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Y~e xopomo H3B9CTHO, ~TO SaMemeHHe Me~ B BHC0KOT9Mn9paT,TPHax 

CBepxnpoBo.IJ;HmtaX Tmia I-2-3 Ha 3d -aJieMeHw, a TaKJKe A€, Ga I! A3 , 

cymeCTBSHHO BnRa8T Ha CB8pxnpoB0~9 CBOfiCTBa aTRX C09~9HH~. 

il09TOMJ HCC~SnOBaHH9 ~9KTOB 3aMemeHRH M0~9T naTD BamHY~ HHW0pMa

UJ!ID o6 OTJ!OOJ!T9JlbHOli poJII! T9X KnK J!HHX aJieMBHTOB CTPYKTYPH npl! wop

MJ!p<lB8HJ!J! OB9pxnp<lBO~OOTJ!. B p<lM6J!qeOKOll OJ!9M9HTaPHOll aqellJ!e 

Y~Cu3o7 o IIp<>OTPaHOTBeHHoli OJ!MM9Tp!!eli p..,.,.m aTOMH Memr MHI!Ma>JT 

,IJ;Ha Kp!!OTaRXOrpaWHqeoKI!X !IOJI039HKR (Ia) I! (2a) 0 KOOpnJ!HaTaMH 

(0,0,0) H (0,0,~) COOTB9TCTB9HHO. Me~ B fT~) TI03HUHH BXO~T B 

O.n;HOMepme ueno'q}Ur Gu -0, 1'I,IJ;yDUI9 B,li;OJID ocn Bn..-qefiKH, a MSAD B (2a) 

nosHUKH- B ~YMSpHHe nnoCKOCTH CM02 ,~romzeca ~CTbiD yce~eHHHX 
OKTaa;rqx:>B. CormcHo CJIOJmBmenoa: Te].:Wnf.OJiormr .. :>TH .n;aa H93KBHBaJieHTHHX 

aTOMa Memr aas!lllaJOTCJ! c u I B c u 2. 

B RCC~enoBaHRRx saMemeHnH M8~ Ha ~9 3Jl9M9HTH H906XO~O~ 

~eTCH HH@opMaURR 0 B9p0HTHOCTHX, C KOTOpHMH 8TOMH TIPHM9CH llORBRH

IDTCH B U9ll0~ Z llXOCKOCTRX, H KOTOpH9 MOryT pa~TbCR (B 38BHCH

MOCTH OT Bal'I8HTHOCTH l'l HOHHOr6 pa,z:tHYCa 8TOMa) B9CbMa Cynt9CTB9HHO. 

AHarrH3 MHOrOqaQJI9HHHX 3KCTI9pHM9HTOB ITO onpene~eHHID STBX B9poRTHOCTen 

(eM., Hanp., /I/) TI0Ita3liB8.9T, 'tiTO GCJIH 38M911\9HH9 M9,IW npoHCXO.JJ:HT B 

OCHOBHOM B nosmum: Ct.-~ I (UeTIO'q}Gi), TO yxe npz Cpa:BHHT9JI:&HO Ma..1niX 

KOHUBHTpauRHX rrpHM901! (3-5%) OTpyKTYpH l'l3 poM6aqeOKOH CTHHOBI!TCH 

TeTparOHaHhHOI, HO ner~ CB9pXllpDBO~X CBO~CTB rrpH STOM 

HeaHa'I:WTeJIDHa. Hao6opn, npn aaMernean Me.ItH B rroaiD:U~H Ct-t 2 (TIJIOCKoc

TH) Tc6HCTpo YM9HDIDa9TCH, TOr~ KaK CRMM9TpRff CTpyKTypH OCTa9TCH 

pDM6R~9CKO~. llMeHHO Ha STOM OCHOBaHHH ~ cne~aH BHBO~ 0 Tip9RMYm9CT

B9HHOJl p<>JIJ! IIJIOOKocTell C u 02 B WOPMJ!POBHHI!I! OB9JlX!IPOBOlVIIIU!X ooolloTB 

'i sa2cu3o7 • 
K coaaneHHID, aan~ocTD onpene~eHaa B9poHTHOcTH rronanaHHH aToMa 

IIPI!M90H B TY J!JlB I'!HYKl ~03l!IlRKl He oqeH:b BHOOKa. Haiip!!Mep, B /I/ YT

B8p!.!t8.9TCJi, trrO ~ n 33M9Il{a9T MenD TO~DKO B TIJIOCKOCTRX, a B / 2/ rOBQ

pHTCH, ~TO tn rronanaeT H B U9IT0q&H H B TIJIOCKOCTH, npaqBM B OTHOme

HIDi 4: I. .AHa.JIOI'H"t!HM CHTyauWI B03HEKJI8. TipH HCCJienOBaHHH CTpyKTJ'PH 

'{Ba2(cu I-~ F ex) 3o7:1i. B pa6oTax, BHnoJIHeHHHX o IIOMOUU>Kl ~eKTa Meoo-

oayapa/3,4/, ooo6~eToa o np!!Mepao paBHOBep<>HTHOM qo~ xeJiesa 

B o6e C u I l'l C" 2 IIOsiiUIIB. 06 STOM xe roBOPJ!TCH B 151 (cOBMeoTHHl! 

p9HTr9HOBCKKft R H91TpoHBH! a&aXH3), HOC npe~eCTB9HHHM 3anOJIH9HH-

9M II03HI11'111 C "' I. B iel!TpoHorpa<fiHqeoKI!X pa6oTax 6 • 7 I seJieso Hat!.II9Ho 

TOJIDKO B C l.\ I, a B S/ TOJil,RO B Cw 2 TI03HD;KR:X. 0,ItHOBp9M9HHO C006ma-

9TCR /5,S,9/, ~TO Ha~aGTCH 3aBRCHMOCTD pacnpe~BJI9HHR meJ!GSa OT 

YCJIOBd npHI'OTOBJI9HIDI o6pe.ana, i TaKES OT KOHU9HTp9.UD. 

B Hamel! npe~ell pa6oTe IO/ IIO HsyqeHI!Kl paonpeneJieHRO aTOMOB 
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JKMeaa B CTpyKTYJl€ ':( Ba:z ( C <-< I-x F ex) 07_0 , Bl<IIOJilleHHoll c IIOMOIJli>RJ 

nwPpaxqHH HeliTPQHOB Ha o6paarrax c x = 01 06 H o,IO,rroRaaHHo, ~To norra

JlHHHe t e B noa>!IJ;Irn C "' I ll C"' 2 6Wio I!pi!Mep~o paBHOBepaHTHI<M. KpoMe 

TOI'O, 06paiqaJIOC:D BHHM8ID19 Ha CYIIl8CTBOBaHH9 HBKOTOporo lDICJia. Ba.KaHCd 

B TI03HD;Jm C L-1 I, 0Dp9,D;BJI9H:H9 KOTOporo liS .ltHWpaKD;HOHHHX. ~l:lX)' B006Ill8 

rOBOPff saBHCHT OT rHnOT93~ OTHOCHTsnbHO HCTRHHO~ ITpOCTpaHCTB9HHO~ 
CHMM6Tpllll CTpyKTYJll. liaJt 6W!o II0Ka3HHO B /S,II( Ilpi! 3aM61Jl6HHil Cu Ha 

re B03~ RnaCTSpH, rrp00TpaHCTB9HH8H CKMMSTpHH KOTOpHX OCTa8TCH 

poM6zqecKO:tt, a ~9KT T9Tpar0HaHDHOCTH B03HHKa9T HS-Sa BHpaBHHBaHHH 
napaM9TjlOB <> II g 3Jl9M9HTap!OJ! H~el!KJl II MaK]lOCHOIIIl~9CKOrO )TCpe}lHe

HHH KJiaCTepoB rro o6~8M)T o6paa1.1a. B aTOM c~e llHTepnpeT31.1HH peaym.

TaTOB B 3Ha~T9~DHOfi CT9ll9HH 3aBHCHT OT CT9TI8HE KOrepeHTHOCTH 113~9-

HHH, paCCSHHHOI'O Ha OT,IJ;an:DHHX KnaCTSpax. 
CymeCTB,yST e~9 0~0 00~0~88 OdCTOffTS~CTBO, npoHB~89CH 

llpH HHT9prrpeTauKH ~paKUHOIDiHX 3KCTI9pHM8HTOB Ha 06pagnax C SaMemeH

HHMH aTOMBMH. AHanns pesynDTaTOB CTpOHTCH Ha Onpe~e~eHHR 3KBHB~8HT

HO:l:t xorepeHTHOfi ,n.mmH paccemum :wm ipa.RTopa. sanOJIHeHM no3EllliH, 
OTHOpMBpoBSHHOI'O Ha ,IJ;Jimiy paccesiHRH OCHOBHOrO 'aTOMa. HanpHMep, B CJf',f

-qae aaMemeHIDI Cu Ha Fe axcnepHMSHTa.JThHM BeJm~a WSXTopa. aanoJIHeHIDI 
6y~eT H3M9HHTDCH B saBHCHMOCTH OT ROHUSHTpauHH Xe~eaa RaK 

11K = K·[ i + Ct,.fgc" -{).X,} , r}le K- KpiiTHOCTh II03>!II;lrn, 

,,_ = 0,954·IO-I2 CM, ~c" = 0,772·I0-IZ CM (eCJ!II IICIIOJTh3)TIOTCH 9CT9-

CTBSHHHS CMSCH l'I30TODOB MS.ICH H JKS~eaa) • .lf.JrR: D03m:J;l:m C U I ( K =I ) :H 

C U 2 ( I( =2) 3TO ypaBH9H1!6 33IIHC!<Ba9TCH B BH}l9: 

11 I = I + 0.236·XI 11 2 = 2 + 0.472•Xz (I) 

COOTBSTCTBSHHO, r~e XI H Xz - l'ICKOMUS BSpoHTHOCTH DO~SHHR aTOMOB Fe 
B ~oa nos~. 

Kax BH.D;HO, a<lXf?eKT aa.Mem;eHIDI ClA aa ~e ae:ae.mm, .name rrpn x = O,,I 
OH COCTaBXHST BCSrO 2 15 %, 't!TO HaxO~TCH Ha rpaHRUe ~CTBHTS~OCTH 
MSTO~a. KpoMe TOrO, CytilSCTByST CW!DHM KOppeJI.lUJ;:IDi !IJrutTOpoB 3aDOJIH9-
Hilil C JlilYI'IIMII CTpyKTYJlllliMI! xapa.KT9pi!CTI!RaMH Kpi!CTB.JIJia, OC066HHO C 

TSDJIOBHMH napaMeTpaMH. II03TOMY DpH O.n;HOBpeMSHHOM yTO-qHSHl'IH 8THX B8-

JIK1IHH, HanpHMep, DO MSTO.IJY F':HTBSJID.D;a, llOCTOBSpiOCTD HX onpe,ne~SimR 
0Ka3HBa8TCR ,llOBO~DHO HH3KOtt. EoJiee TOrO, T.K. Ha BBRH~e T8llJIOBOr0 

(jlaKTOpa OTprutaJJTCH JJORaJ!hH!<9 I!CRallt6Hilil CTpyKT)TpH, B03IIIIKB.Elllll9 IIpll 

3aM9Ill9HB:H, TO H B BeJIH'tJI'IHY !lJaKTOpa 3aiTOJIH9HHH 06&aaTSJIDHO BHOCHTCR 

CHCTSYaTn~SCKaR OmH6Ka. 
B aacToamea pa6oTe c ~eJIDID YBS~~eHHR .n;ocTOBepaocTH onpe.n;aneHHH 

B9poilTHOCT9ll IIOIIa}laHHH aTOMOB i' 9 B 1103>!II;lrn C U I II C U 2 CTpyKTYJll 

'iB";z(C L! I-x F ex) 3o 7_"0 Mil I!CHOJII>30BaJIII cJJeJlYlOOU!e B03MOJKHOCTII. Bo-nep

BHX, B OTJIH'tJHS OT 6onDmHHCTBa l'ICCJIS.D;OBaHHfi, npoBS,llSH aHaJIH3 C8pHH 
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OdJ:a.31l;OB C p8.3HHM CO.U9p1K8.HRBM F e, a :illllBHHO: IIpl:t X = 0,005, 0, 04, 
0,06, o,os n o,I2. Ba-BTOpHX, rrpn o6pa6oTKe ~p~oHHHx cneKTpoB 

YTO'lll.VlliCb TOJIDKO B8JIH'!Illlll n(Coii), n(Cu2) I! n(04), T.e. \]iaKTO]lll 

3aiiOJIH9HM ll03HD;ffi1: C U I, C l.{ 2 H 04 - llliCJIOlX).Ua C KOOp,Ltmi8Ta.M}I 

(0,0.5,0), BXO)lJllllero B U9ll0'IKI! Cu -{). 0CTaJ!hl!l18 napaMOT]lll CTIJYKTypb!

- ~ -ROOp,n;:HHaTI:l aTOMOB Ba, Cu 2, or, 02 H 03 H T8IIJIOBJ::l9 IIapaMeTpu 

BCBX aTOMOB - WHKCHpoBaAHCb. 3TO BOSMOmHO BCJIB.UCTBHB TOrO, ~TO EO 

BC9X 693 l!CKJIRl'I8HilJI CT:pyK~pHb!X pa6oTax ITO C08,ll;l!H9HIDlM '{ l)azC <A 30
7 

c 3aM911\8HH8M M9.!1'! Ha Fe / 5 • 6 •7 •I2/, ~n /I, 2/, I'll 11 Co 121, npl!BeJJ;eH

Hl:l9 sHa-qeH:wr ~ -KOOp.rr;HHaT aTOMOB Ba, c tA. 2, or. 02 H 03 c TOtffiOCT:&IO 

JJ;O A~= (O,OOI + 0 1002) paBHH 3TIIM B8JIIf<OO!aM B I'ICXOJJ;HOJI CT:pyKTY]lll. 

Pas6poc B TBIIJIOBUX IT8paM9Tpax, Ha060poT1 0~9Hb BB~K, -qTQ emS pas 
IIO,IJ;TB8p!t,1(8.9T HeHa,n;6miOCTD HX OIIPB.UBJIBHIDI. WHKC~llii II8paM9TJlOB CTpyR

'cypbt II03BOJia:9T, HB a.KUBHTHPJ.ff BHIDI!8IDIR Ha a6COJIIOTHO:ft B~9 !fla.RT0-

poB SaTIOJIHBHIDI, CJIB,II;PIT:O 38 HX OTHOCHTBJThHHM B 32BHCliMOCTH OT X 

HSM6H9HE9M, 'I!TO p93KO Yl36JlloPIHB88T Ha,n:8mtOCTl>. E:l.\9 O.u;HHM CJ19,IJ;CTBH9M 

WKKcauHR napaMeTpoB CTpyKTJPH ~eTCH BOSMOEHOCTV zcno~D30BaTb nnn 
onpeneneHHR ~TOpoB 3aTI0~9HRH ~b H960~blli09 ~C~O ~paKUHOHHHX 

0 

ImKOB, JieJKa~IUIX B o6JiaCTH ol> 1,5 A. IIpH a.HaJIDse 3TO:tt o6JracTH MSilt-

nnocxocTHHX paCCTOHHHfi ~axe CpaBHHTS~HO 60JibmH8 H3M8H8HHH TSnHOB~ 

napaMSTpoB CJia60 CKa3HBaiDTCH Ha H3M8H8HHH·a6COXIDT.HOn B8~~ 

\]iaKTOPQB sanOJI!IeHJlJI. 

06~3~ rOTOBn.JIRCD TIO CT~aprHO~ T8XHOJIOrHH, TI0~6HO ODHCaH-

HO~ B I 101. llx xapaKTSpl!CTI!KI'l npl!Be)leHH B Ta6J!Hne. llsMepeHKfl JIH\]i--

paKUHOHHHX CTI8KTpoB BaiTOJIHSHH Ha H8HTpoHHOM ~paKTOM9Tp9 TIO Bp9M9HH 

llpoJISTa .Illl-2 Ha MMUYJI&CHOM p9aKTOpa l!EP-2 /I3/, 06pa60TKa B8JiaC1 no 

M8TO.IJY. I'IITBeJI&)Ia, OCOOOHHOCTI! rrpMM8H9HilJI KOTOporo iWl .Illl-2 rrpl!B8)18Hbl 

B /I4i'. xaprutTSpl!b!ll ~]lllKUl!OHHb!ll cnei<Tp noi<asaH Ha pl!C. I. KpoMe 

\]iaKTopoB sanoJIJieHJlJI nosi'IUMll C u I, c u 2 H 04, Bapi>npoBaJIHCo aKcnepn

MeHTaJ!hl!l1e napaMOT]lll (HO];W<llOBO'lliblJI MHOJKJIT9Jib, IImJli!Ha lli'IKOB :II rrp.) 

I! rrapaMeTpu SJI8M8HTapaO~ H~eJIKI'l. YEe llpl! X > 0 104 pemeTKa Kpl!CTaxfla 

CTaHOBHTCH TSTparo~oa, TI03TO~ 06pa60TKa CTI9KTp0B OT 06pa3~0B C 

X > 01 04 BeJiaCI> B npaJJ;ITOJIOE8HI'll'l r:pyiTJJ;H P4/mmm• 

B XOJJ;e 06pa60TKJ'l 6HXO l!CITOJI130BaHbl Ha6opu CT~Ty]lllb!X na~eT

poB aT.OMOB " TOnJIOBblX \]iaKTopoa ns HeCKOJil>KHX pa6oT /5, I5, I6,I7/, 

BliDOJIH8HlillX K8.K Ha TIOpoiURaX, TaR H Ha MOHOKpHCTa.JL1Iax, H 6WIO non
TB9~8HO CJia6oe BJIRRHH8 BapllaUH~ KOOpnHHaT aTOMOB Ha ~TOpH 3aTIOJI

H8HilJI, Bapl!anM T8nJIOBblX napaMeTpoB B rrpeJJ;eJiaX 20 % HsMe!L'IeT \]iaKTOJlbl 

3aiTOJIJI8HilJI 1'\ (C Ll I) >! 1'\ (C U 2) H9 60JI89, ~eM Ha I %, BO BCmtOM CJIS

"!!a9 OCTaBJIF.Ui OTHOCHTSJibHHa XO,Il; 38.BHCBMOCTH n OT X H9l!3M9HH:mvt. 

P93YJibTaT~, ITpHB8~9HHH9 H~S, COOTBSTCTBJIDT Ha6op,y napaMSTpoB H3 /5~ 
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T6•2C•l01 " • 
I~ I 0001 

l'l!c. I. li.J!Iji]>ll<UIIOHH!il! CII9KTp OT Y B!!z (C U 1_X ~ 9X)30?-0 
IIJ>H X = 0,005. !IOKa38.HH pBC'!STH!il! Upoij)WII> I! 

pa.saocTHa& KPI!Ba& (sKcuepHMeHT - pa.cqeT). 

Ha pHC. 2 npBBe.IJ;eHH 3aBZCEMOCTH napaMeTp0B peW9TKl:i C\ , e, H C OT 
KOHUeHTpauHH ~9, B TOM ~one TO~, TIO~eHHHB B Halle~ npe~eft 
pa.60Te • B JrnTir." ~ BCTpB'IlaJJTCH p9.3HHB Ba:pHaHTH 3aB:ZCIDJIOCTe:ti G\ , g 
H C OT X • B '? pemeT~ 06'L.RBJIR:eTCII TBTp8.I'OHaJI:&H01t y!{B npz X = 
= 0,03;0,05, TOr~ KaK B 118 •19/ UpHB9!I9H~ ~e, M3 KOTO~ C~9!IY-
8T, qTO BTIAOTD ~0 X = 01!5 COXpaHff9TCH He60nhill8R, HO 3aMBTHaff pa3Hl:'I
!1a M9JJUJ;y C\ H g • Peam"iO ITpe!IUO~OJKeue 0 poM6H'I9CKOJl ( Q f g ) WIH 

3.9 c/3 

0 6 10 x.% 

J'Hc • 2 • 3a.BBCHMOCTD Tiapa.M9T
JX>B pemeTim OT KOH
neHTpanHI:'I Ee~eaa. 

T9Tpa.r0HaJII>HOI! (a = g ) CHMM9TpHH 

pemeTKR nKlliD HB3HaqzTSnDHO CKa3RBa-
BTCII Ha peay~DTaTax aHanHaa CTP.fK
TJp; II]>! X > 0,04 • ropa.3!IO 60~99 
CYDlBCTBBHHO, RaKaR. npe.D;IIOJiaraeTCil 
IIpoCTpa.HCTBBHHaJI Cl!MM9TpiDI - p m ~ \'1'\ 

rum P4/IT\ lT\ IT\. KaK OTMB'tffiJIOCD BbtliiB, B 
rrpRHUHIIB B03MOEHH 06a BapHaHTa, a 
rrpe.IJ;TIO~THTB~HOCTD O~oro H3 HHX 
MOXBT CnB.IJ;OBaTD TOillDKO H3 ,II;aHHHX 

H93aBI:'ICHMHX 8KCll8paMBHTOB. 

Ha pRO. 3 II0Ka38HH 8KCTIBpwM9HT~HHB TO~ ~ ~TOpoB aanon
H911M h(04), n(Cu1) H n(Cu2) B 3aBl'lCHMOCTl'l OT X. B9Jllru!Ha 

t\ (04) !Ijlll X > 0,04 COOTB9TCTJlY9T CJ'MM'IpBOMY K0~'!9CTBY Kl'lCJ!Op0!Ia B 
neno~ C u-0, l:I,lJy1llHX B,IJ;OJID ocea a. z ~ pemeTKH. IlPJIMl:lB , noKaaamme 
Ha PHC • 3 I! II 3c, !1poB9!I9HH UO M9TO!IY HaHM9Hl>lllliX KBa,JijlaTOB. liyHKTHj>
HHB rrpsMHB npoBB.IJ;BHH corJia.CHO ypaBHBHRIIM (!) B npe,II;OOROXBHHR, ~TO 
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n 1Cu2) ----
2.0 

1.9 

n ICu 1) 

0.9 

n(Q4) 

1.0 

08 
0. 

2 8 10 :w:,% 

l'l!C. 3. 3aBHCilMOCT~ dJaKTO])OB 
3a!IOJIH9HI!l! 1'\ ( 04) • 1'\ ( c "' I ) " 

XI = X2• nna SKCII9pmM9HTaHhHHX 3a.BH

CHMOCT9fi II~SHO: 

(Cui)=0,906(I0)+0,95(14)•x, (2 ) 
(Cu2)=1,987(15)+0,50(2l)•x, 

B CK06KaX lliJIIB8,ll8liH Cpe.Ilii8KBa,llpa TII'I
HH8 olllii6KI! napaMeTpoB. CpaBHeHHe (I) 
H ( 2) ll0Ra3!llla8T CJI8.lJY100198. .I\Jllr 
n (Cu2) RaK 3Ha'leHI!e npll x = 0, TaR 

i.l Ha.KJIOH rrp.m.tOH B upe,lleJiax OillK60K 

COBII~T C npe~O~raeMHMH 3Ha~e

Hli1IMH. 8TO 03Ha'l{a9T, 'llTO C LA. 2-II03H

~ 3aHHMa9TCR Men~ID DOHHOCT~ID, a 

B9poHTHOCTD ITORB~8HHR B Hefi llt9~93a 

COOTB9TCT.ByeT ero cone~ B 

HCXO,ItHOi:l: CM9CH. 

.IJ.rur II03FlfiHH C u I Cl!TY8IliD! co-

1'\ ( C U 2) OT KOI!I19HTpani!l! 
><eJie3a. )J.rur n (CuI J FI n(Cu2) 
CWIOliiHBJI .n:mnm - pacl!6T no 
MHK! nyH!tT>!pHa!I JIIIHF!f[ - pl.C'IST 
no 1j!OP>\)'JiaM (I). B9]lli8HHO I!HaJI, 3Ha'I9HII9 n npH X = 0 
Ylo(Cul) = 0,906 C~9CTB9HHO 0T.Jllrqa9TCR OT l,lf 3TO CBH.IJ;9T9JI~CTByeT 

0 .ll9WHUHT9 Me~ B aTOA II03HURK, T.e. 0 Cym9CTBOBaHKH 9% BaKaHCliH. 
TaROS >t9 KOJIH'I9CTBO BaRaBCHfi 06HapyaeHO B /20/ ll~ H9fiT])OHOrpaWII'I8C
ItOM HCCJI9,ll0BaHID! MOHO!tpHCTa.JIJia ':( Bazcu:P7. a B 117 I peHTr8HOBCKI!a 
cTPYKTYPHHfi aHa.JIH3 noRa3a.JI Ha.JIH'II!e I4% BaRaBCHfi B n03HU>m C u I. 
Be.JIH'II!H~ no(Ct.~I) llOJIY'IeHa npe 3Ha'!9HIIII T9n.JIOBOro napaM9Tpi B(Cui)= 
= 0,77 X2 

0/ 5/. Pac'!eTH, npoBe,lleHHHe c ,llpyrHMH 3Ha'!eHMMH B B npe
neJiax ±o,5 A

2
, IIOKS3aJI111, 'llTO nO M9H.FJ:9TC.Il IlpH STOM H9 60JI~me, 'll9M Ha 

±J%, T.e. 3aKJIID'll9HH9 0 HaHR'llHH BaKaHCHfi RBnff9TC.FJ: BIIOJIH9 )lOCTOB9paHM. 
Ko ~ffi1118HT npe X B ypaBHeHIII! ,llJIH n ( C u I ) B 4 paga npe1llliiJaeT BeJIH
~ 0,236, KOTOpa.FL 6URR 6H, 9CHH 6H &9JI930 3aM9maJIO Men~ p8BHOB9po
.FJ:THO B C u 1 H C Ll 2. .JlruKe 9CJm 6H BC8 &9JI930 H3 CM9CH 3aM9Iq8JIO M9.In> 
TOJThKO B C W I, K0a@!IDJ;R9HT npx X He noJIJleH rrpeBHJJia.T~ B9.JJ:HtmHI::,i 
0,236•3 = 0,708. CTon pe3Kyl) 3aBIICHMOCTh 1'\(Cl-\l) OTX H9n3il TaK><e 
o6~CHHT~ HaMeHeHRRMH Tennoaoro ~Tapa c pocTOM X • Koppe~ 
MeliUJY n 11 B Ta.Roaa, 'llTO aB.BurueHHe aHa-qeHRH B rrpHBO.zntT x aa.BHDieHmO 
n. ilpH aaMemeHRH Me~ Ha ZSJI930, Ra-aa B03H~OB9HR.FJ: ~KaHDHHX HC
RBJ1[9Jildi cTPYKTYJ>l:l , B c pocToM x noJDKHR YB9.JllPIHBaT~CR., nosTOMY 
Hcno.m,soaaHHoe HaMH sHa'lleHHe B = 0,77 A2 

cKopee ~eTC.FJ: saunxeHHHM. 
Ha Ham B3rJ1JI.II:, HB.HCiOJiee p9aJIE,HHM oCiMCH9Hl!l9M CTOJIL 61:lCTporo 

YB9JIH'I9HJ!l! 1'\ (CuI) c ])OCTOM X. JlBJiil9TCil npe,llnOJI0lJ[9HH9 0 TOM, 'ITO 
llpJI BH9.D;peHID1 llt9JI93a H.IJ;8T IIpOD;9CC HcqeaHOBeHHJI BB.KaHCd, T.e. B nep
BYD O'll9p9nb (: e ITOIIMa9T B M9CTa HM6lllllliXCH BaKaHCRft Iii TOJI:DltO TIOTOM 
Hal!HHaeT aa.MemaT~ Meltb B aTolt noa:u:rum;:. B aTOM ~e xo~eHT npH 
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X ,IJ;O.JDK9H paBH.f.I:ThCJI B9Jll:PUIH9 (SI=t!./ 'c"- £), r;n;e f - B9p0RTHOCT:O 

3a.M90l9HH.fl aTOMa Me,rr;H. ECJm f = 0, T. 8. JK9JI930 3aM8uta9T TOJihlW Ba.Ra.H

CID!, KO:l<)lli>!I1119HT n]ll< X 6y:rr.eT I, 236. ]liD! o6MCH9l!IIH HaMKl,llaeMoli 

B9JIH-qiiJHll 0
1
95 CJI9.IIY9T Dp9.IUIOJI01iWT:b, liTO fa: 013. B03M02KHO, 'liTO SCTb 

CBH3b MB~ 3TnM rrponeCCOM H JB9~9HH9M C0~9pxaHRff KHCHOpo,n;a Ha 

1~9D01:ffi8X C L-l ~. HeT COMH9HIDI T2101t9 B TOM, liTO KOHKp9TH09 ROJnrqeCTBO 

BaKaHCHi1: MS.n;H 38Bl1CHT OT OC069mtOCTBA npi1l'OTOBJI9Hllil 06pa3Il;a. 

B /S/ OTM91!9Ha B03MO~OCTb 3aM80l9HHH JK9JI930M HB TOJlhKO M9~, HO 

" 6aiJllll. ]liD! npose]ll<ll Mbl npoBElJll! Oli.HOBpeMeHHoe y-To'llieHI!e B9Jll!'IHH 

n(Cul), n(Cu2), h(04) 11 n(Ba). ,llo6aBJreHHe n(Ba) B Ra'!ecTBe 

cBo6onaoro napaMeTpa npaKTHl!SCKn He orpaa~oc:o Ha W6Kropax aano~e
HHH M9~ H KnCJIOpona, OHM H3M9~Ch cymeCTBBHHO M9HDffi9 1 ll9M CTaH

,llapTHH9 OTRJIOHBHIDJ TOl!SK • IJO.rryq:BHHaJI ,Il)IH n (Ba) 33.BRCIDJIOCTD OT X 

npe:rr.cTaBJJeHa Ha p11c. 1. KorepeHTHaH ,IJ,Jimla paccem!IDI 6apllll g Ba = 

=- 0,525·10-lZ CM M9Hblll9, 'leM ~Fe. ECJil1 6H KOJmll9CTBO (: 9 B II03:m::J;mi 

Ba pDCJIO B COOTBBTCTBHM C ero CO.ll8pm3HH9M B HCXO~oa CM9CH, TO 

:llOJDKHa 6HJJa 611 Ha6.mo;uaTbCR 3aBiiCHMDCTh n (Ba) = 2 + I,634•x. Oli.HaKO 

3KCll9pHM9HTaJJbHaH 3aBJiCHMOCTh Olll!CHBaBTCR ll]ll<MOA h(Ba)=l,985(22) + 

+ 0,50(30)•X, T.e. HaKJJOH ll]ll<MOli flO KpaliH9ll Mepe B T]ll< paaa M9Hbill9 

orn,rcaeMoro, H B npe,ue.nax ,I@y:x CT~pTHax OTKJIOHBHJti:! He OT.JllNB.BTCH OT 

uy~. il03TOMY 1 BC~B.U 38 /S/, MOXHO TO~O roBOpHTD 0 TOM, ~TO 9CTD 

HBROTOpa;i B9p0.ffTHOCTb 3aM911\8HM Ba Ha I= e • 

Pl!c. 4. 3aBIICIIMOCTh @aKTOpa 3aHOJJH9-

Hll.>l n (Ba) OT KDHl19HTpa!llm 

:ateJiega. CILJion:IHa.H JIJ:miDi - pac

'!§T no MHK; nyHKTHps:aJI 

JIHHKff - pac~6T B npe~OJIOlKB

HHR, 'ITO KOHilBHTpanHSI ~ 9 B 

3TO~ TI03HqKR paBHa ero KOH

U6HTpa!llm B o6paaue. 

B 3a.KJII0'!9Hl19 0WOpMYJllipy6M OCHOBH!:le BHBO,II;Iil • .IlJm. C09,D;ml6HIDI 

'L Ba2c ~ 3o7 ell18 pas npoBe:rr.eH HeliTpoHorpeij)ll'!ecKllli anaJ!Ha pacnpa:rr.eJJe

HI!Ji np11M9CHID< aTOMOB lK9JJe3a B ll.llana30H9 itO!fil6HTpan!!li 0 + 12 %. M!; He 

M0lK6M ll0li.TB6])ll.l\Tb B!IBOJIH pa60T / 6 ,?/ HJJH /S/, B KOTOpHX rDBO])HTCH 0 

p8.3M6Il\9Hm1 JKBJI838 TOJIJ:,KO B noamum: C lA I HJrn TOJII:.KO B TI03HURH C U 2. 

HaH60JI99 B8p0HTH8R KHT8pnp9T~ HamHX pesy~I:.T8TOB COCTOHT B TOM, 

~0 lK9JI930 C IIpKMBPHO paBHO~ BBpoHTHOCTDID pa.cnpe,ueAaeTCH no 068KM 

noam:umM, HO B nosHQm:r CuI cytnecTByeT sHa'qHTBJThHoe 't!HCJIO BrutaHC.ID1, 

KOTOpoe YM9HDW89TC.ff C YBB~BHHSM KOHUBHTpaunH lKBJieaa. TaKHM o6pa-
30M, Ha6~9TCfi COBMBCTHaa ~BKT 3aDOJIH9HR.ff Ba&aHC~ 8TOMaMB lKBJIB-

38 H 38M9lll9Hlm Ct..c Ha Fe. B03MO!rn0 1 'ITO HMBHHO OTCYTCTBHB yqElTa 
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Tat)nvtHH 

XupuliTepvtcTV!Hvt Obpa:IIIOI! \ Ba ( " 1-"t: () 
., 1-x ' " 7- b 

K • • • nbpa:!eq X ']' m,1· II, ./1 b,/\ ( ~ ' ,\ 
' ,. 

Y51 0,005 9~,0 ,, , 0 :1 I K~ l: :1, H7 5 I ,li:i I 

vn:l () , 0 ,, {)!} 1 5 ~. :l :1
1 H:i~ :! 'K()!) I I li·l H 

Yll<l o,<H> 5 \I, {) ~ t 7 :1 1 K!>K :1, K !iH I I (; ~ ~) 

\'6\) O,OH 58,0 :J, I :1 1 H:iii :1 1 Hfitl I I 1 li:IH 

y {) li 
() ' I~ :HI() 2,!! :1 , H li 0 :1, KilO I I I()~~ 

BaKaHCHn B IT03~HH Cui R HX HC~93HOB9HHR C pDCTOM KOHU9HTpauHH xe
~938 IT~BO~O R H9B9Pfi0~ OU9HR9 B9p0RTHOCT6M pacnpe~e~eHRH X9~93a. 
ITOKa HeffCHO, KaKH9 KOHRpeTHHe OC069HHOCTH npMrOTOB~9HKH o6pa3UOB 
rrpHBOnffT R B03HKKHOB9HRID B8KaHCR~ M9nH H HaCKO~DRO HX K0~~9CTBO H 
pacnpeneJieHI!e no o6"iiMY o6pa311a KOppe.1II!pyeT c Bru<aHCIDIMI! Kl!cJiopona. 
0,llHaKO H9T COMHeruUi, qTQ 8TO BITOJIHe peaJibffid~ a@JeRT H ero o6JisaT9Jib
HO HYEHO ~THBaTD TipH HHT9prrpeTaunH 8RCIT9pHM9HT~bHHX ~aHHHX. ~ 
~hHe~ero rrpo~~eHHR B pemeHHH 8TOM npodneMH ~~Te~bHO ITp0B9CTH 
ananorHtJHYID ceparo HefiTpoHorpaWHqecKKx HsMepeHntt Ha o6pasuax, o6ora
rn€mw:x H30TOTia.MH M9;u;:H H .lK9~938 C C~lbHO p8.3Jill't{a.KlliUIMRCH KOr9p9HTHHMH 
~aMR paCCeRHHR, ~TO IT03BO~T CJtn9CTB9HHO ]B9nB~Tb H3M9Pff9MH9 
a<l4>SKTH. 

AsToPH 6naronapEH B.R.AKceHoBy, ~.M.OcTaHeB~ H B.A.TpYHOBy 
38 IT0~93HH9 06cy~9HRR pesy~bT8TOB pa60TH. 
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