
COOBlUEHMH 
OB'bE,LJ;l1HEHHOrO 

l1HCTl1TYTA 
Hjl;EPHbiX 

l1CCRE~OBAHMH 
LlyCSsa 

B.C.CbP.JeB 

Pl6 · 4304 

HAKOOREHME M3RYqEHMH HM3KOH 3HEPrMM 

8 3AIIU1TE YCKOPMTEREH 

1969 



Pl6 - ,~304 

B.C. Cbi'·Ies 

HAKODREHHE H3RYqEHHH HH3KOH 3rEPrHH 

B 3AWHTE YCKOPHTEREH 

{€~;::;·,_: I 

l 
...... -;,~,.';"_":'; 

" 
... - -



B pa6oTaxl 1,2/ 6binO paccMoTpeao rrpoxo)Kt:temrt· B 3aiUHTe rrpoTOHHbiX 

ycKOpHTeneM: H3ny'IeHHH1 CBOHCTBa KOTOpb!X OITHCbiBa!OT' ;51 B paMKaX KaCKat:tHOH 

MOt:tenH 51A8pHbiX peaKUHHe Tiocne pa3BHTH51 BHyTpliHI.epHoro KBCKat:ta 51Ap0 

OCT88TC51 B036y)Kt:l8HHbiMe CH51TH8 B036y)Kt:l8HH51 ITpOHCXOAHT B OCHOBHOM 38 

c'!eT HcrrycKaHHH aeM:TpoHoB H raMMa-H3ny'IeHHH. Bbrx )t:l 3apH)KeHHbiX qacTHU 

H3 B036y)Kt:l8HHhlX Rt:tep OTHOCHTenbHO HeBenHK/3/_ 

B HBCTOHill8H pa6oTe 6yt:teT paCCMOTpeHO ITpOXOlKA ?HH8 B 38IUHT8 H3nyqe

HHH1 o6pa3oBaHH8 KOTOpbiX HHTeprrpeTHpyeTCH Ha OCHCBe TeopHH COCTaBHOrO 

51Upa H MOt:tenH HCITapeHHH. 

1. Bbrxoa HefnpoHoB ll3 B036y)KaeHHbiX mep 

3aepreTH'I8CKHif CIT8KTp TaKHX H8i!TpOHOB yt:toBnETBOpHTenbHO OIIHChlBa-

8TCH MOt:tenbiO HCITapeHHHe 3a OCHOBY HpllM8M <jlopMyJ y UnH 3HepreTH'I8CKOrO 

cneKTPB Hei!TPOHOB N a ( E ) , rrpeanolKeHHYIO Jle-KyTel OM 
/4/ 

--,-
(1) c 

nocne pa3BHTHH HA8pHoro KaCKat:ta Ht:tpO MOlK8T EaXOAHTbCH B COCTOHHH

HX c pa3nn'IHOi1 3Heprnei1 B036y)Kil8HHH, T.e. cyruec rByeT crreKTp 3Heprni1 

B036ylKA8HHH • 

nycTb B nony6eCKOH8'IHOi1 38IllHTe pacrrpoCTpBHHI)TCH Hei!TpOHhl BhlCO

KHX 3Heprn~t 1 cneKTpanbHBH nnOTHOCTb IIOTOKa KOTOpbL 8CTb F n ( x , E)· Tort:ta 
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cneKTp8JlbH8Sl nJlOTHOCTb HCTQqHHKOB HeilTpOHOB HCnapeHHS1 , q ~ ( x, F: ) , 

Qq9BifLlH0 1 eCTb 

E 

P-I ) - T"iE'*) 
E f f n (E*)/1 (F:')F (x,E') dw(E' 

r ( f) (E' (E*) 
3 

n n dE* 
-'-·---dF:*dE: (2) 

r f ( E *) 

rne n 
3 

( E * ) - :penHee qHCJlO HCnapHTeJlbHhiX He~hpOHOB 1 BbiJ1eT810IUHX 

113 51Llpa, KOTOpoe } MeeT 3HeprHJO B036y)f{Ll9HHS1 E *; 

Heynpyroro 

IUHTbi; 

B38HMOI 9HCTBHS1 HeHTpOHOB BbiCOKOH 3HeprHH C M8T9pH8J10M 38-

d w ( E ') - HOpMHpOB8HHOe Ha 911HHHUy crreKTp8JlbHOe pacrrpe

dE* 

119J19HHe 3HeprHl\ BC 36Y)f{Ll9HHS1, OTBeqaJOIUee HaqaJlbHOii 3f!eprHH H9HTPOHOB E ', 

3HaH d w ( F: ')I d F: *, MO)f{HO B rrpHHuHrre BbJqHCJlHTb q 3 ( E , x ) • 

0AH8KO rrpoBeAeHHl B (2) LlBOHHOrO HHTerpHpOB8HHS1 Qq9Hb H9yA06HO LlJ151 

rrpaKTHqeCKHX paC~ETOB1 n03TOMy (2) )1{9Jli1T9JlbHO ynpoCTHTb. 

0TMeTIIM, BO-f1ePBbiX, qTo cneKTP d w ( E ')I d F: * KaK noaBHno. 

HM99T LlOBOJlbHO q~TKO Bhlpa)f{eHHhlll MaKCHMyM/01. 3TO IT03BOJ151eT 6e3 

60J1blll0ll rrorpeiUHCCTH B 118JlbHeiiiUHX pacqeTaX HCITOJ1b30B8Tb CJleLlyJOIUee 

d w ( F: ') 
( 3) 

a[ E*- "*<E ')1, 

rae F. * (F. ') - Cjl911HHH 3HeprHH B036y)KJ19HHH 1 COOTB9TCTBYJOUWS1 H8qf!JlhHOi'I 

3Heprml HeilTpOHOB F' ' 

C yqeToM ( 3' BI>JOfl)l(eHHe ( 2) vnnomA.eTcH: 

J Vn(F:')/ln(E')n,l(E'), 
(E \ 

4 

l' T ( E * ( E' )) 

f(f;*(F ')) 

(4) 
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HyKnoHaM c 8Heprneli HecKonbKO coTeH M8B, 6oM6apnnpyJOlllliM Hnpa co cpen

HHM 8TOMHhlM BBCOM 0 OTBB'lJ8BT CpBDHHH 8HBprllH B036f*ilBHll5! HBCKOnbKO 

necHTKOB M8s/51. C npyroli cTopOHhi, cneKTpbi Hei1TpOH)B BbiCOKnx 8Heprnil 

H8 DOCT8TO'lJHO 6onbllJHX TOnlilHH8X 38lilHTbl HMBK)T M9KCHMVM B pail:OHB 

100 M8B ( CM.I 21) • no8TOMy B ( 4) MO*HO BMBCTO T ( E * ( E , ) ) B35!Tb 

3H8'lJBHHB T ' COOTBBTCTBYJOlllBB 8HeprHH B036Y*IlBH 15! 0 ycpenHBHHOH !10 

CllBKTpanbHOH llnOTHOCTll B38llMOilBI'J:CTBll5! rrepBII'lJHbiX liB iTpOHOB: 

I<' 

r = ~ v __ v_. '_· 
12 a A 

I I<' (I< ') I'" (I< ' ) l' (X , I< ') d 1·:' 
(E ') 

I l· (x,E')f1n(E'),J];' 

(E') 

(5) 

( 6) 

nonyqaeM oKOH'lJaTenbHoe rrpn6nn*eHHoe Bhlpa*eHne nnH crreKTpanbHoli rrnoT-

HOCTH HCTO'lJHHKOB HC!18pBIIIIH: 

E 

T e- 1 

q
3

(x,El=-=.:::E __ 
r< e l 

e 
-----,f.----.1 F' n(x,Ein 3(E')Jl 

(E ') 

( F ' ) d F: ' . 
(7) 

n 

LlnH CllBKTpOB HBI'l:TpOHOB Bb!COKHX 8HBprHJ1 H8 3H8'lJHTBnbHbl ~ TOnl!IHH8X 381JIHTbl 

( CM/ 2/) CPBilHHH 3H8pf'HH B036y)Kll8HII51 HilBP )l<en83il COCTi BnHBT Cor naCHO/ 5/ 

Benn'IHHY 60 M 8B. !j/6! yKa3bJBaeTcH, 'ITO anH TaKn < 8Heprnn B030Y*

neHnH rrapaMeTp a cnenyeT 6paTb paBHbiM 0,1 ll\8s- 1• noncTaBnHH 

COOTBBTCTByJOII!IIB 3H8'lJBHIIH B ( 5) 0 rronyqaeM: 

- 60 
T=y--= 3,3 M8Bj 

0.1. :;r, 

CpenHHH 8HeprHH ncrrapHTenbHbiX uefiTpoHoB paBHa: 
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E f N 
0 

(E) Ed E 
3 

4,35 M:om. (8) 

B KaqecTBe MaTepn:ana aaiUHThl B3HTO Meneao. HeTpyaHo rroKaaaTh, 'ITO 
(m) 

3HeprHSI E 3 C< OTBeTCTBY!Oill8SI MaKCHMYMY tPYHKUHH N 3 (E), eCTb 

E (ml = ; ( f -I) 
3 

= 1,35 M:o.B. ( 9) 

CpeJJ.HHe MHoMeCTB ~HHOCTH ncrrapnTenhHh!X Hei!TpoHoB rrpnBOJJ.HTCH B pa6oTe/ 1 I. 

2. E biCTpbie Heti:TpoHhi 

llnH ueiiTpoH )B, nMeJOIUHX 3HeprHJO HecKonhKO M 3B, pacrrpocTpaHeHHbiM 

MeTOt:lOM OllllC8HHf HX llpOXOMt:leHHH B 38lUHTe HBJ15leTCH MeTOt:l :o.qxpeKTHBHblX 

t:IJ1HH penaKC8UHH ll ceqeHHH BbiBeaeHHHo 3TH rrapaMeTpb! HC!lOJ1h3yJOTCS! K8K 

):(J1S! MOHOXpOMBTl!' eCKHX 6b!CTpb!X HeHTpOHOB 0 118LWIOIUHX Ha 38IUHTy, TaK H 

anH crreKTpOB HeilrpoHoB. ilnnHa penaKcauun o6w'IHO orrpeaenseTcR ncxoas 

na noKaaaHHA Ka:oro-nn6o rroporoBoro neTeKTopa B aaBHCHMOCTH oT Ton

IUHHbi 3aillliTb/8/ • I13B8CTH0 0 'ITO t:IJ1H Hel'iTpOIIOB neneHHSI t:IJ1HH8 penaKC8Ullli 0 

H3Mepeuua>r aeTeK·:opoM c o.¢¢eKTHBHhiM 3HepreTH'IeCKHM noporoM "' 3 M3B, 

rrpaKTH'IBCKH COB!llt:l88T C t:IJ1HHOH penaKC8UHH 0 paCC'IHT8HHOH Ha OCHOB8HHH 

ceqeHHH BhlBeneHH~ HGHTpOHOB/8/. C apyroR CTOp0Hhl 1 ):(JlHHhl penaKCBUHH 

ll C8'I8HliH BblB8Jl81IliSI 0 li3MepeHHble Ha MOH03HepreTH'I8CK!iX IiCTO'lHHK8X HBllT

pOHOB, t:IJ1H 60J1bWliHCTBa BeiUeCTB He 38BHCHT CYIU8CTB8HHO OT 118'I8J1bHOR 

3Hepr1111 HeHTpOHOE/9/. 8 HaweM cnyqae HCTO'IHHK 6wcTphlX HeATpOHOB pacnpe

aeneH no TOniUHH! rronyrrpocTpaHCTBa. KaK 6yneT BHt:IHO n:a aanhHeiiiUero 

ll3J10MeHHSI 0 DJ1H TlKHX yCJ10BHH H8K0!1J18HH8 6hlCTphlX Hei!TpOHOB !1p0110pUHO

H8J1hHO ,\ r 3<flf>eKTHBHOH t:IJlHHe penaKCBUHH 6h!CTpb!X HeHTpOHOB B pac

CMaTpHBaeMOH CpEne. 113 CK838HHOrO cnenyeT, 'ITO t:IJ1SI 0!1HC8Hl!H H8K0!1J18HHSI 

B 38IUI!Te HC!lapn~·enhHb!X HeHTpOHOB MOMHO BOC!lOJ1b30B8TbCS! t:IJ1HH8Ml! pe

J18KC8UHH0 Bbl'IHCJ1eHHb!MH HCXOt:ISI H3 BenH'IHH Ce'leHHH Bb!BeaeHIIH, KOTOpble 

H3MepeHb! LlJ1SI Cll•!KTpa aeneHHSI. 
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Ecnn Ha aawnTy rranaiDT 6wcTpwe HBATpOHhl, To ocna6neHne rrnoTHo

CTH ITOTOK8 6hiCTpb!X HBITpOHOB OITHCbiB8BTCSI <!JyHKUI!Bli Blill8 

( X ) ( X ) ---x-; 
G 3 -,::- = B5 -- e 

r A r 
( 10) 

rne B 6 ( _x_) 
Ar 

- cpaKTOp H8KOITnBHHSij AnSI _x_ » 1 
A. 

<jlaxTop Haxorrnem151 

ITpBllCTaBnSieT COOOI ITOCTOSIHHyiD BBnH'IHHy, ¢aKTOp He KOITnBHHSI B 6 ( +) 
r 

/10/ 
MO)!(HO arrrrpoxcnMupoBaTb cnenyiOmeA <jlyuxuneA : 

B -(B 
n 

-1) e 

- 2__ 

A r ( 11) 

AcnMITTOTH<Jecxoe aua<JeHHB B n rro-BHllHMoMy, MO)!( -10 CLJHT8Tb paBHbiM 

3H8LJBHHIO <jJaKTOpa rrepBOHI1LJI1nbHOI'O H8KOITnBHHSI 6hlCTpbX HBITpOHOB/7/, llnSI 

BhlCOKOITOpOI'OBOI'O ABTBKTOpa 6wcTphlX HB~~pOHOB (rropor 6n!i30K K BBpX-

UBI rp8Hii<JHOfi aueprHH IT8lli1IDIIIBI'O CITBKTpa) Benl!<Jl!Hil n ' OLJBBHAH0 0 6n!i3-

K8 K BllHill!UB, 

He CTDBH ITOK8 38ll8LJBI rrony<JHTb CITBKTpanbHY!l ITnOTHOCTb ITOTOK8 

HBITpOHOB l!CIT8pBHHH 0 38ITHWBM auanOI'H'IH0/2/ l!CXODHOB Bhlp8)!(Blll!B AnSI 

liHTBrpanbHOA rrnOTHOCTH ITOTOK8 HCIT8p!iTBnbllhlX HBITpOHOB, F 3 (x), 

B rrony6eCKOHB'IHOI 38WHTB, !18 ITOBBpXHOCTb KOTOpOf HOpManbHO rranaeT 

WlipOKHA ITy'IOK ueATpOHOB BhlCOKOft ~Ieprllll! 

F
3 

( x) = J d 0 J d x ' J d E " fJ- n (F: " ) n 
3 

( E " ) ~~1 ( x , E " ) 
411 (x') (E") 

I) -X 

G3[ 
A I cos 0 

-------- --------
4 1T C lS 0 

( 12) 

3aecb d 0 = 2 11 sin 0 d 0 anCMBHT TBnBCt OI'O yrnaj 0 - yron 

OTHOCiiTBnbHO HOpManH K ITOBBpXHOCTii 38illi!Thlj X - TCnWHH8 BllOnb HOpMa-

nli K JJOBBpXHOCTII 33IIlliThlj 
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X 

X -A. 
G (--l=e 

3 ,\ r 

[B -(8 -lle --x-;:1. 
n n 

npu HaiTliC8Hllli ( 12) liCITOITb30B8ITOCb Bblp8lt<eHne ( 7) 0 a yrnOBOe pacnpenene-

HIIe HeifTpOHOB HCrrap O!HUil C'II!T8ITOCb 1!30TpOilHbiM. 

KaK rroKa3ano B pa6oTe/ 1 I, Ha OTJJ.enhHbiX yqaCTKax 38IUHTbi rroToK 

HeifTnoHoFI c ::meoruO!it E > 20 M3B MO)I(HO arrrrooKCHMuooBaTb 3KcrroHeH-

uuanbHOA ~yHKUUeA: 

'o 
{ Fn (x ,E ")dE" 

:o 

npHHl!M81l 3TO BO Bl HMaHIIe, rronaraeM B ( 12) 

f dE 
( ~; ") 

11 (E"l n 
3
(E"l F (x',E"l=-;-

3
11 e 

n n • n 

( 13) 

- 11t X 

( 14) 

rne n 3 11 n - ycper neHHoe no crreKTpy nef!TpOHOB BbiCOKHX 3Hepruit rrpOH3-

aenenr:e cpenHer1 )vlf Olt<eCTBeHHOCTH ncrrapnTenbHLIX HeilTpoHoB Ha ce'IeHne 

HeynpyrorO H31li!MO{eHCTBH:l uefiTpOHOB Bb!COKHX 3HeprHif. noJlCTilBITilll ( 10) 

II ( 14) B ( J2) 0 ilOIT) 'IaeM JliTil TOITIUHH x » ,\ cnenyiDmee cooTHorneHne 

M8)1(JlY ITOTOK8MU 6hlCTphlX HBHTpOHOB U HBHTpOHOB BhlCOKHX 3Heprui1:: 

F (X l 
3 1 . ( 15) 

n penrronn f'llBTC ll! 'ITO npaKTH'I8CKU BCerna BbiiTOITHHeTCH. 

Benll'IHHy n 3 H830BeM "tj:laKTOpOM IWKOHITBHIIH ilOTOK/1 6hiCT(JblX neiJT-

poHoB". Dn11 BJ,JCOK )rroporonoro neTeKTopa 6LICTpLIX uei'rTpouoB 

B 3TOM CJI)''Ii:le 

n a/( n 

-----fn 
2 fl 1 

8 

I + I' ,\ 
1 r 

I- fl I A r 

U ~I· 
11 • 

( 16) 



llnH ToncToll: 6apbepHoll: 38IUHTbi ( x »A Bbip8 K9HH9 ( 16) rrepeXOLlHT 

B ( 17)! 

(2) 

B 
3 

n 3/ln 
----fn----

AHanorH'lHO H3MeHHeTcH H Bhipa*eHHe ( 15). EcnH 

_____ )( f'n 

( 17) 

TO 

-I (18) 

YKa3aHHbill: pe3ynhTBT 03Ha'laeT, "'ITO LlJIH 6apbepnoll: I'eoMeTpnn ¢aKTop Ha

KorrneHHH ITOTOKB 6biCTpb!X Heli:TpOHOB COCTBBnReT ITOJIOB <~Hy aaanOI'H'IHOI'O <f>aK-

Topa HaKorrneHRH B crrnornnoll: 38IUHTe, 

npH ITOLlCT8HOBK9 B( 15) H ( 16) KOHKpeTHbiX 3H8'l ~HRII: rrapaMeTpOB MOlK-

HO rrony'lHTb LlJIH TBKHX pacrrpOCTpaHeHHbiX 381UHTHbiX M8TepH8JIOB1 KBK 6e

TOHbl H lK9JI930 1 CJI9LlYIOIUHe ITpOCTbie Bb!p8)1{8HH51 LlJIS <f>aKTOpa H8KOITJI8HHSI 

ITOTOKB 6b!CTpb!X H9li:TpOHOB: 

(1) -
B 3 "'0,55 n 

3 
, 

(19) 

( 20) 

I'Ll9 n 3 - cpeLlHHH MHOlK9CTB9HHOCTb HefiTpOHOB HC rrapeHHH 1 Bb!n8T8101UHX 

H3 HLiep 3BIURTbi rrpn 6oM6apLinpoBKe nx aefiTpoHaMn c 9Heprneft 150-170 M 9B, 

Borrpoc o Bhl6ope senn'lRHhl Bn B (11) coriacno/7/ B 38BHCHMO-

CTH OT BHLl8 H8'l8JihHOI'O CIT8KTpa Heli:TpOHOB H 3H8'l911Hst ITOpora Ll8T8KTOpa 

H9HTpOHOB rrpeLlCTBBJIH8TC51 B 3HB'lHT9JlbHOH CTeiT ~HH HeorrpeLl9JI8HHb!Mo 

no9TOMy 6onee KOppeKTHO LlJIR 8CHMITTOTII'I9CKOI'O <f>aK10pa H8KOITJI9Hll51 ITOTO

Ka 6b!CTpb!X H8HTpOHOB 38ITHC8Tb Bblp8)1{8HH81 Y'lliTbii>BIOIUee OLlHOBpeMeHHO 

(19) H (20): 
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( 21) 

CpaBHeHHe 9Kcrrepl MeHTanhHhiX n pac'!eTHhiX 3HB'IeHHH Ba rrpnaeneHo a 

Ta6n. 1. 

3. DpoMe)!{yTO'I.Hbie aefiTpO.Hhi 

HHJKe rropora Heyrrpyroro pacceSJHHSI HB S!!lpBX HeHTpOHbl TepSIIOT CBOJO 

8HeprHJO TOnbKO 38 C'IeT yrrpyrHX CoynapeHHH. llocTBTO'IHO TO'IHblM H yno6-

Hb!M MeTOt:IOM t:lnSI <'IIHCBHHSl 38MeaneHilSl Hei1TpoHOB SlBnSJeTCSl TeOpllSl B03pa-

CTa. 

B o6meM BHLW Bo3pacTHoe ypaBHeHne nnSl rrpoMe)t<YTO'IHhiX ( 3aMeanSl

IOlilHXCSl) Hei1TpoHOE BhirnSlt:IHT cneayJOlilHM o6pa3oM/ 13 I: 

3necb 

u = 

q (X, U 

en~ 
E 

a q < x, u l 

ar 
=-S(x,ul. ( 22) 

- IInOTHOCTb 38MenneHHSI HeHTpOHOBj 

E 3 - HB'IBnbHOe 3HB'IeHHe 38Me!lnSlJOlllHXCSI 

Hei1TpOHOB (9¢¢eKT~BH8SI 8HeprHSl HCTO'IHHKB 38Me!lnSl!OlilHXCSl HeHTpOHOB)j 

- B03p8CT Hei1TpOHOBj cpeaHenorapH¢MH'IeCKaSl 

rroTepSJ 8Heprnn HeiTpOHOB rrpn 3aMenneHnH; I 5 
ce'!eHHe yrrpyroro pac-

CeSlHHSl 38Met:lnSl!Olill1XCSI HeiiTpOHOB ; W - cpet:IHHll KOCilHYC yrna pacceSJHHSl 

rrpn 3aMeaneHHH; S.x ,u - IInOTHOCTb HCTOiiHHKOB 38Met:lnSlJOlilllXCSl HellTpO-

HOBo 

B KB'IeCTBe 1 rnoTHOCTH HCTO'IHHKOB S ( x , u ) 6epeM tPYHKUH!O ( 23) 1 

C'IHTBSI t:lnSl IIpOCTO rbi llCTO'IHHKH MOHOXpOMBTil'IHblMil: 
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S ( X , U ) 

(m) 

c 3Hepn!eil E ~ ~ E ~ 

n 11 c 3 n 

-11, X 

0 ( u) ' ( 23) 

HeKoppeKTnocTb rrpuMeHeHHH Teopuu B03pacTa ua 6onbwnx paccTOHHHHX 

OT HCTO'IHl!KB 3ElM8LliTH!OillllXCH H8HTpOHOB B 3HB'IHT8ITbi!OH CTeiTeHU yMeHbWB

eTCH BCIT8UCTB!18 pacrrpeneneHHOCTU UCTO'IHUKB 3BM8liTH!OillllXCH Hei:JTpOHOB 

no o6beMy 3BWHThl. 

ilmi LlOCTBTO'IHO 6onbWHX TOITII(HH 38li(llTb! pewE·HH8 ypaBH9HHH ( 22) C 

HCDOITb30B8HHeM ( 23) HMeeT cnenyiOII(HH BHU: 

2 
11t T - h ( u) 

q ( x , u ) = n3 11 n F n ( x ) e 

( 24) 

.I. 
·:; 

u 

rne h ( u l = f 
0 

La(u)du 
- pe3oHaHCHbiH HH"erpan 3axeaTa, Y'IHTbi-

BB!OillllH 38XB8T HefiTpOHOB npH 38M8J:liT8HHH; 

Hei:JTpOHOBo 

l (u) .. C8'18HH8 38XBaTa 

CrreKTpnnhHoe pncnpenenenue noTOKI1 npoMeiKyTO'If!b!X ueihpoHoB, F 1 (x,u l, 

CBH311HO C !IJ10THOCTb!O 38:--18llJI8Hl!H 1!3B8CTHbl~! COOTI!O! !8HII8M/ 13/: 

q (X , U ) ( 25) 

BehH'IIIH11 

B 
1 

( u) = e 

HB3b!BI18TCH "rjJaKTOpOM HI1KOITIT8Hl!H ITOTOKB 3BM8J:l,!H!Ollli!XCH H8HTpOHOB" o 

!1CITOITb3YH pe!lleHHe B03pBCTIIOro ypaBH8HHH LlJIH 6eo OH8'1HOH cp8J:lb! 1 MOiKHO 

npu6mriKeHIIo y•wcTb 6apbepHoCTb 3BWl!Tbi rrpl! ormca mu naKorrneHHH 3aMen-

1 1 



i!SIIOIUHXCSI H8HTpOHOB eCJIH He paCCM8TpHB8Tb BJIHSIHHSI rpaHHUbl H8 pacnpe

l18J18HHe TIJIOTHOCTH liOTOK8 H8HTpOHOB, L!JISI 6apbepa TOJIIUHHOH d tPBKTOp 

H8KOIIJ18HHSI B 4 (X ' I ) 

cneayJOIUHM o6pasol\ : 

CBSI38H C 8CHMIITOTH'l8CKHM 3H8'l8HH8M B 
4 

(u ) 

d-x - -
[ erf ( --=- t- f.L I V T ) - erf ( f.l I V T 

2yr 

( 26) 

B 6onbrnHHCTBe rrpa~TH'leCKHX cny'laeB samHmaeMoe rrpocTpaHCTBO HMeeT 

CT8Hhl If nepeKphlTHSI If no cyTH l18JI8 SIBJISI8TCSI IIOJIOCTb!O B nony6eCKOH8'lHOA 

saiUHTe. floaToMy y'l eT 6apbepHOCTH 38lliHTbi cnenyeT rrpoH3BOllHTb TOJibKO 

llJISI BH8lliHHX CTeH, e llJISI BHyTp8HHHX CT8H If rrepeKpb!THH MO)KHO IIOJib-

30BaTbCSI 3HaqeHHSIMH :paKTopoB HBKorrneHHSI B rrony6ecKoaeqaoA cpene. Ac!lMrrTOTH

'leCKHif tP8KTOp H8KOrrr 8HHH BCero IIOTOK8 IIpOMe)KyTO'lHbiX HeATpOHOB, B ~n) J 0'!8-

BHllHO, eCTb 

(n) 

B 
4 

J B (u)du 
0 4 

( 27) 

rne u T - COOTB8TCTIIY8T T8IIJIOBOH 9HeprHH, CooTB8TCTB8HHO L1030BblH d-:8KTOp 

(g) 

H8KorrneHHSI, B ~ ecTb 

(g) 

B 
1 "T 

= -,:r- J {3 (u) B
4 

(u)du 
~-'n 0 

( 28) 

3necb {3 n - L\038 H l 1 HeATpOH Bb!COKOA 3HeprHHj {3 ( u ) - L\038 H8 1 rrpo

M8)KyTO'lH hiM HeihpOH, HM810lliHA neT8prHIO u ( IIOL1p83YM8B88TCH, 'lTO K8)!\00~1)' 

u - COOTB8TCTBye r orrpenen8HH8SI 3HeprllH E ) • 

B Ta6n. 2 H 3 lpHBeaeHbt p8CC'lHT8HHbie 3H8'l8HHH q,8KTOPOB H8KOTIJI8HII>I 

38M8l1JIH!OIUHXCH Hel11 poHoB B pa3.'1H'lHhtX 6eToHax. CocTaBbt 6eTOHOB npnBe

neHbi B Ta6n 4/1 I. 1- a'l8JibHaH aHeprHSI 3aMennH!OlliHXCH HeHTpoHoB E 
3 

rrpn

HHManacb paBHOH 1,5 MaB. flpn pacqeTe BeCb nHTepBan 0 < u < 18 p836H

BancSI Ha 84 3HB'leHIIH c rnaroM 1'1 u = 0,1 anSI 0 < u < 6 n c rnaroM 

1'1 U = 0,5 QJISI 6 <I < 18 Bo3pacT HeifTpoHoB Bbt'lHCJISIJICSI cornacHo Bbt-
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pa•eHHID (22). napaMeTpW yrrpyroro p8CC8HHHH 6pal1l!Cb H3 pa6oT/14,15/, 

Bo BCeM HHTepBane u BenHqHHB (l -w) JWH BOJl0pOil8 lb!n8 B3HT8 paBHOl! 

2/3; JlllH OCTBllbHL!X Hnep rrpHHHManocb: ( 1 -- .w ) .. 0,8 JlllH 0 < u < 3 

H 0- w) = 1 IWH u > 3; neTaprHH u = 3 COOTB8TCTB/8T 3HeprHH H8HTpO-

HOB E 

h ( u ), 

75 K3Bo 3axBaT H8HTPOHOB liPH 38M8Jll18HHH Y'll!Tb!B8l1CH cbVHKUH8H 

B KOTOpoi\ ceqeHHe 38XB8TB ~ (u) COOTBB'~TByeT 3BKOHY•E-~~ 
" 

3aBHCl!MOCTb f3 ( u ) HCITOllb30B8l18Cb COI'llBCHO/ 16/ j B8llll"'HH8 f3 n CO-

L'IBCH0/17/ rrpHHHManacb paBHOH 0,062 (M63p/qac)/(H8i!Tp/cM2 CeK). 

Ha pHc. 1 n 2 rroKa3aHbi paccqnTaHHbie crreKTpb! 3B~!eDJHIIOIU!lXCH Her"!Tpo

HOB B 06LJqHOM 6eTOH8 H *8l1830-BOJlHb!X CM8CHX, 113 p.tCCMOTpei!IHI pHC, 2 

BHDHO Cl!llbH08 BllllHHHe BOilOpOna !Ia 118KO!Ill8Hll8 H8HTpOIIOB B *8ll830-BOJlHb!X 

CM8CHX. npl! 9HeprHHX H8HTpOIIOB E <50 K9B crreKTp F ( ul B Bonopono-

conep•amnx BemecTBax Mana aaBHCHT oT 

F -1 
KOMY C!I8KTPY B!lllB 

u ' qTo OTJ .eqaeT 9HepreT!Iqec-

B Ta6n. 5 cpaBHHBBJOTCH pacqeTI!bie H 9KcrrepHMe f!TanbHbie al!a"!ei!HH 

B (u,) B •eneaO-BOJlHLIX CM8CHX; u COOTB8TCTB) eT 3HeprHH 1,4 6 9B 

pe3oHanca HHilHH. Pac'!eTHbie 31!aqei!H5l rronyqeHbi coJ'l acno ( 24), ( 25) rro 

orrHcaHHOi'I Bbrme MeTOill!Ke, KpoMe C'JToro, B Ta6n. 5 rrpnroLIHTCH nnH •ene3o

BOJlHhiX CM8C8H B8ll!JqJ11!I,J B 4 ( u I ) , 11pH Bbiql!Cll81!1111 K )TOpblX yqJ1Tb!BBll0Cb 

OTllHqne ceqeHHH 38XBBT8 H8HTPOHOB HllPDMH •ene3a OT !IpH!!5lTOH B pacqeTBX 

38Bl!CHMOCTH ~a • E B 9KcrrepH MeHTanbHbiX ana qeHHHx, rronyqenHbiX 

B/11,12/ y"!T8H8 
) 

ITOrpeWHOCTb, o6yCllOBl!8HHBH rpaJlyHpOBKOH Jl8T8KTOpOBo 

4. PeweHHe ypaBHeHHA B03pacTa rrpa Hannqnn .wyrrpyroro 

pilCC8flii!HI 

B~>nue 61>Il!O pacc~wTpeHo B oT.'l"llhHOCTil HaKorrne!IIJe n 3aiUl!Te obiCTpbiX 

l! rrpoM8)1<yToqHI>IX ueiiTpoHoB, Pn::JJIJPHW n ~IaTe~J.'lTI!qe<KOM rronxone K omJca

HHIO llli~llliJI!IIbiX rpyrrrr HeiiTpuliOB IJC' liO~HlO.ri5l8T liOCTjl ll!Tb 8/HIHOii KBpThllbl 

BC81'0 CllOKTflLl l!Cfla pH T8JJbHb!X •IE' iiTpOi!OI\ B 3.'.llUJI Te, f aKylO 3·'1/Hl qy MO:KHO 

pewHTb 118Ch~1iJ !IpOCT0 1 l'Cl!ll 9KCTjHII10l1!1p013BTb TeOpll 0 B03pi1CT8 118 cny"'ai1 

ueynpyroro pncceHHll5l HeiiTpouoB 1111 >IHpnx, 
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BBeneM cneny~mee onpenenenue B03pacTa HeHTpoHOB B cny~ae neynpyro-

ro pacceHHHH: 

Eo 
r(E 0 ,E l= f 

E 31 
tr 

( 29) 
(F.'l[l (E')~ (E'l+l

1 
(E'l~ 1 (E'l] 

s s n n 

3nech E 
0 

- 3He JrHH netiTpona no 3aMeanennH; E - 3HeprHH HeATpOHa 

nocne 3aMenneHnH; lin (E' l - ce~enne neynpyroro pacceHHHH netiTpoHoB; 

~ (E ') - cpenn• 'norapncjJMnqecKaH noTe pH 3Hepruu netiTpoua npn neynpy-
In 

roM pacceHmm; - TpnncrropT!h)e ceqeJme; 

- cpellHIIH KOCHHyc yrna pacceHHHH rrpH yrrpyroM paCCeHHHH. na-

p11M8Tp 38MenneHII\ ~. (E 'l 
In onpenenHM cneny~mnM o6pa3oM. nycTb 

- HOpMHpOBBHH~H 118 enHHHUY crreKTp H8HTpOHOB0 o6pa3y-

~llli!XCSI rrpH neyrrpyroM paCCeHHHH 118 S!llpBX 38IUI1Tbl HetiTpOHOB 0 KOTOpb!e 

nMeJOT 3tieprnJO 1: '. Torna nng 

f. 
in 

E, 

( E 'l = f Pn 
0 

ilnH oueHoK aenll'lllHW 1;. (F:') 
1'1 

~ (E') 
In 

E' 
-N 

4 
(E ,F: ')dE. 

E 

(30) 

MOlKHO B3S!Tb 

Cf18KTp 0 KOTOpbiH ll 18TCH B CT.lTHCT!I'leCKOH T80pi!H Hll8pHbiX peaKUHH 0 HllymllX 

qepe3 o6pa30B8HH8 COCTABI!Of'O Hilpa: 

T 
F: ' 

a A 

noncTaangg ( 31) 1' ( 30) rrony~aeM: 

' 

_.!L 
T 

(31) 

/6/ 
a = 0,05 .:... 0,10 
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E' 

~ (E') 
In j 

E 
-e 

T 

IToacTaBn>~>~ B (32) 3HaqeHHH 

E 

T 

E 3 = 4,35 Maa H 

HCITOJlb3yH a = 0,05 Maa-1, rronyqaeM 

(m) 

E 3 

~In (E 
3

) = l'n y 4,35 • 0,05 • 56 = l'n 3,5 1,25 

~ (E(m)) =l'n yl,35.0,05.56 
In 3 

( ~2) 

1,35 Maa H 

ITpoaeaeHHbie oueHKH rroKa3biB8JOT, qTo ~. (E) 
m 

B l·blp8)1(eHHH ( 29) MO)I(HO 

ITPHHHTb paBHbiM eaHHHUe. 

ITocne Toro, KBK BBeaeHo orrpeaeneHHe B03pacTa fefiTpOHOB rrpH Heyrrpy

roM pacceHHHH, MO)I(HO 38ITHC8Tb 0 HCXOaH H3 ( 24) 0 6c nee o6mee Bbipa)l(eHHe 

anH ITJIOTHOCTH 38MeaneHHH: 

u 

2 ,, ,, 
flf(u ,u)-h(u ,u) (33) 

q(x,u l=;;--p: F (xlf e 
3 n n 

u* 
N

3
(u"'du 

3aecb u* - i18TaprHH 0 COOTB8TCTByJO!Il8H cpeaHefi 8HeprHH B036y)l(aeHHH 

( M8KCHM811bHOH 8He prHH HCI18pHT811bHbiX HefiTpOHOB) j T ( u ", u ) - B03 paCT 

H8HTpOHOB C HaqaJlbHOH neTaprHefi u II c KOHeqJrofi u ; h( u ",u) - pe-

30H8HCHbiH HHTerpall 38XB8T8 HefiTpOHOB C HaqaJlbHOH neTapruefi u H C 

KOHeqHOH u • 
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OueHKH rroKa3hiBI JOT, '-ITO B MaTepnanax, conep)!{amnx " 0 ,3% n 6onee 

B0/:10p0JI8 ITO Becy ( 6 )JiblllllHCTBO 6eTOHOB 0 HCITOJib3yeMbiX II pH COOpy)!(eHHll 

3811IHT), p. ~1 r ( u ", u ) << l 3axBaT 3aMe/:IJI51I011IHXC51 HeiiTpoHoB rrponc

xonnT B OCHOBHOM B6 fiH3H TeiTJIOBOH 06JiaCTll 0 B KOTOpOH tPYHKUll51 N 3 ( U ") 

ITp8KTH'leCKH paBHa H: JII00 no3TOMy ( 33) yrrpomaeTC51 ll rrepeXO/:IHT B ( 34): 

-h(u*,u) u ( 34) 
( x) e J N

3 
(u")du". 

u* 

ECJIH BBeCTH cpaKTOp 18KOITJieHH51 ITJIOTHOCTH ITOTOKa 3BMe/:IJI51IOI1IllXC51 HeiiTpO-

HOB B 4 ( u ,x ) COrJiaCHO CJiel:lyiOllieMy COOTIIOIUeHHIO: 

B 
4 

(u , :) = 
q ( U , X (35) 

[ .; 
s 

( u) I. s ( U) + I. In (u)] F (X) 

TO /:IJ151 60JiblllllX TOJilli ~H 38lliHTbl 8CllMITTOTH'leCKOe 3H8'-!eHHe ::noro cpaKTOpa 

HaKorrneHH51 ecTb 

0 3 IL n 
e 

B 
4 

(u) = 

( (u)!.
5
(u)+ 

2 
rrpenrronaraeTc51, 'ITO p. 1 r << l · 

-h(u*,u) 

I, in ( u) 

5. TennoBbie nettrpoHbi 

u 
(36) 

J N
3
(u")du " 

u* 

nnoTHOCTb ITOTO~a. HeiiTpOHOB, 38Me/:IJIHB!IlHXC51 /:10 TeiTJIOBOH 

o6naCTH, 06bi'IHO OITHC b!B8IOT C ITOMOllibiO ypaBHeHH51 JlMtPtPY3HH / 13/: 
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J X 

I 
--q(x 

)) 

( 37) 

D - K03qxjlHU11BHT nn¢1jlf311H; T T - B03paCT 

TBITJIOBNX HBHTpOHOB; q ( x , T T - COOTBBTCTByeT B blpiDK0Hl!JO ( 33) ilnH 

U = u T • ll.1H 60Jibllii1X TOJI!UHH 3aiUHTb! pell!BHJie Y[ ElBHBHIHI ( 37) erTb 

(38) 

r < x l = ,, 
a I- (Ill L) 

rne (Ill L ) <I - CB'lBHHB 3aXBaTa TBflJIOBhll IIBHTpOHOB, 

6. CyMMapHhiH CIJeKTp He!"ITpoHoil 

Ha pnc, 3 noKa3aH pacc'li!TnHHbiii cneKTfJ He(ITpo IOB B nony6ecKoueq

uoA l!<B,1B30-IJOLlHOA 3amnTe, Ha nosepxHOCTb 3Cll:U\Ti>I n lJHlBT HOpManbHO ny-

'lOK HBHTpOHOB C H8'l8JibHOH 3HeprneA E 0 = 300 M3II, Conep)KaHHe Bono-

pona B cMecn - 0,4% no IJecy, TonmnHa 3a~'l11Tbl fl x 14, CneKTp HeATpo-

HOB BWCOKHX 3HeprnA LlJIH ITpHHHThlX yCJIOBHH npHilBLlEH B pa6oTe/2/; TaM 

ll<B nnH n cneKTp npoToHoB, PacqaT cneKTpanhHOro pacrpeneneHIIH HeATpOHOB 

HH3KHX 3Heprn!"! rrpoH3BOLlHl!CH cor nacHo ( 1) , (36) n ( 38), Dpn pacqeTe 

rrpi!HIIM8l!OCb, 'ITO ~:* = 60 M3B, n 3 3, nocTpOBf·lle crreKTpa TBill!OBhlX 

HBHTpOHOil ITpOilCQBHO C RCfl0l!b30B.'lHHBM MBKCRBl!llOllCKOTO pacrrpeneneHl!H/ ]3/, 

Ha pnc, 3 ITOKB~li1Hbl LlJIH CpaBHBHHH Tal{)KB C ITCKTphl HBHTpOHOB B 

3BlllliTB Ha TOl!lUII!Ie J1 x 14, IlpiiBBLlBHHb!B B pc6L>Taxf18,19/, 8/18/ 

Ha<JanbHaH 3HeprnH uei-iTpOHOB E 0 = 300 M3B; B/19/ E 0 = 500 M3B, 

Bbi'liiCl!BHHH/ 18/ rrposeneHbi MeTOLlOM M:: .. uTe-Kapno; BII'lHcnennH/ 12/ - Me

TOLlOM peweHliH ypaBHBHRH nepeaoca B rrpn6nn)KeHHn "np:IMO-IJnepen". CneKT

pnl pa6oT/18,19/ Ha pHC, 3 OTHOpMHpOB8Hhl OTHOCI!TBl! >110 ClH?KTpa }, 
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7. faMMa-nanyqeane 

ByneM paccMaTpllBBTb Tpll ocHoBHbiX llCTO'IHllKa raMMa-ll3llY'leHH.H: 

1) OCT8TO'IHO€ B036Y*IleHlle .H!lep IIOClle p83BllTll.H BHyTpll.H!lepHoro 

KBCKBilB (qacTb B036Y*Il€Hll.H CHllM8€TC.H HefiTpOH8Mll ll 38P.H*8HHhlMll 'l8CTll

U8Mll); 

2) Heyrrpyroe ]'8CC8.1l:Hll.H 6b!CTpb!X HefiTpOHOB H8 .H)lpax; 

3) pa!lll8UllOHHI Ill 38XB8T 38Me!lll5!IO!llRXC.H ll Teiil!OBbiX HenTpOHOB. 

Ilpe*ne, qeM m·pei1Tll K orrncaHRIO rrpouecca HaKorrneHll.H raMM8-ll3nyqe-

Hll.H B 381UllTe, IIOllY'lllM H8KOTOpbl8 COOTHOIU8Hll.H 0 X8p8KT8pll3Y!Oillll8 ero llC

TO'IHllKll. YacTb 8Her rnn B036Y*ileHn.H, KOTopa.H yHOCllTC.H ncrrapnTenbHbiMll 

HeihpoH8Mll 0 E llCII. , 8CTb 

(39) 
E llCII. = n 3 ( E c + f ) ' 

rne E 0 - 8Heprll5 CB.H3ll HefiTpOHOB B 5!!lpe; 

B rrpeHe6pe*eHllll llC!IapnTenbHbiMll 38P>I*eHHbiMll qacTnuaMrr Ha non10 raMMa
( 1) 

ll3llY'l8HR.H OCTaeTC.H 'IBCTb 8Heprllll B036Y*IleHll.H 0 E y ' p8BH8.H! 

(I) 

Ey = E * - E Herr. 

CrreKTpanbHoe paCITJleneneHHe, rro-BR!lRMoMy, 6e3 6onbiiiOfi rrorpeiiiHOCTR 

MO*HO B3.HTb aHanor 1'IHhiM crreKTpy MrHoBeHHoro raMM8-ll3nyqeHll.H, ncrryc

KaeMoro rrpn neneHll!!/20/, T.e. 

rne v 
-1 

1,1 M8B • 

(I) 
N (E) 

y 

(I) 2 
E v y e 

18 

-vE (40) 



npn HeyiTpyrOM pacce>IHlili H8 >!Jlpax 6biCTpbie HeiiTpo !bl liOTep>IIOT B cpen
(2) 

HeM 9Hepr'li10 E y : 

9HeprH>I E, rrepenaeTC>I >!Jlp8M OT)laqn IIpH yrrpyroM [8CCe>IHHH. npH p8JlH-

8!lliOHHOM 38XB8Te IIpOMe)l{yToqHQf'O HJili TeiiJIOBOf'O He: iTpOH8 BbiJlemieTC>I B 

BHJle 38XB8THOf'O f'8MM8-li3JiyqeHH>I 9HeprH>I 0 6JIH3K8>1 9H' ~pr'Hli CB>I3li HeihpoHa, 

T.e. E 0 • 3HepreTnqeCKliH COCT8B 38XB8THOf'O f'8MM8-li 3JiyqeHH>I 0 T/ ( E 1 ) • JlO

CT8TOqHO XOpOWO H3yqea H IIpHBOJlHTC~ B p>Ine MOHorra~HH li CIIpaBoqHHKOB 

ITO ~H3HKe 3BillHTbi (eM., HarrpHMep,f7,9,13,21/). AHanorHqHbiH ciTeKTp ITpnMeM 

n nnH raMMa -H3nyqeHH>I, B03HHKaiOwero ITpn HeyiTpyro vt pacce>~HHH 6biCTpbiX 

HefiTpOHOBo 

TaKHM o6pa3oM, AJI>I crreKTpanhHofi ITJIOTHOCTH HcToqHHKOB raMMa-

H3nyqeHH>I rronyqaeM, COOTBeTCTBeHHO, CJieJly!OIIIHe Bb!p8)1{eHH>I! 

q (I) ( X ' E ) = p. F I ( X ) N ( I) ( E ) ; 
Y n Y 

(2) 
q (x,E l=~ 

y in 

Fa(x) 7J(Ei )F:;2) 

~TJ (E ) E 
(i) 

e 
h(u ) 

T 

( 41) 

( 42) 

(43) 

~ ~ - ceqeHHe HeyiTpyroro pacceHHHH 6wcTpwx HetTpoHoB, ycpenHeHHoe 

ITO ciTeKTpy nciTapeHH>I. B BbrpalKeHHH ( 43) ITpenrronarae"c>I, qTo Bee 3aXBaT-

HOe f'8MM8-H3nyqealie B03HHKaeT ITpH 38XBaTe TeiTnOBhlX HefiTpOHOB 0 npoXO)I{-
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neHHe I'8MM8-H3nyqeHHSI 'lepe3 BemeCTBO, K8K Ilp8BHno, OilHCbiB8eTCSI C 

HCITOnb30B8HifeM ~8K'T OpOB H8KOI1neHHSI, p8CC'llfT8HHbiX MeTOLlOM MOMeHTOB/ 22/ • 

LlnSI Bbl'IHCneHHH ynof HO HCI10nb30B8Tb 8H8nlfTH'leCKOe Bblp8lKeHHe nnSI Ll030BO

I'O (HnH SHepreTH'IeC{Oro) ~8KTOp8 H8KOI1neHHSI, By , TO'le'lHOrO lf30Tpon-

HOI'O HCTO'IHHKa: 

(44) 
B y (p. 6 r ) "' 1 + f (E) p. 

6 
r , 

- nonHbiH KOa¢qlHU!feHT 

nornomeHHSI raM Ma-l 3ny'leHHSI. BbipaJK:eHHe ( 44) nono6paHo HcxonSI H3 3Ha

'leHHil: ~8KTOpOB H8KOIIneHHSI, p8CC'lHT8HHbiX MeTOLlOM MOMeHTOBt 22t. cl>yHKUHSI 

f(E) 

E 

rne 

2,4 

E 
C TO'IHOCTbiD 10 ~ 20% LlnSI z = 10 ~ 30; p. 6 r~ = 15; 

2 ~ 8 MaB. l1;nonb3YSI (41) 

. (I) 
J y 

Fn (X ) 

(2) 

_i_Y __ = 
F n (x) 

. (3) 

J y 

F n (X ) 

v' B 38IIIHTe: 

I' I 

I(F:)fL6(El I+ u:TE)" 
(2> 2 - -vE I 1'6 

E y v fL n f dE E e +2Uf'n ]; (45) 
(E) fL6(El-fL7 ,..I fL I 

1-
fL 6 (E) 

• (2) 

ll ~ L 1 E 
--· __ "_Y_ L TJ ( E 

L TJ 11·:1 ) E. (I) 

I+~ I(~; I )fL 6 I fL 
) [ -..,.---,..- + _I_ fn _____ 6_1 --

2fL I I- fL I 

(46) 

(I) fL 61 

2 
I' I T 

T fL I 

fL n .1 w: I) fL 61 j 
I + 

_" __ --- L Tf ( E ~-+ -fn 
fL 6! l. (47) 

1- (~ I I.) 2 (i) fL 6i2 - fL I 2fLt 1 
fL 1 -
fL 61 

fL X >> I . 
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CyMMapHbiH rroToK 3HeprHH raMMa-usny'!eHHH ecTb 

(48) 

CrreKTpanhHOMY pacrrpeneneHHJO neii:TpOHOB Ha puc, 3 coo"BeTCTByeT paccqn-

T8HH08 3H8'!8HH8 ITOTOK8 3Heprllll raMM8-H3nyqeHHH Jy paBnoe 67,4 M3B, 

B crreKTpe neii:TponoB na pnc, 3 qncno neii:TponoB c 3Herrneii: F.> 20 M3B 

paBHO 3,94, T,e, Ha 1 neii:TpOH Bb!COKOH 3HeprHH B 38illll1 e li3 :IKenesa C CO

nep:IK8HH8M Bonopona 0,4% no Becy rrpuxonHTCH rroToK 3HeprHH raMMa-usny

qenHH 

KoMrroHeHTHbiH cocTaB 

j ·(X) 
y 

F (X) 
n 

(I) . (2) 

iy 1 y 
. ( 3) 

ly 

( 49) 

0,439:0,1/5:0,386, OepeBOJlH 

ITnOTHOCTb ITOTOK8 3Heprlili B MOillHOCTb Jl03bl COr nACHO COC THOW8Hii!O ( CM/20/) 

rronyqaeM: 

j r 

D 
_Y_ 

F 
n 

9 2 
2,35,10 M3BICM p, 

-3 2 . 
7,3,10 MKp,CM /Hel'!Tp, 

/8/ ) B 3KcrrepHM8HTax yKasaHHoe cooTHOlll8HH8 rrony'!eHo paBHbiM ( 9 :!:.. 2 , 

10-3 MKp,CM2/neii:Tp; B K8'!8CTB8 Jl8T8KTOP8 HCITOnb30B8l8Cb P8HTr8HOBCK8H 
eo 

rrneHKa, OTrpa!lylipOB8HH8H Ha HCTO'IHHK8 Co· B ITO'I<!pH8HH8 rrneHKH A8-

B8nli BKnBJl rrpOTOHbl, p acqeT JlnH CT8IT8Hii ITO'l8pH8Hii5l 0 )6ycnoBn8HHOH rrpo

TOH8MH (cM,/2/) Jl88T B8nli'IHHY 3KBHBaneHTHOH Jl03~: 
' 

D -3 2 
_P_ = 3,8,10 MKp, CM /neii:T(, 

F 
n 
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JlnSI cyMMapHoro 110"18pH8HHSI 1 o6ycnoBJ18HHOrO raMM8-H3J1Y"'8HH8M H 

rrpOTOH8MH 1 rrony"'a€ M B8J1H"'HHy: 

[ 
y 

F 

-3 2 
11.10 MKp. CM /HeilTp; 

n 

9T8 B8J1H"'HH8 BllOJlHI! YAOBJ18TBOpHT8J1bHO cornacyeTCSI C 9KCIIepHM8HT8J1bHhlM 

-3 2 
3HaqeHifeM (9 ±.. 2). 10 MKp.cM IHeATp, 

8. ilc3a H3ny~eHH~ H K03¢~HUHeHT Ka~eCTBa 

B Ta6n. 6 rrpoi.o~HTCSI cpaBHeHHe BKnaaa B cyMMapHyiO ao3y pa3J1H'lHhiX 

KOM110H8HTOB H3J1Y'l8!Hll .QJ1SI CJ1Y'l8H1 rrpe.QCT8BJ18HHOrO Ha pHC, 3, ITOTOK H8llT

pOHOB c aHeprneA E > 20 MaB rrpnHnMancSI paBHhiM eanHnue. Pac'l~T A03hi 

H8HTpOHOB rrpOH3BOIJ HJ1CH cor naCHO .Q8HHhlM 1 rrpe.QCT8BJ1eHHhlM B 063ope/ ~::!/, 

JlnH llpOTOHOB K09¢'PHUH8HT Ka'JeCTBa 11pHHHM8J1CH paBHbiM 8lllfHHU8,.1HCXO.QH 

H3 TOI'0 1 'lTO ClleKTJ 11pOTOHOB rrpe.QCT8BJ1eH B OCHOBHOM 11pOTOH8MH C 9Hep

rnefi E < 250 MaB, a anSI TaKnx aHeprnA Koa!flqmuHeHT Ka'leCTBa rrpHfum-

3HTeJ1bHO paBeH eaiRHue/24,25/, ITpn cocTaBneHnn Ta6n, 6 rrpnHnManocb, 

'lTO ITOTOK lf3J1Y'l8Hl!H HH3KOH 9HeprHII 38 38lllHTOH B 2 p838 HIIJK8 110TOK8 

li3J1y'leHHH Hli3KOA IHepr~ll B 38IUHTe, 

B Ta6n, 7 rrpH!~llHTCH 9KC11epHMeHT8JlbHhle U8HHhle 110 COCTBBy H3llY'IeHHll 

3a 3BIUIITOil rrpoTc HHoro CHHxpoTpoHa UEPHa ( aHeprnH rrpoToHoB 28 faB), 

XapaKTepncTnKa aeT· !KTopoB H3nyqeHni1, HC!IOllb30BaHHbiX rrpH li3MepeHnHx, rrpH

Be.QeHa B Ta6n, 81 :;: 7/ • MoJKHO C'lHTBTb .QBHHhie Ta6n. 6 If Ta6n, 7 cornacy

IOIUHMHCH MeJK.Qy co5oi1, 3Ha'JHTeJibHO 60J1bllll!H BKJ18.0 Tei1J10Bb!X HeHTpOHOB 

B .Q03Y B 9KC11epHl\18HT8J1bHbiX L\BHHbiX ( Ta6n, 7) 06bHCHSieTCSI TeM 1 'lTO 

H8KOITJ1ef!l!8 T8ITJ10B",JX Hei1TpOHOB B 06bi'lHOM 6eTOH8 110 OUeHK8M COI'J18CHO 

( 3~) rrpH6J1!13l!TeJ1bf 0 B 30 pa3 6oJibiile, qeM B paCCMOTp8HHOH JKene30-BOU

HOH cMecH, HeKOTO! hle rrpeBhliileHHe pacq~THhlX naHHhlX (Ta6n, 6) 110 qacTn

uaM BhlCOKIIX 9Hepr1ll H8.Q COOTBeTCTBYIOIIlHMl! 3KCITepl!MeHT8JlbHhlMll DBHHhl

Mll ( T86J1, 7) MOJKJ"O 06bHCHHTb B03MOJKHblM JI8J1l!'lHeM paCC8HHHblX H3J1yqe

Hl!H B 9KC11epHMeHTfX/27/, 'ITO BeneT K OTHOCHTeJibHOMY "CMHI''IeHHIO" BCero 

crreKTpa li3J1Y'IeHHH l.JTO K8C8eTCSI KOarp¢llllli8HTil K£1'18CTB8 li3J1Y'IeHl!H 1 TO 
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pacqeTHbie J:taHHbie cor.nacy!OTCSI C pe3y.1lbTaTaMH 8KCITe[ HMeHT8.1lbHbiX HCC.ne

POBBHHH/26/ H/27/, 

BbiBOIIbl 

HaKorr.neHHe H3.nyqeHHfi HH3Kofi aHeprHH B 3BlliHTe, qepe3 KoTopy!O rrpo

XOAHT HeHTpOHbl Bb!COKHX 8HeprHH 1 BITO.nHe YAOB.neTBOpllTe.nbHO OITHCbiBaeTCH 

C liOMOIUbiO MeTOAHKH, H3.1IO)!(eHHOH B HBCTOSIIUefi pa6oTe, Yl3 ciJBBHeHHSI 8KCllepH

MeHT8.1lbHblX H pacqeTHbiX pe3y.nbT8TOB1 OTHOCSilliHXCSl Ka { K OTAe.nbHbiM KOM

ITOHeHTaM H3.nyqeHHH HH3KOH 8HeprHH1 TBK H cyMMapHOH :(03e 1 MO)!(HO CAe.naTb 

38K.1l!OqeHHe 0 rrpaKTHqeCKOH IIpHeM.neMOCTH H3.1IO)!(eHHOr< MeTopa IIpH pacqe

TBX 38IUHTbl yCKOpHTe.nefi, 

ABTOp Bbipa)!(aeT 6.naroaapHOCTb B.C,KHce.neBy 38 ITOMOllib rrpn pac'!e

Te <!JaKTopoB HaKorr.neHHH rrpoMe)!(yTO'!HbiX HefiTpoHoB H M ,M .KoMO'IKO.BY 3a 

COBeThl H 3aMe'!aHHH, 
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3, I.Dostrovsky, R.Bivins, P.Rabinowitz. Phys. Rev., 1.1.1., 1.659 

(1.958). 

4. K.J.Le Couteur. Proc. Phys. Soc., 65A, 7 j 8 ( 1. 952). 
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I 
I 
'I 
l 

Ta6m.1ua I 

CpaBHeHHe SKcnepHMeHTaRbH~X H pactieTH~X 3HatleHHH waKTOpa 

HaKOliRenHff liOTOKa 6~CTp~X He~TpOHOB B HeKOTOp~X MaTepHanax 

MaTepMaJI 

?\\eJio3o, 

r = 7,8 r/cM3 

'i' n;WJJLIH 6eTOH, 

I'= 3,5 rjcM3 

OcJbit!IlLili 6eTOH, 

r =2,3 r/cM3 

-. 
"·' 

2,35 

T,60 

I,06 

PactieT 
(cornacuo (2I) ) 

I ,OI ±. 0,28 

(],69 ±. O,I9 

0,46 ±. 0,13 

3Kcnep~u& eHT 

0,90 ±. 0,23/II/ 

0,65 + 0 I8 /I2/ - ' 

X) IfoJiytieHO rryTJJI !tlHTepnOJifll.(H!tl ;naHH~X ;;;.i,J.l\OMOt!l\OBa B /?/. 
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Ta6mu~a 5 

~aKTOPN HaKOnJeHHH He«TpOHOB HH~HeBoro peaoHaHca \ E~ I,46 3B) 

B lleJie30BO~Hbl:li C.MeCHX, B, ( u 1 > 

Co~ep~aHHe Bonopo~a , % no Bee. 

: u,I07 ±. O,I7 0,245 ±. 0,020 U,467 ±. 0,017 

3KCT18]!HM8HT /II/ I ,I3 ±. 0,27 0,55 ±. O,II 0,29 ±. 0,06 

Pac- rx>:"a=3 I,IO ±. O,I7 0,57 ±. 0,04 0,34 .±. u,OI 

qeT ex):- -2 35 • na- t ) ,86 ±. u ,I3 0,45 ±. 0,03 0,27 ±. u,ui . 
3xx): "a=2,35 ),95 .±. O,I5 0,47 ±. U,Uj 0,26 ±. O,OI 

X) C yqeTOU 0 rKJIOHeHHH 3aBHCHMOCTH :i, (E > 
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