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KoMO'lKOB M,M. H 11p. Pl6 - 12078 

11 ccne11oaaH11e attepreTH'lecKoro pacnpenenettHfl <timoeHca 
H !103hl HCiiTpOH0B Ha 6onblliHX paCCT0flHHflX OT yCKOpHTeneil 

noKaaatto, 'ITO npH pac'leTax attepreTH'lCCKoro pacnpeneneHHfl 4inJOettca 

H ll03bl tteilTp0H0B Ha 6onbruHX pacCT0flHHflX OT ycKopHTeneil nocnenHHe 
MoryT 6b!Tb npmcTaanettbl cynepil03HUHeil T0'lC'lHb!X HCT0'IHHK0B co cneKTpOM, 

6nii3KHM K peanbtt0MY cneKTPY aropH'lHbIX tteilrpottoa Ha atterutteil noaepXH0C
TH 3alliHTbl yCK0pHTenfl. T aK, nnfl CHHXp0UHKn0TpoHa na6oparopHH smepHbIX 
npo6neM OH HI! HCil0nb30BaHbl M0/lenH T0'le'lH0ro M0H0Hanpaanettttoro aaepx 

H ttaorponttoro a aepXHJOJO nonyc<tJepy HCT0'IHHK0B. CpaatteHtte pacqeroa 
C peaynbTaTaMH H3Mep~HHH ¢n!Oettca H ll03bl Heilrp0H0B 0Kono CHHXp0UHKnor

potta ll0llTBepnttno npaBQMepH0CTb BbI6opa M0llCnH H ll03B0nHno onpenenHTb 

napaMeTp aHH30Tp01lHH TaKoro HCT0'lHHKa, a TaKlKe BKnan HeilTpOHOB C 3Hep-· 

rtteil Bbllli_e 20 MaB B, nonnyJO 3KBHBaneHTHYIO ll03Y HeilTpOHOB Ha 6onblliHX 
paCCTOflHHsiX :OT yCKOpHTenf!~ OrMe'letto, 'ITO orittcaHHe·3aBHCHMOCTH 3KBHBil

neHTH0ii ll03b! OT pacCT0flHHfl BbipalKeHHflMH, npennaraeMblMH Pflll0M aaropoe, 

MGlKCT npHBeCTH K 3Ha'lHTenbttb!M OlliH6KaM npH oueHKax HHllHBHllYanbHblX 

!103. 

Pa6oTa Bbmonttetta e OTnene, .. panHaUHOl;IHoii 6eaonacHoCTH, OHHl-1 • 

Coo6weHHe 06-&eJIHHeHHOro HH,CTHTyTa. flJlepHblX HCcnenoaaHHil. Ily6Ha 1979 . ' : ~ . . 

Komochkov M.M. et. al. Pl6 - 12078 

Study of the Fluence and Neutron Dose Energy 
Distribution at Large Distances• from Accelerators 

The transport to large distances of neutrons produced by 
high-energy accelerators is -studied experimentally and theoretically 
for the Dubna synchrocyclotron. This accelerator is described by 
superposition of the point monodirectional and point isotopic sources 
with neutron spectra on a synchrocyclotron shielding. Comparison 
of calculated and experimental data provides for the possibility 
to estimate the source anisotropy and energy distribution of the 
fluence, and the population dose of neutrons ( especially for the 
above 20 MeV energy of neutrons) at large distances from an 
accelerator. It is shown that the calculation of this dose dependenc, 
on a distance by any empirical relations could cause significant 
errors in estimating individual doses. 

The investigation has been performed at the Department of 

Radiation Safety, JINR • 

. 1·. ,::; 
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BBEJ(EHJfE 

Ko11u.em1.nn pa.L(nau.noH11o'ro pncKa11 it 6ecnoporonoro Actt-
v /2/ 

CTBH.ll Ha nIOACH H0HH3HPYIOUJ.Cro H3Jiy1IeHH.ll npHB0.L(.llT 

K HC06XOAHMOCTH Y1ICTa H KOHTpOJI.ll YPOBHCH H J:(03 pa.L(nau.nn, 

BCJIH'IHllhl KOTOphIX HC TOJlhKO COilOCTaBUMhI, HO H MJIOro 

HU)Ke AOilYCTHMhIX 3Ha1ICHHH. Y1IeT MaJihIX HHAHBHAYaJihHhlX 

A03 oco6eH110 Ba)KCH n cny1Ia.11x, Kor.L(a 06Jiy1IeHHJO no.L(nepra -

JOTC.ll 60JihlllHC rpynm,1 JIJO.L(CH. Ilo.L(o6Ha.11 CHTyau.u.11 B HCKOTO -

poii cTencuu MO)KCT HMe11, MecTo n OIUIH, r.L(e cu11xp_o

U.HKJ10Tpon U CHHXpoqia301po11 CDOC06Hhl C03.L(aBaTh Ha 60JI1h-

111HX paCCTO.llHH.llX IlOJI.ll H3JIY1ICHHH C 3aMCTHhlMH YPOBH.llMH. 

H3MCPCHH.HM U OIJ.CHKaM qJJIIOCHca U A03hl HCHTpOHOB 

Ha 60JihlllUX paccTO.llHH.llX IlOCB.llUJ.CH P.llA pa6oT /CM., Hanpu -
/3-13') O 6 . 

Mep, /. • CHOBIIhIC PC3YJihTaTLI pa OT no HCCJIC.L(OBaHmo 

pa.L(HaJihIIOl'O pacnpe.L(CJICHII.ll IlJIOl llOCTU IlOTOKa 6LICTPLIX 

Hcihponon npc.L(cTannc111,1 Ha puc. 1, PaAuan1,111,1e pacnpc -

ACJICHH.ll IlpC,L(C1aBJI.lll01 co6ott IIPOH3BC.L(CHH.ll IlJIOTH0CTH no

TOKa HCHl pouon '1~ H 4 iT R 2 
'ACJICHHLIC Ha BblXOA HCHTpouon 

112-141 
H3 HCTO'IHHKa B CA}IIIHU.Y BPCMCHH Q . H AJI.ll pa3JIH1I -

HhIX )'CKOpHlCJICH 06pa3ym1 KOPHAOP 3Ha1ICHHH. 3111 pac

IIpC.L(CJICHH.ll II03BOJI.lll01 Jl}"UUC Bhl.llllHTh 0TJIH'IHC B napaMCl -

pax llpOXO)K,L(CHH.ll HCHl Jl0II0B H P1l3Jlll1IllhIX cpc,L(ax, 0Kpy)KaJO

UJ.HX )'CKopu1 CJILHLIC )'Cl aH0BKH. Ha TOM )KC pucyHKC B BH.L(C 

OT.L(CJILIIOH KJJIIBOH IIJlC)J.ClaBJICHbl JlC3YJILTaThI, Il0JIY'ICIIIILIC 

npu H3Mcpcu11.11x n paiio11c c1111xpou.nKJI0TJl9Yf OH.HU Ha 

311cpr1110 npo1 011011 660 M :JB 11 1967 roAy • Cpaeueuuc 

31HX }Hllllll,IX C PC3)'JILla1aM11 H3MCJJCHHH B paiiouc c1111xpo

U.HKJIOlpo11a qEPH ua :rncpnuo 11po1011011 600 M:JB, 011uca11-

H1>1M11 B 
1

~ 1101<a31,mac1, '110 IIJJ0X0)K)J.CIIHC HCHTJJOHOB B cpc

AC onpe )IC JIHCl C .II He 1 0Jll,K0 '.)IICJJl'HCH yc_Kopcuuwx npo1 OII0B. 

3qiq,cK111mrn.11 )J.n1111a ocm1611c11u.H qimocuca ueihpouon II cpc -
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Puc.1. II.11omHOCT!lU nomoKa 6blCT!lPblX Heii111pOH06 () >'. ---

Q 

Ha pa3.llU'lHblX paCC1110RHURX 0111 ycKopume.11eii npo1IIOH06, . 
Q - 6blX00 Heii111pOH06. 6 6030yX /Heii111p./c/, R - paCC1110RHUe 
0111 zeoMempu'lecKozo t1eH111pa uc111o'lHUKa IM/. _.:__- 3Kcne-
puMeHm, .:-. ::. -: = =-- - annpOKCUMaijUR • 

. .ne, oKpy:>KaIOII\eii c'HXJ>OUHKJIOTpoH U:EPH, oKa3aJiacL no~T, 

B TPH pa3a 6oJILWe 12 , qeM ,nm1 cuuxpoUHKJIOTpoHa OHJIH 
8

• 

B 3TOH CB.H3H CTaHOBHTC.H Ba)KHLIM 6onee rny6oKoe IlOHHMa

HHe 4>u3uqecKHX 3aKOHOMepuocTeii, onpe,neJIHIOII.UIX npoxo:>K

.neuue ueiiTpOHOB B cpe,ne 3a 3all\HTOH ycKopHTeJieii, qTo 

no3BOJIHT c 6oJILweii, qeM .no uacTO.Hll\ero BpeMeHu, ,nocTo

BepHOCTLIO, oueHHBaTL 3KBHBaJie~THLie ,n.03LI nepcoHaJia 

u OT,neJILHLIX JIHU H3 uaceJieHU.H KaK npH pa6oTe YCKOPUTe -

neii, TaK u npH HX npoeKTHpoBaHUH. 

B HaCTO.Hll\eH pa6oTe npe,nnpHHUMaeTC.H IlOilLITKa ,noCTHqL · 

3TOH uenu nyTeM oueHKH 3HepreTuqeCKHX pacnpe,neJieHHH 

neiiTpOHOB H ,no3 Ha pa3JIUqJILI~ • paCCTO.HHH.HX OT CHHXpo

UHKJI0TpOHa .3KCnepHMeHTaJihHLIM H pacqeTHLIM ciioco6aMH. 
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PACl/.ET 3HEPI'ETHl/.ECKOI'O PACIIPEJ],EJIEHH.Jl 
<PJIIOEllCA If JJ,03bl HA EOJibll/JfX PACCTO.JIHH.JIX 
OT JfCTOl/.HJfKA HEHTPOHOB 

Pac 1ICTbl n0JIH paccCHIIHhIX HCHTPOHOB BLIO0JIHCHhl Ha 

0CH0HC MCT0.IJ.a, 113JIOiKCHH0ro B pa6oTe
111

/.u.n» .IJ.BYX THil0B 

HCT0'IHHK0U: 

1/ To 11c1111oro Mo11011anpaa11eu11oro, op11eun1ponauuoro 

ncpIICII.IJ.HKYJIHPII0 U0BCJ)XII0CTH 3CMJIH; 

2/ -ro 11c1111oro 1130 rponuoro /a 2 rr cTepa.11.11a11/. 

)a CIICKTp HCHTPOHOB HCT0 11HHKa_npmrnMaJICH CIICKTP ueihpo

llOB, UhIX0.IJ.Hll.{HX c uucUJucil noncpxuocTH 3all.lHTLI 113 06L111-

11on> Ge roua'lr, ~IHYTPCHIIHH noncpx110CTh KOTopoii 6oM6ap

)OtpycTCH uciirpouaMH C MUKCIIMaJibllO_Ji '.HICpnteii CilCKTpa 

· 500 MJB. Ilp11HHTL1ii u pac 11erax cncKTp 6mnoK K cncKTPY 

11ciiTpouou, 113MCPCHII0MY B 0.11.uoii 113 T0 11CK ua BHCllJHCH 

none pXII0CT 11 'lUll(HThl CIIHXP0UIIKJIOTP0Ha
1 17_

1 
Co.11.cpiKaHHC ao

JU,I B 0CTOIIC Bb1611pa11och paBHhIM 5o/o no secy. 311epren111cc -

Koc pacnpc,L(CJicuuc 11ciirpo11ou 11cT0111111Ka no rpynnaM npu

uc.11.c110 u na6AUIJe. Pac 1ICThl npoU0.IJ.HJIIICh 6e3 Y'ICTa 

)~cqiopMal.{HII CIICKTpa '.JC1'-UICii. Co.11.epiKa1111c B0,L(0po.11.a B B03-

)WXC IIJHIHIIMaJI0Ch 0,1 110 no Bccy'1H.'Ha puc. 2 npHBC.IJ.CHhl 

pacc 11HTiUIHhlC npocrpallCTBCllllhIC pacnpe.11.e11c1111H 3KlJHBa

JICilTHOH .IJ.03J,I nciiTpouon .IJ.JIH o6onx TIITT0B IICTO'IHHKa. 

Kpl!Bhle l, 2 n 3 0TH0CHTCH K M0H0HanpaBJICIIH0MY HCTO'IHH

Ky; KPIIBhle 4, 5 II 6 - K 1130TJ)OnUOMY. 113 IIHX 1 H 4 - BKJia.IJ. 

H ')KBHBUJICIITIIYI0 .IJ.03Y OT neiiTpOHOD C '.JIICJ)rIICH DhlllJC 

20 l'tl:JB, 2 If 5 - OT HCHTPOII0B, o6pa3oBaDllJHXCH B B03.IJ.yxe 

H pe3yJihTUTe paccCHIIIIH ueiiTpOHOB IICT0'IHIIKa C ::rnepr11eii 

lll!)Ke 20 M,1B; 3 H 6 - 3KBHBaJICHTHaH .IJ.03a OT Bcex 

ueiirpoHoB. 

M111111MaJihllaH 311CprnH ueiiTpOHOB npHHHMaJiaCh paBHOH 

0 -8 5· l M3B, T .e. B pactJeTaX HC Y'IHTbIBaJIHCh TenJI0BhIC 

HCHTPOHhl. KpHBLie Ha puc. 2 uopMupoBaHbl Ha 1 HCHTpOH · 

HCT0'IHHKa C 3Heprueu BhlllJC 20 M3B. Ha 0CHOBaHHH .11.au

HhlX , l l, 
181 

BKJia)J. raMMa- H3JIY'ICHIIH B 3KBHBaJieHT ,n.03LI 

ClJHTaJICH npcue6pe:>KHMO MaJILIM. _OTIIOCIITCJihHLIH BKJia)J. 

pa3JIHlJHhIX 3HcprCTH'ICCKHX rpynn B none 'pacceHHHLIX HeiiT

p0II0B npHBC)J.CH B ma6AUije .IJ.11.11 pa3JIHlJHhIX paCCTO.HHHH R 
oT ro•1eq11oro MonouanpaBJicHuoro ucToqHnKa. reoMeTpuqec

KaH u.11.ea11u3aun.11 3a.11.a11u npe.11.nonarana, 'ITO pac11eThI BLmon-
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Puc.2. 31<auaaAe11m1wJ1 003a 11eiimpo11oa H x R /6:Jp•M 2 

/ 
11a pa3AU'lllblX paccmOJIIIUJIX l{ /M/ om mo'le'lllOZO ucmO'lllUl<a. 

HJIIOTCH ,nnB 6ecKOHC'iHOH B03,nylllHOH cpe,nLI H HCTOtJHHKa 

C ocenoii CHMMeTpHeii. TOT qiaKT' tJTO rpyHT HMeeT ,npyroii 

COCTaB II nnoTHOCTL, .nomKeH, pa3yMeeTCJI, CKa3aTLCJI Ha 

qiopMe cneKTpa pacceJIHHLIX HCHTPOHOB, o,nHaKO B MCHLllleii 

Mepe Ha TaKOH HHTerpanLHOH nenHtJHHe, KaK 3KBHBaneHT 

,no3LI. 3qiqieKT BillIJIHHJI rpaHHUbl B03_,nyx-3eMnJI, no

BH,nHMOMY, c.rie,nyeT oueHHBaTL, Ha Harn B3rnH,n, HCXO,nJI 

H3 HMCIOIUHXCJI JIHTepaTypHLIX ,naHHhIX, nanpHMep ,nJIJI HCTOtJ

JIHKa ~eneHHJI ,nJIJI no.no6HLIX reoMeTplltJCCJ<HX ycnoBHH~ 
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3KCIIEPHMEHT 

113MepeHHH '.rnepreTutJecKoro pacnpc,ncncHHH u A03hI 

Heii:TpoHOB Ha pa3JIH'IHhlX paCCT0HHHHX OT CHHXp0l.(HKJIOTP0HU 
'Fi' npOBOAHJIHCh C HCil0Jih30BUHHCM CilCKTP0MCTpa bOHHcpa ' 

KOpOHIIOro 6opHoro ClJeTtJHKa HJIH nponopl.(H0IHlJlhHOro rCJIH

eaoro C'ICT'IHKa Tuna CHM - 18 n unnm1,np1111ccKoM JaMe,nm1-

TeJ1e H3 napaqmHa C T0Jill.(HHOH CTCH0K 120 MM. Pc3yJihTUTl,I 

H3MepeHuii Il0Ka3aHbl Ha puc. 3 H YA0BJICTB0pHTCJihH0 onu
ChIDalOTCH Bhlpa)f(eHHeM 

2 2 2 2 
H x R "" Q [ h l x R t- b ( h 2X R - h l >'. R ) I, /1/ 

r,nc 

Ha 

2 H-R - MOll.(H0C fh 'JKBHBUJICHTHOii A03hl 11cii rp0H0B 

paCCTOHHHH R MCTpon OT UCHTJ)U cn11xpo1utKJIOipo11a, 

<'{ij.-
"':,: 
'O"' 
~() 

N, 

~ 102 
:x: 

- CITCRTpor.ieTp [,01mepa, 

- nponopI\IIOHU/ll,llllil l'CJJitelJllil 
C'ieT'ill!( Tl!na C!J:d-18 B Ull
/lllB,!lJll!HeCROfJ 33Me,n/ll1Te/le C 
TO/ll!UlllOii CTeHoK I2l)IJJ 

10
1
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R, KM 

Puc.3. 31<eueaAe1111111aJl 0o3a 11eii111p·o11oe II>R 2 /M1<63p •M 2/c/ 
c 311ep2ueii 11u.J1Ce 20 M:JB /1/ u noAHaJl :J1<eueaAe11r:z11aJl 
Oo3a 11eii111po11oe /2/ 11a pa3AU'lltblX p__accr:zoJl1tUJlX 0111 2e0Mem
PU'lec1<020 11e11mpa CU11XP0IJU1</l0Tllp0HQ R /KM/. 

8 

I 

YMHO)f(eIIHaH Ha R2 ; Q - BhIXOA ueiiTpOHOB C 3Heprueii Bblllle 

20 M:,B 3a Jall.(uTy ycKop1nenH; h 1 uh 2 - cooTBeTCTBeauo 

pac•1eTHble MOll.(IIOCTII 3KBHBaJieHTHOll A03hl HeiiTpOHOB AJIH 

To•1etJ11oro Mo11011anpaane11aoro aaepx u TotJetJHoro u30-

Tpon11oro B 2rr CTepa,!\HaH . HCTO'IIIHKa ueiiTpOHOB / puc. 2/ 
HJIII "OTKJIHKII" .neTeKTopa AJIH pa3JIH'lllhIX cqiep liOHHepa; 

b - napaMeTp, Y'IHThIBalOll.(HH aHH30Tponmo HCT0'IHHKa. 

.HcTO'IHHK Q onpe.ne11e11 B
1 

ti(.a OCHOBaHHH 3KcnepHMeu

TaJihllbIX AaHHhIX pa6oni 
191' paBeH /l ,7fil,2/ · 10 9 

/ He'iimp./c/. 
Mnoronenme H3Mepemrn ypoaneii uaae.nemrnii pa.nuoaKTua

uocTH Y3JI0B CHHXPOUHKJIOTpoua IlOKa3aJIH, 'ITO TOK npoTo-

110B ycKopuTeJIH c 1968-1969 rl.lAOB B03poc B 1,46±0,46 pa-

3a. TaKUM o6pa30M, AJIH . pacqeT0B· npHHHTO 3Ha'lenue 

-9 
Q ""/2,48±0,83/ • 10 / 11eump./c/. 

11cnoJib3YH pacqeTHbie .naHHhie no "OTKJIHKaM" ACTCKTo

pa a cqiepax liouuepa /5, 10 11 12 AIOHMOB/ AJIH ABYX reo

MeTpllii, 3KCnepHMCHTaJibllhlC 3HatJeHHH "OTKJIHKOB" H qiopMy

ny / 1/, y.nanoch onpe.nenHTb cpe.nuea:iaerneuuoe 311aqeuue 

b =0,206±0,019. 
PactJeTHOe 3HalJCHHe IlOJIHOH 3KBHBaJieHTHOH A03bl neiiT- · 

pouon Ha pa3JIH'IHhIX paccTOHHHHX OT CHHXPOUHKJIOTpona 

/qiopMyna /1// noKaJano na puc. 3 .. Ornn6Ka ne npeBhlwaeT 

33'10. 

BhlB0,4bl 

Anann3 npe.ncTaunennhlx pacqeToB u 3KcnepuMenTanL

HbIX AaHHbIX IlOKa3bIBaeT, 'ITO onucanue 3aBHCHMOCTH 3KBH

BaJieHTIIOH A03bl neiiTpOHOB OT paCCTOHIIHH npoCThlM Bhlpa

)f(eHHeM Tuna 

2 -RI/L -·R/A 18,12/1 . " / HR :skQ(l-e )e CM. puc. 1, KpHBaH c u 
011Jll1"/ 

MO)KeT npuBeCTH K 3Ha'IHTeJibllhlM owu6KaM, T .K. A, npuuu

MaeMaH B pacqeTax KaK KOHCTanTa, na caMOM .nene H3Me

HHeTCH C paCCTOHIIHCM H CHJlhHO 3aBHCHT OT reoMeTpHH 

H napaMeTpOB HCTO'IIIHKa na 6JIH3KHX paCCTOHIIHHX /< 300-
-400 M/. 

9 
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I CpaDHCHHe peJynhTaTOB Ha puc. 1 H puc. 3 Il03B0IlHCT 
c,ncnaTb DhIBo,n, '-ITO HH)KHHH orH6a101QaH <liYHKl{HH pa,nHanh
noro pacnpc,neneHHH nnOTHOCTH IlOTOKa 6blCTphix neihpOHOB 
OlHOCHlCH, TIO-BH,I\HMOMY, K YCKOpHTCilHM C "xoporneiI" 
fiOKOBOU 3aIQHTOU /pa6oTaeT Mo,nenb TO'-IC'-IHOI'O MOHOHanpan
ncuuoro nnepx HCTO'-IHHKa/, a nepxHHH COOTBCTCTBye1 MO
.ncnn HJoTponnoro n 2" cTepa,nnan HCTO'-IHHKa. 

B JaKmoqenne aeTophI 6naro,napsT E.K.renhqian,n H 
A.R.Cepona, DhIIlOilllHBIIIHX 1.JaCTh pac'-ICTOB ,nnH neihponon 
c 311cpr11eii E 11 •• 20 M:JB, a 1aK*C C.Il.1Ipyca1.JcnKona, 
B.lLKymIKoua, 11.A.MaTneena Ja 6onhrny1on0Mo1Qh, 0KaJa11-
11y10 npu npone,nennn HJMepe1miI. 
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