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PHYWE

Oo6wasn nHpopmauus

OnucaHue PHYWE

BONbLWMHCTBO NPYMEHEHWI PEHTTEHOBCKMX /Ty4eli 0OCHOBaHO
Ha MX CMOCOBHOCTM NPOXOANTL CKBO3b BELLLECTBO.
MockosbKy aTa CNOCOBHOCTb 3aBUCUT OT M/IOTHOCTK
BELLleCTBa, CTAHOBUTCS BO3MOXHbIM MOSyYeHne
N306paxXeHNii BHYTPEHHNX YacTell 0OLEKTOB U Jade JSTHAEN.
3TO HaxoAMT LUMPOKOE NPYMEHEHNE B TaKMX 06/1acTsX, Kak
mMeauumHa nnm 6e30nacHoCTb.

JKcnepuMeHTaslbHas ycTaHOBKa
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AononHntenbHaa nHcgpopmauuns (1/2)

MpepBapuTesnibHbIe
MpepnBapuTesnbHble 3HaHMA, HEOOXOAMMbIE A1 ATOr0 3KCNEepPUMEHTa, NpuBeLeHbI B

pasgene "Teopus".
3HaHuA

~

4

q@_

=
PeHTreHoBckas Tpy6ka ¢ MO/IMOBAEHOBbLIM aHOLOM reHepupyeT PeHTreHOBCKoe
N3/1y4eHne, KOTopoe BbIGUPaEeTCs C NOMOLLLI0 MOHOKpPUCTas1/1a B 3aBUCUMOCTM OT yria
|'|p|/|HLI,I/II1 Bparra. CueTumnk-Tpy6ka leitrepa-Mionnepa nusmepsieT MUHTEHCUBHOCTb U3NYYEHUS. YITbl
CKOJTIbXXEHUS XapaKkTepUCTUYECKUX PEHTTEHOBCKUX JIMHWI 3aTEeM UCMOMb3YHTCA 415
=1 onpefeneHns aHeprum.
— ’
_'@
\
AononHntenbHaa nHcpopmauuns (1/2) PHYWE

MNpeaBaputenbHbie
MpeaBapuTesibHbIE 3HAHWS, HEOBX0AMMbIE [/151 3TOr0 IKCNEPUMEHTA, NPUBeeHbI B

pasgene "Teopus".

3HaHus
1
~ -
’@\
=
PeHTreHoBCKasi Tpybka ¢ MONMGAEHOBLIM aHOLOM reHepupyeT peHTreHOBCKOoe
N31y4yeHne, KOToOpoe BbIGMpPaeTCs C MOMOLLLI0 MOHOKPUCTaU/1a B 3aBMCMMOCTH OT yrna
|'|pI/IHLI,I/II'I Bparra. CueTumk-Tpy6Ka lelirepa-Miwonnepa namepsieT MHTEHCUBHOCTb U3yYeHUs. YIbl

CKOJIbXXEHUSA XapakTepUCTUYECKUX PEHTIEHOBCKMX JIMHWI 3aTeM UCMNONb3YHTCA 415

s ) onpefeneHns aHepruu.
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AononHutenbHasa uHopmauus (2/2) PHYWE

Lienb aToro akcnepyMeHTa - UccnefoBarb XapakTepucTuiyeckoe peHTreHOBCKoe
n3nyyeHne MonnbaeHa.

OOGyueHue

o MpoaHanunaunpyiite MHTEHCUBHOCTbL PEHTTEHOBCKOIO M3/TyYeHNs MoNMGaeHa B
uenb 3aBMCMMOCTM OT yrna bparra ¢ nomoLbio MoHokpucTasina LiF.

o poaHanun3npyinTe NHTEHCMBHOCTb PEHTTEHOBCKOIO U3/1y4eHnss MonnbaeHa B
3aBUCMMOCTHU OT yr/1a bparra ¢ nomoLso MoHokpuctasina KBr.

o OnpefenuTe 3HaYEHN IHEPTUIN XapakTEPUCTUUECKNX PEHTTEHOBCKMX /lyyeil MonnéaeHa
1 CPaBHUTE KX CO 3HAYEHUSIMU, KOTOPbIE ObLIM ONPEAEEHbI HA OCHOBE
COOTBETCTBYIOLLEN AnarpaMMbl 3HEPTETUYECKUX YPOBHEA.

3agaum
Teopus (1/3) PHYWE
v e B

Koraa aN1eKTPOHbI C BbICOKIM YPOBHEM KUHETUUECKON SHEPrin HanleTatoT Ha . -
MeTanMueckuii aHoz, PEeHTreHOBCKOI TPy 6K, 06pasyeTcst PEeHTIEHOBCKOE U3/yyeHue C D w
HenpepbIBHbLIM pacnpeeneHeM aHeprin. Ha cnekTp TOPMO3HOTO U3/yuYeHus ARLE ha
HaknagblBalTCA AOMNOMHUTE bHbIE AUCKPETHbIE NMHUK. Ecnin atom matepuasia aHoga R B B
NoHU3MpYeTCs Ha K-060/10uKe, NOC/e 31eKTPOHHOTO yapa 3MeKTPOH ¢ 60s1ee BbICOKOI L o :A_ -
060/104KI MOXET 3aHATL CBOGO/IHOE MECTO, UCMYCKAas KBAHT PEHTTEHOBCKOTO M3/TyyeHus. PR N
SHeprus 3TOro PeHTTEHOBCKOrO KBaHTa COOTBETCTBYET Pa3HOCT SHEpPrUii ByX 060/I0ueK, R
yuacTByIOLMX B 3TOM npoLiecce. MOCKOMbKy 3Ta pasHOCTb 3HEpruii 3aBUCUT OT KOHKPETHOTO ,

aToMa, pesyNLTUPYIOLLEE U3Ny4YeHIe TakKe HasblBaeTCs XapaKTepUCTUYECKUM bbb e

PEHTreHOBCKUM 13fyyeHrem. Ha puc.1 nokasaHa guarpamma saHepreTuyecknx ypoBHel
MonMbaeHa. XapakTepucTuyeckoe peHTreHOBCKOE M3/yYeHre, BO3HUKatoLLee npu
nepexoge ot L-o6onouku B K-0600u4ky, HasbiBaeTcs K, n3nyyeHnem, B TO BpeEMSs Kak
n3nyyeHue, BO3HUKatoLee npun nepexoge ot M-060/104kM K K-060/104ke, HasbiBaeTca Kg
nsnyyenunem (nepexogs! (M; — K n Ly — K 3anpeLyeHbl B COOTBETCTBMM C KBAHTOBO-
MeXaH14YeCKMMK npasuiammn otéopa).

Puc. 1: Quarpamma
SHEPreTMYEeCcKMX YPOBHEIA
MonnbaeHa (Z = 42)
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Teopus (2/3) PHYWE

XapakTtepuctuyeckue peHTreHoBCKMe NIMHUM MoNnGAeHa NMEIOT crieayoLme
3HepreTnyeckme yposHu (puc.1):
Ex.=FEg — %(EL2 + Er,)=17,427 k3B

(1) |
EKﬂ = EK — EMz,s =19,590 kaB

9
E¥x - cpegHee 3HaueHne aHeprun K, n K, MMHWIA. AHanm3 *
NOSIMXPOMAaTUYECKNX PEHTTEHOBCKMX Jy4eit CTAaHOBUTCS BO3MOXHbIM Wd
Gnarogapsi UICNosib30BaHN0 MOHOKpUCTasa. Korga peHTreHoBCKMe nyun ¢
[OJIMHOI BOMHbI A MafakoT Ha M/1I0CKOCTM PELLETKN MOHOKpUCTa1a Noa yriiom
CKOMbXEHMSA @, Ny4ymn, KOTOPblE OTPAXAKTCA OT NSIOCKOCTEN PELLETKM,
KOHCTPYKTUBHO MHTEPhepupyroT ApYr C APYrOoM Npu YCNI0BMM, YTO UX PA3HOCTb
Xoga A COOTBETCTBYET LIE/IOMY KPaTHOMY [J/1MHbI BO/THbI. B COOTBETCTBUM C

pwc. 2, 3aKOH Bparra NPUMEHNM K KOHCTPYKTUBHOW MHTEpPhepeHLMN:

Puc. 2: bparrosckoe
paccesiHMe Ha nape

2dsin(f) = nA (2) (d: MmexnnockocTHoe paccTosiHue; n =1, 2, 3, ...) M/I0CKOCTEN peLUeTKM
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P2540205
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 CbEéMHasa peHTreHoBckas Tpy6bka Plug-in Mo tube 09057-61 1
4 XR 4.0 X-ray PeHTreHOBCK/E XapakTepuUCTUKN, paclupeHne 09135-88 1
6/11
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P2540205
OGopypnoBaHue PHYWE
Mo3uuma Martepuan MyHkt No. KonuuectBoO
1 XR 4.0 X-ray basoBas peHTreHoBckasa ycTaHoBKa, 35 kB 09057-99 1
2 XR 4.0 X-ray FOHMOMETP A151 PEHTIEHOBCKOW YCTaHOBKM, 35 kB 09057-10 1
3 XR4 ChémHas peHTreHosckas Tpy6ka Plug-in Mo tube 09057-61 1
4 XR 4.0 X-ray PeHTreHoBCKME XapaKTEPUCTUKM, PACLUMPEHNE 09135-88 1

HYWE

k- B

MoarotoBKa U BbiNO/IHEHUE PabdOThI

711

PH‘IWE Robert-Bosch-Breite 10 Tel.: 0551 604 - 0 info@phywe.de
37079 Gottingen Fax: 0551 604 - 107 www.phywe.de


https://www.phywe.com/ru/a_1557_2488
https://www.phywe.com/ru/a_1511_2442
https://www.phywe.com/ru/a_1517_2448
https://www.phywe.com/ru/a_10860_11865
https://www.curriculab.de/
https://www.phywe.de/

[ ] I
P2540205 curricuLAB® | PHYWE

NMoaroTtoBka PHYWE

0® +Puwuc. 2:
MoaknuMTe rOHNOMETP M cUeTumK [elirepa-Mionnepa K COOTBETCTBYyOLLIMM . Pasbembl B
rHe3fam B aKCNepuMeHTasIbHOW Kamepe (CM. KpacHyt0 MapKMpoBKY Ha puc. = 9KCMEPUMEHTaIbHOI]

3). bnok FTOHMOMETpPa C KPUCTaJIJ/TOM aHa/im3artopa AO0J/DKEH pacnosiaratbCa ! *

&0V Kamepe
B KpaliHeM NosI0KEHUN C NPaBOoi CTOPOHLI. 3akpenuTe TPYOKy cueTumka
leirepa-Miwonnepa c gepxarenem Ha 3agHem ynope HanpasnsoLwmx. He Puc. 4:
3abyabTe yCTaHOBUTL Nepes cHeTUMKOM aradparmy (cMm. puc. 4). BctaBbTe YcTaHoBka
AvadparmeHHyo TpyoKy AnameTpoM 2 MM B BbIXOJHOE OTBEPCTME G/10Ka « , @8 _ roHnomeTpa

NoAKNHOYEHMSA TPYOKU.

Ana kannépoBku: YoeamTecs, YTO B apamMeTpbl roHMomeTpa
BBEEH NpaBUbHbIA KpUucTann. 3atem Bblbepute "MeH",
"ToHnomeTp", "ABTOKaNM6poBKa". Tenepb Npnbop onpegenut
ONTVMMasIbHbIE NOSIOXEHUSA KpUCTas11a U FOHMoOMeTpa
OTHOCUTESIbHO APYr Apyra, a 3aTeM 1 NOJSIOKEHNS NUKOB.

BbinonHeHue pa6oTtbl (1/3) PHYWE

o [ogknounTe peHTreHOBCKY0 ycTaHOBKY Yepe3 USB-kabesb k USB-nopty
KOMNblOTEPa (HY>XHbI MOPT PEHTFEHOBCKOM YCTaHOBKM OTMEYEH Ha
pucyHke 5).

o 3anycTuTe nporpammy measure. Ha akpaHe nosiBUTCSl BUpPTyasibHast
PEeHTreHoBCKas yCTaHOBKa.

o Bbl MOXeTe ynpaB/saTb PEHTTEHOBCKOI YCTaHOBKOM, HaXknmas Ha

" B Puc. 5: MoaknoveHne
pasnnuHble OyHKLMM Ha BUPTYasibHON PEHTTEHOBCKOIi YCTAHOBKE 1 MO/ KOMMbloTEpa

Heil. Kpome Toro, Bbl MOXeTe U3MeHWTL napaMeTpbl Ha camoit
PEHTTEHOBCKOI yCTaHOBKE. [porpamMmma asTomMaTnyecku npumeT
HacTpoWiKu.

8/11

PH‘IWE Robert-Bosch-Breite 10 Tel.: 0551 604 - 0 info@phywe.de
37079 Gottingen Fax: 0551 604 - 107 www.phywe.de


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

[ ] I
P2540205 curricuLAB® | PHYWE

BbinonHeHue padoThl (2/3) PHYWE
T Puc. 6: Yactb ,,:::m —
nHTEpdeiica o HaxxmuTe Ha aKcnepumeHTabHyHo S —
no Kamepy (CM. KpacHYH MapKUpOBKY Ha ST ==
puc. 6), YTOObI U3MEHUTL NapamMeTpbl
Tube sdptrmonts

: aKcnepuMeHTa. BoibepuTte napameTpi, )
x‘m' KaK nokasaHo Ha puc.7, Ansa kpuctanna king = =
N ey LiF. Ecnn Bbl vicnonb3yeTe KpuUcTasin e fid ==
N KBr, BbiGEpUTE HAa4YasIbHbIM yron 3° u
KOHEeYHbIl yron 75°.

ok Corecel

o—

Puc. 8: Hactpoiiku

....... ' o Ecnv Bbl HXXMeTe Ha PeHTreHOBCKY
p— e HanpsXXeHnsa 1 CUMbl ToKa

TPyOKYy (CM. KpacHyt MapKnMpoBKy Ha
puc. 6), MOXHO U3MEHUTb HaMNpPsHXeHNE 1
TOK PEHTreHOBCKOW Tpy6ku. BoibepuTe
napameTpbl, Kak nokasaHo Ha puc. 8.

Puc. 7: HacTpoliku
roHmometpa (kpuctann LiF)

BbinonHeHue padoTbl (3/3) PHYWE

Experment i | Data processing [
o HayHuTe namepeHue, Haxxas Ha KpaCHbIVI Kpyr: o N 'ﬁ Vot you e fo.

# send al data to measure
" clear al values

o [locne nsmepeHus NoABUTCA cneayroLlee okHO: ' Keep curment processed values

OK |

o BblbepuTe Nepsblit MyHKT 1
noareepauTe Bbl60p HaxkaTuem kHornku | O630p HacCTpPOEeK rOHMoOMeTpa n peHTFEHOBCKOVI YCTaHOBKW:
OK. Tenepb n3MepeHHbIe 3Ha4YeHUs
OyayT nepefaHbl HENOCPEACTBEHHO B
nporpamMmmy measure.

o Pexum conpsxkeHus 1:2

o Bpewms Bbixofa 2 c; wupuHa yrnosoro wara 0,1°

o B KOHUe gaHHOro pykosoacTsa Bl
HalifeTe kpaTkoe BBeAeHVe B OLIeHKY
MoJslyYeHHbIX CNEeKTPOB.

o lnanasoH ckaHupoBaHus 4°-55° (moHokpucTann LiF) n 3°-75°
(MmoHokpucTann KBr)

o AHogHoe HanpsbkeHue Uyp = 35 kB; aHogHbI Tok Iy = 1 MA
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OueHKa

3agaHue 1

MpoaHanusupyiite UHTEHCMBHOCTb PEHTIEHOBCKOro
M3nyyeHUsa MonuéaeHa B 3aBUCMMOCTU OT yrna bparra ¢
nomouibio MoHokpucTtanna LiF.

Ha puc. 9 nokasaH peHTreHOBCKUIA CNeKTp MoNnbaeHa,
KOTOpbI 6bI/1 NpOaHa/IM3nPOBaH ¢ MOHOKprcTasiiom LiF.
YeTKne MHNM HakNnagblBakTCs Ha HeNpepbIBHbIA TOPMO3HO
cnekTp. Ha yrnbl CKONbXeHNA 3TUX IMHUIA He BANSET aHOAHOe
HanpspkeHve. 970 NAEHTUULMPYET UX Kak
XapakTepucTuyecKkne peHTreHoBCKne iMHuK, Mepsble Tpu
napbl MHWI MOTYT ObITb OTHECEHbI K MHTephepeHLr NepBoro,
BTOPOro ¥ TPETbero nopsiaka. V13-3a ymeHbLUeHNs
WHTEHCKBHOCTM CMeKTpa B Hanpas/ieHny 60/1bLUNX Yr/10B
CKOJIBXEHMNS MHTephepeHL M YeTBEPTOrO 1 NATOr0 NOPSAKOB
BUAHbI TONbKO Anda nnunn K, . Pasgenerne gybneta K,
Habnopgaetca yxe npun=4umn=>5,

Robert-Bosch-Breite 10
37079 Géttingen

HYWE

°"HYWE

R(35kV)
Imp/s

.
104 °/1981,0 Impls.

921597 [mpis

209°/339,0 Impis
1t
3 185°11380 ilois
1 = Impls.
2847131 BfhpleR 0 IMPS 451°/13,0Impss
By 1.

10 20 0 40 5 60

8

theta

Puc. 9: IHTEHCMBHOCTb PEHTIEHOBCKOIO
N31y4eHnsa MonMbaeHa B 3aB1CUMOCTH OT
yrna CKOMbXeHUA J; KpUCTasl aHanm3aropa:
LiF

10/11

Tel.: 0551 604 - 0
Fax: 0551 604 - 107

info@phywe.de
www.phywe.de


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

[ ] I
P2540205 curricuLAB® | PHYWE

3apgaHue 2 PHYWE
R@5KY)
MpoaHann3upyiite NHTEHCUBHOCTb PEHTIEHOBCKOIO
64°179h0impis
u3nyyeHNa MonumoaeHa B 3aBUCMMOCTU OT yrna bparrac
nomowbo MoHokpuctanna KBr. -

Ecnu moHokpucTann LiF 3ameHnTs Ha MoHokpucTann KBr (puc.
10), TO U3-3a 60/IbLLEr0 MEXINIOCKOCTHOTO PacCTOAHUSA
KpucTasnia Moryt HabnogaTbca MHTepgepeHLMn BNaoTb 40
4yeTBEPTOro nopaaka .

12,6°187301mpls
T

19.0°/145,0Impls
1

256°/82,0Impss

CnekTp TOPMO3HOro n3nyveHns Ha puc. 10 nokasbiBaeT YeTKUi i B W E oW o oE 2 A w a W
CKa4OK MHTeHcuBHOCTM Npn 6 =8,2°n e =16,5°. 310
COOTBETCTBYET 3HaueHuto nornoweHuns K-kpas 6poma (Ex =
13,474 kaB) npn n =11 n =2, 4TO MOXHO OXNAaTb
TeopeTuyeckun. B aToi 061acTvi TOPMO3HOIO CrekTpa
HEBO3MOXHO HabnwaaTe nornoweHne K-kpas kanvs, nutms um
hTOpa, NOCKO/IbKY UHTEHCUBHOCTb C/IMLLKOM Mana.

Puc. 10: IHTEHCMBHOCTb PEHTIEHOBCKOIO
N3Ny4YyeHns MonbaeHa B 3aBMCUMOCTH yI/ia
CKOJIbXEeHUA J; KpucTasn aHanunsaropa: KBr

3agaHue 3 PHYWE
OnpepaennTe 3HaYEHMS 3HEPTUN XapPaKTEPMCTMUECKOTO PEHTIEHOBCKOTO U3/TyYeHus o Line  E.keV
LiF crystal
MONMGEeHa U CPABHUTE X CO 3HAYEHMAMU, KOTOPbIe GbINK onpeaeneHbl Ha OCHOBE — — = —
COOTBETCTBYIOLIEl ANarpaMmMbl SHEPTreTMYECKNX YPOBHEiA. 92 Ks 19.525
n=2 209 K, 17.244
18.5 Kp 19.401
B TabnuLe 1 nokasaHbl Vbl CKOMLKEHUS 6 , KOTOpbIE GblAN ONpeAeneHb! C MOMOLLLIO pHC. =3 322 4 17324
91 10, a TaKKe 3HAUEHUS IHEPTUMN /15 XapaKTePUCTUUECKNX PEHTTEHOBCKVX IMHNI 84 K 19:399
o n=4 451 K, 17.390
MOSIMBAEHA, BbIYNCIEHHBIX C MOMOLLI0 YpaBHeHus (4). VIcxoAs U3 3Hauenuii aHeprim KBr crystal
XapakTepucTuyeckux IMHWI 3agad 1 1 2, nosyyaroTcs cneayrolme cpefHne 3HavyeHus: n=1 6.4 Ky 16.823
B _ 57 K 18.942
Ex, =17,244 x3B v Ex;, = 19,338 kaB. n=2 I
11.2 Kp 19.425
CpaBHeHMe C COOTBETCTBYIOLLMMM 3HaYeHnAMM 13 (1) NoKasbiBaeT Xopoluee "=i ;22 1’; 1;222
n=. d o g

cooTBeTcTBME. OLEHKa ABYX CNEKTPOB MOXET ObITb N3MEeHeHa creyoLyM 06pa3om:
VcnonbayiiTe 3HaYeHUsi SHEPTUM XapaKTepUCTUUECKMX JIMHIIA, ONpeaeneHHbIX 415 04HOro
113 CNEKTPOB, UYTOGbI ONPeAeNUTL MEXIIOCKOCTHOE PacCTOsIHIE KpUCTasla aHanmsaropa,
KOTOPbI MCNOMb30BasICA A5 APYroro CnekTpa.

Tabnuua 1: PesynbTarsl
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