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1. BBe)l;eHHe 

3epKaJIbHbie HeifrpoHOBO)lbl n03BOJUlIOT CYUJ.ecTBeHHO YBenHlfHTb nOTOK 

HeihpoHoB Ha 06pa3....e H MHHHMH3HpOBaTb 4>OH 6b1CTpbIX HeifrpoHoB H Y - J1j"IeH OT 

HeifrpoHHoro HCTOlfHHKa. IIo3ToMY BO MHOrnx. COBpeMeHHblX HeifrpoHHblX 

cneKpOMeTpRX 3epKaJIbHblH HeifrpoHOBO)l HBJUleTCH O)lHOH H3 BUCHblX COCTaBHblX 

lfaCTeH. BMeCTe C TeM )laHHble YCTpoHCTBa )lOBOnbHO )lOpOrH, CTOHMOCTb 

3epKaJIbHbiX HeiiTpoHoBO)lOB )lOCTHraeT HecKonbKHX TblCRlf )lOnnapOB 3a norOHHblH 

MeTp. HMeH B BH.IlY, lITO ,IlnHHa HeHTpoHOBO)lOB COCTaBJUleT )leCRTKH MeTpOB, 

BonpOCbI HX OnTHMH3a....HH HMelOT HCKnlOlfHTenbHO Ba)J(Hoe 3HalfeHHe. Arut 
HeHTPoHOBO)la npoCTOH KOH4>Hrypa....HH paClfeTbi XapaKTepHCTHK MO)J(HO npOBeCTH 

aHaJIHTHlfeCKH, HCnOnb3YH XopOWO H3BecTHbie 3aKOHbI HeifrpoHHoH OnTHKH. 

O)lHaKO BO MHorHX CJ1j"IaRX B03HHKaeT Heo6xo)lHMOCTb C03)laHHR HeifrpoHOBO)lOB 

cnO)J(HOH reoMeTpHH (c KOM6HHa....HeH npRMblX H H30ntyTblX ceK....HH. 

4>0KYCHPYlOUJ.HX CeK....HH H T.)l.) H C pa3nHlfHbiM THnOM nOKpblTHH CTeHOK 

HeifrpoHOBO)la, lITO n03BOJUleT MHHHMH3HPOBa:rb CTOHMOCTb. ,lVuI paclfeT8. 

nO)l06Horo THna YCTpOHCTB HCnOnb3YeTCH MO)lenHpOBaHHe MeTO)lOM MOHTe-Kapno. 

KpoMe Toro, MeTO)l MOHTe-Kapno n03BOJUleT pacclfHTblBaTb )lOnOnHHTenbHble 

XapaKTepHCTHKH HeifrpoHOBO)la, HanpHMep, nOTepH H Cpe)lHee lfHcnooTpuceHHH 

HeifrpoHoB B 3aBHCHMOCTH OT ,IlnHHbl BonHbl. 

QenblO )laHHOH pa60Tbl 6b1JI0: 

1. 	 IIpoBe)leHHe MO)lenbHbIX paClfeTOB .IlJlJI HeifrpoHOBO)lOB npoCToH 

KOH4>Hrypa....HH H cpaBHeHHe pe3ynbTaTOB, nOJ1j"leHHbIX MeTO)lOM MOHTe

Kapno,c aHaJIHTHlfecKHMH paclfeT8.MH. 

2. 	 PaClfeT XapaKTepHCTHK peanbHoro HeiiTpoHOBO)la, YCTaHoBneHHoro Ha 

peaKTOpe HEP-2, H cpaBHeHHe pe3ynbTaTOB MO)lenHpOBaHHR 

3KcnepHMeHTOM. 

B Cne.IlYlOUJ.eH pa60Te 6yJlYT npHBe)leHbl pe3ynbTaTbi OnTHMH3HpOBaHHbIX 

paclfeTOB HeifrpoHOBO)la Ha peaKTOpe HliP-2, n03BOnRlOUJ.ero npH 3a)laHHOM 

paCCTOJlHHH OT HCTOlfHHKa )lO 06pa3....a : 

a) 	H36aBHTbCR OT 4>OH8 6b1CTpbIX HeHTpoHoB H Y - H3J1j"IeHHR; 

6) 	nOJ1j"lHTb MaKCHMaJIbH)'lO MOTHOCTb HeiiTpoHHoro nOTOKa Ha 06pa3....e 

npH TPe6yeMoH yrnoBoH paCXO)lHMOCTH JIYlfKa H creneHH HepaBHoMepHoCTH 

nOTOKa no celfeHHIO 06pa3....a. 
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2. OnHcaHHe npHHIJ.Hna pafioTbl HcnoJlblyeMbix nporpaMM, HOBbie 

B01MOiKHOCTH 

3a OCHOBY nporpaMMHoro naKeTa 6bIRH B3Krbl KO,nbl, onHcaHHble B [1, 2]. 
Cyrb HCnOnb3yeMoro nO,l(Xo,na COCTOHT B cne,nYlOllleM. 

PaccMo1'pHM HeiiTpoHoBO.n, COCTO)llllHH H3 HeCKonbKHX ceKUHH (np)lMble, 
H30rHyrble, CXOWlIII Hec)l). KaJK.l(u ceKUH)I Heit-rpoHoBo,na onHCblBaeTC)I weCTblO 

nOBepXHOCT)lMH: BXO,n, BbIXO,n, BepxHu, HH)I(HU, neBU, npaBu CTeHKH. 

lloBepxHoCTb 6y,neM onHCblBaTb KBa.npaTH'-IHOH <pOPMOH [1]: 
T =AX2 + Ex + Cy2 + Dy + Ez2 + Fz + G + Pxy + Qyz + Rxz . (1) 

Ha pHcYHKe 1 H306pa)l(eHa np)lMU CeKUH)I .nnHHOH 10 CM H CeqeHHeM 2,5 CM x 8 CM. 

QHa onHCblBaeTC)I WeCTblO ypaBHeHH)lMH (1). 

2.5CM 

PHCYHOK: 1. llP)lMU ceKUH)I HeitTpoHoBo,na. QY - OCb nyqKa HeHTpoHoB 

,ll;anee reHepHpYeTC)I Heit-rpoH co cnyqaHHblMH Koop,nHHaTaMH (x,y,z) H 

CKOPOCT)lMH V= (~,VY'v:.) Ha BXO,nHOH nOBepxHoCTH HeHTpOHoBo,na. Mo,nynb 
..... 

BeKTOpa V nonaraeTC)I paBHblM e,nHHHue. llPH 3TOM npoeKUHH CKOPOCTH V,r, V
y 

, Vz 

HBn)lIOTC)I HanpaBn)llOlllHMH cHaycaMH H ne)l(aTBnpe,nenax: - rc ::;; V,r ::;; rc' 
..... 

- r c ::;; Vz ::;; r c' a Vy paCCqHTblBaeTC)I H3 ycnoBH)I paBeHCTBa Mo,nyn)l BeKTOpa V 

(YqTeHO, '-ITO KpHTHqeCKHH yron rc Man H, 

Heit-rpOH HMeeT Bec W=h· d· 4· r; .F, r,ne h,d

nOnepeqHble pa3Mepbl nepBoH (3axBaTbIBaIOllleH) CeKLtHH HeiiTpoHoBo,na, 4· r -; _ 
TenecHblH yron 3axBaTa npH ycnoBH)lX rc > hIL H rc > d I L .nn)l np)lMOrO 
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HeiiTpoHOBO,Q~ F nOTOK HeHTPOHOB [ HeUmpOH ] r - KpHTH'IeCKHH
CM 2 

• C•CmepaOuaH' C 

yron. EcnH B HlorHyroM HeiiTpoHOBO,Qe ,QnHHa npJlMOrO BH,QeHHJI npeBblWaeT ,QnHHY 

HeiiTpoHOBO,Qa, BblnOnHeHHJI ycnoBHH rc > hIL H rc > 41 L He TP.e6YeTCJI. )l,anee 

npOH3BO,QHTCJI npOBepKa, HaCKonbKO peaneH HeHTPOH C ,QaHHbIMH 

xapaKTepHCTHKaMH ,QM CHCTeMbl 3aMe,QnHTenb-HeiiTpoHOBO,Q. )l.M 3TOro 3HaK 

npOeKl.\HH CKOPOCTH HeiiTpoHa (Vx,Vy.VJ H3MetuleTCJI Ha npOTHBOnOnO)l(HblH. 

Cne,QOBaTenbHO, ,QBH)I(eHHe HeiiTpoHa 6y,QeT OCYllJ;eCTBnJlTbCJI B HanpasneHHH 

3aMe,QnHTeAA. ilocne Toro, KaK H~iiTpOH ,QOCTHraeT nnOCKOCTH, B KOTOPOH 

pacnOnO)l(eH 3aMe,QnHTenb, npOBepJlerCR, nonan nH HeiiTpoH Henocpe,QCTBeHHO Ha 

nOBepXHOCTb 3aMe,QnHTeAA. EcnH He nonan, TO TaKOH HeiiTpoH HCKnJO'laeTCJI H3 

,QanbHeHWHX .paC'IeTOB. TaKHM 06pa30M yqHTblBaJOTCJI nOTepH CHCTeMbl 

3aMe,QnHTenb-HeiiTpoHOBO,Q. 

ilocne BblweonHcaHHOH npOBepKH HeiiTpoH Ha'lHHaeT ,QBH)I(eHHe no 

HeiiTpoHOBO.QY, oTP8.)KaeTC'I B COOTBeTCTBHH C laKOHaMH HeiiTpoHHoH OIITHKH, nH60 

nOrnOllJ;aeTC'I CTeHKOH HeHTPOHOBO,Qa. 

EcnH HeiiTpoH na,Qae'f Ha o-rp8.)KalOllJ;}'IO nOBepXHOCTb no,Q yrnoM MeHbWHM 

KpHTH'IeCKOrO r So rc' TO npOHCXO,QHT o-rpa)l(eHHe HeiiTpoHa. EcnH r > rc' HeiiTpoH 

C'IHTaeTCR nOTepJlHHbIM. EcnH HeiiTpoH ,QOCTHraeT BbIXO,Qa HeiiTpoHOBO,Qa, OH ,Qanee 

TPaHcnOPTHpyeTC'I K 06pall.\Y. B np0l.\ecee KbC,llOro OTP8.)KeHHJI Bec HeiiTpoHa 

YMHO)l(aeTCJI Ha K034>4>Hl.\HeHT o-rp8.)KeHHJI k COOTBeTCTB}'IOllJ;eH noBepXHOCTH. 3TOT 
103 106 

no BeeMY aHcaM6nlO H Bbl'lHCAAIOTC'I CTaTHCTH'IecKHe XapaKTepHCTHKH. 

np0l.\eCC nOBTOpReTCJI - pal. BbIXO,QHble napaMcm>bl 3aTeM ycpe,QHJlIOTCR 

Ha OCHOBe HlnO)l(eHHblX nO,QXO,QOB H Ha 6ale KO,QOB [1,2] HanHcaHa 

nporpaMMa mcguide-new Ha Jl3blKe nporpaMMHpOBaHHJI FORTRAN F77-GNU ,QM 

Onepal.\HOHHOH CHCTeMbl RED HAT LINUX-6.1. Y'IHTbIBU, 'ITO FORTRAN F77 
CYllJ;eCTBYeT nO'ITH ,QM Bcex Onepal.\HOHHblX CHCTeM, CHHMaeTCR npo6neMa 

nepeHocHMOCTH nporpaMMbI. 

ilporpaMMa COCTOHT H3 HeCKonbKHX BcnOMoraTenbHblX nO,QnporpaMM, 

onHCblBalOllJ;HX ,QBH)I(eHHe, OTP8.)KeHHe H HaxO)I(JJ.eHHe nOnO)l(eHHJI HeiiTpoHa B 

HeiiTpoHoBo,Qe, HaxO)I(JJ.eHHe BpeMeHH nponen HeiiTpoHa ,QO 3a,QaHHoH nOBepxHoCTH 

H .llp. (6H6nHOTeKa MCLIB [1 ]). Bee napaMeTJ>bl nO.llnporpaMM C,QenaHbI 

ct»opManbHblMH (3a HCKnIO'IeHHeM napaMeTJ>oB B ,QnR' 6Y.QYIlJ;HX(1» 
ycoBepweHCTBoBaHHH. 

B HOBOH BepcHH MO)l(HO paCC'lHTblBaTb HeiiTpoHoBo,Qbl C 60nee cnO)I(HOH 

KOHCTPYKl.\HeH. B03MO)l(Ha TaK:>Ke YCTaHoBKa cynep3epKan, KOMHMaTopoB H 

06b1'1HblX 3epKan. ,ll;ruIlCagoH nOBepxHoCTH eeKl.\HH Heii'rpoHoBo,Qa 3a,QaeTCJI CBOH 

K034>4>Hl.\HeHT o-rpa)l(eHIDI k H KpHTH'IeCKHH yron rc • 

Cnno B03MO)l(HblM pacnonaraTb 3aMe,QnHTenb . H HeHTpoHoBO.ll BeCbMa 

npOH3BonbHO 6naro.llap'l B03MO)l(HOCTH CMell(eHUj( 3aMe,QnHTeM OTHOCHTenbHO OCH 

nepBOH (3axBaTbIBatollJ;eH) ceKl.\HH HeiiTpoHOBO.lla. COOTBeTCTBeHHO, 

YCOBepweHCTBOBaHa nO,QnporpaMMa reHepal.\HH HeiiTpOHa co cnyqaHHblMH 

Koop,QHHaTaMH H CKOPOCT'IMH. 3To n03BOAAeT Ol.\eHHBaTb nOTepH ,QAA 60nee 

CnO)l(HblX CHCTeM 3aMe,QnKrenb-HeHTpoHOBO.ll. 
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.n06aBneH pac'nIT yrnoBoro pacnpe.lleneHHSI Hei:frpOHoB Ha BbIXO.lle. TaJ0Ke 

.ll06aBneHbl paC'UITbl .llHCnepCHH nOTOKa Hei:frpoHoB Ha BblXO.lle HeHTpOHOBO.lla H Ha 

06p83ue B 3aBHCHMOCTH OT MHHbl BonHbJ. 

B nporpaMMY BBe.lleHbl Mo.nynH, ocymeCTBMlOmHe KOHTponb OWH60K 

(.lleneHHe Ha 0, H .llp.) H 3anHCblBalOmHe co06meHHB 06 oWH6Kax B CneUHaJIbHblH 

«j>aHn oWH60K. 3m Mepa n03BonHna HCKnIO'IHTb 3aBHcaHHe nporpaMMbl B cny'lae 

HeKOppeKTHbIX HCXO.llHbIX .llaHHbIX HnH B cny'lae HeY.lla~HOH pa60Tbi reHeparopa 

cnyqaHHblx '1Hcen. 

B HOBOH BepCHH nporpaMMbI nOSlBHnaCb B03MOJKHOCTb aHaJIH3HpOBaTb 

nOTOK Hei:frpoHoB Ha 06p83Uax Kpyrnoro Ce'leHHSI. 

,lJ;M HarM.llHOrO npe.llCTaBneHHB MO.llenHpOBaHHB B nporpaMMy .ll06aBneH 

npouecc BH3YaJIH3aUHH HeHTpoHOB, BneTalOmHX H BbIneTalOmHX H3 HeHTpoHOBO.lla, 

a' TaKJKe nona,nalOmHX Ha KpyrnblH HnH npSlMoyronbHblH 06p83eu. llPH 3TOM 

HcnOnb30BaJIaCb rpa4>H'IeCKaSI 6H6mtOTeKa PGPLOT [3]. llpH He06xo.llHMOCTH, MB 

60nee 6blCTpOro BbmonHeHHB nporpaMMbl BH3YaJIH3aUHB MOJKeT 6blTb OTKnIO'IeHa. 

3. llpHMepbl pacqeTa npoCTblx HeiiTpoHOBO,lJ,OB H cpaBHeHHe C 

aHaJlHTHqeCKHMH Bblpa*eHHHMH 

a) llPRMOU 3epKaJlbHblU HeumpoHo8oi) 
PaCCMOTpHM npSlMoH HeiiTpoHOBO.ll ,llnHHOH L =20 M, C nOnepe'lHblMH 

p83MepaMH d = 3 CM, h 3 eM, nOKpblTblH HarypaJIbHblM HHKeneM (re 0,0017)t, 

re - B pa,nHaHax, A. - B A). TeneCHblH yron 3axBaTa Hei:frpoHoB Hei:frpoHOBO.llOM 

n = 4 . r: .llM r e > h / L H r e > d / L. 3TH ycnOBHSI BbmonHSlIOTCSI .llnSi )t ~ 1A . 

llPHHHMaSI nOTOK HeHTpOHOB Ha BXO.lle paBHblM e.llHHHue <I>/U:O() = I, nony'laeM, "ITO 

nOTOK HeHTpOHOB Ha BbIXO.lle <I>~od = 4r:hd. ,lJ;M TaKHX JKe p83MepoB 

KOnJlHMaTopa C a6conIOTHo nornOmalOmHMH CTeHKaMH reoMeTpH'IecKHH renecHblH 

yroJi 3axBaTa no =hd I L2. COOTBeTCTBeHHO, nOTOK HeitTpoHoB Ha BbIXO.lle 

<I>:wxW =(hd)2 / L2 [4]. OnHcaHHblH Bblwe HeitTpoHOBO.ll paCC'IHTbIBaJICSI TaKJKe C 

nOMOmblO nporpaMMbl mcguide-new. Pe3ynbTaTbl paC'IeTOB npHBe.lleHbl Ha 

pHcYHKe 2 B cpaBHeHHH C aHaJIHTH'IecKHM pe3ynbTaToM. <I>aKTOp BblHrpblwa 

HeHTPoHOBO.lla Ha,n KonnHMaTopoM paBeH G = 4r;L2/hd [4,5] H npe.llCTaBneH Ha 

pHcYHKe 3. 
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HHTeHCHBHOCTh 

1 3 5 7 9 11 13 
o 

)\nHH8 IIOJIHbI, A. (A) 

PHCYHOK 2. nOTOK HeHTpOHoB Ha Bblxo,ne npJlMOrO HeiiTpoHoBo,na. 

HenpepblBH8Jl nHHHJI - aHMHTH....eCK8Jl 3aBHCHMOCTb, KPY)I{KH pac....eT· 

MeTO,nOM MOHTe-Kapno 

<%>ax:rop BblHTpblwa G 

0.1 

0.01 

0.001 

0.0001 ~----~----~----~----~------~----~~ 

10000 c-------y--...,.--...,..-----,---....,----r-----r--:a 

1000 

100 

10 

1 
1 3 5 7 9 11 13 

(1 

UJlRUa BOJlllhl, A. (A) 

PHCYHOK 3. <l>aKTop BblHrpblwa HeiiTpoHoBo,na no cpaBHeHHIO C 

HeoTp~alOUJ,HM KonnHMaTopoM. HenpepblBH8Jl ·nHHHJI - aHMHTH....eCKaJI 

3aBHCHMOCTb. KBanpaTbl - pacc....HTaHHble MeTO,nOM MOHTe-Kapno ,naHHble 
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CpeJlHee "mCJlO OT»a)KeHHH HeHT»OHOB OT CTeHOK B npjfMOM HeHT»OHOBOJle JlaeTCjf 

CJle.ll}'lOllleH <t>OpM)'JlOH [5]: 
Ncpeo = 0.5Yc(11 h + 11 d)L . (2) 

Ha pHcYHKe 4 npHBeJleH pac1.feT MeTOJlOM MOHTe-KapJlo CpeJlHerO 1.fHCJla oT»a)KeHHH 

B cpaBHeHHH C aHaJIHTH1.feCKHM pe3YJlbTaToM. 

Cpe,nnee 'DfC]JO oTp8xreHHA 

20 r-----~----~r-----,-----~------~----~--~ 

16 

12 

8 

4 

o ~----~----~------~----~------~----~--~ 
1 3 5 7 9 11 13 

o 
)lJJHHa BOJIULI, A (A) 

PHCYHOK 4. CpeJlHee 1.fHCJlO oT»a)KeHHH HeHT»OHOB OT CTeHOK B npjfMOM 

Hei:fT»oHOBOJle. HenpepblBHM JlHHHjf - aHaJIHTH1.feCKM 3aBHCHMOCTb, 

KB8JlpaTbl - paCC1.fHTaHHble JlaHHbie no MeTO.ll}' MOHTe-KapJlo 

YBeJlH1.feHHe CpeJlHerO 1.fHCJla OT»a)KeHHH C POCTOM JlJlHHbl BOJlHbl CBjf3aHO C 

POCTOM KpHTH1.feCKoro yrJla. 

6) Pa6HoMepHo u302Hymbl'U 3epKaJlbHbiU HeumpoHo600 

PaCCMOT»HM Tenepb H30rH)'Tb1H Hei1T]>oHOBOJl JlJlHHOH L =20 M, 

nOnepe1.fHblMH palMepaMH d =2 CM, h =18 CM, Pa)lHYCOM KpHBH3Hbl R =1900 M, 

nOKpblTblH HarypaJIbHblM HHKeJleM (yc =0,0017A.). IJpHHHMM nOTOK Hei:fT»oHoB Ha 

BXOJle Hei:fT»oHOBOJla paBHblM eJlHHHlle <t>8%00 =1, nOTOK Hei:fT»oHoB Ha BbIXOJle 

HeHT»OHOBOJla onHCblBaeM CJleJlYlOllleH <t>OpM)'JlOH [6]: 

(3) 
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XapaKTepHCTHlfeCK}'1O .llnHHy BOnHbl;': M1I H30rHyToro Heii1'PoHOBO.lla 

MO)l(HO paCClfHTaTb no $opMyne [8]: 

o 

r.lle Q c - KOrepeHTHU aMnnH1)'.lla pacce1lHH1I Bell\eCTBa creHOK HeHTpOHOBO.lla B A, 
.~ . 

N - nnOTHOCTb 1I.llep B A ,).' - XapaKTepHCTHlfecKU MHHa BonHbl B A . 

XapaKTepHCTHlfecKU MHHa BonHbl M1I paccMarpHBaeMoro HeHTpOHOBO.lla 

paBHa ).' ~ 2,7 A. 
PaClfeT nOTOKa HeHTpOHOB Ha BblXO'.lle paCCMaTpHBaeMOrO HeHTpOHOBO.lla C 

HcnonblOBaHHeM BbfwenpHBe.lleHHOH <PoPMYnbf H no MeTOA)' MOHTe-Kapno 

npHBe.lleH Ha pHcYHKe 5. 

HmeUCHBHOCTh 

0.08 

0.07 

0.06 

0.05 

0.04 

0.03 

0.02 

0.01 

0 
0 2 4 6 8 10 12 14 

o 
tlnHHa BOJIHLl.). (A) 

PHCYHOK 5. TIOTOK HeHTpoHoB Ha BblXO.lle H30rHyToro HeHTpoHOBO.lla. 

HenpepblBHu nHHH1I aHaJIHTHlfecKU 3aBHCHMOCTb, KB8,llpaTbf 

paCClfHTaHHbfe .llaHHble no MeTOA)' Mome-Kapno 

Ha pHcYHKe 6 npHBe.lleH paClfeT MeTO.llOM MOHTe-Kapno Cpe.llHero lfHcna 

Qrpa)l(eHHH HeiiTpoHoB OT creHOK B paccMarpHBaeMOM H30rnyTOM HeiiTpoHOBO.lle B 

cpaBHeHHH C aHaJIHTHlfecKHM paClfeTOM lfHCJla Qrp8)l(eHHH HeHTpOHoB OT creHOK M1I 
np1lMoro HeHTpoHOBO.lla TeX >Ke p83MepoB. 
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16 r-----r---~~--_,----~----_.----_,----_, 

14 

12 

10 

8 

6 

4 

2 

2 4 6 8 10 12 14 
o 

.1lJUlHa BOJlHhl, I.. (A) 

PHCYHOK 6. CpeAHee "IHCJlO oTplDKeHHH HeHTpoHoB OT CTeHOK AJUI 

H30rHyroro HeHTpOHOBOAa (KB8,llpaTbl - pac"IeT MeTOAOM MOHTe-KapJlo) H 

A1UI npJlMOrO HeiITpoHoBoAa Tex )l(e palMepOB (JlHHHJI - aHaJJHTH"IeCKHH 

pac"IeT no q,0pMYJle (2)) 

BHAHO, "ITO AJlJl AJlHH BOJlH II. > 11.- = 2.)7 A cpeAHee "IHCJlO OTpa)l(eHHH B 

H30rHyroM HeiITpOHoBoAe xopowo OnHCblBaeTCJI q,0PMYJlOH AJlJl npJlMoro 

HeiITpoHoBOAa. 3T0 06bJlCHJleTCJI TeM, "ITO A1UI AJlHH BOJlH II. > 11.- HeHTpOHbl 

ABHrruoTcJI 3Hf'3arOM,'01'pIDKaJlCb OT Bcex CTeHOK, aHaJJorH"IHO JlBH)I(eHHIO B npJlMOM 

HeiITpOHoBOAe. Ho )lJlJI AJlHH BOJlH II. < X HeHTpOHbl B H30rHyroM HeHTpOHOBOAe 

ABH)K}'TCJI, OTpa)l(aJlCb TOJlbKO OT BOrHyrOH (BHeWHeH) CTeHKH (rHpJlJlHJlOH), "Iero B 

npJlMOM HeHTpOHOBOAe He npOHCXOAHT. TIpH 3TOM HeHTpOHbl C 

XapaKTepHCTH"IeCKOH AJlHHOH BOJlHbl AOCTHralOT KOHL\a HeiITpoHOBOJla, HcnblTblBaJI 

HaHMeHbwee "IHCJlO OTplDKeHHit Pa3JlH"IHbIH xapaKTep TpaHCnOpTa HeHTpOHOB B 

H30rHyroM HeHTpOHOBOAe AJlJl II. > 11.- H II. < 11.- npHBOJlHT K cymeCTBeHHOH 

HepaBHOMepHOCTH nJlOTHOCTH HeiITpOHHoro nOTOKa AJlJl AJlHH BOJlH II. < 11.- Ha 

BblXOAe TaKoro HeiITpoHOBOJla. 3TOT 3q,q,eKT Xopo'WO Ha6JlIOAaeTCJI, eCJlH 

HCnOJlb30BaTb B nporpaMMe mcguide-new BH3YaJJH3aL\HIO HeHTpOHHorO nOTOKa Ha 

BXOAe H BblXOAe H30rHyroro HeiITpoHOBOJla. 

6) YlJem nomepb HeumpOHH020 nom01<a 3a clJem KOHeIJH020 paccmORHUR 
om 3aMeOJlUmellR 00 6.XOOa 6 HeiimpOH0600 

PaCC"IHTaeM BblweonHcaHHblH H30rHyrblH HeHTpOHOBOA C Y"IeTOM nOTepb B 

CHCTeMe 3aMeAJlHTeJJb-HeiITpoHoBOA. AnJi 3aMeAJlHTeJJJI KBaApaTHOro Ce"leHHJI C 

AJlHHOH pe6pa m B [5] npeAJlO)l(eHa aHaJJHTH"IeCKaJI 3aBHCHMOCTb AJlJl K03q,q,HL\HeHTa 

nOTepb: 

K =1- {LJ-Hyc - O.5(m - h)}2 
" 2YCLJ_Hh ' 
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__ __ ____ ____ ____ ______ __ 

rJle L'_H - paCCTOSlHHe 3aMeJl]JHTenb-HeHTpOHOBOJl, h - BblCOTa HeHTpOHOBOJla, m _ 
Jl]JHHa pe6pa KB8JlpaTHOrO 3aMeJl]JHTeJUI (h > a , a - WHpHHa HeHTpOHOBOJla). 

COOTBeTCTBeHHO, nOTOK HeHTpOHOB Ha BbIXOJle HeHTpOHOBOJla, 

4>:.::0., = K"4>:-' . 
Pe3ynbTaTbl paC'IeTa CHCTeMbl 3aMeJl]JHTenb-HeHTpOHOBOJl MeTOJlOM MOHTe

Kapno B CpaBHeHHH C aH8nHTH'IeCKHMH paC'IeT8MH npeJlCTaBneHbl Ha pHcYHKe 7. 

HHTeHCHBHOCTb 

O.~r-~-.----~-----r----~----~----~--__ 

0.07 I 

0.06 

0.05 

0.04 

0.03 

0.02 

0.01 

o ~ ~~~ ~ ~ ~ ~ ~ 

- HeArpOHOBO~ YCT8HOB.lJe8 B11lIomylO JC 38tote~nHTenlO 

2 - HeArpoHoBO~ yCT8H~B.lJeH HS paCCTOJlHHH 2 tot OT 

38.tote~HTenJi 

2 

--J 

o 2 4 6 8 10 12 14 
o 

,llnHHS B0118b1, A. (A) 

PHCYHOK 7. TIOTOK HeiiTpoHoB Ha BblXOJle H30rHyroro HeHTpoHOBOJla 6e3 

y'IeTa (JIHHHSI I) H C Y'IeTOM (nHHHSI 2) nOTepb B CHCTeMe 3aMeJlnHTenb

HeHTPOHOBOJl. HenpepblBHble nHHHH - aH8nHTH'IeCKHe 3aBHCHMOCTH, 

KB8JlpaTbl H OKPY>KHOCTH - paCC'lHT8HHble JlaHHbie MeTOJlOM MOHTe-Kapno 

2) KOM6uHUP060HHble HeUmpOH0600bl 

AnH YMeHbweHHH Hep8BHOMepHOCTH nOTOKa HB BblxOJle HeiITpoHOBOJl8 

npHMeHHIOT KOM6HHHPOB8HHbie HeiITpOHOBOJlbl. npH 3TOM H30rHyru ceKUUSI 

n03BOJISleT H36aBHTbCSI OT 6b1CTpbIX HeiITpoHoB H 'Y-H3JJY'IeHHH, B npHMU ceKUHH, 

cneJlYlOUJ,u 38 H30rHyroii,- JlOCTH'Ib 60nbweH paBHOMepHOCTH nnOTHOCTH 

HeiITpoHOB. C nOMOUJ,blO npOrpaMMbl mcguide-new 6blnH paCC'IHTaHbl 

HeHTpOHOBO.Qbl C O.QHHaKOBOH nepBoii H30rHyroii CeKUHeH, HO C P83HOii no Jl]JHHe 

cneJlYWUJ,eH 3a Heii npSlMoii ceKuHeii. TIonepe'lHble p83Mepbl H30rHyroii H npHMOH 

ceKUHii npHHHM8nHCb OJlHHBKOBbIMH. 

HeiiTpOHOBO.Q 1: H30rHyru ceKUHSI Jl]JHHOH L = 20 M, P8JlHYCOM KpHBH3Hbi 

R = 1900 AI, nOnepe'lHble p83Mepbl d =2 CM, h = J8 CM, npHMoii ceKUHH HeT. 
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HeiiTpoHoBOll 1: 3a H30rHyroH ceKLlHeH, onHcaHHoH Bblwe, nOMemeHa npSlMaJI 

ceKLlHSl .llJlHHOH 25 M. 

HeiiTpoHoBOll 3: KaK HeHTPoHOBO,II. 2, HO npSlMaJI ceKLlHSl.llJlHHOH 30 M. 

HeiiTpoHoBOll 4: KaK HeHTPOHOBO,II. 2, HO npJlMaJI ceKLlHSl ,Il.JlHHOH 40 M. 

lIa pHcYHKe 8 npHBe,Il.eH pac~eT Cpe,Il.HeKBa.D.paTH~Horo OTKJlOHeHHSl 

nJlOTHOCTH nOTOKa Ha BblXO,Il.e ,Il.aHHbIX HeH-rpOHOBO,Il.OB. JJ;aHHble Ha pHC. 8 
HOpMHpoBaHbl Ha Cpe,Il.Hee 3Ha~eHHe nJlOTHOCTH nOTOKa HeHTpoHoB, paCC~HTaHHOrO 

.llJlSl KOHKPeTHOH .llJlHHbl BOJlHbl, H BblpaJICeHbl B %. 

350 r-~----~----r----.r----.-----r----'-----' 

HeitrpoHoBoA I 


HeitrpoHoBOA 2
200 
- HeitrpoHoBoA 3 -

150 - HeATpoKoBOA 4 

300 

250 --- -

-

100 

50 

0 
2 3 4 5 6 7 8 

0 
.ltnHH8 BOJIHbI, A. (A) 

PHCYHOK 8. Cpe,Il.HeKBa.D.paTH~HOe OTKJlOHeHHe nnOTHOCTH nOTOKa 

Heii-rpoHoB Ha BbIXO,Il.e KOM6HHHpoBaHHbIX Heii-rpoHOBO,Il.OB 

BH,Il.HO, ~o ,Il.OnOnHHTeJ1bHaJI npSlMaJI ceKLlHSl cymeCTBeHHo nOHHJlCaeT 

HepaBHoMepHOCTbnJ10THOCTH HeHTPOHHoro nOTOKa Ha BblXO.llHOM ce~eHHH 

Heii-rpoHOBO}la. 

BMeCTe c TeM O~eBH,Il.HO, ~o YCTaHoBKa ,Il.OnOnHHTenbHOH npSlMoH 

HeHTPoHOBO,Il.HOH ceKLlHH YMeHbWaeT K03~~HLlHeHT nponycKaHHSl 

KOM6HHHpoBaHHoro Heii-rpoHOBO.lla. nonafaJI K03~HLlHeHT O'rpaJKeHH.SI Heii-rpoHoB 

OT CTeHOK paBHblM 0,98, 6bln paCC~HTaH KO~~HLlHeHT nponycKaHHSl .llJlSl Ka)KJlOrO 

H3 paccMaTpHBaeMblX HeHTpoHOBO.llOB. Pe3ynbTaTbl npHBe.lleHbl Ha pHcYHKe 9. 
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0.8 

0.6 

0.4 -

-.-... 

0.2 __ 

J - HeitrpOHOBO,It 

2 - HeitrpoHOBO,It 

3 - HeitrpoHoBO,It 

4 - HeitrpoHOBO,It 

o ____~____-L____~____~~____L-____~____~ ~ 

1 2 3 4 5 6 7 8 
o 

,lVIHHa BOJlHhl, A. (A) 

PHCYHOK 9. K03CPCPHQHeHTbi nponycKaHWI HeHTpOHOBOAOB 

H3 pHCYHKa BHAHO, tlT() npH 3a)J.aHHOM K03cpcpHQHeHTe oYp8)((eHHJI nOTepH B 

nponycKHoii cnoco6HOCTH He CJIHWKOM BeJIHKH H MOryr paCCMaYpHBaTbCJI KaK 

onpaBAaHHble AJlJI YBeJIH1feHHJI CTeneHH OAHOPOAHOCTH HeHTpOHHOro ny'IKa. 

4. OnHcaHHe, KOHCTpYKUHH H paC~UIT HeiiTpoHOBOJl.a Jl.H4»paKTOMeTpa 
)(H-2 Ha peaKTope H1iP-2· 

Ka1feCTBO pa60Tbl nporpaMMbl mcguide-new 6blJIO npOTeCTHpOBaHO Ha 

npHMepe peaJIbHoro HeiiYpoHoBOAa, YCTaHOBJIeHHoro Ha AHcppaKTOMeYpe ,D;H-2 Ha 

peaKTope HliP-2. 
HeHTpoHoBoA co6paH H3 50 CTeKJIJlHHbIX nnaCTHH p83MepoM 75 x 20 CM, 

nOKpbITblX HaTypaJIbHblM HHKeJIeM [6,7]. 
UPH 3TOM HeHTpOHoBOA COCTOHT H3 3 ceKQHii: 1 - npJlMaJI AJIHHOii 150 CM; 2 

- H30rHYTaJI AJIHHOii 1350 CM C PaAHYCOM KpHBH3Hbl 800 M; 3 - npJlMaJI AJIHHOii 

375 CM. CXeMaTH1feCKH HeHTpOHOBOA nOK83aH Ha pHCYHKe 10. K03cpcpHQHeHT 

OYp8)((eHHJI HeHTpOHOB OT 6oKOBbIX CTeHOK HeHTpOHOBOAa npHHHMaJICJI paBHblM 

0,98 (CTeKJIO FLOAT, nOKpblToe HaTypaJIbHblM HHKeJIeM) [6]. BepxHHe H HHiKHHe 

CTeKJlJlHHbIe CTeHKH HeiiYpoHoBoAa HHKeJIeM He nOKpblTbl. 
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nonepe'"toe Ce'leHHe 

1 CCKlUtJl 

tJr~,· 

PHCYHOK 10. KOHCTpYKUHJl HeHTpOHOBO)1a ,ll;H-2 

XapaKTepHCTHtfeCK8.I1 )1J1HHa BOJlHbl HeHTpoHOBO)1a ,ll;H-2 paBHa ..r ~ 3A , 
eCJlH npHIDITb )1aHHOe B [7] OTKJIOHeHHe HeHTpOHHOrO nytfKa 9,3 CM Ha BbIXO)1e H3 

HeHTpoHOBO)1a no OTHOUJeHHIO KO BXO)1Y. 

H3MepeHHblH Ha YCTaHoBKe IOMO cneKTP np)1MOrO nytfKa OT BO)1)1HOrO 

3aMe)1J1HTeJUI peaKTopa HliP-2 npe)1cTaBJleH Ha pHcYHKe 11. 

HmeHCHBHoCTb (OTH. eJJ..) 

500000 .---~----.---~r----'----T----'-----'----' 

400000 

300000 

200000 

100000 

o ~~-L____~____~~===-____~__~____-L____~ 

o 2 3 4 5 6 7 8 
)lnHHa sonHbI, A 

PHCYHOK 11. CneKTP np)1MOrO nytfKa peaKTopa HliP-2 
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DpHBe.lleHHbIH CneKTp HCnOnb30BaH npOrpaMMOH mcguide~new B KalJeCTBe 

tPYHKUHH pacnpe.lleneHHJi HeHTpOHOB no MHHaM BonH Ha BXO.lle B HeHTpOHOBO.ll. B 
COOTBeTCTBHH C Tpe60BaHHeM K HCXO.llHbIM .llaHHbIM nporpaMMbl mcguide-new, 

npe.llnOnmKHM, lJTO HHTeHCHBHOCTb Bblpa')KeHa B [ HeumpoH ] . 
CM2 .C. cmepaOUQH 

Ha pHcYHKe 12 nOK83aHbi pe3ynbTaTbl paClJeTOB cneKTpa HeHTpoHoB Ha 

BbIXO.lle HeHTpOHOBO.lla. KPHBU 1 paCCqHTaHa B npe.llnOnOiKeHHH H.lleMbHO rna.nKHX 

CTeHOK HeHTpOHOBO.lla, a KpHBU 2 - B npe.llnOnO')KeHHH wepoxoBaTblx CTeHOK C 

.llHCnepCHeH wepoxoBaToCTH (a) = 10-3 
• KBa.npaTbl COOTBeTCTBYIOT 

3KcnepHMeHTMbHbiM .llaHHbIM [7], HOpMHpoBaHHblM TaK, lJT06bl 

3KcnepHMeHTMbHbie H paCCqHTaHHbie .llaHHble COBna.nMH npH ,.1: = 3 A . 
DYHKTHpOM Ha pHC. 12 nOK83aH cneKTp HeHTpOHOB, OTBelJalOlIlHH MaKcBennoBcKoMY 

pacnpe.lleneHHIO B 06naCTH 60nbwHx MHH BonH (cna.naHHe HHTeHCHBHOCTH _..:1.-4). 

HHTeHCHBHOCTb (om. e,n.) 

50 • 
I - HeitrpoHoBo,n C H.IleanhHhlMH OTPS.)l(ak)UlHMH 

CTeHK8MH 

40 
2 - HeitrpouOBO,n C lIIepOXOBal'hl~rn OTpII)I(/lli1IUHMH 

CTeHK8MH 

KBIlJlP8Th1 - 3KCnepHMeHTaJlhHhle .naHHhle 30 

-4 
-120 

10 

o~~~----~--~--~~~~=---~--~ 
o 2 4 6 8 10 12 14 

o 
)lnHlia BOJUlhl, A. (A) 

PHcynoK 12. PacqeT HeHTpoHOBO.lla ,[(1-1-2 C pa3HbiM KalJeCTBOM 

OTp8')KalOlIleH nOBepxHoCTH 

B BblwenpHBe.lleHHblX paclJeTax npe.llnOnarMocb; lJTO HH')KHJi1l H BepXH1I1I 

CTeHKH HeHTpOHOBO.lla He OTpa')KalOT HeHTpOHbl. EcnH npe.llnOnoiKHTb, lfTO BepXH1I1I 

H HH')KHJlJi CTeHKH HeHTpoHOBO.lla 1IBnJlIOTCJI TaKiKe OTpaiKalOlIlHMH, TO nonYlJaeTCJI 

pe3ynbTaT, npHBe.lleHHblH Ha pHcYHKe 13 B cpaBHeHHH C npell,bJ.llYlIlHM paClJeTOM U 

3KcnepHMeHTMbHblMH .llaHHbIMH. 

HHTepeCHO OTMeTHTb, lfTO B cnYlJae, KOr.lla Bce lJeTblpe CTeHKH 

HeHTpOHOBO.lla JlBnJllOTCJI OTpa')KalOlIlHMH, cna.naHHe cneKTpa B o6naCTH 60nbwux 

MHH BonH cne.llYeT 3aKOHY Xl. B pa60Te [7] OTMelJeHO, lJTO 3KcnepHMeHTMbHblH 

cneKTp Ha BbIXO.lle HeHTpOHOBO.lla ,[(1-1-2 B 06naCTH 60nbwHx MHH BonH 

nO.lllJHHJleTCJI HMeHHO Xl. a He X4. KaK Cne.llOBMO 6b! OiKH.llaTb ,llJIJI 

13 

http:HeHTpOHOBO.ll


HHTCHCHBHOCTb (OTH. C,A.) 

60~---.----~-----r----~----'---~~---' 

50 

40 

30 • 
20 

10 

2 

I • BCC 4 CTeHKH HeIlTpOHOBQ.A3 C OTp3l1CalOUUfM 

nOKpblTHCM (HHlCC.llb) 

2· 60KOBbiC CTCHKH C OTp3l1CalOUJ,HM nOKPblTHeM, 

sepx H HH3 • 6e3 nOKPI.ITHli 

1CBIl,tlp8T101 • 3KCnCpHMCHT8JlbHWe Jl8HHWe 

4 6 8 10 12 0 14 
,llnHH8 BOJ'IHW, A. (A) 

PHCYHOK 13. PaCLfeT HeifrpoHoBO.na AH-2 Jl,I1JI pa3HbiX nmOB nOKpbITIDI 

CTeHOK 

HHTCHCHBHOCTh (OTH. cA.) 

8t-___--.,;~~ 

6 

4 

2 

o 0.5 1.5 2 
X.CM 

KooP.AHH3Ta X=O COOT1ICTCTBYCT BHCWHCA CTeHKe HcliTpOHOBOJl8 

PHCYHOK 14. 3aBHcHMoCTb HtrreHCHBHOCTH nJlOTHOCTH nOTOKa HeihpoHoB 

Ha Bblxo.ne HeifrpoHoBo.na .nHcppaKTOMeTpa AH-2 OT roPH30lmUlbHOH 

Koop.nHHaTbI 

MaKCBeJlJlOBcKOro pacnpe.neneHIDI. npoBe.neHHble paClfeTbl n03BOJl))1OT yrBep)K.AaTb, 

lfTO .naHHbIH cpan o6ycnoBJleH OTpIDKeHHeM HeifrpoHoB OT HH)KHeH H BepxHeH 

CTeHOK HeifrpoHoBo.na AH-2. HecMOTp)) Ha TO, LfTO 3TH CTeHKH Y peanbHoro 

HeiiTpoHOBo.na He HMelOT HHKeneBoro nOKpbITIDI, .nonOJlHHTeJIbH8)) HtrreHCHBHOCTb 

o6yCJlOBJIeHa, OlfeBH.nHO, 01'p8)KeHHeM HeifrpoHoB OT CTeKJl))HHOro nOKpblTIDI 

BepXHeH H HH)KHeH CTeHOK HeifrpOHOBo.na. 
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Ha pHCYHKe 14 nOKa3aHO pacnpe.lleneHHe nnOTHOCTH HeiiTpoHHoro nOTOKa 

no rOpH30HTanbHOMY celfeHHIO HeHTPOHOBO.lla A1UI HeCKonbKHX 3HalfeHHH ,llJ1HHbl 

BonHbl HeHTPOHoB. KaK H Cne.llOBanO O:lKH.llaTb, C POCTOM ,llJ1HHbl BonHbl 

YBenHlfHBaeTCJI paBHoMepHoCTb pacnpe.lleneHHJI nOTOKa no celfeHHIO HeHTPoHOBO.lla. 

Ha pHcYHKe 15 nOKa3aHO pacnpe.lleneHHe nnOTHOCTH nOTOKa HeHTPOHoB Ha 

MeCTe 06pa3l.la .llH<I>paKTOM~a .n;H-2, TO eCTb Ha paCCTOJlHHH 1 M OT BbIXO.llHOrO 

celfeHHJI HeiiTpoHOBO.lla. KalfeCTBeHHo nOJl}"leHHbie 3aBHCHMOCTH xopowo 

cornacYIOTCJI C 3KcnepHMeHTOM [7]. lionee TOro, XapaKTepHblH MaKcHMYM 

pacnpe.lleneHHJI ,llJ1J1 ,llJ1HHbl BonHbl 3 A Ha6nlO.llanCJl B 3~cnepHMeHTe, HO He 6bln 

KaK-nH60 HHTepnpeTHpoBaH. PaClfeTbl nOKa3bIBaIOT, lfTO YKa3aHHM OC06eHHOCTb 

JlBnJleTCJI Cne.llCTBHeM KOHCTpYKI.lHH HeiiTpoHOBO.lla .llH<I>paKTOM~a .n;H-2. 

HHTeHCH8HOCTb (OTH. eA.) 

2.5 ....---r------.-----..------..----.----. 

2 

1.5 

0.5 

-0.8 -0.4 o 0.4 0.8 

X,CM 


o • u.emp ny'lKll 


PHCYUOK 15. 3aBHcHMoCTb HHTeHCHBHOCTH HeHTPoHOB OT KOOp.llHHaTbI X B 

ropH30HTanbHOH nnOCKOCTH Ha MeCTe pacnOnO)KeHHJI 06p83ua 

5. YrJlOBOe pacnpe.lleJleHHe HeiiTpoHHOro ny'lKa Ha BblXO.lle 
HeHTpOHOBO.lla CneKTpOMeTpa )1;H-2 

,!Vul MHorHX 3KcnepHMeHTOB (HanpHMep, ManoyrnoBoe paCCeJlHHe 

HeHTPoHoB) Heo6xo.llHMO 3HaTb yrnOBYIO paCXO.llHMOCTb nylfKa HeHTPoHOB. 

OrMeTHM, 'ITO yrnoBM paCXO.llHMOCTb nylfKa HeHTPOHoB. BbIXO)VIUlHX H3 

HeHTPoHOBO.lla, Onpe.lleMeTCJI KPHTHlfecKHM yrnoM nonHoro BHeWHero OTPa:lKeHHJI 

.llM 3a.naHHoH ,llJ1HHbl BOnHbl. HOBM BepcHJI nporpaMMbl nOOBOMeT paCClfHTblBaTb 

HCKOMoe yrnoBoe pacnpe.lleneHHe. Yron <p - 3m MaKCHMaJlbUwii yron Me)l(,ll)' OCblO 

nOCne.llHeH ceKUHH HeHTPoHOBO.lla H HanpaBneHHeM BeKTOpa CKOPOCTH HeHTPOHoB, 

BbineTalOUlHX H3 HeHTPoHOBO.lla cneKTPOM~a .n;H-2. Pe3ynbTaTbl npHBe.lleHbl Ha 

pHcYHKe 16. 
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(8) 
MUCHMam.Ju.lA yron q>, ~CU 

1.6 

1.2 

0.8 

0.4 

o 

2 ~----~----~------~-----r----~------~-. 

1 - M8ICCHMaJlLHUJI yrOJI 
38XBaT8 HeltTpoHoB 

HeitTpoHOBOAOM 

2 - M8XCHMaJlbHUA yrOJI AJIlI 
HeATpoHoB, BUJJeTalOlllHX 

H3 HeATpoHoBo,lta 

2 

~-------~----~------~----~----~------~~ 
1 3 5 7 9 11 13 

• 0 

,/lJJHH8 BOJJHU,A. (A) 

(6) 

MalCCHMaJlLHUJt yron Ill. 1"pIIA)'cu 

2r-----.-----,-----.------.----~----_.--~ 

1.6 

1.2 

0.8 

0.4 

o ______-4______~____~~____~______~____~~_J 

1 3 5 7 9 11 13 
o 

,/lJJHH8 BOJJHbl).. (A) 

PHCYHOK 16. YrnoBoe pacnpe.lleneHHe HeiITpoHHoro nOTOKa Ha BblXO.lle 

HeiITpoHOBO.lla cneK1"poMeTpa JnI-2: (a) BepXHjUI H HH>KH}I}I creHKH He 

o-rpa>KaIOT HeiITpoHbl; (6) Bce CTeHKH o-rpa>KalOlllHe, HenpepblBHM nHHH}I -

MaKCHManbHblH yron 3axBaTa HeiITpoHoB HeiITpoHOBO.llOM, Kpy>KKH 

MaKCHManbHblH yron )In}l HeH-rpoHoB, BbtneTalOlllHX H3 HeH-rpoHOBO.lla 
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HHTepeCHO OTMeTHTb, 'ITO B CJlY'Iae, ecJlH BepXHJUI H HHJKIDUI CTeHKH 

Heu-rpOHOBOAa CneKTPOMeTpa ,nH-2 He oTpaJKalOT HeihpOHbl, Ha AJIHHaX BOJIH 

66J1bWHX xapaKTepHCTH'IeCKOH npOHCXOAHT YMeHbweHHe MaKCHMaJIbHOrO yrJla (j) 

AJI,. HeifrpoHoB, BblJleTaJOIllHX H3 HeifrpoHoBOAa. Tor,na KaK, eCJlH Bce CTeHKH 

HeHTpOHOBo,na OTpaJKaJOT, yrJlOBble pacnpe,neJleHH,. HeHTPOHHOro nYlJKa Ha Bxo,ne H 

Bblxo,ne HeHTpOHOBo,na npaKTHlJeCKH COBna,nalOT. 

6. BJlHHHHe KOJ4»4»HUHeHTa oTpa*eHHH Ha KOJ4»4»HUHeHT 

np6nycKaHHH HeHTpoHoB HeHTpoHoBO~OM 

K03<P<PHUHeHT OTpaJKeHHSI CTeKJIa FLOAT, nOKpblToro HarypaJIbHblM 

HHKeJleM, pa8eH 0,98 [6]. O,nHaKo MOJKHO npe,nnOJlO)l(HTb, 'ITO OH He nOCTOSlHHaJI, 

a CKopee CJlYlJaHHaJI BeJlH'IHHa. HCCJle,nyeM C nOMOlllbJO MOHTe- KapJlOBcKOro 

MOAeJlHpOBaHH,., KaK H3MeHHTCSI K03<p<pHUHeHT nponYCKaHH,. HeHTpOHOBo,na ,nH-2 B 

cJly'lae HeCKOJlbKO 60Jlbwero H MeHbwero K03<p<pHUHeHTa OTpaJKeHHSI. Pe3YJlbTaT 

npe,nCTaBJleH Ha pHcYHKe 17. 

0.8 

0.6 

0.4 

0.2 

o 

2 - 1C03t)J41HIUteHT OTpa)I(CHHJI CTeIlOK 0,98 

3 -1C03t)J41HIUteHT OTpa)l(eHHJI CTeHOK 0,97 
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,UnHHa BOllHhI, A. (A) 

PHCYHOK 17. K03<P<PHUHeHT nponycKaHHSI HeHTpOHoBo,na AJI,. pa3HblX 

3Ha'leHHH K03<P<PHUHeHTa oTpa)l(eHH" HeHTpoHoB OT ero CTeHOK 

fu 3;oro MO)l(HO c,neJlaTb BbIBO,n 0 TOM, 'ITO K03<P<PHUHeHT OTpaJKeHH)) 

CTeHOK HeiITpoHOBo,na BeCbMa CHJlbHO BJlH))eT Ha nponYCKaHHe HeHTpOHOB. 

.ll.eHCTBHTeJlbHO, YMeHbweHHe HJlH YBeJJH'IeHHe K03<p<PHUHeHTa OTpaJKeHH,. Bcero Ha 

1-2% npHBOAHT K H3MeHeHHJO nponycKaHH,. Ha 10-20% B 06J1aCTH AJIHH BOJlH, 

60JlbWHX xapaKTepHCTH':IecKOH. 31'0 npe,n'b))BJI"eT 8blCOKHe Tpe60BaHH)) K Ka'leCTBY 

nOKpbITHSI. 
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7. BblBO)J.bI 

1. 	 npHMeHeHHe MO.llenHpOBaHH" n03BOn"eT nonY'iaTb Ha.ne>KHbJe .llaHHble 0 
XapaKTepHCTHKax H napaMeTpax HeHTpoHOBO.llOB npoCToH H CnO>KHOH 

KOHCTpYKUHH. 

2. 	 B paMKax .llaHHOH MaTeMaTH'ieCKOH MO.llenH Y.llae:rc" .ll06HTbC" xopowero 
cornac"" pe3ynbTaTOB, nonY'ieHHblX MeTO.llOM MOHTe-Kapno, c 
aHanHTH'ieCKHMH paC'ieTaMH. 

3. 	 Pe3ynbTaTbl MO.llenHpoBaH"" HeHTPoHOBO.lla cneKTPoMeTpa .n;H-2 cpaBHHBanHcb 
C 3KcnepHMeHTanbHO H3MepeHHbIMH. .'6bInO HaH.lleHO xopowee cornaCHe Me>K.llY 
MO.llenbHblM paC'ieTOM H 3KcnepHMeHTanbHO H3MepeHHblMH .llaHHbIMH. 
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EeJIyrnKHH A.B., MaHOllJHH C.A. PI 1-2000-56 
PaC'4eT 3epKaJIhHhIX He:H:TpOHOBO.D,OB MeTO.D,OM MOHTe-KapJIo 

TIPHBO.D,HTCSl HOBaSI BepCHSl rrporpaMMhI mcguide-new MSl MO.D,eJIHpOBaHHSl 
CHCTeM He:H:TpOHOBO.D,-KOJIJIHMaTOp CJIO)KHO:H: KOHq:mrypau.HH MeTO.D,OM MOH
Te-KapJIo. TIpoBe.D,eHhl MO.D,eJIhHhIe paC'4eThl MSl He:H:TpOHOBO.D,OB npOCTO:H: KOHqm
rypau.HH H C.D,eJIaHO cpaBHeHHe pe3YJIhTaTOB, nOJIyqeHHhlx MeTO.D,OM MOHTe-KapJIo, 
C aHaJIHTH'4eCKHMH paCqeTaMH. PaCCqHTaHhI xapaKTepHCTHKH peaJIhHoro He:H:TpO
HOBO.D,a, YCTaHOBJIeHHOrO Ha peaKTOpe I1EP-2, H npOH3Be.D,eHO cpaBHeHHe pe3YJIh
TaTOB MO.D,eJIHpOBaHHSl C3KcnepHMeHToM. B paMKax .D,aHHO:H: MaTeMaTHqeCKOH MO
.D,eJIH Y.D,aJIOCh .D,06HThCSl XopOllJero comaCHSl pe3YJIhTaTOB, nOJIyqeHHhIx MeTO.D,OM 
MOHTe-KapJIo, C aHaJIHTHqeCKHMH paC'4eTaMH H 3KcnepHMeHTaJIhHO H3MepeHHhI
MH .D,aHHbIMH. 

Pa60Ta BhIllOJIHeHa B JIa60paTopHH He:H:TpOHHO:H:CPH3HKH HM.I1.M.<PpaHKa 
011>111. 

Coo6meHl-te 06be.mmeHHoro HHcnnyra s.nepHblX HCCllenOBaHHH. .Ily6Ha, 2000 

TIepeBO.D, aBTopOB 

Belushkin A.v., Manoshin S.A. PIl-2000-56 
Monte Carlo Calculation of Mirror Neutron Guides 

A new version of the mcguide-new program for the modeling of a neutron 
guide-collimator system with a complex configuration by the Monte Carlo 
method is described. A model simulation of a simple-configuration neutron guide 
is carried out and the Monte Carlo results are compared with the results of analyti
cal calculations. The parameters of a real neutron guide at the IBR-2 reactor are 
calculated and a comparison of the results of the modeling with the experiment is 
conducted. The given theoretical model helps to achieve good agreement of Monte 
Carlo calculations with analytical and experimental data. 

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