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Hano onmcanne ayopecuerTaoro EXAFS-cnektpomeTpa, paspaboTaHHOTO, N3TOTOBIEHHOTO U alpoOu-
POBaHHOTO Ha KaHaje 6.2 Gonblioro HakonutenbHoro Kossna KIICH. Ipusopstcas EXAFS-cnekTpbl
CIUTABOB Ha OCHBOE HUKEJISl M pe3yNbTaThl X MATEMaTHIeCKON 00pabOTKH.

BBEJJEHUE

PeHTreHoBCKasi CIEKTPOCKONUS B Pa3iUYHBIX
(popmax ucrosp3yeTcs A MoydeHnst nHpopManuu
00 SJIEKTPOHHOW M KPUCTAIIUYECKOU CTPYKTYPE.
EXAFS — a66peBuarypa aHIIMICKOTO Ha3BaHUS Me-
TOJIa MCCIEIOBAHNS TOHKOW CTPYKTYPhI Kpast MOTJIO0-
IEHUsI PEHTTeHOBCKOTO HU3IYy4YeHUs] B MaTepuaie
(extended X-ray absorption fine structure). EXAFS sig-
JISETCS MUPOKO NMPUMEHSEMBIM MOITHBIM METOJ[OM
ucciiefoBaHus TBepabIX Teu [1, 2]. OH mo3BounseT omn-
PEeNeNTh pacCTOSIHAE OT MOTJIOMAFOIIET0 aTOMa JI0
OnuKaiiimen KOOpAUHALMOHHOM chepbl — C TOUHOC-
1610 0.001 HM, a 0 ABYX — YETHIPEX MOCIEAYIOIINX C
To4HOCTEIO .01 HM. OnpeaesnsitoTcst aMIUTUTy/a Tel-
JIOBBIX KOJIeOAHWI, THIT OKPY3KAIOIINX aTOMOB M KO-
OpAMHAIMOHHbIE YKcia. MeTo MpUuMeHuM K MOHO U
MOJIMKPUCTAIIaM, aMOP(HBIM BEIIECTBAM U JlaxKe K
KuAKocTsIM. Mccnenyrorest Takske U pa30aBiIeHHBIE
00pa3ibl ¢ KOHIIeHTpaluel aineMeHToB 10 0.1%.

MeTopbl 3KCHEPUMEHTAIBHOIO  HCCIIEOBaHUS
EXAFS ocHOBaHbI Ha ONpesieIeHUU YaCTOTHOM 3aBH-
CHUMOCTH TIOTJIOIICHHUSI PEHTIE€HOBCKUX Jy4ell Iu6o
MyTeM W3MEpPeHHs JMHEHMHOro KoaduimeHTa Imo-
[JIOIIEHMS B icCelyeMoM o6pas3iie, TU60 MO BBIXOAY
BTOPUYHBIX YacTHL] (3JIEKTPOHOB, (POTOHOB WJIU UO-
HOB), BO3HHMKAIOIIMX IMpPU 3alOJHEHUH CBOOOMIHBIX
BHYTPEHHUX 3JIEKTPOHHBIX YPOBHEH, 00Pa3yIOIIIXCS
npu doronornomenun. [Ipakrnuecku EXAFS-akc-
NEPUMEHTBI BEAYTCS TOIBKO Ha UCTOYHUKAX CUHXPO-
TpoHHOro usnydenus (CH).

CITEKTPOMETP

Hawmu pa3paboTaH, H3rOTOBJIEH, CMOHTUPOBAH Ha
nyuke CU u oTiaXeH CIeKTPOMETP ST U3MEPECHHUS
EXAFS-cnekTpoB. CnekTpoMeTp pacloyioKeH Ha

KaHale 6.2 TOBOPOTHOTO MarHuTa GONBIIIOTO HAKO-
muTeNbHOTo Konbija KypuaToBckoro LlenTpa Cunx-
porponnoro Uznyuenus (KLICH) [3]. 3To uctounuk
CH BTOPOTO MOKOJIEHUS C IHEPTHell HAaKOIIEHHBIX
9IIeKTPOHOB 10 2.5 9B m Tokom o | = 0.1 A.

CnektpoMmeTp paboTaeT B PEKUME PErUCTPALUH
(payopecuenTHOrO M3MydeHHs 00pa3na M COCTOUT
(puc. 1) nu3 monuTopa nonoxenus nydyka CH, mono-
XpoMaTopa, MOHUTOpa WHTEHCUBHOCTH, KPOHIITEMH-
Ha o0Opa3yoB u pabodero perekropa. biok cxema
9JIEKTPOHMKYU CHEKTPOMETpAa MpefcTaBlIeHa Ha PHC.
2. B BepxHell yacTu puc. 2 NpeAcTaBiIeHA CHCTEMa
CTaOMIU3alii BEPTUKAJIBHOIO IIOJIOXKEHUs IIydYKa
CH (6e3 Takoit cuctemsl gpeiid nyuka CH no sepTu-
KaJI IOCTUraeT 1 MM, 9TO HCKIIFOYAET BO3MOXKHOCTD
MOJIYYEHUSI Pa3yMHBIX PE3yIbTaTOB), COfEpKalas

Bup cBepxy

Bup cOoky

Puc. 1. Cxema crenga EXAFS-cnekrpomerpa: / — Hako-
nuTens, 2 — 6enblil nydyok CH, 3 — Be cdonwsru xanana
CU, 4 — MOHHTOP NOJIOXKEHNS Iy4Ka, 5 — MOHOXpPOMATOD,
6 — MOHUTOP UHTEHCHBHOCTH, 7 — oOpasel, § — pabouwnit
AETEeKTOp, 9 — MOHUTOPHBII pacCeUBaTENb.
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Puc. 2. Biiok-cxema 3J1eKTpOHNKY cTeHAa I nccnenoBannst EXAFS-cnektpos.

ToMIHOOP, TeleKkaMmepy, KoMmnbrotep Ne 2. JItomn-
HO(Op pacnoyoxXeH nof yriaoMm 45° K och Iydyka u
perucTpupyeT HEeucrnosab3yemyro dactb nydka CH.
M3o0paxxenne myyka HaOmrofjaeTcs TeJeKaMepoi,
OIM(PPOBBLIBAETCS M BBOLUTCA B KOMIIBIOTEP € TIOMO-
b0 KOMMEPYECKOW IJIaThl BBOAA HM300pAKEHMIA.
Hcnonb3yeTcsi pa3paboTaHHBII HaMH KOMILIEKC
nporpamm [4] (Ha puc. 3 moKa3aH COOTBETCTBYIOIINN
unrepdeiic). Kommnbiorep Ne 2 (IBM Pentium—4) co-
efinHeH I pOoBOI 06GPaTHON CBA3bIO C CUCTEMOM yII-
paBlIeHNUs HaKONUTENeM. JTa oOpaTHas CBA3b o0ec-
MEYNBAET IMOCTOSTHCTBO BEPTUKAIBLHOTO MONOXKEHUS
ciena nyuka CH B Touke HaOmrofeHus. [1pu Bpeme-
HU U3MEPEHNUS NOJIOKEHN Ty4yKa, paBHoM 10 ¢, 1 To-
K€ IlydKa 3JEKTPOHOB B HAKONHUTEJE IOpsfiKa He-
CKOJIBKUX MIJIJTMAMITIEP CTaTACTHYECKasl HEOTIpefeTIeH-
HOCTb 3TOr'O TOJIOXKEHUsSI cOCcTaBIsieT MeHee 10 MKM.
OTa Ke BeJIWYnHA MOJIeP>KUBAETCS CHCTEMOU 00-
PaTHON CBSI3U.

MonoxpoMaTop mnpefcTaBnsgeT coO00ll MOHOKpPHC-
Tam S ¢ mpope3aHHbIM KaHaJIOM, TIOBEPXHOCTh KOTO-
poro napajuiejibHa OTpakarollUM aTOMHBIM ILIOCKO-
ctsiM (220). IlpakTiyecknii SHEPreTUYecKuil Arana3ox
MOHOXpoMaTtopa cocTasisieT 620 kaB. DHepreTudec-
KOe pa3pelleHre MOHOXpoMaTopa OIlpefelseTcs
PacXOAMMOCTBIO NAJAIOIIEro My4YKa 1 C BXOTHOH Bep-
TUKAJbHOM IIeablo 1 MM cocraBigeT 2.4 3B. OT0
paspelierne 6JIU3KO0 K ontuMaibHOMY st EXAFS-
uccnenpoBanuii. Hiske Ha OJOK-CXeMe 3JIEKTPOHUKU
MOKa3aHa cucTeMa ABMXKEHUS MOHOXPOMAaTOopa, COCTO-
sAljasi ©3 TOHUOMETPUYECKOTO MOAYJIs, Ibe30/iBUTaTe-
7151, BpalJalolEero poTop 3TOro MOAyJIs, U U3MEPHUTEIs
yIila HOBOPOTa — MHAYKTOCKHA. [JUCKpETHOCTh OTCYETa

TMOBEPXHOCTb. PEHTTEHOBCKHWE, CUHXPOTPOHHBIE 1 HEUTPOHHBIE UCCJIEIOBAHUS  Ne 10

yIJla COCTABIISIET OfIHY YIVIOBYIO CEKYHAY. DTOT Ipely-
3MOHHBINI TOHMOMETPUYECKHII MOAYJIb ObUI HaMU
pa3paboraH panee [5].

MOHHTOpPHBIN JETEKTOP PETUCTPUPYET H3Jyde-
HH€, pacCeIHHOE TOHKUM PacCEeUBaTeNIeM U3 OpPraHu-
YeCKOIl INIEHKH, PACIOIOKEHHON HEMOCPENCTBEHHO
ocjie MOHOXpoMaTropa. MOHUTOPUPOBAHUE MOHO-
XpPOMaTU3MPOBAHHOIO My4YKa MO3BOJSET YUUTHIBATh
CHIDKEHNE WHTEHCHBHOCTH 32 CYET E€CTECTBEHHOTO
YMEHBILIEHUs] TOKa 3JIEKTPOHOB B HAaKOIUTEJE CO
BpeMeHeM (BpeMsI KU3HM ITyYKa) U y3KUe IpoBajbl B
MHTEHCUBHOCTH, OOYCIOBJIEHHBIE MHOTOBOJTHOBBIMHA
mpoleccaMi OTPaKeHMsT PEHTTEHOBCKOIO M3Iyde-
HUSI B MOHOXpoMaTope. PabounM 1 MOHUTOPHBIM fie-
TEKTOpaMU CIyKaT KomMmepueckue cuetuuku bIC-
10— poTOyMHOXKUTENN CO CLUHTIIIIISITOpaMu. Taiimep,
CYETYUKH, U depeHIanbHble TUCKPUMUHATOPBI —
kommepueckue Osoku B crangapre CAMAC. Kon-
Tpomiep cBsizu kommbioTepa Nel (IBM486) ¢ CA-
MAC pazpa6oran B PHII KW. Pa3zpa6oran koMm-
IIJIEKC YIPABISAIOIUX MPOTpaMM, OOECIIEYNBAIOIINAX,
B YaCTHOCTH, IIOJIHOCTbIO aBTOMAaTHYECKYIO paboTy
cnekTpomerpa. TunmdHoe BpeMs H3MEpPEHNUsI OJHOTO
CIIEKTpa COCTABJISIET 3 4.

OKCITEPUMEHT U OBPABOTKA

Hwuxe B KauecTBe npuMepPOB pabOThI CIEKTPOME-
Tpa mupeacraBieHbl EXAFS-cmexTpbl HEKOTOPBIX
CIUIABOB Ha OCHOBE HUKEJS. DTH CIEKTPHI PEACTaB-
JSIIOT MHTEPEC B CBSI3M C IIpefIoiaraeMoil BO3MOX-
HOCTBLIO TOHKHX HcCaeqoBaHmii MetogqoM EXAFS-
MeXaHI3MOB yIOPSIOYCHNUS CIUTaBOB Ha ocHOBe Ni n

2004



®JIYOPECLIEHTHBIM EXAFS-CIIEKTPOMETP KYPYATOBCKOTI'O UCTOYHUKA

Eile Help

107

17:18:18 (64).

Date: 13.01.03; time start : 17:29:19; time stop:

17:29:26 (64).
M3o6paxkenue mydka

CH na nmromuHodope

uanazon
UHTETPUPOBAHUA

Horizontal distribution

409600

Labeld49
=00 Label50

2| ae13.01.03
time start 17:29:19
time now 17:29:27

327680

245760

163840

81920

0
1.17128
2124635 T~ DisNoiseH [~ GaussFitHor
Vertical distribution ~ GC-14396  DISP-6.68

=

100

70

64 64 & | *
I~ SaveFon I~ DisNoisqV ¥ GaussFitVer
o 3 F soron 5] SR
Measur_Dur Step Brightness & 100 " Statistics

TTonoxenue neHrpa
TsKecTH nmyyka CU

Pacnpepenenne sipkocTH myyka B
MHTETPUPOBAHHOM JIHATIa30HE
3HAYCHUH

Puc. 3 nTepdeiic mporpaMMbl MOHITOPHPOBAHNUS BEPTUKAIBHOTO nonoxeHns myuka CH.
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Puc. 4. EXAFS-cnektp Ni 1 ero maremaTudyeckast 00paboTKa.

Cr, MCNONIb3yeMBbIX B SIICPHBIX 9HEPreTHYECKHX YCTa-
HOBKax. Psifi ciutaBoB U3 yKa3aHHOrO MaTepuana o0-
JIafla€T BBICOKOW pajMallMOHHONM M KOPPO3UOHHOM
CTOMKOCTEIO.

OpurnHanbHble  3KCIEPUMEHTANIbHbIE  CHEKTPhI
umeroT okoso 5000 Touexk (1mar — fiBe yriioBble CeKyH-
mbl). st OCTIXKEHMS! ONTHUMAJIBLHOTO COOTHOLICHUS

pa3pelieHys U CTaTUCTUYECKOM MOTPEHOCTY B OTHON
TOYKE IPOU3BOAMIOCH YCPEOHEHHUE COCCHHMX MAEBSATH
To4eK. D(PPeKTUBHbII KO3(PPUIUEHT MOIJIOICHNS
[IOJIy4YEH IPOCTHIM JIeJIEHHMEeM CUTHaja oT yopec-
LEHTHOrO CYETINKA Ha CUTHAJ OT CYETIMKA MOHUTO-
pUHIra MHTEHCHBHOCTH Majalolero mydka. ToHkue
a(peKThI, CBI3aHHBIE C TEOMETPHUEN paccesHus, He
VUHATHIBAIINCE.

IMMOBEPXHOCTb. PEHTTEHOBCKUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIIEMOBAHMS N 10 2004
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U(E), OTH. ef. X(kk?

DKCIepUMEHTaTbHbIN CHEKTP XAFS-¢dynkuus
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Puc. 5. EXAFS-cniektp crmaBa Ha ocHose Ni, conepskariero 41% Cr, 1% Mo, i ero matrematnyeckast 06paGoTKa.

2
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Puc. 6. EXAFS-cnekTp crunaBa Ha ocHoBe Ni, conepxarero 32% Cr, 1.28% Mo, u ero maremaTtudeckasi 00paboTKa.

DKclepuUMEeHTaIbHbIE Pe3YIbTaThl ObUIH IIPEiBA-  JIEJIEHUS OTHOATOMHOIO (CpefiHero) KoaduiueHTa
pUTENBHO 06pabGOTaHbI C MOMOIILIO TporpaMMbl VI-  mornomenus |, UCIOAb30BaJICS PEeKNM CIUTaiH-TH-
PER, pazpa6orannoii K. KitemenTeBbiM [6]. [I7151 BbI-  Tepnossinun (OUH U3 TPEX BO3MOKHBIX).

IOBEPXHOCTb. PEHTTEHOBCKME, CUHXPOTPOHHBIE 1 HEUTPOHHBIE UCCJIEJOBAHMS Ne 10 2004
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E), oTH. ef1. kk?
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Puc. 7. EXAFS-ciiekTp crutaBa Ha ocHoBe Ni, conepxariero 44.5% Cr, 1.3% Mo, u ero MaTematndeckasi o6paboTka.

Ha puc. 4-7 npepcraBieHsl pe3yabTaThbl U3Mepe-
HUU W MOCIEYIOIE MaTeMaTHIECKON 0OpaOOTKH.
B neBoii BepxHeil yacT KaxXXJOro pucyHKa NpUBEAECH
COOTBETCTBYIOLMII YCPETHEHHBIl 3KCIEPUMEHTANIb-
HBII CIIEKTP, AEJICHHbIA HA MOHUTOPHBIN curHam (U —
Koa(ppunuenT nornomeHus). Cripasa B BepXHel 4acTH
KaXJIOr0 PUCYHKA IPUBEJEHBI BBIIEJIEHHBIE B YACTOM
BUJIE 3aBUCHMOCTH OCHWIISIIMK KO3(p(HUIMEHTA TIO-
[JIOIIEHUST PEHTT€HOBCKOT'O N3ITYYEeHNsI, TO €CTh COOCT-
BeHHO XAFS-dpyukmmm (X(K) = (UK — Ho(K)/Ho(K);
K — Momynb BOJTHOBOrO BeKTOpa (POTO3IIEKTPOHA,
paBHbIi P/#). CieBa BHH3Y KaKJIOr0 PUCYHKA MIPUBE-
feHbl (ypbe-TpaHcOPMaHThbl COOTBETCTBYIOIIUX
XAFS-dpyskmuin FT(R), rne R — paccrostaue ot uc-
ciiegyeMoro aroma. 9tu ®ypre TpaHcpopMaHThI Ha-
3bIBAIOT ellle (DYHKLUSIMU IICEBAOPAAUAIBHOIO pac-
MpEefieNIEHNs] 3JEKTPOHHON MIOTHOCTH BOKPYT aToO-
Ma, Ha KOTOPOM HJET NOTJOIIEHNEe PEHTTe€HOBCKUX
¢oroHoB. B nepBoM npubIM:KeHn MOKHO CUATATh,
YTO BBICOKMII MK, PAcCTONOXKEHHbII B paiione 2 A,
COOTBETCTBYET NEPBON KOOPAWHALMOHHOW cdepe.
ITo-Bupumomy, ogHUMEU U3 Hanbosee MHPOPMATUB-
HBIX TapaMeTPOB OKA3bIBAIOTCSI OTHOLIEHUE BETNYH-
HbI cKauka Ko3((uIueHTa IOINIOLEHUsI K YPOBHIO
IO CKayka ¥ MaKCUMyM (pypbe-clieKTpa Ha paccTosi-
HUY, PaBHOM pajiyCy MNEpBOH KOOPAUHAMOHHON
cpepbl. U TOT 1 ipyroi napaMeTpbl pe3KO MEHSIFOT-
cst B crutaBax NiCr mo otHomeHuto K unuctomy Ni.
B skcnepuMeHTe aMIUIATYIa OCHMIIISLAN IPUMEPHO
OIMHAKOBA ¥ OYTHU HE 3aBUCUT OT KOHIeHTparmu Ni
B 00pas3lie, YTO MPUBOAUT K 3aMETHOMY YBETHYECHHIO

MakcuMyMa (pypbe-cieKTpa Mpu ciiaboM U3MEHEHUU
€ro TMOJIOXKEeHUs. [IpyruMu pa3inyusiMA B CIEKTPax
MOZKHO, IO-BUIIMOMY, CYATATh PA3HULY B CTPOCHHN
pafuanbHO (PYHKIMU pa3IuyHbIX CIEKTPOB B paio-
He 3-5 A. BO3MOXKHO, 4TO 3TO BTOpasi KOOpAWHAIH-
OHHasl chepa.

CrpaBa B HUXHEH YacTU PUCYHKOB NPUBEICHbI
cooTBeTcTBYyIoIUE OThuabTpoBaHHbie XAFS-pyHK-
UM, NMOJy4YeHHble 00paTHBIM (pypbe-IpeoOpa3oBa-
HUEeM (PYHKIMI pagualbHOTIO pacrpefesieHus mocie
OOHYJIEHUS BBICIIUX (BbILIE BTOPOU KOOPAUHALMOH-
Hoil cpepnl) rapmonnk (Back FT(K)). 9tu pynkumn
MOTYT OBITH MCHOJIL30BaHbl Ha CIEAYIOLIEM JTare
00paldOTKM C MPUBIICYEHUEM MOJIEIBHBIX MPECTaB-
JIEHUN O CTPYKTYpE UCCIAEAYEMOro 00 beKTa U PyHK-
LU CeUCHHUI paccesiHus JIEKTPOHOB Ha 3JIEMEHTaXx
00'BEKTA.

3AKIIIOYEHUE

M3MepeHHble HAa BBIIEONMCAHHOM CIIEKTPOMET-
pe u mpenBapuTenbHO o6paboTanHbie EXAFS-criek-
TPBI HEKOTOPBIX CIUIABOB HA OCHOBE HUKEJIS, IO-BH-
AUMOMY, OOHApPYKMBAIOT JIOCTOBEPHBIE OTINIHS
Ipyr ot apyra. Micxons W3 aHepreTHIeckoro auarna-
30Ha CIIEKTPOMETpa, MOXKHO HafIedAThCsl, YTO HAa HEM
MOXET HCCIENOBAaTLCS OONBIINHCTBO 3JIEMEHTOB,
MHTEPECHBIX C TOUKU 3PEHUST MaTePHUaJIOB aTOMHON
SHEPreTHKH, HAaUnHAag ¢ Keje3a (BO3MOXKHO, XpoMa)
U KOHYasl TPaHCYpaHOBbIMHU 3JeMeHTaMu. [Ipumuem
6oJee Nerkme W3 HUX MOTYT HMCCiIefoBaThes mo K-

IOBEPXHOCTb. PEHTTEHOBCKHME, CUHXPOTPOHHBIE 1 HEUTPOHHBIE UCCIIEJOBAHMS  Ne 10 2004
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KpasiM MOTJIoLIeHns, a 6omee Tskenable — no L—kpa-

aM. BaXXHbIM OTJMYNEM CIEKTpOMETpa SBISEeTCS |
BO3MOXHOCTb UCCIIEIOBAHUS “TOJICTBIX , HEIIOBPEXK-

IEeHHBIX 00pa31l0B, COXPAHSIOIINX CBOIO “IPeNbICTO- 2.
pUIO” — 3aKallKy, cTapeHue u T.O. 7151 3TOro cnekT-
poMeTp paboTaeT B pesKUMe perucTpanun giyopec-
LHEHTHOrO M3JIy4YeHus: o0pasna, COMPOBOXKIAOIIETO
MOTJIOILIEHNE Najfaromux (poToHOB. B mepcnexkTuse
TI0CIIE BBINOJTHEHNSI CAHUTAPHBIX TPEOOBaHUA OyAeT 5
BO3MOXKHO HCCIEJOBAHAE OOTYYEHHBIX KOHCTPYKIIH-

OHHBIX MaTEPHUAJIOB. 6.

Fluorescent EXAFS-Spectrometer
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