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_BaeaeKBe 

Kax uaaecTHo, npx co7aapeHHH npoTOHOB c HeiTpoHaMH npu suepruux oxono 100 ~9B 

H BbiWe DpOHCXORBT 06M&HH09 B38BMOReiCTBB9 H:y'IUIOBOB. ¢HaH'I9CKB OHO BHTepnp&THp:y'8TCH 

K81t nepeXOll 38pBX<9BHOrO M930118 ( 1T + BDB ,- ) OT HeiTpOH8 K DpOTOH:y H o6p8TIIO: 

npu CO:y'R8p9HHHX ll71UIOHOB BbiCOKBX SHeprHI C HRp8Mil BCD9llCTBH9 9TOrO IIM99T Mac

TO 'nepa3ApHRK8' ll:y'IUIOIIOBe npouecc 'nepeaapBRKB' Bblp8X<89TCH B TOM, 'ITO 9CDII H8 BRpO 

D8ll8IOT, HaDpBM&p, DpOTOHW BWCOKBX 9HaprRI, TO nocne B38BMOR&ICTBHSJ B D:y''IK& BLID9T8IO

WBX '18CTHU 06HapyX<BB8JOTCSI ll&ITpOIILI C SHeprRHMB DO'ITII p8BHLIMH HDH H93H8'1HT9D&HO 

M&HbWHMH, '19M y npOTOHOB. npa &TOM H&ITpOHLI BblCOKHX aaeprHI Bb1D9T8IOT B Hanpaane

HHHX, 6nH3KHX It H8Dp8BD9HBIO llBH:lK&HHH DpOTOHOBe noao6HblM :lKe 06p830M 6oM6apRRpOBK8 

Hllep HeiTpOH8MB BblCOitHX SHeprHA DpHBOllRT K BCDyCK81lHIO DOK8DB30B8HHUX BDep&ll DpOTO

HOB .llOCT8TO'IHO BblCOJtHX SHeprHA. nocneROB8T9DbHOA T&OpBB, ODHCblB8IOlll&l &TO Hlm&HBe
1 

HeT.Pac'!BTLI BH:y'TpH.IIR&pHUX .Jt8CK8llOB Dp0JtBCC8 HB 06'bHCB.IIIOTe HHlKQ MLI ODBWQM 9MD&

pH'IBCKH9 X8p81tT9pRCTHKB Dpouecca D&peaapHAKB llDH TOro, 'IT06bl npBBD9'1b BHHM8HHe It 

npo6neMe. PeweHHe &Toll aaaa'IH ueo6xoRHMO ana DOKBMSHHll MexaHHaMa aaaHMoaelcTBBll 

6blCTpblX '18CTllll C Hllp8MH B OKB3blB89TCH B8:lKHl>IM DpH p8CCMOTp9HHH pllll8 Dp8KTB'I9CitBX 

BODpOCOB, HaDpHMep, p8C'I9T9 38lllBTbl COBp9MBHHbiX :y'CKOpHT&D&ll 1'1 T~ll• 

ABTOp He npeT&Hll:y'ST H8 DODHOT:y o6aopa nHTepaT:ypw DO R8HHOll T9M9e XOTH CO Bpe

M&HH on:y6DHKOB8HI'lll 60Db.WI{HCTB8 pa60T DpOWDO elonaa 10 naT, MHOI'I{9 BODpOCbl H3:y''l91{hl 

1{9ROCT8TO'IHO. n:y'IW& BCaro H3:y''I91{LI :yrDOBbl& p8CDp9R9D91lHII I{ 9H9pr&TH'I9CKB9 CD&KTpbl 

HBliTpOI{OB DepeaapsRKH DpH o6D:y'19HHI{ 6epBDDHH Dp0TOH8MH BLICOKBX 91{eprHI, 'ITO OeJ'bHc

I{H9TC.II I{CDODb30B81{H9M 1{8 MHOI'HX :y'CKOpHT&DHX 6epHDDH9BOlt MHW&HB B K8'19C~'B9 

HCTO'IHHK8 I(&JITpOBOBe 

YrnoBble pacnoeneneHBSI HeATpOHOB BbiCOKHX saueprHA . 
npH H3:y''I911HB :yrnOBUX pacnpeaenai(HJI ODblTbl CT8BHDHCb CDBll:y'IOlllHM o6paao!\(: I(QJITpo-

l{bl DOD:y''laDHCb DpH 6oM68pRHpOBK9 pB3DH'IHbiX 9D9M9HTOB (oT DBTH.II RO :ypaHa) DpOTOHftMH 

BblCOKHX SHeprHI. ~HW9HH B3 Bbl6pftl{l{blX M8T9pH8DOB DOM9lll8DHCb Bl{:y'Tpb K8M9pbl :y'CKOpB

T9DH B aoey xpali•Hx op6HT :ycxopuaMwx npoTouoa. BwnaTaiOmHa H&ITpo•w perHcTpBpoaanxc~o 

BHB K8Mepbl C DOMOlllLIO pa3mt'll{biX ll&TBKTOpOB, pa3M9lll9BHhiX B DDOCKOCTH D:y''!Ka DOll paa

HblMI{ :yrnaMH K K8C8T9DbHOI K Op6BT9 DpOTOI{OB, DpOXOllHlll&ll 'lapea MHWQI{b. 

Yrnoaoe pacnpeaanaBHe •eliTpouoa ua:yqanoc& c noMOlllbiO :yrnepoauux aaTexTopoa 

DpH SHeprHHX 110 H 340 ~SB/ 1 •21 • i'faMepai{He HaliTpOI{HblX DOTOKOB B aTOM CD7'189 OCI{OBLI" 
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saaTCK Ba onpe~eneHKB BenBqHB~ BHTOHCHBHOCTB BCnyc&aHBB. no3BTpOHOB OT pacna~a B30To

na ell, o(Spa3yJOWerocB B .frnepo~e no peaKnHH ( D t 2n ), nopor perHCTpanHB HaiTpOBOB 

yrnepo~BhiM ~eTeJtTopoM na)KBT B paloHe 20 Mss. 

C nOMOWhiD ~HCMYTOS~X KaMep ~eneHBB BnB TeneCKOnOs CUBHTHnnKUBOH~X C~8T~KOB 
. . /3/ /4/ /5/ 

yrnosoe pacnpeAeneHBe aeATpOHOB onpe~enxnocb npa saepraxx 95 , 170 , 330 , 

480161 
a 680 MsB /7 I. nopor perBCTpanHB aeATpOHOS SBCMYTOS~MB KaMepaMa ~eneHHB 

/5-7/ . 
yCTSHOsneH H8~0CT8TO~HO H8~9)KH01 H B pa60T8X ere npaHHMaJOT ne)KaWHM B o(SnaCTB 

. /3 4/ 
oT 50 ~o 100 Mas. B cnKHTKnnBnaoaa~x c~eT-Kax ' aeATpo~ ~eTeKTBposanacb no npo-

TOHSM OT~a~H, p0)1(~810WHMCK S sO~OpO~OCO~ep)KaWKX MBW8HBX0 nopor aHaprBK 38~a8TCB 

yrnoM oTneTa npoToaos OT~aqx OTHOCHTenbHo aanpaaneBBB aeATpoHBoro ny~Ka, MaHIUI yron 

Ha6nJ0~8HBH npOTOHOB 0 narKO B3M8HHTb nopor peracTpanaa H81TpOHOBo 

C nOMOWbiO <iJOTorpa<lJB'I8CKBX BMynbCHI yrnosoe pacnpe~eneHBa H81TpOHOS OT (SepBn

nB8SOI MHweaa a3Mepanocb npx 1,0 a 2,2 raa
181

• npa xcnonb3osaaxa ¢oTonnacTBHOK 

npOH3BO~anCH OT60p 3S83~ C 'IBCDOM '18pHhiX ny'lal ~ 8, 

Bo scex on~TSX OTM8'189TCK BCnyc~aHRe ReiTpOHOS B~COKBX aRepral DO RanpasneHKIO 

~BRJKSRBB npOTOHOB, MaxCRManbHaB RRTaHCKSHOCTb HeiTpoaos Ra!SnJO~aaTCH Ra xacaTenbBOI 

K op6RT8 ny~a. npOXO~BWal '18pe3 MHW8Rb, 3TO HanpasneHBa DpRRBMa&TCK 3a Q
0

, no 

Mepe OTKnOHaRRB OT Hero, ·aHT&HCHSHOCTb aeiTpOROB yM&Hbllla&TCK CRMM&TpH'IBO s o6e CTo-

poahl, B xaqecTBe M&phl yrnosoro pacnpe~eneHBH npBHBTo npBBO~RTb wapaay tJ. DKKa S 

TO'IK8X 0 r~e RRTaRCRBROCTb yM&Rbllla&TCH B 2 paaa no Cp8BH8RRIO C MaKCHMBnbROI, 3aaqe

HRH nonywapRH~ yrnoshiX pacnpe~eneHRI .llDR p8311H~X OD~TOB B· aaeprBI npOTOROB npa

se~eH~ B Ta6naue 1. 

PaccuoTpRM saaqane ~aRHhle, nonyq.ea~e aa ~eTeKTopax c npauepao o~aaaKosoA se

nH'IRBol nopora ( HanpRM&p, AaBH~e ~nB BHCMyTOB~X KaMep ~eneHHB B CURHTHnnBUBOHHhiX 

C~&T'IHKOS C 6nB3KRMR B9DR'IRH8MB nopora), Ana aax aa6nJO~a&TCB MOHOTOBHoe yMaHblllaHIIG 

nonyWIIpHH~ pacnpe,!leneHHK, 3a OTAODbH~MH HCKDIO'I8HBBMH, C ysenR~eHBeM aHeprHH npOTOROBo 

TonbKo AnB 95 Mas senB'IBHa tJ. nonyqeaa y 6epannax MeHbwea, '18M npa 170 Mas. Haqa

aaa <: 170 Mas, nos~weaae aaeprxa npoToHos ~o 680 Mas npasOABT K CBCT&MaTR~ecKoMy 

YMSHbllleHRIO nonywBpBHhl tJ. 6onee 'IBM s ~sa pa3a. Aaanorii'IH~M oopa30M s on~T8X • 

rAe ~8T8KT0p8MR cny)Kana <iJOTonnacTaaKa, ysenaqeaae saepraR OT 1,0 ~0 2,2 ras CHR)Ka8T 

DOnyWRpHHy tJ. s 1,4 pa3a, Ha yrnepot:~HbiX AeTeKTOpax Taltal TeH~eHDHR He aa6nJOAaeTcR, 

a BMeeT M8CTO CKOpel llOCTOBBCTSO nonywapaB~ pacnpe~eneHaB ~nB aHepral 110 a 330 Mas, 

3TO DpOBCXO.IlBT, no-sH~HMOMy, a3-3a H80~RH8KOS~X ycnosal a&cnepaM8HTOS S paCCM8TpRsae

M~X pa60Tax, 

nosblweaae nopora ~8T9KTOpa npa aea3U8HHOI aaepraH npOTOHOS T8K)K8 npBSO~HT K 

:yM9BbWeHaJO nonywHpHHhl A • HaH6onee OT~eTnHso TaKas 3asBCBMOCTb noxsnaeTCK ~nB 

170 Mas. AaanoraqaaSJ 3SsHCHMOCTb BH~Ha ~nSJ 6epxnnuesoA MRWeHH npH saeprHa 95 Mas, 

r~e ynenaqeaae nopora oT 48,5 ~o 70,7 .l'v\es CHB3Hno nonywHpHHy oT 21,5° ao 14,5°-17,5°, 
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3aepras 
npOTOHOS 

Mas 

110 

330 

95 

95 

95 

170 

330 

480 

680 

1,0ras 

2,2ras 

Ta6naua 1 

Yrnos~e pacnpe~eneaax HeATpoaos nepe3apB~Ka 

MHWOHb 

BI, AI, Cu, Pb 

Be 

AI, Cu 
u 

Li, Be 
c 

AI, Cu 
Pb 

Li, Be, AI, Cu 
c 

Pb 

Li, Be 
c 

AI, Cu 

Pb 

Be 

Be 

Be 
c 
Cu 
Pb 

Be 

Be 

Be 

nonywapHHa nopor 
yrnosoro Tan ~eTeK-

pacnpe~eneaas ~9T8KTOpa Top a, 
tJ. Mas 

27°.:..29,5° Yrnepo~HLie >20 
~8T9KTOpLI 

27° 
29,5° 

29° -·- > 20 

CnaHTanna-21,5° 
> 48,5 26,5° naOHHbJ8 

22-23° C'leT'IaKa 

25° 

16 - 17° 

21b5 - . - >65,9 
27 

14 - 17,5° 
.170 - . - >70,7 13,5- 14° 
22° 

-
33° > 50 
30° > 67 
28° > 83 
25° >1 00 
20° >120 

24° BacMyTOSSB 
KaMepa >50 

15,7° 
16° - , -· >10o 
18 5° 
23° 

14,5° 
- . - >50 

--
90 <l>OTOaMynbCHH >550 

6,5° - . - > 550 

5 

naTe-
npaMe-paTy-
'18Hae pa 

2 

HaA~eHo 

3 
aaMa no 
~8HHbiM 

naTapyeM, 
pa6oT 

3 -·II-

3 - . -

4 

5 

3H8'18HHe 

6 
nopora 
nosa~a-

MOMy 38-
SLIWBHO 

7 

8 
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,lln11 p113nii'IHhiX MIIW8Hell Ha6nJO,Ila9TCll cna6oe S03pacTaHH8 senB'IHHbl f'l C yaenB"f9HH-

9M IIOpll.llltOBOrO HOMepa o6ny'laeMOrO H.llpa, 8 paanH'IHbiX onbiTBX OHO He O.llBHaXOSO II 6onee 

OT'I&TnHso Sll.llHO npa SbtcoKBX noporax Rna aHeprHHX na,llaJOwax npoToHos, Haor.lla scTpe

'IBJOTCH Bba6pocht, aanpHMep, np11 yrnepo.lle np11 nopore 48,5 Mas
131

, r.lle aHa'leHHe nonywu

pHHbl OXa3MOCb 6onbW9 0 '18M .llllll CSHHUOSOJI MIIW9HB, BepOBTHO npe>K.Ile scero 3,1leCb Tpe-

6yeTCll yTO'IH8HHe axcnepHMeHTBnhHhiX .llBHHbiX, YsenH'I8HHe nonywHpHHhi pacnpe.lleneHHH y 

TH>KenbiX aneMeHTOS o6bHCHHIOT 3HB'IHT8ilbHbiM axna.llOM OT aeATpoaoa Sb16HBBHHH, Kax yxa

aaao a131 , XO.Il XpiiBOJI yrnoaoro pacnpe,lleneHHH HeJITpOHOS S8CbMB 6nH30X X 3BBHCIIMOCTB 

.llnH ( n, p ) - pacceHHHH sa cao6o.llHhiX ayxnoaax, 

3aepreTa,ecxae pacnpe.lleneHHB aeATpOHOB nepe3apH.IlKH 

CnexTpbt aeATpoaoa B3y'lanHcb np11 aaeprHl'IX npoTOHOB OT 95 .llO 660 Maa
13•9-211, 

3aepreTH'IecxHe pacnpe,lleneHBH 6onblllell 'I&CTbJO HaMepl'lnHcb c noMOlllhiO Tenecxonoa CUIIH

THnnl'luHoHHbiX c'leT'IliKOB Ha HeliTpOHHhiX ny'IKBX, xonnHMHposaHHbiX 3BWHToll ycxopHTenell, 

B TBXHX ycnoBHHX npe.lloTspaLUanocb B03.1lelcTBHe HB ,lleTeltTOpbl pacceHHHhiX H conyTcTByJO

lllHX H~y'leHHJI OT CHHXpOUHitllOTpOHOB, 015bi'IHO H3M8pS18TCll XpHBall nornOlllQHHH npOTOROB 

OT.IlB'III, Bbln9TBIOllliiX 113 BO.IlOpO.IlOCO.Ilep>Kawell MBW8HH npH ynpyroM ( n, p ) pacceliRIIII 

no,ll HQitOTOpbiM yrnoM, CneltTp HBJITpOHOB HBXO.IliiTCSI H3 aTHX R3MepeHBJI C Y'I8TOM COOTHo

W8HHll0 CBll3biBBIOlll8rO yron pBCC8llllllll npOTOHOB OT.IlB'III C aHeprHeJI HQJITpOHOBo 

TenecJtonbl nponopuHoHanbHhiX C'leT'IRXOB npKMeHHnHCb nHillb s pa60Tax
111 •191, MeTo

.llHXB pa60Thl C nponopnHOHMbHbiMB C'I8T'IHXBMB OTDB'I88TCII OT M8TO.IlHXB pa60Tbl CO CUKH

THilnl'IURORHhiMII C'I8T'IIIXBMH DIIWb M8HbWHM 6biCTpO.Il8JICTBK8M H 6onee HH3KHM KOalj:>!}:>HUHBH

TOM ycKneHHH y nepBbiX .llBTeXTOpoa, Ha15niO.Il9HBll cnexTpa Hel!TpOHOB aenacb no.ll yrnoM 

·0° Bllll np11 MBilbiX yrnax BbllleTa, fTO.Il .llpyrBMH yrnBMH cnexTpbl H3M8pllllHCb B pa6oTe/
3/ 

(0°, 5°, 10°, 16° II 28°); B pa6oT/
121 (0° II 15°); B pa6oT/

20 t (0° B 18°), 

Hy>KHO CltB3aTb, 'ITO cpBBIIIIBBTb M9>K.IlY co6oA cnexTpbl HeliTpOHOS, II3Mepe11Hbl9 Ha 

pB3nH'IIIhiX yCKOp11T8nHX, cne.llyeT C OCTOpO>KHOCTbiO, TBK XBK ycnOSHSI OUbiTOS B 6onbWKII

CTB9 cny'IBBB He liBnliJOTCll II,IleHTB'IHhiMII, XOTll npiiM811SieTCll O.llHB II Ta )I(Q M8TO.IlRKB, Pac

X0)1(,1l8HH9 peaynhTBTOB H3MepeHIIJI MO>KeT B03HHKBTb, HanpHMep, no cne,llyiOUlell UpH'IIIHe: 

IICUOnb3yiOTCll 6~pHnnH8Sbl8 MIIlll8HH H80,1liiHBKOSOJI TOnlllHHbl, DpH aTOM 113-38 pa3nH'IHll B 

ROHH38lliiOHHbiX nOTepax S HHX II 'IHCna UpOXO>K,IlQHHJI 6y.llyT H80,1liiHBKOSblMH pa3MbiTHSI 

cnexTpa na,llaiOlllHX Uy'IXOB npOTOHos; S03MO>KHO TaK>Ke, 'ITO pa3p8WBIOlllBSI cnoco6HOCTb 

TenecKOllOB C'I8T'IHXOB0 npHMBHSIBWRXCSI B Onb1T8X 0 6blnB H8,1lOCTaTO'IHB np11 ,llaHHOJI CXSB>KHOC• 

Til II BHT9HCIIBHOCTH ny'IKB YCK0p1IT9nll II T,Jl, 3TO 3BMB'IBHHe nO,IlTB8p>K.IlB8TCSI, ecna co

nOCTBBRTb cnexTpbl HeliTpoaos OT 6epannHl'l, H3MepeHHble npa 3751151 
a 380 Mas1161• XoTSI 

B aTRX pa60TBX 3ReprRR npOTOHOB 6nH3KR .llpyr .llpyry, CUSKTp HBJITpOHOS npR 

375 Mas oxaaMsaeTcll 6onee pB3Mb1TbiM, 'leM npH 380 Mas, TeM He MeHee, Mbl 

piiCXH8M COnOCTBSIITb pB3nB'IHble cneKTpbl, 'IT06bl ycTaHOBIITb, XOTH 6bl K8'19CTB9HH0 1 HanH-
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'(Be Ol5lllBX 'lepT HnB paanH'IHJI M8>K.Ily HBMII, BepOBTHO, CTpOrHe XOnH';IBCTSQHHbiQ COnOCTBB

neHHSI 6y.llyT soaMO>KHbl nocne coopy>KeHBSI ycxopHTenell c perynupyeMoll aaepruell Bb!Be.llea• 

HbiX ny'IXOS npOTOHOB, 

BHa'lane paccMoTpHM .llaHHble .llnl'l 6epHnnHeaoll MHilleHH. HexoTopbte cnexTpbt, HaMepea

Hble no,ll 0°, .ll9MOBCTpHpyiOTCB aa p11c, 1. Bcne.llCTSHe Tpy.llHOCTH HOpMHposxH Mht He npH

SO.IlRM M8CWTB6 no OCR Op.llHHBT, Kax Sll.llt;!,9 H3 pHC, 1, .llnl'l KB>K.IlOJI aaeprHH npOTOHOB 

HM8eTCll CBOSI lj:>OpMa CnBKTpa, Bee cnexTpbl HMQIOT MBKCHMYMbl, ne)l(alllH8 s6nH31I npe,llenb

HOJI aHepraa npoToaos. B cTopoay 6onhwHx aHeprall OT Maxc!IMyMa aa6niO.IlaeTca 6onee 

pea~toe na,lleHae 'IRena Hel!Tpoaoa, '18M s cTopoHy MeHhWHX aHeprall. Bo scex cnexTpax 

ycTaHosneHo, XOTH II S MMbiX KOnii'IeCTSaX, UpRCyTCTSHe H8JITpOHOS C aaeprHeJI, IIO'ITH pas

ROll ·aaeprHH aaneTBIOWHX UpOTOHOB, Cnesa OT MBKCHMyMa SH.IlHO 3HB'IHT81lbHOe KODH'I8CTSO 

HeliTpoHos cpasHaTenhHO MMbiX aHeprult, Bcne.llCTSHe aToro s o6nacTH Manhtx aaeprHll no

asnaJOTca y'lacTxa nnaTo, illHpaHa 11 op.llllHBTbl nnaTo OKB3hiBBICTCH paanii'IHbtMII, no Mepe 

soapacTBHIISI aHeprHa npoTOHOB cneKTpbl HellTpoaos pB3MbiSBIOTCSI a npa aHepraa 480 Mas 

HB'IIIHBeT SblpiiCOSbiSBTbCSI STOpOll MBXCIIMyM, ne>KBWIIll HB 200-250 Mas HII>Ke OCHOSHoro 

MBKCHMyMa, BTopoll MBKCHMyM HBH6onee OT'18TDHSO SII,Il8H Ha KpHSOll .llDSI aHeprHJI UpOTOHOS 

660 Mas, r.lle 011 pacnono>Kell a HHTepsane 200-300 Mas, fToHsneHae BToporo MBKCIIMyMa 

He CBH3BHO C 06MeHHbiMH B3aHMO.IlellCTBHliMH, KBK OTM8'1BIOT BBTOpbl 1201
, oH o6ycnosneH 

HellTpOHBMH, IICUyCKBeMbiMH S peBXI{BSIX 06pB30SBHIIH + 
7T II 11°- Me30HOB npH CTOnKHOB9HHSIX 

npOTOHOB C Sl.llpOM, 06pB30BBHHe HBJITpOHOS S .llBHHOM cny'lae npOIICXO.IliiT 3a C'IQT peaxuall: 

+ 
P+P .. 7r+n+p; p + n .. 71' + n + p ; p + n .. "++ n + n • 

B Ta6naue 2 yXB3BHbl napaMeTpbl, xapaxTepa3yJOllllle cneKTpbt HellTpoHos oT 6ep11nnae-

soll MIIWeHH .llnl'l paanii'IHbiX Ep , B KB'ISCTse napaMeTpoB npaSO.IlHTCSI aHeprag Em , np11 

KOTopoll pacnono>KeH MBKCHMYM cnexTpa, 11 'nonyw11paHa' l'l E MaKciiMyMa, KaK sanHo 

113 Ta6n. 2, c6poc aHeprllll s nponecce nepeaapll.llKII ( T,e, aenH'IRHa E P-En/ IIMeeT 

BIIB'Iane 3HB'IeHue OKono 10-20 Mas 11 ysena'IHBBeTcll c a11eprHell na,llBIOLUIIX npoToHos, Iia-

6niO.IlBeTcSI 6onhwoll pa36poc a senii'IIIHe c6pacblsaeMoll aHeprlla .llB>Ke npa 6naax11x aHepra11x 

/16 20/ na,llaiOllliiX npoTOHos, B Haa6onee TlllBTenLHo BhlnonHeHHbiX a~tcnepiiMeHTax ' np11 Bhlco-

KIIX E P c6poc .llOCTHraeT 30-50 Mas, Benii'IIIHa l'l E Tax>Ke cpaaHaTenhHo aesen11xa 

Dpll MMbiX aHepriiHX npOTOHOB, HO 3BT8M OHB yBenii'IHSSeTCH npiiM8pHO B .2-3 paaa, ·l-filor,lla 

HB6DIO,IlBIOTCH 60nhlll118 OTKnOH8HIIll S l'lE , q:To CBH38H0 1 IIO-BHllHMOMy 1 C nep9'1HCneHHbl-

Mil paaee npii'IIIIIBMR norpeWIIOcTell, TaM, r.lle 11Cnonb3osanacb annapaTypa c .llOCTBTO'IHO 

Sblcoxoll pa3pewa10well cnoco6HOCThiO no alleprHHM/!
6 •201 , senii'IHHa l'l E cymecTseHHO MeHL

we, '18M B .Upyrax II3MepeHHHX, /V\BKCHMYM cneKTpa H8i!Tp0HOS HMeeT CIIMM8Tpii'IHYIO lj:>opMy 

npK cpasHHTenbHo •ISnhtX 9HeprliHX npoToHos ( .llO 250) H npH 680 Mas. 
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TaClnaua 2 

E p, Maa E.., Maa dE1 Maa naTep8T)'p8 

95 00-95 .. 50 s 
IOO 90 35 9 
I43 I40 .. 30 IO 

I70 I 50 55 11 
245 2I5 80 I2 

340 275 a IOO IS 

350 280 a ISO I4 

375 3I5 I 50 I5 

380 350 a 30 16 

450 400 - 90 18 
480 395x " 140x 19 
660 6IOx " 100x 20 

X '3H8'18HHSI Jlll_R MBKCHMyMa, OTB8'1810lll81'0 H8llTpOH8M nepea8pll.llKHo 

YfM810lllH8CSI HeMHOI'O'IHCneHHble H8CiniO.ll8HHSI cneKTpOB H&JlTpOHOB OT ()epRMH8BOJl MR

W8HR no.o yrnoM OTnH'IHbiM OT 0° /J,I
2

, 
201 

1 no-BR.llRMOMy, noaBOII_SIIOT I'OBOpHTb, 'ITO C 

yaenH'I9HH9M yrna H801l_l0Jl9HHR npOHCXO.llRT yM9Hblll9HHe Op.OHH8T cneKTpa no a()conJOTHOll 

BenR'IHHe H CM9lll8HHe ero M8KCHMYM8 B CTOpOHy M9RblllHX SHeprHJlo 

/3 IO-I2/ 
3aepreTH'Iecxae pacnpe.oeneHHR RellTpoaoa nepeaapR.OKR RaonJO.oanRcb 1 · npR 

oCiny'leHHH .opyrax anAMeHTOB ( OT JiellTepHR .oo ypa&a). B STHX uaCinJO.oeHHHX co.oepJKHTCll 

M8Hbllle n_orpeWHOCTell1 TBK KBK onbiTbl npOR3BO.llRTCll H8 O.OHOM H TOM JKe YCKOpHTene. 

O.oaaKo H a.oecb peaynbTBThi ueKOTOphiX aaTopoa
13

• I 21 IS/ aaor.oa npoTHaope'laT .opyr 

.opyry. 

CneKTpbl HellTpOHOB no.o yrnoM 0° B oonbWHHCTBe cnyqaea no ¢opMe noxOJKH Ra cneKTp 
/10 -I2/ 

.onR oepHnnaeaoll MHI118HH. CornacRo , MOJKRO roBOpHTb 0 S03p8CT8HHH cop8CbiB88MOll 

3H8pi'HH npHMepHO B • .llB8 paaa H 3H8'1HT91l_bHOM YB81l_H'I9HHH Op,llHH8T cneKTpOB Jlll_ll ()onee 

TSI:>K81l_bJX 3JI8MeHTOB no cpaaHeHHIO c oepannHeM. Ha pac. 2 rrpe.ocTaaneHbl aHepreTH'I8CKHe 

0 
pacnpe.oeneHHR HIIITpOHOBl Bblll_8T810lllHX H3 paanH'IHhiX MHilleHeJI B HanpasneHHH 0 npH 

/ICY E p = I43 Mas. nonyqeHHhie s Haaoonee 'IHCTbiX HaMepeHHRX MeTOJlOM apeMeHH nponeTa 

Ha aTHX pacyHKax nyHKTHpOM yKaaaHbl a¢¢eKTHSHble aHepreTH'IBCKHe pacnpe.oeneHHII na

.llBIOlLlHX npoToaos c y'leToM paaopoca no aHeprHH Bblse.oeauoro nyqKa a ero noTepb s MH

weaa. illTpax-nyHKTHpHOI KpHBOJI 0'19p'18HO 3H8pi'8TH'I8CKOe paap8W8HH9 H801l_IOJl88MbiX 

nHKOB B K8:>KJlOM Cll9KTpe. J\\bl BH.OHM, 'ITO Jlnil llBllTepHSI OCHOBHYIO '18CTb CRBKTpa (()onee 

80%) COCT8Sil_SIJOT HeJITpOHhl nepeaapR.llKH, a OCTMbHble Y'IBCTKH OOSI38Hhl H8liTpOH8M1 SbiOH

TbiM B peaynbT8T8 MHOI'OKp8THbiX CTOII_KHOBBHHJI. Y oonee Tll:>K81I_b1X MHWeHeJI IlHK H8JITpOHOB 

nepeaapll.OKH arpaeT MeHbWYJO ponb. BoapacTaJOT BKna.oht yqacTKos, OTBB'I810lllHX MHoroKpa.

HbiM coy.oapeHHKM H oonaCTH HH3KHX SHeprall - COOTS8TCTSYIOlllHX SbiOHTbiM HeliTpOHBMo 
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BhtXO.llbl HeliTpOHOB BhiCOKHX aaeprall 

Cae.oeHHR o sepoHTHOCTH oopaaosaHHR HeliTpOHOB BbiCOKRX aHeprall aa paanH'IHbiX MH

LU&HIIX nony'I&Hbl npH aHeprHRX IlpOTOHOB 95/3 / 1 I43/IQ/1 I60-I70141II/1 340/5122/ H 

480 Mas
161

• 

nonHble ceqeHHII acnycK8HHR HellTpOHOB ( E D > 50 MaB) H3 oepannaesoll MSILU8HH npH 

SHeprHRX IlpOTOHOB I431 1701 340 Sl 480 Mas p8SHbl: 84.:!:1 MO/IO/; 60 _1- 30 MO/ll/; 

/5/ /6/ /6/ 
100.:!:50 Mo a 50.:!:25 Mo 1 cooTseTcTseHHo. AaTopht paooTbl yKaablsaJOT1 'ITO nopor 

peracTpanHH aeliTpOHOB s ax onbiTBX Haxo.oancR SbiLUe 100 Mas. Mbl y:>Ke OTMeqana 1 'ITO TaxaR 

senH'IHH8 nopora H8M npe.OCT8Sil_SI8TCSI 38Bbllll8HHOJl H ero ny'ILU8 npHHRM8Tb ll_8:>K8lllHM B paJlOH8 

50 Maa, KaK aTo .oenaeTcR B .opyrax acr:ne.oosaHHHX. Tor.oa a rrpe.oenax OLUHOOK axcnepH

MeHTa IlOII_HOe C8'18HH8 HcnyCK8HHSI H8JlTpOHOB H3 oepHnnHR MO>KHO C'IHT8Tb npaKTH'I8CKH He 

38BHCSilllHM OT aHeprHH B p8CCM8TpHB88MOM RHTepsane aHeprHJl rrpOTOROB, no Cp8BH8HRIO C 

reoMeTpH'I&CKRM ceqeuaeM ( u reoM=250 Mo) sepoRTHOCTb acnycKaHHR ueJITpOROB ShtCOKHX 

aHeprHJI COCT8Sil_S18T OKOT.O O.llHOJl nKTOJl '18CTH BCBX B38HMO.ll8JICTBHll, nonHoe C8'18HH8 ac

nycK8HHSI HellTpoHoB ( En> 50 Maa) R·.opaMH yrnepo.oa1 Me.OR H CBHHua npa auepraa npo

TOHos 480 MaB paBHO: 401 450 H 1100 MO, COOTBBTCTBBHHO, no Cp8BH8HHIO C 1'80M8TpH'IeC

IIOKM C9'18HH8M OHO COCT8Sil_SI8T npHMepHO O.llHy CB.llbMYIO '18CTb BC9X B38HMO.ll8ICTBHll H8 

yrnepo.oe H OKono ROnOSHHbl S38HMO.ll8llCTBHJI Ha Me,llH H CBHHUe, BXO.llbl HBJITpOHOB H3 paa

nH'IHbiX SJI8M8HTOS S nepe.OHIOIO nonyc,Pepy RpHS8JlBHbl B T801I_HU8 3, 

}laHHble TBOII_Hithl 3 nony'leHbl S paaHbiX ORbiTBX H noaTOMy HX Cp8BHHB8Tb. MB:>K.lly co

()oll Tpy.oHo. ny'ILUe Cp8BHHS8Tb BblXO.llbl HeliTpOHOB s O.llHOM H TOM :>Ke ORbiTe. Ha acex 

onb!TOB BH.llHO, 'ITO C yaenH'IBH118M ROpR.OKOBOI'O HOMepa MHLUBHH BepORTHOCTH acnyCX8HHSI 

HellTpOHOB BbiCOKHX aHeprHJI MOHOTOHHO pacTyT, HaonJ0.088TCSI paanH'IH8ll 38BHCHMOCTb Sbi

XO.llOB HellTpOHOB oT aToMHoro seca MHilleHell. TaK, a paooTe
131 

yKaablaaeTcll1 'ITO oH npo-
2/3 /10,22/ 

nopuHoHaneH A , Me:>K.oy TeM KaK a paooTax yTaep:>K.oaeTcll, 'ITO aaBHCHMOCTb 

OTHOCHTenbHOI'O Bb1XO.ll8 HellTpOHOB S npe.oenax aKcnepHMBHT8nbHbiX norpelllHOCTeJl MBHli8TCil 
2/3 

nHHeliHo KaK ( A- Z) • Oo'bRCHeHHR aToro paanH'IHR noKa HaT. 

HcnycKaHHe aapH:>KeHHbiX 'IBCTHU BbiCOKHX aHeprall 

06 acnycKaHHH aapli:>KeHHbiX 'IBCTHU BbiCOKHx aHeprall npa ooMoap.oapoaKe R.oep Hei

TpoHaMH HMB8TCSI H8MHOI'O .llBHHbiX/
23

-
261 

• 0HH paap03H8Hbl H HX HenerKO Cp8SHHB8Tb M8JK.lly 

coooa. B paooTe
1231 

c UOMOlllbiO K8M8pbl BHnbCOHa, ROM9lll8HHOJI B MBI'HHTHOe none, 

H3M8pRnKCb yrnOBble pacnpe.oeneHHSI H aHepreTH'I9CKH9 CR9KTpbl npOTOHOS H JlBJITpOHOB1 Bli!

neT810LUKX aa yrnepo.oHoll MHLUeHH npa ooMCiap.oapoalce ee aeJ!TpoHaMH c aHepraell oxono 

00 Mas. Paa.oeneaae TpeKOB Ha npoTOHbl R .oeATpOHbl npoaaso.oanocb n·o senH'IHHe pa.oayca 

KpHSH3Kiil, 6blll_O H8ll.ll9H0 0 'ITO H3 386 Tp9KOS 52% npe.OCTBBniiiOT COCiOJI npOTOHbl C aHeprH

HMH OT 32 .oo I07 Mas; 42 % liSnRJOTCR .oeliTpOH8MH c aueprHRMH OT 25 .oo I24 Mas H 
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.3HeprHst 
npoTOHOB 

95 Mas 

143 Mas 

160 M9B 

340 Mas 

MHweHH 

Be 

c 
AI 

Cu 

Pb 

D 

Li 

Be 

c 
AI 

Cu 

Pb 

u 

Be 

c 
AI 

Pt 

Be 

c 
AI 

Cu 

Ag 

Pb 

u 

TaonHua 3 

BhiXOJJ; 

~oo 

-55 

~so 

180 

360 

43:!; 3 

71:!; 4 

84:!;4 

65:!; 4 

103:!; 5 

205:!;10 

453:!;28 

475:!;29 

81:!; 15 

81! 15 

192! 35 

1.360:!;280 

1,5 

1,0 

2,1 

3,7 

5,7 

8,3 

9,0 

nHTEipaTypa 

/3/ 

/10/ 

Ill/ 

/22/ 

npHMe'laHHe 

X 
du (11') MO 

d!l cTepa.o; 

E > 48.6 Mas 
0 

'anepe.o;• Ml5 

du(2,S") Mo 

d !l cTepa.o; 

E 0 > 50 Mas 

0THOCHT91lbHbli! 
Bbixo.o; 'anepe.o;• 

oxono 6% - st.o;pa TpHTHst c aHeprHeil OT 56 .o;o 95 Mas. YTaep>K.o;aeTcst, 'ITO npoTOHbi c 

aHeprHstMH 32-62 Mas HcnycxaroTcst H30TponHo ( B npe.o;enax axcnepHMeHTanbHbiX owH6ox}, 

a anst HHTepaana 62-98 Mas HMeeTc!l peaxa11 HanpaaneHHOCTb snepe.o;, npH'IeM nonywHpHHa 

yrnoaoro pacnpe.o;eneHHst cocTaBnSieT 18:!;3°. 3To aHa'leHHe nonywHpHHbl y.o;oaneraopHTenbHO 

coana.o;aeT c aenH'IHHOA fl .lln!l HeATpOHOB nepeaap!!.llKH H3 yrnepo.na, yKa38HHOA B TaonH-

ne I Llll!l nopora Bb!We 65,9 l\1aa. BepO!ITHOCTb HcnycxaHH!I npoTOHOB acex 3HeprHil B HHTep-

10 

sane yrnoa 0-24 ° HaA.o;eHa paaHoil 11,3:!;5,6 Mo. Cn 'KTP npoTOHOB, Sb16pacbiBaeMblx anepe.n 

{eM. aepxHIOIO qacTb pH c. 3}, HMaeT nnaTo s HHTepaane aHeprHA 32-70 Mas H aaTeM na.naeT 

IIO'ITII .llO Hynst B o6naCTH OOnbWHX aaeprHAo 

HauepeHHst aaepreTH'IecxHx cnexrpoa npoTOHOB H .neATpOHOB aa yrnepo.nsoa, Me.o;Hoil a 

CBHHllOBOi! MHW9HH npH o6ny'leHHH H9i!TpOH8MH C aHepraeA 90 ·MaB npOH3BO.IlHilHCb B pa6o

Tl241. B xaqecTBe .neTeKTOpOB npHMeHstnHcb Tenecxonbl nponopnHoHanbHbiX c'leT'IHKOB, a 

THll BbineTaiOWHX '18CTHI1 ycTaHaBnHBancst 110 B9nH'IHHe OTKnOHeHH!I HX B MBrHHTHOM none, 8 

cnyqae yrnepo.o;a cpe.o;H HcnycxaeMbiX qacTHil c aHeprHSIMH 6onee 20 MaB oi5Hapy>KeHo oxono 

60% npQTOHOB, 36% .neATpOHOB H OKOnO 4% ll.llep TpHTHSI, 'ITO y.llOBn9TBOpHT9nbHO cornacyer

Cll c .o;aHHbiMH paooTb/
231 • Bepol!THOCTH Bb16pacbtBaHHst npoTOHOB ( E > 20 MaB} H .neATpo

HOB ( E > 27 l\1aa} an11 pa3Hb!X HHTepBanos yrnoa sblneTa nepeqHcneHbl B Ta6nHue 4. Mb! 

BH.IlHM, 'ITO oonee BepostTHO Bblopacb!BaHHe '18CTH11 Bnepe.o; (0-45°}. HaH15onbW8SI CT9119Hb 

aHH30Tp011HH B HcnycxaHHH HMeeT M9CTO Llnst yrnepO.IlHOA H HaHM9HbW8st - .llllst CBHHUOSOA 

MHWeHH. 

Bb!neTarowHe 
qacTHilbl 

npoTOHbl 

npoTOHbl 
( E > 35 MaB} 

,llei!TpOHbl 

npoTOHbl 

,llei!TpOHbl 

npoTOHbl 

,lleATpOHbl 

MHW9Hb 

c 

Cu 

Pb 

Ta6nHna 4 

Yron BbineTa 

0°-25° 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 

06we~> 

ceqeHBe 
MO 

90 

52 

26 

241 

52 

424 

75 

EcnH Bbl.llenHTb cpe.nH npoTOHOB 6onee aHeprH'IHyro qacTb ( c E > 35 ·Mas}, TO MO>KHO 

aaMeTHTb, 'ITO npH aTOM Ha6nro.naeTcst cywecTBeHHO oonbWaSI cTeneHb aHH30TponHH B Hcnyc

KBHHH, qeu .nnst acero cnexTpa.nonywHpHHa yrnoBoro pacnpe.neneHHSI TaKHX npoToHoB Ha 

yrnepo,aa nonyqeHa pBBHOA '-' 20°, 'ITO He HaMHOrO M9HbWe, '19M COOTS9TCTSyiOIJlaSI 

BenH'IHHa .nnst HeATpOHOB nepeaapB.o;xa, yxaaaHHall B Ta6nHue 1. Bb!XO.Ilbl aHeprH'IHMX npo-: 

TOHOS B ,!l8HHOM Oni>lTe OKa3biBaiOTCS'I cpBBHHMbiMH C BbiXO.!laMH HeATpOHOB nepeaapst..!lltB H3 

Tex >Ke st.nep npH 6nH3KHX aHeprHSIX HanerarowHx 'IBCTHU. Tax, ce'leHHe ol5paaoBRHHst npoTo

HOB H8 yrnepo.o;e llO'ITH paSHO BbiXO.!lY HeATpOHOB nepeaapst.llKH .llnst yrnepoaa H oep&nnHB 

( CMo npe;::J;bl.llylltHA paa.nen}, B TO BpeM!I KaK Llll!l M9.1lH H CBHHila OHO COCTaSnsteT qyTb 
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6onbU1e nonoBHHM una nononuay, 3aepreTuqecKue cneKTpM npoToHoB uayqeHM noapo6ao c 

paaHLIMK MuweHHMK npa aecKOnbJCKX yrnax BblneTa ( 0 , 12 , 25, 45° ), Bo ncex cnyqa11x 

OHH nOXO>KH apyr H8 apyra no 4JopMe, npu yrne Ha6moaeHK.II 0° nnaTO npOCTHp88TC.II OT 

21 ao 70 Man (yrnepoa, cnexTp noKaaaa ua puc, 3 naaay), 35-50 Man (Meab) x 35-45MaB, 
( cnwaen ), OpauuaTbl nnaTo paBHLl oKono 1,6; 3,0 u 4,5 M6/cTep, Man, 

COOTB8TCTB8BHO, 3TH B8nHqHHbl noqTx paBHbl opaHB8T8MH nnSTO ana cneKTpOB HeftTpOHOB 

nepeaapHaKu ua yrnepoaa u npuMepuo B ana-Tpu paaa MeHbWe - an.11 ocTanbHbiX MKwe

uea/31. npu apyrux yrnax BMneTa cneKTpbl HMBIOT npx6nH3HTenbBO T8KOA >Ke X8p8KTep, BO 

nocTeneauo paaMMBaiOTCH c ynenuqeuueM yrna ua6niOaeuuH, 06pawaeT ua ce611 BHHMauue 

peaKo oTnuqubiA sua cneKTpon npoTOHOB nepeaapHaKu OT auepreTuqecKoro pacnpeaeneuuu 

H9ATpOHOB nepeaapHaKH ( CM, pHC, 1 H 2 ) o Me>Kay TeM cneKTp aeATpOHOB, H3MepeHHMA B 

TBX >Ke OnMT8X ( CM, puc, 3), noXO>K H8 cneKTp HeftTpOHOB nepeaapHaKH ( T8K>Ke HMBBT 

M8KCHMYM B o6n8CTH 60nbWUX 3HeprHA}, 

B pa6oTe
1251 

c noMombiO TenecKona cnBHTHnnuuuouubiX cqeTqHKOB uayq8Jiucb B&Ixoabl 

npOTOHOB 0 aeATpOHOn H .11aep TpHTHH npu 6oM6apaHpOBKe paanuqHMX MHWeHeA npOTOH8MH H 

ueliTpouaMu c aueprueA 300 Man, J.1aMepeHHH nponoaunucb an.11 yrnon BblneTa 26, 40 u 60~ 

Paaaeneuue BblneTaiOmax .qacTuu nponoaunocb no nenuquue paauyca KpHBH3Hbi TpaeKTopuu 

qacTHU B MarHHTHOM none H HX HOHH38UHOHHbiM noTep.RM, H3MepeHHb!M n oaHOM H3 CUHHTHn

llHTOpon, Jlu¢¢epeunuanbHble ceqeuuH ucnycKauuu npoTOHOB c auepruaMH 6onbwe 36 Man 

(a M6/cTep) npuneaeuM a Ta6nuue 5. J.1a Ta6nunbl nuauo, qTo no Mepe ynenuqeuuH nopHaKo

noro HOMepa MHWeHH BMXOabl npOTOHOn noap8CT810T npHMBpHO n 9 paa npH o6nyqeHHH npOTO

H8MH H ueATpoHaMu, KaK u B pa6oTe
1241 

n&txoa npoToHon pacTeT c yMeHbWeHHeM yrna 

ua6niOaeHHH, BepoHTHOCTb ucnycKBHHH npoTouon noa aeAcTnHeM uel!Tpouon oKa3binaeTCH a 

2,5-3 p838 MeHbWe, qeM npK o6nyqeHHH npOTOH8MH, 0THOW9HHe nepOHTHOCTH n&I6paCbln81HBI 

npoTouon H3 AI u Cu no cpanaeuuiO c yrnepoaoM n cnyqae o6ny•teHHH ueliTpoHaMu OKB3bi

aaeTcSI npHMepHO TBKHM >K9 1 KBK H OTHOCHTenbHbi9 BbiXO.Ohl HeftTpOHOB rrep.:3apS1ll.KH B Ta6-

nane 3 an.11 340 M3n, B TO >Ke npeMH OTHOCHTBilhHbie nepoHTHOCTH ucnycKaauH aTKX qacTHU 

H3 ·TH>KellbiX MHWeHell Pb H U ) nO'ITH nanoe MBHbWe n&IXOAOB HSl!TpOHOB nepeaap.RAKH 

n TBX >Ke ycnOnHHX, 6 cneKTpax npOTOHOn noa HBKOTOpbiMH yrnaMH H801110aAHHH npK o6ny

qeHHK npOTOH8MH OOHapy>KHn810TCII M8KCHMYMb1 HeoaHHaKonoA nbiCOTbl an11 pa3Hb!X MHWeHell, 

ne>Kamue npu aueprHHX 200 Man (26°) u npaMepuo OT 170 ao 200 Man (40°), no ¢opMe 

u nonywupuue cuu ueMuoro paanuqaiOTCH apyr oT apyra u Hnnl!IOTCH nuKaMH KBaauynpyroro 

pacceHHHII npOTOHOn H8 HyKnOHBX Hapa, 

0THOCHTellbHO HCnycKBHHll aeliTpOHOB B paooTax
123

- 261 HMeiOTCSI yK838HHS! H8 TO, qTo 

OHH BblneT810T 6onee 8HH30Tponuo, qeM npOTOHbli HX OTHOCHTellbHHll Bb!XOa no Mepe ynenu-

'!eHHH z MHWeHH paCTeT HeCKOnbXO CHnbHee, tteM npCTOHOBf .B 3Hepr~THt{f:"CKHX pacnpe • 

aeneHHIIX ua6nro.naeTcl! TOHKaH cTpyKTypa n au.ne uam<qug o.nuoro, a non HC.KOTOpbiMH 

yrnaMH - JlBYX tt9T1CO O'lepqeHHhiX M8KCHMyMOB 1 nonoLKeHHe KOTOpt--iX aaBHCHT OT Bhi60p<:l 

MHW9HH 1 yrna Ha6ni0Jl9HHSI H T.,LI. 3HattHTenhHO MeHbllle CBe.O.eHHA IlO~'ly'ieHO OTH~CHT9.'lbHO 

12 

TatSnuna 5 

MameKb 6blxo.n npoTouon 6oM6ap.nupyiOmue 

26° 40° 
'18CTHilbl 

nuTHA - 35,3:!; 3,0 

Yrnepo.n 70 ;!4,0 52,3:!; 4,0 

AmoMuuuA 130,1;!: 5,0 89,0:!; 4,0 
npoTOHbl C 

Me.o;b 188,5;!: 7,0 142,8;!: 6,0 aueprueA 

Ka.o;MHA - 193,2;!: 9,0 
300 Man 

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

Ypau - 251 ;!:11 

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

Yrnepo.n 27,7;!:2,0 16,2;!:0,8 

AniOMHHKA 49,2;!:3,0 29,7;!:1,4 HeATpOHbl c 

Me.o;b 76,2;!:5,0 46,8;!:1,9 
aueprueA 
300 Man 

Ka.o;MHA - 64,2;!:2,4 

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

Ypau - 83,3;t3J,3 

OC068HHOCT8A HCDyCit8HKSI ll.llep TpHTHSI, n1060nbiTHO OTMeTHTb 0 'ITO no BCeX HCCne.o;OBBHH-
/23-26/ 

SIX o6uapy>KeHO Bb16pacbiB8KHe .o;eATpOHOn H ll.ll8p TpHTK.II C KHBeTH'IeCKBMH 3HeprHHMH 0 

cymeCTBBHHO Dp8BLIW810mHMH nonuy10 3KeprKIO CBS13H HyKnOHOB B 3THX 4JparMeHTBX BilK 

BbiCOTY KynouoncKoro 6apbE!pa, 

3aKnJOqeHue 

no.o;no.o;g HTOr CK838HHOMY 0 Mbl BRAHM, 'ITO MHOrHe nonpOCbl H3 3TOrO paa.o;ena uayqe

Hbl eme HeaocTaTo'IHo nonuo. TeM ue MeHee, HacKonbKo MO>KHo aepBTh npuae.neHHbiM SKene-

pHMeHT8JibHbiM .ll8HHbiM, 3HepreTH'IeCKHe H yrnoBble pacnpe.o;eneHBS! BTOpH'IHbiX '18CTHU noKa-

3biB810T Hanuque cnenu¢uqecKoro npouecca nepe3apl!AKH HyKnoHon a 11,npax, csoAcTneHuoro' 

BbiCOKHM aHeprB!IM, KaK u .nn11 nponecca nepeaapSIAKH npoToHon B ueATpOHbi Ha SI.Ilpax 

o6p8THbllt nponecc xapaKTepH3YBTCSI pe3KOft 8CHMMeTpHeA BblneTa BTOpaqHbiX qacTHJl, 

OauaKo cneKTphl uyKnouoa nepeaapl!.llKH OK83MBBIOTCII paau&IMB B 38BHCHMOCTH OT Taro, 

xaxa11 qacTuna naaaeT ua 11apo, npu na.neuuu npoToHa y BTOpH'IHhiX Hel!Tpouon n Hanpanne

uuu 0° HMeeTCSI qeTKO oqepqeHHhllt MBKCHMyM, ne>KamKA npu 6onbWHX aueprHIIX H o6ma11 

K8pTHH8 B38H¥OAeltcTnHS! 6nu3K8 K KBpTHHe 06MeHHbiX ( p,n ) B38HMO.IlellcTnHA B aeATpOHe, 

npu na.o;eHHH Hel!TpOB8 y BTOpHqHhiX npOTOHOB T8Koro M8KCHMYM8 BeT, A B TOJ! 06118CTH 

cneKTpa, rne an11 HeJITpOHOn nepeaapSIAKH Ha6niOaaeTCll M8KCHMyM, 3.1l9Cb HMeeT MeCTO 
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nuaBHOe na.o;eHHe. npH STOll npH'lHHe cpe.llHBe 3HB'I9HBSI 9HeprBH BTOpH'IHbiX Hei!TpOHOB nep·-

38pSl.llKH .llOU:lKHbt 3H8'IJIT9UbHO npeBbiW8Tb cpe.o;HBe 3HB'I9HBSI aHeprBJ! BTOpH'IHblX 6hiCTpb!X 

npoToHon. BhtXO.Ilht ael!Tpoaon H npoToHon nepaaapSI.IlKH Ha uerKHX aueMeHT~ npHMepao o.o;n

HaKoBbt. Ha TK:lKeUhtX MHweusrx nepoSITHOCTb xcnycxaHBK uel!Tpoaon 6onbUHX aaeprul! no'ITH 

B.llBOe npenbiWaeT BepOSITHOCTb HcnyCKBHHSl npOTOHOn. 0TCIO.IlB Clle.llyeT, 'ITO KOnH'I9CTnO 

9HeprHH, yHOCHMOJ! OT nB.IlBIOW9J! 'IBCTHilbt Hel!TpOHaMH nepeaapSl.llKH, HB TSl:lK91lbiX MBWeHSIX 

6y.lleT 3HB'IHT91lbHO npenhtlll8Tb KOilB'I9CTnO 9HeprBH, yHOCBMOJ! npOTOHBMH nepeaapll.llKHo 

BpocaeTca n rnaaa o.o;aaaxonhtl! na.o; auepraTH'Iecxax pacnpe.o;eneBHl! .o;el!Tpouon, 

/24/ /26/ 
nht6pacbtBB9MbiX H3 Sl.llep no.o; .ll9l!CTBH9M Hel!TpOHOn HllH npOTOHOB , KOTOpbtl! MBilO' 

'19M OTnH'IB9TCSl OT cneKTpa Hel!TpOHOn nepe3BpSl.llKHo 0THOCBT91lbHb19 BbiXO.Ilbt .ll9J!Tp0HOB 

( E > 48 Man} npH o6ny'leHHB npoToHaMH/
251 

no'ITH n .o;sa paaa npenhtwaiOT BhiXO.Ilht aTHx 

¢parMeHTOB H3 paaHbiX aueMeHTOB no.o; .o;ellcTnHeM Hel!Tpoaon. B To lKe npeMs nepoKTHOCTb 

acnycxaaasr sr.o;ep TpHTHK ( E > 56 Man} xax no.o; .o;ellcTnBaM npoToaon, TBK n Hel!Tpouos 

na o.o;aoro H Toro :lKe aneMeHTa conna.o;aiOT .o;pyr c .o;pyroM n npe.o;enax owa6ox axcnepHMeH

/25/ 
TB 

Bpsr.ll nn cua.o;yeT .llYMBTb, 'ITO paanH'IHK n anepreTH'Iecxnx pacnpe.o;eneHHKX n BhiXO.Ilax 

BTOpH'IHbiX HYKUOHOn o6ycllOBil9Hht H9MOHOXpOMBTH'IHOCTbiO no 9HeprHH na.o;BIOUlHX ny'IKOB Hel!

TpOHOB. 3TOMY npOTHBOp9'1HT COBna.o;eHHe cneKTpOB .ll9l!TpOHOB, HcnycxaeMbiX H3 Sl.ll9p no.o; 

.llel!CBHeM Hel!TpOHOB H npOTOHOB/
24 •261, 

PaanH'IHSI n cnexTpax n BhiXO.IlBX nyxnoaon nepeaapsr.o;xu xa'lecTBeuao MOlKHO noHKTb u, 

no-nH.IliiMOMY, 06'bSICHHTb T90p9TH"'9CKH HB OCHOBe KBCKB.IlH.blX paC"'9TOB, npe.o;nOilOlKHB He

pBBHOMepaoe pacnpe.o;eneHHe npOTOHOB H H9J!TpOHOB B Sl.llpe. ,!lo CHX nop B KBCKB.IlHbiX pac

'19TBX pacnpe.o;eneane ayxnoaon npHHHManocb panaoMepHbiM, Ecna npHHKTb, "'TO nonepxuocTb 

K.llpa o6oraweaa ael!TpOHBMH, Mbl 6y.o;eM HM9Tb 6naronpHKTHble ycnoBH>t .llllK nony'leHB>t 

6onee aaeprH'IHblx Hel!Tpoaon nepeaap>t.llKH. Bb16p~CbiBBHHe H3 R.llpa n npouecce nepeaapSl.llKH 

rny6HHHoro npoToaa, ecTecTneaao1 .llOil:lKHO coupono:lK.o;aTbCR nore pSIMH aueprna n K.llepHOM 

B9Ul9CTBe, BCil9.1lCTBHe "'ero B Cfl9KTpax npOTOHOB .llOillKHbl npeo61lB.IlBTb 'IBCTHUbl C OTHOCH

T91lbHO MBilhiMH aaeprHIIMH, Ha nepnbill narnll.ll MO:lKeT noxaaaTbCSI, "'TO npe.o;nonolKeuue o 

HepBBHOM9pHOM pacnpe.o;eneHHH H9J!TpOHOB H npOTOHOB npoTHBOpe'IHT HM9101llHMCSI 3KCnepHMeH

TBilbHbiM .o;aHHhiM/
271

, n 'IBCTHOCTH onhiTBM Xo,PwTa.o;Tepa no paccesHHJO aneKTpouon Bblco

KHX ~HeprHl! R.llpBMHo Ha CBMOM .o;ene 3.1l9Cb HHKaKOro npoTHBOpe'IIISI BeT, .!leno B TOM, 'ITO 

30H.IlHpOBBHHe ll.llpa, 6aaHpy10Ul99CII Ha HCnOilb30BBHHH 91l9KTpOMBrHHTHbiX CHil B3BHMO.Ilel!

CTBHII, B npHHUHne MO:lKeT .llBTb HHOJ! OTBeT, '19M npH HCnOUb30BBHH.H B KB"'9CTB9 npo6HOJ! 

'IBCTHUbl HeJ!TpOHB, Ha 3TO H90.1lHOKpBTHO o6pall.lBilH BHHMBHHe MHOrHe HCCil9.1lOnBT9n.H (CM
0

, 

aanpHMep, o6aop
1271

), B aToM o6aope OTMe"'BeTCSI, n qacTHOCTH, 'ITO .llBHHble o ce'leBHsx 

B38HMO.Il9l!CTBHII HeJ!TpOHOB C paallH'IHbiMH ll.llpBMH npH 3Hepr.HH 4,5 ran B C0'19TBHHH C aaa

llH30M npH fiOMOUl.H OnTH'19CKOii MO.Il91lH cnH.Il9T91lbCTBYIOT 0 H9KOTOpOM pllallB'IJIH B pacnpe.o;e

ll9HHIIX llpOTOHOn H il:el!TpOHOB n Tll:lK91lbiX ll.llpax. no3TOMy nhiCKMBHHOe HB'-'H npe.o;nOilOlKe-

14 

HHe 06 o6orameima nonepXHOCTH Sl.llpB H9J!TpOH8MH 0 no-BH.IlHMOMy, MO:lKHO npHHIITb KaK· pa-

60'1110 ranoTea:r .llllll .o;anbHel!wero paanHTHII accne.o;onaHHI! n aTOM aanpanneHHH, Co cnoel! 

CTOpOH.bl .ll06BBHM, 'ITO K TBKOM;r )f(Q 3BKili0'19HHIO 06 o6orBll.l9HHH nonepXHOCTH ll.llpa Hei!Tpo

HBMH Mbt npHWilH npH pBCCMOTpeHHH OC069HHOCT9l! 06pa30BBHH>t B peBKilHSIX C 6biCTpbiMH qac

TBilaM!I. uel!TpOHOH36hiTO'IH.blX ( H ~ He 6} H uei!TpoHo.o;e<fJHnHTHhiX ¢parMeHTOB ( Li 
8 

, Be 
7 

ell, N13 • F 18 
H T • .o;.}. no.o;po6Hee o6 3TOM 6y.o;eT CKB3BHO B pa6oTe, noCBIIUl9HHOI! 

IICCII9.1lOBBHHSIM o6pB30BBHBSl <flparMeHTOB B peBKUHIIX C 6biCTpbiMH 'IBCTHUBMH. 

Hapll.llY c uel!TpoHBMH H npoTOHBMH B3 MHWeueA BbllleTBIOT 6onee cUOlKHble qacTHUbl, 

uanpHMep1 .o;el!TpOHbl, a.o;pa TPHTHSI B T.n. c BbiCOKHMH ItHHeTH'IeCKHMH aueprHSIMH. MexaHH3M 

HCilyCKBHHSI CUO:lKHbiX 'IBCTHil C 60UbWHMH 9HeprHIIMH He SIC9Ho C TO'IKH 3p9HHSI KBCKB.IlHO

BcnapHT91lbHOJ! MO.Il91lH HenOHSITHbiMH IIBilSIIOTCSI cnoco6b! nep9.1lB'IH KOMnUeKCy HyKilOHOB Sl.llpa 

OT nB.IlBIOUlel! "'BCTHUbl 60ilbl1Dl! KHH9TH"'BCKOJ! 9H9prHH, KOTOpBSI 3HB'IJIT91lbHO npeBbiWBeT 

BbiCOTy KyUOHOBCKOro 6apbepa HUH B9UH'IHHY nonHoll aHeprHH CBSI3H BCeX HyKUOHOB. BO <flpar

M9HT9o Mbl npHnHCbiBB9M TBKHe C06b!TH>t BKTBM OCYll.l9CTBil9HHII MHOrO"'BCTH"'Hb!X B3BHMO.Ilel!

CTBHJ! HyKilOHOB npH BbiCOKHX 3HeprH>IX, liO.IlCKB3b!BB9MbiX 0 HanpHMep, B TeopH>IX <flnyKTYBilHOH

HOr ClKBTBSl >l.ll9pHOro B9Ul9CTBB HUH M330HHOll T90pHH ll.ll9pHbiX cnn1281 
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Pac, 2. CnexTpbl HeliTpoaos, BbtneTSIOI.llHX B aanpasneHHH 0° Ha paanH'lHhiX aneMeHTOB 
UO.Il ,nel!CTBH9M npOTOHOB C 9HeprHell 143 ~98, 
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CneKTpbi npOTOHOB nepesap>UlKH H JlejtrpoHoe, Bbi6pacbiBaeMbiX as yrnepOJlHOll 
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