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nng O!IeHKH SHeprHH HeATpOHOB HCIIOnb30BaHa 3aBHCBMOCTb OT SHeprHH HYKIIOHa ~Hcna 

flbiCTpb!X BTOpH~HhiX ~aCTBA n 8 (:E) , OflpaaoBaHHhiX npu B3aHMOAeflCTBUH STOrO HyKnoHa 

C S!ApaMH SMynbCUUo Bb!CTpbiMU C~HTanBCb ~aCTUAhlo TpeKU KOTOpbiX BMeiOT UOHH3a!IUIO 

I''!> 10 ,. rAe - MHHHMa!IbHaSI UOHU3aAUSI0 

fpSAYBPOBKa HOHU3aAHOHHhiX H3MepeHufi npOBOJIUnaCb no cneAaM sneKTpOHHO-ll03i1TpOH

HbiX nap. nng U3y~eHHSI yrnOBOrO BbiXOAa Hel!TpOHOB U3MepgnaCb nnOTHOCTb Hel!TpOHHhiX Baa

UMOAel!CTBHl! B OABHO~Hh!X <jloTOSMYllbCUOHHhiX CliOSIX0 paCliOliO:>!<eHHhiX nOA paanH'IHhiMII yrna

MH K nanpasneHUIO ABUlKeHHSI nepBB~HhiX npoToHos. Hul!<e noKaaaHo, ~To cpeAHSISI sHeprug 

Hel!TpOHOB MallO MeHSieTCSI C yrnOM BbineTa, cneAOBaTenbHO, Ce~eHUe B3aUMOAel!CTBUSI Hel!

TpOHOB C S!ApaMB SMYllbCUU MOlKHO npUHSITb noCTOSIHHhiMo TorAa pacnpeAeneaue nnOTHOCTU 

'Hel!TpoHHhiX aseaA' noA06Ho yrnonoMy pacnpeAeneHIIIO nefiTpoaos. K ael!Tpol!HhiM aaaHMo

Ael!cTBUSIM OTliOCHIIHCb BCe 3Be3Ahl0 He UMeiO!IlHe penHTHBHCTCKoro ny~a B HaiipasneHUII aaA-
0 

Hero KoHyca c yrnoM pacTsopa ~ 20 • 

a) OnpeneneHne cpeAHel! sneprnu Hel!TpoHoB 

/I/ B pafloTe IIO AaHHhiM pS!Aa aBTOpOB nocTpOeHa SKCIIepHMeHTanbHSSI Kp!IBaSI aaBUCU-

MOCTU ii 
8 

(:E) AnSI asean, o6paaosaHHhiX rrpoTOHaMH B sMynbcnu. C~nTaeM, ~To AnSI BSa-

UMoAellcTBUSI Hel!TpOHOB c RnpaMH sMynbCHH KpHBaSI aHanorH~Ha. AuanHTU'IecKu B HHTepsa-

ne sueprul! OT 2-x AO IJ-TU fsB OHa XOpOWO OIIHCbiBSeTCSI <jlopMynol! 
•, 

iia (:E) = 0,6 - O,Q45:E + 0,0395:E 
2 

.;. x/ {I) 

Ha puc. 2 rrpnneAeHhl uaMepeHHhie aHa'leHUSI AliSI SHean, o6pa3oBaHHb!X Hei!T-

poHaMu, BbineTaiO!IlHMH ua MHWeHu non pa3HhiMU yrnaMu. OnHaKo HenbaSI rrpSIMO ua puc. 2 

u <jlopMyn~I ( 1) orrpenenHTb sHeprHIO HefiTpOHOB : <jlopMyna .( 1) crrpaaennuaa AnSI MOHoxpo

MaTu~ecKHX rro· snepruu rrepBU~llhiX nyKnonoa, nel!TpOHhi lKe pacrrpenenenhi rro sneprHu ne-

U3BeCTHh~M oflpa30M OT AO H E 2 - rpaaunhl snepreTu~ecKoro crreK-

Tpa f( E) ) • B STOM cny~ae <jlop~yna ( 1) crrpaaeAnHBa AnSI cpennux anaqennfi 

; • = 0,6 - 0,045:E + o,039S:E 
2 

(2) 

nm1 onpeAeneHUSI :E OAHOrO STOrO ypaBHeHUSI HCAOCTaTO'IHO. 0AH8KO MOlKHO yKa-

x/ .E B Msn. 
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38Tb B8 rpaBHilbl, B KOTOpbiC 38Kni0'19Hbl B03MOJKHbl9 3H8'19HBSJ 

mo6oro anna cneJCTpa f(:E) 

-=~ 
y:E ~ E 

E • HasecTno, 'ITO nnH 

(3) 

rne 3H8K p8BCHCTB8 COXp8HSICTCII B CJlY'I89 MOHOXpOM8Tn'ICCKOI"O CBCKTpa f(:E) = 8(E -:E*). 

nnSI MOHOXpOM8TH'ICCKOI"O CUCKTp8 H3 paneHCTB 2-3 cpaay JKC OUpenenSJIDTCSI BCnH'IHHbl 

]' .= {:E 2= :E* • HeTpynHO UOK838Tb, 'ITO nnSI CUCKTpa nro6oro anna ::1H8'1CHnSI :E n ? 
aaxnroqeubl n npencnax 

:Emln -~.:E ,S :E* 

. 2 . .ioli • * 2 

.Emln .::; .E -~ .E 

:E* onpenenSJeTcSI na ycnonnH n • = 0,6 -0,0.45:E* + 0,0395:E*
2 

) 

3necb :E E2 mln H · mJn o6oanaqaroT cpeunroro n cpennexnanpaTH'IHyro aneprnn cnexTpa 

anna f(:E) -= 8 (E -:E 1 ) +· B (:E - :E 2 ) nnSI T8KOI"O CUCKTp8 npH :E I = 0 cymecT-

nyeT COOTHOillCHne 

:Emln 

Ha ypannennl! (2) u (4) nerxo nony'IHTb 

E2 
miD 

"E 

= E2 • 

7 
:E ~ 

n
8 

-0,6 

E 
2 

• 0,0395 - 0,045 

"· -0,6 
min 

:E~ • 0,0395 - 0,045 

(4) 

nn>l "' = 0 n . 2,3 ! 0,2 I/ , 'ITO llpHBOJlUT K 3H8'19Hnro (omH6KH B 3H8'19-

HHH n. ne y'ITCHbr) 

5,5 ran ,S .E .-:::. 7,1 ran, 
-2 

7,0 ran -~ :E -~ 7,1 ran. 

MoJKno, onnaxo, yMeHbillHTb HHTepnan noaMOlKHbiX ana'lennl! :E 

THTb, 'ITO pCH_IlbHblll CllCKTp HCllTpOHOn Olll!Cb!BHCTCH <flynKnneJ! 

~~ 3necb H JlHJlCC OillHfiKH CTHTHCTn'ICCKUe. 

4 

-2 
II .E 

f(:E ) c 

, ecnn cqn
d2f 
-- < o. 

dx2 -
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m, 
r 
I 
l,i 
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i 
1 

L. 
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l, 

3KCUCpHMCHT8JlbHbi9 naHHbiC nnH aneprnl! nepBn'IHbiX UpOTOHOB B 2,2 ras n 6 ran B/
2

/ 

paBnbiB810T aTO nonymenne. Torna BMCCTO COOTHOillCHIISJ (4) 6yneM IIMCTb paBCHCTBO 

i:~ 

n UOCJlC Bbl'IHCJlCHHll UOJlY'IHM: 

6,1 ras 

7,0 ran 

0Tcrona c yqeToM omn6ox n nenn'lnne 

-

_!:E.~ 
3 

-~- :E .::; 

~ :Ea .< 

rr 
8 

7,1 ran, 

7,1 ras. 

E = (6,6 + 0,8) ras, 
-2 -
E = (7,1 + 0,5 ) ras. 

(4a) 

on-

Ha pnc. 2a npnneuena aanncnMOCTb E ( .P na
6
.) nnH neiiTponon. TaM JKC TpeyronbHHKa

MH o6oana'IOHbi To'IKH, cooTBCTCTByromne cpenneii aneprnn npoTouoB n ueynpyrnx (p N ) _ 
/3/ 

CTOJlKHOBCJIHSIX, paCC'IIIT8HHb19 DO Jl8HHblM pa60T • 

6) Yrnonoe pacnpeuenenne nel!Tponnoro nyqxa npencTanneno na 

pnc. 3a 

3necb >KC TpeyrOJlbHHK8MH H8HCC91lbl TO'IKII, COOTBCTCTBYIDIIIHC llOTOKY 38p51lKCIIIIblX 

'!8CTnllx/ (c TO'IHOCTbiD JlO p8BCHCTB8 CC'!Cilllll B3811MOJl9HCTBHH IICfiTpOIIOB II _aTUX 38pH~<CH

HblX '18CTIII1 C !!Jlp8MII aMyJlbCUn) • 

Ha puc. 3 TO'IKaMn o6oana'!eno yrnosoe pacnpenenenne "6btcTpbrx• (naromnx asea!lbi 

c n • ~- 2 ) nel!Tpo11on nocne suecennP nonpanox na nornomenue B cTenxe ·xaMepbt ycxo

puTen>~ H 118 BKil8Jl BTOpH'IHblX HCIITpOHOB; TpeyrOilbllnK8MH o603H8'19HO yrnOBOe pacnpene

llCHI!C nei!TpOHOB, o6paayrolli!IXCH B neynpyrnX llpOTOH-HYKilOHHblX coynapeHH>IX llpll anep-
xx/ /3/ 

rnn 9 ran, xoTopoe npn nexoTopbiX npennonoJKennHx cnenyeT na pa6oT • KpnBbte no-

CTpOCHbl C HOpMnpyromnM ycnOBHCM 

(pN) 

pnc. 3 
(p N) 

,o 

f (~) N Sint/Jdtf. 
o dO P 

,o 

f ( ~) Sin t/1 dt/1 • d!1 pBo 

x/ Eea sneKTponoB n p. -Meaonon. 

xx/ s131 uaneJKHO nonyqeno yrnonoe pacnpenenoune npoTouon, BbtneTaromnx n 
B aanuroro nonyc<!Jepy. Yrnonoe pacnp<monenue neiiTponon, o6oana'ICHHOC na 

TpeyrOJlbHIIKHMlf, llOJlY'ICHO HHMII H3 Jl8HHblX pafiOT /3/ B npCJlllOilOlKCHIIH, 'ITO 
yrnonbre pacnpenenenn>~ nyxn<;>non, BbtneTaromux nnepen n naaan, nono6nhr. 
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rne (~) 
dO pN 

li ( :&·. )PB• - nalj><j>epeanaan&Hble ceqeaasr o6pa3onaaHsr 

aei!TpOHa B (pN) - H (p Be ) - CTOnKHOBOHliSIX, fl3 pHCYHKa BHliHO, 'ITO HOI!TpOHbl pacnpe-

neneHbl aecKon&Ko mxpe, '!eM ayKnoHbl B aeynpyrax (pN) - cTonKHoneaanx. Pa3nD'!He n 

nonymapaaax yrnoBbiX pacnpeneneaalt o6~ncaneTcn, no-nanHMoMy, nalj>paK!lHOHHbiM paccesr

HKeM Hei!TpOHOB B MHIIIOHH H B CTeHKe KaMepbl YCKOpHTenn, .HOTO'IHblM Y'IOTOM BKnS.:lB BTOpH'I

HbiX aei!Tp~HOB; CnenyeT· TaKlKe HMeT& n BHny·, 'ITO aeltTponHbii! ny'IOK nonyqaeTcsr npa B3a

HMonel!cTBHHH npoTOHOB ae co cno6onHbiM HyKnonoM, a c nnpoM 6epannnn. 

/3/ 
Mbi o'leH& npn3HaTen&Hbl anTopaM pa6oT 3a npenocTasneaayro HaM B03MOlKHOCT& 

UOilb30BaT&CH pa60'IHMH Ta6nH!laMH, 

Mbl 6naronapHM li.B. 'IynHno, M.li. nonropenKoro n K.n. ToncTona 3a nanMaane K 

pa6oTe, 
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P a c. 1. CxeMa aKcnepnMeaTa, 
lKeHBH 3Myn&CHI!, 

T - MBIIIen& D3 Be • •A 1 n A 2 - nnnn11 pacnono- . 

p H c. 2. 

P n c. 2a. 

~I 
f :j t L . 

of 0' ~ i' 3· "''I'• 
3amicnMoCT& cpenaero •mcna ObiCTpbiX 3apsnKeHHbiX '!aCTBU n • aeiiTpoanoA 
3Be3..~e• oT yrna BbmeTa nei!Tpoaa B3 MHmeuH. 

E..cf ""l 

f !itt d 
l . 

2. 

I 

... , it' ..... 

CooTnolllenne yron - aaeprHSI nnSI: 
• -aeiiTpoaon, o6pa30BBIIHbiX no B38HMoneilcTBIIII p Be, 
A -IIYKilOIIOD D aeynpyroM (pN ) - B3BIIMOllefiCTDIIII 

(no narmuM pa6oT /3/). 
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P H c. 3. YrnoBoe pacnpeaenenne nei!TponoB: \ 
• -Ob!CTpb!9 nei!TpOH!oi, oopa3yromne 3B93Abl c n • .? 2 I 
A -HyKnOHbr B neynpyrflt (p N) -cTonKHOBeHHHX 

(no ASHHbiM paOOT ) • 

~ 

1'...i.r 
C'f'Gt) 

P H c. Sa. YrnoBoe pacnpeaenenne nei!Tponnoro nyqKa: 
e - H9i!Tp0Hbl0 

A -3apHlK9HHbl9 qacTHilblo 
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