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JIEKIINS 10

KBanToBasi pmnsmuka

B mpornuiblit paz Mbl Hadam U3ydaTh KBAHTOBYIO CHCTEMY <«sJIpo». B Hem paboraer
[IPOTOH-HeHTpoHHas Moje/b Ajpa. ILoTHocT 3Toro Bemecrsa — 1021/ em®. CiuH IpoTo-
HOB U HEATPOHOB paBeH %, 1mo3roMy oun — dpepmuonbl. Cujia B3auMOIeHCTBUS He 3aBUCUT
OT 3apsijia, PaIuyC AeiCTBUS STUX CHJI MEHbIIE PaJuyca siapa, IIO9TOMY HMEET MECTO
3ddeKT HaCHIIEeHHS.

DHEPrus CBA3M:

Bew = (Nmy, + Zm,, — M,)c”.

Maccy siipa MOXKHO TOYHO M3MEPHUTH C IMOMOIIBIO MacC-CIEKTPOMETPA.

Ecmu mocMoTperh yaebHYI0 SHEPIHio CBSI3W, TO HamboJiee YCTONYIMBBIM OyaeT Ipu
7/ = 50. Toryma ecTb JBa IIyTU C BbIJICJCHUIO SIJIEPHOI SHEPIUM — TEPMOSICPHBII CUHTE3
U JIeJIeHIE.

B x A, 310 m o3Hadaer, 4TO u3-3a 3PdeKTa HACBIIIEHNS IPOIOPINOHAILHOCTL HE
KBaJIpATHYHASA, a JUHefiHad. DTO 3HAYUT, UTO PaJUyC B3AUMOJEHCTBUS SIJIEPHBIX CHUJI
MEHBIIIE pa3Mepa sapa.

Puc. 10.1.

Paszmep spa MbI OIEHUBAJIH 110 TOMY Iy TH, HACKOJIBKO JIAJIEKO MOYKET 3a/IeTETh albda-
JaCTUTIA TTPU PACCETHUU Ha, sIJIpe.

N3mepeno paciipesiesienne 3apsjia B sJipe 1 OHO OKa3bIBAETCs BHAYAJIE IIOCTOSHHBIM, a
3aTeM CIaaeT. JTOT cra] Has3biBaeTcsa AudPy3HbIM KpaeM. Paciipeiesienune mpoToHoB
U HEWTPOHOB IIPUMEPHO OJIMHAKOBBIE, TIOTOMY YTO SJEePHbIE CUJIbI TOpa3/10 0oJiee CUIbHDIE,
9eM KYJIOHOBCKHE.

Paanycom A/1pa HasbIBAIOT Pa/liyc s dekTuBHOI chephl, Macca KOTOPOil paBHa Macce

anpa. Ry, =1, 25A3 % 10713 cwm. Ennanma 1071 e = 1 @M — onun Pepmu, a B cucTeMe
CU — 3710 1 dm, dbemromeTp.

MpbI BBISICHIJIN, 9TO SIJIEPHBIE CUJIbI BOSHUKAIOT 3a CUYeT 0OMEHa HOCUTEJSIMU B3auMO-
JIEHCTBUST — MUOHAME. A KOMIITOHOBCKAsI JIJTMHA BOJIHBI TUX YACTHI] PABHSIETCS PAJIIYCY
B3aMMO/IEICTBUA.

Hac nnTepecyer, kak oOpa3yercst OCHOBHOE COCTOSIHIE, a TaKKe — KaKue ObIBAIOT BO3-
Oy2KJIeHHbIe COCTOsSTHUs. Bpojie Obl, HUKAKUX OTPAHUYEHHUIl Ha KOJUYIECTBO YACTUIL HET,
MOKHO ciesiarh 100 HeHTPOHOB M OJMH HPOTOH, miu HaobopoT. Ho B npupoe oka3biBa-
eTCs COBCEM He TaK.

Ecim mapucoBaTh rpaduk 3aBUCUMOCTH KOJUYIECTBA HEUTPOHOB OT 3apsijia, MOy INTCs
Takas KapTUHA: BHaYaJE KOJMYECTBA ITPOTOHOB M HEHTPOHOB IMPUMEPHO OJIMHAKOBBIC, a
IIOTOM — HEHTPOHOB CTAHOBHUTCS B IIOJITOpa pasa 0ojblre. DTO abCOTIOTHO YCTOWIMBLIE
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sgnpa. Ho ecim yiiTu B CTOPOHY, TO TOJIYYUTCH, 9TO BpeMs KU3HU 11 PABHO sJIEPHOMY
2
BPEMEHHU, T. €. OHM HE YCIIEBAIOT CTAJKUBATHC.

Ry,
c

~ 107 %c.

T% = Tan =

Bepxusgs munus — rpanuna HeHTPOHHON cTabMILHOCTH, HUYKHAS — IMPOTOHHON. Mex-
JIy HUMH — JIOJIMHA CTaOMIbHOCTH.

Puc. 10.2.

Ecmm mapucoBarh cedeHne B 3aBHCHMOCTH OT OOpaTHOIO IEPHOja IIOJIypaciaia, TO
HOJIy‘II/ITCH, 9TO KaK TOJIBKO MbI YXO,[LI/IM OT Halllero cedeHud, TO JOJI2KeH HpOH30ﬁTH 6eTa—
pacmaji, U siipo BEPHETCS B TO YK€ COCTOSIHIE.

OTa Yallla Ha3bIBAETCA JIOJIMHON OeTa-cTabuIbHOCTH.

Puc. 10.3.

Mpb1 HapucoBaJI OCHOBHOE COCTOSHUE sIJIpa, Tellephb €ro HyzKHO 000cHOBaTh. [IpuMens-
eTcs KalleJibHasi MOJIeTb. f/1po mpejicTaBigeT coboil KAILTo siJIepHOrO BemecTBa. 10 ecTh
910 KoHeunast Ppemu-cucrema. PepMUOHOB KOHETHOE UUCJIO U OHU 3aHUMAIOT 00HEM, CO-
OTBETCTBYIOIINI pasmepy sjipa.

Paccumnraem sHepruio cBgI3m TAKON CHCTEMBI.

[TonsiTHO, UTO TIpM J1I0OGABJICHUHN HYKJ/IOHA SHEPTHUSA YBEJIUINBACTCI:

E, = a,A.
HO TaK KaK 3TO 2KHJKOCTb, TO €CThb ITOBEPXHOCTHAaA SHEPI'UAd:
E, = —a,A3(x R?).
HO IIOCKOJIbKY KallJld 3apd?KeHHasl, TO €CThb €€ KYJIOHOBCKasd SHEPI'ud:

22
Ek = —akg.

DTO BCe KJIACCUKA.
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Tenepnb moiiMeM, Kakue KBAaHTOBbIE 3(PDEKTHI MOSABJIAIOTCS.
[IpoTonbl 1 HEWTPOHBI OOPA3YIOT PAa3HBIM I'PYIILI (PEPMHOHOB — T'OBOPAT, YTO 0Opa-

3YIOTCA JBE sAJlepHble XKUJIKOCTH.
[Torenmnuaibhas siMa sijiepaoro B3aunmo/ieiicteus. CjieBa Oy/1eT 3a0/IHATh TPOTOHAMH,

a clpaBa — HEHTPOHAMMU.
Ecym ipoTronoB 0oJ1bIIe, TO 9TO SHEPTETUIECKU HE BBITOIHO, & BHITOHO CIEIaTh PACIIaT

na Heiirpon. Torma nosyunrtes paBencTBo dactut, N = Z.

Puc. 10.4.

Ho ectp eme 6omee Tszkesple sapa, Y KOTOPBIX KOJIUYIECTBO HEHTPOHOB OoJible. Ha
CaMoM Jiejle K TPOTOHHOMY TOTEHINATy HaJI0 T00ABUTH, & TOYHEe BBIYECThb, KYJTOHOBCKUI
MIOTEHITUAJL. 3a CUYEeT STOI0 YPOBEHD MOTEHIINAIIA CABUTAETCS U OKA3BbIBAETCS, YTO BBITOJIHEE
obpazoBbiBaThbCs HeitTponaM. [Ipu Maibix Z 31oT 3pdeKT MajleHbKHil.

Jokaa ObITH CUMMETPHUS OTHOCUTEIHLHO YHUCIa HEHTPOHOB U MPOTOHOB:

(N —-2)
A

By = —ac

Puc. 10.5.

Ectb erme oaun 3¢hdekT, KoTophlil JaeT HeKoTopble anomamu. Hampumep 6ostee ycToii-
YUBBI T€ siJIPa, IUCJIO0 HYKJIOHOB B KOTOPBIX Y€THO (Y€THOE KOJMYECTBO U IPOTOHOB U HEji-
TPOHOB. DTO CBA3AHO C TE€M, UTO HYKJIOHBI CIIAPUBAIOTCS U MOHUZKAIOT YPOBEHb SHEPIUU.
D10 HazbiBaeTcad 3P PEKT cHapuBaAHUS.

> )
= —Q _—
cnap cnap” , 3
A1
+1 meu-ney
0 = < 0 meu-dgeT
—1 ger-yer.

D10 BCe KBAHTOBBIE Y(PDEKTHI.
st Toro, 9Tobbl HAWTH SHEPIHIO fAJIpa HAJIO0 CJIOKHUTH BCE MATh YJIEHOB. DTO Ha3bl-

Baercsa popmysia Baiinzekkepa. Ho kosddurmenTsr Mbr He 3HaeM. 3BecTHBI YpOBHU
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sueprun s npumepno 2000 sgep. KosddunmerTs! mpocTo onTuMusupyoT, 9To0bI Mo-
JIy9uaach Hawiaydiras nofronka. [losromy st Ko3dhuUmenTs B pasHbIX HCTOYHUKAX
MOTYT OBITH Pa3HbIE.

YPpOBHU s1JIEPHOI SHEPTUM JOJIZKHBI 3AII0JHATHCI TaKKe, KaK U JIEKTPOHBI B aTOMe,
T. K. TOxKe (pepMUOHBI. A J7IsT AaTOMOB, MBI 3HAEM, 9TO €CTh Marundeckue ducjiaa — 2, 10, 18,
36 u T. JI., KOTOPbIE COOTBETCTBYIOT HauOOJiee MHEPTHBIM ra3aM U CBA3aHbI C 3aIl0JTHEHU-
eM 000j109KHu. B spax Toxke moJiydaeTcs oboJsiouedHas CTPYKTypa. B gjpe cyiecTByoT
Takne Marmdeckue gmucia: 2, 8, 20, 28, 50, 82, 126. HeBaxkno, K 4eMy OHU OTHOCATCS —
nporonam uimu wefirponam. Hanpumep: jHe, 160, 39Ca, 35Ca — 310 aBax sl Marndeckue
qucsia (M 10 9UC/Iy MPOTOHOB, ¥ TI0 YHCJIYy HEATPOHOB).

OnucaTh 3TH 9nC/Ia MOXKHO TOJIBKO € ITOMOINBIO BBEJIEHUS SITIEPHOrO MOTeHIraaa. B
s7Ipe UMeIOTCs TPOTOHBI W HeHTpoHbI. Hajo moHATh, Kakoil moTeHInas  oOpa3yioT s
JIAHHOW YACTUILI BCE OCTaJIbHbIe HYKJIOHBI. HO OoHM MOryT pacmoJiaraTbCsi COBEPIIEHHO
[I0-PA3HOMY, II09TOMY KAXKETCsI, UTO PEIIUTh 3Ty 33/a9y HEBO3MOMKHO.

Ho morom nmongn, uro hakT, 4TO HET YCTOWYIMBOTO MOTEHIINAJIA, B KOTOPOM JIBUXKETCS
sa71po — HeBepHbIil. [lycTh B siMe ecTh HYKJIOH, KOTOpbI HaunHaeT jaBurarbed. Ho on me
MOZKET ITepeiTH Ha JPyTHe YPOBHU, IOTOMY YTO OHU 3aHATHI. BO3MOXKHBI TOJIHKO YIIPyTHe
CTOJIKHOBeHUs. TO ecTh HeCMOTDPs Ha JIBUKEHHE HeT M3MEHEHUs MOTeHInaJa, a 3HAYNT,
MOKHO BBECTU $IJEPHBII TOTEHITUAIL.

[TorrpoOyeM 1OJTyYUTh 3T caMble MarudeckKue 9ucia.

[Torenruast j1017keH OBITH TPOTIOPITMOHAJIEH TIJIOTHOCTH, T. K. YKUJIKOCTH HECZKIMAEMas.
Ho 3a cder Toro, 4T0 pajinyc B3auMOJIEHCTBUS MEHBINE, YeM PAJIUYC SIPa, TO TOJIYIUTCS
TaKOil MOTeHIHa. DTOT NOTEHIHAJ TOX0XK Ha OCIUJIISITOPHBII OTEHINAT, KOTOPBII MMe-
eT cBou ypoBHH. Tak ObuIa co3jlana 0b0JI0UevdHAs OJHOHYKJIOHHAsT MOJe/b sypa. Oaun
HYKJIOH JIBUZKETCS B II0OJIE JIPYTHUX.

Puc. 10.6.

ITorenmnuadt:
1
2
UH,ZL = —U[) -+ QMCU r.
Torma MockoJIbKY MOTEHIINAJ TPEXMEPHbI 1 chepuIecKn CUMMETPUIHBIM, TO:

Ex(3D) = hw(N + g) — Uy,

[Tony4uatorcst SKBUIUCTAHTHBIE YPOBHHU.

N=n;+n,+n,=0,1,2,3...

— YPOBHHU 110 pa3HbIM HarpajeHusaM. Ho MoxkeT OBITH elrie opOuTaIbHOE JIBUKEHUE.
BosroBble (hyHKIIMT BBITTISIAAT CeayommuM oopasoM. OHM OyIyT CHMMETPUIHBIE HJTH
aHTHCUMMeTprdHble. CHMMeTPHUsi BOJTHOBOM (DYHKITAN:

P=(-1).
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Puc. 10.7.

He Bce | MmoryT OBITH IpH JJAHHOM 7.

N=0—1=0,

N=1—=1l=1,
N=2—1=0,2,
N=3—-1=1,3.

Puc. 10.8.

Hapucyem yposuu. B cBsi3u ¢ yeTHOCTBIO, OHU OY/IyT OTJINYATHCA OT ATOMHBIX YPOBHEIA.
3/1ech epBoe YUCII0 MMOKA3bIBAET, KAKON pa3 MOSB/ISIETCs JJAHHOE COCTOsTHUE.

Puc. 10.9.

Bor MBI U moydmm MarmdecKue 9ucia

Terntepn monsaTHo, uTo Tpr N = 0 MBI MOYXKEM MOJYIUTH rejuit, ipu N = 1 — KHuca0poJt
u T. 7. JlcHO Takke, KAKYIO SHEPIUU HYXKHO COODIIUTH HYKJIOHY YTOObI BBIOUTH €ro u3
saJpa.

Ecim nykJioH niepeiijier Ha JApyroil ypoBEHb, TO MOJYYUTCS BO30Y K IEHUE.

[TockoabKYy 9TO MOJIENTb KAIlJId, TO MOTYT OBITH TOBEPXHOCTHBIE BOJIHBI, KOTOPBIE TOYKE
CUUTAIOT W HAXOJAT SHEPTHUIO. JTO TOYKE BUJI BO3OYKJIEHUS.

Ecin Bce mpoToHBI yiijlyT B OJHY CTOPOHY, a HEHTPOHBI — B JIPYI'YIO, TO OHU OYIyT
CTPEMUTHCHA CXJIONMHYThCA 0OPATHO, & TaKas SHEPIUsl HA3bIBAETCHA TUTAHTCKIM PE30HAHCOM.

MoryT 66T KOJiebanust (pOpMbl, KOT/Ia KAILId BLITATUBACTCA, & IMOTOM OISThH CTaHO-
BUTCH C(PEPUIECKUA CUMMETPUIHOIN.
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Tabsma 10.1.

N | ng | ny | n, | aucio cocrosuuit B obosouke | » N
010 1]01]0 1*2 2
17 1]707]0

1101110 3*2=6 8
1] 0]0|1

2121010

21011210

210 0] 2

211|110 6%2—12 20
210111

2111011

Puc. 10.10.

Ectb nonuna gaepuoii crabuiibnoctu. Tenepb 100aBUM K KOHKPETHOMY SIJIPY eIlle Heli-
TpoH. Torma oHO cTaHeT Pa/INOAKTHBHBIM M OY/IeT CTPEMHUTHCH BO3BPATUTHCA B JIOJIUHY
CTaOMIBLHOCTHU. Pa/lnoakTUBHBIE — 3HAYUT, YTO PACHAIAIOTCS CO BPEMEHEM.

BsejieM HeKOTODPBIE OIIpE/IE/IEHUS.

To, uTo HaxomuTcs B mpupose (HampuMep pajioH) — 9TO €CTeCTBEHHasl PanoaK-
TUBHOCTBb. A CyIlIecTByer elle 1 UCKYCCTBEHHAs PaIMOAKTUBHOCTD.

[IycTh ecTh cpesHee YMCIO PACIaIOB B CEKYHILY:

AN = —\Ndt,

I7e A\ — 9TO KOHCTAHTa PACIaJa, XapaKTepHas /sl JAHHOTO SIPA.
N = Nye ™ — 3T0 CKOJIbKO Oy/IeT BCero.
AKTHBHOCTD Ha3BIBACTCS KOJMYECTBO PACIAJIOB B €IMHUILY BPEMEHN:

dN

ﬂﬂﬂ OﬂHOﬁ JaCTUIIbI MblI MO2KE€M HallCaTb TOJIbBKO BEPOATHOCTL paclla/jia:
P(t) = Ae ™.

Ho korpa-nuby1b TOYHO TPOU30MJIET PacIal, TOITOMY:

i A
1= /tP(t)dt :A/e—”dtz %
0
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A=A\

OOBITHO UCTIOB3YIOT MEPHUOJL Oy PACIIaIA;

N, _
_0 — NO e /\T%’
2

n2 0,7

he
Eiie ectb cpejinee BpeMs KU3HU:

1

T% = X ~ 1,5T%.

Terteps mocMOTPUM 3aKOHBI PAINOAKTUBHOIO PaCIIa/ia.
A npo, Haxomdiieecs He B JIOJIMHE CTaOMILHOCTU, MOYKET He CpPa3y MEepelTu B JIOJUHY,

a IIyTeM I10oCJ/IeJOBAaTEJIbHBIX pacCIlaJd0B.

#Ra - a+™Rn - a+?"Po o a+?Pb = f4+2Vi

2600;eT 7,8mH 3vun MUH

[Tonyaaercs ovens jynnnas renoyuka. Ho nepmos mostypacmajia pajus 09eHb OOJIbINOiT,

MO2KHO CYMTaThb, 9YTO OH HE€ UCTOIIACTCA.
Panbie, 6pasnu pajiuii B OyThLIKe, CTABUIN IJIACTUHKY, Ha, KOTOPYIO OCAXKIAJICA PAJIOH,
U TIOJTy9JaJICd UCTOYHUK aJibda-N3/IydeHns.
Ornurem ABYXCTaIMITHBIN IPOIIECC PACIIAJIA.
dNy
—_— = —/\1 N1 (t)
dt

Ni — 9T0 POJUTETHCKOE PO (PATMOAKTHBHOE).

dN.
Ef:Mm@—&M@

— pacnaJj; 00pa30BaBIIIXCST SIIED.
[IycTh Temepb A\ > Ao, 9TO COOTBETCTBYeT cJiydaro pajusd. Torja:

AN = ANy

— BCe, UTO TOSBJISIETCS, TYT YK€ PaclaiaeTcsd. DTO Ha3bIBaeTCs BEKOBOE ypaBHEHUeE.
Hapucyem pasmble BUIBI AKTHBHOCTH — YKECTKUX IaMMa-KBAHTOB, 3JIEKTPOHOB ([-

pacraj), q-pacraj.

Puc. 10.11.
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