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H3 'lero COCTOHT HYKJIOH, K8KOBO' ero CTpoe~me? - 8TH BOllpOChl 51BJISIIOTC51. cPYH

.Ll8MeHT8Jib~hiMH B coapeMeHHofi .cPII3IIKe. Me30HHaH TeopiiH noKa He naeT yna'lHOf'O$ 

OTBeTa~ DJIH TOf'O, 'lT06hi BCeCTOpOHHe paCCMOTpeTb 8TOT BOnpoc, B H8CTOSIIUeM OT

'leTe Bbl.LlBHraeM O.LlHY B03MO:IKHYIO MO,lleJib CTpyKTyphl HyKJIOHa. 

0CHOBH851 f'IITIOTe3a 38KJIIO'laeTC51 B TOM, 'ITO HYKJIOH He HMeeT TH:IKeJIOf'O 

KepHa, OH COCTOHT Il3 MHOf'HX 1'C -Me30HOB 1 KOTOpbie H8XO,ll51TC51 B CHJibHO cag-

38HHOM COCTOHHHR. npoTOH II HefiTpOH HMeiOT O,llHH8KOBhie CTpyKTyphi, y HIIX TOJibKO no

CJie,llHHe nBa Me30Ha pa3JIH'lHhl no 38pHny : y npOTOH8 -- Jt 0 3tt' , y HefiTpOH8 

Hhiti ¢epMHOH. C MaJieHbKOfi M8CCoti,. KOTOphlil HeceT 6apHOHHhifi 38p51.Ll + 11 CTIIIH 112 
"'~ . 

II npoeKUHIO II30TonH'lecKoro cniiHa - 112. Hy :IKHo ·npennono:IKIITb, 'ITO aToT ri~no-

3't -Me30H8MII H He MO:IKeT cyme-

CTBOB8Tb B CB060nHOM COCTOHHHII.· Ka:IK,llhifi Me30H .LlBH:IKeTCH B o6rueM noTeHuHa

Jie, o6pa3,YIOllleMC51 Il3-38 ycpenHeHHH neficTBHH CHJI npHTH:IKeHHH Me:tKny paCCMa

TpliBaeM hiM Me30HOM II BCeMII OCT8JibHhiMII 'l8CTHU8~H I .npyriiMH M e30H8M H H Hefi

Tp81lbH hiM cpepM HOHOM I. nng ynpoweHHH Bhi'liiCJieHHil none3HO paceM aTpHB8Tb II.Ll ea-

11II3IIpOB81,1Hhifi TIOTeHUH8JI 8THX 'l8CTIIU - noTeHUH8JibHhifi HllliiK H11H noTeHUH811 0CUII-

1151TOpa. nocMOTpHM, .LlO K8KOti CTeneHH T8K851 MO,lleJib HYKJIOHa MO:IKeT K8'leCTBeH

HO o6~HCHHTb HeKOTOphle 9KcnepHMeHT8JibHhle cpaKTh~ 

PacnpeneneHIIe H.nepHoro aewecTaa BHYTPII HyKJIOHa. Bo3bMeM noTeHuiian 

V 1r t ~ 1 1r 
(fl.)= -v0 + t;f-WJt. , rne vo rny6HHa noTeHuiiana, f- - Macca.Me3oHa, 

'laCTOT,. W - enHHCTBeHHhi:il: aa.:IKHhiil napaMeTp. CHa'lana npeHe6per.aeM pa3HOCTb10 

Mace 3ap51:1KeHHhlX II Heii:TpaJibHhiX 

B011HOBhle cpyHKUHII HMeiOT BIIn: 

Me3oHOB. Xopowo H3BeCTHO,, 'ITO po6cTBeHHhie 

f'ne 

nOJIHHOM 3pMHTa; OTciOna MO:IKHO nony'lHTb · cpopMy pacnpeiJ,eneHHH Me30HOB fTC( It) 

H aenH'lHHY ero cpenHero KBanpaTII'!Horo panHyca 

DnH ocHOBHoro cocTOHHRH pacnpeneneHIIe Me3oHoa 

P [ 3 17..'2. 1 n <tz.> ..v exp - 2 liS /2/ 
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T.e. pacnpeaeneaue pa3MbiToe. AHallH3 SKcnepuMea:ranbHbiX aaHHbiX o6 ynpyroM 

paccestHHH lllfOHOB BbiCOKHX SHeprH1i Ha HYKJ10H8X aa.eT. KOScpcpHUHeHT nornoiueHUSI 

K /1/ 
UIWHOB B HYKJlOHe (It) . • B cpOpMyne /2/ B9J11PlHHy (.tr.,"-> MO>KHO noao-

6paTb TaK, 'IT06bi KpHBaSJ /2/ coanana c KpHBOR K (tz.) : J<fiJ) = o,r f . B OTJlH-' 

'IIie OT M'e30HHOfi TeopHH KapTHHB TaKast: BHyTpH HYK:IOHB BCIOay TC -MeaoHbi, 

Ka>KabiA M930H HMeeT 60JlbWYIO BepOSITHOCTb HBXOaHTbCfl OKOJlO ueHTpa lf M9HbWYIO 
. ,, !, . 

aepostTHOCTb - Ha Kpae. nosTOMy HM99TCSI TeaaeHUHSI K "B03HHKHOB9HHIO .,'19pHOTbi 11 

B ueaTp8JlbHOn o6nacTH HYKJlOHa. Co6cTB9HHbie 3Ha'leHHSI aaeprnH 1t -Me30Ha paBHb~! 
3 ' 

En.= - Vo + (n+."i'") -kw • Yf aaecTHbl aenn'IRHa ~ anst UHOHOB 1f B91lH'IlfHa 

-/r.w/f' "' 5 15. 3aMeTHM 1 'ITO J(~t"l.";" I OTCIOaa napaMeTp 1iw HM eeT 3Ha'leane 

MeaOHbi He MOryT o6naaaTb BbiCOKon SHepruefi, B CBSI3H C cywecTBOB8HH9M ecTeCTBeH

HOrO "'o6peaaanS! .. n:a-aa ayneaoa aaeprnn / ~ 1>1, W" ~ M r- / • 
Pacnpe·aeneane sneKTpH'IecKoro aapsraa BHyTpH HyKnoaa. M eaoHHbie cTpy.KTy

pbi y npoToila H ae1iTpoaa oaHHaKoBbi, TOllbKO nocneaaue· asa Meaoaa paanH'IHbi no 

aapsti:J.y. · noaToMy1 ucnonbaysr cpopMyny /2/ 1 cpaay nony'laeM pacnpeaenean:st aapsr

aa ·ft.Cn.) 

ansr npoToaa 

ansr aefiTpoaa 

[ 3 ~t."' J fe C~t) ,... exp - T -;;s , 

fe (It) ~ o 
~ 

<-t'">:: ( ~'f f)"" J 131 

/4/ 

T.e. aeT peaKofi KoaueaTpauuu aapsraa a ueaTpe npoToaa, ero aapsra paaMaaaa no ace
cr:+ 

My o6'beMy. Ho aayTpu ae1iTpoaa :/1 -Meaoa pacnpeaeneH no TOMY :me aaKOHy, 

'ITO 1f '3't- -Me30H1 OTCIOaa cneayeT 1 'ITO nnOTHOCTb aapstaa HefiTpOHA BCIOay 
a> 

6nHaKa K HYlliO. ¢opMyllbi /3/ 1f /4/ HaxoastTCSI .,; cornaCHH C SKcnepUM9HT81lhHbiMH 
' ' /2/ 

peaynbTaTaMH no paccestHHIO aneKTpoaoa BbiCOKHX saeprna aa ayKnoaax 

Peaoaaachl a nlfoa-ayKnoa cn:cTeMe, OnHchlaaeM npouecc paccesrausr naoaa aa 

ayKnoae KaK aan:meane oaaoro aononHHTenbaoro nnoaa a cpeaaeM noTeaunane ayK

noaa, .:lC!lPE1KTepncTnKa KoToporo nano:»<eaa Bbrwe. CncTeMa nnoa-ayKnoa Mo>KeT 

H8XOaHTbCSI TOllbKO B aHCKp9THbiX COCTOSIHlfSJX C onpeaeneHHbiMH KBBHTOBbiMH 'IHCna-

M H! n,.,._ i 1.. i J i j( 1 rae n.,. - paaH81lbHO~ KB8HTOBOe 'IHCllO ·. (na 2n4 +-l-2) 
' • .I 

1. - KB8HTOBOe 'IHCllO opOUTBllbHOrO MOMeHTa1 J - KB8HTOBOe 'IHCllO UOllHOrO 

MOM9HT8 1 Jt: - '19THOCTb CHCT9Mbl llHOH-HYKllOH. YJaaecTao, VTO .nepBblfi aoa6ymaea-

HbiA ypOB9Hb fP c tl.oc = 1, L = x; cneayiOwa.sJ rpynna : 1 A H 2S 
c 11.. = 2, rae 1n HM99T n .... = 1, 1= 2 H 25 HMeeT n"" = 2, 1. ... 0 
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.QanbWE:i Haao o6paruaTb BHHM8HHe'. Ha TOj 'ITO CHnbH8SI CJ1HH-OpOHT8nbH8SI CBSI3b 

npHBOaHT K pacruenneHHIO Ka)KaOro COCTOSIHHSI Ha asa ypOBHSI C p83JfbiMH nonHb~~,!i 

l, yposeab c - J = £- .L MOM9HT8MH J • 3Mn.HpH'I9CKH anSI aaHHOrO 
1 2. 

HMeeT 

MeHbWYIO aaepruro H ne*HT HH)Ke, qeM yposeab c J = 1.+ 2:" • TaK KaK H3 

9KCnepHM9HTOB cneayeT 1 'ITO HH3WHM B030y)KaeHHbiM COCTOSIHHeM SIBnSieTCSI 

COCTOSIHHe nocneaosaTenbHOC'rb scex HK3KHX soa6 y*aeHHbiX ypoaaeft 

6y.lleT: .; 1 A l/z. C-J; 1 A :r4 c->; 2 S ~ £-> , 1 F t;,. c+>. 
Bee 9TH HH3KH9 Boaoy)KaeHHble ypOBHH SIBnSIIOTCSI _KB83HCTaoHnblfbiMH COCTOSIHHSIMH 

cucTeMbi nuoa-ayKnou. OuH HMeiOT KOpoTKoe ape>MSJ )KH3HH ua-aa 6onbworo aaaqe

HHSI soaoy)KaeHHSI. EcnH npeanonaraeM, 'ITO ooruHA noTeauHan anSI aononHHTenbao-.,., 
ro Meaoaa T.OnbKO H9MHOrO OTnHT.JaeTCSI OT JlOT9HUHana ans Me30lJOB--BHyTpH 

ayKnoHa, To MO)KHO rpyoo oueaHTb paccTostaHe .6 E Me*aY STHMK soaoy*.llea

HhiMH ypoaastMH npH noMOIUH uaaecTHoro napaMeTpa tw -.dE: Cll:i 250 Msa, 

r.lle y'IH'rbiBaeTcsr pacruenneaue ypoaaeA. AaanHa sKcnepHMeHTanbHbiX aaaahiX no 
131. 

pacceHHHIO nRonoa aa ayKnoaax aaeT caoAcTBa peaoaaacoa ; pe:.ynbTaTbi aaanH-

aa yKa3biBaroT aa To, 'ITo, KpoMe nepaoro peaoaaaca PJ/a. c+>, cyruecTayeT 

BTOpOA H TpeTRA peaoHaHCbl C A.y~, (-) H A sta. <-J 1 KOTOpb!9 H8XO,llSITCSl B 

cornacHH C O)KHaaHH9M • Ha OCHOBaHHH SKCnepHM9HTanbHbiX aaHHbiX JJOnHaSJ SHep

rHSJ peaoaaacoa Ia cHcTeMe nHoa-ayKnoa c BbtlJeToM Macchi ayKnoaa/ noo'lepe.llao 

paaaa 290 M sa, 540 Mas, 790 Msa, 1000 Msa. TaKHM oopaaoM, B03MO)KHO 

CBSI3biB8Tb nHoH-HyKnOHHOe B38HMOaeftcTa~e CO CTpyKTypoft npOTOH6 H HeftTpOHa npH 

JlOMOIUH 9,UHHOA KapTHHbl C oaHHM H TeM )Ke napaMeTpOM. 

npH onnbWHX SHeprHSJX JlOHSJTHe 

0 H938BHCHMbiX ypOBHSJX JlOCT9J19HHO TepSieT CMbiCn Ha-aa yMeHbWeHIU{ paCCTOSIHHSI 

Me)Kay ypOBHSJMH H yaenH'I9HHSI WHpHHbl ypOBHeft. B OTnH"'H9 OT OCH()BHOro COCTOSI-

HHSI HyKnOHa 1 KOTOpoe OIIHCbiBaeTCSJ· MOaenbiO 'aeaaBHCHM biX "18CTHU' 1 CHnbHO 

B030y)K,ll9HHblft HyKnoH HBnsteTCSI CHCT9MOft M-930HOB C BbiCOKOft TeMnepaTypptt. 0H 

onHcbiBaeTcSI Moaenbro aarpeToro Meaoaaoro raaa. TaKaSJ KapTHHa noxo*a aa Ty, 

KOTOpaH Obln6 HCJJOnb30BaHa cPepMH B ero CTaTHCTH"'9CKOft Te OpHHo 

C TpyKTypa rHnepOHOB. npeanonO)KHM 1 'ITO HyKnOH GCTb CTaoHnbHOe • CBSI38HH09 

COCTOSIHHe JlHOHOB H aeftTpanbHOro ~epMHOH8 1 a runepOH eCTb MeTaCTaoHnbHOe 

CBSJ36HHOe COCTOSIHHe JlHOHOB 1 8HTH - K-Me30Ha H aeftTpanbHOrO ~epMHOH6o 

Y'IHTbiB8Sl aeTanbHYIO BHyTpeHHIOIO CTpyKTypy rHnepoHa, nony'IHM Moaenb, KOTOpast 

/4/ 
SJBnHeTCSI aanbH9ftWHM pa35HTH9M MoaenH ronbaraoepa , npe,llJJOnaraawero 
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'ITO rrmepoH = (w'K_},H o6'bSICHHBwero cymecTB~BaHHe H cTpaHHOCTJ;> rHn,ep()HOB. Ho-. . . ' . ' ' . ' . . . . . ~ ' ' 

BaSI MO.lle1lb rnnepOHOB ll03B01ISIP.T CBSI3b!BaTb CTpyKTypy HYK1lOHa CO CTpyKTypofi, . 
~ . ' . ' . ' ,, -: " :. ! . 

rHnepOHOB H OOCYM.llaTb UROHHOe H 91leKTpH'IeCKOe pacnpe.neneHHSI BHyTpH rHnepo-
.· r • . • , • . . . 
,. . + 

HOB. HanpHMep, E • HMeeT O.llHHaKOByiO 3t' -Me30HHYIO cTpyKTypy c npoTOHOM 
·' ,....,0·>"· , .. ' . ' ' . . ,....,.' .. : .'' 

T01lbKO c O.llHHM .no6aBO'IHbiM K -Me3oHOM. EcnH cymecTBOBaHIIe K0 He 
. '+ 

CH1lbHO B1lHSieT 'Ha nepBoHa'la1lbHOe pacnpe.neneHHe nnoHoB, To E . . HM~eT cpopM-

cpaKTOp 

l 3 n.'- J fnCrr.> .....- Je<~z-> .v exp -"fa; , (rr}·> = (q tf )7.. 
/5/ 

n o-BII.lliiMOMYt TaKofi cpopM-cpaKTOp .ll01l.:lKeH B1lHSITb Ha npouecc pacna.na ~+ rH-

nepoHa. AHanorH'IHo, aneKTpHqecKnii _pa.nHyc .·Y 

KHM. KpoMe Taro, CBOHCTBa HYK1lOHa, A 0 
H 

Ao 
~ 

rnnepoHa 6y.neT o'leHb ManeHb

rnnepoHa, HaXO.llSIIUHXCSI. .B 

C!I1lbHO B036yM.neHHbiX COCTOslHHSIX 0 TO.:lKe oqeHb llOXOMH. Bee OHII . SIB1ISIIOTCSI Harpe-

TblMII UHOHHbiMH ra3aMH 0 T01lbKO C O.llHIIM .nmr 6ea o.nHoro K .~MeaoHa •. VIc-

napSIIOIUHeCSI H3 HHX UHOHbl .ll01lMHbl HMeTb npHMCpHO O.llHHaKOBbie· 9HepreTH'IeCKIIe 

cneKTphl H yrnoBhle-pacnpe.neneHne. 

Jlpyriie CBOHCTBa HYK1lOHa. 3Kcnep1IMeHTa1lbHbli!: cpaKT M'l'\ > M/'- ecTe-

CTBeHHO 'o6'bHCHSieTCSI TeM, t{TO fk1t~ ;. fln• • PacqeT, y'IRTbiBaiomnii · BKna.n 

pa3Hb!X _COCTOSI~~HH 'c pa31llit{Hb!MII II30TOnliqecKIIMli CUUHaMII, .naeT Be111It{liHY pa3HOCTII 

Mace' Mn. -·MI'- ~ + 1.
1

5" Mev- • Ho Bonpoc o MarHIITHOM MoMeHTe eme ocTaeTcSI 

OTKpb!TbiM. 

~ 
H·a.no aaMeTHTb, qTo TaKoe cpeHoMeHo.riornqecKoe oniiCaHIIe HyKnOHOB II riine-

poHoB npe:UcTaBnSieT co6oii ynpomeHHoe HepenSI.TIIBIICTCKoe npn6miMeHIIe II cnyMIIT 

T01lbKO KaK npiiMep o.nHoii II3 Bo3MOMHbix Mo.neneii. Ho, B03MOMHo, ·TaKaSI Mo.nenb 

ToMe ·co.nepMIIT aneMeHT IICTIIHbi. B aaKniO'IeHIIe SI xoqy no6naro.nap1ITb P.M.C.y

rtSieB&'~a·n~iepec K aToii pa6oTe. 

'PyKOlliiCb llOCTynH1l~ B II3.ll8Te1lbCKIIfi OT.ll81l 2 HOSI6p~ 1959 rona~ 
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