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3Ha'IHT9l!bH09 HOBbiWOHH9 HHTOHCHBHOCTII' BHyTpeaaero npOTOHHOI"O ny'IKa A9IICTByiouiHX 

YCKOpHT9l!91! Ha BbiCOKII'9 SHeprll'll' CBH3al!'0 0 KaK npaBHl!0 0 C peKOHCTpyKnHel! KOMnl!eKca'3a

IIlll'IIHblX cciopyJKeHHI!- ycKopuTenl!; T.e. B Kone'IHOM cqeTe c 6on&IIlHMH <jlHaaacoBhiMII' 3aTpaTa- ,. 

MH. B SToll CBli3H oco6oe 3lla'Ieaae npll'o6peTaeT AOCTaTO'IHO naAeJKHoe npor~o3apoaanH-e 
' ypoaael! H3liY'I9HHll BOKpyr TaKI!'X YCKOpHTenel!, noCKOllhKY TOl!IIlHHa 3alllHTbl onpeA9l!l!9TCll 

- x/ 
He06XOilHMOCTbiO CHHlK9HHll HM9HHO STHX ypOBHel! H3liY'I9HHH AO Kpal!ae' )l.fal!blX B9l!H'IHH 

Ill 
/ peKOM9HilY9MblX 'CaHHTapHblMH npaannaMH' • 

PacnpoCTpaH911H9 He]!TpOIIOB a a 6on&rune paCCTOHHHH OT HCTO'IHHKa H3l!Y'I9HHH,. B Aaa

HOM_ cnyqae OT YCKOpHT9l!ll 0 o6H3aHO B OCHOBHOM nponeccy OTpaJKeHHll 1191!Tp0HOB OT aepx

ael! nonyc<jlepbl B pe3yll&TaTe OAHOKpaT~blX Hl!H MHOI"OKpaTHblX B3aHMOAel!c;aal!, 6on&ruel! 

'laCT&ro- ynpyrnx, c HApaMH a3oTa H KHcnopona. HeManoaaJKaoe ·3aaqenHe HMeeT n npnMoe ;

pacnpocTpaaenHe 'laCTHU pa3HOI! SHeprHH0 npOHHKWHX qepe3 3alllHTy, a TaKJKe AH<jl<jly3Hll H91!

TpOHOB. B nOl!Hblll nOTOK Hei!TpOHOB, o6yCl!OBl!eHHblll Ha3BaHHblMH nponeccaMH, BXOAHT TaK

JKe noToK nel!Tponon, OTpaJKeHHhiX oT nonepxnocTH ~eMnH. YKa3anaaa npo6neMa H3y'!anac& 
/2-14/ 

MHOI"HMH aBTOpaMH 0 OAHaKO eAHI!Oe MHei!He l!a 9TOT C'leT HOKa OTCYTCTByeT, H l!J06an 

nonommTen&nas! nntopManHH no aToMy nonpocy MOJKeT oKa3aT&CH none3aoll. 

/14/ 
B aacTonmel! pa6oTe, unnHromel!cH npoAonJKei!HeM pa6oTbi , npHnenenbr aa ocaoae 

/ HOBbiX, 6onee TlllOTel!bliblX H3MepeHHll yTO'IH~HHbie pe3yl!&TaTbl -ll3y'IeHHH He~OTOpblX KOMHO- .. 

HeHT nona ll3l!Y'I9HHH 1 rnaBHblM o6pa30M Hel!TpOHOB Hll3KIIX II Cpelli!IIX 9Heprlll!, a TBKJKe Be

' 
nH'IIIH, neo6xoll11MbiX Ana onpeAeneHI!ll nonaol! ael!Tpounol! A03bi aa 6on&llii!X paccTollnnnx oT 

CliHXpo<jla30TpOHa Ha 10 fan. 

MeTOilllKa 113MepeHI!ll. norpeWUOCTb 

B pa6oTe
1 141 

noKa3auo, 'ITO none 113lly'lenl!n na paccTonann CBbiUJe 150 M OT 3/laHI!H ._ 

YCKOpi!Tenn MOlKHO paCCMaTpi!BaTb B npenenax_ OW1!6KH 113MepeH11ll KBK none C Ulll!IIHApll'!eC-

xl 
npenen&'7/llOnycTHMOe np9Bb!W9HIIe ypOBli9I1 o6ny'!911l!R uaceneHI!R Hall 9CTeCTB9HHblM 

<jlol!OM COI"l!OCIIO COCTaBnsteT B9l!li'111Hy nopstnKa 0,05 6ap/ron. nnn cpanueHIIR yKaJKeM, 'ITO 
nenii'!HHa nuewuero ecTecTneanoro o6ny'lennn naceneuan, npOll<fiBaromefo n cpenuel! nonoc.e 
CCCP, no naHHbiM pa6oTbrll5/, panna 8 cpeAHeM 0,1 6ap/ron. -
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'I. 

KOII CUM~CTpUel! 1 , llCHTp KOTOpOrO COBllBASCT. C riiOMCTpU•U!CKUM neaTpOM 3A8HUH CUHXpo<j>a-
. . . . . ·~ 

3oTpoaa. ... 
Ha c~eAyroman·cTanHH·U3Mepeaul! paccMaTpunanu.qeTwpe aau6onee xapaKTepawx c 

TOqKU 3peHHH reoMeTpHH ~BillHTbl aanpanneli11'11: R6 - 38 ToncToll, ·ao HU3KOI1 3BillHToll 
! . ·-2 

6apbepaoro Tuna {n ceqeauu Sx 12 M ) .npu6nH3UTenbHO no _aanpanneauro uaTencunaoro rr-

MC30HHOrO nyqKa; R 
2 

- aa' 381llUTOII 6apbepHOrO TUUB MCHbWCfi TOlllllHHhl { 4 M B OCHOBB• 

HHH, 1 05 M B Bepxael! qaCTll oapbepa Bb;COTOil 1 6 M) ; R 1 - 38 TOHKOII 381llHTOI1 
. I 

{0,6 M) j R 
4 

.. - 6ea 381llUThl1 B npeAenax npHMOil BUAliMOCTU OT MUWCHU non yrnoM 

~ 80° K nanpalllieauro nanaromero aa Mum.eab nyqKa npoToaon. Haanaaawe panuanbawe aa"'" 

npanne.imH .11 MCCT·a ycTaHOBKU pa6oqnx Maweaell YKB3aaw aa puc. 1. 
I 

JlnH onpeneneauH noToKOB 6wcTpwx n npoMeJKyToqawx aellTpoaoa ncnonb3onann, KBK 
., /14/ . /17/ . . 

u n paooTe · , MeTon, ni'ennoJKeHHbtll XaaKnacoM. 3ToT MeTon no3BOnHeT nonyqu:b 

TOT_ HCOOXOAHMbii! MUHUMYM DH<j>OpM8llUU1 KOTOpbtll TpeoyeTCH nml onpenenElHUH BenuqUHhl 

A030BOrO aKBU-B8llCHT8 B 6apax. iB KaqeCTBC ·qyBCTBUTCllbl!OrO neTCKTopa HCilTpOHOB CllyJKHn 

npon;opnuonanba.blll BF 
3 

-cqeTqnK Tuna CHM0-5 · c naoopoM nonnaTaneao·BbiX <jlunbTpon-

3aMennnTenel!. Ton~nnnoil 20, 40 D 120 MM. OcaoBllbie npocTpaacTneaRo,-aRepreTuqecKBe. xa-
/16/ . 

paKTCpDCTHKD neTCKTOpa llpHBenellbl B paooTC .3nCKTpuqecKaB CXCMB naTqUKa H31lyqeHHH 

c 'TSKHM .neTeKTopoM Bbmonaena aa nonynpononnaKa~ a coqeTaeT B ce6e aeo6xonu'Moe obiC

Tpon~llcTBHe C MBllbiMU raoapHTBMD ~ BCCOM. C nenbro YMCllbWCHI!ll qD?na . <J>onqBbiX UMllYllb

COB, qTO ·ocOOCHHO BlllKHO llpH H3Mepel!UHX r-'anhlX llllOTHOCTel! no;oKa Hei1TpOllOB1 annapaTy• 

P.B BKnroqanacb TOllbKO no npeMH ·copoca nyqKa aa ayJKayro Mumen&. 

HeooxonuMoCT&_ B nocToHHI!OM KOHTpone 38 peJKDMOM paooTht ycKopnTenH, a TaKlKE! 

pHil JlpyrHX TCXHUqeCKHX llpOOIICM1 B qacTHOCTH BOllpOCbl llpBBHllbHOrO K TlllBTCilbHOrO MOHD-. ., 
·. TopnponaaaH npu 6on&moM qacna MOHBTopoB, 3acTanunu nac npa6ersyT& K Kaoen&HOMY 5a-

puanTy, llpH KOTOpoM llHTBHHC Jlllll Jl8TqHKOB 1!:31lyqeHHH _II nonyqeHI!Bll OT HHX Bl!<j>opMBllUH 
. . ' \ ' 

nepenaBBllHCb HB ·ocHO~HOII nyn&T1 p8CllO!JOlKCHHbil! B 3Jl8HHH yCKOpHTCllH1 llO OllHHOqHOMY 

Ka6en~ nnunol! JlO 800 MeTpOBo 

nonnaH oTnocuTen&HBH owu6Ka aaMepenufi onesena B ! 10%. 3Ta nenuquna BKnroqaeT 

B ce611 annapaTypnyro norpewnocTb, · own6Ky MOHDTopuponanaH H C:TBTIICTHqecKyro owa6Ky n~
_t.iepenni\1 nenaqnna KoTopoll naJKe np11 Manblx nnoTnocTHX noToKa ne npenblmana, 5')(,. J3enit~· 

.· qnna a6conroTnoll omn6Kn 3HaqHTenbno 6on&me - n ocnonnoM aa cqcT norpewnocTu npn 

•·. 

Oltpe!lCllCHHH Q8KTIIqCCKoi\ liHTeHCIIDHOCTH ..:'nyTpennero nyqKB llpOTOHOB .;; II COCT8BllHCT_ 

+·30%. 
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06cylK)lefine peayn&TaToB 

OcnoBnhtC pef!!llbT8Tbl 113Mepennl! npe!lCTaBne!lbl n BKJle ,rpa¢HKOB .Ha puc •. 2. rpa<j>UKII" 
/ 

xapaKTCpD3yroT n3MCnCHIIC C paCCTOHniiCM lliiOTHOCTll llOTOKll TClliiODbiX - ¢ T 

JKyToqnbtX (0,4 an < E .< 0,1 Man) - 4> a OblCTpwx (0,1 .< :E .< ·20 Man) neil-
1 

, npoMe-~. · 

. n np n · 

Tp_onon - 4>0, 8 T8Kl!te a<jJ<f'CKTIIBnol! an.eprllH f'ihiCTpbiX nei\TpOnOD - :E,. a<jJ H IIX nann B 

OOilleM llOTOKC llpOMCJKyToqHblX H ObiCTpbiX HCf:TpOIIOD n 
0 

no =· 

4>6 + 41 
np 

(I) 

Ha ncex rpa<jlnxax naqano oTcqeTa no ropnaon1·anbl!Ol! · IDKane connanaeT c reoMeTpnqecKnM 

llC!ITpOM 3JlBnDH YCKOpHTenn. reoMCTpBH MeCTnol! 3lllllRTbl na nannoM pannanbnOM nanpan

neann OK83b!B8GT BnBHIIDC na llOTOK RGI!TpOHOD !10 paCCTOHHBH npn6nll31lTCnbnO lie;> 130-150 M 

{pannyc 3!18HDH YCKOpDTenn, K8K Bnnao H3 puc. 1, ll3MCnHGTCH n npenenax 4S-85 M). 

Cpannenne KpBnhiX nnoTnocTD noTo~oB ct> n 4>
6 

na pnC::ynKe 2 noaTnepJKaaeT cne-
/14/ np · 

nanabll! n . BblnO)l 0 He3anllCHMOCTil 38KOna H3MGHeHilll aTBX llOTOKOB OT OpnenTa~H nan-

nora pbJlllan&noro· nanpannennn OTHOCDTenbno nanpannennn nepsuqnoro ycKopeHHoro ny'llta 

llpOTonon n MeCTC ero ll8JlCnHH H8 MHIDeU&. 3TOT Bb!BO!I ne CornacyeTCH C liBnHb!MD
1 

npa
/3,9/ neaennbiMB 'n pa6oTax • 

CooTnomenne MelKJly noToKaMD 6blCTpbiX n npoMeJKyTO'IHhiX nei!Tpoaon B 38BHCDMOCTD 

,oT paccToHnnn H3MenneTcn ne;naqnTen&ao. Ha paccTonmrn 200-250 M noToK ~po~eJKyToq
HbiX nel!Tponon npnxonnT B pannonecne c noTOKOM 6biCTpbiX Hel!TpoHon. <PaxTop n.a~onne-

nnn npoMeJKyToqnbiX nel!TpoHon B npn aToM cTaimnnTc;H· pannhiM a 2,3. BonD3H oT 
np 

CTCn 3Jl8HHH nnoTHOCTb llOTOK8 npoMeJKyTOqllbiX neliTPOHOD no3pacTaeT no cpannennro c 
nnoTnocTbto noToKa 6biCTpbiX n necxon&Ko pa3. 3To 

qnTenbnhiM naKonnenneM npoMeJKyToqnhiX nel!Tponon 

rone'nnemnel! 3BillBTbl. Pannonec11e Me~y noToKoM 

/18/' o6ycnonneno, KBK noKa3ano B , 3na-

n ~ene3e npMa aneiTpoMarnnTa n n 6e~ 

TennOnhlX II llpOMCJKyToqnhlX nei!TpoHOB 
nacTynaeT, no-nnnnMoMy, npn r > 400 M. 

pa 

H3Meneane cneKTpa nel!TpoHon. B Ka'lecTne KpHTepnn ann onenxn H3Menenan cnexT-

nei!Tponon npnnnn11 a<j>¢eKTHBnyro {no !I030BOMy ael!cTnnro)'aneprnro nel!Tponon cneKTpa 

N {.E ) - E,. a¢. Benaqnna E,. a¢. onno3naqno CBH3ana c D(E,.) 

DCE:> e 

fN(En )D(:En )dE,. 

fN{.E,.) dE,. 
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• 

D(E ) 
.. n -"H3BecTnoe cooTnoruenne Jl03a-aaeprnH nel!Tponoa c ·yqeToM MnoroxpaTHhiX 

/19/ . . . 
coynapennl! . • 

.rne 

Beml'mny 
/17/ 

·E . ...,., onpenensmn axcnepnMenTanbHO na ocnoae ynoMRHYTOro · MeToAa XanxnH .:. 
n""*'. . .· •/16/. · · 

rpa¢nxaM, npnaeneBnbtM a pa6oTe • CnenyeT OTMSTl!Tb, 'ITO onpenenenne . ca no 

En a¢ ·yxa3aHHbiM MSTOAOM~ O'I9Hb cnenn¢n'IHO, Benn'IBHa 'a¢¢exTIIBHOl! aueprnn xax ¢yuxnnll 

.OTH~WC:HBiJ · CK~pOCTB C'I9T8 npn pa3~blX !jJBnbTpax B CfnbHOJ! CTeneHB 3BBHCBT He ';OnbKO OT. 

annapaTypnol! norperunocTn, no na~e oT ne6onbmnx cTaTHCTB'!ecKnx ¢nroxTyaunl! nnTerpanb

noro c'!eTa c xa~biM ¢nnbTpoM. B oco6eHHOCTII aTo CKa3hlnaeTcll npn HH3KHX unoTiiocTnx 

' ~ ' ' ". nOTOKB Hel!TpoHOB, ITo aTOll npH'IHHe, HSCMOTpR HB BCQ npHHBTbi9 M9pbl (MHOrOKpSTHOCTb . . 
H3MepeHHJ!, na6op llOCTaTO'IHOJ! CTaTHCTHKH, TlltaTenbHOCTb MOHIITOpiipOBSHIIB II T.A.), BpHA 

nn cnenyeT HHTepnpentpoaaTb 3TH pe3ynbTaTbl xonn'!ecTael!no. ITo-BnAnMoMy, Mo~no roao

pl!Tb numb. 0 KB'I9CTB9HHOi! KapTI!He naMenennn cneKTpa c paCCTOBHI!eM. 3aBIICBMOCTb En a<jJ 

OT paCCTOHHIIH nnn pa3nii'!HbiX paniianbHbiX nanpaaneHIIl! npnaenena Ha pile; 2 II 3. HeTpyn

HO ·3aMeTIITb OAHHBKOBbtl! xapaxrep aTot1 3BBIICIIMOCTII na acex '!eTbtpex paAIIanbHhiX nanpaa-

. neniinx. Ha'!IIHan c r = 400 M, cneKTp Mo~no IIHTepnpeTIIpOBaTb xax p~mnoaecnbli! ( aTo

MY paCCTOBHIIro COOTBeTCTByeT cnoi! B03AYX8 Torirunnol! 55 rp/cM1.Hanii.'III~ MIIHIIMyMa Ha 

KilHBOi! En a!jJ = f(r) CBH38HO C 06pa30BaHII9~ HBA 3AB~I19M B pe3yn~TaTe OTpliJKeHHB OT 

B9pxHefi Uonyc!jlepbt o5naKa M9An9HHhiX HeJ!TpOHOB, KOTOpoe AOCTIIraeT UOBepXHOCTH 39Mnii . ' ' \. 

HB H9KOTOpo'M paCCTOBHBH OT 3J18HHB, B ABHHOM cnyqae aTo paCCTO.liHHe II pSBHO 200-250 M. 
I 

ITont.eM xpnaol! a6nll311 3Ltanlln canneTenbcTayeT OT'IBCTII o nann'!IIII 'Ten11' nnn aTIIX aell-

Tponon. Bo3MO~Ho TBKJKe, c 11pyroi! · cTopOHbl, 'ITO aToT nont.eM cni3aH c oTnll'!lleM cPaxTn-
,• 

'ISCKOro cnexTpa npoMe~yTO'IHhtX nei!Tponoa B o6naCTII En < 0,1 Maa OT l!Ae·anbnoro 
' k . 

cnexTpa 

Hble nnn 

N(En )=-, npeAnono:n<enne o nanii'!IIII xoToporo 6blno 3anoJKeno a ncxoAHhte nan-
' En 

onpeAeJ!eHHB En a¢. , 

CpaannTenbHO xoporuee cornacne npencTaanennhtX na puc. 2 AHHHbiX AOCTaTo'!HO y5e

ARTenbHO canneTenbcTayeT ~ nocTonepnocTII ynoMnHyThiX Ka'IeCTBennhtX npencTaanennl!. Oco-

6enno narnnAHo aTO noxaaano na pnc,3, na KOTopoM np.naeneHbt ace pe3ynbTaTbt II3Mepennl! 

, a<jl!jleKTIIBHOfi aneprHII HSJ!TpOHOB, BbJUOnHSHHble B pa3H09 Bp9MB 

OlHIH. Ha· To,M JKe rpa¢nxe npnaeneHbl peaynbTaTbt H3Mepenni! 
/6 7 13/ 

npyrnx aH!lnorB'!HbiX ycxopnTennx ' ' • 

oxono cnnxpo¢a3oTpona 

En .a¢' BblnonneHnble na 

x/ . 
Pacnpeneneniie noaoaoro aKBIIBanenTa B3JIY'I9HIIB. Ha pile; 4 npiiaeneHht noaoable pac. 

_npenenennn HSl!Tponoa, Bhi'!BcnenHhte na ocnoaannn npnaenennhtX _na puc. 2 nannhtx. Eonee 

TIUaTenbHbte II3Mepennn nann B03MOJKHOCTb yTo'!HBTb 3aKon H3Menennn no30BhiX pacnpenene

nnl! 6biCTphtX n npoMe~yTO'!HhiX nel!Tponoa no cpaanennro c npenaapiiTenbHhiMB naHHbtMn, 
/14/ • 

onyfiniiKOBSHHblMH B pafioTe • IlpH aTOM cnenyeT OTM9TBTb, 'ITO yn'OMBHYTaB BblWe neon-

x/n • o3a nany'!eHIIB, Bblpa~ennan a 6ap ax , 
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penenennocTb aenii'!IIHht 
En a<jJ Kpal!He CJta5o BnBBST Ha Bbi'IIICneJiuoe 3HB'I9HIIe no30BO-

ro axanaanenTa, nocxonbxy neonpenenuliaocTb 
·En a<jJ B 3Ha'!I!T9nbHOJ! CTenean KOMU9H-

CHpyeTCH COOTBeTCTByroiUHM H3M9H9HB9M DenH'!Hlibl 

nenneTcn a¢~eKTBBnan aneprn.11. Ha rpa¢nxa aa pnc. 
n , onnoapeMenno c KOTopol! onpe-6 . . 

4 CnenyeT T8KJK9 0 'ITO OCHOBHOi! BKnan 

B nonHbll! ll030Bbltl 3KBIIBaneuT :,_ no 80-89% B 38BHCIIMOCTB OT paCCTOHHHH - BHOC.!IT 5b1CT

pbte aei!Tponht c aneprnell 0,1-20 Maa. Bxnan npoMe~yTO'!HhiX nei!Tpoaoa (0,4· an - O,IMan) 

npii r :;·300 M cocTaBmieT Meaee 10%, a TennonLtx - MeHee 3% nonnol! nellTponnot1 noabt, · 

3ToT Bbmon narnHJlHO HnnrocTpiipyeTcn Ta6nnnei! I, a KOTopoi! npaaenea axnan paanH'!HbiX 

KOMnol!eHT B nonHyro ael!Tponayro noay B 3BBHCHMOCTII oT paccTonnan. 

OHOB. AnannTII'!ecxii onpenennTb 

aTy ¢yHKUHro c Y'ISTOM peanbHOi! reoMeTpnn Tpynao. B nan6onee npoCTOM BIIne - nnn cny

/'fasr TO'!e'!HOrO B30Tponuoro HCTO'IHHKS fibJCTpbiX II9HTpOHOB B HeorpaHH'!eiiH<?i! H30Tponuoi! 

paccenaaromel! cpene co cna5btM nornomenneM -· aTa aanaqa npnMennTenbno x ycxopnTennM 
. . /3,4/ 0 . . . 
Bbtcoxol! aueprnii peruena liiianen5ayMoM • .gHaxo a cuny pnna ynpomennll, cnenanubtX 

npn Bbt'lncneniiii, aTo pemeHne no3aonneT niiWb npn5niiJKeano cyniiTb o. ¢aKTII'Iecxoll 

nnoTHOCTH noToxa nel!Tpo-noa. 3To narnnnno noxaaaHo na pnc.5 (ttpiiBan I) n B Ta5nnne 2 •. ,' 

/20/ . . 
B pa5oTe ynoMnHaeTcn .o npenno~eHaoi! ToMacoM aMnnpnqecxol! ¢opMyne nnn on-

penenenan nnoTHOCTII noToxa ObiCTpbtX nel!Tpo!Ioa 1ra paccTOHIIIIH 
oT ycxopnTenn: 

clJ ( r) 1.8· Q 
--:r;r 

r r 
e·m ( 1.: e-"i6), 

(3) 

rne . clJ (r) 

2,8 
!jlynKnHH pacnpeneneH~B nnOTHOCTB HOTOKa Hei!TpOHOB, 

HOpMIIpyromnl! MHO~HTenb, 

Q - nonai.tl! noToK ael!Tponoa c aneprnel! 6onee 0,1 Man, Bbtruenrunl! 3a npene

nbt npMa ycxopnTenn, 

f - paCCTOHHHe OT IICTO'IIIHKa H3ny'I911HB B M9Tpax, 

3Ta tjlopMyna XOpOWO OtlHCbiBaeT H3M9H9HH9 nnOTHOCTH nOTOKa 5b!CTpbiX H '!P,<;'Me~yTO'IHblX 
ael!Tponoa oxono cuaxpo¢aaoTpoaa no paccTonann 

.~ 300 M, Ha 5onbrunx pa~cTonnn~x 

= 700 'M BSnH'iHHbl 
B03HHKaeT nporpeccRpyroman orun5xa, nocTnraroman na paccTonnnn 

Ill/ nopnnxa 30%. J. Baarli 
Hl!TepnpeTnpyeT axcnepnMenTanbHhte nanHbie, nonyqenabte' 

na npoTOHHOM CIIHXpoTpone aa aneprnro 28 fan B UEPHe,r,~ynxnnel! anna 

rne 

D(r) Do ( ro ~ 
r n (4) (a 446) • 

D (r) - noaa, o5ycnoBn9HHaB BC9MH KOMnOH9HTBMII H3ny'!9HIIB Ha paCCTOBHHII r , 

D0 - To ~e na paccTonl!nn r 0 

,r - paCCTOHHlle B M9Tp8X, 

7 



3Ta ljlya!Cu'ng TaxlKe npnneAeHa sa pac. 5 (xpHBa!l 6). B HameM cny'lae ljlyllXUHIO npocTpan-

cTnennoro pacnpenenean!l no"l'ox~ u A03bl ael!Tpoaon nos:pyr. cnnxpo,PaaoT~ona na 10 r~n ' 
. MolKlio npeACTanHTb n nl!ne aecs:o1Ibs:nx aMnllpnqecitnx .P_opM}rn, 0Aaa na anx npencTann!leT 

cofloll I!Oilb!TKY JlOilOilHHTb pemeane, . aal!Jl9HH09 nnlUI9HflayMOM: 

rne 

~ (r) 
6 

. ' . ~ .};, . 
l·A·k

1
·1t. •... L 3,4•e 

· reoM·[ _e __ + --·---
411 · D • r r 2 

. ( ( c, r) 1 • (5) 

(r>120 ), 

~ 6(r) -<jlyHKUH!I npOCTpaHCTD9HHOro pacnpe,neneHH!I llllOTHOCTH llOTOR_a 6biCTpbiX aell-
c 2 ' 

, 

I. 

A 

Tpoaon (0,1 <. E,. < 20 Man), nellTPIM cex. 

HHTOHCHDHOCTb DHyTpeaaero npOTOHHOrO ny'IKS C aneprnel! :E , npoT/ces:. 
. - p '"' 

xoa¢¢nuneaT, y'IHTblBSJOmni! Tonmnny n Marepnan Mnmenn, ·Tonmnay 11 xoa-

.Par}rpann!o aan:1IThi, s:oa,Pnrypaunro !!pMa· anexTPoMarnnTa, a(pq,exTnBnbll! Te

neca.bill yron DbiXOJla H3ny'I9HH!I. D BepXH!OIO nonycljlepy, MHOlKOCTDO!lliOCTb 

renepaUHII ael!TpOHOB H T,jl, 

-2 
A = 7,84 • 10 ael!Tp/npoT. 

Ko3(j)ljlnuneHT ·A MOlKHO HHTepnpeTI!ponaTb KSK 3(j)ljleKTIIBHblll Db!XO.Il ael!

TpOHOB B BepXH!OIO nonycljlepy Ha OAHH llpOTOH C aaepraei! Ep = 10' fsn, 

pSCCTQ!IHHe OT OCH naKyyMHOll KaMepbl cnnxpoljlaaoTpoHa no paccMaTpnna

eMoll TQ'IKH B M9Tpax, 

k I- K03q,¢HUII9HT, Y'IHTb!BaiOII{Hi! B911H'IHHY KOHO'IHOll aaeprHII llpOTOHOB 1B3aHM0-
/21/ 

nel!CTDYIOWIIX C AaHHOi! MHW9Hbl0 

E o,T 
kl =(~) 

Eo 
, rAe E 0 =· 10 fan. 

D - xoa¢¢nuaenT nn,PijlyaHn ( D '= 52M). 

kreoM.- Ko3(j)lj!B)!II9HT, Y'IIITbiBaiOII{IIi! BniiRHII9 reoMeTpiiii HCTO'IHIIKa II3llY'I9Rl!R II aa

II{IITbl aa . naaaoM . pannanbnoM aanpanneann 

ll ;o 
reoM. 

_, 2 
[ 1 + 2 • 10 ( t- 100 ) e 

r _tOO 

~ ]F (8), 
(6) 

F(O) = 0,5- 1, B 38BIICHMOCTII OT Bb16pannoro pSAHSll!.-

noro nanpannenaR • 

2 2 /22/ 
<(c,r) = (--

1
--) - Ta6ynnponano B pa6oTe • 

c• · ogr 

8 

.,_ 

,;1 

f 

' I l 
f 
:) 

~r 
. I 
~
·) 

~ 
) 

' t 
' j 

I 
,, 
',l' 
l'f' 

I 
7!' .. 

. / 

l 
t 

J 
!I 

.,.. 
C=·-•

u· t 

oTnomenne ceqeanll ynpyroro paccennull neDTponon x nonaoMy ce'leHHJO 
I . 

(Anll noaayxa c = 0,97). 

}; = 
.t 

I 

- -1 Nut - nonaoe Maxpocxonaqecxoe ceqenue B M 

(-1- =· 1,.35 M ), 
It 

L - n~dna AHq,ljlyanu ael!Tponon L = 242 M B ASHHOM cnyqae), 

Bbi6op HM9HHO Taxoro DRAa ljlyHKilHB ~(r) OTB9'189T lj!B311'19CKHM npe.llcTaBneHJI!IM 0 
/~/ . . . . 

pacnpocTpaaennn ael!Tponon na 6onbmne paccTonnnn , Bb!palKenue (5) n npe.11enax 

120 M < r < 720 M. xopomo cornacyeT~ll c ,axcnepnMenTanbHbiMB Aannb!MB, onnru::o 

DpiiMOHHMOCTb ero HM9HHO llpH TaKHX 118p8M~8X H8 60nblliHX paCCTOHHII!IX H9 oqeBH.IlH80 8 
I . . 

~paljl~qecxa~ annpoxcuMannH cn1Ibno aaTpyAneaa nepeMenaoll xpyTnanol! xpnnoll n s:aopAn~ 

HSTaX 41Tt • 4\(r) = f(r), 

CTPeMnenne npnAaTh axcnepnMenTanhno aall.llennoi! aanncnMocTu ljlapMy, yAo6nyJO MH 

Bbi'Incneani! n ·Ann annpoxcnManHn npn r > 720 M, npHBO.IlHT x BbipalK9B"!IHM, aaanoru'I

H!>IM ljlopMyne (3), BO C ApyrHMII napaMeTpaMH: 

~6+np (r)= l·.A·l<,k'reo'M. e-{aq,, 
41Tt 2 • 

(7) 

D ( r) 
6+np 

I· A·k 1 k" 1< 8 -~ reoM. e 2 
41Tt 

2 (8) / 

rAe: ~ 6+ (t), D
6

+ (r) -·ljlyHKilHH npoCTpaHCTB9HHOro pacnpeAenenKH COOTB9TCTB9HHO 
np . np . 2 

nnoTHOCTH noToxa a A03bi ael!Tpoaon c aaeprnel! 0,4 an < E,.< 20. Man,• ael!Tp/M cex 0 

k' 

A a¢ - aljlljlexTnnnall Annna ocna6neHHH aei!Tpoaon n .B03Ayxe 

reoM 
k" 

reoM 

A m 356 M ' 
. 3(j) I . 

A = 391 M); 
a¢2 

- xoa#nnnenThi, y'IHTbtBaromne . nnannne reoMeTpnn 

k' 
.reoM 

k" 
reoM 

--·-
17,6{1-1,15e 

TO )·F(O), 

--·-17,6 (1- 1,10e. 95 )·F(O), 

F(O)=O,S-1; 
\ 

k 
8 

- Koa#HnneaT, y'IHTbiBaiOmni! Aoaonoe npeo6paaonaane (Anll ael!Tpoaon c .llan
-2 

Hb!M CII9KTpOM kg = 1,15,10 ) j 

A; I; kt; t - ananorH'IHbl COOTB9TCTBYIOWIIM B9nH'IHHaM B ljlopMyne (5), Pa31IH'III9 ,\ aljl· 
' ' , I 

H A _.._ o6ycnoBneao naMeaeaneM ynenbnoll A03bi aa eAnHH'IHhiil noToK · aei!Tpoaon, 
'""'t'2 

Bbl3BaHHOe ll3M9H9HII9M CllOKTpa' nei!TpOHOB Ha Y'laCTKO 200-600 M, 
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t;l>n3H'IeCKH.lt CMblCil STHX Bbipa)!(eHnlt CTSHOBHTCH HClibiM1 ec:JIH npe~HOilO)!(HTb, 'ITO 

paccMaTpns~eMbie rpynnbl aeltTpoaoL ( ED < 20 Mss) aa oon&mnx paccToHHHHX aaxonHTCH 

B pasnosecmr c KacKanHhiMn Hei!TpoaaMn ED > 20 Mss, aaKoH ocnaoneanH KoTOpblx Bblpa

~eTcH ~yHKUHelt BHila 

r~e 

<;!> .. k • 
0'!. OblCTp.: 

-2 - .. />-t 
r e '" 

•\ _ -Aruma· csooonaoro npooera aeltTponos c, saeprnelt :E, 
c :E, a 150 - 200 Mss A1 = 740 M), 

'-. 

(llllH Hei!TpOIIOB 

TOT <jlaKT1 'ITO 3aBHCHMOCTb (7) npn 200 M < t < 720 M CTpOI"O llHHel!na B KOOp~HIISTaX 

4 rr r
2 

• ~ (r) = .F (r) , aaa'lnTen&Ho oo~erqaeT annpoKcnMannro na oon&mne paccTOHHHH, 

TaKaH annpoKCHMaunH npencTaBnHeTcH nocToBepaofi ewe n noToMy, 'ITO pasnosecHblil cnexTp 

H9fiTpOHOB HMeeT MeCTO y)!(e npH = 400 - 500 M, CoMHHTen&no, 'ITOObl STO paBno-. 

secne ne coxpanHnoc& n nanee, 

B aaKnro'lenne npnnomy rnyooKyro onaronapaocT& A.n. Hmi:nTnny, B.r. )!(6anKosy, 

H.M. Kanaesy II r.M. AneKcannposy, B3HBWHM Ha ceoH TPYil .nposeneHHH II3M~penllfi, 

fl H T e p a T y p a 

1. Canl!Tapnbie npas11na paooTbi c. panl!oaKTIIBHbiMII B8mecTBaMI! 11 HCTO'IIII!KaMII IIOH1131!py-
romnx nanyqeauil, -N, 333-60. rocaToMnanaT, M., 1960 r. · 

2. P. Bann8c n np. CoopnuK MaTepnanoB cuMnoanyMa no OTil81lbHbiM sonpocaM ll03HM8T
pnll. rocaTOMH31laT, M., 1962 r., CTp, 175. 

3, S,J.Lindenbaum, Ann. Rev. of Nucl. Sci., :!1, 213 ( 1961), 

4, S.J.Lindenba1..1111, Premier Colloque International sur Ia Protection Aupres des 
Grands Accelerateurs. Presses Universitaires de France, 108 Bd st Gerrmin, 
Paris ( 1962)~ p.43. · 

5. B.Moyer, TaM )!(8,. cTp, B5. 

6. H. Patterson • TaM )!(8, cTp • .Q§. 

7. A,R,Smith • TaM )!(e, cTp. 187. 

8. R,N, Thomas • TaM )!(8 0 CTp, 83 • 

9. R,Wallece, Nucl; Instr, and Methods -18-19
1 

405 ( 1962) • 

10. J,Baarli. Intern, Report CERN Dii HP/8 ( 1962 ). 

ll.J.Baarii. Intern. Report_ CERN Drj HP/59 ( 1964). 

12. M.Ladu e~ an. EnergiaN.icieare, g_. 98-99 (1965). 

J3.R.Lehman, O.Fekula, Nucleonics, ~ 35-39 ( 1964) • 
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CCJ 
c::::J 

c$m 
CJ 

c:::J 
R, 

~] c:::J = 0 

Rs 

20 0 20 40 60 80 100M r-='1J 

p ll c. I. nnaa pniloHa H3Mepeanil. YKa38Hbl PBI1ll8ITbHbl9 aanpasnean!l, 

ITO KOTOpbiM ITpOR3B011Hnll H3MepeHH!I; TO'IKBMH OTM9'I9Hbl 

MeCTa YCTBHOBKH MHllieHeil; U9TOHH8H 38lliHT8 38'I9pHeHa. 

14 

l 

"1 
~ 

10'~--:--~-~--,---- -

"!I -~~~· \ I I Rt I 
Ia'.----,.--~--~ 

~ 

c: 
/?q 

'b 

E
><&. 

' ... _ \\ ~i: 10'1 d, I 1 I 

...., 
0 

-g 
5 

~ I -~ 10'1 \ 
1:1 

~ 
E 
g 

10 ! ~1 'k .. \ 1·1 E .,_ ~ ~ 

-.; 

"' ~ 
i 
c 

lU 

"" 
.c~!!1 I e 'I "'tl ........ u 10 

0 

~ 
0 

2. 

.. 
X 
§ 

...; 
c: 

g 
.0 

~ 
:t 

§ 
~ 

tt:i .. 
~ 
0 ..,-
c: 

w'~----~,---~b-----J 0,1 
lJOO 600 ~ ~-.o ~ ~ ~ 

-r 
~ 
>< 

cvv 

Paccmo;uue, Memp. 

a) 

W.----~--~--~--~ 

Rz I 
~~~ ~I ""\ ~~ _ .. ,. I I I 
:r .. 
~ 

....; ... 

~ 10! 

"" 

i . :/Or 
..., 

Cl 

5 
~ 
·:S ... 

Paccma~uue, Memp. 

6) 

Rs 

~ 
:::!:· Cf 

'>:: 

~ iO, I "-""'= 1 
in~ 110 t I ~ 

:r 
Cl 10' 

I:: 

.a 
E 
t..J 
c 

It 
~ 

lU 

rtj 

"' g 
Cl 
I:! 

~ 
t..J 

~ m-'1 \,J . ;;;;>',..... I "-" -- I "' 
~ ~ ro' 

~ 
s::: 

0 

<0 
~ 

~-~--~--~---701 
600 .&JO 

L-------'--------'--------' 0.1 
zoo ~00 &10 a coo 

pH Co 2. 

ii(J] 

PaccroRHue. MerP. 
B) 

PaccmoRitu£', HeTP 

r} 
~6 

~ , ~ , <:>
6

, E _, n n 6 = ~ 
T np ,""~' U + ' DP 

3aBHCHMOCTt. 

OT paccTO!IHH!I 110 reOM9TpH'I9CKOrO neHTpa 3118HH!I 

a) Ba pannanbHOM aanpasneHHH R 1 

6) aa pannanbHOM aanpasnennn R 4 
s) na pannanb.HOM nanpasnennn R 2 

r) na pannanbHOM nanpannerum R • 

15 

c 

lti .... 
,; 
E 
0 

~ 
~ 



pH C, a. 

"<:> 

F;w 
I 

'g" 
:X: 

~ 0 
•;::, . 

0 

0 "' "'to 
>< 
:0 

I 
0 

~ 
~ 
~ 
0; 
;::, 

"' ~~ 
~ 

i 
"l 

. 
';, 

i • ~ 
<!.f-. + 

·.+a + 
0 

0 6 

--- ·~ 

2-

I I I 

··v6 0 0 0 ., 
-r.;v. l+ ~---
•o 2 I I • o 

13 ..._ "\__. 
0 &fA.&o•" 
• o A 

0 

~~-o. 
0 

l l 
200 400 600 

Paccmosuwe, Memp. 

l 

t-0 0 

J 
800 

113Menenne s¢<l>eKTHBHOI! aneprnn nel!TponoB En a<jl c paccTOHHHeM , 

e - no R 1 ; 11. - no R 4 ; V t o - no R 2 ; .6. - no R ~ ; 
/13/ --- 167 I - E ,. a<jl' Bbi'IHCnennoe no .rtaHHbiM paooTbi ; 2- .E.. H3 paooTbi 

...- 17/ 3- J:.n H3 paoOTbl 

(CTpenKol! OTMeqena a<jl<jleKTHBHSH SHeprHH E., a~ AUH cneKTpa Hei!TpOHOB 
Po+ Be H3Mepennam STHM >Ke cnocoooM). 

16 1 

. --·- -~- - -- - ·-·· - ··--

/ 

4. 

Fi to' 
() 

g. 
1::, 

"" ~to'l 
~ - I I 
~· <::> ., 

t::::t to I , " \1\ I I 

to1
1 \: ...,. · I :s~.. ~ I ' ... ......._ 

,o-~1 I '-~l ="'J: I 

0 200 400 GOO BOO 

PaccmoRHue. Memp 

3aBHCHMOCTb .D T ) D 
0 

-u .D O'I.obiCTp, D 
np ' 

OT paCCTOHHHH AO reoMeTpH~eCKOrO UeHTpa 3):18HHH. 

I - TennoBble Hel!TpOHbl, 2 - npoMe>KyTO'IHble Hel!TpOHbi, a - ObiCTpwe 
nel!TpOHbi, 4 - O'IeH& ObiCTpble nei!TpOHbl ·('npe.rtnono>KHTen&no,no ~:taimciM 
pa6oTbll41),. 8 ~ nonnasi nei!Tponnast A03a. 

17 

.,,, 

' 



/ 

10 
~~r-

"f 10' . • I I a 
~!I· ~-. -d'i .~... . . 
0.0 
c 
~ 

~ 
·i] 
~ 

Cl 
of) 

~ m•i I \'" \ 1 i'o·' .~ 
~ c 
s:: 

.e ... 
c 

~ Jo·l I \ ~ ' !1o:J 
c:; 

s:::: 

/D~ /0-~, 
fO 102 !OJ 10~ 

PaccroRH.ue, MeTP. 

P u c. 6. PacnpocTpaaeaue aei!TpoHOB sa f5ollbmne paccTosrausr OT ycKopnTenn, e'A 
peaynbT8Tbl H8CT0stlllefi paf50Tbl ( • -nnoTHOCTb nOTOK8 Hei!TpOHOB0 .& 
Jl030Bblfi 3KBHBaneHT) l f&/0 -peaynbT8Tbl U3MepeHHfi H8 npOTOijHOM nHii9fiHOM 
ycKopuTene na 60 MaB • .0· -peaynbTaTbi naMepeimi! B UEPH'e 111/ 
(nocne nepecqe~a sa toll npoToaoB peaynbTSThl Jlnst yJlof5cTBa ~asaeausr 

yBenuqeHhl B 10 paa); 1- Bhlqncneao no Teopuu nuaJleaf5ayMa I -41 l 2- Bbl
qucneao no ,PopMyne (3); 3- Bhlqncneao no ,PopMyne (7); 4-4>yaKnnsr BHJl8 

a • r - 2 ; 6-Bbiqncneao no ,PopMyne (8); 6 - Bbiqncneno no ,PopMyne (4). 
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