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§ 1. BBeneHHe 

B 1935 ro.n:y lOKaBa BbICKaaan I'HilOTeay, co.rnaCHO KOTOpoii: HyKnOHbI B3aHMo-·-. 

1l eii:cTBYIOT nocpe.n:CTBOM HeKOTOpOI'O npoMe)KyT0 1IHOI'O Me30HHOI'O nom1, LJacTliUbI 

9TOI'O nom1- - Me30HbI liMe!OT Macey~ npH5nH3HTenbHO Ha nopsr.n:oK MeHbllIYIO 

·M Ill . , . 
M8CCbI HyKnOHa . . • C TO'iKli apeHliSl 9Toii: I'lillOTe3bI, peanJ:,Hhlii:, "q:m3M'ieCKli1!:: 

HYKllOH COCTOHT li3 "ronoro ", To'ie'iHOro, HyKnoHa, OKpy)KeHHOI'O Me30HHbIM noneM 

no.n:o5Ho TOMY, KaK TotJe'iHbiii: sneKTpMqecKMii aapsr.n: oKpy:iKeH sneKTpuqecKHM no

neM. Ha KopnycKynsrpH~M srabrKe MO)KHO cKaaaTi., 'iTO BOKpyr HyKnoHa MMeeTcsr 

o5naKO BHpTyanbHbIX Me30HOB TaK )Ke, KaK OKono sneKTpHqecKoro aapsr.ua HMeeT

CSl o5naKo BHpTyanhHbIX cpoTOHOB li aneKTpOHHo-noaH1'poHHbIX nap, 

BepostTHOCTb po)K.n:eHHSl BHpTyanbHOI'O MeaoHa 3aMeTHO na.uaeT, Kor.ua ero 
. 1/ 

HMilyllbC CT.BHOB.HTCSl 50llbllle /"'Ve • noaTOMY Heonpe.ueneHHOCTb B. SHeprHH 

E .t, . 
Me30HHOI'O o5naKa COCTaBnsteT OKOllO. ~ ?C , a Heonpe.ueiieHHOCTb B HMnynb-

ce-Ll p--;;vc . OTcro.ua cne.uyeT, 'ITO BpeMsr )KH3HH BHpTyanbHoro _MeaoHa .1 t"' 'kfac, 
a paaMep Me30HHoro nonsr .1X~ -li/uc• 

OTKpbITHe aapsr)KeHHbIX a HeiiTpanbHbIX_ 7( -Me30HOB /riHOHOB/ C Maccoii 

m.t' = 1 /6,3 M no.uTBep.uHno ocHOBHoe npe.n:nono)K emre lOKaBbr, a· MaTeMaTHqe-

cKasz q>OpMynHpOBKa H.UeH lOKaBbI·, rrpe.uno)KeHHaSI B He.uaBHHe r'O.llbI . L{y H noy 
.unsr HepenszT,KBHCTCKHX aHeprHii qacTHU / E << Mc2,;,_ 0,94 :SaB/, .uana y.uoBne·r

BOpHTenbHOe KOllH'ieCTBeHHOe OIJHCaHHe SKcnepHMeHTOB no pacceSIHHIO H cpoTopo

)K.UeHHIO 'ff -Me30HOB H rrpaBHllbHbiii rropsz.n:OK BenH'iHHbl MarHHTHbIX MOMeHTOB 

" / 2/ 
npoToHa H HeliTpOHa • ll 

8T.H peaynbTaTbI HepenSITHBHCTCKOfi TeOpHH IJ03BOllSlIOT .n:yMaTb 1 'iTO BHpTy

allbUOe o5naKO 'J, -Me30HOB SlBnszeTCSl peanbHC1CTbIOo O.uHaKo HYKllOH. M0:>KeT_ . 

.UHC,COUH.HpOBaTb He TOllbKO Ha HyKnOH H fl, -Me30H, uo TaK)Ke H Ha K -Meao,H 

R r1mepou., Ha napy HyKnon- aUTHHyKnOH H T • .n:. 

1/ 
OnepaTop pO)K.ll,eHHSI Meaoua nponopuHoHanen 

• 
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N :;:!: N+<J, /1/ 

N -:;::!:. y + K /2/ 

....., 
N :;;::!: N+N+N . /3/ -

Coo6pamemrn, aHanorH"!Hbie npn:aen eHHbIM Bbiwe, OTHOCHTenbHO. npouecca / 1 / 

npHBOnstT K SaKnIOq9HHIO, '!To, IlOMHMO IlHOHHOI"O o6naKa C xapaKTepHbIM pasMepOM 

"FL/ ln-1rC, BoKpyr HyKnoHa nonmHo cymecTso~aTh TaKme o6naKo an:p;yarihHbIX 

K-MesoHoB, c xapaKTepHbIM. pasMepoM tr;J',y, C •. /frt,A: -Macca K-MesoHa; 
Ml 21 1/n I< ~ ml(~ /2, I n: o6naKO BHpTyanbHbIX nap / N, N ./ c xapaKTep~bIM pasMepoM 

"fll/M C I M - Mac ca HyKnoHa/. 

Ha pn:c. 1 npHBene.Ha, _6bITh MO:>K. eT HeCKOnhKO HaHBHast, KapTHHa CTpyKTypbI 

cpHSH"!eCKOI"O HyKnOHa, cne'ny10mast HS, npencTaBneHHSI O B0_3MO:>K.HbIX BHpTyanb-
,-~·--· ,.. 

HhlX npoueccax BHYTPH HyKnoHa. 

3Ta cpn:sn:qecKast K8pTHHa npHBOnHT K npencTaBneHHIO, 0 cymecTBOBaHHH 

nsyx pasnH"!HhlX o6nacTefi BHyTpH HyKnoHa - BHCWHefi nHOHHOH o6ono"IKH H. ueH-
' 

TpanhHOfi "IaCTH "KepHa II 
t rn_e cymecTB9HHOe _3Ha"!9HHe HMeIOT K-Me30HbI, HYKnOH-

aHTHHyKnOHHbie napbI ll. rHnepOHbI •. XapaKT9pHbifi. pasMep "KepHa" COCTaBm:IeT 

~o/Mc= 
3/ 

-14 · 
2,1. 10 CM, 'ITO B H9CKOnhKO pas M9HhW_e pasMepoB IlHOHHOii o6ono"!-

KH • 

B HaCTostmee BpeMst HaWH SHaHHSI O 11K9pHe" HyKnOHa COBepw eHHO HH"ITO:>K.

HbI, HO MO:>K.HO HanestTbCst, 'ITO Mbi ropasno 6onbwe 3HaeM O nHOHHOH o6ono"!

K9 HyKnOHa. 

21 
Csstsh K-MesoHOB c ·· "rorrhIM" HyKnoHoM, no-nHnHMOMY, cf!a6ee, 'ICM 
CBSISb IlHOHa C HYKnOHOM. noaTOMY H K-MeSOHHOe o6naKo ,MeHee HH
TeHcHJ'rno, H9:>K.9.!IH nHOHHOe., 

31 fl 6 . CTpOB birr,_ no-sHnHMOMY, nepBbIM, KTO. HS ,aHann:sa paccestHHSI HyKno~ 
HOB Ha HyKnOHaX npn:wen K 38KnIOqeHHIO O cymecTBOB8HHH. cepnueBHHbI 
I corze I HYKnoHa - o6nacTH 6onhwero OTTanKHBaTenbHoro noTeHuHa

na /3/. CosceM HS npyrHx coo6pamemi:fi K c;mecTBoBaHHIO cepnueBHHbI 
"KepHa H . HyKnOHa npHwerr onHH H3 Hae /4/. / / 
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Bo BCSIKOM cnytJae SICHO, 'ITO ecm1 COBpeMeHHbie TeopeTH'I0CKHe npe.ucTaBne

HHSI XOTSI 6b! B rpy6bIX tJepTaX cnoco6HbI onHCbIB8Tb CTpyKTypy T8KRX "aneMeHTap

H bIX" 'I8CTHU K8K HYKnOH, TO ·cne.uyeT C'IHT8Tb, '1°TO aapSI2K9HHbie BHpTyanbHbie 

1i -Me30Hbl C03.ll8.LlYT pacnpe.ueneane aneKT~H'i0CKOl"'O aapsz.ua H TOKOB B nHoH

HOil: o6onotJKe HyKnoHa. B 'I8CTHOCTII, 8TH TOKH H .uon:>KHbI 6bI SIBnSITbCSI npH'IHHOil: 

8HOManbHOl"'O M8l"'HHTHOl"'O MOM0HT8 HyKnOHOB. 

noa.unee Mb! pacCMOTpHM 8Kcnep'l:IMeHTanbHbie .LlOBO.Llbl B nonb3Y OnHC8HHOfi 

KapTHHhl CTpOeHIISI HyKnOHa. 

Mb! YBH.LlHM 1 'ITO M038HK8 H3' cpH3H'I0CKIIX u.uefi, OllbITHbIX .Ll8HHbIX" H pac

'I9TOB eme .uaneKa OT Toro, 'IT06bI cno:>KHTbCSI. B cTpofiHyIO H 38KOH'I9HHYIO Kap

THHY, HO M02KHO yTeW8Tb ce6SI T9M 1 'ITO eme K8KH
0

X-nH60 .Ll0CSITb neT. TOMY H838.Ll 

ca Mo cnoBo "cTpyKTypa" HyKnoHa noKaaanocb 6br 6onbUIHHCTBy cpH3HKOB KpIIMH-

HanbHbIM. 

§ 2. M eTO.Llbl H3y'<l9HHSI CTpyKTypbl 'I8CTHU 

ny'IWHil: cnoco6 _H3y'IHTb CTpyKTypy 06'b9KT8 - 8TO BH.Ll0Tb ero. M 8ll0C'llb 

pa3MepoB MI!Kp0'18CTHU O'I0BH.LlHbIM o6pa30M COBepweHHO HCKnrotJaeT aTy B03MO:>K

HOCTb. 0.uHaKO OCT80TCSI. H9'ITO aHanorH'IHOe--. 8TO ynpyroe pacceSIHHe H3ytJaeMoil: 

qacTuueil: KaKHx-mi:60 nyqeil: c .LlJIHHoil: BonHbI A M0Hbweil:· paaMepoB qacTHUbI a,. 

Ha6nro.uasz TaKoe p:acceSIHHe B an caM6ne. qacTHU, MbI nonyqaeM cpe.uHee 

onTH'I0CKOe H306pa:>KeHHe qacTHUbI, H3 KOToporo, npH HeKOTOpbIX ycnoaHSIX, MO)K

.!lO nonytJHTb .Ii noocTpaHCTB0HHO-BpeMeHHYlO KapTHHY CTpyKTypbI qacTHitbl no OTHo

weHHIO K H30paHHbIM nyqaM. TTpHMepOM TaKoro po.ua H3MepeHHil: MOl"'YT. cny:>KHTb" 

onhlThl no pacceSIHHlO aneKTpOHOB HPH 't -KB8HTOB H8 HyKnOH8X~ 

l-i eM· 6onee .Ll eTanbHYlO HHcpOpM8UHIO O CTpyKType qacTHUbl Mb! XOTHM nony

'IHTb, TeM 6onee KOpOTKHe BOJ1Hbl .LlOJ12KHbl HCilOJ1b30B8Tb. EcnH Mb! orpaHH'IHMCSI 

.llJ1HH8MH BOnH .A_ , 6onbWHMH H0:>K9J1H KOMilOTO.HOBCK8SI .llJ1HH8 BOnHbl fij;wc 
C8MhlX nerKHX qacTHU, CBSI3aHHb!X C HyKnOHOM /TaKHMH. 'I8CTHU8MH SIBJ"ISilOTCSI 

. 9'( -Me~OHbII' TO CTpyKTYPHbie ~qicpeKTbI HyKJ"IOHa He 6y .llYT. Hl"'p8Tb B82KHOil: 

ponu. · HanpHMep, pacceSIHHe cBeTa c .llllHHOil: BOJ"IHbr .A. >> h-/ w,,,ff·C 

6y.ueT .ll8B8Tb CB0,ll9HHSI TOJ"IbKO O B0J1HqHHe nonHoro 38J)SI.ll8 HyKJ"IOHa. np·H 
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MeHbllIHX 3Ha'IeHHSIX. .K pacceSimre Y:>K e 3aBHCHT OT aHOMam,aoro MarHHTHOI'O 

MOMeaTa ayKnoaa, a npH .i\' < ¾, c;ruec-reeaaa JleTanbHaSI ./lHHaMH'IecKaSI 
, Jlljf_c 

cTpyKTyp~ ayKnoaa. Ceqeaae pacceSIHHSI e sTOM cnyqae cyruecTeeaao oTnH'IaeTcSI 

OT ceqeHHSI pacceSIHHSI Ha TO'Ie'IHOtt"qacTHue. 

Cne.llyeT HMeTb 
I 

BBH./lY, ,'ITO C yMeHbllleHH8M .llnHHhl BOnHhl npHMeHSI8MhlX 

.llnSI H3Y'I8HHSI CTpyKTypbl 'IaCTHUbl nyqett, ue1rs6e:>KHO HacTynaIOT HOBbl8 scpcpeKTbI, 

ycno:>KHSIIOIUH8. npoc:TyIO KapTHHY 11 BH./l8HHSI 11 CTpyKTypbI. 3To, eo-nepBbIX, scpcpeKT 

OT./la'IH, eo-eTOpbIX, ueynpyrne npoueCCbI. PacCMOTpHM 'HX nocne./lOBaTenbHO. 

A. 3cpcpeKT .OT./lB'IH 

EcnH .llnHHa eonHhl nyqett .A< ·yMC, I'./l8 M - Macca H3y'IaeMott 

'IaCTHUbI, TO npH B3aHMO./l eJ!:cTBHH C qacTnuett nyqa, nayqaeMaSI qacTHUa cyrue

CTBeHHO Meas1eT ceoe ./lBH:>Keune na-aa nepe.llaeaeMoro · ett HMnynbca. 4To6b1 no

ny'IHTb npe./lCTaenemre o aaa'leHHH sToro scpcpeKTa JlnSI nony'IeHMSI nao6pa:>KeHHSI 

qacTHUbI, npe./lCTaBHM ce6e, 'lTO eayTpeHHSISI cTpyKTypa tJaCTJIUbI MO:>KeT 6b1Ti,: 

onMcaaa eonuoeott cpyHKunel <P, ·(K, 3) , •r.lle'· K ··- eeKTop saeprHH-HMn'ynb-:-

ca qacTHUbI . .Ila eaanMo.riettcTBHSI ee c nytJoM, S - euyTpeuane KoOp./lHHaTbI 

tJacTHUbI. TTycTb .llanee, Cf~ · ( K: j )-Ta :>Ke cpyHKUHSI · nocne eaaHMO./lettcTBHSI 

qacTHUbI c nytJOM / K · - eeKTop sHeprnn-HMnynbca nocne eaaHMO./lettcTBHSI/. 

B 8KcnepHM8HTanbHO onpe.llenSieMyIO eenH'IHHY /cpopM-cpaKTOp tJaCTHUbi/ BXO./lHT 

npOH3B8./l8HHe <,1'1{, ( K, 3) '.H <f ~ ( K: 5). nosTOMY OilTH'I8CKOe H306pa:>K8HH~ 
I . , . 

aeHa6e:>Kao· 6y.lleT· aeKoTop@M Hano*eaneM KapTHH aatJanbaoro H Koaequoro cocTo-
,_ 

·SIHHtt, oTmrtJaK>IUHXCSI ./lpyr OT .llpyra aanpaeneaneM H eenHtJHaott nopeaue,~cKo-

ro C:>KaTHSI. 

K oMnoaeaTa 

6y.lleT cpyHKUHett 

¢ypbe cpopMcpaKTOpa 'ff: H3 penSITHBHCTCKHX coo6pa:>KeHHtt 

( 
I ) .t. - .t . :t: ·c·. - . -1 - f ) t<-K =-llK -Al ; At<=K-K; t).l=l-l. , 

t'./l 8 K - npocTpaacTeeaaaSI, a f., - Bp9M8HHaSI tJaCTH 'I8TbipeXMepuoro B8KTO-

pa K, I, T.e. 

'f:. f ( t1 K .t._ J ti_}. 
, '!41 
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8 CILCTeMe ~eHTpa TSDK9CTII rrepenaqa 9HeprIIII .,d C,. = o,II cpOpMcpaKTOp norrycKaeT 

TonKoBaaae H306pa)KeHIIH KaK H9K0T0poro rrpocTpaHCTB9HH0I'0 pacrrpeneneHIIH. 

/5/ 

0 nHaKo1 a To pacrrpen eneHIIe 6y n eT Hano)K eHIIeM nByx pacrrpeneneHIIfi "no OITbITa" 

H ."rrocne 011h1Ta"·. EcnII cornacIIThcH TaKoe o6o6meHHoe pacrrpeneneHHe paccMaTpII

BaTh KaK Hao6pa)KeHIIe CTpyKTypb! 'IaCTHUbI, TO rrpli .ll0CTaT0'IH0 6onhWOM 'IIICJie 

aKT0B pacceHHliH /rrpII "6onhWOH CTaTliCTirKe"' KaK 06bI'IHO I'OBOpHT/ Ii 11p!I n:o-

CTaT0'IH0 KOpOTKOH LllIIIHe B0lIHbl .A B rrpIIHUliITe, B03M0)KH0 IT0lIY'IIITb KaK yron-

HO T0'IHyio KapTliHY rrono6HOI'O 0ITTli'IeCK0I'0 li306pa)KeHIIH 'IaCTliUbl. 

B. HeyrrpyrIIe rrpoueccbI 

C yMeHbW9HII9M nnirHbl B0JIHbl .A
C9HB89MhlX 'IaCTiru 1 noapacTaeT aHa'IeHIIe Heyrrpyrirx rrpoueccon. Ponh nx oco6e~H6 

B91IHK8 B cnyqae CHnbHbIX B3aIIMOLl9HCTBHH. J.1 M9IOIUH9C5I B HacT0.sJIUee BpeMH 

9KcrrepHM9HTanhH
0

bl9 naHHble 110 ITII0H-HYKlI0HH0MY Ii HyKnoH-HyKJI0HH0MY B381IM0-

neficTBIIHM yKa3b!BaIOT, 'ITO ceqemrn B381IMO.ll9HCTBH5I He YM9HbWaIOTCH C ynenn-

'IeHIIeM 9HeprIIII,. a CKopee 0CTaIOTCH nocT6HHHbIMII. 3To Bli.llH0, HarrpirMep, II3 Ta6 -

lIHUbI 1, rne BMeCTe co CTaTIICTII'IeCKHMli OWH6KaMli II3MepeHHH nplIB9.ll9HbI 9Kcrr·e

plIM9HT81IhHble 3H8'IeHIIH ceqeHHH Heyrrpyrn:x B3aliM0.ll 9HCTBliH np0T0H0B Ii HefiTpo-

/56/ -
HOB C HnpaMII )Keneaa npli 0OlibWliX 9H9pI'liHX • Cpen:HHH 9Heprn:H nnH K8)KLJ:o-

I'0 IIHTepBana B Ta6nHue 1 Bbl'IliCneHa C yqeT0M 9HepreTir'I9CK0I'0 CITE:!KTpa rrpoTo

H0B B aTMOCcpepe. K aHaJI0I'II'IHblM 38K1IIO'I9HIIHM rrp!iB0.llHT TaK)Ke li3MepeHHH 

·-• /6/ . /7/ 
rpn:ropoBa c coTpynHIIKaMir , Ber)KaHOBa Ir' n:p. • MeHee HCHbl TeHneHUirli 

B cnyqae sneKTpoMarHHTHbIX BaaHMoneilcTBiril~ On:HaKo.,-apHn nir rrpir · BbIC0KIIX 

9H9pI'HSIX S1I9KTpoMaI'HliTHOe B3aHMOLJ:9HCTBlie M0)KH0 i:a·ccMaTpliBaTb 0T.ll enhH0 OT 

llPYI'HX B3aHM0Ll 9HCTBHH, B 'IaCTH0CTH, OT B3aliM0Ll 9HCTBliH, nop0)KLJ:aIOIUHX ft -
Me30H lI I:T.etiTpliHO. TeopeTir'IeCKHe oueHKH· IT0Ka3blB8IOT, 'ITO npli 0'IeH.h Bb!C0KliX 

auepr1rnx 9Tli npoueccbl CTaH0BSITCH ClillhHblMH B TOM CMblClle, 'ITO ce'IeHliSI CTauo-

,t-/ .\. .t, -1-. /8/ 
BSITCH 6onhwe -- vt .I\ I .I\ -: .llllliHa B0lIHbI cpoToHa I. 
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B cacTeMe ~eHTpa TsnKecTH rrepe):{aqa 9Hepruu Ll l = 0 Ju cpopMcpaKTop llOrrycKaeT 

TonKoBaaae Hao6pa}KeHHn KaK HeKoToporo rrpocTpaHCTBeHHoro pacrrpelleneHnn. 

/5/ 

OllHBKo1 9TO pacnpe,lleneHue 6ylleT Hano}KeHneM llBYX pacnpe.lleneHnil: · ".llo onbrTa" 

H ."nocne onhrTa ". EcnH cornacnTbcn TaKoe o6o6weHHOe pacnpeAeneHne paccMaTpH

BaTb K8K H3o6pa}KeHHe CTpyKTypbI '!aCTHUhI, TO npu .llOCT8TO'!HO 6onbWOM '!Hcne 

aKTOB paccenHHn /npH "6onbruoil: CT8THCTHKe 17
• KaK 06bI'!HO roBopnT/ H npn llO-

CTaTO'!HO KOpOTKOH J:lnlJHe BOnHhI J.. B npnHunne, B03MO}KRO nony'!HTb KaK yroll-

HO TO'!HYIO KapTHHY 110.ll 06Horo 011TH'!0CKOrO H306pa}K eHHn qacTHUhI. 

B. Heynpyrne npouecchr 

1 C yMeHbW0HH0M J:lnHHbI BOnHbI J , T.e. c yBenn'!eHHeM 9Hepr1rn pac"."' 

ceHaaeMbIX qacTnu
1

aoapacTaeT aHa'!eHue Heynpyrux npoueccoB. Ponb ux oco6eHHO 

aenHKa B cnyqae CHnbHbIX B38HMOJ:l0HCTBHil:. vf M0!0IUH0CSI B HaCTomuee BpeMn 

9KcnepHM9HTanbHbie J:l8HHbie no IlHOH-HyKnOHHOMy H HyKnoH-HyKnOHHOMY B38HMO

J:l8i1cTBHnM YK83bIB8!0T, 'ITO ceqeHHSI B38HMOL{eil:CTBHSI He YM0HbW8!0TCSI C yBenH-

'I8HHeM 9Hepruu,. a CKOpee OCT8!0TCn IlOCTOSIHHbIMH. 3To BlJLlHO, HanpHMep, H3 Ta6-

nHUbl 1, r,lle BM9CTe co CT8THCTH'l0CKHMlJ OWHOK8MH H3Mep~HHH npnBe,ll0HbI 9Kcrie

pHM0HTanbHbie 3H8'!0HHn ceqeHlJH Heynpyrux B38HMO,ll eil:CTBHil: npOTOHOB lJ HeiiTpo-

/56/ 
HOB c stApaMn }Keneaa rrpn 6onbrunx 9Heprunx • Cpe.llmrn 9Heprun .llnn KB}KllO-

ro HHTepBana B Ta6nuue 1 BhI'!HcneHa c yqeToM 9HepreTH'!ecxoro cneKTpa npoTo

HOB B aTMOccpepe. K aHanorH'!HbIM 38Kn!O'l0HlJnM npHBOL{nT TaK}Ke H3MepeHHSI 

. . 161 . ' 17 I M 
rpuropoBa C COTPY.lll!HKBMH t Ber}KaHoBa H .llP, • eHee SICHbI T0H,lleHUHH 

B cnyqae sneKTpOMarHHTHbIX B38HMO,lleiiCTBHH~ 0.llHBKO~-Bps:rri nu npu BbICOKHX 

9Heprm:rx 9neKTpOMarHHTHoe B38HMOJ:l0HCTBHe MO}KHO }:8'CCMaTpHB8Tb OTJ:l enbHO OT 

J:lpyrux B381IMO,ll9HCTBUil:, B 'l8CTHOCTH, OT B38HMO,lleHCTBHil:, nopO}KJ:lB!OIUHX ft
Me30H H 11.eil:TpHHO. TeopeTH'l0CKHe oueHKH· 110K83bIBaIOT, '!TO npH 0'!9Hh BbICOKHX 

auepr1rnx 9TH npouecCbI CTBHOBnTcn CHnbHbIMH B TOM CMbICne, 'ITO ceqeann cTaHo-

rr,. ~ a, ..\- · · /Bl 
BnTCSI 6onbWe "'' .I\ I J\ -: J:lnHHa BOnHbI cpOTOHa /. 
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Tipe.ucTaBm:teTCll BeCbMa BepOllTHbIM, 'ITO IIOCTOllHCTBO ce'IeHHii Heyrrpyrux 

npoueccoB npH 6onbllIHX aHeprHllX MO)KeT 6_b!Tb o6ruHM llBnemrnM, H 9TO o6CTOSI

TenbCTBO MOXCeT HMeTb npHHUHIIHanbHOe 3Ha'IeHHe ,unSI rrpocTpaHCTBeHHO-BpeMeH

HOI",0 orrncaHHSI SIBneauil: B M8ITbIX M8CWTa6ax. 

,Deil:cTBHTenbHO, C pOCTOM aaeprHH 'IHcno B03M0:>KHblX KaHanoB Heyrrpyrux 

rrpoueccoB 6y.ueT BoapacTaTb n aTo oaHa'IaeT, 'ITO ce'Ieane yrrpyrorq He,uucppaK

UHOHHoro pacceSIHHSI c pocTOM aHeprHH 6y,ueT CTpeMHTbCSI K·Hynro~ Ho HMCHHO 

9TO yrrp'yroe pacceSimi:e SIBnSieTCSI HCTO'IHHKOM HHq:JOpM8UHH O rrpocTpaHCTBeHHo

BpeMeHHOii CTpyKType 'I8CTHU; Me)K.uy TeM C pOCTOM aueprHH Bee yrrpyroe pac

ceSIHHe 6y .u eT IIOCTerreHHO c BO,UHTbCSI K · .UHcpcppaKUHOHHOMY, KOTOpoe IIOITHOCTbID 

orrpe.uenSieTcs:r HeyrrpyrHMH rrpoueccaMH. 

8TH coo6pa)K_emaSI MOryT 6bITh' HnnrocTpHpOB8Hbl Bb!BO,U8MH CTaTHCTH'IeCKOil: 

TeOpHH MHO)KeCTBeHHOI"O pO)K,UeHHSI 'I8CTHU. no STOil: TeopHH .uns:r / r,, p /-cTon-

KHOBeHHii n.p.H. E O = 5 BsB ce-q;eHHe yrrpyroro He.uHcppaKUHOHHoro pacces:rHHSI 

G"n.,uf = 6.10-
3 
~/ Ci'\·n,. - ce'IeHue ueyrrpyrux rrpoueccoB/, a npu 

. ~ "--· -3 
E0 = 7 B_aB, G"K-0(= 1,5.10 G"i11,;_B To BpeMSI KaK ce'IeHue .umpcppaKuHOHHoro 

/9/ . 
pacceSIHHll ~ d = 0,3 G",:J11 • AHanorH'IHO ,unSI / pp I -cTonKHOBeHHH 

-3 -3 -4 ~wd 5.10 ; 1.10 ; 2,5.10 OT (J"i 11, rrpn E0 _ = 5,7 BaB, B, To 

BpeMll KBK (l'ol = 0,3 .r;viw 
/8,9/ 

nocTOSIHCTBO .UHcpcppaKUHOHHOI"O pacces:rmrn B03M0)KHO yKa3bIBaeT, 'ITO H_eKOTO

paSI Manas:r BHYTP eHHSISI o6naCTb 'I8CTHUbl pacceHBaeT KaK "'IeP.Hblii wapHK,, pa-
, . ,,-- --.__c.,_ 

.ctHyca R . HcHo, 'ITO MaKc_HManbHas:r nHcpopMaum:r, rronyqaeMaSI B aToM cny'Iae 

H3 KapTHHbl pacceSimrn, 6y.ueT orpaHH'IHB8TbCSI CBe,UeHHSIMH O BH_emHeM paaMepe 

aToro "qepuoro map:irna". BenH'_rnHa fl) c aToil: TOtJKH apemrn, 6y,ueT TeM Mac

mTa6oM .umrnhr, KOTOpbiii orrpe.uens:reT HCTHHHYID HenoKanbHOCTb /cM.pHc.2/. 8TOT 

pasMep He SIBns:reTCSI KaKoii-nn6o YHHBepcan:bH0il: .UlIHHoii, a 38BHCHT OT po.ua 
.· 41 . 

B38HMO.z:( eil:cT BHSI • 

B H8CTOSI1Uee Bp_eMSI. Mb! -erue He HMeeM 8KCIIepnMeHT8,1JbHOI"O ,UOK838Tenb

CTBa cyruecTBOB8HHSI "qepHOil:,, o6nacTH BHyTpH HYKITOHOB. O.uHaKo, aHanna aK-

cnepHMeHTaJibHbIX .z:(8HHbIX no./ Ji; p / H I p, p I - pacces:ranro noKa3bIBaeT, 

" 4/ . . . ,, ,, () " . 
3aMeTHM, _'ITO paaMep qepHOI"O ill apHKa {'\, • orrpe.uenHIDlllHH M8CWTa6 
HenoKanbHOCTH, MO)KeT 6bITb BBe,ueH B TeopHID penllTHBHCTCKlI-HHBapnaHT

HbIM cnoco6oM /10/. 
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'ITO .nei!:cTBHT8JlbH0 Ha6n:io.naeTc.H T8H.ll8HUH.H K B03HllKH0B8HHlO "qepHOTbI" B ueH

TpanbHOi!: o6naCTll HYKJIOHa, B TO BpeM.H K8K nep:irqiep:irqecKHe o6nacTH HYKJI0Ha oc-

. /101-1141 
TalOTC.H nonynpoapa'IHblMll /"cepbIMll" l _ . . Pacce.HHHe B aTHX o6naCT.HX 

.HBJI.HeTC.H T8K)K e 'IHCTO .llll<ppaKUllOHHbIM, T.e. ~ rw/. = 0 ' 0.llH8K0, OHO MO)KeT 

6bITb llCilOJib30B8H0 ,llJI.H nony'leHH.H llH<pOpMaUHH ·o-pacnpeneneHHll nornomeHH.H 

1, -Me30HOB HJill HyKJIOHOB BHyTpll HYKJIOHa, ecnH 9TH '18CTllUbl HMe JOT .llOCTa-
~ . . . 

TO'IHO Many:io .lllIHHY BOJ'IHbI. TaKHM o6paaoM, :iray'ieHHe .nHcppaKUHOHHoro pacce.HHH.H 

~ '18CTHU cnenyeT T8K)Ke paccMaTpHB8Tb KaK cpencTBO ll3Y'l8Hll.H CTpyKTypbl HY!{JIO

Ha. B aToi!: CB.H3ll cne.nyeT nonqepKHYTb T8K)K8 npHHIIllilll8JlbHYlO B8)KHOCTb .nanb

Hei!:111HX H3Mepemr,tt ceqeHHi!: B38HMO.ll9i!:CTBH.H C paamr'l'.HblMli n.npaMH K0CMll'ISCKllX 

nyqei!: CBepXBbICOKHX aHeprHA. Hcnonbayg onTH'ISCKYlO ·Monenb, H3 STHX ll3Mepe

Hlli!: MO)KHO nony<IHTb C9'19HHSI B38HMO.ll9i!:CTBHSI aneMSHTapHblX- qacTHU_ npH CBepx-

. /7 / / 15/ 
BbICOKHX aHeprHSIX t 

B. ilpyr:ire MSTOnbI H3Y'l8Hll51 CTpVKTVpbl HYKJIOHOB 

KpoMe npoueccoB pacce.HHHSI1 HeKOTOpbie .ll8HHbie 0 CTpyKType HYKJIOHOB 
. . 

naeT H3Y'l9Hlle CB.H38HHblX COCTOSIHHi!:: CBepXTOHKOe pacmenneH:ire JlllHlli!: Bonopon-

. /16/ . " . .. 
Horo cneKTpa, cneKTp" )', - M930HHblX 8T0MOB , On,aaKo, Bee 9TH M9TO.llbl 

.n a:ioT Jlll Wb rpy6 ble cpe ll HHS xapaKT9pHCTHKll. CTpyKTypbl HYKJI0HOB' He H.ll Yutlle 

B cpaBHSHHf.C peaynbT/;lTll.Mll, .ll0CTHraeMbIMH B OIIbIT8X no_ paccestHlllO 6bICTpblX 

:BCTHU / a.r:r~KTl)OHOB, Ji" - Me30H0B, HYKJIOHOB I. 

noaToMy B 38KJI!O'l9Hll9 aToro. paanena 6yneT YMSCTHblM yKa3aTb Te .llJlllHbl 

Bona,, KOTOpbIMH pacnonaraIOT cettqac aKcnepHM9HT8TOpbI, H H8KOTOpbie nepcneK-

TllBHbl9 B03MO)KHOCTH. 3TH .ll8HHbl9 npllB8.ll9Hbl B 
/1 5/ 

Ta6nnue tt 

5/ 
.Unst cnpaBOK npHBe.neM yno6Hoe nnst Bbl'lllCJI9Hllil Bblp8)K9HHe .llJIHHbl B0JIHbl 

..t 'laCTHUbl nyqa B CllCTSMe IISHTpa Mace: ------, r-,----... 

-,,r,- v 11. • 1' ra. rr,.+9. m' - ,; r, <r. +~,' 
}::. ... ~o I ' rne V-= rJ7 rn M+l , YT'.t (T~+.tM) - V- ('P~-t-t1) I sz,-+ ,., .,.. ,., 

'P1,; rr, - CO0TBeTCTB9HH0 1 KllH9Tll'l'.9CKll9 aHeprHH 'i8CTllUbl JIY'IB ll '18CTHUbl, KO

Topag paccMaTpHBaeTC.H K8K MllW9Hb, B na6opaTOpHoi!: CHCT9M9 KOOPilllHaT; M 
Macca 'i8CTllUbl nyqa. 'r ~ . 7', ·, 11 Bblpl'l)K~Hbl B "enHHllU8X MaCCbl qacTHUbl 

.MHWSHHi .l
0 
= -It. /'h't,c - KOMnTOHOBCKast·· nn:irHa BOJIH_bI 'iacTHUbI M:irwemr. 
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§ a. 3neKTpOMarHHTHag CTpVKTypa HyKnoaa 

llp9.llllqnO:>K9HH8 0 cyu£ecTBOB8HHH o6naKa"sapg:>KeHHhIX M930HOB B HyKIIOHE! 

.llenaeT KpaAHe HHTepeCHhIM H3y'leHHe pacceSIHHSI 6bICTpbIX sneKTpOHOB Ha HyKno-

6/ 
H8X· 

TeopeTH'i9CKH MO:>KHO BhI'iHCIIHTh lllIOTHOCTb 9118KTpH'i9CKOI'O sapgll a (.) ( '1,) 
. )'Ii "/ 

H. M8rHHTHOI'O MO)\.f8HT8 m,1; {.,,) nHOHHOI'O o6naKa B HYKIIOHe, Il01Ib3YSICb TeopH-

eA 1-ly-noy. 

8 STOA TeopHH HYKIIOH paccMaTpHB~eTcg K8K npOTSl:>K9HHhll HCTO'IHHK M830H

l_l0I'O nonH. llpH ST.OM OH C'iHTaeTcSI 6ecKOH9'iHO TSl:>K91IbIM, TaK, 'l_TO OTLt8'18 npH 

BlipTyanbHhIX npoueccax _He npHHHM88TCSI BO BHHM8HHe. 

- llpoTg:>KeHHOCTh HYKTIOHa xaK HCTO'iHHKa MesoaHoro·. nonsr MO:>KHo npe.llcTaBHTb 

ce6e KaK pesynhTaT o6pasoBaHHSJ .B ueH-rpanbHOI o6nacTH HyKnoaa nap HyKnoHoa, 

aHTliHYKIIOHOB H rnnepoHoB. B nepBOM H9HC'i938IOIU9M npn6nH:>K9HHH 3anb3MaH 

nonyqun: /1 8/ 

p1i"('t)="-- vecr~s (L)A.,j· V-(K}V-(KJ(Ki<') . . .. i{i-~')1, , 
(.irJ . fa w(K}lV{K'J[~{KJ+w(K'J] e . d (KK) 

, 
/6/ 

»1-.("")==-,tieri {f;Y-, tr(K)v-(K')(Kiv) . ~ __ 1 i(if-K~"i 
.5i c 1.1)' w w" ( KJ ~ .. r K'J [i [ K K 1] e J3{K 111 

rlle 0 ( K)= ~--~ = lnr,,- cj<Jf, 7T { 19- o6pesaromasr c}JyHKumi, onHchrnaro

masr pacnpell8118HH8 HCTO'IHHKOB Sj' -Me30HHOI'O IlOIISI: 

S (-r,J= 1/(i,'li'}' }v-{K}e ind'r< /8/ 

61 & 5· 6 · · · c· 1111 
epBbl9 aonpoc O STOM bin nocTaaneH B LlHCCepTaUHH . aaKbSIHa • 

~ti: 
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Bna cpyHKUHH s ( i-) npH 6onbWHX 3HatJeHHstX "(,, ( i. > li/ ln,-tr C ) 
cna6o. BnHsteT Ha BbIBO.QbI Teopnn, T.K. rrnOTHOCTb llCTO'IHHKOB, OIIHCbIBaeMbIX e10, 

*! . rrpH I, > . Jn,-:lj C 38M9THO M9Hbwe, 'I9M· HX rrnoTHOCTb B U9HTpanbHbIX o6nac-

TSIX HyKnOHa. C .QOCTaTO'IHOH CT9II9Hb!O TO'IHOCTH . MO>KHO CtJHTaTb s (rz..) ~ 0 

apH t, > '1(1/m C • /Cp. TeopeMy raycca B sneKTPO.llllH8MHKel. 
:ff 

. npn 3 =-1-/;1(, > i IlllOTHOCTb sapstaa /6/, He3aBHCHMO OT BbI6opa cpopM-

cpyHKUHH V- { K)i MO>KHO neperrncaTb B BH.ll e 

/_9/ 

AHanOI'lltJHO npH J > i _ Bbipa:>KeHHe .nnst nnoTHOCTH Mar-HHTHOI'O MOM9HTa /7 / 

MO:>KHO rrpeacTaBHTb B BH.ne: 

in,~ (-.)='f, ~•c '½1/' [it [it~]]½! {t+ ½ + ½"}. /IO/ 

3L(9Cb h,,::: 1/1i; • 

. CymecTB9HHO, 'ITO 9TH acHMilTOTHtJ9CKHe Bbipa>KeHHst He 38BllCstT _OT cpopMbI 

HCTOtJHHKa M930HHor-o rronst /T.e. OT BH.Qa cpyHKUHH IF { K} I• 0 .nHaKo, KaK 6y

.neT Bll.llHO us .nanbHefiwer-o /cM. pnc.6/1 B o6nacTH 'Z, ;> 1/~ cocpe.noTotJeHa 

llllWb Manast tJaCTb M930HHOI'O o6naKa /sTo, TaK CK838Tb, "cTpaToccpepa" HyK-

/6/ (,., . 
noHal • Bbrpa)K9HHe .Qnst f :r- "ti ner-Ko npHBOL{HTCst K BHLlY 

J, j co - ( ol II ) e 
y f /(;,,'J[J s- 0 .d J 7 o/1,; , ll l / 

rae 

/12/ 

3 . - ROBast BCIIOMOI'aTenbHast rrepeM9HHast. 
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- BhmonHsrn B /12/ HHTerpHpoBamrn 110 yrnaM u o6o3Hatias:i V-(K}:: V ( W}, 
rrony'IHM: 

I (1,) = 
1¾i V (- rlf o13) Q (3, 1-J + KOMl1il,C011pSl:IB, /·13/ 

- 00 

Q (J,.,,)=j e-JW+ii(w•-1l"'o1w /14/ 

i 
nonaran nanee W-:: Ji t H BBO,llSJ f ::,. -13 .t.+'i,.r, I , rrony'IHM 

T(•) ~- V;½ V (- ¼5)dK. (J'J/,1.,,, 
' , 

/15/ 

rne 1{ 0 (J') - H3BeCTH8Sl cpyHKUHSl Beccenn. Bb16epeM o6pe38l0!1llili cpopM-

cpaKTOp ·1 r ( iJ) V B BH.a e 

v- (w)~ e -13 (w-1J-
' 

/16/. 

rne f' - napaMeTp o6pe3auan. 

B 9TOM cnyqae orrepaTop v6 /15/ CTaHOBHTCSI 11pOCTO orrepaTOpOM CMemeHHSI 

3-3+/ Fl rrnoTHOCTb 3apsrna /11 / 3811HChIBaeTCSI B BH,lle, 'yno6HOM nnsr 

'lHCn eHHb!X pacq eTOB: 

00 

£ (i)=~,w
3rc; :Jvfj!(j e2-~-i:vj K,~:i.(f) 

1( VI I f-, '-+ -z,,.Z. 

olt_' 
p!,~ 

/17 / 

norro6Hb!M :IBe o6pa30M MO:IBeT 6b!Tb rrpe o6pa30B8HO Fl Bb!pa)KeHHe ,llilSl rrnOTHOCTH 

M8I"HFITHOI"O MOMeHTa /7/: 

~/3/~ Y:c ~ ir~f)' l 1 fj (h;j)~{ f) ol¼&·- ,, r /18/ 

Boo6me I"OBOpst, rrnoTHOCTH f':tr (-i.) Fl rn,, ('t) cymecTBeHHO 38BHCSIT_ OT 

-BH,ll8 cpopM-cpaKTOpa Y(w)' a -~pH HalUeM BhI6ope V (tJ)_OT BenH'lHH::Ol 

napaMeTpa o6pe38HHSI f • Ha pHC, 3 H 4 rrpHBe,lleHbl B 38BHCHMOCTH OT Be-

nH'lllHbI rrapaMeTpa ? 3H8'leHHSI aneKTpu~eCKOI"O 3apsrna Fl M8I"HHTHOI"O MOMeu-

Ta ITHOHHOI"O o6naKa. 
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119/ 

H 

/20/ 

a T8K)Ke 3Ha'!eHHSl COOTBeTCTBYIOIUHX cpeaHHX KBaapaTH'lHbIX paanycoB 

/21/ 

a.HOManbHbIH Mal"HHT-

Hblii MOMeHT npoTOHa. Koaq.iq:mrmeH'r 0,6 BBeaeH, 'lT05bI 3Ha'leHHSl ~ zi > 
m Ti 

corn·acoBaTb c qiopMynoii /30/. 

l13 aTlIX ,pHCyHKOB BHAHO, 'ITO aapsra; H MarHHTHbiii MOMeHT O'leHb 'lyBCTBH-
/ 

TenbHbl K BbI5opy /' B TO BpeMsr,- KaK 3Ha'leHHSl cpeaHHX KBaapaTH'lHb!X pa-

AHYCOB ocTaIOTCSl no~TH noCTOSlHHhlMH B WlipOKOM npeaene H3MeH9HHii napaMeTpa 

TaKHM o5pa30M, 'lT06bI TeopeTH'l9CK8Sl M bl BbI6epeM 3H8'l9HHe /' 

q.iaaa ansr paccesrHHSl 1( -Mea'onoB Ha HyKnonax HaHny'lWHM o5paaoM cornaco-

Bbrnanacb C aKcnepHMeHTOM B o5naCTH -Manb!X aneprnA. /KaK H3BecTHO, B o5naCTH 

ManbIX aHeprnii :fJ - q.iaaa srnnsreTcsr onpeaensr10rueii/. BbI'!HcneHHSl noKaaann, 
"' 

'ITO fa ~ 1 /7 • 

B aTOM cny'lae /cM. pnc. 3 H 4/ 

= 0,76 /aapsra npoToaa npHH.SlT aa eannnuy/; 

1,2 / B - 9J:{HHHU8X e1i/2Mlt; 
-13 ·' 2 . 

/0,62 • 10 CM/ j 

/0,62. 10-13 CM/
2 • 

/23/ 
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L!m1 yKaaaHHOI'O Bbloopa cpopM-ci:>aKTOpa H napaMeTpa -OopeaaHHSl Mb! Bbl'IHC1JH1JH 

nnoTHOCTb aneKTpH'lecKor~ ~apnna, aaK1J10"l'.eHHoro B ccp~pH"l'.eCKOM cnoe, d;r {1,J == 
• , 7/ 

~ V.1T~r, (tr,.l_:1-~SI wHpoKoro HHTepBana aHa"l'.eHHSI 'l, • PeaynbTaTbI npHBeneHbI 

B Taorume ill• KaK BH.llHO H3 STOA TaonHUbI, aneKTpH"l'.eCKHii aapnn, 3aK1JlO"l'.Ern- • 

Hbiii B nepHcpepH"l'.eCKOii oonac:TH 'Z, 7 !r/m,, C • He3Ha"l'.HTeneH IIO cpaBHeHHIO 
.. IT . 

C aapSl.llOM IIHOHHOI'O oonaKa B ueHTpanbHhlX oonacTSlX HYKJJOHa. 

803MOiKHOCTb •IIpOBepHTb BbIBO.llbI TeopHH coananacb, 6naronapSI nycKy 

aneKTpoHHoro mrneiiHoro ycKop1tTem1 B CTaHcpopne, rne aa nocnenHHe ro.ab1 rpyn

noii XocpwTanTepa Obl1JH Bbin01JHeHbl H3MepeHHSl pacceSIHHSl 9Jl9KTpOHOB C aHep-
, ., ' '. ,' .· 

r11eA. E = 100- 650 MsB B Bonopone H neiiTepHH~ 

Mb! He Gy.ueM B.C{aBaTbCSl B i:IoapooHOCTH 9THX OIIbITOB, IIOCKOllbKy OHH- ae-
/21/- /23/ · . . ,, .. 

T81JbHO OIIHCaHbI B •. ., H orpaHH"l'.HMCSl JJHWb HaIIOMHHaHHSlMH O HaHuonee 

cymec.TBeHHblx nyHKTax., aeooxoa~MbIX HaM B nocneay10meM. 

0CHOBHrut li.C{9Sl OilbITOB 3_aKJJIO"l'.aJJaCb B ycTaH<)Bli°8HHH OTKlIOHeHHii .OT pac

c.estHHSl aneKTpOHOB C SHeprHeii E Ha KOHe"l'.HOM HYKlIOHe. C aHOMam,H,bIM M8I'.HHT

HbIM MOMeHTOM X. • 3To pacce.stHHe OilHCbIBaeTC.Sl cpopMynoil: Po39H01JIOC~ 
1241: 

( du/JQ.\.1 •~s {t + .4f{M'c'- Mt.~Y+j '.¾ +.ieiJ}' 
/24/ 

rae 

e~t,,c/ )2. cos~¾/ 
~.s =·(<j,, /'tE" . · /S-'H,v% / 25/ 

cp.opMyna MoTTa nnn paccestHHH aneKTpomi Ha To"l'.e"l'.HOM aapSine. 

· i= 1¾i'" 1/-iH+,;~,si•f nepei,~HHh>A HMnyni,c' 

0 - yron pacceSIHH.st aneKTpoHa B naoopaTopHoii.cHcTeMe 
KOOp,llHH8T 0 

7/ 
8bI"l'.H.Cil0H.H£Ie 3Ha""l'.eHHSl, fl,t ( i) CY.fbecTBeHHO OT1JH"l'.8IOTCSl OT 3Ha"l'.eHHii1 

npHBeneHHbIX B paooTe 3.axap,H.aeaa 11 1• 0.uHaKo,. KaK coooweHo 'B/20{ 

p.eaynbTaTbl 3axapH3eHa OllJHOO"l'.Hbio 
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Y'i.eT pacnpeaeneHHSI aapSI,lla H MOMeHTa BHYTPH HyKnOHa npliBO,llHT K noSIBne-

Hll'.io <pOpM_-cpaKTOpOB. re ( '}) H g: In,. ( 'J,) COOTBeTCTBeHHOI'O ,llnSI 38pSI,ll8 H 

Ma!'Hll'.THOI"O MOMeHTa, KOTOpbre SIBnSIIOTCSI CIJYHKUHSIMH nepeaaaaeMOI"~ HMnynhca '/, : 

ohj.Q =~s { ~ ( iJ+ k iXM't'-{j,(1, (tf)+:Jtf,.. (ilj" t,/ % + 
+~-l-l~('J-)]}. 

/26/ 

TT pH Tex orpaHl:l'i.emrnx, KoTopbre MbI o6cy a1rnH BbIII.Ie /cM. § 2A I, cpopM-

qlaKTOpbI SIBnSiroTCSI cpypbe-o6paaaMH QT npocTpaHCTBeHHbIX pacnpeaeneHHli sneKTpH

ti:eCKor:o aapSiaa f I "l,, I H MarHHTHoro MOMeHTa f1,f,, I Z. I. 

AHan1ta ·onbITOB XocpII.ITaaTepa oc:HoBaH Ha cpopMyne PoaeH6moca. /24/ • 8Ta 

cpopMyna SIBJISieTCSI nHII.Ib nepBbIM oOpHOBCKHM npHonH:>K eHHeM. B aaaaqe pacceSIHHSI 

/cM.pHc.5a/. BTopoe npHonH:>KeHHe /C:M.pHc.5a'l anSI HyKnOHa c TOtJeti:HbIM MaI"HHTHbIM 

MOMeHTOM, T.e. npH '!f:111,, ( 'J,) = 1, pacXO,llHTCSI. BenHtJH~bI cpopM-cpaK';.'(l'!)OB. ~ ( q,) 
H 1';,, (j} onpeaenSiroTcSI na onbrTa no. np;,_onH:>KeHHoil cpopMyne /26/ II a priori 

Henb3SI yTBep:>K.ll8Tb,, 'ITO Je ( 'j,,) ll "J-m (<J,) 38MeTHO OTnilti:alOTCSI OT }. TTo-

9TOMy, CTporo I"OBOpSI, anSI onpaB,llaHHSI HHTepnpeTarurn: 9KcnepI1MeHTanbHbIX peaynb-

TaTOB XocpII.ITaaTepa, HeooxoanMo noKaaaTh, J:JTo BTopoe 66pHoBcKoe npI16nI1:>KeuI1e 

MHOI"O .MeHbII.I.e nepBOI"O npH 3Ha'i.eHHSIX Y:e II 'ff ht, , nonyqaeMbIX no cpopMy

ne /26/. HeaaBHO BbIIlOnHeHHbie .LlpennoM H cf)yOHHH pacqeTb/
36/ ae:iiCTBHTenb

H.O noKaaami:, ti:To BKnaa .BToporo 5opHOBCKoro npI16nI1:>KeHHSI a cetJeHHe pacceSIHIISI 

He npeBbIII.IaeT 1% annoTb ao SHeprHif E ~ = 1 Baa. TeM caMbIM npHMeHeHile 

cpopMynbr PoaeH6nroca /24/ anst. aHanHaa onbrToB XocpII.ITaaTepa anonHe onpaaaa-

HO. 

PacCMOTpHM Tenepb OCHOBHbie peaynbTaTbI 9KCnepHMeHTOB am1 npoTOHa H 

,llJISI ·HeilTpOHa. 

A. TTpoToH 
• 

noapo5Hble CBO,llKll 9KCnepI1MeHTanbHbIX peaynhTB,TOB ,llJISI yri:rOBbIX pacnpe

aeneH.KH ynpyro pacceSIHHbIX aneKTpOHOB npHBeaeHbI a pa5oTax /
2I/-/23/ . 8Kcne

pI1MeHTanhHbre KpIIBbie yrnoabrx pacnpeaeneaHif pacnonararoTcSI aHati:HTe~bHO - Hil:>Ke, 

ti:e.M 9TO npeacKa3bIBaeTcSI cpopMynoil pacceSIHHSI Ha TO'i.e'i.HOM MaI"HHTHOM aapSiae 

/24/. 
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8K.cnepIIM0H.TanbHbie ll. TeopeTll'l~CKlle KpllBbie MOT'yT 6bITb- COBMemeHbI ITlllllb 

ecnn npe.n:nono:m.nTbt 'ITO llMeeT MeCTO paccei:rnne Ha rrpOTl'l:lK.eHHOM M8I"HllTHOM MO

M0H.Te. Hanny'Iw.ee cornacne c orrbITOM rrpu aToM. y.naeTcl'I rrony'IHTh, ecnn rrono

:m.aTb. Lt1Il'I rrpOTOHa 

'fe (1) = 1 m ( 'f} /27/ 

u COOTBeTCTByIOmee rrpocTpaHCTBeHHOe. pacrrpe.neneHne J I 7- I /cp. /5/ / BbJ-

6p.aTh -B BH.n;e: 

T,e, 

J (i) = 

l\,- h/Mc 

1 I - 1-1. 
I 8 J;o/ e 1

~ , -IY 
r.. • n 5·/0 CM. .vv 1.., ' 

CooTBeTCTBlle 9TOfi cpopMy1IbI C Teopuefi 6y .n:eT paCCMOTpeHO Hll)Ke • 

/28/ 

.Llnl'I M81IbIX 3Ha'IeHnfi i cpopM-cpaKTOpbI MOI'YT 6bITb. paanoxc eHbl B · Pl'IJJ: bl: 

fe ( i) = i - 1/G < 
t. 1, 

'l,e)'p<j,-t .... 

~m. (Cjt) :1- 1/6 < '1, ~/pi\ 

r.ue 

t . i f II, 3 < 't, e "7P : ~ 'l f ('t) o/ )( 

- cpe,l:lHHfi KBa.upaTll'IHbifi "aneKTpll'IeCKHfi" pa.nuyc rrpoTOHa; 

rrpoToHa; 

< i ~ >p = :t/Je f 7. i m {'l- )rl3x 

r 

/29/ 

/30/ 

/31/ 

e 1 - aapl'IJJ: 

/32/ 

cpe.o.HHfi. KBaapaTR.'iHblfi "MarRH.TH·blfi.r' pa.o.e:yc rrpoT~Ha; 

H1,Iit MaranTHbifi MoMeHT rrpoT•OHa. 

Je = 1,85 - aHOManh-

·t, 
3To orrpea enemi:e ( 't, ~ )' n < i, "1 > rrpllHHMaeTcl'I n J:l1Il'I HefiTpoHa. 

/ AHOM81IbH.blfi MBI'HllTHblfi MOMeH~ aefiTpoHa xn. ~- :)f '· 

B COOTBeTcTBllll c /28/ 
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/33/ 

npaonaaaTenbHO TaKOBO :>Ke aHa'ieHae H ✓< Z, .=,,n"l' • 

Boo6me B CB5IaH C paBeHCTBOM aneKTpH'ieCKHX H MaI"HHTHbIX cpopM-cpaKTo

poB, cne.o:yeT aaMeTHTb, 'iTO Ha caMOM .aene OHO ycTaHOBnei:o nHWb ·. C TO'iHOCTbIO 

oKono 20% / 22( ' / 25/ • 

B. HefiTpoH 

JJ.nsr HCcne.o: 0 B8HH5I aneKTpOMat'HHTHOfi CTPYKTypbI HefiTpOHa I"pynnofi p .x ocp

WTa,nTepa QbinH BbinOnHeHbl 8KcnepHMeHTbl no pacce5IHHIO ObICTpblX aneKTpOHOB 

Ha .o:efiTOHax •. PeaynbTaTbI, nonyqeHHbie Ha 9THX SKCnepHMeHTOB, a TaK:>K e Ha 

011.1,ITOB _no pacceHHH!O Me.o:neHHbIX, TennOBblX HefiTpOHOB Ha aTo:,; 

OKaaanacb COBepweHHO HeO:>KH.O:aHHbIMH,- .o:a:>Ke -napa.o:oKcanbHblMH. 

, 

/cM • .o:anee/, 

Ha onhlTa cne.o:oBano, 'iTo TeopeTH'i~CKH paccqHTaHHoe yI"noeoe pacnpe.o:e-

neHHe ynpyI"O pacce5IHHbIX Ha .o:efiTOHe aneKTpOHOB HaHny'iWHM o6paaoM y.tiaeTC5I 

COI"nacoBaTb C onbITOM, ecnH npe.o:nono:>KHTb, qTo npocTpaHCTBeHHOG pacnpe.o:ene

HHe MaI"HHTHblX MOMeHTOB y npOTOHa H HeATpoHa COBna.o:aeT 

/'34/ 

a. aneKTpH'ieCKHil: cpopM-cpaKTOp Heil:TpOHa He OTnHqaeTC5I OT Hynsr. nocne.o:Hee 

oaaaqaeT, 'iTO aneKTpHqecKHH panHyc HefiTpoHa, B OTnH'iHe OT npoTOHa, O'ieHb 

Man: 

/35/ 

CBe.o:eHHSI 06 an_eKTpHqecKofi CTpyKType HeATpOHa MO>kHO non:rrnTb TaK:>Ke 

Ha onbITOB C HeynpyI"H.M pacce5IHHeM aneKTpOHa. Ha .o:eAToHax. 

TaK KaK .o:ettTOH 5IBn5IeTCSI cna6o CBHaaHHOft CHCTeMoA, TO npH 6onbWHX 

061.e,urneunwil HHrn" " 
DJtepnwx nccJ1eA011a.,,: "-

6H6JIMOTE;KA 
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rrepe.o,atJaX HMilY1:bca, npOTOH H. HeiiTpOH C 601IblllOH TO"IHOCTb!O MO:>KHO CtJHT8Tb 

IIEl3aBIICHMbIMJI. B STOM CllytJae .o,mpcpepeHUll8.1IbHOe cetJeHIIe pacceSIHHSI aneKTpOHOB 

Ha .o,eiiTone ( do/d n.} J notJTH paBHO ~YMMe .o.ncpcpepeHuIIanbHbIX ~etJeHIIil: pacces:r-

mur aneKTpoHa Ha npoToHe n· ileiiTpoHe: 

( dG" (3/Jsi) J = (1 +"') [('11.Jn),. + ( d'/c(Jl_) pl. 
/36/ 

r.o.e /). - nonpaBKa nop51.o,Ka H9CKOllbKIIX npou euToB, YtJIITbIB8IOJ.U8SI KHHeMaTn-

tJecKne acpcpeKTbI .o,Bn:m:euIIst HYKlIOHOB B .o,eiiToHe, B3aHMo..oeiicTsne HyKno110B B 
· - hs1, 1261 . 

KonetJuoM cocTo51auu n T • .o.. ·. , • (cl"'/' ) (dcvl. \ 
YI crroni:.ayst aKcnepHMeHTalibHbie aHatJeumr · / ~n. J H · / dn.Jp n nonarast 

paBHbIMII MarHIITHbie cpopM-q>aKTopbI ..onst npoToHa II Heil:TpoHa, Xocpru Ta..o'rep nony

tum xopowee cornacn.e c ·oIIbITOM TeopeTutJecKII pacctJn:TaHnoro cetJeHHSI (d~.n)n! 
npII . BbI6ope_ aneK-rpntJ~_c1rnro _Cfl?PM-cpaICTopa_ HeiiTpoHa Y:en ( i) · paBHbIM Hynro·. 

· ,T~KIIM oopa30M, ,llBa ·H~38BIICIIMbIX- OilbtTa - ynpyroe H Heynpyroe (eJ) -
paccemrn:e npnBO.ll,SIT K O,llHOMY H TOMy· :>Ke BbIBO . .O..Y O pacnp~.ueneHHH aapSI.llOB H 

TbKOB B neATpone. 

B.bIBO.ll O MBlIOCTH aneKTpntJecKoro pa..onyca HeiiTpOHa . IlOLlTBep:>K..oa eT9st 

TaK:>Ke OilbITaMU no paccmtHHIO O"I9Hb' Me..oneHHhIX, "TennOBbIX", HeiiTpOHOB Ha 
8/ 

aTOMaX 

8Tu OilbITbI Tpe6yroT orpOMHOH TO"IHOCTH , TaK KaK. MO,lllI9HHbIH Heil:TpOH 

paccenBaeTcn KaK Ha st..ope aToMa,. TaK n Ha. ero aneKTpoHax •. H aH6onee TO"!Hbie 

peaylibTaTbI B aTIIX OIIbITaX 6bilili IlOliytJeHbI XeBeHCOM, Pa6n n Pail:HBeTepoM127~ 

AMilnIITy..oa pacce51HiiSI B aTOM cnytJae MO:>KeT 6bITb aaIIIICaHa B BII,lle 

<¾ = a,n + l O.:e • r..oe a,ti,. - aMnnnT.y..oa paccestmrn HeiiTpona Ha st..ope, 

81 n 6 · · pH 9TOM. IICIIOlib3yIOTCSI a To MbI naropO,llHbIX raaoB C paBHbIM 
uynro MarHHTHbIM _M0?-.4eHTOM aneKTpOHHOil: o6onotJ,KH, tJT06bI ncKnro
ttlI.Tb. LlOIIOlIHUTellbHOe MBI'HIIT.11oe· B3aIIMO.l1. e1':!:CTB1Ie C Heil:TpOHOM. 



4e - aMilllHTy.n;a pacceSIHHSI Ha aneKTpoHe, % - KOnHqecTBO aneKTpOHOB B 
.. -12 -16 . 

Me, OKaaanOCb, qToa.n.""10 CMj Qe"- 1,5.10 CM, vf3 8THX UHcpp BHAHO, qTo 

ceqemr.e Ha aToMe c 6om,lllHM l OTnHqaeTcH OT ceqeHHSI Ha Hape Bcero nHWb 

Ha. HeCKOnbKO rrpoueHTOB. BaalIMO.D.eHCTBlfe aneKTpOHa C HeirTpOHOM IIpH ManhIX 

aaeprHH Bbipa:m aeTCSI 3Ha'I6HHeM acpcpeKTHBHoro II0T€rIUH8Tia Vo 
aMnnH.Ty.n;oil: pacceHHHSI CBH3aH C0OTH0llleHHeM 

B paMKax penSITHBHCTCKOH TeopHH /25/ 

V.~3e { m•1/e•/ [o ;,.,,, + ¾Mc ~,,J 

, K0T0pblll C 

/37 / 

.u.aeT Bblpa:>K eHHe 

/38/ 

KaK BH.D;H0, -v: C0CT0HT l:13 aayx qacTeii: rrepaaH o6ycnoaneHa pacrrpe
.t 

aeneaueM aneKTp1:1qecKoro aapHaa B HeiiTpoHe / qaCTb nporropuH0HallbH8Sl ( ie):,. / 
. ,i,, 

BTopaH onpeaenSieTCSI aen:aql:IHOH 8H0ManbH0ro MarHHTHoro MOMeHTa ac 11,, • 

3K.crrepuMeHTa~h1lOe aHaqemrt. Yo =c - /3860 .± 370/ aa, a BKnaa OT MBrHHT-

Horo MOMeHTa HeiiTpOHa ~,,. = -1,91 paBeH - 4080 aa .• TaKHM o6paaoM, Ha 

aneKTpHqec1,rne B38HMOA eitcTBHe npl:IXO.D;HTCSI /30 .± 200/ aa. CooTBeTCTBYIOIUee 

aaaqeH1:1e "aneKTp:aqecKoro" paanyca HeiiTpoHa, aonycTHMOe own6Koii aKcrrepu

MeaTa, He MO:>KeT •rrpeBbIWBTb 10% OT "aneKTpuqecKoro." pa.n;:ayca rrpoToHa, 

/39/ 

TaKH.M o6pa30M, aHanH3 aKcrrepuMeHTanbHbIX :O,aHHblX IIO HeiiTp0!IY K8):!{ eTCSI 

He carnacy1om1:1McH c nHoHH0il: MOA enb10, cornacHo KoTopott no coo6pa:m eHHstM 

aapH.D;OBOH HeaaBHCHMOCTI:I B38.HMO.n;eiicTBHSI gr -Me30HOB C HyKnOiiaMH aapHA 

$' -Me30HHO~O o6naKa B Heil:TpOHe aon:>KeH 6hITb paBeH II rrp0THBorrono:>KeH no 

aaaKy aapHny aToro o6naKa B rrpoToHe 

H, cneaoaaTenbHO, KBaapaTuqHbie paa1:1ych1 $THx pacrrpeaeneHHii: TaK:me 

):!{Hbl 6.bITb paBHbIMH 0 

/40/ 

aon-. 
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B 9T0M. H BHngT o6hlqHQ napanoKean&H0eTb peayn&TaT0B onhlT0B C paecen

HlleM aneKTpOHOB Ha HefiTpOHax. 

KaK 6y,ueT noKaaaHo B_ na11&HelillleM, 9Ta napanoKeanbHOCT&, B nelieTBHTen&

uocTn,0Kaah1BaeTeg Ka)Kymeficg. OHa OCHOBaHa Ha HeonpaBnaHHOM npnMeHeHIIII 

aneMeHTapHoli Teopnll lOKaBbl K UBHTp!3RbHbIM o6n aCTSIM HYKROHa. 

§ 4. KgII'l'_IIqecKne aaMeqaHIISI n aHanII~~KeneI,>_IIMeHTOB 

XocplllTa,uTepa 

BoaHilKlllee paaHornaeIIe Me)Kny Teopneli II 9KenepnMeHTan&HbIMII naHHhIMII 

no paenpeneneHHIO aapSI,ua B .. HeliTpoHe aaeTaBnSieT 6onee nonpo6Ho npoaHamrnn

poBaTb Bee yenoBng onhlTa n TeopeTnqeeKne npe.unoehlnKn ncene,uoBaHnli no pae

ceRHHIO aneKTpOH0B Ha HyKROHax. 

A. rpaHHUhl 9ReKTpO.UHHB~IIKII 

B CTaHcpopne 1II06SIT o6pamaTb BHHM8Hlle HS T0 1 qTo B OeHOBe TeopeTnqe

eKOI'0 aHannaa paeeeSIHHSI arreKTpOH0B Ha HYKROH8X ne~(HT npe.unoRO)KeHne 0 

B03MQ)KHOCTII npnMeHeHng aneKTponHH8MIIKII BnROTb no oqeHb MBRhlX paccTogHnli. 

A a.upyr HMeeT MeeT0 "break-down If @neKTpo.unHaMHKn? 

. /25/ 
noenenHne 9KenepnMeHT8RbHbl~ pa60TbI B.TTaHOBeKOI'O H PHXTepa H 

/28/ 
TeopeTnqecKne nc:enenoBaHng )lpenna HanpaBneHbI K nayqeHIIIO aToli npo6-

neMhI. 

. ( 

B cnyqae ynpyroro paecegHug aneKTpOHOB Ha npoTOHax MO)KHO npe.unono~ 

)KHTb, 1:1,TQ Bee Ha6nronaeMOe OTeTynnem1e OT ToqeqHQCTII HYK1IOH8 HRII ero 3Haqn

Te~Hag qaCTb o6gaaHO He CTpyKType HYKROHa, a Hapylll~HllIO aneKTponnHaMIIKII 

"break - down" B o6nacTII- MaelllTa6a llt . E.uIIHCTBeHHbili Bbrnon, KoTopbrli 

. noKa MO)KHO cnenaTb II3 TBK0I'O npennonO)KeJrng STO TOT, qTo ecnn TaKoe Hapy-

llleHIIe. sneKTPO.UIIHaMIIKII neliCTBIITenbHO IIMeeT MBCTO, 
-/!, 

/\/ f; (},30·10 CM. 

TO 
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J.1 HTepecHbie B03M02KHOCTH B 9TOM OTH0lUeHHH npe.ucTaBmieT TaK:IB:e · naytJ:eHne 
+ I 

npo.uecca q:>OTOpO.>K.[leHH.11 nap t + p - p + e + e -/cM.pHC,5 6 H 5 6 /,· 

B 8TOM cnyqae :irnytJ:aIOTC.11 0TCTynnemrn Bo' B3aHMO.Ue HCTBHH aneKTpoHa C cpo

TOHOM. O.n.HaKO C0OTBeTCTByIOulHe 0ilblTbJ HBXO.UHTC.11 'ewe T0JibKO ·B Ha"IBJibHOH 

cTa.unn, 

' . 
TotJ:HOCTb Bb!Il0JIHeHHblX ,Ll0 H8CT0.11Wero BpeMeHH ,OilblTOB .uaeT ewe 6onee 

BblCOKYIO rpaHHUY .uirn B03M02KHbIX OTICJIOHeHHH OT H3BecTHblX ·aaKOHOB aneKTpo

LlHHaMHKH: 

TeopeTHtJ:eCKH MO:>KHO O)KH.[l8Tb HapyilleHH.11 aneKTp0.UHHaMHKH C ytJ:aCTHeM 
. . . I 

_;M--Me30H0B R HeiiTpHHO )) IHanpHMep e+e--_,)4-~; t+e~+Y+Y 
B npocTpaHCTBeHHbIX 06nacT.11x . .A <. 10- 16 

CM, J.1ccne.uoBami:e TaKl:ix MaJibIX 

I 

npocTpaHCTBeHHblX o6nacTei1 ewe .uaneKo OT 8KcneprrMeHTaJibHbIX B03MO:IB:HOCTeu, 

11MerowIIxc.11 B HacTo.11wee BpeM.11 /cM,Ta6n.nuy TT/. 

TaKtiM o6paaoM, HeT ewe HHKaKHX 3KynepHMeHT8JibHbIX Ll8HHbIX, KOTOpbie 

ll03BOJilIJIH 6bI C"IHT8Th, 'ITO B HHTepecyIOWHX Hae .llBJieHH.llX cywecTBeHHyIO pOJib 

MOryT nrpaTb OTCTynneHH.11 OT aaKOHOB KBaHTOBOH aneKTPO.UHHaMHKH. 

B, Ponh Heynpyrnx npoueccoB 

Hap.11.uy c ynpyrnM npoueccoM pacceHHH.11 aneKTpoH0B Ha HyKnoHax HMeIOT 

MeCTO H Heynpyrne npoueccbI, HanpHMep, .[lJI.11 npoToHa B03MO:IB:Hbl peaKUHH 

+ -e-t-p-e+p+e +e 

/TopM03_Hble H3JiytJ:eHH.ll/ 

/po:m:.ueHne nap/ 

/po.>K.UeHne MeaoHoB/ • 

/41/ 

/42/ 

/43/ 

3.T_n Heynpyrne npoueccb1, B npnHunne, MOrnn 6bI .uaBaTh BKna.u B ynpyroe 

pacceHHHe 6naro.uap.11 B03MO:IB:HOMY B03HHKHOBeHHIO Llllq:>paKUHOHHOro pacce.llHH.11, 
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O.ctHaKo, ao acex aTnx npoueccax·.tJ.Hcno yIIacTByIOmnx cpaa BenuKo, a caMH 

cpa3bI ManbI., B naao6Hhix cnyqagx neynpyroe ceqenne non:>KH0 BO Mnoro paa npeBoc-

X0JlHTb ynpyroe, 'IT06bl JlH(ppaKUHOHHOe paccegnne CTano aaMeTHbIM • .[lettcTBHTenb

H0, ceqenne ynpyroro paccegnng paBHo IB o6bl"IHbIX o6oaHatJ.emrnx/: 

~ ~[ 1,(z.e+1)/ i}t- iile/-. .t ~ /1< face .. - t . ~(ieTi~ t'fe 5~~~+ (lje)i};441 
e 

Ca'l8Hlie HeynpyrHx npoueccoB 

e;,. = f tr(ze+1¾~ (i-,t,,}. 
Ecnn cpa3bI Heynpyroro . npouecca Manhr, T.e. 

T0I"Jl8 

'-' :J.-l ·· re e J 
f,, << i e l 

~n, = 

/V 1(/ VJc/ = f 1{1, 

~ ~ l ( U +l) 2-l,+ 0 ( <) 
~ 12,e! 1) {Ylf~c ~? e l' e ~ J. 

/45/ 

/46/ 

/47 / 

Y'.To6&t Heynpyrnfi npouecc naaan aaMeTHhiil: BKna.u B ynpyroe paccegHne, neo6-

xo.z:u1Mo~ 'IT06bI ~ e_"' gt, • noaTOMy: 

T.e. 
~ "-"a-l, Ut, ~=(hl~ 

qff/ /bet~ 1 / l HnH (;'i.,, >:7C'~e ., 

8To a eCTb HCK0M0e ycnoBne. 

/48/ 

OueHKH, nponaaeneHHbie y nae Ha ocHoBe aToro HepaBeHc.Taa, ·noKaaann, 

'ITO .n.acppaKUHOHHOe paccegHne, Bbl3BSHH0e pom.uenneM IlH0H0B /peaKun:g /43/ I, 

Hecym~cTBeHno. no-Blf.lllfMOMY, To me 0THoc11Tcg n K npoueccaM /41/ n /42/ 

/TopM03H0e n:ariy'leHne' aennKo, B 0CH0BH0M, B 'o6nacTH ManbIX yrnoB li TPY.llH0 

'~ 



- 23 

O:>KK.O.aTa, 'ITO OHO )laCT cymeCTBeHHble .llHCf)paKUlIOHHbie :acpcpeKTbl npH yrnax pac· 

cellHlIH > 30°' r:O.e Bbm0nHeHbl li3MepeHH.ll XocpuJTa.o.Tepa /cM. /29/ /. Ce"19HH8 

}Ke o6paaoBamrn nap npH6nHsHTenbHO Ha_ .llBa nop.11.llKa , /--.J e / "tc / 
M9Hbl.lle' C8'!9HH.ll T0pM03H0I'O H3nytJeHHH. 

B. AHaJIH3 pacceHmIH sneKTp0H0B Ha npoT0Hax H H.eitTpoHax 

O6bI'!HO Il0)l'!epKnBaeTcH, "ITO M930HHaH Teopn:.11 B TOM nyHKTe, r.o.e pe"lb 

K.lleT o pacnpe.o.eneirnnx sneKTpH"lec~oro sap.11.lla H. MarHHTHoro MoMeHTa, pewH

TenhH0 He cornacyeTcH 6 0llb!T0M. O.llHaKo, 9TO YTBep:>KJl9HHe SJBn.lleTC.11 cnHWK0M 

KaTeropH"l8CKHM. 

JleitcTBHTenbHO., c 0llblT0M cpaamrnaIOTC.11 pacnpe.lleneHH.11 /6/ .H /7 /. Ho 

9Tli pacrrpe)leneHHH nony"leHbl .nn.11 M830HH0I'0 non.11, nop0:>K.ll9HH0I'O 

Til2KenbIM HyKn0H0M, H cnpal:ie)lnHBbl nIIWb B nepHcpepH"19CKHX / > 
o6nacTRX HYKJI0Ha. 

6ecKOH8"1HO 

1/m-,; c/ 

H eT HlIKaKHX OCHOBaHHit Ha.ti 9.IITbCSI,· '"ITO 9TH pacnpe.o. eneHH.11 cnpaaennn:Bbl 

BO nceA o6nacTH 3Ha"l9HHit ~: ; . Hao6opoT, cnenyeT 0:>KH.llaTb 3Ha"lHTenhHbIX 

OTKJIOHeH11ft OT HHX 'a 06nac1;.11x t, < 1/ 1n-,r c I T.e. npH RMnynbcax <J, > rn;. C. { 

r.n.e KpoMe OT.lla"lll cymecTB9HHbIM o6pa30M non:>KHbI CKasaTbC.11 TaK)Ke H CBOit

CTBa BHyTpeHHilX o6nacTeit HyKn0Ha. 

f1pe.ncTaanHeTc.1t 6onee nocne.o.onaTenbHbIM sanHcaTb pacnpenenemie· aneK-

TpH"lecKoro sap SI.a.a HyKnOHa _r N ( "t) : H MarmITH0I'0 MOM~HTa trJ.. IY ("r,,) 
B BII.lle CYMMbI: 

/49/ 

/50/' 

rne qepes JKN (i} n tn KN (1,} o6osua"leHbI nnoTH0CTH aneKTpn:tJecKor~ sap.11na 

ll. MarHIITHOI'O M0MeitTa, cocpe.ll0T0'l9HHbie B ueHTpanbHOA "18CTH HyKnoHa H 

o6ycnoaneHHbie napaMH uyKn0H0B H aaTHHyKn0H0B, CTpaHHbIMll. "laCTHUaMH 
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a TaK>Ke .n:Byx-Tpex II .n:pyrIIMII BbICWIIMII II0HHbIMII C0CT0S'IHlHIMII. 

B HaCT0S'ILUee BpeMSI Mbl eme oqeHh Mano ,3HaeM 06 8TliX C0CT0S'IHIIS'IX II 6y

.a.eM HX noKa 0THOCl!Th TaK)Ke K KepHy HYK1I0Ha. 

EcTeCTB9HHO Q)KII.lJ:8Th, 'ITO f'K.N I 'i. I 1t tni<N I i- I 6yayT y6hrBaTh 

C pocT0M 6hICTpee, '!9M ~ 
.Jlf 

:i I 'e- I II fn,/f I 'i. I. 

PacCMOTpIIM no.n:po'6uee 81I9KTp!i'I9CKliH pa.n:IIyc HyK1I0Ha. B C00TB9TCTBl!II C 

onpe.neneHIISIMH /31/ II /49/ 

2, ~ . .t < 'l,e >IV-::< i,e /'KN+~ < 'l,e >~, /51/ 
2. 

r.n: e < "'t t > l(N - cpe.n:HHH KBa.npaTII'!HbIH pa.n:IIyc HyKn0HH0I'0 Kepua. 06 II30T0-

llH.'!eCKOit CHMMeTpII!i 8THX Bbipa)K9HHit CM. § 6 B. 

flonaras JKN (7,J-= Q KN Je {1,) ( Sfl}, r .ne Q KN 

- n.onHhiit aap.si.n: xepHa H o6oauaqaH 

< ~:>c: ¼ J 7, Ye (1) cl3x I 
/53/ 

MQ)KeM nepenHC8Th /51 / B Bli.lle 

(i:>.,.,,=QKN <t-~)c+<t; < "t,efl.>Ji". 
/54/ 

0 
11a Oll.bITa H3B9CTH0, qT0 aneKTpH'!9CKHit pa.nHyc .:eitTpOHa 0'I9Hh Man: 

,t, < i e >"" ~ 0 oTc ro.na cne.n:yeT, 'ITO 

.i ~ 3, < "C,e ) = 1 Q < ~e > r, 
. C. Kn. . 1 

/55/ 

~ f, ' 

<ie>p=<"te>c. 
/56/ 

YttliTbIBaSI 'IlicneHHbie 3H8'!eHHS'I /23/., nonyql!M, 'ITO 
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• 

/57 / 

TaKiiM o6pai3oM, rronarasr aneKTpIPieCKHfi pa,nHyc HefiTpOHa paBHb!M Hymo, Mb! 

rronyqaeM O'leHb 6nH3Koe K aKcrrepn:MeHTanbHOMY 3Ha'!eHHe aneKTpH'leCKOI'O pa.n1-ry

ca rrpoToHa. /Cp. /33 / /. 

¢opMa pacrrpe.neneHHSI sapsr,na B KepHe ocTaeTcsr ewe .nocTaTO'lHO rrpo1-rs
a, 

BOfibHOfi IT.K. IISBeCTHbl nHlUb HHTerpanbHbie senH'lHHbl U, < -z;. e >c I. 

Dnsr orrpe,neneHHOCTH Mb! BbtoepeM pc I i I· B BH,ne 

0 
/58/ 

B 8TOM cnyqae, KaK nerKo y6e.nHTbCSI 

.t 1 < -ie >e =/£a,· 
/59/ 

Terreph, '!To61,1 rrorry'lHTb 
-13 2 - · = /0,7 .10 cM/ 1 Heo6xo.nHMO s1,16paTb 

/i,/ -fi/ -IY at =:: 1/1 I m,.J; C ~ I MC = 2.,, /0 CM, 
)60/ 

' ' 
TaKHM. o6pa30M, /58/ BCTb rrpHMep KepHa, KOTOphifi xapaKTepHsyeTcsr ~anofi 

,nnHHofi a,.. H B To :m:e BpeMSI HMeeT 6onbmofi cpe,nHHfi ·KBa,npaTH'lecKHfi pah1-ryc, 

Ha pHC. 6a H 66 H3o6pa:m:eHhI KpHBhie pacrrpe.neneHHSI rrnOTHOCTH sapsr,noB 1B rrpo-~ 

TOHe n: HefiTpoHe H B HX KepHax o/p (•i) = d.f" {i) + o/ t<p (7,) - -
o/n,(.,,)=--cl,;-("t)+dK!t ('Z.} u- dKP (7.}=QKpcle ('i}; 

d,m (i)-: Q Kn de. (1,) 
KpHBruI .nmr rrpoTOHa cl p ( ~) rrpaKTH'leCKH COBrra.naeT C KpIIBOfi, rrony

qe1rnofi H3 o6pa6oTKH aKcrrepHMeHTBnbHhIX .naHHhIX B pa6oTax XorpmTa.n Tepa/2 l/-/23/. 
4To :m:e KacaeTCSI rrnoTHOCTH sapsr,na s HefiTpoHe, TO BHLtHO, 'ITO OHa OCUHhnnpy

eT OKOno Hynsr, qeM H o6bSICHSieTcsr Manhlfi aneKTpH'leCKHfi pa,nHyC HefiTpOHa. 

BepTHKanbHOfi nHHHeil Ha pHCYHKaX 6a n 66 OT,neneHa o6naCTb OLtHOITHOHHOil 

"aTMOCcpep1,1" HyKnOHa OT Toil o6nacTn:, r.ne y:m:e cywecTBeHHO rrpHMelUHBaIOTCSI 

3apSI,nhI KepHa 0 KaK BHLtH0 1 B 0LtH0lIHOHHOi1 o6nacTH "t > 1/ m.f;C 
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(1 

(r 

06n.a.cTb :>Ke, r.ue aaKoHHbI ac1rMnToT1P1ecKne paano:>KeHllSI /9/, /10/ c O.UHllM 

llllll .UBYMSI qneHaMl:I., co.u ep)KHT Kpa:li:He Manoe qncno M930HOB ll OTHOCllTCSI, o6paa

HO Bbr.pa:>Kastcb, K "cTpaToccpepe" HyKnoua. 
. , 

AHanorIItJ:HbIM o6pa30M MO:>KeT 6bITb paCCMOTpeHa n M8r'HllTHaS1 CTpyKTypa 

uyKnOHOB. Bbr61rpast pacnpe.uenem1e Mar'HllTHOr'O MOM0HTa B Kepue HYI{llOHa CHOBa 

B Bll.[l 9 9KCilOH9HTbI 

In;, (7-) = /11',/stro} e -~/a, 
/61/ 

ii n.onarag .unsi. a, 3HatJ:9Hlle /60/, nonytJ:llM ll3 ycnomrn ae,, ,:: - ~I'), =1,85 efi,j3.Mc. 
.unsi cpe.UHllX KBa.upaTIItJ:HbIX MarHIITHbIX paa1ryc0B npoTOHa ll He:li:TpOHa 3HatJ:9HllS1 

2., :Z. ( -13 )), < 'l, m, /p ..: ( '°i m >n. -= · 0, 1- · IO CM , /62/ 

"ITO xopOill? cornacyeTCSl C 9KCnepllM9HTanbHbIMll 3H8tJ:9HllS1Mll, nonytJ:eHHbIMll 

Xaq:u.uTllL{Tepo.M. 

X 

X :x: 

Ta.KllM o6pa30M, npeanonO)KJIB cymecTBOBaHlle B HyKnOHe KepHa, MO)KHO 

carnacoBaTb BC!O COBOKynHOCTb 9KcnepllM9HTanbHbIX .uaHHbIX no pacceSIHll!O 6bICTpbIX 

aneKTPOHOB Ha npoTOHaX ll ae:li:TOHaX ll M~aneHHbIX Heii:TpOHOB Ha aTOMaX C OCHOBHbr

MH n.peacTaaneHllSIMll COBpeMElHHO:li: M930HHO:li: Teopllll. 

n pII 9TOM pacnpeaeneHire aapsit:J.a II MarHIITHoro MOMeHTa KepHa onpenensieT-

CH Man.oil. .llnllHOA ~ ~ t; MC < < 1/ mn. C • 

"' 

(.) 
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!l ·_5. HeKOTOpbre acpcpeKThI cTpyKTyphI HYKlIOHOB 

B aToM _naparpacpe MhI paccMoTpnM_ eme L;(Ba Bonpoca, CBH3aHHhIX c sneKTpo

MarHHTHOH CTpyKTypoii HYKJIOHa. 8TO scpcpeKT . llOJIHpHsyeMOCTH M930HHOI'O o5naKa 

B HYKJIOHEi H Bonpoc 06 9JI9KTPOM8I'HHTHOH Macce HyKJIOHOB. • 

A. SneKTpHqecKaH IlOJIHpH3yeMOCTb M930HHOI'O o5naKa B HYKJIOH9 

.[lm1 BhIHCH9HHSI CBOHCTB 9JI9KTpOM8I'HHTHOll CTpyKTyphl HyKJIOHa, KpOMe pac

C9SIHHH 5bICTphiX 9JI9KTpOHOB, qpe3Bbrqaitno Ba)KHO paCCMOTp9Tb .opyrHe scpcpeKThI, 

B KOTOpbIX, MO:>K9T npOHBHTbCSI aneKTpoMaI'HHTHaSI CTpy~Typa HYKJI~Ha. O.uiiHM H3 

TaKHX acpcpeKTOB HBJISI9TCSI pacceHHH9 M9,llJI9HHhIX HYKJIOHOB B H90,llHOp0.llHOM 

9JieKTpHqecKOM none, KOTOpoe pa3,llBHH9T o5naKo pa3HOHM9HHhIX. sapH,llOB B HYKJIOHe 

ll npeBp~THT HyKJIOH ll 9J19KTpHqecKHil: .llHilOJib C HH.llYUHpopaHHhIM MOM9HTOM 

• Sn eKTpHqecKaSI nonstpHayeMOCTb sapH.llOB. B HYKJIOHe MO:>K eT npoH-

/30/ 
BllTbCSI B KOMilTOH-scpcpeKTe ll npH cpoTOp0:>K.ll 9HHH IlHOHOB Ha HyKJIOHaX • 1 a 

TaK:>Ke npH pacceHHHn MenneHHhIX HefiTpOHOB Ha SI.opax /
3 t/-/33/. 

B nepBOM npH5nH:>K9HHH TeopHH qy /cM. puc.7 / 

Cne.uyeT omH.oaTb., qTo, K&K H npH BbiqHC1I9HHH M8I'HHTHhIX MOM9HTOB HyKJio

aa H llOTeHuHana B3aHMO.ll9HCTBllH H9HTpOHa C sneKTpOHOM, BhICWHe qneHbI pasno

:>KeHll.SI no UOCTOHHHOH CBH3ll He 5y.uyT cymecTB9HHO M9HSITb pesynbTaT. 

rt -42 3 = 1,6 .10 cM , ecnH 

cM, ecnu 

0-( K}: t/ {f t{K/s. 6).r.J; 
lJ- (K} = exp {-K1/2. · (s,6J-~J 
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3T11 3Ha'l:eHHH nony'leHbI nnn f J,/ /f,c, = 0,08. PeaynbTaTbl pac'l:eT0B B lllHp0K0M 

npenene Mana 'IYBCTBHTenbHbl K BbI6opy BII.Ua V-{K} '341 , 1351. 

Bhl'IHcneHHOe 3Ha'leHHe ,/., 6nH3KO K 3Ha'leHHIO, nony'leHH0MY A.M .Ban-
. . ' 

LlHHblM H3 aHanaaa 9KcnepHMeHT0B no cpoTopo:a<..ueHHIO H K0MilToH-scpcpeKTY Ha 

HyKn0He / 35/ : . 

4.10-43 3 
CM ~ tJv '- 1,4.10-42 3 

CM 1 

. -41 3 
ao aaMeTH0 MeHbrue, 'l:eM 3Ha'l:eHne d., ~- 8.10 CM , nony'leaaoe IO.A.AneKcaH-

.npoB.bIM H3 O!lblT0B II0 pacceSJHHIO Me.uneHHblX He:11:TpOHOB Ha TSDK8JII,IX srapax /
32{ 

Heo6xoaHM 6onee cTporntt TeopeTH'leCKHfi aHanaa sKcnepHMeH.T0B IO.A. AneKcaa.npo

Ba. B03MO)KHO, 'IT0 a.necb HMeIOT MeCT0 acpcpeKTbl. B3aHMO,lleficTBHSl Hefi:Tp0Ha C 
.., 6.. u 9/ 

aneKTp0HH0n O 0JIO'IK0H TSI)K enbIX SIil ep • 

3KcrrepHM9HTanbHblli peaynbTaT II0Ka3bIBaeT. 'IT0 nonsrpaayeMOCTb HefiTpOHa r/., =I= 0 
M0:>KH0 paccMaTpHBB:Tb KaK HerrocpeacTBeHH0e . ,ll0KaaaTenbCTB0 cywecTB0BaHHSI 

aapn:>KeHHbIX "o6naKoa" B Hefi:Tpoae, 

B. 3neKTpoMaI'HHTHaH Macca HYKn0H0B H CTa6HJibHOCTb npoToHa 

He6onbruasr BenH'IHHa paanH'IHst B Mace ax ~poToHa a· nefiTpoaa / Ll { l'1 CJ= 
2~5 aneKTp0HHblX Mace/. H aapsr.noaasr He3aBHCHM0CTb "n.nepaoro B3aHMO,lleficTBHn" 

HyKn0H0B ti03BdJISJIOT npe.nnonaraTb, 'IT0 9T0 paanH'IHe HMeeT 'IHCT0 sneKTpoMar-

. /65/ 
HHTH0.e npoHCX0:a<.,lleHue. OTCbIJiaSJ 'IHTaTenn aa no.npo6HOCTHMH K pa6oTaM , 

MbI orpaHH'IHMCH nHlllb H3n0:>KeHHeM Ka'leCTBEHH0fi CT0p0Hbl .nena. 

B Ka'l:eCTBe nepaoro npH6JIH:>KeHH51 M0:>KH0 C'IHTa.Tb, 'ITO aapSI,ll K8pHa Q KN 

n:. ero MaI.'HHTHbifi: M0MeHT :,e KN cocpeaoTo'leHbl B ueaTpe HyKnoaa. 

Tor.na sneKTP0MaraHTH851 saeprHH HYKJI0Ha M0)K8T 6bITb -3ailHCaHa B BH.ne: 

EN -=-QKN ff; (0)-aeKNF-11; ( 0}, /64/ 

r.ne 

9/ 
O.nrrn na aaTopoa /BC,B/ 6nar.o.napeH IO.A.AneKcaaµpoay, A,H. Ban.nHHY, 
H.n.CTaxaaoay H n.H.Yca11eBy aa o6cy:>K.neHHSI. 



y 

/65/ 

·aneKTpocTaTnti:ecKntt noTeHrrnari 11 Ma!:,_HHTHoe· none, coa.uaBaeMoe B ueHTpe HyKno

Ha o6naKOM 3ap£DK eHHbIX IIllOHOB, 'j J;- - aneKTpnqecKntt TOK Me30HHOI'O nomi. 

TaK KaK 

/66/ 

ll 

/67/ 

/a.uecb B MaI'HllTHbI:ii MOMeHT KepHa BKJIIOtJ: eH ll .unpaKOBCKll:ii MarHllTHbI:ii MOMeHT 

0 ronoro" HyKnoHa/, To 

/ 68/ 

KaK BllJ:lHO 113 aTott cpOpMy1tbI. ycT.O:ii"IllBOCTb npOTOHa uenHKOM o6ycnoBneHa 

aH.eprneil: B3allMO.U eil:cTBllSI MarHllTHOI'O MOMeHTa K0pHa IIpOTOHa ll TOKOB ero nnoH

HOI'O o5naKa. 811eKTpocTaT11"IecKaSI aHeprnSI rrpoToHa., Hao6opoT, 60111:,we arreKTpo

cTaT:1i:ttecKofi_auepr110: HefiT.pOHa. TTpH IIOLlCTOO:OBKe 'illC1IeHHbIX 3Ha'ieHn:ii napaMeT-
. ----------· --··-- ---···------ --· -------------·----- --- - -··--- ---------- -- -----·· -~--

poa1 cpopMyna I 68/ .uaeT no nopSI.uKy Benn"IHHbI cornacyromeecSI c onhITOM ana-

11eH11e paaHocTn Mace 4 (I"/ C tJ: o.unaKo, anaK Ll (M cJ cymecTBeHHO aaB1Ic1tT · 

OT cpop.MbI o6peaaromero cpopM-cpaKTopa V- ( I<} . 

!l 5. TeopeT!I'ieCK!Ie nonbITKll IIHTepnpeT.aUIIll aneKTpoMarHIITHOli 

CTpyKTypbl ueHTpanbHh!X 0611acTefi HYK1IOHOB 

B npe.uh~LlYIUHX rraparpacpax 6b!JIII rro.upo6HO paCCMOTpeHbl aneKTpOMar

HH.THbie. caottcTBa nepncpepntiecKHX o6nacTefi B HyKnoue 11 nx TeopeTn"IecKaSI nn

·TepupeTauHSI. PaccMOTp!IM -Tenepb HeKOTOpbie ,TeopeTH"IeCKlle IIOIIb!TKll HHTepnpe

TauHH caoficTB ueHTpa111:,ub1x 0611acTefi HyKnoHa, 
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A. Bn1rnmre cTE_aHHhIX qacTnu 

CaH.upn /37/ n,HesaBncnMo;o.unH ns Hae o6paTnnn BHHMaHne, qTo .unccouna-

ung HyKnoHa Ha rnnepoH n K-Meson npnno.unT K o6pas6BaHnro nonoMnTenbHO sa~ 

pgMeHHoro K-MesonHoro o6naKa KaK B cnyqae He1TpoHa 1 TaK n B cnyqae npoTo-

Ha. 

!I. 
3TOT acpcpeKT .uonMeH npllBO.llllTh K ysennqennro <: "t e, > Kp n K yMeHb-

lI.leHilID <. '1,,; >K~ B COOTBeTcTBilll C xapTilHOli CTpoenng HYKROHa, Il306paMeHHOli 

Ha pnc. 6. 

DelcTBilTenhHO, B COOTBeTcTBilll C 3aKOHaMil coxpaHeHHH CTpaHHOCTil Il 6a

pllOHHOro qncna, B03MOlliHbI ,npoueccbI! 

0 + 
p~/\+K; 

r---"' 0 0 ' 
~ +K +K,._· 

' ' ' ) 

- + s + J< +J<+ 

Il 
· o O· 

ft. ~ /\ + K ; 
,,,....-- 0 0 :, 

~+Kt-K· 
' 

,..._ -
~+K°-,.1<+. 

I 

·c-, 0 0 

~ +K ; . L-+ K+ . 
· L{,ig,'.oueHI{Il acpcpeKTa Mb! ncnonhsonann nepBoe npn6nnMeHne Teopnn Lfy 

.11 nonyqnnn~ qTo · cpe.uHn_ii KBa.upaTuqHbII "aneKTpnqecKul" pa.unyc HelTpOHa pa-
10/ 

BeH 

<i:>,, =<•>,. (,; +K)= o/u,-( Mc/e')( l/~){s,98+(9/J}« Of}, 1691 

t + ' ' 
T.e. < i e / n ':::::. 0 , ecnn KoHcTaHTa CBH3H K -MesoHoB c HyKnoHOM 

~2./ 'fftC ~ g • <?.uHaK01 B 9TPM cnyqae TPY.llHO 06'bHCHHTb OTib!Tbl TIO pacceg-

HilID n q:JOTOpOM,lleHn~ K-_re30HOB. nm1_ 6onee nepogTHbIX 3HaqeHHH j J.,/ he
BKna.u K-MesoHoB ri < 7,, e) rr,, , KaK B cnyqae citanHpHoro, TaK .11 nces.uocKa-

10/ 
TaK KaK s Haciosnuee speMH HeT aKcnepnMeHTanbHbIX ocnoso/1Hii .nng 
sseneHHH CilRbHOro 'B38llMO.UeiicTBHH HOHOB Il K-Me30HOs159 .• qTo ' 

cyruecTBeHHO yaenll'IIllIO 6bI npocTpaHCTBeHHbie pa3MepbI IlCTO'IHHKa' 
K-Me30HOB, TO cpopM-cpaKTOp nng nnoTHOCTH IlCTO'IHHKOB K-Me30HOB 
B HyKnOHe Bbi6IIpaircg TaKilM Me, 'ITO Il nng Ji -Me30HOB, 
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nnpHora BapHaHTa TeopHH no nopSILlKY BenH~HHhl He npeBOCXO.UHT 10%. 

Tax.HM o6pa30M, noKa HeT OCIIOB8HHH C'IHTaTb, 'ITO CTpaHHhie '18CTHUhl cno

co6Hbl cyr.uecTBeHH0 H3MeHHTb pacnpe.ueneHHe .aapsi:.ua B ueHTpanbHblX o6nacTHX 

HyKnoHa. 

B. BKnaa HyKnOH-aHTHHyKnOHHhIX nap 

vI .. E._ TaMM npeano:a{lrn 

TpOHa < 'v; > Ha OCHOBe 
,,, I 38/ 

Ha HyKnOHHbie. nap hi' . • 

o6oHcHeane ~yneBoro aneKTpH'lecKoro pa.unyca Heii:

yqeTa LlHCCOUH8UHH BHpTyanbHhlX 

Ecmr tr -Me30H aHC::COUH.HpyeT Ha napy HyKn0H ·nmoc aHTHHyKnOH! 

:Ji~ N +- N • To B03HHKlllHA aHTHHyKnOH M0:>KeT aHmrrHnHpoBaTb c HCXO.UHhIM 

"ronhIM" HyKn0HOM, Haxo.o:HLUHMCSI B ueHTpe cpH3H'leCKoro HyKnoHa, a OCTaBlllHH

cn HyKn0H 0Ka:>KeTCSI CMer.ueHHhIM, no cpaBHeHHIO C npe:>KHHM ueHTpoM, Ha BenH'IHHy 

11opsiaKa ~ ¼ e• B pe~ynbTaTe nono:>Kn-renbHhIA aapsi.u KepHa HefiTpoHa p
0

aaMa

:>KeTcSI 110 o6na~TH C pa.UHYCOM "-. 1/m,t'(• O6pa3HO rOBOpH, KepH H g; -Me!30H ·M•e

HSIIOTCSI MeCTaMH /cM.pHc.8/. CpeaHSISI niIOTHOCTb aneKTPH'l'.eCKOro··3apSILl8:'..B __ HeH

Tp0He aa BpeMSI B3aHMOLleAcTBHSI C aneKTpOHOM,· a cneaoBaTenbHO H < 'Z,:, >; j 
B 3TOM cnyqae 6yayT 6nH3KH K Hynro. PaaMa3Ka :>Ke HeHTpanbHOro Kep_ua npoTo

Ha no o~nacTH C pa.uuycoM "' ¼.re He MO:>KeT cyr.uecTBeHH0 lf3M9HHTb 3Haqe

HHSI < _7, e >p • 
3TB, fHnoTeaa, 0.UHaKo, He 6bma noaTBep:>KaeHa pac'leTaMH. OueuKH noKa3~I-

- - l. 
BaIOTt 'ITO panb nap / N N I HeBennKa. vi a,¥eHeHne < 'te ) n. , o6ycnoBneHHoe 

/40/ - ~ 
aTHMH napaMH, npeue6pe:>KHMO Mano : , 

runoTeaa TaMMa BCTpeqaeTCSI TaK:»<:e C TeM Bbipa:>KeHHeM, 'ITO ee TPYLlHO 

cornacoBaTb C COOTHOllleHY.eM Heonpe.ueneHHOCTeii 1J.-p,1x'"" ·1;;,, . Deii:cTBHTenb-

HO., aeonpe.ueneHHOCTb B KOOp.UHHaTe ueHTpa HHepuHH HyKnOHa 6yaeT npH 9TOM 

nopH.uKa 1/m- e, IHMeHHO TaKoBa HeoupeneneHH0CTb Ll X TO'IKH, B ,KoTopoii:-
.. ff ... - . 

}'.>0:>K.UaeTC5I HYKlloH-aHTHHYKll0HHaSI napa/, a Heonpe.u eneHHOCTb B HMnynbce -

l\ p "',.:; Ejc ~ f'1 C ·• Bee cKaaaHHoe Bhillle 0TH0CHTCH H K napaM runepoH0B 

/ Y, y I. 
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B. npnMeHemi:e .z:urcnepCIIOHHbIX COOTHOllleHHfi 

B nocnea Hee, Bp eMSI - 6binlI C.ll enaHbl MHOI'O'IHCneHHbie ITOilbITKII BbI'IHCnHTb 

pacnpeaenem1e aap~aa H MBI'HHTHOI'O MO MeuT'a B HyKnOHe, a TaKme ytJ:eCTb BKnaa 

ueHTpanbHbIX o6nacTett, Hcnonbaysr He TOnbKO MeTO.ll l{y-noy, HO H Texml:Ky LlHCnep 

/40/-/43/ 
ClIOHHbIX COOTHOllleHHii .Mbl orpaHHlJ:lIMCSI' aaecb pacnpeaeneHHeM TOnbK_? 

HeKOTOpbIX KatiecTBeHHbIX peaynbTBTOB. -PacCMOTpHM H3OTOilHlJ:ecKyIO CTpyK·Typy 

cpopM-cpBKTOpoB. 

yf3 coo6pameHHii aapst.llOBOii CHMMeTpHH ecTeCTBeHHO npeanono.IB:HTb, 'ITO 

sneKTpHtieCKHe H MBI'HHTHbie cpopM-cpaKTOpbI HYKnOHa MOI'YT 6bITb npeacTaBneHbl 

B BH.ll9 KOM6HHBUHH H3OTOilHlJ:eCKHX BeKTOpOB H CKansrpoB: 

CT ) .S V , 5(. V . . 

e :l'et(</J. = G~ ( tp)-t G-e·· { i); cf,? .tmp {Cf;}= Gm (-1)+. G~ ( i; 
S V ) c, f ) 5 ( ) V ·/ ) /70/ e'fen,(CJi}=Ge (i}-Ge(i; ~n,j,mn(} ==Gm! -G-m-ti . _ 

3aecb c.; H C
J) ' 
m. - BeKTOpHbie tJacTH cpopM-cpaKTopoB, onpeaemrromue noBeae-

HHe sneKTpuqecKoii H MBI'HHTHOfi nnoTHOCTH B nepucpepHtiecKHX ~6nacTHX HyKnoua. 

. 140/ B 8THX o6nacTHX BhlnonHHeTCSI ycnoBHe 

QqeB_HllHO 1 

G; (o) ~ o/2, G: (o)~a:-f · 
/71/ 

s s 
Ge R "Gm . - cKallstpHbie tJ:acTH cpopM-cpaKTopoB, BnHnromue Ha cBoiicTBa ueHTpanh

HbIX o6nacTeii B, HyKnoHe. 3TH lJ:BCTH cpopM-cpaKTOpOB YllOBneTBO!)SIIOT .ycnOBHBM 

HOpMHpOBKH 

S V 

· Ce (o)= Ge (o): o/i; s 
G- m, ( o)-= o. 

. I 72/ -

Y~rnTbIBast, 'ITO ;}8. p. ~ - .re /1, ,t H3 8KcnepHMeHTa_nbHOI'O COOTHOW9HHSI 

'Jrnp ~ · 'fm',., nonytIHM: 

I/ s 
Gm, >>Gm, /73/ 

T.e. II MBI'HHTH_biii cpopM-cpaKTOp II HyKnOHa stBnHeTcH, B OC~OBH~M' BeKTOpOM . B 

H3QTOnlllJ:9CKOM npOCTpBHCTBe. 
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8TOT •CJ1.0JJ.Yl01UHH II3 OnhITa cpaKT npl!BOJJ.IIT K B8:>KHOMY 3aKnl0'10Hlil0 1 'ITO 

MaI'HH.THaSI CTpyKTypa HyKnOHa, B OCHOBHOM, onpe.n. ensieTCSl BIIpTyanbHb~M. npoueccoM, 

B KOTOpOM yttaCTByeT ·.n.aa M030Ha C npOTIIBOnonO)l<:HbIMII no 3HaKy 3apSIJJ.8MH 
- . 11/ 

lcM.p_itc. 9a/ . 

8To cTaHOBIITCSI noHSITHbIM, ecmi: ytteCTb, 'ITO napa M030HOB. / 1(-1-1(- I o6pa

ayeT BeKTOp B H30TOnIItteCKOM npocTpaHCTBe, H, KpoMe TOI'O, npoMe:>KyTO'IHOe 

COCTOSlHHe B STOM cnyttae SIBnSieTCSl B0KTOpHbIM COCTOSIHII0M, H8IIHH3llIIIM no 

. /40/-/12/ 
SHepI'HH • Cne.n.yIOIUHM npoMe:>KyTO'IHblM _BeKT_OpHbIM COCTOSIHH0M 6y.n.eT 

COCTOSI~IIe _ C :~eTblpbMSI BIIpTy~nbHblMH M030H8MII _II T,JJ.. Mo:>KHO noKa3aTb, 'ITO 

SHeprHSI Me30HOB B OCHOBHOM npou.ecce C JJ.BYMSI _npoMe:>KyTO'IHbIMII M030HaMn: 

r: -! l B C:Jj' l SB. 

lJ:To KacaeTcsi ":,rneKTpIIttecKIIX cpopM-cp~KTOpOB
9 'f"ep H OHH B 

3Ha'lllTenbHOil CTeneHH
0 

OnpeaemtIOTCSl CI{anSipHbIM cpcipM:-cpaKTOpOM Onpe-

aenSIIOIUIIM B STOM cnyttae SIBnSieTcSI npouer:c C Tnl'!1',fq BllpTyanbHbIMII M030HaMII, 

CTpIIM_~P TaKOI'C>_ BIIpTyanbHOI'O npouecca npIIB0.ll0H Ha pIIC. 96. 

Pac'leT BKnaba OT npouecca c TpeMSI MeaoHaMII KpafiHe cno:>KeH II nonhlTKII 

TaKOI'O pactteTa noKa He npHBenH K KaKHM-nHOO pe3ynbTaTaM, 
( 

/ ~ L z.. ,._ 
TaK KaK,no-BH.llHMOMY, , '1, ~ ':>11,Qpcr, ~ O,l·< te>p u<'te ">,t:111e3~0,f • 

TO. cneayeT O:>KH,llaTb, 'ITO ·< 1-;>p 
/74/ 

Bee 9TH pesynbT8Tbl cornacyIOTCSl C paCCMOTpeHHOil 'Bbllll0_ KapTHHOH CTpyKTypbl 

HYKJIOHa no CTaTH'l0CKOH TeoplIH. ~-

Cn'e,ri.yeT OTMeTHTb, ttTo aHanII3 :Jr -fvf esoHHOH o6onoi:iKH HyKnoHa H pac-

tteT cpopM-cpaKTOpOB GS II (;. V BbinOnHSI0TCSl C nOMOIUbK? TaK 'H83bIBaeMbIX 

11trUil.Cated If /"no.UCTpH:>K0HHbIX" / .[lll:CnepCHOHHbIX COOTHOlll0HHft, KOTo-

pbie .B HaCTOSimee BpeMSI He o60CHOBaHbI,· TliK KaK Henb3Sl o6oCHOBaTb o6pe3aHIIe 

HcnoirbayeMbIX paano:>KeHHH Ha TOM nmi: HHOM 'IHCne :Ii -Me30HOB. 

11/ B ,. . .,. 
TepMHHOnOI'IIH, npHHSlTOil B TeopHH ,llHcnepcHOHHbIX COOTHOllleHHil, 

COCTOSIHHe C 0,llHHM BHpTyanbHbIM ~ -Me30HOM. B3aH.MO,lleHCTBy10-

1UHM .llO cBoero nornomeHHSl /cp~plic.9aJ, Ha3bIBaeTCSl .llBYXnHOHHbIM 

°COCTOSIHH 0M, 
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§ 7. .H.a. epHa_Sl_~TpyKTyll_a HyKn0HOB 

B npe.a.bIJ:J.YIUeM MbI paccMaTpirnann npo6neMy CTpyKTypbl HyKnOHOB c ToqKH . . . . . . 

apeHHSl aneKTp0MarHHTHhlX B3aHMOJ:J.eilcTBHfi. 

.O.a.HaKo, B3aH_Mo.a.eficTBHSl HyKnOHOB Me:lK.a.y co6oii, B3aHMO.a.eiicTBHSl C lIHOHa-

Mn_, K'":'.MeaonaMH, aHTHHyKnonaMH H T .n. TaK:lK e SlBnSlIOTCSl HCTO'IHHK8MH HH-

cpopMaUHH ? CTPYKType HyKnOHOB. B qacTHOCTH, . eme HecKom,Ko neT Ha:3a.a. ana

nHa OlibITOB lIO ~acceSlHH!O HyKnOHOB Ha HyKnoHax B o6nacTH 9HeprHfi nopsrnKa He""." 

CKQnbKHX COT M SB lipHBen K 38KnI0'leHHIO, 'ITO HyKn0H B 9THX CTOnKHOBeHHSlX MO:lK-. . . . ' . . 

-14 
HO paccMaTpHBaTb KaK "qepHbifi mapHK,, c. pa.a.HyC0M a,_~ 5.10 CM. C .a.pyrofi 

. CTOp0HbI, Me30HHOe none B HyKnOHe np0CTHpaeTCSl Ha ana_'IHTenbH0 6onbmee paccTosr

Ulie. 3To o6CTOSlTenbCTBO lipHBeno OJ:J.HOro H3 aBT0p0B K npe.a.cTaBneHHIO O HyKnoHe, 

COCT0SlIU9M H3 nnOTHOro K9pHa-o6riacTH KpafiHe CHnbHbIX_ srriepHbIX ~3aHMO.a.eficTBHfi 

lI ciia6ee B38HMOJ:J.eficTBYIOIU9H 'Ji -Me30HHOH 
,. /5/ 

o6onoqKn • 

A, K epH HVK1LQH8. 

B HacTosrmee BpeMSl Haillll 3HaHHSl 0 KepHe HyKnOHa HHqTO:lKHbl H CBOJ:J.HTCSl, B 

OCHOBHOM. K cne.a.yIOIUHM qiaKTaM: ., 

1. ~ He.a.a~H6 BhllI0nHeHHhlX 9KClI9pHMeHTax lI0 B3aHMOJ:J.eHCTBHIO HyKn0H0B 

C 9Heprnefi 9 BsBt ycKopeHHbIX 'B CHHXpoqiaaoTpoHe O61,e.a.nHeHHOro HHCTHTyTa 

·sr.a.epHbIX nccne.a.o~aHIIH, C nyKnOH8MH BemecTBa, qlOT09MynbCHH Ha6nro.a.aIOTCH J:J.Ba 

cymecTBeHH0 pa9nllqHbIX THlia CTOnKH0BeHHfi C 6oJ.bll10ll H Manoii MH0:>KeCTB9HHOCTbIO 

o6pa30B8HHSl BTOpH'IHbIX '18.CTHU B OD.HOM 8KTe HyKnon-HyKnOHH0ro CTOnKHOBeHHSl 
1441• 

B ,6onbll1HHCTBe CT0nKHOBeHHH Ha6nro.a.aeTCH 6onbll18H MHOllieCTBen-

HOCTb BTopHqHbIX qacTnu / 11, > _3_..,.4 I. noTepH aHeprHH nepBH'IHoro HyKnoHa B 

OD.HOM '8KTe HYKlI0H":"'.HYitnOHHOro CT0nKHOBeHHSl B 9TOf,1 ·cnyqae~CO.CTB.BnSleT 40%±:,_10% 

oT nx HaqanbHOfi. aHeprmr. B cncTeMe_ ueHTpa. Mace yrnoBoe pacnpe.a..e.neHne o6paao

aaamnxcsr B aTnx cTonKHoBennsrx 'lacTnu ·oKaahrBaeTcSl naoTp0lIHbIM. /cM.pHc. lOa/. 

B 3Ha'I.HTenbHO MeHbllleM qncne ,?nyqaea Ha6nro.a.aIOTCSI CT0nKHOB9HHSI C Manoii HU-

TeHCHBHOCTbIO, BTOpHqHblX ".JaCTHU ■ noTepH 9HeprHH B 9THX CT0nKHOBeHHSIX,' lIO""."BH

J:J.HMOMY1 TaK:lKe ·aHaqitTenbH0 MeHbme, '19M npn CTOnKHOB9HHSIX nepBOI'O THlia. 
. ~it • 
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Yrnosae pacrrpeaenemre o6pa30BaBU11IXCH •rncTnu cymecTBeHHO aHII30Tporrno / B 

c1:r.cTeMe ueHTpa. Mace/ /cM. pnc. 106/. 

CT01lKHOBeHnH rrepBOT'O Tllrra /c. 6onhlllOii MHO:>KecTBeHHOCTbIOI MO:>KHO pac-

CM8TpliBaTh KaK CT01lKHOBeHHH KepHOB HYK1lOHOB; CT01lKHOBeHUH me BTOporo TH-

na /c Manott MHO:lKec_TBeHHOCTbIOI - KaK CT01lKHOBeH!IH KepHa OJJ,HOT'O nyKnona C 

nepn¢ep1IqecKoH o5ono'!KOH apyroro HyKnoHa. 

OJJ..Hl:lKO,,. cneayeT OTMeTIITh, 'ITO B H8CTOH!1lee BpeMH TaKoe pa3n eneHne 

MO:lKHO caenaTh 1l!Illlh C 6onblllOH OCTOpO:lKHOCTbIO,. TaK KaK 'laCTb 3B~3JJ. BTOpo

ro Tnna, B03MO:lKHO, o6pa30Banacb TaK:lKe 11p!I CT01lKHOB9HlllI KepHOB HyKnOHOB, 

HO 'lliC1lO POJJ.HBWllXCH np!I STOM 'laCTHU HeBemmo. B HaCTOHillee BpeMH ne 

HCHO T8K)K e, K8K88 JJ.01lH Ha6nIOJJ.89MOH Ha 011bITe aHII3~Tp0111Ili yrnoBoro pac

npeaeneang o6ycnoBneHa aaKOHOM coxpanemrn M0MenTa Konn'!ecTBa JJ.Bn:lKeHnsi 

npn CT01lKHOBeHHll KepH-KepH. 

Pac'!eT SHepreTn'!eCKHX noTeph, Bbin01lH9HHblii B npenrrono:lKeHnH, 'ITO npn- -

6nH3HTenhHO 80% Bcex cTonKHOBeHHH HBnHIOTCH npH- SHeprnu E~lO Bas cTonKHo-

- -· /45/ 
BeHliHMII KepHoB, YJJ.0BneTBOpHTenhHO cornacyeTCH C 9KCrrep1IM9HTOM • 

B na6opaTOpHOH CIICTeM~ Koop.o.:irnaT 'laCTIIUbI, pOJJ.IIBlll Heeg B peaynbTaTe 

11 epa¢epH'19CKHX CT01lKHQBeHHH, JJ.01l:lKHbl. BbineTaTh IIOJJ. M81lb1Mll yrnaMH. B Ta6-

nuu.e lY IIpHBeJJ,.eHbl 0THOllleHHH aKcnepHM9HT81lhHOI"O H TeopeTH'!ecKoro, paccqu

TaHIIOro no CT8THCTll'l9CKOH TeopnH 
/46/ 

MHO:lK9CTB8HH0I'0 pO:lKJJ,9HliH , '1llC1Ia qac-

TliU, BbineTaIOIUHX ll0JJ. yrnaMH 
o/47 / · 10 • I1a STOH Ta6nHUbl BHJJ,HO, 'ITO B 0f 

o6naCTH M81lb!X yrnoB BennK BK~~JJ. '18CTHU' o6paayromuxcsi aa C'!eT MeX8Hll3Ma, 

He 011liCbIBaeMOI'0 CT8TliCTH'!eCKOH _Teopueu MHO:lKeCTBeHHOI'O pO)KJJ.eHHH. /OJJ. H8KO 

npli 9TO~ CHOBa_ ne Y'!TeHl:11 llCKa)KeHHH, BHOCHMbie 38K0H0M coxpaHeHHH MOMeHTa 

K0Jlli'!eC.TBa !lBH:>KeHHH/ • 

2. Pacc'IHTaHHbie IIO CT8THCTH'!eCKOii Teopuli M_HO)KeCTB9HHOI'O p0)KJJ,eHHH 

'18CTHU C8'!eHHH o6pa30B8HHH CTpaHHbIX trncTITU MO)KHO cornacosa'Th C 0IIbITOM, ' 

1lHUJh rrpe.O:nonO)KliB, 'ITO K-Me30HbI cocpeJJ,OTO'leHbl B o6nacTHX HYK1l0Ha ~ "hi 
· /39/ · /m,<'~-

1 l1vl<. - Macca K-MeaoHa/ • 

3. OrrTH'!8CKHH 8H81lll3 yrrpyroro pacceHHHH HYK1IOH0B ll IIH0H0B Ha HYK1lOHax 

npH 9H.eprnu. E == 1 - 10 BsB rrpHB(?JJ.HT K 38K1lIO'!eHHIO 0 cyrueCTBeHHOM B03pacT~-
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/ l 

I 

. t,,/ 
mm K~acpqmuHea.Ta nor11omeam1 B 0611acTH ~ / MC I CM. ,ianee/. 

4. GpaaHeHrre MHorotJncneHHbIX pactJeToa, BbinonaeHHbIX a paMKax Teopxrn 

t{y-n.o_y> c 0II.bIT0M noKaaano, qTo cornacHe c aKcnepuMeHTOM· M0)KH0 nony'iHTh, 

Illilllb npeanono)KUB, 'ITO paaMepbI ucT0'iHHKa _nuoHHoro: nom1 a HYKIIOHe Cl,."' 1/ MC 

/G MaTeMaTuqecKoil: T0'IKU apeausr B Te0pHU qy-noy 9T0MY cpaKTy C00TBeTCTByeT 

~op~cpaKTop c qacToToil: o6peaaHusr W ~·-A,/ fN- I. 

5. A.HalIH.3 0llbIT0B XocpcTaaTepa H / n e I B38HM0Ll eil:CTBHsr, BbID0IIHeHHblfi• 

Bbiwe. _TaK}l{e npHBOLlllT K 38KJJIO'leHHIO 06 cco6b!X CBOiiCTBax ueHTpallbHOii o6JiaCTH 

HYKII0Ha •. 

6. K Ka'leCTBeHHOMY BbIBOLlY 0 cymecTB0B8Hllll KepHa B HYKII0He npllB0LlSfT 

pa3ltli'lHbie BapllaHT_bI Me30HHbIX ·Teopuii: /cM.HanptrMep /
42/ /. 

3THMll CKYLlHbIMll cae.n:eHHSlMll ll. orpaHH'lllBaIOTCSf# a OCH0BH0M, a HaCTosrmee 

BpeMsr H8UIH 3HaHHSf 0 KepHe HYKII0Ha. 

B, OnTntJecKaSI Mo.genb HyKnoHa 

. viccne.n:oBaHue. CTpyKTypbI HyKIIOHa C nOMOIUb!O pacceSIHllSl HYKII0HOB, IlH0HOB 

ll CTpaHHbIX 'laCTUU pa.n:HK8IlbH0 OTI1ll'l8.9TCSI .OT uccneaoBaHUSf llX CTpyKTypbl C 

noMOIUbIO q:>OTOHOB ll 'aneKTpOHOB us-sa 6onbUIOii' aenH'IHHbI B38UMO.n:eii:cTBHsr. 

9opHOBCKOe npn6riH)K9HHe B 9TliX cnyqasrx coaepweHH0 HenpHMeHHM0j HO 

TOilbKO 3T0 npH6IIH)K emre. H Il03BOJisteT npocTbIM npeo6pa3oBaHHSfM ¢,ypbe Hail:TH 

no aMnnnTy.tie paccesrHHOii aonHbI onepaTop aHeprI"' asaHMo.n:eiicTBHsr H cTpyKTyp

Hbie cpopM:-cpaKTOpbI. B o6meM cnyqae HeHaaecTHbI cnoco6b1, KOTOpb1e nosnonsrriH 

6bI peIUHTb.,·· TaK-Ha3bIBaeMyro, "o6paTHYIO sa.n:aqy"' T.e. sa.n:aqy O HaX0)KJJ:eHHU 

Sa.KOH.a B3.8HM0JJ: eiicTBHSf no cpa3aM pace eHHHbIX. BOIIH. 

vi HTepecHbie u Ba)KHbie pa60ThI, BbmonHeHHbie: a aToii cnsrsu vi .vi. renbcpaH

J:J.0M i4 s/ 1 M apqeHK0 / 4 9 / , ·Kp·eiiHOM /Bo/if·~~-/51/ , He M-oryT 6h!Tb-3J£e'c"h--ii-ciiorii,';.;_-· 

30B8HbI1 TaK KBK .B o6nacTH 60I1blllHX 9Hepruii noHHTUe noT·eHuHana B38HMO.O.eiicTBHsr 

TepHeT CMbICII lcM.a.anee/. 

O.n:HaKo' TOT cpaKT 1 'ITO JJ:IIHHa B0IIHbI npH 60ilbllIHX aHepr1rnx B38HMOJJ:eil:cT

ByIOIUllX. 'I8CTUU ·c.T8HOBHTCH · 3Hlt'iHT9IlbHO MeHblll e pa3 MepoB HYKII0H0B /CM. Ta6nH-



- 37 -

UY .!.!/, Il03BOJISieT paCC'U:ITbIBaTb Ha npnMeHIJMOCTb KBa3HKJlaCCH'IeCKOI'O npHfiJIW" 

:m.eIDUJ.. B STOM cny'Ia.e ,nBn:>KeHne tiacTnu BHYTPH HYKJIOHa -MO>KHo paccMaTpHBaTb 

KaK nponcxo.us:rmee no TpaeKTopnn /no ny'Iy/ B cpe.ue c aana-HHbIMH Koscpqm-

une~TaMH npenoMneHnSI n,.:n, (-r-} 1:1 nornomeHHSI I<: K ( ""l,} • _ 

Ecmi:. naMeHeHHSI sTnx senn'IHH Ha npoTs:r:>KeHnn .unnHbI rionHbI 'IacTHUbI Jl 
MaJibJ, :O HyKJIOH M02KHO paccMaTpHBaTb KaK onTn'IeCKl:I HeonHoponHYIO cpeay 

C .llOCTaTO'IHO nnaBHbIMll naMeHeHHSIMll ee onTH'IeCKllX KOHCT8HT ll npnMeHSITb 

K pacceSIHHIO 'IaCTHU 38KOHbl reoMeTpll'I9CKOH onnrnn. 

3a,na'Ia M02K eT 6bITb ynpomeHa eme n B TOM OT How eunn, 'ITO npn 6onb

wnx SHeprHSIX nnoHOB llJlll HYKJIOHOB ce'IeHne .uncppaKUllOHHOI'O pacceSIHHSI G' J 
MHOI'O 60Jibill e G' rw,/ 
CTBnTeJibH8SI 'I8CTb aMnJinTy.llhl ynpyroro pacceSIHHSI 

/75/ 

3To 03H8'IaeT, 'ITO noKa3aTeJib npenoMneHnSI HyKJIOHa 'IHCTO MHHMblH ll CBO,llHT-

cs:r K KoscpcpnuneHTY nornomeuns:r.· ¢aab1 pacceSIHHbJX _ BonH ~ 

~TOM CJI~'Iae T8K:>K e 'IHCTO MHHMbIMll 1131 

3To Il03BOJISieT onpe.uenHTb aMnJIHTY.LlY pacceSIHHOH BOJIHbJ 

CT8HOBSITCSI B 

/76/ 

f{ K; o) = ¾i f
0 

( U+i}(t-e u i•) Pe ( Co$ 0 ), 1771 

(r.ue 0 - yron pacces:rHns:r) Heiiocpe.ucTBeHHO 'Iepea ce'IeHne ynpyroro .r:tncppaK-

UllOllHOt'O pacceSIHHSI 

j (K j {}) "'- [d6'd tj 0) 1 y,_ 
/78/ 

n,paanaras:r STO Bbipa:>Kemrn no IlOJlllHOMaM ne:>KaH.upa Pe ( Cos {}), 
Hall:Tll cpa3bl i e, -

i~.: ¾,en- /79/· 
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KaK noKaaamr pac'ieTbI, yc11oa1rn /75/' /76/ .[(mI Illi0H-HYKlI0HHbIX aaaliM0.[(eii-

. · · ·. lto/-/141 /52/ 
cTaritt yaoaneTaopHTenbHO. abmonHHIOTCSI npli aHeprHHX E > I Baa ' • 

B Kaa3liK118CCli'ieCKOM Ilpli61I~)KeHlili cpaaa ~e , COOTaeTcTayroruaSI napaM~Tpy 

yaapa J -=- ,A_ ,/ ~ ( e + 1/a) _:, .,\ e J U emIKOM onpe,llelISieTCSI IlOrlI0IUeHlieM 

IlliOHOa Ha IlYTli aHyTpli HyKlIOHa / CM.pliC • 11 / • 0 08T0My eCllli qepe3 K ( 7-) 
o6oaHa'iliTb KoacpcpHuHeHT nornorueHHSI nH0Hoa na paccT0HHlili .'Z- ::..-ij:t-+ s-t.' 0T

0 

ueHTpa HYKlI0Ha, TO M0)KHO HanliCaTb 

fe~t(f )=ti}.-: (~)ds 
/80/ 

lillli 

l (f)=Jij"°K (~) r!f y:;q. 
p /81/ 

3HaSI li3 0ilbITa ? (J) , ,lllISI Ka)K,ll0ro 3Ha'ieHHSI napaMeTpa yaapa M0)KHO 

./'iHcneHHhIM MeToaoMI onpeaenHTb K I '7r I. OpaKTH'iecKH oKaaanocb, 'iTo .lllISI 

SHeprlili nopSI,llKa He.CKOllbKliX Baa ,ll0CT8T0'il!O 3H8Tb 6 - 7 cpa3 I e = O, 1,2 : •• /. 

BbI'iliClleHHhiil TaKHM o6paaoM KoacpcpliUHeHT nornorueHHSI • Illi0Hoa ,lllISI aHeprlili 

nHoHoa~ paaIIhIX E =1,3 Baa li E=5 Baa 1 npHaeaeH Ha pHc.12 lcM. /10/ li /111. 

KaK ali,llH0, liMeeTcSI TeH,lleHUliSI K ao3HliKHoaeHliIO "q.epHOTbI" a6nli3li ueHTpa HyK

lI0Ha. Cpe,llHliH KaaapaTli'iHbIH "nliOHHbI:il:" pa.llliYC HyKnoHa 0K83bIBaeTcSI, no STliM 

,ll aHHbIM, paaHbIM: 

~ 

< 7,jj ~ 
- 13 ) 'L 

- ( OJ & i · / 0 c rf , /82/ 

'iTO cornacyeTCSI CO 3H8'ieHlieM "aneKTpOMarHliT ·,oro:" p8.llliYC8 np0TOHa /33/ 11 

CneayeT 0TMeTHTb, O,ll!!8KO, .'iTO li3 •nonyqeHHbIX .llaHHbIX ali,llH0, 'iT0 B ueH-

TpanbHbIX o6naCTSIX HYKlI0H a YClI0BIHI npHMeHliMOCTli OilTli'ieCK0:il: M0,ll ellli abmon-

HSIIOTCSI nnoxo; 

Opii: 6onblllliX 3Ha'ieHliSIX 't,. (z 2:.1/ '11,,r, C) HeTO'iHOCTb 0ilhlTHhlX ,llaHH~X Ilpli-

a0,llliT, KaK ali,lll!0 li3 KpliabIX pliC. 12, K 6onblllOMY. pa36pocy ao3M0)KHbIX· 3Hat{eHI'r:il: 

I< (i-) 
TaKliM ·o6pa30M, H.a~6onee . .ll0CT0aepHbIMli Sia1ISIIOTCSI 3Hat{eHliSI a npoMe:>KyTO'iHOM 

HHTepaane pac~ioHHi:il: ~ ~ 
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ilnSI HyKnoH-HyKnOHHhlX CTOnKHqBBHllfi ITpllMBHHMOCTb ycnOBHfi /44/, /45/ 

Hac.TyrraeT rrpu aHatillTenbHO 6onbIUHX 9HeprHSIX, tieM ann I :J(/11 I -cTonKHOB8Hllfi. 

3To Bll..z:tHO ll.3 Ta6muu,r· Y, rae rrpnBe,uBHbI Bbl'!llcneHHbIB no 9KCnepHM8HTai1:bHbIM 

,uaHHbIM 3HatIBHllSI oTHOIU eHHSI KO:ecpcpHuneHTOB n, { 7-) Uc ~- ( "i-} ann 9HeprHfi E = 

1-10 B:eB-. YcnoBllSI /44/, /45/. BbIITOJIHSlIOTCSI c .llOCTaTO'IHOfl TO'IHOCTbIO nHIUb 

npn 9HepI'llSIX E-- 5 B:eB. B pa6oTax XyaH HSIHb-HllHa ll 0,llHOrO ll3 aBTopoB 
113ta 41 

npe,uno>KeH cnoco6 BbI'IllCneHllSI K03cpcpllUll8HTa nornomeHHSI K- (i,). ll K09cpcpHull-

eHTa npenoMneH-HSI ft, { i} qepea OTHOCHTen&Hbre KO:ecpcpHUHeHTbr· K= K ('1,) / K-lf (7,) 
II. l,,t,:11,,('1-}/t<*(-z.) r.ue cpyHKUHSI K-Jt(i} onpeaenneTcSI no HaBecT-

HbIM :eKcnepuMeHTan&HbIM ,llaHHbIM npll E> 5 B:eB. PacqeTbI B 9TOM cnyqae TaK>Ke 

3HatIHTen&HO ynpo maIOTCSI~ 

KaK noKaaanu pacqeTbI /cM. /i2/, h4ft, npocTpaHCTB8HHbiil XO.ll I{ (7..) 
.u1rn HyKnOH-HyKnOHHbIX CTOnKHOB8HllH · aHanoI'll'I8H npllB8,ll8HHOMY Ha p·uc. 12 .unn 

cnyqaSI ITHOH-HyKnOHHOI'O B3aHMO,lleficT.BllSI. 3HatieHne cpe.uHero KBa,upaTHOI'O pa.uHy-

2. 
ca < i ')' coBnaaaeT c /82/. 

3HaHlle K09cpcpllUll8HTa nornomeHHSI IlllOHOB B HYKJIOHHOH o6onoqKe ll ee nHoH

HOI'O COCTaBa no_3BOnSieT B npHHUllne onpeaenHTb cetieHlle B3allMO,lleiicTBllSI IlllOHOB 

~~1i • PaCCMOTpHM CBSI3aHHbI8 C 9THM BOIIpOCbI. 
JI r . 

B, n HoH-nllOHHOe B38llMO.O 8HCTBlle 

nuoHbI MO>KHO paccMaTpllBaTb KaK_ 'IaCTllUbl_, COCTOSIUlll8 ll3 BllpTyanbHbJX 

/53/ . · 
HyKno~aH.THHYKnOHHbIX nap /cM. I. TaM >Ke npHBeaeHa no.upo6Han 6u6mrorpa-

cp1rn/. 

n pH 9TOM 1 
11 

CTP_YKTypa 
II 

IllIOHa MO>KeT 6bITb Bblpa>K 8Ha CllMBOnH'I8CKll cpOpMy-

q;-+ (.? d,,- ...., 

JJ :. ? . 11, i JJ = p . n- ; 
/83/ 

rHnOT8Tll'I8CKllfi ITHOH / 54/ 

'](; = 2-Yz· ( p·n-p-ii) 
/83 11 

3,u 8Cb. p I /1, 
"" V, 

npOTOH H HefiTpOH, a p H 11 BHTllnpoTOH H BHTllHeiiTpOH. 
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3.Ta T0'!Ka spemrn Ha IUIOH KaK Ha CJlO:»<Hy!O 'laCTliUY II03B0mieT paCCMaTpH:

BaTb pa.3Mep IlliOHa GI/ KaK, paccTOSIHHe Me:»<,ay 'laCTliU 8M!i liJlli aHTli'l,aCTH:UaMH:, 

Ha KOTOphle BlipTyanbHO ,aeccoueepyeT IIBOH. BBlillY CHJlbHoro B38liMO,aelcTBBSI 

HYKJlOHOB cne,ayeT C'lDTaTb, 'ITO C8'18HB8 IIBOH-rrBOHHOro B3aBMO,aelcTBBSI 6y,aeT: 

G't- !::::: 1f Q, ll .,, Ji • /84/ 

PaccTOSIHU:e 
'·.:tr 

a q"+ ',D 
Mht MO)KeM oueHBTb H3 pa3HpCTH Mace JI - H JI -Me3o-

HOB, KOTopaSI COCTaBhSieT 9 9Jl8KTpOHHhlX ~ace H SIBJlSIBTCSI pa3HOCTb!O 9Jl8KTpOMar

HHTHhl£ 9Heprel 3apSI)K8HHOrO B eelTpaJlbHOro IIHOHOB. 3Ta pa3H0CTb paBHa 

e '3/ ( ei;,J ). 2, tn '·l 
L\ E: d-_ ;a,-t/' /2.MC /fN~. /85/ 

3.a:ecb rrepBbII qnee - aneKTpOCTaTB'lBCKaSI aeepresi; BTopol 'lJ18H - MarHBTHaSI 

aHeprm1; 'lBCJla cl, I: nopsi.a:Ka 8.0:BHBUhI; 

MBHT eyKnoea ( / m f ~ !l) . n onarasi L1 E 
ht,· - nOJlHbII MarHHTHbII Mo

~ 
= 9 ,moc , eal,aeM' ·a-~ lnjMc 

r.v '""' 5 10-?.7 2 K ,1.,,1., lI u1il; - • CM • 094'4'BUH8HT rrornomeHBSI nBOHOB B HyKJlOHe K {■i) 

npH6JlB:>K8HHO MOMHO sanecaTb B BH,ae: 
.~ 

K (t)=G". •n(-i) .r,r, , 
/86/ 

-r.a:e 11, (i) - nJlOTHOCTb nBOHOB B "aTMOCcpepe" HYKJlOHa. B o6naCTH O,aHo-

nBOHHOro COCTOSIHBSI 

r1, (i) ~ i/e ¾J (i), 
/87 / 

r.ne :f (i)=jr, (t) +j>K (1,J B3SITo H3 Ta6neuhr I 11 e ·e3 /58/. /¢aKTOp 

3/2 Y'lBT~BaeT HaJlB'lBe eelTpanbHhlX M830HOB/, 

Ha pnc. 12 npeBe,aeeo 

-27 2 
G"Jir, = ~.IO . CM • KaK 

K (1) 'Bhl'lHCJ18HH08 no cpOpMyne /86/ JJ:JlSI 

BBJJ:HO B3 aToro pecy1ma, cornac lie rronyqaeTcsi 

JlliWb B caMhIX o6mex qepTax, 

OnHaKo ea nyqwee BpSI,a JlB MO:>KHO 6h!Jl0 paCC'lBTbIB8Tb, TaK KaK B o6nac-

TB , t.: = 0,2 - 1 COCTaB neom1ol . "aTMOCcpepbI" HB CBOJJ:BTCSI K o,aeonBOHHOMY 

COCTOSIHB!O, a TO'lHbII COCTaB .f'x (t) HaM H8B3BeCTBH • 

. B o6nacTB :>Ke '.t ':: 1 3Ha'l8HBSI J< {t,) . nony'lBHHhIB no OIITB'lBCKOI 

" 



MO)'.lellil, KaK Mb! y:>Ke OTMeqamr, OlfeHb COMHIITeJibHbl. 

noaTOMY .llJlH onpeneneHlIH IllIOH-nlIOHHOI'O B38lIMO.lleficTBlIH 5onee TO'lHbie 

~Me.peHHH nmppaKUlIOHHOI'O pacceHHlIH UlIOHOB Ha HYKJIOH8X B o5riacTlI M8Jlb!X 

. . sa~'?Hb!M" u o5e'"8IO"'"M" 
131 

YI'JlOB npencTaBJIHIOTCH OlfeHb n, n n L4 L4U n 

§ 8. TeoplIH OUTII'leCKOfi MO.lleJIII HyKJIOHa 

PacCMOTpeHH8H Bblllle OITTlllfeCK8H TeOplIH pacceHHlIH qacTlIU Ha HYKJIOHe OT

Jlllt{aeTCH npOCTOTOtt lI H8I'JlH)'.lHOCTblO, H<? BMecTe C TeM He JlllllleHa lI H8lIBHOCTlI. 

Bo BCHKOM cnyqae MO.ll enb HyKnoHa KaK rrpenoMnsrIOruett II nornoruaIOruett 

cpenbt, Hy:>K.ll89TCH eme B cepbe3HOM TeopeTII'leCKOM lI aKcnepIIMeHT8JlbHOM 060-

CH0B8Hllll. 

llBa Bonp_oca ,!lQJl)K Hbl 5b!Tb paCCMOTpeHbl B a Tott CBH3ll: 

1 / K aKOBbI ycnoBIIH nnsr cnpaBennIIBOCTII onTII'lecKott Mon enII _HyKnoHa? 

2/ Ecnll OIT.Tllt{eCK8H MO.lleJib cnpasennIIBa, TO K8KOBbl YCJIOBlIH npIIMeHlIMO

CTlI cpOpMyJibl /8J / .llJlSI Bblt{lICJieHIIH (p83bl e e ? 

PaccMoTpliM 9TH BOnpochl. 

A. YpaBHeHIIe ,a;nH pacceHHlIH IllIOHOB H8 HyKJIOHe 

B HacToSiruee speMH Mb! He pacnonaraeM o5mett TeopIIett B38HMO.ll ettcTBHH 

:Ji -Me30HOB Jj HyKJIOHOBo noaTOMY HeT BITOnHe TBepnott TeopeTIIqecKott ,5a3bl 

LUISI 8H8Jlll3a 3H8lflIMOCTlI K8KIIx-nII50 npII5JIII:>KeHHb!X MeTonoa·. B -qacTHOCTli, O_ITTlI

qecK.ott MonenII HYKJIOHa. TeM He MeHee, B03MO:>KHbl HeKOTOpb1e, BeCbM8 o5ruIIe, aa-. 

K.JllQ.t{SHII.H o.6 ycnOBlIHX npHMeHlIMOCTlI OUTllqecKott MO.llena, lIJlli, .llPYI'lIMlI CJ10B8Mll, 

K.OMITIIeKCHOI'O noTeHUIIana B38lIMO..a;ettcTBlIH. nnsr STOI'O ypaBHeHIIe WpenIIHI'epa 

13/ 
Ba:>KHbie 38KJ1l0t{ emrn O / .ff 'Ji f - B38HMO.llettc~Bllll MO:>KHO nonylflITb 

113 li3ylfeHIIH YI'JIOBb!X pacnpeneneHlifi qacTIIU, o5pa30B8BWliXCSf npll 

(!f.lY} - CTOJIKHOBeHIIHx. B qacTHOCTII 1 yKa3aHIIeM Ha / 1'1f I -
B38lIMO,a;ettcTBUe 5y..a;eT OTKJIOHe_Hlle OT H30Tp0Illlll B ClICTeMe ueHTpa 

Mace nnsr 3Be3.ll C Manott MHo:>KeCTBSHHOCTbIO pO.llliBlllHXCH qacTIIU. 
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,!J,JISI eaeTeMbl IlHOI-IOB H 1-IYKJIO!-IOB 3allHllleM B HMilYJibeHOM npoeTpaHCTBe B BH.l:{e 

· / 55/ uenoqKn peJIHTHBHeTeKH HJ-IBaprraHTHblX ypaBJ-IeJ-IHH 

( E ~ xo) 'P.s = ~· , Ws5 ' cf>s, ·, 
· . S=S · 188/ 

r.ae q>5 =- cp (i<
1 

i K1 i ... K3 } - BOJIHOBaH cpyHKUHSI, onrrebIBaIOIUaSI B03MO)KHOe 

peaJihHOe llJIH BHpTyaJibHoe eoeTOSIHHe qacTHQ nprr B3aHMoneucTBHH IlHOJ-Ia C HYKJIO-
. -

HOM; K5 - HMnynhebI qacTrru; £ -· nonHaH aHeprrrH crreTeMbii fl~ - raMHnh -

TOHHaH B3aHMO]leHCTBJ:lOIUHX qaeTrru; Wss' - onepaTop B3allMO.aeucTBHH, OilHCbI-
/ 

Ba10mrru po}K.aeHrre /nnrr ~HrrqTo}KeHrre/ qacTHU nprr nepexone S -s . 
yf3 .. Bcex cpyHKQRH cf>s npH paeeMOTpe!-IHH onTrrqeeKOll MOU0lIH Hae HHTe-

peeyeT JIRlll_h cpyHKURH .. c:/>5 = Cf (K; j5} , onrrcbIBa10maSI ynpyroe paeceSinrre nrro-

- Kl.= p Ha e RMnynhcoM K = K 
I 

Ha HYKlIOJ-Ie e HMnynheOM 

.QmI BbineneHHSI STOii KOMilOH0!-ITbl 

/88/. B BHne: 

cp~ = 'f nepenHllleM err_eTeMy ypaBH0HHH 

( E-xo) cp = ~-! Wis' 'Ps' 
s r z 

( E - XO) ~ I = r ~ 's )1 <Ps II + Ws 5 Cf 
. s';ti · · 

} I 89/ 

rrnrr, n eng BTopoe ypaBHeHne . Ha. ( E - Xo), e IlOMOIUhlO "aneMeHTapHOH MaTprr-

Ubl paeeeHJ-IHSI" i paBHOii 

t -== o + (E -Xo ) W, 
I 90/ 

. /55/ • 
/CM.,Il0Jlp06Hee I. Mb! MO}K0M nepenrrcaTb ypaBH0HHSI /58/ B onepaTOp!-IOH 

cpopMe 

(H-1.)<f~Wcf,} 
4>-=-icp-t-icp ,; 

/91/ 

OTeIOna HHTerpaurreu nonyqHM ypaBHeHrre nnH 1rnTepecy10meti Hae cpyHKUHH <p 

( E- Ho) <p: w ¼-'l Cf -f- (w7, Kc/>) N-00 
/92/ 
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EcJUi cnpennonO)KI:ITb, 'ITO 

a/ Bee pacxonHIUl:I9CH t.JneHbI l:!3 9Toro ypaBH9Hl:IH HCKnIOt.JeHbI, 

N /57/ 
6 / OCT8TO'!Hblll t.JneH npH ' -,. Q() CTpeMHTCH K Hymo / cp. . /. TO 9TO 

ypaBHeHHe MO)KeT 6bITb 38Ill:IC8HO B BHne: 

/92/ 

rne onepaTop 

/93/ 

DnH peanbH.bIX npoueccoB f =- H'a I:I MaTpI:Iua 7,, H3-3a MHI:IMOCTI:I cpyHKUI:II:I 

dt(E-f..1
0
)= i/E-No - it;F, (E-J,/ 0 ) · 6yneT naBaTb BKnan 

B MHHMYIO '18CTb o,nepaTopa; TaKHM o6pa3oM, oneparop .llj HBmieTCH KOMnneKCHbIM, 

H 9T8 KOMnneKCHOCTb o6ycnoBneHa peanbHbIMH,HeynpyrHMl:I npoueccaMI:I. 

nepefineM Tenepb K cHcTeMe KoopnI:IHaT, rne 

/92/ 38III:IW9TCH Torna B BHne: 

I:Inl:I B KOOp.Ul:IH8THOM npencTaBneHI:IH 

I( -t p = O. YpaBnenI:Ie 

/94/ 

{E-HN (x)-11.- ( x)} <f (x) ~Jr {x/ x'J (p(~ ') rJ'i<'. /951 

3necb · /{,v (x) I:I H.1; (x) ·- raMHnbTOHI:IaHbI cBo6onnoro .UBH)Kemrn Cfi -Me3o

aa n: HyKnona. KaK MbI BR.UHM, HHTepecyromee nae B3an:MoneficTBHe, Boo6me ro

BopH, onpenenHe'l'cH nenoKanbHbI_M onepaTopoM J: (x/ x'). OnnaKo, ecnH n:cxonnaH 

CH.C.TeMa ypa~HeHHfi /51/ noKanbHa, TO HenoKanbHOCTb B /95/ npencTaBnHeT co6ofi 

nHWb pe3ynbTaT 38IlHCH B KOOp.UHH8THOM rrpencTaBneHHH Toro q:>aKTa, 'ITO B38HMo

neficTBHe 38B!:ICHT OT CKOpOCTefi: 

f 1' ( x / x 1) <p ( x 1 J ol ~ '= V ( x, E, v' i) <p ( x), /96/ 

rne V - KOMrrneKcHbifi orrepaTop B3an:MoneficTBn:fi, 38BHcHmn:fi OT cKopocTefi 

'18CTHU: 
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v (x; E; 17~} ~ f ¼! j 1 (K / X: E}[(x'-i) ¾n {<J] d•x' = 

K .. 

= ~ %1 VK ( x,t;} 0/2,. (x) • 
liJtli 

/97/ 

V (x; Ej vl,)= E 1/K.' vi( (ii E} ~ 

E. YcnOBliH cymecTBOB8HliH KOMnneKCHOro IlOTeHuliana 

M bl Bli.llHM, qTo, BO o6me roBopH, He cymecTByeT KOM.nneKcHoro ;10TeHuna-:

na, KOTOpblii: MO)KHO 6bIJtO 6b! TOJtKOBaTb KaK OilTB:qecKB:ii: IlOKa3aTeJtb npenoMJteHHH 

li norJtO!l.!eHliH IlliOHHblX BOJIH BHyTpli HYKJtOHa, TaK .KaK BMeCTO Il0TeHunana Mb! 

nonyqaeM HenoKaJtbHhlii: onepaTot 'J (i/x'J 
OnHaKo, B cnyqae npHMeHHMOCTH reoMeTpnqecKOii: OilTliKH 

. --
(/(X 

<p(x)~cpo {t)e u 09-1/4x ~ o. 
B STOM cnyqae onepaTop V (x, E, V ~) 
qaCTHUhl KOMnneKCHOMY IlOTeHuHany 

CBO.llHTCH K 3aBHCH1UeMy OT HMilYJtbCa 

tr ( x,. E, V 2,) - V ( X, ~), 
/99/ 

T.e. YCJtOBliH npHMeHHMOCTH reoMeTpnqecKoii: OITTHKH co"BnanaIOT C YCJt0BHeM, Kar

na HenoKaJthHbiii: onepaTop 1 nnn · V MoryT 6bITh 3aMe~eHbI Ha. KOMnneKcHbiii 

Il0TeHUli8Jt /99/. 

B Tex 0611 acTHX HYKJt0Ha, rne nornomeHne CTaHOBHTCH HaCTOJtbKO CHJtbHbIM, 

qTo 8MIIJIHTY.ll8 IIHOHHOH BOJtHbl y)Ke 3aMeTHO MeHHeTcH Ha npoTH)KeHHH . .llJlliHbl Bon

Hbl .A . .llJlH BbJqlicJteHHH cpa3bl ie cnenyeT liCilOJtb30B8Tb 6onee o6mne COOT-

HOllleHHst. HanOMHHM T8K)Ke, qTo npHMeHHMOCTh OilTliqecKoii: Monenn ynyqwaeTCH 

npn nepexo.n.e K MeIIblliliM .llJlHH8M BOJIH. 
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§ 9. 3 a K n IO q e H H e 

l1ayqem1e CTpyKTypbl aneMeHTapHblX 'laCTliU li) rrpe:>K.ne Bcero HyKnOHOB', Ha

X0.llli.TCSI, KaK Bll.llH0, eme B caMofi Ha'lanbHOfi CT8.llllli pa3BllTHSI. Hall6onee rrpo

.llBllHynocb Hccne.noBaHlle aneKTpOMaI"'HliTHOfi CTpyKTypbl IIp0T0Ha li HefiTpOHa. no

nytJeHHbie IIpll 9T0M .naHHbie 0 pacrrpe.neneHllli aapn.ua li MaI"'HllTH0I"'0 M0MeHTa B 

HyKnoaax cornacyIOTCSl C 0CH0BHb!Mli TeopeTll'leCKllMll rrpe.ncTaBneHllSIMll IlllOHH0fi 

TeopHH. O.nHaKO aneKTp0M8I"'HllTHbie CBOfiCTBa ueH'rpanbHbIX o6nacTeli HyKnoaa 

0CTaIOTCSl eme oqeHb HeSICHbIMll. 

Eme B 6onee aaqaT0'lH0M C0CT0SIHllll HaX0.llllTCSI HayqeHHe CTpyK,TypbI HyKno

H0B rrocpe.ncTB0M sinepHblX B3allM0.neficTBnfi • 

. HaH6onee rrp0CTbIM li JJ.0CTYIIHb!M cefiqac II0.llX0.ll0M K Me30HHOfi CTpyKType 

HyKn0Ha HBnHeTCSl aHanll3 pacceHHliSI !Ili0H0B Ha 0CH0Be OIITlitJeCKOfi M0.nenn HyKn0Ha, B 

HaCTOH1Uefi ee cpopMe 9Ta Mo.nenb liME:rnT q:Jll3li'!eCKllfi CMbICn .nnH .ll0CTaT0'lH0 

9HeprI:l.'1HbIX Illi0H0B IHyKnOHOBI ll .nnH He cnHWK0M rny60KllX cnoeB CTpyKTypbI 
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Ta6nHua Nil 

l1HTepBan Cpe,umrn G'. ' ( n, + Fe) ~n. (P+ Fe) lll. 
9HeprllH 9HeprHH Ix 1024 

cM
2 I Ix 1024 · cM2 I IBaBI IBaBI 

28-58 37 0,60 ±0,04 0,59:!:_0,05 

58- 121 77 0,62±_ 0,05 0,61-±..0,06 

121 - 387 178 0,67.± 0, 13 0,79±.0,25 

28 - 387 50 0,61 ±.. 0,03 0,61.±0,04 

• 
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Ta6nuua 11 

nnHHhl BonH pasnuqHhlX nyqett 

BeBaTpoH BepK~H 6 BaB 

CrrHxpocpasoTpoH OH .HH 

CrrHXpocpa3oTpoH 50 B-sB 

nuaefiHblll .YCKOPHTenb 
aneKTpOHOB B CTaHcpopn e 

BcTpeqHbie nyqKH npoTOHOB 
no 10 BaB /nepcneKTHBa/ 

B.cTpeqHbie nyqKH npoTOHOB 
-u aneKTpOHOB no 10 BsB 

/nepcneKTHBa/ 

BcTpeq~hle nyqKH aneKTpo
HOB Ha 500 MsB /nepcneK-. 
THBa/ 

TipHpona nyqefi· 

npoTOHbI /6,15 SaB/ 
nuoHbI /5 BaB/ 

npoToHbI /IO BaB/ 
nuoHbI /8 BaB/ 

npoTOHbI /50 SsB/ 
nuoHbI /50 SaB/ 

aneKTpom,1 I l BaB/ 

npoTOHhl + npoTOHhl 
no 10 BaB 

npoTOHhl + aneKTpOHhl 
no 10 BaB 

sneKTpOHhl + sneKTpOHhl 
no 500 M9B 

DnrrHa BOnH B cuc
TeMe_ ueH!pa Mace 
I HyKnoHa u pac
ceuBaromeficsi: qac

;Huhl·/ny~~/ B -13 
enuHrruax f =10 CM 

0,12 
o, 13 

0,09 
0,10 

0,04 
·0,04 

0,35 .· 

0,018 

0;019 

0,4 
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Ta 6 n H .J!..!L.._JU 

PacnpeaeneHHe aneKTpn~ecKoro aapHaa nHOHHOro o6naKa B HYKlIOHe 

-f/1 
7.·/0 Cl'1 0 0,05 0,075 0,0875 0,1 0,1_25 

dt (iJ lifm-tc·¼ 0 0,17 0,58 0,88 1, 13 1,64 

13 0,15 0,2 0,3 0,4 0,5 0,6 
"t.•10 CM. 

olt, (1.) .o/m-.r,-~ · 1/e 1,96 2,06 1,46 ·o,e 0,55 0,35 

/!, 

"l•/0 CM 1,0 . 1,5 2,0 

dJ; (-r,) 3/m-t"c ¼, 0,146 0,082 0,0145 
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Ta6nHua IY 

YI'nOBoe pacrrpe.ueneHHe ny"Ieii B / N N I - cT0.7IKHoBeHHRX /na6opa

TopHaR CHCTeMa/ 

vJ HTepBa.71 YI'.710B 

0 -·3 

0 - 5 

0 10 

Ta6nHua y 

4:H:C.710 "I8CTHU /sKcrrep./ 

/pacc"IHTaHHOe/ 

2,2 

1,9 

1,4 

OTHOUJ9HHe 0IITH"I9CKHX KOS(p(pHUH9HTOB rrpenoM.719HHR H II0I'.710lll9HHR 

.unn I pp I - cT0.7IKHoBeHH:il: 

E BsB 2,24 2,75 4,40 6,15 9,0 

1,2 0,95 0,51 0,1 0,05 
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Puc. 1. 'ii -Me30HHaSI, K-Me30HHaSI H T,,u, 
o6onoqKI:I B HyKnoHe. 
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"Cepag" n •qepHa~"' o6naCTli BHyTpli HyKnOHa. 

Ynpyroe paccegHlie Ilpli .J\ - 0 CTaHOBRTcg, B 

OCHOBHQM, .z:tmppaKUliO.HHbIM. "'4 epHag" o6nacTb 

- B03MO:>KHag o6naCTb .. HenoKanbHOCTli ". -



2 

1 

\ 
\ 

\ 
\ 
\ 
\ 

\ 
\ 

' ' 

- 56 -

' ' ' ' ' 

o.·05 0.1 0.2 13 

PHc, 3_, TTyHKTHpHaf! nHHHf! - aaBHCHMOCTb aneKTpH'lecKoro aapst.ua 

IlHOHHOI'O o6naKa HyKnOHa Q tr OT BenH'IHHbI napaMeTpa 

o6p"eaaHHSI f!,. CnnOIIlHBSI nHHHf! - TO :m:e ,unSI aneKTpll -

'19CKOI'O p8.llHyca < 'i- ~ 71;' •. 
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Pnc •. 4. n yHKTHpuasi JII1HHSI - 38BHCHMOCTb MaI'HHTUOI'O MOM9HTa 

IIHOHHOI'O o6naKa X 1i o~. BenHtJHHbl rrapaMeTpa o6pesa-

HHSI f-, . CrrnornHaSI nHHHSI - TO )KS nnsi MarHHTHOf'.O 

pannyca < 7,; )j,-. 
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K 

a.' 

__ Lje+. 
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A 
8' 

UnarpaMMa <l>eil:HMaHa .z:urn paccesrnns:r aneKTpoHoB /a/, /a 1 / n 

LllISI p0)K,l:{8HiiSI ~neKTpOHHo-rroanTpOHHhIX nap /6/; /61 / Ha HYKJIOHe, 

CrrnOllIHaSI LlBOHHaSI JiliHliSI '."" IIpOTOH, CIIlIOllIHaSI OLlliHO'IHaSI JIIIHIISI -

aneKTpOH lillli II03liTpOH, BOJIHIICTas:r' lIIIHIISI ._ :fr M830H; IIYHKT!IpHaSI 

lIHHliSI t - KBaHT, 38llITp1IXOB8HHhie o6naCTli OTMe'laeT cpopM-
cpaKTOp, 

/ 
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P11c. a. 3neKTpoMarHHTHOe CTpOeHHe HYKIIOHa, 4, - CTp08HH8 

npOTOHa; 0 - CTP08HH8 H811TpoHa, Cn/lOWHOII KpHBOII 

OTMe'!eHo pacnpeae11eH1!8 e11eKTp11'1ecKoro sapHaa B npo

TOHe H H8llTpOHe; IIYHKTIIPHOII Kpl!BOII - COOTB8TCTBY!OlllH8 

pacnpeaeneHHll e11eKTpH'l8CKoro sapHaa a KepHax npoToHa, 
II Hel!TpOHa, 
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Plic. 10. rlicTorpaMMbI pacnpeaeneHlIH •rncna aapsi>.KeHHbix qacTlIU, 

o6pa30B8BWlIXCSI B npoToa;-npoTOHHbIX lI Ilp)TOH-HeiiTpOHHblX 

CTOnKHOBeHlISIX Ilpli aaeprlili 9 Ba B. n O OCH a6currcc OTno
)K eHbI 3H8'leHli-SI yrna paaneTa 'l8CTIIU B CIICTeMe ueHTpa 
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Pnc. · 11. nyTb rr"HOHa BHYTPH HyKnOHa - .S , . J = .ile rrapaMeTp 

y .n:apa; 't - paccToSIHIIe '.n:o ueHTpa fiyKnoHa, ·Ha .n:nnHe 

a8::: GS Me30Hbi IIOI'nOW8IOTCSI, npospatJHOCTb paBHa 

(/:)(p):e-Z~(J), B Heii: HyKnOHa CJ) (J) =I. ilIIcppaKUIISI, B03-

Hl1Ka IOWaSI II3.;..3a 9TOii: orpaHHtJeHHOii: npospa 'IHOCTII HyKnOHa, 

B TO'IHOCTII TaKaSI )Ke, KaK n .n:HcppaKunsi OT oTBepcTIISI B 

B 9Kp8He C IIp03patJHOCTblO 1/:) (f): f-e- 2 '2(,?) . . . 

'·. 
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o.z o.t., 0. 6 0.8 f.O .1-2. 1." 1.6 i. 

Pnc, 12. K oacpcpnuneHT nornomeHHH nnoHoB B HyKTioHe K =--K (-r.) 
KaK cpyHKUHH paccTOHHHSJ 'i- OT ueHTpa HYKnoHa. 3Ha'!e-

HH5I B e.nHHHuax 10-13 CM, 3Ha'!eHH5I K (-r.) - e.nnHnuax 10+13cM, 

CnnOWHbIMH KpHBbIMH OTMe'!eHbI 3Ha'!eHHSJ J< ('t) , nocTpoeHHb!e 

no KpafiHHM aKcnepnMeHTanhHbIM .aHa'leHHHM .nnsr E = 1,3 BaB. 

n YHKTHpHOll KpHBOil:. OTMe'!eHbI . cpe}lHHe 3Ha'!eHH5I J< (7,) }lnsr 
E = 5 BaB. ll.ITpnx-nyH~.THpHaH. mrnnH - aaBHCHMOCTb 

"(1.) ==G"m;: .P (l ), . nocTpOeHHaH C y'leTOM TeopeTH'leCKHX 

3Ha'leHHH nnOTHOCTH, r~J • 


