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l!ccne,noBaHHJI ROMIIOH8HTHOI'O COCTaBa IIOM l!SJIY'i8HHJI sa SanJIITOii 

YCKOpl!T8Jleii IIpOTOHOB Ha B.l:lCOKl!e aueprim IIOKasann, 'iTO IIOM llS

JlY'i8HHH l!M8IOT CJlOJKHlill ROMIIOHeHTHlill R auepreTR'i8CKl!H COCTaB, KOTO

pliii SaBRCllT OT MaTepnana R reoMeTplll1 SanJI!Tli I O,nH8.I{O B8JlH'iHHY 3K

BRBaJI8HTHOii ,11,03!:l sa SalilHTOii onpe.nerunoT nyMOHH l!llipOKOrO .nnanasona 

aneprHii. IIoaTOMY npaBJIJlI,HOe pemeHHe BOIIpoca O TOM, C KaKOii .nocTO

BepHOCTl,lO MOlKHO l!SMepHTL 3KBxmaneHTlJYI(l ,nosy llM8JOUUilfi.1'.!CJI B pacno
pJIJKeHlm npH6opru.m, l111H 1ta.Klle M8TO,Il,l:l II npH60pl:l cne,nyeT HCIIOJll>SO

BaTL Jl)UI 3THX ueneii, MOlK8T 61:lTL II011Y'i8HO TOJlJ,KO npn HailH'illlI l1H

cpop4a!Ulll 06 auepreTR'i8CI{l!X cneKTpax HYKilOHOB, BW(O,Il,lIIIU1X U3 3anJllT!:l 

ycKOpl1T8Jleit. IIonylJeHlie TaKOii HHg>Opt-mrum ueo6XO,Il,HMO TaKlKe c TO'!Kl1 

speHHJI npoBepKH n Roppe·ru.um cnoco6oB pac'ieTa SanJllT!:l ycKopuTeneii 

npOTOHOB na Bl:lCOKlle 1mepr1m. <lieHOM8HOJlOrl1'18CKIIii aHa.J111S pesyn1>Ta

TOB pasposnemrux HSMepeHllii 3HepreTl1'i8CKHX cneKTpOB HefiTpOHOB sa 

salilHTOil ycRopnTeneii sapy6elKH!:lX ueHTpon, c.n.enaHHliii P.ToMacou B 
I9?2 ro,ny no sai,;asy MelK,ll,.YHapo,n.Horo areucTBa no aTor.moii aHepr,rn, 

nosB01ll'lil c.n.e11aT1, TOilLKO HeKoTopl:le npe.n.nonolKeHHJI o B11HJIHl1l1 cocTa

na SanJllT!:l Ha Q)()PMY CileKTPOB •. ,lliuJ ycTaHOBJl8HHJI SaKOHOMepHOCTeii 

cpopMiipoBaHUll CI18KTpOB HYKJlOHOB sa SanJllTOH ycKopnTeJleii Heo6xo:nnM!:l 

~JlLHeiimlle HCC/18,Il,OBaHl'IJI aaepreTH'l8CKl'IX pacnpe,ne11e1111ii HYKJIOHOB B 

OTHOCl1T8/ll,HO IlpOCTl:DC li Tl1Ill1'iH!:lX ,Il,M yc1mpnTeJ1eit npoTOHOB reor.mT-

pilii IICTO'iHliK - sam11Ta • 
0CHOBH08 CO,Il,8pJKallll8 pe(llepnpyeMOH ,ll,llCCepTaUHII COCTaBruIIOT pe-

SYilLTaT!:l :ncc11e,n.0BaHl1ii a11epreTl'l'i8CKHX pacnpe.n.eneH11ll HYKilOHOB B 

IIOlUIX HSJlY'l8Hl1H sa santHTOii YCKOpIITeJleii npoTOl!OB Ha BliCOKlle ,mep

ru11 061,e,ll,llHe1111oro liHCTHTyTa JI,neplll:DC nccne.n.onam1ii ( Oli-IB). J,lccne
,noBaHM BliIIO/IHeHH C uenLKJ ycTaHOBJl8Hl1JI SaKOHOMepHOCTefi B ipopr.,rn

poBaHim IIOJlJI 11eiiTpoHOB, OTipe,neneHHJI a.neKBaTHOCTll n0Kasam1ii .n.o-

3l!MeTpl1'18CKllX np116opoB 3KBl1BaJleHTHOii ,nose B TaKllX IIOllJIX, a TaKlKe 
aKc1rnp11MeHTan1>l!Ofi nponepKll cnoco6on pac'ieTa salilHT!:l OT 11sny"leH11ii 

ycKop,ii-enefi npoTOHOB. 

Ilpo6ner.m pemaeTCJI cne,nyJOIIlHM o6pasoM: 

a) n1,16nparoTCJI II 11ccne,ny10TCJI xapaRTepIICTUKll npn6opon .nM ns-

111epemm aHepreTlf'leCRHX pacnpe,neneHllii nyKnoHoB; 

... 

06M,;rmcr.:.:i.,'t m1cm:ryr 
tll!Epm:ax Ut.'f'J1l!J{OE-!lll!lfi 

6Vil;,Jft,jdTEKA 



6) YCOBepmeHCTBYJOTCS! H·peaJUISYJ!)TCS! MSTO,nl:l BOCCTaHOBJiemm 
cneKTpoB HYKJIOHOB no Il0KaSaH.11lIM CllSKTpoMeTpoB; 

B) HCCJlS.IlVIOTCS! 3HepreTIDieCKHe pacnpe,nenerum IlOTOKOB H .nos 

HYKJIOHOB B IlOJl./lX nsnyqeHWI sa Sa!I!HTOH YCKOpHTeJieH IlpOTO
HOB Ha BllCOKHe 3Hepr.m 06~e,nHHeHHoro HHCTHTYTa R,nepmn: 
nccne.noBamtit; 

r) pesyJibTaTll H MeTO,nl:l HSMepeHRR cneKTpOB HYKJIOHOB HCilOJlb

SYJOTCS! ,I(J1/I pemeH:wi: BaJKimX C IlpHKJla,lUIOH TO'IlCH speHHR sa
,naq: YCTaIIOBJleHmo a.ne~aTHOCTH IlOKaSaIIRH .nosHMeTpOB 3K

BHBMeHTHOH .nose B IlOJl./lX HsnyqeHHii sa saunrTOH YCKOpHTe
JleH IlpOTOHOB Ha BHCOKHe 3Heprrur H IlpOBepKH MeTo,noB pac
qeTa SantHTll TaKHX YCKOpHTeneH. 

Hay q Ha R HOB HS Ha pa60Tll SaKJIJOqaeTCSI B cne,IlYlOIJleM: 
I. IlonyqeHll HOBlle 3KCnepHMeHTMbHlle ,naHHlle 06 3HepreTnqec

KIDC pacnpe,neneIDI.lIX HYKJIOHOB sa SantHTOH YCKOPHTeJieH IlpOTOHOB Ha 
BllCOKRe 3HeprIDI B THilllqmn: ,I(JllI YCKOpHTenen reoMeTpllllX HCTOqffRK
saunrTa. 

2. BH.im.JieHll SaKOHOMepHOCTH B ~OPMHPOBaH:IW 3HepreTIDISCRHX 
pacnpe.nenelillii HYIDIOHOB sa SantHTOtt YCKOpHTenett IlpOTOHOB Ha BHCO
KHe aHeprRH. 

3. HsMepeHll ~YHKI:tllll 'IJYBCTBHTMbHOCTH .neTeKTOpa 611r(Eu) 

C illapoBHMH SaMS.I(nHTeJlRMll K HettTpOHaM B .nnanasoHe 3Heprrui OT 
ro-2eB .no ro3aB. 

4. IlpoBepeHa H YCTaHOMeHa a,neKBaTHOCTb IlOKaSaHHii,nmpoKo 
HCilOJlbsyeMUX B npaKTHKe .nosHMeTpmi:ecKoro KOHTpona Ha YCKOPHTSJJJ!lC 
IlpH60poB H MeTo,noB,3KBHBaJieHTHott .nose B Tillll{tzHWC IlOJIJDC HSnyqeHHR 
sa SantHTOH YCKOpHTeneff. 

5. Paspa6oTaH MeTo,n pacqeTa ~YHKI:tllll CilSKTPMbHO-yrnoBoro 
pacnpe.neneHHR: IlOTOKOB HeHTpoHOB BllCOKOH 3HSPI'HH B nony6ecKoHeq
Hoii SaI!jHTe .nna C]lJ1la./I-WlOCKOro MOHOHanpaBneHHOro ItCTOqffHKa Hett
TpOHOB C 3Heprnett B HeCKOJlbKO COTeH MeB Ha rpamm;e SantHTll. 

6. 3KcnepmJeHTMbHO YCTaHoMeHa TOqffQCTb HeKOTOpllX MeTO,I(OB 

pacqeTa IlOM HSHTPOHOB sa SantllTOii YCKOpHTenen IlpoTOHOB Ha 3Hep
rHH MeHee I raB. 
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IT Pa KT H q e C_K a R SH a q HMO CT b nonyqeHmu: 
B .nnccepTaIUIH pesynbTaTOB SaK7IIO'IaeTCR B peKOMeH.narumx 06 a.neKBaT

HOCTH HCllOJlbsyeMUX Ha YCKOPHTeJI!DC cpe.ncTB .nosHMeTpmi:ecKoro KOH

Tpona H 3KCilepHMeHTMbHOM onpe,nenewm TOqffOCTH nmpoKO ncnonbsye

MllX MeTO,I(OB pacqeTa saunrTH YCKOpHTeJieH IlpOTOHOB Ha 3HeprHH MeHee 

I raB. PesynbTaTll pa6oTll 6unn HCllOJlbSOBaHll npn KoppeitI:Um MeTO,nHKH 

onpe,neneHHJI 3KBHBMeHTHOH .nosu B IlOJl./lX nsnyqeHlill sa SaI!llITOH YCKO

PHTenett owrn: C llOMOII{bID HH.nHBH.IlVMbHOro ~OTO,I(OSHMeTpa H~KH, a TaK

xe IlpH BU6ope H HHTepnpeTamm: noKasaJmil npn6opoB,HCilOJlbSyeMUX 

'AM HSMepeHRH ypoBHeH nsnyqeHHii sa SaII!HTOH YCKOpHTene~ IlpOTOHOB 
owrn:. 

ABTop samlimaeT 
I. BllnonHeHHYJO pa6oTy no nccne,noBaHmo aHepreTnqecKHX pacnpe

.neneHHii HYKJIOHOB sa SalltllTOH YCKOpHTenen IlpOTOHOB Ha BllCOKHe 3Hep
r.m. YcTaHOBJleHHUe Ha OCHOBaHIDI aKcnepHMeHTaJlbHllX H pacqeTHllX 
.I(aHHllX SaKOHOMepHOCTH B ~PMHPOBaHHH 3HepreTnqecKHX cneKTPOB HYK

noHOB sa SantllTOH YCKOpHTenen. 
2. PesynbTaTll 3KcnepHMeHTMbHOH npoBepKH a.neKBaTHOCTH llOKa

saHd .no.smAeTpoB 3KBHBMeHTHOH .nose B IlOJl./lX nsnyqemm sa SaI!llITOH 

YCKOpHTenett npOTOHOBe 
3. PesynbTaTll 3KCilepHMeHTMbHOH IlpOBepKH MeTO,I(OB pacqeTa 

xapaKTepHCTHK IlOJJ.ff nsnyqeHHR sa Sall{HTOH YCKOpHTenen npOTOHOB Ha 
aHeprnn MeHee I reB. 

PesynbTaTll npoBe,neHHUX HCCJie,noBaHd OTpaxaIDTCS! B ,nnccepTa

u1rn, KOTOpall COCTOHT HS BBe,neHHJI, IllITH rnaB,' OCHOBHHX pesyJibTa
TOB, BllBO,I(OB, npHJioxemm H saKJIIDqeHIDI. B ,nnccepTamm: llOMell{eHO 
42 pncyHKa, 9 Ta6nnu, 97 nHTepaTypHUX CCllJIOK. 

Bo BBeneimH co.neplKHTCR KpaTKHtt o6sop JIBTepaTypHUX .I(aHHllX, 
~PMYJIHpyeTCR uenb pa60Tll H npHBO,nHTCS! KpaTKa/1 aHHOTauWI OCHOB
HllX no~OllteHHH, KOTOplle BllHOCS!TCR Ha Sall{HTy. 

·B nepBoii rnaBe o6ocHOBHBaeTCR BH6op npn6opoB ,I(JllI HsMepeHHii 

3HepreT:nqecKl!X pacnpe,neneHHii IlOTOKOB H .nos HYKJIOHOB sa 3antllTOH 

ycKOpHTenett, npHBe,I(eH nepeqeHb npn6opoB H OllHCaHll cneKTpoMeTpll 

HeHTpOHOB H npoTOHOB •. 
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B ruiqecTBe cneRTpoMeTpa HeilTpoHOB l'!CITOnL30Bancm CJ:UIHTHnM
UHOHHblll ,neTeRTOp Me,nnemrux HeHTpOHoB 6LiI(Eu) c Ha6opoM mapoBHX 
rronl'l3TltneHOBblX 3aMe,nmrTeneii, a crreRTpU rrpoTOHOB l'l3Mep!InHCL CUl'!H
THnJlJlUl'!OHHblM dE/dx - crreKTpoMeTpoM. 

YcnelilHoe ncrronLaoBaHl'!e ,neTeRTopa 6LiI(Eu) c Ha6opoM mapoBiiIX 
aar.1e,nnHTeneii }J)1JI orrpe,nenemm cneKTpa Heii:TpoHOB Tpe6yeT aHaHlm aa
BHCl'lMOCTH 'IJYBCTBHTenLHOCTH ,neTeKTOpa C Kal!l,lJ)1M 3aMe,nnHTeneM OT 
3Heprl'll'l HeiiTpoHOB. l1Me!O!!{a.1IC/I B nHTepaType 3Kcnepm.ieHTMLHa./I HH
q)opMauM O ~YHKUWIX tJYBCTBHTenLHOCTH orpaH~BaeTCJI ,nHanaaoHOM 
3Heprmi OT 5 KaB .no 14 MaB. PacqeTbl ~YHKUl'lll ~CTBHTenLHOCTl'l, Bbl

nonHeHHble paam.rMH aBTopar-m, Haxowi:Tcm B xopomeM cornacHH c aRcne
pHMeHTOM H Mellr,UY co6oii }J)1JI HefiTpOHOB c 3Heprneii 6onee 0,1 MsB, 
O,nHaRo Ha6mo,naeTCJI 6onLmoe pacxoJl\',IteHHe peaynLTaToB pacqeToB ,nJllI 

aaMe,nnl'lTeneii He6onLmirx .nHaMeTpoB B ,niranaaoHe sHeprHii OT 0,01 aB 
.no 1a3aB. C uenLID ycTpaHeHWI 3TOH Heonpe.neneHHOCTH 6Hna H3MepeHa 
3aBHCHMOCTL OT 3Hepr.im HeftTpOHOB tJYBCTBHTenLHOCTH .neTeRTOpa C 
mapoBUMil nonH3THneHOBliMH 3aMe,nnHT8711IMli C ,nHaMeTpaMH 5,00 CM 
(2 ,nroiiMa), 7,62 CM (3,nroiiMa), 12 7 CM (5 ,nroiiMoB) l'l 25,4 CM (10,nroft
MOB) B l'!HTepBane 3Heprl'lil OT ro-~aB .no 103aB MeTO,nOM cneRTpOMeTpl'l
poBaH.wi: 3Heprl'!l'l HeiiTpOHOB OT HMilYnLCHOro 6blcTporo peaRTOpa no 
BpeMeHH nponeTa. B ,nirccepTamm llO,IU>06HO OITHCaHa M8TO,IUIKa 3KCne
pm1eHTa H llpl'!Be,neHbl peaynLTaTH H3MepeHl'lil ~YHKUl'lll tzyBCTBl'lTenL
HOCTH. 

~HKUl'!H OTMHKa dE/dx - cnexTpoMeTpa npoToHoB onpe,neJI.flIDICL 
pacqeTHHM nyTeM. I'pa,nyHpoBKa cneKTpOMeTpa npoBo,nirnacL C llOMO~LID 
nytma_npoTOHOB c sHeprHeii 189 MaB • .1tnJI nonyqeH!UI pacrrpe.nenem 
rrpoTOHOB,6nll3Kl'lX K MOH03HepreTH'reCIGIM, l'lCilOHL30BanacL peaRU!UI 
ynpyroro p-p paCCeJIHlUI npoTOHOB nyqKa Ha Bo,nopo.ne C¾ - MHmeHH. 
)])m npoBepRH COOTBeTCTBlili paccqnTamrux ~YHKUl'lll tzyBCTBHTenLHOCTH 
peanLHHM, annapaTypuue cneKTpbl OT llpOTOHOB p-p paCCMHIDI, mme
TalO~ H3 CH2 - MliI!I8I!H. CpaBHl'!BMllCL C paccqnTaHHl:lMH annapaTyp
IIllMII cneKTpaMH. 
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Bo BTOpOH rnaBe paCCMaTpl'!BalOTC/I MeTO,nbl onpe,neneHWI aHepreTH
qecKIDC pacrrpe.neneHmi IlOTOROB l'l .nos H8iiTpoHOB. 

BoCCTaHOBneHHe 3HepreTlI'l:8CKOI'O cneKTpa HYKHOHOB q,(E) no 
IlOKa3aH!UtM cneKTpoMeTpoB CBO,IUITC/I R pemeHHID HHTerpanLHOro ypaB
Hemu:t ~eJI.I'OHLMa nepBoro po.na OTHOCHT8HLHO (J)YHKJ:Ulll <P(E) 

r.ne 

Ema. 

Nlj1 +S~) = J K(E,j}<P(E}dE, 
Ern,n 

(1) 

/V(j)_ KO~ecT~o HMITYHLCOB,aaperncTpHpoBa.HHWC ,neTeKTo
poM 6i.u(Eu) c / -TUM saMe,nmrTeneM (B cnyqae 
crreKTpoMeTpa HeiiTpoHOB)Hnl'l qncno m,mynLCOB B 
j -TOM IC8.Hane aHannaaTopa ( B cnyqae cneKTpoMeTpa 

llpOTOHOB); 
Sfj)- norpemHOCTl> B aaMepeHHH N(j} ; 

K(E,j} :.. saBHCHMOCTl> tJYBCTBl'lTenl>HOCT:e: ,neTeKTopa c / -TUM 
3aM8}J.11HT8HeM OT 3Heprlll'l HeilTpOHOB E (~HH 

cneKTpoMeTpa HeilTpOHOB) l'lnl'l BepoSITHOCTl, perncTpa
UHH m,mynLca B j -OM KaHMe aHMl13aTopa rrpn npo
XOllOJ.8IDm qepes cneKTpoMeTp npoToHa c aHeprHeil.E 
(~HH Cil8KTPOM8Tpa npoTOHOB); 

£mt~,£"""' - rpaHHW! aHepreTH'iecKoro HHTepBana, B KoTopoM Boc-
cTaHaBmraaeTC/I Cll8KTP HYMOHOB. 

Boo6~e rOBOJllI,YPaBHeHHe (1) MoxeT l'!M8TL 6eCKOHeqHoe MHOX8CTBO pe
meHHil. ~T06bl rapaHTRpoBaTl> 8,nHHCTB8HHOCTL pemeHHSI Sa,IUlqn BOCCTa
HOBnemm cneKTpa HJMOHOB. H806XO,nHMO .noorrpe,nenHTl> ee. OCHOBbl
BaJICl, Ha TeX HHH llIIllX rrpe,nCTaBn8HKIIX O xapaRTepe HCKOMOI'O pemeH!UI, 

l'!Haqe ro,~Op!I, Ha arrp:e:opHoii H$PMaullll O cneKTpe JIYK}IOHOB. B ,nHC
cepTauHOHHOH pa6oTe o6CYllOJ.aIDTCII cnoco6u BBe.neH.wi: .norronHHTen1>Hoii 

anpnopHOH l'lH~pMauroi: npn BOCCTaHoBneHim: crreKTpoB H8HTpoHOB mnpo
Koro ,niranaaoHa aHeprl'lil no rroKaaaH:imM ,neTeKTopa Me,nneHHHX HeiiTpo
HOB c Ha6opoM mapoBHX aaMe,nnnTeneii n yrnepo.nco,nepJKBll{ero aRTHBa-
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[UiOHHoro ,ll.eTeRTopa. IlO,IJJJOClHO paCCMOTpeH pa3BHT!iit B ,ItHCCepTaruroH
HOii pa6oTe MeTO,ll. BOCCTaHOBJieH:wr cneRTPOB HeHTpoHOB C llCilOJll>30Ba
HlleM 11llteCTROil: 11 anp:.iopHoii mlipopMa[Uill O BenH'illHe IlOTOKOB HeitTpoHOB 
paamrx: auepreTnqecrunc rpynn. 

OnncaHO npllMeHeHne MeTO,ll.a CTaTllCTll'leCROii peryJI./Ipll3a[UiH ,ItJI./I 

BOCCTaHOBJielli1ll cneRTpoB HYMOHOB lllllpoKoro ,ItHalla30Ha aHeprnii. 
B TpeTl>eii rnaBe IlpllBO;nl!TCH pe3yJ11>TaTH llCCJie,ll.OBailllll 3HepreTll

qecrunc pacnpe,IteJieHmi llOTOROB ll,,ll.03 HYRJIOHOB 3a 3a.JIUITOH npoTOHHl:lX 
ycKopnTeJieit Ollifil npn 3HeprIDIX ycRopeumrx: npOTOHOB 350_MaB, 480 MaB, 
660 MaB n IO raB. :3TH nccne.noBaH:wr npoBO,Itll}lllCl, B CJle,IJ,y!Ol!leit nocne
,ll.OBaTenl>HOCTll: onpe.neJI.IIJICH BWCO.It HeiiTpOHOB paaHl:lX aaepreTnqecrunc 
rpynn aa 3a.IIUITY cnuxporurRnoTpoHa Ha aHeprmo 680 MaB, naMepanHc1> 
3HepreTll'leCRlle pacnpe,ll.eJleHIDI llOTOROB H 8RBllBalleHTHOR ,ll.03H HeitTpo
HOB B 3aBllCllMOCTll OT lla,ItalOlllero Ha 3a.JIUITY cneRTpa Heil:TpOHOB ll 

ROMll03ll[Uill 3a.JIUITH, nccne,ll.OBMllCl> ~epeH[(llan1>HHe pacnpe.neneHIDI 
llllOTHOCTll llOTOROB HYRllOHOB no aHeprllll"qacTim (aHepreTHqecRlle 
cneRTpH) 3a ClOKOBOH 3aJIU!TOil: CHHXpo[UiMOTpoHa Ha aHeprmo 680 MaB 
ll CRHXpcxl}a30TpoHa Ha 3Heprmo. IO raB. 

CneRTpH HeitTpOHOB ClHJlll ll3MepeHH:. 
I) 3a cnnolllHOii ,ItByxMeTpoBoii 6eTOHHoii Cf~ 2,35 r/cM3) 3a.JIUI

Toii CllHXporurRnOTpoHa, Ror.na Ha 3a.IIUITY na.nano ll3nyqeHlle OT BHYT
,peHHeii 6epnnnHeBOH MllJlleHll ll RaMepH CllHXPOIUiMOTPOHa npn aHeprrurx 
ycRopeHH!:lX npOTOHOB 350 MaB, 480 MaB H 660 MaB. 

2) 3a CllllOIIIHOii ,ItByXMeTpoBofi 3alllHTOii CllHXpoIUIMOTpoHa ll3 6e
TOHa <p ~ 2. 35 r / CM3) • Ha ROTOPYJO na.nano 1rnnyqeHlle OT "TOJICTOii" 
Me,ll.HOii MllllleHll, ClOMClap,ItHpyeMOH BUBe,ll.eHHHMH ll3 CllHXpo[UiRnoTpoHa 
llpoTOHaMll c aHeprneii 660 MaB. 

3) Ha Rpume npllCTpoiiRll R 3,ll.allll!D CllHXpO[UiMOTpoHa BClllll3ll 
roro-aana.nuoil: 3a.JIUITHOH CTeHH C OROHHHMH rrpoeMaMH. 

4) B aRcrrepllMeHTMl>HOM sane CllHXpo[UiRnoTpoHa. 

5) B none ll3nyqelll1ll CllHXpoWa30TpOHa npll YCROpeHllll llpoTOHOB 
,ll.O 3Heprllll IO faB. 

~OPMnpOBaIIlle ITOJI./I ll3JIYtJeHIDI B nepBOM cnyqae ClJlll3RO R ycno
BllHM llJIOCRoro MOHOHanpaBJieHHoro llCTOqffllRa Ha rpaHnne nony6ecRo-
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nequoro 3aJIUITHoro 6ap1,epa~ B nepBwc ,ItByx cnytJamc cneRTpH HellTpo
HOB oRa3aJillCl> Han6onee "llteCTRllMll11

• TpeTllii H tJeTBepTHii cnytia.H 6mrn
Rll R YCJIOBll.lIM, npll ROTOpllX none HefiTp~HOB wcpr.rapyeTCH :Ja cqeT 
MHoroeyaTHO pacce.aHHoro 1rnnytJemifI, npo1IIe.It1IIero tJepea npoeMH B aa
l!lllTe. B aTHX CJiytiaruc nonyqeHH Han6_oJiee 11Mf!rRHe" cneRTpH HeilTpOHOB. 
CneRTPH HeiiTpoHOB B none nanyqeHIDI CllHXpoipa30TpOHa Ha IO _raB COOT
BeTCTByDT npoMeJK,YTOtIHHM YCJIOBll.lIM MeJK,llY "Mf!rRllM" ll "llteCTRllM" cneR
Tpru.m. 

B pa6oTe aRcrrepllMeHTaJil>HO ycTaHOBlleHO YBenINeHlle BRna,Ita 
Hll3R03HepreTll'leCROro KOMllOHeHTa B llOTOR HeiiTpoHOD B 3al!lllTe YCKO
pnTeJiefi no cpaBHeHlllO C noneM Heil:TpOHOB 3a 3al!lllTOii. IloRa3aHO TaK
JKe, ~o npn HeH3MeHHOH reoMeTpIDI llCTOqffllR-3al!lllTa "xecTROCTl>" auep
reTll'leCIDDC pacnpe.neJiemrn noTOKOB ll .noa ueii:TpoHoB h ( h = ¢,20/G>.zo, 
r,n.e ~10 ll <P,,o -llOTORll (,ll.0311) HeiiTpOHOB C aHeprnefi 
E > 20 MaB ll E < 20 MaB. COOTBeTCTBeHHO) 3a 3al!lllTOll CllHXPOUl1KnoTpo
Ha YBenH'llBaeTCH C poCTOM 3Heprllll ycRopeHHWC IlpOTOHOB. 

B pewepHpyeMoii pa6oTe Ha ocHoBe aHaJlllaa nonytJeHmrx: a1tcnepll
MeHTan1>mrx: .namwx, pactieTOB ll HMeIOl!lefiCH B JlllTepaType llH(1lOPll!aUIDI 
o cneKTpax HeiiTpOHOB cJ){E) aa 3aJIU!TOii ycRopHTeneil: noRaaauo, tJTO 
aa cnnomHofi 3aJIU!TOfi !J?YHKUIDI E·¢t'EJ m,ieeT MaRCIDilJM D o6nacTH Hefi
TpoHOB BHCOROH aHeprllll. Y HallClOJiee "JKeCTIDDC" cneKTPOB MaKClll\'!Yr,1 
pacnonollteH BClllll3ll IOO_MaB. IlonoJKeH11:e aToro MaRCllMYMa cna6o 3aBllCllT 
OT MaRCllManl>HO:li 3Heprllll YCKOpReMHX npoTOHOB ll, D OCHOBHOM, onpe.n.e
JI./IeTCH reoMeTplle:li 11 3aJIU!Ta-llCTOqffllR". IlpoeMH B 3aJIUITe npllBO;nl!T R 
3Ha'illTeJil>HOMY yBellll'leHHIO B cneRTpe He:liTpOHOB Hll.3RHX aHeprllfi 3a 
ctieT pacce.aHHoro ll3JIYtJeH:wr, BWCOMl!lero qepea aTll npoeMH. 

Ha ocHoBe nonyqeHHOii HHqJOPMaUllll 06 aHepreTHtiecrunc pacnpe.ne
neHIDIX HeiiTpOHOB ycTaHoBneHa MaKClll\filnl>Ha.ll Heonpe.neneHHOCTl, B 3K
BHBaneHTHOii .nose HeiiTpOHOB Ilpll ll3MepeHllll sa,3aJIU!TOii YCKOPllTeJiefi 
B Hell3BeCTHOM cneRTpe npllC>opoM, onpe,IJ.eJI.IIIOl!lllM BeJilltJllHY ,ll.03H B orpa
HlltJeHHOM HHTepnane aHeprllii. 

B,naparpaqie 3.5 npHBO;niITCH pesyn1>TaTH ll3MepeHllii aHepreTHtiec
runc ~IlElKTpcrn npOTOHOB, BHXOMl!lllX ll3 llteJle3HOll 3al!lllTH CHHXPOUHRno
TpOHa Ha 3Heprll!O 680 MaB B,IJ.OJll, HOpManll R noBepXHOCTll 3a.JIUITH B 
TeJiecHwt yroJI 0,002 CTepa,ItHaH. B nHTepaType IlpaRTlltJeCRH OTCYTCT
BYIOT 3RCilepllMeHTan1>HHe ,IJ.aHHHe O cneRTpax npOTOHOB sa 3aJIUITOii yc
ROpllTeneii. llsnecTH11 TOJ11>Ro npe,ItBap11TeJ11>HHe pesyn1>TaTH usMepeHllil 
3HepreTlltJ8CRllX pacnpe.n.eneHllfi npOTOHOB 3a 3aJIUITOll 184-)l!OHMOBOro 
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CHHXPOIUfRJ.IOTpoHa B BepIUIH. B TO xe BP8Mll HHq>opMaIUm O ,IUiqxpepeHIU{
aJII,HWC cneKTpax IlpOTOHOB Heo6xo,nm.ra He TOJI:&RO c TO'lltH speHR!I yc
TaHOBJieHIDI CTeneHH pa,IU:!alU{OHHOro PHCKa OT STOro KOMIIOHeHTa nomr, 
HO, qTo oco6eHHO B8.lltHO, ,nJlJi IIpoBep!Cll M6TO,l{OB pacqeTa SaI!UfTli yCKO
pHTeJiell H YCTaHOBJ16HRII CTeIIeHH ~eKBaTHOCTH IIOKaSaH:r.til: .nosl!MeTpoB 
SKBHBaJieHTHOH -.nose B IIO:ruIX HsnyqeHmt sa SantliTOtt YCKOPHTeJien. 
B ,IUICCepTalU{H np:ime,nemi: HSMepeHHHe cneKTpH IlpOTOHOB sa 11 TOHKOH 11 

(I56 r/cJ) n: 11TOJICTOH" (~3000 r/crl-) JKeJieSHOH sauurron CHHXpo
lU{KJIOTpoHa Ha sHeprmo 680 MaB. CneKTp llpoTOHOB sa 11TOHKOH" sanur
TOH - xapaKTepHHft cn~a:ronntil: cneKTP BTopHqHHX npoToHoB,o6pasoBaH
HWC B "TOJICTOH" MIDlleHH. 3a "TOJICTOH11 SaI!UfTOH Ha6J110,naeTCJI CJia6oe 
HSMeHeHHe qiyma~Jm q} (£} pacnpe,neJieHIDI ,IUiqxIJepeHlU{aJII,HOii: llJIOTHOCTII 
IIOTOKa llpoTOHOB IIpH sHeprim qacT~ OT 50 .no 200 MaB. MaJla.R: BeJUI
"lll:Ha IIpoHSBO,nHOH ipyHruumcf>{EJ o6ycJioBJleHa, B OCHOBHOM, .nBYMII KOH
eypn:pYJO!qHMH 9ifxlieKTaMH: rrpe:IIMYil(eCTBeHHUM po.xmeHH8M HHSKOSHepreTH
qecICIDC llpOTOHOB B HYMOH-;mepHWC BSal!MO,neftcTBIDI.X H yMefilmeHHeM 
BepoRTHOCTH BHJieTa HS 3a.DtHTH sapmiteHHHX qacT~ C YMeHI,llieHHeM HX 
SHeprHH. 

~eTBepTa.R: rnaBa IIOCBllllleHa BalltHOMY ,nJlJi IIpaKTe:qecKOH .noslIMeT
pHH Borrpocy: SKCIIeplIMeHTaJII,HOll IIpOBepKe ~eKBaTHOCTH IIOKasaH:r.til: 
,no3HMeTpoB SKBHBaJieHTHOll .nose B IIOM!X HSJiyqemm sa Sa.DtHTOll YCKO
pe:TeJiell IIpOTOHOB Ha BHCOKHe SHepre:H. Ha llpaKTHKe MaKCHMaJII,Ha.R: 
SKBHBaJieHTHa.R: .nosa oueHHBaeTCJI IIO pe3yJII,TaTaM H3MepeHIDI YPOBHell 
H3JIYqeHIDI II HH,!UIBH,llYaJII,HOro .nosHMeTpR'!eCKOro KOHTpoJIR. HHTeprrpe
Tarnno IlOKa3aHHH ~Oro HCIIOJII,3yeMoro B H3MepeHHRX npe:6opa IIpHXO
,IUITCJI IIpOBO,IUITI, C yqeTOM pasJllfClHWC WaKTOpoB, CYl!leCTBeJIHHX ,nJlJi 

,Ita.HHOro llpH6opa H 3aBHCJilllHX OT SHepreTe:qecKoft, BpeMeHHOH H KOMIIO
HeHTHOH CTPYKTYPH IIOM H3JiyqeHHR. C U8JII,JO YCTaHOBJl8HHR CTerreHH 
,noCTOBepHOCTH pesyJILTaTOB, nonyqaeMUX IIpH onepaTHBHHX HSMeperumx 
ypOBHell llOHH3HPYJOlltHX HSnyqeHHH H, B qacTHOCTH, 3KBHBaJI8HTHOH ,no-
3H HeilTpoHoB, a TaKJKe ,nJlJi KpHTe:qecKOtt oueHKH pasJllflllllDC cnoco6oB 
,l{03HMeTpim HellTpOHOB 6HJIH BHIIOJIHeHH H3Mepemm SKBHBaJieHTHOH .nosH 
O,IUIHH~aTDD MeTO,naMH H npn6opaMH B llOJUll H3Jlyq8HHR, THIIll1IHWC 
,nM yCJIOB:r.til: pa60TH nepCOHaJia Ha YCKOpHTeJIRX. llnJ1 H3MepeHml ,no3 
ll3JIYqeHHR.llpHMeHRJIHCI, lllHpOKO llCIIOJII,3yeMHe ,l(JlS{ ,l{03llMeTpHH H3Jlyqe
H:r.til: ycKopnTeJieii IIpH6opH: ,neTeKTOpH (CIU{HTIDlJllllUWHHHe, aKTHBalU{OH
HHe H HOHH3alU{OHHHe) M8,nJI8HHWC HeftTpOHOB C 3aM8,nJIHTe.n.m.m, CUHH
THJI~OHHHil ,nosIDJJeTp JUI-A-I, aKTHBauHOHHHH yrJiepo,nco,neplltall!llii 
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,neTeKTOP, TKaHeSKBHBaJieHTHa.R: HOHHSalU{OHHaH KaMepa (pa60TaI()U\8.R: B 
pel!tlIMe HaCHlJt8HIIR: H B pelltlIMe pe1toM61rna.rurn: HOHOB)' HHMBH.D'YaJII,Hlie 
qJOTO,l{03HMeTpH. H3Mepemm BHIIOJIH!IJIHCI, B YCJIOBIDIX !,raKCJIMaJII,HO 
"JKeCTKOro","MlirKOro" ll npoMeJKYTO~oro CII8KTPOB HeiiTpOHOB. 3a 
HaH6onee BepORTHYJO 3KBHBaJieHTHYJO•.n03Y HeilTpOHOB C SHepre:ell MeHee 
20 MaB IIpllHHMaJiaCI, ,nosa,nonyqeHHa.R: c IIOMomDD· COOTHomeHHR 

tDlh& 

n =
0
.£~£ r tEJ cprEJ dFI <2> 

r.ne ffG/ - KOaqxp~eHT nepexo.na OT IIJIOTHOCTH IIOTOKa MOHOSH~preTn
qecKHX HellTpOHOB, ~ Ha TKaHe3KBHBaJ18HTHllH qJaHTOM, K SKBU
BaJieHTHOH .nose B MaKcHr.,yMe rny6uHHoro pacnpe,neJieHHR SF..BHBaneHT
non .nosu .nM cIIeKTPa mHiTponoB <PIE), nsMepeHHoro B MecTe cpaBHeHM 
IIOKa3aHHH npn6opoB. 3a HaH6011ee BepoRTHYJO ll01IHYJO SKBHBaJieHTHYJO 
,nosy 1rnnyqeHR1I rrpIDIBManac1, Benwurna .nosu, H3MepeHHa.R: peKoM6e:na
lUfOHHHM ,l{03HMeTpoM. 

CpaBHeHHe pesyJILTaTOB llsMepemitt 3KBHBaJieHTHOll ,nosH C llOMOmI,IO 
rrpu6opoB,lllRpOKO HCII01113yeMWC ,nM onepaTHBHOro KOHTPOM Pa.IUiauHOH
HOH o6cTaHOBKH sa SamHTOH ycKopnTeneft H, B qacTHOCTll, 3a same:Toii 
yCKOPHTeJieft npoTOHOB 06~e,IUIHeHHOro llHCTHTJTa ;mepHHX llCC~e,noBa-. 
00 C HaH60Jiee BepORTHOH BeJIR'!HHOit 3KBHBaJieUTHOli ,nosH IIOKasano, 
qTo 3TH rrpn6opH BOCilpoH3BO'Af.{T 3KBHBaJieHTHYIO .nosy neiiTpOHOB ll non
HYJO SKBHBaJieHTHYIO .nosy H3nyqeHUR C TOtrnOCTI,JO KOsqxi;~eHTa 2. 
3KB:imaneHTHa.R: .nosa, onpeieneHHa.R: no noKasaHIDIM .nosHMeTpoB c ,ne
TeKTopaMH, perHCTPllPYJO!llllMH HeftTpOHH IIO rrpOTOHaM OT,na"lll:, MOl!teT 
SHaqe:TeJII,HO npeBWilaTI, HaH6011ee BepORTHYJO ,no3y B IIOJIJDC liSJIYqeHHR, 
r.ne BKJI~ B .nosy peMTllBHCTCRHX H8HTPOHOB ( E,. 20 MeB) SHa"lll:Te-
11eH. 3To, B qacTHOCTli, OTHOCUTCJI K MeTO.IJY llH;Il.lIBH.IJYaJII,HOro qJOTO
.nosKMeTpa HeiTpoHOB (H~KH) H npe:6opy JOI-A-I. B ,IUiccepTauim no.n
po6Ho o6cyJK.naIOTCJI IIpRtmHH Hea,zteKBaTUOCTU IIOKaSaHHii ,nosKMeTpoB, 
SKBHBaJieHTHOtt .nose B IIOJI.SIX RsnyqeHHR sa same:Toft ycKOpHTenen. 

He.nocTaTOqffOCTI, HH(p()PMaUHH O BSalfi~o,nellcTBHH nsnyqeaHR BHCO
KOil eHeprHH C R,npaMH BemecTBa SamHTH H HCIIOJII,80BaHne yrrpomaIOIIUlX 
,l{OllYlll8HliHB BH"lll:CJIHTe111,mrx: MeTo,nax llpllBO'Af.{T K TOMY, qTo pe3JJII,
TaTH pacqeTOB xapaKTepllCTHK IlOJIR H811YqeHHR sa Sallll'ITOH ycKopHTe
Jieft, BHIIOJIHeHHHe paSHmm MeTo,nru.ra,MOryT CYl!leCTBeHHO OTJUiqaTI,CR. 
PesyJII,TaTH pacqeTOB li SKcnepHMeHTa}lI,HOH IIpOBepKH M8TO,l{OB pacqeTa 
IIOJIR HettTpOHOB sa 3amKTOtt ycKop:irrenett IIPOTOHOB Ha 3HeprIIB MeHee 

I I'3B, npHBO~HTCH B IIHTO~_rnaae. 
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Eonbmofi xnacc aa,naq, B03HHKalOIIIIDC rrpn pemeHHH upo6neM pa,nua
~OHHofi 3aI!UfTll ycxopHTenefi IIPOTOHOB Ha BUCOKHe aHeprnn, CBO,IUfTCJI 
K OIIP6'A6ll6Hl!l0 q>Y~li pacnpe'Aenemm MOTHOCTH IlOTOKa H6HTPOHOB 
D nony6ecKoHe~ofi roMoreHHofi 3aI!UfTe c rrnocKRM MOHOHarrpa.BneHIWM 
HCTO~HKOM peMTllDHCTCKHX HefiTpoHOB Ha ee rpamme. Ec.7lli npeHed
pe% BKna,noM, KOTOpllfi BHOCJIT aapru1teHHUe ~CTHUU B pa3BliTHe R'A6P
HOro KaCKa,na B BemecTBe~ T.e. orpaHlilmTbCJI pacCMOTpeHReM HCToq
HliKOB HefiTpoHOB C aHeprnefi MeHee I raB,TO aa,na~ HaxoJ!t,IteHHR $TOM 
q>YHKURH CBO,IUfTCR K pemeHmo liHTerpo,IUiqxpepeHD;HanbHOro YPaBHemm: 

J E -

w of(x,E,aJ} + /fG/f(x,E,w}=21i/dwf/tc7K{J.:~F(x,E;w·JdE' 
c):X: -J E (3) 

C rpaHH'IHUM ycnOBHeM 

r'Ae 
F'(o,E,ld} = Fo(E/O(w-1}, 

Ff~~l)}J- ~YHKIUm pacupe'AeneHHR rrnoTHO~TH rroToKa HefiTpoHoD; 
;;c - TonmnHa 3aI!UfTll B'AOllb HOpMMH K ee IIOBepXHOCTlij 

(JJ - KOCHHYC yrna Me,ir,IJY HMIIYllbCOM HefiTpOHa li HOpManbID 
K IlOBepxHOCTli 3aI!UfTllj 

E - aHeprHR HefiTpoHoB; 
E

0 
- Ma.KcHManbHaR aHeprHR HefiTpoHoB HCTO~wta; 

j)fEI- nonHoe MaKpoCKoITHqecxoe ceqeHHe Heyupyroro B3a:BMo-
, 'A8liCTBHR HefiTpOHOB C R'APaMH BemecTBa aamHTllj 

K{!:~}- ,nBofiHoe ,IUiifl<pepeHD;HanbHoe pacnpe'AeneHHe HefiTpoHoB, 
o6pa3YIDlltlfXCJI IIPH B3aHMO'A6HCTBlili HefiTpoHa C R,IU)OM. 

B ,IUfCCepT~OHHO:ii pa60Te nonyqeHo pemeHHe ypaBHeHHR (3) B BII.ne 
pa,na 'AM MOHoaHepreTnqecxoro HCTO~Ka HefiTpOHOB c aHeprHefi Ea : 

.,,-(!_(SJ 'E. JK(E, .. e;r ,!!_(£/ . 
['fx E w) = Le w .x 8(E-£)rf(w-1}+21i.J),, ., ... w e- w X -
r ,. , , ()} o C,U.,J,l(E,J -;,JlfCJ 

-g)i(E,JX)1-f {21tt'~f4 .. fat4fa~faE,_ .. /1//6J'fCt/-14t") x 
n=I •i -1 E £ E ' . • . " 
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xK{f, .. £,.J KlE"➔E •. ,} ••• KIE, .. £) x 
t ... w.. {,(},. .. ()) •. , lw, .. w 

- ,,,q_(t ,.,} X 

{

n e(.,(),.,. )( 
x f {-.,U(E,../ + .l!__(EJ/(_ .)l(G,..}-t/'ff

0
}) 

(J}m (,1) J (.I.},,. j 

i 
X 71 (-/!_IE,..}+ ~} fl (- ,)'_(£,,.) + ~)) 

J•I w.,., ~ {,m+I, (A/,... t<i I 

(4) 
+ 

_,,,q/C/ X e (,(} 
_+ (1}/1-t/lloJI /J(-/!.rc l+ ~1~J 

/ j•I. W ~ 
e-_µ{G,/X } .. dE 

+ (-;J'IEo)+,f!/E1fl (-,,J,1/C,)r,,UIG1JI n 
ttl J:I wt I 

+ 

IlpHBe~eHH peaynbTaTH pacqeTa WYHKURH cneKTpaJibHo-yr~oBoro pacnpe
'AeneHHR IlOTOKOB HefiTpoHOB B aamnre ll3 Al02 • 

3xcnep:BMeHTanbHaR nponepKa M6TO'AOB pacqeTa IlO]lf{ HefiTpOHOB 
aa 3aI!UfTOfi YCKOpHTenefi npoTOHOB BUnonHeHa B THilli~Oli 'A1lft YCKOpH
Tenefi reoMeTplili HCTO~llK-3aI!UfTa,a HM6HHO 'A1lft cnytmJI, KOr'Aa IIPOTO
Hll 6oM6ap,IUipJIDT 11 TOnCTYID" Millll8Ilb (HaupHMep, 'A8TaJIK yCKOpHTenR 
Wlli BCilOMOraTe~bHOro o6opy'AODaHHR) li o6pa3oBaHHHe B MHID8Hli BTO
pnqHlle ~CTKIJ;!I na,naIDT Ha 3aI!UfTHH:ii 8RpaH, aa KOTOpllM Heo6XO'A:BMO 
OIIP8'A6.71HTb pa,nH~OHffYID o6cTaHOBKY• IlyqoK upoTOHOB C aHeprnefi 
660 MaB, DllB8'A6HHHH li3 YCKOPHTenR li cg)OpMHpOBaHHH:ii CHCTeMofi KOn
JlliMaTOpoB,na,nan Ha Wf.Jlliff'APnqecKYID M6'AHYID Mlim6Hb (,IUfaMeTpOM I2C)'d 
n TOllmHHOfi B'AOllb nyqxa 30 CM), ycTaHoBneHHYID Ha paCCTORHIDl 86 CM 
OT ,IU3yxM6TpOBOfi 6eTOlIHOH 3aI!UfTll. 3a 3aI!UfTO:ii li3MepeHH HHTerpanb
Hll6 xapiiKTepHCTHKH (aKBHBaneHTHaR 'A03a H nnoTHOCTb IlOTOKa H6H
TpOHOB) IIOnR nanyqeHHR li aHepreTnqecue CII8KTpll HefiTpoHOB. H3Me
peHHR BUnonHeHH B6nH3H IlOBepXHOCTH 3aI!UfTll D qeTHpex MeCTax,pac
nono:nteHHllX TaK, qro yrOJI Me,ir,IJY HMIIYllbCOM npOTOHOB nyqRa H B6KTO
poM,HaupaBneHHHM H3 ueHTpa Mlim6Hli B TO'Ilcy' yCTaHOBKH 'A6T6KTOP~ 
COCTaBnRn 0°, 30°, 390 H 65o. 
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B uecTax, B KOTOpillC BlliIOJlH8HU H3uepeHHHj paccqHTUBaJIHCb: 

a) SKBllllaJleHTHIIe .nosu (,nBYMl'l nOJIYSMllliplf'leCRllMll MeTo,nar.m:, pas
pa6oTaHHl:lMH KoMO'lltOBHM H Cwl:eBUM -CepoBUM); 

6) nJIOTHOCTH noTOKOB HeftTpoHOB c aHepr.i:eii 6onee 20 MaB (Me
TO,noM MoHTe-Kapno no nporpaMMe Co6oneBcKoro, c noMOllll>D pemerum: 
(4) KHHeTHl!eCROro YPaBHeIDIJI ,nJ1H IIJlOCKOro MOHOHanpaBJJ.eHHOro HCTO'!
HHKa H no .naHirnM Oncr.m:nnepa ,nl1H IIJlOCRoft reoMeTp:ira); 

B) SHepreTH'!ecrutii cneKTp HeiiTpoHOB (.n,m O'A!JOil: TO'!RH) B ,IUiana-
30He 3Heprmi OT I aB .no 660 MaB (MeTO,nOM MoHTe-Kapno no nporpa.M
Me Co6oneBCROro). CpaBHeHHe ll3Mepemrnx R paCC'!llTaHHHX BeJllI'Ill:H 
no3BOJ1HJ10 oueHHTb TO'!HOCT!, HCnOJlb3YeMHX MeTo,noB paC'!eTa 3ruqHTH 
ycROpllT8Jleii. B paCCMOTpeHHOM ,IUianasone yrJlOB H TOJllllHH 3~TH ait

BliBaJleHTHIIe .nosu, paCC'!HTaHHHe nonySMimpH'!8CIWMll M8TO;naMH, KaK 

npaBllllO, OTllH'!a.IOTCSI OT H3MepeHHHX BellH'!llH He 6onee, '!8M B 3 pasa; 
MeTO,ll;U pemetm/I RIDI8TlfCleCROro YPaBH8HIDI B nJlOCKOii reoMeTpHR C 
TaKOft llt8 TO'!HOCT:EJ!l nosBOJlJIIOT paCC'!HTHBaTb noTORR pelll!THBHCTCirnX 
HeilTpoHoB; MeTo.n MoHTe-Kapno MST B03MOlltHOCT!, BHllll:Cll/IT!, noTOKH 
pen..<ITllllliCTCID!X H8HTpOHOB C TO'!HOCT:EJ!l He xyxe ±50%. CneRTP, pac
C'!HTaHHUil M8TO'AOM MoHTe-Kapn.o, xopomo onn:cHBaeT 4JOPMY 3HepreTH
'!eCRoro pacrrpe.neneHIDI HeRTJ)OHOB. 3Ha'!eHWI noTOKOB pa3HHX 8Hepre
TR'!8CKI!X rpyrrrr, paCC'!HTammx 3TllM MeTo.noM, He OTllll'!allTCJI OT li3Me
peHHUX 6onee '!eM B 2 pasa. 

_ B npHJIOlltemrn .nenaeTCJI oueHKa BKJia,na B rroxasaHHH cneKTpoMeTpa 
HeHTpoHOB IDfflYJlbCOB OT llpOTOHOB npH li3MepeHRlDC B noJlJIX li3JIY'!8Hlill 
sa SalllHTOH ycKopHTenen OIDIB. 

B ,IUICCepTauim Cqx>PMJllllpoBaHH CJ18,11.Vl011Uie OCHOBHH8 pesyJlbTaTH 
BllilOJIHeHHOli pa6oTH: 

I. MeTO'AOM crreKTpOMeTpn:poBaHIDI SHeprn:H HeilTpoHOB OT liMIIYJlb
CHoro 6HcTporo p~aKTopa no BpeMeHH nponeTa nsMepena 3aBHCID40CTL 
OT aHeprlill '!YBCTBHT6llbHOCTH .neTeKTopa 6LiI(Eu) B wapoBUX nOJ1H8Tli
Jl6HOBl,IX 38M8MHT6JlJDC C ,IUiaM6TpOM 5,08 CM, 7,62 CM, 12,7 CM H 
25~4 CM (2,3,5 II IO ,nioirnoB) B HHTepBane aHeprm!: OT IO~aB .no 

IO aB. 
2. Pa3BHTH M8TO,ll;U BOCCTaHOBJ16HIDI cneRTPOB HettTpOHOB lllliPOKOro 

,IUianasoHa aaeprHil: ( OT O,OI aB .no I raB) C n:cnOJI!,30BaHHeM ,neTeK
TOpoB M8M8HHHX H8HTp0HOB C Ha6opoM Sa.M8'AJ1HT8lleil li yrnepo.nco.nep
llralllero aKTIDlauHOHHOro .neTeKTopa. 
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3. 3Kcnepl!MeHTaJILHO uccne.noBaHo npocTpaHCTBeHHoe pacnpe.nene
nue BUXOM HefiTpOHOB pasHUX 8HepreTH'!8CKI!X rpyrrrr HS 3alllHTH CHH-
XPOUliKJlOTpoHa Ha aneprmo 680 MaB. _ 

4. SKcnepIDl!eHTaJibHO n:sy'!eHH 8HepreTH'!8CKHe cneKTpH HefiTpoHOB 
sa 3aJI{liTOil: YCKOpliTeJiefi npoTOHOB 06~e,IUIH8HHOro liHCTliTYTa smepmnc 
liCCJie,noBaHlill B THillfCIIIHX .n,lJI KOJlbU8BUX YCKOPliT8l18H reoMeTpliH 
11liC;O'!HllK..:SalllHTa". YCTaHOBlleHH SaKOHOMepHOCTli qx>pMHpOBaHWI anep
reTH'!eCKHX pacnpe.neneHM IIOTOKOB HefiTpOHOB sa Sall!liTOfi YCKOpliTe
Jl8H IIpOTOHOB Ha BHCOKlie aHeprliH. 

5. BnepBHe HSMepeHH ,IUiqxlJepeHIUiaJILHUe 8HepreTH'!6CRRe cneKTpH 
npOTOHOB, reHepnpyeMHX B llteJieSHOH 3all!liT8 CHHXPOUHKJIOTpoHa Ha 
aneprmo 660 MaB. 

6. 11ccne.noBaHa a.neKBaTHocu noRasaHM npn6opoB onepaTRBHoro 
H liH,IUIBII.n]aJibHOro .nosnMeTpli'!eCKoro KOHTpOJUI SKBHBaJieHTHOH .nose 
li3JIY'!6Hlill B IlOll/IX H3JIY'!8Hllil ,sa SalllHTOil YCKOPRTeJiefi B SaBHCllMOCTll 
OT reoMeTp:ira 11 SalllHTa-HCTO'!Hmt" li KOMII03HUllli 3all!liTU. 

7. Ilpe'AllO~eH MeTo.n pac'!eTa ~YHKUHH cneKTpanLHo-yrnoBoro pac
npe.neneHIDI HeftTpOHOB BHCOKOH aneprllli B nony6eCKOHe'!HOH SalllHTe, 
OCHOBaHHHil Ha pemeHHH YPaBH8HIDI nepenoca HeilTpOHOB ,nl1II cnylffi.fl 
nJIOCKOro MOHOHanpaBJieHHoro HCTO'!HHKa HefiTpoHOB Ha rpannue sall!liTU. 

s. Buno11He11a aKcrrepRMeHTaJILHasI npoBepKa MeTo.noB pac'!eTa noJL11 
M3JlyqeHIDI sa 3all!liTOH YCKOPHTeneil npOTOHOB B o.nnon HS TlilllfCIHHX 
reoMeTpliH "SalllHTa-HCTO'!HllK". A RM6HHO, ,nl1II CJIY'!asI, KOr'Aa Ha sa
lIIHTY na.naeT H3JIY'!6HMe o6pasoBaHHOe B "TOJlCTOil" Me,nnoil MHlll8Hli rrpo
TOHarffl c aneprneil 660 MaB. 

9. 3KcnepRMeHTaJlbHO ycTaHOBJlellO YB8Jlli'!8Hlle BKnaM Hli3K08Hep
reTH'!HOrO ROMIIOHeHTa B IIOTOKH HefiTpOHOB B SaJI{liTe ycKopnTeJieii no 
cpaBHeHmo C IlOlleM HeilTpoHOB sa sa111HTOH. 

IO. YcTaHOBJ18Ha M8.KCHMaJlbllasI neonpe.neneHHOCT!, B noJIHOfi 3KBM
BaJI8HTHOH .nose neilTpOHOB npli liSMepeHHR B H8li3B8CTHOM cneKTpe Heil
TpoHOB sa Sall!liTOil: YCKOPHTeJieil npn:6opoM, orrpe.neJlJIIOIJlliM B8llll'!HHY .no
SH B orp~HH'l8HHOM HHTepBane SHepr.mi. 

BunonHeHHUe liCCJie,noBaHWI Il03BOJlllJIH c,neJiaTb CJ18,11.VlOIIIH8 OCHOB
HUe BHBO,ll;U: 

I• ~pMa SHepreTH'!eCKHX cneKTPOB HeilTpOHOB <P(E} 32 3alllHTOft 
npoTOHHHX ycKopn:Telleft, B OCHOBHOM, 3aBllCliT OT KOMII03HUlill SaJI{MTH 
u reoMeTplili "HCTO'!HHK-3all!liTa". 4&HKUIDI £.cp(E) sa crrnomnoft sa-
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UUITOii RMeeT MaKClfMYM B 0611aCT.H HeiiTpOHOB BHCOKOH 8Heprm1. Y Hall-
6011ee "llteCTKHX" cneKTpoB MaKCHMYM pacno11ollteH B6mrnH I00 MaB. IIo-
110JKeH.He 8TOro JV[aKCHMYMa c11a60 8aBHC.IIT OT 8Hepr11:.11 YCKopeHHHX npo
TOHOD B HCCJle.u,yeMOM .IUianasoHe 8Heprmi 8T.IIX l!aCT~ .11, B OCHOBHOM, 
onpe,neJ1JieTC/I reoMeTpHeil "HCTO'<IllllR-S8.lllRTa". IIpoeMH B 38.lllRTe llpH
BOWIT K SHatm:TeJlnHOMY YB811.llli8HIDO B cneKTpe HeiiTpoHOB HllSRIDC 8Hep
rHii sa cl!eT pacceJIHHoro Ha~eHRFI, BHXowrmero qepea 8TH npoeMH. 

2. 3HepreTwrecm cneKTp<J>[E) IlpOTOHOB , BWCOWilltHX ll3 li8THpex
MeTpOBOH (~ 3000 r/cwf) llt81183HOH 38.lllHTH CHHXpornntJIOTpoHa Ha 
aHeprmo 680 .MaB - c11a60MeH1DOil.lMCR 4JYHRI.WJI B .IUianasoHe aHeprHii 
npoToHon OT 50 MaB ,no~200 MaB. MallaJI BeJl~Ha npoH3BO.I\HO:il: d<P/dE 
06yc110B11eHa, B OCHOBHOM, .IlBYMli ROHRYPllPYJOillIIM.H 3MieKTaM.11: npe.11MY
mecTB8HHHM po,ir,neH.lleM HHSK08HepreTMli8CR.IIX npoTOHOB B HYKJlOH
JI,I:(epmrx: DSallMO,ll8HCTBIDIX M YM8HnmeH.HeM BepoHTHOCTli BHJleTa llS aa
l!lIITll aapR:llt8HHIDC liaCT~ C YM8HnmeHH8M HX aueprH.11. 

3. lfaMepemm 8KBllDaJleHTHOii ,ll03H np.a6opaMH, m.llpOKO HCnOJlnSY
eMHMll B IlpaKTHKe ,llOSHMeTpHli8CKOro KOHTpoJllI B noJlSIX llS~eHHii 
YCKOPHT8Jleil BllnOJlHmOTC/I C norpemHOCTHMll, noKa eme npeDHmaIOIIUIMli 
BeJllllIHHH, peKOM8H,IlOBaHHHe MKPE. 

4. 3a Sal!lIITOH YCKOPHTe11eii npoTOHOB Ha BHCOKHe 8HeprHH 8KBH
BMeHTH8.fl: .noaa 6HCTpHX HeHTpOHOB, onpe,neneHHaJI no noKaSaHHHM .no
SHMeTpOB C ,neTeKTOpaMH, perHCTPHPYIOIIUIMli H8HTpoHH no IlpOTOHaM 
OT,IlalIH, MOllteT sHatmT81lbHO (B ,ll8C/ITKH pas) npeBHmaTn Hall6011ee Be
poHTHYJO ,nosy. 3To sal3WlleHHe 06yc110B11eHo 6011nmHM BKJla,IlOM B noKa
saHHHX ,llOSHMeTpOB llpOTOHOB, BHXOWIUUIX ns S8.lllRTll YCKOpHTeJllI li C 
BHCOKOtt aqJpeKTHBHOCTbIO perHCTp,rpyeMWC ,neTeKTOpoM. 

5. KoaqxpHUH8HT nepexo.na OT IIJlOTHOCTH nOTOKa peJllITHBllCTCKHX 
tz { 't' HYKllOHoB, HSMepeHHIDC no aKTHBarmH yrnepo,Ila (peaKinm C x,2:r) ) , 

K MOmHOCTll 8KBHBMeHTHO:il: ,ll03ll He:il:TpOHOB C 8Heprneff 6o~ee 20 MaB 
aa 3°1=To:il: yc1topHTe11e:il: 0Hffif He npeBwnaeT 0 21 M6ap,ct.f'ceK ......._ • liac.HeRTp. • 

6. MeTO,ll MoHTe-Kap110 noaBOJlHeT BH'lliCJllITn noTOKH peJllITHBllCT
CR.IIX He:il:TpoHOB sa S8.lllRTOH YCKOPHT8118:il: IlpOTOHOB Ha 8Heprnn MeHee 
I raB C TO'<IHOCTnIO He xyllte ±50%. Pacctm:TaHHHe 8THM M8TO.I\OM 8H8Jr
reTH'IecKHe cneKTpH He:il:TpoHOB llpaBHJlnHO onnCHBaIOT 4JOPMY llSMepeH
HlllC cneKTPOB • 

MeTO.I\H paclieTa 3aUUITH, OCHOBaHHHe Ha pemeHJm KHHeTHl!8CKOro 
ypaBHeHM B n11oc1to:il: reoMeTplm, saHHlltaIOT noTOKH peJllITHBHCTCKHX 
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He:il:TpoHOB B HeCKOJlnKO paa .IlJllI reoMeTpli.11 11.HCTOlIHHK-SaUUITa", B KO
TOPOH BHnOJlHHJlaCn 8KCnepHMeHTaJlnH8JI npoBepRa MeTO,llOB pacl!eTa aa
m.HTH. 

3KBHBMeHTHHe .nosu, pacctrnTaHiru:e IlOJlY8Milllpllll:ecKHMll MeTO,llaM.11, 
KaK llpaBllJlO, OTJlllliaJOTC/I OT llSMepeHHHX B8JllllillH He 6011ee l!SM B 
3 pasa. • 

?. nannHeHll!lle IIccne,noBaHJm aHepreTHlieCKHX pacnpe,IleneHHii 
HYKllOHOB sa aam.HTOH YCKOpl:!Teneii .IlJllI ueneii Pa.IU!auHOHHOii Sal!lifTll 
c11e.u,yeT pasBHBaTn B cne.u,yrol!lIIX HanpaBneH.lifIX: 

a) llCCJlS.I\OBaHIIe cneKTPMnHo-yrnoBHX pacnpe,ne11eHHii npoTOHOD 
sa 3al!lIITOii YCKOpHTeneil sapR:XeHHl:l.JC liaCT~; 

6) ,IlaJlnHefunaJI a1tcnepHMeHTaJ1nHaJI nponepxa MeTO.I\OB pacl!eTa 
.Illl4XI>epeHUHaJ1nHHX xapaKTepRCTHK IlOJllI llSJlyl!eHIDI sa Sal!lifTOli 
YCKOpllTenett 3aplIJ!teHHHX qacT~ B TllnlltnruX l'OOMeTp.lifIX 
11HCTO'<IllllK-S8.lllRTa"; 

B) COBepmeHCTBOBaHne MSTO,liOB cneKTpoMeTpllll }zyRJIOHOB nrn:po1toro 
.nnanasoHa aHeprllii. 

MaTepnaJIH ,nnccepTa!.lllll .I\OKJla.I\HBMllCn aBTOPOM Ha CJIS.I\YIOillIIX 
KoHq,epeHU.lif!X M coBemaururx: 

1. Mel!r,Ilynapo.ruroe coBemanne no ,nosHMeTplill u qi:11s11Ke aaUUITll 
ua ycxopHTeJIHX (,lzy6Ha,'1-IO OKTl!Clpll 1969 r.). 

2. Mel!r,IlyHapo.IlHllii KOHrpecc no aaninTe OT liSJIYqel!llii YCKOpllTOJleil 
ll KOCMRlISCKOro IlpOCTpaHCTBa (UEHI,1KeHeBa, 26-30 anpe1111 1971 r.). 

3. Mel!r,IlyHapo.IlHllii Cl!MllOSIIYM no ueilTpoHHOli: ,ll03UMSTplUI .IlJllI 

pa.IUionorwrecKoil Sal!lifTll (Bena, Il-15 ~oxadp11 1972 r.) • 
4. IY BcecoroaHOe COBSil.laHHe no YCKOpllTSJ1JlM sapHllteHHHX tJ:ac

TllU (MocKBa, 18-20 H01!Clp11 1974 r.). 
5. IY Mel!r,IlyHapo.IlHllii KoH!'pecc Melt,IlyHapo.ruroii accoUllaUHll 

Pa,IJ.HauHOHHOii Sam.HTH (IlapIDK, 24-30 anpe1111 1977 r.). 

OQHOBHoe CO,llSPJlW.IIlie ,nnccepTauHU ony6JIHKOBaHO B CJlS,IJYIOil.lUX 
pa6oTax: 
I. B.E.A.ne:il:HHKOB,B.Il.AqiauacbeB, M.M.I{oMotJ:KoB,B.H.Je6e~eB, 

B.M.HasapoB,M.H.CanauKaJI. mum, EI-2759,JlyelHa (1966). 
2. B.E.AneiiHHKOB,B.H.Je6e,neB. IIpenpHHT 0Hffif, P9-3393,,lzy6ua (I96?) 
3. B.E.AneiiHHKOB,B.A.ApxnnoB,M.M.KoMol!KoB. IIpenpHHT OIDll, 

P16-4480, Jly6Ha (I969). 
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4. JI.BeTue1u.,r.RHemKe, r.TayT, B.E.A11eiiHuKoB,B.A.Apx1,1noB, 
M.M.RoMo'iKOB,B.M.HaaapoB,w.Rnannep. Beel. ,Il;oaUMeTpwr H811Y'ie
H.Hii H qi.H3.HKa aautHTli yeKOp.HTene:it 3a:pfIXGHHliX '!aeTHU, Ollill1, 
16-4888, 201 , ,IfyelHa ( 1970) • . . 

5. B.E.AneiiHHKoB, JI.P .RHMe11I,,M.M.RoMO'i~oi,B.II.C11.nopm1. ATOMHM 
3HeprM, T.28,Blln.5, 438(1970). 

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

7. B.E.AnefiHHKOB,B.II.rep,nT,M.M.l{oMo'lKoB. Beel. Neutron Monito
ring for Radiation Protection Purposes, vol.I, p.31, IAEA, 
Vienna (1973). 

8. B.E.AnefiHIIBOB ,B.A.ApXHnoB ,B.<Ji.B~morpa,noB ,M. M. RoMo'!KOB, 
IO.B.ivloKpOB,!Vl.11.CanauKM,A.II;qepeBaTeHKO. B eel. Neutron Moni
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9. B.E.A11efiHHKOB,M.M.RoMo'lKOB;B.II.l{p10'!KoB. Tpy,nR IY BeeeoroaHoro 
eoBemaHWI no yeKopuTeJLfIM aap.llllteHHliX 'laeTHU,H3.n. "HayKa~', 
T.Il,eTp.226 (1975), llpenpHHT OHflli PI6-8179, ,IfyelHa (!974). 

IO. B.E.AnefiHHKoB,B.11.Rpro'lKOB. CooelmeH.He OIDlli, PI6-8177, 
,IfyelHa (1974) •. 

II. B.E.AneiiHHKOB, B.n.rep,nT, M.M.RoMo'lKoB. Tpy,nR IY BeeeoroaHo
ro eoBemamm no yeKOp.HTeJlllM 3a:pfIXGHHliX 'laeT.HU, H3,lh "IlayKa" 
T.II, eTp.240 (1975). IIpenpHHT Ol1Hl1 PI6-8176, ,IfyelHa (1974). 

·12. B.E.AneiiH.HKOB, B.II.rep,nT, r.H.THMOIIIGHKO. ATOMHM 3Heprwr, 
T.4I, Blln.5, eTp. 332 (1976). IIpenpHHT 011Hl1, PI6-9400, 
,IfyelHa (1975). 

13. B.E.AneiiHHKOB, B.II.EaMelneBeKHii, E.TI.~epeBaTeHKo. CooelmeHHe 
011illl, Pl6-9123, ,IfyelHa (1975). 
14. Alejnikov V.E., Gerdt V.P., Komochkov M.M. B Tpy,nax 
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