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OBI.l(Afl XAP AKTEPHCTJiIKA )UICCEPTAf.UIOHHOH P ABOTbI 

AKTVaJibHOCTh TeMbI. B HacTogmee speWI BIDKHDIM HanpasneHHeM 

Hcnon1>30BaHIDl MeToJJ,a B03M)'llleHHhIX yrnoBhIX Koppelljll{HH BYK, 

aBAAeTcg H3yqeHHe BJIJlaHHjl BbICOKOro )J,aBJieHHa Ha :meKTPOHHYJO H 

MarHHTH)'IO CTPYKrypy TBepJJ,bIX Ten. 

B1>1c0Koe JJ,asneHHe s coqeTamm: c s1>1c0Koli TeMITepazypoii JJ,aeT 

B03MO.iKHOCTb CHHTe3HposaTb HHTepMeTaJIJIWieCKHe coeJJ,HHeIDIJI, KOTOpbie 

B 061>1qH1>IX ycnosHax He cyniecTByroT. 3TH coeJJ,HHeHIDI MOryT o6na,D;aTh 

oco61>IMH csoiicTBaMH, HanpHMep cocymecTBoBaHHe csepxnposo.n;HMOCTH 

H <PeppoMarHeTH3Ma, Hel{enoqHcJieHH)'IO BaneHTHOCTb O,ZJ;HOro H3 

3JieMeHToB coe,n;HHeHHjl. He.n;ocTaTOqffOe KOJIHqeCTBO HH<l>opMal{HH o 

CBepXTOHKOe B3aHMO)J,eMCTBHe (CTB) B coe)J,HHeHHgX co.n;ep.JK~ 

pe)J,K03eMeJibHbie MeTaJIJlbI (rraHTaHOH)J,bI), cmrre3HpOBaHHblX npH 

BhICOKOM .n;asrreHHH, CBjJ3aHO c TeM, qTo B MHpe cymecTByeT 

orpaHHqeHHoe qHcrro l{eHrpos, srra.n;ero~ MeToJJ,aMH HX CHHTe3a. CHHTe3 

npH BbICOKOM .n;asneHHH Il03BOJiaeT: 

• 3a c11eT nonHMop<l>HhIX npespamemdi, a TaK.JKe H 3a cqeT H3MeHeHHjl 

3JleKrpOHHhIX CBOMCTB HCXO,I\HblX KOMilOHeHTOB cymecTBeHHO pacrrmpHTh 

qHCJIO CHHTe3HpyeMhIX coemrneHIIB. 

• PacmHpHTb 'lHCJIO HCIIOJlb3YeMbIX j!)J,epHbIX 30H,I\OB, KOTOpbie npH 

BbICOKOM .n;aBJieHHH 3aMemaIOT aTOMbI B y3rrax. IlpH aTMoc<PepHOM 

.n;asneHHH C)J,eJiaTb 3TO HeB03MO:iI<HO. 

Hcnon1>3osaHHe s1>1c0Koro .n;aBneH:Ha KaK BHemHHii napaMeTP npH 

H3MepeHIUIX CTB II03BOMeT H3yqaTh He TOJihKO MarHHTHhie 

H crpyKrypH1>1e <Pa30B1>1e nepexo.n;1>1, HO H 3J1eKrpOHH1>1e nepexo.n;h1, 

H KBaHTOBhle KpHTHqecKHe TO'lKH. 

,IJ;aHHM pa6oTa rrocsgmeHa H3yqeHHeM )J,Byx THIIOB COe)J,HHeHHM: LnAh 
H LnAh (Ln - naHTaHoH.n;). 

CoeJJ,HHeHffjl LnAh paH1>IIIe He H3yqanHCh MeTO,ll;OM BYK. llisecTHO, 

qTo OHH HMeIOT reKcaroHaJihHhie KpHCTanrrwiecme CTPYKTYPI>I .n;M nerKHX 

naHTaHoH,n;os, H KY6Hqecme .z:vrn TIDI<enhIX rraHTaHOJI)J,OB. Ky6HqecKIIB 

BKJia.n; yseJIHqHBaeTCjJ ITO Mepe HapacTaH:HjJ aTOMHOro HOMepa z. ,I1;mI 
COe)J,HHeHHH LnAh, H3BeCTHO, ~o B 3aBHCHMOCTH OT )J,aBJieIDIJI CHHTe3a 

npoHcxo.n;u rronHMop<l>Hb1e npespameHHjl KpHCTaJIJiffqecKoii CTPYKTYPhI c 

npeo6na,D;aHMeM KY6HqeCKoro xapaKTepa. 

,IJ;m.r coe.n;HHeHllli LnAlz H3BeCTHo, 'lTO see JIMeIOT KY6HqecKYJO 

KpHCTaJIJIHqecKyro CTPYKTYPY, He3aBHCHMO OT Z Ln. 0.z:i;HaKo 3JieKTPOHHhie 

crpyKzypbI EuAh H YbAh OTJIHqaroTcsi: OT 3JieKTPOHHhIX CTPYKTYP .n;pyrHX 



coe)J.HHemrn 'rpeX BaJieHTHbIX JiaHTaHOH.ll;OB, qTo CBH3aHHO c OTJIH':IHeM 

BaJieHTHocrn HOHOB Eu H Yb OT BaJieHTHocrn HOHOB .ll;pyrHX Ln. TaK )l(e 

H3BeCTHO, "lffO BaJieHTHOCTh Yb B coe)J.1meHHH YbAlz HapacTaeT 

c rrpHJIO)l(eHHeM BHemHero )J.aBrremrn Ha o6pa3Qe. 

lleJib pa60TLI. D;eJib pa6oTbl - H3)'l:!eHHe B3aHMOCBH3H rpa,ll;HeHTa 

::meKTJlH"llecKoro rrom (f3I1) co CTPYKTYPHbIMH <]>a30BbIMH rrepexo)J.aMH, 

a TaIOKe MeJKJzy f3I1 H H3MeHeHHSIMH 3JieKTPOHHOH C'IpYJCTYpbI 

B HHTepMeTaJIJIH':leCKHX coe)J.HHeHIDIX LnAli H LnAh, CHHTe3HpOBaHHbIX 

IIpH )J.aBJieHHH 8 fIJa. bbIDH IIOCTaBJieHbl CJie)J.)'IOI:QHe 3a)J.aqH; 

1. Ha 6a3e cymecTByromeli 3KcrrepHMemarrbHOH ycTaHOBKH co3)J.aTb 

arrrrapa'I)'pHbrn KOMIIJieKc, II03BOJUIIOIIJ.HH rrpOBO)J.HTb H3MepeHHSI 

BYK KaK npH BbICOKOM )J.aBJieHHH ()J.0 8 ma). 

IlpH aTMOC(lepHOM ,IJ;aBJleHHH 

2. l13MepHTb rrapaMe'rpbI KBa.ll;pyrroJibHOro CTB B HHTepMeTaJIJIH':leCKHX 

coe,n;HHeHHSIX LnAlz H LnAh. 

3. Orrpe,n;errHTb B3aHMOCBj13b Me)l()J.y rroJI)'l:!eHHbIMH napaMe'rpaMH CTB 

H CTPYKTYPHbIMH rrepexo)J.aMH, B03HHKaIOID.HMH B coe)J.HHeHHj{X LnAh 
B 3aBMCHMOCTH OT rraHTaHOH.ll;a. IIoc'IpOHTb 3aBMCHMOCTb f3II 

OT aTOMHoro HOMepa JiaHTaHOH,n;a B coe,n:HHeHMSIX LnAh. 

IlpH BLICOKOM ,IJ;aBJICHHH ,11;0 8 illa 

4. l13MepHTb rrapaMe'rpbI KBaApynoJibHoro CTB B coe)J.HHeHHHX 

YbAlz H GdA12. 

5. lloJI)'l:!HTb HH<]>opMaQHIO 0 IIOBe)J.eHHH f3II B 3aBHCHMOCTH 

OT BaJieHTHOCTM HOHOB Yb B coe,n:HHeHHH YbA}z. 

HarmaH noeH1na pa6oTbl: 

OcHOBHbie HOBbie pe3yJI1>TaTbI IIOJIYl:!eHHbie B )J.HccepTaQHH 

1. BrrepBbie mMepeHbI KBa.ll;pyrrorrbHbie qacTOTbI M orrpe,n:erreHbI 

3HaqeHMjl rpa,ll;HeHTa 3Jie:ccrpHqecKoro IIOJra B y3rrax aJIIOMHHIDI )J.Jra 

HHTepMeTaJIJIH':leCKHX coe,n:HHemrn LnAh, CHHTe3HpoBaHHbIX npH 

,n:aBJieHirn 8 fIJa. 06Hapj?KeHO, qTQ CKa~oo6pa3HOe H3MeHeHJae 

3Haqemrn rpa,n:HeHTa 3Jie:ccrpffqecKoro rroAA B,z:(OJib pSIJJ;a coe,n:HHemrn 

LnAh cBg3aHo c H3MeHeHHeM KpHcTarumqecKoii CTJ>)'K'I)'PbI. ,[(JUI 
coe,z:i;MHeHHH LnAh, KpHCTaJIJIH30BaBmHXcSI a KY6ffqeCKOH CTJ>)'KTYPe 
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TMITa AuCu3, no.rryqeHHI:.Ie 3Haqemrn qacTOT H rpa,lUleHTOB OKa3aJIHCb 

6JIM3KH K 3HaqeHIDIM qacTOT H rpa.iweHTOB, M3MepeHHbIX ,lJ,JUI 

aHarrOrffqHbIX coe,n;MHeHMH Lnln3• 

2. ,[(JUI 51,n;ep med B y3rrax Al o6Hapy'1<eHbI 3aHIDKeHHbie 3HaqeHH5J 

rpa,n;HeHTa 3JieK'TpMqecKoro nom ,[(AA coe,n;HHeHHM YbAh MJIH YbAh 
Ha <PoHe ,n;pyrMX 3HaqeHHli rpa.n;MeHTOB 3JieK'TpffqeCKMX norreM:, 

orrpe,n;erreHHI>IX MM coe,n;HHemfii LnAh H LnAh c 'TpeXBarreHTHbIMH 

rraHTaHOH,[(aMM. 3To o6ycrrOBJieHO Heuerroq11crreHHOM BaJieHTHOCTblO 

HOHOB MTTep6IDI (2,23 H 2,83, COOTBeTCTBeHHO), KOTOpa51 OTJiffqaeTCH 

OT BaJieHTHOCTM ,n;pyrMX TµeXBa.rreHTHbIX rraHTaHOH,[(OB. 

3. MeTO,[(OM B03M)'IIJ;eHHbIX yrnoBblX KOppe.JI51UHM Ha 51,n;pax med, 
rroKaJIH30BaHHbIX B Y3Jiax aJIIOMHHHH, .[(AA coe,n;HHeHHli YbAli H GdA}z 
npoBe,n;eHO H3MepeHHe KBMJ>YIIOJibHbIX qaCTOT B 3aBMCHMOCTH OT 

,[(aBJieHHH BIIJIOTb ,[(0 8 rlla. 

4. BrrepBbie ycTaHoBneH JIHHeMHI>Iii BH,[( 3aBHCHMOCTM rpa.n;MeHTa 

3JieK'TpHqecKoro IIOJI51 OT BaJieHTHOCTH HOHOB Yb B coe,n;HHeHHH YbAh 
(MJIH OT qHcna j-3JieKTµOHOB, nepeme,n;rrmx H3 JIOKa.JIH30BaHHOfO 

ypOBH51 B BaJieHTH)'IO 30H)' no,n; B03,[(eHCTBHeM BHemHero ,n;aBJieHHH). 

JID'IHblH BIUU!Jl 

Jlwrnoe yqacrn:e BeJIHqKOBa A. M. cocToHT B Herrocpe.n;cTBeHHoM npose_n;eHHH 
H3MepeHHH: H o6pa6oTKe 3KcrrepHMeHTa.JlbHl>IX .n;aHHhlx. 

IIpaKTn11ecKaH geuuoCTb pa6oTLI 

1. qeTI>Ipex,n;eTeKTOpHbIH crreKTµOMeTP ,[(ITH H3Mepemrn BYK 
cyru;ecTBeHHO Mo,n;epHH3HpoBaH. Ha ero 6a3e co3,n;aH annapazypHbIH 

KOMIIJieKC, II03BOJijllOID:HH: 

• M3MepeHHH IIpH ,n;aBJieHHM ,[(O 8 fI1a; 

• CBepxTOqHoe H CTa6MJibHOe TIO BpeMeHH M3MepeHHH CIIeK'TpOB 

BYK, ~o II03BOJIMJIO Hccne,n;osaTb CTB, Ha6JI10,n;aeMI>1e npH 

CTJ>YKTYPHO-<l>a30BbIX H BaJieHTHbIX nepexo,n;ax; 

• mMepeHIDI cneKTpoB BYK B m11poKOM TeMnepaTYPHOM HHTepBarre 

OT 90 K ,n;o 1300 K; 
• 3aMeTHO pacmHpHTb Kpyr coe,n;HHeHMM:, ,[(OCTYIIHblX ,n;JIM 

Hccne,n;osaHHH. 
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2. Pa3pa60TaHa MeTO,ZJ;m<a H3MepeHIDI cneKrpOB BYK rrpH JJ;a.BJieHIDIX ,ZJ;O 
8 I1Ia, Ha OCHOBe Ka.Mepbl BbICOKOro JJ;aB.JieIDUI nma «TOpOH,ll;». 
3To .SIBJUieTC.SI HOBOH o6rracTblO H MOTHBHpYeT ,Zl;aJibHemnee pa3BHTHe 
MeTO,ZJ;HKH. 

3. IloKa3aHa HOBa.SI B03MO)l(HOCTb ,ZJ;Jl.SI H3MepeHH.SI BaJieHTIIOCTH HOHOB Yb 
B coe,ZJ;HHeHIDIX c p-MeTa.JI.llaMH, MeTOJJ;OM BYK Ha smpax 111Cd. 

4. BHeceH BKJIR.lt B 6a3y .n;aHHI>IX napaMeTpOB CTB ,I{IDI .n;Byx p.SI;D;OB 
(LnAh H LnAh) mrrepMeTaJIJIH'leCKHX coe.n;HHeHHH. 

OcHOBHhie pe3yJibTaTbI nuccepTaguu ony6JIHKOBaHbl e paiioTax.: 

1. V.B. Brudanin, D.V. Filossofov, 0.1. Kochetov, N.A. Korolev, 
M.V. Milanov, I.V. Ostrovskiy, V.N. Pavlov, A.V. Salamatin, 
A.I. Velichkov, V.V. Timkin, L.N. Fomicheva, A.V. Tsvyaschenko, 
Z.Z. Akselrod. "PAC spectrometer for condensed matter investigation" 
II Nuclear Instruments and Methods in Physics Research A, v. 547, 
p. 389-399, 2005. 

2. A.V. Tsvyashchenko, L.N. Fomicheva, V.B. Brudanin, 0.1. Kochetov, 
A.V. Salamatin, A.I. Velichkov, M. Wiertel, M. Budzinski, A.A. 
Sorokin, G.K. Ryasniy, B.A. Komissarova. "mCd time-differential 
perturbed angular correlation study of pressure-induced valence 
changes in YbAh" II Physical Review B, v. 76, p. 045112, 2007. 

3. A.V. Tsvyashchenko, L.N. Fomicheva, V.B. Brudanin, 0.1. Kochetov, 
A.V. Salamatin, A.I. Velichkov, M. Wiertel, M.Budzinski, A.A. 
Sorokin, G.K. Ryasniy, B.A. Komissarova and M. Milanov. "111Cd 
time-differential perturbed angular correlation study of EFG in 
compounds RAh synthesized at high pressure" // Solid State 
Communications, v. 142, p. 664-669, 2007. 

4. M. Ey.lf.3HHCKH, A.H. BeJIH11KoB, M. BepreJTh, E.A. KoMHCcapoBa, 
0.H. Ko'lleTOB, r.K. PHCHbIB, A.A. CopomH, A.B. CarraMaTHH, 
JI.H.<l>oMH'lleBa, A.B. l(Ba~eHKo. "Hccrre,noBa.HHe rpa,nHeHTa 
3JieK1pK'lecKoro noJUI Ha H,ZJ;pax 111Cd B coe,ZJ;HHeHIDIX RAh, 
CHHTe3HpOBaHHbIX npH BbICOKOM ,naBrreHHH" II H3BecTHH PAH, 
cep. $H31NecKa.SI, T. 71, N 6, c. 850-853, 2007. 
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Anpo6annB pa60T1.1. 

1. Hayqttrui: KompepeHI(ID[ HHCTH'I)'Ta CBepxrrposo.n;HMOCTH H $H3HKH 
Tsep.n;oro Tena "H:CCJIE,IJ;OBAH11JI B OEJIACTH $113HKM 
KOH,IJ;EHCHPOBAHHhIX CPE,IJ; 11 CBEPXIIPOBO,n;HMOCTH", 
PoccHM:cKHM HayqttbIM QettTp, MocKBa, PoccIDI 22- 24 MapT 2005. 

2. L V National Conference on Nuclear Physics "Frontiers in the Physics 
of Nucleus", Saint-Petersburg, Russia 28 HIOIDI-1 HIOJrn 2005. 

3. Joint 20th AIRAPT - 43rd EHPRG Conference on Science and Technogy 
of High Pressure, Karlsruhe, Germany,june 2005. 

4. 56 Me)K):(yHapo.n;HM KoHQ>epe~IDI «W0-2006» no npo6neMaM 
H.n;epHoli cneICTpOCKOITHH H CTPYKTYpe aTOMHoro H,n;pa, PoccHHCKM 
AKa.n;eMIDI HaYK, Capos, PoccIDI, 4 - 8 ceHrn6pH 2006. 

5. International Workshop on Crystallography at High Pressures, Dubna, 
Russia, 24 - 28 september. 2006. 

6. 58 Me)K):()'Hapo.n;Hoe cosem;attHe no H,D;epttoM: cneICTpOCKOnHH H 
CTPYKTYPe aTOMHoro H.D;pa "JI,IJ;PO 2008", PoccIDI, MocKBa, 23 - 27 
HIOHH 2008. 

7. International Workshop Nuclear Analytical Methods and Applications, 
Bucharest-Magurele, Romania, 3 - 5 november, 2010. 

CTpy1qypa !lHCCepTanun. ,IJ;HccepTaI{IDI COCTOHT H3 BBe,n;eHHH, 5 rmm, 
3aKJIIOqeHHH H CilHCKa JIHTepaTYPI>I. IloJIHbIH o6neM pa6oTbl COCTaBJIHeT 
87 CTPamru,, BKJIJOqrui: 53 pHcyHKoB H 7 Ta6JIHIJ:. EH6JIHorpaQ>HH co.n;ep)l(HT 
94pa6oT. 

Ily6JinKaunn. Ilo MaTepHarraM ;:i:nccepTa:QHH ony6JIHKOBaHo 
4 Ha)"IHbIX pa6oT B peQ>epHpyeMblX Hay'IHI>IX )l()'pHaJiax. 
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Kpan\:oe cof!eplKaHue paooTbI 

Bo BBef!eHHH o6octtoBaHa aK'ryaJihHOCTh pa6oThI, orrpe,n:eneHa ee n:enb, 

OIIHCaHbl 3a,n:a1rn, KOTOpbie 6bmH BbIIIOJIHeHbI, rrpHBe,n:eHhl OCHOBHbie 

HayqHhie pe3yJibTaTbl H CTpyKzypa ,n:HccepTaa;HH. 

IlepBa.H rJiaBa IIOCBSIIU:eHa OIIHCamno MeTO)l.a B03M)'IIJ;eHHhIX yrJIOBbIX 

Koppem1u;Hli, KaK MeTo,n:a Hccne,n:oBaHIUI KBa,n:pyrroJibHoro CTB B TBep,n::&IX 

Tenax. Mero.n: BYK ocHOBbIBaeTcH Ha B03M)'IIJ;eHHH yrnosoH: KoppenHIJ;HH 

no Harrpasnemno Bhmera KacKa,n:H:&IX raMMa KBaHTOB 3a cqeT 

B3aMMo.n;eHCTBMH MOMeHTOB H.n;pa c 3JieKT:pOMarHHTHbIMH IIOAAMH, 

C03,n:asaeMbIMH 3JieKT:pOHHbIM OKp)')KeHHeM. .[(JUI 3TOro, B HCCJie.n;yeMOM 

o6pa3u;e BHe.n;pHeTCH H.n;po-30H.n:, KOTOpoe pacrra.n:aeTCH KaCKa,n:HbIM 

y rrepexo.n;aM (pHc.l). 

' 

I - cmrn, t - BpeMH )KH3HII, µ - MarHHTHbIH MIIOJibHbIH 
H Q - 3JieicrpWJeCKHH KBa,ll,pyrrOJibHbIH MOMeHTbI 
npoMe)KJTO'IHOrO COCTOfilIIDI H)l;pa; l; H 11 - CTIHHbl 
Ha'Ia.JThHOro H KOHe"!Horo COCTOfilIHH H.npa; 
y1 H y2 - ra.MMa KBaHTbI, ncnycKaeMbie rrpH rrepexo.n:ax 
HA}Ja,k1 H k2 - BOJlHOBbie BeKTOpbI. 

Puc. 1. KacKa,ll, raMMa nepexo)J.OB 

B naparpatlle 1.1 .n;aeTCH o6rn;M xapmcrepHCTMKa MeTO.n;a BYK 

B cpasHeHHH c .n;pyrHMH H,ll.epHO-cpH3HqecKMMH MeTo.n;aMH HCCJie.n;oBaHHH 

sern;ecTBa. OcHOBHbIMH .n;ocTOHHCTBaMH MeTo.n;a BYK HBJUIIOTCH: a) raMMa 

H3JJyqeHHe H.n;pa-30H.n:a xapaKTepH3YeTCH 60JlbllIOH npoHHKaIOIIJ;eii 

cnoco6HocTbIO, qro .n;enaer B03MO)l(HbIMH H3MepeHHH BYK TIO)); 

.n;aBJieHHeM, B umpOKOM .n;HaIIa30He TeMneparyp, B arpeCCHBHblX cpe.n;ax; 

6) B03MO:>KHOCTb HCCJie.n;oBaTh Bern;eCTBO B nnoo6pa3HOM, )KH,I{KOM 

H TBep.n;OM COCTOHHHHX; B) npou;ecc H3MepeHHH He T:pe6yeT, qro6hI Ha 

H3yqaeMYIQ CHCTeM)' ocyrn;ecTBJIHJIOCb KaKoe-m-160 BHeIIIHee B03)l;eHCTBHe; 

r) Kpaiitte Marroe rpe6yeMoe KOJIH:qecTBo pa.n;HOHYKJIH,ll.a 30H.n:a -

HanpHMep, )l;JlH qacTO HCIIOJib3yeMoro H30TOIIa 111In Heo6XO.n;HMM 

aKTHBHOCTb B o6pa3a;e COCTaBJUieT::::: 400 Kl>K, qTQ 3KBHBaJieHTHO 10·11r; 

.n;) IIIHpOKHH HHTepBaJI B03MO:>KHbIX o6'beMOB o6pa3QOB - OT 1 MKJI .n;o 1 MJI 

H 6on:&me. 

B naparpatl>e 1.2 paccMaT:pHBaeTCH MeTO,n; BYK. Ha pHc.2. IIOKa3aHb1 

cxeMbI pacna.n;a pa.n;HOH)'KJIHJJ:OB 111In H mmcd, HaH6onee qacTO 

HCIIOJI:&3yeM1>1e B MeTO.n;e BYK • .[(JUI onpe.n;eneHHH yrnosoH: 3aBHCHMOCTH 

OTHOCHTeJI:&HOM BepoHTHOCTH coBna.n;eHHH KaCKa)l;HbIX y-KBaHTOB W(BJ,,Kcn 
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B rpa,n;Hu;HOHHOM Mero.z.i;e BYK rrpHMeIDIIOT ycTaHOBKH, rro,n;o6m.1e 
IIOKa3aHHOM Ha pHC.3. 

O.ll1% 

1:2+ 

'~~Cd 

Pnc.2. CxeMJ:.I pacrra.n:a 111In H 111mcd. 

w(O) 

Puc.3. CxeMa ycraHOBKH yy-BYK: 
1 - HCTOqHHK; 2, 3 - .n:eTeKTopi.1; 
4 - cxeMa coBna,!J,eHHii. 

<l>y1ncrurn yrnoBOH KOppe.TIH:QHH, 3aBHCHmrui OT BpeMeHH CBepxTOHKOro 
B3aHMO,Z:(eMCTBHH, rrpe.n;cTaBJieHa cne,n;yIOmHM BblpIDKem1eM: 

(1) 

r,n;e: A;; - K03cpqrnu;HeHTbI yrnoBo:H: Koppemiu;Hli rrpH qerHbIX 
IIOJIHHOMax Jle)Ka.H,ZJ;pa (Pi); A;; Haxo,n;ITT, HCXO,ZJ;H H3 CIDIHOB ypoBHeH: H 
MYJibTHIIOJibHOCTeii rrepexo,n;oB, t - BpeMH Me)K,lzy HcnycKrumeM Y1 H y2 

(BpeMH cBepxToHKoro B3aHMO,n;eifoTBHH), Gk(t) - ,n;Hcp<l>epeHu;HaJibHbIH 
<l>aKTOp B03MYiu;eHHH (,l.J;<l>B). ,l.J;11Q.J<l>epeHl(HaJibHbIH <l_>aKTOp B03MYmeHHH B 
cnyqae cTaTH:qeCKoro xapaKTepa BYK 3aIIHCbIBaeTcH KaK: 

Gk(t) = L skn cos( nOJ 0 t) (2) 
n 

r,n;e S1m - Ta6yn11poBaHHbie reoMerp11qeCKHe K03<l>QJHD;HeHTbI. EcJIH )Ke r3II 
He aKCHaJibHO-CHMMeTpHqHbIH TO rrapaMeTp 11 = I Vxx - VyyllVzz -
xapaKTepHCTHKa aCHMMeTPHH, B cnyqae aKCHaJibHOH CHMMeTpHH 11 = 0. 
B cnyqae KBa,n;pyrroJTuHoro B3aHMo,n;e:HcTBHH H aKCHa.Jil>HO-CHMMe'f}JH:qHOro 

r3II qacTOTY KBa,n;pyIIOJibHOro B3aHMO,Z:(eHCTBIDI OJQ orrpe,n;eJIHeTCH 
cne,n;yIOmHM o6pa3oM. 

eQVzz 
OJ - ---~~-

Q - 4![2! - I]h (3) 

r,n;e: e-3apH,n; 3JieKrpoHa; Q - KBa,n;pyrronbm.1ii 3JieKrpwiecKHH: MoMeHT 
H,n;pa; Vzz - rpa,n;HeHT 3JieKTPHqecKoro IIOJIH; I - CIIHH H,n;pa; h - IIOCTOHHHWI 
IlnaHKa. YrnoBrui qacToTa OJ0, 3KBJrnaneHTHaH HaHMeHhIIIeii, He paBHOH 
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eymo pa3HOCTH :mepnrn pacmeIDieHHblX m-COCTO.sIHllM, eCTb 

aJ 0 
= { 3 aJ Q O!IR tfe!lblX I 

6 aJ Q ollJl nonyl{e!lblX I 
(4) 

BTOpaH rJiaBa IIOCB.si:meHa OTIHCamno 3KCIIepMMeHTaJibHOM MeTO,I(HKH 
H ycTaHOBKH. B naparpac}le 2.1 KOpOTIW pacCMOTJ>eHbI OCHOBHbie THITbl 
ycTaHOBOK AJHI mMepeHH.sI BYK. CneKTPOMeTJ>bI BYK AOJDKHbI 
06ecneqHBaT1>: a) Heo6xo,I(HMoe 3HepreTHtiecKoe pa3pemeHHe WHI 

a:1>menemra H3nyqemui: y1 H y2 HccnezyeMoro yy - KacKa.n;a; 6) BbICOK)'IO 
3¢¢eKTHBHOCTb perHCTPawrn y-mnyqeHH.sI AJI11 rronyqemrn Heo6XO,I(HMOM 
CTaTHCTHtleCKOM TOqHOCTH pe3yJibTaTOB 3a MHHHMaJibHOe BpeM.sI 
npoBe,I(eIDUI 3KcrrepMMeHTa; B) BbICOKOe BpeMeHHOe pa3pemeHMe WHI 
M3MepeHM.sI KaK M01KHO 6onee BbICOKHX qacTOT CBepXTOHKOro 
B3aHMo,n;eiicTBM.sI (,n;Mana3oH qacToT 1 - 1000 MfQ). PaccMoTPeH MeTOA 
BYK Ha npMMeCHbIX 11.n;riax med. B KaqeCTBe 11.n;pa-30H.n;a B ,n;aHHOM 
cnyqae MCIIOJlb30BaJIC11 1 1Cd. MaTepMHCKHM H30TOII l11In IIOJJ.)"IaJIC11 B 

pea.KQHH 109 Ag( a, 2n)mln nyreM 06nyqeHM11 cepe6pHHOH cporr1>m 

a,-qacm:QaMH c 3Heprneif 32 M3B. H3Mep.si:noc1> B03MYm;em1e yrnoBo:H 
KoppeAAQIDI yy-KacKa,n;a 172-247 K3B (pHc. 2). B naparpacl>e 2.2 
npe.I(CTaBJieH ofoop HaM6orree MCTIOJlb3yeMbIX KaMep BbICOKOro .r:i;aBJieHIDI -
noprneHb-QHJIHH.n;p, aJIMa3HaJI KaMepa BbICOKoro .n;aBJieHMH, ycTaHOBKa 
"6errT", KaMepa THITa «TOPOlfA». 

TpeTbH r JiaBa IIOCBHIIl;eHa OIIHCaHMIO ycTaHOBKH M MeTO,D;bl M3MepeHM.sI 
BYK, KOTop1>1e rrpMMefljlJIMCb .n;J111 BI>morrHeHM.sI rrpe.n;cTaBJieHHo:H pa60Th1. 

B naparpaf(>ax 3.1 u 3.2 paccMOTpeH 4-x -AeTeKTOpHbIH crreKTJ>OMeTP 
BYK WHI Mccrre.n;oBamtii: KOH,D;eHcHpoBaHHbIX cpeA, Ha KOTopoM 
npOBOAHJIHCb H3MepeHM.sI. XapaKTepHCTHKH cneKTJ>oMeTPa npep;cTaBJieHhI 
B Ta6JIHQe 1. 

TaoJJm.1,a 1. XapaKTepHCTMKH BYK crreICTpoMelpa. 

KpHCTaJJJThI 
3HeprenrqecKoe pa3pemeHIIe 

no 137Cs (661 K3B) 
BpeMeHHoe pa3pemeHIIe 

no 6°Co (1173 K3B-1332 K3B) 

BaF2 10% 200 ITC 

Nal 8% 1 HC 

I>noK-cxeMa crreKTPOMeTpa BYK npe.n;cTaBrreHa Ha pHc.4 ,ll;eTeKTop1>1 
crreKTPOMeTpa cocTo.sIT KpHCTaJIJIOB BaF2 HJIH Nal(Tl), omffieCKH 
cBmaHHbIX c cpoT03JieKTPOHHhIMH yMHO)KHTeJI.sIMH ( <D3Y) Philips 
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XP2020Q. BpeMeHHruI npHBJI3Ka ocymecTBJUierc.a no aHO,lJ;HOM)' c11rHany 
.z:i;eTeKTopa c ncnoJib30BaHHeM .z:i;ncKpHMHHaTopa Canberra 2126. 
,ll;HHO,lJ;HblH BbIXO,D; <I>3Y CBJC3aH c <)>opMHpyIOll(HM cneKTpOMeTpWieCKHM 
ycHJIHTeneM. Bo apeMJC 3KCnepnMema MO,lJ;yJib «MacTep BYK>> 
o6ecrre-.rnBaeT Oroop ,z:i;ayx COBnaBIIIHX no BpeMeHH C06bITHH ,lJ;JUI mo6oif 
napbl ,n;eTeKTOpOB. ,Zl;Hana30H BpeM:eHH COBna.n;eHH:H: 100 - 800 HC. IlpH 
no.asneHHH coBna,n;eHHH: «MacTep BYK>> Bb1pa6aTb1Baer CHrHaJibI, 
3anycKaIOII1He perHCTPHPYlOIIIYlO arrrraparypy, a Ha BbIXo.n;ax cmapm H 
cmon Bb1pa6aTb1BaIOTC.H HHcpopMaIJ,HOHHbie HMnyJibCbl. 3a C"CJ:eT 
BpeMeHHOro oroopa B MO.n;yJie «MacTep BYK>> 3arpy3Ka rrocrre.n;yrome:H 
perHCTpHpyIOll(eil: annaparypbl OT CHrHaJIOB, He Hecyll(HX noJie3HyIO 
HH<i>OpMall;HIO, CHIDKaeTC.H Ha .n;sa-TpH rropJI,D;Ka. 

-~l--'"-""-1 

C'.:::=::::'.::=::::::'.:'.::::=::::'.:".::::::!i!iiil~~==::::::==:::.J K::rc 1--~--1 

Pnc.4 EnoK-cxeMa 4-p:ereKTopttoro crreKTJ)OMeTJ)a. 

Ilpeo6pa3oBaTeJib speMJC-aMrrmrry.n;a ORTEC 467 (BAIT CM. pHc.4), 
IIOJIY"llruI CHrHaJI cmapm Harrp.HM)'IO OT 6JioKa «MacTep BYK>>, a cmon 
"l!epe3 3aiJepJ1CKy, Bbipa6aTbIBaeT HMnyJibC, aMDJIHT)')l,a KOTOporo 
rrporropD,HOHaJibHa speMeHHOM)' HHTepsany "cmapm - 3aiJepJ1C1w - cmon". 
B 6noKe «MacTep BYK» nponcxo.u.HT 6blCTpbIH OT6op rro speMeHH rrpH 
BbICOKHX BXO)l,HblX 3arp)'3Kax, a .u.arree KOMilbIOTep (IIK). npOH3BO,!J,HT 
oroop-copTHpOBKY no :mepmH. B rrporpaMMe .rvrn: KIDK,D;Oro ,n;eTeKTopa 
nepe.n; 3KcnepHMeHToM ycmHOBJieHbI no .n;sa :mepreTWiecKHX OKHa, 
iJEyl COOTBeTCTByeT y-KBaHT)', 3aceJI.HIOll(eM)' (pHC. 1) H 

iJEy2 - pa3pIDKa10meM)' rrpoMe)K)"Toqttoro ypoBH.H. 
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,I(;u1 pacqera cpyHiru;1rn: ymosoli Koppemnurn (aHmcrrpom1H) B cnyqae 
lllln (1 11Cd) )l;OCTaTO'IHO IIO.J1)'1HITh cneK'Tphl 3a.z:i;ep)l(aHHblX COBrra.n;emrn 
)1;.JUI .n;syx OIITIIMa.JlhHO BbI6paHHbIX yrrros, HanpHMep, rrpH B = 90 ° H 180 °. 
B Tex cnyqruix, Kor.n;a A4 = 0 wm A4< <A2, aHH30TJJOIIIDI yrrrosoii 
Koppemm;HH, onpe.n;eJUieTcH KaK: 

R(t)=Z X(180°,t)-X(90°,t) . 
X(l80° ,t)+ 2X(90° ,t) 

(5) 

r)l;e X(l 80 °, t) H X(l 80 °, t) cpe.n;ttee reoMeT}JH11ecKoe M3 cneKT}JOB HCTHHHhIX 
cosrra.n;eHHii rorn 8(90° H 180°). Bhf'IHcrreHHe CTaTMcrnqecKoli ourn6KH: 

I =6 X(l80°,t)·X(90°,t) [r-1 .tC;(B,t)+2·F;(B,t)]Z . (6) 
17

R(tl (X(180° ,t) + 2X(90° ,t))2 e Ni i=I C1(B,t) 2 

me: Ci(B,t) - cneKTp HCTHHHhIX COBIIa)l;eHHii, F/B,t) - <j>oH cnyqail:HbJX 
cosna.n;eHHM. 

B naparpatl>e 3.3 npe.n;cTaBJieHhI TepMocTaT M HarpesaTeJih )];AA 

mMepeHHH BYK npH TeMnepazypax OT 90 K ,n:o 1300 K. ,[VUI mMepeHHH 
TeMnepazypHhIX 3aBHCHMOCTeii napaMeT}JOB CTB cneKT}JOMeTJJ 
o6opy)J;OBaH: TepMOCTaTOM, KOTOphIH Il03BOJIHeT nepeKphITh HHTepsarr 
TeMnepazyp OT 350 K .n;o 90 K H no.m::i;ep)l(lfBaTh TeMnepazypy 
c norpemHOCThIO ± 0.5 K, a TaK*e H ttarpesaTerreM )];JIH HHTepsarre 
TeMnepazyp OT 300 K )J;O 1300 K. B naparpac}>e 3.4 ,[(aHo onHcaHHe npecca 
H KaMephI )];JIH M3MepeHIDI BYK npH BhICOKOM ,[(asneHHH B ycTaHOBKe -
KaMepa BhICOKoro ,[(aBrreHHH THTia ,,TopoH,n:". Ha pHc.5 npe,n:cTaBJieHa 
cxeMa mMepeHHM BYK npH B03)J;elicTBHH )J;asrreHIDI. 

Yc1rnMe npecc 

YcMnMe npecc 

AeTeKTopb1 
Puc.5. CxeMa ycmHOBKH )l)IH 

H3Mepemri1 BYK npH BhICOKOM 

.n:aBJiemm:. 

noAJIO>KKa, nepeAa10!.1'aff 
ycMmte OT npecca 
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"lleTeepTaH rJiaea nocBHII(eHa Oirn:camno pe3yrrnaTOB HccJie,n;oBaHIDI 
KBa,n;pynonbHOro CTB Ha H)l;pax 111Cd B coe.z:i;HHelilUIX LnA}z H LnAh 
(Ln-JiamaHOH.ll:). lfayqeHHe CTB B pH,n;ax coe,n;HHeHHH LnAh H LnAh 
Il03BOJIHT HaM H3yqHTb KOppeAAu;mo Me)K,11;)' KpHCTaJIJIH1IeCKOH pemeTKOH 
H f3Il, KOTOpbIH B CBOIO oqepe,n;b 51BJ151eTC51 3KcnepHMeHTaJibHO 
onpe,n;em1eMoii xapaKTepHCTHKOH :meICTpOHHOH CTPYKTYPbI. I(eJih 
HaCTOHII(eH pa60Thl COCT051Jla B myqeHHH f3II B 3aBHCHMOCTII OT 
H3MeHemrn CTpYKTYPHbIX THITOB, B03HHKaIDII(HX B coe,n;HHeHHHX LnAh, 
CHHTe311poBaHHbIX no,n; BbICOKHM ,n;aBrreHHeM. B naparpafl>e 4.1 
npe,n;cTaBJieHbl HCCJie,ll;OBaHIBI CTB Ha 51,ll;pax 111Cd B LnAh H Bhl3BaHHbie 
,n;aBJieHHeM CTPYKTYPHbie H3MeHeHIDI B 3THX coe,lJ;HHeHIDIX. lliMepeHIDI 
BYK OTpIDKaIDT H3MeHeHHe rrapaMeTpoB f3II Ha npHMeCHOM H,n;pe med B 
y3Jiax 3aMelI(eHHH Al c Ha6n10,n;aeMbIMH H3MeHeHHHMH CTpYKTYPbI B pH.izy 
pe,n;Ko3eMeJihHbIX 3JieMeHTOB OT La ,n;o Lu. Coe,z:i;11HeHMH LnAb noJiyqeHbI B 
YCJIOBHHX BbICOKOro ,n;aBJieHIUI 8 ffia H TeMnepazypbl (1800-1900°C) (1). 
CTpYKTYPa CHHTe3HpOBaHHbIX coe,n;11HeHHii LnAh onpe,n;eJIHJ1acb MeTo,n;oM 
pemreHOBCKOH ,n;11cppaKI.J;HH. PemreHoBcKHe 11ccne,n;oBaHIDI coe,n;HHeHHii, 
CHHTe3HpOBaHHbIX H HCCJie)l;OBaHHbIX HaMH, IlOKa3aJIH, ~o rrpH 3a,n;aHHbIX 
p-T - ycJIOBHHX CHHTe3a qacTb o6pa3I.J;OB COCTaBa LnAh c JierKHMH 
pe,n;Ko3eMeJII>HbIMH 3JieMeHTaMH, La, Ce, Sm H Gd HMeroT 
KpHCTaJIJiorpa<PH1IeCKHe xapaKTepHCTHKH, OTJUNHbie OT xapaKTepHCTHK 
coe,n;HHeHHH Toro /Ke COCTaBa, IlOJiyqeHHbIX npH aTMoc<PepHOM ,n;aBJieHHH. 
Hanp11Mep, LaAh H CeAh, CHHTe3HpOBaHHbie rrpH ,n;aBJieHHH 8 rrra, 
KpHCTaJIJIH30BaJIHCh B cTpyKrypHOM nrne a-La3Al11. Coe,n;HHeHHH SmAh 
H GdAh KpHCTaJIJIH30BaJIHCI> B CTPYKTYPe KY6WieCKOH <l>a31>I JlaBeca mna 
MgCu2, ~o B03MOIKHO TOJibKO npH HaJIJ:IqHH 113 BaKaHcH:H 
B Gd-rro,n;pemeTKe. Coe,n;HHeHHe TbAb KpHCTaJIJIH30BaJIOCI> B CTPYKTYPHOM 
THIIe HoAh (reKcaroHaJibHruI Hqe:HKa). 3TOT CTpYKrypHbIH THTI HBJIHeTCH 
nepexo,n;HbIM Me)K,l()' CTPYKTYPHbIMH THIIaMH NhSn H Cu3Au, nocKoJihKY 
B HeM co.z:i;epJKHTcH 60% KY6W1ecKHX crroeB. 3To YKa3bIBaeT Ha 
nocTeneHHoe B03pacTaHHe BKJia,n;a KY6H11ecKoro THITa pemenrn:. ,l(arree, 
Ha1IBHaH c Dy 11 3aKaffqHBaH c Lu, coe,z:i;HHeHHH LnAh KpHCTaJIJIH30BaJIHCb 
B CTPYKTYPHOM THne AuCu3 (KY6W1eCKaH CHHroHHH), rrapaMeTPI>I pemeTKH 
npe,n;cTaBJieHbI B rn6JI. 2. Bee cneKTphl aHH30TpOirnH ,ll;J15I coe,n;HHeHHii 
LnAh, KpHCTaJIJIH3oBaHHbIX B CTPYKTYPHOM THIIe Cu3Au onHcbIBaIOTCH 
O,ll;HOH KOHCTaHTOH Vo rrpH 7J = 0. IloJiyqeHHbie 3HaqeHIDJ: Vo H Vzz ,ll;J15I H,n;ep 
111 - -

Cd B y3rrax 3aMelI(eHHH B Al no,n;peineTKe rrpe,n;cTaBJieHbI B Ta6JI. 2. 
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Ta6JIH[(a 2. IIapaMeTpbI CTB AM coe;:ornemril: LnAh, KpHCTaJIJIH30BaHHI>IX 
B CTP)'K'fYPHOM THIIe AuCu3 IlpH ,!l;aBJieHHH 8 rna. 

LnAl3 
IlapaMeTP pemeTKH, KBa.n;pynoJibHruI qacTOrn, r3n, 

a [AJ VQ (MI'll] Vzz [1021BM-2] 

DyA13 4,236 83,3(1) 4,15(66) 
HoA13 4,231 84,3(1) 4,20(66) 
Er Ah 4,211 85,3(2) 4,25(68) 
TmAh 4,200 85,4(2) 4,26(68) 
YbA13 4,202 73,3(2) 3,65(58) 
LuAb 4,185 85,6(1) 4,27(67) 

B uenoM, rrocne.n;oBaTeJII>HOCTb rrpoMcxo.n;mD;HX C'fP)'K'IYpHbIX 

rrepeXO.r\OB B coe,D;MHeHIDIX LnAh rrpM B03pacTamrn aToMHoro HOMepa 

namaHoM,[(a TaKaJI, KaK H B pa6oTe [2]. Ha pHc.6 rrpe.n;cTaBJieHDI crreKTpI>I 

aHM30'fPOIIHH YrJIOBOH Koppemuurn 111Cd B HeKOTOpbIX COe.[(HHemrax 

LnAb, KpHCTaJIJIM30BaHHbIX rrpM .n;aBJieHHH 8 rrra B CTpyK'fYPHOM THIIe 
AuCu3• 

R(t) .A1.1wnrry;.i;a [y,e.] 

-0.2 "Q"'83.3(3)Mru 
28 

111CdnDyAJ3 24 

20 

-0.l LJULA 16 

12 

0 

MS 

-0.2 lllCdnYbAl3 ~Mfu 
0.06 

.0.1 

0,02 

.0.2 111Cdul.llJ\13 
v0 .. 8S.6(l)Mru 0.00 

·O.IS 

UJ\A 
0-045 

.0.1 0.03 

--0.05 O.OIS . ' 
0 

0 200 
t [ne) CiJ [I'paJ>/•J 

Puc.6. CneKTPI>I aHIDOTPOIIHH .rou1 
coe.n;HHemril: LnAl3, ( CTPYKTYPHI>IH THn 
Cu3Au). 

12 

R(I) A>mmrry•a [y.e.] 

-0.2 111CdaTbAI, vQ .. 75.J(S)Mfu 
28 

20 

16 

12 

o.os 

0.06 

0."4 

0.02 

0.06 

0.045 

0.03 

O.oIS 

0 
100 o.s 

1[11c) 

Puc. 7. CneKTPI>I aHIDOTPOIIHH MH 
coe,!l;HHemril: LaAl3 M CeAh, 
(CTPYKTYPHI>Iil: THII a-La3Al11) H TbAh, 
(CTPYKT)'pHbIH THII HoAb). 



Ha pHc. 7 rrpe.n;CTaBnem,1 crreK11lbI aHH30TpOIIHH yrnoBoii Koppe~HH 
med .n;Jui: HecreXHOMeTp111IecKMX coe.n;HHeHHii LaAh H CeAh, 
KpHCTaJIJIH30BaHHbIX npH ,D;aBJieHHH 8 flla B CTp)'Krype nrna Ct-La3Alu, a 
Ta.I< :JKe H TbAh, KpHCTaJIJIH30BaHHOM B cTpyKrype THna HoAh. B !f>asax 
HOMHHaJibHoro cocTaBa LaAh H CeAh, KpHCTaJIJIH30BaHHbIX B cTpyKrype 

THna u-La3A111, oqeBH,D;HO, HMeIOTC}l BaKaHCHH B Al-no.n;perneme. 

CneKTpbI aHH30TpOTIHH ,D;Jijl llliX (pHc.7) HMeIOT 6onee CJIO)l(HbIH xapaRTep, 
qeM B paCCMOTpeHHblX BbIIIIe cnyqasix, H MOryT 6bITb y.n;oBJieTBOpHTeJlbHO 
OIIHCaHbl B rrpe.n;rronomeHHH TpeX He3KBHBaJieHTHblX TIOJIO:JKeHHM jJ,ll;pa 
med. IlonyqeHHbie napaMeTpbI CTB IlpHBe,D;eHbI B Ta6JI. 3. 0.n;H03Haqffa}l 
H,D;eHTmpHKamrn 3THX IIOJIO:JKeHHH c KOHKpeTHblMH Y3JlaMH 
3aTpy.n;HHTeJibHa. Mo:JKHo npe.n;nono:JKHTeJibHO H,D;eHTH!f>HQHpoBaTh 

HaM6onee 3aceneHHb1e rrono)Kemrn c vg = 71,8(2) Mfu; .n;AA La 

H vg=73,3(2) Mfu; ,D;Jijl Ce, cooTBeTCTBeHHO, B y3nax Al- no.n;pemerKH, He 
06na.n;a10m;HX aKCHaJibHOH CHMMeTpMeii. B nonb3Y 3Toro npe.n;nono)KeHIDI 

roBOpIIT 6JIH30CTb 3Ha"tJeHHH Vg K 3HaqeH.HjJM ,D;JijJ TbAh. 0CTaJibHbie ,D;Ba 
TIOJIO:JKeffHjl MO:JKHO CB}l3aTb c IlOJIO)KeH.HjJMH 3aMem;emrn B 

Ln-no.n;pemeTKe, xapaKTepmyeMhIMH aKCHaJibHOH CHMMeTpHeii 
6nH:JKaH:mero oKpY:JKeHIDI. 

T.a6JIHI1a 3. IlapaMe1JlbI CTB B coe,!UIHelilUIX TbAh, CeAh H LaAh: 
v 0 - KBa.npynoJihHM qacTOTa lJ.JJH He3KBHBaJieHTHOro i-ro y3na KpHCTaJIJIWiecKoii 
pemeTI<H, 1J - napaMeTP aCHMMeTPHH, Ao - nonynmpHHa Ha IIOJIYBbICOTe, 
a = S12Az-aMilJIHTy.D;a. 

LnAl3 
THn ~Q AQ Vzz 

a=S1zA2 
CTPYKTYPbl rMrul T/ uo21BM-21 
a-La3Alu 73,3(2) 0,39(2) 0,035(6) 3,65(58) -0,048(2) 

Ce Ah CTJ>eMJI He 172(3) 0 0,06(1) 8,1(14) -0,024(2) 
3KBMBaJieHT-

43,2(5) 0 0,011(5) 2,03(34) -0,014(2) 
HhlMM Y3JiaMH 

a- La3Al11 71,8(2) 0,23(1) 0,022(5) 3,58(57) -0,072(3) 
LaAh 

CTpeMJI He 
163(3) 0 0,053(8) 8,12(14) -0,033(3) 

3KBMBaJieHT-
41,0(5) 0 0,010(4) 2,04(34) -0,019(2) 

HhIMH )'3JiaMH 

TbAl3 Ho Ah 75,4(4) 0,13(3) 0,033(3) 3,76(59) -0,14(2) 
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Puc. 8. 3aBHCHMOCTH KBa,npynoJTuHOH qacTOThl H napaMerpa 
pemenm OT Z rraHTaHOH,Z:la MH coe.n;HHemrn LnAb, 
1qn1cnumH30Bamn.1x B crpyKT)'pHOM THITe AuCu3. 

Ha pHc.8. npe,n;crasJieHa 3aBHCHMOCTh KBa.ZJ;pynoJibHOii 11acT0Th1 H 

a-rrapaMeTPa peIIIeTKH ,ZJ;JUI coe,ZJ;HHeHHH LnAh (Clp)'K'IYpHbIM nm Cu3Au), 

OT aTOMHoro HOMepa Ln. BH,JJ;HO, 'ITO c yMeHI>IIIeHHeM napaMelpa pemeTKH 

rrpH yseJIH'leHHH aTOMHOro HOMepa Ln (naHTaHOH,ZJ;Hoe c:>KaTHe) YQ 

JIHHeHHO paCTeT ,ZJ;JUI scex 'rpeXBaJieHTHbIX JiaHTaHOH,n;OB. 

HcKJUO'leH.He COCTaBJIHeT YbAh, ,ZJ;JUI KOTOporo YQ MeHbllle cpe,ZJ;Hero ITO 

pH,ZJ;y IIOtITH Ha 15%. 3To CB.SI3aHO c TeM, 'ITO B 3TOM coe,ZJ;HHeHHH HOHbl Yb 
xapaKTepH3yIOTCH npoMe)K)'TO'IHOH BaJieHTHOCTbIO ( u=2,8) [3]. 

Ha pHc.9 rrpe,ZJ;cTasJieHbI see 3Ha11eH.HH KBa.n;pynoJII>HbIX qacTOT, 

H3MepeHHbie Ha lllCd B pll,ZJ;y COe,ZJ;.HHeHH:H LnAb B 3aBHCHMOCTH OT 

aTOMHoro HOMepa Ln. To'IKaMH - 11acTOThI ,ZJ;JUI coe,ZJ;MHeHHii LnAh, 

KpHCTaJJJIH30BaHHhIX B ClpyKTypHOM THIIe AuCu3. .51,ZJ;po 30H,ZJ; med 

Haxo,ZJ;MTCH B y3Jie Al. Ksa.z1paTHKaMH - 11acTOTbI ,ZJ;JUI coe,ZJ;HHeHM:H LnAh 

(Ln - La, Ce), KpHCTaJIJIH30BaHHhIX B C'fPYl<TYPHOM THne a- La3Al11. 51,n;po 

30H.ZJ; 111Cd HaxO,ZJ;MTCH s y3rre JiaHTaHoH,n;a. TpeyroJibHHKaMH - 11acT0Th1 

,ZJ;JUI coe,n;HHeHMH LnAh (Ln - La, Ce), KpHCTaJIJimosaHHhIX s CTPYKTYPHOM 

THIIe a- La3Aln. JI,z:i:po 30HJ]; 111Cd HaxO,D;liTCH B ysne Al. KpecTHKOM -

11aCTOTa ,ZJ;JUI coe,n;H:HeHHH TbAh. 51,n;po 30H,D; 111Cd HaxO)l;HTCH B ysne Al. 

PoM6MKaMH - 11acTon1, rrorryqeHHbie ,ZJ;JUI coe,n;HHeHHii LnAh (Ln - La, 

Ce), KpliCTaJIJIH30BaHHbIX B Clp)'K'IYpHOM nme MgCu2 . .51.ZJ;po 30H)l; 111Cd 

Haxo,n;HTCH B y3Jie AL 
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+ AuCu3"CTpyI<TyJ>a, LnAt3(Ln-Dy, Ho, Er, Tm, Yb, Lu); lllCd ey31Ie Al(Jc) c 4/mm.m CHMcnpHH 

--II- a-La3Alu-C'l'PYKJYPa.LnAl3(Ln-La,Co); 111Cdey3!1eLn (2c)c 6m2 CHM"1J'HH 

-JI- LnAI2 cj>a3a (Ln - La, Co) MgCurC'l'PYl<l)'J>ll; lllcd • y3llo Al(J 6d) c 3m CHM"1J'HH 

--ft- a-La3Al11 -CTPYKJYPa. LnAl3(Ln-La,Ce);lllCdey3!lo Al(6h) cmm2 CHM"1J'HH 

--* CTPYJ<'IYPa HoAl3, opropoM611'leCKall, Rm, (40"/o ·t'OI<C81'DIWlhHLtil H 60%-I<)'611'lecl<ltil xapai<rep) 
lllCd • y3Jle Al 

Pnc.9. 3a.BHCHMOCTI> KBa.upyrrom,uoii qacTOTI>I 
OT Z naHTauoima rom coe.nHHeHldi: LnAh. 

B naparpacI»e 4.2 npe,D;CTa.BJieHL1 uccne,D;oBaHIDI KCTB Ha .SI,D;pax 111Cd 
B LnAh. Bee coe,D;HHeHIDI 3roro pR,D;a HMeIOT 1<y6H11eCK)'IO cT_Pyiaypy, H 

cneKT_Phl aHH301])0IIHH OilHCbIBa.IOTCR O,ll;HOH KBa,D;pynOJibHOH l:JaCTOTOH 6e3 

aCHMMeTpHH, lJ.TO OTBe1JaeT aKCHaJibHO-CHMMeTpH1IHbIM r3II. 
Ha pHc.10. npe,D;CTaBJieHL1 pe3yn1>TaT1>1 no p»,D;y coe,D;HHeHHH LnAh, 
,ZJ;aHHble H3 pa60TI>1 [4] OTMe1IeHL1 B Ta6mm;e 3Be3,D;01IKaMH (*). lfa puc.10. 

BH,IJ;HO IIJiaBHOe yseJIH11eHHe KBa,D;pynoJlbHOH qacTOTI>I B 3aBHCHMOCTH OT 

aTOMHOro HOMepa JlaHTa.HOH.Qa, lJ.TO CBji3aHHO c TaK Ha3bIBaeMI>IM 

JlaHTaHOH,ll;HblM C:>KaTHeM KpHCTaJIJIH1IeCKOH pelileTKH. I1CKJll01IeHHe 

COCTaBJIReT coe,ll;HHeHHe YbAh, B KOTOpOM napaMeT_P pemeTKH 

npaKTil'leCKH He OTKJIOHBeTCg OT Ha6mo,ZJ;aeMOH JIHHeiiHo:H 3aBHCHMOCTH, 
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a 3HaqeHHe KBa,n;pynOJibHOH qacTOTbl pe3KO rra.n:aeT. 3To CB.Sl3aHO c TeM, 

qTo B 3TOM eoe,u:IDieHHH HOHbl Yb xapaKTepH3YIOTC5I npoMe)K}'ToqHoM 

mureHTHOeTbIO. 

La Ce Pr Nd Sm Gd Tb Dy Ho Er Yb Lu 

g. 
-7 ~ 

"' ~ c 
6.5 

Puc.10. 3aBHCIIMOCTH KBa.npynom,Hoi!: qacTOThI Ha lllln(Cd) H 

napaMe'rpa pemeTKH J:i:IDI coe,lJ:HHeHHii LnAb, OT Z JiaHTaHOHJ:i:a. 

IlHTWI rJJaBa IlOCB.Sllll;eHa OilHCaHino 3KCnepHMeHTOB no H3MepeHHIO 

BJIHHHHH BbICOKOro .naBJ1emrn Ha f3TI B YbAh. B naparpacI>e 5.1 
npe,u:cTaBneH o63op Heene.n:oBaHHH BJIHHHIUI BbieoKoro ,u:aBnemrn 

Ha KBa.n;pyrronI>Hbie CTB s MernJIJiax MeTO,n:oM BYK. Ifocne.n:osaHHH CTB 
ITO,[( .naBJieHHeM rrpoBOL(HJIHCb pa3HbIMH MeTO,n:aMH [4] H [6]. ,Il;Ba H3 3THX 

MeTO.[(OB - Mece6ay3poseKa.Sl cneKTPOMeTpHH (MC) H BYK no3BOJI.SlIOT 

rrpOBO,[(HTb H3MepeHHe napaMeTpOB 3JieKTPHTieeKoro KBa,n;pyrrOJibHOro 
B3aHMO,u:elieTBHH. B MeTo,n:e MC qam;e aeero Herronn3yIOTC.Sl H30TOIIbI 57Fe 

H 119Sn. ,[(Jul KOTOpbIX, 3HeprH.Sl "{ - KBaHTa oqeHb HH3Ka.Sl < 50 K3B. 

~ H3MepeHHH rro.n: .nasneHHeM H3JIYTieHHe .n:om1rno npoxo.nHTh qepe3 
Bem;eeTBo KaMepbl BbieOKOro .n:aBJieHIUI H II03TOMY HY)KHO HCIIOJlb30BaTb 
6onee )KeeTKHe "{- KBaHThI. IIocKOJlbK)' s MeTo.ne BYK o6nITiHO 
HeITOJib3yeMble H30TOIIbl lllin, 181Hf H 11lmcd HMeIOT y - JIHHHH c 3HeprHeM 

60Jibllle 200 K3B, TO 3TO yrrpom;aeT rrpHMeHeHHe TeXHHKH BbieOKOro 
.n:asneHIUI. ,II;o eHX rrop npose,n:eHO OTHOCHTeJibHO He60JiblllOe KOJIHTieCTBO 
H3MepeHHM MeTo,n:oM BYK no.a; ,n:aBneHHeM. IlOTiTH see mMepeHH.Sl 

npOBOL(HJIHeb 6onee qeM 30 neT TOMY Ha38,ll;. I-fa o63opHOM pa60Tbl [7] 
BH,[(HO, TiTO ITOTiTH Bee pa60Thl eB.Sl3aHbl e Hecne,u:oBaHHHMH f3TI 

B 3aBHeHMoeTH OT .n:asneHH.Sl B TilieTbIX MeTaJIJiax. Bee aBTOpbI 

HCene.n:oBaJIH f3II B 3aBHeHMOCTH OT rrapaMeTPOB pellleTKH, H OT 
.n:asneHH.Sl. Ifa Bcex paccMOTPeHHbIX pa6oT TOJibKO B TPex ,u:asneHHe 
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rrpeBbIIIIaeT 5 flla (50 K6ap). Bo BCeX HCCJie,JzyeMbIX MeTaJIJiax H3MeHeHHe 
f3Il OT ,D,aBJieIDUI He npeBbIIIIaeT 1 % Ha K6ap:(dlnqldP)r < 0,01 K6ap-1. 
CaMoe 6on1>moe H3MeHeHHe 61>mo IIonyqeHo B In, Y H Lu - 0,01 K6ap-1. 

y BCex H3MepeHHbIX MeTaJIJIOB 3aBHCHMOCTb f3IT OT TeMrreparypDI Ha 
nop»:,ll;OK cna6ee, qeM OT ,lJ,aBJiemrn. B KoHeqHoM HTore, Bee aBTopI:.I 
Ha6JIIO,lJ,aJIH H3MeHeHHe KBa,ll;pyrroJibHOH qacTOTbl VQ Bcero Ha HeCKOJil>KO 

,lJ,eC»:TKOB rrpou,eHTOB. Il03TOM)' pe3yJII>TaTI>I 6I>IJIH OTHeCeHI>I 
K H3MeHeIDUIM rrapaMeTpOB KpHCTaJIJIWieCKOH pemenrn OT ,D,aBJieHH»:. 

B naparpacl>e 5.2 rrpe,ll;cTaBJieHbI HCCJie,lJ,oBaHH»: BYK rro,lJ, ,lJ,aBJieHHeM 

Ha »:,ll;pax 111Cd B YbAh. PaHee, HH;zyll,HposaHHoe ,D,aBJieHHeM H3MeHeHHe 
BaJieHTHOCTH B coe,n:HHeHHH YbAh, 61>mo 06Hapy.1KeHo npH HCCJie,D,oBaHHH 

HTTep6HeBoro Lm-Kpa»: nornolll,emrn [5]. KaK 6I>mo rroKa3aHo B rnaBe 4, 
HaIIIH Hccne.n;osaHH»: H pa60Th1 .n;pyrnx aBTOpoB no myqeHHIO pg,n:os LnAh 

H LnAb BbffiBHJIH BJIH»:HHe mmeHTHOCTH pe,D,K03eMeJibHoro 3JieMeHTa Ha 
rrose,n:eHHe f3IT. Oco6eHHo cym;ecTBeHHo BJIH»:HHe 3aMeqeHo 

B coe.n;HHeHHH YbAh H 3TO o6ycJIOBHJIO HaIII HHTepec K HeM)'. B pa3~eJie 
5.2.1. paccMaT}JHBaeTC»: MeTO,[{HKa 3KCrrepHMeHTa - CHHTe3 coe,n:HHeHH»: H 

MeTO.n;HKa H3MepeHH»: BYK no.n: .n;aBJieHHeM ,D,O 8 ma. ,[(ml nonyqeHH»: 

.n;ocTOBepHbIX pe3yn1>TaToB rrpH H3Mepemm BYK no.n: ,n:aBJieHHeM 

Heo6xo.n;HMO yqecTh pacceHHHe H rrorrrom;eHHe y-KBaHTOB BO BpeM»: 
3KcnepHMeHTa. B H,n:eane Heo6xo.n;HMo: a) HCIIOJib30BaTh )KeCTKoe 

y-H3JiyqeHHe H MaTepHanDI c MaJII>IM Z; 6) HCIIOJib30BaTh TaKHe 
MaTepHaJibI, KOTOpb1e rapaHTHpyIOT roMoreHHoe pacrrpe,D,eJieHHe .n;asneHH»: 

B o6pa3u,e H cTa6HJibHOCTb )l;aBJieHH»: BO BpeMeHH; B) MaTepHarr, 

rrepe,n:aIOm;HH ,D,aBJieHHe ,[{OJI)KeH 6bIT XHMJiiqeCKH HHepTeH K o6pa3u,e; 

r) yqHTbIBaTb YMeHI>IIIeHHe TeJiecHoro yrna B 3aBHCHMOCTH OT Q>opMbI 

HaKOBaJieH; .n:) 3HaTb BeJI~ .n;aBJieHH»: B MeCTe pacrrOJIO./KeHH»: o6pa3u,a 

BO BpeMH H3MepeHH»:, TO eCTb HMeTb KaJIH6pOBKY ITO .n;asnemno Ha 
o6pa3eu,. B KaqecTBe cpe.n;1>1, rrepe.n;ruom;e:H ,D,asneHHe, MbI HCITOJib30BaJIH 

MeTaJIJIWieCKHH In HJIH NaCl. XnopHCTblH Harp:HH OKa3aJICH HaH6onee 
rro.n;xo,n:»:m;HM, H Bee HamH ,n:anbHeirurn:e Hccne.n;oBaHH»: rrposo,D,HJIHCb c 

HMM. ,lVIH KaJIH6poBKH .n;aBJieHH»: BO BpeM»: H3MepeHH»: Mbl HCITOJlb30BaJIH 
mrneHHYJO 3aBHCHMOCTb KBa.n;pyrroJII>HOH qacTOTbl Ha med B Zn OT 

.n;asneHH»:. MbI mMep»:JIH BYK crreKT}JbI c HCIIOJib30BaHHeM 111Cd B 

o6pa3u;e MeTaJIJIWiecKoro Zn. 06pa3eu; rronyqarrH rryTeM IIJiaBJJeHIDI 
500 Mr u,HHKa c .n;o6aBneHHeM 1 Mr o6nyqeHHoro cepe6pa. ffaMepeHH»: 

BYK crreKT}JOB rrpoBO,lJ,HJIHCb rrpH aTMocQ>epHOM .n;aBneHHH, a TaK)Ke rrpH 
,n:aBJieHHH 3 ma B KaMepe BbICOKOfO ,D,aBJieHH»: THIIa ,,TopoH,D," [8) 
(pHc.11 ). TaK KaK, H3MepeHHbie B Zn crreKT}JbI orrHCDIBaIOTCH o.n;Holi 
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KBa.n;pynOJibHOH qacTOTOH, TO MO)KHO cq1ITaT1>, qTO ,[(aBJiemi:e BO BCeM 

o6beMe 06pa:1u;a pacrrpe.[(eJieHo paBHoMepHo. 

R(t) AMDJIHTYila [y. e.l 
-0.2 ,,.-..-,--.,--,---,--,--,---,--,-,-..-,--.,-~ ~~~~~~~ 

-0.16 

-0.12 

-0.08 

-0.04 

111Cd B Zn, p=3 rIIa, 
KaMepr "ToppoHJ1" 

r 

Puc.ll. CneKTP aHH30'fPOIIBH 111Cd B Zn H3MepeHHI>IH 
IlpH )l;aBJieHHH 3 rIIa - KaMepa THTia ,, TOpOH,z(". 

160 

120 

80 

40 

3aBHCHMOCTb KBa,n:pyrrOJibHOH qacTOTbl OT .n;aBJieHIDI, H3MepeHH8JI 

MeTO,D;OM BYK Ha H,[(pax 111Cd B Zn c HCilOJib30BaHHeM KaMep BblCOKOfO 

,[(aBJieHIDI THIIa «TOpOH.[(» H KaMepbI THIIa «D;HJIIUI,[(p-rropmeHb» [9] 
rrpe,[(cTasneH1>1 Ha pnc.12. Ha6JI10,[(aeM1>1e 3HaqeHIDI KBa,ri;pynoJI1>H1>1x 

qaCTOT B 3aBHCHMOCTH OT ,l.laBJiemm, no.rryqeHHbie B pa3HblX THTiax KaMep 

BblCOKOro .n;aBJieH~, xopOIIIO cornaCyK>TCH Me)K)zy co6oli, qTo )'Ka3bIBaeT 

Ha BblCOKOe KaqecTBO :QHHKa, KaK penepa ;D;aBJieHHSI. 

p[K6ap] 

Puc.12. 3aBHCHMOCTb KBa.npynon1>Hoil: 
qacToThl OT .n;aBJieHH.sI MH med B Zn. 
ToqKJil - .r1aHHb1e H3 pa60Tb1 [9], T.peyronhHHK 
Ham pe3yJibTaT. 

B pa3,[(eJJe 5.2.2. rrpe,n:cTaBJieHbI pe3ynI>TaTbl H3MepeHHH r3TI B YbAii. 
Ha pnc.13. npe,n:cTaBJieHbl crreKTPbl BYK 111Cd B YbAh, H3MepeHHbie neH 

pa3JIJ1qHbIX ;n;aBneHHHx. Ha pHc.14. npe.n;cTaBnett1>1 cneKTPI>I BYK 11 In 
B GdAh H3MepeHH1>1e rrpH pa3JIHlffihIX .n:asneHHSIX. 
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Puc.15. 3aBHCHMOCTH KBa,npynoJII>HhIX 11acToT OT ,n;aBJieIDUI 
rorn med B YbAlz II GdA}z. 

Ha pHc.15 rrpe,D;cTasneHa 3aBHCHMOCTI> KBa;:i;pyrronhHOH 
.n;asneHIDI B YbAli H GdAh. B pe3ynI>TaTe aHanma 
a) nHHeHHaSI 3aBMCMMOCTh KBa,D;pyrrOJibHOH qacTOTbl 
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BarreHTHOCTH HOHa HTTep6IDI pHc.16 H 6) JIHHeHmUI 3aBHCHMOCTb f3II OT 

KOJIH'Jecrna 3JieKTpOHOB B 30He npOBO,I(HMOCTH pHc.17. 

....... 
'i1~ 

= -
"" ::: 

60 YbAl2 

'=' 
~ 40 

0 
> 

20 

2.2 2.4 2.6 2.8 

Yb eaJieHTHOCTb 

Puc.16. 3asHcHMocri. KBal(pyrrom.HoM: 11acroT1>I 

OT BaJieHTHOCTH HOHa HTTepforn. 

4xl021 

3xl021 
YbAI2 

r11 
2xl021 /v 

r/r 
lxl021 ,/ 

0 0.2 0.4 0.6 0.8 1 
qHCJIO 5d 3JieKrpOHOB nsd = 1 - n4f 

PHc.17. 3aBHCHMOCTI> f3I1)])IH 111Cd B YbAlz OTtIHcna 

f 3JieKTPOHOB, rrepeme,n:IIIHX B 5d 30HY (1-n41 = n 5a). 

B pa3,11;eJie 5.2.3. IIOKa3aHa B03M01KHOCTb H3Mepfib BaJieHTHOCTb HOHOB 

HTTep6IDI MeTO,n;oM BYK. Ilo.JIY1IeHH1>1e pe3yJibTaTbI rro3BOJifilOT 

yTBep)l(,l(aTb, qro H3MeHeHHe f3Il ,n:mI coe,n;HHeHHH HTTep6m1 

c p MeTaJIJiaMH JIHHeHHO CB.Sl3aHO c 'IHCJIOM f 3JieK'IpOHOB, rrepeme.n;umx B 

30HY npoBO,z:(HMOCTH. 3Ta 3aBHCHMOCTb Il03BOJUieT onpe,n:emITb 

BaJieHTHOCTb HTTep6m1 MeTO,I(OM BYK Ha 111ed. lfa cneKrpOB 

aHH30TpOilHH (pHc.18.) yrnoBOH KOppemn.i:m1 ,I(JUI med B TmAh H YbAh 
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6bIJia onpe,!!;eJieHa BeJIHqHHa BaJieHTHOCTH HOHOB HTTep6IDI B coe,!l;HHemrn 

YbAh, paBHrui: 2,84. 3TO 3Ha"tJemie (2,84) xopomo corrracyeTc.s: co 

3Ha"'leHHeM BaJieHTHOCTH HOHOB HTTep6IDI (2,83), norry-qeHHbIM H3 

H3MepemIH BaJieHTHOCTH MeTO,!l;OM pemreHOBCKOH a6cop6rmn. 

R(t) AMDJIHTY~a [y.e.) 
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Puc.18. Cne:icrpI.1 aHmo-rpooott yrnoBoli KoppeIDI~ R (t) 
AID! 111Cd B TmAh H YbAh, H3MepeHHbie npH HOpMa.JibHOM ,!l;aBJieHim. 
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