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Oowas nHdopmauyus

OnucaHue PHYWE

BONbLMHCTBO NPYMEHEHWI PEHTTEHOBCKUX JSTyYeit OCHOBaHO
Ha MX CMOCOBHOCTM NPOXOANTL CKBO3b BELLLECTBO.
MockosbKy aTa CNOCOBHOCTb 3aBUCUT OT M/IOTHOCTM
BELLleCTBa, CTAHOBUTCS BO3MOXHbIM MOSyYeHne
N306paxXeHnii BHYTPEHHNX YacTell 0OGbEKTOB U JadKe SIAEN.
DTO HaxoAWT LUMPOKOE NPYMEHEHNE B TakMX 06/1acTsiX, Kak
mMeauumHa nnm 6e30nacHoCTb.

JKcnepuMeHTaslbHas ycTaHoBKa
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AononHutenbHasa uHgopmauus (1/2) PHYWE

MNpepBapuTenbHble
MpeaBapuTenbHble 3HaHKS, HEOGXOAMMbIE AJ151 3TOT0 IKCMEPUMEHTA, NPVBEAEHbI B

pasgene "Teopus".

3HaHuA
1
~ -
,@\
=
anlHU‘Vlrl CocraB Pas3/IMyHbIX CM1aBOB aHAJ/IM3NPYETCA C NOMOLLBLIO NMOIMXpOMaTn4eCckoro
PEHTIEHOBCKOr0 N3/1y4eHUsl. QHEPrns XapakTepucTniecknx nMHui ayopecLeHumun
KOMMOHEHTOB ClJ/laBa aHa/IN3NPYeTCH C NOMOLLbIO MOJTyNPOBOAHUKOBOIO AeTeKTopa U
: MHOrokaHa/IbHOro aHannsaropa. KoMnoHeHTbl cnnaBa MAEHTUULMPYOTCA NyTeM
=N CPaBHEHMS SHEPTUIA NINHWIA C COOTBETCTBYOLLMMMW TaB/TMYHBIMUN 3HAYEHUAMMN.
—'@
"V,
AononHntenbHaa nHdopmauus (2/2) PHYWE

Llenb aToro aKkcnepumeHTa - UccnefoBaTb CNekTpbl CbJ'IyOpeCLI,eHTHOFO N31y4yeHus.

OOGyueHue

uenb
1. OTKaNMbpyiTe OETeKTOP SHEPrv C MOMOLLbI0 XapakTePUCTUUYECKOTO N3/TyYeHUs
MOMNGAEHOBOV PEHTIEHOBCKOW TPYOKN.

2. 3anvunTe cnekTpbl olyopeCLEHTHOro U3/yUYeHus], Co34aBaeMoro oGpasLamu.

3. OnpegennTe 3Ha4YeHNs 3HePrun COOTBETCTBYHOLLUX SIMHWI hlyopecLeHLmMn 1
onpegenuTe KOMMOHEHTbI Crn/iaBa C MOMOLLbH Tab/IMYHbIX 3HAYEHWIA.

3agauu
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Teopus PHYWE

Korga peHTreHoBCKMe Nyyn B3aMOLENCTBYIOT C BELLECTBOM, OHM TEPSIOT SHEPruo U3-3a KOMMTOHOBCKOTO
paccesiHus, 06pa3oBaHMsa nap U POTOINEKTPUYECKMX IOPEKTOB. B AnanasoHe aHeprum, [OCTYMHON BO BpeEMS
3TOr0 3KCMEePUMEHTa, DOTO3NEKTPUYECKMI ICPAIEKT NrpaeT Hanbonee BaXkKHY Posib. DTO O3HAYAET, UTO B
aTtome Ha OfHOI 13 HKHUX 060/104EK 3/1EKTPOH BbiOpachiBaeTCs 3a CHET NOINOLWEHHON aHeprum oToHa.
Tenepb cBOGOAHOE NPOCTPAHCTBO 3aHMMAET 3NIEKTPOH OAHON U3 BbICLLUMX 060/104EK. SHEPrus,
BbIAE/NAOLLAACH NMPU 3TOM MPOLLECCE, MOXET ObIThb NCMONb30BaHa A1 BbIOpOCca ApYroro afeKTpoHa U3 0f4HON
13 BbICLUMX 060/104€eK (3dodhekT Oxe) nnm s reHepaumm otoHa (dhlyopecueHTHoe n3nydeHune). Mockonbky
3HEepPrus ypoBHel aHeprnm, KOTopble y4acTBYHOT B 3TOM NpoLecce, 3aBUCUT OT atoma, TUM 13nyyaroLero atoMma
MOXET ObITb ONpeesieH Ha OCHOBE 3HEPTK PIyOPECLIEHTHOTO N3/lyYeHuns. [1ns onpefeneHmsa Tuna atoma
3KCMeprMeHTa/TbHbIE 3HAUYEHNST IHEPTUN 3aTEM CPaBHMBAKOTCA C COOTBETCTBYHOLLMMY TaGNYHBIMU
3HaYyeHnssMK (HanprmMep, «CnpaBoYHMK No Xumun n pusmkes» - CRC-Press, Inc., CLUA). Mpn NpMcBOEHUN NNHNIA
chnyopecueHuun Heo6XoAMMO YUnTbIBaTb, UTO penakcauun, KoTopble CneayoT 3a NPoLeccoM NepBuUYHON
NOHU3aL MmN, MOryT UMEeTb MECTO TO/IbKO B TOM C/lyyae, eC/i OHW YA0BNETBOPSAOT KBAHTOBO-MeXaHU4YeCKUM
npasuiam otéopa Aj = 0, =11 Al = +1( j = NONHBIA YINOBON MOMEHT, | = 0pbUTasbHbIl YI10BO MOMEHT).
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OGopypoBaHne
Mo3uuyunn Matepuan MyHkT No. KonunuecTtBo
1 XR 4.0 X-ray ba3oBas peHTreHoBCKas yctaHoBka, 35 kB 09057-99 1
2 XR 4.0 X-ray loHMOMETp A/19 PEHTTEHOBCKOM YyCTaHOBKM, 35 KB 09057-10 1
3 XR4 CbEéMHas peHTreHoBcKkas Tpyoka Plug-in Cu tube 09057-51 1
4 XR 4.0 X-ray PeHTreHOBCKUiA aHaNn3 MaTepuasios, pacLuMpeHne 09165-88 1
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HYWE

MoaroToBKa U BbiNOJ/IHEHUE PabdOThI

NMopgrotoBka (1/2) PHYWE
XRED o @
o HaBMHTUTE NEpexofHoe KO/bLO Ha BXOAHYIO TPYOKY AeTekTopa sHeprum v

1 NOAKUNTE CUTHANBbHbIV U NUTaKOWMI Kabenn K COOTBETCTBYHOLUM L Puc. 1: Pasvembi B

nopTam AeTekrTopa C MOMOLLbI YI/T0BbIX LLUTEKEPOB. 9KCMIEPVIMEHTATLHOM

Kamepe

o lMoakAunTe CUTHAJTbHBIA U NUTAIOLLMI Kabesin K COOTBETCTBYOLLUM
nopTtam B 3KCNepUMeHTasIbHOW KaMmepe peHTreHOBCKOM yCTaHOBKM. Ha
puc.1 NopT ANSA CUrHaNIbLHOIO Kabenst 0603HaYeH KpacHbIM LBETOM, a
nopT A4NA Kabens NUTaHns - 3e1eHbIM. [NoakaunTe BHeLWHMe NopThl X
RED peHTreHOBCKOW YCTAHOBKU (CM. pUC. 2) K MHOTOKaHaslbHOMY
aHanusaropy (MCA). MogxniounTe cUrHanbHbIn Kabenb K nopTy "Bxog", a
nuTatoLwuii kabens - K NopTy "[eTekTop 3Heprun PEHTTEHOBCKOIO
nsnyyveHunsa" MCA.

Puc. 2: MogktoveHne
MHOroKaHasIbHOro aHanmsaropa
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MoaroroBka (2/2)

o 3aKpenuTe AeTeKTop 3Heprum B Aepxaresie NoBOPOTHOIO KPOHLLTEHA
roHnometpa. MNponoxuTte ABa Kabens 4OCTaTOUYHON A/IMHBI, YTOGbI
rOHMOMETP MOT CBO60/JHO NOBOPAYMBATLCSA BO BCEM [ManasoHe.

o CoefMHUTE MHOTOKaHasIbHbIA aHaIM3aTop U KOMMboTEp € nomMoLblo USB-
Kabens.

BbinonHeHue pa6otbl (1/4)

o MNepemecTute 610K TOHMOMETPA U AETEKTOP B COOTBETCTBYHOLLME KpaliHne
NOMOXeHWs cnpasa.

o BcTaBbTe gnadparmy ¢ AnamMeTpoM 0TBEPCTUSI 1 MM B BbIXOAHYHO TPYOKY
PEHTreHOBCKO TPyOKu.

o BKOUMTE PEHTITEHOBCKYH YCTAHOBKY 1 3a6/10KUpYIiTe ABepLy,
nepeBeanTe AeTekTOp B nonoxeHne 0 °. 3aTemM cMecTUTe AETEKTOP Ha
HECKO/IbKO AeCATbIX rpagyca oOT Hy/1IeBOro NoI0XKeHWs, YTOObl YMEHbLLNTb
001yt CKOPOCTb.

o Paboune xapaKTepucTuky BosibhpaMoBOii NN MeAHON PEHTTEHOBCKOIA
Tpy6ku: Boibepute aHogHoe HanpshkeHue Uy = 25 kB 1 aHoaHbIV TOK Iy =
0,02 MA 1 noaTBEPAMTE 3TN 3HAYEHNA HaxkaTueM KHomnku "Enter™”.

o BKNHOUNTbL PEHTFEHOBCKOE N3yyeHune.

PHYWE

[IETEKTOD IHEPTHN
—FPEHTTEHOBCKOTO

| YHHBEpCANbLHBIA

[Aep¥arent KPHCTANNOE ¢
METANNUYeckum o0pasuom o

KpaHAA NO3HUNA
ironnoMeTpa cneea

Puc. 3: YctaHoBKa
roHMomeTpa

°"HYWE

. =0 gl e e

Puc. 4: kannbposka
MHOrOKaHa/1bHOro
aHanusaropa
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BbinonHeHue pa6oTtbl (2/4) PHYWE

[e]

B nporpamme MEASURE BbiGepute "MHoOrokaHasibHblli aHanmnsaTop” B pasgene "datunk". 3atem Bblbepute
"HacTpoiiku n kannéposka". Nocne HaxaTusa KHonkn "Kannoposka" MOXHO n3mMeputb cnekTp. CKopocTb
cyeTa gosmkHa 6biTb < 300 umn/c. HacTporikv KaiMbpoBKY MO SHEPTUN: - KAJIMBPOBKA N0 2 TOUKaM, -
eaVHMLa n3mepeHns = kaB, ycuneHuve = 2 - yctaHoBUTE CMeLLieHNe Tak, YTobbl MoAaBuUThb
HU3KO3HEpPreTnyeckme CUrHasibl Wyma (06bI4HO AOCTATOYHO HECKOMBKUX MPOLIEHTOB), CM. pUc. 4.

o Bpems namepeHust: 5 MUHyT. MIcnonb3yinTe TaliMep PEHTIEHOBCKOWN YCTaHOBKM.

o CpenaliTe [iBe LBETHbIE Ka/IMGPOBOYHbIE JIMHMM COBNAAaoLWMMK C LLeHTpamMun IMHUIA ABYX
XapakTepuUCTUUECKNX PEHTIEHOBCKUX NNHUIA. COOTBETCTBYHOLLME 3HAUYEHMS SHEPTMM (CM., HanpumMep,
P2544705) E(L3M;/LsMy) = 8,41kaB n E(LyNy4) = 9,69 kaB BBOASATCSA B COOTBETCTBYHOLLME MNOSIS, B
3aBucumocTy ot uBeTa. (MpumeyaHue: Mockonbky pasgeneHune nunnii LsMy n LyMy He npeactaBnsercs
BO3MOXHbIM, B KQUECTBE 3HEPIUM JIMHUN BBOAUTCH CPefHee 3HauYeHne 06eunx NnHuin).

o HaszoBuWTe 1 cCOXpaHnTe KasIMGPOBKY.

BbinosiHeHUe pa6oTtbl (3/4) PHYWE

3anuck cnekTpa
o BcTaBbTe gnadparmy ¢ OTBEPCTUEM 2 MM.

o MepemecTute 6/10K TOHMOMETPA 1 AETEKTOP B COOTBETCTBYHOLLME KpaliHue NosioxeHus cnesa. MNprueeauTe
AeTekTop B nosoxeHune 90° B pexnme conpsxeHna 1:2 (puc. 3).

o BcTaBbTe MeTaIMyeckuii obpasel, C NOMOLLbI YHMBEPCA/IbHOTO AepXaTens Kpuctannos (obpasel
HaxoguTcs nofg yrnom 45°).

o Pabouve xapakTepucTuky MonnbaeHoBOM UM MeLHOW PEHTreHOBCKOM Tpy6ku: BeibepuTe aHogHOe
HanpspkeHne Uy = 35 kB 1 aHoAHbIN TOK TakM 06pa3oM, UTOObl CKOPOCTb cHeTa AJ18 KakA0ro 13 06pasuos
coctasnsna < 300 nmn/c

o Bpemsi namepenusi: 3 MUHYTbI (MCMO/b3YiATe TaliMep PEHTTEHOBCKOW YCTaHOBKM).
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BbinonHeHue pa6oTtbl (4/4) PHYWE

OueHKa KpUBbIX U3MepeHus

o YT06bI ONpeaennTb 3HEPIUI0 NIMHUK, MEPEK/TIUNTECH C 0TOBPaKEHUS MNOI0C Ha 0TOOPaKEHNE KPUBbIX.
[nsa atoro HaxxmuTe "MapameTpbl 0To6paxeHns"”, a 3atemM "IHTepnonaunsa u npsmble AMHUA".

[ ]

o YBE/IMYUTb COOTBETCTBYIOLLMIA Y4ACTOK JIMHUM C MOMOLLbIO (DYHKLMM MacLLUTabnpoBaHns <

o 3aTeMm Bbl6epuTe yuyacToK KpMBOIi ¢ nomoLlbio +  OTKpoiiTe okHO "MoAroHKa goyHKuuK'". 3atem
BbiGepuTe "MacluTabrupoBaHHOe HOpMaslbHOe pacnpeaeneHue” u nogTeepaute. &

o HaliauTe LeHTp NNHIN HOPMAsILHOTO PacnpeeneHUs ¢ NOMOLLIO thyHKLMM "AHanus nnkos” B nnan
onpegenunTe ero ¢ NoMoLLbIo dyHKLMK "O630p'

HYWE

OueHKa
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OueHka (1/7) PHYWE
OLieHKa CMeKTPOB (h/lyopecLeHLUMN ABYX 8 .
pPasNUYHbIX MarHMTHbIX MaTepuanoB -
Puc. 5: CnekTp
Ha pucyHkax 5 1 6 nokasaHbl CNeKTpbl thnyopecueHLmumn ‘
donyopecueHLUMM ABYX Pa3NINYHbIX MarHUTHbIX mMarHiTa us \ L
matepuanos. B Tabnuue 1 npuseaeHa NdFeB - 0
COOTBETCTBYHOLLAS OLEHKA. ¥ H\
MarHut NdFeB: SnemeHt 60p ¢ K, -nuHuei ¢ —
ypoBHeM aHeprun ~ 0,2 k3B He MOXeT ObITb
06Hapy>XeH AeTeKTOPOM 3Hepruu. JInHusa 4, kotopas '
pacnonoXeHa Ha BbICOKO3HEPreTu4eckoli CTopoHe Puc. 6: CnekTp 1 Jl
Fe—K,-nuHun, BkntoyaeT ABe MnHun Fe—Kz n Nd— (*)”YOPeC'-lVeH'-W'” N I
L., KOTOpble HEBO3MOXHO Pa3Ae/NTh B HACTOSLLMX MarHuTHOM Ny1€HKN 1 Hsla AT
ycnosusix. Tabnuua 1 nokasblBaeT OLEHKY JIMHUIA. i ! .ff | b4
— AN
OueHka (2/7) PHYWE
MarHuTHas nneHka: Tabnmua 2 NnokasbiBaeT OLEHKY JIMHWIA. NuvunaE, . , kaBE . , k3BMepexoadnemeHT
MarH1THbI/ KOMMOHEHT MJIEHKN COCTOUT U3 MOPOLLIKA } ] ~475 472478 L, Cs
dheppuTa CTPOHLUS, CBSA3AHHOTO C TEPMOMN/IACTUYECKO
o o 2 6.36 6.40 K, Fe
NOA/TOXKKOM. JINHWI0 HU3KO MHTEHCUBHOCTM 1 MOXXHO OTHECTU
K uesuto, xota K, nepexop (Cs-Ex ~36 kaB) He MOXET ObITb 3 7.01 7.06 Ks Fe
CTUMYNNPOBAH B HACTOSLLMX YC/OBUSIX 4 8.02 8.04 Ka Cu
5 14.06 14.16 K, Se
15.74 15. K
NMuuuaE, ., , kK3aBE  , kaBlepexogdnemeHT 6 > >83 P >e
1 ~529 521-523 L, Ha
2 5.66 5.72 Ls Ha Ta6nuua 1: Tabnuvua 2: MarHuTtHasa nneHka
3 6.36 6.40 Ko Fe Maruut (kovBas b)
4 7.01 7.06 K Fe NdFeB
7.11 L, Ha
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OueHka (3/7) PHYWE

CpaBHeHUe cnekTpoB (i1yopecLieHLUN Xenesa n
cTanm

Ha pucyHke 7 nokasaH CnekTp Xesnesa, a Ha pUCcyHke
8 - CneKTp NernpoBaHHoOl CTasim A5 cpaBHeHus. B
Tabnvue 3 npuBeneHa nx oLueHkKa.

NuunaE, . , k3aBE, . , kaBMNepexondnemeHT

1 6.36 6.40 K, Fe
2 7.01 7.06 Kg Fe

Tabnuua 3: XXeneso

OueHka (4/7)

Xeneso: Nmetotcs Tonbko nnHun Ka n K3 xenesa. B
Tabnmue 3 nprBefeHa oLeHKa 3TUX IMHUIA.

Crtasnib (\(X5CrNi18-10\)): B Tabnumue 4 nokasaHa oLeHKa
NNHWIA. YTOGBLI caenaTb NMHUIO 4 60/1e€ NOHATHON, OHa
BblAenieHa NogobpaHHbIM HOpMasibHbIM pacnpeaeseHNeM.
Mpu E =5,95 k3B, Cr— Kg-nnmHusa BugHa ToNbKo Ha
NCXOAHOW KpMBOIA. Bce NuHMM dhlyopecLeHL MmN cnekTpa
ABNAOTCA YacCTbO OAHOIO 1 TOro e nepexofa K, 3
3/1EMEHTOB, KOTOPbIE MPUMbIKAOT APYT K APYrY B
nepruoanYeckoi Tabnuue an1eMeHToB. MOCKOMbKY B
pesynbTare 3T0ro MOXHO NPeAnooKUTb CPaBHUMbINM BbIXOS,
donyopecueHLMM, MaKCUMYMbl IMHWI MPUMEPHO YKa3blBaroT
Ha COOTBETCTBYHOLWME cocTaBnsAwwme cnnasa. Cnnas
COAEPXKMT B ABa pasa 60/IbLUe XpOMa, YEM HUKESb.

Robert-Bosch-Breite 10
37079 Géttingen

Puc. 7: CnekTp

donyopecueHunn
xenesa

Puc. 8: Cnektp

donyopecueHunn " ,
NerMpoBaHHoO 1 N Pl o
cTanm . mj vy
°?HYWE
n 3KCI E]’II/IT’ I-I 3
Whnsa o KoB epexon3neMeHT
1 5.41 5.41 K, Cr
2 6.36 6.40 K, Fe
3 7.01 7.06 Ksz Fe
4 7.41 7.46 Ko Ni
5 8.25 8.26 Kz Ni
Tabnuua 4: Ctanb
1113
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OueHka (5/7) PHYWE
CnekTp chnyopecueHLun NPUNos onosa 4715 3N1eKTPOHHbIX =
NPUNOXEHUA
Ha pucyHke 9 nokasaHbl cnekTpbl hriyopecLeHuun nprunos o/108a 11 Aap67 8 9 10
(VHhopmaums npefocTasneHa nponssoauTenem: SngoPbssCus). B S W
Tabnuue 5 npmBeaeHa oueHka nmHuii. OnoBo, coctasnstowee 60% /| |
cnna.a, AAeT TOSIbKO K— TMHUM Manoii uHTeHcmBHoCTM (10 1 11), 1' I
MOCKO/IbKY SHEPrUsi BO30YXAAOLLEro N3NyYeHUs NNLLb HEHAMHOIO Lot a \J 'J\ aa L ola) L Le
npesbiWaeT aHepruto ypoBHSA (Ex ~ 29 k3aB). VIHTEHCMBHOCTb MArkoro L—
n3ny4veHuns (NMHMA 1) 0n1oBa YaCTUUYHO YMEHbLLAETCS 3a CHET MOI/OoLWEeHNs Puc. 9: CnekTp
B 06pa3sLie (caMonor/oLeHne) 1 NornoLLeHns B Bo3ayxe. JIMHNUS xenesa chnyopecLeHLmK
(2) MOXET NCXoAnTb N3 MaTepuasia Koprnyca AeTekTopa, a IMHUK npunos onosa
MonmbéaeHa (8 1 9) Bbi3aBaHbl NEPBUYHBLIM U3/TyYEHNEM, KOTOPOE
paccenBaeTcs Ha obpasLe.

OueHka (6/7) PHYWE
NvunaE, . , kBE  , k3B MNepexogdnemeHT

1 3.57 3.66 Lg, Sn
2 8.01 8.04 K, Cu
3 9.16 9.18 L Pb
4 10.48 10.44/10.55 L, Pb
5 12.54 12.61 Lg, Pb
6 14.73 14.76 L, Pb Tabnuua 5: 9nemMeHTbl NPUNos 0/10Ba
7 17.34 17.48 K, Mo
8 19.54 19.61 Kj Mo
9 25.10 25.27 K, Sn
10 28.48 28.48 Kj Sn
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OueHka (7/7)

CnekTtp chnyopecuyeHuuun ceepxnposogHuka ( YBaCu-0):

Ha pucyHke 10 nokasaH cnekTp doyopecueHLr CBEPXMPOBOAHMUKA.
NnHnA 1 BKNOYAET MHOTOUMC/IEHHbIE L—nepexobl anemeHTa 6apus. K, g
nepexonpbl He MOryT ObITb MPOU3BEAEHbI, MOCKOMbKY SHEPTNS YPOBHS

Ba — K (Ex~ 37,5 kaB) Bblle, 4Yem nNepBuYHas aHeprus, kotopas
[O0CTynHa BO BpeMsi akcnepumeHTa. Mapbl nvHwnii 2,3 n 4,5 06ycroBneHsl

Meabo U UTTPUEM.

NMuuuaE,, ., , KaBE;; , kaBlMepexoadneMeHT

1 541 5.41 K, Cr Ta6nuua 6:

2 6.36 6.40 K. Fe SneMeHThI

3 7.01 7.06 Kps Fe CBEPXNPOBO/HMKA
4 7.41 7.46 K, Ni

5 8.25 8.26 Kj Ni
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