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1. Bue.n:euue 

HefiTpoHHble ,!llilj:lprucroMerpbi no BpeMeHH npOJiera (TOF-,!llilj:lprucroMerpbi) 

Ha'laJIH npRMeiDITbCll rirui aH3JIH3a CTp)'KTYpbi nOJIHKpHCT3JIJilllleCKHX MaTepHaJIOB C 60-X 

ro.nos. IIepBbie .nulj:lpaKUHOHHbie sKcnepRMeHThl c ucnOJib3oBaHHeM Mero.na BpeMeiill 

npOJiera 6hlJrn: BhlnOJIHeHhl B 1963 r. Ha CTaiiHOHapHOM perucrope Eva. B CsepKe · c 

npRMeHeHHeM npepbiBaTeiDI H Ha ill.myjn,cHOM perucrope HEP B . )zy6He'
11

• .[Lrni 
npeiiH3HOHHOro aH3JIH3a CTp)'KTYphl nonmcpHCT3JIJIOB KJiaccuqecKllfi TOF-,!llilj:lprucroMerp 

O'leHb sljJ!j:JeKTHBHO HCnOJib3YeTCll Ha RMrrynbCHbiX HefiTpOHHbiX HCTO~ax C YJKllM 

HefiTpOHHbiM RMrrynbCOM, r,ne y.naeTCll JlOC'fuqb BbiCOKOI'O pa3pemeHifll· no 

Me:lKllJIOCKOCTHOMY pacCTOliHHIO H npHeMJieMoro ypoBHll · HHTeHCHBHOCTH. Xopomo 

H3BeCTHbiM npRMepoM TaKOro npu6opa liBJilleTCll HRPD121 
Ha ncro~e ISIS B 

B.e.nmco6pHTaHHH. Ha CTaiiHOHapHOM . peaKrope HJIH Ha RMnyJibCHOM HefiTpoHHOM 

ucro~mce c )J)IHHHbiM (>100 MKC) RMrrynbcoM CTaH.llaprHall cxeMa TOF-,!llilj:lpaKroMerpa 

He o6ecneqHBaeT. He06XOJlllMOI'O ypOBHll pa3peiDaJOIIIeii cnoco6HOCTH H HHTeHCHB~?CTH: 
B srnx .llByx CJI)'qallx )J)Ill crpyKrypHbiX ucCJie.nosaHHii nonmcpHCT3JIJIOB B noCJieJlHHe 10 

JleT Ha'laJIH npRMeiDITbCll HefiTpOHHble nulj:lprucroMei-pbi, HCnOJib3YI0IIIHe 

KOppeiDIIIHOHHbiH lj:lypbe-MeTO.ll )J)Ill pemCTpaiiHH pacce.SIHHbiX HefiTpOHOB. 

06mue npHHIIHnbi HeiirpoHHoii lj:lypbe-.nulj:lpaKTOMeTpHH H3BeCTHbi c 1968 rf3
1 

B 

3TOM MeTO.lle HHTeHCHBHOCTb HefiTpOHHOI'O nyqKa Ha o6pa3IIe MOJzyJIHpyeTCll 6biCTpbiM 

lj:lypbe-npepbiBare.neM, npe.ncraBJiliiOIIIRM co6oii spamaroiiiHiicll ,!lliCK (porop) c 

paBHOMepHO pacnOJIO:lKeHHbiMH no OKpJ:lKHOCTH np03pa~biMH H Henp03pa~biMH )J)Ill 

TellJIOBbiX HeiirpOHOB npoMe:lKYJKaMH H HenOJlBH:lKHyro CHCTeMY aHaJIOmqHbiX 

npoMe:lKyrKOB (crarop). B HJleaJibHOM ~ae nponycKaHHe lj:lypbe-npepbiBaTeiDI He 

3aBHCHT OT 'lHCJia IIIeJieH H COCTaBJilleT 1/4 'laCTb nOJIHOI'O rlOTOKa HefiTpOHOB, 'ITO 

cymecrseHHO 6c:mbme, 'leM B ~ae (pepMu-npepbmareiDI •. B, ro :lKe speMll lj:lypbe

npepbiBare.nb MO:lKeT o6ecneqmb .nocraro~o MaJIYIO nmpuey HeiirpoHHoro RMrrynbCa 3a 

C'leT YJOCTH merieii H 60JibiDOH qaCTOTbl BpameHHll H, COOTBeTCTBeHHO, BbiCOKllfi 

yposeHb pa3pemaromeii cnoco6HOCTH. 
YcnemHall nprucruqecKall peaJIH3aiiHll HefiTpoHHoii lj:lypbe-,!llilj:lprucroMerpHH CTaJia 

B03MO:lKHOH 6Jiaro.nap.SI pa3pa60TKe MeTO.lla pemcrpaiiHII . pacce.SIHHbiX HefiTpOHOB, 

H3BeCTHoro renepb KaK "o6parHbiii MeTO.ll speMeHH npOJiera" (RTOF, Reverse Time-Of

Flight), BhlnOJIHeHHOH ljJHHCKllMH ljJH3HKaMrr'4.SI. 0CHOBHOH H.lleeii 3TOI'O MeTO.lla 

liBJilleTC.SI on-line nposepKa )J)Ill Ka:lKJlOI'O 3apemcrpnposaHHoro .nereKTopoM HefiTpoHa, 

KaKosa sepo.SITHOCTb ero pemcrpaiiHH (BbiCOKIDI HJIH HIDKall). IIposepKa BhlllOJIHlleTCll 

nyreM aH3JIH3a COCTO.SimilrHCTO~a HefiTpOHOB H lj:lypbe-npepbiBaTeJill, KOTOpbie 6biJIH 

B Te MOMeHTbi BpeMeHH, Kor,na HefiTpOH HaxO.llHJIC.SI B · COOTBeTCTByroiiiHX TO'IKax 

npOCTpaHCTBa. 0Ka3biBaeTC.SI, 'ITO, npOBOJlll pemcrpaiiHIO llpH HenpepbiBHO MeHliiOIIIeHC51 

no onpe,n;e.neHHOMY 3aKOHY CKOpOCTH n{>epbiBaTeJill II 3aHOC.SI B naM51Tb aHaJIH3aropa 

TOJibKO C06biTHll C 60JibiDOR BepO.SITHOCTbiO pemcrpaiiHH, MO:lKHO n~b 

I. 'kloei~t:\li~· ft;lenr}T I 
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pacnpe):{erreHHe yrrpyro paccel!HHbiX HeiiTpoHOB no speMeHn npOJiera OT npepbiBaTe!lll AO 

):{eTeKTopa, T.e. o6bl'lllbiii TOF-):{ll<iJpaKIUIOHHbiii cnenp. 

RTOF-MerO):{ 6bm so~momeH cHa'laJia B MaKeTHOM sapname Ha An<iJpanoMerpe 

ASTACUS161 B VTT, 3cnoo, II>HHIDIH.Illlil, a JaTeM B 1984 r. Ha ):{ll<iJpaKToMerpe MHHH

C!I>HHKc'l', pacnOJIO:lKeHHOM Ha CTliWIOHapHOM peanope IUUIII> PAH B raT'IllHe. 

Mmm-C!I>HHKC CTaJI nepBbiM <lJypbe-):{ll<iJpanoMerpoM c yposHeM pa3pemeHllll -3·10-3, 

H1il KOTOpoM 6biJill BblnOJIHeHhl CTPJKTJPHbie HCCJieAOBaHllll nOJIRKpHCTaJIJIOB. Onb!T ero 

3KCIIJIYaT<mllli 6bll HCnOJib30BaH npH COJ):{aHlfii B 1988 r. cneqHaJIH3HpOBaHHOro <lJypbe-. m . 
):{ll<PpanoMerpa FSS Ha CTliWIOHapHoM · peanope GKSS . B reecrxaxTe, II>Pr, 

npe):{llaJHa'leHHoro ,Will aHaJIHJa BHYTPeHHnx Harrpl!:lKeHnii B o6beMHbiX nmerrllllx. 

Cn:e.uyKJIIlllM 3TaiiOM pa3BllTllll <lJypbe-MeTO):{a CTaJIO COJ):{aHHe AH<lJpaKTOMerpa Ha 

JIMIIYllbCHOM 'HCTO'IHRKe HeHrpOHOB, a RMeHHO <lJypbe-):{ll<lJpaKTOMeTpa BbiCOKOro 
..J9 10/ ~ 

pa3pemeHllll ll>,nBr-· Ha rrynbcnpyromeM peanope IIEP-2 B }zy6He, 3KcnrryaTatillll 

KOToporo HatJaJiacb 's 1992 r: IIEP-2 liBJllleTCll ncro'IHRKOM c OTHOCRTerrbHO .urrnHHbiM 

HMrrynbCOM TeimOBbiX HefiTpOHOB (-320 MKC), HO JaTO o6ecne'IHBaeT peKOp):{HbiH B 

HaCTOlllllee speMll RMrrynbCHbiii nOToK (-10
16 

HlcM
2
/c). B cnrry cneqn<iJRKH npmteHeHllll 

<lJypbe-MeTO):{a Ii:a RMnYJibCHOI\f llCTO'IHRKe RMeHHO !l>,nBP n03BOJllleT ):{OCTll'lb O'leHb 
-4 . 

BbiCOKOro pa3peuieHlll! (TeOpeTH'IeCKH ):{0 5·10 ) C COXpaHeHHeM Bb!COKOH CBeTOClUlbl ll 

xopomero OTHorneHllll s<iJ<lJeKTa K <iJoey. 3a npomeAllllle HeCKOJibKO rrer 3KcimyaTaqnn 

!l>,nBP 6bll xopomo aTTeCTOBaH, Ha HeM 6bmll BbliiOJIHeHbl MHOfO'IHCJieHHbie TeCTOBble ll 

<lJH3ll'leC~e 3KCnepRMelrrbl, ll . cefi'lac J:ll(e O'leB!IAHO, 'ITO OH liBJllleTCll O):{HllM ll3 

. JIY'IillllX HeHrpOHHbiX AH<lJpaKTOMeTpOB BbiCOKOro pa3pemeHllll B MHpe. 

B HaCTollmeii pa60Te _ ):{aercl! orrncaHne npnHqnnos pa60Tbl, KOHCTp)'KllHH n 

napaMerpOB !l>,nBP ll npHBOAJITCll npRMepbl BbiiiOJIHeHHbiX Ha HeM B nOCJie):{Hee BpeMll 

CTp)'KTJPHbiX HCCJie):{OBaHllll. 

2.· PalpemeHHe HeiiTpoHHoro _.IJ:Hr!JpaKTOMerpa no upeMeHH nponeTa 

PaJperneHne HeiiTpoHHoro AH<iJpax:ToMerpa no speMeHn nporrera B nepBOM 

npn6rrll:lKeHnn onpe):{e!llleTCll TpeMll CJiaraeMbiMH: 

R = lld/d = [(llto/t)
2 + (ll8/tg8)2 + (MJL)2

]
112

, (1) 

me llto - lillipHHa HeiiTpoHHoro RMrryJibca, t=252.778LA. - nOJIHoe speMll npOJiera (s 

MKC), L - npOJieTHOe paCCTOliHHe OT HCTO'IHRKa ):{0 ):{eTeKTOpa (B M), f.. - .ll11HHa BOJIHbl 

Hei'rrpoHa (B A), 8 -_ yrorr Epsrra. Ilepsoe CJiaraeMoe npeACTaBJlller HeonpeAerreHHOCTb

BO speMeHH nporrera, BTopoe - BKJIIO'Iaer see reoMerpll'lecKHe HeonpeAerreHHOCTH, 

CBll3aHHble c npoqeccQM paccel!Hllll Ha pa3Hbie yrJibi, Tperbe liBJllleTCll 

HeonpeAerreHHOCTbiO B nporrerHoii 6aJe. PaJpemeHne 6y.ner yrryqmaTbCll npn 

npn6Jlll:lKeHHn yrna paccel!Hllll K 90°, npn YMeHbmeHnn mnpHHbi RMnyrrbca n 

yserrll'leHHn npOJierHoro pacCTOl!Hllll. Ha RMnyrrbcmxx HeiiTpoHHhlX HCTO'IHRKax c 

KOpOTKHM llMIIyrrbCOM 6biCTpbiX HeHrpOHOB lillipHHa llMrryJibCa TeimOBbiX HeHrpOHOB 

MO:lKeT 6LITb Yl\feHbmeHa ):{0 -20 MKc/A H, KaK nOKaJb!BaeT OIIbiT COJ):{aHllll 
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AH<iJpanoMerpa HRPD, npn yserrll'leHnn npOJierHoii 6aJbi ):{O 100M pa3pemeHHe MO:lKeT 

6b!Th AOBe):{eHO ):{0 0.001, a npH Heo6XO):{llMOCTH ):{0 0.0005. . . 

,llrrll HeHrpOHHbiX HCTO'IHRKOB C 60Jlblll0ll .ll11llTe!IbHOCTbiO llMIIyrrbCa TaKOll II)'Tb 

):{OCTH:lKeHlll! BbiCOKoro pa3pemeHllll JaBe):{OMO HenpneMJieM. Tax:, HarrpRMep, Ha · 

peanope IIEP-2 B }zy6He ,Will nOJIY'IeHllll pa3pemeHllll &1/d=O.OOI nplliilJIOCb 6bl RMeTb 

nporreTHoe pacCTOl!HHe 6orree I KM. B woM CJiy'lae eAHHCTBeHHbll\f rrpaKTH'IecKRM II)'TeM 

liBJllleTCll · npRMeHeHHe MeTO):{OB KOppe!lllllllOHHOro aHaJIHJa · - nceB):{OCTaTHCTH'IeCKOro 

lDIH ll>ypbe. B npRMeHeHHn K ):{ll<PPllKllnH HeiiTpoHOB _<lJypbe-MeTOA o6rra):{aer B~ 

npellMYIIleCTBOM nepeA nceB):{OCTaTHCTH'IecKRM, CBl!JaHHbll\f C B03MO:lKHOCTbiO llMeTb 

60JibliiOe Ce'leHHe nepBH'IHOro HeHrpOHHOro rryqKa, HRTeHCHBHOCTb KOTOporo 

MO):{YJIHpyercl! npepbiBaTerreM, ll TeM CaMbiM-60JibillyiO CBeTOCllJI)' 3KCnepRMeHTa. 

B RTOF-Mero):{e HaKOimeHHe cneKTpa BeAeTCll rrpn Henpepb!BiiOM HJMeHeHHH 

'laCTOThl BpameHllll <lJypbe-npepb!BaTe!lll OT HyrreBOll ):{0 HeKOTOpOH MaKCllMaJibHOll 

'laCTOTbl rom. Ilpn 3TOM BpeMeHHal! KOMnOHeHTa <iJYllKllHR pa3pemeHllll onpe):{e!llleTCll 

<PYHKllneii pa3pemeHllll <lJypbe-npepb!BaTe!lll Rc. KOTOpal! JaBHCRT OT KORKpeTHoro 

pacnpeAerreHllll_ qacrOT, g( w), n MO:lKeT 6mb npeACTaBJieHa B BI!Ae: 

n 

Rc(t) - J g( w)cos( wt)dw, (2) 

me O=Nrom - MaKCRMaJibHal! -.IacrOTa MO}:{YJlllllHH HRTeHCHBHOCTH HeiiTpoHHoro rryqKa, 

N - 'IHCJIO merreii <lJypbe-npepb!BaTe!lll. B nepsoM rrpn6rrll:lKeHHH nOJIHal! ·rnnpnHa Rc(t) 

Ha nOJIOBHHe BhiCOTbi pasHa g·l n _ rrpn N=l024, rom= I 50 II:{ (napaMerpbt ll>,nBP) 

COCTaBJllleT OKOJIO 7 MKC. 3TO 03Ha'laeT, 'ITO J:ll(e 

npepb!BaTe!lll ):{0 ):{eTeKTOpa -20 M BpeMeHHal! 

An<iJpanoMerpa MO:lKeT 6b!Tb -3.5·10-4 npn d=2 A. 

npn nporrerHoM paccrol!HHH OT 

qacr~> <iJYHKllHH pa3perneHllll 

Ilpn nOJIHOll npOJieTHOll 6aJe :::10 M rperbe CJiaraeMOe B (1) CTaHOBllTCll 

npeHe6pe:lKRMO MaJibiM. _qTO KaCaeTC~ BTOporo CJiaraeMOfO B (1), TO em Be!lll'IHHa 

MO:lKeT 6biTb OIITllMH3Hp0BaHa, HCXO):{ll ll3 :lKe!IaeMOro COOTHOilleHllll Me~ 

pa3perneHHeM ll HHTeHCHBHOCTbiO. ,llrrll <lJypbe-):{ll<lJpaKTOMeTpOB 06bi'IHbll\f perneHHeM 

liBJllleTCll Bbl6op $OKJCHpyiOIIlefi reoMerpHH B pacnOJIO:lKeHHH ):{eTeKTOpHbiX 3JieMeHTOB C 

napaMerpaMn, o6ecne'IHBaiOIIlllMH" Berrll'IHHY reoMerpll'lecKoro BKJia):{a, pasHoro 

BpeMeHHOI\fY BKJia):{y B nOJIH)'IO <iJYHKlllliO pa3pemeHllll. 

3. HeiiTpoHHaJI r!JypLe·.IJ:Hr!JpaKTOMeTpHJI Ha HMIIYJILCHOM 

HCTO'IHHKe HeHTpOHOB 

II>YHKllHOHaJibH:iJI CXeMa $ypbe-):{ll<lJpaKTOMerpa Ha llMIIyrrbCHOM llCTO'IHRKe 

HeHrpOHOB nOKaJaHa B BepXHefi 'laCTH pnc.l. Ero OCHOBHhll\fll )'3llaMll liBJlliiOTCll 

ncro'IHRK HeiiTpoHoB c JaMe):{JlllTerreM, <lJypbe-npepb!BaTe!Ib, AeTeKTop n _ cncreMa 

HaKOimeHllll ,l(aHHhlX, B KOTOpOfi OCymeCTBJllleTCll KOppe!lllllHOHHhlll aHaJIH3 CnrHaJIOB OT 

ncro'IHRKa HeiiTpoHOB, npepb!BaTe!lll n ):{ereKTopa. B HIDKHeii qacrn pnc.l cxeMaTH'IHO 

3 



PUI.SED 
SOURCE 

lb._ ~ 
:b~=:-o. 
, r---T--1 

SAMPLE 

0.5 

or v v v 

Q I I I I I I I I • 

--! 27t/m r-
Puc./. C/JyHKIJUOHaJibHaJI cxe.Ma tjJypbe-outjJpaKmoMempa na UMnYJlbCHOM ucmo~tnuKe 

neumpoH06 (66epxy) u 6pe.MeHHble ouazpa.M.Mbl OJUI neumpOHHbiX UMnyllbC06 om 

· ucmo'lHUKa ( 6HU3Y CJ!e6a), uoyUJux c nepuooo.M T, u tjJyHKIJUU nponycKaHUII 

npepb16ameJUI ( 6HU3Y cnpa6a), 6paUJaiOUJezocJI c ~tacmomou w. /(JUI 

KoppeJUiquonnozo ana.11u3a RTOF-3JZeKmponuKou neumpoHHbiU UMnyJZbc u 

tjJyHKIJUII nponycKaHUII . onucbl6aromc11 · nocJZeOo6ameJZbHOCml!MU 6unapHb1X 

CUZHaJI06 

CHOPPER GATE 
----.... 

""i=-t.. 

counts 

Puc.2. Cxe.Ma KJZaccutjJuKaquu co6blmuu 6 RTOF-Memooe. Bnu3y u3o6pWKeHbl 

KaHaJibl 6pe.Mennozo ana.~~u3amopa, cooep:;lwUJue 1, ecJZu nymb z(t) neumpona 

om ucmo~tHUKa (npu z=~M) ~tepe3 npepb16amellb (npu z=~c) oo oemeKmopa 

(npu z=O) npoxooum ~tepe3 "omKpblmble" cocmol!HUII ucmo'lHUKa u 

npepb16ameJUI, coomBemcm6YIOUJUe cocmo11HUIO + 1 nocJZeoo6ameJZbHocmeu 

6unapnb1X CUZHaJI06 6 nu:>KHeu ~tacmu puc.] 
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npe,llCTaBJieHbl BpeMeHHbie ,llHarpaMMbl HeifrpOHHbiX HMUYJibCOB OT HCTOqHIUCa H 

TpeyrOJibHOH cp)'HKUHH nponyCKaHHll cpypbe-npepbiBaTeJill BMeCTe CMO,IleJIHp)'IOIUHMH HX 

6HuapHbiMH noCJie,lloBaTeJibH'?CT51MH cHrnanoB. Ha pHc.2 npe.llCTaBJieua cxeMa, 

HJIJIIOCTPHPYJOIUa51 KJiaccmlmKauHIO co6biTHii: npH perncrpauHH ueiiTpoua .lleTeKTopoM · B 

MOMeHT BpeMeHH t=O • . HeiiTI>OH' .llBIDKeTC51- B.llOJlj; KOOp,llHHaTbi Z OT HCTO'IHliKa, 

uaxO.Il5IIUerocg B To~e z=~M. · npoxo.llHT cpypbe-npepbiBaTenb ·, B .To~e z=-Lc Ji 
perncrpHpyeTc51 .lleTeKTopoM ~-'To~e z=O. B gqeii:Ky naM51TH aHanHJaTopa .llOOaBJI51eTC51 

e,llHHHUa B TOM H TOJibKO B TOM CJiyqae, ·eCJIH H HCTOqHHK Heii:TpOHOB, H npepb!BaTeJib 

uaxo.ll5ITC51 B "OTKpbiTOM" cOCTOJIHHH .llJl5l coOTBeTCTB)'IOIUeii: JIHHHH z(t) ua .llHarpaMMe. 

IlpHMeHHMOCTb RTOF-MeTO.Ila .llJl5l ueii:Tpouuoro .llHcppaKTOMeTpa c cpypbe

rrpepbiBaTeneM, ,lleii:CTBYJOIUHM': Ha HMIIYJibCHOM HCTOqHHKe HeHTpOHOB, 06CYJK,IleHa B 

pa60Te'
111

, me IIOKaJaHO, ~0 .li3Mep51eMa51 ,lleTeKTOpOM HHTeHCHBHOCTb paCCe5IHHbiX Ha 

o6pa3Ue HeifrpOHOB KaK cp)'HKUM BpeMeHH rrpOJieTa fMO:lKeT 6b!Tb rrpe,llCTaBJieHa B BH,Ile: 

l(t)- ± J Rs(t-T)Rc(t-T)a('r)dr+ c J Rs(t-T)a(T)dr+ B(t), (3) 

r,lle Rc - cpJHKUHll pa3peme~ cpypbe-npephlBaTeJill, R, - cp)'HKUHll, orrHCbiBaiOIUa51 

ueiiTpoHHhlii: HMIIYJibc OT HCTO~HHKa, a - KOrepeHTHOe ceqeuHe pacce51Hllil ueii:TponoB 

ua o6paJue, B - o6biqHbiii: cpou;-c- rroCT051HHa51, MH3Ka51 K e,llHHHUe. ECJIH 3KcrrepHMeHT 

Be,lleTC51 C H,lleaJibHbiM UOJlHK,pHCTaiTnOM, .llJl5i KOT~poro a-O(t-to), •f,lle to OTBeqaeT 

rrono:lKeHHIO 6p::~rroBCKHX UHKOB, • H eCJIH mHpHHa IPYH~UHH Rc 3aMeTHO MeHI.ine 

IIIHpHHbl R,, Wc<<Ws. TO nepBblll qneu B (3) npe,llCTaBJI5IeT co6oii: YJKHe MaKCHMJMhl c 

IIIHpHHOH 6JIH3KOH K W 0 , a BTOpOii: qneH TaK:lKe OIIHCbiB3eT IIHK006pa3HOe 

pacrrpe,llenenHe, HO c mHpmwii: UHKOB 6JIH3Koii: K W •• H MO:lKeT 6hlTb HaJBaH 

"KoppeJiliUHOHHbiM cpOHOM". ~HaK ± rrepe,ll rrepBbiM qneHOM B03HHKaeT 6Jiaro,llapg 

B03MO:lKHOCTH yrrpaBJieHH51 cpa30H CHrnana OT cpypbe-rrpepbiBaTeJill, H 1IpH rrapaJIJieJibHOM 

HaKOIIJleHHH cp)'HKUHii: I(t)+ _ il l(t). MO:lKHo rrposeCTH Hx BbiqHTaHHe H rrOJiyqHTb 

.llHcppaKUHOHHbiii: ClleKTp BbiCOKOro pa3pemeHHll 6e3 ~pHCJTCTBHll IIIHpOKHX MaKCHMJMOB 

OT HCTOqHHKa (pHC.3). IlpH 3TOM CyMMa f(t)+ H f(t)_ ,llaeT C xopomeii:, TOqHOCTbiO 

,llHCrrepCHIO OTCqeTOB B ClleKTpe Bb!COKOI"O pa3pemeHHll. 

CYIUeCTBeHHbiM OTJIHqHeM cpypbe·.llHcppaKTOMeTpa ua HMIIYJibCHOM HCToqHHKe 

HeifrpOHOB OT cpypbe-,llHcppaKTOMeypa Ha CTaUHOHapHOM peaKTOpe 51BJI51eTC51 BH.Il 

KOppeJiliUHOHHOI"O cpoua, KOTOpblll, KaK J)l(e I"OBOpHJIOCb Bbiiiie, rrpe,llCTaBJI51eT C060ii: 

.llHcppaKUHOHHbie MaKCHMJMhl C IIIHpHHOH, 6JIH3KOH K IIIHpHHe HeifrpOHHOI"O HMIIYJibCa 

OT liCTOqHHKa. Ha CTauHoHapHOM HCTOqHHKe HeHTpOHOB KOppeJiliUHOHHblll cpOH cpypbe

.llHcppaKTOMerpa B Ka)J(.IlOH TO~e ClleKTPa 1IpHMepHO paBeH IIOJIHOMY qHCJIY Heii:TpOHOB, 

COCqJ~TaHHbiX Ja BpeM51 perncrpauHH, T.e. He 33BHCHT OT BpeMeHH. UpOJieTa 

cpJHKUHOHaJibHO. KaK CJie,llCTBHe, OTHOIIIeUHe acpcpeKTa (HHTeHCHBHOCTH UHKOB 

BbiCOKoro pa3pemenllil) K cpouy CYIUeCTseuuo nyqwe ua cpypbe-.llHcppaKTOMeTpe, 

,lleHCTB)'IOIUeM H~ HMIIYJibCHOM HCTOqUHKe ueifrpoHOB, OC06eHHO B MaJIOHHTeHCHBHhlX 

o6naCT51X rrepsHqnoro cneKTPa ueiiTpouos, T.e. rrpH ,wmuax BOJIH sitrum OT MaKCHMJMa 

nepsHquoro, o61.Iquo 6JIH3Koro K MaKCBeJIJIOBCKOMy, pacnpe,llenenllil ueiiTpoHOB no A.. 
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'' 

1800 

W=2011s 

R9).(Xll44 

High resolution 
spectrum 

Spectrum 
variance 

La,OJO, 
d=/.273 -1.427.1 
Analyzer/ 
Ana/yzer2 

1900 2000 2100 2200 

TOFchannel 

Puc.3. Y'lacmoK HeumpoHOZpa.M.Mbl om La2Cu04 6 • uHmep6Me 6peMeH npoJiema, 

coom6emcm6yto1J1eM uHmep6MY d om 1.273 A do 1.427 A c 06YMJI 6JIU3KO 

pacnoJIOJ~CeHHblMU nuKaMU. BHuJy noKa3aHbl cneKmpbl, u3MepeHHble napaJIJieJibHO 

06YMJI aHaJIUJamopaMu u cocmoliiJIUe u3 mupoKozo u yJKUX MaKcUMy.Mo6. 

Cy.MMa omc'lemo6 aHaJluJamopo6 oaem oucnepcuto oJUI cneKmpa 6blcoKozo 

pa3pemeHW!, Komopblu o6pa3yemc11 npu 6bl'lumaHuu cne~pa-2 u3 cneKmpa-1. 

lllupuHa nuKll 8 cneKmpe oucnepcuu npUMepHo coom6emcm6yem mupuHe 

UMf!YJibCa ucmolmuKa HeumpoHo6, mupuHa nuKoB BblCOKozo pa3pemeHUJI -

t/JyHKijUU pa3peUleHUJI out/JpaKmOMempa 

6 

4. HeiiTpoHHLiii c)JypLe-~nc)JpaKTOMeTp Ha mmyJILCHOM peaKTope 
HliP-2 

HeifrpoHHhlii «l>ypbe-M«l>PaKTOMerp BbiCOKoro pa3peweHIDI (CI>,I03P) Ha 

HMI1YJibCHOM peaicrope MEP-2 liBJllieTCll pe3YJibTaTOM coBMeCTHoro rrpoeKTa llHCI> 

OlUIH, IlliSICI> II VTI. Heo6xo)I.HMble MOAeJibHbie Bbi'IHCJieHiui 6wm 3aBepweHbi K 

1989 r. K KOHUY 1991 r. Ha MEP-2 6Lmii ycraHoBJieHbi MeiaHWiecKlle ycrpoiicrBa H · 

rroAI'QToBJieHa Heo6xoAHMall :;meKTPOHHKa. B Ha'lane 1992 . r. 6bll c«t>opMiipOBaH 

HeKrpOHHbiH rry'IOK, II B liiOHe 1992 r. rrpoBeAeHO li3MepeHlle rrepBbiX M«i>pcumil:oHHbiX 

CI1eKTpOB BbiCOKOI'O pa3peweHrntJ'l2/ (pi1C.4). 

Y123-lli'Fe 
High resolution 

Y123-lli'Fe 
M:dium resolution 

0.7 1.0 1.3 ~1 
1.9 2.2 2.5 

Puc.4. Cpa6HeHue HeumpoHozpa.M.M om nopomKll YBa2(Cu,Fe)306.J. u3MepeHHblX c 

o6bl'IHMM oJUI TOF-out/JpiiKmoMempa Ha· HSP-2 pa3pemeHueM (6HU3Y) u 6 

peJ~CUMe 6blCOKOZO pa3peUleHWI Ha C/JJ(BP 

CI>,I03P (pHc.S) pacrrOJioxeH Ha rryqKe N5 peaKTopa MEP-2, o6op}'AOBaHHOM 

BOAJIHbiM rpe6eH'IaTbiM 3aMe)I)IHTerreM. Cpa:Jy 3a 6IIOJIOrll'lecKoii 3aiiUITOH peaicropa 

pacrrOJio:x<:eHbi MexaHWiecKHii rrpepbiBaTeJib-«l>liJibTP, rroAaBJlliiOmllii «t>oH OT 6hlcrpbiX 

HeKrpOHOB H y-1I}"leH Me:x<:AY HMI1YJibCaMll MOmHOCTH peaicropa, BCI10MOraTeJibHbiH 

MeTaJIJIU'IeCKHH HeKrpOHOBOA H yqaCTOK I1pliMOI'O 3epK3JibHOro HeKrpOHOBOAa C 

ce'leHlleM oKRa 30x200 MM. 
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HRFD Layout 
PC/386 Stotton 

Delectoo 

Puc.5. Cxe.Ma l/Jypbe-ou¢pa1C111o.Mempa BblCOKozo pa3pewe11UJ1 11a peaKmope HEP-2 

l.l>ypbe-11pepbiBaTeJib, paCI10JIOJKeHHbiH 3a BTOpoii CTeHOH 6HOJIOill'leCKOH 

3amiiTbi, COCTOIIT H3 .l{HCKa pOTOpa .l{HaM~OM 540 MM, 3aKpellJieHHOro Ha OCH 

,l{BHI'aTeJI.II, H IlJiaCTHHbi CTaTopa, YCTaHOBJieHHOH Ha IlJiaT!lJOpMe Hei10.l{BHJKHO. Jl:HCK H 

HJiaCTHHa BhmonHeHbi H3 Ti-Zr cHJiaaa c eyneaoii KorepeHTHOii )I)IHHoii pacce.IIHIDI. Ha 

11epu!lJepHH .l{HCKa HMeiOTC.II 1024 p3,11,HaJihHbie IUeJIH )I)IHH<lll 60 MM H IIIHpHHOH B 

cepeAHHe 0.7 MM, Ja110JIHeHHbie Gd203. AHaJIOili'IHbie menu CAeJiaHbi Ha HJiaCTHHe 

CTaTOpa. IlpepbiBaTeJib 11pHBO.l{liTC.II BO Bpamerme aCHHXpOHHblM .l{Byxi10JIIOCHblM 

ABHraTeneM MBT 132SB (ABB Motors, Sweden) MOIUHOCTbiO 7.5 KBT. Ha ocu 

.l{BHI'aTeJI.II 3aKpellJieH TaKJKe HHKpeMeHTHblll OllTH'IeCKHH KOAHPYJOIUHH .l{aT'IHK WUI 

H3MepeHII.II CKOpOCTH H ycKopeHll.ll .l{HCKa H !lJopMHpOBaHH.II pick-up CHrHaJia, 

11ocryrraromero Ha RTOF-aHaJIHJaTOp. IIIITarme ABHraTeJI.II ocymeCTBJI.IIeTC.II OT 

yrrpaB1I.11IOIUero 11pHBOAa VECTOR V750 (Control Techniques, UK) co BCTpoeHHbiM 

MHKpOKOMI1biOTepoM, Ha KOTOpblll 110CTyrraeT HH!lJOpMaQllil 0 CKOpOCTH H YCKOpeHHH 

.l{HCKa. 

HeirrpoHHhiii 11yqoK Ha o6paJne ¢opMupyeTc.ll H30rnyfhiM 3epKaJibHbiM 

HeHTpOHOBO.l{OM, Bbli10JIHeHHblM H3 BbiCOKOKatieCTBeHHOro CTeKJia TOJIIUHHOH 30 MM, 

110KpbiTOro H30TOI10M 
58Ni. HeiiTpoHOBOA C.l{eJiaH KOHYCHbiM a o6eux, aepTHKaJibHOii H 

ropH30HTaJibHoii, IlJIOCKOCT.IIX c 11011epetiHbiM cetieHHeM oKRa 30x200 MM H 1 Ox1 00 MM 

Ha BXO,l{e. H Ha BbiXO.l{e COOTBeTCTBeHHO H 110JIHOH )I)IHHOH 19 M. IlpOJieTHOe paCCTO.IIHHe 

MeJKAY .l{HCKOM !lJypbe-11pepbiBaTeJI.II H MeCTOM o6pa3Qa COCTaBJI.IIeT 20000 MM. 

Jl:eTeKTOpHa.ll CHCTeMa l.l>LJ:BP COCTOIIT B HaCTO.IIIUee BpeM.II H3 

. CIUIHTHJIJI.IIl.IHOHHOro 
6
Li-.l{eTeKTOpa BbiCOKOro pa3peiiieHIDI, paCI10JIOJKeHHOro 11pH 

cpeAHeM yrne pacce.I!Hll.ll 152° H coeAHReHHOro c RTOF-:ilJieKTPOHHKOii, H AByx 
3
He

AeTeKTopoa. OcHOBHoii .l{eTeKTop 11ocrpoeH c HCI10Jih30BaHHeM 11pUHI.IHI1a apeMeHHOII 

!lJoKyCHpOBKH ·11pH AH!lJpaKUHJIJ/• 0H COCTOIIT H3 6 ,l{eTeKTOpHbiX :ilJieMeHTOB, KaJK.l{blll 

H3 KOTOpbiX CO.l{epJKIIT 11PH3MY-CBeTOBO.l{ H 1.1>3Y, paCI10JIOJKeHHblll 3a 11pH3MOH. IlpH3Mbl 

CO.l{epJKaT 4 HJIH 6. rpaHeii, Ha KOTOpbie HaKJieeHbl ~i-CTeKJia TOJIIUHHOH 1 MM THila 

NE912. ilHReiiHbie pa3Mepbi CTeKOJI coCTaBJI.IIIOT OT 100 AO 150 MM. IIOJIHbiii TenecHblii 

yroJI AeTeKTopa paaeH 0.08 cp. BKJI3,11, OT AeTeKTopa a reoMeTpH'IecKHii 'IJieH ¢YHK11HH 

pa3peiiieHll.ll 11pu H3,1I,Jiexameii IOCTupoaKe :ilJieMeHTOB He 11peabiiiiaeT 0.0003/1
41

• 

.D:oi10JIHliTeJibHbie 
3
He-AeTeKTopbi pa60TaroT a pexHMe o6bi'IHOro pa3peiiieHll.ll. 0AHH H3 

~ .IIBJI.IIeTC.II JIHHeHHblM 1103Hl.IHOHHO-qyBCTBIITeJibHblM ,l{eTeKTOpOM C BbiCOKOOMHOH 
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) 

aHOAHOii 'HIITbiO. OH 110MemeH Ha 110BOpOTHYJO HJiaT¢opMy, MOJKeT 6biTb HCI10Jib30BaH a 

HHTepaaJie yrnoa pacce.I!Hllil OT 0 AO 45° u · 11pHMellileTC.II WUI perncrpamm 

AH¢paKUHOHHbiX MaKCHMYMOB c 6oJibiiiHMU (> 10 A) dhkl· 

3JieKTPOHHKa HaKOilJieHllil Cl1eKTPOB BbiCOKOro pa3peweHllil COCTOIIT H3 TPeX 

RTOF-aHaJIH3aTopoa, Bbii10JIHeHHbiX Ha c11e11HaJibHO pa3pa60TaHHbiX 1101I.IIpHbiX 

Kopp=opax. 0AHH aHaJIH3aTop (1024 KaHaJia) 11peAHaJHatieH WUI perncrpaQHn 

aBTOKOppeJI.IIl.IHOHHOH !lJYHKliUH, .l{Ba Apyrnx (110 8196 KaHaJIOB KaJK.l{biH) - . WU1 

pernCTpal.IHH AH!lJpaKI.IHOHHbiX Cl1eKTPOB C 110JIOJKIITeJibHOH H OTpHI.IaTeJibHOH ¢baMH 

pick-up curnaJia OT ¢ypbe-11pepbiBaTeJI.II (11oApo6Hee CM. B pa60Te/IS
1). RTOF

aHaJIH3aTOpbi coeAHHeHbi c PC/AT-386 110CJieAOBaTeJibHbiM HHTep¢eiicoM a CTaHAaPTe 

BITBUS. 3JieKTPOHHKa HaKOilJieHIDI AH!lJpaKliHOHHbiX cl1eKTpoa OT 
3
He-AeTeKTopoa, TaK 

JKe KaK H yrrpaBJieHHe TeM11epaTYPOH, IIIaroBblMH ABHraTeJI.IIMH H ApyrnMH MexaHH3MaMH 

ll>.D:BP, Bbii10JIHeHa B CTaHAaPTe CAMAC. 

5. llapaMeTpLI cll.IJ:BP 

IIOJIHbiii 110TOK TellJIOBbiX HeiiTpoHOB Ha MeCTe pac11onoxeHID1 o6pa3l.la, 

H3MepeHHbiH 110 aKTHBaQHH Me.l{HbiX !lJOJibf, COCTaBJI.IIeT OKOJIO 10
7 

WCM
2
/c •. 

Cl1eKTpaJibHOe pac11peAeneHue HHTeHCHBHOCTH H~iiTpoHOB (:i!¢¢eKTHBHbiii Cl1eKTP 

11epBH'IHOro rryqKa) H3Mep.111IOCb pacce.IIHUeM Ha BaH3,11,HU H 110Ka3aHO Ha pHC.6 B IIIKaJie 

)I)IHH BOJIH H MeJKilJIOCKOcTHbiX paCCTO.IIHUH WU1 . OC~OBHOro .l{eTeKTOpa. B CHJIY 

OC06eHHOCTeii !lJopMHpOBaHllil 11epBH'IHOro 11yqKa Cl1eKTP HefiTpOHOB cpaBHIITeJibHO 

KPYTO Cl13,1l,aeT 110 HHTeHCHBHOCTH CO CTOpOHbl MaJibiX )I)IHH BOJIH, 'ITO 1103BOJI.IIeT 

pa60TaTh c xopoiiieii :il¢¢eKTHBHOCThiO TOJibKO 11pu d ~ 0.6 A. 

d. A 
0.5 1.0 1.5 20 25 3.0 3.5 4.0 

IE+6 

~ lEtS 
8 

~ 
z 1E+4 

1Et3 \ o 1 o o o 1 o o 1 o o 1 o o o 1 o o 1 o o I 
2 3 4.. 5 6 7 

Neutron uave/ength A 
Puc.6. 34Jl/Je1C111U81lblU cne1C111p HeumpoHoB, U3.MepeHHblU ocHOBHbl.M oeme1C111opo.M no 

pacceJ!HUTO 11a BaHaouu. Bepx11J!J! Ut/C!lJla npeocmaeJIJ!em co6ou 
.Me:)ICTIJIOCKOCmHble paccmOJ!HUJI, . U3.Mep1!e.Mble 3mU.M Oeme1C1110pO.M 
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O.nuiiM H3 uan60Jiee CJIOJKHbiX sonpocos npn pa60Te ua <l>):(BP liB!IlH!TCll 

onHcaHne ¢opMbi .nn!IJpaKI.IHOHHhlx nnKoB. Oua JasncUT OT tiaCTOTuoro pacnpe.neJieHllll. 

g(ro), OT nacrpornm !IJa3bi pick-up cnrnaJia !IJypbe-npepbiBaTeJlll, r.e. OT coOTBeTCTBllll 

!IJpoHTa CHrHaJia MOMeHTY npOXO)K.IleHllll llleJieii pOTopa OTHOCHTeJlbHO llleJieii CTaropa, ll 

OT KOppeJlllllllOHHblX l!BJieHHH, CBll3aHHblX C pernCTpal.llleii llH!IJOpMal.lllll. B HaCTOllll.lee 

8peMll na <l>):(BP npHMelll!eTCll tiaCTOTHoe pacnpe.neJienne . EnaKMaua, xoporno 

3apeKoMeH.nOBaBlllee ce6ll npn ero ncnonbJOBaunn ua .nn!IJpaKTOMerpe MHHH

C<l>HHKC1161: 

g(u) = 1 + pcosxu +qcos2nu, .. (4) 

me u=ro/rom. p=1.03, q=0.08. O.nuiiM H3 ::~¢¢eKTOB, CBll3aHHbiX c KoppeJllll.IHeii OTCtieTOB 

B coce.nunx KaHaJiax aHaJIHJaropa, l!BnlleTCll nol!BJieune ue6onhliiHX OTPHllaTeJibHbiX 

npoBaJIOB B cneKTpe BbiCOKOro pa3perneHllll. ):(nll nx yqera npn o6pa60TKe cneKrpoB no 

MeTo.ny PnrBeJib.Ua npiiMelllleTCll .nByxJnaKOBal! MO.IleJib !IJopMbi nHKa. KaK npasnno, B 

KatiecTBe MO.IleJlll Bbi6npaeTCll ll3MepeHHblH C XOpOrneii CTaTHCTliKOH O.llllHO'IHblll 

.nn!IJpaKlllfOHHbiii nHK H3 cneKTpa nJyqaeMoro o6pa3l.la nnn n3 _cneKrpa or CTaH,napruoro 

nOJIHKpHCTanna. IJpHMep OnHCaHllll nHKOB .llByx3HaKOBOH MO.IleJlbiO !IJopMbl nOKaJaH Ha 

pnc.7. 

rl) 

-~ 
u 

i 
] 
<a 

~ 

Al203 
HRFD 

-~) 
1.225 1.230 1.235 

d,A 
1240 1245 

Puc.7. Onucanue oayx 6JIU3KO pacnoJIOJKellllblX nUK08 om Al203 OBYX31lQK080U 

.Mooe/lb/0, a Ka'lecmae Komopou 6Wl Bbl6pan ooun U3 oouno'IHblX nuKoB 

cneKmpa. lloKa3aHbl 3KcnepU.MeHmaJlbHble mo'IKU (0 ), npoaeoenmu 'lepe3 nU.x 

.MOOeJlbllaJI K[JUBWI, JIUHUJI £/Jolla (nyHKmUp) U pa3HOCm1laJI KpUBaJI, 

omnop.MupoaaHHWI na cpeoneKaaopamu'IHble omKJloHeHUJI 3KcnepU.MeH

.maJlbHblX mo'leK ( BHU3Y ). /(Jill npuaeoennozo y'lacmKa cneKmpa 

cpeoneKaaopamu'lnoe omKJlonenue ·l. nop.Mupoaannoe na 'IUCJIO cmeneneu 

cao6oobl, cocmaaUJlo 1.08, aecoaou R-r/JaKmop- 0.035 
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):(nll <l>):(BP nepBoe CJiaraeMoe R,=llto/t B Bbipa:lKeHllll ,ll1lll ¢YHKllllll pa3pe~eHlll! 

(1) onpe.neJllleTCll ::~¢¢eKTHBHOii lllllplllloii mmynbca OT -!IJypbe-npepbiBaTeJlll n 

_ nponeTHbiM pacCTOliHHeM OT npepbiBaTeJlll .no .nereKTopa. Ero MOJKHO 3arnrcaTh B BH.ne 

R,=6/(Vfl), me V - CKOpOCTb BpameHllll !IJypbe-npepbiBaTeJlll B o6/MHH, d -
MeJKnnocKOCTHoe pacCTOlllllle B A. Ilpn CTaH,naprHOM peJKIIMe pa60Tbi V=(4000 + 6000) 

o6/MHH n npn d=1 A, R,=O.OOIO + 0.0015. reoMerpHtiecKal! KoMnoueHTa Re=ll8/tge 

¢YHKllnH pa3perneHllll onpe,neJllleTCll pacXO.IlllMOCTbiO nepBHtiHOro Il)"'Ka, pa3MepaMH 

o6paJ11a, yCJIOBllliMH ¢oKYCHpOBKII .nereKTopa n npn pa60Te 6e3 KOJiniiMaropa nepe.n 

o6pa3l.IOM, .llllaMerpe o6pa3l.la l.IHnllH.IlplltieCKOH !IJopMbl 6 MM. II ero BbiCOTe 60 MM 

COCTaBnl!eT OKOnO 0.0010. TpeTbe CJiaraeMOe B (1) CBll3aHO C TOJilllllHOH .llllCKa !IJypbe

npepbiBaTeJlll, 3!IJ!IJeKTliBHOH TOJilliHHOH o6pa3l.la, TOJilllllHOH .UeTeKTIIpyiO~ 3lleMeHTOB 

n no BeJIHtiHHe ue npeBbllllaer 0.0003. IlOJIHal! ¢YHKllllll pa3perneHllll <l>):(BP H3Mepl!nacb 

c noMOlllbiO .nn¢paK11Hll ua CTaH.naprHblx nopoiiiKax BbiCOKOro KatieCTBa (Ge, Si, Ah03), 

ua Ky6nqecKoii CTpyKType Bh.7Mgo.3Nbo.706.5. .naromeii HJOJIHpOBaHHhle llliKH B 

lllHpOKOM llliTepBaJie dhkh ll ITO .nn!IJpaKllllll Ha MOHOKpllCTaJinaX. Ee 3aBllCllMOCTb OT 

CKOpOCTll !IJypbe-npepbiBaTeJlll nOKaJaHa Ha pnc.8r a 3aBllCllMOCTb OT MeJKIIDOCKOCTHOro 

paccTOl!Hllll - ua pnc.9. 
PernCTpal.lllll .nn¢paKllnonnoro cneKrpa na <l>):(BP nponJBO.IlllTCll c noCTOliHHOii 

rnnpnuoii KaHaJia BpeMennoro aHaJIHJaropa, o6bl'IHO pasnoii 4 MKC. lfMeiOllllfeCll B 

aHaJIH3arope 8196 KaHaJIOB coOTBeTCTByiOT npn 3TOM nHTepBany Mhld=3.16 A, 'ITO npn 

Ja.nep:lKKe no BpeMeun B 6000 MKC no3BOnlleT napanneJibHO pernCTpnpoBaTh 

.nn!IJpaKI.IHOHHbiii cneKrp B HHTepBaJie dhld OT 0.58 .no 3.74 A. JlHHeiiHoCTb IIIKaJibi 

aHaJIH3aTOpa no BpeMeHll npOJieTa ll, COOTBeTCTBeHHO, no MeJKIIDOCKOCTHOMY 

paCCTOl!HlliO BeCbMa BbiCOKa (pncJ 0), 'ITO n03BOnlleT C BbiCOKOH TOqflO~biO onpe,nemin, 

a6COJIIOTHbie 3HatieHllll dhld .nn!IJpaKI.IllOHHhlX nHKOB. 

ArreCTal.lllll .nn!IJpaKTOMerpa npoBo.nnnacb no CTaH,naprHb1M o6pa3llaM Si, Ge ·n 

Ah03• B tiaCTHOCTH, KaJin6poBKa BeJIHtiHHhl Lsin8o,- onpe,neJlliiOll.le~ - a6cOJIIOTHhle 

3HatieHllll napaMerpoB ::~neMeUTapuoii lltieiiKH nJyqaeMbiX KpnCTannoB, npollo.nnnacb no 

nopoiiiKy OKHCH aJIIOMHHllll SRM -676 npon3BO.IlCTBa Hal.llfOHaJibHOro HHCTIIryTa 

CTaH,naproB n rexnonornn (CiliA) c . napaMerpaMn: a=(4.75919±0.00044) A, 
c=(12.99183±0.000174) A. H3MepeHHal! ua <l>):(BP n o6pa6oraHHal! neiirpouorpaMMa 

::~roro CTaH,napra · noKaJaHa ua .pnc.11. IlOJiyqeHHble npn ::!TOM CTpYK'fYPHhle 

xapaKTepiiCTllKll (z(A1)=0.35224(6), x(0)=0.30621(9), Br(A1)=0.24(1) N, Br(O)= 

0.28(1) N, x.2=1.75, R(F2)=0.054) uaxo.llliTCll B xoporneM cornacnn c nUTeparypHb1Mn 

.llaHHb1Mu'l7,18/. 

OcHOBHhle xapaKTep_nCTllKll <l>):(BP nepetiiiCJieHhl B ra6nul.le 1. 
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Ta6Jmqa 1. Ocnoonble xapaK11!epucmuKu cJJJ(BP 

CeqeHHe nyqx:a HeiiTpoHoB Ha o6paJue 

PacCTOSIHHe 3aMewnrrem, - o6paJeu 

PacCTOSIHHe npepbiBaTeJTh - o6paJeu 

~be-npepbiBaTeJTh (AHCK) 

BHemmdi: ,!UiaMeTp 

WHpHHa menn 

qnCJio meneil: 

MaKCHMaJibHaSI CKOpOCTb BpameHH51 

.) 

MaKCHMaJibHaSI qacrOTa MOnymiUHH nyqx:a 

IIIHpHHa HMII)'JlbCa TeiUIOBbiX HeiiTpoHoB: 

B pe:lKHMe cpe)Uiero pa3pemeHH51 

B pe:lKHMe BbiCOKOro pa3pemeHH51 

.IJ:eTeKTOp BbiCOKOro p~pemeHH51 

· .D:eTeKTop cpe)Uiero pa3pemeHH51 

Aneprypa ,neTeKTopos: 

BbiCOKOe pa3pemeHHe 156° 

BbiCOKOe pa3pemeHHe 90° 

cpe.nHee pa3pemeHHe 0° - 45° 

liHrepBarr )lJIHH BOJIH 

Hmepsarr. no dhk1: 

BbiCOKOe pa3peUieHHe 

cpe.nHee pa3pemeHHe 

fiOTOK. HeHTpOHOB Ha o6pa3Ue 

CTaH,napTHblll o6beM o6paJua 

MaKCHMaJibHoe pa3pemeHHe )l1151: 

20 = 152°, d = 2 A 

20 = 90°, d = 2 A 

10 X 100 MM 

-30M 

20000 MM 

Ti-Zr-ciUiaB 

540MM 

0.7 MM 

1024 

9000 06/MHH 

150 Kru 

320 MKC 

7 MKC 

6r.i, c<iJoKycnposaHHbiil: 

3He, Il03HUHOHHblll 

0.08 cp 

0.04 cp 

0.006 cp 

0.9- 8 A 

0.6- 6 A 

4-60 A 

107 HlcM2/c 

-2 CM3 

0.0005 

0.002 

J.o.,..,.;,..~~....,.~...:.-,~~...-~~~..-r-~~~...., 

s 8 2.0 

a 
-~ 
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~ 1.0 
~ 

: d=l.67A 

' ' ' -- --------
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d. A 
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8000,---~---.--------.---~---r--~---. 

6000 

Puc.B. 

3a8UCUMOCmb t/JyHKIJUU pa3pe

meHUR cJJJ(BP, onpeoeAeHHOU 

KaK noAHaJl mupuna na 

nOA08UHe 8blCOmbl OUt/JpaKIJU

OHHOZO nuKa c d=J.67A, 

oeAeHHaJl na 1.67, om cKopoc

mu t/Jyp&e-npepbloameJIJI 

Puc.9. 

cJJyHKIJUR pa3pem~HUR cJJJ(BP, 

onpeOeAeHHaJl no OUt/JpaKIJUU 

na nopomKe BiJ.7Mgo.3Nbo . .,06.5 

npu V=6000 o6/.Mun. CMom

nou AUHUeU npeocma8AeHa 

pac~temnaJl KpuoaJl 

Puc.JO. 

" 8 
u"' 4000 

~ I 

Coomoemcmoue uJ.MepennblX u 

8bl'lUCAeHHblX nOAO)I(eHUU OUt/J

paKIJUOHHblX nuKoo coeounenUR 

Bi1.7Mgo.3Nbo . .,06.5 (naK.IIonnM 

npJ!MaJl, Ae8aJl mKMa). 

Ko3t/Jt/Juquenm nponopquoHMb

nocmu o Bblpa)l(enuu OJIJI p ne 

omAu~taemcR om eouHU!Jbl 

BMOmb oo 6-zo 3HaKa nocAe 
1l 

0 !l 
~ 3an.Rmou, nocmoRHHaJl cocmao-

"" 0 
1-< 

+ + y=8 E-8 x • 0.00070 

2000 

i5 JIJIIOUiaJl annpOKCUMUPYIOUieU 

npJ!Mou coomoemcmoyem 

·I 3 ·10-7 A. KpecmuKa.MU ( +) no

Ka3aHbl pa3nocmu .Me)l(oy 3K

cnepUMeHmM&Hbl.Mu u 8bl'lUC-

j~~~---.----~---.--~,---:::-~T---~·2 
0 8000 0 2000 4000 6000 

AeHHbl.MU nOAO)I(eHU.R.MU nUK08 

(npatJaJl mKMa). llputJeoeno 

maK)I(e ypat~nenue ·npJ!Mou, 

npooeoennou ~tepe3 mo'lKU no 

.Memooy naUMen&mux Koao

pamoo 

TOF channel, calaJiated 
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Puc.Jl. Y11acmmc Heiimpmwzpa.M.Mbl cmam)apma Al203 SRM 676, uutepeHHou Ha 

tlJJ(BP u o6pa6omaHHOU no .MemoiJy PumeeJibiJa. IlpueeiJeHHaJI 8HU3Y 

pa3iwcmHaJI KpU8aJI omHop.MupoeaHa Ha cpeiJHeKeaiJpamu'IHble omKJioHeHUJI 

3KcnepU.MeHmaJibHblX mo'leK 

6. PClYJibT3TLI HCKOTOpbiX 3KCllCpHMCHTOB Ha cll,I:(BP 

IloCJie Haqarra peryiD!pHOll 3KCIUiyaTaUJUI IDL(BP B OCHOBHOM HCnOJih30BaJICll .IliDI 

crpyKTypHhiX 3KcnepHMeHTOB c BhiCOKOTeMnepaTYPHhlMH caepxnpoBO.UHHKaMH. Cpe.uH 

HHX HCCJie.uoaarrHch coe.z:tHHeHHll c H30TOnHhlMH 3aMemeHHliMH YBa2CU2~'Feo.30,, 

Y(44Ca)B~Cu408, YB~65Cu2_7Z~.P7 H cepHll HgB~Cu04+6 c paJJI~HhlM co.uep:lKaHHeM 

KHCJiopo.ua. Macca o6pa3UOB aapbHpoaarrach OT 1 .uo 4 r, THn~Hoe apeMll H3Mepemlll 

cneKTpa OT 6 .uo 24 q_ UenLro 3KcnepHMeHToB 6Lmo ycraHOBJieHHe pacnpe.ueneHHll 

KaTHOHOB no noJHUHliM (KaK B Y123-Cu/Fe H Y123-Cu/Zn), H.z:teHTmpHKauHll ¢aJoaoro 

nepexo.ua B Y-124, Haii.ueHHOro paHee no MaKpocKon~ecKHM npmrBJieHHl!M, 

onpe.ueneHHe KaTHOHHOro COCTaBa H co.uep:licaHHll KHCJIOpo.ua B HgB~Cu04+&· 0 

npeUH3HOHHOCTH nonyqaeMoii Ha «D.IlBP CTPYKTYPHOii HH¢opMauHH MO:lKHO CY.z:tHTh no 

Ta6nHue 2, me cpaBHeHhi pe3YJihTaThl .IliDI Y-123, onpe.ueneHHLre B 3KcnepHMeHTax Ha 
. IDJlBP n D2BII91• 

YToqHeHHe CTpYKTYPLI Hg-1201 c noMOlllhiO CTaH.z:tapTHoro MeTo.ua PHTBeJih.Ua 

.uaaarro YKaJaHHl! Ha npHCYTCTBHe .uonoJIHHTeJihHOro caepxcrexHoMcrp~ecKoro aToMa 

KHCJIOpo.ua 04, pacnOJiaraBlllerocl! OKOJIO cepe.UHHhl pe6pa PTYTHOll IUIOCKoCTJi2°
1
• 

BLrcoKal! pa3pernaromal! cnoco6HOCTh ll>.llBP no3BOJIHJia yaepeHHO onpe.uenHTh 

.UOCTaTOqHo 60JiblllOe qlfCJIO 3KCnepHMeHTaJihHhlX CTpYKTYPHhlX tPaKTOpOB H nOCTpOHTb 

KaPThl pacceHBaromefi IUIOTHOCTH Hg-1201, H3 KOTOphlX CJie.UOBaJIO, ~0 B HalllHX 

o6pa3Uax aTOM 04 OTCYTCTBOBaJI. Ha pHc.12 nOKa3aHa KaPTa pacceHBaiOlllefi IUIOTHOCTH 

.IliDI o.uHoro H3 ceqeHHii 3JieMeHTapHoii gqefiKH coe.z:tHHeHHl!. AMIUIHTy.ua nHKa, 

C~OTBeTCTByrolllero aTOMY KHCJIOpo.ua 03 C KOHUellTpauHeii B=0.12, B HecKOJihKO pa3 
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Bhlllle, qeM aMIUIHTy.uhl tPOHOBblX ITHKOB. To~OCTb onpe.z:teJieHllll co.uep:lKaHHll KHCJIOpO.z:ta 
B B HCCJie.UOBaHHOii Ha ll>JlBP cepHH COe.l{HileHHii HgB~Cu04+6 .COCTaBHJia ±0.01, ~0 
no3BOJIHJIO ycraHOBHTh ero KoppeiD!UHIO c aeJIHlllllioii Tc. 

Ba 

03 

[OIO] 

Puc.J2. Kapma pacceuearollleii MomHocmu iJJIJI ce'leHUJI [x=0.5, 05{y!{J, 0.5Z.$0.5] 

HgB~Cu04+6 npu 0=0.12, nocmpoeHHaJI no 3KcnepU.MeHmaJibHbl.M 

cmpyKmypHbl.M fjJaKmopa.M Fhkt. Ilpu x=0.5, y=O, z=.O iJonoJIHUmeJibHble nuKu 

omcymcmeyrom 

XOTll OCHOBHhlM HaJHaqeHHeM ll>L(BP liBIDieTCll H3yqeHHe nOJIHKpHCTaJIJI~eCKHX 

MaTepHaJIOB, Ha HeM B03MO:lKHO npOBe.z:teHHe 3KCnepHMeHTOB C MOHOKpHCTaJIJiaMH B TeX 

CJiyqal!X, KOr.z:ta He06XO.UHMO BhiCOKOe pa3perneHHe no Me:lKIUIOCKOcTHOMY paCCTOliHHIO. 

3TH B03MO:lKHOCTH UCnOJih30BaHHll ll>L(BP 6hlJIH npo.z:teMOHCTpHpOBaHbl npH 

HCCJie.UOBaHHH MOHOKpHCTaJIJia La2Cu04.s, B KOTOpOM HCCJie.UOBaJIOCh l!BJieHne 

MaKpOCKOn~eCKOfO qiaJOBOro paCCJIOeiUill, B03HHKaiOlllero · npH nOHll)l(eHHH 

TeMnepaTYPhi. Bh1cOKal! pa3pernaromal! cnoco6HOCTh «D.I{BP noMorna Ha.z:te:lKHO 

3atPHKCllpOBaTb B03HHKHOBeHHe tPaJOBOro paCCJIOeHHll, ~0 llpOliBJiliJIOCb B pacmeiUieHIUI 

.UHtPPaKUHOHHhiX ITHKOB TUna (OkO) npH HH3KHX· TeMnepaTYPax (pHc.13), H no 
3aBHCHMOCTH lllllpHHhl lliiKOB OT dbkl Ollpe.z:teJIIITh pa3Mepb1 KOrepeHTHblX o6JiaCTefi 

o6pa3yrolllHXCll ¢a3 • 

7. 3aKJII01JCHHC 

ll>JlBP liBIDieTCll nepBbiM B. MHpe . ¢ypbe-.z:tH¢paKTOMeTpOM Ha HMUYJibCHOM 

HCTO~e HeiiTpOHOB. 0ITblT ero 3KCITJIYaTaunH, HaKOIUieHHblfi 3a nOCJie.l{Hile .z:tBa ro.ua, 

noKaJarr, ~o HeiiTpoHHal! ¢yphe-.z:tH¢paKToMcrpHll · m.leer xopollllle nepcneKTUBhl Ha 
HMITYJihCHhlX HCTO~ax HeiiTpOHOB C .IVlliHHhlM (~100 MKC) HMITYJihCOM. Ilo OCHOBHhlM 

napaMcrpaM - pa3pernaromeii cnoco6Hocrn, caerocnne H .z:tHanaJoey O.llHOBpeMe~o 
H3MeplleMblX Me:lKilliOCKOCTHblX paCCTOliHHll - B03MO:lKHOCTH ll>JlBP COnOCTaBliMhl C 
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soJMOJKHOCTSIMH HRPD - TOF-.~U~«)JpaKToMerpa BhrcoKoro pa3pemeHIDI Ha JIY'lllleM 
HeiiTpoHHoM IICTO'!HHKe c KOpOTKHM HMIIYJihCOM ISIS. .D:arrhHeiirnee TeXHWiecKoe 
ycoBepmeHCTBOBaHIIe MeTOJ{a II pa3BHTIIe J{eTeKTOpHOH CHCTeMhl ll03BOJlllT B 2 - 3 pa3a 
~ KllK pa3peilleHHe, TllK II CBeTOCHJIY .IUI«)JpaKTOMeTpa. 
• OcHOBHhiM HaJHa'leHHeM «<>,UBP B HaCToSimee BpeMSI SIBIDieTCSI npeuHJHOHHhiH 
crpyrcrypHhlil: aHaJIH3 nOIDIKpiiCTaJlJIH'Iecrrnx semecrs co cpe.IUIIlMH (p,o -500 A3) 

pa3MepaMH 3JieMeHTapHOH Sl'leHKH . .IJ:pyrnM HanpaB!IeHHeM pa60T, pa3BHBaeMbiM B 
noCJieJ{Hee BpeMSI, . SIBllileTCSI aHaJIII3 BHYfPeHHHX HanpSIJKeHHil: B omeMHbiX IIJJ{eJIIDIX • 
.IJ:ng noro comaHa Heo6xoJ{HMaSI annaparypa II .npoBeJ{eHhl nepBhle 3KcnepHMemhr'211• 

·~' 

Ta6J1u11a 2. CmpyKmypnble napaMempbl BTCII YBa2Cu306+y. onpeoeJieHHble na C/J,[lBP, 

6 cpa6Henuu c OallllbLMU U3 pa6om,/19~ noJly'lellllbLMU na outf.JpaKmO.Mempe D2B 6 ILL. 
Ymo'lnenue np0600WIOCb 6 cmanoapmnou OJUI Y-123 npocmpancmBellllOU zpynne 

Pmmm. Ilpu6eOenbl napaMempbl 3Jle.Menmapnou Jl'leiixu (a,b,c), 3Ha'leHUJI 

omnocumeJlbllblx z-xoopounam u uJomponnblX meM06blX napaMempoB (B) amoM06. 

HoMeHKJlamypa amoM06 maxa11 JKe, xax 6 119~ a UMenno: Cu1 - amo.Mbl Meou 6 

· 11eno'lxax Cu-0, Cu2 - amoMbl Meou B Mocxocm.J!X Cu02, Q 1 - anuKallbllblu xucJlopoo, 

02 u 03 - amoMbl xuCJlopooa 6 Mocxocm.J!X Cu02, 04 - xucJlopoo 6 11eno'1Kax Cu-0, 

t/.JaKmop JanoJIHeHUJI no3UijUU xomopozo ecmr, n(04) 

IIapaMe'l'l'_ «<>,UBP D2B 

a, A 3.82029(3) 3.8193(1) 

b,A 3.88667(4) 3.8852(1) 

C, A 11.68321(14) 11.6873(3) 

B(Y), N 0.60(4) 0.69(10) 

z(Ba) 0.1837(2) 0.1839(5) 
B(Ba),N 0.53(4) 0.61(10) 

B(Cu1),N 0.35(3) 0.51(10) 

z(Cu2) 0.3556(1) 0.3545(3) 
B(Cu2),N 0.49(2) 0.34(5) 

z(01) 0.1581(2) 0.1575(5) 
B(Ol),N 0.41(2) 0.66(14) 

z(02) 0.3787(2) 0.3783(5) 

B(02),N 0.59(2) 0.63(15) 

z(03) · 0.3770(2) 0.3775(5) 
B(03),N 

' 
0.59(2) 0.41(15) 

n(04) 0.91(1) 0.93(4) 
B(04),N 1.5(1) 2.7/1.210.4 

·- .. 

/ 
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.£ 
5 .s 

(400) 

(040) 

1.32 1.33 1.34 1.35 
d. A 

(400) n 

(040) 

~~·WL 
1.32 1.33 t.34 d. A 1.35 

La:zCu04.04 
T=10K 

1.36 

La:z(:u04.04 
T=293 K 

1.36 

1.37 

1.37 

Puc.13. Y11acmoK neumponozpaMMbl om MonoxpucmaJIJla La2Cu04.04 npu KOMnamnou 

meMnepamype (6HU3Y) u npu T=JO K (66epxy). Ilpu xoMnamnou meMnepamype 

6U01lbl OBa 'nuKa, omBe'larOique HaJIU'IUIO 6 KpucmaJIJle 90 °-0o.Menoti tf.JaJbi 

Bmab. Ilpu HU3Koii me.Mnepamype npouJOUUIO pacUleMenue nuxa (040), 

C6JI3annoe c B03HUK1lo6enue:M OByxt/.JaJnozo Fmmm + Bmab cocmo.JIHUJI. Ilpu 

10 K napaMempbl a 3JieMenmapnblX Jl'leex 3mux t/.Ja3 coBnaoa10m, napaMempbl b 

- OmJIU'IaiOmCJI na 0.0112 A 

IlJiaHbi pa3BIITIDI «l>.IJ:BP BKJIIO'laiOT BBeJ{eHHe. B J{eHCTBHe · J{Byx • J{eTeKTOpOB npH 
yrnax pacceSIHHS~ ±90°, pacc'lHTaHHhiX Ha pa3pemeHHe !ld/d,.,Q.003, nM pacmHpeHIDI 

nHana3oHa no dbkl II onTHMIIJanHH yCJioBHil: nM Hc6renosaHIDI. BHYTPeHHHx HanpSIJKeHHii, 
H BTOpOrO J{eTeKTOpa o6paTHOI'O pacceSIHRll·llJISI· YllBOeHIDI CBeTOCHJlhl B CTpYKTYPHhlX 
3KCnepHMeHTax. Pa3BHTHe 3ireKTpOHHKH «<>,UBP npennOJiaraeT nepexon OT RTOF-. . 
aHaJIH3aTopa, BhlllOJIHeHHOI'O Ha llOJISipHblX KOppeJIS~TOpax, K. aHaJIH3aTopy Ha OCHOBe 

. 1221 . 
UH«)Jposoro cHrnarrbHoro npoueccopa TMS320C25 • 3To noJBOJIHT ynyqmHTh 
annpOKCHMaUHIO tPYHKUHH nponyCKaHRll. «)Jypbe-npephlBaTeJISI H npoBepHTh B03MOJKHOCTH 
npHMeHeHIDI «)Jyphe-TeXHHKH llJl5l HJMepeHIDI KpHBhlX llHCnepcUU «)JOHOHOB HJIH ManiOHOB 
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B MOHOKpHCTliJI]IaJt. llpHHUHllH3JILHaJI B03MOlKHOCTL llOCTaHOBKH cneK'fl'OCKOUiftleCKHX 
3KCnepHMeJ:ITOB C HCllOJIL30BaHHeM ~ypLe-npepLIBaTeJBI 06C)'JimeHa B pa60Tem1

• 

ABTopLI 6rraro.n:apHLI CO'fl'Y.UHHKaM nH<I> OIUIH, TIIUI<I> H VIT 3a yqaCTHe B 
pa3pa60TKe, H3roTOB1leHHlf H H3Jia.n:Ke .UH«lJpaKTOM~a. 3Ta pa60Ta «lJHHaHCHpOB3JiaCL 
OIUIH npu 'laCTiftiHOii no.n:.n:epJKKe BMBF (<I>PI) B paMKax cosMeCTHOro cornaiiieHIDI H 
«iJoH.llOM P<I><I>H (npoeKT 93-02-2530). 
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