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BneneHHe 

KaK H3D8CTHO, npH coy.11apeHHH npoTOHOB C HeATpoHaMH npH 3HeprHHX OKOllO 100 Man 

H BblW8 npoHCXO.!lHT OOM8HHOe B3aHMO.!l8ACTBH8 HyKnOHOB. ¢u3H'18CKH OHO HHTepnpeTHpyeTCH 

KaK nepexo.11 aapmKeHHoro Meaoaa ( " + HnH ,r- ) 01' HeATpoHa K npoToHy H o6paTHo: 

D = p + fT 

npH coy.11apeHHHX HyKnOHOB BblCOKBX 3HeprHA C !1.!lpaMH BCJ18.!lCTBHe 3TOro HMeeT MDC

TO 'nepeaAp!!.!lKa' HyKJIOHOB. npouecc 'nepeaapH.!lKH' Bblpa>KaeTCH B TOM, 'ITO ecJIH Ha H.!lpO 

na.11a10T, HaupHMep, npoTOHbl BblCOKHX aHeprHII, TO nocne B3lUIMO.!l8ACTBll!I B nyqKe Bblll8Ta10-

IUHX qaCTHI{ OOHapy>KHBalOTCH HeATpOHbl C 3HeprHHMl'I_ llO'ITH paBHblMH HJlH H83Haql{T8JlbHO 

MeHbWHMH, '18M y npOTOHOB, np11 3TOM HeATpOHbl BLICOKHX 3Hc>prHA BL1neTa10T B Hanpasne

HBHX, 6JIH3KHX K HaupanneHHIO .!lBH>K8HHR npOTOHOB. no.!lOOHblM >Ke OopaaoM OOMoap.!lHpOBKa 

H.!lep H8ATpoHaMH BblCOKHX 3HeprHA npHBO.!lHT K HcnycKaHHIO J10Kan11aosaHHblX Bnepe.!l npoTo-

110B .!lOCTaTO'IHO BblCOKHX 3Hepr11A. nocne.11onaT8JlbHOA TeopHH, OllHCblBaiorueA 3TO HBJ18HHe., 

HeT.Pac'leTbl BHyTpBH.!lepHblX .KacKa.!lOB npouecca He 001,HCHHIOT. HH:>Ke Mbl OllHW8M 3MUB

pH'leCKHe xapaKTepHCTHKH nponecca nepeaapH.!lKH .!lllll Toro, 'ITOObl npHBJle'{b BHHMaHHe K 

npo6neMe. PeweHHe 3TOA aa.!la'IH HeooXO.!lHMO .!lllil llOHHMaHIIH MexaHaaMa saaHMO.!leACTBHH 

OblCTpblX '18CTHU C H.!lpaMII H OK83blBaeTCH sa>KHblM npa paCCMOTpeHIIH PH.Ila npaKTH'leCKHX 

BOnpocoB, HaupuMep, pacqeTe aaIUIITbl COBpeMeHHblX ycKOPHTeneA H T • .!l. 

ABTOp He npeTeH.11yeT Ha nonHoTy o6aopa nHTepaTypbl no .11aHHoA TeMe. XOTH co spe

MBHH onyoJIHKOBaHHH 60JlbWHHCTB8 pa6oT npowno 6onee 10 neT, MHOrHe BOnpOCbl H3y'leHbl 

He.!lOCT8TO'IHO. nyqwe ncero Hay'leHbl yrnOBbte pacnpe.11eneHI1H H 3HepreTH'18CKHe cneKTpbl 

HBATpOHOB nepeaapH.!lKH npH o6ny'leHHH 6epHJIJ1HH npOToHaMH BblCOKHX aHepruA, 'ITO 061,gc

H<leTC!I HCllOJlb30BaHH0M Ha MHOrHX ycKOpBTeJIHX 6epHnJIHeBoA MHWeHH B K8'1ec1·ne 

HCTO'IHHKa HeATpOHOB, 

YrnOBble pacnpepeneHHH HeATpOHOB BhICOKHX 3Hepr11tt: 

npH H3y'leHHH yrJIOBblX pacnpe,!leneHHA OllblTbl CTaBHJlHCb CllB.!lylOIUHM oopaaoM: H8ATp0-

Hbl nonyqanHCb npH 60M6ap.11HpOBKe paanH'IHhlX aneMeHTOB (oT JlIITHSI .!lO ypaHa) npOTOHaMH 

Bl>lCOKHX aHeprHA, MHweHH ua Bl>lopaHHbtX MaTepHanon noMetuanHCb sHyTpb K8M8pbl ycKopa:

Tena B 30Hy KpaAHHX OpOHT ycKOp<!eMblX npoTOHOB. 8blJ1eTa10ruHe HeATpOHbl perHcTpHpOBaJIIICb 

BH0 K8Mepb1 C llOMOIUblO p83nH'IHl,lX .!l8T8KTOpOB, paaMerueHHblX B nnocKOCTH nyqKa DO.!l paa

HblMH yrnaMH K KacaTenbHOA K op6HT8 npOTOHOB, npoXO.!l<IIUeA qepea MHWeBb, 

Yrnosoe pacnpe.11eneHHe HeATpOHOB aayqanocb C llOMOIUblO yrnepO.!lHblX .11eT8KTOpOB 

npa 3HeprH<IX 110 H 340 Mas
11 •21• HaMepeHBe HeATpOHHblX llOTOKOB B 3TOM cnyqaa OCHOBhl· 
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B88TCll ua onpe.neneBHR B8nK'lllBbl RBT8HCRBBOCTH xcnycKSBBll- n03HTpOBOB OT pacna.na H30TO

na ell, 06pa3yio1UerocH B frnepo.ne no peaKnaa ( n , 2n ). Dopor peracTpauxa ueATpouoa 

yI:'nepo.nBblM .neT8KTopoM ne>KRT a paAoue 20 MaB. 

C noMOlllblO ~HCMYTOBblX K&Mep .neneBHll RIIR TenecKonoa CllllBTHnllH!lBOBBblX C'l8T>IHKOB 
/3/ /4/ /5/ 

yrnoaoe pacnpe.neneue ueATpOHOB onpe.nenHnOCb npa aueprHHX 95 , 170 , 330 , 

480161 a 680 MaB /7 /. nopor perHcTpanHR ueATpOHOB BHCMYTOBbIMH KauepaMR .neneHHll 
/5-7/ 

ycTaHOBll8B B8.llOCT&TO'IHO ua.ne>Kuo, H B paooTax ero npHBRMalOT ne>KalUHM B o6nacTR 
/3 4/ · 

OT 50 .no 100 Mas. B CllHHTHIIIISlllHOHBbIX C'l8T'IHK8X • ueATpOBbl .neTeKTRpOB&nxCb no npo-

TOHaM OT.lla'lll, po>K.na101URMCSI B ao.nopo.noco.nep>K&lURX MHW8BHX. nopor 3B8prHH 3a.naeTCK 

yrnoM OTll8TS npOTOHOB OT.lla'lll OTHOCHT811bHO uanp8B118HHK aeATpOBHOro ny'IKS. MeHKK yr011 

ua61110.neHRll npoTOHOB, nerKO H3M8HHTb nopor perHcTp&llHR H8ATpOHOB. 

C noMOlllblO !pOTorpacpR'!eCKBX auynbCRA yrnoaoe pacnpe.neneBH8 ueATpOH.OB OT 6epRn

nH8B0A MHW8BB H3M8pS1110Cb npR 1,0 H 2,2 raB/
8

/ • npa RCll01lb30B&HHR !pOTOnnaCTRHOK 

npoH3BO.llHIICK OTO Op 3B83.ll C qucnOM '18pHbIX ny'leA ~ 8. 

I Bo BCeX OllbITSX OTMe'laeTCK xcnycKaHHe HeATpOHOB BbICOKBX aueprxA no sanpaaneBHIO 

.llBB>K8BHSI npOTOHOB. MaxcxMallbBaK BBT8HCHBHOCTb H8ATpOBOB ua6n10.naeTCH Ba KSCaTellbHOA 
0 

K op6RT8 nyqKa. npoxo~UllU8A '18p83 MHW8Hh. 3TO HanpaaneBHe npHBHM88TCK 38 0 • no 

Mepe OTKnOH8HRK OT Hero, RHT8HCHBHOCTb H8ATp0BOB yM8HbW&8TCSI CHMM8TpH'IBO B o6e CTO-

l'J. nHKS B pOBbl. 8 Ka'l8CTB8 M8pb1 yrnoaoro pacnpe.neneHHSI npHBHTO npHBO.llHTb WHpHBY 

TOqKSX, r.ne HHT8HCRBHOCTb yMeBbW88TCK B 2 pa3a no cpaaueBHIO C MaKCHManbBOA. 3Ba'l8""' 

BBK nonywapHHbl yrnoBblX pacnpe.neneuaA .ans p83nH'IHblX onblTOB H auepraA npoToBoB npu-

ae.neHbl B Ta6nane 1. 

PaccMOTpHM BBaqane .naBHbl8, n011y'18BBbl8 HS .neT8KTOpax C npKMepHO O.llRHaKOBOA Be

llH'IHHOA nopora ( uanpxuep, .naBHble .llllH BHCMYTOBblX KSMep .neneHRH H CllRHTKnllHllHOHHblX 

C'l8T'IRKOB C OIIR3KHMH Bel!H'IHHaMH nopora). Ana HHX Ha61110.naeTcH MOHOTOHHoe yueHbweuue 

n011ywHpHHbl pacnpe.neneHHH, 3& OT.ll811bHblMH HCKIIIO'leHRHMH, C yBenH'leHHeM aHeprHH npOTOHOB. 

Tonbxo .nna 95 MaB aenaquHa l'J. nonyqeHa y 6epannall MeHbweA, 'leM npa 170 MaB. Haqa

uaH C 170 MaB, DOBblW8HHe aHeprHH npOTOHOB .no 680 MaB npHBO.llHT K cHcTeMaTH'leCKOMY 

yueHbWeHHIO nonywapHHbl l'J. 6onee '<leM B .naa pa3a. AHanorH'IHblM o6pa3oM B onblTax , 

r.ne .ll8T8KTOpaMH cny>KHIIH cpOTODIIBCTHHKH, yaenH'l8HHe aHeprHH OT 1,0 .no 2,2 raa CHH>KaeT 

l'J. a 1,4 pa3a. Ha yrnepo.llHhlX .neTeKTopax TaKoA TeH.neuuaa iie Ha61110.naeTcS1, nonywapaHy 

a HMeeT M8CTO cxopelt nocTOSIHCTBO nonywHpHHbl pacnpe.neneHHH .llllH aHeprHA 110 H 330 Mas. 

3TO npOHCXO.llHT, no-aHJlHMOMY, a3-3a HeO.llHHaJCOBblX ycnoBHA 3KCDepHMeHT0B B paccMaTpHaae-

MblX paooTSX. 

noablW8HH8 nopora JleTeKTOpa npH HelI3M8HHOA aueprHH npOTOHOB TaK>K8 npHBOJlHT K 

yM8HbWeHHIO nonywHpHHhl l'J. • Hau6onee OT'leTIIHBO TaKall 38BHCHMOCTb nollBIIHeTCll .llllll 

170 MaB. AHanorH'IHall 38BHCHMOCTb SHAHS JlllSI 6epHIIIIH8BOA MHW8BB npH .. HeprRH 95 Mas, 

r.ne yaenH'leHHe nopora OT 48,5 JlO 70,7 ,'v\aB CHH3HIIO nonywHpHHY OT 21.5° l],0 14,5°-17,5°. 
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npOTOHOB 

MaB 

110 

330 

95 

95 

95 

170 

330 

480 

680 

1,oraa 

2,2raB 

Ta6nana 1 

YrnOBbl8 pacnpe.neneBHH BeATpOBOB nepe3apll.llKH 

MR1U8Hb 

Bl, Al, Cu, Pb 

Be 

Al, Cu 

u 

Li, Be 
C 

Al, Cu 
Pb 

Li, Be, Al, Cu 
C 

Pb 

Li, Be 
C 

Al, Cu 

Pb 

Be 

Be 

Be 
C 
Cu 
Pb 

Be 

Be 

Be 

nonywxpaua 
yrnoaoro 
pacnpe.neneHHK 

l'J. 

21°-29,5° 

21° 
29,5° 

29° 

21,5° 
26,5° 
22-230 
25° 

16 - 17° 
2105 
27 

14 - 17,5° 
170 

13,5 - 14° 
22° 

33° 
30° 
28° 
250 
200 

24° 

15,7° 
160 
18 5° 
23° 

14,5° 

90 

6,5° 

5 

nopor 
THll .ll8T8K-
.ll8T8KTOpa Topa, 

MaB 

YrnepO.llHble >20 
.lleTeKTOpbl 

> 20 

C11uHTH11m1-
llHOHHble >. 48,5 
C'leT'IHKH 

- , -

BucMyToaag 

>65,9 

·>70,7 

> 50 
> 61 
> 83 

>100 
>120 

KaMepa >50 

- . - >100 

- . - 50 

<l>OT03MYllbCHH >550 

> 550 

naTe
paTy
pa 

2 

Dpuue
'!aBae 

---H-aA.neHo 

3 

3 

3 

4 

5 

6 

1 

8 

8 

HaMH no 
_naHHblM 
llHTKpyeM. 
pa6oT 

- , -

- , -

3Ha'l8HH8 
nopora 
IlOBHJlH
MOMy 3a
Bb1W8HO 



8M 

.!lm1 paan11"1Hb1X MIIW8H81! H8l>nIOJl88TCll cna6oe B03p8CT8HH8 senH"IHHbl !:,. C ysenH'l8HB

B paanB"IHblX Ollb1T8X OHO He OJlBH8XOBO B !Sonae 

BCTpe-
DOpllJllCOBOrO HOMepa o6ny"l88MOrO 11Jlp8, 

an• 3H8prBIIX naJlBIOWHX npoTOHOB, HaorJla 

48,5 Maa131 • rJle 3H8'18HB8 
OT'l8TnBBO BIIJlHO up• BblCOXBX noporax 

nonyu,a-
qa10Tc11 Bb&6pocbl, HanpaMep, npa yrnepoJle npa nopore 

pBHbl oxa3anocb 6onbWe, qeM Jlnll CBBHUOBOII MIIW8HB, BepOllTBO npe>KJl8 acero 3Jl8Cb Tpe-

6yeTCll yTO'IHeHae axcnepHMeHT8nbHblX Jl8HHblX, Ysena'leBBe nonywapBHbl pacnpeJleneHBll y 

Tll>KenblX aneMeHTOB 
061,llCHlllOT 3HB'IBTe.tbHblM BKnBJlOM OT Hel!TpOHOB Bbll>BBBHBll, Kax yxa-

3880 a 131 , XOJl xpHBOII yrnosoro pacnpeJleneHBll ael!TpOBOB seCbM8 
6nH30K K 3BBBCBMOCTB 

Jlllll ( n, p ) - pacce11HBll Ha cso60JlHb1x . ayxnoaax. 

CnexTpbl Hel!TpOHOB B3Y'IBllBCb npH 3HeprBHX npoTOHOB OT 05 JlO 660 Maa

13
,0-

211
• 

3HepreTH'leCKHe pacnpe)leneBHII 6onbwel! '18CTblO B3Mep11nBCb C llOMOLUblO TenecxonoB CUllH

xonnBMBpOBBHHblX 3BLUBTOII ycxopHTenel!, 

3@ 

THnnllUBOHHblX C'leT"IBKOB H8 H811Tp0HHblX ny"IXBX, 

B T81<HX ycnOBHHX npeJlOTBpawanoc1, B03JlelCTBHe Ha JleTeXTOpbi pacce11HHblX B conyTCTBYIO-

LUHX H3ny'leHBII OT CBHXpOUHJ<n<>TpOHOB, 06bl'IHO H3M0pHeTCII KpHB811 nornomeBHH np<>TOHOB 

OTJl8'1lli Bblll8T8IOLUBX 113 BOJlOPOJlOCOJlep>KaLUell MBWeHB npH ynpyroM ( n, p ) p8CC811HIIII 

llOJl H0XOT0pb1M yrnoM, CnexTp Hel!TpOHOB HBXOJlHTCll 113 3THX B3MepeBBI C: yqeTOM COOTH0-

W0HHII, CBll3b1B8IOLU0rO yron pacce·11HBll npOTOHOB OTJlB"IB C aHeprHell H0l!TpOHOB, 

TenecKODbl nponopUBOH8llbHblX C"leT'IBKOB np11M0HllllHCb nHWb B pa60Tax

111 
•
191

• MaTO

JlHK8 pa6oTbl C nponopuaoHanhHblMH cqeT'IHK8MH OTllH'l80TCll OT MeTOJlHl<H pa60Tbl co cnaH

TBnn11uHOHHhlMII cqeT'IJIK8MH nBWb M0HbWBM 61,1cTpOJlel!CTBK8M H 6onee HB3KHM xoacpcpBUBeH

TOM ycaneHHII y nepBhlX )leTeKTOpOB, Ha6nIOJl0HBll cnexTpa Hel!TpOHOB B0llHCb llOJl yrnoM 

0() Bllll npB M8llblX yrnaX BbllleTB, noJl JlpyrBMB yrnBMH cnexTpbl B3MepllllBCb B pal>OTe/

3
/ 

( 
0 () () () 0) /12/ ( () 0 /20 ( () 0 0 , 5 , 10 , 16 11 28 ; s pa60T0 0 a 15 ); B pa60T0 / 0 a 18 ). 

Hy>KHO CK838Th, 'ITO cp8BHBB8Th M8>KJlY co6ol! cnexTphl H0l!TpOHOB, B3MepeHHbl0 88 

paanH'IHhlX ycxopaTen11x, cneJlyeT C OCTOpO>KBOCTbIO, T81< K8K ycnOBHll ODblTOB B 6onbWIIH

CTBe cnyqaeB He HBlllllOTCll HJleBTll'IHhlMH, XOTII npHMeH11eTCII OJlH8 B T8 >Ke MeTOJlBK8, Pac

XO>KJleHBe pe3yllbT8TOB H3MepEiHHII MO>KeT B03HBK8Tb, H8DpHMep, no cneJlyIOLUell npH'IHHe: 

acnonb3yIOTC.II 6spHnnHeBble MBweHH 
HeOJlBHBKOBOII TOlllUHHbl, npH 3TOM H3-3B pB3llH'IB.II B 

B0HB38UBOHHblX noTepllX B HBX H •mcna npoxO>KJleHHli 6yJlyT HeOJlBHBKOBblMH pa3MblTHll 

cnexTpa D8Jl8IOLUHX ny"IKOB npoTOHOB; B03MO>KHO T8K>Ke, 'ITO pa3pewa10ma.11 cnoco6HOCTb 

TenecxonoB C"leT'IBXOB, npxMeHllBWIIXC.11 B OllhlT8X, 6blll8 H0Jl0CT8TO'IH8 npH Jl8HHOI! CKB8>KHOC· 

TH H HHT0HCBBHOCTH ny'IK8 ycxopHTen11 H T,Jl, 3TO 38Me'l8HHe llOJlTBep>KJl8eTCll, ecnK co

llOCT8BHTI, cnexTpbl uel!TpOHOB OT 6epunna.11, H3Mep~HHble npH 375
1151 

H 380 Maa
1161

• XoTH 

B 3THX pa6oTax aueprHH npOTOHOB 6nH3KH Jlpyr Jlpyry, cnexTp uellTpOHOB npH 

375 · MaB 01<a3b1B8eTc11 6onee pa3MblTblM, 'leM npH 380 Mas. TeM He MeHee, Mbl 

pHCKHeM. CODOCTaBHTh paanH'IHble cnexTpbl, 'IT06hl YCT8HOBHTb, XOTH 6bl KaqecTBeHHO, uana-

6 

'IH8 061.UHX qepT HnH pa~nH'IHI! Me>KJlY HHMB, Bepo.RTHO, CTporHe KOllH'j'.eCTBeHHble conocTaa

neHH.11 6YJlYT B03MO>KHbl nocne coopy>KeHH11 7c1<opHTenel! c peryn11p7eMoll auepr11011· BblBeJleH

HblX ll:,'"IXOB npOTOHOB, 

Buaqane paCCMOTpHM Jl8HHb18 Jln.11 6epannaeBol! MHWeHH, HeKOTOpble caexTpbl, H3MepeH

Hble llOJl o0
; .lleMOHCTpBp7IOTC.II Ha pHC, 1, BcneJlCTBHe Tp:,'JlHOCTH HOpMHpOBKH Mb! He np11-

BOJlHM M8CWT86 no OCH OpJlBH8T, Kax BHJl)!? B3 pHC, 1, Jln.11 K8>KJlOII aHeprHH npoTOHOB 

BM8eTC.II CB0.11 cp0pM8 c1:1exTp8, Bee cneKTpbl HMeIOT M8KCBMYMbl, ne>KaLUHe s6nH3H np0Jl0llb

HOI! a11eprHH npoTOHOB, B CTOpOHY 6onbWHX aHeprHll OT M8KCHMyMa Ha6nIOJl8eTc.ll 6onee 

pe3K00 ll8Jl0HB0 'IHcna HellTpOHOB, '10M B cTopouy M0HbWBX aueprHI!, Bo BC0X caexTpax 

ycTaHOBneuo, XOT.11 H B Manhlx KOllB'10CTB8X, npHCYTCTBHe Hel!TpOHOB C aHepraell, DO'ITB pas-
/ 

Holl aHeprHB H8ll0T8IOLUBX npOTOHOB, CneB!l OT M8KCBMyMa BHJlHO 3H8'1HTOllbHOe KOllB'leCTBO 

Hel!TpOHOB cpaBBHT0llbHO M8llb1X aueprBll, BcneJlCTBHe aToro B o6nacTH M8llb1X auepral! no

HBll.llIOTC.11 Y'IBCTKB nnaTO, illHpBHa B OpJlBH8Tbl nnaTo OK83b1B8ICTCH p83llH'IHblMH, no Mepe 

B03p8CT8HHH aueprHB npOTOHOB cneKTpbl HellTpOHOB p83Mb1B8IOTCH H npa aueprHH 480 Mas 

HB'IBH8eT BblpHCOBb1B8°TbCH BTOpoll M8KCHMyM, ll0>K8LUBI! 88 200-250 Mas HH>Ke OCHOBHoro 

M8KCHMyMa, BTopol! M8KCBMyM Haa6onee OT'l0TllBBO BBJl0H 88 KpBBOli JlllH aHeprHli npoTOHOB 

660 Mas, rJle DH pacnono>KeH B BHTepaane 200-300 Mas. ITOHBll0HBe BTOporo M8KCHMYM8 

He CBH38HO C Ol>M0HHblMH B38BM0Jl01!CTBHIIMH, Kax OTM0'18IOT 8BTOpb1 
1201

, oH o6ycnoaneu 

Hel!Tp0H8MB, acnycxaeMblMB B peaxnBBX o6p830B8HHB 
+ 

1T B rr
0
- M030HOB npa CTonxuoaeuaax 

npOTOHOB C HJlpOM, 06paaOB8HBe ael!TpOHOB B Jl8HHOM cny'lae npOHCXOJllfT 38 C'leT peaxnall: 

+ 
p+p ➔ rr+n+p P+D ➔ n"+n+p; p+D ➔ JT++D+D, 

B Ta6nune 2 yxaaauw napaMeTpw, xapaxTepu3y10mae cnexTpbl uel!TpoaoB OT 6epannue-

BOIi MBLU8HB Jlllll p83llH"IHblX E p , B K8'10CTB0 nup8M8Tp0B npBBOJlHTCH aaepraa Em , npH 

KOTOpoll pacnono>KeH M8KCHM7M Cll0KTpa, H 'nonywHpHHa' !:,. E MBKCHMyMa, Kax BBJlHO 

aa Ta6n, 2, c6poc auepral! B nponecce nepe3ap11JlKH ( T,e, Bena'IHHB E P - E.J u'MeeT 

BH8'18ll8 3H8"10HHO oxono 10-20 MaB H yaenH'IBB88TCII C aHepraell D8Jl8101.UHX npOTOHOB, Ha-

6llIOJl88TCII 6onbll.lol! pa36poc B BenH'IHHe c6pacblBBeMOI! aueprHH JlB>Ke npH 6nH3KHX aueprHHX 

/16,20/ 
ll8Jl8IOLUHX npoTOHOB, B HBH6onee TLU8T8llbHO BblDOllHeHHblX axcnepBM8HT8X npB BblCO-

KHX E P c6poc JlOCTHraeT 30-50 MaB, BenH'IHHa !:,. E TBK>Ke cpaaHHTenbHO H0B8llHK8 

npH M8llb1X aHeprHHX llpOTOHOB, HO 38TeM 088 yBellH'IHB88TCH npHMepHO B -2-3 pa3a, ·YIHOrJlB 

HBOlllOJlBIOTCH 6onbWH8 OTKllOH8HHII B /:,.E , 'ITO CBH38HO, llO-BH.ttHMOMY_, C nepe11acneHHbl-

MH pauee Dpa'IHH8MH norpeWHOCTell, TaM, rJle BCDOllb30BBll8Cb annapaTYp8 C JlOCTBTO'IHO 

BblCOKOI! paapewa10mel! cnoco6aocTbIO no aueprHaM
116•201 • BellH'IHH8 !:,. E cyLUeCTB8HHO MeHb

we, 'leM B Jlpyrax H3Mepeuaax, MaxcaMyM cnexTpa Hel!TpOHOB aMeeT CBMMeTpH'IHYIO cpopMy 

npH cpBBHHTenbHO MBllhlX aueprHHX npoTOHOB ( JlO 250) H npa 660 MaB. 
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Tal5nHna 2 

E p, Ma11 Em, Ma11 ll.E, MsB naTepaT7P8 

95 90 - 95 • 50 3 

100 90 35 9 
143 140 • 30 10 
170 150 55 11 
245 215 80 12 
340 275 • 100 13 

350 280 • 130 14 

375 315 150 15 

380 350 - 30 16 
450 400 .. 90 18 
480 395X " 140x 19 
880 810x .. lOOX 20 

X 
3H8'18HHR ,[l.lIR MaKCHMyMa, OTBe'1810ll1ero eellTp0H8M nepe3ap11nKH, 

HMelOll(Hecu HeMH0r0'IHCJieHHble Hal5nJOneHBII cnexTp0B H&ATpOHOB OT 15epBJIJIBQBOll u11-

W8HB non yrnoM 0T.IIH'IHblM OT o0 13•12
• 

201 ' no-sHnHM0My, no3B0.IIIIIOT rosopBTb, 'IT0 C 

ysenH'leHHeM yrna ua6nJOneHHH npoHcxonBT yM8HbW8HBe opnBH8T cneKTpa no al5coJIJOTBOA 

B8.IIH'IHH8 H CM8ll(8HHe ero M8KCBMYM8 B CT0p0HY M8HbWBX 9HeprBA, 

/3, 10-1~/ 
3HepreTH'18CKHe pacnpeneneHHSI HeltTp0H0B nepe3ap11nKB Ha6nJOnanHCb npB 

o6ny'l8HHH npyrxx 9,llAM8HT0B ( OT .a.el!TepHSI no ypaua), B 9TBX ua6.1110neHBIIX conep>KBTCII 

M8HbWe )l0rpeWHOCTell, TaK KaK' onblTbl np0H3B0nHTCSI ea onH0M H TOM >Ke ycxopHTene, 

OnHaKo H 3necb pe3yJibTBTbl HeKO;OpblX aBT0pos
13

• 
12

• 
151 

BHorna np0THB0pe'laT npyr 

npyry, 

CneKTpbl Hel!Tp0H0B non yrJI0M o0 
B 6oJibWHHCTBe cny'laes no cpopMe noxo>KB Ha cneKTp 

/10 -12/ • 
nm, 6ep11nnHeBolt MHWBHH, CornacHO , M0>KH0 r0B0pHTb 0 B03p8CT8HHH c6paCblBaeMoA 

9HeprHH npHM8PH? B . .aaa paaa R 3Ha'[HTeJibH0M yB8.IIH'leHHH op,aHH8T cnexTp0B n.1111 15onee 

TR>K8.11b1X 3.neMeHT0B no cpaBHeHHIO C 6apH.IIJIH8M. Ha pHC, 2 npe.acTBBneHbl 3HepreTH'leCKHe 

pacnpeneneHHR HllllTp0H0B, BblJIBTalOll(HX H3 paanH'IHblX MHWBHell II HanpaaneHHH o0 
npH 

/IQ.' 
E p = 143 Ms11, nony'leHHbl8 B HaH6onee 'IHCTblX H3MepeHHRX MeTonoM speMe_HB nponeTa 

Ha 3THX pHcyHKaX nyHKTHp0M yxaaaHbl 3!p!p8KTHBHb18 3HepreTH'leCKHe pacnpe.aeneHHR na-

naJOll(HX npoT0H0B C Y'l8TOM paa6poca no 3HeprHH BblBe.aeHH0ro ny'IKB H ero noTepb B MH_\ __ _ 

WBHH, lllTpHx-nyHKTHpHOA KpHsoll 0'18p'leH0 3HepreTH'l8CK08 paapeweH11e Ha6nJOnBeMblX 

nHK0B a KB>Kn0M cneKTpe. ,'\,\bl BH.llHM, 'IT0 JlJIR .aellTepHR 0CH0BHyJO 'laCTb cneKTpa (6onee 

80%) COCTBBJIRIOT Hel!Tp0Hbl nepeaape.aKH, a OCTaJibHble y'laCTKH 06aaaHbl HeATpoHaM, Bhl6H

TblM II peayn&TaTe MH0roxpaTHblX CT0JIKH0BeHKA, y 6onee Tll>KenblX MHWBHell DHK HellTpOH0B 

nepeaapR.llKH HrpaeT MeHbWYIO ponb, BoapacTaJOT BKna.abt y'laCTK0B, 0TBe'laJOlllHX MH0r0KpaT

HblM coy.aapeHHRM H o6nacTH HH3KHX 3HeprHA - C00TBBTCTBYkllllHX BblfiHTblM HellTp0HaM, 

8 

' 

i 
I•. 

I, 

't 
) 

l 
J, 

B_hIXOilbl HellTpoHos BblC0KHX aHeprHll 

CaeneHHR 0 Bep0RTH0CTH o6p830BaHHR HellTp0H0B BblC0KHX 3HeprHll Ha paanH'IHblX MH

W8BBX nony'l8Hbl npH 3HeprHHX npoT0B0B 95
131

, 143/lOI, 180-170
14

•
11 ', 340

15
,
221 

H 

480 Msa
181

• · 

nonBble ce'leHHII HcnycK8HHSI HeATp0H0B ( ED> 50 Mas) H3 6epHnmrnsoA MHW8HH npH 
/10/ · /11/ 

3HeprHRX npoT0H0B 143, -170, 340 H 480 M3B pBBHbl! 84:!;1 M6 : 80 _: 30 M6 ; 
/5/ /6/ /8/ 

100:!;50 M6 H 50:!;25 M6 ' C00TB8TCTB8HH0, AsTOpbl pa6oTbl YK83b1B8klT, 'IT0 nopor 

. perHCTpanHH H8llTp0H0B B RX onblTBX HaxonHnCR BblW8 100 Msa. Mb! y>Ke OTMe'lanH, 'ITO TBKBR 

118.IIH'IHBa nopora HaM npe.acTBBJIReTCR 38BblWeHH0ll H ero Jiy'IW8 npBHIIMBTb .118>K81llHM II paAoBe 

• 50 Mss, KaK 3T0 .aenaeTCR II .apyrHX Hcr.ne.aoBBBHRX, Torna B npe.aenax OWH60K 9KcnepB

M8BTa nonHoe Ce'leHBe HcnycKBHHR H8ATp0H0B H3 6epannHR M0>KHO_C'IHT8Tb npaKTB'l8CKH He 

38BHCRlllBM OT 9BeprHH B .paccMaTpHBa8M0M HHTepsane 3HeprHA npOT0H0B. no cpaBH8BRkl C 

reoMeTpH'18CKHM C8'18BHeM (areoMa250 M6) B8p0RTH0CTb HcnycKaHHR Rel!Tp0BOB BblC0KRX 

3HeprHll cocTaBnReT 0KOu0 0.llHOA DRTOA 'IBCTH scex B3aHM0.l18llCTBHA, nonxoe C8'18HR8 ac

nycKaHHll Hel!TpOH0B ( E n> 50 M3B) R·.apaMR yrnepo.aa, Me.aH H CBHHua npH 3H8prHR npo

T0B0B 480 Mss paauo: 40, 450 H I 100 M6, C00TBeTCTBBHH0. no cpaBHeHHkl C reoMeTpH'l8C-

1'11M Ce'leHHBM OHO COCTaBJIR8T npHMepHo 0.llHY C8.llbMYIO 'laCTb scex B3aHMoneACTBRll Ha 

yrnepo.ae H 0K0.110 non0BHHbl B38HM0.llellcTBHll Ha M8.l1H H CBBHue. Bxo,abl. HellTp0H0B B3 pa3-

.IIB'1HblX MeMBHTOB B nepe.llHklkl nonyccpepy npHBe,aeHbl B Ta6nHue 3. 

JlaHHble T86JIHllbl 3 nony'leHbl B p83HblX onblTBX H no3T0MY BX Cp8BHHB8Tb Me>Kny co-

15oll Tpy,aH0, ny'IW8 cpaBHHBaTb BblX0.llbl H8ATp0H0B B 0.llHOM H TOM >Ke 0nblT8, J..13 IIC8X 

onblT0B BB.llH0, 'IT0 C yBeJIR'leHll8M nopR.llKOB0ro H0Mepa MRW8HH aepoRTH0CTH BcnycxaHRR 

HellTp0HOB BblC0KHX 3HeprHA M0H0TOHH0 pacTyT. Ha6nJOnaeTCSI pa3JIB'IH8R 3aBHCBM0CTb Bbl

XO.ll0B H8llTp0H0B OT BT0MH0ro Beca MHWeHell. TaK, B pa6oTe
131 

yKa3b1B88TCll, 'IT0 OH npo-
2/3 /10 22/ 

nopUH0HMeH A ' MB>K.llY TeM KBK B pa6oTax • yTBep>K,aaeTCR, 'IT0 3aBBCBM0CTb 

OTH0CHTenbH0ro BblX0.l18 HeATpOH0B B npenenax 3KcnepHMeHT3.11bHblX norpewH0CTeA ueHR8TCil 
2/3 

JIHHellHo KaK ( A _z) • O6bRCH8HHR 3Toro p83.IIH'IBR noKa HeT, 

HcnycKaHHe 3apR>KBHHhIX 'IBCTHlJ BblC0KHX aueprull 

06 HcnycKaHHH 3BpR>KeHHblX 'laCTHU BblC0KHX 3HeprHA npB 6oM6ap.aHpOBK8 u.aep HeA

Tp0HBMH HM88TCR H8MHoro ,aaHHblx
123

-
281

• OHR paap03H8Hbl H RX HenerK0 cpaBHHBBTb M8>Kny 

co6oll. B pa6oTe
1231 

C noM0lllbkl KBMepbl BHnbCOHa, noMemeHH0ll B MBrHHTH0e none, 

B3Mepgn11cb yrnoBble pacnpe.aeneHRR H 3HepreTH'l8CKHe cneKTpbl np0T0H0B H neATp0H0B, 111,1-

neTakllllHX H3 yrnepo,aH0A MHWeHH npH 6oM6ap.aHpOBKe ee Hel!TpoHaMH C 3HeprHeA 0K0.110 

90 MsB, Paa.aeneHHe TpeK0B Ha np0T0Hbl H nellTp0Hbl np0H3B0,l1HJI0Cb no BeJIH'IHHe panHyca 

KpHBH3Hbl, 6hIJIO uall.aeH0, 'IT0 H3 388 Tp8K0B 52% npe.acTBBJIRklT co6oll np0T0Hbl C 3Hepru

RMH OT 32 no 107 Mae; 42 % RB.IIRIOTCR .aeATp0HBMR c 3HeprBRMH OT 25 .ao 124 Mss H 
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3HeprHH 
npOTOHOS 

95 Maa 

143 Maa 

160 Msa 

340 Mas 

MaweHH 

Be 

C 

Al 

Cu 

Pb 

D 

Li 

Be 

C 

Al 

Cu 

Pb 

u 

Be 

C 

Al 

Pt 

Be 

C 

Al 

Cu 

Ag 

Pb 

u 

Taonana 3 

BbIXO)l 

a 90 

-55 

a90 

180 

360 

43:!; 3 

71,:t 4 

84:!; 4 

65:!; 4 

103,:t 5 

205:!;10 

453:!;28 

475;t29 

81,:t 15 

81,:t 15 

192,:t 35 

1560:!;280 

1,5 

1,0 

2,1 

3,7 

5,7 

8,3 

9,0 

nHTEipaTypa 

/3/ 

/10/ 

/11/ 

1221 

npHM8'1aHHe 

X 
du (CY") MO 

d(l cTepaJl 

E > 48.6 Maa n 

'anepe.ll' Mo 

du(2,S') MO 

d (l CTepa)l 

En> 50 Maa 

0THOCHTen&HbIA 
SbIXO.ll 'snepe.ll• 

OKono 6% - 11.llpa TpHTHII C aHepraea OT 56 .llO 95 Mas. YTsep)KJl88TCH, 'ITO npoTOHbI C 

aHeprHIIMH 32-62 Mas HcnycKaIOTCSI H30TponHo ( s 
npe)lenax aKcnepHM8HTan&HbJX OWBOOK), 

a .llm1 HHTepsana 62-98 Maa BMeeTcs peaKas aanpaaneHHOCTb snepe.ll, npa'leM nonywapHHa 

yrnosoro pacnpe)leJJ8HHH COCTaBJJll8T 18:!;3°. 3To 3H8'18HHe nonywHpHHbI Y.llOSJJ8TSOpBT8JJbHO 

cosna)laeT c senH'IHHOA A .llJJII HeATpOHos nepeaapH.llKH H3 yrnepo.na, yKaaaHHoA s Ta6na

ue 1 .llJJH nopora BbIWe 65,9 ~\as. BepOHTHOCTb HCil)'CK8HHSI npOTOHOB scex aHepraa B HHTep-

10 

sane yrnos 0-24° HaA.neaa ·pasHoA 11,3;!:5,6 M6. CnJKTp npoTOHOS, SbI6pacbIS88MbIX snepe.n 

( CM. sepXHIOIO 'laCTb pac.'· 3)' HM88T nnaTo s HHT8psane 9H8pl"KA 32-70 MaB H 38T8M Ila)l88T 

nO'ITH .no H)'JJSI s o6nacTH OOJJbWHX 9H8pl"Hll. . 
l13M8p8HHII 9H8p1"8TH'l8CKHX cnexTpOS npoTOHOS H .nellTpOHOB H3 yrnepo.nHoll, M8.llHOll H 

CSHHnosoll MHW8HH npH o6ny'l8HHH H8llTpOH8MH C aueprHell 90 Mas npOH3SO.llBJJHCb s pa6o

T./241. B . K8'18CTB8 .neT8KTOpos npHMeHHJJHCb T8JJ8CKOnbI nponopnHOH8JJbHbIX C'l8T'IHJ!COS, a 

THn SbIJJ8T8IOWHX '18CTH~ ycT8H8SJJHS8JJCSI no seJJH'IHHe OTKJJOH8HHII HX_s M8l"HHTHOM none. 8 

cnyqae yrnepo.na cpe.na'ucnycKaeMbIX 'IBCTHll c aHeprHHMH 6onee 20 Mas o6uapy)KeHo OKOJJO 

60% npOTOHOB, 36% .neATpOHOS H OKOJJO 4% sr.nep TpHTHII, 'ITO y.nosneTsopBTeJJbHO cornacyeT

CSI C ,ll8HHbIMH pa60Tbl
I23I

• Bepo11THOCTH Sb10p8Cb1B8HHSI npoTOHOS ( E > 20 Mas) B ii.ellTpO

HOS ( E > 27 Mas) .nn11 pa3HbIX HHTepsanos yrnos sbIJJeTa nepe'IHcneHbI s Ta6nane 4. MbI 

SH.llHM, 'ITO 6onee sepOHTHO SblOp8CblS8HHe '18CTHU snepe.n (0-15°). Hau60JJbWaSI cTeneHb 

aHH30TpODHH S acnycKaHBH HM88T M8CTO .nns yrnepo.nHoA H H8HM8HbW8SI - .nnsr C!IBHllOBOll 

MHW8HH. 

8bIJJeTaIOJUB8 
'18CTBllbI 

npOTOHbI 

npoTOHbI 
( E > 35 Mas) 

.IlellTpOHbI 

npoTOHbl 

.IlellTpOHbI 

npoTOHbl 

.Il 8l!Tp0Hbl 

MHW8Hb 

C 

Cu 

Pb 

Ta6naua 4 

Yron sblneTa 

00-250 25°-45° 

35 31 

24 19 

12 8 

70 68 

18 14 

' 
100 132 

23 21 

45°-180° 

24 

9 

6 

103 

20 

192 

31 

00JU8P 
C8'18HB8 
MO 

90 

52 

26 

241 

52 

424 

75 

EcnH SbI.llenHTb cpe.nH npOTOHQS oonee auepl"H'IH)'IO '18CTb ( C .E > 35 Mas)' TO MO)KHO 

38M8THTb, 'ITO npH aTOM H80JJIO,ll88TCSI cywecTS8HHO oonbWBSI CTeneHb 8HH30TponHH s acnyc-
• 

KBHHH, '18M )lJJSI scero cnexTpa. nonywapHHa yrnosoro pacnpe.neneHHSI TaKHX npOTOHOS H3 

yrnepOA8 nony'l8H8 pBBHOll ,., 20°, 'ITO He H8MHOl"O M8HbWe,. '18M COOTS8TCTS)'IOIU8H 

senH'IHHa .nn11 H8llTpOHOS nepe3ap11.nxa, ·)'l!C838HH8SI s T86nHne 1. BbIXO,llbI 9H8pl"H'IHbIX npo-:: 

TOHOS S .ll8HHOM ODblTe Ol!C83blS8IOTCH cpBBHHMbIMH C SbIXO.llaMH HeATpOHOS nepeaapSIJll[H H3 

Tex )1{8 Sl.llep npH onH3KHX aHepl"HIIX HaneTBIOIUHX '18CTHI1. Tax,ce'l8HH8 00p830SHHBSI npoTO

HOB Ha yrnepo.ne DO'ITH pasHO SblXO.llY H8l1Tp0HOS nepeaapH.llKH .llnSl yrnepo.na B oapHMHSl 

( CM. npe.llbl.ll)'JUHll paa.nen), S TO speMSl K8K .llnH M8.llH B CSBHU8 OHO COCT8SnS18T 'Q'Tb 
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6<>nblll8 nononHHbl am1 nononaay, 3HepreTH'leCltHe cne1tTpb1 npOToHon H3Y'l8Hbl no.a.po(iHO C 

p83Bb1MH MHW8HSIMH npa H8CKWibDIX yrnax nblJI8Ta ( 0 , 12 • 25, 45° ). Bo ncex CJiy'l8SIX 
- . 0 

OHH noxo>KH .a.pyr Ha .a.pyra no q>OpMe, TTpa yrne Ha6mo.a.eHHH O nnaTo npOCTHpaeTCH OT 

27 .a.o 70 Man (yrnepo.a., cne1tTp noxaaaH Ha puc, 3 nHHay), 35-50 Man (Me.a.&) a 35-45Maa, 
( CBRH&ll ), Op.a.iraaT.1>1 nnaTo pasHbl oxono 1,6; 3,0 H 4,5 M6/cTep, Man, 

COOTB8TCTB8HHO, 3TH B8lIH'IHHbl nO'ITK pW>Kbl op.a.aHaTaMH nnaTo lllIH Cll81tTpOB HeATpOHOB 

nepeaapHllKH H3 yrnepo.a.a H npHM8pHo B .a.11a-TpH p83a MeHbWe - .a.mt OCTallbHblX MHWe

uea131. TTpH .a.pyrax yrnax Bblll8T8 cne1tTpb1 HMeIOT npH6JIH3HTeJibHO T8KOA >Ke xapa1tTep, HO 

nocTeneHHO p83MblB810TCH C yneJIH'l8HHeM yrna Ha6n10.a.eHBH, 06pamaeT Ha ce611 BHHMaHHe 

pe31tO OTJIR'IHblA BHll cneKTpon npOTOHOB nepeaap11.a.1tH OT aHepreTB'l8CKOro pacnpe.a.eneHHSI 

H81TpOHOB nepeaapHllKH ( CM, PHC, 1 H 2 ). Me>K.a.y TeM cneKTp .a.eATpOHOB, H3Mep8HHl,IA n 

T8X >Ke OilblTax ( CM, pHc, 3), noxo>K Ha cneKTp HeATpOHOn nepeaap11.a.KH ( TaK>Ke HMeeT 

MaKCBMy-M B o6nacTH 6oJibWBX axeprult}, 

/25/ 
B pa60Te C noMOlltblO Tenecz:ona CllHHTHlllIHilHOHHblX C'leT'IHKOB H3Y'IMHCb nhlXOllbl 

npOTOHOB, .a.eltTpOHon H ll'.ll8p TpHTHll'. npH 6oM6ap.a.HpOBK8 paaJIH'IHblX MHW8Helt npoTOHaMH H 

H81TpOH8MH C aHepruel 300 Man. I-1aMepeHHH npono.a.HJIHCb llilll'. yrnon nhlneTa 26, 40 H 60~ 

Paa.a.eneHHe nhll18Ta10mHX qacTBU npoBOllHllOCb no nenB'IBH8 pa.a.ayca KpHnB3Hhl TpaeKTOpHH 

'18CTBn n MarHHTHOM none H BX BOHH38UHOHHblM IlOTep11M, H3Mep8HHblM n OllHOM H3 CUHHTHn

JIHTOpon, ,/lHq>q>epeHllHBJlbHble Ce'leHHH HcnycK8HBH npOTOHOn C aHeprBHMH 6on&we 36 Man 

(n M6/cTep) npuse.a.eHbl B T86JIHU8 5. J.13 Ta6JIHUhl nH.a.Ho, 'ITO. no Mepe ynenH'l8HHH nopHllKO

BOro HOMepa MHWeHH nblXO.[J.bl npoTOHOB noapacTaIOT npHM8pHO n 9 paa npH o6ny'leHHB npoTo

H8MB H HeATpOH8MH, KaK H n pa6oTe
1241 

nblxo.a. npoTOHon pacTeT C yMeHbWeHH8M yrna 

Ha6n10.a.eBBH, BepoHTHOCTb HcnycKBHBH npoTOHon no.a. .a.e.ilcTBH8M Hel!TpOHOB OK83blBaeTCH B 

2,5-3 paaa MeHbWe, '10M npn o6ny'leHHH npOTOHaMB, 0THOWeHHe aepOHTHOCTH Bbr6pacbIB8HHH 

npoTOHOB H3 Al H Cu no Cp8BH8HHIO C yrnepo.a.oM B cny'lae o6ny'leHRH HeATpOH8MH OK83bl

naeTCH npHM8pHo T8KHM >Ke, K8K II 0THOCHT8llbHbI8 BblXOllbI HeATpOHOn nepe3apH.a.KH B T86-

llHU0 3 lllIH 340 Man, B To >Ke Bp8Mg OTHOCRT8JibHbI8 aepoHTHOCTH HcnycKaHHH aTHX '18CTIIU 

H3 -TH>K8llb1X MHWeHell 
Pb H U ) IlO'ITH BllBOe M8HbWe Bb!XOllOD HeilTpOHOB nepeaapH/lKH 

n Tex >Ke YCllOBHHX, B cneKTpax npOTOHOB no.a. HeKOTOpblMH yrnaMH Ha6n10.a.en1BJ npu 06ny

'1eHH11 npoTOH8MB o6Hapy>KHB8IOTCH M8KCBMyMhl H80llHH8KOBOil BblCOTbl llllll'. p83Hb!X MBW8Hell, 

ne>Kamue npH aHeprHBX 200 Mas (26°) H npH.:iepHo OT 170 .a.o 200 Mas (40°), no qiopMe 

H nonywHpHH8 OHH H8MHoro pa3l!H'l810TCH .a.pyr OT .a.pyra H HBilHIOTCll'. nHK8MH 1tnaaaynpyroro 

pacc8ll'.HHH npoTOHOB Ha HYKllOHax Hllpa. • 
0THOCHT8llbHO HcnycKBHHH .a.ellTpOHOB B pa6oTax123- 261 HM810TCH YK838HBH Ha TO, 'ITO 

OHH 'nhlneTa10T 6onee aHB30TpOilHO, '18M IlPOTOHbl; BX OTHOCHTeJibHbli! DblXOll no Mepe yaem1-
z 'l0HHK 

MKW0HK pacTeT H0CKOnbxo CHnbHee, tieM npOTOHOB; .B 3HepreTHt{eCKHX pacnpe -

.ll8JI8HH$1X Ra6n10.aaeTcS1 TOHKOR CTpyKTypa B BH,.ue HanH'IHSl oaHoro, a r::o;:i: HeKOTOpblMK 

yrna.Mn - n.syx '18TX:O O'iepqeHHLIX. M8KCHMyMoa, IlOJIOaceHHe KOTOpbtX aaancilT OT Bb16opG. 

MHW9HH, yrna Ha5n10.o.eHHS1 H T.,a. 3HaqRTe.'lbHO M€HhLUe cse.aeHa,1, no."lyqeao OTHOCP.:T0;JbHO 
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Ta6nana 5 

MaweHb BhlXO.ll npOTOHon 60M6ap.llRpy10m11e 

28° 40° 
qacTHUhl 

nHTHI - 35,3:!: 3,0 

Yrnepo.ll 70 ':t 4,0 52,3;!: 4,0 

AlIIOMHHHA 130,1;!: 5,0 89,0:t 4,0 
TTpOTOHhl C 

Me.llb 188,5;!: 7,0 142,8;!: 6,0 sHepraeA 

K8.llMHA - 193,2:t 9,0 
300 Man 

CBHH0U 290,0;!:12,0 234 ;!:12 

YpaH - 251 ;!:11 

---
naTHA - 9,6:!:0,9 

Yrnepo,ll 27,7;!:2,0 16,2;!:0,8 

An10MHHHA 49,2;!:3,0 29,7:!:1,4 HeilTpOHhl C 

Me.llb 76,2;!:5,0 46,8;!:l,9 
aHepraeA 
300 Msn 

K8.llMHA - ' 84,2:!:2,4 

CnHH0U 120,2:!:9,0 80,4;!:3,3 

YpaH - 83,3;!:3',3 

oco6eHHOCT8lt acnycxaHHll ll'.llep TpHTHH, n1060nhlTHO OTM8TIITb, 'ITO BO Bcex accne,llOB8HH-
/23-28/ 

ll'.X o6Hapy>KeHO nb16pacblnaHHe .lleATpOHOB H H.ll0P TplITHll'. C KHH8TH'l0CKHMII SHeprHHMH, 

cymecTneHHO npeBh1WaI011tHMH nonHylO SHeprHIO CBH31I HylCJIOHOB B STHX qiparMeHTax HnH 

BhlCOTY xynoHoncxoro 6apb0pa. 

3aKJII0.'!_0R!I~ 

no.a.BO.llH HTOr CK838HHOMY, Mbl nH.O.HM, 'ITO MHOrHe BOnpOCbl H3 aToro paa.a.ena H3y'le

Hbl eme H0.[J.OCT8TO'IHO nonHo, TeM He M0Hee, HaCKOllbKO MO>KHO aepHTb npHne.a.eHHhlM SKcne

pHMeHTaJibHblM .a.aHHblM, aHepreTH'l0CKHe H yrnonb10 pacnpe.a.eneHHll'. nTOpH'IHblX qacTHU noxa-

3hlBBIOT HMII'III8 cneuHq>H'l0CKoro npouecca nepeaaps.a.KH Hy]CJIOHOn B H.llpax, cnollcTB0HHOro 

BblCOKHM aHeprHHM, Kaz: H .a.nH npouecca nepeaap11.a.KH npoTOHOn 8 HellTpOHbl Ha H.O.pax 

o6paTHblll npouecc xapaKTepaayeTCll'. pe3KOll acHMMeTpHeA nhlJieTa nTOpH'IHblX qaCTHU, 

0.llH8KO cnexTphl HyKnOHOB nepe3apHllKH OK83hlBaIOTCll'. pa3HhlMII B 38BHCHMOCTH OT Toro, 

K8K8ll'. 'laCTHU8 na.a.aeT Ha HJlpO, TTpH na,lleHHH npoToHa y nTopH'IHbIX HeATpOHOB n Hanpaane-

HIIH o0 
HM00TCH 'leTKO O'l0p'leHHhlll M8.KCHMyM, ne>KaWHil npH 60JibWHX aHeprHHX H 0611taH 

KapTHHa B38H>,{0Jl0l!CTBHH 6m1axa K K8pTHHe o6MeHHhlX ( p,n ) naaHMo.a.eilCTBHil n .a.eilTpoHe, 

npa na,lleHHH HellTpoHa y BTOpH'IHblX llpOTOHOn TBKoro MaKCHMyMa HeT, a B Toil o6nacTH 

/ cneKTpa, r.a.e .a.mi HeilTpOHOB nepeaapH.O.KH aa6n10.a.aeTCH M8.KCHMYM, 3llecb HM08T M8CTO 
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nnasHoe nai:teHHe. npa STOii npH'IBH8 cpei:tHlle 3Ha'18Hllll SHeprHH BTOpH'IHbIX HeilTpOHOD nep ·-

3ap11JlKH JlOII>KHbl 3Ha'IBTenbHO npeBb!WaTb cpei:tHlle 3Ha'leHHll SHeprHII BTOpH'IHblX 6bICTpblx 

npoTOHOB. BbIXOJlbl HeATpOHOB H npoTOHOB nepaaapHJlKH Ha nerJCHX sneMeHTax npHMepHO oirn

. HaJCOBbl. Ha Tll>KenhIX MHWeH!IX B8pOllTHOCTb HcnycxaHHll aellTpOHOB 60IIbllBX SHeprHA IlO'ITH 

BJlB00 npeBb!WaeT nepO!ITHOCTb HcnycxaHHll npoTOHOB. 0TCIO)la cnei:tyeT, 'ITO KOnH'leCTBO 

SHeprHH, YHOCHMOA OT nai:ta10weA qacTHllbl H8ATpOHaMH 11epeaapl1Jl1CH, Ha Tll>Kenb!X MHWeHIIX 

6yi:teT 3Ha'IHTeIIbHO npeBblwaTb KOIIH'leCTBO SHeprHH, yHOCHMOA ~POTOHaMH 11epeaapS1JlKH. 

6pocaeTCll B rna3a OJlHHaKOBblll BHJl SHepreTH'leCKHX pacnpei:teneHHJ! i:tel!TpOHOB, 

/24/ /26/ 
Bb16pacb!BaeMblX H3 lli:tep IIOJl i:tel!cTBHeM HellTpOHOB HIIH llpOTOUOB ' KOTOpb!ll Mano 

'leM OTIIU'laeTCSI OT CII0KTpa uellTpOHOB 11epeaapS1JlKH. 0THOCHTenbUbl8 BblXOJlbl i:tel!TpOHOB 

( E > 48 Mss) npu o6ny'l8HHlf npOTOH8MH
1251 

IlO'ITH B )lBa paaa np8Bb!WaIOT BblXOJlbl STUX 

cpparMeHTOB H3 pa3HbIX sneMeHTOB IlOJl i:tellCTBHeM HellTpOHOB. 8 TO :>Ke Bp8MH BepOIITHOCTb 

HcnycKaHHSI Hi:tep TpHTH!I ( E > 56 M3B) KaK lIOJl Jl8l!CTBH8M npOTOHOB, T8K H HellTpOHOB 

H3 oi:tuoro H Toro >Ke sneMeHTa cosnai:taIOT i:tpyr c i:tpyroM B npei:tenax owa6ox sxcnepaMeH-

/25/ 
Ta 

Bp11Jl IIH cnei:tyeT JlYM8Tb, 'ITO p831IH'IHII B 3HepreTH'l8CKHX pacnpei:t8II8HHSIX H BbIXOJl8X 

BTOpH'IUbIX HYKIIOHOB o6ycnosneHbI H8MOHOXpOM8TH'IHOCTbIO no SHeprHH na)l8IOWHX ny'IKOB HeA

TpOHOB. ::hoMy npOTHBOp8'1HT cosnai:teUHe cneKTpOB i:teATpOHOB, Hcnyc1:aeMbIX H3 SIJl8p lIOJl 

i:teAcBHeM HeATpOUOB a npoTOHOB
124

•261• 

P831IH'IHSI B cneKTpax H BbIXOJl8X HyKIIOHOB nepeaapSIJlKH K8'1eCTB8HHO MO>KHO lIOHSITb H, 

no-BHJlHMOMy. o6'b!ICHHTb TeopeTH'l8CKH Ha ocuose K8CK8)lHLIX paC'l8TOB, npei:tnono>K.HB He

paBHOMepaoe pacnpei:teneHHe npOTOHOB Iii HeATpOHOB B lli:tpe • .no CHX nop B KacKa)lUbIX pac

'leT8X pacnpei:teneaae HyKIIOHOD npHHHMMOCb pBBHOMepHbIM. Ecna npHHSITb, 'ITO nosepXHOCTb 

Hi:tpa o6or~!lleHa HellTpoHaMH, MbI 6yi:teM HMeTb· 6n.JronpHIITHbie ycnoBHll JllISI nony'leHHll 

6onee sHeprH'IHblX HeATpoHoB nepeaapllJlKH. Bb16pacb1B8HHe Ha Hi:tpa B npouecce uepeaapsii:tKH 

rny6HHHoro npoTOHa, ecTeCTBeHHo, JlOII>KHO conpOBO>K)laTbCSI UO'le PIIMH SH~prHH B Sli:tepHOM 

sewecTBe, scnei:tCTBHe 'lero B cneKTpax npOTOHOB JlOII>KHbl npeo6nai:taTb qacTHUbl C OTHOCH

T81IbHO MaIIb!MH SHeprHHMH. Ha uepBbill B3r/lHJl MO>KeT UOKaaaTbCSI, 'ITO npei:tnono:>KeHHe O 

HepaBHOMepHOM pacnpei:teneHHH Hel!TpOHOB H npoTOHOB npoTHBcpe'IHT HM010ll(HMCH SKCnepHMeH

Tan&HbIM )laHHbIM
1271

, B qacTHOCTH OilbIT8M XocpwTa)lTepa uo pacceSIHHIO sneKTpOHOB Bblco

KHX SHeprHll HJlpaMH. Ha caMOM i:tene 3Jl8Cb HHKBKoro npoTHBOp8'1HSI HeT • .Ueno B TOM, 'ITO 

30HJlHpoBaHHe lli:tpa, 6aaapy101lleecH Ha HCilOIIb30B8HIIH sneKTpoMarHHTHblX CHII B3aHMOJlell

CTBHH, B upnHuHne MO>KeT )laTb HHOJ! OTBeT, 'leM npH HCilOIIb30B8HIIH B K8'1eCTBe npo6HoA 

qacTHUbl Hel!TpoHa. Ha 3TO HeOJlHOKpaTHO o6pawana BHHMaUHe MHOrHe accnei:toBaTenH ( CM. , 

HanpHMep. o6aop
127 

/). B 3TOM o6aope OTMeqaeTCH, B qacTHOCTH, 'ITO )laHHble O ce'leH.H!IX 

B38HMOJleAcTBHH HellTpOHOB C paanH'IHbIMH SIJlpaMH npa 3HeprHH 4,5 raa B CO'leT&HHH C aHa

lIH30M npH lIOMOlllH OlITH'l8CKOll MO)lenH CBHJleTeIIbCTBYIOT O H01COTOpOM pa3IIH'IHH B pacnpei:te

lI8HHIIX UpOTOHOB H HellTpOHOB B T>I>K0/lb!X HJlpax. noaToMy BblCK83aHHOe. HaMH npei:tnono>Ke-

14 

HH8 06 o6oraweHHH lIOBepXHOCTH HJlpa ueATpOH8MH 1 lIO-BHJllilMOMy, MO>KHO npHHSITb K8K pa-

60'lyIO rHUOTeay Jllill JlMbH8iworo pa3BHTHH HCC/leJlOBaH.HA B STOM uanpaaneHHH, Co csoel! 

CTOpOHbI i:to6aBHM, 'ITO K T8KOMY >Ke 38KIIIO'l8HHIO 06 o6ora!lleHHH lIOB8pXHOCTH Hi:tpa H~llTpO

H8MII Mb! npawnH npH paccMOTpeHHH oco6eHHOCTeA b6pa30B8H.Hll B peaKUHllX C 6bICTpbIMH 'lac

THll8Mlt H8ATpOHOH36bITO'IHbIX ( H ~ He 
6

) H H8ATpOHOJl8(pHllHTHblX cpparMeHTOB ( Li 
8 

' Be 
7 

' 

ell, N13 , F 
18 

a T.i:t.), noi:tpo6Hee 06 STOM 6yi:teT CKaaaHo B pa6oTe, IlOCBH!lleHHOll 

accnei:toaaHHHM o6pa30B8HHH cpparMeHTOB B pe8KllHIIX C 6bICTpblMH qacTHU8MH, 

Hapsii:ty C H8llTpOH8MH H npOTOHaMH H3 MHWetteA BbIIIeTaIOT 6onee CIIO>KUble 'laCTHUbI, 

HanpHMep, i:teATpOHbI, Hi:tpa TpHTHH H T.n. C Bb!COKHMH KHUeTH'leCKHMH 3HeprHHMH. MexaHH3M 

HcnycKaHHH CIIO>KHbIX '18CTHll C 6onbWHMH sueprHHMH He 11ceu, C TO'IKH 3peHHH Kacxai:tuo

HCIIapHT8/lbHOA M0Jl81IH H8lIOHSITHbIMH SIBIIHIOTCH cnoco6bI nepei:ta'IH KOMIInexcy HyKIIOHOB HJlpa 

OT nai:ta10weA qacTHllbI 60IIbWOA KUUeTH'IEICKOA SHeprHH, KOTopa11 3Ha'IHT81IbHO npeBb!WaeT 

BbICOTy xynoHOBCKoro 6ap&epa HIIH BelIH'IHHy nonuoA SH_eprHH CBll3H Bcex HYKIIOHOB. BO cppar

M8UTe, Mb! npHlIHCbIBaeM T8kHe co6b!THH 8KT8M ocywecTBIIeHHll MHOroqaCTH'IHblX B38HMOJleA

CTBHA HYICIIOHOB npH Bb!COKHX SHepra11x, ll0JlCK83b1BaeMblX, aanpHMep, B TeOplilHX cpnyKTyauHoH

HOr C>KaTHSI SIJlepHoro Be!ll8CTB8 HIIH M23pHHOA TeOpHH Hi:tepHbIX Cliln
1281• 
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Puc, 2. CneKTphl HellTpOHOB, Bbin0TalOll!HX B uanpaaneHHH o0 H3 paanHqRhlX aneMeUTOB 
llO.ll .llellcTBHeM npoToHoa c aneprHell 143 MaB'. 
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CneKTpbl npOTOHOB nepeaap1t)].KH H )].0l!TpOHOB, Bb16pacbIB80MblX H3 yrnepOAHOll 
MHWeHH noA AellcTsHeM HellTpOHOB co cpeAHell aHepraell 90. Mas, 


