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I. Moaenb KacKaJ:lHblX B38l!MoaellcTBl!li 

BbmOnHeHHblll HaMI! paHee aHanl!3 Heyrrpyrnx aeil:TpOH-llaepHblX B3al!MO"-

i 11 
ael!CTBl!li B o6naCTI! SHeprnll B HeCKOnhKO coTeH Mse IIOKa3a~, 'ITO KacKa~-

HO-IICIIapl!TenhHbill MexaHl!3M OTBeTCTBeHeH 38 OCHOBHYIO 'qacTh TaKl!X B3a

l!MOJ:lellcTBl!ll, rrpl! STOM. BeCbMa cymecTBeHHblM o6pa30M CK83bIBaeTC_ll a11cpcpy3-

HOCTb' HaepHoll rpaHl!rtbr. TTpoaonlKal! sTo nccneaoeaane, Mb! pacrrpocTpaHnnn 

KacKaaao-11crrap11TenhHyro Moaenb B o6naCTh 6onee BbICOKl!X sHeprnll T ~ Irsex/; 

6bmll Y'!T.eHbl rrponecCbl Me30H006pa3oBaHl!ll, KOTOpbie 0'!eHb BalKHbl rrpl! STlIX 

sHepI'l!llX, a T8KJKe BBeaeH Pll/:l B8lKHblX ycoBep111eHCTBOBaH11ll i Moaen11, II03BO

nll!Ollll!X 3H8'll!TenhH0 IIOBb!ClITh TO'IHOCTh paC'!eTOB. 

/1/ 
noao6Ho ToMy, KaK STO aenanocb B pa6oTe , ,MbI 6yaeM paccMaTp11BaTh 

ael!TpoH KaK cna6o CBll3aHHyro Cl!CTeMy, "raHTenh", 113 IIpOTOHa II Heil:TpOHa 

C <pl!KCl!pOBaHHbIM paCCTOl!Hl!eM Me)KJ:ly Hl!Ml! D • OTHOCl!TenbHblll l!MIIynhC 

HyKnOHOB B aellTpoHe orrpeaenl!eTCll KBaapaTOM cpyphe-o6pa3a BOnHoBoll <pyHK

Itlll! ael!TpoHa. 

nocKOnhKY BKnaa OT yrrpyroro BHyTpl!ll):lepHOI'O d - N paccel!Hl!ll Man 

( /1/) . 
CM. II 6bICTpo rraaaeT C poCTOM SHepr1111, TO l!M MOlKHO Boo6me rrpeHe-

6pe'lh. B STOM cnyqae 38):l,a'!a CBO):ll!TCSI K pacqeTy BHYTPl!llJ:lepHOI'O K8CKaaa, 

l!Hl!Itl!l!pyeMOI'O cpa3y J:lBYMll HyKnoHaMI! aeil:TpOHHOll "raHTen11' 11n11 OJ:lHl!M 

113 Hl!X - B cnyqae, KOI'aa rrpol!CXOJ:ll!T CTp!!IIIIIIHI'. 

x/3aech II Be3ae aanee T -KHHeTnqecKRll sHepr11S1 aeil:TpoHa B na6o
paTopHoll Cl!CTeMe KOopal!HaT. 
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Pac1t~T 8Toro KacKana BblllOnHHnCSI C y1teTOM nucJilliy3HOCTH HnepaoA 

rpaHHUbl SI npa-MHW8BH H TO'IHblM y'teTOM . 38KOBO.B coxpaaeHJISI saeprHH H 
. /2 3/ 

HMnynbca M8TOilOM, nonpo6ao. onucaBHbIM B pa6oTaX ,' • nnoTHOCTb BftYTpH-

Slil8PHhlX ayxnoaon onucbIBanacb pacnpeneneaueM Bynca-Caxcoua 

p(r) 
Po ( I) 

1 + exp I ( r - c ) / a I 

c napaMeTpaMH a 

sneKTpOHOB. 

H • c • nonyqeHHbIMH B OllbITSX c paccesrHH8M 6bICTpbIX 

2. CeqeHHSI neATpoa-srnepBbIX B38HMOneAcTBHA 

noqTH nee H3B0CTHbl0 ceAqac 8KCll0pHM0HT8nbHbl0 pa60Tbl _ no aeynpy

rHM B38HMOil0ACTBHHM neATpOHOB C anpaMH OTHOCSITCSI K o6naCTH saeprHA 
II/' 

HHlKe nopora Meaoaoo6pa3onaausr (6a6naorpaqiHH STHX pa6oT naaa'n ). Ilpu 

I , 
6onbWHX saeprusrx uMeeTcsr ncero nawb onaa pa6oTa, Bblnonaeaaasr npu 

/4/ 
T = 2,1 fsB • 

B Ta.6n. 1 H 2 npuneneHbl TeopeTH't0CKHe H 8KcnepHM0HTanbHbl0 3H8'10-

HHSI ceqeHHA B38HMoneACTBHA neATpOHOB C srnpaMH. 

Mbl BHilHM, 'ITO y1teT nucJilliyaHOCTH srnepaoA rpaHHUbl 3H8'1HTenbHO H3M0-

HSl0T nenH'IHHY ce1teHHA; cornacue pac1teTHbIX H sKcnepuMeHTanbHhlX ceqeauA 

npH 8TOM ynyqruaeTCSI. 

TeopeTH'l0CKH0 ceqeHHH uln 

CTpHnllHHrOBblX npoueccoB u 
st 

B Ta6n. 1 H 2 BKnJO'l8JOT B ce6sr C0'10HH8 

Korna OAHH H3 HyKnOHOB, BXOJJ.HmHx B 

COCTaB.Slll.PB neATepasr, npOTOH HnH aeATpoH, nponeTaeT 6e3 B38HM0ll.0ACTBHSI, 

a npyroA B38HMOll.8ACTBY8T C HJJ.pOM-MHW0HbJO. TaKHe npouecchl 8BTOM8TH

qecKH yqHTbiBSJOTCSI npH 'MoJiTe-KapnoBCKOM p03hlrpb1W8 srnepHbIX B38HMOJJ.8A

CTBHA H BKnJO'l8JOTCSI BO nee npHBOJJ.HMbl0 HHlK0 pac1teT,Hbl8 lJ.8HHhl8. 

, Ma Ta6n. 2 BHJJ.HO, 'ITO Bbl'IHCneHHbl0 HSMH ceqeHHSI CTpHllnHHra u st B 

H0CKOnbKO pa3 npeBbIWSIOT COOTB8TCTBYJOmHe 3H8'10HHH, paCC'IHT8HHbl8 JJO 
/5/ 

npu6nHlK8HHOA nonyKnaCCH't0CKOA qiopMyne Cep~epa 

4 

u 
Serb 

u +u 
pSerb nSerb 

" " 1/a -RD=-r DA 
2 2 ° ( 2) 

YK838l1Hbl0 B Ta6n. 2 C0'10BHH u Serb 
-13 

OTHOCHTCH K r O = 1,3.10 CM; ner-

KO BHA0Tb, 'ITO H3M0H0HH0M BenH'IHHbl 'o B paayMHhlX npenenax aenb3H 

ycTpaHHTb p8CXOJKil8HHA C 8KCil8pHM0HTOM. 
. /4/ 

B pa6oTe H3Mepsmacb,J nHWb '18CTb ceqeHHH u 
st a HM8HHO -

ceqeBHe npoueccoB, B KOTOpbiX nocne B38HMOJJ.eACTBHH C HJJ.pOM OCT80TCH Bbl

C~K08H0preTH't8CK_H_Aj npoTOH. TaKoe ceqeaae ( B Ta6n. 2 OHO o603H8'10HO KSK 

u' 
P st npencTaBnHeT co6oA cyMMy C0'10HHH npoTOHHoro CTpHllllHHra up st 

a ceqeHHH npouecca,. npa KOTopoM aeATpoH srnpa neATepaa nponeTaeT 

6e3 B38HMOJJ.eACTBIIH, a npOTOH nocne CTOnKHO130HHH C HJJ.po~-:-MHW0Hbl0 Bbme

T80T B aanpanneHHH, 6nH3KOM K nepBOHS'tanbHOMy aanpanneHHJO ll.BHlK0HHH neATpO

Ha. TeopeTH'l0CKH8 H 8KcnepHM0HT8nb,!Ib10 C0'10HHH U ,p st xopowo cornacyJOTCH 

npyr c npyroM. 

K Bbl'IHCneHHblM C0'10HHHM U In cnenyeT eme no6aBHTb C0'10HHH lJ.HqJpaK-

UHOHHOro H KynoHOBCKoro 'pacmenneHHH ~eATpOHa ud H U 
C 

Ce1teHHe u d nmi lJ.HqiqJy3HOro Hll.P8-MHllI0HH MOlK0T 6b!Tb paCC'IIITSHO 

/10/ 
M0TOll.OM pa60Tbl • McnpaBn0HHbI0 TSKHM o6pa30M 3H8'10HHH u In YK838Hbl 

B Ta6n. 1. nonpaBKH HS'JJ.HqipaKUHOHHoe pacmenneaae aenenHKH (nna Mena 

o / u = l s % nna ypaaa u I u = o,s % ) • 
d In ' ' d In 

'lfTO K8C80TCH KynoHOBCKHX nonpaBoK, TO HX. pacqeT nn~ lJ.HqJqJy3HOro 

anpa npencTaBnHeT co6oA nocTaTo'IHO cnoJKHy10 aanaqy, oco6eaHo ecnH yqecTb, 

'ITO H0KOTOPbl.:l H3' CB060AHblX HyKnOHOB, o6pa30B8BllIHXCH B peaynbTaTe pac

menneHHH neliTpOHa B o6nacTH lJ.HqJqJY3HOH rpaHHUbl HJJ.pa, MoryT, B CBOJO oqe

pell.b, HCilbIT8Tb anepHbie B38HMOJJ.0fiCTBHH. 

XoTH Bonpoc O nenH'IHHe nonpaBOK Ha lJ.HqJp8KUHOHHOe H KynoHOBCKOe 

pacmenneaae Tpe.6yeT eme nanbHeAwero aa;.qeaaa, cpanaeaae pac1teTHbIX 

ff. 8KCilepHM0HT8nbBblX ll.8BBbIX (CMe T8KlK0 BHlKe) YK83bIB80T1 'ITO B paCCM8T

pnB88MOfi HSMH Monenn.c nnqiqiyauoA anepaoil rpaanueil 8TH nonpaBKH, no-nn

ll.HMOMY I HecymecTB8HHbl. 
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Bo Bcex npllBOllllMbIX ~l!JKe TeopeTil'leCKIIX 11aHHbIX nonpaBKII Ha llil

$paKUIIOHHOe II KynoHOBCKoe pacmenneHile He Y'IIITbIBaJOTCH, cornacile C Ollbl

TOM y11aeTCH nony'laTb II 6ea 8TIIX nonpanoK. 

3. Pacnpe11eneHIIH nTOpil'IHblX '!aCTIIU 

8HepreTI1'1eCKHe cneKTpbi 'laCTilll, H3MepeHHbie noll HeCKOnbKIIMII yrna-

HMHIOTCH xapaKTepHCTIIKOH, KOTopaH necbMa 'lyncTnIITenbHa K 11one 
Mil

1 
CTpl!IlilIIHronbIX npoueccon. Ha .pIIC, 1 II 2 noKa3aHbl cneKTpbI npOTOHon, Bbl-

6I1TbIX no11 paanil'IHbIMH yrnaMII Il3 n11ep yrnepo11a II ypaHa n OilbITe c 11ei!T-

/6/ 
poHaMn c aHeprnel! 100 Man • B o6onx .cny'lanx cornacI1e TeopI111 c onbITOM 

J10CTaTO'IHO xopomee - aHa'II1TenbHO ny'IIIIe,. 'leM 11nn pac'leTOB, nbmonHeH

HblX n npI16nI1JKeHIIH pe3KOii: . rpaHHUbl n11pa. 

06pamaeT Ha ce6n BHHMaHile '1YnCTnI1TenbHOCTb peaynbTaTOB nbl'IHCne

Hilil K Il3MeHeHHIO napaMeTpon pacnpe11eneHI1lI By11ca-CaKCOHa ( 1), KaK nHllHO 

Il3 pnc. 1, 11aJKe cpanHHTenbHO ae6onblllOe Il3MeHeHHe a 

yxy11IIIaeT cornacne c onbITOM. 

li C aaMeTHO 

Ha pHC. 3 II 4 C OilbITOM cpanH11na10TCH peaynbTaTbl KaCK8l1HbIX pac'le-

TOn 
npII T = 2, 1 ran .. H n 8TOM cny'lae TeopeTH'10CKil8 yrnOBbi0 II IIMnynbC-

Hb!e pacnpe11eneHHH nbICOKOaaepreTH'l0CKHX· npoTOHOB oKa3binaIOTCH neCbMa 
,i 

6nH3KHMII K HX aKcnepI1MeHT8nbHblM 3Ha'l8HIIHM, 

Bne11eHHe l1Il~Y3HOI! n11epHoii: rpaHIIUbl ycTpaaneT TaKJKe OTMe'!anIIIeecn 

. /1/ n pa6oTe paCXOJKl10Hil0 C OilblTOM n 3Ha'leHillIX cpe1111ero 'IIICna neii:TpoHon 

n , IICnycKaeMbIX n HeynpyroM 11ei!Tpo11-n11epHOM B3aHMOJ10i!CTnHII ( CM. pHc.5), 

B OllbITax C n11eppon $OT08MynbCHei! CTJ)llllllIIHr-co6bJTIIH He perIICTpHpyIOTCH, 

EcnII nBeCTII cooTneTCTny10my10 llHCKpHMHH8Il.illO II 11nn pac'leTHbIX Benil'IHH, 

' 
TO . aTII nenil'IIIHbl oKa3bIBaIOTCH B xopqIIIeM cornacnII C Ollb!TOM II n npe11enax 

CT8TI1CTI1'1eCKIIX.OIIII160K c0Bna11a10T C nony'leHHbIMII paHee B npH6nIIJK0HHH pea

/1/ 
KOH rpaHHUbl n11pa 

6 

I 
' ~ ,. 

' 
f 

4. 3 a K n 10 'I e H II e 

TaKHM o6paaoM, y'!t'.!T llll~Y3HOCTH n11epHoli rpaHHUbl II 6onee TO'IHbili 

MeTOll paC'lt'.!Ta KacKallHbIX npolleccon, y'!IITb!BaIOl!lHli 3aKOH coxpaHeHHH aHep

rnn-nMnynbca II Henpep~nHyIO aanHCIIMOCTb xapaKTepHCTIIK nHyTpHHllepHbIX 

rr -N H N -N B3aHMOllelicTnllli OT aHeprnn, noanonneT nony'IHTb y11onneTno-

pHTenbHOe cornacHe ~o nceMH H3BeCTHbIMH celi'!aC aKcnepI1MeHTanbHblMH 11aH

HbIMH no nbICOKOaH:preTH'leCKHM HeynpyrHM 11eii:TpoH-HllepHbIM B3aHMOlleli

CTnHHM. 

TaKHe B3aHMOllelicTnHH np_OHCXOlllIT nyTeM HanoJKeHHlI KacKa11on, IIHHUHH

pyeMbIX HyKnoHaMH n11pa 11ei!TepHlio nonpanKH Ha llI1$paKI(IIOHHOe II KynoHOB-· 

CKOe pacmenneHHlI. OKa3bIBaIOTCH He nalKHbIMII; OllHaKo nocne11Hili! Bonpoc Tpe-

6yeT eme 6onee Tlll8TenbHoro H3y'leHHH. 

Cne11yeT OlKHllaTb, 'ITO no1106Ho TOMY, KaK aTo HMeeT MeCTO n cny'lae 
/9, 11/ 

IlHOH- II HYKnOH-HllepHbIX CTOnKHoneHHi! 1 MexaHI13M HeynpyrIIX B3aI1M0-

11ei!cTnHI! 11ei!TpOHOn C lillP8MH 11onJKeH npeTepnenaTb H3MeHeHillI npH aaep-

rIIHX T <. 2 T 
HyKn, 

< .. JO raBo 
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Puc, I,· 3nepreTH'l8CKHi! cneKTp npoTonos, 06paay10mnxcS1 npn aeynpyroM 

B38RMOll8i!CTBHH neliTpOHOB C SlllpOM yrnepona npu· T = 100 Mae, 
e - yron BhlneTa npoTOH~ a na6opaTODHOH CHCTeMe KOopnueaT, 

,II 

l 
T P - aneprnH npoTOna e M ea. Cnnomeag rncTorpaMMa - pac'l!'>T 

= < " -" nnSJ a.11aq,ennil napaMeTpoB a= 0,50 F n c =0,98 A 1/ 3 F, nony'leHHhlX Q) u p., 
a .. .. nm, 12 C B OilblTBX Xo4>mTanTepa; nyHKTHp - pBC'l!'>T C napaMeTpa-... 0 :,: .. .. .. MB a = 0,545 H c = 1,05 A 1/ 3 F llhpnxol!Koli OTM8'18Hbl omH6KR :E: 

aKcnepHM8HTBnbHblX llBHHblX/6/. 
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Pnc. 2. 3HepreTnqecKnA cneKTp npoToHoa,o6paayromnxcH npn HeynpyroM 
B3anM01:teHCTBllH neATpOHOB C HJ:tpOM 238 u npn T = 190 Msa. 
8 - yron BbmeTa npoToHa B na6opaTopHOH cncTeMe KoopnnHaT. 

CnnowHaH rncTorpaMMa - peayn&TaTb1 pacqeTa c yqeToM nnljMj>yaHocTn 
rpaHnub1 gnpa; nyHKTnp - pacqeT B npn6nnJKeHnn peaKoro Kpaa snpa/1/ 
6ea yqeTa nn$paKUllOHHoro n KynOHOBCKOro pacmenneHnH. lIITpHXOBKOH 

OTMe'leHbl own6Kn SKCnepnMeHTan&HblX naHHblX/6/. 
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Pnc, 4, HMnynbcnoe pacnpeaenenne npoTonoa, o5pa3oaaawnxcn npn Heyn-
pyroM B38IIMOllei!cTBIIII aeliTPOHa C H/lpaMII Al , Cu 11 Pb npll 

T = 2, 1 r3a, Bee o5o3Ha'!eHIIH Te >Ke, '!TO II Ha p11c. 3, 
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Pnc, 5, Cpeauee qncno ueATpouoB, 06paay10mnxcH B ueyrrpyroM aeATpou
siaepuoM B38HMoaettcTBHH rrpn T .. 160 M::iB, 3awTpHXOB8HHaH o5-
naCTh cooTBeTCTByeT fieorrpeaeneuuocTH rrpn pacq~Te •ncrrapnTenh-· 
Hb1x• uettTponoB, 3KcrrepHMenTanhHb1e ToqKH B3HTbl Ha · pa5oTbif 8/, 
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