYHOM CUETE C HAJUYUEM CHUHA DIEKTPOHA U €r0 YIBOCHHBIM MarHETH3MOM.
[Ipu oObsicHeHuu ciioxHOTO 3Pdekra 3eemana OyJeM UCXOAUTH U3 MPEANOI0KEHHUS,
4YTO UMEET MECTO HopmanvHas ceazb L-S (cBsi3b Peccenb-Caynaepca). 910 moarsep-
KJIAaeTcsl AKCIepUMEHTaIbHO. boree moapoOHBI XapakTep pacuieruieHusl ypOBHEU
(ecTecTBEHHOE U 3€€MaHOBCKOE) M BO3MOXKHBIE MEPEXO/IbI MEXKITY HUMH TTOKa3aHbI Ha
puc. 4.4. CneBa Ha TOM PHUCYHKE IOKa3aHO €CTECTBEHHOE paclIeIieHUe (TOHKas
CTPYKTYpa, KOMIOHEHTBI A; M A, ) B OTCyTCTBHE MarHHTHOTO Tons. CrpaBa —
36€MaHOBCKOE paCIIEIUICHHE B MAarHUTHOM I0JIE ¥ BO3MOXHBIE IO MPaBHIIy O0TOOpa
(4.3) nepexonl.

B=0 B+0 m, g
/ +3/2
+1/2
Ba \ 12 /3
-3/2
i +1/2
IPu: - -1/2 2/3
=
Ay Aq o . o W T
1Y ] ¥ |F +1/2
E L ] 1r - : 2
113 N ¥ S S S
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3aMeT#M, YTO NPH HAJIMYKMH MarHUTHOTO IIOJIA IIEPBOHAYAJIbHAA
JMHAA B JAHHOM ciydae oTcyTcTByeT. Bmecro nuamu 2Py, — 28,y
HOABIAIOTCA YeThipe 3eeMaHOBCKHUX KOMIOHEHTHI, CMEIleHuA KOTO-
peix Aw = (+2/3, +4/3)80y. Bmecro ke munun 2P3,y — 28, moAs-
JAITCA 1IeCTh 3€eMAHOBCKMX KOMIIOHEHT, CMEIeHHMA KOTODPBIX
Aw =(x1/3, £3/3, +5/3)8w,.

Cnoxupldl saddexkT 3eemana nsabnogaerca B cnaboM MarHUTHOM
HOJe, KOIZa 3eeMaHOBCKOe pacllellIeHHe CIeKTPaJbHBIX JHHHH
MAaJIo II0 CPABHEEHIO C MHTEePBAJOM MeXKAy KOMIOHeHTaMH TOHKOMH
CTPYKTYDPBI (T. €. II0 CDABHEHHIO C PA3HOCTBIO Ay — Ay HA Puc. 4.4 ).

Kaxo# apdexT 3eemana B cnaboM MarHUTHOM Iioje (IIPOCTOM MK
CJIOMKHBIH) OyneT MCNBITHIBATE JaHHAas CIIeKTPaibHadA JHHHA — cpa-
3y OTBETHUThL Ha 3TOT BOIPOC He BCETrJa BO3MOMKHO.

Jdddexr Ilamena—baxa. B cunbHOM MarEuTHOM Ioje (ApPyrou
KpallHu# caydai) CBaA3h MexkIy momeHTamu M; m Mg paspriBaer-
cA, ¥ OHH BeAYT cebsi N0 OTHOLIEHHIO K MATHHUTHOMY IIOJII0 HE3aBH-
CUMO JpPYT OT Apyra. B 5TOM cayuae JAONONHHUTENLHaA HHEPrud,
CBASAHHAH C MX MAPHUTHBIMH MOMEHTAMH, ONpelieIfeTCsd Kak

AE = pgBmy + 2pgBmg = pgB(my + 2mg). (4.9)
Ho3BoNeHHBIe IIepexXoibl COOTBETCTBYIOT NpaBHaaM orfopa
Amy = 0‘, il, ﬂ.m‘q = 0. (410)

B pesyiabTaTe BOSHHKAET HOPMAJABHLIH 3eeMaHOBCKMH TPHILIET, CXe-
MATHYECKHM TOKAa3aHHBIA Ha Pyc. 4.5
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B= B#ﬁ ml. ms m;+2ms
’P 7 +1 +1/2 +2
/ 0 +1/2 +1
ﬁ;m 1 F1/2 0
w \\ 0 -1/2 -1
21 29 sup

Y L) ¥

G 1t ,f_r—‘q__*L_____ 0 +1/2 +1
12 ., 1? [ ¥ 0 -1:’2 5

R TR
Do ﬁﬁn-&?ﬂﬂ Dy mﬂ+ﬁ&)ﬂ

Puc. 4.5

Ecnu B cHNIBHOM MATHUTHOM IOJIe MAUHHTHOe pacHiellJieHHe JTu-
HHUH OKasblBaeTcd 00JIbIIe TOHKOIO pacIenyieHHdA, TO 3TO 3HAYMT,
uyro M HabnionaeMm abpderr Ilamena—bBaxka.

Taxum ob6pasoM, yBeIHYMBAA MHAYKIWIO B MarHUTHOrO mos,
MBI OyneM HaOMOAATH CHAYajla TOHKOE paclieljieHHe JUHUHU (IIpu
B = 0), sarem cioxubeI# stdhderT 3eemana (MHOXKECTBO KOMIIOHEHT)
¥ HAKOHEN, OPH CUJILHOM IIojle — OpocToil addekT (TpUILIET).
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IKCIIEPUMEHTAJIBHASA YACTD.
Annaparsas yactb. [Ipudopsl u 00opynoBanue.

JlaboparopHasi paboTa BBITIOIHSIETCS HA KOMOMHUPOBAHHOM Y4EOHOM KOMILJIEK-
ce O®KJI-24. YueOHblii 1a00paTOPHBIN KOMILJIEKC MPECTABISIET COOOH JEHCTBYIOIIYIO
MOJIeb, (PYHKIIMOHAIBHO HE OTIIMYAIOIIYIOCS OT CBOEro 0a30BOro HayyHOro MpPOTO-
tuna. KoHCTpyKTUBHO CTeH[ cOCTOUT U3 AByX moayneil: OCBETUTEJIA, conepxa-
niero cnekrpainbHbie amibl 1 BJIOKA YITPABJIEHUSA, dopmupytomiero neodxonu-
MbI€ HAIPSOKEHUS 711 TUTaHUs JIaMIT U TeHepupyroiero nzoopaxenue Ha VGA BbI-
X0JIe TIprudOpa AJisl €ro Mojaud Ha MOHUTOP.

B nanHoit paboTe 3eeMaHOBCKOE pacIISIIICHUE U3y9aeTCsl Ha CIIEKTPAIbHBIX JIH -
HUSX aTOMOB PTYTH. B ciekTpax 3THX aTOMOB UMEETCS CUCTEMA CUHIVIETHBIX U TpPH-
TUICHTHIX JIMHHM, 9TO TIO3BOJISIET C OJHUM MCTOYHUKOM M3ydaTh Kak MPoCTor A PexT,
TaK U CIOXHBIN 3QdexT 3eemana.

[IpuHnMnuanbHas cxeMa omnbITa u300pakeHa Ha puc. S.1.

D2 D2

M
OIS0

<>

Sp

Puc. 5.1. Cxema onbita ajs usyuenus 3¢ dexra 3eemaHa.

Hcrounuk cBera pryTHas raszopaspsanas jamna JIPCk-125 (L) nmomermaercs
MEXy MOJI0cCaMU AIEKTpoMarHuToB-apoccenerd D1 u D1, npomyckanue Toka uepes
KOTOPBIE B UMITYJIbCHOM PEXUME AT HEKOTOPOE MArHUTHOE IOJIE B 3a30p€ MEXKIY
HUMU. Pabota ontruyeckoil yactu (JIMH3bI-KOHJEHCOpA U IJIOCKOINapasieNbHOM Tuia-
cTuHbl N) 3aMEHSeTCS MOJEbI0 QoTonpueMHuKa SP, MakcumallbHass 4yBCTBUTEIb-
HOCTb KOTOPOT'O MU3MEHSETCS B 3aBUCHMOCTH OT IIOJIa4¥ HA HErO PAa3JIM4HOIO Hamps-
KCHUS CMEILEHMS, YTO IO3BOJISET PA3BEPHYTH CIIEKTPOrpaMMy IIO JUIMHE BOJIHBI U
HOJYYUTh 3aBUCUMOCTh UHTEHCUBHOCTHU CIIEKTPaJIbHOW JIMHUU | OT AJIMHBI BOJHBI A:
I=I(A). Hanpspkenne Ha poTonmpreMHHKE yKe MPOTPayHpOBAHO B IJTMHAX BOJIH.
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[Tynst ynpasnenus conepxxut asa nepekiirouaresiss «KCETby»: ananorosas yacte u
uugpoBas yactb. B Hayane paboThI clielyeT BKIIOUUTh UCTOYHHUK CBETAa — PTYTHYIO
ra3zopaspsaHyro Jjammnbl, ucnonbdys nepekitouaresb «CETh. AHAJIOT'OBASA
YACTby. [locne 3 — 5 MUHYTHOrO MporpeBa JiaMIbl BKIOYaeTcs udpoBas 4acTb
uenei nuranus npudopa HaxxkarueM kinaBuin «CETh. HUO®POBAS YACTH VGA».
OTO cHeNlaHO ISl MCKJIIOYEHUS BIUAHHUS Mapa3WTHBIX MEPEXOAHBIX MPOLECCOB BO
BpEMsl BKJIFOUEHUS JIaMITbl HA MUKPOIPOLIECCOPHYIO CUCTEMY YIpaBICHUS Y4eOHOMU
YCTaHOBKOM.

OKCIIEpUMEHT COCTOUT U3 JBYX 4dacteid. [Ipu momomu MHOTO(YHKIIMOHATBHBIX
kHonok «PEXXUM PABOTBI/BbIBOPy, pacnionoxeHHBIX Ha MepeaHeit maHenu 1abo-
pPaToOpHOTO MOMYJISI HMMEETCS BO3MOXHOCTH BBIOpaTh HEOOXOAMMBIA OMBIT: 1)
EXPERIMENT N1 «HOPMAJIBHBII D®PEKT 3EEMAHA», ITEPEXO]I
6D—6P; 2) EXPERIMENT N2 «AHOMAJIbHBIN DODPEKT 3EEMAHA», ITEPE-
XO 7S—6P

JInst Hayanma 3KCIEepUMEHTA OCTaBbTE nepekirouaresb «JIJAMITA» B nonoxeHne
«PTYTHAS», Brmounte HUOPOBYIO UACTH VGA, BbiOepuTe MHOTO(YHKITHO-
HanpHOU KHoOmNkoM «PEXXHMM PABOTDBI. BBIBOP» miianupyeMblii 3KCIIEpUMEHT
(mepeBenuTE Kypcop HA MOHUTOpPE B COOTBETCTBYIOLIEE MOJOKEHUE), U HAUHUTE Ha-
6op cnekrpa, HaxkaB kiaBuiry «ABTOCKAH». IlepekitoueHre MarHuTHOTO MOJIs B
onbiTe ocymectrisiercss HaxarueM KHONku «PEXXUM PABOTBI. T1OJIE», ckanupo-
BaHHUE CTEKTpa mpoBoAuTcs ¢ nomolbio kHomok «JJJIMHA BOJIHBI»/ABTOCKAH.
[Tpu s3ToM Ha VGA MOHUTOpE O0TOOpa)karoTCsl BCE YCTAHOBJICHHbBIE M U3MEPEHHBIE T1a-
pametpsl. YaepxkuBanue kHomnok «JJJIMHA BOJIHBI» no3BosisieT miiaBHO CKaHUPO-
BaTh BECh CIIEKTP B 3apaHee MpeyCTaHOBICHHOMN 00IacTH AJisi JaHHOW JJIMHBI BOJHBI
U TIOJIyYUTh CIEKTPOTrpaMMbl UCTOYHHKA H3JIy4YeHUs] B OTCyTcTBUE mnossi B=0, mpu
nosie B=0,7 Tn u npu none B=1 Tu.

Hopmanbhsiil 53gdext 3eemana uzydaercst Ha AauHe BOJIHbI A=579,066 HM, U3I1y-
garommii nepexox 6'D, — 6'P; . Tak Kak mepexof OCyIeCTBISAETCS MEKTY CUHITIET-
HBIMHM YPOBHSIMH, B MarHUTHOM T0JI€ Mbl HAOJI0aeM paclIeIUIeHHe, COOTBETCTBYIO-
niee npocromy 3hdexty 3eeMana, cxeMa paclleruieHHs] KOTOPOTo MoKa3aHa Ha puC.
4.2. CriekTporpaMmmsbl, Mojiy4aemMbie B JAHHOM SKCIIEPUMEHTE Ha TJaOopaTOpHOM ycTa-
HOBKE B OTCYTCTBUE TOJISI U IPU HAIMYUE MAarHUTHOTO T0JIsA, TIOKAa3aHbl HA puUC. 5.2.
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Puc. 5.2. Cnexrporpamma nunuu 579,066 um B orcyTcTBUe noiss B=0 a); 3eemanoBckoe
pacliuerieHue Tou ke JuHuM 1pu none 1 T 6)

B oTcyTcTBUE MOJI HA CIEKTPOTpaMMe HaOIIOAACTCSl Pa3MBIThIM IITUPOKUHN MUK,
¢ eHTpoMm A=579,066 um. IIpu BKIIFOUEHUH MAarHUTHOTO TOJISI TIOSIBJISIFOTCSI TPU TTHKA,
COOTBETCTBYIOIIME 3€eMaHOBCKOMY paclleryieHuto. Paccunras rpaguiecku mojoxe-
HUS STUX THUKOB Ha CIEKTpOrpaMMe W OIEHUB SKCIIEPUMEHTAIbHOE CMEIICHUE
W= -9 OTHOCUTEIILHO HECMEIIEHHOMN JIMHUU ¥y MOXHO OMPENETUTh Mo (hopmyIie
(4.8) 3HaueHne MarHeToHa Oopa [, a 3aTeM, commacHo (2.4) paccuuTarh yAelbHbBIN
3apsin onekTpoHa. Ilpu pabore ¢ MHAMH BOJIH, CIEAyeT YYHUTHIBaTh, 4YTO

27cC —2T7C .
A="("; OA=—"5—0m u npu pacuerax cieyeT MoJb30BaTbCs (POPMYIIOii

W
(3.9) n1g TOPEHIIEBOTO CMEIIICHHUS.

AnomanbHbIN 3P dekT 3eemMaHa HaOIIOJACTCS Ha 3€JICHON JIMHUU PTYTH JUTMHOU
BOIHEI 546,074 M, popMmupyeMoii nepexogamu 7°S,— 6°P,.

B cnmaboM MarHUTHOM I0JI€ BEpXHUN ypOBEHb pacHICTUIIeTCs Ha 3 MOMYpPOBHS,
HIDKHUM HAa 5 MOJYPOBHEW B COOTBETCTBUU C KBAHTOBBIM UHCIIOM M; MPOEKLIUH MO-
MEHTa UMITyJbca aroMa. Cxema paculeryieHus B IaHHOM CJIy4ae U BO3MOXKHbBIE TEpe-
XOJIBI C YYeTOM TpaBujI 0TOOpa mokazaHsl Ha puc. 5.3. [lepexoq m=0 — m;=0 coot-
BETCTBYET HECMEIICHHOW JTUHUU Ao =546,074 HM.
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a) 0) B#0
mj—l
B=0
7381 m;=
L=0, J=1, g=2
m;= -1
2=546,074 um
' m;= 2
3 ' ' m;= 1
L=1,J=2,g= =
2 2 2
6°P; ' Y )' Y m;=0
-
' ' m;= -1
' m;= -2

Puc. 5.3. Cxema niepexona 7°S;— 6°P, 3eneHoi muHuM pTyTd 546,074 HM B OTCYTCTBHE
MarHUTHOTO TOJIS a); PACIIEIUIEHHE SHEPTETHUECKUX YPOBHEN B CIa0OM MarHMUTHOM T0J1€ 0).

Takum oOpa3oM, ¢ ydueToM npaBui oToopa (4.3) nonydaem 9 kommnoHeHT. Dop-
MyJa (4.6) u quarpaMma nepexojioB puc. 5.3 0) MO3BOJISIET TEOPETUUECKH PACCUUTATh
MOJIO)KEHUE 36€MaHOBCKUX KOMITOHEHT OTHOCUTEIHHO HECMEIIEHHON JIMHUHM U CpPaB-
HUTH UX TMOJIOKEHHUE C DKCIIEPUMEHTAIBHO HAOII0IaeMbIMU Ha CIIEKTPOrpaMMe MUKa-
MHU. DKCHEPUMEHTAIbHOE CMEIIEHUE TOTO WJIM WHOTO KOMIIOHEHTa OyleT ompeje-
JAThCST Kak Ahg=A"-Ao , TAC A¢ - HECMCILICHHAS JTUHHUS, COOTBETCTBYIOIIAs MEPEXOTy
m=0 — m;=0, A" - mono’xeHre TaHHOTO TMHKa Ha CreKTporpamme. TeopeTnyecku aa-
BaeMblii  pe3ynbTar  moiaydaercs w3 dopmynsl  (4.6) ¢ 3aMeHOH

27cC —2T7cC

A==0C ="

2
W

Al=(m2g2—mlgl)-Oh= M,-f A-(m2g2—mlgl) (5.1

rae m2, ml — KBaHTOBBIE YKCJIAa M; COOTBETCTBEHHO BEPXHETO 7°S, ¥ HIKHETO
6°P, ypoBHEli, KOTOPBIE, COIIACHO AUArpaMMe PUC. 5.3 6) MOTYT NPMHUMATH 3HAYe-

Hug m2={1,0,-1}, m1={2,1,0,-1,-2}; g2=2, gl= % - (akTopsl JlaHAE COOTBETCTBEH-

HO BEPXHET0 U HUKHETO YPOBHEM.
®opmyna (5.1) Takke MO3BOJAET M3 AKCIEPUMEHTA pacCUMTaTh 3HAYEHHUE Mar-
HeTtoHa bopa s, a 3aTteM, cornacHo (2.4 ) paccuuTarh yAEIbHBIN 3aps/l AIEKTPOHA.
CriekTporpamMmsbl Juid 3€J1eHOl tuHuU pTyTH 546,074 HM, omydaeMble Ha y4ueO-
HOM INpUOOpEe B OTCYTCTBHE MOJS M MPU MPUIOKEHHH CJIA00r0 MAarHUTHOIO MOJS,
IIPEACTABIIEHBI HA pUC. 5.4.
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Puc. 5.4. Cnekrporpamma 3esneHoit tuHuu prytu 546,074 um B orcytcrBue nosst B=0 a);
cioxHbIN AhdexT 3eemana 11 To ke uHuK npu moje 0,7 Ti 6).
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IMopsaa0oK BBINOJHEHUS.

1. Ilepen BKIIFOUEHHEM YCTAHOBKHM B CETh IPOBEPUTH LIEJIOCTHOCTH BCEX CO-
€IMHUTENbHBIX CUTHAJIBHBIX U CETEBBIX MPOBOJOB. Bce paboThl 1o mojkitoye-
HUIO KOMIUIEKCA K MOHUTOPY M OCBETUTENIO CIIEIYET BBINOIHATH TOJIBKO IMPHU
OTKJIFOYEHHBIX OT CceTH mpubopax. PazoOparbcs ¢ MPUHIMUIIMATIBLHBIMU OJOK-
CXeMaMH OIBITOB, B HA3HAYEHUH KHOIIOK, MepeKIIodaTesiell U pyuek npuodopa.
2. IloakIoYUTh OCBETUTENH K OJIOKY YIpaBIIEHUS, UCIOIb3ys COOTBETCTBYIO-
M€ MpOBOAA U3 KOMIUIEKTA, COeMUHUB BhIX0bl «JIAMIIA» ¢ cooTBeTCTBYIO-
IIUMHU BXOJJTaMH OCBETUTEIIS.
3. Iloakmaro4YUTh CTAaHAAPTHBIM MOHHTOP, uMeromuid VGA BXOA K BBIXOLY
«MOHUTOP VGA» yueOHOI yCTaHOBKH.

IMMPOBEJIEHUE OKCIIEPUMEHTA.

4. ITocraBute nepexntouarens «CETb. AHAJIOTOBAS YACTDL» Ha nanenu

yueOHoro moayns B noioxenue «BKJIy», nepexmtouarens «JIAMITIA» B nosno-

xeHne «PTYTHAS» npu 3ToM NOMKEH 3aropeTbCsl CUTHAIBHBIM UHAUKATOP

«CETb» u HauarbCsi AyroBOM paspsijl B CIEKTpaabHOW pTyTHOH Jamie. [Tocie

3 — 5 MUHYTHOTrO IIPOIrPEBa JIAMIIbI, BKIIOUAETCS [U(pOBas 4yacTh Lenen nu-

tanus npudopa Haxaruem kiaBui «CETh. IUD®POBAS UACTb VGA».

5. JlaTh yCTaHOBKE IIPOTPEThCs B TEUEHUE TPEX MUHYT U MOJOKIATh 3arpy3Ky

BCTPOCHHOM ONEPALIMOHHON CUCTEMBI.

10.IIpuctynuTh K SKCIEPUMEHTY IO M3YUYEHUIO HOpMaIBbHOTO 3(dekra 3eema-
Ha. [{ns1 aToro ¢ momomipio kHonku «PEXXVM PABOTbBI. BBIBOP» Bo16epu-
Te dKcrepuMentT 6D—6P «HOPMAJIBHBIN DDDEKT» (nepesenute Kyp-
COp Ha JUCIUIEE B COOTBETCTBYIOUIEE IOJOXKEHUE), U HAYHUTE HAOOp CHEK-
Tpa, HaxaB KHONKY «ABTOCKAH».

11. IlpockaHupyere CHEKTp B OTCYTCTBHE MarHuTHoro mnosust B=0, Haxumas
kHonku «JIJIMHA BOJIHBI» mu6o « ABTOCKAH». 3anuceiBaiite pesyiibTa-
Thl U3MEPEHUI B TAONUILy W MOCTPOiTe rpadMK 3aBUCUMOCTH UHTEHCUBHO-
cTu OT AjuHbI BOHBI [=I(A). CriekTporpaMmma JI0JbKHa UMETh BUJI, aHAJIOTHY -
HbIH puc. 5.2 a). [lociie okonyanus ckanupoBanus kHonky ABTOCKAH
HEe00X0IMMO OT:KATh.

12. Bkiitounte MarHuTHOE Mose, sl 3Toro Haxkmute kKHonky «PEXUM PABO-
TBI. ITOJIE». ITpu 3ToM ycTranaBnuBaercs 3Hauenue B=0,7 Tn.

13. IToBTopute . 11. Ha cnexkrporpamMme HOMKHBI MOSBUTHCS MUKHU, COOTBET-
CTBYIOIIIME HOpMaJIbHOMY 3 dekTy 3eemana puc. 5.2. 6).

14. PaccunTaiite 3KCHEPUMEHTAIBHOE 3HAYEHUE BEIWYMHBI JIOPEHIEBOTO CMe-
IIEHUS, OTHOCUTEIHHO HECMEIICHHON JIMHUU Ao JIJIS JIEBOTO U MIPABOTO MMHKA:

AN, =k, =Nl

A }\’n = | }\’n - >\’0|
7€ Ay, Ay - KOOPAUHATBI COOTBETCTBEHHO JIEBOTO M MPABOIo MUK, Ay — IO-
JIO’KEHHUE TIEHTPAIBHOIO MUKa (HECMEIIEHHOM JIMHUH).
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HaiinuTe cpenHee sSkcriepuMeHTabHOE 3HaueHHe JIOpEHIIEBOTO CMEIICHHUS:

o Ut

sKCenm 2

B
ITo dopmyne (3.9): O A, 2;71577”2 A°  paccunTaiiTe TEOPETHYECKOE 3Ha-
' c

yeHue JIOpeHIIeBOro cMeeHusl g JaHHOW JJIMHBI BOJIHBI U CPABHUTE pe-
3yJIbTATHI.

N3 (3.9) nerko moiayuuTh BhIpaKEHUE JJIsI IKCIEPUMEHTAIHHOTO HAXOX/IEe-
HUS 3HAUCHHS MarHeToHa oopa:

AN 2Tch
ME JKCII B)\.2 >

OKCII

a 3areM u3 (2.4) BBIUKUCIUTH HKCIIEPUMEHTAIBLHOE 3HAYEHHUE JJIS YIETbHOTO
3apsiia 3JIEKTPOHA:

e _ 2 ME JKCI
me JKCII h
. e
Paccuuraiite SKCIICPUMCHTAJIbHBIC 3HAUYCHUA Wg oken U H CpaB-

e [3kcn

HUTE TIOJyYCHHbIC 3HAYCHUS C TAOJMYHBIMU JAHHBIMH.

IToBTopute nevcteus mm. 12 — 18 g npyroro 3Ha4eHUss MArHUTHOTO TOJIA
B=1 Tn, ycranaBnusas ero kHonkoi«PEXXIIM PABOTEHIL. TTOJIE».
[IpucTynuth K U3y4EHUIO aHOMaJbHOrO 3dekra 3eemana. [ns sToro cie-
nyet ¢ momortisio kHonku «PEJXKMIM PABOTBI. BBIBOP» BeiOpars sxcniepu-
MeHT 7S—6P « AHOMAJIBHBIN DPDEKT» (mepeBeauTEe KypCcop Ha Juc-
IJIe€ B COOTBETCTBYIOIIIEE MOJOKEHHE), U HAYHUTE HA0Op CIEKTpa.
[IpockanupyiiTe CHEKTp B OTCYTCTBHE€ MarHUTHOro mnojs B=0, Haxumas
kHonku «/JJIMHA BOJIHbBD» nu6o ucnons3ys kHonky «ABTOCKAH». 3a-
NUCBIBATE pe3ybTaThl U3MEPEHUI B TAONMILY U MOCTPOITE TpaduK 3aBUCH -
MOCTH WMHTEHCHUBHOCTU OT JMHBbI BOdHBI [=I(A). Cnekrporpamma nomkHa
UMETh BUJI, aHAIOTUYHBIN puc. 5.4 a). [locie OKOHYAHUSI CKAHUPOBAHMS
KHONIKY ABTOCKAH Heo0XxonuMo 0TKaThb.

BxirounTe MarHuTHOE 1oJie, Juis 3Toro HaxxMmuTe KHonky «PEXXUM PABO-
TBI. ITOJIE». ITpu 3ToM ycTranaBnuBaercs 3HaueHue B=0,7 Ton.

[ToBropute m. 21. Ha criekrporpamMmme JOJIKHBI MOSABUTHCS MHKH, COOTBET-
CTBYIOIIIME aHOMalibHOMY 3¢ dekTy 3eemana puc. 5.4. 0).

[ToBTopuTe OnbIT 1 oia B=1 T

ITo dopmyne (5.1) u ¢ momoIIpO AUarpaMMbl puc. 5.3 paccuuTanTe Teope-
TUYECKHE 3HAYEHUS CMEIIECHHSI BCEX 9 KOMIIOHEHT OTHOCHUTEIBHO HECME-
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IIEHHON JIMHUM A9 U CPABHUTE PacueT C HKCIEPUMEHTAIBLHO HAOII0IaeMbIM
pacuiernenueM. M3 gpopmynet (5.1) 1ist ABYX — TpexX KOMIOHEHT MPOBEIUTE

e
pacyer JKCIEPUMEHTAIBHBIX 3HAYEHUU Wg sen U — . DKcnepu-
e [9KCII

MEHTaJIbHOE CMEIICHHE TOTO WJIM WHOTO KOMIIOHEHTa OyIeT OMpeIessThCs
KaK Aloken=A"-Ao, TIE A¢ - HECMEIIIEHHAs JIMHUS, COOTBETCTBYIOIIAs IEPEX0-
ay m=0 — m;=0, A" - NoJ0XKEHNE JAHHOTO NTMKA HA CIEKTPOTpaMMe.

26. Bamzy ocu Ox (ocu nnuH
BOJIH A) HENPEPHIBHO TI'EHE-
pupyercs crenuaibHas MeT-
ka (puc. 6.1). C nomouibio
METKH, TIOKa3aHui (HoToarT-
yuka U ¥ ykazareins JJIUHBI
BOJIHBI L= A Ha 3KpaHe MoO-
HUTOpPA MOXHO TOJYYUTh
CHEKTPAIbHYIO XapaKTepH-
cruky wusnyudenus U=U(L), " s7904  s1906  s7ops  s7r0 s
OIpEIENTE MTOJIOKECHUS boum B, T METKA»
LEHTpa MUKOB M WX IOJy- Puc. 1.1
HIUPUHBI (LIMPUHY Ha I0JIO-

BUHE BBICOTHI). MeTKka 1M03-

BOJISIET COIMOCTaBUTh KOOPJWHATHI JAHHOW TOYKMU CIIEKTPaJbHOM XapaKTepu-
CTUKHU CO 3HAYCHMUSIMU JUTMHBI BOJHBI A U HANPsHKEHHS Ha BBIXOJIE (OTOIATUMKA
U, MBICJIEHHO JOCTPOUB NEPHEHAUKYISIPBI OT «METKH» J0 OCEl KOOpJUHAT, U,
TaKUM 00pa3oM, CHITh CIIEKTPAIbHYIO XapaKTEPUCTUKY IO To4ukaM (puc. 6.1).

27. Tlo oxoHYaHUHU PaOOThI OTKIIOYUTH YCTAHOBKY OT CETH, IOCTaBUB MEPEKIII0Ya-
tenu «CETb» Ha naHenu yCTaHOBKH B MOJIOXKEHUE «BBIKJD) U BBIHYTh CETEBbBIC
BUJIKH U3 PO3ETOK.

B=1 Ta

220 -
200
180
160
140 =
120

100~

Hurencusuocrn, U, mB

80 =

60
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KOHTPOJIBHBIE BOITPOCBI.
Kakune BuabI CBSI3M CyHIECTBYIOT B CIOXKHBIX aromax? B ueM ux paznuuue?
Kakum oOpazom u asig yero BBOAMTCS NOHsATHE Tepma aroma? Yto OHO

Oo3HayaeT?

Y HEKOoTOporo aroMa 3HAa4€HUE pe3YJIbTHPYIOIETO KBAHTOBOIO 4YHCHA S
CIIMHOBOTO MOMEHTa paBHO 2. [Ipum »TOM 3HaueHHEe KBAHTOBOro uwucia L
PE3yIABTUPYIONIETO OpOMTaIbHOTO MOMeHTa paBHO 3. Hamwmcare Bce

BO3MOXHBIC TCPMBI.

KakoB ¢usndeckuil cmpicn «mpaBui oTOopa»? Bo3MoxkeH 5 B MPHUHIIMIIE

nepexon ¢ AL=2?

KakoBa cBsI3pb MAarHUTHOTO MOMEHTA C MEXaHHUYECCKHM MOMEHTOM KOJIWYECTBA

JABHXKXCHMUA aroMa? Uto Ha3pIBaeTCSA T'MpOMariuTHbIM OTHOIIIEHUEM?

[TomyuuTe Boipaxenue (2.4) mist maraeTona bopa.

[IpuBenuTEe COOTHONIEHUS MEXAY MOJHBIM MArHUTHHIM MOMEHTOM aroMa [ 1
MOJIHBIM MEXaHHUUYEeCKUM MoMeHTOM — M. UTo Takoe ¢akro Jlanae?

Yro HazpBaeTcsa mpocTbiM 3(pdexktom 3eemana. Kak ero oObscHsET
KJIacCHU4ecKast 3JIeKTpoHHas Teopust Jlopenua?

[IpocToit u cinoxHBIN 23PdeKT 3eemMana ¢ TOUKH 3pEHUS KBAHTOBOW TEOPHH.

10.C noMonibto guarpamMm puc. 4.2 o0bsICHUTE NOTy4aeMbl€ C TOMOIIBI0 YUYEOHOU

YCTAHOBKHU CIIEKTpOrpaMMbl JIMHUU PTyTU 579,066 HM B OTCyTCTBHE MOJS U

IIpU IMIPUITO0KCHUHN MAI'HUTHOT'O I10JIA.

11.C noMoripto quarpaMm puc. 5.2 00BSICHUTE TTOTy9aeMbIe C TTIOMOIIBI0 YI4EeOHOU

YCTAHOBKHU CIIEKTPOTPaMMBbI 3€JIEHOM JIMHUM PTyTU 546,074 HM B OTCYTCTBUE

IOJIA U ITPH HNPUITOKCHUKW MArHUTHOTO IT0JIA.

12.00bscHUTE TPUHIUITHAIBHYIO CXEMY dKCIIEpUMEHTa puc. S.1.
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Cxema 3HepreTH4eCcKHUX ypoOBHel aTOMa PTYTH.
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