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1.OrrucaHHe ycTaH0BKH. 8KcrrepnMeHT rro II3Mepemuo ceqemrn: yrrpyroro 

pacceirnm1 TeIIJIOBbIX Heii:TpOHOB 6bIJI rrpe,nJIO)KeH B 1994 r. CxeMy IIJiaHIIpyeMoro 

3KCIIepIIMeHTa MO)KIIO naii:TII B pa6oTe [l]. 
B BeCbMa yrrpomeHHOM BIIJle 3Ta cxeMa IIOKa3aHa Ha PIIc.1 B npoeKillIII na 

IIJIOCKOCTb X z. II poeKillill Ha IIJIOCKOCTb y z OTJIIIqaeTCll TOllbKO pa3MepaMII. 

3amrpHXOBaHHllll o6naCTb BOKpyr TOqKJI O npencTaBJilleT co6oii: o6JiaCTb CTOJIK

HOBeHIIll neii:TpOHOB (3oua peaKTOpa). KoJIJIUMaTop o6o3HaqeH 6yKBOii: K, ne

TeKTOp - 6yKBOii: D . .IIeTeKTOp pacnoJIO)KeH Ha paCCTOlIHIIU OKOJIO 25 MeTpOB 

OT 30Hbl CTOJIKHOBeHUll. 

2.MaTeMaTuqecKaJI rrocTaHOBKa 3a)laq11. B nauHoii: pa6oTe Mb! cquTa

eM, qTo CTaJIKIIBaIOmuecll Heii:TpOHbI lIMCIOT MaKCBeJIJIOBCKOe pacnpeneJieHIIe 

no CKOpOCTSiM: 

2 

M(v)dv = n 3 exp(- V 2 )dv. 
(vo-/r.) Vo 

IlpennoJiaraeTCll, qTo napaMeTp Vo OJllIHaKOB )lJill BCex TO'IeK B 30He CTOJIK

HOBCHllll II IIJIOTHOCTb neiiTpOHOB n paBHa 1 CM-3. 

lfaBeCTHO (cM. [1]), qTQ qucJio CTOJIKHOBeHuii: qacTIIU B MaJIOM 06'beMe 

dxdydz 3a unTepBan BpeMeHu dt onucbIBaeTCll qiopMyJioii: 

d<I> = ~M(ii1)M(ii2);6[wr + (v1v2) - w1(v1 + v2)]dv1dv2diihdxdydzdt. (1) 

3necb v1 u v2 - cKopocTn CTaJIKUBa10muxcll :ii:eiiTponoB,. a w1 - cKopocTb 

nepBoro HeiiTpOHa IIOCJie coynapeHHll. B naHHOii: pa6oTe Mb! cqnTaeM Heii:TpOHbI 

pa3,!IHqHMbIMH. 6(x) - JlCJlbTa-q:iyHKilllll HerrpepbIBHOro apryMeHTa, (1' - ceqe

Hlle ynpyroro'paccelIHil:ll Heii:TpOHOB; H3MepeHHIO 3TOro rrapaMeTpa II IIOCBllmen 

npenJiaraeMbIH 3KcnepnMeHT. 
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Pnc. 1: CxeMa 3KcnepnMCHTa no ll3MCpCHll!O CC'ICHllH ynpyroro pacceHHIIH TC

nJIOBblX HeiiTpOHOB. 

YpaBHCHllC (1) onpe)lCJIHCT pacnpe)lCJICHIIC co6b1Tl!ii: B HCKOTOpoii: 12-MepHoii: 

o6nacTn. Tpe6yeTca: oTo6paTh co6blTllH, n KOTOphIX nepBhIM Heii:TpOH nocne co

yJtapeHnH npoXO)ll!T 'ICpe3 KOJIJillMaTOp lI )lOCTnraeT IlJIOCKOCTII )lCTCKTOpa . .Ilna: 

TaKIIX co6b1Tllll HY)KHO IlOCTpOlITb pacnpe.n;eJICHlle Tpe:ic BCJill'llIH - )lBYX KO

Op)llIHaT TO'IKlI nepece'ICHIIH TpaeKTOplllI HCi°ITpOHa C IlJIOCKOCTh!O )lCTCKTOpa 

lI BpeMCHII per11cTpau1111 HCHTpoHa )lCTCKTOpOM. TaKyIO q>YHKUIIIO, onIICblBaID

lllYIO pacnpe)leJICHlle Tpex nepCMCHHhIX, Mbl Ha3blBaeM "OTKJIIIK )lCTCKTopa". 

3.Xo,ll peweHHJI. B rrepByIO O'ICpC)lb HJ)KHO ll36aBlIThCH OT )lCJibTa-q>yHKUlilI 

B ypaBHCHIIII (1). 3aMCHIIM nepeMeHHYIO W1 Ha CKOpOCTb 3Toro )KC Heii:TpOHa B 

CIICTCMC UCHTpa Mace tiii II npOIIHTCrpnpyeM no nepCMCHHOii, HBJIH!OlllCMCH ap

ryMeHTOM )lCJihTa-q>yHKUllll: Ilpll 3TOM IIC'IC3aeT )lllq>q>epeHUila.JI dwi ,II q>yHUlIH 

pacnpC)lCJICHIIH 12-Tn HOBbIX nepeMeHHblX npno6peTaeT CJICJlYIOlllilli Bil)l 

d~ = ~M(v1)M(v2)lv'i - v2ldv1dv2dcos0*d<p*dxdydzdt. (2) 
871" 

3.n;ecb 0* II <p* - IlOJIHpHblli II a3IIMJTa.JihHhlii: yrJibl BCKTOpa wj'. 
IlocTaBIIM TCnepb 3a)la'ly HaiiTII HOBhlii Ha6op nepeMeHHhIX, TaKOii, 'IT06bl 

cpe.n;n HIIX 6blJIII TPII BCJill'IIIHhl, COOTBCTCTBYIOlllIIC KOMnOHCHTaM BCKTopa W1. 

3TO Ka)KCTCH napa.n;oKCa.JibHblM - BC)lh Mbl TOJibKO 'ITO 1136aBIIJIIICb OT 3TIIX 

nepeMeHHbIX B ypaBHCHIIII (1). O.n;HaKO, CCJIII 6onee KOpOTKIIH nyTh K IICKOMOMY 

Ha6opy nepeMeHHhIX II cymecTByeT, HaM ero HaiiTII He y.n;anocb. 

Ha nepnoM mare nepeii:.n;eM OT nepeMeHHhIX vi u ii:! K IIX rronycyMMe 11 no

nypa3HOCTII 

2 

.. 

.. 

t, 

·r 

_ iii + v2 _ ii1 - ii2 
p=-2- 'q= -2-· 

B 3TlIX rrepeMCHHh!X pacnpe.uenemrn npl!Hl!MaeT Bl!)l 

d~ = A exp[-
2

2 
(p2 + q2)]qdpdqd cos 0*d<p*dxdydzdt, 

Vo 
(3) 

me A= 2cr/(v811"
4
). 

IlocKOJibKY CKOpOCTb nepBoro HeinpoH·a B CIICTCMC UCHTpa Mace nocJie co-

y)lapemrn no Mo.uymo paBHa q, TO ypaBHCHl!C (3) MO)KCT 6hITh rrepem1caHO B 

CJICJlYIOIIlCM Bll)lC: 

d~ = Aexp[-
2

2
(p2 +wi 2)]widpdwidcoso'd<p

1

dxdydzdt. 
Vo 

(4) 

Y 0
1 I -

rJihl ll <p COOTBCTCTBYIOT BCKTOpy q. 
Tenepb, lICIIOJib3YH O'leBI!.llHb!C COOTHOllICHIIH 

w1 = fi + wi , w2 = p - wi, 

HarrnrneM qiyHKUIIIO pacnpe.n;eJICHI!ll nenocpe)lCTBeHHO B nepeMeHHhIX W1 ll 

W2 ( W2 - CKOpOCTh BToporo HeinpoHa nocne CTOJIKHOBCHl!H) 

~+~ L I I 

d~ = A1 exp(- 1 2 2 )(w? + w~ - 2w1W2 cos,) 2 dw1dw2dcos0 d<pdxdydzdt, 
Vo 

(5) 

r.ue 'i' - yron MC)KJlY BCKTOpaMll W1 II w2, A1 = cr/(8vg11"
4

). 

TaKl!M o6pa30M l!CKOMblli Ha6op nepeMCHHb!X naii:)lCH. 3TO .n;aeT B03MO)K

HOCTh :::iqiqieKTIIBHO MO)lCJII!pOBaTb TOJibKO Te co6hITllH, B KOTOpbIX pe3yJihTI!py

IO!I1llll neii:TpOH npoIIICJI 'ICpC3 KOJIJillMaTOp ll )lOCTIIr nJIOCKOCTll )lCTCKTOpa. 

4.Mo,lleJin:ponaHHe co6LITHH. B ypaBHCHIIll (5) OT nepeMCHHh!X W1 II W2 
nepeii:.n;eM K nepeMCHHh!M p ll ¢. IlepeMCHHb!C CBH3aHhl CJICJlYIOIIlllM o6pa30M; 

w1 = psin¢, W2 = pcos<p, 
11" 

r.ue O :Sp< oo , 0 :S ¢ < 2. 

B 3Tl!X nepeMCHHb!X qiyHKUllH pacrrpe.n;eJICHIIll l!MCCT Bll)l 

d~ = A2/1(p)h(¢,,)dpd¢dcos81d¢1dcos02d¢2dcoso'd<p
1

dxdydzdt, (6) 

r)le 

3 



p2 
Ji (p) = p6 exp(- 2 ), 

Vo 

/2(¢, ;) = (1 - sin 2¢ cos;)½ sin2 2¢, 

yrJihl 01 H l;?I COOTBeTCTBJIOT BeKTOpy ti:ii, a yrnhl 02 I:! 1;?2 - BeKTopy W2, 

A 2 = u/(32vg1r4
). 

IIocKOJihKY reoMeTpmi: 3Kcnepm,teHTa npe.n:ycMaTpunaeT ncnonh30BaHI:le 

KOJIJII:!MaTopa npSIMOJrOJihHOro cetJeHI:ISI, uenecoo6pa3HO nepeiiTI:I K nJIOCKI:IM 

yrnaM TJx l:I T/y : 

W1x W1y 
tgTJx = -- , tgTJy = -. 

W1z W1z 

llMeIOT MeCTO COOTHOIIIeHIISI: 

tg T/x = tg 01 cos 1;?1 , tg T/y = tg 01 sin <p1. 

OKOH'laTeJihHO pacrrpe,n:eJieIII:le I:!MeeT Bll.ll 

d4> = Adi (p )h (¢,;)fa( T/x, T/y )dpdTJxdTJyd cos 82d<p2d cos 0
1 

d<p
1 

dtj)dxdydzdt, (7) 

r.n:e 

/: ( ) 
_ (1 + tg2 TJx)(I + tg2 T/y) 

3 T/x, T/y - 2 2 3 

(1 + tg T/x + tg T/y)• 

Mo.n:enuponaHUC co6hITI:lii:, n KOTOphIX rrepeMCHHhlC IlMCIOT pacrrpe.n:eneHI:le BI:1-

.n:a (7), ocyruecTBJISIJIOCh cne,n:yIOIUI:IM o6pa30M. IIepeMCHHM p MO.l(eJIIlpOBaJiaCh 

n COOTBCTCTBI:II:I c pacnpe,n:eJICHI:ICM fi(p) (cM. [2]). OcTaJibHhIC 11 rrepeMCHHhIX 

MO.l(CJII:!pOBaJII:!Ch paBHOMepHO ll co6hITIIIO npimllCh!BaJICSI Bee, n KOTOpOM J'III

TblBaJII:!Cb .n:HanaJOHhl Mo.n:ennpoBaHI:ISI yrnon T/x H T/y, a TaK)KC qiaKTOphl h( ¢, ;) 

II fa(TJx, T/y)-

5.Pe3yJibTaTLI. .IlaHHhIII anropIITM 6hIJI peaJIII30BaH B nn.n:e rrporpaMMhl . 

Eh!JI npo.n:eJiaH TCCTOBhlll pactJCT C rrapaMeTpaMI:1, 6JIII3KllMll K napaMeTpaM 

nJiaHIIpyeMOii: ycTaHOBKII. Bcero 6hIJIO npoMo.n:ennpoBaHO 100000 co6bITIIii:. B pe-

3JJihTaTe 6bma noJiy'leHa OUCHKa reoMCTpll'ICCKOii 3qJqJCKTilBHOCTll ycTaHOBKll 

f = I.I· 10-5. OTHOCIITCJibHM TO'IHOCTb OUCHKII COCTaBHJia 0.5%. 3Tu UI:!qlphl 
noKa3hIBaIOT, 'ITO Haii:.n:eHHhlll anroplITM .n:ocTaTO'IHO !9qJqJeKTI:IBCH II no3BOJISleT 

6h!CTpo npoBO.l(I:!Tb paC'ICTbI, ueo6xo,n:UMblC ,l(JISI IIJiaHHpOBaHHSI 3KcnepHMeHTa. 

Ha Puc.2,3 noKaJaHbl pacnpe.neJICHIISI co6hITJiii: Ha IIJIOC~COCTII .n:eTCKTopa no 
OCSIM X u Y COOTBeTCTBeHHO. Ha Pnc.4 IIOKa3aHO pacrrpe.neneHIIe co6hITHii: B 
.n:eTCKTope no npeMCHII. 
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PHc. 2: Pacrrpe.neneHHe co6h!Tllii: Ha rrnocKOCTH ,n:eTCKTOpa no OCH X. 

5 



5000 5000 

, 4000 4000 

3000 
3000 

2000 
2000 

1000 
1000 

0 
-100 -80 -60 -40 -20 0 20 40 ' 60 80 100 

0 
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 

PHc. 3: Pacnpe,n:eJ"IeHHe co6b1THH Ha nJIOCKOCTH ,neTeKTopa no OCH Y. 
PHc. 4: Pacnpe,neneHne co6blTHH Ha nnocKOCTH ,neTeKTopa no apeMeHu. 
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Bnaro.z:tapHOCTH. Aarophl Bhipa)KaIOT npH3HaTe1IhHOCTh IO.H.IloKoTnnoB
cKoMy 3a nocTaHoBKY 3ana'l11, 6naronapHoCTh r .A. OcocKOBY 3a nnonoraopHhle 
KOHcynhraum1 n MHoro'incneHHhJe rrone3Hhie o6cy)KneHHll'. II IO. A. Acraxoay 3a 

IIOMOIUh B pa6ore. 
ABTOphl TaK)Ke 6naronapll'.T pyKOBOJlCTBO Jla6opaTopnn Heii:TpOHHOll !plI3HKlI 

3a IIOCT0ll'.HHOe BIIUMaHJie K pa6ore II rrpenocTaBneHHhlil nocryrr K Bhl'ilIC1IIITe1Ih

llhIM M0IUIIOCTll'.M JIH<J>. 
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MeI)KyJio~a T.A., TaXTlThlh!WeB r.r.. . - •- - . -Pl 1:-97-15 
Mo.nennpoBaHHe 3KCnepHMeHTa po H3MepeHHIO ce'leHHSI 

0 , • •·, , .._. • ,-·'•u I •.. • • , /4•. \ ' . • 

ynpyroro HeHTpOH~HeHTpOHHOro i:racce51HH51 . . 
• • _\ • •. I • / • ' • ,- • • • • \ • : \ \ • 3_ -- • 

. B · .naHHOH pa6oTe _ npe,dno:JKeH ::icpcpeKTHBHbIH ·anropHTM Mo.nennpoBaHHS1-::1Kc- ' 
nep~Me~T;.- no ynpyro"My HeHTPOH-Heii~pomioMy pa~ceSIHHIO. -- HeHTPOHbl ·cTaJIKHB~- -_ 

. ; . - . , ~ - - • • .• '. /. . ~ , , -. . • • :~ . - • ' , ·, , - , I . • ; . 

, _IOTCSI B cn~llHaJibH~- opraHmo~aHHOH 3-oHe .CJOJJKHo~eHnn; 3aTeM· OJlHH H3 ,Hux, 
npoH,!Ui 'lepe3 _KOJIJIHMaTOp, pernCTPHpyeTCSI )leTe,KTOpoM. Heo6XOJlH~OCTh C_03JlaHH51' 1- / . 

cneunan1,iI"oro · anro~HTMa, 61,ma _ 06y~noBJie1!a ieM, 'ITO .rieTeKTop Haxo.1ufrc51 Ha• 
60JibWOM pacCTOSIHHH OT 30Hhl FOlIJSH~BeHHH, 1,13-:Ja 'le,ro perncTpnpyeTC.!_I _JIHWb 
Manrui~.tacT1,·npOB3aHMO)leHCTBOBaBWHX HeihpoHoI3. Ilo_3TOM)' MOJle.TIHpOBilHHe CTOJI-

,,.. • • , ' . , . _ ., • • • •' I - _ - ~.. • • < •-' ,I l• 

,irnoBeHHH, B pe3yn1,TaTe ~9TOPhlX HeHTpOHbl nocne coy.napeHHSI )lBH:JK)'TCSI B_ IlOJIHOM ' 
. • • • ~ '. ,/ '. l ; •. _,. ~. . . . . . ·. ' :.., / . ' ' . 

TeJieCHOM yrne, OKa3bIBaeTC51 HescpcpeKTHBHblM, H TaKHM"cnoco6oM 3a)la'la He MO:JKeT 
6h1Tb p~IIIeHa.' .' , . <,/ ~ , 1 

• • ,(.. . • ,,.•-•, • ,'. ? : ·: >. •, ·.: ', 

/ -. . ;"-- .. '. { • • .f .{. •• •_,, ' :i -',' -~ ,..,/ ': ', < • r..::_ • ' __ • •~ • • • • \ 

Pa6oTa BbIIlOJIHeHa B Jla6opaTOpHH Bbl'JHCJIHTeJib~OH TeXHHKH H asTOMaTH3aUHH 
OJHll.f:. , ·' . . -- . -,..-'.-; 
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Merkulova,T.A.; Takhtamyshev G.G. . , , '. 
_ Simulation of the -Experiment on Measuring the 6oss-Sectio~ 
· of Elastic Neutrons Neutron Sc~tteririg · · •- · · ·:·. . : ' 
•· '•. ' ~ , • •.-_✓ ;-: ', ,· - (. • •• - •. '- • ,_ ·•. :. I _. • •. ) •• ~ ,l 
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The effective algorithm .of, simulation of. elastic-. neutron~neutrori scattering · 
eiper~ment_is)rnpos~~ :in given pager, ?he neut~cins, are -collidin_g in sped~f 
'organized zone ofcolhstons,.then one of.them passes:through the colhmator and 1s -

-- registered -by the det~c!or: The IT1ain difficulty of ilie task was that,the detector was-, 
placed at the ~ather la'.rge distance f~o'm the collision'.s zone and bec~ilse of th~t---only 
small part 'of scattered peutrons was. detected. rTherefore the. simu_lation of al( the ; 
e~ents when n~uti:ons· after collisiori move in total.solid arigfe is ineffective and the 
taskcouldn't be 'solved in tliis way. - . -, . . - - ' 

The · investigati6~~ has' bee~ pe°rformed 
',Technique~ "arid Automation, oJINR; ~ 

at the Laboratory of · Computing 
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