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HeiiTpOHHhIH cneKTpoMeTp YrPA: 
pa6oTa B BaKY)'Me H pac'leThl napa3HTHblX pacce.HHHH 

OnHcaHbl nepBbie 3KCIIepHMeHTbl C OTKa'IKOH KaMepbl pacce.HHH.H. YcTpaHeHHe 
B03JlyuIHOH KOMIIOHeHTbl )'MeHhIIIHnO q>OH cneKTpOMeTpa npH HeHTpOHHblX 3HeprIDIX 
3-100 K3B B 5-40 pa3. OIIHCaHhl pac'leTbl 3q>q>eKTOB OT BTOpH'IHbIX pacce.HHHH 
HettTpOHOB Ha OKp)')KalOIUHX o6pa3eU MaTepttanax H B CaMOM o6pa3ue. TioKa3aHO, 

'ITO nepepacce.HHHe B KaMepe H KOMHaTe MO)KHO yqecTb c TO'IHOCTblO JlO ~ 1 o- 4, 
a )ln.H nonpaBKH Ha MHoroKpaTHOe pacce.HHHe B o6pa3ue pa3pa6ornH anropHTM 
Ha OCHOBe MeTO)la MoHTe-Kapno H MeTO)la HHTerpHpOBaHH.H, H3BeCTHoro H3 nHTe
paTypbi. 

Pa6orn BbIIIOnHeHa B Jia6opaTOpHH HeHTpOHHOH q>H3HKH HM.11.M.ct>paHKa 
mum. 
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Neutron Spectrometer UGRA: 
Operation in Vacuum and Calculations of the Harmful Scattering 

The first experiments with pumping out the scattering chamber are described. 
The air component removal has decreased the spectrometer background 5-40 times 
at neutron energies 3-100 keV. Calculations for effects of neutron secondary 
scattering by materials surrounding the sample and by the sample itself are described. 
It is shown that the rescattering in the chamber and the room can be taken 

into account with an accuracy up to ~10- 4. An algorithm of correcting for multiple 
scattering in the sample has been worked out, which is based on Monte Carlo method 
and the method of integration known from literature. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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1. BBE,[(EHl".IE 

B HaweM nepB0M Coo6memm OIUIII [1] 6blrro paccxanaHo 06 ycTpoii

CTBe H0Boro HeiiTpoHHoro cneKTpoMeTpa Yr PA, coopy)KeHHoro Ha 250-

MeTpoBoii BpeMKIIporreTHoii 6ane 6ycTepa IIBP-30 II npeµ;HanHa"IeHHoro 

;a;rur npeIUI:JII0HHblX II:JMepeHllR yrrroBblX pacnpeµ;erreHmi HeiiTpOHOB C 

;meprrurMII OT µ;orreii µ;o ;:i;ec.irTK0B xaB, pacce1rnaeMblx .irµ;paMII B µ;IIa

nanoHe yrrroB 25-155°. BbIITII KpaTK0 0IIIICaHbl µ;eTeKTOpbl ll ynpaBlleHIIe 

cneKTpoMeTp0M - pY'9:H0e n: OT K0MIII,IOTepa. 3Ha"IIITelll,HOe BHIIMaHIIe 

yµ;erreH0 MeTo;a;y II:JBlle"IeHII.H ll:J axcnepIIMeHTa.ThHblX cneKTp0B napaMe

Tp0B µ;mpcpepeHIUialll,Horo ce"!eHII.H paccefilIII.H 

a 
a( 0) = 4; [1 + w1 cos0 + w2P2( cos0)], (1) 

rJ:J;e 0- yrorr pacce.irHrur, a5 - IIHTerpalll,H0e ce"IeHIIe pacce.irHrur, w1 II 

W2- napa.MeTpbI aHII:J0Tp0IIIIH pacce.ll:HII.l{. BbilIII npIIBeµ;eHbl TaK)Ke pe

nylll,TaTbl nepBbIX axcnepIIMeHTaJil>HblX n:ccrreµ;oBaHIIR ocH0BHblX napa

MeTpoB ycTaH0BKII npII ee pa6oTe c HeOTKa"IaHHOR Ka.Mepoii pacce.ir

Hrur II C µ;ByM.ir HellTpOHHhIMII ;a;eTeKT0paMII BMeCT0 nrraHIIpyeMblX rnecT

Haµ;naTll. TaM coµ;ep)KaTC.ll: CBeµ;eHrur 0 CBeT0CIIlle cneKTpoMeTpH"IeCK0ro 

KoMnrrexca IIBP-30 + Yr PA n: a6colIIOTHoii acpcpeKTIIBHOCTII ero µ;e

TeKTopoB, o cpyHKUIIH BpeMeHH6ro panpernemIJI n: Bbl'1HcrreHIIH cpeµ;Heii 

:lHeprIIH HeiiTpOHOB B HHTepBarrax BpeMeHII nporreTa, a TaK)Ke 0 cpoHe 

OT pacce.ll:HII.H HeIITp0H0B Bon;a;yxoM B KaMepe. 

B HacTo.irmeii pa6oTe coo6maeTc.ir 06 IICIIblTaHrurx cneKTpoMeTpa c 

OTKa"IKOil ero Ka.'-.1:epbl II 0 pac"!eTax BKrraµ;oB HeK0T0pbIX "llllllIHIIX" pac

ce.ll:HIIIl, llMeIOmn:x MeCT0 µ;a)Ke npII BaxyyMe B KaMepe. 

2. P AB OTA C OTKA TfKOH KAMEPhI P ACCEJIHl".IJI 

O6bl'1Hblll ranopanp.ir;i;HblR µ;eTeKTop, H0pMalll,H0 pa6oTaIOll.lIIIl B aT

MoccpepHOM Bonri:yxe npn: Hanp.ir)KeHIIII ~ 3 KB, B HeBbIC0K0M BaxyyMe 

~ 50-50b MKM Hg, xapaxTepH0M ;:i;rur He1'iTpoH0Boµ;oB Ha IIBP-30, pa60-

TaT1> He M0JKeT n:n-na llHTeHCllBHl>IX panp.irµ;oB Me)Kµ:y lII06blMII npoBoµ;

HIIKa.',,rn C 60;:r1,rnou panH0CTI,IO II0TeHUllalI0B. MHoroxpaTHl>Ie II0IIblTKll 

II:J0lIIIp0BaTI, Bee BblC0K0BOJThTHble '9:aCTII (BKITIO"Ia.ll: pan'l>eMbI) M0HTa)Ka 

6aTapeII rerrIIeBblX C"IeT"IHK0B, 0CTaBllil.ll: B0:JM0)KH0CTI, ee pan6opKII B 

c;:ry"!ae Heo6xonIIMOCTII, He ;:i;arrII )KerraeMoro penyrr1>TaTa. Torr1,xo nocrre 

Toro, KaK ;:i:eTeKT0pbI 6bl:Ill II0MemeHbl _B rrerxIIe repMeTWIHble K0)KYXII c 
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BBoµ;aMII BblC0Koro Hanp.ir2KemI.H, IlllTaHII.ll: npeµ;ycn:mITerreii ll C BbIBO)l;OM 

CIIrHaJI0B (BHYTPll K0)KYX0B aTMOC<pepHoe )l;aBlleHIIe nonp;yxa, a CHapy2Kn: 
- cpopBaKyyM), OHll napa6oTalIII H0pMallbHO. BbICOKOBOllbTHbie Ka6em1 

coeµ;IIH.irlIIICb n naxyyMe KaMepbI c noM0ll.lbIO crrrur, norpy2KeHHoro n cocyµ; 

C TpaHc<popMaTOpHbIM MaClIOM. 

Ilepeµ; Ha"IaJIOM IICilblTaHmi: IICXO)l;Ha.H KOHcpIIrypa:a;II.ir ycTaHOBKll 6bma 

crreµ;yIOmeii .. KaMepa pacce.llHII.H COCTblKOBaHa C y"IaCTKOM He:iiTpoHOBoµ;a 

µ;rrIIHOH 4, 7 M n cTopoHy IIBP~30, Top:a;hl aToii cIIcTeMbI naKpbITbI amo

MHHHeBblMII narrryrnKaMll TOlIIQIIHOH 2 MM, a BHYTPII Hee - nonp;yx. C 

06e1IX CT0pOH K ycTaHOBKe npIIMbIKaIOT naxyyMIIponaHHbie He:iiTpOHO

BO)l;bl TaK, "ITO cnepeµ;u ( co cTopoHbl IIBP-30) He:iiTpoHbI npo6eraIOT 

ilonµ;yrnHblll npoMe)KyToK µ;rruHo:ii 3,6 M, a cnaµ;u - 0,4 M .. B KaMepc 

- µ;na µ;eTeKTopa, paccellBaromuii o6panen; - nrracTIIirn Kaµ;MIIj! 120 x 

200 MM2 ToJiui~Hon: .3,5 M~. BToprur KOH<pIIryp~nirn oTmPrnJiaCb oT ncp

no:ii TOllhKO TeM, 'ITO irn KaMephl 6blJI 0TKa'IaH nonp;yx. B TpeTbe~ KOH<Jm.': 
<T /• " • • 

rypanuu c ·noMOIQbIO cne:a;HallbHbIX BCTaBOK. 6hlll JIIIKBIIµ;llpOBaH nepeµ;-

HIIH non~U'llIHbIH npoMe)KyToK BMecTe c µ;nyM.ir narrryrnKaMH. HaKoHe:a;, D 

'IeTBepToii _KoH¢lli-:ypa:a;IIII TO. )Ke caMoe 6hllIO < cp;erraHo lI C ::mµ;HIIM B0:3-

µ;yrnHhlM npoMe)KyTKOM. 

B Ka2Kµ;on: KOH<pIIrypaIIIIH cneKTpoMcTpa IInMcp.irm1ch _ cncKTpbI no;a; 

yrrraMII 25° lI 155°' C o6pa:JIIOM B· ny'II(C II DHC ITY'IKa, TOllbK0 C <pIIJib

TpOM Al TOlIWlIHOH 6 CM lI cµ;o6anrie:riIIeM K HCMY 4 CM nopoUIKa KMn04, 
T .e. 6blrro II:JMepeHo 32 cneKTpa. Ha•iarrbHhie Y'IaCTKII nocbMll II:J · HlIX, 

npIIBC)];CHHblX K :lKCII0:JHIIIIII 6 'IaC0B, II0Ka:JaHbI Ha pIIc.l. l.JeTbipe cneK

Tpa C 06pa..'1I10Mrpacpw1ecKH Hepa:Jllll'IIIMbI lI
0

ll:J06pa2KeHbI T0'IKaMll 1. 
J)pwnma aToro, D 'IaCTH0CTll, D TOM, 'ITO ycTpaHCHIIe pacce.llHH.ll D ;a;e

TCKTOp B0:Ji];JX0M npaKTH'ICCKII KOMIIeH<:npycTC.ll yneJIII'ICHlICM IIOTOKa 

HCIITp0HO~ Ha o6pa~cu ~a' C'IC; yc'.rpaHCHIIH Bo:Jµ;yxa im IIX IIYTH. B'orree 

lIHTCpCCHhI 'ICThipe 'cneKTpa 6e:J o6pamia, np'oHyMeponaHHhie OT 2 AO 5 

D nopH;:i;Kc onIIcaHHh~X Bhllll~ KOH<pnrypaIIIIH y~TaHOBKII. Ecrru cneKTpbr 

3, ll 4 Il0'iTII COBIIa)];aIOT, T~ CIIeKTp 5 KaK 6yp;TO "BbIJ>O)];lilIC.ll"; B HeM. 

naMeTeH· TOJibKO IllIK HeHJ)KHhlX HaM 6hicTphlX HCHTpOHOB, a n OCTallb

HOll 'IaCTII C'ICT ynarr npaKTII'IeCKII µ;o ypoim.ir co6CTBeHHOro <pOHa ;o;e

TCKTopa ( ~ 1 m.m/ c). 8To m:rna'!aeT, 'ITO no/:i~11~.ir10wrur 'IaCTb c'IeTa 

;a;e:reKTO~a no BTopon: H TpeTben: KOH<purypaQIDIX ( cneKTphl 3 n 4) Bhl

:Jhlnarrach HCHTpOHaMII, pacceIIBaBllllIMHC.ll nap;HIIM Bonp;yllIHblM npoMe

)KYTKOM c alIIOMIIHIIeBblMII narrryrnKaMII. ThaBHblll )Ke BhlB0;D; III) pIIc.1 

··------------~ '-''• :..r&:.,;~·,;;,;~ f;,,:n.1'}T' 
~ u::!'!;;~H.if. EC:: .i:~~;m;u.~e I 
~ Sv1SJt~·10TSHA , 
'-......,.'.) ----- -



TaKoB: IIpH BbIBe;a;eHHH o6pami;a HG rryqKa cqeT ;a;eTeKTopa rrpH HeHTpOH:

HhlX :meprrurx 3-100 KaB rra;a;aeT •IIpHMepHo ·B 2-4 paGa, ecirn B KaMepe 

BOG;a;yx, H rrpHMepHo B 10-150 paG, ecirn B Heii BaKyyM. 
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PHc:l. ,<PparMeHThI cneKTpoB p;eTeKTopa, CTO.lII~ero nop;,yrJioM 25° ._K nrIKYi B 

·,,ny'lKe .,--.qm:JibTphI Al n KMnO4 , aKcno:JH~lllI 6 'laco~. _1 ;--,- cneKTphI,,c 

• o6pa:JqoM Cd, 2:-5 - cneKTphI 6e:J ,o6pa:Jqa,B '!eTbipex Kompnrypa~1rnx 
, ' 

ycTaHOBKll (cM. TeKcT) 

, .. ·. ~a pm/l ~oiaciaHhl µ;i{a 'crreiTpa HeHTpoirn~, pacceJIHHhlX Ha yrorr 

lio,3° Kpyrrr1>1M' o6pa3IJ;OM 238U ;a;HaMeTpOM: 195 ~M H TO~I.QHiIOII 3 MM. 

TeMHhlMH TQqKaMH HG06pa)KeH crreKTp, HGMepeHHhlH; imr;a;a B rryqKe 

. TOlibKO <pHllbTp B4C ;a;rr.H ydrpaHeHII.lI "peIJ;HKlIHqeci~x" HeH:i.poHOB, CBeT

, lihlM~ To-.'maMH - Korµ;a B :nyqoK ~o6anrr~ilhl Ai YI. k M n04. IIepki,1ii 

crreKTp HGMep.HlICJI 5 qacon, BTopoii ciieKTp - 22·'..iaca, HO rrpH~eAeH K 

5 ".l~caM. CBepxy yKaG,aHhl iEieprHH (~ aB) pet10H~Hcon pacceH~'a;eIT.H, 
CHH3Y _:_ peGoHaHcOB <pHlibTpon.· ' "' ' .. '- · · ·., 

. Kax BHAHO HG pHcy~a, <pH1IbTphl CHH)Ka:[{)T:i 'iIHfeHCHB~OCTb cqeTa 

np~epHo BTpoe; HO aaTO IIOGBOllllIOT "YBH~JT~" <poH, BHGya~nnnpyro

~HHCJI ii rrponarrax "qep~m" pecioHaHcoB'. OH HMiieT ~pH ocHOBHhl:X KOM-

,4 

"" 
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j 

IIOHeHThl: co6cTBeHHhlH <pOH ;a;eTeKTopa, <pOH OT pacceJIHlllI o6pami;oM 

GarraGp;bIBaIO~HX HeHTpOHOB B rryqKe H cpoH OT. HeHTpOHOB, pacceJIHHhlX 

o6pami;oM pamrne H rrorraBIIIHX B ;a;eTeKTOp rrocrre "6rry)K;a;aHII.lI" B KOM

HaTe. EcrrH rrepBrur KOMIIOHeHTa paBHOMepHa BO BpeMeHH, TO µ;Be rrocrre;a;

HHe ;a;oBOlibHO peGKO BOGpacTaIOT K MalihlM npeMeHaM rrporreTa: BTOpaH 

- _no rrpHqnHe pocTa paGMHO)KeHII.lI B 6ycTepe, TpeTbJI - HG-na ecTeCT

neHHOJ:'9, pocTa npeMeHHOH rrrrq_THOCTH qHcrra He:ii:TpOHOB . 
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HOMep KaHana 

· PHc.2. CneKTphI Hen:TpoHoB, pacc:'llBaeMhIX o6pa:JqoM 238U Ha yroJI 110, 3°; aKc-
~ ,_, > ,. ' ' -,. 

no:JnqulI 5 'laCOBj cBeTJibie.'l '>'lKH - c q>IIJibTpaMH Al n KM~O,i., TeMHhie 

TO'iKll - 6e:J q>llJibTpOB._ 8Heprllll pe:JOHaHCOB B aB: HaBepxy -, 238U, 

BHH:JY -'-- q>HJibTpoB. Thap;ian Kp1rnan - q>oH 

CyMMap~hlH ·cpoir ;a;o~2Ke~-6~Tb ~rranHmi cpy~i~neii:oT npeMeHH rrporreTa, 

'!To'n 6hllIO pearrHGOBa:HO IlY'l'eM i10;a;rcrnKH K peGoirnHCHhlM rrponarraM IIO

lIHHOMa co CTerreHJIMH HOMepa KaHarra OT 21 ;a;o 2 '( CM. KpHBYIO Ha pHc.2). 

TaKHM o6paGoM, 0cpq>~KTY pacce.HHlllI .rrorreGHhlX' HeHTpoHOB cooTneT

cTnyeT TOlibKO Ta qacTb crreKTpa, KOTOpaH pacIIOlIO)KeHa BhlIIIe KpHBOH 

cpoHi."IIp:ri 0TOM, ecn:H B KaMepe BOG;a;yx, TO HG Ta:Koro crreKTpa...:.pamioCTH 

Heo6xo;a;HMO n1,1qecT1> rro;a;o6H1>IH )Ke crreKTp-paGHOCTb, GaperHcTpHpo

naHHhlH 6eG 66paG11;a, T;e. yqecTb pacceJIHmi' BOG;a;yxoM (BHOCJI e~e IIpH 
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Heo6xop;nMoCTII noiipaBKY Ha llKpaIDipoBaHIIe B03p;yxa 06pa3n;oM). 

B HaIUeM 2Ke crry-qae BaKYYMJIPOBaHHOR KaMepbl CIITyan;IDI C <pOHOM 

3Ha'lHTelIF,HO rry'lUie, HO, K CO)KalleHJiro, He B TbIC.ll'lY llllll 6orree pa3, Kai 

6bl110 6bl, ecrrll 61,1 Beeb cpoH 6e3 o6pa3n;a npOIICXO/J;llll OT pacce.lIHIDI Ha 

ocTaTO'lHOM ra:Je. Y2Ke i:ro nIIKaM 6blcTpbIX HeiiTpoHOB B paiioHe 30-ro 

KaHaITa B cneKTpaX 2 II 5 Ha pIIc.1 MO)KHO 3aK1IIO'llITb, "'ITO OTKa'lKa Ka

Mepbl lI lllIKBilp;an;II.ll 3arrryUieK Ha HeiiTpOHOBop;e B61IJI3Il KaMepbI p;aeT 

ocrra6rreHile cpoHa TOllbKO npIIMepHo B 70. pa3. Il;IIcppa ocrra6rreHIDI (~ 30 
pa3) 6blrra norry'leHa HaMII n:J Tex )Ke cneKTpon no npeBblUieHIIIO cyM

MapHoro C'leTa B KaHarrax 75-130 n 131-186 no cpaBHeHIIIO co c'leTOM B 

KaHarrax 375-430 ( 0To npoBarr pe3oHaHca 55 Mn 2,37 K0B). Ilo Bceii Bepo

.lIT~OcTn, Bee npenblUieHIIe B cneKTpe 5 co6cTBeHHoro cpoHa p;e,~eKTopa 

rnep;yeT OTHeCTil K e~e op;Hon, 'le1:'BepToii KOM:nOHeHTe cpomi: 0Ha CB.ll-

3aHa C Henp;eallbHOll KOlllllIMan;neii ny'lKa, BCJiep;CTBIIe 'lero He60llbllia.ll 

'laCTb HeUTpO.HOB IIOIIa~aeT:Ha'paMKY p;ep2KaTe1I.ll o6pann;oB 'II _CTeHKil 

KaMepbl, a 3ar_eM B p;eTe~Top, 8TO .lIMeeT Mee;~ lI D. Il3MepeHIDIX C 0·6-. 
' ,,,~ .1 • . ' . . ' : ' - . 

pam:~o.M, a IIOTOMY,-p;O' rrorry'leHIDI BI,IIlleyrrm,rnHyToro cneKTpa,-pa3HOCTil 

C o6paa~oM·;~I3 IIO~Horo crreKTpa C o6pa3~0M Hap;o BM:'.JeCTb IIOlIHblll 
crreKTp;6e3 ·o6pa3n;a •. ' . . . . . . ·. 

B Ka'lCCTBJ np1wepa rrpn:nop;Ii:M. pac'leTbl ll<p<peKTa O 6pa3n;a Cd rrplI 

0Hepr1rax HeHTpoHoB oKorro 4,2 -i0B (KaHarrhl 275-330 B crreKTpax, rrpep;

cTanrreHHbIX Ha pnc.l) II 25 K0B (KaHarrbl 134-138). BMecTo Kpnnou 

cpomi, KaK·~a puc.2, llCIIOllb30BalIHCb'IIponarrbl' 611m1<:allllilIX pe3oHaHCOB 
D KaHall~X 37 5_:_,!3() ~ 115-119 . .Jfraic . . .. · 

4 
~K~B{'1:3.1:303~yxe: (1144 _:277) :_ (508-161) = 520'± 46(8,8%); 

· ' · n BaKyyMe: (933- 80)"- (231":_ 69) == 691 ± 36(5, 2%). 
; "-', 

25
_ KllB{ B no:J. p;yxe: (467- 276)--c (180.-109) = 120 ±32(27%); 

. ;.', . B BaKyyMe: .(417-9)-(200~ 13),= 221 ±25(11%). 
\ ~; 1 , , , J _. ;{ '. r. . : ~ 1 .;, , i t. , . •,, \ : , , , . 

B11iHo, 'ITO B BaKyyMe pernsTpnpyeTC.ll_ 6o~bllie ,HeHTpOHOH ( H~T ocrra6-

rre~ n:v,'!Ka B03p;yxoM) n c rry'lUieu .T<>'l~OCTbIO (cpo~._Me~blli~). 

3. P ACqETbl IIAP A3HTHhIX 8<l><l>EKTOB · . 

.. · McTIIHHOe yrrr~Boe p~cnpep;erreHIIe pacce.lIH~.ll HeiiTpoHoB, norrH~CTbIO 

c•o_~TBeTCT~)'IO~ee p;11cpcpepeHn;1IallbHOM:V:. Ce'leHJIIO a( 0),. ~02KH? 6.bllIO 6bl 

. II3Mep1ITb _1:'0llbKO B 6ec~OHe'IllOM 6e3B03/J;YllIHOM rrpocTpaHCTBe C 6ecKO-

6 
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He'Illo TOHKIIM 06pa3n;oM-pacce11BaTerreM. B 1II06oii 2Ke pearrbHoii ycTa

HOBKe · :ocerp;a np11cyTCTBYIOT p;Ba napa31ITHblX acpcpexTa, HCKa:lKaIO~e 

113BlleKaeMOe u(0): nepepacce.lIHJie, T.e. nonap;aHIIe HeHTpOH~B B p;eTeK

TOp 113 o6pann;a IIOClle BTOplI'Illoro pacce.lIHII.ll rp;e-111160 BHe 06pa3n;a, 

11 MHoroxpaTHoe pacce.lIHJie HeiiTpOHOB B o6pa:Jn;e. H112Ke Mbl p;eTarrbHO 

paCCMaTpimaeM llTII acpcpeKTbl, pa3p;e1IHB nepBblll lI3 HIIX Ha p;ne COCTaB-
,., ' 

ll.lIIO~e. 

3.t Ilepepacce.aHHe BOOAYXOM, KaMepo:i H KOMHaToi 
' Ilp116111I2KeHHa.ll KOlIII'leCTBeHHa.ll _on;eHKa llTOro ll<p<peKTa MO:lKeT 6b1Tb 

cp;erraHa crrep;yro~M o6pa3oM. Op;HoxpaTHoe nepepacce.lIHIIe Ha nyTn: o6-

pa3en; - He'lTO - p;eTeKTop M02KeT npo11cxop;HTb Ha 111060M ne~ecTBe, Ha

xop;.ll~eMc.ll B "KoHyce o63opa" p;eTeKTOpa, ll TOllbfW.Ha llTOM Be~ecTBe. 

Ka)Kp;a.H To'!Ka pa6o-qero o6'beMa p;eTeKTopa n:MeeT _cnoi xoHyc o6-

3opa, 11, xaK rrepBoe np11611112KeHJie, HII2Ke npIIBep;eHbl pac'leTbl c KoHy

coM o63opa p;ll.lI op;HOH n;eHTpallbHOH TO'lKII ]i~TeKTopa. Ocenoe, C~'le

Hlle , llTOro KOHyca, IIMeIO~ero BepUIIIHY B n;eHTpe . p;eTeK~opa. II_. 0 ~pa~ 

30BaHHoro KpaeM 1 75-MIIlllIIIMeTpOBOro ximarra B_' 3a~HTe. p;eTeKTopa, 

11306pa:lKeHo Ha pn:c.3 BMecTe c IIMeIO~IIMHC.ll .n xoHyce· p;eTarr.lIMH .p;rr.ll 

crry'laJI, xorp;a paMKa p;ep2KaTell.lI ·o6pa:Jn;on c ~pyrrrblM o6pa3n;oM rrep

neHp;11xyrr.llpHa ny'lKY HeiiTpOHOB, a p;eTeKTOp Haxop;HTC.ll Ha nrraTq>OpMe 

n norro:lKeHHII 45° ( cpep;Hn:ii y:rorr pacce.lIHH.ll 50,1 °). ~accMoTpllM nocrre-. .. 
p;oBaTellbHO pollb Ka)Kp;oii p;eTallll. 

Ha116011bUI11ii 0cpcpeKT, ecm1 n KaMepe Bo:Jp;yx npn: aTMoccpepHOM p;aB

rreHIIH, p;aeT nnncaHHhlii B KoHyc no3p;yUIHblll Uiap p;n:aMeTpoM 412 MM c 

n;eHTpoM B n;eHTpe o6pa3n;a. IlpHHIIMa.ll 3a cpep;HIIH rryTb pacce.lIHHoro 

06paOD;OM HeHTpOHa B llTOM Uiape pap;nyc Uiapa, a 3a KOll<p<plin;HeHT pac

ce.lIHII.ll B03p;yxoM nerrH'llIHY ·1: = 0, 045 M-1, Haxop;IIM, 'lTO nepO.lITHOCTb 

nepepacce.lIHlI.ll n Uiape COCTaBll.lieT 0, 93%. 8To II ecTb llCKOMblll HaMH 

;'0cp'cpeKT Uiapa, n:60 TerreCHblll yrorr OT Hero Ha p;eTeKTOp -,- npaKTH'leCKH 

TOT iKe; 'ITO ll OT o6pa3n;a. 

Ilepepacce.lIHIIe HeiiTpOHOB B03)J;YXOM Me:lKp;y p;eTeKTOpOM II UiapOM 

MO:lKHO He Y'llITblBaTb, .TaK KaK yrorr HX :pacce.lIHII.ll ,o6pa3n;OM 61111:JOK 

K yrrry p;eTeKTopa, II ll<p<peKT CBO/J;HTC.ll TaKIIM o6pa30M K ,HeKOTOpoMy 

YllIIIpeHIIIO <pyHKn;HII yrrronoro pa3peUieHIDI, 'ITO Hecy~eCTBeHHO. 

.I(ll.lI nop;c'leTa 0cp<peKTOB ocTari:bHblX p;eTarreii, Haxop;H~IIXC.ll B KoHyce 

3a o6pa3n;<>M II_. UiapoM B03p;yxa BOKpyr Hero,· Hap;o HaHTII OTHOUieHIIe 
u , , I , ' , ,r'~· , ' . 

µ;01111 HeIITpOHOB, pacce.lIHHblX o6pa3n;OM II nonaBIIIIIX B p;eTeKTOp B pe-
, . ' ', • '•-· · ~ ' ' l , . '., • ', I , 
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Pnc.3. "KoHyc o63opa" ):leTeKTopa. B qeHTpe KaMepbI - o6pa3eq B paMKe ):lep-. . ., . . . ~.. ' ' 

_:i1rnTemr ( o6JiyqaeMaJI qacTb 3amTpuxoBaHa). _ 1.-. 6JimKHllJI rpam1qa BHYT-
~ • · .' ', •,I;. :u, 

peHHero KOHyca;· 2 - ero j:\aJibH11.!I.rpam1qa, OHa :lKe - 0KBHBaJICHT CTeHKH 
. • ' ' ,1 ·t :· 

KaMepbI u 6JIH:lKHJIJI rpaHuqa BHewnero Konyca;. 3 - ):laJibll.!I.!I rpaHuqa 
., . . '•j •. ' . ''-i-' 

BIIeWHero KOHyca, Olla :lKe - 0KBHBaJieHT _6JIH:lKIICH CTe_HbI KOM~!)-Tbii 4-=--

TO :lKe ):\JUI j:\aJibIIeii CTCHbI (c. JJ:OTOJIKOM) . 

:JJITbTaTe rrepepacce.aHrur Ha p;aHHOH µ;eTarrH, n. µ;orrn HeHTpoHoB, rrorraB

llIHX B µ;eTeKTOp OT o6pami;a Herrocpeµ;cTBeHHo:: 

.. 6 = 'p1t1Bp2t~, 
. . ., . _ .. Po _,. . . , . .;, 
rµ;e P1,P2 ll Po- µ;erreHHhle Ha 471" Terrecm.ie yrrr1,1 OT 06pam1;a Ha'µ;eTarrb, 

OT µ;eTalIH Ha µ;eTeKTOp n OT o6pam:i;a ~a ~~TeKTOp COOTBeTCTBeHHo, 

. ·• ( ~ ' , 

(2) 

8 

... 

1P 

tf n' f2_;_· npon:yCKaHHe HeHTpOHOB Ha IIJTH o6pa:Je:a;-µ;eTam, H µ;eTaJib

µ;eTeKTOJ>, 8: S- BepOHTHOCTb paccem:wr iienTpOHOB µ;eTarrblO; Pe:Jyrr1,~ 

TaThl pacqeTOB no <f>opMylle (2),· B xoµ;e KOTOphIX tBHp;HMhle" qaCTH 

BaKyJMHOH'Ka.Mephl, CTeH ll IIOTOlIKa KOMH8.Thl :JaMeH.HllllCb aKBHBalleH

Tm.IMII no pacce.li:Hmo ll rreprreHµ;HKy'IDipHhlMII OCH xcrnyca KpyraMII, a µ;IT.H 

Bhl'9:HcrreHru,i. Pl ll P2 y p;Byx BO:Jp;yrnHhli'yceqeHHhlX KOHJCOB rrpiIMeH.H

lIOCb;llHTerpnpoBaHHe Bp;Ollb HX ·oceH, M02KHO BHp;eTb B Ta6llll:a;e l: 
• Ta6rrn:a;a 1 

8«f>«f>eKT nepepacce.HHH.11 fJ. 1Q5 

licT0'1HHK KoHyc KoHyc*) 
. ,,·_ "· 

map Ka.Me~ KoMHa- 'CyMMa*) rrepepac- BHJTpeH- BHern-
)~/ ,. '• I '. 1'•· 

HRH HRH Ta*) CeHHIDl pa 
.. , 

·B Ka.Mepe 

BO:Jp;yx 930 150 , 81 4+11 ·- 70+4 1240 + 1180 

Bxa.Mepe ~ i 
' 

BaKJJM 0 0 · 94 .. 5+12 80+5 180 + 110 
. . , I,,· ' > ' 't ' i ,_;,' ; t. ,' 

*) ; 'CfucJia 'CJ:IeBa OTIIOCJITC.!I K cJiyqa10, KOrj:la paCCTO.!IHHe j:\eTeKTOp - . CTeIIa KOMIIa TbI 
: ' , , ;· . , _,. . -· \. . , ~ • . . : . : ·-. •. , ,, • . r • • 

,PaBHO 3 Mi, a cnpaBa - Ko~1:1;a OHO 7,? M. 

3acrry2KH:BaIOT ITOHCHeHHH BerinqnHhl . B Ii:peµ;rrocrreµ;HeM CTOIT6:a;e µ;rr.11 

rrepepacceHHHH KOMHaTOH. Onn rrorryqeHhl c ncrrorr1,30BaHneM 131,1pa2Ke

Hrur ;IJ;ll.H BepoHTHOCTlI O;IJ;HOKpaTHoro pacce.HHIDl Hen:TpOHa B :Jap;HIOIO IIO

ri:yc<J>epy . OT IllIOCKOro CITOH' BellJ;eCTBa TOllllJ;lIHOH d C IIOlIHhlM ceqeHHeM 
. ' 

(j H IllIOTHOCTblO .a;a;ep n: 

W;, a(0)~n 
acosa 

. .:..nud(-1-+_1_) 1 - e ~coaa co,{J 

1 + 1 com cos/3 
(3) 

r~e 0- yrorr pacceHHIIH, ·a H /3'- yrrr1,1 Bxo;a;a n Bhlxo;a;a nenTpoHa OT

nocnTerrhHO HopMalln K rroBepXHocTn: 'crro.a, a( 0)- ;a;nq>q>epemi;nan:1,noe 

ce'IeHIIC_pacceHHIDl, ~n- TerreCHhlll yrorr ;a;eTcKTOpa. Ilpn ll30TpOIIHOM 

paccemnn n oTCJTCTBllll rrorrro~eHrur d(0)'= a/41r, II ecrrn 0 ~:/180°, To 

/3 ~ a. ·'TaKixM o6pa:JOM, p;ll.H' TOriCTOll CTCHhl, Kor;a;a aKCIIOHeHTa B (3) 

mtHyJIHeTCH, B 060:JHa~e11rurx (2) IIMeeM 
I .. . 

W =p2S, -8=0,5 

He:JaBHClIMO OT a H MaTepnarra CTeHhl. 
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l'ITax:, prnµ;.H Ha 'lllCJia n Ta6m1:n;e_ 1, MO:>KHO.BIIµ;eTL, 'ITO OTKa'lKa Ka

MepLI cy~ecTBeHHLIM o6paooM yMeHLUiaeT aqupeKT rrepepacce.HHH.H_O,

rrpHMepHo B 7-10 ·pan, ocTaBJI.H.H ero Ha ypoBHe · (1 + 2) . 10-3• KoH~~o, 

3TOT pe3yJILTaT l];OBOJILHO rrp116JIIDKe11HLIH (n'Top~e 3Ha'la~e n;:n:q>phl y 

B~Jlll'lllH B Ta6rr11n;e He._ B~O.~e. Haµ;e)Kllhl), ~6 0 IIpll ero . II~JIY'lemm: _ ~LI 

rrpeHe6perarr11 (xoT.H 11. He6orr1>Uioii). aHH30TpoII11eii ncex aKTOB pa~ce.H

HH.H. KpoMe Toro, oH OTHOCIITC.H K oµ;Hoii cpeµ;Heii aHepr1111 HeiiTpo~oB 113 

µ;11arra3oHa ~ 0, 5 - 80 xaB. Heo6xoµ;11M 6orree TO'lHLIH pac'leT cooTBeT

cTnyro~nx rrorrpaBoK c y'leToM Bcex q>ax:TopoB µ;JI.H KruKµ;oro yrrra µ;eTeK

Topa II KruKµ;oii aHepreTriecxoii rpyrrrrLI HeHTpOHOB. Torµ;a M02KHO 6yµ;eT 

Haµ;e.HTLC.H IIMeTL CB.H3aHHyro C _3TIIMII IIOIIpaBKaMII CIICTeMaTII'lecxyro 

OTHOCIITeJILHYIO OUIII6Ky B. IIHTeHCIIBHO.CT.HX pacce.HHII.H '.IIOA., pa;HLIMII 

yrrraMII rrop.s:µ;Ka .10-4, 'ITO µ;ocTaTO'lHO µ;JI.H 113MepeH11.H IIOJI.HJ)Htlye~o-
CTlI HeiiTpoHa [2]. , . .. 

3.2. IlepepacceJIHBEq~ep.>KaTe.neM o 6pao:a;oB 
B HaCTO.!l~ee BpeM.H crreKTpOMeTp lIMeeT l];OBOJILHO MaCClIBHhlll aJIIO

MlIHlleBLIH µ;ep:amTeJIL ~6pa3D;OB, 'rroxo2K1Iii Ha JieCTHlID;Y c 'leTLipLM.H ne

pexrraµ;11HaM11 ( CM. p11c. l B. [1]) 1 KOTOphle BMeCTe C 6oKOB11HaM11 0 6panyIOT 

Tp11 paMili c npoeMoM 20 cM BLicoToii 11 39 CM UI11p11Hoii y Ka2Kµ;oii:. 

IIepexrraµ;lIHLI II 6oKOBIIHhl lIMeIOT np.HMoyroJILHOe ce'leHIIe 2 X 2 CM2 II 

npoµ;orrLHLie naoLI µ;JI.H. xpenrreH11.H o 6pa3n;oB •.. 

. 'tf ro6LI, nonacTL B paMKY, HeiiTpOH µ;orr2KeH BLIJieT_eTL .113 o6paon;a 

noµ; O'leHL OCTpLIM yrrroM OTHOCIITeJILHO nJIOCKOCTII o6paon;a, II, crreµ;ona

TeJILHO, Heo6xoµ;lIMO yqecTL MHOroxpaTHOe pacce.HHlle II BLIXOµ; Heihpo

HOB 113 Topn;oB o6paon;a. MbI pa3LirpLIBaJIU 3Tll CO~LITU~ µ;rr.s: o6rry"~ae~ 

Moii qacT11 o6pa3n;a 12 x 18 cM2 B n;eHTpe paMKU, nepneHµ;uxyrr.HpHoii: na

µ;aro~eMy nyqxy, u HaUiliII, B qacTHOcTu; crreµ;yro~ee.-Jifa 106 HCHTpoHon, 

naµ;aro~x panHoMepHo no nrro~aµ;u o6pann;a c Berru'l11Hoii nad = 0, 195, 

~ 176000 pacce11BaIOTC.H B 4rr, a ~ 3800 113 HUX non:aµ;aroT B ,p?'MKY (mi. 

~ 24%.:µocrre .µ;Byx 11 6orree aKTOB pacce.HHH.H):aTo no3BOJI.Het C Y'l(_)~ 

TO~ KOlIU:".!~CTBa aJIIOMlIHII.H B paMKe HaHTlI ee aq>q>eKT. nepepacce.HHU.H 

8. B <l>,OPMYJIY (2) Haµ;o·rroµ;CTaBIITL Pl= 0,022 (xoT.H 3TO II He TOJILK~ 

TerrecHLiii yro~), S = 0, 18, ti= t2 =:= 1 II P2 ~ p0 , 'ITO, µ;_aeT 8 = 0, 40%. 

3TOT l];OBOJILHO :a:e6rraronp11.HTHLIH 113-3.a 3Ha'llITerriHoii: BeJilI'lUHhl 8 
pe3yJILTaT HexopoUI e~e 11 TeM, 'ITO OH lIMeeT MeCTO TOJILKO Torµ;a, 

Korµ;a µ;eTeKTop "cM0Tp11T" Ha paMKY noµ; ocTpLIM yrrroM. C np116rrII-

2KeH11eM 3Toro yrrra K np.HMOMY paMKa BLIXOl];IIT 113 KOHyca o63opa, II {j 
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yMeHLUiae:rc.H, 'ITO TO'IHO pacc'llITaTL HeB03M02KHO. IIoaTOMY l];JI.H Kpen

JieHH.H o6paon;oB noTpe6yeTC.H IIHoe KOHCTPYKTIIBHOe peUieHIIe. Harrp11-

Mep, MO:>KHO cµ;erraTL rrrrocKyro paMKy He Torr~e o6paon;a. Torµ;a Heii:

TpOHLI 6yµ;_yT rronaµ;aTL B Hee TOJILKO 113 Topn;oB o6paon;a, II IIX l];OJl)KHO 

6LITL O'leHL MaJIO. Ilo pac'leTaM, 0q>q>eKT 8 COCTaBIIT OKOJIO 0, 005% npu 

TOJI~He paMKII 2 ~-

. 3.3. MHormcpaTHoe pacceJIHBe , 
M,oµ;eirnp0Barroc1, pacce.HHIIe B cTo.H~eM nepneHµ;11KyJI.HpHo ny'lKy nrro

cKoM o6pa3n;e, IIMero~eM norrHoe ce'leHIIe a 11 µ;11q>q>epem1;uarr1>Hoe ceqe

HIIe pacce~~rui: a(0) B BIIµ;e (1) c <ls = a. Ilpocrre2K11Barrac1, cyµ;1,6a xa-

2Kµ;oro Bxoµ;.H~ero B 06pa3en; HeiiTpoHa µ;o BLixoµ;a ero U3 06pa3n;a (no

rrro~eHIIeM npeHe6perarroc1,). BLIUieµ;UI11e HeiiTpOHLI copT11poBarrIIc1> no 

q11crry ucnLITaHHLIX pacce.HHIIH II no yrrry BLIJieTa 0 OTHocuTeJILHO nyqxa, 

Hax:arrrr11B_rurc1, B µ;eB.HTII · IIHTepBarrax yrrra: 0 - 11, 25°, 168, 75° - 180° 

11 ceMII IIHTepBarrax Me2Kµ;y 11, 25° .II 168, 75° lllllpUHOll 22, 5° Ka2Kµ;Liii. 

BLirrII 113y~e~ ~6pa3:QLI c•~ei£II'lIIHaMu nad OT 0,05 µ;o 0,3, Ha Ka2Kµ;1>1ii: 

113 KOTOpLIX 6ppcc1rroc1, OT 2-107 µ;o 2-108 HeiiTpOHOB. IIapaMeTpaM aHU-

30Tpon1111 ce'leHU.H a( 0) np11µ;anarr11c1, 3Ha'leHU.H 0, 0, 1, 0, 2 u 0, 3. He

KOTOpLie pe3yJILTaTLI 3TIIX pac'leTOB npeµ;cTaBJieHLI Ha pIICYHKax 4:... 7 u 

B Ta6rrun;e 2. 

P11c4 UMeeT n;eJILIO npoµ;eMOHCTpupoBaTL COBnaµ;eHUe HaUIUX pac

'leTOB MeToµ;oM MoHTe-Kaprro c TO'lHLIMU BeJIII'lIIHaMu, KOTOpLie rrerxo 

MoryT 6LITh norry'leHLI aHarr11T11'lecx11. HaBepxy µ;rr.H ceMII 11ccrreµ;oBaH-· 

HLIX TOJI~UH o6pa3n;a µ;aeTC.H OTHOUICHIIe COOTBeTCTBYIO~X BeJIU'lUH 

noiIHOH nepo.HTHOCTII pacce.HHU.H: 3µ;ec1, N- 'lllCJIO ynaBUIIIX Ha o6pa3en; 

Heii:TpoHoB, N(0)- 'lIIcrro IIX, nonaBUIIIX B µ;aHHLiii yrrroBoii: UHTepBarr, a 

E o6o3Ha'laeT cyMMUpOBaHIIe no BCeM µ;eB.!ITU UHTCpBaJiaM. y HU:>KHCH 

TO'lKU c nad = 0, 20 N = 2 . 108, y Bcex ocTarrLHLIX TO'leK N = 2 • 107• 
. ' 

HU2KH.!I.H qacTL pIICYHKa (rµ;e TCMHLie TO'lKU - l];JI.H W1 = W2 = 0, CBCT-

JILIC _; µ;JI.H W1 ,= 0,3, W2 = 0,2, a.nad = 0,2)·noKam,iBaCT OTHOUieHIIe 

qucrra Heii:TpOHOB N 1 ( 0), nonaBUIIIX B µ;anHLIH IIHTepBarr nocrre nepBoro 

pacce.HHU.H, II BLI'lIIcrreHHoro IIHTerparra . 

. 'fleop(0) = ½'{2

.Nn~a[l +wicos0-t- ~2P~(cos0)b(0)sin0d0, .· 

rµ;e q>aKTOp CaMOaKpaHIIpOBKll 

· 
0

,={ {e-nud_e,~nud/cos6}/{nad(l/cos0-J.)} npII 0<9Oo 
· '.'Y(.) · {1..:.e-nud(l-l/cos6)}/{nad(l-1/cos0)}' rrpII 0>90°, 

a 01 II 02- rpaHlID;hl IIHTCpBarra. 
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Pn:c.4 .. 

. · · 0THOilleHira Bellwnrn, 

nony'!eHHblX 'MeTop;OM 

MoHTe-Kapno, .K COOT

BeTCTByi<>~llM Teope- • 
,,· .•, ,, 

TH'leCKHM BeJIH'IHHaM: 

. HaBepxy - IlOlIHru! Be

p o.!ITHOCTb' pacCe.!IHH.!I, 

BHH3Y - 'Incno iieih~ 

poHOB,. •, op;HOKpaTHC:l 

· pacceJIHHbIX'B µ;aHHhIH 

yrno:iion HHTep:san 

· KaK,Bblrrurp;n:T pacnpep;erreHn:e N 1(0) no HHTepnarraM, noKaoaHo Ha 

pn:c;5:. Henocpep;cTBeHHO KaKn:M OHO. norry-qaeT_CJI B npqn;ecce ~_op;eirnp<>-: 

naHn:JI -,- Hanepxy, B nepec'!eTe Ha. 1 cTepap;n:aH, - nocepep;n:He, a c 

nonpaBKOH Ha caMOGKpaHn:pOBKY-,- BHHny. 3p;ech HCllOJih30BaHbl Bblpa-

2KCHH.ll 

~n = 21r(cos01 - cos02), '· 

.. · 'Y =-1_· r021(0)d0. 
02 - 01101 . 

(5) . . 

KoppeKD;H.ll c llOMO~hlO 'Y, KOHC'IHO, npn:6rrn:2KeHHe n: TCM 6orree TO'IHOe, 

'ICM y2Ke HHTepBaJI ( 01' 02)-
HeKOTopoe npe)];CTaBJICHHe O MHOroKpaTHOCTH ·paCCeJIHH.ll MO)KHO no

rryqn:Th H3 'IHC~Jl B Ta6rrn:n;e 2, rp;e npep;cTaBJICHbl xapaKTepHble npn:Mepbl 
' U' ! , .' .\ • < • ' l ' ,' 

BKJia)];OB HCHTpOHOB, HCllbITaBIIIHX pa3Hble · qn:crra aKT_OB pacceJIHH.ll npn: 

HCXO)];_HOM 'IHCJie N = 2. 107 n: H30TpOllHbIX Ce'leHHJIX, (w1 = W2,= 0). 
,Il;ne 3aKOHOMepHocTn: cpany 2Ke 6pocaIOTC.ll B rrrana npn: paccMo,TpeHn:n: 

Ta6JIHD;hl .: Bo-.-nepnbIX, )];OJI.ll HeiiTpOHOB p;aHHOH KpaTHOCTH' pacceJIHH.ll 
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{lixn:roqrui: nepByIO) ripaKTII'IeCKH He 3aBHCHT OT ·yrrra II; BO-BTOpbIX, ·oT

HOllleHn:e HHTCHCHBHOCTeii p;nyx cocep;HHX KpaTHOCTeii npHMepHO llOCTO
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Pn:c.5. 

YrnoBoe pacnpe

~enemrn HeiiTpo

HoB, paCCeJIHHblX 

TOllbKO oµ;nH poo 

B o6poo:a;e, nMeIO

~eM nad = 0, 20 

,Il;rr.ll norryqeHHJI • KOlIH'ICCTBCHH~H xapaKTepn:cTHKH HCKa2KeHn:ii; BHO

CHMhlX HeiiTpoHaMn:, paccen:naeMhlMH B o6patln;e 6orree op;Horo pana, )];JI.ll 

BCCX TOJI~HH o6pann;a H )];Jl.ll, BCeX yrJIOBbIX HHTepBaJIOB Mbl onpep;eJIIIJIH 

BKJia~bl O)];HOKpaTHO pacceJI~X HeHTpOHOB 
. . ~ . ' . . ' '. 

Z(w1,w2) = N 1(0)/N(0) {6) 
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IlpH panH1>1X aHHl30TpOIIIUlX Ce'IeHrul.pacCeJIHHj[ H IIOilblT~CI, ycTaaq~ 

BHTI, aMnnpH'IeCKHe COOTHOIIIeHrul µ;rur BX 13aBHCHMOCTH qT;Bcex.napa

MeTpOB. OKanarroc1,, 'ITO µ;rur nooTROIIHoro ce'IeHllll Z(0, 0) O'IeHL _crra6o 

13aBHCHT OT yrrra, a npn W1 H W2, OT1IH'IHl,IX OT eyrur, Z(w1,w2) neµ;eT 

ce6H noµ;o6Ho ce'Iemno u(O) n nnµ;e (1), HO HMeeT cyIIJ;eCTBeHHo MeHL-

IIIHe 13Ha'!eHIDI napaMeTpOB W1 H W2. 
·•·'•'r ., . 

Ta6m:u;a 2 
PacnpeAen:eHHe HeiiTpoHOB IIO qHcJiy aKTOB pacCeJIH~;·; 

(a npo:t(eHTax) · · · 

nad 
(01 + 02)/2 

lf Hc110 pacceHHHH 

1 
2 

,3 
4 
5 

. 6 

PHc.6. 

IIapaMeTpbl TpexqneHa 

(7), ?IlHCblBaIOll\ero Be

JIH'lHHbl Z(0,0) B :Ja

BHCHMOCTH OT nud 06-

pam~a 
. L: 

. n ~.•,,.:. 

0,05 0,30 "\/1 

67,5° 157, 5°' 67, 5° 157, 5° 
... 

90,07(7) 90,25(11) 66,39(5) 66,69(7) 
8,96(7) 8,80(11) 22,45(5) 22,13(7} · 
0,87(2) 0,87(3) 7,44(3) 7,42(4) 
0,086(7) 0,078(10) 2,48(2) 2,47(2) 
0,008(2) · 0,006(3) 0,833(9) 0,849(13) 
0,002(1) 0,000 0,275(5) 0,299(8) 

1.0 ~~~~.--,-,-""T""T~~~-.--.-~.--,-,---r-r-,-,--, 

·o.o 

uo.a 

0.7 

0.6 
0.006 

0.004 

3N 0.002 

:.. 0.000 
3 . 

~0.002 

C=0,967-1,425X+l,429:X2
' 

j',,'', 

r..,2=0,00121- ... 
-0,00370X-0,00714X 2 

F T-
-0.004F ev1 =-0,00046+ ' . 

, +0,00016X,-0,04756X 2 

-0.QQi.~• ff f, ·, f ,··0_,
1
, ff f 11 ,•, Q.~ 

0.3 
· X=nad 

14 

"'. 0 
T"" 

8 

7 

0,750 

,3 

5 

1~4 
'b 3 

T"" 2 

,2 

,2 

Pnc.-7. · IlapaMeTpbI TpCX'IJieHa (7), onucblBaIOll\Cro BemPIHHbI Z(w1 ,w2) npu 

nad = 0,2 

Yrrrom,1e pacrrpe;a;erremrn Z(0, 0), arrrrpoKCHMHponaHHLie TpexqrreHOM 
'. . ~ ' - . ,' . ; t.; -

C[l +wtcosO +w2P2(cos0)], ·,. (7) 

rrpe;a;cTaDlICHhl Ha pHc.6 p;mr 13 OHa'ICHllll pa~ceIIDa~~eu crroco6H~CTH 
' : • - , ~ • •.'...i • j /::.. !; .' ,; C ( < • - • : '. • ,'>l- i \~ ! c • , ". •: : 

o6pan:u;a ,nad, a ;a;rrH o;a;Horo o6pami;a c nad. = 0, 2 Ha· prrc.7 noo6pa-

)I{~~~ K~aq>q>IIIJ;IICHTLI. DLipa2KCHHH (7), -~IIIIChl13aIOIIJ;ero Ha6o~- ~ClllI'IIIH 

Z(wt,w2) µ;ITH 12 KOM61IHaIJ;IIH Wt II w2: TaKIIM o6paooM, n rrpIIHiinrre, 

Mhl B_ ~OCTOHHIIII orrpe;a;errIITI, <paKTOp (6), ocyIIJ;eCTBMIOIIJ;IIii KOppeKIJ;IIIO 

Ha M~oroKpaTHOe pacceHHrre, c rrro6on CTCIICHLIO. T0'IH0CTII p;M rrro61,1x 

:.ma'!eHri rrapaMeTpo~ nad, Wt, w2 H 0. · 
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0 
0 0=157,5° 

Q 1 
0,270 

0,268 

0,266 

0,264 

0,262 

0,260 

0,258 

• + +. .. 
······································~··················· 

0,265 

0,260 

er 0,255 

0,250 

0,245 

"············.···········~· .......... ~ ........... .! ...... , 
0 

0,240 0 

0,28 

0 

0 =67,5° 

0,26 . •·······:··:~:··/~:···•·.·:········•········'.··~···:· 
0,24 

0,22 

~ -~~·· •V~i 1 
0,10 j ·o 

0,16 11/1 
111/11 

0 =22,5° 

IV/Ill V/IV VIN 

PIIc.8. 
MoHTe--KaprroBCKile OT

HOWeHiur coce11Hnx KpaT• 

HOCTen: npn nud = 0, 2 

11rur :irnoTponHoro ce'le

Hwr ( TeMHble TO'lKil) Il 

Ce'leHwr C W1 . = , 0, 3, 

W2 = 0, 2 ; ( CBeTrrble 

· TO~Kn). ,K.pec;bl .,.-- ::rna-

'leHirn q,' paCC'lHTaHHble 

n? qiopMyrre (9), 

fb.~~CTCJI, O;IJ;HaKO, ;a;pyraJI B03MO~(HOCTh, IIpC)]:ll02KC~ruI B pa6oTe [3] II 
naMeHJIIOill,aJI Mo;a;errIIponaHIIe IIHTerpIIponaHIIeM. AnTophI [3] p;aIOT aHa
lIIITII'leCKIIe Bhlpa)KCHIIJI )];lIJI BepoJITHOCTeii Toro, 'ITO HCHTpoH, BOH;IJ;JI 

' ,:i ,: ' ' ' u '. '·. •' ·u I ' ' . '. '/, : • • • ' • '" 

n nlIOCKIIII o6panen;, BhIII)];CT II::3 Hero no;a; )];aHHhIM yrIIOM nocrre nepBoro 
p~c:'~ei~IDI <I>1(0) (aTO He ~:i,o IIHoe, KaK nda(0)'y(0) B Hanrnx o603Ha~e
HII~X) H. nocrre BToporo pacceJIHIIJI <I>2(0), paCC'IIITaHHhlX Ha O;IJ;IIH CTepa
;IJ;II'a1l".Horrh::lJJICh OT~C.'ICHHhIM BhIIIIe noCTOJIHCTBOM OTHOIIICHIIJI IIHTCH
CIIBHO·c;:;en' pacceJIHrur ;a;nyx coceµ;mrx KpaTHOCTeii, cyMMapHyro nepoJIT:. 

H0CTh pacceJIHIIJI Bcex KpaTHOCTeii M02KHO BhlpamITh TaK: 

<l>E(0) = q,1(0) + <l>2(0) 
l-q. 
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(8) 

3;a;ech BTOpoe crraraeMoe CCTh cyMMa 'IlICHOB y6hIBaIOill,Cll reoMeTpII
'ICCKOll nporpeccIIII, p;lIJI 3HaMeHaTelIJI KOTopoii ciI~;a;yeT ~3.llTbOTHOIIIe-

HIIe nepoJITHocTeii 
4>~(0) 

q = q,O(0)' 
, 1 

(9) 

paCC'IIITaHHhIX )];lIJI .II30TponHoro CC'ICHIIJI pacceJIHIIJI. B penyllhTaTe, 
KpoMe onpe;a;erreHIIJI (6), Z(w1,w2) norry'IaeT II ;a;pyroe onpe;a;e~eHIIe: · 

• 4>1(0) 
Z(w1,w2) = <I>E(0)' . (10) 

paC'ICThI no KOTOpOMY BhIIIOlIHJIIOTCJI 3Ha'IIITCllhHO 6hICTpee, 'ICM no'(6). 

0.80 I I I I I I 111111 I 1111 111111 111 I I I 11111 I I I I I I 

,_0.7B 
..-l 

0 
C\io.76 
0 ,ii.1(' 

-~~. 
·N 0.74 

c.i 

Q 

0• • 

nad=0,2 

Q.72 I I I I I JI 11 I J JI I I I I I I I I 111 I I IC,: I I 111:Pi I I I I I 
-1 1 o_ 

.COS{) 

PIIc.9. 
BKrra)'.lbI O)'.IHOKpaTHO 

·pacce.!IHHhIX Hen:Tpo

HOB npn nud = 0, 2, 

~l ::::: 0, 2, W2 = 0, 1, 

onpe11erreHHble Me

TO)'.IOM MoHTe--Kaprro ' 

( CB~inhle' TO'lKil) •. · Il 

C rro~•o~bID 'qiopMyrr 

(8) ·:.:·(10)' (-reMHhle · 

TO~Kn) 

,IJ;na nocrre;a;HIIX pIICYHKa CBII;IJ;CTCllhCTBJIOT B norrh3Y T02K;IJ;CCTBCHHOC
TII,060IIX nop;xo;a;on, XOTJI II Ha61110;a;aeTCJI HCKOTOpoe pa'.cx:02K~CHHe, IIHO
r;a;a npeBhIIIIaIOill,ee CTaTIICTIIKy: Ha pIIc.8 )];lIJI Tpex yrlIOBhIX IIHTepna
lIOB :noKa::laHhI OTHOIIICHIIJI q IIHTeHCIIBHOCTeii nocJiep;ona;~~~HhIX KpaT
HOCTeii ·pacceJIHIIJI, ,B ,ClIJ'IaJIX II30Tp,onI,Ioro ( TCM_HhIC TO'IKII) II aHII::30-

Tp_onHoro ( CBCTllhIC TO'IKII) CC'ICHIIll. BIIp;Ho, 'ITO MOH.T~-KaplIOBCKIIe 3Ha
'ICHIIJI q ;a;mc KpaTHOCTeii II K) Bhlnaµ;aroT ,II::3 o6Ill,eii TeHp;eHn;IIII K no
CTOJIHCTBY: )];lIJI aHII30TpOnHoro ~C'ICifil..ll) ~r-~. ~CTCCTBC.HHO) II nO'ITII 
II;a;earrhHO conna;a;aroT c pac'!eTaMII no (9) - ·;a;lIJI II::lOTponHoro. Cpan

HeHIIe µ;nyx cnoco6oB norry'IeHIIJI qlaKTOpOB Z(w1,w2) npe;a;cTaBlICHO Ha 
pIIc.9. CBCTllhIC TO'IKII n~lIY'ICHhI no qJOpMy;e· (6) II3 pac~~TOB MCTO;IJ;OM 
MoHTe--Kaprro, a TCMHhIC - no qiopMyrraM (8)-(10), B KO.TOphIX BMCCTO 

4>1 ( 0) II <I>2( 0) IICnOllh::lOBalIIICh IIHTerpallhI OT HIIX no TClICCHOMY yrrry co
OTBCTCTBJIOill,er~•yim>BOI'() IIHTepmtll,L _Pac:X:C)2KAeHIIe TO'ICK - MCHhIIIe, 
'ICM Ha 0, 5%. . 
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4. 3AKJIIQqEHME 

lfo OIUICaHHOro Bblllle II n [1) crre;izyeT, 'ITO IIpaKTII'leCKII nee rrapa
MeTphl II cnoicTBa crreKTpoMeTpa YrP A II:Jy'leHhl. OTKa'lKa KaMephl 
crreKTpOMeTpa BMecTe C HeHTpOHOBOp;aMII cyll.(eCTBeHHO yrry'llllaeT <po
HOBhle YCJIOBIDI:. Ha O'lepep;II p;rur - 6orree IIOp;po6HOe IICCJiep;oBaHIIe <pOHa 
II oTµ;erreHIIe ero OT a<p<peKTa o6pru:m;a. 

lf To KacaeTC.ll rrapa3IITHhlX a<f><peKTOB, TO IIX y'leT COCTOIIT B crre
µ;yroll.(eM. Ocno602Kp;eHHhlll OT <poHa Ha6rrroµ;aeMhlll c'leT p;eTeKTopa p;JIJI 
Ka2Kp;oro yrrra II Ka2Kp;oi aHeprIIII HeHTpOHOB µ;orr2KeH 6b1Tb rrpep;CTaBJieH 
B BIIp;e 

1 
Iua6rr. =I·,· z · (l + 8), (11) 

OTKyp;a II Haxop;IITC.ll IICIIpanrreHHblll C'leT I. 3µ;ecb <paKTOp caMO:lKpaHII
poBKII 1 Bhl'lIICJI.lleTC.ll corrracHo Bhlpa2KeHIIIO ( 4), rronpaBKa Ha MHOro
KpaTHOe pacceJIHIIe Z _: corrracHo (8)-(10), a µ;orrJI nepepacceJIHII.ll 8 -
KaK BCJIII'lIIHbl II3 nocrreµ;Hero CTOJI6n;a Ta6JIIID;hl 1. IIocKOJibKY / 3aBII
CIIT OT n~µ;rre2Kall.(ero orrpeµ;erreHIIIO IlOJIHOro ce'ICHII.ll (T, a z - . ell.(e II OT 
napaMeTpOB aHII30TpOilIIII W1 II w2, KoppeKIJ;IIJI C IlOMOll.(bIO DhlIJa2KeHIIJI 
(11) 6yµ;e,T DhlJIIIDaTbC.ll n HeCKOJibKO IITepan;ui MCTOp;a rrocrreµ;onaTeJib
HbIX npu6rru2KeHni. 

HacTOJill.(aJI pa6oTa, KaK lI pa6oTa [1], DbIIlOJIHCHa npH noµ;µ;ep2KKe 
<poHp;a P<t><t>ll, rpaHT N97-02-16213. 
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EHttK T JI. H J:lp. PB-97-372 
HeihpoHHhIH cneKTpoMeTJ) YfPA: 
pa6orn B BaKY)'Me H pactJeTbl napa3HTHhlX pacce5IHHH 

Om1caHbl nepBbie 3KCnepttMeHThl C OTKatJKOH KaMepbl pacce5IHH51. Y CTpaHeHtte 
B03):lynIHOH KOMCTOHeHThl )'MeHhlllHJIO qJOH cneKTpOMeTpa nptt HettTpOHHblX 3HeprID!X 
3-100 K3B B 5--40 pa3. OnttcaHbl pactJeTbl 3qJqJeKTOB OT BTOptt4HhlX pacce5IHHH 
HettTpOHOB Ha OKp}')KaJOIUHX o6pa3eU MaTepttanax H B CaMOM o6pa3ue. IloKaJaHO, 

'ITO nepepacce51Htte B KaMepe H KOMHaTe MO)KHO yqeCTh C TO'IHOCThJO J:lO ~lo-4, 
a J:ll15I nonpaBKtt Ha MHoroKpaTHoe pacce51Htte B 06pa3ue pa3pa6oTaH anropttTM 
Ha OCHOBe MeTO):la MoHTe-Kapno H MeTO):la HHTerpttpoBaHH51, H3BeCTHOro H3 JIHTe
paTypbi. 

Pa6orn BhinOJIHeHa B Jia6opaTOptttt HettTpoHHOH cpmttKtt ttM.11.M.<t>paHKa 
mum. 

Coo6menue O61,e)lHHeHHOro HHCTHTyra ll)lepHblX HCCJle)lOBaHHii. lly6Ha, 1997 

IlepeBOJ:l aBTOpos 

Enik T.L. et al. PB-97-372 
Neutron Spectrometer UGRA: 
Operation in Vacuum and Calculations of the Harmful Scattering 

The first experiments with pumping out the scattering chamber are described. 
The air component removal has decreased the spectrometer background 5--40 times 
at neutron energies 3-100 keV. Calculations for effects of neutron secondary 
scattering by materials surrounding the sample and by the sample itself are described. 
It is shown that the rescattering in the chamber and the room can be taken 

into account with an accuracy up to ~10- 4
. An algorithm of correcting for multiple 

scattering in the sample has been worked out, which is based on Monte Carlo method 
and the method of integration known from literature. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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