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B HaCT0Hmee speMH 3JieKTp0HHble H q>OHOHHbie CBOHCTBa BblC0K0TeMrre-
. paTypHoro csepxrrposonHHKa (BTCil) cocrasa YBa 2 Cu 3 Q 7 .0 (1-2-3) nmpo

K0 uccnenyroTCH MeTonaMH HHcppaKpacHoft (HK) 11 , 2 1 u paMaH0BCKoft crreK
TP0CKorrHH 13 1• B pa6oTe 14 / 6bIJIH rrponeM0HCTPHP0BaHbl q>OHOHHbie M0,D;bl H 
HX 3aBHCHM0CTH OT co.n;ep:imumH KHCJiopo.n;a. 

KpoMe q>OI-IOHHOro crreKTpa, KOTOpbIH Ba)KeH AJIH IIOHHMaHHH csepxrrpo- . 

B0AHMOCTH, Ha.n;o 3HaTb OTKJIHK 3JieKTPOHHOH KOMIIOHeHTbl B 6nm1rn:eM HK

. nuarra3oHe, II0CKOJibKY B 3TOM AHaIIa30He HMeIOTCH IIPOTHBopeqHBbie 3KCIIe
pHMeHTaJibHbie Pe3YJibTaTbl B crreKTPax rrporryCKaHUH IIJieHOK H KpHCTaJIJIOB. 

3KCI1EPHMEHT 

HcrrOJib30BaJIHCb . o6pa3Ubl y Ba 2 Cu 3 0 7 g O ABYX THII0B: B su,t(e MaTpH~I 

KBr, co,n;ep)K.ameft 1% YBaCo, H nneHKH Ha rro.n;no:lKKax n3 carrcpupa H THTaHa
Ta CTpOHUHH SrTi03. PeHTreHocpa3HbIH aHaJIH3 IIOJIHKpHCTaJIJIWieCKOH Kepa
~HKH, H3rOTOBJieHHOH II0 CTaHnapTHOH Te:XHOJIOrHH, IIOKa3aJI rrpeHMymeCT
BeHHoe co.n;ep)KaHHe poM6uqecKoii cpa3bI B cocTase YBa 2 Cu 3 0 7 •0 (o ~ 0,1), 
rrpnMeHHeM0M AJIH H3rOTOBJiemm o6pa31(0B. IlpH OT)KHre B BaKyyMe IIpH 
T = 500° C B Teqe1me .n;syx qacos poM6uqecKaH cpa3a nepexo,n;HJia B TeTpa

roHanhHyro. 3TH .n;sa THna o6pa3UOB C pa,3HOB KOMn0HeHTOB KHCJiopo.n;a HC
cnenoBaJIHCb Ha npe,n;MeT nporrycKaHHH HK-cneKTpa. 

IlJieHI<:H 1-2-3 Ha IIOAJIO:lKKe H3 carrcpupa H3roTaBJIHBaJIHCb MeTOAOM Mar
He'J1)0HHOrO paCIIbJJieHUH C HCnOJII,30BaHHeM 6ycpepHOrO cnoH H3 Zr02. Ton

mHHa IIJieHOK ~ 0,8 MKM. IlpH OT)KHJ'e. B KHCJiopo,n;e B pa3HbIX pe,I<HMax 
IIJieHKH rrpuo6peTaJIH· csepxrrpoB0.n;HmHe CBOBCTBa. IlneHKH 3aTeM 6bIJIH aT-. 

TeCTOBaHbl no TeMnepaTypaM nepexo,n;a. )lJIH ueneii HK-cneKTpOCKOIIllii'. 6bIJIH 

BhI6paHbI IIJieHKH c pa3HOB TeMnepaTYpoii nepexo.n;a T co: T co =: 85 K, Teo = 
= 40 K, Teo = 25 K H c pa3HbIM co.n;ep:JKa.ImeM Kl:fCJiopo,n;a. IlneHKH Ha no,n;
JIO:JKKe H3 SrTiO 3 6bIJIH C,D;eJiaHbl no CTaH,D;apmoii Te:xHOJIOrHH MeTO,D;OM na-

3epHoro HanbmeHHH. 
H3MepeHUH cneKTpOB rrporrycKaHUH rrpoBO,D;HJIHCb B AHaIIa30He AJIHH D0Jlll 

X = 1 +20 MKM Ha crreKTpOMeTpe HKC-31, B KOTOpbIB 6hm BMOHTHposaH on., 
THlleCKHB KpuocraT. Ha puc.l noKa3aHa 6noK-CXeMa H3MepeaHB. H3MepeHHH 
cneKTpOB nporryCKaHHH B AHaIIa30He A = 0,2+0,5 MKM 6bIJIH BbmoJllleHbl Ha 

MOHOXpOMaTOpe M.[(P-2 C HCTOllHHKOM H3nyqeHHH, KOTOpbIM CJIY:JKHJia BOAO-
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Puc.2. Crre1<Tpbl 0Tpa)Kemm IIJieHoK 1-2-3: l -YBa2Cu3O7.«5, 2-

YBa2Cu3O6+0i 8 = 0,1, T= 300 K. 
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Puc.3 .. _CrreKTpbI rrporrycKaHHH C0CTaBa 1-2~3 B MaTpuue H3 KB r, 
T= 300 K. 

POAHaH JiaMrra C HerrpepblBHbIM crreKTpOM. CrreKTpbl OTpll)KeHim B ,Z:J;IIaIIa30He 

0,8-o-2,5 MKM 6hIJIH H3MepeHbl TaK>Ke Ha 3TOM MOHOXpoMaTope no CTaH,UapT

HOii orrTmleCKOH cxeMe. 

Ha pHc.2 IIOKa3aHhl crreKTpbl OTpll)KeHH.ll rrneHOK 1-2-3. KpHBa.ll 1 COOTB.eT

CTByeT rrneHKe c TeMrrepaTypoii rrepexo,ua T co = 85 K, KpHBaH 2 - rmeHKaM c 

Teo = 40, 25 K. KpllBbie 1, 2 CllJibHO pa3Jill1IalOTC.ll, l!TO MO)KHO llCIIOJib30BaTb 

,UJI.ll orrepaTllBHoro KOHTPOJIH co,uep,KaHll.ll KllCJiopo,ua B rmeHKe HJill MOHO

KpllCTanne. 
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PHc.4. CneKTpbI nponycKaHH.I! nneHoK 1-2-3, T = 300 K. 

Ha pnc.3 IIOKa3aHbI cneKTpbI nponycKamrn: MaTpttu;bI KB r' BKJIIO'IaIOII.(eii 
COCTaB 1-2-3 )];JIB .0:BYX 3HatieHHH co,n;ep)KaHIIB KHCJIOpO,n;a: 
1-YBa2 Cu 3 0 6 +o o = 0,1, 
2-YBa2Cu 301-o o=0,1. 

Ha pnc.4 noKa3aHbI cneKTpbI nponyc1<amrn: nneHoK (1-2-3) c pa3HOH Teo 
Ha canqmpOBOH IlO)];JIO)f(Ke. 

Ha pnc.5 noKa3aHbI cpparMeHTbI cneKTpoB nponycKHHH B .n;nana3oHe 
14716 MKM. 

B Ta6rrn.ue npttBe.n;eHbI 'IaCTOTbI JIHHHH n norroc norrromeHHH .0:JIH MaTpttu; 
KBr C 1% YBaCo H C pa3HbIM co.n;ep)KaHHeM KHCJIOpo.n;a. TotIHOCTh onpetiene

HHH BOJIHOBoro 'IHCJia npoBeprurach no IlOJIOCaM nornomeHHH aMMHaKa H coc
TaBJIHJia HeCKOJihKO CM- I . 

OBCY)K,UEHHE TTOJJYqEHHblX PE3YJibTATOB 

I13MepeHHH, BbIIlOJIHeHHbie _Ha 60JibillOM KOJIH'IeCTBe o6pa3I.J;OB 

YBa2 Cu3 07 -o, noKa3bIBaIOT, qTo cneKTpbl nponycKaHHH TeTparoHaJihHblX H 

OpTopoM6HtieCKHX COCTOHHHH MaKCHMaJihHO pa3JIH'IalOTCH Ha .0:JIHHe BOJIHbl 
A = 1,2 MKM. TeTparoHaJihHaH cpa3a HMeeT HpKO BblpIDKeHHOe co6CTBeHHOe 

norrromeHHe, xapaKTepHOe )];JIH nonynpOB0.0:HHKOB, a Ha )];JIHHe BOJIHbI 
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poM6H'lecKIIJI q>a3a, 2 -TeTparoHanLHaJI q>83a. 
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X > 1,2 MKM cneKTP nponycmuum _Be.n;eT ce6a KaK cneKTp MeTaJIJIOB n 

o6ycnoBJieH nornomeHneM Ha cBo6o.n;HhIX HocnTenax. 
Ecnn npe,n;nono:»mTh, lfro cneKTp nponycKamm :meKTPOHHoii cncTeMhI 

YBa 2 Cu 3 0 7 •0 T 2 = T 1 •T(0) ecTh npon3Be,n;eHwe crreKTpoa YBa 2 Cu 3 0 6 +o, 
T 1 , T(0) n rrapunanhHOH KOMrroHeHThI, CBH3aHHoii c Kncnopo,n;oM 0(7), 

npncoe.n;HHHeMhIM K YBa 2 Cu 3 0 6 , TO cne1crp rrporrycKaHHH rrapunanbHOH 
KOMilOHeHThI O (7) HanoMHHaeT crreKTP ,IJ;OHOpHOH rrp_nMecn, pacrronO)KeH

HOH B6JIH3ll ,IJ;Ha 30HhI npOBO,IJ;llMOCTll. CneKTP nornomeHHH OpTOpOM6ll'Iec
K0H q>a3hI nMeeT MHHHMyM rrponycKaHHH npn X = 5000 A. ITne~IKa H3 Cu 
TaKlKe nMeeT 6nn3KHH crreKTp rrornomeHna c MHHHMYMOM npn ;\ = 5000 A. 

B OTJIHtme OT 15 1 a o6naCTll X > 2 MKM crreKTpbI rrponycKaHHH MaTpnu 

C poM6ll'IeCKOH CTpyKTypoii: cna6o 3aBHCHT OT ,IJ;JillHhI BOJIHhI. 
Eonee CJIO)KHhlll xapaKTep HMeIOT -cneKTpbI rrporryCKaHHH nJieHO_K 

YBaCo. B cneKTpax Bll,IJ;HO, l!TO B 3aBHCllMOCTll OT Teo KpHBhie HMeIOT pa3-
HhIH xapaKTep. XapaKTepHo, l!TO ,IJ;JIH rrJieHKll C 6oJihllillM 3Hal!eHHeM T co 

Ha6nm.n;aeTCH npoaan Ha ,n;mme BOJIHhI 0,8 MKM. 3TOT Pe3YJihTaT ,IJ;OCTaTOll
HO BOCnpOll3B0,IJ;llM, T.e. nepexo,n; OT TeTparOHMhHOH K poM6n11ecKOii: q>a3e 
noKa3hIBaeT (no cneKTpaM nponycKaHHH), 11To npo11cxo,n;nT ,n;u:::meI<TPII3a

UHH cneKTpa. 
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ll3MepeHHH, BhIIlOJIHeH

Hhie B 06JiaCTII ,IJ;JilfH BOJIH 
,n;o 25 MKM Ha MaTplll!HhIX 

o6pa3uax C TeTparOHMhHhIM 
u: poM6n11ecKHM COCTaBOM 
1-2-3, .n;aIOT xapaKTepHbie 

JIHHllll B ci:eKTpe nornome
HHH, KOTOphie npe,n;cTaBJie
HhI B rn6nHue. Cne,n;ya pe• 
3YJibTaTaM pa60ThI12 / no -
ll3YlleHHIO crreKTpOB OTpa)Ke
HllH, 11aCTb o6Hapy,KeHHhIX 

JIHHHH H,IJ;eHTHq>HunpyeTCH 
KaK q)OHOHHhie MO,!J;hl KOJie-
6aHHH TeTparoHaJihHOH n po
M6n11ecKoiI q>a3hI. ITOMHMO 

3THX JIHHHH, B YBa2 Cu301 -o 
o6Hapy,KeHhI rpynnhI JillHllll: 
V = 621,631,641,700,709, 
724 CM°' 1 • 3TH,11aCTOThl MO)K
HO HHTeprrpeTHpOBaTh KaK 
cyMMOBhie 11aCTOThl q)OHOll
HhIX MO,IJ;, yKa3aHHhlX B Ta6-

I 
~ 

nnue. .llonOJIHHTeJibHhIM apryMeHTOM HBJIHIOTCH 'Y3KHe JillHllll B cneKTpe 
nornomeHHH, CO0TBeTCTBYIOmne 3TllM llaCTOTaM. Caoeo6pa3HOH HBJIHeTCjJ · 
rronoca nornomemrn v = 609 CM- 1 

, KOTopaa -np-HcyTcTayeT B o6enx q>a3ax: 
TeTparoHaJihHOH ll poM6n11ecKOH. O,n;HaKo B _poM6n11ecKOH q>a3e npoBaJI B 

cneKTpe nornomeHHH \\'IeHbUie npnMepHo B .n;aa pa3a. Hann11ne caTeJIJIHTOB 
B6JIII3ll llaCTOT 630 II 709 CM- I MO)KeT yKa3hIBaTh Ha llX pacmenneHne. 

ITonoca _rrornomeHHH c v = 3000 CM- 1 HMeeT pa3Hoe 3Ha11eHHe K03q>q>n

uneHTa nornomeHHH ,n;na ·pa3HhIX q>a3, npn 3TOM ~JIH TeTparoHarrhHoii q>a3hI 
nornomeHne BhIUie. ITonoca nornomeHHH C 3TllM BOJIHOBhlM- llllCJIOM_ TaK,Ke 

Ha6nm,n;aeTcH n ,n;na nneHoK (cM. pHc.3), ,ee nC:rne,n;eHHe attanorHllHO noae,n;e
HHIO B MaTpnue KB r C YB a ( 0. EhIJill npoae.n;eHbI ~orro'JIHHTeJibHhie nccne,n;o
BaHHH, KOTOphie noKa3aJIII, l!TO nonoca C V = _3000 CM- I He CBH3aHa C no~ 

rnomeHHeM napoB BO,!J;hl. CneuHaJibHO C03,D;aHHaH aTMOCq>epa C B0,!J;HHhIM na
poM npHBO,IJ;HT K JIHHnn nornomeHHH v = 3570 CM- 1 

• ITonoca rrornomeHHH, 
CBH3aHHaH C rpynnaMH CO2·, He o6Hapy)KeHa. 

)laJihHeifurne Hccne,n;oBaHIDI cneKTpoa- MHoroq>oHoHHoro nornomeHHH 
B03M0)KHhI Ha nJieHKax BTCIT Ha IlO,IJ;JIO)KKaX, npo3pa11HhlX ,!J;JIH H3y11eHHH C 
,IJ;JillHOH BOJIHhI X > 15 MKM. 

ABTOphI Bhipa)KaIOT rny6oKym 6naro,n;apHOCTh B.JI. AKceHoay n E.B. Ba
ciinheay 3a 6onhrnym no,n;.u;ep,KKY B pa6oTe. 
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