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Hccne,nOiiaHll.fI KOl\ffiOHeHTHOro COCTaBa IlO]]..fI ll3Jly'!etm.lI 3a 3al!1llTOii 

YCKOpllTeneii IlpOTOHOB Ha BHCOKHe anepnm IlOKa3aJlli, 'ITO IlO]]..fI ll3-

nyqeHliii llMeDT CJIOlltHliii KO~moHeHTHllli ll aHepreTJJqecrotfi COCTaB, KOTO

pliii 3aBliCllT OT MaTepnana ll reoMeTpmI 3al!1llTli, O.nHaKO BeJlH'IlfHY 3K

BllBaJieHTHOii .no3li 3a 3amnToii onpe.nenmoT HYKJIOHli ll.lllpOKoro .nnanasoHa 

aHeprnii. IIoaTOMY npaBHJIMIOe pemeHie Bonpoca o TOM, c KaKoii .nocTo

BepHoCTI>D MOl!tHO ll3MepllTI, 8KB1!BaJ18HTHYD .no3y HMelOlllID.rnCJI B pacrro

pruiteHIUI npllOOpaMH, llJlll 1carure MeTO,ll,li lI npn6opli cne,nyeT llCllOJII,30-

BaTI, ,Il)l.fI 3TllX ueneii, MOlKeT OliTI, nonyqeuo TOJII,KO llpll HaJlll'Illlf llH

ipopMaIUlll 06 auepreTRT;JeCin!X cneKTpax HYKJIOHOB, BlllC0,1J,fll!UIX H3 3al!1llTli 

yCKOpllTeJiefi. Ilonyqemrn TaKOfi llHq>OpMUUHH HeOOXO,nllMO TaKJKe C TO'!Kl1 

3peHll.lI npoBepIIB ll KOppeKUH:tI CIIOCOOOB pacqeTa 3al!1llTli ycKopHTeJieii 

npoTOHOB Ha BliCOIIBe aHeprliH. iJieHOMeHOJIOrH'!eCKHii aHaJJ.ll3 pe3yJibTa

TOB pa3p03Hemwx ll3MepeHHii 3HepreTnqecKHX Cll8KTPOB HefiTpoHOB 3a 

3al!1llTOll yCKOPllT8Jiefi aapy6elKHblX ueHTPOB, c.nenaHHlifi P .Tor.mcou B 

I9?2 rolJY no 3aKa3Y MeJK.n,YHapo,nHoro arencTBa no aTor.11Joi1 aHepr,rn, 

ll03BOJlllJ1 c.nenaTI, TOJlI,KO HeKOTOplie npe.nnonoJKeHll.fI O BJlll.fIHllll COCTa

Ba 3al!1llTli Ha qJOPMY cneRTpOB. ·~ ycTaHOBJ18Hll.fI 3aKOHOM8PHOCTeii 

qppMllpOBaHH.II cneKTPOB HYKJIOHOB 3a 3alJ1llTOM ycKopHTeJiett Heo6xo~1li 

,nanr,Heiinme nccne,noBaHll.fI :mepreTnqecKRX pacnpe.nene1rnii HYKJIOHOB B 

OTHOCHT8JlbHO npOCTliX ll Tllllll'!HliX ,Il)l.fI ycKop11TeJ1efi npOTOHOB reor.mT

pllil llCTO'!Hllli - samnTa. 

OcnOBIIOe co.nepJKaHHe peqiep11pyeMOll MCCepTUUHH COCTaBJUIIOT pe-

3YJlbTaTli nccne.noBaHllii anepreTli'l8CKllX pacnpe.neneHHll HYKJIOHOB B 

IlOJlllX ll3JIY'!8Hnii sa 3alll}ITOll YCKOPHTeJieil npOTOl!OB Ha DliCOIIBe anep

rlill 06'.!,eMHeunoro lll!CTHTYTa H,u.epHIDC nccne.nonamtii { OVliIB). llccne

.noBaHM Bb!IlOJIHeHH C ueJII,}'.) ycTaHOBJ18Hll.fI 3aKOHOMepHOCTeii B ~JOpr.,rn

poBaHllll IIOJl.fI HefiTpoHOB, onpe.neneHll.lI a.neKBaTHOCTll IlOKa3aHllii .no-

3l1MeTpuqecIDDC npn6opoB 3KBllBaJieHTHOfi .nose B TaRllX IIOJlllX, a TaKJKe 

:mcrrep_HMeHTani,nofi np0Bep1m cnocooon pacqeTa 3antliTli OT Hsnyqennii 

ycI<oplITeJiefi npoTOHOB. 

Ilpo6ne111a pemaeTCJI cnelJYDll1llM o6pasoM: 

a) BliOllpaJOTCJI ll llCCJ18lJYr'.lTCJI xapaRTepllCTl!Kll npnoopoB ,Il)l.fI ll3-

MepeHH.fI 3HepreTIPieCKHX pacnpe.neneHHii HYKJIOHOB; 

061,0J1rmc:.:.:L1"! 1m~ 
BJlepm:ax tl{f'JU!J{OEtlllmi 

6ViSJii:-JOTEKA ... . 



6) ycoBepmeHCTBYJOTCS! H·peaJUI3YJOTCS! MeTO,Il;li BOCCTaHoBnemm 
crreKTPOB HYKnOHOB no IIOKa3aHlillM cneKTpoMeTpoB; 

B) nccne.n,vmCSI aHepreTw.:ecrure pacnpe'AeneHIDI noToKoB n 'A03 
HYMOHOB B IIOJl.RX ll3ny~eHIDI 3a 3ail{lfTOH ycKopnTeneil IIpOTO
HOB Ha BllCOMe 8Heprm,: 06~e'AHHeHHOro liHCTllTYTa H'AeplillX 
llCCJie'AOBamni; 

r) peaynLTaTll li MeTO,Il;li li3MepeHHH cneKTpOB HYMOHOB ncnonL
SYJOTCS! 'AM pemeH:wI Ba.lltHHX C IIpliKna'AHOH TO~ apeHM aa
,na~: YCTaHoBnemno MeKBaTHOCTli IlOKa3aHHH 'AOSRMeTpoB 8K
BliBMeHTHOH 'A03e B IlOJlJIX li3~eHRH sa SaUlllTOH ycKopnTe
nefi IIpOTOHOB Ha BllCOKHe 8Heprlili li npoBeprur MeTO'AOB pac
~eTa Sail{lfTll TaruIX YCKOPHTenefi. 

Hay~ Ha H HOB H 3 Ha pa6oTll 3aKJllO~eTCSI B cne.n,vIOU.leM: 
I. Ilony~eHH HoBHe aKcnepHMeHTanLHHe 'AaHHHe 06 aHepreTn~ec

KIDC pacnpe'AeneHMX HyKnOHOB aa SailllfTOH yCKOpHTenefi IIpOTOHOB Ha 
BllCorure 8HeprHH B TllllH'llll:lX 'AM ycKopRTenefi reoMeTpWIX HCTO"IHHK-
3all(l{Ta. 

2. Bwmn.eHH SaKOHOMepHOCTH B ipopr.mpoBaHID:! aHepreT~ecrooc 
pacnpe'AeneHRH HYKHOHOB aa 3ail{lfTOH YCKOPHTenefi npoTOHOB Ha BllCO
rure aHepru. 

3. HaMepeHH ~YHronffl ~CTBHTMLHOCTH 'AeTeKTOpa 611r(Eu} 
C mapoBHMH 3aMe'AnliTenHMR K HeHTpOHaM B 'AllallaSOHe 8HeprHH OT 
ro-2aB 'Ao ro3aB. 

4. IlpoBepeHa li ycTaHOMeHa MeKBaTHOCTL IlOKaSaHRH,IIIHpOKO 
HCilOHL3yeMWC B npaKTRKe 'AOSRMeTp~eCKOro KOHTpoM Ha YCKOpliTeJJJDC 
IIpH60poB H MeTO'AOB,8KBRBaneHTHOH 'A03e B TliIIli'lHWC IIOJJJDC liS~eHHH 
sa Sail{lfTOH YCKOpliTenett. 

5. Paapa6oTaH MeTO'A pac~eTa ~ymai;mr cneKTPaJILHo-yrnoBoro 
pacnpe'AeneH:wI IIOTOKOB HeHTpoHOB BllCOKOH 8Heprmi: B nony6eCKOHe~
HOH SailllfTe 'AM C~·IlnOCKoro MOHOHaIIpaBneHHoro liCTO"lHRKa HeH
TpOHOB C aHeprneH B HeCKOHLKO COTeH MaB Ha rpamme 3ail{lfTll. 

6. :3KcnepHMeHTMLJIO YCTaJIOBneHa TO"IHOCTL HeKOTOpWC MeTO'AOB 

pac~eTa IlOJIH HettTpOHOB sa 3ailllfTOH YCKOpHTeneft IIpOTOHOB Ha anep
rlill MeHee I raB. 
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IT pa KT H ~ e CK a H 3 Ha~ HMO CT L no~eHHWC 
B 'AfiCCepTauRH pesynLTaTOB SaKJllO~aeTCSI B peKOMeH'Aarnmx 06 MeKBaT
HOCTli HCIIOnLayeMWC Ha ycKOpliTeJlJIX cpe'ACTB 'AOSHMeTp~ecKoro KOlI
TpOJIH li 8KCnepHMeHTMLHOM onpe'AeneHlili TO"lHOCTli IDlipoKO HCIIOHL3ye
MWC MeTO'AOB pac~eTa aall(l{Tll ycKop:w.i:enett npoTOHOB na aHeprna MeHee 
I raB. PeaynLTaTll pa60Tll 6llnH acnonL30BaHH IIpH KoppeKUHH MeTO'AfiM 
onpe'AeneH:wI 8KBRBMeHTHOH 'AOSll B IlOJlJIX asnyqeH:wl aa SailllfTOH yCKO
PHTenefi OIDIH C IIOMomLID liJI'AliBH.n,vMLHOro ~OTO'A03RMeTpa HwKH, a TaK
xe npn Bll6ope li HHTepnpeT8.Ulili IIOKa3allliH npn6opoB,HCIIOHLSYeMllX 
'AM H3Mepem ypoBHeH nanyqeHd 3a 3a1JlllTOH YCKOpHTene~ npoTOHOB 

OIDIH • 
A B T o p s a m If m a e T 
I. BIInonHeHHYID pa6oTy no nccne'AOBaHmo aHepreTnqecKHX pacnpe-

'Aenemm HYMOHOB sa sa1JlliTOH ycKopHTenefi npoTOHOB Ha BllCOKlie aHep
rID:!. YcTaHoBneHHHe Ha OCHOBaHlili aKcnepHMeHTanLHWC li pacqeTHWC 
,naHHllX 3aKOHOMepHOCTH B ipopMRpOBaHHH aHepreT~ecKIDC cneKTPOB HYK-

noHOB sa 3a1JlllTOfi ycKopaTenett. 
2. PeaynLTaTll 8KCIIepHMeHTMLHOH npoBepKl1 MeKBaTHOCTli IlOKa-

3aHd 'A0,3:ID,mTpOB 8KBRBMeHTHOH 'A03e B noruoc 1rnnyqeH:wl 3a SailllfTOli 

ycKopnTenett npoTOHOB. 
3. PeaynLTaTll 8KCIIepHMeHTMLHOH npoBepKH MeTO'AOB pacqeTa 

xapaKTepHCTHK IIOJl.ll nanyqeHIDI 3a 3ail{lfTOH ycKopHTenett npoTOHOB Ha 

aHeprm1 MeHee I raB. 
PeaynLTaTll npoBe'AeHHWC nccne'AOBaHlili OTpaJltalOTCS! B 'AHCCepTa

UHll, KOTOpall COCTOHT H3 BBe'AeHHH, IllITli rnaB,' OCHOBHWC peaynLTa
TOB, BllBO'AOB, npnnoxeHWI H 3aKnIDqeH:wI. B 'AfiCCepTaUHH noMemeHO 
42 pacyHKa, 9 Ta6mm, 97 nnTepaTypHWC ccanoK. 

Bo BBeneima CO'AepxliTCH KpaTKd o630P nnTepaTypHWC 'AaHHWC, 
ipoprzynnpyeTCS! uenL pa60Tll H npRBO'AHTCS! ItpaTKall aHKOTaUHH OCHOB
HWC nonoxem, KOTopae BllHOCS!TCH Ha 3aIJIHTY• 

B nep:aoft rnaBe o6ocHoBllBaeTCSI Bl:l6op npn6opoB 'AJlJl asMepem 
aHepreTnqecKIDC pacnpe'AeneHHH IIOTOKOB li 'A03 HYKHOHOB aa 3a1JlllTOH 
ycKopnTeneff, npRBe'AeH nepeqeHL npn6opoB n onncaHH cneKTpoMeTpll 

H8HTpOHOB H npOTOHOB. 
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B KaqecTBe cneRTpoMeTpa H8liTp0HOB ncnonb30BanCJI CJ:U{HTHJ!JlJI
UHOHHllii ,neTeRTOP Me,nnemmx HeilTpoHOB 61u (Eu) C Ha6opoM mapoBHX 
nonn3TllJl8HOBHX 3aMe,nnHTeneii, a cneRTpll npoTOHOB ll3M8piIJ!HCb CJ:U{H
THnMJ:U{OHH!lM dE/dx - cneRTPOMeTpoM. 

YcnemHoe HCil0Jlb30BaHHe ,neTeRTOpa 6Lil(Eu) C Ha6opoM mapoBHX 
3ar~e.nnnTeneii .IVllI onpe,neneHIDI cnexTpa HeiiTpoHOB Tpe6yeT 3HaHIDI 3a
BllCHMOCTH ~CTBHT8JlbHOCTH .neTeRTOpa C Rruir,nID,I 3aM8,IlJJ.J{T8Jl8M OT 
3Heprllll HeilTpoHOB. HMeIOU!ruICJI B JlHTepaType 3RCnepHMeHTMbHruI HH
qJOpMaUIDI O ~YHK!llliPC ~CTBHT8JlbHOCTH orpaHHql{BaeTCJI .mrana30HOM 
3Heprmt OT 5 xaB ,no I4 MsB. PacqeTll ~YHKIUUi ~CTBHT8JlbHOCTII, Bll
nonHeHHlle pa3Hh!Mll aBTOpaMH, HaxO,JVITCJI B xopomeM cornacnn c sxcne
pHMeHTOM ll M8JK,Dy co6oii .IVllI H8HTPOHOB c 3Heprneil 6onee 0,I MsB, 
o,IUiaRO Ha6J1JO,naeTCJI 6onbmoe pacxo2K,IteHne pe3JJlbTaToB pacqeTOB .IVllI 

3aM8,IlJJ.HTeJleil He60JlbllillX ,IUfaMeTpOB B .mrana30He 3Heprl:tii OT O,OI aB 
.no ro3aB. C U8JlbID YCTpaHeHIDI STOil Heonpe,neneHHOCTH 611na H3MepeHa 
3aBllCJi!MOCTb OT SHeprHR HeliTpOHOB ~CTBHTenbHOCTll .neTeKTopa C 
mapoBllMll nonHSTllJleHOBllMll 3aM8,IlJJ.llTellJIMll C ,IUfaMeTpaMll 5,08 CM 
(2 .nrom~), 7 ,62 CM (3,nroftMa), I2 7 CM (5 ,nroiiMoB) H 25,4 CM (IO.nroil
MOB) B HHTepBane SHeprmt OT IO-~aB .no ra3sB MeTO,ItO.M cneRTPOMeTpH
poBaHIDI SHeprllll HeliTpOHOB OT HMilYJ!bCHOro 6llcTporo peaRTOpa no 
BpeMeHH nponeTa. B .mrccepTawm no,npo6Ho ollllcaHa MeTo.mrxa sxcne
pm1eHTa ll npHBe,neH!l pe3JJlbTaTll H3MepeHmt ~YHKIUm tzyBCTBIIT8Jlb
HOCTH. 

~HKUllll OTMHRa dE/dx. - cnexTpoMeTpa npoTOHOB onpe,neMJlllCb 
pacqeTH!lM nyTeM. Ipa,nynpoBKa cneKTpOMeTpa IlpoBO,IUfnacb C noMombID 
nyqxa_npoTOHOB c sHeprneil I89 MaB • .llJJJt nonyqeHIDI pacnpe,neneHmt 
npoTOHOB, 6mrnKnX K MOHOSHepreTlfCleCKHM, llCil0Jlh30BMaCb pea.KUIDi 
ynpyroro p-p paCCMHIDI npoTOHOB nyqKa Ha BO,nopo,ne C¾ - MIDIIeHH. 
.llJJJt npoBeprur COOTBeTCTBIDI paCCql{TaHHllX ~yHKJ:U{il tzyBCTBllT8RbHOCTH 
peaJlbHllM, annapaTypHlile cneKTpbl OT IlpOTOHOB p-p paccMmm, Bl:lJle
TaID~ ll3 CH2 - Mllill8HH, cpaBHllBMllCb C paCCql{TaHHllMU anuapaTyp
HllMU cnexTpa.MH. 
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Bo BTOpofi rnaBe paCCMaTPllBaIDTCJI M8TO,n!l onpe.neneH.IDI sHepreTH
qecRIDC pacnpe,neneHmi IlOTOKOB H ,no3 HeilTpoHOB. 

BoccTaHoBneime sHepreTlfClecxoro cneRTpa HYRJ!OHOB CF(£) no 
Il0Ka3a.HIDIM cneKTpoMeTpoB CBO,n!ITCJI K pememno llHTerpaJlbHOI'O ypaB
HeHIDI ~e,nronb.Ma nepBoro po,na OTHO~llT8JlbHO qlYHKUHH <P(E) 

r.tte 

Emax 

N(j}+S{j) == f K(E,j)cJ)(E}dE, 
Emin 

(I) 

/V(j}_ KoJ!HlieCT~O m,mynbCOB,sapernctpnpoBa.HHllX ,neTeRTo
poM 6L11(Eu) C 1 -TllM 8aMe,IlJJ.llT8JleM (B C11Ylffi8 
cneKTpoMeTpa HeHTpoHOB)llJ!J{ qncno llMIIJJlbCOB B 
j -TOM xaHane aHaJ!ll3aTopa ( B cnyqae cneKTpoMeTpa 

IlpOTOHOB}; 
Sfj}- norpemHOCTb B :asMepemrn: N/j) . 

K{E,j}- aaBncHMoCTb ~CTBHTeJlbHOCTH ,neTeRTopa c / -TllM 
3aM8,IlJJ.HTeneM OT sHeprID! HefiTpOHOB E (AHH 

cneRTpoMeTpa HeftTpOHOB} HID{ BepoJITHOCTb perncTpa
J:U{li m,mynMa B j -OM RaHMe aHMll3aTopa Ilpl{ npo
XOlK,Iterom qepes cnexTpoMeTp npoTOHa c sHeprnefi_E 
(AJ!H cneKTpoMeTpa npOTOHOB); 

Em,11 ,£,rq - rpaHHUli aHepreTlfClecxoro HHTepBana, B ROTopoM BOC-

cTaHaBJ!llBaeTCJI cneRTp HYMOHOB. 
Boo6me roBOPfl,YPaBHeHHe (I) MOXeT HM8Tb 6ecRoHeqHoe MHOX8CTBO pe
mem. ~T0611 rapaHTHpoBaTb e,IUfHCTB8HHOCTb pemeHM 8a,Itaql{ BOCCTa
HOBJleHIDI cneKTP~ HYMOHOB, Heo6XO,nHMO ,noonpe,neJ!llTb ee, OCHOBlil
BaJICb Ha TeX J{]ll{ HHllX npe,nCTaBJl8HIDIX O xapaRTepe HCROMOI'O pemeHIDI, 

HHaqe I'OBOpiI, Ha anpnopHOH H$PMaUHH O cneRTpe HYKJ!OHOB. B .mrc
cepTal:U{OHHOH pa6oTe 06cy2K,Ita10Tcsi: cnoco6u BBe,neHIDI ,nononHnTeJlbHOil 

anpnopHoil HH~PMauHK npn BOCCTaHOBJlerom cneRTpoB HeliTpoHOB runpo

Roro ,nnana30Ha sHeprnil no noKaBaHIDIM ,neTeRTopa Me.nneHHllX HeilTpo
HOB c Ha6opoM mapoBllX 3aMe,nnnTeneil n yrnepo,nco,nep,ttaJqero aRTHBa-
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UliOHHoro ;neTeKTopa. Ilo,Iij)06Ho paccMOTpeH pa3BHTliH B .nnccepTaUHOH
HOH pa6oTe MeTo;n BOCCTaHOBJI8HWI cneKTpoB HellTpoHOB C lICIIOJib30Ba
HReM 11llteCTKOi1" anpnopHoll HHq)opMaUHH O Benwnrne IIOTOKOB HeiiTpoHOB 
paaHWC aHepreTntiecrooc rpynn. 

0UHCaHO npm.1eHeHne MeTo;na CTaTliCTR'l8CKOH peryJI./IpH3aUlill ~ 
BOCCTaHOBJI8HIDI CIIeKTpoB HYKnOHOB lliHpoKoro .nnanaaoHa 8Heprnn. 

B Tp8Tbeii rnaBe IIpliBO,nf!TCJI peayJibTaTli liCCJie;noBaHHH 8HepreTli
qecrooc pacnpe;neneHHil IIOTOKOB H,'A03 HYKJIOHOB aa 3antHTOll npoTOHHWC 
yc1wpnTeneii 0llilli npn :meprIDDC ycKopeHirux npoTOHOB 350 Man, 480 MaB, 
660 Man R IO raB. 3TH liCCJie;nOBaHWI IIpOBO~RCb B CJie,eyI01Iteii IIOCJie
;noBaT8JlbHOCTR ! onpe;neJI./IJICJI :swco;n HeiiTpOHOB pa3HWC 8HepreTR'lecrooc 
rpynn sa 3antHTY ClilIXPOUHKnOTpoHa Ha 3Heprmo 680 MaB, R3MepllnHCb 
8HepreT:lll!8CIWe pacnpe;neneHIDI IIOTOKOB li 8KBIDJaneHTHOil 'A03li Hei'iTpo
HOB B 3aBHCm.lOCTR OT IIa'AaJOlll8ro Ha 3aIIIHTY cneKTpa Hei'iTpOHOB H 
KOMII03RUHR 3alllHTli, nccne;noBaJIRCb ,Il.l$pepeHUHanbHli8 pacnpe;neneHIDI 
nnOTHOCTII IIOTOKOB HYKJIOHOB IIO 8HeprRH-qacTim (3HepreTli'l8CKHe 
cneKTpli) sa 60.KOBOH 3antHTOi'i CIIHXpotn1KJIOTpoHa Ha :meprmo 680 Man 
II CRHXpC>qla30TpoHa Ha aHeprli!l IO ran. 

CneitTpli Hei'iTpOHOB 6unR R3MepeHli: -
I) 3a cnnomHoii 'ABYJCM8TpoBott 6eTOHHOii (f ~ 2,35 r/cM3) 3antH

TOtt CmIXPOUHKJIOTpoHa, Itor;na Ha 3antHTY llMano li3JIY'l8HHe OT BHYT
,peHHeii 6epRnnReBOH Mlilli8HR R KaMepu CIIHXPOUliKJlOTPOHa IIpR 3HeprIDIX 
YCKOpeHirux npOTOHOB 350 Man, 480 MaB a 660 MaB. 

2) 3a CIIJIOmHOii 'ABYXM8TpoBott 3alllHTO:li CRHXpoUHKJIOTpoHa H3 6e
TOHa <p z. 2 ,35 r/cM3). Ha KOTOPYK> lla'AaJIO R3JIY'l8HRe OT 11 TOJICTOii" 
Me;nHoii MRlli8Hli, 6oM6ap.nnpyeMofi BUBe;neHHl:lMii li3 CliHXpoUHKJIOTpoHa 
npoTOHaMR C 8Hepr11eii 660 MaB. 

3) Ha Kplime IIpliCTpoiiKH K s;naHH!l CliIIXPOUliKJIOTpoHa B6nR3li 
DP0-3aIIa;nHoil 3aIIIHTHOii CTeHli C OKOHHliMli npoeMaMH. 

4) B 8KCnepliMeHTaJlbHOM sane CHHXpoUliKJIOTpoHa. 

5) B none li3JIY'leHIDI CHIIXpoqJa30TpoHa npn YCKOpeHRH IIpOTOHOB 
;no 3HeprRH I0 ran. 

~OpMHpOBaHHe noJI.II li3JIY'leH:w:r B nepBOM CJIY'lae 6irn:3KO K ycno
BHRM IIJIOCKoro MOHOHa1IpaBJI8HHoro liCTO'lHliKa Ha rpaHnne nony6ecKo-
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HetIHoro aantHTHoro 6apbepa. B nep:swc 'AByx cnyqaax cneKTpli HellTpo
HOB OKa3aJIHCb Han6onee 11llteCTKliMH11

• TpeTRii R 'leTBepruii cnyqaa 6nR3-
KH K ycnoBIDIM, npR KOTopm: none HeiiTp~HOB q>opr.rupyeTCJI :ia C'leT 
MHoroKpaTHO pacceaHHoro li3JIY'l8HHfl, npome;nmero qepes npoe~.m B sa
lllHTe. B aTHX cny'lalIX nonyqeHH Han6onee "MlirKHe" cneKTpu Hei1TpoHoB. 
CneKTpli Hei1TpoHOB B none R3nyqeHll.fI CHHX~a30TpoHa Ha IO ran COOT
B8TCTBYJ)T npoMelll'.,YTO"IHHM YCJIOBIDIM Melli,l!Y 11MlIPKliM11 R "llteCTKHM" cneK
Tpru.m. 

B pa6oTe 8KC1IepHMeHTanbHO ycTaHOBneHo YBenHtieHHe BKJIMa 
HH3K08HepreTK'!eCKOro KOMIIOH8HTa B llOTOK HeiiTpoHOB B 3alllHT8 YCKO
PHTeJiefi no CpaBHeHHIO C noneM HefiTpOHOB aa 3al!lllTOfi. IloKa3aHO TaK
ate, 'ITO Ilpll H8H3M8HHOfi reoMeTplili HCTO'lHHK-3antHTa "llteCTKOCTb11 8Hep
reTHtieCIWX pacnpe;nenemtii noToKoB H ;nos HeiiTpOHOB h ( h::: <P,20/<'P<w, 
r;ne <P,10 li g,(2.0 -IIOTOKH (;nosu) HeiiTpOHOB C 8Heprnen 
E >20 MaB H E < 20 Man, COOTBeTCTBeHHO) 3a 3al!lllTOii CHHXPOUHKJIOTpo
Ha YBenli'lRBaeTCJI C pOCTOM 3HeprnH ycKopeHHWC npoTOHOB. 

B peqiepnpyeMoii pa6oTe Ha ocHoBe aHaJlliaa nonyqeHIWX 3Kcnepn
MeHTanbIWX ;naHIWX, pacqeTOB ll HM8I01lleiicsr B JIRTepaType HHqJOpMaUHR 
0 CII8KTpax HeiiTpOHOB cJ)(E) 3a 3antHTOii YCKOpHTeJiei'i IIOKa.3aHO, qTo 
sa CII7lomHoi1 salllHTOii q)yHKUIDI E•c/J(F.) HMeeT MaKCIDzyM D o6nacTR Heii
TpoHOB BliCOKOii 3Hepl'l'IH. Y HaR6onee 11llteCTIWX" cneKTpOB MaKCIIMYl,I 
pacnonozeH B6JIII3H IOO MaB. IlonollteHHe aToro MaKCHMYl\la cna6o 3aBHCRT 
OT MaKCRManbHOii 3HeprRH YCKOplieMHX IIPOTOHOB II, B OCHOBHOM, onpe;ne
JI./IeTCJI reoMeTplieii "3antHTa-lICTO'lHHK11

• IlpoeMll B 3antHTe IIpliBO,nf!T K 
3HaqnTenbHOMY yBenli'leHmo B cneKTpe HefiTpOHOB Hll3KllX aHepr11ii sa 
ctieT pacceaHHoro nanyqeHWI, BWCO.nflmero qepea 3TR npoeMll. 

Ha ocHoBe nonytieHHoii 11Hq)opMar.:urn 06 3HepreTnqecrooc pacnpe;ne
neHHfIX HeiiTpOHOB YCTaHOBJieHa MaKCID.ffi7lbH8JI Heonpe;neneHHOCTb B 8K
BIDJaneHTHOil ;nose HellTpOHOB npn li3MepeHHR 3a,3antHTOH YCKOpHTeJiefi 
B HeH3BeCTHOM cneKTpe npn6opoM, onpe;neJI./IIOl!IRM B8JIH'lHHY 'A03li D orpa
HH'leHHOM lIHTepBane 3HeprRii. 

B-naparpaqie 3.5 npHBO.nf!TCJl peayJibTaTli H3MepeHHil aHepreTHtiec
rooc cneKTPOB IIpOTOHOB, BllX:O,nfll!lllX H3 llteJie3HOH 3alllHTli CllHXPOUHKJIO
TpoHa Ha aHeprmo 680 MaD B'AOJlb HOpMann K noBepXHOCTli samuTli B 
Tenecliliil yroJI 0,002 CTepa.nnaH. B n11TepaType npaKTHqecKH OTCYTCT
BYJ)T 3KCIIepHMeHTanbHlie ;naHHlie O cneKTpax npOTOHOB 38 3antHTOii yc
KOpHTeneii. lfaneCTHli TOJlbKO 1Ip8'ABapllT07lbHli8 pesym,TaTli ll3Mepelilifi 
3HepreTH'leCKllX pacnpe;neneHllii npoTOHOB 3a 3antHTOii I84-;nDiiMOD6ro 

7 



ClUIXpoIUiKJIOTpoHa B EepIUm. B TO xe BpeMlI HHqJOpMa.Urul'. 0 ,IUiqxpepeHIUI
aJihHWC cneKTpax npoTOHOB aeo6xo.zun.,ia He TOJlhKO c TO"llill apeHRll yc
TaHOBJieHIDI CTeneHH paJUia.rm:OHHoro pl'lCKa OT 3Toro KOf4IIOH8HTa IlOJl.ll, 
HO, qTo oco6eHHO Ba.JKHO, .lV1JI npoBepror M8TO'AOB pacqeTa aaI11HTH YCKO
p11TeJieft 11 ycTaHOBJieHIDI cTeneHH ~eKBaTHOCTH IlOKaaam .noaHMeTpoB 
3KBJIBaJieHTHOR .noae B IlOJI.IIX nanyqeHIIB aa 8al!UITOR ycKOpHTeJieii. 
B ,IUICcepTa.rum npHBe,nemi: H8MepeHHHe cneKTpH npOTOHOB aa "TOHKOi1" 
(156 r/cr.f) Il "TOJICTO:ii" (~3000 r/crl-) :ateJI88HOR 8aUUITO:ii cmocpo
~KJIOTpoHa Ha aHeprmo 680 MaB. CneKTp npoTOHOB aa "TOHKOil" 3aUUI
TOli - xapaKTepHHR Cila,u.aIO!IIHH cneKTP BTOpHlfH.I.IX IlpoTOHOB,o6paaoBaH
HliX B "TOJ1CTO:ii" Mlllllelll!. 3a "T011CTO:ii" 8aUUITOR Ha6mo,naeTCJI cna6oe 
H8MeHeHHe cpy~H 4>(£) pacnpe,neneHIDI ,Il.lliix!JepemuranhHOll IlJIOTHOCTil 
IlOTOKa npoTOHOB npn 3HeprHH qacTim OT 50 .no 200 Mall. MaJla.R: BeJllI
ql{Ha npollSBOMOH cpyHKIUm c:p{E) 06yc110BJieHa, B OCHOBHOM, 'ABYMII KOH
KYPHPYJOIIUIMll eqipeKTaMH: IlpeHMYUl8CTBeHHHM pol!U{eHHeM HH8K03HepreTH
qecKWC npoTOHOB B HYK710H-H,Itepmix B3aHMO,neilCTBIDIX ll yMelihmeHHeM 
Bepo.lITHOCTH BliJieTa 118 8aUUITH aapruKeHHWC qaCT.HU C YM8Hhill8HHeM llX 
aaeprHH. 

qeTBepTa.R: rnaBa IlOCBm!leHa BaJKHOMY ,lV1JI npaKTHqecxoft A08HMeT
PHH Bonpocy: axcnepHMeHTa11hHOR npoBepKe ~eKBaTHOCTH noKaaaHIIB 
.noaHMeTpOB 3RBHBaJieHTHO:ii .noae B IlOMX HanyqeHIDI aa 8aUUITO:ii YCKO
PHT811eii IlpOTOHOB Ha BliCOKHe aHeprnH. Ha IlpaKTHRe MaKCHMaJihHafI 
SKBHBaneHTHM ,noaa oneHHBaeTc.a: no peaynhTaTaM HaMepeHRB: ypoBHeft 
H8JIYqeHIDI H liIH'AHBH'AYa11hHOro ,noaHMeTp~eCKOro KOHTpoM. HHTepnpe
T8.IUIJ() noKaaaHHft Ral!U{oro ncnonhayeMoro B HaMepeHWIX npn6opa npHXo
,IUITc.a: npOBO,IUITb C yqeTOM paaJIHqHliX qiaKTOpoB, CYlll8CTB8HHliX ,lV1JI 

'AaHHOro llpH6opa H 8aBHC.S:UUIX OT 3HepreTHqecKoil, BpeMeHHOR ll KOMilO
H8HTHO:ii CTPYRTYPH llOJIR H811yqeHM. C ne11h!O YCTaHOBJieHHR CT8ll8HH 
,nOCTOBepHOCTH peaynhTaTOB, nonyqaeMWC Ilpli orrepaTHBHliX H8Mepemmx 
ypoBHeft HOHH8HPYJOIIUIX H3JIYq8HHR H, B qacTHOCTH, 3RB.HBaJ18HTHO:ii .no-
8H HeiiTpOHOB, a Ta.Kllre .IVllI KPHTHqecKO:ii OQ8HKH paaJll!'llllliX cnoco6oB 
.noaHMeTpHH H8RTPOHOB 6HJIH BliilOJIHeHH H8MepeHRll 3RBHBa118HTHO:ii .noaH 
O,IUIHH~auro MeTO'AaMH H npn6opaMH B llOJlJIX nanyqeHM, TH~ 
.IVllI yc110BH:ii pa6oru rrepcoHana Ha ycxopHTeMX • .ILim naMepeHH:ii .noa 
HanyqeHIDI.npHM8HlIJIHCh IIIHpoKO HCll011h8YeMHe ,lV1JI 'A08HM8TpHH l'l8Jlyq8-
HHR ycKopHTeJie:li Ilpli!6opu: ,neTeKTOphl (c~Tli!11M~OHHHe, aKTHBa.rm:oH
HHe H HOHliI8a.rm:oHHH8) Me'A)leHHHX HeftTpOHOB C 8aMe'AJ1HTeJUIMH, C~H
THJ1~0HHhl:ii .noaJi!MeTp JlH-A-I, aKTHBa.rm:OHHHli yrnepo,nco,neplltalllHft 
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,neTeKTop, TKaHe3KBHBaJ18HTHa.R: IlOHH8a.rm:OHIIa.lI KaMepa (pa60TaI0!11ruI B 
pelltllMe HaCHIIleHIDI H B pelltllMe peKoM6HHanHH HOHOB), HH'AHBH'AYaJ1hHli8 
qJOTO,noaHMeTpH. HaMepemm: BHilOJIH./IJIHCh B YCJIOBRfIX MllKCHMaJlhHO 
"JKeCTKoro". "1.m:rxoro" H npoMe.JKYTOtrnoro crreKTpOB Hei1TpOHOB. 3a 
HaH6onee BepO.IITHYJO 3RBHBaJieHTHYIO ~oay He:iiTpOHOB C 3Heprne:li MeHee 
20 Mall IlpHHHMaJiaCh ,noaa,rronyqeHHruI c IlOMOI!lh!O COOTHOmemm: 

tbt,h& 

n =J~e. r tEJ cprEJ dFI ,2> 

r.ne ~/GI - KoaqqiHnHeHT nepexo.na OT rrnoTHOCTH noToKa MOHOSH~preTH
qecKHX He:liTpoHOB, ~aIDIIUIX Ha TKaHe3RBHBaJieHTHhlli q>aHTOM, K 3KBll
BaJieHTllOH ,noae B MaKCHMYMe rny6HHHOro pacnpe,neJieHIDI 3KBHBaJieHT
HO:i1 ,noau .IVllI cneKTPa HeftTpoaoB <PIE), naMepeHHoro B Mecre cpaBHemm: 
IlOKa8aHH:ii npH6opoB. 3a HaH6oJiee nepo.lITHYIO IlOJlHYJO 3RBHBaJieHT!IYJO 
,noay H8JlyqeHIDI IlpHHHMaJlaCh BeJlllql{Ha ,noau, HaMepeHHa.R: peKOM6HHa
~OllllHM .noaHMeTpoM. 

CpaBH8HHe peayJlhTaTOB 118MepeHHft 3RBJIBaJieHTHOli .noaH C IIOMOI!lh!O 
np116opoB,lllliipoRO HCilOJlh8yeMHX ,nJl.ll onepaTHBHOro KOHTPOJI./I pa,IUianllOH
llOll o6cTaHOBKH aa 8al!UITOH ycKopnTeneu H, B qacTHOCTH, aa aaI!IHTOH 
ycxop11Te11e:ii npoTOHOB 06~8'AHH8llHOro HHCTHTYTa smepHHX HCCJie,nona-, 
HIIB C HaH6oJiee BepO.IITHOH BeJIH"illHOli 3KBl1BaJieHTHOli ,noaH IlOKa8aJio, 
qTo 3TH npa6opH BOCnpoHaBO,nf!T 3RBHBaJ1eHTHYIO ,noay H8:liTpOHOB H llOJI
HYJO 3RBHBaJieHTHYJO ,noay H8JIYqellll.lI C TO'lliOCTh!O Ko~eHTa 2. 
aKBHBaJieHTHM ,noaa, onpeileneHHM no noKaaaHIDIM ,noaHMeTpoB c .ne
TeRTopru.m:, per.0:cTpHpYIOil!HMH HeilTpOHhl no rrpOTOHaM OT,naqa, Mo:ateT 
3HaimTeJihHO npeBHmaTh HaH6oJiee BepO.IITHYIO ,noay B llOMX 118JIYqemm, 
r.ne BK71M B .nosy pe.11.1ITHBHCTCKHX H8HTpOHOB ( E ~ 20 MaB) 8HaimTe
nea. aTO, B qacTHOCTH, OTHOCUTC.S: R MeTo,ny HH,nJIBH,IIyaJihHOro qJOTO
.noaHMeTpa aeilTpoHoB (R~KH) .0: npa6opy JlH-A-I. B .nnccepTanHH rro.n
po6ao o6cyl!U{al0Tc.a: npaqaHH HeMeRBaTHOCTH IIOKaaaHHli 'A03HM8TpoB, 
3KBHBaJieHTHOli ,noae B IIOJI.IIX H3JIYqeHIDI aa 3al!UITOH yCROPHTenen. 

He.nocTaTO'llIOCTh HllcpOpMa.rm:H O B8aHMO,ne:iiCTBHH H8JiyqeHKII BHCO
KOH 3Heprim C .II,npaMli! BemeCTBa 3aUUITH H HCilOJih80BaHHe ynpolll8J(l[llHX 
,noIJyllleHHR B Bli"llICJIHT811hHliX MeTo,nax IlpilBO,nf!T K TOMY, qTo peayJih
TaTH pacqeTOB xapaKTepHCTmt IlOJl.ll H8JIYqenl11I aa 8aUUITOli YCKOpHTe
Jieil, BHilOJIHeHHhle paaHHMR MeTo,nru.m,MoryT CYI!l8CTBeHHO OTJIJi!liaThC.S:. 
PeayJihTaTH pacqeTOB H 3RcrrepHMeHTaJihHOH npoBepKli! M8TO,nOB pacqeTa 
llOJI./I HettTpOHOB aa 3al!UITOli YCKOpHTeneil: IIpOTOHOB Ha aaeprim MeHee 

I raB, IIJ)HBO.Ii;l!TC/1 B Ill!TOilrJiaBe. 
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Eon:r,mo:ii miacc sa,na'i, B03HHEaJOl!UfX npR pemeHRM npo6neM pa,nRa
~OHHo:ii 38.lllliTll ycKopRTene:ii IlpOTOHOB Ha BUCOKMe 8Heprm1, CBO,IUiTC!I 
K onpe'AeneHIDO WYHKnllR pacnpe'Aenemm nnoTHOCTR IlOTOKa He:iiTpOHOB 
B nony6ec1t0He'l:Ho:ii roMoreHHO:ii 38.lllliTe c nnocKRM MOH0Hanpa13neHHHM 
.liCTO'iHRKOM peJlJITRBHCTCKRX HeiiTpoHOB Ha ee rpamme. Ecn:a npeHeel
pe'iI, BKJI~OM, KOTOpllii BHOC!IT sapllltemrae 'iaCTHUIJ B pa3BHTHe R'Aep
HOro Kac~a B BemecTBe~ T.e. orpaHli'iliTI,C!I paCCMOTpeimeM HCTO'i
HHKOB He:iiTpoHOB C 8HeprHe:ii MeHee I raB,TO 38,I(a'ia H8XOllr.neIDm 8TOii 
ipyH~ CBO.IUiTCR K pemeH:mo HHTerpo,IUiqxpepe~an:r,Horo ypaBHemm: 

J E, , -

lV uf(x,E,aJ} + .,,,urtJ!(x,E,w) =21i jdw'/.µtc7K{J.:E); F(xiw'l d E' 
c):X: -I E (

3
) 

c rpaHH'iHHM ycnoBHeM 

r'Ae 
F'fo,E,{))) == fo{E/o(w-1), 

F/~a,l)}J~ WYHKUlifI pacnpe'AeneHRR nnoTHOCTR noToKa HefiTpoHoB; 
);. - TOnlllHHa 38.lllliTll B'AOn:r, HOpMa.JlM Kee IlOBepxHOCTH; 
w - KOC.liHYC yrna Melll:JJY HMilYnl>COM HefiTpOHa M HOpManl>ID 

K IlOBepxHOCTR 38.lllliTllj 
E - BHeprrui: HeilTpoHoB; 
60 

- MaKcHManl>HalI aHeprrui: He:iiTpoHoB HCTO'iHRKa; 
p(EI- nonHoe Ma.KpocKOilli'iecKoe c_e'IeHHe Heynpyroro B3aHMo-
, 'Ae:iiCTBRII HeilTpOHOB C H,lij)aMH BemecTBa salllHTllj 

K{t:~}- ~o:iiHoe .nrnpqiepe~an:r,Hoe pacnpe~eneHHe He:iiTpoHoB, 
o6pasyrol!UfXCJI IlpH B3aHMO'Ae:iiCTBHH HefiTpoHa c R,lij)OM. 

B ,IUiCCepT~OHHOH pa6oTe IlOnY'l:eHo pemeH.He YPaBHeHrui: (3) B BMe 
pa.na. 'AJIJl MOHOaHepreTHtiecttoro .liCTO'iHHKa HefiTpoHoB c aHeprHefi £0 : 

./!._IGJ teJV(&, .. Ejr ,!!/El . 
['fx E w)::: J..e w .x 81E-E,)O(w-{}+21i,llt'-o h~/ .. (J] (i GU X -
rt· I I {).) I' 0 OJ.)'(&,}--.JlfC) 

- 9)1/E,JX}+ f {211t'~r4 .. fat4fa~faEa··J'1J.t.J'[~l-j4t"J x 
n=t •t -1 E £ E 1 

" 

10 

.xK{f, .. £,.J K(E~➔E •. ,) ..• K/E, .. E) )( 
t .,.uJ,, lti1,, .. a1 •• , lw, .. w 

_/.!._(E,.,Jx 

{ 
n e "'"' )( 

x f (-,)If&,../+ ,,!!__fEJ/(- ,Jl(E,..} -t~ffo)) 
Wm ()) J (.A),,. / 

x 'fi'(-/.!_IE,.,J + ~)jj (-pf£,,,}+ .E4i-J} 
J
=l Wrn CJ}, J,_ , W.,. ~ / • J-lTH'. 

f 
(4) 

+ 

_,,q_(Clx 
e (,I} + --,-___,---,---,-,--,,......,--

- (~~+~aJ1fl{/-~l+~~n 
'/I-'. w ~ I 
8 -_,,u(G,/X } 

+ {-,J'(EQ} +/AfE1 f/{-.,.uft,Jr/llC1JI dE,, 
ti} j:I W.,· I 

+ 

IlpRBe~eHH pesyn:r,TaTu pac'ieTa WYH~H cneKTpan:r,Ho-yr~oBoro pacnpe
'AeneHWI IlOTOKOB HeilTpoHOB B 3amRTe H3 Al02 • 

3KcnepHMeHTanl>HalI nponepKa MeTO'AOB pac~eTa IlOJIJl HeiiTpOHOB 
sa 3amHTO:ii YCKOpMTene:ii npoTOHOB BUilOnHeHa B T.lillli'iHOH 'AJlJl ycKOpH
Tenefi reoMeTpHH liCTO'iHliK-38.lllliTa,a HMeHHO 'AJlJl CJly'IalI, KOr'Aa npoTo
Hll 6oM6aP'AHPYIDT 11 TOnCTYID" MI1JlleHI, (Hanp.ID.!ep, 'AeTaJJ.li yCKOPHTeM 
WIR BCilOMOraTenl>HOro o6opy'AOBaHrui:) M o6pa30BaHHHe B MHmeHH BTO
pHtIHHe 'iaCTHn!l na,na.IDT Ha 38.lllliTHllli 8KpaH, sa KOTOpW.t Heo6XO'AHMO 
onpe'AenHTI, pa,nR~OHHyro o6CTaHOBey. Ily'l:OK IlpOTOHOB c aaeprne:ii 
660 MaB, BHBe'AeHHHfi li3 YCKOPHTeM H cq)OpMHPQBaHHHii CHCTeMOH KO~
JIBMa'l'OpoB,Il~ Ha IUIJIBH,lij)HtleCKyro Me'AffYID MHmeHI, (,IUiaMeTpoM I2cr,i 
H TOnm.HHO:ii B'AOnl> IlY'iKa 30 CM), ycTaHoBJieHHYID Ha paCCTORHIDi 86 CM 
OT ~yxMeTpoBOH 6eTOHHOii 3alllHTH. 3a 38.lllliTOH li3MepeHH liHTerpan:r,
HHe XapaKTepHCTRK.li (8KBRBaneHTHalI 'A03a H WlOTHOCTI, IlOTOKa Hett
TpOHOB) IlOM H3Jly'ieH.HR .li BHepreTHtieCKMe CileKTpll He:iiTpOHOB. llsMe
peHIDI BUilOnHeHH B6nli3R noBepXHOCTH 38.lllliTll B 'ieTHpex MeCTax,pac
nonoxeHHHX TaK, 'ITO yrOJI MelK,IlV mmynl>COM IlpOTOHOB IlY'iKa li BeKTO
poM,HanpaBneHHHM li3 ueHTpa MHmeHH B TO'l:RY YCTaHOBKli 'AeTeKTop~ 
COCTaBJlJIJl o0 , 30°, 39° ll 65°. 
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B uectax, B KOTOpux BlffiOnHeHl:l H3MepeHHR, paCC4HTl:lB8.JIHCI,: 

a) 8103IIBaJ16HTHHe 'A031:l (,Il.BYM/I nOJIY8MimplitJ:6CRHMI! MeTO'AaMli, paa
pa6oTaHHl:lMH KoMotJ:KoBl:lM u Cl:lti:eBHM -CepoBma); 

6) nJIOTHOCTli noTOKOB HeilTpoHOB c aneprneii 6oJiee 20 MaB (Me
TO'AOM MOHTe-Kapno no nporpaMMe Co60J1eBCKoro, c nOMOllf.bD pememm 
(4) KHH8TWI6CKOI'O ypaBHeIDtll ,nruI IlJIOCKOro MOHOHanpaBJieHHOro liCTOtJ:
HlllW. lino ;n.aHHl:lM OJictmJIJiepa ,nruI IlJIOCKOii reoMeTpIDI); 

B) anepreTWiecltllii cneRTp neiiTpoHon (,nruI o,IUroii TotJ:Rll) B ,JJ.Hana
aoHe 3Heprl'lli OT I aB 'AO 660 MaB (MeTO'AOM MOHTe-Kapno no nporpa.M
Me Co60J1eBc1toro). CpaBneHne :aaMepemrux H pacctm:Tamrux BeJllilmH 
noaBOJlHJlO oueHRTL TOtJ:HOCTI, HCnOJIL3Y8Ml:lX M6TO~OB pacti:eTa 3ail!RTH 
YCKOPHT8Jlet1. B paCCMOTpeHHOM ,JJ.Hanasone yrJlOB H TOJllllHH 3ail!RTl:l ait

BHBaJleHTHHe 'A031:l, pacctmTaHHl:le noJIY8MimpWI8CltHMH M8TO.naMH, Ra1t 

IlpaBHJIO, OTJlHtJ:a.lOTCJt OT H3MepeHHllX BeJIHtJ:HH He 6011ee, tJ:eM B 3 pasa; 
MSTO,ll.H pememm rurneTWISCROro YPaBHSHM B n11oc1toii reoMeTpHII C 
TaKOii .lite TOTJ:HOCTI,JO Il03BOJ.lJIIOT pacctmTl:lBaTL IlOTOIGI peJIJITIDlHCTCKHX 
HeiiTpoHOBi M8TO'A MoHTe-KapJio 'AaeT B03MOlltHOCTI, Bl:l'Il!C1JJITI, noTORM 
peJL'iTIDlHCTCIDIX neiiTpOHOB c TOTJ:HOCTI,JO He xy'E.e ±50%. CneKTp, pac
CtJ:liTaHimii MSTO'AOM MoHTe -KapJIO, xopomo OIIl!CIUlaeT qJOPMY anepreni:
ti:ecKoro pacnpe'ASJ18HR!I neiiTpoHOD. 3Hati:eIIBII IlOTOKOB paallllX 8Hepre
TUtJ:8CIDI.X rpyrm, pacc'll!Tammx STHM MeTO'AOM, He OTJllitJ:aDTCJt OT li3M8-
peHHl:lX 6onee ti:eM B 2 paaa. 

B IlOHJIO'E.SHHH 'ASJlaeTCSi oueHKa BMMa BnOKa3a.HHRCil8KTpoMeTpa 
HeilTpOHOB HMIIYJILCOB OT IlpoTOHOB npH H3Mepemmx B noJlJ!X H3JIYtJ:8HM 
aa 3alltHTOii ycKopne11en OIDIB. 

B JJ,l'ICCepTauHH CqJOpMYJIHpoBaHl:l CJ18.IJ.,VDlllH8 OCHOBHl:le peayJILTaTl:l 

BRilOJlHSHHOft pa60Tl:l: 
I. MeTO'AOM cneKTpOMSTplq)OBaHM aHeprHH HeftTpoHOB OT HMIIYJIL

CHOrO 61:lCTporo p~aRTopa no npeMeHH npoJieTa HSMepeHa 3aBHCHMOCTI, 
OT 3HeprIDI -qyBCTBliTSJILHOCTH 'A8T8KTOpa 611I(Eu) B wapoBl:lX n01l.H8Tll
Jl8HOBl:lX 3aM6'A)lHT811JIX C )J.HaMSTpOM 5,08 CM, 7,62 CM, 12,7 CM II 
25~4 CM (2,3,5 H IO ,IU()h!oB) B llHT8PBaJI8 aneprllft OT IO.:.ZaB 'AO 

IO aB. 
2. PaaBHTli M8TO,ll.H BOCCTaHOBJ18HmI cneKTpOB HeitTpOHOB mHpOKOro 

)J.HanaaoHa 8Hepl'ID1 ( OT O,OI aB 'AO l raB) C liCil0JlL30BaHH8M 'ASTeK
TOpoB M6M8HHl:lX neftTpoHOB C Ha6opoM 3aM8,IVllITSJieii H yrJiepO'ACO'A6P
lltalll8I'O B.KTliBa.IU!OHHOI'O 'ASTSKTOpa. 
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3. S1tcnepHMeHTaJ1LHO lICCJ18'AOBaHO npocTpaHCTBSHHOe pacnpe'AeJie
HHe BRXO;n.a HeiiTpOHOB pa3HllX 8HepreTHTJ:6CKIIX rpyrm li3 3alltHTl:l CHH-
Xpol(IIKJIOTpoHa Ha aueprmo 680 MaB. . 

4. SKcnepHMeHTaJILHO n:aytJ:eHl:l 3HepreTHTJ:8Cltli8 cneKTpl:l HSHTpoHOB 
3a 3aJ!lliTOH ycKopHT8Jl8H npoTOHOB 06~e.IUIH8HHOro HHCTIITyTa a,nepHRX 
lICCJ18'AOBaHHH B THnlitJ:HUX .IJ.]lJI KOJlI,I.(eBl:lX YCKOPHTeJieii reoMeTpHH 
"ncToti:HRK..:.aalltHTa". YcTaHOBJieHH arutoHoMepHocTn tpopMIIponamm aHeP
reTnti:ecKHX pacnp8'A6118HHH noTOKOB H6HTPOHOB sa 3alltHTOii YCKOPHTe
JlSH npoTOHOB Ha Bl:lCOKHe 8HeprHH. 

5. BnepBl:le H3MepeHl:l ,JJ.HqxpepeHUHaJILHl:le aHepreTH'Iecue cneKTpl:l 
npoTOHOB, reHepnpyeMl:lX D 'E.6Jl83HOii 3aJ!lliT8 CHHXpOUIIKJlOTpOHa Ha 
aueprmo 660 MaB. 

6. HCCJ16'AOBaHa MSiraaTHOCTI, noKaaauHft npn6opoB onepaTHBHoro 
H HH.lUIBH,IJyaJII,Horo 'A03HMeTpHTJ:eCKOro KOHTpOJllI 8KBlillaJieHTHOH 'A038 
li3JiytJ:8HUfI B no1JJIX li3JiytJ:8HRfl ,sa 3alltHTOH YCKOPHTeJieii B 3aBlICliMOCTH 
OT reoMeTplili "3alltHTa-HCTOtJ:HHK11 H KOMII03liUIIH SalltHTli. 

7. Ilpe'AJ10%8H MSTO'A pactJ:eTa ~YHKUIIll cneKTpaJII,HO-yrJIOBOI'O pac
Ilp8'A8Jl8HRFI HSHTpOHOB Bl:lCOKOH 8Heprnn: B nony6eCKOHetJ:HOH 3alltHT8, 
ocHoBaHHl:lii ua pemeH:wr ypaBHeHRFI nepeuoca ueiiTpoHoB ,nruI cnyti:a.FI 
ITJlOCKOro MOHOHanpaBJieHHoro HCTOtJ:HHKa H8HTp0HOB Ha rpaHHUS salltHTH. 

8. BHno11HeHa 8KCil8pHM8HTaJII,H8.fI nponepKa MSTO'AOB pactJ:eTa TIOJIJI 
H3JIYTJ:8HRfI sa SalltHTOii YCKOPllT8Jl8H npOTOHOB B O'AHOH 1!3 THillitJ:HUX 
reoMeTpHH "3alltHTa-HCTOtJ:HHK". A HMSHHO, 'A1lJI CJIYtJ:8.fI, KOr'Aa Ha sa
lllHTY IlMaeT H3JiytJ:6HHe o6pasonaHH08 B "TOJlCTOii" MS'AHOH Mlllll8Hll npo
TOH81vlll c 8Heprn:eil 660 MaB. 

9. SKcnepnMeHTaJII,HO ycTaHOBJISl!O YB8JllltJ:8Hll8 BKJia;n.a HH3K08Hep
reTHTJ:HOrO KOMilOHeHTa B ITOTOKH HeiiTpOHOB B 3aJ!lHTe ycKopnTeJieH no 
cpanHeHmo C noJieM HeftTpoHOB sa SalltHTOii. 

IO. YcTaHOBJ16Ha MaKCHMaJII,H8.fI ueonpe'AeJlSHHOCTh B TIOJlHOH 8KBH
BaJ16HTHOii 'A036 HSHTpOHOB npn li3MepeH:wr B H8H3B8CTHOM CITSKTpe HSU
TpoHOB sa 3alltHTOH YCKOPRT6Jl8li npH60poM, onpe'A61llllOllU™ BSJlHtJ:llHY 'A0-
31:l B orpaHH'!eHHOM IDITepBaJie aneprHH. 

Bl:lnOJIHSHHl:le lICCJie~oBaHRFI no3B01llIJIH C'ASJlaTI, C118.IJ.,VDlllH8 OCHOB
Hl:le Bl:lBO,D.H: 

I. ~pMa aHepreTHtJ:SCIDI.X cneKTpOB HSHTPOHOB <:f>(E} sa 8aJ!lliTOli 
npOTOHHl:lX YCKOPHTSJieii, B OCHOBHOM, 3aBHCllT OT KOMil03HUIIH 3alltHTli 
H reoMeTpMH "HCTOtJ:HHK-3alltHTa". qzyHKI.(Rfl E·'PIEJ sa cII11omuoil aa-
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IIUITOH E:MeeT MaKCliMY!,~ B 0611aCTH HeiiTpoHOB BHCOKOH :meprmi:. Y HaH-
6onee "xecTKHX" cneKTpoB MaKCHMYM pacnonoxeH n6mrn11 IOO MsB. IIo
noJKeHHe aToro MaKCHMYMa cna6o san11c11T OT :meprHII ymmpemrnx rrpo
TOHon B llCC11e,nyeMOM ,11.lfanasoHe aHeprrui: STHX 'laCTllll; 11, B OCHOBHOM, 
orrpe,ne1UieTCJI reoMeTpRe:i:t 11ll:CTO'llillK-88.lllRTa". IlpoeMH B 88.lllRTe IIpR
BO,nfIT K 8Ha'llfTe1lhHOMY yneJIB'leHmo B cneKTpe HeiiTpoHOB Hlf8KIDC SHep
rHii: aa c-qeT pacceJIHHoro Hany-qeHmt, BHXo.lVllllero -qepes w11 npoeMH. 

2. 3HepreTlf'lecrutii cneKTpc[>(E/ npOTOHOB • BblXO,nfllinDC lIS 'leTHpex
MeTpOBOii (~ 3000 r/ml-) JKenesHoii: 88.lllRTH CHHXj>Oq!iK110TpoHa Ha 
aHeprmo 680 MaB - c11a60MeH1DOl1lal!Cfi <pYHKLWJI B ,11.lfanaaoHe aHeprd 
rrpoToHon OT 50 MaB .no~200 MaB. Manaa: nenlf'ql{Ha npoll:8BO.nHOil: d<P/dE 
o6ycnoBneHa, B OCHOBHOM, .nBYMli ROHKYPHPYJO!llHMH ajxpeRTBMH: npe:ID4Y
mecTneHHUM pox,neHHeM HH8K08HepreTlf'leCKHX npoTOHOB B HYR110H
,mepHWC B8rui:Mo,neiiCTBIDIX H YMeHhmeHHeM nepoHTHOCTlf Bl:l}leTa HS aa
lIUITll aapR:lKeHHUX 'laCTllll; C YMeHhmeHlfeM HX SHeprHH. 

3. MaMepemm 3RBHBa1leHTHOii .nosH rrp116opaMH, llill:pORO HCn01lh8Y
eMHMH B IIpaRTHRe .nosRMeTpH'leCROrO KOHTpo1UI B noJISDC 1rn11y-qelid 
YCROpHTeneii Blln01lHIDOTCJI C norpemHOCTHMH, noKa elite rrpeBHmaIOIIUIMH 
nenH'IHHH, peRoMeH,noBaHHHe MKPE. 

4. 3a samnToii ycRopuTeneii IlpoTOHOB Ha BllCOKRe SHeprHli SRBH
BMeHTHall .noaa 6llCTpliX HeHTpOHOB, orrpe,neneHHM no noRasaHMM .no-
8UMeTpOB C ,neTeRTOpaMH, perRCTpRpYJ()lllHMll HeiiTpoHli no IIpOTOHaM 
OT,na'IH, MOlKeT sHa'lHTeUHO (B ,neCHTM pas) npeBHmaTD Hrui:6onee Be
poHTHYJO .nosy. 3To aaBHmeHHe o6ycnonneHo 6onhmRM BRna.noM B norui
aaHHHX .noaUMeTpOB IIpOTOHOB, BllXO,nfllllHX 113 SaUll{Tll ycKopHTelliI 11 C 
BllCOROii ajJpeKTllBHOCTDIO perHCTpHpyeMHX ,neTeRTOpOM. 

5. Koajxp11IU1eHT nepexo.na OT Il110THOCTH IlOTORa pelliITllBHCTCRHX 
12 ( 't' HYMOHOB, II8Mepemmx no aRTIIB8.Illlli yrnepo.na (peaKLWJI r: x,2:r) ) , 

R MOlllHOCTH SRBllBMeHTHOH .nosu Heil:TpOHOB C SHeprHeH 6o~ee 20 MsB 
aa 8°'""TOH YCROpHTeneii OIDIB He rrpeBHmaeT O 21 M63p,cM"'ceR .......,. • 'laC.HehTp. • 

6. MeTo,n MoHTe-Kapno nosBOMeT Bl:l'lHCMTh noTORli pe1UITllBlfCT
CKIDC HeiiTpoHOB aa 8amll:TOH YCROpliTeneil: IIpOTOHOB Ha SHeprHlf MeHee 
I raB c TO'IHOCTh!O He xyJKe ±,50%. PaCC'lll:TaHHHe STUM MeTO,l(OM SHep
reTli'leCMe cneKTpH HeiiTpoHOB IIpaBH1lhHO OilHCllBaIOT tpOPMY H8MepeH
HWC cneRTPOB • 

MeTO,l(l:l pac'leTa Sa.I!!RTH, OCHOBaHHHe Ha pemeH:im KRHeTwrecRoro 
ypanHeHM B nnocKOii reoMeTp:im, aaHRlKa!OT IlOTORli pelliITHBHCTCRHX 
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HeHTpoHOB B HeCR01lhRO pas ,n1UI reoMeTpll:H 11 HCTO'IHHK-8amll:Ta", B KO
Topoii BHnonHHnach aRcnepHMeHTMhHM nponepRa MeTo,noB pac'leTa aa
mliTH. 

3RBnBaneHTHHe .nosu, paCC'IBTaHHHe nonySMITHpH'!eCRHMlf MeTO,l(aMH, 
KaK npaBWlO, OT1llf'!ruDTCJI OT H8MepeHHWC Be1llI'!HH He 6onee '!eM B 
3 pasa. • 

7. JlaJrhHeHllille 11ccne.nonamm aHepreTH'!eCRHX pacnpe,neneHIDi 
HYMOHOB aa 8amlfTOii YCKOPHTeneii ,TVl.lI ueneii: Pa.1l.lfaulf0Hl!OH SaUll{TU 
cne,nyeT pasBHBaTh B cne,IJYJOutIIX Hanpannemmx: 

a) Hccne,nonaH11e cneKTpanhHo-yrnonux pacnpe,neneHIDi npoToHon 
sa SaUll{TOH YCROPHTeneii 3apR:~eHHIDC '!aCT:im;; 

6) ,nanhHefunaH 8RCnepRMeHTa1lhHM npoaepKa MeTO,l(OB pac'!eTa 
,1l.lltptpepeHqifa1IhHWC xapaRTepnCTlfR no1UI lf811Y'18HIDI aa 88.lllRTOli 
YCKOpll:Tenefi 3apR:lKeHHWC '!aCTllll; B Tlfllli'!HHX reoMeTpll:HX 
11JIICTO'IHHK-SaUll{Ta"; 

B) COBepmeHCTBOBaHlie MeTO,ItOB cneRTpoMeTpmi: HYR1IOHOB llillpou:oro 
,11.lfanaaoHa aHeprd. 

MaTepHanH ,11.lfCCepTa)lnll ,l(OR1la,nl:lBMHCh aBTOpOM Ha cne,nyIOutIIX 
KOHtpepeHUHHX 11 COBelllaHRHX: 

I. Me.li'(JJ,Ynapo,nHoe conemamre no .nosIIMeTpllll u q>Hall:Ke aamll:TH 
Ha YCKOPRTenHX (,1Jy6Ha,7-IO OKTHdpH 1969 r.). 

2. Me.li'(JJ,YHapo,nHUii KOHrpecc no SaUll{Te OT HSny'!eHllii YCKOpHTenefi 
H ROCMH'!8CROro IIpOCTpaHCTBa (UEPH,JKeHeBa, 26-30 anpen11 1971 r.). 

3. Me.li'(JJ,YHapo,nHHii CllMilOSeyM no 11eiiTpoHHOii ,noanMeTplUI ,l(1UI 

Pa.1l.lf01lOrWieCKOH 3alllHTll (BeHa, 11-15 ~eKadpH 1972 r.). 
4. lY BcecOIOSHOe COBelltaHHe no YCKOpUTelliIM sapruKBHHWC '!ac

TllU (MocRBa, 18-20 HOH6PH 1974 r.). 
5. IY Me.li'QJ,YHapo.l(HUil: KOHrpecc Mellt,l(yHapo,nHOH aCCOUHauHH 

Pa.1l.lfaulfOHHoii 88.lllRTU (IlapIDK, 24-30 anpen11 1977 r.). 

OCHOBHOe CO,IlBPJB:aillie ,11.lfCCepTa)ll{H onye5nHKOBauo B CJl8.IJYIOlllllX 
pa6oTax: 
I. B.E.An.eilHHKon,B.II.A.tpa.HacheB, M.M.l(oMo'!KoB,B.H.Jiee5e,Ilen, 

B.M.HaaapoB,M.11.CanauKM• OIUlli, El-2759,Jlydaa (1966). 
2. B.E.AneilHRKon,B.H.Jiee5e.IleB. IIperrpHHT OIDIH, P9-3393,,JJy6ua (I967) 
3. B.E.AnellHHKOB,B.A.ApXHilOB,M.M.KoMO~ROBo IlpenpHHT OIDill, 

Pl6-4480, ,1Jy6Ha (1969) • 
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4. JI.BeTuem:.,r.KHeillKe, r.TayT, B.E.AneiiHuKoB,B.A.Apx~moB, 
M.M.KoMo'IKOB,B.M.HaaapoB,ill.Knarrnep. B c6. )loairIMeTpWI uanyqe
Huii U ~li8UKa 8aIItUTli YCKOPRTeneii 8aplllK6HHWC 'laCTUU, OHilli, 
16-4888, 201, ,Ify6Ha (1970). 

5. B.E.AneiiHHKOB, JI.P.KuMem,,M.M.KoMO'IKOB,B.II.Cu.n,opm1. AToMHruI 
aHepr:im, T.28,nun.5, 438(1970). 

6. V.E.Aleinikov, M.M.Komochkov, V.I.Tsovboon. B c6.Internatio-
nal Congress on Protection against Accelerator and Space 
Radiation, vol.I, p.282, CERN 71-16(1971). 

7. B.E.AneiiHHKOB,B.II.rep,nT ,M.M.I<oMo'IKOB. B c6. Neutron Moni to
ring for Radiation Protection Purposes, vol.I, p.31, IAEA, 
Vienna (1973). 

8. B.E.A11ei-iHHKOB,B.A.Ap:irnnon,B.g>.BuHorpa,non,M.M.KoMo'IKoB, 
10.B.i,loKpoB,lvl.H.CanaUKM,A.II.tiepenaTeHKO. B c6. Neutron Moni
toring for Radiation Protection Purposes, vol.II, p.363, 
IA~A, Vienna (1973). 

9. B.E.Anei-iHHKOB,M.M.KoMo'IKOB;B.II.Kpro'!KoB. Tpy,nu lY BcecoroaHoro 
conemamm no YCKOPRTe7J.llM 8ap1IlK6HHliX '!aCTUU,li8,n. "HayKa~•, 
T.Il,cTp.226 (1975), IlpenpliHT OIDlli Pl6-8l79, ,Ify6Ha (1974). 

IO. B.E.AneiiHHKOB,B.II.Kpro'IKOB. Coo6meHue OIDIB, Pl6-8I77, 
,Ify6Ha (1974) •. 

II. B.E.AneiiHHKOB, B.rr.rep,nT, M.M.KoMo'!KoB. Tpy,nu lY BcecoroaHo
ro conemaHWI no ycKopuTe7I.llM aap11JKeHHWC qacTRU, 1rn.n. "HayKa" 
T.Il, CTp.240 (1975). IlpenpHHT OID-TI1 Pl6-8I76, ,Ify6Ha (1974). 

·12. B.E.AneiiHHKOB, B.II.rep,nT, r.H.THMoWeHKO. ATOMHrul 8HeprM, 
T.41, mm.5, CTp. 332 (1976). IIpenpliHT OIDIB, Pl6-9400, 
,Ify6Ha (1975). 

I3. B.E.AneiiHHKoB, B.II.EaM6neBcKHii, E.II. tiepeBaTemw. Coo6meHue 
OlliIB, Pl6-9I23, ,Ify6Ha (1975). 
14. Alcjnikov V.E., Gerdt V.P., Komochkov M.M. B Tpy,nax 

IV-th International Congress IRPA (Paris, 24-30 April 1977)., 
vol._3, p.823 (1977). 

15. B.E.AneiiHHKOB, B.II.rep,nT, M.M.KoMo'!KoB. AToMHM :meprwr, 
T.42, B1m.4, cTp.305 (1977). IlpenpuHT OUiIB, PI6-9870, 
,Ify6Ha (1976). 

PyKOilliCh nocrynuna B li3AaT8JlhCKlitt OTAen 
12 CeHrndpn 1978 roAa, 
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