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PHYWE

excellence in science

Oo6wasn nHopmauus

OnucaHue PHYWE

excellence in science

BO/bLUNHCTBO NPUMEHEHUIA PEHTTEHOBCKMX ly4ei 0CHOBaHO
Ha UX CNOCOGHOCTM NPOXOANTbL CKBO3b BELLECTBO.
MocKo/bKy 3Ta CNoCOBHOCTb 3aBMCUT OT MJIOTHOCTY
BeLLlecTBa, CTAHOBUTCS BO3MOXHbIM MOJTyYeHne
N306paXkeHNn BHYTPEHHUX YacTeil 06 bEKTOB 1 Aaxe Noaeil.
OTO HAXOAMWT LUMPOKOE MPMMEHEHME B TaKMX 06/1aCTSX, Kak
MeauUMHa Uy 6e30nacHoCTb.

3KcnepvmeHTaslbHas ycTaHoBKa
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AononHutenbHaa uHopmauusa (1/2) »?HYWE

excellence in science

MpepBapuTenibHbIE
MpengapuTesibHble 3HAHUSA, HE0OX0AMMbIE OIS 3TOT0 SKCNEePUMEHTa, NpUBeaeHbI B

pasgene "Teopus".

3HaHuA
1
~ -
=—=—
MovuHLMN PasfinuHble MeTasn/iyeckne o6pasLibl NoABepratoTcs NnonuxpoMaTyeckomy
p U‘ PEHTIEHOBCKOMY U3/TyHEHUIO. 9Heprvm BO3HUKalOLLEero belyopeCLl,eHTHOI'O N3nyyeHunA
aHaNN3NPYeTCs C MOMOLLLbIO MOMYNPOBOAHNKOBOIO AETEKTOPA I MHOTOKAHA/IbHOTO
aHam3artopa. Onpe,qenﬂeTc;l QHEepPrmna CoOOTBETCTBYHOLNX XapakTepPUCTUHECKNX
=1 PEHTIeHOBCKNX JIMHUIA, a NoflydeHHas amarpamma Mosnv ucnosb3yeTcs ans
=7\, onpeaeneHnst 4acToTbl Puagcepra n NoCTOSAHHbLIX 9KPaHUPOBaHWSI.
-
v
AdononHutensHasa uHopmauua (2/2) PHYWE
excellence in science
Uenb Llenb 3TOro aKcnepuMeHTa - UCCef0BaTh CNeKTPbl G/TyOPECLIEHTHOTO U3/TyYeHNs.

1. OTKannbpyiiTe AETEKTOP SHEPTMM C MOMOLLLI XapaKTepPUCTUUYECKOTrO U3yUEeHNS
BONbYpamMoBOIi NN MEAHON PEHTFEHOBCKOM TPyO6KMU.

2. 3anuwunTe cnekTpbl d/TlyopecLeHTHOro 131yYeHns], co3gaBaeMoro MeTalsInyecKMm
obpasuamu.

3. OnpepennTe 3HaAYEHNA 3HEPrUM COOTBETCTBYIOLLMX XapakTepucTnieckux K, - v Kg-nuHuii.

4. Onpepenvte yactoTy Puabepra 1 NnoCTOAHHbIE SKPaHUPOBAHUSA C NOMOLLbIO MOMYYEHHbIX
Aunarpamm Mosnu.
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Teopus (1/3) PHYWE

excellence in science

Korga peHTreHOoBCKMe Ny4yn B3aMMOAENCTBYIOT C BELLLECTBOM, OHV TEPSIHOT SHEPTUO M3-3a KOMMTOHOBCKOTO
paccesiHus, 06pa3oBaHusa nap 1 PoTo3NneKTpuyeckmx ahdhekTos. B AnanaszoHe saHeprum, 4OCTYMHON BO BpeMS
3TOro 3KCnepuMeHTa, DOTO3MIEKTPUYECKNTI 3QDEKT UrpaeT Hanbosiee BaxkHY Po/ib. ATO O3HAYAET, YTO B aTOMe
Ha OZHOW 13 HWXKHMX 060N0YEK 3NEKTPOH BblOpacbiBaeTCA 3a CHET NOIMOLEHHON aHeprun hoToHa.

Tenepb cBO6OAHOE NPOCTPAHCTBO 3aHUMAET 3/1IEKTPOH OAHOM M3 BbICLUMX 060/104eK. HEPrus, BblgensaoLancs
npu 3TOM MPOLLecCe, MOXET ObIThb NCMO/Ib30BaHa 715 Bbibpoca Apyroro 3/1eKTpoHa 13 O4HOW U3 BbICLLMX
060s104ek (athpchekT Oxe) unu gns reHepaumm goToHa (doyopecLeHTHOE U3nyyeHne). B nepBoM npuonmkeHmnm
He3aelicTBOBaHHbIE 3/1IeKTPOHbI CHUTAIOTCA HEMOABWKHLIMU BO BPEMS 3TUX MPOLLECCOB. VX BNvsaHWE
yYMTbIBAETCA BBEAEHNEM TaK Ha3biBaeMOl NOCTOSAHHON 3KpaHUPOBaHUA o, yMeHbLUAoLLEel BIMSHME 3apaga
aapa.

Ecnu npeHebpeyb achdrekTamm pensaTUBMUCTCKONO U CNMH-0POUTaNIbHOTO B3aMMOAENCTBIUSA, aHeprus cesasu E,
3/1eKTPOHA Ha N-i 060/104Ke aToMa MOXET 6bITb NPUBKEHHO onucaHa Moesnbio atoma bopa:

E,= -2 (Z o)L (1)

B 8e2h?

Teopus (2/3) PHYWE

excellence in science

C BBE/iCHNEM HacTOTb! Puabepra Macca anekTpoHa m, = 9.109 - 10! kr

o meet

= et 2nemMeHTapHbIi 3apsag e = 1.602 - 107 Kn
0

_ 1034
(1) npueoguT K By — —R - h(Z — U)Qé 2) MocTtosiHHas MnaHka h = 6,6256 -10™°* ke

JdunanekTpnyeckas NpoHMLLaeMOCTb

MocTosIHHAsA 3KPaHMPOBAHKSA 3aBUCUT OT NOSOXEHUS c— 8.854 .10 12 ®/m
BO36Y)X1EHHOI0 3/1eKTPOHA U OT KOHJUrypaLum apyrux
3NEKTPOHOB. 3a CYET MUTPaLM 3/1EKTPOHA M3 np By (N > 1y ATOMHbIii HOMep Z
) 1 B COOTBETCTBUN C (2), SHEPI1sl BblAENSEMOro N3NyYeHns
paBHa: MoCTOsIHHAS 9KPAHMPOBAHUSA o
E. — R-h ((z;nl)"’ B (z;g"’) 3) [naBHOE KBAHTOBOE YMC/I0 1L

1 2
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Teopus (3/3) PHYWE

BmecTo ABYyX NOCTOSAHHbIX 3KPAHMPOBaHUSA A4/15 nepexoa oT ns B nj, BBOAUTCHA CpeaHss
NOCTOSIHHAsA 3KpaHupoBaHus o — 1, 2. B pesynbrate (3) ynpowaetcs [o:

.= -R-bZ-o? (2- L) @

2
ny

Ecnu +/E cTpounTcs Kak doyHKUMSt Z, MofydaeTca Tak HasbiBaeMas guarpamMma Mosnm. Cng =2 nng =1
(xapaktepuctnyeckasn K, -nmHus), (4) npuBoguT K:

VE="2VRh-Z - /Rh-oz; (5)

COOTBETCTBEHHO, Criefylolliee OTHOCUTCS K Mepexody OT ng B ny CO cpefHeli NOCTOSAHHOM aKpaHUpoBaHuUs
(xapaktepuctuueckan Kg-nnHus).

VE=L/Rh-Z2— % /Rh-o3; (6)
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O6opyanoBaHue

Mo3uuyus Matepuan MyHkT No. KonuuecTtBO

1 XR 4.0 X-ray ba3oBas peHTreHoBCKas yctaHoBka, 35 kB 09057-99 1

2 XR 4.0 X-ray FOHVOMETP 4719 PEHTIEHOBCKOW yCTaHOBKM, 35 KB 09057-10 1

3 XR4 CbéMHasn peHTreHoBckas Tpybka Plug-in Cu tube 09057-51 1

4 XR 4.0 X-ray PeHTreHOBCKUiA aHa/IM3 MaTepuasios, pacluvpeHme 09165-88 1
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PHYWE

excellence in science

MoarotoBka 1 BbINO/IHEHUE PabOThI

MopgrotoBka (1/2)

o HaBWMHTUTE NepexoAHoe KOsbLo Ha BXOAHYH TPY6KY AeTekTopa aHeprum
Y NOAK/OUNTE CUTHATIbHBIN U MUTAIOLLNIA KaBGenn K COOTBETCTBYHOLLM
nopTam [eTeKTopa C NOMOLLbIO YI/I0BbIX LLITEKEPOB.

o MMoAkI4YMTe CUTHaNbHbIV 1 NUTAIOLWNIA Kabenn K COOTBETCTBYHOLLUM
nopTam B 3KCNepPMMEHTa/IbHOIN KaMepe PeHTreHOBCKO yCTaHOBKM. Ha
puc.1 NopT ANs CUrHasIbHOTro Kabens 0603HayYeH KpacHbIM LIBETOM, a
nopT 41 kKabens nuTaHus - 3e/1eHbIM. [ogKNIUYNTe BHELIHME NOPThbl X
RED peHTreHOBCKOI YCTaHOBKM (CM. p1C. 2) K MHOTOKaHa/lbHOMY
aHanusatopy (MCA). MNogknounte curHasbHbIl kabens K nopty "Bxoa”, a
nuTaroLWwmii kKabesnb - K NopTy "[eTekTop SHeprum peHTreHOBCKOro
ns3nyyeHnsa" MCA.

PHYWE

excellence in science

X OQ® pyc 1 Pasvemb B

3 3KCMEPUMEHTAIbHO

kamepe

Pwuc. 2: NogknoyeHne
MHOrokaHasIbHOro aHasmsaropa
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PHYWE ..o in sconce

NMoprotoBkKa (2/2)

o 3akpenuTe AEeTEKTOP 3HEPIUN B AepaTesie MOBOPOTHOrO KPOHLUTERHA
roHmometpa. NponoxunTe ABa kabens 4oCTaTo4yHON ANHBI, YTOObI
rOHMOMETP MOT CBOGOAHO NOBOPaYMBaTHLCS BO BCEM AMana3oHe.
[MoakntuMTE MHOFOKaHa/TbHbI aHa/IM3aTop Y KOMMbOTEP C MOMOLLbHO
USB-kabens.

o BcTaBbTe Tpy6GKY C OTBEPCTMEM 2 MM.

o MepemecTnTe 610K TOHMOMETPA 1 AETEKTOP B COOTBETCTBYHOLLME KpaiiHue

nonoxeHuns cnesa. lNMpueeauTe AeTekTop B nonoxexve 90° B pexume
conpsbkeHunsa 1:2.

BbinonHeHune pa6otbl (1/4)

o MNepemecTuTe 6/10K TOHNOMETPA U ETEKTOP B COOTBETCTBYOLLME
KpaiHue nonoxeHus crnpasa.

o BcTaBbTe TPYOKy C AYamMeTpoM OTBEPCTUSi 1 MM B BbIXOAHYH TPYOKyY
PEHTIeHOBCKOW TPYOKM.

o BkntounTE PEHTIEHOBCKYH YCTAHOBKY 1 3a6M10KNpyliTe ABepLy,
nepeseauTe AeTeKkTop B nosioxeHve 0 °. 3aTeM CMecTuTe AeTeKTOop Ha
HEeCKO/IbKO OeCATbIX rpafyca OT HY/1IeBOro NOMOXEHUs, YTOObI
YMEHbLUNTbL 06LLYH CKOPOCTb.

o Paboune xapakTepucTuki BONbGIPaAMOBOI AV MeAHOW PEHTTEHOBCKOM

Tpy6ku: Bbibepute aHogHoe HanpshkeHne Up = 25 kB 1 aHOAHbIN TOK Ty

= 0,02 MA 1 noaTBEPANTE 3TN 3HAYEHNSA HaXKaTUeM KHornku Enter.

o BK/HOUMTE PEHTTEHOBCKOE U3/TyUYEHME.

Robert-Bosch-Breite 10
37079 Géttingen

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

PHYWE

excellence in science

[1eTEKTOP IHEPTHH
~FPEeHTTEHOBCKOTO
H3Ny4YeHua

| yHHBEpCANLHEI
[AepHaTenk KPUCTANNOE ¢
‘MeTannu4eckny obpazuom *

IKkpaiHAR NOZHUMA
IFTOHHOMETpa CneBa

Puc. 3: YcTaHoBKa
roHMomeTpa

PHYWE

excellence in science

]|
I

It
T W 1.

Puc. 4: kannbposka
MHOTOKaHa/IbHOro
aHanuzaropa
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BbinonHeHne padoTbl (2/4) °?HYWE

excellence in science

o

B nporpamme MEASURE BbiGepuTe "MHOrokaHasibHbIn aHanu3atop” B pasgene "datuuk”. 3atem BbibepuTe
"HacTpoliku n kannbposka". Nocne HaxaTnsi KHOMKK "KasimbpoBka" MOXHO n3MepuTb cnekTp. CKOpOCTb cyeTa
AomkHa 6bITb < 300 Mn/c. HacTpokn KaiMbpOoBKM MO 3HEPTUN: - KaIMBPOBKa Mo 2 Tovkam, - eavHuLa
n3MepeHuns = kaB, ycuneHue = 2 - ycTaHOBUTE CMeLLEHUE Tak, YTOObI NOAaBUTb HU3KO3HEPreTuyeckme
CuUrHasbl Wyma (06bIYHO AOCTATOYHO HECKO/IbKMX NPOLLEHTOB), CM. puC. 4.

o Bpems namepeHusi: 5 MUHyT. Vicnonb3yiiTe TaliMep peHTIeHOBCKOI YCTaHOBKM.

o CpenaiiTe fBe LiBeTHble Ka/IMOGPOBOYHbIE IMHWM COBMNAAAOLLMMU C LIEeHTPamm JIMHUNA ABYX
XapakKTepUCTNYECKNX PEHTTEHOBCKNX /TMHMIA. COOTBETCTBYIOLLME 3HAYEHNS 3HEPrum (CM., Hanpumep,
P2544705) E(LsMs/L3My) = 8,41kaB n E(LaNy) = 9,69 kaB BBOAATCSA B COOTBETCTBYIOLLYE MONS, B
3aBUCUMOCTM OT LBeTa. (Mprmeyanue: MNockonbky pasgeneHve nuHnii LsMy v LsMs  He npeactasnsercs
BO3MOXHbIM, B KQUeCTBe SHEPri N IMHWW BBOAWUTCS CPefHee 3HaueHne 06enx nnHuil).

o HasoBuTe 1 COXpaHNTe Ka/IMbpOoBKY.

BbinosiHeHue paboTbl (3/4) »HYWE

excellence in science

3apaHue 2: 3anucb cnekTpa
o BcTaBbTe Tpy6Ky C OTBEPCTUEM 2 MM.

o [MepemecTuTe 610K TOHMOMETPA U AETEKTOP B COOTBETCTBYHOLLME KpaliHue nonoxeHus cnesa. Npusegute
feTekTop B nonoxeHvie 90° B pexume conpsxeHns 1:2.

o BcTaBbTe METAIIMYECKMI 06pa3eL, C MOMOLLbI0 YHMBEPCA/IbHOMO AepXaTtens KpuctasioB (06pasel,
HaxoguTca nog yriom 45°).

o Paboune xapakTepucTKu PeHTreHOBCKON Tpyoku: Boibepute aHogHoe HanpshkeHne Uy =35kB u
aHOAHbI TOK TaKOM, YTO CKOPOCTL cyeTa coctasnset < 300 umn/c.

o Bpemsi usmepeHusi: 3 MUHyTbI (MCNONb3YiiTe TaliMep PEHTTEHOBCKOI YCTaHOBKN).
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BbinonHeHune pa6oTbl (4/4) °?HYWE

excellence in science

3agaHue 3. OueHKa KpUBbIX U3MepeHus

o YUT0ObI ONpeaenvTb SHEPTUO JIMHUK, NEPEK/TIYMTECH C OTOBPaXKEHWSA MOMNOC Ha 0TOBpaXKeHNe KPUBbIX.
[na atoro HaxxmuTte "MapameTpbl 0To6pakeHns", a 3atem "VIHTepnonsumsa u npsmble MHUN", |#

o YBENNUNTL COOTBETCTBYHOLLMIA YYACTOK IMHIAM C MOMOLLbIO (OYHKLIAM MACLITABUPOBAHNA g,

o 3aTeM Bbl6epUTe y4aCTOK KPMBOIA C nomoLblo  + OTKpoiiTe OkHO "MoAaroHKa yHKLumMKn' . 3atem
BblbepuTe "MacLuTabupoBaHHOe HopMasibHOE pacnpeseneHne” u noaTBepauTe HaxxaTuem KHonku Enter.

o HalignTe LeHTP IMHUM HOPMa/TLHOTO PacNpPeA™ 77 /s C MOMOLLLI0 (PYHKLMM "AHann3 nnkos" k= nau
onpefennTe ero ¢ NOMOLLb (yHKLMK "O630p ~H-

PHYWE

excellence in science

OueHka
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\/
Sapanme 2 ok
3anuwunTe cnekTpbl oIlyopecueHTHOro f\ za ' f\ e
n3nyydyeHwus, reHepupyemMoro vetaJiuzindeCKnumu ] j o= R // L™ A
oGpasuyamu. i /\/ = ’ A ol
Ha puc. 5 nokasaHbl CnekTpbl do/lyopecLeHLmum - ! A N
Pa3nnyHbIX METAJINO0B. ;l ==

- sn
‘ g RO PP, S| __,m_../\ . .

Puc. 5: CnekTpbl hiyopecLeHLum pas/inyHbIX

MeTas1/10B
3apauve 3 nHYWE
A B C D E F
E(Ka) E(Kj) E(K,) E(K;) Onpepenute 3HaYUeHUs1 IHEpPrun
nemeHT Z A g
akcn., KaB akcn., kaB Tabn. , kaB Ta6s., kKaB COOTBETCTBYIOLIMX XapaKTepucTueckmx
Fe 26 639 703 6397 7,05 Ka- v Kg-nuuna.
Ni 28 747 8,26 7474 8,265 Pe3ynbTaThl OLLEHKN CMEKTPOB NpUBEAEHbI B
Cu 29 8.04 8,90 8,039 8,905 Tabnuue. B ctonbuax \(C\) n \(D\) yka3aHbl
Zn 30 8.3 9,57 8,627 9,572 3HaueHNs aHepru xapaktepuctndecknx K, - n
Mo* 42 17.38 19,56 17,427 19,608 K g-nvHuiA, koTopble Gbinv NoslyYeHb! 13
Ag 47 22.07 24,91 22,076 24,942 CMEKTPOB, NOKa3aHHbIX Ha pucyHke 6. Ans
cpaBHeHus, B ctonobuax \(E\) n \(F\) npneeneHs!
* CnekTp Mo 6bin NOlyYyeH B pesynbrate aHansa COOTBETCTBYHOLME Tab/INYHbIE AaHHbIE, CO
NepPBUYHOTO M3/Ty4eHNs MONNGAEHOBCKON cpefHum 3HadeHnem K, - n K, -nmHnit kax
PEHTreHOBCKOl TPyOKM U, CriefoBaTesibHO, He Bbi3BaH aHeprua K, -nuHun.
KaK1UM-/imbo 13 MeTasl/IM4yecknx 06pasLioB.
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3agaHue 4 DETIWE

OnpegenuTte yacToTy Pug6epra n nocTOsHHbIE 3KPaHUPOBaHUSA C VEVieV
NOMOLLbLIO NOyYEHHbIX guarpamMmm Mosnu.

Kgline v=0.111x~ 0,220

Ha pvic. 6 nokasaHbl MMHUM Mo3nu ans xapaktepuctuyeckux K, n Kg
NMHWA. R MOXHO BbIYUC/IUTL C MOMOLLIbIO TPaIMEHTOB 106aBIEHHbIX NIMHWIA
perpeccun.

MpaaneHT nuHum perpeccum ot K, -nnHum onpegensietcsa cneayowmm ,

06pasom: 4
3Rh
m= +“——
2 Puc. 6: JuHimn Moznu K, - v
Mpeo6pasoBaHie OAaerT: Kg-nnHuit
= 1
\/
3agaHue 4 (4acTb 2) PHYWE

BeguTe 3HauyeHne gnsa HaknoHa K, -nuHum Mosnu u nepesegute k3B B . Taknum 06pa3om;
—1
R =3.41-10"%c

Mpn Z = 0 Rh = 13,6 3B nepeceyeHnss COOTBETCTBYIOLLMX JIMHUI MO3NM NPUBOAAT K: 01 ~ 1.5n 031 ~ 2.2.

3HaueHnsi NOCTOSIHHbIX 3KPAHMPOBAHNS, KOTOPbIE ObI/IN ONPEENEHbI C NOMOLLLI0 MoAenn atoma bopa, uvetot
/Wb OrPaHNYEHHY0 NPUMEHNMOCTb, MOCKOJIbKY 60s1ee NoApo6HbIE pacyeThbl (XapTpu) NoKasbIBakoT, UTO
pagmanbHoe pacnpegesneHme NoTHOCTM 3apsiia HeKOTOPbIX 3/1EKTPOHOB, HanpumMep 3p-3/1ekTpoHa UMET
BTOPUYHbIIA MakcMyM B6M3M sapa. TeM He MeHee, BEPOSITHO, YTO 021 > 1 M 031 > 03,1 [10CKOMbKY BO BpeMs
npouecca K, , octaBluuniica 1s an1€KTPOH 1, KPOME TOro, He BOB/IEYEHHbIE 25 3/1EKTPOHbI IKPAHUPYIOT 3apsij,
siApa, Toraa kak Bo Bpems nepexosa Kg Bce an1eKTpoHbl L-ypoBHS 061aa0T AONONHUTE bHBIM

3KpaHVpyoLWmM adpekTom.
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