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A-1, MUKPOCKOMIYECKASl TEOPWA MPVMECHHX LEHTPOB
K.b. Toamuro

Jlonenxuit duauMKo-TEXHUYECKU MHCTHTYT,
Jlonenx

MICROSCOPIC THEORY OF IMPURITY CENTERS
K.B. Tolpygo

Donetsk Physico-Technical Institute,
Donetsk

I. Pa3BuBaeTCA MHOTO3JNEKTPOHHAA TEODPUA MPUMECHHX
LGHTPOB ZAJfA ATOMOB 3aMELEHUA, BHEWHME 3JE6KTPOHH KOTODHX
MOTYT YaCTHUYHO NEPEXOAUTH HA 8TOMH OCHOBHOT'O BEmMECTBA,
yuuTHBaNasa crneuuduKy 30HHOH CTDPYKTYpH KpucTaina, B3au-—
MOZI6fiCTBIE ONTMYECKMX BIEKTPOHOB ¢ (OHOHAMM JNOHX ANMH
BOJIH M UCKAaXEHUE SNEKTPOHHHX 0COJOUEK aTOMOB KpUCTAJNA
npy IBUKGHUM ONTUUECKUX BAGKTDPOHOB.

2. Jlnfi VOHHHX KDUCTAQNJIOB COCTOAHNE 3IEKTPOHOB
VIETCH B, BUZIE CYNEDPNO3NUIUA BCIOMOT'ATENBHHX @yuxnuﬁd% :
'\r z&%, , Kaxzas M3 KOTODHX M3006paxaeT COCTOAHME
BCEX MOHOB, KOTZQ ONTHUYECKHUI BJEKTDOH NMpuUMecyu ZABUKETCH
Bo3Ne ya3na S -oro copra € -oft Aveiixu. Kammas ¢§£u306—
paxaeTcA aHTUCHMMETDU3OBAHNNY TPOM3BEAGHUEM Gyaxoni
y & cnerxa Ze(GopMUPOBAHHEX HOHOB (5:‘* s*) Ha QyHKUMD

(?numnero 3NEeKTPOHa. JlnA npuMecHOTo arToMma (pacmo-
noxeﬂnoro B H@uale KOODAWHAT) BBOANTCH &HANOTHYHO MOH—
HO@ COCTOfHUE %ka (& =-copr 3aMEINEHHOTO aToMa) M COCTOf—
HUS C n35m0qHuu , DNEKTPOLIOM ‘)"3’ xg“”(r) B cBow oue-
PeABb QyHKIUM yg, UUYTCA B BUZE CYINEDIO3NINK @yﬂxunﬁ
HBBO?GyKneHHOI‘O Ysp U Bosdyuenﬂoro Y; WMOHOB: %,e_

g cs %:L , mpnuen |5 |« 4 mna-ixt.
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3. KoapdunneHTH Ci- OMUCHBANT MNONAPU3ALAKN MOHOB IIO—
neM M3CHTOYHOT'O BJ6KTPOHA, TOMA IpUMECH, ¥ CMEMEHMEM
f7Iep U ONpeZeNANTCH M3 ycuoBua min fq,‘ﬁ@‘dz' Ing Tpe-~
M3BONBHO! KOHQUTypauuu fzep U HOMEDA s‘ . KoapdunouenTr
6‘3 HAXOZATCA W3 BapWALMOHHOTO NDUHIMIEG, 8 PABHOBECHHE
CMEMEHUA AZED ONpeZeNANTCA METOZAMU AMHAMUKY DEMETKY .

4, TlpuMeHEeHUe om#caHHOf TEOpUKA K F -LEHTDY B Nall
NO3BOJIANO NMOXYYMTH AOCTATOUHO GAM3KUE K ONWTHHM 3HAUGHMAM
SHEPr'MM OCHOBHOT'O M BO3CGYKZEHHOrO COCTOAHMI, MONYLYDUHH
F -1ONOCH NMOTNONEHMS X SHAUEHHA: I\ylzna SApax Tpex Onu-
xafmux KOHPUI'ypaBUOHHHX cdep.



A-2, LOCALIZED PERTURBATION THEORY
Per-Olov Léwdin

Department of Quantum Chemistry Uppsala
University, Uppsala, Sweden
Quantum Theory Project

University of Florida, Gainesville, Florida

TEOPUA JIOKAJTM30BARRHX BOSMYNERMA

In the quantum-mechanical treatment of an impurity
in a solid, the impurity may often be considered as a
"localized perturbation". The corresponding Schrédinger
equation can be transformed to a form which focuses the
interest on those energy values as are changed by this
perturbation /1/. The-associated secular equation con-
tains the energy as a non-linear parameter, and it may
be solved by partitioning technique and iteration met-
hods /2/. Some numerical applications are studied.

1. G.F.EKoster and J.C.Slater, Phys. Rev., 94, 1392,
1954; 95, 1167, 1954; M.La:":,,l’b,ys. Rev., 94, 1954.
2, P.0.Lowdin, J.Mol, Spec., 14, 119, 1964,



A-3, WAVE AND REACTION OPERATORS
Per-Olov Lowdin

Department of Quantum Chemistry
Uppsala University, Uppsala, Sweden
Quantum Theory Project
University of Florida, Gainesville, Florida

BOJHOBLE OMEPATOPH i OMEPATOPH PEAKLIV

The partitioning technique for solving the Schro-
dinger equation is based on the introduction of a nor-
malized reference function ¢ and a complex variable € .
One introduces a trial wave function which satisfies
an inhomogeneous equetion, and the trensition value of
the Hamiltonian H renders then a bracketing function
giving upper and lower bounds for the true Energy E.
It is shown that the partitioning technique leads to
closed forms of the wave and reaction operator occur-
ring in infinite-order perturbation theory. Operator
inequalities and inner projections are used to obtain
accurate estimates of the various terms in the pertur-
bation expansions as well as the remainder terms /1/.

1« P.O.Lowdin, Phys., 139, A357, 1965; J. Chem, Phys.,
43, $175, 1965; Int. J. Quantum Chem,, 2, 867, 1968.



A-4, METOJ]| MOLEJNbHOI'O NMOTEHLUWMAJA B TEOPUN 3JEKTPOHHOM
CTPYKTYPH TMPUMECHHX ‘UEHTPOB B UEJOYHO-T'ATONAHMX
KPUCTAJIIAX

N.B.AGapeHKoB
Jlennnrpazckuit 'ocyzapcTBeHHH!l YHMBEDCHTET

THE MODEL POTENTIAL IN THE THEORY OF THE ELECTRONIC
STRUCTURE OF IMPURITY CENTRES IN ALKALI-HALIDES

- I.V.Abarenkov
Leningrad State University

Hacrosmaa padora sBiaAeTcsA 0630pHoit. B Heff cHavana BBO-
IMTCH MOZeJBHH{f MOTeHUMaN KaK NPUONMKEHHHN NCeBZONOTeHIM-
ax, 06CYXZanTCfi CBO#CTBA MOZENHHOI'O NOTEHIWANa KpMCTaIa
¥ 7aeTcda 0630p DPAsHMYHHX BHZAOB MOZENBHOI'O NOTEHLHAJA.
3areM NOKa3HBAeTCHA, YTO BCE HCMNONH30BABNHECH X0 HACTOALE-
I'0 BPEMEHM MOZEJNHM, HauMmHad C MOZENM XecTKod Toueunoff pe-
MEeTKH, NOJyyanTCA B pe3yabTaTe TOr0 MJM MHOI'O YINPONMEHHS
MOZIGIBHOTO NOTEHIWala KpucTamna. /laree, 0OCYEKZanTCA pe-
3yNBTATH pacuera pAZa KOHKPETHHX MPMMECHHX LEeHTPOB B lie-
JN0YHO-T8JIOMAHHX KPHCTANIEX «
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A-5. DIEKTPOHHOE CTPOEHUE N WU30TPOIHOE CBEPX-
TOHKOE B3AUMOZE/CTBUE F, -UEHTPA B CMENAHHHX
IIEJIOYHOTAJIONZIHBX KPUCTAJIJIAX

P.A.9BapecToB
TocyzapcrBeHHH#t yHUBepcuTeT, JGHMHTpaZ

ELECTRONIC STRUCTURE AND ISOTROPIC HYPERFINE
INTERACTION OF F,-CENTRE IN MIXED ALKALI
HALIDES

R.A.Evarestov
Leningrad State University

B paGore m3narabTcs pes3yAbTaTH pacueTa SAEKTPOHHOMN
CTPYKTYPH M MOCTOSHHOA CBepXTOHKOro Baammomeicrmus Fp -
LIEHTPOB OKPACKM B CMONAHHHX WENOUHOTANOUAHHX KPHCTANNEX
KCE(Na), KCE(RE). BaammozelicTBUe HECNAapEHHOTO SMEKTDOHA
C VOHaMM KDUCTANNA OMUCHBAETCA B MPUOIMKEHMM MOJEJIBHOI'O
norexunana. lcnonr3oBanue naasapmell npoCHO# PyHKIMM ZaeT
BO3MOKHOCTH PaCCUMTATH CMOIWEHNE NeHTDPa 3A6KTPOHHON mioT-
HOCTA U3 BAKAHCHM, BH3BAHHOG NDUMECHHM KaTHOHOM. BHAC-
HAGTCS BIMAHME HETOUEYHOCTHM WOHOB OKDYROHHS FA -nenTpa
M VCKaXeHMA MX OZHOBIGKTDPOHHHX BOJHOBHX (PyHKum# Kpuc-
TQJJIOM HQ NMOCTOSHHYD CBEDXTOHKOI'O B3aMMOZeicTBMA.
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A-6. K TEOPWA CHBUTA ¥-[IOJOCH TOTJIOMEHAA
B CMENAHHHX KPUCTANIAX KC1(Na)

10.A Jloraues

UucruryT noxynposomuukoB AH CCCP, JlenmHrpan
P .A.9BapecToB

JlennHrpanckuii ['ocynapCTBeHHH YHHBEPCATET

ON THE THEORY OF THE SHIFT OF F-ABSORPTION
BAND IN MIXED CRYSTALS KC1(Na)
Yu.A.Logatchov
Institute of Semiconductors,Academy of Sciences,
Leningrad
R.A.Evarestov .
Department of Quantum Chemistry, Leningrad
State University

OKCIepUMeHTaJlbHHe Ha0JOIeHuA [1-31 NOIVIOMEHUsI B CMelaHHHX
KPHCTa/UIaX TPEBONAT K HeJuMHe#HO# 3aBUCHMOCTH Y, ( [OJIOXEeHNE
maxcumyma F no.nocu) OT KOHIEHTDAIMY KOMIOHEHT; HEe3aBUCUMO
OT TOr'o,ABAAETCA JM NpUMech Gojee JErKo# (Na B K(¢ [ﬂ)mm
Goxee ramenott (R€ » K(P[2]),kpusas V), (K,) mmeer xapexTepHit
npoBals.B HacTosume# padoTe BHUMCIAETCS MOJOXEHHE MaKCUMyMma
F moBOCH MOTJIOWEHAS B Kff(f/a) mpr K, = 0,5, PaBHOBecHas
"JIOKaNbHaA" KOHIEHTDAIWMA NMDUMECH OKOJO F MONOGHHX IEHTPOB
omnpeneadeTCqd U3 yCJOBUA MAHUMANBHOCTU CBOOOINHOW SHEPIHM CH-
crems.lloKa3aHo ,4To NPy NaHHO! KOHIEHTDAIMA K, Kammuii F mo-
IOGHH# IIEHTD ,KOTOPHHA OHJ OH OKDPYXeH [ MNPAMECHHMA KaTHOHAaMM
B CJydYae XaoTUYeCKOr'o paclpenesyieHus NPUMECH,B INeiCTBUTEJB- -
HocT# mMeeT L-A coceneit Na® .3epoATHOCTH

4 2 6! I Wik~ o
P 2 prigsir ke (5
NOJyYEeHHAsA B MNPUOJIIKEHUN XAOTUYECKOI'O pacmnpejienesns ,0THO—

CHTCH ,TAKMM OOpasom,He K& F; LEHTPY,a K ;.a UEHTDY; BeJM-
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wHa A pasHa 0,I5 mpm K, = 0,5.MaxcumanbHas BepOATHOCTH
OTHOCHTCH K LEHTPaM C GOJBUMM WMCJOM MOHOB ‘K ,9eM aroro
clefoBano GH OXMIATH IPH Xa0TU4YeCKOM DaclpefiesleHdd IPHMECH .

" B npmOymXeHN# MOLEJBHOT'O MOTEeHI|Aana [4-7] Buamcnern 9HEep-
Imu BO3GYRIEHHA BCeX /F; HEHTPOB ( ¢ = O,...6) .B radxn.l mpm-
BEeJIEHH 3HAYeHNd /N,,, ,BEPOSATHOCTH - OGPA30BAHUA LIEHTDPOB C yue-
ToM "oGorameHua" TAKEJIHMA KATHOHAMA M CTENeHb BHPOXIEHUS
BO30YXIEHHOI'O COCTOSHUSA,

Tacn.I ¢ vl ae. ) hv p'c)
0 . 0,084 0,09
I 0,00 0,083(2) 0,23
2 0,071 0,088(2) 0,31
3 0,07 0,093 0,087 0,24
4 0,064(2) 0,092 0,10 .
5 0,083(2) 0,098 0,02
6 0,09I 0
Buiio mpoBeneHO CpaBHEHMEe BO3MOXHHX MojeJei /-Z Y '

[IEHTPOB 7 YCTAHOBJEHH SHEPr'eTHUeCKM BHI'OJHHE MOIesM; Tak,
mna F, ueHTpa Gojee BHTONHHM fABJIAETCH DACIOJNOXEHHE HOHOB
IpUMECH Ha pacCTofHmE 24 . ;

[oCKONBKY MIJA MOJY4YEHHS CYMMAPHOX MOJIOCH MOTJIOWEHUA He-
OGXOIMMH MOJYNAPAHH BCEX F; MOJOC,KOTODHMEA MH He Pacnona—
raem,CHIa BHUMCJIEHA CDeIHEB3BelleHHAs BeJunHa Ao ,KOTO-
pas oxasanack paeroit 0,082 a.e.luweiinas 3aBucuMOCTb Ym (Kv)
naer 1/2 [ hVn, (WaC)+ hVa(K(O)= 0,088 a.e.,r.e. mpopan AAVAX =
0,006 a.e.~ 0,I6 eV ,B To Bpema Kak sKcmepuMeHT naer U,35eV.
Omuaxo ,pesmanna AVe, (MaC€)- hY, (KCC) ,papuas 0,007 a.e.,rax-
Xe MeHblle JKCIepUMEHTAaNbHOH! (~0,013 a.e.) ,YTO MOXeT OHTH
06 *SICHEHO PAa3JMYHHM KauyeCTBOM HCIOJH30BAHHHX MDHCJMREHME
ma K(¢ m Na(? Mu camraem Gonee moxasaTesbHHM CpaBHeHNe
"OTHOCHTENBHOrO COBETA"

Y = aV2/ [V, (Wace)-Y), (kce)]

Pacuer paer X = 0,86 nmpr skcnepumeHTanbHoOM 3Hadeuum 0,95,
PeaynbTaTH paGOTH NMOKA3HBALT ,dYTO,OMAMO OGOPAlEHHs F, LEHT-
poB monamn K ' ,cymecrBennsm sBisercs m To,uTO CHBATC Fy o
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Fa¢ w 7.1, momoc mo orHomenwp ¥ £ moZoce 3aMeTHO Goubie ,
9EM CIBAT' KODOTKOBOJHOBHX HONOC Fup , Fag W T.H.
OCHOBHHE pesyJbTaTH pPadoTH M3JoXeHH B [8] .

1.R.Gnaedinger,J.Chem. Phys. ,21,323(1953)
2.J.Arends,A.Dekker,Phys.Status Solidi,5,265(1964)

3.A.Smakula et al,Phys.Rev.,130,113(1963)
4,I.V.Abarenkov,I.M.Antonova,Phys.Status Solidi,20,643(1967)

" 5.1.M.Antonova,Phys.Status Solidi,34,K185(1969)
6.Yu.A.Logatchov,Phys.Status Solidi,19,K35(1967)
7.R.A.Evarestov,Phys.Status Solidi,35,K157(1969)
8.Yu.A.Logatchov,R.A.Evarestov,Solid State Communs.,8,275(1970)
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A—7; SJEKTPOHHASl CTPYKTYPA F - LEHTPOB B WEJOYHO-
~T'AJIOWZHHX KPACTAIIAX

N.M.AnTOHOBa B H.B.AGapEHKOB
Jlernerpaackuit I'ocyzapcTBerHult YEHBEpCHTET

THE ELECTRONIC STRUCTURE OF F-CENTRES IN ALKALI-
-HALIDES
I.M.Antonova and I.V.Abarenkov
Leningrad State University

Pacuer F -ueHTpa B WEJOYHO-T8JIOMAHHX KPHCTAJIAX Mpo-
EsBOZMTCA B ZBa 2rana. CHavana, Npeznonaras fiipa KOHOB
(uKCUpOBAHHHME B y3laX pemeTKM WAealbHOI'0 KpWCTalja, BH-
YHCAAPTCA BONHOBHE QYHKIMM ONTHUECKOrO 3JeKTpoHa. llpm
9TOM WMCMONB3YeTCH BAPHALUOHHHI NMDMHUMN C NPOCHHME QyHK-
UMAME WMPOKOr0 KJIacca, NpUYEM OoJe KPHCTalla ONUCHBAETCH
B NPUOIMKEHMH MOZGJNBHOI'0 NMOTEHNHazNa. 3aTeM N0 TEeODHH BO-
aMymenE#l ompezenfpnTcs azmataTUUECKMEe NOTEHIMAJNH CHCTEOMH.
[Ipw nocTpoeHWM azMaCaTHUECKUX NOTEHUNANOB YyUMTHBAWTCHA
napEse ¥ TpofiHHe CMJH B3auMozelicTBMA Mexzay Onuxahummu m
CIeXYyDNUMK 38 OaAmxaliuvMu COCEZHWMM MOHAMM M YUMTHBAETCH
NOJNAPU3YEMOCTh MOHOB KpucTralna. C MOMOWBH azmadaTH4YeCKUX

NOTEHLWAN0B ONpPEAENANTCH OCHOBHHE XapaKTepUCTHKH F -
~1leHTpAa .
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A-8, ELECTRON STATE OF Pb~, Sn~, Ge™ CENTRES
IN ALKALI HALIDE CRYSTALS

V.Topa
Institute of Physics, Bucharest, Rumania

SIEKTPOHHHE COCTOfIHUA Pb~, Sn™, Ge™ - IEHTPOB
B MEJIOYHOTATIOMZIHHX KPUCTAINAX

Abstract not received

- A-9, MEX30HHOE NOTJIONEHME CBETA B CHIBHO
JETMPOBAHHHX TONYTPOBOZTHMKAX

B.A.Oxnoscruit, A.l.3dpoc

ON3UKO-TOXHNUECKUR MHCTUTYT WM. A.9.Modde
JleHuHrpaz

INTERBAND LIGHT ABSORPTION IN HEAVILY
DOPED SEMICONDUCTORS

B.I.Shklovski, A,L.Efros

A,F,Ioffe Physico-Technical Institute
Leningrad

TesucH He NpPeACTABIAGHH
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A-10, PACYET 30HH [POBOAMMOCTH B WEJQYHO-TAJOMZHHX
KPUCTAJJIAX METOZOM MOAEJHHOI'0 MOTEHIWAIJA

.B.AGapeHKoB
Jenmrrpazckuit T'ocyzapcTBeHHHll YHHBEPCHTET

THE CONDUCTION BAND IN ALKALI-HALIDES IN THE
MODEL POTENTIAL APPROXIMATION
1.V.Abarenkov
Leningrad State University

Hcnonsays MOZEIbHHE NOTEELNMaNH CBOCOAHHX MOHOB, NPOM3-—
BOZAMTCA pacueT aHeprwit W BOJNHOBHX (QyHKUME sM6KTpOHA B 30—
He NPOBOAMMOCTE B mENOYHO-TANOWZHHX KpHCTannax. Pacuer
NPOMBBOZMTCA B GOJNBNOM YWCIE® TOYGK 30HH Bpmanysna. [yrem
HHTETDHPOBAHNMA MO 30HE OonpezenAnTcs QyHKUmM Banse, a Tar-

X€ BHUMCIANTCA KOS(QOMUMEHTH MHTEPNOJALNMOHHOK QopMmyiaH
Cxneitrepa—- Kocrepa.
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A-11. PACYET [IPUMECHHX SJEKTPOHHHX COCTOfHUI
B KC1 METOZIOM OYHKUMI T'PUHA

H.H.Kpucropens, I'.C.3aBT, b.B.llyauuyesxo

NucrnTyTr ¢usuxm u acrporomuum AH 3CCP, Tapry
Tapryckuit rocyzapcTBeHHHIl yHUBEpPCUTET

CAICULATION OF THE IMPURITY ELECTRONIC
STATES IN KC1 BY GREEN'S FUNCTIONS METHOD

N.Kristoffel, Go,Zavt, B.Shulichenko

Institute of Phyéics and Astronomy, Tartu
Tartu State University.

Paspura oCuas METOZUKA DacyeTa NPUMECHHX COCTOAHMI
B WGNIOYHOTANOMAHHX KPUCTANNAX, NMO3BOJANUAR ONPEASNMTH
pacrnoloxeHne NpUMECHHX YPOBHE# OTHOCHTENBHO 30H Kpuc-—
TQJIa ¥ CTEIEeHB JIOKAIU3alWMy BOJHOBONK (QYHKUMM JOKAIBHOI'O
YPOBHA Ha IpUMECK U HA MOHAX KpucTanja — MaTpuos. Mlc-
nonssyercAd mMerTon QyHxuuit I'puHa B cxeme JIKAO. Jlna pacue-
ra (QyHKuu# T'puHE BHUUCAEHH C IOMOLBI MHTEPHOJIANUOHHOM
CXeMb 2HeprMM M BONHOBHE (QyHKumuM KCE and HuxHell uacTu
30HH nposozumoctin (4s 3oHa K') m c1~ 3p BanmenTHolt 30HH
B GONBWOM YUCJI8 TOUEK OGPATHON DpeWeTKM; IpU 3TOM MUCHOJIEL-
30BaHH JKCNEPUMEHTAJBHHE ZAHHHE 1 DPE3YJBTATH DPAacyeTOB
Jle CUKKO B TOuKax X ¥ L . OyHKUMM I'pUHA BHUMCIGHH B
o0J1acTi MeXZy BaJCHTHOH 30HON U 30HOI NMpPOBOZAMMOCTM M
HW%E BaJEHTHO!l 30HH.,

PaccroTpeHn ycnoBMA BO3HUKHUOBEHWA YPOBHEH pasiuy—
HO¥ cuuMeTpun. CooOuwanTCss pPe3yABTATH I[1PEAB3PUTEIBHOI'O
pacyeTa pacllOJIOx8HUs ypOBHeli B cucreme KC1-T1.
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A-12, PONb KOBANEHTHOCTH M HEOPTOI'OHANBHOCTH B Tn2+:uerz
®.I's ArmcumoB u P.C. Jlaruec

HacruTyr dusurM moxynpoBozEMkoB AH Jur.CCP,
BuasHDC

OVERLAP AND COVALENCY EFFECTS IN Tl2+:lela

F. Anisimov and R, Dagys

Institute of Semiconductor Physics of the.
Academy of Sciences of the Lithuanian 8SR,
Vilnius

[IpoBezeE ab initio pacyeT MapaMeTpoB KDHCTAIIUYECKO-
T0 Nouf, NOCTOAHHOR CHMHE~-OPOUTANBHOT'O B3aUMOZEHCTBUA, g -
daxTopa ¥ NepeHOCHO# CBEPXTOHKO# CTPYKTYPH AId Tmz*:nerz
(Me Ca 4Sr ). B KauecTBe MCXOZHOrO NPUCAMEEHHA MCIONLB30BA~
Iach MOHHaA CTPYETypa Tna"’r'a' « B 9TOM NpUOIMEEHMM YUHTH-
BAJOCH paclpeZeneHde SIAGKTPOHHO} NMIOTHOCTH IMI'aHZOB, He-
OPTOrOHANBAOCTS 58—, 5p-, Af-DIGEKTDOHOB Tme' M 2s~2p-
SNEeKTPOHOB F~ , & TaKXe HEOPTOrOHANBHOCTH (yHxnmit cocezHmMx
uOHOB F~ . KOBaZEHTHOCTH yUMTHBAAACH MYTEM HANOXGHMS HOHHNX
CTPyKTYyp. [loTeHnuan ocTaTKa KDUCTAaANa BWUMCHANCA B NpPUCIH-
XGHUM TOYSUHO! pemeTkHM. PacueTH ODOBOZUIMCE NMDH IMOMOmM
OZHO3NERTPOHHNX OyHrnuit Xaprpu-Pora AN CBOCOZHHX 2t "
Fe

[lokazas0, 49TO Tak0e NMPUCIMXEHHE NPUBOAUT B BEChHMA
YZOBAETBOPUTONBHOMY COI'JIaCUD MEXLYy BHUMACICHHHMM 3HQUEHUA-
M DaCCMOTDEHHHX IapaMeTpoOB M SKCHEPHMEHTaNBHHMM.
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A-13. OBMEHHOE B3AUMOZEHCTBHE B PEZKOSEMEIBHHX
KPHCTAJIAX

D.l. Hapymmc, U.B. Barapysac

MHcTuTyT Qu3EKM ¥ MaTeMaTHKM, BUIBHDC

EXCHANGE INTERACTION IN RARE EARTH CRYSTALS

J.P. Narusis, J.V. Batarinas

Institute of Physics and Mathematics,
Vilnius

[Ipy NOCTpPOEHMM IaMMABTOHMAHA OGMEHHOT'O B3auMOZe#cT-
BUf B KpucCTaalax, COZAepXamUX PeAKHE 3EeMId, BO3HUKAET He-
00XOZUMOCTE Y4Y6T8 OpOUTANIBHOI'O BKJaZAa B MONHH{ MOMEHT KO-
IMYeCTBA ZBAXEHUA DEAKO3eMeNbHOr0 MoHa. C zpyrof#f cTOpomHH,
napaMeTp oCMeHa NapH ATOMOB CHJIBHO 34BUCHT OT NPUCYTCTBESA
ZADYTHX aTOMOB BCHIEZCTBHE SHTHCHMMETDU3AIMU BONHOBOR (yHK-
oMM Kpucranza. [0z AeiCcTBUEM COCEZHEX MOHOB U3MEHAWTCH
TAKXe M CaMu BOJNHOBHE (YHKIMM NPUMECHHX MOHOB. B 8TO#f CBA-
31 pPOMEHHOe B3auMOZeilCTBEE B PEZKO3EMENBHHX KpUCTanlax
ClexyeT paccMaTpuBaTh B cxeMe laittnepa—JloHZOHA C y4UeTOM
NOKANBHO! CUMMETDHMHM XNIA KAXZOr'o ys3lla PEmeTHU.

Jns rpynns COoCTOAHM# MOHa, NDUEAZIexamel ompezeneHHO-
uy Tepuy § [ J [ » YVAOGHO BBECTH HENPUBOAMMHE TEH3ODHHE
onepaTopH

iy -

YZAOBIET BOPANMAS YPaBHE HAD
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1/t
(riTfir)=[Rr]
TeopeMa Burzepa—OKkapTa M OPTOTOHANBHOCTH KOADIHMIMEHTOB

Kne6ma—-T'opzaRa NPUBOZAT K BHPAXEHUD ONEPATOPOB BTOPUUHO-
I'0 KBaHTOBaHHA

~ o 0 3 e R
Ar,lAr,(,—%( ) T<rrr-niR Y Ty,
CnezoBaTenbHO, OOMEHHHI TaMEIBTOHMAH KpUCTalna, YUHTHBAKW-

HUi TONBKO NMapHHEe HepecTaHOBKU 3JIE€KTDOHOB MEXAYy aTOMaMM,
nMeeT BUZ

g Y Ry R Re TRY
Hex=-41 JL K To? Tyf Tat Ty -
ab cd Ry
[lapamerps oOMeHA

K~ <Y1 Hag ﬁcdlﬂ@)

rze W ~ MHOT'O3NEKTDOHHHE ATOMHHE Q)yuxnnu,e;4=Nc Nd Pij -
onepatop mepecranosox N. u Nq anexrponoB Mexzy aroMa-
wz ¢ u ol , BUpaXanTCA Yepe3 OAHOANEKTDOHHNE MHTEIDAaH.
Ix wmHoxmrTenu cozepkaT CyOoMaTpMuHHe B3NeMeHTH Pakaxa M BnJ'-
KO02DOUIMEHTH, SaBACANME OT MHOI'OSNEKTDOHHNX KBAHTOBHX UM~

cexn.
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A-14, SHEPTETWYECKU{ CIEKTP ABYX3APSZHHX NPHMECHHX
OEHTPOB B HMOHHHX KPHCTANAAX

. H.T'ndeitcuan
KuEnEeBCcKM# rocyzapcTBerHHH yHEBepcHTEeT uM,.B.H.JeHnma

ENERGY SPECTRUM OF DOUBLY-CHARGED IMPURITY
CENTRES IN IONIC CRYSTALS

Sh.N,Gifeisman
Kishinev State University

PasBuTa TEOpPHA ABYX3aPAZHHX NPUMECHHX HEHTPOB B MOHHHX
KpHCTaNIax Ip¥ NPOM3BONBHHX 3HAUCHMAX KOHCTAHTH MNONAPOHHOH
cBaAsu, Hcrnoxssyerca (eiiuMaHOBCKufi METOX pacyerTa NOAAPOHHHX
3anay, OCHOBaHHHA Ha JarpaHxeBoM fopMannaMe HepelIATHBHCTC-
KOff KBaHTOBOK MEXaHMKM M NMO3BOINADEMA B paMEaX KOHTHHyalsHOi
MOZEIH NPEACTAaBUTH CTATHCTUYESCKYD CYMMYy NPHMECEOI'0 NOXYNpO-
BOZHKKE B BHAE (QYHKIMOHAIBHOIO MHTErpala N0 TPAEeKTODHAM OX-
HMX JMOBP NMPUMECHHX SIEKTPOHOB., B HyZNEBOM NPHOIMZCHHEM CHCTE-
Ma ONMMCHBAETCA NMPOCHHM JarpaHXMAHOM, B KOTODOM KyJIOHOBCKOE
B3auMMOZeiicTBHE 3JEKTPOHOB C NPUMECHD M ZPYyr' C APYI'OM ONMCH-
BaeTCH NapaGONMYECKMMM NOTeHuManaME. /g yueTa NOASPOHHOIO
3ffexra KaxAOMy BJIEKTPOHY NPUA3ETCH COOCTBEHHAH (QUKTHBHASA
gyacTuua, CBA3aHHA#A C HUM yNpyroi#t cmaoi. YYUTHBaeTCHA B3aMMO-
ZeftcTBEe KamZOro BIEKTPOHA Kak ¢ COGCTBEHHO# sMo#, Tak M C
AMOR, CO3ZaBAEMOH APYT'HM SNEKTPOHOM.

B nepBoM NOpPAZKE TEOPHN BOSMYNEHMH MO Da3HOCTH MEEXY HC-
THHHHM ¥ IDOCHHM IarpaHENaHaMM pacyeT CTaTHCTHUYECKOH CyMMH
CBOZMTCA K SKCTPEMM3ANuM (YHKIMM NATY BaPHANHMOHHHX NapaMer—
POB. AHaNWTHYECHOe PelleHue 3afay¥ yZAaeTCA MNONYYATD B Npexens-
HOM CIyuyae CHABHOH#f NOKaNBHOR CBA3HM, KOI'Za NMPMMECHO-JOHOHHAA
CHCTEMa ONMCHBAETCSH B XOpomEM MPUCANKEHWM OXHMM BapPHANMOHHHM
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napauerpoM. [oIyueHHOe BHDaZeEWe ZAR SHEPIME OCHOBHOTO CO(=
TOSENA CHCTEMH CONOCTABIFETCA C PesyIbTaTaM afuacaTHIEC-
koft reopmn F ' -meHTpoB. BHUNCIENENe 3HAUEHHS SHEDIEH MO TE-
SaNEM MEIREX ZBYXSapAAHNX NDEMECHNX neETpoB B Sz7/ (3
COTNACYDTCH C SKCNEDHMEHTOM,
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A-15. K BONPOCY O XEMAZCOPBLMM NP HAJMYUN
TONOXUMUYECKUX [PUMECEM

B.K.bepsiHuH

Ousnro-xuMuyecknit urcruryr um.J.f.Kapnosa
Mocksa

ON CHEMISORPTION WITH TOPOCHEMICAL

IMPURITIES
V.K.Fedjanin
The Karpov Institute of Physical Chemistry
Moscow

B paGoTe usyyaeTcA BIMAHME HEDPABHOBECHHX NpuMeceit
Ha PaBHOBECHYN azcopOuubD B3auMoZe#cTBYOmMX MOJNEKyX. Baa-
MMOZIeiCTBME YUMTHBAETCA B NPUCINKEHMM MOZenu N3mHra
/1,2/. TaMunbTOHNEH TaKO# CHCTEMH 3amuMmeTCA B BUAS

/-7=£‘zl;ix _é_z'r?x’;l‘x‘ +ﬁ.,ZlAlf -G,Z;‘fylzp‘v;'?gl ’ (I)
=0,1,

B NEpPBHX ABYX WieHaX cymmupoBarue no AV-A/yany peryasp-
HO# CTDYKTYpH, B mocinexuux o N, mpumecHomy ysuy (N<N),
€,€,-napaMeTpH B3amMOZelicTBUA MONGKYIH C Ipyroit Momexy-
no#f M ¢ npuMech0, COOTBETCTBEHHO, A,K, - IaMUIBTOHMAHH
BHYTpeHHUX cTeneHe# cBoGozu. [IA MPOCTOTH MH paccMaTpu-
BaeM npuMech 3aMmemenus (oCum#t cmyyait cmorpu B /2/). Ta-
MunbToHMaH (I) TpUBOAMT K CTATHCTUUECKOMY ONEPaTODy:

P Pa U{fh )fN') -
= ep p[F + uZ A -RZ Ay +§Zn,,n;,]ﬂ Tisa



)

Ti5)= exp pl-ady-te-e0R 2 Agl= 1-Ry + erEE G,
Gg0 gl e B
z=eppE,-£)-1, a=p+rglhd ,

- XUMMYecKuil moTeHuuMan rasa, aaxonﬂmerOCﬁ B PaBHOBE=
cuu ¢ ancopcmponannuum MOJIEKY My - TEepPMOAMHAMUYE -
Kuii mMoTeHmuan Pndéca,/ S;DG\'p(p/AL),/, ex,o[,eﬁ.,),ﬁ (:(T')"
C yueroM (2) umeeM AJA CpEZHETO OT JINGOTO onepamopa Xy
MOCTPOGHHOT'O U3 ONEPaTOPOB UMCEJN 3aIOJHEHHS nn.

Sp(Ap)=Sp(AUth... ) ) : A>=CATY KT, .

C momompk (2) u (3) BHUMCHAKTCA BCO TEDPMOAWHAMUUECKUE
BEANUMHH. B yacTHOCTM, ANA CPEIHEI'0 YuClIa aZCcOpPOMPOBaH-
HHX YaCTHUI UMEEM: 3
N, =[N=-@+)N, ]}, + ZN, ot §EE (k00 00)
a 111 1 1-},*62% ¢x ]
(] .

"/n. ()
é= /, [ML!—P] n=12,.

fi » <nf>o ’ fz =<£f r?,)o ’

p - BHEuHee JaBinexue, £ - uucio Oauxaiiuux cocezeli. Ta-
KMM 0GPa3OM, BKJAZ NPUMECH NPOCTO BHAGNAETCA I MOXET
OLTH NPOaHaNK3UPOBAH. VICIONB3YA pPa3NUYHHE NDPUCINKEHUT
anf fy, f2, P /3/, MOKHO IPOBHANUBMPOBATH TUIOTE3Y O Xi—
MUYECKO!l HEOZHODPOZHOCTM MOBEPXHOCTM /4/, OMpEZENUTEH Ma-—
paTeMpl &, &, U3 DKCMGDPUMEHTANBHHX AGHHHX U T.ll.

I. C.B.TAGmuKoB, B.K.Oemanmu, i, 23, 2, 1967,

2. C.B,TacnukoB, B.K.Pemaunu, oM, 23, 6, 1967.

3. B.K.%enanun, I, 26, 6, I968 3 K.enauun, KueeTuxa
u farams, I0, 6, I969; B.K.vemannu, %X, 44,2,1970.

4. C.3.Porunckuii, AZCOPOUMA ¥ KATAJM3 HA HEOJHOPOAHHX
noscpxHocTAX, 1948.
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A-16, EXCITONS BOUND TO IONIZED DONORS

M.Suffczynski, W, Gorzkowski

Institute of Physics, Polish Academy of Sciences
Warsaw, Poland

and T. Skettrup

Physics Eaboratory III, Technical University of Denmark

Lyngby, Denmark

DKCWUTOHH, CBASAHHHE HA MOHM30BAHHBX IOHOPAX

Exeitons bound by Coulomb forces to ionized donor
have ground state energy whose ratio to hydrogenlike donor
binding energy is a monotonic function of the electron-to
~hole mass ratio. The ratio of the oscillator strength of
the bound exciton to that of the free exciton, as well as
the ratios between the interpdrticle distamces of the ex-
citon-donor complex are also monotonic functions of the
electron-to-hole mass ratio. The ground state energies,
the oscillator strengths and the interparticle distances
of the complex have been computed with variational wave
function describing correctly large distance of hole from
the donor center. The binding has been obtained up to
electron-to-hole mass ratio of 0.4356. At the mass ratios
typical for semiconductors in which bound excitons are
observed, the oscillator strengths are about 4 orders of
magnitude greater than those of free excitons,



w3

A-17. K TEOPWH JIOHOPHHX M PESOHAHCHHX MPUMECHHX
COCTOfIHfl B MOAYIPOBONHMKAX

A.I..qeﬁan, II.Kf Karasma, B.B. [peneanna
H.A. Kapn, W.1. Tnpor, H.B. JlepHOBHY

MonzaBsckasa Ga3oBad sadoparopus BHUNT"a
KnmmeeB

ON THE THEORY OF DONOR AND RESONANCE IMPU-
RITY STATES IN SEMICONDUCTORS

Cheban A.G., Katana P.K., Prepelitza B.V.,
Karp I.A,, Tiron Sh,D., Dernovich N,V, °

Moldavian Base Laboratory of VNIIT, Kishinev

I. Kax msBecTHO, Teopus afexrusHoil maccw (T3M) /I/
ZaeT ZOBONBHO XOpOmES COrjiacue C SKCIEDUMEHTOM AJNA BO3—
GyXIGHHHX COCTOSHMI MONKMX ZOHODHHX npumecel B S n Ge
TOI'ZIa KaK ANA OCHOBHOT'O COCTOSHMA NPUBOZUT K CEPHE3HHM
OmKUCKaM.

[IpuynHa 2TOr0 pPacXoxZeHUA oCycaoBleHa /I,2/, IIaBHHM
00pa30M TEM, YTO OOHYHO MCIOJB3yEeMOe B KauecTBe MOTEeHUMa-
na mnpuMecn V(r) xynoroBcKO® Bupaxennee 7 lepecraeT OHTB
CIpaBeZNUBHM B HEMOCPEACTBEHHO# OKPECTHOCTH AOHOPHOT'O
aroma.

[loaToMy OHJN NMPOBEZEH pacueT 3HEPruyM M BONHOBON (QyHK-—
UMM OCHOBHOT'O COCTOAIHMA MEJKUX JAOHODOB B Si nGe |, uc-
NoNb3yd B ypaBHEHNN 3PdeKTuBHON MaccH MOAMOUINDPOBAHHHHA
MOTEOHUUAN NPUMECH -{%7; , KOTOpHi{t yuuTHBaeT OTKIOHEHUE
OT 3aKoHa KynoHa Ha MaJHX DPaCCTOAHMAX 4Yepe3 AUIINEKTpH-
4ecKyw QYHKUMD &£(r). PacueT nmoxasnsaeT, 4YTO NP COOTBET—
CTBYyWUEM BHOODPE E(r) 3HAUEGHUE DHEDPI'MH OCHOBHOI'O COCTOAHUA
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no TaM (-29 wm3B /I/) AnA NmOHOPOB, B S{ HANpUMEP, MOXHO
NOHU3NTH Ha ~ 35%.

OzHaKO paccMOTpeHHAs NMONpaBKa HE 3aBUCHT OT BUZAA
NpUMECY ¥ NMODTOMY TAKKE OHJIM PACCUMTAHH B MEPBOM MODPAZ-
K6 TeopHMM BO3MylLEHMH MONpaBKM K DHEPIUM OCHOBHOT'O COC—
TosiHuA ZoHOopos P , AS , S8 B Si n Ge , Korza BO3MYy-
LeHMeM raMuiIbToHNaHa TOM ABIAETCA Pa3HOCTH MEXKLY MOTEH-
I¥azoM Z0OHOPa ¥ MOTEHLUANOM aTOM3 OCHOBHOT'O KDUCTAJNa.
llpy 3TOM NMpPUEJMAINCH BO BHUMAHME A6HCTBMTENBHAA CTDPYH—
Typa 30HH mpoBozuMocTy S{ u Ge . OGmacrs geficTBuf 3TO-
ro "pas3HOCTHOTO" MOTeHUMaNa, KOHCTPYMPOBAHHOTO C MOMOUBH
reopun Tomaca-depmu, OrparuuuBanachk cPepoit ¢ pazamycom
PaBHHM IIOJIOBHHE DPACCTOAHMA MeXZAy Cnuxafimumu cocezamu B
xpucranne, lonyuenuue nonpasku zna P , As , S6,8 Si

- HalpuMep, COCTABIANT COOTBETCTBEHHO -I1.7, =-8.5, =I3.I
M3B.

TaxnM 00pa3oM, yYeT DacCCMOTDEHHHX HaMy MONDPaBOK K
T3M NpUBOZMT K YAYUWLEHUD COTACHA TEOPUM C IKCIIEepPUMEH=—
TOM.

2. Weromom S -marpumm /3/ moxasaHo, uTo B moae (Tu-
na JleGad) M30TPOMHOTO NMPUMECHOTO IIEHTDPA BO3MOXKHO B IDHH-
1MNe OpOMTHPOBAHUME U 06PA30BaHME PE30OHAHCHHX COCTOAHMI.
[lonynpoBOZHUK NMpEANONaTaeTCs I'OMEONONADPHHM, CNa60 JNeTU-
pPOBaHHHM,. SKDPAHNDPOBAHME MPUMECHOTO NEHTPa OCYUECTBIAGTCH
VHXEKTUPOBAHHHMU BSJEKTPOHAMU. B 3THX yCIOBHAX OPGUTUDO-
BAHNWE MMEET MeCTO, 6CHM pazuyc SKPaHMPOBAHUA Iy M O0pOU-
ransHoe KBaHTOBoe umcno € (B Ge3pasMepHHX 6ZMHMLAX)
YZOBAGTBOPAKRT HEDPABEHCTBY

2ert) < 2rvE)r exp[- LZUE ]| |

PaccmaTpuBad OpOUTMPOBAHUE KAK ele OXMH MEXaHU3M DacCesrus
Hu, ouexusaercd (npu £ =I) MOPANOK HEKOTODHX KUHETHYEC—-
Kux KoadduuueHTOB AAA coeAMHEHHH Tuna AmBy.
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1. W, Kohn, Solid State Phys., 5, 257, 1957.
2. K, Weiser, Bull., Am, Phys. Soc., 6, 156, 1961;
J. Appl. Phys. Rev., 133, A280, 1964.
H, Nara, J. Phys., Soc. Japan, 20, 778, 1965.
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"A-18. BOJIHOBHE OYHKIMN CJABO CBASAHHOI'O SJEKTPOHA
OTPUUATENBHO. SAPAXEHHHX IEHTPOB OKPACKH

A.A.Bepes3un

JleHuuTpagcKuii TOCYyZapCTBEHHMM ynuseﬁ@mrer

WAVE FUNCTIONS OF A LOOSELY BOUND ELECTRON
OF THE NEGATIVELY CHARGED COLOUR CENTERS

A,A,Berezin

Leningrad State University

B pAze 3azau TEOpMM JOKAJNBHHX LEHTPOB B KPUCTAIIAX
HYXHH 3J6KTDPOHHHE® BOJHOBHE (QYHKLIMM C XODOWLXMH aCUMITO-
TUKaMM. BapuauvOHHHE METOZH ZakT XOpOWLee MOBEAEHUE BOJ-
HOBO#t QyHKOMM B 06IacTH DACHpPEZEJeHNA OCHOBHO! 3M8KTDPOH-
HOt MIOTHOCTM, @ MOJNYSMIMDPUUECKMUE — B ACUMITOTUUYECKOMN
o6nacTn. CuyBad BapUALMOHHYN (QYHKUMO C MNOJYySMIUPHUUECKOH,
MOXHO MOJYYMTEH BOJHOBYH (PYHKLMI C XODOWLMM TOBGLEHUEM
npM BCEX 3HAUGHMAX I .

B KauecTBe npuMepa OOCYXZaeTCA NMPUMEHOHME K omuca-
HMIO BHEWHEI'0 clal0 CBA33HHOT'O BJEKTPOHA F"—ueHTpa OyHK-

umn ( ) ( )
A 1-#O<V eLgo — XV » I'(I?
y (‘ ) i

Br-'exp(-yr) »F>R,
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T7e X ONpezensaeTcs BapuauMoHHHM pacuerToM (A.A.Bepesu:,
oTT, 9, 2756, 1967), a ) - monysumupuuecku. N Kpuc-
ranna KCC (B at. ex.): ol= 0.44, J=0.26, R=10.1, A =
= 0.062, B = 0.558. OGcyxzaeTcs TaKke NPUMEHEHWE MOTEH-
mana XoabTeHa ANA MOJNYyUeHMA aCUMITOTHYECKM YZOBI6TBOpDU-
TeNbHON BONHOBOW QYHKIMM BHEMHETO DIGKTPOHA OTPUIATEIBHO
3aPAKEHHOTO IIEHTPa, NPUUYEM IIPH MOJYSMINDPAYECKOM OMpezene-
HUM MapaMeTpoB MCIONB3YWTCHA KaK NepBHii, Tak M BTOpOil mo-
TEHIAANL MOHU3aNMM CHCTEMH.

Haiimenrse BOZIHOBH® (YHKIMM MOTYT OHTH MCIOIB30BAHH,
Hanmpumep, B pacueTax JlIP-PakTopoB M ceueHuf QorTopacrnaza
IeHTPOB, 4 TAKKe B 3aZ3UaX O B3aNMOZE/CTBMM LEHTPOB OK=—
packKu.



A-19. GROUND STATE ENERGIES OF Sb AND Bi SHALLOW
DONOR IMPURITY LEVELS IN Si

L.V, Kotova, E.V, Galaktionov, T, Vorss

A.F.Ioffe Physical Technical Institute,
Leningrad K-21, USSR, Research Institute
for Technical Physics of the Hungarian
Academy of Sciences, Budapest, Hungary

SHEPTM OCHOBHOI'O COCTOSIHUA MEJNKUX ITPUMECHBX
TIOHOPHHX YPOBHE/l Sb I SiB KPEMHUN

The energies of the ground states 1s(A1), 18(E)
and 18(T,) of P, As, Sb and Bi (1s(4,)) donors in Si
have been determined experimentally /1,2/. For these
-0,029 eV is given by the effective mass theory /2/.
Many scientists attempted to explain the difference
between experiment and theory; a success has been
achieved for P, As and Sb /3/, the method of which
is applied for Sb and Bi in the present paper.

When one atom of a perfect Si crystal is replaced
by a donor ion of Group V, the Schridinger equation of
the donor state wave function is

[-E v+ U@+ U@y =Ey ™

where U(F) is the periodic potential of a perfect Si
lattice, U;(F)is an effective impurity potential. For
r+0 Uylr)=-e*(Z;~Z )/r and for reco Viir)> -e*/cr,
where Z; and Z5; are the atomic numbers of the donor
and Si atoms, respectively, and ¢‘“ is the macroscopic
dielectric constant. Since the potential Uj(r) can be
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replaced by the asymptotic form for r>r, , so the whole
space can be divided into two regions: into the exterior
region of r>/ and the interior region of radius r; sur-
rounding the donor atom. The Schrédinger equation (1) is
reduced to two equations according to these regions. The
procedure is that at first the Schridinger equation of
the exterior region, then that of the interior one is
solved, These solutions are joined smoothly at =1, ,
which determines the energy according to the following

equation a ben
[4nFr) i) (- S ZRIRS A

T—}rar;, 3 [; RERY

]r.r;

where F(r) is the solution of a hydrogenic equation of
an appropriate average mass m* , Whose energy parameter
€=F-E, is measured from the bottom of the conduction
band £,. X= A, ,E or T; . R and R; are defined by
the expansion of the correct linear combinations of
Bloch functions belonging to the solutions of the exte-~
rior and interior regions in terms of the products of
the radial functions K 'and R, and cubic harmonics.

The Hartree-Fock functions and the screening con-
stants are taken from /4/ for the application to Sb and
Bi, Fitting the Hartree-Fock potentials of Si, Sb and
Bi the unscreened potentials of the donor atoms are cal-
culated and so Uj(r) is given, The effect of the strain
field produced by the donor is taken into account by
ol = 3E § & S8her | where £, is the band-edge
shift per unit chal‘lgg of volume /5/, C, and (44 are
the elastic constants of Si /6/, Arc°v=rc°v(donor)-
-rcov(Si); rcov(Sl) and rcov(dono:_r) are the tetrahedral
covalent radii of the Si and donor atoms /7/, respecti-
.vely. The pseudo-Bloch functions have been taken from

/8/. So the true Bloch functions and the orthogonality
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coefficients /9/ are computed. Based upon these fingings
calculations are being made concerning Sb and Bi for the
determination of their ground state energy.
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A-20., HIGH RESOLUTION ELECTRON SPECTROGRAPHS
FOR SOLID STATE RESEARCH

E.J.Suoninen

Wihuri Physical Laboratory, University of Turku
Turku, Finland

BIEKTPOHHWE CIEKTPOTPAQH C BHCOKIMM
PABPELEHVEM JUIA UCCIEZOBAHME MO OUSHKE
TBEPZOI'0 TETA :

The region of electron spectroscopy has recently
been extended downwards from the energy region of beta
rays to the soft x-ray energies. This development has
resulted in a new tool for solid state research. Both
photoelectrons and Auger electrons created by either
primary x-rays or electrons can be studied. The requi-
rement of the resolution of the method is 1 eV or bet-
ter regardless of the energy of the electrons. This can
be acquired by either electromagnetic or electrostatic
focussing. The latter method is discussed in more detail.

The electron optical properties of an electrosta-
tic spectrograph with cylindrical symmetry are discussed
comparing various focussing arrangements using the theo-
ry developed by Zaskhvara et al. The relative advanta-
ges of the first and the second order focussing are com-
pared, It is seen that if the optical quality of the
instrument is judged on the basis of the ratio of the
transmission and the resolution, the second order focus-
sing appears superior. This treatment is suitable in
cases in which the source is small, whereas the lumino-
sity which also takes into account the target size is
a more suitable criterion of the optical quality in ca-
zez of relatlively large sources. The first order focus-



T

sing is then proved to be more favorable under certain
circumstances.

A few examples are given of existing instruments.
Results of some experiments on soft electron spectra
obtained with the spectrograph of the Institute of Tech-
nical Physics of the University of Oulu are also repor-

ted.
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A-21, PROBLEMS CONNECTED WITH IMPURITY CENTRE
MODELS IN IONIC CRYSTALS

A,Bohun and COW.

Institute of Solid State Physics
Czechoslovakian Academy of Sciences
Praha, GSSR

TPOBTEMb, CBfIBAHHHE C MOZEJMU IPUMECHHX
UEHTPOB B MOHHHX KPUCTAINAX

The alkali halide crystals doped with various ca-
tionic impurities (e.g. Cu, Ag, Zn, Cd, etc.) were pre-
pared from the melt by Kyropoulos or Stockbarger method.
In some cases both electrods of the respective metal
were placed in the melt., The applied voltage was low
(of about 6V), Some of the specimens cleft from the
non-luminescing crystals were put in the mentioned elec-
tric field at temperatures near the melting point. Both
optical (absorption and luminescence) and some electri-
cal (exoelectron emission, conductivity, dielectric lo-
sses) and ESR measurements were performed. Besides thin
films of cupric and other halides were prepared and
their absorption was measured in UV up to IR region.
From the obtained results it can be, for instance, seen
that the built in copper and gold ions are of various
valencies. llach form shows its own physical behaviour
the reasons of which are discussed on the quasimolecu-
lar basis and compared with the physical behaviour of
other heavy metal ions including the role of anionic
impurities such as oxygen, OH, etc.
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A-22, ON THE ELECTRON-EXCESS CENTRES IN ADDITIVELY
COLOURED KI-RbI MIXED AND Na-DOPED RbI
CRYSTALS

V.Hovi

Wihuri Physical Laboratory, University
of Turku, Turku, Finland

0 LEHTPAX C WSBHTOYHHNM 3APAZIOM B AZIUTHBHO
OKPAUEHHHX KPUCTAJJAX KI-RbI I RbI
C MPUMECHED Na

The absorption spectra of single KI-RbI mixed crys-
tals, grown by the Kyropoulos method and coloured addi-
tively with potassium, were studied /1/. F-, Ry=y M-,

R2- and Nq—bands were observed and their peak positions
and half widths were studied between 87°K and 300°K. The
Mollwo-Ivey relation was not valid in this system., The
spectral positions of the bands did not depend linearly
on composition but they deviated towards lower energy,
except Rz-band which had a deviation towards higher ener-
8Y . o
The half width of the F-band was always larger than
a linear dependence on cbmposition would imply. This de-
viation seemed to increase with decreasing temperature.
According to the F-band half width data, the vacancy
concentration of KI-RbI had a maximum corresponding to
the composition of 55 mole % KI. Using the model of
Gnaedinger, the F-band position and half width were cal-
culated and compared with the obtained results. The exi-
stences of O-bands and colloidal bands were also dis-
covered,
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Optical and reaction-kinetic properties of colour
centres were investigated in undoped and Na-doped RbI
crystals /2/.

In undoped crystals the reaction-kinetic behaviour
of F-agregate centres was followed between -40° and
H40°0 Then, thermal dissociation of R centres was ob-
served to be significant already above +10°C, For the
optical formation of M centres the centres were measured
for Na-doped RbI. Based on the emission measurements,
these FA centres were observed to belong to the typé ) 8
(Liity's classification). From the decay of dichroic ab-
sorption the activation eneérgy of 0.97 eV for thermal
reorientation of oriented F, centres was obtained. By
following the F-'FA conversion and the low-temperature
optical bleaching of F, centres, definite shifts were
established in the energies of theﬁ and of bands, res-—
pectively, because of the foreign cation.

For FB centres in Na-doped RbI an additional growth
of absorption induced by a slight light treatment below
0°C was observed, This additional absorption decayed
thermally to its initial value. By accepting the FB—
centre model of Schneider, the growth and decay were
explained to be due to F-centre jumps into a position
between two Na' ions and away from this position, res-
pectively. By following the thermal decay the activation
energy of 0.63 eV was obtained for F-centre jumps away
from the intermediate position. Changes due to these
jumps'were also detected in the region of localized ex-
citon absorption.

1. M.,Hovi, to be published in Cryst. Lattice Defects

(1970).
2. P.Ketolainen, Apn. Acad. Sci. Fenn, A VI, No. 327

(1969).



A-23. PHONON STRUCTURE OF Mn ACTIVATOR CENTERS
IN ALN

F.Karel

Institute of Physics Czechoslovak Academy
of Sciences,. Praha 8, Na Slovance 2,
Czechoslovakia

®OHOHHAAl CTPYKTYPA AKTUBATOPHHX LEHTPOB
Mn B A1N

The phonon structure of AlN:Mn emission spectra was
investigated. The zero-phonon transition pesk was iden-
tified (at 16 930 en™") at liquide nitrogen temperature
and as well as a number of another peaks, relative in-
tegral intensity of which obeys the Poisson's distribu-
tion., The positions of the neighbouring peaks are app.ro-
ximately equidistant with distance cca 160 cm'1, and
they don't change with temperature. The decay constant
is the same for all individual peaks and equal to 1.4
ms, The Stockes constant amounts about 1-2 which charac-
terises a relatively weak coupling optical electrcns
with lattice vibrations.

The wave number of phonon corresponding to the spa-
cing between peaks was not found in the infrared spectra
of AlN, We suppose, therefore, that the mode with wave
number Y = 160 cm'1 appears only after incorporation of
Mn into the AlN lattice and its energy is lower than
that of the acoustical phonon branch. It may be consi-
dered as a pseudolocal mode. The obtesined results are
discussed from the point of view of Rebane theory.
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B = 1. THE IONIC RAMAN EFFECT
I. SCATTERING BY LOCALIZED VIBRATION MODES
A. A. Maradudin and R. F. Wallis
Department of Physics, University of California
Irvine, California 92664, U.S.A.

VIOHHOE KOMBUHAIMOHHOE PACCEAHUE
I. PACCEAHUE JIOKANIBHbMI KOJEBAHUSMA

A theory is presented of the Raman scattering of infra-
red light by the modulation of the ionic contribution to the
polarizability of a crystal by the displacements of the
atoms from their equilibrium positions. It is applied to
the calculation of the scattering efficiency for the scat-
tering of light by the localized vibration modes due to
H U-centers in Can. The results of these calculations
indicate that such scattering should be readily observable
when a CO or He-Ne laser is used as the source of incident
light.



B-2. 0 CTPYKTYPE BIMEAMUETO OKPYEGHUA TPVMECHHX
[IEHTPOB B KPUCTAJLIAX CO CTPYKTYPO! ®JIOOPUTA
J.K. AvmsoB u B.3.Makus
Kazsanckuit TOCYHAPCTBEHHH! YHHBEDCHUTET

ON THE LOCAL LATTICE STRUCTURE OF ACTIVATED
FLUORITE TYPE CRYSTALS

L.K.Aminov and B.Z.Malkin
Kazan State University

Pazjymuue BJEKTPOHHO# CTDPYKTYPH NPUMECHHX HOHOB M
3aMellaéMHX MMM MOHOB DEmMETKM IPUBOJUT K HM3MEHEHH CuJ,
CBA3HBADWKX ATOMH B MEeCTe HAXOXIEHUA NPUMEcH, #, CJen0oBa-
TeJbHO, K JIOKAQJbHOMY M3MEHEHWD CTPYKTYpu # XapakTepa pe-
QKM AKTHBYPOBAHHOI'O KPUCTAJJIA HA BHENHME BO3MYUEHHA.

B mpmHIMIEe CTPYKTypa OpPUMECHO# peméTKHd OolpenessdeTcd U3
YCJIOBHA MMHMMyMa BHEPI'MMd CBA3M KpUCTaIa. B Takoik odmeit
NOCTAHOBKE 38Jiaya ABJAETCH CJMIKOM CJIOXHOH, M pemaomlum
maroM B €€ YNpOileHWH ABJNAETCHA NPEnNOJOXeHHe O TOM, YTO
ACKaxeHWe CyYileCTBEHHO 3aTpar¥BaeT JuUWb OJuxailee OKpyXeHHe
OpPUMECHOT'O0 MOHA. MH MCIOJB30B&JM 3TO NPUCIMKEHHME IJAA HCC—
JIEJOBAHUA CTATHYECKHX M JMHAMAYECKUX X8PaKTEPUCTHK peuwé-
TOK KDUCTAJJIOB CO CTPYKTypo# (umoopuTa, aKTUBKDPOBAHHHX
OBYX—- M TPEXBAJEHTHHMM DENKO3EeMEJbHHMM MOHAMU M MOHAMM
9JIEMEHTOB I'DyNIH XeJesa.

4JIl M30JIMPOBAHHHX LEHTPOB KYyCMUECKO# CUMMETDUM U3
YCJOBH{A MHHMMYMa SHEPTWM CBA3M KDHCTANJA ¥ METOJOM pemé-
TOYHHX QYHKUME 1'pUHA EWUMCJEHH JIOKAJBHWE YNDPYIHE NOCTOAH-
Hbe, NapamvMeTpH JIOKAJBHOL Le(OopmMalMi ¥ NONAPA3&LMM DElETKH.
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Pe3yJapTaTH pacuéTa MCHOJb30BaHH IJIA MHTEpPIpeTalldd 3KCIOe-
PHUMEHTaJBHHX ,uannungbesocnempocxonnqecxoro KCCJEeNIOBaHuA
KPHCTAJLIOB Meg " S © BpeméH cnEH-peméTOUHO# peJaKcaldE
zoHOB Tm”’ B KpEcramax Me}; (Me = Ca, S2,Ba).  yuér
CMemeHr# ¥ IOJApH3aldE QTOPOBHX NOLPEmETOK, WHIYLMPOBAH-
HHX OIHOOCHHM CEATHEM M IJUHHOBOJHOBHMH aKyCTHYECKUMH
KOJeGaHMAME, NO3BOJMJM OCBACHUTE HEKOTOpDHE KavyeCTBEHHHE
OCOGEHHOCTH DE3YJBTATOB 9KCIEPHMEHTAJNbLHHX U3MEpeHH# -
USMEHEHNE 3HAaKa Nbe30CNeKTPOCKONMYECKHX DacmelJeHHi ¥ aHo-
MaJbHOEe NOBENEeHHE NapaMeTpOB CIMH-OHOHHOI'O B3aMMONEHCT~
BHA B KpACTaJJaX I'OMOJOTMYECKOro psana (umopura.
PaccMOTpeHHHE PANOM ABTOPOB MOIEJHM KOMILIEKCOB K3
NpUMECHHX MOHOB 9JIEMEHTOB I'DYNNH XeJe3a ¥ uX Cauxajimero
OKPYXEeHUS B KpUCTaJIax /"1Q,F’Z OpPOTHBOpEYaT IPyr IPyry.
B uyacTHOCTH, CHATHE BHPOXIEHUS OCHOBHOI'O OPOHTAJBHOI'O CO—
CTOfHHA NPUMECHOI'O MOHA MOXET OHTHh INOCTUI'HYTO HE TOJBKO
IYTEM HEOCOJBMOI'0 MCKaXeHHS MCXONHOT'O KyOHYECKOr'Oo KOMILIEK-
ca /afexr fdua-Tesnepa/, HO U B pe3yJbTaTe CYmeCTBEHHOH
[epecTpPoiiky OJuxaiimero OKDyXeHHS, NDPUBOAAuWE# BMECTO KyOH-
9eCKO#l K OKTa®LpUYECKO#i KOODIMHAIMK. BaxHyD DOJb B BHOOpE
MOZleJiell KOMIJIEKCa ¥ CBA3e# BHYTPM Hero WrpanT naHHee OJlIP.
My BHIOJHUJIE TEOPETHYECKOE MCCJEJOBaHEE CYNEePCBEpPXTOHKOH
CTPYKTYDH DE3OHAHCHHX JIMHME C moMOWbK 3(PeKTHBHOI'O IaMUb-
TOHMaHa, NOJYYEHHOTO yCpenHEHUeM BaaumomelicTBEa 3d -3Jer-
TPOHOB C fAIpPaMKM JUTAHAOB Ha MOJEKYJISAPHHX S -OpOHTax, HO-
CTPOEHHHX ¥3 d -opGHTaned NIDUMECHOI'0 MOHA H Sp ~TUOpHALH-
30B2HHHX aTOMHHX OpOuTaseii MOHOB ropa. ComocTaBieHEE BH-
YMCJIEHHO! ¥ HAGJOAEHHOU SKCIEePUMEHTAJBHO CYNEepCBEPXTOHKOM
crpykrypu B kpucranax Cof : V* nossonser yxasars HamGo-
Jee TPHEeMIEeMY MOJIEJb KOMILJIEKCA.



B-3, DYNAMICAL PROPERTIES OF INTERSTITIALS
Giorgio Benedek
Istituto di Fisica dell'Universitd and Gruppo Nazionale

di Struttura della Materia del C.N.R., Milan, Italy.

IMHAMWYECKUE CBOJCTBA MEXZYY3EJNBHHX IE®EKTOB

Recently, attention was given to the dynamical
properties of interstitial impurities in ionic crystals. Two
aspects are of particular interest: i) the interstitial im-
purity as a color center, like the interstitial hydride or
deuteride ions in alkali halides (Ul-center); and ii) the in-
terstitial impurity as a particle which takes part to dif-
fusion processes in crystals, e.g. the interstitialcy dif-
fusion ofcations in silver halides. The study of both aspects
moves from a good knowledge of the vibrations associated to
the interstitial impurity.

In this work a simple approach to the study and calculat-
ion of the dynamical properties of interstitials is presented.
The method consists in replacing the host-lattice with an
augmented lattice, which is obtained by adding to the host-
lattice a fictions sublattice produced by a periodical repeti-
tion of the interstitial site, and constituted by an array of
free like masses. In the augmented lattice the interstitial
works like a substitutional defect, whose force constants are
changed from zero to finite values.

This method is applied to the U, center in KI. The U,
center is assumed to occupy the tetrahedral interstitial site
and to interact only with its eight nn ions through repulsive
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and Coulomb forces. Only phonons with radial displacements,
i.e. of symmetries A, and TZ' are strongly influenced by the
perturbation and here considered.

The projected Green functions for Al and T, phonons were
calculated using the fitted-gap deformation dipole model for
host lattice dynamics of KI. The repulsive force constant of
the U, -center was fitted on the experimental local mode
frequency: slightly different values were found for H and D
ions. Such a difference, which is however much smaller than
that previously found by a simple Einstein oscillator model,
informs us on the local anharmonicity.

The calculated local mode sidejbénds, involving both Al
and T, phonons were found in good agreement with the avail-
able experimental spectra. Then, the theory of the one-phonon
i.r. absorption was developed by means of the T-matrix formal-
ism, finally the low-frequency i.r. absorption was calculated
and discussed.

An extension of the present work to the interstitials in
silver halides, with application to the diffusion problem is
also outlined.



B-4, (O HAXOXZEHWU JIOKAJEHHX - YACTOT
B.WM.Nlepecana, B.H.AQaHacres
OTUHT AH YCCP, XapmKOB

ON THE CAILCULATION OF LOCALIZED MODE
FREQUENCIES

V.I.Peresads, V.N.Afanasiet¥
Physico-Technical Institute of Low Temperatures

B mccnezoBaHMM CBOACTB KpUCTANNOB ¢ ZedeKTamy Bax-
Holt 3aziaueil ABIAETCA HAXOXKZEHME JOKANBHHX YaCTOT. -DTOMY
BONPOCY M MOCBANGHA HacToAmWad pacoTa.

3HaHMe ZAMHaMmueckoft MaTpuiH MZeanbHO# pemeTHM, a
TaKKe MAaTPUIH BO3MYLEHMA, OMMCHBaWULe} M3MEHEHME MacC X
CHIIOBHX MOCTOSAHHHX, BH3BAHHOS NAHHHM TOUEYHHM zedeKTOM,
M03BOJA6T NMOCTPOUTH AKOOMEBH MATDUIN, K MCCIEZOBAHMD KO-
TOPHX CBOZMTCA M3YyUEHME CBONCTB KpucTaila C Takum zHedex-
ToM. [lo xaxzoiff Takoff MaTpune, MCHONB3YyA PEKYPPEHTHOS
COOTHOIEHNE

L‘n.'gn Bl*f = (A—L'nn)el 55 Lnn-i B!-‘l
C HQUANbHHMU YCJIOBUAMU
R=1, R= (’\_L'oo)/Lw

crpoum monuHOMH £ (A) . DT momuHOMH 0GIAZAanT CIELYHWUM
cBOficTBOM: eclIM MMeeTCs JIOKalAbHa#d 4YacToTa, TO MaKCHMalb-
HHE KODHM 3ITUX MOJMHOMOB odpaaym NMOCN6Z0BaTEIBHOCTS,
KOTOpasA OHCTPO CXOAMTCH K KBAaZpaTy JoKalbHO#l YacTOTH.

Inag mpocToll pemeTKM METOZ MOXET GHTPH YIyUlleH, T.K.
U3BECTHO, K KaKUM MpeznenaM CTDPEMUATCA MATDUUHHE SJI6MEHTH
AKOOMeBO} MaTpuiH. EcaM 3aMeHUTH HEM3BECTHHE MaTpPUUHHE
3NEeMEHTH MX NPOZENBHEHMM 3HAUEHUAMM, TO JIOKAJBHHE YaCTO-
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TH, COOTBOTCTBYWIME 3TO# AKOOMEBO! MarTpume, HaXOZATCHA
TOYHO, KQK KODHM HEKOTODOT'O MOJMHOMA, MPOCTO CBA3QHHOI'O
C BHmEYNOMAHYTHMU. HaliZeHHHe TakuM 00pa30M JIOKAIBHHE
YaCTOTH OJNN3KM K MCKOMHM, T.K. MAaTDAYHHE SJIE6MEHTH OHCT-
PO CXOZATCA K CBOMM MDPEZIGNBHHM 3HAUEHMAM.



B-5. 0 BHYACIEHMN OYHKIMN CHBATA
B.W.Nepecaza, B.H.ApaHacres
OTUHT AH YJCCP, Xaprpxos

ON THE SHIFT FUNCTION CALCULATIONS
V.I.Peresada, V.N.Afanasiev

Physico-Technical Institute of Low Temperatures
‘Kharkov

Kax m3BeCTHO, W3MEHEHME TEDMOZUHAMUYECKUX XapaK-
TEPUCTHUK KPUCTANNAYECKO! pemeTHM, BH3BAHHOE JIOKAIBHHMU
ZIedexTamu, CBOAUTCA K OTHCKaHMW QyHKuME cIBUra, BBEZGH-
HuX WM. JInduanes.

Buuucaerue GyHKUUM CABUTE MOXST OHTH CBOZAEHO K Ha-
XOKZGHMIO CINEKTPANbHHX IJIOTHOCTE) HECKONBKUX FAKOOHMEBHX
MaTpuu. B paGoTe npeznoxeH METOZ MOCTPOBHMUA aHAJLTHYEC—
Koil' annpoxcUManuu CHEKTPAJNBHHX MIOCKOCTe#, OCHOBaHHHM
Ha aQCMUMNTOTUYECKMX CBOVCTBAX AKOOMEBHX MATpuln. OOHYHO
N3BECTHO HBCKOJBKO MEPBHX MATPMUYHHX 3J6MEHTOB AKOGMEBHX
MaTpuu. EcaM M3BECTHO TaKxe, YTO CHEKTpajibHAafA MIOTHOCTH
OTIWYHA OT HYJA B MHTEDPBANe [O,)\m] , TO ZNIfl 3JEMEeHTOB

aTOoff AKOOMEBOfl MAaTPUUH BHIONHAKTCA CHEAYWIME NpeLeibHHE
COOTHOWEHNA

m L,, =12\,

n-+ao

éﬁyn = 4

. [ﬂun- /z”knz

Kak noxasuwBaeT Hall OMHT, MATPUUHHE BIEMEHTH GHCTDO CXO-
IATCA K CBOMM NpEZENBHHM 3HAYEHMAM. ECIM B3aMCHUTH HEU3-

BOCTHHO HMATPUYHHE IJIEMEHTH UX MPEACHUBHLIMWU 2HAUYGHUAMMU, TO

B 9TOM CJlyyae JJIA CNEKTPaJbHOM MIOTHOCTH NOJyyaercs Jop-
Mvaa



1

= VA0m4A)
Iu Rn (A) g
rae R, (A) - nommmom n ~# cremenm, A - umcAO TOUHO
M3BECTHHX MEDBHX MATPUUHHX SJEMEHTOB.

Pesynerar oGobmaeTca Ha cayuall, Korza B SJeMeHTap-
HOlt fAiveilke KpMCTanNa MMEETCH HECKOJNBKO 4TOMOB M CIEKT-
panbHas IIOTHOCTH OTJMYHA OT HYJA HA HECKONBKMX Hemepe-
cexanumMx MHTEDPBAaNaX.

Ilna mpocToit pemeTku, oGnazanmeii KyOmuecKo#d cmmmeT-
pueit, 16TKO0 yxasaTh AKOCMEBY MATpUIy, CHEKTpajbHad MIOT-
HOCTBH KoTOpo#f coBmazaer ¢ (QyHKuMeit pacnpezeneHHUs yacToT
KoneGanuil aroil pemeTHM. [N MANOCTPaLMUM OHCTPOTH CXOZM-
MOCTHM aNNpPOKCHMAUMM HA PUCYHKE NpEACTAaBIEHH pEe3yABTATH
pacueToB QyHKUMM pacnpeZeieHMA YacTOT KozneOaHMil IrpaHene-
HTPUPOBaHHO! KyOUYeCKO} peweTEM ¢ B3aumozelicTBueM Oau-
kafiuux cocezeit. KupHoit nunue#t moxaszaHH pe3yABTATH, NOIY-
YEHHHE YMCISHHHM METOZOM.

@
> Wm

‘Yepes ary QyHKUMO pacnpezeseHUs YaCTOT BHpPAXKaeTCA
(QyHKUMA CABUTA ANA cayyad U30TONMYECKON mnpuMecd B BHULE-
YyNOMAHYTOH pemeTHe.



B-6, PHONON IMPURITY MODES AND ANHARMONIC
VIBRATIONS IN SOLIDS

S,Takeno

Research Institute for Fundemental Physics
Kyoto University, Kyoto, Japan

OOHOHHHE ITPUMECHHE MOZN U AHT'APMOHUYECKUE
KOJIEBAHUSI B' TBEPZIHX TEJAX

A number of experiments have revealed remarkable
anharmonic effects which are associated with the vibra-
tion of an impurity or a defect in solids. Their mani-
festation is a rapid temperature dependence of the in-
tegrated absorption coefficients and the appearance of
phonon side bands in the infrared absorption spectra of
some mixed crystals, the diffusion of a vacancy or an
impurity in solids, and so on, These results suggest
that under certain circumstances and impurity or a defect
in a solid is likely to induce anharmonic vibrations in
its vicinity.

In this paper the anharmonic vibrational properties
of an impurity or a defect in solids are studied from
the viewpoint of self-consistent phonon theory in which
no smallness of the anharmonicity of atomic vibrations
is assumed from the outset. Here, it is understood that
a defect under consideration includes the intrinsic
boundaries of the solids as well, Particular attention
is paid to the interrelationship between the localizaticn
of impurity or defect modes and the anharmonic vibration.
Recent work on self-consistent treatments of the vikhra-
tion of solids has shown that the eigenfrequencies of
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the vibration of a "real" or anharmonic solid are deter-
mined by an "effective interatomic or intermolecular po-
tential" (or its derivatives, "effective force constan-
ts"), which is an average value of a "bare potential"
over the thermal motion of atoms in the solid. An effec-
tive potential seen by a given atom in a solid there-
fore depends on how the other atoms are moving. Namely
it is a function of correlation functions of the displa-
cement of the atoms in the solid which in turn depend
on the eigenfrequencies of phonons in question., The non-
linearity of the problem leads to the result that the
effect of anharmonic vibrations on the effective poten=-
tial is to give rise to a decrease in its minimum value
and an increase in its minimum position as the anhsrmo-
nicity increases., An implication of this on phonon im-
purity problems in crystals is that a dynamical soften-
ing of force constants may occur in the vicinity of an
imphrity or a defect due to its large excursion. It is
shown that a theoretical analysis of a number of expe-
rimental data lends support to the above consideration.
As a typical example anomalous behaviors of a lithium
ion impurity in alkali halide crystals are studied.
Also, a brief discussion is given of the diffusion,
classical or quantal, of a defect in a crystal, The re-
sults obtained above are then extended to more.general
situations in several directions. An attempt is made to
obtaining a general interrelationship between the loca-
lization of phonon modes in disordered solids, crystal-
line or non-crystalline, and anharmonic vibrations. This
may have important bearings on several problems in so-
1id state physics, such as the elastic properties of
impure crystals, the low temperature thermal conducti-
vity of glassy or amorphous solids, the role of the
anharmonicity of atomic vibrations in establishing the
thermal equilibrium in phonon system in low temperature
thermel conductivity measurements of insulating crystals,
etc,



B-7. LATTICE DYNAMICS OF DEFECTS IN WURTZITE
TYPE STRUCTURES

W,Ludwig, R.Zimmermann

Techn. Hochschule Darmstadt, Theoretische
Physik II, Germany

TVHAMUKA PEIETKN C ZIEQEKTAMU B CTPYKTYPAX
THIA BIOPLWUTA

Wurtzite-lattices belong to space group Cgvi the
sipqummetry of a single defect (impurity) is only CBv’
a double defecthas even lower symmetry. The dynamics of
lattices with wurtzite-structure with single and double
defects have been investigated. For double defects there
are two non-equivalent possibilities of arrangement.
Different models for the force constants have been assu-
med, central-forces and non-central forcesin the form
of bending forces similar to the models used by Nusimo-
vici and Birman for ideal wurtzite-structures., The in-
vestigation concerns localized and resonance states. In
order to avoid toomuch numerical work in calculating
Green functions, approximation methods have been used.
The frequencies of the localized state connected with
a mass defect are split according to the low symmetry
(in a onefold and a twofold degenerated state). The split-
ting turns out to be relatively small, because it is
determined by the motion of the second neighbdrs. The
resonance states are discussed mainly for the low fre-
quency range, because the approximation methods are good
only in this limit., The eigenstates are determined group-
theoretically. Numerical values are obtained by fitting
the force-constants to ideal lattices, e.g. to those of

Zn0.
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B-8, K TEOPMM JIBYXATOMHBX KPUCTANJOB C NMPIMECHAMHU
I'.P.Ayrcr
UEcTuTyT dwsuxm AH I'CCP , TGummcw

ON THE THEORY OF DIATOMIC CRYSTALS WITH
IMPURITIES
G.R.Augst

Institute of Physics,Academy of Sciences
of the Georgiam SSR, Tbilissi

Pemero ypasHeHwe JlalficoEa ZNA ZABYXaTOMHHX KPHCTAINOB
KyOMUeCKo#f CUMMETDWY COZODPRAMUX W30JWPOBAHHHE IIPUMECHHE .
aTOMH 3aMemeHWA. 3azaua 663 yueTa W3MEHEHHA CHIOBHX NOC—
TOSHHHX pemeHa B 0OmeM BWZe. /3MeHeHWE CHJIOBHX NOCTOAH-
HHX YUWTHBA®TCH ZJA KpUCTalla CO CTPYKTypo#t Twma NaCl
B paMKax Mozesu C BaawMozelicTaueM Onmxaitmux cocezeil.

llonyyeHH BHpaXeHWS AJNA NONPaBKW K CNEKTPY KoJle -
6aHnil ¥ TENIOeMKOCTY KpucTanna 0CyCHIOBIEHHHE BBOZGHWOM
npuMeceil.

PaccMOTpeHH KOT'6PEHTHO® W HEKOTepeHTHoe auddeper -
[WalbHHEe CEUEHWS HEYNPYT'or'o pacCefsHWs HeilTpoHOB HA Ta -
KWX kpucranzax. [lonyuyeHo, UTO 3a CYeT BBEJIGHWA NpuMeceit
I HeCWMMETDPUYHOT'O HaNpaBAeHWA BOJHOBOLO BEKTOPA BOBMOR —
HO CHATWE BHDORZGHWS NpW NepeceueHWy (QOHOHHHX BeTBei.

TRU RaamatuT«
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B-9. FORCE CONSTANTS AT IMPURITIES IN THE
AIKALI HALIDES: SOME EXPERIMENTAL RESULTS

T,Timusk

Department of Physics, McMaster University
Hamilton, Ontario, Canada

CHUJIOBHE MOCTOSIHHWE MPUMECE{ B NMEJIOYHO-
TATIOWJHHX KPUCTANJAX: HEKOTOPHE SKCIEPU-
MEHTAJIBHHE PESYIBTATH

The understanding of vibrational spectra associated
with localized impurities requires the knowledge of the
dynamics of the pure lattice and the changes by the im-
purity, Neutron scattering results have helped to solve
the pure crystal problem for an increasing number of ma-
terials, but it is still necessary to treat the force
constant changes at the impurity as unknown parameters.

In this work use is made of the same set of fitted
force constants to describe the results of several expe-
riments, The first experiment is the sideband of the
electronic fluorescence of Sm** in KBr and KC1 and the
anharmonic sideband of H~ in KC1, KBr, KI, NaCl, NaBr
. and NaF, Two force constant changes are used to explain
the Sm** experiments /1/. The H™ anharmonic sidebands
are explained very accurately for a wide range of alkali
" halides with three force‘c;onstant' changes /2/. In addi-

tion to the usual nearest neighbour change Af and a
change Ag between nearest neighbour and the fourth
neighbour we have also changed the shell-core force con-
stant Ak of the derect and have treated the defect in
the shell model approximation.
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The second erper.l.lent is the far-infrared impurity
induced abaorption. This spectrum depends in some cases
quite sensitively on the defect force constants and
therefore provides a sensitive test for the parameters
chosen in the sideband experiment. It is found that
good agreement is obtained for the Af and Ag while
the value of Ak is somewhat uncertain mostly since the
- pidebands depend rather weakly on Ak.

Finally we attempt to explain the frequency shift
of phonons in the perturbed crystal using the Af and
Ag values obtained from the sideband experiments, Ma-
king use of the low concentration theory of Elliott and
Taylor the observed shifts are found to be not inconsis-
tent with the force constants determined rron other
exper:hnents.

1. M,A,Buchanan and E.J.Woll, Jr., Can. J. Physics, 47,
1757, 1969.

2. R.W.MacPherson and T,Timusk, Can. J. Physics (to be
published).



B-10. K TEOPWUM ®OHOHHO! TEMJIOMPOBOZHOCTH MPU
HUBKUX TEMIEPATYPAX: AHAJ3 IIPOIECCOB
JOPYTOT'O PACCEAHUA HA NIECEKTAX

I'.C.3aBr, B.l.AnTyxoB
NacTuryr dusuxu u acrporomuu AH SCCP, Tapry

ON THE THEORY OF PHONON THERMAL CONDUCTIVITY
AT LOW TEMPERATURES: ANALYSIS OF ELASTIC
SCATTERING PROCESSES CAUSED BY DEFECTS

G.Zavt, V.,Altuhhov
Institute of Physics and Astronomy, Tartu

XapaKTepHOi! 0COGBHHOCTHH TENIONPOBOZHOCTY MOHHHX
KDUCTAJMJIOB C NMPUMECAMM BO MHOTHMX CIyyafix SABJAAETCA DPE3—
Kuif nporu6G KpuBOi 3aBUCHMOCTM KOBOOUIMEHTA TENIAONPOBOZL-
HocTu oT Temneparypu K(T) s oGmactu 20 - 50°K JE52/ o
CHX NOp He ACHO, OOBACHAETCHA 1M STOT 3PHEKT MOJHOCTEHN
npolueccaMi PEe30HAHCHOT'O YNpyroro paccesdHMs (OHOHOB Ha
NPUMECAX .

B nmanHO#l padore, ucxoza u3 fopuynan KyCo M BHpaxeHUA
TCMJIOBOTO MOTOKA, HalimeHHoro MapaxyzauenM /3/, yuuTHBaAA
TOJBKO NPOLECCH YNPYT'OI'O PAaCCEAHMA, Mbl MOAYUUIM OOLEe
supaxenne, caasusanmee K(T)e dymxmmett puna HemzeanbHol
pemerku. PyHxuma I'puHa HaliZleHa ZNA MaJBX KOHUEHTpaumit
Xa0THYECKM DACNpPEZeNISHHHX NpuUMecell ¢ yueTOM WU3MEHEeHUs
MacCH ¥ CHMJOBHX MOCTOAHHHX. [IOCJNe 3TOro BHpaxeHUE AJA
K(T) moxHO npeicTaBUTH B CTaHZapTHON (opMe uepes Bpemera
penakcauun. 0GpaTHOe BpeMA pelaKcaUMi JJIA YNPYTUX Mpo-
LIECCOB BHpaxaeTcd KaK CyMMa BKJIAZOB, COOTBETCTBYWIUX
paccesHM0 HA KOJACOAHMAX paliMuiibX TAMNOB CHLICTPUM ZC-—

hexTHOl oGnactu TONBKO oxHoft mpumecu (ananor uapuuanT-
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HHX BOJH).

Niposezens pacuers K(T) ana KC& ¢ npumecsun z* 3

/%;f, J  » 8 rakme ¢ F -menTpamu. BeIMUMHH CHIOBHX

KOHCTAHT OINpPeAEeNeHH HA OCHOBAHWM ZJAHHHX O CNMEKTpax MHD-
paKpacHOT'O MOTJIOMEHUA MIM KOMOMHAIUMOHHOT'O DACCEAHMA.
[loxasaHo, YTO NPOLEGCCH pacCEsHUA, OCYCHOBIEGHHHE H3ME-
HEHMEM MacC M CMJIOBHX MOCTOAHHHX,MOT'YT B3aMMHO KOMIIEH-
cupoBaThCS, TaK YTO COBMECTHO® ZeficTBMe OCOMX NMpOLECCOB
MOXET ZaTh 00Jiee BHCOKO6 3HAUYEHUE TEMIONPOBOZHOCTH, YEM
OZINH MOXQHM3M DaCCEefHMA. '

CpaBHEHUE Teopemnqécnux KPUBHX C DKCIEpUMEHTOM /4/
fOKa3HBAET, UTO B GONBUMHCTBE ciyuaeB 3asucumoctd K(T)
He MOXeT OHTH IOJHOCTHK OOBACHEHA 38 CUET OZHMX Mpouec-
COB yJIpPYyroro paccesdHMd, OCOGEHHO B 06IacTH HENOCDPEACT-
BOHHO 38 nporucoM. KauecTBEHHO pe3yABTATH SKCIEPUMEHTA
B 9To#f OoOnacT# MOr'YyT OHTEH OCBACHEHH, 6CIM Yy4YeCTh 00yc—
JIOBIIEHHOE QHI'aDMOHM3MOM YMEHBUIEHNE BEPOATHOCTHM pacces-
HMS ¢ TmoMombl BHpameruit Tuna Paxropa leGas-Baznepa.

1. R.0.Pohl, in Localized Excitations in Solids, ed.
by R.F.Wallis, Plenum Press, N.-Y., 1968, p. 434,

2. M.V.Klein, in Physics of Color Centers, ed. by
B.Fowler, Academic Press, 1968, p. 329.

3. A.A.Maradudin, J. Am. Chem. Soc., 86, 3405, 1964.

4, F,C.Baumann, R.0.Pohl, Phys. Rev., 163, 243, 1967.
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B-11, DINAMICS OF CRYSTAL LATTICES WITH
DEFECTS IN THE LONG WAVE LIMIT

- W,Ludwig, M.Pistorius

Technische Hochschule Darmstadt,
Theoretische Physik II, Germany

TVHAMUKA KPUCTAIIMYECKUX PEINETOK C
AECEKTAMU B MPEZEIE JJMHHHX BOIH

In the long wave limit, the dynamics of lattices
are essentially determined by the elastic constants.
This has been shown already in a former paper (Skyland
Conference, Mai 1966). Using this procedure, the phonons
in the elastic limit of fcc- and bee-lattices with de-
fects are investigated. The defects considered are va-
cancies, impurities and interstitials. Different force-
constants models have been used. The first step is the
determination of the equilibrium positions of atoms af-
ter applying external stresses, especially of those
atoms in the neighborhood of the defects. The atoms
suffer a homogeneous displacement and individual dis-
placements, which drop out at distances which correspond
to the range of interatomic forces. The latter depend
very sensitively on the assumptions about the interato-
mic forces., Using these equilibrium positions with ex-
ternal stresses present, the elastic constants and the
change of the force dipole moments of defects under in-
fluence of external stress can be calculated. The force
dipole moments change in magnitude and symmetry, depend-
ing on the symmetry of the external stress (pressure,
uniaxial stress or shear stress). The effect turns out
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to .be rather large, the magnitude of the dipole moments
changes by a factor two with external pressure of about
500 to 1000 atm. Low angle scattering should be able

. to measure this effect. The elastic constants depend on
nature and orientation of defects. If with dumbbell-in-
terstitials, all the dumbbells are orientated in the
same way, we find the six elastic constants of tetrago-
nal symmetry. Averaging over the orientations, we obtain
three cubic constants., The elastic constants due to va-
cancies become smaller, due to interstitials larger or
smaller, depending sensitively on the nature of the app-
‘lied stress. The magnitude of the relative change is up
to 20 times concentration of defects, which seems to be
in agreement with measurements of Koehler and Granato,
whereas German measurements (V5lkl, et al) give a rela-
tive change of 120 times concentration for the elastic
constants due to defects.,
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B-12, BIVAHVE ARTAPMORM3MA HA CIEKTPANBHOE PACTPENENEHIE
JOKANBHHX WIN KBASINOKAJNBHHX KOJEBAHVH

M.A.Kpusoraas u N.I.Iunkesuy
Mucrutyr meramnodusuxku AH YCCP, KueBckuit rocyHuBep-

curer, Kues

THE EFFECT OF THE ANHARMONICITY ON THE SPECTRAL
DISTRIBUTION OF LOCAL OR QUASI-LOCAL VIBRATIONS

M.,A.Krivoglaz and I.P.Pinkevich

Institute of Metal Physics of Academy of Sciences
of the Ukrainian S8R, Kiev University, Kiev

Ha nmpumepe koJeCaruit caalo CBA3aHHOT'O NPUMECHOIO aTO-
Ma MCCJEZ0BaHO BIMSHME AHI'ApPMOHU3MA HA CNEKTPaJBHOE pacnpe-
JeJeHre KBaSUJIOKaJIBbHHX KoJieOaHuii. PacCMOTPEHH NPUMECHHE LEHT
PH ¢ KyOuyeckoit ¥ ¢ HUBKOK cumMerpueit, [lokasano, YTO aHrapmo
HA3M MOXeT OPUBOZUTH K CYMECTBEHHOMYy YUMPEHUD CIEKTPaJBHOI'0
pachpezielieHHs ¥ K paclienJeHUD ero ypoBHeli. B 3aBHCUMOCTH OT
BeJMYMHH DacUelieHNs B CHEKTPe AONKHA NPOABIATBCS TOHKAS
CTPYKTypa, JAMGO AONKHO BOBHUKATH EZMHOE DacCHpefeNeHKe, WAPH-
Ha KOTODOro NIp¥ He OuYeHb HUBKUX TeMmepaTypax MOXeT 7aBaTh
OCHOBHO} BKJaJ, B YIMPEHNE « HccaezoBany dopmua sTOTO pPacmpese-
JeHNs ¥ ero TeMnepaTypHas 3aBACHMOCTD B DASJMYHHX CJAyYasaX.

PaccumoTpe HO cnexrpaninoe pacnpezieJieHne JOKaAbHHX M
KBaSWIOKAJbHHX KOJeOaHMii Ha KPATHHX ¥ KOMOMHMPOBAHHHX 4YacTO-
Tax. MccaezoBana 3aBUCUMOCTDH MUDUHH STOTO pPacnpezeleHus oT
HomMepa odepToHa. [loka3aHo, 4TO B CIyYae BHCOKOYACTOTHHX JIO-
KaJbHHX KoJeOGaHuit OCHOBHYD DOJb UI'DaeT MOZYJIALUMOHHOE yuUUpe-
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mue . [IpOBeileHO COMOCTABJIEHHE TEODHM C ONHTAME dAAMoTa, Xofi-
eca # 7p. PacCMOTPEH MeXaHH3M NOIJOMEHHS HU3KOYaCTOTHHX
SJEKTPOMATHUTHHX BOJH ( B MUKDOBOJHOBOM ZMana3soHe ) JOKAJb-
HHMM WJIM KBaSUJIOKAJBHHMY KoJieCaHuAMA.



B-13. HOBH{l METOZi PACYETA JIOKAJBHHX KOJEBAHWA
B WOHHHX KPUCTAJJIAX MPU HAJMYNAN JAJEBHO-
IEACTBYDNETO IE®EKTA

B.B.BpuKcuH, 0.A.0upcos
MHCTHTYT NONYIPOBOAHMKOB, JeHMHIpaz

NEW METHOD OF LOCALIZED MODES CALCULATION
IN IONIC CRYSTALS WITH LONG-RANGE DEFECT

V.V.Bryksin, Yu.A,Firsov
Institute of Semiconductors, Leningrad

PaccMoTpeHa 3aZaua O BO3HMHHOBEHMM JIOKQNBHHX KOJI6-
Ganu#t (JK) B GOHOHHOM CNEKTDE MOHHHX KPMCTAIIOB IpH Ha-
JMYMY BNEKTPUUECKM 3aDAKEHHHX TOUEUHHX zederTos (Hampu-
wep, nox Sm*?, sawemanpuui HOH K*s KCe , wn momspon
MaJIoT0 pafmyca). ITOT ciyuait xapaKTepMsyeTcH TeM, UTO
BO3BHNKANT JOKAJM30BAHHHE COCTOAHMHA, PaZinyc KoTOopHx R
MHOTO OOJIbN@ MOCTOSHHO! pemeTKM & . 3TO 03HAYaeT, UTO
He TONBKO NPUMECHHH MOH, HO M GONBWOE YKUCIO OCHOBHHX
MOHOB, YZAaN6HHHX OT HEro Ha paccrofsma € R , Ko-
neGnoTCcA WHayYe, UeM MOHH B MAEaNbHOM Kpucraine. luenrcs
ZBa MEXaHU3Ma BO3HMKHOBEHMA TAKUX JOKQIM30BAHHHX COCTOf=
* Huit, Tepsuit Mexaumam (npAMOft) 3aKiNYaeTCs B TOM, UTO
MOHH DENeTKM KONeONWTCA B HEOZHODOZHOM 3NIEKTPUYECKOM
none zeQexra, TaK UYTO NMOTEHUMANBHAA DHEPrHf 3a CueT 9TO-
IO MeXaHM3Ma NpONODHMOHANBHA MPOM3BOZHON OT BAEKTpUYEC-
Koro nonsa zedexra, T.8. ~ 9?3. Bropo#t MexaHuM3M 3aKin-
yaeTca B TOM, YTO B NPUCYTCTBMM ZedeKTa DaBHOBECHHE MEX-
MNOHHHE pACCTOAHMA M3MEHAWNTCHA M CTAHOBATCA HEOZHODOZHHMM.
3a CyeT CMI QHT'apMOHM3Ma B MEXMOHHOM B3auMozeilcTBuM 3TO
' TaKKe NMPUBOZAUT K U3MEHOHMO 3aKOHA KojeGauuif GoaBMOTO
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gucaa OXpyxammux zedexT moHOB. [loTeHIManbHAA SHEDPTHAs,
coomnercmnynmaﬂ STOMY MEXaHM3MY TOXe NPONOPIMOHANBHE

/?3 s+ B CHIy U6ro HEOOXOZMMO yUMTHBATH 00A MEXaHW3ME.
C npuHOMNUENBHON TOUKM 3peHMA, METOZ ll@muua g pacye-
rq JIK NpUTOZeH M B STOM CIy4Ya®, OZHAHO MPUBOZMT K CIMI—
KOM GONBUMM BHUMCHNTENBHHM TPYAHOCTAM (ZeTepMuHAHT, M3
KOTODOT'O ONpeZeNANTCA COOCTBOHHHE 4acTOTH JK, caumeoMm -
' BHCOKOT'O paHra)..llosToMy npeznaraeTcs HOBHH meToz ans
pacuera TaKux JK, BOBHMKALMMX MDY HANWUMKM 33 PARGHHOI'O
ZansHOZelicTByONET0 A6PeKTa, BHEWMHE HamOMMHANEMI METOX
appexrusHO#t MaccH (MOM) znA pacueTa MENKUX NMDPUMECHHX
ypoBHe#t B 3J€KTPOHHOM CHEKTpE. OZHAKO HpPOCTOE KOMAPOBA-
Hue MOM nmpuBOZMT K HENpaBMIABHHM pE3YyIbTaTaM, IO3TOMY 33—
lava CTAaBUTCA 3aHOBO. B pe3ynbTare NOJyueHH ZAnddepeH—
nuanbEHe ypaBHeHUA (Golmee BHCOKOTO MOpAZKa, ueM B.MOM),
COOGCTBEHHHE 3HAUGHMA KOTODHX 'ompezesiAbT cnexrp JK. Stm
YPaBHEHMA MOJYUEHH KK C MOMOWBD (EHOMBHOJIOTMYECKOT'O
nozxxozna (B KOHTMHYAaNBHOM NDUCIMKEHMH), TAK M IPH MAKDO-
CKOMMYECKOM DaccMOTpenuy (ypaBHOHM!l ABUEGHMA DEWETHH).
B orcyrcrBuM zedexTa cOOGCTBEHHHE (PyHHUAM ITHX AUdHepeH-
IMaNBHEX ypaBHeHMN mMenT BuA nmmockmx BoaH (QoHOHH), a
nonyvabmuiicd CHeKTD COBMAZaeT C pe3yIbTaTaMd MUKDOCKO-
NMUYECKOT'0 pacueTa w(c},’) npn ga &« 1 /1/. B nenax un-
INCTPANMK ST YPaBHEHMA DeNEeHH ZIA CIAyyad M30TPOIHOTO
npocTpaHcTBa. [loKa3aHo, uTo uuciao ypomHelt JK, BumaBmux-
M3 HENPEepPHBHOT'O CIEKTpa, ZAefCTBATENBHO MOXET OKa3aThCH
GonBINAM, & paZuyc COCTOSHUA R > a, lpexnoxennas Teo-
pus IpUMEHNMa B clyuae ZOCTATOYHO y3KO} MMPMHH ZuCrIep-
cuu "3aTpaBoyHOi" HoHOHHOH 30HH.

I. B.B.Bpukcun, 0.A.%upcos, X3T®, 56, 84I, I969.
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B-14, O POJM AHT'APMOHUYECKOTO BBAUMOZENCTBIS
B KPUCTAIJIE C CUJIOBbHIMA MECEKTAMU

A.A Knouuxur, A.B.CyGaumes
OTN mu. A.0.Modde AH CCCP, lleHuHTDpaz

ON THE ROLE OF THE ANHARMONIC INTERACTION
IN CRYSTALS. WITH FORCE DEFECTS

A.A.Klochikchin, A.V,Subashiev

A,F,Ioffe Physico-Technical Institute
Leningrad

B HacTofmee BpeMd WUPOKO MCCIEAYDTCA CNEKTPH MHPpa-—
KPaCHOTO INOTJIOWEHMA ¥ KOMOMHALMOHHOI'O DPAcCEfHMA KPUCTal-
J0B, COZEDPKAWUX Da3IAUYHOTO POZA MUKPOCKOMMNUECKUE ASHEHTH.
B cBA3M Cc DTMM MpUOOPETAET 3HAUEHME W aHAINW3 aHrapMOHU-
YeCKOTO B3auMozeiicTBus, KOTOPOE NDUBOAMUT K TeMrepaTypHOi
33BUCUMOCTH DTUX CIIEKTDPOB.

Mukpockonuueckue zedeKTH MOXHO pasZeluTh Ha ZB6 Ka-—
reropuun. K nepsoiél MORHO OTHECTM TaKuUe, NpPU BHEZPEHUM KO-
TOPHX M3MEHANTCA CHUJOBHE MOCTOSHHHE ¥ MACCH HEOOIbuOi
Tpynns aTOMOB, HO BTH aTOMH 3aHUMANT Y3JH DPBUETKM UAEaNb-
HOT'O KpucTanna. YacTHHM CIyyaeM TAKOro copra AePeKTOB
ABNAETCA M30TOmMuYeckuii medexrt. JlnA zpyroit kxareropun Le-
DeKTOB HEeNAb3A NPeHeOpPeuYh CMEUEHUEM IPUMECHOl IpynmH aTo-
MOB Y3 NOJOXE6HMI, COOTBETCTBYOUMX y3JaM UZEaNBHOTO KpuUc-—
Tanana. Takad cUTyauus BO3HMKAeT B clyyae Ze(QEKTOB 3aMe-
IeHusA npu COJABWOH pas3HMLE B pazuMycax 3aMelianuero u 3aMe-
LEHHOTO aTOMOB, @ TAaKXe B clyuyae AeGeKTOB BHGAPEHUA, KOM-—
MJIEKCOB M paznalMOHHHX ZedexToB, [ 3TO# KaTeropuu ne-
()BKTOB YacCTO XapaKTEPHO M3MEHGHME YUCHA CTeNeHEe# CBOGOMIH
B fedexTHOl o6nmacTi NO cpaBHEHMD C MZeanbHO¥ peuweTKo#. B
padoTe NPOU3BOAUTCA AHAAM3 pOJIM aAlrapHMOHU3Ma AN 06CUX
Kareropult nedeKTOB.
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B-15, OSOOEKTH AHT'APMOHMSMA B TEOPUM JOKAJBHHX
Il TIOBEPXHOCTHHX KOJEBAHM

B.M.Arpasosuu, 0.E.Jlo30Bux, M.A.MexTues

MucTuryT cnexrpocxonuu AH CCCP
- Mockaa

EFFECTS OF ANHARMONICITY IN THE THEORY OF
LOCAL AND SURFACE VIBRATIONS

V.M,Agranovich, U,E,Losovik, M,A.Mektiev

Institute of Spectroscopy, USSR Academy
of Sciences, Moscow

B paGore noxasaHo, YTO HANMYME QHT'aDMOHU3ME KOJI6-
OaHuif MOXET MPMBOZUTH K NMOABIGHMO B OGNACTHM UYACTOT 066p-
TOHOB K JIOKQJBHNM M IOBEDXHOCTHHM KoJeGaHmaM (T.6. K
"JTOKANBHHM" M "IOBEDXHOCTHHM OGEPTOHAM") 7Zaxe B TOM CIy-
yae, KOrZa B O6NACTHM OCHOBHOT'O TOHA JOKQNBHHE MINM MOBED-
XHOCTHHE KON8OGaHUA OTCYTCTBYNT. PacCMOTpEHME® "IOKQNBHHX
00epTOHOB" BHIONHEHO ANA MOZEJM MONEKYNAPHOTO KpACTANia,
COZepXalero U30TONUYECKYW npuMech. CocTofHMA "MOBEpPXHOCT-
HHX 006pTOHOB" HallZleHH AJf MOZENM OZHOMEDHOTO KPUCTAIJIE.



B-16, K TEOPUN AHTAPMOHWYECKOT'O PACHAJIA BHCOKO-
YACTOTHOT'O JIOKAJNBHOT'O KOJEBAHHNA

0.1.Cunsz, B.B.XuXHAKOB
NacTuTyT Quauku u acrpoHommu AH SCCP, Tapry

ON THE THEORY OF THE ANHARMONIC DECAY
OF THE HIGH-FREQUENCY LOCAL MODE

0.8ild, V,Hizhnyakov
Institute of Physics and Astronomy, Tartu

B zBoltHOM azmaGaTuuecKOM npuenuxenun /I/ paccMar-
puBaeTcs ‘BEPOATHOCTH pacnaza BO3CYKZAEHHHX ypoBHe#l BH-
COKOYaCTOTHHX JIOKQIBHHX KoJeOaHuit. [loxasaHo, yTO Mexa-
HU3M pacnaza TakUX KoleOaHM#l aHANOTMUEH MEXaHA3MY 0e3-
H3JYYaTeNBHHX NMEPeXO0Z0B MEXAY BJCKTPOHHHMU COCTOSHMUAMY
NMPUMECHHX TEHTPOB: TYHHOJIMPOBAHUE MEXZY azunacaTuueCKu-
M§ MOBEPXHOCTAMM KPUCTANIMIECKUX KONeCaHMi, OTHOCAmMU—
MyuCA K Da3HHM COCTOSHMAM JIOKAJNBHOT'O KOJNEeGaHUA, M IOoC—
Jezywuas M303HEpPreTHUecKas penaxcaums (pacniHBanue mna-
KeTa) KPUCTAIIMYECKMX KONeGaHui.

B npezesne BHCOKMX TeMIepaTyp BEPOATHOCTH 0CYCIOB-
JI6HHOT'0 KYOMY8CKMM @HI'aDMOHM3MOM paclazia NepBOT0 BO3-
OYXI6HHOTO YPOBHA onpezeiseTc (opmymnoi

v~! = C exp(-4E/KT),

Bzeck wacrormult gaxrop C~T Y2 aaf - paccTosHNE OT
ZHa BEDPXHEro azuataTUYeCKOT0 MNOTeHNMala ZO TOUKM Nepe-
CEUYCHHUA €r0 C HUXHUM HA OZHOKOODAMHATHON KapTHHE afu-
a6aTHYBCKMX NMOTSHIMANOB.

06ycnoBNeHHOE pacnajoM yUupeHue IUHUM BHCOKOYAaC—
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TOTHOT'O KONEGAHUA B CIEKTPE MHOPAaKPacHOI'O MOTIJIOMEHMA
MOX6T NpEeBHWATH MOAYIALMOHHO® yuupeHue /2/, T.6. yuUupe-
e /7= T '. T'paduKk 3aBUCUMOCTH oT . B paccMoT-
PEHHOM MEXQHM3ME YUMDEHUS MME6T TOUKYy Neperunda, NpuyeM
TQHT'6HC yI'Jla HAQKJIOHA MSHBIIE ZBYX HE TOJNBKO B HM3KOTEM-—
nepaTypHoit, HO ¥ B BHCOKOTeMnepaTypHo# o6macTu. [lozoG-
HOe OTKIOHeHMe oT sasucumocrn 4l =2&nT+const acmo-

naerca zana U -nmenrpos B Aal /3/. BTo ykaswBaeT Ha TO,
YTO B ZIAHHOM CJyuyae pacnaziibii MeXaHW3M BHOCUT CYIECTBEH-
muit Bkmam B /7 .

I.
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I0, 329, 1965; W.M.AnaroBa, A.A.Mapazymms, A.B.CyGa-
uues, OTT, II, 227I, I969. *

" R.J.Elliott, W.Hayes, E.D.Jones, H,F,Macdonald,
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I603, I966.

B.Fritz, Lattice Dynamics, Ed. by R.F.Wallis, Perga-
mon Press, 1965, p. 485.
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B = 17 . EXCITATIONS IN RANDOM ALLOYS
R.J.Elliott

Department of Theoretical Physics
12 Parks Road, Oxford, England

BOSBYKIEHAA B PASYIOPAZIOYEHHHX CIIABAX

Several attempts have been made to study the exci-
tations in a crystal containing a random array of defect
centres using Green's function methods. These methods
are equally useful for all types of excitation, elect-
rons, phonons, magnons, excitons which are commonly
studied. At low concentrations the properties of the
crystal can be simply related to those of isolated de=-
fects but at high concentrations the situation is more
complex. The best analytic methods so far employed have
been self-consistent ones which treat as correctly as
possible the scattering from single sites but which
neglect to some extent the interference between scatte-~
ring off several sites. These theories are least satis-
factory in the region of the impurity band and in con-
centrations similar to the critical concentration in
the percolation problem.

The present state of the theory will be reviewed
and particular attention paid to a recent attempt
to include pair effects in the theory.
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*
R={8RAMAN SCATTERING BY LOCALIZED PHONON EXCITATIONS
Miles V. Klein
University of Illinois, Urbama, Illinois 61801, U.S.A.

. KOMBMHAIMOHHOE PACCESHME CBETA JOKAJW30BAHHLIMU
©®OHOHHLIMI BO3BYHIEHIAMU

This paper discusses recent laser Raman measurements that involve
localized phonon modes or resonance states,

Nitrogen-Doped Silicon Carb:l.de.:l Conductance measurements on

metal-insulator-semiconductor tunnel junctions formed on nitrogen
doped 6H SiC have revealed a peak .at 642 cm—l. This is also found
by Raman studies on the same material. Polarization studies have

assigned E2 symmetry to the mode; the‘rg are no infrared-active E, or

1
Al components. According to information.,on phonon frequencies from
Raman and luminescence studies,2 this impurity mode appears to lie in
the gap between optical and acoustical phonon branches.

U-Centers in Alkali Halides.3 We have observed Raman scattering

from the second harmonic of the high frequency localized phonon in KBr
and KI doped with H and D . Three lines have been identified by
polarization stud:es as having Alg’ Eg, and ng symmetry, in agree-
ment with theory.  The splittings give values for the two independent
fourth order anharmonic coupling coefficients that are consistent with
the separation of the center of gravity of the second harmonic lines
from twice the fundamental frequency. In addition, the H 1line
splittings are four times those for the D lines, in agreement with
theory. The depolarized or '!28 Raman intensity is three to four times
greater than the total polarized (A]_8 plus ES) intensity. This has
important consequences for the model assumed to describe the coupling
between the U-center's electronic system and the local mode phonon.
Raman-Active Resonance Modes in Doped Nacl.5 In NaCl:Ag+ a
previously observed6 Raman-active resonance mode at 88 cn-l has now
been identified as having EB symmetry. In Nac1:0u+ and Als

or E
g
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resonance mode has been found by us at 40 cm_l. Previous workers have
found infrared active Tlu modes at 52 and 23 cm_l for the t.wo respec-
tive impurities. The implications of the simultaneous presence of
Tlu and E_ resonances for lattice dynamical m;)dels of these impurity
centers will be discussed.

*Work supported in part by the Advanced Research Projects Agency under
Contract SD-131 and by the United States National Science Foundation.
lResearch performed jointly with P, J. Colwell and L. Schein.

ZW. J. Choyke and L. Patrick, Phys. Rev. 127, 1868 (1962); Feldman,
Parker, Choyke, and Patrick, Phys. Rev. 173, 787 (1968).

3Resea::ch performed jointly with G P Montomgery, W. R. Fenner, and
T. Timusk.

4Elliott, Hayes, Jones, Macdonald, and Sennett, Proc. Roy. Soc.,'A 289,
1 (1965).

sResearch performed jointly with G. P. Montgomery.

6R. Kaiser and W. MBller, Physics Letters, 28A, 619 (1970).
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B-19. AN EVALUATION OF RAMAN SPECTRA, PHONON-
RELAXATION TIME, INFRARED AND ULTRAVIOLET
ABSORPTIONS INDUCED BY T1* IN K HALIDES

Giorgio Benedek, E.Mulazzi, N.Terzi

Istituto @i Fisica dell'Universita and
Gruppo Nazionale di Struttura della
Materia del C.N,R., Milan, Italy

PACYET CIEKTPA KOMBUHALMOHHOTO PACCESHUA,
BPEMEHU PENAKCAIUV ®OHOHOB, MHOPAKPACHOTO
1l YABTPAGMOIETOBOTO -CIEKTPOB NOTJOLEHUS,
MHIYUMPOBAHHHX T1*'B TAJOWIAX KATMS

In this work we determine some dynamical parameters of
_T1+-ion substitutional in KI, KBr and KCl. We are interested
in evaluating the dynamics of the imperfect lattice, contain-
ing low concentration of TI-ions in their electronic’ ground
state, and in determining the electron-phonon interaction co-
efficients induced by electronic transitions (bbth real and
virtual) of TI-ion optic electron.

The method and defect model, here used, were already
applied successfully to study the F-center in alkali halidesl{
but it applies, in principle, also to defects with a more
complicated electronic structure, as the Ti-ion . Moreover,
with respect to the local lattice dynamics, the T1fion is a
more simpler center than the F-center. The method consists in
a selfconsistent analysis of the theoretical calculations and
experimental data on response functions (as infrared and Raman
spectra, and u.v. electronic absorption in free and in cons-
trained crystals), allowing for a best fit determination of
the dynamical parameters of the defect in the framework of
the model we adopted: change in central (A) and non-central
() force constants between the defect and nn's,and a change
in central force (y) constant between nn ions and fourth neigh-
bors ; ~ linear electron-phonon interaction approximation.
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Indeed, the impurity induced infrared absorption and the
Raman spectra are directly connected with the odd and even
vibrational projected densities of states of the perturbed
lattice. On the other hand the stress coefficients of the u.v.
absorption bands (the A-band, for instance) and the intensity
of the Raman spectra of different symmetries, are proportional
to the electron-phonon interaction coefficients. Moreover,
ground state dynamics and electron-phonon interaction co-
efficients appear in the expreséion of the halfwidth, as well
as of the other moments of ‘the u.v. absorption bands. The set
of input data, which gives calculated response functions in
very good agreement with the experimental data, enables us to
the following conclusions.

1) T1*-ion induces a considerable (20%) weakening in the force
constant between defect and nn. Therefore it cannot be con-
sidered as an isotopic defect. The fact that previous
authors considered T1'ion as an isotopicz< or nearly iso-
topic§< impurity can be explained with the small sensitiv-
ity of the Raman spectra with respect to the defect-induced
force constant change.

2) The electron-phonon interaction coefficients deduced from
the experimental stress coefficients of the A—bandi/are,
within the experimental accuracy, the same as those giving
the experimental halfwidth of the A-band, provided the
crystal dynamics around the defect is described rigourous-

ly rather than by the simple configurational coordinate
model. ’

References

1. Giorgio Benedek and E. Mulazzi, Phys.Rev.179, 906 (1969).
2. R.T. Harley, J.B. Page and C.T. Walker, Phys. Rev. Lett.
23, 922 (1969).
3. L.C. Kravitz, Phys. Rev. Letters 29, 884 (1970).
4. D. Bimberg, W. Dultz and W. Gebhardt, Phys.Stat. Sol.
31, 661 (1969); s :
D. Bimberg, W.Dultz, K. Fussginger and W. Gebhardt, Z.
Physik 224, 364 (1969).
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B-20., THE FAR INFRARED PROPERTIES OF LATTICE
RESONANT MODES

A,J,Sievers

Cornell University, Laboratory of Atomic
and Solid State Physics, Ithaca, New York
14850, U.S.A.

CBOMCTBA PE3OHAHCHNX PEUNETOYHHX KONEBAHWi
B JIAIEKOH MHOPAKPACHOM OBIACTH

By means of low temperature and Fourier transform
spectroscopic techniques, the impurity-activated lattice
absorption spectrum has been measured, Particularly in-
teresting are the sharp absorption lines observed at mil-
limeter wavelengths for impurity ions which although
stable at a normal lattice site are weakly coupled in
various host lattices. For a few lattice-defect combi-
nations the equilibrium position of the impurity ion is
no longer at a normal lattice site and sharp tunneling
transitions are observed in the far infrared. Measure-
ments on crystals under a variety of experimental con-
ditions such as isotopic mass change, temperature chan-
ge, applied stress and applies electric field have lead
to detailed models which illustrate the static and dy-
namic pz"operﬁies of low lying resonant states. A comp-
lex spectrum which has been observed for a molecular
impurity substituted into an alkali halide can now be
understood in terms of the characteristic features ob-
served for monatomic defects in either the Yem center"
or "off center" configuration described above,
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B-21. 0 KOHUEHTPALWOHHOM YUPEHUM §§Q®OHOHHHX
JUHAl TOTJIOWEHMA MPUMECHHMIA TEHTPAME B
KPUCTANIAX

n.M.Mnarosa, A.A.Knoumxun, A.B.CyGammes
T uw. A.0.Modde AH CCCP, leHuHrpaz
A.A. Mapazymun
Kanudopuuiickuit Yuusepcurer, lpsaita, CIA

ON THE CONCETRATION BROADENING OF ZERO-
PHONON IMPURITY ABSORPTION LINE IN CRYSTALS

I,P.Ipatova, A.A.Klochikchin, A.V.Subashiev.

g A.F,Ioffe Physico-Technical Institute
Leningrad

A.A.Maradudin

University of California, Irvine,
California, USA

B nesom pAze KpUCTaNNOB HAGNWZAWTCA y3Kue GecHoHOH-
HHE JMHUM TOTIOWLEHUA ¥ JNIOMAHECUEHLMN, OCYCHOBIEHHHE 36—
K'Y DOHHHMM [I6PEX0OZaMy B IPUMECHHX LEeHTpax (cM., HAMpUMED,
/1/). lipm KOCTaTOYHO HUBKUX TEMIEpPaTypax UMEETCA KOHIEH-
TPALUOHHOE YUMPCHNE TAKUX JIMHUI MpPM KOHIGHTDPAUUAX IEHT—
poB nopszaxa 1% /f2-4/.

Teopusi CTAaTUCTUYECKOTO KOHLEHTPANMOHHOTO YUNDPEHMA
CIEKTpajibHHX JUHUIA XOpOWO paspaGoTaHa AjfA r'as3oB (CM.,
manouuep, /5,6/) u, RaK nmoxasaHo B /7,3/, MO¥GT GHTH B
IDUINKUITG MPUIMEHCHA K IDHMECHUM LCHTPAM B KpHCTANNAX TipU
SOUIHX KOHUEHTDALMAX MOCHOZHUX. CpaBHEIuC NiMeniuXcsl B
TACTOHEEC RPCUA SKCHCPI:GITANBHHX ZallHHX B arof; TOOpHCfZ
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NPUBOZUT K BHBOZY O HECOTJNACUU TEODUM N DSKCIEDPUMEHTA .
OKa3HBAeTCHA, UTO CABUT U yUUDEHWe NMHMI B KpUCTANNAX fB-
NANTCA BEJIUUMHAMU OZHOTO NODAZKAa, B TO BPEMA KaK M3 TE0-
puu /7,8/ cunexyeT, 4TO MAPMHA IMHMA CYMECTBEHHO MPEBHIAET
czBur. Jlanee, KOHTYD NUHMM, HEONWZaeMoif B KpucTannax, Olu-
30K K I'aYCCOBCKOMYy, B TO BPEMA KaK TEODUA ZaeT CTEINEHHOE
yONBaHME WHTEHCUBHOCTH Ha KDHABAX. [[pUUUNHY TAKOI'0 HECOOT=—
BETCTBUA MOXHO MCKaTh B T6X OCOOHX YCJIOBUAX, KOTOPHE OT-—
JNMYQNT NPUMECHH® LEHTPH B KpUCTaNIaX OT aTOMOB B I'asax i
KOTOpHEe He yuuTHBaaucs B /7,8/.

- B Hacrosimeli paGoTe MCCIBAYETCHA -pONB yNPYyroro B3aumo-—
ZeificTBUA MEXAY NPUMECHHMN LEHTpaMi, KOTOpOe BCerza BO3HU-
KaeT B KpUCTAIIB. Ha BaXHYl POJNB 3TOT'0 B3aUMOZEHCTBAA yKa-—
3HBQWT - pPe3YNBTAaTH padoTH /9/, B KOTOpO# MOKa3aHO, YTO KOH—
IeHTPalMOHHO8 cMeueHne auHuil Cr B DyGUHE KOIMIECTBEHHO
X0poumo cornaéyercﬂ CO BHQUGHMUSMY, BHUMCIGHHHMU C MOMOLBN
NBE30CHEKTPOCKONMMYBCKMX KOHCTAHT U ZQHHHX O KOHLGHTpALMOH-
HOM W3MEHEHMM MOoCTOAHHO# pemeTku. B pamxax reopuu /7,8/
CTATUCTNYECKOE YUNUDBHUE JIUHMA, OOYCIOBIGHHOO YIDPYINM
B3auMOZelicTBMEM MEXAY IEHTpaMU, HE MOX8T OOBACHUTH Hal—
nozaeMoit rayccoBckoll Gopmu nuHMKM. [loBUAKNMOMY, MO3TOMY
Ba¥HO y4Y8CTH TO, YTO YNpyroe B3auMozeiicTBue MexAy OXMHA-
KOBHMKM IEHTPaMM fBJAAEGTCHA OTTAJKNBANLMM ¥ MEZJIEHHO yOHBAET
¢ paccroanmem (kax 7/r® ). Bro MOXeT NmpUBECTH K KODpEIA-
UM B PACMOJNOXGHNM MNPUMECHHX LEHTPOB ZaXE NPU MAJNHX KOH-
[EHTpALMAX. YYET TAKOl KODPENALMM MOKET OHTDH BHIOJIHEH
KODPEKTHO JHIb B CIy4Yae, KOTZAa PaAUyC KODPPEJALMM MEHBIE
CPeZHer'o pacCTOAHMA MEXAY HEeHTpaMu. KauecTBEHHO pa3yMHHE
pe3yabTaTH MOJYyYanTCA U MpU IKCTPamoaduuu K npeznemny, Kor-
Ia pajiuyC KOppeJAlud W CPEZHEE DAacCCTOAHME MEKALY LCGHTpaMu
OZHOT'O MOpsAAKa. [Ipy aTOM yzaeTcA MOAYYATH I'ayCCOBCKYW
dopmy JNMHUKM C TNOLYMUDPUHOI TOr'O X€ MOpAAKAa, YTO U CHABUT.
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B-22, MAGNETIC AND ELASTIC INTERACTIONS BETWEEN
OE - CENTERS IN AIKALI HALIDE CRYSTALS

R.Baumann, H,U,Beyeler, J.Muggli

Laboratorium fiir Festkdrperphysik,
Gloriastr. 35, 8006 Ziirich, Switzerland

MATHUTHHE U YNIPYTUE B3AUMOZENCTBUA MEXAY
OE - LUEHTPAMI B WEJOYHOTAJOUIHNX KPUCTATJAX

The OE molecule ion substituting for a halide ion
represents a defect, which is 'uniquely suited for a stu-
dy of interactions between point defects. The electronic
structure of this paramagnetic defect and its response
to externally applied stresses is well known, It repre-
sents an elastic dipole, which can reorient even at low
temperatures, A system of interacting 05 - centers can
therefore assume the configuration of lowest energy. By
means of electron spin resonance (EPR) at different fre-
quencies we have investigated the structure of.OE nea-
rest neighbor pairs at low temperatures and have succee-
ded in determining the orientations of the molecular
axis of the partners. They depend upon the host lattice
and upon externally applied stresses,

By means of linear continuum elasticity theory we
have calculated the elastic energies of the different
possible pair configurations, using the experimentally
determined components of the elastic dipole of single
05 centers. Typically the energy difference between two
different pair configurations is of the order 10 meV,
The pairs found in the experiments correspond to the cal-
culated configurations of lowest energy, indicating that
continuum elastic theory contains the important interac-
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tion terms.

The analysis of the experimentally determined spin-
hgmiltonians of the 05 pairs has shown that the exchange
interaction is much weaker than the elastic interaction.
J/k does not exceed 2°K for all pairs detected by EPR.
Since the structure of the pairs has a low symmetry the
interpretation of the EPR spectra illuminates interest-
ing features of the general pair spin-hamiltonian.
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B-23. DIPOLE CORRELATIONS IN KC1:Li* OFF-CENTER SYSTEM

Giorgio Benedek

Istituto di Fisica dell'Universita and Gruppo Nazionale di

Struttura della Materia del C.N.R., Milan, Italy.

TWTONBHHE KOPPENAUME B CHUCTEME KC1l:I4* ¢ HEIEHT-
PAJTIBHHM TIOJIOXEHMEM

In order to discuss the dipole correlation effects
recently observed in the off-center system KCl:Li’, some long
range ordering is assumed to occur in this system at suffi-
ciently high defect concentrations and low temperatures.
Considering in detail the tunneling motion of Li* ion in its
eight-well potential, the critical temperature is derived as
a function of the defect concentration in the framework of
the molecular field approximation. It is found that the
critical temperature Tc decreases monotonically with the
defect concentration p according to the law

p=p, cth(a/2kT ) with po=3ch/4nu2,

where A is the splitting between tunnéling levels of Li+, n
is the dipole moment of Li* at a minimum of its potentiél
well and e is the‘ cell volumé of KC1. For a defect concentr-
ation lower than p, ho long-range order is expected to occur
at any temperature. Actually the calculated Py is found to be
of the order of 10'3 in agreement with the concentrations at
which dipole correlation effects are observed.

The dielectric suséeptibility of the impurity system has
been derived as function of the temperature and concentration.
Also the isotope effect on the critical temperature due to
the replacement of Li6 with Li7 was calculated.
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The eight <111> type symmetry directions of the lattice
are found to be stable orientations for the correlated di-
poles.
The length of the order range is then discussed in connect-
ion with the random distribution of defects. From simple
statistical considerations a relation among the dimension of
ordered regions, temperature and defect concentration is
derived. The rate of the relaxation of the oriented regions
occuring for temperatures T>Tc is finally estimated as
function of T and p.
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B-24. DHEPIWA BIAMMOIEMCTBUA M30TOMIYECKOM
TIPUMECH C TOBEPXHOCTHU KPUCTAIIA

B.l.Nepecazna, E.C.Cupknn

OU3NKO~-TOXHMYECKMI MHCTUTYT HU3KAX TOMIE—
paTyp AH YCCP, XappKOB

ENERGY OF INTERACTION OF AN ISOTOPIC
IMPURITY WITH CRYSTAL SURFACE

V.I.Peresada, Y.S.Syrkin

Physico-Technical Institute of Low
Temperatures, Ukrainian S.S.R.
Academy of Sciences, Kharkov

MeToz cBeZGHWA W3YyUEHUS I'apMOHMUECKHX KOJeGaHMH
KPUCTQIINYECKOA DEWETHM K M3YUEHMD COBOKYIHOCTH SKOOUEe-
BHX MaTPHI [O3BOJA6T MCCIE6ZOBATH HE TOABKO BKNAZ NOBEPX-
HOCTHHX QTOMOB B TEDMOAMHAMUUECKME (PYHRIME MASQNBHOTO
KpHCTQiNa, HO M BHUMCAMTH 3HEPruMO B3auMmozeiicTBua Hedex-
Tq C NOBEPXHOCTBN KPHCTANNa. ITa SHEPTUA ONPeZeIAeTCHA
KaK Da3HOCTH MeXZY KoneOaTenbHO! sHeprueil ToueunHoreo ze-
fexra, HaXOAAMEI'OCA B IPUIOBEDXHOCTHOM ClIOe, M SHepruef
TOI'0 X6 c3MoTro ZefexTa, pPaCHONOXGHHOI'O B GECKOHEUHOM
KpucTanne. B Hacroamel#f paGoTe pacueT SHEPIMM B3aUMOASH-
CTBHA MO BHEGYNOMAHYTOMY METOAY NPOMSBOAMIACHA ANA KOHK-
perTHOfl MOZeNM TpaHENeHTpHpOBaHHO! HyGmuecko#t pemeTEHM c
IGHTPalIBHHMU CHJIaM¥ B3amMozefcTBuf MexAy Cnuxafumumu co-
COnAMN . ,

B u3BecTHHX HaM.padorax /I,2/ sHeprua BsauMopelicT-
BUMA M30TOMUUYECKO! NMpuUMecH ¢ I'pDaHMNAMA KpUCTanNa onpeze-
nAnachk nMG0 ANA OXHOMEDHOY memouxu, aAm6o ANA HEPEANBHHX
Mojienie#t TPEXMEDHHX KPHCTAINOB, MPUYEM NPEANOTATANOCH

Mazoe OTIMYME MACCH M30TONMMYECKO! IpHMEcH OT MaccH gTo-



- 80 -

MOB OCHOBHO!l pemeTKM. B ZaHHOM COOOCWEHMM NOKa3HB3ETCH,
YTO B3aUMOZeEfCTBME M30TONMMUYECKO# Npumecum cO CBOOOZHOIM
MOBEPXHOCTEI [IIO] BCEIrZla ABNAGTCA NDPUTAKEHUEM INPU IPO—
W3BONBHOM Da3lMuuM B Maccax, B OTJNYME OT DE3YILTATOB
pador /I1,2/, B KOTODHX NOJNYUYE6HO, UTO JIETKUE NPUMECH
MPUTATMBANTCA, @ TAKEJHE OTTAlIKMBAWTCA OT CBOGOAHOM
rpaHAnH. Ka® 78 J6TKUX, TaK U AAA TAKENHX mpumeceit
SHEeprus B3aMMOZEliCTBUA C NOHUKEHUEM TEMIEepaTypH YOHBEET.
CnezysT 3aMeTHTh, YTO TAXENAA IIPUMECH NPUTATHMBABTCA K
IIOBEPXHOCTM ropa3zio ciradee nerxoit., K mpumepy, mpumecs

¢ Maccof B Z#Ba pasa Coxammelt, uem aToM MzeanbHO#l peumeTkM,
NPUTATUBAETCA K MOBEPXHOCTM MOUTH B ABA pas3a clades,

yeM npuMech ¢ Maccolf, paBHO{f MOJOBMHE MACCH 3aMEmeHHOTO
aroMa. [lpuTAxeHNMe M30TONNYECKON NpPUMECH K IIOBEPXHOCTH
OGBACHAGTCA YMOHBIOHMOM KOJeGaTenbHOl cBOGOZHON BHEpTUHM
NPUNOBOPXHOCTHHX QTOMOB M3-33 CMENMEHMA CIIEKTPa YacTOT
RoneGaHu#f aTMX aTOMOB B CTODOHY MAIHX 4YacTOT.

1. Montroll E,W., Potts R.B., Phys. Rev., 102, 72,
1956,
2., Yamghuzi K,, Tanaka T., Progr. Theor. Phys., 20,
327, 1958.
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C-1. VIBRONIC SPECTRA OF MOLECULAR CENTRES
IN ALKALI HALIDES AND LOCAL LATTICE
DYNAMICS

L.A,Rebane

Institute of Physics and Astronomy
Estontan S.S.R. Academy of Sciences
Tartu

MPOSIBNEHNA JOKANBHO! JMHAMAKY PEIETKH
B CNEKTPAX MOJEKVIAPHHX MPUMECHHX LIEHTPOB
B IENOYHOTANIOMAHSX, KPUCTAILIAX

The survey of experimental studies of vibronic
spectra of molecular centres in alkali halides and
vibrational relaxation processes in them, carried out
in Tartu, is given.,

1. The vibronic spectra of molecular 05, SE and
NOE centres are characterized by a strong coupling of
the electronic transition with local (intramolecular)
modes but a relatively wesk coupling with crystal modes.
Owing to that in low-temperature spectra there is a
clear, well interpretable structure caused by local
modes, The fine structure, caused by crystal vibrations,
is repeated for several times, that allowing to study
the electron-vibrational interaction in details (iso-
topic shifts, interaction between local and crystal
vibrations, etc.). In NO; spectra the zero-phonon lines
have also a rotational structure. The presence of well
localized vibrational and rotational levels in the
excited electronic state of NOE allowed to carry out
their selective excitation and to examine the vibra-
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tional .and rotational relaxation processes between them,

2. In /1-3/ the local mode structure of the spectra

is interpreted. The frequency of the pure electronic
transition, the frequency and anharmonicity of local
modes in the ground and excited electronic states are
determined, and also the Stokes losses on local modes,
In the spectra of 0; and SE pure electronic lines are
not observed and, thus, for the determination of their
frequencies the isotopic shifts were used.

3. By the relative intensity of the zero-phonon
line and the phonon wing in the spectrum the total
Stokes losses on crystal vibrations are estimated /4/.
They differ in a rather broad range for various molecu-
lar centres, characterizing the various strength of
coupling with phonons. On the example of 05 in'KJ (small
Stokes losses, main contribution to the wing is made by
one-phonon transitions) the possibility of reproducing
frequency distribution function " of the non-distorted
crystal from the phonon wing of the luminescence spect-
rum is demonstrated. The structure of the wing in the
spectra of isoelectronic O; and SE /5/ centres is dis-
cussed, and also that of NOE in various alkali halides.,

4, The zero-phonon lines in the spectra of NOE
consist of several components, interpreted as the appe-
arance of the rotation of NO, around the axis of small-
est moment of inertia, slightly hindered by the crys-
tal field /6/. The behaviour of rotational components
under stress gave data about the form of the hindering
potential. The coupling of the rotation with local NOE
modes is discussed. ¢

5. Vibrational relaxation from local vibrational
and rotational levels of the excited electronic state
of NO; was studied. The luminescence yield of NOj dec-
reases with the increase of the number of the vibratio-
nal level excited., That is the result of competition
between the vibrational relaxation and the non-radiative
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electronic transitions /7/. A weak emission from non-

equilibrium—poplhated vibrational levels in the course
of vibrational relaxation ('hot luminescence") was mea-
sured and the population of some levels was determined
/8/« The time of vibrational relaxation of low vibra-

tional levels appeares to be~10"11 sec. Rotational re-
laxation time was estimated to be comparable to the
lifetime of the excited electronic state (T~ 10"8

19/

sec)

I. 1.Pecane, Tpyaw UPA AH 3CCP, M 37, -I4, I968.

2. P.ABapmaa, l3B. AH SCCP, Ous. mar., 17, 78, I968.

3. l.PeGane, I.Caapu, N3s. AH 3CCP, u3. war., I9, I23,
1970,

4, T.A.PeGane, M.M.Caapu, OTT, -I2, 1945, I970.

5. K,Rebane, L,Rebane, 0,Sild, in% Localized Excitations
in Solids, p. 117, Ed.R.F.Wallis, Plenum Press, 1968.

6. ReAvarmaa, L.Rebane, Phys. Stat. Sol., 35, 107, 1969.

7. l.Pecaue, M.Caapu, P.ABapMaa, U3s. AH 3CCP, dus.
mar., I9, 44, I970.

8. P.Saari, K,Rebane, Solid State Comm., 7, 887, 1969.

9. R.Avarmaa and P,Saari, Phys. Stat. Sol., 36, K177,
1969.
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C-2, LATTICE DYNAMICS FROM VIBRONIC SPECTRA
- W,E,Bron

Department of Physics, Indisna University
Bloomington, Indiana, U.S.A,

INHAMIAKA PEUNETKM ¥ BUEPOHHWE CIEKTPH

A review will be presented on the recent advances
in the calculation of the lattice dynamics of ionic
crystals from vibronic spectra.

Qualitative agreement has been obtained in alkali-
halides between experimentally observed vibronic side-
bands and theoretically derived sidebands based on the
Cochran-Cowley and on the Breathing Shell Model. In the
experiments, vibronic sidebands were observed to accom-
pany pure electronic transitions of the Sm2+ ion, which
latter has been used as a probe throughout these studies.
If the above calculations are taken quantitatively at
face value, they imply that the shell models result in
an overestimation of the dynamical electronic polariza-
tion; particularly in the transverse optic branch. These
calculations are, however, hindered by an inability to
treat exactly the long- and short-range distortional
effects due to the presence of the sm°* ion in the lat-
tice, In the alkali-halides, this problem is complica-
ted through the presence of a charge compensating va-
cancy, strong local diéplacements, and long-range cou-
lombic effects resultiné from the doubly positive char-
ge on the Sm2+ ion,

These difficulties are minimized in alkaline-earth
halide lattices., Almost all traces of effects due to the
presence of the Sm2+ probe ion, including local vibra-
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tional modes, can be eliminated in such lattices as-Ban,
Eurz, Ybl'2 and Pbrz. Vibronic spectra and their preli-
minary analysis for these systems will also be presented.

C-3, THE INTERAGTIONS OF TRAPPED ELECTRONS
IN POLAR SOLIDS WITH LATTICE VIBRATIONS

Jordan J, Markham

Physics Department,Illinois Institute of
Technology, Chicago, Illinois, U.S.A.

B3AUMOZIE/CTBUE JIOKAJM30BAHHHX SIEKTPOHOB
- C KOJEBAHWAMI PEWETKM B MOJAPHHX KPUCTAJJIAX

- An electron trapped at an imperfection in a polar
crystal interacts strongly with the vibrations of the
lattice. This paper will describe the recent calculations
on these interactions (for alkali halides) made by Ritter
and the author. They will be related to experimental re-
sults. Some knowledge of these interactions was origi-
nally obtained from studies of the thermal behaviour of
broad band absorption such as the F-Center. Further in-
formation has been obtained. from more recent studies.
Some of these are: the fine structure (at low tempera-
ture) of broad bands; the experimental and theoretical
moment studies made by Henry and by Schnatterly; as well
as the studies of the fine structure of the F-Bands in
Ca0 by Kemp and co-workers, These studies will be compa-
red with the calculation and the older experimental re-
sults. In conclusion a summary will be made of current
shape calculations being made by N. Pekarek and the
author,
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C=-4, PHONON-INDUCED ELECTRONIC TRANSITIONS IN INSULATING SOLIDS*
W. Beall Fowler and T. P, Martin
Department of Physics, Lehigh University

Bethlehem, Pa. 18015, U.S.A.

SJIEKTPOHHHE NEPEXOZb B ZMSJEKTPUKAX, MHAYLIPOBAHHHE
®OHOHAMI

The temperature dependence and strength of phonon-induced elec-
tronic transitions have been calculated for several color centers in in-
sulating solids. The theory of Conway et al. has been applied to the
F center, and it is found that absurdly large strengths are predicted.
An approach based on the Frohlich Hamiltonian is developed and applied
to the F center, with much better (but not completely satisfactory) re-
sults., A qualitative explanation of these results is given. The tem-
perature dependencé has been calculated in a local model in which all
the modes of vibration of the imperfect crys_tal are considered by means
of Green's function techniques., The transitions of }3"' in NaCl are
considered in both point-ion and extended-iox;a]:i?oxim&tions. The
point-ion model is found to give poor agreement with the experimental
temperature dependence, while results obtained with the extended-ion
model are in much better agreement with experiment.

*Research supported in part by Grants AFOSR 1276-67 and 67-1276A
from the U.S. Air Force Office of Scientific Research.
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C-5., REMARKS ON THE EFFECTS OF THE QUADRATIC
ELECTRON-PHONON INTERACTION IN THE MANY-
PHONON PROCESS ASSOCIATED WITH ELECTRON
TRANSITIONS IN CRYSTALS

E.Mulazzi, G.F.Nardelli and N.Terzi

Istituto di Fisica dell'Universita and
Gruppo Nazionale di Struttura della
Materia del C.N.R., Milan, Italy

SAMEYAHUS O BINFHUM KBAZIPATMYHOT'O SNEKTPOH-
®OHOHHOT'O B3AMMOZIEICTBIA HA MHOTOQOHOHHHE
[IPOIECCH, COMPOBOXZAIMNE SIEKTPOHHHE [MEPE-
XOI B TBEPIHX TEJAX

A description of the phonon processes involved in the
optic transitions of a two-level bound electron in a non-
conducting crystal, is presented, with the specific effects
of linear and quadratic electron-phonon interactions con-
sidered in details. The aim of this work is to clarify the
role of the guadratic interaction in connection with half-
width and possible vibrational peaks and to put in an unifi-
ed approach the problem of the identification of the lattice
dynamics involved in the absorption and emission of light.

The attention is called on the effect of the quadratic
electron-phonon interaction on the characteristic function
I(t), the spectral line shape I(w) , being the F.T. of I(t)
with respect to electric dipole moment autocorrelation time
t. Use is made of the thermod&namic Green function method
and diagram technique.

Apart from the well-known process in which two phonons
are simultaneously generated or absorbed, the quadratic
interaction is found to be responsible for a further
. process, i.e. for a scattering process which reflects in a
time-dependent dressing of the phonons involved in the
phonon cloud, associated with the hole-electron loop de-
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scribing the electronic excitation. The time available for
such a scattering process is just the autocorrelation

time appearing in I(t). Only when the autocorrelation time
goes to infinity the quadratic interaction is able to
change the initial-state normal modes into the final-state
normal modes.

The spectral line shape I(w) involves I(t) at all the
autocorrelation times. This fact gives rise to a problem
in the assignment of the lattice dynamics to be used in
connection with the interpretation of the expérimental
data. )

However it can be shown that all the moments of the
band, being related to t+0 limit of I(t), involve initial-
state phonon spectral densities; poséible sharp . vibrational
peaks, being related to the t+« limit of I(t), are instead
to be assigned to the structure of the final state phonon
spectral densities.
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C-6, [POABIEHNE OPUMEHTAIMOHHHX KOJNEBAHMH
‘ [IPUMECH B ONTMYECKNX CHEKTPAX NPUMECHHX
OPTAHUYECKHMX KPUCTAJIOB

N.C.0cazsko

Mocxoncxuﬁ nezaroruyeckuil MHCTUTYT
nMern B.l.JleHuHa

MANIFESTATION OF THE IMPURITY LIBRATIONAL
MOTION IN THE OPTICAL SPECTRA OF THE IMPURE
ORGANIC CRYSTALS

I.S.0sadko
Moscow Pedagogical Institute

B paGoTe paccmMaTpuBaeTCA MpoOieMa B3auMOZEWCTBUA
3JIEKTPOHHOTO BO3CY®AEHUA NPUMECHO MOJEKYJH C OpUEHTa=—
IMOHHEMU KONeGaHuAMU ee KaK nemoro (xauanusmu). Taxue
KONeOGaHMsA MOTYT UI'PATh CYLECTBOHHYW POJIb B 06pa30BaHUU
"MynbpTUNNETOB" B KBasuinMHeiyaTHX cnexTpax lmoasckoro.

STy KoNeGaHMA CBA3QHH C BIGKTDOHHHM [E6PEXOZOM B
NPUMECHO MOJIEKYN6 ABOItHHIM 06pa3oM: sy

a) myTem OGHYHOrO PpaHK-KOHZOHOBCKOT'O MEXaHM3MA,
107, KOTOPHM MOHUMABTCH HEOPTOI'OHAJLHOCTH OCHMJIATODPHHX
BOJIHOBHX (DyHKUMIT B OCHOBHOM M BO3CYHIEHHOM 3JIEKTDPOHHOM
cocrofHuM (Hampuuep, W3-3a CHBUTA MOJOXEHUA PaBHOBECHR)'

G) myTeM MOAYNALMM IUIONBHOIO 3JEKTPOHHOTO MOMEHTA
nepexoza MPAMECHON MONEeKYNH OPMEHTALMOHHHMM KOJ6OCaHUAMU.
llocnepnee Bcerjia MMEET MECTO NpPM KaYaHMW QHU30TPOMHOM
MOJIGKY I o .

CBA3E KAYALHNA MOJGKYNE C C6 DJIEKTPOHILM AUITONBHHM
MONEGHTOM EPOXOZA NPUBOZMUT K MOABIEHMO B CHEKTPAX IIOTJIO-
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meHMA ¥ JOMAHECHEHIMM "BJEKTPOHHO-KauaTeABHOH#" mporpec-
cHM; TpUYEM OZHOBDPEMEHHOE ZeficTBUE MEXaHU3MOB a) u 0)
ooycnannunaem HBKOTOpHE OCOGGHHOCTM B pacnpezeleHun =
TEHCUBHOCTH B IDPOTPECCHH.

B paGoTe nmoxyueHH (POpMYAH AJNA MHTEHCUBHOCTH "SJIEKT-
POHHO-KAUaTONBHHX" AuHM NOTVIONGHAA U JOMIHECLGHIMN, 38—
BUCAMME OT TEMIEPAaTypH ¥ OT ZABYX NEpaMeTpOB, ONDEZGIAl-
mMX MOXaHW3MH 8) ¥ 6). 3 HMX, B YaCTHOCTH, BHTEKEEeT OT—
CYTCTBME 36DKAJBHOCTM MOTJIOWEHNMA M JIOMUHOCHEHIUM, & TaK-
%@ 3aBUCHUMOCTH OT TOMNEpATypH MHTErpalbHO# MHTEHCUBHOCTH
"3]I6KTPOHHO-KaUaTeNBHOr0" CHEKTDPa MOIJOUEHU .
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C=7+ ELECTRON-PHONON INTERACTIONS IN THE OPTICAL SPECTRA
OF SOLIDS

Y.Toyozawa
Institute for Solid State Physics, University of Tokyo,

Minato-ku, Tokyo, JAPAN

SIEKTPOH-GOHOHHOE B3AMMOZENCTBUE B ONTHYECKUX
CHEKTPAX TBEPIHX TEI

The electron-phonon interaction reveals itself in the optical
spectra of a localized electron in a variety of ways. Lattice
vibrations give rise to the energy fluctuation of a localized
electron, resulting in the broadening of absorption and emission
spectra; lattice vibrations can also split the degenerate electronic
states, causing sometimes the splitting of the spectra. The configu-
ration coordinate model, which has been so useful in describing these
phenomena and the lattice relaxation process after optical tramsition,
can be founded on a sound basis by introducing the concept of the
"interaction modes" --- the localized modes (but not the normal modes)
effective for the interaction. With the use of this concept, we
present systematic consideration on the possible patterns of classical
Jahn-Teller split absorption bands, as well as their stress and
circular dichroism. Thereby, one can classify those interaction modes,
which give rise to splitting of degenerate excited states, ,into

"active" and "

potentially active modes" according as they cause the
splitting of the absorption band or not.

The broadening and splitting of the optical spectra are nothing
but the superposed multiphonon sidebands of the electronic transition.

The electron-phonon coupling strength, defined as the average number
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of phonons accompanying the electronic transition, is expected to be
as large as a few tens when the orbital radius of the electron is
comparable to the lattice constant, but to be smaller otherwise,
resulting in resolvable phonon structures. The local perturbation of
lattice vibrations gives rise to the metamorphism of van Hove
singularities in the phonon sideband, particularly for low symmetry
centers. Sometimes, localized phonons appear, which however depend on
the electronic state, and hence, on the electronic transition. The
phonon localization can take place not only around the fixed lattice
imperfection, but also around a moving entity such as an exciton,

formiﬁg a composite particle "exciton-phonon bound state'.
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C-8. OJEKTPOHHHE BOSBYXJEHHA PTYTEIOZOBHHX IIEHT-
POB B IENOYHOT'AJIOMEHHX KPUCTAJIJAX

C.I'.3asy6oBuu, H.E,Jlymux

IHCTUTYT (M3MKM ¥ acTpoHOMUU, Tapry

ELECTRONIC EXCITATIONS OF MERCURY-LIKE
CENTERS IN ALKALI HALIDES

S.GeZazubovich, N,.E,Lushchik
Institute of Physics and Astronomy, Tartu

Jlan 0630p JIMTEPATYPHHX H OPUTMHANBHHX PE3yIBTaTOB

0 CHEKTpax IOIJIONEeHNs, M3NYyYeHHH,BO3CYRACHUS M KBAHTOBO-
T'0 BHXOZA ANMUHECLEHIUN, AMNTEIHHOCTH JIOMHHECHEHIMUH ¥ e8
' NONAPM3ANUOHHHX XaPAaKTEPUCTUKAX ANA MEIOYHOTANOMZHHX
KpMCTaHHOB (ITK), axmnnuposaanux PTYTENOZOCHHME HOHAMH
(Ga! In’, Te* Ge? 5n™ Pb*y 1p.).

SIEeKTPOHHHE Boadyxnennﬂ PTYTENOZOOHHX LEHTPOB B
ITK MOXHO paszeNuTh Ha AKTUBATODHHE 3JIEKTPOHHHE BO30yxZe-—
HE ASB, T'eHETUYECKH CBASAHHHE C IEPEXO07aMH ns%»ne$1+42p
U OKONOAKTMBATOPHHE DNEKTPOHHHE Bo30yxzerus 03B - Bo3-
GyXZeHUA Tamouza, BOSMYNMEHHHE MOHAMM aKTHBATODA.

Crpyxrypa 03B B JCIOXHEHHOM BMZe NOBTOPAET CTPYH-
TYPYy B CIEKTpax SKCUTOHHOTO IoTrzomeHMsa. OHA OCOGEHHO
CNOXHA B TAJOMAHHX COJAX Ne3us. OCCYEZanTCs NMPOSBIEHHS
03B B M3JIYYEHUN PTYTENOZOGHHX IEHTPOB.

PaccuaTpuBaeTcs CTpyKTypa ASB, mpHpoza M OpMEHTa-
ous uanxyvarenei m nornomatenen:

llo noxsApU3aNMOHHEHM XapaKTepPUCTHKAM JOMMHECHeHINH
PTyTEnoZoCHHe NEHTDH B MEJOYHOTANOMAHHX KPUCTANIaX MOE-
HO PaszennTh HA ZBA OCHOBHHX KJacca:
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I) UeHTpPH, B COCTAB KOTODHX BXOZMT COGCTBEHHH{ WIM Ipu-
MECHHIl ZeeKT KPHCTANINYECKOi pemeTkM, HaXOAAWUACA BOIUBY
OT PTyTENnozoCHOT'O MOHA n nounzanmnﬂ cnunempnm €r0 OCHOBHO-

2+ - +
ro cocromuma(Sn’Y,, Gey ™, PEY, Tt In'), GaJ=nentos).

2) LEHTpH nnunnecuennnn 6es Toqequoro ne@enma pAznoM ¢

aKTUBATOPOM, odnananmne xydnqecxoﬁ cuMMeTpueil OCHOBHOTO

COCTOSHUA (Tl In 4 G'a -NEHTPH ) JIpuunnoit HU3KON CIM—

METpUE BO3CYXZEHHOTO COCTOAHMA STUX IEHTPOB ABIAETCH B3a-

uMozZeiicTBMEe ONTHMYECKOT'O 3NEKTPOHA MOHA aKTUBATOpa C HE-

TMONHOCYMMETPUYHEMY KOJECaHUAMM OKPYXaALmMUX KPHUCTanzooGpa-

3ybIUX YacTul (a@@exm ﬂuaéTennepa)

OcHOBHHE npoaxnenna 3®®exTa ﬂHa-Tennepa B ONTHYEC-
xux xapaxrepucrurax TE¥ In* ®u Ga'-nentpos cuexywomue:
1) pacmennenue BO3CYEZEHHHX COCTOfHU# ¥ HAMWUME NOJFpHU-
30BAHHO} JMIWMUHECILEHUMN HECMOTPA HA KYGMUYECKYN CUMMETDHO
OCHOBHOT'O COCTOfIHMs 3THUX UeHTpoB B [T'K.

2) ZAemonApM3alMA MBNYYEHHS NPH ZOBOJHHO HHU3KUX TeMIepa-

Typax.

3) ZenonApuU3ANMA WINYYEHUA NP GE3H3NYUATENBHHX NEPEX0-

Zax MEKZy BO3CYXACHHEMW COCTOSHMAMU PTYTENOo0GHOTO HOHA.

B pesynpTaTe 3TOT0 NONAPU3OBAHHOE C TOJOEMUTENBHO{ creme-

HBO TMoZApU3auMM kaKk A ,Tax u C-u3aryuenne 3TUX LEHTPOB

Ha6awzaeTCa JUWUB NPW BO3CYXEZEHUM B O0NACTH CONPAKEHHHX C

U3IYYEHNEM TONOC NOTJOWEHN A,

+ 7 + *
4)3neMeHTapHHE U3IYYATEIN Te ; In" u Cﬁz—ueﬂrpos opu-
E€HTUPOBAHH KAaK B I'PAHEIEHTPHPOBAHHHX, TaKk ¥ B OO0BHEMHO-
L/EHTPUPOBAHHEX MEJOYHOTAJOUZHHX KPUCTAINIAX B HalpaBJIEHUU
oceit C, xpucrania.

Ina IT'K, akTUBMPOBAHHHX DPTYTENOZOGHHMYE ¥ GIaropoi-
HEMM MOHaMM, XOPOWO BHpaxeH 3dPexT Jlexcrepa-dayrepas:
MaTpPUYHHE BJIEMEHTH 3JEKTPOHHLHX NEPEXOZNOB NpYU NOTJIONEHUK
3HAYUTENBHO GONBlE UeM AJA M3NYyUaTeNBHHX TNepexonos. Ilpu
KONeGaTeNbHOll peNaKcaluMy pazuarbHas NMPOTAXEHHOCTH U CHi-—
METDHf BJEKTPOHHHX BOJHOBHX (JYHKUMNiI NMPUMECHHX LEHTDOB
U3MCHSINTCH.,
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C~9. JAHN-TELLER EFFECT AND Tl+-LIKE CENTERS®*
Atsuo Fukuda®™*

Argonne National Laboratory
Argonne, Illinois 60439, U..8. A,

SOOEKT AHA-TENNEPA M UEHTPH TMma T1*

The T1*-like centers in alkali halides /1/ have
the two excited states, 3'1‘ WG s 3 and M5 ) and

1T1u( [ ), which are weTr:{escribed by the molecular
orbitals a,  and t..  /2/. Transitions r; a 6) -

P ) ggd (¢ R:S)"’ r;.( T,,) cause the well-known
absorption bands, A and C, respectively. Recent theore-
tical /3-7/ and experimental /8-13/ work has shown that
the 3T1u and 1T’Iu excited states are characterized by
the strong Jahn-Teller Effect (JTE)., Following are the
interesting phenomena which are connected with the JTE.
1) Temperature-sensitive structure of the A, By and C-
absorption bands /3,4,8/. 2) Exchange of intensity bet-
ween, the A, B, and C bands /7-9/. 3) Two emission bands
excitable in the A band /5-7, 10, 11/. 4) Polarized
luminescence under polarized excitation /3,7,12,13/.

In the case of the monovalent impurity centers
(Ga*, In*, and T1%), it seems well established that
the above-mentioned phenomena are really caused by the
JTE in the excited states, In fact, most of the investi-
gators believe that the polarized luminescence from the
monovalent impurity centers is caus;dby the JTE, Ho-
wever, there are many investigators who considered that
the polarized luminescence from the divalent impurity
centers (Sn°* and Pb2*) is due to a charge compensating
vacancy. They used the Feofilov theory to analyze the
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polarized luminescence and made such a conclusion that
the vacancy is located in the 100 direction or in the

110 direction /14-16/. The importance of the JTE seems
to be disregarded because of the presence of a charge
compensating vacancy of which effect was tentatively
considered more important than that of the JTE, The ana-
lysis of the absorption-band shapes shows, however, that
the JTE in the divalent impurity ions is much stronger
than in the monovalent ones /3,4/.

Recently we have investigated in detail the emis-

sion, excitatior, and polarization spectra in KI:Sn

at 4,2°K and found three interesting facts. (I) Excita-
tion in the A band produces two emission bands. The
degree of polarization ‘for the low-energy emission is
much less than unity even in the low-energy tail of
the A band. (II) The polarization spectrum for the
high-energy emission increases with the photon energy

of exciting light., (III) Excitation in the C band also
produces two emission bands, The degree of polarization
‘for the low-energy emission is almost equal to unity in
the low-energy tail of the C band. Feofilov theory could
not explain (I) and (II), while the JTE could not explain
(III). This dilemma is solved by assumin% that the Adi-
abatic Potential Energy Surfaces of the T1u and 3T1u
excited states have the three tetragonal minima due to
the JTE and that there is a small difference in their
depths due to a charge compensating vacancy close to
the impurity ion., Details will be explained in the Se-
minar,

% Work supported by U.S, Atomic Energy Commission.

*¥% On leave of absence from the Institute for Solid
State Physics, The University of Tokyo.
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C-10, EXACT SOLUTION OF THE OPTICAL JAHN-TELLER PROBLEM
" MAX WAGNER

Institut fiir Theoretische Physik, Universitdt Stuttgart

TOYHOE PENEHME [IPOBIEMH ONTUYECKOTO SOOEKTA AHA-TENIEPA

The dynamical Jahn-Teller problem has not yet been solved
exactly, except for trivial cases, but many approximation
methods have been developed 1’2). The general characteriza-
tion of the problem is the interaction of a degeneraée high-
energy system (electronic system or high-frequency oséilla—
tor) with a degenerate low-energy system (oscillators). The
&ynamical situation may be understood as a resonance phenom-'
enon between the effective splitting of the high-energy
states and the excitation in the low-energy system.

The adiabatic principle (appropriately modified for the
JT-problem) and the Condon approximation are incorporated in
our formalism by assuming [He(x), V(x,q)] =0 where He is
the electronic and V(x,q) the interaction Hamiltonians. The
restrictive effect of this presupposition is of no signifi-
cance for the JT-effect. In virtue of it each electronic
_level defines an independent subspace of the total Hilbert-
space. Apart from this postulate our calculation is exact.

If an optical transition from the electronic groundstate
‘a to the degenerate excitéd state b is considered, the opti-
cal response can be brought to the fo form

G = et T el -H, @/eT)] "
(O l(Perl-if eI}, enlH, mm‘] 9@
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where W, is the electronic energy spacing, Hv(q) is the vi-
brational Hamiltonian, P is the Dyson chronological operator
and V (t) is the projection matrix of V(x,q) onto the degen-
erate electronic e;genfunctions jP (b)(x) (j= index of de-
generacy) in interaction representation. In deriving expr. (1)
use has been made of a closure property for the vibrational
JT-functions of state b and of the Goldberger-Addams operator
theorem, generalized to functional matrix operators.

The evaluation of expr.(l) for the different JT-situations
is achieved by an application of Wick's theorem. This then
leads to well-defined combinatorial problems, which in gen-
eral are rather complicated, but can be solved in principle.
They are of special iucidity'for the two pure JT-cases E-e
(doubly degenerate eléctronic states and oscillators) and T-t
(triply degenerate electronic states and oscillators). In the
case E-e a closed solution can be given for the combinatorial
problem and the optical response takes the form

Ge.o(t)= e twot {'Jt"“ z(t)ez‘ Erf [z(t)]+1]
. : g
2(t)= & Liwt + f- A e r‘t-,\'e“"t]/’.

where (2)
Here & stands for the frequency of the oscillator, &k is the
coupling constant and A= exp(- W/kT). The form (1) is also
well-suited for the calculation of the moments of the absorp-
tion band, f,=(id/at)™ [G(t).exp(iwt)] /t = o. Application
of this formula yields for the E-e case in the strong cou-
pling limit the semiclassical result, which can also be de-
rived by a method of moments developed by the author (ref.3).

References:

1) Longuet-Higgins, H.E.: Advanc. Spectr. 2, 429 (1961)

2) sturge, M.D.: Sol. State Phys. (Seitz-Turnbull), 20, 91,
N.Y. Acad. Press 1967

3) Wagner, M.: Z. Physik, 230, 460 (1970)
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C-11. ONTUYECKUH SOOEKT AHA-TENNEPA [PU CHIBHOM
SNEKTPOH-QOHOHHOM B3AUMOJIEHCTBHUM

B.A.Joopurc, B.B.XuEHAKOB

Taprycku#f rocyzapcTBeHHHN yHMBEDCUTET
NacTuryr ¢usmrm ¥ acrponHomuu AH 3CCP, Tapry

OPTICAL JAHN-TELLER EFFECT: STRONG
ELECTRON-PHONON COUPLING

V.Loorits, V.Hizhnyakov
Institute of Physics and Astronomy, Tartu

PaccMaTpHBalTCA 3M6KTPOHHO-KOJ6GaTeNbHMe I16DEeX0MH
U3 HEBHPOXZIGHHOT'0. B BHPOXZGHHOE BIEKTPOHHO® COCTOAHHE
NPUMECHOTO NGHTpa. CuMTaeTcsa, YTO B3auMOZeiicTBUe C He-
NONHOCHMMETDUYHHMN KONEOQHUAMM BEIUKO. JUUTHBAETCHA AHUC—
nepcus POHOHOB. SNEKTPOHHO-KOJIEOQTENBHH{I CNEKTD HmpM Ipo-
H3BOJBHHX TEMIepaTypax BHpAKeTCHA Yepe3 MHUMYD YacTh CTa-
TUCTHUYECKOTO CPEAHEr0 onepaTopHO# QyHrmuu I'puHa. lcrnonsp-
3yeTcA 71Ba METOZA pacyeTa clexrpa: 1) pasioXeHHe omepa-
TopHO#t QyHKUmM I'DMHA IO CTENEHAM Yk , rie K - KoHCTaH-
Ta 3JAEKTPOH-JOHOHHOTO B3auMOAeiCTBUA, 2) HAXOXASHAE NON-
pasox Wi~ (k)" & noawcy dyuxuam TpuHa HyZeBOro MpUOIMEE—
HuA. 00a MeTOZa MINNCTPUDPYWTCH HA pa3AUYHHX IPUMEDPaX.

B oOmeM znfi 0COMX METOZOB  HYIEBOM MPHCTUEEHUN
CIEKTD ABAAGTCA CHMMETDMUHHM M COBHNaZaeT mo Jopue C Kpu-
BEMM /I/, MONYYEHHHMN B KIACCHUYECKOM INpPEZEJNe -BHCOKMX
TeMnepaTyp. [oclezyomue MONDPaBKM NPABOAAT K aCHMMETpPUN

CIIGKTDA.

1. J.Toyozawa, M.Inoue, J. Phys. Soc. Japan, 21, 1063,
1966.
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C-12. ONTUYECKUE [EPEXOZ B CUCTEMAX C BIEKTPOHHHM
BHPOXZIEHUEM

B.T'.Bexrep, W.E.lepaun, B.3.loaunrep,
0.5.Poszendensn, 5.C.lykeponar

NHCcTuTyT XmMuu AH MCCP

OPTICAL TRANSITIONS IN SYSTEMS WITH
ELECTRONIC DEGENERACY

B.G.Vekhter, Yu,E,Perlin, V,Z,Polinger,
Yu.B.Rosenfeld, B.S.Tsukerblat

Institute of Chemistry, Academy of Sciences,
Moldavian SSR

Pacuer roSPPUUUEHTE NOTIOMEHMS CBETA B BIEKTDPOHHO-
KONeO0aTeNBHHX CHCTEMAX C DJEKTDPOHHHM BHDOXZGHMEM, NpPO-
BeZiGHHHE ¢ momombo Popuynn Ky6o, NpEBOZUT K CHEAyLLEMY
BHPaXeHNN ZJNA Qypbe-u300paxeHusd QYHKOuMM QODMH MOJOCH
CHHTIOT-MyNBTHIIETHOTO N6DPEX0Aa

)= 7, <sla|P)(sld Py et st

x <p ]TGXP{" g %" fd’cfdd" A @A, ) ?‘(1:-6')} 'pl> i
i o 0 .

37echk COXpaHEHH 0003HAueHUA cTaThu /I/. AHanm3 @opMynH
(I) B KBa3MKIACCHYSCKOM MPUCINKXEHNA NPOBEAEH B pacoTax
/2,3/. Ipyroe BO3MOXHOE NDPUGIMKGHUE COCTOUT B NpEHEOpe-
¥EHUM 3ara3zHBaHMEM, T.6. B 3aMEHE B [OKa3aTelxe 3KCIO-
HeHTH Qopmynas (I) zBofiHOTO MHTErpalla OT MpPOM3BEAEHUA
NPON3BEZIGHMEM COOTBETCTBYOLUX ABOKHHX MHTErpanoB. [Ipu
9TOM I[MOJyyaeTcA BHPaXGHUE, COBNAZAWNES INpH T=0° ¢ nony-
YeHHHM B padote /4/, B KoTopoi#f, OoZHAKO, yTBEpXaeTCA, UTO

(1)
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STOT DE3YABTAT ABIAETCH TOUHHM. ANBTEDHATUBHHM NOZXOZOM
K 9Tolt mpoGneme fABAAETCA METOZ DYHKLUUOHANBHOTO WHTETIpU-
poBaHMs, GIaroZapA KOTOPOMy T-3KCHOHEHTY C KBaZpaTHUHHL
HyHKUMOHANIOM B NOK33aT6J]6 MOXHO NDPEACTBATH B BUZE HEKO—
TOPOT0 KOHTHHYANBHOT'O CPEZHETO:

; +
Terl-3 %“‘Setrfdc ha A et} =

STW{ELS zfﬂ)Ax('c)dI} [
Seq’{r‘a} $/“

o‘b/u - CHUMBOIL unrerpuponannﬂ MO TPAGKTODUAM M ),

Plpal=-ToF SerWaem Fes)dkds . (3)

Of pe} (2)

,.bﬂz...

a {:(t'ﬂ')- AZpo, 00paTHOE MO OTHOUGHMD K (2, (IT-¢1)° .
Npn6nuxenne paGoTH /4/ monyuaercsa u3 (2), ecim B mnpa-
BO# yacTM MPEHEGPEUD XPOHOJOTMUECKMM YHIODPAZOYMBAHMEM .
KpuTepun yMOMAHYTOTO MPUGIMKEHMA yCTAHABIMBEWTCA CpaB-
HEHMEM MMOIYUEHHOT'O DPacHpeZeNeHuss ¢ UCXOZHO# dopmynoit Ky-
60. JlnAi 3TOr0 MCMOJB30BAH METOZ MOMEHTOB B (OpMe DAZOB
T'pama-liapnse.

lansHelimee yTOYHEHME MOJYYEHO MHTEDPAUMOHHHM Dele—
HIeM ZudPepeHUManbHOT0 yDPaBHEHUSA ZJA ONEPaTOpa SBOIN-
LMK, CTOAWEIrO MOZ 3HAKOM KOHTMHYaNBHOTO MHTErpala B
npaBoil yacTu dopmyan (2). Bce pacueTH MPOBEZEGHH JJA OIl-
TMYECKMX MEPEXOZOB C yUaCTMEM IBYKPATHO BHDOXJBHHHX YpPOB—
Heit E-runa.

B npeHeGpexeHUy 3anas3fHBaHUEM MCCIEZOBAH TAKKE CIy-—
yail MyJABTUNNET-MYNABTUNIETHHX I16PEXO0ZO0B.
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C-13, TYHHEIBHHE B0QEKTH B CUCTEMAX C SIEKTPOHHO-
BHPOXTIEHHHM E-TEPMOM

H.B5.Bepcykep

Ornén kBaHTOBO#t xMMum AH MCCP, Kumunes

TUNNELING EfFECTS IN ELECTRONIC DEGENERATED
E-TERM SYSTEMS

I.B,Bersuker

Department of Quantum Chemistry, Academy
of Sciences, Kishinev

MpoBezieH TeopeTHuecKuil aHamua u Gonee MnoaHH# pac-
YeT OCHOBHOTO M OIM3KMX K HEMY BO3CYAZGHHHX 3J6KTDPOHHO-
KoneGaTenbHHX (MHBODCHOHHHX WM TYHHENBHHX) ypOBHEH cuc-
TEM C 3NEKTPOHHO-BHPOXZEGHHHM E-T6pMOM, KOTOpHE C YyY6TOM
IMHEHHHNX M KBaZpPATMUHHX UJ6HOB BUOPOHHOTO B3auMozelicTsas
(BB) mMenT TpM MUHMMYMa azuaGaTMUECKOTO MOTeHmMazna. [lep-
BHE pacueTH MOAOGHOTO pOZa, BHIONHEHHHe Hamu paree /I/,
VMeJIM LeJNbH YCTAEOBATH Hanuuue 3QPeKTa MHBEPCUOHHOTO
(TyHHENBHOI0) pACHEIJIEHNs U 6I'0 OCHOBHHX IDOABIGHM
(zna o6sopa cM. /2/, /3/), U NMOBTOMYy HE COZEpXaNM pAZa
Zeranefl ABIGHMA, KOTOPOHE CTANM aKTYadbHHMM celiyac B
CBA3M C MHOTOUMCIEHHHMA 3KCIEDUMEHTAJBHHMU NOATBEPHIE—
HuAMn addexTa. [loKasaHO, UTO BHMONHEHHAs Mo3zHee (HO,
nmo-BUZMMOMY , He3aBucCHMO) padora O'Bpalien /4/, B KoTOpOit
Zasi clydyad CHABHOTO BB B KauecTBe HYJNEBOTO NPUCIUXEHMA
0epeTcs DelleHNe C yYETOM TOJNBKO JMHOHHHX uneHoB BB, a
KBaZipaTUYHHE UJIGHH NMPaKTUY6CKM YUUTHBAKNTCA TOJBKO B BU-
Ze BOSMYWEHMA, HEKODDEKTHa BO BCEX CIyyasX KOTZa B Mu-
HNMyMaX, OCGABAHHHX KBAZDATUYHHM YNEHAM, MOABAAKNTCA JIO—
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KaJbHHE YPOBHM U NBUKEHME B HUX (OuHMTE3UMANBHO (ZIA
paccMaTpuBaeMOT0 CMIBHOrO BB aTH ciayyam, Kak NOKa3HBALT
ONEHKM, 6IAMHCTBEHHO DEANbHH). B MpOBEZIGHHOM pacueTe,

KaK M paHee /I/, B KauecTBe HYNEBOTO NPUCTMKEHUA AJA
OCHOBHOT'O COCTOSIHMA OepeTcf NMHeliHad KOMOMHAUMA BOJHOBHX
byExmmit — BUODOHHHX COCTOSHMI B, MMHAMYMaxX azuacdaTuyec-
KOT'0 MOTeHNuajla, HO C yUETOM CHUJIBHO HeazuabaTHdecKol
3@BUCHMOCTHM 3NEKTPOHHOW BOJNHOBO! (QYHKUMM OT FAZ6PHHX
KoopzmHaT. Kpome aroro, B oTauuue oT /I/, KoZIeGaTeNBHHS
GyHKINM B MUHUMyMaxX GepyTCA TAaDMOHMYECKUMM C 4acTOTaMU,
onpezeAEMHMY M3 DA3NOKEHMA NMOTeHuMana (IpH DTOM UaCTO-
TH ZABYX KOMIOHEHT BHPOXAEHHOI'O AJA KyOuueckoit cummeTpuu
g-KONeCaHuUs NMONYUalbTCH PA3JIUYHHMU), C YUBTOM MOMDABKM

Ha aHPapMoHM3M. [lonyueHs BupaxeHus Ans "E - A" mHBep-
CHOHHOTO (TYHHONBHOTO) paclleNJeHMs M IapaMeTpa "mozas-

- neHus" ¢ , ONMpejeNApmero yMEHBUEHUE MATPUYHHX SIEMEH—
T0B M3UUECKUX BOJUYMH B CUCTEME U3-33 TYHHENUDPOBAHMA,
Kak QyHKUAY ZBYX napaMeTpoB - KOHCTQHT NMHE#HOTO M KBaj-
patnyxoro BB. llpu srom monyuemEwit panee Xsmom /5/ Ha oc-
HOBe pacoTH O*Bpafier /4/ BHBOZ O BO3MOKHOCTM ONSHKM Xa-—
pakTepa BB mo BeaMuMHe U 3HAKY OTKIOHGHUA napameTpa g
or I/2 cymecTBeHHO MeHAETCA. [[pOAHANMBUDPOBAH pAZ Hu3u-
YECKUX CHEZCTBUil U3 3TUX DPE3YABTATOB.

I. .B.Bepcyrep, Ontuka u cnexrpockonua, II, 319, I96I;
XeTe, 43, I3I5, I962.

2. W.B.Bepcyrep, B.T'.Bexrep, U.f.0rypuoB, Proc. Inter-
nat. Symposium,Vilnius, I969, llur. (u3. CGOpDHMK,

00, 000, I970; N.B.Bepcykep, B. P Bexrep, [lapamarsur-
HHil pesonanc 1924-I969, Hayka, M., 1970, crp. 000.

3. N.B.Bepcykep, ONEeKTPOHHOB cmpoenue n cBoiicTBa KOOp-
ANHAUMOHHHX coezuHeHull. BBezeHue B Teopuio, Xumusd,
Doy TORTY

4, M.0'Brien, Proc. Roy, Soc. (London), A281, 323,1964.

5, F.5,Ham, Phys. Rev., 166, 307, 1968.
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C-14, TEOPUA PE30HAHCHOTO BTOPUYHOTO CBEYEHUA
[TPUMECHOTO LIEHTPA

B.B.XnKHAKOB

Mucruryr ¢uankm u acrpoHomuy AH 3CCP
Tapry

THE- THEORY OF RESONANT SECONDARY RADIATION
BY IMPURITY CENTRE

V.Hizhnyakov

Institute of Physics and Astronomy
Academy of Sciences of the Estonian SSR

0630pHasd padoTa. PaccmMaTpuBaeTcd NMpoGineMa Kiaccupuia-—
MM BTOPMYHOTO CBEUGHMA NPUMECHHX NEHTPOB. l3marawrTcs pe-
3yNBTATH COBMECTHOI'0 ONUCAHMA BCOT'0 BTOPUYHOT'O CBEYEHUA
HQ OCHOBE BTOPOI'0 NPUOINKEHMA [0 B3aUMOAEHCTBMD BJEKTDPO-
MaTHUTHOTO NOJA ¥ BeNECTBa. AHaIM3UpyeTCHA mpoOneMa pasze-—
N6HNA DE30HAHCHOTO BTOPUYHOTO CBEUEHMA HA JWMUHECLGHIMUD,
TOpAYY JOMAHECLEHIMND, DElIeeBCKO® U KOMOMHALMOHHO® pac—
COAHNA B 3aBUCHMMOCTH OT apaMeTPOB KONEOATEABHOI'O CHEKT—
pa u BIEKTPOH-HOHOHHOIO B3auUMOZGIiCTBUA NMPUMECHOTO LEGHTDA.

B paMKax Teopuy DPe30HAHCHOI'O BTODUUHOI'0 CBEUEHHMA Ja-—
HO 0COOWGHMe TEODUM PE30HAHCHOI'O KOMOMHALMOHHOI'O pacced-
HUf TPUMECHOTO LeHTpa /I/ Ha cuyuyail BHDPOXZGHHA BO3CYKAEH—
HOI'0' 2MI6KTPOHHOI'0 ypoBHA. OOCYyxZanTCA TEOPOTUUECKUE U
SKCNEpUMEHTANBHHE PaGoTH N0 PE30HaHCHOMY KOMOWHAIMOHHOMY
pPacCefHAD NMPUMECHHX LEHTPOB, BHIIOJHEHHHE B MOCHEZHME T'O-
mn. OGcykzaercA TaKkke TeOpuA ropavell JoMmHecueHWMM /2/ u
posb MHTEepPPe POHIMOHHHX UYJN6HOB B NMpPOCNEME DA3ZGJNEHUA IOpfi-
yell NOMMHECLEHIMM ¥ PE30HAHCHOI'0 KOMOMHALMOHHOT'O PACCef--
HUA .



1.

2.
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V.Hizhnyakov and I,Tehver, phys. stat. sol., 21,
755, 1967. s
V.Hizhnyakov, K.Rebane, I.Tehver, Proc. Intern.

Conf. on Light Scattering Spectra of Solids, New

York, Sept. 1968, Springer-Verlag New York Inc.

1969, p. 513; :

V.Hizhnyakov and I,Tehver, phys. stat, sol., 38,
19703

K.Peuker and E.D,Trifonov, phys. stat. sol., 30,
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C-15, EXPERIMENTAL STUDY OF RESONANT RAMAN
SCATTERING BY IMPURITIES
D. B. Fitchen
Laboratory of Atomic and Solid State Physics
Cornell University

Ithaca, New York 14850

SKCTEPUMEHTATBHOE M3YYEHUE PE30HAHCHOTO
KOMBIHALMOHHOT'O PACCESHUA NPUMECAMU

An experimental study of the differences between reso-
nant and non-resonant Raman scattering by several substitu-
tional impurities in alkali halides is presented. The aim
of the work is to make a quantitative test of recent theories
which have predicted the following resonance effects: 1) an
enhanced sc#ttering cross-section, 2) the appearance of higher
order scattering, and 3) the appearance of features character-
istic of the excited state of the impurity, if the absorption
band shcws resolved structure.

Systems studied were the F center and NOZ' and Sez' mol-
‘ecular impurities in alkali halides. All have large Stokes
shifts permitting separatioh of Raman spectra from fluores-
cence. Also, the sharp, internal vibration lines of the mol-

ecules are convenient features. A variety of laser lines was
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used to measure the polarized spectra at 6°K.

Preliminary measurements of cross sections show some
discrepancies with theory. .Multiple-order peaks are observed
up to fourth order for an F center and to at least seventh
order for isotopically pure Sez'. Shifts in the Raman peaks
at resonance are not observed for F centers or Sez', both of
which have broad, unstructured absorption. Measurements for

N02', which has highly structured absorption, will be reported.
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C-16, ‘0 BTOPWYHOM CBEYEHWA MPUMECHOT'O KPUCTAJIA
B NOAE MHTEHCUBHON MOHOXPOMATWYECKOH BOJHH

1.9 .CunproB, E.J.Tpuporos, A.C.Tpomun

llenunrpazckuii T'ocyzapcTBeHHHY! YHUBEpCATET
- JleHMHTpaz]

ON SECONDARY RADIATION OF IMPURITY CRYSTAL
INDUCED BY THE INTENSIVE MONOCHROMATIC WAVE

D,F.Smirnov, E,D.Trifonov, A,S.Troshin
Leningrad State University, Leningrad

llccnenyeTca CNEKTP BTOPUYHOI'O CBOUGHMA MPHMECHOI'O
KpUCTalla B MOJe Jia3epHOT'0 M3NyueHMWA. B KauecTse MOAEIM
NPUMECHOT'0 NGHTpA NPUHMMAETCHA ABYXYPOBHEBAA 9I¢KTDPOHHAA
cucreMa, B3auMozeiicTByma# C IapPMOHMYECKMM OCLUIAATODPOM,
- C JIOKaNbHHM KoneGaHueM. licnonepsyeTcA azuaGaTuueckoe
npuonuEeHue u npuoanxexue KoHZOHA. -ONEKTPOHHO-KOJNEO6aTelb—
HO® B3auMoZeficTBME XapaKTEpU3YeTCA MapaMeTpoM Ag@ - CMe-
meHNEeM MOJOKEHUA PABHOBECUA OCUMIIATODPA NMPU SIEKTDPOHHOM
nepexozne (M3MEHEHNE YACTOTH JIOKANBHOT'O KONEGAHWA HE yuud-
THBAETCA). PacueT MPOBEJGH B MpPEANONOKEHHN CIaG0T0 BJIEKT—
pon-poHoHHOTO B3aumozelicreua ( ag® K1), c TouHOCTHD
IO BEJNYMH MODPAZKA Aq,z, TO 6CTH B OZHO(POHOHHOM NpUGIA-
¥6HUM. AHPapMOHMYOECKOE B3aMMOZEHCTBME JOKANBHOI'O OCIMI-
nATOpa C KOHTMHYYMOM KpHCTaNINYECKUX KoleGaHuUil zenaer
BO3MOXHO} KOJeGaTeNbHYW pellakcamupw. PaccMaTpuBaeTCA JMIb
ciyvait Hynesolft TeunepaTypH. BsaumozeiicTBME DIGKTDPOHHO-KO—
N806aTeNbHOl CUCTeMH C 3JIEKTpUUECKUM MNojiem mazawueit cseTo-

BO¥. BOJIHH yYMTHB3ETCA TOYHO, 663 WCMOJNB30BAHUA TEOpPUN
BO3MYLEHUi .
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VIHT6HCUBHOCTH CTAUMOHADHOI'O BTOPMYHOTQ CBEUEHHMA BH-
paxeHa 4epes DIEMEHTH MaTpULH MJIOTHOCTH SNEKTPOHHO# mozx-
CHCTEMH, KOTODHE onpezeiadioTca 13 npncnuxeunux'ibanrono-
KMHOTUUECKHUX ypaBHEHMil, :

B cnexTpe BTODUYHOT'O CBOUYSHHA MOKHO BHZAONUTH JOMA~
HECLEHIUD - CBEUEHUWE, CBABAHHOE C KoxeGaTelbHO! peraxca-
nue#t B BO3CYXZEHHOM SAEKTPOHHOM COCTOAHHM, — M DECCEARUE.
BrcoKas MHTEHCUBHOCTH BOSOYXZGHHS B JNOMMHOCHEHLUMM IPOHB-
IAeTCA TIaBHHM 00pas3OM B NEpepacHpeZeleHUM HaceleHHOCTei
(o@fexr, aHanorvyHHA HACHHEHMD MNOTAOWEHMST). CHEXTp pac-
CeAHMA YCIOXHEH BCIGZLCTBMUO BIUAHAA CHUIBHOT'O MOJA: IPOUC—
XOZUT ZONONHMTENBHOE JUMPEHHE M NpH ZIOCTATOUHO BHCOKOM
WHTE@HCUBHOCTM BO3CYXZEHUA — pacumenneHMe IMHAMR,
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C-17. BTOPNYHOE CBEYEHUE OKCUTOHOB B KPUCTAJJIAX CAS

E.®.I'pocc, C.A.llepmoropos, B.B.TpaBHUKOB,
A .B.CenbKuH

Mucruryr lonynpoBozuukoB AH CCCP, JleHuHrpaz

SECONDARY EMISSION OF RADIATION BY
EXCITONS IN CdS

E,Gross, S.Permogorov, V.Travnikov, A.Selkin

Institute of Semiconductors, Academy of
Sciences, Leningrad

Kax Ouno oGHapyxeHo /I/, NNMUHECUGHUUSA CBOCOZAHHX
skcuroHoB B Kpucramnax CdS Bo mEormx ciyuasx sBaseTca
ropaveli, T.e. MPOUCXOZMT 7O YCTAHOBJIGHAA TEIIOBOT'O paB-
HOBECHMA B BO3CYXIAEHHOM COCTOSHMM. STO CBA33HC C MEAJISH-
Hoft Tepma;msaumeil M GONBWOY CKOPOCTHW Ge3H3JyYaTelabHOI
ru6eay SKCUTOHOB. B TO X€ BPeMA SKCUTOHHHE [EPEXOZH 06—
nazalT GONBELOM cuioi ocuMINATOPa, MO3TOMY MHTEHCUBHOCTD
KOMOMHALUMOHHOTO pacCefAlNAg B 00JacTM De30HAHCA CTaHOBUT—
cAl cpaBHMMO!l C MHTGHCUBHOCTHW JWMAHECHUEHUuA /2/. B aTux
YJCHOBUAX U3IYUSHUE KPUCTANJIOB 11€16C00GPa3HO aHANM3UPO-
BaTh C TOYKM 3DEHUA TEODUM BTODUYHOT'O cBevyeHma /3/, on-—
HOBPEMEHHO paccMaTpUBanuel JIOMAHECLUEHIMO, TODPAUYD JOMU-
HECLUEHIUMI0 U DPAcCesfHMe CBETa.

Mlpu T=4,2 n 77°K uu wMccuezoBam CIGKTPH GecHoHOoHIiO~
0 W3NYyUYSHWS DKCUTOHOB B COCTOAHUM N =I cepum A B Kpuc-
rannax CdS npu MonoxpomaTuHuecKoM BO3GYALEHMM CBETOM C
aHeprueit A+LO u A+2L0( A - sHepruA IHA SKCUTOHHON B0HL
A, LO - sHeprus mposonBHOTO ONTMYECKOro (oHoHa). [pu
3TOM B KpucTajle 06pa3ynTCA IKCUTOHH, KOTODHE OHCTPO
TEePANT M3CHTOK KUHEeTMYeCKON sHeprum, pasHuii LeloMy Yuc—
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ny LOgoronos u momazakT B TOUKy SKcuToHHOM 30HW K=0,
n3 KoTopo#t Bo3MOxeH GecdoHOHHH! mepexoz. B Kpucrannax
¢ GONBUMM BPEMEHEM KU3HM SKCUTOHH yCNEBaJM TepMaan3o-
BaThcA M opMa NMHMM W3JYUSHNA HE 3aBUCEJA OT DHEPTUM
BO3OYXZaNmLEr0 CBeTa. B KpucTajaax C MalHM BPEMEHEM XM3-
HU TEDMaJAM3aUMA HEe IPOMCXOAuIa, W NpPU M3MEHEHUM 3SHEPTUM
Bo36yxzanpmero cpera BOmman A+LOu A+2L0nacnonanocs cue-
NeHMe MA3KCUMyMa JMHMM M3JyueHuA A, NDpUUeM CMEINEHHe Npo-
ACXOZUJNO B NpefieNaXx WMPHMHH JMHUM OTpaxeHMA. TaxiuM oGpa-—
30M C NOMONmBK ropsAuell NOMUHECLEHLMM YZAANOCH OCHAPYRUTH
HaNNyyue HEOZHOPOZHON mupuHH y GeCPOHOHHOA IMHMM BKCU-
TOHHOT'O M3IYYEHWA. STA WLUDMHA CBA3AHA C BOSMOKHOCTBD
66CHOHOHHOTO M3NYUYEHMsT DKCUTOHOB M3 HEKOTODPOH# oGnacTH
3KcUTOHHON 30HH B6mM3M K =0, and KoTopoit CBETO-3KCHTOH—
‘HOe B3auMmojeiicTBUe ABIAETCA AOCTATOYHO CUIBHEM /4/.

llpy BO3Cy*ZEeHMM KDUCTAJJIOB CBETOM B OONACTH pe30-
HQHCHOT'O Mmepexoza A H3ONOZaJNOCH OUYEHH MHTEHCHMBHOE KOM-
GMHALVMOHHOE DAaCCEfiHNe C ONHOBPEMEHHHM BO3OYXRIEHUEM OZ-—
Horo umu #Byx LOGoHoHOB. PaccesHnue HaOmOZanoChs OT JMHUM,
BHZeNAEMOf CBETOCUIBHHM MOHOXDOMATODOM M3 CIJIOWMHOT'O
CNEKTPa JaMNMH HaKanuBaHuA. [0 Mepe NpUOGAMXEHUA BO3CYXR-—
Zanme# JNMHEMM K DE30HAHCY CO CTOPOHH MEHBUMX DHEprui,
JIUHMM KOMOWHALMOHHOTO pacCEeAHWA CMemalTcs BCJISZ 3a BO3-—
Oyxnanmell nuHME! M NMpPUM TOYHOM DPE30HaHCE IpeBpalalTCA
B JUHUM SKCHTOH-(QOHOHHOV NOMUHECLEHLUN. [Ipy 3TOM HAO-
J0ZaeTCA YBENWUYEHNEe WHTEHCHMBHOCTM KOMOMHAUMOHHOTO pac-
COefIHMA N NepepacnpezesicHue OTHOCHTENBHON MHTEHCUBHOCTH
OZHO- ¥ ZIBYXQoHOHHO! auHMii. [lo HaWeMy MHEHMD, 3TO nepe-
pacnpezeeHne CBAR3HO C OCOOEHHOCTHI CTPYKTYPH SKCUTOH-
Ho#t 30HH BONU3M K=0, 006yclIOBIASHHOW CBETO-3KCHTOHHHM
B3auMozelicTBUEM, W MO3BOJNAET U3MEDUTH ZUCNEPCUOHHYN
KPUBYI 9KCUTOHOB B 3TOlf obnacTu. CnEeXTpH KOMGMHALUOH-
HOT'O paccesdis OAMHAKOBO 3aBUCAT OT YAaCTOTH BO3CYXRAQI—
Uero cBeTa B KDUCTANNAX C NIOLM BPEMEHEM RU3HM SKCHUTO-
HCB.
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TaxuM 66paaou, N3y4YeHNe ropAvell JNOMMHECUEHIMM M
PE30H3HCHOT0 KOMOMHAIMOHHOI'O PACCEAHMA CYUECTBEHHO Z0-
* NONHAGT MHPOpMALMP, MOXYyUYaEeMyD HpM MCCI6ZOBAHMM DaBHO-
BECHO# JIOMMHECHEHINHM .

1, E,Gross, S,Permogorov, V,Travnikov, A.Selkin, J.
Phys. Chem. Sol., 1970, in print.

2, M,V,Klein, S.P.S.Porto, Phys. Rev. Lett., 22, 782,
1969,

3. V.Hizhnyakov, I,Tehver, phys. stat. sol., 21, 755,
1967. '

4, J.J.Hopfield, Phys., Rev., 182, 945, 1969.
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C-18., THEORY OF RAMAN SCATTERING IN MOLECULAR
SOLIDS PRESENTING AN ORDER-DISORDER PHASE
TRANSITION

Robert M,Pick

Service de Physique du Solide et de
Résonance Magnétique Centre d'Etudes
Nucléaires de Saclay BP n%2 - 91,
Gif-sur-Yvette, France

* TEOPUA KOMBUHAIMOHHOTO PACCEAHMA B MONEKYJSPHHX
TBEPZIHX TEJNAX MPH HAJMYAN ®A30BbX HEPEXOHOB
TUMA TIOPAZIOK~BECIOPATIOK

The theory of Raman séattering'in solids contain-
ing substitutional impurities directly extends to sys-
tems where molecules may have different equally possib-
le orientations, In simplest cases, those orientations
may be labelled by spin indices and the thermodynamics
of the system_described by an Ising model., The spin va-
riables appear as additional variables on which depend
both the Raman tensors and the force constants describing
the harmonic motion of the molecules, The variation of
the first order Raman scattering with temperature appears
to be strongly correlated with that of the spin-spin
correlation function. A discussion of those effects on
the amonium halides Raman spectra will be given.
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C-19. TEOPHA [ONAPUSALNN JIOMIHECLEHUMAN
[TPUMECHBX . [IEHTPOB

N.0.Texsep, B.B.XuxHAKOB

MucruTyT Qusmknm ¥ acrpoHoMuu AH 3CCP
Tapry

THE POLARIZATION THEORY OF LUMINESCENCE
OF IMPURITY CENTRES

I.Tehver and V.Hizhnyakov

Institute of Physics and Astronomy
Academy of Sciences of the Estonian SSR

B paMkax TeOpMM PE30HAHCHOT'O BTOPUYHOT'O CBEYEHMA
NpUMECHHX HOeHTPoB /I/ paccMaTpuBaeTCA MONAPU3QLMA JIOMI-
HECLEHUU) BTUX LEGHTPOB. KOHKPETHO paccMaTpuBanTCA LEHT-
pH pa3auyHOil ToueyHO# cumMMeTpMM B KYOMUECKAX KPUCTAJIAX.
3azaueil Teopus B 3TOM Clyyae SABAAETCA pPacyeT 33BUCHMOCTH
OT YaCTOT BO3OYXEAQOWEI0 ¥ M3JIYUYEHHOTO CBETA TPEX KOMIO-—
HEHT TEH30DPa BTODUYHOI'O CBEUEHHMA UYETBEPTOI'0 paHra, OIpe-
ZeNANUUX BCE NOJNADU33LUMOHHHE XapaKTepUCTUKM. [IA UEHT-
POB CHMMETDUM HUKE KYOUUECKOH MPOBEZEHO yCPEAHGHUE IO
SKBUBAJIOHTHHM ODMEHTAIMSM UEHTPOB, B PO3YIBTATE YErO Hafl-
ZI6HH BHDAXEHMA ZIAA TpeX KOMIOHEHT TEH30pa YEeTBEPTOIO
paHTra KpUCTAJIa 4Yepe3 He3aBUCHMHE KOMIOHEHTH COOTBETCT-—
BYOILUX TEH30DPOB LEHTPOB. .

[lonyueHs OOmMe BHDAKEHUA AJIA UCKOMHNX HE38BUCHMHX
KOMIIOHEHT TEH30DOB C YYETOM B3aUMOZEHCTBUA ONTHUUECKNX
3JIeKTPOHOB KaK C MOJHOCUMMETDUYHHMI, TaK M C HEMOIHOCUM=—
METDUYHHMN KOJNeOaHuAMU. [IPOBEZEHH DACUETH 3TUX KOMIIOHEHT
A 16HTDPOB CHUMMET UM Oﬁ - C}V, n C’_w npu craGoM U Ipu
CHUJIIPHOM B3aMMOZe}CTBUM C HEMOJNHOCHMLETDUYHHMA KONeGaHUA-
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M. STO MO3BOJUJNO OMMCATEH BO3MOXHHE TUMH MMOJIAPH38UAOH~-
HHX XapaKTeDUCTHUK STMX MEHTPOB M WX 3aBUCUMOCTH OT Yac—
TOTH BO30yXKZANWET0 CBETA.

lloxazaHo, UYTO BHBOZ KAaccUYyecKoll Teopum /2/ o ToM,
YTO Q3UMYyTaANbHHE 33BUCUMOCTH M MOJNAPM3QUMOHHHE LUATrpaM—
MH ONpEZENANT CUMMETDUN IEHTPOB, HYKZAETCA B YyTOUHEHMAX.
B zeficTBUTENBHOCTYM NIDU QHAJAN36 CUMMETDUA LEHTPY CIHELyeT
JUMTHBATH HE TONBKO a3MMYTANBHHO 33BMCHUMOCTM ¥ MOJIfApH-
33UMOHHNE ZMarpaMMH NpU KaKoi-amGo ozHO# yacTOTE H3Iy-
YeHMA, HO M 33BUCHMOCTH UX OT YaCTOT BO3CYKAEHMA U u3-
NYUYSHNH .

I. 1.0.Texsep, B.B.XuxuarxoB, 3B. AH 3CCP, cepus Pus.-
MaT. ¥ TeXH. Hayk, IS5, 9, I966;
V.Hizhnykov and I.Tehver, phys.stat.sol., 21, 755,
1967; 38,1970 (to be published).

2. [l..080funoB, [lonsapu3oBaHHas JIOMUHECLEGHINSA aTOMOB,
MONeKyn u Kpucrannos, I'MOMI, Mockma, I959.
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C-20., K TEOPMA BE3HBIYYATENBHHX IEPEXOZIOB
B NPUMECHBX KPUCTAJIAX

E.l.Tpudoros, B.l.llexrmMan

JleHUHT paACKuit Pocyﬁapcmneﬁnuﬁ JHUBEDCUTET

ON THE THEORf OF RADIATIONLESS TRANSITIONS
IN CRYSTALS WITH IMPURITIES

E.D.Trifonov, V.L.Shekhtman
Leningrad State University, TLeningrad

I. [lpepnaraeTcA NOCTaHOBKA 3aZauyll 0 063H3IYYaTEIb-
HHX [6pexoZax KaK O TYWeHUHM BTOPUYHOI'O CBEUSHUA NpUMEC—
HOTO KpucTanna. [IpenMymecTBO TAKOI'0 MOZXO07a 3aKINYaeTCHA
B BO3MOXHOM IIDOM3BOJI® BHOODA MPOMEXYTOUHHX COCTOAHUM, U3
KOTODHX NPOMCXOAUT G63H3IyyaTeNbHHil nepexoz.

- 2. lloxa3aHa OrpaHMYEHHOCTH METOZA TEODUM BO3MYleHMH
ZNA BHYUCJIGHWUA BEPOSATHOCTYM OE3H3JIYyYaTENBHOT'O NEpexoza B
COCTOfiHME C OOJNBNUM BPEMEHEM ®U3HU. PaccmMaTpuBaeTcA CBA3b
MEeXZLYy CTaUUOHapHO# M HecramuonapHoi 3azavamu 0 GE3H3IY-
YaTeNBHHX MEePexXonax U Zaercsa oOlee BHPaXeHME AJNA BEDPOAT-
HOCTM Oe3H3IyyaTeNbHOT'0 lepexozsa, KOTOpPOe B cCIyyae Malo-
I'0 BPEMEHM XU3HM KOHEYHOI'O COCTOAHMA WMIM CHAaGOTO B3aUMO—
ZelicTBUSA MEPEXOZUT B PE3YyAbTAT TEODUM BO3MyueHuii. [loka-
3aHO, YTO ZJf GOJNBWOTO BPEMEHU XU3HU KOHEUHOI'O COCTOAHMUA
UIM CHUIBHOT'O B3auUMOZEHCTBMA XapPAaKTEPHLM fIBIAETCA HaCHUe-
HUe O063H3JIy4yaTeNbHOI'0 [epPCX07a.
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C-21. BE3H3IYYATEIBHHI MEPEHOC SHEPTMM SIEKTPOHHOI'0
BOSBYEJIEHAA B AKTHBAPOBAHHHX KPHCTAIJAX

.. Kyzxuaycrac u #U.B. Barapyhac

HEcTUTYyT QUsMKM M MaTeMaTHK#, BUIABHLC

THE RADIATIONLESS TRANSFER OF ENERGY OF
ELECTRONIC EXCITATION IN ACTIVATED CRYSTALS

5.P. Kud¥mauskas and J.V. Batarinas

Institute of Physics and Mathematics,
Vilnius

CropocTh MepeHoCa 3HEPTHM ONPeZeNAeTCA N0 U3MEHEHUD
KBAHTOBOTO BHXOZA W3NyuYeHHA ZOHOpPA NpH €r'0 B3auMozeHcTsuu
C aKuenTopoM. Jas NONy4YeHHs BEPOATHOCTeHl NOTrIOmEeHHs ¥ H3-
Iy4YeHUs CBeTA BHUMCAAETCHA MATpuUOa MIOTHOCTH CUCTEMH C IO~
Mombn Auarpammuoift Texmmku [lepens—KoncraHTuHOBa. Beposr-
HOCTH NEepeHoca 3HepTuH onpezeniseTcd AAA ABYXYPOBHEBHX HpU-
Mecelf, B3auMOZE#CTBYONUX C MEPBHMY BO3CYXACHHHMH YDOBHAMMA
JIOKANBHHX KONeOaHUi, ¢ KBAHTOBAHHHM BJAEKTPOMArHUTHHM IIO-
IeM U MeRZAy Co0oil. anraerca; 9T0 pelaKcaluud BO3OYXAEHUA
NOKANBHNX KONeGaHM# MPOMCXOZUT 3a CUET HX QHI'APMOHUYECKO-
I'o B3auMoZefiCTBUA C KDUCTANNMUYECKAMM KoneGarusaMu. Crenan-
HHEe YNPOWEHMA MO3BOAAWT BHUACAATH BEPOATHOCTH NMepeHoca
SHEPrMM BHE 3aBUCUMOCTH OT CHIH B33UMOZEHUCTBUA MEXRAY HpH-
MOCHHMH AT OMaMH . :

[Ilpy MOHOXpOMATMYEeCKOM BO3CYEAEHMM CBETOM YaCTOTH ()
BEPOATHOCTH NMEpPeHOCa SHePTMM B EXUHMIYy BDPEMEHM DaBHa
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3meck R - mMaTpuuHHi{t 3MEMEHT omepaTopa B3aumozeiic-
TBAA MEXLY MPUMEOAMY .L‘!a' - MATPUYHHI 3I6MEHT OllepaTo-
pa B3aumozeificTBMA QKLENTOpPa, HAXOAAWEIOCHA B BO3CYKASHHOM
yposre ( @’), c NoKanbHHM KoneGamuem g 3 o+ , Eqr =
pazZuMalnMOHHaA WMUDUHA M SNEKTPOHHAA 3HEDPIUA BO3GYRINEHHOTO
COCTOAHNA @KIeNTopa, COOTBETCTBEHHO; )g U 5/5 - WMPHHA
W PHEPTUA JOKANBHOTO KONECaHMT B .

B cnyuae o6GnyueHuMsA CBETOM C WMPOKOi momocoft uwacToT
NS BEPOATHOCTM MEPEHOCA SHEPTUM NONy4YaeM BHpaKeHME

= 2[RJ? T (Wg) [ Tar (wo) + Il (wo)]
T e wol (e -6, z 2 '
a’ (Wo {(Eal 6d') +[,;: (wp) + rdl (‘0,)] ] A lRl [l;, (w,) + r:‘/ (wo)]

rae 20y (w,) u 20y (W) - pazManuoHHO-KONEGaTENBHHE WM~
PMHH BIEKTDOHHWX JNWHUAK ZOHODPE M aKUENTOpa, COOTBETCTBEH—
HOS o= (& +E4) /2 . llpu yBeauuyeHun B3auMozelicTBuA
MEKZLY MPUMECSMY BEDOSTHOCTH NMEPEHOCA B ZIGHHOM CIyuae
npudnuxaercs ¥ npezmeny 2y ).
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C-22, 0 PEIAKCALWMV BPAUEHWA IPUMECHO{l MOJEKYIH
B KPUCTAJIIE

0.1.Cunsz
UncTuryr ¢uaukm u acrpoHomuum AH 3CCP, Tapry

ON THE ROTATIONAL RELAXATION OF IMPURITY
MOLECULE IN CRYSTAL

0.8ild
Institute of Physics and Astronomy, Tartu

[lpoBezieH pacueT BPEMEHM pachaza BO3CYyXASHHOI'O Bpa-—
NaTEeABHOTO YPOBHA J6T'KO!l MpMMECHO! MONEKYJIH B KpMCTANLIE.
Pe3ynbTaT OGBACHAST 3aMeI8HNE peiakcaluy BpalleHMs , HaO-
N0Za6MOE NPV T'eJMEBHX TEMNepaTypax AJifA MOJEKYJH NO; B
Kee /1/. 4

Bpamenue paccMaTpMBaeTCA B NPUCIMKEHMAM MOZENM OZ-
HOMEDHOTO 33TODMOXEHHOT'O Bpamenus /2/. BaaumozeiicTsue
BpalleHUA MOJEKYJNH C KOJeOaHWAMA KPUCTAJIa CUMTaeTCH Ju-—
HeJHHM N0 KoJNeOaHMAM, a NOCTOAHHAA B3aUMOZEHCTBUA OIpe~-
ZenfeTcsd Yepe3 BEAWUYMHY pacueIIeHus BHPOXZEHHOI'O Bpalja-—
TEABHOT'O YPOBHA MOZ OZHOOCHHM cxaTueM. Eciam ochk Bpame-
HUfl COBNAZ3eT C OCBH YETBEDPTOI'O NMOPAAKA KYyOMUECKOTO
Kpueranna, TO BEPOATHOCTH pacnaja [NepBOTO Bpal@TeABHOI'O
ypoBHA onpezenseTcs BaauMmozeiicTsueM ¢ Fy -KoneGaruauu
JUTaHZOB ¥ NPOMOPUMOHAJNBHA YaCTOTHOMY pacHpezZeieHuin
3TUX xonedaamﬁjoﬂq)npn YacroTax « BpauaTeNBHHX Iepe-
XO0Z0B. BepofiTHOCTH TAaKOI'0 pacnaza CMJABHO 3aHUKEHa IpH
MaJHX yacroTax, rnejoaa)~'aJ‘ . PaccunraHHag BEPOATHOCTH
pacnaza Ha NMOpAZOK MeHbmWe noayuenHoit B /I/. -
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1. R.Avarmaa, L.Rebane, phys. stat. sol., 35, 107,
1969; R.Avarmaa, P,Saari, phys, stat. sol., 36,
K177, 1969; I.Caapu, P.ABapmaa, N3B. AH 3CCP,
Ous. Marem., I9, II5, I970.

2. K.PeGane, 0.Cunnz, U3s. AH 3CCP, ®u3. Marem., IO,
1970, B nevaru.

C-23, K TEOPUIl BE3MSIYYATEIBHHX MEPEXOZIOB B CHCTEMAX
C HECMEUEHHHMI AZVABATHYECKUMU TOTEHUMAJIAMU

9.11.Cnuascruit A
MucTuryr npurnazuo#t dmamkm AH MCCP, Kumuzes

ON THE THEORY OF RADIATIONLESS TRANSITIONS
IN SYSTEMS WITH NON-SHIFTED ADIABATIC POTENTIALS

E.P.Sinyavski
Institute of Applied Physics, Kishinev-

TesucH HE NPEACTaBIGHH
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D-1, KOOINEPATUBHHE AIBAEHWA B AKTUBHPOBAHHBX KPHCTAJIIAX
M.1.%e0bunos
" TocyzapcrserHuli onTuueckui! mHECTMTYT,JleHMHTpAZ

COOPERATIVE PHEN(MENA IN ACTIVATED CRYSTALS
PoPoFCOtilov

State Optical Institute, Leningrad

TesucH He nNpezcTaBIEHH



= 1ok -

D-2, COOPERATIVE ASPECTS OF ENERGY TRANSFER IN SOLIDS

D. L. Dexter

University of Rochester, Rochestéer, New York U.S.A.

KOOMEPATUBHHE ACIEKTH MEPEHOCA SHEPTWN B TBEPIHX TEJMAX

' This paper will discuss the relationships among co-
operative absorption,l in which the energy of one
photon is shared by two atoms, eﬂergy transfer from one
atom to two others,2 cooperative and sequential exgita-
tion of an atom by transfer from neighboring atoms,3 and
a predicted new effect, the simultaneous absorption of
a photon and energy transfer from a neighbor.4 The
latter will be compared with two-photon absorption, and
Qill be shown to be several orders of magnitude more

probable in typical cases.

1. F. Varsanyi and G. H. Dieke, Phys} Rev. Lett. 7, 442
(1961); D. L. Dexter, Phys. Rev. 126, 1962 (1962).

2. D. L. Dexter, Phys. Rev. 108, 630 (1959).

3. T. Miyakawa and D. L. Dexter, Phys. Rev. B‘l, 70 (1970).

4. M. Altarelli and D. L. Dexter, Optics Communications,

to appear.
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D-3. K TEOPM KOONEPATUBHO! JOMUHECLEHLMY
E.[0.TpudoroB, B.l.lexrmas
Jlenunrpazckuit f'ocynapcTBeHHH YHNBEpPCHTET

ON THE THEORY OF COOPERATIVE LUMINESCENCE
E.,D.Trifonov, L,V.Shekhtman
Leningrad State University, Leningrad

HoonepaTusHO# noMuHecHeHuMe# HasHBAWT TAKOe M3IY-—
YeHME NPUMECHOI'0 KpucTajja, KOrZa B SIGMEHTAapHOM aKTe
NOTJIOMEHAA W MBNYYEHNS NDPUHAMANT yUacTMe HECKOJBKO LEeHT-
poB. B ZaHHOM ZOKJIAZe pacCMaTpuBanTCA ZBa IpUMEpa 3TOI0
ABJIGHUA: COHCUOUIM3MPOBAHHAA JOMUHECHUEHIMA ¥ KYMyJIALAA
BO3OYXZeHU# ABYX HEHTDOB HA OXHOM M3 HMX. [Ipu ompezene—
HUM BEDPOATHOCTM O63H3Ay4yaTeNbHON Nepezaud BO3CYyXASHMA
cIeLyeT pa3mMyaTh ABA CAyyad: a) MEPEXOA C yuacTHeM Kpuc-
TaNIMYeCKNX HOHOHOB, G) GechoHOHHHE Mepexox. B nepsoM
Cllyuae BEPOATHOCTH CGE3H3NYyUaTeNbHO# nepezauylM SHEPIMUM MOXET
OnTh Hallmena mno dopmyne depcrepa-llexcrepa. Bo BTOpOM
CclIyuyae BEPOATHOCTH 063H3JYy4YaTeJbHOI'0 IEepexojia CKa3HBaeT-
cA HenmuHelHO# (QyHKUMe! oT KBazpaTa B3aUMOZGHCTBHA M IIPH
Gonpmoft BenMUMHE B3aUMOZeHCTBUA CTPEMUTCA K BHaUGHMD De-
JaKCAUUOHHO! KOHCTQHTH KOHEYHOT'O COCTOAHMA. OTO IO3BOJAET
BBeCTUM 3PPexTUBHHI pazuyc B3auMozefcTBMA MEXLY LEHTDaMM,
yuyacTBYOMAMA B KOOIEPATUBHOM IIPOLECCE.

llccnenoBaHO ABNGHME MUIPalUUK BO3OYXLEHUA ZOHODOB IO
KpUCTaNly, UIpalmLee CYMECTBEHHYW DPOJB NMpU MAJHX KOHII@HT-
pauyuAax aKLUeNnTOopOB.

Ha ocHOBAHMY NpPEANONOKEHNA O G8CHOHOHHOM XapaKTepe
063H3NyuaTeNbHHX MEepPexX0Z0B MOJy4YeHa OLIGHKA BEPOATHOCTH
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KyMyIAmAd SHEPrud Ana cucrem BaF,:Er3* /1/ u oGocHo-
BaHA BaBUCHMOCTH BDPEMEHN XW3HM BO3CYKZEHHOI'O COCTOAHAA
JIOHOpPa OT KOHIEHTDAUMM aKuenropa, OOHAPYxeHHadA B pado-

re /2/.

I. B.B.OBcankuu, [.l.Peofunos, OnTuka ¥ CHEKTPOCKOMNA,
20, 526, I9%66. {

2. W.,M,Yen, R,L.Green, W.C.Scott and D.L.Huber, Phys.
Rev., 4A, 140, 1188, 1965.
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D-4, MHOTO®OTOHHOE BOSBYKAEHWE JOMUHECUEHIVH
B JOKANBHHX HEHTPAX KPUCTAILIOB '

B.A.Kosapckuit, E.0.lepaun, H.0.llepexsuan
NecTuryr Hpnnnangoﬁ Pusuxm AH MCCP, KmmmHeB

MULTI-PHOTON EXCITATION OF LUMINESCENCE
IN CRYSTAL LOCAL CENTRES

V.A.Kovarski, E,Yu,Perlin, N,F,Perelman

Institute of Applied Physics, Moldavian
S.S.R, Academy of Sciences, Kishinev

PaccMaTpuBaeTcd MHOrOPOTOHHHE IepPEXOX SIEKTDOHA
JIOKQJNBHOTO L@HTPA W3 OCHOBHOT'O COCTOAHNMA HA BO3CYXIGH-
HHit BHpOXZEHHH! ypOBeHB, HEe BOBMyWEHHHH (A0 ciuaGo
BOBMyWEHHH{t) KoneGaHmiMM. B azuwaGaTMyecKOM NpUGIMKEHMM
YUATHB3ETCH TOJBKO B3aUMOZEHCTBHME BSJIEKTPOHA B OCHOBHOM
COCTOfIHMM C MOJHOCMMMETDUUHHM KONOGAHMEM. B NPHUHATHX
NpUOTNREHUAX ZanbHelMi pacyeT BePOATHOCTM KOMCMHMDOBAH-
HOr'0O MHOT'OQOTOHHOT'O HEpexoza C yyacTueM HOHOHOB BHION-
HA@TCA TOYHO. JKQ3HBA6TCHA HA CNEIMPMKY MHOTOKBAHTOBHX
NePEXOZO0B 3JNEKTPOHOB B AUCKPETHOM CHEKTDPE JOKSNBHHX
IIGHTPOB B OTJAMYME OT amonoi;rne BHIIOJIHEHME YCIOBHA DPe-
30HaHCA ZOCTUIaeTCH IMIP B MCKINUMTENBHHX Cayyasx. Pac-
cMaTpuBaeMHit MexXaHN3M MHOTOPOTOHHOTO BO3CYXAGHUS IOMA-
HOCLSHIMY MOXET OKa3aThCA MHTEDECHHM NN 3KCIIEPUMEHTA
BBUZYy OGBEMHOT'O XapakTepa npounecca MHOrofoToHHO# Hakau-
KH.
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D-5, ELECTRONIC BUBBLES IN LIQUID He, H and Ne

2!
D. L. Dexter

University of Rochester, Rochester, New York U.S.A.

SJIEKTPOHHHE MY3HPBKU B KUIKUX He, H, u Ne

This paper will summarize work in collaboration
with Fowler and Miyakawa on wave functions, configuration
coordinate diagrams, binding energies, trapping energies,
absorption cfoss sections, life-times, Jahn-Teller effect,
etc., for electrénic bubbleé in those liquids in‘which
they are believed to be (He,Hz) or might be (Ne) stable.
Effects of T and P arc considered explicitly. In Ne
particularly it will be important to work at high T,
where the surface tension is reduced. The importance of
IR experiments, so as to see the 1ls-1lp discrete transi-

tions, will be emphasized.

l. W. B. Fowler and D. L. Dexter, Phys. Rev. 176, 337 (1968)

2. D. L. Dexter and W. Beall Fowler, Phys. Rev. 183, 308
(1969) .

3. T. Miyakawa and D. L. Dexter, Phys. Rev. 184, 166 (1969).

4. T. Miyakawa and D. L. Dexter, Phys. Rev. A 1, 513 (1970).
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D-6. DSIEKTPOHHWE VI BABPOHHWE CIEKTPH MPUMECHHX
MOJIEKY IIPHWX KPUCTAJNIOB., I. TEOPUA.

9.1.Pam6a
UT® mm.l.[.Janzay AH CCCP, Mocksa

ELECTRONIC AND VIBRONIC SPECTRA OF THE
IMPURITY MOLECULAR CRYSTALS., I. THEORY

E.I.Rashba
L,D.Landau Inst, for Theor.Physics, Moscow

I. [lpy mpuOIMXEHUM NPUMECHOT'O YPOBHA K Kpan SKCHU-
TOHHO# 30HH BOSHHMKAET T'MI'AHTCKAs SHOMANMS IPUMECHOTO "
TOTJIONEHUs] ~ MHTEHCHBHOCTH NOTJIONEHMA DE3KO BOBpacTa-
eT uAM yOHBAaeT B 3aBUCHMMOCTHM OT TOrO, paspeleH WIM 3a-
npemeH ONTHYEeCKuli mepexos B 3KCUTOHHOE COCTOSHME, COOT-
BETCTByLIlee Kpan 30HH. Bce NMAapaMeTpH 3TOrO MOTIOLEHMSA
INf Pas3iNyHHX MOZeNeit LeHTPOB BHUMCIADTCA B pPaMKaX
TEOpUHM BHPOXAEHHHX BO3MyuEHHUii.

2. [lpoGneMa 3HEPTETHUECKOI0 CHEKTpa BHODPOHHHX CO-
CTOAHUI MONEKYJNAPHHX KPUCTANIOB, KOIZAA HADAAY C SKCU-
TOHOM BO3HMKAET BHYTPHMONEKYJNADHH{ HENOIHOCHMMETPHYEC—
Kuit OHOH, aHANOTMyHA 3az@4e 00 INEKTPOHHOM CIEKTpe
M30TOMAYECKOT'0 NPUMECHOT'O LEHTPa, M MO3TOMY pemaeTcs
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gyepes /o(w) m A, - CHeKTPaIbHYD MIOTHOCTB COCTOf-
HEuf B SKCUTOHHO#f 30HE M U3MEHEHME KolebaTenbHO# uac-
TOTH NpM SAEKTPOHHOM BOSCYRACHUM MONEKYIH. Ecnn}zkyl
BENMKO, HApAAy C AMCCONMMPOBAHHHMU (ZBYXUACTHUHHMA)
COCTOSHMAME CHCTEMH SKCUTOH+(HOHOH BOBHMKADT CBfSAH-
HHEe (OZHOYACTHMYHHE) COCTOSHWA. [I0 MOIZTOmMEHMD B 00—
JacTH IBYXUaCTHUHOTO CHEKTpa MOXeT OHTH pelmeHa o6paT-
Hafg 3azaya - noccraaonxeno./bazy.

3. AHAJOTMYHO pacCcMaTpUBaeTCHA BMODOHHHI CHEKTP
Npy¥ HaJIMYMM M3O0TONMYECKMX npuMece#t. YacTs cnekTpa,
COOTBETCTBYKNAA BOSHMKHOBEHMO fOHOHA HA npniecnon MO~
JeKyne, LEeIUKOM ONpezenseTcs /oﬁku s OZIHAKO MOJHOE
OmMCaHMEe CHEKTpa ZOJKHO ONMMPATHCA HA 3HAHME 3aKOHA
aucnepcun & (&) .

4, Cneuuduueckoit aBageTcH NpollreMa BUOPOHHHX
CIEKTPOB C YUACTHUEM MOJHOCUMMETDUUECKMX (QOHOHOB,

TAK KAaK MEXAy KBa3MyaCTHLAMA BO3HUKAET HEJOKAJIBHOE
B3auMOZeiiCTBHE .

5. DKCUTOHHHE CIEKTPH M30TONMMYECKHUX CMElAHHHX
MOJIEKYAADHHX KDUCTANNOB OYEHb MHTEDECHH AJNA MBYUEHWs
HEYNODAZOYEHHHX CHCTEM B MMDOKOM ZAMANA30He KOHIEHT-
pauunit. Pemexue ypézuennﬁ ZnA gyEKRumit IpuEa B HuSmEM
NOpAZKE NO3BOJMIO YZAOBIETBOPUTENBHO ONMUCATH SAEKTPOH-
HHE ¥ BUODOHHHE CIIEKTPH STMX KDUCTANIOB.
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D-7, OSNEKTPOHHHE 11 BUEPOHHHE CHEKTPH MPUMECHBX
MONEKYJIIPHHX KPUCTAJJOB. II. SKCHEPAMEHT

E.0. liexa

NHcTuryT dusuxu TBepzmoro rexa AH CCCP,
JepHOT'OJIOBKA

ELECTRONIC AND VIBRONIC SPECTRA OF THE
IMPURITY MOLECULAR CRYSTALS, II, EXPERIMENT

E.F. Sheka

Institute for Solid State Physics,
Chernogolovka i

I. B crnexTpax W30TONHO NPUMECHHX KDUCTAJIOB ZA6it-
TepoHafTaNMHOB ¥ ZEHTepOGEH30I0B OGHADYXKEHH PE3KOe yBE-
JMYEHNE MHTOHCUBHOCTH IPUMECHOI'0 MOTJOMEHUA B TEX CIy-
yasix, KOTZa NMpPUMECHH{ ypPOBEHH pPACIONOKSH BONMM3M T'PIHU-
UH SKCUTOHHOTO CNIEKTpa, ONTHYECKU# Mepexox B KOTOPYIO
paspelleH, ¥ yMEHBIEHNE 6r'0 MHTEHCUBHOCTU — B MPOTHBHOM
cnydae. W3 TMONYUEHHHX CNEKTDOB ONpPEIEJEHH IOJOKEHUS
NPUMECHHX yDPOBHEH OTHOCUTENBHO T'PAHWUI SKCUTOHHHX 30H
Kpucranna W, , KBazpaT aMIANTYAH BOJHOBOH GyHKIMM DK-
CUTOHa \ajtu,“% HA Y376, B KOTOPOM HAXOAWTCA NpUMECHAas
MOJZIeRYJa, 46CONNTHHE WHTEHCUBHOCTH MOJIOC IPUMECHOTO
MOTJIOWEHUS NpPU ABYX HANpPABIGHUAX NONADPU3ALMM MAZaLLETro
cBeTa 7,, n 76 , BOJMUMHH MOJNAPU3AIMOHHOTO OTHOWEHUA
B nozocax mornomenns Fyg . Ha ocHose Teopunm Paumba, c
IOMOWBY ONPEZENEHHHX SKCIEPUMEHTANBHO QYHKIMH MAOTHOCTH
COCTOAHMA STUX KDUCTAIIOB P(w) PaCCUNTAHH HASBAHHHE BE-
NMYNHH, 3HAUEHNA KOTODHX OYEHB XOPONO COBMNAJNM C BDKCIE—
PUMEHTANBHEMM . :
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2. B Kpucrannax GeH3osa M HapTanumHa B 00NACTAX
NepBHX BUGPOHHHX IEPEXO0Z0B C HEMOJHOCHMMOTDUUHHMU KO-
‘IeCaHMAMA ONPEJBJNEGHH MOJOKEHUE MOJOCH OZHOUACTHUHOT'O
MOTJIONEHUA OTHOCHTEJNIPHO I'DAHUIH CIEKTDPa DHEPruil ABYX—
YaCTUYHHX COCTOAHMA J, , KBaZpaT aMIIMTYZH BOJNHOBOM
(QYHKIMM 3KCUTOHA lajtu=“b Ha y37e, B KOTODOM HaXOAMUTCH
KOoNeOnnmasca MONEKyJNa, aOCONOTHHE WHTEHCHBHOCTM MOJIOC
OZHO- U ZABYXYaCTHYHOT'O MOTJOmeHu#t m GOpMH MmONOC ABYX—
YaCTMYHOT'O Mornomenua o (w) . Ha ocHoBe Teopum Pamba
IpM MCNONB30BAHMM MBBECTHHX (YHKIMA O(w) BTN BEMMYKHH
pacCYMTaHH TEOPETUYECKM, M UX 3HAUEHMA XOPOWLO COTNacyb-—
TCA C SKCHEPUMEHTANBHHMH JAQHHHMMU,

3. B BHODOHHHX CHEKTPaX WU30TOMHO NPUMECHHX KpHUC—
TaNN0B ZeiTepoRadTaMMEOB U ZMeliTepOGEeH30M0B B 06IACTH
Nepexoza C y4YacTHUeM HEIOJHOCHMMETDUYHOTO KON6GaHNA ANA
NPUMECHOT'O NOTJOMEHNA ONpeZAENEHH SKCIePUMEHTANBHO 1
pacCuMTaHH TEOPETMUYECKM BEJIMUMHH uﬁqb,kdz, WERESE o (7% ) [N
JKCNePUMEHTAJIBHHE M TEOPETUUYECKUE 3HAUEHNMA ISTUX BEIMUMH
HaXo0ZATCA B XODPOWLEM COTJacHi.

4, B BUGDOHHHX CIEKTDaX CMeWaHHHX KpUcTaiaax Haf-
TQINHOKTaZeliTepoHadTaINH UCCNEZOBaHA KOHIEHTpAlLUMOHHAA
3@BUCUMOCTE OCHOBHHX XapaKTePUCTUK BUOPOHHOT'O MOTJIONE-
HMAS Adogiia S B oky 23 \a\inw” , O@) . HasBaHuHe Be-
IUUMHH PAacCUMTaHH TeopeTnyecku. [I0Jy4YeHHHE DaCUETHHE
3HQUEHNA XODOWO COTJIaCylTCA C ZQHHHMA SKCIIEDUMEHTAE.

5. BHMMaHME MHOTMX WCClIeZoBaTeneil NMPUBIEYEHO K U3-
yueHMI0 MeNKMX "zedeHTHHX" ypoBHeil M ypoBHeil I'iyGoOKMX
HEN30TOMUUECKUX NpUMBCEH B MONEKYNADHHX KDPUCTALIAX.
Coo0manTcAd OCHOBHHE SKCNEDUMEHTAJNBHHE DE3YABTaTH ITUX
McCIeZOBaHMi B KpucTasax GeHsona ¥ HadTaauHa U IpUBO-
IUTCA MX CONOCTABIGHME C AQHHHMM KOJMUECTBEHHHX Dacue-

TOB.
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D-8. TEOPUA NOTTOMEHW CBETA NPVMECHHM/ [EHTPAMA B MAT-
HUTHHX KPUCTAJJIAX

M.A.KpuBoraas u I'.3.JleBeHcoH

Hucruryr merannodusuxku AH YCCP, Kuem, HucTuTyT uM3H-
xu AH JlarBuiicko#t CCP, Pura

THEORY OF THE ABSORPTION OF LIGHT BY IMPURITY
CENTERS IN MAGNETIC CRYSTALS

M.A.Krivoglaz and G.F.Levenson

Institute of Metal Physics of Academy of Sciences
of the Ukrainian SSR, Kiev, Institute of Physios
of Academy of Sciences of the Latvian SSR, Riga

HccnezoBano BIMAHKE BB3AMMOJIEH#CTBUSA SJIEKTDOHOB MPHUMEC-
HHX LEHTPOB CO CNHHAM¥ NPUMECHHX aTOMOB Ha CINEKTDPH MOrJoile-
HUSL ¥ MCNYCKaHUA cBeTa. B clyyae caadojt CIHH-BIEKTDOHHOMK
CBA3H NDH HUSKAX TEMNEepaTypaX DAacCMATDMBaeMHe dPPexTH o6yc-
JOBJEHH B3aUMOZIC/iCTBHEM CO CIMHOBHMH BOJHauM. [loxasaro, 4TO
0COGEHHOCTH ZMCIEPCHM CNMHOBHX BOJH M KOHCTaHT B3amMmozefictT-
BUA MOT'yT NPUBOZUTE K adPerrTam, KaueCTBEHHO OTAMYADMAMCH OT
aHaJOoTHYHHX 3PPeKTOB B cayuae dJIEKTPOH~POHOHHOI'O B3auUMOZeii-
cTBMA. B yacTHocTH, B deppoMarHe TMKaX JMHEHHOE MO CHMHOBHM
onepaTopaM B3aMMOZEKCTBUE MOXKET NPUBOZMUTH K YUMPEHHD Oe3Mar-
HOHHHX JHUHHU{f yXe B I'apMOHMYECKOM NPUCANKEHUH, NMPUUYEM YNUDPEH-
HHe JMHUM MMEDT CYLeCTBEHHO He JODPeHnoBckyn dopmy. Mccaeno-
BaHa TeMIepaTypHasd 3aBHCHMOCTH ymMpeHus Oe3MarHOHHO# JHHUH
B (eppOMarHUTHHX, aHTHPePPOMATHUTHHX M NapaMardHi THHX KDUC-
TaJJaax. PaccMOTpEHH MarHOHHHE MOBTODEHUA DJEKTPOHHON JIMHKH,

B cayyae cUIBHOT'O CNUH-DJEKTDOHHOI'O B3auUMOZE#CTBHUA
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MPOMCXOZUT KayeCTBEHHAs NMEePecTpPOofika COCTOSHUA CHUCTEMH, B
YaCTHOCTM OKa3HBALTCSA BO3MOXHHMYM ZBa COCTOAHMA £ -rTuna,
OCYHE CTBJAADMAECS MDY Pa3IRYHHX TeMmnepatypax. lloraometue
cBeTa IPH CHIBHO{ CBASH PACCMOTPEHO B afnabaTuyeCKOM MPUOCIY-
XeHu®. [lokas3aHo, YTO B DAZE CIYyYaeB ocuonnyn POJb HI'paeT
CTATHYE CKOE B3aWMOZeficTBUE, HEe M3MEHADNEe CIMHH aTOMOB TDU
foTonepexoze ¥ He MMeDmee aHAJOr'a B 3afiaue BJEKTDPOH—~POHOH-
HOr'o B3auMozeiicTBus, [Ipy momomu MeToZa cxopenmero cmycka MC-
cleZl0BaHH JopMa ¥ TeMIepaTypHas 38BHCAMOCTE CIeKTPAJBHOI'0
pacnpezreleRus, CBSABAaHHHE C DTHM B3aUMOZLEHCTBUEM, 2 TaKXKe

€ro TOHKas#g CTPYKTYPa.: JMHaMMyecKoe MpsAMOe M KOCBEHHOE (o6yc-
JOBJEHHOE MPHMECHHM BJEKTDOHOM) B3aMMOZEHCTBNE, BH3HBaDIEe
nepe6pocH cnuHOB npu PoTomepexoze, MPEBOAUT OCHYHO K IONpa-
BoyHHM 2(PexTam. OZHAKO OHH MOTYT GHTH cymeérneanuun opu
HHSKHX TeMnepaTypax ¥ B CNexTpax, oCIajabmuX TOHKO{ CTDYK—
TYDOik o
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D-9, POSITRON ANNIHILATION IN COLOUR CENTRES
OF AIKALI HALIDES

P,Hautojarvi, P.Jauho

Department of Technical Physics,Technical
University of Helsinki, Otaniemi,Finland

AHHUTUNALAA TMOSNTPOHOB B UEHTPAX OKPACKHU
UETOYHOT'AJIOUZHAX KPUCTANIIOB

Positron annihilation in additively coloured po-
tassium chloride and iodide has been studied by using
lifetime and angular correlation measurements of 25-
annihilation radiation. The F-centre concentrations of
the coloured single crystal samples were in the range
of 7 - 40 x 108 cu3, In angular correlation measure-
ments a narrowing of the correlation curves has been
observed in coloured crystals, If this effect is inter-
preted as due to positrons annihilated while trapped
in F-centres, the probability of positron trapping is
10 - 30 %.

In lifetime measurements the delayed coincidence
curves have been fitted with two and three exponentials.
In the two exponential fit .the longer lifetime increa-
ses and itg.intensity generally decreases as function
of the colouration, No definite statement about the num-
ber of positrbn lifetime components can be made on the
basis of measurements. Several possibilities to inter-
prete the results are considered.
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D-10. MATHUTHHI MOJNAPOH B ®EPPOMATHUTHOM
KPUCTAJIIE

0.A.l30M0B, M.B.MezxBezes

NucTuTyT rpnammk meTannos AH CCCP
. CBepIIOBCK

MAGNETIC POLARON IN FERROMAGNETIC CRYSTAL
Yu.A.Izyumov, M.V.Medvedev

Institute of Physics of Metals, U.S.S.R.
Academy of Sciences, Sverdlovsk

PaccmaTpuBaeTCA ZBUKEHME SJEKTPOHA NPOBOZMMOCTHM B
HeMeTalINueCKOM (eppOMAaTHMTHOM KpucTanie mpu yuere S-d
OGMEHHOT'O B3aMMOZE}CTBMA €ro C JOKAJM30BAHHHMM &TOMHHMY
MAaTHATHHMM MOMOHTaMM. [IpM OTpULATENBHOM 3HAKe s-d -06-
MEHHOT'O MHTOrpaja BOJHOBasA (QYHKIMA OCHOBHOI'O COCTOAHHUA
cucTeMs (27€KTPOH MINC PEePPOMATHMTHHA KpUCTAJN) Mpefi-
CTABIAET CYNEPNO3NUNUW ABYX cOCTOAHMH: "TpuBuanabHOTO" M
noJiAPOHHOTO. B "TpUBMANBHOM" COCTOSAHUM 3JEKTPOH ABUKST—
cA B MAGANBHO ynopaAzoueHHo#f feppoMarHmTHO#l cucreme c aH-
TUNApaNNensbHoll CIOHTAHHOMY MOMEHTY opueHTalueil cBoero
ChN¥HA. B NMONAPOHHOM COCTOAHMN 3JEKTPOHHH{ CHNUH OpHEHTH—
pOBaH B HANPaBIEHUM CMOHTAHHOT'O MOMEHTA, HO JABUREHUE
9NI6KTPOHA CONPOBOXZAETCA CNuHOBOW BonHOft. [lokasano, 4yTo
NpH N060# BenMumHe s~-d -oGremnioro MHTEerpana 3Heprus Ta-
KOTO CJIOXHOT'O COCTOSIHMS JIeMUT HUXE BHEPruy "TpUBKUAIBHO-
ro" cocTOAHUA, ABAANLETOCA COGCTBEHHHM COCTOSHMEM TONB—
Ko nuarowansHoli yactu S-d -oGuerworo BaaumozsficTBMA. 22
BO3HUKIIOBCHNE TNpUMECH MOJNAPOHHOI'O COCTORHMA OTBETCTBGH—
4a lezMaronansias yacts S-d -B3aUMOZLCI CTBHA, KOTODAS
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npuBozuT K pedopmammm PeppoMarHUTHOR CTPYKTYpH, BHpa-
xanomelicA B NOABIGHAM CHMMHOBOK BONHH.

Sazaua MMEeT TECHYD aHAJIOTMPD C NpobieMoil cBA3AHHO-
T0 COCTOFHMSA Jinyx CNMHOBHX BOJH ¥ peleHa TOYHO. SHEpre-
TUYECKA! CMOKTD CUCTEMH MCCISZOBAH UMCIEHHO MpM MUPOKOM
Habope 3HAYyeHM{i mapaMeTpoB: s-d -o6uexHoOro nHTErpana,
NUPHHH BNEKTPOHHO! 30HH M CHMH~BOJHOBO#, HalimeHO Takxe
CPeZHEE II0 OCHOBHOMY COCTOAHMK 3HAUGHME IIPOSKIMM 3JEKT-
POHHOT'O CIMHA M BONHOBAA (QYHKIMA CBA3GHHOTO COCTOSHWSA.
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D-11. CIHEKTP SJEKTPOHA B MOTEHUMAJNEBHON AME
[IPOM3BOJIEHOTO PATMAYCA U CHUJBHOM MAI-
HATHOM IIOJIE

J1.C. Kyxyurus
OTNHT AH YCCP, XapbKOB

SPECTRUM OF ELECTRON IN A POTENTIAL WELL
OF ARBITRARY RADIUS AND IN STRONG MAGNETIC

FIELD
L.S, Kukushkin

Physico-Technical Institute of Low Tem-
peratures of the Ukrainian Academy of
Sceinces, Kharkov

PaccMOTDEHH MENKME [IOTEHIMANbHHE fIMH, B KOTODHX
063 MarHUTHOT'O NOJA HET JOKANBHHX COCTOAHMII; B 9TOM
cIyuae BHEWHEee MAUHMTHOE IONe MPUBOAUT K CaMOCTOATENb-
HEM 3pdexraM. PaHee PuukoB ¥ CxOOOB NOKa33IM, 4TO B
CUNBHOM MATHATHOM NoNe jwGas & -00pa3Haa fiMa UMEeT JO-
KalbHW} yPOBeHB. B Hacrofume#l paGorTe ucciezoBaH ciyuaft
NMOTEHUMANBHO! AMH NMPOW3BOJBHOTO pazuyca. XOTA IpA STOM
yZaeTcs pacCMOTDETH JMUWE NOTEHIUANH CHNELUaJbHOT'O BUZA,
HO KaYeCTBEHHO PE3YABTATH ABJIANTCA ZOCTATOYHO OOCUMMHU.

lloxa3aHO, HANpUMEp, YTO ZJA MOTEHIMANOB, OONaZAaKN~
mux akcuanbHO# cummeTpMell ¢ OCBN BZOJNH MATHUTHOI'O MOJA
H , nuoTHOCTH 3nexTpoHHOTO cnexrpa zua £ - pmH <0
n 0< E-pmH «/vH MOXHO NpPEZACTaBATH B BUZE CYMMH IJIOT—
HOCcTell CHeKTPOB OZHOMEPHHX 33Zau, MOJYyYEHHHX B OTCYTCT—
BM6 MATHUTHOTO MOJIAS
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w VE)= Ty (E-pH),

rae NV =%{C-H- - KDaTHOCTH BHDOXZGHUA CMEKTDP3 BIEKTPO-
H3 B IIOCTOAHHOM MAT'HUTHOM II0JI€ INpPH NAHHHX ‘P' 1 HOMEpe
30HH Jlanzay. M3yueHo pacnpezelieHue JIOKaABHHX YDOBHEH B
3aBUCMMOCTM OT XapaKTEPHHX Da3MepoB M HopMH smu. [oxy—
YeHH HEKOTODHE HM3KOTeMTepaTypHHE B3JJeKTH B NOIYIPOBOZ-
HAKaX M NMONYMETalNax, K KOTODHM MOTYT IpUBECTH uonyqen—
HHE JIOKQJIBbHHE COCTOAHNSA «

D-12, THE USE OF LASER-RAMAN SPECTROSCOPY
IN SOLID STATE PHYSICS

Sergio P.S.Porto

University of Southern California
Los Angeles, California 90008, USA

NCTIONB30BAHUE CHEXTPOCKONNAN JASEPHOTO KOMBU-
HALMOHHOTO PACCEAHUA CBETA B QU3UKE TBEPZOI'O
TEIA

A description of a modern laser-Raman instrument
will be made, selection rules will be discussed and re-
sults pertaining to problems of inelastic scattering of

light by different single excitations and collective
modes in solids will be presented.
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