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YW539.1 M-16 

OnpeueJleHUe napaMeTpOB HeO,llHOp0,llHOCTH BemeCTBa MeTO,llOM MHoroKpaT­
Horo MaJloyrJloBoro pacceHHHH HeHTpOHoB: npenpHHT MT3<D 16-021 

10.1. A60B, H.O. EmoTHH, ;.:r;.B. JIbB08, 10.11. CMHPHOB, A.H. TJOJIfOCOB M., 
2002 27 c. 

fIpeJlcTaBJIeHa MeTo;ll.HKa npOBe)leHHSI OnbITOB no MHoroKpaTHoMY MaJloyr­
JIOBOMY pacceSIHl1lQ HeihpoHoB c nOMOlI(bJO JlBYXKPHCTaJIbHOrO CneKTpOMeTpa C 
COBepII1eHHbIMH KpHCTaJIJIaMH. 06cY)f(JlaJOTcSI oc06eHHocTH :nOH MeTOJlMKM, CBSI­

3aHHble C He06xoJlHMOCThJO <pHKcHpoBaTb OTKJIOHeHHSI HeH1poHoB Ha ymoBble ce­
KyHJlbI, npH He06xoJlHMOCTH H3YQaTh pacceSIHHe Ha HeOJJ,HopOJlHOCTSIX MMKPOH­
HbIX pa3Mep08. PaccMoTpeHbI cnoc06hI H3BJIeQeHHSI HHcpopMaWiH 0 pa3MepaX H 
KOHueH1paUHH yaCHIU, HaXOMIIlHXCSI B OJJ,HOPOJlHOH MaTpMue, H3 yrJIOBbIX cneK­
TpOB MHoroKpaTHo pacceSIHHblx Ha HMX HeihpoHoB. 

Determination of inhomogeneities parameters of substance using multiple 
sman angle neutron scattering. 

Yu.G. Abov, N.O. Elyutin, D.V. L'vov, Yu.I. Smimov, A.N. Tyulyusov 

A methodic of experiments on multiple small-angle neutron scattering is presented 
for the case of two-crystal spectrometer with perfect crystals. Features of this 
methodic connected with necessity to measure scattering angles of neutrons of the 
order of angle seconds researching of inhomogeneties - I J..l.m are discussed. Dif­
ferent ways to obtain information about the size and the concentration of particles 
placed in homogeneous matrix from the angular spectra of multiply scattered neu­
trons are considered. 

CrrHCOK mIT. - 24 HaHM. 

(£) HHCTHTYT TeopeTu~ecKoH H 3KcuepUMeHTaJIbHOM ¢R3UKH, 2002 



rrpH rrpOBe,n:eH.H.H OI1bITOB no MaJIoyrJIOBOMY paCCeSIHI1lO TenllOBbIX HeHTpo­

HOB (MYPH) Ha OTHOCHTeJIhHO 60JIbillHX (6011ee 1 MKM) 'tlaCUfuax, HaxOJUlIlUiXCSI. 

B O.1lHOPO.1lHOH MaTpHue, cyw.ecTBeHHblM Sl'BJIHeTCH Bonpoc 0 B03MO)f(HOCTH ,lJ,OC­

TfDlCeHI1H BhlCOKoro yrnoBoro pa3peweHHH. 3Ta 3anaqa He MO)ICeT 6bITh pellleHtl 

Tpa)lI1UI10HHbIMI1 MeTO)laMH nYTeM Q>OpMHpOBaHHH yrnoBoH anepTyphl C nOMO­

IllhlO KOI1JIHMaTOpOB, onpenemnoWflx ropH3OfITarrbHYlO (a) H nepTHKallhHYIO (lP) 
yrnoBble pacxo,n:HMOCTH nyqKa. TaK, C Yl.JthOM rroTepH HHTeHcHBHoCTH, CLIMTaeTCH 

npHeMJleMhIM [1] HCnOJIh30BaHHe KOJIJIHMaTOpoB, 06ecnetJ.HBatoUJ,Hx a ~ 5 yrno­

BhIX MHHyT (1.5,10-3 
pa,lJ,), .H ,UOfJYCKalOWHX np11MeHemle cOBpeMeHHh/x n03HUH­

OHHO-tJYBcTBHTellhHblx neTeKTOpOB (fTlI,lJ.) c npocTpaHcTBeHHbIM pa3peweHHeM 

~ 100 MKM. 

,lJ..lTH rronYl::feHHSI HHQ>opMaL{IUl 0 HeO,lJ,HOp0.1lHOCTSIX C llHHeHHblM pa3MepOM 

D [A] Heo6xo,lJ,HMO M3MepHTh HHTeHCl1BHOCTh pacceSlHHblX He.i1TpoHoB B 06naCTH 

seKTopOB pacceHHHSl jql s I / D. 3TO Ba)(<:tIOe COOTHOllIeHHe CBH3hlBaeT Jl.HHeHHble 

xapaKTep11CTHKl1 rrpHMoro 11 06paTHoro npOCTpaHCTBa 11 cnY)ICl1T KplHepneM ,lJ.J1S1. 

npe,UenOB pa'3pelllemUI nI060ro .ll11Q>paKL{HOHHOro OllblTa. BeKTop pacceSIHlUI q 
CBH3aH C AJTHHOH BOllHbl In 11 yrnoM pacceHHI1SI 8, KaK q = 4nlAn'sin(8/2) Hnl1, npH 

MaJIblX B, q :::;:; (27l"lAn}B. ,[(.lUI TeITIlOBOH qaCTH crreKTpa (In 1.5 A) yrnhl pacceSlHHSI 

o [pall] 11 pa3Mepl>I '-faCTI-II( (Heo,n:HopO)lHOcTeit) D [A] CBH3aHbI KaK D .::; 1/ 4B, LITO 

YCTaHaBnHBaeT npe,n:enbI npHMeHHMOCTI1 P8.3JlHtJHhIX MeTO,lJ.HK. Ecmf y,n:aeTCSI 

CPHKCHpOBaTh OTKnOHeHHH qaCTHL{ Ha Bs }'(3'1 0-4 
pa,n:), TO )lnH TennOBblX HeHTpo­

HOB 3TO onpe./lenSleT .llHana30H Benopon q .::; 10-3 A-I, QTO 6nH3KO K npe,n:eny no 

pa3peweHHlO ,n:nSI MaJIoyrnoBoH MeTo,n:HKH. '[bmna30H pa3MepOB HCCne,lJ.yeMblx He­

OJl.HOPOJl.HOCTeM npM :nOM HMeeT BepXHeM rpaHHueM D 100 MKM (e ~- III), H ./la­

nee, npH YBeJIHt:leH.Hl1 YfnoB, YMeHhwaeTcRno pa3MepaM rrpaKTM4ecKH .lJ,0 MHKpO­

Bem'PiHH: D ~ 0,1 MKM (8 ~ 5'). rrpM yrllax paCCeHHI1S1 8 ~ 10' CTaHOBHTCR llene­

C006pa3HhlM npHMeHeHHe Tpa,n:11UHoHRhlX MeTo,n:HK w~y4eHI1S1 MYPH, HCnOJIb­

3YJOllll1X rrq,lJ.. 

I1TaK, eCJIH I1MeeTCSI B03MO)f(HOCTb YCTOii"4UBO penlcTpHpoBaTb pacceSlHHe 

Ha yrIlbl nOp5111Ka 10" H MeRee, TO xapaKTepHblM pa3Mep l::faCTHl..( ero C03,n:momero 

http:MeTO,lJ.HK
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6Y,lleT ~ (l 10) MKM. 3TY 06JlaCTb B nOCJIe,llHMe rO.1l.bl Ha3hIBaJOT rrpel(H3HoHHoe 

HJIH yllbmpflMalloyzIlo6oe pacceRHue HeHT,PoHOB [2]. 
Ol.JeBH,llHO, l.JTO rrpM C03.1l.aHHH cneKTpOMeTpHl.JeCKOH YCTaHoBKH c ceKYH,U­

HbIM yrJIOBblM pa3pellleHHeM Hel-136e)KHhIe nOTepH HHTeHCHBHOCTI1 OT npl1MeHe­

HI1)f Tpa,llHUHoHHbIX KOJIJIMMaTOpoB CTaHOBRTCJI HenpHeMJIeMDI, 11 Heo6xo,l.{HMO 

UCnOJlb'306amb opyzue ljJU:JU"IeCKUe npullt(unbl. 3,l.{eCb yHI1KaJlbHYID B03MO)K­

HOCTb npeJ{ocTaBJIReT .1l.H<ppaKl(I1J1 HeHTpoHoB Ha cOBepweHHblx ("M.1l.eaJIbHblx") 

KpHCTaJIJIax. TaK, HCCJIe,UOBaHHJI B 06nacTI1 MaJIbJX nepe.nal.J HMrrYJTbCOB HeHTpO­

HOB n03BOJIJleT npOBOJ{HTb MeTO,l.{ J{BYXKPHCTaJIbHOrO cneKTpOMeTpa C napan­

JleJIhHOH YCTaHOBKOH: COBeprneHHblX KpHCTarrJlOB, a H3Yl.laTb ,llH<P<PY3Hoe pacceJl­

HMe Ha CTaTHl.JeCKI1X HeO.LI,HOp0.1l.HOCUIX pellleTKM - MeTO.1l. TpeXI<pMCTaJIbHoro 

cneKTpOMeT,Pa. 06a :1TM HarrpaBJIeHHJI CB}l3aHhI C Heo6xo,llMMOCTbID Bbl,lleJleHI151 

paCCe>IHHbIX HeiiTpoHoB Ha £pOHe HHCTpYMeHTaJIhHOH: CneKTpaJIhHOH 11I1HI1I1, 

HMelOU\eH lllHPHHY Ha rrOflOBHHe BbICOTbI ~ 3" 11 nJTaBHO Cna.LI,alOLUeti B ,llHanal0He 

HeCKOJlbKl1X neCJlTKOB yrJlOBbIX ceKYH,l.{. OPH 3TOM 06Pa3YIDTC5I "XBOCTbI" 11m} 

"KPhlJlbSl", a tPOHOBbIe YCJIOBHJI ,l.{OCTl1raEOTCJI JlI1Wb C y,naJIeHHeM OT MaKCI1MYMa 

Ha 3' - 5'. 

2. Memoo oSYXKfJUcmanhHozo cneKmpoiHempa 

IIpo,l.{B.H)KeHHe B 06JIaCTb MaJIbIX nepe,l.{at.I HMnYJIbCOB HeiiTpoHoB n03BOJI5IeT 

ocyurecTBHTh .LI,BYXKPMCTaJIbHbIH crreKTpOMeTP C naparmeflbHoH YCTaHoBKoH co­

BepI1IeHHhiX KPMCTaJIflOB. C nOMOlUblO ~)TOH MeTOJJ,HKI1 rr05lBJIJleTCSI B03MO)KHOCTb 

I1CCJIe.LI,OBaTb 06JIaCTH, rne I q I ~ 0, T.e. - npM c06mo,neHHH YC110BI1H fl1Hbe 

(qD:; 1, D -+ (0) - CYW.ecTBYIDT MaKpocKorrl1t.IecKHe HeO,l.{HOpO,l.{HOCTH, I1MelOllJ,Me 

pa3MephI 6011ee O,llHorO MHKpoHa. 

CXeMaTHl.JeCKH cneKTpoMeTp H306pa)f(eH Ha p11C. 1a. DepBbIH KPI1CTMJl (M) 
C11Y)f(I1T o,nHoBpeMeHHo MOHoxpoMaTopoM 11 "KOJIJII1MaTOpoM", a BTOPOH (A) 
aHaJIM3aTopoM nYl.JKa HeliTpoHoB, npOrne,lllllHX t.Iepe3 npl160p. TIo)J,06HaSl yCTa­

HOBKa KPHCTaJlJTOB Ha3hIBaeTCR napaJIJIeJIhHOH H 0603Ha4aeTcSI KaK (1, -1) cxeMa. 

CH51Tl1e HH<p0pMaUHM ocyruecTBJlJleTCa nYTeM nOBopoTa KpMCTaJIJIa AHa, yrOJl 13 

.LI,OJIH ceKYHJ{ (fJ) C nOCJle,l.{YJOIJJ;eH: :1KCn03HUHei% B Ka)KtlOH: TOl.JKe, B :no BpeM.Sl 

KPHCTaJlJ1-MOHOXpoMaTop J{Ofl)KeH 6bITb HenoJ{BmKeH. 00 Mepe BpallJ,eHI1.Sl KpH­

CTaJIJla A ct{eT Ha JJ.eTeKTOpe (HHTeHcI1BHoCTb OTpa)f(eHH.Sl) CHaqarra B03pacT3e-r, 

3aTeM, npoxo)J,.Sl Qepe3 MaKcHMYM, YMeHblllaeTC.Sl npaKTHliecKM ,no cpoHa, o6pa3y.Sl 

npYI 3TOM 33MeTHbIH "XBOCT". I1PHl.JHHbl nOJlBneHHJI xBocTa, cna,nalOlllero 'KaK 

( ~ - /1)-2, CB)f3aHbI C JJ;HHaMH4eCKHM xapaKTepOM B3aHMO.LI,eHCTBIHI HeHTpOHOB C 

aHcaM6neM SI,l.{ep, COCTaBJlSlFOIUI1X COBepweHHbIH KpHctanJl [4]. Cnoc06 rro,naBJ1e­

HHR - Hcrronh30BaHI1e B Kay.eCTBe MOHoxpoMaTopa KpHCTaJIna C npOITHJlOM, o6ec­

rreQHBaFOIUero MHoroKpaTHoe OTpaJKeHHe nYl.JKa OT O.LI,HOHMeHHbTx nJIOCKocTei1 

(hkl) [5]. 

http:o6pa3y.Sl
http:YMeHblllaeTC.Sl
http:npoxo)J,.Sl
http:OTpa)f(eHH.Sl
http:BpallJ,eHI1.Sl
http:rO.1l.bl
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HHTeHCHBHOCTb MOHOXpOMaTHqeCKHX HeihpOHOB, OTpa}f(CHHbIX 01' Kpl1­

CTanna A (pHC. 2a) orrHChIBaeTC51 £PopMynoM [3,6]: 
.x 

10 ((3) k· fR(e;)' R(e; - (3)d~ = kR *R, (1) 

r)le k - nOCT05lHHa51 BenJifqHHa, 3aSl1C51lll,a}! OT xapaKTepYfCTHK HeiiTpoHHoro cneK­

Tpa H paCxo)lHMOCTH rrepBHqHOrO nytIKa (yrnoB a H tp); R(~) - K03$qnuJ,HeHT OT­

pa>KeHHH OT "H.n.eanhHoro" KpHCTaJIJIa; c;::;; f:) - ()8; f:) yron naneHHH nyqa Ha 

nnOCKOCTH hk!; Be yroJI np3rra. 

6. 


I,M 

Puc. I. XOJI JIY'iCH B .QBYXKPHCTaJIbHOM CneKTpoMeTpe: a HeMoHoxpoMaTH'IeCKHM 

nYliOK B OTCYTCTBHe o6pa3ua-pacceHBaTeJUI.; 6 np" HaJlH'lHe "pacceHBa'leJUI"; 
B cxeMaTH~leCKHj:{ BHll KPHBOH oTpIDKeHlHI. HeHTpoHon OT KpHCTaJIJIa-(lnarIH3aTOpa 

(c o6pa3UoM. H 6e3 Hero); M - KPHCTMJI-MOHoxpoMaTop; A aHMH3aTop; 6.8 - H3Me­

HeHHe 6P3ITOBCKOro yrna B 3aBHCHMOCTH OT J, a - pacxo.QHMOCTb nepBJfYHoro ny'YKa, 
'Y yrOJl pacceSlH1HI B o6pa:u.(e, p - yrnoBoe nOnO)f(eHHe BToporo KpHCTaJUla. 

lllHpYfHa l1 "KPHBOH KaqaHH.R" 1 (/3) HJIH, .n.pyrHMH cnoBaMH, HHcTPYMeH­

TaJIbHOH JIHHHH ABYXKPHCTaJIhHOrO CneKTpOMeTpa npM Hcnonh30BaHHH cosep­

WeHHbJX KPHCTaJIJIOB Si HJlH Ge HAn = 1.5 A (pHC. 2 a) pasHa 

0 

r;;; N . An 
2 'Ir:lkt I "-5 

~ 1.5· ",2 . 2S ,S . 2 a "" 10 paA (2 - 3 ), (2)
tr'SIn t7' 

r.n.e N - qHCJlO aTOMOB B ::meMeHTapHOH: 5lQeHKe, qTO OnpeAeJIHeT yrnoBoH AHana­

30H: 3":::;: B:::;: 5'. npHro.n.HhIH .llJlSl OnhlTOB no MYP HeiiTpoHoB .llBYXKPMCTaJIhHhIM 

MeTOIlOM [4]. 
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N·IO l 

min 
C.N:,o'l

nlln 75 

50
75 

256" 
1-----4 IN:'O' 

mm 
0,5 \0 1.5 21J 2.5 ?A 

SO 2'A.',v F 50'51" A 1,iS·YZ. nSlueLO 

a.25 

PHc;.2. KpKBf>le D.BOHHOro oTpaiKeHHSI OT IUIOCKOCTH (111) cOBepllleHHoro KPHCTaJI­

JIa Ge: a) 11.0 = 1,65 A~ b) 11.0=2,46 A (MeHblllaSi KPHBM nonyqeHa noCne npOXOiKUe­

HHli HeiiTpoHHoro nY'IKa Qepe3 MOHOKpHCTMn Si02, TOJIWHHOi:t 100 MM); c) 3aBHCH­

MOCTb HHTeHCHBHOCTH OT ,llllHHhI BOllHbl flOCJle O'IpaJKemul OT KpHcTanna­

MOHoxpoMaTopa (Ha BbIXO.lle H3 EJlM*). 
*) Macurra6 npHBe.D.t!H C Y<leTOM UOTOKa HCi1TpoHoa J.1PT MJ.1<P11 (2·I0 13H.lcML.c .) 

PaCCMOTpHM npouecchI, npoHcxoJuuUFle B (1, -1) CneKTpOMeTpe, C He­

CKonhKO l1HhlX fl03Hl(l1W: TO,I1TO Umpl1Ha lo(jJ) 6mf3Ka K IlIHpHHe )lapBHHOBcKoro 

npo<t>~fJISI oTpa)f(eHfUI 06'MICIllIeTCSI TeM, 'ITO B OTJU'I'IHe OT "6enoro" ny'lKa B OT­

pa)KeHHOM OT MOHoxpOMaTopa nYYKe pa36poc HeHTpOHOB no An 11 HanpaBJleHl1iO 

HX pacnpOCTpaHeHHSl He JlBJlllemCJl He3Q6UCUMbIM: OH nO)l'lHHSleTCSl COOTHowe­

Hmo Ep3rra: 2d'sin9 = n·An• B 3TOM "KoppenHpoBaHHoM" nYQKe Ka)K}loMY 3Haqe­

HHK> An COOTBeTCTByeT onpe)leneHHOe C TO'lHOCThl{) )l0 )lapBHHOBCKOH IlIHpHHhl 

HanpaBJleHHe pacnpOCTpaHeHHH Heii:TpoHoB, n03TOMY KPHCTaJIJl-aHaJIH3aTOp OT­

pa>KaeT O)lHOBpeMeHHO HeihpOHhl pa3HhIX 3HeprHM, tPopMHpyn napaJIJ1eJIhHhie 

nYQKH. JlH.lllb B npe)leJIax )lapBH.HOBCKOH lllH.pHHhI OTpa>KeHHSl . 09. TaKHM o6pa­

30M, KpHCTaJln A) B CTporo napaJIJIeJIbHOH n03H.UUH C M, OIlHOBpeMeHHO OTpaiKaeT 

BCI{) cOBoKynHoCTh Y3KHX ,napBHHoBCKHX npotPHJleH Ri ) BOllle)lWHX B yrnoBhre 

npe)leJ1hl, onpe)leneHHhle rOpH.30HTaJIhHOH paCXOIlHMOCThIO 0.. Ka)K)lhIH H3 3THX 

01'paIKeHHhlx KBa'3HrrapaJlJIenbHhlX nyy.eH ffMeeT CBOH cTanfcTHt.lecKHH sec H Oll­
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peneJI51eTC51 CBOHM 3Ha4eHHeM An BHyTpH MHTepsana LY. = a ·Ao'ctg.9 _ TIpocTeHWa51 

oueHKa nOKa3bIBaeT, tITO TaKHX napannenhHhIX "nY4KoB-KaHaJloB" npM MCllOJlb­

3yeMbIx 3Ha4eHH51X yrnoBoH ropH30HTaJlbHOH pacxonHMOCTM ~ 10-2 (a -. 30') li 
WHpHHhI nnaTO CTonHKa ,UapBHHa S - 10-5 

B nBYXKpHCTaJlbHOM (I, -1) cneKTpo­

MeTpe peanH3yeTC51 a 128 = 10-2/2-10-5 
-. 500 KaHaJIOB Ri, 

TIpn nOBopOTe KpnCTaJIna A BOKpyr BepniKaflbHOH OCM C ruaroM -. 0,1 yfn. 

ceK. (-. 5'10.7 
pall.) H3 cTporo napaJIJIeJIhHOH rro3HUHH, npoHcxonHT o,lJ,HOBpeMeH­

HaJI paCCTpoHKa Bcex Ri (i 500), 1I KaK TonbKO yron fJ CTaHOBHTC51 60JIbWe S, 
npoMcxo,lJ,HT pe3Koe YMeHhllleHHe l-IHTeHCHBHOCTH HeHTpoHoB, TaK 4TO WHpHHa Ha 

nOJIOBHHe BhICOTbI KPHBOH lo(ft) OCTaeTCSl mimb HeMHOT'HM 6onhUIeM, qeM 2S, 
DpeUM3MoHHM Y30CTb KPHBOH Ka4aHH51 Ll.BYXKPHCTaflbHOrO cneKTpoMeTpa C 

cOBeprueHHblMH KpHCTaJIJIaMH n03BOJI51eT C 60JIhillOH rrOJIh30H rrpwMeHHTh (n, -n) 
cxeMY Ll.JUI npoBeneHlul ManoyrJIOBbIX OnhITOB C BhICOKHM pa3pellIeJ:-IHeM no BeK­

TOpy q. B 60JIee UIHPOKMX yrJIOBhIX npeJl,eJIax MeTO,[(HKa rrpoHrphIBaeT B CBeTOCH­

JIe, H CTaHOBHTC$I ueneco06pa3Pa3HbIM npHMeHeHHe MeTO)J,OB, licrronb3YI:Oll{HX 

KOJUIHMaTophl, HeHTpoHOBOJl,hl11 [fq,n: [1]. B3}lTble B eOBoKynHocTH Bee :.rfH MeTO­

Ll.HKH n03BOn$IlOT Hccne,[(OBaTh MYPH BO BceM )J,Ham130He BeKTopOB pacceSlHIUI q. 
)lHana30H :>Ke BeKTopOB paceeSlHm{ q, Jl,OcTynHblH )J,JU{ H3Y4eHI1S1 C nOMOll{bl:O 

llBYXKPHCTaJIbHOrO cneKTpOMeTpa COCTaBn.aeT 2.10-5 A-Is q s 3.10-3A·I, LITO H )J,e­

naeT B03MO:>KHbIM H3Yl:.leHHe HeO)J,HopOllHOCTeH C pa3MepOM D ~ 5.103 A. 
EcnH Teneph B rrpoCTpaHcTBo Me:>KJJ:Y KpHCTaJIJIaMH M H A rrOMeCnITh pac­

eeHBaTeJIh (o6pa3eu, cOnep:>KalIlHM HeOLl.HOpo)J,HOCTH C pa3MepOM -. (1 10) MKM), 

da 
xapaKTepH3YlOlllHHC}l ,lJ,H<pcpepeHUMaJlbHbIM ce4eHMeM dO. (CM. pHC. I 6), TO <pop-

Ma KPHBOH OTpa:>KeHH51 H3MeH~eTC~, H Ha):( XBOCTaMM KPltBOi1 Ka4aH.H51 Iu(ft) n051B­

JIHeTCH "rano", COOTBeTCTBYlOIUCC HCHTpOHaM, HCRE>lTaBlliHM MYP (pHC. 1 B). 

TaKltM 06pa30M, ,l.(BYXKPHCTaJlhHbIH cneKTpOMeTp npC)lCTaBJI51eT C060H HeM­
TPOHOOfJTH4ecKYI:O cHCTeMY, <!>HKCHPYfOWYIO yrnoBoe OTKJ10HeHHe B "Koppemfpo­

BaHHOM" nyLJKe HeHTpOHOB Me:>K,l{y KpHCTaJIJIaMH, H JIlO60e OTKJIOHeHHe MOII(eT 

6blTh 06HapY)l(eHO. ecnH ero BeJ1H4HHa rrOp5i)J,Ka Yo ~ 2" HJlH 60J1hwe. CymecTBeH­

HhIM, O.llHaKO, }lBJUIIOTC51 HeKoTopble 06CTOSlTeJ1bCTBa, KOTopbIe He06xollHMO oue­

HHTh, npe:>K,l{e IjeM IIpHcTynaTh K aKTHBHoMY Hcnonh30BaHHlO MeTO,l{HKH. TIpe:>K,lJ,e 

Bcero 3TO KoppeKTHhIH yqeT "XBOCTOB" pacrrpe.llenCHH5l MHcTpYMeHTaJlbHoH KpH­

BOH liP), C03Jl,alOlllHX nOllnO:>KKY )J,n51 HeHTpoHoB, paCCe51HHhIX Ha MaJIhJe yrnhI. 

)laJIee, :}TO oueHKa BJIH51HH5I HeynpyrHx npoueCCOB, T.e. n05iBneHH51 HeKOppeJ1HpO­

BaHHoro c ynIOBbIM OTKJIOHeHHeM HeihpoHoB pa36poca no :mepnt5iM, n COO1'BCT­

CTBYlOlUero B03MO:>KHOrO H3MeHeHlt5J yrnoBoro p£r3perueHH5J JlBYXKpltCTaJIbHOrO 

cneKTpOMeTpa. OueHKH nOKa'3hIBaI:OT, 4TO Ll.OrrOJIHHTellhHoe YUII1peHMe OT Heynpy­
'. . 5 

rHX npoueCCOB CTaHOBltTC5J 3aMeTHblM flHWb fIPM tJ. 1 ). = 1O~ - 3HepreTHQCCKOM 

pa'3pemeHHH, Ll.OCTl-'DKHMOM C Hcnonh30BaHHeM aHnmapaJ1J1eJ1hHOM (1, +1) cxeMhI 

[7]. rIPH3TOM Jle4>0pMaUH51 npO(pHJIH Ka)f(JJ:OrO nY4Ka-30Hlla npHBOJlHT K lt3MeHC­
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HHIO <pOPMbl HH("'1'pYMeHTaJlbHOH KPHBOH )l.BYXi<PHCTaflhHOrO CneKTpOMeTpa, He­

CMOTPJl Ha TO, 'YTO npH rrapannenhHOH YCTaHOBKe KPHCTaJIllOB tJ. / ). :.::: 10-:::, OT­

CYTCTBHe >Ke ee B OrrbITHhlX KpHBhIX OTpa>KeHHR rrpH (I, -1) CneK1'pOMeTpH4ecKoH 

cxeMe. CBH.l{eTenhCTBYeT 0 TOM. 4TO C TaKOH TO'YHOCThlO HeihpOHOOnTH'YeCKHe 

npOQeCChI JlBnRIOTCJI ynpyrHMH. 

3. Oco6eHllOcmu ()6yxKpUCmllJlbHOii Memo{)uKu 

CymecTBeHHblM 06CTOJITenbCTBoM RBJ1ReTCR TO, 4TO B onhITax no MYP Ha 

.l{BYXKPHCTMbHOM cneKTpOMeTpe BblCOKoe yrnoBoe pa3pellleHHe .l{OCTHraeTCR 

TonbKO B ropH30HTaJIhHOH nnOCKOCTH, T. e. TOl-IHO <pHKcHpyeTcR nHlllb ropH30H­

TaJlbHas:! COCTaBJ1RIOIl(asI yrnoBoro OTKnOHemiR HeHTpOHOB. IT03TOMY .l{J1R onpe)l.e­

neHI1R nonHoro OTKJIOHeHI1R Tpe6yeTcR Y'YeT BJIHJIHI1R BepnlKaJIhHOH paCXO,L1,l1MO­

CTll, T.e. BBe)l.eHHJI tlKOJIJTHMaUHOHHhlX nonpaBOK", CBSl3aHHbTX C TeM, 1{TO H3Me­

pReMoe pacnpe.neneHHe l1HTeHCHBHOCTI1 npe)l.CTaBMleT C060H HCTHHHoe pacnpe­

)l.eJTeHHe, npOHHTerpHpOBaHHoe no BepTHKaJIhHblM OTKJIOHeHIUIM. O)l.HaKO B 06­

IIIeM cJIy,:{ae, KaK npaBHJlO, He06xo)l.HMO Y4HThIBaTb cne.n:YlOlIlHe OCHOBHhle no­

npaBKH. Ha: 

1) pa3Mepbi Hccne.nyeMoro 06pa3ua; 

2) HeMoHoXpOMaTl1y.HocTh HeHTpoHHoro H3JIYQeHHH; 

3) KOllllHMaQHoHHYIO pacxo.n:HMOCTh nY4Ka, na.n:alOrn;ero Ha 06pa3eu; 

4) p83Mephl OKOH .n:eTeKTOPOB; 

5) 3<p<peKT 06pbIBa. CBJI3aHHblH C TeM, 'tITO yrJIOBbIe pacnpe.n:eJTeHHJI H3Mep1uoTcSI 

B KOHe4HOM yrnoBoM .nHana30He. 

,[(.rIJI MeTo,aHKH )J.BYXKPHCTaJIbHOrO CneKTpOMeTpa nepBhIe TpM cpaKTopa 

npaKTW-IeCKH He HMelOT 3Hal-IeHHJI, T. K. npH <pHKCHpOBaHHOM nOnO>KeHHH KpM­

CTaJIna-aHaJIH3aTOpa O)l.HOBpeMeHHO perHCTpHpYIOTCR Bce 4aCTHUbIC O)l.HffaKOBoM 

npoeKulieif qrzseKTOpa paCCeSlHH.Sl, He3aBHCHMO OT 3HaQemdi BeKTOpOB lis 11 kc 
(CM. pHC. 3) HnH, .l{pyrHMH ClTOBaMH, Bce nyy.H, paCCe.SlHHhIe 06paJuoM Ha O,llBH H 

TOT >Ke yron B ropH30HTaJIbHOH nJlOCKOCTH. IT03TOMY, OCHOBHOH BK118)1. B annapa­

rypHhle HCKa)J(eHHH BHOCHT KOHe4HaR BhlCOTa Bxo.n:Horo OKHa .lleTeKTOpa H 3cpcpeKT 

06pblBa yr110BhIx pacnpe)J.eneHHii. 

113~3a aKCHaJIhHOH CHMMeTpHH MYP pacnpe)l.eneHHe HHTeHCHBHOCTH H311y­

4emUI nOCJTe o6pa3ua I (y, e), rL(e y, e - c<pepH4ecKHe KOOp)l.H.HaTbl BeKTopa ks• 

s:!BJIHeTCJI $YHKllHeH TonbKO aJHMYTaJIbHOrO yrna y. Ha KOTOPbIH pacceHBaeT He:i1­

TpOHhl 06paJeu (CM. pHC. 3). TaK KaK paCCeJlHHe npOHcXO)l.HT Ha He60nhlllHe yrnhI 

(y ~ 10-3 
pa.n:), TO 6e3 yrn;ep6a JlnH CTporOCTH MO)J(HO nepei1Tf.1 K )l.eKapTOBoH CHC­

TeMe KOOp.n:HHaT H xapaKTepH30BaTh YKnOHeHHe nyQa OT nepBOHa4aJ1bHOrO Ha­

npaBJIeHH.Sl yrnaMH a H cp, onpe.llelT.SlIOIIIHM11 OTKnOHeHHe, COOTBeTCTBeHHO, B ro­

PH30HT8J1bHOH 11 BepTHKaflbHoi1 nnOCKOCTH, C4HTaJl npH 3TOM, 'tITO y2 == a 2+ cp2. 

TaKHM 06Pa30M, /Cy,c) -+ ley) /(~a2 +q}). 

http:npaBJIeHH.Sl
http:npOHcXO)l.HT
http:paCCeSlHH.Sl
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6. 


Puc. 3. a) .ll.HarpaMMa MYP C aKCHaJIhHOH CHMMeTpMeH, Ha KOTopotl k." ks COOT­


aCTCTseHHO. BOllHOBhle aeKTophl na.uruomero 11 paCCe.llHHOrO H311YQeHH.II; r. e c4>~­


pUl.JeCKHC KoopJumaThl BeKTopa ks: a H qJ JleKapTOllbl KOOpJumaThI; tpo- MaKct!­


MaJIbHblH yroll paCCCjlHlUr, fIPM KOTOPOM npOHcxo.uHT pcrHCTpaUI'UI Ji3Jly'-leHlU!; S 


paCCTOHHHe OT o6pa3ua .uo .ueTeKTOpa; H - pa3Mep OKHa JleTeKTOpa; 


6) pacceslHHe B .ueKapToBoH CHCTeMe KOOp.ll.HHaT, r.uc 3alliTPHXOBaHHOH nonocoH 


H306pa)KCHa o6n3cTb B HMnYllbcHoM npocTpaHcTBe paccelIHHoro H311yqeHH~. pem­


cTpHpyeMoro C nOMOlllhFO JIByxKpHcTarrhHoro CnCKTpOMCTpa B TOM CJ1Yl.Jae. Korna 


YfJIOBOe nOl101I<eHHe I<pHCTanJ1a-3HanH3aTopa paBHO r . 


.YrOJI CKOJlh:>KeHlUI JlY4eH, rraJl3iOlllHX H3 KpI1CTanll-aH3nI133TOp, onpeJleml­

eTCR KaK 

[} On + a-I 12'q>2'tgBB + p, (3) 
rJle p - 3Ha4eHHe yrnoBoro rroBopoTa aHaJUf3aTOpa OTHOCHTenbHO rrOnO)l(eHH}!', 

rrapaJInenbHOro KpHcTannY-MoHoxpoMaTopy (CM. pHC. 1). Tal< KaI( C nOMO~bK> 

)lBYXKPHCT8J1bHOrO cneKTpoMeTpa, KaK npaBHlIO, t'f3YI.JaJ01' MYP, npm1cxo/lsIluee 

Ha yrnbJ MeHee 10', TO TpeTHH l{JleH 8 (3) npeHe6pe)f(HMO M8J1. HMeHHO 31'0 06­

C1'O}!'TenbC1'BO 03HaQae-r, 'iTO JlaHHa.1ol MeTO)lHKa B OCHOBHOM "4YBCTBHTenbHa" K 

yrnoBblM OTKJIOHeHl1.1olM pacce}!'HHoro 113nYQeHIHJ TOJlbKO B ropH30HT8J1bHOH nnoc­

Kocn1 )lHcppaKIJ,uH. 

lib (3) BHJlHO, QTO npH CPHKcHpoBaHHoH yrnoBoH KOOp)lHHaTe KpHCT3Jlna­

aHaJI113aTOpa (P), )J.eTeKTOpOM perHcTpHpyeTC51 paCCe.1olHHOe H3nyt.leHHe, pacnpo­

CTpaH51IOIlleeC.1ol B )lHarra30He, KOTOPbIH npe)lCTaBneH rpacpH'tfeCKH Ha pHcYHKe 36 B 

BH)le BepTHK8J1bHOH 3all1TpHxoBa:HHOH flOJlOCbl. illHpHHa :HOH flonOCbl onpe)lenH­

eTC}!, yrnoBoH WHPHHOH lCPHBOH OTpa)f(eHH}!' COBepllJeHHOrO KpHCTaJlna, COCTas­

llHlOllleH B HallleM cnyqae OKono 3". MOlKHO nOKa3aTb [6], 4TO 3KcnepHMeHTaJIb­

Hoe pacnpe)J.eneHlle llHTeHCllBHOCTH MYP onHCbIBaeTClI cnenYIOIllHM 06pa30M: 

<JJ fp() 

lCXP(/3)= f1o(/3-a)da fl(~a2 +q})dfp, (4) 

!:t;, 

l(fJ) = JR(a)R(a fJ)da, 

http:H311YQeHH.II
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r.ue npeneJIbl HHTerpHpOB8HHSI (±<;oO) OnpeJleJlSlIOTCSI reOMeTpHeH onblTa (PHC. 3a): 

(flo = arctg(H 12s) H 12s (5) 

3JleCb H - BblCOTa OKHa JleTeKTopa, S - paccToSlHHe OT 06pa3ua JlO JleTeKTopa. 

B 06bltIHbIX On~lTHblX YCJIOBHSlX [8], H 40 MM, S 1200 MM, npH 3TOM 

10rpo ~ 0,011 pa))" 'iTO TMnHy.HO )),JISI npH60pOB rrO,ll06HOrO Kllacca. ,ll,nSl Hccne­

.a:yeMblx 06pa3UOB yrnoBoll ,llHana30H, B KOTOPOM HHTeHCHBHOCTb MYP 6blJIa OT­

JIHtIHa OT HyJISI, He npeBbIlliaeT ama,\ $ T « f/Jo, 4TO n03BOJlSleT B (4) nepeHTH K HH­

TerpHpoBaHHIO B 6eCKOHeQHbIX npe,llenax H nepenHcaTb ero B BHJle 

.:x: 

fioCP a)/(a)da = 10 * 7 (6) 

rJle l( a) - HHTeHCHBHOCTb pacceSlHHoro 06pa3UOM H3JIY'ieHHSI, JlJISI KOToporo 

a= const: 

(7) 
-,:,C: 

vb (7) JIerKO nOKa3aTb, "liTO eCInf lea) ~ a-a npu a.....:;. 00, TO J( a) - a-6+ I, T.e. npl1 

HCnOnb30BaHHH JlBYXKPHCTaJIbHOH MeTO.nHKH CTeneHb 3aBHCHMOCTH HHTeHCHBHO­

CHI OT nepe.naHHoro MMIlyJIbCa nOBhlwaeTCSI Ita eJlHHHUY. HanpHMep, npH H3yt[e­

HHH MYP Ha CrrJlOIlIHbIX, OLlHOPO,llHblX no IlJIOTHOCTH, KOMnaKTHhIX "LiaCTHuax C 

pe3KOH rpaHHlleH BMeCTO H3BeCTHOH aCMMIlTOTHQeCKOH 3aBHCHMOCTH ilopo)la 

l(q) = 27Cp2S/ q4 rrpH HCnOJlh30BaHHH .nBYXKPHCTaJIbHOH MeTO,llHKH Ha6Jl1{),llaeTCSI 

3aBHCHMOCTb lea) - a-3 [9]. 
HcnoJIb3YSI CBOHCTBa CBepTOK MO)[(HO Bblpa3MTb J( a)tIepe3 ([>ypbe-TpaHc$OMaHTbl 

KPHBbIX, nOJIyqaeMblX H3 onbITa: 

- 1 rXp(w)
I (y) _. f-_·expUyw)diJJ, (8)

27C Io«(j) 
I')J,.e /CXP(a)) H lo(w);,.,.. <})YPbe-06pa3bI 3KcnepHMeHTaJIhHbIX KpHBblX OTpa)[(eHHSI C 

06pan.(OM H 6e3 06pa3ua, COOTBeTCTBeHHO. 

4. 3kcllepUMeHmtlJlbHtlR oa:JQ 

l'bBecTHO HeCKonhlW YCTaHOBOK, npeJlHa3HatIeHHhlX ,llJlSl H3MepeHHSI HU ca­

MbIX MaJIbIX yrJIax C BhICOKHM yrJlOBblM pa3peWeHHeM [1]. OnHa H3 HHX $YHK­

UHoHHpyeT Ha peaKTope B OKPHJl)KCKOH Jla60paTOpHH. B ClllA [10]. B Ka4eCTBe 

KPHcTaJJJIHlfeCKOM napbI cnY)KaT KpeMHHesbIe MOHOKPHCTaJJJlbl, pa3HeCCHHble Ha 

paccToSlHHe ~ 3 M. B npH60pe HcnOnb30BaJlaCb An 2,6 A (LV / ), = 0,02), lfTO 

06eCney.HBaJIOCh ")KeCTKOH" reOMeTpMeH KOHCTPYKUHH 11 O.ll.HOKaHaJIbHblM neTeK­

TOPOM; nepBHQHhle H pacceSlHHhle nyqKH. nponYCKaJIHCb Qepe3 meneBble KOJIJlHMa­
2 1

TOphI. bhlJJa 06eCney.eHa nJJOTHOCTb rrOTOKa 104 
HeHTpOHOB'CM- 'C- npfl pa3MepaX 

http:TMnHy.HO
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2

06pa3ua 2 x 4 CM H 06nacT1:. no BeKTopaM pacceHHHH 4'10-5 A- 1
< q < 10-1 k- I 

c 

yrnoBbIM pa3peWeHHeM 1 pan (- 2 P). B nOCJIe,UHHe rO,l.1,bl ::na YCTaHoBKa OblJIa 

OCHaIllena KpHCTaJInaMH C npommoM, non06Ho TOMY, KaK :)TO nenWfOCh bOH3e 'VI 

XapTDM [11] Ha peHTreHoBcKoM H3nYQeHHH H PayxoM Ha HeHTpoHax [5]. 
B HaWeH. cTpaHe .IlBYXKPHCTaJIhHblH. cneKTpoMeTp Ha Hei:fTpoHHOM ny4Ke 

peaKTopa 6hm 3anymeH B 1970 ro.ll.Y B Y1A3 [12], Ha HeM 6hIn BhInOnHeH pHn pa­

60T, no MaJloyrnoBOMY paCCe5IHHIO H HeHTpOHHOH KPHCTaflJlOOnTHKe COBeprneH­

HbIX KpHCTannOB. B OTnH'IHe OT YCTaHOBKH B CiliA npH60p ,l.1,OnycKafl H3MeHeHl1e 

L(JlHHbI BonHhl Inny'ieHHH B npe,Uenax Bcero TennOBoro ceKTopa peaKTopa; nJIH 

MOHoxpoMaTH3aUHH H aHaJIH3a cneKTpa HcnOnb30BaITHCb MOHOKPHCTaJIJIhI repMa­

HHH. B nOCJIenYlOmeM :)TOT npH60p 6hlJI Mo,UepHH3HpoBaH B TpexocHhIH [13], "l.ITO 

rr03BOJIHJIO pacIIlHpHTh 06nacTh ero rrpHMeHeHHH. 

Ha peaKTope MJ1<1>J1 C 1981 rOJJ.a pa60TaeT cneKIpoMeTp (YHl"BepCaJlbHhIW 

llH<ppaKToMeTp) BhlCOKoro yrnoBoro pa3peWeHHH [14]~ B 1992 ro,l.1,y npH60p 6blJl 

YCOBepweHCTBOBaH 11 npM06peJl BMJJ., nOKa'3aHHhIM Ha Pl1c. 4 [8]. B :1TOM npl160pe 

Ll.J1H 113MeHeHHH ,l.1,JlHHbI BOJlHhl HeffTpOHOB HCnOJlb3yeTcSI c,l.1,BOeHHbIH MOHoxpOMa­

TOp 6. Oc06eHHocTh .lI.BOHHOH MOHOXpOManl3aUl1l1 3aKJlIOl.faeTC51 B TOM, !..fTO H3Me­

HeHHe ,l.1,JlHHbl BOJlHbl npOH3BO).J,HTC51 O)J,HOBpeMeHHbIM nepeMeU{eHHeM KPHCTaJIJlOB 

B)].OJlb OCI1 nylfKa HeHTpOHOB 11 HX nOBopOTOM Ha yroJl, Onpe,l.1,eAAIOml1MC51 113 YC­

JlOBI1H BYJlb<pa-Ep3rra (2d/ll 'sinO n .A.n). I1PH 3TOM MOH03HepreTH"l.IeCKHH ny"l.IOK 

He MeHJIeT CBoero nOJIO)f(eHHJI B npOCTpaHCTBe H BbIBO,l.1,HTCJI B 3an peaKTopa 4epe3 

3$¢eKTHBHYIO CTaUHOHapHYIO 6HOJlOrHLfeCKYIO 3amrITy 8. 
BbIcoKoe yrnoBoe pa3peWeHHe npH60pa peaJIH3yeTc5I npH nOBopoTe KpH­

CTaJIJIa-aHaJIH3aTOpa Ha yf'Jlbl - 0,1"; TaKHe noBOPOThl B03MO)l(HO oCYlllecTBHTb 

JlHillh C nOMorn:bIO CneUHaJIbHOrO cKaHHpYlOlUero YCTpowcTBa 23, YCTaHoBneHHo­

ro Ha KOHCOJIbHO-CBSl3aHHhIX rOHl1oMeTpax 13. beJlhJH nY40K HeHTpoHoB C pacxo­

LlHMOCThIO 2° <p0pMHpyeTcSI ).J,blp"t.IaThIM KonmfMaTopoM nJlHHOIO 0,9 M H orpaHH­

lfHBaeTCSI npl1 BXO)J,e B 6noK CllBoeHHoro MOHoxpoMaTopa Jl.0 pa3MepoB 

24 x 36 MM2; nnOTHOCTh TeI1J10BbIX HeHTpoHoB B 3TOM MeCTe COCTaBJlHeT nopRJlKa 

109 HeihpoH'CM-
2

'C-
1 

npH MOIllHOCTH annapaTa 2,5 MBT. Orpa)KaSlCb CHa4aJIa OT 

.nHCJlOKaUHOHHoro KpHCTaJlJla Ge (111), a 3aTeM OT BhIcoKocoaepweHHoro KpYl­

CTaJlJla-MOHOxpoMaTopa, ny'iOK HeHTpoHoB Qepe3 KaHaJI B 3aIIJ,HTe BhIXO)J,HT B 3KC­

nepHMeHTaJIbHbIH .3aJI, fne llaJlee HCnbITbIBaeT MaIToyrJlOBOe paCCe5IHHe Ha o6pa3­

ue, nOMemaeMOM oocne aBTOHOMHoro illH6epa 1 I, H, OTpa>KaHCb OT KpHCTaJIJla­

aHaJIH3aTOpa, perHcTPHpyeTC5I nponOpUHOHaJIhHhIM CqeTQHKOM 19. 
)J,JUI rrpoBe.neHHH H3MepeHHH no MeTo.ny MYPH B Ka"l.IeCTBe CI1eKTpOMeTpl1­

qeCKOH napbl HCnOJlh3YIOTCSI cOBepweHHble MOHOKPHCTaJIJlhl Ge' C OTpa)l(eHHeM 

(J 11) H ).n ;.:; 1,75 A, npH 3TOM WHpHHa I1HCTPYMeHTaJIbHOH KPHBOH /i,fJ> COCTas­

J1JIeT Wo ;.:; (3,1" ± 0,2"). cl>HJII>TpaUHSI He}iTpoHoB, OTBe4aIOrn:I1X BhlCIIHfM nop5I.lJ.­

KaM OTpa>KeHH5I, OCYllleCTBJl5IeTC5I C nOMOlllbK> MOHDKPHCTaJIJIH'ieCKOrO KBapua. 

http:nop5I.lJ
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PHC. 4, 06111HH BHJl YH"llIepCaJIhHOrO HeHTpoHHoro )lH<ppaKTOMeTpa C ;IUYXKPHCTw11>­

HblM MOIIoxpoMaTopoM. YCTaHOBJ1eHHOrO Ha peaKTope I1PT MI1<1>I1: I· KOJlJlHMaTOp; 2 - WI-!­

6epHI>1e ceKIUIH peaKTopa; 3 3alluna MPT; 3' CTaUHOHapHfiSI ]UlllHTa ,tlHq,paKToMeTpa; 4 
BHYTpHuUI6epHoe YCTPOHCTBO; 5 IOCTHpOBO~IHrur rOJ10BKa BHYTpHwH6epHom YCTpoHcTBa; 6 ­
6nOK J1BYXKPHCTaJlbHOrO MOHoxpoMaTopa (EJf.M); 7 -- OCHOBaHHe JUHppaKTOMeTpa; 8 - JlOOOBaU 

]amHTa (II3); 9 npOTHBoBH6paUHoHurur 3amHTa; 10 - no.uBH:>KHM nnaT$opMa. YCTaHOBneHHruI 

Ba' penhcoBOM nyTH; 11 - aBTOHOMHhle wH6ephJ MOHoxpOMaTH'JeCKHX TlY'iKOB; 12 - npOTHBOBe~ 
ChI rOHHOMeTpOB ).(HcPprucroMeTpa; 13 - rOHHoMeTpbl; 14 - OCHOBHM KOHCOJlh C onopHoH Te­

Jle)l(Koii; 15 - KOHCOJlb .ue-reKTopa; 16 nJlHTa; 17 3al UHTU OCHOBHoro )leTeK'ropa; 18 3aUlHTa 

Ae-reKTOpa npKMoro nYlJKa; 19 OCHOBHOit Ae'feKTOP; 20 - )leTeKTOp npKMoro nYQKa; 21 - Tep­

MOCTaT; .22 Jla~HK nOrrO)KeHHK SPM. 23 - MexaHH3MLI npeUH3HoHHbIX yrnORl>lX nepeMellle­

HHH; 24 - IOCTHPOBOQHbl~ fOJlOBKFl~ 25 - q,OTo.aaTtIHKH rOHHoMerpoB; 26 - MOHHTOpHbJi:f C'IeT­

qMK CHM-20. 

06pa3eu nOMew,aeTCJI B np.ocTpaHcTBo Me)K.ll.Y KpHcnumaMH Ge H orpan"­

4MBaeTCSI no pa3Mepy TaK, lJTo6bl. c O)J,HOH CTOPOHbI, OH nepeKpblBan HaH60nee 

nnoTHYlO H O,ll.HOP0,ll.HYlO qaCTh nOnepelJHOrO CeqeHHjI nY4Ka (20x8 MM2), a C .ll.PY'" 

roM: o6ecne4HBanacb ero nOCTOjlHHaSI TOnll{HHa Ha o6nYlJaeMOH nnOma)lH. ,lJ.anee, 

nOCne.ll.OBaTenhHhlM nOBopoTOM KpHcTanna-aHaJIH3aTOpa H 3KcnoHHpoBaHHeM B 

TOt-IKe H3MepSIeTCJI KpMBa}{ paCCeSIHHjI r XP (f3) (6); npM Heo6xo.D:HMOCTM 3TH M3Me­

peHMJI npOBO,ll.j1TCJI BnnOTh no $OHOBbIX 3Ha4eHHH HHTeHCHBHOCTH, 3HayeHMe HH­
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CTPYMeHTaJIbHOH KPHBOH Iu(/J) npH 3TOM Ct UnaeTC9 H3BeCTHhIM. Jlh KPHBOH 

darw (fJ) [lOcne 06pa60TKH MO)l(HO nOnyy.HTb .LlHqupepeHUHaJIbHOe Ce\.{eHHe n > 

d~" 
XapaKTepl-nYlOw,ee HeO):{HOpO)lHOCTH BHYTPH 06pa'.ma. 

KaK YTBep>K,D.aJIOCh BbIllle, llBYXKPHCTaITbHbIH MeTOll n03BOmleT perHCTpl1­

pOBaTb yrnoBble OTKnOHeHIDl HeHTpOHOB - 1" (5'10-6 pall), .D,n9 TennOBhlX HeHTpo­

HOB 3TO 03HaQaeT llMana30H BeKTopOB paCCe9HH.H q - ro-5 A-I, 4TO 6mt3KO K npe­

lleny no pa'3pellleHHlO lln9 MaJIoyrnoBoH HeHTpOHHOH MeTOlll1KI1. J],Hana30H Pa3­

MepoB HccnellyeMblx HeOllHOpO,D.HOCTeH npH 3TOM HMeeT HH>KHeti rpaHHueH BenH­

loumy ~ 0,1 MKM Ii YXOllI-fT BBepx no pa3MepaM npaKTH4ecKH llO MaKpoCfmnW·IC­

CKHX BenM4}IH. OD.HaKO nnaTOH 3a :no YHHKallbHOe yrnoBoe pa3pellleHMe 5lBllHeTCjJ 

[lOTepH cBeTOCHJfbl, CB.sI3aHHa.sl, Bo-nepBhlX, C HcnOllh30BaHHeM cna60 OTP3)1(alO­

Il{I1X HeHTpOHbI COBepUJeHHhTX KpHCTaJlnOB H, BO-BTOPbIX, C "nOT04ey.HoM" )KCnO­

3l1UHeH KapTHHbI paccesIHH9, nonyy.aeMOH. nepeMemeHl1eM KpHCT3nJla-aHallH33To­

pa C marOM '- 0,1". KpoMe :noro, Heo6xo.D,HMa BH6p03alwuueHHocTb YCTaHoBKH H 

ee TepMOCTa6V1J1J13aUI15l C T04HOCTblO - 0,1 0 
,lITO Cpa3Y nepeBOD.I1T MeToD.MKY B 

pa3p51.D, npeUM3HOHHhIX. TI03TOMY npl1MeHeHHe MeTOlla D.BYXKPHCTa.TfhHOrO cneK­

TpoMeTpa ,D.ml pellleHH9 3all3"4 MYPH B nOJIHOH Mepe ueJleC006pa3HO mUllh npH 

HCCJlellOB3HHH Heo)J.Hopo):(HocTeH ~104 
- 105 A. 3'.1'0 He 03HaloIaeT ero Hepa60TO­

cnoc06lWCTVI B 06naCTH D ~ 103 A 11 MeHee, T.K. B03MO)l(HO HCnOJlb30BaHHe B Ka­

1.JeCTBe KPHCTaJIJlH4eCKOH napbI KpHCTaJlnOB xYllLllero COBepLlleHCTBa, )J.aIDOJ.V1X 

YllmpeHHe l1HCTpYMeHTaJlbHOH nHHHH, HO B :nOH 06naCUI pa3MepOB OH B )J.eC9TKI1 

pa3 MeHee CBeTOCHlleH, loIeM HeHTpOHOBOD.RbIH: H, KpOMe Toro, CTaHOBI1TC51 cno)l(­

Hee y4eT KOJlJlHMaUHOHHbIX nonpaBOK. 

5. MHoloKpamHoe MaJloymoBoe pacceHHue HeiimpoHoB 

KaK npaBl-IJlO, paccMoTpeHHe MYPH npOBO,D.HTC51 B npellnOJlO:>KeHHH, 4TO 

paCCe5lHl1e 9BJUIeTC5l O,D.HOKpaTHblM, T.e. lolTO ,D.JU1HacB060.AHOrO np06era HeiiTpoHa 

Me)KllY aKTaMH B3aHMO)1.ei:tcTBH9 BeJlHKa no cpaBHeHHfO C TOJIll1.HHOH pacceHBaID­

mero 06pa3ua, a BKJIa,D. OT MHoroKpaTHoro pacce~HHK YQHTbIBaeTC5l KaK Mana$! 

nonpaBKa no napaMeTpy L / i (l - ,D.RHHa cB060AHOro np06era, L - TOJIw,HHa 06­

pa3ua). Dplif 3TOM 113 3KcnepHMeHTaJIbHbJX pe3YllbTaTOB nonYQaeTC51 Halif60nee ne­

TanhHaa HH(j>opMaUIDl 0 pacceHBalOmeH CHCTeMe. O,D.HaKO B 60JlhWHHCTBe crryqa­

eB BbIllonHHTb ycnoBlif9 L / i < I HenpocTo, TaK KaK H3Ha4aJlbHO pacceHBalOllI.aH 

cnoc06HoCTh 06pa3ua B OTHoweHHH MYPH Hel13BeCTHa H npHXO,D.HTC51 YMeHb­

waTh ero TOJlLUHHY }lO 3HaQeHHH, KOfD.a 3q)(:peKT MYPH CTaHOBHTCH BeChMa Ma­

JlhIM H 3THM rapaHTHpyeTc.sI OllHOKpaTHOCTb pacce9HH9. BbInOJlHIifTb :>Ke Ha OnbITe 

06paTHoe YCJlOBHe (L / 1» 1) CYll.I.eCTBeHHo npow,e lolaw,e Bcero OHO BhIllonH9­

eTC9 aBTOMaTH\.{eCKH. flO H onpe)J.errHJlO He06xo.D.HMOCTh HaYYI1ThCK H3BJ1eKaTb 

~ H$opMaUHIO 113 )laHHbIX no MHorOKpaTHOMY paCCe51H.HIO. 

http:rapaHTHpyeTc.sI
http:pacceHBalOllI.aH
http:CB.sI3aHHa.sl
http:06pa'.ma
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K HaCTOSUlleMY BpeMeHH 31'0.1' Bo.npo.C l-I3YL.IeH Teo.peTHqeCKH KaK J(JUI 3apSl· 

)KeHHhIX qaCTfIU [15], TaK H J(JISI Hdhpo.Ho.B 11 peHTreHoBcKHX KBaHTOB [16,17]. 
DepBble ueJIeHanpaBJIeHHble o.TIhITbI no. MHOro.KpaTHo.MY pacCeSHUUo. npo.Bo.J(HJIHCh 

Ha peHTreHo.BCKo.M rryqKe (A ~ I A.) [18], rJ(e 06oeKTo.M CJIYlKl1JI rro.po.UJoK yrJIepo.· 

Jla; Ha rryqKe TenJIo.BbIX HeHTpo.Ho.B MHo.roKpaTHo.e pacceSlHHe l1CCJIe,lJ,OBaJlOCb Ha 

0.6pa3uax BHCtvtYTOBo.H rryJ(pbI [19] 11 Ha J(HcnepcHblx $eppOMaf'HerHKax [20]. 
I1wrepnpeTaUHSI pe3yJIhTaTo.B rrpo.Bo.J(I1JIaCb C I1Crro.Jlh30BaHHeM out/lt/lY3U­

OHHOii MO()e/lU: qaCTHua MHo.ro.KpaTHo. pacceHBaeTcSI Ha KpyrrHo.MaCIllTa6HhIX He­

o.J(Ho.po.J(Ho.CTSIX H Ka)KJ(bIH: pa3 o.TKJIo.HSIeTCSI Ha CJIyqaHHblH MaJIbIH yro.JI no.p.slJ(Ka 

xapaKTepHOro. yrJIa eo (3J(ecb 11 J(aJIee yro.JI paCCe.5lHIUI - Ce'4eHHe fo.PH30.HTaJ1bHo.H 

nno.CKo.CTblO TeJIeCHo.ro. yrna Q). BeJIl1qHHa 0.6mero. yrJIa o.TKJIo.HeHI1S1 enpM rrpo.­

XQ)KJ(emlH 60.JIbillo.ro. nYTH L (L » /) YBeJIHqHBaeTCSI TaK, 'ITO. o.H CTaHo.BHTC.sI 

MHo.ro. 60.JIhille 80, Ho. BMeCTe C TeM paCCe.slHHe OCTaeTCSI MaJIo.yrJIo.BbIM, T.e. a« 
1. To.f.na -HHTeHCHBHo.CTb pacceSIHHSI Ha yro.JI 0 o.rrHCbIBaeTCSI .uH4><pY3Ho.HHo.l1 <po.p­
MYJIo.H 

02/ ~ 
J(O,L) J(O,L)exp( - -2-)' (9) 

OoL 
rJ(e yro.JI () CB~3aH C BeKTo.po.MpacceSlHHSI q- (21C/ A)-a, T.K. pacceSlHne o.CTaJlo.Cb 

MaJIo.yrno.BblM. 

llhtpHHa KpHBo.M: paCCe.SlHHSI, B3SITM Ha rro.JIOBHHe ee BbICOTbl, rrpl1 3TOM 

rrpo.no}lUHOHaJ1bHa KOPHlO KBaJ(paTHo.MY H3 To.JlW,HHbl 0.6pa3ua: 

w(L) ()o~L /l·ln 2. (10) 
nO. HaKJIo.HY 31'0.11 npSIMo.H (CM. pHC. 5, A, 0) Mo.)I(Ho. o.npeJ(eJIHTb K0.3<p<PHUHeHT 

yrJIo.Bo.H 11.11ct>ct>y3IfH O l.[i H J(aJIee HCrro.JIb30.BaTb :ny BenHT-IHHY J(JUI rro.JIYLJeHHJIo 
Ko.flH4eCTBeHHblX pe3YJIbTaTo.B, o.npe.ll.eJIHB npe.ll.BapHTeflbHO H3 <pH3HqeCKHX co.­

0.6paJl\'eHHH: xapaKTep 3JIeMeHTapHo.ro. aKTa paCCeSlHH.sI. 

Ha rpaq>H!<ax"pHC. 5,~3HTbIX H3;a60.T [19], [20 a, 6], 3aBHC~Mo.CTb co(L 112) 
L

BbIrmUHn fll1HeHHOH npH L II- > 1 MM -, o.tl,HaKo., npH MaJJbIX To.fl~HHax Co.o.TBeT­

CTBYlOmHe npSlMbIe He no.na.rr.alOT B HaqMo. Ko.o.ptl,HHaT, a o.TceKalOT Ha o.CSlX HeKo.­

To.pbIe o.Tpe3KH. 

,Bce rro.Be.ueHHe 3aBRCHMo.CTH co(L 112), o.CHo.BbIBaSICL Ha tl,H<PcPY311o.HHo.H MO­

.ll.eJIH CJIyqaHHo.ro 6JlY)l()l.aHHSf no. yrJIy paCCe.HHHOH '4aCTHULI, MO)J(Ho. o.rrHcaTh 

CJIeJ(YlOlIlHM 0.6Pa30M. I1PH MaJIbIX OTHo.rneHHJlX L / / (npH ManbIX To.JIUlliHaX 0.6­

paJua) OHa ,IJ:o.JI)KHa He 3aBHceTh o.T To.flmHHLI (CM. pHC. 5 A, Teo.peTH'4eCKHH pac­

4:~h); J(aJ1ee 11.0.JDKeH cne.uOBaTb JIHHeWHLIH YL.IaCTo.K, co.rJIacYlOulHHCSI C (9); VI no­

CJle ~To.ro. npH 60J1billHX To.JII.UHHaX 0.6p83U.a, Ko.fJ(a L / I » 1 paCCeJl:HHe J(OJl>KHO 

CTUTb H30.TponHh1M. 

http:CJIyqaHHo.ro
http:paCCeSlHH.sI
http:3JIeMeHTapHo.ro
http:HaKJIo.HY
http:KBaJ(paTHo.MY
http:o.CTaJlo.Cb
http:CTaHo.BHTC.sI
http:60.JIbillo.ro
http:TeJIeCHo.ro
http:MHOro.KpaTHo.MY
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() 

A Ii 
Puc. 5. A) CXeMaTHT.teCKHH BH.IlKpH­

BhlX pacceSlHHSl (3aBHcHMoCTh HHTeH­

CHBHOCTH / OT yrna paCCeSlHH$I 0): 
a) HHCTpYMeHTaJIbHM KpHBWl; 

6), B) KpHBbJe paCCeaHJ.:tsl JlJIU OoUHO­

KpaTHOH JlH¢paKUHH (pecppaKUHH); 

r) AJUl MHorOKpaTHoro pacceSlHHS1; 

0) TeOpeTH'IeCKWI 3aBHCHMOCTb YIUH­

peHHS! /(8) npH MHorOKpaTHOH 

nH¢paKUHH OT TOJIlL\HHhl 06pa3ua 

[20,a). 6) 3aBHCHMOCTH lliHpHHbl 

KpHBbfX oTpaiICeHHSI OT TOJlIllHHbJ d 
pa3nW·IHbIX o6pa'JUOB )KenC3a [20,6} 

o+-___
0.0 

___~--­
M 

---~--­
1,0 

---~----~ 
1,5 B). YlliHpeHHe HeHTpoHHoro ny'IKa 

.JL, W<*MbI) nocne 

TOJIllIHH 

npOXOiICAeHJUI 

(L) o6pa3ua 

Pa3JIHlIHblX 

BHCMYTOBOIl 

B nYJ.(pbl [19]. 

BMeCTe C TeM, npHBeneHHoe paccMoTpeHHe MHorOfcpaTHoro pacceSlHlUI He 

Bcer.n.a rrpaBHnbHo orrHCblBaeT npouecc, T.K. $aKTHlJeCKH OCHOBaHO Ha npe)lnono­

>I<eHHH 0 .n.OCTaTO"LfHO 6b1CTPOM y6blBaHHH .llH<!><!>epeHUHaJIbHOrO CeLJeHHJI pacce~­

HMJI 0'(8) = dO'l dB npH yrnax B » Bo. ,lleHCTBHTenbHo, )In.R: Toro, LJTo6bl fnaBHblH 

BKJIa,n B HHTeHCHBHOCTb I(B,L) onpe.n.en.R:nc» .n.H<!>q,Y3HOHHbIM npH6JIH)I{eHHeM (9), 
Heo6xoI(MMO cymecTBoBaHHe Cpe)lHerO KBa.n.paTa yrJIa OI(HOKpaTHoro paCCe.R:HHJI: 

00 C(' 

ti2 = IBdB.B2a(B)1 Ie,de'a(e), (12) 
o 0 

T.e. TPe6yeTC.sf y6hIBaHffe u(B) 60nee 6bICTPOe, LJeM fr. . 
B [16] 6hIJIO nOKa3aHO, QTO y6bTBaHHe CelJeHID1 MYP THna 0-) Be.D.eT I< nO.sfB­

neHHJO nonpaBKH K W, H rrpJlMa.» w(L 1/')-) He npOXO.D.HT 4epe3 HaLJanO KoopI(HHaT, a 

http:npOXO.D.HT
http:TPe6yeTC.sf
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OTceKaeT Ha KOOp,nHHaTHhIX ocax HeKOTOphIe OTpe3KH. Teneph, a OTJUitfHe OT 

)lH$$Y3HOHHOH Mo,neJIH, W(LI'2) orrpe)leIDIeTCH ,nayM.H BeJIH4HHaMH: HaKJIOHOM H 

OTCe"tlKOH Ha OCH a6cUHCc, H H3 OIIhITHbIX AaHHhIX MO')l(HO H3BJIel-Ih ,naa napaMeTpS, 

xapaKTepH3YlOLUHX pacceHBalOWYIO CHCTeMY. Ho B [19] H [20] 3KcnepHMeHTaJIh­

H851 CHTysUHa 6hlJIa CnO')l(Hee H3-3a Toro, qTO pacceHHHe HeHTpoHoa npoHcxo,nHJlO 

Ha )lOBOJlbHO KpynHhlx Heo,nHopo,nHOCTRX (- 1 MKM), HMeallIHX pe3KylO rpaHHLty. 

B CeqeHHH MYP npH 3TOM npHcYTcTByeT cnaraeMoe, y6hlBalOLUee KaK (T5, OJlHaKO 

rJIaaHhIH qJIeH B f1{fJ) y6blBaeT KaK ~. POJIh 60JIhllIHX yrJIOB o,nHoKpaTHoro pac­

ceRHHR CKa3hlBaeTCH B TOM, liTO HaKJIOH KPHBOH w(L 112) OKa3hIBaeTcR Me,llJIeHHO 

MeHRlOmeHc.SJ <pYHKUHeH OT L. ,llaJIee, HaJIHqHe B a(B) CJIaraeMoro - (T5, HapRJlY CO 

cnaraeMhlMH ~ ~ npHBo,nHT K nOJl.Bl1eHHtO B m(L 112) .ll06SBKH, cna60 38BHCRll(eH 

OT L H npeACTaBllsnomeii OTCetfKY, 0 KOTOPOH T'OBOPHJ10Cb Bblllle (CM. pllC. 5 A, 0). 
KBaHToBoMeXaHHqeCKHH BhIBO,l( [16] cpopMynbI AnSI yrnoBoro pacnpe.llene­

HHR qaCTHU npH MHoroKpaTHOM pacce.aHHH OCHoaaH Ha TOM, 'tfTO aMnJIHTY Aa pac­

ceSlHH.a Ha l.IaCTHue 3anHCblBaeTCR B BH.lle p.a.lla TeopHH B03MymeHHR "PH ycnoBHH 

HeKOTopblX npH6nH'lKeHHH: 

- CqHTaJIOCh, liTO 3HeprH.a B3aHMO.lleHCTBHR U MaJIa no cpaBHeHHIO C KHHenp-IC­

CKOH 3HeprHeH En HeHTPOHOB B n8,ll8lOUJ.eM nyqKe; 

- xapaKTepHbl" pa,llHyc B38HMO,lleHCTBHH'ro (xapaKTepHblH pa3Mep qaCTHUhl) MHO": 

ro 60JIblUe .llJIHHhI BOnHh! HeHTpOHOB An. H, 

- pa3Mepbl 06pa3UOB, K8K npaBHJIO, L » ro, qTO ,llaeT B03MO')l(HO(,'!T'h nOJIb30BaThCa 

B'hIpa')l(eHH.H.MH .nJIR 6e3rpaHHQHOH CpeAhI. 

C Y4eTOM 3THX npH6nH)((eHHH 6hlJIO rronyqeHO 06ll.1.ee BblpIDKeHHe ,llna pac­

npe)leJIeHHJl HHTeHCHBHOCTH paCCeRHIHI (T.H. cpOpMyna MOJlhep) 

S oc 

I(O,L) - fydy·Jo(yB).exp[-(I-(1'y /(1'o)·LII], 
2Jr 0 

(12) 

100 

- fOdB. Jo(yB)· (I(B). (1'0;;;;; (1',=0' (13)
20 

r,ne S - nJIOwa,llh nyqKa, (1'0 - nOJIHoe CeqeHHe. B CJIyqae, Kor,na CeqeHHe O,llHO­

KpaTHoro pacceSIHlUI ,llOCTaTO~1HO 6hICTPO y6hlBaeT c POCTOM B(12) JIerKO CBO,nHT­

CSI K ,nH$$Y3HOHHOH $opMyne (9). )lJISI 3Toro a (13) Tpe6YeTCSI Pa3110')l(HTI. Jo(yO) B 

p.a,n H npe)lCTaBHTh O:y KaK: 

y2 cc 2 ((YBo)2)(I = (1' - - f8df)· B . (1'(0) = (I 1--- (14)
y 0 8 0 4' 

o 

0 2 ;: _l_'-'CJ{}dB .B2'(I(8) 
u 2 . 

(10 0 

B CBOIO Oqepe,llh HCnOJIh30BaHHe pa3J10')l(eHH.a onpaB.llaHO, T. K. npH L / I » 1 
(ToncThIH 06p83eu, cyry60 MHoroKpaTHoe pacce.aHl1e) rJlaBHhIH BKlIa,l:( B HHTerpaJl 

http:06ll.1.ee
http:B'hIpa')l(eHH.H.MH
http:n8,ll8lOUJ.eM
http:MeHRlOmeHc.SJ
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(12) B03HHKaeT B o6nacHf MaJIbIX yeo> 06CY,lJ.I1M ,lJ.aJIee cluyaurllo, Kor,na cymecT­

ByeT TOJlbKO JJ2. a 60nee BblCOICHe MOMeHTbl He BbI4HCJlHlOTCH, T.e. Kor,na (1(8) 
y6bIBaeT Me,nJIeHHee, qeM ~, HarrpHMep, KaK frs. BhTpa)[(eHHe (13) MOJKHO rrepe­

IlHcaTb B BH,lJ.e 

(5,1 =(50 -(50 + 1 JdB.B'(5(B)x[JoCvB) '+.!.(YBo)~]> (15)
4 20 4 

B HHTerpane (15) OCHOBHYIO pOJIb HrpalOT YfJIbI 8> 80 , Il03TOMY liP'" Bbl­

QHCJIeHHHX a(8) MOJKHO 3aMeHHTb aCHMrrTOTHKoH. 11 eCJIH Tenepb a(8) - {f5, TO B 

(15) rrOHBJI.sleTCH CJIaraeMOe, rrporropUHOHaJIbHOe (yOoi', a B Bblpa)[(eHHH )lJl.sl WI1­

pHHbl mel) HapHJJ:Y C qJIeHOM, JIHHeHHO 3aBHCHlUHM OT LII2, rrOHBJl.sleTCH nOCTO~H­
Hoe CJIaraeMoe. Ha rrpaKTHKe HaH60rree tIacTO BCTpetlaeTCH 3an.aya, Kor,na pacceSl­

HHe IBJIyqeHHJI npOHCXO,lJ.HT Ha o6pa3ue, npe.llCTaBJIJllOWeM C060H O,lJ.HOP0,lJ.HYlO 

M8TPHUY, B KOTOPOH xaOnrqeCKH paCnOJIOlKeHbI HeO,lJ.HOpO,llHOCTH, HMelOlUHe pe3­

KylO rpaHHUY, TaK qTO cywecTByeT 3aMeTHblM HeHTpOHOOrrTH"'-JeCKHH KOHTpaCT D.p_ 
nO:nOMY JIOfl1QHO 6blJIO c'Iporo pelliHTb 3a,lJ.aqy 0 MHorOKpaTHOM paCCe.slHHH Ha 

c$epHqeCKHX qaCTHlJ,aX pa,D,Hyca r Q H pacrrpOCTpaHHTb ee )laJIee Ha qaCTHUbl npo­

H3BorrbHOM CPOPMbI, npH,lJ.aB COOTBeTCTBYIOLUHM CMbTCR BeJIHqliHe r 0, onpe,lleJIHlO­

meH xapaKTepHblH pa3Mep HeO.lJ.HOp0.!lHOCTeH_ 

3HeprHH B3aHMO,1l,ej1:cTBH.sl H3nY4eHH.sl C HeO.!lHOpO,lJ.HOCTblO 3arrHCbTBaeTC.sl B 

BH.!le U = Vo (npH r ~ ro ) H V = 0 (rrpM r> ro), r,lJ.e Vo - Cpe.!lHee 3Ha4eHHe (i)ep­

MHeBCKoro nceB)lOIlOTeHUHaJIa. TIPH 3TOM .!lJIJI MaJIblX 3HayeHHM D.qJ (Ha6er $a3bl 

npl1 npOXOlK,lJ.eHI1H qepe3 qaCTHUY) fiblJIO norryqeHO [19] Crre,lJ.YEOLUee Bblpa)lCeHHe 

.!lmf. Junp$epeHUHaJlbHoro CeyeHHH: 

0(8) = r/ (D.qJ)2. Bt/I e·{trI2·(BIBo)-J23iZ(BIBo) + (D.qJi·J2(BIBo)}. (16) 

3LIecb D.qJ = Uoro I flv, r.!le v - CKOPOCTb HeHTpoHa. KaK 11 Cne,1l,OBaJIO O,)[(HnaTb 

(5(e) - 1/84
, a nepBoe CJIaraeMOe cooTBeTcTBYeT nepBoMY 60PHOBCKOM)' I1pH­

6nmKeHHlO H npH (j» (jo, y6hIBaeT KaK 0-'*, BTopoe CJlaraeMOe BeneT ce6.Sl KaJ( (T5. 

nOnCTaBJlHSI ( 16) B ( 13), nOJIyqaeM 

_ ro2 (D.qJi [eye; 1 yBo {D.)2 (yBo)2 ] (17) 
a y -an + 2 -8- °4+ qJ 9;-' 

<l>0PMY Jla (17), nOJIYQeHHa.sl npH D.rp < < 1, OKa3bJBaeTC.sl cnpaBeLIJIHBOH B WHPOKOH 

o6nacTH H3MepeHHSI D.fP, 60nee Toro B [16] 6blJ10 nOKa3aHO, t{TO (17) cnpaBenJIHB8 

n;a)[(e npH D.rp» 1, JIHllIb 6bl BbmOJIH~JIOCb ycnoBHe (D.qji « (Ts, rrpw-wM 

ro2 (I 2sjn(Ll~2 _2COS(D.tp)-I), (18) 
oa 2 D.rp (Lltp)2 

(50 1/8 . r/·(D.fPi = 1/8 . ro2. (Uol Ei- (p-ro)2 npH D.tp« 1, 
ao 1/2' r/- npH D.({J» 1. 

napaMeTp D.qJ onpeneJlJleT $H3wlecKH pa3Hhle CJIY4aH MaJIoyrnoBoro paCCeJIHH.sl; 

http:paCCeJIHH.sl
http:OKa3bJBaeTC.sl
http:nOJIYQeHHa.sl
http:3arrHCbTBaeTC.sl
http:H3nY4eHH.sl
http:B3aHMO,1l,ej1:cTBH.sl
http:npH,lJ.aB
http:npOHCXO,lJ.HT
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- npH IJ.rp« 1 HeHTpoHhI ")lHcppanIPYI-OT" Ha lIeO)lHOPO.llHOCT}lX, a 

npH 691» 1, npoxo)lSl 4epe3 HHX, HCnhITblB31-OT npenOMneH He (pe<ppaKLJ,HI-O). 

fIpH IJ.rp» 1 o.nHoKpaTHoe pacceSlHHe (pel/JpaKu;uR) npoHcxo.nHT, B OCHOBHOM, Ha 

xapaKTepHhle yrnhI npeJlOMJleHHSI B = Vol E IJ.rp' ~» ~. B 06JIaCTH ()ul/JpaK­rt 

I{Uli 691 « 1 ce4eHHe paCCe51Hl151 HeBeJII1KO, 11 .llJU1Ha cBo6o)].Horo np06era 

1 14nnoO"o MHoro 60JIhlIIe, qeM paCCT05l:HHe Me)l()lY pacceHBalOlllHMH HeO.llHO- ~ 
PO.nHOCT5l:MH H pa'3MepbI 3THX qaCTHU. 

B peQ>paKUHoHHOH 06JIaCTH !J.rp» I, eCJIH KOHueHTpaUH51 Heo,l(HOpO)lHO­

cTeH nc nOp5l:)lKa r o-
3

, TO .nmiHa cB060.nHoro np06era I ~ roo Ho .nml MHorOKpaTHOro 

paCCe5l:HIUI Tpe6yeTC51 BbInOJIHeHHe ycnOBH5l: L I I» 1, a 3Hal.HiT npH 1J.91« 1 OHO 

HMeeT MeCTO npH cYlllecTBeHHo 66nhUlHx TonillHHax, qeM npH 1J.91» 1. O)lHaKO H 

B TOM, H B .npyroM CJIyl.Iae npH MHorOKpaTHOM paCCe51HHH npOllle)llllHH nyqOK 

)lOJDKeH 6bITh nOJlHOCThlO Pa3MbIT, H rrpocpHnb KpHBbIX OTpa)l(eHl151 J].OJI>KeH npe)l­

CTaBJI51Th C060H O,nHOPO)lHYIO, 3HaLIHTeJIbHO ylllHpeHHylO no cpaBHeHHIO C HHCT­

pYMeHTaJIbHOH, JlI1HI1IO. KOHTPOJIHpOBaTb )Ke MHorOKpaTHOCTb MO)KHO no 3aBHCH­

MOCTH [T(O, L- I12)r 1/2, KOTopaSi nOJI)KHa 6bITh mfHeHHoH B 06JIaCTH (LI l)li2 » l. 
TaKHM o6pa30M, eCJIH ynaeTC5l: rapaHTHpoBaHHo ocymecTBHTb MHorOKpaT­

Hoe paCCe5l:HHe HeHTpOHOB (L 11 » 1), TO nOSlBJISleTCSI rrepcneKTHBa nOJlyqeHHJl 

.!lOCTOBepHbIX KOJlHqeCTBeHHblX pe3YJIbTaTOB 0 KOHQeHTpaUHH H CpenHeM pa3Mepe 

HeO,l(HOpO)lHOCTeH npH HaJlHqHH HeKOTopOH anpHopHOH HHQ>opMaUHH 06 ltCXO,l(­

HOM 06pa3ue. 4allle Bcero TaKOH HH<popMaUHei1 SIBJISleTCSI" 3HaHHe HeHTpOHOOllTH­

"IeCKOrOKOHTpaCTa IJ.p HlIH Cpe)lHerO nOTeHUJfaJla B3aI1MO)leHCTBIHI· HeHTpOHOB C 

Heo.nHOPO.llHOCTblO Vo H f)o xapaKTepHoro Yrna o,nHOKpaTHoro OTKJIOHeHH51, 3a­

BHC51111erO OT MO)leJIH, npl1HSI"TOH npl1 onl1caHHI1 npouecca paCCe51HHJL 

B 3aKJIIOl:JeHHe CJIe)J.yeT eme pa3 rro,nqepKHyTb, LITO ~~TOJIlllHHHYlO" 3aBltCH­
I12 

MOCThW(L ) CJle,a:yer CHHMiiTb B B03MO)KHO 60nbllll1X npe.n.enax. T.K., KaK npaBH­

no, 3apaHee He H3BeCTHa KpaTHOCTb paCCeSlHI151, a npH61IH)KeHlA}l, npHH5IT!:>Ie B Hao: 

CTOSlll(eM naparpa$e cnpaBe)J.JIHBbI B nOJIHoH Mepe nHlIIb npH MHoroKpaTHocTH 

aKTOB paCCe51HHlI HeHTpOl-IOB. 

6. Cnocoobl U3(J/le'leHUR UHfjJOPMlIU;UU U3 iJaHHblx no MMYPH 

I1pl1. onpe)J.eJIeHltl1 napaMeTpoB paCCel1.BalOllleH CHCTeMbl '113 TeopHH MaJIee­

Ba-TonepBepra [l6], 6e3ycnoBHo, HaM60nee HH<popMaTI1BeH cpaBHHTeJIhHhlH aHa­

Jun ::;KcnepHMeHTaJlhHhlX 11 pac4eTHhlx Kpl1BhIX J( 0, L) B B03MO)KHO 60JIee lUl1pO­

KOM 11l1ana'30He yrJIOB BH TOJIlUHH 06pa3ll0B L. O)lHaKO TaKoH nyT!:> Tpe6yeT npo­

,nolI)KI1TeJlbHbIX I13MepeHtdi H )lOBOnhHO CJlO)KHhlX YHCJleHHhlX pac4eToB. B [21] 
paccMoTpeHbI B03MO)KHOCTH nOJlyqemi5l: KOJIl1yeCTBeHHOH: HHQ>OPMaUltlt lt3 3Kcne­

pHMeHTaJIbHhIX ,a:aHHbIX rrpM Hccne,a:OBaHI1H 3aBHCHMOCTH lllMpHHbI Ha nOlIYBbICO­

Te yrJIOBbIX pacnpe)J.erreHltH paCCe}lHHbIX HeHTpoHoB W OT TOJIlllHHbI 06pa3ua. TIPH 
:nOM lUHpHHa MOiKeT 6bITb onpe)leneHa C xopolllei1 TO'1HOCTbl-O B CB1I3H C BbICO­
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KOH HHTeHCHBHOCTblO HeHTpOHOB, paCCes:IHHbIX B )].HaIIa30H yrJIOB 

-(vI2<O<w/2. KaK nOKa3aHO B [16], <PYHKUHSI (v(llr:!) J.1MeeT nonmKHTenbHble 

rrepByJO H BTOPYJO np0113BO,llHble BO BceM ,llHarra30He TonLUl1H 06Pa3L1.0B. Kaca­

TeJIbHruI K w(L 1/2), rrpOBeneHHa» B m060H TOllKe KPI1BOH, OTceKaeT Ha oeH opnH­

HaT HeHyneBoH OTpe30K (HeHYJleBa» OTCet.fKa). CornaCHO [16], rro 3Hat.leHIDIM TaH­

reHca yrJIa HaKJIOHa KaCaTeJlbHOH K KPHBoi1: w(L 1/"2") (CM. pHC. SA, 0) H BeJIWlI1Hbl 

OTCe1.fKI1 MO)KHO onpe.f(emnb ,llBa napaMeTpa, xapaKTepH3YJOml1X paccel1BaIOIUYIO 

cHcTeMY, Hanpl1Mep, xapaKTepHblti pa3Mep H KOHLl.eWrpaUI1IO HeOnfIOpO,llHOcTei1. 

Ho, TaK KaK 3aBI1CHMOCTb W(ll/2) HenHHetiHa, TO npH orrpe,lleneHI1I1 Bemfy.l1HbI Ha­

KnOHa H OTCey.Kl1 113 3KcrrepHMeHTanbHblX .LJ,aHHbIX HMeeTC}[ HeYCTpaHI1Ma}[ Heorr­

pel{eJIeHHOCTb. 

<l>YHKllH}[ OJHAl l/2) MO)KeT 6bITb paCCl.lI1TaHa 113 <popMyn (12,13) .LJ,1151 onpe­

)leJIeHHbIX 3Haqemi:H napaMeTpoB R (2R=D - xapaKTepHblH pa'3Mep HeO,llHOpO.L~HO­

CHI) 11 C, r.lle C - cOBoKynHbIH Y.lleJlbHbIH 06beM HeO.llHOpO)lHOCTeH. TaKHM 06pa­

30M, 06paTHas:I 3a,llaQa onpen:eJIem1}[ ~3TI1X rrapaMeTpOB 113 3KCnepI1MeHTaJI.hHbIX 

llaHHbIX CBO,llYfTC5f K peWeHl1lO CHCTeMbT 113 m ypaBHem'IJi wR.c(l/2) = w)(L/2). rlle 

w) - 3KCnepl1MeHTa11bHoe 3Ha'-leHHe WHpHHbl KPI1BOH paCCe}[HI1», 113MepeHHoe C 

HeKoTopoH norpelllHOCTblO npH TOJlLUHHe Lj 06pa1ua; j-HoMep 3KcrrepHMeHTanb­

HOH T04Kl1; m - HX KOnI14eCTBO~ B npl1HUl1rre ,lln» BbI411CJIeHHs:I R l1 C .LJ,OCTaT04HO 

.LJ,ByX 3KCnepl1MeHTaJIbHbIX TOlfeK. O,llHaKO JlOCTl1faeMaSI rrpH 3TOM TOtIHOCTb MO­

)KeT OKa3aTbC}[ HeYllOBJIeTBOpHTenbHoH. KpOMe TOfO, He06xo.IJ.HMOCTb 113MepeHl1}[ 

60JlbWOfO 4Hcna TO"'leK CBSl3aHa C npoBepKoH a)leKBaTHOCTH npl1MeHReMoH MO)le­

JII1 paccel1BaJOlllei1 CHCTeMbl H peaJIbHOH CTpyKTYPbI 06pa3ua. 

B MO,lleJTH MOHO,llHCnepCHblx Heo.nHopOllHo~TeH B pa60Te [21] 6bl11 peaJul­

30BaH cnen:YJOlllHH OTHOCHTeJlbHO npocToH H Harm{,l{HbIH aJIfOPl1TM orrpeneJIeHHSI 

R H C H33KcnepHMeHTaJIbHblX )J,aHHbIX. BHa4aJle, I1CnOJTb3YSl (17), a TUK)Ke Bblpa­

)feaR ,UnHHY CBo6o)lHOrO rrp06era I '-Iepe3 pa)lI1Yc' HeO)].HopO)lHOCTeH R 11 HX 

cOBoKynHbTM y):(eJlbHhH1 06beM B o6pa1ue c, nepenHweM (12,13) B BH)le

SxI' (3 , CL)·I(B,L) = - xdtJo(xO)exp - f(xOo,(~<pt)- , ( 19) 
2Jr 0 2 R 

f(x(jo,(~rp)2) = SX~O)~ln x:o + (~rp)2 (x:;)) . (20) 

L
113 (19,20) cneJlyeT, "'ITO B pacnpeJleJ1eHHH I(O,L) cpaKTH'-IeCKHM aprYMeHToM SlB­

I
Jls:IeTCSl He TonllU1Ha 06pa3ua, a KOM6HHaUI1R = cL, TaK)Ke I1MefOll{aSi pa3Mep­

HOCTb )lJIHHbI. TaKI1M 06Pa30M, rrpH <PHKcHponaHHoM pa3Mepe HeO.f(HOpO,llHOCTeH 

YBenH4eHHe HX y,lleJIhHOrO 06beMa B p pa3 npHBO.lll1T K TOMY )f(e npe06pa30BaHHJO 

3aKOHa pacceRHHR, KaK H npH B03paCTaH.HH B p pa3 TOJIll{I1Hbl 06pa3ua. 3TO eCTe­

CTBeHHoe 06CTO~ITe11bCTBo, cyrueCTBeHHO YMeHblllalOll{ee KOJllf4eCTBO He06xoLlH­

MblX paC"'IeTOB 11 .uenaJOLUee RX 60JIee HarJ1»,llHbIMl1, 06YCJlOBJleHO TeM, "'ITO BHLl 

yrnoBoro pacnpe.f(eneHHSI onpencmleTCSl Cpe,llHHM K011WfeCTBOM pacceHsalOllU1X 

l.IaCTHU Ha nyTH HeHTpOHOB B 06pa3ue, KOTopoe nponOpUHOHaJIbHO LI. 

http:B03paCTaH.HH
http:06Pa3L1.0B
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.ll.aJlee npH paC1.JeTaX He06xoJ(HMO Yl.J:eCTh annapaTypHble HCKaiKeHHS!, CBS!­

3aHHble C KOHey.HhlM pa'3peWeHaeM np1160pa, a TaK)f{e C TeM <t>aKTOM, Y.TO C 1l0MO­

llI,h1O )lBYXKPHCTaJlhHOrO CneKTpOMeTpa qmKCHpYIOTCH OTKnOHeHIDI HeHTpOHOB OT 

nepBOHaqaJIhHOrO HanpaBneHHH TonhKO B rOpI130HTaJ1hHOH nnOCKOCTH (6,7). 

PHC. 6 [21]. YrJIOBhle pacnpe.ueJIeHH)I HH­
1.0 

TeHCHBHOCTH paCCe5lHHhlX HeHTpoHoll. pac­

CIJ}naHHhle .uJUI. o6pa3ua HTTpHesoH BTCn 
KcpaMHKH TOJlUJ..HHOH L = 4.23 MM, COJlCp­

)KamerO nopbI pa.uHYCOM Ro == 3.5 MKi'v! C co­
BOKynHhiM y.ueJIbHhlM o6beMoM C '"' 6,86 %: 

0.5 	 1 - 6e:J Y'1eTU annapaTypHblX HCKIDKeHHH. 

BHOCHMblX cneUH$HKoH JIBYXKPHCTaJIbHOrO 

cnCJ<TpOMCTpa; 

2 C Y'I.{eTOM annap~nypHbIX HCICa}lCeuHH. 

O-=~--2~O--~----O~---~~Z~'0~~ 

tp, yrn. ceK. 

Ha pHC. 6 )l;JUI cpaBHeHHH npe,UcTasneHhl: O,llHO 113 yrnoBhlx pacnpe,lleneHaH, 

paCCy.HTaHHoe cornaCHO (19,20), 11 aHaJlOrHqHhIH cneKTp, BhI~IHcneHHhIH c yqeTOM 

(7). Pacl.feTbI nOKa3blBaJOT, Y.TO yy.eT annapaTypHhIX HCKa)l{eHHH, cornaCHO (7), 
Hau60nee cymecTBeHeH ,UJUI OTHOCHTenhHO MaJ1hIX 3Haqemdi LII. TaK, )lllH 

LII ~ 10 wHpHHa T(O,L') MO)KeT npeBbllllaTb WHpHHy pacnpe))eneHHSI l( O,L') Ha 

20 - 30 %. C YBeJ1l1l.feHHeM KpaTHocTH paCCejlHl-UI, OTHOCHTellhHOe yr1l0BOe yUHf'­

peHHe pacnpe))erreHHSI 7(()~ L') no cpaBHeHHIO c KPHBOH J( O,L') YMeHbmaeTCSI H 

np"H LI1 ~ 50 COCTaBnHeT MeHee O))HOrO npoueHTa. 

PHC. 7 (21]. 3asHcHMoCTh IIlHpHHhI (J) yrJlORO­

ro pacnpe.neJIeHHl{ HHTeHCHBHOCTH paCCeJlH­

40 	 HbIX HeHTpoHoB OT KOpH$I H3 npHBe.lleHHOH 

TOJII.UHllhl L' o6pa:u~a HTTpHeBoH BTerr Kepa­

MHKH, pacc<{HTaHHaJI C yt{~TOM annapaTypHbTX 
HCKa)KeHHM Il}UI Pa3J1Ht{HhlX 3Ha'l.{eHHH PU.1lHY­

COB flOP R: 1) R 1 MKM. 2) R 3 MKM, 
3) R = 5 MKM, 4) It 10 MKM. 

o 0.5 1.0 1.5 
.Jl!.MM" 
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frOT <paRT 06YCJIOBJIeH TeM 06CTO~TeJIbCTBOM, tITO, KaK 6blllO nOKa3aHO B 

[22]. C YBeJIHQeHMeM OTHOlIleHI1~ L II pacnpe.1leJIeHHe I( B,L') cTpeMMTc~ K HOp­

MaJTbHoMY pacnpen;eJTeHMlO. 113 (7) JTerKO nOKa3aTb, 41'0 ecmi I( B,L') rayccOBO 

pacnpe.neJleH"He, TO, C T04HOCTbJO .no HOPMHpYJOlUero MHO)KHTeJISI, J( B,L') = 

T(B,L'). 

K.aK .BMJlHO 113 pMC. 7, 3aBHCHMOCTH (o(Ltl/2) o6pblBalOTc~ B 06JIaCTH OTHO­

CHTeJlbHO MaJlblX 3Ha4eHHH L', 41'0 CBSl3aHO C 06CY)l(.naeMOH. Bblwe nOTepeH 1'04­

HOCTH CPOPMYJI (19,20) npM He60JlblIlHX TOJTlllHHaX L. 

Pacc4HTaHHbJe KpHBhle (0(L,1I2) HCnOJlb30BaJTHCb npH nOn;rOHKe nOl( 3KC­

nepHMeHTaJTbHhle T04KH corJIaCHO npoI(en;ype, HJIJIIOCTpHpyeMoH pHC. 8. IIepBo­

HatlaJTbHO MeTOl(OM HaHMeHblIlHX KBan;paTOB tlepe3 3KcnepHMeHTaJTbHbIe T04KH 

npOBO.1lHTC){ DOJUlHOM BTOPOH CTeneHH. Ha :.nOH KPHBOH cPHKcMpyeTc~ T04K3 

p(L6
1
t'!.,(})f5), a6CI(Hcca KOTOPOH Haxo,n:HTCSI B cepeAHHe HCCJTe,n:OBaHHoro llHarra30Ha 

3H34eHHH: LW. ,llaJIee AJISI ongellelleHHSI napaMeTpoB Rj , Cj Bbp·IHCJlSleTCSl ceMeHCT­

BO paCl.{eTHblX KpHBblX (OJ (L 1_), npoxo;:VlllJ,HX 4epe3 T04KY P. npH3TOM :mal.{emle 

c, orrpe.neJIHeTC.H H3 COOTHoweHHSI (})j (L' 112) = (})j [(Cj.L)1/2], a 3aBHCl1MOCTb Wi (L 112) 
HaXO.1lHTCH· nOCpe.1lCTBOM COOTseTCTSYJOwero 113MeHeHlifSI MaClllTa6a Ha OCH a6c­

UHCC KpHBOH: (})j (L ' 1/2). 

1 23 PRe. 8 [21]. I1JIJI.IOCTpau,.IUI npou,e,l\YPbJ nOJ(­
rOHKH paCtterHblX 38BHcHMocreH (u(L' 1i2) nOll 

Ha6op' 3Kcnt!pHMeHT'dJIbH.blX :3Hl:l'H!HHH 

~)(L .11\ P(L15 1n•wl5) TO'1Ka B cepe;lI'lHe llHa­

1Ia:~()lIa :maqCHHH Lin, a KOTOpOM npo~nl\O­
llHTC.Sl COBMemeHHe paCqeTHhlX KpHBblX 

w(L 1/2) C annpoKcHMHPYfOlllHM onhITHYfO 3a­

BHCHMOCTh nOJ1HHOMOM; 1 ,3 -HKpaHHHc" 

KpHBble, paCCttHTaHHble COOTBeTCTBeHHO ;lJl'l 

napaMeTpOB RI, CI H R2, C2, ·'YMelll.aK>llll1eC~" 

B KOPH1l0P OlllHOOK onblTa; 2 KPHBafl, pac­
C1£HTaHHaH .un.ll napaMeTpoB Ro, Co, OTBe1£afO­

lll<UI H3HnYl.JlUei1 nOilfOHKe. 

o 

Kpl1TepHeM KatIeCTBa no,nrOHICH (})J (L 112) rro,n: 3KCrrepHMeHTaJIbHble T04KH 

MO)KeT HBJI~ThC~ CTaH,napTHa~ OCTaTOtIHM cyMMa KBan;paTHYHbIX OTICJIOHeHMH., 

paCc41UaHHaH C Y'lJeTOM :)KcrrepHMeHTaJTbHblX rrorpelliHOCTeH 3HaqeHHH: llIHpl1H (() 

MaJToyrnoBhIX CneKTpOB. B pe3YJIbTaTe HTepaUHH HaXO.1lSJTCSI Tpl1 napbl 3Ha4eHHH 

Rj , Cj; Bo-nepBbIX, :)1'0 Ro, Co napaMeTpbI, OTBe4alOlll.He HaHJIy tllllei1 nO.1lfOHKe, H, 

BO-BTOPbIX, napaMeT}JhI Rh CI, R2, C2, onpe.1lemnOIl.(He norpelIlHOCTH pa,nHycaH 

cOBoKynHoro y,nenhHoro 06beMa HeO.llHOpOllHOCTeH M OTBe4atOlllHe .1lByM "KpaH­

HHM" KpHBhIM, "YMemaJOLUHMCSJ" B KOPH.1l0P 01IlH60K onbITa (pHC. 8). 

http:OTBe4alOlll.He
http:llHTC.Sl
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B OnHCaHHblX RblQHCJIemUIX yy:eT KOHe'1HorO pa3pellleHHS CneKTpOMeTpa 

MO)l(HO npOH3BeCTl'1 3aMeHOH onpenenSeMblX B OI1blTe 3HalfeHHH W j Ha BeJIHlU'lHY 
2Wl{= (W )_ Ct/ )1I2,O

OrnpaBHble $OPMYJIbl (12,13) 6bUUi I10nYQeHbI )lJI51 cnyqas c£!>epw1ecKHX 

HeOJlHOpO)lHOcTei1:. O)lHaKO, KaK nOKaJaHO B [16], 3TH Bblpa>KeHHSI OCTaJOTC51 

CnpaBe)lJlHBbIMH H B CJIyLIae llaCTH~ npOH3BOJIbHOH ¢OPMbl, XaOTH''leCK.I1 pacrrpe- ~ 
)leJleHHblX B 06'beMe 06pa3ua, HO npH 3TOM R ~ VoW, r)le Vo 06beM HeO)lHOpOJl-

HOCTH. TaKHM 06PaJOM, H3J10>KeHHbIH MeTOJ( Onpe.Ll,elleHHH napaMeTpOB C H R ro­

.Ll,HTC51 He TonbKO )lllSi MOHO)lHCnepCHbIX CHCTeM; 

O)lHaKO cymecTBeHHblM He)lOCTaTKOM .Ll,aHHOH MeTO)lHKH 5lBmIeTC51 Heo6xo­

)l,HMOCTb Hcnonb30BaHHSI HeCKOJIbKHX TO>KJ(eCTBeHHbIX 06proUOB C 3aBe)lOMO O.Ll,H­

HaKOBbIMH napaMeTpaMH HeonHoponHOCTeH, pacceHBaIOmHX HeihpOHbI. TIPH HC­

CJIenOBaHl1H 06proua, HMeIOmerOCH B e)lHHCTBeHHOM 3K3eMI1nSpe, CTaHOBHTCS He­

06xonHMOM ero paCnHJIKa H H3rOTOBJIeHHe HeCKOJlbKHX pa3HbIX no TOJIWHHe, HO 

CTporo orpaHeHHbIxo6paTUOB. KpOMe Toro, npOBe)leHHe HCCJ1e,ZlOBaHHH TaKOfO 

pOlI,a Tpe6yeT 3Ha"llJ-neJIbHblX BpeMeHHblx 3aTpaT Ha rrpOBelI,eHHe 3KcrrepHMeHTa. 

BMeCTe C TeM, ecmr 3apaHee H3BeCTHO, 'Y:TO l.faCTHUbI-pacceHBaTeJlYf He CJlHlliKOM 

pa3H51TCS no paJMepaM, T. e., '-ITO D.R < R, B03MO>KHO npHMeHeHYfe MeTOna BOCCTa­

HOBJIeHIUI WCL1I2) !13 KPHBOH pacceSlHHSI I(r). H3MepeHHO-H JU1Lllb ,nns OJlHOH TOJI­

lUHHbI L, HO B B03MO)JCHO 60JIbWeM HHTepBane yrnOB. TIpH 3TOM He 06H3aTeJlbHblM 

SBJISeTCS BblTIOJIHeHHe YCJIOBIHI L » I. 
TIpe)lnOJIO)l<HM, "'lTO Ha 06proeu nanaeT nyqOK HeHTpoHoB, xapaKTepH3YK>­

mHHCSI "'a6COJIIOTHOH" MOHoxpOMaTHqHOCTbK> !1 HyneBoH paCXO)lHMOCTblO, H 060­

3HaqHM yrnoBoe pacnpe)leJIeHHe HHTeHCHBHOCTH H3nYQeHHS, rrpOllleJlillerO l.Iepe3 

o6proeu TOJIIIUiHOH L KaK IL(a,rp) (CM. pHC. 3a). HeTpYJlHO nOKa3aTb, 'lITO yrnoBoe 

pacrrpe)leneHHe HHTeHCHBHOCTH 11.3JIYLJeHHS nOCIle 06paJua J(BOHHOH TOn.LLU1HhI 

5lBJI51eTC$I cBepTKoH IL C TaKoM >Ke <pYHKUHeH: 12L - h * h. )VIR 06pa3ua TOJImHHOH 

nL yrJIOBOe pacnpe,neneHHe 6yAeT OITHChIBaeTCH £!>0PMYJIOH 

It/L ~ J(n-J)L * h. (21) 
C nOMOWbIO lI,aHHOH <P0PMYJlbl, 3Has pacrrpe,n:eJleHHe h B illHPOKOM yrJlO­

BOM J(ManrooHe, MO)KHO paCqeTHbIM nYTeM BOCCTaHOBHTb KpHBble pacceSHHS .Ll,njI 

06pa3uoB C TOJlll(HHaMH nL. JIerKo nOKa3aTb, LITO COOTHoweHHe, amucorHLlHoe 

(21), ,llOJI>KHO BblnonHSTbCS Ii )lJI.sr HHTerpanbHblx yrnoBblx pacrrpeneneHHH lea), 
orrpeneJI51eMblX cornaCHO (7), ,[(eficTBHTeJlbHO, 

~L ~ j1nL(a,P)·dP: jljl(n_I)L(a',p').!/.(a-a l ,p-P')·da' .dP'·dP= 
->0 

~ ~ ~

Jda'· J'(II_I).L(a',fJ')·dj3'· JIL(a-a',fJ fJ');dfJ= 

http:XaOTH''leCK.I1
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cc 

J~n-I)'L .Ii (a - a')· da' = ~n-I)I. *Ii. (22) 

OrMeTHM, l-ITO COO1'HOllleHHe (22) BepHo TOIIhKO B cnyyae, Iwr.na HHTerpHposaHHe 

nposo.nHTCSI B 6eCKOHe"4:HhIX npe.aenax. Hcxo.nHaSi lCpHBaSi pacceSlHHSI I[ (a) 1l0mK­

Ha M3MepSlTbcSl B .nOCTa1'OLIHO 60IIhlIJOM yrnoBoM .nHana30He, T. K. rrpH paCy.eTax 

~'L (a) "XBOCThl" MOryT BHOCHTb cymecTBeHHhIH BKIIa.ll B 3Ha4emISI HHTeHCHBHO­

CHI. TIpaKTH"4:eCKH, KPHSYfO ~. Heo6xOllHMO H3MepHTh B TaKOM llHana30He, "4:T06hl 

MO)KHO 6bIJIO .nocTaTot.IHO TO"4:HO onpe.llemlTb xapaKTep ee aCHMnT01'Hy.eCKoro no­

SeD,eHlHI flPM q ~ 00. 3aTeM Hallo onpelleIIHTh napaMe1'pbI CTeneHHOH c!lYHKUH.H, 

onHChIBaIOmeH "XBOCTbI" pacnpe.neneHHSI IrJa). )J,JUJ 60nhlIJHX 3Hay.eHYfH a, Ha­

XOllSlLU.HXC.Sl 3a npe.neJlaMH H3MepemfH, MO)KHO BOCI10IIh30SaThCSI pe3YJIbTaTaMH 

3KcTpanOIISlUHH IL (a) COfJlaCHO HaH.ne H HOMY cTeneHHOMY 3aKOHY. 

1.0 F....i 
---L=2wllI 

• -£=\0101101 

0.0 +O-44..,..............~!II¢!;::;.,.-.........;..~""I"'T~.,....,--.,r-+:+~ 
·Uc) ·100 -.!C) 100 I'!c) :tOO-:tOO 

T. yrnoBbie eek. 

PRe. 9. HOpMHposaHHble KpHBhle MaJIoyrnoBoro pacceflHHfl, H3MepeHHbIe .lJ;JUl: 06­
pa3uoB H3 CIIJ1aOa Fe-Ni. Pacnpen.eJleHHC AJlSl 06pa"iua TonmHHofi 2 MM Hcnonh30ea­
JlOCb npH pacLIeTax. B CJlyLIae o6pa'3ua TonlUHHo~ 10 MM cnJIOUIHO~ JIHHHe~ H30­
6paJKeHa paC'1e-IHM KpHBaa-, a KpY)f(KaMH - H3MepeHHa$l. 

Ha pHC. 9 npe.llCTaBneHO 3KCnepl1MeH1'aIIbHOe pacnpe.neneHHe fXP(fJ), llJlSl 

06pa3ua Fe-Ni, 1'OnIlJ,HHOH L 2 MM (TpeyroIlhHHKH, .nJUI HarnSillHOC1'H. coe.nHHeH­

Hhle CnJIOlIJHhlMH npSlMOJlHHeHHblM"I1 oTpe3KaMI1). 3Ta 3aBHCHMOCTb 6bIna HCnOJIh­

30BaHa .nJISI nOJIyqeHHSI pacnpe.neJleHI1H i nl. no BhIlIJeH3J10)KeHHOH cxeMe. BOCCTa­

HOBJIeHHaSi Kpl-lBa.Sl .nmI n = 5 HnH, "4:1'0 TOJKe caMoe, IlIISI L 10 MM, TaKJKe npl1Be­

.neHa Ha naHHOM pHcYHKe (cnnolUH3S1 KpHBaSl). 3.nech JKe llaHhl 3lCcnepHMeHTaJlh­

Hble T04KM paCnpe.llelleHHSI .fxP(fJ), rronyqeHHbIe llnSi o6pa3ua Fe-Ni C TonlllHHoH L 

http:Kpl-lBa.Sl
http:XOllSlLU.HXC.Sl
http:BKIIa.ll
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= 10 MM (KPY)lCKH). KaK BRUHO H3 pHcYHKa Ha6monaeTcR xopornee COBnaneHHe 

Me)Kny 3KcrrepRMeHTaJIbHI:.IM H BOCCTaHOBJIeHHblM pacnpeneneHHRMH. 

HCIlOnI:.3YSI rrony-qeHHI:.le pacnpeneneHHSI JilL. MO)f(HO onpenenHTI:. 3Ha-qeHHSI 

nonywHpHH (j) nJISI Ka)f(nOrO 113 HI1X, T. e. BOCCT8HOBHTh 3aBRCHMOCTh (j) (L I"'-) B 

}J,HaIla30He TOnll.{MH MaTepHaJIa OT L AO nL. Ha Pl1c. lOa npenCTaBJleHa TaKaSI 3a­

BHCMMOCTb (CITJlOIliHaR JlMHIDI) }J,mI o6pa3l..{a Fe-Ni, a Ha pMC. 106 3aBHCl1MOCTb 

lV(mLI2) (TaIOIce cnnOllIHaR JlI1HMSI) )J)UI IlopoUlKa AI, rne m - Macca o6pa3ua. B Ka­

4eCTBe I1CXO,aHI:.IX 6hInH Rcrronb30BaHhi pacrrpeneneHIDI l;,xP(fJ) H l~'P(fJ), 113Me­

peHHble llJIR 06pa3UOB C L = 2 MM JlJlSI Fe-Ni 11 C m 1000 Mr ,anSI AI. B BRne 

KpY)f(KOB Ha 060HX pHcYHKax rrpHBeneHhl 3HaLJeHRSI o.i...L1/2) 11 o.i...mIl2), nOJlyqeH­

Hble H3 3KcIlepHMeHToB C o6pa3UaMH, HMeBll1HMH L ~ 2 MM M m 2 1000 Mr, COOT­

BeTCTBeHHO. 

60 

70 

60 

40 

20 

10 

(j), ymOBhIe ceK. 	 200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 

m112 
, Mr112 

(j), yrJIOBhIe ceK. 

L1/2 112 
,MM 

0 

a 
PHC. 10. 3aBHCHMOCTb llIHpHHbI ()) Ha nOJIYBblcoTe yrrroBhIX pacnpe)J.eneHHH HHTeHCHB­

HOCTlf paCCe51HlfblX HeHTpoHoB ley) a) OT TOJIll{HHhI L o6pa3ua Fe-Ni H 6) OT MaCC£.J m 
IIOpoWKOBoro 06pa:ma At (npH paCQe-r8x HCnOJIL30BaJIaCb KpHBrul paCCeSlHH$! lInn 06­
pa3ua Maccoii m ::;;; 1000 Mr), CnnowHrul JIHHH$! (1) - paCt[eTHaJI 3aBHCHMOCTh; nYHK­

THpna.sI - ~KcnepHMeHTaJI.bHaJI 3aSlICHMOCTh (KpY)KKH) (2); TpeyrOJIhHHKH - 1KcnepH­

MeHTaJIhHble 3HaqeHHlI C yyeTOM nonpaBKH Ha HHcTpYMeHTaJIhHYlO JlHIUII() (3). 

Ha o6o.H.x plfcYHKax BOCCTaHosneHHhle 3HaQeHHSI IlOJlYWHPHH (() CHCTeMa­

THQeCKH rrpeSblWal{)T onhiTHble. 3TO 06bHcHReTc.a TeM, 4TO comaCHO (6 8) 3KC­

nepl1MeHTaJIhHaSI KpHBaSI fXP(P) npe,acTaBJISIeT co6ow cBePTKY pacnpe.n;eneHHSI ley) 
H HHcTpYMeHTaJIbHOH KPHBOH 10' TO eCTh BOCCTaHOBneHHaSI KpMBaR nM 06pa3ua c 

TOJlll.{HHOH, paBHOM nL. OIT.H.ChlBaeTCR Bhlpa)f(eHHeM: 

J;~C = iL*...*iL* Io* ...*Jo, a 3KcrrepHMeHTaJIhHaH: I:? = iL *...*iL *10 , (23) 
{n pas} {n pas} {n pm} 

http:THpna.sI
http:I1CXO,aHI:.IX
http:rrony-qeHHI:.le
http:3KcrrepRMeHTaJIbHI:.IM
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D03TOMY. ,llnSi Toro, QT06bI MMeTb B03MO:>KHOCTb conOCraamlTb, 3KCnepl1MeHTaJlh­

Hhle pacnpe,n;eneHHSI 6bInH 1l0nOnmnenbHo (n - 1) pa3 cBepHYTbl C HHcTpYMeH­

TaJIbHOH KPHSOH npH6opa. CooTBeTcTBYlOml1e 3HaqeHHJI. WHpHH CU, B BI-we 3a­

WTpHxosaHHhlx TpeyronbHHKoB, TaK):I(e npe.llCTaBneHbI Ha puc. 10. B 3TOM cnyt.lae, 

KaK BH.llHO M3 PMCYHKOB, Ha6monaeTC5I xopowee cornaCHe aOCCTaHOBneHHbIX H 

3KcrrepMMeHTanbHhlx .llaHHbIX. 

B npHHUHrre, B03MO:>KeH M JlPyroH nOnXO,lJ., oCHoBaHHbIM: Ha perneHHH HHTe­

rpaJIbHbIX ypaBHeHHH nma cBepToK. TIpHMeHI1B K <PYHKUHI1 I,~lP npe06pa30BaHHe 

<t>YPbe MOIKHO, cornaCHO (23) H 113BecTHoMY CBOHCTBY cBepToK, nonyql1Tb rrp0l13­

Be.lleHHe <pypbe-06pa3a 3KcnepHMeHTarIbHOM: KPI1BOH inL Ha n <pypbe-06pa30B HR­

cTpYMeHTaJIhHOM KPI1BOM npH60pa 10 , nO.lleJTHB n pa3 Q>YPbe-06pa3 cj:>YHKUI1H I;~P 
Ha <pYPbe-06pa3 HHcTpYMeHTaJTbHOH KPHBOH, rronYQI1M <PYPbe-06pa3 <PYHKUHH yr­

nOBoro pacnpe.lleneHI1S1 .llnSl 06pa3ua TonmHHOH nL. TIpl1MeHHB K HeMY 06paTflOe 

Q>ypbe-rrpe06pa30BaHHe, MO:>KHO nOJIYQHTb H caMO }laHHoe pacnpe}leneHHe ,llJISI 

Ka:>KLl.OrO n. TaKHM 06Pa30M, MOIKHO nocTPOl-iTb Tpa.llHUHoHHYlO 3KCrrepl1MeHTaJTh­

HY10 3aBHCHMOCTb WHpHHbI yrJIOBOrO pacnpenenelll1H pacceSlHHblx HeHTpoHoB OT 

TOJIlI(HHbI 06pa3u:a w)[(nL)II2] H naJIbHeHwy10 o6pa60TKY llaHHhlX npoBOnHTb 

nOJIHOCTblO B COOTBeTCTBI1H C pa60ToM [21]. TaKoH BapHaHT paCqeTOB Ka)KeTC5I 

60Jlee CJIO)KHbIM, TaK KaK pemeHHe ypasHeHHH nma cBepToK C nOMOlI(blO rrpe06­

pa30SaHHSI <l>YPbe SlBJIlIeTC5I HeycTOH4'HBbIM H Tpe6yeT HCnOJIb30SaHHH MaTeMaTH­

tleCKHX MeTO.llOB, rrpHMeIDIeMbIX .llJISI perneHH5I HeKOppeKTHbIX 3a,lJ.a4' [1]. 
JIerKo rrOHlITb, 'tfTO Q>0pMynbI (21-23) crrpaBe,n;IIHBbI rrpH Jl1060H KpaTHocTH 

paCCeSlHH5I. Cne)lOSaTeJTbHO, Hcnonb30SaHI1e llaHHOrO MeTO)la Jl,aeT B03MO:>KHOCTb 

pa60TaTb C 06pa3uaMI1, ,llnjl KOTOPblX KpaTHOCTb paCCejlHlUI HOCHT npOMe)KYTOtI­

HhIM xapaKTep, H paCCe5IHHe He jlBJTjleTCSI HH O,UHOKpaTHblM, HH MHorOKpaTHblM 

(OTHOlIIeHHe LI I COCTaBmleT HeCKOJIbI<O e.llMHMU), 1.JTO n03BonHT pacrnHpHTb 3KC­

nepHMeHTaJlbHhle B03MO)KHOCTI1 MeTO,lJ.a MYP. EcnH, rrpl1 nOM, HccIlenyeMbIH 06­
pa3eu HMeerC$I B eJl,HHCTseHHOM 3K3eMflJI$lpe, TO BblWeH3J10)KeHHaSl cxeMa 06pa­

60TKH ,n;aHHbIX, B HaCTOSlwee BpeMH, .IlBJI.IleTCSI ellHHCTSeHHO B03MO:>KHOH. 

7. 3al<JllO'IeHUe U 6bl60061 

MeTO.ll MaJIoyrJIOBOrO paCCe.llHH5I rrpI1MeH5IeTCSI ,llJISI HccrreJl,OBaHHSI o6beK­

TOB, HMe10lllMX cy6aToMHble pa3Mephl ~ 0,1 MI1KpOH H 60nee [1], rrpH4eM HaH60­

nee xapaKTepHOH MOllenbJ:O pacCeHBalOllI.erO aHCaM6mJ SlBJISllOTCSI nnOTHbIe 'tfaCTM­

UbI C pe3IcoH rpaHHueH, HaXO,WII..l(HeCH B O.llHOPO.llHOH MaTpHue. OPH 3TOM BaIKHO 

HaJIH4'He HeHTpoHOOnTHQeCKOrO KOHrpaCTa 4'aCTHua/MaTpI1U8 (/:lp) Ii YMepeHHblH 

pa36poc no pa3Mepy t.IaCTHU (D "-' !':::D). liHQ>0pMaTI1BHOCTb MaJlOyrnoBblx naHHbIX 

(lll1Q>Q>epeHUHarIhHOrO Ce4eHI1H pacceSlHHSI) 3aSHCI1T, Boo6ll1.e rOBopSI, 01' COCTaBa, 

CPOPMbI, pa'3MepOB H KOHueHTpaUHI1 paCCe.l1BalOLUMX ueHl'PoB B o6pa3ue, rrpl1 '3TOM 
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HaMJlyqWMe pe3YJ1hTaThI MO)f(HO nOJ1Yl.UITh npM MCCJ1e)lOBaHHM MOHO)lHCnepCHbIX 

CMCTeM, COCTOHmMX 113 nOJ1HOCThlO H)],eHTl1l.IHbIX no BhIwe nepeqMCJleHHblM npH­

3HaKaM pacceHBaTeJ1eH. K CO)f(aneHHlO, C TaKMMH CHCTeMaMH npMXO)],HTCSI CTaJlKH­

BaTbCH TonbKO npM InY4eHHH 6HOnorHT.leCKHX 06beKTOB, B OTIhlTaX )f(e C Tsep)]'o­

TenbHbIMl1 06pa3u;aMH pacce'lHHe npOHCXO.llHT Ha HeO.llHOp0.llHOCTHX Pa3JlH'IHOH 

rrpMpO.llhI, HanpHMep, MHKpOTpemtiHaX, )lHCnOKaUM~X, MarHHTHhIX .llOMeHax, BbI­

lleneHHHX flla3, KflacTepax H T. n. 5lCHO, 'lTO TaKHe CHCTeMbI MOryT 6hITh MOHO.LU1C­

rrepCHhIMH flHWb B HCKJ1JO'lHTenhHhIX cnyqaHX. fI03TOMY, u;eJlbJO 3KcnepHMeHTa 

MO)f(eT .sIBJ1HThCH J1Hillh onpeAeneHHe HeKOTopblX ycpe.llHeHHhIX xapaKTepHCTHK 

HeO.llHOpOAHOCTeH, HMelOmHXC~ B MaTepHaJle. ECJ1H B HCCJ1eAyeMoM 06pa3ue CO­

IIep'JKaTCH HeO.llHOpOIIHOCTH TonbKO O)lHOrO nma, HarrpHMep TOflbKO nopbI, TO H'3 

Ma.noyrnoBoro OrrblTa MO)f(HO onpe)lenHTb HX Cpe.llHHH pa3Mep r, H KOHu;eHTpaUHIO 

nco To, KaK 3TO MO)f(HO C.llenaTh, HcnonI.3YH MeTO.ll AByxKpHcTanI.Horo crreKTpo­

MeTpa H perHcTpHpy.sI MHoroKpaTHoe pacceSlHHe, 6I.IJIO nOKa3aHO Bhlrne. 

O.llHaKO CJ1e,nyeT npH3HaTb Ol.leBH.llHYlO CnOJKHOCTh H rrpeUH3HoHHOCTh :noH 

MeTOAHKH: oc06a.sI CMCTeMa KpenneHHSl cOBeprneHHhIx KpHcTannoB, He06xo)lM­

MOCTI. rrepeMeIlI,aTb HX Ha YrJIhI B )lonM ceKYH.ll, H )lanee Y)lep)KHBaTb B HenO.llBMlK­

HOM COCTOSlHHH Ha BpeMH 3Kcn03HUHH, BhIHY'}[(.lleHHaH flOTO'le4HaH CbeMKa yrno­

BblX pacnpe)leneHHH - BCe 3TO Tpe6yeT onpe)leneHHI.IX YCHnHH, TepneHH.sI H Bpe­

MeWi. KpoMe 3TOro He06xo)lHMO C03)laBaTh 3cpcpeKTHBHYlO pa)lMaU;HOHHYIO 3aWH­

TY n03BOn.sI1Oi:u,ylO CHl13HTh ypOBeHb 4>OHoBoro H3ny4eHM~, He06xo,!I}1MO HMeTh 

ManOWYM.sIIUHe BhICOK03<pcPeKTHBHI.le TpaKTbI .lleTeKTapOBaHMJI nOIle3HhIX HeM­

TPOHOB H COIlH.llHYJO 3all.UfTY BOKpyr .lleTeKTOpOB, IIOrJ10lll.aJOmyro anb6e.llHOe H3­

nyqeHHe peaKTopHoro 3ana. I1 BCe 3TO HBJ1SleTCSJ nnaTOH 3a B03MQ}KHOCTb q,HKCH­

pOBaTh OTKnOHeHHSl HeHTpOHOB Ha e ~ l' (3'10-4 pall), HJ1H, )ln~ TenIlOBblX Hew­

TPOHOB, pa60TaTb B )lHana30He BeKTopOB nepepal.( HMnynbcoB q ~ 1O-~ A-I. 
Pa'3Mep HeO~HOpO)lHOCTeH (D), ,n;nH KOTOPblX YKa3ammg MeTO.llHKa ~BIlHeTCH 

OnTHMaJIbHOH JIe)f(HT B )lHana30He OT 0,1 .ll0 10 MHKpOH H 3aBHCHT TaKlKe OT BeIlH­

'lHHbJ t1p, BhIcTyrraromeH B 3TOM cnyqae KaK napaMeTp. qeM KOHTpacTHee npe,n;­

CTaBneHa T.IaCTI-fu;a Ha cpoHe MaTpHUhI, T.e. 4eM 60Jlbllle D.p, TeM 60flhwe BenH'THHa 

xapaKTepHoro yrna paCCeJlHHSJ B e,nHHH4HOM aKTe ~ H, Cne.llOBaTenhHO, Ha 60JIb­

rnHe yrIlbJ npOHCXO.llHT MHoroKpaTHoe paCCegHi-fe HeHTpoHoB. Ol.(emUlHO npH 

3TOM, 'lTO anpHopHoe 3HaHHe BeJ1H4I1Hbl t1p HBJlHeTCJI BalKHhlM ycnoBHeM nonyqe­

HHH HeHCKa)l(elIHOH HHcPOPMauHH 0 pacceHBaromeii CHCTeMe. D03TOMY He06xo­

llHMO OTMeTHTb, 'lTO, KaK Ii BCJlKaH OT.lleIlhHO B3HTaH MeTO,UHKa, MYPH I1MeeT 

CBOIO 06JIaCTh TIpHMeHeHHH If orpaHHqeHHfI, KOTophie HeB03MOJKHO 060iha B paM­

Kax caMoro MeTO)la: 

• 	 Bo-nepSbIX, rrpaMeHeHHe MYPH ueJIeC006pa3HO IlHWb TIpH HaJIHqHH HeKOTO­

POM arrpHopHOH HHq,0pMaUHH 06 06pa3ue, HanpHMep, 0 XHMHqeCKOM COCTaBe 

MaTpHIJ,hI H HeO.llHOpO)lHOCTeH, H (liJIH) 0 nnOTHOCTH Hccne,n;yeMoro MaTepHa­

http:BhICOK03<pcPeKTHBHI.le
http:TepneHH.sI
http:onpe)leneHHI.IX
http:ceKYH.ll
http:oc06a.sI
http:perHcTpHpy.sI


25 

JIa(n03TOMY MYPH CJIeLl,yeT HCnOJIh30BaTh B cOBoKynHocTH C Ll,pynlMH MeTO­

Ll,aMH); 

• 	 BO-BTOPhIX, He06xOllHMO 06eCneQHTh 3aMeTHhIH HeihpOHOOnTHQeCKHH KOH­

TpaCT (Llp) C TeM, LfT06l.l HeOLl,HOpO)lHOCTb 6blJla "BH)lHa" Ha <poRe MaTpHllbI; 

-'- • B-TpeTbHX, no cpaBHeHHIO C peHTreHOBCKHM H, TeM 60nee, CHHXPOTPOHHbIM 

aHaJlOrOM, 3TOT MeTO,n 3Hat.mTeJlhHO npOHrphIBaeT B CSeTOCI1JIe H no 3Hepre­

THLfeCKOMY pa3pemeHHJO. 

nOcne.nHee 06CTOSlTeJIhCTBO Bh13bIsaeT He06xoLl,HMOCTh npHHHMaTh cneuH.­

aJlbHble Mepbl no onTHMH3aUHH YCTaHOBOK (npHMeHeHHe BbICOK03lP$eKTHBHhIX 

KPHCTaJlIlOB-MOHoxpOMaTopOB H Ll,eTeKTOpOB, MHHHMH3aUH5I (pOHa), Ha KOTOPblX 

npOBO)lSITCSl HCCne)lOsaHH5I no MYP HeHTpOHOB. 

Ba)fCHOH np06neMOH SlSJlSIeTCSI onpe}leneHHe ll.Hana30Ha 3Ha4eHHH KOHlJ,eH­

Tpami'M 4aCTHU nc, BhI3bIBalOlUHX MMYP Hei1.TpOHOB. HM.lKHMH npe)len (ManaH 

KOHueHTpaUHSl pacceHBaTeJIeH) orrpe.nenSleTCSI B03MO)l(HOCT5IMH YCTaHOBKH, T.e. 

cnoco6HOCThlO Ha.neJKHO $11KCHpOBaTl. pacce5lHHylO HHTeHCHBHOCTh Ha <pOHe MH­

CTpYMeHTaJIhHOH Il11HI1M. OqeBHLI,HO, 'lTO C YMeHhllleHHeM nc KpaTHOCTb pacceSI­

HHSI 6YLl,eT na)laTh, l1 SHU fXP(P> BCe 60nbUle 6YJ.(eT npH6mnKaTl.CSI K 11HCTpYMeH­

TaJlhHOH KPHSOH lo(jJ). 
JJ.pyroH npe)leJI COOTBeTcTByeT pacceRHHIO Ha XaOTHtleCKH, HO 6nH3KO pac­

rrOJIO)l(eHHI>IX B 06pa3ue HeO,UHop0,UHOCTSlX. OH CSR3aH C 06pa30SaHHeM B 06pa3u.e 

KOppeJI5IUHH S pacnOJIO)f(eHHH paCCel1SaTeJIeH, npl1BOLl,SILUHX B HTore K 3aMeTHOMY 

YMeHbweHHIO nH(p<pepeHUHaJIhHOrO CeqeHI1SI MYP. 31'0 RBJIemte, Ha3BaHHoe "3<p­

$eKT Me)l(QaCTI14HOH: HHTepcpepeHUHH
H (MqH) [1], H3BeCTHoe elUe co BpeMeH 

rI-IHbe H Ilopona, nOKa He nonyt.mno nOJIHOrO TeOpenftIeCKOrO onHcaHHSI. Teope­

Tlfl-leCKHH aHaJl.H3 BJIHRHHSl rrpOCTpaHCTBeHHhIX KOppeJl5llJ,MH pacceHBaTeJIeH Ha yr­

nOBoe pacrrpeneJIeHHe MHorOKpaTHO pacceSIHHhlX HeHTpOHOB, npOBeneHHbIH B 

[17], .naeT JIHIllb Ka4eCTBeHHoe cornaCHe C 3KCnep"MeHToM. KOJIHt.IecTBeHHhle 

KpHTepHM, onpeLl,enSIIOl.l.J,He ycnoBHSI ero nOSlSJIeHHR 6hInH snepsbIe C<P0PMYJlHPO­

BaH.bI B [23] 1<aK pe3YllbTaT 3Kcnepl1MeHToB Ha rryl.JKe. TaK 6l.IJlO n01<838HO, 4TO 

YMeHbweHHe .luttPCPepeHUHanhHoro Ce'4eHHSl pacceSIHH,:J, T.e. BCTywlemle B 06­

naCTb, r)le rrpl1cYTcTByeT 3<l><peKT MlIM, HacTyrraeT co cpe)lHerO paCCT05lHH,:J Me)l(­

.ny tlaCTHuaMH paBHoro ~ 2D yLl,BOeHHOro xapaKTepHoro palMepa qaCTHu l1nH C 

- 5 - 7 %. HaJIw-me 3Toro 3lPCPeKTa cYJKaeT 06JIaCTh npl1MeHeHH,:J MeTOna 

MMYPH, oc06eHHo nIHI HCCJ1e)lOBaHHR cOBpeMeHHhIx 1<0Mn03HTHhlX MaTepHaJIOB. 

fIPHXOLl,HTCSI orpaHH'IHBaTbCSI pa3p~nKeHHbIMH aHCaM6JI5IMH pacceHSaTeJIeH, npH­

qeM B OTCYTcTBl1e KpHTepHeB «p83pSl)l(eHHOCTH}), H npl1HHMaTh BO BHHMaHHe an­

pHOpHylO HH$opMaUI1IO 0 CHCTeMe pacceHBaTeneH. 

B03HHKaeT eCTecTBeHHblM Bonpoc: CTOI1T JIM npeOnOJIeBaTh Bce 3TH Tpy.nHO­

CTYI, '-IT06hl 113YLfaTl. 06'he.KTbJ, I1MeK>lllHe npaKTHt.leCl<M MaKpOCl<OnH4eCKl1e pa'3Me­

pl.l 11, S npHHUHne, ,llOcTynHble K HCCneLl,OBaHHK> npSlMbIMH MeTOnaMH - Ha6mo)J,e­

http:aHaJl.H3
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HHeM lIIJ1HCPOB 06pa3UOB Ha :meKTpOHHOM HJUI OnTH'lfeCKOM MHKpOCKOIIe. O,llH8KO 

3TH Tpa.1lHUHOHHble MeTO,ll,bl: 

• 	 Bo-nepBbJX, He $IBmnOTCJI Hepa3pYlllalOlIIHMH; 

• 	 BO-BTOPbIX, HMelOT H3BeCTHbleorpaHH4eHHSl no npOCTpaHCTBeHHOMY pa3pe­

weHlUO H, 'lfTO caMoe fnaBHoe, 

• 	 'lfaCTO HeB03MO>KHO BnonHe HaneJKHO no IIOBepXHOCTHOH KapTMHKe CY)].HTb 0 ......~ 
MaKpOCTPYKType B 06beMe Bcero 06pa3ua. 

BMeCTe C TeM, MHorHe H3 CBOHCTB BelIIeCTB, HaXO)l.alIIMXCH B KOH,l{eHCHpO­

BaHHOM COCTOHHlH1, 06ycnoBneHbI HX MaKpOCTpYKTYPOH: HMlf'lfHeM HnH OTCYTCT­

BHeM TelCCTypbI, HeO,llHop0,llHOCTblO COCTaBa, HanpHMep, BbIJJ:eneHHeM <pa3, npH­

CYTCTBHeM B 06beMe nop (IIYCTOT), HaRH'lfHeM 3epeH, KPHCTaJTJrHTOB, KnaCTepOB, 

cKorrneHHM )l.HCJIOKaUHH, TpelIIHH, ManoyrnoBbIX rpamfll H T. ,ll,. 31'0 MO>KHO OTHe­

CTH TaK>Ke H K OCTaBIIIHMCH rrOCJIe OT>KHra pa,ll,HaUHoHHbIM )].eq,eKTaM, BhI3BaHHblM 

1020 2
neHcTBHeM 6bICTPbIX HeihpOHOB C cpJIlOeHCOM ~ HicM Ha HeOpraHHqeCKHe 

MaTepHaJ1bI: KOHCTPYKUHoHHhle MeTaRJIbI, rronynpoBo;llHHKH H KepaMHKY. Pa3Me­

pbI Bcex 3THX 06'bercroB HaxOlll1TCR KalC paJ B .LJ.Hana'30He OT 0, I < D < 10 MMKpOH, 

a Y'lfeT o6'heMHbIx 3cp$eKTOB CTaHOBHTCH cYlIIecTBeHHbiM. J1 3)].eCb CTaHOBHTCH 

BeCbMa none3HhIM HCIIOJIb30BaHHe MMYP C ero HeihpoHHhlM BapHaHToM )l.BYX­

KpHcTanbHoro cneKTpOMeTpa, n03B0J1HlOllierO HCnOJIb30BaTb CHJIbHble CTOPOHbI 

:noro MeTOna, OIIHpalOLU.HeCJI Ha CPYH1J.aMeHTaJIhHhle CBOHCTBa TenJIOBblX HeHTpo­

HOB H 3KcnepHMeHTaJIbHbJe cpe,llCTBa. KOTOPblMH OCHalIIeHbI COBpeMeHHhIe HCTO'!.I­

HHKH HeHTpOHOB, a HMeHHO: 60JIhIIIYlO npOHHKalOLUYIO CIIOc061-10CTb; Hepa3py­

mafOLU.ee B3aHMoneHCTBHe C BemeCTBOM; HeperymrpHyfO 3aBHCHMOCTb"8Mnmnyn 

pacceaHHH OT 3JIeMeHTa K 3J1eMeH1)', H OT H30Tona K H30Tony; B03MOJKHOCTh HC­

CJIenOBaHH$I 60nhlllHX 06'beMOB C nonyqeHHeM ycpe.ll.HeHHoH HHcpopMaUM.H, npH 

He06xo)l.HMOCTH, nOKMH3aUHH l1CTO'lfHHKa pacceaHHjJ (CKOnJIeHI1H HeOJl.HOp0Jl.HO­

cTeH BMaTpHue) C npoCTpaHcTBeHHbIM pa3pellleHHeM JIY'lfwe, qeM 0,03 MM3. 

)J,nR peIIIeHI1X 0603HaqeHHbIX BblIIIe 3a.na4 He cymecTByeT aJThTepH8THBhI 

MeTO)1}JKe ,ABYXKPMCTaRbHOrO cneKTpOMeTpa. OueHKH npOBeJl.eHHhle B [22] nOKa­

3blBaIOT. 'lfTO yrnoBoe p83peIIIeHI1e paBHoe 2" (..... 10-5 
pa.n), B03MOJKHOe nHIIIh npH 

HCnOJIb30BaHHH CMCTeMbI lIIeneii WHpHHO:H: C = 10 MM C nOrJ10W;810111HMH CTeHK8­

MH (connepoBcKHH KOJfnHMaTop). pa3HeCeHHhIx Ha paCCTOJIHHe Z - 1 KM (l 06 
MM), 

HnH npHMeHHTenhHO K peaJIbHbIM pa3MepaM Z "'" 1 0 M H C 0,1 MM, ,l{aeT npoHr­

pbIW B .I1HTeHCHBHOCTH no cpaBHeHHeM C )J,KC 60nee 'lfeM B 12 pa3. He cnacaeT 

npH 3TOM H HCnOJIh30BaHl1e cOBpeMeHHblx fTlI)J" npOCTpaHCTBeHHoe pa3perneHHe 

KOTOPbIX TaK)J(e He ny'lfille 0,1 MM. BOT nOy.eMY, HeCMoTpR Ha'H3BeCTHhle MeT01J.H­
2

4eCKl1e Tpy,nHOCTH H He.LJ.OCT8TKH (Me)l.J1eHHOe, KaK a- , cna.n8HHe (4XBOCTOB" HHCT­

pYMeHTaRhHOH JIHHHH;QlHKcHpoBaHHaH ropH30HTaRbHaH nnOCKOCTb aHaJlH3a; He-

06XOJl.HMOCTh Hcnonh30BaHHR nOTOtfe'lfHOrO pe)J(HMa CHHTI1J1 HHcpopMaUHH) ,AByX­

KPHCTaRbHOii (1, -1) cneKTpoMerp 6eC,AHCnepCHOHHbJH rrpH60p, n03BOJI.$lfOl1lHH: 

BeCTH l1ccne.nOBaHHH MaRoyrnoBoro paCCeaHHJI C p83peweHl1eM no seKTopy 

http:HeOJl.HOp0Jl.HO
http:mafOLU.ee
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q - 10-5 A-\, 06~3aTenbHO nonyy.aeT MeCTO Cpe,lU1 HeWTpOH-)],HQ>paKllHOHHhIX yc­
TaHOBOK BO MHorHX ATOMHblX UeHTpaX. 
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