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rPHYWE

Oo6wasn nHpopmauusa

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.

HacTpoiika
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AononHntenbHaa nHcgopmauunsa (1/2) PHYWE
L MpeaBapuTenbHble 3HaHWS, HEOOX0AMMbIE A/1S 3TOr0 3KCNEPUMEHTa, NPpUBEAEHbI B
"@: pasgene "Teopus".
=
Mpuop
3HaHuA
- OpfHaKo MHOTOUMCIEHHbIE 3KCNIEPUMEHTBI (HanprumMep, akcnepumMmeHTsbl [lebas-Leppepa,

= KacatoLmecs KpUCTa/IIMYECKUX CTPYKTYP) TPEBYOT MOHOXPOMATUYECKOro
s PEHTIEHOBCKOTO 13/y4eHusl, KOTOPOE MOXET ObITb NOJTyYEHO NYTEM OUNLTPALMUN
PEHTIeHOBCKMX JTyyeii C MOMOLLbH0 MOHOKPUCTAU/IOB UM META/I/TMYECKOI DOsbIN.

FnaBHadA
npuHyun
AononHntenbHaa nHdopmauus (2/2) PHYWE
N . / Ll,el'lb 3TOlI0 3KCNnepnmMeHTa - nccsieaoBarb MOHOXPOMaTN4YeCKOe XapakTepnuctnyeckoe
-@- PEHTITeHOBCKOE n3sniydyeHmne mean.
OOGyueHue

1. AHaNM3 UHTEHCUBHOCTY PEHTTEHOBCKOIO 13/TyYeHnst Meay B 3aBUCMOCTY OT yrna bparra
uesb 1 ¢ noMoubto LiF n KBr moHoKpucTasinbl. OnpeaennTe 3HepPruo XxapakTepHbIX
PEHTTEHOBCKUX NINHWIA.

2. Vicnonb3yiite MmoHokpucTann LiF, 4To6bl 0TnNLTPOBaTb XapakTepUCTUYECKYHO JIMHUIO U3
NOSIMXPOMATNYECKOro CNekTpa.

3. MOHOXPOMAaTU3NPYINTE PEHTIEHOBCKMIA CMEKTP C NOMOLLLI HUKENIEBOTO hu/ibTpa.

3agauu

3/12

pH‘IWE Robert-Bosch-Breite 10 Tel.: 0551 604 - 0 inffo@phywe.de
37079 Géttingen Fax: 0551 604 - 107 www.phywe.de


https://www.curriculab.de/
https://www.phywe.de/

[ ] I
P2540605 curricuLAB® | PHYWE

Teopusa (1/2) PHYWE

PeHTIeHOBCKYME /lyum, reHepupyeMble PEHTIEHOBCKOW TPYOKOIA, ABNAOTCA
NoOIMXPOMATUYECKUMU. JINHWK, SHEPTUA KOTOPbIX 3aBUCUT HE OT

HanpsbkeHus aHofa, a OT MaTepuasia aHo4a, HaknaablBalTCs Ha TOPMO3HOW i

crnekTp (cm. kcnepumeHT P2540105). NMockonbKy HEKOTOPbIE !
3KCcnepuMeHTbl (akcrnepumeHThl Jebas-LLeppepa, kacatowmecs ~ N ad
KPUCTaUI/IMYECKMX CTPYKTYP) TPEOYOT MOHOXPOMATUYECKOTO PEHTIEHOBCKOrO Wd
N3/1y4eHuns, aTo U3yyYeHne co3gaeTcsa nyTemM puasTpaumum ¢ NOMOLLbIO

MOHOKPWCTa/II0B UM C MOMOLLbIO METa/IINYECKOI PONbIN. 24

Koraa peHTreHOBCKMe Nyui ¢ A/IMHOI BOSHBI A NaAatoT Ha N/I0CKOCTY

peLueTkn MOHOKpUCTasa nog, yr/ioM CKOMbXeHUs 6 nyuu, KoTopble Puc. 1: Bparrosckoe
OTPp&aXXatoTCst OT MI0CKOCTEN PELLETKU, KOHCTPYKTUBHO HTEPMEPUPYIOT ApYT paccesHue Ha nape
C ApYyrom npu ycsioBUmn, YTo MX PasHOCTb X04a COOTBETCTBYET Le/lIoMy N/1I0CKOCTEN PELLETKN

KpaTHOMY 4Mc/y AIMH BOJTH. 3TO 06bACHAETCSA 3aKOHOM bparra:

2dsin(0) = o\ (1) (d: mexnnockocTHoe paccTosiHue; n=1, 2, 3, ...)

Teopus (2/2) PHYWE
Ecnun n3BecTHO MeXNI0CKOCTHOe paccTosHue d, TO MocTtosHHas Mnaxka h = 6,6256 1034 Ixc
ONIHY BOJHBI A MOXHO ONpeenvThb C MOMOLLbIO yria
CKONbXEHUS 6. DHeprus n3nyveHnsi BO3HNKaeT B CkopocTb cBeTa ¢ = 2,9979 1082
pesynesrare: ‘
he MexnnockocTHoe pacctosiHue LiF (200)d = 2,014
E=h-f=30) 10 m
OGbeauHss (2) u (3), nonyyaem: MexnnockocTHoe paccTtosiHne KBr (200) d = 3.290
o _mhe 4 10 0m
B 2d'sm(9)( ) ~ A e A rAna aa—10
MpumeyaHune:

[aHHble avarpaMmMbl YPOBHEN aHepruv 6bisn B3sTbl U3
«CnpaBoyHuKa no xmmum n donsnke», CRC Press Inc.,
dnonuna
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P2540605
OGopypoBaHne
Mo3unyusa Matepuan MyHkT No. KonunuectBo
1 XR 4.0 X-ray ba3oBasi peHTreHoBCcKas ycTaHoBKa, 35 KB 09057-99 1
2 XR 4.0 X-ray loOHMOMETP A/ PEHTIEHOBCKOM yCTaHOBKM, 35 kB 09057-10 1
3 XR4 CbEémMHas peHTreHoBckas Tpybka Plug-in Cu tube 09057-51 1
4 XR 4.0 X-ray PeHTreHOBCK/E XapakTepuUCTUKN, paclupeHne 09135-88 1
5/12
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HYWE

MoarotoBka u
BbINO/IHEHUE PAbOThHI

NMoaroTtoBka PHYWE

w Q@ <—Puc. 2: Pazbembl

MoaknounTe roHNOMETP U CHETUUK I'eﬁrepa-Mronnepa K COOTBETCTBYHOLLNM M oG B

rHesfam B 3KCNepUMeHTasIbHO kamepe (CM. KpacHble MeTKU Ha puc. 2). Bnok Bl o | oxcnepumertansior
FOHMOMETPA C KPUCTaUI/IOM aHa/IM3aTopa [O/KEeH pacnonaratbcs B KpaiHem ‘00

o o ey Kamepe
NOIOXEHUN C NPaBoi CTOPOHbLI. 3akpenute TpybKy cueTumka leirepa- (6]
Mtonnepa c gepxarenieMm Ha 3aZiHeM yrnope Hanpasnsawwmnx. He 3abyaste |Puc. 3:
YCTaHOBUTb Nepes cyeTymkom guadparmy (cm. puc. 3). BctaBbte YcTaHOBKa

anaparmeHHyro Tpyoky AnameTpom 2 MM B BbIXO4HOE OTBepCcTUE BrioKa s, 89, roHMoMeTpa
NONKNKUeHUa ThVOKA.

Goniometer at
the end posiion

Ansa kannépoBKu: Yoeamtecn, YTo B NnapaMeTpbl TOHNoOMeTpa
BBEEH NPaBU/IbHbIA KpUcTaun. 3atem BblbepuTe "MeH",

Diaphragm tube

"ToHnomeTp", "ABTOKaNIMGpPOBKA". Tenepb Npubop onpeaennt
ONTMMasIbHblEe NOIOXKEHUS KpUCTas1a U FTOHUOMETPA OTHOCUTESTbHO
Opyr Apyra, a 3aTem 1 NosI0XKeHNS MUKOB.

Gountertube
diaphragm

3 '\'
Mounted x o
crystal
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BbinosiHeHne padooTbl (1/4)

o Mogknounte peHTreHOBCKY ycTaHOBKY Yepe3 USB-kabesb k USB-
NopTYy KOMMboTepa (HYXXHbI NOPT PEHTIEHOBCKOW YCTAHOBKN OTMEYEH

Ha pUCyHke 4).

o 3anyctuTe nporpammy "M3mepeHne". Ha akpaHe nosasuTcs
BMPTya/ibHas PEHTIeHOBCKas yCTaHOBKa.

o Bbl MOXeTe ynpaB/saTb PEHTTEHOBCKOI YCTaHOBKOM, Haxknmas Ha
pasnyHbIe OYHKLMN HA BUPTYasIbHON PEHTTEHOBCKOI YCTaHOBKE 1 MoZ,
Heli. Kpome Toro, Bbl MOXETE N3MEHNUTb NapaMeTpbl Ha peasibHOO
PEHTreHOBCKOIA ycTaHOBKe. Mporpamma aBToMaTyeckm npumeT

HacTpoWiKu.

BbinonHeHue padoTbl (2/4)

X-tay ‘ —

Puc. 5:

YacTtb
Nosb30BE
nHTEepde
EET T nporpamr
;’ obecneye
==

Puc. 6: HacTpolikn
roHnometpa (kpuctann LiF)

°PHYWE

o HaxmuTe Ha aKCnepuMeHTasIbHYH0

Kamepy (CM. KpacHyH KpacHyto
MapKMPOBKY Ha PUCYHKe 5), 4TO6bI
U3MEHUTb NapamMeTpbl 3KCNepruMeHTa.
BbiGepunTe napameTpsbl, Kak NokasaHo Ha
pucyHke 6, ons kpuctanna LiF. Ecnv Bbl
ncnosnb3yete Kpuctani KBr, Bbibepute
HayaNbHbIA yron 3° 1 KOHeYHbIl yron 75°.

Ecnv Bbl HaXXMeTe Ha PeHTreHOBCKYH
TPYyOKy (CM. KpacHyt MeTKy Ha Puc. 5), Bbl
CMOXETe U3MEHUTb HaNps>XeHne 1 TOK
PEHTrEHOBCKO TPyOKu. BbibepuTe
napamMeTpbl, KaK nokasaHo Ha puc. 7.

PHYWE

Puc. 4: MoaktoveHne

KOMMNbOTEPa
rHYWE
Tube adjustments
T infosmatinen
P10 Hougy Phggin W b wl
Duder nurmbr (908790 v Ggpest it
Tube sdpmirments
Tube vokage E0 j W
Emivsion cunert [ a J mA
oF: (]

Puc. 7: Hactpolikn
HanpsHKeHWs 1 CUbl ToKa
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BbinonHeHue pa6oThl (3/4) PHYWE
Expernment [ Dota processing [
o HauHuTe n3MepeHue, Haxxas Ha KpacHbIi Kpyr: Woud you ke to

. H ﬁ (¥ sand sl data to measure

" claar sl values

o [locre n3mepeHus NOABUTCA cneayoLlee OkHO: (" Keep current processed values
oK |

DG630p HACTPOEK rOHMOMETPa U PEHTFeHOBCKOro annapara A/

o BblbepuTe nepBblit MyHKT U
noaTBepauTe Bbl6Op HaxaTnem BafjaHmna 1:
kHonkn OK. Tenepb n3MepeHHble
3HayeHus ByayT nepefaHbl

HenocpeACcTBEHHO B NPOrpaMm
measupre'q porp y o Bpewms Bbixoga 2 ¢; wupuHa yrnosoro wara 0,1°

o Pexum conpsbkeHus 1:2

o JlmanasoH ckaHmpoBaHusa 4°-55° (moHokpucTann LiF) n 3°-75°

o B KOHUe faHHOro pykoBoAcCTBa Bbl (MoHokpucTann KBr)

Ha|7|p,eTe KpaTkoe BBeAeHNE B OLIEHKY

MONYy4YEHHbLIX CNEKTPOB. o AHogHoe HanpsbkeHve Ua = 35 kB: aHoaHbI Tok Iy = 1 MA
\
BbinonHeHue padotol (4/4) PHYWE
. Goniometer adjustments @

3agaHue 2: MoHOXpoMaTuU3aLus ¢ NOMOLLbIO -

MOHOKpUcTasiyioB ¥R40 %12y Goniometer (s

Ecnu TpebyeTcs TOMLKO Y3KWIA ArMana3oH NonxpomMaTuieckoro I pe——
crnekTpa (Hanpumep, xapaktepuctnyeckas nmHna Ky, ),

v Device adjustments

HaCTPOWKN rOHMOMETPa LO/MKHbI ObITb U3MEHEHbI C/IeAYIOLLUM .

06pasom: KpucTana aHasmsaTopa ycraHaBnMBaeTCs B Mode Fuedcydalonge  v| Cystalange B
nosioxeHne yrna CKOJIbXEHNA 9 = 22’60 (n = 1) Crystal LiF (100):d=2014pm  w| Detector start angle W;J .
dhnkcnpoBaHHbIM 06pas3om. [leTekTop elirepa-Monnepa hj :

Absarber [Nosbsoer =] Detector stop ande 7.0

BpallaeT KpucTasl/l aHam3aTopa, Hanpuvep B cneayoLiemM et j
[Avanas3oHe CKaHMPOBaHUS: HavaslbHbIl yron 10° < 26 < Deteciat nzenort o
KOHeuHbIn yron 30°. COOTBETCTBYHOLLME HACTPOIKM FOHNOMETpa e | megstontine ek
novBeneHbl Ha DUC.8.

3apaHue 3: MoHoxpomMaTU3sauusa ¢ NoMmoLwbio PUILTPOB ok Cancel Helo
Mpoueaypa BbINOSHEHMS 3TOrO 3a4aHNS COOTBETCTBYET Puc. 8: HacTpoiiku roH1oMeTpa; 3agaHme 2
BbINOMIHEHMIO 3a4aHunsA 1. OgHaKko B 3TOM C/lyvae HeobXoanMo

Tpy6Ky Avadparmsl (2 MM) 3aMEHUTb Ha HUKeNeBbI UNLTP.
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"k e

OueHKa

3agaHue 1 PHYWE

Pwuc. 9:
PeHTreHoBCKWA
CreKkTp Meau ¢
Kpuctasnniom LiF
(200) B kKauecTBe

3apaua 1: AHanM3 peHTreHOBCKOro CrneKTpa ¢
nomoLuybo MoHokpuctannos LiF n KBr

Ha pucyHke 9 nokaszaHa MHTEHCUBHOCTb
PEHTIEHOBCKOro CrnekTpa MonnéaeHa B 3aBUCUMOCTY

OT yr/na cKonbXeHus. 6, ¢ kpuctannom LiF, - . anannsaropa
CMONb3yeMbIM B Ka4ecTBe aHasim3aTopa. 4’ *

B Tabnumue 1 nokasaHbl 3HaYEHNS aHeprum ans

XapaKkTepuUCTUYECKNX PEHTTEHOBCKUX NINHWUIA, KOTOPbIE Yron o63opa f  3HaueHus aHepruu
ABNSOTCA pe3y/ibTaToM YI/10B CKObXeHus 6 0=227°%n=1 Ex, A =7,974 kaB
XapaKTepPUCTUYECKNX JIMHWIA Ha pyC. 9 1 13 0=204%n=1 Eg_ =83830ksB

AR AaAAAnTIIAFA AAanaTAaiiaa (A — DN A Ana)

0=503%n=2 Eg, =8,005«k3B
0=440%n=2 Eg, =8,857 k3B
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3apgaHue 2 PHYWE
3apaHue 2: MoHoOXxpomaTu3aLus ¢ NOMOLLbIO ==
MOHOKpPUCTaNNOB
Ha pucyHke 10 BMAHO, YTO TONBKO Nog yrnom 260 = 45°

PEHTIEHOBCKME JTy4Un BbIXOOAT U3 KPUCTasI/1a aHa/in3aropa.

» P 0 3 Py % ) % ) %

Puc. 10: MoHOXxpoMaTusauums
PEHTTEHOBCKOIO N3/Ty4YeHns Meau C
NOMOLLbI MOHOKPUCTaING; A/IMHA BOJHbI
thunstpaumm: Ak,

3agaHue 3 PHYWE

3apgaua 3: MoHOXpomaTuM3aums ¢ NOMOLLbI0 aGCOPOLMOHHON (honbrn

Ecnv TOHKyI MeTasimyeckyto goosbry TOMLWMHOM X MOMECTUTb Ha MyTW PEHTIEHOBCKOIO Jlyya ¢ aHeprueii E un
WHTEHCUBHOCTBIO Iy , UHTEHCMBHOCTL 3a (PO/Ibroi 13-3a NOroLWeHns 6yaeT crienyoLlel:

I(E,x) = Ipe *E)* (u[cm 1] = nunelinbIii KoahrLMEHT nornoweHns). (4)

X0T5 KO3a(h(PULMEHT MOIMOLLEHNS 3aBUCUT OT 3HEPTUM, OH 0ObIYHO HE NMOKa3bIBAET PE3KMX U3MEHEHWIA B
NHTepBasie 3Hepruii B HECKO/bKO k3B. OHaK0 3TO Pe3K0 MEHSIETCS, KOraa 3Heprusi KBAHTOB PEHTTEHOBCKOTO
N3/1y4YeHns JOCTaTOYHO BbiCOKA A/151 BbIGpOCa 3/1EKTPOHOB C HUXKHUX 3HEPTETUUYECKNX YPOBHEK MaTepuana
nornoTuTens. B Takom cnyyae B npoLecce MnorsoLeHns NosiB/ISETCA Tak HasbliBaeMblli kpali

nornoweHus. Hikenb, HanpuMep, Cnoco6eH NoYTU NOMHOCTBLIO NOT/I0LWATb IHEPTUI0 XapaKTEPUCTUYECKO
nuiun Kz Meam, noTomy UTO aHeprus yposHs K HMKeNs HEMHOTO MeHbLue, Yem aHeprusa nuHumn Kz . Hanpotus,
3Heprus xapakrepuctuyeckon nuHumn K, meam cnvwkom mana ans noHnsaumm Hukensi Ha K-o6onouke. B

pesynbrare HUKeNeBbli CbI/II'Ipr NN HE3HAYNUTESTbHO CHMKAET MHTEHCMBHOCTb NNHUN K, B COOTBETCTBUN C
(4).
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3apgaHue 3 (UacTtb 2) PHYWE

R(35kV)
Imp/s

Ha pucyHke 11 nokasaH pesysibtar aHasin3a peHTIeHOBCKOro

crekTpa Meam ¢ HUKeseBbIM OUNLTPOM U MOHOKPUCTas1/10M
LiF B kauecTBe aHanmzartopa. 1o npueAmxeHuno
WMHTEHCVBHOCTb CNEKTPasIbHOM IMHUM NPONOpPLMOHasbHa
MaKCUMYMY MHTEHCUBHOCTMN NNHMUU. OCHOBbIBAsICb HA 3TOM
NPUBNMKEHNN, CPaBHEHNE 060UX CNIEKTPOB Ha pUCYHKax 9 u
11 (gna n = 1) Noka3bIBAET, YTO OTHOLUEHME NUHTEHCMBHOCTEIA
I(Kq)/I(Kg) pesko ysennunnack 6narogaps ovnstpauum. ML l .

1000

Puc. 11: PeHTreHOBCKuWIA cnekTp meau ¢
HUKeneBbIM OUILTPOM U KpucTasniom LiF B
KayecTBe aHasM3aropa

3apgaHue 3 (yactb 3) PHYWE

Ecnu B KayecTBe aHasm3aTopa Ucnosib30oBaTb MOHOKpucTain KBr, pesynstaThl 6yayT TakMMM Xe C TOUKN 3peHUs
YMEHbLLEHUSI UHTEHCUBHOCTM /iH K (puc. 121 13).

RE5K) R

Puc. 12: " Puc. 13:
w0 PeHTreHoBCKUI = PeHTreHoBCKMIA
CNekTp meamn = CMNEeKTp meau ¢
C Kpuctasiiom HUKENeBbIM
KBlF’) B il cunstpom Kg 1
- KayecTBe = kpucTasiiom KBr
J aHanmsartopa - J J B KauecTee
s L L L - .. AHAIN3ATOPA

0 » 0 E] E] & n
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NMpumeyaHue PHYWE

nporpaMmHoe o6ecne4yeHne measure

] Unbenannte Messung (P:\sunderkoette\Ro\Versuche_neu\ P2540100\Cu_UIF_neGerat3.msi) eE])=]
R(35%Y)
Impls

C NoMoLLbt0 NPOrpaMMHOro o6ecneyeHnsi measure MUK B CNEKTpe
MOTyT 6bITb ONpeeeHbl OBOJSIbHO J1ErKO:

4000

o Haxmi==KHonky "MeTka" 1 Bbibepute 0651acTb A/18 onpeseneHns

+

nuka. ——

3000-

u . PO o
s

Peak analysic =

Analyse maximumi®) _[oftsetr'l _[neiantimp/s] [areafimpss*] 44047261 imps
204 28 17620 5020 T
27 52 w0 16000 A i

o MoABUTCS OKHO "AHann3 NKoB" (CM. puc. 14). 3aTem HaxMuTe i as 2 ms e ema |
"PaCCLIVlTaTb", ;_)_w' 49,9 503 506 9500 317,80

Calcuiate

Copy

o EC/ BbIUNUC/EHbI HE BCE NUKU (UMM UX CZINLLKOM MHOTO), o | b s
CKOPPEeKTMpYIiTe [OMNYCTMYH NOTPELUHOCTb

o HaxmuTe Ha KHonky "AHann3 nuka".

503°/950.0 Impls
L3

Puc. 14: ABTOMatnyecknin aHasin3 nMKoB C

o BbibepuTe "Budyanmsauums pesynsratoB”, UTo6bl 0TO6pa3nTb MOMOLLbIO Measure

AaHHble NNKOB HEMOCNEACTBEHHO B CMNEKTPE
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