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JIEKIINS 9

KBanToBasi pmnsmuka

Mps1 paccMaTpuBam aTOM B MArHUTHOM TIOJI€ W €r0 BJIUSIHUE Ha CIHEKTP W3/TyJIeHUSs .
Briepebie 9T mporecchl paccMoTpes 3eeMaH, TO9TOMY paclilellieHne YPOBHEH SHEPIUH B
MarHUTHOM I10JIe Ha3biBaeTcs 3pdekToM 3eemaHa.

B aTome Tak:ke CyIIeCTBYIOT BHyTPEHHUE MArHUTHBIE 1I0JIsI, KOTOPBIE TOSIBJISIIOTCS M3-
3a CIIMH-OPOUTAJILHOTO B3AMMOIEICTBHSA.

CrmH 3/IeKTPOHA B3aUMOJIEHCTBYeT ¢ OpOUTAIBHBIM JIBUKEeHNEM. Fcm opouTaibHbBIT
MOMEHT PaBeH HYJII0, TO 3TOTO B3aUMOJICHCTBUS HET.

Buernraue moJisg Jie/iT Ha CHUJIbHBIE U CJIa0bIe 10 CPABHEHUIO C BHYTPEHHUM.

Puc. 9.1.

Hanpumep, st aroma HaTpus HOJydaeTcss Takasl CUCTEMa YpPOBHei. 3a cder CIIH-
OpOHUTAILHOIO B3aMMOJIEHCTBYS, BOSHUKAET pacilellieHre Ha yposHe p. [louemy ke ypo-
BEHb p JIEXKHUT BBIIIE, YeM YPOBEHDb S, XOTs INIABHOE KBAHTOBOE YHCJIO Y HUX OIUHAKOBOE.
DHepPrus BOIOPOIOIOI00HBIX ATOMOB JOJIXKHA 3aBUCETH TOJIBKO OT HErO.

Puc. 9.2.

B s-cocrosinum, 371€KTPOH YacTh BPEMEHU MPOBOIUT BOJIM3U SPa, & JJIsd P-COCTOSHUS
Y-byuknus apyras. Ecu 371IeKTPpoH YacTh BPEMEHH TPOBOJUT BOIU3U SPa, TO JJIs HETO
Zsgd OKazbIBaeTcsd OOJIbIIE U3-3a TOrO, YTO 33 JAaHHBIM 3JIEKTPOHOM €CTb JPYyTHe, co3/a-
IOTIe TaKoe Ke 10 HAIIPABJIEHWIO JIeiCTBUE, KAK U S/IPO.

Zsapds (8) > Zsapar (P)-
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Jleknua 9. KpanroBas dusnka

['oBop#AT, 9TO YPOBHM PACIIECIIAIOTCH U3-3a SKPAHUPOBAHUS IJIEKTPOHAMU 3apsijia, 51
pa.

Puc. 9.3.

Torya ypoBHU HEPTHH IS S- U P-COCTOAHUSA OYIYT BBITVISIETD CJETYIONUM O0OPA30OM.

Puc. 9.4.

[Ipu orcyrcrBUM BHeIIHEro MOJIsd, HAOJIONAIOTCH XKEIThI jiymieT Harpud. VMenno
13-3a HaJIU4us J1y0JsieTa, BBEJIU MOHATHE CIUHA.

Tenepb moMecTUM aTOM B MarHUTHOE I10JI€, TOTJIa MOJIHBIN IMOTEHITHA Oy/IeT BBITJISA-
JeTh TaK:

U=Uy+Us, +USH +Upy.

Ecim nosie ciaboe (Usy < Usy), BHEIIHEE HOJIe JIMITb HEMHOI'O U3MEHUTh BHY TDEHHUE
yposuu. IIpu sTom sueprus

E = Ey — [iB = Ey + gapsJ B = Eo + gapism; B.

[Tony4aeTcd, 9TO 9HEPrUd 3aBUCHT OT HCTIA 1M, T. €. IPOCKIINH BEKTOpa j Ha BBIJE-
JIEHHOE HAaIIPaBJ/IEHNE, B JAHHOM CJIydae — Ha BEKTOP MarHUTHOTO 10/isd. VIMeHHO mosToMy
YHCIIO 1M HA3BIBACTCA MaTHATHBIM KBAHTOBBIM HCIIOM.

Ecm J = %, TO BO3MOXKHBI 4 MTPOEKITNN: %, %, —%, —%. Kazkiplit ypoBeHb pacIienuTcs
Ha 2J + 1 ypoBHs U IOJIyIUTCs Cieiyionast KapTuna. Beero 8 ypoBHeit, Me¥K 1y KOTOPBIMUI
MOTYT ObITH TIepexo/ibl. Ho TyT Hy»KHO yunThiBaTh npasuia oroopa. Ecim Aeer > Rar,
TO HEBO3MOYKHO CHJIbHO U3MEHUTH CTPYKTYPY U BO3MOXKHBI TOJIBKO JIUIIOIBHBIE TIEPEX0/TbI
El, . e. AJ =0,£1, Ams; = 0 (MarauTHBIE).

Torma, B cOOTBETCTBUY ¢ TTpaBUIaMi 0TOOPa, BO3MOXKHBI 10 miepexo 0B, T. €. 10 juHuii.
DTO Ha3bIBaeTCd CJI0KHBIM 3hpdekToM 3eemana. Paccrognue Me)ly BCEMH COCETHUMM
3eeMaHOBCKUMH TI0/Iy POBHSIME OJIMHAKOBO. Toraa, ecji BKJIIOYUTH I10JIe ¢ YaCTOTOM, COOT-
BETCTBYIOIIEH SHEPrUN MePEXo/ia MEXK Iy 3¢eMAHOBCKUMU YPOBHSIME, TO Oy/1eM HAOJIIOIATH
3JICKTPOHHBIN IHapaMalrHUTHBIA pPe30HaHC.
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Puc. 9.5.

Puc. 9.6.

Ha camom jiesie, B ciiaboM 110J1e, paciierienne oUeHb MaJIeHbKOe, CTPYKTYpa yPOBHei
Takas 2Ke.

Puc. 9.7.

Tenepn, ecsin MArHUTHOE TI0JI€ CUJILHOE, TO TOT/Ia MOXKHO UTHOPUPOBATH CIIUH-OPOUTAIBHOE
B3auMo/ieiicTBue. ['0BOPAT, UTO CIMH-OPOUTA/ILHAS CBSA3b Pa3pbIBaeTCsd. 10T/a dHEeprus
3aBUCUT OTJIEJILHO OT CIUHOBON M OpOUTALHON OpHEeHTAIMU. 10r/1a KapThuHa SHEPreTu-
YeCKUX YPOBHEN OyJ/IeT BLINVIAIETD TaK:

Puc. 9.8.

Kak paccunrars snepruio?
Yeqosus s cunbHoro nouist (Usy > Usgy).
DHeprus
E = Ey + g\psmiB + gipsmiB.

[Tockonbky gh = 1, g3 = 2, T0

E=FE)+ gAMB(mL + 2ms)7
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my+2m, = 2, ecotm my; = 1, my = =,

my+2mg =1, ecu my =0, my = 5, ur. 1.
[Tonyuaercs 5 ypoBHe#t jij1st p- 1 2 YPOBHS s S-OpOUTAJIN.
Terteps noiiMeM, CKOJIBKO TIEPEX0J/I0B BO3MOXKHO.

el

AE = Eg + ps(mug + 2mg) — Egr — ps(mun + 2mg) = Eg — Eor + ps(mg — mu),
—_—
Amy=0,+1

. HOJ’Iy‘IaeTCﬂ, 9TO BCEI'O BCEIO BO3MOXKHBI 3 JIMHUU.

Puc. 9.9.

Ha sToM MBI 3aKOHYNM nsydeHnne aroMa M IIPUCTYIINM K U3YyYECHUIO H,ILepHOfI (1)I/ISI/IKI/I.

9.1. dnepuas pusuka

IL.HH TOro, ‘{TO6bI IOJIYIUTDb (-9aCTUIIbI, MO2KHO IIOMECTUTHL BMeECTE pa;u/lﬁ 1 MUIIIEHU
(HampuMep aJIOMIHHUEBBIE), Ha KOTOPBIE Oy/IeT 0CaXKIaThest ra3oBast (asza — pajoH. DTu
IUIACTUHKU OY/IyT MCTOYHUKOM PaIMOAKTUBHOIO W3JIyUYeHUs (-d9acTHll, sHeprueit F, =
5M»sB. D710 naswiBaercsa "10ouTh UCTOYHUK " .

Pezepdop uccieosait npoxoxkjieHue a-gactuil depe3 ra3. OH oOHAPYKUJI, 9TO YIITU-
peHne sHeprun copceM Hebosbinoe. Pesepdop nan 3aganue Lefirepy u ero cTyIeHTy nc-
cJeJI0BaTh paccesgHue dactuil moj yroM 180 rpajiycos. B kadecTBe jgeTekTopa a-d4acTHIL
HCITOJIb30BAJICH CIUHTHUILISATOP, KOTOPBIH CBETHUJICH IIPH IO JAaHIU HA HEro a-4acTuIlbl. B
KavuecTBe paccenBareis ObLia 30m0Tas dosbra. U Teiirepy neficTBuTeibHO YIa/I0Ch 0OHA-
PYKUTH Takoe paccesinue. FaumHCTBeHHOE 00bsiCHEHHE, KOTOpoe MOor jarTh Pezepdopa —
9TO TO, 9YTO B BeHICCTBE €CTb HCHTPLI BBICOKOI IJIOTHOCTH (ﬂﬂpa) TaK I104dBMJIaCh IIJIaHE-
TapHasi MOJIEJIb aTOMa.

Puc. 9.10.

Jlerko onenntsh pajuyc sapa. [lyers ectb a-aacturnia, sueprueit 5 MaB. Ona orpaszurcs,

[IPU YCJIOBUU
VA 2
Tf ~ E,= R~ 10""cum.

Ha camom jiesie 3T0 pajinyc MoTeHImaa, a He siapa.
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Torma mroTHOCTH SIIApa

12 3
p= ~ 10“r/cm”.
4o R3

3
DTa WIOTHOCTH HOJIBINE TIOTHOCTH, HAIIPHMED 2Kejie3a, Ha 11 mopsikos!

V3HaeM, KBAHTOBBIH 3TO OObEKT WJIN KJIACCUIECKUIA.

h
Ap(a—gacr) = ——= = R,

V2mE

OkasbIBaeTcs1, 4TO JJIMHA BOJIHBI J1e-Bpoiiis cpaBHuMa 1 j1azke MEHbIIe, YeM pasMep sapa,
T. €. 3TO YHACTO KBAHTOBBII OOBEKT.

Bapsi sijipa coCTaB/IAeTCA W3 IIPOTOHOB, HO aTOMHasl Macca B JBa pas3a 0O0JIbIIle, deM
3apsijl djpa, T. €. B siJIpe eCTh ellle KaKue TO Ts’KeJible YacTUIlbl. BHavase jgymasum, 9To
TaM MOT'YT ObITh 3jieKTponbl. Ho Torma:

VA 2
Bryn = R—e ~ 10°5B.

$28

Ecim QJIEKTPOHLBI B A/Ip€, TO SHEPI'UA HYJIEBOT'O COCTOAHUA

h2

= 2mRZ,

Ey ~ 107sB,
T. €. JIEKTPOHDbI 6bI Cpa3y BbICKaKUBaJIU U3 dIpa.

B 1932r. YagaBuk OTKpBLI, UTO B dAJIpe COJEPXKATCA HEHTpaJIbHbIE YaCTUIILI, Macca
KOTOPBIX IyTh OOJIbIIE MacChl IIPOTOHA, & 3apsiji paBeH Hy/0. VX HazBa/m HEHTPOHAMMU.
My 2 My Ly = 0.

HO €CJIn ITPOTOHBI 1 HeﬁTpOHbI YAEP2KUBaIOTCA BMECTe, TO CYIIECTBYIOT KaKHNe-TO CHUJIbI,
KOTOPBIE UX YIEPXKUBAIOT, siiepHble CuIbl. OHU JTOJIKHBI OBITH KOPOTKOIEHCTBYIONNMHA, B
npejiesax pasmMepos sapa. C TOUKEM 3peHus 3apsijia, STH CUJIbI JIeHCTBYIOT OJUMHAKOBO.

FEie y Hux ecTh CBOMCTBO — HACBIIEHNE SJIEPHBIX CUJI. BBejieM MoHATHE «dHEPTHUs
CBSI3U» — YHEPIHsi, KOTOPYIO HEOOXOAUMO IPUIaTh CUCTEME, YTOOBI pa3AeuTh IPOTOH U
HEUTPOH.

E
By = i Nm, + Zm, — Ma(Z,N).

To ecTb 9TO HACKOIBKO Macca OTJAECIbHBIX ITPOTOHOB M HEHTPOHOB OOJIBINE, YeM Macca
djipa. YjeiabHasg SHEPrUsi CBA3M, T. €. SHEPIUs B pacdeTe Ha OJHY YACTHUILy BBITJISIAT
CJIeTYIONINM 00pa30M. YIeTbHas SHEPTHU CBA3U MPAKTUIECKHN HE 3aBUCUT OT KOJIUIECTBA
YaCTHIL: % ~ const. ITO CBOICTBO HA3BIBAETCS CBONCTBOM HACBIIIEHUS SIJIEPHBIX CHUJI.

[Io njyiee, Hy2KHO IPOCYMMUPOBATH HEPTUIO CBIA3U JIAHHOTO HYKJIOHA CO BCEMH OCTaJIb-
HBIMH U ITPOCYMMHUPOBATH 110 BCEM HYKJIOHAM W IOJIyYMIach Obl KBaJpaTUvdHas 3aBUCHU-
MOCTH OT 4YMCJIa HYKJIOHOB:

By,=) Be(A—1)x A%
N

Ho B sieficTBUTEIBHOCTH OKA3bIBAETCS JIMHEHAS 3aBUCHMOCTD. JTO, OKa3bIBAETCS, BO3-
MOXKHO M3-3a TOT'O, UTO PAJIYC B3aUMOJEHCTBUsI MEHBIIE paJuyca sijpa, mo3ToMy 3¢pdek-
THUBHO, HYKJIOH B3aUMOJIEHICTBYET JIUIIb C MaJIOil 4aCThIO JAPYIUX HYKJIOHOB.

Ho okasbiBaeTcs, 9T0 MaKCUMyM YJI€JIbHOM SHEPIUH CBA3M, IMPUXOIUTCI Ha YKeJe30.
Torna Bce 3/IeMEHTBI CO BpEMEHEM JIOJIZKHBI IIepeiiTu B 2Keyie30. To ecThb Oojiee TAKebie
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Puc. 9.11.

Puc. 9.12.

9JIEMEHTBI JIOJIZKHBI PA3JIEAThCs ¢ BbljejeHneM suepruu. Tak paboTaer siepHbINl peak-
TOP € pasjesieHneM ypaHa. A 3jieMeHThI OoJiee JIeTKue, JIOJIKHBI 00 beTUHATHCS U TOXKE C
BbIsie/leHneM Heprun. C 9TUM ITPOIECCOM CBSI3BIBAIOT Oy IyIiee SHEPTeTUKU — TePMOsIIep-
HbIit cuaTes. Ceiidac ecTh TOJBKO HEYIIPaBJIsIEMbIl TEPMOSIIEPHBI CHHTE3 — BOJIOPOTHAST
H6omba.

Teneps HaI0 TOHATH, KaK 00pa3yioTcs sjiepHble cuiibl. CHavaa paccCMOTPHUM, KaK B3a-
UMOJIENCTBYIOT MezK/ 1y cODOOil JiBe fiepHble YacTUIlbl. Pa3sHOnMeHHbIe 3apdKeHHbIE YaCTU-
Bl IPUTATUBAIOTCA. EC/n 3apsi/ibl IBUKYTCH, TO BO3HUKAIOT JIEKTPOMArHUTHLIE BOTHBI.
DTO BOJIHBI, Y KOTOPBIX 3aKOH JUCHEPCHN JUHEHHbI: w = ck. [ist Toro, 9robbr HalTH
perrenne 3JeKTPOMariuTHOTO YpaBHEHNA HYKHO HAITMCATH BOJTHOBOE ypaBHEHUE

1 9%p

mEm

OHO JaeT KyJOHOBCKHIl IIOTEHITUAT
e
Y=
r

Bynem nckath chepuieckn-cuiMMETPUIHOE PEIIeHIe TOr0 YPaBHEHUS:

1[0 5 0
A = ol vl K
r2 | Or or
— 3TO paJuajbHas JacThb.

Bynem nckathb perenue B TaKOM BHJIE:

€ ip_
_ez(kr wt)

0 = i(kr—wt) 7
r

+ ©Yo€
e Qg = f — CcTaTUYEeCKUU HOoTeHIIraJl.
[TojcTaBuM 3TO B BOJIHOBOE YpaBHEHUE.

2
w
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Mpb1 HaILIM ypaBHEHUE JIUCIIEPCUN 3JIEKTPOMATHUTHBIX BOJIH, T. €. OyJIyT U3/Iy9aThCs TOThb-
KO TaKue BOJIHBI, JJId KOTOPLIX: W = ck.

HpO AaepHble CHUJIbl HaM HM3BECTHO, 9YTO OHU KOpOTKO,ZLeIL/'ICTByIOHlI/Ie. Pa,H‘I/Iy'C nx ,HGIL/'I—
cTBUs He 00JIbIIe pajnyca saapa. Keiu Ky/JIoHbl IBUKYTCS B sAJIpe, TO JIOJKHO OBITH U3JIy-
YCHUE BOJIH (MeSOHHbIX), a 3HaYUT MO2KHO HaIlMCaTb BOJTHOBOC yYpaBHEHUE IJId HYKJIOHOB.

Crauasa Ha/J0 3alliucCaThb IIOTEeHIIaJI

q T

‘/91 = _e—av
r

rje g — 3apgj giapa.
[ToncTaBuM 3TOT MOTEHIMAJ B YpaBHEHHE HyaCCOHa:

= 2 7& 0.
7’7"0
Ec/ii caurarh, 9TO HYKJIOHBI CO3JIAIOT TaKoe ¥Ke T0Jie (s/IepHoe), KaK U 9JIEKTPOMATHUT-
HOEe, TO IIPHU YCJIOBHUH, 9TO HMOTEHIINAJ B3aUMOIEHCTBUST KOPOTKOAEHCTBYIOIIUIA, TT0/TyIaeT-
¢, 9TO He BBINOJIHsAeTCs ypaBHenue [lyaccona.

Torma FOkaBa mpemo:kmia m3MeHUTH ypaBHeHne Ilyaccona, 9TOOBI 9TOT ITOTEHIHAT
JaBaj HOJTb. Kak 9T0 He mapajiokcaHo, noayduioch ypasHenue Kieitna —'opagona

10V 1

av - 19V

2 827'; T—gV - 0

Haiinem perrenust B Bujie BOJIH

V= g 0 ez(kr wt)
r

Ecymm ogcraButh B ypaBHenue, To Oyjier

c
W2 — == 22
T
0
Teneph yMHOKIM 3T0 Ha, %
h2c?
h2w2 o — h2 2k2,
o
2 h2
h h2 2]{72
s

— 9TO HallOMHWHaeT peJIHTI/IBI/ICTCKI/HU/I MHBapUaHT.
2 _ 22 2 4
E* =p°c" +mic".

Jlnst morenmmasta FOkaBbI.

[Toygaercss, 9TO MCIIYyCKAIOTCsS HE BOJIHBI, & YACTHIIBI MacCOil m, M KBaJApaTHIHBIM
3aKOHOM JIUCIIEPCHUH. HepeHOC‘II/IKOIVI QJIEKTPOMAIrHUTHOI'O B3aI/IMO,HeI7'ICTBI/IH daBJjideTrcd CbO—
TOH, a JJId AJCPHBIX CUJI — 9TO TAZKeJlad daCTUulla, ITMOH.

B siekTpoMarHeTusme Bee siCHO — 3JIEKTPOHbBI IEPEXOIAT U3 BO30YZKIEHHOI'O COCTOSI-
HUsI U uciycKaercss (poToH. B ciydae siepHBIX CHJI, HUKAKUX BO30YXKIEHHBIX COCTOSTHUI
neT. Ho 3aKoH coxpaHeHHsl SHEPIud MOKHO HAPYIIUTH Ha BpEMs T:

h

My C2

A = myc?, AET ~ h, T~ —
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9710 3HAYUT, 9TO 3a BpeMdd 7 yJjieTe/la Ha PaCCTOAHUE!:

h A

myC 27

R=cr =

— pajmyc B3anMOJIEHCTBUS AJIEPHBIX CUJI PaBeH Jie-OpOilJIeBCKOIl JIJINHE BOJIHBI TIEPEHOC-
YUKOB B3aUMOJIEUICTBUS, T. €. ITHOHOB.

BzanmojieiicTBre HYKJIOHOB MOYXKET OBITH OIUCAHO 38 CUET UCITYCKAHUSA OJIHUM HYKJIO-
HOM TIFOHA, U MOTJIOIIEHNUsI €r0 APYTUM MHOHOM. Bcee moseBble Teopun B3anMOoIeHCTBUS OC-
HOBAHBI Ha TOM, YTO B3aNMOJIEHICTBIE ITPOUCXOUT 3a CUeT OOMEeHa YACTUIAMMU, SABJISIOIIN-
MHUCS repeHocuanKaMu. [ 3/1eKTpOMAarHuTHOrO u3JjIydenust — 910 ¢horoubl. Pajmyc B3a-
UMOJIeficTBUsT paBeH OeckoHeuHOCTH. [l0ofABIIEHNIO KOHEYHOTO pajimyca B3auMOJeiCcTBUS,
CIIOCOOCTBYET KOHEYHAasl Macca MePEeHOCYNKOB B3auMOJIeicTBHA. Pajinyc B3anMoieiicTBus
B 9TOM cJIy4ae, paBeH Jie-OpoilIeBCKON JIIIHe BOJTHBI THX MEPEHOCINUKOB.
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