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BonKOB B.H. H np, 16 - 10812 
Hccnenoaaaoe npocTpaHCTBeHHo-aaepreToqecKoro pacnpeneneaog 
o3nyqeaog a aneMeHTax cTpyKTypbi BbiCoKoaaepreToqecKHX 

yCKOpHTeneH (MaKeTHbiH 8KCnepOM6HT). lfaCTb 1. 
3KcnepOM6HT8nbH8H yCT8HOBK8 H xapaKTepOCTHKH nyqKa 

npOTOHOB 

n pHaonoTcH onocaaoe aKcnepoMeHTanbHOH ycTaHOBKH, no3aonHIOmeA 
HMHTHpOBSTb C llOMOinb!O nyqKa npOTOHOB pacnpeneneHHe llOTepb B AHllOnb
Hh!X MSrHHTSX yCKOpHTeneil:, 00K838H01 qTo pe3ynbT8Tbl M8K6THOro 8KC

nepoMeHT8 HS nyqKe npOTOHOB MeAneHHOrO Bb!BOAS 03 CHHXpo.pa30TpOH8 
OHHH c aaeproel! 7,5 raB MoryT 5hiTb ocnonb3oaaHhJ a KaqecTae TecTo

Boil: oa~opMauoH npo pacqeTax noneil: o3nyqeaoll a aneMeHTax cTpyKTYP 
BbiCOKOaHepreTo'leCKOX ycKopoTeneil: MeTOAOM MoHTe-Kapno. PaccMaTpo
aaeTcg MeTOAHKa onpeneneaog npocTpaHCTBeHHo-yrnoaoro pacnpeneneaog 

npOTOHOB B ny'IKSX C AOCTSTQqHO 50nblliHMH 8MOTT8HC8MO (5onblli6 100 MM 

Ha Mp8A) 0 npOCTp8HCTB6HHbJMO pacrrpeneneHOHMH, 6n03KOMO K HOpManb
HblM, OpoBOAHTCH napaMeTpbi npocTpaHCTBeHHo-yrnoaoro pacnpeneneaog 
npoToHOB a nyqKe MenneHHoro BbiBOAa 03 CHHXpoq,a30TpoHa OHHH, H3Me

peHHhie 8KTHB8UOOHHblM MeTOAOM, 0onyqeHHb16 pe3ynbT8Tbl He05XOAOMbl 
AnH onpeneneHOH ycnOBHll o5ny'leHOH 8KCnepOM6HTanbHOl! yCTSHOBKH B Ma
KeTHOM 8KCIIepOM6HTe, 

Pa5oTa BbinOnHeHa B na5opaTopoH Bb!COKHX aaeprHH OHHH. 

Co06UleHBe 061>eJUIHeBBOrO BHCTHTYTa IJlepBWX BCCneJIOBaHBi. J).y6ua 1977 

© 1977 06 .. e~uHeHHWU UHc•u•y• Jl~epHWX UCCAe006QHUUJly6Ha 

B CBJI3H c pa3pa6oTKoii canbHOTO'IHbiX ycKopaTeneii THna 
"Me30HHbiX «<Ja6pHK", CHHXpOTpOHOB Ha CBepxnpOBO,D;JIUUIX 
MarHHTaX, YCKOPHTeneii penJITHBHCTCKHX TJI~enbiX HOHOB 
Bee 6onbwyro aKTyanbHOCTb npao6peTaiOT 3a,u;aqa nporH03H
poBaHHJI 3HeprOBbi,D;eneHHJI, HaBe,D;eHHOH pa,D;HOaKTHBHOCTH 
H pa.u;aauaoaaoii CTOHKOCTH pa3nH'IHbiX 3neMeHTOB CTPYKTYP 
ycKopaTeneii. 

BenH'IHHbl pa.u;aauaoHHbiX aarpy3oK ,u;nJI 6onbWHHCTBa y3-
noB a KOHCTPYKUHii ycKopaTeneii onpe.u;enJIIOTCJI noTepJIMH 
qacTHU aa BaKyyMaoii KaMepe. HcTO'IHHK nepBH'IHoro H3ny
'leHHJI nonHOCTbiO xapaKTepH3yeTCJI «<JyHKUHeH ,D;H4l«<JepeHUH
anbHOH nnoTaocTa noTepb S(E,;, 0), TaKoii, 'ITO Em;,n)dEdGds 
npe,u;cTaBnJieT co6oii qacno qacTHU c 3Hepraeii B HHTepBane 
E, E+ dE, nepeceKaiOIUHX noBepxHOCTb BaKyyMHoii KaM~bl 
ds B6nH3H TO'IKH r H HMeiO~HX HanpaBneHHe ,D;B~eHHJI 0 B 
3neMeHT Tenecaoro yrna dO. 

Cne.u;yeT OTMeTHTb, 'ITO 3KcnepaMeHTanbHOe onpe.u;ene
HHe ,D;H4l«<JepeHUHanbHOH nnOTHOCTH llOTepb Ha YCKOpHTenJIX 
HeB03MO~HO H nHWb B pJI,D;e cnyqaeB llO,D;,D;aeTCJI pac'leTHOH 
oueHKe. ,D;nJI peweHHJI aeKoTopblx 3a,u;a11 3aiUHTbl oT pa.u;aa
UHOHHbiX H3nyqeHHH OKa3b1BaeTCJI ,D;OCTaTO'IHbiM 3HaHHe pac
npe,u;eneHHJI "OTKnHKOB" ,D;eTeKTOpOB, Ha3b1BaeMbiX KBa3H· 
noTepJIMH /l-3/, 

O.u;aaKo ,u;nJI .u;eTanbHoro H3y'leHHJI MeTo.u;oM MoHTe-Kap
no xapaKTepHCTHK noneii H3ny'leHHJI B 3neMeHTax CTPYKTYP 
YCKOpHTeneii CnO~HOH reoMeTpHH Heo6XO,D;HMO 3HaTb «<JYHK· 
uaa .u;a4l«<JepeauaanbHoii tmoTHOCTH noTepb S<E,r, U). 

06bi'IHO nporpaMMbl pac'leTa, OCHOBaHHble Ha MeTO,D;e 
MoHTe- Kapno, He JIBnJIIOTCJI yHaBepcanbHbiMH H 3aBHCJIT 
oT Knacca pewaeMblx 3a,u;aq /rny6oKoe npoHHKHOBeaae, 
o6paTHblii Bblxo.u;, Kocoe na.u;eaae no.u; ManbiMH yrnaMH a .u;p./. 
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CooTBeTCTBeHHO H anpo6a:u;HH pacqeTHbiX nporpaMM cne.n.yeT 

npOH3BO,ll.HTb no TeM 3KcnepHMeHTaJihHbiM pe3yJihTaTaM, 

KOTOpble 6JIH)I(e K ,n.aHHOMY KJiaCCy 3a,n.aq. . 

B JIHTepaType oTcyTCTByeT 3KcnepHMeHTaJihHbiH Ma

TepHan, KOTOpbiH MOr 6bi CJIY)I(HTh TeCTOBOH HH!llopMa:u;HeH 

.n.n.11 nporpaMM pacqeTa noneH: H3JiyqeHH.H B 3JieMeHTax cTpyK

TYP ycKopHTeneH: npH noTep.Hx npoTOHOB ua BaKyyMuoH: Ka

Mepe. H3MepeHHbie pan;Ha:u;HoHHble uarpy3KH ua cyi:u;eCTByiD

W:Hx ycKOPHTeJI.HX /eM., uanpHMep, pa6oTbi /4-6/ I TaK)I(e 

He MOryT 6b1Tb HCnOJib30BaHbl )l.JI.II 3TOH IJ;eJIH, nOCKOJibKY 

HeH3BeCTHO, npH KaKOM HCTOqHHKe jnoTep.HX/ OHH nony

qeHbl. 

Heo6xo,n.HMOCTh o6ocuoBauuoro pacqeTa BenHqHH pa,n.Ha

UHOHHhiX Harpy30K H onpe,n.eJieHH.II ,n.onyCTHMbiX noTepb 

qacTHU B npoeKTHpyeMbiX YCKOpHTeJI.HX CTHMYJIHpOBaJia npo

Be,n.eHHe MaKeTHoro 3KcnepHMeHTa. Pa6oTa pa3,n.en.HeTc.H 

Ha qeTbipe qacTH, Ka)l(,ll.a.H H3 KOTOpbiX ny6JIHKyeTC.II OT,ll.eJih

HbiM coo6I:u;eHHeM: 

1/ 3KCnepHMeHTaJibHa.H ycTaHOBKa H xapaKTepHCTHKH 

nyqKa npOTOHOB; 

2/ H3MepeHHe xapaKTepHCTHK nOJI.II H3JiyqeHH.II C no

MOI:u;hiO aKTHBaiJ;HOHHbiX ,n.eTeKTOpOB H !llOT03MYJibCHH; 

3/ H3MepeHHe ,ll.030BbiX pacnpe,n.eJieHHH C HCnOJih30Ba

HHeM HOHH3aiJ;HOHHbiX KaMep H TepMOJIIOMHHec:u;eHTHbiX ,ll.O-

3HMeTpOB; 

4/ xapaKTepHCTHKH nOJI.II H3JiyqeHH.II npH B3aHMO,ll.eHCTBHH 

npOTOHOB C TOHKOH MHWeHbiO. 

HacTO.HI:u;ee coo6I:u;eHHe nocB.HI:u;eHo nepBoH: qacTH Beene

,ll.OBaHH.II, rJiaBHbiM o6pa30M MeTO)J.HKe onpe,n.eJieHH.II B 3KC

nepHMeHTe xapaKTepHCTHK npOTOHHOrO nyqKa. 

Puc. 1: 06UIUU 8UO ycmaH08KU "MoOe/lb ": 1 - CUCT/IeMa MOHU
TIIOpupoeaHUJI ny'iKa; 2 - zeoMempu'iecKaJI Konu.11 ceepxnpo- ~ 
800JIUI€ZO OUnOAJI; 3 - IOCTIIUp080'iHbJe OOMKpUTIIbJ; 4 - cma
HUHa; 5 - uoHonpoeoo ouaMempoM 100 MM; 6 - py'iKU OAR 
noeopoma /lUTIIYHHbJX HacaOOK /CM. puc. 2/, UMUTIIUPYIOUIUJI: 
ceepxnpoeoOJIUIUe o6MomKu; 7- npeoycuAumeAu; 8- zopu3oH
maAbHble KQHQ/lbJ C UOHU3Ul#UOHHbJMU KQMepaMU; 9 - eepmu
KQ/lbHble KUHQ/lbJ /3aKpbllllbJ cn/lOIUHbJMU /lUTIIYHHbJMU liU/lUHO
paMU/. 
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1. 3KcnepuMeH11la/lbHa.11 ycmaHoeKa. 
MoHumopupoeaHue ny'iKa 

3KCnepHMeHTallbHaH YCTaHOBKa, YCllOBHO Ha3BaHHaH 

"Mo,IJ,ellb", npe,IJ,CTaBnHeT C060H reoMeTpH'IeCKYIO KOllHIO 

,Il,HllOllbHOrO MarHHTa ,IJ,llHHOH 171 CM H Hapy)I(HbiM ,IJ,HaMeTpOM 

HpMa 50 CM, paCllOllO)I(eHHYIO Ha CTaHHHe C 'leTblpbMH 

IOCTHPOBO'IHLIMH ,IJ,OMKpa TaMH I puc. 1/. 
C llOMO~biO ,Il,OMKpaTOB ee MO)I(HO YCTaHOBHTb Ha 3a,IJ,aH

HblH yron a C TO'IHOCTbiO ±2 Mpao B llllOCKOCTH (xz)OTHOCH

Tem .. HO ocH nyqKa /puc. 2a/. KpoMe Toro, naTyHHLie Ha

ca,IJ,KH, HMHTHPYIO~He caepxnpoao,IJ,H~He o6MoTKH ,IJ,HnonH 

I puc. 2e/, MO)I(HO noaepHyTL Ha yron ¢ =90 ° , 'ITO cooT

BeTCTByeT na,IJ,eHHIO npOTOHOB llO,IJ, TeM )l(e yrnOM a B nno

CKOCTH (yz) I puc. 26/. 
B HpMe MarHHTa HMeiOTCH BepTHKallbHble H ropH30H

TallbHble KaHallbl ,lJ,HaMeTpOM 30 MM ,D,llH YCTaHOBKH B HHX 

cneu;HallbHbiX neHallOB C ,IJ,eTeKTOpaMH pa3llH'IHbiX THllOB. 

IlpH OTCYTCTBHH B KaHanax neHallOB C ,IJ,eTeKTOpaMH OHH 

3allOllHHIOTCH CllllOIIIHbiMH naTyHHblMH I.J;HllHH,IJ,paMH. 

,LI;eTeKTOPLI a neHanax paJMe~anHcb Ha pa3nH'IHLIX pa

,IJ,Hycax OT OCH ycTaHOBKH B ropH30HTallbHOH (yz) H Bep

THKallbHOH (xz) llllOCKOCTHX, a npOCTpaHCTBO Me)I(,IJ,y ,IJ,eTeK

TOpaMH 3allOllHHll0Cb CTallbiO HllH naTyHLIO jpuc. 2zj. ,lJ;nH 

06ecneqeHHH O,IJ,HOpO,IJ,HOCTH MaTepHana 3a30pb1 Me)I(,IJ,y 3ne

MeHTaMH ycTaHOBKH 6binH MHHHMallbHbiMH /-0,1-0,2 MM/. 
3KcnepHMeHTanLHaH ycTaHOBKa pacnonaranacL a H3Me

pHTellbHOM naBHllbOHe CHHXpo~a30TpOHa B6llH3H ~OKyca 

F 3 I puc. 3/. M OHHTOpHpoaaHHe 'IHcna qac THI.J; a ny'IKe npo

H3BO,Il,Hll0Cb llllOCKOnapannenbHOH HOHH3ai.J;HOHHOH KaMepo:B:. 

0THOCHTellbHble H3MeHeHHH 'IHCna 'laCTHI.J; ~HKCHpOBallHCb 
B Ka)I(,IJ,OM I.J;HKne YCKOpeHHH, H llOKa3aHHH MOHHTOpa BblBO

,Il,HllHCb Ha caMonHceu;. A6coniOTHoe 3Ha'leHHe 'IHcna npo

TOHOB MO)I(HO 6blll0 llOllY'IHTb, CBH3aB llOKa38.HHH HOHH3a

I.J;HOHHOH KaMepbi H nHKan-3neKTpo,IJ,a. B 3TOM cnyqae no

rpeiiiHOCTL B Ollpe,IJ,elleHHH 'IHClla 'laCTHI.J; B llY'IKe COCTaBnHna 

±20". 

IOcTHpoaKa ycTaHOBKH "Mo,IJ,enb" Ha 3a,IJ,aHHLIH yron 

a ocy~eCTBnHnacL nocne TpaccHpOBKH ny'IKa H Hccne,IJ,oaa

HHH ero llpOCTpaHCTBeHHO-yrllOBbiX xapai<TepHCTHK. 
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Puc. 2. IlpoooAbHbJe /a,6/ u nonepe'iHbJu/e/ pa3pe3bJ ycma
HoeKu "MooeAb" u npuMepbJ 3anoAHeHUJI neHaAoe oemeKmopa
MU /z/: 1 - UOHOnpoeoo; 2 - /IQJIYHHbJe HQCQOKU; 3 - liPMO 
MQZHUJia; 4 - KQHQ/IbJ; 5 - neHa/1 0/1.11 oe1tleKJIOp08; 6 - QKJIU· 
eaf4UOHHbJe oellleKmopbJ; 7 - uoHU3af4UOHHall KaMepa. 

2. OnpeoeAeHue xapaKmepucmuK ny'iKa 
npomoHoe 

,lJ;nR O,IJ,H03Ha'IHOrO onpe,D,eneHHR ~YHKI.J;HH ,IJ,H~epeHI.J;H· 
ani.HOH llllOTHOCTH llOTepb, peanH3YIO~eHCR B 3KCnepHMeH

Te, He06XO,Il,HMO 3HaHHe peallbHbiX xapaKTepHCTHK llY'IKa 

KaK HCTO'IHHKa B 3a,IJ,a'le nepeHOCa H3lly'leHHR, T.e. npo

u;eHTHOrO COCTaBa H3lly'leHHR no BH,IJ,aM 'laCTHI.J; H ,IJ,H~epeH
IJ;HallbHOH llllOTHOCTH llOTOKa 'laCTHI.J; Ka)l(,lJ,OrO BH,IJ,a. 

Ily'IOK npOTOHOB Me,IJ,neHHOrO BbiBO,IJ,a C HMllYllbCOM 

8,4 F3B/c H Ce'leHHeM - 6 CM 2 HMeeT He3Ha'IHTellbHYIO 

npHMeCb BTOpH'IHbiX 'laCTHIJ; /< 1"/ H HMllYllbCHbiH pa36poc, 

He npeBbiiiiaiOIIJ;HH -2 M3B/c /7/ , 'ITO noJaonReT C'IHTaTL 

ace qacTHIJ;bl ny'IKa MOH03HepreTH'IeCKHMH npoToHaMH. Cne-
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,IJ;OBaTenLHO, OCHOBHOH 3a,D;a'leH JIBnJieTCJI OUeHKa npOCTpaH

CTBeHHO-yrnOBOrO pacnpe,D;eneHHJI ITpOTOHOB B ITY'IKe 

/puc. 3/. 
Henocpe,IJ;CTBeHHoe H3MepeHHe <ilYHKUHH npocTpaHCTBeH

Ho-yrnosoro pacnpe,IJ;eneHHJI qacTHU BhlCOKHX 3HeprH:ii co

npJI)KeHo co 3Ha'IHTenLHhlMH TPY,D;HOCTJIMH/OTCYTCTBHe npo

neTHoii 6a3LI, 6onLWaJI nnOTHOCTL ITOTOKa 'laCTHU, BhlCOKaJI 

npOHHKaiO{UaJI CITOC06HOCTL 'laCTHU H T .,II;./. I103TOMY 6hlna 

pa3pa6oTaHa MeTO,D;HKa onpe,D;eneHHJI yKa3aHHhlX xapaKTepH

CTHK ,D;nJI ITY'IKOB C ,IJ;OCTa TO'IHO 6onLWHMH 3MHTTaHCaMH 

I::: 100 MM Mpao; H npocTpaHCTBeHHLIMH pacnpe,IJ;eneHHJIMH, 

6nH3KHMH K HOpManLHhlM. KaK npaBHno, ny'IKH TaKHX na

paMeTpos HMeiOTCJI B YCKOpHTenJIX CO cna6oii <iJoKyCHpOBKOH. 

Cne,D;oBaTenLHo, peweHHe 3Toii 3a,D;a'IH HMeeT H caMocToJI

TenLHhlH HHTepec ITpH npoBe,D;eHHH pa3nH'IHhlX ,IJ;03HMeTpH'Ie

CKHX H pa,D;H06HOnOrH'IeCKHX 3KCITepHMeHTOB. 

IlyCTL B CHCTeMe KOOp,D;HHaT, CBJI3aHHOH C ITY'IKOM , 

OCL Z COBITa,D;aeT C OCLIO ITY'IKa H ITpOCTpaHCTBeHHO-yrnOBOe 

pacnpe,IJ;eneHHe 'laCTHU B ITY'IKe OITHChlBaeTCJI <iJYHKUHe:ii 

F(x,y,z, f1 x•fl y ) ' r,D;e f1 X H f1 y - HanpaBnJIIOIUHe KOCHHYChl 

B BepTHKanLHOH H rOPH30HTanLHOH nnOCKOCTJIX. ~BH)KeHHe 
'laCTHU B <iJoKyCHPYlOIUeH CHCTeMe KaHana BhlBe,D;eHHOrO 

ny'IKa y,D;osneTBOPHTenLHO onHChlBaeTCJI 3aKoHaMH nHHeiiHoii 

OITTHKH: IlpH 3TOM ,IJ;BH)KeHHJI ITpOTOHOB B BepTHKanLHOH H 

ropH30HTanLHOH nnOCKOCTJIX MO)KHO C'IHTaTL He3aBHCHMhlMH, 

a cne,D;OBaTenLHO, 6y,D;yT He3aBHCHMhlMH H pacnpe,D;eneHHJI 

'laCTHU: 

F(x,y,Z,fl ,fl ) = F (x,e, z). F (y, () , z), 
X y X X y y /1/ 

r,D;e ex-:::.flx• ey.::::fly 

Bee ,D;anLHeiiwHe Bhlpa)KeHHJI 6y,D;eM npHBO,D;HTL ,D;nJI sep

THKanLHoii nnocKOCTH I OHH MoryT 6hlTL HcnonL3oBaHhl H ,D;nJI 

ropH30HTanLHOH nnOCKOCTH/. ~ 

Ilocne npOXO)K,D;eHHJI qepe3 <iJoKyCHPYIOIUYIO CHCTeMy 

I puc. 3/ 'laCTHUhl ,D;BH)KYTCJI B cso6o,D;HOM npoMe)KyTKe npJI

MOnHHeiiHo. Ha pac. 4a npe,D;cTasneHa reoMeTpHJI paccMaT

PHBaeMoii 3a,D;a'IH, a Ha puc. 46- <ila30Bhle 3nnHITChl ny'IKa 
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Puc. 4. reoMe1/lpUJI 3aoa-.u ;a; u (/ja308bl€ ouazpaMMbl /6/ 
8 8€p111UKQAbHOU nAOCKOC111U: J - a < 0 npu Z 1 - "Heoo
fPOKYCUp08QHHbiU" ny'IOK; 2 - a =0 npu z 2 - ny'IOK 8 fPo· 
Kyce; 3 - a > 0 npu z 3 - "nepefPoKycupo8aHHblii" ny-.oK 
/napaMe111p a= tf!!P xapaK111epu3ye111 HaKAOH 3AAunca/. 

B aepTHKaJibHOH nJIOCKOCTH ~Jl.JI pa3JIHqH~X KOOp~HHaT Z 

0rH6aiO~aJI OnHCblBaeTCJI CJle~yiOJUHM B~pa~eHHeM /8/ 

x (z)=yx 2 . +a 2 (z)0 2 • max mm max 
/2/ 

Ilpe~nono~HM, qTo yrnoaoe pacnpe~eneHHe qacTHU B 

nyqKe no~qHH.lleTCJI HOpMaJlbHOMY 3aKOHY CO cpe~HeKBa~pa

THqeCKHM OTKJlOHeHHeM v. QqeBH~HO, qTo napaMeTp v He 

3aBHCHT OT z ~Jl.JI qacTHU, ~B~YJUHXCJI B np.liMOJlHHeHHOM 

npoMe~yTKe. Tor ~a ~JIJI nyqKoB c HopMaJILH~M pacnpe~ene

HHeM no npOCTpaHCTBeHHOH KOOp~HHaTe, npHHHMaJI B /2/ 
paBHOe KOJIHqecTBO CTaH~apTH~X OTKJlOHeHHH ~Jl.JI Xmax H 

Omax , MO~O 3anHCaTL: 

10 

a(z) = ya 2 + a2(z)·v 2, 
0 

/3/ 

I, 
~ 

1 
1 

r~e a
0 

- napaMeTp HopMaJILHoro 3aKoHa B <lloKyce, a a(z) -

aHaJIOrHqHaJI BeJIHqHHa Ha paCCTOJIHHH Z OT <iloKyca. 

O~HaKo c~enaHH~x npe~nono~eHBH He~ocTaToqHo ~JIJI 

3a~aHH.ll <ilYHKUHH npocTpaHCTBeHHo-yrnoaoro pacnpe~ene

HHJI F (x' e' z). Ilpe~nono~HM TaK~e' qTO pacnpe~eneHHe 

qaCTHU no X HMeeT BH~ HOpMaJibHOrO 3aKOHa C He 3aBHCJI· 

JUHM OT 0 cpe~eKBa~paTHqeCKHM OTKJlOHeHHeM OTHOCH· 

TeJILHO HeKOTOporo xUJ,z), npHqeM x<O,z)=a(z)e. B 3TOM 

cnyqae ~Jl.JI <ilYHKUHH F( X' e, z) MO~HO 3anHca Tb B~pa~eHHe 

1 e 2 
F(x,O,z)= ·exp(---)·exp[-

2rrva o :a,2 

2 
(x-a(z)e) ] • 

2a 2 
0 

/4/ 

IlpH TaKOM onpe~eneHHH <ilYHKUHH F( x,~z) coxpaH.lleTCJI 

npe~nono~eHHe o HOpMaJILHOM 3aKoHe pacnpe~eneHHJI qa

CTHU no yrJIOBOH H npOCTpaHCTBeHHOH KOOp~HHaTaM: 

r~e 

N<O) = 
00 1 e 2 
f F(x,O,z)dx= --exp(---), 

-<X) 

00 

L<x,z) = f F(x, e, z)dO 
-oo 

a ( z) = y a 2 +a 2 ( z) v 2. 
0 

- 2 
y2rrv 2v 

1 X 
2 

---exp(- ), 

y2rr a(z) 2a 2 (z) 

'/5/ 

/6/ 

/71 

KaK BH~Ho, 3aBHCHMOCTL ~JIJI a(z) /7 I cooTBeTcTayeT 

Bblpa~eHHIO /3/. 
IlpocTpaHCTBeHHoe pacnpe~eneHHe npoTOHOB L(x,z ') npH 

z '>z onpe~enJieTc.ll npocTpaHCTBeHHO- yrnoawM pacnpe~e
JieHHeM F(x, e' z) ' H ~Jl.JI np.liMOJlHHeHHO ~B~YJUHXCJI Ha 
yqacTKe z..;. z' qacTHU MO~Ho 3anHcaTL: 

L<x,z ') = l fj F(x',e, z)o(e- x - x )dOdx' 
r r 

-<X) 

1 x 2 
---. exp(- ) ' 
y2rra(z) 2o- 2 (z') 

/8/ 

r~e 
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a(z')=v'a~+v 2[r+a(z)] 2 B - , r-z-z. 

H3 swpa)KeHae 17 I a /9/ cne.u;yeT: 

a(z ') = ya 2 (z) +v 2r[r+ 2a(z)J. 

19/ 

TaxaM o6pa3oM, napaMeTpw v , a
0 

Ba(z),onacwsaiOUUie npo
cTpaHCTBeBHo-yrnosoe pacnpe.u;eneHae F(x,e , z), MoryT 
6wTL onpe.u;eneaw nyTeM B3MepeHB.II senB'IBHW a(z) npa Tpex 
KOOp.ZJ;BHaTaX Z C nocJie.ZJ;yiOUUIM peweHBeM CBCTeMW ypas
HeHBH TBna 17,101. 

)J,JIJI B3MepeHBJI npocllBJIJI nyqxa 'laCTBI.{ npBMeHJIIOTCJI 
pa3JIB'IHWe CBCTeMW, 3a'laCTYIO .ZJ;OCTaTO'IHO CJIO)KHWe /9,10/, 

B .u;aHHoii pa6oTe .ZJ;JIJI B3MepeHBJI npocllaneii nyqxa acnoJIL3y
eTcJI aJ<TBBai.{BOHHa.ll MeTO.ZJ;BJ<a. )J,eTeXTBpyeTCJI BWXO.ZJ; B30-
Tona 24Na no peaxuss 27 Af<p,3pnt~a. 

ToHxae aJIIOMBHaeswe cllom.ra ycTaHasnasanacL Ha nyTa 
.ZJ;BB)KeHB.II nyqxa, xax noxa3aHo Ha puc. 3, B nono)KeHB.IIX 
Z 1, Z 2 B Z 3 • lips 06Jiy'leHBB cllOJILr ycTaHOBJ<a "Mo.u;eJIL" 
pacnonaranacL no.u; yrnoM a =0° x oca nyqxa Tax, 'ITO 
nyqox nponycxanc.11 11epe3 aoHonposo.u; I puc. 2,3/. 

IIOCJie 06Jiy'leHBJI BHTerpaJILHbiM nOTOKOM -1013 npOTO
HOB c 3Hepraeii 7,5 F3B cllonLrB pa3pe3aJIBCL Ha xsa.u;paTw 
co cTopoHoii I'! =5 MM a {3 -axTBBHOCTL B30Tona 24Na xa)I(.ZJ;o
ro o6pa3:ua onpe.u;en.11nacL Ha ycTaHosxe c MaJIWM ~OHOM. 

Pacnpe.u;eneHae Hase.u;eHHoii axTBBHOCTB B3oTona 24Na 
A ij (z) =A (l'!x i ,l'!y j' z) z=z k CBJI3aHo c pacnpe.u;eneHBeM npo-
TOHOB B nyqxe O'leBB.ZJ;HWM COOTHOWeHBeM: 

2- -
A .. - I'! L (l'!x . ,z) • L (l'!y 

1
. ,z) , 

1] 1 

r.u;e 

- 1 - 1 
L(l'!x i ,z) =- f L(x,z)dx, Ul'!y i ,z)=- f Uy,z)dy. 

/'i /'i X • /'i /'i y . 
1 1 

H3MepeHHaJI axTBBHOCTL o6pa3uos npaso.u;BJiacL x Mo
MeHTY Hynesoii sw.u;ep)Kl(B I 'I~= 15 ~. B sTore nony'laJIBcL 
npJIMoyronLHwe Ma Tpauw 3Ba'leasi: II A ij II .ZJ;JIJI Tpex xoop
.ZJ;BHaT Z • IlpoBe.ZJ;eHHble R3MepeHRJI noxa3aJIR, 'ITO CYMMap-

12 

~ 

,.. 

t 

~ 

HLie aJ<TBBHOCTH o6pa3UOB A0 <z>=llA .. (z), 
i j 1] 

B3MepeHHLie 

yi<a3aHHLIM CnOC060M B Tpex ~BKCHpOBaHHLIX nOJIO)KeHHJIX • 
z = z k (k = 1, 2, 3) , puc. 3, - cosna.u;a10T .u;pyr c .u;pyroM B 
npe.u;enax CTaTHCTH'Iecxoii norpewHOCTB H3MepeHHii /< So/o/. 
B .u;anLHeiiweM .u;n.11 nony'leHHJI napaMeTpos pacnpe.u;eneHaii 
Fx(x,ex,z) H FY(y,ey,z) scnOJib30BanacL pe3yJILTaTLI 
H3MepeHsii axTBBHOCTH Aij(z), HOpMaposaHHLie Ha seJIB'IBHY 

1 
Ao,T.e. a .. (z)=-A ·A .. (z).CyMMBposaHse BeJIB'IBH a .. (z) 

1] 0 1] 1 J 

no CTpoxaM (b (z)=l a (z)) a cTon6uaM (b. (z)=l a .. (z))npa-
i j ij J j 1] 

BO.ZJ;HT K llOJIBJieHHIO pacnpe.ZJ;eJieHHH B BepTHJ<aJibHOH B ropa· 
30HTaJibHOH llJIOCKOCTJIX, KOTOpLie O.ZJ;H03Ha'IHO CBJI3aHLI C 

~YHI<I.{B.IIMB 
b. (z) 

L(l'!x. ,z) B L(l'!y.;z)(L(I'!x. ,z)= - 1 
--). 

1 J 1 I'! 

Onpe.u;eneHse napaMeTpos HOpMaJILHoro 3axoHa/cpe.u;
Hero a cpe.u;Hexsa.u;paTH'Iecxoro OTXJIOHeHHJI/ ocy~ecTBJIJI· 
JIOCb C HCllOJib30BaHBeM ~YHKI.{BH HaJ<OHJieHHOH BepOJITHOCTB 
H 3J<CnepBMeHTaJibHLIX .ZJ;aHHLIX 0 BeJIB'IHHe bi(z).Ilpe.ZJ;ITOJiaraJI, 
'ITO OCb ITY'IJ<a .ZJ;OJI)I(Ha ITpOXO.ZJ;BTb qepe 3 MaJ<CHMYMLI pac
npe.u;eneHsii L(x,z) a Uy,z) /T.e. cpe.u;Hse 3Ha'leHBJIBo6oax 
pacnpe.u;eneHBJIX pasHw HYJIIO/, MO)KHO nposepBTb 
npaBBJibHOCTb HaXO)K.ZJ;eHHJI OCR nyqxa. IlorpeWHOCTb B 

onpe.u;eneHBH cpe.u;Hero 3Ha'leHBJI no npsse.u;eHHoii MeTo.u;axe 
06pa60TKB 3KCITepBMeHTaJibHbiX .ZJ;aHHLIX He npeBLIWaeT 2 MM. 

Ha puc. 5 npe.u;cTasneHLI pe3yJILTaTLI H3MepeHsii pacnpe.u;e
neHsii L(l'!x i ,z) nps z = z k (k= 1,2,3) - 3aWTpaxosaHHLie 
npJIMoyronLHHXB. BepTHI<aJILHLiii pa3Mep npJIMoyronLHBXOB 
onpe.u;enJieTcJI eTa THCTH'Iecxoii norpewHOCTLIO H3MepeHaii 
BeJIH'IBH, BXO.ZJ;JIII.{BX B onpe.u;eneHHe b i (z). 

r na.u;xoii xpssoii noxa3aHLI rayccoscxae pacnpe.u;eneHBJI, 
OllTHMaJibHLIM CITOC060M annpOKCHMHPYIOII.{Be 3KCITepHMeH· 
TaJILHLie .u;aHHLie. 

B pe3yJILTaTe npose.u;eHHLIX H3MepeHBii napaMeTpoB nyq
xa B 3KCITepHMeHTaJibHOM 3aJie B MeCTe paCITOJIO)KeHHJI 
YCTaHOBKH "Mo.ZJ;eJib" ITOJiy'leHO, 'ITO ny'IOK npOTOHOB, KaJ< 
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HCTO'lHHK B 3a,D;a'le nepeHOCa H3Jiy'leHHH, OllHCbiBaeTC.fl pac
npe,D;eneuueM 

o<E-Eol 
--> 0) = a 

F<E,r,- (2rr)2vxvya0x Oy 

e~ 
x exp{- -2-

2vx 

2 

21 X 
2 2v y 

[x -ax (z)8x ]
2 

x exp!- ------
2a 2 

Ox 

X 

2 
[y-ay (z)8y] 
-----1 

2 ' 
2a 0 Y 

/11/ 

-3 
npu'leM Eo = 7,5 F3B; v x = 3,55 ·10 pao; a0x =0,758 eM; 
ax(z1) = 71,8 CM•pa()-1 ; a x(z 1) = 0,8 CM; v y = 
= 4,34·10-3 pao; a 0 = 0,383 cM;a <z 1) = -74,5 cM·pao-1; 
ay(z1)=0,5cM. Y Y 

Bhlpa)l(eHHe I 11/ ucnonL3osanocb .D;JIH Mo,D;enuposaHHH 
MeTo,D;oM MouTe- Kapno l}lyHKUHH .D;HI}ll}lepeuuuanbHOH nnoTHo
CTH llOTepb B YCTaHOBKe "Mo,D;eJib". Ha pUC. 6B BH,D;e rHCTO
rpaMM npe,D;CTaBJieHbl pacnpe,D;eJieHH.fl JIHHeHHOH llJIOTHOCTH 
noTepb npoTOHOB c :meprueii 7,5 F3B/c, peanH3YIOIUHec.H 
3a 10 3 H 10 4 HCTOPHH npH a =0,035 pa() H KOOp,ll;HHaTe 
nepeceqeHH.fl OCH ny'lKa C HOHOllpOBO,ll;OM z = 57 CM. rna,D;KOH 
KpHBOH noKa3aHo pacnpe,D;eneuue, nonyqeuuoe auanHTH'le
CKHM paC'leTOM. KaK BH,ll;HO H3 pUC. 6, JIHHeHHa.H llJIOTHOCTb 
llOTepb Y.D;OBJieTBOpHTeJibHO BOCllpOH3BO,ll;HTC.fl npH 'lHCJie 
Bhl6opoK - 10 3. 

Ha 3TOM )l(e pucyuKe .D;JIH cpaaueHHH npuae,D;eHo H3Me
peHHOe pacnpe,D;eJieHHe HaBe,D;eHHOH y -aKTHBHOCTH B,ll;OJib 
ocu ycTaHOBKH "Mo.D;enb" /KBa3unoTepu/. ConocTasneuue 
llOTepb H KBa3HllOTepb llOKa3biBaeT pa3JIH'lHe B XO,D;e 3THX 
pacnpe,D;eneuuii, KoTopoe o6ycnoaneuo BKJia,D;OM BTOPH'lHoro 
H3Jiy'leHH.fl B 06pa30BaHHe pa,D;HOaKTHBHbiX H30TOllOB . 

B 3aKmoqeuue aBTOpbl Bbipa)l(aiOT 6naro,D;apHOCTb 
ll. Ii.llccHHCKOMY, Ii. B. BacHJIHlUHHY, ll.A.EuroaaToay, 
B.A. Muxaiinosy H r .n. PeweTHHKOBY 3a none 3Hble o6cy:>K,IJ;e
HHH, a TaK)I(e 1i.,ll;.3eJib,ll;H'ly, r .C.Ka3aHCKOMY' A.A.Xo
weHKO, T .M.CaseHKosoii 3a noMOIUL a pa6oTe. 
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Puc. 6. JluHeilHa.R nA0111HOC111b nomepb npomoHoe e :JKcnepu
MeHme Ha ycmaHoeKe "MooeAb ". --- - aHaAumu<~ecKuil 
pac<~em; ,_ , -L~ - Memoo MoHme- KapAo /10 4 u 10 3 

UC1110pUU C001116e111C1116eHHO/; • • U3MepeHHQ.R MOUjHOC111b 
003bl Y - U3Ay'leHU.R HQ6eOeHHOU paOUOQK111U6HOC111U cnycm.R 
4 'IQCQ nocAe KOH~Q 06Ay'leHU.R. 

Jlumepamypa 

1. 3au~ee JI.H., Xeocmoe B.E. B c6.: Bonpocbt oo3uMem
puu u 3QUIU111bl om U3Ay<~eHuil. Bbtn. 16, M., AmoMU30am, 
1977. 

16 

2. O'BrienK., McLaughlin. I.E. Nucl.Instr. and Meth., 1968, 64, 67. 
3. 3au~ee JI.H. OH..JIH, P16-B871, ,4y6Ha, 1975. 
4. Awschalom M. e.a. NAL-TM-516, 1101-200; 

CERN-74-21, Lab. II, Rad. group, Geneva, 1974. 
5. EopoOUH B.E., 06p.RUjUK06Q Jl.Il., Pozoe B.A. Hct>B3, 

JIPH- 75-106, Cepnyxoe, 1975. 
6. EopoouH B.E. u op. Hct>B3, JIPH- 76-140, Cepnyxoe, 

1976. 
7. Ka3QHCKUU r.c., l(apeHK06 A.Il. OH..JIH, 2491, ,4y6Ha, 

1965. 
8. Komoe B.H., MuAAep B.B. cl>oKycupoeKa u pa30eAeHue 

no MaccaM <~acmu~ 6btco~eux :JHepzuu, Moc~eea, AmoM
U30am, 1971. 

9. BUWH.RK06 B.B. u op. OH..JIH, 13-6971, ,4y6Ha, 1973. 
10. BoAK06 B.H. u op. OHJIH, 9-10104, ,4y6Ha, 1976. 

PyxonHcb nocTynHna B H3~aTenLCKHH oT~en 
5 HIOnJI 1977 ro~a. 

17 


