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Bse.nenHe · ~, .;: .. :.::..1 

- n -~ .. : . -.. _. ,_,,· 

B pa6oTax [ 1; 2] : nonyqenu- aKc·nepHMenTan&nue :'cseiieiiHH ·no·. 

HCCne.noBaHH~ npouecCOB o6pa30BaHHH H~aTpOHOB B coy.na~eHHHX 1 

Tl--Me30HOB C H.npaMH.KCeHOlla,npH STOM .naHl!!le 6!lJIH nonyqeH!l npH 

pa3.HllX CTaTHCTHKax:.co6!lTHa H:·6e3 ylfeTa. BeCOB _.ixJIH. neaTpOHOB. ·. 

·' 

HacToH~H pa6oTa nocBH~ena Hccne.nosaHH~ o6pa3oBaHHH nea

Tponos c" y~eTOM "secos" B 11eynpyrHx rr--Xe_·:.: coy.napeHH.HX·.: · 

3KcnepHMel!TaJI&llue pe3yJI&TaTi.i: ·rio · ·nea~pon'ai-1 cpaBHHBa~TcH c 

llO.ll06H!lMH xap·aKTepHCTHKaMH npOTOHOB, o6pa30BaHH!lX B. HeynpyrHX Tl-Xe-

B3aHMOJieHCTBHHX npH' 3, 5 faB/c, KOTOpue npHBeJIE!Hll .B [-3]. 

noJiylfelll!Ue JiaHl!Ue ·o XapaKTepHCTHKaX l!eaTpOHOB OllHCUBa~TCH C 

noMo~h~ HcnapHTeJibHo.:KacK:a.nnoa !oio.neJiH ( 11KM). 

MeTOAHKa 3KcnepnMeHTa· .... 

<; 

· ·3KcnepnMeHTanhll!la MaTepnan nonytie'11' npn · o6nylfeHne · '1so.:ninposoa 

KCeHOHOBoa KaMepu (6e3"MarHHTHOrO llORH) c' OTpHUaTenhH!lMH 'n~oHaMH. 
npn : P -:-. =3; 5 faB/C Ha CHHXpOTpOHe 11T3~ '( r. MOCKBa). JlBalK.llll . tS~~H-

Tl ' _, '' ' ' ' ' ' ' ., ' ' ' :. ' '•;: : ', "·) 
npOCMOTpeH!l' ·OKOno "'40 Ti>ICH'l CTepeOCHHMKOB .llJIH llaXOli(JleHHH KaK · 

n~pBHlflli>IX_ B3aHMO.lleaCTBHa Tl- -Me30l!OB C . KCeHOHOM, TaK H· BT()PHlflli>IX 

3Be3.n;oi5pa30BaHHI>IX 'HeHTpaJibHI>IMH. lfaCTHUaMH ("n"-3Be3.n).'npaBRna 

npOCMOTpa 3TH X CHHMKOB 6um{ -~ne.ny~IItHMH : B 34xbeKTHBH~~o6'beMe KaMep~ 
OT6HpaJIHCh'. TOJihKO TaKHe. CTe'peOCHHMKH~ Ha'''KOTOpllx· lfHCJIO nepB~tJHll~-
3Be3JI 6uno 11e 6on&we o.nnoa H npH 3TOM perHcTJnpouanH~h" -~ce 
B TOpH'lHUe· "n".'-' 3Be3.lli>l C, n±2: 1 ( r'.ne·· 'n' ::: lfHCJIO · ~TOpH'l,Hi>IX 
3apHJ!CeHH!lX lfaCTHU B 3Be3.lle). 3qxpeKTHBHOCTb HaXOJKAeHHH. 3Be3.ll. B 

.naoltnoM ~pocMo;rpe oKa3a~ac& paailaa· 997.: .• ~-ce-ro: 11aa.neno 2470 

nepBHlfH!lX H 2130 ~'n"-3Be3JI. Bee ''n"-3Be3.llll 6!lJIH H3MepeHU BMeCTe C 

KOOp.llHllaTaMH nepBHlfH!lX 3Be3.ll.BB~.llHnaCb COOTBeTCTByDmaH nonpaBKa Ha 

llOTepD "n"-3Be3;t npH H3MepeHHH. -.. ~ ... : 

B lfHCJie 3Be3JI, Bll3BaHHI>IX s;ropH'lH!lMH lleHTpaJibH!lMH lfaCTHUaMn;· 

BBe.nena nonpaBKa .na q>onosue npoueccu.ll>oH OT cnyqaltnux neaTpan&Hux 

3Be3JI , OUeHeH npH npOCMOTpe CHHMKOB ,Ha ; KOTOpllX He .6llJIO, nepBHlfH!l.X _ 

Oin.ealint"\1i-liaoii K\icnrryt -~ 
U~51JWX IK~!tiOIISd-
. · 6M.SnHOTEKA ---
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B3aHMO,neaCTBHH, HO Ha6mo,naJJHCb "n"- , 3Be3.llll; OH COCTaBJJHeT OKOJJO 

167.. 

llO COOTHOWeHHIO npo6er-3HeprHH B "n" 3Be3,nax--H3MepHJJH 

3HeprHH BTOpH'IHUX 3apalKeHHUX 'laCTHU ( B OCHOBHOM IlpOTOHOB);, 

HMilYJJhCU,HeaTpOHOB Oilpe,neJJHJJHCh .i\ByMHCllOCo6aMH: 

_;1). H3 scex "n;,-: 3Be3,n au.nen-eau ,co6UTHH. ''rHna- np •• ·T.e. 

ynpyrHe .coy.napeHHH HeHTpoaas c, npei'ToHaMH. npn, oU.ciiKe HMnY!lbca 

HaJJeTaiOIUero HeHTpOHa P · ,HCllOJlh30BaJJH H3BeCTHyiO· !pOpMyny:· .,' . - n 

'p = - -n 
2 Tp Mp 

P'.cose - T JcP ~case) 
p ,._ p '. 

;, ._, 

r.ne PP,~,8 - HMllYJJbC,KHHeTH'IeCKaH 3Heprna H·· yroJJ 

npOTOHa ~T.lla'IH, COOTBeT(!}'BeHHO, _M -:. Macca -llpOTOHa .. 

2) Bu.neni:mu "n" - 3Be3.llll . c n ·:::3 n H3MepHJJCH noJIHbli-i . . ± ' ' 
HMllYJJhC BTOpH'IHUX 3apHJKeHHUX 'laCTHU ( P ch ) , np11 3TOM HMllYJJhC 

HeHTpOHa llpHHI1MaJJCH paBHUM Pn= k PCh .3,lleCb k- K03!plpHUHeHT, 

Y'IHTUBaiOIUHH llOJJIO, 3Heprnn, YHOCHMYIO B cpe.nHeM HeHTpaJJbHUMH qacT11Ua

MI1. 3Ha'leHI1e k B3HTO _113 pa60TU [5]. CneKTpU HeHTpOHOB ,llOJJy'leH

HUe 060HMH CllOC06aMH;aHaJJH311pOBaJJI1Ch BMeCTe. 

Y~OJJ _BUJ]eTa HeHTpaJJhHOH 'laCT11UU, o6pa30BaBWeH ~·n" - 3Be3,ny, 

·. onpe.n_enan·ca KaK yron MeJK.ny aanpanneaneM ny'IKOBOH · qacT11UU, BU3 nanwej:j 

I_IepBH'IHYIO ,3Be3,ny, 11 npHMOH, ,COC,!\!iliHIOIUCH _ BepWHHU nepB11'1HOH 11 "n" - · 

3B,e3.llll: 

JlJIH llOJJy'leHI1H ,llaHHUX 0 . XapaKTep11CTHKax HeHTpOHOB· c 

He06XO.lli1M~ ·' y'leCTh KOHe'IHU~ ·pa3~epu lleTeKTOpa - . 3!plpeKTI1BHOH 06JiaCTI1 ,. "' " , ,,• .. ,· . . . 
KaMep_u, _T. e. BBeCTI1 TaK _ Ha3unaeMue reoMeTp11'1eCKHe "neca" peri1CTpa

U1111 "n" :- 3Be3.n _ [ 6], 
'\:;, 

Beca llJJH ynpyr11x np - coy.napeHI1H onpe.neJJHJJI1Ch no cne.nyiOmeii 
!pOpMyJie: 

w = c - n 

r.ne ·· 

c 

1 

~'"' ··fixe 
exp( -O't n L ) 

54 O'np + 77 O'nn 
t t 

54.-~P 
el 

u~P- •- nonaoe ceqea11e np ~-· coy.napeHI1H, 

coy.napeH11H, u:~ - ceqeH!fe" ynpyr11x np 

" ~:~~ ;·~~'. 

::·,-.;:•:,! 2_ 
-l 

(2) 

·,, 

!; 

unn·;- 'imnaoe 'ceqea11e nn 
t 

B3ai1MO.lleHCTBI1H, O'nXe 

·.; .... 

""' J 

'tt 
'I 
'!'!\" 

~ 

'·,; 

llOJ!HOe Ce'leHI1e. nXe ;-. B3amiOnCiiCTBIIH" 3Ha'leHIIH 0'~ P, . , O'~n 

B3HTU 113 pa60TU (7~8,9), a O'~Xe B3HTO B BI1.Re [10) 

ClnXe 
l 

= cfP X/3 
. l •', 

(J'np 
el 

\. 

r.ne A - Macconoe 'IHCJIO a.npa-M11wea11, L- noTeHU11aJihHUH npo6er HeH:

Tpoaa •. -

Beca llJJH "n" :- 3Be3.n c Nch<::3 onpe.neneau no o6menp11H~TOH 

!popMyne 

w 1 -1 
( t - exp(- <---x:-> » • 

r.ne I _- _:'lJJHHa IlOTeHUHaJJhHOro_ np9_6er_a HeHTpOHa_ B _ KaMep_e, <L> -

'cpellHHH llJli1Ha npo6era llO B3ai1MO.lleHCTBI1H.(1). 

CTaTI1CTHKa C06UTI1H C y'leTOM nonpaBOK Ha 3!plpeKTHBHOCTh 

npocMoTpa np11se.neaa a Ta6JI. 1.-

Ta6JI11Ua .1. CTaTI1CTI!Ka-co6UTIIH 

P .• r3B/c I , .. ·l·~n(W)' 
I'; 

· Nco6. Nn. THil B3ai!M. 

-n-xe 3,5 I 2770 I 1692+128 -I .12584+1087 

·-· o4'' ,.J 

Pe3yJihTaTu 3KcnepnMeHTa 

B'Ta6JJ.2 npnne.neau cpe.nane 'IHCJia HeHTpOHO~Ha o.nno aeynpyroe 

n-Xe - B3ai1MO,lleHCTBI1e,a TaKJKe cpe.na11e 3Ha'leHHH 11MilYJJhCOB ·11 yrJJOB 

B 3TI1X B3ai1MOlleHCTBI1HX. TaM liCe llJJH cpaBHeHI1H,B CK06KaX,IlpHBO.llHT: 

CH COOTBeTCTBYIOIUI1e .naHHUe llJJH npOTOHOB, o6pa30BaH.l!UX B 

-·n-Xe-B3aHMO.lleHCTBHHX. Bl1.llHO,'lT0•3Ha'leHIIH '< Nn > H-< P > llJJH 

IlpOTOHOB HHlKe, 'leM .llJ!H HeHTpOHOB. Pa3H11Ua B _3Ha'leHI1HX < P > 
o6~HCHHeTCH TeM;'ITO H3:3a OTCYTCTBHH"MarHHTHoro IlOJJH-B KCeHOHOBOH 

KaMepe 3Heprii'IHUe npOTOHU, YXO.llHIUIIe 3a CTeHKII KaMepu ,He 

113MepHIOTCH,, 'ITO npHBO.lliiT K YMCHhWCIIHIO 3Ha'ICIIIIH < p >~ 

3 
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Ta6nuua 2. CpenHue 3Ha4eHHH xapaKTepucTHK _HewTpoHoB 

H3 rr-xe -. B3aHMonewcTBHH npu 3; 5. f::JB/c 

. 
THn <Nn> <P> <8na6> 

B3aHM·. · __ , ' f3B/c · "> rpaJL · 

'" ·.J ... 
rr--xe 4,54+0,09 0,70+0,1 73+2 

(3,41+0,03) (0,39+0,08) (75+2,4) 

rr--xe 8,15 0,43 74 
Jl.lonenb) . (4,83) (0,43) (73) 

-· --

3Kcnepu~eHTaRbHNe n8HHNe no HeHTpOHaM 'cpaBHHBaRHCb ·c 

npencKa3aHHHMH HCnapHTeRbHO-KaCKanHOH MonenH (Ta6n.2). H3 Ta6nHUN 

BHJIHO, 4TO MOJieRb naeT 60RbiUHe 3Ha4eHHH .• <Nn> H ManeHbKHe 

<P>. 3TO Ha6monaeTCH nRH BTOpH4HNX npOTOHOB B 3THX B3alfMOJieHC

TBHHX. 

· CpenHue 3Ha4eHHH no yrnaM' <e> nm1 iiewTpoHoB u npoToHoB, 

nony4eHHNe H3 ucnaimTenbHo-KacKanHoH MOJienH, .. HaxonHTcil B xopoiUeM 

COrRaCHH C 3KCnepHMeHTaRbHNMH 3Ha4eHHHMH (Ta6n.2). 

HMnyRbCHNe cneKTpN niu{' HeHTpOHOB H npOTOHOB B n. C. K. nnH rr-Xe-' 

B3aHMon~HCTBHH. noKa3aHu Ha puc.1,2. 3necb ~e nnH cpasHeHHH 

npuseneHu pe3ynbTaTu pac4eTa no HKM (cnnoiUHaH nHHHsi). 

CneKTp HeHTpOHOB H npoTOHOB nnH rr-Xe-B3aHMOneHCTBHH no HKM 

(puc.1,2) ynosneTBOpHTenbHO. · ~cornacyeTcH: c pe3yRbTaTaMH 

_3KcnepuMeHTa , Ho Ha6monaei-cH pacxo~eHHe B o6nacTH Manux 

HMnynbCOH, .4TO, B03MO~HO, . CBH3alfo · C.. Hey4TeHHUMH B MonenH 

3KCnepHMeHTaRbHUMH ycROBHHMH.• 

3aKRJ04eHHe 

B naHHOH pa6oTe aHaRH3HpOBaRHCb pe3yRbTaTU -3KCnepHMeHTa no 

H3y4eHHIO xapaKTepHCTHK HeHTpOHOB (MHO~ecTBeHHOCTH, HMllYRbCHUe H 

yrnosue) · B Heynpyrux rr'7Xe-B3aHMonewcTBHHX npu P· =3,5 f3B/c._ ·3TH 

4 

I 

··]; ,, 

naHHUe CpaBHHBaJOTCH C aHanorH4HNMH' naHHUMH n_nH npOTOHOB B 3THX 

B3aHMoneHCTBHHX. H3 cpaBHHTeRbHOro ~HaRH3a MO~HO cnenaTb cnenyKl!UHe 

susonu: 

1) 3Ha4eHHH _<Nn> H <P> nnH HeHTpOHOB 60RbiUe,4eM ~RH 

npOTOHOB, ,a 3Ha4eHHH cpeJIHHX yrROB <8> onHHaKOBN. 

2) HcnapuTenhHo-KacKanHaH Monenb npaBHRbHO onucusaeT xapaKTep 

HMllYRbCHNX pacnpeneneHHH HeHTpOHOB H npOTOHOB; B ·rr-Xe · 

0.39 

0.29 

0.19 

0.09 

-0.01 
125 

<I> 

Pt1c. I. 

325 525 '725 925 

e, Mss/i: 

~MnynbcH~e pocupeAeneHHH nporoHos 
B HeynpyrHx.n~L e-B30HMOABWCTBHHX 
npH P~- = 3,5 raB/c, crinOWHOH ni1~HH 
pact~eTLI no ~KM. · - · '· 
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P, MaB/c 

P111c. 2. \IIMnynbCHble POC!}P.,eAeneHI!111 Het.lTPOHOB 
B Heynpyri!1X n~~e-B30111MOAe~CTBII111X 
npi11 P$- = 3,5 raB/c. CnJJOWHOil JJII1Hi11R 
POC4eTbl. no \IIKM. 

B3aHMOJ1ef!CTBHSIX npH Prr- = 3, 5 r::~B/C, .OJIHaKO cpe,nHHe 3HalJeHHSI HM-

nyJILCOB. npOTOHa H Hef!TpOHa OTJIHlJaK>TCSl OT npe.ncKa3aHHfl l1KM. 

ABTOpU BUpa~aK>T'rJiy6oKyK> 6JiaroJiapHOCTb TpOSIHY ID.A. 3a ueHHUe 

3aMelJaHHSl H COBeTU 'npH~o6cy~eHHH pe3yJI~TaTo~l 
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