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JIEKIINS 11

KBanToBasi pmnsmuka

[IpookaeM n3yvdaThb aTOMHBIE sSIJIpa.

11.1. ImarpamMma ctabuiabHOcTHu sjiep. JdoamHa crabuiibHOCTH

Ecim cniBunyThCSA U3 9TOM JIOJIUHBI, TO TOT/Ia 9]pO OyJIeT CTPEMUTHCS OIATDH IepeiTn
B cTabumiibHoe cocroguue. Zpa, yesanme U3 JOJUHBI CTAOMILHOCTHU, ABJISIIOTCA PaJIHO-
AKTUBHBIMU.

Puc. 11.1.

11.2. Tunbl pagOaKTUBHOCTH

Tenepb MbI pacCMOTPUM PaA3JIUIHBIE TUIBI PAJTHOAKTUBHOCTH.

11.2.1. a—pacnaf

Z,N - (Z—-2,N—-2)+q,
a =2 He.

M(Z,N) > M(Z —2,N — 2) + a — sHeprernveckoe ycjoBue i peakiuu. OHO
BBITIOJIHAETCS IIPUMEPHO 1IpU 4 > 83.

11.2.2. Mexanu3m asbpa-pacnaga

[IpoToHbl ¥ HEATPOHBI JBUXKYTCA B sjIpe, €C/ii 00pa3yeTcs CTPYKTYpPa B BHJE aTOMa
reJivsi, TO OH 3apUKCUPYeTCs, T. K. CTPYKTypa ycroitunba. Ecin oHa HAX0UTCA y OBEPX-
HOCTH, TO B IPUHIIAIIE MOXKET BBLIETETD.

Puc. 11.2.
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EC.HI/I HapHuCOBaThb IIOTeHIUaJI JIJIsA aJ’II)Cba—LIaCTI/IHbI, TO IIOMHUMO ITOTeHII1aJIa AMbI, 6y—
JIeT ele KYJOHOBCKOe oTTajknBaHne. Torma MoXKeT MpOM30iTH TYHHE/INPOBAHWE, U IIPO-
n3oiiier ajabda-pacia/.

11.3. 3akonu l'eiirepa-HerToJ1a

e
VEs

Jlorapudm nogBisieTcs n3-3a BEPOATHOCTUA TYHHETUPOBAHUS.

lgT% =a-+

Puc. 11.3.

Cuektp asnbda-dactur, Mmonoxpomarudeckuii. Ho erie ObIBaloT JIMHHONPOOEKHDBIE U
KOPOTKOIIPOOEKHbIE aslbda-IacTuIlpl (CrpaBa U CJI€Ba COOTBETCTBEHHO).

Puc. 11.4.

Hamnpumep, sapo 212g3Bi MozkeT nepeiiTu B OJIOHMIL, IIPHYeM paciajl MOKeT IIPOr30ii-
TH U3 BO30YKIEHHBIX COCTOSAHUIA.

Puc. 11.5.

11.4. l'amMma-u3JjrydyeHune

Bropoit Tun pacmnasa — 310 ramma-usiydenne. [IycTs ecTh SIApo n €ro Kakoe-To BO3-
Oyux1eHHOe cocTosiHre. e OHO rmepeiiier B OCHOBHOE COCTOSIHUS, TO IMPOU30MIET U3JTy-
genne porora. 1ot apdext B 1935 romy orkpeiia rpynna Kypaarosa. Oru nccsemoBain
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IIepexoa MH/Iusd:
9 1
"15In * (I = 5+) —!15In(1 = 5—) :

MyﬂbTHHOJIHOCTb 9TOI'0 IIepexoJa — 24, TO €CTb OH Y2>KaCHO 3a/laBJICH. Taxkoe AP0
2KBET OTHOCHUTEJIbHO IJOJIT'O:

Ty = 14,40,

Ho 310 mocTtaTovHO 9K30TUYIECKUIT TEPEXOT.

Puc. 11.6.

Bce raMMa-mcTOYHUKY, UCHOIB3YIONIAECHd B JAOOPATOPUAX HABJISAIOTCA BTOPUIHBIMU,
nocjie bera-pacuajia. Hanpumep jiga Hukesrd.

Puc. 11.7.

11.5. p-pacnoap,
Temeps paccmoTpuM bera-pacmal. DTO JIEKTPOHHBIN pacnaj. B pesymabrare pacmaia
obpa3zyeTrcst 9JIeKTPOH MUJIA TO3UTPOH.
0 — —
n —p +e .
T% = 10,5 muH.

A criekTp OKa3BIBAETCS HEIPEPBIBHBIM. XOTSI SHEPrHUsi 3JIEKTPOHA COOTBETCTBYET Pa3-
HOCTHU SHEPTUil TPOTOHA U HENTPOHA U JoJKHA ObITh nocTosinuoi. Ho Ilaymm mownsii, 1ro
[PU TAKOM paciiajie obpasyercsl erle OJ[Ha YacTHIa — aHTHHEHATPUHO 3JeKTPOHHOe (6e-
MaccoBasl 4aCTHIIA):

n’ —p te + 7.

Ho nanuuune Tperbeiil YacTHIlbI cpa3y pa3pelinaeT CIIeKTpP OeTa-pacia/ia.
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Puc. 11.8.

OxkasbIBaeTcs, ITO CyIIeCTBYeT ellle ABa Thlla beTta-pacmajia. VIHorIa mosaBiseTcs MOHO-
XpoMaTuviecKasl JUHUS B HEIIPEPBIBHOM CIIEKTPE. JTO HA3LIBAETCS KOHBEPCHOHHBIN 3J1€K-
TPOH.

Puc. 11.9.

Hanpumep, juist prytu npu 6era-pacmajie odOpasyercs raMMa-KBaHT. Ho sHeprust 3Toro
KBaHTa OYECHb BEJIMKA. DTa SHEPIUsl MOXKET IIepeaBaThbCsd aTOMHOMY 3JIEKTPOHY, U TOIIA
ero sHeprusi OymeT 3aBHUCETb OT 0DOJIOYKHU, Ha KOTOpOil oH Haxommicd. [loatomy moxker
0Opa30BaTbCsl CEpUs TAKUX JIEKTPOHOB.

Puc. 11.10.

A eme ObBaer K-zaxBar (Korja ecTh #po U HADPYZXKHBIH 971€KTpoH). Moxer mpo-
M30MTHU 3aXBaT AJIPOM 3/1eKTpoHa. Torma obpasyercss HEHTPOH 1 HEHTPUHO. DTOT MPOIIECC
SKBHUBAJIEHTEH OeTa-pacna/ry. Ero Mo:kHO HaAOIIOIATH C TOMOIIBIO N3JTyYeHNsT HEHTPUHO.

pr+e = n+u..

[Ipu Gera-pacnaje He coxpansgercd deTHOCTb. Ho 06 3ToM Oy1eM TOBOPUTH MTO3KeE.
Korma sapo ouenb TszKenoe, To MOXKeT IIPOU30HTH caMOIIPOU3BOJIbHOE JiesieHue. 1 apo

pacnaaercs Ha JBa. 9T0 O0b110 OTKPHITO B 1940 romy Ilerp:xkakom u PiepoBbIM.
[TocemoBaTe/IbHOCTD IPK JI€JIEHUH IPUMEPHO TaKasd.
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Puc. 11.11.

Puc. 11.12.

Paccmorpum morennmal B3auMoAeiicTBUsI B 3aBucuMocT oT jedopmaryu. [lenenne
Ha JIBA OCKOJIKA OKA3bIBAETCH BBITOJIHBIM.

Taxoit 6apbep obpa3yercsd nU3-3a TOrO, UTO KYJIOHOBCKAsl SHEPIHUs IAJAET, a MOBEPX-
noctnagd pacreT. Korpga siapa Oyayr Z > 100, To 6apbep MpakTUYeCKN UCYE3aeT, U HAYUU-
HAETCsT CAMOIIPOU3BOJIBHBIN paciai. ITo orpanuvnBaeT Tabsuiyy Meneneesa.

s nenmenns Takas »Ke 3aKOHOMEPHOCTH, KaK U IIPH aldbda-pacrua/ie:

Z2
lgT% ~

[IporonHasi pajImOaKTUBHOCTH TOXKE CYIIECTBYET, HO BPEMsl KW3HU TOTJIA OYEHb Ma-
JIEHBKOE.

Ectp eme sx30THMUecKas paJOaKTUBHOCTD — KOTJIa BBIJIETAET Cpa3y HECKOJIBKO da-
crun — SHe, 10 — meswiit knacrep gactu, Bompoc, Kax ommucarh 9TOT IPOILECE, 0 CHX
[IOP OCTAETCSH OTKPBLITHIM.

Tenepsb HYKHO IepefiTi K BOIPOCY O TOM, KaK BO3HUKAET PaIMOAKTUBHOCTH. KCTb
€CTeCTBEHHBIE PAINOAKTUBHBIE sI/IPA, Y KOTOPBIX MIEPUO/L ToJrypaciaiga oosbinoit. Hampu-

Mep, YPaH.
PanoakTuBHbBIE si/ipa 00Pa3yIOTCsd 3a CUET sAJIEPHBIX PEAKITUIL.

11.6. A neprble peakiuu

S nepHuble peaknuu JIeJIATCA Ha HECKOJIBKO THUIIOB.

[IycTs ecth sipo, n HA Hero HajeTaer dactuiia. OHA MOYXKET UCIBITATH SIEPHOE Pac-
CesTHIe U OTKJIOHUTHCSI. DTO MOTEHITHATBHOE pacCesiHue.

Ona MOXKeT MpOB3auMO/JICHICTBOBATD C OJHUM U3 HYKJOHOB, U HYKJIOH BBLIETUT. DTO
Ha3bIBaeTCH NpaMasd sjepHas peakius. J[7g 3T7oro J0/2KHO OBITD:

)‘/ILB < R,.
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Puc. 11.13.

Puc. 11.14.

A MOI'yT B pe3yJjibTaTe BSaHMOLLeﬁCTBHH CO BCEM AJIPpOM BbUJIETUTDH KaKHe-TO BTOPUYIHbIC
JaCTHUIIbI. HaHpI/IMep, KOr'la HaJieTaeT HeﬁTpOHi

n+4 M —n —1—‘2 M — ynpyruit kKanas,

n+4 M —n' +4 M* — meyupyruit kama,
n+4M — p+4 M — (n,p)-peakuus (ecam BMECTO IIPOTOHA Gy/eT raMMa-KBaHT, TO 3TO (11,7 )-PeaKI
Dr1o Bce KaHaJbl peakimu. [loj geficTBreM YacTUIBI MOIYT HPOU30NUTH DA3JIHIHBIE
sIJIEPHBIE IIPEBPAIEHHS.

Eie MokeT mpon30oiiTH TaKas CUTyallns: MIPOTOH MONAJAeT B 97IpO, TaM BpallaeTcs, a
3aTeM BbLIETaeT YaCTHUIA. DTO HA3BIBAETCH PeaKIms ¢ 00pa30BaHUEM COCTABHOIO SIIPA.

Puc. 11.15.

Pacemorpum mporiece obpazoBaHmsi cocTaBHOTO siyipa (9kcrepument). Korma HyKIoH
HoraJjaer Ha siJipo, OH MOXKET BOOOIIE He IIPOB3aNMOJIEHCTBOBATD, €CJIU B sIJIPe MaJIo HyK-
joHOB. HO MOXKeT 1 npoB3anMOoIeiicTBOBATh, U TOT/A COyJapeHre MOXKeT ObITh YIPYIHM
u Heynpyrum. [Ipu 9ToM U3 sijipa MOXKeT BbLIETeTh JPYroil HyKJIOH.

BzaunmoieiicTBre 4acTuIl ¢ gpoM XapaKTepU3yIOTCd CEYeHNeM PEeaKIIH.

Ectb s1p0o, BOKpyr Hero pucyior cdepy cedenneMm o. Ecau qacruna mnomnagaer B 3Ty
IJI0IIA b, TO PeaKIus MPOU30iIeT ¢ BePOATHOCTDHIO 1.
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Puc. 11.16.

N
— = onlAx.
J
Enunnneit cevenns sapngerca 1 Bapm — 107%%cm? — 9T0 IpHMEpHO COOTBETCTBYET
KBaJIpaTy paJuIyca, sIpa.
Ecim BO3MOXKHBI HECKOJIBKO KaHAJIOB PEaKIMil, TO CyMMapHOE cedeHue Oy/IeT paBHO

CyMMe IapIlinaJabHbIX:
Otot = E 0 .

Puc. 11.17.

[Torepst ”THTEHCUBHOCTH B BeIeCTBe OY/IET BHIPAYKATHCH:
dl = Inodx ,

I, =1Iye """,

O6BIqHO cedeHrue HaCTOJIbKO MaJICHbKOE, 9YTO CYMTalOT, 9TO IIOTOK MHTEHCHUBHOCTU HE
N3MEHAETCA.

MozKkHO J pacCYuTaTh CEYEHNe PEAKIN !

Byuem npujepxkuBarhest HepesonancHoit Teopun.

Bynem cunrars, uro sypo — 310 cdepa paguyca Rs.

DHePrus HAJETAIONINX JaCTUI] MaJjia 10 CPABHEHUIO ¢ BHYTPEHHEN SHeprueil sjpa:

E < Ty, Ty ~ 20 MoB.

MpbI cunTaeM, 9TO JaCTHUIA 3aCTPEBAET B sAJIpe, TO €CTh UIET Peakiins depes 0bpas3o-
BaHMe COCTABHOIO sAJIpa.

[Torpobyem paccMoTpeTh ¢ TOUYKH 3peHusi Kiaccuku. Hy»kHo HaliTu cedenne odbpas3o-
BaHUA COCTABHOIO djIpa. JTO OyJeT IPOCTO ILIOMIAIb SIAPA:

o.=mR2.

DTO OYIET BBIIOJHATHCA PU OOJIBITUX SHEPIUsT 9acTUIlbl, Korjga A**" < R,;. B stom
caydae 9T0 OyJIeT IpsAMasd peakius, T. €. B3aUMOJICHCTBHE C OT/IETbHBIM HYKJIOHOM.
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Bpems B3anMOIeHCTBHA OYeHb MATEHBKOE: T yspm < %q ~ 10720 — 1072 .

Kak y3narh, mponsomnura npsiMas peakmnus uin Her? Hacrtuma Oyjer BiaeTarh BIEpes,
[IOTEPHU MMILYJIbCca He Oyier.

Ecnu 6ynem yBeuauBaTh Je0POMIEBCKYIO JIJIMHY BOJIHBI, TOIIA HAJIO JIe/IaTh HOIPaB-
Ky, T. K. B3aUMOJIEHiCTBIE IIPOU30IIET, Tarke eCIl YaCTUIlA IIPOCTO 3aJeHeT dapo. Torma

IIOIIpaBKa JIJId CeYeHUd:

Ao
o. = 7(Ry + ﬁ)

— 9T0 OyJIeT BEPOSTHOCTD IO IaHUA.

Ho korma wacrtunia HajieraeT Ha IIOTEHIIMAJBHBIN Oapbep, TO €CTh BEPOSITHOCTH OTPa-
JKEHUs, TM0ITOMY B (hopMyJsie cedeHusl HYKHO ellle YMHOXKUTH 3TO Ha BEPOSITHOCTH IIPO-
XOXK JICHHS

4K
(k+ K)?’
QmE'

k* =

Puc. 11.18.

Mgzr YCJIOBUJIMCH, YTO SHEPIrud 4YaCTHUIIbl MHOI'O MEHbIIE BHyTpeHHefI QHEeprum sdapa

(E< U, k< K).

N kK Aok Ao, [E o2 1
= (R 4+ ) — (D)2 — 4 _2\/i: =
=Bt o e V) Y INT T vEe S o

— 3aKoH Bete. To ecTh ceuenne oOpaTHO MPOIOPIINOHAIBHO CKOPOCTH HaJIeTaoIIeil Ja-
CTHUIIBIL.

DTO MOHITHO U3 NF€OMETPUIECKIX COOOPasKeHUil, T. K. BpeMsl BO3MOYKHOTO B3amMO/Ieii-
CTBHS OGPATHO HPOIOPIMOHAIBHO CKOPOCTH: Ty ~ L2

v
,HJ'IH KazKJI0I'o KaHaJla €CTb BpEMA 2KU3HU O6pa3OBaHI/IH COCTaBHOI'O fJpa:

AET~h=T1~h
r

9T0 XapaKTepuCTHKa paciaja. Keam pacinaj MoKeT UITH ISl PA3HBIX PeaKITHit

I'y Iy
Oab = Ormr =

=0.—
Z Pz 1_‘tot
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Puc. 11.19.

— BEPOATHOCTD BbLJIETa JaCTUIBI b.

[Touemy 5T0 Ha3bIBaETCsI HEPE3OHAHCHAS TEOPUS PEAKIUii!

Ectb gma, B Heil crarmoHapHble YPOBHU. JacTuria MOXKeT HavYaTh PbITaTh B HEH OT
CTEHKU K cTeHKe. Ecm gactura OyeT nMeTh SHEPIUIO, COOTBETCTBYIOINLYIO CTAIlMOHAPHO-
My YPOBHIO, TO ITOSBUTCS PE30OHAHC.

DTOoT ciaydail onucbiBaeTcs popmysioii Bpeiita— Burnepa:

A, L.y
Oc = ﬂ-(_) 2 T2
2T (E — Ey) T
ar(yp— Lalv Lo To
ab o (E—E0)2+%2F CF

— BEPOATHOCTDH Bbl/I€Ta YaCTHUIIbI b.

Puc. 11.20.

OTu peakiuu OTJIUIHO BUIAT B IKcIepuMeHTax. MOKHO Jin yBHUJIETh PE30OHAHCHYIO
PEAKINI0 B CJIEJIYIONIEM CIydae: eCTh BO30YKJIECHHOE s/IpO, KOTOPOE MCIyCKaeT raMMma
KBaHT, & 3aTeM €C/I HAIPABUTH 9TU KBAHTHI HA Te YK€ CaMble fJipa, HO HeBO30Y K IeHHBIE,
TO OHM JIOJIZKHBI ITOTJIONIATHCS.

Taxkue pe3oHaHCHBIE YKCIIEPUMEHTBI, HAIIPUMED, JAJIU MOHATH O COJIEP:KAHUU T'eJIus B
armocdepe CoHna.

Ho B ganepnoit pusnke Takoro He mpoOMCXOIUIIO.

[TepBoiMm Hamesn sTot 3dhdekt MeccbHayp.

Meccbaysp uzydasi MorjoneHne paJuoakKTUBHOTO U3y UYEeHUsT CAMUM K€ UCTOYHUKOM.
OH OXJIa/IUJI UCTOYHUK U OKA3aJ0Ch, 9TO JIEHCTBUTEIBHO PAJIMOAKTUBHOE U3JIydYeHUE OT
UPUIHS TTONJIONIAIOCh HEPAIMOAKTUBHBIM UPHIHEM.

[Ipu BBLIETE TAMMA KBAHTA KPUCTAJLTY [I€PEIACTCS SHEPTHS OTJAYMN, 38 CIeT Hee SHeP-
I'usi KBAaHTa MEHbIIe, 9eM HY2KHa JIJIs PE30HAHCHOT'O MOTJIONIeHns . [Ipu Hu3KuX »Ke Temiie-
paTypax 3Toil OTJaun MOKET He ObITb, TOTJIa FaMMa-KBAaHT OY/IET MOIVIOMATHCA SAPaMu
B OCHOBHBIX COCTOSIHHsAX. DTO HasbiBaeTcad 3ddeKT Meccbayapa, wiu O6ecchoHOHHOE
UCITyCKAHUE TaMMa-KBaHTa
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Puc. 11.21.

Mpsr1 obOcyinu Bce BOIPOCHI, KpoMe 0jiHOTro. HefiTpoHbI cTOAT 0COOHSIKOM CPeJi YaCTHII,
A nepubie peakTOpPbI SBJIAIOTCHA OTJIMYHBIM UCTOYHUKOM HeHTpoHOB. OHUM HE 3apsizKEHBI,
[IO3TOMY MOTYT IPOHUKATH B /PO 6€3 KYJIOHOBCKOI'O OTTAaJKUBAaHUA. Kcim ymeHbIaTh
SHEPIUI0 HEUTPOHA, TO Oy/IeT KaaccudecKad JTudpakiinsgd HeHTPOHOB B BEIICCTBE.

)\n ~ RaT;

T ~ 300K; A~ A

SHaUNT, MOYKHO N3ydaTh MHMOOPMAIINIO O KPUCTAJIMIECKONH CTPYKTYPe BeIecTBa.

Heiitpon obJiajlaeT MarHuTHBIM MOMEHTOM, IIO9TOMY MOXKHO H3yYaTh MArHUTHYIO
CTPYKTYPY BEIIECTBA.

Ecym sneprug HedTpoHOB BeJIUKA, TO IPU ITPOXOXKIEHUN BEMIECTBA OH TepseT SHEPTUIO
3a cuer coypaperuii. OcobeHHO XOpoIo OH Oy/1eT TOPMO3UTHCS Ha siIpax Bogopoia. Moxk-
HO JiejIaTh 3aMeJIJInTeIn HeiTpoHoB. Hanpumep, B cjioe BOABI TOMIINHON 2,5 ¢M HEATPOH
TepsdeT suepruio ¢ 1MsB 1o 25 m3B.

Puc. 11.22.
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