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1. BBEAEHHE 

AfiR npe4H3HOHH~X HCCfleAOBaHHa xapaKTepHCTH4eCKOrO peHTre

HOBCKOrO H3flY4eHHR HCnOflb3Y~TCR KpHCTann-AH~paK~HOHHWe cneKT

pOMeTp~ 6parra. KpHcTann-aHanHaaTop, npH noMo~H KOToporo HC
cneAyeTcR cneKTpaflbH~H COCTaB peHTreHOBCKOrO H3flY4eHHR, RB

nBeTCR nH6o nnoCKHM, nH6o HaorHyT~M KpHcTannoM. PaccTORHHe d 
MemAy BW6paHH~MH OROCKOCTRMH KpKCTaflflH4eCKOH peweTKH onpeAe

flReT AHana30H AflHH BOflH HflH 3HeprHH, ~OOTBeTCTBeHHO, B KOTO

pOM MO*HO npoaeCTH HCCfleAOBaHHR. AHaflHTH4eCKaR CBR3b MemAY 

AflHHaMH eonH A, yrnoM 6parra e H OOPRAKOM oTpameHHR n onHc~
saeT ycnoeHe 6parra 

1,2395· n 
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4To6~ OXBaTHTb MaKCHMaflbHO 6onbWY~ o6nacTb 3HeprHH, peKOMeH

AYeTCR npOBOAHTb H3MepeHHR He TOnbKO Ha nepBOM nOpAAKe OTpa

meHH~, HO H Ha 6onee B~COKHX nOPRAKaX. 0AH8KO H3BecTeH TOT 

~aKT, 4TO npH 6onee BWCOKHX nOPAAK8X OTpameHHR ~HTeHCHBHOCTb 

peHTreHOBCKHX pe(flneKCOB 3aMeTHO naAaeT/ 1,2tOny6JlHKOBaHHble B nH

TepaType A8HHble 06 OTpamaTeJlbHbiX COOC06HOCTAX KpHCTaJlilOB RB

nR~TCR HenonHbiMH H HHOrAa npoTHeope4HBbiMH. Uenb HacToR~e~ pa-

6oTbl COCTOHT B HccneAOBaHHH H3MeHeHHR OTpamaTeJlbHbiX cnOC06Ho

CTeH PRAa nnOCKHX KPHCTannoe npH pa3HbiX nOpRAKax OTpameHHR. 

Oco6oe BHHMaHHe HanpaaneHo Ha cpaeHHMOCTb peaynbTaToB~ 

2. TPE60BAHK~, nPE~RB~~EM~E K KPKCTA~~-AHA~H3ATOPAM 

HcnonbaoeaHHble e peHTreHoBCKHX AH~paK~HOHHbiX cneKTPOMeTpax 

KpHCTannbl AOJlmHbl YAOBJleTBOPRTb CJleAY~~HM Tpe6oeaHHRM: 

1/ aoaMomHOCTb aHanHaa WHpoKoro cneKTpanbHoro AHanaaoHa; 

2/ xopowee paapeweHHe OTAeilbHbiX peHTreHOBCKHX IlHHHH; 

3/ BbiCOKOe OTHOWeHHe 3~eKT-~OH; 

4/ 60ilbWaA OTpa)KaTeilbHaA CnOC06HOCTb .7}; 

5/ B03MO)KHQCTb H3rH6a KPHCTanna. 

0WH6KH B H3MepeHHH cneKTpOB peHTreHOBCKOrO H311Y4eHHR no Me

pe YMeHbweHHR yrna 6parra eoapacTa~T ecneACTBHe reoMeTpH4eCKHx 

a6eppa~HH/S/, no3TOMY cy~eCTayeT H606XOAHMOCTb Bb160pa onpeAe

neHHoro HaHMeHbwero yrna 8, senH4HHa KOToporo onpeAenReT reo

MeTpH4ecKHe a6eppa4HH, 803MOmHOCTb HX KOppeK4HH H T04HOCTb 

3KcnepHMeHTa. C APYrOH CTOpOHbl, no KOHCTPYK~HOHHbiM npH4HHaM 

B006ll(.e HeB03M0)KHQ nposeCTH H3MepeHHR B o6naCTH OK0/10 0 ""90°. 
np1o1 YCilOBHH, 4TO npeAenbH~e yrllbl COCTaBnR~T ] H 83°, MOmHO, 

C OnpeAelleHHOH ~eilb~ H3MepeHHR,C$OPMYnHpOBaTb Tpe6oeaHHR K . 

ee/1H4HHe paCCTORHH~ MemAY nnocKOCTRMH KPHCTa/111H4ecKOH peWeT-
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K14. 4ro6bl, Hanpi4Mep, aHa1114314posaTb snnoTb AO ypaHa Ka -n14HI414 
TR>Ke!lbiX 8TOMOB 141114 140HOB, H8 nepBOM nOPRAKe OTP8>KeHI4.fl CJ1eAyeT 
npi4MeHRTb KPI4CT8!1Jlbl C Me>Kn!lOCKOCTHbiMI4 P8CCTORHH_RMI4·. 0,05 HM. 0A
H8KO T8K14e KP14CT8!1Ilbl C AOCT8T04HO BbiCOKOH orpa>KaTeJlbHOH cnoco6-
HOCTbiO He143BeCTHbl. 3TO 0.6CTORTeJlbCTBO H, 38CT8811ReT, . HeCMOTpR 
Ha HCn01lb~.OB8HI4e KPHCT81111-8H811H38T.OpOB .·e H8HMeHbWHMH. 3H84.eHI4R-

.MI4 Me>KnJlOCKOCTHbiX pacCTORH14ti, npOBOA14Tb 143MepeHHR Ha 0Tpame
HI4AX Bblwe nepsoro nopRAKa. noaroMy, 4T06bl Bb16paTb noAXOAR~He 
AJlR pafiOTbl KpHCT81111-A14fl)paK4HOHHOrO peH.TreHOBCKOrO cneKTPOMeT
pa KP14CT811J1-aHaJ1H38TOpbl, Heo6XOA14MO TQLIHO 3H8Tb OTpa>KaTellbHble 
cnoco6HOCTH Bb16paHHbfX KpHCT811110B npl4 p8311144Hb1X nOpRAK8X OTpa
>KeHHR. 

3 o OTHOCHTEJlbHbiE OTPAJKATEJlbHbiE Gn0C06H0CTH 
KPHCTAJlJlH4ECKHX PEWETOK 
H nPEAEJlbl AOKA3ATEJlbCTBA PEHTfEHOBCKHX JlHHHA 

HaMepeHHe noriHoH orpamarenbHoH cnoCo6HOCTH Kp~cranflHLiecKoH 
peweTK14 npRMbiM nYreM 38TPYAHHTeJlbHO. Ho 'AnA cpaeHeHHR OTHOC14-
Te~bHbiX orpamareribHbiX cnoco6HocreH paallH4HbiX Kp14crannH4ecKHX 
peW.eToK· AoCT-aro4Ho npH· OAI4HaKOBbiX yciioBI4RX 3KCnepi4MeHTa J.1C
cne,qosa'rb HHTeHC14BHOCT14 OTAellbHbiX peHTreHoBcKHX pefl)neKCoa on
peAeneHHOH peHrreHOBcKoH· 1114HHH, CoorsercreyiO~He paani44HbiM no
pR.QKaM ·oTpa>KeHHR 14 P8311H4HbiM Kp14CTanJil44ecKI4M pewerKaM. npH 
OA14HciKbEJcia1 i"lepei.H4HOI1 J.1HTeHC14BHOCTJ.1 8H811143HpyeMoro 14311y4eHio1R 
cnpaBeAJ114B0 1J- p /4HCT8R 14HTeHC14BHOCTb/, T. e. OTHOCHTe!1bHYIO 
OTpa>KaTellbHYIO CnOC06HOCTb KPHCT811110B MO>KHO onpeAellHTb J.13 OTHO
WeH1111 4HCTbi.X HHTeHCHBHOCTeti pefl)neKCOB Ha 11CC1leAyeMbiX OIJOCKQ
CTRX Kpl4cranili-14ecKHX pew'eroK. 4HcTCiR J.1HfeHCJ.1BHOCTb . pefl)neKCa 
onpeAellReTCR 1-13 143Mepf!eMOi:1 00/lHOti .HHTe·HCHBHO.CTH S. Bb14HT8HHeM 
OTAe!lbHO 143MepReMoro ~OHa U 

P-B-U o /2/ 
0WJ.16Ka B onpeAelleHHH BeJlH4HHbf p yMeHbW8eTCR, eCJ114 COOTHOWeHHe 
P/U pacrer AilR HCCileAyeMoro pefl)neKca. 4To6bl A06HTbCR HJ.13wero 
npeAeJla per14CTpa~HH AilA onpeAelleHHOti IlHHHH peHTreHOBCKOro H3-
ny4eHHR ,,. ·Ha.Ao yaeJ1144i1BaTb npoHaBeAeHHe P. P /U A11R paccMarpH
saeMoro pefl)neKCa. npH onpeAe!leHHH.npeAeJla perHCTp8~14J.1 peHTre
HOBCKHX 1114HHti C cnpaBeAilHBO COOTHOWeHJ.1e 

c- 1 
[-p""'2.:./ U-l-,t"""/2 0 

131 

EC1114, K8K B A8HHOM Clly4ae, npeACT8811ReT HHTepeC TOJlbKO CP8BHe
HJ.1e npeAenos perHcrpa~HH AilR paanH4HbiX H3MepeHH~ npH OAHHaKo
BbfX yCilOBH~X H3MepeHHR, TO J.13 ~PMY!lbl /3/ CileA~eT AJlR onpeAe-
neHHR OTHOCI4TeJlbHOrO npeAeJla perHCTp8~HJ.1 
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/4/ 

npH 3TOM yKa3aTe.nb "0" xapaKTepH3yeT TO \o13MepeHHe, C KOTOPbiM 

CpaBHHBS~TCR BCe OCTaflbHble. 0THOCHTeJ1bHb1H npeAe.n perHCTpa~HH 
nOKS3biBaeT, HaCKOflbKO xy~e HCXOAHbiH npeAe.n perHCTPa4HH 04eHH
saeTCR no CpaSHeHH~ C nepBOHa4SflbHbiM H3MepeHHeM. 

4. YCnQBHR 3KCnEPHMEHTA 

Bee Hcc.neAOBaHHR npoaeAeHbl Ha npOMblw.neHHOM yHHsepca.nbHOM 
peHTreHoacKoM AHCl>paKTOMeTpe HZG-;4 /4/. KOTopbtH AeHcTsyeT no 
npHH4Hny ¢oKycHposKH 6parra-6peHTaHo. CxeMa H3MepeHHR noKa
aaHa Ha PHC.l. ~R aHa.nH3a 6TpamaTe.nbHbiX CnOC06HOCTeH KpHCTa.n-
1108 npHM~CR H3Ily4eHHe Ka -sn1HHf.1 MOJ1H6AeHa f.f", 17,441 K38/. 
8 Ka4eCTBe MOHOXpOMaTopa peHTreHOBCKOrO H3J1Y4eHHR HCnOflb30Sa.n
_CR HH06HeBb1H ¢lH11bTp. 

q,ot<yC I 

BbiCOKOe 

HanpfDKeHMe 

\ / 
"' / ...___ 

<t>OKVCMp'{IOI.QHH Kpyr 

PHc.l. CxeMa HsMepeHHH. 

CHCTeMa AHa¢parM cneKTPoMeTpa HMena cneAY~~He napaMeTp~: 
- ropH30HTanbHaR AHa¢parMa .Ar =0,44 MM /Ha paCCTORHHH 

110 MM OT KpHCTanna/, 
- eepTHKanbHaR AHa¢parMa As=6,0 MM /Ha paccTORHHH 115 MM 

OT KpHCTanna/, 
- AHa¢parMa nepeA AeTeKTOpoM A~ =0, 44 MM. 
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Ta6JIH~a 1 

HcCJie,D;yeMble KpHCTannHqeCKHe nnocxo_cTH 

KpHCTMnHt~e-CKSR 
d/HM n nJIOCKOCT·b MaKe. 

LlF (200) 0,2013 5 
Si (I00) 0,5430 12 

Si (Ill) 0,3I38 8 

Ge (IOO) 0,5663 12 

Ge (III) 0,3270 8 

KBap[l wirr l 0,3343 8 

,lJ..nJI C4eTa pacceJIHHbfX KB6HTOB peHT-reHOBCKOrO H311y4eHHff HC
nOJ1b30BSJ1CR nponop~HOHSJlbH~H C4eT4HK, 36nOJ1HeHH~H CMeCb~ 
90% Xe H 1 O%·CH ~ • 06pa6oTKa cneKTpoa HccneAyeMbiX pe<lJneKcoa ocy
~eCTBnRnacb no MeTOAY HSHMeHbWHX KBSAPSTOB. npH 3TOM AnR an
npOKCMMS~HH ~OHS 6panaCb KBSAPSTH4HSR ~YHK~HR. 

Ta6n.1 COAepmHT nepe4eHb n110CKHX KPHCT611110B C COOTBeTcT
ay~~HMH 3H64eHHRMH MemnnoCKOCTH~X paCCTORHHH d B~6paHH~X nnoc
KOCTeH H MSKCHM6llhHbiMH nOPRAK6MH OTpameHHR n MaKC •, Ha KOTOpbiX 
npoBeAeHbl H3MepeHHR. 

5. 06CYmAEHHE PE3YnbTATOB 
HccneAOBaHHe noKa3aHHbiX e ra6n.1 MarepHanoe npoBOAHJlOcb Ha 

nnOCKHX KPHCTannax. 0AH6KO B npaKTHKe AJlJI ysenH4eHHR CBeTOCHJlbl 
46CTO HCnOJ1b3Y~TCR ~OKYCHPY~~He CneKTPOMeTpbl C H30rHyTbiMH KpH
CTSJlJlSMH. npH nepeXOAe OT nl10CKOrO K H30rHyTOMy KpHCTanny npHH-
4HnHSJlbHOe noseAeHHe HX orpamarenbHbiX cnoco6Hocre~ coxpaHReT
cR, Ho nonHaR orpamarenbHSJI cnoco6HoCTb ~pHcranna pacrer c 
yMeHbWeHHeM paAHY~q $0KYCHPY~~ero Kpyra R. 3TO BHAHO H3 pHc.2 
Ha nPHMepe Si (400)/ 5~ Ha p1o1c. 3, 4 noKaaaHbl H3MepReMble eem14HHbl 
4HCTbiX HHTeHCHBHOCTe~ KSK ~YHKL.4HH nOPRAKS OTpa>KeHHR n, .£ll1R 

repMSHHR H KpeMHHR cy~eCTByeT B 06~HX 4epTaX OAHHSKOBbiH XOA 
COOTBeTCTBYIO~t.1X KPHBbiX, KOTOpbtH Bbi3BSH 6JlH30CTbiO CTPYKTypbl 
KpHCTSJll1H4eCKHX peweTOK. ,llnR onpeAeneHHbiX nOpRAKOB OTpa>KeHHff 
Ha611~AaeTCR PAA OCTpbiX Mt.1HHMYMOB, TaK KaK CTpyKTYPHbiH $aKTOP 
A11R 3THX nopRAKOB OTpa>KeHHR HMeeT 04eHb MSJleHbKHe 3Ha4eHHR. 
TaKHe M!tlHHMYMbl noRBJlR~TCJI: 

- y nl10CKOCTeH KPHCTannH4eCKOH peweTKH T~na /111/ AnA n = 
= 2 K+! + 2K (K~O,l), 

- Y nnOCKOCTeH KPHCTaJlnH4eCKOH peweTKH T~na /100/ AflR nJ:4K 
(K= 1,2,3). 
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PHc.2. 3aBHCHMOCTb OTp~aTenb

HOti: cnoco6aocTH KpHCTaJIJia I OT 

PaAHyca H3rH6a R Ha npHMepe 

Si(400) /4/ 

PHc.3. 3asHCHMOCTb HHTeHCHBHO

CTH peHTreHOBCKHX pe~excoB I 
OT IIOpJigKa OTpaJKeHHH A1JH LiF 
/200/, KBap~a /lOll/ H Si /111/. 

I 

10' 

PHc.4. 3aBHCHMOCTb HHTeHCHBHo-

CTH peHTreHOBCKHX pe$rleKcoB I 10s 

OT rrop.R:AJ<a oTpaJKeHHR WIH Si /l 00/, 
Ge /Ill I H Ge I 100/. 

• Sil1001 
• Gel100) 

P,. flnl 
E:::17,4k38 

Gel1111 

Oco6eHHo flpKo eblpa)f(eHHble MJ.1HHMYMb1 Ha6IltOAaiOTCfl npH Het..~eTHbiX 

n Ailfl nnocKocre~ KpHcrannHt..~ecKo~ pewerKH THna /100/. 
~fl LiF 14,8 orpaHH4eHHoH Mepe, AI1R K8ap4a o6Hapy)f(eH no4TJ.1 

MOHOTOHHbiH cnaA orpa)f(aTeilbHOH cnoco6HOCTJ.1 8 3a8HCJ.1MOCTJ.1 OT no-

PfiAKa orpameHHR. 2 
Ha pr.1c.5 r.1 6 noKa3aHbl aaeHCHMOCTH senH4HHbl P /U or nopRA

Ka orpaieHHR. KpHBble noKa3bl8aiOT XOA aaaHCHMOCTH or n,nOA05Hb1H 

npHBeAeHHOMY Ha pr.1c.3 H i· BcneAcTBHe BbiCOKoro OTHoweHHR P/U 

nosblw_aKlTCfl orpa)f(eHHfl Ailfl: 
LiF (200) npH n 2,3; 
Si (Ill) npH n I ,3,4; 
Si (100) npH n 4,8; 
Ge (Ill) npH n 1,3; 
Ge (100) npH n 4; 
Ksap~(IOII) npH n I 

\.1 AOCTHraiOrCR cpaBHYIMble c LiF(200)npYI n = 1 npeAenbl perHcrpa-

414\.1 peHTreHOBCKHX I1J.1H\.1H. 
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H Si /III/. 
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P2fU din) 

1o8 E:17,4k3B 

• Si 1'100) 
• 6@(100} 

• 

5 8 n 

PHc.6.3aBHCHMOCTD BenHqHHhl 
p 2'jU OT nOPHAKa OTpaJKeHHH 
AJ111 Si /100/, 'Ge/111/" 
Ge I 100/. 

Ta6n.2 COAePmHT npeAen~ o6nacTH H3MepeHHR a aaeHCHMOCTH OT 
nOpRAK8 OTpameHHR H OTHOCHTeflbH~e npeAen~ perHCTP84HH peHTre
HOBCKHX flHHHH AflR HCCneAYeM~X KPHCT8flflH4eCKHX peWeTOK. Te no
PRAKH OTpameHHR, AflR KOTOP~X COOTHOWeHHe /4/ Aano 04eHb 6onb
WHe 3H~4eHHR, He y4TeH~. BHAHO, ~TO AflR HCCfleAOBaHH~X KpHCTan
nOB LiF /200/, Si /111 I H Si /100/ BblnonHSIIOTCSI cC!><>pMynHpoaaH
H~e B pa3Aene 2 Tpe6o&aHHR, KOTOp~e H peKOMeHAY~TC~ AnR ripH
MeHeHHR KaK KpHCTann-aH8flH3aTOp~ 8 peHTreHOBCKHX KPHCTann
AH~paK4HOHH~X cneKTPOMeTpax. 

6. 3AKII04EHHE 

• 

• 

npoaeAeHHble H3MepeHHR AaiOT o6oCHOB8HHe AnR 04eHOK npHMeHH- j 
MOCTH HCCfleAyeM~X KPHCT8flflH~eCKHX peweTOK npH 8H8flH3e KBaHTOB 
peHTreHOBCKOro H3flY4eHHR H HH3K03HepreTH4eCKOro ,y-H3flY4eHHR 
Ha BYCOKHX nopRAK8X OTpameHHR. KpoMe LiF, H3 HCCfleAyeM~X KpH
CTanOB OC06eHHO peKOMeHAYeTCR KpeMHHH AnR npHMeHeHHR 8 KpHCTann
AH~paK4HOHHYX cneKTPOMeTpax 6p3rra. 6Yno 6w menaTenbHO, Ha oc-
Hoee nony4eHHYX peaynbTaToa, HccneAoBaTb AononHHTenbHWe nnoc-
KOCTH KPHCT8flflH4eCKO~ peweTKH Ha HX npHMeHHMOCTb B KPHCTann
AH~paK4HOHHWX cneKTpOMeTpax. 3TO He06XOAHMO,.TaK KaK npo-

" M~wneHHYe KPHCTannw KpeMHHR H repMaHHR OTHOCHTeflbHO OpHeHT84HH 
HX nnOCKOCTe~ KpHCT8flflH4eCKO~ peweTKH He ecerAa OnpeAenR~T on
THMaflbHYe YCflOBHR HX HCnOflb3098HHR /4HflHHApH4eCKHe KPHCTannw/. A AflR HaroToaneHHR AOCTaT04HO 6onbWHX KPHCTannH4eCKHX nnaT He 
ace nnOCKOCTH AOCTynHW. 

6 



' 

0THOCHTenbHhle rrpegenbi per~CTp~~H H H3MepeHHH 

peHTre,HOBCKHX JIHHHH AJIH AHana3oHa 6p9rroacKoro yrna 

7°,5 8.~83° 

Jln0CKOCTb 
KpHCTanhH~eCKO~ 
peweTKI1 

LiF (200) 

Si (III) 

·s; (!00) 

Ge (III) 

Ge (IOO) 

KBap!j (IOii) 

n 

I 
2 
3 
4 

I 
3 
4 
5 

4 
8 

I2 

I 
3 
4 
5 

4 
8 

I 
2 
3 
4 
5 

Hoenen H3MepeHHR IKaB/ 

25,263 
50,525 
?5,?88 

101,051 

16,206 
48,6I? 
64,823 
8I,029 

3?,45? 
?4,9I4 

II2,3?I 

Io,549 
46,648 
62,I9? 
??,?46 

35,9I5 
?1,830 

I5,2IO 
30,420 
45,630 
60,84I 
?6,05I 

3,I02 
6,20I 
9,306 

I2,40? 

I,996 
5,969 
?,959 
9,949 

4,599 
9,I98 

I3,?9? 

I,909 
5,?28 
?,63? 
9,546 

4,410 
8,820 

I,868 
3,?35 
5,603 
?,4?0 
9,938 

* CpaaHHTenbaoe H3MepeHHe: LiF /200/, n = 1. 

c .. 
c .• 

1,00 
1,45 
5,06 

25,00 

I,I3 
2,I3 
3,?8 

II,95 

2,05 
4,05 

I4,I4 

2,22 
5,87 
8,45 

3I,62 

3,28 
20,4I 

2,I3 
5,42 

26,?3 
I5,8I 
50,00 

B aaKn~4eHHe asTop~ s~pama~T npHaHaTenbHOCTb npo$eccopy 

r.MyaHon~ aa nOAAep~KY pa6oT~, E.6oxMaHHY aa noMo~b npH npo
BeAeHHH H3MepeHHH H K.~oAenb- aa·noArOTOBKY peHTreHOBCKHX 
cneKTpoe AnR o6pa6oTKH Ha 38M. 

nHTEPATYPA 

1. 6noxHH M.A. MeTOA~ peHTreHo-cneKTpanbH~x HccneAoeaHHH. 
H3A-•o $H3.-MaT. nHT-p~, M., 1959, c.168. 

7 



2. Beer W. Rapport IPF-SP-004, Fribourg, 1974. 3. Zschornack G. et al. JINR, E13-81-269, l}ubna, 1981. 4. Unlversell.es Rontgendiffraktometer HZG-4, VEB Freiberger • Prazi s i onsmechan i k, ·Freiberg, 1978. 
5. Cauchois Y., Bone lie C. X-Ray Diffraction Spectrometry. 

8 

In: Atomic Inner-Shell Processes. Academic Press, New York et al., 1975, vo1.2. 

PyKon~cb nocTynHna B H3AaTenbCKHH OTAen 
15 AeKa6pR 1981 rOAa. 

• 


