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CHEKTPOCKOIIISI KPUCTAJIIB

3 BUMTAJIKOBUM PO3MO/ALJIOM CTPYKTYPHUX
JNE®EKTIB (CIIOTBOPEHD) JIJISI BATTAIKY
PEJIAKCAIII JTEBASI TA KOIBU-XACITY TI

Hns otpumanHs iHopMalii cTocoBHO (i3MUHMX MEXaHI3MIB penakcallii B TBep X
TIaX 3pY4YHi METOJM JMHAMIYHOI CIEKTPOCKOIIii, 10 MOJISAraloTh B peecTparlii mkiB
MOTJIMHAHHS, Ta iX aHali3l 3 METO0 OTPUMaHHS MapaMeTpiB penakcaTopiB. AHami3
TePMIYHO AaKTUBOBAHH X pelaKCalliiHUX MPOLECIB B pealbHUX KPUCTAJIaX yCKJIa JHIOETb -
Csl HASIBHICTIO BHIIAIKOBUX JIOKAIBHUX CIIOTBOPEHB, SKi MPU3BO IATh O CTaTHC THYHOTO
PO3KUIY MapaMeTpiB penakcaTopiB Ta CYTTEBO 3M iHIOIOTH SIK TOJIOXKEHHS, Tak 1 GopMy

MIKiB peakcalifHoro MOTIMHAHHS.

3anpoINOHOBaHO HOBHH METOJ aHaI3y TaKHX ITIKIB, [0 JAO3BOJSE OTPUMATH EMITIPUK-
Hi OI[HKK JUI MapaMeTpiB penakcaiii, SKUA TPYHTYEThCS Ha aHami3i GpopMH Ta
MOJIOKEHH MIKIB ITOTJIMHAHHSA IIPY OJJHOMY 3HAYCHH1 9aCTO TH.

KmovoBi caoBa: crnektpockoris, penakcamis [e0as, pemakcamis KoiBu-Xaciryri,
CTPYKTypHHI e eKT, peakcamifHu i MiK MOTIMHAHHS .

Beryn

Ipu 30ymKeHHI TBepAUX TUT 30BHIIH i-
MU IIOJISIMH TIOPYIIICHA pIBHOBara CIIOHTaHHO
BITHOBJIIOETBCSA, OJHAK II€H pelakcalliiHui
IIPOIIEC BICTA€ 32 4aCOM Bil 3MIHHU Mapamer-
pa, IO XapakTepu3ye 30BHINHIA BIUJIUB.
TpuBamicTh IpoIeCy Y HAHIPOCTINM X BUTIA -
KaX XapaKTepU3YEThCS JIESIKUM 4acoM pellak-
camii 7, a y OUIbII CKIAJHUX BUIMAJKAX —
Oe3nuyto yaciB penakcaiii 30ymKeHHS MOXKe
3MIMCHIOBATHCS MPUKIAAHHSIM MEXaH [MHOTO
HaIMpy)KEHHS, MarHITHOTO a00 EJIEKTPUYHOTO
MOJIsL, a peraKcallisi Ha3uBA€ThCS BIAMOBIIHO
MEXaHMHOI, MArHiTHOW, JieJeKTPUYHOIO.
Hns orpumanus HdopMallii cTocoBHO (iznud-
HUX MEXaHB3MIB penakcailii B TBEpIUX TiLIax
3pYYHHMH € METOJI JHHAMIYHOT CIIEKTPOCKO-
Mii, MO0 BWKOPUCTOBYIOTh MAaJIOAMIUIITY/IH 1
rapMOH U HI 30yI)KeHHS 3 MepiojoM OJIM3bKO
qacy penakcarii 7. B mux ekcriepuMeHTax Ha
TUI0, MO JOCHIIKYEThCA i€ 30yMKEHHS

a =aye'"™ 3 aMIITyI010 ¢, KPyroBoko yac-
TOTOIO (@ Ta pEECTPYETbCA HOIo BIATYK

B= ﬁoei(wt_g”), ne B,=p,(w) - avmniryna

BIATYKY, a (ngo(a)) - 3CyB 1o ¢a3i BiITYKY
Bil 30BHIMHBOTO 30ymkKeHHs. JIHIAHICTH
BUITYKY Ta WOTO MEPIOJUYHICTH 3 YaCTOTOIO
@ 3a0e3MeuyeThCs MaloK aMILIITYIOI ¢ .

CHiBBITHOIIIEHHS

£ow (w)=M,(w)—iM, (@) HasuBaeTbCcs
a
KOMIUICKCHOIO CIIPUWHSTIIMBICTIO Matepiaiy.

Jlsis KOJMBaHb KOHKPETHOTO (DBUYHOTO THUITY
Ml(a)) Ma€e 3MICT JUHAMIYHOTO MO YIS

NPYXHOCTI, JUHAMMHOI MarHirHoi abo

JieJIeKT PUYHOI CIPUIHATINBOCTL. BigHomeH-

HS Mz(a)):tg(p(a)) XapaKTepHU3ye AWCHUIIAIIIO0
M, (@

eHeprii BiAMOBITHOTO KOJMBAIBHOTO TpOIlE-

Cy, 0 0OYMOBJICHA PETaKCall i€fo.

AHaJii3 nikiB peJiakcamiifHOro MorJMHAaHHS
B peaJIbHUX KpUcTaJax

[lpu omwuci AUHAMMHOTO 30 YyIKEHHS
peabHUX MarepiajaiB SK MaKpOCKOIIUH 1
XapaKTepUCTUKH peJakcalii 3py4HO BHUKO-
pucToByBaTd  JeeKT  CHPHIHATIUBOCTI
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(Momymst) #, ne M_ - HepenmakcoBaHa

0

CIIPUMHSATIMBICTG Ta 3BOPOTHA JOOPOTHICTH
Q*!(®), mo xapaxTepu3ye NONIMHAHHSL.

Ha TemnepatypHiii 3aneXHOCT1 3BOPOT-
HOi mobporHOCTi Q7 (T) B KPUCTAJIMHHUX
Marepiagax JIyXKe YacTO CIIOCTEepIraroThCs
KA, MO 00YMOBJICHI PE30HAHCHOIO B3aEMO-
J€I0 30BHIMIHBOTO BIUIUBY 3 TEPMIYHO
AKTHBOBAHHMH pEJIaKCaTOpaMu (TOYKOBHUMH

nedekraMu, CErMEHTaMH  JTUCIIOKAI[IHHHUX
JMHIA, BaKaHCIAMH 1 T.I.), I SKMX dac

U,
penakcauli 7 =7, exp W) ne 7, ta U, -

mepiog cmpod Ta  eHeprii  aKTHBAIil
eJIEMEHTAPHOIO pesiakcaTopa, K - moctiitHa
boneipmana, T - Temmeparypa. B nbpomy
BHITAJIKY TEMITEpaTypHO-4acTOTHA 3AJIC)KHICTh
3BOPOTHOI JOOPOTHOCT1 OMMCYETHCS BIIOMH-
MU CITIBB ITHO IIIEHHSIMU [1, 2]
-1 .
Q' (T,w)=CA,-f(wr); ne A, Ta C,-
BKJIaJl OKPEMOTO pellakcaTopa Ta iX KOHIIEHT-
pauil, @ - wactoTa KoimBaHb, a f(@7) -

MO3UTHBHA (YHKI[II 3 TOCTPUM MAaKCHMYMOM
B obmacti wr =~1. KonkperHuii Bujn miei
GyHKIIi Ta TOYHE MOJOKEHHS I MAKCUMYMY
3aJIeKUTh Bil (DI3UYHOI IPUPOAM PETAKCATO-
piB. BUIbIICTH BIIOMHX pelTakcaToOpiB MOX-
JUBO PO3IUTMTH Ha aBa kiacH [2]: 1. Penakca-
topu Jlebas, i SKMX TepMidHA aKTHUBAIliS
BiIOYBAETHCS OJIHOYACHO SIK B IPSIMOMY, TaK i
B 3BOPOTHOMY HAINpPSAMKY 110 BIJHOUICHHIO J0
30ymkyrouoro BiuBy; 2. Pemakcatopu Koi-
BH-XaciryTi, Ui SKAX TePMidHA aKTHBAIIis
CTUMYNIOE TEepeXoJu TUIBKA B MPIMOMY
HanpsMKy. BimoBinHi aHATUYH1 CHIBB ITHO-

weH Hs it pyakmii f (a)r) MAarOTh BUTJIA:

T
fo(@7)= 1+ w®7?
o7’ 27
fen D)= ) e -2 ) )

[Ipu dikcoBaHOMY 3HAa4Y€HH1 KpPYroBOi
YaCTOTH (® CHUCTEMi OJIHAKOBHUX peJaKcaTopiB
BIAMOB A€ MK MOTJIMHAHHS 3 TEMIIEPaTypOIO

10 _ Y :
= JIe TapaMeTp ¢ Ma€ 3HAYCHHSL:
' ka’

o, =—InQ, o, ,, =IN2.67-InQ, Q=wr,.

CranmapTHH METOJ aHAIBY TaKUX
MKIB, IO JJO3BOJSE OTPUMATH EMIIPUYH1
OLIIHKKM JUI mapamerpiB 7, Ta U, morpedye
peecTparlii B €KCIIEPUMEHT1 3CYBY T‘fo) npu
3MIH1 9acTOTH @, IO TIOB'S3aHO 3 HU3KOIO
METOJMYHUX YCKIAJHEHh Ta HE 3a0e3medye
JOCTaTHBO BHCOKY TOYHICTH OI[IHOK. BiThImn
TOTO, aHAJT13 MIKIB YCKIAJHIOETHCS HASIBH ICTIO
B CTPYKTYpipeaJbHUX KPUCTAIIB BUIIAJKOBUX
JOKaJbHUX JAe(ekTB  (CIOTBOpPEHB),  SKi
MPU3BOAATH JI0 CTaTUCTUYHOTO PO3KUIY
napamerpB 7, TaU,, a TaKkok CYTTEBO

()
p
norMHaHAsA (auB. puc. 1). B ob6macti Hu3b-
kux temmeparyp KT<<Ug ronoBHy poisb
BiIIrpalOTh BUMAAKOBI BIIXWJICHHS EHEPril

axtuBauii U U, [3].

3MIHIOKOTH Ak T, #T,”, Tak 1 popmy miKiB

Puc. 1. EBomo1is mika penakcarjifHoro morJuHaHHS B
KpUCTajdi 3 BUMAaJKOBO PO3IOAUICHUMH CIIOTBOPEHHS-
MH CTPYKTypH (IedekTaMu): a) ifeanbHa MOJICTh 3
€IMHUM YacoOM peJiakcaiil; 0) peaJbHUN KpHCTal 3
BUIIAKOBMM POS3IOIIJIOM CIIOTBOPEHb CTPYKTYPH Ta
YaciB penakcarii.

BrumB cTaTUCTUYHOTO pO3KHMIY 3Ha-
4yeHb eHeprii akruBaiii U mo0mu3y 3arpaBou-
Horo 3HayeHHs U, Oymemo ommcyBatn 3a

normomororo (GyHKIrii po3noainy [3, 4]

U-U,

D2

U
P(U)= W exp , (2)

D<<Uy

AKIA  BIAMOBINAE  yCepENHEHE 3HAYCHHS
3BOPOTHOI JOOPOTHOCTI:
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QY (T.w)=C.A, f(T,0),
f(T.0)=[f(T.oPU)dU, @)
0
Sk TONOBHI XapakTepUCTHKU  MiKa
posmIsiHeMO #oro Temmeparypy T,, BHCOTY

Q! (Tp), a TaKOX TOYKM IEPETHHIB Tk(_) 1

~ '
Tk(+) Ha 3aIexkHOCTIX Q (T) 371iBa Ta CIpa-

Ba BiJ BEPIIMHM ITiKa peaKcaIlifHOTrO IMOTJIH-
HaHHs (IUB. puc. 2).

Ql(T)
max Q"

d A~
—Q
dT

-) (+)
T TT, T

Puc. 2. Tlapametpu mika penakcaiii, IO 3pyYHO
BUMIPIOBAaTH €KCIIEPUMEHTAJIBHO : TeMIIEpaTypa JOKaJIi -

=)

3amii Tp , BHCOTA Q71 (Tp ) , TOUKH mepernHis I, ' i

+ ~-1 . .
Tk( ) Ha 3aJICKHOCTAX Q (T) 3J11Ba Ta CHpaBa B1J

BEPIIMHHU ITiKa.

Penakcauis ledas

VY Bumnaaky penakcanii Jlebas craruc-
TUYHE YCepEHEHHS MPU3BOANUTD 10 (yH KIT 1l

= 0’
fD (T,(O):mx
D

2
T OInx—-a, Inx
exp| — . -dx
X! p[ ( apd J } 1+Q%x?

ze Inx:i, O= KT ap
kT

, (4)

T e
U, T

Yucenbuuii aHanis (4) 103BOJMB OTpH-
MaTH aHAJIITUYH 1 allpOKCUMaIl ii:

10

— 0.3d -«
max f, (T,w)=05-exp| ———=2 | (5
o (T-) Xp( 1+1.9dj ©)

®opmynu (5) ekBiBaJCHTHI CITiBBITHO-
IIEH HSM:

ke?

0 1
9686,

" 48.40, -

) T, = )
° 886,

36,6,
, (6)
440, (6, +386,)

C.A,=2Q7'(T, )exp(

ne 6, =711, -321") — 28T,
6,=21,-T-10,
6,=8T") + 7T ~15T

BceranosiieHo, 1o napamerp

T Q™ (T, w)

K=— __18T , (7)
min QU (T.@)
oT

KN XapakTepusye (GopMmy mika MOTTTHHAHHS,
CYTTEBO 3aJEXKUTh Bil ®7,, ajle NMPAKTUYHO

HE 3aJeXUTh Bif auctiepcii D Ta moxke Oyru
AQHAIITUYHO aNMpPOKCHMMOBAHHUN 3aJICKHICTIO
(muB. puc. 4):

10

Kolor,) =1+ ——M———
D( 0) (_Inan_o)l.as

(8)

I_Ie AO03BOJIAIE€ BHAXOOUTH 7, BUXOAAYN 3 aHHA-

i3y TUIbKM (QOpMHM TiKa MOTJIIMHAHHS HE
3aCTOCOBYIOUHM EKCIIEPUMEHTH 31 3MIHOIO
YaCTOTH KOJHBAHb @ .

Pesakcauis KoiBu-Xaciryri

Jns  pemakcaropiB  LIBOTO  KIacy
CTaTUCTUYHE YCEPEIHEHHS MPHU3BOAUTH 0
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BUpa3y.
_ @292
f. (T,w)=————=x
K H( ) 2aK—H2d'\/;
0 2
xJ.exp —[—G)Inx_a““) 0 9)
1 ay_ud
DLZXZ~ 1—exp[—2—”} dx,
1+ QX QX
e Inxzil @:%:L“d =D_\/§
kT U, T U,
Yucenpuuit  ananid  (9)  mo3Bousie

OTpUMaTH aHAJITUYHI alpOKCUMaIl ii:

T,=T9(1+0.2-d),

p
p°>£ 10 +O.55-dj,
8ay_y

Ay _n

—
|
—

[
Il
—

+O.55-d],

max f,_,, (T,®)=0.397x

Xexp(_ 0.7d -, ]
5.6d +2

(10)

®opmynu (10) exkBiBaneHTHI CITIBBIiTHO-
IICH HSIM :

_ ke D:\/Ekelas
° 9680, 48.46, '

In(aﬁoj=— 6,
2.67 880,

C,A, =2.5Q7(T, )x

35-60, | (11)
exp
440, (6, +286,)

ne 6, =87T,— 40T - 36T,
6, =2T -T -1,
6, =101 +9T7) —19T .

Bcranosneno, mo mapamerp (7), sikuit
xapakrepu3ye (Gopmy TMika TOIJIMHAHHS,

11
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CYTTEBO 3AJEKUTh Bl VT, ale NPAKTUYHO

He 3anexuTh Bin qucnepcii D Ta moxke Gyru
AQHAJIITUYHO AaNpPOKCUMOBAHUN  3aJIEKHICTIO
(muB. puc. 4):

10

Ky (07,) =07+ —————
(-Inawz,)

.(12)

Ile no3BoOIIsE€ 3HAXOAMTH T, BUXOASYMU 3 aHa-

i3y TUlbKM (QOpMHM TiKa TOTJIIMHAHHA HE
3aCTOCOBYIOUHM EKCIIEPUMEHTH 31 3MiHOIO
YaCcTOTU KOJMBAHb @ .

25

20

0.5 i 1 n 1 N 1 " 1

Puc. 4. 3anexuicts mapamerpa K, mo xapaxtepusye
¢bopMy mika MOTIMHAHHS Bif —In(a)ro) y BUIAJKY

penakcanii J[e6as ta penakcaiii KoiBu-XaciryTi.
BucHoBku

Bukonanuii HamM# aHajai3 OOBIB, IO
eMITIpUYH1 OIIHKM Ul MapaMeTpiB peliakca-
topis U,, D, 7, Ta C,A, MOXIHBO OTprMa-
TH 3a jgonomoror dopmyn (6) ado (11),
BHKOPHCTOBYIOUM BHUMIpH IapaMeTpiB Iika
0, 19, 1a

maxQ*=Q™* (Tp) IpH OJHOMY 3HAYeHHi

HOTJIMHAHH S Tp ,

4acTOTH @ .

AnanB Buay (yHKIIOHATBHOT 3allex-
Hocti mapamerpa (7), IO Xapakrepusye
dopmy mika mormuHauHA (8), (12) mos3Bosie
BH3HAUUTA THI PeEJaKcaTopiB (pelakcaTopu
Jlebast un penakcatopu KoiBu-Xaciryri), mo
BIAMOBITAIIbH1 32 BUHUKHEHHS ITTiKa perakca-
il HOTO TTOTJIMHAHHS.
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SPECTROSCOPY OF CRYSTALS WITH A RANDOM
DISTRIBUTION OF STRUCTURAL DEFECTS FOR THE
CASE DEBYE AND KOIWA-HASIGUTI RELAXATIONS

Dynamic spectroscopy methods based on the detection and analysis of the absorption peaks
are convenient to obtain information about the physical mechanisms of relaxation in solids.
Analysis of thermally activated relaxation processes in real crystals is complicated by the
presence of random local defects that lead to the statistical variation of relaxators parameters
and significantly change the position and shape of the absorption peaks of the relaxation. The
paper proposes a new method for the analysis of such peaks, which allows to obtain empirical
estimates for the relaxation parameters. This method is based on the analysis of the shape and
position of the absorption peaks at the same frequency.

Keywords: spectroscopy, Debye relaxation, Koiwa-Hasiguti relaxation, structural defect,
relaxation peak of absorption.
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CIIEKTPOCKOIIUS KPUCTAJIJIOB CO CJAYYAUHBIM
PACIIPEAEJIEHUEM CTPYKTYPHbLIX JE®EKTOB

(MCKAKEHUN) 1151 CIYUAS PEJTAKCALIUI
NTEBASI 1 KOUBBI-XACUT'YTH

Jltst monydenns MHQOpMauy 0 GU3NISCKUX MEXaHW3MaX PeJIaKCalliy B TBEP/BIX TeNlax yI0OHEI
METO/bl JUHAMHUECKOM CHEKTPOCKOIIUM, OCHOBAHHBIE HA PETUCIpAlMHU NHUKOB IMOIVIOIICHUS U UX
aHaJIU3e C LEJbI0 MOJIy4EHHs MapaMeTpoOB PEIaKcaTopoB. AHAMM3 TEPMUUECKU aKTUBUPOBAHHBIX
PEIAKCALMOHHBIX IPOLECCOB B PEAIbHBIX KPUCTAUIAX YCIOKHSETCS HAIUYUEM CIydalHbIX
JIOKaJIbHBIX NCKAYKEHHH, KOTOPbIE MPHBOIAT K CTATUCTUYECKOMY Pa30pocy IMapaMeTpoB pelakcaTopoB
U CYIIECTBEHHO M3MEHIIOT KaK NOJIOKEHHE, TaK M (OpMy IHMKOB PEJAKCAIHOHHOTO TOTJIOIMIECHUS.
IIpewioskeH HOBBIA METOJ aHAIM3d TAKUX IHUKOB, NO3BOJIIOLIUM NOJIy4YUTh SMIMPUUYECKHUE OLICHKH
JUTs TapaMeTpoB peakcalii, OCHOBAHHBIHN HA aHAIN3€ (GOPMBI U TIOJIOKEHHS TUKOB TIOTJIOMEHUS ITPU
OJIHOM 3Ha4€HUH YaCTOTHI.

KmoueBble cioBa: crnektpockormsi, penakxcauus Jlebas, penmakcauus Kousbsi-XacuryTy,

CTPYKTYPHBIH Ae(eKT, pelaKkcaliio HHbIH MUK MOTJIOIIESHUS.
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