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Uenb~ annpOKCHMB4HH RBnReTCR nony4eHHe HCXOAHWX ABHHWX AnR 
Bbi4HCI1eHHR A03bl AD Ill 3~ 3Bli\HTOH YCKOpHTenei1 TR>KeJlbiX HOHOB. KpH­
TepHeM np!lleMIJeMOCTI-1 MOH<eT cny>KI-!Tb t:\OCTOBepHOCTb 04eHKIII 3KBHSa­
neHTHOH A03W Hei1Tp0HOB B npet:~enax ~aKTopa 2-3. 

np11 BWBOA~ annpOKCHMMPY~ll\ero Bwpa>KeHI1R 6yAeM paccMaTpHBaTb 
MaKCIIIManbHO ynpoll\eHHY~ KapTI1HY B3BHMOAeHCTBIIIR HaneTB~ll\ero 110HB 
c RAPOM M~weHI1. Ce4eHHe B3aMMOAei1cTBIIIR npii!MeM pasHwM reoMeTpM-
4eCKOMy: 

2 2/3 
a=rrro·Amax' 

-13 
rAe: r 0= 1,4 ·10 CM, Amax =max{Ai'Atl,A 1- aTOMHbiH sec HOHa, 
At - BTOMHWH sec RAPB MI-!WeHM. nonO>KI1M, 4TO COYt:\BpeHHR 110HB Ill 

RAPB MHWeHI1 BeAyT K o6pa30BBHI1~ KOMnBYHAB, KOTOpWH HCnycKaeT 
TOnbKo Hei1TpOHbl, a APYri1MI1 npo4eccaM11 MO>KHO npeHe6pe4b. 

3HeprHR B036Y>KAeHI1R KOMnayHAB COCTBBI1T 

E*= -~l-. E- L\M, 
A 1+At 

rAe E- 3Hepri1R HaneTBIOll\ero 1-lOHa /M3B/; L\M- Ae~eKT Maccbl AnR 
KOM.nayHAB I 1.2/. ----

TeMnepaTypa KOMnayHAa T = J lO·E*I A/M3B/ cooTseTcTsyeT TeMne­
paType ~epMI1-ra3a 4acT114; A·= A 1 +At. 

3Hepri11R CBR311 HeHTpOHB Bn npH 11CnapeHHI1 113 KOMnayHAa MO>KeT 
6b1Tb B3RTB 113/1/, 

6yAeM nonaraTb, 4TO 3HepreTI14ecKoe pacnpeAeneHI1e Hei1TpoHos, 
swneTaiOli\HX 113 KoMnayHAa, on~cwsaeTCR pacnpeAeneH!IIeM MaKcsenna 
CO CpeAHeH 3Heprlllei1 HeHTpOHOB 2T. 0TC~AB cpeAHRR MHO>KeCTBeH­
HOCTb HeHTpOHOB HB OAHO paCCMBTPIIIBB€MOe C06WTI1e 

E* 
fi;---

Bn+2T 

Ce4€HI1e o6pa30BBHI1R HeHTpOHOB B CI1CTeMe 4eHTpa MBCC /CUM/: 

d 2a (f) a . n . £ - d T 
--~~- = .e 
dt·dO 4rrT2 

nepeXOA B nabopaTOPHYIO CI1CTeMy KOOPAHHBT / JlC/ ABeT 11CKOMOe Bblpa­
>KeHI1e AnR annpoKC11MB411H ABOHHbiX A11~~epeH411BI1bHbiX ce4eHI111. 
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3Hepri1R AB11>KeHIIIR KoMnayHAa 11 CUM s eA11H114ax M3B/HyKnOH 

A~ 
Eo = __ L__i :E i 

(A i +At) 2 

3 w v I w HepriiiR Hei1TpOHa, Bblpa>KeHHaR 4epe3 CKOpOCTb, £ = 1r Macca H€111T'-

d'> 

I', 

pOHB np!IIHRTa pasHol1 eA11HIII4e/. CKopOCTb 4aCTI14W, swneTaiOll\el1 1113 
~OMnayHAB, B JlC Bblpa>KaeTCR 4e_,E>e3 -+CKO_,E>O~Tb ABI1>XeHI1R KOMnayHAB 
v 0 Pt cKopocTb 4BCTI14bl s CUM v : vL=V+ v 0 111n111 v. bose= vL·coseL -v0· 
11Vi;sin8L=V·Sine, rAe e 11 eL- yrml BblneTa B CUM 11 JlC COOTBeT .. 

CTBeHHO. 0TCIOAB 

JE L • cos8L -JEo 
cos8= J=;- -;;e=EL+E 0 -2vEL.E0 .cos{IL. 

Ecn11 0603HB411Tb X =COS 8 11 X L = COS8 L, npl-1 HI1MBR BO BHI1MBHI1e, 
a3HMyTanbHWe yrnW o6e11X CIIICTeM OA11HBKOBW, TO nepeXOA 

d 2a d2a 
-----·dEL· dOL=----· de. dO 
dEL'dO+- dt-dO 

/3/ 
CBOAHTCR K BW411CneHH~ RK0611BHB 

dx. d£"' 

dx 
-dxi. 
d( 

dXL 

dx 
dEL 

'de 
dEL 

• dxL· 9E L • 

HcKoMoe swpameHI-!e AnR ABOHHWX Al-l~~epeH4111anbHWX ce4eHHI1 s JlC: 

4TO 

EL+~-2JEa BL· cos8L 
d2a a·n·JEL(EL+E0 -2JEL·E0-cos8r) - -~ T ---

----·dEL·d!\=----- .e x 
dE L · dO L 4 rr T 

X dEL' dOL. 

B npaKT114€CK11X BW411Cn€HIIIRX cneAyeT 11M€Tb B BI1AY, 4TO, KBK npa­
BI1nO, L\M<<E*, a 3Hepri1.A CB.A311 Hei1TpoHa Bn = 12+ 1 AnR 6onbworo 
4HCna KOM6HHBl\11H 110HOB Ill MHWeHeH. -

MOU\HOCTb 3KBHBaneHTHOI1 A03bl Hei1TpOHOB, BblneTa~li\HX noA yrnoM 
8L 113 TOIJCTOH MHW€HH, 6oM6apAHPYeMOH

1 
HOHBMH C 3HeprHeH E 

f(E,{IL)·J E oo d
2
a(EL'8L'E') l 

P(e .E)=----. f I --------·d(EL)dEL ---· ··dE', 
L R 2 E c 0 dEL. an L dE, I dx 

rAe: J - 411CI10 IIIOHOB, naAB~li\IIIX Ha MHWeHb B eAHHH4Y BpeMeHH; 
R - paccTORHHe AO MIIIWeHH, eM; d(E L)- YAeilbHaR 3KBHBaneHTHaR 

A03a Hei1TpoHos1 4/ ; dE' I dx - HOHH3B4HOHHble noTe pH HOHOB, KOTo-
pwe paCC4HTWBBnHCb nporpaMMOH / 5/; f(E,8L)- K03~~Hl\H€HT KOppeK-
4HH; E

0
- 3HeprHR KynoHOBCKoro 6apbepa/2/ 

E = 0,96·z1 .zt_.(l+-Ai) --.'4 

c A1(3 + A 1/3 At • Q ;',bf.[lv~l-11:' ~}lt-..!C )\~ , T' 'l , 
1 t 

; .. t,~:"::~ f'"·~~\ ~'I 1 ~:~ 3 
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Ha pHc.1 npeACTaeneH~ peaynbTaT~ cpaeHeHH~ KDMnHn~4HH aKcnepH­

Met-lTanbH~x AaHH~X/6 / C paC4eTaMH MOII\HDCTetli AD3 Het/iTpOHOB, Bbtne­

TaiOII\HX nDA yrflOM 90° Ha pacCTO~HHH 1 M OT >Kene3HOH MHWeHH, Ko­

TOpa~ 6oM6apAHpye'Tc~ nOTOKOM HOHOB 160 B KOflH4eCTBe 

6,25· 10 9 HOH/c. KoppeKLIH~ e pac4eTax He npDH3BDAHnacb. 

Ha pHc. 2 cpaeHHeaeTCR <t>opMa yrnoeoro pacnpeAeneHH~ at<BHea­

neHTHDtli A03~ HetliTpOHOB B6flH3H ypaHOBOH MHWeHH, 6oM6apAHpyeMOt/i 

HOHaMH U c aHeprHetli 9 MaB/HyKnoH 17< H yrnoaoe pacnpeAeneHHe, 

nony4eHHoe c noMOII\biO annpoKCI-1Ma4HH /nyHKT~;~p/. KpHBble HdpMHpoea­

H~ npH 90 °· 
CpaeHeHHe AH<!><!JepeH4HanbHbiX ceYeHHlli npot.13BDAHTC~ c noMOII\biO 

<!JYHKI..IHOHana 

2 
D = f B(E)- d,a(E,O) .d(E)exp(-x/..\(E))·dE,, 

o dE. df! 

rAe ..\(E)- AflHHa ocna6neHHH aKBHBaneHTHotli AD3bl e o6btYHDM 6eTo-

He /S/, X - TDflll\!IIHa 3aiJlHTbl, B(E) - <!JaKTOp HaKOnJleH!IIR A03bl Het/iy-

pOHOB. KpHTep!lleM cornac111R RBnReTcR DTHoweHHe <I>YHK4111DHana AJlR 

annpOKCt.1Ma4t.10HHOrO Ce4eHHfl K <!JYHKI..IHDHany CO cpaBHHBaeM~M Ce4e­

HHeM C=Da!D· Ha p11C. 3 cpaBHHBaiOTCR annpoKCHMai..IHR H ce4eHHH 1-13 

paGoT/9-111. CnnowHbte n111Ht.1V1 yKaablsaiOT t<paTHDCTIII ocna6neHHH HetliT­

poHos 8 06bi4HOM 6eTOHe, Aflfl KOTOpbiX 0, 33 ~ C :5:, 3, a nyHKTHpHble -

0, 25..5 c::; l;. AnnpoKCI1Mai..\Hfl paCC411T~BaJlaCb AJlH yrnoe e a .. Yron () 

o6oaHa4aeT yron HJlH AHanaaoH yrnos Aflfl cooTeeTCTBYIOIJlero ce4e­

HI1H 1113 JlHTepaTypbt. CneAyeT aaMennb, 4TO C < 1 n~<~wb AflH yrnos 

~20?, AJlR APYrHx yrnos annpoKCHMai..\Hfl nepeol..\eHHsaeT AD3DB~tli 

<!JyHKl1110Han. 
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PeaynbTaT~ cpaeHeHH~ noKaawsa~T,· 4TO ·annpoKCHMai..\HA npHrDAHa 

AflR onHcaHHR A03bl HetliTpoHoe AD H aa 6eTOHHotli aalllHTotli TRmenoHoH­

HbiX YCKOpHTenetli B WHpOKOM A!llanaaoHe 3HeprHM, COPTOB 110HOB Ill Ma­

TepHaJlOB MHWeHeM. nplll B3ai1MOAellicTBHH nerKoro HOHa C MaCCHBH~M 
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I, 1 

~APOM MHWeHH npHMeHeHHe annpOKCHMa4HH An~ yrnoB 20° H MeHee 
H 3HeprHH 6onbwe 10 M3B/H MOmeT npHBeCTH K HenpHeMneMOH HeA0-
04eHKe 3KBHsaneHTHoA A03~. B ycnoBM~x HeAOCTaTKa MH~OpMa4MM. 
annpoKCMMa4MIO cneAyeT MCnOnb30~aTb' 6e3 KOppeK4MM, f(E ,6 L) ~ l·. 
~MeiO~a~c~ MH~OpM~4M~.n03BOn~eT BB~CTM KOppeK4MIO B AMana~OH~ 
3HeprMA MeHee· 10 M3B/H. npeAnaraeTc~ BBeCTM ee B aaBMCMMOCTM 
OT 3HeprMM MOHa HaA KynOHOBC)<~M 6apbepOM 

E-Ec 
Eb=""---. 

Ai 

Eb,M:3B/H . I 0 4 2 3 5 6 
-~~-~-~--~-~~~~~ 
f(E,6L) 0,25 0,2 0,18 0,25 0,5.;; 

B 3aKnl04eHMe aBTOp BblpamaeT' rny6oKyiO npM3HaTenbHOCTb A. p. Kpbl­
nosy M M.M.KoM04~0MY aa none3H~e AMCKyCCMM M nOMO~b B pa6oTe. 
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PyKonMcb nocTynMna s M3AaTenbCKMA OTAen 
16 aerycTa 1982 roAa. 
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IJ;os6yH B.H. Pl6-82-629 
ArrrrpoKCHMaiJ;IHI p;BOHHbiX p;mpclJepeHu;HaJibHbiX ce<J:eHHH 
o6pa30Bamm HeHTPOHOB B peaKIJ;HHX C THJKeJib!Mlf HOHaMH 
rrpH 3HeprHH p;o 100 M3B/HyKJIOH 

llpep;JIOJJ<eHO !IpH6JIHJJ<eHHOe BbipaJKeHHe ,!l;JIH Ce<J:eHHH o6pa30BaHHH 
HeJ:l:TpOHOB B peaJ<IJ;HHX C THJKeJibiMH HOHaMH. llpH cpaBHeHHH arrnpoK­
CHMaiJ;HH C 113DeCTHbiMH p;aHHbJMH aa KpHTepHH COrJiaCHH Ilplfi-IHTO 
OTHOWeHHe cPYHI<IJ;HOHaJIOB, OIIHCbJBalOJ]\HX ,!l;03Y HeHTPOHOB aa 6eTOH­
HOH aaiiiHTOJ:i, p;JIH cpaBHHBaeMbiX ce<J:eHHH. Orrpe,r~enena o6w11pHaH 
06JiaCTb 3HeprHH HOHOB, yrJIOB BbiJieTa HeHTpOHOB, COpTOB HOHOB 
H Ma'!'epHaJIOD MHIIIeHH, ,!l;JIH KOTOpbJX p;oaa HeJ:iTpOHOB 3a 3al]\lfTOH 
OIIHC~DSeTCH C TO'!HOCTblO 2-3. 

PaC5oTa BhmonueHa B 0Tp;ene pap;Hau;HoHHOH 6eaonacnocTH 
H pap;HaiJ;l10HHhiX Hccnep;oBaHHH OIDIH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa RAePH~X HCCfleAOBaHH~. ~y6Ha 1982 

Tsovbun V.I. P16-82-629 
Neutron Production Double Differential Cross Section 
Approximation in Heavy Ion Reactions 
for Energies up to 100 MeV/Nucleon 

Approximate expression for double differential cross sec­
tion of neutron production in heavy ion reactions is sugges­
ted. The ratio of functions which describe the neutron dose 
equivalent behind the shielding for the cross sections compa­
r-ed was used as an agreement criterion. A wide range of ion 
energies, angles of neutron emission,sorts of ions and target 
materials is established for which neutron dose equivalent is 
described within the 2-3 factor accuracy. 

The investigation has been performed at the Department 
of Radiation Safety and Radiation Researches, JINR. 
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