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MeTOJl CTSTHCT11qeCKOll perym1p11aau11H perneHHH HeKoppeKTHbIX 3anaq 

npHMeHeH ans BOCCTauoaneHIIH 9HepreT11qeCKIIX cneKTpOB Hell:TpOHOB 38 381UH-

TOll yCKOpl!Tenell: npoTOHOB Ha BbICOKl!e 9H0pl"'IIH. TTp!!B0Jl0Hbl pe3ym,TaThl 

BOCCTSHOBneHHH cneKTpOB Hell:TpOHOB 3a aam11Toll: CIIHXpOUHKnOTpoua Ha 9Hep

l"'IIIO npoTOHOB 660 M9B H Cl!HXpocpa30TpOHa Ha 9Hep!"'IIIO 10 f9B, nonyqeHHhle 
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Neutron Energy Spectra Outside the_ 
Shielding of High Energy Proton·Accelerators' 

The method of statistical regularization was applied 
to unfolding the spectra of neutrons which have passed 
through the shielding of high energy proton accelerators. 
Measurements of neutron energy spectra using a Bonner 
spectrometer outside the shielding of a 660 MeV proton 
synchrophasotron are presented. 
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B pa6oTe/I/, CO'Aepllt8.Illett 0630p COBpeMeHIIoro COCTOIDIHJI 'A03liMeT

pmi: H3JIYlleIDlli B6JIH3li YCKOpliTeJieii IIpOTOHOB Ha BliCOKHe 3!Ieprmr, ITO'A

"!epKHBaeTCSI neHHOCTI, IlOJIY"!eHrur HHq)OpMawm 06 3HepreTll"!eCRI1X crreKT

pax HettTpoHOB Mil ne.nea 'A03HM8Tplili. B 3TOH xe pa6oTe rrpliBe'AeH!,I 

cneKTpH HeffTpoHOB, H3MepeHH!,!e 3a 381IlliTOtt,pa3HliX ycKOpHTe~efi. Ha 

OCHOBe ~HOMeHOJIOrH'leCKOro 8.HMH3a 3THX cneKTPOB C'Ae~aH BHBO'A 0 

TOM, "ITO q>apMa cneKTpa HettTpOHOB 3aBHCHT OT COCTaBa 3aJIUITH H MaK

CHMaJil,HOA 3HeprRH ycKopemwx IIpOTOHOB. YcTB.HOMeHlle 3aKOHOMepHOCTll 

B q>apMHpOBaHHH cneKTpoB HeilTpOHOB 3a 38.IIIHTOH ycKopHTeJiett B 3aBHCH

MOCTH OT reo~eTpmi: 381IlHTa-HCTO"!HHK 3aTpY'AHI!Te~I,HO ll3-3a OTHOCHTeJII,-
4 

HO CJIY"llllU{oro BU6opa M8CT li3MepeHHJI cneKTpOB H MOXHOH KOMil03lll;IDI 

381IlHTH, RM8KJI11eit,KaK rrpaBWIO, npoeMH H ll18~H. Il03TOMY rrpe'AC.:TaBJIJieTCR 

IlOJl83HliM ,naJII,HeAruee HaKOWieHRe HHCpOpMallIDf O cneKTpax HeilTpOHOB 3a 

381IlHTOI ycKopHTe.nea, ocodeHHo aa roMoreHHoA 3antHTOH, He CO'Aepxa

Il:lefl.npoeMOB n nie.nett. TeM 60J1ee, "!To Bcia~olKllli 3Ha"!HTe~LHHe rrorpem

HOCTH B BOCCT8.HOBII8HHWC cneKTpax, a MeTO,I!,U BOCCT8.HOM8Hll/l cneKTpoB 

He Il03BOJIJmT KOppeKTHO 01:IP8'AeRHTI, 3TH norpeWHOCTH. 

MeTo,Ir,U BOCCTaH9BJieHIDI cneKTpoB HettTpoHo~ ocHOBaH!,I, KaK rrpa

BMO, Ha B8CI,Ma cnenmpll"!HOH arrpHOpHOH HHq)OpMaIJ;llH O Bl{'Ae HCKOMOro 

cneKTpa li HMeIOT no 3TOH rrpli"!liHe OrpaHH"!eHHYJ(l o6JracTI, rrpHMeHHMOCTH. 

B TO ze BpeMII IlOCJl8'AOBaTeJII,HOe HCIIOJII,30B8.Hlie rrpe'ACTaBJ.teHmi O Be

poHTHOCTHOM xapaKTepe ll~MepHeMWC BeJlli"!llH B paMKaX 06I11ero rro.nxo'Aa 

K pememm HeKoppeKTHH.X 3a'Aa"l, pa3BHTOro TllXOHOBHM/2/, ITPHBMO K 
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·raK Haa1rnaeMOIIIY MeT0.11.Y CTaTliCTiflieCKOii peryJI.1Ipnaa.rnn/3-6/. 06lllHOCTl, 

a-roro MeTo,na, BHTeKa.lOOlruI na ecTeCTBeHHoro xapaitTepa anpnopHllX 

orpaIIB'IeHini, crurnamrux co CTaTllCTUtJeCKOR npupo,noii BBO,ll;UMOil 3KCne

pm.~ellTaJII,HOH liHqJOpMamm lI rJia,D;ROCTI,J() lICKOMoro pememm, B03MOlKHOCTl, 

DHtJHCJieHlUI onrn:6rui BOCCTaHOMemm, ,neJiaJOT ,nanHIIii MeTO,ll; npIDl!eHHMllM 

K pernemuo paMiflilllLX TlIIIOB qJlI3UtJeCI{lIX aa,natJ ( CM. HanpID.iep, /S-8/). 

B ,ll;aifHOH pa6oTe MeTo,n CTaTUCTiflieCKOii peryJI.IIPll3aI.llill npIDi!eHeH 

JJ.}UI BOCCTaHOMeHIDI cneKTpoB HeiiTpOHOB B 3HepreTiflieCKOM mrrepBaJie 

O,Ol3ll - 20 M3B 1 nauepemrux c rroMOIIfI,IO ,neTeKTopa EoHHepa/9/ aa aa

UIHTOH CUHXpOIUIBJlOTpoHa ll CmIXpOq>a30TpOHa OHlIB. B o6JiaCTll OT 20MaB~ 

.no s11epr1rn ycKopemrux npoTOHOB crreKTP Haxo,nHJICJt panee npe;zr,noJKemmii 

1,!eTO,IUIKOii/IO/ C llCl10JII,30BaHHeM yrJiepo,nco.nePJKalllero aRTlIBaI.lliOHHOI'O 

,neTeI,TOpa. 

1-lmite rro.n crreKTpOM 6y,neM IlOHHMaTI, BeJIIflIHHY 

'f'(E) =E·p(E),) (I) 

r.ne 

E - s11eprIDI HeliTpoHoB (MaB); 

~(E) - .nm:@epeHUHaJlbH8.il IlJIOTHOCTI, IIOTORa HeilTpoHOB 

(HeiiTp/cr.f·ceK•MSB), onpe,neJIJieMrur ll3 CllCTeMh[ IIHTerpaJII,HllX 

ypaBHeHIDI <Jipe,nroJII,Ma I-ro po.na CJie,DYIClllero BH.na/IO/: 
e.4X 

~ IC(E,Ri)~(E)olE. =N(R.)+E(Rd. 
e.... (l-=-L,2.- .. ,.,,J. 

(2) 

BeJIHtJmru, qinrypnpy10mue B BHpaJKemm (2), HMeIOT CJie,nyI(llluil CMHCJI: 

R. 
. le , 

~ - ,ll;llaMeTp I. 3ru.1e,JVIllTeJiil ( ,ll;IOHM) ; 

N(~.>- c1t0pocn c11eTa ,neTeKTopa c .:~ sru.ieA111ITeJie111 (HMII/ceit); 
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€ ( R.) -norpelllHOCTI, B ll3Mepen:m CROpoCTll C'ieTa "' ( 12~) ( m.m/ceit); 

K ·-
(E I R.)- 3aBllCHMOCTI, -qyBCTBllTeJII,HOCTll ,neTeKTopa C , - 38Me;zr,,IHTe-

JieM OT 3Hepnrn Hei1TpoHOB f=. ( llM!l· cr.f /Hei1Tp) ; 

E ...... E ... u - rpa.mmu :mepreTW1ec1toro HHTepBaJia ,Ha 1t0Topo111 qiyHK
' 

UHH K (E., i.) IIpmmMallTCJt OTJIH"IHllMK OT HYJIJI, 
. -8 
E . =IO llaB, E ,.o.x = I60 MaB • ...... 

lfuCJio saMe;zr,,IHTeJieil (tT\ =5), nx .nna111eTpH ( R =2,3,5,IO II I2 ,ll;!OiiMoB) 

ll 3aBllCllMOCTI, -qyBCTBllTeJll,~OCTll OT 3Hepr:m BH6pruru T9Mll ae, 'ITO ll B 

pa6oTe/IO/. 311atJe11m1 a11eprn:a E.i , WI.11 KoTopwc onpe,neJIHJlCJI crreKTp 

~:: Cf (E,; ),BH6HJ)aJillCI, CJI9,D,YlllllllM o6pa30M/IIf: . 
o,,.Cj-:1.) 

E . .,. e...,.. · d.O 
J "'-

Cj=:I..~- .. n). 

C UeJII,JJ IIpoBepirn npliMeHHMOCTll MeTo,na CTaTllCTll'tJeCKOil peryJIJI

pll3auHH WIJI pememm ypaBHemm (2) (rrporpaMMa pactJeTa oIIllcana B /I2/) 

6HJ!ll IIpo,ll;eJiaHH MaT8MaTR'18C!tlle 3KCnepRMeHTH no BOCCTaHOBJiemm aa

panee sa,naHHWC cnexTpoB BR.na 

cp. = i + .!i.. lllt.p[-½( ~t] + ~ ~[-! ( ~)1.] 
J 2JT'1 • b~ 2-d-a 2 &,a 

C BapI,i!pOBaHBeM rrapa.MeTpoB a1 , &-1.,ji, a,,,~ ,j,a, · . THIIll'iHIIe pesyJir,-

TaTH TaROI'O MaT9MaTH'leCKOI'O 3RcnepllMeHTa IIpllBe,neHII Ha pnc.I. 

C IlOMO~LI) OilllC8.HHOI'O BilJlle MeTO,na 6HJ!ll BOCCTaHOBJieHII cneRTpH 

HeilTpoHOB, H3MepeHHHe sa 3ruitl!'rOff CHHXp()UHKJIOTpOHa Ha anepI'llD rrpo

TOHOB 660 M3B n ClilHXpoq>asoTpoHa Ha anep!'lm rrpoToHoB IO ra~. MecTa 

ll3MepeHKII IlOKa3aHli Ha pHc.2, a BOCCTaHOBJieHHHe crreRTpH H CII8RTpli 

H3 pa6oTH/IO/ rrpHBe,neH!l Ha pllc.3. B MeTo,ne CTaTllCTH'iecRO! peryJIJI

PH3anRH O BOCCTaHOIIJ19HHOM cneitTpe MOZHO I'OBOpHTI, J1llIIII, B rrpe,ne.nax 

onm:6JtH BOCCTBHoBJiemm. llo aTott npHtmHe Ha pHc.3 yxasana neorrpe,ne.neH-

7 HOCTI, no.nyqemwx pesyJILTUOB B BH,Ite BepTmtaJII,HO 381IlTpHXOBaHHO! 
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o6JraCTll. Ilpll 8TOM o6JiaCT1, Heorrpe.neJieHHOCTll Wl.lI aHeprMH E > 20 MaB 

orrpe,neJlfIJiac1, CJie.IJYlWIMM o6paaoM; Ilo IqJailHMM TO'tlKaM MHTepBaJia Heon

pe,neJie1rnocTM Wl.lI E=20 MaB HaxO,nMJJllCl, .D;Ba CIIeKTpa - M8TOAOM,. OIIll

CaHHllM B/IO/, u 06~acT1> MeJK,ey llliMll rrplffiHMaJlac1, sa 06JracT1> Heon

pe.ne~eHHOCTM. 

Ilo.nytiemrue pesy~l>TaTH IIOKa3HBaJOT, 'ITO qx:ipMa cneKTpoB He:liTpo

HOB, B OCHOBHOM, orrpe,neJIIIeTCJI KOMII03IDllleil: 3a.IllllTH. IIpll'!eM sa CIIJIOIU

HOH 3a.IllllTOH CHHXpOWIBJJOTpOHa (pnc.26, TO'!Ka I) pa,:qMamtOHHM o6cTa

HOBKa onpe,neJIIIeTCSI He:liTpOHaMH BHCOKOil: ~Heprnn (cneKTp I Ha pnc.3). 

B TO ~e BpeM!I sa 3a.IllllTO:li C npoeMaMR (puc.2, TO'!Kll 2 H 3) pa,:qMa

IUIOHHYJO o6CTaHOBKY orrpe;neJl/IJOT r~aBHHM o6pa30M 6HCTplle ll npoMeiey

TO'IHJle Heil:TpOHH (cneKTpll 2 H 3 Ha pllc.3). CJte.nyeT OTMeTHTl>, 'ITO 

cneKTp HefiTpOHOB sa CIIJIOIIlHOH 6eTOHHOil: 3a.IllllTOil: CIDIXpOWIBJJOTpoHa 

(cneKTP I Ha pllc.3) MMeeT MaKCMMYM Ilpll 8Heprllll Heil:TpoHOB 400-SOOMa~, 

Tor.na Kalt cneKTpH Heil:TpoHOB aa 3a.IllllTO:li YCKOPH~eJiett IIpoTOHOB .nruite 

Ha 6M1>1I1He aHeprllll (cM./I/ H cneKTP 2 Ha pHc.3) MMeDT Ma.KCHMYM!l 

rrpR aHepF..mx MeH1>1UHX IOO MaB. Ilo-BHAHMOMY, cMe~eHMe Ma.KCHMYMa B 

o6JraCT1, 6o~ee Hll3KRX SHeprMH o6yCJIOMeHo HaJIH'!HeM rrpoeMOB H ~e~e:li 

B 3a.IllllTe, Jll3JimOil{IlXC/I HCTO'IHHKOM paccemnrux He:liTpOHOB. 
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PHc .I Pesy~l>TaTH MaTeMaTll'leCKOro 8KcnepMMeHTa no BOCCTaI!OM8HIIlO 

aapaHee sa.na.HHWC cneKTpoB 

* - sa.namru:li cneKTp; 

f - BOCCTaHOMeHHHfi cneKTp. 
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Pvrc.2 reor,ieTpM R3Mepemnl 

a) - B6JIH3li CllliXpOqJa30Tp0Ha; 6) - B6JIH3li CHHXpO~0TP.)

Ha; I,2,3 - MeCTa li3Mepemnl; 4 - nyqoK IIpOT0H0B; 5-MmIIeHn; 

6 -"oKHa" B ceK:Wmx Mfil'HHTa ClUlXp04Ja30TpoHa; ? -a1tcnep0:

MeHTaJ.InHoe o6opy~oBaHHe. 
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Plic.3 CrreKTpll HeilTpoH0B 3a 3aIIIHT0il CHHXpOqJa30TpoHa li cmucpornutJio

TpoHa B M8CTax li3Mepemm I ,2 ,3 ( CM,plic,I). 

WII - o6JiacTn Heorrpe~eJieHH0CTR B0CCTaH0BJiennoro cneKTpa; 

- - no ~ pa6oTll/IO/. 

9 



"' 
Jl1tTepaTypa 

• 
I. R.H.Thomae, Neutron Monitoring for Radiation Protection 

Purpoeee, Vol.1, IAEA, Vienna (1973), 327. 

2. A.H.TmcoHOB, MH CCCP, ill, 50I (I963). 

3. B.<li.TyptraH, lK.BWIBCJI.MaTeM. It MaTeM.q>ll:3.2, 1270 (I967). 

4. B.<li. Typ'l:irn. lK.Bll'lliCJI.MaTeM. 1t MaTeM.q>ll:3. §. ,230 (I968). 

5. B.<li.Typ'IHH, B.3.Hos;m. HsB.AH CCCP, cep. "<li1ts.aTM. It oKeaHa" 
_2, 29 (I969). 

6. B.<li.Typ'lllli It ,IJJJ. Y<liH, I02, 3 (I970). 

7. H.C.AHre~oB It ,IJJJ. Coo6~eHHe OHffil, PI-7546 (1973). 

8. 11.E.KoHCTaIITHHOB It ,IJJJ. IlpenpltIIT lffiM Ni 54 (1973). 

9. R.L.Bramblett et al., Nucl. Instr. and Meth.!!, 1 (1960). 

ID. B.E.~eHHHKOB, B.n.rep.I(T, M.M.KoMO'IKOB, Neutron Monitoring 

for Radiation Protection Purpoeee, Vol.1, IAEA, Vienna (1973),3\ 

II. M.Awehalom, Neutron Monitoring, IARA, Vienna (1967), 289. 

I2. JI.C.TypoBUeBa, B.<li.Typ'IHH, Ilpenp:irnT lffiM Ni 30 (I97I). 

PyKOUHCh nocrynHRa B H3~arenhCKHA or~en 
· 6 aBrycra 1974 ro~a. . 

10 


