
P14-96-86 

B.JlAKcettoB, H.H.l·foattoB, M.H.KoBanettKo*, B.E.M1-1pott0B, 
H.CKHHTee, C.H.TIOTIOHHHKOB, B.H.IIIa.JU1nHH 

0 C03)lAHHI1 
CTIEKTPOCKOTIWIECKHX CTAHUHH ongn 
HA rryqKAX KYPqATOBCKOro HCTQqHHKA 
CHHXPOTPOHHOro l13IlyqEHIDI 

*HauHOHaJJhHhIH ueHTP no 5It1.epHOH <pHJHKe, MHHCK, EenopyccH51 



lliupoKJ,fi:'i cneKTp ucc11e.aoBaHHH Kon.aencupoBaHHbIX cpe.a H,qep

HbIMH MeT0.[laMH B 0115111 M0)KH0 pa3.[leJIHTb Ha TPH HanpaBJie

mrn: 

• I-IeiiTpomiaH cneKTpocKonHH na peaKTope 11EP-2 [ 1]. 
• M1ommaH cnc1npocKonHH na cnttxpollHIOIOTpotte [2] • 

• 11mppaKpacnaH .[IJIHHH0B0JIHOBaH cneKTpOCKOTTHH Ha HMIIYJib

CII0M 11aKOTTHTCJie 3JICKTp0HOB [ 3]. 

Pa313HTHC HCCJie.[loBaHHH na nyqKax CHHXpoTpOHHOro H3JiyqenHH 

( C 11) B Poccm1 npHDeJio K co3.aanmo D K ypqaTOBCKOM HHCTHTyTe 

cncI{Ham13Hpouamrnro ucToqmIKa Cl1 c :rneprHeii aJieKTponoB 

E=2.5 faB. Tex1rnqecKH1'i nporpecc B 9TOM nanpaBJiemni ,qaeT 

B03MO)KH0CTb pacurnpHTb CIICKTP npoBO.[IHMblX paHee HCCJie.[IOBa

HHl1 B o6JJaCTH qJH3HKH TBep.aoro TeJia. 

C y<IeT0M OTKp1>ma10mHXC5I B03MO)KHOCTeH HCCJIC.[IOBaHHH Ha cne

IJ,HaJIH3HpOBaHIIOM HCToqm!Ke Cl1, a TaK)Ke HCX0.[IH H3 uarnero 

0llb!Ta H B03MO)KHOCTCH, Mb! CTaBHM nepe.a co6oii CJie.ayromae 3a

.aaqH: 

1. Co3/J,aHHC CTaHl,lHH nncppaKpacHOH CIICKTpOCKOTTHH Ha OCHOBe 

cnet{HaJU13Hponairnoro H3JiyqaTeJISI - on.ay JrnTopa. 

2. Co3.aantte cTaHllHH .[IJIH EXAFS-cneKTpocKonnn. 

1. O.[IHO H3 Tpa.am{H0HHbIX nayqHblX nanpaBJICHHH 0115111 CBH3a

HO C HCCJIC.[I0BaHHCM Mexaml3MOB cuepxnpoBO.[IHM0CTH B 0KCH.[1-

Hb!X BblC0KOTeMnepaTypHbIX CBepxnpoBO.[IHimax. DblJIH npoBe.ae

llbl H3MCpCHH5I na HMHYJibCHOM HCToqmIKe Cl1 BCJIHqHHbl anepre

Tll'ICCKOH u~e;m n ee 3aBHCHMOCTH OT TeMnepaTyp1>1 /{JIH BTCTI-

1111e110K Tnna YBa2Cu3O7_6 (Pnc.1). B CBH3H c HJ\Il1YJibCHbIM xa

pa1ncpoM HCToqnnKa Cl1 npoBe.[leHI-IblC H3MepeHHH 6bIJIH BblIIOJI

neHbl B pe)I<HMe 9BOJIIOllHH cneKTpa Cl1 BO BpeMeHH [ 4]. B 9THX 

HCCJIC.[I0BaJ-IHHX cneKTpaJibHOC pa3perneHHe COCTaBJI51JIO 

~A/A~10- 1. ,lIJIH H3Mcpel-IHH qJOHOHHb!X cneKTpOB pelliCTKH 

OKCH.[lllb!X CBepxnpOBO.[IHHK0B H onpeJ{CJICHH5I BJIHHHHH Ha HHX 

pa3JIH~lllb!X cpaKTopoB pa3perne1rne CTTCKTpOMCTpnqecKoro KOM

TTJICKCa .[IOJI)I(HO 6bITb 3naqnTCJibHO BbllliC. C 9TOH llCJlbIO H npe,q

IlOJiaraeTC5I co3t1aT1> na 6a3e cneqnaJIH3HpoBammro HCToqn11Ka 

Cl1 CTaHQHIO .[IJIH HHcppaKpacHOH CIICKTpOCKOTTHH. 



I10,no6ttb1e cTamvm co3_nattb1 B 5Irromrn (UVSOR) [S], CWA 

(NSLS) [6], CDpattl(IUI (LURE) [7]. OTJI111-mTeJibHOll oco6eu110-

cTbIO lIX .SIBJI5IeTCH lICI10Jlb30BaH11e J.(JllIHHOBOJIHOUOj:i 1-IaCTll CITCK

Tpa CM 113 rroBopoTHbIX MarmnoB. B noM cny1-rne ([S]) _n;rn ,n11a

rra3otta J.(JilIH BOJIH ~100 MKM Bbrnrpbilll B HpKocT11 CM no cpaB

Hett1110 C lICTQqHlIKOM 113Jiyqe1IHH Tllrra "a6coJIIOTJIO qepttoe TCJIO" 

COCTaBJIHeT Bem1q1rny rropH,nKa 101. 
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Puc. 1 3aeucu.Mocmb eeJLU?-LUlibt 31iepzemu-
1.1,ec1wu 111ieJtu 2L1 om me.Mnepamypbt aJt.a 
ceepxnpoeoa.a111ieu nJtemw YBa2Cu301-o 

L(JIH J.(JllIHHOBOJIHOBOH qacTll crreKTpa CI1 cyll{eCTBCHHblM cpaKTO

poM HB'..JIHeTCH ero 6oJiblllaH pacXOJ.(lIMOCTb B BepTlIKaJibHOM na

rrpaBJiemm: 'f'rn (Mpa,n)=0.7-[A/R]113, r,ne A - ,nmrna BOJIHbI 113-

nyqen11H B A, R -pa,n11yc Kp11Bll3HbI u MeTpax. L(nH uaKon11TeJIH c 

R=1 M np11 J-.=100 MKM 'f'cn=70 Mpa,n. 

TaK11M o6pa3oM, BCJICJ.(CTB11e 6oJibllIOM pacxo,n11MocT11 CI1 B Bep

T11KaJibHOM narrpaBJICHllll Tpe6yeTCH BbIBOJ.(HOM KanaJI C aKcerrTan

COM 'f'KaH 6oJibllle 'f'cn:::::70 Mpa,n. I1o,no6HblC ycTpOMCTBa C03J.(allbl 
na naKorr11TeJIHX B CWA [6] 11 5Irromrn [SJ. Ha aT11x ycTanoBKax 

y)Ke 6bIJill rrpoBeJ.(eHbl lICCJieJ.(OBaHlIH CTICKTpOB rrporryc1<amrn Kpll

CTaJIJIOB KI B 3aB11ClIMOCTll OT J.(aBJICHlIH [ 5], a TaK)KC CITCKTpOB 

nponycKaH11H BTCI1-rrnenK11 YBa2Cu307_6 [8]. Tm1wrnoe pa:1pe
lllett11e J.(JIH J.(JllIHHOBOJIHOBOM o6JiaCTll, KOTOpoe ,llOCTllraeTCH C 110-

MOJ.QblO <pyphe-cneKTpOMeTpOB - L\v=2-3 CM- 1 np11 v=100 CM- 1. 
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50;1ee nepcneKTIIUllbl;\I rnrnpau11e1111e:-1 /{JIH /{JIIIIIIIOBOJ(IIOBOii 1111-

cppaKpac,wii CIICKTpOCKOIIIIII HBJIHCTCH JIC(IOJil,:30Ba1111c CIICl{lla.:11,

llblX ll3JIYYaTCJICii, ycTa11aBJI11Bac:-11,1x B 11pH:-10;11111cii110:-1 11po:-1c

)KYTKC u:1Komrrc1m. ITono6111,1:-1 06pa:w:-1 opra1111:30Ba11a cramurn 

1mcppaKpac11oii c11eKTpocK0111111 11a 1iaK0111nc11c SUPER ACO B 

;ia6oparnp1111 LURE (c!Jpa11111rn)· [9]. 

011;1y JIHTOpllOC ll3]IJ'ICIIIIC ( 011) 0611a;1acT p.HJ{0:-1 11pcu:-1y111ccrn 

110 cpaBIICIII110 C C 11 r 10 I : 
■ 1101111,rn :-1011111ocT1> 011 u :111cf)pa1<pac110:-1 ;u1awuo11c 

Poll I 1dhj=0.633-E2 [ raB ]-Ifo[T]-L[ ;\I ]·II A], 
") ( ') ') ') 

11pHXO/{.HII{aHC.H 11a 0/lll)' rap:-101111Ky Amax=0.5-Lo·r· 1+k-. 2+y-0-), 

C)'ll{CCTBCIIIIO 6oJihIIIC ~IOil~IIOCTJI C 11, 

Amax - /{Jllllla BOJillhl MaKCIIM)'Ma ;\(Oil{IIOCTII O 11, 

y -pCJIHTIIBIICTCKilii ct)aI<Top, 

k - napaMcTp )I(CCTKOCTII 011;1y JIHTopa: 

k=cBoLo(2nmc)=0.93/4 Lo [c:-1JB0 [rn] , 

L 0- ;vrn11a 11cp110;1a 011ny 1rnTopa, 

Bo - 1rn).(y1<1{HH Marmnnoro 1101m 01111y1rnTopa. 

■ YrJIOBaH pacXO,'{IIMOCTb OI1 B nepn1KaJlhl10ii IIJIOCKOCTII cy111c

CTBCJIHO MCllbIIIC pacxo,n11MocT11 CM. 

'f'on::::: 0.6/y :::::10-3 pa,r1 

■ CneKTpaJihllOC pac11pc/~CJICIIIIC MOII{IIOCTII O 11 B rop11:w1naJII,

IIOH IIJIOCKOCTH /{JIH Yl'JIOB 0>0* , I'/{C 0* =1 /y /111}1 /{JIIIII BOJIJI 

A >Amax, Amax =1.9 MKJ\I, 

dP0 n/ dA= P0 n(Amax / A) 2( 1 /A){ 1-2Amax, A +2(A 111ax. A) 2} . 

011e111<11 MOIIUIOCTII OII/lYJIHTOplloro 113]1J'ICIIIIH /{J(}I 11apa:-IC'rpo11 

B03MO)!Oloro OB/WJIHTopa 11a 11a1<0111nc11c l{l1CM: 

L 011,~ =1.5 M - /{Jllllla OII/l)'JIHTopa, 

Lo =15 CM - nep11011 011;1y1mTopa, 

N =10 - YHCJIO IICpllO/{OB, 

I =200 MA - TOK Ko111,11a, 

Bo =0.6 Tn - HHJJ.YKUHH MamHT11oro nonH mmynHrnpa, 
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Ee =/450 IvbB - :rncpnrn a11cKrpo11ou, 

A =100 ;\IK;\I - ,'{Jllllla BOJ!Hbl 11a6JI10/{CJIIIH, 

P011 =0.01/4 Kih, 

dP011 /d11.=S.2·10-5 [BT/:--1K:--!]=2.5-1016 [cporn11/(ccK·:--1KM)]. 

/l;rn napa:--1eTpoB Ec=/450 MaB, 1=0.2 A M0II~II0CTb Cl1: 

N = 4-10 14 [q)OTOH/(ccK·;\ll{;\I)] npll 11.=100 MKM. 

--ill 
'- U] 

'¥,( 

,:·~ 

Puc.2 reoMempuR pacn0Jto)lce1tua 1w1w;w 
d;1R u11cjJpaKpac11ou cneKmpoCKonuu: 1 - 011-
iJy;rnmop , 2 - iJuaqJpazMa, 3 eaKyyM11aR 
KaMepa, 4 - eaKyyM1tblU Kauall, 5 - noeopom-
1we 3epKallo, 6 - a;u1unmu'l/,ecKoe 3epKaJlo 

I<aK BH/lHO, MOIQH0CTb OIIL1ymnopnoro H311y'-leHHH na ,LIBa nopH.LI
Ka npcubIJUacT MOll{HOCTb Cl1 nonoponmro J\tanrnTa. Ha Pttc.2 
110Ka:mna cxeMa KauaJia 011. OII/lyJiwrop ycTanau1mnaeTCH Ha o,L1-
110M l13 IIpHMOJIHIICHHblX npoMe)I<YTKOB 6oJiblll0fO K0JlbQa HaKonH
TCJIH. O11;1y1rnTop11oc H311yqe1-rne nona.naeT 3aTeM na nonopoTHOe 
:3cpKa110, pa3;1c1rnmu1ec )J<ecTKoc 11 l1K-H3JIY'-leHHe, nocJie noBo
poT11oro 3CpI<aJJa l13JIY'-ICHHC 3nJIHilTH'-ICCKHMH 3epKarJaMH C 3a,LlaH
IIOH q)()I<yc11poBKOH 11epc;1acTcH ua cpyphe-cneKTp0MeTp. 
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Ilepexo,LI K ncnOJib3onanmo 011 n nHcppaKpacnoM ,[lttarra3one rro-

3BOJrneT 3Ha'-IHTeJibH0 ynrmrnTb cneKTpaJibH0e pa3pellleHHe crreK
Tp0MCTpa. TaK n Jia6oparnpttn LURE [9] na l1K-cTaHQHH rro

Jiy'-leHo cneKTpaJibH0e pa3pellleime 11v=3-10-3 CM-1 C ,LICTCKTOp0M 

6onoMcTpn'-1ecKoro Tttna c pa6o'-lett TeMnepaTypoii T= 1. 7 K 

Il11aHttpyeMaH CTaHQHH ,LIJIH l1K-cneKTpocKorrHH rro3BOJIHT necTH 
JICCJIC,LIOBamrn B CJie,L1ymmeM cneI<TpaJibH0M ,Llttarra3one: 

Tun JlCTCI<Topa CneKTpaJibHhIH HH- Pa3pelllentte, 
TepBaJI, CM-t CM-t 

5oJIOMeTpH'-I. T=1.7K · 100 - 5 0.004 

5oJIOMeTp11'-1. T=4.2 600 - so 0.004 
Ko 

11 pnMeCHbIH 800 - 5000 0.004 

nptteMHHK T=77 K 

2. BTopoe nanpannemte 3KcnepHMenTaJibHbIX HCCJIC,LIOBanuii CBH-
3ano C C03,[laHHCM na CI1CQHaJIH3HpOBaHH0M naK0ITHTeJie CTaHQHH 
,LIJIH EXAFS~, XANES-crreKTpocKorrnH (EXAFS - Extented X-Ray 
Absorption Fine Structure [ 11], XANES - X-Ray Absorption 
Near Edge Structure [ 11]). 3n1 MeTO,LlhI ocnouanbI Ha npeQH3H
onnoM H3Mepenm1 TOHKott cTpyKTypbI nor nomeHHH penTrenoB
CKHX ny'-leH, npoX0,LIHlllHX CKB03b HCCJie,LlyeMbie ITJICHO'-IHbie 
cTpyKTyp1>1. Ecnu aneprnH penTrenoncKHX KBaHTOB E 6oJibllle, 
'-ICM ::rneprnH CBH3H aneKTpOH0B na K-o6ono'-1Ke EK, TO 3JieKTpon B 
npoQecce H0HH3aQHH BbIJieTaeT H3 aTOMa C HCKOTopott KHHCTH'-ICC

KOH aHeprneii T 11 paccettuaeTcH B o6paTnoM HarrpauJieHHH aToMa
MH 6JIH)J{attlllero OKpy)J{CHHH. B pe3yJibTaTe npoQeCC0B pacce.HHHH 
rrpOHCXO,LIHT HHTepcpepeHQHH BOJIH, COOTBeTCTBYIOlllHX pacce.H
HHbIM H BbIXO,LIHlllHM 113 HOHH3HpoBaHnoro aT0Ma 3JieKTponaM. 
Pa3HOCTb X0,[la Me)J{,Lly HHTepcpepttpyIOlllHMH BOJIHaMH orrpe,LleJI.H
eTC.H paccTOHHHCM OT HOHH30BaHHoro i-ro aTOMa LIO coce,Llnero j-ro 
aT0Ma Ri j. l1nTepcpepeHQHH B 3KcrrepttMeHTe rrpoHBJI.HeTCH B MO

LIY JIHQHH K03<p<pHQHCHTa rrornomeHHH µ( E); rrepHO,LI MOLIY JIHQHH 
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3am1c11T OT paccTOHHHH ,ao 6muKaihuero oKpy)l<emrn LiE-1 / Rij. 

OTJmqnTeJibHOH oco6ettHOCTbIO XANES HBJIHeTcH TO o6cTOHTCJilr 

CTBO, qTo IIOfJIOl.l{eHne nponcxo,anT npH 3Hepnrn E peHTrCHOBCKO

ro H3JiyqeHHH B6JIH3H nopora OTpbrna 3JieKTpotta, npu JTOM B03-

6y)l(,aeHHblH 3JieKTpon np11na,aJie)l(HT JTOMY aToMy. Ho, ttaxo/{HCh 

B B036y)l(,aeHHOM COCTOHHHH, OH "qyocTByeT" JJICKrpOHIIOC OKpy

)l(eJine aTOMa. To CCTb B O?JiaCTH JHcprniI, COOTBCTCTBYIOil{Cit 

XANES-rrpoQeccy, ceqenne no36y)l<,aemrn 3aBHCHT OT nJIOTJI0CTH 

JJieKTpOHHbIX ypoBneiI KOI!eq1mro C0CT0HIIHH COCC/ll-!HX aT0M0B. 

Ha Pnc.3 rroKa3an1>1 JKcrrep11Metna111>111>1e KpnB1>1c XANES-cHcK

TpoB Me,aH B6JIH3H K-KpaH, HaXO,llHl.l{eHCH B pa3Hb!X naJICHTllblX 

cocT0HHHHx: CuS0), Gl!(I), Cu(II)_ 

u._ µ,(E) 

tJ 

1.0 

G.$ 

E-Eo, eV 
ol I « ta:' I c 
-211 .., D ~ U ~ ~ M M ft M 

Puc.] ,XANES-cneKmpbl Meau, 1taxoam11,euc.a 6 

pa31lbtx eaJie1tm1tblX cocmo.auu.ax e6JLu3u K-Kpa.a 
n0ZJl0W,ellU.R Meau 

B npoQecce H3MepeHHH KpHBOH rror JI0l.l{eHHH peHTreHOBCKHX 

JiyqeiI B6JIH3H KpaH nor JI0l.l{CHHH onpe,ae;meTCH EXAFS-cpyttKQHH 

x(k)=(µ-µo) /(µ0-µ1), r,ae µo coorneTcrnyeT rrornouienmo 3a 

paiionoM EXAFS-Mo,ayJIHQHH, k - 3ttaqennc B0JI11ouoro BCKTopa, 

lki=(2m/h2(E-Eb) ) 11 2 

Mcxo,aH H3 Mexattn3Ma EXAFS - rrpoQecca, KaK mncpcpepemvrn 

na,aaroll{ett B0JIHbl 11 B0JIHbI, pacceHJIOH aToMaMH 6JIH)l(attwero OK-
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py)l<c1111H Nj, 11axo;1H11111xcH 11a paccToH111111 Rij OT "11po611oro ,rro

:-.1a", BhIBOJIIITCH ciJOp:-.1y1ia /IJIH EXAFS-cpy1m111111: 

x(k)= L Nj/(Rik)sin(2kR;i+o(k)cxp(-2R;i//Jexp(-2kLalH(k). 

B JTOII cpopMyJIC y•nCllhl TCIIJI0BblC KOJ1c6a111rn pclllCTKII - cpaKTOp 

Jlc6crn-Y 0JIJ1cpa cxp(2k2cri/), r11c crij - cpcn11cKBa,ipaT11LI11oc 0T

KJ1011c1111c Rij, a TaK)l<C A 11 ;vmua cB060;11wro 11po6cra a:1cKrpo-

110B - cirnKrop cxp(-2Rij /A). 

B pc:iyJII,TaTc 1Dl\1cpc111rn EXAFS-c11cKrpon 110 ;1a1111oii ciJOp1'1~·:1c 

y.l{aCTC51 BOCCTallOBIITh BCC 11apa1'ICTpbl 6mrn<aii111cro 0KP)')i(CIIIIH B 

Koop;11111aTnoii ccpcpc Nj Rij crij. /lo6au1rnH K ZJT01'IY 1111q)()p:-.1a1u110 

0 DJJeKTp0IIIIOJ\I 0KP)')l(CIIIIII B6J111:rn JICCJICJIYCl\lOI'O aT01'1cl, 

0Hpe11c1meMy10 113 XANES-c11cKTpon, :--11>1 11011y'1ac:-.1 11011111,Iii 11a-

6op 11am11,1x 0 JIOKaJlbllOii CTp)'KTypc cp11:lll'ICCKOJ'O 06-1,c1na. 

C11c1np Cvl 0CJI0BII0ro KOJlbl(a C :rncprncii DJICI<Tp0II0B 2.5 raB C 

IIOBOpOTllbIX MannrroB Ilo=1.5 I{;:.) 11:'-ICCT KpllTll'ICCK)'I0 ;i11cpr1110 

EKpin=17 1rnB. B1,mo;111oii 1<a11a11 Tpa11c11opT11pycT 11:lJly<1c1111c 11a 

;v11111y 14 MCTpon. Ilo11yu111p1111a ny<11rn 11:3.nyLicmrn 116m1:rn 1\10110-

xpoM,nopa MO)l<CT pcrym1ponan,cH II rop11ao1na111>110;11 11a11paB11c

mrn OT 5 /W 40 MM cooTBCTCTBy10111cii ;111acppar:-.1oii. OTJIIILIIITCJih

HOH oco6cm10cThIO coanauacMoii EXAFS-cTa11111111 6y :1cT To, LITO 

Olla Bblll0JIIIHCTCH 110 a11cpro;u1c11cpc1101111oii CXC;IIC, 1<0r;1a B 

I<al.!CCTBC M0II0XpOMclTOpa JICII0Jll,:JyeTC}I 11:30I'll)'Thlli KpllcTaJIJI Si, 

Ge, KOTOpb111 11MCCT II0JIIIXp0MaTll'ICCK)'IO cpc)l(yc11po11Ky II IICK0T0-

poii T0L!KC, rnc ycra11aBJ111BaCTCH o6pa:3CI(. flocJIC DToii T0'IKII 11po

ll1C,l{llIHC peHTfCII0BCKJIC Jl)"lll pacXO/lHTC}l 110/1 pa:Hihl;IIII yrJ1a;1111, 

011pcJ{CJ1HCM1>1M11 a11cprnci'I cpoT011011 112 I ( P11c./i, Pnc.5). vJ:3;11c

pHH npocTpallCTBCIIIIOC pac11pC/{CJICIIHC 11po111c;1111cro 11:rny4c111rn 

TO.), BOCCTa11a1un1BaJ0T KOD(t)(t)lllll!CHT 11po11yc1«1111rn II :iaBIIC(l;ll()

CTH OT :i11epnm. /la11mrn cxcJ\ta 110:rno;rncT 11:1Mcp1rr1> ":-.ir110Bc11-

111,1e" c1111MKH EXAFS-cneK'rpoB n 011pc;1c11c111mii :mcprcTll'Icc1rnii 

o6JiaCTl1, OIIpC/_{CJI}ICMOii pa:JMCp0M KpllCTaJIJla, 'ITO Ba)!(![() 11p11 IIC

CJlCJ{0Bamm MII0l'l!X npoqcccoB II pc)l(IIJ\IC "in si lu"' I(OJ'/la IICCJIC

.llYIOTCH /1111IaM114CCKIIC xapaKrcpllCTIIKII K0II/ICIICllpo11a11111,1x cpc;1 

110/1 BJIIIHIIHCM TCJ\11ICpcrryp1,1, Mar1111T110ro 110)1}1, :lJ(CI{'l'Pll'ICCK0ro 

II0JIH II T ./{. 
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Puc.1 Cxe,ita a1tepwaucnepcuowww EXAFS-cneKmpo
,ltempa: 
1 axoa1taR 111,eJtb, 2 u:1oz1tymb1u Kpucma1u1 Ge, Si, 3 -
(JblXOOIWJl 111,CJlb, 4 · o6paaeu, aJlJl UCCJ1eaoaa1tUU, 5 
n1wcKoe aepKaJlo ua Keapu,a, 6 aemeKmop 

Puc.5 /lemeKmupy10111,aR 1.J,acmb EXAFS-cneKmpoMempa 
1ta OCllO(Je rjJomoauoa,wu JlUlleUKU 
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1 
'~ 

i 
:\ 
ij 

' 

urJL(E) 

u 
2.0 
1.i 

ze1 40 60 ao 100 121 
E-Eo (eV) 

Puc.6 XANES-cneKmpbl Mea1wu qJOJlbZU 86JlU3U 
f(-KpaR nOZJlOUJ,CHUR J>ieau, aJlR pa3HblX 8peMeH 
3KCn03UU,UU 

Ha P11c.6 noKa3attbI XANES-cneKTpbr TOHKOtt Me.l(ttott cpoJibrH B 

3Heprom-1cnepc110HHOH cxeMe IIpII pa3HbIX BpeMettax II3MepeHIIH. 
MnHHMaJibHOe BpeMH 3KCIIO31Il(HH MO)KeT 6bITb ,l(OBe,l(eHo ,l(O He
CKOJibKIIX MCeK [ 12]. 

KaK y:>I<e 6bIJIO cKa3ano, II3ornyTbitt KpIIcTaJIJI MonoxpoMaTopa 
cpopMIIpyeT TIOJIII3HepreTlI'IeCKHtt cpoKyc. BeJilI'IIIHa HHTepBaJia 

3HeprHH L'lE, cpoKycupyeMott KpHCTaJIJIOM, onpe.l(eJIHeTCH era ,l(JIII
HOH L, pa.l(nycoM KpIIBII3IIbI R, yr JIOM na.l(eHIIH II3JiyqenIIH .l(JIH 

l(eHTpaJibHOro JIJ',Ia 80: 

L'lE=E-ctg80-L·( 1 /R-sin8o/ po). 
CooTHOllJCJme Me)K.l(y paccTO5IHII5IMH OT TO'-IKH H3Jiyt.IeHH5I ,l(O KpH
CTaJIJia po H OT KpHCTaJIJia .n.o TOqKH cpoKycHpOBKH qo onpe.n.em1eTC5I 
Bhrpa)KeirneM: 

1 / qo+1 /po=2/(Rsin8o). 
PaccT05IHHe OT IIOJIHXpoMan1qecKoro cpm<yca ,l(O MeCTa ycTaHOBKH 
.l(eTeKTopa d: 

d=q0-ro/(Lsin8o), r.l(e ro - JIHHettHaH anepTypa .l(eTer<rnpa. 
::hrepreTnqecKoe pa3pelllenne 3ttepro,l(ncnepcnonnoro EXAFS
cneKTpoMeTpa onpe.l(eJIHeTcH cpaKTopaMn: 
1) Co6crneHHOH lllHpHHOtt KpHBOtt KaqeHH5I ,l(JI5I COOTBeTcTByIOrn;e

ro pecpJieKca KpncTaJIJia. HanpnMep, ,llJIH Si ( 111) 88 = 7- 10-5 pa.a 
,l(JIH E=S.4 K3B. 
2) Pa3MepoM HCTOqJiuKa H3JiyqeJIHH. 
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Puc. 7 Feo.M.empu.a rjJoKycupoeKu cuuxpompomwzo U3-
llytteuu.a u3ozuymbtJ,t KpucmallllO.M.: S - ucmottuuK u3-
JLytte11u.a, F - noJLuxpo.M.amuttecKuu cpoKyc, D - nlloc
Kocmb aemeKmopa 

1.~ 

I • o. 

0 ·1 
"°"""'-2fDCCIQ1CIN4TI! 

Puc. 8 3aeucu.M.ocmb pacttem11020 nporjJuJL.a, 06ecnettu
ea10U4e20 onmu.M.allb11y10 rjJoKycupoeKy: t( x) - mollU4U1la 

nllacmuubt npu nocmo.a1111ou wupuue, w( x) - wupuua 
nJLacmu1lbt npu t=const no alluue, (!)( x) - cpaKmop Kop
peKlfiUU, zae X - om11ocumellb1la.R Koopauuama aJlU1lbl 
KpucmaJLJla. 

10 

3) YrJionoii u111p111mii /ICTCKTopa ;vrn perncrpa1u111 pc11Tre110BCK0-

ro 11:rnr1e111rn d8=L'lx/d, r;1e L'lx- 11pocrpa11cT11c1111oe pa:1pc111e1111c 

/lCTCKTopa, L'lx=25 :,1 K:-1. 

011c11K11 11 DKc11cp11:-1e1rr [ 12 I 110Ka:H,rna10T, 'ITO ;vrn Kp,rn 110;1oc1,1 

Cui< 0110 cocTaBJIHCT 11opH/tKa 2 <>B. 

Ha P11c. 7 110Ka3,111a rcoi\wrp1rn c!H)KycnpoBKII 113;1y'-!e1111H 11:mr11y

ThlM Kp11cTaJ1J10:-1. Hco6xo;111:-10 113:,1epHTh pa;u1yc Kp111rn:m1,1 R 

;vrn 1<a)l</tc>ro :ma,1c111rn yrJia 0o: R(8o)=2qo / sin8o • 

B c1rn:rn c TOI, 'ITO Tpe6ycTcH 06cc11c'I11Th <l)()Kyc11poBKY c :-1111111-

MaJ11>111>1M11 ccpCJ)ll'ICCKJl;\III a6eppaU.IUIMII, 11eo6xo;ui:-10,. 'ITOOhl 

c!JOpMa Kpl!cTaJIJia 06ec1IC'IIIBaJ1a cj)()p:,111poua1111e ;JJIJIIIIITll'ICCKOii 

O'rpa)l<a[OJ[\cii IIOBCpXIIOCTII. I(aK IIOIGl3bIBalOT paC'ICThl II Zl[{CIICpll

MCl!TaJlbllblC pC3YJlbTaTbl pa6on,1 [ 131, Tpc6ycTC51 11pocp1umpoua

llllC 11J1acnm1,1 0Tpa)1<a1on1ero Kp11cTaJu1a no :vm11c L. I Ia P11c.8 

IIOKa3a110 ,,a rpacpl!KC pac'-!CTIIOC 113:>!epcm,e Illllpllllhl IIJiaCTllllhl 

110 cc /lJIIIIIC, /lJIH o6CCIIC'ICllll51 :-1111111:,1aJihllhIX IICKa)l(Cllllii II 

cpy11Kqm1 1<0ppcKq1111 Cl)(x): ffi(x)=w 0 ( 1-2x/L)Cl)(x); 

X - 11opMaJJ1130Ba1111,rn 1<0op;u111aTa JlJIIIllhl KpllCTaJIJia, 

Wo - MaKCHMaJihllaH m11p1111a y :1a1<pCIIJICIIIIOl'O KOlllla KJ)IICTaJIJia. 

l13MCIICHl1C pa;1nyca Kpmm:mhI ocyII{CCTBJl5ICTC51 /lC<pop:-taI{IICii 

JIC3aKpeIIJJCIUIOl'O I<OIII{a 1Ip11JIO)l(CIIIICM CIIJ!hl F. 
Rmax=EwoT3 /(12LF), r;1c E - MO/IYJlh !Oma, T - T0Jm11111a 

fl JI a CT l III bl . 

II0;10611oe npocp1u111poua1111e crrpa)1«110111cro 1<p11cTaJu1a no 11111p1111c 

H 11aJJ())l(CIIIIC 11ccpopMa!lllll 11a cno6o;u11,Iii KOIICI( no:rnOJIHCT pea

JIH30BaTb ll3J\ICIICJIIIC pa;111yca Kpllllll:mhl IIO /lJIIIIIC :iepKaJia. I lpo

BC/ICllllhlC B pa6oTc [ 13] pac'ICThI R(x)=RmaxCIJ(x) 110Ka:i1,ma1cn, 

'ITO Il ZJTOJ\1 CJ!y'-lae OKOJJO 90% /lJllll!hl I<j)IICTaJIJia cjHH<yc11pycT 11a

;1a1ou1ee H3J1y'-!e11ne. 

Ha Pnc.9 no1<a3a111>1 pc:1yJ11>TaTh1 pactICTOB. BcJ111t11111a pa:i:-1cpa 

H3o6pa)l(Cllll.H Ollj)C/lCJ151CTCH YMCJlhlllCIIIICM OIITJll[CCl{()Ii CIICTC;\lhl 

k=q/ 11~10-1 11 co6cTBCllllblJ\I pa:lJ\ICJ)OJ\I IIC'f()l[llll!Gl. B pc:lVJihT,lTC 

110;1y'-!aCM pa3Mep 11306pa)l<emrn 11a ypmmc 0.3-0.5 1\11'-t. ·061,cKT 

llCCJICJlOBamrn yCTa11aBJI11BaCTCH B KpllOCTaT llj)II 11:1:-icpcmrnx C 

ll3MCIICIIIICM TCMncpaTyp Tpa6 OT /4. 2 I( /lO ]00 I( . 
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Puc. 9 PaclLembt rp0Kycupy10w,eu 
cnoco_61tocmu u3omymo20 Kpu 
cma;uta e :wrmcuMocmu om ezo 
omuocumeJtb1wu OJlU1lbl o;rn 
pa31lblX 31talLC1lUU .mepzuu £ U 
paccmmmuu om Kpucma1llla oo 
r/JOKyca. ([Jy1tKu,w1 g( x) xapaK 
rnepu3yem rJellUlLU1ty a6eppaiiuu 
Kpucma1uta. 
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~,.__.LL-
Puc.10 llpocmpa11cmeewwe 
pacnpeoe_1w1tue pewnze1we 
CKOZO U3JLYlLC1LWl, naoa,ow,ezo 
lLepea npo(pUJtb1ty10 MacKy 1ta 
cf;omoauoa11y10 JlU1lCUKY, 
cocm0Rw,y10 u3 1021 3JleMe1l

moe. 3uep2UR y-Keaumoe E = 
17 K3B, B{JC./11.fl U3Mepe1LUfl 
f 00 ./11.C 

/lJIH perucrpailIH1 pc11TrenoBcKoro I1311yYe111rn H3roTOBJICII peirrre

llOBCKHH /!CTCKTop 11a ocIIone II011yIIpono1-111111<onoit cpoTO.[IHO/UIOH 
JIHHeihrn 11a 1021 3JICMCHTa c pa3pemeHHCM 25 MKM. /leTe1nop 
KpCIIHTCH 11a OXJJa)!(,[laCMOM )KH/(KHM a30TOM XJiat(OIIpOBO/_(e. 

Ha PHc.10 noKa3aHo pacnpet1e11e11ue c11rI1a11on c cpoTOt(I10.[IHOtt 
JIHIICHKH B pe)!(HMC 0611y'-ICHHH IIOTOKOM pe1nreHOBCKHX KBaHTOB 

xapaKTepHcTH'-!CcKoro cIIeKTpa H3JiyYeHHH Mo (Ey=17 K<>B) Yepe3 
cBHHI-lOBy10 MacKy c pa3HbIMH pa3MepaMH OTBepcTHH. Bpel.\rn ua-
1<onJic1111H H3MCIIHJIOCb OT 10 MC .[10 100 MC. vl3MepeHHblH J.{Hlfa
;'>H14CCKHH /U1aIIa30II nopHt(Ka 101. MHIIHMaJibllaH /!CTCKTHPYIOillaH 
c11oco6I10CTI, IIOpHJ_(Ka 10 KBaJITOB / 3JICMCHT. ,lluana3011 3HeprHH 

pcrHCTpHpyeMblX y-,rnaHTOB onpeJ.{eJIHCTCH napaMeTpaMH HCITOJib
:JycMbIX KpncTaJJJIOB (Si(111), Si(311), Ge(111)) H yrnoM rrono

poTa; 0110 cocTaBJIHCT 5-25 K3B. 
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Puc. 11 XAN ES-cneKmp KpaR nozllow,e1tufl As e aonupoea1t-
1toM KpucmaJlJle Si ( crutoumafl JlU1lUfl - 3KcnepuMe1lm, 
ny1tKmup - meopuR) 

OttHO H3 narrpaBJieHHH uccJietlOBaHHH 11a 3Hepro.[lncnepcuonHoii 
EXAFS-CTaHQHH 6ytteT BbICOK03HepreTH'-!ecKaH 1101-rnaH HMITJianTa-
1-llUI KpeMHH51 H a.rIMa3HhlX HJICHOK [14). KaK IlOKa3hIBaJOT 3KC-

nepHMeHThl, npe)],CTaBJieHHhie B pa6oTe [15), B pe3yJihTaTe 3THX npm~ec- . 

coB rrponcxo.[IHT rny6oKaH cTpyKTypnaH nepecTpoiIKa o6JiyYeH
HbIX o6pa3QOB. Ha Pnc.11 noKa3att XANES-crreKTp KpaH K-rro

rJIOIHCHHH As B t1onup0Bau110M KpncTaJIJie Si (:mcnep1rneHT -

CITJIOWHaH JIHHHH, TeopHH - rryHKTHp). 
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