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B paõorax /1, 2/ õsrrra paCCMOTpeHa aanaxa nOCTpOeHHH <PYHKIJ;HH' 
paspeureaaa B HeHTpOHHOH. nH<ppaKTOMeTpHH KpHCTaJIJIOB Bo06I.IJ;e H MH 
,l:(H<ppaKTOMeTpa no BpeMeHH nponera ,lUI-2, neHCTBYlOI.IJ;erO aa HMnYJIbCHOl'ví' 
pearcrope I1EP-2, B qaCTHOCTH. HaCTOHI.IJ;ee cooõuteaae HBJIHeTCH npononzce
HHeM 3THX pa60T, OHO COnepJKHT OnHCaRHe MeTonOB 06pa60TKH nH<ppaK
IJ;HOHHbIX cnercrpon 01' nonHKpHCTaJIJIHqeCKHX BeI.IJ;eCTB, B KOTOpbIX cymecr-: 
BeHHblM 06pa30M HCnOJIb3yeTcH 3HaRHel <PYHKIJ;HH paspetueaaa. 

.1lH<ppaKTOMeTp .1lH-2 1 3/ B OCHOBHOM rrpenaaaaauea WlH nponeneaaa 
'3KcnepHMeHTOB c .n;JIHHHOnepMonHbIMH MOHOKpHCTaJIJIaMH, H ero paspe
lllaIDI.IJ;aH cnoc06HOCTb, a TaK)Ke oc06eHHOCTH pacnpenenenaa HeHTpOHOB no 
MHHe aonnsr B nepaasaora rryxxe ae HBJIHlOTCH OnTHMaJIbHbIMH MH pa60TbI 
c nOJIHKpHCTaJIJIaMH. OnHaKO B HeKOTopbIX CJIyqaHX 60JIee CYI.IJ;eCTBeHHbIM 
Q:>aKTopOM CTaHOBHTCH BbICOKaH CBeTOCHJIa nHQ:>paKTOMeTpa, n03BOJIHlOI.IJ;aH 
H~MepHTb nopounconsre HeHTpoHorpaMMbI aa nOJIH MHHYTbI 141 . 

COBpeMeHHbIH rronxon K 06pa60TKe nHQ:>paKUHOHHbIX cnexrpon 01' 
nOJIHKpHCTaJIJIOB OCHOBaR na MeTOne PHTBeJIbna /51, nonysaaurewr aCKJUO
q1fTeJIbHO uiapoxoe pacnpocrpaaenae B HeHTpOHorpaQ:>HH16/ , XOTH ae rrore
pHJI caoero 3HaqeHHH H 60JIee crapsrã MeTon HHTerpaJIbHbIX HHTeHCHBHOCTeH . 
Xapaxrepasre OC06eHHOCTH aaurax BapHaRTOB 06pa60TKH CBH3aHbI c aasans
HOH crazraeã aaanaaa cnexrpoa, Tal<: 1<;aK na )];H-2 B OTJIHtrne 01' 60JIblllHH
CTBa nopouncoasrx ,u,HQ:>paKTOMeTpOB, na I<:OTOpbIX npHMeHHIOTCH CQ:>OKYCH
pOBaHHbIe HJIH cHa6)KeHHbIe "MHOrOmeJIeBbIMH KOJIJIHMaTOpaMH nerexropsr 
60JIblllOH nnomana, HCnOJIb3yeTcH n03HIJ;HQHHO-qYBCTBHTeJIbHaH nerexrop-
HaH CHCTeMa, H c yqeTOM KOHKpeTHbIX napasterpoa AHQ:>paKTOMeTpa. ' 

1. llPEOEPA30BAHl1E .llBYMErHOrO CllEKTPA
 
B O,IlHOMEPHhIA
 

Ha nHQ:>paKTOMeTpe .lJ.H-2 cnexrpsr no BpeMeHH nponera 01' nOJIHKpH
CTaJIJIHqeCKHX aentecrs H3MepHlOTcH onHOKoopnHHaTHhIM n03HIJ;HOHHO
qyBCTBHTeJIbHbIM nerexroposr, pacnOJIOmeHHbIM B ropH30HTaJIbHOH MOC
KOCTH. B 3TOM cnyxae HHTeHCHBHOCTb pacceaaaa ecrs Q:>YHKlUfH nsyx nepe
MeHHbIX: ~ To = To - TnoR /)" 2° 0 = 2° 0 - 20B, rne To H 200 - TeKYI.IJ;He 
3HaqeHHH nOJIHOro BpeMeHH nponera H yrna pacceaaaa, eB - yrOJI Bpsrra, 
H~ KOTOpbIH nacrpoeaa nerexropaaa CHCTeMa, aanpar-rep eMY COOTBeTCTBY
er cepenaaa nerexropa, T no - BpeMH nponera HeHTpOHOB c nJIHHOH BOJIHbI 

pacceaaasrx na yroJI,200 • BeJIHllHHbI CBH3aHbI c ,KPHCTaJIJIH-, ÀBO ' ÀBo H 2°0 
qeCKHM Me:>KIlJIOCKOCTHbIM paccroaaaesr d n Q:>OPMYJIOH Ep3rra-BYJILQ:>a: 

À BO = 2dBsin ° ,,nJIH Tr:~QpMyR~ M6mH\ nepenacars B nane- Tno= 
9tft.t:-Ebíi~iüü~~i ImcmyT 
1U1l~~!~I·~r.: f\ :~ellOBiU91 1 
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= 252,,778· L ..2 . d B • sint90 [MKC/M/Â], rne L- nOJlHOe nporrernoe pac
CToHHHe. B (11 nOk33aHO, qTO B 3THX nepesreaasrx H3MepHeMYlO anrencna
HOCTb' MO/KHO aarracars B BH,D;e , 

. ~T l
I(L~To.' ~2t9o) = G· <1>C\BO)' A(À B ) ' rd(~Q) . ~(~Q)'o"{HB-l\' ~+~Q), i 

o 'FBO (1) i 
rne C - HOPMHpYlO~aH KOHCTaHTa, q> ( À BO) - CneKTpaJIbHaH nnOTHOCTb i 
nOTOKa HeHTpoHoB na oõpasue, B3HTaH B TOqKe À B O , A{'\'BO) - 06hIlJHhIU " l
«PaKTOp nOFJlOrn;eHHH aeárponoa B 06pa3u;e,1{p - o,D;HOMepHaH <PYHKI.J;Ha 

paapémenaa, a - ceseaae pacceaaaa neürpoaoa. e,u;HHHqHhIM 06'beMOM ~ 
oõpasua, H B = 2 tt I d B - MO,D;YJlb aercropa 06paTHoH peurerxa KpHCTaJIJla. 

<1>YHKU;HH paspeurenaa onpenerraerca BhlpIDKeHHeM / 11 

L 2 TÚ ~À**
R (~Q) = -'- .r r dy dy ep(y ) . p (- To -\- }Q(L y ;>, 2 (2)p Qo 1 2 1 T 1\0 

rne ~ À=+* /,\ o = - 1/2 ctgt90( y 1 - Y2) - ~Q/ Qo' y 1 H Y2 - yrrrsr B rOpH30H.

TaJlbHOU IIJlOCKOCTH, ortpenenmourae OTKJIOHeHHe BOJlHOBOro- BeKTOpa 

HeUTpOHa 01' cpenaero aanpaarrenaa B nepBHlJHOM li- pacceannora nysrcax, 
L 2 - paccroaaae 01' oõpaaua ,D;O ,D;eTeKTOpa, Qo = 4 tt • (sin~ /Ào) , <PYHKI.J;HH 

cP H P T ~e,D;CTaBJlHlOT C060H IIJIOTHOCTH BepoHTHoCTH COOTBe.TCTBeHHO ,D;JlH 

yrnoaoro H apesseaaoro pacnpeneneaaá rrepaasnoro nysrca na oõpasue, 
o - paapemarouiaacrrocoõaocrs nerexropa no KOOp,D;HHaTe. 

Hcnonsaya CBH3b ~To H ~280 ' MOiKHO C nor-routsro CYMMHI?OBaHHH 

no rpyrmass 01' ,D;BYMepHou <PYHKU;HM I(~'lQ., ~2eo) nepeára K OJUIOMepHOu 

I(~ x o) , npaser-r napar-rerp cKaHHpoBaHHH ~xo MOiKeT 6hITb, BhI6paH B npa
MOM HJI~ 06paTHoM rípocrpaacraax, TO ecrs ~Xo = ~do =dQ -dB "JlH ~XO= 
= ~Q 0.'= Q.o- HB · STa npouenypa B03MoiKHa, eCJlH <PYHKU;HH paspemenaa 
cnaõo MeHHeTCH B HHTepBaJIe CYMMHpOBaHHH, TO ecrs <paKTHqeCKH ne 3aBH

001' 01' ~2eo' AHaJIOrHqHOe ycnoaae - npaKTHqeCKYID He3aBHCHMOCTb <Do H A 
01' MHHhl BOJlHhI B HHTepBaJIe CYMMHpOBaHHH - He06xo,D;HMO HMeTb B BH)];Y, 

eCJlH HOpMApOBKa na 4>0 H' yxer nOrJlO~eHHH ,D;eJlaIDTCH noene npeoõpaso
BaHHH I(~ To, ~2t90') B I (~Xo) . Ilpennorraraa, qTO YCJlOBHe BhIlIOJlHHeTCH 

(qTO cnpaaenrraao, no KpauHeu Mepe,. npn eB -+ 90°), aanaurera OKOHqa

TeJlbHO: 

T !1x +~x 
I(~x) ==C, <1>('\', A('\" _0 rd(!1xo)·Rp(~x(})a[HB·(l± ~ ],(3) 

~ ff Xo ' o 

L T ~À** (4) ,Rp(~X) ="~.rfdYldY2ep(Yl)PT (-To~À-) .D(l2Y2) ' 
o o 

rne ~À**/À = -1/2, ctgt9B ' (Yl - Y2) "+ ~X/Xo, npHqeM )J;JlH Xo = Qo crrenyer
 

nsrõpars BepXHHH 3HaK, a)];JIH Xo == do -- HH/KHHU.
 

... 

2. METOnbI OBPABOTKll 

3a,D;aqaMH, B03HHKaID~MH npa 06pa60TKe ,D;H<ppaKU;HOHHhIX cnercrpoa 
01' nOJlHKpHCTaJIJlOB, 06hlqHO HBJlHIDTCH onpeneneane napar-rerpoa 3J1eMeH

TapHOU HtIeUKH H YTo~eHHe CTpYKTYPHhIX xapaKTepHCTHK: KOOp,D;HHaT 

aTOMOB, «paKTOpOB 3aCeJleHHOCTH, TenJlOBhIX naparaerpoa. nIIH HX peiueaaa 
He06xo,D;HMO BOCnOJlb30BaTbCH npeneraaneaaera 06 "HAeaJIbHOM" nOJlHKpH

CTaJIJle. 

2.1. llHTeHcHBHoCTb B crrynae H)l;eaJIbHOrO nOJlHKpHCTaJIJla 

nJlH nOJlHKpHCTaJIJlHqeCI(OrO BeIIJ;eCTBa 6e3 rexcrypsr, c aeyurapeaasncra 
,D;H«ppaKU;HoHHhIMH JlHHHHMH H C npeneõpeacaraoü 3KCTHHKU;Heu cexenae 
pacceaaaa MOiKHO CqHTaTb o-06pa3HhIM H CBH3aHHhIM co CTPYKTYPHhIM 

<paKTOpOM KpHCTaJIJla FH coo'rnourenaesr 

2 
2 iH' IFHI 

a (t9) = 2rr' 2 2 . o(() - HB) , (5)
V ,Ho B 

rne i H - «paKTOp nOBTopHeMOCTH ,D;JIH naxa H BJ V c - 06'beM 3J1eMeHTapHoH 

HqeUKH. nO,D;CTaBJlSlH (5) B (3), nOJlyqHM JUlH d-ui xarna 

I(t1dO) = C, <1>O(dB)· A(d~. iH' IFHI 2
. d~' Rp(-~do), (6) 

rne B C BOrnJlH BHOBb nOHBHBillHecH BenH'lHHbI, ae 3aBHCR~e 01' d B• 
I(~do) npeACTaBJlHeT coõoã pacnpeneneaae HHTeHCHBHOCTH õpsrroa

CKorO pacceaaaa B oKpecTHOCTH TO'lKH d B ,D;H«ppaKU;HoHHoro cnexrpa, B 

KOTOpOU HaxO,D;HTCH O,D;HHOllHhlU nHK. nJlH OnHCaHHH peansao H3MepHeMoH 

HHTeHCHBHOCTH Heo6xo,D;HMO ysecrs B03MO)KHhIU axnan npyrax nHKOB 

H «pOH, TO ecrs B rosxe di 

2 4 ' 
I (di ) = C . <l>O(di) , A(di) ; j H' IF n \ d n • Rp ( d n - di ) + I' (d i ) , (7) 

rne <1>0 H A B~HThI .)],1IH Y,D;06CTBa" B di' CYMMa õeperca no BceM nHKaM, BHOCR

IIJ;HM axnan B I(di) , I' - <POHOBa.R IDITeHCHBHOCTb (Ma xparxocra aa
,D;eKC B Y d Bn orryutea) . 

HanoMHHM reneps, KaK H3 AH«ppaKIlHOHHoro cnexrpa c nOMoIIJ;b1O 

OnHCaHHH (7) H3BJleKaeTCH CTpYKTYPH8.H HH«popMamm, 3aKJllOqeHHaR: B 

BeJlHtlHH~ IF n I2 H d n• 

2.2. MeToA HHTerpaJIbHhIX HHTeHcHBHocTeH 

B 3TOM MeTO,D;~ npouecc 06pa60TKH pa3,D;eJlHeTCH Ha ,D;Ba srana: na nep

BOM orrpenenmorca nJlOI.I.J,a.AH nHKOB íHHTerpanbHhle mn:eHClmHOCTH), 

na BTOpOM - OHH nepeBO,D;HTCH B "3KcnepHMeHTaJIbHhIe" CTPYKTypHhle 

<paKTOphI F;a ' xoropsre CpaBHHBalOTCR no MHK c paCqeTHhIMH I F 1 
2

•n p 
ECJlH ,D;H«ppaKI.J;HOHHhle nHKH ae nepeKphIBaJOTCH COBceM, TO nepasrã sran 

3 2 



MO)KHO nponenars, ne 3HaH <PYHKIJ;HH paspemenaa, TaK KaK npn anrerpapo
BaHHH l( di) no di 3aBHCHMOCTb 01' R p acsesaer. 3a}J.aBaH KaKHM-nH60 
06pa30M <POPMY nHKOB (c nOMoIJibIO paCCqHTaHHOI1 <PYHKIJ;HH paspeureaaa 
HnH Ka:K axcnepasrearansao H3MepeHHYIO rHCTorpaMMY 17/) , MO)i(HO onpe
zrenars aarerpansasre HHTeHCHBHOCTH H }J.nH nepeKpblBaIO~I1XCH nHKOB, 
eCJ!H TOilhKO nepexpsrrae ne cmnnrcor-r BenHKO, TO ecrs ecna dB n+l ~ WIbd B n 
rzre Wn - umpaaa n-ro naxa, B 3TOM cnysae He06xo}J.HMO acnorrsaoaars 
MHK H na nepaor-r arane, nplflleM nOMHMO F ; onpenenmorca H TOqHble n
3HaqeHIDI nOnO:>KeHHI1 }J.H<ppaKIJ;HOHHbIX nHKOB, Henocpe}J.CTBeHHO CBH3aHHble 
c d • Ilporpaso-rsr }J.nH 3BM, pearrasyromae 31'01' MeTO}J., OnHCaHbI B pan 
60Te/ 8 / . 

C YBenHqeHHeM nepercpsrrnn nHKOB KOppenHIJ;HH Me)K}1,Y napar-rerpasra 

2 . 
(aMnnHTY}J.aMH H nOnO:>KeHHHMH OT}J.enhHbIX nHKOB) 6bICTpO HapaCTaIOT, qTO
npHBO}J.HT K 60nblllHM rrorpeumocrnwr B 3HatIeHHHX • KaK cne}J.CTBHe,Fn 9 

MeTo}J. aarerpansasrx HHTeHCHlmOCTel1 rO}J.HTcH ronsxo npn MarrOM tIHCne 
YTOqHHeMbIX naparaerpoa HnH }J.nH· 06pa60TKH cnercrpoa, H3MepeHHbIX c 
oxens XOpOlllHM paapeurenaesr, 

2.3. MeTo}J.PHTBenh}J.a 
B paõorax PHTBenh}J.a 19. 101 6bInO npenrrozceao "CnOnb30BaTh }J.nH 

YTOqHeHHH CTPYKTypHbIX xapaKTepHCTHK xpacranna Henocpe}J.CTBeHHO 
<p0pMyny (7), COOTBeTCTBYIOlIJ;HM 06pa30M napaMeTpH30BaHHYIO, TO ecrs 
MIDiHMH3HpOBaTh <PYHKIJ;HOHan 

2
X 2 = L «i. [l(d.) - J (d. )] , (8)

i 1 1 1 

rne I H J - H3MepeHHaH H paCCqHTaHHaH no (7) HHTeHCHBHOCTH B KaHaJIe 
di' úJi - aec i -11 TOqKH. Ecrra B axcneparaenransnsre 3HatIeHHH IDiTeHCHBHO
CTH ne BHOCHTCH HHKaKHe nonpaaxa (HOpMHpoBKa, BbltIHTaHHe <pOHa H T.}J..) , 
TO nrra I i cnpaaennaso pacnpeneneane Ilyaccona H úJi = 1/ li . HOPMHPYIO
~Hí'1 napaxrerp C HBnHeTCH 06UUiM }J.nR acero cnexrpa. Bce xapaKTepHCTHKH 
aTOMOB xpacranna BXO}J.HT B F n' rcoropsre B H30TpOffiIOM no TennoBbIM 
Kone6aHIDIM npH6nH:>KeHHH paCCqHTbIBalOTcH 06blqHbIM 06pa30M: 

. 2 
F = r rjb j exp[21Ti(hX j + kYj + ez j ) ] ex.p (- l / 8 Bj / d n), (9)n 

rrte n -11 nHK onpenenaerca TpOI1KOI1 HH}J.eKcoB· Mannepa (h, k ,n ~ cYMMa 
õeperca no acer-r He3aBHCHMbIM aTOMaM HqeI1KH, r j - <paKTop~ onpenenrno
mHl1: rcomrsecrao aTOMOB copra j B Hqel1Ke (OH »ce npa He06xo}J.HMOCTH 
yuarsraaer sanonnenae rcpacranrrorpadmsecrcoã n03HIJ;HH j -M aTOMOM), . 
b j - KOrepeHTHaH aMnnHTY}J.a pacceaaaa, (x , Y, Z , B) j - KOOp}J.HHaTbI 
H TennOBOI1 napar-rerp j -ro aTOMa. TIonO)KeHHH }J.H<ppaKI~HOHHbIX nHKOB 
onpe}J.enHIOTCH COOTHOllleHHeM 

d n = D . L t . sin ( ()B + ()' )/ H n + d ", (10) 

4 

;.. 

rne D - H3BeCTHaH ~OHCTaHTa, arcrnouaromaa K03<P<PHIJ;HeHT nepeaorra cnercr
pa "3 BpeMeHHOI1 nncansr B d-uncarry, L t - nonnoe nporreraoe paccroaaae 
01' HCTOqHHKa }J.O zrerexropa, O' li d " - cB060}J.HbIe napaxrerpsr, yqHThIBalO
urae B03MO:IKHhle C}J.BHrH ayna B OTCtIeTe yrna Bparr'a H d-uncansr. 

Ilapaxrerpsr 3neMeHTapH0l1 Hqel1KH KpHCTaJIna BXO,D;HT B H , xoropsre
n 

06bItIHO 3anHCbIBaIDTCH tIepe3 ai - H yi-napaMeTpbI 06paTH0l1 penrerrcn. TaKHM 
06pa30M, CB060}J.HbIMH BenHqHHaMH, onpenenmonuoaa nOnO)KeHIDI }J.H<ppaK
IJ;HOHHbIX nHKOB, MorYT 6bITh L t, ()' M d " IDIH a~ , y~ H d " B 3aBHCHMOCTH 
01' aaztasa: npOBO}J.HTCH YTOtIHeHHe 3KcnepHMeHTaJIhHbIX ycnOBHI1 c n~CTO
BbIM KpHCTannOM HnH YTOtIHHIOTCH napar-rerpsr 3neMeHTapHOH HqeHKH. 

Ilocrrenaeá rpynnoã napavrerpoa, BXO}J.HmHX B (7), RBnHIOTCH napasser
psr B BbIpa:>KeHHH }J.nH <poHa. Bo MHorHX cnyxaax }J.JIH ysera <poHa }J.OCTaTOq
HO pa3}J.eJIHTh }J.H<ppaKIJ;HOHHbIH cnexrp na pH,D; yqaCTKOB H annpOKCHMl1
poaars <POH nHHeHHOI1 HnH KBa}J.panNHOI1 <PYHKIJ;HeH. I1Hor}J.a He06xo}J.HMO 
yxarsraara, xro I' (d.) cO}J.epJKHT cnaraesroe, npOnOpIJ;HOHaJIhHOe <1:J (d. ) 

1 o 1 

3. YQET 3<I><I>EKTI1BHOro. CIlEKTPA HEflTPOHOB
 
li <1>AKTOPA nOrnOIl{EHI1H
 

3cP<peKTHBHbrn: cnercrp HeHTpOHOB, TO ecrs cnexrpansnaa IDIOTHOCTh 
nOTOKa HeHTpOHOB 113 HCTOqHHKa··c yseror-r 3aBHCHlIJ;HX 01' À nonpasox na 
norrronreaae HeHTpOHOB na nporrerasrx õasax H 3<p<peKTHBHOCTH zrerexropa, 
06bltIHO onpenenaerca c nOMOlIJ;blO crannapraoro nexor-epearaoro paccenaa
'rerra , nanpasrep BaHa}J.HH. ,IJ;nH ,IJ;H-2, KOTOpbII1 paõoraer B OqeHb lllHPOI(OM 
}J.HaIla30He nnaa nona, õsm nparaeaea KOM6HHHPOBaHHbII1 MeTO}J. I 11/. 

Ha pa3HhIX no À ysacrrcax cnexrp H3MepHnCH no pacceaamo na BaH~HH, 

no }J.H<ppaKIJ;HH aa TeCTOBOM norraxpacranrre Fe(CN) 6 K 3H no OTpa:>KeHmO 
HeHTpOHOB 01' Ni -sepxana. B 06naCd'H p;nHH norra }J.O 5 ,'fi.. !.OtffiOCTh OnHCaHHH 
cnercrpa COCTaBHna - 2%, K À= 10 A norpeuraocra B03pocnH}J.0 4%. 

<1>aKTop nornomeaaa 

A = l/V [exp(-qt)dv, 

rne t - nyrs Hel1TpOHOB B 06'beMe 06pa3IJ;a, HBnHeTCH <PYHKIJ;HeH napar-rerpa 
q . ,IJ;nH aaaõorree pacnpocrpaaeaaoã IJ;HnHH}J.pHqeCKOH <pOpMbI 06pa3IJ;a 
(6e3 .xoareãaepa) q = f1 • R . p ' / p, r-zre Il (À) - nIDiel1Hhrn K03<P<PHUMeHT 
nOrJlOmeHHH, R - panayc IJ;HnHH}J.pa, p ' H P - peansaaa nnOTHOCTh 06pa3IJ;a 
H nnOTHOCTh ero MOHOKpHCTannHqeCKOrO COCTOHHHH. JlHHe:HHhrn K03<P<PH
IJ,HeHT nOrJIOlIJ;eHMH Y}J.06HO paCCtIHThIBaTh no <p0pMyne Il = L n. o , , rne 

. 1 1 

n i = Ki Z/VC' K i - llliCnO aTOMOB copra i B'<popMynhHOI1 e}J.HHHde COe,lJ.HHe
HHH, Z - tIHCnO <p0pMynbHhIX enanan B 3JIeMeHTapH0l1 Hliel1Ke, V c - ee 

06õeM, ai = ai in c + ai abs ,(ainc ,a ab's) i - ceseaaa HeKorepeH~Horo 
paCceHHHH H nOrJIOmeHIDI }J.JIH i -r-o aTOMa. B npaauane, a }J.on:>KHO BKnlO
uars CeqeHHH KOrepeHTHOrO a coh H neynpyroro ain pacceaaaa. O}J.HaKO 

5 



HX Y1.IeT B03MO)KeH TOnhKO MeTO,lJ,OM nocrrenoearerrsnsrx npH6nH)KeHm1 
2(TaK KaK, nanpar-tep, U coh ~ 2, IF n 1 H sapaaee HeH3BeCTHO) H 06hItlHO 

ae npOBO,lJ,HTCH. llnH 90nhIIIHHCTBa aziep Uinc H U'abs,113BeCTHhI H CO,lJ,ep)KaT

CH B Ta6nHI.iax / 12/. OC06hIM CnY1.IaeM HBnHeTCH BO,lJ,OpO,lJ,. llnH nero ui n c 
MO)KeT MeHHThCH OT 20 6 ,lJ,0 80 6 B 3aBHCHMOCTH oi 3HeprHH HeihpoHa 11 

CHnhI CBH3H aTOMa BO,lJ,OpO,lJ,a B CTpYKType. 3MnHpH1.IeCKOe coornoureaae /13/ 

o . = ( 23 ±12 • À[Â]) 6 cnpaaennaao nna MHorl1X BeI.I.J;eCTB B znranaaoae 
O~~c~ Às:. 3,0 Â. 06hI1.IHO rpaxrop nOrnOI.I.J;eHHH paCC1.IHThIBaeTcH aapaaee l
H B npouecce MHHI1MH3al.J;HI1 ae YT01.lHHeTCH, ecna TOnhKO ne npOHCXO,lJ,HT 

CYll.J;eCTBeHHOrO H3MeHeHHH Ben111.1HH r j . j: 
KOppeKTHOCTh Y1.IeTa 3<p<peKTHBHoro cnercrpa H <paKTopa, norrromenan 

cnaõo CKa3hIBaeTCH na 3Ha1.leHHHX KOOp,lJ,I1HaT aTOMOB, HO oseas CIDIhHO 

xopperrapyer c BenHl.lHHaMH TennOBhIX napar-rerpoa. 

4. <l>OPMA 11I1<1>PAKUl10HHOrO lll1KA 

,1 

OHa orrpenerraerca caeprrcoü (3) H nrra ô-06pa3Horo Ce1.leHHH paccea
HHH nOBTopHeT <pOpMy <PYHKl.J;HH paspeuieaaa. nnH pacsera Rp(d) no (4) 
He06xo,lJ,I1MO 3HaTh pacnpenenenaa 4>, PT H D. Ilonpoõaoe OnHCaHHe npo
l.J;e,lJ,yphI H3MepeHHH 3THX pacnpeneneaaá .li pacxera Rp ,lJ,aHO B / 2/. llJIR 

IDInlOCTpal.J;1111 na pHC. 1 npaaeneaa <PYHKl.J;HH paapeiuenaa llH-2 nna <pHK I 
0

CHpOBaHHoro 8 B == 30 H pa3HhIX d B . OHa ne 04eHh CHnhHO OTnH1.IaeTCH OT ~t 

raYCCHaHa, 1.ITO CBH3aHO c n04TH raYCCOBOH <pOpMOH H CpaBHHTenhHO õorrs
IllOH IllHpHHOH HMnYJIbCa MOI.I.J;HOCTH peaxropa I1EP-2. OTnHl.lIDI peaJIhHOH 

<POPMbI rnnca OT rayccaana napacraror c pOCTOM yrna pacceanaa H ,lJ,JIHHeI 

aornn.r H npn 28 2 150 
0 

H À::2: 4 A 
Rr<t>aKTop no nporparno mnca CTa

HOBHTCH > 0,05, ecrm npn 06pa60TKe
R 

ncrrorn.aoaaaa raYCCOBa rpopr-ra. 06

pa60TKa 0,lJ,HH01.lHhIX nHKOB c <PYHK

l.J;HeH paapeiuenaa naer R-4>aKTop no 

16 

14 
nporparno ne xyzce 0,025, no KpaHHeH 

12 Mepe B naanaaoae 1,2 -:-8 A. 
10 

8 

6 ~l 
PUC. 1. (/>yHK14UR paspeuieuus .DH-2 8 ,iJ
uucane ~d = d- d (d - uentp TJlJICeCTU2
 

nutca] npu 8 B= 30 o, L 2 = 125 CM,
 

T== 64, MKC, n ~ = 32 U pa31lWIHblX do:
0.10 o 0.18 
lldlA) 1 - lA, 2 - 3 A, 3 - 61, 4 - 9 A.

0.18 0.10 . 0.02 00.02 

5. CTPYKTYPA llPOFPAMM OEPAEOTKI1 

KOMnneKC nna 06pa60TKH ,lJ,H<ppaKl.J;HOHHhIX cnexrpoa no MeTO,lJ,Y 

Paraerrsna (H3hIK <l>opTpaH-IV, 3BM PDP-l1/70) COCTOHT H3 HeCKonhKHX 

nporpaMM, CBH3h Me)K,lJ,Y KOTOphIMH oCYll.J;eCTBnHeTcH xepea <paHnhI ,lJ,aHHhIX. 

Ha nperraaparensaovr srane (,lJ,0 MHHHMH3aI.J;HH) 06P8.3YlOTCH <paHnhI, cçnep
)KaI.I.J;He CTpYKTypHhIe naaasre, B TOM 1.IHCne aasansnsre anaseaaa KOOp,lJ,HHaT 

H TennOBhIX napar-terpoa aTOMOB, KpHCTaJInOrpa<pH1.IeCKHe naaasre (aaõop 
Me)KnnOCKOCTHhIX paccroamrá c HH,lJ,eKcaMH Mannepa 11 j n )', acnor-rorarens
HYIO 3Kcnep11MeHTaJIhHYlO HH<popMal.J;HIO H ,lJ,H<ppaKl.J;HOHHhIH cnexrp, B Ha60p 

d BKnlO1.IalOTCH rom.xo paspenreaasre nrra 3a,lJ,aHHOH npocrpàacraenaoãn 
rpyrmsr perpnerccsr. Cnel.J;HaJIhHaR rrpcrpar-u-ta oõpaayer 113 3THX ,lJ,aHHhIX 

BXO,lJ,HOH <paHn nrra rrporpasoasr MHHHMI13aI.J;HH, B HeH xce paCC1.IHThIBalOTCH 

rparcrop nOrnOI.I.J;eHHH H rpaaausr Y1.IaCTKOB, CO,lJ,ep)Kall.J;HX ,lJ,H<ppa~l.J;HOHHhle 

rrmca. <l>YHKI.J;HH p8.3peIlleHIDI paCC1.IHThIBaeTCH sapaaee npn 3a,lJ,aHHhIX axcne
pHMeHTaJIhHhIX ycnoaaax nrra K~,lJ,OrO d H xpaHHTCH B Cnel.J;HaJIhHOM <paHnen 
B BH,lJ,e K03<P<PHl.J;HeHTOB Ky6H1.IeCKHX CnnaHHOB. Ilpn pacxerax no MHK 

ee <popMa C1.IHTaeTCH HeH3MeHHOH, TaK KaK YT01.lHeHHe napasrerpoa pemerxa 
KpHCTaJIna npHBO,lJ,HT rorn.xo K MaJIhIM C,lJ,BHraM l.J;eHTpOB Tfl)KeCTH" nHKOB. 

llnH MHHHMH3al.J;HH <PYHKl.J;HOHana npHMeHHeTCH CTaH,lJ,apTHaR nonnporpasoaa 
FUMILI/ 14/ . BhIXO,lJ,HOH <paHn CO,lJ,ep)KI1T YT01.lHeHHhle 3Ha1.leHIDI napavrer
POB, HX OIIIH6KH H <paKTOphI KOppenHl.J;HH, 3KcnepHMeHTaJIhHhIH H BhltlHCneH

HhIH cnercrpsr, craanaprasre xapaKTepHCTHKH Ka1.leCTBa 06pa60TKH x 2 H 
n 

paananasre R-q>aKTophI:
 

R 1 == 2, 11 i - .Ii I /2, 1 i - rpaxrop nrra acero nporpana,
 
R 2 == 2, 11 i - J i lÁ 11 i - I i I - rpaxrop ztna nporpana c BhI1.ITeHHhIM <POHOM, 

R 3 = [2,W i (li -J i )2/ ~Wi I~Ih- BeCOBOH <paKTOp. 

I1CXO,lJ,HhIH cnercrp MO)KeT 6hITh pasnerréa na Y1.IaCTKH (,lJ,0 5) c nesa
BHCHMOH nonromcoã <poHa na Ka)K,lJ,OM Y1.IaCTKe. B npocreâuresr aapaaare 

nporpaMMhI MaKCHMaJIbHaR nrmna oõpaõarsraaesroro cnexrpa - 300 T01.leK, 

OH MO)KeT cortepacars ,lJ,0 50 ,lJ,H<ppaKl.J;,HOHHhIX nHKOB, O,lJ,HOBpeMeHHO MorYT 

YT01.lHHThCH,lJ,0 50 naparaerpoa. 

6. llPI1MEPhI AHAJIl13A
 

1111<I>PAKUl10HHhIX CllEKTPOB
 

TecTOBbIH 3KCnepl1MeHT 6hIn npoaenen aa CTaH,lJ,apTHOM 06p8.3l.J;e AI 203 

(xepavnnca B BH,lJ,e l.J;HnI1H,lJ,pa BhICOTOH 20 MM H ,lJ,HaMeTpoM 6 MM, =V06p 
== 0,57 CM 3), npl1MeHHeMOM nrra CpaBHeHIDI HeHTpOHHhIX ,lJ,H<ppaKTOMeT

pOB ~ 15/. Cnexrpsr H3MepRnHCh O,lJ,HOKOOp,lJ,IDIaTHhIM n03Hl.J;HOHHO-1.IYBCTBH

TenhHhlM ,lJ,eTeKTOpOM, YCTaHOBneHHhIM na paccroaaaa 1 M OT oõpaaua, 

Illapaaa .n03Hl.J;HOHHOH rpyrmsr COCTaBnRna 0,62 CM, norraoe 1.IHCnO rpynn 

32. BpeMH H3MepeHIDI cnercrpon na O,lJ,HOM yrne pacceaaaa pasnanocs 
1 sacy. OTHocHTenhHaR urapana nHICa (210) (poM603,lJ,pH1.IeCKHe HH,lJ,eKchI) 

COCTaBHna npa 28 == 150 o ~d/d B == 0,015, OTHOIlleHHe rmKoBoH HHTeHCHBHO
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... 

11
d
.1 
'ICTH K e:pOHY In!! cp = 115. ,Uml CpaBHeHIDI YKa:>KeM; qTO ananor-axasre BeJIH , 1110 3 

qMHhI nna nopouuconoro AH<ppaKToMeTpa BhICOKoro paspeurenaa (HRPD) ,I 
B ANL (CIIIA) TaKOBhI /16/: t "'3M= 197 qaCOB na oôpaaue C 06'heMOM ;1
4,58 CM 3 ( - 24 xaca nOCJIe YBeJIHqeHHH HHTeHCHBHOCTH rryaxa) , In/Iqr= 157, 10 

&d/dB:::: 0,0027, TO ecrt, ,llH-2 npnxrepao B 200 paa CBeTOCHJIbHeeHRPD 

N 
N 
N 

o 
N 

o 
N 
N 

Al 203 

2 e =120
0 

N 
C'"l 

240 260 280 300 360 380 NO 

Puc. 2. Yuacrotc ouifjpaK14UOHHOé!O cnetctpa OT AI :P3' TOIIKU - stccnepuueurans
uue suauenus, 2IWOKaJl KpUBaJl - paCCIIUTaHHblU cneKT[J,.BHU3Y no «asana pasuocr
nas KPUBaJl, ueproutcu c uuàetccauu Munnepa - paCCIIUTaHHble nOflOJICeHWl nUKOB. 

H B 6 pas ycrynaer eMY no paspemaronmã cnoco6HOCTH. TIocJIe. nepexona
pOBaHIDI CneI<:TpOB B d-IlIKaJIY H o6pa6oTI~H no r-rerony Paraerrsna norryse
HbI peayrn.rarsr, xoropsre AnH .rpex yrrroa pacceaaas npaaezrensr B Ta6Jl. 1. 

Ta6J1UlIa 1 
Kpucrannoepaçàuueeieue U CrpY1<TypHble napauerpm A1 

203 
u Xapa1<TepUCTU1<U o6pa6oT1<U Cne1<Tp08 

150° 120° 120° 85° 

° ao (A) 
ao (0) 
D(Al) 
U(O) 

d min (~) 
dmax (A) 
M 

5,134 (7) 
55,27 (1) 

0,3529 (3) 
0,5530 (4) 
1,1 
3,5 

25 

5,134 (9) 
55,27 (1) 

0,3538 (6) 
0,5544'(7) 
1,2 
3,5 

17 

5,134 (9) 
55,27 (1) 

0,3524 (1) 
0,5541 (2) 
1,1 
3,5 

25 

-
-
0,~51 (1) 
0,553 (1) 
1,5 
3,5 

11 
R1(~) 
R 2(%) 
Rs(%) 
R g (%) 

X 2 
n 

5,7 
7,1 
7,6 
5,1 
1,49 

5,8 
7,1 
7,5 
4,2 
1,79 

4,1 
4,9 
5,7 
2,2 
2,62 

5,9 
7,4 
7,7 
4,6 
1,67 

HRPD 

5,1340(1) 
55,270 (1) 

0,35222 (5) 
0,55642 (5) 
0,50 
2,17 

240 
2,7 
4,0 
3,9

3,78 

TaM )Ke .n;JlH cpaBHeHHH rrpnaenensr BeJIHqHHhI, norryuenmae HaHRPD. Ilapa
MeTphI pemerrcn H xoopnanarsr aTOMOB AI H O nansr nna pOM603.n;pHqeCKOH 

YCTaHOBKH rpynnsr R3c. Kpovre R-ePaKTopOB, onpeneneansrx paaee, npase
nea eme "craracrasecrcaã" R sepaKTop: 

1/2
R s =	 (N /2 li ) , 

N- qHCJlO TOtIeK B CYMMe, BhlpIDKeHHe ,nnH xoroporo nOJIyqaeTCH H3 R 3' ecrra 

nOJIOJKHTh (lI' .- J1· ) 2 = a~ = li co . , U; = ,/1, • BeJIHtIHHa R -epalcTopa orrpe-
I 1 1 1	 S 

,n;eJlHeTCH Ha6paHHOH CTaTHCTHI<:oi1, rrpn H.n;eaJIbHOM cOOTBeTCTBHH pacuer-
HOH	 MOp;eJlI1 H axcnepasreara BenIDIHHhI Rs 11 R .n;OJIiKHhI 6bITb 6nH3KH.s 
.uJlH yrna 120° B raõn. 1 npaaenema naaasre nna ,L'!;BYX He3aBHCHMhIX H3Me

PCHHH,.J3 O.n;HOM H3 KOTOphIX aaõpaaa B - 2 pasa nymuaa CTaTHCTHKa (R. s = 

= 0,022). He6oJIbIllOH Yl.laCTOK crrexrpa, H3MepeHHoro npa 3TO~ yrne, no
Ka3aH na pHC. 2. . 

113 'raõrr. 1 BH.n;HO, tITO aecwrorpa aa cpaBHHTeJIbHO Manoe qHCnO ,ll;HcPpaK

QHOlj.HhIX nHKOB M, BKJUOtIeHHhIX B o6pa6oTKY, CTPYKTypHble napasrerpsr 

8 

.1 
11 8 
" 

6J	 N ..... O 
M,or- .

~	 C'"lNIN 
I II 

.1 4 

~ 
1 
; 

2 

I 
I,I 
I 

U(Al) H U(O) onpenenarorca 

B a6COJIIOTHhIX e,lJ,HHHIJ;ax). 

BeHHO xyace, HX BeJIHqHHa 

c y,lJ,OBJIeTBOpHTeJIbHOH TOtIHOCTblO (~0,01 Â 
CHTYaIJ;H.H c TennOBhIMH napaxrerparaa cyniecr

CHJIbHO rcopperrapyer c BenHqHHOH HHTepBaJIa 

d mi n -;.. d max ' H npa TaKOM lIHCJIe nHKOB KoppeKTHO OHH ne onpenenmorca. 

Ente O,lJ,Ha nponeprca MeTO,lJ,HKH npoaenena na MO,lJ,eJIbHOM cerHeT03JIeKTpH

rce (DKDP). TIpH KOMHaTHOH rer-meparype KpHCTaJIn DKDP naxoKD 2PO 4 

,lJ,HTCH B napa3JIeKTpWIeCI~OH rpase H aTOMhI ,lJ,eHTepHH. paaynopanoueasr 
c BepoHTHoCTblO 0,5 no ,lJ,BYM MHHHMYM~M ,lJ,BYX'hHMHOrO nOTeHIJ;HaJIa c 

KOOp,lJ,HHaTaMH: (0,150 0,220 0,120) H (0,150 0,280 0,130) (B np, 
rp. I42d )/17/' , TÓ ecrs KOOp,lJ,HHaThI Y H Z ,lJ,eHTepHH cvreuieasr OTHOCHTenb

HO tIaCTHhIX nOJIO:>KeHHH 1/4 H 1/8 na 0,030 H 0,005 COOTBeTCTBeHHO. IfHTe

peCHO 6hmo BhIHCHHTb, c KaKoH TOtIHOCTblO no OrpaHHtIeHHhIM ,lJ,aHHhIM 

OT nOJIHKpHCTaJIJIa MO)KHO onpezrenars 3TH·nonO)KeHHH. 

I ,llH<ppaKIJ;HOHHhIH cnexrp OT nOJIHKpHCTaJInHtIeCKOrO K D õ H l-lfO4 c 

ô =0,9 (oõpasen B BH,lJ,e IJ;ID~HH,lJ,pa ,lJ,nHHOH 13 MM, naasrerpor-r 10 MMl{.I 
6hIJI H3MepeH sa 5 MHH (cTaTHcTHKa o Ka3aJIaCb ,lJ,OCTaTOQHoH) npn 28B = 140 . 

I,	 AHanH3 cnercrpa npoaenea B HHTepBaJIe 1,35 -;.. 4,0 Â (29 nHKoB) , aapsnpo
BaJIHCb xoopnmrarr.r ,lJ,eHTepHH (x , Y, z) H ero npOIJ;eHTHOe CO,lJ,ep)KaHHe. 

Pesyrn.rart.r 06pa60TKH npencraanensr B Ta6n ..2 H na pHC. 3. 
":'1' Aficornornsre 3HaqeHHH KOOp,lJ,HHaT ,lJ,eHTepHH c TOtIHOCTblO 0,02 Â COBnaj 

,lJ,aIOT c JIHTepaTypHhIMI1 ,lJ,aHHhIMH, KatIeCTBO o6pa60TKH cnexrpa ,lJ,OCTaTOtIHO: i 
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Taõnuua 2 
Pesyruaaru o6pa6oT1<U cnetctpa OT KD 2P04" (x y z ) - 1<OOpÕU

1WTbl OÕU020 us MUUUMYM06 noreuuuana ÕIlJl õeúrepun, 
o- coõepscanue àeürepun 6 oõpasue 

x 0,1477 (3) R 1 3,3 

y 0,.22~ (1) R 2 11,1 

z 0,121 (1) R S 6,1 

o 0,904 (7) R 1,5s 

340 NO280 

: 

260240no 

KD 2 PO" 

28 :=140
0 

200180140 160 

Puc. 3. Yuacrox õutfipaK14Uo.1UW20 cnextpa OT KD 2PC\.0 603ltalJellUJi Te JKe, IITO 
U ua puc. 2. 

xopouree, HecKOJIhKO saasnneaaoe aaaseaae R ~aKTopa CBH3aHO c 6oJIb
qUIM ypoaaesi rporra B 06nacTH ManblX d. Ha pHC. 4 npencraanen paapes 

<PYHKUHoHana X 2 anons KOOp,lJ,HHaTbI Y ,lJ,eiITepHH npa <pHKCHpoBaHHblX 

x = 0,14..8 li Z = 0,125. OTQeTnHBO asrpaacema MHHIIMYMbl npa Y = 0,220 
H 0,280, l.ITO COOTBe'FCTBYeT xoopnaaarase MHHHMYMOB noreanaana, MaK

CHMYM Me)K,lJ,Y HHMH XOTH H ae osens 60nbUlOH (X 2(0,250) / x2<0,220) == 
== 1,19), HO oôecnesaaaer XOPOUlYlO CXO,lJ,HMOCTh aanaxa H ManylO OUlH6KY 

pe3Y.1!.!'TaTa. 

10 

I:
 
1 
! 

.~ 

• 

:F
1.. 

'I; 

l~
 
\1 

Puc. 4. Paspes X 2 (y) (B eàuuuuax 1O~ npu x = 
x 2

4 

== 0,148 u z =0;125. 3HalJ~HWl MUHU.MYM06 cooteet
CT8YWT «oopõunatau õeürepus. I1pu z = {),125 
X 2 CUMMeTpUlJltO OTltOCUTellbHO y =0,250. 

B 3aKJIlOqeHHe MO)I(HO OTMeTlITb, lITO 

orrpeneneaae cPYHKUHH paspeureana )].HcPpaK

TOMeTpa HBnHeTCH ,lJ,OBOJIbHO TPy)].oeMKoH 

aanaxeá, HO ·B03MO)l(HOCTH, nOHBnHIOI.I.J;HeCH 3
 
B pesyusrare, HHTepeCHbI H paanooõpaansr.
 
KpOMe npavrepon, npaaeneansrx B HaCTOHI.I.J;~H KD2 P04.
 
paõore, K HHM ornOCHTCH H onpenenenne 2
 

x- 0,'48CeQeHHH pacceaana KpHCTaJIna KaK cPYHK


UHH nepenaaaor'o HMnyn.pca npn. )].eKOH z.O,125
 
BonlOUIUi O)].HO- li )].BYMepHbIX )].H<ppaKUH-'
 

OHHhIX cnercrpon /1/ .
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MeX3HHKH. ,lly5ua,1984./2 TOMa/ 7 p.75 K • 

.ll11-85-791. 

.ll13-85-793 
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.ll9-87-105 Tpynu X Bcecom3ooro cone~auuu no ycKOPH
TenHM 3ap-.eunNX qacTun. ,lly5ua, 1986. 
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.ll7-87-68 Tpynu MeKLtYnaponuoA mxo~-ceMBnapa 
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Banarypoa A.M. H ,o;p. Pl4-87-744 
Onpe,o;enelme H aHaJIH3 crpykrypHhix <PaKTo poa 
no.Ji:HKpHCTaJinOB Ha HeiiTpoHHOM ,D;H$paKTOMeTpe ,[(H-2 

fiplffie,o;eHO onHCaHHe MeTO,D;HKH o6pa6oTKH .D:Ii$l)a~HOHHbiX 
crteictpOB ot nonHKpHciannuqec:KHx ae~ecrn, H3MepaeMbiX aa aeiiT
polmoM .!ili$paKToMerpe no apeMeHH npaJieTa ,[(H-2. Me'to,D;HKa 
Bi<JIIOIIaet Iipeo6pa30BaHHe ,D;ByMepHbiX cneKTpOB B O.D:HOMepHbie H 
npuMellemie MeTo,o;a Puraen&.n:a .n:na onpe,o;eneHHR: c'tpyKTypHbiX 
napaM:etpoB. , ,[(nR: OnHCaHml $opM:b1 ,D;H4>pakmfOHHOfO nHKa HC
nonb36BaHa $yH~R: pa3pewellHR: ,[(H-2, nocrpoellllliR: a WHpoKOM 
.n;Haml3oHe Me)l(JIJiocKoCTiit:.ix paccroR:HHii H yrnoa paccemiHR:. ,[(alibi 
npHM~phl o6pa6oTKH crteKtpOB OT MO.D:eJIBHbiX kpHCTarinoB Al20g H 
KD2P~4. 

Pa6oTa BbmonHeH:a B na6opaTopHH HeihpoHttoii <I>H3HKH OHHH . 

Coo6uiahte 061.emmetbloro HilC'THT'Y"l'il R.tleptlliiX HcCJtuoaauudt .zlyaHa i987 

fiepeao.n: O.C.BHHbrpa.n:oaoii 

Baiagurov A.M. et al. P14-87-744 
Deietminat~on and Analysis of Polycrystal Shitcture 
.Factors on DN-2 Neutron Diffractometer 

The procedure of hahdlliig the diffraction spectra of poiycrys
tal sUbstances being meaSUred with a neutron diffractometer by a 
time-of-flight method is presented. The given procedure contains 
the ti'aiisformation of two-dimension spectra into one-dimension ones 
and the application of the Retveld method to the structure parameters. 
deterniirtatiori. To describe the diffraction peak the DN -2 resolution 
function constructed in a Wide range of interplane distances and scat
tering angles is used. The examples of handling the ~03 and KD2P04 
model crystals are given. 

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