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1,1 CC II(>Il OBIl ' IHP 311(>PI-P TlI'I"("K ' lro pllCnpf'JlCllelllHI (p.r. lOe ll ("/:l, 

H 11031>' HPilTPO HOf\ ti n 60ill'" unx pn("(" T nll ll ll ~x liT YCKnpHTellf' 1t 

n OKlIClBHO , 'ITO np " p:,C'le T IIX '-tIWI ,rPTlI"PCKoro l'"cnp~lIelleIl IU( <\U1l00HC8 

H .10:3 1,' Heii T pOH Oll /1 8 ('i Ollb WHX P IlCCTOQHlts.X OT YC K OpHTCllrd\ nOcm:'JlHHe 

~, or \, T 610I T h np'nCTlll\lI'~HII r: yn"pnO.3H UHf! 1I TI''le'lllldX II C T O'IHHK08 co cneK TpOM. 

6 nH3K"'1 K p oall hHO MY c nOKTpy IH"PII'IH I,'X HPii T pOlIo n II" !lIIClllllOii nOllepXHOC

TH 31lWHT I oI yC K opKTe ll ~, T nK, il ll~ C HHXpOUIIKnOTpOlfll JillfioPIlTOPHH SlllCPHb'X 

npofille '>! Ollfl ll Hcnonb30n8H h ' M O/Jenll TO'le'lHOrO MOHOHBnpOl\lIeIlIlOI- SI\CpXn 

II H30T pon Ho r o n l3epXIHOIO nonycifl<'PY H C T O'1 HHKOA. CpLlFHleUHC' paC'IOTOS 

C pe3Yllb T 8 T BMH H3MP.PPHHii ~lIf()e IlC II H 1103[.' HeHrpOIl OB OK ono r.H II X POUHKIIOT

PO HIl nOO T"epOHIlO Il pOSOMepHocrb Dhl 60p a M OllellH Ii I1 03BOIIHIIO onpellellHTb 

IlB p AMerp a HH3 0Tpoml H T BK o r o HC TO' ll1HK a, a T BKlKe SKIlIIIl Hc ilTPOIIOS C 3 Hep- ' 

rH e il B I, ' LU O 20 r.' 3B B nOllliYJO 3KAH"RSllellrnylO ll 0 3y IIpnTpOIl OB ua 50llbWIIX 

psC C rO~ HH >l X o r YCKopHTeIl H. O TMO'lCHO, ' I T O onHcallHe 311BHcHM o crH 3KBHDII 

IlP HTI I OIt ,103LI OT pa C C TO"IIH~ Bhl p D lKeHH5IMH, iTpeana r af'MhMH prulO~ BB T Op OB. 

MC)!(P T IlPIIACCTH K .3 HB'II1Tl" llb II 1,1 'I OW HliKBM npH OUCUKax IIHOHBHLlySllbHHX 

a o:) , 

P;, fi o r n flhlnOIlIH?Hll B OTaClle PII0l1l111HOHH0 i1 6C3 0nSC !IOcrH. 01151 11 . 

Co06we HHe 0 6 b e DHHeHHo ro HHC TKTYTB RllepH~X HccnenOB8HHA. Ay 6 R8 1979 

Knmochkov M.M. e t al. Pl6 - 12078 

Study o f the F'luence and Neu tron Dose Energy 

D i s t.r i h ution at Lrl rge Distan cps fro m A c cel e r a to r s 


The !ransport lo la rge distanc es o f n eut r ons produced by 
h i ah- 0 n e rgy accel era tors is -:'slildied C'xperimentally and the oretic a lly 
for th e D ubne, syn chrocy clotrnn. This acc e lerator is desc rib ed by 
s u pf"rpo s i tion o f the poi nt monociirectiona l ancl point isotopic s ource s 
with n e .. t r o n sp(>c tra on " synchrocyc ] otr o n shieldin!1. Comparison 
o f Cn IC\l ]a lerl a n n C'xperim(>ntaJ dati) provides fo r the p ossihil ity 
to estilllR te the SOl Jr c<" anis o tro py and energy distribution o f the 
fl u enc e. and thp population d ose o f neutrons (especially for the 
a bove 20 MeV enf'rgy of neutron s) 1't t l a r ge d i ",tance5 (rom a.n 
a c celera tor. It is s hown tha t the c alculation o f this dos e r:lependenc 
on a distance by any e mpiri c al rel ations could c.''\use signi ficant 

e rrors in estima tin~ individual ri o.!'oes. 

The investigAtion has bppn performed a t the D epartment of 

R a d iation Sa fety, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 

BBl:.A iil/J1/.:' 

KOlllJ,C II lJ,HIt pa~H aUH Oll H O I 'O p UcKa 1Ii 6 ccn O pOl" O HO I 'O ,ncH

C1BH II Ha JJH).nciI " ~ H OllH3H pYlOLUC I 'O H3 JJ YYCBHII n pHBOlllll 

K IIcoG X 01lHM OC l U Y YCl a H 1<011 1 pOJJ lI YPO OHC H H .0.03 p aA ltalJ,IIH , 

UCJJHYH lI b.1 )( OTOPL] )( IIC lOJlb.)(O conOC l aSHM LI , lIU II M IIOI () 

IIH)f(C Aonyc I HMbJX 3l1Cl'iCIIIIH . YYC l M aJThl A HHllHBHllya JlbHbl )( 

AU3 OC05CIlllO na>l<C1I II CJlyyallX, K O I 'Aa 06Jl YljClIHIO nOllBCpla 

WI ClI GOJTLWHC l'p}n n L I J]JoAcii. l1ollo611all cHTyalJ,H II n IIC)(Ol o · 

POH C l cnc HH M O)l( C l H M Cl L M C(;' O n O HRI1, I'A C CHlIXPO

U.HKJl01 P OIi H CH lIxpoqJa30l POIf c noco 611 bl C031laBaTb H a 60Jlb

W HX paC C10llHltllX /101111 H3JIY 4 ClI itii C 3a MClllblM H YP OBII lIMH, 

H3MC P C II HIIM It OUCII K aM tVJ1IOC H Ca H 1l0 3LI it CH, POIIOIl 

Jla 60 JJb.WH X pa (; C "IOll IlH lI )( nOC B IIU{CIl P llll pa60T /cM "JlanpH 
" 1" 

MCP , " . , "/ , OCItOI.l Il b.I C P (3) JJI.la lbl pa 601 no H C CJICAUUUIt HIO 

pall11 a JJ LIIOI ' O p a CllpCllC JIC IlIIlI IIJIOl l lO (; l H no J OKa 6 LIC' pLIX 

)(cii1 P O II O U npellC ' a nJlCIILI lI a puc , I . PaAHaJlh llblC pac llpc

llCnclfHII " p C)lc l aI.l JH IIO ' <.:OU O H IIp OIl 3IlC )~ CI IHlI fl JlO ' H O C , It flo

1 () K a II C H I p Oll 0 U ' I, If ! ;; 11 :2 , A C JJ l' II II 1,1 C II U Jj LH () A II C ii'l pOll 0 II 
' I ~ - 1 1 

H] IlC 'll ' tJI ltKH B CJUIlIIt UY IIPCMC IUI 0 " H llJJlI pa 3 JlItLI -

JlblX ~C:KOp I1 1 C nC H O(i P ilJ }H)"J KOPIt).l.OP 3HaY C If HH . 3'H pac· 

" PC)ll'JICltlt li 1I 0 '.l 1l ()1I11 H)'J JI} Y Ul l' IILHIJ'" 1 L O 'J11HYH C U lIapa MC1 

pax " P O X()f(JlC I IIIII IIcln PO II O/l H pa3JJII Y IILIX c pC lla x , ())(P) )l(ato 

UIHX ) Cl<Oplt l l' JILIiLll' ) <': 1 a llO Il Kl1. lIa H)M )f(C P H CYIIK C 11 IHIJI C 

01 l lC JII,lIoil J< pll lloii "pc ) I C I it Il Jl C II LI p c 3 YJIb. I a 1 hI, lI o n y Ill' II I I L ll' 

nJlIl 11'1Ml' pC' /I lU I X II p a iioll C ClI lI x pOUHKno,pqU r OHR lt Ita 

') UCPII'IIO IIPOIOIIOII ( )() () M .JiJ Il 11}()7 J"()}lY , C pa BII C II H C 

'J IUK JLa ll lll.n C pC 'j ))II, li l "IMII H3 M e pC IIHH B pa HOIlC CHIIXpO · 

lJ, IIK JlU lpUll a IlI ' l'll lI;! ') IIeplllIll "PO I II/IOU 600 M3B.oIIHcall
1 .. " 

""I MII II ' 1I0 I<<I '1 t.llli1l" , '1 IlI "POXO)f()leIl HC II C H1POH O l:l II CPC 

).I.c OIlJH' ) l l' JlH l 'ICH 11(' IO JIt.f,(t '11ll'PI HL'H YCKO P C H llblxnpOIOII()I1 . 

J<itQ 1l ' '' 11l1lIl all JUlltll" Ol.'IiIUJJeIUill qlJIJoellca ll C H1 P OIIOB H cpe' 
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Puc. J. lIAOTIIHOenU nOTIIOKO 6b1CPlPbIX HeUTllpOIIOa ') 

Q 
na P03AU'lll b IX paCC TII OJi HUJl X om Y CKOpUTIIC A e U n p01ll 0 HO B, 
Q - BbIXO{) He UlIIpOH OB B B030 Y X /IIC U Tllp./c/, n, - p aCCIIIOJi HU e 

OTII 2COM CmpU'IeCK020 lI e lllllpa UC/IIO'lH U KQ /M/. ----- - .J Kcn e
pUMCHn. :::. -.::. -: :: :-- - annpO KCUMQIIUJi . 

,ne, oKPY )f(alOll(eii CUHXOOll;UKJIOTPOH U,EP H, OKa3anaCb nOlfTH 
I t ' r ' S I 

B T pB pa3a 60nbUle ~ : '{eM ,nn B. CHHXP0ll;HKJIOTpOlia OMRM , 
B 3 T OB CB Jl 3B CTaHOSHTC JI Ba)f(HblM fioJIe e r1lY fiOKoe nOHUMa

HHe ~H3H'{eCKKx 3 aKOHOMepHoCTeH, onp e ,neJIJlIOWWx npoxo)f(

,ne HHe HeiiTpoHoB B cpe,ne 3a Jall(HToB YCKopHTeJ, eii , 'ITO 

n0 3 BOJIHT C 60JlbWeii, '{eM,no HaCTOJl lu;erO BpeMeHH, ,nOCTO

BepBOCTblO, ouellHBaTb 3KBHBaneH T Hble ,n03 b1 nepCOHaJIa 

B OT,neJIbHblX JIUU H3 HaCeJIeHHB. xaK npo pa60T e YCKopOTe

JIeli, T aK 0 n p o ox npoeKTH p oaaHH O_ 

B lIaCTOB.lu;eii pa60Te npe,n"pKHHMaeTCH nonblTKa ,nOCTHlfb 

:nOH [leJIU nyTeM ouellKH 3HepreTu'{eCK8X pacnpe,neneHHH 

HeiiTpoHoB H ,n03 Ha pa3JlHlfHblX , paCCTOJlHHJlX OT CIIHXPO

lI;OKnOTpOHa 3KcnepHMeHTaJIbllblM H paC'IeTHbiM CITOCOfiaMH . 

4 

J>AC4E T 'Jllt;Pl'li nll/ECKOro PACITPl;')J,EJTlJHJ1J1 
<l>JIIOBflCA JI AOJbI JlA b'UlTbJUI1X PAce rOJlHHJlX 
or JlC/OLJI-IJIKA IIEiiTPOHOB 

P.tc'Je I 1.1 IIIlJlll PHCCClIllllblX lIeii rpOHOS Ubl ll OJIJIClllo1 JlU 

OC IIOHC MC rO.Qa, In JHl iK ClIlIOl'O IJ pa60rc 1 1 .QJlll )~uyx 1111101'1 
IIC (O'lIIlIKOIl: 

I I 1 lI'ICLIIIUI II MOII O/l ;UlpaIiJICIlIIOI'O, OPIICH rupOIIUlllluro 

IICPIICII.L\HKYJlllpItO 1t000H.'jlXIIOC III leMJllf; 

'2/ rU'IC'IIIOIO 1110 I POJlIJ()[·o In :~;, c rcpu,nHlI lt 

I , t CItC" I P IICU I PUIIUII IIC I O'IIIHt.: " lllpHIIHMI:lJlCfI ClI CK I P IIc l i fPU

11011, IIbIX I I, tllIlI/IX L III1CIUIICli 1I0UCPXIIIlC fH 'lall(1I I bl ~I I OObl'l 

1101 () lic 1011.1 1:, lillY I PCIIIIHII II()UCPXIIOCTb KO ropOH OllMoap 

IIIP}CICII IIciilPII II<lMIl C MilKCUMilJlbllOli IIl c pl ll eii Cll cKlpa 

SUO M,ill. IlpllIllIlI>lii II pac'lclax CIl CI>:lp GJlIlItIK I>:c.; II CK l py 

"cli I POIIOII, IIIMCPCllltoMY /I lI) IIlOil III IO'IC" IJd UltcllIltcii 

IlllnCp\lIlIC III I d ll(H I 1>1 CltllxPOlllI K l lU I pOlla I , CO, ICP>KUIIHC HO 

1I.1 II IIC 10111..' 1l1olll lJjl.lnOl..l.. paUIILIM .'>'1u 110 IICC) , ·)IICpl C III'H: c

"I lL' jli I C llpe,IC JI CIIJIC II C IlIPO II OIl IIC l l)'lIIlIl\a no I P)lI l1u M I1P" 

J\l' ~l l'lI() (j n Ucl.IUlll' . Pac'lc 1 101 "POII U)..(II JIIt C I. OC'l Y'IC 1 ,\ 

h :l j l(l p\l,l 111111 c ltel\ I JM ' l l'MJleii , ('OD.C P ..t('-l IlIlC llO) (O pU Jla U 1I0J

.11 \t' II )l H IIIIM,lJII1 (; b O. I 1u 110 n c c y 11; . lI a pu c . .:! np HIJC )I t.! Hbl 

p dl l 'I H 1,llI lIhlC Il p OC I J1 dll L I 1I l' 1I II bll! pacll p C,It.!J It.!lIH lI J Ktl l lJla 

l lell I lIoil .L\O ILl IICII I IW IIOII , V Ill 0 60 lf x Tll l1 l1 ll I1 C rO'llUl"a. 

K flIl H I.IL' I, '2 /1 :l IlIIIOL HIC II I>: MO II IJlll.ltlp. I IiJIC/l IIO M Y UC r OYIIH 

K); "Pll llhl C 4, 5 u () . " W Ill J PI HI HOM}. 11'1 /lH X 1 H 4 - I'I KJla)..( 

Il '1>. IIHII,L Il..' I Jl II}H l ((H,I (II HCHlPOlI ll Ll C JIIC p llfC ii BblUl e 

2U M ,)B. :2 II 5 II I II c ~i I llll ll IlB . OUPd 'IOHdBLUIIXl. n Il U03 ).lY)( C 

II I)C l ) Jlbl<.l lL..' pal'CL..' RllI l n IIl'lt rp oJ( ou IH': I OLI II H t.: <.l C :.lIlcpruc ii 

JI ll ... ;, :lO M,J U; :i H tJ ' IK JJHll;l j ICIi rJl aii ; IO 'ld or B cex 
licit I PU lltlll. 

M 11I1I1M .U l b lld)l :) IIV P lllfi 1I l:li l PUIlO II Il pHII HMaJta cb p al'lH oil 
S'I(J - ~ MJJJ, 1 . C . 

II paCLI C l a x H t.! Y'litl bl SUJIH C Io r e nJIOSble 

1I ":1f l\llll l b!. K PHUblC 11.1 p uc. ;] 1I0P M HpOBaHl.l li d 1 HeHTpolI 

H(' I O'lIl1tKd (; Jllept ·Hc H BblWC 20 M J B. Ha UCH OBaHHH ,na H

IIbl>. I I I , HI<J la ..... r d MMa-H3 JlY'lC HHlI B JKUUUaJ1e HT ,nOJbl 

C 'i H r .liI L ){ n p c IlCO P l.!)f(H MOM aJlbl M . OnlO e l) [ en bHblH B KJIa,n 

p d I JIH'I lI b IX :I /l l.! pCC I II'lCl. KH X I pyn n U nOll e p ac.CC lI HHbIX HeHT

j11lII Illi llPH BC,nCII B na 6J1IJIlf! ll,JI li p a,llH'lIlbl\ pac.;c r OH HHH R 
U I [U ' I C Lf HOI' O MOHlma n paSl l C /111 uro H CTOYHHKa. l 'co MeTpH'ICC 

K i:UI IIl1.eanH3 a UH lI 3<l.n.cl'l H n pC,J Il OJI a l 'ana, 'i TO pac yc fbi BbIITOJI 
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Puc.2. 3K6U6a/H!lImllaJl 003a lIeiimpOII06 II.·. R - 163p'M ~I 
IIQ pa3llU'lllblX paCC1IIOJlIIUJlX I? IM/ om mO~e'lH020 U C1IIO'l Il UKa. 

H$lJ()1 C$l .IJ.J1R 6CCKOIIC'fIlOU B03.IJ.YWHOH Cpe.IJ.hl II UCTO'fHUKa 

C OCCBOH CHMMCTPHI!H. TOT ¢aKT, 'fTO rpYHT HMeeT .IJ.py r oH 

COCTan II IlJlOTIIOVfb, .IJ.omKclI , pa3YMccTCR, CKa3aTbCR Ha 

¢OPMC cllcKTpa paCCellllliblX HCHTPOIfOB, O.IJ.HaKO B MCllbweii 

Mcpe lI a TaKO" HHTerpanbllOH Bemf'lHHC, KaK 3KDHnaJlCHT 

.IJ.03hl . :J¢¢CKT BJ1UlIJlHJI rpaUHUbI H03Jl.yx-3eMJHI, n o 

BH.IJ.HMOMY , CJIC.IJ.YCT oUCIIHBaTb, lIa Haw B3rJlJl.IJ., HCXO.IJ.JI 

H3 HMCIOUJ,IIXCJI J1HICpalypHbJX .IJ.aHIIWX, llanpUMep .IJ.JlJlHCTO'l 

IIHKa .a.CJ1CHHJI .IJ.MI nOAoGHbJX I COMel PH"ICCKUX ycnoBH H . 
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YMIIOiKellHUH li n R" (j - I1WXU)l. lIeli I POIIOU C '1I1cpraeii B blwe 

20 MJ[J l a 'HtUlIi ry Y CI(OPII re nH; Ii 1 H IJ :!. - coo rBeTCT BeHHO 

pa CIIl! r IIbl\! MOIL(1I 0 C rH " KUHS<lJICIi fllOD ,nU3W lIeliTpOHOB .nJUI 

TO'l e 'IHoro MonOllanpaBJlellllOrO Boepx II TOLfe4Horo H 3 0

rpolllloro B ~ ,7 CTCpa./.lU U II HCTO'lllHKa ueHTpOfiOB / puc, 2/ 
lInu "OTKnHKH" )l.C reK ropa )l.IlS! pa3nuLfHbix c41ep 60HHepa; 

h nupaMCTp. y'nJ I blualOUlHH allH JOTpOnUIO HCTOlJlffiKa, 

~Ic rO ' lIutK (J onpc,n l: JI C Il u I i na OCIiOBaHHH JkCnepHMeH 

TaI l b II bU .nallH bJ x pa60TbJ t !'1J paoe II / 1,710,2/ ·1 0 rJ/ H€Ump'/c/' 
MlloroncTIIHc H'JMcpellHH YPO[)IICH Ilaoe.nelllloii p a .nHoaK'fHB 

1I0CTH Y3 JIOO CHIIXpOL(HkJlOTpOtla nOKalaJlH, 4TO TOk npoTo

lIOB YCKOplITC JIH C 196B - 1969 ro./.lOS B03 P OC B 1.46.1:0 ,46 pa

3 a , TaKHM o6pa JOM, ,nJlS! pac4eToB npHlIH ro 311alJeHHe 

- ~l 

Q " /2,48 1 0,83/-10 /He iinp./c/_ 

HCnOJlblYJl paC'leTllble ,naHHble no "OTkJlU Ka M " J1,e Te K TO

pa u c l~cpax fiolIllepa /5 . 10 H 12 .nIOHMOO/ ,nnH ,nBYX reo 

M eT puH , '}KCnepHMcHTanbllble J H a 'l eUHJI "OTKJlHKOB " H $OPMY

£! Y / 1/ . Y ,na JI O C b onpe,neJlHT b C p e J1,HeB3BeweuHoe 3HalJe HHe 

h =O ,20b ~0 .0 19 . 
PUClfe r Hoe 3 Ha lf eHHe nOJlHOH 3 1<BHSaJleHTHOH ,n03W HeHT

PO H OIi Ha p a 3JIHlJHWX pac c rO JlHHJlX OT CHHXPOUHKJlOTpOHa 

I tlJ0pM Ylla /1 // n OKa3 a HO Ha puc . 3. OWH6Ka He npeBblwaeT 

330.10 . 

BblBOAbJ 

AHaJlIfJ npe.ncTaBJleHH blX paClJeTOB U 3Kcne p RM e UTaJlb

HblX ,nallllwx nOl<a3b1BaeT, 4TO OIlHcaHH e 3aBHCHM OC TH 3KBU 

BaneuT HoH .n03bJ lIeHTpOHOB OT paCCTOJlUHJI npOCTblM Bwpa

lI<eUUeM THna 

') - R .'/' -- R:',\ 18 12/' 	 /
IIR - ~ k Q ( l - - e ) e " 	 CM_ puc, 1, KpUOaJl "c U. 

011.H11"/ 

MO>KeT npHseCTU K 3Ua'lHTeJlbHblM oWH6KaM, LK, A" npHHH 

MaeMall B paClJeTaX kaK KOHcTallTa, Ha caMOM .neJle H 3 Me

HJleTCJI C paccTollllHe M R CHJlb HO 3aBBCHT OT reoMe T p BB 

U napa Mc rpoB HCT04HBI<a ua 6JlH 31<HX paCCTOJlHHlIX / : 300
-400 AI/ . 
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CpaBIICHHC pc 3ynbTaToB Ha puc. 1 II puc . 3 n03B OnJl C1 

C)lCna1L BLIDO)l, '110 H H)I(IUI JI o r'H6awll\a Jl cPYHKU HlI paJ],Hanb 

1I0J"0 paCnpC)lCn e HHJI nJJO T HOC T H DO TO Ka 6L1C1 p LIX H ciiTp oHo n 

O lllOCH1ClI, n O- BH)lH M OMY , K YCKopH 1CnllM c " X OpOWeH" 

(i O KOB Oi't 3aLl.( H1 0H / pa60TaeT MOJ],Cllb i O"l e"l IiOI 0 MO HOHanpaB

JJe IlI I OI O BBC PX HC i O"l H HKa/, a B CPXlIJi lI <:OO l BCIC I BYCl MO

)lL'JlH H 30 'J p OTIllOro B 2r, Cl epa)lHaH IIC104 11 11Ka. 
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