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YJlK 539.1 M-I6 

ACW'JIITTOTWiECKOE nOBEILEW1E CIIEKTPOB MHOrOI\PATHOrO MAJIOYrJIOBOrO 
PACCEmIIDI HEUTPOHOB:" TIpenpRH'r :wr~ 16-98/ 

D.r.A6oB. ~.C.~eRHCOB H ~. - M., 1998 - 16c. 

IIpOBeAeHO TOOpeTINeCKOe H 3KcnepHMefITaJIbHOe HCCJIeAOBaHHe aCHMIITOTIflIecKoro 
nOBeneHIDI cnercrpOB npH 60JIbillHX 3HaQeHIDIX BeKTOpa pacce.sHIDI JJJUI CJIy'tasI ynpyroro 
MHoroKpaTHoro MaJIOyrJIOBOro paccejJHIDI HeiiTpoHoB (MYPH). IIo.rryqeHo pa3JIO)KeHHe 
cneKTpa no BeJIHtIHHe 06paTHoro nepe.zuumoro HMnyJIbCa c y<leTOM BJIHJlHHjJ HHCTpYMeH
T8JIbHOH JIHHHH. IIOK83aHO, 'ITO rJIaBlIbIii lffieH pll3JIO)l(eHIDI CTO'lHOCTbJO AO K03tPtPHllHe1IT8. 
COBna,llaeT c ycpeAHeHHbIM no CTaTHCTIflIecKOMY aHC8.M6mo qaC'I'HU AH~tPepeHI!HanbHblM 

ceQeHHeM O,IUloKpaTHoro paccegHIDl, a TaIOICe BbltIHCJIeHbI HeclCOJIbKO CJIeA}'lOtI(HX lffieHOB 
pa3JIO)KeHlDl H onpe,neJIeHa 06JJaCTb npHMeHHMOCTH noJIy'teHHbIX BbIp~eHHH. C nOMOID;hJO 
.QByxKpHCTaJIbHOro HeiiTpoHHoro cneKTpOMeTpa H3MepeHa aCHMnTOTHKa cnercrpa MHOro
Kparnoro MYPH Ha 06pa3l.t8X BTCII-KepaMHKH, Fe-Ni H nopomKe AI. IIpoBe,neH amutH3 
COOTBeTeTBHB: 3KcnepHMeHraJIbHbIX Pe:3YJIbTaTOB H TOOpeTHqeCKHX npeACKa3aHHH. 

Theoretical and experimental inverstigation of spectrum asymptotics at large values of 
scattering vector in the case of elastic multiple small-angle neutron scattering (SANS) is car
ried out. We expand spectrum into a series of inverse scattering angle and take into account 
effect of instrumental line. We show that the main term of expansion coincides up to a factor 
with the averaged over statistical ensemble of particles differential cross section. Several next 
terms are calculated and domain of applicability of obtained expressions is estimated. Asymp
toties of spectrum ofmultiple SANS is measured at speciments ofHTSC-ceramics, Fe-Ni and 
AI powder by using two-crystal neutron spectrometer. We analyze the correspondence of ex
perimental results and theoretical predictions. 

CIIJ4COR JIHT 0 - 18 HaRM. 

C£)MBCTBTY~ TeOpeTUqeCKOI I aKonepEMeHTa~bHol ~13BKH, 1998 



1. BBE)],EHHE 

II3BecTHo, q-ro H8.H6orree AeT8JThH}'lO HH.<l>OPMa.u;mo H.3 AaHHbIX no ynpyroMY 

MaJIOyrJIOBOMy pacceJlHHlO HeihpoHoB (MYPH) [1,2] MOiKHO no~ npH BbIIlon

HeHHH ycnoBIDI z« L, rAe z - TOJIJD;HHa Hccne.nyeMoro 06pa3IJ;~ a L - AJIHHa CBO

6o,lJ.Horo npo6era B HeM. PacnpeAeneHIDI HllTeHCHBHOCTH (cneKTP) pacceHHHoro H3

nyq:elDlR I(q), r,n:e q=[k-kol- BeKTOp pacceSHIDI, a k, ko -BOJIHOBhIe BeKTOp:LI 

pacceHHHoro H n8,lJ.arom;ero H3nyqeHHH COOTBeTCTBemrO, H3MepnoT B B03MO)lCH0 60

nee nmpOKOM ,n:HaIIa3OHe. TIpH :nOM YA8eTCH onpe,n:eJIHTh He TO.JIbKO xapaKTepmrH 

pa3Mep R H KOHll,eHTPaIJ;HIO n, HO, B HeKOTopLIX C~8HX, AIDKe <l>oPMY H ,lJ.eTaJIH 

BHyTpeHHeH CTPYIcrYI)'Ed e~oro pacceHB8IOm;ero :u;eHTPa [1,2]. 

llpH HCCneAOBaHHH paccennm H8 OlieHL MaJlLIe yrJILI HaHB:LICmee pa3pemeHHe 

AOCTHraeTCH B cxeMe nma bOH3e-XapTa C AByxKpHCTaJILHbIM cneKTpoMeTpoM [1] 

6naro,IJ;apH Y30CTH ero HHClpYMeHTa.lThHOH JIHHHH. O,lUlaKO KpblJIO :nOH JlHHlfiI y6Ed

BaeT IC8K 11 q2 (CM., HaIlpHMep, [3]), qro 38.MeTHO MeJJ)leHHee, 'lIeM THIIHliHaH AJIH. 

MYPH aCHMlITOTHKa ,Z:(e6u-.liyme-TIopoAa 1/q4 (8 ,l(8.HHOH cxeMe OIIIdTa 1/q3, CM. 

HIDKe). 3ro npHBO,lJ;HT K He06xoAHMOCTH HCnOJIL30BaHIDI TOJICTLIX 06p83IJ;OB (z > L) H 

Y'lJ:eTa 3c1JelJeICToB MHoroKpaTHoro pacceHHIDI. C ,Zl.pyroH CTOpOHhl, '1aCTO HeB03MOiKHO 

H3rOTOBHTL AOCTaTO'lHO TOHKHe 06pa3~ HallpHMep, npH He06xo,l(HMoCTH 

coxpaaemm HX :u;errocTHOCTH. B T8KOM cllY'lJ:ae pacceHHHe JlBIDIeTCS, KaK IIpUHJIO, 

MHoroxpaTHbIM. 

B CrrO)KHBmeHCH np8KTH.Ke [4-9] aHaJIH38 CneKrpoB MYPH npH z» L JJ)IS 

nOJIy'leHIDI napaMeTpOB, xapaI<Tepmyrom;HX pacceHBaIOmyIO cHcTeMy, 06L1'IH0· 'HC

nOJI:L3)'lOT 38BHCHMOCTH m(z), rAe w - nmpHHa Ha norrOBHHe B:LICOTLI pacnpeAerreHHH 

HHTeHCHBHOCTH MYPH - I(q,z), H3MepeHH&IX AIDI HeCKOIILKHX 06P33~OB C pa3J1H':l

HLIMH TO~3.MH z. TIPH 3TOM, KaK lIpUMO, He mrrepecyJOTCH aCHMllTOTHKOH 

6o.JIbWHX q JJ)IS pacnpeAeJIeHHii: I (q, z), HecMoTPs Ha TO, 'lITO B8JKHOCTh TaKHX HCCJIe-

AOBaHHH OTMe'llaJIaCL em;e B pa60re [9], a H3 06m;eH TeopHH CllY'lJ:a:Hm.Ix 6nyJK,l(a.HHH 

[10] cne.u;yeT, 'lITO 3T8 aCHMIITOTHKa B o,lJ,HoKpaTHOM H MHOroKpaTHoM CJIY'l8SX HOCHT 

cxo,llHIdil xapaIcrep. 

TaKHM 06p830M, B HccneAOBaHHSX MYPH AO CHX nop ReT 06cTOHTe.JIbHoro 

aH8JlH3a aCHMIlTOTHKH 60IILIDltX q AID! MHoroKpaTHoro paccennm. Ha 38110JIHeHHe 

3TOro npo6ena H HaIlpaBneHa AaHHaR pa60Ta. B TeOpeTH'lecKoH 'lIaCTH, OIlHpaacL Ha 
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pe3}'JIhTaThI cnneR [9,10], MhI nOKa33.1ll1, 'ITO IIpH 60JIhllIHX 3Ha'leHIDIX q nOBeAeHHe 

I(q,z) C TOlfHOCTLIO f1,O K03<!lquIIlUeHTa COBna.naeT C nOBef1,eHHeM ycpe)J;HemlOro no 

c'I1lTHCTHlfeCKoMY aHcaM6mo pacceHBareneu .n;ucl>cl>epeHllH8JlLHoro Ce'leHIDI paccejl

HRJI (a(q») npH q» R-1
, rAe 3HaK <...> 03Ha'laeT ycpe,llHeHHe no B03MOJKH:b1M OpH

e~ H oncnoHeHIDIM OT cpe,lJ;BHX cl>OpM H pa3MepOB. Hau60nee ,n:eraJILHO pac

CMO'l'peH cnyqaii, Kor~a KpLIJIO .llHHH.B paccejIJJIDI ~ q-4. OCHOBLIB8jICL Ha 3TOM, B 

3KCnepHMelIT8JlLHOH 1:J8.CTH pa60ThI H3Y'1aJIHCL ct>oPMLI rp~ HeO):(Hopo,ll;HOCTeR B 

06pa3nRX 4JepPOMannrrHOro CnJIaBa Fe-Ni, BTCTI-KepaMHKH YBa2Cu307~ H rropom

Ka AI. 

2. TEOP.IDI. 

M.anoyrnoBoe ynpyroe paccenme HeihpoHoB jlBlljIeTCjI pacceSIHHeM Brrepe~ 

T.R. npHBO.zr;HT JIHlIlL K He60JIbwoMY H3MeHeHHlO Hallp3.BneHIDI ,l(BIDICeHIDl HeRTpOHa. 

ITpa ycnoBHB, q'}'() ,ZJ,JIHH8. CB06oJUforo npo6era HeiiTpoHa MHoro 6om.me p83MepoB 

pacceHBareneii H ,lJ;JIHHhI BOJIHLl, MO)lQfO CllHTaTh, 'ITO KIDI<,!J;bIH cne,n,yroIIJ;Hif 8.KT pac

ceJHH1( HeihpoH8 npOHCXOtJ,HT Ha HOBOB: cnyqaiiHoi KOH.pmyp3I(HH pacceHB8IOIIUIX 

neHTpOB. l103TOMY pacnpocTpaHeHHe HeiiTpoHoB OIIHCbIBaeTCjJ: ypaBHeHHeM: 

dP~,Z) = -Jd3k'[W(k',k)P(k,z) -W(k,k')P(k',z)], P(k,O) =i5(k - ko)' (1) 

r.u;e P(k,z) - nnOTHOCTh BepOfiHOCTH TOro, qro HeiiTpoH HMeer HMIIyJIhC k Ha rny

6HHe z OT IIOBepXHOCTH 06p83llR. B yp3.BBeHHe (1) BXO.u;n ycpe,IJ,HeHBbIe no )J)lIfHe 

CBo60Jnlo1'O rrpo6era CKOPOCTH rrepexoAoB (Ra e~ AJIHHhI) H3 COCTOJIHIDI C HM

nyJIhCOM k B COCTOHHHe C HMIIyJIhCOM k' - W(k',k). ECJIH BCmeCTBO B Cpe,!J,HeM 

of1,H0P0JnlO, TO W(k',k) JIBIDIeTCjf 4JYJIKIlHeii, 38BHCRIIleH TO.lThKO OT k 2 = k,2 H p83

HOCTH ~ =k' - k. De3 nepepaccejIHHjJ: HeihpoHoB cl>yma:um P(k, z) y6LIBaeT 3Kcno

He.Hl(HaJIbHO: 

dP~.Z) = -1CP(k,z) P(k,z) = P(k,O)e-U (2) 

CO CKOpOCTLIO 1C =Jd 3k'W(k',k) = nat' r,n:e n - nnOTiiOCTh pacceHB8IOm;HX ueHTPoB, 

or"" (a t ) - nOJIHoe cpe.u;Hee ce'lelUfe paccejJlUfj[ Ha OAHOM n;elITpe. .[{JlHHa CBo6o,lJ;HO

1'0 npo6era HeiITpOHa palma L = 1/K . 
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ITpH paCCeHHHlf H8 Ma.m.Ie yrJIbI kM 
«I. Cne,nOB8TeJIbHO. MOXGIO C"tlHT8TI>. 

o 

'ITO Ak...Lko • T.e. HMIIYJIhC HWeIDIeTcg TOJThKO B IIJIOCKOCTH, nepneH.n;m<yIDq>Hoii H8

npaBJIemno ,lJ;8IDKeHIDI nyqxa HeihpoHOB. llo3TOMY ypaBHeHHe (1) MO)I(HO 3anHCan B 

cne):(ylOm;eii ,lJ;8yMepHoii ~opMe: 

dP(a..,z) = -1C(p(o..,Z)- Jd2o..
' a(o..- o..')p(o..t,z»). (3) 

dz at 

k-k f3,necI> a=lktl-ko , a r =: d 2o..a(o..), a(o..)- cpe,lJ;Hee CeqeHHe pacceJlHIDI Ha yron 

a (ABYMepHDm BeKTOp a y,n06HO H33h1B8n yrnoM pacceJIHHH). 

YpaBHeHHe (3) jJBIDJeTCJI TpBHCIDI1J)lOHHO HHBapH8.HTHI>IM H MO)KeT 6L1Th AH8

roH8JIH30BaHO npeo6pa30B8.HHeM <f)yp",e. nepexo)l)l B cl>yp",e-npe,ncTaBJIeHHe, nony

'IBM: 

dP~' z) =_{P(u,z) - "~:) p(a,z»). P(u,O) =I, (4) 

r,ne o(u) =fd 2o..exp(-iuo..)o(o..), nplflleM 0(0) =O'r' PemWI ypaBHeHHe (4), HaxO,lJ;llM 

~ypne-06p83 nponaraTopa: 

P(u,z) =exp(-1CZ(a(O) -o(u»/a,). (5) 

B HTOre liMeeM BhIplDKeHHe AJIjI HHTeHCHBHOCTH MHOrOIq>aTHoro MYPH no,n 

yrJIOM a AJIjI 06pa3D;a TOJIIIJ;HHOH z : 

P(o..,z) =_1_ fd2uexp(iuo..)exp(-1CZ(cr(0)-cr(u»/0/). (6)
(21t)2 

TaK K8K CHCTeMa pacceHBaTeneD H30Tponaa, ycpe,lJ;HeHHOe CeqeHHe 0'(0..) 3a

BHCHT TO.JIbKO OT 10.1, CnC.llOBaTeJIDHO, B (6) MO)l(HO BhIITOJIHHTb HHTcrpKpoBaHHe no 

H8npaBJIeHHlO BeKTOpa u. B pe3Y.JII.TaTe norryqaeTCg H3Becmoe HHTerpa.JIbHOe npe,n

CTaBneHHe: 

p(o..,z)=-l.juJ (o..u)exP[-1CZ(I- O(U)]]du . (7)o
2'lt 0 0, 

O,lJ;HOD H3 oco6eHHocTe:ii ,IJ;ByXKpHCTa.JIbHOrO cneKTpoMeTpa gsngeTCJI TO, 'ITO 

OTKIIOHeHIDI Heib:poHOB OT nepBOHa"lla.J1bHoro HanpaBneHHjl pemCTpHpyIOTCg TOJIDKO. 

B O,llHoii (roplOoHI'8JlLHoii) IDIOCKOCTH. To eCTh, «paKTlfllecKH, B paMKax A8HHOH Me

TO,lJ;HKH HeiITpoHbI C p83.1IH'II1blMH BeKTOp8MH k. HMeIOmHMH paBHDle npoeKIlHH H8 

roPIOOHTaJIbHYID nnOCKOCTh, He P83.Jl1P1HMbI H B pe:Jy.JIbT8re 3KCrrCpHMeHT8 MOiKCT 

6MTb rrorryqeHo nErnITb HeKOTopoe ycpe,llHeHHOe no BC~HOH paCXO~OCTH 



4 

nyqxa. pacnpe.n:eneBHe. Cne.n:OBaTeJI&HO, BLlpaJKeHHe (6) .IJ:IDI HHTeHCHBHOCTH 

P(a1',ay) }J;OJDKHO 6LITL npOHfITerpRpoBaHO no a". Tax xu Bep1'HK8JILHIdH: pl3Mep 

OICHA .n:eTeKTOpa MHoro 6oJI&me X8p8KTePHOH IIIHpHHM :rrytIK8, npe)(eJILI mrrerpHpO

Bau:mI MOxmo DOnO)lCH'l'l, 6ecKOBe'IHIaIMH (no,apo6Boe 06cyxc.IJ;eHHe DpBBeAeHO B 3KC

nepHMeHT8JILHOB: qacTH). KpoMe roro, ,lJ)UI nOJIY'leHIDI Ba6moAaeMOH B 3KcnepHMeH

Te BeJDI'IHHLI, HHTeHCHBHOCTh H8,lJ;O CBepHyTL C HHC'l'pyMeHTa.TI&HOH JIHHlIeu. T8KHM. 

o6p830M, DOJIyqaeM, q'f() HOpMHpOBaBHaJI 3KCuepHMeHI'aJIbHO Ha6moAaeMu HHTeH

CHBHOCTL Heii'rpoHoB, pacceJIHHLIX H8 yY'OJI a l' B ropH30HT8JI&HOH IIJIOCKOCTH, 

ao 

Pexp(a1"z) = fdJ3Io@)P(a.1'-~'z). (8) 

rlI.e P(a;r:,z) =ldayp(a;+a.~t2,z)= 217tldu",i".u.'P(U;r:,O.Z). (9) 

3.n:ec]) I o@)-HHCTpy:MeBT8JI])H3Jl JJHHJiUI, a ~~ P(a,z) H P(U1',Uy,z) = P(u,z) 

onpelI.eneHLI et>oPMyJWOl (7) H (5) COOTBeTCTBeHBO. 

ECnH a;r:»max(a..,a/lu)' rAe nap8MeTpM a .. H a w xaparrepH3)'IOT JJIHPHHLI 

~ P(a1') H Io(a.;r:) COOTBeTCTBeHHO, TO )J;JDI Ou;eHKH Pexp(a1"z) lI.OCTaTOqHO 

yqeCT&, lITO no.u;r.nrrerpaJILHoe BIaIpWKeHHe B (8) HMeeT )];Da OCTpIdX MaKcHMYMa npH 

p= 0 H ~ = a z B 'iTO ~ Io(a;r:) B P(a",z) HOPMHPOBam.I HI e~. llono

My 

(10) 

.nrur 60JIee AeT8JThHOro aH8JIH3a om.e)l;HHllM ct>oPMYJIhI (5), (8) H (9) KIK 

Pap (a", z) = j du;r: em.a.....,1-1CZ(1- o(/u;r:~)I".{aiM~;r:O, (11) 
-.0 2. 7t ~1.. a, tv, 

r,ne g(aiJu Iu;r: 0- clJypj)C-06p83 BHCTPYMellT8JI])HOB JllIHIIH. 06mee o6cyxc.neHHe HHCT

PYMeHTaJILHOH .T.IHHHH cOlI.epmrreJl B MOHorpacl>HH [3]. np8,IOFlCCKB JJ;OCTaTOlJHO 

yqecTL nOBe,ZJ;eHBe g(x) =1- x + o(x) npB x -) 0, KOTOpoe oDpC,u;e1.UleTCS aCBMIITOTB-

KOB Io(cx1') npH 6oJI&IIIHX yrnax: 10 (cxz ) = cx~ + J~J. ,I:(mI pacqeTa acHMIITOTINe
7ta.;r: 1.. a;r: 

CKOro I10Be,nemm HBTeHCHBHOCTH Pexp(a;r:,z) npH 60JILmBX yrJIax ,l.J;OCTaTOlJHO c)(e

JIaT]) 3RMeay U1' 4 UI CX;r: : 

mailto:fdJ3Io@)P(a.1'-~'z
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P3.3JIO)KHTb nO,ll;bIHTerp8JIbHOe BbtpIDKeHHe no ManoMY napaMeTpY u I 0..1: H npOH3BeCTH 

nOqrreHHOe HHTerpRpOB8lme. 

IIpH paccexmm Ha -.mCTHIJ;ax C pe3Koii C'J:"YIIe1l'ulToii rp~eii (T.e. rrpH 

1
akolr «I , rp;e if - TOnnuma rp8BHIl;bl) 0(0.) - /0.14 npH la\ » a c ) r)l;e 

etc -xapaxrepHbIH yrorr paccennm [1,11,12]. B pa60Te [9] paccMoTpeHo CeqeHHe op;

HOICpaTHoro pacceJlHIDI Ha c4Jepe. O,l(HaKO Bhlp8)l(eHHe rom ce"tJeHIDI paccemIDI Ha 

rerrax npOH3BOJlIJHOH cPOPMLI HeH3BeCTHO. IIo:noMY Il,erreC006pa3HO paccMo1peTb 

4l~ P;OCTaTO"lffiO o6m;ero BH,lJ,a, KOTOPOH MOlKeT 6LITb annpoKcHMHPoBaHo ceqe

lIRe oJl;RoKparnoro paccejJ}{IDI: 

o(a) = ooa~a; +0 exp(_a
2 

2
) (13)

(a.2 +a~)(a2 +a;) G a

CIDITbIO CBo6o,llElhlMH napaMeTpaMH 00,a1,a2,oG,a. }1.mI COOTBeTCTBIDI nO,ll;rOHO'IHO
. . 

ro 0(0.), onpep;eIDIeMoro (13), pe8JIbHoMy ce'lemno paccemDDI MOX<HO m>Tpe60BaTb 

paueHCTBa ceqeHHii rrpH a = O. HX aCHMIlTOTHK npH a ~ 00, HHTerpaJIOB OT 0(0.) H 

H8JIOXOlTb em;e )l;Ba p;OnO.JIHHTeJILHLIX ycnoBIDI. npOH3BOroI rrpeo6p3.30BaHHe ¢lypLe, 

nOJIY'laeM: 
2 2 2 2

2xa' a a ( a u )o(u) = 20 122(Ko(alu) - Ko(et2u») + 7ta'Ga2 exp -'-- , (14)
a! - at 4 

Ma.JIbIX U I a x : 

cr _ cr(~) = ncroa~ a; [(ual ) 
2

In ua t _ (uCt 2 )! In UCt.2 ] + 
t a.. a; -a~ 2a; 2ax 2a; 2ax 

a4
7tu! [(1 ) 2 2 crG ] 7tcroa~a; [(U<X. I )4 in uat (ua 2t I ua!]+- -ycraa +-- + -- ----n- + (15)2a; 0 I! 2 a; - a~ 32a~ 20.., 32a~ 20.:< 

4 [(3 } 27tU 2 2 2 6]+--4--Y oCt I Ct2 (aj +o.2 )-crOo. 
32a., 2 

r.ue y::= 0.577 - KOHCT8.HT3 3Hrrepa. BBO,lUl y,no6HY1O .u.mr. npe,ncTaBJIeHIDI OTBeTa napa

MeTpH~: a~ =a la 2 , l; =in(0.1 /0.2 ), }"IHTbIBU B (12) TpH nepBLIX IJJIeHa B Pa3JIO

)l(eHHH 3KCrrOHeIIThI H,ll;Ba B p3.3rrO)ICeHHH g(u) H nOIJJIeHlIO HHTerpHpYJI, I1oJIy'laeM: 
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a4 
Pop(a,r.z):;:: teZa.3~ <p(1;) + 1

0 
(a.,) + lCZa;",~~ <P(li)(3ln 2a., _~+ OG J_ 

sa,r 47ta" a o 2 2ooa o
4 

3lCZa~a~ ",(1;)+ 1C2Z2~~ <p2(l;)(31n 2a., _.!..!+ 3aoa:J- (16) 
41tQ.,r 1OOJ: a o 4 2croa o 

31C2z2a 4 3lCZa4
 

- 100= 0 ql(;)'I'(l;) - 32at <p(;)'I'<;),
 

r.IJ;e <pel;) = 4shl; • \jI(~) = 2ch~ . 
l; 

3)J;eCb npH pacIJere BTOporo CJIaraeMoro HCnOJID30BaHO TOtDIOe BDIp3)J(eHHe g(u) H 

onymeHld 'IDeHld 60JIee BDlCOKoro. ':IeM 1/ a~, IIOpBJJ;Ka no a". 

PaccMotpHM CJIY':laH, KOr.IJ;a DIIlpHHa HHclpyMeHTaJIDHOH JIHHHH MaJIa: 

alJu «ao• Tor,n;a nepBDIH 'IDeH B (16) eJIJleTCg rJIaBHIdM npH a < am' r,n;e 

alii =maa~/(2ailu'»>ao' T.e. B :noii: o6JI8cTH Pcoqt(a,r,z) y6ldBaeT KaK lIa;. TaKHM 

06P830M, rJIaBHLlii: 'lJIeH aCHMIlTOTHI<B: MHOroKp8THoro MYPH onpeAemreTCa nOBe

.neHHeu: ceqemm O,IJ;HOKp8THOro paccemDIJI npH 60JIDmHX yrnax, qrO OTMe':I8JIOCb pa

Bee B pa60Te [13]. TIpe).(aCHMI1'I'OTWIeCKHe IfJIeHDI p83JloJKeHIDI PlOIp(a.."z) (3-7 CJI8

ra.eMDIe B (16» npHBO.lQIT K y:BeJIHtlelDDO CKOpOCTH CIIAA8 Pc<p(a..,.z) C pOCTOM TOJI

~06P83:ua. 

PaccMOTpHM OT.n;eJIDHO Ce'leHHe o,lUloKpaTHoro paccej{ffifJI Ha c4,lepe B cnyqae 

,lJ;H~PaKIl;HH. B 60pHOBCKOM npH6JIHJlCemm: 

(sin(a/aU> - a/ac cos(a/aJr (17)( ) _ 
as a -ao (a/act • 

rp;e a c = 1/ (koTo). ko - Ha'WThHDIii: mmyJIDC HeBTpoH8, To - Pa,zJ;HyC B38.HMOp;eHCTBIDI. 

tIro6hl HaHm: nOBeAeBHe cllypbe-06pa3a aB(u) npH Ma.TIhIX U, p;o6aBHM K aB(a) H 

4a a
BDPITeM tl>~ a L (a) 2 0 c 2 2' ':IhB aCHMIlTOTKKa COBnanaeT C aCHMlITOTHKOH 

2(a +ac ) 

ycpe~eHllOro no nepHo,ny oc~ aB(a). ACmmTOTHKa aL(u) npH Ma.Jl&lX U 
4cne)lyeT H3 (15). a a B (a) - °L (a) y6ldBaeT 6&ICTpee, '1eM 1/a , H ,l(Ba nepBLIX. qneHa 

P83J10>KeHHa MO>KHO Ha.Hm mrrerpHPoBaHHeM "I{JIeHOB nopJlJlK8 - U
O 

. H - u2 nO.n;&lHTe

rpam.Horo B&lp8JKeIDUl. OTCJOp;a HaxO,ll;HM nOBe)J;eHHe tJ>ypLe-06pa38 ceqeHIDI B 6op

HOBCKOM npH6J1IDKeHHH npH M8JI&1X U : 

2 4 2 

0B(U) = nooa" + xcroacu In acu. (18) 
2 4 4 
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AHan:orlfllHo cPoPMYJIe (16) nOJIy'laeM: 

2 
lCZCX? lCZex. ex. (4ex. )p (ex. ,Z) = __c +IO(ex. ) + 1""4 c 6ln--'" +6y-ll +
 

~... 2ex.~ ... 2~ex.X ex.
 c 

lK
2
Z

2 4 
c (4ex.+ a. In--''' +y-~25) 

(19) 

a~ ac 12 

BlmHo, ~o AJDI )l;aHlIOH aCHMllTOTHKH BepmI Bce 38.MeQaHIDl, c)I;e.JIaHHLIe OT

HOCHTeJIbHO cPoPMYJThI (16). 

3. METO):{MKA 3KCllEPMMEHTA 

3KcnepHMeBThI npOBO)I;HJIHCL HR ymmepCaJThHOM HeH'rpoHHoM ,ZJ;HcPpaKTOMeTpe C 

.@OHBOH MOHoxpoMaTH3a.IJ;Heii nyqKa [14], Ha KOTOpOM B KaqeCTBe cnelITp0MeTPHIle

CKOH rrap:Ll 6:LlJIH YCT8HOBJIeHbI cOBepmeHHbIe KllHCTaJlJThI Ge, opueBTBpoBaHHLIe no 

nJIOCKOCTH (1,1,1), B napa.JIJIeJIbHOH n03HIJ;HH (CM. pHC. la). 113MepeHHaq llIHpHHa HH

CTPYMeHTaJThHOH KpHBOH Io(a...} (ax -yrOJI nOBopon aH8JIH3RTOpa H ax =0 npH 

TO'tffiOM 6p3ITOBCKOM nOJIO>Kemm aHaJIH3aTOpa no OTHOmeHHIO K n~3lOm:eMY :nyrn<y) 
o 

npH pa60Qeii lmHHe BOJIHbl HeiiTpoHoB Au=:1,75 A COCT8.BIDllIa (00 = (3,1±O,2) yrJI.ceK 

(CM. puc. 16), no B npe)l;enax norpemHocTH H3Mepemm COBna,miIIO co 3HaQeHHeM, 

pacc~8.HIIbIM H3 ,lJ;HHa:wNeCKOH TeOpHH ,ZJ;Hct>P~ [3]. PemcTp~ rrpOBO,ZJ;HJlaCf> 

3He-,lJ;ereKTOpOM C 3cPepeKTHBHOCThlO pemcTp~ TennOBf>IX HeiITpoHoB E ~ 96%; 

cPHJThTp8IlH'l HeiiTpoHoB B:LICIllBX nOpH,ll;KOB O'I'pWKeHHH C An=A.,Jn ocymeCTBIDIJIaCf> 

MOHoKpHCT8JIJIH1IeCKHM KBapn;eBf>IM <l>HJIf>TpOM, TOJIIIUfHOH 100 MM, CHH>K3lOm;HM HX 

co.n;ep>KaHHe B nyqrce )1;0 BeJIHlIHHld MemmeH 1% OT OCHOBHOH KOMIIOHeHThI. 06pa3

IU>IO yCTaHaBmmaJIHcf> B npoc1p3HCTBO Me>K,lly KpHCTaJIJIOM-MOHoxpoMaTopoM M H 

KpHCT8JIJIOM-aH8JIH3aTOpOM A (CM.pHc.1a). I1HreHcBBHOCTh HeHTpOHoB, oTpIDKeHHLIX 

OT KpHCTaJIJIa A, H3MepRJIaCf> BayrpH yrJIOBOro )];Hana30Ha, 3a rp3.lllmaMH KOTOporo 

,lJ;eTeKTOP ~ pemcTpHPoBaJI JIHllIf> 4JoHOB:LIe HMIIYJThCf>I. MHHHMa.JThHLIH B03MO)l(H&Iji 

mar nOBopon aHaJIH3aropa COCTaBIDIJI 0,12 yrJI.ceK. 

B B&1pWKeHHH (9) HHTerpHpoBaHHe no <X.y npOH3BO,lJ;HTCH B 6ecKoHeqm,IX npe

.ZJ:enax, T.e. npe.ZJ:II0JIaraeTC$.(, 'ITO B&ICOTa OKRa .ZJ:eTeKTopa H .n;OCTaToqua ,nIDI TOro, 

1fI'06M B Hero nOlla.nan BeCf> paccenIllLIii nyqOK. B peaJ1f>HLIX 3KCnepHMeHT8X npe

Aem.HbIH yron 

a../= arctg (W2s);: H/2s, (20) 

rAe s - paCCTOJlHHe OT 06pR31.1a .n;o ,lteTeKTopa. B HCnOJTh3YeMOM HaMH ,lJ;HcPPaI<TOMerpe 

H = 40 MM, S = 1200 MM, npH 3TOM ayO = 0,017 PM = 57 yrJl.MHH., 'ITO THIIHtmO ,It.IDI 
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npH60pOB nO,n;06HOro TWIa. )lng BCCX HCCJIC,n;OBa.HHJ)IX 06P83~OB niHpHHhI CnCKTPOB 

Mlforo:rq>amoro MYPH HC npCBhIIIIaJIH (Omex ~ 2 yrJI.MHH.« ay0, T.C. MOil(J{O IIOIIO

JKH'I'b ayO = «:l. Heo6xoABMo OTMeTHTh, 'lTO npH HCnO.lIb30B8HHH B ,lJ,ByxKpHCTaJIhHOM 

cneKTPoMe'Ipe cOBepmeHHLlX KpHCT8JIJIOB TaIWI cmyaD;mI pe8JlH3yeTCJI Irp8.KT'lPlecICH 

Bccr.znt, a DpH HCn0Jlb30BaBmI M038.HIUI&IX KpHCT8JIJIOB yrJIOBOH )l;H.aIIa30H MaJIoyrno

Bl>IX cncKTpOB MOEeT npeBhIIIIaTh ayO, 'ITO npHBO,lJ;HT K ,n;onOnHHTeJlhHbIM IIOrrpaBKaM 

npH pacqere aClfMIIT()THqeCKHX 38BHCHMOCTeB HHTeUCHBHOCTH MYPH. 

4. 3KCIIEPMMEHTAJIhHhIE PE3YJIhTATbI H ill{ 06CY)J(J(EHHE. 

Ha pHc.16 npHBe,n;eHa HHCTPYMCHT8J.IbHaJI KpHBWl ,lJ,ByxKpHCT3JILHOro cnel(

lpoMe-rpa Ha cOBepmellHblX KpIlCnumax. AnnpOICCHM8.IUIJI ec ct>ymw:u:eii JIope~ 

1 
nOK83bIBaeT, 1fi'O aCHMlITOTIfllCCKOe nOBe,n;eHHc OIlllCLlBaCTCJI KaK 2' K8K H 

ax 

rrpe.n;nOJUll'aJIOCI. B TeopeTH':leCKOH qaCTH pa6oTbl. Ha pHcyHKe 3 IIpHBe,n;CHa yrJIOBWI 

38BHCHMOCTh HHTeHCHBHOCTH Ha KpIitlJThJIX HHCTpyMeHT8JILHOH KpHBoii. BH,IJ;Ho. 'lITO B 

noB 06JIacTH yrJIOB Io(a ) cym;eCTBCHHO MCHLme (npHMepHO H8 nOpJI,lJ.OK), qeMx 

Pexp(a,r)' 

B cnyrme, eCJIH paccemme npoHCXO,lJ;HT Ha cnnoIIIIILIX., OJ(H0P0,ll,HldX no nnOT

HOCTH, KOMII8.KTHLlX 'l8CTHU8X C pe3KOH rpammcii, cnp8Be,D;JIHBO cncAYIOIIJ;CC COOT

HomeHHe, nonyqeHHoe B pa60TaX ,D;e6u H Eyrne [11] H IIopo,n;a [12] (CM. T8IOKe [1]) 

AJDI HllTeHCHBHOCTH OJJ;HOKp8THoro pacceHHIDl: 

(21) 

HJIH a(q) - q-4, ICOTOpoe BIillIOnBJIeTCB ,lI;JUl HeO,lJ;HOpO,lJ;HOCTeH npOH3BOJIbHOH ct>oPMhl 

npH 6oIlhlllJlX. q. 3,n;ecb p - HeiiTpoBOOIl1.'lAeCKaB nnOTHOCTh, onpe,n;erunoDlaBcJI co

CTaBOM 'l8CT.HI:J;-pacceHBaTeJIeB H cpe,D;M, B KOroPOH OHH IIOMeIIJ;eHhl, S - nJIOIIJ;3Ah 

nOBepXHOCTH'tI8C'I'HIl,LI. ACmmTOTHKa /(l)(q) - q-4 pea.IIH3YeTCJI T3lOKe B6JIH3H ct>3.30

BIdX. nepexo.n:oB B HeKoropLlX MarHeTHK3X [15]. OrcYTCTBHe pe3KoH rp~ MeJK)ly 

cpe.n:oH. II HeOJ(HopoJJ;HOCThIO npHBO,D;HT K 60nec 6.bIcTpOMy, '1eM q-4, cII8.AY HHTeH

CHBHOCTH. fionee MeAJIeHHaR, '1eM (21). 38BHCHMOCTh B03M0lKH8 B6JlH3H 4l830BbIX ne

pexo,n;oB [9], a TaIOKe B cnyq:ae, eCJllf paCCeHBaTeJIH HMeIOT lPPaKTaJIbHYID nOBepx

HOCTh [16,17]. AHano£.HllHYlO HH4l0pM8ll;HIO, B cHJIY npoBe.n:eHHoro BbIme Te0peTIflIe

CKOro paccMoTPeHHJI, ,n;OJDKHbI ,n;aBaTh H Hccrre.n:OBaHHB aCHMllTOTlflIeCKHX 38BHCHMO
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cTeH HHTeHCHBHOCTeH MHoroxpaTHoro MYPH. 

Ha pRC. 2 IIpBBeAeHLI B JlOrapH4JMWlecKoM MacillTa6e pe3YJIbTaTbl H3MepeHHii, 

npoBe)l;eHHldX Ha o6pa:m;e BTCII-Kep3MHKB YBa2Cu307-& xapaKTepH3yIOIIJ;eMCH Ha


JIH'lHeM nop, pa3MepLI KOTOPhlX, cornaCHO [8], COCTaBIDIIOT OKOJlO 3 MKM, a TIlIOKe
 

,mmHhIe oIILITa no pacceHHHlO Ha o6p83ue IIopomxa AI TO~OH z=5,5 MM co cpe,lJ;


-, HHM p33MepOM rp8HYJI 2~9,5:MKM,'onpeAerreHHLIM: B [7]. CrrrroIHHoH JIHHHeH H8 pH


cyHke nOI<838.H pe3)'JILTaT COBMeCTHOH annpOKCHM3.UHH (npoBeAeHHoK MeroAOM HaH-


MeHltIllHX KBa,z:q>aTOB) 3KcnepHMeHT8.JlbHl>IX ,U8.HHDIX ~ymo:JJIeH ~ + c~ H HHCTPY-
ax ax 

u u "'" u C\ KMeHT8.JlbHOH KpHBOH 'l"ymo:JJIeH 2' aK BH,ZJ;HO, aCHMIlTOTWIeCK8JI 3aBHCHMOCTb 
ax 

BTOpOro crraraeMoro, COOTBeTCTBytOm:ero 06P83UY, xopomo OIUlCLIBaeTCH 3a.KOHOM 

3cr.: , 'ITO HaxOp;mCH B corJIaCHH C <l>oPMYJIaMH (16),(19). B pa60Te (17] npOBO,UH.lIOCh 

HCCJIe)l;OBaHHe MaJIOyrJIOBOro pacce1lllIDI HeHTpoHOB H8 Tex )I{e o6p83uax. BTCII

KepaMHKH H )l;JIH CelJeHHH 6hIJIO nOJlYlJeHo o(q) - q-II, rAe n =3,85 ±0,1. Hanm A8H

HhIe, nOJIYlleBHLIe C 60JILmei CTaTHCTHKOH, 60JIee y6e,ZJ;HTeJIhHO CBH,lI;eTeJIhCTByIDT 0 

TOM, 'ITO pacceJIBHe npoHCXO.znrr Ha KOMII8KTHhIX HeOp;H0pop;HOCTIIX C Pe3KOH rpaHH

.qeD:. 

Ha puc. 3 IIOK838Hh1., T8I0Ke KaK H H8 pRC. 2 B rrOrapR~MlNeCKOM MaCWTa6e, 

pe3)'JILTaThI 3KcnepHMeHTOB, npoBe)l;eHHhIX Ha 06p83IJ;ax. P83JlH1JHOH TOJIII(HHbI, wro

TOBJIeHHhIX H3 CIlJI8.Ba Fe - Hi - ct»eppOMameTHK8, xapaICTepH3YlOm:erocH HaJIH1JHeM 

HeynopH)l;OlJeHfIOH ,UoMeHHoH CTPYKTYPLI. P83Mepbl J.J;oMeHoB, cornaCHO pa60Te [6], 

COCTaBJUIIOT OKOJIO 8 MKM. COBMeCTHU no,nroHKa 3KCnepBMelIT8JlLHblX ).J;8HHhIX H 

HHcTpyMelIT8JThHOH JIHHHR Ha OCHOBe c1JOPMYJILI (16) (c ~:= 1 H 6e3 YlJeTa rayccoBa 

"l{JIeHa) no MeTOAY HSHMeHhllIHX KBappaTOB J.J;aeT 6oJThJ;IIylO Be.JIHlnlHY Cpe,lJ;HeKBa,u;pa

X
2 

390 
TH'Dloro OTKJIOHeHWI ( "l:; -64 npH 06IIJ;eM "llHCJIe 3KCnepHMeHT8JlLHLIX TOtieK

n-m-l 

n, paBHOM 71 H "llHcne nO,llJ'OH01JHLIX napaMeTPoB m = 6). 3JJ.ech npH pac"llere no

rpeIDHocTeu 3KcnepHMeHT8JILHIdX TOlJeK Y1JHT.bIBaJIOCL, q'f() COrJIaCHO [18] 

CTaTHCTHKa OTCQeTOB H8 HameK YCT8HOBKe HecKOJILKO OTJIH1JaeTCH OT nyaccoHoBOH R 

2lIMeeT Jnlcnepcmo 0 = 1,41, rJ.J;e I - cpe)J;IfiIJI HHTeHCHBHOCTh (WDI ,l(aHHoro a. ... ). 113

BeCTHhIe OTIIOWeHml TOJIID;HH BKmO'Ll8.JIHCh B no,llJ'oHKY KaK .use J.J;o6aBo'lHble TOqKH co 

C C 
CBOHMH OIIIH6K8MH. COBMeCTHaH nOJJ.I'OHKa AaHHblX 4Jymm;IDIMH BHAa -++-t, rAe 

cr.., ax 

WIH p83HIdX 06p83UOB 6epeTCH O).J;HO 0, a OTHOmelDle K03~HU;HeHTOB c2 paBHO OT
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x2 145 
HomeHHlO TO.JlIl\HH, ,n:aer 0 =2,91(0,04) npH ~ -. JImm. npH HCnOJIL30Ba

n-m-l 65 

x2 76 
06P83D:OB, nOJI}"laeTCJI y,n:OBJIeTBOpHTeJThHOe 3Ha'leHHe n _ m _ 1 - 63 C nOK33aTeneM 

CTeneHH aCHMIlTO'J'HlIeCI<OH 38.BHCHMOCTH a MeHLmeM 3 AJIH Bcex 06pa3l.(OB. llpH • 

3TOM a YBeJIH1IHBaeTCJI C pOCTOM. TO~ 06P83l.(a, "tfl'O HaXO,ltHTCJI B COrJIaCHH C 

.poPMYJIaMH (16), (19) B OTBe'laeT BKJIa,rJ;y npe,n:aCHMIlTOTB'IecKHX 'lJIeHOB pa3JIo)l(e- ~ 

HIDI 60JThIllHX yrrrOB. O,n:HaKO BeJIlRHHa a, MeHllmas: 3, He nonyqaeTCH npH HeJaBH-

CHMOM pacceJIHHH HeliTpOHOB Ha KOMlIaKTHIdX HeO,n:HOpO,lJ;HOCTJIX C Pe3KOH rp8lllmeii. 

Ha6mo,n:aeM.oe OT.JIH<nIe TaIOKe HeJIb3J1 O6bJlCHHT:b KOHetIHOH roJIID:HHOH CTeHKH ,n:OMe-

HOB, Tal< KaK }"leT )Toro 06CTOSlTeJILCTBa npHBO)l;HT K POC'IY 0 . 

5.3AKJIIOlJEHHE. 

B pa60Te paCCMOTpeH MeTOJJ: aH8JIH3a HeO,n:HOpOAHOCTeii cpe~ Ha OCHOBe H3

Mepemm acHMIITOTHKH 60JThIIIHX q HHTeHCHBHOCTH MHoroxp8THOro MYPH I(q,z). C 

nOMOID:L1O ,n;ByxKpHCT3JIbHOrO HeihpoHHoro cneKTPOMeTpa Hccrre,n:OBaJIHCb 06pa31(hI 

BTCII-KepaMHKH COCTaBa YBa2CU307-8 cPeppoM8.f'HHTHOro CDJIaBa Fe-Ni H nopoII1K8 

AI. 3KCnepHMeHT8JThBLIe ,n:8.IIHMe ,lI,IDI BTCI1-KepaMHKH H AI xopomo OIIHChlBaIOTCH 

aCHMIITOTIflIeCKHM npH6JllDKeHHeM 0.,,-3, 'ITO COOTBeTCTByeT 3aKoHY ,l{e6as:-Iiyme

ITopo,n:a q-4. H3 3TOro cne.ZJYeT, 'ITO HeO,lJ;HOpO,lI;HOCTH B 3THX Bem;eCTBax HMelOT cry

nelN8'I)'1O He4Jpa.KT8.J.ll)HYJO rp~. AHarrOrHtIHoe Hccne,n:OBaHHe, npOBe,neHllOe JUlJI 

06p83D:OB 4JeppOM8rHeTHK8. FeN;, nOKa3aJlO 60JIee Me,lJJ1eHHoe, qeM 0.:
3 

, y6h1BaHHe 

BIlTeHCHBHOcm MYPH. 
TaKHM o6pa30M, npoBe,n:eHHoe TeopeTlfllecl<oe paccMoTpeHHe y,n:OBJIeTBOpH

TeJThHO ODBChlBaeT 3KcnepHMeHTaJThHO Ha6mo,n:aeMoe nOBe.ueHHe HHTeHCHBHOCTH 

MHOrOl<paTiioro pacceHHHJI AlIJI 06P83I{OB AI H BTCI1-KepaMHKH, HO He o6hJlcIDIeT 

60nee ye,ll,JleHHOe, 'ley 1/a; y6h1BaHHe HHTeHCHBHOCTH,llJUI FeN; Ofipa3I{OB. Bepon-

HO, 31'0 o6ycnOBJIeHO 'reM, q'I'(), K3X crre.ZJYeT H3 3KcnepHMeHT3JThHlilX .uaHHLlX, lJ)I1l 

06p83I{OB FeN; OTHOmeHHe AJIHHbI CBo60,lJ;Horo npo6era Heih'pOlIa I< pa3Mepy pac

ceHBaTerreH (,n:oMeHoB) cym;eCTBeHHO MeHbwe, 'ieM,lI,JDI AI H BTCII-l<epaMHKH. CJIe

,a;oBaTeJIbHO, OllHCaHHe pacceH.HHJI H8 06p83Il8X FeNi JlOJDKHO ormpancH "Ra ypaBHe

HIDI, yqHTLIBaroIJ:(He KOppeJIJlll,HH nOCJIe,a;oBareJIbHLIX aKTOB pacceJIHIDI Heih'poHa. 
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Pa60Ta BLlIIOJIHeHB. npH epHHaHCOBOH nOMeplKKe POCHHCKOrO <I>o~ <l>yH.na

MeHTaJIbHhIX HCCJIeJJ;OB8.HHii (npoeI<T 96-02-17771-a) H AKa,ueMINeCKOrO <f)OHAa 

«~eHTam.H8JI Jl,lJ;epH8Jl4lH3HI<a» (npoeKT 1.3.5.-01). 



12
 

• 

1000 

6 

100 

PRC. 1. ):(ByxxpHCTaJ]])1Wl MeTO)l;HKa npoBe,lJ;eHHH Om.rrOB no MaJIoyrJlOBoMy pacceH

HHIO HeihpoHOB: a) cxeMa .lUJyxKpUCTaJThHOro cneKTpoMeTPa Ha cOBepmeHBhlX KpH

CT8JI1IaX, rl1.e M - KpHCT8JIJI-MOHOXpoMaTOp. A - KpHCT8Jl1I - aHa.lIH3aTop. ll. - ,lJ;eTeK

TOp, 0 - 06p83eIJ;, Sa - yroJI fiP3ITa, ax - yrnoBoe OTKJIOHeIme 8.H8JIH33.TOpa OT no

JIO)l(eHIDI. nap8JlJleJI&Horo MOHoxpoMaTopy; 6) HHcTPYMeHTa.JThlWI KpHB81I AByxKpH

CT3JIf>HOrO cnezcrpoMerpa (TO"Ifi<H). H3MepeHHaH npH OTeyTCTBHH o6pa3I(a npH 'Ao= 
o 

1,75 A H ee annpoKCHMWJ;Wl no MHK JIOpeHIJ;eBOH $ymaJ;Heu. 

,. 
J 
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6 In(I), lo1Mn/Mlo1H 

5 

4 

3 

2 

1 

OL--1_---'-_....L.---''--..L._....I.....----'~__'__'''"_____'__ 

2,4 2,8 3,2 3,6 4,0 4,4 

c 

Puc. 2. ACHMII'fOTHIIecKU 38.BHCHMOCn. HHTeBCHBBOCTH I pacceRHll&IX HeiTpoHoB OT 

yrna a", nOBopon KpHCTaJIJIa-aH81DI3aTOpa. npe,lJ;CnmneHH3H B JIOrapH4>MWIecKoM
 

Macmn6e, 0 - nOK83aTeJIL CTeneHH:
 

1- o6p83eu nopollIK8. AI co cpeABHM p83MepOM rpaHyn 2R=9.5 MKM H TOJIIn;mIOH Z =
 
5,5 MM, 0 =3,02 (0,03)~
 

2 - o6pa3e1l BTCn KepaMHKH Z =1,69 MM, cpe~pa3Mep nop 3 MKM, 0 =3,04 

(0,03). 

CnrromHoii: JIHHHeil 0603HaQeH pe3YmmLT nO,D;rOBI<H no MHK. 
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3 4 5 6 

In(U )' yrn. ceK.x

PRC. 3. ACHMIlTOnN:eCK8Sl 311BHCHMOCTL mrreHCHBHOCTH I pacceHHHLIX HeiiTpoHoB OT 

yma. a", nOBOpOTa KpHCT8JlJI8.-8H3.JIH3aTOpa AID! 06pa3UOB cmnlBa F~-Ni, rrpe,lJ;cT8B

JIeHHaJI B JIOrapHq>MWlecKoM Macmra6e~ 0 - nOKa3aTelIL creneHH: 

1 - 06pa3eU TOJlIIJ;HHOH Z = 7,0 (O,I)MM, 0 = 2,93 (0~03); 

2 - o6p8.3eU TOJIID;HHOH Z = 2,0 (O,I)MM, 0 = 2,89 (0,03); 

3 - 06pa3eIJ; TO~OH Z = 1~0 (O,l)MM, 0 = 2,85 (0,03); 

4 - HHc'TpyMeHT8JlbHM: .lIHHIDI 

CWIOIDHOH n::mmeH o603HaQeH pe3Ym.TaT no,woHKH no MHK. 
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