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THE INFLUENCE OF SPIN-LATTICE COUPLING ON AN EXCITATION IN TRIANGULAR
LATTICE HEISENBERG ANTIFERROMAGNET (TLHA) SPIN WAVE EXCITATIONS

M.N. ABDULLAEV, N.G. ABDULLAEV, KM. SULTANOV
Institute of Physics Academy of Sciences of Azerbaijan,
370143, Baku, H. Javid prosp., 33
(Received 01.03.96)

Using the Green function method the dementary exatstions m noncollenisr sntiferromagnets of the trianguiar lattice have
been mvestigaled. The paper consists of two sections. In the first section the ground state s derived for the case when the angle
betwemn projections of magnetic moments of sublattioss on » plane s equal to 120°. Then the ciementary excistion specirum in

thus systans = calculsted
Recently, uqlhuunﬂndmm
afmlliﬂarhm have

in the same crystal plane at 120° batween cach other.
From Fig.1, il is cvident that sach arrangement of the
spins in the ground staic corresponds to three sublattices

forming 120°sngle, that leads 10 8 JE:EM

has been found. So far, the spin waves for such type of
systams has been studied Bl In this case the
spin keeps o be in the (zx)-planc due 1o the single-ion
iype anisotropy with casy axis (z-axis). The behaviour of
this mode under the influence of skin-lattice coupling is
considersd in the second section.

Spia Ware
We aart with the Hamiltonisn

H= Y, ZJI’R 15,5, —nZIs‘Tm

1.2
:::"’*

where 5,.75, 7S,, are the spin operators for the
sublsihices 1,2 and 3, respectively. Hore the primed coor-
dinste system (x*, ¥, z*) is defined by the arystal axes.
The casy axis single -ion anisotropy ficld is the z°-
darected.
ﬁ'-::mm ion of the spins is shown n

We pow define three unprimed coordinate systems
(X ¥ioZ1) s (Xz,¥2-%3) and (x3,¥3,23) by taking
the =, z; and z, directions to be the equilibrium direc-
tions of the spins on the sublsttices 1,2 and 3, respec-
sysiem Lo the unprnmed sysiems is accomplished by
clockwise rofations around the y'-axis im the (2°x")
plane of 0°,8 and g, respectively.

Using the relationships between the new and the old
coordinaic systems, we define the spin components for the
three sublsttices in terms of the magnon creation and

annihilstion operstors 3,.a,:b.. b, smd ¢,c,,
whuch obey the usual boson commutation relations [5].

Thus

S = %Ze‘"’u,-rg:n
55 =-i SHZ "{a,—a )
e i—"Z "™ (b, + b)) ;

. ISN 17} »
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a SN if
SJ: = T; =

. ISN i -
,'-—14—5"‘&‘ e, —C;)

s (c,+C3) 2 @)

N E-F*
si,=s-JXe " "ala,;
3 ..i
s N —igE-Epmy
s} =5-—2 e *b.b,
' = e
-2 (F-Evyny,
s = 5'?§, -3

where N is the total number of magnetic atoms, £, is the
pﬂuﬂhqﬁj-ﬁshhm&hqﬁ

Nﬂﬂﬂlh:_hunl‘ml_hmm
.-ﬂ:mt?mmwm
into (1) we represent the Hamiltonian in the form [6]

Hef # 8, +H,+. . . G)

where #; denotes the non-mteracting term, while 5, and
H; denote the bnear and quadrstic terms for magnon ope-
ralon, respectively
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H, = gs‘(sz[cosﬂ«rcnspi-cos (9—8)}+ D (1+cos’+cos’p)}

H = 1‘%thfsinﬂ+sinw (a,+a)-[sinf-sin(p-8))b + B)-

-|sin(p-8)+singlc, +c;JI+qsin2Bu:; +1h)+sin2¢(c, +c;}]

“@)

H, = Y {683, + £,b.b, +8,,Cic, + M;,(A,a,b, + 2,8, b.)+ M, (A, b,c, +
i

+4,b/c,)+ M, (Ac,

g, *A,cla)+ M (Aab+2,8Db,)+ M, (Abc,+

+ A,5[C,)+ M;,(A,c,3, + A,618, #D, (b, b, + B, b, )+ Dy(c,c, +cicl)}

where

&, =25[-Jz (cos@+cosg)+D] ;
M;,=J5-z(cosf11)

£, =25{~Jz[cos@+cos(¢-0) ]+
+D(3cos’0-1) } :M,=JS- 2 (cospt1)
£,,=25[~Jz [cosg+cos (p—-0) |+
+D(3cos'@-1) } M5, =JS-z[cos (p-B) £1)

o)

2D,,=-DS-sirf@ ; 2D,=-DS-sirfe ;
A.==“§eﬂ
where A = R, — R, (shown in fig.1).

2

Fig I. The equilibrium spn configurstion for the | 20*
structure. Upon Lhe inclusion of & z-directad
amusotropy Geld D

The ground staite of the investigation magnetic system
obtamable by the standard method of difforentiation =,
um the polar coordinate
;;=2szs.1rﬂ—s.m{p—ﬂjj-ﬂ-nnﬂ=ﬂ
& (6)
;-szfnnrt 8)+sing]-D-sin2¢=0

'M:ihmihmw
Hence the cxact solutions of these equations can be
obtlained, but it is practically very complicated duoc to the
cumbrous caiculations. To avoid the difficulty we have 1o

perform an approximation with respect to & and g
The result is

J-z
I.sin6=0 ; ﬂﬂﬂ-—m st g=—~0
(U]
2900=D ; eIt =20
I 2(J-z+D)

car, while in the second case the spins are to kecp 120° -
structure. Further we shall consider the second case.
Now we define the law of the spin wave dispersion in
the spin system with the 120°-structure. This is conven-
iently calculated in terms of thermodynamical two-time
functions, which, in turm, may be obtained from
ir cquations of motion. The required theory of the
functions is given in monography by S.V. Ty-

Weht“ﬁﬂmmb
fined by

Ei"i’

6L e-tr=((szce)fsyce))):
e e-er=((sycefsyee)))s
cte-e)=((syce)fsye)));
er(e-er=((syce)fsye)))
6y, (e-t)=({sie)/s1ee));
Gﬁr:-w:{(s;,f:.ljs{.rr}));

For convenience, we introduce S, (a=x,y:i=1,
2,3) ss a bnear combination of the magnon operstors

ta,;b, b, and c, 1 C, . Therefore, their equation



of motion, based on the Hamillomian &, in momentum
space is followmng

~EG, =S+ £,56," + (M}, - M)A G + (M}, - M JAG]

-5 =2, 6] + (M}, + M JA.GI” +(M], + M; JAG]
~EG,” =(853 - 2D,) G” + (M}, — M AG] +
+ (M3, - M3, )AGT
~EG." =(£,+2D,,) 6" + (M, + M_JAG, +
+ (M3, + M)A,
~EG) =(g;,-2D,,) G +(M}, - M;,)JA,G~ +
+(M;, - M;,)A,67
~EG, =(g,,+2D,,) G, + (M, + M, )JAG™ +
+(M], + M;,)A,6;
M,.=2zJS(cos8t1);
M,,=2zJS(cosptl);
M;, =2JS[cos(p-0)%1]:;

®)

Note, that these sets of equations can not be solved
cusctly for any value of k. Therefore, we shall perform an
spproxunstion with respect 1o k. After this approxmation
A, lakes the form

1 1
4 =4, 3 1+2:as-2-ak_‘) at

MNote also, the sum is carried out 4,, 4; or 4, in figurc
I &t obiamed 1‘!.
Using this the solutions of the equ (9) can be rewritten
=5 follows
- + ol (c HE - ri ) E +yitk )} =0 (10)
where

(k) =[205-41- 2, )+ Ds/2|x
x[.?JS-z(I-*J,JZ)-DSI

k=k,

vilk)= 2{[.!5:}’[1 -4, )4+ 51..]4.%,

:{Js-z{j ?-21,.]+205]]
ritk,)= 2{{J5:)’(1-1,_X2 +z__) +%x

){JS+:(?—41,_)—DS]lx
x{(2952)"(1-2, )(1+24, ) + DS x
1{JE-:(5+41._)+DS]'

The results of the solutions (7) at the terms of
siomn (11) have been also used. At k=0 the roots of the

equation (10) kead to the following cxpression

(an

E = ok, =ﬂ)=%r3J5-z—D.5} (12

DS
g,j E TfISJS 2+ 2D8)+ %lIPSIIS*I‘l*IEDSJ

We note that the obtained second and third terms,
terms type -39 (DS)’(3J5-2+180S) " and its higher
degrees are neglected.

The spin wave cacitation energy for this triangular
structure has been calculsted in the paper [3] at k=0
However, it is not very accurate calculations (one of the
solutions as to £ is zero, but in our calculation all three
solutions differ from zero).

We note that the solutions of the equ. (9) may be ob-
tained in another way. If to apply the group theory to our
spin sysicm, we may construct 3 unitary matrix. With the
beip of this matrix it may be (actorized the determinant
constructing from coefficient of the Green functions in
(9). As a result, we obtain the factorized determinant as in
(10). We also note that construction of the unilary matnix
muummﬂhmm
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mmr_mmm-mmm
warssTHxax PaboTma coctomT o gmyx wacrell annlmmmm_.ﬂmmm
fpooipmay MAMHTHAL MOMEHTOS DOJPENCTOR Ha GAROfl I KPECTALINSSCYNT AaocxoCTell cocTanzset |20°. Bo sTopoll ssctw
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ON NEW ADDITION THEOREM FOR THE BESSEL FUNCTIONS

G.A. KERIMOV AND YiLA. VERDIEV
Instituse of Physics Academy of Sciences of Azerbaijan
370143, Baku, H. Javid prosp., 33
{ Received 01.03.96)

Addution theorem for the Bessel functions used for evalustion of hugher-order Feynman diagrams. is obtained by group theo-

reiscal methods.

X =X;0; + X0+ X303+ 1 X0, (1)

Here gy is the unit matrix and o3, k=1,2,3, are
the famibiar Pauli matrices. The unit dement is
(0, (1,1)).The group muiltiplication is defined by

(%, (us,u2)) (%27, (07,027 ) )=

=(x+u;",x’, 0, (" w0’)) @

(u" bang the transposed of u). _
The umitary areducible representations of E, charsc-
terized by the real number 0>0 may be realized i the

Hilbert space L° (SU;) of Lebesgue square integrable
functions over S with the mner product

(f,g)= If (u)g(u)du f,gel’(S0:) @)

=
where dU is the normalized invariant measure on S
mmrjm{f'ﬂ_h (U:,Uz) ) representing

ihe group clement f{c,l’u“qu acls on

£ (u) m the following way

U"f’_‘;f“u“;)!ffﬂ)"’

‘em{éiptr({tﬂ")}f (u;ou°) @)

where €I denotes the trace of the matrix indicated.
An orthonormal basis for L (ST ) is known as [1]

Kl (u)=J2j+1D%(u) ,

1
1=0,—

er!-*-r .r“*j:'j*l;r--j; m

where [ (u) arc the irreducible representation matrices
of S5
In the following we consider the matrix dement of the

represeniation (4) with respect 1o the orthonormal basis
given i (5). These matrix clements may be calculated
from the formula

<jmym; | uf(x, (u:,u2)) | jmn>=
-(h% ,U0”(x, (u;,02) ) B )= ©®

{5+ 2z, +uf,frv{%i’“{*“"d)} ’

*D;, (u) DL, (u;uu;®)du

It is sufficient to calculate only matrix dements of the
translation subgroup. In order to smplify the calculations
one may use

elp{%i ptr{xu™ )} = m

=2(ppd)™ 2i™(23+1) I (ppd) trD’ (Ru)
H.%,.:

mm&mtumﬂmmgim

matrix constructed from the unit vector X corresponding
10 x and J;y,, is the Bessel functions of the first kind [7].

Making use of (7) and integrating with respect 1o u we
obtam



<jumm|0”(x,(1,1)) | jmn>=

1
- > 1.*1
A2 e 8 Smcas e
23, +1 1,74, =ar—1s
‘{Jz ltj:-zlj'xj:n: J:“:b n}D::._ f"_ij Jagpe [4“]}
®)

wheare <3 m; o jm> are Clebsch-Gordan cocfficients of
SUs.

In particular,
<000l0%(x, (1,1)) | jmn>=
=2y23+1 3% (pd) DL, (%) TagerpiH) ®

By the group property

u‘u_c-g’, (1,1))=0%(x,(1,1))0%(-x',(1,1))

we oblain s new addition theorem for the Bessel function
al'l.h:ﬁ'nt-l

x1 -{x r)

lfpl“_rl-’=

> ¥ Sepon

Boody By my==1y By A1y
(23, +1)2], +Ij(j,l1j,l,lj-x_7',n,j,n,]jn)x
XDor,, () D22, (%) T1ys (PO T stpbe)  10)
Using the formulas 8.5(12) and 8.11(15) of [8] we can also

get an addition theorem for the modified Bessel function
d‘hﬁihﬂ!l’;,., mﬁ_“".

=2(25+1)*

S A
IIT{ -[I;_f')ﬁmfﬂil*xv=
-zf:ajur‘mfﬁz t fri’jﬁux

Jpolply Bym— Ty By Bym— 1,
x(23,+1){3,m,5,m,|7mK3,n,3,n,|n)x
XD, (%) D2, (%) I, ..(Pbd) Koy, (PxD)

il

bef> .
Here I;;.: is the modificd Bessel function of the firm
kind. In fact, we have the addition theorem for covariant
propagator [4] for massive particke of spin jima 27+1
~component formahsm.
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GA. Kximov, Y1.O. Verdiyer
BESSEL FUNKSIYALARININ YENI TOPLAMA TEOREMI HAQQINDA

Yiksek terubli Feynman diagramlanmn
Yrupp nezeryyesi metodian ile isbat edilmigdir.

FLA. Bepugses, ' A. Kepsuos
omoﬂmrmmmmomm
Teopows caomemss 11m $ymnpd Gecoems, ACOOILBSNHAY (e BLFCICHRET PoiNMANOBCNT DM PEMM BLICOKOID DOPRA-

3, SCCANARS & DOWOUND MPYINOEOND METOXA.

FPedaxmop: H.I". [xagapos
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HECOH3MEPHMAS ®A3A B - TlaS;

B.A AJIHEB
Hucmumym Qusuxu AH Asepbaidxncana,

Baxy-143, np. I' [Incasuda, 33
(Hocmynuno 08.02.96)

[pemnpusaTs DOMLTES YTOSHEHNS DA

am0, CT0 ¢ FHcHLBEIGE

CYLIECTBOBANMS HECOMIMEPHMOR $a18 H HOYICHNA THHAMNEN WIMCHCHNN OF Lapa-
HITPOR © IMCHONIOM TEMDSPATYPM (B AATepeade 79-150 K) moxoTouncparypaod

TlnS,. Moxs-

peTrencrpadwcll xpucTaIION
BOPCIOZNT 0 Napadaisd B BeoOmMcpEM Yo $ay ( I=113K), xoTopas cymect-

TEMICPETYPS KPHCTALI
Byt A0 TemnepaTyped 193 K. [Tpa 193 K secommcpunas $ana moHeiacT, GCTRSTON TOSMO CONDMOPHMAS, KOTOPES CYIECTRYET A0
W K B sexoropos you mxTepsase Temnepatyp (sfimos 195 K) cocymectsyior ame daoud - commcpaaas 1 Becommepiman.

BOCE  ONMOMHAYHO ONPEASINTE HX KPHCTALINGCCKYIO
cipyeTypy. Cormacsio ofsopy, npasescumony Haum & [1]
HMGOTCR AAHMMC 0 HADID KpucTamsos T1/aS; woso-
nHEGH, rexcarosamBofl H TpHK-
smmofl amrommi. C apyrofl cropomsl, HoOmIOTHSY-
HOCTE B CTMKOBKE CHOCS OPHBOMMT X DOANTHINOMY H
1oM CAMLM CMCIINBAHNED BCCX THNOS Xodofammil pamnert-
K.

Hecsegosamms ramossx [2-4], yopyrux [5.6] 8 =
scxrpasccanx [7.8] cscficrs T1aS; yxaoamm Ba cymect-
BOSAHNC B JTHL KPECTATIAX DOCICAOBSTEILEOCTH $ato-
s neperoaos. HeowoTps 53 socTaTowmo Gomsmoc -
1o palor, DOCBAINCHHLIY HCCHCIOBAHID GaI0BLIY NEpe-
zomcs 8 THAS,, ser scxofl SCHOCTH 0 KomwecTee $aio-
LT [(EPETOZ0E, O TOMIICPATYPAX, NMPH XOTOPML OHM
LposctomeT, 3 Tow Goace o OPEpOSE B MCIANEME [pe-
spamecnl, Ha0moIscMaIx 3 ITHX KpEcTaLIax. B [9] me-
Tozou Dappaipil BliTPOHOS NOKATAHO CYIICCTBORA-
e MOTYTHPOBAHNLIX CTPYXTYP 8 T1/aS; B onpesencsu
HX NEpaMcTPa. YcTasomacwo, IT0 5 0GMACTH ToMmcpa-
vp 214200 K cyumccreyer Hecomnsicpinias dasa ¢ pex-
TOPOM MOXYIMIDEM q; (6;8;0.25), ampa T = 200 K
mmiwm
FECEY0 € YSCTBCpCHECOM MICMCHTapHOR swciin
szom ocet "C". B [1] naum cooSmamcs poIymRTETM HYY-
SCHiHA TOMMCPATYPHOIO NOSSACHMA OEPAMCTPOB PInCT-
i EpEcTaTion J1/AS; MCTOZOM DOPOMXOBMX IR$pax-
TOrpaMM.

sl SLIDSIAHERME H) MOHOKPHCTADDMCOOHX coTxos. Or1-

pe, cocTasRNma=b=7, 768A,c=30,018A,5=90,17%
Yesosms INCHCPIMCHTS HAMN JECTANMEO OMmEcamd b [3].

Ha puc.] npEscacss ToMNCpaTypHAS JaBECHMOCTS
OSPEMCTPa PCICTEH B HETCPSANE TeMmepaTyp 79-250 K.
Ha xpumoii sabmonscres paa asomamsfi, caspeTemcT-
BYIOHIHX 0 HATHIHN B JTOM KPHCTALN [OCHCEOSATCIL-
socTh $asosux nepexogos. [fpe T = 218 K ofsapymen
mom Ha cpumofl C(T), 1. xooddunmsenT mmelinoro
pacmmpoins mscasercs axasxos. [Tpe 193-197 K xood-
$IDICHT DERCHHOIC PACIIMpCHES HMecT Maxciayw. Hi-
oM pameTxn C mafmoascres Taxme nps
IMK

T=118K, T=193+197 m 7~=170 K, w70 10pomo corma-
cyeres ¢ gasmnaan [1,9,11]

Kax npeanosaracrea » (9], npe T; nposcxomET nepe-
X014 B BECOIIMEPIMYIO $a3y, 8 NpE T; ofpasyercs cown-
MEDHMES $838 C YICTBCPCHHOM MICMCHTEPHOE FchxH
850 ocH z [lpsposa mepexosa OpH T; MOKA BE BalNC-



A ANHER

noHs Kposc ITHX NCPCLo0s, HAME BOCPEAC Ha KpHsofl
TeMOEpATYPHOH JABACHMOCTH NApaMCTpa pamcTaH C B
srepeane TesnepaTyp 79-8]1 K ofsapyxen mmmapengdi
4doxT, T2 B ITOM HNTEpPBANS TEMIKDPATYD NAEpAMETP
pascTis C NPAKTHYOOKH HC HIMCHNCTCE, & NpH T's85 B
=120 K nabmozoTos muaosm

B mereparype HMECTCE PR INCNICPHMCHTATLHLIL pa-
fo1, 8 EOTOPAIY OpH HOCICIOBANNE TCIIOMOID PACIIHpC-
M KPECTATION B HOXOTOPMX HHTCPBAZAX TEMICPATYP
HabmoxscTcs muBapadl »pexT, T.o. xooddenpacHT -
HCHHOMD PCIMPCHIE B BEXOTOPR KPHCTALION padirse-
GO BANPABACHHNX AN BO Bocx pases Hymo [12-14)
Cacxyer oTMcTHTS, 9TO ¥ BOCX ITHX KpHCTAIIOS Halmo-
AscTca BecoRnMcpinas daca. Bomee Toro, 8 [15] nps me-
CENOBAHNE TRCPAMX pacTsopos SnP;(5e. S, ), yers-
HOBICHA PAMAS CAXIb HHBAPHOTO € HECOHIMS-
piiccTio. MMoxasaso, TTo B cacree Sl (5e. 5, ).
HIfTCpean HEBapHOIO »pdexTa 0THOIHITHO ONpEACESET
TOMIICPATYPHRIC [PAHHIDJ HoCOMIMCPEMOE dawa [ipu
HIMCHCGON] COCTABA C YBOIMICHMOM X ToMOCPATYPHRIC
[Pasilipd BocoMmMcpiofl $aihi B HHTCPBATE HHBAPHO-
o spdcxra GRIpomnid ofpayoM ccmaorcx 3 0o6-
ascTe Gomce HEDWHX TemmepaTyp. Taxew ofpatow Mox-
HO OpEANOAOEHTS, ¥T0 B J1/AS; » uHTepsaze Tounecpa-
tvp 79-81 K cymecrsyer sccomnecpinaans dasa.

B poymTaTe pCHITCHOCLOMEH
cocxTpos TTnS; oT mocxocTel® (001) » HETepBane ToM-
pepatyp 135120 K poxsvaso, wro sfmnm yiusos 001
obpaTsofl pameTIcn ¢ 1 SCTHMM DOSAIENOTCE CATCIINTLL.

CaeRyer oTMETHTS, ST0 s xammoll CTPYKTYpS pofck-

cai 001 ¢ 1 sescTHRM oTcyTersyoT. HETeRcmsocs pe-
gusexcos 001 ¢ 1=4n owcen Gomummee, 8 To spous, xax
pefuiexcit 001 ¢ l=4n+2 ouwssih caafisie B HX HNTeHCHS-

HOCTH CPESEIME] ¢ HHTCHCHBHOCTLIO caTcumros. [
AHSMNS CREPICTPYRETYP Shimw asbpasmiy yeacTan Dad-
paxgosHoro cxxTpa sbmom pofmxcos 001 ¢
l=4p+Z, TAX KAK B YTOM CIY9SC HOUNOSATNCE HOKAXE-
HidS, BHOCHMEC “EPARITLEMS" CEILHMY SpaToBcox pod-

nexcos 001 ¢ 1=4dn.

Fuc ] @parwesms SeppaxTorpasu B OKPECTHOCTN e
sexcs 0014 xpucTanaa §-TliaS,,

DOTYIEHHLE [TPH
Pt TednepaTypax obpasipa. T, K- 180, 2 - 191,
3-195,4-200,5-213,6-215.

OpH paymeEL Teuncpatypax. Hb sroro pacysxa sma-
Ho, 910 mpi =215 K ma mafpaxTorpaiée nosaasercs
Toakko pefucxc W14, C yuermumenmes ToumepaTypud
EPHCTALT D Oapadeil MEPCIOIHT B HECORIMCPHMYIO
Pary. CanaeTemcTso TOMY - NOABICHIC CATCLINTOS BO-
EpyT yaam 0014 » Towxax (001 424 npa 213 K. Jasssci-
cT YMCHLINCHEC ToMICpaTyps ofpaima conposoxaa-
crcl BelobimEM POCTOM HETCHCHBHOCTH CATCIINTOS B
YBCIHSCHMOM paccToSHEY McxXy maMu. HeTcpecuoe -
acHic BalinoaacTcs npH TeunepaType 195 K, npa xoto-
pofl cmc HC HCICIACT  HecoMOMepiMas ata B yEe Do-
SRISeTCS € BOXTOpOM  MONYIWINMGH
q. =(1/2)C" pme.2. 1.c. » mexoTOpOM yixom mTepsan:
TeMnepatyp 8 xpucrame TU/aS,; cocymecTayior amc da-
I - COMIMCDHMAS H HocoMMepindas. [Ipe TouDepaType
193 K pecomuepingas $aja BCueiseT, oCTSTCE TOIMKD
COMIMCPHMAL, KOTOpaS CYIRSCTBYST MIBOTs 30 80 K.

030|555 {oso
b ]
0e5k ......"_-'-.H
w w0 X

Fuc. 3 TemIepaTyphikic JMBRCHEMOCTH BEXTOPOB MOTy TSN
i » G W DapaseTps pemeTx ¢ 5 TS,

Ha psc. 3 opeBcacHil TOMIICPATYPHRC JABHCHMOCTH
BCKTOPOS MOXYMIMH g.,J. B HHTCPSAN TCMICPATYP
220-187 K ® napascTpa KpEcTALIESeckoll pameTxs C B
oxpecTHOCTH $ajosax nepexoaos. Buppso, s10 ¢ ywam-
[NCHHCM TOMICPATYPM g VRCIHYHBACTCE OPAKTHSCCKH
mancliHO, 3 BOXTOP MOIYINIDHH COMMCpEMOR $aiu
4. =(/2)C" ¢ ramepatypot Be mmensercs. Hirrepec-
HO OTMCTHTS, Y70 H3 TOMICPSTYPHOf JABECHMOCTH 18-
paMeTpa pemeTxH C ope T; msfmogseres TomEs EYBOM
($aroasift nepexoa I1 posa), » To spess xax NP Depexo-
3 HECOIDMEDIMAS - cofDMcpiMan dasa (T.) opomciogET
CX3%90K NapamcTpa pancrxi ($arossfi nepexox | poxa).

Hamm poyymTame oTENRA0OTCE OT POIYILTATOR pPa-
Goru [9]. rae werosom mafpmasm BefiTposOs Moxaya-
HO, 9T0 NPOMCIOINT YICTRCPCHEC LIEMCHTAPHOR ik
B0 ocH C 3 OfABCTH CYmECTBOBSHIN COMMCPEMOR



$aiu, 3 DAPAMETD HECOMIMCPHMOCTH § OCTBCTCE NOCTO-  OUBSCHMTL MOIIOMMIOBAHNCM PALTHTHLX

asTOp
BocTe KpicTamios T1/AS; X DOANTHIDOIMY M BOIMOX- rmtuummmnm
HOCTE KPHCTALGOORATRCE B PAIELN KpucTatmrcocn  O.5. 38 NOMOUD. 3 NPOBCASHINY PCHTTCHOBCKHX IXCICPH-
M GHHEX, 3TH pACIONICHHE, PCPONTHCE BOCTO, MOKHO — MTHTOB.

(1] BA Asuee 3.0 Bacupsade, I' Jl INyceiinoe, H.3. I'a- DA Muxgurce. - 1993, 1. 35, Ne 2, c. 348-354.
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HucruryT @munc Baxy, 1987 -54 c. e - [Incaus 3 MOTO, 1984, 739, Mo 6, c. 245-247.
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B M. Cmepwun, M 0. Ceudos - ®TT, 1991, 1. 33, p. 693-699.

Nl c 104109, (13] Da Costa Lamas, S.L. Chang, P. Caticha-Ellis. -

6] IO Ioacacbos H H. Canueonce -®TT,1991,1.33, Phys. Stat. Sol. (a), 1981, v. 68, p. 173-178.
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V.0. Oliyey

B-TUnS; KRISTALLARINDA OLCOSO UZLASMAYAN FAZA

Uns; krstalanada Siisd wiigan vo whgmayas fazaks ve caline mivoad oldugn emperatur serbodleri, mikroskopik
soviyyeds rmaigen difaiDometriyas: isuln de taedgyg olunmugdur

V.A. Aliyer
THE INCOMMENSURATE PHASE OF Tllas;

The lamsts of the incommensurate phase eustence and the dynamic dependence of its parametars on iempersture by means of
e law-ismpersture X-ray arystallography of TliaS; have been investigsted (m mierval 79-250 K). It is established, that o the
ismpersture decreases, then the crystal transits from the pare-phase (o the incommensurate one (T=213 K)which cxists up to the
isapersture 193 K Al the tempersture 193 K the incommensuraic phase dissppears, the only commensurate phase exists op 1o
temporsture 30 K In some small temperature mterval (near 195 K) the commensurate snd incommensurate phases exist to-
geiher

Pedaxmop: &. M. [asnncsade
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THE TIME RESOLUTION OF THE BALANCED COMPARATORS ON THE TUNNEL
JOSEPHSON JUNCTIONS FED BY THE SLOW-GROWING RATE STROBE PULSES

LN. ASKERZADE
Instituse of Physics, Academy of Science of Azerbaijan,
370143 Baku, H. Javid pr. 33
(Received 01.03.96)

mmmdummuhmmmuummnm*i

caloulated

The replacement of the semiconductor dements m the
anpulsc comparators by the tuanel Josephson junct:
allows to improve not only the resolution but ako the
snativity of samplers. The time resolution §t=2ps and
scnsitivity SI=1 mkA/Hz'” arc obtained im (I The
scheme of the balanced comparator with the tunne Jo-
scphson junctions which gives the chance to approach to
ihe fundamental hmit value of the scasitivity is proposed
i (2] In this paper the numerical of the process

!

In the present paper the time resolution of
ihe comparstor, proposed in [2], is analysed in the slow-
growing strobe casc.

The cquivalent scheme of balanced on
the tunne junctions is shown in Fig. |. The

measured snd feedback aurents. The average value
V;.z -voltage is output signal of the comparator. Under

E
.z
F
i
t
F
:
g
g

I
R

Fig /. The equivalent scheme of the balanced comparator.

The time resolution 5t of these samplers can be de-
termined by means of the transitional characteristic 5 (1),
representing output signal of samplers v, under the in-
put signal to comparators of the small stepwise form of
the current I,=I.8(t). The time resolution 5t is the time
of growing of the 5 (1) from the level of 0.1 H up to level
of 0.9 H [3], where r - the time of delay (outstrip) of the
;ﬂtpﬂumminfdmw;
nhuuflh‘p:-u of the Joscphson junctions J, and
J; we have the following set of equations:

P+, +sing, = 4,

- v (1)
B, +9, +sing, =L +1

where the following dimensionless parameters arc intro-
duced : i - the current in units of I, I, - the critical
current for (he Joscphson junctions; r - the time in units
of @./22I_Ry; @, - the quantum of the magnetic flux,
Ry~ the resistivity of the Josephson junctions; S=2xI 8, C
- the so-called McCumber parameter, C - the capacity of
the junctions. For the small magnitude of the signal with
respect of strobe pulses, and also for the small difference
of phascs § =g, -@; the following relationships holds true:

ﬁ-n»i'-rcns%-i:i‘
e . 9o 2

Fo o B nin?e -4
£ T T

where g.=p; +@;. Let the 1,=1 (t-1) is an input signal at
the moment ¢ =r. Under this condition the solution of the
equation (2) has the form:

P(t)= I Kt 81 -5)+i,, ()G )



The structure of the kernel of the equation (3) in the case
sircbe pulses with Encar-growing rate i =ar (where
a=(dl/dt) @,/2x1 Ry is dimensioniess growing rate of
the current via junction), on condition that af<<1, has
ihe following form [4}

K(t,§)=xA; (G§)B; (Gt) “4)

where A.(...). Bi(...) sre Airy functions, and
G=1.14"7a"”F*7. The transitional characteristic 5 (1)
for the arbitrary values of r in the case of the nom-
growing solutions of the (4) while t—< may be wrillen as
follows

H(r)=—i,, (r)= .a.r;‘]:u1 (GE)dE (9

where H_ = him;d:.

As it is shown in fig.2, the transitional characteristic
H(7) for <0 has a oscillatory behaviour. Such a behav-
wur is due 10 the presence of the full set of the reactive
clements in the equivalent circuit of the junction [5]. For

St=2. 387 a? O]

{1 can be scen from thus formula, §t is determined maindy
by the capaaty of junction; 5t is highly seasitive 1o the
changing of capacity of junction rather than to the mag-
aiiude of the growing rate of the current through junc-
tions. Now ket us cstimate the time resolution of the bal-
snced comparstors in the regime of slow-growing rate of
strobe pulse, for qfi<<di; bere §i - the value of the fuc-

tuation range of the critical current of the junctions. It is
know [5], that at the helium temperatures for the values
of the 5i is highly reasonable §i=0. 3mkA/i_, where the
eritical current of the tunnel junctions changes from 10
mkA to | mA. The estimations based upon the formula
(6) show that the time resclution of the balanced com-
parators can reach the values of ten ps.

tHE?

3

N ———— T

i 6

Fig 2 The ransient charscteristic of the balanced comps-
ralor

Thus. the quantitative analysis shows that the growing
rate of the strobe pulses exerts an insignificant influence
on time resolution of the junctions balanced
comparators. In addition, the possibility of the obtaiming
of the highest valucs for the time resolution within the
schames under consideration is underfined.

(I} F. Welf BJ Van Zeghbroeck, U. Deutsch. |[EEE
Trans.1985. V MAG-21, 0.3, p.226.

{Z) IN. Askerzade, V.K Kormev. Radiotckhnika i clec-
tronika, 1994, v.39, 0.5, p.869.

Bl ECh Khermanis, V.G. Karkiinsh
obrazovateh signalov. Riga. Zinatne. 1980.
(4] O.V. Snigirov. Radiotekhnika i clectronika 1984,

v.29, 011, p.2216.
[51 KK Likharev. Vvedenic v Josephsonov-

skikh perekhodov. M. Nauka. 1985.

LN, Osgarrado

TUNNEL COZEFSON KECIDLORINDON [BARDT BALANS KOMPARATORUNUN KICIK SUR'OTLD
ARTAN STROB IMPULS REJIMINDS ZAMANA GORO AYIRDETM® GABILIYYOT!
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H.H. Acxepaane
BPEMEHHOE PASPEIIEHHME BAJNAHCHRIX KOMITAPATOPOB HA TYHHEALHAIX
JKOZEQCOHOBCKHX MEPEXOJAX IMPH CTPOBHPOBAHHH MEJIEHHO-HAPACTAIOUHMH
HMITY ALCAMH

Bai i 300 SpOMcHNOS PIIDCIDONNE MMITYIRCHONT S41AHCHOND EOMISPETOPE RS TYHECHAMT TECIGHCOSOECKTE DEPEIGRAT §
CAY4SC MELMCHNO-HADACTANMRErD CTPOSHPYIOWIETD HMITYILCE

Pedammop: P_F. [Nyeednos
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ENERGY SPECTRUM OF g-ANALOGUE OF THE RELATIVISTIC HYDROGEN ATOM

Sh. M. NAGIYEV, E.L. JAFAROV
Institute of Physics of Azerbaijan Republic Academy of Sciences
370143, Baku, H. Gavid avenue 33,
(Received 16.01.96)

The so,( ) quanium sigebrs i used for the description of & g-snalogue of the relativistic hydrogen stom. The discrete spectrum

of g-anabogue of the relativistic hydrogen is obtained algebrascally.

i. In connection with the developments of the quan-
tum groups and algebras in the last years the g-defor-
maston of the vanous physical models attracts phynast's
allenlion. mmdmﬂmm
propertics of the physical models using the quantum al-
gcbras were given. In particular, in papers [1-8] the prob-
mdmdh“mﬁ-
m“mmm realizations for the
symmetry algebras ﬁ} and s (1 ]) were given. In
[9.10] the motion of the dassical and quantum g-defor-
mscd free parnticles was studied. The papers [11,12] are de-
voted 1o the discussion of the propertics of the g-analogue
of the noarclativistic hydrogen atom. In this papers » dis-
aeic spectrum of the ghydrogen atom has been found

me'

E,=- 1. 7 (1.1)
zn"{EZ (o, +1]+[n])/ 2]
=]

whae = i5 tbe reduced mas of the =tom,
n=0,1,2.3,...ad
¥ -5
(x1=—=%; (k)

i the g-analogue of the oumber x. The quantum num-
bes ng m (1.1) satisfy the constraint condition
(o] +[ng]=[ny]+[ns]. Limit g—1 (1.1) coincides with

the spectrum of the ordinary nomrclativistic hydrogen
aiom

M‘
E,'-m, n=n+n+l=n+n+1. (13)
The purpose of the present work is to imtroduce g
analogue of the three-dimensional relativistic hydrogen
atom [13] We shall deal here cigth the discrete spectrum
of the relstivistic hydrogen stom and shall obtain its ¢
snalogue by passing from the mvariance algebra so (4) ~
~su(2)xsu(2) of the ordinary relativistic hydrogen
siom system [14] to its g-analogue s, (4)~su,(2)=
su.(2).

?Wcm-mfmﬂﬂh_-w
sug (2). The algebra su, (2) is defined by the following
comunutation relations:

[J:,del=2ds , [J.,d-]1=[2J,] @

The irreducible representations of su, (2) are finite
dimensional and have dimension 27+, where the weight
7 takes the values §=0,1/2,1,3/2,... . As follows
from (2.1), the action of the operators of the g-angular
momentum J,,J; in an arbitrary irreducible represeata-
tion space {wia), -1 € m < j, are defined by the follow-
mg formulas:

Je Wi, JeW = [T B] [JER+1] Yine:

22

-
For the Casimir operator J =J_J.+[J,] [J,#1] we
obtain

-7

J Vm=[7]1[]+1]ysm @3)
In the mit g—1 we have [x]—x, and therefore in this
Emit the formulas (2.1)(2.3) become identical 1o the well

known expressions for the algebra su (2).
3. It is known that [14] the fnite-difference Hamillo-

nian
ih a}
mc 2r

G.1)

H=H,-a/r, H,=

J.hc = ,,

mﬂr}hr’

for the three-dimensional relstivistic hydrogen atom [13]
commutes with the orbital angular momentum L and the
Runge-Lentz vector A. Further, L and A satisfy the fol-
lowing relation

IA=AL=0 G.2)

In the case of £<0 (the discrete spectrum) the components
d‘f--:l A generate the Lic algebra so (4) . By introduc-

tors

i1} —2)

J =§r£+u,a =—(L-4) 63)
the Lic algebra so(4) can be rewritten as su(2)x
su (2) , namely
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IJ:",.J:"}=1J:”, fJ:”ch:".f:zJ:uf a=1,2. ff:,j:j-ﬂ:, {J;:"J‘:!-{EJ:‘!’!

1 sccordance with the relations (3.2) we have

{1 =) -d -l

(J P=(J f=:{L+AJ=h‘jrj+1), G.5)

The Hamiltonisn (3.1) can be expressed by the vectors
-afl} —»{d}

(J JF and (T ) asfollows

[ 2

H
1= I
c

x4
L m

2

o2 ren ]S

=1}

2(J

G.6)

Thus, from cquations (3.5) and (3.6), it can recover the
discrete spoctrum of &2
a’

E, =mc” |1~
! J (45 (7 +1)+1F K

The expression (3.7) possesses the correct non-relativistic
F

G.7)

mil £, - mc” — ~————, where n=27+1.
2o h
We can define g-deformed relativistic hydrogen stom
with the Hamiltonisn operator #_. For the g-analogue of

mﬂﬂmﬁmh’mm Long
24, - A1, -0
The components of I, and A, generate the quantum

slgcbra so,(4). By mtroducing the following two o
angulsr momenium operators:

1 @ 1
=3 &R), I, =S(L-K) 69

i algcbra so, (4) can be rewrillen as su, (2) x su, (2),
namely

(5)

=il

J

g

-1'2
(.109)

To realize (3.8) and (3.9), we consider a set of four in-
dependent g-harmonic oscillstor's operators of creation,
annihilation a;_ and number operstors Ny, i=1234,
satisfying 1o the following expression:

B, A, =G, N8, ] =25, @11
Then we have

T = By T = i, 202 = Ny =Ny,
G.12
T8 = 85y I = 85, 2T = Ny N

Next we cxiend the equation (3.6) to the quantum algebra
sug (2) x sugy (2) , i.e. we assume that

g

[1_ i

i1} -+ a’
.,c,}{.?m, F+2(J, )’+h’}--c-; G.13)

From (3.13) we can obtain the energy of g-analogue of

the relativistic hydrogen stom
a.'l
o = 'cJJI-H G13+11+17e &
It is readily verified that the expression (3.11) bas correct
limits in the cases of g—1 and c—e.

The g-deformed relativistic hydrogen atom defined by
(3.14) has the same ground energy level as the ordinary
relativistic hydrogen atom (3.7), what corresponds to the
limiting situation g=I. Further more, its discrete spec-
trum cxhibits the same as the relativ-
stic atom. The only difference between the cases g=1 and
g<>1 anses m the position of the excited leuches (cf. [11]).

In conclusion we remark that, as in the nonrcativistic
case (11, 12], it will be defined a g-deformed relativistic
hydrogen stom via the Kustaanhcimo-Stiefel transfor-
mation [I5].

(1
2]
3]

AJ Macfariane ] Phys A- Math Gen_ 1989,
v.22, p.A5E1.

L C. Biedenharn J.Phys.A: Math Gen. 1989,
v.22, p.1873.

£J. Kagramanov, R M. Mir-Kasimov,

Sh M Nagiyev. ].Msth Phys. 1990, v.31, p.1733.
E V.Damaskinsky, F_P. Kulish. Zap. nauch
semin. LOMI, 1990, 1189 (in Russian).

R M Mur-Kasimov. ] Phys. A: Math.Gen. 1991,
v.24, p 42834308

N.M. Arakishiyev. S K Suslov. TMP 1990, v.85,
p.54.

N.M. Atgkishiyev, S K Susiov. TMP 1991, v.87,
p.154.
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8] 1 Ya Areteva, LV. Volovich. Phys. Lett. 1991.
v.268, p.179.

(10] S.V. Kozirev. TMP 1992, v.93p.87.

[(11] M Kibber. T. Negadi. J.Phys.A: Math.Gen. 1991,

v.24,p.5283.

(12] QG Yang BW. Xu. ) PhysA: Math.Gen.
1993, v.26, p.136S.

(13] M. Freeman M.D. Mateev, R M. Mir-Ka-
simov. Nucl. Phys. B. 1969, v.12, p.197.

[14] Sh M. Nagiyev. ] Phys A: Math Gen. 1988,

v.2i, p.2559.

(I5] P. Kustaanheimo, E Sieifel. 1965, J. Reicne
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THE SCREENED POTENTIAL OF THE IMPURITY IN THE THIN SEMICONDUCTOR
FILM WITH TWO-DIMENSIONAL CORRELATION OF THE IMPURITY IONS

E.R. GUSEINOYV, R.R. GUSEINOV
Institute of Physics, Academy of Sciences of Azerbaijan
H. Javid sir., 33, 370143 Baku
(Received 03.01.96)
Thmdhpmﬂﬂiﬁ:pﬁhphhlﬁmhﬂwmmi
waboulsied The film s considered (0 be prepared by the vacuum evaporstion method with the thermal trestment
mmﬂmn—dwimu:-muhuwﬂ-—m“-—mm

froem that of the three-<hmonsional Debye-Hucosl case.

ibe screcming 1s conditioned by the three-dimensional De-
bye-Huceel correiation between the impurity ions. Such a
correlation custing in the melt, from which the arystal is
sirstching out, is frozen duning the process of crystalliza-
tion and it leads 1o the of the potentisl of the

purities interaction. The screening of the point charge's
poiential in the case have Lo be different from the three-
duncusional Debye-Huccel screening and the aim of our
paper is to demonstrate that.

We consider the compensaled semconduc-
tor film with impurnitics, m which the average concentra-
ticans of positive and negative ions arcequal 5, = 5. = a.

Let the thickness of the film is d, diclectric constant is
£and diclectnic constants of the covironment are &; and &
out of two boundaries of the film respectively, z-axis is
perpendicular to the film boundarics and the origin of
coordinates s chosen to be in the centre of the film.

The potential of the point charge e located on the z-

axis in the point = Ms% can be evaluated from the

the film and using the conditions of the continuation of
the potential and z-components of the induction vector
on the two boundaries of the film.

The Poisson cquation inside the film for the Fourier-

component of the potential g.(z,x) = lp(5,2,7) e %55,
where & and 7 are two-dimensional vectors in the film
planc, in the incar screening approximation has the fol-
lowing from:

ﬂf;i;ﬂ‘fk‘ +&' )gi(z,2)= -*T"Ju -z’) (1)

Sxne’
Here 2 = = is usual Debye-Huccel expression of

the verse scroeming radius and T is the tomperature of
thermal treatment.

The solution of equation (1) satisfying the boundary
conditions is as follows

AL e)a] e

p;iz.z')=

2

where K=k +a?, )
— I d-_'*‘:I }'k
arely 4

and .z 2 nﬂk"tj_,k 4

One can see from the expression (2) that the Fourier-
component of the poiential depends on value of the vec-
tor k. Therefore, we can write for the potential itself:

sk G, +7, k) d{ﬂ(§+,]+m]_ﬂ[{§-z]*ﬁ,] —
I

1
(2x)

1
- —I!.I'Z;Z'J-J.fkpl-k-dk T -
2%,

Iﬁfz Z)ePdk -

plp,z,2')=

where we have integrated over the polar angle and ob-
tained the Bessel function J, (kp). Due 1o strong oscilla-
tions of J; (kp) - function st large valucs of it’s argument,
the small values of ¥ (kd«1) sre essential ones in the



intcgral over k at large distances pgsd If the Debye-
Huccd radius s much larger than the film thickness, that
is &del, then kdel and one can write for @, (2,27 the

{cliowing approumale eXpresaon:
el C*hﬁ___d‘ﬁz
&x Shfﬁ:*ﬁ:}*kd':hfi*ﬁ:j

9,(z,2)= ®)

In the most interesting case, when the dislectric con-
siant of the film ¢is much larger than the diclectric con-
stant of the environment &; ; «5

. I P m
L2 % &
and (6) can be sumplificd as follows
0.(2,7)n 22 - ®
]
g k’d+k"—:‘1+=’d
Thaus, we have in our approximation:
23 Jylax)- x-dx Ze
ol ui X+ Px+l Mﬂ.ﬁ} ®
where a‘w. 3 ﬂ £‘+—=I.
g-2-d

Let us find the asymptotic behaviour of the integral
Aa,f), when a»l or st the distances o»1/2 . We con-

fader Two cases (F«1 and F»I).
L. Bul.

Ala,p)= Ala ﬂl-aﬂ[ﬂfaha = Bfa,l] (19)

2 . 2da )
where

J, -X- dx
Ala,0)= ,l’axz} X dx' Bla)= Jylax)-
x*+1 x+1

e g

(i

Ala,0) s the McDonald function K, (a) [3], which as-
yuipiolic cxpression ot large a has the following form:

x,ru}-Jif‘

B(a) -i[l.fa.#-b,faﬂ

(12

(13)

Using the asymptotic expressions of the Bessel function of

imaginary argument I{a) and the Struve function Ld{a)
[3] we obtain:

Bia)~ i[rzn -1) 1] -a*=®
=
Thus

Ala,p)~ x.fa1+—‘2- {(zm-1) 1 -a™ q5)

uﬂtlnnﬂ“ﬂm-uﬂuﬁ
the first member of the series we obtain for the potential
Ok

2 [ = £ + 1
= —— . ™ -.L_I. atrmt et
" :;H.?m - gxd | J’]

When p increases for the first time the mem-
ber plays the main rok because of the small value of the
paramcters A In this case the screening radius coincides
with the three-dimensional screcning radins 1/= Then, at
the largest values of o the cubic member becomes essen-
tial onc and there s no screcning radius in this case.

It have to be pointed out, that only the exponential
member for the potential screened by the degencrate clec-
tron gas has been obtamed in the paper [4) And because
of the formal analogy between the problem considered n
(4] and our problem, onc can consider the formula (16) as
more precise onc than the result of [4]

251

This case corresponds 10 & very small values of the
hﬁhﬂimﬂhm}hﬂm

h{-h d}.Alnﬂ such values x <1 give

£
the main contribution to the ntegral (9). Therefore, for
fi»1 we can neglect x° in the denominator of the integral
o

e

where H, is the Struve and N; - Neumann functions. Us-
ing the asymptotic cxpressions of these functions at the
large values of their arguments and thar expressions at
small values of argument (4], we have

(%)

Ala,B)~ ]J faxj x- dx

%.- a>>§
1,

Mﬂfﬁj ~ i'

aB (18)

a<<f

For the potential we obtain in this case



- 1 +
Z2e 1 [El gi]’. ’m}}ﬂ_ﬁ}}l
E3

g=d o ead
-— 1
o E+tE, p g,+& o
1 , 25> 2p>>1
£2d

Formulas (16) and (19) correspond to the general prnciple according to which the screened potential in two-
duncnsional sysiem af large distances must docrease a5l /o

(1] RR Guseinov. Fizika, Baku, 1995, v.1, 0.3, Moskva, 1963.

pI579. [4] N.SRytova. Vestnik MGU, 1967, o.11I, .3,
[2] L V.Keldysh Pisms v Zh. Exp. Theor. Fiz, p-30-37.

1979, v 29, p.716-719. [51 GN Watson. Teoriya Bessclevykh funkei, Izd.
3] 1.5 Gradshiein, I.M Ryzhyk Tablici integralov, IL, Moskva, 1949.

summ, ryadov i proizvedenii, lzd. Nauka,

E.R. Hiscynov, R.R. Hiiseynov
IKIOLCULD KORRELYASIYALI ASQAR IONLARI OLAN NAZIK YARIMKECIRICE TOBOQODO
ASQARLARIN EKRANLASMIS POTENSIALI

Tam koompesiaiys clunmey apqard sasilk yanmherin iobogede niqevi yikla ckranhgoas besablanmugdr Hesab
chusus by wbege "boarkadirma-kizerme” metodu e bazubomegdsr Ekranbgdinboey poicnsmbn ifsdesi tapihmg vo
cans biyik mesafelorde Gcdiil Debay-Hyukkel chranbslrmasundan ssash wkikde forgonmesi gisorimadic

D.P. IN'yeeiinon, P.P. [Nycclines

IKPAHHPORAHHLIA NOTEHIHAA MPHMECH B TOHKON MNOJYNPOBO JHHKOBOM
(LIEHKE C ABYMEPHOH KOPPEAALMEN NIPHMECHRIX HOHOB.

PaccuiTana SCPEHNDONCS TOSSTHOIT 1PEA8 8 TOMKOR DOIYIPOSOIMHECSOH ICHKE ¢ DOEROCTIG KOMDCHCRPOBARHES-
it peesecEun. CHETISTON €T0 (LISMKS OPENOTORISHS METOSO0M HATIMSeHNS ¢ BOCSeTyIonN ormuros . Hallasso supawe-
NS NCPANNPOSSNNGID DOTENINATE M NOKISN0, Y70 BS SO paccTom G SPANNPOEKS CYISCTIEHNC OTANYASTCS OT
Tpexmepiol JleGal-oaxeseacyoll scpanwponxs.
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Using the standard-bass

operator method m the Ureen function techmque m random-phase-spproumation
wanal sstiferromagnets S=3/2 with bilinesr (J), biguadratic (5) and octupolar (F) exchanges with acoount

n o0 amsolropc
of stomic states

when J>B, Fithat

lo sntiferTomagnetic ordenng. Account of multiplicity generates additional branches in spectrum of

s excitations of type |4s*|= 1,2, 3. The spectrum was snalysed in varios limit cases. [t was established that dispersion of
21 2
beanches of type |As*|= = t‘-l,z,...,Is.u—h;q:h*dtm(iﬁj).,{fjfi] ,...,(.il‘!,] .

L INTRODUCTION

wnbed in the framework of the non- Hamul-
loman m which besides of bilincar (Heisenberg) cxchange
ithe Higher order cxchange terms must be taken milo sc-
count [1-3}

o thus case the exchange Hamiltonian for spin s is
@ven by pe

=22 J.(i-j) (35, )
ij ==

whuch coincides for S=1/2 with the Heiscnberg Hamil-
toman.

In [3] we have studicd a farromagnet for 5-3/2 on the
basis of the Hamaltonian (1)

in the present paper within the framework of the
meihod of standsrd-basis (SBO) in the Green
function technique [4] in the i
mauon (RPA) anisotropic uni-axial non- an-
ifaromagnet with the spin 5=3/2 with the account for
multiphicity of the stomic states (of all 25+1 states of the
siom with the spin 5) on the basis of exchange Hamilto-
guan (1) arc considered.

The Hamiltondan of the sysiem has a form

H=2J(i-j) (55,)-2B(i-3) (55,0 +
13 i3

X(sz)’

r=3.1

) @
+ 2 F(i-3) (35,0 -v
i3

where J,5, ¥ are the paramcters of exchange (bilincar,
e-a-N 0 o 20, =0,
0 ewq 0 40, -3.D,
0 0 oa,+¥ -a,D, -aD,
&0, &b, ab, wova-x 0
| &0, &b, &b, ara,
| &40 &0 &b, o 0

biquadratic, octupolar) interaction (according to (I)
J=J;, B=J;, F=J,), V>0is a paramecter of uniaxial
single-ion anisotropy and 5_ is a spin operator of the site
r, J»0, B>0(modd TB[56]D, F>0 and J>3.F.

In order to take info account multiplicity of atomic

siates we cxpress the components of the spin operator
the SBO [4].
For 5=3/2 wehave

st =315, + 215, + 3L, ,
5, =35, + 21, +38, .

5 =35, + - 5,-35,)
where I, is a SBO, which describes the transition be-

tween the Saics gand 5.
Let us note that for 5=3/2 there are spin excitations

of the types |4s*|= 1,2,3

1. EXCITATION SPECTRUM OF THE TYPE
| 4s” | =1

G)

Expressing the Hamiltonian (2) through SBO (3) and
spplying the properties of SBO [4] and the equstion of
motion

el

we obtam the following equation for the Greens function

2 ek e
i), .

o |z | ||
 JE i
ora sz (/5] 5 5
(aiz),|
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ay=2J(0) cr+B (0) dy+F (0) d;

@y=2J(0) o+B (0) de+F (D) ds

¢ Gr=2J(0) B (0) o+F (D) dy

= - 63
, ay=3/2[25(k )-38(k) THEH ’

.,-Ji;:.:;f;ud:f—f;a‘u ; a,-.‘ifﬂzdrfjﬂlrfﬂ%ﬂ’fﬂ »

7
-;-HJJrfJurEn%niu . dy=1/2(15D;1+4D3s~9Dss)
dy=1/16 (573D ;+412D;5+185Ds,) .

Eq. (5) defines an cocrgy spectrum of spin excitstions
with Hamiltonian (2). A disparsion of these frequencics is
conditioned by all cxchange parameters J(i-j).
B(i-j), E(i-]).

For T=0 oaly one frequency shows a dispersion

@, (K ) ={[as(0) +2v]*-ay’ (K ) }'7 ®)
whilc the ramaining frequencics are £ - independent.

The frequency gap (6) is equal to

®@; (0)={ 4V [as(0) +v] }*7* M

In Figl wec show dependence of onagy gaps
(h/2x=1) on paramecters B,F,V of branches 1ype
|as*|=1 for T=0.

]
W R o R e

Fig.|. The dependence of energy gap on parameters:
5-(s), F-(b). V-(c) of excitation | 4s*|= 1
fior T=0 (for scc)

In the case comsidered in the present paper (ic
5=3/2) we have three order parameters (dipolar o, quad-
rupolar z, octupolar 1), connected with exchange interac-
uons of (5,5, (55" and (3,5,)° types, respectively
[3.7], for which we obtain the following expressions

G (5 =1/2(3D;s#D53) =

1
-; [3(1+@Py) (1+P+D:) +&, (1+3@:+Py) ] , (B)
d

Z=3((5")")-5 (5+1) =3 (Dy3-Dyy) =

3
-;t (1+®) (1+&y) -, ;] ,
1

®)

r =5((5%)°)- (357 +35-1)((5°)) =3/2 (Dys~3Dss) =

-%u-m (14@y) +8; (1+0,) +&, (1403 | , (10)
1

dy=1/16 (309D ;+556D:,+309Dyy) , O =5°)

where

O =T Arw,).0,=2T58f ().
N'F o N'§ o
1 &

o, =;§”c.f (@,)

1
tions (5) on the (o-a,) ‘and fru=[n{f:;]-1]

s Bosc-Emstan distribution function, T;=(1+2@,) x
x(1+®y) (1+@,) +&,®; (1+2&,) and the parameters D,
are expressed through @, , &; and @, as follows

D;-}é (1+@y) (1+@y) (1+Py) ’ (a1

n.—-%lv,ummw . a
- 13
wAnarlw (13)
# 1
n,-}éa.m (14)
In the MFA
T
Dyi/D =€ * as
or
-
D,/D,=e " =y, ()
s
D,/D,=e ™ =y, an
—
D,/D,=e ¥ =y, (18)

3. EXCITATION SPECTRUM OF THE TYPE
|as®|=2.

In this case a set of equations for Green functions has
a form



@-p, 0 b,D,, b,D,
0 @-p, b,D, b,D,

-b,D,, -b,D,, @+p, 0

-b,D,, -b,D, o o+ p,

By=4J (0) 0#B (0) (9Dy3+4D3y~3Ds,) +

Bo=4J(0) 0-B(0) (3D1;—4D33—5Ds3¢) +

((z.lz,

FTSEFE

s D:JJHJHJH
((I'IHIL;'));, _1|D36.,5,5,,
(@ls), | 2| oisutis | P
(i), | 10t
F(o)

F

P (441D,;+484D;,-24505,) +2V ,

(0)

P (249D;;+ 484D, +441D5) -2V ,

by(k)=3/2148(k)+5F(k)) , by(k)=3/214B(k)+118(k)]

For T=0 we have
@’ (k )=g7 (0)-b; (k)

@ (0) =f;" (0) @r)

The dispersion of @, (K )is connected with the pa-
rameters B(i-j) and F{i-j).

It should be mentioned that with the large values
of an unsaxial amisotropy (comparing to cxchange
'ni:T-nl) there s the mversion of energy levels
snd | As*| 22 type excitations becomes more prefersb-

scrved in the antiferromagnet NiNO, [B], which is
charsctensed by the strong uniaxial anisotropy. Spin
excitations of the type |As®| 22 energy gap is deter-
muncd mamly by the parameters of exchange interac-
tions and hence the frequencies of this excitations n
the strong magnets BHe im  the upf:ﬂ|

(20) for T=0 are ploted in Fig.2

o-q -t ((I:‘Il;r»;_ = 5
= ((g'lt;")}f.- d

region (— 102 amf).
Dependence of gaps of type |as*|=2 on 5,7,V

 ————— —rr T —

*t Ve | e EE
| o ¥

Sfl

B v

e & al &y [ F] -

Fig.2 The dependence of encrgy gap on parametears:
B-(a).F- (b), V- (c) of excitation | 4s*| =2
for T=0 (forsce)

4. EXCITATION SPECTRUM OF THE TYPE
| as*|=3.

The s of such excitations (which are ob-

tamed here for the antiferromagnets for the first time)
derivate from equation

0.5.5,8,,
D/5.5,5,,

where g=6J (0) 0+38 (0) o#F (0) /16 (1071D,,+#309D;,), t=9F (k ) Dys

From (22) we have
& (k)= -t (k) (23)

As it s seen, the dispersion of this branch arises
oply via F(i-j). Dependence of gaps of type
|4s*|=3 om B, Fis ploted in Fig.3 for T=0.

By comparison of ecxcitations of the yps
|4s”|=1,2,3 we obtain that, as in the case of fer-

B a dispasive branch of the type
|ds* |mm(m =1,2,...,25) is related with the pres-
cnce of cachange interactions (33 )" (3 _;,]"",,__ {3 ‘g'].".

*R3

ol aZ e384 af

Fig 1 The dependence of energy gap on paramctas:
B-(a), F-(®) V-(c) of excitation |as*|= 3
for T=0 (for s.cc).

B
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MLB. Hilseynov, V.S, Tafryev, A M. Salcymasov
BIROXLU QEYRI-HEYZENBERQ ANTIFERROMAQNIT HOYDCANLANMA SPEKTRI
zaman bixsrti mibadie 7 (3,3, ) s beraber bikvadratik 55,3, ) ve oktopolyar {3,3,)” mibadieler do nezers ak-
mir) emerji spekiri todqiq edilmigdir. [As*[= 1,2, 3 tiphi spin boyocanamalrinm spekirinds dispersiyak slave budagiar
M.E.I'ycefinos, B.C. Tarmes, AM. Cyacinanos

CIEKTP BOIBYKAEHHSA OJHOOCHOIO HETERIEHEEPTOBCKOIO
AHTHOEPPOMATHETHKA

lhmm-ﬁ-n-nmlmmry—mmm-
FeRneISepi UBCKOTO AHTRGCPPOMAINETINA (B YTOM CAYHaS. HApETy © feummedsnn ofsenon J(i.i,),jmtn-
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Pedaxmop: P.F. INyceinoe



FIZIKA

1996

CllDII M 1

SPIN WAVES IN A MAGNETIC SUPERLATTICE

V.A. TANRIVERDIEV, V.S. TAGIYEV, SM. SEYID-RZAYEVA
Institute of Physics of the Academy Sciences of Azerbaijan
370143, Baku, H.Javid str., 33
(Received 16.01.96)

A supaisitice conusting of alternating layers of two @

antiferromagnets is consdered. The disperson

Heasnberg
quwmmnhmﬂu:“hhuﬂmmm_-w—y

cally.

Hmﬂﬁmmhnhnﬁ:m
of growing interest in recent years. Excitation spectra,
sume fundamental properties of periodic magnetic super
mummhﬁbﬂw
w-mmmhmm

theorctical calaulations for magnetic multilayers src dis-
cussed in Refs. [1-31

In this paper we consider a simple model of & super-
Lsines, namely allemating amplecubic antifaromagnets
m whach the interfaces are (001) planes. Only the nearcst-
neighbour cxchange interaction is taken into sccount.
Our purpose is to derive a general dispersion relation for
ibe spin-wave ing in the direction perpendicular
o the layers by the transfer-matrix method. This theoreti-
cal approsach is analogous to one from the Ref. [1], where
sunphe-cubic faromagnets arc considered.

Let us describe the geometry of the system shown m
Fig.1. The clementary unit of a superiattice consists of
stomic layers n; of material | and atomic layers n; of
material 2. Both materials are taken to be simple-cubic
Hosenbery antferromagnets having the following bulk
parameters: the exchange constants J,, Lande factors g,
spus S, (1=1,2), snisotropy ficlds 5, and lattice con-
stant a. The cxchange constant between constituents is J.
We define m=n;+n; such that the periodic distance is
D=ms. Cell 1 is defined to run from (1-1)ma+ato lma.

o-ﬂ:::nxx?’h.-!f::

SdMEEEz AP e oD BE =R

SR ENEEE N E XGOSR R

e EkEELEXN *

o XNX

‘c Py s xx XX HKesd P
tfy xxuxAXoeae

Py R ANKXSaw

x l

a EnE -
(2-{)ma éma
E2 ,
Fg.l A wperisitice modd consisting of altornatmg layers
of two smpic-cubxe Hesenbery antiferromagnetics.

The Hamiltonian of the system can be written in the

form

H= ZZJ.JS.JSW.,HZJ.,JS.,.SWJ

sk i,
ot (12~ 52)- i T s+ 524,

L™} 2.4
(n

Mhhm“ﬁm&;wu-
change interactions, the second term describes the inter-
stomic layer exchange interactions and the last one in-
cludes the Zecman and magnetic anisotropy energies. o
is the index of atomic layer and k describes the position
of a lattice site in this layer, the summation over &§;; de-
ootcs the summation over in-planc ncarcst naighbours.
Exiernal static magnetic ficld 5; is assumed 1o be paralicl
to the axis z.

The dispersion cquation for a bulk spin-wave is found
withun (RPA) from the
equation of motion for the operator 5,"=5,"+is,”. Using
the cquation of motion, onc finds the following system of
equations corresponding to sublattices A and B:

jkiﬂ'“nJZFQHHh_Jhuﬁ;hﬁ=a ’
@
1:5;..& B J..-'ZS'.,.M,, ~JpaeSes it =0
where

la: -(ro-mn, e 2[5z 40 n st v0. sl )
L =(ho-pg (e, -u¥))[s 20, s.st)50 43, 50

Haethe RPA <5, ,,>=5.", <5 ,,>=5." and the gen-

eral solution S_ ,, aexp (ikr-iwt) have been done,
2ls0 z;; 15 the number of nearest neighbours in the atomic
layer (z;= 4 in the considered case).

In the particular case, afier passing to the momentum
represcntation, one can find the bulk dispersion
curve in medium | [4] by using the equations (2) and (3):

h-cﬁ*aﬁ.‘{[“%}- .]v:-?.’"#ﬂf'r )

s, =-5]=5,
7. is defined us

1
?’¢=J’-.=*‘Z= .
Z5

&~14.4,/ is the position vector, which joins the stom un-
der consideration with its nearest naghbour.

We now consider the superiattice and find the spin-
wave dispersion cquations solving the equations of mo-
tion for the spin operstors ;" in the RPA. A spin, which
isn't in an interface layer, labelled by @, §, 7, éim



Fig.l, has the same¢ ncarcsi-ncghbour environmeni.
Therefore, the spin-wave amphitudes must be given within
cach componcnt by a ncar combination of the positive-

£ _,.-';)qm-# l{r— }}-M-il{r-: )F-lgf-lnﬂ .
= é#mgj:l;&{:-r,.]}ta,‘-x;{uxl{t—r,‘lulvt‘-xﬂ} ,

i component |, odl 1;

S iqu,{; t{r-r -.: xfr-r, iu.pf-;-c; . (6)
= ic;uqz A z.,{r—r,']lup -ime) ,
m component 2, cell 1.

Tb:phmﬂlﬂm.m(ﬂhrjlj and etc. are inserted
f«ummhrﬁ,ﬁz are the posi-

uocns of the lefi-hand layers of the corresponding compo-
oenis in el 1. To denve the dispersion equation we usc

muﬂ:mmmﬁthma

U]
and
a:.,] {c‘]
=H .

"[a:., o2 @
where the exphat forms of the matrices are given in Ap-
pendix. These cquations combine to yicdd a transfer-ma-
rix

f"

feedd D)

1

%:%w o =@], whee  (10)
_A B _g_o
“%TE c %TEE

AL A A
B:-r;r =[:: U]Biz xﬂ . an
AL /A |&
B:-I 'E: .

The matrix T has the property that its determinant is
equal to unity. According to Bloch's theorem for a peni-
odic structure, agenvalues of T should be exp (£iQD),
where 0 is the normal component of the wave-vector de-
scribing the propagation along the axis of the SL. The

dispersion equation for the spin waves in the 5L can be
written in the following form:

(12

cmﬁn-—;rﬂr“;-grrr' .
The cxpression for the ciements of the transfer matrices
may be defined We only give in the Appendix the exphait
real form of the dispersion cquation for the case when k;
and k; are real

It can be verified from equation A(B) that when both

: superiattice.
tion, we choose the case of normal incidence, k.=k, =0,
k=k.=0. The bulk spin-wave dispersion curves of the

-

5 =

graphs for (001) propagation with parameters
J/Tm3/2; I/ T3/ 8 ™ /E"V=0.01;
BB /0T =0.1; B/E'V=0.5; 8/ 8™ =0. 55

We are grateful 10 N.B.Mustafaycev for the computer
calculations and graphic constructions.



APPENDIX We can find the simpler forms for 2, using Eq.(3) and
The malrices sppeanng in equations (7) and (8) arc “®
— —) 1] J e
v v el [t S s — o
w2 1. - ® a.![-n ’],”‘[JL i)t -
. =0 -t;taJ 4 A()
F;r,v, f,EF;' For the case when k; and k; arc both real, equation
H’=[F — . A(2)  (12) can be written in the explicit form
L LT )
1
x:(J ’. ] AQ) camnggff’sinklasink,a*Reﬂ;’j -A®)
v, v,
with
Jg J —
K= {F > ] A(4) Re(T)=JJj|Esinak, + 2psindk, +sinak]-
% e |Esinak, + 2psind, +sinak]-25°3.3,- AG)
where =
— |Esinak, +s Psina k, +
fadhe , o1/t , de12 [Es1nak, +sind k]| Psinak, + sindi,]+
= A(5) +J'sinaksinak, ,
r.,--e"""" , =1/t , i=1,2
a=d-a , i=1,2 ;
vy=J; (Py+£y) , Py 1;1_?-#?.‘: Als) &::d, +a , i=1,2 . e
(1) EL Abuguergue, P.Fulko, E F.Sarmento and Bl RECamley. T.S.Rahman, D L Mills Phys.Rev.B,

D.R Tilley. Solid Suste Commun., v.58, p.41(1986)
[2] Y.M Seidov, N.F.Gashimzade, R.J.Tagieva. . Mag. 4]

v.27, p.261(1983)
V. V_Eremenko. Vvedenie v

snd Magnetic Mater., v.136, p.88(1994) piyu magneticov. Naukova dumka, Kiev, 1975.
V.A. Tasnverdiyes, V.S. Tafiyev, SM. Seyid-Rzayera
IFRAT MAQNIT QOFOSLORINDS SPIN DALGALARI

togkil olummuy frat gafes bakna

Ik sade kubik satdferromaquetikden baubmgdir. Covrme- malrsa metodun-das
gofasdes yayilan spin dafabn Gcla depeniva tealyi alnmeydy Netice kemiyyeice giymetiesdiril

siufade sdorak bele ifrat
uacpiliy .
B.A Taspumepmues, B.C. Torwes, CM. Cenn-Praena
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YITJIOBASA H TEMIIEPATYPHAS 3ABHCHMOCTS CTIEKTPA 311P
MOHOKPHCTAJLIOB GasS;, JETHPOBAHHBIX EBPOITHEM

H.M. ACKEPOB, M.A. HHBAMET/IHHOBA, X.®. M'AJIKHEB
Huocenepno-Cmpoumensisid

Asepbaiioncancrwil

Vuusepcumem,

Baxy, ya. A. Cyamanosoi 5
(IMocmynuno 05.11.95)

Bmmlhmluc-—m:wmmmm
m,mmm_mmm“ B H KpscTaasOrpaderiecxoro
<10, obuapyxeno pacnensenne cacpxTosxodl cTpyxTypad (CTC) Herencasnocns cnexTpos nogmmseTos Jaxony Kiops B gia-
s Tomiepatyp 3.7+ 10K [Ipn 2a nusefiien DOSMISSHNN TEMNCDATYPS RSEDOIACTCN TWCHMBERRE OTHOCHTEMAON RHTESCHS-
wocTH ciexTpos 1P, xoTopas casnana ¢ SellcTemen Ol -POBETONNOR PEARKCRIM

JNEXTpoHHAY CTPYKTYPS NPHMECHLIX ETOMOB PAKo-
cucbinl acscnTos (P33) 3 noaynposomoaax Tama
A%B,"” co aTuaia u mEEKOBOR ofMasn
wysscTcs canmme 10 mer. Hysectso, wTo 3 ocsosson, »
ITHL cosmanenmsx P35 saseTos NpHMecLD JaMenesms
(1} MpcarTasaseT MHICpEC EIYICHNC COCTOMHIN T
poa, ofpuyaam P30 » cocpmesmux Tama A; 5,
HMCOUDEX JojcKTHY0 XPECTADINWCCKYID CTPYKTYPY.
Bricokas XOHNCHTpAIDIN cOGCTRCHMMN AdexTOs-BaKAH-
culi B ITHI COCIMECHMIY NOIBOINCT MPSANOIOENTE
HHOS, [0 CPABHCHMIO ¢ WOCKCIOBAHHMIME paHcr OOTY-
Mposo THHKEME, DoBCICHREC Opidcce P33 [2].

h?mmm“ﬂ-
pomits 4f 657, T.e. ero f-060NONKA, JMMONHCHS HANOAO-
zpEEy & chiscTpirHs. [To caocll azexTpoHEOAl CTpYRTYPe
SEpoiMA 3 ISCTCH AHATOrOM MEPIAHIE W3 3d-pxaa Ha-
3CCTHO, ¥T0 M coXpamseT BHyTpemEmolo ofonouxy He-
20IMYICHEOR, OTIEBA1 HA NN TOAMKO ABE S-MEETPO-
Ha. Taxoro =e MOXHO OXHAATS H OT eBpo-
N B cocMmcENN A; By 3]

Hocacaosamc: Doam - B MOHOKpHCTALmNScCKHC 06-

o ramn opa | 100°C » Tescsme 8 w. Coacpxamme
GpHMOCH KOHTPOIMPOBAIOCH MCTOIAMH ATOMMO-AICOPS-
LHGHBG 0 B PCHITCHO- Iy OPSCIEHTHONO AHATNS .

Fiscpomse JMIP nposomiiocs Ha CHEXTPOMCTpax
SE/X-2543 m ER-220]] ¢upusi "Bruker” s mrrcpsanc
ToMICpaTyp 3.7+300 K

Coccrpu JIIP  nomspacTammrwamx  ofpawuios
(8,8 y<Eu> Halino1a THCE B0 BOOM ECTIOMLIOBAHHOM HE-
ICPSANC TCMOCPATYP M PAKTHIOCKH COBMIATATH 100 $op-
M.

B TouncpaTypeion msansiose 3.8+300 K mccacaosan
2[1P wonoxpucramnos Ga,5,, SINpOBAHHLIX cBpOMmECM.
CEPOMHA NPH BES<ACHHE cocTanmna 25 |

5 MNoasawo TP opmownix moHOS M ofMcEHo-
CADSHELR O4p CBPOONE, BO BCCX HCCICAOBAMHLIL EpH-
cTamiax HaSmoXscTCS NEPEN0R ¢ MPAKTHICCKH HI0Tpon-
Hii g-paxToposd, pansmdd 4.18 £ 0.02 [Mepexoa cocto-
T W) HANOMCHHMX Jp)T HA IpYTa cepHfi Depcloacs
cscpxronxoi crpyxrypsd (CTC). CTC obmamaer axca-
ol GoascTpicl: pacnermisnne CTC maxcmdamuo

<110> & co-cranmset (22£5)c (pmc.1,6). pu 5 napan-
scunsion oo <110> CTC se nafmomacres (puc. 1 .18).

Hi<He>

a)

H, e

Pue |. Coexcrp SIP 8 mosoxpecrazaes Ga,S, <Ex>
opu T=33K

Hm_nmﬂ'-_umn;-l
mEanasosc Tounepanyp ® [0 K Yuonumesse oteocs-
TCIbHOA HNTCHCHBEOCTH NPH IAThbACHINGM MOSMINCHNH
TouncpaTypsl ofpaia womer Gume camamo ¢ aeficTan-
ummw_}.

¥ruosas 1asScEMOCTL cucxTpa MOHOKPHCTALIS
Ga,S; npeacrasncha ua puc.2 npm vaumepatype 38K,
[ MAMHHTHOC NOSC PACNOJOXCHO B MAoaxocTH <] 10>,
2 yroa 6 ofparycTcs HANPaRICHECM MAIHNTHOrO DOI M
0chio, amnuBaomell s Saexafum neHTps Ex. Yrao-
Bas asucHMocTs Ga,S; <Ex> womer Gums omacana ra-
T T OHMAHOM

H = DS} +g fHS,5iné

e g, - Jasame g -aKTops, OOPSACINGMOT BAOAL HE-

Opasscind, (% nepexox P paspemens, § - Marseros
Bopa, DS, - caoscTpirandi TCHIOP ¢ KOMIIOBCHTaME S,
F - HanpaxcHEOCTL MATHNTHOTO Moxi Paceer yraosofi

Spamcss MArHNTHOrO noax <! 10>, cymecTayior Tax=me



[
"%

Fur 2 Yraosss ssseceeccTs coextpa EIIP sosoxpecras-
12 Gaal; <Eu>, o MUNepEMENTLIMLE JaMeie
CaCULe KpiEkie - TEOPCTHReCKHE pacweT.

Ospid © OCRI0, NEpOCHDCYINpHEOA MIockocTH <l10> &
amc naps meockocts <1102, noscpuyTic na 90° otEO-
CHTCILEC ZpYT ApyTe. Banmame ToMnepaTypal Ha coexTp
SIIP oposaxsercs s cpsre memll g -$axTopa, passioro
L. M HX AHAYHTCILHOM YIIHPCHMH ¢ DOSMIDCHMEM TOMIIC-
psTypel 33 3HAMOA JABHCHMOCTH CMEICHME NCPCXO-
AGE MATHHTHOIO NOXY OT TOMICPATYPS BCEMYHES MAr-
MHTHOI0 OONS OPCACTAANNIACE B BEJE DONHHOMA [0
TOMIICPATYPE

B=H,+AT+BT +CcT

B srom cayssc nocrosmmil TacH 8 paisomcaEns GyacT
AABSTE BCMYMEY MAIHNTHOMO MOIS OpE T=0, KoTopas

LUIS0ASCT BUNMCINTE J-$EKTOp HI YCIORHS PCIOHANCS |
hv = 2gfH,

IxCTpanompys INCICPEMCHTATLHLC IaMMue IIN 06-
MeHHOTO yposés ¢ 5,=1, Ga,5,<Eu> .u mafize wecacs-
HEC O3PAMCTPM DOAHHOME NPH T=0, HATOJHM BCTHDH-
o 5=T70 u g=4.20. TeuncpaTypuas JaBSCHMOCTS OT-
HOCHTCILHOR HHTCHCHBSOCTH COEXTPOS WMOHOKDHCTAI-
ﬂ&ﬁ,wmum

7.8 —

Fuc 3 TeunepaTypsas 3JasncsMOCTS OTHOCKTEIMO -
TescHBSOCTH cnexTpa 1P mosoxpscrazzon
GaySy <Ex> npu g=70".

Ixcrpenyn dymupsm 1 S, =| DpEXomNTCE Ba JEave-
e TeunepaTypit =126 o g=2 opu =166 K Oues-

(1] B® Maomepoe J.® 3axapeera. ®TII, 1990,
.24, .4, c.610-630.

2] H M Acxepos BO. Koberes BO. M
OB Tarwea, KO [limunmax, 4@ Juxommms.
OTIL 1989, 7. 5, 0. 7, . 1307.

Bl HM. Acxepos, @11 Addaes, 'K Acaance,
B @ Macmepos, E.I'. Tazues. ®TIIL, 1991, .25,
B.11, c.2042-2046.

M 4o CIl. Mapxos, B ®. Macmepos,
K®. limumnsax. DT, 1985, 1.19, 5.10, c.1841.

LM. Bsgarov, M.O. Nizamatdinova, FLF. Hacyer

VEVROPIUMLA ASQARLANMIS GaaS; MONOKRISTALININ EPR SPEKTRLORININ BUCAQ Vo
TEMPERATUR ASILILIGI

374300 K \omperatur dapazosunda yevropmmis asqarbianuy GasS) mosokrstabus FPR spekirisrmin bucag ve temperatur

sibbi wedqgig edibmagdir

cilbmh—&i*mmmm—-_#hh—#

by mabk olmau asksr olnmuydur 10 K-ne qeder iemperatur dmpazonunds spekirm i

Kyir qaoununs tabe olur

G oupcialures woankl arto Zaman spelire asb miensviyne wakoea misabde oluser ki bu da spin-gefes relaksasiyas e
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HML ACKEPOB, MLA. HMGAMFTIHHOBA X.$. [ADKHER
LM. Askerov, M.A. Nizametdinova, Kb F. Gadjiyev

ANGLE AND TEMPERATURE DEPENDENCE OF EPR SPECTRUM OF GaxS; MONOCRYSTAL
DOPED BY Eg

M#Mwmdedm“ﬂmhﬁHHWht_
mmmpi.hmlt.m‘ﬂ“mﬂm—(Mwh—ﬁﬂimuﬂlbup—
uh;np&ﬁwﬁ-h-hhﬂ.ﬁiﬁrﬂhmnﬁph&hihmqlﬁﬂlhhﬁ
mﬂmﬁuﬁhﬁﬂﬂlw“wﬁi“uhﬁnuﬂh““
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Pedaxmop: EI. Tecwes



FIZIKA

1996

CILDII N1

OCOBEHHOCTH ONITHYECKHMX H CTPYKTYPHBIX CBOACTB HEKOTOPBIX
KPHCTAJUIMYECKHMX H CTEKJIOOBPA3SHBLIX MOJAYTIPOBOAHHKOBLIX
XAJIBKOrEHHIAOB

3.A. HEPAI'HMOB
Hucmumym Pusuxu AH A

370143, Baxy, np. I'. [Ixcasuda, 33
(Mocmynuao 18.01.96)

B pafiore ofCYEIMDTOS ATGMH ROCECSOBSHAR IHBCHHMLIL B HCIMHCHENAL ONTHYCCOMNI CBOSCTE BEXUTOPAI KPSCTRLINTCCKHT
(GaSe u InSe) n crexacobpasmnx (F;0; - Te0;, V0, - Me;0 - TeO;) anKoreHEacs & HI CBEE CO CTPYKTYPHMME ocoSemmOCTS-
Hocaegonassa

nposogazecs werogaun HK-. KP- » 3[1P - coexTpocxomes ¢ mc-

OO IOSEROM TENCPHALT RCTOSIEICS MLTYSCHIN. cNOCODHA MEHEPHPOSETE HMITY LSS TINTEILEOCTMO B SECHTEH $EMTOCSKYRL

Tecpiie Teaa, OHHMHE M) KOMNOHCHTOR KOTOPLIX SB-
nwores vamoressug ( 5, Se, Te), obpasysor mmsposufi
Eascs cocpumcrnil, oONATMOUMI METLTINSCOGH, N0
EYIPORONHNKOBAIE H cTexmoobpaisniun caoficTeams.
CpeiBi STHI MATSPHANOS caexyeT ocofo maizemwms Do-
IynposoNKORS: cocMmenEy pymmM A'B¢ (GaS
GaSe, GaTe InSe n HX TRCpEAIC PACTBOPA), HCCICIOBS-
s KoTOpAT Galme HagsTM B s Axs-
sown Hayx AscpGafixzana [1-3] K mambonce spuon
PEIYELTATAM JTHL HCCICIOBAHNE MOXHO OTHOCTH obHa-
pPYESiGe HEHIyUHPOSAHMOO HuTyScsmed, MpdexTimmni
scnsciing aoficTe B MICKTPCTHMX COCTONHEA B come-
e raims [4-6] Omsaxo, HOCHCSOBAHNS HETHHeTEL
csoficTS M POOHANCHOIO NOBCACHHN IXCHTOHOS B KDH-
crammsx rpynmu A4 mposoMIHCL, B OCHOBHOM, B
CTATHSOCKOM PCAdiMC ¢ BCNOTRIOBAHRCM IAMCPHLIL HC-
TOMHHKOS ¢ HEIPCPMBHLL HLTYICHEOM.

Hacrosmas CTaThS DOZPOINT Wrorw pabor, mposo-
LuisiidX SNTOPOM 18 NOCHCIHHC HOCXOALKO BCT, [0 HOTle-
SOBAHNND THBCHHA B BCIMHCRHLD. OUTHISCKHX 3ofcTs
HEEOTOPAIN KPHCTANLINSSCNHT H cTexnoofpaiHui nogy-
(PUBOAMNEOEMX IATLKOITHHIOS M HX CBIIHM CO CIPYE-
Iypiaii oCOGCHROCTIME B CTATHTICINOM H IHHAMNSOC-
KoM ¢ mcnonslosammes werTogos HE-, KP.-
3[IP- » mcpHoll MEXTPOCKONHE H OPEMCHCIHCM 13-
ICpHLT BCTOSHHMXOS HWTY9CHRS, cnocolsHuIX rescpupo-
ESTE HMOYILCH UIMTEILMOCTRI0 B HECKOILKO 2CCYTKOS

mmmn-:*u-lmz-

wiEas AXTHEHOCTS HINKOSACTOTHRX MoX (19 as! GaSe;
17 cu? InSe ) s HK- m KP- cnexTpax B conocTanncsse
POYIRTITOS DOINPEDAINOHHMX HCCICIOBAHMA C Opex-

HEEME, 8 TAKES POYILTATE BoCacIoBaHRR X Henoch-
rad ceoficTe. Cramoobpaismic XATLKOMCHEIDY CHHTCIH-
POSANECE MCTONOM BRICOKOTCMICDATYPHOM BapEH ¢ poy)-
i OXIANCHHCM DOTySscMoro pacnmasa. Kourpom
asopdHOCTH H YCTOMMBOCTH cHNTCIMpORamHLT obpad-
OB MPOSOTINCE ¢ NOMOIMLID PCHITCHOMNPPAKTOMCTPS

usps [JIPOH-2 u nepmomrseckoff jammcuio cnexTpos
3MP.

BommoR MHTCPCC NPCACTAAINOT HCCICIOBAHMN He-
THRCIEGD. Mpoobpalosaniil Y TPEKOPOTENX ARICPHRLL
HMITYILCOS 8 KPHCTAIIAX CCOCHIEOS MuUTHS W mms. B
spicTariax GaSe sncpssie yaasocs Habmomats rescps-
D80 YILTPAKOPOTXHX HMIYILCOS B CICKTPANLEOM Tis-

moyose 3.0 5 180 wxw oyros cucmesss murysceoail
YAG : Nd 3+ nascpa (1,06 vax) m Z23cpa Ha KpaceTeRsx
(N 9860 - 1,1 -1,15s00u; Ne 5- 1, 15- 1,4 soout ) ( coexcr-

PATLHAS IHPHHA H UHTCILHOCTS [CHCPHDYOMI B KPE-
crame pumyascos Av=10 cu ¥ xuw »=988 ar! | =lmx),
# 8 Toil me ofANCTH COEXTPA OCYIMECTRANIACL [IAPAMET-
pHECK A TSP IOMHHCCHICHITRY ¢ HCNOIhIOBAHHOM B
E3%CCTBC BCTOYHHES HAKATEH HMITYILCOS TIHTCIRHO-
ﬁllﬂumfﬁﬁ*&mﬂ.ﬂmﬂ

BoaseficTase MOUHLY 8035 YR IMONMY CRETOBLIL M-
Oymcos Ha xpucTanmd GaSe u /aSe npsmopamo x xsan-
TOBLIM OCIDULNNIDHSM OOTHICCKOID OpOoOyckasEms Tax
OpH MIOTHOCTER MOMIHOCTH CCTOBME HMDymbcos |00
et/ cw’ 8 pmTemBccTE 50 ¢ mafimomammc, xsanTO-
Bl OCIDUUTNIGHH, B ONTHWSCCKOM Mpomycxkasmm GaSe ¢
nepuozos ocupuuonnm 250 §e 1 InSe 287 ¢ de. Ocmpan-
IEINH MOEHO OTHOCTH K BOMIYRSSGOO 8 KpPHCTAIIAX
KO{CPCHTHAL HEMOANPHRX ONTWISCKHX $OHOHOS CHM-
scTpuchl A, ( GaSe - 134 ', InSe 115 ar'). Ha pucys-
K¢ (PHBCICHS JABHCHMOCTS INHPCPCHIBATLHOIO MPOMTy-
CXAHME CBCWSCKONOTHIY MISCTHH xpucramma GaSe vos-
mpsofl 1,5 wu NpH xoMHaTHOR ToMICpPaTYPE OT BpoMc-
HH JAEPEXH 7, MCEIY 3030y RIaoup B npobui -
oymcani. H) BCTEBKH B PHCYHOK BEECH JKCIIOHCHIN-
amhEnil CIa) AMIDINTYSN ¢ DOCTOSHEON JSTYXAHNN 4 =
=( 14202 ) nc. Kax smso D pHCYHES, DOTBOMCHERS H
HABCACHNOC NOMMoMmeHRe, Habmoxacnle npa soaeficT-
BEH BOYOYEIAIOUINX HMITYNLCOS, DOMYSANOTCE MAKCH-
MATLHLIME B MOMCHT, XOTZA BPOME JANDEKH T, PARHO
Hymo. C yBCnINCHROM BPOMCHE JAPEKH BCINTHHA 10-
[TOMICHNS PCIK0 NAZACT H PCIAKCHPYCT €O BpeMcHOM K
yCTaHOSHRIMmEMYyCS Juascnuo. [Ipermmsofl mpocacTacsms
MOEET OTE CAMOOKPAHNPOSKS WCHTOHOS H HI IXpasy-
posxa csobompnam socarcana [10). [Ipa socrarosso
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e el

e s A s L s & s 0 s i
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b=

b
N

ek, . -8 E ;. - JHASHRS [HPHH PCHOPMATHIO-
saEHOR H JanpancHHEOA J0H, ONPCICICHHLI HD HIMCP<-
HEfl & mmefiBod pexHMe, R, - JHCPIHE CRIE KCHTOHS,
a, b, ¢ Hd-XOHCTAHTH, HCISBHCEIDNC OT MATCPHS-
HA § panEsie: 4 = 48316, b=-5087%; c=00152md=

3.0426, u,- cpeamsee PACCTONHECG MCEXY VRKTPOHHO-Ih-

2 5

ocpexox Morta 3 GaSe panauiT, B Xis pavmrnnux of-
pPa3108 ITOT DCPEXod MOXRET NPOSBINTLCE OPH PaLINY-
HdX JHaScHRIL N, Cpammsmas poymTatu pabor [5-§],
MOXNO OPCEIONONNTS, TT0 KOHICHTPRIES, MpH KoTo-
poil MOXCT OPOBCLOIETE Depexod MorTa 8 GaSe, nexur
» opencaax Ny = 1,4 <107 arl. [Mpa s saascmmx
cosiEsTpane npeaex MoTTa Be ZocTHMracTes, B Ha-
Gmoxscuoe OPOCACTICHRE OEAILIBACTCS CREIANELA € C8-

oo HOCHTCINME Nprpansrofl ofascTs ncpoto-
22 MotTa. B nomsyy DOCHCAHCIO roBOPST OUCHKH JHA%C-
Hitd PCHOPMATDORAHHOA MHPHML JANPCINCHHOR 10HL
GaSe. [lps nostamesHL MIOTHOCTEL Heprum ponbyx-
JCHIA BOPXMAN MPaiMUa Depexola MoTTa mpessanscrca,
B IHAYCHNC PCHOPMATINOAHION MPHHM Janpancusol
1GHR DOTYSSCTCE HEEE ECPICTHISCKON0 NOJOXCHHE OC-
HOBHOTO COCTUSHRS NPEMMX c3o60pMX IMcHTONOS. 8-
EHCHMOCTE JHASCHHE [MHPHHE PCHODMADNOBAHHOE 13-
nponcHEoll JouM £ .., OT NIOTHOCTH mcpram F
(M/Ixw/cw®) (TaGmmm) Guma paccaNTaHa,

ELpaECHEE, DoTysconse 8 paborax [11,12}

7

POTHLIMH NEPAMH:
o =[(Lrer) 0] @
‘ 3
2 a - Goposcxmii pamryc yxceTosa, N - xosmEHTpaIBN
3OS YR ICHMAIX (I8P, OUCHHBACMAS KAK-
F(l1-R)a
N=————, 0
£

rae F - mioTHOCT: sosfyxaesme, R - xooddemmenT ot-
paxeHng H g - KoxpHIIISHT norIomeHNs; £, - MHpHEHs
IAOPCICHBOR JOHL.

Hecaeaosammse mapdepompamporo npomyoxasms
OpHBCIO K HAOMOACHIIO B KPHCTAIIAT CCACHIULA TULTHY
sxcHToEHOrO pdexta LliTapxa.

Hoyscsme pemmcing onmeseaan caolicTs coacHN-
A0S raLmMs H HEHINS B o0OacTH poloHANCE NPEMBI CBO-
60D IXCHTOROS NOIBOMCIH ONPCACIHTS HETHHCANYO
EDHCTANTY d; CCTEHIIA HETNT ¢ BNOILIOBAHNCM TeTh-
pex amsepimix ucTowmxos YAG : Nd** (1,06 vaod), GaF*
D (236 wxm), CO(S53vaxm )m CO2( 106 vxu ). B
ICOCPHMCHTAL MIMCPAICT MAKCHWYM HETCHCHRHOCTH
ETOopofl MPMOHEEE , ODpomcancll wcpe: xpacTaxy Car-
HAT CPaBHHBAICS ¢ AHATOMHYHLM TIN CeICHIUTA ML,
poamciinas KOBCTAHTE KOTOpore dp; = 6xi10H! wB- m-
BCCTHA. 3Ha%cHNC HCINHCRNOM KOHCTANTM TIN CCICHIULR
HECDEE DOXy IO PARHEM d; ( /aSe ) = 0.9=10" uB.
Jlns KpHCTALIS CCACHHIA HELDHN OMPerteshl TAKXES JHa-
wcHms yTaos $asosoro cEExpommnMa : § =120 400 (53
M), 8=19°50 (2,36 vam) m & =15 (10,6 sao). Orcoma
CHREXYCT, Y70 CONCHI IS HEPELY ¢ CCICHIAOM MRS
SRINCTCN MCPCNCKTHAHLD MATCPHATOM TS BeuRBcfFL
npeofipasosasmii aasepin muTyscHnil 8 cpemeeu HK -
munasone. Boaee TOro, » CPABECHNN ¢ KPECTATION
GaSe, cencsmin mymes ofmagser Gomumcll ofimacriio

Tefmua
JamscumocTs HaScHNll PEMOPMATINOBANECH NI JanpancHiofl 301 GaSe OT MITTHOCTH MGy Eaesms.
F ATT | sccet | (DNewx | (DNewx | Edpes) | AB=E0)
Maxio' | apu 10 0 68) -Eqlpen)
Ai=0 Ai=0 (o) (e T)

a0l 0.082 on 0.17 017 21001 0.010
0.10 0.86 037 L7 19 1558 0.2

il 0.40 Ln is 45 1595 0.025

18 058 150 47 83 1987 0033
475 0.80 345 19 203 157 0.042

1.1 054 408 130 M0 1969 0.051

9.1 0.75 in 150 30 1.965 0.053

2



OporpanocTH -1 MEM, 9T0 DOIBOANCT HAKNTHCA Ha
OCpCNCETHEY BCNONLIOBAHNY KPHCTATION ITOMO COCDH-
HCHHY ODH PODCHNH OPHKCIADGY ja1sd Bemmelinof

Tos OMI OPOBCACH AHAMND CBEIH ONTHYWCCKHX CBOHCTS
cHoEHMY cTexzoobpaisx Tamxorasmos ¥;0; - Tel,,
ViOs-Me0-TeOs (Me = Li Na K Rb, Cs) ¢ mx crpyxry-
poli B cocrasom [13,14] . Poyymramu msepesmii coexr-
pos HK -npomyccamis cTexod B HX COCKTPM OpOMycxs-

{1

I E A6dyasace, 1 A Kysescxwui, A M. [Tpoxo-
poe AJ] Cosexses, 3 J0. Cassee BB
Nucuua s EOTO, 1.16, Ne3, . 130-133, 1972

91 S Erkes K Allahverdi, Z [bragim. Counf. Podeborn,
Universitet of Germany, May, p. 10, 1993.
[10] N.M. Gasanly, B M. Javadov, V.I. Tahirov and

(2] TIE Abéoyasees 3.10. Caraes, B M. Carnance. E A Vinogradov. Phys. Stat. Sol., V(b) 89,
B off. Baxy, Smu, c. 137, 1979. MNel,p 4348 1978
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ZA. Ibrabismor
EIR NECO KRISTALLIK v SOAYABONZOR YARIMKECIRICI XALKOGENIDLORIN OPTIK
XassaLorl vo QuruLys XOsusivyaTLari

Mogalede krunlbk (GaSe vo [aSe) ve giayaboazor ( V:Ox-TeOx, ViOr MerO- TeOs) yanmiecirici talkogenidioria xatti, statik
v dmamek oymsde geyTr-aaiti optik xasssleri vo bomgmim hmﬂmiﬂww,
Ladguaibs min qumn, mis kombmasos sepelsames: ve clekron paramagait rzosass Gsullan ve bir nege femsosamiye
ezlrys malk buer falan generasiya oden meabelerdes stifade ctmekle spanimegdir

ZA. Ibragimov

PECULIARITIES OF OFTICAL AND STRUCTURAL PROPERTIES OF SOME CRISTALLIC AND
GLASSY SEMICONDUCTORS OF CHALKAGENIDES

ia the present paper the resabis of researches of Bnear and sonlincar optical properties of the some crystallic (GaSe sad aSo
2ad gy ( ViOs-TeOs, ViOr-MearO-TeOn chalkagenides and ibeir consection with structaral festures @ a static aad dymamic
:ﬂmﬁ“ﬁ“hhh&“&,ﬂ-ﬂ“—mﬂ-dhﬂmﬂ
radzlon capable 10 generaie pulses by 2 dunation i some Lens of femioseconds.

Pedaxmop: JO. M. Cewioa
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INFLUENCE OF 1-GROUP IMPURITIES ON THE PROPERTIES OF CdS FILMS

AL BAIRAMOV
Institute of Physics of Azerbaijan Academy of Sciences
370143, Baku, H. Javid prosp., 33
( Received 06.03.96)

photcconductivity band with maumum ot 4 =550 am and green cmusson band at 4=510-5490 nm in CdS are connected with the
same center-negalively charged cadmmum vacances The merease of Lhe miensities of these bands under diffusion dopmg by ly-
thsum and sodhum ons and decrease of them under miroduction of copper and siiver ons, are duc to donor-acceptor imtersction

of &ffused |-group mpuntes with charged cadmium vacancees
i letrodoction

As it 15 known, cadmsum sulphide thin films arc onc of
ihe mosl mferesting materials used i optocectromic
techmques On these basis, the dectroluminescent devices
of visible spectrum and thin films Cu,S5-CdS. CdTe-CdS,
CulnSeCdS heterojunctions are presently made which
are quite useful for the creation of effective and uncxpen-
sive solar cells [1-7] Therefore, study of the nature of
photosenativity, radiation recombmation centers and
eifect of different factors (doping, thermal treatment, il-
humination, etc.) on these centers aftract a large interest.
Lo this work, the results oa the investigations of the influ-
ence of 1 group impuntics, ntroduced by both diffusion
264 dunng deponlion process and abso different tharmal
and lumunss-

scoeplor micraction betwoen diffused |-group mmpurnitics
and vacancies can mutually unfluence on the diffusion
snd concentration of mnpurutics and vacances [10], and

on the propertics of the cadmium sulphide
3.11-15}

It should be noted that, besides the donor-ascceptor m-
ieraction, the pressure of sulphur vapour can also influ-
e (undar diffusion anncaling process) on the diffusion
snd solubility of 1-group impuritics in CdS (which con-
tans casy volatie component-sulphur) and permit the
control of the vacancics concentration in cach sublattice
of CdS [10}. Thercfore, the investigation of interaction
characier of |-group mmpunitics, miroduced by diffusion
mto CdS st difforent sulphur vapour pressure with va-
canccs and the influence of such interaction (Empurity-
vacancy iype) om the photodecincal and luminescent
properties of CdS thin films excites some interest.

2. Experimental methods

The cadmium sulphide thin films were prepared by

spraymng of an aqueous mixture of CdCl, (0.025 M) and
mmn,;,csmu}unmt—m-c)
{Illﬁllm:m

quartz ampoules. For the crestion of equilibrium pressure
of sulphur vapour, certain of sulphur was placed in the
amoun! ampoul. In this case, the pressure of sulphur va-

were prepared. In this case, the were intro-
duced by the addition of a small amounts of No(J and
CuCl salts mto the sprayed solution.



3. Experimental results and discussion

At first, we consider the coffect of |-group impuritics
introduced by diffusion method on the properties of CdS
Diffeson doping of n-type CdS by the impurities (Li
Na, Cu, Ag). results in an essential increase of resistivities
of the sampies (table 1). After diffusion, conductivity of

(T=600°C, =3 hr, at fixed pressure of sulphur vapour
P,-Iﬁu}-dmnqﬁ(&}iﬂh:ﬂd

Phatocond uetivity (arb.units)

S00 ' 5% 600 650 700
Anm

Fig 1. The photoconductivity spectra of chemacally sprayed
CdS films, diffuson doped ( T=600"C r=3 hr Py=1 at.)
by lythuum(|). sodium(2). copper(3), siver(4) and as-
grown (5) samples (T=300 K)

In Fig. 2 the photoconductivity spectra of control
samples annealed st T=500°C, r=2 br at different sulphur
vapour pressures Fr=0.5 at (1), 1.0 at.(2) and 1.5 ar(3)
arc given. It is seen that, the intensity of Aee:=350 nm linc
i rised by increasing the sulphur vapour pressure. The

ntensity dependence of this line on sulphur vapour
m{ﬁp!uﬂ].iﬁdhlﬁ;ﬂqrﬂm =

Ia=Bp"" m

where, Bis & conslant.

ncaled in suiphur vapour and reanncaled sample 3 in
csdmuum vapour (4) at T7=500°C, =3 hr arc given. As it
is clear from Fig 3, the diffusion doping by sodium(1) and
anncaling in sulphur vapour (3) leads to appearance of
an micnsive green band of lumincscence (so called “edge
cmission” [17]) in the range 2=510-540 nm [17,18], while
m ihe samples doped by copper (2), the green cmission is

35

Photocond uctivity (ar b.units)

500 550 630 700 70 800
A.nm

Fig 2 The photoconductivity spectra of chemically sprayed
CdS films, snnealed (T=500°C, r=2 hr) at different
pressure of suplhar vapour Py=0.5 st (1), Py=1.0
8t (2), Py=1.5 pt.(3) (T=300 K). Inset shows the
photoconductivity peak (81 Amss=550 nm) ntensity
“h*“m

abseni. Reanncaling the sample (3) in cadminm vapour
results m disappearance of green amission (curve 4).

5
-

- v W -

¢

Photoluminescence (ar b.units )

's'ﬁr

by sodium(1), copper(2) , annealed in suiphur vapour
(3) and the spectrum of the film 3, resnnealed in

cadmium vapour(4) (T=T7K)

Now we consider the effect of |-group mpunties mnt-

roduced during the deposition process on the propertics
of CdS films.



m<ulal absorption Iine (at  i<520nm) conimns & shght
band m the region 4=560-800 nm which is increased by
mcreasing the sodium (and copper) concentration. Such a
band 15 observed and mcressed by ncreasing Na (and Cu)
conceniration al cathodcluminescence spectra, which s
the suparposition of orange and red bands of lumines-
cence i CdS (19, 201 As it is scen from Fig. 4 and 5, in
contrast o the diffusion doping, the sodinm mmpunty
miroduced during the deposition process does not stimu-
iste the sppearsnce of photoconductivity maximum st
4=550 nm and also green luminescence in C4S films.

"~

[ ]

Photocond uctivity (ar b.units)
o

msmsmmm

Fig. 4 The photoconductivity specira of chemacally sprayed
CS fiims, as-grown (1) and sodium doped during
the deposition process by the addition of 100 mgh
Na(l (2) and 200 mg/l NaCl (3) wo the solution
(=300 K).

units)
&

0

800 600 'uif_;lrsnﬁu

5 The cathodeluminescence spectra of chemically
sprayed CdS films, as-grown (1) and sodium doped
during the deposition process by the addstson of
100 mgA NaCl (2) and 200 mgA NaCl (3) to the
solution (T=77 K)

meﬂm§nnu (arb
Z‘- my
8mv
20mv

500

&

The thermal trestment in sulphur vapour (P=1 at,
T=500°C, rlhjnfﬂﬂﬁ-hpdhnﬁnnd

mmmﬂuhmnm
mpunity the maximum at =550 nm and green cmission

are observed respectively, while in the films doped by
copper the maxmum s =550 nm and green cmission
are not observed (as shown in Fig.1 and 3).

- the photoconductivity linc with maximum at i=550
m and grocn cmission st 4=510-540 nm are observed in

pressure.

- in C4S films, diffusion doped by copper and silver
impuritics, the photoconductivity line st =550 nm and
groen amission are not observed.

- reanncaling the CdS films (which were previously
annesled in sulphur vapour) n cadmium vapour, results
in disappcarance of photoconductivity st Aew=550 am
and green cmission.

- doping of CdS films by sodium impurity during
deposition process (by the addition of NaCT to the solu-
tion) docs not lead to appearance of photoconductivity



Table I.

Duark (59 and bght (o) (under illumination power densily W=300 =¥/cx’) resistivities of as-grown, control, and lythium, so-
dium, copper, slver doped CdS films, prepared by chemical spray pyrolyss method.

Mo Sampies Annealmg - - Pl Py
Conditions O cm .o

1 CdS ss-grownm - T-100 3 23

2 CdS: Li 600°C, 3br, Py=1 st 3 &100 510+

3 CdS : Na " 2100 p oL 410

4 CdS:Cn u® p L 2100

5 CdS : Ag G- 5= 3 3

3 CdS - Control .= S nonphotosensitive -

7 CdS - Control S00°C, Ir, Py=15m 4100 slee gl

8 CdS - Control 300°C, I, Py=10m 3 3l g ¥l

§ C4dS - Control S00°C, Ihr, Py=05a 2 2100 L
Cd5S - 100 mgA

o Na(J addstson 1.5100 e 15108
to the solutson

11 CdS : 200 mgA - e 10 21
NeCl

12 CdS : 200 mgA - 3= iR 1>
el

The cxpermentally measured dependence of photo-

Vate & V 4 )
V, =" +¢ (5)
where, ¢ is dleciron.

Applymng the mass action law (o the reactions (4) and
{5). ooe can show

NV J=KN(VJn
NV J=KN(V, )ph

(6)
Q)

where, K; and K; are the constants of reactions (4) and
{3), ms and p are the dectron and hole concentrations, n; is
lstions (6) and (7) it follows that, the concentration of
pegatively charged cadmium vacancies N(F ) lincarly

n

marcases by concentration of dectrons, and the concen-

tration of positively vacancies N(V",)
also lincarly imcreases by the holes concentra-
tion. [n other words, the by donor impuritics must

increase the concentration of negatively charged cad-
muum vacanccs, but doping by scoeptor impuritics must
mcrease the concentration of positively charged
vacancies, conscquently, (according to

lcading
crease of N(V ).
situated

i}

creases the cadmium vacancies concentration N( V) and
therefore, leads to the disappearance of the photocon-
ductivity at 3.=550 nm and green cmission.

The absence of photoconductivity st 4=550 nom and
green emission in C4S films doped by sodium during the
deposition process (by addition of NeCT to the solution)
may be duc to the precipitation of sodium impurity (as
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sssumpuon of preapatation of Na and Cu impurities in
inlergrain spaces.

The appearance of ivity line 4=550 nm
and green amussion bands in films doped by sodium and
e absence of these ines in copper doped films (during
depoalion process) sfier annealing i sulphur vapour are
duc 1o diffusion of these impunities from mtergrain spaces
ato the arystalites. In this case, the process is analogous
tv diffusion doping of CdS films by sodium and copper
4. Concladoas

The photoconductivity line with maximum at =550
o and green band of luminescence i CdS Gims are con-
oected with negatively charged vacancies of cadmium
sublatice. The mtensitics of these bands can be controlled

by changing the partial pressure of sulphur vapour during
thermal anncaling.

The obscrved increasing of intensities of photocon-
ductivity line at i=550 nm and green emission band at
4=510-550 om under lythium, sodium diffusion, and de-
creasing of these bands under copper, silver diffusion are
duc 1o donor-acceplor intcraction of introduced 1-group

The absence of photoconductivity at =550 nm and
green cmission in CdS films, doped by sodium during

(1] V.D. Vankar, SR Das P. Naich and K Chopra. (18] H.B Abdullayev and T.D. Dzhafarov, Atomic
Phiys. Stat. Sol(a) , 45, 665, 1978 diffunon n sammconductor structures, New York:
i1l S Martimuzzi, ¥. Qualid F. Cabane-Brouty, Harwood Academic Publ, 1987
A Mostavan and J. Gervais. Rev. Phys. Appl., 14, (1] B Tell, W.M. Gibson, J.W. Roger, Appl. Phys.
237, 1973 Lett, 19,315, 1970
31 RB Hall and J D. Meakin. Thin Solid Films_ &3, (12] CH Hewry, K Nassau and J. W. Skeiver, Phys.
103, 1979 Rev. B, 4, 2453, 1971
] AL Falwenbruch, J. Aramovich, F. Courreges, [13] S Achowr and G H. Talat, Thin Solid Films, 144,
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H.I Nadzhafov, N.A. Riakuliev and N.T. Mamedov, 33, 3243, 1962
Proc. 91h Int. Conf. Tamary and Multinary [19] MK Seinkman, Reports of Acad. Scienc.
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1-QRUP ASQARLARININ CdSTOBOQOLIRININ XASSOLORING TO'SIR]

|“mmﬂn—umm—n-u—;m-ﬁmm
ik, foweiekink ve Emmesscnl 1assolorme o siri ledqiq olusmugdur Litium ve aatrum agqarknmm diffuriyas zamam (i=550
am) fotockkink ve yapl cmmsiya (4=510-540 am) zobaqhnam micasiviymm artmas:. bem do calarn mis ve gimily diffariyas
canan azakmi |-qrup chemontbrmmn meefi ylkbemn badmmm vakassryalhnmm garpboh 'sini s zab obmur
AM. Balipasscs
BAHAHHE MPHMECEH 1-TPYIILI HA CBOACTEA ILIEHOK CdS

Hm_“ﬂlmmm“aqﬂﬂ—mmtn—
sastClSHTMe (BURCTES IaeHok (dS. DOTYSEHNLI WMCTOSOM (MMHSCCKO TYIRSCPICALNN Y BEINICHNC ENTENCMBNOCTH DOIOC

OTUAPOBODNGOCTH P A=510-340 me mpu Depdymonnon eTuposamsm CAS IMTMEM B NSTPHCM, YMCHLDeNNe X DpM Ierw-
ofruacHacTCH

ruanus Wl B orpeGpos
Pkl BAN AHCHTMM LA TMHS

ACHODHO-AKLISITOPMM FaNMORCRCTRRGM NpHMOcEH | TPk ¢ OTPHLIETEILES T4

Editor: F. M Gavhimzode



FIZIKA

1996

CliDII 1

OCHOBHBIE INMPHMECHBIE COCTOSAHHA SAMEILAIOUIHX ATOMOB ME/IH,
CEPEBPA H 30JI0TA B KPHCTAJIAX Ge.Si.

P3. KSBHM3AE
Asepbaioocancxas Iocyoapcmeennas Hegpmanas Axademus
Baxy 370001, npocnexm Asadmsz, 20
([Mocmynuso 02.01.96)

Has ccscee roasoscxss wnsepesmil xpuctansos Ge; Si, ¢ coscpmammes 53 20 30 aa7., scruposamm wesio, cepebpos B 30-
Hia, OPESSISHRL MSDIHHE AXTHEBAUME OCHOSHML TPHMSCHIT COCTURHME JAMSEEOUDIT STOMOB TTHE LEMCHTOS. PaocwoTpens
SOUPCCk, CETAHNME C PESMMWTHOM OpHMWOCHMY cocTomml Cux A B Ax 8 Janpancmod 1ome Ge; ST o yeaonsesmmne TaOTHEC-
L pacipescicnncd Gr 0 S 8 maTpeue [loxsaso. 910 yopeicnmue WODIHE SXTHBSIDM A BOST ROCICAOBSHELI NPHMECHLT
yposuedi B Ge; ST, pacTyT Dl ¢ xomesTpageesl Si » xpucTazac. Ha ocsose nogysesmsn msscneocTell A 0T cOCTaBS Xps-
CTAAL (POARATGORPOSERL IRTCPETYPHC LANHMC (0 TPHMCCHLM COCTOMMMENM § KPCMIHH. STHPORSNROM Cu, Ag WIN AN, M c3e-
AN JACTOHCHNS O KPETHOCTH SOTMOIDNAY AXIITITOPHLN COCTUMHE JAMEILEOUIN STOMOS YTHI Opsnsecedt 8 Ge; ST, u SI.

SacucHr nepeofl Py NepHogEYccxofl cHoTeMM
Cu Ag mmm Au KaK B ICPMANNE, TAK H B KPOMEIS OTHO-
CATCE K palpaay rayGomix mpiecHhiY DeETpos. Yera-
HOBIGCHO, T0 JAMCINAINDSS STOME ITHX npiccell Cug
Agy B Aug B repuMAREE BeXYT cefa KaX TPCIXpaTHRE aX-
ETOPS! B COOTBETCTRHEM ¢ MOJSMLIO TCTPAMIPHSECKHX
rosanenTHLx cancll. [pavecs Au;, NosinMo FTHX axme-
UTopEMX cocTomimil, coamaeT ane omaH rayGoxmil mo-
Aopuufl yposain. Cxoda, OpeacTanncunas Ha puc. |, ac-

IANPAnEHEROR JoHE ITpsa-
pnn. Jassnse 50aTsl 53 Mosorpadus Micmica (1] O6os-
MANCHHS HAJ CHMBOIAMH UNMNICCKHX JICMCHTOS OTBC-
50T ISPASOBAI COCTOSHHEM MPHMOCH ¢ HCIANOINCH-
Hulu SEUCTITOPHLIM MM JOMODHMAIAM COCTOSHMEMM. B
LPUCTANNAX KPOMIHS, ICTHDOBSHHLIX MCIMO, oGHapy-
ZHBAIOTCS 183 rIySoxux yposas: axnenropndll F,+(0, 49
38 u ponopsall E,+0,24 3B [2]. Astopu paboru [2] cum-
TROT, 4TO YTH YPOSHH OTHOCKTCL, CXOpee, K Bhnanmel 3
OpCIHTITI MCTH, %M K pacTsopcamofl. Poymramu
[2] xocacsmo CBNUETCNBCTEYIOT O TPCXKPSTHOM AKIED-
Topsou nosexesn Cu, 8 xpoain. B xpaamm ¢ npanee-
2o copeUpa o0HAPY oMM BOKOMKD MMTYOOKHEX YpOoRBCH
K3 AKICOTOPHOID, TAK H SOHOPHOIO IapaxTepa: £+
0.32 38 (nowop) u E-0.22 »B (axmemrrop) [3); Ey+ 0.26 38
(souop) u E-0.28 3B (sxxerrrop) [4EE+ 0,33 3B (sowop)
i E.-0.36 3B (sxuemrrop) [Sk Ey+ 0,405 3B (nomop) u E.-
0.593 3B (sxuenrop) (6] Hassrademcamges smax yposscs
B OpoMOBCACHI. JOJOTA B KpSMHHHE COIASCT
oo Jouopudlt yposess Ep+ 0,35 38 u opm axuctrop-
=ufl yposam E-0.54 38 . Cemractea, w10 ™8 ypossm
GTHOCETCS K JAMCIAIOUNM STOMAM OpsseccH 7).

Hacromnas paboTa DocRtieHs HOCIEAOBAHIIO HHCP-
(CTHSSCKOND CEXTPa OCHORMAIY COCTOMHME IAMSTILAN-
EIHN STOMOS MEJ, cepelpa H J000Ta B TBCPIRIX PACTRO-
pax Ge; Si, (0<x<03). Oncprermrscasii cncxTp ocnos-
HAX MpeccHix cocTommil Cu, Ag, B Au, B EpEcTATIAX
ONPCACHNNCY HS OCHOBSHHN INCTCPHMCHTAILELI IaH-
HAIY TeMDICPETYPHOM J28NCHMOCTH Xxooddeupsents Xoa-
23 » mrepsanc §0-350K. KomnenTmpapes sascamasonmo
stomos Cu, Ag, B Au, » Bocaesosamsmx o6pauax co-
cranmuzs 1094104 cu .

AHAGN TOMICPSTYPHMX JABHCHMOCTSRl KOMIKHTDS-
g ceoboHax HoCHTCACH JSPASA B KPECTALIAX, B Ko-
(ORIl OpOSEISCTCE OOpSASHHLIE YpOoBCHD HCCHRyC-
o OpEMCCH, OPOHNBOLICE HA OCHOSAHMM YDARHCHIE

4 m ! - ﬂ#‘“
v i o y
of Mg gy
. .- — S
k) &y
o
UL Ei %x,

FPuc. [ Caosa oCROBHMY TPEMOCHME cocTomntl Cug Agy #
Asg » repaasnon. S (-) u (+) oSoimawmoT sxgen-
TOPHAA B ZOWODHLE YPOSHM, COOTBCTCTBCHEC.

anexTponciitpamsocth. [loTyssenic poymTaTl yxa-
INBAXT HI CACXYIOINC OCOGCHHOCTIC TOMICPATYPHRIC
IABHCHMOCTH KOHLICHTPAIIMM cB0B0DIT HocHTesl 1a-
paza, ofiycloalcHe ROMENAIDICH BCCICTYOMAIY MPHMC-
CHAX cocTomMMfl, He OMICLBAIOTCE B PAMEKAL SOKATLHO-
o yposis ¢ onpcacacHiol »scpruell axTHBAIN AE
YRCIHSCHHC CTCICHE KOMICHCAINH MPHMCCHOID YPOBRHN
APHBOINT X pocTy AE. JTH ocoficsmocTa Kxocacsmio can-

OpHMECHR yposEell B Janpemennofl Jo8e KPECTATIN.
Panauree rayfom opmsccnx HMCCT McC-
TO M 3 TBCPIMX PACTBOPAL COCTHHCHMR [B] 1 mocar
ofupth xapaxTep. [Ipermmofl Texoro paIMLTHE, COTmac-
#o [B], masercy xaoTHIoCKEil XSPaKTCP pacHpoaTacHREN



pa OTHHSHS OT HyIN, BMECTO JONaTLHLY ypoased ¢ oiH-
paxoecll AE OTBCRAIOIDIL HHCPIH AKTHRALDIN OpiDccH
& (POCTOM NOTYIPOSOTHHKE, B THCPAMX pacTsopax Gy-
AT HMCTE MECTO PAIMMITHE ITHX ypossefl B Jomy. Yeu-
TLE2S ¥T0 ofCToSTEIRCTRO, B TREPALIL PACTBOPAL CHCXY-
€I CGOCPHPOBATE NOHNTHOM yopeaHcHHOfl MCPImE axTH-
ecipmi rayGoxoro npadecsoro newTpa. [Iponexypa on-
oY BOTHYHHM JTOI0 NEPAMCTPS NPHBCICHS HAMH
= pafore [9)] 1ax opasecn wean 3 Ge, Si,. Cyms e 1a-
K0YseTeS B ONPEECICHNH TON0 IHageEy AL, KOTOPOS B
VPARHSHHH EKTPHSOK0R BelTPATLHOCTH HAHTY SUINM
ofparoM OMBCAMBACT XOJ INCHCPHMEHTATLMOS kpipofl
TesnepaTypHOll JAEBCHMOCTH KOHIEHTpaIDE csobox-
HRIX HOCHTESSH B KDECTAINE ¢ Hyaesofl CTENEHLID KoM-
DCHCAIAN YPORME.

PoymTaTi OPOBCIKCHHBX PaCcIicTOd MOKAILBAIOT,
10 YOPCIHCHHLIC JACPIHH CROE BCCY BOCICAOBAHHRIL
npiescngy ypossefl Cu, Ag; B Au; B XpEcTAIISY
(72 oS, HIMCHIIOTCE IHHCHNO C COCTABOM H OMICLIBAIOT-
£ CHEAVIOUDME COOTHOCHENMH"

s Cu, AE,"=(AE,"+0,27x) 3B=(0,04+0,27x) o8
AE;"= (AE;°+0, 4x) 38=(0,33+0,4x) 28 (1)
AE,"=(AE,"+0,5x) aB=(0,50+0,5x) a8

zm Ag. )
AE "= (AE,"+0,36x) aB=(0,13+0,36x) 38
AE,"=(AE,"+0,47x) 3B=(0,48+0,47x) a8 (2)
AE,"= (AE,"+0,58x) 3B= (0, 67+0,58x) o5

Zm Au,
AE=(AE, +0,32x) 9B=(0,04+0,32x) 9B
AE "= (AE,"+0,36x) 9B=(0,15+0,36x) sB
AEL,"=(AE,"+0,55x) 3B=(0,56+0,55x) 8 (3)
AE,"= (AE,"+0,67x) sB=(0,72+0,67x) a8

32cc OTCHCT JECPIHE TIN BOSX ypomEcl BEXETCE OT
HUTOAKS pascHTHOR JoHLL [LIN TPETHEr0 AKIENTOPHOIO
COCTOMHMY MEXH, ETOPOI0 H TPETLET0 AKIENTOPHOI O £O-
crodgl cepebps M J0I0TA H) MCOCPHMCHTOR ONpeacts-
DCh SHCPICTHISOKRS PACcCTORHEN 0T IHa J0HM OposomH-
wocTi. [lepepacset sucprum x sancaTeofl JoHe us THX
_rﬁﬁuul OpoHDSODUKE ¢ DOMONAID IAHHMX paboTu
i

Coraacso (1) axuenmopasic coctossms Cu, 3 57 mac-
T caeayloupse Jueprum AE;=E+0,3]1 =B, AE~-
=E+0,73 38, AEy=E,+1,00sE8 [las ocHossmD mph-
secHMx cocTomsmii Ag, 8 Si ypanmesms (2) amoT MEcp-
i AE=E+0,.49 2B, AE=~EA+0,95 2B B AL~
=Ee+1,25 =B Nockomsky BCINHES AEL; NMpPCRLANAcT
1HSSCHMC NP JanpancHsofl o Si passoe 1,105
3B {10}, 1o oscasmmo, 91O Ag, 8 Si pepeT cobs xax Zmy-
speTindl SKIEOTOP B OTANTSC OT MCPMANNS.

B caywac npiscct Ax, 3 Si 00 JAHELM COOTHOmCHNH
(3) mucou: AE=E+0,36a8 B AE;=E+0,51 a5 [Im
TOPOIO W TPETREI 0 AKTETITOPHL cocTomHR 4u, JEcp-
(Hd CAElH OPCEMINAT MHEPHHY IaOpomeHEON 308k
EposiiEa. JT0 CBHACTCIMCTBYCT O ToM, T0 B Si samcuma-
Upic STOMB JOZ0Ta COMAMIOT ONMH aKIENTOpHRE M
o il A0HOPHR YPOBHH.

Puc. 1 3uoBCTPHPYCT XOA HOMCHCHHSE YCPCIHCHHLIL
sacprull CAEH OCHOBHLIL NpHMecHM cocTommEm Cu,

Ag, m Au, 8 Ge,  Si, cornacso coormomesmmm (1-3).
Kpyxxaun oboiHasesiil INCOSPHMCHTAILEO DIOAYICH-
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FPuc ? JssncusOCTE YODETSOHNLT SHEPTHE CREW OCH08-
HMX OpaMech cocTomml (g Agy B Asy 0T coc-

0 puc. 2, Cu, » xpucranmax Ge, Si, u Si seer cofa xax
TpexxparTHnil axnenTop, xax & 5 repuamm. OrcyTerasc
AMTCPATYPHRX IAHHLX (0 AKIETITOPHAM COCTONMESM
Cu, 8 Si OSCEIUDIO CHCAYCT OTHECTH K AOCTATONHO Ma-
oA savcimasonuex aToMos Cw B YTom
noaynposogmxe [2, 9] Puc. 2 noxsssmact, w10 8 Ge,
St c coxrpxasmes Si mpmacpsio 3o 60 at.% Ag, sexer
cefis xax TpexxpaTHil axuenTop. B xpucrazmax ¢ Gomee
BLCOKHM cOMSpEamme xpewsmy & 8 Si Ag, mumserca
ABYXpaTHRIM AKIETITOPOM. POIYIATETOS
Bacrosmefi paboru mo Ag, » Si ¢ cooTReTCTRYIOIDINE
IMTCPATYPHLMN IAMNLIMG OPHBODHT K CECXYIOMOMY 18-
cmoscrnoo. Beormmia AE; cormacao (2) cocTamaser
E, 40,49 35 B NPEKTHICCKH COBIANACT C SXIENTOP-
HiM ypoREcM E.-0,593aBaf+0,51sB, oOpcscs-
may 8 [6]. Omsaxo oTmcccsmc >TOro yposss x nepsosy
ypommmo Ag, 8 Si BADABACT COMBCINIC, IOCKOALKY ASTO-
pad [6] Bc Habmozamm xaxmc-mabo ZpyrEc ypomEE, pac-
MOJOWEMIME B BepiHcl MOJOBHEH: janpemensofl joms
Si. ABanorPuie CYSACHNS MONHO NPHBCCTH B TN ak-
LEOTOPHMT ypossicll, pAIOIONCHELIX B BSPIHCH NOX0-
smse ranpemennoil yomua S [3-5]. B yrou caywae otcyT-
CTBEE AXICTTOPHON? YPOBED B HEXNCH DOJOBEEC Janpe-
meunofl 308 Si He DOJBOINCT OTHECTH IO K DEpBOMy



Ag # xosnexcau ¢ Jpyran sedextasm. [pesmod o1- POM, OpE 3TOM OocTacTcs aM$oTcpHOl NpmMeccasc ¢ 30-
CYTCTRIS MIITPATYPHMX AAMMLIX [0 IPHMCCHLIM COCTOS-  HOPHLIM YPORSEM PACHOSORCHHLM HICES NCPSOro aXIe-
Hitid Ag, 8 Si MoXeT 68T MX MAZRS PACTBOPHMOCTS, aTopsHoro cocTomimy. Bamnocrs 1sascsmnl sucpruft cas-
xcax u & caysse npssccs Ciu, [pswccs, Ax, s xpicTamuax 38 SKIETITOPHOTO H SOHOPHOTO cocTomsmlt Aw, » Si no
(e, o5i, ¢ compmasmsod KpoMmis Opaepio 5o 27 at.% Anmdy cooTHOWCHMM (3) ¢ CICPEMCHTATLSO OUpeac-
CULEACT TPH ACXTTOPERD YpOoRES M OGS SosHopingll  ICHMLIMM B KDOMHNN (E,+0,35s8 u E-0,54s8) an-
YpoBCHL, KK M B repMamid (o4 pic. 2). C ypemmaniu  ACTOILCTEYET 0 NPABMILHOCTH NPCANOIONCHRS 0 CBIH
COACPEAHES XPOMMMN B KPHCTALIAX, AN, CTAHOBMTCS  ITHX ypossicll ¢ JaMCIIAIOUBNG sToMaus Au,  Si.
C34Ais IBYKPATHROM, & JATCM ONHOKPATHRIM AXIRIITO-

U] A Mussc Tipsscca ¢ rayGoxnar yposam & no- (6] LD Yeu C.T Sah Measurement of

aynposommmxax M., Hax Mup, 1977, c. 562 rity- carrier thermal emission rates from Ax, Ag and

(2] RN Hall JH. Racenie Diffusion and solubility of Co traps in silicon. Appl.Phys.Lett., 1972, v.31, n.4,
coppcr I exinnsx and mtrnsc germanium, sibcon p-157-158.
and gallium arsenide. J.Appl Phys., 1964,v350.2, [7] E Schibbi and A.G. Miines Decp Impuritics in Sili-
p- 379-397. con. Mater Sci Eng., 1967, 2, p.173-180.

Bl  EH Bawmaxc,Cor-Ulu-ww. [udgyrwespacrsops-  [B] L. Samuelson. Defect levels in semiconductor alloys.
MOCTE H RIHEHEC Opieccl copefpa Ha JIexTpES- Proc.Of the X111 Int Conf. On Defects in Semicond.,
e caolicTea xpeusms. OTT, 1960, 1.2 N |1, California, 1984, p.101-114.

c. 2677-2684. 91 TIX. Axcdapos, P.3. Kaxussade, B.B. Mup-Eazupoe.

(4] FL Thiel S.K Chandhi Electronic properties of AXICTITOPHRIC YPOBSHH 3JaMCIIAKUDEL 3TOMOB METH
silicon doped with silver. J_Appl Phys. 1970, v.41, 8 xpacTammax Ge, Si,, OTTI, 1992, 1. 26, N 3,
nl, p254-263 €.553-556.

5] W. Fakmer, A Coetzberger. Determination of decp [10] K Srimivasan, A. Sher, A. Chen. Band structures
cncrgy levels in 5§ by MOS techniques. Appl. Phys. S5i,,Ge,, alloys. Phys. Rev.(B), 1986, v.33, 0.2,
Lett, 1972, v21, 0.7, p329-331. p.1026-1035.
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MHWUIMMETPOBBIA BPALLUATEALHLIA CIIEKTP TPAHC-KOH®OPMEPA
MOJEKYJILI HIOMPOTIAHOJIA

HO. KATIKAP, CA.MYCAEB, A.C.TACAHOBA, HM. KATPAMAHOBA

As30HC 9SCTOT, HO L Goicc BLICONNX BPaISTCILHLIX
KEAHTOBMX Hcea J, B HasaTw palorsi Do mecacaosa-

IpaBc-xoEpoOpMepa B TOSHOCTS ¢ xaxoff omn Gaimt onpe-
acacind 8 OTHX pafoTax OKRJAESCE HCROCTATUNHRLMG
A onmcainis Hanfole: HETCHCHBHOIO CIXTPS DCpexo-

e 3Tol wosckymsi. OZHAKO, H ITOMD OKAIAAOCH HEIOC-
TETOMHR HO-33 MASOIO KOJNSCCTES [EPCIOZOS pay-
sux seTecll s sucosmx J. [ooromy Gammo pemeno
UpOAGAENTE HOCICIOBAHNS B MHITHMCTPOBOR ofaaca
COEXTpa, KyAa nonagset Gomminoc KomEECTBO AOCTS-
TO9H)0 HETSHOHBHA (MEXTPAILHLY MHHMA, OTHOCEIIH -
€% K mepexojas paumix seracil. [MposspHTcmEic pe-
IYRTSTM 708 paboTu Guimm onyGAHKOBSHEI B npe-
apaste Hscrarya Oummm AH AsepSaiiosasna [7].

MeTod RCCISIOBANNS.

dpel oL s paboTil B MHUIMMCTPOBOM THANAIOHC

obparen HonpormAIosoTo CIMp-
T8, EvoToaacEELil BDH Chemical Co., scnomosancs
6 sampciinefl osHcTIH.
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+ AR -0) T, - 28,5°05, - 8ATI0% + T 0) + 20,0 TEy + hp T (92TE + 9557+ R( 0% + L)
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TeSmmm 2
Bpamsremunie u uewTpoSemnie nocTomense wosexym (CH3) ;CHOH

[lapauerp IRANCHNHE Koppeammonnas waTpsua
¥ o) | weszn s
¥ o 8450164 (5) | 060
Z M0 | ggsise(s) | 080 0%
Dy (K 45186 (6) 0.70 085 045
Dy Ky -2912(1) | 001026 028052
D (KTw) 5.5596 (9) 009 0.20-008 0.40 088
dy (Kmu) -1.7488 (2) 0.17 0.52 0.00 -0.51 0.67 0.61
dy (Kn) -1588(3) | 015008 013 025042 031 028
H; T D0005(3) | 036 056 0.2 081 080 068 068 0.52
Hyp (M) 0019(2) | 001018 0.18-0.42 0.83 0.78 0.57 0.9 085
Hyy o) 0004(2) | -0.02 0.08 0.12 0.27 065 0.68-0.41 0.54 0.70 0.95
Hy M) 0.0271 (%) 005 001 0.11-0.11 0.42-044 0.22-0.45-0.50 0.80 094
Ay (T 00004 (1) | 002038 0.10 0.57 0.83-0.74 0.83 -0.55.091 050-0.76 0.55
b O 00065 (5) | 0.09 0.6 008 0.38 065 0.63-047 0.74 0.79 093 052081 084
A ) 00127(4) | -010 018 000 038 0.55-0.58 0.43 -0.05-0.75 0.54 0.8 0.72 0.79 090

e X,7,Z - spamaremssnie nocrommme; Ay Ay Ag
O Op - xnsprwwsnie W Hy Hyg Hg; Hg by by g -
CCHCTHYMBIC NOCTORHHBIC [CHTPOGCEHOro BCKamesmy;
JypJyd; - xOMDIOBCHTI NOMEOTO YIHOBOTO MoMmcHTs J 3

cHCToMe KOOPIHHAT LY.Z:
I =AJ+1),95 =J; +J;. Onpeacacsmee nocroms-
HALL (ML TOHHAHS OPOHISOUIOCE MyTOM MO OHKH
mmmm_m:n
(CPHMCHTAILHC MCTONOM HAMMCHLIHL

cascremas N mascinux ypesscssll, rae N-smcao mxomo-
SCHHLIX B pacicT ncpexogos.Hy sTax ypasscamft maxo-
TN NPHDAINCHES K HCLOJHBIM JHASCHMEM OCTOEH-
HMX rassunTommasa. Koodgemmenmal >THX mamefsnix
ypasucsuil ONpCACINTHCE NOPH THATCHADDAING Cyb-
MATPMIL [ AMHTE TOHRSHS HCIOALTYE OPH ToM cobcTacn-
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Tafimma 3
Cnmmmmm{ﬂm,ﬂﬂw-mmw_
Inascinee
KoodubuupienT [l pescTansenne
It Iir Il =

X das) 8041 9253 (5) 47652331 (5) 8488 9989 (5)
Y das) 47652320 (5) B489.0164 () 80419367 (5)
~ 84890077 (5) 20419154 (5) 47652308 (5)
Z (As) 42138(5) 46186 (6) 1.7132(6)
3‘ m -1.697 (1) 2912 (1) 2194 (1)
Dr (Kiz) 55999 (9) 5.5996 (9) 5.602(1)
& (KHz) 15464 (1) -1.7488 (2) 023 ()
de (KHz) 21436 (4) -1.5498 (3) -7.630 (4)
H (Hx) 0.0250 (4) -0.0005 (3) 0.0259 (3)
Hx (Ha) £0.058 (1) 0.019 (2) 0.099 (2)
Hes (H2) 0.0050 (%) 0.004 (2) 0.133(6)
He (Hz) 0.026 (1) 0.0271 (9) - 0.060 (4)
b (Hz) 0.0124 (5) 0.0004 (1) 0D.012(1)
ke (B2) 0.009 (2) 0.0065 (5) 0.089 (4)
ke (D) 0.0191 (4) 00127 (4) £0.03(1)

Talimms 4
Onpescaseaie xouCamanym napaserpos wosexyms (CH,j,CHOH
[lapamerp [peacTanscunc
I I IMis

A (MI'w) 84890162 8485 0164 $489.0170
B (M) 8041 9246 8041 9246 80419251
C (MI'w) 47652460 4765.2460 4765.2463
;. (Krg £1162 L1162 L0187

s (Kru) -7.3066 .7.3065 73077
;.ﬂrm 11209 11210 11208
;m -10.944 -10.944 10545
E privd 3135 31357 31382
Free (N0 4 000119 000124 0.00166
£ ) 0.04581 0.04579 0.0501
FT{I'nJ 0.00021 0.0002 0.00005
F 0189 Q190 0187

2 0.0456 0.00389 0.0362
F3 0w 0.0401 00018 0.0403
Fy 0a) 0.000467 0.00346 20101

Hile JHASCHNN B COOCTRCHELIC BDEXTOPS ITHX MATPMIL P& OpcKpallANach, KOfAS PEdHNIS CyMMLI



HYI0 pascc ODpOTpaMMY H DEpefiTH Ha KOMILOTED ©
Gommofl oncpaTHREOH NawmsTRIO M BucoxM GuicTpo-
ZcficTemoM.

Aas cpasHCHES DOTYSCHNMIX PCIYIRTATOR ¢ paice
iy GIHK OSAMITLIME BCS PACSCTH MPOHIBODLTHCE 8 OP<i-
coaaness Foxormm x - ¢, vy - a, z - A e
2, b, c-00H LOOPTHHAT, CAANAHNLI ¢ ITIANHLMG OCS-
un soscxymu [lepsonssamso » pemesme ofpathoft
COGETPOX NSO oA 1210 6o momoacso 1043 gac-
ToTd OCP<ROA0B, BIOSA] PAHCC EDMCPCHHMC S3CTUTH

HlJ LTMH BOXH, BITOTE N0 J=65. [lns opeacTanacsndl I* n
il wrepammosmas npoucayps GeicTpo cxomuascs nps
OpElTDNRTOREC 0MIHAKOSMY CPEABCKBAIPS THIIX OT-
ENOBCHREX NogroE (cxo.) o =0,145 MI'm. B aopea-
crasaceam [IF, cxopaocrs yxymmanacs # cx.0. powo
BO3pacTAnO - o =0,645 MI'n Hounosas sacTomu nepe-
ToROS, YXYINAKUHC OpOUCCC NOMOHEH BO BCCL Tpel
occaux opeacTanscumsy, Sao oTobpano 744 nepexoma.
o max 399 sacToT cnexTpamEMX mumafl DonazaTH B
siUnoucTpoRsll mRanasos man soms (Tabmaa 1) u
345-8 carmiveTpoafl B cySumrmadeTpossil. Bionoscs-
HAGGL B PACICT OCTATNCE MCPCIOMM C BPAIMATEILHLLGH
EaaHTOBMMH TMcIawu Jo =43 [Ipm rToM cTamaapTHOC
CE.0. NOMIOHKH YWMCHLMINIO A0 0=0,065 M »o acex
BB OPCICTEAICHHEL H, KAK H CICHOBANO ONGAIATE,
npebEBOHIcG K TOYHOCTH HIMCPCHHE SACTOT CIEK-
rpassin mmmi [loryssonsc npa sTom spamsTen-
HLC B OEHTPOGCANMC DOCTONHMMC H HX KOPPCISIMOH-
fas wsTpuus wm [F opexcranachms npEBoxETCE B
Tabmiue 1. ToTHocTs ONpeACICHNE CICKTPOCK OINSCCRHT
DOCTOESR NOJYYHIsc: HS OOPIAOK BAMODC, ScM B
pases onybmsxosammofi pabore [3] Mo tafmmma 3

SISO, 9TO DANHMIS B JHSSCHENY SPAIATEILHLIX
OOCTOSHMAIN, Of-PEACHCHHRIX B Tpel  OCCBMX
OPCACTARACHNEX, apesoco-

EBAPTHYHLIC H CCECTHYHLC OEXTPOCKOIHSCCKRE [OCTO-

nocTomme [11], Be Jasncumae oT swbopa pexyxmm n
occBbIx NpeAcTanncenfl (Tabmand 4).

MNapaseTpst T, Fy, F3 0 Fo B OTENTSC 0T OCTAMBERX
napaucTpos inMcpmoTes 8 ( I'n . [ooromy e npe-
BCACHMN JTHIL NEPAMCTPOS B COOTBETCTBEC OHM, KAK ITO
6o cazmano » pabote [12] xax xsapTemiofl nocToan-
Hofl T, Gun ywHOXCHM Ha KoxpdsupicnT 1/ (A+5+C) .

Taxme napascTpat oscEn yRoGHM Lme cpanscsms pe-
IYILTATOS, DOTYSCHELI DAMHLIME ASTOPAMH, OMpCAC-
SCHEE CTPYETYPM MONSKYEM B T. manee. K comasesnmo
ORN DyGAEKYIOTCE O9CHL POAXO, TAK KAK AN HX KOp-
PEKTHOID PACHCT2 BCOGXODIMO OMpPEACICHENE BOCY CTICK-
TPOCKOMASCOONL OOCTOSHHLIX ¢ BMCOKOR TONHOCTRIC.
Kasx mipgso s Tafmm 3 u 4, Gzaromaps mcmoscsmso »
pancmc obpaTsofl axexTpockomEeckodl 3aasws Gom-

ONDMH W SCEAT B [PCACEAX ONPCACANCMMX NOrpem-
socTell. Cacayer orweraTs, w10 8 pabore 3] Gamm on-
PEICICHRI NOCTOTHHLC [EMETL TOHHAHA B 060THANCHRET
T Tottns. Tocon T; H T2 MOXHO NOKZIETS, ¥TO ITH DoOC-

asasl 4; Tee™Ttee/4; Tor™Cooeel/d; Ti=(t1+13) /4;
Ty=(Cr+81y) /4. Henomays ym cooromesmas, Gamo

[I] AA Aédypaxmance M H. Evmes J M Huasoe
Haas. ﬁﬁ]{ Asepb.CCP, ccp.®T MH, 1969, N4,
< 30-35.

{2l 5 Koado, E Hirota ]. Mol. Spectrosc., 1970,v.34,
Nol, pp. 97-107.

B3] E Hirota. J.Chem. Phys. 1979, v.83, N 11,

p- 1457-1465.

(4] ON. Ulenikov, A B. Maikova, Ch.O. Qajar.
S A Musoev. A A Adilov and M | Mekhtiey.
1. Mol. Spectrosc,, 1991, 144, pp. 262-269_

51 Ol Bacxaxoe, A.C. Nscanoea, 4.0. Kadeap, CA.
Mycaee. B ¢b.: NEXTPE MOIEX YL
Mocxsa, 1986, c. 102-110.

] YO Kadwcap, CA Mycaes AC. [acanoces. XX
Boecosonsuit Creaa no cnexrpocxommt. Tes oo

Yacre I, Knes, 1988, c. 91.
[Tl AC lecanoss, H M. Kazpauances, 4.0.
CA Mycaes. lpenpemrr 1988, Mo 263, HOAH
Axepb. CCP, Baxy, 20,
8] 4Y.0. Kadxcap, C A Mycaes 3.JO. Casaes,
A Clacanoea. Jloxa AH Ascpb. CCP, 19821 38,

N, c. 21-9.
# 40 CA Mycaes, 3.9 Caudos, [T,
1991, N 4, c. 134-137.
(10] Y.0. Kadoxcap, C A Mycaes. 3.9. Candoe, IITD,
[rn m:&gﬂiﬂl J. Mol. Spectrosc.
1983, 102, pp. 79-88. '
[12] W.H Kirchoff. ). Mol. Spectrosc., 1972, v. 41,
Ne 2, 333-380.

P.O. Qacar, S A. Masayev, AS. Hasasova, NM. Qabramasovs
IZOPROPANOL MOLEKULUNUN TRANS-KONFORMERININ MILLIMETRLIK FIRLANMA SPEXTRI

Nov
375780 QHs 1=hk

ﬁ%““hﬂuﬁﬂlﬂ:—mu—ﬁi‘w-&-

M{mm“_Mnﬂﬂ*mhmﬂqﬁ-—
ﬁs-mm Ip:hnl parametrieni e _l Mﬂ h-_l‘ H‘ 3
[ Ve i yhksek deqgighils te'yim calna ¥l malrsas 2
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Ch.0. Qajar, S.A. Musaev, A.S. Hasanova, NM. Kabramanova

THE MILLIMETRE-WAVE ROTATIONAL SPECTRUM OF ISOPROPYL
ALCOHOL ( trans-form ).

mmmuﬂhmwmdunﬁd-hm_&unjwmm Nearty
mmmmmmmmmdmmfm—mhmu
m%ﬁ“dd“mhm“hhﬂﬂﬂmm%ﬂ
mﬂmmﬁpﬂmmﬂmnh-ﬁu}d=lﬂﬂlﬂhﬁlmm
wiuch yeld an ssymmetry parameter x = 0.75987145. Determmnable combmat:ons of rotational constants have been evaluated

Pedmomop: J0. M. Crutos
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JMOMHHECLIEHTHBIE CBOHCTBA MOHOKPHCTAJLIOB ExLaGasS:

CM. MYCAEBA, M.H. MYPI'Y30B
Asepbaiioncancxui Iledazozusecxwii Ywusepcumem ww. H. Tycu
ya. Y. Faoxwcubexosa, 34

O0.5. TATHEB
Hucmumym @usuxu AH Asepbaiioncana
370143, Baxy, np.I" [Jxcaeuda, 33
(Mocmynuno 11.03.96)

SOKHO JAMCHHTL & GOMLIIOM KOMHSCCTBE IPYTHME pel-
Koo biidE daodeHTani. B xpecTamax tamrans-
o BOMOAHO BOOOYEIACHHC HOHOB DPCAKOICMCTILHEIX
IBCMCHTOS JACKTPHSCCKHM NO3CM H ONTHSSCKHEM TyTes
Py MeanoHHe nepexomn (Bw2E). Kpose Toro, Tem-
DEpETYpa NIakSesns Tpolnx H Gooee caomsmix Tams-
EOTCHHAOS PCIKOICMOILEAI H MCIOSHOICMCTLHML MC-
TALIOS, 00 CPABECHHIO ¢ MOHOXAZLKOICHIIAME PCIKo-
ICMSLAMT  (IEIOSHOICMCILERIL) IMCMCHTOS, HHIKAS
{T== 1500 K). [looTosy MOHOKPHCTAINL ITHY coCIHEC-
M MOEHO DOTYIHTS B THCTOM BHAC MCTOJMAMM XEMHYC-
coit TpascnopTHax peaxagil (XTP)  Bpsuomecsa. Ox-
HiM 3 TKPOEKTHEMMX COCTHECHHN CpelM CI30XHRIY
LS TBREOICHHIOS PCIXOICMETRHMY H
3CMEHTOS SRINCTCS cocmumenme TEna A LaB,”Y, (e
A" - Eu, Sm, ¥b, 51, Ca; B” - Ga, Al: X - §, Se).
npnﬁnuiﬂmummmn-
pAXTCpHCTHES cocmmcsngi Tina Ev’LaGa,™S,. Moxa-
1550, ¥TO THOMIIATM IanTasoRNcs THma ExlsGs,S.
EPECTALBOVIOTCE B THOE MCGONHTE W
HMCOT TCTPArvSAILEYI pancIxy: a=9,51 A; c=6.17 A;
mq’:ﬂm—h_lﬁ“
sosell Tina A"LaB;"X; Tomxo xm CalsGa,S; m
SrlaGa,S,, sxramuposassnn Er, necacaosamd $oto- B
EATOADMOMMHCCICHTHLE caoficTsa [6]. Moxasaso, w10 »
JTHA WMATCPHAISY MpeoGiAlAcT HNTCHCHAHAS JCicHAS
i BOCHE.

B xpucramiax Tvma A" LaB,™ X, uoxn0 noxymm -
AyHcHEC KK B ABYXBANCHTHAIX, TAK H B TPCXBANCHTHLIX
HOHAL PEIXOICMCIRHMX 1GcMcHTOR. Hacxomaxo Haw -
£CCTHO, JEETPHIOONS, OTONKTPHICCNE H MOMHECC-
UCHTHMC LSPAXTCPHCTHNH coctuneymfl Tina Ful 0Ga,S,
¢ mocacjosssmil B macTommeft pabore opmmozaTCE
DOMHBCCUCHTHLE LAPAKTCPHCTHIH KpRCTATIOB
EulaGa,S,.

Kpucranm cocpmcull Eul 2Ga,S; 6elmn noxyscrs
5 OTESSCHHRIX KBSPUCSLX aMmynax 50 oech ExS, La,S,
d G2,5; ops MonspHos cooTHOmesmm 2:1:3.

PHC.| NPCACTRRICHM MOXTPH  HOMHEHCCUCHIDN
Eul.aGa,S;npa 77 m 300 K. Bumso, w10 cnexcrp mumywe-
HME oxBaThBacT ofasers mmE pomm 0.50 u 0.60 e
Maxcauyw IDOYSCHHS COOTBETCTRYCT NINEC BOMEE

]

P |
4
o

p—

A snn

FPuc. . Coocp doTomoummecempm
EulaGa,S, 1 - 300K 2TTK

Ha pmc.| npexcranacs coextp doromossmecnesnpm
(®JT) mosoxpacraxnos EulaGa,S;. Coextp ®J1 cocto-
HT 3 ogHofl NOROCM MLTYSCHMN ¢ MAKCEMYyMOM A=3550
M. JHCPITTHECKOC HOJOMCHNAC MAKCHMYMS [0I0CH -
Tyscuns 8 cocxTpax ©J] Be 3BECHT 0T EHTCHCHBHOCTH
soobyxacmms. Harescussocrs muryscams npe 4,=550



LM MYCAERA. ML MYTIYIOR O5 TAIHER

H ROCICHOBAHA B JABMCHMOCTH 0T HETCHCHBHOCTH Ha-
eswcn Poym e opoxransomd sa pac.2. Haroscas-
HOCTE HRIYSCHHS GO INMCHICTCE OPH HIMCHCHMH
L CHCHEMOCTH HAKAYKM.

=

/

P, oeitea’e

P ). LaBRCHMOCTY METEHCHBHOCTH MATYSEMES OT MOUINO-
CTH HAXS<H 198 mosoxpRcTazacs Eul 2Ga,S,.

Jins Toro, Srobsl BASCHNTS MPHEPONY MHPOKONOROC-
#0070 Ccacucmes 3 ofamcTe A,,=0.550 wxu, samm supa-
wcras kpicTanm CalaGe,S» En, ofmazmommse omioft B
rofl xc crpyxTypoit EnlaGa,S,; Hecacmosamme cnextpa
MUOMHICCUCHITHE DOKA3AN0, 9T0 TAkad X Nodoca obua-
py=msacrcx 8 EulaGa,S; Eu. Kposc Toro Guma mccac-
BOBaHS TOMDEPETYPHAE JARNCHMOCTS HHTCHCHRHOCTH

HLTYSCHHA.
Ha puc3 » nosynorspadusrecron Macmmabe opea-

nmmmhmm

C yscmrscHmou ToMDCPaTYPSl HMCET MOCTO TYICHHS T0-

MHHOCUCHLIMH, womaus Ex’". Mo maxzo-
oy npssoli 1gI~£(10°/T) onpenemcno iuascsme
23r
22t
T
3

o5 x
Fuc 3 TeuDEpaTYPHAS JESRCHMOCTS HETEHCHEIIOCTH HLTY-
sexmes wosoxpacrazsos EuloGa,S,.

:?nmmmp—-iﬂ
3

Bpoua pamass muayscHES TN DOSOCM HATYSCHHS
Aes=0.550 woowt cocTanmmer 0.25 wxe. Koporxoe spous
COMIA CRIMAEO TYIDCHENMN 12
C9CT BEHLTYSATCILLX ISCCICHRA BOISYMAEHILIX cOCTO-
singl [lopazox BCTNTHHL BPOMSHE 3ATYIAHHS IHOMH-
HOCUCHITHN Z5CT HAM OCHOSSHNC JAXHOSHTS, ¥T0 KOPOT-
K0BOMHOBOC MuTywcHMe ofyConkHo Sd-4 nepoiomum
wosos Eu’",
sosoxpucTaTon Eul aGa
ormemme ot B, wom

{I] T.EPeaersand T A Baglio. J.Electrochem Soc. 1972,
v.119.2, p.110-116.

(2} P.CDonckuc and | E Hanlon J.Blectrochem Soc.
1974, v.121,1, p.137-142.

3] A Garda C Fouassier and P.
J Blectrochem Soc. 1982, v.129,9, p.2063-2065.

4] GK Asdanov. G. M Niftiev, Ch M_Bresking,

V.F Zolin, V.M Markushov. ] Luminescence

198533, p.135-140.

[51 IKAcsanos Y M Bpucxuna, B.®. Scaun,
BMM I M _Hugmues, 0.5 Tazuee His.
AH , Heopr.uar. 1986, 22, 0.10, c.1630-1634.

6] A M Lozaeh M Guitiard and | Flahewt Mat.Res.
Bull 1973,8,p.75.

SM. Masayeva, MLL. Murquzov, O.B. Tagryer
ExlLaGasSyMONOKRISTALININ LOMINESSENSIYA XASSOLORI



UOMHHECUKHTHRME CROACTEA MOHOKPHCTALIOR FaloGeaS-

S.M. Masayeva, M1 Murguov, O.B. Tagier
THE LUMINESCENCE PROPERTIES OF ExlaGasS: SINGLE CRYSTALS

mm:—mﬂﬁemdw*m-mw son from 77 to 300 K
we shown. A wide - band radistion at 0.50-0.65 um (4e,=0.550 jum) sitributed to 534 transitions of the on has boen found.
The correspondmg cncrgng i 0.04 V.
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SAEKTPOOTPAKEHHE H MUKPOTBEPJOCTE KPHCTAILIOB
CHCTEMBI Hg-Cd-Mn-Te.

H.M.AJIHEB
Hucmumym @usuxu AH Asepbaidioncana
370143, Baxy, np.I" [Jxcasuda, 33
(Mocmynuno 12.03.96)

[puscsss pOYILTETM HOCICAOBMNNE COCKTPOS IBSKTPOOTPANEHMS N MMXDOTBEPAOCTM kpuctamsos Hge,Cd,Te
Hgopehdng Te Hiy yCdy jphing s, Te, BOSEPIROCTH XOTOPMT DOSBCPILING MELAHNWOXOf DOSNPOSKE B THMNICCKOMY TPamss-
[T " vh

Mwmmmmmmc—“nm

Socvell. [Las xpacTaxion fghaTe oucnena pauania coICpIANI MAPI MU 8 DpEnoBcpINOCTECR obascTs ¥ 8 ofneue ofipaua.

CrpyxTypHios COBCPICHCTIO H MPOTHOCTHRIC Lspak-
repicTied maTepiatos HK roxmsns so msorom omope-
ASTBOT CTONCHE HX MPAKTHISCKOID MPHMEHCHNRS B Ka%5e-
crse Npeesomos Naysesms B npouecce wmexammmec-
xofi, unEccxofi B gpyrux oSpabotox moscpimocTm

. L o ¥ tur
Fuc | Coextpsl 30 07 DOBEpIHOCTER KPHCTLLIOS
FHgCdTe (s), HgMnTe (6), HigCdMnTe (»)

| - ECTOIHAS DOSEPINOCTS,

1 . MCTANWSOCKRS OINPOSKE,

3.4 5- COOTBETCTBCINNG

0,13; 0.33; 0,40 oo (a),

0,13; 0,3%; 0,70 saxu (6),

0.07; 0,13; 0.33 soou (3).

Ha pac.] opeacranncsid cnexTpsl 20 0T Doscpiso-
creil obpasuos HgCdTe HgMnaTe m HgCdMnTe, non-
SCPIHYTRE WCIAHNSOOKO# DOIMpPOBKC ¢ YACTLHLIM JAB-
nesissesd Ba obpascn 25-40 Now?, 8 TaKEE DOMBCPIHYTMX
OOCICAOBNTEILHOMY THMIICCKOMY TPARICHIIO B PACTBO-
pe 2% Br; + 98% Hir.

Hs pic? nokasaFil MMCHCHES AMIDINTYM [HEK0S
30 u napascTpos yINpaERS 00 rIyGuEe Tpasackms, 2 8
T30MMIC PHBCICHM POYIRTETH IDMCPCHER WMHEPO-

Puc 2 Hoscscnns sMnauTym AR/ R (nsounnde DHEme) |
OEpEMCTPS YNpoRs J (TyMKTHpsec T ) oo -
Tpa 20 0o rayGeme SApYIDCHEOID CI0M PH MEXa-
mwsecxofl noIMposKe kpecTaiaos HgCdTe (1),

HgMnTe (2) m HgCdMnTe (3)

TecpaccTell (H) RaEELX KpecTAIIOB B raybes (Z) wme-
LAHMIOCKHE HADYIDCHHME CIOCE, OOPRIOBAHHMY mpH no-
IHposke.

Tefimma
Tnzsesmn uExpoTSepsocTell B i rayGun wetsmmerss Ea-
pYmessn caoes £.
TRCpINR E xrfs! £, wxm
.- 34 0.7
| HpCdTe 40 04
(HgCdnTe | 47 03

COOTBETCTE YoM
semrmn xux HgCdTe m HgMaTe. Ha nepasli sarmx
Exsagocs Gai, TTo mpEcyTcrase Mn (3 Hamew caysac
sccro 001 ar%) » HgCdMaTe mommmo mecxomxo
YMCHLUINTE MHEXPOTBCPAOCTS, TEK KAK JHSTCHNC MEKDPO-



LIEKTPOOTP ARKEHHE H MHKFOTBLF 10Tl KFHCTALION CHCTEMM He Cé-Me Ic

recpaocTn HgMaTe zamcrno wesmme, wou y HgCdTe.

OpcELEnSeT

HghinTe, a royGums BapynesHBoro cios, COOTBETCTBEH-
O, JIHITHTCILHO HHEC. FOMCPCHMLL [i3MH
aeyx nspawcrpos § B Z xmx HgCdMnTe mexotopand
obparou nogofEo NoBCIIING W APYTHX NAPAMCTPOS, B
ASCTHOCTH, KOXPPHIDICHTS PSCCCEHIE, KOTODME, Kak -
BSCTHO, I CIEABA He sRamcTes OpocToll xowGumaipch
STHE KopMIGICHTOS TN KOMIIOHCHTOS CIIIABS.

B cocxrpax 20 xpacramaos HgldnTe nocae Mx wexas-
ssccxofi DONHPORNKH H MOCICAYOURT? XHMESOCKOID
Ipaanewey NOSSPIHOCTH Hafimoxancs caper maxa Hs 80
s2B 8 cropomy Gomumx smeprafl, xoTopsilli momer
Oy caman ¢ ePOPMANOHNAME SRICHRIMHE B (OSCpL-
BOCTHOM CIOC M ¢ YMCHLICHROM COACPESHNST MADIAHIL
8 olncue 00 CPasSHCHNIO ¢ HOHASAMLEOR OpEDOSCPIHO-
cinofi ofascruo ofpaua, cawrofl opu nomsposxe. On-
HAKO TOT §axT, 90 cxnmr maxa S0 NpaxTHISCKH coxpa-
HACTCE H OOCHC MHOTOKPATHOMO THMESSCKOrD TPasic-
HitY, (OSOPHT B [(OMLIY BTOPOro B3 yEmamngx daxro-

pon.
B pafore [1] onicmanoc poIxoc BOIPACTAHNC HCP-
ol BASSHTHOTO YPOoRHE £ OPH YBCIHSCHHMH COKD EAHHE

saprasma » HghfnTe. Mlogobaas sanmcaocTs &, 0T x
Hueet MocTo B s HgCdTe, oppuaxo mum HgCdTe pemm-
THHS JHCPITTHIOCKOID 3430pa £, HIMCHICTCE ¢ COCTE-
sou nowTH B 1 pada meanenmee, 9o T HghdnTe, » can-
3 ¢ 9eM Cpara maxa 0 OpE DoAMpoRE: KpECTALIR
HgCdTe ne nabmoganocs.

Ha ocsosammy XOMIKHTPAIMOHHOM IJARNCHMOCTH
JHCPIHHE NCPCXOAA

Ei(x) = 0,414x" + 1,065x + 2,12

o Higg g Mng s Te [2] no copsry mma 0 Gama oncscsa
PAIHHILA CONCPEAHNE MAPIAHIIA § OPHEOOBCPXHOCTHOH
ofaacte 1 5 ofscmc ofpaua Ax = 0,07. Bommas scpo-

E npunoscpimoctsofi ofmacTh, porymaTaToM xoTopofi
saaweTes omEr mxos 30 HghaTe nocas ucxammrec-
KOfl DOAMPORKH H THMHWSCKOl0 Tpastewms, ofnacuscTcs
MAIOCTLI) PANMYCOR STOMOR MEDIRHILA NO CPABHCHMD C
KADMHOM, MCHRIIHM IHASCHMOM BOUTHHL BLaEM0 3 AT -
BHE B KPHCTAUE, ONPCACINONKTO BECTHOCTL MCEATOM-
HAX camefl B PACTIOZOMCHECM STOMOS MAPraHIIA B BIX
PALTHNEAIY THNOS KIACTCPOR. ITH Xt $AKTOpM onpens-
AEIOT B MCHLIIC: THASCHNEC MEXPOTBCPAOCTH (COOTBETCT-
scxmo, Gommes uascHRe CIyOHEM MCXAHNICCEN HApY-
meusoro cuos) HghiaTe no cpasmesmmmo ¢ HgCdTe.

(1} HH Issuns H M Ijséunzoscxud Yonden nayx,
1985, 1.146, samn. 1, ¢35

[2] L P.Avakyants, S.V. Aleksandrovich, E I Veliyulin,
AD. Efimov, EN. Kholina, V.A. Chapuin. Sov phys.
semicond. 1990, v.24, Ne 1, p.117.

M. Ofiyer
Hg-Cd-Mn-Te SISTEMI KRISTALLARININ ELEKTRODKSETMO VO MIKROBORKLIY]

Sedhlen mexaniki T Te irsallanmus clektrosksetme veo mikro-
cilalanmsy ve kimyevi aphamsy HeCdTe HegMaTe HeCdMs

cpkbkbrms adpgauun sstcelen verknmds .
Ly ooiga hide

pmbinm mikroberkike korrelys-

olaommydar
Flghta Te brsallannm sethe yaun Bynda ve bscmmds mangann migdan grymetendirimgdir.
LM. Aliyev
ELECTROREFLECTANCE AND MICROHARDNESS OF Hg-Cd-Mn-Te SYSTEM CRYSTALS

Thes paper presents the results of mvestigation of dectroreflectance spectra and microhandness of HgCdTe HghinTe
HiCddinTe arysialks, the suafaces of which were subjected to mechanical polishing and chemical etching The correistion of the
depibis of mechanscally damaged layers arystals with the magnutude of ther microhardness is observed.

Near the surfsce layer and in the volume of HgldnTe arystal M content was determined.

Pedaxmop: EI'. Tazwrs
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ALETOHHTPHJIA B IUIASME TAEIOWENO PAIPAIA

M.M. AXMETOB, M.K. KEPHUMOB

Cexmop paouayuonmix uccaedoeanui AH
370143, Baxy, np. I [Ixcasuda, 3la
(Mocmynuso 17.01.96)

ECOCPANCHTLTANG FOTANORIEHO, ¥TO B [LICHKAL, NOTYHCMMLI DOIMMCPHIasiell SUSTORRTPELS B I41M¢ TICIOMED PAIPEIL.
AW THDYIOCE CTRTACH HPOTEXSNHS TOKA B MEXTPHSCOKHL Noasx £25 (4 B smameTcs TepeonsexTpossias umoces Llorrom.
Hy oicsact o reMOcpETYPHAT MMBHCHMOCTSH TEMBOSOID TOKA B (ICHKAT HPH KOMTEKTE ¢ J00TMMEN MICKTPOLAME ONpeIsicHa

s Gapecpa HA TPAHNLS METRLI-DOIHMED @e=0.54 3B.

MNommecpmaipis OPraEf9ecKHI MOMCKYA B [UINIMC
(81080(0 PAIpAlA IRANNCTCE OSHHM 3 HamOomc: Opo-
TR M SOCTYNHAD METOSOB MOUTYyScHEY TOHKHY NOXH-
wopsinix nucsox. Coamdersecme cpoficTsa Taxmx muc-
BOK, CREDaNNRC ¢ OCOGCHMOCTIME HX CTPYKTYPAI, Nps-
EEKAOT MPECTALAOC RHMANNE HOCICROBATeN ¢ TOY-
KM IpcHEE HX OPSETHSCINOIO NPHMCHCHHS B Ka%9ccTRe
JBCHCHTOS AECKTPOHBOM TCIHMEM H MONCKYINPHLIT Tpc-
sSparoastencll sacpram [1-3). Ocobufl mTepec & 1ol
CRDE UPCACTARNNIOT IICKTPHWCCXMC CBORCTES [LICHOK,
GOSySCHHRNL B MOlAlde Ha Harpesaemoffi mozlomxe, xo-
FAS B DOMEMCPC GOPMHPYIOTCE CHCTOMM CONPEECHNAIL
Ecl, CYINCCTECHHO DOBMIANIINI NCKTPONpOBOS-
HocTe # $oTonposoTuocTs Nuesox [4] Hiyysssme saex-
TIPSO caoficTe ITHI MoK [MARHMM obparou cas-
a0 ¢ BuscHeslod ocofcamocTell nepenoca BocHTENf

Nomsucpenams ANCTOMNTPHIA OCYIECTAINISC B
rECIomeM paspaae nocrosEsore Toxa 10 AAC npa xas-
acsngn mososcpa 133 [la 8 xaMepe BAKYYMBOTO GOCTS
BYTI-4, opessapeTemEo oTxavaEnoll X0 ocTaTOSHOO
saasesmes 4-10-3 [1a. TeuncpaType NOXTOEKH, KoTOpas
COyRHI TIKKS HIONHEM ACKTPOAOM, PO yIHPOBAINCS ©
oMLK BATPCBATCIE B HETcpBaae 473-573 K. B xave-
CIB¢ DONIONNH HCNOILIOBATNCE KBSPICEAIC IUISCTHMKH,
Op<iBIpHTCIRED TIMATCIRED MPOMMBABRIIRCCS B ALCTO-
He, TPHNAOPYTHISH: H B INcTHImNposamsofl sogze [lo-
JTO{0 HA [MACTHEKY HAMMTENS MCTRLUm=Sccco
WETPOA ¢ DoCiexyomedl nomnepinamell MosoMeps B
HAMLUICHNSCM BCPANCTO 3cxTposa. Bee mpouexypu no-
AMMCDSNAIEH, HAHCCCHIY BCPIHCTO H HEEHCTO MCXTpPO-
o8, 8 TAKES BCC IICKTPHICCKHS HIMCPEHEN POSOE-
ik 8 BaKyyMe 663 IPOMCEYTOTHONY KONTAKTE © BOLTY-
tos. Tomupu:s MACHOK KOHTPOIHPOBANACE MHKPOHHTCP-
gepouerpon MHH-4. Hasmcpamis noscsax u Tounepa-
TYPHRX JARHCHMOCTCH TEMEOROIC TOKS IPOHIRO THICE

8 SBTOMATHICCKOM PCEHMC HE OCHOBS KOMIILIOTCPHOTO
ynpanacums # obpaborxn paymTaTos.
Ha puc.]. npuscacsa BomBT-summcpHas IsSpaxTop-

xe U 3sageune HaxnoHs SocTarast n=|.73. Taxoa of-
palos, 5 06IACTH HMNKHI HANpEEcHNll TOK, ODpoTCEaN-
upifl scpey oSpancil. HMMECT oaFIccKHEl XApaKTep, TOrAa
xax » obaacTh saicoxEn U osgreccxmil XapaxTep nposo-
JGIMOCTH HAPYUISCTCH 8 Bomrmins Haxnons BAX I<n<2
YERIMEBSET HA TO, TI0 B JaEHOR ofoacTh Hanpwxessdi
TOK HC OIPAHNTHBACTCE MPOCTPAHCTBCHHRIM IaPIAOM.
06 7ToM Ec CBHIACTCILCTEYCT JABNCHMOCTE TOMHOBOID
TOKS OT TOMINMHL [UKHOK, NOTYSCHHLY OpPH OXHHAKO-
508l TOMIEPATYPC NOMMMCPEDAINEE. Y CTAHOLKHO, I0
IABHCHMOCTS BEINTHEL TOXS OT TOMNDENA MIISHKH TEX-
e OmMCchBacTes cTencEnofl dymnmsell ¢ noxazaTenew
crencam 1,71, T.c. onums me mesmame 2-x.

b &4

&

er

Fuc. |, BomT-aMnepuas TADAXTCPHCTHES [LICHIONL DTy~



ASKTPINCOD. NO3CH OIHOIMATHO CRHACTUICTBYIOT,
IO GOMHTHPYIOWCH cTagsel NpoTexaHHY TOKA SRISCT-
A HC OPULISIC OCPTHOCA HOCHTOICH TOKAa, A OpOLKXC HI
(CHCpALH & Domucpe. Taxm obpalos woxHO npcano-
SOXHTE, 9T0 TouHosofi Tox GymeT onpeacmamica mabo
scrssdon umocuit Lo, mbo mexamnuon Top-
sonomcaofl rencpapn [Tyns- Opeaxens. B coomsercr-
Bis ¢ o5OHME MCLANMAMH BMPANCHES IS TOKa HMe-

ot 8ea 6,7
F
J=AT'?E M]
kT
- X% TepaosREexTponsofl sumccem LiloTron, w

FT=J ﬁét;_'e]

- Znn wexamnua [Tyas- Opesxenn,

(3 A - DOCTOSHHaS, F - HANPLECHHOCTS OPHIOKCH-
HOFO JEXTPHYCCKOIO NORL, @ - BacoTa Gapscpa =a
TPAHMIK DOSMMCP-MIEKTPOA, @.- NOTCHIDIAD HOHMIS-

) r
e
m.]”-muhm

mmﬁﬁ[

e.i

ﬁrr:[m

v

T = 2, - xooddupecnr Myma-Opance-

mﬁnqﬂmm:m
1gJ-U""", pHBEACHIELT 18 PAVIHTHLX TEMTCPATYP H-
MCpCHMA. JHAWHRE NAPANCTPa S PACCIHTARNLIC 10 Ha-
EI0HY ITHL JABRCHMOCTS NpHpeacn 3 Tabmak |.

TREnCpRMCHTAILALS TaSCHNA NapancTpe § 8 conocTEasEHER
¢ pacserabinE B Mogeanx [lotro u [1yas-Ppesmcean.

Tounepatypa Isascume napawerpa § (5B wi7B7)
ofpasua, K FCTICPHMCHT . T pacucTHOE,
Sor
314 I.67-10% 1L&5 104 330105
350 168103
3 1,7310

Baame, TTo moncpmecHTaBsas scormma f Gamse
K iHascHIN napascTpa fh, ONBCHUBAIINETO MCLAHIIM
Wormon. Omuaxo, pasmals Mexxy scmramaws 5; & S
TeM HC MCHCT HC CTOND CYIMECTBCHEAS, TTO0M, OCHOBLIBA-
S0 TOOLKO HA YTHX IAHHRL, OXHOIHINI0 YTRCPEAATE O
COOTBCTCTEHE LAPAKTCPS MPOTCKAHNY TOKA B [OMMMC-
PHDORAHNOM B [LISIMC AUCTOHNTPEIS MCIAHIOIMY TCpao-
snaTpoHEBoR sdmccHH LloTnas

M1 npsscacmn opay BELIHO, YTO BCINTHHEA TOKA
I CPMOIIEXTPOHHOE IMHOCHH JARHCHT 0T paboTa Emxo-
As JGCETPOHS 3 MCTAMIS, JPYTHME CIOBAME, BCTHTHHA

55

TOKS 38BHCHT OT MaTCcpRALa 3acxTpoas. Kpose Toro, ec-
IH TOX onpegenscTcs mccicl oo, To » Janscmdo-
CTH OT PAIHOCTH Pa6OT BAXOZA MATCPHATOS COOTBETCT-
BYIOMHL VICXTPOAOR HIMCHCHEC MOINPHOCTH IECKTPO-
Aos poxxmo obycaonmmsars cmer BAX Ha mecxomuko

FPuc. 2 TasncemocTi TEMBOBOM Toxa (| -46)

g (S)or 7 YL 1-314K:2- 30 K: 3- B4 I
4-4BK
4
-8F
4._\

?
ﬂb

5
Iz} 2

2.5 T = o

FPuc 3 Teumeparypsssc JasncusocTs semewud J/ T° ops
O=008(1 x1B(2): 2ZB(3); 4B(4); EB(S); 12B(6}); 16B(7).

Hamsrme IasBorc MCISHHIMA DOITBCPEISCTCE Tak-
EC BOCICIOBAHMCM TOMOCPSTYPHRD JAEHCHMOCTON ToM-
HOBOIO TOKA OPH PALGHTHAX HANDOECHELX Ha ofpaine.
Hb musnuy, npesesrssx Ba pc. 3 caegyer, o ¢ no-
BAIDCHHOM OPoMsHHOIO Kk ofpanly AEETpHSSCKOO



HANpEECHNES HAKIOM JasucuMocTell lg(J/T)-10°/T
YMCHANSCTCE. JT0 OIHSYACT YMCHAIDCHNC JHCPIHH AK-
VMBI OPOSOMMOCTH [LICHOK ¢ POCTOM HAMPIKCHMNE
Ha obpaue. B coorsercreEm ¢ mexamnaos [Lornm,

B3CT, IO JABHCHMOCTS JHCPIMH AKTHBAIDIN OT HANps-
Aownd SNCTEHTEIMHO HMECT BHY OpEMofl, MpeacTanmes-
ol s xoopmmaTax (4s; U'7), xoTopas noxasana ma
pusc. 2. Owcrpanonmgicl YToR JABNCHMOCTH K HYECBOMY
HANPAECHIIO MOXKHO ONPCACINTS BhicOTy Gapscpa Ha
{ PAHHIIC DOMMCP-3030TO, KOTopas cocTansna 0,54 3B.
Vpanscsne Toxa g wexamnua [lorno noxaiuma-
€T, TI0 (P HyICeOM JEAICHHE HaNpUEcHES Ba obpaiie

=f£ (U ") nps pauIrOnIX TEMDCPSTYPAX B ICTPAMOMN-
PYA 3TY J2BMCHMOCTS K HYICBOMY HANPEECHMIO, MOXHO
ONPCACAHTE 1IHASCHEC TOKA OpH U={0. TounepaTypsEas
JARHCHMOCTE TEMHOBOIO TOKS OPH HYRCBOM HAMpINC-
HEH H23 obpasue npuscarsia Ha puc. 3. Jucpris axTHBa-
o, HafacHMAs 00 HAKIOHY YTofl 3aBHCHMOCTH, pasHa
0.54 u onpcacaseT ACACTRHTERLHYIO BhicoTy Gaphepa Ha
rpamaye Domaep-meTaumn Orseren, ¥ro Hafinesnas
anicoTa Gapecpa coanagaeT ¢ pemrmHOR, onpea-acHBol
BAINC H) DOMCEAIX JABHCHMOCTSH TOMHOSOIO TOKR.

patpiia HA Harpesacuofi NoXIomNe, Mo Kpafscl wepe B
TouncpaTypsoft obasca 300-420 K, onpeacasercs mexa-
HHIMOM TepMOoLIERTpoaEEOR vmeoaH lloTram.

ii] BC Munmxos
JL Xonumw, 1990, ra$, c. 215,

{2] N Imagoki K Mitsuuchi J. Polym. Sci.: Polym.
Lett. Ed., 1984, v. 22, Me 6, p. 6301.

Bl T Mwaa Y. Ohara Jap. ). Appl Phys., 1986, v. 25,
Ml p 53

4] K Cuson, ¥ - Andpe Momexynspsnse noaynpo-

pomunm. M., Map, 1988, ra_ 5, c. 286.

(51 G Guasavino, H. Carchano, A. Bui Thin Solid
Films, 1975, v. 27, N 2, p. 225.

6] K Kaso, B Xyasz [llepesioc 3exTposos B TRCPAMX
Teaax. M., Mup, 1984, 1. 1, c. 350.

[Tl B Thomas F. Krishna, S Jayalekshomi J. Phys. D.:
Appl. Phys., 1988, v. 21M 2, p. S503.

MM, Shmadov, MLK_Karimov

ALOVSUZ BOSALMA PLAZMASINDA ASETONITRILIN POLIMERLOSMOSINDON ALINAN TOBS-
QaLaRIN KECIRICILIK MEXANIZMI

Toecriiba clirag mioyysalbydiriimigdir ki, asetonitrilin alovsuz bosakma plhzmasinda polimeriogmesinden skman nazik teboge-
bidon careyaam kepmesy, clekink sabesinm -5 10 Biam -dea biyik qrymmtermde Sotiki iermockkiron cmssiyan e bidud-
sektrodbria kostakt haknda qaranbq cereyama saboden ve tcmperaturdan aubbghnodan metal - polimer serbeddinds barverin
siadiriiys to yin cdikmigdir (¢ = 0,54 V).

MM. Akbesedor, MK Kerimov

CONDUCTIVITY MECHANISM OF FILMS OBTAINED POLYMERIZATION OF ACETONITRILE IN GLOW
DISCHARGE PLASMA.

it s experumentally establshed that m films obtamed by the glow discharge polymerization scetonitrile the miting stage of
currend flow at fiekds above ~510% Biom is & Schottky thermoclectron emission. The dominance of the Schottky mechanizm is
coafrmed by the use of dusimiler - dectrode configuration. The barrier haght (¢ « 0,54 ¢V) in the metal - polymer interface
from dark current dependence on voltage snd tempersture i the films 8t contact with As - dectrodes is determined.

Pedamop: P_P. MNyceiwoa
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POTOMIOMHHECLEHLIHA B TBEPALIX PACTBOPAX Tla;.La.S; (La - Gd, Er)

C.X. ATAEBA, H.I'. JAPBHILOB, A M. NAIIIAEB
Hucmumym @usuxu AH
370143, Baxy, np. I'. [Ixcaeuda, 33
(Mocmynuso 14.02.96)

Hosegoaans goTomOMNBECICRDS 3 TREPAMI pacTRopax Tlin, Gd.S, » Tlis, Er.S; B ofSoux xpscTaxzax aps soobyxaemm
mndmnﬁm-m“mcmm‘m:m:m“
227 B meepmix pacTeopax Tling pGdyoS; mpe BooGyaacsm caetom i ofascrn 4=320-390 wu opu T=300 K nosmascrcs mapo-
E4 DUSOC INTVHCHRE C HOCKOIANHME MIKCHM YMEME T3 (O30CS CRENAHA ¢ BRYTPHUSHTPOBMME NEpeXolsuy Nosos Gd'

Soromossmccnemms  (OJI) 3 cocpmcsmm  TlaS,
myysens o paborax [1-3]. MMpa cuafou coberaemmon soa-
Sysmscsom ofmspymens @J] Tomxo » EEppaxpacuofl
{Hlt}uﬁmnm[ll.lq-mmqh

Hos BodbymaceEm

[lo pesymraTas pabor [4,5], 8 cicTese TInS,- TILaS,;
(2 La - Gd Er) obpasywrcs Tecpmc pacrsopss Tlin,
GJ,S,MIHM.S,MM}

B sactosmeft pafore mccaeamyercs ©J1 3 Tacpaux
pacrsopax  Tlm, GdS; (0sx<004) = Tlm, E.,5,
{n,wl-u:s:i.lu B2 ocmose TlmSe Hecaemgoeamms @J1

HE MONOXPHCTRLNNSCCKHX obpawmax Tls,

GdS; (x=0; 0,01; 0,02 0,03; 0.04) m Tls, Er.S, (x=0;
ﬂﬁﬁl 0.0]) supamesnnix weTozoM Bpsuomscsa-Crox-
Gaprepa s mmrepsance Teunepatyp $0-300 K » cramso-
saprios peaanec (6] Herommxaun cIym-
2n aasmd JKCIJT-1000 m 1000-5. B xasecTse ommerse-
oaEx  OpaGopos  ECNGMLIOBANNCE
JscmTpal M MoHOXpoMaTop SPM-2 1 HKC-12

Ipu

soofyxarsE TBEpAMX pacTsopos Tlis, Gd. S,
O=0; 0.01; 0.0 0,03; 0.04) m Tln, Gd.S; (x=0; 0,001;
4.01; 0,02) cacrou 390-600 Bm npe T=80 K mafimoxsercs
oI 0OZ0Ca HALTYICHRS ¢ MaxcEMysos 1.4 3B (mozoca
B) u nosymmpssiofi AF=036 3B, mnrencsmasocts xoTo-
poli ywSHLMacTCE ¢ POCTOM X H Haxosenl mpe x=0.04 u

=002 ofoAx EPECTATION DONHOCTRID HCICIICT
(pisc.la). Maxcauyu coexTps Zamnofl no-
Bocul cooTeeTCTRYCT 475 B (B e 1 3B), a noay-

wsapama e AE=0.56 3B ® Be 3amBCHT 0T cocTass Teep-
2 pacTaopos. C ysemracHEOM TOMICPaTYPR! Dodoca B
OOMHOCTLID racuTed (pic.2s, xpuntie 1.7), TeumepaTyp-
HA JASHCHMOCTS HHTCHCHBHOCTH DOXTHHSCTCS MPaBITy
Morra, no xoTopomy HafiIEHL SCPINH AKTHBAIDSH
npascon passnse 0,11 3B = 0,15 >B ym cocrasos =0
0,01 u 0,02 TlUn, ,Gd S;,m 0,15 3B- e cocrasos x=0,001
# 00] Tlia, Er S, cooreercracaso (puc.26, xpemae 1.7)
Croscosuifl cmmr 1o xpacsofl MOMMHCCICHIDIN pabes
£.~1,24 3B. Hivcacrme HNTeHCHRROCTH Bo3byEamome-
[0 HUTYSCHIS B HSCKOILKO PA3 HE RIMSCT Ha COSETpam-
=l cocTas OJL

Tling pyidy 45y CBCTOM 320-380 HEm opm:
300 K npHBOMNT K DOSRICHINO HHTCHCHBHOR mmpoxoill
NoNOCH HUTyScHNS ¢ MaxcEdywos 2,26 3B (b - mearas
nofoca) B yixofl - ¢ maxcamysos 2,56 3B (A - roaybas
nosocs), 8 Taxxe nosocs ¢ maxos 1,98 3B (T - nosoca).
iTps yscamscsnm x nosocsl B B I cscmamores 5 wnmmo-
EONHOBYI CTOpPOHY chexTpa (psc.16), Toraa xax nosoca
A no9TH e weaseTes. [[mw coctasa x=0,04 noaoca b co

A

2) ops BoNGYE AN CBETOM LTHNL BOXNM A =
=470 mu (T=85 Kk | - x=0; 2 - x=0,01; 3 - x=0,02
6) opm CBCTOM LTHMM BOXHM
A =3 ot (T=S3 K | - x=001; 2 - x=0 04
B) nps pOOSTRACHER CRCTOM LD BOMNM A~
=30 (T=85 Kk | - x=001;2 - x=004

orsercrsyer 2,20 3B, a I - 1,90 3B, xpose Toro, » coex-
Tpe DOSATNIOTCS JONOJHHTeILELe mae npu 1,98 3B (1
- mosoca) & 2.2 3B (E posocs), B pacTer HHTCHCHRHOCTS
HLTYSCHME B UHBosoIHOBOR WacTH cnexTpa. [Ipa
VMCHR IR TOMTICPATYPM CNCKTP JemeHol Do3ock -
ayscems cocrasa x=001, a Taxxe nosocs b u I cuema-
OTCH B THHHHOBOHOSY CTOpOHY (KpacHas mogoca), a
O0o3oca A - B KOPOTKOBOIHORYI, B Op# 85 K nosamsercs
JonoammTom.Eas nosoca mpE 1,52 3B (K - momoca)
(pEc.18). ABaAZOIWMHOC CMCIICHNC H B
coexTpax coctasos 0.01<x<0.04. dax cocrasa =004
nps 85 K nomoca A coorsercrayer 2,7 3B, a B pacmen-
ascTcs Ha gpe nosocst 2,02 3B (B’ - nomoca) m 2,14 3B (B

- nozoca). B ofimacrn 85+300 K reumeparypill xood-
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QEIUICHT CMCIICHNN I8 DONOCH A cocTammmer

._‘-----.
= P —

Fuc 2 3) ToulepaTypemic SEBSCHMOCTN HETEHCHEROCTEE
mossccuesupm 8 Tln, (Gd.S, u Tln, Er S,
(At =470 1, A, =F90 HM) B JBHCHMOCTH OT
CoCTans xpscTagaa:| - x=0; 2 - x=001; 3 - x=0,01
Ank TURy G 53 (A =330 1ma, A, =536 mu);
4-2=004 mum Tling Gd.S; (A =330 mm,
Ao =586 mu ),

1
) ammcemocTs 1 J—-l}am
-

| -x=0;2-x=001.

Abw,
B -f—u‘--*s,s-lﬂ"aﬂft. XOTopuifi cOBMAXaCT ¢

(OMOCPATYPHMM KOpPHIDICHTOM [MHPHHL IAMPNCH-

uofl 308M TUaS; [7], & Touncparypmull xosddsuicaT

mmﬂ,-%--hz-lﬂ"'u/l.
Hmmeasomeocns nosocu B npa ywomunoom Tounc-

parypst or 300 K 20 240 K cassams ywcsnamscrcs, 3 »
ofzscte 240+100 K ocracres Bomnmcmofi. Heteson-

HOCTE 0030k A 8 TPH PaNa MCHLINC HETCHCHBHOCTH 00-
mi-m-ﬂmmmq‘;ﬂﬂ-
ECHIG TeMnepaTyped o1 300 K 30 85 K. Liser xpacrazm
COOTBETCTBYCT 3MCPIHE HATYSCHEE NOAOCH.

ANATD JECICPHMCHTAILELI PEIYIATETON MOKSIA-
m.mm!m:pﬂ—-u:lnp
HOB AOHOPHOIO yposis, oTcTommero or C - yomu ma 0,1
- 0,15 3B ¢ mupxasm

Befl 3 anpemesmiofl some TS, pacnomOmeSsIIT Ha
r:yﬁ-r.l.hl.lfﬂlmmﬂ,n-
BecTHO &3 (8] Yranammmfl coextp ©J1 maysesms mabmo-
JacTol mams opR ciafou cobcracamon

Kax omueseno suame, nosocs: A i 5 (a Taxcme T, X,
E. JI) mabmozaioTces mam npe sos6yxcEms
aos Tla, Gd.S, cacros Ecprem ¢ 3,26 - 3,87 3B.

Emmmﬁ:_“
ﬂmm“lﬂnw
EOEIINCHTA CUCINCHIS NOKAIALBAIOT, TT0 OHS CBEIA-
Ha ¢ Mposofl pexoubEHAITICR aobopnux BocHTeel. Ho
H3-33 OTCYTCTBHEN DOEHOIO GIEKTPa DOMOCH A TOMHOCTL
OMPEICICHME HATHYME HIH OTCYTCTRES CMCINCHEY [MHEA
A ¢ pocTou x o9cEs mInKa (pec.16). Yasrrusas wro m-

9T0 BOHATHTOILHOS CMSIIEHHE DOI0CH A HMCCT MOCTO.
Hamrme nosocu inayscms b mam » cocrasax ¢ x>0,
OTCYTCTRHC TOMOCPATYPHOR JAAHCHMOCTH M HETCHCHE-
HOCTH 8 ofascTi Toumepatyp 85 K < T < 250 K (puc.2,
KpHBSc 3.4), POCT ¢ YBCARSCHMOM X, DONRACHNC TOMKOR

(1] 33 Asuee Ant. mscc. x §. u. 1, Baxy, 1990, c.21.
(2] FP.Bawmpasonac, A Kyxaycxac, H 3eiimaros, 3. Ky-

AH CCCP, Heopr. warep. 1993, 7.29, M 2,
c.181-182

oxwmsc. OTIL, 1983, 1.13, No 10, c.1898-1900. (6] Sh M. Efendiyev, NG Darvishov, V.T. Gab-
B3] Teshihro Aral . Jun Aoyebe, Jashiro Maruyama, rielyan. Phys. Stat. Sol. (a) 1984, v.86, p.105
Scinosuke Onaki, Kerim R. and (7] T H Abymassbos, C.I" Abdyansesa, H M. 3ed-
E Bairamova. ]. Appl. Phys. 1993, v.32, 5. 32-3, masoe OTIL, 1986, 1.16, n.11, c.2086-2088.
p. 754-756. B] A3 Baxwsocs C.P. Cawedos, M. Bemaren,
4] 3.M Iodxaee [l ]l Baiipauoce, CJ] Masedos, B 3. Beaues, C. Bysec, BH. Tazupoe ®TTI, 1983,
AA Tysues, ©.I1. Nodwcaesa. Han. AH. CCCP, T.17, 8.3, c.493-496.
Heopr. matep. 1989, 125, N 1, 21-24. [ Kanesoods Jlasepemae watepmamy. Hiz Hayxa,
51 CX Azsesa MX Asuesa 3 M. Nodxcsese His. Mocxsa, 1975, c.256.
SX. Afayeva, NH. Darvigov, AM. Pagayev
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SOTONOMBEECUEHINS 8 TREF WX PACTROFAX Tl oLaes (La - Gk Er)
S.Kh Agaeva, N.G. Darvishov, A M. Pashaey
PHOTOLUMINESCENCE IN THay .l 8.S; (1o-Gd, Er)SOLID SOLUTIONS
The photoluminescence in Tlin, ,Gd.S; sad Tl Er.S; solid solutions bas becn mvestigated The oaly one band with the
vatsnem 3t 4=350 mm whach completelly daappaan with moreasing ¢ bas beca obscrved i the both crystak at the excation with
A=390-000 mm. Al M0 K = the excitation region of 4=320-39%0 am a wide intensive radiation band with several maxima has been
soveaked m Tling (7d, S, sobd solations. The above band & anributable 10 miracentred tramsitions of the G o
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CIEKTPBI AJJEPHOIO MATHHTHOIO PE3OHAHCA CHCTEMBI H.-GaSe

T.P. MEXTHEB
Hucmumym @usuxu AH A
370143, 2. Baxy, np.I'. Jowcasuda 33
(Mocmynuso 16.01.96)

Bmmlmmkmmxlﬂmo—-mm»
Jopoios. YOTIROAIONM BEINTHES MEXNPOTOMNOND PACCTUSMN, OPNCHTILINS NPOTOMHAT N8P M TENCpCRONL TspaxTep man-
=OSCICTENN © CCSCHAME CMENHAMT 3068 [[OTySeHNSe PEIYIRTITH GOIpOoiNG ARADINPYIOTCE B CPEBNCHEN © HMEIOUDBINCE Tyh-

eetpbeoriandid A T e b ROH AEMH

Pouymi TaTil SCOCpHEMCHTATRHLY HOCICIOBAHRRA Opo-
Tormofl HNTCPKATNIDN CIOSCTRIX Py
AP, » wacTHOCTH concsta ramme [1-6, 8], yxassmasor
HA CIOAYIONINS OCHOBHLIC BhiBO I

- POCTPANCTBCHEAS [PYINS CHMMCTPHN KPHCTRIUNE-

SSCKOfl PADETXH B NAPAMCTP ‘2’ HE MCHEOTCL, 8
OApasMCTP T MCHECTCE HOHATHTCILHND,

- BHCAPCHIC OPOTOHOS OPHBOIHT X YRCINICHHIO BHH-
3OTPOMHE ICKTPONPOBOIHOCTH (o) /o),

- (P CTEnCHR RETCpEATuGs: —4- 102 w! xounesTpa-
s ceobo/pmIx HOCHTERCl YMCHLINACTCS NPHMCPHO

MOCT COMPOTHRACHHS OT
- 8 coexTpax AMP H,GaSe IBc KOMTIO-
ACHTM, DOBCACHNC KOTUPAIL B TOMOCPATYPHOM HH-
repsasc 100-370K onpeacmecT, 00 HHTCPOPCTRIDN
SETOPOS, CYIIECTRORAHNES KBaIBCBObO N0 B KBS-
THCRENAHHOND COCTOSHEEA MPOTOHOS B KPRCTALIS.
Cacxyer oTMCTHTE, 9T0 HHTCPEATEDNS EPHCTALION

GaS¢ DONTSSPEEACTCE PANHOENOTONMLLY METOZOM HA-

nis.

Hatcpuperaigis DOyScHMMX PCIYALTATOS, MPCImo-
ETHMAY ANTOPAMM BLODCYXALAMELIT paboT, ZocTaroumo
C4CEMINE M CRNIANS ¢ Dpeanosoxesmey of e menm
nepexpmaEEd BOMHOBLY GvHMA aTOMOS CcOCEMMMY
caocs (T.c. ccACHOS) B HAnpasdcHEM ook ‘C xpscTazma

PALS CBEMESCTCE O CuomcHmoM ypomas Dopum K cope-
ZEmc SOpCncHHofl J0HM, BCICACTENC EIRHMOICRCTRHN

YCTaHOANCH $AKT, 9T0 OHH CTPOMSTCE JARSTE MEEA0-
viemEo: opocTpascteo. Hb pabor [8.9] msectso, w10

POJOM CCICHA B YI3AX pOleTH. 3T0 MPOTHBOPCTHT XPY-
ren manmsad [lo onese mETencEREOCTCH
[5] cmobomnuii ceaen cocTassun menee 109, w0, eCTRCT-

ecHA. BeCIezoBamMEMH Gults
YCTRHORICHS HX NPHHALIEEHOCTS K -HOIMTHITY C (Spa-
MCTpasG! Jucucirrapsofi seclior 2 = 3755 Ac=1594 A

HeTcprammipts DposoJHIac 3K TPOLHMEICCKHM MCTO-
aou 1 0,1 N pacreopa HCl. Henomaosamsmie motes-
HATM YCTPAHWEH BOIMONHOCTS rajossiienchms. B xa-
TCCTBC MENTPOSA CPAAECHENY HCNONLIOBANCE LIOP-<C-
pebpmnd ssexTpoa Crencis mHTopxazmpm “x” (xoms-
SCCTRO BBCICHHRLL NPOTOHOE HA oXHY GOPMYILEYIO cH-
HHITY) EPHCTAIIS OOPCACHNIECE 0O BEIHIHHC OpPOMyC-
KacMoro Sepey ofpadell TOKS H NPOSOIEHTCILHOCTH
Opoticcca METCPEAIMPOBAHNS, ¢ YICTOM SAHHLY [3]
Kmscrwsecaiie NapascTphl H HX TOMIOCPSTYPHAS 3a-
sicEnvocTs 8 H,GaSe xns paumrunax ssascail “x” cre-
Dcs MeTepxanmpn Guom Bocaemosamnl 3 pabote [4].
HOCHTE-
Scfi JSpEEA IEEXTPONPOBOIHOCT: o Gaiza mMepena
TOERKO BACHL ciocs. [laN 3Ha9CHHS X PAREOO 4 ToMDc-

HHTCPEATHDOBAHHOIO BOJOPOIOM,
o= 3Ea%scHEN x passoro 4 npa T=300K yxasumaer ma
CYNECTBOBAHEC IBYX KOMIOHCHT -“IHpOXoR™ B “yixoft™,
T0 NOATSepEARCT omyGmxosammmic » [5, 6] poyymTa-
Tai TouMnepsTypHa: ISSHCHMOCTE MINPHHM THENH poyo-
Hanca s cuctoue f,GaSe npuscaena ma puc.] cossect-
HO ¢ JasECHMOCTRED o. Cpassacsme WX yREIMBSCT, ¥T0 &
ofizscTi TeuMnepaTyp, B EoTopofl HmafmozaeTcs TomKO
CIMpOXAS KOMIOHCHTA, KOANCTso csofompmx mocuTe-
acll w230, a B oGmacTh, B KoTOpoRt BabmoascTal TomKO
¥Ikas KOMMOHCHTS, W0 3050 DndY BocHTeneS 1apana
MAECHMATLHO. XOpOoINo MAHTHSIMpPYIOTCE TPH LapaK-
Tepiax yasctea: T < 240K, 20K < T <3T0Km T 2 3TOK,
8 EOTOPAIX POIECTPHPYRTOL TOMMKO “INHPOKAS™ KOMIIO-
HeHTE, 06¢ KOMIOHCHTI H TORKO "YIKas COOTRCTCTICE-
Bo. ToMnEpaTypHMC JABHCHMOCTH EOMIOSCHT HC Mc-
HETHCE (PH OOBTOPSHIG McnepidcHTa. [lozobuas Teu-
DepaTypHas asmcHMocTs Hafmogamscs 3 xcncpe-
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HATCPKAMHPOBAHHLIMH BOJOPOSOM IILIDHLA-
si wcrazios (Banpssecp, » [10]). B srofi xc paSore 6am
CECHAAH BBOL, TTO JTOT THIHIHLEA 103 xpunofl He 1a8H-

100 140 180 170 260 300

e

T.K

i r—

Llapieinin Pesain i bosiiind i, o
et

-

Fuc | TeuncpaTypsas 3asncusmocTs ISNDHNL THINN PEo-
HANCS H MEXTpOnpOoBOIHOcTE C 8 M, GaSe

lpsaacnogobuoc obnschceme mabmossedoro 3¢-
§<xTa MOXHO DOXyHTS, Betoas i pabor [ 11-13] Ose-

paccrossfl waso (ofarmo HC NpcanamacT ImascHME
1%:). Orcoma caexyer, aro sroT daxrop casbo smmmer
Ha BODHEEHY BTOporo MoscHTs. OZHAKO, JHAMTEILHOC
AlMaRC AA BTOPOE MOMCHT MOTYT OKRIATE ScdexTi
(Bapsn, O6MTOTHMC STOMA), DOXMIKHOCTE KOTOPAIX
Mps DOSLIDCHNN TOMOCPATYDA YRETIUABacTcy Bolsm-
£amgee nosobee “IDLWOCTH” OPEBOSNT K YMCHLINCHIGO
SpOMCHH PCIAKCAIHY H UIHPHHL THHHH POOHAHCA.

Astops paforu [T] cmrasor, 9T0 MexasmEnM cyme-
i GGLG OTIHSACTCE 0T BAIICTIDHBCACHHOID M IpPCA-
ARS0T CXOMY, COTTIACHO KOTopofl OpH HMMOIN Tow-
DCPATYPax BoAopoll B GaSe pacnoasracrca B CTpyKType
hocsoro naxera (B wemaoyumsx) [Ips nossanessm
(OMOCPATYPM BOAOPOA OCPEIONNT B BAHNCPRAATLCOB-
CKYI0 NCHL, 8 JATOM BhlIcaNcTCS B caofomsofl momcxky-
aspuoll opuc. Toras "mmpoxyo” xounoscsTy Moxso
HHICPUPSTHPORATE KaK "CAmaHHOC™, 8 “yIKy0™- KBSIH-
sobomioc cocTommms soaopoaa. (B nocacasow caywsc,
K3k 370 CHCXYCT W) HHTCPOPCTRINH, [NMpHNS yixodl
LounoscHT JoxmHa Gwm Gmnxofl X mMpmsc THEERR
AMP noriomames Mosexy INpHOro 8030poaa).

MAKCHMATLHOMY PACIICTLICHIIO
XyGacTa cooTReTCTRYIOT YIM § ~34° B ¢ ~146°. [pn
s1om AH = 8.4 I'e. Orcosa caeayer, ¥To paccTomme we-
Iy OPOTOHAMH, PACCIHTAHHOS 0O TeOPSH IBYCINGHO-
suix cicTes (14], passio r ~ 2,73 A Bemsrmsma stoporo
soucHT: Hafmozacsofl “mmpoxoft”
300K B x=4 cocrasmas 30 I'cl. [Nogysenmoc mavcme 7
GLILHO OTANSACTCE 0T paccTomsmy (Se-Se) wemxy cios-
s (passioe 3,84 A mm #GaSe). CpassmmaTs ero ¢ wex-
CROCERIM paccToMENoM (U & GaSe omo passo 3.187 A),
xax 770 Gamo cacmasio  paborax [6,7) se cosced kop-

KOHIKHTPAIUHHE BOZOPOMa A0 x=3 He Eafmozsercs [To-
CHCRICT HE YXIATMBSCTCE B COWY HHTCPUPCTAINH Opcl-
IoxcHBOf asTopasH paboru [6]

{(I] H.H Ipweopsax. 3J1 Koeavox, C.I1. Kpyewox.

Has. AH CCCP, eep. MATCPHATM,
1981, .17, Na 3, . 412-415.
[Z] Shoji Icimura, Chiei T and Osamu Ueno.

Physica, 1981, v. 105 B+C, N 1-3, p. 238-242.

Bl HJA Kowasax, 3] Kosawox, H H. Ipuzopuax,

6l

EJ1. Baxsamon. Has. AH CCCP, cep.

Secxue MaTepHaml, 1987, 1. 23, N 5, ¢ 754-757.
HJ Kemanx HH 31 Kosamox,
H3 Mapyyx YOH, 1989, 1. 34, Mo 5, c. 749-752
HJl Komaesx, BB Hemaza, B.I1. Baxsamox,
H.H. INpwzopwax, 3 )1 Kosawox. ®TIIL, 1992, 1.26,

(4
i8]



s 11, c.1992-1994. 1977, v. 21, N&3, p.317-321
6] 34 Koeawox, T.I1. [Tpoxunsyx, A -H. Cepedmox, [10] H.S Guowsky, BR McGarvey. Journ. Chem.
Kl Tosomox OTT, 1987, .29, sam.7,c.2191-2193. Phys., 1952, v. 20, p. 1472
(71 34 Koeamox, T II Mpoxumuyx, A H. Cepedvox, (11] RV Pound Rev.Sci. Instr., 1957, v. 28, p.
KL Toecomox, C 8. INaxyb, B H. Bumxoscxas [12] N. Bloembergen Conference "Defects in
OTT, 1988, 7. 30, sam_ 8, c. 2510-2511. Eine Solids”, Bristol, 1954, p.1
Bl 10 11 N'namewxo, [1.A. Cxybenxo, 3] Kosamox. {13] F Reif Phys. Rev., 1955, 100, p. 1597.
B M. Kassmcowdi, C.B Naspumox. ©TT, 1987, (14] JILM. Bopooun u dp. "Azcpmit marsmsrmmali pero-
.29, s 7, . 2163-2165. nanc”, Jlesowpas, Haa Jlesswrpascxoro Yim-
9] Thank Li Ol C Depewrsinge. Sol.St.Commun., scpcuTeTa, 1982
T.R. Mehdiyer

H, - GaSe SISTEMININ NOVS MAQNIT REZONANSI SPEKTRLORI

Hadrogenle micrkalyasiya edilmiy &politiph halium sclenidmm N M B spektrieri 100-500 K temperatur micrvabnda tedqig
=l Frotoals aras mesafeam qrymeti, proios citirmm meyh ve goagu tebegelerds yerleymiy So b qaggbqgh 18 sir ranakien
s yysn ohmmuydur Alnas sstwoler metbuaida ¢ap olunan setxelerk miqayse yol e bertaref anafy edifir

TR Mechtiyer
NUCLEAR MAGNETIC RESONANCE SPECTRA OF SYSTEMS H.-GaSe

The N MR spectra of ¢ - polytype of GaSe miercalated by the hydrogen have been nvestigated in the temperature region
100-500 K. The value of distance between protons, prolon pains onentation and disperson charscter of their interaction with Se
s cunliguous layers have been sstabiished The oblamed results sre snalysed m comparson with that of known pubbcations.
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