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EanarypoB A.M., Eopxa E., llnoyra M., 

MnpoHOBS r.M. 

YTO'IH9HHe CTpyKTypbl naHTSH-M8r'HH9BOr'O HHTpaTa 

P14 - 10383 

YTO'IHeHhl nonO)I(9HH.II aTOMOB AeiiTepH.II B CTpyKType La2Mg:lN03) 12 .24(\0. 
lln.11 yTo'!HeHH.II ncnonbaosanHCb 164 oTpa*eHHH oT MOHOKpHcTanna LMN, 
H3MepeHHh19 C fiOMOIUbiO Hei!TpOHHOr'O AH!flpaKTOMeTpa no BpeM9HH nponeTa 

Ha HMnynbCHOM HCTO'IHHK9 HeiiTpOHOB 11EP-3Q, nonO)I(9HHSI STOMOB AeiiTepHH 

cpaBHHBSIOTCSI C nonO)I(aHH.IIMH COOTBeTCTBYIOIUHX STOMOB BOAOPOAS, onpettenea

HhiMH paHee peHTreaorpaif!nqecxn. 

Pa6oTa BbmonaeHa B na6opaTOpHH HeiiTpOHHOH lf!H3HKH 011.RI1. 

~ 

flpenpBHT 06 ... euHeHHOro BHCTBTYT& •.llepHWX BCCJJeJlOB&RBI . JlY6Ha 1977 

Balagurov A.M. , Berka E., Dlouga M., 
Mironova G.M. 

P14 - 10383 

Refinement of the Structure of Lanthanum 
Magnezium Nitrate 

The positions of deuterium atoms of the La~M8J(N03 )12 x 
x24D20 crystal have been refined by measuring 164 reflec
tions using the TOF diffractometer. The measurements have 
been performed at the IBR-30 pulsed reactor. The obtained 
positions are compared with those of the corresponding 
hydrogen atoms measured earlier by X -ray technique. The 
observed systematic differences in bond lengths and valent 
angles are explained by the differences between the 
"X -ray" and "neutron" coordina,tes of light atoms. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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B nocne~Hee BpeMJI wupoKo o6cy)l(~aeTCJI B03MO)I(
HOCTL hpHMeHeHHJI HeHTpOHHMX ~H~paKTOMeTpOB no Bpe
MeHH nponeTa Ha HMnynLCHMX HCTOqHHKaX HeHTpOHOB ~nJI 
CTpyKTYPHMX HCCne~oBaHHH KpHCTannOB, B TOM qucne Kpu
CTannOB 6uonoruqecKHX Bei.QeCTB 11 -4 ~ MeTo~ ~u~paKUHH 
HeHTPOHOB ~nJI HJyqeHHJI CTPYKTYPLI 611onoraqecKiix Be
I.QecTB ~o cax nop noqTa He npaMeHJincJI. 3To, B nepByiO 
oqepe~L, cBJI3aHo c Manoa cKopocTLIO Ha6opa 3Kcnepa
MeHTanLHOH HH~OpMaUHH Ha o6MqHMX ~H~paKTOMeTpax C 
MOHOXpOMaTaqeCKHM nyqKOM HeHTpOHOB. MeTO~ BpeMeHH 
nponeTa /M BTI/ o6na~aeT 6onLweu cKopocTLIO Ha6opa 
HH~OpMaUHH 6naro~apJI B03MO)I(HOCTH HCIIOnL30BaTL npaK· 
THqecKH BeCb "6enMH" /MaKCBennOBCKHH/ cneKTp HeHT" 
poHOB.' llOKaJaHO /4/, 'ITO ~OCTaTO'IHO MOI.QHMH HMnynLc
HMH HCTO'IHHK HeHTpOHOB H MHOro~eTeKTOpHaJI CHCTeMa 
peracTpauaa MoryT o6ecne'IHTL Ha6op ~a~paKUHOHHOH uu
~opMaUHH oT 6enKoBoro KpHcTanna 3a uecKonLKo cyToK. 
Peweuae HeKoTopMx TeXHH'IecKHX a MeTo~aqecKax npo-
6neM /S-S/, BOJHHKaiOI.QHX npa acnonL30BaHHH 6enoro 
cneKTpa HeHTpOHOB, TaKHX KaK 6onLWOH o6'beM naMJITH 
perHCTpapyiOI.QeH annapaTypM H . ueo6xo~HMOCTL BBe~e
HHJI B H3MepeHHble HHTeHCHBHOCTH nonpaBOK Ha 34xlJeKTHB" 
HMH cneKTp, 3KCTHHKUHIO a nornoi.Qeuae B o6pa3ue /canLHO 
3aBHCJII.QHX OT ~nHHbl BOnUM HeHTpOHa/, n03BOnHnO HaM 
npoBeCTH accne~oBauae cTpyKTYPM ~euTepapoBaHHoro nau
TaH·MaruaeBoro HHTpaTa La 2Mg3 (N03 )12 • 24D 2 0(LMN) Ha 
~a~paKTOMeTpe no BpeMeHH nponeTa. 

Hccne~oBaHHe MeTo~aqecKax o~o6eHHOCTe8 3Kcnepa
MeHTOB co cnO)I(HMMii CTPYKTypaMH, co~ep)l(all{HMH Bo
~opo~ /~eHTepHH/, BXO,ll;HT B nporpaMMY IIO~rOTOBKH K 
3KCnepaMeHTaM Ha cTpoJII.QeMcJI B JIH<I> OHJIH MOIUHOM 
HMnynLCHOM HCTO'IHHKe ueuTpOHOB H1i P- 2. KpoMe Toro, 
~ocT~TO'IHO xopowee 3Hauue CTPYKTYPbl KpHcTannoB LMN , 
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XOTOphle HCnOHL3YIDTCS B xaqecTBe nonspH30BaHHhlX npo· 
TOHHhlX MHWeHeit, n03BOHSeT 06'bSCHHTL HeXOTOphle 34!· 
4>exTw AHHaMuqecxoit nonspu3aU:HH npoTOHOB 191 . 

IIpoBeAeHHoe cpasHeHHe 3XcnepHMeHTanLHhlX HHTeH· 
CHBHOCTeit AHtiJpaXU:HOHHhlX MaXCHMYMOB, nonyqeHHLIX Ha· 
MH, C HHTeHCHBHOCTSMH, paccqHTaHHhlMH no peHTreHo· 
CTpyxTypHhlM AaHHhlM 06 H30MOptiJHOH CTpyXType 
Ce2 Mg3 (N0 3 ) 12·24H 2 0 (CMN)IIO/ c 3aMeHoit cooTBeTCTByro
IUHX aMnnHTYA paccesHHB I bee Ha bLa H bH Ha b0 /, 
BhlSBHnO CHnLHhle pa3nHqHs Me>KAY HHMH. B03MO>KHhlMH 
npuquHaMH Taxux pa3nuqu:i ssnsroTcs: 3aMeHa Ce Ha 
La, CABHr u:eHTpa Ts>KeCTH 3nexTpOHHoro o6naxa aToMa 
OTHOCHTenLHO BApa, BnHSHHe H30TOn·34>4JexTa H HeAOCTa· 

~ 

ToqHas TOqHOCTL peHTreHorpatiJuqecxoro onpeAeneHHs no-
no>KeHH:i aTOMOB BOAOPOAa. Jf3 nOAI)06Horo peHTreHOBCXO· 
ro H He:iTpOHHoro aHanu3a HexoTopwx cTpyxTyp /Hanpu
Mep, (COOH)2"2H 20 H (COOD) 2·2D2 Q/ll/j cneAyeT, qyo pac
XO>KAeHHs Me>KAY peHTreHOBCXHMH H He:iTpOHHhlMH AaHHhlMH 
CBB3aHhl B OCHOBHOM C nerXHMH aTOMaMH: BOAOPOAOM H 
AeiiTepueM. B CBB3H c 3THM, u:enLro Hawero uccneAoBaHus 
6wno YTOqHeHHe n03HU:HOHHLIX H H30TpOnHhlX TennOBhlX 
napaMeTpos aToMos AeiiTepus LMN. 

06pa3eu: npeAcTasnsn co6o:i nnacTHHY 0,5 x 2,5 x 
x 2,5 c..w 3, ocL C rexcaroHanLHo:i :meMeHTapHo:i sqe:ixu 
xpucTanna 6wna nepneHAHXynspHa wupoxo:i rpaHH nnacTu· 
Hhl. CTeneHL Ae:iTepH3aU:HH XPHCTanna COCTaBnsna 99,3%, 
B xonuqecTse 1% npacyTCTBosan Nd . IIapaMeTphl rexcaro
HanLHo:i sqe:ixu LMN, onpe~eneHHhle HaMH Ha peHTreHos
cxoM aBTOAHtiJpaxToMeTpe P1, cocTasunu: 

+ 0 0 
a. 11,041 - 0,005 A , c ,.34,610 ± 0,015 A , 

qyo xopowo cornacyeTcs c cooTBeTCTBYIDIUHMH napaMeT
paMH sqe:ixu CMN * . 

· Ha6op HHTeHCHBHOCTe:i nonyqeH Ha cTaHAapTHo:i Ans 
M BII ycTaHosxe 17 I, pacnono>KeHHo:i Ha OAHOM H3 nyqxos 
HMnynLcHoro peaxTopa HEP-30 JIH<I» OHJIH, pa6oTaswero 
co cpeAHe:i MOJUHOCTLro 15 KBm. Bee H3MepeHus 6wnu 
CAenaHw npu yrne paccesHHs 90 °· B pa6oqe:i o6nacTH 

"' a - 11,004±0,006 ::;;f, c = 34,592±0,012 A 1 101 
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cnexTpa /0,8 A <A< 6,0 A/ HeiiTpoHOB H3MepeHhl OTpa
>KeHHs OT 38 xpucTannorpatiJuqecxux nnocxocTeit, qyo Aano 
-200 He 3aBHCHMhlX AHtiJpaXU:HOHHhlX OTpa>KeHHB, cpeAH KO • 
TOphlX 164 HMenH HHTeHCBBHOCTL 6onLWe Tpex CTaHAapT· 
HhlX OTXnOHeHHB. HHTerpaJlLHhle HHTeHCHBHOCTH nonyqanHCL 
H3 BpeMeHHhlX cneXTpOB no MeTOAY, H3nO>KeHHOMY B /12/. 
)J.ns AanLHe:iwe:i o6pa60TXH HHTeHCHBHOCTH OnHChlBanHCL 
tiJopMyno:i 

I hkf • «<> (A)· A 
4 • F 2 

II .A(A)·Y(A ), 
hkL /1/ 

rAe ct>(A)- 34>tiJexTHBHLI:i cnexTp He:iTpOHOB, Fhkf - cTpyx
TypHw:i 4>axTop, A(A)- 4>axTop nornoiUeHHs, Y(A)- xo34>· 
4>uu:ueHT 3XCTHHXU:HH. )J.ns yqeya 34>4JeXTHBHOrO cnexTpa 
HeiiTpOHOB HCnOnL30BanacL napaMeTpHqecxas tiJYHXU:HS 

-C ~/A2 e -C aA -c4A -C 5 IKor (A) 
ct>(A),.ct>0 e ---c--0-e )e , /2/ 

A 2 2 2 
-C1 /A 

rAe «1>0 , C 1 + C 5 - napaMeTpw, e 
c2 

I A - MOAenu-

-C a A -C 5 I Kor<A) 
pyeT Maxcsennoscxyro tiJopMy cnexTpa, e • e 
ocna6neHHe He:iTpoHHoro nyqxa H3·3a nornoiu;eHHs B B03· 
AYXe H aniOMHHHH 3arnywex HeiiTpoHOBOAa, I Kor (A) 
Maxpocxonuqecxoe xorepeHTHoe ceqeHHe anroMHHHs, 
( 1-e -C4A ) - 34>4lexTHBHOCTL AeTexTopa. AHanoruqHas 
tiJopMa cneKTpa, HO 6e 3 yqeTa I K.Or (A), ucnonL3osan\cL 
B /6/. IIapaMeTpLI cl = 1,70 J, c2 = 4,5, c a= 0,54 A -I' 
C 5= 3,2 eM onpeAensnHcL H3 H3MepeHu:i c nonuxpucTan
noM /7 I' a «<>o H c4 - YTOqHsnHcL' npu o6pa6oTxe AaHHhlX 
no MeTOAY HaHMeHLWHX xsaApaTos. BnusHue 3XCTHHXU:HH 
yquTwsanocL B npu6nu>KeHHH 3axapHa3eHa/l3/: 

3 F2 II 
Y(A).(1+2g A • hkf • T):-12 

v2 sin2 e /3/ 
c 

rAe g - cso6oAHhlii napaMeTp, T - cpeAHH:i nyTL He:iT· 
poHa B 06pa3u;e, V c • 06'beM 3neMeHTapHOB gqe:ixH, 0 • 
yron EpJrra. 3aBHCSJUH:i OT AnHHW sonHw HeiiTpoHa nu
HeiiHw:i xo34>4Juu:ueHT nornoiUeHHs nonarancs paBHWM 0,096+ 
+0,018 A, npu 3TOM nonpasxa Ha nornoiu;eHue He npeswwana 
20o/o. AMnnHTYAW paccesHHs scex aToMos LMN 6panHCL 
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H3/l
4
/. MHHHMH3HpOBancJI iiiYHK~HOHan * l((~ -Jp)/a) 2 , 

r.D:e I 3 - 3KcnepuMeHTanLHaJI HHTeHCHBHOCTL, I P - paccqu

TauuaJI no /1/ HHTeHCHBHOCTL, CTaH.ZJ:apTHLie OTKnOHeHHJI 
3KCnepHMeHTanLHLIX · BenH'IHH nonaranHCL paBHLIMH a = 

= a 1 + 0,05 • I3 , a 1 - cTaH.ZJ:apTuoe OTKnoueuue, _CBJI3aH
uoe CO CTaTHCTHKOH. IlOMHMO <1>0 H C 

4 
CB060.ZJ:HLIMH napa

MeTpaMH MHK JIBnJinHcL BenH'IHHa g, KOOP.ZJ:HHaTLI H H3o

TponuLie TennoBLie lllaKTOpLI aToMoB .D:eHTepHJI. Ha nepBLIX 

HTepa~HJIX 4JyHK~HOHan MHHHMH3HpOBancJI TOnLKO no na

paMeTpaM <1>0 , C 4 H g, nocne 'lero 3Ha'leHHJI lllaKTopoB 
paCXO.ZJ:HMOCTH COCTaBHnH: 

---' 

R(I)= l!I 3 -Ipl/ll3 =0,42; R(F)= l!F
3 

-1Fpll/lF
3 

=0,31 

o I 
npu C 4 = 0,24 A- H 

napaMeTpOB BCeX aTOMOB 

poB YMeHLWHnHcL .D:O 

R(I) -0,14, R( F) .0,13. 

3 
g =3 ·1 0 • Ilocne paciiiHKca~HH 

.D:eHTepuJI lHa'leHHJI R -lllaKTo-

B ma6A. 1 npHBe.ZJ:eHLI OTHOCHTenLHLie KOOp.ZJ:HHaTLI H Ten

nOBLie napaMeTpLI aToMoB .D:eiiTepuJI nocne YTO'IHeHHJI. 

Ta6AU1Ja 1 

0THOCHTenLHLie KOOp.ZJ:HHaTLI H H30TpOnHLie TennOBLie 
napaMeTpLI aTOMOB .D:eHTepHJI. CTaH.ZJ:apTHLie OTKnoHeHHJI 

COCTaBn.IIIOT a( X) •a(y) = 0,003, a(z) = 0,001 

!'1'011 x j i 8~14-;--

·.n(Iw'I) 0,070 o,rso 0,058 2,6 
.ll(21o1I) ..(),007 0,226 o,o22 41I 
Jl(I\o/2) o,I?o o,o50 0,370 2,5 
.11(2\o/2) o,rs7 ..(),068 o,393 I 12 
.ll(I\.13) 0,253 o,I99 0,452 r,s 
Jl(2'M/3) o,rs2 o,2r3 0,477 5,3 
Jl(IW' 4) o,23s o,I95 o,r07 3,I 
.11(2\1/4) 01I2I o,I95 o,r:~> 3,0 

* HcnonL30BanacL nporpaMMa FUMILI H3 6u6nuo-
TeKH nporpaMM BLI'IHCnHTenLHoro ~eHTpa OHJIH. 
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O~eHKa norpewuocTeii B onpe.ZJ:eneHHH KOOp.ZJ:HHaT C.D:enaua 

Ha OCHOBe Bapua~HH KOHe'IHOrO pe3ynLTaTa B 3aBHCHMO
CTH OT uaqanLHLIX .D:aHHLIX .D:nJI MHK. ,ll;n.11 X H Y KOOP.ZJ:H

HaT norpeWHOCTL He npeBLIWaeT 0,003 , .D:n.ll Z KOOp.IJ:H· 

HaT - 0,001 OTHOCHTenLHLIX e.ZJ:HHH~, 'ITO COCTaBnJieT 

.ZJ:n.ll Bcex Tpex oceii -0,03 A. B ma6A. 2 npHBe.D:eHLI .D:au

HLie .D:nJI BCeX H3MepeHHLIX OTpa)f(eHHH ,3.ZJ:eCL N - HOMep 

DOP.II.ZJ:Ka OTpa)f(eHHJI OT KpHCTannorpaiiiH'IeCKOH nnOCKO

CTH, F3 - 3KcnepHMeHTanLHLIH CTPYKTYPHLIH lllaKTop O.ZJ:HOH 

MoneKynLI LMN B e.D:HHH~ax 1o-12 c...w, F 1 - pacc'IHTau

HLIH no peHTreuoBCKHM KOOP.ZJ:HHaTaM, F
2 

- pacc'IHTaHHLIH 

no HeHTpOHHLIM Koop.ZJ:HHaTaM. ConocTaBneuue .D:nHH CBH3eH 

H BaneHTHLIX yrnOB npoBe.ZJ:eHO B ma6A. 3 H 4, OTKy.ZJ:a 

BH.D:HO, 'ITO Bee paccTOHHHJI 0-P* yBenH'IHnHcL, a P ... O 
yMeHLWHnHCL B cpe.ZJ:HeM Ha 0,2 A. YrnLI Me*.D:Y BeKTo

paMH 0-P u P ... O yBenH'IHnHCL ua 7°7 1~ npu6nH3HB
wucL K 180°· 

CucTeMaTH'IeCKHH xapaKTep H3MeHeHHH .D:nHH CBH3eH 

H BaneHTHLIX yrnOB rOBOpHT 0 TOM, 'lTO npH'IHHa HX 

3aKnffi'laeTCJI He B cny'laHHLIX norpeWHOCTJIX peHTreHOB· 

CKHX KOOP.ZJ:HHaT aTOMOB BO.ZJ:OPO.D:a, a B HX CHCTeMaTH'IeCKOM 

OT nH'IHH OT COOTBeTCTBYffiWHX HeHTpOHHLIX KOOp.IJ:HHa T a TO

MOB .D:eiiTepuJI. 3To nonHOCTLffi cornacyeTCH c xopowo 

H3BeCTHLIM illaKTOM CMeweHHJI 3neKTpOHHOrO o6naKa BO.ZJ:O· 

PO.D:a /.D:eHTepH.II/ K aTOMy, C KOTOpLIM OH CBJI3aH; HanpH
Mep, .D:nH COe.ZJ:HHeHHH, paCCMOTpeHHLIX B /II/ BenH'IHHLI 

0 , 

CMeweHHJI COCTaBnJIIOT 0,127 0,24 A, TOr.ZJ:a KaK H3MeHeHHJI, 

CBJI3aHHLie C H30TOO· 3<Pcl>eKTOM, .D:n.ll Tex )f(e COe.ZJ:HHeHHH 

He npeBLIWaroT 0,02 A. IIorpewuocTH peuTreuorpaillu'lecKo

ro onpe.ZJ:eneuuH nono)f(eHHH aTOMOB BO.ZJ:opo.ZJ:a, o~eueHHLie 

B /IO/ KaK 0,2 ~. OO-BH.ZJ:HMOMy, cyweCTBeHHO CKa3anHCL 

TonLKO B .D:BYX cny'laHx: B nono*eHH.IIX aToMOB H(IW2) H 

H(2W4). ,ll;n.11 aToMa H(IW2) H3 peHTreHOBCKHx .D:aHHLix 

cne.D:yffiT CnHWKOM ManLie 3Ha'leHHJI .D:nHHLI 0-H H yrna 

0-H ... O, 'ITO npHBeno K 6onLWOMY OTnH'IHffi HX OT HeHTpou

'HLIX .D:aRHLIX. IIonmKeuue aToMa H(2W4) HHTepnpeTupoBauo 

* p 3.D:eCL H B ma6A. 3,4 03Ha'laeT BO.D:OpO.ZJ: .ZJ:n.ll peHT· 
reuoBCKHX KOOP.D:HHaT H .D:eHTepuii .D:n.ll ueiiTpOHHLIX. 
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I O/ KaK llpOBBJieHHe pa3~BOeHHOH BO~OpO~HOH CBB3H 

O(W4) c 0( N21) H 0( N22). O~HaKo H3 HeiiTpOHHLix .~aH
HLIX BH~HO, 'ITO CHMMeTpHB Me)K~y 0(N21) H 0(N22) OT

HOCHTeJibHO O(W4)- H(2W4) Cyll(eCTBeHHO HapyWHJiaCb /eM. 

puc. Jj H MO)KHO rOBOpHTb 0 Cyll(eCTBOBaHHH 06LilJHOH 

CJia6o:ii BO~opo~HOH CBB3H O(W4) c 0(N21). 
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0 (N21) 

--' 

0KpyJKeHue anroMa P( 2 W 4 ) . IIoAoJKeHue P coonreenr· 
cnreyenr peHnrzeHoecKuM KoopouHanraM eooopooa, a noAoJKe· 
HUe p' · HeiinrpOHHbiM KOOpOUHallfaM OeU111epUJI. 0 · no· 
AOJKeHue anroMoe KUcAopooa. PaccnroJIHWI oaHbl e A. 

KaqeeTBeHH~H u KonuqeeTBeHH~H xapaKTep B~RoneH· 
HLIX H3MeHeHHH KOOp~HHaT, a TaK:>Ke ~OeTaTO'iHO ManaR 
oenH'iHHa KoHe'iHOro R ·cjlaKTopa noJBonRIOT e~enaTL B~
Bo~, 'ITO nepBOHa'ianLHOe HeeOOTBeTeTBHe H3MepeHH~X 

H paee'IHTaHH~X HHTeHeHBHOeTeH eBR3aHO e TeM, 'ITO 
peHTreHOBeKHe KOOp~HHaT~ nerKHX aTOMOB He MOryT He· 
nonL30BaTLeR ~nR paeqeTa HeHTpOHH~X HHTeHeHBHOeTeH. 
Ilpu 3TOM ueKa)f(eHHR oeei eTPYKTYP~ H3- Ja JaMeH~ Ce 
Ha La u H Ha D npuoo~RT K JcjlcjleKTaM ene,D;yiO~ero no· 
pR.IJ;Ka ManoeTH. BepoRTHo, ~nR ~aHHOH eTpyKTyp~ 3TOMy 
enoeo6eTBOBana ena6oeTL Beex BO~OpO~H~X eBR3eH. 
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Ta6Aufla 3 

CpaoHeHue HeKoTopLIX HeHTpOHH~x u peHTreHoBeKux 
Me)f(aTOMH~x paeeTORHHH. B rpacjle "PaeeToRHHR" nepa~u 
eTon6e~ - HeHTPOHH~e, BTopoi • peHTreHoBcKue 
paeeTORHHR. )J;nR HeHTpOHH~X paeeTORHHH B eK06KaX 
npHBe~eH~ eTaH~apTH~e OTKnOHeHHR, OTHOeRmueeR 
K noene~HeMy ~eeRTH'iHOMy 3HaKy. 

A'l'OIIH PacC'l'ORHHe~~ PasH.,l 

O(W'I)-P(Iwi) 0,93/3/ o,7s 0,22 
0( W I)-P(2w I) 0,99/4/ o,n 0,28 
0( W 2)-P(I w 2) 0,87/3/ o,.53 o,34 
O(W 2)-P(2112) 0,97/4/ o,8r o,r6 
0( V 3)-P(I 113) 0,97/3/ o,76 o,2r 
O(w 3)-P(2W3) O,BB/4/ 0,63 o,26 
O(W' 4)-P(IW 4) 0,98/4/ o,87 o,n 
0( W 4)-P(2W4) r,oo/3/ o,a2 o,ra 
P(Iwi} ••• O(w4) 1,86/3/ 2,n -o,2s 
P(2wi) ••• O(,N'I2) 1 

2,02/4/. 2,31 -o,29 
P(Iw2) ••• 0(11!) 1 

2,!3/4/ 2,50 -o,37 
P(2w2) ••• O(N13) 1 

1,81/4/ 1,98 -o,r7 I P(l!i3) ••• O(W' 4) 1,85/3/ 2,06 -o,21 I 

P(!W4) ••• 0(~23) 1,93/4/ 2,13 -o,2o 
P(21J4) ••• O(N'2I) 2,16/4/ 2,40 -o,24 
P(2114) ••• 0(1122) I 2,41/4/ 2,41 -o,oo 

qTO KaeaeTeR B03MO)f(HOeTeH HenonL30BaHHR ~HcjlpaK· 
TOMeTpoo no apeMeHH nponeTa ~nJI eTpyKTYPH~x Beene· 
~OBaHHH MOHOKpHeTannoB, TO peJynLTaT~ HaeToRmeu pa· 
6oT~ Jl.O~TBep)f(~aiOT B~BO~, e~enaHH~H B /2/ H /5/ 

' 0 TOM, 'ITO ~a)l(e Ha epaBHHTenLHO ManOMOmHOM HMDynLe· 
HOM ueTO'iHHKe HeHTPOHOB e noMomLro MBII MO)I(HO nony· 
'iaTL ~OeTaTO'iHO KaqeeTBeHH~e pe3ynLTaT~. 
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Ta6AUlla 4 

3Ha1.feHHJI HeKOTOPLIX HeiiTpOHHLIX H peHTreHOBCKHX 
aaneHTHLIX yrnoa. B rpa4>e "Yron" nepBLIH CTon6eu 
HeHTPOHHbie, BTOpoi - peHTreHOBCKBe yrnLI. )J;nJI 
HeHTpOHHLIX yrnOB B CK06KaX DpBBe,neHLI 
CTaH,napTHLie OTKnOHeHBJI. 

ATOMI:l 

~ 

O(w 1)-P(Iwi) ••• O(W 4) 
I 0{ v I)-P(2W I) ••• O(N'I2) 

0(\J 2)-P(IW'2) ~ •• 0(# II)' 
0(W2)-P(2W2) ••• 0(AI 13)' 
O(W3)-P(IW3) ••• 0{W 4)' 
O(W 4)-P(IW 4) ••• 0{.+' 23) 1 

O(W 4)-P{2 W 4) •• • O(V 21) 
O(W 4)-P(2 \./4) •• • O(V 22) 1 

l'roJI, rpa.n. 

173/3/ !58 
164/3/ !57 
160/3/ 146 
177/2/ 168 
175/3/ 168 
162/3/ 144 
153/2/ 142 
114/3/ 127 

AaTOPLI 6naro,napJIT H.M.<!»pauKa B IO.M.OcTaHeBHlfa 
Ja no,n,nep*KY H BHHMaHBe K pa6oTe H IO.B. Tapaua Ja 
npe,nocTaaneuue MOHOKpBcTanna. 
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